
 
These records are from CDER’s historical file of information 
previously disclosed under the Freedom of Information Act (FOIA) 
for this drug approval and are being posted as is.  They have not 
been previously posted on Drugs@FDA because of the quality 
(e.g., readability) of some of the records. The documents were 
redacted before amendments to FOIA required that the volume of 
redacted information be identified and/or the FOIA exemption be 
cited.  These are the best available copies.   
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DEPARTMENT OF HEALTH&. HUMAN SERVICES 

NOA 20-356 

, 
Miles Inc. 
Pharmaceutical Division 
Attention: Nancy Motola, Ph.D. 
400 Morgan Lane 
West Haven, CT 06516-417.5 

Dear Dr. Mot.ola: 

Public Health Service 

Food and Drug Administration 
Rockville MD 20857 

FEB 2 1995 

Please refer to your Marci 1 31, 1993 new drug application resubmitted on August 3, 1994 
under section 505(b) of the Federal Food. Drug, and Cosmetic Act for Nisocor (nisoldip1ne) 
Tablets, 10. 20. 30 and 40 mg 

We acknowledge receipt of your amendments and correspondence dated May 31, June 20 and 27, 
July 18 and 29 (two), September 8 and 16, October 19, November 8, 9, 17, 18 and 21, and 
December 16, 20 (two), 22 (three) and 28, 1994; and January 20, 23, and 27. 1995 

Tl1is new drug apr:•.cation provides for •he use of Nisocor in the treatment of hypertension 

We> have completed the re·Jiew of this application including the submitted draft labeling and have 
concluded that a•· 'lquate information has been presented to demonstrate that the drug product is 
safe and effective for use as recommended in the enclosed marked-up draft labeling. 
Accordingly, the application is approved effective on the date of this letter. 

Tt1e final printed labeling (FPL) must be identical to the enclosed marked-up draft labeling. 
Marketing the product with FPL that is not identical to this draft labeling mav render the 
product misbranded and an unapproved ne11 drug. 

Ttie approved dissolution specifications are as follows: 

3 hours 
6 hOIH< 
12 hours 

Please submit fifteen copies of the FPL as soon as it is available, in no case mori? than 30 days 
after it is printed. Please individually mount ten of the copies on heavy weight paper or similar 
rnaturial. For admi11is!r,1tive purposes this submissivn should be designated "FINAL PRINTED 
LABELING" for approvccl NOA 20-356. Approval of !his labeling by FDA is not requirec1 before 
it is used. 

St1ould additional information relating to the safety and effectiveness of the drug become 
avarlablc. revision of tlrnt labelrng may be required. 
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In addition, please submit three copies of the introductory promotional material that you 
propose to use tor this product. All proposed materials should be submitted in draft or mock-up 
form, not final print. Please send one copy to t~e Division of Cardio-Renal Drug Products and 
two copies of both thfl rrnmotional material and thP flilCkage insert directly to: 

Food and Drug Administration 
Division of Drug Marketing, Advertising and Communications, HFD-240 
5600 Fishers Lane 
Rockville, Maryland 20857 

Validation of the regulatory methods is ongoing. At the present time, it is the p ilicy of the Office 
not to witl~hold approval because the methods are being validaterJ. Nevertheless, we expect your 
continued co0peration to resolve any deficiencies that may occur. 

P/n;:is0 submit one marhet package of ttie drug when it is available. 

We remind you that you must comply with the requirt!ments for an approved NOA set forth 
under 21 CFR 314.80 and 314.81. 

If you have nny questions, please contact: 

Encl•Jsure 

Mr. David Roeder 
Consumer Safety Officer 
(~01) 594-5300 

Sincerely yours, 

Robert Temple. M.D. 
Director 
Office of Drug Evaluation I 
Center for r ·· ''.l Evaluation and Research 
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cc: 
Original NOA 
HF-2/MedWatch (with labeling) 
HFC-130/JAllen 
HFD-2/MLurnpkin 
HFD-80 (with labeling) 
HFD-100 (with labeling) 
HFD-110 
HFD-11 O/CSO 
HFD-240 (with labeling) 
HFD-638 (with labeling) 
HFD-735/DBarash (with labeling) 
HFD-11 O/DRoeder/12/28/94 
sb/12/28/94;12/29194 
RID: RWolters/12/28/94 

SChen/12/28/94 
GBuehler for NMorgenstern/12/29/94 

APPROVAL 
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NISOCOR 

(niso:dipine) 

Extended Release Tablets 

For Oral Use 

DESCRIPTION 

NISOCOR (nisoldipine) is an extended release tablet dosage form of the 

dihydropyr1d1ne calcium channel blocker nisoldipine. Nisoldipine is 

3. 5-pyr1d1ned1carboxylic acid, 1 .4-dihydro-2,6-dimethyl-4-(2-nitrophenyl)-, 

metilyl 2-methylpropyl ester. C_. H_ .. ,N_.O,. and has the structural formula: 

N1sold1p111e 1s a yellow crystalline s•Jbstance. practically insoluble in water but 

s'Jlubl0 111 Pll1a11ol It has a molecular weight of 388.4. NISOCOR tablets 

consist of an external cont and an internal core. Both co2t and core contain 

111'.;oicJ1p111e. tr1e coat els a slow release formulation and the core as a fast 

rde~1se to1rnulat1on NISOCOK tablets contain either 10, 20. 30, or 40 mg of 

111sold1ri1ne for once-a-day oral acJ1111n1stration 

l11•.•1t 11HJr1•r11,·11t:·: 111 tli•c for111ul;1t1011 are llydroxypropy!cellulcise. ia.:tosc:, corn 

~:t;ircl1 crospov1c1011e, 1111cro~1yst.Jll1ne cellulose. sodium lciu1yl sulfate. 
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are: hydroxypropylmethylcellulose, polyethylene glycol, ferric oxide, and 

titanium diox.de. 

CL ~NICAL PH~RMACOLOGY 

U- :>-i Mechanism of Action 
.,.....:f-~ -pf o-1- ... ~ Niso;dipine is a member of the dihyclropyriaine class of calcium channel 

antagonists (calcium ion antagonists or slow channel blockers) that inhibit 

the transmembrane influx of calcium into vascular smooth muscle and cardiac 

mus-;le. It reversibly competes with other dihydropyridines for binding to the 

calcium channel. Because the contractile process of vascular smooth muscle 

is dependent upon the movement of extracellular calcium into the mu1;cle 

tl1rough specific ion channels, inhibition of the calcium channel results in 

dilation of the arterioles. In vitro studies show that the effects of nisoldipine 

on contractile processes are selective, with greater potency on vascular 

smooth muscle than ori cardiac muscle. Although, like other dihydropyridine 

calcium channel blockers. ni$oldipine has negative inotropic effects in vitro, 

studies conducted 111 intact anesthetized animals have shown that the 

vasodilating effect occurs at doses lower than those that affect cardiac 

contractility. 

Tile effect of nisoldipine on blood pressure is principally a consequence of a 

dose-related decrease of peripheral vascular resistance. While nisoldipine, 

like other dihydr0pyridines, exhibits a mild diuretic effect, most of the 

antihypertensive activity is attributed to its effect on peripheral vascular 

resistance. 
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. Pha.rmacokinetics and Metabolism 

Nisoldipine pharmacokinetics are independent of the dose in the range of 20 

to 60 mg, with plasma concentrations proportional to dose. Nisoldipine 

accumulation, during multiple dosing, is predictable from a single do:;e. 

~4isoldipine is relatively well absorbed into the systemic circulation with 87% 

the radiolabeled drug recovered in urine and feces. The absolute 

bioavailability of nisoldipine is about 5%. Nisoldipine's low bioavailability is 

due, in part, to pre-systemic metabolism in the gut wa~nd this metabolism 
) 

decreases from the proximal to the distal parts of the intestine. Food with a 

high fat content has a pronounced effect on the release of nisoldipine from 

the coat-core formulation and results in a significant increase in peak 

concentration (Cm
0
J by up lo 300%. Total exposure, however, is decreased 

about 25%, presumably because more of the drug is released proximally. 

This effect appears to be specific for nisoldipine in the controlled release 

formulation. as a iess pronounced food effect was seen with the immediate 

release tablet. Concomitant intake of a high fat rr:eal with Nl:3QCOR should 

be avoided. 

Maximal plasma concentrations of nisoldipine are reached 6 to 12 hours after 

dosing. The terminal elimination half-life (reflecting post absorption clearance 

of nisoldipine) ranges from 7 to 12 hours. C"'"' and l\UC increase by factors 

of approximately 1.3 and 1.5,.,respectively"from first dose to steady state. 
) ) 

A'.ter oral administration, the concentration of(+) nisoldipine, the active 

enantiomer. 1s about 6 times higher than the (-) inactive en<rnt;omer The 

l'l .J.niuary 1995 
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plasma protein binding of nisoldipine is very high, with less than 1% unbound 

over the plasma concentration rar.ge of 100 ng/ml to 10 mcg/ml. 

Nisoldipine is highly metabolized; 5 major urinary metabolites have been 

identified. Although 60 - 80% of an oral dose undergoes urinary excretion, 

only traces of unchanged nisoldipine are found in urine. The major 

biotransformation pathway appears to be the hydroxylation of the isobutyl 

ester. A hydroxylated derivative of the side chain, present in plasma at 

concentrations approximately equal to the parent compound, appears to be 

the only active metabolite, and has about 10% of the activity of the parent 

compound. Cytochrome P450 enzymes are believed to play a major role in the 

metabolism of nisoldipine. 1 he particular isoenzyme system responsible for 

its metabolism has not been identified, but other dihydropyridines are 

metabolized by cytochrome P450 lllA4. Nisoldipine should not be administered 

with qrapefruit juice as this has been shown, in a study of 12 subiects, to 

interfere with nisoldipine metabolism, resulting in a mean increase in cma> of 

about 3-fold (ranging up to about 7-fold) and AUC of almost 2-fold (ranging 

up to about fi-fnlrl) .A. simil::ir phenomenon has been seen with several other 

dihydropyridine calcium channel blockers. 

Special Populations: 

Benai dysfunction: Because renal elimination is not an important pathway, 

broavarlability and pharrr.acokinetics of NISOCOR were not significantly 

different in patients with various degrees of renal impairrne,1t Dosing 

ad;11stments in patients with mild to moderate renal imp::iirrnent ar•' not 

necessary. 

Gericitric:;: Elderly patients t1ave bee11 fcund to have 2 to 3 fold higher plasma 
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concentrations (Cmax and AUC) than young subjects. This should be reflected 

in more caut;ous dosing (See Dosage and Administration). 

Hepatic Insufficiency: In patients with liver cirrhosis given 10 mg NISOCOR, 

p!risma concentrations of the parent compound were 4 to 5 times higher than 

those ir. healthy young subjects. Lower starting and maintenance doses 

should be used in cirrhotic patients (See Dosage and Administration). 

Gender and Race: The effect of gender o race on the pharmacokinetics of 

nisoldipine has not been investigated. 

Disease States: Hypertension does not significantly alter the 

pharmacokinetics of nisoldipine. 

Pharmacodynamics 

Hemodynamic Effects 

Administration of a single dose of nisoldipine leads to decreased systemic 

vascular resistance and blood pressure with a transient increase in heart rate. 

The change 1n heart rate 1s greater with immediate release nisoldipine 

preparations. The effect on blood pressure is directly related to the initial 

degree of elevation above normal. Chronic administration of nisoldipine 

results in a sustained decrease in vascular resistance and sm<>ll increases in 

stroke inciex and le~~ ventricular ejection frnction. A study of the immediate 

release formulation st10wed no effect of nisoldipine on the renin-angiotensin-

aldosterone system or on plasma norepinephrine concentration in normals. 

Ct1anges 1n blood pressure in hypertensive Patients given NISOCOR were 

dose related over tile range of 10 - 60 mg/day. 

Nisoldipine does not appear to have significant negative inotropic activity in 

intact animals or humans, and did not lead to worsening of clinical he;irt 

1 '.! .I Hlll<llY I ~l'l'.i 
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failure in three small studies of patients with asymptomatic and symptomatic 

left ventricular dysfunction. There is little information, however, in patients 

with severe congestive heart failure and all calcium channel blockers Should 
1' 

be used with caution in any patient with heart failure. 

Electropyhysiologic Effects 

Nisoldipine has no clinically important chronotropic effects. Except for mild 

shortening of sinus cycle, SA conduction time and AH intervals, single oral 

doses up to 20 mg of immediate ralease nisoldipine did not significantly 

change other conduction parameters. Similar electrophysiologic effects were 

seen with single iv doses. which could bt> blunted in patients pre-treated with 

beta-blockers. Dose and plasma level related flattening or inversion of 

T-waves have been observed in a few small studies. Such reports were 

concentrated 111 patients recei111ng rapidly increased high doses in one study; 

the phenomenon has not been a cause of safety concern in large clinical 

trials. 

Clinical Studies in Hypertension 

The antihypertensive eft.cacy of NISOCOR was studied in 5 double-blind, 

placebo-controlled, randomized studies, 1n which over 600 patients were 

treated with NISOCOR as monotherapy and about 300 with placebo; 4 of the 

five studies compared 2 or 3 fixed doses while the fifth allowed titration from 

1 O - 40 mg. Once daily administration or NISOCOR produced sustained 

reductions in systolic and diastolic blood pressures over the 24 hour dosing 

interval in both supine and standing positions. The mean placebo-subtracted 

reductions in supine systolic and diastolic blood pressure at trough, 24 hours 

post-dose, in these studies, are shown below. Changes tn standing blood 

,, 19 J:1rwary 19DS 
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pressure were similar: 

MEAN SUPINE TROUGH SYSTOLIC AND DIASTOLIC 

BLOOD PRESSURE CHANGES (mm Hg) 

NISOCOR 
10-40mg 

Dose 10 mg 20 mg 30 mg 40 mg 60 mg 
titrated 

(mg/day) 

Systolic: 8 11 11 14 15 15 

Diastolic 3 5 7 7 10 8 

l 

In patients receiving atenolol, supine blood pressure reductions with 

NISOCOR at 20, 40 and.60 mg once daily were 12/6, 19/8 and 22/10 mm Hg, 

respectively. The sustained antihypertensive effect of NISOCOR was 

demonstrated by 24 hour blood pressure monitoring and examination of peak 

and trough effects. The trough/peak ratios ranged from 70 to 100% for , 

diastolic and systolic blood pressure. The mean change in heart rate in 

these studies was less than one beat per minute. In 4 of the 5 studies. 

patients received initial doses of20 - 30 mg NISOCOR withoutirlcideht 

(excessive effects on bk>od nr"'"·Stire or heart rate). The fifth sttidy started 

patients on tower doses of NISOCOR 

Patient race and gender did not influence the blood pressure lowering effect 

of NISOCOH. Despite the higher plasma conc13ntration of nisotdipine in the 

elderly, there was 110 consistent difference in their blood pressure response 

except that the 10 mg dose was somewhat more effective than in non-elderly 

patients No postural effect on blood pressure was apparent and there was no 

! ~! .J;rnu;i1 y 1 \l~IS 
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evidence of tolerance to the antihypertensive effect of NISOCOR in patients 

treated for up to one year. 

INDICATIONS AND USAGE 

NISOCOR is indicated for the treatment of hypertension. It may be used 

alone or in combination with other antihypertensive agents. 

CONTRAINDIGATIONS 

NISOCOf'\ 1 contraindicated in pritients with known hypersensitivity to 

d1hydropyr1d111e cC1lc1um chdnne! blockers. 

WARNINGS 

Jncre:ise:d angina and/()!_l'ffi'OCarc!i.filJ.pfarc_tig_!J _in_p_atie!lts with cor<>fil!Y_ 

artery disease: Rarely, patients, particularly those with severe obstructive 

coronary arte1y disease, have developed increa,-ed frequency, duration 

;111dlo1 severity nf :111qrna. or acutP myocf!rdial infarction on starting calcium 

cl1annel t•loc:kc•r therapy or at the time c; dosage increase. The mechanism 

of thrs cffioct i1;1s not been established. In controlled studies of NISOCOR in 

p~irrc,nh w1tl1 <rngma this was seen about 1.5% of the time in patients given 

r11sold1p11H:. compared with 0.9% in patients given placebo 

PRECAUTIONS 

General. 

Hypotens1on: l~1»::1us11 n1sold1rime, like otlie1 1:1sud\\:1tors. decreasns 



peripheral vascular resistance, careful monitoring of blood pressure during the 

initial administration and titration of NISOCOR is recommended. Close 

observation is especially important for patients already taking medications 

that are known to lower blood pressure. Although in most patients the 

hypotensive effect of NISOCOR is modest and well tolerated, occasional 

patients have had excessive and poorly tolerated hypotension. These 

resi:-un<>es have usually occurred during initial titration or at the time of 

subsequent upward dosage adjustment. 

Congestive Heart Failure: Although acute hemodynamic studies of 

nizoldipine in patients with NYHA Class II-IV heart failure have not 

demonstrated negative i"otropic effects, safety of NISOCOR in patients with 

heart failure has not been established. Caution therefore should be 

exercised when using NISOCOR in patients with heart failure or compromised 

ventricular function, partir.ularly in combination with a beta-blocker. 

Patients with Hepatic Impairment: Because nisoldipine is extensively 

metabolized by the liver and, in patients with cirrhosis, it reaches blood 

concentrations about 5 times those in normals, NISOCOR should be 

administered cautiously in patients with severe hepatic dysfunction (See 

Dosage and Ar!;-,;l:-?lstration) 

Information for Patients: NISOCOR is an extended release tablet and 

should be swallowed whole. Tablets should not be chewed, divided or 

crushed. NISOCOR should not be administered with a high fat meal. 

Grapefruit juice, which has been shown to increase significantly the 

bioavailability of nisoldipine and other dihydropyridine type calcium channel 

9 19 January 1995 



blockers, should not be taken with NISOCOR 

Laboratory Tests: NISOCOR is not known to interfere with the interpretation 

of laboratory tests. 

Drug Interactions: A 30 to 45% increase in AUC and Cmax of nisoldipine 

was observed with concomitant ad ninistration of cimetidine 400 mg twice 

daily. Ranitidine 150 mg twice daily did not interact significantly with 

nisoldipine (AUC was decreased by 15 - 20 %). No pharmacodynamic 

effects of either H2 antihistamine were observed. 

Pharmacokinetic interactions between nisoldipine and beta-blockers (atenolol, 

propranoiol) were variable and not significant. Propranolol attenuated tile 

heart rate increase following administration of immediate release nisoldipine. 

rhe blood pressure effect of NISOCOR tended to be greater in patients on 

atenolol than in patients or. no other antihypertensive therapy. 

Qumidine at 648 mg bid increases decreast:td the bioavailability (AUC) of 

nisoldipine by 26%. but not the peak concentration. The immediate release, 

but not the coat-core. formL•lation of nisoldipine increased plasma quinidine 

concentrations by about 20 %. This interaction was not accompanied by 

ECG changes and its ciinical significance is not known. 

No significant interactions were found between nisoldipine and warfarin or 

digoxin. 

Carcinogenesis, Mutagencsis, Impairment of Fertility: Dietary 

administration of nisoldipine tc male and female rats for up to 24 months 

10 19 ,January 1995 



(n1ean doses up to 82 and 111 mg/kg/day, 16 and 19 times the maximum 

recommended human dose {MRHD} on a mg/rn2 basis, respectively) and 

female m1c.:: for up to 21 months (mean doses of up to 217 mg/kg/day, 20 

times the MRHD on a mglm2 basis) revealed no evidence of tumorigenic 

effect of nisold1p1ne In male mice receiving a mean dose of 163 mg 

111scldip1ne/kg/day (16 times the MRHD of 60 mg/day on a mg/m 2 basis), an 

incre:ased frequency of stomach papillorna, but still within the historical range, 

was observed. No ev1denC;e of stomach neoplasia was observed at lower 

...... ~ ~ 1-e-t~ 
doses (up 'Lo 58 mg/~g/day) N1sci_q1pine t1a&t~negative~n a battery cf ~o~.lo'I·~ 

c.t.-;~, ""'-cJ...·~·~ "~A~ ~t c...<l~ c..ttOjJffrR.r>f 11.<~:=;«-~r--· 
nvftagen 1c1ty •rxttfs10~;te~e111eTFy 1ests. OvUJ ~ t ""- v .. .10 ~-4'.!> .. _~ 
r..11oroau.c~ ~ '°"""""" '"' \J~ ·~ c.t.U_ ~ cfodo~ 1'~. 
When adrn1111stered to male z111d female rats at doses ot up to 30 mg/kg.1day 

( a.b ...,..\:: . . ~----· JI 5 an~ t111:es tlir1 r,~f\IHl on a mqirn' basis res ctively) n1soldipine had no ,. / -...... . A<'' 
) 

effect on fert1l1ty 

Pregnancy Category C N1soldip1ne was neither terato'.1er·,ic nor fetotox1c at 

doses that werr· not 1nZJ11"rnally toxic Nisoldipine was fetot<JXIC but not 

teriltoge111c 111 i;lt'.' and rabbits di doses resulting in ma:ernal toxicity 1recuced 

ni;itPrnal :irir.1:< \'lt'ICJilt ~1;i1n) In pregn;int rats, increased fet?.' resorptro~. 

(post·1mpli111t;it1011 loss) was observed at 100 mg/kg/day and decreased fetal 

weight was observed at both 30 ;rnd 100 mg/kg/day. These doses are 

respect1'"'ly. about 5 and 16 times the MRHD when compared on a .body ~~ / 1" !. k ~. 

sJ1Lface...area..bas1s In pregnant rabbits, decreased fetal and placenta: 

weights were observ'"d at a dose of 30 mg/kg/day, about 10 times the MRHD 
' ! 

•'"1 I•'' 
when co111p,1red on a-bwif¥-sw:face area basis In a study 1ri wh1cl1 pregnant 

monkeys ltJoti1 trcdterl ilnd controi I had hi\Jh rates of abortion illld rn,.1:!;1lity 

the only surv1v111~ fetus from :1 91ouri e;,posed to a mciterna! dose of 100 mg 

111sold1p111eikq.!day (about 30 t1rnes the MRHD when comriared 011 ;i body- >"·:\ /c. 1 /,,,,, 

'' I i 



&Hffacs area basi3i presented with forelimb and vertebral abnormalities not 

previously seen in control monk,·ys of the same strain. There are no 

adequa '3 and well controlled studies in pregnant women. NISOCOR should 

be used in pregnancy only if the potential benefit justifies the potential risk to 

the fetus. 

Nursing Mothers: It is not knowr. whether nisoldipine is excreted in human 

milk. Because many drugs are excreted in human rniik, a decision should be 

made to discontinue nursing, or to discontinue NISOCOR, taking into account 

the impnrtance of the drug to the mother. 

ADVERSE EXPERIENCES 

More than 6000 patients world-wide have received nisoldipine in clinical trials 

for the treatment of hypertcnsbn, ,~ither as the immediate release or the 

NISOCOR extended release formulation. Of about 1,500 patients who 

received NISOCOR in hypertension studies, about 55% were exposed for at 

least 2 months and about one third were exposed for over 6 months, the 

great majority at doses of 20 to 60 mg daily. 

NISOCOR is ge:-1erally well-tolerated. In the U.S. clinical trials of NISOCOR in 

hypertension, 10.9% of the 921 NISOCOR patients discontinued treatment 

due to adverse events compared with 2.9% of 280 placebo patients. The 

frequency of discontinuations due to adverse experiences was related to 

dose, with a 5.4% discontinuation rate at 10 mg daily and a 10.9% 

discontinuation rate at 60 mg daily. 

The most frequently occurring adverse experiences with NISOCOR are those 

related to its vasodilator properties; these are generally mild and only 

12 19 Jan11ary 1995 



ocr:asionally lead to patient withdrawal from treatment. The table below, from 

U.S. placebo-controlled parallel dose response trials of NISOCOR using 

doses from 10 - 60 mg once daily in patients with hypertension, lists all of 

the adverse events, regardless of the causal relationship to NISOCOR, for 

which the overall incidence on NISOCOR was both >Flo and greater with 

NISOCOR than with placebo. 

Nisoldioine (%) Placebo(%) 

AdvP.rse E·;ent (n=663) (n=280) 

Periphe;al Edema 22 10 

Headache 22 15 

Dizziness 5 4 

Pharyngitis 5 4 

Aitl:i'ir::iia .._,,f-~ Ov. ,.,, •<;04W 

Vasodilation 4 2 

Sinusitis 3 2 

Palpitation 3 1 

Chest Pain 2 1 

Nause;i 2 1 

Rash 2 1 

Only peripheral edema and possibly dizziness appear to be dose related. 

Adverse Placebo NISOCOR NISOCOR NISOCOR NISOCOR NISOCOR 

Event 10 mg 20 mg 30 mg 40 mg 60 mg 

(Rates 1n %) N=280 N=30 N=170 N='05 N=139 N=137 

1 :1 19 January 1995 
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Per111ticr<>I 10 7 15 20 27 29 

Edema 

-
Dizziness 4 7 3 3 4 10 

The common adverse events occurred at about the same rate 'n men as in women, 
. ~ 

and at a similar rate 1n patients over age 65 as in those under that age, ~'ii 

~Hl'ilptioa that headache was much less common in older patients. Except for 

peripheral edema and vasodilation, which were more common in whites, adverse 

evem rates were similar in blacks and whites. 

The following adverse events occurred in :S 1 % of all patients treated for 

hypertension in U S end foreign clinical trials, or with unspecified incidence in other 

studies. Although a causal relationship of NISOCOR to these events cannot be 

established. they are listed to alert the physician to a possible relationship with 

NISOCOR treatment. 

Body As A Whole: cellulitis, chills, facial edema. fever, flu syndrome 

malaise, 

Cardiovascular: atrial fibrillation, cerebrovascular accident, congestive heart 

failure, first degree AV block, hypertension, hypotension, jugular venous 

distension, migraine, myocardial infarc1ion, postural hypotension, ventricular 

extrasystoles, supraventricular tachycardia, syncope, systolic eiection 

murmur, T wave abnormalities on ECG (flattening, ir.vers1u.1, nonspecific 

changes), venous insufficiency, 

Digestive: abnormal liver function tests, anorexia, colitis, diarrhea, dry 

mouth, dyspepsia, dysphagia, flatulence, gastritis, gastrointestinal 
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'wrnorr: uq< ·, \Jlngiva ! hyperplasia, gl·J~sitis, llep . .1!0111eqnly, 1ncrecised 

CJPf>d>l•' rw•lena. rnouth ulceration, 

Endocrine: diabetes mellitus, thyroiditis, 

Hernic and Lymphatic: anemia, ecchymoses, leukopenia, petechiae, 

Metabolic and Nutritional: gout, hypokalP.mia increased serum creatine 

kinase, increased nonprotein nitrogen, weight gain, weight loss. 

Musculoskeletal: arthra!gia, arthritis. leg cramps, myalgia, myasthenia, 

myos1tis. tenosynovitis, 

Nervous: abnormal dreams, abnormal thinking and confusion, amnesia, 

<'H1x1ety. ;1tcma cerebral ischemia, decreased l1b1do. depression, hypesthesia, 

l1yp< ·1tu111. 1 , :; •.; in 1111< 1. ncrvousnc~ss. pa res th es1a. somnolence, tremor, vertigo, 

Respirntory: ;1stl1111;1 dyspneil, end inspiratory wheeze and f:ne rales, 

Pp1stilx.c., 1r1•:11:01s<~d cough, laryngitis, pharyngitis. pleural effusion, rhinitis. 

Slf ll J :;J ( !(). 

Skin and Appendages: acne, alopec1a. dry skin. exfol1ative dnmatitis, 

f11ncJ<1I (Jc•1 rw1t1t1c·. ~wrpes s1mrilex, herpes zoster. maculopapt.;lar rash, 

p11111.11~:. p:i<:ul 11 rash. skin discolo:at1on. skin ulcer. swt=ilt111g, urticaria. 

Special senses: abnormal vision, amblyupra. bleph<Jrit1s. conjunctivitis. ear 

r<1111 gl;nir:cJ1n;1, 1tcl;y eyes, keratocon1unct1vit1s, ot1t1s n1ed1a, retinal 

detz1cl1111t•111. t111n1tus, watery eyes, taste d1sturb<Jnce. temporary unilateral 

l·-,s,, 01 v1s1c,11. vitreous floater, watery eyes. 

Urogenital: rJysur1a, hematuria, impotence. nocturiil urinary frequency, 

11ir:rc~;i:;.,,J 1 ll JrJ and serum ere< il111ine. vaginal ll1;morrl1age. 11aginrtis 

~~-r1-<L ~ 
111 add1tron to~ISOCOR, there is extensive experience with the immediate 

rele<lst~ frn rrn1l:ition of 11isold1pine. Adverse events were generally similar to 

I'· .l:11111;i•y I Del'.1 



those seen witr1 NISOCOR. Unusual events observed with immediate 

release nisold1p1ne but not observed with NISOCOR were one case each of 

angioedema and photosensitivity. Spontaneous reports from postmarketing 

experience with tho. immediate release formulation of nisoldipine have no~ 

revealed any additional adverse events not identified in the above listings. 

OVERDOSAGE 

There is no experience with nisoldipine overdosage. Generally, overdosage 

with other d1hydropyridines leading to pronounced hypotension calls for active 

cardiovascular support including monitoring of cardiovascular and respiratory 

function, ele\'ation of extremities, judicious use of calcium infusion, pressor 

agents and fluids. Clearance of nisoldipine would be expected to be slowed 

in patients with 1mpa1red liver function. Since nisoldipine is highly protein 

bound, dialysis is not likely to be of any benefit; however, plasmapheresis 

may be benef1c1al. 

DOSAGE AND ADMINISTRATION 

The dosage ::if NISOCOR must be adjusted to each patient's needs. Therary 

usually should be initiate·~ with 20 mg orally once daily, then increased by 10 

mg per week or longer intervals, to attain adec;uate control of blood pressure. 

Usual maintenance dosage is 20 to 40 ·11g once daily Blood pressure 

response increases over the 10 - 60 mg d2ily dose range but adverse event 

rates also increase. Doses beyond 60 mg once daily are not recommended. 

NISOCOR has been used safely with diuretics, ACE inhibitors, and beta-
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blocking agents 

Patiem::. over age 65, or patients with impaired liver function are expected to 

develop higher plasma concentrations of nisoldipine. Their lilood pressure 

should be 1nonitored closel1• during any dosage adjustment. A s~arting dose 

not exceeding 10 mg daily is recommended in these patient groups. 

NISOCOR tablets should be administered orally once daily. Administration 

with a high fat meal can lead to excessive peak dr1..1g concentration and 

should be avoided Grapefruit products shouiJ be avoided before and after 

dosing. NISOCOf'< 1s an extended release dosage form and tablets should be 

swallowed whole, not bitten or divided. 
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HOW SUPPLIED 

NISOCOR extended release tablets are supplied as 10 :TIQ, 20 mg, 30 mg, 

and 40 mg round film coat8d tablets. The different strengths can be 

identified as follows 

CQlor 

10 mg Oyster 

20 mg Yellow Cream 

30 mg MustarcJ 

40 mg Burnt Orange 

891 on one side and 

Mii ES 10 on the other side. 

892 on one side and 

MILES 20 on the other side. 

ll93 on one side and 

MILES 30 on the other side 

894 on one side and 

MILES 40 on the other side. 

I
,, 
" 1'1 .J.1111.rc11y 199:i 



NISOCOR Tablets a1e supplied in 

Sjf t:; rig t_h 

Bottles of 30 

Bottles of 100 

10 mg 

20 mg 

30 mg 

40 mg 

10 mg 

20 mg 

30 mg 

40 mg 

Unit Dose Packages of 1 on 10 mg 

20 mg 

30 mg 

40 mg 

{'lDC Code 

0026-8911-30 

0026-8921-30 

0026-8931-30 

0026-d941-30 

0026-8911-51 

0026-8921-51 

0026-8931-51 

0026-8941-51 

0026-8911-48 

0026-8921-48 

0026-8931-48 

0026-8941-48 

The tablets should be protected from light and moisture and stored below 86°F 

(30°C) Dispense in tight, light-resistant containers. 

) ,} 1•1 .J:111111rv 19Wi 



Distributed by: 

Made in Germany 

Miles Inc. 

Pharmaceutical Division 

400 Morgan Lane 

West Haven, CT 06516 USA 
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CSO Application Overview 

Applic1tion: NOA 20·356 
Nisoldipine Coat Core Tablets 

Sponsor: Miles Pharmaceuticals 

NOA Receipt Date: April 1, 1993 

NOA Resubmission Date: August 3, 1994 

User Fee Goal Date: February 3, 1995 

Date of Overview: November 28, 1994 

Background 

NOA 20-356 provides for the use ol a sustained release (once-daily) formulation of nisoldipine 
in the treatment of hypertension. No formulation of nisoldipine is currently approved in the 
U.S. 

A non-approval letter was issued on March 25, 1994, that listed deficiencies in the 
Chemistry, Pharmacology, and Clinical seC;tions. The firm responded fully to this letter on 
August 3, 1994. 

Review 

Chemistry 

Reviewer: Danute Cunningham 

Reviews: 617 /93 11 /29/93 2/4/94 9/16/94 

Ms. Cunninqham's review of the application has been completed. 

The trade name "Nisocor" has been approved by the Nomenclatvre Committee. 

The facility inspection has been completed and was found to be satisfactory. We received a 
satisfactory response to our FUR on November 22, 1994. 

The deficiencies outlined in the environmental. assessment review were sent to 
the firm on October 27, 1S94. The response from the firm has not been 
received yet. 



Pharmacology 

Reviewers: 

Review: 

Xavier Joseph, D.V.M. 
Sidney Stolzenberg, Ph.D. 

September 2, 1994 

The reviewers comments have been incorporated into the draft labeling. The application went 
before the CAC, and the recommendations from that committee have also been incorporated into 
the labeling. The minutes of the CAC meeting have not been completed yet. 

Biopharmaceutjcs 

Reviewer: Patrick Marroum, Ph.D. 

The Biopharm Day was held tor this application, revisions have been made, and the draft is now 
under supervisory review. 

Dr. Marroum has made a number of comments including eXlensive revisions of the labeling (see 
pp 13-16 of Dr. Marroum's review). The labeli!1g recommendations have been incorporated 
into the draft package insert. He has also recommended that the dissolution specifications be 
revised as follows: 

from: 3 hours 
6 hours 
12 hours 

Re·Jiewer: Nancy Smith 

Review (hypertension): 

to: 

1 /4/94 

3 hours 
6 hours 
12 hours 

Dr. Smith has reviewed only the hypertension indication. There were no serious problems 
identified in the review. 

Clinical 

Reviewers: Shaw Chen, M.D., Ph.D. (Clinical Pharmacology): 2/16/94 
Phil Dern, M.D. (Safety): 9 I 2 7 I 9 3 
Cristobal Duarte. M .D. (hypertension): 8 I 4 I 9 3 
Norman Stockbridge, M.D., Ph.D. 8/4.'93 

The reviewers recommend appro•1al for the hype:rtension indication. 

The final safety update is under review. 



OSI Audjts 

Four of the seven requested OSI audits are completed. There have been no problems so far. 

Labeling 

Dr. Chen has provided a marked up copy of the package irn;ert. 

\ /,p I 
!\ vu) i~c~{"'-------7 __ ..;.;,J.b __ , --- - ------

David Roeder 
Consumer Safety Ottic'lr 

dr/9·4·94/9-27-94/10-28-94/11-23·94/11 -~8-94 

cc: NOA 20-356 
HFD-110 
HFD-111/DRoeder 
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MEMORANDUM 

Oatt" 12/22/94 

DEPARTMENT OF HEALTH & HUMAN SERVICES 
Public Health Service 
Food and Drug Administration 
CDER/ODE-I/DIV CARDIO-REN.\.L DRUGS 

From: 
Throui:h: 
Tn: 

Shaw T. Chen, M.D., Ph.D., Medical Grot•p Leader, HFD-1~0. _ ~-).,... 
Director, Division of Cardiorenal Drug Products, HFD-110 -~·<I 
Director, Office of Drug Evaluation I, HFD-100 

SUBJECT: NOA 20-356, Nisoldipine Core-Coat for Hypertension, Labeling 

We did not get to sec your memo in final prior to responding to your memo. There was one 
question that you asked that was not ·mswercd in our response of 12/17/94. 

There were 2 "food studies" com1ucted hy Miles. One of them was not the FDA "high fat" and 
studied only the 20 mg tablet (Study 666, it was more than average but not high) and in that study 
there was no evidence of "dose-dumping'. The other study was conducted using the FDA "high 
fat" meal and in that study there was dose dumping. However, in this study (092-045-02), 30 and 
40 mg tabs were used and the 20 111g dose was not repeated. The food effect on the Cmax was 
average 3 fold, and 5 of the 28 subjects had 5-11 fold changes. Thus either the fat content in food 
is important or dose-dumping by fond may be dose-related. 

Miles did conduct a phannaco!;inctic/pharmacodynamic study, a review of that study was done by 
Dr. Marroum, in which they found that the pharmacodynamic effects (lowering of blood pressure) 
was a function of the log of the pia'1rnl concentration. So ten-fold changes in plasma concentration 
make a sizable difference, three-fold changes do not make a big difference. The slope of the 
concentration-response curve goes ov..:r 2 order of magnitude from beginning of effect lo definitely 
over the maximum effect. 

Although Dr. Marroum' s review criticized the analysis of the study, the qualitative statements 
ahovc arc not materially affected hy the quantitati vc problem:; that Dr. Marroum found. 

So, it seems to us that there is considerable latitude that can be given with respect whether 
nisoldipine must be taken fasting. We do not think it must be taken fasting. To he silent about 
fasting or fed in the Dosage and Administration section is reasonable but since there are more than 
5-fold changes in CMax in 18% of subjects. the DC1sagc and Administration should probably say 
" ... ,preferably in a fasted state (see Clinical Pharmacology)". In Clinical Pharmacology the I!­
fold increase in CMax should he slated to he an upper limit when a High fat meal is ingested. 

cc: 

u-'l ,,_,_,._~ .~ ,J_,;(,,__,.,,,,._ ... ,f:::.,,._.._.,_ 

C'-<./1.. ~· ~u..l _,,,. :clv... 

ORICI: NJ)A- 20-Yifi 
UFD-110 

CHl_:l)-110/CSO 
1 ll'D- I I O/SChcn/ l 2/ 2.2(')..\ 

Chen. MD.,Ph.D. 
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10.3 pisplay and Analysis of All Adverse Events (Continued! 

SUBJECT # 

Z103 

2104 

2110 

2202 

I 
1G~o, · 

• 

except for two episodes of moderate headache, one occurring In the fed state and 

the other in the fasted state. Overall, there was a similarity in adver~.; events 

reported in the fed and fasted condition. Hea<Jache was the most common adverse 

event (42.9% fasted, 35.7% fed) followed by dizziness (3.6% fasted and fedl and 

flushing (3.6% fasted and fedl. There was no suggestion of a dose relationship in 

the incidence of adverse events for the Nisoldipine CC 30 mg and 40 mg doses 

either in the fed or the fasted state. 

The relationship of C....,. values to the adverse event~. was evaluated. Geometric 

mean Cmu concentrations at the 30 mg dose were 1.9 ng/ml (range: 0.7-4.9) in the 

fasted state and 4.5 ng/ml (range: 1. 7-13.3) in the fed state. Geometric mean C"""' 

concentrations at the 40 mg dose were 2.7 ng/ml (range: 1.2-8.1) in the fasted 

state and 7.5 ng/ml (range: 2.1-26.71 in the fed state (Section 13.9.5.2). lnspite of 

the much higher mean C"'"" concentrations, in the fed state as compared to the 

fasted state, there were no notable differences in the incidence rates or intensities 

of the adverse events in the fed state as ' 'mpared to the fasted state {Table 1, 

Section 13.9.6). 

Even though the overall incidence of adverse events was similar between the fed 

and fasted states, it was of interest to define whether the subjects with especially 

high fed/fasted C_, ratios showed a higher propensiw for ad11erse events in the fed 

state as coripared to the fasted state. Adverse events in subjects with a fP.d/fasted 

C.,,.. ratio of ;;;,, 5 are shown below: 

COSE Cmu· (ng/m\) FED/FASTED ADVERSE EVENTS• 
(mg) I .· .·. . Cmu R~T to ··. > I/. '/) ..•. fE1> 

·• 

·FASTED • •fED . FASTED . . 
30 NONE NClllE . 
30 N()!jE NOl<E 

l 

30 KEAOACKE HEADACKE 
' 40 PERIPHERAL EOEHA 0 IZZJNESS 

I HEADACHE PERIPHERAL EOEHA 
PALP IT AT JON 

' 
40 HEADACHE NONE 

All adverse events in the fasted end fed states were sitd tn tntens;ty . 

r .. 111.J!; Inc, 
PharnklCetitic;.11 lJ1vi::..io11 
40:1 f\10f9<lr'l L1nt~ 
We:,~ Haven. Cl Q\._151G-'117~) 



MEMORAND1lM 

12/15/94 

DEC I 9 1994 

DEPARTMENT OF HEALTH & HUMAN SERVICES 
Public Health Service 
Food and Drug Administration 
CDERIODE-I/DIV CARDIO-RENAL DRUGS 

From: 
Throu~h: 
To: 

S.'haw T. Chen, M.D., Ph.D., l\ledical Group Leader, HFD-1~10, • 
Director, Division of Cardiorenal Drug Products, HFD-110 
Director, Office of Drug Evaluation I, HFD-100 

SllH.JECT: NDA 20-356, Nisoldipine Core-Coat for Hypert~nsion, Approvability 

This is in response to the comments and questions raised in your draft memo of l 2/ 13/94 
regarding some labeling issues for the above application 

I. As stated in the Secondary Review (Dose Response), we also think that the effective 
dosage range is 20-60 mg/day and the recommended doses should include 60 mg. Usual 
maintenance doses in the labeling were changed tn 20-40 rng in the Division's draft, which were 
co11cu1Ted in your memo. We agree with your reasoning that dose titration should start at 20 rn~. 

J. \'fr understand that the effects of food and grapefruit on the kinetics of nisoldipinc CC are 
dilkrcnl. They were pul together only in "Information for Patients", as they are both "food". Th<" 
11ording 111 your marked-up drafl certainly described the problem much clearer. 

.j . ,\ ,·kam:d-up drafl o! package insert with ynur mark-ups has been prepared . 

cc: 
ORH; ND:\ 20-Yih 
llFD-110 
llFD I I 0/C'SO 
HFD I I O/SC'lwn/12/ I SN~ 

~yr;C.~ 
jSl;;JW T. Chen, M.D.,Pb.D. 
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MEMORANDUM DEPARTMENT OF HEALTH& HUMAN SERVICES 
Public Health Service 
Food and Drug Administration 
CDER/ODE-1/DIV CARDIO-RENAL DRUGS 

Date: 

From: 
Throui:h: 
To: 

10125/94 

Shaw T. Chen, M.D., Ph.D., Medical Group Leader, HFD-~l • 
Directer, Division of Cardiorenal Drug Products, HFD-110 
Director, Office of Drug Evaluation I, HFD-100 

SUBJECT: ND.\ 20-356, Nisoldipine Core-Coat for Hypertension, Approvability 

OVERVIEW 

NOV 2 I 1994 

Th!s memorandum and the attached material constitute the Division's recommendation that 
NDA 20-356, Nisoldipinc Core Coat (referred tom; CC formulati<'ll) Tablets be approved for 
treatment of hypertension. 

This package is being transmitted with a draft Summary Basis of Approval (SBA) prepared 
by the spons:ir, which has not been cJitcJ by the Division but appears to be accurate in its contents 
to serve as one of the references for secondary/tertiary reviews of the application. In the draft 
SBA, any d·~scription or interpretation of the data different from that of this memo should be 
disn:gardec'1. 

As one of the new team approaches, the primary medical review of the NDA were 
conducted in parallel by the following medical officers: 

C'.inical Ph;mnacology: 
Hypertension -Efficacy: 
hypertension -Safety: 

Dr. Chen 
Dr. Dume 
Dr. Dem 

Pharmacology sections of the application were also reviewed concurrently by two reviewers (D~s 
Joseph and Stol1.enberg\; a synoptic summary of all pharmacologic issues has been prepared by 
Dr. Jos•:pl1. As of the date of this memo, the chemistry, biopharmaceutical, pharmacolog;~a] :md 
statistical reviews have been completed. There are no major, unresolved preclinical issues which 
may affoct the action recommended. Related labeling have been suitably edited. 

Nisoldipinc is a new calcium channel bl 'Cker of the dihydropyridine type and structurally 
related to nilcdipine. It appears to be a less active inotrope than nifedipine in vitro but the two were 
not distinguishable in intact animals. There are no major efficacy or safety issues that should 
preclude the approvability of this drug for the hypertension. 

The adverse experiences in the NDA have been amended with the First Safety Updates of 
08/ 17193. Selected ma1or trials should be inspected before final approval of the application. 



NDA 20-356 

PRECLINICAL EVALllATJONS 

Chemistry 

There are no outstanding issues regarding the manufacturing and analytical controls. Final 
inspection will be scheduled. 

Preclinical Pharmacology 

Nisoldipine ha' been adequately characterized with respect to its preclinical 
pharmacokinctic and pharmacodynamic properties. There are no out-;tanding issues rclatl'<l 
tu animal toxicity or carcinogenicity which may affect approvabi!ity of the drug. 

Changes in proposed labeling, as recommended by the pharmacology reviewers, are 
sununari7,ed and commented below. They have been adopted with minor modification. 

Negative findings in carcinogenic studies should be qualified with the dosages 
studied, comparison with human dose should be based on both body weight and 
surface area calculations. 
Fctotoxicities in animals are suggestive, not conclusive. However, detailed 
description of the problematic monkey studies is not necessary. Again, basis of 
safety margin (toxic animal dose vs maximal human dose) should be specified 
(body weight and surface area). 
The pharmacology reviewers do not think malfomiation is increa~ed in rabbits. 
Other recommendations related to fe\otoxicity in rats/rabbits, sections of Labor and 
Delivery, and Nursing Mothers are all appropriate (Pharmacology Review, p 145). 

CLINICAL PHARMACOLOGY 

Pharmacokinctics/Pharmacodynamics 

At the~ propused d1,sagcs of 10-40 mgs, the pharmacokinctic profile of nisoldipine CC 
formulation supports a ,mce-daily regimen. Compared with the immediate release (!R) 
form, availability of nisoldipine from the CC tablets was prolonged with lower Cmax and 
higher AUC over 24 hrs. Bioavailability of nisoldipine CC was low for the unchanged 
drug but linear and dose-proportional over the range of l0-60 mg; it accumulates 
moderately after multiple oral dosing (7 days). While nisoldipine is extensively 
metabolized, the only active metabolite contributes about 10% of the pharmacologic effects. 

The states of both hepatic and renal functions are potentially important for phannacokinetics 
of the active drug, since nisoldipinc is extensivdy mctabolired and excretion of the 
me1<1bo!ites is predominantly renal. Bioavailability of the parent drug was indeed increased 
by 4-5 fold in patients with hepatic failure, but changes in AUC and Cmax due to various 
degree of renal impairment were only transient and diminished with multiple dosing. 
l'lasm:i levels of nisoldipine were also higher in the elderly hut dosage adju.;tment may not 
he required (scc Ertic<1cy -Hypertension). Nisoldipinc mctaholism prohahly involves p450 
cytoc'lromc sys1c111 {as nifcdipinc), but no attempt to identify isozymc has been 
documc·ntc-d. Modes\ changes in bioavailahility of CC nisoldipine were ohsnn·d with 

2 



, 1<Ill'011111 ;1111 the' of r;u1111 d111e (decreased 1 )-2Wk) ci me! id inc (inerc<Lscd 30-45 % ), 
qumidinc· 1rcd11cl'd hy 2S 1.'< l, and propranolol (11;2 shoncr by 20%). These interaclions an· 
1'111ld1\:- Pi II<> ,i~11ilic:11H dm'cal rnns<'quenccs. hut lahclmg has been edited accordingly . 

. \•,noted in !he· ( 'l1rnc·al l'l1armacolo1'y and Bioph:ull\aceutical Reviews, the problem of 
d11 .• c-dumpi11g when ni,oldipinc CC is administered in :1 non-fasted state or with grapefruit 
111i,·c hec' hinp\inn n·,·ww of Study 770) can not be ignrircd. NisohEpinc CC should not 
t·"· .1dministcreJ conco111i1antly with meal or grapefruit juiu.>, bill instead after overnight fast 
:ind I. 2 hour' hdme breakfast. Appwpri:1le instructions to avoid dose administration in 
,ud1 sc·111111:' h:l\C been inl'iutkd in the lalx·lin1:. 

:\i"1IJ1pi11c I' a' """lila1111g antihypc11c·11'ive with pharmacodynamic activities similar 
''' "thn app11•1cd c:1kiu111cha1111el1>1,,,_·~c·r·'· C'ardiov:Lscular and hemoJynamic effecb of 
111.,,,Jdip111c· h;i\c l>:rn Liirly well-csl;ihlished. Corrdalion hctwccn nisoldipine dose, 
pL1,.11u kw! :111d hh1"d pr1'ssure reduction wa.s goo1l over the recommended dosage r.mgc. 

\1..,11ld1pi11l· !Li:-- 1111 ~lJlll!L'1.·L1hlc 1ntltr11pl"-· l'lfL'1.:L...,, hut it.-; clinical advantag.cs over nifcdirine 
fl,1_" 111ll ht't'r1 d1\'-·ttllh'lltl'd I·:x1.·cpr fill ·r-\\;!\'l.' L·han~c:, rnosllj' at hi~~h dnscs \~L'L' Safety). 
:~!".•.'ld:pi11L' h,1'l 1n1111:iLil l'l1.·,_·1n)p!i;,h1!\)~:; 1h.'tivitics. ·rhere is son1c evidence tha! I\' 
n1.-...il]d1p1n~.· i1nr1r11v1...·_.., 1:nnni,1ry hl\HH! !10\\. hut its anti-ischcrnic L'ffcct \Vas not established 
ill cl1n1..._-.t! p!1.11·1n,11:1d(1r~ :--.tt1di1.._•, 

.'\!-.1dd1p1nc• ,l;d 11(11 a!'lc·,·1 11'I't11r1:d hloud ll(l\\' in kiJncy nr liver. anJ has fh) S!gnillcarit 
11\i,1n11.h·11l1 l~'lL. ,1>..'f 1 \ 1! iL'" 1 )n tH n1 -l.';1.rdiovascuL1r ..;ystcrn ..... 

I Ill' r ,1·.1,, 1 1 ! l\\'11 l':t.1Jltll'Illl'rs 1.and 1 1thl·r 1IH .. ~lah1llitcs1 in special patient group..., \\'L'fl' 
11\ll d1'i( r1!1trH·,J '111h:t_· 1111 :-.urpri.'in~ L'linical ctfi:ct.s \Verc ohsl'r\·L·d 1n thL'"l' patiL~nt ..... 
\\li11.:l1 r;',,t> ll''-J!tlrt.·d l'Xpl~u1;1tio11. SLh .. -h 1.L1ta arc not rclevanl fdr .1ppn1val (11 
111l",,__·1 q·,:1·, •ri til'>tru,:t1u11. 

\,,,,ld1!'"''. '' 1nl'l.1holi"·d hv the l'-·l:ill t'n1yme system. hut the spec·itlc i"'· 
c·111\ "" 1111,.l1c·d h:1s 11<11 hc'c'll idc·n11ticd. While metahnlism of ni,c>ldipinc· JS nol 
c'\i''"'lc'd I" he· s1~11itlcantly d1ffcTc'lll fr11m !hat ofnifedipine. lhe study s!J,,uld Ix· 
';, "~'.' !' 't •lj'·i':-( l\ ,d, h\1\.\'L'\L'i". 

lnc•>li"'''''lll t',,,,, 1hy 2·f11lds) ohtairll·d after a .10 mg dose i111wo s111all 
1d1.11111."·,,l"l!I' s111d11·., Illa\" he· relatc'd I" !he variahililv in <fos1>iu1ion and nc'l'd 
l1Jrlh,·r ,·l;1r1fi.c-;11i,,11. as diikrenl hJ,,od pressure reductions from placebo were abo 
""lc»l 111 the eflicac·y tnals (sec hclc>W). Since no efticacy/.,akty prohkms were 
Jtl11hull'd to thi, variation, approval is 1101 affected. 
\""1v -.alidati·m l'<t.S des.:ribcd iu 11111.sl of !he sludies, t1u1 missing 111 a few repor1s. 

11 ,,, rl'a-.nnahk· l\l .L"'>tllllt' that ...;a111l' :t...;:--ay· \Vas Usl'd ir1 all tri,J!, 
\ -tri,1!11111'> JJJ d11:-.L' pr,1p()1~11111;1!;t:; 1r1 l\\-1) Pli;t...;L' :1 ~,iud1L'S \1..-L'rl· -.111.111;ind1lf 1111 
, 1:111,:,iJ 'l~_'lll(lt':\Ilc.'l' 
l'li.11111.h·l1\ • ..i1h·1t,. -. ,11:d llL't,tlh1l1-..111 .\t'1.._'l1.1n:-. uf thl· Lt!x·ling ha\1.· fx·e11 ('d11(·1! !11 

,1,, 1111!11:,id :11· 1tll· ll'l·1111Hth'lh~.1!11'11'. 1.1! H11)plrt1t!l,h.'4.'llt11.· l\c\·1'-·\i.. 
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\lajor Trials Supporlini,: Appro,;il 

~'1"'ld1p111c' h;" hct·11 cv;duated a.' an antihypc11•:;,sl\·,· treatment in I ,lJ 14 pallt'lllS at 
d1»;11cc·, u11 tu~() 111!!.fday. The dr1,,acy tL11a supporting apprnv~ll were derived from the 
r-,.,, ilt•: nfl ,i,,.,~,L· h~; .. 1 n-,-·.11 .. I ~,J,i-·,•f, · --• 11· 1, ''<ll•l1'•"· 1'11· 11 'if.Iv' j.ldl·J','lll' '"1.ll,I - • - .... -, ,,....._,._,, __ , t'H''-'-'\IV '1,.'1IU .. JUll'.,.\ ,, .. "'" ·~ U " .-, TI' 

h1pc·I1rnsion, 886 of whom received nisnld1pine. Long-term efficacy was supported hy 
liw "i'''n-lahl'I, t1-12 ilh>nth follow-up o <;_<;4 patients (Studies X89-0.'9. X90-019, X90-
111:1 •. (,7<;, />'lill 

I lh· 1111111.in ell1c·;1,·v endpomt m c.1d1 "I the·,,· stl1dies wa.s the change in supine d1;Lslolic 
hL,,,d l're".urt' \SI >Bl') fr"m b;Lscl111c at tlk' ,~rHI "f ,Jvsing interval (u·"ugh effect) after 4-9 
"""' s '•I tlinar'Y· I \11;1 lrnm five ol rht· SL'\ en studies should he t'<1nsidc:reJ for major 
t'\ 1dl'!h'e nf L'ftl1..·;.1.i:y 

s 111.f\· _I}, ~,l·:--, 11_1~/d,1_: })1Jra!hlll _8,_L.'JJEJI~~>-· --~---~~-
I l·,\ () .:;.__;. i< I, .2 I I. ~ \ I (~) ·-i wks Ii \Cd d1 "e 
! ) :.: () ( )_'(1 I I J. -l I J <,~ ) 'I wks dose titrated per response 
I )')I) I) i '1 ll). fill (_)j) h wks tix.:d dose (after week I l 
I l'-:'l ( j )q .2 I 1, .j( I l)I l ~ wks lixcd dose I after We<'k 1·) 
l )l/I \ ( )i _k \ Io. ~' 1, -~1 '1 (,~) {> \\ks fixed Jose (after week I l 

111 tl1c L1,1 illlL'L' tn,•1' Ji,il'cl .il>nvc'. high d1iscs W<'rc ph;c-;ed in after one week nf low d.is.: 
"'"1::;i,·:·1 Ii ,Ji,,uld be- '"•ied th.it i11 Study 1)89-0JLJ. anothc: gnnp ol 15 patients were 
r.rnd.,, .. ;;ed to ,,,,_·ei'e nisllldipine CC 81l rng qd. hut the ann wa~. terminated Jue ti> sakty 
l·l1Ih'l'n1-., lx'f1lll' L'lllll'cti1)11 dfeflic;icy data. ~:i~oldip1nl' \va:-. alsn ·_·on1p:t:-cd \Vith \-"l'rapa111il 
.'·l< 1 Ill)! 1;1dd1t11>11;d ~1niu1• nl 7X patknts) in this paralld placebo contn>lkd study. 

I hL' 11...·111:1;11111,L' I\\'{) l·1introilL·d studil·.., JJl<tY pid\"idL· in..;tructio11-; on hnv.· td USL' 11i..,,11!Jipint' in 

.~ !lf.t.' 1 l~\d ·,\'(tll\~'.. \'U\ ~\\\_' lh~t \"C1")' U'.--.CfU\ ~i.:-. pr)1l)ary '2"\idClil'l.' f~ll' lL ......... !...':-, . ..,jllg_ CffjL·:ti...'y Of 

111-.11!di11i1ll· 1 \·-. 11Lt· .. 'l·hp ill 1-!t'lll'r~d pupulat:\ln \\'hu arc rtdt tf\.\li.l'd \\·ith Pliler 1...·un1,:tHT!...'llt 

.ll1I ii 1, p1·11"1 h1 \t' "''.<.'111.s I. N1soldipine was <'valuated in patients all recc1 ving atcn11llll 5\\ 111F 
qd :1> h:1d-.~r.,und tllc'rapy in t>lle study (lJXlJ-0291, and in the other (Study [)911-112lJl. 
:1·.in"pnl. ll\dr•>tlrl"rnthiatitk 1llt'T/.) and plaL·eh1> were cmnpared in th<.' pres,_.,,,." of 
111,"\,l11'illL' 111 .di 1)!0Ups. i{c•strlts of these studit'S \\:JI he· l'l>lll!llented in tht' Sc·cti,.11 of 
'( ·,_ 1rnp;tn-,l •11/~ '1qnhin<1til)ll \\'ith dthcr :\ntil1y 1~·11c11-..1\·es". 

I l1t·rall Tn·at11a·11t Effrets \S l'laceho 

I lie pri111:iry l'tlkal')' data in Tabk I 011 l';112t· (l dL'!ll011stra1,· th;ll 11i."•ld1pi11e. ;11 2\1--(1() 
111,-_ qd. ""consistently and signilicantly more effecllve <Utt1hypc11c'nsi\l' ;1gcnt lh:m 
; 1 L~-~-·~·!•·,: ·.·.-ith aJ~qu;.U;: duration ofa...:tivity fu1 tH11..-·e daily trcatn1cnl. At thts dosl' r..u1gc, the 
l''·""I"' ,111>1rac:ted net dl't:~l'asc;. iP Sl>BI' :Jt trou~h r;mi:l'd fr"m .1.(1 ti> '1.<l mrnl!~ ;tlfrr 4 
\) \'·l'l'h'- 11f thcr~tp/. ·rr1.·<1t11ll·nt cflcct-.. \•.;crl' ll""" L~·,i11-..1-.,l"l·nt f111 thl' ltJ Ill~ dtJSL', h~n \\·a_.... 
"'1''11· >1 '" r>l.1'·"''"' 111 till' i;ir~<'r tn,tl 1. I >'It I tk ii> 1\\1th .1 dl'l'l'lll ,!'"I' in SI llll' Si1111Ltr 
t,·,.td\-.. \i...1.·1,· \)hLHn1.·d t1.):· -..upilll' :~}st11\il· h\'-11.hl prc-.,-..url':--; (SS!~})) {\allll' l";lhk'l ~lll\i 

-,1.111.!11:;· h!\11\\I J'll'-"'·l!il'"' tc.xl'l11di11,e lilt' \111,dle .... 1 tn:tL I ):-;:-\--ll_-;.+. ri:-;uJt..., !lilt .... !1,1\(. ;1 ill 1!11" 
:11.-ill',' J 



NDA 20-356 

The pcrcentap,es of responders (SDBP reduction of~ I 0 mmHg at trough or to s:_ 90 
111111Hg~ arc also summarized in Tahlc 2 on next page. In the major trials, the response 
rates for 20-60 mg/day were in the range of 17-4 5% more than that of placebo. Agair., less 
patients (around 17% over placebo) 1esponded to IO mg dose. 

With respect to blood pressure changes and response rate, there were no significant 
differences between various statistical analyses, i.e. per-protocol or intent-to-treat (final 
visi: ). 

)lose Response 

The dose-response r.:lationship. al twugh, has been examined within the range of 10-60 
mg once daily (Tables I & 2, in the associated Figure I, ck response curve wa> shifted on 
the' dose axis for clarification). While dose of I 0 mg/day was not consistently better than 
placebo as monotherapy, it is appc;irs that blood pressure reduction may increase further at 
dose·s above 60 mg (but not for% responders). Although there arc evidence from small 
pilot studies of hypertcnsive patients that dose-response for 30-90 m!!}day was rather llat 
\Stud) D90-022, sec Clinical Pharmacology J{cview). the finding should be accepted with 
reservation because dosages were forced-escalated rapidly in that study. There was a 
rnm:crn, also in the same early phase study, of <Lsymptornatic T-wave changes at high 
doses (sec Safcty below). However, when doses were increased slowly as in efficacy 
triab. less patients reported the same abnorm,tlity. Besides, such ECG changes were 
common in hypertensive patients and their clinical meaning arc not yet clear. Thus, 
dkctiY<: <loses of nisol<lipinc CC range from 20 to 60 mg once daily, with a weak sur1port 
for th<: nigh-end limit. 

Correlation between blood nisoldipinc level and blood pressure reduction h:Ls been 
de·nH>nstratcd at trough in several cl'1nic•1l trials. 

Timc-Effcl'I Relationship 

Whik only once-daily regimen was used in clinical trials and no direct comparison with 
other dosing sdKdulc was performed. appropriat1: dosing interval for nisoldipinc was 
c,tahlislwd in till' following studies: 

2-Hiour Bi's 

Studies 
D88-0:'i4, D90-0i<J, 
D89-039, D90-()(J(i 
D88-054, D90-019, 
D89-039, D90-()()6 

l 0-60 mg/day, QD 

I0-6ll mg/d•1y, QD 

hir th" doscs studicd. the placebo-subtracted trough-to-pea!; ratios appeared to be 
;i,·,·q11:1hk. ranging from 70 to I rni1;,. for SI lBI' and SSBP. 
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NDA20-356 

Total of 359 patients from the listed studies were pooled for analysis of 24 hOUJ'!i 
ambulatory blood pressure change, the majority were white (65%) and male (60%). As 
shown by the 24-hour blood pressure curves, treatment effects of at least 5 mmHg 
reduction in SDBP over placebo were maintained during 24 hours for doses 20 mg and 
above (see Figure 2 below). 

It is concluded that although other dosing schedules have not been evaluated, once-daily 
treatment with nisoldipine CC 20-60 mg per day appeared to be adequate to cover the 
dosing period. 

Figure 2 
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Responses in Demographic Groups 

In post hoc analyses (sec draft SBA), nisoldipine appeared to be equl'lly effective in 
male/female, with a slightly more pronounced dose-response relationship in the male 
patients. Despite increased bioavailability in the elderly, dose-respo:ise was less evident 
in such patients and there were no significant differences in blood pressure reduction 
between groups of age below and above 65 years. While blood pressure responses to 
nisoldipine were numerically greater in black than in white patients, such retrospectiv~ 
finding should not be described in the labeling or used in promotion. Not surprish1gly, 
response to nisoldipine was greater in patients with higher baseline blood pressure, 
with a more significant dose-response relation. 

Comparison/Combination with other Antihypertensives 

Nisoldipine wa~ compared or combined with the following antihypertensive agents in 3 
controlled trials. 

Comparison croups 
nisoldipinc+atcnolol vs 
nisoldipine+lisinopril vs 
nisoldipine+HCTZ vs 

placebo+atcnolol 
nisoldipine+placebo 
nisoldipine+placebo 

Studies 
D89-029 
D90-029 
D90-029 

While results of the first study listed above indicated that concomitant atenolol did not affect 
the efficacy of nisoldipinc CC, the second study suggested that SOU'e ?atients may have 
further respons;: when a diuretic or ACE inhibitor is added. Up to one third of all patients 
received additional antihypertensive therapies in long-tenn, uncontrolled, follow-up 
studies. Overall, not much weight can be placed on these active controlled data for the 
efficacy claim. 

Long-Term Efficacy 

Long-term cffccti veness of nisoldipine was evaluated in five open-label studies up to one 
year. Without a placebo control, reductions in supine blood pressures from baseline 
;ippeared to be sustained in :;iore than 80% of 554 patients treated with nisoldipine for 6 
months to one year 

8 



NDA 20-356 

CLINICAL: SAFETY 

Database 

The database appeared to be adequate for analysis of the safety of nisoldipine, which 
includes cumulative experiences of nearly 4,200 hypertensive patients as of 10/29/93. Of 
1,466 patients# (921 in US trials) who were treated with nisoldipine Coat-Care 
formulation, about 55% were exposed for at least 2 months (approx. 33% over G :;,(Jnths) 
and a great majority were on doses of 20 to 60 mg. 

The majority of comparative experience wa' based on the results of 6 randomized, double­
blind, parallel group, placebo-controlled trials of 4-9 week duration (all U.S. double-blind 
controlled trials, see list in Efficacy Section)*, which included 678 patients on nisoldipine 
and 280 patients on placebo. 

Data from the first 120-day Safety Update were not incorporated into the following 
summary, however, the numbers added were small and did not change the safety profile of 
the drug (sec Reviews of Safety Update by Dr. Dem). 

Comparative .Experiences 

There were no surptising findings in the safety profile of nisoldipine CC used in 
hypertensive patients. Overall frequency and rates of some specific adverse clinical 
experiences and abnonnal laboratory findings were more common in nisoldipine than 
placebo treated patients, but none were serious or unexpectedly frequent. 

The percentage of nisoldipine-treated patients reporting an adverse event in controlled 
!rials (68%. N=678) was higher than that in the placebo group (53%, N=280). Among the 
adv;.;r'e c:;.pericnces, the following were more common for nisoldipine than placebo with 
incidence of<': 3%: 

peripheral edema 
headache 
dizziness 
<L,thcnia 
va,odilatation 
palpitation 

Nisoldipinc(%} 
N=678 

22 
22 

5 
4 
4 
3 

Placebo(%) 
N=280 

IO 
15 
4 
4 
2 
1 

# 1-"rom draft SBA. Different numbers of trials and patients exposed wP-re given in Integrated 

Summary and Draft SBA, the later is probably more updated. Some calculations shown below 
were based on data from Integrated Sununary of Safety. 
Foreign data also included some placcbo-cnntrnllcJ safety experiences (D90-006). However, a great 

majority of the non-U.S. studies \Vere not conu-olle<l and thus were not considered in con1parative 
experiences. Nisoldipine was used in all treatment groups in one U.S. study (D<J0-029), but 
n:~ults {1f that study were not excludt.~<l fron1 rhc comparative analysis. 

9 
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As expected, the most commonly reported adverse event~ were related to nisoldipine's 
vasodilating effects. Most were mild and infrequently leading to withdraw .. 

While the overall frequency of adverse experiences was not affected significantly by patient 
age, sex, race, or body weight in the controlled trials, some minor differences in the 
incidence of a few adverse events may change the tolerability of nisoldipine in demographic 
subgroup~. Headache appeared to be Jess common in the elderly, which would be 
surprising if the adverse event is pharmacokinetics-related (see Clinical Pharmacology). 
Peripheral edema was more frequent in female (as suspected with other dihydropyridine 
agent) and heavier patient~ (>185 Ibs), but the sex difference was only seen in foreign 
studies, not in the U.S. controlled trials. Compared to blacks, incidences of headache and 
edema were slightly higher in whites. 

The percentage ot nisoldipine-treated patients withdrawn due to adverse clinical 
experiences was higher than that·of placebo (7 .8 vs 3.2%, U.S. controlled trials only), 
and dose-related (up from 5.4% at I 0 mg to 10.9% at 60mg). The rea~ons for withdrawal 
were mostly related to nboldipine' s phannacologic activities and within the scope of 
common adverse experiences: 

Reasons 
for withdrawal 

headache 
peripheral edema 
v~t~odilatation 
nausea 
palpitation 
dizziness 

Nisoldipinc(%) 
N=678 

3.8 
2.9 
1.5 
0.9 
0.9 
0.7 

Placebo{%) 
N=280 

0.4 
0.4 
0.0 
0.0 
0.0 
0.4 

There were 2 death~ (car accident and meta~tatic prostate cancer) in nisoldipine-treated 
patients ia contrellcd trials (non-U.S. studies only), compared with two deaths in the 
placebo groups. None were considered drug-related. Other serious events occurred 
with similar frequencies in nisoldipine (2.0%1 and placebo group (1.5%). However, the~· 
arc dose-related (in~reased from 0.2% at 20 mg to 4.5% at 60 mg) and half of these seri(JUS 
events led to withdrawal. 

Abnormal laboratory findings in controlled trials were both rare and no different between 
ni•mldipinc and placebo groups. In U.S. controlled trials, incidences of such reports were 
in the range of 0-4% for hematology, 0-2% for hepatic functions, 0-1 % for creatinine/BUN 
and 0-6% for lipid profile. While there were mor, reports of increa5ed fasting blood 
glucose in nisoldipine than in placebo group from non-U.S. controlled trial, the 
phenomenon was not dose-related, not se.!n in the U.S., and ca5es of increases to above 
140 mg/di were not more frequent (than placebo). 

<hcrall Exposures 

In general. the overall safety exprriences in all patients treated with nisoldipinc in all clinical 
trials were not unexpectedly different from those described above for controlled trials. 

10 
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Approximately 62% of all patients reported one or more adverse events, while the 
incidcm:e wa\ lower in European trials (43% vs 75% in U.S.). Prominent complaints were 
similar to those in controlled trials (e.g., 18% headache, 15% edema in U.S. Trial). 

In all clinical trials, about 9% were withdrawn due to adverse experiences (l0% in U.S. 
studies), not too different from that of comparative experiences. There was no additional 
death other th<Ul those noted above in the comparative experiences. Accumulative 
experiences of abnormal laboratory findings in al\ U.S. studies were also similar to that 
in the con'.rolkd trials. 

('lass Specific Safety Issues 

:\s noted abow, adwrsc expcricm:es n·btivdy specific to calcium channel blockers were 
also rep,Hted in nisoldipine-trcated patients. They were not more severe or frequent than in 
other members of the cl;L\S; however. the database may not he large enough for detecting 
snnll.· of the rare events. 

Clinically significant hypotcnsion and otlwr related adverse experiences in nisoldipine 
1n·:i1.·d patients were not common and rarely n:sulted in withdrawal. As described earlier in 
ti111e-cft-.:ct n.:lationship, at doses that produced adequate trough blood pressure reduction, 
a\'l'ragc peak response was not excessive. In all U.S. and non-U.S. trials, symptomatic 
h\'p"tcnsion occurred in ahout 0 2% and syncope was reported in 0.1 % of patients. 
( )rthostatic hypotcnsion and related symptoms were slightly more common, reported in 
;q1prox. 0.4%• of patients on nisoldipinc monothcrapy, but very few were considered 
sc·ri• n1s and required in,crvention. Overall. hypotensivc reactions to nisoldipine treatment 
did not e1ppcar tD be mor,· 11 cquent or severe than those with other calcium channel 
hloc·kers. Appropnate warning rebted to hypotensiw reaction is included in the draft 
l.1hl·iing. 

I .1kc otha dihyoropyridincs, nisoldipine has no significant effects on elcctrophysiolo)!y nr 
canli,1c rhythms. Tachycardia was repo11c·d in ah out I ?r of all nisoldipinc-trcatcd 
i'·'1ic·11ts. with a s!llall mean changes in hear1 rate'(< I hpm, placebo-adjusted). It is most 
li':,·ly due to hyp.1tcnsivc reflex, r.u-ely led to withdrawal, and occurred equally fn:quently 
111 pLicebo gn1ups. Some minor changes in ECG (QRS) were noted more frequently than 
tli;1t in placch11 group, especially in patients receiving concomitant ate110lol, but the 
mctgnitudes w..:rc of no clinical meaning. While dose: (ph;n1a level) and magnitude of BP 
rl'.luc·t1011-related T-wavc flattening/inversions were observed in a small phase II 
studv (J)lJIJ022) with rapid dose escalation, such ECG finding Wil~ less ckMly related to 
d""'' and 11ot dS frequent (similar tu that in placebo groups) in a retrospective but blind,~d 
;uul ''"S of data from three efficacy trials. It is somewhat re-assuring that no angina or 
tltall1111n test-documented ischcmia were reJKirtcd in any of the patients with T-wavc 
di:111,:,·s 111 StuJy D<J0-022. 

l .111llkd ,·.xpcrie11ccs with conrnmitant use of nisoldirine and atenolol. lisinopril or llCTZ 
'""" li•>I 1<k11tilicd any unexpected sakty or tokrab!lit) issue. Combination ofnisoldipi11c 
11 11 Ii I It "I/ or lisinopril may in ere as•: slight! y the iEcidcnces of asymptomatic· hypDtrnsilm, 
l.1,"h''1ardia. 1,alpitati<w :md dizziness. Rebound hypertension after withdrawal has not 
hc1·11 a p1\>hkm with other dihydropyridim:s and was n'.'t significant in a s111;tll 
pli:11111.1c<Hi)n:11nic · udy for nisoldipinc. 
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PEDIATRIC/GERIATRIC USE 

There arc no clinical trials assessing the efficacy or safety of nisoldipine in pediatric 
paticnL~. either completed or in progress. The sponsor claimed that the drug ha~ little potential for 
use in children and thus did not commit to any study in hypertensive children. 

Efficacy and safety of nisoldipine as treatment for hypertension in the elderly (65 year and 
older) are not significantly different from that of general patient population. 

DRAFT LABELING 

The draft labeling submitted by the sponsor has been edited. 

CONCLUSIONS 

Nisoldipine appeared to be an effective and safe treatment for hypertension. 

\Vhi!c there is little doubt that nisoldipinc at 20-60 mg/day is an antihypertensive more 
effoctivc than placebo, it is not certain if the entire useful dose range has been fully explored. 
Nisoldipinc should be started at IO mg once daily and titrated slowly (e.g. every few weeks) to 60 
mg according to blood pressure response. 

It is recommended that nisoldipinc be approved with the edited draft labeling. 

cc: 
ORIG: NDA- 20-356 
HFD-110 
HFD-11 O/CSO 
HFD-11OISChcn/10/26/94 
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NDA 20-356. Nisoldipinc Core-Coat for Hypertension and Angina 
Summary of Efficacy Data 

l"TROIHJCTION 

D 

This 111e111orandu111 will onlv summarize results from ma_1or controlled efficacy trials 
inll'nckd to support the ahDn: application. so preliminary decisions regarding approvability of th•: 
two i11Jicatic>11s can he made and dcli,·icncic' in efficacy data delineated. For the approvahle 
claim. dose-respunsc, s:1fct\' :mJ othn l:Jheling related issues arc not covered here and will be 
dL'-;l·r1hL'd in a n1orL' l'D111prL'hL'tl\iVL' secondary re,·il'\\' l:ncr . 

.-\s of the d:Jle <'f this 111c1no. ;di primarv 111e,lil·a] wvinvs have been cumpktcd fllr hoth 
1nd1,·:it1<>11s. \\hile the hvpertrn,1on cia1111 is L'icarly approvahk. as described bdow. the suppon 

, addition. Pharmacoi<igy Rc\'icw is pendin)! CAC Jclikration 
''ll >l>llW anim:d lllll\lln;•c·n1ci1,· findings. which may he a potential appro\'ahility/labelin~ issue' 
\l,>'t importantly. sncral serious deficiencies in chemistry section of the NDA ha\'e been 
idrntitled in the Chemistry Rc,·iL'W, which may be ground for non-approval since they have not 
h1..'L'll cuJTl''--·tcd d~~pill' rl·p·~·:1t..:d fl'LjLJ:..•st to do ~u by th:: [Jivision. 

This p:.ckage is being transmitted with a draft Summary Basis of Approval (SBA) 
prepared by the sponsor. which h;Ls not been edited by the Di\'ision but appears to he accurate 
in its rnntcnts to serve a.s one of the rdcrcnccs for secondary/tertiary reviews of the application. 
In the draft SBA. any desc:ription or wterprctation of the data different from that of this memo 
should he ,!i,rcg:mkd. 



\l:1jor Trials Support in~ \pp rm al 

'\1">id1l'111c it,1, hc·en ,,, ilu:11,·d .h :1n :11Jtih1pc'1"lc'Ihl\.,' tre.1t11w11t in 1.91-l patienh at 
d11'd~'."' up tu \11111~/da\·. 1"11,· df1cacv d,n;i 'ul'i'"rting '1ppmval were Lkrivcd from the 
re,ulh ,,f 7 d1>uh\·-hlind. p:trallcl pJ:i,·chn ,·11ntrollcd studies in 1.360 patients with 
hypertc11'ion. SSb of whom received ni,;old1pinc. Long-t.erm efficacy was supported hy 
five op·~n-lakL 6-12 month follow up of ~5-l patients (Studies X89-03<l, X<l0-019, X90-
006. 6 75. (il)(I) 

The primary cftlcacv ,·ndpoint in cad1 of thc,;c studies was the change in supine di:L.;tolic 
blond pre.ssurc !SDHl'l from h:N·li1w at the end of do:;ing interval (trough effect) afta 
-l-'1 week:; of tkrapy. [)aw frorn C1w of the sncn studies should he considered for major 
l'\'td:..·nl'l' •.if cf1i:.:ai..')''. 

\I Uch l]_,~~~-D)l"' .. Lt\ I lurat1"n Remarks -------·- ---~~ -·---

I l" ( _I:\.; ) ll. ~-1) 1 ~ I 1)1) -l \\'k> fixed do"~ 
! )\' l ( \ ::-'. t\ i I! -li i <)I l q 

\\ ~' dos~ titrated per rcsponsc 
\)'ilLl)i<I "'( !. \1(\ l)ll () \\'k..., !lxcd Jos~ (af\cr wed; I l 
I ):-;q_! i_~lJ ~(). .f i I l_>ll s wk' fixt'd d,1sc (after week I ) 
] )IJI 1-1 Ii 111 Ii \ ' . .2 (\. ~() t)ll ,, \\b fixed do~l' (after wed; I ) 

111 ti. \,H three· trial, 11'lc'J ahc>\C. hi~h dt1'C> \\CIC rea::h::d after one week of low dll:;C 
.ici111i111'tL1t1<•rt. It ,\,,1uld he 111>ted that in StuJ\ !JX'l-\\.~'l. another group of 15 patients 
"c'!c· rd11,l»11111c·d t» 1c·,·ci1 c ni.'<>ldiptllL' CC iiU lll1' qd. hut the arm was tcrminatl'd due 
t11 -.,,t\1.'t~ ,:ll11,__·~rn_-, h·~·tt)rl' .... ·i)llc .... ·tion ot l.'f(i..:a,:y d~tta. \"is(l]dipinc \\'as also cun1p~u·l'd \Vith 

1c·11qicu1ul :'-l' Ill~ 1a,!d1t11111al group c>f 7X pallc'111'> in tlli' parallel placebo contrulkd 
"'1 thl\ 

·r !1:..' T'L'tn.uui11:: l\1. ll 1.:llntn1!lcd slt11..i1•.':-. n1a) prP\"!1:.11.' instru(.·tior.s o:i ;:o\\' to use nisoldipinc-
111 a p:·a.·u:;d "'ttin;,:. hut art' not very useful as primary evidence for assessing efficacy 
oi n1,.i\dip1n1· 11' p!acebo in ;,:eneral populatiun who are nDt treated with other concurrcr.t 
;m11h11».T1·:1Hw agc>ntsl: in one !Study U~ 1L0::>9l nisoldipine w<Ls evaluated in patients 
,i11 ,,.,·,,11·1ng atc·nolo! 50 mg qd as background thcrapv and the other (Study D90-029) 
n>Jnpar,·d ltsinopril. hydrc1chlornthia1idc 1HCTZl and placcho in the presence of 
111,,>!d111111c· 111 all t'r<>U;1.S. Rc,ults ol these studic.' will be commented in the Section r1( 

"( 1>11q>:il\SiliJ/C1>111b111a\11l[l \\1th 1>thcr Antih1·p,~rtl'l1'l\·c< in the r1nal Sl'C\lndary ll'\il'\\' 

()I nail TrTatmcnt Effects \ .s Place ho 

lhc· primar~ l·!lkary d•n.1 in the· t:1hk ()11 l\t•'.c' 4 dc·111\111stratL' t!J,1t ni't>!dipinc. al 20-hll 
Ill~' qd. !" ,! t llJl'-,\"'lt•fltiy and ~it!Tliti ... :antJy lllOfC crfeL·ll\"L' antih:·pl'l'1<..'t1'-.,i\"C a~Crtl than 
pl:icch" \\ 11\l .1,kqua1L· durat1u11 "f '1d11·1t) fc>r <lJke ,Lu!\ trcat111cnt. c\t t!u, dose ran~'.l'. 

., 



tl1c pl:kcho 'uhtr:ktc·d !lei. c\,·,Te1Lscs in SDBP ;tt trc1u;cil rall!'''d frnm 3.6 to 9.9 mmHg 
.t11.·r -1 <i '""''ks '11 tlr:r:tpy. T;·e:1111w111 etl,·ch \\erc k's c'<>11,istcnt for the 10 mg dose, 
hut "'" "1pc1wr lo pl:1ceho in th,• larger tri:d I [)lJO-illit11 with decent drop in SDBP. 
S11nibr r,·,ulh 11nc oht:1in,·d fur supine ""tulic hlnod prc\.sures (SSBP) (same Table) and 
..,1.u11!111p l'l11(1d pr\'v,.,u:c-. (,·,l·ludin~-·. thL' \Jn;dlv-.r tn:1!. l)~:~- 1 1~..+. rc"iuits not shov..'n in this 

·111c percentage> of responders I SDBI' n:ductinn of=:> I lJ mm Hg at trough or to S 90 
111mHg I are alsu sumrnari1ed in the table (ln next rage. In the m~jor trials. the response 
re11,·s l"r "il-(ill lllg/Jay were 111 the range of 17-4)11; more than tin~ of placebo. Again, 
L.-~.., p.d11.·nt:-; (an.Hind l :c; ll\l'i' rla~l?h1.)l rc ... p1tnlL.·J to 10 rng dose. 

\\-11h : .. >.,f''--"·-'t ttl Lith11J pr1.'\'-UI"L' L·han~L·:-. dllll fl'•rnn~;.; r~ltc. then.: \.Vere no ..;ignificant 
dt!lncn,·,-, bc·twl'l'll \.1r1<iu< <t:1!1stic·ai :iruh""· t.e. pn-protocol or intent-to-treat (final 
\ 1-,111 

. ' 
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Based on the dticacy data. nisDldipine arpearcd to be approvable for treatment of 
hyrertcnsion 

cc: 
ORIC!: '\DA- 20-.''h 
HFD- l l O 
llHl-l IU/l'SU 
HFD· I I ()/[)c-rn/lluane • St<h.: f;hnd>,ec 
I!Fll- I I O/SChcn/O 1/1 l ">-! 

~S.cL 
. Shaw T. Chen, M.D.,Ph.D. 
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FEB I 6 1994 

:\1,oldipine is a calcium channel hlr>ckcr l\f dihydropyridine dcri\ali\c type being developed 
fnr the treatment of hypcrten,ion In !hi, initial application. approvals of a 
su,taincJ rcle<t.,e formulation (cnat-·,('fl'I f,,r hoth indi.·at'1ons are requested. As a part of new 
paf<llki. team appr:iach. this med1<:al rcvic•v. c·owrs only the areas related lo clinical pharmacolog). 

The sec11r>n' on clinical pharmacology (Section 8. · r1f NDA) contain data of I 7 studies, 
imo!\ 111,l! 393 paticnts/suh3ects. on sust.irned rekased fom1ulation (coat-core, referred to as CC in 
t~''' memo I Of thc,c. 18.l pa111cip<1;d m 6 U.S studie'. In addition, the submission also includes 
rt''Ul!' nf 47 studie' (ln the 11nrncJ1a1c rcJea,e preparation {IR), most of which were cvnducted in 
forc'tfn cpuntnes E•cept Im three small studies (total 12 normal suhjecb, copies of publications 
onl) I. full report' of all s1ud1e' listed in Section 8.12 were ,;~hrnitted. 

Additional phanndcokinetic and bioavailability data were presented in Section 6 of the NOA. 
which include 129 foreign studies on IR or other non-CC formulations not rcpea1,,d in the clinical 
sections (Section 8, as noted ahove). These studies will be reviewed by the b1opharmaceutical group 
of the Agency and not commented in this report. 



PH \R\I H '()__~l~Jl< 'S 
Fonnulat1on De'1"11 
1\ h-.\ )rpt 1 (ln/l)1 :-.; fh ""it 11. 111 

'.1c1ah"J1,m 
Excretion 

TABLE of CO:\TE:\TS 

Pharmacokinctic' of Enantiomer' 
Pharn1acokinct1c' in Pi.,ease State.' 
Demographic> D1fkrencc'' in Pharmacnkinetic' 
Drug lnteractwn' 
Ri1'X~quivalenL'l' nf \'ar111u, f-.1)rn1ul,_i!111n .... 
C'on1r11cnt' dl1 InJ1\ 1du.d Phi1rrn;.11,_·p~1nt..'t1._· S1uJ1l'' 

Surn111~r\ l)f f>ho.tin1.11..·,)h1nl'l11..' l.":-.uc" 

Pll \_R\I \('()ll}~\\IJL'i 
Prnk1r'1l CarJ1<•\C1."·ular Ukc'h 

\' Pn -L·arJ 1 P\' ~t .... -.: u I ar Ph. 1rr11.11. .. '~I,·~ i...- .tl /\1.:t 1 \ Jt 1c" 

llru): lr11cract1<lll' 
T<>kr,1hi111: hnd111;c' 
(_"'-1n:n1cn1-, llll \nJ1\ 1du,11 Ph,ti 111.1>..tiJ\ tL..J.1111.._ Stud1l'-. 
Sunir11.u\ . I I)h.trn1:1..._·l1d\11.11111~· J,,uc .... 

!'II \ R\: \('Oh.I\ Ell(_'S/ll\ \ \\I I< ·s <Jl8KU .. ·\ TIQ\~ 

II 

Page 

I 
3 
5 
5 
5 
7 
8 
8 
9 

14 

15 
15 
19 
20 
22 

29 

3 1 



NDA 2U·256/Clin Phann 

PHARM '.\COKINETICS 

Furmulation Design 

The new coat-core formulation, which has a slowly-dissolving coat and an immediate release 
core. was designoo bas.!d on the observation <hat nisoldipine is readily absorbed in the upper 
gastrointestinal tract but cleared by a first ?ass rapidly and a marked decrease in the rate of 
absorption but lower first pass metabolism in the colon. 

Absorption/Disposition 

The absorption of radiolabeled oral nisol1ipine solution was r?rJid ('f""" 0.42 hr) and 
extensive (87% ). Despite efficient absorption, abs•Jlute bioavailability of l11e parent drng was only 
8.4%. due to a high first pass effect (Study 400). Measured by iv infusion, nisoldipine has a volume 
of distribution about 2.3 to 3.4 L/kg !Study 330) 

In single dose studies (Studies 102-106), oral doses of nisoldipine 6-20 µg!kg administered 
a' IR capsules resulted in Cm.u of 2.7-19.3 µg/L within 30 minutes' after dosing. Nisoldipine was 
detectable (>I µg/L) 4 hrs later only in the high dose groups (12 µg!kg and above). Comparecl with 
the IR forrr.ulation. nisoldipine administered in the controllt·d release (CR) forms had reduced Cm.u. 
greater AUC. prolonged mean residence time (MRTJ. duration of plasma concentration above 0.3 
ngJml and T ""' (6 subjects. Study 632 I 

Formulation c r;-,~· AUC0 ,,ITT MRT T,,,,' T r-.a\ 

ni;lrnl g.hrfL hrs hrs hrs 
CR <E 0291 0.~6 57.2 21.2 23.9 12 
IR 15' 31.3 4.'.! 4.4 2 

CRJIR 0.55 1.82 5.02 5.42 
(95'i< Conf;rJence J (0 34-0.90) ( 1.30-2.56) (3.48-7.23) (3.48-8.45) 

Time-courses of plasma concentrations after administraiion of the three CR formulations were 
compared with that of the IR dose in Figure I. Based on these characteristics, the CR formulation 
E 029 was chosen from the three studied for further development. Wihle the bioavailability was 
relatively higher than the lR form, absolute bioavailability of the CR formulation was still low 
(5.5'7c\ in anorher study (Study 637). 

Bioavailabilities (Cm .. and AUCs) of nisoldipine were dose-proportional for both the [R (at 
2.5-20 mg. Studies 125, 339, D85-C24-0 I) and CC (at I 0-60 mg) formulation (Study 091-035( 

l There ;na~ be grcate'" vanahil11y in T mi•' ":hich v.:as longer (mean 2 hrs) for IR nisold1pine 1n another study (632 1. 

: ·nit ;o i1.~ d'-~:-.c mJ) n0\ be a':- linear as 0ther doses, but the deviation is non-s1gnifican1 

- I -
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Although there is no evidence of accumulation with multiple doses of IR formulation (I 0 
mg hid l. bioavailahility of CC nisoldipine increased moderately after 7 days of daily 20 mg dosing 
(see Table l:>elow, Study 645). At these doses, fluctuations of plasma nisoldipine levels were lower 
f0r the CC formulation (l !3'7c vs 434% for lR). 

Fom1ul,ition cni.u ALJC fl(lITTl Tc>-0 '· T""' 
ng/ml g*h/L hrs hrs 

cc Day l 0.84 40.3 14.9 11. I 
Day 7 I (J9 58.9 28.4 9.2 

IR Day I 2.18 40.8 10.8 2.4 
Day 7 I. 9'i 40.3 11.6 2.3 

( 'C/IR Day 7 (J56 1.46 2.45 
( y :'. ( i Conf1denc·e I iCJ47-0.66l I 1.27-1.69! (I 95-3.08) 

Wluk the Al'C,.,, .. ,. remain similar regardless of fed or fasted state, Cm•n was increased by 38-
4S' r when 2!1 mg of CC n1sold1pine wa.s adm1n1stercd together with or I hour after breakfast (Study 
661' 1 Dose-dumping h~ food of the CC formulation (administered within 5 minutes after 
fl.lll.lJllc>t1on of a meal 1 was even more pronounced with 30 mg (65-236% increase inc ..... 11-42% 
decrease in AUCi and 40 mg (92-292'1< in-:reaq:s in Cm,,. 7-39o/r decrease in AUC) doses in Study 
DLJ2-U4'i-02 1rcmge gl\cn are 90'/, CTsl. This food effect was both dose and formulation dependent. 
srn•:e C,," ancl Al T,,, .. ,. were increa.,c·d only modestly (31 and 28'k respectively) by food for the IR 
f<innuL111ri11 120mg. Study :12.11. and may have clinical implications in patients usually older than 
thch•: 111 the food sludie.s (sec C<lm11,_.its on Individual Studies below). 

At tlw c'oncentration' 20 tunes or higher than that observed in kinetic studies, nisoldipine and 
th rnetnt1"rners arc >99'.( protdn hound. P'1rtitioning between plasma and blood or erythrocytes 
were· m"ckrcitc' 10 7 hl'"'J t" rbsm:i. 0.3 erythrocyte to plasma). (Study 339. Rd. 3 (PB1961 l.ll 

\letabolism 

Following oral administration of nisoldipine solution, eleven metabolites. hut no unchanged 
parent drug, wa~ detected in lhe urine (Study 400, Reference 15 (PB 16626)). The proposed 
biotransformation pathways o[ nisoldipine in humans are described in Fig 2. In man, hydroxylation 
of the isuhutyl ester appears to be lhe major product. Of the three metabolites detected in human 
plasma (J\1Y. MIO. Ml3), M-10 (Bay r 9590) is most abundant (approx 10-20 times of parent drug) 
and M-9 (Bay r 9425) is the only one with biological activity (about 1/10 of parent drug. Study 
PI 0 I 09-i 71 The latter is present at approximately the same'. dose-proportional concentration as the 
r,m·n1 dru~ 1Stud1n .lN. D85-024-0I J. 

'!1, .1r1,11~1l" ,:ud.\ 1\1l 12.'1. :1 n1t·tah...1!11t• ""'J~ prc:-.cnt ar hif!htr C'""' and AL:C (2-4 time~ uf rarl'nt dru~I. y.:hich ""·.i, 
l.1:r·r 1,11·nt1(1c,! ,!\ ... urr. ('! \.1 'I --t \1-10 c1llt' [t• n.1n ... rx ..... 1fi~· J\~J) (12/20/9~ Arnend1nentl 
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Excretion 

Excretion of nisoldipine metabolites was predominantly renal {70% urine, 12% feces with 
on! dmel. and varies little with route of administration (80% urine, 14% feces with iv dose) (Study 
4CXJI. Terminal elimrnation half lives of iv niso!dipine, a> measured in 4 healthy subjects in Study 
330_ were 11-12 hrs. with systemic clearance of 544-768 mlfhr•kg. Nisoldipine is probably not 
didHahk ! Study 311) 

Pharmacokinetics of Enantiomers 

The bioavailability of nisoldipine is dominated by the(+) enantiomer, when administered as 
raccmic mixture with orly the(+) enantiomer labeled with radioisotope (Ref 43), which is also the 
one wuh higher cardio\·ascular activity (in vitro studies) Since all clinical pharmacology studies 
and eff1cac:.I"1fety triab were conducted usrng the racemic mixtuP?, the kinetic parameters for the 
tv..o cn.ir.t1<1n1cr" ha\·l' nu practical relc\'ancy. 

l'h.mnacnk1netic·s of nisold1rine CC formulation in hypertensiH patienl' wa' examined in 
tw" douhle hl1nd. parallel pl.tcet->,1 rnntrolled studies (090-022 & 088-059). While the CC 
formul"tinn was not c«11npareJ with th<' IR form in any hypenensive groups, kinetics of nisoldipine 
m :,,1th nnrnwtensive and hyper1en>Jve elderly subjects were described in a third study (Study 712). 

!n stud\ DLl\l-!!22. 2J parienh (_'; placeho. I~ nrsoldipine) were randomized and treated for 22 days 
with nisold1rine dosage increased every 4 days' from 30 to 60 mg and every 7 days from 90 to 120 
mt: :\s sun11nari1.eJ ht·low. the kinetic rarameters measured at the end of dosing periods were dose­
pr''l'"n1,1nal at _10-Ll(l l111-'. non-linearity of 120 mg was dismissed for small number of patients (3). 
In this stu,h. h1i-'hn C._, d 111snldipine in hyp<.'tlensive patients were reached at approximately the 
s.1111'' ·1. , ,, . th.t! 1n ""'"H'il'llsi\e suhjects. hur cross-study comparison is difficult to rnterpret. 

!~~l' _i!l~~ cm .. , AUC0-14 Tma~ 
ng/ml ng.hr/ml hrs 

30 4.79±0.68 74.28± 7.96 7.22±0.93 
60 848±0.81 129.76±12.74 9.08± l.97 
90 13.02± 1.20 199.31±16.45 6.78±2.30 
I 211 14.92±2.01 226.58±12.41 4.00±1.00 

1 
.\:r<t' :lie r--1,1:l\.1:i,d,!l11:\ 1'f ('( n1 ... ,JIJ1p1nL' 1n .. :rr:<1 .... cJ nhl\Jl'r:ttrly frun1 l)ay 1 to l)ay 7 1n d -.1uJy lln nonnotensiv<: 

... :1!11t» ~" \;u,~' r4"' '-t't' :11">.•·.,·!. -l J.iy:-. rna~ ni'l tx- suff1..;1cnt fcir re::~·hin~ steJd) :-.tare f~1r the l\I.(! !,,\I. Jc)'.'>C'S in thi ... 

"!•,, ~" :\I,, :lit· .1,~t·11j1ni.' d·. ">l''- V.l'It' 111\l '"P·tr.ited ~: ~:1 ... lh1Ut ~n,"-1(se~·1.·11n11nt·n1.., 1 n inJ1\1,lu.J: \JU,!\ 1 
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In the second study in hypertensive patients (D88-059), total of 69 patients were randomized in 
parallel to receive placebo, 5, I 0, 20, or 30 mg CC nisoldipine for 7 days. Plasma nisoldipine 
concentrations were dose-proportional within the range of these doses both on Day I and Day 7 
(with 40- 70o/r increases from Day I to Day 7). The )ea<;t square mean kinetic parameters at the end 
of 7 day dosing period are shown below: 

Dose (mg gd) Cma, AUC.,2, Tnw 
ng/ml ng.hr/ml hrs 

5 0.65 8.39 9.21 
I 0 1.02 16.17 4.79 
20 2.13 28.24 3.65 
30 2.79 40.34 3.73 

At least in the elderly (>65 ). bioavailability of nisoldipine CC was not influenced by the elevated 
blooJ prc,surc in !wpcrten:;iw patients (Study 712): 

_[)av_l 

C""' \ng/ml I 
AL'C" ,, !ng*h/rnl I 

Normotensive 
2.61 
36.9 

Hvpertensiq: 
2.59 
38.7 

Bioa\aibhility of CC nisoldipine in angina patients were also dose-proportional over the 
rang,· nf 21J-60mg14~ dav treatment. long-term extemion of Study D90-015J. Data from 21 angina 
patient' with me.'!1 age Llf 62 (range 43-77 J resembled that of the elderly hypertensive patients (>65 
year old. Stud\ 7 I 2. see above). 

Dose Im~ yd! ~o Patients c i;l.l• AUC"'' l'm.a~ 
ng/ml ng.hr/ml hrs 

211 111 2.70 41.9 7.8 
-Ii I 9 6.27 92.3 b.4 
6\l 

, 
9.59 102.1 3.0 

Despite the fact that metabolites of nisoldipine are eliminated predominantly by renal 
excretion, patients with various degrees of renal impahment (but not requiring dialysis) had similar 
phannacokinetic parameters for the parent drug when given nisoldipine 20 mg in CC for.nulatio!l 
for 7 days (Study D92-001 ). 

Cr clearance >90 61-90 30-60 <30 
Day 8, Mean (ml/min/1.73mi) 

c""' ( ng/ml) 3.33 3.21 2.54 2.97 
AUC0 :, (ng*h/ml) 40.0 50.3 384 43.8 
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Howe\'cr, phannacokinetic effects of renal function on nisoldipine were slightly greater (although 
not significantly J with iniual doses (Day I) 

Cr clearance >90 61-90 30-60 <30 
Day I. Mean (ml/minJl73m 2l 

c"'"' (ng/ml) 1.77 2.37 2.71 2.57 
AUC,, 2, (ng•hJrnl) 25.3 32.8 36. l 32. I 

Thus the accumulations of nisoldipine with multiple doses appeared to be blunted somewhat by the 
decrease in r<!nal function (Day 8 vs Day l ). As expected, elimination of some metabolites was more 
affected by n:nal function than the parent drug. but like nisoldipine. the differences were noted 
mostly on the first day and diminished over multiple dosing (Study 092-001). While there is less 
pha1macmlynamic cor~c·em hecause the only active metabolite (Bay r 9425) was the least influenced 
hy renal 11npa1rmcnt. it not clear whether substantial increa.;es (with the initial doses) of other more 
abundant metabulitcs b~ ren.U impairment has any long-term toxic effect. In this study the group 
with 111P1.kra1e renal 1111pairmcnt (Cr CJ _'10-60 ml/min/I .73m 21 had higher mean age (63 vs 52-54 
for or her gn1up, I. bur 1hcre i' no clear trend suggesting that the conclusion was affected by such 
dif'crcnce in age. AJminisrercd in the IR form, nisoldipine bioa\'ailability was increased by about 
40'i( when crcatirnnc clearance decre<tseJ from >80 to <25 ml/min (Study 364 i. While nisoldipine 
w;Ls nol Jetect.ihle in the diJJ\',atc. thus probably not removed by hemodialysis, bioavailability of 
111"1ld1r1nc IR 111 paticnh un d1al\''i' resembled that in subjects of nonnal renal function in the same 
sru.11 

lkpatir failurr 11i-n:a'L'' bioa\'ailability of nisold1pinc administered as CC tablets. 
C'PmpareJ with n<>rmal suh1cc·ts. cirrhotic patients who recei\'ed IO mg niso!dipine CC h2d higher 
( "·'' and Al :c,," 14-5 fold,, S1udy D90-026J There appeared to be less effect of liver function on 
lhL' b'"'" ailabil11y "f 111,o!Jipinc 1n JR formulation, however. the studies were not controlled and the 
rL·,ulh \\l'IC sanabk 1 SrudJL'' 294, 4521. 

Demographic' Differrnce> in Pharmacokinetics 

Whiie there is no significant difference with acute dosing (l day). bioavailability of 
ni<.oldipine, admir.istered as CC 20 mg daily for one week, was increased in the elderly 
norrnotensive subject:; (65-84 years old), as compared with that in the younger subjects (Study 712) 

Q_ay 7 
('ra.n (ng_/rnl) 
ALTC"'' (ng*h/mli 

Young 
1.41 
14.7 

Elderly 
261 
36 9 

H1·•:11.1ilahili!s of IR nisolJipine was also higher <2-.1 fold,\ 111 the elderly. but littk 

"'" 111nul.1111•11 ""' uhL·r1eJ after one wed' dosing (Study 56.1l . 

. 7 
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Drug I nteractiom 

The e!Tcrb of othn drug., on ni~oldipine pharmacokinetics were evaluated in the 
f<1ilov.1n1'. 'tud"·' 

lmnH·diate Releaw Formulation 
Second Drug, DcN:s 
Ranit1d1ne. 

300 mg qd X 3 da)' 
vs placdll' 

Cimetidme, 
400 mg one d<1se then 
2(Xl mg t1d X 3 dmc•, 
':-- nn frcatn1c·r1t 

l 1
rl)Jlf<tJH1h)I, 

4( ! tll~ iHll' Jt l',l' 

' ' pl.11.:ch11 

('(' Formulation 

-~-~~-~)Jl_~! Q_rJ:!LL~( 1 '-l'-:_ 

R.1111t1Jinc. 
J <;11 rll~ hid \I• ,J.1-.• 

\" r·la\_t:h\I 

C1rnc·11d1nc'. 
41 II I Ill~'. h1d \ (• ,J.1h 

" pl.1,L'i1» 
Pr~ \pr ~Hh 1\1 ~1. 

4(' i11~ {i,: ~\ ~ ,J.1\' 
\'Ill' l!r,.'.llrlk'lll 

Qu1rnd1nc. 
o4S m~ hid , 2 d• "'., 
,., no treatment 

.l'.i!'"'ldipine Doses 
IR 2U mg 

one dose on Day 3 

oral & iv solutio11 
I 0 mg po. 0.374 mg iv 
une dl1se each penod 

IR 211 m!' 
nnl' Ji 1-..c 

;"' 1-,_t<i d IJ'IT\_l'. _ _l)5"e' 
( "1.. 2() ll1t." 

tlJlt' J11.'-l1 (\!) f),l\ :\ 

('(' 211 Ill.~ 

llfll'. dtl\l' \)fl l)d\ ) 

( ( 211 ll\~ 

q,l \ <, cL1~, 

< ·c 211 rn~ 
4J X l dc1'l' 

Hioequi\alenre of \'ariou.s Formulations 

Interaction Observed 
nisoldipine AlTC increa<;ed 

24% 

bioavailability of oral 
nisoldipine increased 
by 48'7' 

nisoldip1ne AlT. C""" 
increa,ed by 1()f( & 57c; 

lnterac ti on Or"cf\ cd 
ni,oldipine AUC. C"'" 

decrea,ed hy ! 5-~or;; 

ni,oldipine AUC. Cm .. , 
increased by 30-45'7( 
t,,,.., decreased hy 4 hrs 

ni.soldipine AUC, Cm,. 
un\,:h~nged, t ir. C·:..:reaseli 
by propranolol \h) 2or;; 1 

nisoldipine AUC reduced 
by 250\. C ~· unchanged 
but at lower tm,, 

Study 
385 

399 

417 

704 

70.' 

Bi• '<'lJLll\ .1kncc hc·twcen clinical trial and market tablets and between va.rrous coat-con: 
Oll'Ct~c· 1<11111, ha1c been deterrrnned 111 several st1idies. [ktaib of the results are referred to tbe 
H i''l'h.11 ma, L'Utlc'.11 Rei icv. 

' 
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Comment'> on Individual Pharmacokinetic Studies 

In gl'neral pham1acokinetic studies on nisoldipine. either CC or IR formulation. were well 
designed and properly conducted Compared with the translated foreign reports, the U.S. studies 
(study numhers heginnrng with DI were better documented and probably more reliable. Minor 
deficiencies for a few studies and interJlretation of the data different from that of sponsor have been 
pointed out, mostly a;, footnutc,, in previous sections. Other than that, there are no study defecLs 
collectively serious enough to invalidate the conclusion on kinetic behavior of CC nisoldipine. In 
addition lo the following cornmcnls, which are arranged below in the order of Study numbers, 
further derailed reviews on indiYidual kinetic studies are referred to the Biopharrnaceutical Review. 

Studies 102-106 
Based on a sumnnf\ rcp11n (n(l detailed protocol). there is nothing remarkable in these 

pla,·eh(l cunlrLllkJ. d1N'-esc:il.11111!!. kine11, quJ1es using IR formulation in 12 normal subjects. 

Studil'' 12~. JJ9 
Th,;sc "ere l'J:i,·c·h• c"n~r1•l!l'd. dlluhlc hlind. randomized. 3-4 sequence crossover studies on 

d1hc pr11pun1onal1ty of nisni<J1p1nc· IR and mcraholires in 12 normal subjects (6 actually treated in 
St.ud\ 1251 Wh1k lrea\mcnh v.c·rc· 'cpa:ated hy at lea\\ one week in Study 339, they were given 
in three SULTcssi1 c dais in Stud1 12.' Thus results of the latter study may he confounded hy 
rc .... 1du.tl cffccf r1f prel·cd1P~~ J11"L' 

In 11!11• r1111crn h1nd1n): "I n1"1ld1p1ne al 20 n!!fml wCLs alsr1 performed in Study 339. using 
t"a...:h ,ub_1(..'.'1.:l·-.. ~.·,,,:-J\,,t. pL1-..n1,1 

Studil'!i 294/4.52 
These are two pharrn.1,11\..1ne1ic -iudic' of IR nisoldipinc and iL<> metabolite' in cirrhotic 

p:11icnrs The resuJ1, wnc 1ran,L11eJ from foreign report' and no detailed protocols were suhmitted 
"11h rhe '\[)A Suh1c·,·1s 111 S1ud1 2LJ·• were hypcnensive but the blood pressure' were not described 
111 Srud1 -1'>2 '\either""' c·<·ll!r(llll'd with subjecls of r .ma! liver funclion. 

Study 311 
This is a kinetic and lokrability study in patients requiring regular hemodialysis. Seven 

patients were treated with nisoldipine 10 mg Qnce daily, with dosage titrated up 10 40 mg per day, 
for 3 monlhs. The trcalment effects on blood pressure and tolerabiliry were no! controlled. 

Stud) 323 
Thi.s is a food-pharmacokineric study of IR nisoldipine 20 mg dose. Eight healthy, young 

male suhje,·ts were randomized to receive a single dose of the study drug either in a fasted (1.5 hrs 
pre-fllt'.d 1 "' fed (20 minute' afler stan of meal) state and crossed over lo the oppmite food state 
tw(l \\eeks Jarer Small differenc·es 1n hean rate response in fasted/fed states were noted (increased 
1(1 hp1n 1' incTl'.isl' I' hpml. hut probahly of no clinical significance 



Studies 330, 400 
The:-e werP two uncontrolled b1oavailability studies using ora!Jiv solution in small groups of 

healthy volunteers. A few suhjects were excluded from data analysis due to radioisotope overdose 
in 2 of 12 suhjects in Study 4()(1 and ieakagc of infusion system in 2 of 6 subjects in Study 330. 
Washoul in ten al was adequate for the crossove, study (21'1 days, Study 4DO). 

Study 364 
This is abo a kinetic study in renally impaired patients (Cr Clearance >80 ml/min. <25 

ml/min or uremic on dialysis, 29 patients). but treated with single dose IR formulation only. 
The sponsor concluded that a 4011< increase in nisoldipine bioavailability in renal failure was not a 
significant effect (see discussion above). 

Stud) 400 (PB 14514, Biotramforrnation) 
This was pan of study 400 (see ahovc for comments on bioavailability study) which 

dcsrnhcd rne1aholi1e profile in human urine after oral and iv administration of radioisotope labeled 
n""ld1r1nc Fk,cn metabolites were identified. but no test of biologic activity wa;, performed and 
rl.t'-fl1.J Jlll't.thd!ltl' prnfill' v.a .... nol 1nvestigat~J. 

Stud) 56J 
Thi'. is a pharrnacok1nc·t1,· '1Ud\ of lR nisoldipine in 21 nonnotensive subjects, 9 were of 20-

c\ '""'' ,,f a~c and I: v.erc oJJ,·r than h'.' All were treated with IR nisoldipine 10 mg for 8 days. 

Stud) 6.~.:? 

Thrc·e ,·,111lr\>lkJ rck«sc !1•rnrnlations 1CR1 were evaluated in this non-blind, randomized. 
cr'"""er. slfl~J,· dll.se slud\ 1n s1.\ healthy volunteers. The bnetics of CR fonnulation was 
,·ump.uc·d v.1tb thCJI uf IK n1"1ld1r1r1c adn1in1stered in the founh period to all subject>. the wash-out 
betv.een tre.nrncnt pnr"d' ""' 11 day, Treatments were given in fasted states. 

Stud' 6J7 
B1'lavailahil<1\ <1f a controlled relea.<;e formulation (CR E 029) selected from Study 632 wa.> 

e' aluatd fun her. reLlli\e to an iv solution of nisoldipine, in this non-blind, crossover study in 12 
normal subjecL<;. Washout out between treatments was adequate (6 days) anci study drugs were 
administered in fa<;ted states. 

Study 645 
Stead' -state ph.mnacokinetics of nisoldipine CC 20 mg wa' compared with that of IR 

furmulatiun given as I 0 mg bid in this non-blind crossover study. The study drugs were given in 
fasted state !or one week and the treatments were separated by 7-day wa.<;hout periods. Total of 18 
m<de suhJc'c'ls were treated and included in the data analysis. 
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Stud) 666 
Th" " an opcn-lalx:I stud) 0f food effect on pharmacokinetics of nisoldipine 20 mg CC 

t.ihlch ·rv.chc )<JUng mak suh1ecr,, (24-33 yeim. old) were randomized to receive the a single dose 
ot the \lud' dru!! 1n fasted (2 hrs pre-mcalJ, together with (within 7 minutes after start of mea)J, or 
one h"ur 1tter an An1cncan hreakfast. All subjects also receive another dose together with a 
C"n111wn!cil dinner in a non-randomized fourth period. Treatment periods were separated by one 
v.cck v.ct.sh<.>Uh. Moderate increase in C~., were observed when nisoldipinc 20 mg CC was given 
1n kJ state,. but no difference in clinical adverse events was noted. 

Stud) 712 
R1oavailab1lities of nisold1pine CC m normotensive and hypertensive elderly (65 and older) 

pat1cn1s v.erc c·"n1pan·d in this opc·n-lahel, non-r;mdt>miz.cd study. In addition, influence of age on 
ph.1rn1e1col.1n,·t1c wci' als<> asse,seJ in yount: and old normal subjects in the same study. Total of 
~x 'ub1,·,·1s 1-lh s •>Un!,'./cJ,krls T11>rm.1J suhycis. I~ h) penensive elderly I were tn:ated with daily doses 
1'f ~(\ lli~ 111\--:: d._\\'-, 

..;111d' !JX~-OZ4-0l 

I 111, 1, e1n1>thcr do'L'·.;ir<>p11n1on;tlll\ study using an ascending-dose. uncontrolled. non­
"'"'"'''' d,.,,,_.11 S1n12k J'""' \\f r11,old1pmc IR 2 5-20 mg were admini-.iercd at weekly intervals 
(,• l\\1·111s ,ul•1cc·t, K1nc11,·, 1.•t rncqur n1c·tah\ll1tc' in plasma were o.!so describetl. 

,..;(Ud\ 1>88-0~'! 

Jill• h ,\ ... 1uhk-hl1JJ1J, ri.11d\l,·COJl{f\>JJcJ. muJtipJe-dose. kinetic and tolerability Study of 
i:1•.•!,J1;•111,· ('( · 1n (•'i h'1x·11L'n•11c p.itient' After a 3-weel. placeho run-in, patients with SDBP of 
,,.; 11' 111nill,c v.cre r.1nJ<111111eJ t<1 re,·ei1c placeho, 5, 10, 20 or 30 mg nisoldipine CC in five 
p,11.dk! cr••U['' cn1.J 1r,·.1tcd !Pr' Jens The ,tudy design wa' bener than that of higher dose range 
, IN,' 11~ :' .. 11>'" ,. ·. c111d ,J, "" Jl"'l'''ni11nal1ty in hypertensive patients was clear over the range of doses 
111 1!11· •lu1l1 H"'"'"'r. q111t1· ,, kv. patients were excluded from the analyses for various reasom. 
w hi. Ii 111, Ju.Jed (> d1,qu,il1t1c·d l1>r h1v. ha.,eline SDBP (but included in the kinetic data). I 0 without 
,1,·,1,h •t.itc· hl""d '"1n1•I,·, <tnd data of another 10 were considered invalid because these patients 
!l>11k n1s\\ld1p1rw 11ht1-.1d <11 pla,·etxl on Day 0. One additional drop-out was due to blood drawing 
d 1.._1...(ln1fort 

Stud~ ])'Xl-015 
D.1ret li"111 lun~·-term ntcnsion of this angina efficacy Uial were cited for bioavailahility of 

n1,11ld1p1nc < ·1 · \<11 n111Ltt1un in patients with angina. See Medical Review on angina efficacy by Dr. 
',111,khr1<h•c l11r descT1ptwn of tnal design and C\ecution. 

SttHh ()90-02~ 
1111, i. " d. •ut•k hi ind. placchP·u>ntn11lt'd multi pk <t"·end1n~ dose. k1nt't1,· and tokrahihty 

''"'!I «I l\i"'J,l1['iill' ( (. Ill :> 1 h;pl'f1l'fl,l\t' rat1L'nls Pa!ll'flls WLTl' ranJnmi!L·d .11ter a 3-weck 
r~I 1.1·1.,, ll!'! Ill .!J!.l il11· d1•'.,!;' '· \\t"f\' llH.'fl';t'\Cd ever\' 4 d:t\'"- ftlf the f\\1l Inv. d\)'-\.'"- i ~11 l~ 6() lllt:') 
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anJ nen ~ da1' for hig:lwr d<>'e' (9() & 120 mg) withoul wa-;hout intervals (see above). The 
,,n1c·L·rn wa., tlFtl 4 da~ ma1 nol be ade<.JUale fo7 reachng: steady state and the carry over effects 
from prn 1ou' luwer dose can not be excluded. Thu;; the results of this study shuuld be accepted 
with "'"'n.11i,•r1 and d"'e-propc1ni"nali!1 "tx·tter s•1pported by a parallel design (Study D88-059, 
hut \,.11\ l'r\_'d ,1 l<iv.-cr do..;r: r~tn~e. \t'C nl'Xt) 

Stud1 1>90-026 
Pharmacokine11,s of rmolJ1prne CC in patients with cirrhosis was evaluated and compared 

v.1th th.it 1n rwnnal -;uh1ecb rn th" -;tudy. Sixteen. 8 in each group with well matched age, sex a11d 
weight. were tre.Hed with 10 mg uaily for 7 days. Accumulation wa<; observed in both groups. 

Stud~ D91-035 
Th" w "' an Cl[X'!l - L1be I. four pen od cTo"over study on dose-proportionality of CC 

r11" 1ld 1p1 m· ·1 w ''Ill\-!< •Ur lwal1li1 male subJ<'L't' were r;uidornized to one of four treatment sequences 
w11h s111~k cJ,"''' ••1 111 1.11 1111:' lreat111e~nls wnc separated by 7 day wash-outs and g:1ven in a 
f.t-.[l'd 'Lill' 

1.,tu£h 11'1~-oo I 
liJ1, '' .1 unblinded plwr11.i,,1>.111c·11, ,1uJy in patii:nts with renal impaim1ent, using the group 

w1:h .rc.11rn111c ,k;uancc "t >'Ill rnlrrn1n'J 7.lrn' a.' the control for renal function. In addition to the 
p.1rc·n1 dn1~ l-.111ct1,, "I three n1-11"r 111cL1b .. J11e, were also de,crihed. Of the 46 patients were treated 
v.1111 n1"•ldq,111c C( 211 me· ·.•nee 1!.1111 fc>r; th"L'.s. 42 had 1al1d kinetic data. While the O\erall 
rl', 11111;1w1:: h.1.! 'lk"unlerc·d '"me· J1tf1culty. twll subjects were el'.cludcd because cf "cver­
cnndl111c111 111 lhc· rrnld rcrul 11np.11rrnen1 gr,,up Tw" addit11'11al patient> had indeterminate ren:il 
tun.11 .. 11 .trhl v.nc L'hiuded tr<•m 1hc k1nl'llc' an.dis:, A' noted in the above. age wa.' not well 
111.11~hl·J 111 thl· l(l11r trl'.lln~cnt ,l'!r<)up~ hul n() trend v;a:.. di:-.1.:emihlc. 

Stud~ ll'l2-o.t:;-oz 
lh1· 1, till' rn•Y.t :mp"n:int pharn1;1.·okinct1c study on food effect'. which de,crihcJ a 

'1iC111t1,·;trJt "''"·-dumr111g rhen"menon when n1'0IJ1pine CC wa' administered immediately (within 
' 1111nuln ! after a 2{1-minute' standard high-fat breakfast (see above for description of 
ph.irmacokinetic results) TIHS wa-; a randomiLcd, open-label, two-way crossover study. Twenty­
e1,ht hed.lthy, young (14-42 years), male subjects with near ideal weights were rnndomized to 
re,ci1c· a single 30 <'t 40 mg CC tablet in a fasted (4 hour pre-meal) er fed state. After a one-week 
v. ;cshout pennd. all subjecL'i were crossed over at the same dose level to the opposite food state. 
hcep1 for " hiµil<'r heart rale in the fed state, the sponsor claimed that despite the marked change 
rn krnc·11c hd1a11or of rmoldipine CC. there were no pharrnacodynamic rnn,et.Juences of dose­
du111prn~ 1'1 f," ,,i 111 "s11h1el't., w!lh fedJfa.,ted C~. rntio of~'.'>. more '"mplamrs L>f headache were 
sec·11 111 tile· f.1,lt'<! ,lall' n V' I 1 and one subject' rcpnrted d1v1ne" under fed 'talc only. 

: ' 
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Stud~ PB 16626 
This was a study on hiotransforrnation of nisoldipine in several animal species and in human. 

Metaholites detected in urine. but not in plasma were identified. There were no qualitative 
difference' m biotrnmformation of nisoldipinc in rat,, dogs, monke); or man. Biological activities 
of metaholt1es were not de>crihed. 

Stud~ PB 19611 
Thi' is an in i·itro human plasma protein binding and erythrocyte-plasma partitioning study 

of nisold1pir>e over the concentration range of 0.1 to I 0 µg/ml. Results of protein-binding in this 
"C study v.ere consistent with that of Study 339. 

Study PlOIO'J.:t, 
Results pf thi' foreign study (possibly animal) was cited in the NDA as the basis of the 

hiolog1cal act11 it1es pf 1arious nisoldipine metabolites. However, there is no synopsis of the study 
anywhere 1n the· appl1cat1on and despite repeated request by the Agency, the sponsor has had 
d1fliL·ult1 h>Lating and suhrnining a full rcpon as of the date of this memo. 

Stud~ I Hderenn• ·B ! 
Th" " a manu,cnpt puhlisheJ hy Frusl et al in Dos1•-Response Relat1onships of Drugs, no 

<>n~11Lt! Ja1a were 'uhrni!!eJ 

Drug lntnal'liPll Studies 
The re,uJt, of qud1es on drug-mtcractioth v.cre '"parated into the following three groups: 

1-JJc·,·t uf (lther dru!!' ,in pi1.mnacnkinet1cs of nisoldipine. 
l'tkcl ,,, <>thn drug' on pharmacodynarnics of nisold1pine 
1-.tk,·t nf n1,oldq•inc on nther drup' pharmacokinetic·-./dynamics. 

Onl: thL· first category ""as included in the Pharmacokinetic Sections, the remaining two will 
he discussed in the ph:mna.:odynamic sections below. Limitations of individual studies, such a' 
single/multiple dose" duration of treatment and use of control groups, have been described in table;, 
summarizing the results 

I < 
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Summar~ of Pharmacokinetic Issues 

In summary, pharmacokinetic properties of nis0ldipine administered as IR or CC 
formulJt1<>ns have been studied adequately and welJ-described in the submission. Bioavailability 
of n1sold1pin<' CC was low due to high first pass effect and appeared to be linearly proportional to 
do>-es of )-90 mg Accumulation after 7 days of administration was modest and products of 
extensi\e metaholism were excreted renally. Relative to the young subjects, nisoldipine was slightly 
more h1oavailahle in the elderly after one week dosing. Bioavailability of nisoldipine was not 
significant!~ different in patients with hypertension, angina or renal impairment (except for the initial 
doses for the latest), but were markedly increa~ed m hepatic failure subjects. Pharmacokinetics of 
nisoldipine w;;.s affected hy concomitant administration of cimetidine, ranitidine and quinidine, other 
drug interactions may be possible through high degree of protein binding(> 99%). 

Whik the kinetic data of CC nisoldipine support a longer dosi1)g interval than the IR form, 
cJirn,·aJ dfrc't1' cness of once-da1l; dosing depends on the correlation wh..'1 pharmacodynamic and 
eftic·ac\ finJ1np It shPuld also be noted that the problem of dose-dumping when nisoldipini> CC 
1s ad1111111,tcrcJ 1n a non-fasted state can not be ignored and must be addressed appropriately in the 
label1n~ Thi' phenomenon is more pr<rnounced than with the IR formulation and not exactly 
unexp,·c·teJ sirh:c srmilar problem ha.s been observed in another approved drug formulated identically 
and dcsl'11•ped t" the same 'ponsor 

The d1ft,·renc°l'' 1~ food effects between 20 mg (Study 666) and 30, 40 mg doses (Studv D92-
()4~ ()2 1 "I ni'"lJ.pin,· CC may be due to variations in relative timings of drug admini~tr~tiJn and 
meal illt:L"'.i"n both Ill fasted and fed states. Both the ahsolute c=· and increase relative ,o fasted 
st.Ile v.crc )!Ieatest "hen nisoldrprne CC 30-40 mg was administered immediately after completion 
of a mc~d and ..-,11npared to a rrnlonl!ed f •. ·Jed stat~ (for additional 4 hrs post dose) (Study D92-045-
U21 Wh>\c th1- su·.ta1ned "fa.'led state" (4 hrs post dose) may not be a realistic simulation of large 
etf1c;:,·" tn.1h ur pra,·tic·al settin!'s, the dramatic increase in plasma nisoldipine concentration by food 
ma\ r.:,ult 1n exce"iw hy poten.sion because nisoldipine plasma levels in efficacy trials resembled 
that of fasted state and there is a good kinetic-dynamic correlation (see below). Thus nisoldipine 
CC should not be administered concomitantly with meal, but instead after overnight fast and 1-2 
hours before br~akfast. Appropriate instruction to avoid dose administration in a fed state should 
be included in the labeling. 
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PHARMACODYNAMICS 

Fharmacodyr.~mir. data of nisoldipine are described in three groups in this review: Principal 
cardiova~cular effects, Non-c!lrdiovascular pharmacological activities and Dn1g interactions. 
Integrated summary of phannacodynamic data as presented in the application and reviewed below 
were in general based on U.S. studies. Results of small scale foreign studies, mostly open and 
uncontrolled, were only commented briefly whenev,.r appropriate. It should be no'..:d that most 
dynamic data were obtained from studies using iv or IR oral form, only the effects on blood 
pressure and heart rate have beer. evaluated with the CC formulation. Issues related to to!erability 
of nisoldipine CC fonnulation in kinetic ~tudies were also summarized at the end of this section. 

Principal Cardiovascular Effects 

In contrast with "'hat the sponsor has stated in the NDA, blood pressure and heart rate 
changes were not small nor in~onsistent in normal subjects treated with CC nisoldipine. 
Approximately 4-8 hours after a single dose of 10-60 mg. rr.ean supine diastolic pressure decreased 
by a maximum of 5. 7 mm Hg and mean heart rate increased by 6-11 bpm in a uncontrolled study 
(091-035. Appendix 13.9. !01. Similar but slightly greater effects (8-9 mm Hg) on SDBP were also 
seen with a single 60 mg dose in Study 090-020, before aJjusted for a placebo response of about 
~ mm Hg drop (Study Repon Section 13.9.4). Mean Heart rate increases in the same study were 
10- i 5 bpm (vs .::-4 bpm for placebo). The IR formulation produced more rapid but comparable 
degrees of heart rate and SDBP ~hanges (Study 125. single dose). Relative to the normal subjects. 
the blood p1essure responses of ~nens~atients were certainly more notable with multiple 
do,ing at 5-40 mg/day (about iO mm Hg drop in SDBP over placebo with IR form, Study 372). 
Placcbo-subrracred blood pressure reductions in patients with mild to moderate hyp :tension were 
dose-relaterJ from 5 to 30 mg of CC nisoldipine (especially in systolic i>ressures, Sl\JJy 088-059): 

Dc»e 
m!!/J 
5 

Chanr,es in Systolic/Diastolic BPs. mm Hg, Day 7 
8 hrs post dose 24 hrs post dose 
- 7. I I + 1.2 + 1.9 I · 4.6 

10 
20 
30 

- 6.3 I - 1.2 - 8.8 I - 4.9 
-10.7 I - 1.7 ·· 9.2 I - 4.6 
-19.2 I· 4.6 -15.6 I· 6.2 

On the right dose-response plot, 8 hrs data 
were used for peak effecl<;. However. due to 
a large placebo response at 6-1 J hours post 
dose in this study, the SDBP changes at 8 hrs 
did nor appez.; to be the peak effects and 
greater antihypertensive activity was noted 
anrnnd 14 hours (-2 8 to -8.6 mm Hg over 
placebo. Study Report Section 13 9 4 ). 
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NDA 20-356/Clin Pharm 

Howi-ver, such dose-re,ponse relationship was not observed at higher dose r;>nge (30-90 mg/day) 
in andther study of hypenensive patients (5ee Table on next page, D90-022)1. 

Study D90-022 
Dose Changes in Dii.stolic 3Ps, Placebo adjusted, mm Hg 
mg/d 8 hrs post dose 24 hrs post dose 
30 9.4 - 6.4 
60 9.2 - 6.7 
90 9.1 -6.6 

Responses to 120 mg was distinctively higher (19.0 and 9.3 mm Hg at 8 and 24 hrs post dose) in 
the same study, but there were too few patients (3) received this maximum dose. As noted before, 
the dosages were forced-escalated in rapid sequence and not evaluated in parallel groups in this 
study. thus made the interpretation difficult. 

Changes of hean rate in hypertensive patients due to nisoldipine appea.red to be less consistent than 
that ohse1ved in nnrmal subjects (Study 372. IR fonTil. As noted in the NDA, hean rate increases 
were in the range of 5-10 bpm over baseline values for all nisoldipin; groups in Study 090-022. 
However, it is not ap'.1arcnt whether the changr •ere caused by nisold;pine since the variation of 
heart rate in the plac~bo patients wa'> in the san. _ange and there is no clear trend in the difference 
between groups that ,1;gi!ests a treatment effect. Heart rate changes were not documented in Study 
D88-059. 

W .th intravenou_ <dministration of nisoldipine at 3-13 µg/kg, changes in blood pressures 
(de,-reased hy 11-lf rr::-. Hg) and heart rates (increased by 10-30%) were dose-related and slightly 
more prnnounced ·t.an t:iat observed in the oral studies. Most of such studies were single-dose. 
uncontrolled. in small number of patients with underlying coronary anery dis~ase (some were 
recfr:int: concurrent octJ h1ockcrs during mea<;urements, Studies 344, 560, Ref 1-5)'. Directly 
compared with diltialelll 111 a published repon (Ref 4)6, nisoldipine (6 µg/kg) increased hean rate 
(by 14 bprnl hut not diltia1..em (500 µg/kg). Both drugs reduced peak systolic pressure by 24-28%. 

") The ~ponsor claimed that blood pressure reductions not adi~sted for placeho respon~ were dose-related (see 

Summar; of Cl•n1cal Pharmacology, Secuon 8.14), but admitted that the rela11onsh1p did not e.ist when placeho 
respon~cs "·ere subtracted (~e Study Report, Section 10.6). 

t- Fur reft'rence cited. ~r Lis! and LcK:ation of Puhi1ca11ons. Section 8.14.3, ND.A. Vol 116 Ii shl)uld be noted that 
Rt'f 1-4 v.·ere rrp1irtcd h~ the \ame ~r(lup of 1n\·esugators 
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Effects of ni,oldipine on other hemodynamic parameters were summarized from 9 studies, 
three with full repons submined with the NDA and 6 from published literatures (Ref 1-6, reprints 
only. no original data). Of these, hemodynamic effects were measured with intravenous 
administration of nisoldipine in 7 repons and with oral dosing in 2. In a double-blind, placebo 
controlled study (Study 372), nisoldipine IR titrated from 5 to 4-0 mg/day (bid) every 2 weeks were 
effective in blood pressure reduction for 36 hypenensive patients (see above) and reduced peripheral 
-·sistance as expected from a calcium channel bl1 ·~- Compared to placebo, cardiac index was 
m~reased either at rest or during exercise, but the , · of oral nisoldipine on L VEF was probably 
noT meaningful. Changes in hemodynamic parameters as measured by radionuclide techniques are 
summarized below: 

Changes/Ba,eline: Resting Exercise 
Parameters Nisoldipinc Placebo Nisoldipine Placebo 

Hean rate ( hpm I - 3.1n7 19176 - 0.51129 3.4/131 
SBP 1mrn Hg1 -24.1/172 8.5/171 - 20.4/219 13.3/217 
DBP 1mm Hgl - 20 I/I !(I 8.3/I 09 - 13.81123 3.511 16 
T utal P..:r ! ;1heral 
Resi,1anu' (dyne,/s/cm 'I -302/1435 -13211519 -165/953 - 32/940 
Cardi;;c Index (Umin/m: 1 + lUl/4 I + 0 0513.9 + 0.3717.4 - 0.0117.4 
Strnkc I ndn ( rnl/m: I + 5.6/5.1 + 2.4/52 + 2.7/58 + 13/56 
L\'EF + 0.04/()_,)., 0.01/0.67 + 0.02/0.7.5 + 0.00/0.75 
D'1uhk Produc·1 - 23.9/134 - 9.21130 - 27.4/283 - 24.7/288 

A <;ingle oral dose of I 0 or 20 mg IR nisoldipinc decreased systemic vascular resistance 
'ignitlcantly. huT mainiain<'d same cardiac output, as measured invasively in 12 patients undergoing 
ek.;tr,iphy ,1olog\ eva!uat:m1' <Study 178. uncontrolled): 

Hean rate 
arterial pressures. Syst!Diast 
Right Atrial Pressure 
Pulmonary Anerial Pressures SID 
Pulm Cap Wedge Pressure 
Cardiac Index 
Systemic Resistance 
Stroke lnde x 

Baseline 
64 
13on6 
4 
19/8 
8 
3.75 
1307 
50 

2 hrs post dose 
73 bpm 
120/69 mm Hg 
2 mm Hg 
20!8 mm Hg 
7 mm Hg 
3.71 Uminlm' 
1038 dynes/s/cm' 
53 mllm' 

In another single oral dose study (Ref 6)0
• nisoldipine IO mg attenuated both th<' drop in exercise 

LVEF in patients with cllronary disease ( 10% after vs -18% before treatment) and the decrease in 
L\'EF during cold pr<""r te\l in patients with signs of ischemia but normal coronary artery. 
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.\c·u1c dfrcts of jnt~avcno~ ni">ld1pine on 111vas1ve hcmodynamic factors arc fairly 
c.i11'1'tc11t 111 Stud) 560 aJ1J severci! pui•it.sheJ rcpor1s (Ref 1-5{. As noted above, most of these 
studies were single-dose (_i-13 µ)Ukg1'. uncontrolled. in small number of patients with coronary 
.utn' d"L"1.sc \s••mc wcrL 011 Cllf\c·u11c11t beta hloc~crs during measurements). Similar to that 
llhscrv cd "'1th or:d adm1mstrat1\\11, t•""' systemic vascular res:>tance wa-; decreased (by about 30-
_1)•; 1 with 1v rmnld1p111c 111 all stud1c .• Je>cribed (Ref 1-3)"_ Nisoldipine iv also decreased intr<i­
a·•n1 •. · :tnd left srntricuiar srtol1c· pressure (b) !5-30'X-i. hut not LV end diastolic pressure in these 
studies l\isnlclir1nc did nnt appe;ir to have negative inotropic activities. Ejection fraction and 
str«~c· volume v.crc· increased by }(1 and 2 l-24'i(. resp<~ctively. and carcliac out wa-; up 26-36%. 

The hemod) nam1c eftec·ts of n1s.ilJip1r1c on coronary hlood flow have been examined in 
sever.ti unc·.,ntrolled stuJ11.·s usi11' intravenous n1sllld1pinc. In patients with coronary anery disea-;e, 
n1sold1p1nc :1d1111n1stcrc·d 1ntr.1sc111>usiv incTC:Lsed coronary blood flow, but only in normal vessels 
"' 111,11c'.1"1ih ,,1Jl.1lt'r.1I -.upp!1es, h\ '~-'i2',;. (,patients on background therapy of atenolol. Study 
~-~-~ 1 11 ;ij..,,. d1l.1tl·d thl' l'tlf\llld.r! '-u1LrH:.., fur ur tu 15 rninutes after a ().Sor 1.0 n1g dose infused 
•·\c'r .: 11111Hllc». \\h1,li \\;is 11,,t rl.1,m:i inl'I rel:itcd. however (Study 56()) In several published 
1:...·r),\n, n1,,d\li1 11rt1.: 111, rc;1"c,l ~.-11r1HL1r\ t'l(111d fl1)v.· h\ 17~.509( (Ref 1-4{'. thus reduced the c:llc11lared 

'-'ir·,,11.tr\ \,1..,,11i,u re .... 1·,1._1nLc b\ -l(l ~{l 11 \1~()i,,:ard1~1l oxygen con...,umption changes (decreased b) 
-l' , •'"·re 11"1 s1p>1!1c·.1111 1n 1l1t-s1· s111,1;,., Similar to nicardipinc. nisoldipine reduced myocardial 
i.1,Lt!i.', f'i"11,lu,111•fl lll f'.t!ll'flt-., t'\,tlu.1t .. ·d !1lf ;111µ_1Jl:t 1R.ef 5(. 

!11 1 1 .tt1,·1it~ \~ 1111 '-Ld 1 l1,,: .1n>·1ri.1 111-.(dd1p1nc IR ~i,cn a~ a ~inglL' oral dl)sc of 20 n1g_ incrca~c 
l'\(_·r, i'.· t1 1l1_·r,tJ1._1_· i,~ 21" 1 \i..1tt" :11!!1. ,1\ l·in11parcd ~·1th l(J \":att~-:nin for placeb,1 (Study 126J 
\1,»i,!q1ir1c· .ti'" 1c-.l11,,-.I .~I ,,-,·111c·111 cl1.tll~L· 111orc than that b) placebo al the maximum stre" (0.8 
11111, ' ' 11 I 1111111 111 tlt1' ,,1n11' ,1u.Jv 1-wr.tsl' duration was imTea'>ed in a published n:port (Ref 6/. 
t11.J: thl' "llJd\ \l,,!'- !]ti[ '-''fi[!<•lh_·,j ,tll•.l 1l1\ dat.i \lfl s·r change \.\.-'CfC descrihed. Thcsl' anti-b!ichemic 
dll'c·ls 1,,,",.,,.,_ w,.,,. <1·" ><l•"·1·v1·1I 111 1111c1thcr s1nl'.il' <1ral dose study of similar dcs1~n (Study 

In 1lf1 ekl'troplnsiolo!(~ stud\ us1n!,'. 1>_ral ntsnldipine (baseline contrnllcd. Study 1781, sinus 
cs ck lc11~tlt :i11d r\ll 1111cn.tls wcrl' stwrtcned by 12'7' and 9%. respectively. about 120 minutes after 
a llJ or 211 111g .sin['.k dose Uther ECCi changes (QTc. QRS. HV. corrected smus recovery tune. 
dfnt1ve veulricul;u and atnal rdraclmy periods) were not significant. In another similar study 
1h1n' the same JR 11ral dllses (Study 135), there were no significant changes in intra-cardiac· 
'"lidt>c\1"11 t1111<·, and tl1e l'tkl'ls of niso!Jipine on sinus node were also mild (cxccpt for sinus node 
'"''''en 11111<· ;rn.I \\ cll11duc·t1on tune, which were decreased by 11-15'7'. all \llhcr changes were 
It-" ~li;rn 11 1 1 lli•Wt'\CJ, ele«lr\lphvsiological measurements may 11\lt Ix pnformeJ at time ol 
n1.l\1l11l1111l'ik.1 1w1tlt1n 211 . .:;<; minutes of d<hing\ in the latter study 
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\\' llh lfl~['1\crwu, aJrnmi,tration at single Jose of 1.5 pg/kg. similar shortening of sinus period wer<> 
nl>lcJ at I :\-..\0 minutc:' post dose:, without other changes in refractory periods (Study 144). The 
effc:c·t of I\ ni">ldipine on sinus cycle length was hlunted some what (to 7%) if the patients were 
prc-trl·.11ed wllh beta-blocker'> (Study 257). 

Some EC() changes. usually seen as T-wave flattening or inversion, appeared to associated 
wllh ni,old1pinc rn several tolerability studies. They 1.x:curred most frt:<.juently (65% of 17 treated 
patic:nts '' none of placebo) in Study D90-022. a 3-week double blind, placebo-controlled, ascending 
dose study Ill hypertensive patients. The incidence is probably dose and plasma concentration 
rc:lated. since in this st11dy, it increased from 220( 10 80% with doses up from 30 mg to 120 mg. 
ot>served at peak hut not trough drug level in some patients, and reversible when study drug wa<. 
discontinued. Also. patients who reported the ECCi changes had significantly higher C""" than those 
who did not : Study Report Section I 0.8.4 ). The,e reactions were correlated with blood pressure 
drop and hcrn1>drnamic· effects have hecn proposed <t' the mechanism in literatures for this and other 
ce1k1um hJ,>chch. H112her rate of T-waw f:('(i changes in Study D90-022 was attributed to rapid 
and f,,rc·cd d•"l' cs<:<d'1tHm This i"Ul' h;1, hc·cn discussed in more details by Dr. Dem in his 
\k,l1c;il R':"''" 

Ha,cJ ,H1 one dPuhlc-hl1nd. cro"mer study comparing neurohormonal effects ofnisoldipine 
lk 11• m~. 1nkd1pinc 211111~. anJ pi<IL'L'i'>P I Study !9l.J). nisoldipine ha-; no significant effects on the 
r"L·nir: .!n~h1tcn:,1n-dld11~!L'ronl' :-.y:-.tern l 1 n11rJdn._·nalinc concentration in nonna1 volunteers. 

'.\1,"ld1p1r1 · IR <ii 20 ll1)' d.tils 1.1crc;"cd regional blood flows in liver and kidney. but the 
c11,·,1 \la' 1r.u1,1c·nt and n" d1tkrc111 from that "I placebo hy Day 4 (Ref 7)'. Similar time course 
,,f ,Jfc,-i, wa' noted 101 '"me renal func11on paramdcrs (GFR and sodium excretion) in the s;nne 
,,u.ls ~''"'ld1p1r1c. adrn1111'IL'rl'J 1mrasenouslv. increased hlood flow in forearm more than 
nilrl'lhl1pJJ1'·-' 11r nifl·d1p1n-.· \kcf SJ~ 

\on-cardios a.'l·ular Pharn1acologit·al Acti\·ities 

N1"1ld1pine IR 121vcn at I 0 mg bid for 4 weeks has no significant effect on thyroid function 
te'h or prolactin level in young and healthy subjecL'i (placebo controlled, Study 670). Similar t,1 
seraparnrl ( 160 mg), nisoldiprne inhibit platelet aggregation after 4 days of treatment with 20 mg 
daily lfoweser. nisPldipine plasma concentrntion at suc.:h dose did not have the >arne anti-platelet 
cfkn '" 1 /In• and unlike serapamil. nisoldipine did not displace yohimbine from specific platelet 
t>1nd1ng .s11,., 1 Rd lJ( The sponsor claimed that nisoldipine, at 5-20 mg daily for 4 weeks, induced 
I.I\ or;1hk chcmges ( rrKrL'a,ed HDL and apoprotcin A) in plasma lipoprotcino; in a group of 15 
hspc'llc1"1sc patient\ (Ref IO)'. The study. however, had no concurrent control:;. In a double-blind. 
pl,"d'"~' ""111,>llcd 3-weck trial in norrnal suhjects (Study 479), there were no significant differences 
krn«•'r1 pl i-··.·b" a11d n1s,,Jd1p1ne 110 mg t>idi 111 p.s~d10111otor performance tests 

· · .. ''\"•'!'· i- ,I\•:·\ '-''t' ! 1'-1 .111.\) .1o. ,\~l\lf\ ,11Puhl1,",\ll11•,-. St',.'(1t1n X Jt:, _\ \'l)/\ \'ti! \]f, R.clt':\·1:,,· \{! ,1fc,:. 11 

j("'•ll°'-' ,.i;a·~1··r1cl L· l'ublil.J!! 'fl', i 4 ell !lit• !1:.t \)[, l'.it:C (j,'-., I) 00000)11, .''H'Cllllfl ?-. i:-; I 
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Orug lnt~ractions 

Phannacodynamic interaction studies were conducted for nisoldipine and the following drugs: 

a. Effect of Other Drui:s on Nisoldipine Pharrnacodynamics 

Immediate Release Formulation 
Second Drug, Doses NisoldiQine Doses 
Ranitidme. IR 20 mg one dose Day 3 

300 mg qd X J tJays 
vs placebo 

Cimetidine, oral & iv solution 
400 mg one dose then 10 mg po, 0.374 mg iv 
200 mg lid X 3 dosc.s one dose each period 

'" no tn:atment 
Prupranolol. IR 20 mg 

40 Il\~! nnc Jo.'-C one dose 
\" '- p J ,11.: t' hP 

CC Formulation 
Scc·ond Dru!.!. Dose, Nisoldirinc Dose, 
Prop ran ol ol. CC 20 mg 

40 mi,: !Id X ~ da~ s qd X 5 days 

'"' nu lrcatrnen~ 

h. Effect of :\boldipint• on Other Drui:s 

Second Dru!.!. Dose~ 
Qurnidinc. 

500 mg bid X 5 doses 
Quinidine, 

648 mg bid x 2 doses 
Warfarin. 

"steady stak" 

NisoldiQine Doses 
IR 10 mg bid X 7 days 

vs placebo 
CC 20 mg qd x 1 dose 

vs no treatment 
IR 10 mg bid X 21 days 

vs placebo 

Interaction Observed 
no differences in 

hemodynamics 

cimetidine had no additional 
hemodynamic effects9 

propranolol attenuates 
heart rate increa<;e 
by nisold1pine 

Interaction Observed 
no significa'1t changes 

in hemodynamics 

Interaction Observed 
quinidine AUC increased 

17-26%, no ECG changes 
no significant changes 

in quinidine kinetics 
no change on warfarin level 

or anti-coagulation effect 

Study 
385 

399 

417 

Study 
704 

349 



Pr<>pran• do!. 
4() Olf Urll' Lfll.-.,l' 

Pr'l,pr.uHi!\il 
k() mg hid\·: de!\' 

Prup1...tihd1il, 
Jn(l mg 4d \ 2 v.ceb 

Prorr1m ol "I. 
40 rng t1d \ 5 d11\·, 

,.\I l' []\\I\ I! 

]l)\1 Ill.~-' q\! .\. _ \\L'i..'k-, 

j )Jt-'\ 1\ 11 J. 

(I (1 ~ll.\: qd \ -~ d.1\" 

IR 20 mg 
one dose 
vs plac;:ho 

IR JOn;g 
hid for 7 days 
'.'S placebo 

IR. 20 mg 
4d for 2nd week 
vs placeho 

CC 20 mg 
4d X 5 days 
\''- no treatment 

IR. 2() mg 
qd for 2nd week 

', pL1,·dw 

IR. 111 111' 

hid Ila\' IJ-22 
!hl·n IJ 111\_· ll'l \ ~'1 1 .L:·,., (ll\ ..._1111tr,il1 

I>1~11\lll JI~. l() Ill~ 

II~' Ille Ji1,J .'\~,I.\\ hid X ~ dd\' 

(pr:.' lrl',1t1·d I· d.1\,.1 \:-- p!.11.:ehl.1 

"" ''.\'1,(r,'.~ •'\ 111 :1>1Ju,t) \l.UJ1e:-. f,ir ciC~!~n rrPhltnl\ 

l\DA 20-.l:<J/Clin Phann 

propranolol AUC. C""'' 417 

increased by 4Z% & 6~% 
no effect on beta blockade 

pnipranolol AUC. C,M, Ref57 

unchanged, 
higher heart rate w/ nisoldipine 

propranolol AUC, C..., 382"' 

increased by 30% & 50%, 
further BP reduction and 
higher heart rate by nisoldipi11e 

propranolol AUC, C""' 704 

de<:reased by 14· 15%, t 1n 

increa,ed by 25%, no effecl' 
on hemodynamics 

atenolol c~"' 382
10 

increased by 207r 
funhcr BP rcdu,·tron and 
higher heart rate by nisoldipine 

digoxin pJ;L,ma level 
rncrcased 7o/c (95%Cl 3-20%)" 
Tl<> dynamic· interaction 

dr~Pxin plasma level 
lflcrcased l 5o/c (p<0.05) 
nu dynamic interaction 1 ' 

4 !3 

1:1< ,:\ ''·'·'' h.1", ··· n\· ~1nct:1. 1nterd~·t11)fl 1n th11.. ~tuJ~. hut the J..11J arc L-(1n~1:-.tt'nt with the n:-.ulh ()f Ref 58 
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Tolerahilit~ Findings 

T"lerat->ilitv f,nding' in rhannacl\logic studies arc described as follows, which are includt·d 
a_, part "f dvn1w11c ,·h11r1i-·1crJ1;111nn ,ind not to be relied on heavtly for safrty assessment. Fu1 
c.1mrktc a."es,ment of aJ,ersc npenences and safety profile of nisoldip1ne. reference is made to 
the rn1ew, on efflcac~/sakty trials by Ors. Dem and Stockbridge. 

As noted in the ah,we sections on pharmacokinetics, studies referred to as "dose-tolerability" 
in rhc NDA wen~ of short tem1 I mostly 7 days) and conducted in small number of subject~. In 
general. nisoldipine ad1rnnistered i!l CC formulation was well-tolerated in healthy volunteers (Studies 
D'1!-035. 090-020). hypenensive patients (088-059, D90-022) and in subjects with hepatic (D90-
02oJ or renal impairment (092-001 ). Adverse experiences reported frequently in these small studies 
wel'e roughJv dose-n:lall'd and not unexpected from those observed for other calcium channel 
antagonish. wh1e·h inc!uJed d1nine". edema. flushing. headache, nausea, postural hypotension and 
tadnc·1ud1a Sumn,1knce wa, a freyJent complaint in patients with hepatic d) sf unction and overall 
1r,·c1uen,s c>! aJvn,c l'\ent, wa.s hi)!her in the renaJ!y impaired patients. Ahnormal ECG with T­
wa' ,. ,·h.1nge' 1 -ee ah""'' 111 f'l11rrn~1.-,1Jvnamics. Electrophysiologyl wa_s noted i11 at least three 
'1u.lll''· ""'. 111 n, 1rm.tl ,ub1ect> (DlJ0-020\. one in hypcrt<:nsiw patirnt> \090-022\ a.nd one in 
r.tl!L'fil' ',\1l!t IL'tLll llllJ'CllflllL'nl 1J)lJ~~()ilJ ). Ho\>.e\er. it wa.s not ,·Jcar whct!tcr the ECG changes 
1,>,n,· L'l'JTL'Liled "1th .1m ,·11111.-.i!h 1n((lkrahk sr&ns and syrnptPrns Si111ibr ECG changes had not 
hc·,·11 a· J'f"!ll111,·r11 111 f'h.1-e· Ill df1.il,·y.1safcty tria1' (see Dr Deni's Review\ 
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Commtnts on lndhidual Pharmacodynamic Studies 

While most phannacodynamic studies of nisoldipine were of reasonable design and 
execution. some dynamic acuvities were not controlled and such results should be accepted with 
re>ervation. Again, the U.S. studies were better documented and probably more reliable than the 
translated foreign reports. Minor deficiencies and interpretation different from that of NDA have 
been noted in the discussion above. The following comments are arranged in the order of Study 
numbers for rekrence. 

Studies 101-107, 109, 110, 115, and 116 
These were all small tolerability studies in 4-6 normal subjects each. The adverse effects 

obsened were similar to that of U.S. studies. 

Study 12.5 
!11 th" singk dose, plac·ebo controlled crossover study, decreases in SDBP and increases in 

ht~an rate were dti:;c-rdatcd in b normal subjects. However. there may not be adequate separation 
Oc>tween dcN» w rule out calT\ -over effect (see Comments on Individual Pharma,'okinetic Studies 
for 'tu ch Je'1g11 I 

Stud~ 126 
Effect of a sin~k or;1! d,1,e t20 mg) nisoldipine on exercise tolerance was evaluated in this 

pbcc·ht•<t1ntrnllcJ. Jou bk hl1nJ study 1n I: patients with stable angina. \\'hi le nisoldipine improved 
exercise caracit"> and ST-seg111ent changes. single dose data are basically of little use for the<>c 
cn~lp\)int" 

Study 135 
Th1, a ekcm>phy,iulc>g1c study of 'ingle oral dose of n1sold1p1ne ( 10-20 mg) No significant 

d1an~c·, 111 in1r<1-.: .. rJ1;i,· Cc>J1Juctiu11 \'.ere found. but the study wa' not controlled and the 
measure11K'lll' !11'!\ ha1e t'><:en p.:rformcd too soon after dosing (see desc1ipti;m of data above). 

Studie:; 144, 257 
These were uncontrolled electrophysiology studies of similar design and same dosage (I .5 

µg/kg iv). In Study 257, patients were pretreated with atenolol 75 mg/day or pindolol I 5 mg/day 
for 3 days. 

Stud.' 178 
This is an uncontrolled hemodynamic and electrophysiologic study of nisoldipine in 12 

patients undergoing arrhythmia evaluation. The patients were randomized to receive a single dose 
of nisoldip1ne IR 10 or 20 mgs orally. Invasive hemodynamic and electrophysiologic data were 
collected ~fore and l 20 minutes after dosing. Electrophysiology data were not cited by the sponsor 
in the ph<irmarndynarnic summary (sec description of results above). 



Stud' l'!'l 
In thh J,,uhk bl111d. '111gk d<"e. crossover study. ni.so!J1pine IR IO mg was compared with 

n1kd1p111e 20 !Tl)C anJ pl<1c:ebu rn 'J \uung and health) subjecl.• Effec:ts on blood pwssure. heart rate 
;.u'd n(·ur,1h(1r11H'fhd :-,\..,h.:'n1 v..l·rt.· nH:.1:--:1reli Separation nf trc,lltlh.'111 pt~rhhj., \Va~ '-tdequate (one 
'>'ed. I 

Stud~ 201 
Th" is a sm,Jil s1udv 111 12 Japane": health) ,ubjec·b. t-;i">ldipine wa.s v.ell-tolerated at 

stnt'.k Jcl.,es of 2 '\-211 !11),! !\u k1nc·tic data were available. 

Stud~ .'44 
This ,, dn oren label. uns·untrnlkJ siud) of iv nisoldipine I 3 µf!/kg/.I mini on regional 

rnvu,·ard1al hl'"'J tl'"' 1n h p;i11en1s "ith cur,>ru--:1 h•.·an dise,Lsc Bas·kt:round therapy with atenol<>l 
j{}(I n~~;dd\ \.\,L'- i..."l)fJliflU~'d f11r .di p~tl!L'Ill'-

Stud_s J72 
Th" 1• "d«ul>k hl111cl pl.1. cl«•·· "111r.ilkd. i'>-wed stuJv rn ~: hyrerter1'1se patients. After 

.1 -~ \i..cc~ \\,1,h11ut lhl' d1 1 ,,1~t· v..,t"- f\1ri..cd-t1trateJ fron1 .5 n1~ qd h' ~()nit: Did e\'ery t~·o v.·eeks. 

l-.r~'{'J1)t_'lr1t._. l'\L·r .. :1·,c \1. ,t" Jh.>rt\ 1r111l·,l h.' L'\1..·r: pat1l'nt hul he1n1..,J:n,1n111...' lllL'a ..... urcrnent~ v.·ere done in 
1.1n\, r,11id1\1n\\ "'t'\l'. .. 'tt·d lL111 11f th(_~ p.11icnt-- ·rrcatn1cnt ~nlUp:-. v.crt· v.c11-rn.lti...'ht:d. 

Studs JS2 
1·ill' 1, ,1 ,·.1uh(;: hlind. 11 L11..·· .. :h,1 ... ·~)nlr~'t!l"d Jrug-inti:r.11..·uun stuJy to :.i.-.;sess the effei...·t~ of 

a,i.J111,: ll\•1\l,jlJ'<llt' I» l''ld~·it•iil'ti ix'l.i ~,l,1d,er !a!enlliOJ or rr«pranoJoJi therapies tn nPfnlOtCflSJ\'e 
"ut11l ..... .-1 ..... I·.it:h! y,)urit; ;tnll fit·.ilth" "uh_Jl't·t:-. V.L'rc r1.1ndt1111i1cJ tu one of the fulltiv..·ing tv.o treatn1ent 
"l'1pi~·r1,·L· ... 1,1 •'I 11 rl·;1r·,hl1:. ,.,: r . 1 1n \;f) . .\ \'(ll !..+~. Pa~c OS 17 ()()13\l2qi 

'I 

h 

\\,·,·k· 
hi.:1.1 h!!h.·J..L'11h·11/ pl.11..L'lh1 !pl 

rll'·l)ld1p1nL' 111 1 11! p!.1-.·ch,1 (q) 

Weeks 
hew hloder ihl or placebo (pl 
rnsuld1p1nc· 1n1 ,,r plac~bo (q) 

ii J- .. ·-·-2 ... - ·' .... __ 4.. .5 
hhhtitibhbhbhh -·- ·---rrirrppbhhrhh 

.. nnnnnn- · --qq4q44 

o .. -··-·I·--·--·2--- -··3 -4 ..... 5 
ppppppbbbbbb-. -. --. -bhhbbbbbhhhb 
--- - . --· ·qqqqqq- -...... --.. -... -rrn n rm 11 

In 1l1c ""'''" s,·hc·1rll·. tltc t\11rJ WL'l'k (ne1ween the end of Week~ and bet:irlfl!ll).' of Weck 4) w;i.s 
J \\,1'h1>u1 W11h ,·11hn se4urnce. ntsuld1p1ne (n) was adn,1n1stered a!ler one week of~_taJ.,!s:i_cker 
1h1 thcr"I" hut the rndtching plac:eho (41 wa.s giwn after a -week of t.:ra _ _blockr_1natcb1ng placebo 
Ip 1. ,\11h1'Ul.'.h thn v.ne both C\\ncomitanl with beta blockers durmg Week 2 or 5 Thus the 
n1,d:i,l11·,1n,· llL',t!lllL'nl \l..t." not v..t?ll contrP!led 



Stud' J99 
Thi' i' ;mother di'i):-illkrac"ii(lJl study tu evaluate the effects of pretreatment with cimetidine 

<•J1 the· 1'h,tn11.1c·"kinctic·, '1n1i rlurmac"dy·namics of nisoldipine Eight normal subjects were given 
",,n~k d,,,,. »I n1,t1ld:piJ1c· ,,, " ii''"'' oral solutllin or 0 374 mg JV infusron over 4(1 minutes (two 
'''''"'"'' pcn11ch sq>.uatcJ t'' ~ d.1\,J. \l.Jthout (no placebo) and WJth cirnetidine tre;itment (400 mg 
x I Jl\ll1m1·J hs :'IX1 111~ lid th~ nnt day of measurement). Using a sigmoidal E,,,., model, it was 
.-.1kuLHcJ that the hcnh>J .ri.u111, cJ,;,n,:e.' Jue to cimetidine pre-treatment can be attributed to a 48% 
incrc'1.se 111 n"<1ldipinc bi·'"' ;11bhil1ts. ;md the sponsor concluded that cimetidine has no additional 
d\'nan11l 111tcr.h.·t1un \.\·1th n1:-.d]J1p1nc 

'ill1d~ 479 
1'111, ;i dnut·k hlrn,J. r'1r;1lkl pi.tcL'h<> rnntJolJed, 3 week study to C'V<..luatl' th~ effect of 

111-..iJd1r1nc 11' 1 111~~ IR bid· nn r"',\t..'h1)111Dtnr ftnh·t1dr1, in ~O norn1al hcalthv 1.,uhjL''--'t" 

St11d,1 ~hO 

t '!i.ilh'L·~ 1n di.1111 1.'tL·r·-, (l! 1. l•r,iri.1r\ .lf1l'r1e" tx·hirl' ~u1d after 1v n1so!d1rinL' dl.~ or 1.0 n1~ over 

L; r1111~1111_.,1111·1r1:•::nr \~'...'!'.' !!1'.·_: \!!' ,! h 1 .. !!~~~:'!:'.Llf'h} in 26 pat1t:nt', v..th 1..·(1r11nar:. hc~u1 disca.o;,,c lll 

1!11, 11rh·1111\r1dled 'lthl\ Pl.i--1\Lt !'.-:!'.' lc\1..·J., 1..«1rrcldtcJ \\'1th other hcn1od\nan11c a(t1vit1e~ hut no! 

",t,11J1L11111t' l'lll"-·1, 

.-.ttl!f\ 14K'<>4'1 
f fii, 1-.. .1n._1rh,:1 - 1 n~_'i ·r.1: ,i ,. -,iu,l:- 1J11 the ant1-1,l·hcrn1c cftl'l'! 1.d ni .... o!Jirinc, t>ut unl1k.l' 

\~1hl\ \.~f, 1'-l'L' ·1•,l\L'!. ,1 ( ·( · 1<1\·li...· 1. · 21\ r11~1 v.-~1' te\tt'J l)e\p11L' J rigdrou.; desif!n (double hlinJ. 
11,11.dl-:: !'l,11.,,l-·1· 1..1ntr1 1ll•,\i i111!l:_1·.·111l·r1. rn ... 1dd1pinL· had n() eftecl on '>l"\'eral an::_!ina endp()inL" 

l!h'.t,tJrl',l Hti: .i~·,11n r111i 111 1._f 111, !1t'L'il -..!1(1\\rl \\Ith J ~in~le Jo~c stuJ\ 

.... lii<h 11711 

I h1, -.._tt1.!\ \\ .t' 11 
:.; •• f):1li·.l 11Li..."L't"'1' L'1introlleJ in younf'.'. anJ i1L'ahh\ :--.Uh)•.».:t' f:ffeLt:-. pf 

n1-,,,i,i1r1 111L· II\. t1t·.11111'.'111 .1: J1, rn::: t\1d l11r --1 v.cck ... on thyroid funL·ti11n and prnlactin \.\'t"fe as~es:-.cJ 

Stud' llSS-05'1 
Sec (\•111111,·11!'- ,,,, lndl\idual l'lurm~ic·okrnetic Studies for sludy Jnit:n and ncc·ution. 

Stud~ 1)90-020 
TIJ1, i, ,, <i»uhk l•lind. p.tr'11kl pLtc-d>(l controlled, two single-do'<' cn"'"'"i srudy design«d 

i1• .. k111·•11,11.11•· """cJiii\.tkncL' of h20rng and 2x~Orng n1sold1pine CC lahJ,-1, Hl»1>J pr,•s,;ure and 
hL'.tn r.llc l·!t,·· !\. ,t, \1.1.,.·ll .t"- 111L ... ·r.tt~ii1t\ daLt, \\·ere ~:11'o collected 

St 1 Jtl~ D~l-022 

\ ·(- < (•111111vr11, •dl lr1d1\1du.tl Pii,unLi\'(1J.dr1l'!J, Stud1e" f11r ..,,!lld\ dc"'i~ri .u1d C\t'l·ut1on 



Stud1 l>'!J .. ()J:' 
~ec ( ,1mrncnt' ,,n lnJ1\ 1du,li l'lurn1,1l'<>kincuc Stud1c, fur ,;tudy de;;ign and execu\1011. 

lfrf 1--l 
\·, ""1"j .th"\''· the"· f,1ur ,tud1'" \\c'rc· puhli,h1·J h) the same group ,,f mn:s1iga10~s thu' 

11"1 I·' Ix· ,·,11hidncd ,L' f\lUI 1ndqx·n,kn1 repnrts lrn"~'ivc hemodynamics. both systemic and 
l1 1r11JL1r\ (lf n1,11l,iiriirH' U.<'n' n1(·:1,11n~J 1r1 p:1t1ent'- \\'ith coronary heart diseas.e. Except for Ref 4, 
>1h1:h ,·,1111r'1red n1snldip1nc 111 µg/kgl with d1liia1ern 1500 µg/kg). none of the other studies were 
'"1111"lkd h1r lhc,e stud1c'. tinh puhl1ra11011 repnnts were submitted (no onginal data). 

F!k,h 111 n1">l,J1p1nc ,,11 111,,1,·,mlul 1n•.'l.11".l1qn were cornpared with that of nicardipine 111 
1h1, p.q><T r'uhl1,hecl b1 \11 k. 1u,,,·,1u er :ti ·r1m11 1>111 patients with angina pcdoris were treatrd 
\~1d1 r11·"·l,J1pi11l' 11 (}t•-tl l.~ p~:-'k~ 1ntu-..L·d 111!.Lt\l'rl\)lJ-.,Jy over J(l rninutl".... ~1ca .... ure111cnt .... v..·erc 
pt:'.! 1;:;1,·,; ,!' h,1-..~J\ ,:,tlt' ,U\lj dl,!"1!1~ ;i ._·11LJ !~!L''-.'qlf {L'~l. 

I t1.-- 1· .: l1l·111,itl\:1.n1;1, •lthi.1 \if 1ir,1: n1 ... ~1ld1p1nr.· ( 10 rng IR .... 1nglc J11..,e1 on left \entricular 
fi1~.,t1. 1 :, 11..,111~· r.1Ji.irltl·,l11L: .111::1,·(1,q 1 h1._ tl·,hruquc:-.. C'hanf'C:-. ir1 li:ft ventril'Ular function v.·t:rl' 
ri ·.·.1--. 1.:1~· 1 1lt!r1r1c· l'\cr,·1,l' Hr .> 1 [>,1t1,·r11- \\!th l'hrl1n1.: ..... tahlc an~lrL1 anJ l'1)fl)nar~ di~~~l'\l' J.nd 
:~· 'i1 ·1· .,., ,., ,1 ,·.,Ill r1rc,--.1 1r 1r.··-'. \\,:, \"•.ilt:,itr.·d in ~1JJ1t111n.1l I~ pat1c..·nt' v.·ith is .... ·hc:n11,: pain and 
,d•ri .. ,,.1. l'\-.·1,1-t· tr.'"\ l11Jt n.,1111.1! ._1ir,1';_1r\ .1nr.·r1l'" l'hc \tUJ\ \\,1, nn! l'Pr1trnlle\.1 Reprint uf 

["1 11 !1 .. 1:1 ·r·; 1 1r1l'. . ,. 11il\...'..n.1I ,L1t.1 \\, .. ,. r11:..",l'!1tcd 111 thl' :'\I):\ 

l{d ~ X 1Hdtn·nu·' I. l of s,·ct1<111 X.13_~1 
l !:._·,~· .1rt· puh/1-.,tll·li r,·1 11 1n·, ,IJ ,1u,;1l'"' 1111 fL'~l\lll,tl hlood tll)\\' (IJ\L'f :tnJ \...1dn'-'!· Ref i, 

!»:\ ;;i: f<~ \ ''\!..,,il,lq1:11r.· \l,1.., .!...'i\L'l111r.ill~ 1~11 rn~1da~ \ 4 day;-..l 1n thl' furnll·r and 1ntr;t\L'rlPU\I~ 
''· r.~ I• ll;, 1

i.1li~ I I Ii~' 111\L'--.ll~,\ll11JI \\,!, l\lllllu ... ·tL·d Ill ypun~. nPrn1al "IUhJL'1..'t ..... Ill hdth .... tuJ1L'"-

h,·j· ,;r1],_ /11' 111"!;.'ifi.1\ d,tLJ ll'\lL'\\t'd 

Hl'f 'I 'Hdnl'lll'l''> J of Sl'dion 8.15 .• ') 
1'fkct' ,,f n1,nld1p111e t 20 rng/JJ) for 4 days) on platelet aggrega11,1n w;b cll1np,treJ with th.ti 

,,! "'''·'i'·uni\ I J,',(1 illf'.id.ty f,,r 4 day,) rn thi' puhfi,hed rcpon. Reprinl nnly. Till ''rrginal data 

Htf 111 r H,·f1·n·nn-,, -l of St·l'linn 8.J.'i.J) 
\\11'1 '\ir .1 ,1'!\\..u1rcrit i..'1lTJtn1!. the ..._·Lun~J fa\or;1blc effect., ut ni .... nl~lq)111c nn llpoprote1n 

I''"'':. .1" ",. I'· r.1~·.'ll '<'IWlhl\ c111d >1ill 1101 t'e dt'\cTtht•d rn lhc lalx·lin)C 1\1',1 rqmnt <lf 



Drug lntl'ral'lion Studies 
/b noted ahcl\l' in the k1ne11,· sec'l1nn» 'lru12·mtnacUllns were separated into the following 

thrl'i:.' ~~r1 HIP" 

! fkct .,j other drugs on pharmacokmet1,·s of ni")ldipme. 
Lt lcct of other drugs on pharmacodynamics of nisoldipine. 
Lfk,·1 of ni"ildipine on othrr drngs' pharmacokinetics/dynamics. 

The first c·a1c1201J has been described in the Pharmacokinetic Sections. For the remaining 
1111•. l1rn1l:lli1111s of ind11'1dual studies, such as smgklmultiple doses, durntion of treatment and use 
ul ,·.,ntrol ~n>up,, have heen descnhed m tah!es summarizing the results. Studies 382 and 399 have 
!x'l'Il '"'1in11ncnt·:d ahu\'C 1n thi..., :-.ection. 



'\Ii-\ '.tJ-;":h/('Jn: Phan11 

.\nl1h\ pcr1L'!l""" aL'IJ\Jt) of nis11ld1pinc ha.s lxrn denwnstrated for both IR and CC 
f.,r11"il ,,,,.,, .. I'""'"'"' r.rn~1n~ trnn1 '<tu l~O rng h'"''' hccr. sludied in at least 6 studies, however. 

ck.,. rc-.1•· q1,,· rl'\.11".""hq• 1n 1he'c 'hnn-temi studies "n '.'C formulation was not consistent. While 
rile· 1•l:i,·ch" ;id11"1ed hl<>od prcs'tm: n:duct1ons were proportional lo doses of 5-30 mg/day, the 

~'-'i" """ "'.1.s il.11 ,,., "' l11f'.h<:r dDses of '10-90 mg/day in a less well-designed study (see comment> 
"h'''" 1 Svsrcm,c \asrnlar resisrance wa' consistently de{;reased by nisoldipine, but heart rate 

111.111~1·· ·'l'l'-''ucJ r" he r111IJ in the pharmacodynarrnc studies. 

"1soiu1p1ne J1d nor arrear to have srl,'n1f1c·an1 negative inolropic activities and except for a 
m1>J,•,1 dl'c'rl',hC in sinus l') c lc length. had nu "ppn·,·iahle chrunotropic effects either. However, the 

,·han).'"' 111 T "'""' '" obscf\ ed in a k"' pharnLKologic studies need to he re-examined in large 
cl Ii,,,,' s.1!c'!\ tr:dls "'"'IG1pJ1;c may increa.sc l'llf1)[)ar;. blood flow in p.irient' with coronary artery 
d 1'.t"~· t'111 1•!h'-·r 1nt·.1"11r·~·rncnt" t)f .1nt1-i..,,:tlc11:11..- effe-.:t Vd:re nnt con~i,tc.1t 

J ~1, 1,_· \;,.·~·1~· 11-· -,1_~n1f1,,tnl ph.1rn1,1--()d:11.1n11.._· 1nter:1,·t1tH1" tx·t\\c:..·n ni··l·,\d1p1ne and ranitidine. 
'"tni1.._''1,'.u1:.·. '''. pr\\pr.1.IH1h•l 1v.1th \ '( · f\H1nuL1\\Pn ot ni-...u\Jip1ne1 ~l'-.0ld1pine may increa..;e 
fli,1,1\ ·1i,d1i!11:. -1! qu111hi1rH'. pr1ipr:11h1!1d. ,1ten<l],i1 ,111d dt~1>\1n. hur the extend~ \l.·erc variable and of 

11i;.\,1~ ,J\11,111\!,_ ilf!,,·qucr1._'-'" •.11 ~11n1,:d nic;1n111~ 

f{,1"1·-I .1;, .,,qJli.._'\'-l!.1r !1ri11\L'·.l 1.'\f'<.'lll'r1~·l·. n1•qi!d1pirh' h;1d r11. 1 ;1J\'cr~e pharnJaL·o)ogiL· effe~:t-.. 

1;1 '.: .,,. J1,,:1!1·lf' 1 -.\-.1l·rr-, r1.·; .. :1•1f1.1I t 1 l\ 111d tl\1\i... th:r'lnd and pr11f~1l·t1n ,_l\ .. ·tivity. hpoprotein profile or 
i''" ·: (ilfiCil il \1 ... J.i.1•1n1: fll,I\ l!liJd•il rJ,Ji\'k! a~_cfl't:Clllllfl and ils cilllil'aJ irnplicallllrJ 
-.h · 11 i.~ ,,,_ r·, \ 1<..'\\l'd H; 1!1 .. --..1! .i" d,11.1 '.\1,dld1r'ltnc ('(' .1prcarcd to ht: V..'L'il-tolcrate<l in the sn1all 

\I!\ ' '' \ 

111,lit..''-. "-\)Inc 1)1 \\h11.._.h v.L~rc l'1,l!ldLn~tcd 1n norn1nlL'flSl\'t: suhj<:ct. .... 
.J,

1

" --.t'l'!l IT! lither l-,1h:1uJ11 1. • ..-h~tnnc-l blucker\ 



1'DA 20-356/Clin Pharm 

PHAR!\IACOKINETICS/DYNAMICS CORRELATIONS 

As noted in the Summary of Pharmacodynamic Issues, placebo-adjusted blood pressure 
changes were dose-rela•ed for 5-30 mg (one week study ., CC formulation, Study 088-059). 
correlatior. with pJa,ma drug concentration and total bioavai.dbility was aho good: 

Dose hm,, _bUC0-:• 
mg.iJ ng/ml 11g.hr/ml 

~ 0.65 8.39 
10 1.02 1 fi 17 

20 ? - ,, 
--1.· 28.24 

30 2.79 40.34 

Changes in Systolic/Diastolic BPs, mm Hg. Day 7 
8 hrs post dose 24 hrs post dose 

- 7 .1 I + 1.2 
- 6.3 I - 1.2 
-10.7 I - 1.7 
-19.2/-4.6 

+ 1.9 I - 4.6 
- 8.8 I - 4.9 
- 9.2 I - 4.6 
-15.6/-6.2 

ht h\ linear regression was reasonable and suggested that plasma nisoldipin~ concentration of 2 
nl,!!ml was required for a 5 mm Hg drop in dia-;tolic BP over placebo. Such relationship was less 
ck.u at higher doses (30-9() mg/day. Stud) 090-022J \\'hen blnnti ::-~~,,u1~ responses and plasma 
drug con<:entrations were fitted wit' '11ear regression which included placebo data for plasma level 
of zero. estimated ,Jo~s were signifi.:,rnt or nearly so for 30 mg and 60 mg. However, as noted 
l:>etore. placebo-corrcded hiood pressure reductions were not dose-related and the dosages were 
forced titrated rapiJly in sequence in this study. 

In four large hypenension efficacy trials (088-054, 089-029, 089-039 and 090-019), which 
covered doses fnim l 0 to 60 mgs/day, m·erall correlatio,1 between systolic/diastolic blood pressure 
reductions and plasma drug Co'lcentration was good for each study pooled over aJl dosages, and for 
.'fl-tiO m~ dcbes pooled over ali four studies (Table on next page). The estimated slopes from linear 
regression analysis mdicated that trough supine diastolic blood rressure decreased by 1.57 mm Hg 
per I ngiml 1c1\erall pooled analysis), or l.67-2.38 mm Hg per ng/ml for the three monotherapy 
\l thJ IC'. 

In two Phase Ill angina trials (D88-060 and D90-0l 5), placebo-subtracted changes in exercise 
dura!ions frorn baseline were related to dose/plasma roncentration as follows: 

.Quse. ~)a~ krun Changes in seconds, p for correlation with drug levels 
mgld nglml nglrnl Peak p Trough p 
10 0.79 1 0.037 
20(088-060) l.25 20 0.905 
201 090-0 l)) 2.10 1.57 29 0.012 34 0.184 
:~o :L.16 32 0.054 
40 3.70 2.56 6 0.108 7 0.017 
60 5 70 4.07 34 0 577 37 0.777 
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Of these, the estimated slopes were significant or nearly so for I 0, 30, 40 mgs at troug:, and 
20 mg at peak. Pooled over all dosages, the correlation was significant in Study 088-060 (10-30 
mg, trough) only. Overall correlalions between dose, pl a<> ma level and exercise tolerance in angina 
patients were poor 

Cllrrelatwn of trough nisoldipine level and blood pressure responses: 
(From NDA Section 8.13.8.2, V0: 116) 

NI SOI 0 i T' 1 N[ / C f r IC .ACY POOL flOL( 
us cc tl IN COIH~£LATION corrr1clENIS or TPOlJGll DLOOO lfVELS WITll fROUGll BLOOD f'R£S'iUR£ 

FOP All f'A 11 f NI S VALIOfOQ lrr ICACT ANALYSIS 

'S.til' l N£ sur IMC SlAt«>ING SI ANDING 

H" cc 00 SY~ffH. IC "" DI 'STOL IC Df' SYSTOLIC OP DIASIOl IC IP 
Pl?CTOl".Ol ORUG GROUP N " p SLOPE • p • p • p 

ooe-o~ .. AL l 07 -o 178'5 J 0 O'JtlO ·J. II ·o . ]099~ 0 OOJG ·O 11794 0. :1165 ·O. 70:130 0 0060 
oeg -o:.i'J All •~e ·O '"' 7!)"' 0 Of1.ICi - I .OJ -o. 307911 0 0001 -o 211ii9 0.0044 .. O.::J94il 0.0001 
O!El·OJ'J lt.l I 14 -o Jll 11' 0 0001 _, . JO -o 4017!> 0 0001 -o. llO!'JO 0.0001 ·0. so 104 0.0001 
090-019 All ,,. -o JOO JO 0 ()(){)(, - I 07 -o 4.f~B2 0 0001 -o. 29111 O.OOIJ -0.4,716 0 0001 

o"n ·O!i~ IClMG lO 0 OIGOO 0 !>:lJ I -o JCJ!l I 0 0<'7ft 0 11913 0 5'"' ·O 7J4 llt 0. ',,, 
0198·0'1• 2()M(; J(l -o of7472 0 00110 -o l~2J .. 0 0J'20 -o. J9Jl7 0.0Jl6 ·0.J6920 0 0447 
J8ft ·0'>'4 J()Ml_j J7 ·O 2 '} '!)., 0 2C'.>U -o l(,0G8 0 4;oiJJ -o. 

''' 17 
0.27110 ·0. :1"7 I J 0.07, I 

Dl9·0:oi9 2(1"G •• 0 l':IGO'J 0 21fU2 0. 14Jr1 I -o 2910 o. 120G~ -o. 3157 0.0lCOl 0 "'" 019·01') •OMr, •• -o l!:>G2 I 0 215Jn -o J20fo" 0 024 l •O. 1•e12 0 . 301e ·O (aJ0:,5J 0 0001 
089-01') liOM' . .i " -o 091~· 0 ~ , .. ~ -o :J l!JO I 0 0199 ·O. I 7J7 I 0 2 ll'l -(I 22792 0. 1007 

089-0J~ 20MG •• -o l!J072 0 2!>'1';;i ·o. 2Gllll4 1 0 0•30 -o 19165 0. 145!.t ·O 28609 0.0210 
oeq-oJ'J .t()MI; ,, -o '.l6C5C 0 OUG> -o. J500• 0.0080 -o. 41101 0 0018 -o. 45761 0.0004 

090·019 J()f.IG .. -o 27!/G'J 0 .0219 ·o. 32130 0.0005 •(). 35486 0 0035 ·0. 0730 o.ooo• 
090·019 GOMC " -o '27!1JG 0 .0•20 -o. 4'412 I o.ooon -o. 225J2 o. IOCll ·0. 4Cl'.Jl3 0 0009 

All IOMG JO o 01r.oo o. !lJ'.11 ·O.lCl:J!ll 0 OG2P o. I 1!17 J 0. '2ft6 ·O. 2:J4 II 0 2179 
All lOMG '45 - () . ()';()M () ~4~r. ·O.O'J'141 0 24ll ·O. l!tCJ4 0 0&04 -0. 20•08 0 0130 
All 3CIM<l 8J ·O. ,,392 O.OIOG ·0.11!1517 0. OO!i6 •O.l1617 0.00.10 ·0.~99,, 0.0001 
All CONG to• ·(). 22C74 0.0195 ·O.J2~1 o.oocn -0. 2!.08J 0.0tOl •0.•73•• O.CX>01 
All ""'° '"" -o. tl76:2 O.OGll!io ·O. 397)$ 0 0001 ·O. 19492 0.045J ·0.35715 0.0001 

All All .,. ·O. 2Glj9ft O.<XJ01 - '.57 ·O. 39170 0.COJt .. 0.71519 0 0001 •0.45•~' 0.0001 
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CO!llCLUSIO!llS 

It appear' that pharmacokinetic properties of nisoldipine has been well-described for both 
the immediate release (IR) and the .:ontrol release (CC) formulations. Variations in bioavailability 
of nisoldipine in patients of different concurrent diseases and demographic characteristics have been 
examined, which should be addressed in relevant sections of labeling, especially the issues of dose­
dumping by food. Once daily use of nisoldipine CC tablets for hypertension is supported by the 
kinetic data. 

While the pharmacodynamic profile of nisoldipine was studied mostly using intravenous and 
the IR formulations, it ha' been demonstrated that ni~oldipine is a vasodilating antihypertensive with 
minor electrophysiologic effects and insignificant inotropic activities. There is no reason to expect 
significan1l~ niffrrent hcha\'ior for the CC tabieK For major cardiovascular effects of nisoldipine. 
there ;, good c·orrelat1on with dose (5-30 mg/day) and plasma drug concentration 

Jr '' cn11.·JuJcJ tha1 clinical pharmacology of nisoldipine CC has been adequately 
dLirci-·tcr11c-l l<'r the palicnl' t1• be treated tha1 instructions on ih clinical me for hypertension can 
he· writte11 for the lahelin!,' 

1.:1.: 

OR!Ci \;il·\ 211,~I· 

H!Tl 1111 
HFll 1 I IJ/CSO V 
HFD-426/I''.\ 1.1m 1u t11 

HFD- l l O/PDem. CDu;H1c. '\St<>ckhridgc 
HFD- l I O/SChe11/02/ I 5/'J4 

t1f~s u__ 
Shaw T. Chen, M.D.,Ph.D 
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DIVISION OF CARDIO-RENAL DRUG PRODUCTS 

MEDICAL OFFICER'S RE;VIEW OF NOA AUG 

HDA Number: 20-356 

Name of Drug : Nisoldipine (NIS CC) 

Drug Category : Calcium Channel Blocker 

l.!J..Q.kation : Hypertension 

Sponsor : Miles Inc Pharmaceutical Division 

Date of Submission : March 31, 1993 

Date Received : April 1, 1993 

Date Review Completed : July 30, 1993 

Reviewer : Cristobal G. Duarte, MD 

Background. NIS CC is an extended release tablet dosage form of the 
dihydropyridine calcium channel blocker Nisoldipine The sponsor has 
submitted a NOA for approval of Nisoldipine for the treatments of 
hypertension This review will be concerntd only with the 
efficacy in the treatment of hypertension. 

4 1993 

As pivotal protocols in support of tho effectiveness of Nisoldipine in the 
control of hypertension the sponsor is submitting the following studies : 
090-006, 090-019, 089-026, 089-029, and 089-039. 

Protocol 089-026 

Iitle of Study : • A Pilot Dose-Titration Study of the Safety and Efficacy 
of Nisoldipine Coat-Core 10 mg, 20 my, 30 mg and 40 mg versus Placebo in 
Patients with Mild to Moderate Hypertension ". 

Investigators : Ginsberg D, Flamenbaum W, Canzanello V, Townsend R, 
Winer N,Schnaper H. 



Places of Study. Harleysville, Englewood Cliffs, Winston-Salem, 
Gal•1eston, Kansas City, Birmingham/USA 

Objectives. The objectives of this study were 

1. To determine whether Nisoldipine given once daily lowers the blood 
pressure significantly more than placebo. 

2. To determine the efficacy and safety of Nisoldipine when titrated from 
1 O mg to 40 n1g qd. 

Inclusion Criteria. Ambulatory patients, male and female, 21 years of age 
or older. with a history of essential hypertension were eligible for the 
study. Hypertension was defined as mean supine diastolic blood pressure 
of 95-115 mmHg. 

Exclusion Criteria. Patients with the following conditions were excluded 
from the study : 

1. Labile hypertension. 
2. Recent myocardial infarction 
3. Patients with cerebrovascular accident or signs suggesting impending 
Ml or CVA, heart failure, angina pectoris, intermittent claudication, major 
arrhythmia or :::ardiac conduction disturbances. 
4. Insulin-dependent diabetes mellitus, failure of a major organ system, 
impaired renal function (serum creatinine >2 mg/di). severe infection, 
malignancy or psychosis. 
5. Patients likely to have impaired drug absorption such as with chronic 
diarrhea, ulcerative colitis, regional enteritis, diverticulitis, partial or 
complei <3 gastrectomy or small bowel resection. 
6. Women of childbearing potential, alcohol or drug abusers, history of 
allergy to dihydropyridines. 
7. Excluded concomitant medications were : antihypertensive drugs, 
cimetidine, monoamino oxidase inhibitors, sedatives, tranquilizers, 
tricyclic antidepressants. neuroleptic drugs, anorectics and 
decongestants. 

2 



Qualification for Randomization. Patients with mild or moderate 
hypertension discontinued previous antilJypertensive treatment and were 
given a single-blind placebo once daily (regimen A) during a three to four­
week qualifying run-in period. There was an optional extension of one 
week if the blood pressure was not in the qualifying range. Those patients 
with mean supine diastolic pressure :? 95 mmHg to ~ 114 mmHg after three 
to four weeks of placebo were ranaomized and were given regimen B 
(Nisoldipine or placebo). 

Drug-Regimen Protocol At week O qualified subjects were given· either 
Nisoldipine 1 O mg qd or placebo qd (regimen B) for 2 weei<s. On subsequent 
visits 5 through 7 ( scheduled every two weeks ) the once daily dose of 
NisoUipine was titrated in a stepwise fashion to 20 mg (regimen C), 30 
mg (regir'len D), or 40 mg (2X20 mg) (regimen E) if mean trough supine 
diastolic pressure for that v>t was :? 85 mmHg. Patients randomized to 
placebo underwent corresponding dummy titration. Two patients were 
randomized to Nisoldipine for each patient that was randomized to 
placebo. 

Patients took two tablets before 11 am through the study b>Jt did not take 
the medication on the morniny of clinical visits until trough blood 
pressure has been measured. Patients took the medication fasting or with 
food. 

Patients were seen either weekly or biweekly in the morning throughout 
the study. At each visit supine and standing blooo pressures were 
measured 24 hours ± 30 minutes after the last dose. 

The duration of the double-blind phase was 9 weeks. 

Expul.filQ.o.. A subject was to be dropped from the £~udy if the mean supine 
diastolic blood pressure was greater than 114 mmHg at any visit or if 
they hai:l significant physical or laboratory abnormalities or a significant 
concurrent illness. 

They also were ~o be withdrawn for blatant non-compliance, for missing 
visits or significant adverse experiences. 
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Assessment. Patients were seen in the morning at weekiy or biweekly 
intervals. A history was taken at the first visit. Complete physical 
examination and 12-lec:.d electrocardiogram were done at the first visit, 
at baseline (after 3 to 4 weeks on placebo) and at the last visit (after 9 
weeks of double blind dn.1g). Brief physical examinations were done at all 
other visits. A chest X-ray was· dons at the first visit unless a report was 
available within the previous 6 months. 

Blood was drawn for the following laboratory tests at the first visit, 
after 3 to 4 weeks of single-blind placebo, and after 9 weeks of double­
blirid drug : CBC, differential, and platelet count, serum glucose, uric acid, 
calcium, phosphate, sodium, potassium, chloride, bicarbonate, creatinine, 
BUN, total protein, albumin, cilolesterol, triglycerides, CPK, SGOT, LDH, 
alkaline phosphatase and total bilirubin, Complete urinaly::;is including 
microscopic and casts. 

The primary endpoint of the study was a change in trough diastolic blood 
pressure (measured 24 hours after dosing) from baseline (mean of 
diastolic blood pressure after 3 or 4 weeks of single-blind placebo) to 
endpoint (!he last valid visit on double-blind drug for each valid patient) 
in the Nisoldipine group compared to the placebo group. 

Secondary endpoints were supine systolic blood pressure at trough and 
standing blood pressure at trough. 

Statistical Analysi!2. The primary efficacy analysis was based on change 
from baseline in trough supine diastolic blood pressure at endpoint. No 
analysis based on level of titration achieved was d•Jne. Responders were 
considered those who achieved efficacy results according to the following 
criteria : blood pressure 90 rnmHg or less, at least a 10 mrnHg fall in blood 
pressure from baseline, either of the above and both of the above. 

All tests were two-sided and based on the least square means estimated 
by the model. 

Data from previous hyµertension studies had suggested that the standard 
deviation of change from baseline in trough supine diastolic blood 
pressure at endpoint would be 7.5 mmHg. In order to detect a 5 mmHg 
difference from placebo in an alpha "' 0.05, two tailed tests of 
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significance. and in order to obtain as much data as possible on the 
Nisoldipine 40 mg qd, it was decided to randomized 72 patients to 
Nisoldipine and 36 to placebo. Based on this information, the study, as 
designed, had 80 % power to detect a significant difference of at least 5 
~nm Hg. 

Subjects Studied. Of 166 patients enrolled, 43 were disqualified tor 
randomization. The reasons for which patients did not qualify for 
randomization id given in the following table : 

Mean Dihstolic blood pressure 
at visit 4 did not qualify for 
randomization (95 mmHg to 114 mmHg) 
Supino diastolic blood pressure > 114 mmHg­
At any time 
Non compliance 
Illness not due to medication 
Other 

Total 

26 

4 
1 

3 
9 

43 

The demography and baseline characteristics of the patients valid for 
analysis of efficacy is given in the following table : 

Sex 

Race 

Age (years) 
Years of hypertension 
Baseline blood pressure 

Male 
Female 
Caucasian 
Black 
Other 
Mean 

Mean 
Supine 
Starn.ling 

5 

Nisoldipine Placebo 
(n=79) (n=38) 

46 (58 %) 22 (58 %) 
33 1 6 
53 (67 %) 21 (55 %) 
25 1 6 
1 1 
53 57 
1 0 1 4 
153/100 160/101 
149/100 156/102 



The reasons for discontinuation of double-blind therapy are giver: in the following 
table : 

Reason 

Lack of Efficay 
Adverse Event 
Abnormal Laboratory Value 
Lost to Follow-up 
Other 

Nisoldipine 
n=83 

0 
6 
0 
3 
2 

Placebo 
n=40 

5 
0 
1 
0 
9 

The protocol that was followed is represented schematically in the following graph 

Nisoldipine 

I I I I I I I I II 

Placebo 

II 3 to 4 week,,...----11 

Placebo 

' ' ' ' ' ' ' ' ' ' ' ' ' 

Week 1 2 3 4 5 6 7 8 9 

Treatment Period 
I 

Jr he randomization of patients is given in the following two pages 
I 
I 6 i 



Placebo I 
Control f-· -

Period 

~ndomizat1on 

166 I 
~-Patio;] 

Enrolled 

123 
Patients 

1 1 7 
Patients 

J 
Nisoldipine 
79 Patients 

~ 
10 mg 20 mg 

5 71 

I 1.-= 
10 mg 20 mg 30 mg 

2 9 65 
I I I 

10 mg 20 mg 30 mg 
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I _._l I 

10 mg 20 mg 30 mg 
2 4 18 

I I 
1 O mg 20 mg 30 mg 

5 5 24 

7 

Dropouts 
43 
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Analysis 

6 

. 

Placebo 
38 Patients 

See 
Next 
Page 

40 mg 
44 

I 

40 mg 
44 

40 mg 
45 
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B 
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B---, 

2 Patients 
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B 
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Placebo 
38 Patients 

-----------
c 

32 Patients 

c 
4 Patients 

c 
4 Patients 

c 
3 Patients 
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3 Patients 24 Patients 
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6 Patients 26 Patients 



Efficacy. Doses of Nisoldipine were titrated from regimen B (10 mg OD) to 
regimen E (40 mg OD) in 10 mg steps. The following table shows the actual 
number of patients that were given each dose level and had valid visits at 
each week for the population of oatients valid fo1 efficacy 

2 4 
Group Reg. Dose N(%,) N(%) 

NIS 8 10 79 5(7) 
mg ( 1 00) 
CI) 

c 20 71 
mg (93) 
CD 

D 30 
mg 
CI) 

'E 40 
mg 
CD 

PLA 8 38 3 (9) 
( 1 00) 

c 32 
( 91 ) 

D 

E 

Week of Therapy 

6 8 
N(%) N(%) 

2 (3) 2 (3) 

9 5 (7) 
( 12) 

65 1 g 
(86) (27) 

44 
(63) 

2 ( 5) 1 (3) 

4 4 
( 1 1 ) ( 12; 

31 3 (9) 
(84) 

26 
( 77) 

9 

g 

N(%) 

2 (3) 

4 (6) 

1 8 
(27) 

44 
(65) 

1 (3) 

3 
( 1 0) 

3 
( 1 0) 

24 
(77) 

End­
point 
N(%) 

5 (6) 

5 (6) 

24 
(30) 

45 
(57) 

2 (5) 

4 
( 11 ) 

6 
( 16) 

26 
(68) 



The following table shows trough supine diastolic blood. pressure response 
at different weeks of treatment and at endpoint for both groups tor the 

set of .?·II valid patients 

Week 
2 

i'.J1soldipine 
(n1 i 79) 

Mean 
Change -5.7* 

Placebo 
( n) 38 

Mean 
Change -3.0 

Trough Supine Diaswlic Blood pressure 
Mean Change (mmHg) by visit 

Week VJ eek Week 
4 6 8 

( 7 6) ( 7 6) ( 70) 

- i3 5 -10.1' -1 0 6. 

'.35 37 34 

-4.9 -3 .4 -4 .4 

• Significantly d 1fferent from placebo 

Week End-
g point 

( 68) (79) 

-10.0' -9.5* 

31 

-3.4 ·· 1.2 

In the following table. changes from baseline at endpoint by treatmont 
regimen at endpoint for all valid patients is demonstrated 

Supine 

Reg 8 
(n=5) 

Systolic -8.3 
Diastolic -5.9 

Standing 
Systolic -5 .3 
Diastolic -7 .2 

Nisoldipine 
Reg c Reg D 
(n=5) (n=24) 

-2 3. 1 -10.9 
-12 .4 -9.4 

-13.5 -1 0 .3 
-9.9 -6. 6 

1 0 

RegE 
( r.=45) 

-16. 7 
-9.8 

-15. 3 
-8.6 



Supine 

Rog B 
(n=2) 

Systolic -19 7 
Diastolic + 1.7 

Standinq 
Systolic -9.7 
Diastolil -0.7 

Placebo 
Reg C . Reg D 
(n=4) (n=6) 

-8.0 +20.4 
-10.0 ;6 9 

-1 . 3 .,. J 
-7.5 +5.0 

RegE 
( n=26) 

·2.2 
-1 . 4 

-0. 1 
-1 . 6 

Tr.e responder rates are given in the following table : 

Responder Rates 
Based on Truu\olir 3uprne Diastolic Blood Pressure at Endpoint 

BP<90 mmHg at endpoini 
At least a 10 --:1mHg fall at Endpoint 
Either of the Above 
Both of the Above 

Nisoldipine 

49 % 
54 % 
62 % 
42 % 

Placebo 

18 % 
13 % 
21 % 
11 % 

The change from baseline in trou9h blood pressure by treatment for all 
patii'lnts valid for analysis of efficacy is given in the following table : 

Supine Diastolic 

Visit 5 Visit 6 Visit 7 Visit 8 Visit 9 End-
point 

Drug Group Reg.B Reg. B or C Reg. BC or D Reg.BCD or E Reg BCDorE 

N1soldipine n 79 76 76 70 68 79 
Baseline 
Mean LS 100.36 100.36 100.36 100.14 100.36 100.36 
LS Mean 
Ch;:rnge -5.65*p -6.52' -10.06'p -10.58*p -9.98'p -9.51 'p 
SE of Change 0.68 0.75 0.88 0 84 0 80 0.89 

1 1 
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Visit 5 

Drug Group Reg B 
Placebo n 38 
Baseline 
LSMean 101 .45 
LS Mean 
Change - 3 . 0 4 • 
SE cf Change 0.99 

p Values 
Drug 0.0323 
Drug-Center 0, 1582 

Visit 6 

Reg B orC 
35 

101.31 

-4.89* 
1.10 

0.2234 
0.2604 

Visit 7 

Reg BC orD 
37 

101.20 

-3.39* 
1.26 

0.0001 
1 .381 

Visit 8 Visit g End-
point 

Reg BCD or E Reg BCDorE 
34 

100.52 

-4.42* 
1 .21 

0.0001 
0.0539 

31 38 

100.79 101.45 

-3.36* -1.16 
1.20 1.29 

0.0001 0.0001 
0.0472 0.0332 

P Significantly different from placebo 
• Significant Change from baseline 

Values for supin~ systolic blood pressure are given in the followir:ig_t~p!"-.: 

Supine Systolic 

Visit 5 

Drug Group Reg B 
Nisoldipine n 79 
Baseline LS 
Mean 153.11P 
LS Mean 
Change -8.67* 
SE of Change 1.83 

Placebo n 38 
Baseline 
LS Mean ~ 59.59 
LS Mean 
Change -4 . 9 6 • 
SE of Change 1 .82 

Visit 6 

Reg B or C 
76 

153.39 

.. ' .. 

Visit 7 Visit 8 Visit 9 End-
point 

Reg SC or D Reg BOC or E Reg BCD.or E: 
, ... ' , 0t!..,;, ..'.t .. •. --.1:,. • ..... 

76 70 . - 68"' ':;-·~~9:'-
~ ~ . . ~-~.,~ ... 

153 .41 153,35 153.42 153,11p 

-10.123*p -15.04*p -14.10*p -15.62*p-14. 73*p 
1 .61 1 .61 1.61 1.64 1.89 

35 37 34 31 38 

158.['9 158.23 157.78 159.71 159.59 

-2 .39 -1'90 -4.91 * -5.51 * -0.00 
2.38 2.33 2.31 2.43 2.72 

1 2 



P-Vaiues Visit 5 

Drug 0.1140 
Drug Center 0.6059 

Visit 6 

G.0074 
0.0481 

Visit 7 

0.000·1 
0.0416 

p Significantly different from placebo 
• Significant change from baseline 

Visit 8 

0.0015 
0.1372 

Visit 9 

0.0008 
0.1224 

End­
point 

0.0001 
0.0726 

Standing Diastolic 

Visit 5 

Drug Group Reg.B 
Nisoldipine n 79 
Baseline 
L3Mean 
LS Mean 

100.40 

Change -5.03*p 
SE of Change 0.75 

Placebo n 38 
Baseline 
SLMean 102.15 
LS Mean 
Change -2 .05 
SE of Change 1 .08 

P Values 
Drug 0.0253 
Drug-Center 0.2060 

Visit 6 

Reg.B or C 
76 

100.31 

-6.24*p 
0.75 

35 

101.85 

-1.99 
1 . 11 

0.0021 
0.0052 

Visit 7 Visit 8 Visit 9 End-
point 

Reg. BC or D Reg BOC or E Reg BCD ore 
76 70 68 79 

100.31 

-8.62*p 
0.85 

37 

101.85 

.-1 .87 
1.22 

0.0001 
0.6446 

100.21 100.27 100.40 

-10.18*p -8.29#p 
0.83 0.98 

34 31 

-7.86*p 
1.00 

38 

101 .22 100.89 102.15 

-4.27* 
1.20 

0.0001 
0.5733 

-3.65" 
1.45 

0.0095 
0.4304 

-1. 18 
1.44 

0.0002 
0.3160 

p Significa1 .:ly different from placebo 
• Significant change from baseline 
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Standing Systolic 

Visit 5 Visit 6 Visit 7 Visit 8 Visit 9 End-
point 

Drug Group Reg B Reg B or.c Reg BC or D Visit BCD or E Visit dCD orE 
Nisoldipine n 79 78 76 70 68 79 
Baseline 
LS Mean 149.22p 149.54 14g_55 14!;'.41 149.57 149.22p 
LS Mean 
Change -8.37* -10. 78*p -14.18*p -14.84'µ -13.76*p -13. •p 
~E of Change 1 .34 1 .49 1. 78 1 .?3 1.66 1.77 

Placebo n 38 35 37 34 31 38 
Baseline 
LS Mean 156.22 155.79 155.30 154.22 155.46 156.22 
LS Mean 
Change 1.94 2.20 2.55 2.49 2.48 2.57 

~ 

P values 
Drug 0.0832 0.0005 0.0001 0.0002 0.0002 0.0001 
Drug-Center 0. 1 162 0.0979 0.1092 0.2475 0.0099 0.0330 

P Significantly different frorn placebo • Significant change from baseline 

The effect of Nisoldipine on trough supine and standing systolic and 
diastolic blood pressure at study endpoint in all Nisoldipine treated 
patients is shown in the following table : 

Change from Baseline to Endpoint in Trough Blood Pressures 
Mean and SEM in mmHg 

Placebo 
n=38 

Supine Diastolic Blood Pressure -1 .16:t1 .29 
Supine Systolic Blood Pressure - . 000±2 .72 
Standing Diastolic Blood Pressure -1 .18±1 .44 
Standing Systolic Blood Pressure +0.89±2.57 
• Significantly different from placebo. P<0.05 

1 4 

Fisoldipine 
n-79 

-0.51±0.89. 
-14.73±1.89* 
-?.86±1.00* 
-13.00±1.77* 



The change from baseline to endpoint in the primary efficacy blood pressure parameter 
supine diastolic blood pressure, as well as the 3 secondary blood r.iressure parameters 
is shown for placebo and all Nisoldipine doses in the figure below : 
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Conclusi.Qn. This was a titration study in which doses of Nisoldipine 1 O 
mg, 20 mg, 30 mg, 40 mg and placebo were evaluated. In the course of the 
study most patient were moved to the higher doses in order to decrease 
the blood pressure and very few patients remained in the lower doses 
(see flow sheets pages 7, 8, and 9). Therefore a dose-range study could not 
be carried and only a global evaluation was possible. Such assessment 
demonstrated that Nisoldipine was very effective in lowering the blood 
pressure (pages 10-15). 

Protocol D89-029 

Title of Study : " Double-Blind Randomized Study of the Safety and 
Efficacy of Once Daily Doses of Nisoldip1ne 20, 40 and 60 mg (2X30 mg) 
Core-Coat Tablets vs Placebo in Combination with Atenolol 50 mg in 
Hypertensive Patients ". 

Principal lnvestiQators : 

H.A. Punzi, MD 
Trinity Hypertensive and 
Diagnostic Research Center 
Carrolton, TX 

J.D. Wallin, MD 
Tulane University School 
of Medici•1e. Department of 
Nephrology 
New Or1eans, LA 

G.P. Lewis, MD 
Clinical Pharmacology Center 
New Bedford, MA 

J. Kann, MD 
Park Plaza Building 
Pittsburgh, PA 
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B. Garrett.MD 
The Medical Research Center, Inc. 
Washington.DC 

8. Levy.MD 
National Medical Research 
Corporation 
Hartford Center for Clinical 
Research 
Hartford, CT 

B. Hamilton, MD 
OVA Medical Center 
Baltimore, MD 

K. Williams, MD 
Baltimore, MD 
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' 
' I J.F. Burris, MD 

Cardiovascular Canter of 
Northern Virginia 
Alexandria, VA 22302 

J. Nappi, Pharm. 0. 
University of Houston 
College of Pharmacy 

p. Tobin, MD 
Accord Medical Center 
Denver, CO 

J. Galla, MD 
University of Cincir,nati 
Medical Center 
Hypertension Program 
Cincinnati, Ohio 

T.S. Herman, MD 
Hypertension Research Program 
Buffalo, N.Y. 

P .M. Kaihlanen, MD 
San Antonio, TX 

A. Shapiro, MD 
Shadyside Hospital 
Medical Ambulatory Unit 
Pittsburgh, PA 

J. Tarro, MD 
Oakridge Medical Clinic 
Lake Oswego, OR 

Objectives . The objectives of this study were to determine the dose 
response and safety of 20 mg. 40 mg, and 60 mg Nisoldipine tablets as 
compared to placebo when administered once daily as additive treatment 

.> 

for hypertensive patients not controlled on once dai~ At~~;';~~ ·. 

Inclusion Criteria. Ambulatory patients, male or female, of age 21 or 
older, with a history of essential hypertension were eligible for 
enrollment in the placebo run-in period. 

;::xclusion Criteria. Criteria foe exclusion were : labile hypertension, l'enal 
failure (plasma creat1nine > 2.0 mg/di), significant liver disease, insulin­
dependent diabetes iT'ellitus, history or presence of bronchial asthma, 
obstructive pulmonary disease, significant peripheral vascular disease, 
recent (3 months) myocardial infraction, cerebrovascular accider.t, or 
clinical signs suggesting impending myocardial infarctio11 or 
cerebrovascu!ar disease. Also excluded were patients with heart failure, 
ma1or arrhythmias. conduction disturbances greater than first degree 
block, sinus bradycard1a, failure of a rT1a1or organ system, malignancy, 
psychosis. impaired Clbsorption (such as chronic diarrhea). pregnancy, 
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women with childbearing potential, abuse of alcohol or drugs, allergy to 
dihydroperidines or beta blockers and participation in an investigational 
drug study within the past 30 days. · 

Qualifications for Randomization. Patients discontinued all previous 
a11tihypertensive medication and were given a single-blind placebo once 
daily in a 2-week qualifying period (Regimen A). Patients with a mean 
SUD BP 100-119 mmHg at the end of the placebo run-in period were given 1 
capsule containing 50 mg Atenolol and 2 placebo tablets under sing/a­
b/ind conditions tor 4 weeks (Regimen B). Patients with mean SUDBP 95-
114 mmHg after 4 weeks of single-blind Atencio/ were randomly assigned 
to 1 to 4 treatment groups a:id given double-blind drug. 

cJrug-Regimen Protocol (Regimen C). Patients who qualified tor 
randomization received Atencio/ 50 mg + Nisoldipine (20 mg, 40 mg, or 60 
mg ) or Atenolo/ 50 mg + placebo for 6 weeks. 

Drugs for the double-blind period (Regimen C) contained encapsulated :< 

Atencio/ 50 mg with one of the following : 

One Nisoldipine 20 mg tablet and 
one placebo tablet once daily for 6 weeks 

One Nisoldipine 20 mg tablet and 
One placebo tablet once daily for 1 week 

Forced titrated to 
One Nisoldipine 40 mg tablet and 
One placebo tablet once daily for 5 weeks 

One Nisoldipine 20 mg tablet and 
0010 placebo tablet once daily for 1 week 

r Ot'Ced titrated to 
One Nisoldipine 40 mg tablet and 
One placebo tablet once daily for 1 week 

Forced titrated to 
Two N1sold1p1ne JO '11~~ tablets once daily for 4 weeks 

Two placebo L1l1lets onC'e dally for 6 weeks 



The ;:;tudy dssign is illustrated in the following graph 
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Removal of patients from Study or :;.na!ysjs .. Patients could leave the 
study at any time if they s.J wished. Patients could be discontinued if they 
had significant physical or laboratory abnormalities, or if they had 
significant concurrent illness or deterioration of their condition. Patients 
could also be withdrawn if they were blatantly non-compliant. Patients 
with signifier.mt adverse events and those patients with elevations in 
SUDBP > '14 mmHg were also discontinued from the study. 

Statisticfil Jethods. All statistical tests were two-tailed and were 
conducted at a significant level of 0.05. Pairwise comparisons and Nithin­
group changes were tested via the least square means estimated by ths 
model. 

Results .. Demographic Characteristics. The demographic characteristics 
are given in the following table : 

Atenolol+ Atenolol+ Atenolol+ Atenolol+ 
Nis 20 mg ,-Jis 40 mg Nis 60 mg Placebo 
n-61 n-59 n-59 n-59 

Mean Age (years) 52 54 56 54 
Mean wt (lbs) 201 198 198 195 
Baseline BP (mmHg) 
Supine 159/101 159/101 162/101 156/110 
Standing 154/102 157/103 156/1 03 152/101 
%Male 79 73 70 64 
% Caucasian 61 53 58 5~ 

% Diabetic 8 9 1 4 1 2 
% Mild Hypertensive 60 56 51 59 
0/o Moderate 
Hypertensives 40 44 49 41 

The sponsor states that th9re were no statistically significant 
ditterences between the groups for any of the characteristics examined. 

Assessment. Patients were seen in the morning at weekiy and biwf:1ekly 
intervals A history complete physical examination and 12-lead 
electrocardiogram were taken in the firs visit, at baseline (after 4 weeks 
of Atenolol) and at the !ast visit on duuble-blind drug. Elactrocardiograms 
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were included in visits 7 and 8. Twenty-four hour ambulatory electrocar­
cardiograms were taken at some centers. on weeks 4.5 after 3 weeks of 
single Atenolol and at 8.5 weks of double-blind therapy. Chest X-ray were 
taken after 2 weeks on placebo. 

Laboratory tests performed in the course of the study included blood 
hematology, serum electrolytes, battery of liver function tests, and 
urinalysis. 

At the end of the single blind Atenolol phnse and at the end of the double­
blind phase blood was taken at trough for Nisoldipine assay. 

At each visit vital signs were taken. 

Criteria for Effectjyeness. The change from baseline in SUDBP was the 
primary efficacy variabie in this study. The primary time point was the . 
endpoint which was defined as the last double-blind visit for all valid 
patients. A valid patient was one who had at least 3 weeks of double-bli{ld .. 
drug. This criterion was !ater amended before braking the random code to 
19 days. The overall treatment sfficacy was determined by the change 
from baseline in trough SUDBP at endpoint between the avel'8ge of the 
three Atenolol-Nisoldipine groups and the Atenolol-Placebo group. 
Secondary efficacy parameters were supins systolic blood pressure 
chang .,~ trough, standing blood pressure changes at trough,, and 
amb' y blood pressure troughlpeak ratios. 

An average decrease in diastolic blood pressure of at least 5 mmHg more 
than placebo was considered to be clinically meaningful. The actual power 
for the study was >95 o/o. 

The disposition of the patients !s given in the following flow-sheet 



Placebo 
Run-in 
teriod 

418 
1--------------iPatlents 

Enrolled 

1--------1Dropouts 
105 
Patients 

Atenolol 
50 mg 

313 
------------lPatients 

Dropouts 
------162 

Patients 

251 
Randomization ----------lPatients 

Atb.10101+ 
NIS 20 mg 
62 Pa ients 

61 

Atenolol+ 
NIS 40 mg 
63 Patients 

59 
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Atenolol+ 
Nls 60 mg 
64 Patients 

53 

Atenolol + 
Placebo 
62 Patients 

!Dropouts / 

59 



The reasons because the patients were withdrawn from the placebo run-in 
period are given in the following Table 

Mean SUDBP at visit 3 <100 mmHg or > 119 1nmHg 
Mean SUDBP > 119 mm Hg during placebo run-in period 
Adverse event during placebo run-in period 
Other illness 
Abnormal laboratory value 
Abnormal electrocardiogram 
Noncompliance 
Investigator discretion 
Consent withdrawn 
Lost to follow-up 

Total 

=58 
= 6 
=10 
= 3 
= 4 
= 2 
= 3 
= 5 
= 9 
~ 

105 

Patients withdrawn during the single Atenolol period and therefore not 
randomized : 

Mean SUDBP at visit 5 <95 mmHg or > 114 mmHg 
Mean SUDBP > 114 mmHg on 2 consecutive visits 
after placebo run-in 
Adverse Event 
Other illness 
Abnormal electrocardiogram 
Noncompliance 
Investigator discretion 
Consent withdrawn 
Lost to follow-up 
Enrolled after enrollment date 

Total 

=37 

= 4 
= 4 
= 2 
= 1 
= 1 
= 4 
= 4 
"' 2 
=--.a 

6'." 

The reasons for invalidity for patients that were withdrawn during the 
treatment pAriod are given in the following table : 
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Drug Group 

Atenolol + NIS 20 mg 

Atenolol + NIS 40 mg 

,\tenolol + NIS 60 mg 

Atenolol + Placebo 

Total 

Number of 
Patients 

1 

4 

4 

1 

2 

1 

13 

Reasons for Invalidity 

Less than 19 days on 
double-blind drug 
Less tlian 19 days on 
double-blind drug 
Less than 19 days on 
double-blind drug 
Visit 5 diastolic BP 
not between 95 and 
114 mmHg 
Less than 19 days on 
double-blind drug 
Visit 5 diastolic BP 
not between 95 and 
114 mmHg 

Effectiveness. The change from baseline in trough blood pressure by 
treatment for all patients valid for analysisof efficacy are given in the 
following tables 
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I 
I 
I Drug 

Group -AiN+NIS 
20 mg 
N 
Eiaseline 
BP 
Mean 
Change 
SE 
ATN+N1S 
40 mg 
N 
Baseline 
BP 
Mean 
Change 
SE 
ATN+NIS 
60 mg 
N 
Baseline 
BP 
.v1ean 
Change 
SE 
ATN+PL 
N 
Baseline 
BP 
Mean 
Change 
SE 

I 
L ___ .. 

Visit 6 
Week 1 

58 

, 00.56 

-8.53*r. 
0.85 

57 

100.75 

-8.52*C 
0.86 

56 

101.12 

-9.72*C 
0.87 

58 

99.93 

-4.00* 
0.85 

Supine Diastolic 

Visit 7 Visit 8 Visit 9 Endpoint 
Week 2 Week 4 Week 6 

61 61 e1 61 

100.56 100.56 100.57 100.56 
0.88 0.88 

-9.80*C -9.10*AB -10.09* -10.09* 
0.78 c ABC ABC 

0.89 0.88 0.88 

58 57 58 
58 

100.75 100.77 100. 75 
100.75 

-11.26*C -12.75*C -12.69*C 
0.81 -12.87*C 0.92 0.91 

0.92 

59 57 59 
58 

101.11 101.27 101.11 
101.00 

-12.1!'i*C -14.36*(; -14.24*C 
0.80 -12.82*C 0.91 0.90 

0.92 
59 59 59 

59 
99.93 99.93 99.93 

99.93 
-4.31* -4.29* -4.28* 
0.80 -4. 61. 0.90 0.90 

0.91 



; 

Drug Visit 6 Visit 7 Visit 8 Visit 9 Endpoint ' 

Group Week 1 Week 2 Week 4 Week 6 

-ATN+NIS 
20 mg 
N 61 61 61 61 61 

I Baseline 
BP 158.71 158.70 158. 70 158.71 158.70 
Mean 
Change -10.82*C -12.96* -13.30* -13.14* -13.15* 
SE ABC BC ABC ABC 
ATN+NIS 
40 mg 
N 58 58 58 57 58 
Baseline 
BP 158. 78 158.71 158.77 158.97 158.77 
Mean 
Change -12.93*C -19.04*C -19.03*C -20.09*C -19.83*C 
SE 2.01 2. 11 2.29 2.05 2.05 

ATN+NIS 
60 mg 

N 58 59 58 57 59 
Baseline 
BP 
Mean 161.46 H31.58 161.70 162.01 161.58 
Mean 
Change -12.29*C -20.38*C -21.00*C -23.43*C -23.09*C 
SE 2.00 2.08 2.28 2.03 2.02 
ATN+Pla 

N 59 59 59 59 59 
Baseline 
BP Mean , 56.30 156.29 156.29 156.28 156.29 
Mean 
Change -3.78 -2' 5, -0 .02 -0.87 -0.85 
SE , . 99 2.09 2.26 2.01 2.02 
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Standing Diastolic 

ATN+NIS 
20 mg 
N 61 61 61 61 61 
Baseline 
BP 10~.15 102.1 6 1C2.16 102.16 102.16 
Mean 
Change -7.5o·c -8.46*C -7.90. -8.93. -8.93. 

ABC ABC ABC 
SE 0 87 1 .00 0.89 0.89 0.89 
ATN+NIS 
40 mg 
N 58 58 58 57 58 
Baseline 
BP 103.42C 103.43C 103.43C 103.45C 103.43C 
Mean 
Change -8.55·c -12.23·r, -12.35·c -15.oo·c -14.93.C 
SE 0.89 1.02 0.92 0.93 0.91 
ATN+NIS 
60 mg 

N 58 59 58 57 59 
Bc:i.seline 
BP 102.97 102.94 102.97 103.18 102.94 
Mean 
Change -8.55*C -12.23*C -12.35·c -15.oo·c -14.93*C 
SE 0.89 1.02 0 91 0.91 0.91 
A TN+ Pia 
N 59 59 59 59 59 
Baseline 
BP 101.13 1 0 1 13 101 1 3 101.12 101.13 
Mean 
Change -3.29" -4.24" -3.19" -1.96* -1.95* 
SE 0 89 1 02 0. 91 0.91 0 .91 

L... 
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Standing Systolic 

Drug Visit 6 Visit 7 Visit 8 Visit 9 Endpoint 
Group Week 1 Week2 'heek4 Week 6 

ATN+NIS 
20 mg 
N 61 61 61 61 61 
Baseline 
BP 152.33 152.23 152.23 152.20 154.37 
Mean 
Change ·10.69*C -11.17* -11.20* -10.97* ·10.97* 

ABC ABC ABC ABC 
SE 2.00 2.10 2.17 2.04 2.00 

ATN+NIS 
40 mg 

N 58 58 58 57 58 
Baseline 
BP 156.89 156,87 156.87 156.85 156.87 
Mean 
Change -13.25*C -17.66*C -21.52*C -22.35* -22.38*C 
SE 2.10 2.18 2.25 2.13 .t!.11 
ATN+NIS 
60 mg 
N 58 58 58 57 59 
Baseline 
BP 156.17 156.30 156.33 156.73 156.30 
Mean 
Change -11.16*C -19.76*C -20.50*C -22.36*C -22.10*C 
SE 2.08 2.15 2.24 2.12 2.08 
ATN+Pla 
N 59 59 59 59 59 
Baseline 
BP 152.23 152.23 152.23 152.20 152.23 
Mean 
Change -3. 1 7 -1 .42 -0. 90 1 .88 1.89 
SE 2 07 2.15 2.22 2.0S 2.09 
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P-values 
Visit 6 Visit 7 Visit 8 Visit 9 Endpoint 
Week1 Wftek2 Week 4 

Drug* 
Center 0.0203 0.6905 0. 1363 
NIS vs 
PLA 0.0001 0.0001 0.0001 
20 mg vs 
PLA 0.0002 0.0001 0.0004 
40 mg vs 
Pia 0.0003 0.0001 0.0001 
60 mg vs 
Pia 0.0001 0.0001 0.0001 

A: Significantly different from ATN+NIS 40 mg OD 
B. Significantly different from ATN+NIS 60 mg 
C. Significantly different Iron ATN+Pla 
• Significant change from baseline 

Week 6 

0.1813 0.1478 

0.0001 0.0001 

0.0001 0.0001 

O.G'.>01 0.0001 

0.0001 0.0001 

The effect of Nisoldipine on trough SUDfl'.'.> during the course of the double­
blind treatment is shown in the following table : 

Placebo Substracted Change in SUDBP 
Mean in mmHg 

NIS Dose 
Week 1 Week 2 Week 4 Week 6 

20 mg -4.53* -5.49* -4.49* -5.80* 
40 mg -4.52* -6. 95• -8.26* -8.46* 
60 mg -5. 72* -7 .84 -8.21 * -10.07* 

• Denotes values when Nisoldipine blood pressure responses are 
significantly different from placebo, <0.05 

29 

-



. . . 
. ~ . " . I 

..... '· \ \ . . .. . >«\} ··t:- . • • , r•. { 
' ~ . " . - - . 

' ~ . . 
, ' . ... - " -

I 

The changes from baseline to endpoint in trough blood pressure, men and 
SEM in mmHg are given in the following table : 

ATN+PLA ATN + ATN+ ATN+ 
NIS 20 mg NIS 40 mg NIS 60 mg 

n=59 n-61 n-58 n-59 

SUDBP -4.28±0.90 -10.08±0.98 -12.69±0.9. -14.24±0.9. 

SUS BP -0.85±2 -13.15±2AB -19.83±2· -23.1±2. 

STDBP -1.95±0.91 -8.93±0.9AB -13±0.92. 15±0.91. 

STSBP +1.89±2.09 -11 ±2.03• -22.38±2.1 • -22. 10±2. 1 • 

."'. denotes values NIS 20 mg significantly different from placebo,p<0.05 
B denotes values NIS 20 mg significantly different from Nisoldipine 60 
mg<0.05. 

ATN+PL:A ATN+NIS ATN+NIS ATN+NIS 
20 mg 40 mg 60 mg 

Trough 0/o Patients 0/o Patients % Patients o/o patients 
response 
mmHg 
SUDBP 590 32.2 55. 7• 67 .8* 66.1 * 
Fall in 23.7 so.a· 67.8* 74.6* 
SUDBP 
?10 
SUDBPs90 or 39 63.9. 74.6* 78 
Fall in 
SUDBP ;?;10 
SUDBP 590 16.9 42.6· 61 • 62.7* 
and fall in 
SUDBP?10 . 
• p <0.01 vs placebo 
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At 8 centers ambulatory blood pressure monitoring (ABPM) was done after 
3 weeks on single blind Atenolol and after 5 weeks of double-blind 
therapy. Smoothed and unsmoothed means for the ambulatory data are 
shown in the graphs in the following two pages : 
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The placebo-substracted trough SUDBPs are showed 1n the following graph 

~ 

MEAN TROUGH SUPINE BP CHANGES FROM BASELINE 
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The trough and peak ambulatory blood pressure changes a11d trough to peak 
ratios for patients valid for efficacy analysis are given in the followinlJ 
table : 

Smoothed Data - Difference from Placebo Group 

Trough Peak Hours to Trough to 
mm Hg mm Hg Peak Peak 

Ratio 
Variable Drug 
Diastolic ATN+NIS -5.0 ·9.4 3 53% 

20 mg OD 
ATN+NIS 
40 mg OD -12.8 · 13.1 23 97°/o 
ATN+NIS 
60 mg OD -12.9 · 1 3 1 99%. 

Systolic ATN+NIS 
(at corres- 20 mg OD -11. 7 -13 .6 3 • 86o/o -
ponding ATN+NIS 
diastolic 40 mg OD -22.0 -22.0 23 100o/o 
peak) ATN+NIS 

60 mg -17.9 -19 .0 1 94% 
Systolic ATN+NIS 
(actual) 20 mg OD -11 . 7 -14.0 5 83% 

ATN+NIS 
40 mg QD -22.0 -22.0 24 100% 
ATN +NIS 
60 mg QD -17. 9 -22.3 6 800/o 

Pharmacodynamjc Results. Trough plasma samples were drawn at visits 5 
and 9. Visit 9 samples for all patients were analyzed for Nisoldipine. The 
results for patients whose treatment regimens did include Nisoldipine are 
shown in the following table : 
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Mea~ Trough 

I 
Rangb of Trough 

Concentration Concentrations 
.. n ! (ng/ml) (ng/ml) " 

AT+NIS 20 mg 57 1 6 0-7.41 
AT+NIS 40 mg 55 2.5 0-1 2. 0 
AT+NIS 60 mg 59 3 3 0-10.40 .. 

Conclusions. In th s protocol Atenolol was used as a positive control and 
studies were performed with Atenolol 1n combination with placebo a11d 
with NIS in the concentrations of 20 mg, 40 mg and 60 mg. Atenolo with 
placebo had not significant effect in blood oressure but in combination 
with NIS demonstrated significant nyootensive effects in relation with 
the concentration of NIS. Th ref ore the poss1b1lity of drug inter'" ~tion 
should be considered. Measurements of NIS :n plasma were performed and 
they increased as would be expected with incre'.lsing concentrations of NIS 
and in relation to their effects on blood blood pressure but unfortunately 
concentrations of Atencio! in plasma were not measured. In other studies 
the sponsor did not find clinically relevant drug interaction betweeit f: _ 
NisolGipine, and the beta blocker Propanol (study 704, P8#21521, Volume 
142, pp. 08-17-0010374 ). However some studie$ in the literature do not 
agree w:th this conclusion. 

Elliott et al studying the interacticns between Nisoldipine and Atencio! 
and Propanolol found that Nisoldipine, in single and multiple doses, 
significantly increased the per': plasma concentration of Propanolol and 
Atenolol. There was no evidence that either beta blocker influenced the 
pharmacok1netics of Nisoldipine. (The interactions between Nisoldipine 
and two beta-adrenoceptor antagonists : atenolol and propanolol. 
H.L.Elliott et al. Brit J Clin Pharmacol 1991 ;82(6):379-85). 

Levine et al demonstrated pharacodynamic and pharmacokinetic 
interactions between l'Jisoldipine and Propanolol (MAH Levine et al. 
Pharmacokinetic and pharmacodynam1c interactions between Nisoldipine 
and Propanolol. Clin Pharmaco1 Ther 1988; 43:39-48). 

These contrad1ct1011s could have be0r clarified had the sponsor included in 
this protocol a true piacbebo gro::D , .. ,~ -;rouos of Nisold1p1ne without 
Atenoio1 Plasma lev\;ls of P.tenoloi s:o,;!d r:ave been also measured 
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Protocol 090-019 

Tjt!e of Study : • A Double-Blind Randomized Study of the Safety and 
Efficacy of Once Daily Doses of Nisoldipine Coat-Core Tablets 30 mg, 60 
mg (2X30) and 90 mg (3X30) vs Placebo .1 Hypertensive Patients •. 

Erinci_Q.al Investigators .. 

R. Towsend, M.D, 
Galveston, TX 

R.J.Weiss, M.D. 
Auburn, ME 

P. Ratner, M.D. 
San Antonio, TX 

A. Jain, MD 
New Orleans, LA 

L. Gilderman, D.D. 
Pembroke Pines, FL 

S. Glasser, M.D. 
Tampa, FL 

T. Littlejohn, M.D. 
Winston-Salem, NC 

M. Zinny, M.D. 
Brighton, MA 

B. Eideison, M.D. 
Absecon. N.J. 

A. Lewin, M.D. 
Los Angeles, CA 

M. Weber, M.D. 
Long Beach, CA 

G. Neri, Jr., M.O. 
Chicago, II. 

D. McCluskey, M.D. 
Mogadore, OH 

T. Fagan, M.D. 
Tucson, AZ. 

H. Serfer, M.D. 
Hollywood, Fl 

R. Reeves, M.D. 
Olympia, WA 

Objectives. The objectives of this study were : 

1. To determine the antihypertensive efficacy and safety of NIS 
tablets in doses of 30 mg. 60 mg and 90 mg daily in patients with 
mild to modc:rate hypertension. 
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2. To assess the time and magnitude of peak blood pressure response 
and the ratio of trough to peak antihypertensive effect by 24-hour 
ambulatory blood pressure monitori'ng. 

loclusjoo Criteria. Ambulatory patients, male and female, 21 to 75 years 
of age, with a history of mild to moderate essential hypertension were 
eligible for the study. 

Exclusion Criteria. Patients with the following conditions were excluded 
from n1e study : labile hypertension, renovascular or other secondary 
forms of hypertension, patients whose SUDBP after 3 and 4 weeks of 
placebo run-ir. were not ~100 or::; 114 mmHg, previous myocardial 
infarction or cerebrovascular accident, heart failure, frequent 
arrhythmias. conduction disturbances, angina pectoris, use of other 
antihypertensive drugs, and many other drugs. 

Also excluded were patients with failure of a major organ system, liver; 
kidney disease, malignancy or psychosis, patients with previous history of 
gastrointestiric1I disease which could result in incon .,·1\ete absorption of 
the drug, women with childbearing potential, patients with alcohol or drug 
abuse, or allergy to dihydropyridines 

Studv Pesjw_o. . The study consisted of a single-blind placebo run-in period 
and a treatment period. 

Placebo Run-in Period. During this period of 4 weeks duration pacients 
discontinued all previous antihypertensive medication and were given a 
single-blind placebo which consisted of 3 tablets once a day in the 
morning for a 4-week qualifying run-in period. Then patients with 
confirmed hypertension, with a trough SUDBP ;?100 to s 114 mmHg after 3 
and again attar 4 weeks of placebo and whose SUDBP at these 2 visits 
were within 7 mmHg of each other were admitted into the treatment 
period. 

Treatment Period. After four weeks of single-blind placebo patients with 
confirmed hypertension were randomized to one of three treatment groups: 
Placebo, Nisoldipine 30 mg or Nisoldipirie 60 mg. Patients randomized to 
placebo received placebo for the remainder of tha study. Placebo 
randomized to Nisoldipine 30 mg received the same dose for the remainder 
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of the study. Patients randomized to Nisoldipine 60 mag were given 
Nis-. '-ii pine 30 mg for one or two weelts and the dose was titrated to 
Nisoldipine 60 mg (2X30) for the final 4 to 5 weeks of the double-blind 
treatment. A group of patients was to be titrated to 90 mg (3X30) but this 
arm was disccntinued before any patients were randomized because a 
concurrent high-dose forced-titration clinical pharmacological study 
showed evidence of symptomatic T wave flattening/or inversion 
predominantly at doses above Nisoldipine 60 mg. 

The study design is shown schematically in the following graph 

Nisoldipine 30 mg 
11-----1-----1-----1-----1-----1-----! I 
I 

Placebo Run-in I Nisoldipine 60 mg 
11-----1-----1-----1--- --11-----1-----1-----1-----1-----1-----11 
Period I 

I Placebo 
11-----1-----1-----1-----1-----1-----11 

Double-Bl',1d 

Regimen B 8,C B.C B,C B,C 
A A A A 8 or C or D or D or D or D 

11-----1-----1-----1-----11-----1-----1-----1-----1-----1-----1 i 
1 2 3 4 5 6 7 8 9 10 

Week 

Group 

NIS 30 mg 
NIS 60 mg 
Placebo 

Regimen 
B 

30 mg 
30 mg 
Placebo 

Regimen Regimen 
c D 

30 mg JO mg 
60 mg 60 mg 
Piacebo Placebo 
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Demography. The demography and baseline characteristics in patients 
valid for analysis of efficacy is given in the following table : 

NIS 30 mg NIS 60 mg Placebo 
N=76 N=66 N-71 

>----· 
Mean Age 
(years) 52 52 52 

Mean wt (Lbs) 197 197 202 

Baseline BP 
Supine 157/104 158/1 05 155/104 
Standing 1 53/~ 04 154/104 151/103 

History of 
Hypertension 
(years) 1 : 9 1 0 

0/o Male 61 56 52 

0/o Caucasian 58 58 72 

0/o History of 
Diabetes 9 1 1 1 3 

0/o History of 1 3 1 2 8 
Hyperlipidemia 
0/o History of Ml 0 2 1 

0/o Mild 
Hypertensives 62 58 70 
0/o Moderate 
Hypertensives 38 42 30 
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The distribution and randomization of ratients is seen in the following grapl 

Placebo 309 
Control i-----------..iPatients 
Period Enrolled 

221 
Randomization i-----------1Patients 

[DrO;-i 
~ 

Nisoldipine 
30 mg 

76 

73 

Nisoldipine 
60 mg 

73 

61 

40 

Dropouts 
88 

lf"lacebn 
72 
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The listing of patients who did not qualify for randomization is given in 
the following table : 

Mean supire diastolic blood pressure 
at visit 4 and at visit 5 did not qualify 
Adverse events 
Low diastolic blood pressures 
Patient request 
Blood pressure too high 
Elevated serum transaminase levels 
Childbearing potential 
Elevated serum lipids 
Family considerations 
Illness not due to study medication 
lntercurrent medical considerations 
Administrative problems 
Change in supine diastolic blood pressure 
> 7 mmHg fr'lm visit 4 to visit 5 
Low hemoglobin/hematocrit 
Protocol violation 

Total 

45 
7 
6 
6 
5 
5 
2 
2 
2 
2 
2 
1 

1 
1 
1 

88 

The reasonc for discontinuation of double-blind therapy population in all 
randomized patients are given in the following table 

Reason 

Adverse Event 
Lack of effico.cy 
Physician dissatisfied 
with treatment 
Patignt dissatisfied 
with treatment 
1.ost to follow-up 

Nisoldipine 
30 mg 60 mg 
N-76 N-73 
1 1 1 
1 0 

0 1 

0 0 
1 0 

Placebo 

N-72 
3 
2 

2 

2 
0 

The listing of dropouts due to adverse events for patients valid for safety 
c:nalysis is given iri <he fol:owing table 
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Drug Group Adverse Experience Day of Dose/ Intensity/ 
Causing Patient to Onset Duration Relation-
Drop (Days) ship to 

Drug 

Placebo EKG abnormality -1 Pla/1 Mild/ 
Remote 

Cardiac arrest 24 Pla/1 Severe/ 
Remote 

Frontal headaches 28 Pla/>3 Severe/ 
Possible 

Nisoldipine Edema lower extremity 24 30 mg/ Moderate/ 
>7 Probable 

Severe headache 3 30 mg/ Severe/ 
>11 Possible 

Headache -1 Pla/5 Severe/ 
Possible 

Severe headache 0 30 mg/7 Severe/Pas 
2+ ankle edema. 24 60 mg/ Moderate/ 
bilateral 1 0 Probable 
3+ pretibial edema, 24 60 mg/ Severe/ 
bilateral 10 Probable 
Trace edema, 
bilateral 24 60 mg/ Mild/ 

10 Probable 
Atypical chest pain 9 60 mg/5 Mod/Poss 
Headache 12 60 mg/ Severe/ 

> 1 Possible 
3 + ankle edema 33 60 mg/ Severe/ 

>3 Possible 
Headache, vomiting 7 60 mg/ Severe/ 

1 Possible 
Headache 12 60 mg/>1 Sev/Rem 
Confusion, 0 30 mg/>1 Sev/Rem 
Nausea, 0 30 mg/3 Mild/Prob 
Headache 6 30 mg/2 Mod/ 

Probable 
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Effie~ 

Actual Dosage and 011ration of Treatment. Patients were to receive 
Nisoldipine 30 mg, 60 mg or Placebo over a 6 week double-blind treatment 
period. Upward titration from Nisoldipine 30 mg to Nisoldipirie 60 mg was 
required in the Nisoldipine 60 mg group after one or two weeks of double­
blind medication if trough SUDBP was greater than or equal to 80 mmHg. 
Placebo and Nisoldipine 30 mg underwent sham titration. The following 
table shows the number of patients that were given each dose level and 
had valid visits at each week for the population of patier.ts valid for 
efficacy 

Double-Blind Visit 
Week of Double­
Blind Therapy 
Group Regimen Oose 

Nis 30 mg B (30 mg qd) 

C (30 mg QD) 

NIS 60 rng B (30 mg QD) 

C (60 mg QD) 

Placebo B (Placebo) 

C (Placebo) 

6 

1 
N 

7 

2 
N 

8 

3 
N 

9 

4 
N 

1 0 

6 Endpoint 
N N 

(%} (o/o} {%} (%) (o/o) (O/o) 

75 10 
(100)(13) 

66 
( 8 7) 

65 7 
(100)(11) 

59 
189) 

71 6 
(100) (81 

65 
( 92) 

4 

( 5) 
71 
(95) 

5 
( 8} 
59 

(92) 

2 
( ::, ) 
65 
( 97) 

3 
(4) 
71 
(96) 

5 
(8) 
59 
(92) 

2 
(3) 
64 
(92) 

3 
(4) 
70 
(96) 

4 
(6) 
58 
(94) 

2 
(3) 
62 
(97) 

3 
(4) 
73 
(96) 

5 
( 8) 
61 
(92) 

2 
(3) 
69 
(97) 

Analysis of Effectiveness. Two hundred thirteen of the 221 enrolled 
patients had at least one valid blood pressure measurement after 
randomization c,,1d were included in the primary efficacy analysis 
(endpoint} 76 were randomized to the Nisoldipine 30 mg group, 66 were 
randomized to the N1soldip1ne 60 mg group. and 71 were randomized to the 
placebo group. 
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Trough raw means of blood pressure at each visit as well as at endpoint 
are given in the following table 

Supine Standing 

NIS NIS Placebo NIS NIS Placebo 
30 mg 60 mg 30 mg 60 mg 

Base- 1581 158/ 1551 1 54/ 1 55/ 1 52/ 
line 104 105 1 04 1 04 104 103 
(N) ( 76) ( 66) ( 71 ) (76) (66) ( 71 ) 

Week 1 148/95 146/94 152/98 i 44/96 142/94 1491 
( N) ( 7 5) (6 5) ( 71 ) (75) (65) 100 

( 71 ) 

Week 2 147/93 141/90 152/98 1 43/95 139/91 149/99 
(76) ( 66) ( 71 ) (76) (66) ( 71 ) 

Week 3 144/92 139/89 149/97 140/93 136/90 148/98 
(N) (75) (64) (67) (75) (64) (67) 

Week 4 142/92 139/87 1 52/98 140./93 135/87 150/99 
(N) ( 7 5) (64) (66) (75) (64) (66) 

Week 6 145/92 140/89 152/98 140/94 135/90 1 49/ 
(N) (73) (62) (64) (73) (62) 100 

(64) 
End- 1 46/93 141/90 154/99 1 41 /94 137191 1 50/ 
point 101 
(N) ( 76) (66) ( 71 ) (76) (66) ( 71 ) 

Mean changes (mmHg) in SUDBP at endpoint for patients wit mild (baseline 
SUDBP;:: 100 to-:; 104 mmHg)and moderate (baseline SUDBP;:: 105 to :5 114 
mmHg) hypertension are shown in the followings table and figure: 

N1soldioine 30 m!J Nisoldioine 60 m!J Placebo 
(N) Change (N) Change (N) Change 

Mild 47 -11.3 38 -15.7 50 -6.0 
Moderate 29 -11.7 28 -14.0 21 -2.3 
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The 24-hour ambulatory blood pressure profile of mean systolic and 
diastolic blood pressure responses for the three treatment groups are 
shown in the following graph : 

Smoolh of Mean Chance from Baielln• of Ambulalory Blood Prse1ure 
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The ambi..latory blood pressure falls and trough to peak ratios change from 
placebo for patients valid for efficacy analysis are given in the following 
tabl& : 

Peak Trough• Trough to Peak 
N Hour val Je • (mmHg) ratio 

(mmHg) 
Diastolic BP 

NIS 30 mg 39 13 12.13 9.52 78% 
NIS 60 mg 29 4 i 5.24 14,22 93 % 

Systolic BP (at corresponding tim'3 of diastc,.'.:; peak) 
NIS 30 mg 39 13 17.46 14.52 83% 
NIS 60 mg 29 4 23.13 17.66 76 °/o 

Systolic Blood Pressure ( actual ) 

NIS 30 mg 39 13 17.46 14.52 83 °/o 
NIS 60 mg 29 5 23.71 1 '7.66 75% • 

·change from placebo, baseline corrected 

The mean changes from baseliie in diastolic blood pressure over the 24-
hour period of ambulatory blood pressure were -8.6 mmHg for Nisoldipine 
30 mg, -12.0 mmHg for Nisoldipine 60 mg and +0.7 mmHg for placebo. 

Pharmacokjnetjcs Results. Trough blood samples were drawn at all 16 
centers at visits 5 an 10. Seven centers also drew blood samples at visit 
10.1 at 2 and 12 hours post-dosing. Samples were assayed for Nisoldipine 
blood levels. Results are presented in the following table : 
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NIS 30 mg: 
Trough 
2 hours post dosing 
12 hours post dosing 

NIS 60 mg: 
Trough 
2 hours post dosing 
12 hours post dosing 

N 

68 
27 
27 

55 
27 
26 

Mean Concentration 
(SD) ng/ml 

1 .5 (1.3) 
2.3 (1.9) 
2.1 (1.2) 

3.2 (2.8) 
6.0 (5.2) 
4.9 (2.8) 

Change in SUBP 
(Sys to I ic/ Dias to I ic) 

in mmHg 

-12/-11 
-17/-15 
-19/-17 

-17/-16 
-20/-19 
-21 /-22 

There was a statistically significant corre!ation between plasma 
concentration and change from baseline to endpoint in supine diastolic 
blood pressure at trough. The greater the correlation, the greater was the 
decrease in supine diastolic blood pressure. Twenty percent of the 
variability in the observed change in supine diastolic blood pressure was 
explained by plasma concentration. 

Assessment. The results of this study indicate that Nisoldipine, at the 
dose of 30 mg and 60 mg daily once daily, is effective in reducing systolic 
and diastolic blood p1 essufe at trough in patients with mild to moderate 
hypertension. The reductions in systolic and diastolic blood pressure were 
greater than 50 percent of peak effect at trough. Furthermore, ambulatory 
measurements of blood pressure for 24-hours demonstrated that 
reductions in blood pressure in Nisoldipine-treated patient was 
maintained through the hours of observation. The effect was more 
effective with the 60 mg of Nisoldipine •han with the 30 mg dose and in 
the latter more effective than placebo. Pharmacokinetic studies 
demonstrated that effect on diastolic blood pressure was proportional to 
the concentration of Nisoldipine in blood. 

Side effects were significantly increased by drug administration as 
compared to control and were greater with the 60 mg Nisoldipine dose 
than with the 30 mg. Adverse events are to be discussed by another 
reviewer. 
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Protocol D89-039 

Title of Study;.: • Comparative Double-Blind Study of the Sa!ety and 
Efficacy of Once Daily Doses of Nisoldipine 20 mg. 40 mg, 80 mg Coat Core 
(CC) Tablets vs a Twice Daily Dose of Verapamil SR 240 mg caplets vs 
Placebo in Hypertensive Patients ". 

prjncjpal Investigators and Sites of lnyestjgatjon : 

J Applegate, MD 
Family Care 
Wyoming, Ml 

A Synhavsky, MD 
Kidney Disease and Critical Care 
Associates, P.A. 
Minneapolis, MN 

W Flamembaum, MD 
Health and Science Research Inc. 
Englewood, NJ 

C Price, MD 
Delray, FL 

J .'.ngelo, DO 
New Orleans Institute for 
Clinical Investigation 

R Goldstein, MD 
Tampa, FL 

R McDonald, MD 
Littsburgh, PA 

D Ginsberg, DO 
Harleysville, PA 
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J Levine, MD 
Clinical Research Associates 
Nashville, TN 

L Warrick, MD 
The Jackson Foundation 
Madison, WI 

J Douglas, MD 
Case Western Reserve 
University Hospitals 
Cleveland, Ohio 

D Cassidy, MD 
C Steiner, MD 
Cardiology Center 
Marrero, LA 

V Canzanello, MD 
Division of Nephrology 
Department of Medicine 

.i 

Bowman Gray School of Medicine 
Winston-Salem, NC 

D Wombolt, MD 
Norfolk. VA 

D Mccarron. MD 
F~1sl< Factor Clinic 
l)ort!ano. OR 



G Neri, MD 
Clinical Research Center 

Chicago, IL 

Objectives. The objective of this study was to determine the efficacy and 
safety c1 once daily doses of Nisoldipine 20 mh, 40 mg and SO mg to a 
twice daily dose of Verapamil 240 mg and to Placebo in patients with 
mild to moderate hypertension. 

Inclusion and Exclu~ion Criteria. Ambulatory male and female patierts, 21 
years of age or older, with history of mild to moderate hypertension, were 
eligible for enrollment 1n this study. 

Patients with the following conditions were excluded from this study : 
recent myoca"dial infarction or cerebral vascular accident ; herat failure, 
major arrhythmias, conduction distrurbances, angina pectoris, sinus 
bradycardia or severe left ventricular dysfunction ; patients with 
impa1rnd absorption of the drug ; females pregnant or with childbearing •. 
potential ; patients with failure of a major organ system such as liv81'l' ~ 
renal disease, malignancy or psychosis ; alcohol abuse or drug intake ;:· 
allergy to dihydropyridines, verapamil or other antagonists ; also 
excluded were patients who participated in another investigational drug 
study 'Nithin the previous 30 days. 

Study Design. The study consisted of a single-blind run-in period and a 
treatment period. 

Single-Blind Run-In Period. Patients were given two placebo tablets and 
one placebo capsule in the morning and anothe placebo-capsule in the 
evening each day during a 4-week single-blind-run-in period. Drug for the 
single-blind placebo rur-in period was labeled as Regimen A. 

Qualification for Randomization. Patients whose mean SUDBP (the average 
of 3 readings over a five minute period in the supine position} were 95-
114 mmHg after 3 and afte~ 4 weeks on placebo and whose SUDBP after 3 
and 4 weeks on placebo were within 7 mmHg of each other were eligible 
for randomization. 
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Double Blind Treatment Period. After the placebo run-in period, a forced titration was designed as 
follows : Regimen B : Nisoldipine 20 mg, Verapamil 240 mg qd or Placebo which patier1ts took for 
one week: Regimen C Nis1Jldipine 20 mg, Nisoldipine 40 mg, Verapamif 240 mg twice daily or 
Placebo which patients took for one week ; Regimen q : N'soldipine 20 mg, Nisoldipine 40 mg, 
Nisoldipine 80 mg (2 X 40 ), Verapamil 240 mg twice daily or Placebo which patients took f1Jr 6 
weeks. After 8 weeks of double-blind drug, patients given Nisoldipine or Verapamil continued on 
the same drug regimen while patients given Placebo were switched to Verapamil 240 mg qd for the 
rem21ning of the 4 weeks of study. 

The stuoy design 1r demonstrated schematically ;n the following graph 

Placebo run-in 
Period 

Visit 
1 ., 

~ 

Weeks 

3 4 5 

Placebo 
I 

Nisoldipine 
20 mg 20 mg 

I 

20 mg 
20 1ng 

I 

I 

Verapamil 
240 mg OD 

I I 

I 

Nisoldipine 40 mg 

20 mg 20 mg Nisoldipine 80 mg QD 
20 mg 
' ' ' ' ' ' ' ' ' ' ' ' 

QDOD Verapamil 240 mg bid 

' ' ' ' ' ' ' 

6 7 8 9 1 0 1 1 1 '2 1 3 
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Demographics.. The demographic characteristics are shown in the 
following table 

Nisoldipine Nisoldipine Verapamil Placebo 
20 mg 40 mg n-76 n-72 
n-70 n-72 

Mean age 53 54 52 55 
(years) 
Mean wt 202 197 198 196 
(lbs) 
Baseline BP 
(mmHg) 
Supine 153/100 155/100 151/100 154/100 
Standing 151/101 151/101 148/101 151/100 
Male 57 °/o 61 °/o 55 o/o 67% 
Black 31 °/o 24 o/o 28% 21 % 
History of 
Diabetes 9% 1 °/o 11 °/o 8% 
History of 
Hyperlipi-
deMia 3 °/o 1 °/o 3 °/o 10 °/o 
History of 
Ml 3% 1 °/o QO/o 1 °/o 
Hypertensi-
ves 
Mild 84 °/o 86 °/o 83 °/o 89 O/o 
Moderate 16 °/~ 14 °/o 17 °/o 11 % 

' . 

The distribution of patients and randomization are g!ven in the. following 
graph: 
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I 
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413 
Placeuo Pati.ents 
Control t---------·---1Enr illed 
Period 

Nisoldipine 
20 mg 

76 
Patients 

Dropouts 
or 

Invalid 

70 
Patients 

6 

~--'----

Nisoldipine 
40 mg 

76 
P tients. 

- 4 

72 
Patients 

Randomization 
320 

Patients 

Verapamil 
240 mg 

78 
Patients 

__, 2 

76 
Patients 

Placebo 
75 

Patients 

72 
Patients 

Discontinued 
93 

Patients 

Nisoldipine 
80 mg 

15 Patients 

I 

0 
Patients 

Tl'e reasons that disqualified enrolled patients for andomization are given in the 
fo' 1 ow1n~1 table 
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Mean Supine Diastolic Blood Pressure 
at visit 4 or visit 5 did not quali'.y 
for randomization (95 mmHg to 11 mmHg) 
Adverse events 
Patient chose to withdraw 
Other illness/Surgery/Screening 
abnormality 
Blc: _ ·1 pressure too high off medications 
fur pa •. 13nt's safety 
Lost to :..:llow-up 
Elevated transaminases at screening 
Noncompliance 
Called to military service 
Blood pressure too low after in-clinic 
Inadequate quality control during 
ambulatory blood pressure 

Total 

47 
1 3 

9 

5 

5 
4 
3 
3 
2 
1 

1 

93 

The number of dropouts during the treatment period and the reasons for 
elimination from the study are given in the following table : 

Nisoldipine 20 mg. N-76 

Event 

Palpitations, depression, headache, emesis 
Headache, shortness of breath, fatigue 
Headache, flashing, head congestion 
Headache, flushing, palpitations 
Peripheral edema 
Headache, nausea 
Peripheral edema 
Peripheral edema 
Pleurai effusion 
Myocard:al infarction 
Noncompliance 
Chose to withdraw 

54 

Days on Drug 

2 
3 
4 
6 

12 
12 
24 
73 
77 
89 
7 
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Nisoldipine 40 mg. N-76 

Event 

Headache, rash 
Headache, nausea 
Headache, nausea 
Peripheral edema 
Peripheral edema 
Myocardial infarction 
Headache, tremor, flushing, palpitations 
hypesthesia, asthenia 
Peripheral edema 
Peripheral edema 
Peripheral edema 
CVA 
Chose to withdraw 
Chose to withdraw 

Nisoldipine 80 mg. N-15 

Headache, flushing, palpitations, chest pain 
Flushing, palpitation 
Deep T wave inversion 
Discontinued 
Discontinued 
Discontinued 
Discontinued 
Discontinued 
Discontinued 
Discontinued 
Discontinued 
Discontinued 
Discontinued 
Discontinued 
Discontinued 
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Days on Drug 

1 
2 
2 

10 
12 
13 

14 

22 
40 
41 
16 
32 

1 
14 
15 
3 
4 
6 

1 2 
13 
14 
17 
20 
20 
24 
28 
31 

16 



Verapamil 240 mg. N=78 

Event 

Headache, dizziness, tachycardia, 
leg pain, tinnitus 
Peripheral edema 
Hypotension 
Headache, chills, peripheral edema 
Cholecystitis 

Placebo. N=75 

CVA 
Fatigue, edema 
Peripheral edema 
Lack of efficacy 
Lack of efficacy 
Lost to follow-up 
Lost to follow-up 
Chose to withdraw 
Chose to withdraw 
DBP> 114 mmHg 
Retinal disorder 

EffiQaQ~ 

Days on Drug 

0 
17 
22 
36 
7 

6 
14 
32 
5 
48 
21 
69 
47 
62 
27 
55 

Criteria for Effectiveness. The change from baseline to endpoint in trough 
SUDBP (blood pressure measured 24 hours after the previous day's morning 
dose and 12 hours after the previous day's evening dose) in the Ni~oldipine 
40 mg group compared to the placebo group was the primary criterion ~sed 
to determine the effectiveness of the drug. The comparison of Nisolciipine 
20 mg to Placebo was of secondary importance. 

Secondary efficacy parameters included standing diastolic blood pressure 
and both standing and supine systolic blood pressure. In addition in eight 
centers ambulatory blood pressure changes ( the difference between 
measurements made over the 24 hours after 3 weeks of placebo run-in and 
the 24 hours after 7 weeks of double-blind therapy) were compared among 

56 



groups. The 12-hour in-clinic monitoring data were also compared among 
groups. The peak effect and the time to peak effect were calculated for 
both the a1nbulatory and 12-hour in-clinic monitoring. In addition the 
trough to peak ratio was calculated for ambulatory blood pressure. Plasma 
samples were drawn at baseline (visit 5) and at visit 11 for analysis of 
Nisoldipine plasma concentrations. 

Statjstjcal Methods. All statistical methods were two-tailed and were 
conducted at a significance level of 0.05. Pairwise comparisons and 
within group changes were tested via the least squares means estimated 
by the model. 

Analysis of Effectiveness. The mean blood pressure changes at endpoint 
(mmHg) for patients valid for efficacy analysis are given in the following 
table : 

Nisoldipine Nisoldipine Verapamil 
20 mg 40 mg N-76 
N=70 N=72 

Supine 
Diastolic -8.1 ABP -11.4 BP -~ 4.7 
Systolic -9.6 ASP -16.2 p -16.0 

Standing 
Diastolic -7.1 A8P · ~ 1.8 BP -13.9 
Systolic -11.6 BP -15.4 p -16.4 

A Significantly different from Nisoldipine 40 mg 
B Sig nificantl~' different from Verapamil 
P Significantly different from Placebo 

p 
p 

p 
p 

Placebo 
N-72 

-4.0 
-2.2 

-2.0 
-2.4 

Mean changes (mmHg) in SUDBP at endpoint for patients with mild 
(baseline SUDBP 95-104 mm Hg) and moderata (Baseline SUDBP 105-114 
mmHg) are shown in the following table : 
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Nisoldipine Nisoldipine Verapamil Placebo 
20 mg 40 mg 
n Change n Change n Change n Change 

Mild 59 -8.4 62 -11.3 63 -14. i 64 -4.1 
Moderate 11 -6.5 10 -13.0 i3 -18.0 8 -3.5 

The effect on SUOBP at endpoint in the Nisoldipine (24 hours after dose), 
Verapamil group (12 hours after dose ) and Placebo group is shown in the 
figure below : 
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The results by visit for SUDBP are shown in the following graph 

Week 1 Week 2 Week 3 Week 4 Week 6 Week 8 

NIS 20 
mg 
n 69 70 66 65 68 68 
Mean 
Change -7.8 -7.2 -8.6 -7.5 -7. ') -8.0 
NIS 40 
mg 
n 72 72 66 65 65 63 
Mean 
Change -7.4 -9.8 -9.9 -11 . 2 -11 . 0 -11 . 8 
Ver 
n 76 75 73 69 73 71 
Mean 
Change -5.9 -11 . 0 -12.8 -13.1 -12.6 -14 .6 

Placebo 
n 72 72 68 67 69 67 
Mean 
Change -4.0 -4.7 -5. 1 -4.4 -5.7 -4. 1 

During the secon phase of the double-blind period, the differences between 
the active drugs decreased, while the Placebo group experienced the 
expected further decrease in blood pressure after switching to Verapamil. 
The changes from baseline in trough SUDBP at the two visits in thus phase 
are presented below : 

Week 10 Week 12 

NIS 20 mg -8.8 -10.1 
NIS 40 mg -1 2 .2 -1 0 .3 
Verapamil -1 3. 1 -11 . 5 
Placebo -7 .3 -7.0 
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Various demographic variables were examined including sex, weight, age, 
smoking status, race and baseline blood pressure. Of these only age 
exhibited a marked difference in blood pressure response. Mean changes 
from baseline in supine blood pressures for each drug group for patients at 
least 60 years old vs patients younger than 60 years old are provided in 
the table below : 

NIS 20 mg NIS 40 mg Verapamil Placebo 
n Mean n Mean n Mean n Mean 

Diastolic 
Age 2'. 60 28 -1 0 .4 26 -1 3 .6 24 -16 .2 23 -4.0 
Age< 60 42 - 6.6 46 -1 0 .4 52 -14.1 49 -4.0 
Systolic 
Age <'. 60 28 -14.0 26 -21. 2 24 -19. 3 23 -2.3 
Age< 60 42 -6.8 46 -1 3 .6 52 -14.5 49 -2.2 

Responders rate based on trough SUDBP are presented in the following 
table : 

NIS 20 mg NIS 40 mg Verapamil Placebo 
N=70 N=69 N-76 N-72 

DBP ~ 90 
mmHg 35 (50 %) 50 (69%) 62 (82 °/o) 19 (26 °/o) 
DBP 
decrease 
2'. 10 mmHg 28 (40 °/o) 47 (65 %) 59 (78 °/o) 10 (14 °/o) 

In clinic monitoring was done for 12 hours and 24-hour ambulatory blood 
pressure monitnring for 24 hours. 

The in clinic monitoring, that covered only half of the dosing interval 
yielded the following ri~sults 
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Dose Mean Change Range mmHg/ Hour 

Nisoldipine 20 mg -9.8 12 
-13 .5 8 

Nisoldipine 40 mg -10 .8 1 2 
-15.5 4 

Verapamil -11. 8 
-15.1 

Placebo -2.5 
-5.5 

On ambulatory blood pressura monitoring response after 7 weeks of 
therapy was observed for 24 hours after Nisoldipine 40 mg therapy, 4 
hours after Nisoldipine 20 mg therapy, and 4 hours after the morning dose 
of Verapamil. with blood pressure changes (systolic/diastolic)of -17.5/ 
-10.7 mmHg, -15.1/10.2 mmHg, and -19.7/-14.3 mmHg respectively. The 
mean 24-hour systolic and diastolic blood pressure changes during 
ambulatory blood pressure monitoring were 

Nisoldipine 40 mg 
Nisoldipine 20 mg 
Verapamil 

-13.6/-8.0 
-11.1/-7.9 
-14.8/10.8 

Based on smoothed ambulatory blood pressure data, the trough/peal ratios 
for the treatment groups are summarized in the following table : 

Trough mml-'g Peak mmHg Trough to peak 
ratio 

Diastolic BP 
NIS 20 mg -S.7 -9.7 69% 
NIS 40 mg -11. 7 -11. 7 100 Ofo 
Verapamil -11 . 1 -12.9 86 o/o 

Systolic BP 
NIS 20 mg -9.9 -1 5 66% 
NIS 40 mg -14.3 -14.3 100 % 

L 
Verapamil -15.9 -20.9 78% 
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The unsmoothed change from baselin9 ambulatory data in systolic and 
diastolic blood pressure are shown below 

• 
2 .. 0 

1 -· -· ... .. -· .!! 
3 -· • .... _ '0 .. 
£! - '2 
• a-,_ .. 
• 
" - ' . .... 
: -1 e 
• :a - 2 0 

-·· -·· 

• 
2 

0 

i -· -· .. ., -· .!! 

~ - " 
.! - t 0 
Q 

..2 - '2 

• ... - '. a e -, • 
Cl - ' • • • ::a -20 

-22 

~1•lollc Oloot! Pire•sure 

0 ' • • 1 o 1 a • • '• ,. •o •• a• 
!loun J"'o9l Dose 

Claslolic O!ooJ Pre~sure 

., ? 

- 2 • '--o--·,-----,- ·-,--,~0---.1 ',. ' • '• • • • • • • 

llolln Po1l Do•• ____________ ___:=:..:.::::~:..::__-----~ 

t-t-t Nia tOm1 P-P-P Plaotb• 

62 : 



The trough blood pressure results for each drug group change from 
baseline by visist supine diastolic is given in the following graph : 

TRou.:;H SLOOO PRESSURE RESULTS raR EACH DRUG GROUP 
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Pharmacokjnetjc Results. Trough blood samples were drawn at visits 5 
and 11. Visit 11 samples were analyzed for Nisoldipina and results are 
summarized below : 

n Range of Mean 
Concentrations Concentrations 

(ng/ml) (ng/ml) 
NIS 20 mg 66 0-3. 19 1.0 
NIS 40 mg 01 0-6.83 2.2 
NIS eo mg 3 0-5.24 2.3 

Assessment The study was initially designed to determine the 
effectiveness of Nisoldipine at doses of 20, 40, 80 mg, Verapamil and 
placebo. The 80 mg dose of Nisoldipine was dropped when in another study 
of a high-dose forced-titration study of Nisoldipine 120 mg daily showed 
asymptomatic T W<l''es flattening and/or inversion on electrocardiogram 
predominant;y at doses above 60 mg daily. 

The 20 and 40 concentrations of Nisoldipine demonstrated to be more 
effective in lowering the blood pressure than placebo, and the 40 mg more 
effective than the 20 mg. Aiso the effectiveness was greater in subjects 
older than 60 years especially in lowering the systolic blood pressure. 
Verapamil bid was more effective in lowering blood pressure than any of 
the concentrations of Nisoldipine. 

Peak and trough values were determined by ambulatory blood pressure 
monitoring and the antihypertensive eftect was well sustained at 24 
hours after dose administration in all concentrations of Nisoldipine 
evaluated in this study. 

By pharmacokinetic studies the concentration of Nisoldipine in blood was 
determined and was found to be more elevated after the 40 mg 
administrations of Nisoldipine than after the 20 mg icentraiion. There 
was no major difference between the 40 mg and 80 mg dose of Nisoldipine. 
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Protocol D90-006 

Title of Study : " South-African Multicentre Study to Investigate the Anti­
Hypertensive Effect of Three Single Oral Daily Doses of Nisoldipine 
Administered <ts a Long Acting "Coat-Core" Tablet Formulation." 

Principal Investigators and Sites of l™tigation. 

Prof. LH Opie 
University of Cape Town 
Medical School 
Observatory 

Dr. P. Sare Ii 
University of the Witwatersrand 
PO Bertsham 

Prof. YK Seedat 
University of Natal Medical School 
Congella 

Col. DP Myburgh 
1 Military Hospit'3! 
Voortre kkerhoog te 

Prof. C Rosendorf! 
University of Witwatersrand 
Medical School 
Park town 

Profs FO Muller and DJV Weich , 

" University of Orange Free State1 
Bloemfontein 

Objectives. The ob1ectives of this study were : 

1. To compare the anti-hypertensive efficacy and safety of three 
daily doses of Nisoldipine coat-core f:Jrmulation, namely 
10 mg, 20 mg and 30 mg with placebo. 

2. To study a dose-response relationship for Nisolc.Jipine coat­
core. 

3. To assess the consistency of anti-hypertensive response over 
6 weeks. 

Additional objectives were : 

1. To describe the blooc! pressure profile of the last day of therapy 
by cont:nuous automated ambulatory blood pressure monitoring 
1n a group of patients. and h1.,,1ce 
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2. To quantify the trough/peak blood pressure relationship for this 
therapy. 

Inclusion Criterja. Patients with newly diagnosed mild to moderate 
hypertension were eligible to enter the study. In addition patients with 
mild to moderate hypertension being treated who, in the opinion of the 
investigator, were no significantly placed at risk by withdrawal of 
previous anti-hypertensive medication during the 4-week placebo run-in 
period could also be enrolled in the study. 

Exclusion Criteria. Patients were not eligible if they had labile 
hypertension, clinical evidence of major arrhythmias, angina pectoris, 
conductio disturbances or heart failure, or recent or impending myocardial 
infarction, or a cerebral vascul2r accident in the previous 3 months, 
history of allergy to dihydropyridines, type 1 diabetes mellitus, impaired 
renal function, liver disease, elevated transaminases, treatment with 
antihy;:iertensives or any other drug that may affect the blood pressure or 
may interact with the effects of calcium antagonists. -'if-i. _ 
Study Oesjgn. This was a 1 O week, multi-centre, randomized, placebo 
controlled, parallel group comparison of Nisoldipina coat-core 1 O mg, 20 
mg, 30 mg versus placebo. The study consisted of two periods : a single­
blind placebo run-in period and a double-blind, randomized, placebo­
controlled, group comparison (treatment period. . ... ...-.... _ 

• . -Y ·'·' --- '·~· 

Placebo run-in Period. During this period of 4 weeks duration all 
antihypertensive medication was discontinued and one placebo tablet wa~ 
given to be taken in the morning before breakfast. Patients whose SUDBP 
was ~ 95 mmHg and s 114 mmHg at visits 2 and 3 were eligitle for 
enrollment in the active treatment phase. 

Treatment Period. Eligible patients were randomized to one cf four arms 
placebo, 1 O mg Nisoldipine, 20 mg Nisoldipine and 30 mg Nisoldipine. 

Patients randomized to placebo or 10 mg Nisoldpine were to receive their 
treatment for 6 weeks. Patients in the two higher dose groups 
( Nisoldipine 20 mg or Nisoldipine 30 mg) were to receive 1 O mg for the 
first week followir.g by 5 weeks of their randomized treatment in order to 
avoid rapid exposure to the higher doses. 
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Yhe study desig11 is demonstrated schematically in the following graph 

Nisoldipine 10 mg 
II I I I I 

10 Nisoldipina 20 mg 
mg 

II 

Placebo Run-in 

Period 10 Nisoldipine 30 mg 
mg 

ii 

.. 
Placebo 

II 

Treatment Period 
Week 

1 2 3 4 5 6 7 8 9 10 
II 
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The demographic information is given in the following table 

,- Placebo NIS 10 mg NIS 20 mg NIS 30 
n-58 n=49 n-51 mg 

n=48 -
Sex Male 27 (47 O/o) 24 (49 ''lo} 20 (39 °/o) 21 (44 °/o) 
(p=O. 78) Female 31 (53 O/o) i ~5 (51 °1~) 31 (61 %0 27 (56 %) 
Race Caucasian 30 (52 °/o) : 24 (53 o/o) 25 (49 %} 26 (54 %) 

Black 27 (29 °/o) 16 (33 °/o) 18 (35 O/o) 14 (29 %) 
(p=0.98) Asian 6 (20 O/?) 2 (4 %} 6 (12 %0 5 (11 %) 

Other 5 (9 %) 5(10°/o} 2 (4 %) 3 (6 °/o) 
Age 
(years) Mean 
Mean Mean=0.2 53 50 55 50 

.. 

Weight Mean 
(kg) (p=0.69) 80.8 77.3 79.7 80.3 
Baseline 
Means BP 
Supine 

Systolic (p-0.17) 163.8 161 .2 167.2 164.3 
Uiastolic (p=0.65) 103.5 104.7 104.8 104.4 

Standing 
Systolic (p=0.69) 160.5 159.7 163.8 161.7 

Diastolic (p-0.09 105.1 107.9 107.4 107.4 

Mild 
Hype rt. l 

n 33 25 25 27 
Baseline 
SDBP 99.7 99.3 99.2 100.1 
Moder. 
Hype rt. 

N 25 24 26 21 
Baseline 
SDBP 108.5 110 .2 11 0 .1 11 0 .1 

I I 
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i"he distribuiion and randomization of patients 's illustrated in the follc1wing graph 
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The reasons for patients who did not enter the double-blind treatment period is given 
in the following table : 

Reason Number of Patients 

Supine diastolic blood pres!lure < 95 mmHg 5 8 
Supine diastolic blood pressure > 114 mmHg 1 3 
Unwilling to continue 5 
Patient had raised serum calcium levels 1 
Uncontrolled non-insulin dependent diabetes mellitus 1 
Raised liver enzymes 3 
Left ventricular failure 1 
Right ventricular failure when taken off diuretic 
Major arrhythmias 

1 
2 

Total 85 

Invalid Results and Drop-outs During the Treatment Period. Three patients dropped­
out during tne treatment period. One patient in the placebo group died after 
experiencing cerebral hemorrhage 33 days after entering the double-blind treatment 
period. One patients in the Nisoldipine 1 O mg experienced severe tinnitus 30 days 
after entering the double-blind treatment period. Another patient in the 10 mg 
Nisoldipine group had a severe headache and dropped 17 days after entering the 
double-blind treatment period. 

Efficacy. 

Crjterja for Efficacy. The primary variable for assessing efficacy was the trough 24-
hour supine diastolic blood pressure (SUDBP), and especifically the change in suDBP 
from baseline to endpoint (visit 6, week 6 or the last valid visit). The change from 
baseline in each of tne three Nisoldipine treatment groups was compared to the 
Placebo group. Secondary efficacy variables were supine systolic BP and standing 
diastolic and systolic blood pressure. 

Statjstjcal Analysjs. Two types of analysis were followed. The first and primary 
analysis was the standard endpoint analysis, also referred as the main efficacy 
analysis. The second was the intent-to treat analysis (IIT). 

All patients adherent to the protocol with a valid treatment duration ol at least 2 
weeks on double-blind treatment were included in the main efficacy analysis. These 
palients completed at least a two-week double-blind treatment period during which 
they were compliant. and after which the blood pressure was taken between 22.5 h 
and 25.5 h after the last tablet intake. Patients who discontinued treatment because 
of lack of efficacy or adverse ,c>vents were also included. Only 2 patients who 
received double·blind treatment were considered invalid for the main efficacy 
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analysis. They were included in the intent to treat analysis. In one patient the 
baseline measurements were lost 
and in another patient only 1 o tablets instead of 20 tablets were· dispensed. 

The results of change from baseline at endpoint In trough blood pressure in all pa­
tients valid for the main efficacy analysis (n=206) are given In the following table 

Placebo NIS 10 mg NIS 20 mg NIS 30 mg 
n=58 n=49 n=51 n=48 

Supine DBP 
Baseline 103.5 104.7 104.8 104.4 
Endpoint 1 01 . 1 99.3 95.7 94.3 
Difference 
{NIS-Placebo) -3.2 -6.7 -8.0 

Supine SBP 
Baseline 163.8 167.2 167.2 164.3 
Endpoint 163.3 149.8 149.8 148.8 -. 
Difference 
(NIS-Placebo) -8.9 -17.8 -15.9 
Standing DBP 
Baseline 105.1 107.9 107.4 107.4 
Endpoint 104.6 101 .1 98.1 96.9 
Difference 
( N IS-Placebo) -6.9 ··9.2 -10.6 

-
Standing SBP 
Baseline 160.5 159. 7 163.8 161. 7 
Endpoint 160.5 150.6 147.5 145. 7 
Difference 
(NIS-Placebo) ·9.5 -15.9 -16.2 

The results on SDBP are demonstrated in the following graph 
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The mean change from baseline In supine diastolic pressure (mmHg) for each 
treatment group after stratification for age is shown in the following table : 
(Main efficacy analysis • 206). 

Placebo NIS 10 mg NIS 20 mg NIS 30 mg Overall 
Least 
Square 
Means 

Age< 45 
years -6.5 ( 12)* -4.1 ( 14) -10.6 (11) -8.9 (15) -7.5 
Age~ 45 and 
< 65 -1.4 (38) -6.9 (28) -8.3 (31) -10.7 (27) -6.8 
years 
Age~ 65 
years -1.3 (8) -2.0 (7) -10.1 (9) -10.7 (6) -6.0 

• The number of pa .. .,nts used for calculating the mean values are given In 
brackets. 

Results from ANOVA 

Age effect : p=0.62 
Treatment Effect : p=0.0001 
Treatment by age interaction effect : p=0.12. 

These results indicate that there is no association between age and the diastolic 
blood pressure response. 

The mean change from baseline In supine diastolic blood pressure CmmHg) for 
each treatment group after statification for race is given in the following table 
(Main efficacy ana1ysis = 206). 
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Placebo NIS 10 mg NIS 20 mg NIS 30 mg Overall 
Least 
Square 
Means 

Caucasian -1.2 (30)* -4.6 (26) -7.5 (25) -9.2 (26) -5.6 

Black -2.3 (17) -5.9 ( 16) ·10.3 (18) -10.1 (14) -7.2 

Other -6.3 ( 11 ) -7.0 (7) -11.5 (8) -13.1 (8) -9.5 

Analysis of Response and Normaljzatjon Bates. Responders were defined as patients 
who had SDBP of less than or equal to 90 mmHg or patients who had a drop in SDBP of 
at least 1 O mmHg at endpoint. A patient's blood pressure was said to be normalized 
wt1en satisfied these two conditions, namely, a drop in supine DBP to 90 mmHg or 
below, and a drop of at least 1 O mmHg. 

The following tabla shows the response rates tor each treatment group, odds ratio 
and relative efficacy of each Nisoldlpine treatment relative to Placebo from the 
main efficacy analysis of the last visit: 

Placebo NIS 10 mg NIS 20 mg NIS 30 mg 

Total 
number of 
Patients 58 49 51 48 
Responders 1 0 1 7 24 30 
Response Bate 17 % 35 % 47% 63 o/o 

Odds Ratio 
(OB) 
NIS relative 
to Placebo 2.4 4.6 8.8 
95 % Cl for OB 1.J : 5 .. 5 1.8 ; 12 3.6; 22 

-



Relative 
Efficacy IRE) 
NIS relative 2.0 2.6 3.7 
to Placebo 1.0 ; 3.9 1.5; 4.8 2.1 ; 6.2 
95 % Cl for RE 

These results can be Interpreted as indicating that the response rate for placebo was 
17 %, Nisoldipine 1 O mg 35 %, Niso1dipine 20 mg 47 % and Nisoldipir,~ 30 mg 63 %. 
A relative efficacy of 2.6 of Nisoldipine 20 mg vs Placebo means th&.t a positive 
treatment response is 2.6 times more likely to occur under Nisoldipina 20 mg than 
placebo. The confidence interval of 1.5 to 4.8 indicates that the true relative 
efficacy is likely (95% confidence limits) to be at least 1.5 and at most 4.8. 

The following tabla shows the normalization rates for each treatment group, odds 
ratio, and relative efficacy of each Nisoldipine treatment relative to Placebo from 
the main efficacy c.nalysis of the last visit : 

Placebo NIS 10 mg NIS 20 mg NIS 30 mg 

Total Number 
of patients 58 49 51 48 
Number of 
Patients 5 5 13 13 
Normalization 
Rate 8.6% 10 % 25 % 27% 
Odds Ratio 
(OR) 
NIS relative to 
Placebo 1.2 4.3 4.3 
95% Cl for OR J.31 ; 4.8 1.4; 1.3 1.4; 13 

Relative 
Efficacy (RE) 
N IS relative to 
Placebo 1.2 3.1 3.3 
95 % Cl for RE 0.37 ; 3.9 1.3 ; 7.3 1.3 ; 8.1 
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These results can be interpreted in the same manner as described for the response 
rates. 

AaaLvsjs of Amby!atory Blood pressyre Monjtqrjng. Of the 165 patients who entered 
the ambulatory blood pressure monitoring pha!';e of the study 137 patients were 
evaluable. The means across patients (change from baseline in diastolic blood 
pressure) are graphically presented in the following figure 
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Various clinically meaningful variables could be calculated from the hourly mean 
diastolic blood pressure profiles. The following table shows resµlts of trough/peak 
ratios calculated from hourly means of ambulatory monitoring data 

Trough 
(mmHg) 

Diastoli.; BP 
NIS 10 mg. -11.95 
NIS 20 mg -13. 70 
NIS 30 mg -9.03 

Systolic BP • 
NIS 10 mg -15.70 
NIS 20 mg -20.72 
NIS 30 mg -18.31 

Systolic BP# 
NIS 10 mg -15.70 
NIS 20 mg -20.72 
NIS 30 mg -18.31 

• Using timepoint of systolic peak. 
# Using timepoint of diastolic peak 

Peak (mmHg) Hour of Peak Trough to 
peak Ratio 

-11.95 24 100 o/o 
-13. 70 24 100 % 
-12.57 2 72 % 

-15.70 24 100 % 
-20. 72 24 100 % 
-18.31 24 100% 

-15.70 24 100 % 
-20.72 24 100% 
-10.64 2 172% 

The results indicate that there was a good dose-response pattarn in both systolic 
and diastolic blood pressure falls from baseline for placebo Nisoldiplne 10 and 20 mg 
wtlile the fall of Nisoldipine 30 mg was very similar to that In the 20 mg group. The 
effect of the 3 Nlsoldlpine group was maintained over the entire dosing period. This 
is also in evidence by observing the following graph of hourly means In a smoothed 
curve : 
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Assessment. This study demonstrated that Nisoldipine, at concentrations of 10 mg, 
20 mg and 30 mg, was more effective than placebo in lowering the blood pressure, 
but this effect was not potentiated when the dose was increased from 20 to 30 mg. 
Ambulatory blOOcl pressure measurements were do11e which demonstrated that the 
effectiveness of Nlsoldipine extended throughout th& 24 hours after administration , 
trough values frequently being equal to peak values. 

It is interesting that in this study this calcium channel blocker demonstrated to have 
a greater effectiveness In blacks, a patients population '.JSually more refractory to 
antihypertensive treatment, than in caucasians. 

In reference to age, this study concluded that Nisoldipine was more effective in 
individuals 65 years of age or older. (table p&ge 73). This finding is consistent with 
those of protocol 089-039 in which Nisoldipine was more effective in this age range 
especially in lowering systolic blood pressure. (table page 60). 

Protocol DSS-054 

Jjtle of Study : " Comparative Double-Blind Pilot Study of the Safety and Efficacy of 
Once Daily Doses of Nisoldipine 10, 20, 30 mg Core-Coat Tablets vs Placebo in 
Hypertensive Patients " 

princjoal lnyestjgators and Sites of Joyestjgatjoo : 

T. Fagan, MD 
The University of Arizona 
Tucson, AZ. 

W Flamembaurn, MD 
Health and Sciences Research Inc 
Englewood Cliffs, NJ 

BP Hamilton, MD 
VA Medical Center 
Baltimore, MD 

V Canzannello, MD 
Bowman Grev School of Medicine 
Winston-Salem, NC 

J Muniz, MD 
Hollywoca Medical Center 
Hollywood, FL 

H Corwin, MD 
New England Medical Center 
Boston, MA 

J Kann, MD, PhD 
Pittsburgh, PA 

H Punzi, MD 
Trinity Medical Center 
Carrollton, TX 



Objectives. The objectives of this study were : 

1. To test whether Nisoldipine core-coat given 1 O mg, 20 mg, 30 mg once daily 
lowers the blood pressure significantly more than placebo at the end o! 24-hour 
dosing interval (trough). 

2. To record blood pressure and pulse rates for four hours after the first dose of 
double-blind drug to monitor patient response to acute administration of the drug. 

3. To determine peak resp::inse and calculate ratios of trough to peak effect by 24-
hour ambulatory blood pressure monitoring. 

~iqn and Exc1µsjoo Crjterja. Male or female patients, 21 to 70 years of age, 
witr1 a history of mild to moderate essential hypertension and a mean supine 
diastolic blood pressure of 95 to 114 mmHg after three and four weeks of placebo 
were eligible for the study. 

Excluded from the study were patients with labile hypertension, a change in supine 
diastolic blood pressure greater than 7 mmHg between the last 2 placebo run-in 
visits, impaired renal or liver function, recent or impending myocardial Infarction, 
or cerebral vascular accident, angina pectoris or intermittent c!audlcatlon, heart· 
failure. major arrhythmias, conduction disturbance, failure of a major organ system, 
severe infection, malignancy, psychosis, chronic diarrhea. ulcerative colitis, 
regional enteritis, diverticulitis, partial or complete gastrectomy or small bowel 
resection, history of allergy to dihydropiridines, pregnant women or those with 
childbearing potential and patients known to abuse alcohol or drugs. 

Study Oesjgn. This was a randomized, double-blind, parallel group, placebo 
controlled study of aight weeks duration consisting of a screening period and a 
randomization treatment period. 

Screening Period. During this period of 4 weeks duration patients discontinued all 
previous antihypertensive medication and were given a single-blind placebo once 
daily. Those patients with a mean supine diastolic pressure ~ 95 mmHg to s 114 
mmHg after three to four weeks of placebo and within 7 mmHg at both visits were 
transferred to the treatment period. 

Randomization Period. Patients were randomized to receive either Nlsoldlplne 1 O mg 
qd. Nisoldipir.e 20 mg qd, Nisoldlj'.'ine 30 mg qd or Placebo qd for lour weeks. 

Hie study design is demonstrated schematically in the following graph : 
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Screening Randomization 

I ' ' I I I I 

Nlsoldlplne 1 o mg qd 

I ' ' ' ' I I I I 

Nisoldipine 20 mg qd 

II I I I 

Nisoldipine 30 mg qd 
I I I I I 

Placebo qd 
I I I I I 

Week 
1 2 3 4 5 6 7 8 

II I I I II I I I I 
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Demography. The demography and baseline characterisitics are given in the following 
table : 

Nisoldipine Nisoldipine Nlsoldipine Placebo 
10 mg 20 mg ~o mg n=30 
n=30 n=-30 n=29 

Sex Male 20 167 %} 19 (63 %} 19 (66 %} 21 (70 %} 
Female 1 0 1 1 1 0 9 

Race ' <iucasian 23 (77 %) 23 (n %) 20 (69 %} 2~ (77 %) 
Black 4 7 9 7 
Hispanic 3 0 C' 0 

Age (years) 56 53 52 51 

Weight 
(lbs) 1 86 200 207 190 
Baseiine 
Blo-;d 
Pres:;;11re S••oine 146/99 147/99 145/99 148/100 

1 mmHg Standing 144/100 144/100 144/1 00 145/101 

The distribution of patients and randomization are given In the following grc 1h 
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Screening 
173 

1-----------JPatients 

Discontinued 1--------l 
51 Patients 

Nisoldipine 
1 C1 mg qd 

n=,30 

Randomization 
122 Patients 

Nisoldipine 
20 mg qd 

n=32 
'---r--·-

30 
Patients 
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Nisoldipine 
30 mg qd 

11=29 '----.----· 

-

27 
Patients 

2 

Placebo qd 

n=31 

30 
Patients 
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The reasons that disqualified enrolled patients for randomization are 
given in the following table : 

Reasons for disqualification 

Supine diastolic blood pressure < 95 mmHg 
-1 7 mmHg difference in supine diastolic 
blo.>d pressure (visits 4 and 5) 
Supine diastolic blood pressure > 114 mmHg 
Unable to make scheduled visits 
Illness not due to study medication 
Lost to follow··up 
Abnorm?.I laboratory values 
Non-compliance 

Patients 

21 

Systolic blood pressure above acceptable limit 
High blood pressure r.aadings during 

3 
4 
3 
4 
2 
3 
2 
1 

ambulat-:. ')' monitoring 
Chest Go.in at visit 1 
Chose to withdraw 

Total 

1 
1 
1 

46 

The reasons for dropping out during the double-blind randomization period 
are given in the following table : 

Drug Group 

Placebo 

Nisoldipine 
20 mg 

Nisoldipine 
30 mg 

Final 
vis it 

7.0 

6.0 

5.5 

13.0 
6.0 

Days on 
Drug 

1 1 

5 

5 

23? 
7 

84 

Reasons for dropping­
o u t- Severity 
Drug Relationship 

Dizziness-Moderate 
Probable 
Intolerance to all-night 
visits 
Shortness of breath-Cough 
Mild-Probable 

Noncompliance 
Fl ushirig-Severe-P robable 



Efficacy 

Criteria for Effectjyenesa. The change in trough supine diastolic blood 
pressure from baseline to endpoint compared among the groups was the 
primary efficacy criterion. Endpoint was defined as the last valid visit on 
the double-blind drug for each valid patient. Patients were to be included 
in this efficacy analysis if trough blood pressure data was available after 
at least 7 days on double-blind drug. 

Statistical Methods. All tests of significance were performed as two­
tailed tests with alpha + 0.05 unless stated otherwise. 

Analysis of Efficacy. The mean blood pressures by visit for all patients 
valid for analysis of efficacy are given in the following table 

Week Post 
Randomization 

Week-1 

Week 0 

Week 1 

Week 2 

Week 3 

Nisoldipine 
10 mg 

Sys/Dia (n) 

143/99 (30) 

145/99 (30) 

136/91 (30) 

140/91 (30} 

138/91 (30) 

Supine Blood Pressure 

Nisoldipine Nisoldipine Placebo 
20 mg 30 mg 

Sys/Dia (n) Sys/Dia (n) Sys/Dia (n) 

145/99 (30) 144/99 (29) 145/99 (30) 

146/98 (30) 144/98 (29) 147/100 
(30) --

136/90 (30) 136/91 (29) 141/95 (30) 

139/92 (29} 133/90 (28) 140/94 (30) 

136/91 ( 3 0) 134/89 (28) 142/95 (29} 
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Week 4 137/90 (30) 134/90 (30) 133/89 (27) 144/94 (30) 

-
Endpoint 137/90 (30) 134/90 (30) 133/89 (30) 144/94 (30) 

In the following table, the results of the analysis at endpoint are 
summarized : 

Nisoldipine Nisoldipine Nisoldipine Placebo 
10 mg 20 mg 30 mg 
n=30 n=30 n=29 n-30 

Supine 
Systolic 8.4 11.5* 10.7* 3.0 
Diastolic 8.3 8.9* 9.9* 5.3 

Standing 
Systolic 8.3 11.8* 10.7* 3.4 
Diastolic 6.2 7.3 7.0 5.1 

*Significant difference from the placebo group p<C.05 

The change in trough supine diastolic blood pressure at 4 weeks and 
endpoint, placebo subtracted, are shown in the following graph : 
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Ambulatory monitoring and supine in-clinic blood pressures wero 
smoothed and results are demonstrated in the following graph : 
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The Trough/Peak ratios from smoothed ambulatory 
valid patients are given in the following table : 

Nisoldipine 
10 mg (n-12). 20 mg (n-11) 

Diastolic 
Systolic 

Peak hour 
Pest-dose 

Niso~dipine levels 
at trough ng/ml 

7 o/o 35 °/o 
92 °/o 43 °/o 

6 9 

0.82 1.04 

monitoring data for 

30 mg (n-12) 

68 °/o 
108 °/o 

8 

1.49 

Assessment. This is a small pilot studied carried in a relatively small 
nurnber of subjects consisting mostly of middle-age caucasian male obese 
patients. Although the resu:ts on blood pressure with the 10 m~ dose otj . 
Nisoldipine was not significantly different from placebo the 20 and 30~ ~g 
doses were but the effect of both did not seem to be very different from 
each other. 

Other Studies. Other studies were performed in which Nisoldipine was 
administered to patients with renal disease, to cirrhotic, elderly and 
young people. The effect of food on drug absorption was also investigated. 
The effects of combination with other antihypertensive agents was 
studied in long term extension studies. 

Study in Cirrhosis. Protocol f.A.M.R.R. # 1118 

Title of Study. "The Effect of Cirrhosis on the Steady-State 
Pharmacokinetics of Nisoldipine Coat-Core Sustained-Release Tablets • 

This was a single center, non-randomized, non-blinded, comparison of 
single dose and steady-st<\te pharmacokinetics of Nisoldipine coat-core 
tablets in cirrhotic arid f1ealthy subjects. 

Sixteen subjects participated in the study 
subj3cts. There were 4 males and 4 females 
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8 cirrhotic and 8 healthy 
in each group. In stage 1 a 



single 1 O mg dose of Nisoldipine was administered and in stage 11 1 O mg 
of Nisoldipine was administered qd for 7 days. 

Resu!ts. Administration of Nisoldipine to patients with cirrhosis resulted 
in a 3 to 4-folt1 increase in peak plasma concentration and AUC(o24 i. 
Nisoldipine had little effect on blood pressure in either group. 

Assessment. These results are indicative of possibility that the dose of 
t-.isoldipine may need to be adjusted in patients with cirrhosis. 

Study in Renal Disease. Report 5837 (R). 

Title of Study. "Influence of Renal Function on the Pharmacokinetics of 
Nisoldipine CC Tablets After Single and Multiple Dosing ". 

This was a multicenter, non-blinded, non-randomized, comparative study 
among 4 groups to compare the etfe~ts of renal function on the 
pharmacokinetics of Nisoldipine CC after a single dose as well as after ~ 
achievement of a steady state. ' · .<• 
A total of 40 patients were enrolled in 3 centers .. The following groups of 
patients were enrolled : 

1. Control. Nine subjects with creatinine cl.;;arance > 90 mVmin/1.73 m2 ... 
2. Mild Renal Failure. Twenty subjects with creatlnine clearancg- 6f· ~· 90-
ml/mi n/1. 73 m2 

3. Moderate Renal Failure. Nine sub1ects with creatinine clearance 30 to s; 
60 ml/min/1,73 m2 

4. Severe Renal Failure. Seven subjects with creatinine clearance <. 30 
ml/min/1. 73 m2. 

Besu Its. Although there was not a statistically significant difference in 
the Nisoldipine AUCnorm between the groups with impaired renal function 
and the normal control, in the former an increase in plasma Nisoldipine of 
approximately 2-fold could not be excluaed. 
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Assessment. An increase in plasma levels of Nisoldipine in patients with 
impaired renal function may reqL•ire the adjustment of the dose. There 
were only modest effects on blood pressure across all groups. 

Tue Factor Age . Report 5857 (P). 

~of Study : "A Study to Determine the Single Dose and Steady-State 
Pharmacokinetic Profile of Nisoldipine Coat-Core (CC) Tablet 20 mg in 
Elderly and Young Volunteers and in Elderly Hypertensive •. 

This was an open, multiple-dose, non-randomized study. Nisoldipi11e CC 
was administFJred at the dose of 20 mg qd for 7 days. Plasma samples 
were collected and blood pressure and heart rate were measured. 

The following groups of patients were studied : 

Young Volunteers. Twenty healthy young volunteers, 18 to 23 years of a", 
completed tt>e study. ~ 

Elderly Volunteers. Twenty healthy eldorly volunteers, 65 to 84-;~.'.~:'. 
Rge, completed the study. 

Hypertensive Elderly. Eleven hypertensive patients, 66 to 77 years of age, 

completed the study. '·'.'!?·ff: ·j~~:~~~:Jj~~ 
Results. The plasma concentrations of Nisoldipine wer&· fifgrier frt'' elderly 
volunteers and hypertensive patients than in young volunteers. After 
multiple dose administration the supine diastolic blood pressure remained 
essentially unchanged in normal young healthy volunteers. but a moderate 
decrease in elderly healthy volunteers and a significant decrease in 
elderly hypertensive patients was observed. 

The Effect of Diet. Study Number D92-04S-02. 

Title of Study : " The Effect of Food on the Pharmacokinetics of 30 mg and 
40 mg Nisoldipine CC Tablets in Healthy Male Volunteers •. 

This stu'1y was an open-label, randorrnzed, two-way cross over evaluation 
of the effect of food on the pharmacokinetics of 30 and 40 mg 
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Nisoldipine. Subjects were randomized to receive a single 30 mg or 40 mg 
dose of Nisoldipine either in a fasted or a fed state. After one week 
washout period there was a crossover td tile opposite state. 

Twenty-eight healthy male subjects between the ages of 18 and 45 years 
completed the study. There were no significant effects on mean sitting 
diastolic blood pre:;sures in the fed or fasted states at the 30 or 40 mg. 
doses. 

Long Term Extension Studies. Drug Combination. Protocols X89-039 and 
X90-019. 

These were long term extension studies of the 6-month efficacy studies 
and safety of Nisoldipine CC in the treatment of mild to moderate 
hypertension. Patients completing studies 089-039 and De0-019 were 
given the option of immediately entering an open-label extension protocol. 

Patients were initially given Nisoldipine CC 20 mg or 30 mg tablets once a 
day as initial therapy. Then ttie dose of Nisoldipine was to be increased 
sequentially every one or two weeks as tolerated, to 40 mg qd, 60 mg qd 
and 80 mg qd. or 60 mg qd and 90 mg qd until SUDBP was s 90 mmHg. 
However the maximum dose of Nisoldipine was in fact limited to 60 mg qd 
before any patient enrolled. Atenolol 50 mg to 100 mg qd and/or 
Hydrochlorothiazide 24 to 50 mg qd could be added at the investigator's 
discretiori at any time. Thus tablets. used were Nisoldipine CC 20, 40, 2X30 
mg for monotherapy with the addition of Atenolol 50 and 1('0 mg and.or 
Hydrochlorothiazide 25 and 50 mg for combination therapy. 

The distribution of patients is shown in the following graph 
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Patients Enrclled 
2·22 

20 mg 
44 (20 %) 

30 mg 40 mg 60 mg 
45 (20 °/o) 34 (15 %) 99 (45 °/o) 

With Atenolol 
20 Patients (9 % ) 
1 Patient 25 mg 
15 Pati3nts 50 mg 
4 Patients 1 DO mg 

The results are summarized below : 

Supine 

SBP DBP 
mm Hg mmHg 

Baseline 154.0 101 .1 

Endpoint 135.7 86.0 

Mean Dif -18.3 -15 .2 

With H~ Jrochlorothiazide 
78 Patients (35 %) 
44 Patients 25 mg 
34 Patients 50 mg 

Standing 

SBP DBP 
mm Hg mm Hg 

-
149.7 100.3 

132,4 86.5 

-17 .3 -13.6 

Assessmenr. These were open-label uncont•ulled studies in which 
results were all pooled together and therefore they should not be valid 
for evaluation of combined therapy. 
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Total Assessment of Efficacy 

Peak Drug Effect on Blood Pressure. The effect of Nisoldipine on blood 
pressure at the approximate time of poai.. drug plasma concentration (i.e. 
the maximal response between 6-10 hours post-dose) in tho supine and 
standing position is shown below for the systolic and diastolic blood 
pressure. 

Placebo Substracted Change in Peak B:ood Pressure 
Dose Nisoldipine 

10 mg 20 mg 30 mg 40 mg 60 mg 

Study SUD BP 
088-054 - 11 '6 -9.5 -14'1 NA NA 
089-039 NA -8.0 NA -8.3 NA 
090-019 NA NA -6.3 NA -1 0 .6 

SUS BP 
088-054 -8.6 -7.6 -12. 8 NA NA 
089-039 NA -15. 2 NA -15 .3 NA 
090-019 NA NA -13. 0 NA -1 1 . 1 

STD BP 
088-054 -9.3 -7.8 -1 1 . 5 NA NA 
089-039 NA -7.6 NA -8.5 NA 
090-019 NA NA -6.6 NA -13.4 

STSBP 
088-054 -4 7 -11. 6 -1 1 . 0 NA NA 
089-039 NA -14.4 NA -17 .6 NA 
090-019 N,\ NA -15. 5 NA -19.1 

Twenty Four Hour Mean BP Reduction. Ambulatory blood pressure was used 
;n a majority of the clinical trials of Nisoldipine in hypertension. In 
addition to characterizing the temporal profile of its effect on blood 
pressure, these data provide an estimate of the time-average reduction in 
blood µressure for each dosage of the drug. The poolFld results of several 
studies are shown in the following table 
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Nisoldipine 24 Hour AVG BP Reduction, Mean± SEM 
Dosage (mg) Systoiic Diastolic 
-
Placebo -0.7±8.7 -0.9±6.3 

10 -8.4±11 .8 -4.6±7.5 

20 -12.7±11.5 -8.4±7 .1 

30 -12.7±10.8 -7.9±6.9 

40 -13.6:U 2.1 -8.0±6.8 

60 -18.4±9.9 -12.0±7.2 

I 
The change in trough blood pressure from baseline to endpoint (Mean±SEM 
in mmHg) is giver. in the following table : 

Pooled Placebo Nisoldipine 
Dosage 10 mg 20 mg 30 mg 40 mg 60 mg 

N=232 N~30 N-161 N-105 N-131 N-125 

SUD BP -4±0.5 -8.4±1.4 -9.2±0.6 10.6±0.8 12.4±0.7 14.0±0.7 

SUSBP -2.0~'.0.5 -8.3±2.9 -10.9±1.2 12.2±1.6 17.2±1.4 19.5±1.4 

STDBP -2.7±0.5 -7.0±1.5 -7.9±0.7 9.0±0.8 12.6±0.8 13.6±0.8 

STSBP -1.5±1.0 -8.2±3.0 -11.4±1.3 12.9±1.6 18.7±1.5 19.2±1.5 

In the following graph, pooled results of placebo subtracted values for 
trough SUDBP reduction by dose are demonstrated : 
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A linear relationship ot blood pressure reduction by Nisoldipine in dosages 
between I c and 60 mg is apparent without evidence of a plateau. 
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Similar results for SUSBr are shown in the following figure 

A linear relationship is not as evident as in previous graph but the 
maximum effect was achieved with 60 mg Nisoldipine dose 

97 

'• 



Similar results for STDBP are shown in the following figure 

Nisoldipine Pooled Analysis 
Standing Diasiolic Blood Pressure 

g 5% Confidence Intervals for 
Mean Differences from Placebo 
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In this case the relationship of blood pressun:; reduction tl' dosage is 
roughly sigmoidal with an apparent plateau at 60 mg. 
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Similar results for STSBP are shown in the following figure 

Nisoldipine Pooled Analysis 
Standing Systolic Blood Pressure 

953 Confidence lr-,tervals for 
Mean Differences from Placebo 
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The relationship of blood pressure reduction to dosage is sigmoidal with 
an appareni plateau at 40 mg 
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A pooled analysis of 24 hour ambulatory blood pressure monitoring is 
demonstrated in the following 4 graphs : 

I 
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Through the 24-hour reco~ding there seems to considerable overlapping 
especially among the higher doses but at trough there is evidence of blood 
pressure reduction that seems to be dose related. 
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The effects on diastolic blood pressure at peak and trough and the 
trough/peak ratios according to dose are given in the following table 

Dosage 

10 mg 
20 mg 
30 mg 
40 mg 
60 mg 

Trough/Peak Ratio 
Diastolic Blood Pressure 

73 °/o 
75 °/o 
93 o/o 
100 °/o 
97 °/o 

Time Course Effect of Ni~oldipine. The therapeutic effect of Nisoldipine 
was achieved early in the course of treatment ( approximately 2 weeks ) 
and gradual incremental gain is evident for another 2-4 weeks. 

The mean changes in sitting blood pressure from baseline after first dose 
is given in the following table : 

Dose (mg) N 8 Post-dose 24 post-dose 
Systolic/ Systolic/ 
Diasto!ic Diastolic 

Placebo 1 0 -4.9/-1 .9 3.81-2.2 

5 '! 1 -10.4/-4.2 0.3/2.3 

1 0 1 3 -6.7/-7.1 -0.7/-4.5 

20 1 2 -11.3/-7.8 -5.8/-1.9 

30 7 -15.4/-9.6 -13.3/-1.9 
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fharmacokinetic and Blood Pressure Results.. The mean sitting blood 
pressure change (mmHg) from baseline at peak and pharmacokinetic 
parameters (Mean ±SD) at steady state at each dose level is given below : 

Dose Sh Post- 24h AUC Cmax T max 
(mg) N Dose Post- {0-24h) (ng/ml) {h) 

Sys/Dia Dose {ng.h/ 
Sys/Dia ml) 

Placebo 1 0 -2.5/ 3.8/ 
-5.9 0.3 

5 1 1 -9.6/ 1;9/ 9.1 ±5.0 0.7±0.3 9.2±3.0 
-4.7 -4.3 

1 0 1 3 -8.9/ -5.0/ 16.2± 1.1±0.3 6.3±4.8 
- 7 .1 -4.6 3.0 

20 1 2 -13.2/ -5.4/ 29.4± 2.3±0.9 4.0±2.4 
- 7 .6 -4.3 11 .8 

30 7 -21.7/ -11.8/ 43.2± 2.9±1 .1 5.4±5.0 J 
-1 0 .5 -5.9 23.1 

The mean supine blood pressure change (mmHg) from baseline and 
pharmacokinetic parameters (mean±SD) at steady state for each dose level 
is given in the following table : 
Dose N 8h Post 24 h AUC Cmax T max 
(mg) Dose Post (0-24h) (ng/nil) (h) 

Dose (ng .h/ 

I ml) 

30 1 8 -16.4/ -14.0i 74.28± 4.79± 7.22± 
-8.4 -1 0 .2 7.96 0.68 0.93 

60 1 8 20.8/ 1 6 .8/ 129.76± 8.48± 9.08± 
13.2 15.0 12.74 0.81 1 .97 

--
90 9 -22. 1 ± -23.0± 139.31± 13.02± 6.78± 

12.1 13.4 16.45 1 .20 2.30 

1 20 3 -30.7/ -44.3/ 226.58± 14.92± 4.00± 
25.0 -1 9 .0 12.41 2.01 1. 0() 
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To bring up more clearly the relationship between plasma Nisoldipine 
concentrations and blood pressure decrease, supine diastolic blood 
pressure changes from baseline at peak (8 h) ana trough (24 h) were 
related to plasma Nisoldipine concentration at this time po!nts using a 
simple linear regression. Placebo p8.tients were used in this analysis with 
a plasma Nisoldipine level of Zero. The results for 30 and 60 mg are 
summarized in the table below : 

Timepc,int Nisoldipine Mean Mean Change Estimated Estimatec 
Plasma Cone. in SUDBP Slope Slope 
(ng/ml) (mm Hg) (P-Value) 

Day 4, 30 mg 
U~=18) 

8 hours 3.5 -8.4 -2.55 0.0118 
24 hours 2.6 -1 0 .2 -1 .42 (0.0689) 

Day 8, 60 mg 
(N=17-18) 
8 hours 6.2 -1 3.2 -1. 14 0.0507 
24 hours 5.2 -1 5.0 -1. 39 (0.0027) 

Blood Pressure Rebound l'?on Withdrawal. Blood pressure rebound was 
determined 24, 48 and 72 hours after cessation of Nisoldipine 60 mg qd in 
patients who had reached steady state. There was no evidence of for an 
exaggerated rebound effect on blood pressure after discontinuance of 
Nisoldipine at this high dose. 

Maint.fro.aru.:e of Blood Pressure Bedu_ction in Lano Term Studi~s. There was 
no evidence of tolerance to the antihypertensive effect of Nisoldipine over 
6 months to 1 year of therapy. 

DemoqraRhic SubQilliill~· Gender. Trough SUDBP changes from ba~>eline to 
endpoint for male and female patients are given in the following table : 

103 

, 



Female Male 
Dosage Nisoldipine-Placebo Nisoldipine-Placebo 
10 mg_ -8.85 -2.27 
20 mg -3.21 -5.87 
30 mg -8.47 -6.1 
40 mg -7.82 -8.43 
60 mg -10.31 -10.79 

Although dose-response profiles are somewhat erratic the overall effects 
are similar for men and women. 

Race. A comparable 8.nalysis of efficacy for race related to dose is 
demonstrated in the following table : 

White Black 

Dosage Nisoldipine-Placebo Nisoldipine-Placebo 

10 mg -3.59 -4.37 

20 mg -4.54 -6.39 

-
30 mg -7 .51 -8.82 

40 mg -6.69 -11 .61 

60 mg -11 .51 -11 . 1 

Black patients responded with a greater decline in trough SUDBP ~han did 
white patients. 
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Age. Ir. the following table the dose response for patients divided by age 
less than 65 years and equal or greater than 65 years is demonstrated. 

<65 ~65 

Dosage Nisoldipine - Placebo Nisoldipine - Placebo 

10 mg -3.69 -6.2 
20 mg -4.98 -5.15 
30 mg -7 .31 -5.48 
40 mg -8.21 -8.09 -60 mg -11 . 08 -8.14 -
The elderly demonstrated a greater low-dose response and a lesser high­
dose response. 

Quartile of Baseline Blood Pressure. For Nisoldipine as well as for many 
other antihypertensive drugs, a higher baseline b1oud pressure is 
associated with larger decline on medication. In the 1able below a dose 
response according to baseline SUDBP by quartile is demonstrated : 

I 01 Q2 

Dosage Ni so ldipine-Placebo Niso ldipine- Pl<:i-'.:ebo 

10 mr. -4.38 -5.97 

20 mg -4.23 -8. 18 

-
30 mg -2.27 -11 .49 

·-
40 mg -6.36 -13.81 

60 mg -9.66 -14.16 I 
The relationship of Nisoldipine dosage and decline in blood pressure is 
least evident in the first quartile and strongest in fourth quartile. 
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Combination Anti hypertensive Therapy. Addition to a background of a beta 
blocker. One the pivotal studies (089-029) evaluated the combination of 
Nisoldipine CC and a beta blocker.To patients who were already receiving 
Atenolol Nisoldipine was added. The sponsor claims the efficacy of 
Nisoldipine under these conditions. However there seems to be a drug 
interaction between these drugs that the sponsor has not recognized (see 
p. 35 this review ). 

Long Term Extension Trials. Based on open-label controlled trials and 
uncontrolled studies of one year duration the sponsor claims that 
meaningful responses were elicited by :he combination of Nisoldipine 
with diur·3tics and or/ a beta blocker. 

Recommendations. Nisoldipine should be approved as rnonotherapy for 
hypertension. The recommended dosage should be 10 mg to 40 mg. 

Although the sponsor states that there is no drug interaction between 
Nisoldipine and beta blockers there are publications stating that such 
interaction exists (1, 2 ). This should be stated in the package insert. 

Considemtion should be given to advising that the dosage may need to be 
adjusted in patients with renal f3ilure. 

There were not well controlled studies of the combination of Nisoldipine 
with diuretics or other ar.:':1y; ertenive agents. Therefore the claim of 
efficacy with other drug cl ,n')ination is not well SJbstantiated. 

cc. 
ORIG. NDA 
HFD-110 

.'H FD-11 0/ ' 1 •/Roeder 
~ HFD-11 O/CGD/30Jul93 

Cristobal G. Duarte, MD - HF0-11 O 
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DRUG: Nlsoldipine Core- coat (BAY k 552) 

SPONSOR: Miles Inc (Pharmaceutical Division) 

DATE SUBMISSION: 3 March, 1993 

DATE REVIEW: 1q'1'3 

REVIEWER: Philip L. Dern M.D. fJJ'-;J, 'Z:J ..... ~ 

RESUME: 

This review deals entirely with safety aspects of the above submission; not efficacy. The primary 
approach is via examination of individual pools of data based on similar studies and provided by 
the Sponsor in this submission. 

I. Hypertension 
A. Exposure 

Although the number of cases treated world-wide with nisoldipine exceeds 6000, according to the 
Sponsor, relatively few of these, N= 1292, were given nisoldipine core- coat (NIS cc) as shown 
below in completed studies: 
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The following table provides the total duration of treatment by total daily dose of longest duration 
tor the US NIS CC (total controlled and uncontrolled) cases. The second table provides duration of 

treatment in the non- US studies. 
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In the non- US studies N: 32S received NlS CC for more than 6 months; N= 164 for more than 1 
year. In the US studies the figure for greater than 6 months was N= 131 but, apparently, none were 

treated longer than 1 year. 

Demographic characteristics in this safety evaluation will be related primarily to adverse effects and 
other safety- related features. 

B.Safety 

1. Deaths 

No deaths oc"'urred in the US NlS CC hy;Jertens1~n studies other then for a single subject receiving 
placebo. He ·Nas aged 68 years, collapsed, and failed to :espnnd to resuscitation efforts. In the non· 
US NIS CC nypo;rtension studies a placebo c~se diod of corc.,bral hemorrhage; N= 2 NIS CC cases 
died, one due to an accident, another due to cerebral metastases from prostatic cancer. 
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2. Serious ADE 

The next table shows the number and percentage of subject in the US NIS CC studies by dose for 
both cases with serious ADE. which display dos~ response, and for those withdrawing due to 
serious ADE, in whom dose response is probably present. The dose response for% of patients with 
ADE versus dose v&rys from 0.7% {10mg) to 9.1%(80mg). 

Numoer (°"") cf Pa11enis wrth Senous Aaverse E·~ern.s and WlthClrawaJs f'rcm Stucy 
Panictpa!1on bec.aus.e o1 Tho$B Events oy Dose of .~IS c: ' 

I I . 80m> / 80m> I To~ l OCSF. CF NIS CC 1Cr.i~ 20m~ 3Q1T1i:.- .uJmg 
1n1 (151) (Jg.5) (:24..11 ! (29:2) (199) (11) (1ZS2) 
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3. Discontinuations duet.:> ADE 

Of the N: 1292 patients (combined US+ non- US NIS CC), N= 25 (2.0%) ADE reports were received. 
Of these cases N= 13 were withdrawn because of these events. N= 17 of the 25 re>Jorts occurred 
during the double- blind phase of trials. 

Tnese N= 13 cases, among others, have narrative comments in Table 15a Pool 6 Vol 521. Each of 
the narratives on these cases was examined by the Reviewer. The final diagnoses were angina, Ml, 
cellulitis of legs, possible Ml, CVA, possible Ml, infection, flu, pleural effusion, cholelith1asis, CVA, 
chest pain, pituitary tumor and berry aneurysm, elevated liver enzymes, edema and ery1hema plus 
petechiae, pain in legs with elevated CPK, chest pain. 

Of the non- US NIS CC completed studies N= 35 cases on NIS withdrew due to ADEs. A listing, Vol 
523 Table 15, provides reasons for dist:ontinuation in N= 11 cases: These ir,clude tinnitus, non­
response, pheochromocytoma, headache plus edema, atrial fibrill<1tion, impotence, edema(2), 
vertigo, lack of efficacy, non- compliance. In the remaining cases a cause for discontinua~ion was 
not given although co-start terms for side effects were. Th~re were a variable number of such terms 
for different patients. Most were manifestations of vasodilatation. No withdrawals le. laboratory 
abnorm~lities were listed. 

In the N= 6 placebo- contr.:illed trials (US and non- US) with NIS CC 55/828 (5.6%) discontinued. 
Another N= 68 cases (11.5~",) discontinued from among N= 590 patients on long- term uncontrcdled 
studies. Since all but one cf the 6 trial was a US study, the Sponsor focused on them. The following 
tab!e shows that a dose response exists, except at 30 mg, for withdrawal due to ADE in the US 
placebo- controlled trials. The Sponsor does not believP. dose respoi1se is evident, bLt this 
reviewer's logistic regression (below) shows <i slope coeff t of 3.5 std e(rors. 
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Table 15a Vol 521, not attached, provides a complete listing of reasons for withdrawal in this group. 
What is striking is that many sub1ects have multiple reasons for withdrawal. When more than one 
reason is listed, no single one is given most weight in this table. There was a suggestion, based 
on inspection of the table, that peripheral edema and rash might be associated but thrJ number of 
cases is not more than a few. 

The following table shows the most frequently reported ADE in subiects withdrawinci due to ADE 
in the controlled US studies. 

lnci::leoce l .,) ... 'I '-'u:St Ff'lil::luet'IU'y R~ ~ Events In Patienu 
Wlttdra\olr'T'1 Due to J.itYr.4 Events ii U.S. Pl.icetx>CorrtroUed Stl.ldles 

AU 
PLA NlS CC 

ACVERSc EVENTS (n• 280) (n•S781 

Any Booy SY"&m J.2 7.8 

Hoadocne o• l.8 

Penpheral Edema O.• 2.9 

VesOO~tatlon 0 15 

Nausea 0 0.9 

p aJ p.ta lion 0 09 

Otz::z1ntt:9 0. 0.7 

The Sponsor reports that thP. ratio of the number of ADE to the number of patients discontinuing 
was greater at lower doses than at higher ones. 
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Method: Iteratively- reweig~ted least squares (GLIM) 
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The S punsor suggests that multiple, but mild, events could be occurring at low doses with more 
severe ones, though fewer, at high doses. No analysis of this hypothesis is provided. 

The following table shows cases withdrawing due to ADE from US uncontrolled studies. Patients 
are assigned the dose they were on for the longest time. There is a counterintuitive inverse 
association of withdrawal and dose. One possibility is that subjects on higher doses had the 
opportunity to ~.ave withdrawn on lower ones d11ring the process of upward dose adjustment in 
these long- te:m studies. 

NumO« IJ"IC1 PMC9ni. at Par~ in U.S. Uncorttro!«l Stu::He·s 
Wlfnc- Due !O ,.,,_.. ,.,.,,.. ... ..,.,,. Dy Dose ot NIS c:: 
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(n • S!l I Cn•.461 (n • J.41 (n•a9\ 

..!.'_ I 12 I 9 i 5 8 

ru 121 81 (19.51 (17 61 (9 01 

The most frequent ADE in patients withdrawn during the US uncontrolle<' studies, show:i bolow, 
are ord•red somewhat differently than in th· short- term studies. In particular, peripheral edema is 
more frEquent in the long- term trials probably because of a time-dependence for withdrawal such 
that headache occurs earlier than edema. This is shown in the following table and in a Kaplan­
Meier plot. 
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The Sponsor states events causing 'Jiscontinuation are more severe or higher doses, say 60 mg, 
than on lower ones. In the abse.,ce of a speeific analysis taking account of the correct 
denominators, this may be questioneo. 

4. Most frequent ADE 

The following table lists the most frequent ADE regardless of whether they were associated with 
withdrawal. Data from US and non- US NIS CC cases are aiven. The prominance of symptoms 
related to vasodilation is again seen. The relatively yreater incidence of edema in the pooled 
controlled + uncontrolled studies is also shown for both US and non- US data. In addition, the rates 
in the non- US studies are overall less than in the US ones. 

lncidonee R.1111 ... 1 ol - ..... e:_._ (>:l"'I In Pl!IOf'Q T-..o., U.S. and N0<1-'J.S. S1u:ies 

Study '°"30on I Stl.d"" ccnduc:tad In ,.... U S. Stud in conducted O<JtS.id I !lwl U.S. 

I ~lea.,. Corn.rd.led • 
T'/l)O ol Slue~ Placooo-Contrailad Unconttciled P'.acabo-Coo!rciled Uncontrciled 

I PLA NIS CC NIS CC PLA NIS CC NIS CC 

J.dver'$I E"'ents (n•2BOI (n•6781 1n-ne1 (n•!>al (n • 150) (n·516) 

H-.acno 15 22 23 21 2:l 18 

P~E=..,-,. 10 22 29 7 12 15 

DIZ?ll"''.tU I • 5 1 g • 5 

Asthenio I • • 6 0 ' J -
'Juodlatr.!on I 2 • s 0 J 5 

p Ill pltatk.<1 I 1 J J J • J 

5. ADE by Demographic features 

ADE by demographic sub- groUflS is examined in the US placebo- controlled trials. The incidence 
is given below of ADE selected by the Sponsor for "common observance" wilh the type of 
compound used. These are mostly those with hi9r ; incidence. There is no aggrey;ition by sex 
though o.1e might have expected this, say, for edema in females. 
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In the non- US placebo- controlled trials there was an increase in edtrnci in females treated with NIS 
CC but da<a for the placebo group is not provided. The incidence of eci~rc.a in treated females is 
about the sar.ie as in the US placebo group, above. The more frequent ADEs are shown below by 
race in all placebo- controlled studies. Rates tend to be higher for headache and ec'ema in 
Caucasians. 

3re.ato:tlC'Nn cy Ger.:ier ct 'J'\1 1r.Cdence ('I Of Se1ec:eoa · Ac.-er58 £·1ent31 
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ADE by age are shown below for placebo- controlled studies. Headache is more frequent in 
younger subjects, interestingly, P1ough edema may be less frequent than in older cases. These 
trends are present in both US and non- US studies. 
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Peripheral e '2ma was more frequent 1n h£>~V1N subjects th;rn in the lighter ones shown below both 
in US ano nc·• - US studies 



ni. ~ »aw" lha#t --=:SI ~ ....cl ~ lndd...:a ,.. :a J'lo en.an QOM\ !ry' 
l'T'l«1Wl ........,.. 1n :r-.. us Ind nan-us i:-· • ...., ~ 

8~.vtt t7v w~ ~ i:r. lnaJ.-w:. 1~) a1 s-.::urs AGVtirlll Ev.....a' 
ir- US t.nd Non-US ~ai:~ ~ 

US Sai:s'9& Na\-US 5tul1-
NDA20356 PS 

ADv'EF' S ~ !O'IE!<T .SIS.Sits > !&S :t::s ·-- I > IT'l«llanw~ 
(n •2eDI (n • 3981 (n•a11 (n•e91 

.,,., 800"; 5,..._ 6' "' 3J I :l9 

;.oi...a.ac-:• I 20 I Zl 44 I 21 
-

L I I ?tncn~ :=.,,.... ,. 
' :e 10 I~ I 

• I I 1 a=- ' 5 5 • • 
...,,,..,.. I • I • < J I < J 

I VuoaUt.aCQn I 5 I • < J I e I 
"tJcitatcn I J I J < J I e I 

A table, not attached, shows that when ADE are stratified by baseline BP below and above 108 
mmHg diastolic, that cases with lower BP tended to have more vasodilatation. The respective rates, 
5/537 and 1/141. Tnese are not very impressive. 

6. Hemoaynamic safety 

A. Hypotension 

ADE suggestive of hypotension, syncope and "hypoten.;k.n' wtre sought. Asymptomatic 
hypotension was determined by "lirst dose effect", by trough/peak ratios from in- clinic and 24hr 
amoulatory BP raadings, and by examining supine and standing BP plots. No cases (Sponsor) of 
syncope in th'3 US NIS CC trials on NIS. N= 6 patients in the US placebo- controlled studies had 
either '"hypotension" or "postural hypotension" on NIS CC. The next table shows data from US 
placebo- controlled trials.(INSERT tp15 v309) 
Note that only a few of the cases show orthostatic hypotension in casual blood pressures. It seems 
worth while to point out that "dizziness" occurred in about 7% of all the US NIS CC studies and that 
it is possible that a number of cases had this symptom due to hypotension. Clinical experience 
shows that "dizziness" Is not often distinguished from light- headedness withou1 vertigo due to 
inadequate questioning of patients. 

A first- dose effect was examined in i:wo studies withou1 showing adverse symptomatology bu1 with 
BP reductions. The following table snows the results of in- clinic BP monitoring. Dose related peak 
effects are seen. 
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N= 5 ambulatory monitoring studies were done. The distribution of doses by study is provided. The 
second table shows the trough/peak ratic" from these studies. 

Nisnbef ot Pauentt Und~OinQ 24-Hour A8PM by Oos. cf NIS cc 

.Sruay&Qocu>onl I PLA I 1om~ I l':lmg I JO mi; I .iomQ I 0Cm9 

08ll-054(U5) I '" I 12 I 11 . 12 I I 
cs=· (US) I ~1 I I l2 I l2 I 30 

I I I I I ' ~(US\ I 26 ,. 2• I 

I I I ' 
090-ooe I"""" Sl I J.3 I J.3 I 32 37 ! 

I I I ' I I ZS ' 090-019 iUSl 31 I 39 

Trough/peak ratios from the 24-hr ambulatory data are provided below. Note that for systolic BP 
two methods are used depending on whether peak systolic is a) .Jetermined at the time of peak 
diastolic BP or, b) whether the true peak is used. These ratios are consistant with pe<:ks that are 
not substantially below the trough values. Nata, however, that if In a givcm subject the trough 
readings are quite low that a small, further drof at peak might be llypotensive. For that reason 
•rough/peak ratios may not be very good means of explori~g for BP reductions for safety purposes. 

· Pe.ak ..,-aJues c~rresr..cnd to ttie 11m1t cf ~~1K ~.a$t~1c e~IL',:\ 
• ?eai( .. a.u~:s ,1ra :l"t! .ic::..;..\J ~1m·.;m ,.~--.:~ <.: ~~e-c~ 

The tc.ble below shows the p"rcentage of pntients having either a change of 2U mm from baselir,e 
or a BP below 1GOmm Hg. Them :.;ipears to he o foirly ccnsistant percentage of ca~\es with a fall 
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in systolic BP regardless cf dose except for low numbers in the small sample on 40 :ngm NIS. Note 
that a substantial numbar of placebo ci1ses also show this degree of fall. Subtraction of the placebo 
values gives abou: .l- 8% of cases with reduction below 100 mm systolic. Thus supine reductions 
of note occurred in some subjects. 
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The last method of assessing hypotension was to compare supine and standing blood pressures 
at trnugh. The correlation was near 1.0 and consistant with little orthostatic hypotension. 

B. Reflex tachycardia 

One of the effects of a vasodilator is reflex tachycardia. The Sponsor examined this by dose 
response of pulse rate; by frequency of tachycardia as an ADE; and hy ECG HR. 

In the US mo ,otherapy studies the mean placebo- subtracted change in HR varied from -1 .53/min 
to +0.48 over the dose range of 10 to 60mgm NIS CC. The change in HR for the combined doses 
was 0.52. Nots that the"e are not specified as standing readings. 

In the US placebo- controlled studies, tachycardia was an ADE in 1% of NIS CC patients. One 
patient in these studies withdrew for ~upraventricular tachycardia.Three patients in the US 
uncontrolled studies had tachycardia contributing to withdrawal. The Sponsor analyzed tt1e 
transition from normal or low heart rate to high values in !he US controlled trials and found this to 
have occurred in 1.4% of NIS CC patients and in 0.9·~ of placebo cases. Again, none of these 
readings are specifi · d as ta Ker. standing, a position that might have exaggerated pulse change. 

C. Rebound hyperten:;ion 

A placebo- controlled study 090-022 in hypertensive patients treated for as long as 21 days sought 
evidence for rebound blood pressure elevations by a 72- hr follow-up after discontinuation of NIS 
CC. Examination of the Sponsor's table showed that the group means for diastolic BP show no 
evidence at rebound. However, the systolic BP values a~e higher at 72 hrs than at baseline except 
for the highest dose level, 120mg NIS. The systolic BP mean for the placebo group is also elevated 
at 72 hrs so that it is difficult to ascribe the increase in systolic BP to "rebound". It is more likely 
that loss of both the placebo and therapeutic ~fleets are involved. 

7. Clinical Libcratory Tests 

A. US NIS CC placebo- controlled stc;d1es 

1. Incidence rates of "high" bb abnormal1t1es 
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The Sponsor provide,. Table 17a (not attache-d), i11 which the rates for "high" abnormalities are 
given by dose level from O mgm (PLAC) to BOmg, Sample sizes are vsry small for the lowest active 
dose, 10mgm and (he highest, SOmgm. Examination of these rates show no evidence for dose 
response nor is it likely they would given the exceedingly sm;ill rates for the data pooled over 
doses. In particular, tor items with overall higher rate~ including blood glucose, no dose response 
trend is seen. BUN has a 3°'0 rate at 40mg NIS, 2% at 60mg, and 0% for placebo. No such trend is 
seen for creatinine. No trend is seen for inr.rease with dose of serum calcium, alkaline phosphatase, 
or SGPT is seen. 

Rates by doseibody weight are also provided but do not show trends of interest excapt, poo;sibly, 
for alkaline phosphatase, which has a rate of 5°'0 at the highest dose/weight level, >.5~ <1.2 
mgm/kg, versus a place;,o rate of 2°• and rates in lower active dose/weight levels ot 1%. 

For "low" values the hematologic values for all US NIS CC studies showed 2% of NIS patients with 
neutrophils below 1700/microl and 1% in the placebo group. The rate was also 2% in the pooled 
controlled and uncontrolled studies. No patients with platelets below 100,000/microl are shown. 
Thus addition of cases with long- term followup did not increase the rate of low values for these 
two tests. 
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This submission contains a tabulation of mean difference from baseline for both NIS CC (N= 650) 
and placebo (N= 280) tor US placebo- controlled subjects. A tabulation on the following page 
contains selected laboratory tc;ts from the larger tables. The larger table, Table 21 Vol 522, also 
has standard deviations. The Fi.:iviewer calculated the mean difference+/- 2 SE limits for NIS cc and 
for placebo for hematocrit, platelets, Ofoneutrophils, glucose, BUN, alkaline phosphatase, and SGPT. 
All of the 2SE limits for the NIS group ov.arlapped those for the PLAC group for these particular 
tests so that the treatm<'lnt groups are not likely to differ by this method. 

Examination of 10 lowest or highest values of selected laboratory tests in all US studies(controlled 
and uncontrolled for individual subjects showed, among the lowest 10, N: 3 instances in which falls 
in hem;itocit occurred. None w<>re associ;ited with the lowest 10 values for total wbc or 
%neutrophils. Respective baseline and lowest values wero J,\,29; 36,30; and 36,33. The baseline 
values tended towards being low. The sub1ect with the lowest hematocrit,29, was on many 
medicines at b01seline including Naproxin, insulin, en"lopril.labetalol, and glyburide. During the 
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All cases of high blood glucose on treatment were high at baseline, usually above 200mg%. 

N:7 instances of mildly elev;ited Blm on treatment were found. Only one of these (value =27) was 
associated with an increased serum creatinine(1.4,2.0). 
Serum calcium increased in association with tre:itment in N:3 cases baseline, on treatment:9.8, 10.5; 
10.0,10.S;9.1,'.IJ.4i but alkaline phosphatase was n<'t in the highest N=10 for any of \hese. The last 
of the above N=3 cases had a low phosphate (2.3,1.2). 

Although a number of cases had elevation of alkaline phosphatase during treatment. all were high 
at baseline. One instance of notable change (112.248), but with a subsequent fall !o 150, despite 
some increase al baseline was more closely exal'T'ined. The patient was a 64- year-old female with 
diabetes mellttus, hyperlip1demia, and edema. Duri11g a long-term extension trial she was on 
concomittant m<Nications including aten£1ol, niacin, and glyburide. A slow rise in alkaline 
phosphatase over 1 an~ 112 years occurred with 3 high readings. 

N=3 instances of elevation of SGPT with concomittant elevation of SGC T were noted (baseline, on 
treatment: 25,384; 39,209;.35,AS). The first of these also had elevated total bilirubin (0.6,3.3). This 
patient was a 63-yr-old malr. with a history of elevated transaminases on ACE inhibitors.Ouring 
treatment he received Lovastatin. Despite continued treatment with NIS the final day SGPT and 
SGOT were well within normal limits though the previous two values, both obtained within a oni>­
""e" period, were elevated. An additional N=2 instances of elevation of SGOT occur ed in the 
absence of enough rises in the other enzymes to reach the level of the highest 1 O values. 

increases in serum bilirubin occurred in N=4 cases. One of these had r;nzyme elevations described 
just above. Total CPK was elevated during treatment in N=2 patients. In one the MM and BB 
fractions were normal. 

In the N:516 {deoending on test) non- US controlled plus uncontrolled studies hematocrits were 
low in N= 3 cases but in N=2 they tendea to increase subsequently. Total leucocytes were low in 
N=4 cases. In fM·o of these the baseline value was also low. None of \hese cases were among the 
10 lowest %gr~ "Jlocy1e values. N:S lcw platelet counts occurred in N: 8 cases. In N= 2 of these 
the baseline values were normal t:xcept for N=2 cases the on- Rx values were not very low, and 
though below the assigned normal range, were all above 100,000. In the one of N=2 cases with 
platelets below 100,000 total wbc was low both at baseline and on treatment. In the other the wbc 
count was not among the N=10 lowest. 

In N= 10 cases elevation of SGOT occurred but baseline values were elevated in these. In two cases 
use of country- specific normal values might have reduced baseline values to normal. N::7 ~ases 
with elevated alkaline phosphatase values occurred. In N= 5 of these the baseline values were also 
elevated. These elevations ere not associated with values for SGOT in the highest 10. N::6 ~ases 
of elevated serum l:ilirubin were found; in N=4 baselines were high. None were associated with 
SGOT values in the hi9he~t 10. 

Serum creatinine was not elevated above normal in any of the values in the highest 10. 
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8. ECG 
A. Background 

Because of the finding oft-wave changes in study 090--022 (hypertension), the Sponsor examined 
that study and three phase Ill NIS CC trials for such alterations. The Sponsor has provided 
background information from the medical literature. T wave inversion or flattening occur during 
rapid reduction of BP with vasodlators. These reductions in BP do not appear to be associated with 
wall motion abnormalities on 20 echocardiography. Long- term treatment with minoxidil has been 
carried out with improvement in the initial !-wave changes. 

8. The phase !I trial 090--022 

This was a trial in N= 26 patients with mild to moderate hypertension, mean age about 60 years. 
This was a forced titration trial 30- 120mg NIS CC with the first two doses given for 4 days each; 
the next two for 7~ays each. N=B subjects were randomized to NIS CC and N-5 developed t- wave 
flattening on the ECG. The N=120mg dose level was discontinued due to poor tolerance (severe 
peripheral edema, ECG changes).A second group, N= 10, was randomized to NI$. N=6 of these 
cases developed t wave flattening and/orinversion with occurrence equal, N=2 cases, at each of the 
doses, 30,60, and 90 my. No angina occurred. Thallium <cari~ were reported as negative in N=5 of 
the first cohort. 

The percent with T-wave changes and dose were, respectively, o~:(P'.AC); 22%(30mg); 39%(60mg); 
64%(90mg); 80%(120mg). The respective sample sizes were 5,18,18,11,5. n.b. The excess over the 
N=23 that were randomized must represent titration steps. 

Stratifying results into cases with normal and abnormal ECG and into 6 and 24 hrs after dosing, 
showed significant differences between BP falls at 6hrs between the two ECG groups. Differences 
at 24 hrs (trough) were not significant. 

Stratifying normal and abnormal ECGs by AUC and Cmax showed that the abnomal ECG group had 
larger pharmacokinetic param-'lters. 

The Sponsor relates the ECG changes to the forced- titration design and, by unalogy, to the 
literature reports of T· alterations in rapidly- induced hypotension. 
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C. Other Phase' Ill trials 

ECGs from tria's 089-029,039.and 090--019 coded blindly and read by a cardiologist. These ECGs 
were usually taken at trough. Peak ECGs were obtained in one study. Dosage was up to 80mg NIS 
CC (N:494 in the pooled studies) or placebo. Mean age was about 55. One sturly had background 
atenolol. 

In these titration studies the dose assigned to an ECG w<>s, for one analysis, that to which a patient 
was randomized, not to, say, a lower dose they might have transited from. Another analysis 
assigned the dose as that on which the event occurred. Two analyses were done: one ignoring 
baseline ECG events and another eliminating cases with these. It seems likely that more than one 
event per person could occur since rates were calculated from the "total number ot events" divided 
by the number of cases at risk tor the first type of analysis. In the second analysis all subjects were 
at risk. One analysis was done tor peal< ECG responses. 

Th" table below shows some evidence of dose response except for the small sample at SOmg. 

STUDY 089..::139 
u~ PL.A AL:... NIS C: NIS C: N1S CC N!S c: VE~ SR --~ 

I aonorm411ry :c mg 4.:) mQ 80 "'~ 

T rlarte,,.ng I 5170 ('7%1 1Ci15o 15'!-.I 3{7 i (4%j 7i'69 iiC~l 0115 (C%l 4,71 16"' i 

T invers,,on I 3/'73 {J.%) 11/15717'~ 4/7: ('3'1 617 t 18%1 T/141'7,J 3,72 (4,j 

IUt'IDt _ _L Sl7Al11%1 20/155 112'%1 7;7S !9'l 1~.'76(16%l 111 s 1i%l 7.'76 (9%l 

Similar results were obtained when 'all patients' (regardless of baseline findings) were studied and 
when the number of ECG tracings was used as the denominator. n.b. there tends to be a dose 
response in each of the above results except at 80mg. 

Results for ECGs taken at peak were unrevealing. The sample sizes were far too small, about N=S 
per active dose group. 

Study 05029. This is the: Stlldy with background atenelo/ in addition to NIS CC. The doses of NIS 
were 0,20,40, and 60mg 

The respective rates of T flattening or inversion at these dos% were 18%,7%,20~o13% so there was 
not much evidence of d:ise response. 

For all cases. regardless o! baseline status, there was a significant difference among dos•> for T­
flattening (PLAC 21,;,; 20 21%; 40mg 41~;,; 60mg 27'o). 

For events per number of ECGs results were weaker. 

Study 090.{)19. The t3tes for T-wave flattening or inversion by dose were PLAC 13°0; 30mg 9'o; 
GOmg 5'·a. Therefore no dose response is seen 

Rates usino all patients or number of ECGs 1n tf:,- c.,nornrnotcr were not more useful. 

ST- segment elevation or depression: Rail's fer these were very low in each of the three studies (1-
2~a). Comp:'.ring the incidence ·rn the PLAC and pooled NIS CC groups by ST depression and by 
elevation showed that plncebo and activ0 dose rates were ecch no more than 2'o. 
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There is little evidence from these three studies, t:iken together, of a dose response for the primary 
ECG T-wave changes of interest. However. the findings in U-.e Phase II trial with forced titration do 
show a trend for dose response as well as effects of BP reduction and plasma NIS concentrations 
on T abnormalities. Thus the findinys in the Phase Ill trials may just be at the opposite end of a 
spectrum of effects. 

Conclusions for Hypertension Safety (NIS CC): 

In placebo- controlled trials there is a dose- related incidence of ADE over the range Oto 80 mgm 
of NIS CC. The most frequent ADE are those related to the vasodilatory action of the drug -
headache and edema. The occurrence of these two ADE is time- dependent with headache 
occurring relatively early versus edema. 

Marked symptomatic hypotension was not prominant with NIS CC although "dizziness" occurred 
and may have been a manifestation of hypotens1on. Asymptomatic hypotension in trough readings 
was not frequent though supine systolic BP values in the region of 1 OOmm Hg were not infrequent 
in 24- hr ambulatory BP readings. Rebound hypertension was not present overall during monitored 
withdrawal. ECG T- wave abnormalities. inversion and flattening, occurred during forc~d titration 
in a phase II study but in studies in which dosage was increased slowly was not promin:mt. There 
was an association of these ECG changes to the degree of BP reduction and to drug blood levels 
in the forced titration study ECG S- T alteration was infrequent. 

Clinical laboratory abnormalities: In the US, placebo- controlled (shorter- term) studies, evaluations 
by overall rates of abnormality, transition from normal, and overall rates by riose were not very 
revealing. present. Examination of the N= 1 O highest or lowest values, as appropriate, in all US 
studies, controlled or uncontrolled (long-term). showed a few instances of falls in hematocrit, total 
wbc count, and %neutrophils. Several instances of increased transaminases, one with increased 
bilirubin were found. An instance of substantial elevation of alkaline phosphaiase occurred. Serum 
calcium increased in three cases without increases in alkaline phosphatase. 

In the non- US controlled and uncontrolled trials (approximately N= 516 NIS cases) several 
instances of decreases in he'Tlatocrit or wbc occurred. Platelet counts fell in some cases but not 
below 100,000. A number of cases had increases in SGOT but from elevated baseline levels. Serum 
creatinine was not elevated in the highest ten values. 
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1!1. Congestive heart failure (NIS CC) 

Safety information for this indication is based on two, non- US, placebo- controlled trials. Appioval 
is not being sought for this indication though the safety information is useful since patients with 
hypertension nay develop CHF. 

A. Duration of exposure/ demography 

Of N= 142 total CHF cases N= 68 were exposed to NIS CC for at least 1 month. Not quite half were 
exposed for 1 · 2 months. Almost all cases, 90%, were male and about 3/4 were younger than 66 yrs 
of age. Most were NYHA cl::iss 1- 2. About half the cases in the placebo and active Rx groups were 
receiving beta blockers. 

8. The fo 11owing table shows ADE occurring in at least 1% of subjects. Oddly, headc:che is 
loss frequent in the NIS CC group. Notably, dyspnea is also less frequent. 

HIS CC IH PATIENTS WTTli CONGESTIVE HEART FAILURE 
TREATMENT EMERGENT ADVERSE EVE1'.'TS WITH INCIDENCE ~ 1% 

ADVERSE EVENTS NIS CC 

I 
PLACEBO PLACEBO 

r,. 1.42 n" 71 SUBTRACTED 
... 

"" Ch8"1 pa111 B.5 I 9.9 0 

Dys~ 7.7 I 12.7 0 

Dyspepsia 6.3 I 56 0.7 

Dizzlneos 5.6 I 7.0 0 -Anl!lna Poctons 42 I 19 7 0 

Pllpl!alloo 42 1 s.a 0 

Vuodlmallon 2.8 I 42 0 

Heedacho 28 I ,, 3 0 

Penphotll Edema 2.8 ! 42 0 

HypatONlon 2.1 I 42 0 

Amlenia , . I 42 0 

Pain 1 4 I 00 ... 
1ncr .. soo C-OuQn 1.4 I , . 0 

C. Discontinuations associated with ADE 

N= 3 cases discontinued placebo treatment in association with ADE (angina, CHF, and ventricular 
fibrillation) and N= 2 NIS CC cases stopped (CHF, angina). Total discontinuations, regardless of 

.gr,ed cause, were N=3 in each Rx group. No deaths were reported. 

D. Biochen,ical tests ' 
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The submission contains tabulations including one for the percent of cases with "low" 
abnormalities. The sample sizes for NIS CC and PLAr: are about N= 70 for the wbc: and platelet data. 
N= 1 instance of low platelet count per each Al< group is recorded. No instances of low wbc counts 
are listed. SGOT and SGPT were more freque'ltly elevated in the placebo group. Alkaline 
phosphatase levels are not listed. No elevations of serum creatinine are listed in either treatment 
group. 

Cases with the ten lowest and ten highest lab values were examined by the Reviewer. One cases 
had a fall in hematocrit from 40 to 35.2. T>ie low .. st total wbc count was 3.9 and one instance 
occurred in each of the Rx groups. The lowest platelet counts were 75,000 (PLAC), 120,000 (NIS 
CC). The highest SGOT and SGPT on NIS CC were each 57 units. 

Comment: In considering the above CHF s:ifety data. note that the e)(perience is limited to NYHA 
Class I and II cases. 

IV. Congestive heart failure (CC IA) 

A. Non- US studies, controlled plus uncontrolled 

1. Exposure/ demography 

Data was provided on N= 314 patients. Duration of exposure for about half the cases was 1- 2 
months anti for about 15% of cases was G- 12 months. Most cases were NYHA Class II or Ill. Nearly 
half the patients were on concomittant diuretic therapy. 

2. Patient completion status 

Of NIS IA cases 60% {189/314) and 50% (29/58) of placebo cases ccmpleted therapy. Completion 
status was not available for 29% of NIS IR and 40% ot placebo cases. There were N=2 and N= 1 
deaths in those respective treatment grou; 1s. 

a. Narratives of deaths in NIS IR cases 

Case 1. This patient had pain in the right arrn during the day prior to death during sleep. Death 
occurred on day 15 of NIS IR 20 mgm/daily. 

Case 2. After N=12 days of NIS IR 20mgm/day <he patient developed dypsnea at rest and was 
dropped from the study and put on an ACE inhibitor. Death occurred 35days later due to 
"protracted pump failure". 

3. Adverse Events 

AdverS& events (ADE) occurring in at least 3% of cases at the NIS IR group included 
headache{6.1%); "vasodilatation"(5.4%); peripheral edema (3.8%); and "dizziness"(4.4%l. Of N= 14 
cases discontinuing in association with ADE relatively few were apparently due to increasing 
congestive heart failure or development of angina -perhaps one of each. Tachycardia occurred in 
N= 4 cases. In one case edema, angina, and decreased exercise tolerance all were listed as 
occurring on day 14. Non-US and US trial results often differ in this submission. 

4. Biochemical tests 

The Sponsor pooled the results of IR and solution data to study biochemical test results. Sample 
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si;.cs were very small. For example, in the placebo- controlled studies evaluation of elevation of 
SGOT could be made in only N= 17 NIS cases and N= 12 placebo ones (11.8 and 8.3%, respectively). 
Alkaline phosphatase was elevated in 2117 (11.8%) of NIS cases and 0/13 (O.<>%) of Pl.AC ones. No 
cases in either treatment group had "elevated" serurl" creatinines or decreased total wbc count. 
One NIS case had a decreased platelet count. 

V. Clinical pharmacology studies (safety) 

The Sponsor has gathered information from NIS CC (US, non- US) ; NI IR (US); NI IR + other 
formulations (non- US). Information in the last -.f these three groups is quite incomplete since 
safety information was often not recorded. In N:S ongoing, non- US NIS CC trials in N= 135 subjects 
there were reports of two dropouts due to edema, both from a •rial in subjects with hypertension 
and renal failure. 

A. Exposure/demography 

1. NIS CC US Studies 

N= 183 cases received NIS CC; N:25, placebo. N= 65 healthy volunteers and N= 118 were patients, 
mostly hypertensives or those with renal impairment. A few cases were cirrhotic. Females made up 
26% of •he cases. Duration of exposure was between 7 and 30 days for N= 34 hypertensives and 
between 1 and 7 days for the rest. 

2. NIS CC non- US Studies 

N=: 215 cases received NIS and N"' 40 placebo. Of these, 17% were female. Most of the studies were 
of short duration, N= 7 days or less. 

3. NIS IA US studies 

N:83 healthy volunteers participated in these trials, which warn all cross- over studies. 

4. NIS IR non= US studies 

N= 349 cases were exposed to NIS IR tablets and N= 297 to NIS IR solution. Females made up 24% 
of the total. N: 98 subjects were exposed at least 98 days; of these N+ 20 were exposed 61- 180 
days. 

8. Adverse event rates 

1. NIS CC US Studies 

Events occurring in at least 3% of cases included for PL.AC and then for NIS, respectively, headache 
48%; 64.5%; edema: 0°'o; 7.7%; dizziness/lightheadedness: 8%;4.9%; tachycardia: 0%; 4.4%. 

N::7 NIS subjects discontinued in association with the following ADE: headache, 
tachycardia.peripheral edema(3), I-wave flattening, and tremor. All discontinuations occurred at NIS 
60mgm or higher. The case w;th t- wave flattening occurred in the forced titration study discussed 
under ECG abnormalities, hypertension studies. ADE, ch:irocterized as "seriou,;" als<:> occurred in 
the same trial, were edema(2), ECG c.h •. 11ges (2), tremor. 
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2. NIS CC non- US Studies 

Headacne: 55%; Flushing 6%; tiredness 3.3%. Most of these studies had no placebo group so nona 
is listed. 

N: 7 of 215 NIS cases discontinued in association with angina, headache(5), transient atrial 
fibrillation, extrasystole. 

3. NIS IR U.S. Studies 

Headache occurred in 54% of subjects. Lightheadedness (13%) and drowsiness (3.6%) occurred. 
No discontinuations in association with ADE were reported. 

4. NIS IR non- US Studies 

Headache (5.7%) and "vasodilatation"(flushing)(4.9%) were two of the more frequently reported 
adverse effects. Headache was substantially less frequent than in the other groups of studies just 
discussed. N= 9 discontinuations in association with ADE were reported from ar1ong N= 646 cases 
treated with the IR formulation. These ADE were ftuid retention and ankie swelling; headache; 
weakness and depression (2); and one case of arrhythmia. There were N= 4 additional 
discontinuations in cases receiving an JV formulation in doses of 0.12- 0.36 mgm. These AOEs were 
chest pain; "self-limiting" ventricular tachycardia; hypotension; and ECG ST changes. 

C. Deaths 

No deaths wera reported in NIS CC studies in this category. One death occurred in a foreign study 
involving solution. 

VI. Other safety information 

A. Ongoing studies 

1. Diabetic renal disease 

About N= 1400 patients are involved in on- going, blinded studies. Most of these are taking part in 
a large U.S. trial of NIS CC in diabetic patients with or without hypertension and using enalapril as 
a positive control. Projected enrollment is N= 1200 per blood pre:sure categor/. The primary 
objective of the trial is to determine if intensive anti hypertensive therapy is more effective than only 
moderate degrees of BP reduction in preventing deterioration of renal function. Additional 
antihypertensive drugs m11y be used if goal BP is not reached at doses of the assigned drugs 
causing intolerance. Note that in the material below data is still blinded. 

a. Deaths 

One case of suicide occurred in a subject with a history of two previous attempts. One death 
occurred at day 10 of active therapy in a case with a massive CVA. 

b. "Serious" ADE 

Most of these, N= 28, were c::irdiov::iscul::ir (chest pJiri!::ingina: n=10; cardiac arrest/myocardial 
infarction: n= 4; CVA: n= 6; CHF: n= 2; de<:>p vein thrombosis: 1; diagnostic procedure: n= 2). 
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c. Withdrawal "due to ADE" 
1ere WE.. J N= 78 such ADE among N= 43 ~ses w•thdrawing. The most frE1quent events were 

edema (11), tteadache (9), chest pain/angina (5), flatulence (~). and hypertension (4). Cases 
withdrawing in association with angina/chest pain did not have antecedent headache noted in 
listings of multiple ADE. 

2. Studies in vaHous indications 

These were foreign studies using CC IR in a total of N= 97 patients. Results were pooled over the 
indications tor the safety ~view in the Sponsor's submission. Indications were peripheral vascular 
disease, post- Ml, pulmonary hypertension, and renal hypertension. 

a. Exposure/demography 

About N= 90 cases were exposed for 1 month; N= 50 tor 2- 6 months; and about N= 15 for more 
th<>n 12 months. Only 25% of cases were females. About 58% of cases completed the study though 
the status is unknown for 3/C'o. Only 1 ~-. are cited as dropping out for adverse effects 

b. _ · dver~e ettects 

Headache occurred in i".2% ot N: 97 NIS IR cases; vasodilatation in 5.2%; peripheral edema in 2.1%; 
skin rash in 2.1 ~•. 

There was one death reported- a patient in a post- Ml study who had ventricular fibrillation on day 
10 of treatment with NIS IR 10mg daily. Only N= 1 case drClpped out due to ADE {for depression, 
headache, and rash on day 3 of treatment with NIS IR 2.0mg.lday. N::: 1 case dropped out (for 
rnalaise) of the trials called "supplemer.tal" studies by the Sponsor consisting of trials in peripheral 

ascular di~ease in about N= 30 cases. 

No biochemic cl :at• was available for these trials. 

B. Post- marketing surveillance (PMS 1) 
1. Exposure/demography 

N= 8788 patients were trea:ed in this German NIS IR study. About N= 6000 cases were treated for 
2- 6 months. Wo1;1en made up 40% of the patients. 

2. Adverse events 

a. OropoU:s associated with ADE 

01 N= 231 such dropouts 2% (7) had chest pain; 29% (67) had vasodilatation; 15.2%{35} had nausea; 
13.4%{31) had peripheral edemci; 0.4%(1) had lung edema; rash 1.3%{1). The Reviewer examined 
listings of associated signs/symptoms of the C;Jses with chest pain/angina and found that 4fT had 
either headache or vasodilation at the time .:if withdrawal. Biochemical data w~s not required in this 
study and none was oresent".'d. 

b. Deaths 

The following four p~g~s provide a listing with con:ments on c!c'aths m this study. N" 8 cases died 
from myoc:irdiai inf;;rction; N= 4 from mal1gnancy, N= 3 frocn heart tailure; and N= 6 from other 
o:iuses. 
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C. Past- marketing surveillance study (PMS 2) 

1. exposurn!demography 

This second Gecman study involve N: 640 NIS IA cases. Women comprised 38% of subjects. About 
20% of cases were treated tor more than one month and about 60 cases treated from 2- 6 months. 

2. Dropouts associated with A...,E 

N" 18 cases dropped 01Jt under this condition. Of those 5.6% (1) had angina pectoris; 11.1~o(2) had 
vasodilation; 16.7% (3) h:id hypotension. The patient with angina pectoris did not have cocomittant 
headache or V?;odilatation i:i listings of multiple sympt'.lms/signs. There were N: 6 deaths- N,.3 due 
to r:iyocardial infarction: N= 2 due to "cardiac insufficiency" with or without ventricular fibrillation. 
Clinical laboratory data was not assessed in this survey. 

D. Post marketing surveillance study (Japan) 

1. exposure/demography 

N= 1850 cases received NIS IA of whom about N= 1300 were treated from 2- 6 months. About half 
the cases were females 

2. Adverse effects 

No deaths were reported from this study. Among the N= 50 dropouts for ADE 34% had headache, 
26% had vasodilatation; 4% had chest pain; 4% hypciension;S~\, edema; 4% rash. 

E. Experience alter marketing 

The Sponsor presents N= 10 Spontaneous Reports from marketing of the IA formulation in 
countries outside the U.S. These are one case each of anaphylaxis with edema of tongue and 
larynx; agranulocytosis; myocardial infarction (2); rash plus hyperglycemia; hyponatremia; jaundice 
with taste perversion and anorexia; photosensitivity; dypsnea plus headache; gastroenteritis with 
"non- cardiac pulmonary edema". 

F. ADE literature search 

The sponsor did a literature search using a database that periodically scans more than a dozen data 
bases. The cut- off date was June 15, 1992. Of N= 2941 articles, N=45S referred to adverse effects 
and of these N= 41 articles were selected as not containing data expected to overlap that in this 
submission. The Sponsor tabulated ADE by individual article (vol 322). Symptoms/signs were very 
nearly limited to those found in the NOA submission. One article dealt with incre<sed insulin 
production. 
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NARRATIVES OF POST-MARKETING SURVEILLANCE EVENTS 
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PATIENTS WHO CIED -

P39A 

Twenty one of tile 8788 patients enrolled ln this surveillance died during or after discontinuing the study 
and details are available on the following patients. 

1999 Cause ot death; Bll'ldder C3rcinoma. This 56·year old male patient had partic:i;...ted 
in the surveillance for 83 days when he died tram bladder carcinoma His final dose of 
MS IA was 10mg daily. 

2474 Cause ot death: Myocardial infareion. This 77-year old male patient wrth a 10-year 
hiS:ory of CHO, no previous Ml, ar:enaJ occiusive disease, and bronchitis was 
concomrtantly taking phenprccoumon, thecpMylline, and digitalis in addition to NIS IR. 
During therapy wrth NIS IA. He oied at:er 30 days on NI~ 
IR 1 Omg daily from a myocarcial irmm::ion. 

2541 Cause ot death: Cardiogenic shock. This 82-year old male patient wrth a 15-year 
his:ory cf CHO, one previous Ml 15 years prior to study panicipation. concurrent hear! 
failure was taking rr.eto~rolol anC mononitrate. He was cbser.teC zc ~.?.·;e a reouc:ion in 

on NIS IR 201.ig daily. 
Ten days later. as a consequence of a myocardial int>rction, this patient died because of 
cardiogenic shock. 

2542 Cause of death: En ;ephalomalacia during coronary angiography. This 68-year old 
female patient died nine days after discontinuing 20mg jaily of NIS IA (total of 17 days 
c~ N!S IR). No additional information Is available. 

2e...cg Cal.'se of death: Acute heart failure. This 69-year old male ~ .tient had a 7-month 
history of CHO wrth a myocardial infarc:ion nine months prior to participating in this 
surveillance. In addition to CHD, this patient also had hypertensicn. cardiac 
dysmythmias (Lown IVa) and was concomrtantly taking metoprolol. He had two follow­
up visits, after 3g and 58 day~ on NIS IA 10mg daily. which noted 

He died 10 days later f:\ecause of 
acute hear! fafiure wrth suspected recurrence of myocardial inf2.rction resulting in cardiac 
dysrhythmias. 

2957 Cause of death; Sudden cardiac death with calcifying coronary sclerosis. Thi<, 60-
year old male pa:ient w~h a his;or1 cf CHO, no previous Ml, status post-renal tr.nsplant 
and wrth renewed renal impairment ~2d rec~ived 1 Omg daily of NIS :R for 30 days when 
he was hosprtalized a11d drug was cisccr,tinwed. He died four days later. 

l\.111es Inc 

ftISOLDIPltiE COAT-CCRE t~D~ OB 45 0002717 
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C.ause at death: Breast c:sncer. This 74-year aid female patient with a history of 
di<>d from breast c:lncer alter haVJng c:::mpiet<>d the sur1e!llance with 10mg daily of NIS 
IR. 

Cause ot dea~h: MyoC3rdlal lnfarc:Jon. This 75-year aid mate patient with a 12-year 
history of and two prior Mis (2 and 8 yean; beiore study entry) was c:::nc:imltandy 
taking algrt.aJls and nrtroglycarine spray along with his NIS IR 10mg daily. His first 
follow-up visrt was done after 8 days on NIS IR 

He died 3 days later as a result cf a myoc:iroial infarc:icn. 

Cause al death: Cardiac arrest. This 48-year old male patient wrth a his:ory of 
ar.d no previous Ml appear.; to have taken only one dcse (10mg) cf NIS IR during the 
study. He died two cays later in the amt:u'ance after wrciac arrest. No addrtionaJ 
information is available. 

Cause of death: Myocardial infarc-Jon. This 66-ye2r cld male ,,anent wrth a 6-year 
history al 1nd a pncr infarc.:cn 12 ye.ar.; prior 10 s:uay pamc:pation also had 
hyperlipidem1a ana hypertension ana was :aking cinrtrate. metoorclcl and bezafibrate 
v.1r.en he enrolled in the surveillance. His ;:;amc:paticn lasted for 61 days on a final daily 
dcse of 10mg NIS IR. 1-'e died frcm a mycc.:irciaJ intarc:icn 11 days after having 
c~mpleted the s1ud'/. 

Cause of death: Bronchial carcinoma. This 54-year old male patient with a history ot 
and no previous Ml died from bronc!iial C3rcincma after having participated in the 

s:udy fc,r SJ days on a ~aily dose of IOmg NIS IR. 

Cause cl death: Sudden cardiac death. This 82-year old female patient wrth a 15·· 
year history 01 and Type II diabetes me tus was taking concomitant 
glibcnc!amide. digitaJis, captopru, and funosemide. She participated in the study for 28 
days on a daily dose of 10mg NIS IR. Thirty-nine (39) days after discontinuing NIS IR, 
she was admitted to the hosprtaJ (reason unknown) and died. 

C:ause ot death: Car accident. No additional information is available on this 74-year 
old female patient who had partidp;ited in the surveillance for 92 days and was taking 
10m,;; NIS IR daily at the time of her death. 

Cause cl death: Post-<iperatlve after CABG, renal failure, and pneumonia. This 76-
year old male patient wrth 2. 3-year history cf and no previous Ml. was to undergo 
.ACVB owing to the uns:.'.lble ccndrtion ct his at the start of S~Neillance. Follow-up 
visits were done 22 and 59 days after start of sur.Jeillance and showed no deterioration 
in '. He Nas admitted to the hospital fer purposes of the CABG and discor.tinued 
tee NIS IR 2Qrr,~ da:ly. Thirteen (13) days later. he dic-d from sequeiae of surgery. 

~1iles Inc 

.. "" .. -·- - -- ' - - -

(.).'~ .J(, 000:'718 
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C..use of death: Status post-<1neurysm of the abdominal aorta and cin::.ilatory 
failure. This 86-year oid female wrtt1 a ~O-year history cf md no previous Ml had 
lollcw-uc visits done 54 and 7B days at!er stanJng NIS IR and c:=mpleted the surveillance 
alter 106 days wrth the final dose cf NIS IR being 10mg daily. During the surveillance 
perio..J. she had an operation for an aneurysm ot the abdominal aorta and probably as a 
result cf this surgery she died nine days alter completing the sn.:dy. 

Cause of death: Myocardial infarc-Jon. Tnis 61 ·year cld male padent wrth a 1:-year 
history of wo previol:.o Mis (15 and 6 years prier to srudy enuy), and Type It 
ciacetes meilitus ·.vas taking giibencamide, nrtrcglycenr.e scray, mcncnitrate, and 
nrfe-.Jicine/atenc!c! ccmoination at the beginning cf SU:"Yeil!ance_ Ccring trea!ment 'Nrth 
NIS IR 2Cmg daily, 

He 
c:ed 23 .:ays into s!udy as a rest.:it ct a mycCJ.rCia.i :n~r=-::cn. 

Cause ct death: Renal c.arc:ncrr,.J. ~-.. ..) 57-year clc .7:ale ~2::r-r.~ c:ed fr:::i re,...ai 
c::-.~c::-".C:-7".a :r";e-r r,aving par:~c:~are-a in t~.e s~ucy !er ~7 C.s.ys ar.:::: :~2v1r.c; t.::./.:e1 2.C:-r:g 
c~dy cf NJS IR. No ac::frticn.::.J ir:f;:rrnat1cn is c;v2!l2c1e. 

Cause cf deat~: Ac:.rte heart failure. This i":J-year c:c rnait: ;:a~er.t wrth a 1 i ·year 
his:cry ci with 2 previous Mis ("< 1 and 10 years pr.er ta s:~cy) also had 
hypertensicn, cerebrovascu!ar processe~. and Parkinson's disease At the s:<irt of 
surveillance. he was taking aspirin, potassium re;::lacement, met.ixen. diltiazem, and 
rnoncnr.:-;ite in addition to NIS IR. His participation in the stud·11asted tor 41 days 

'hile en 1Gmg daily of NIS IR. Thirty-four (34) days 
artEr his :ast Case of NIS IR, he died tram acute heart failure. 

Cause of death: Posterior wall infarcfr n. This 76-year old male patient with 110-
year histor1 of and previous Ml (3 years prior to study participation), also had 
hypenur.cemia, prostatic hyperplasia, ar.d heart failLre, and was taking dinit;-ate, 
Rewinice. phenprocoumon, digitaJis, and magnesium/potas~ium replacement along with 
NIS IR. Improvement in symptoms was noted at his first follow-up vis~ after 19 
days on NIS IR 1 Omg Jaily. f-'' was rospit!Jized the same day for acute cholecysL'tis 
and NIS IR was discontinued. Four (4) days lat"r, despite showing c!inicaJ improvement 
In cholec;stitis, the patient died tron1 a myccardial infarction. 

Cause of death: Malignant hypertension. This 60-ye:er old maJe patient with a 5-year 
his:ory ct also had hyper:ensicn, cerebrovascular insufficiency, and heart failure, 
and was taking mononitrate, c!onidine, indapamide, enalapril, and digitalis. His 
participaticr, in the study lasted 66 c'avs with a final NIS IR dose cf 20mo da'lv durino 

He died 3 CJ.ys a~er cc:rnr:leting the s:"...dy from ~~!i~nant hy~ertens:on. 

•: 
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13765 Cause of death: Acute re-infarction. This 51-year old male patient had a 4-year 
history of ,Jrevicus Ml (4 years prior to study partJcipa!lon), and 
hypercholesterolemia and was taking mononitrate and metoprclol. His follow-up visits 
o=.irred 20 and 49 days alter s!altlng NIS IR and he completed the study on day so on 
a ftnal dose of 20mg daily of NIS IA. He died 27 days later from acute re-infarction. 

~1.:es Inc. 
PhJrr.-ace'Jt:c31 C1,;:~;;cn 

tlISOLDIPIN~ COAT-CORE tlDA 08 46 0002720 
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G. A pharmacodynamic- clinical model for adverse reactions 

It, in fact, a drug increases cardiac work unfavorably at some phase of its administration in a subset 
of patients and that increase in cardiac work is the factor responsible for determining the onset of 
ischemia, it is possible that the distribution of times to drop out tor angina or chest pain would 
approximate that for withdrawal due to "vasodilation" phenomena other than angir.a such as 
headache, tachycardia etc. Perhaps in some patients the increase in cardiac work associated with 
vasodilation rr.ight increase rather than improve ischemia. If so, then the timing of both phenomena 
should be similar. 

For US controlled- trial angina patients Table 17 page 20 of this review shows that 3% of NIS CC 
patients discontinued due to angina or myocardial infarction versus 1% for placebo cases. 
Table 18 on p21 of this review shows that tor non- US placebo- controllet.J trial cases, the 
percentage of cases discontinuing for these indications is similar in NIS CC and placebo cases. 

For US, placebo- controlled trials, the narrative comments (this review page 20) show that the times 
to discontinuation tor worsening angina or Ml were relatively soon after starting treatment. For the 
non- US trials the days to discontinuation were also relatively early. 

The Kaplan- Meier "survival" curve for the endpoint headache (see this review page S) shows that 
the percentage of patients without headache falls abruptly early (in about two weeks) to 85% but 
takes until weel: 30 to fall another 15%. This early discontinuation for headache would be occurring 
during dose escalation and/or early exposure to nisoldipine and is most probably a concomitant 
response to the pharmacologic action of the drug. 

Note that in the long- term trials the times of discontinuation vary widely and may t- ,, a number of 
months. Such cases r:iight represent the "background" incidence of events in a ~-- pulation with 

from which some cases with had been removed due to drug exposure during 
the short- term phases of long- term studies. In some patients may be due to 
sporadic increases in dosage. To reduce the complexity of multiple causes o'I withdrawal, this 
revil:wer has used the short- term studies for the graphical analyses :o be shown subsequently. 

Note that either 1) the similarity of timing of wit~drawal for ischemia and tor "vasodilation" and 2) 
withdrawal for both in the same patient would be supportative of an association between the action 
of the calcium channel blocker and ischemia. Although instances were not infrequent of withdrawal 
for· both in the same patient, they were not observed often enough to provide strong evidence. This 
may be due to a tendency to emphasize a single cause tor withdrawal in clinical trials. Therefore, 
the reviewer reports on the similarity of the withdrawal- time distributions for ischemia and 
vasodilation. 

Graphical analysis of withdrawal: 
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Summary of Withdrawals from Hypertension Trials With Particular Reference to Chest 
Pain (N events due to this reviewer's tally using submitted safet' pool data): 

CONTROLLED TRIALS: 
NIS 

STUDY EVENT IN 

089026 0/82 

088054 0/91 

089029 2/189 

089039 3/167" 

090019 1/149 

HYPERTENSION TRIALS 

PLAC 
EVENT/N 

0140 

Q/31 

0162 

ans 

1n2 

%NIS 

0.0 

0.0 

1.1 

1.8 

0.7 

N=l w1u vaso1 11auon \See oenn1t1on oe1ow) 

UNCONTROLLED TRIALS: 

X89039 3/136 na 2.2 

X90019 0188 na 0.0 

"loPLAC 

0.0 

0.0 

0.0 

0.0 

1.4 

na 

na 

DOSES 

10-30 

20-60 -
20-80 

30-60 

20-40 

30-60 

.,,omment: even tn me uncomro11eo \tong- term ma1s W1lllurawa1 1or anginwcaa was re1a11ve1y 
infrequent in the hypertension data. Probably this is a reflection o! small rates of serious CAD in 
the population sampled such that any tendency for NIS Rx to accentuate manifestations was also 
minimal. 
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overall Cunclusions for Safety of Nisoldi~ina: 

Two major findings in this submission are l) a substantial incidence of 
withdrawal associated with signs/symptoms of vasodilation and 2) an increased 
rate of withdrawal for angina/cad in In the 
short- ter:n trials the latter withdrawa.Ls t.enaea t.o occur early and to be 
associated with signs/symptoms of vasodilation but, in tha lo.'\g- tarm trials they 
· .. ·~=e primarily manifested by an increased rate of withdrawal. 

In the us, placebo- controlled, hypertension trials there was a significant dose 
response for overall withdrawal of about 11% at 60mg NIS and S.4% at 10 mg. Tte 
incidence of beadacbe, not necessarily associated with withdrawal was about 20%. 
In the long- term, uncontrolled hypertension studies, about 20% ot cases had 
withdrawn by 30 weeks and tha cumulative incidence of peripheral edema was more 
than 40%. Thus whatever blood pressure reduction that is achie•rad is associated 
with substantial side affects, most of which are due to the pharmacologic action 
of the drug in causing vasodilation or to the compensatory mechanisms such as 
tachycardia. 

one might axper:t soma myocardial ischemic phenomena if the vasodilation and 
tachycardia increased cardiac work out of proportion due the benefits of 
reduction of afterload through lowering of blood prassura. There was little 
evidence that the balance was unfavorably Affected since, in the hypertensior.o 
studies the incidence of i<ithdrawal due to angina/cad was about 1%. However, 
there ware instances, eapscially in the phase 2 rapid, forced- titration trial, 
of the development of t wava abnormaliti~s. 

It is in patients that evidencw for ischemic affects of nisoldipine 
are of gr~4~er concern. Even in the short- torm, US placebo- controlled trials 
the rates of withdrawal for angina/chd exceed those on placebo. In addition, it 
is of particular interest to note that a high proportion of such withdrawals 
ocr.urred very early at tillles close to those for withdrawal due to vasodilation. 
Thus tha close sJ.milarity of tha distribution of withdrawal for vasodilation and 
that for angina/cad supports a similar mechanism for both. Symptoms of 
vasodilation were not prominant in the but in those the 
number of events was higher, about 10%. Tbus for the short- term trials one may 
use tho rates, the timing of withdrawal aod/or association of vasodilat.ion; for 
the long- term trials only the rates are useful. Note that tha use of timing of 
withdrawal and/or any associated vasodilation constitutes an "internal" control. 

From a PlJrely satety standpoint, t 1.s reviewer is not in favor o! approval for the 

It is po~tiible that a combin:"lt inn 
nisoldipine would allow use of the latter drug in 
study (0702) carried out in Canada, Us, and Israel had 

of a beta- blocker and 
a single 

very few withdrawals due 
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to ADE. N= 1 subject withdraw for ~oJ angina a.nd N= t for myocardial 
infarction out of N= 200 NIS+ at.eneiol cases. The experience with this 
combination is as yer. insutticiant to reco:mmand this cccbiLation but it may be 
a just.ifj.able treatment to explore in future trials. 

Note t=at if the NIS fono.ulatiou dumps early, one would expect to see early 
withd~awal or the early occurrence of signs/symptoms of vasodilatioc.. 

The hyperteosioo indic.atioc., at least for subjects without notable coronary heart 
disease, is supported by t.ba safety data .. liowever, if t~e spectrtlm o'f. patients 
selected tor treatment includes patients whose hypertension is associated with 
CHD or as hyper<t.ensive subjects develop CHD, sox::e of tl.ese may be unable to 
tolerate NI3 therapy. Alternative therapy should be cocsidered in such cases. 

The ECG fi~diogs in rapid- dose escalation (intervals ot leas than a week) in 
hypertensive subjects, while not clearly established as adverse, are in an 
unfavor3ble di=ection and suggest tb~t titration be carried out ov~r the lonqe&t 
intervals ccnsistant with tbe patient's need for blood press~re control. 

summ..a~-y of safety recommendations: 

1. Nisoldipine, as studied, not suitable 

2. Purt~er st~d~es with beta blocker+ NIS of intArest 

3. subjects wit.b. asymptomatic coronary dised.se ccn!..t_c.· ..... ::.c 3. somewhat d±!ficult 
group with respect to suitability for NIS t.~erapy since niany hypertensives 
respoc.di:::i.g t.o this treatment undoubtedly have t.bi.s condition. Perhaps some 
clinical judgement needs to be invoked here. 

4.. In view of the findings of ECG T abnor:D.dlitias on rapid titration in 
hypertensive pa~ients, it is suggested that dosage increments be :nade at the 
greatest intervals consistant with the need for BP control. The Sponsor's dosing 
recommendations de not specify the interval between dosage increments. Intervals 
of ooly a few days may be too frequent since they ware associated with "adverse•• 
ECG cbanges in hypertensives. 

5. Although mono- therapy fo1: bypertansion with NIS appears justifiable due to 
tbb lack of serious drug- induced effects, there is still a substantial incidence 
of troublarome symptoms of vasodilation that might be diminished witb combination 
of NIS ao beta- blockade. This may also be a suitabls and informative area for 
further L_ials. 

6. Pharmacokinetic studies by the Sponsor show tha::. the mean em.ax was 48% higher 
wben NIS was administered vith a meal. It is not clear whether this explains tba 
very early occurrence of vasodilation after dosing and, 

rt may not be correct to state tbat it 1s 
Known ~nae ~nere are no clinical consequences from dose du.roping. 

7. Since elderly 
younger ones, it 
dosage slower. 

cc:original 
HFD-110 
HFD-110/CSO 
HFD-110/pld 

subjects have a 2- 3 fold higher plasma NIS concentration tbao 
may be best to follow theso subjects more closely and increase 

?~1.--Pv~ 
Philip L. 0ernJ1.D. 
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DIVISION OF CARDIO-RENAL DRUG PRODUCTS 
MEDICAL OFFICER'S NOA REVIEW 

DRUG: Nisoldlpine 

SPONSOR: Miles 

DATE SUBMITTED: 17 August, 1993 

DATE REVIEWED: 7 July, 1994 

REVIEWER: Philip L. Dern M.D. ~~~ 0-7\.,.,____., 

RESUME: 

This is a 120- day safety review and includes both completed and uncompleted 
trials, foreign and domestic. For uncompleted trials, data is still blinded and 
treatment ls listed as "either drug 1 or drug 2" if these are the possibilities for a 
particular patient. 

I. Deaths 
f\. Completed US studies 

One death Is recorded for this update and was also included in the NOA for an 
on-goin~ t!ial. 

Study# 090- 029··06: Pt 6004. 

This 44 yr- old female with a qualification. single- blind BP of 190/ 111 and a 
randomization BP of 141/97 died suddenly at home on day 24 of the study. She 
was on NIS 40 mg qd and HCTZ 25 mg qcl. Scrum potassium at baseline and last 
visit were. respectively, 3.9 and 3.6 mEq/l. Autopsy revealed moderate coronary 
atherosck·rosts without thrombi. 

B. Completed Non- US studies 

Study 752. No dc·a1hs. 

C. On· going Studies (all non- US) 

Study 764: Pt 128. 
This 8:\-yr old female was being trt'atl'ri with either NIS or lisinopril (LIS). She 
died at home of acute pulmo11<1ry l'dt·m:i and has an .1ssociated abdominal 
infarct ion. 



Study 769: pt 16002. 

This 53 yr- old male was being treated wi1l1 either NIS or atenelol (ATN). The 
patient had a TIA on 9/91. Baseline BP was 162/105 after three weeks of 
placebo. He was admitted to hospital on 5/ 18/92 after 5:1 days of treatment. He 
died the following day of a CVA. Bp at last clinic visit was 177 /83. 

Study 769: pt 17013. 

This patient, a :nale aged 73, was being treated with eithrr NIS or ATN. After 5 
days of therapy the patient developed dianhea. nausea, anc1 vomiting, and, three 
days lakr. a fatal Ml. 

Study 769: pt 54002. 

The patient. a male aged 66, was on either NIS or ATN. Baseline BP was 155/93. 
After 25 days of treatn1ent he developed a CVA and died. BP at last clinic visit was 
145/83. 

II. DisconUnuations due to adverse experiences 

.\. Completed US studies 
REASON WITHDRAWN DAY DRUG & DOSE 
rr====~~===~~===T=========-=~=-~----~ .-- -

Eden1a.erythema 24 NIS40 
--·-------1----------

headachC' 2 NIS20 
11--------------·----;---. ----+------

headache I NIS'.?O 
11--------·------t-------------··---+--

tachycardia, vasodil l NIS20 

Dizzy. n & v,lwadach 2 
-----------+----------- -·---

Gout 5 
10----------~-·--~--+------ .. -·-----

Faint at phlebotomy 10 

edema 13 

NIS20 

NIS20 

NIS·IO 

----·--·-- -- --·--------------!------------------·- --------- --- ----

ede1na 19 NIS40 

Alm Liv,·r h111t·tion• 35 NlS·IC> 

-

--

----

--------· 

------

I ICTZ,25 

--

------------·--··- .. --·--- - -·----·--------

Cough I 8 NlS-IU +- LIS20 
--~--·-- -----------------·~---·------- -----

NIS·lO !ICTZ25 
------------- ---

I IC''l~l'.25 



n.b. There Is a notable number of cases withdrmvn relatively early in the actlve 
dose phase especially for those signs an(!jor syrnptoms likt>ly to be due to thr 
vasodilato.y action of nlsoldiplne. 

B. Ongoing trials (all non- US): 

SELECTED SIGNS/SYMPTOMS N* 

headache 

MI 
- otten sign/ symptom occurrea=wi==1=fi=o~th=er=s=-===,~== --·---·-========" 

The above tablf' concentrates on typical findings on nisoldipine therapy (edema, 
headache) but notes occurrence of migraine. Number of t'.asl·s of angina and Ml 
is small. Total number of cases withdrawn due to syncope ( 1). postural 
hypotension (1). hypotension (1). suggests that excessive BP tall was uncommon. 
N=l case was withdrawn for thrombocytopenia. 

An10ng l :170 cases in these foreign studies. I 00 were wit hdr.nvn due to adverse 
experiences. 

Conclusions: 

The \vithdnl\vals for adverse effects were often due to tlw pharmacologlc action 
of nisoldipine and consequent to vasodilation (headadw. v;1sodilation). In this 
hypertensive population few cases of angina or Ml occurn·d. However. the data 
base for this report is not cumulative and the numlwr of t'ases in the completed 
US trial is too small to provide a good estimate of the J"isk of angina/Ml. The 
database for the foreign studies is larger and. even though tn·atment assignment 
is in doubt. tht• small numl>er of angina/Ml cases is 11ota1Jle (See this Reviewer's 
review of the hypntn1sion safp\y 'wgment of tl1c NDA tor comments on tlw 
associ:ition of symplrn11s/si.l(11s of vasodilatio11 and a11gin;!/l\ll). 

cc: llFD/ 110 
llFD/llOorig , 
lIFI>/ I !O C'SO v/ 

I !FD/ I I U plcl 

B 
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OC1 2. o l<m 

There is only I ongoing L'S trial. #:\911-111'.i,'an <'pen-label. long-renn follow-on IO Smdy #90-0 I) (..j. v .). Tilere 
are no ne\.\r safe!y data for this trial. Hov.·t•ver. f\\'il subjt:c~s \.Vho completed this trial and continued to receive 
nisoldipine coat-core under an in<liviJual invesc1gator's l~1 D experienced serious ad\o'erse experiences. 

Subject -.as a 69 vear old Coucaswn fr male wlw had generally recei••td 20 mg q.d. The dos. 
\1.'tZS reduced because of diz.:.iness and lighr-headedness. He experienced chest pain or disco-nfortfer 
fH'O »-'eeks prior to admis,non ur 73.J days.fur 1u1srahle angina. Enzymes did run indicate .'Tlyocardial 
infarction and she \\'as dischargt'd t1.f!t•r 3 tfaY.~. Shr 'o\'lJ5 readmitted .,~:ith simjL.Jr h~szory az 770 davs, 
at u:hich time hiatal he. ·nia .,,·as d1ax11used. 

Subject ~vas a 6R year old ('auca.1i(u1 u'/10 su_ffered n1_\'ocardial infarcrion y,:hili' recei \'ing 30 nu: 
q.d. Three monrhs later he tt·a.'· readn111ft•djor st•vere angi11a while on 40 m._r:. 

2. :>ion-t:S trials 

2.1. Study #697 

This is a randonuzed, douhle·bhnd. parallel grnul> siudy being conducted in Germany and Italy. The grour.; are 
nisoldipine-10 mg q.d. (n=l 1Sl and diiua1.en1 t>O m;< 1.1.d (n=l36). 

Suhject Ill r -OU9: wa.1· d 72 vear o/a'ft'tnalc H'f;o discontinued after 8 1no,,1hs bet·au.se of allergic 
exanthenw. 

Suhject #41-005 'H·as a .~5 .\t'r.lr nld.ft'n11de H··ho disconrinutd after 3 n1onths because o_f re.1t1n,i: 
flu·h\'card1a. 

2.2. Study #701 

·rt.is is a ranJon1izeJ. d()uhle-hlinJ. oarallc-1 gniup ..;tudy hl"ing 1.·onoucted in C.lc-rmany. The ~.r1JUP" are 1usoldipine 
L·oat-1."ure 20 rng q.d. (n::.::70) and n1solJip111c: in11111.·J1a11.· l'L'lca'ic lO n~g b.1.d. (n=·7~) 

Sl..4b)ecc 0101 wa:; a 5R _\'t'Llr old t~nHllt' 'lrllh 11 .~-yt'ar She d..t.~(·011t1nued tl! 

5 dd\'S H·ith St'\'ere bur1u"ng sensation t~f tht• .·.kl'1, ht'tlda, ·he. and ra::·0Jilanr1n. ~Jll of n hil ·h begdn 
"1'ilh tht• Jlrst dose. 

Subject #0115 ~ra1· a 6X \'Far o!dft>n1df r• wal: a 6-1nontJ She disconlo'l.utd at 
.J 11tonths 'H-'ith naust•a, innt>r "frt'n1f>l1ng ". a11,/ /lft'SJIHt' and heat Jl't:~•ltion in ha'&..is aru-f fee:. 

2.J. Study #718 

l'h1s iS an ongoing rarKinnu1ed. dnuhlt'-hl1iid p.u:lllt•I rr.)up trial "·11.11 1isl1ld1pi~ 20 and 40 mg q.d .. a~~ 
dih1a1cm 60 and 120 mg b.1.d. and 11 d. 

Suh1ect #303 Wtl5 a 51 year old tt11il·· ·~· .. ,"1 a 6·\f'ilr H~ k·i1h.treM.' after 
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./ tfa)·s because of chest pressure and palpitations. 

SubJect #306 was a 54 year old malt with an 8-ytar . During month 7, he 
complained of flatulence. After 8 mo1.1hs, he withdrew becaust of hypottnsion, malaise, and fatigue. 

Study#771 

This is an ongoing randomired, double-blind, compariso11 of nisoldipinc 20 to 40 mg q.d. with diltiazem 60 mg 
t.i.d. or q.i.d. 

Subject #3307 was a 55 year old male wirh a 7 month and myocardial 
infarction 12 yea is previously. He discuntinued at 5 months with atrial fibrillation which resulted 
in prolonged hospitalization; outcome unknown. 

Subject #3602 was a 78 year old mnle with 2 manth . He suffered cramps from 
the onset of treatment and discontinued after 4 weeks with the onset of fasciculations. 

'-'t .'Jject #3703 ·"as a 63 year old 1nale H'ith (i .'-year h He discontinued after 
3 }l't•eks because of vertigo. 

2A. Study #781 

This is an ongoing randomized, double-blind trial in G~m1any comparing 20 and 40 mg q.d. nisoldipine with 
ISD'-i 20 anJ 40 mg b.i.d. 

S11/11ect #213 was a 70 war o/dfem.rle with 11 She discontinued after 
3 H·ecks becausl' ofsei•ere headaches an,t nausea. 

Subject #214 1 K'a.f a 62 )'tar old femtJle u1ith a l. She discontinued after 
6 "'eeks l>ecause of ieg edema. 

Sub1ect #603 was a 64 yea•otdfemale with a She discontinued after 
2 ~~·l•eks because of severe headaches, diarrhea, restlessness, and genera/ malaise. 

Subject #906 was a 69 year old female with a Sh• discontinued after 
2 rnonths because of hair loss . 

. 'iuhject #_1004 · "K.-'Df a 68 year old male H!ifh o and niyocardial 
inj(lrction 1 yeur previously. He was discontinued r1_r: ·r I v.·ee/.:. because ofnonwcompliance. 

Su/J1ect #1016 ,vas a 58 year old male with" .. d possibly 2 prel"i->us 
n1yncardial i11j(1rc1ions. He v.·as di.H·ontintu'd ajfcr 2 .n1ontJ's because ofnon:compliance. 

2.5. Study #761 

This is an ongoing open-label trial in Israel with 111sold1pinc I IJ to 60 mg q.d. 

Sab1ecr #122 
1a1stable llll(?ina. 

"'as a 59 )'ear old (~aucasi11n niaii' v.·ho discontinued after 6 months beccuse of 

Subject #./04 u·as a 54 year old (~aucasian n1aft' ~vho suffered 11 tnyocardial infarction at 
6 n1011rhs. 

Suhject #414, t+'as a 73 year old ('a1H·a.\'1·an rnu!c ~i·hn d1.scontin11cd after 4 rnonths because of 
unsrahlt: angina. 

Sub)Pct #617 , M.'as a 95 ye.:1r old (?) ('aucasian mfllc li·ho suffered a myocardial i-farction ajier 
7 nionths. 

Subjt•cr #JOO./ l-•'aS a 72 yeu r old ('aucasian .. 1ale H'ho discontinued for cot1stipation afrer 
6 rnonths. 

Suhjcct # 1017 '.\.'as o 66 .\'ftl · ·Id ('u11CliSic 11 male" ho diSL'1Jnfinued after .J tnonth\' hi· cause <if 
1 nt e rn1 itt t' rir cl a udi co ti on and jiss u' e foll 01r ing pr< :.\f.l fr_' ctr 1n1 \' 

2.6. Study #71>2 

Thi-.; i.\ an ongoing randon1izcrJ, doublc·blinJ trial 1n Italy l·Pn1paring 20 ~ 4.d nisoldipine i..:oat-con: with I 0 mg 
h.i.d. 111..;oldipint" innned1<tle rel~as~. 

Suhjt•cr #-102 v.·as a 21 yt•orold ('<u,(as1un niaft 1i·1th ll v.·ha had a 
n1yocardu1! infarctio11 at I 1nonth. 

S11h1rct #/YU ' ' /fr 
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discontinued after 4 weeks because of unstable angina. 

Subject #605 . was a 69 year old Caucasian male with an He 
disc1mtinued after 2 weeks because of unstable an11ina. 

Subject #607. was a 64 year old Caucasian male with< He 
discontinued after 2 wet ks becaust of rash and h~·potension. 

Subject #615 was a 58 year old Caucasian mai' with a He 
di.<continued afur 2 weeks with rhinitis, edema of 1he lexs. erylhema, and pruritus which began on 
the second or third day of treatment. Symptoms resolved 2 days ofter withdrawal. 

Subject #ii IO .vas a 60 year old Caucasian male with a He dropped 
out after 3 weeks because of unstable anxina. 

2.7. Study #10011 (X90-010) 
This is an ongoing open-label study in Israel with doses I 0 to 60 mg q.d. 

Subject #IOI was a 56 year old Caucasian male wlw developed thyroiditis and tonsillitis after 
4 nronths. 

Subject It /OJ 
1u1stabll' anJ.:ina . 

\~as a 63 year old Caucasian male M.'ho discontinued after I month v~Lause of 

. 5uhiect #207 was a 64 year old Ca1u:asian n1ale 1r\.'ho \Vas hospitalized after 5 w,,·eeks because 
t~{ unstable un~ina. 

Subject #420 was a 69 year old Caucasian male who discontinued after 3 months because of 
pedal edc'n1a, 

Subject #1105 was a 63 year old Caucasian mafr who experienced severe prolonged angina 
and tachycardia 9 days after beginning tretJtment. lie was off study drug fora short perio.: and later 
completed 12 months. 

Subject #910 'US a 70 year old Caucasian female with" history of ophthalmological disease. 
Slu' had lntraocular hypertension for 9 tno.11rhs durinx :audy. 

Suhjecl #91 I 11.1as a 65 year old Caucasian mtlle ~vus ho.,pitali:edfor severe angina after 
2 tt,·teks. lie suhsequenrly completed 6 nuJtllhs, v.:ith compluints of decreased libido. The reason/or 
di.\·continuation is not explicitly stated. 

S1'hject #9 J _~ 1i,_·1s a 61 year old C.'aucasian nuile Y.1ith He 
1 on1pla1nl•d offltu1k pain al tt,·eek 2; the coniph~inr resoh'e,t. 

Subject #915 .vas a 52 year old Caucasian niaie tt,·ho discontinued after 3 months because of 
facial flushing. 

Subject #I ()()J ) Hias a 71 year old C'uucas1un nu;,/ l' a·ho a·as h1Jspitalized for unstable angina 
at 7 ntonths. lie cornpleted 12 nu1nths of treatrnent 

Sub)t'Cl # 10/S was a 60 year old Caucasian n1aie. lie tt•as lh·ict• lu>spitali::.ed/or chest pain, the 
seconti M.'as l~fifr about 12 months of lreutmenl. 

Suhjecr # 1107, was a 57 year old ('aucasuu1 nude \t'ho dei•e/oped severe ch~st pain and 
under~Vl'llt C'A/J(j 4 days after completinx 12 rno11ths treatment. 

3. Summary 
llca<lache. vasodilation, :u1d peripheral cden1a ren1a1ncd the <.:onunon treatn1ent··related adverse events. 

~everal of the ca~cs described appear to repre.-.~·nt acute "'orsening of angina during treatment. Subject# 1107 in 
StuJy #I 0011 rnay represent a rebound pheno111ctHH1. 

·rhe lnfor111atlon pn,vided in lhis 120-day safety update do :~nt 1T1alerially affect conclusions made "'·i..h the 
Mc<l1cal 1.Jfticer's n.·vic\v (2 August 199~) of safe!y and efficai.:y 

26 October 1993 
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SEP I 6 1994 

Patent Status: 
are as follows: 

Patents which claim the drug, Nisoldipine, (BAY 5552) and its use 

u.s. Patent No. 4,154,836 Expires May 15, 1996 and covers the compound, 
pharmaceutical compositions for increasing coronary 
perfusion; and claims r'lethods for increasing coronary 
perfusion. 

U.S. Patent No. 4,892,741 Expires January 9, 2007, covers the coat-core tablet. 

U.S. Patent No. 4,600,778 Expires July 15, 2003, covers the preferred process 
for providing Nisoldipine. 

PHARMA COL .• CATEGORY I INDICATION: Hypertension 

DOSAGE FORM: 
_STRENGTHS: 
ROUTE OF ADMINIS~aATION: 
DISPENSED: 

7/29/94 Angina indication was withdrawn 

Coat core (extended release) Tablets 
10, 20, 30 and 40 mg 
Oral 
__2;~ Rx ~~- OTC 

STRUCTURAL FORMULA, CHEMICAL NAME, MOLECULAR FORMULA, MOLECULAR WEIGHT: 

H,cooc 

H,C 
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chemical name(s): 

3,5-Pyridinedicarboxylic acid, l,4-dihydro-2,6-dimethyl-4-(2-nitrophenyl)­
methyl-2-methylpropyl ester, (±) 

(±)-Isobutyl methyl 1,4-dihydro-2,6-dimethyl-4-(o-nitrophenyl)-3,S­
pyridinedica=boxylate 

Molecular Formula: C,.H,.N206 Molecular Weight: 388.42 

SUPPORTING DOCUMENTS: 

RELATED DOCUMENTS {if applicable\ I 

CONSULTS: EA was requested on 6/11/93, amended 8/4/93. 

REMARKS/COMMENTS: 

The nisoldipine .::c tablets ,., ·nsist of a tablet core with a rapid active 
ingredient release in a compresseJ press-coating with controlled, delayed 
active ingredient release. To achieve protection from light, the tablets are 
film-coated. 

Nisoldipine, racemate, will be used in the preparation of the drug product. 
Studies using enantiomers of nisoldipine were performed. ~·)-Nisoldipine was 
found to be 10-20 times more potent than (-)-nisoldipine in hypertensive rats. 
There was no relevant difference in oral efficacy between (+)-nisoldipine and 
the racen1ate in either rats or dogs. ( + )-Nisoldipine binds to isolated 
membranes with an affinity 100 tim~s hi~rer than (-)-nisoldipine. 

In general, ('·)-nisoldipine (BAY R 1224) shows a spectrum of activities in 
standard safety pharmacology testing similar to the racemate, but at lower 
dose levels. 

EEP requested on 6/4/93. Acceptable on 12/16/93. 

Meth~ds validation - requested of DDA on 12/14/93. DO will be aseignea when 
aduitional sample will be picked up. (Foreign manufacturing facility) 

July 29, 1994 amendment - response to deficienc~es. 

July 29, 1994 amendn1ent - change in dissolution spEcific1tions. 

Proposed expirati_~ date - 24 montl1s. 

Dissolution specifications (.3 hours - 6 ioours - 12 hours -
nlt is acceptable if Biopharm reviewer agrees). 
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Sidney Sto1zenberg, Ph.D. 
Xavier Joseph, D.V.M. 

ORIGINAL NDA DATED: March 31, 1993 
CENTER RECEIPT DATE; April 1, 1993 
REVIEWERS REC~IPT DATE: April 9, 1993 

SPONSOR: Miles Inc. Pharmaceutical Division 
400 Morgan Lane, West Haven, CT 06516 

DRUG: Proprietary name - not established 
Generic name - nisoldipine 
Code name - BAY k 5552 

COOCH,CHICHslz 

M.'11. 388.4 

FORMULATION: Coat core (extended release) tablets containing 10, 
20, 30 or 40 mg of nisoldipine are formulated with following 
inactive ingredients: hydroxypropylcellulose, lactose, corn 
starch, crospovidone, microcrystalline cellulose, sodium lauryl 
sulfate, povidone and magnesium stearate 
(core and outer coat); hydroxypropylmethylcellulose, polyethylene 
glycol ferric oxide and titanium dioxide (film coat). 

PHARMACOLOGICAL CLASS: Calcium channel blocker 

PROPOSED INDICATION: Treatment of hypertension 

PROPOSED DOSAGE REGIMEN: 10-40 mg 'Jl1CP <bi Ly 

IND UNDER WHICH CLINICAL TRIALS WERE CONDUCTED: 
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SUMMARY OF PHARMACOLOGICAL STUDIES (X. Joseph) 

A. Studies Related to Therapeutic Indications 

l. Effects on Blood Pres§.!!_~~ 

The effects ot r1ir1oldipine on blood pressure and heart rate were 
r;tudied and comp.·in,cJ with appropriate reference drugs 
(nifedipine, ni<·a1 dipine and hydrdlazine) in normotensive (NT) 
and spont.aneou:;Jy hypertensive (SH) rats. Single oral doses of 
n1soldipine (3 31J rnc;/kCJ) produced i1 dose"dependent decrease 
in blood pt<~S:3lllC· in nounolensive rats. Althouqh the hypotensive 
effect at 3 rnc;/k<1 was statistically noc significant, doses of 9 
and 30 rng.'k<J prrJ<lue<0 cl c;ignif icant reductions in blood pressure 
lasting [01 2 cd1d 4 li1, respective>ly, atter nisoldipine> 
administ r,\\ ion (T,,b\e l). A r3ignificant dose-dependent increase 
in heart iatc w:i:; ob:>Pl'Vf'd in all nisoldipjne treated groups for 
2 -6 \or po:'1 do:;.-e (Tdl>l '' ;>). l\Plerence druqr; al~"" produced simi laJ: 
'Jc);3t": lif..:fJ€:~r1cic'r1t 11Yt),,i t'J1;..;i_vt.: t:'ff.t~ct~-:.; ancl jr1crea.sf::d her1rt rates. 
llowc-:;ver, Hi nurmC1\ <·11:.iv" iat:;, hypntensive effects produced by 
i·eferencf! dr11q.·; ut 9 llHJ/kCJ wert' almost equivalent to the effect 
produced by the l1iql1 du:''" level, 30 mg/kg, of nisoldipine 
(Table 1). 

Ni~3c)ldir>1nc' J_)t·(-)(l11t·1_",J <.! 1nclt-c' f)!"()!lC>unc·c•cl a11tif1y_r)c::rtf-::>r1~"Ji\'f~ f~ffect i.n 
~311 .rc1t~-_.; ll1dr1 111 n(1rn1utr_'n~;;]vf::.• iat-~;. IJciE.;c) <jt-:::iJ_)(~r1cicr1t 3ign.ificar1t 
r("ciuC'! i r_)n;:; j 11 l_)l 1..._)()(j 1>1-l:~-;~~>11re v1c~rc: ;-:;c~c·n a.t- al 1 lc~vt.?l:..; of 
nisuldi1,)rH· t•»tt •·.\ I; ill mq/kg, pc•), beqinning at 30 min and 
lar~tinq tllll; I ·1 lit I l ntq/kq) ur 6 ln (9 mq/kq dlld above.I postdose 
('1'.:::i.l)_lc· )) . llc,,11 \ .1l 1· \'.;\i;; ;-;1crni f-ic,·111\ l;{ ir1c~rr;c1;:;0d up t(") ~; 11r 
1-h)::)t(Jci:i(' 111 ,11 ! :1, :11,.fl!)J!lt-:_, ll(-'dt(•(i 'Jl"C!Uf"::-; dI1Ci UJ1t"i1 (1 111 dt t}·1e 
l!iqi1c':~;t il• 1 .;1·· l1·\'(· ('1d!1l('. ,1). l-\t ::,1 111·

1 
nc:i ~;ignific,Jrlt 

d."ifft•rPil\'(''- i11 !,~,,,J,i 11r·f·;;~;t1!t' C)! }H-',-irt lcttf~) vvt-~rP. .st:_•<~n l.Jf-~Lwee11 

CCJT1t rril ·ltlll 1 t•,,i 1 ··li '.1: l)1q_i;_;. J<,1•t c·1·1)nc·1.: <i1·ucJs n.1:-Jt) IJl-(J<-1t1c·eci dose 
d.c•r_1c)n(ic,11t_ \lt.·('t(•,1:··· :11 l11r·1\)d 11r1..:·~.~;t11·t-- dilli .int_'rf~;,1:1E'::; in l1ec1rt rates 
i 11 :011 l cl I 

::;t1_1(·il.t':> 111 {lt )1, 1 :-:11··1 1111t'llt ,-,_i ,i11inttl 111;"it.i1 l:-> cif lt1ci1J.cc1i cl11:<.)IJic· 
ll\'t-Jt-:1 Jtt?ll.':;,_111 (1, 1,1! l1\'fj()lt1:11:;Jv,, J,1t~; l111c! cic~c>~<.yc·cJt·ticc,stf.~rclnt?.--

Nd(""[ 11'/I1c,r:t'11:·1\'• ?.1\~;) ,il::;c, 11-·\-'t 1 ,t 1 t°'1l .1 (i(1'-;(' ~-~~1,:1.tE~'i 1lJ.-'t-JCJt-(-!ns1ve 
f ~ t f i ' l ' 1 1 • ·1 l J ' I ~ , ' ; ( : . ! , ! l : ' • • 

'!'f\1• ,j, •,·;f ··· Ii I . 

}1\' q q\ "! t' I!)' 

111 l i ' I; ')t, 

1 l: ( 11 1

1 ]>--'! t":•:j :•. t 

'!' d,I, 

. :11 1 1r1•' <lild 11·lt'l!'Ill'1' ,fr 1 1q~: 11··qu1t-t'(i t\. ci(:•('!t-',_l~lt' 

; I \ I ) i I j \ ' ~ I '' ~ : ·, I ' l 11 -, ' t ! ! 1 ' I t t ' i ·~ ' . ; ( ) -~. ( ) j t l 1 \ ' 

i l 11···;) i 11 rir ·t 11111! t ·11:·: vi- ,t;i1i :;Ji 1,_1t :; ,111.! ,i I:-;() 
,1!11!11,~1: iL' 11!t-->!.: ( 01 h\'flt>t':t·~n~;i(·\n <'ltt-" <T1Vt-~n "lTl 
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Figure 1 

Antihypcrtensive effect of nisoldipine (~AY k 5552) after oral aaninistration to 

spontaneously hypertensive rats. 
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Fi gu re '2. 

Antihypertensivc effect of nisoldipine (BAY k 5552) by oral adninistration to 

onc-k i ency renal hypertensive rats. 
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Table5. Comp.:u~tivc clTt,ls iED .. ) of n1j.0)<)1p1nc and reference drup on blood pm.sure UlP> and hcan ralt IHR) in ccn.ain l)pes ofh)pcncns1ve rau ind 1n 

norrno:ct\s.1vc rat5 ----
ED,. IBP> !mg/ k& p.o.) ED,, (HR> (m&lkl p.o.J 

Drugs --
NR SHR DNR RHR NR SHR DNR RHR 

+-----· 
J :! 0 40 7.:! I 4 ().I 
( :i 111 (I) (ll 

)80 1.40 > J0.00 1.60 
(I) ill I II (I) 

' 10 J 6-0 1.48 l.lO 
tO 3~) (0.90) t0.21) (0.)7) 

,,0 9.10 11.~ l.61 
10 31) (I 46) (0.)8) (0.J7) 

6 80 400 :!.52 l.•J 
iO 111 

I 
{" {0 )j) (04~) 

I 4 ~o • 10 2.90 I 91 
(0 l7> ' ii Oll (0401 (0.41) I ~ I I 

l{ydrahl\l\C' 

JOO j 00 9.68 7.80 
iO m 10 19) (0.)2) (0.SI) 

160 I 80 S.2) 4.41 
(0 .4!) 10 !(H iO 11) (0.29) 

·-----------
NR·-·normotensive rat, SHR=spontaneously hypertensive rat, DNR= DOCA-NaCl 
hypertensive rat, RHR=renal hypertensive rat. 

ln terms of blood pressure lowering effect, nisoldipine was about 
"quipotcnt. to nifedipine, nicardipine and hydralazine in SH rats; 
however, i l was less potent than the other drugs in other 
l1ypcrtenHive models and in normotensive rats. The positive 
chronotJ opi c; effects of nisoldipine were less remarkable than 
tl•ose of reference drugs except i.n SH rats. 

In ano.,.,,:cr study, single oral doses of nisoldipine (0. '315, 1.0 
and 3.15 mg/kg) produced a dose dependent reduction of systolic 
bloud pressure in conscious female SH rats (Fig.l). Although the 
lowest dose (0.315 mg/kg) produced only a slight reduction in 
b1uod pressure (3% reduction from the base value), doses of 1.0 
and J. l~~, mg/kg reduced blood pressure 1''. and 18•0, respectively. 
Tlw maximum effect, at all dose• l0vcels, was seen at J hr after 
clrc:q i\chti 11istrati on and the blood pressure returned completely or 
11cdl ly tu prd~n,atmc,nt. level by 6 hr postdose. When the above 
clcj:,r'.': (it r1i~;olc1.if)iill' v,rc:1-c g_ivPr1 nrctl 1y t-._1 one-kidney renal 
l1ypi·r-t_t•ri.'; i vc· r-ats, ci .s.i_grii ficant ci(•crt:;)se (39 90) in blo(1d µres~~l;rc· 
Wd'; S('l'tt i1\ :l. J '_1 mq/kg and moder a Le· ( 9'~) .c:nd slight (3':) 
rl'Ci\1\-,t i (ll"i~-; wt•rc: o~)S(~rvccl at 1 ar1,__l O. ~3.lS n1q/kg, respectively 
(Fi q. ?) . 

ln l'l1I1:-_,(·L(J11~~ l'llJrtn\.JC(:r-1siv\:.~ l."dt~_,,, r1:i.'..:;olcJJJ.Jlnc (0.3 mg/kg pi.}) 
si911ificar1tly reduc0d system•c vascL1la1· resistance (0.58 to 0.38 
mm \!<J/kq/min/ml; zmd mean art<>i·i al pre.c;sui:e (122 to 108 mm Hg), 
an(l lnl"l'l',-1_<~1_,ti l1c·art: rate (l9_c:; t1,,._\ 44'/ l)t'ats/rnin), str·okc vc)lurnQ 
(ii.' I t '' ii.-;;' nil /hc•at/k9) <ln<i «:11di.1« indc'x (2?"i to :J?6 ml/min/ 
kq). Ll'i t V\_'!!t__1·i t~·u1nr c~~1d--cii,1s1 cil ],_, 1ir1·~~,;111·t• (J1Vl~UP) was sl.icJht ly 
\it''')l',J:;,•,! l').\l )Ii H.B n1n1 lic1, r1·.0.C1_l;) flit! !l~J ~;_1c1nifi\~ar1t· char1qc• !Il 

l\·11 \'•'tit i 1;·t1l,1r ~;v.<~t11lit'· !)Y-t __ ,~·;:~u!l' 1..;,1:· ~:\'"II. 

'l'tl•' 't 1
.,. ·1 ,-,1 · 1:1\·111(· lli!'t_(-tt')' 111I111ir'i.1:11,tt .'llil t>t nisl)ldir-)ii1t· ,q, 

Ii<" d 1·V 1'\,\:i:11i·;1\ l1'i'!it'tLt•IJ:-;ir111 \.•l,L'' ::tu-li\'1i ir1 ~){{ rc1ts. 
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Effect of Long-term Treatment 160 weeks) with Nisoldipine on 
System1c Blood Pressure in Sii Rats 
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AdrninisLratic·n of nisoldipine t_o male SH rats (f\ ·11eeks old at the 
initiation ot treatment) at 1000 ppm (50-100 mg/kg/day in diet) 
for GO weeks prevented the development of hypertension during the 
tr0atmu1t period [mean systolic blc,od pressure of 141 mm Hg in 
~tl<' 1 ruitecl q1CJup vs 214 mm Hg in the control group at the end of 
U1c- study (Fig. 3)]. The final blood pressure of treated SH rats 
·'"''-; nl·c:iily the same as that of treated or untreated normotensive 
\'Ji1;tar Kyoto (WKY) rats (Table 6;. (Ho·;Jever, it is noted that 
bloocl prT·ssu:·e> in treated SH ra~s rapidly increc1sed to the 
ur1troated co11t1ol level when che Lreatment was ;;topped. I On the 
rJther h.:ind, in untreated concurrent cont:-ol SH r·ars, blood 
r!;_·(:-s;~,i1rc_? ir1creaf;f--?d 1)rc~grr~ssivelj.' till week 48, t·o c::-1 maxim-urn of 

:.!".0 mrn liq, and declined theneaft· ·r to 214 mm Hg at the 
t __ l'l"Inl11c1t lCJfl of t11e stt1dy. In r,iJKY r-atsl IlO signi: icarlL treotment 
r(•].ated })load p!esst1re c~hanges were seen ir1 the nisoldipine 
t·1·1:~::1t.F'(i (Jl"CJUfl comr)arecl tc) t11f'.: r__:cln.t 'Jl group. Fu:·t~ more, tl-'n~ 

11-::;u.11 :; 'lf tltc• dbove stt:dy aJ:;o c'llv.'fed that lon:; term treatment 
v:.i 1_!1 ni;_;,_·1lcllr1i n1~ sigr1ific~antl~/ decrt:.·3.~)t~d pla.sma atrietl 
n ::·rji.1l-~-~'~_i1·· }Jt-:-;_)::-. .idE:-likc~ j_nu-rn1nore.~icti\rit.y• (ANP-_P) anct pl :·"rrla 
,:l,,,J<1:_~,t_c'.l_:_rlf_::'. cc1:11~enti.·atio11s f Pi\C') (~1r1d c1tt~:-;1_1ated r"·::i_rdi.::-;c 
j1yr1·_-,1 t_ ~-.--1;,J--~'l in. :3H rat;-:o (Tcd::i1,~ 6). 

11. wci:" also shown that a 10 week dieL 'Cry trec:.trr.<'nt with 
nlsoldipine (S0-100 mg/kg) in old SH rats (69 weeks old) 
w.t!1 end-stag~ hypert.ensivP dis~a~;e causeci sigri:ficant iedl1~tion:; 
iI-. :->}';:.;t(J.1ic l)lC)CJ<J }Jrc::-;~;1Jr·~ [frcn11 :-~::) to 169 ITLnl Hq (20%)], JlJIP··JR 
(:-;1·1~-.l dr11·1 rf:>lali\rE". l1e·J.~.t. weig!·1t. (:~n·:-). 

T11 i;d:t·· 1 ! L1c·1}1.l .JrJ_Jt :::;(:r1s1ti\rF: (o:;) !r~t.: CJ!1 ,) h1r.:11 sc1.lt dif.?t \~, 
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b. Dogs 

The effects of oral nisoldipine or1 blood pressu~e and heart rate 
were studied in conscious, unrestrained, renal 1ypertensive 
(unilateral renal artery stenos1s) beagle dogs ising a radio­
telemetric method, and compared with effects of ether calcium 
antagonists !nitedipine, diltiazem and verapamil) and 
vasodilat·Jrs (hydralazine and minoxidil). Single oral doses of 
nisoldipin•e> ( 0. 03-1. 0 mg/kg) produced a dose-dcJEndent decrease 
in mean ac erial bl.ood pressure in renal hypert "r,~;ive dogs 
(Fig.4). At: 0.3 mg/k9, a marked n1duction in b.lxd pressure 124%) 
was produced within J hr aftei drug administrat ccn and the 
hypotensive action lasted for 12 hours. A refle< tachycardia, 
las~:ing for abouL 3 hr, occurred at the above C·)13e level. A more 
pronounced hypotensive effect was seen at 1 mg, <g. Nifedipine 
produced about the same degree of hypo~ension ai that produced by 
0.3 mg/kg po of nisoldip1ne at a 10 fold l1igher oose level (3.15 
mg/kg po). Tl1e hypotenc,ive effect and the rroflr'< tachycardia 
.lasted for. 6 hr. Di lt iazerr and ve1"apamil pr·:)dtw :d comparable 
aI1tiI1~/f)t:=-t·ten~11vc' (:ffect_:-:J at higher <io~~;(-? l8Vt-.-?l:-~ ·1ir1-1 slight to 
moderdLe ir._crE:-a:~e in }1(:art_ rates. [!:.~- the t1irrh.c :-;t tested dose 
level of verapa1T,ii I ll.'i mg/kg po), ·1;'5 dogs s\,)\\ed marked 
bradycardia.) The anti- hype1tensive effect of :ninoxidi.l was more 
pronounced (34% blood pressure red11ct1on at O.~ ng/kg po) than 
that of hydralazine (about 15% n;duction at 1() :nc/kg po), and 
persistent reflex lachycatdia wa'3 se•"L tor tl:r' 'r.tirr• period of 
bl<)C.1d ~Jr(-.:ssl1re r~~d•,i(_'t. ic>n _lr1 bc..1tf1 c·a3r_~~:..;. 

The ED20 lmg/kq) 'Jalues (the doccoe 
mean blood pr~ssure) ~nd 11e dos~ 
and otY1pr cr:tlr_:J~1rr1 .:'1i-;tc1c;onj~;t·;:_; and 

r~e::i1_;,(1rL::,1--~ C:\l~ \' ~~- ;:c)r nisoldipin.E:­
\'a:~~(Jl_lilat1:1r:-; lt t~ g1ver1 below. 
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The above ED20 data indicate that nisoldipine and minoxidil are 
more potent antihypertensive agents in dogs than the other drugs 
studied. However, the dose response curves show that the 
antihypertensive effect of minoxidil i.s markedly more steep than 
tl1at of nisoldipi11e. While diltiazem, verapamil and hydralazine 
are s!rnwn to be much less potent than nisoldipine and minoxidil 
in reducing blood pressure in renal hypertensive dogs, the 
antihyperlensive action of nifedipine is rated as intermediate 
between nisoldipine or minoxidil and the o~her reference drugs 
studied. 

Nisoldipir. (Yl·~H'.1 µg/kg po) decreased MAP and TPR, and 
increased HR in anesthetized norrr.otensive dogs. One hour after 
100 µg/kg nisoldipine, MAP and TPR were decreased 20 and 45%, 
re spec Li. ve ly, Im increased 7 6%, and LVEDP was unchanged. In 
a11other study in anesthetized dogs, nisoldipine (0.3 µg/kg iv) 
decreased TPR by 20% and increased stroke volume 28% without 
decn,asinq MAP, however, a dose of 30 µg/kg iv decreased MAP by 
14i and TPR by G6~, increased HR 110% and stroke volume by 38% 
without. choIJ<Jinq EDP. 

Tlie antihypen:ensive 0ffects and the pharmacokinetics of 
nisoidipine were compared with those of nifedipine, nimodipine, 
nicardipine and hydralazine in conscious, renal hypertensive 
(one-clip, two-kidney type hypertension of Goldblatt et c;l) male 
mongrel dogs. Single oral doses of nisoldipine (0.3, 1.0 and 3.0 
ma/kg witl1 Cmax values of 13, 33 and 60 ng/ml, respectively, or 
AUC values oi 36, 132 and 523 ng/ml/hr, respectively) produced 
dose-dependent. recJllct L)ns in mean arterial blood pressure, which 
were significantly different from pre-drug values at 30 min (1 
and 3 mg/kg), with maximum effect seen at about al hour after 
dosing (Fiq.'J). 1\1 1.0 an,~ 3.0 mg/kg do:3e levels of nisoldipine, 
mean blood pic·o;c;un' n•duct.ions of 36 and 50 mm Hg, respectively, 
wc1·e obsc1vecl. :;iqnif icant 0 ntihypertc>nsive activity lasted up to 
24 ilr after I.he 3.0 mg/kg dose. Although not dose dependent, 
i11creased heart. •ctl~ was seen at all dose levels and remained 
significant.ly lliqlwi than pre-drug levels for 4 (1 mg/kg) to 12 
hr (3. 0 mg/kq) after dosing. Peak plasma concentrations of 
n.isoldipin<" W<'l'' ,;c,<>n 0. 5 hr after oral administration ;::r·d the 
antihypertcr1sivc :1ctlvity significantly correlated with f 1asma 
concc•ntrat:ions of t hr· drug (r~O. 727, p<O. 0011. Like nisol lipine, 
other calcium antagonists (nifedipine, nimodipine or nica dipine) 
also c:ioS("--C.:if"fH_'ri(ic'nt 1 y lrJWf?r('.Ci rni,__~an blood prr~s~>Ur(~, attaining peak 
effect.,; at 1-? hr aft.Pr dosinq. f!ydralazinc l1:id a slow onset and 
.its ,•ffpct p<',1k<'d ·i l:r postdose. ln the itbov" study, it was found 
tl1<il ni~;c)l\iiJ-•111•· h'r1:; :>-6 time·~~ 111orc• }-)()1.Pnt t·!1an 11j fPdipir10, 
nicar·c1iriin(' an(! nin1(1clir1inr:- onci its a.ntihyri(-"rtr•nsivc effc~ct la:::;teci 
i---b t_ i !llt_-,:; ] !Jfllji'T, 

In ,1!1ntht'f ::!11(ly 111 '·111S('j(J1J.'; t1•11d1 li\-'J>t'It(~"11:;iv1• l)t!a<Jl' dogs, 
:;_in 1 1l1' (i·:,_~:~(·~; ,it 11l~·;,1\,ii})iI1t' (\,'l.U-~--\ l'! ;11.·1/k(l r!C)) rirOliUC('d tnc 
ro l _~ l)Wi 1ir1 cin,'>t•··-,i··1Jt•11dt"nt ci('c1·()df-;(':_; i 11 nit) an drl.t:'r j a1 1)1 oorl 
flJ i'.'i.'llII"i__l (M/\l') ,]]\(j i !H:rt~d~~c·~; i [l hf 1 ,:11 t t"dLt' (!ll\). 
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In C'c)n;:,c_·icJ1J~::. nr:_,.~J',1 1 _)t_ 1c't:,:-:i1·Jc:. cnror1a.r·y ar·tery occluJFd n1ongrel dogs, 
infu:c;ion or nL •.1.dipirw il and 3 µq1kg/min) f01 l c, min produced 
rf1e fr)llov1inLJ (~'}L]n.qc':'.·. i11 }Jlr1cJc] pressure ar-1d 1·1f"::t-:1r·1 rate. 

Cont::ol ( 1 µg;k9/min) ( 3 µg,!'.'.kg,!'.'.min) 

SBP, mmHg 133±3 126±4 119±6* 

• 59±5* DBP, mmHg 92±2 74±3 

MAP, mmHq 105±2 91±3 • 79±4 • 
• • HR, bpm 103±10 146±9 163±12 

* Significantly (p<0.05) different from control. 

Tri 1:c)n:3c·1(_);1:·:; 1 r:(JJ1·.-:,1-_-·(L_11 1•d, c'r1tc)nicdlly ir1strt1ml-?L rel rnc1nc1rel dogs, 
1·: adrnin~:oLlarir:·:, 'l! r1i.3c:•ldipine (10-100 µq/kg) C:1:cn"ased MAP by 
l~ ciT1cJ 2Y PUll f{q ,-: ~!; o:1n•l lCilj µcJ_ikCJ dc:-3f-:_' lc:vel~·., !t;;:qJt-:-Cti'JC:l':/. 

, nq i·t-: l 
1.: ~!q/kq/rnir1, l .... L •_) 1 l_ : i 

cl()g:· '1Ji t}:. cardi ,:t(' t ant[J'.J :c.clr~, n i S<)Jdipine 
rn.i11l cat1:><-:":(! rnt"'--:ir1 J-_-,JcJcJc) .:J11_~~;~-~ut·e to fal.l 
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rn C'c)11s1_::i()11s C'ct' 111-,J1 r1_i'.Jc:i.ldii.)ir1t:'. c:it 0.1 encl J.r:, mcJ/kg dose 
~(~vf-::l~;; t)r·c_J(_luct:'C1 .'.l '"'n1:·1 18'?) t"~cl11c·ticJns ir1 rne.::tn l1:c{Jc! r:itess11re and 
~~) a11<.J 63'::, in(:rr",-i.~('. in f-11.~art· r·ate:c.;, r0~·;pecti.vpJ-, 
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d. Antihypertensivc, Activity of Enantiorners 

Tht' antihypertensivc' activities of orally administered stereo­
i1wmers of nisolricpiw' W•'''' cnmp.-1n°ri with the antihypertensive 
d<:t i vi ty of th•· r:1.-«•mi c compound in conscious SH rats and renal 
hypertensive d"'I·•'· Jn Cill rats, (+)nisoldipine (BAY R 1224, 
F:D;~0=2.1 mg/kg) wa1; only slightly more potent (1.4 times) than 
the racernic cornpu11r1d bu1 was about 20 timEs more potent than the 
1-lnisoldipine (AAY k 1~~31. No significant difference in 
.1ntihyp<~rten,Jiv<· ,,,·1_ cvity was :Jecn between (+Jnisnldipine and the 
racc:rnic: c·on1pc)l1nd 1 r~ dr:J(1:--~. 

rn cl stud;' in .-111,•·:;tl1"t ized ll<Jnnotensive dogs, 10 and 30 µg/kg po 
l+Jnisold1pinr• d1'r'1•·.cic;c'<i M!\I' Liy 10 and 38% re1>pectively, while 
(-)11i1;uldipin<' hcJ<I 11u :J_iqr1ifH:ant effects at dost>1c> up to -300 
µq;kq. 

1\J!1lr: .. ~:;~-; C)t}1e1·v11:,(· r:,d ('d, 1 )H' f-r.:1ll(1\·:i11~J ~3tL1die:1 wc·r-1.: d.c)r11-:: Jrl 
,,n1:~_Jtl1r 1 t_ i'.~c·ci rh-,1-n\,111··:J.·1 \'( l;,lr_1:·;.) 

HAY R 9590, il nk1JOl Itl•: 1 ci1Jcdit(' of nisoldipine, showed weak 
Jl(Tipheral v't:"udiLc:t,11 .wt cvity al iv doses of 1 rnq/kg and above. 
Nn signifi_cant ,·J1,-rnq1·:; i;i blood rressure were liecn at dose levels 
(11.] Lo 3 mc1.lk•1 iv) 1 .. ·.t<>d in ll1i:; ::;tudy. 

l:li1\\' () Jl\1 ~~~, ;1rH1t_}l•-·1 r:11•i <1l)()l 1t-(•, 11,-id rf~lotjvpl;/ n1i11cJr I):?r:i.p}lf-'.ral 
'/d;:J()liilc1Lor ,-1c·11'/lt_·:· .,t <11i;;(•:--; 1·;f () ~ dTH] 1.0 lll<J/kcJ i\,. in c_ic)~;;-;. 

:-:1 Jgf1t }Jlc_)(){j i;1 t"· i11 •· : 1··(_lill·t i(Jil v .. /,;;-· n1_-1t c:.cl fol lc;w_i1l(j t}lt_~ 1 rnc;/k(T 
( i() ::; (: • 

f·ic•t-i:_-1f1cJ} i 1- P>'. f~/\\:' :· l >,,t l <1nd J~/\'r' .': ·1'lr.~1 hdci rlcJ ]H~nl~)(1':.rnari:Li c pf i ectr, 
{tc)t_c_:l] fJClj_IJl11_•l_,-_,1 !<''i.-;\,JJ)('t', (',1]"{j},-l\' {)lllplll ,111d l_JV dP/ 1J.t) at 
J rncJ/kcJ iv dJl(i !1,1ri (ir:l:,· 1ni1111r 1-Jt'J if1}-11--'l,'1] vaso(-l-Ll;11_-(Jl- ~_:i1·1-t:.1 ct at 
\.U mg/ko. 

H/\Y R 9'12'_l, ,;i <"i;li\'•.ll1Jt.1'lI-id1ru' u1i-··t,1f_1(i}itf? ()f 11l~:;c1l1J1fli.r1r~, (·ausec1 a 

(_1CJ:---)f~·--dl2'.r)Cl1(3t:·rlt tl~c111 itl }Jj()(J(l I•l(-';~::Ut'('> cl~ c10::;1::··:; of 1_0 µ(J/kcr i\l a.rid 

dl">(;Vf~, t}11::: e! f-r·('t J<J::1 irici •!l.i·iut_ t,n 1r1i11 a_t 30 pt1/kJ. 'I'ac:11ycarLiic1 
dllt1 ir1c·tC'd!_if•cf (',Jr(i),~"· <)111 Jl11t \'-.'t-'tf' :-1(-?f~r1 cit tfl(' ,1})<J\'C' cic)~:;E-::. ]c~·vc:l. 
Hl\'l p 94:~"") ( 1 \' <( lr11i ii; ::t 1 d! i(_l!J) \',"l:; t ()Ull(l l () l--;1' 1_ / )1-d. 1-(J JI 1 C:it--}1 dS 

)"!Clt·l·'?lt ,'j;_; lil:-;•1\1Ji)-•~Ji1· l!l r.J·.Hj:· .• 

li! 1-·(111;(--1()11:: l··:1~: l:'./ 11 it :i.,;v(-· (l(\(,,; 1 1't,il (il1:;1':; ll1 F~!\'r' l..: 9.1~-:'-1 

( l )l\lj 'kq) )J,j, ']\ ',\'•,Ji.;· <tll1i dJ(J! I_ ,•t (illl ._11_ ill!] ()1 111'! _l\lj] t :1,111 

1 l : \ ' I ) ,_ l : I : 11 t ( . ' ) ; : ~ '. J ' ' ' ' : • 
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3 . Mechanism of Action 

Nisoldipine is A dihydropyridine calcium channel blocker which 
binds with very high affinity to L-type calciu.'ll channels. By 
blocking c<1lciurn entry into vctc>cular smooth muscle cells, it 
inhibits muscular contractions, thereby causing vasodilation of 
peripheral and coconary vasculatures. 

The n~cepLvi. binding characteristics of nisoldipine (BAY K 5552) 
and it,; optically pure enantio!T1ers, BAY R 1224 (+ isomer) and BAY 
R 1223 (- isomer), were studied in rat cerebral cortical 
membranc''" using labelled nitu~nclipine. The conc2'1tration that 
causes 50% inhibition of 'H nitrendipine binding (IC50), the 
1nhihition constant (Ki) and t.he Hill Coefficient (nh) for the 
a}Jc1v(~ t::(Jrr:r1ou.r1\J~::; a.11d the t'C~ff:-t·i:?r1c:c~ <jr11g:; f~~re given below. 

Substance IC50 (nMJ ~ [nMj nH N 

Bay K 5552 1.2 :!: 0.1 0.769=0.064 1.0 :!: 0.05 34 
(Nisoldipine) 

Bay R 1224 1.1 :!: 0.08 0.705 ::0.051 1.0 "' o.c.:i 34 
(( +) enantiomer) 

Bay R 1223 109 :': 0.15 70 = 10 1.0 :!: 0.01 34 
((-) enantiomer) 

Niledipine 2.7 1.7 1.15 
(Reference) 

Bay K 8644 16 10 0.76 
(Reference) 

Verapamil 173 110 r6 (Reference) 

Nj:::;c)1Liit)inc, :}11,1·,v't-~(i Cl)n1['J(?tit-:iv!~ <L1:;p}a('.(:'.U1t_:11t c;l iff nitrendipir1E-:­
wi.t.h d Ki ol (1_'/•1'J nM. Th<' (1) •'th1ritirn11c,,i- ]ld,;" <~omparable Ki of 
o.·1oc) [\!\!/ \V}1i j,. tli<• aff_iriit_'/ ,)j t_}(t' { I (>n,JI1t_ )()ffi(,~1- v1as t'edtice.i 
lilil J"l>I I» "Ill uM. 'l'hr· l!i 11 """'If i"i1•n\ 101 ,,i I. three compoun<Js 

\•/ 1.t:: :ii'll\'i<', 1·\'11r1·.11'nt ·i1i(1 d J.i1i1,,1r .':1\;1r·fi.11(l Pl.;.ii ar1<1 o l1on1ogencn.:..~1 
}HJIH~l .. i1 i 1 ,11 1 1: i11dir1q :-;lt \_'.i. '!'}1(· ,:'.1:l\'<' (l,1\ ,j i1.1li1'd.t f; tttc-1t: tl1c· 
}Ji 1 Jl1_H!~•«1l l~' ,: 1 ' 1 \\/1· 1'•1llJJJt'1J11"JJt .!) Ji:· ·1lcli1iin~, ''('('Ill:~ t(1 l)f_' t11r·:o 
r -t l flnd:11 i { nnr-~1 

r·1i11f11.'1 ::!i11l1(' ,. 1 11;;11~'.1 l ~-: ·.·111·,,_,tJ1 1n11:·(·l1' l1av~? C()l~fii_·1n1.:_::<.l 

tl~<t\ ll!(' !1 1,'1•J1(1 11 l1lll1.ii1h; ·.·;,J., 111 11Jti11}t__\, :..;d.tUr.:J.1)1(?, 

L•.·v1···i:-;]}J!1• dll 1 l •:\,,11···"J:;<'li«''. 1 1
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nimodipine showed Ki values of 0.24 and ? nM for nisoldipine and 
nifeclipi11e, respectively. Studies in rat and iabbit ventricular 
membraneco; showed that nisoldipine differs from nifedipine in its 
r1igh affinity binding (about 2n timr,s qreater), slow dissociation 
i.cit ·~ and 1.drqe partition coefficient. '!'he binding characteristics 
of both clr11qs are given below. 

Compuisoa ot BilldiaJ Chu&cteris1ia ot N~ldipille lLld Ni!cdipille 

( + )Ni>oldipine Ni!cdipille 

!<,. nM 0.04 0.81 
D'=tion 
lvi· min 
B~. pmoVmg 
AU<X,anon !Ute ( x lO'M" 1~ ·•i 
Entropy or billdi.cg 
Partman codfiC1ca1 into biolugiQ! membrine 

12 
0 69 
6.7 

luge positi.c 
6.00'.l-27.C."rJ 

1.2 
0.17 
3.1 
oeptivc 
2,SOO 

'I'll'' ,tl)()\'(-'. tJicH'}p:-'n11-t:c-:1J dn(l })iOIJ1-iy·!_:;icc-:i.1 ciit fc:l'f:'::(-:es can be expected 
! \l '.t':;11!! lII ·i ]r)Ii(j('l' dt1r,_~t-i_()!i C>f c-tct ](!fl f_l 11'._s,1lciipine . 

. ·:;111(_l_i1-•:; in i:;(_il,il('(_l rat (1C1rL,_-1 1·,_-_,v1•,-1l(•d tl1,-11- tl!·~rc: is good 
,J1jJ f~·t_·Jllt~nt c-1IIV'JI1<_1 [)·inding affir1i_tj.' ;::.ncl t ;-1€~ ll~~O 'JdlllE_~S botl1 for 
ir1hil1u inq 1

\\: influx and acrcic cunt·1aclio11. The ICSO values 
tor th" i11ldhition of rabb~t aortic rinq cont1dction (potassium 
::t inn1L1t • 1d) WE·en' 1.8, 0.15 and 81 nm for rdcem:.c nisoldipine, 
( l) 1~;<-)l!h-,1· dI1Cl --) 1:~;oJnl-.:.r, resr1t:-_ic·t l\lC:.ly 1 _ir1clit'dti_ng t}1at tl1eSP 
1 Jllii-ir](J'.; \v1't_t_' in r1:)(1~;(l11ab1e il.Ql'('"<:.nh--'Ilt \vitl: th· i·c:.:~ults of tl1c' 
ii q,111;-l !11 r1c1j n<J ~:t tt(i.i t-~~;. 

\/(·;11,_1<.Jt'-c·J(J111r:i :·;t11c.ii 1,?:"; .ir1 i~101atc:(1 ,·,~11 i'•_11kiri1·· t:l)e1c' l1ave s}1c)\Vn 
t lirtt 111:;<1Jtl-ir1in(-. }-Jinclir1g is CiI1e tJi,111:~,ill(i t in1(~·:· ~~t_rcJr1ger to 
'!J,1,·1. i Vd\ ed ,·]1cu~nel:; (Kdccl nm) t lLlll t '·' ,,1.:1 inr: c'll<mnels (Kd=l. 3 
~ti·l), lnr:ii1·,1i- ir1(r t!1at ni_sc)_ldir_)irH-' 1-.:()l'k,~ .·,;]c·j1:~:1 1··}1annel c:t1rrent-
111 v1i]1-.tcJt' cl1'IH--·:1(i1 1 nt rnar1nc·1. 1'Ji~·,,,'.(1iI'i11t-- (1,: !--L""-1) con1pletely 
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<)u 1 vvdrd, Ln1t ncii t_ht_\ rl.eldj.-'t?rJ !t.'(·ti11t'l F. 1'\_1r1.·nt
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studies. In rabbit mesenteric artery, depolarization from -100 to 
-55 mv decreased the concentration of nisoldipine needed for 50% 
inhibition trom 12 to 1.9 nM. Because of the very high affinity 
binding of nisold.ipine to depolarized membranes, it is suggested 
that nisoldipir1n could preferentially bind to those depolarized 
arteries whicl1 ir1crcase total p~ripheral resistance of hyper­
tens.i.on, and also to those producing coronary spasms. 

B. Additional Cardiovascular Studies 

l. Effects on Other Vascular Beds 

Under cor1ditions of controlled blood flow, nisoldipine infusion 
(1 µg/min) dilated the hindquarters vascular bed of anesthetized 
cats arid .ir1hibited vasoconstrictor responses to sympathetic nerve 
stimulation, norepinephrine, tyramine, methoxamine and BHT 933 
(a2-adrenocept or agoni st) . 

The effects of nisoldipine on vascular resistance and vasocon­
strictor responses were studied in the pulmonary vascular bed of 
anesthetized cats under conditions of controlled blood flow. 
Nisoldipine (1 µg/m.in) infused into the lobar artery caused only 
a small reduction in basal lobar resistance. It reduced pulmonary 
vasoconstrictor responses to methoxamine, BHT 933 and U46619 
(thromboxane f,;> m ;.mot ic) . 

:>. Other Myoc~rciial/Cardiovascular Effects 

In isolated Langc·ndorff-perfused rat hearts, nisoldipine (30 nm) 
prevented tl10 ischcrnia-reperfusion-induced depletion of the 
cardiac stores of r1orepinephrine. In the above hearts, pretreat­
ment with t.hc· cinJCJ (10 nm) 2 :nin before the onset of ischemia 
significantly .improved cardiac output following global ischemia 
(20 min) and n'jH_:ifusion (5 min). Pretreatmen~ with nisoldipine 
(l µM) tor :, mi.r1 beion-• ischemia prevented transcorono.ry macro­
molecular Jeaka,,,-, after ischemia·-reperfusion in isolated rat 
hearts. 

In isovol urni1· ,.,,r on<Jry artery-ppr iused ferret hearts subjected to 
global ischon1i<J tor l min followed by l.0 min reperfusion, 
ni soldiporv• ( l Cl nn<) siqnificanl l y ncduced Uw ischemia-induced 
rise i 11 di .i;;t ''Ii,. and systolic ntr-accll ular free ion.i zed cal ciurn 
(FlC:, clet••nni rwd with tl1e biolumirwscent protein aequorin), and 
ll.'~>~>l'.1\1."ci \ liv· 1i~, 1 ·1 •':1~;t' 111 coritrd.ctilc• function. MrJreovt~r, r1isoldi­
f.li1~1' :>i(p1i I i(·<111l i'r' .'1cc1•1(1 ri'11-l-'Ci t tie dt.:_~c·1.ir1e i.11 1·'1(~ dur_insJ rt.~fit:.-r~ 
f11~;i(lfl ,lfl(l inqi1 ·.·':··ci ti'''()'l(~ry \."If cnr1tr,:1\·t j lity anci rt'la.xd .. Ljon. 

N.i~:;ul(f.irJil11' ( 1
\ p!-1) 11,H! r1r) .<;i1111i f i(·,trit 1_-,1 f_t.1 ct or\ ciniJamiru.::>~ir)t.iucc~ci 

ir1l1it)1L iclt\ elf J!f'~ \'t' ::t i111u!(it_t'li \/,1~~c1,·(_Jti:~t r :i(-~t inr1 of isol;i.t·c'(f 
r1(•1·1u.(;t•li tdl)l)it ''-I! (-11!.c·ry. 



Jn anro:;thetized rau;, ni!>oldipin(' (3 mq/kg po, L-1.25 hr before 
,icutce coronary ligation) gTeillly reduced the dui.·ation of 
venl r icular tad1ycclrdia drlcl fibrillation occurring in the first 
JO mill post l iqat inn fl"' inri. Nr;nr• cf the• treated animals died 
c·,J1n1>,1:r.1-'.(l w1t.l1 d •1(J'i'. n1u1·tality ir1 cc111trols. 

Lon·;-rr;im ciiet·ary aclmillic;tration of nisoldipine (50-100 mg/kg for 
22 w•x'kc;) pi event r_•d the rc1ref:dcLion of myocardi.l! capillarization 
in Sli rat!:;. Dtuq tt1•,1L1•d 1aL:; 11,,d lowei· arterial blood pressure 
clllli (iP,('l"('c'l~lr::C1 lc·f-t Vf_'IJ\ I icul_dr· dl1<.i ~~;(-:pt··<3] weig}-1\~f'. (~Ompa1·ed to 

11r1t 1·r:(l.t-r:-ci ldt;_;. 

111 c:c>n:3cicJu~·; ('lll()IJir',: ! 1/ i11:1tt·u1nc'ntc•cJ c_ic)q~;, n1;_;)JclifJi11e did not 
ir1t ]IJf-_'IlC'f-' Cdl(li.~'.' itlllllll·. 1r)1l;1,lf ;,()fl l)I inlf)lJ_l_~_·,t_· r'(,ndLJ(:ticJn at 10 
ancl 3U ~lCJ/kq 1v, 11111 cil ;1111 p·1:kq 1v (,;t r·iruJl\' :1ypot•'nsive dose) 
it pr-(1cJ11(_'c:d 1c·fl(·~..:; JJJ('J(<i:·,\· ir! t_]-1!.~ 1,1t ,_-, < __ ,f ,:i1-ri -n~'f 1 flt rict1lc1r 
L'c1n1iuct 1(1II. 

ln d.tl\1:: :-;1il'i1 1,·!1·<1 t11 •1··,·'.11,·111!1 11i th1• lt·ft ,-:ritr·~i~l~ Cif:.~::::;C'(?:'.lCiir1g 
('())r_-lild!}-' c!!t ~\' j{Jl l .(J 111 j;1!J(·\'/•·(l })j' Jt~'!l!_'rtu;·.:('J"i, nisoldi~)int? 
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r. General Pharmacological Studies 

l. rentral Nervous System Effects 

Th•' analg1~sic activity of nisoldipine (25-500 mg/kg po) was 
assessed in female Wistar rats by the failure of the animal to 
withdraw its tail within 20 seconds after exposure to a focused 
lwat ray. Nisoldipinc~ had no analgesic activity at 25 mg/kg; 
howev<'i-, at higher dose levels (100 mg/kg and above) 40-60% of 
dnimals showed-evidence of analgesic activity. 

'l'o study the effects of nisoldipine on orientation motility, mice 
w1.''" pL11·f'd in cages in the dark and their orientation motility 
w":; "';:'essed at '.i min intervaL; for a total of 25 min after the 
l i qilt wd;; t urn•·d on. Nisoldipinc (25, 100 and 250 mg/kg po) had 
"'' ::ic;n it i cant PifPct on orientation motility in this test. 
JJc)\\1r•vt·r, ir1 a ~lf'FJclr·dtt~ stuciy j_n whicl-\ mice were kept initially ir1 
,, d"i k c·liamh•·! dlld then 1.•;:posed to daylight aft:er drug treatment, 
r:i:: .. lcli!'il1" at JU or 31.C, mg/kg po, but not at 3.15 mg/kg, 
1<•dtH'l"l uiic'r1L1tir>r: motility L'Y 2()';, in mice. The above close 
]i•v(·I~_; ltaci Ilf) (_~ftec:t_ c)n ~l}lOnto.neou~-:: n1ot ility. 

Tlw baliH1cinq ability of rnalc mice to maintain their position on 
a rouncl horizontal wood bar (diameter 8 mm) was tested at 60 min 
aftc'r oi·al treatment with nisoldipine (3 .15, 10 or 31.5 mg/kg). 
TlH' dn1q inhibit Pd the balancing ability by l O~ at 31. 5 mg/kg. 
Th·· "bility of th<' mice• to grasp a hori;,ontal metal bar (diameter 
'3 ni1n) Wd:_:; r1ol_ ir1l1ihitc·d at the at";o\r(:. do;;r' levels. 

Tltt:'l"'l'-" w.;:-1~1 r10 c~vici2r1cp 1:ii any n1t1sclc, rr .. laxanL or ser:jat_ive effcct~J 
1(_)/ 11i:_;0Jciiµin(' .in rnj<~E~, as (..iSSflS.~>Pci l_)y tht:~ rneasurc~ment of the 
l«!ldiw1 ;rnd clirnbinq cibility on a l10rizontul bar with at least 
ur1" l1 i rid paw within '.> sec aftpr thf'Y wc'n' suspended on thP bar by 
t llc·i 1 front paws, at 2'.i, 100 and 2'.iO mq/ko po dose levels. 

Tl11• anticonvulsant activity of nisoldipine was determined lly t:hP 
dhi I ity nf the dnI<1 to antagonize either electroshock- ot- penty­
lc•rll'\J'tr<1zolt' (l'Tt:)-induced tonic convulsion~; in mice. 
NisoJclipine sl1ow<'d no anticonvuJ:;ant activity when administered 
:lll min lwfurc, eL"ct rosllock at ?c·,, 100 or 250 mg/kg po. In the PTt: 
LP:;\, t l1f' dr11q (/'.i--250 mg/kg f"'' 30 min before PT?, adminis­
t_r-dt i 1.-ln) hd(i ci ci<)~_;t'··~der)f!n(lc,nt dnt ic<JnvuJr;.'.1r1t r~ff(?Ct wit}1 an 
t''.',t i!l.'ldt.!·'d !·~)) 1 10 (.1 \ <J8 ITICJ/kc_l. 

111 .1 :;1di:;\•(p_;1,nt ~:t11<iy, nj.·-~t.">l<.fit)in.c· (~.lt-i, J() or 31.~1 ff'.(_J/kq t•<.1), 
q 1 V1·11 tiO n1i11 lH·J i)J (' l' l t•t·t ru~~i-1c1(·1< Dt 11 ·1•/, acin1i ni ~;t !·at ion, 
.111! ,H11)11 i /.1'(i ! !1t· 1'l1'('t r·(_1:;t1uck~-irHiucf'(i t (1nic C(J!1vul~.~i_<:>ns ir1 70li~ o.t 

Illi<·1· dt {.\
1

i 111·1·.i i\I nlci/kq Dncl 111 ~nc;, .11 ·~1.~ rnq/kcr. PT7.-induc(~ri 
(' 11 r1v11l::i11n.·~ \v1.'lf' .1rit l•l<il1i:'1'1l f1y 111.:,\l,lifi111t' at 10 (-_.:()'~) an1_i 31.~ 
(I\ (: Ill·;/ f.. (I 1 t 1111 il' 1 t . 1 ! \ . l ti 111 i k i . 

'l'l11' dt'fil 11 nt 111•:-:()l•.1 t t\i t d ! ir1(l11\·1 1 (i ,1111";1 :j("':1.-i w,i:; nut :1 f f f'.<·t t_'t.i l)y 
l\1:·11.1li1ii11t' ,1t ' •• ]',, )i1 ,l!-l(i l]. 1
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Tu evaludle the pos,;ible trc1nquili2inq effect ol nisolchpine or. 
cic~f€•11:->:ivf' 1Je}1c1'1jc1r, fic3!1t in~J •-·r)i:;r 1(lt-·:; were in "t1<?ed in rnice by 
v11•<Jk 1-•l<'<ct1ic foot :;hocks ot ll.2 nmec duratior at a frequency of 
') P<'t rnjn. Ni;-;uldipine at 25 mg/kg po was ineffective, but a 
dn:.1c-d<•pPndent crntaqonism of fiqhtinq was observed at higher 
rJ,,, '"' ( '11J to 4n11 r~q/kg po) with an ED50 of 82 mq/kg. 

'l'tH· (-) •·11ant 1u,1H·r (flAY l< 12)1) had no significa11t CNS effects in 
m1r·r· ,Jl u1dl cL"''"" of 1, lCJ and -io mg/kg. Tile ( •) :'nantiomer (BAY 
!\ l.'.:'.·1) it 111 ,-rnd lO 1oq/kCJ po ',rnpai; ed motor cu»L:lination of mice 
ir1 tt1t:: l1,il(-!fl\_'t_· J:()c1 t~-:,~:>l arll] in('t(_~asec1 tl1e tl1rE=:sl1old dose of P'T'Z 
'<·(pliIF'Cl !Cl 11I{J(-lucc: ('()!"JVtll::;iC.lll:--i. rfhc nC)-f?ffC~C't ii').;C· was] mg/kg. 
i'J(J ~;icp1i t 1<·c·1nt •~·f tE-'>('t :3 Wt-~r-r· ~-~c·c·r1 ir1 rnic·t-~ <)rt tra1·t ion ab.i l_i_ty, 
,111,~!1_Jt•:; !(· ,trh·i ,.-_!!:1 iC(lJJVt11U-i\/L' rt:;~:I)tJI1~;r;;) or df;[)t:f1 ()t }1eXt 1bilrbital-
i11'.i1_i\'i'(l ,111i_ .. __ ;t IH--:1·1,J cit J --1(J niq/k(J J.H_) cic)~-;r:i lt•vf::il::-. rr1 i·ats, 
,,d;i11ni::t i.1! ;,,ll ·•i Hf\Y F: i::::-1 (10 i'1ctd HI mq/kq p >) prcdun°d 

, I _] j \/' l ! 

!!ii]:;(· l t"· 

:lt'(ldt i()I'J, IlYf)()\ }/i··r·n1i(t, rll'CJIJ!' 

and. (_~1t ,1x1il rii_11·i11c: w,11~:1r.cJ. 

tJ1::--ldq,i11.- ( '., 111 ctlld JrJ mq/ko 1'"1 c:iqnific.-int ·Y 1educecl the 
1111 ,,~-1 1JJ:1l ,,-1!1:;:1 t irnr_, 1r1 11\l('t~' 1 a~: rn(•;_-:1:=~utcci })J-' t-11t" lr::-ngtl1 cif t·[1r-=:-

it1t ·t 11> 1 • 1·;1\.:~·t"'l li:: ,·l1,-11-('l_)d1 '.;,..'\-1-il"l1 \•.1 ,-1:·. ql\1 r--.n c1;·,~i1 l·y' 40 ntin at:tc-:r 
~1. 1l1i11i111t-, -1(Jr1.11i_:~t 1.J.t :(~111, ,1t ,:tlJ tf·.;tt·(l cl(_)~-3(-~ :1-'1/€--·.I:-; wir.!1 dl-1 

111,;l1·1~ l".\\ 1 ,(~ 'J.\'1 ;nq/k'1. 
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;j, 1.d · (i1·-·1H··rHier1t 1 ''/. 
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co11cenlration was slightly reduced in a dos0-deµendent manner. 
At 3 mg/kg po, the drug ha~ no significant effect on either blood 
glucose or tri.glycerides. 

In feel rats nisoldipine elevated blood glucose and lowered serum 
tr iqlyr:eridc' concentrations at 3, 10 and 30 m<;/kg po. 

4. ~ff0cts on Respiration 

Nisoldipine (0.26 nm to 26 µM) had no effect on resting tone of 
the isolated g11inea pig trachea. Histamine- and LTD4-ind~ced 
contractions were significantly reduced by nisoldipine at 26 nM. 

Ni~;:-,ldipine (0.32, 1.0 and 3.2 µg/kg iv) had no significant 
01 l t'('\ on ~;pontaneous respiration in anesthetized dogs. 

Tl;(• enantiomer·,; of nisoldipine ( (3, 10 and 30 mg/l::g po) had no 
c•ffp1·t on airway resistance> or lur1g compliance, and did not 
rtHJci1 fy t1i~-;tei.?~1jnc-ind1Jced inc:reasE_~S in J11nq resistance in 
dl"H:':~t lic•t i Z('d, ~;r_-,ontar1t:o11s J y bteatLi nc1 <Juinf~a pigs. 

The cliuretic activity ol nisoldipine was tested in normotensive 
mal0 Wista1· rats loaded hith O.si methylhydroxyeth~lcellulose 110 
m.l /kql. Nisoldipirw at 1. 0, 3 .15, 10. 0 and 31. 5 mg/kg po prcC:u•.'ed 
n\) ::~]lJI1i i_icant c'ffect~_) on l11·ine volume' or urinary e:<cretio. -f 
N.1· '" '\' ewer "l 6 hr collection pcric·d. However, at lOC mq/kq, 
~ l~t.· cl.r->J,1 r<.?rJucc)ci urirtaLy volume ar\d ~J,-i' z1n(). K 1 c-xcrt-,t.ion. lJr)nary 
t'l 1 \.\1 ,-t:' !ll_-q t_~hanqc,(J C)Vt.~T tf1p entirP clc~~:c• range. 

Ill "'";t ll•·r ''t 11dy rn 'iquid-loaded rat" (with ci solution 
,,~"1,1l11\1h1 C.), t~aC1, 0.4i KCl and 0.1«\ traqac:antl"1}, n-1.so]cij_I)irit·' 

{ l ··, -:1,1 .::111 t l"lO n~<i/kq 1)~)) .incrPast.::-tj ui--inar'l' volun1es ar1d t..:_•xc1·et ion 
.-,· ~1,1 .!r-1·i v· ,_i.t d.11 cJosc levels, t.ht.-• {:...ffect.s bf~in~1 morr~ 

: \'r11'11n1·,;1i ,it l 0 m<3/k(1 tl1an at hi':.1t1er_· fit._1se levels. 

Ht1.Y 1;~ l-''~''1, IH· (f)c~nantiorner of 11i~;oldipinc, t·1ad no 0ignifi1·dr1t 
1'! !•.·1·' ''~: ~ir ir!i· Vl!lUnle or t;:i.lE·ct.r<)lytt: excretilJn ir1 normotrlr1[;i\l(> 
!,tt '.'. ,i.t .\:1<.i \(\ rnq/kc1 })CJ; hOW(1 Vt-~r, at· 30 mn/kl1
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i.t signific:a11tJy 
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sig11ificant fall in blood pressure c.ccompanied by increc:sed 
sodium excretion and glomerular filtration rate (GFR) . This 
natriuretic effect was attributed to the suppression of distal 
tub~lar sodium reabsorption. Tn another study in SH rats, 
nisoldipine (iO µg/kg/hr iv) produced diuretic a11d natriuretic 
effects without any changes in GFR. It was also shown that the 
diuretic and saluretic effects were considerably more pronounced 
in hypertensive rats than in normotensive Wistar-Kyota rats. 

Nisoldipine (10 nm) comp1etely reversed the norep1nephrine­
induced reduction in GFR in the isolated perfused rat kidney. 

In the rat acute renal fai.lure model (glycerol induced), 
nisoldipi~e treatment (10 mg/kg b.i.d for 2 days1 increased urine 
volt:mes ii.id significantly reduced g l.ycerol-induced ir. . reases in 
serum creatinine and urea and renal tissue calcium levels. 

In conscious dogs, nisoldipine at 0.1 mg/kg po had no significant 
effect on renal functio11 (GFR ard inulin and paraaminohlppurate 
clearances). However, at G _ 3 mg/kg the •Jrug reduced all meas'.lred 
paramecers of renal function, the ma,,i1:um eifects observed 20 min 
after drug administrdtin~. 

The interaction of nisoldipine with anc;iotensin II (AII) or 
riorepinephrine (NE) was studied in anesthetized mongrel dogs. 
InLrarenal ~n:usion of nisoldipine (2, 10 or 50 ng/kg/min for 20 
min) produced a dose-d1~pendent increase in urine flow and urinary 
excretio~ of sodium, chLoriae and potassium, although no 
significant change in GFR was seen. Renal blood flow was 
significantly increased only at the highest dose level. 
AI! and NE redur;ed renal blaod flow a~~ urine volumes. Tt. 
decreased urine flow induced by All, b11t not by IJE, was 
completely blocked by nisoldipine, while the effect of AII on 
renal blood flow was 0;1ly partially antagonized. 

6. HematoloqiG~J Ef-fects 

Collagen--ir.d11Ced platelet -~g;i~-e0ation, coagulation time, thromb'JS 
elastlcjty a.nd r-_)ar-t i_(,__-?_ tf1romr-.01)letslin cime 'w0r0 riot afi:i:=cted by 
nisoldipine adrnini,,tration (10, 030 or 100 w;/kg po; blood 
sarnpljn(: ~30 rnir1 P'~·stdose) in Lat.s. t-li~~-:oldir1:in>=_" (2.6 nn1) 'r1ad no 
effect on fact.or XIII activity in bov.in•' plasma. 

Neither ( +) nor (-) enantiom•cr (<, 10 <1nd :'o n1q/J.'.cJ po) had 
efft~cts (()(_) mi!! rJ();:;tdos.:.:_) On ll(~ma~·_()10\i.i.Ca.1 r1c::r,:unc:ter;·; in 1·at~1 
(h_e1no~~]f)l_;jn, lien1d_t· 1.Jcrit,- pJatclJRt. count-_, fit,!-1nti(JCI' ]Pvr_:-1:, 

sedirnentat iOI! rat P, t.tlrombi.n <)r thrr>n'tl.)n})1d'~t '.;1 t i1n1., an;} , ... ~l l:·ic-c'Ji­
ir1\J11c(•ci r)'.at f.'lc•L .t'l<_~rc'gaLion) 

~n ra.f)}__;,jt!; if..:.>\i. d cr1 . .Jlt-!'.;t·c~rc)J (/'.~)-) .'·1,:i1·l1.·:1r·:···-1 r 1 ~, ,-1 -:J:;-.:ni·-
.".tr..:--it·iun (1f r1.i:~1.JLcii)1i1H• (J rnr IY,(J/,i--i'/ ·• ) ":;·i:·t~ .. ) 1:1i f ic·,-!!Jt 1-y 
rt.:,rilll~Pd l }1C' S('I"U!l~ (!Jld (i_()J·t_i_i:· , J/lC+'r,t r··11 '.r1•1:; ,.l,_n)1,··t. ''1 '''t I 
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preserved endothelium-dependcenl. :celaxation of t 1c: isolated aortic 
rJ!l<]S. 

8. Ant iinf'J.arnmit:ory Effects 

Ordl adrninistrcilion of nisoldipine (5 to 315 mg/kg, 1 hr before 
kao.i.ine injection) oihowed antiinflarnrnatory acti·Jity against edema 
(caused by intrilp1antar ir:jection of kaolin inlJ) the hind paw) in 
rats at do:se levels of 10 mg/kg and above (ED5Ci ,46 mg/kg po). 

9. Effect~:; CJn Hi:::Jt-L'".1n1.ir1c~ f\elt?d~J~ 

Nisoldipine (0.26 to ;!6il µM) r1ad no ''iqnificant t'ffect on hista·· 
mine release f•om rat peritoneal mast cells in :1tro and also did 
not modify ctnt:iqen inrluced hi:c;tamine relea:lf~ ti -;n these cells. 

D. Antidote Studies 

In anestheti:>'d rat:,, JOO ~tg/kg/rn;t1 iv infu:3ion.; cf nisoldipine 
produced prcmrn:·1ced decrea::;r's in t-erial blood [cPssure, heart 
rate, cardiac ,1::tput and peripheJc ·" rec;i,itC!nCt', fnl lowed by death 
w~_thin about.-_) njr1 after t}1e ir1.lti.::-·.t·i()r1 c,::: tl1r· ir1fusion. EKG 
changes includ1.d sinus brdclycar.dia, pa1 i-icil or ·'Crnplete AV block 
i::tnd shift- i.n~1 ,._-if ', l1c:! i-''-=.l.ct~rnaker to t J-:~:· A\r r:C)'. __ le. J ·;fu~3ior1 of calcium 
gluconate (l'i wu/kg;min), i:;opiote1.eno.l (~1L, µg; ~c/min) or 
dopamine (100 ~lq ;/min) :;irnultanoo1ic;ly c:it 11 ni.;cldipine 
pL11loni;_1eci ~-.;11rv.i I irnc })'y' ITlUl-e t}'1l:'1:1 J uo·~. Nc)rt_·-;-)int_~phrir1e (2ll µg/ 
k<J/n1in) 11,:i(i I.) ·:.1 1:1~ '. icl'tr;t t':'fi:ect. 

111 C:Jll(;;:;t 11~~1- i :~t::.ci 
tllc1 i.ypoLenc;i, .. 
r1i~olJipine, 1JL1l 
100 µc11kq. 

d1Jq' 
.,n,I 

(\_t1<·.i111n ql1lr·11:;,·:it.c· \~',· 1,- 1 ITI(_1·~:1_:r .i\1) r<~verser_l 

1 ac}1yCEtl'cli(1 fJ1·,~,r_l11c·c·ci Lj~/ 10 p:_:/kg i\r 

1-~_-.,...:.H i--1I--!at-t?cl the, 1J)'!"1~_J!'t---'I-:;:i.~·: 1 n I~l ·,c!uc.·f°"rl byr 30 anci 

E. General Pharmacological Studie~ of Metabolites 
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BAY R 9425 inhibited LTD4-induced contraction of isolated guinea 
pig trachea at 260 nM, but not at 26 nM. This compound was about 
10 times less potent than nisoldipine in inhibiting K'-induced 
contractions of isolated pregnant (IC50=86 nM) or nonpregnant 
(ICS0=138 nM) rat uterus. Other metabolites (BAY 0 3199, BAY R 
9590, BAY S 1869 and BAY S 4755) were effective only at very 
high concentrations (above 50 µM) . 

t'. Interaction of Nisoldipine with .pranolol 

Administration of nisoldipine (0.315 mg/kg po) in conscious 
unrestrained renal hypertensive dogs after 5-adrenoceptor 
blockade by propranolol (3 .15 mg/kg po) increased the maximal 
reduction in systolic blood pressure from 15 to 23% and reduced 
tLco ma'{imal reflex increase in heart rate from 109 to 50%, 

Propranolol (2 mg/kg iv) attenuated the reflex increase in heart 
rate produced by nisoJ.dipine (2 .5 to 25 µg/kg/min iv) in 
consciou~3 instrum,cr:ted dogs and prevented an increase in the 
heart Cdte-systolic pressure product (an index of myocardial 
oxygen consumption). Propranolol potentiated the hypotensive 
effec~ of nisoldipine (5-25 µg/kg/min), but did not further 
increase mean coronary blood flow. 

Propranolol (4. 4 mg/kg po) attenuated both the positive 
chronotropic and inotropic effects and the changes in systolic 
wall thickening caused by exercise in pigs with coronary artery 
steri:,sis. Nisoldipine (0. 5 mg/kg po) alone did not modify cardio­
vascular effects of exercise, but it further improved wall 
function in the presence of propranolol. 
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SUMMARY OF PHARMACOKINETICS STUDIES (S. Stolzenberg) 

1. Absorption and ~xcretion: Nisoldipine was measured by 
<Jd:: chromatogr.:iphy and electron capture. A summary of urinary, 
f•'Cdl and co, n;c0v0ries fol.lowing administration of a single 
dc<>e of "C-labc>l 1ed nisoldipine in four species, including man, 
is given on the page 30 of this review. In the rat, dog and pig, 
U1c• p1 imary route of excretion was the biliary-fecal route, 
whereas Jn the monkey and man, the urinary route predominated. 
Bas0d on the ratio of the % of Dose Excreted in urine for 
i.v./p.o. routes multiplied by 100, nisoldipine was considered to 
b" rap.idly und almost completely absorbed in male rats (107 90), 
duq;; (1071,) and man (89.7%). For the pig, monkey (rhesus) and 
r'it, where i.v. doses wore not given, the figure under this 
column represents th0 amount excreted in the> urine, which is 
l: r:c;a:r_-dpcj as nt1·1e lower limit of absorptior1 11

• 

2. Plasma Pharmacokinetlcs: The figure which follows 
i I I ustrates the plasma concentrations vs time, following a single 
01 di dose in rats, dogs and n~onkey.s. The table on selected plasma 
11harrn:1cokinetios on page 21 reflects these observations and 
includes results from i.v. administration in the same 3 species 
and in man. After oral administration, no distinct species 
dlfierences were noted in the rat, dog or monkey; CEQ-··""'" 
(no:mali~ed to l mg/kg dose, based on rad~oactivity equivalence 
of paient compound) ranged between 0.49 - 0.79 kg*1- 1

, but was 
4.7 1~0 7.5 times hiqlwr in man (3.7 ".q*l- 1

). AUC""'" for total 
~adioactivity was also similar in the 3 species, but was higher 
ir1 111~111 f)y a far:tor of 6 to 10. Crn:ix,i"'~m and AUCnrJ!m for uncf1anged 
r1i.c10Jdir-)int:• f{)]Jowin(:r oral actrnin.istrat.ior1 were ver~:l 10·.-1 in aJJ 
fc,ur SF>E-"'ci.es, _in(' 1 uciin(1 man, v..·r1_i ch w.J.s attributed to an extensivE~ 
fire;\ p,i:;:0 c•ff<'ct, f:1 1 ciwn for t~hi.s comi:iound. In humans given 
Ln1:u 1 '<.i.i_,.1tr• .r(-:Jt~n:;;t_' L<ilJJ(·\.~; ot ) . 5, -~, 10 and 20 mg, or core CC)at:(:_id 
tab!eLs ot 10, ;>0, '10 ,icd 60 mq, ·:lus" proportionality was 
C.Jl>.'3r'-'-J'V(::i<i fo1 1)ld.~;rnd r-l1~-;0ldi.1)if\l~ C~l'.ix and AUC 0 _24 • At st(:-ady state 
(i1\!1 day of do,;jn,1) in humans, both AUC 0_74 and Coax showed a "dose 
dqx•ndvnt and !Jroadly dose propo1·Lional increase" at 30, 60, <)0 
and 170 ·nq. Corn•:;pondinqly, both systolic and diastolic blood 
i-)r(:•:--.~·;r.1rt-·~-; '~sfl()WPd a r_~()nt~ral ciosc• rc,2-ated decrease from baseline 
Zi\ :;t ce,HJy ~:\A\ r•". ll(!Spite tlH' hiqll rates of absorption, 
biodvdi lahi Li\j,.:; (F) of parent compound aftr,r oral doses were 
C"lJT""l"'ndinciJy low;/."/, 11.) and 8.4':. in the rat, doq and man 

. . ' 
!·r._.,·;1:..'1 ~ ively. T1H: cc'-t(l coatc~c1 f)rf_=~r)arat1nn had an F value of 5.5~, 
I 11 rn,111. 1 ri t !11' d,-)q, it was shnwn 1- hdt }1l)th tI·tt_~ gut wall a:1d th(' 
l iv•': (· 1 )nt_r·iJJ 11t_1'd ~ ;; t lH' fir~;t fld;;:; 1'J f1_,,_-,1 ;1nci i·f!sultinq ]ow f' 
v.1\11\':-~ l:.·J, l}H· J- 1 .:111'lll (:()Jll}-.11">UiHJ. 1'h(' Jl!asnLi !1.-t]f-Jif-e of-ur1r'hanqe<i 

'i111.-; Wd:; c•:_::,t_'lll i,!l l·1· ~-;i111i °!dl in rl;>11, rn,111k:Py 11icl Hl<?ln (2.:i to 4 f1). 

'!'lit· :_~l11i1 t ('! t l'' {J: 11r1('tl.::nq('(i ('1·p111i"111111l ) ).'-;tr,1l in tl1(1 tal)l(~ fo 1 
l,Jt :· fri]_l(1wi11r1' \!1 1] 'f l .':. j, ·;l·:,·\ .;, ,,,. 1\\)1 1·1_.'})JC'~)t,'Jl\ a tr·u1.) 
t1·:111i11._ii h . .;Jf-·-lif1_ 1 lJ!.'("·111.c;(' 11!._i;-;i!i.1 l1·\'1·]:: w('r-(l nH1 a;~urc:>d tor unl·/ 
!:, :it:~ f' 1 >:;t ·ri1_).';i1i11. 111 r;:1t:~, tli1· fl)i,1::11.1 .. ·1;]111_1i(·.1l Jy rt'11_11·1· jl<.lti•iit 

(t) f'll.i11t1()1ni·,r :1.1d c1 1iv1-· J1 1 l(l hi(Il~1'1 t1i1>:1v._1il.il)il1ty th.tll th» 
(- ~'lLl!\1 ~ ~ll\t\'l. 
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o - 5 mg·kg-1, ral 
6 • S mg·kg-1, dog 
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ABSORPTION/EXCRETION OF NlSOLDIPINE IN ANIMAL SPECIES 

AND MAN FOLLOWING ADMINISTRATION OF ['iCJNISOLDIPINE. 

% of Dose' Excreted in: 

Species Route Dose 

(mg/kg) urine feces 

Rat (1'.f) p.o. 5.0 30.8 (2.4)'1 75. 0 (0. 7)" 

l. v' 1.0 28. 7 (3.5)'1 71.8 (6.5)'1 

Rat (F) p.o. 5.0 41.9 (2.9)'1 62.0 (2.8)'1 

Dog (F) p.o. 5.0 38.9 (5. l)<fl 55.2 (2.3)<fl 

l. v. 0.5 36.3 (5.2)4) 59.1 (8.2)4) 

-

Man (M) p.o. 12.0 mg 73. 7 (5.4)n 12.3 (2.4}n 

I. v. 0.8 mg 82.2 (7.4)n 14.4 (9.5)n 

·- - . 
Values are anthrneuc means (sd) 

n = 5 (rat), 3 (dog) and JO (man). For monkey and pig, n = 1 

Collection periods: 

a) 48 h. 

b) 24 h 

c) 72 h 

d) 144 h 

e) 240 h 

t) 96 h 

C02 

0.5'1 

0.6•1 

..---· 

----
·----

-----
-----

% 

absorbed 

(minimum) 

107.0 

-----

41.9 

107.0 

-----

89.7 

-----

: 
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SELECTED PLASMA PHARMACOKINETIC PARAMETERS IN SEVERAL 
SPECIF.S FOLLOWING ADMINlSTRATION OF ["CJNISOLDIPINE 

Rat (M) Dog (F) Monkey (F) Man (M) 
Species 

Route l.V. p.o. I. v. p.o. p.o. I. v. 
Dose (mg/kg) 1 5 0.5 5 12* 0.8• 

Radioactivity 
CEQ""'·"""" (kg *I ') --- 0.49 --- 0.59 3.7 ---
t,..,(h) --- 0.87 --- 1.45 0.77 ---

AUC,.,..,(kg*h*l 1) 13.6 4.0 4.2 5.9 40.1 50.2 

t111<m>(h) 23.9 14.9 37.9 54.4 80.3 85.8 

Pare!]J 
C...,,..,.,,, (kg*I ') --- 0.009 --- 0.017 0.054 ---

t..,.(h) --- 0.5 -- - 1.0 0.42 ---
I 
I; AUC""""(kg*h*l 1l 0.36 0.0097 0.46 0.054 0.077 0.954 

t.., (h) 0.36 0.70 4.0 2.3 3.8 3.8 

F(%) --- 2.7 --- 11. 7 8.4 ---
n - 5 (rat), 3 (do ), I (monke ), 12 man g y ( ) 

Rat data for parent (p.o.) from 1 mg/kg dose. 

*Total mg dose per volunteer 
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Immediate Release 

Dose (mg) Cmax (ng/mL) 

2.5 0.43 (58) 

5 0 85 (46) 

10 1.44 (59) 

20 3.42 (57) 

.c~_Q[f 

Dose (mg) Cmax (ng/mL) 

10 0.90 (43) 

20 1.45 (39) 

40 3.07 (49) 

60 4 28 (52) 

AUCo.24 (ng.h/mL) 

1.26 (84) 

2.89 (48) 

6.S2 (46) 

14.5 (42) 

AUC0-48 (ng.hlmL) 

15.2 (33) 

27.1 (37) 

54.3 (47) 

83.3 (43) 

Studv 090-022 

Pharrnacokinetic Parameters at Steady-State (Mean ± SDJ 

-
Dose AUC(0-24hl c ....... 
J.rTilll !i !ng • h/mli l!Jil.f!nU 

30 18 74 28 :t 7 96 4. 79 ± 0.68 
60 18 129.76 ± 12.74 8.48 ± 0.81 
90 9 199 31 :t 16.45 1 J.02 ± 1 .:;:o 
120 3 226.58 " 12.41 I 14.92 ± 2.01 

-
Studv 090-022 

I 

LS.:. Me~~l")f: BP Chanae. from Baseline at Steady-State (mmHa) 

' Tmu I 

ll!l I 
~ 

7.22 ± 0.93 
9.08 :t 1.97 J 6.78 :t 2.30 
4.00 :t 1.00 I 

Systolic Diastolic 
r--

I I ~se (mg) ~~ Sh post dose 24h post dose Sh post dose 24h post dose 

L ;: 18 . 16.4 -14.0 -8 4 -10.2 
18 -20.8 -1 f.i B _, 3.2 -15.0 

90 9 -22 .1 -2:3 c . 1 2. 1 . 13.4 
120 3 -307 -44 J -25.0 . 19.0 - ·---
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1 1·i_~--;~_;\l(~ J)-);;t ri})11l i_(Jil: (h1L1nt i_t.:-1Li_\lt_: Li:_; ;uc' ci_i_:-:>tribuLif)D 
1.n S1Jr.:019 1dt:: l)aw1 1--__.y 1<1t:-; V\1 df.; cJ.c~terrn]ru•<J (Jt.t:e1. 0.1-J, 1, 4, 8 1 24, 48 
and ·u hours (alt:houqh the tables whjch follow p1ovide 4, 24 and 
'/:) }·1c)ur vol 1u..:.~~; r>n]y'). 1 .. r1--c~r (_jJ",·11 d;ln;i rt.i ~_;trat ion, mcixin1um 
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1.mqed from 1i:;.;: Ji t"r plasma to 12'j h for brai·1. With repeated 
daily du:; i llCJ ( ', rnq;kq t•:i1 .3 week.cc;), :Jtcildy sL0l •0 v1c1s reached 
within fl 1lc1y::. TlH· c'i•>) al '.'4 ti c1ftr•r the last (.'.lc:t) dose and 
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QUANTJTATIVE1 TISSUE DISTRIBUTION OF TOTAL 
RADIOACTIVITY IN TIIE RAT AFTER ORAL (MALE AND FEMALE) 
AND INTRA \ENO US (MALE ONLY) ADJ\iINISTRA TION OF 
[''C]NISOLDIPINE. 

Time post-dose 4 h 24 h 

I. v. p.o. p.o. I. v. p.o. p.o. 
Route (male) (male) (female) (ma1e) (male) (female) 

Dose (mg•kg-1) 1 5 5 1 5 5 

Organ/Tissue: 

bcxly excl. g.i.t 0.11 0. 11 0.29 0.026 0.021 0.032 

plasma 0.35 0.16 0.36 0.13 0.044 0.056 

erythrocytes ,___ 0.09 0.05 0.14 0.038 0.015 0.018 

livt..t 0.54 0.56 1.8 0.13 0.11 0.36 

kidneys 0.26 0.19 0.44 0.057 0.034 0.031 

lungs 0.17 0.11 0.26 0.068 0.027 0.034 

heart 0.09 0.07 0.20 0 029 0.016 0.016 

brain 0.04 0.03 0.046 0.012 0.011 0.006:; 

adrenal gland 0. 1:1 0. 15 0.32 0. 11 0.034 0.043 

testes 0.06 o.~ ---- 0.019 0.014 -----
ovaries ---- ---- 0.38 ---- ---- 0.029 

renal fat 0.33 0.32 fl.70 0.031 0.025 0.025 

skin 0.06 0.06 0.16 0 0:22 0 OJ 8 O.Wl 

skel. muscle 0.05 0.03 0. il 0.011 0.011 0.0081 

resid. carcass 0.10 0.09 0.22 0.018 0.015 0.015 

1Mean dose-normalized equiv1lcnt concentrations (kg•1· 1
). n = 5 per group. 



QUANTITATIVE' TISSUE DISTRIBUTION IN THE RAT AND 
DOG AT 72 H FOLWWING ADMINISTRATION OF l''CJNISOLDIPINE. 

Spe.;:ies Dog (F) Rat (M) 

Time after application 72 h 72 h 

Route of administration i. v. p.o. p.o. 

Dose [mg*kg- 1
) 0.5 5 5 

. -= 
body excl. g. i. t. 0.0095 0.017 C..012 

plasma 0.011 0.017 0.020 

erythrocytes 0.0083 0.011 0.0095 

liver 0.078 0.090 0.057 

kidney 0.020 0.034 0.017 

lungs 0.016 0.024 0.009 -
heart 0.0057 0.014 0.009 

brain 0.0016 0.0034 0.008 

l adrenal gland 0.032 0.072 0.025 

renal fat 0.016 0.026 0.015 -
skin 0.0071 0.012 0.012 ,___ 

skl'l. muscle 0.0034 0.010 0.007 

uterus 0.0080 0.018 -----

ovary 0.0090 0.016 _., ___ 

'Mean dose-normalized equivalent concentrations (kg*l 1). n = 3 (dog) and 5 (rat) per 
group. 
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body QXC J. q. i. \.. I . 75 LO IL) 59.5 

pl a-:;m,, ).)5 LO 2 J, 4 42.2 

erythrocyte-; ·,. 5r,o J, 0 7.58 72.8 

1 i vc-r o.s 66.7 50.6 

kidney I o.s )0.4 48.0 
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adr-en. 91 and 1 . ,, 5 ' 16.5 74 .9 

t'?st~s: o_ 470 6.09 7~.4 

renal fat 4 _ 40 2. lJ. B ~S.l 

skin I. IS I. 0 B.54 e2.1 

~.~~ l. muse IP o.~oo 0.5 I. 76 65.1 

i:~sj d. carc.;i~~; !. 60 2.0 '. 44 58.6 
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C£Q (24 hi (;U<J"q-IJ 
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1'.UC (1-J <'I 

105e5 1 do~e F 11 dO'.'lf"!ll l 1 

o. n l7t ,_ ' O. lOSt0.010 R.O ll.O 

0.547+0.0 .vo+O.OJS 1.5 17 .1 

0.484+0.0)8 ·sto.010 6.' l fl. tl 

2.59 .. 0. 19 ' 
, .100 4.7 91.2 

0.9J8f0.t40 0.1 '0 S.5 )6.8 

O.,SO-tD.052 O.ll5t ... 2 s. 2 

t>.4JSt0.0t9 0.080+0.t.. "::. 4 18.2 

0.285t0.0)2 0.055-t-0.00S 12.8 

2.58 .f.0. 2 9 0.170~0.020 11 111 

o. J50t0.020 0.070t-0.005 s. 1 .. 15.1 

2. '1 tO. 49 0.125.f-0.025 19.) • 
0.82H0.076 0.090~0.010 9. 2 

0.492+0.056 0.055~0.005 I 8.9 I " 

------· --·---

---~--- - -----
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I (m<J"h·kq- 1 J t1;2 (1-J d) ( h J 

-- ---

do9e F 21 •to!le~ l dose F 

) • 70 8.7 7 R." 5'1. 5 l.) 

7. 08 2 •• )5.8 C2. 2 0.85 

2. 'tl 6.8 ''·' 7' •• 1.) 

18. s s.o 59.C so.6 1. 2 

5.82 6.) 80.1 o.o 1. 7 

4.50 5.6 62.) 45. 5 1. 4 
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r,,rqan/t t 

CF.QI !;"'l q·l) t1;1 (d) 1.UC (1 - 10 dl 

(aq·i.·t:q-1} 

body ~KC). q. l.t. 0.7~] 9.74 

pla~ma O. SCA 2.46 

erythrocyte!!I 424 22.J 

liver 4.49 

~I dMJ 0. 6.JO 

lUTif} 0.6l 6. 1.' 
heart 0.406 9.77 

brain 0.266 28.0 

adrcnl!il qland 2.70 7.96 

tf!~te~ 0.))5 7 
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--------------------· ----------·~--

Ph.:irm,cokinct.ic parall1('lers lur •h<"' total r.:idio.,ctiv 

and tissues betW<'C'n 1 and 10 d,ys after l"nnJnation v. 

administration of r; trrJ 11
\·]nhol<lipine per kq Indy weigh 

Dawl<>y rats. 

109 

JS.8 

7 5.' 

262 

lll 

1l.2 

59. 5 

••.7 
)70 

50,4 

401 

118 

7 2. 7 

different. organs 

''lted (21xl oral 

. ., le Sprague 

JO 
") 

'--' 
-"'" 

:z 
~ 

> 

"" c 
' 

'....• 
~ 



NDA ). U J ') 1i 

4. ProtE~i11 Binding: l:...~---, dc:ce1111.i11~J b'./ c:q1._~ libriurn di.c..]ysis, 
"c-nisoldipine wao; h"ghly bound lo pla,Dk1 protG·,ns of the rat 
(97.8-99.1%), dog (97 6-9"1.1%) and man (>99.~%) and was rnt 
influe11ct:::d })y' ~-;ex ir1 ar1y· (Jf thf_· Lliri-·t: SfJf~cies. :··n humans, 14 C-­
labe.ll~\:1 cir\19 ·wa :; l)our1cl l)l:"t:::dornir1f:r1l i.}-' tci t11e ser1i:11 albumir1, anci 
the extent of bindinq ·11as not influenced 1 ' pla:;ma concentration 
ovt=;r a broad range; i.e., b~~Lwt=:en 0.1 arid 0 ug/ml. Similar 
levels of protein bindinq were found in human p_a:3ma whethc:j it 
was measured by equilibrium dialy:c;is or ultrcent rihcgation, and 
degree of bindin0 of the '.+) and (-) ''c-e"nantio:nEcr:; was similar 
(around rJg. 4%), wit.:l! no indication of prefere,:t _al sterec-,specific 
binding. In ::-11(.:: 11 E'XfJert cir>ir1:i(.ifl 11 r~;ii [_jlf:--clin:i.ca_ t_)}:c1rn-tac(_Jkin~~t_ic 

studies, it is claimed t}1ci.i- v1~.1~r1 IJrC)l_(:irt bi11cJin11 ·1v·c1~::: mea;~u1·f::d ex 
VIV<) (1._.licJly:::;i:~ rnetl1cJcl) 11• r(-=-1t :~; ,-:_tn(} cJc)g;:_; t1ft c:L 1 .v. or ora_~ 
adm.ini_~)t-ldt.i.)r1, r1i;::(-1!.uit:,~r1e via~-:, }~iqh-1y' }-Jn11r1cl ir: tial.1.:.r, bt1t tl1c:. 
prc)te.ir1 }.Jc111n(J fr.;::11:t il>n <_lrc) 1 .. 1p(:'.r_~ tu ~,(] trJ f\(j"f, l)("i~-.H'?·-:::11 ~O a11d 180 
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met abol i 1 ''''. 
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M-5 

M-12 

R-5 

major metabolic products in bile of rats were M-5 and its 
conjugate, M-12. 

In serum, at least 12 metabolites were observed in rats within 30 
minute~ of dosing, and the main ones were M-2 and M-5, together 
with their garmn;;.-lactones, R-3 and R-5. In dogs, at least 11 bio­
tiansformation products were isolated from the serum, and a 
simila1 pattern was seen as in rats, with M-2 and M-5 being the 
main products. 

A total of 18 biotransformation products have been identified in 
urine ard serum. The main biotra11sformation products in all 3 
animal species and humans, based on findings in Lhe urine and 
se1·um (0lso in the bile of rats), ArP M-5 plus M-12 which is the 
glucuro::idf! of M-5, and R-5 which is the ga!"Yl'lia-lactone of M-5. 

lllAin met&bolites M-5, 1'!-12 and R-5 in urine and seru.rr. 

rat serum rat urine dog •eruro 

13 .3 

(' J 

34.9 

3. 1 

(' J 

46.S 

dog urine 

44 .9 

11 • 7 

monkey urine 

0-7 h ·1-11 h 11-24 h 

( 'J 

27.2 

30.8 

23.7 

31 • 1 

26.7 

15.5 

t o t a 1: 25 38 46.S 56.6 54.8 42.2 

In st.ucJ~_es v1itl1 cJc.Jgs, the li\.'er and gut wall v1ere identified as 
t!1e pri~r:nry s:tE=-:.>s Cif })iotr·:iri.sf,Jrrnc.t i(Jfl (Arzr1eim. Forsch. /Drug 
Res. 'H: 1093, 1988) after oral admini,;tration. It wa:; estimated 
that around 60% is metabolized pre-hepatically in the gut and 30% 
in the liver. 

b. Ef'.ects on Hepa~ic E11zymes: In two experiments with 
male r,Jt:s, nis_,ldipine was administered orally at doses of 0, 10, 
SO ancl 201) mg/kg for 2 weeko:, fol lowed by a 1 week recovery 
period in the second experiment. The positive control was 
phenobarbit:al at 25 mg/kg. Th2 hepaLic level:, rif cytochrome P-
450, <'->minopyrine N-derneU1ylase and aniline hycroxylase activities 
were decreased at [id and high dose, whereas p1enobarbital caused 
significant increa: ''" in levels of all 3 enzymes. The decreases 
in all 3 enzyme levels were found to be reversible after a 1-week 
recovery period 



SUMMARY OF TOXICOLOGICAL STUDIES 

A. Acute Toxicity Studies (X. Joseph) 

.\,·11t e 01 ul ,rnd : v loxicil.y sLudiec; '"ere done in mice, rats, 
, (_d)Lii t ~_; cJr1ci (.lCJ(J:; at 

Foi oraJ toxicity studies, the drug (suspended in a solution 
of <J.lycc;i:ol, J.11Lrol and demineralized water) was given via 
:~lomach tube (;~o m.l /kq) to mice, rats and rabbits; and in dogs 
the dnHJ wcL·; qiven in gelatin cap:;ules. For iv studies, the drug 
::u:;pendc".1 i11 the above solut.c011 was given at a volume 'Jf 5 ml/kg 
fur rodent:: dt1d at 1 to 4 J11! /k<1 foi dogs. Aft1cr drug treatment 
dI1.irndl::o wc_.1·c, cil)sr:rvc"d tor a ric~r ic)cl of 14 dt.-"'lys. No r.;linica1 si~ns 
c_i1 1nc)1 ! ,_,]it.:{ \Vt~~1-c: St?(~r1 aftc·1 01-'d.J ad1ninistrat i(Jn. flc)wever 1 

t.cJn:i c:;(· l or1ic r_:!JnVl..tl~;ions, g(1spir1g 1 cyar1osi~'.J, f:::xo1)]1Lhaln1os a11cl 
1 c~:3f)irat()ty cii_::;turlJc:i.nc;c~s (aJJ ;:-;IJecies) werr~ sc•(~11 iJ.tter iv 
adrnini1;tt"cit ion. Al.L death1; occurred 1ceither dur.i.Il<J or within 10-20 
rni11 cif (!rt.~q t.uJininistr.-~1t.ion. '}'l1r_; s11r·,,_Lvir1q anink1l,c_:; wer-e free of 
ci)'ttipt um:·. vii.I hili 1 (mice·, rcihJ.; 1 ,-"''! dog) to 4d hr (rat) postdcx;e. 
'l'lH~ ,··1111 i;JJ:;ic·:; ((11--•,:1ci 01· :::;ac:1 i fi_(_·c·rJ at 1--11(-:: end ()r L11t~ ~·t-udy) sl1c)wc~d 

!:( tJ1ll.{l(.i\,)cji.c_:,~,l f.:i.111.·Lir1g:·-,. 'I'lH-: I,r)t)Q vr-1.l.1_1<~S fo:r (_liffc~rent species 
• -J l (: 1 )(' -) C:1W • 

\AciJTE TOXICITY OF NISOL'JIPINE IN MICE, RATS, RABBITS, )1 

L___ AND DOGS I 
I --~~ _ I Sex _L~c=t~r~~=iJ=n="==(9=5=L=%D=C=o.=n=~=l=1i=k~=i=ts=)=='I 
~)\l~' (CTW!/W) M p.o. > 10,000 

Mu11sc ( C TW I /W) M t. v. 2.20 (2.0-2.5) 

Rat 1 W1s:ar) M p.o. > 10,000 
Rat I Wis tar) F p. ,), > 10,000 
Rat (Wtstar) M \. v. 2.32 (2.06-2.65) 
Rat (Wi star) F I. v. l.86 (1.77-1.97) 
Rabbit (Lgc Chincllilla) M,F p.o. > 5000 
Rabbit (l.ge Cili11cii1\la) M ,. 

" l.V. ca. 2.5 
Dog (&agle) M,! p.(). > 5000 
Dug (!l<.'ag le) M,F I. v. ca. 2.0 

.:-....:=:-------~~-- ---=-=:==:____;__,_ 

:\ :if'lJ,t1<1t (' ;'.t i11i\-' :;JJ11'·,\'1·(i tl1dt 1_J11•! 1·1,,.itJ1]('11t wi~l1 p1(i1J1,:1rHJlt1l (1 n1g/ 

k1~ \11 f"(l! il {)} 1
\ (i1_\."y':;} ll("}(i }J(J 1·1f1l'('t (Jfj t}l(-~ lj('\1\.1. 1 ·iv t-(JXJc:i.tj.' (_)f 

i1J:;(1J(.'iiJ>lIH 1 in 111,il<' itJ1st-1JJ i·at·:: (iv Ijll 1iO l.!i mc1/k(] v;j1-h (1 1· 
1:,; ( !11)\\\ i)l1iJ)J uni\t-)l 11rc·t 1-c·at rn(•11t). 
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B. Subchronic, Chronic and Carcinogenicity Studies 

RAT STUDIES ( X .• Joseph) 

c. Four Week DietaP' Dose RangeL.Lnding Study 

Testing Facility: 

Study Number: 8/K 'i552/024 

Study Dates: August ~;eptember, 1980 

GLP Complianc '' Study was not conducted according to GLP 
regulations. l'hc" deviations were as follows: 1. no phase 1-3 GLP 
audits. 2. no checking of physico-cl1emical prone-ties of test 
~iu!)sta11ce. 

Animals: Wistilt :otrain TN0-74 rats, individu<i:ly housed in 
Macrolon cagec;, 'l'ype 11, were 5-6 weeks old (<1verage weights: 
males - 131 q; femalec; 112 g) at the initial LOn of dosinq. 

Dose Levels: BAY k 5552 (Batch No. 576,923) was mixed with 
powdered rd. diet to obtain drug concentratinn:; of 0, 300, 1000, 
and 3000 ppm. 

Achieved Dose Levels: 

(pp~i) 

u 

l U U 

11)11() 

3 u IJ tl 

Averaqe Drucr Tntake 
(rnq/kq/d<ty) 

Male FPrnale 

lJ () 

:~ b 26 

[I() 89 

7. 1
J 8 265 

(Not:e: The dri:q Lnlilke Willi Cdlc:uLated from tl1r 

intakc0 [01 1J1re v»hule clun1tirn1 of the study. Nrr 
diffc~rt-:~ncc· i11 (JJ uq int <tk(; Wd:; s<-?cn wit }1 tin1r:•.) 

Number o l t,n irnd 1 s : 

averaqe daily food 
siqnif icant 

Parameters Eval1k1tr_«:l: 1\ppe;irance and lwl1avio1 (di least once 
daily), body weiqltl <H1ri food consumplio11 (weekly), organ weights 
(heart, liver, kidn<•y:; and adr,~nal c;lcrnds) and qross patl1oloqy. 
(No 1-1]::J 1.()}Jdt !1i-)l()\Ji<·(-11 1 xr11nir1olio11s \V(~:r.-c~ c::-or1dt1•.·Lecl.) 



hesulu~: No Ln:c;tm•'nt-rclaL•xl clinical ''ign2 or mortalities were 
oh'"'i.ved in tl1i:; study. A si9nific.111L l<eductit;n in body weight, 
cc.Jrnpared Io connirrent· cont·rol:;, wd:; nb:3erved t:hrot1ghout the 
treiltmPn!· 1wriorl in t1·igh ck>:·;c: rn,,\<·:· (10- 18%) and fPrnales (6-10%) 
•":-:1·c0pt ill h:i:ulc·:, ell weed~ '1. Nu :;l<JJJ.Lficant body wc•ight 
di f i.<'1 •:ll<'<~:] wcTe seen between cont nil and mid or low dose groups 
(1ir1\ 11 ~-3t~XF~:;). F\)CJcl cc)nst1mptic)r1 w .. j;; rc:ciuced. ir1 the l1igh dose 

1J1·rH_1rJ. 'l 1J1c)u~;1-1 JltJt.: rnc~asur·ed qL1c1nt:itatiV(?Jy, wat·1-~r: consum1)tion 
,q11J>~.::1t r .. (_l t (J tl(' i.nc·r<...:ci~_;F:d in z:1J 1 ttf_'dt-t-::d (Jrour):-.. 01~cra.n weight 
f)i11:ii11<J.> \L)c)ti1 1Jl)~.;(_i.lt1t.1~ d11c1 l-c·J_d.t.1vc•) are givi-·11 l·L-:Jow. 

l\1ean Organ '\Veights of l\1ale and Female Rats 

Dose Group (ppm in diet) 
Sex 0 l 300 I 1000 I 3000 

BoJy Weight (g) M 225 219 224 196• 
F 142 140 144 131 

Adrenals (Absolute, mg) M 36 38 38 39 
(Relative, mg/lOOg) M 16 18 17 21• 
(Absolute, mg) F 50 49 53 49 
(Relative, mgilOOg) F 36 35 37 38 

H~rt (Absolute, mg) M 663 669 675 677 
(Relative, mgilOOg) M 295 304 301 349•• 
(Absoluto, mg) F 490 517 5ss•• 542 
(Relative, mg/JOOg) F 34-0 371 387• 417•• 

Kidney (Absolute, mg) M 1489 1392 1409 1295•• 
(Relative, mgllOOg) M 663 634 630 669 
(Absolute, mg) F 986 978 1036 975 
(Relative, mgilOOg) F 697 702 719 749 

Liver (Absolute, mg) M 8219 8074 E599 8699 
(Relative, mgliOOg) M 3650 3655 3825 4436•• 
(Absoldc, mg) F ''300 5452 5857 6105• 
(Relative, mgilOOg) F 3761 3895• 4064• 4652•• 

--
• Sisnificanrly different from control at O. 05 lewd. 

••Significantly different from control al 0.01 le\.,,/. 

H1·l,-1t i·Jt' n1···.tJJ !1 1 • 1r t ·t!l(i .l i\'C·! \·,r~·i :]1· 1~ 1 h() ._q/1 cicJ;-;c~ grC)U[) 

(!i.i1 \1 ,;,·:-:(· ·.'1 ~d•·ct' ·:1qnif i(:,111\ !'/ 'lt i.· \·;111. tl{1 ~;i_cJnificar1t 
l'). :IJ1_Jt··· 111 i 1 ··;1 !11! \· \'Ji'il.~ltt '.~ t':··.1·1-'\i~ ,,1 1 ].1· lt'i1· 1;l l i\.'(!:C- \VF~}g}-1t cif 

]1:1;)1 (j,,; 11;1,11•·:'. \'/lli\'il \Yd:; :~·),·1111 ·,1 1 ! 1 J 1.: l1i<;)r 1 1· (]~-)'%) tllO.ll tl1
1 

1'1iJJ! t••! ~1;1· )·'r,t ); cJf1:;<11ut.1_. ,1)Jrl l• <1! ! \.·,. i:1-.,1· · \1Ji']q)lt :; W<~~-\' 
111·"':,-•,J.:~1-\1~ :r1 rn11-,, (1(-\·:·.1:0 f~~n1;-1'.1.-·. 

t ( 'l 
\, : : -

!_'}");( l i ('ll• 't' 

\ .1ll\\'111i11;. ·;LI 

I i1 . I i ( •'' '·;' L l • 

" 
1,(11) dilC~ lH()(_l f)JiJn, 

'i't·,11 '.ll 1 'lll1_-1CJt'I!)(·1ty ·,t "· iJ, .1t:; \·."1'lt-· :-it~lC~Cl.('<i (JIJ t!L' 
.ti111" 1 · :I u<l}-' 1 ,tJld ,1].:, ;, 1::.-1l 11!\ t) 1' \"l1-c•v]r,J\l~--; 

1(1111 Jilii•l t1'1.·n1 :·.t111l],-:; \·:11:1 .it)H·i· ·:i!1;. 1 \'ir·nii\'1'ic.iint•:~ 
\11., 1··1.1l r11111t)• ;: {l,iti· .. , r-i.i'J. '1 1·;·111]. 
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b. Tl1ree Month Oral (Gavage) ToKicity Study in Rats 

Testing Facility: 

Study Number: Bay k 5552/025 

Stl!dy Dates: September - December, 1980 

GLP Compliance: Not addressed. 

Animals: Wistar (TNO/W 74, SPF) rats, individually housed in 
typo 11 Makrolon cages, were 7-8 weeks old (males 115-155 g; 
fnmales 120-145 g) at the initiation of dosing. 

Mode of Administration: Bay k 5552 (Batch No. 576923) dissolved 
in a solvent mixture, containing Bay a 1040 pl2cebo sclution 
(polyetl1ylene glycol, glycerol and distilled water) and distillocl 
waler, was given by oral intubation. It is stated that the test 
formulation was stable at room temperature for over a week. 

Dose Levels: 
(5 ml /kg) 

O (vehicle control), 10, 30 and 100 mg/kg/day 

Nunilier of Animals: 15/sex/group 

Parameters Evaluated: Appearance and behavior (daily), body 
weight and food and water consumption (weekly), hematology, blood 
chemistry and urinalysis (5 rats/sex/group; weeks 4/5 and 13), 
maJor organ weights and gross and microscopic pathology (more 
tl1a11 20 di ffcrent tissues/rat; control and h.igh dose groups). 

M0·jor Findings: Two low dose females (on days 8 and 68) dieci 
during the study. Gross pathology findings in the above animals 
included e11larged kidneys, bladder and adrenals in one rat and 
discolored lung and pulmonary emphysema ~n the •Jther. Labored 
Lreathing was noticed in high dose rats during the first 5 weeks 
of troatmc!nt. No significant differences in body weights were 
sce11 between t1oat:od and control groups except for the lower body 
weigllt :o obst!IV<·d in the high dos0 group, compared to concurrent 
cont .. ul s, dur i nq the first one or twc. weeks of treatment. Food 
cor1sumptiofl wa'; unaf·fected. Water· intake! of lligh dose females was 
about 20·: hi qher than that oi concurrent control. Although 
i-1(~1noqlc)l).ir1 a.nci llt:'matocrit vall1es .in 1niti ar1ci t1i(~h dose males werP 
lowc•r than concur r<c'nt control values at 13 weeks, it is stated 
t lldt all va I !H'S were within the nistorical control range for 
Wtstcn rcit.s. High doc;e females had sicinificantly higher plasma 
tlt'(-'{i l(~\TL~-1s, cc>mparc·ci t() control, after_· (~itt1er 4 or 13 weeks of 
l rvc1Un•~r1t. Jn mid ai'd high dos0 malc·,s, both abi-oJute and reL1tivc' 
tllyrmrs wPiqhts wC>re significantly higher than control. Heart anci 
Li vc>r weigl1ts (buttl absolute and 1:elcit. ivp) in high dose> f('males 

1N('l·p ~-·;iqnj f.icdnt Ly l1l~1her t11a11 control; al:·solute and/l)!· relativ(~ 



W'-HJhts ot thesce organ'3 in mir1 dr>'3e fE"mil1e'3 and nicJ .. and high­
d1:nJi __ ~ ni.:11~s were c1ls() t-1icJl1t~r t1--1ar1 cor1r rol. 'I'liere v-.·ere r10 

sigr11ficant histopathological finding8 in this 3 tucl~. 

~fean Organ Weights of Male and Female Rats 
Dose Group (mg/kg) 

Sex 0 I 10 t 30 I 100 

!Jody Weight (g) M 338 347 330 326 
F W6 207 200 204 

Adrenals (Absolute, mg) M 36 39• 37 37 
(Relative, mg/IOOg) M 11 11 II 11 
(Absolute, mg) F 52 SS S3 56 
(Relative, mg/IOOg) F 25 27 26 21• 

Braw (Absolute, mg) M 1788 1860• 1849 1843 
(Relative, mg/lOOg) M 530 538 569 568•• 
(Absolute, mg) F 1652 1676 1649 1685 
(Reiative, mg/ !OOg) F 802 815 829 829 

Heart (Absolute, mg) M 955 1022• 1000• 1004 
(Relative, mg/JOOg) M 283 295 304•• 308•• 
(Absolute, mg) F 688 704 706 75g•• 
(Relative, mg/1 OOg) F 334 342 3~4·• 372•• 

Liver (Absolute, mg) M 10966 11179 11777 11523 
(Relative, mzilOOg) M 3243 3220 3602• 3537• 
(Absolute, mg) F 6394 6822 6907 7588•• 
(Relative, mg/IOOg) F 3100 3}04 3460• 3716•• 

Lung (Absolute, mg) M 1172 1202 1000• 1004 
(Relative, mgllOOg) M 347 347 366 366• 
(Absolute, mgi F 900 937 913 911 
(Relative, mg/lOOg) F 436 455 457• 447 

Thymus (Absolute, mg) M 196 222 235• 233• 
(Relative, mg/lOOg) M 58 64 n• 72• 
(Absolute, mg) F 206 213 180 185 
(Relative, mg/lOOg) F 100 104 90 91 

• Signijicanrly differenl from control aJ 0.05 kw!/. 
•• Sigrrificamly differenr from conrrol at 0. OJ kw!/. 



c. Two Year Carcinogenicity Study in Rats 

Testing Facility: 

Study [lat.es: 

GLP Compliance: 

T 1000876 

November 1980 - No'Jember 1982 

Study was conducted in accordance with GLP 
regulations 

Animals: Wistar strain TNO/W 74 rats, individually housed in 
type 11 Makrolor1 cages, were 5-6 weeks old (mean body weights: 
males - ·79 g; females - 7~ g) at the initiation of the study. 

Dose J.evels and Mode of Administration: Bay k 5552 (Batch 
No.662836, purity - abo~t 99.2%) was 1nixed, weekly, with powdered 
rat die\" at conCl"ntrc>Lions of 0, 50, 300 and 1800 ppm. The 
c>tabil i.\y dnd Uw concentration ot the Lest substance in diet 
were determined pretest and then every three months. The 
concentrations of the drug in diet were found to be in good 
agreement with theoretical values. However, there is no 
indication tl1at concentrations of drug in diet were adjusted 
periodically Lo maintain a constant mg/kg body weight exposure. 

Numbei, of Animals: 50/sex/group (.'\n additional 10 rats/sex 
included in each group were sacrificed aftPr 12 months of 
treatment - interim sacrlf!ce.) 

Observations/Measurements: Rats were observed at least once 
daily for general appearance, behavior and clinical signs. Body 
weights were recorded weekly until week 27 and biweekly 
thereafter. Food and water consumption were determined weekly and 
once every 3 months, respectively. Hematological [erythrocyte, 
leucocyte (total and differential), pl.atelet and reticulocyte 
counts, hemoglobin, hematocrit, MCV, MCH anc' t:hrombopli'!stin time 
(only at the termination of tho study)] and blood chemistry 
(alkaline phosphatase, transaminasos, creatine kinase, urea, 
creatinirn,, blood s1Y<ar, cholesterol, total bi] irubin, total 
protein, corticosterone, aldost.erono and se1um electrolytes) 
()va1uat.ions anc1 urinalyses were ccJr1ciucLt.:cj or1 10 rats/s8x/gr:oup 
(selected at. random) at. 6, 12, 18 and 24 months. Comp'et.e 
autopsies were performed on animals that were sacrificed at 1? 
months and at study terminal.ion. Animal'' were examined grossly 
a.nci l1oarL, ll1ng, 11 V(~r, Sf)leen, kidneys, adrenals c1ncJ tc'stes wc't.l' 
weic1l1ed. All protocol specif it~d tissues (mor·e than 30 different. 
tissues/raL) and gross lesions were fixed in buffered formalin. 
In addit.iu11, left liver lobe from all. rat3 was fixed in formol­
calcium .. 1n<1 lowc•r "jaw from 5 rats/sex/,Jroup was tlxed in 
bufJ er.ed formal in. Autopsie'"' wcou· al'" performed on rats t:hilt 
cii(:~(i or wl~rf~ sacr.:i t icl~d in extre1nls an(i a.J J cvaluctblc· tis~)tie~; 
wrre pi·csei·veci. All protocol spcci t iPd t" L .'iues from cont l"Ol and 



higl1 dose groups, all tissues from animals that died or were 
sac1:ificed morihund, as well as adrenals, genital organs, areas 
of skin change and kidneys (females) of low and mid dose animals 
ancl all grossly abnormal tissues were examined histologically. 

Difference" be Lw<~en treated and control groups were analyzed 
usiug the siqnif.icance test (U-test) of Mann and Whitney and of 
Wilcoxon. MorL:1lity and tumor data were analyzed by Fischer's 
exat.::t ll:•st. 

Achieved Dose' Levels: 

J)o~;t"l 

(~ipm) 

0 

~_) () 

1 8 0 CJ 

Ave1-age Drug Intake 
(mg/kg/day) 

Male Female 

0 (1 

2 . l :J 78 

13.1~ J_ 8. 04 

82.40 110.68 

(Note: The ctn.HJ intake was calcular ed, at t.lw termination of the 
stuciy, t rl-inl t_t1P ave1 ~i'JO daily fO!)(i :intakc·/ar1i.ma.l/grol1p for t11e 
W}lOlE~ cit1rat.ic>n of t ht:: st11c'.y. Pe>r_ioc:ii(·a l (il"~JSl intake 
cjetc•rrn·i n0Lior1s 'dt~TC' :11)l nia<.ie in this ~;t_u1_iy. 

R1::i:;ulLs: No lreaL1i11:nl.-1·f:-lateci cljnicr11 ::_;ic'r1s ,-. ... :ere seen in this 
st11ciy. 'l'l1e 1nortali.ty d:~La (cumul<~Li\'f_') at ~lifferent intervals art: 
cri !1 }'(·.lov-1 ,_iflii _it_ i~; }-Jt'(~Sc:nt.ed s1r:q1hjc·:-1] 1-y in Figures 6 and 7. 

l\1ortality of Rats ReceiYing Nisoldipine in Diet for 24 l\Jonths · 

Daily Dose . ~::~~~ -1- Number of % Mortality 
(ppm in diet) Dead (M/F) (Mil') 

12 Months 

0 50/50 1/1 2/2 

50 50150 Oil 0/2 
30') 50150 l/O 2/0 

1800 50150 012 0/4 
-

18 Months 

0 50150 213 4/6 

50 50150 0/2 0/4 

300 5'1.'50 215 4/10 
1800 50150 514 10/8 

24 Months 

0 50/50 4/8 8/16 
50 50150 8/8 16/ 16 

300 50150 11I15 22130 

1800 50150 I \/13 22/26 
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Alllwugl1 r.1,Jre animals (both sexes} died during the study in mid 
and liigh 0::>se 9roups than in the concurrent control group, the 
differences were statistically not signi!icant (sponsor'~ 
:rna l ysis - Fischer's exact test_). 

l~l1•·n t estf1d for heterogeneity in survival distribution, FDA 
:: Lilt .i r:t i c i ans observed that there was no s ignif ica.nt difference 
(al 0.05 level) in the survival distribution for either sex (b::>th 
Cox test and generalized Wilcoxon test). Additionally, no 
siq'.1ificant. linear trend (at 0.05 level} was seen in the 
intercurrent mortality rate for either males or females. 

Mean body weicJht values (presented graphically in Fig.8) for the 
hiqh dos<' qroup (both sexes) were significantly lower than 
c:ur.t.,ul Vdlues f:or the whole duration of the treatment period, 
exc~q.>\. on four occasions (weeks 25, 29, 51 and 53) in male,-. At 
tll<· tc'rmination of the study, body weights of high dose males and 
fr•n1<1J(•s w•·re 'J.6\. and 22 90, respectively, lower than concurrent 
<'<1nl 1 n l . '!'lie body ":eight ga1 n values oJ high dose males and 
f t'Irld l.1·::--; 1,.,1~.·r L~ -;'(" dfld J1 'f-,, L-esp(~c:tiveJ.y, lower than concur·rent 
"'"'\' r>l. No ~;iqnificdnt treatment-related reductions in body 
W\~j (.1l1L wc't'(" Sf~(-'n in J ow and rni(i dose groups excerit on a few 
occasions (W(eeks 13, 14 and 39 for males .ind weeks 77, 79, 85, 87 
a11d 89 1·or femalc·s) at mid dose le~el. While food consumption was 
un<iff.c>ctcd, water· consumption in hi,1'.-1 close animals, especially in 
fcmAJ_e~, Wd~ incr·caseci. 

ll\U10uc1h statistically .siqnificeint. ltcm<1tologlcd.l findings were 
occa:-:>iC)[·1a.1 ly 01:1.'.:-;1.:.-irv0(i i_r1 drug t1-eatcci q1-ou1)s, no dose deJ)endence 
oi consistency at di tterent interva.\ o; w;is observed. Stat istj cal ly 
.:;icrn.if'.i_cdr1t clir;ic.:_-11 ct1en1istry fincii11~Ts an,i tl11;-~ tJ_uH• r-;oints of 
Lhl1 i1" C)CCllrrc•rtCC• clt-C' q1v~r1 t)n }:.l(l.~JC':-~ !\g & 49. 1n t}1c~ high dose 
rJrc>1q), ~-~_iqnifi!_~<Jnt t·l-:(luclions ir1 a1kdlir1e t-:>h1.J.S}")l-1a.tasP leveJs 
(b,_dl1 ~~i__'>-:1..':;) linri -incr•:..•ast::is in l~()'I' (nL1lc·s), (~PT and CPK levels 
(-11;:n:dl('~-') WC!r0 s 0 c·r1. AJ tf-1ouqh a ciosP-cl!'I-H:-:>nde11t inc.:r.~ease in 

lli I ir11l)i_r1 \C'VP-J.<~ wci.c; ;;(~er1 Jn h()lh .•;1':-:l~S ciu1·ir1r-1 t.!1t.~ early part C)f 
t.hc study, 1 lici:;c' 1l'V<'is in tr,.al·".1 fc•md]ec; W<'n' lower th:in that 
O[ <_~()fll_!(_)l (flO :'.-_~j(_jlljf_icant diftl'.!t~JlCC' i11 11ld.ll'S) (it the 

I c·1minat i<m of Ll1<' study. Blcud u1••;\ level~; in mid ar,ri high d 0 ,-,0 

ff~1naJ4•,':; wc~rt-' ~1is1n.iticantly hicrhc·1 tbd.11 c(1nt_r11l at thr~ end of tt~c· 
st 11dy; llt.)Wt~Vt'r, t t1t.::is1.:? lt_~vc·ls Wi>rt• iowi:~r thc·tr1 <:·ontrol durir1g wet:k 
:-'.B. Ll1_:c1."east-"(i cnlciun1 l(~VE~J:3 Wt'r--t' Sf"('Il in tr-t-•,:1t.c~d animalt:;, 
l-:i.'3t>LCic1Lly :1t. the· tliyli c-it)SP lt.'Vt..,1 ('uotl1 ~;e;.::c~.:-;). f-1 lasn1a 
n-1lir 1 :>t~--·1\1I1(-1 lc•v(__•l:-~ ir1 l1i9t-1 d(1;>i-, nta1f":-> ,·111c1 t--11,.i~--;md cortico.sLeron(' 
1, Vi'\~~ i11 hii..J)J 1icisc~ fr~n1a1f=:>S wert--., :-;iqni_f i(·,111t ly lower t!1an 
!i•:;1 1 ·••'l iVt"• Ct...'llll_ rci] Vet1Ut'S (1t WPt->k ~~). 

/\. r;iqnil i<·~-=i_nt in, r·1,d~>t-> _in t1ri11,1ry r)rott··in ,{ r·vtLor) was ~>et.~n i.n. 
hil~h ciu~--;1• ft". 1 111-::-ilc·~~. Wl1ilE_, L1r.·l11c:iry c,-tlciun1 t·::-:c·;··,_•:_i~;n was ci(:::.c-reast..~<-i 
ill t t i:,·1t ,_,(l Cl·rnall' t.1r1_,LlfJ::3, l:>Spt'ci .. ::i..l ly i u n1i,J dr1d t11(1t1 d.OSf' grOll/1.'.->, 

111 ir1d1y 1;<1td~~si11rn lt 1 vel.s Wl'r-f, ir1Cr(•(l,<;~-·..:l i11 l1ic~h closf' r;1dlE?:S. 

lJ1 i11.1rv ;1ld.<)sler·u11l-' l'x1.·1·E·ti1-.H1 w,'\~-'; :-;iq1)i11~~_:1r1t·ly l1i.q1-1er ir1 liiqh 
<i()~;,, 111,i!t•'.; tlldfl _in ('1_lflttol rnalt•:;. 
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Page 48 - NDA 20-356 

Mean Clinical Chemistry Parameters (Male Rats) 
Dose Group (ppm ill diet) 

Param .. 1er Week 0 I 50 I 300 I 1800 

ALP 28 211 201 201 l7S• . 

U!L S4 182 174 186 14S• 

79 180 1S6 176 136 .. 

GOT 38.8 39.0 38.9 52.7'" 

U/L 
Bilirubin 28 3.6 3.1 4.0 4.8• 

mcmol/L 

Creatinine 79 53 50 47• 51 

mcmol/L 105 57 63 46** so•• 
Urea 105 5.80 7.01. S.69 S.21 

mmol/L 
Cholesterol 28 1.98 2.16 2.21• 2.21 

mmol/L 
Protein 54 66.5 64.2•• 61.0•• 61.4** 

g/L 105 68.4 67.1* 66.3• 67.8 

Sodium 28 142 143 140* 140• 

mmol/L 54 141 142 142* 142 

79 140 139 138* 141 

Potassium 79 4.8 5.0 5.1• 5.1 

mmol/L 
Calcium 28 2.64 2.54* 2.49* 2.s5• 

mmol/L 79 2.76 2.66• 2.62•• 2.63** 

105 2.69 2.66 2.63 2.So* 
Aldosterone 55 349.7 360.2 334.9 245.t •• 

pglmL 

• Signijican1ly dijferen1 from conirol a1 t~ 0.05 level 
•• Significantly dijfere111 from control al t~ 0. OJ level 



Page 49 - NDA 20-356 

!\lean Clinical Chemistry Parameters (Female Rats) 
Dose Group (ppm lo dlet) 

Parameter Week 0 I so I 300 I 1800 

ALP 28 174 140 153 133• 

U/L 

CPK 28 98 54• 72 85 

U/L 79 43 75 64 77• 

GPT 28 54.1 50.5 52.9 66.3• 

U/L 

Bilirubin 54 3.0 3.1 . 3.2 4.3** 
mcmol/L 105 4.7 2.9 .. 3.2• 2.9• 

Creatinine 79 56 50 59 57*. 

memo UL 105 71 59 55•• 61 

Urea 28 7.54 7.27 6.56* 6.30** 
mmol/L 79 6.22 5.96 6.51 7.56** . 

105 6.09 6.43 6.67* 7.28* . 

Cholesterol 28 7.54 7.27 6.56* 6.3c•• 
mmol/L 105 2.46 3.01 * 2.76 2.9i5 

Glucose 105 4.71 5.25 5.52* 5.22 
mmol/L 

Sodium 54 140 138 135** 138 
mmol/L 

Potassium 54 4.8 4.8 5.0 5.2* 
mmol/L 105 4.5 4.6 4.8* 4.8* 

Calcium 28 2.58 2.65 2.59 2.47• 
mmol/L 54 2.71 2.65 2.58* 2.52** 

Con."°sterone 55 36.6 41.7 20.4 19.2* 
mcg/DL 

• SignijicanJly differeru from conrrol QI the 0. 05 level 
•• Signijicaru/y differeru from conrrol QI the O. 01 level 
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At the termination of the study, the relative mean weights of 
adrenals, heart, kidneys and liver of the high dose group (both 
sexes) were significantly higher than respective control values 
(page 50A). However, no signiticant differences were seen in the 
absolute weights of the above organs except for the increased 
mean kidney weight of the high dose males. At the interim 
sacrifice, relative heart and liver weights (high dcse males and 
females) and relative adrenal and kidney weights (high dose 
females) were significantly increased without any significant 
changes in absolute weights. 

No significant treatment related gros3 lesions were seen in this 
study. 

At the interim sacrifice, no treatment-related histological 
f'indings werP observed except for the moderate widening of the 
zona glumerulosa region of the adrenal cortex of high dose 
animals. The cells of this zone were large and contained a foamy 
cytoplasm. Four benign tumors [2 in control females (cystadenoma 
of thyroid in one and pituitary adenomci in the other) and 2 in 
high dose moles (Leydig cell tumor of testis in one and 
meningioma of the cerebellum in the other)] were seen at the 
interim sacrifice. 

[Note: 'I'he terms "blastoma" and "tumor" are used interchangeably 
in this NDA.] 

The number of rats with benign and/or malignant tumors and the 
percent .-,f these tu:rnor carriers are given in Table 7. According 
to sponsor, no treatment-related increased incidence of tumor 
bearing animals was observed in this study. The incidence of 
various types of tllinors observed at different locations are 
presented in Tables 8 and 9. Altho11qh, the incidence of Leydig 
cell tumor of testes appears to be higher ir1 treaced male groups 
than in control, the diff0rences were statistically not 
significant. 

Analys:iJs of the tumor data by FDA statistician:J showed that there 
was a statistically significant (at 0.05 level) linear trend in 
brain granular cell tumor (listed also as men111gioma in this NDA) 
in male rats (p~O. 0411) . The incidence of thi:3 tumor is as 
fol.lows: control - 0/50, low dose - 0/50, mid dos~ - 0/50 and 
high dose - 3 I 50 ( 2 animals at the final necro1)sy and one at the 
interim sacrifice). However, pairwise comparison did not reveal 
any significant difference between control and high dose groups 
(p~O .1594) . Jl.ccording to the spcnsor, "the im·.i.dence rate for 
qranular cell tumors among male rats at terminal kill in the 
study performed with BAY 5552 lay within the ::pontaneous range 
for male rats at terminal kill" (Table· pdqe SOe). Spontaneous 
tumors of meningeal origin (meninqiu111<1, men~nqeal sarcoma or 
qranular cell tumor) were seen in ·1 out of 30 studies in :male 
Wistar rat·s (39-50 rats/study). In 2 studies, :~ rats each were 
diagnosed with such tumors at terminal kill, whereas ir. 4 other 
studies, only one rat each had above tumors. 
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Mean Organ Weights of Male and Female Rats (Final 
Sacrifice - 107 Weeks) 

Dose Group (ppm la clrinkina water) 
Orsan Sa 0 I 50 I 300 I 1800 

Body Weiaht (i) M 416 410 413 396• 
F 274 27S 261 216*• 

Adrenals Absolute, ma M 49 49 43•• so 
Relative, ma/I 00& M 12 12 JO* 13* 
Absolute, ma F 67 66 63 61 
Relative, mg/IOOg F 24 24 :!~ 2!1•• 

Heart Absolute, mg M 1215 1205 1199 1234 
Relative, mg/JOOg M 294 295 290 312 .. 
Absolute, mg F 912 927 898 93<! 
Relative, mg/JOOg F 334 338 347 434•• 

Kidneys Absolute, mg M 2588 2600 2638 2791•• 
Relative, mg/ I OOg M 625 634 640 706•• 
Absolute, mg F 1875 1823 1809 1745 
Relative, mg/JOOg F 690 668 100• 810•• 

Liver Absolute, mg M 14277 14661 1S213 14831 
Relative, mgllOOg M 3476 3715 3736 3937•• 
Absolute, mg F 8157 7912 8315 8087 
Relative, mglJOOg F 3327 3343 3509 3773•• 

Lwlg Absolute, mg M 1380 1368 1460 1373 
Relative, mg/IOOg M 337 347 358 365 
Absolute, mg F 1028 998 1004 1008 
Relative, mgllOOg F 419 423 425 472•• 

Spleen A!>solute, mg M 656 .SS6 673 684 
Relative, mg/IOOg M 160 166 165 181* 
Absolute, mg F 447 444 438 419 
Relative, mgllOOg F ISJ 188 us 196 

Testicles Absolute. mg M 3371 3618 3661 3149 
Relative, mgllOOg M 823 917• 899 831 

• Significantly different from control al 0.05 levol 
•• Significantly differmt from control al 0. OJ levtl 



Table]~ NU"'ber of the blast0111a carriers in the individual dose groups 

Total nutfiber of rats investigated 

NU111ber of the blastOt11a carriers 

Sex 
Dose (ppt1t) 

NIM!lber of rats with exclusively benign 
blast011as 

Nuaber of rats with exclusively •alignant 
blast0taas 

NU11ber of rats w\th ben\gn and •alignant 
blast0111as 

Nuaber of blasto-a carriers as X 
all rats tnvesttgated 

NC.Mlber of blastoo-• carriers with exclusively 
benign blast011as as X all rats investigated 

NuMt>er of blasta.a carriers with exclusively 
.•alignant blasto-as as X all rats investigated 

NUllber of blast011a carriers with benign and 
·•allg~ant blastoaas as X all rats Investigated 
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Table 8 ; List of ill bl1stom1s according 
and status <male r1tsl 

to number, localisation, type 

<Don ppm) 0 so 300 1800 

AdenohypoPhys is• 
14 Adenoma 0 3 11 

Cardnoma - 0 2 0 0 

Thyroids• 
~ n C cell adenoma 0 0 

C cell carcinoma l 0 0 l 
F.ollicular carcinoma n 0 0 l 

Adrenal cortu 
' Adenoma unilateral 1 0 0 

J.drenal medulla 
Phaeochromocytoma (b) uni lateral 7 5 3 7 

Phaeochromocytoma (b) bilateral 0 l 0 l 
Phaeochromocytoma (ml unilatt!ral n , l 0 

Parathyroids• 
~ 0 Aoenoma 0 0 

Testes 
Leydig ce L l tumour (b) uni Lateral 4 5 6 7 

Leydig cell tumour (b) bilateral n , 2 l 

Pancreas• endocrine , n Adenoma n n 

Pancreas• exocrine 
Adenoma 3 0 0 0 

Heart• 
Endocardial fibromatosis (bl 2 0 0 l 

Lung• 
Adenoma 0 n· l 0 

Epididymis 
n n Sarcoma n ' 

Brain• 
Meningioma (b) n 0 0 2 

RHS• 
r-.alignant lymphoma 0 1 3 1 
Histiocytary sarcoma (\ n 1 n 

Skin• 
Cornified SQuamous cell 
carcinoma n , 1 l 

Subcutis• 
Sarcoma l 1 l 3 

Haemangiosarcoma n 0 l , 
• 

Mesentery• 
Ltiomyosarcoma 0 0 1 0 

Abdomen• - , n t'i 
Fibrosarcoma 0 

c:.---- ... 0 l 0 0 

b = benign 
m " malignant 
• This organ was not routinely histologically investigated in all the rats 

from the 50 and 300 ppm groups. 
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Table 9 : List of all blastomas •ccordin; to number, localisation, type 
<continuation> and status <female rats> 

<Don ppm) 0 so 300 1800 

Adenohypo physi s 
Adenoma 16 3 s 7 
Carcinoma l l l 0 

Thyroids• 
C ct t l adenoma f; , 2 l 
C cell carcinoma , 0 ,.. 
Follicular adenoma 0 0 0 
Follicular carcinoma l 0 0 

Adrenal cortex 
Adenoma unilateral l l 0 0 

Adrenal medulla 
Phaeochromocyto~a Cb) uni lateral 0 0 0 , 
Phaeochromocytoma Cm> unilateral 0 0 0 l 

Ovary_ 
Granulosa·theca cell .tu111our (b) 0 0 l l 
Granulosa-theca cell tumour Cm> 0 0 0 l 

Uterus 
Endometrial stromal tumour 
Cpolyp> Cbl 8 12 11 13 
Endomet rial stromal sarcoma 2 0 2 
Adenocarcinoma l 4 2 

Mammary gland 
Adenoma 0 2 l 
Adenocarcinoma 1 l J 

l\idneys 
Adenoma 1 0 0 
Sarcoma J 0 0 

Urinary bladder• 
l 0 0 Adenoma 

RHS* 
Malignant lymphoma 0 0 0 
Histiocytary sarcoma 0 0 0 

Intestine• 
fibroma 0 Cl Cl 

Mesentery• 
0 0 l Malignant mesot he l i oma 

Skin 
P1pillOt111 0 0 0 

Subcutis l 0 0 Haeman;iosarcoma 
l 0 0 Sarcoma 

b = benign 
111 " malignant 
~This organ was not rout.nely histologically investi;ated in ell the rets 

from the 50 and 300 ppm ;roups. 
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[Note: Granular cell tumors are believed to be of meningeal 
origin and are considered to be a subclassification of 
meningiomas. (Boorman et. al. 1990. eds. Pathology of the Fischer 
Rat. Academic Press, Inc.)] 

Relevant nonneoplastic findings observed in this study included 
hypertrophy of the cells of the zona glomerulosa of the adrenal 
cortex of high dose males and females and increased incidence of 
progressive nephropathy in high dose females. 

l ~a-week Intravenous Toxicity Study 

Testing Facility: 

Scudy Number: Not provided (Pharma Reporr No.7721) 

Study Date: Octolwi, 1977 

GLP Co;npl iance: Not addiessed 

Animals: 
Macrolon 

SPF Wistar 8-lbino rats, individually housed in Type II 
cages, weighed 12s to 110 g at the i11itiation of dosing. 

Dose Levels: 0, n.J, ll.l and 1.0 mg/kg. BAY 1' 5552, dissolved in 
a 10%: 90% mixture of l'1emophor EL and physioluqical. saline, was 
admini'.ltered a:; a ,,,i11qle iv bolus injection (<'dudal vein; l ml/ 
kg) daily for 14 c·on•;c•cut ivc• dayc;. 

Number of Aninu ! :; : 

Parameters Ev al uat•·d: AppPdr a11co a11J beha'rio1 (daily), body 
wf:'ight and food ,ind wat e1 cm"'umptio11 (weekly 1, Ywmatology and 
clinical clwmi,;t ry (at lh•-• t ennination of the ;;tudy; 5 rats/sex/ 
9roup), urirwlyse;; (aftei lllth treatment), ma·1or organ weigLts 
and gross aw:l micnl:lt·opic pathr1Joqy (more than 30 different 
ti:;sues/rat; 5 rat ,;/;;ex !Jorn ,;·ont 101 and high dose grotips). 

Results: High de)~;,• dnim,d:; ,;howed inertia and dyspnea for about 
5 to 15 min fol lowinq dn19 ildminic;trat-.ion. 'I\,":' high dose females 
died during tlw ,;tudy, one ,';fl r•r I he third do:;r> rind thl'> other 
atter the ninth dc•:;r:. No ll<"<Jlrnent·-related cl i11ica_~_ signs or 
mc>r.talities vvP1.:' ~3f--'1~r1 in !c)w dncl mid cio::::e ~)rC:)llJ) ar1imals. 

IntravL~nc1t1~:; aLlrn!1!l:.;1 tdt:lc~11 (1j ni''>c)llii.r)-~Ilt:; }1~-1ci 110 ~-;ignificanL­

effect on body wr0 igi1t, food or watE:r consumption and hematologic, 
blooc1 cl1t.:'IT1]~:,tr).' ,irHi 111-i1L1l\·:~1·:; 1),l'l1rrH.:it<~1-:;. Tl11)rt~ \'l/(~i-c no 
tr·r1 atmt-.:i11t rc'l11t1-·(i (/l\l,;:; (Jt 11:.·t ()f),11 !1\1l(HJic.·al ! ir1d.it1gs, or any 
t:vi(ler1c·e C)i lcH_·~1.l l nt lllc·t .itu'•' 111 Lic1~->(? _ic·vels t 1~st ('Ci in this 
:,3 i- udy. 
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MOUSE s·ruDIES (X. Joseph) 

a. 28-day Dietary Dose Rangefinding Study 

Testing Facility: 

Study Number: T 1003 576 

Study Dates: June--July, 1981 

GLP Compliance: Study was not conducted according to GLP 
regulations. 'I'he deviations were as follows: a. no phase 1-3 GLP 
audits, and b. 110 checking of physico-chemical properties of test 
substance. 

Animals: SPF-bred NMRI mice, individually ho1:cred in Type I 
M.1crolon cages, were 4-5 Wf'eks old (average b1 1dy h'c>ights: males-
20.0 g, temale,;-19.8 q) at the initiation of 1>1e study. 

Dose Levels: Bay k ')'i52 (Batch No. 576, 923) 1-..1s mixed wit'l 
powdered diet by Uw addition of peanut oil D,\:l 7 (1%) to obtain 
dietary drug concent idtionc> of 0, 400, 800, 1:1 .JO and 1600 ppm. 

Acl1ieved Dose Levels: 

Dost: 
(ppm I 

i\ 0 1,1 

l b () u 

Average Drug Intake 
(mg/kg/day) 

Male f1~1na.le 

\\ 0 

l l (I 12 ·1 

~'. :~ l) 2 7 l. 

348 383 

429 523 

(Ni;t••: Tlw d1uq intake wa:" calculated from tl1· averaqe daily food 
inr.ikt•,,inimaJ/q1oup !or tlh' whole duration of :he study.) 

Paramerers Evaltta\Prl: 
VVt ', i q 11 t 
(\H·,·11 I 

f •_)(lli cll 1(i \·,' tl t'l 

l tulq~; I l l \:t_-•"!_ I 

Appearance ancl behavior (daily) , body 
l~Cll1~:1 1 11111t-il1r1 (\v(··<'-kl'/), 1'1\Jc1il weigl1ts 

:q_)1i't-r ,1n,1 ki(i111•'J';_~) ~1nti (rrc1~~::~ patl1ology·. 

Ht··11uj~ Ne• t ll',1lllh'nt -1p\c1t<•d c·linic,11 :;iqn;; 1n rnorcalitie3 were 
ob1;erved. ~;ic;11i fi«,1111 red11t·t ion" i.11 body ', , .. ql1t s ( l-7%), compared 
t<.J CClill'llt l'f"Ill l_'C\Ilt J"(l]' \\1f>t'l\ ;;(~{")Il _in fr·>1n,11l"~:; t l1:·()lHT}lC1llt' tl1e study 
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at dose levels of 800 ppm and above except at 1200 ppm at the end 
of the stlldy. In males, although body weights were lower than 
concurrent control (4-9%) at 1200 and 1600 ppm levels, the 
differences were statistically significant only at 1200 ppm. No 
significant differences were seen in food and water consumption 
between treated and control groups. Organ weight findings are 
given below. 

Mean Organ Weights if Male and Female Mice 
Dose Group {ppm in diet) 

Sex 0 I 400 I 800 I 1200 I 1600 

Body Weight (g) M 31.8 30.1 31.0 29.5° 30.3 

F 25.5 2S.4 24.0• 24.'. 24.S• 

HeJirt (Absolute. mg) M 0.14 0.15 0.17•• 0.15• O. IS 

(Relative, mglIOOg) M 0.44 0.52 .. 0.53•• O.S3•• 0.49• 

(Absolute. mg) F 0.13 0.14 0.14 O. IS• 0.14• 

(Relative, mg/I OOg) F o.s l 0.54• 0.58 .. 0.61•• 0.57•• 

Kidneys (Abso!ute, mg) M 0.46 0.46 0.49 0.49 0.48 

(Relative. mglIOOg) M 144 1.53 l.59 1.66• I.SS 

(Absolute, mg) F 0.35 0.34 0.33 0.33 0.34 

(Relative. mg/ lOOgl F 1.35 1.32 1.38 1.33 l.37 

Liver (Absolute, mg) M I.93 1.84 I.82 I. 74• l. 72• 

(Relative, mg/ lOOg) M 6.08 6.09 5.66 5.90 S.66• 

(Absolute, mg) F I.47 1.40 l.34 1.39 l.36 

(Relative, mg/100g) F S.72 S.53 5.55 S.64 S.56 

Lung (Absolute, mg) M 0.23 0.26• 0.25 0.23 0.22 

(Relative, mglIOOg) M 0.72 0.88 .. 0 80 .. 0.78• 0.74 

(Absolute, mg) F 0.22 0.21 c. 20 0.23 0.22 

(Relative. mg/IOOg) F 0.87 0.82 0.82 0.92• 0.89 -
Spleen (Absol~,e. mg) M 0.09 0.09 0.10 0.09 0.09 

(Relative, mg/lOOg) M 0.28 0.31 0.32 0.30 0.29 

(Absolute, mg) F 0.10 0.09 0.10 0.10 0.09 

(Relative, mg1100g) F 0.38 0.37 0.41 0.38 ( 

- -· 
• Significantly difftrtn' from control ar 0. 05 irvtl. 
••Significantly diffa~nt from conrroi at 0.0/ l<>"<I. 

Relativ!C heart WPlCJht,; in all t reat:menr ''Jroups (both sexes) were 
s iqn if icant ly hcgher t hc1n c,rnt c·ol; however, absolute heart 
weights were significantly higher in males only at 800 and 1200 

' 
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ppm and in females at 1200 and 1600 ppm levels. Both absolute and 
relative liver weights were lower than control in 1600 ppm males. 

No significant gross findings were observed. Histopathological 
evaluations were not performed in this study. 

Based on the results of this scudy, dietary dose levels of 100, 
300 and 900 ppm were selected for the mouse carcinogenicity 
study. 
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b. 21 Month Carcinog2nicity Study in Mice 

Testing Facility: 

Study Number: T7010709 (Sponsor's number) 

Study Dates: Initiation of dosing - 10/7/Rl 
Autopsy of last animal - 7 /7 /·83 

GLP Compliance: 
regulations. 

Studies were done in accordance with GLP 

Animals: 

SLrain: Bor:NMRI (SPF HAN) 
Sex: Both sexes 
Age and Wt: 4 to 6 weeks old/20-22 g 
Housing: Individually housed in Makrolon Type I cages. 

Mode of Administration of Test Agent: Powdered diet. 

Dose Levels: 0, 100, 300 and 900 ppm dosage le\rels of BAY k 5552 
(Batch No. 662845, purity-98.1%) were used on t~e basis of 
results of the 28-day dietary dose rangefinding study. The 
stability and the concentration of drug in the diet were 
determined periodically. Tlle concentrations of c:he d:>:ug in diet, 
at all intervals, were more than 89% of the theoretical values, 
and the compound was found to be stable in the diet for at least 
10 days. However, there is no indication that ·:cncentrations of 
drug in diet W<"re ,icljusted periodically to main::ain a constant 
mg/kg body weight t.'XPO>.;ure. 

No. of .l\ni!!!2l.;i: Eq'Jal numberci of males and fenules 
(50+20*/sex/dosage level I were used. *Additional 20 mice 
included in eacl1 group .. ere sacrificed 12 months after the 
initiation of dosinq for interim investigations. 

Observations /Mea'.iUl ement s: 

Appearance/Be\Jdvior monitored twice daily and a ;:let.ailed 
assessment ot eact1 inc11 vuiual animal was made 0·1 a weekly basis, 
with p,1rticulc11 at\,mtion qiven to posture, gen·"ral behavior, 
body surface~;, n1·iftce'" <1nd breathing and elimi·«ation products. 

Body weight determinations were done at t~e beq1nning of the 
study, once ,1 M'<'k 1H1t i l :>?th W<'ck ,1nd eve1y 2 "'"''ks thereafter 
a.nci a1::.;c_; l)c•fcltt-, t }1t-· t t't 111L1L1t ic)J1 lif t.lH_-, ~->tt.1dy. 

Food intake w,1,; l 0 dl<'uL1ted cm a Wc'ekly basis up to 23rd week and 
every two weok:; t lH'r·e11fter. 
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Hematological (RBC, WBC, platelet and reticulocyte counts, 
differential white cell counts, hemoglobin, hematocrit, MCV, MCH 
and MCHC) and clinical chemistry [alkaline phosphatase, 
transaminases (ASAT and ALAT), plasma creatinine, urea, blood 
glucose, cholesterol, bilirubin and total plasma proteins] 
investigat1.ons were done at 12 months (interim sacrifice group) 
and also at the end of the study (10 animals/sex/treatment 
group). 

Autopsies were done on ~ll mice which died during the course of 
the study or that were killed in extremis, and also on those that 
were sacrificed at 12 months and at the termina::.ion of the study. 
Nine ~ajor organs were weighed and sections of various organs and 
tissJes (about 38 different tissues/mouse) and gross lesions were 
preservec for histopathologic evaluation. At 12 months, these 
evaluations were done only on tissues from 0 and 900 ppm dosage 
grnups anc also on any tissue from 100 and 300 ppm groups which 
looked tumorous macroscopically. At the termiwition of the 
study, tissues from 0, 300 and 900 ppm dosage groups were 
examined histologically (only stomach, pituitary, uterus and 
liver were exarnined from 100 ppm group). 

Statistical analysis on body weights, clinical laboratory values 
and organ weights were done using two-tailed J ~Pst according to 
Manr. and Whitney, and Wilcoxon. The survival da::a >vere analyzed 
by t!l.e statistical software package using the 9''?neralized 
Wilcoxon test. Statistical analysis of tumor findings was done 
using the death rate method for malignant tumoL3 and the 
~revalence method for benign tumors (Peto et al.). Because of the 
high mortality rate in high dose mal:cs, the dea:h rate and the 
prevalence methods were used combined for the analysifJ of hepat0-
cel lular tumor data. 

Interim Sacrifice: 

Surviving anim~ld from interim sacrifice groups (originally 20 
mice/sex/dosage group) were killed at 12 months. 

Achieved Dose L0evels: 

fwerage daily drug intake* (mg/ka bc•dv wt) 

Dose (ppm) 
Sex 0 100 300 900 

Male 19. 37 ')8.06 162.93 

fo'1::::n1a 1 {·~ :'.4. 99 ·:· 4. 36 217.28 

(*The chug intake W<rn calculated from tlH' aveu1qe daily food 
intake/anif",al/g11)up for the who!P dui·at-inn of t'ie ~<tudy.) 
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Mortality: 

Mortality data is summarized below and it i~ presented 
graphically in Figur"s q & 10. 

Mortality of Mice Receiving Nisoldipine in Diet for 21 
Months 

Ihily Dose Number of Number of % Mortality 
(ppm In diet) Mice (MJF) Dead (M/F) (MJF) 

6 Months 

0 50150 010 010 

100 50150 2/0 410 

300 50150 010 010 

900 50150 311 6/2 

12 Months 

0 50150 0/2 0/4 

100 50150 '!JS 6/10 

300 50150 013 016 

900 50150 8/5 15110 

111 Months 

0 50150 5121 10/42 

100 50150 11/ 19 22/38 

~oo 50150 7/20 14/40 

900 50150 29/21 58/42 

21 Months 

0 50150 14128 28/56 

100 50150 15/34 30/68 

300 50150 19/34 38/68 

900 50150 40/32 80/64 

The mortality rates in treated females (all groups) were not 
significantly different from controls at any given interval. 
However, the incidence of deaths ir1 females was high in all 
groups including controls tt·om 12 months onward. The mortality 
rates in males from 900 ppm group, especially at 21 months, were 
significantly higher (p<0.001) compared to controls or other 
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fig.~ Mortality curves of.male mice which received 
21 months BAY k 5552 in the diet 

interim kill 
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Fig.jQ: Mortality curves of female mice which received 
21 months BAY k 55~2 in the diet 

interim kill 
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lower dosage groups. No significant difference ncticed in this 
parameter between males of low or middle dosage groups and 
controls. The inc~eased mortality of males in the high dose 
group is partly attributed to pharmacodynamically induced Golonic 
atonies. Autopsy of animals that died or were killed in extremis 
frequently showed that the large intestine was tightly filled 
with solid faeces resulting from colonic atony. 

Using the Cox and the generalized Wilcoxon methods for testing 
the heterogeneity in s~rvival distribution, FDA statisticians 
observed a statistically significant difference (at 0.05 level) 
in the survival distribution in males, but not in females (for 
both of the above tests, the p values for males were <0.00001). 

Drug Associated Findings: 

No treatment related clinical signs were seen in this study. The 
food intake i'.l males from the 900 ppm group was about 9% less 
than in control males. Average body weights are presented 
graphically in Figures 11 & 12. Statistically significant 
reductions in body weights at certain weeks were seen especially 
in males of 900 ppm group and to a lesser extent in 100 ppm 
group. However, at the termination of the study, no significant 
body weight differences were seen between treatment and control 
groups (both sexes) . Leukocyte counts at 21 months were 
significantly lower (p<0.01~ !n males (900 ppm) and females (300 
and 900 ppm groups) compared•·~ respective controls. However, 
differential counts did not show any significant variations in 
the proportion of different cell types between treated and 
control mice. The hemoglobin and hematocrit values in mid and 
high dose males were significantly lower at 12 months, but not at 
21 months. The blood glucose concentration was significantly 
higher (p<0.01) in males (300 and 900 ppm) at 12 months and also 
at 21 months (all treatment groups). Females showed a similar 
increase only at 12 months. All these values were reported to be 
within the range of historical control values. Significant 
elevations in blnod urea levels were seen only at 12 months in 
all treated male groups and in high dose females. 

Macroscopically, swollen gastric mucous membranes were observed 
more frequently in treated males than in controls (0 ppm - 5; 100 
ppm - 12; 300 ppm - 14; 900 ppm - 14). The incidence of enlarged 
hearts was more in males of 900 ppm gr.cup (0 ppm - 7; 100 ppm -
2; 300 ppm - 11; and 900 ppm - 23). In mice that died or wer.e 
killed in extremis, the incidence of large intestines impacted 
with solid feces was higher in both ~exes at the higt1esL dosage 
level (0 ppm - males 5 and female 0; 9011 ppm - male 13 and female 
9) . 

The heart and liver weights (3.bsolutt• and relative) in males (21 
months) were significantly increased at 300 and 900 ppm dose 
levels, but the weights of adrenals (absolute and relative) •ere 
significantly decreased in all treated male groups compared to 
controls. In females, the heart and liver weights were 
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Figure II 1 Body weiqht curves for male mice receiving BAY k 5552 
in their food for 21 month• 
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FigurelL1 Body weiqht curves for female mice receivin9 BAY k 5552 
in their food for 21 months 
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significantly higher only at the highest dose level. Females 
that received either 300 or 900 ppm doses had significantly lower 
kidney weights at 21 months. Significantly increased liver 
weights (absolute and relative) were seen in mid and high dose 
females at the interim sacrifice. 

Histologically, hyperplastic mucosa of the glandular stomach was 
found more frequent in treated males than in females. The 
incidence of this condition is given below. 

Incidence of Hyperplastic Mucosa of the Glandular Stomach 

Dose Percent affected 
(ppm) Male Female 

0 18 6 
100 31 16 
300 36 10 
900 24 16 

The above values are reported to be within the range of 
historical control values (TablelO). 

A dose dependent increase in the occurrence of intracytoplasmic 
vacuoles near the nucleus was seen in the hepatic cells, more in 
females than in males. Round cell infiltrates in the kidney and 
senile nephropathy were predominantly found in femc-.les. The 
endometrium was often found to be hyperplastic (0 ppm - 13%; 100 
ppm - 34%; 300 ppm - 33%; and 900 ppm - 28%). The above 
incidences are reported to be within the historical control 
ranges for this strain of mouse (Table ) . An increased 
incidence of pituitary hyperplasia was seen in females (0 ppm 
1 7 % ; l 0 0 ppm - 1 3 % ; 3 0 0 ppm - 2 2 % ; 9 0 0 ppm - 4 2 % ) • 

The incidences of tumors observed at the interim sacrifice are 
given below. 

Comparative Summary of Tumors at 12 l\tonths 
According to Location, Type and Malignancy 

Sex: !\tales Females 
Dose (ppm in diet): 0 1 900 0 I 900 

Reticulocytary system: malignant lymphoma I I 2 4 

Lung: alvc:oiugeni..: i.:arcinuma (malignant) 0 2 I 2 
Liver: hepatocellular carcinoma (malignant) 0 I 0 0 
Stomach: kerato-acanthoma 0 0 I 0 

Number of blastoma carriers I 4 4 5 
Numbe~ of m::Jignant tumors I 4 3 6 
Number of benign tumors 0 0 I 0 
Number of mice investigated 20 20 20 20 
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Table IO 

Historic control values: NMRI mouse 1980 to 1984 
-------------------------------------~-----------

Test No. 

Adenomatous gastric 
mucosal hyperplasias 
in males 

n 

' 
in females 

n 

' 
*classified as adenoma 

Liver tumour 
in males 

n 

' 
Uterine hyperplasias 

n 

' 

1 

so 
18 

so 
2 

7 

so 
14 

0 

so 
0 

2 

20 

so 
40 

8 

48 

17 

3 

so 
6 

19 

46 

41 

Glucose concentration in the plasm&t 

Urea concentration in the plasma: 

n • Number of organs evaluated 

Number 

3 

10 

so 
20 

11 

49 

22 

9 

so 
18 

21 

49 

43 

4.32 -
4. Sl -
S.96 -
4.0S -

4 

32 

44 

73 

14 

46 

30 

s 
4S 

11 

23 

4S 

Sl 

s 

s 

47 

11 

10 

47 

21 

l 

46 

2 

0 

4S 

0 

9.36 11111101/1 
7.7S 11111101/l 

lS.12 11111101/1 
14.99 1111101/l 

6 

27 

48 

56 

13 

48 

27 

6 

48 

12 

33 

46 

71 

( malf1) 
(female) 
(male) 
(female) 
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The increased incidence of lymphoma of reticulo:1istioc: :ary 
system (RHS) observed in high dose females is considered to be 
incidental since the incidence of this tumor at 21 months was 
higher in the control group than ir, treated groups. 

'I'he overall incidences of benign and/or r:talignant tumors and the 
total number of tumor bearing animals (21 months) for both sexes 
at 0, 300 and 900 ppm dose levels are given in •rable 11. There is 
no significant increase in the neoplasm incidence among treated 
animals of either sex compared to respective controls (sponsor's 
analysis). Moreover, there is also no difference in tumor 
occurrence between 300 and 900 ppm dosage groups. Incidence oi 
tumors according to the location and the type is presented in 
Table 12. Because of the increased incidence of heµatocellular 
tumors in males especially in the, 900 ppm group (only few 
females, 900 ppm group, had this typ0 of tumor) at 21 months and 
also because of the occurrence of hepdtocellular carcinoma in a 
male mouse from interim sacrifice, an additional investigation 
was carried out by examining more hepatic tissue sections (5 per 
animal) from male mice of each group for hepatocellular tumor 
occurrence. This second study showed additional cases of 
hepatocellular tumors as follows: 1 each from 100 and 900 ~pm 
groups, 4 from 300 ppm and 1 from control groups. Combined 
incidences of these tumors (males) from the original and 
additional investigations (49-50 mice/group) and the p values 
from the trend test (death rate method) are given below. IThe 
results of sponsor's statistical analyses of liver tumor d,>ta are 
summarized in Table 13.) 

Dose(ppm) p value 

0 100 300 900 

hepatocellular 
adenoma ~ 2 ') 3 ~ 

hepatocellular 
carcinoma 3 4 5 8 0. 001~) 

hepatocellular 
tumors (all) 5 6 7 11 0.0004 

Thus, the spon:;or's analysis sl1owed significant positive linear 
trends (at 0.0', lt'vel) for the incidences of hepatocelluLn 
carc~:int..1n1c1 ar1ti l1c1 r),:1tc)c·ellt1.la.1· t-11mc)rS (all) ir :!::llf:::? mir::,~:. Analysi~ 

of the tumor cL1c._1 ly FDA statisticians showed that then? were no 
significant positive linear trends for the incidences of 
hepatocellular <«11,·inoma (pcc0.07(,;'.) ,incl l10patocelluldr tumors 
(p=O.C'114) in 11\cil<' mi<~e. l\cc·o1diny lo FlJA stdtic;tic1clrl:;, the 
abovf': rliscreparn·1es j n p Vdlues oboserved in sponsor':; and FDA 
analyse:> arE' atuibut \'d t-o "l. the sponf;·~•r did not dpply the 
sur--:ivdl-ad-justul mPthod and 2. the ordinal do:><' Jpv<"ls U, 1, 2 
ar1d 3 Wt?re lJSf-"'cl i.11 SI-JC)r1sor'~3 (1naly:-3i~~. 11 
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Table II 1 Summary of number of male and female mice with benign 
and/or malignant tumours, as well as frequency of be­
nign and mali~r.ant tumours-encountered 

Sex ti 

Dose ppm 0 300 900 0 300 900 

No. of animals investiqated 50 50 49 48 50 50 

No. of a"limals with tumour is 27 28 24 34 31 30 

No. of animals with only 
benign tumours 7 6 8 6 6 6 

No. of animals with only 
malignant tumours 12 15 14 21 18 17 

No. of animals with benign 
and malignant tumours 8 7 2 7 7 7 

No. of animals with more 
than one primary tumour 15 11 5 13 9 8 



---
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Table 12. : Comparative au111111ary of tumuurs occurring according to 
location, type, number and dignity S (animals ached-
uled for terminal kill) 

ex Q 

15ose eem !l I !l !l jQ~ gD~ !l · - IDD 3 !l !l §00 
Lung: 

bronchiolo-alveolar 
adenoma 2 3 4 2 1 3 
bronchiolo-alveolar 
carcinoma (malig.)13 12 s 8 6 s 

Stomach: 
papilloma 0 0 0 2 0 0 0 0 
sarcoma (malig.) 0 0 2 l 0 0 0 0 

Liver: 
hepatocellular 
adenoma 2 2 2 3 0 0 0 l 
hep11tocellul11r 
carcinoma (malig.) 3 4 5 8 0 0 0 l 

haemangioaarcoma 
(malignant) l 0 0 0 0 0 0 0 

Kidneys: 
tubular carcinoma 
(malignant) 0 l 0 0 0 0 
haemangiosarcoma 
(malignant) 0 l 0 0 0 0 

Bladder: 
stromal tumour 
(benign) l l 2 0 0 0 
atromal tumour 
(malignant) 0 l l 0 0 0 

ovary1 
granulosa-theca 
cell tumour (ben.) 5 5 3 
granulosa-theca 

0 0 cell tumour (m11lig.) l 
luteom11 (benign) 2 2 0 
tubular 11deno-
carcinoma (m11lig.) l 0 0 
Sertol i cell 
tumour (benign) 0 0 1 

Uteru111 
adenom11 0 0 l 0 
carcinoma (malig.) 1 0 0 0 
fibrorr.a 0 0 l 0 
myom11 0 0 1 2 
myos11rcom11 (ma l ig. ) 0 0 0 l 
atromal tumour 
(benign) 3 0 2 2 
stromal sarcoma 
(malignant) 1 3 2 2 
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Table 11- ! continued): 

ex 
Dose ppm 0 100 300 goo 0 100 JOO §00 
Testes: 

LE'ydig cell tumour 
(benign) 2 2 0 
adenoma of rete 
testis 1 0 0 

Pituitary: 
adenoma 2 0 0 0 3 J 1 

Thyroid: 
folliclP. cell 
adenoma 0 1 0 0 0 0 
pa pi 11 ary cyst-
adenoma l 0 0 0 0 0 

Adrenals: 
cortical adenoma 3 3 l 2 0 0 
phaeochromocytoma 
(benign) l 0 0 1 0 2 
phaeochromocytoma 
(malignant) 0 0 l 0 0 0 

RH system: 
lymphoma (malig.) 7 3 l 18 12 14 
lymph node sarcoma 
(malignant) l 0 0 1 0 0 

Skin/subcutis: -
epithelioma 
(malignant) 0 0 l 0 0 0 
sarcoma (malig.) l 0 0 0 3 0 

Mammary c;iland: -carcinoma (malig.) 3 0 0 
adeno-ancanthoma 
(malignant) 0 1 1 

Harder•s gland: 
papillary adenoma 3 2 0 1 1 l 

Spinal marrow: 
a.::hwannoma (malig.)0 0 0 0 1 0 

Bone•: 
osteosarcoma 
(malignant) 0 0 0 0 l 0 

Abdomen: -
haemangiosarcorna 
(malignant) 0 0 0 0 1 0 

Pelvic aerosa: - -
sarcoma (malig.) 1 

- Or.gan not investigated S Bilateral tu1DOurs counted tviee 



Table 13 : !itat.latlcal Analyala uf Tumour Data 

aex tar9et charact-.r 9roupa lppa) trend test 

-le hepatocellular twnoura 0/100/300/900 death-rate 
-le hepatocellular tU1110ura 0/100/)00/900 prevalence 
-le hepatocellular tu.aura 0/100/100 death-rate 
-le hepatocellular tW110ura 0/900 death-rate 
male hepatocellular tUSIOUra 0/300 death-rate 
male hepatoeellular t\llllOUra 0/100 death-rate 

ule tU1110Ur. beniCJR 0/300.'900 prevalence 
1Ule tUlllOUr. -11vnant 0/300/900 death-rate 

-1· hepatocellular adeno111a 0/100/)00/900 death-rate 

1Ule hepatocellular carclnoiaa 0/100/300/900 death-rate 
IUlO hepatocellular carc1no11a 0/100/lOO/JOO prevalence 
ule hepatocellular carclnoiaa 0/100/JOO death-rate 
-1• hepatocellular car~lnoiaa 0/900 death-rate 
-le hep11tocellular carcinoma 0/300 death-rate -1· hepatocellular carclllClllll 0/100 death-rate 

female timour, benlCJll 0/l00/900 preYalence 
female t..our, -11cinant 0/J00/900 death-rate 

incidence i 

5/ 6/ 1/11 ).)21 
5/ 6/ 7i11 1.833 
5/ 6/ 7 .0.821 
5/11 3.430 
5/ 7 0.855 
5/ 6 0.374 

15/ll/10 0.286 
20/22/16 2.692 

2/ 2/ 2/ 3 1.450 

l/ 4/ 5/ I 2.970 
l/ 4/ 5/ 8 1.911 
)/ 4/ 5 0.816 
)/ 8 3.067 
)/ 5 0.919 
l/ • 0.434 

13/13/ll 0.040 
28/25/20:. -<».257 

p 

0.0004 
O.Oll4 
0.2059 
0.0001 
0.1964 
0.)541 

0.3876 
0.0015 

O.OlJS 

0.0015 
0.0267 
0.1905 
0.0011 
0.1790 
0.]321 

0.4842 
0.6015 

"" °' 00 
l1l 

iJ' 
\J' 

"" I 

:z 
0 
> 

~ 
I 
w 
~ 
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Historical Cont~oj_ r:·a:a - Spontanecus T'urr.c:::-s i!'"'J. ~~·~I Mice 
'1981-1983) 

Experiment _...:o. I 2 3 4 $ 6 1 s 9 
Sex m ( m ( m ( m t m f m f m f ID t m f 

Sr"r.acb 
No. of mice examined 48 48 47 47 so 49 so 48 4! 46 50 50 49 49 so 48 48 48 

10 
m f 

49 45 

----------------------------------------~-------~---------------------------------------------------
papfloma b 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
::ulenomatOUS polyp b 0 0 0 0 0 0 0 0 0 0 0 0 0 0 () . () 0 () l 0 
ad"110m& b 0 0 0 0 0 0 0 0 0 0 9 1 0 0 0 0 0 0 0 0 
adcnocarcinoma m 0 0 0 0 0 0 0 0 0 0 0 0 6 1 0 0 0 0 0 I 
spindle c:eJl carcinoma m 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

.Experiment No. 11 12 13 14 15 16 17 II row 
Se,. m f m f m f m f m f m f m f ID , m f m+( 

... 

Stom11ch -
No. of mice examined 48 47 49 so SO SC 49 48 so 49 49 47 47 4S 47 46 875 860 1735 

----------------------------------------------------------------------------------------------------
papiDoma b 0 I 0 0 0 0 J 0 0 0 0 0 0 0 0 () I I 2 
1 dmnma«oaa polyp b 0 0 0 0 0 0 0 0 0 0 () 0 0 0 0 0 l 0 I 
aa-.ma b 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 I 10 
ldenocucinmna m 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 2 g 
spindle cell "21'Cino- m 0 0 o·o 0 0 0 0 0 0 0 0 0 0 0 0 I 0 I 

'O 
PJ 

'° ro 
(.}\ 

Vl 
:J) 

z 
§; 
N 
0 
I 

w 
Vl 

"' 



'C 

Historica:'.. Control Data - Spontaneou~ Turners in NMRI Mice OJ 
<Q 

(1974-1979) ro 
O'\ 
lJl ,..,, 
I 

z 
tJ 

Number oft..,.1non; 0(1~ dig~:c.tivc sy~1cr11 (,;:,ali"V:it')' ~l:1nJ. !ivcr. stonl~u.-h. inr~:-.tine}. 
:i> 

"' 
Ex~ri111~n1 ~o. I 2 3 " 5 6 1 s 9 10 II 12 0 

I - - - - --- --- - --- - - w 
"' f m i m f n1 f 11\ f 11\ f m { m ( m r m r m r m ( LT1 

O'\ 

So/h·,v·y g/(lnd 

Squ:in1"u;c; cell c:ircin.oma. 0 0 0 0 0 0 o __ 0 Q_ 0 0 0 0 0 o· 0 I 0 0 0 0 0 0 0 
Adenonl;J. 0 0 0 I 0 0 0 0 0- 0 0 0 0 0 0 0 0 0 0 0 0 l 0 0 
Adenoorcinoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 l 0 0 

Li'·~r 

Adenon1~. heparoce:llt.:lar I 0 ~ 0 2 0 3 0 0 0 0 0 2 0 3 0 4 I 9 0 I 1 J 0 
Ca.rcinom.3. hcpa1occJlular 0 0 I 0 c; 0 0 0 0 0 0 0 0 0 I 0 0 0 I 0 0 0 0 0 
Sa.rcom1 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Fcr~Jtu1nach 

Papillom2 I 0 3 I 0 0 I 2 I 0 0 0 0 0 0 I I l 0 0 0 I I 0 
Squamous cell carcinoma 0 0 l I 0 0 0 0 0 0 0 0 I 0 0 0 0 l 0 0 0 I ! 0 

(j(n111/u/a' s1omoth 

Adenoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 l 0 0 ') 0 
Adc:nocucinoma 0 0 0 0 0 0 0 0 2 0 0 0 I I 2 0 I 0 0 0 I I 0 

EApc·rimc:nr So. I 2 J .. s 6 7 & 9 10 ll 12 

Number of n1111e ~nimzi.ls :u s1an SS 7S 1S ~o 40 ~(l so so $0 ,. so-so-
Number of fcm.:11~ anim3.?~ at st&rl S8 15 1S 40 40 40 so so so 49 so SC 
Number cf m:l:ft animals ~v:iJu.Ucd 56 ,. 7j 40 40 )6 4& __ ,., 

46 ~-· 50 so 
Number of (c:miJJe animals 56 73 1; 40 40 J6 4S 37 ~1 _49 49 49 • 
t v.lJuateO 
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• 

FDA analysis of tumor data showed a significant positive linear 
trend for inverted papilloma of pars cutanea of the stomach in 
ma~e mice (p=0.0072). The incidence of the above tumor is as 
follows: O ppm - 0/50; 100 ppm - 0/49; 300 ppm - 0/50; and 900 
ppm - 2/50. Pai:t"1ise comparison also showed significant 
difference between high dose and control groups (p~0.0435). 
Historical control data from 21 month studies in NMRI mice, 
conducted during a 7 year. period from July 1981 to August 1988, 
showed that papillomas of the stomach occurred in 2 of the 18 
studies evaluated (page 65e), in 1/49 males and 1/47 females 
examined (amendment to original application dated May 31, 1994). 
Moreover, incidence rates upto 4% were seen for the above tumor 
in NMRI control male mice in carcinogenicity studies conducted 
betwee11 1974 and 1979 (page 65f). Although statistically 
significant, the incidence rate (4%) observed in the present 
study for the stomach papilloma is consider2d to be within the 
historical control range for NMRI mice. 

Significant positive linear trends were also reported by FDA 
statisticians for the urinary bladder benign :3t.romal tumor in 
male mice and RHS malignant lymphoma· in females. However, when 
the incidences cf urinary bladder stromal tumors are combined 
(benign + malignant, benign + polypous, or benign + malignant + 
polypous tumors), no statistically significant trend was seen. In 
the case of RHS malignant lymphoma also, if all malignant 
lymphomas of different locations are combined, then, no 
significant linear trend was observed. 

*Note: The sponsor has listed all ma:!.ignant l';r;iphomas, 
irrespective of locations, under RHS system; however, for some 
lymphomas, the anatomic site (organ) is specif~ed (e.g. lymphoma 
of adrenal or heart etc.) but for ot .;ers no s i ':-e is given (listed 
only as lymphomas) . By using the combined inc.i dE'nces of all 
lymphomas, no treatment-related increased incid•~nce of this tumor 
was seen in sponsor's statistical analysis. [!'<'Cording to NTP 
guidelines (Mcconnel et al, 1986. Guidelines for combining 
neoplasms for evaluation of rodent carcinogenesis studies. JNCI 
76: 223-289), lymphomas of all types can be cor:ibined for 
statistical evaluation.] 
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DOG STUDIES (S.Stolzenberg) 

a. 4-Week Oral Administration Study 

Testing Facility: 

Pharma-Report No: 7075 
Study No: Not given 

Study Dates: 11/8/76 to 12/9/76 

GLP compliance: This study predates GLP compliance requirements. 

Animals: Purebred beagles, 2 males and 2 females per group were 
used. At the start of dosing, the animals wer '' 2 "i to 3 0 weeks 
old, with body weights of 7.4 ':.o 11.8 kg. 

Dose Levels/Mode of Administration: The test !'Ubcotcince (Batch 
2/76) was administered at doses of 0, l, 3 and 10 mg/kg, once 
daily, 4 to 6 hours before feeding, in a vehicle of polyethylene 
glycol 400, glycercl and water, in gelatin cap:;ules. 

Observations/Measurements: Body weights were obta;_ned before the 
start of treatment and weekly thereafter. Appioarance, behavior, 
body posture, appetite and feces were checked daily. 
Neurological investigations (pupillary reflex, patellar reflex 
and extensor postural reflex) and body temperatcure measurements 
(rectal) were conducted pretreatment and after 2 and 4 weeks. 
Ophthalmoscopy (direct) was performed at pre-treatme!1t and after 
4 weeks. ECG measurements (Leads I, II and III) were recorded on 
the 1st, 11th and 23rd day, immediately before administration and 
1 and 24 hours after administration. Femoral drtery blood. 
pressure was measured on the 1st, 11th and 23rd day, before 
administration and 1 and 24 hours after, via d Stratham element, 
Hellige measuring bridge and HelJ.ige recorder. Blood and 6 hour 
urine samples were obtained bef:)re treatment, then after 1 and 4 
weeks, for hematology, blood chemistry and urinalysis. Post­
mortem examination included weights of 12 or l .l major organs 
(including gonads and prostate), gross patholoqy and complete 
histopathology ( 31 or 3 2 organs) . 

Mortality: There were no deaths. 

Drug Associated Findings: Slightly reduced weiqht c;oin was 
observed in the high dose males, with a reduc1°d food consurnplion 
in both high dose females and in one high dose male, from the 
middle of the t:hini wPek to tlw Pnd of the study. In th<'> 10 
mg/kg treated anima.h•, a d1:;t]nct :-;T cltop (manifest.at.ion of a 
possible myocardial i::;che,~1i<1) was observed in one ma le 1 hour 
c-1[ter the 1st ancl ~~31·cl .j(JS£:>, dilJ iu u11e [t~111ctlt' 1 11c)ur atter th0 
1st dose. No trr-:atment n•lc1ted effects on P c,i- Q waves or QRS 
complex were ob~;erved a1· a.ny rime. Heart ratP:; determined from 
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ECGs, showed dose dependent increases one hour after dosing on 
days 1, 11 and 23, and with the high dose, bradycardia was still 
evident 24 hours after dosing on days 11 and 23. Systolic and 
diastolic blood pressures at 1 hour post dosing were decreased by 
a mean of 30 to 50% in all treated groups (dose dependent) on 
rlays l, 11 and 23. As a rule, blood pressures returned to pre­
treatment levels by 24 hours after treatment, except after day 1, 
when they remained lower for the 1 and 10 mg/kg groups. 

Although no gross pathology or orga11 weight changes due to 
treatment were noted, histopatf:olJgy revealed that th"! hearts of 
both females and 1 of the 2 IT.ales o~ the high dose had myocardial 
scars in one or both left ventricular papillary muscles. The 
effect was attributed to hypoxic damage related to vasodilator­
inducec\ heart rate increase, "a known damage mechanism in the 
dog". TI1~ ST drops noted &bove were observed in two of the dogs 
with myoca1·dial scrirs. The ST drops and the bradycardia (which 
was most proi•cunced in a male with the most severe lesions) were 
attributed to the hean muscle damage. 



\Ve· -ht Gn.l11s o[ the t.1alc Dog~. The weights 'vcrc measured in ca.ch case a.t the end of the cxperlmcnla.l 
week. 
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Dose Tlme of 

mg/kg Inv~sttgutlon 

Prc\\mlnary lnvestlgaU01 

0 I st Adm!nlstra.tlo11 

11th Adm!nlstrat!on 

23rd Adm!nlstratlon 

rirel!rnlnery lnvestlgatlon 

1 1st Admlnlstratlon 

11th Adm!nlslr•tlon 

23rd ,\dm!nlstratlon 

Preliminary Investfgatlor 

3 I st Adm!nlsh. <ion 

11th Admtnlstrat1on 

2~rd AdmlnistrRtloo 

Prdlmlnuy Investlgatlot 

1st Administration 
10 

I Ith Administration 

23rd Admlnlstratlon 

BAY k 5552 

lle•rt note (Deal• per M!nut~) 

(Average V•lues) 

Befol'<! Administration 1 Hour After 

Administration 

136 
1118 115 
118 108 
123 123 

158 
143 253 
120 231 
113 223 

128 
133 19, 
113 213 

98 213 

133 
133 210 

68 223 
60 200 

% Deviation from 

l-Hour Value 

- 22 

- 8 
0 

.,. 77 

.,. 96 
.,. 97 

.,. 47 

.,. 88 

.,. 117 

.,. 58 

.,. 228 

.,. 150 
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!Jose Time of 
rnglkr; Investigation 

Preliminary Invcstlgatlor 

(I 
1st Admlnlstratfon 

11th Admtnlstratfon . 

23rd Admlnlstratlon 
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l st Admlnlstrntlon 
1 11th Admlnlstrat!on 
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Pre!!mlnary Invest!gatlo• 
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1st Administration 

11th Admlnlstratlon 

23rd Adni1.nistratlon 
,_ 

Preliminary Jnvestlgntlor 

10 
lst Administration 

11th Adminbtratlon 

23rd Adml.nlstratlon 

s = systoUc pressu:re 

Blood Pressure (mmHg) 

(Average Values) 

1 Hour After Before Administration Admlnlstratlon 
- . --

8 d 8 d 

172 107 179 99 
176 95 171 102 . 
181 78 19.1 96 

171 95 115 63 
176 . 101 96 54 
173 94 114 68 

177 101 99 52 
178 106 .78 49 
178 99 107 53 

177 94 114 51 
194 111 98 51 
203 111 116 53 

d ., diastolic pressu1e 

% Deviation · 
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8 I d 

+ 4 - 7· 
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+ 6 + 24 
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BAY k 5552, Oral, Dogs (2 Week Experiment) 
ti 
:<> 

Animal 
Dose and IV 

SC'X Frequency of Heart Lung Liver Spleen Kidney Adrenals 
0 

No. 
I 

Administration w 
V1 

°' 

F 813 c! Control ll' ,: :- Icl+ 0 0 0 0 
(0 mg/kg) 

F 823 r! " 0 Jc!+ Icl+ 0 0 0 

F 300 2- " 0 Icl + Ici+ 0 0 0 

F 802 2 " 0 lei+ Icl+ 0 0 0 

F 807 r! 10 mg/kg Fl2 lei+ 0 0 0 0 

F 817 r! " 0 Jc!+ 0 0 0 0 

F 814 2 " Fil-2 Jell lei+ 0 0 0 

F 818 i " Fi+ Ici2 Icl+ 0 0 V+ 
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At = 
Cy = 
Fl -
Icl = 
p = 
0 = 

II = 
Pl = 
Th = 

v = 

At.rophy 

Cyst 

Llat of Abbreviations 

Histological Data 

Focal fibrosis with Isolated mononuclear cells (Figures 4 and 5) 

Cellular or lnflamr.latory-cellular Infiltration 

Parasitic lesion (bore hole, granuloma, eosinophillc Infiltration) 

Fir.ding within the normal varl.ablllty" which, in particular, t.'Orresponds 
to the species and to the age of the experimental animals and to their 
conventional housing conditions 

Not investigated (section missing) 

Yellow-green (hematogenous) pigment 

Thrombus 

Cytoplasmic vacuoles 

Intensity of the Changes 

+ = very slight, indicated 

1 = slight 

2 = moderate 

3 = severe 



Page 74 - NDA 20-356 

b. 13-Week Oral Administrat::.on Study in Dogs 

Pharma-Report No: 10,380 
Studv No: B/K 5552/023 

Performing Laboratory: 

Dates Performed: 8/21/80 to 11/25/80 

Quality Assurance: No statement of GLP compliance is inclur~d. 

Test Animals: Purebred beagles, 3 males and 3 females per group, 
were used. At the start of dosing, the animals were 38 to 51 
weeks old, with body weights of 6.8 to 10.8 kg. 

Dose Levels/Mode of Administration: The test substance (Batch 
576,923) was administered at doses of 0, 1, 2.5 and 6.25 mg/kg, 
once daily, 4 to 6 hours before feeding, in a vehicle of 
polyethylene glycol 400, glycerol and water, in gelatin capsules. 

Observations/Measurements: Body weights were obtained befcr-: the 
start of treatment and weekly thereafter. Appearance, behavior, 
body posture, appetite and feces were checked daily. 
Neurological examinations (pupillary reflex, patellar reflex and 
extensor postural reflex), ophthalmoscopic examinations (direct) 
and body temperature measurements (rectal) were performed 
pretreatment and after 2, 5 and 12 weeks. Femoral artery blood 
pressure was measured at the time of the first dose, and in weeks 
3, 6 and 13, before administration, and 1 and 24 hours after, via 
a Stratham element, Hellige measuring bridge and Hellige 
recorder; ECG measurements (Leads I, II and III) were recoraed at 
the same time periods. Blood and 6 hour urine samples were 
obtained before treatment, then after 3, 6 and 13 weeks, for 
hematology, blood chemistry and urinalysis. Postmortem 
examination included weights of 12 (female) or 13 (male) organs, 
gross pathology ~nd complete histopathology (31 or 32 organs for 
control and high dose, but all 3 doses for heart). 

Mortality: There were no deaths. 

Drug Associated Findings: Circumoral reddening of the skin and 
reddening of the conjunctiva in the mid and high dose groups, and 
ataxia in the l1igh dose group, occurred regularly throughout the 
treatment period, around 1 hour after dosing. Bl0od pressure 
decreased (systolic decreased to a greater extent than the 
diastolic), and hectrt rate increased (data on heart rate not 
prov_ded by sponsor) at 1 hour post dosing in all 3 treated 
groups. Neither of tl1ese two effect~ were considered to be dose 
related, and values returned to µ1et 1eatment levels by 24 hours 
post-treatment. No cl1anges in ~CG occurred at low and mid doses. 
One l1igh dose male developed a ventricular tachycardia with a 
"bu,.dl1"-branch-l)lock-l1ke cwtonnation of Uw QRS complex", 



Page 75 - NOA 20-356 

diagnosed 1 hour after the first dose. For this animal, another 
ECG was taken on the following day 2 hours after dosing; the P 
wave was still elevated and the ST segment again showed sagging 
depression. "On the 19th day in this dog, no pathological 
finding in the ECG was observed" but this animal showed extra 
systoles and an elevat.e,J P wave. Serum chemistry effects 
included a small increase in GOT during wee~ 6. The only 
compound related post-mortem finding <1oted was scaring of the 
left ventricular papilla1y muscles of l male and 1 female at the 
high dose, and 1 female at the mid dose. His:.:opathology revealed 
focal fibrosis with isolated mononucler cells and a cellular and 
inflammatory··cellular infi ltratjon. 



Sllldy No. 1 B/K 5552/023 Blood Pressure (mm Kg) - Average Value1 

Dose Ttme or Examination ~fore ' 1 hour after \ Deviation of 
mg/kq - adtnlnlstratloa admlni.Slratton . 1 hour "alue 

• d • d • d 

Prollmlnary ex1mtn1tlo, - - - - - -
Jet admln!11traUoQ 210 130 180 110 -If -15 

0 tr. lb• 3rd -ek 200 120 190 120• - 5 0 

In the 61.b Wttlr 225 135 170 90 -24 -33 
In lhe 131h week 200 120 205 130 • 2 • 8 

Prellrnln1ry exomlnatlon - - - - .. -
!st adm1nlstrol1oa 190 115 140 75• -26 -35 

In the 3rd week 195 115 135 7S -31 -35 
1. a In the 61h week 185 115 85. I 50 -54 -57 

In the 13th week 190 120 130 80 -32 -33 

Prel\mlnary ._ .... amln•tlon - - - - - -
tat adm\nletratlon 190 10s 145 70 -24 -33 

2.5 In the 3rd week > 195 115 115 60 -41 -48 

In th• 61h ...,.,k 195 115. 100 50 -49 -56 

In Ille 131b w.,ek 195 120 130 70 -33 -42 

Pttllmln1 rr · ex1mln1tlori - - - - - -
lot a:lmlnl1trstlon - 185 115 ,110 60 -41 -48 

In th• 3rd ....,ei.: 190 115 110 55 -42 -52 
6-25 

In lbe 6th ...,ek 185 115 80 4S -57 -61 

In 01e !lib wes 195 ,20 100 60•• -49 -50 

• = eyslollc blood pressure; d : d.l•etollc blood pressure •n = 5; ••r ::i: 4 

24 Jloura afler 
1dmlnlslratloa 

• d 

- -
1110 110 
205 125 .. 

165 10s•• 

195 120• 

- -
175 115 

'90 120 

175 100•• 

195 11 s•• 

- -
180 105 

200 120 

175 105 

175 110 

- - -
185 125 
170 110 •• 

170 105 
190 125 

.. 

'U 

°' u::i 
1n 
...J 

°' 
z 
0 
;po 

"' 0 
I 

w 
l11 

°' 
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BAY k 5552/Study 023 
ro 
.._, 
.._, 

I 

Animal 
Mesenterlc 

Gall- Urinary 
Sex Dose Esophagus Stom.ich Intestine Lymph Thymus z 

No. bladder Bladder tJ 
Nodes ;!> 

tv 
0 

' 
K 103 a Control 0 0 0 0 0 0 0 

w 
lJ1 
m 

K 109 t! Control 0 0 0 'I At3 0 0 

K 121 a Control 0 0 0 0 0 0 0 

K ll8 ~ Control 0 0 0 0 0 0 0 

K 112 • Control 0 0 0 0 At2 0 0 

K 12u 9 Control 0 0 0 0 fl 0 0 

K 93 <! 6. 25 mJ/kg 0 0 0 0 fl 0 0 

K 115 0 6.25 mg/kg o 0 0 0 0 0 0 

K 117 t! 6. 25 n1g/kg O 0 0 0 II 0 0 

K 102 ? 6.25 mg/kg O 0 0 P/Icll Atl 0 0 

K 1()4 ? 6. 25 mg/kg '1 0 0 P/Icl2 0 0 0 

K 118 9 6. 25 mg/kg O 0 0 0 0 0 0 



"": 

'" 00 

"' ..... ..... .., 
l 

BAY k 5552/Study 023 z 
C' 
> 
N 

Animal Animal 
0 

Heart 
I 

N Sex Dose No. Sex no .. e Heart -"' o. l..n 

°' ------
K 103 t! Control 0 K ll3 <! 2.5 mg/kg \) 

K 109 " Control 0 K 119 4 2.5 mg/kg 0 

K 121 " Control 0 K 123 " 2.5 mg/kg 0 

K 108 i Control 0 ~. 122 9 2. 5 mg/leg Fi\ Pl+ 

K 112 9 Control 0 K 124 9 2.5 mJ/kg 0 

K 120 2 Control 0 K 126 9 2. 5 mg/kg 0 

K 93 t! 6.25 mg/kg 0 K 79 <! 1.1> mg/kg 0 

'· 115 d 6.25 mg/kg Fl2-3 fell K 105 J 1.0 mg/kg 0 

K 117 d 6. 25 mg/kg 0 K 107 <! 1.0mg/kg 0 

K 102 f 6.25 mg/kg o K 110 9 1.0 mg/kg 0 

K 104 9 6. 25 mg/kg Fll K 114 9 1.0 mg/kg 0 

K 118 9 'i. 25 mg/kg 0 K 116 9 t.O mg/kg 0 
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c. 52-Week Oral Administration Stuctv in Dogs 

Study No: T 20 10 506 

Performing Laboratory: 

rate3 Performed: July 13, 1981 to July 11, 1982 

Qua~ity Assurance: No statement of GLP compliance is included. 

Test Animals: Purebred beagles, 4 males and 4 females per group. 
At the start of dosing, the animals were 38 to 51 weeks old, with 
body weights of 6.9 to 11.2 kg. 

Dose Levels/Mode of Administration: The test substance (batch 57 
69 23) was administered at doses of 0, 0.3, 1.0 and 3.0 mg/kg, 
once daily, 7 da~s per week, 4 to 6 hours before feeding, in a 
vehicle consisting of 85.3% polyethylene glycol 400, 4.8% 
anhydrous glycerol and 9.9% water, contained in gelatin capsules. 

Observations/Measurements: Body weights were obtained before the 
start of treatment and weekly thereafter. General appearance WdS 
checked "several times a day". Neurological exams were conducted 
and body temperatures were checl;ed pretreatment and after 3, 6, 
17, 29, 39 and 50 weeks. Ophthalmoscopy was performed pre­
treatn1ent 3nd after 12, 31, 38 and 51 weeks. Blood pressure and 
ECG weLe measured pre-treatment and after 3, 6 and 17, 29, 39 and 
50 weeks, before dosing, then 1 and 24 hours after dosing. The 
methods and instruments used were the same as in the preceding 
dog studies. Blood and 6 hour urine samples were obtained before 
treatment, then after 3, 6, 13, 26, 39 and 52 weeks, for 
hematology, blood chemistry and urinalysis. Postmortem 
examination included weights of 11 or 12 ocgans, gross pathology 
and complete histopathology (31 or 32 organs for all animals on 
test). Liver enzyme induction of 0-demethylase, N-demethylase 
and cytochrome P, 50 content of liver h~mogenates were measured. 

Mortality: Ne deaths occurred. 

Drug Associated Findill£§.: Slight reddening of the ~ucosa and 
skin, observed in a1· nisold'pine treated groups, was considered 
to be due to the vasodilator effect of the drug. Dose related 
decceases in blood pressure and resultant increases in heart rate 
were observed. Twenty-four hours after dosing, all values had 
returned to normal. Slight ST segment iepression, T wave 
inversion and QT segm8nt shortening wer~ observed, which were all 
reversible (data on ECG could not be found) and considered to be 
due to increased heart rate. 
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Study No: T 20 10 506 

DOSE 
. . : 

TIME 

BLOOD PRESSURE Cmm Hg) 

CMe•ns n • '8) 

bef9re 
.,d11in; 

: 1 h •fter: % aiN-.rence 2'< h a'ftel'" 
: admin. : ** : lidmin • ------------------------------------ ------

1st admit1. 195/112 198/113 : +1.5/+0. 9 : 1 99/l 14 

:--------------------------------------------------·--------:17th •dmin.: 194/112 193/119: -0.5/+6.3: 

:----------------------------------------------------------: ~&th.~d!iU.n.: 184/102 : . 187/1J6 : +1.6/+3.9 : 
o.o :----------------------------------------------------------mg/kg :114th •d.mi.n.: 210/116 205/116 : -2. 4/0.0 

:----------------------------------------------------------:ZOQ;b "gjniin.: 199/108 204/113 : +2._5/+4.6 : 

:-----------------------------------------*~~-----~------:i!~9th admin.: 211 /1 oe 195/110: -7.6/+1.9: 

:-----------------------------------------------------------:3'1.?th •dmin.: 201 /118 204/119 : +1 • 5/+0. 8 : 

:------------------------------------ -------------------------------------------------------------------------------------. . 1st ad111in.: 208/119 : •167/ 97 :-19.7/-18.5: 1 93 /11 5 

:----------------------------------------------------------: 17th admin.: 203/111 164/ 98·:·-19.2/-11.4: 

:-------------------------------------------------------~--: 38tn admin.: 180/ 98 163/ SB :- 9. 4/-1o.2: 

o.; :-------------------~-------------------------------------mg/kg :114th admin.: 219/118 171/ 98 :-21.9/-16.9: 

:-----------------------------------------------~----------:200th "•dmin.: 191/113 153/ 86 :-:-19°9/-?.3.9: 

:----------------------------------------------------------:26'N1.itd111in.: 205/114 168/ 90 :-18.0/-21.1: 

:----------------------------------------------------------:347'tn· 11dmin.· 215/124 Hl4/105 :-14.4/-15.3: 

:----------------------------------------------------------
• n = 7 

•• Calculation using unround~d figures 
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Study No: T 20 10 506 

BLOOD PRESSURE Cmm Hgl 

CMe1ns n "' 8> 

before : 1 h after . : % : di fferente••: 24 ti. after 
DOSE TIME 1dmii\, : 1dmiri·, : : l~f1!1n, 

-----------~--------------------------·---------------------------1st admin.: 179/104 141/ 76.:-21.2/-26.9: 173/104 

:---------------~----------------- -----------------17th admirr. 177/101 136/ 76 :-2}.2/-24.S: 

:----------------------- --------------------------~--: 38th admin.: 181 / 98 116/ 68 : -35. 9/-30. 6: 

1.0 :-------------------------- ---------------------------mg/kg :114th admin.: 184/106 133/ 75 :-27.7/-29.0: 

:----------------------:-----------------------------~~ : 200th 1dmin.: 178/1 07 136/ 79 :-23.6/-26.3: 

:---------------------------------------------------------: 2t.9th 1dmin.: 196/109 . . 
. ----------------------------------------------------~---;347th 1dmin.: 195/115 : 161/ 93 :-17.6/-19.1: 
: -------------------------- ------------------------------------------------------------------------------------------1~t adririn.= 195/114 116/ 64 :-40.7/-43·9= 194/115 

:----------------------------------------------------------:17th adm.in.: 200/127 133/ 71 :-33.5/-44.1: 
:----------------------------------------------------------: 38th ~dm·;.,,,: 1~6/112 : *106/ 59 :-4:5.0/-47.3: '. 0 : _______ ,.., ___________________________________ _ 

mg/kg :,, 4 th.admin.~ 212/126 124/ 66 :-41.6/-47.6: 

:----------------------------------------------------------
:200th admin.: 197/119 133/ 76 :-32.5/-3G.1: 

:----------------------------------------------------------:269th admin,: 218/123 115/ 62 :-47.2/-49.6: 

:----------------------------------------------------------:347th admin.: 206/124 1}4/ 69 :-35.0/-44.4: • 
:----------------------------------------------------------

'* n • 7 
** Calcul1t .on using unrour.ded figures 



Study No: T 20 10 506 
HEART RA TES (beats/min) 

(means, n = 8) 

(calculation using unrounded figure\) 

TIME 01' INVESTIGATION 

1.;;t -a(imln \7th Jdn11n :\fllh ad.min I 14th adn11n. 2CX>th a<lm1n. ' 2691..h :+clm1n. .l47th adm1n. 
rJ()SF Jn1t1J! 

Cm.~,'kf) l--ip.urc 1 hcforc I h 2.t h ; hcforc I h 1 hcforc I h : before I h ; OCforc J h : hc(orc I h ~ before 
--- ~---~-----------------r - -1 - ---, ------, -----·- ----.----·-----, 

00 J.tt• I 120 IJ_1• 13-1 r 1::.is L~2· l 136 '-~-~ I 1.13 121 l 129 138' 119 119 I 101•• 

D1ff '( : ; -59 : +J_I : -2.2 : -9.0 : +7_0 : O_O : +10.9 
I I I l I I I J --- ~---~------- --·-------r -- -1 - l T -- I -- I 

03 1.'R 1 1.16 172 141 ' L~4 190 • 137 J94 1 12J 177 1 128 20s • 11s• 11&' 11:\"' 

!)iff Sf- +26_5 +41 8 +41.6 +43.9 +60.l +50.8 +42.5 . - .------, r-- -- - --J-- l T ---,----------, 

I IJ ' 147 ' JJ4 ! 'l 1 135 ' no 2()<l ' \31 218 ' 106 221 ' ID 220 I % 207 • I I I 

D1ff r·; 
' 

+42.5 •~OR +66.4 + 108.5 +94 7 +115.6 +37.8 
-- . . 

---~-- ------,----- --- -----, - --- --------,------------, 
_:;(I 146 1q 211 12K I 120 2.14 ' 11.1 201 • IOI 224 I <}<) 215 ' 90 209 ' 9:1 

l)lff ~ I : +57.S +95 0 +77.9 
' 

+121.K I 17.2 +132.2 +100.0 

*n = 7 
**n = 6 

. 

I h 

112 

161 

153 

186• 

'tl 
Al 
IQ 
•D 

co 
0 

a 
;:> 

"' 0 

' w 
V1 

°' 
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llEOT L Utt{) 
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GHOUr/GRUPPE III 

FEMALES I 118.TlERE 
CtiTR. /P::OUTFI, 
CJ::...11~ l.f 11. !' Ul'..l'..t 
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REPRODUCTIVE TOXICITY STUDIES (S. Stolzenberg) 

1. Fertility and Reproduction Ability in Wistar Rats 

Bayer Study No: T0002152 

This report is accompanied by a "first amendment to report no. 
12691", dated 8/lJ/93. Tables in the original English 
translation of the report were of very poor quality, not legible, 
contained errors in translation and typing, and a few tables were 
not logically organized. Some of these faults are listed in the 
amendment under the "rationale for the first amendment". 

Performin] Laboratory: 

Dates Performed: 2/81 to 9/81 

Quality Assurance: No '3ta r.emen t on GLP compl i ,rnce was found in 
the nriginal report. In th'" amendment, it is claimed, " ... there 
were no legally binding GLP regulations in fo·ce" during the 
time that this study was performed. 

Test Animals: Mura :WIST (SPF 67 HAN), 24 male:; and 60 females per 
group. At the start of dosing, males we~e 5-'I weeks old, and 
weighed 74-110 g, females were 8-10 weeks old ~nd weighed 158-190 
g. 

Procedure: The tecit ''ubstance (batch 576 923) ':1a,3 administered at 
do,;es of 0, 3, 10 and 30 mg/kg, once duily, by oral gavage in a 
vehicle conslqting of polyethylene glycol 400:r1lycerol:water in a 
rat· io of 969: 60: 100. Males wen? closecl startiu1 10 weeks before 
mating and dming the 3 week rnatincJ period, f•nales were dosed 
for 3 weeks prior to mating until the 7th day c1f pregnancy. 
Except during mating and lacL'lt.ion, both the rales and females 
were kept in individual Makrolon cages. Each 1'1ale was paired 
with 2 or 3 females, which were placed togeth•T in a Makrolon 
cage each night and the females were examined for vaginal sperm 
in the morning. Half the pregnant females in •?ach group, 
selected by "statistical methods", were C-sec1 i.oned on day 20 of 
gestation, the remaining half were allowed to litter and raise 
their young to postpaturn day (PPD) 21. All C :;ectioned fetuses 
were examined for external anoma l ie,3, 1I3 f ronc each dam were 
examined for ,;oft l i:.;sue anomalies (modified '.<11,>on method) and 
2/3 for ,;keletal rnalformat ion:3 (cliz~rin red ;) . In addition to 
examining th•' F pare•nts fo1· n•p1·rductivP pert,.rmance, the F 0 

females for lactational performance and the F offspring for 
,;ur.vival and weiql1t qclin dtirinq lacL1t ion, on' mal<? undone 
fc•rnalc' from E'c1C'h .1 it t t'l ,,j I hr• ''"111 1 "I group ":id of the highest 
clci:_;t-_.::i grtJL1I) wc,r<) rr;ai_ f-.:ci t<..) :;t..•x11,:l l 1n,-\t \11.i l '/ tc_) 1:,~tr:•1_·n1i11t~ 1-"' 1 
ri::r)r-(>ciu(·t·i_vt:: cdr1ac·it'/. 'I'l1c· Illdt(-?(i 1·' 1 cidnt; \\'e!.·c· illc>wed tr_) litter, 
clric_i tt_-';:;\]('lJ]dl WF'i(1!1t~; (()l l·'; ln~1l(-"''.i W<._'l_-1• c1l)Li:ll·~1:::c1 1~fte1· lnating. 
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Test su0stance administered was Batch 576 923. It is claimed 
that the preparations for oral gavage were tested for stability 
and concentration but the d,\ta and details for ::hese tests were 
not incl udeJ in L11e repuL L. 

There is no statement on why these doses were selected for this 
study. 

Effects on Fn Males 

All treated and control males survived to sched'~led necropsy and 
no compound related clinical signs were evident in males of any 
treated group. There were no effects on weight gain, mating 
behavior or fertility in males of any treated group compared to 
controls. '!'here were no effects on gross pathology observed at 
necropsy (presumably sacrificed after mating and while still on 
drug treatment). The drug had no effect on testicular weights 
(See page which follows). 
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slUDY ON rERTILITY BAY It 5552 T0002152 

BODYWEIGHTS (G) or THE HALES BErOR£ MATING 
GROUP MEAN VALUES AND STANDARD DEVIATIONS 

INVESTIGAT.iON 0 HG/ltG 3 HG/ltG 10 HG/ltG 30 HG/ltG 

----------------------------------------------------------------------
WEEP: 10 90,5 87.3 91.0 89.9 

9.6 7.7 7.9 7,4 

WEEP: 9 136.5 132.5 135.4 131. 7 
12. 7 11.0 10.0 9.2 

WEEP: 8 175.0 172.0 174.3 173.3 
16.8 14.8 l4. 3 13.6 

WEEK 7 215.5 212.3 215. 7 213.S 
22 .o 17.0 16.7 17.8 

WEEK 6 252.S 249.6 249.6 252.l 
26.4 19.S 18.6 20.2 

WEEK 5 279.0 276.3 276.l 280.6 
29.9 21. 6 21. 9 23.4 

WEEK 4 291. s 291. s 287.6 294.5 
31. 9 2 3. 4 26.l 23.6 

WEEK 3 31l.4 309.9 308.S 314 .o 
33.S 25.2 25.l 26.0 

WEEK 2 331. 5 329.7 327. l 331.6 
34.8 27. l 28.5 28.S 

WEEK l 344.S 345. 9 341. 6 346.9 
35.0 28.8 29.8 30.0 

WEEK 0 360.7 358.9 354.7 360.4 
JS.6 29.5 31. 4 30.8 

----------------------------------------------------------------------

TESTICLE 

GROUP KEAN VALUES 

0 HG/ICC 

J.23 
0.30 

J HC/ICG 

J.26 
0 .20 

WEIGHTS (CJ 

AND STANDARD 

10 HG/P:G 

3.17 
o.Jl 

DEVIATIONS 

JO HG/ICC 

J.26 
0.25 



Page 85 - NOA 20-356 

Effects on F 0 Females 

Mortality: Deaths are listed only in the narrative portion of 
this report. In both the original report and the amend.~ent, there 
is no indication of the time of death; not even if the deaths 
occurred before mating, during pregnancy or lactation. Deaths 
occurred in two rats at 3 mg/kg, in one at 10 mg/kg and in two at 
30 mg/kg, but none of the deaths were attributed to treatment. 
Based on scrutinization of tables in the original report, the 2 
animals in the 30 mg/kg group which died had both been assigned 
to "rearing animals". Deaths were attributed to misintubation 
for a low and mid dose rat, •gastrointestinal disorders" for the 
second low dose rat, to a lung tumor and to pneurronia for the two 
high dose rats. In addition, one dam in the co:1trol group, which 
had littered 12 pups and died shortly after birch, was not 
included in tl1e 1esults because at necropsy only 4 nidation sites 
were found. 

Even in t hc0 arnelidPd tables for individual cnimal data, there is 
no indic',ll ion ,,f '.-Jhicl1 animals died and thr, time; uf lhe deaths. 
Num<e,rou,; ,rninh'd '" were dropped from the :3tudy for a variety of 
re~1S()r1:-:J 1 \vl1ic!1 inc1uded, 11 not ir1seminated 11

, 
11 nc)·~ pregnant", and 

for a few, there is a statement •animal dropped from the study" 
but no reac;cm i'.; given. Most summary tables do :1ct specify the 
number ot animals per group upon which the data ere based. 
'rherefore, the following table lists the total m:mber of females 
ill each q1oup that were included in the results, based on a count 
token ttom th<,• individual anirncil body weight da~c. 

Dosage Group # C-Sectioned* ii Litte:ed* I -· 
l 'c1n t j'() l 25 ., ) 

~·· 
-

l mq•Kq/day 23 :: 7 -t;) mq/kq/day 24 2 Cl 

I mq/kq/day 27 2 ~: 
* 'J1}1t:-~l"t'\ \t..1 ('l'l~ t-;-(i mat. ed females per group at 1J1lt tc t ion ot 
study, lO ,-,f whic-11 were de~>ignated fc"r C, sectio1 or 

the 
littering. 

Body Weight and body Weight Gain: Mean body wei gt:t gains and body 
weights of pl<'CJlldnt. femc1les, rhoc3e that W<'rc C .;€ct.ioned and 
those thdt W"'" di lowed to litter, are CJiven on the two pages 
which t,,] J,,w. li"dy w<~ir1hts 1 wPek:; hefon' mat in·J (prior to 
lr1iti\·1t iln: ,_it t !•-·.1t_n1t~11l) a11d ·Jt1rir1~1 f'l"(~\Jrldncy, \VEre significantly 
luwret tu1 t !J,. l1iqli dose group of tlw C<;,:ct ione 1 animals, but 
there wc:ic; no et t 1·." ·t on body we~ght gain. Al tho JQt1 a small 
illC'lt~,-1;-;P 1 :1 [Hl(J~· \','1•iq}1t CJ(lin V.1c1!3 l"lClt •'Cl fcir t-[1(~ l.C\V dose C~ 
sc~c·t ilHH'zi ')1 ()u11 l1·''1 \..:\··c'n cld)':; dI1d ~~,· (>i CJt:-=>st c1t le r1, there was 
ol)v· i<•11:; l)-1 rHi t•t f·1·t"·t t 11.:it ('(_)lJl(l L,1·· .tt' 1 i Llut Pel t(_) t 1 t-'atmer1t. No 
eti1'('t :--: 1>11 lllt'dll l)(Jli'/ Wt~ ic1l1t o~- f)ciciy v.·t_'ic7!1t CJ'-1iI1 \'t."'re ol)served in 
Ll11' f<•m.il«:; ~;,.j,.,·t,.d 1<'1 del1v•'IY of lilt1•1;; du1·in11 the J weeks 
l--)!"1Cll t (I qt•:;t ~-11 icl!l, ti11r ir1c;1 ql';--:t ,_'\t i(Jr: <•1 cli1r_ lil~J lcl'td.tion. 
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STUDY ON FERTILITY BAY K 5552 T0002152 

WEIGHT DEVELOPMENT (GJ OF THE FEMALES UNDERGOING CESAREAN SECTION 
GROUP MEAN VALUES AND STANDARD DEVIATIONS 

INVESTIGATION 0 HG/KG 3 HG/KG 10 HG/KG 30 HG/KG 

----------------------------------------------------------------------
WEIGHT GAIN 

DlW 0 - 7 P.C. 22 .2 23.9 21. 7 23.Q 
4.7 5,1 5.1 5.6 

DAY , - 20 P.C. 13.3 e2.1• 76.2 71. 4 
10. l 12.6 10.8 17.l 

DJ\Y 0 - 20 P.C. 95.5 106.0• 97.9 94. 4 
12.4 15,5 12.6 18.l 

BODYWEIGHTS BEFORE HATING 

WEEK 3 173.6 172 .3 170.3 168.6•* 
7. 0 6.8 6.8 6.3 

WEEK 2 187.l 187.l 186.0 184.9 
8.7 9.5 8.7 9.1 

WEEK l 198.9 197.3 198. 3 194.9 
10.0 9.3 9.5 9,7 

WEEK 0 209.7 210.2 210.8 204. 8 
!0.9 11. 3 11. 6 9.7 

BODYWElGHTS DURING GEST.\TION 

DAY 0 P.C. 223. 8 223.2 223. 9 213.S•• 
11. 5 13.9 13.6 12.4 

DJ\Y 7 P.C. 245.9 247.0 245.6 .236. S• 
13.2 14. 3 13.4 13.5 

DJ\Y 20 P.C. 319.2 329.l 32 l. 8 308.0 
17,2 23.2 17,4 23.3 

----------------------------------------------------------------------
• SIGNIFIC.>JlT DIFFERENCE TO CONTROL, p < 0.01 

•• SIGNIFICA .. N'T DIFFERENCE TO CONTROL, p < 0.005 
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T0002152 

WEIGHT DEVELO~MCNT (CJ OF THE uAl1S 
GROUP MEAN VALUES AND STANDARD DEVIATIONS 

IINZSTIGATlON c MC/KG J MG/KG IO MG/KC JO HG/J(G 

----------------------------------------------------------------------
WEIGHT GAIN 

DAY 0 - 7 p.c. 23.7 19.9 23.7 21. 4 

6.2 s.1 s.2 4.4 

DAY 7 - 20 P.C. 73.5 70.3 77.Q 71. 7 
13.3 13.8 13.0 l4. 2 

DAY 0 - :o p.c. 97.2 90.2 100.7 93.1 
14.6 H.5 ll. 7 15. 0 

------------------··---------------------------------------------------
BODYWEIGH'!'S BEFORE MATING 

h'ELK 3 173.7 171. 6 l 72. 5 172.4 

6.2 7.9 8. 2 6.9 

WEEK 2 166.l 186.l 188.8 167.6 
9.2 10.2 10.1 10.l 

WEEK l 194.7 !96. 8 200.2 196.6 
11.1 11. l 10.3 12.4 

WEEK 0 206.3 208. 7 211. 0 2~6.7 

13. l 12.6 10.0 l~.2 

BO:JYWEIGHTS DVRING GES':'ATION 

DAY 0 r.c. 2:6.4 22 5. 0 224 .1 2:-;. 5 

16.4 16.6 13°6 i e. 7 

DAY 7 P.C. 240.l 244.9 247.8 238.9 
19.4 16.5 l l. 0 20.l 

DAY 20 P.C. 313.5 315.3 324.8 310.6 
25.3 26.l 19-6 J 1. 2 

BODYWEIGHTS DURING LACTATION 

DAY l P.P. 244.8 250.0 ;53,7 2~0.J 

18.9 16.l l 5. l 21.) 

•"EEK l p,p, 272. 3 277.8 281.6 267. l 
20.5 19.4 14.J 24.4 

•"EEK 2 p,p. 272.5 278.7 283.3 2 71. 7 
18.8 16.8 14.0 20 .1 

•"EEK J p,p, ~58.6 26~.5 266.7 259.4 
19. 0 l7. 6 15.J 16.2 

-------------------·---------------------------------------------------
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C-Section Fa Females 

As seen in the tables which follow, there were no effects of 
compound treatment on number or percentages of ,Jnir.',:;:ls 
inseminated, with implantations and with live fetuses, mean 
corpora lutea count, nidations, average number of male or female 
live fetuses, sex ratio o•_ fetal loss. From these data, it is 
evident t.hat there were ;io effects on pre- or post-implantation 
losses. 

The mean fetal weights were significantly incredsed (apparently 
dose related) in the 10 and 30 mg/kg groups, and the mean 
placental weight was slightly but significantly increased in the 
3 mg/kg group. 'rhe investigc;tors claimed that :he mean placental 
weight increase was incidPnt al, and that the me,rn fetal weights 
for the mid and high dose groups were within the 11orm for this 
strain (given as 3.~~0.27, based on 268 litters I. 

There WC'te no compound 1eL11 ,0 :J etf<0 ,·tcc; on mean :rnmbe1 ,: ot qross, 
vi_:::_.;c::-eral r_)r ske}(?t,-;-11 mdlr1-itllk•t·iont'.; 1 T1()1· \Ve1·e tli·~rf-~ ,·1r1'i t--•~Lt-:L't~ u11 
11 llI1Clt:~t·cievelopeci fOl"ITI!:i 11 (if•! ll~;(?S V..'(•i~Jhing <3 g). rI'llt·:te 1,.,:1_:re also 
no effects on minor ,;kPlet.d varictt ions. 
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STUDY ON FERTILITY BAY IC. 5S52 

NUMBER OF ANIMALS RESULTS OF THE STUDY 

ANIMALS UNDERGOING CESAREAN SECTION 

DOSE 

(~C/KCI 

0 
3 

10 
JO 

USED 

30 
29 
JJ 
JO 

NUMBER OF 
INSEMINATED WITH IMPLANTATIONS 

N ' OF THOSE N \ OF THOSE 

27 
27 
26 
20 

USED 

90.0 
93.1 
86. 7 
93.J 

25 
23 
25 
27 

INSEMINATED 

92.6 
85.2 
96.2 
96.4 

F E M A L ! S 
WITH FOETUSES 

N \ OF THOSE WITH 
IMPLANTATIONS 

25 
23 
24 
27 

100.0 
100.0 
96.0 

100.0 



~7~DY ON FERTILITY B,\Y K r_,i.JS2 T0002152 

~E ... ,-,_·:.7S Of THF: CESAREAl'f SECTION ( >1£1'.N V .. LUES) 

WEIGHT G~IN (GJ N U M 8 E R (PER DMJ 0 F H£1'.N-WEIGHT NO. OF FOETUSES FOITUSIS lllTH 110. or 
. '·Sf_ 

0- 20 1-10 CORl'. IN CRAHHS EXAHINEO BY MINOR SULE- Ml.POii- llUNTS IHPL . HAl.E FEM. SUH LOSS ..... "'; r.c. P.C. LUTEA FETUSES PLl'ICENT. WIJ SON Ol'IWSON Tl'IL DEVIAT, HATIOllS l <JC I 
-------------------------------------------------------------------------------------------------------

\,. 

qt., . f) '). ) 

lOf,.0•• A;• . l • • 

... ~, . '1 ·:,,.-::! 

':+4.4 , l . 4 

• SICNlFtCMT 
•• SIC.HIP"ICAHT 

1:.4 l l . 9 

12.4 12.0 

l l . 4 l l. \) 

l i.. b 11. 0 

01rrEllENCE 
D JrFl!:llENCJ 

f,. J 

6.) 

5.6 

TO 
TO 

5.4 

4.9 11. 2 o. 7 

5.0 11 . 4 o.i 

5.0 10.b 0.4 

4.9 10.] 0.7 

CONTRO~, P < 0.025 
CONTROL, P < 0.01 

J.49 o.so 

J.~B O.S)• 

),60• 0.50 

) . 6)• .. 0.52 

l. J 7.9 J.52 0.04 o.r:.2 

J.5 7.B ).48 0.09 O.JC 

) • 4 7.6 2.67 o.oo 0.25 

J. 0 7.) ).22 o.oo 0.19 

-
'" 
J.. 
J.. 
-:::-

:z: 

"" > 
N c 
I 

VJ 

"' C!' 
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£i.. Females Allowed to Litter 

Pregnancy duration was slightly incl.eased in all ~ treated groups 
(statistically significant for the 3 and 30 mg/kg groups; 5ee 
table below). This effect was considered to be "incidental' 
because the mean duration~. fen thes'°' groups were within the norm 
for this strain. No effects during lactation were noted. 

Postpartum Examination of Pups: There were no significant eff€cts 
on 'cotal number of live pups at birth per group, nor on number of 
viable pups after 1, 2 or 3 weeks postpartum (See table below). 
It was claimed there were no treatment related effects on number 
of stillborn pups, and on sex ratio at birth or at the 3 weekly 
intervals. Mean birth weight ;as slightly hi<:,· =r for all 3 
treated groups (statistically significant for low and high dose), 
but mean weight and weight increase during the 3 weekly intervals 
were not influenced by treatment (See table below). 

Maturational Development: There were i10 effectc; en age of pinna 
unfolding of the ears, hair coat, eye opening or normal gait. 

Function Tests: There were no effectc; on sight •Jr pupillary 
reflexes to light, hearing ("pinna twitch refle«", tested by 
means of a Galton whistle with a set frequency and duration). In 
a pro9rioreceptive reflex test (running roller brought from 
stationary position to 10 revolutionc~ P'"r minute) there was a 
decrease in performance at 30 mg/kg dL1ring the first test but no 
effect in the second or third test. Tlv· age of the animals when 
t11ese te~-;ts \Vere Llor1e v1as not ir1dic·(~ 1 - ·~·ci. 

Fertility Test ot !". Generation: 'I'll<'>' w,,.; ;··o ef U:ct of treatment 
with 30 rng/kg or, rnati.1g, fertility, c111raLion of pregnancy, litter 
size, live~ and dead pups, sex rat H>, IllhlL weigtLs of the pups or 
externdJ anom~lie~ al birth. 
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DOSE 
[HG/KGJ USED N 

INSEMINATED 
\ OF THO~E 

USED 

N U H B E R 0 F 
WITH IHPI..ANTATIONS 

N \ OF THOSE 
INSEMINATED 

F E K A L E S 
THAT LITTERED 

N \ OF THOSE WITH 
IMPLANTATIONS 

T0002152 

THAT REARED THEIR PUPS 
N \ OF THOSE THAT 

LITTERED 

------------------------------------------------------------------------------------------------------
0 
J 

10 
JO 

29 
29 
29 
28 

24 
28 
22 
26 

82.8 
96.6 
75.9 
92.9 

22 
27 
20 
22 

91. 7 
96.4 
9~.9 

84.6 

22 
27 
20 
22 

100.0 
100.0 
100.0 
100.0 

22 
27 
20 
22 

100.0 
100.0 
100.0 
100.0 

------------------------------------------------------------------------------------------------------

DURATION OF PREGNANCY IN DAYS 

MEAN VALUES .\ND STANDARD DEVIATIONS 

DOSE 0 KG/KG DOSE J MG/KG DOSE 10 MG/KG DOSE JO MG/KG 

21. 9 
0.5 

22.2• 
0.6 

22. l 
0.6 

• SIGNIFICANT DIFFERENCE TO CONTROL, P < 0.05 
•• SIGNIFICANT DIFFERENCE TO CON1'R()L, P < 0.025 

NUMBER OF IMPLANTATIONS OF THE DAMS 

MEAN VALUES AND STANDhRD D£VIATIONS 

DOS=-~-~~~~~----~~~E-3 MG/KG DOSE 10 MG/KG DOSE 30 HG/KG 

- -----------------------------------------10.8 
J.O 

10.4 ll.O 11.2 
2.9 2.4 2.a 

~------------------------------------------------------------

PRENl'.TAL LOSS OF DAMS 

MEAN VALUES AND STANOl'.RD DEVIATIONS 

DOSE 0 MG/KG DOSE 3 MG/KG DOSE 10 MG/KG DOSE 30 HG/KG 

--------------------------------------------------------------
0.5 
0.7 

0.6 
0.9 

0.4 
l. 0 

0.9 
l. l 

--------------------------------------------------------------
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STUDY ON FERTILITY BAY K 5552 

NUl!BEJ\ AND WEIGHT DEVELOPMENT OF THE VIABLE PUPS 
GROUP MEAN VALUES AND STANDARD DEVIATIONS 

INVESTIGATION 0 HG/KG 3 HG/KG 10 HG/KG JO HG/KG 
------------------------------------------------------------------
NtJllBER OF PUPS 

/IT BIRTH TOTAL 10.4 9.8 10.4 C) • '7 
3.0 2.9 2.5 2.7 

MALES 5.2 5.2 5.2 4.9 
1.8 2.3 1. 6 1.8 

FEMALES 5.2 4.6 5.3 4.8 
2.3 l. 7 2.0 2.1 

1.l'T!:R l WEEK TOTAL 10.2 9.7 10.4 9.4 
J.O 2.7 2.5 2.9 

MAI.ES 5.0 5.2 5,2 4.S 
1. 9 2.3 l. 6 1. s 

FEHJ\LES 5 .1 4.5 5.3 4.5 
2.3 l. 7 2.0 2.3 

AFTER 2 WEEKS TOTAL 10.0 9.6 10.J 9.J 
3.0 2.7 2.5 J.O 

MALES s.o s.1 5.1 4.7 
l. 9 2.2 l. 7 1.9 

FEMALES 5. 0 4,5 5. l 4.5 
2.3 l. 7 2.0 2.J 

Af7ER J WEEKS TOTAL 10.0 9.6 10.2 9.3 
3.0 2.7 2. 5 J.O 

KALES 5.0 5.l 5.0 4,7 
l. 9 2. 2 l. 7 l. 9 

FEMALES s.o 4.5 5 .1 4.5 
2.J 1.7 2.0 2.J 

-----------------------·-------------------------------------------;."EIGHT IGJ OF THE VIABLE PUPS 

AT BIRTH 5.9 6.2•• 6. l 6.2• 
0.5 0.5 0.6 0.6 

AfTER l WEEK 14.0 14.S 14. 9 15.0 
2.2 1. 6 1.8 2.2 

AfTER 2 lo."EEKS 24.7 26.l 26.l 26.4 
4.4 3.5 J.J 4,4 

AFTEP J WEEKS JB.l 40.4 39. 7 4 l. 5 
6. l s.s S.8 7. 4 

----------------------------------------w--------------------------
• SIGNIFICANT DIFFERENCE TO CONTROL, P ,, 0.05 

•• SIGN!fl-ANT DIFFERENCE TO CONTROL, P < 0.025 

T0002152 
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2. Embryotoxic and Teratogenic Action in Long-Evans Rats 

Pharma Report No: 7596 Study No: T2012540 

Performing Laboratory: 

Thi study was originally presented as a translation from 
wil only a few brief surnmary tables; no individual animal data. 
Amendments received at CDER on 9/29/93 and 10/8/93 contain tables 
with individual animal findings and SUfTL'f,aries. It is cl11imed that 
the study was carried out between January and May, 1977, "in 
accordance with FDA recorrun.endations", but there is no statement 
of GLP compliance. 

Procedure: Naturally inseminated Long-Evans female (strain FB 30) 
rats, 20 or 21 per qroup, 2.5 to 3.5 months of age and weighing 
195 to 262 g prior to mating, received 0, 10, 30 or 100 mg 
n:soldip1r.e/kg,'day by oral gavage (bater. 3/76, micronized), from 
days 6 to 15 of gestation. The drug 1-:as dissolved in 
polyeth~·lene glycol 400/glycerol/water. A C-section was 
performed for each dam on day 20 of gestation and the fetuses 
were examined for external, visceral (Wilson technique) and 
skeletal (alizarir1 red stain) anomalies. 

Effects on Survival and Bodv Weiahts of Dans: One control rat 
died on gestaticn day 13 or 14, due to irnp·oper intubation into 
lungs, ar,d v:as e:-:clucled from results. Ther., was no compound 
related effect en mortality, nor on "general appearance or 
be~a·:icr'' cf rl1~ dass, but there was a dose related decrease 1n 
me~r1 ~e~g~1: ga1r (see table which foll8~S). 

Do•e Weight Gain in Gr1111• 
(m&/ki! Treatment Tot.al 

Period P~giu.ncy 

0 62.3 l !i2. 4 

10 56.l 140. 3 

30 53. O" 132. 8" 

100 49.~ 131. s• 

•) llp!fte* a&reac1 from the coatrol, P < 1.11 
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C-Section of Jams: Of the 21 inseminated rats in each of the 3 
compound treated groups, 20 were pregnant, and all 20 surv).ving 
rats in the control group were pregnant. All pregnant treated and 
control rats had live fetuses at necropsy on day 20 of gestation. 
Corpora lutea count for each rat was not determined in this 
experiment, but no statistically significant differences between 
the treated groups and control were found for mean number of 
implantations, mean number of fetuses, ~ean number of dead 
fetuses and resorbed embryos, mean fetal weight, underdeveloped 
forms (fetuses <3 g in weightl, mean placental weight, frequency 
of fetuses with minor skeletal deviations, sex distribution (see 
page q~ ), nor on external, soft tissue or bone deformations 
(see table belov: on this page). 

Grou;i 
Dam !\umber of :'lla.!formation !\o. !\!al formed Fetuses 

Control 664 2 Rib dysplasia (hump forrna~ 
tlon) 

10 mg/kg 651 l Edematous head 

30 mg/kg None 

100 mg/kg 605 l Rib dysplasia (hump !orma-
ti on) 

639 l Cryptorchidism 

6'~ ., I l Kinking of tbe tail 

683 1 Hydrops universalis, micro-
gnathia, kinking of the tail 



BAY k 5552 

R e s u l t s 0 f t h e c a e s a r e a n B e c t i o n 

Mean values of the groups and standard deviations 
Note. fhr me-1n fetel and placenta\ weights given in the report no. 7S96 were- calcul•trd by adding all litter 
~~- wrights of the gr~up and by d;viding thrse sums by the number of fetuses or pl~centas prr group. In the 

fotlow1ng teble tht"s.e •e•n value~ arr ••r-krd with "a". 

{lose 

1119/kg 

0 

10 

30 

100 

for thr calculation of thr standard deviation thr ~ran fetal and placr~tel wei~hts p~r litter wrrr talcul1trd 
first end were used for further calculatton. ~ean ieta\ and placental weights obtained by this procedure are 
••rkrd vi th "b"'. 

\le1~ht gain [g) 
dur,ng 

treat111ent 
pregnancy period 

i52 .4 62.3 

18.5 11. 7 

140.l 56., 

23.9 9. 7 

132.6• Sl. o• 

19.9 8.1 

131.e• 49.6• 

n.2 11.Z 

Nut11ber rper demi of 
f 

1 
f e r u s e s 

"'P • ~•le fem•l~ tot1l re~ * • 

11 . 6 5.8 5.4 , 1. 1 0.4 

1. t, 2.3 2.3 1. 7 0.7 

11. 0 5.5 5.0 10.5 o.s 

2.9 1.8 1.6 2.t o.a 

11. J 5.J '.'i.1 ,O.J 0.9 

2. 5 2.4 2.~ 2.6 1.3 

11.9 5.5 5.2 10.7 1. 1 

Z.7 2.4 2. 1 2.7 1.4 

Mean weight (g) 
of of 

fetuses placenta!. 

4.26
8 

O.!i7
8 

4.27b 0.58b 

0.29 0.06 

4.07
8 0.59. 

4.07b 0.59b 

0.29 0.11 

4.oa• o.sr• 
4.09b O.Hb 
0.33 0.05 

'. 12
8 o.s1• 

". 14b 0.57b 

O.B 0.05 

N u "' b " r 
wj th 111inor 
skeletal 

drvletions 

2.95 

2.,, 

Z.60 

z. 19 

l.50 

z .6t 

4. 10 

2 .45 

of ft"tusies 

with•al· 
format ~ons 

0. 10 

0.45 

0.05 

0.2Z 

0.00 

0.00 

o.zo 

0.41 

runts 

< J • 

0.00 

0.00 

o.oo 

0.00 

0.05 

0.22 

0.00 

0.00 
·-------------

• &ignlflc•nt d1ff•rrnc• to control, p < O.Ot (UllCOXOM·MAMM·VMltlEY·U·TESl) 

•• Res. is 
defined 

che abbreviation for resorptions, 
as the total of resorbed embryos 

which the sponsor 
and dead fetuses 

T2012540 

'U 
()> 

lQ 
r1l 

'° .,,. 

z 
0 
:;;. 

w 
0 
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3. Teratology Study in Sprague Dawley (CD) Rats 

Study No: Not provided. Report No. 87/0938 

Performing Laborati 

Spo11sor: 

Dates Performed: 8/5/87 to 12/2/87 

Quality Assurance: A signed statement of GLP compliance is 
included. 

Te,c;t Animals: Charles River CD (Sprague-Dawley derived) females, 
9-10 weeks of age and weighing 200-248 g on tJ1e day of 
insemination, were mated on a l: 1 basis with c;tock males of the 
5c1me strai:i. 

Procedure: The test substance (batch number 51102.39) was 
administered to 32 inseminated females per group, once daily by 
oral gavage as a suspension in 0.5% aqueous Tylose, prepared 
fresh each day, from days 7 to 17 0f gestation, at doses of 0, 
10, 30 and 100 mg/kg. un day 20 of gestation, 21 dams per group 
were C-sectioned and che fet11ses were examined for external 
anomalies; 1/2 from each darn were exa!T';ned by free hand serial 
sectioning (Wi lcwn technique) for soft tissue anomalies. The 
H'rnJining ha.If were first dissected (neck, thoracic and abdominal 
1·av[ties) to evciluate for rooft tissue anomali("f;, then were 
ptqMred by a modification of Dawson's alizarin staining 
technique tor evalualion of skeletal malformatc.ons. 

The remaining 11 dams/group were allowed to litter and raise 
their young to postpatum aay 25. On PPD 4, liners with more than 
8 were reduced to 8 by random culling, leavirnJ, if possible, 4 of 
each sex per litter. After weaning, the offspring were housed on 
a litter basis, but the sexes were separated and there was a 
maximum of 5 of the same sex per cage. At app1oximately 5 weeks 
of age, following rnmpletion nf hehavioral and neuromuscular 
functio11 tests, 20/sex/group were randomly selected for further 
assessment of physical, sexual maturation and reproductive 
performance; unselected one:3 were killed and ur-ossly examined. 
At 9 or 10 wer,k:; of aqe, F, males and fern.ales were paired 1:1 
with:in lreatrn<,r:t qr·oups, avoidinq sibling mating:3. All F, mated 
t::-n1aJ~?:3 were l;-1ri<1r<1t<Jrr1i zE~c1 c)n rlay 20 c1f ~Je~1tat- :_011; the fetuses 
were examined only for external malformations ,1nd discarded. 
After gro::;s cxamin<it: ion of I h» F, f•'m<il<'s, F 1 :n,Jle:; were killed, 
t.lH'n examined exrc•111.1lly and ir1t1•1r:.1lly for m,,,,,0::;1:opic 
,:t}.1nc>rrn1:~1 lit ies. 

~otcJbjJiry uf TP:,;t Subslanc<': '1'<»3l i<_)1·111ul,•1tio11.: for all 3 
r_-::'(J!1(:t~Illl"c1t iC)flS, L11k~n frl)Jll 1-})t·"'> f ir·:·;t ;tilli la~;t_· \'J(_c.pk~; of trec1tn1ent, 
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were generally found to be within approximately 82 to 90% of the 
target concentrations, and were stable for at least 4 hours after 
preparation. 

F'. Females 

Mortality and Clinical Sions: No data on rnc'rtal ity, and no 
statement in the text pertaining to mortality, were found; all 
rat:3 appar·ently survived. It is cldirn<C'd that one clam receiving 
100 mg/kg showed fldccid nruscle tone and piloerection during the 
early :Hages of treat.menl (po:c;sibly compound related), but other 
ten~les in that group were not affected. 

Body Wciqht,;/Food Con:;umption: Small reductions in body weight 
gain (not statistically significant) we~e evident in all 3 
LrE"dLed groups dui-ing th" 1nit ial day or 2 of tr:catment (See 
lc1hle nn th<" fldqfc' whid1 fol low:;), and this was dCcompaflied by 
s1gnifir:,rnt rYdtwLions in iood intake by the mid and high dose 
groups, limited to tl1e tirst 3 days of treatr~nt. Subsequent 
body weight gains in all 3 treated groups were net affected by 
trealrnent, but the body weights remained below ccntrol to the day 
of necropsy. 1'he lower· mean body weights of th'" mid and high 
dose gr·oups compared to controls wen" statistic.illy significant 
only on day 18 of gestation. 

Lapa1:otomy Observations: There wt•re no c~ffects <)n mec'ln corpora 
lutea counts, total implantatiiomi, viable male:3 or female:,. 
'I'hen_• was a :c;ligl1t increase in total resor·ptior•:i (P< 0.05) 
pri:;dorninent ly clue to number of lat 0 n°::;orptions, and i:1 percent 
po:il ·implant at ion Jo:;:; (P·- O.O"i), in the high cl<)0c:e group. Fetal 
weiqht:; werP depr-e:3>o;,~d in all 3 treat.ed groupci; statistically 
sig11ificant and do,;e related at mid and high dosE (See table two 
page:i aliead) . 

Fetdl Evaluatio11: There was dll increased incidence of small 
fetm;e:c; (..:2. 7 CJ) and lit.Lers with one or more small fetuses in 
the 100 mg/kg Cjroup. An increased number of fe~uses with 
slightly i11credsed dilatation of laterill ventricles and/or space 
between the body wall and organs, occurred mainly in two litters, 
and tl1i:-; was clc";ociatc'd with fetuses of low body weight in these -
two Jitlc'r:;. Tl1e investigators considered thi:-, to be indicative 
ot f«t,tl inun,1t111ity. AL;o ds,;ociated with the tEtuses weighing 
<.:'. '/ q i 11 :: 1 it t ,,,-:; oJ the high dose qroup ancl considered to be 
d~u: t(_) 1t_~tc-l1 l1n1n,·1t1irit·~.:1 \\'r3S an incre~:i:;ed ir1cic1·-~nc:e of i11complete 
ossitic.Jtion ot h1c;1sphenoid, first thoracic vertebral centrum, 
:-;,1(·1.i\ \J1'\t't)1·.i\ ,1~··l1•'', 1 i;:1·l1_i.1 1 J1H'!,1(·,11f)dls c-111ci nc_"t:dtarscils. 
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'° Grou!!_ __ ~n bodJ"f'l9!'_t_~ __ _l9) of ff'malf's durl119_9~stal_!."~ 
-.-.] 

Group : I 2 J 4 z 
Compound : Control ---- DAY k 5552 ---- tJ 
Dos•gf' (""!/kg/day) : 0 10 JO 100 :<-

"--' 
0 

- I 
Oay of g~statlon w 

Group lJ1 

°' 0 J 1 8 9 10 II ll 13 14 15 16 17 18 zo 

"' .. 
2J!I 255 261 266 212 l18 284 291 298 J07 Jl7 330 346 J78 u I "e•n 219 0 , so 8 9 12 II 12 12 ll IJ 13 13 14 15 16 17 18 ~ 

z n 3l 3l 32 3l 32 3l 32 J2 32 )l 32 J2 32 JZ 32 
0 .. 
~ z !lean Z\7 231 251 256 261 261 213 279 285 292 JOO 312 323 338 3G8 ', 
0 

SD 10 12 14 12 IJ 12 14 ll 14 14 15 16 16 17 18 ~ 
~ 

32 J2 3l 32 3l lZ lZ 32 12 32 JZ O> n 3Z JZ JZ lZ 

l "ear. 217 237 253 255 260 266 212 218 284 291 299 J II J2J 338• J67 
SD II ll 14 I~ 14 14 14 15 15 15 17 11 18 19 21 
n 3Z 3l 3l 32 J2 J2 3l 3Z JZ 3Z 3l 3Z 12 JZ 3Z 

4 ""an 215 235 25J ?~n ·-- 252 261 267 212 l18 285 293 JO) Jl6 J21··· 361 
so 8 9 12 12 12 13 12 12 13 11 11 16 17 18 20 
n ll ll ll 31 ll JI ll ll ll ll JI ll ll ll 31 

so Standard devl•tlon. 
n lluMl>f'r of pre9nant an hu ls. 
• Bodyweight gain frOftl D•Y 1 significantly different fr~'" Controls, P<0.05 (onf' w•y analysis of variance and 

Student's t--test) . 
••• 8odywel9ht gain frOftl Day 7 sl9nlflc1ntly different froM Controls, r<0.001 (one way analysis of variance and 

Student's t-tf';t). 
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'° CD 

Groul'__""'•n litter d•I• - fr111•les killed on O•y ?O of 9•sl•llon - --- ----- -- ------ --- -·-------- -- - -- - - ---- - -- z 
Group 1 2 J 4 tJ 

;?> 

(°"'pound Control --- BAY k 5552 --
Oosage (""J/kg/d•y) 0 10 Ja 100 N 

0 
I ---------------

Nllftlher lmplinl•t Ion w 
foetal Phcental (J1 

Group of Corpora h•phnl- Vhbl• young Resorpl Ions loss l"I "' pre9n.1nl Iulo• dlons weight we lght 
1nl111•h count H f lot•I hrly lite lot•l Pre- Post- (g) l9 I 

21 Hein 11. I 15.6 8.0 6.9 14.9 0.5 o. I 0.7 9.4 4.3 3.50 0.53 
so I. 7 I. 3 Z.3 I. 9 I. I 0.1 0.4 0.8 0.06 0.01 

" ~ 
o.9HS 0.9HS 11.6 u z 21 ...... 16.9 14.9 1.0 1.0 14.0 0.1 6. tKS 3.45 0.53 0 , 

Sil 1.5 I. 4 I. 8 2.0 1.5 0.9 G.4 1.0 0.06 0.0l .. 
z 
D 

~ ] 21 ...... 16.4 14. 9 6.4 1. I ll. 5 1.zNS 0.1 1.4HS 9.8 9_3NS 3.34· 0.54 
• so 1. 7 1.4 2.3 2.3 2.4 I. I 0.4 I. z 0.06 O.Ol 

" "' ~ 
"' 0.9NS 0_9NS 1.6• 1.19••• 4 20 H~ar. 16.9 15. I 6.1 6.8 13. 5 11. 2 10.6' 0.52 

so I. 9 3.3 2.3 2.6 3.6 0.9 0.9 I. 3 0.09 0.03 

B•ckground control (159 studies; 

...... 15.9 14.5 6.1 6.9 ll .1 0.69 0. IR 0.87 8. 7 6.0 3.32 0. 50 
I ow I l. 9 ll .O 5.2 5.6 11. I O.OS 0.00 0. 2S 1.6 I. 1 3.00 0.0 
lltgh 19.0 16. 7 8.2 8.1 IS.J 1.68 0.56 I. 79 16.S 12. 7 J.55 O.S7 

so St•ndard devl•llon. 
• Slqntflc1ntly different fr.,. Control, P<O.OS (Nested analysis of varl•nrr •nd weighted t-l•st) . 
••• Slgnlflc.antlr dlfferrnt fr°"' Control. P<0.001 (N~slf'd o1n.ilysls of vi1rl.lncP i1nct "'r~qhtf!d t-lest) . 
NS Nol slgnlfl«nl (H•nn Whttnry 'U'-l"t). 

Slqnlflc>ntly dllfer•nl Irmo (onlrnl l'<0.05 IH•nn Whllnry 'U' -lr<I) 
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Sonnary of foetal observat1or1s_•~ne_<:ropsy 

z J 4 Group 
(ompounJ Control ··· DAY k 5552 
Dosage ("'9/kg/day) o 10 Jo roa 

Group : 

External exa111lnallon 

Humber of foetuses (llttersJ eumlned: 
Humber of 111ale : female foetuses: 

Qbservatlons: ~ Incidence' (number of litters) 

S111all fo~tus (less than 2.70 g) 
large foetus (MOre than 4.00 g) 
Shiny pup 
Pa le pup 
Domed head 
Subcuhneous haeMOrrhage on chin 
Small placenta (less than 0.30 g) 
large placenta (1110re than 0.70 g) 
Conjoined placentae 
Dark green 111aterlal surrounding placenta 
Short htl 
lhreadl Ike tall 
h•11erforate anus 

~ One foetus 111ay have 111ore than one observation. 

31J(ZIJ 
168: 145 

1.0(3) 
2.9(3) 

0.3(1) 

2.2(4) 

0.3(1) 
O.l(I) 

z 

294(211 
147:147 

0.7(l) 
1.4(l) 
0.3(1) 

O.J(I) 

2.0(6) 
0.3(1) 
O.l(I) 

3 

lR4(211 
135: 149 

1.4(4) 
1.4(2) 

l.2(4) 

4 

l69(l01 
134: ll5 

11.9(6) 
. 

1.1(1) 
0.4(1) 
. 

0.4(1) 
l.0(3) 

0.4(1) 

Control dih 

39809 159 
foetuses studies 

Hean Study ronges 

3.5 0. 16.9 
1.3 0 . 8. 7 
0.3 0 . 4.1 
0.02 0 - I. I 
0.01 0 - 0.4 
0.1 0 - 0.1 
0.2 0 . 2.3 
1.3 0 . 6.2 
0.03 0 . 0.8 
0.1 0 - 6.9 
0.01 0 . 0.5 
0.02 0 - 0.8 
0.04 0 - 0.8 

·o 
µ; 

'° :n 
~ 

'D 

2 
CJ 
)> 

tJ 
0 

' w 
'.n 
m 
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S11omary __ of_foelal_ohser:vatton~_aflrr free ha11d 1rrlal_ Sl'rl lo11i11~ 

Grnup 
( nrnriounrl 
llosaqe (m<J/iq/day) 

(nnlrol 
0 

2 l 4 
RAY k 5557 

10 30 100 

- ------- ------------
r,, nup: 

-------------------,--,- --
H•1ml>er of foetuses (litters) examined. 
l/umh['r of males : females 

Ol1c;PrY1l Ions: I foelJl lncldenre (number of 
llllers 1tlr<lr•I) 

'1.h1,omen: 

Oi~phr1qm1tlc h'rnt1 
~mill 1ddltlonal liver lobe(s) 
llrpatlc h .. onorrh19e( s I 
I oral I sod Internal 1hdo•ln1l h1emorrh19e 
llarmorrh19lc perllon .. 1 f lutd 
llaemorrhaqtc ihd011en 
I efl kld••Y dlsphcod sl lghtly towards Mldllne 
Small hae11orrh19e within caprnle of rl9hl kld11•y 
Unthleril hydronephrosls 
0IIaleri1 hydroncphros 1 s 
Unllater•~ hydrnnreter 
n 11alen1 ~ydro11r~ler 
Testls(es) dlspl<1ced sllqhlly* 
fl11ld·ftlled vestrle •l •••I edge of 9enltal tnhrrcle 
r.cntt•I tuh•rcle \llqhlly elonq•t .. I 
Olond In •nus 
lhre.1dJlke tall; hnru~rfnr.ate 1nt1Si dtspf•cernenl of 

•<lrenil qhnds ind kldnP.ys 
lip of hll thr .. •11 lkc •nrl hno~••I 

• OnP fr,rt115 11ay hav~ frtnrr. than nnp nhsl'rv•t Ion . 
l'rrre11la11r. ralculi1ilr.•I 110 nun1l1rr or Ill.tilt• f111•tu~,1''). 

• Nn r••r 11r-1f In ha' ~11rn11n1f c 0111.-nl do1l• . 

15f,(l I) 
02:14 

C .6( I) 
25.6(191 
9.0(8) 
1.9(1) 
0.6(1) 
O. 6( I) 

1.l(I) 

IJ.5(12) 
l .6(l) 

11.0(11 

0.6( I) 

0.6(1) 

7 

140(21) 
10: 10 

l2.411Rl 
12.2(15) 

0.1(1) 

0.1(1) 
l.40) 
1.4(11 
1.4(6) 
7.4(4) 

ll.8(/) 
0. 1 (I) 

I 4(?1 

l 

10(21) 
/0:11 

2l.l(l8) 
1.1(1) 
0. 1 (I) 
0.7{11 
0. 1 ! I) 

1.4(2) 

1.1(6) 
2.8(4) 
0.6(6) 

0.1(1) 

- - -- ------ --

4 fnntrul 1lalc\ 
- ------ - --- . 

IH( 70) 17835 126 
60:66 fuel uses sl111fles 

-- -- -- ------ - ·----

Hi: an Sl111ly r.u1c1es 

0.1( I) 0. I 0 1.9 
28.4(111 0.8 0 10.9 
9.0(11 10.l 0 21.1 
2.2(1) I.) 0 6.1 

2.4 0 18.0 
I. I 0 8.0 

o. 1 (I) 0.05 0 1.1 
0.02 0 1.0 

I. 5(2) 2.6 0 11.1 
0.9 0 9.8 

14.l{ll) 6.1 0 24.2 
4.~(4) 4.4 0 21. I 

10.1(1) ] . 1 n 21. 5 
• • 

].0(1) 0.4 0 6.l 
1.5(2) O.l 0 1.2 

0.08 n 1.8 

• • 

;;.? 
"" '" 
'° '° "' 
:z 

"" > 

"' 0 
I 
w 
U1 

"" 
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S11nrnary_of_foetal_ohsrrv,tlons allrr frr~~hand srrlal Sl'1 llo11i11~ 

rirnup 
[nmpoun1t 
llouqe (mq/lq/day) 

I 
Control 

0 

2 J 
01\Y k 5552 

JO JO 

---------- ·---------
f1rn1111: 

• ll11mher or foetuses (I lll••rs) examined. 
Uumlirr of m~1p~ : fttma1e') 

Ohservatlons: t foelll lnclMn::e {numhrr or 
l ltters arrecte1:) 

lhorax: 

Oesophaqus displaced lo right of trachea 

4 

100 

156(21) 
82: ,. 

lert lnhe or thyroid 9laml very reduced In sl1P/ahsrnt 
Space between hodywall and organs 
Retro· oesophagea 1 r l9hl suhc lav hn artery 

and "'lsshapen lhYlltlS gland 
Blood·fllled thoracic ly.,ph duct 0.6(1) 
l11nm1lnat" artery reduced In lenqth/ahsenl 
Gross cardlovascul~r ahnor,.allly with va:lve dPr<"ct~ 
Gross urdlovascular almor11al tty with double nutl~t 

rl9hl ventricle 
Sl lghl ly lncreued ainount of pericardia I fluid I. J(l) 
Sllqhlly haemorrhagic pericardia! fluid 
ll••mnrrhages on ed9e or lung lohes 

-- --- - - -- -- - - - -

• OnP. fn~tus 11ay have 111nrP than one nhs~rval Inn . 
• Ila reconl In hackqrnund control data . 

2 

148(21) 
10: 70 

2 .O(l) 
o. 1 ( I) 

1.4(?) 
I. 4(1) 

0.7(1) 
o. 1 i I ) 

-------· 

] 

143(21) 
10: 1J 

0.7(1) 
I . 4 ( I I 

1.4{2) 
1.4(1) 

4 f.unlrul d•la 

134(20) 1281~ 
68:66 foetuses 

126 
slmlles 

Hean Study unqes 

0.7(1) 0.01 0 I. l 
0.7(11 0. I 0 2.2 

11.2(5) 10.9 0 41. 4 
0.02 0 I. 2 

0.l 0 1.9 
0.7(1) o. I 0 I.~ 
0.1(11 • • 
0.7{1) • • 
0.7(1) O.l 0 5.) 

0.2 0 9. I 
I. !>(Z) 0. I 0 2.2 

·~----·--··----- - ·--·----- ··-- --~ 

"" "' "" r.: 

"' "' er 

z 
'=' > 
N 
0 
I 
w 

"' "' 
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continuer! 

Summal"Y_of _f_oet_a_l_y~ser:vatj ()"~-al ~krJ et al_ exam I nation 

Grnur : I J 3 4 
Compound Control - - - - - filW k 555Z 
nosa•)e (mg/kg/rlay I 0 !O JO 100 

r.ro",· : I 

Numher o( foetuses (Utters) examined: 157 (21 I 

O!ise·v"l10.1s :Grand Mean 1, foetal Incidence@ (numher ~f llllersj 

v~~lehra.-, 1 lr1l>S and 9lrdles 

Ossif1catlon of ventral arch of Isl cervical Vl'rlehra. 1.0 ( 7) 
lr.~omr.lete ossification, one or inore cervical verteliral arches. 0.6 { II 
l~t tbraclc vertebral centrum 11nosslfled. 0.6 ( I) 
lncor11p1ete ossification, one or more thoracic vertehral centra.27.4 115) 
Incomplete ossification of one or more lumbar vertPbral centra. 0.0 ( OJ 
lnc11m11lete ossification of one or more lumbar vertebral ard1es. 0.0 ( OJ 
lncom~lete ossification of sacral vertebral centra. 0.0 ( 0) 
Incomplete os,lflcallon of one OI" more sacral vertebral arches. I. 9 ( 3) 
Short tall, lip thickened. 0.0 I OJ 
25 ~re-sacral vertebrae. I. l ( 2) 
lnrnlll{ll<'lf' ossification of c•mlal verlehrae (less th~ I. I. l ( 7) 
Helacarpals/metatarsals 3/4. 69.4 (lO) 
He!acarpals/metatarsals 4/4. 29.l (14) 
H~tacar-pah/meliltarsals Incompletely ossified or unosslfle<I. 6., t 5) 
Orr or more pha I angea I bones oss H le.-!. 1.3 ( I) 
lnne;· corners of one or both sca11111ae unoss I fl Pd. 5 .1 ( 6) 
Pubic bone; Incompletely ,;ssllfe<I or unosslfle<L 7 .6 { 6) 
Incomplete oss1flcaUon of one or both !schlal Lones. L9 I. 3) 
Asynwnetrlc pel•·ls, lllal bo~1>s anoclat1>d with different o.o I O) 

sacral vertebrae. 

2 

146 (lil 

4.6 ( 61 
1.4 ( ?) 
L 4 ( l) 

19.9 (16) 
o. 7 ( I I 
1.4 ( l) 
0.0 ( 0) 
2.1 ( J) 
0.0 ( OJ 
0.0 ( 0) 
1.4 I 2) 

56_Z (20) 
0.2 (16) 
4.8 ( 5) 
6.2 ( 5) 
2_7 ( Z) 
4.1 ( 6) 
2.1 ( J) 
o.o I o) 

3 4 (ontrnl data 

!9316 129 
141 (21} ll5 (201 foetuses studies 

Hean Study ran9~s 

7.1 ( 5} z.z ( 3) 6-94 0.0 • ?Z.2 
o.7 ( I) 0.0 { OJ 0.50 0.0 • 5.2 
0, 7 ( I) 7 •• ( 2} I. JO 0.0 • 5.5 

25.S 111) 27.4 (14) 26.6& 8.6 . 50.3 
0.0 ( OJ 0.7 ( I) 0 .41 0.0 • l.5 
0.0 ( O) o.o I O) O. ll 0.0 • 1.8 
0.0 ( 0) 0.1 ( I) 0.01 0.0 - 0.5 
3.5 ' S) 9.6 ( 4) 1.17 0.0 • 6.2 
0.0 I 0) 0.7 I I) • 
2.8 ( 4) 0.7 ( II 0.81 0.0 • 6.7 
1.4 ( 2) 14.1 ( 5) 2.96 0.0 • 14.5 

(10.1 {21) 14.1 (19) 67.)0 ?8.& - fl6.9 
19.9 (10) 16.3 (12) 30.65 6.Z · 71.4 
s.o I &) 14.I I 6) 3.GS 0.0 • 10.8 
l. I i 2) 0.7 ( I) 1.89 0.0 - 8.1 
9.2 ( 9) 5.2 ( 4) 3.59 0.0 - 14.4 
7.1 { 5J l~.8 ( 6) 7.43 0.0 - 16.6 
5.ll ( 3) s.2 I 5) 11.90 0 .fl 4. I 
L 4 I 2) 0.1 I I) o_ 49 0.0 - 3.1 

_______ . ______ ,__ ------ ----------- ------------· ----
II One foetus may have more lhan one observation 
• Hew parameter, no control data available 
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- continued 

~~m'!_~L__Q~_!"P.t~~~-~~~~!~ns at s_~~ ~-~~!_ ~xam ~'!~~-! i:>r• 

Group 
Com11n11nct 
Dosa9e (m9/k9/day) 

Group 

I 
Control 

0 

ll11m!irr of foetuses (1 llters) examlnecf: 

2 

JO 

3 4 
n~Y k 5552 

30 JOO 

------ -------- ·- ------- ----- ------------
2 3 4 rontrnl data 

--------------- ---- --- ----·--·----------------
19316 129 

157 (21) 146 (21) 141 (?!) 135 (20) foelu,es sluclles 

Ohsrrvaltons :Grand !lean r. foeLI Incidence@ (n11mher of l ltters) !lean Study ranqes 

SleruPhrae ar:d rlhs 

Incomplete ossification of I sternehra. 
Incomplete ossification of 2 sternebr•e. 
Incomplete ossification of l sternehrae. 
Incomplete ossification of 4 sternehrae. 
Incomplete ossification of S sternehr-1e. 
Incomplete ossification of 6 sternehrae. 
Isl sternehra cleft. 
On~ or more sternef1rae offset. 
Rlhs 13/13. 
Rlhs 13/14. 
Ribs 14/14. 
14th rlh enlarged. 
lllh rib or ribs reduced In :ength. 
s:19ht medial thickening of one or more rlhs. 

@One foetus may have more than one ohservatlon 
• llew parameter, no control data available 

Jn.5 (IJ) 
66_'} (21) 

7 .6 ( 8) 
4.5 ( 4) 
0.0 ( OJ 
1.1 I 2J 
0.6 ( I) 
2.5 ( 4) 

100.0 (21) 
0.0 { 0) 
o.o I o) 
0.0 ( 0) 
1.3 ( 2) 
0.0 ( 0) 

19.2 (12) 
65.i (21) 
11.6 ( 7) 
3.4 ( 4) 
0.0 ( 0) 
0.0 ( 0) 
0.7 I I) 
1.4 ! I) 

97.3 (21) 
1.4 ( 2) 
1.4 I 2) 
0.0 ( 0) 
2.7 ( 3) 
0.7 ( I) 

9.2 ( 8) 
75.9 (21) 
11.3 (II) 

1.4 ( 21 
2.1 ( I) 
li.O ( 0) 
0.7 ( I) 
2.1 ( 3) 

90.6 (21) 
1.4 ( 2) 
0.0 ( 0) 
0.0 ( 0) 
2.0 ( 3) 
0.0 ( 0) 

11.9 ( 9) 
40.9 (18) 
23.0 (14) 
7.4 ( 9) 
3.0 ( 2) 
5.2 ( 2) 
5.2 ( 4) 
0.0 ( 0) 

97 .0 (20) 
1.5 ( 2) 
1.5 ( 2) 
0.7 ( I) 
2.2 ( 2) 
0.0 ( 0) 

13. 53 
fi6.88 
11.80 
~.68 

0.00 
0.53 
0.86 
l.JZ 

98 .17 
1.20 
0.51 

• 
2.31 
0.02 

0.0 - 40.0 
43.l - 04.8 
I.I - 23.3 
0.0 . 17.5 
a.a - 3.8 
0.0 - 6.7 
0.0 - 7.6 
0.0 - s.z 

92.5 -100.0 
0.0 - 4.2 
0.0 - 3.5 

0.0 - 13.4 
0.0 - 1.4 

---- -- - ·-- -- ----- ---- --- -- ------------------------------· - ----
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~ummary_<:>L!_~et a ~~S('!:~~~!'.C_n~_s~e I e ~'!.!_!'_><•~I ~'!_~lo~ 

Group : I 2 J 4 
(omround : Control -----· OAY k 5552 
Oosaqe (mq/k9/day) : 0 10 )0 100 
--
Group : I 2 

~umber or Foetuses (litters) examined: 157 (ZI) 146 (21) 

Ohservat I.ms :Grand Mean 1. foetal Incidence 11 (numhcr oF I lllcrs) 

lie a<f 

Small anterior Fontanelle. 
Med111m anterior Fontanelle. 
large anterior fontanelle. 
Incomplete osslftcatton of supra-occlplhl bone. 
lncomp:ete osstffcatton or tnterpartetal bone. 
Incomplete ossfFlcatfon of parietal bone. 
Incomplete ossification or sq11a1110sal bone. 
Incomplete osslftcatfon of frontal bone. 
Discrete unnsstrled area In frontal !tone. 
Incomplete osslFlcatlon of nasal bone. 
Discrete 1.1nosslfted area In haslocclpltal bone. 
lncompl~te ossification of basloccfpltal bone. 
lncomplt e ossification of baslsphenotd, 
crantopharynge~l canal enlarged. 

Incomplete osstflcatton or baslsphenold hone. 
Prcsphenold bone Incompletely osstrted or 

unosstfled. 
rronln-nasal suture enlarged. 
Incomplete ossification of hyold bone. 
l~olcl bone unnsslfted. 

~One foetus may have more than one observation 

I. 9 ( 2) o.o 1 01 
96.2 (21) 98.6 (21) 

1.9 ( J) 1.4 I Z) 
24 .2 112) 14.4 (IO) 
49.0 1201 40.4 { 18) 
0.6 ( I) 1.4 I ZI 
o.o ( 0) . 0.7 I I) 
1.3 ( 21 0.0 ( 0) 
0.6 ( I) 2.7 ( 3) 
o.o I 01 0.0 I O) 
o.o I 01 0.0 ( 0) 
o.o I 01 0.7 ( I) 
o.o I 01 0.0 ( O) 

4.5 ( 7) 7.5 ( 8) 
o.6 I I) o.o I 01 

1.9 ( J) 0. 7 I I) 
1.0 I 6) 5.5 ( 6) 

12:7 ( 0) 11.6 ( 9) 

J 4 

141 (21) 135 (20) 

0.7 ( I) 0.0 ( 0) 
99.3 (211 91.9 (19) 
0.0 ( 0) 8.1 I 21 

12.8 (II) 19.3 (If) 
40.4 (181 41.5 {18) 
o.o I 01 2.2 { I) 
o.o I 01 3.0 ( 2) 
0.0 ( 0) 1.0 I 21 
2.1 l J) 2.2 ! 2) 
0.0 0) 0.7 I) 
0.7 ( I) 0.0 OJ 
0.0 ( 0) o.o I o) 
1.4 { 2) 2.2 I ZJ 

11.3 I 9) 13.3 ! 8) o_o I o) 4.4 2) 

0.7 ( I) 4.4 ( l) 
9.9 ( 3) 5_9 ( 4) 
7.1 ( 0) 5.2 ( 61 

Control data 

193" 129 
roe studies 

Hean Study ranges 

1.33 0.0 - 11.2 
96.20 76.4 -100.0 
2 .46 0.0 - 23.6 

13.48 0.0 - 29.Z 
28.40 4.9 . 91.0 

I.JO 0.0 - 7.1 
0.84 0.0 - 4.7 
0.09 0.0 - I. 7 
0.43 0.0 - 4.6 
0.02 0.0 - 0.6 
0.12 0.0 - 2.4 
0.01 0.0 - 0.6 
0.19 0.0 - 14.3 

0.94 0.0 - 12.6 
0. I Z 0.0 - 5.4 

1.13 0.0 - 5.J 
1.26 0.0 - 25.0 
8.52 0.0 - 16.5 
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Fn Dams; Postnatal Phase 

There was a slight increase in gestation length in the 30 mg/kg 
(n.s.) and :LOO mg/kg (P< 0.05) groups, from a m<2an of 22.5 days 
in control to a mean of 23.0 days in the 100 mg/kg group). 
Although body weighcs of the drug treated animals tended to be 
higher than control, no significant intergroup differences in 
body weight were observed during lactation. 

F1 Offspring to 5 h'eeks of Age 

There were no compound related effec:..s at any clos,e level on 
number of stillbirths, litter size or sex ratio at birth, number 
of implantation sites, survival indices throughout lactation, 
body weight or body weight gain during lactatio11. 

There were no compound related effects on physi<:al development 
(time of pinna unfolding, hair growth, testis d~sr·ent, tooth 
eruption, eye opening and vaginal opening). 

There wc0 re no <0 ffects ot compound treatment, on duditory and 
visual function (tested on PPD 25), within-cage activity 
(measured by means of electronic detectors and infra-red light 
apparently on PPD 26 to 27), learning ability (water filled Y­
maze on PPD 27) and neuromuscular function (traversing flat and 
round rods, rotorod treadmill, mid-air righting reflex, fore- and 
hind-limb wire hanging and grid-griping ability en PPD 28-30) 
There were no effects on body weight or body weight gain to 
S weeks of age. 

F 1 Off spring Ben·1een 5 and 10 Weeks of Age 

Tl1e :!O males and 20 females per group, cielectecl at 5 weeks of 
age, were as,3e,~;,;ed primarily for phyciical and S•c>:tial maturation 
and reproductive perfonnance. 

There were no compounrl rPI at~ecl cc ft <'Ct s in malp,; c•r females on 
appearance, behavior, body weiqhts, mating peri:<)rrrtance at 9 or 10 
weeks of aqe or on fertility. 

In F 1 female:; killed on day 20 of gestation, tlH.'r•c was no 
evidence ot effectE; on irnplantc1tiGn, embryo/fet,1l :;urvival, fetcll 
weiglirs or plac;ental weiqhts. 

Nc"J CJl.():=;:-; pctll1c)1<>(JJ..' d})I1<J1-n1al1Li<':-; wt:rc~ (il)::.;er·v(~cl ir1 F. ma.le~~.; C)! 

f1.-:111,_il1·~-; t_-}1at 1tlr 1 r·r, <'f)rt:-;id(~J:--C'(l t·c) t)t~ 11_)l.11t'.\.1 t1) \ir(-111ne11t· cJi tl1P }•', 

[t-'l!l(J.1 (':~. 
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4. Embryotoxic and Teratogenic Effects in R.ibbits 

Report No: 7595 
Study No.: Not given 

Performing Laboratory: 

Dates Performed: 10/77 to 1/78 (first test) 
1/78 to 4/78 (second test) 

Quality Assurance: ThesP studies were performed prior to the time 
that GLP compliance was required. The investiga;~on; in Germany 
claim that to the best of their knowledge, the ;tudy was 
performed "according to the state of the art'. 

Test Animals: Sexually 
to 3.5 kg body weight, 
with males of the same 

mature female Himalayan r.chliits, around 2 
inseminated twice by meci le uf copulation 
strain and similar age. 

Procedure: Then" were two sepc1rate but relat.c'd ;tuclies in which 
batch 1/77, micronized Bcty k 5552 were used. In the first study, 
the test substance was administered oncP daily ')Y ;;tomach tube, 
as a suspension in a vehicle consisting of '60 l crnhydrous 
glycerol, 100 g demineralizPd water and poly<.,tlr;lene glycol 400 
to make up 1129 g•. Twelve or 13 doec'/qroup wei ·' treated from 
days 6 to 18 of gc?stal ion with dosec> of 0, 3, l l or 30 mg/1<g. On 
day 29, a C-section was carried out and each dn·' vhlS examined for 
number of implantations (no ddt.a on •:rn·r1orc1 Jut ·'er "ount), number 
of live and dead fetu:;es ar,d emb1yo:·;, Wt?Jght of l 1 tter and 
placentae. Ear.:}1 f t::il. us wa::-;; S(:OXE?.d, t lH:rL P:;..~,Jn1i rl(~(_'. f C)1· ext_errial, 
visceral and skel<?t·aJ anoma.liYs. Bec:dr1::•·· nf cl.i" r dH1a in 4 animals 
of the 30 mg/kg group and spontanenu:: .,tiJurl ion en :1

• of these 4 
does, a second study limited to O and lll mg/kq (n 12 or 
13/group), with a vehicle cons'.stinQ of 0.5% aq icom; Tylose, was 
performed. It was s1.1r;pected that the vehicle CCdtribut:ed to the 
diarrhea in t:he fir :3t study. ln all otl1P1 rec3p<· :t :: , the procedure 
was the same as in the first st11dy. 

Results of the Fi rr3t·. Study 

Materna.I Survivdl, C.1ini,-·dl Siqn.·; dncl /lccdy f>'o·i,1ht Gd.in 

One death at hiqh dn:1'<.' (clay 
Otl multiple dc1y::; 1 dc•ath ell 

to an int.ulx.itinn ,1r:cident. 

:?'/ rJ.C.) VJ<_!,; dt t r·if 
rnitl cJci.'it' ((L1\' '! p. 

it r.1<.l to diarrl1ea 
·.J w3s att1-ibut0ci 

The 30 1ncJ/kcJ d.cJ~->r· 11 (·,1u::;f~{-1" clia11}H'd 111 .'1 ,1nirnd]; (l, witl1 
ffilJltir>l(:; <Jay'._; <if (ii.ti Jilt'd 1 d11·:i; ! }j,. l r·JJi,!lll1Ilq f1,:1d diarrl1Ga QI) 

only l (l,_1y, e:~Jt11(~1 \lll d.d'i lti 1 11 l'/ f>.''.) .. '-)Il(HJ (-~JH?ous abortio11s 
occurr"d in l ck"' .11 \ rn•1/kc: (ri.1y .J', ''., .. I, l " 111 mq/kg (day :'8 
p.c.), .i11d ), al ltl 111q/kq (cl.,v:: I H "nd :: I; h"t Ii J,Jl cliarrLea). 
l'JcJI1t? c>i: t_hc• l'()Ilt t(l] \l(H·;; (ifi(11r1·tl. /\]1 li(\11rj}1 tfH :1 V/·l~-i c1n1't' <..JI1f'~ 
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more spontaneous abortion in the high dose group than in the low 
or mid dose groups, the investigators nevertheless suggested that 
the incidence in the high dose group was increased, and 
attributed this effect to diarrhea associated with the vehicle 
and treatment. The abortions at low and mid doses were considered 
to be neither treatment related nor significant because the 
observed rates were considered normal for the strain 01 rabbit 
used. 

Only females found to be pregnant were included in calculation of 
mean body weight values (N = 13, 12, 12 and 10 for control, 3, 10 
and 30 mg/kg groups). Decreases in body weight gain between days 
6 and 18 and over the entire period of gestation in all 3 treated 
groups were not statistically significant {See table on page 
105A) . 

Laparoscopic Observations 

There were no significant effects on mean numbers of 
implantations or resorptions per doe. The mean number of live 
male fetuses per doe was reduced in the 30 mr/kg group vs control 
(P< 0.05) resulting in a reduction in ratio of males:females but 
it was cons ic~ered to be a random occurrence. There was no effect 
on fetal or placental weights, and no increase in number of 
"underdeveloped forms" {i.e. fetuses lower than 2.5 g body 
weight). There was an increase in malformation rate in the high 
dose group; the high dose malformations occurred in the offspring 
of the three animals that had diarrhea and were suggested to be 
the result of maternal stress {see paqe:o 104 to 105.1\). 

Results of the Second Study: 

Maternal Surv"ival, Clinical Signs crn<i Body Weight Gain 

Diarrhea or other clinical signs did not occur in does of the 30 
mg/kg group, but one doe on 30 mg/kg died of an intubation 
accident {sometim<e between days 18 and 29, p.c., based on 
individual animal weight gain t:ables). Final results were based 
on 11 surviving does in each group. There was a decrease in mean 
body weight in the treated group, compared to an increase in 
control, between days 6 and 18 (treatment period), res·1lting in a 
compound re:ated decrease in body weight gajn over the entire 
gestation period. 

T}1(:rc~ Wl~rt~ nc> ('(JJH1HJU!1Cl rc~latf."r1 t::itf~?ct:-_-; ()It I)l'(~g11,)r1cy rc1t'.e, 

spontaneous abortirm rate, mean number of implantahons (corpora 
lutE!d Wf.._~1-c: llC)I ('(111111 !;("i) ()1 11\1 1• ff;I (11 ('('llilt", })llt ITH-?c1rl fetal 
Wc'iCJh' 11111 pL11·pnLc1\ w1·iql1\ V11·11· l"·.-;,·1 (l'"•0.0':)) and the number of 
"l1nc1c~t'{](-'.>\.rc,lc)!)C'd f-c1r·n1:-; 11 w,_1:_111ic1I1c1 1- i1' tl11' trPatt?Ci CJ'l'C>tl[). One-" of 

the c!11rn,; un lll mq lkq lud C, f<e\ 11c>1•,; vJi \ 11 "1 "due Pd mnl i l i ty". In 
t-_}1_i:-i :,cic·c11Hi :;t lH!y, t lll~r (' Wd~; IHl C't fi:t't l)tl :;r'x rl.1t ·i ti cit- birth, a~> 

f1d<i f>t-'Pll t)}):1EJIV1 1 <i iii t_l1P t·1r~-;1 '.·;t\l(ly. 'l'l1\'t1·· \\1(1::; ll\', 111crease 111 
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external, visceral or skeletal malformations in any treated group 
vs control (See tables on pages 105B, C & D) . 

Comment: There were indications of fetal toxicity at 30 mg/kg, a 
dose that was maternally toxic. For example, there was a 
reduction in live male fetuses per dam and suggestions of an 
increase in total number of fetuses with malformations and the 
total number of litters with fetuses that had malformations, 
compared to control, in the first c·tudy. The total number of 
runts was higher and mean fetal weights were lower than control 
in the second study. However, there was no increase in incidence 
of any specific form or class of terata and no clear indication 
that this substance was teratoqenic in rabbits. 
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BAY k 5552 Report No. 7595 

Incidence table of the findings of the fetuses# 

l'indin90 

MENINGOCELE 

TELENCEPHALON 
dyaplaoia 

CRAWN-HAND 
•li9ht 

TONGUE 
small/sharp/thin 

FORE-LIMB 
abnormal position 
arthrogryposia l ( l) b 

MULTIPLE MALFORMATION 

CLEFT PALATE 

HDTILITY 
reduced 

3 mg/k9 

l ( l) 

#on individual basisi values in () or 
a = first study / b ~ second study 

10 m9/k9 

l ( l) 

.!r basis 

l(l)a 
1(1)./l(llt 

l ( l )./' 
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BAY k 5552 Report No. 7595 

Individual clinical findings of the dams 

~ animala without tindinga are not liated 

Dose 

(mg/kg) 

0 
(lit 
atudy) 

3 899 abortion on day 25 p.c.: 3 placentas 

10 876 abortion on day 28 p.c.: 4 fetuses with pla-

30 
(lSt 
study) 

0 
(2nd 
study) 

centas 
896 found dead on day 9 p.c. (lung application) 

877 

861 

885 
905 
921 

925 

abortion on day 27 p.c.: 3 fetuses and) 
cent as 
on day 13 p.c. red bordered eyes 
on day 16 p.c. scratch wounds 
on day 17 p.c. diarrhea 
on day 17 p.c. diarrhea 
on day 18 p.c. diarrhea 
on days 17 and 18 p.c. di• 
from day 24 p.c sick, rP stool 
on day 25 p.c. bloody .1on 
found dead on day 27 
abortion on day 18 3 fetuses 

30 950 from d· ,c. sick, decreased feed consump-
{2nd tion cool 
study) on dY between day 18 and 25 p.c. 

( ~a 

J dead on day 25 p.c 
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R e t 5 0 f t. b e C a e ~ a r e a n s e c t i o n 

Mean ~ of th~_groups i!_nd standard deviations lat study 
~ lhr ~ean fetal and p~ we\qh~s given ln the rC'port no. 7595 were caculated by adding ell litter weight9 

~ese sums by the number of fetu~es or p\ocentas per group. Jn the following two 
~e~ with "a•. 

Dose 

••f l9 

0 

J 

\0 

JO 

of the group and by di~ 
tables these •ran value' 
Fer the calculation of the 
f1r't and were u~ed for furtt. 
m•rlled 111'1 tti "b•. 

\.leight gain {gJ 

deviation the mean fetal and placental weights per litter were calcu\ated 
ulation. Mean fetal and placental weights obtained by this procedure are 

M u m b e r- o I f e t u 1 e 1 

during Number [per ,, Mean - weight [9) with Minor 
with mal· runts 

treatmt!'nt f (" t u •• of of skll!letal 
prtgn•ncy period 

i1t1pl. MBlf' femalt 
l"~'i.. 

fl!tUSl!S plact"ntas deviations formations 
< 2Sg 

-
\b&. 2 25.a 7.6 J.2 J.5 6. 1 36.64

8 
4.37

8 o.oo 0.08 0.6Z 
J6.96b 4.J7b 

176. 4 140. 2 1. a 2.0 1. s 2.0 1. .. 12 0.61 o.oo 0. 2& 1. JJ 

109. 2 5.0 6.2 2.J 2.9 S.2 1. 0 t..'>o• 0.00 o.on 0. 17 
lb "'.sob 

e6.5 ar.2 2.2 I. 4 , . 1 2.a I.' 5. 9~ 1. oe 0.00 0.29 0.59 

'2 l. (\ 7.5 a.o l.O J.9 6.9 I. , 14. 70
6 • 0.00 0.08 0.25 

35. 11b 

ID. 1 75.9 1.6 1. 5 1. 9 2.5 2.2 J.92 o .. 0.00 O.Z9 o.ar 

, 12. 5 0.5 5.9 , • '5 .. 2.4 l.9 2.0 l 7. 21• 4..76
8 ·o 0. 40 o.oo 

37 .44 b 4.?6b 

135. 5 IH.6 1. q 1.1 1.9 2.6 2.7 l.94 0.17 ' 0.10 0.00 
- --

• •\gn,f\~ant d\ft~r~nce to control. p < 0.05 

* * Res. lS the abbreviation for resorptions, 
defined 

which ' ')Onsor 
as the total of resc1rbed embryos and dead ·es 

;"' 
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0 
en 
" 
z 
0 
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N 
0 
I 
w 
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DAY k S5S2 

t'o'>e 

l'lg/kg 

0 

30 

R e t • 0 f t b .. C a e s a r e n n 

~-~an~"~ q_Lt_~~_gf_Q_!lp9 anr1 Stitndard ~~_yj_.:!.!_i_onn 

'Ill!' i 9hT 9•·~ [9) 

during Nu• da111J of Mf'i'ln · ..,,.. • ght (g] 

' . . •• of of t rl!'111t111rr.t 
impl. prr9n11ncy 

pl"r iod 11111 I(_ toted 
r I!''>• 

f l!'t USl!'S placrntas 

~-~---~~--~---

.?OC!. 9 38.2 7.0 l.2 3. 0.6 16.94
11 

4. 25
11 

37.SOb •.21b 
1.?!LO 62 .7 2.5 1 • s 1. 9 . ' . 7 3. '9 0.41 

, 31 .8 -47.6 6.9 2.8 3.0 1.8 34.07
11
* 3.77 8

• 

... Q') b l.77b 

136 .4 118.6 1.4 1.9 1.2 1.6 1. 1 1 0.12 
------~-~------- -------· 

•significant diffrrrncr to control, p < D.05 

•• Res. is 
defined 

the abbreviation for resG 
as the total of resorbed e1, 

Report No. 7595 

Sf!ction 

2nd study 

N u m b r r 0 f f • tusrs 
w1th minor 

with mat· s.!rrl rtal runts 
formations 

d~ ... iations < 25g 

0.00 0.09 0.00 

0.00 0. 30 0.00 

0.00 0. 18 0.64• 

0.00 ~.40 0.81 

•ns, which the sponsor 
' and dead fetuses 

o;" 

'!2 

~ 

v1 
-:=-

:z 
0 
> 

~ 
I 
w 
'-" 
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Individual necropsy findings of the dams 

~ animals without findings are not listed 

Do•e Oa.m-
(mg/k9 J No. 

0 
(lat 
study) 

3 879 
899 

Finding• 

gall bladder congested 
colon distended and filled with dark brown-red 
fluid, liver light and brittle, distinct lobu­
lation, gall bladder congested 

10 896 thora=ic cavity filled with fluid, organs 
a~tolytic, pregnant 

--~t-lu;s~~y--)i--~;~- -~:~~-:~:~~:;-~~~;:~~:~~-~=::;-~=;~~--· 
brittle, intestines filled with g- liquid 
brown-red paste, preqnant 

_;;:l,,] __ :--:1:--::-_:---:_:_::::::_-------________ -:_-:::::: 

30 937 
! 2nd 938 
Study) 

9 .. 9 

950 
<; 5 5 

956 

967 

968 

tatty ti.ssue of the 
t..:~er'....ls a.r:omaly 
St-.;dy 

j chondroid hardened 
excluded from the 

gall t:ladder ,. 
di.ed as a rr 

~ed, knobby Gurface 

s'l.:.!.)derrral 
the abd(' 

~f lur.9 application, pregnant 
tissue ch0ndroid hardened ln 

region 
subder ~tty tissue chondroid hardened in 

the .nal region 
s,.· ~l fatty tissue chcndroid.hardened in 

... dorninal region 
bladder congested 
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Report No. 7595 

Oral Da?ll 
No. of 

nose No. Malformed Malformation 
(mg/kg) Fetuses 

0 902 l Men1ngocele 1111d telencephalic dys-
plasla. 

3 903 1 Dysplll>lla of the tongue. 

10 926 1 Abnormal skull form, twisting of the 
umbilical cord, dysplasia of a liver 
lobe, abnormal bone formation and 

First 
dysplasla in the sternum. 

Test 

30 881 2 1st fetus: Cleft palate 
2nd fetus: Abnormal position of the 

right front leg, 

885 1 :Multiple malformation (including 
cleft palate, fissured chest and 
stomach, spina bifida, ectrodactyly, 
abnormality of the cars), 

905 1 Arthrogryposis of beth front legs. 

0 951 1 Arthrogryposis of the left front leg. 

Second 30 943 ) Abdomen, pelvic girdle, and rear 
Test limbs rudimentary; cleft palate, 

ectrodactyly or adactyly of the front. 

956 l Arthrogrypos!s of the right front leg. 

NISOLDIPINE COAT CORE NOA 05 02 00028111 
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5 .. Teratogenici ty St .1dy l n Cynotn<J lgus Monkey 

Bayer Study No: T 3 022 847 

Pertorming Laborato• 
I• 

.Sponsor 

Dates Performed: :: l I k 7 (> h;J6;87 

Q1..1alicy Asst1rc1n<:e: ,\ s1~1r.c·ci ~-;r ,--.1tArne11t of GLP cc.);1pl 
inc·ludecl. T}1t~· :3t ctt r--'mf~r1t r.1 Jt t':; t_ wci tit=->v1nt i(Jn.s t ~ ()·1: 

l ar1ce w~1s 
21CFE l \ 

"tl1P ~.:Jtc-tt)ilitj.' CJ[ tllf~ v•:-;t .1! Ji;}p/(',i!'Y-1··'! ffilXt;ir f1ad nr1t been 
<)Pt PI"Il1iflt-::'<1 ,-11 ).f' t l~~ti"• rit t:·· ,;t \l,i'/ 11 ' cl!, .:) "t l';P f ir1 .. :.1l l"f'i)l~'Yt (_jf 

t ht::. , 'CJ!"! t , I l l, 

. ; l i l I: ; f 'I • t - ( ) ti L_ t'. • 1 Hr_, 

I !1•. .l ! I 

,-,t 

f 11 • ! Pl' ·;I cl l J) ! ( 'i ; 1 ! _, (_i:: r l ri,: I l 

'' ~_ tl'' infcirn·,~-tt l-:Jn :1)~1_·i fied :.r1 

. ,. 1 r : 

l I ' • 1_ 1 • _ _) ! ; : 

: I-' I n. > ;.; r 111 • · 
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Results: 

Spontaneous Abortions, Clinical Obsen·1tions and Mortality: One 
control and 1 hig~ dose monkey were fo nd to be not pregnant, 
thus leaving 11, 10 a;1d 11 monkeys in control, lcw and high dose 
groups, respectively. Incidence of abortions and deaths are 
summarized below. 

se #(Gp* # Abortior:s #d¢~ths 
/kg ~-
ntrol 11 6 (GD 26-56) 3 (GD 21-99) 

30 10 ., (GD 28-53) 1 (GD 43) I 

100 11 8 (GD 33-59) 5 (GD 27-88) 
Inc u es on y pregnant an1ma s. 

::;ymptoms included he.··· bleeding (followed by abcrtion), reduced 
tood intake, diarrhe" .cl vomitin'o). Symptoms vFore observed only 
during int··i·.als of treatment, and included animals in the 
conrr'Jl qro1.l[J. l\11-~:.0 1__:_gt": ci11 of t11-:: SJ'lt1f)t.ui.\°1~~ wt~,~ scr!cz·c.lly ffiCr~ 

frequent or ot longu· duration in drug treated monkeys, they are 
considered to be due to treatment with the vehicle. 

Two of the 3 control animals that: aborted, subsequently died. ·rhe 
increased incidence of spontaneous abortions and deaths in the 
100 mg/kg dose treated group were considered treatment related. 
(See comments on next page.) 

Tlw dPath of an addit·ionai animul in the high d•Jse group which 
wac' found t.o lP n(Jt prcc:qnc..•t and i .3 not included in these 
r•::;.;t1lt:~ 1 'v\'.::i~·· ul:-,u ~<jf1sicif~1:ed tr..> lJi-, t1'eatrnent reLate:J.. C&u3es of 
cle.:ith in tl'.e 3 pregnant control monkeys included gastro-· 
enteritis. caLarr·hal enterit.is and "sign,; of asphyxia". Of the 
drug treated animals which died, the one in the 10 mg/kg group, 
and 4 of the ') in the 100 mg/kg c;roup, each h"lci a volvulus (an 
i;1te,3tinal obsll uction clue to twisting of the l:;.J;el); 3 of these 
animals (all high dose) exh1hit0d abdominal dis~cntion shortly 
before death, und one of the~'''° 3 had acute catarrL.::l enteritis. 
A volvulus Wds considered to be a co1npound rela~ed cause of 
death; no volvulus was seen in any control animals. 

Blood Analyses: Blood samples were taken from each 
20, 27, 34, 41, 48, 5'5, 62 69, 76, 83, 90 and 97. 
on blood analyses of any kind could rot be found. 

monkey on GD 
However, data 

Fetal Examinations: External, visceral and skeletal findings for 
"ach surviving fetus are shown on the page which follows. In 
snite of the very few surviving fetuses (3 contrcl, 2 mid dose 
and l hig.1 chS".!), the invest~qat:ors conc1 'lded that the external 
and skele~al malformation:o seE.m in the sole surviving high dose 
te•us were druq related and were due co severe rraternal 
toxicity. It ~~s claimed ll1at these n~lformatians had never 
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before been observed in controls. 

Fetal Organ Weights: Although weights of 10 or 11 different fetal 
organs with means (and standard errors only for controls) are 
presented in TablE 4 and Appendix III of the report, statistical 
compari:o·ons wer•= obviously not possible (only one or two 
surviving fetuses in the treated groups). 

Comments: It should be noted that the control incidence of 
symptoms, mortality and spontaneous abortions were "unusually 
high'. Althougl1 the investigators attributed the higher 
incidence of abortions and deaths i.1 the high dose group to 
treatment, Ll1ere are no indications that the differences were 
statistically '3Jgnificant. The animals used in t~he present study 
were feral mor1keys. It seems reasonable to suggest that there 
may have been an int~raction between disease or parasitic 
infe;3Lations (often inherent in feral monkeys), stress of 
handling or control vehicle administration, and treatment with 
the high do;;e, which would confound the outcome cf this study. 
The monkey i:; not a commonly used model for rern-cductive toxicity 
tests and there is lin1ited background information. The limited 
number of off::;pring (usually one per monkey) ic; considered to be 
rJ disadvantc:c;e fo, using this species for this type of study. 
The high mortalit.y and abortion :cates, evPn in central animals, 
further limits the usefulness of this study. However, the ._)nly 
c3urviving fE't\l~o in the in the high dose group s!1cwed · 
malformations "which were never before observed in control 
f P-tlJSf::?~:J II. 
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Group 1 - 0 mg/kg 

Fffrl It Fetui Type of de feet 
n.-er 1 l tve 

Ut1,..n11 ftndfn91 Vf 1cer11 ff ndf ngs Si1 lettl ff•dfn9• 

33797 • bent tat l end ltft •dl"en•1 11v1r1ly 6th t<> 10th 1nd 12th rfb on tM 
enlarged right 1fde Ind 7th t<> 9th rfb O·> 

tne left 1fdirr of uneven thfc:Xne11; 
4th to 'th •ttrnebr1 not oa11tted, 
7t" 1t1rnet>r1 fnc~1etr1y 01sfft1d 

333Sl • no abnoMM1itt•s no ab~~liti11 ditttcttd Sth t<> 11th rfb on the rf9ht 1fde Ottected Ind •t~ to 11th rfb on the left 
tfde of uneveri thickness; lit to 
7tn tternebr& not c111ft1~ 

25980 • ne 1b"CrNlftirs no 1bnorTi.1lftt11 oetect•d Sth t<> 11th •fb on the right 1fde 
Otteeted Ind 6th to 10th rfb on tM lilt 

1f0t of uneven th;c1cne11; 
6th 1ternebr1 not 011f ft1d and 
7th 1t1,..~br1 tncomp\1t11y 011ifi1d 

1. 9 

I 
• ne tb~r"'IMlftirs no vt 1cer11 fr1v11tf91tfon no lkt l 1tf 1 fnvestfg1tfon d~e Mtec:te-d ove to c1111ri1~ aeet1on to c1e11rl1n aeetion on dfy 76 p.c. on d1y 76 p.c. 

Group 2 · 30 mg/kg 

Fl"Mlt Fet1.1s. Type of defect 

nvl'!\ber 1 \ t vt External ftndtn91 Vt1eer1l ffndfn9• Sktlet11 finding• 

I , .. :3e • pr1pu~ not ... 1bno,....11t111 O.tect•d di1pl1eed zy901t~le; Sth to 11t~ 
p1ttnt rib on th• rt9~t a'idt 1r1d lltt'I to 

11th rtb O"I the left aicte of u~e~tn 
tl'ltc1tn111; lat to 2nd ind 6tt'I to 
7~h at.1rnebr1 not o's.\f itd 

3• 73) • I btlnt ut 1 end rio &br'IQ,.,...,11tt11 Oetected p1riet.1l1 i"C'Oft1Plet1ly 011tfftd; 
6th to 13th rib on t"' ri9ht •iO< 
and 2nd to Jrd, 7tri to 11th an.: 
13th rtb on the left 1; ck of unevtn 
t~tck"'lli 2nd and it" t.c 7t.h 
1t1rntbr• not 011tff1d 

. 
Group 3 - 100 mg/kg 

female Fetui 
Type of di ftct 

number ,, 1 ... , 
U t1rn1 l ftndtng1 Vt 1~r1 l ft"dtn91 Si1lrttl ftndtn;• 

3• 00 0 • 1 eft fortl\mb 1ppe1r1 thinner no 1bno,...lttte1 1ddtt•on1l 011t ftcatton 1lt1 
th1t1 rlOl"'lfllli tt11 •"orttned dlttcted btt"'911Hn the Nt1c1l".>tl1 of tM 
and ;,,.,,,.d,, curved tatl end; 2r1d '"d ]rd ftr19er, tdditional 
onl~ t~rtt ftn~r1 on th• ftn91rn1\l o~ the lr~ ftn9rr, 
le ft 1~dt and 3rd ftn9er ~fth proatW11l pNitn.a of the 2nd 
two na' I• and )rd f~n9er •nd .. dial 

phl1tn• of ttw )rd ftn9er on 
ttw left 1t 0t •DrlOl"Wltlly 
developed; tht l11t three 
coccype11 v11"tebr1 .. 
1a)"l'f'Wtrtc1ll) 1nd 4ne~lttely 
oa1tfted; 5th to 11th rtb on 
the rf9M 1id< •M 7th ta 12th 
rtb on the left ai6e of untvefl 
t.h1 ckn1a1; 1at ~o )rd 1nd 6th 
to 7tri 1t1rMl not oa1t f~ed 
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6. Perinatal and Postnatal Effects Following Oral 
Administration to Rats 

Study No: Tl002153 

This report is accompanied by a "first amendment to report no. 
12801 A", dated 8/14/93. Tables in the original English 
trar.slation of the report were of very poor quality, not well 
organized, not legible, and contained errors in translation and 
typing. Some of these faults are listed in the amendment under 
the "rationale for the first amendment". 

Performing Laboratory: r 

Dates Performed: May 1981 to October 1981 

Quality A!osurance: No statement on GLP complidnC•" was found in 
the oric;irwl report. In the amendment, it is claimed, " ... there 
WF'1e no leqally binding GLP regulation!o .in force>" durinr1 the 
time that thic, study w:"'" performed. 

Doses Tested: 0, 3, 10 and 30 mg/kg. 

Test Animals: Mura:WIST (SPF 67 Han) female rats, 11-14 weeks of 
age and w•"ighinq 177-240 g, were mated with stock males of the 
same strain. 

Procedure: Presumed pregnant females were dosed orally by gastric 
-1ntubat ion from ge!cotation day (GD) 16 to postpartum day ( PPD) 21. 
Half the female-es in each group were C· sectioned on c;o 20, the 
remainder were allowed to litter and i·ear their young to PPD 21. 
(if thcc C- !oect iCJll<~cJ clflim,·1] !3, approximalely 1/3. of all the fetu~3eS 
ir1 each group were •:xamined for visceral anomalies by the Wilson 
technique, the remainder were evaluated for bone anomalies by 
staining with Alizarin red. The abdominal and thoracic organs of 
animals selected for bone anomaly examination were removed and 
"evaluated". 

Test Subst:.ance: Batch No. SIG 923. The vehicle consisted of 
Lutrol 400, anhydrous glycerol and demineralized water in a ratio 
of 969:60:100. A pr~paration o~ 0.6% nisoldipine was tested for 
!3tability and •vas found to be stable after 7 days. 

Effects on All Preqnant Females: There were two deaths, one at 3 
mg/kg (cause of death not determined), and one at 10 mg/kg (died 
of pneumor1ia), but no treatment related effects on mortality or 
clinical signs were evident. A small b11t significant decrease in 
body weighL gain was found for tl1e dams at 30 mg/kg (both the c­
sectioned and rearing groups) between tte first day of 
aJrninistr'ltion (GD 16) and GD 20 (See tables on pages 113 & 
113A). Body weights of the low dose group of the C-sectioned rats 
were significantly higher than control througho11t gescation, even 
on GD 0, but obviously this was nor. a compound related effect. 
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There were no compound related effects on reproduction parameters 
(percent inseminated, percent with implantations, etc.; see table 
on a page 114), nor were the:Le any effects on gross pathology. 

Examination of C-Sectioned Females: There were no effects found 
on mean number of implantation sites, live or dead fetuses or 
resorptions per dam. Furthermore, there were no effects of 
treatment on sex distribution, mean placental weight, number of 
runts (fetuses <3 g), or frequencies of external, visceral or 
bone deformations. A decrease (P< 0.01) in mean fetal weight at 
the 3 0 mg /kg dose was evident (See table on page 115) . The table 
which follows immediatelv below is a summary of malformations 
found in .111 4 groups, c~pied from the original report. 

6roup 

Control 
3 11g/kg 

10 111g/kg 

30 ag/kg 

1>1111 No. 

2995 
284 9 
2852 

2991 

Nu111btr of 
changed f ottusts 

1 
1 
2 

1 

no t1il 
Otoctph1ly 
slight dil1tion o1 tht 
l1ttr1l vtntriclt of the 
br11n 
Cryptorc~ism 

Effects on F. Dams Allowed to Litter: There were no effects on 
duration of pregnancy at any dose level. The report indicates a 
significa'.1tly higher number of implant·ations per dall' in the high 
dose group (probably incidental and not treatment related ) , and 
no effect on prenatal loss (implantations - surviving and dead 
pups). Complete litter losses were reported for 2 dams in r:he 30 
mq/kg group (both dirl not suckle their young), and for 1 i:1 che 
10 mq/kg group (devoured its young during the 3rd week), but 
normal lactational behavior was observed in all other dams (not 
shown in tables but indicated narratively in the original 
report). 

Effects on F, Offspring: There was an increase in number of 
stil.oorn pups, and a dose related increase in mortality o• the 
newborn oups during the first week postpartum in the 10 and 30 
mg/kg groups (See table on page 1158; no statistical analysis). 
The birth weight and the weight increase during the 3 weeks 
postpartum were both significantly reduced in the 30 mg/kg group 
vs control (See tuble on page 115C). The report claims no 
compound related effects on appearance or clinical signs of the 
F, offspring. In the maturational development tests, there were 
no effects of treatment on time to pinna unfolding, appearance of 
fur or eye opening, hut there was a slight delay in time for 
norTT\al walking in ,he 30 mg/kg group. FoL· the functional tests, 
there was no effect on pupil lar.y ref lex ("fol lowing a light in a 
darkened room"; age when given is not stated), and no effect on 
hearing (stimuli from a Galton whistle ''at the end of the 
lact,,tion period"). Running performance on a running roller 
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( sen:;omotor behavior or propt~ioreceptor ref l exe:3) was 
considerably reduced in the 3 mg/kg group, but thicl was 
considered an incidental finding because there was no effect at 
t~e 10 and 30 mg/kg dose levels. For the F1 generation fertility 
test, 1 male and 1 female in each litter of the control and high 
dose groups were reared to 10 we"Oks of age, then mated. There 
were no differences between the 2 groups in rate of insemination 
or fertilization, duration of pregnancy, total :1umber of live 
male or female pups at birth, body weight of pups or pups with 
Rxternal defo1·mitJes. 
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PERI- AND POSTNATAL-STUDY BAY K 5552 TJD02153 

WEIGHT DEVELOPMENT (G) OF THE FEHALES UNDERGOING CESAREAN SECTION 
GROUP HEAN VALUES AND STANDARD DEVIATIONS 

INVESTIGATION 0 IVi/KG 3 HG/KG 10 HG/KG 

WEIGHT GAIN 

DAY 0 - 16 P.C. 59.8 64.4 60.l 

9.6 9.9 11. 1 

DAY 16 - iJ P.C. 38.4 40.2 39.2 
10.2 8.0 6.6 

DAY 0 - 2D P.C. 98.J 104.5 99. 3 ' 
16.4 lG.J H.6 

BO!JYi-.'E!GE':'S DURING GESTl\TJON 

DAY 0 P.C. 201. 0 210.0• .8 

11. 8 l?.. 2 ... o': 

DAY 16 p. c. 2 60. 8 274.4' 2 61. 9 
12.9 16 16. 9 

DAY 20 f•. c. 299.J 30 l. l 
20.8 0 20.6 

• SIGNIFICANT DIFFERENC' vNTROL, P < 0.025 
s:c;~IF:CA.NT DIFFER.ENC CONTRUL, p < 0. 01 

30 HG/KG 

57.8 
10.3 

J.8 
12. 5 

203.1 

11. 3 

260.9 
16.5 

293.9 
16.8 
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PEH1- 1\.ND POSTNATAL-STUDY BAY K 5552 Tl002!5J 

WEIGHT DEVELOPKENT {GJ Of THE Dl>.HS 

GROUP HEAN VALUES AND STANDARD DEVIATIONS 

llNEST IGAT ION 0 HG/KG 3 HG/KG 10 MG/KG 30 HG/KG 

---------~------------------------------------------------------------

WEIGHT GAIN 

DAY 0 - 16 P.C. 58.4 
!l.6 

DAY l& - 20 P.C. 39.5 
8.2 

DAY 0 - 20 P.C. 98.4 
15.2 

BO~Yl-.'E.:;:GHTS DURING GES:ATlON 

D"V r.. D l-'. c. 204.3 

10.6 

DAY 16 P.C. 262.8 
l i'. 6 

DAY 20 ?.c. .102. 8 

21.0 

BO~Y~E!GHTS ~~Rl!~G ~ACTATION 

o· .... 
'" 1 

'h':::E:K 1 

WE Er: 2 

; 

P.P. 

P.?. 

p. P. 

236.8 

15 

.o 

270. 8 
2 D.) 

264.6 
15.4 

60.1 61.2 

7. 8 12.8 

3 7. 7 35.6 
7.6 8.0 

97.8 96.8 
12.5 16. 4 ' 

202. l. J 

10.0 l. 6 

262.2 264.l 
15. 20. I 

c 299.7 
23.l 

240.0 239.7 

l l . 7 .: i. 7 

267. 6 264.l 
16.8 21. 3 

274. 5 272.8 
1J. 5 2 l. 2 

262.2 265.l 
13. 5 17. 5 

.lGNIFIC/\NT DIFFEEENCE TO CONTROL, P < 0.005 

61. 7 

10.7 

33 

. 3 

d.6 

205.3 

11.:. 

261.0 
15.6 

300.7 
16.8 

236.6 

17. 7 

262.6 
16.8 

276.3 
19.2 

266.0 
14. 6 



PER!- l1~JD POS1'Nl\ ..... ~. 'UOY BAY K 5552 

t~UHBER OF l\NIHALS 

Ot'\}';S 

DOSE 

[ ~G / ~'.G ] USED N 

0 25 25 
J 25 25 

10 25 25 
JO 25 25 

"SULTS OF 

WSEM!N/\TEO 
1. OF THOSE !'< 

USED 

100.0 21 
100.0 20 
100.0 23 

100.0 20 

THE STUDY 

'I E R 0 F 
~PLl\HTl\TIOtlS 

·~ THOSE 
'INA TEO 

o, 
92"' 
80.0 

------------~-------------------------

'\NIPJ.I.;; L;NDERGOitlG CESAREAN SEC:'ION 

DOSF. 

I MG.IKG I 

0 

J 
!1 

JO 

USED 

25 
25 
25 
25 

INSEMINATED 
N \ OF THOSE 

USED 

25 

25 
25 
25 

100.0 

100.0 
100.0 
lCO.O 

N U M ll E R 0 F 

WITH IMPLT\.NTATIONS 

N "!. OF THOSE 
INSEHJNATEO 

20 
20 
21 
23 

80.0 
BO.O 
04.0 
92.0 

F E M I\ L E S 
Tlli\T LITTEJl.ED 

N \ OF THOSE WITH 
IMPLANTATIONS 

20 
20 
2) 
?0 

F E M , 

WITH fOi... 

95. 2 
100.0 
100.0 
100.0 

' 
N ' OF THL 

20 
19• 
19. 
22 

IMPLl\NTll. 

100.0 
95.0 
90.5 
95.7 

-H 

• ONE FEMALE D!ED BEFORE CESllREl\N SECTlON 

T100215) 

THl\T REl\REO THElR PUPS 
N 

20 
19 
22 
17 

\. Of' THOSE THl\T 
LITTERED 

100.0 
95.0 
95.7 
85.0 

'D 
cc 

cQ 
(]) 

f.J 

>-' 

"' 
z 
0 :» 
N 
0 

w 
\.J1 
(J\ 



PERI- AtlD POSTNA. . ·:oy 

RF:SULTS OF THE. CE.Sl\h .SECT10N 

WEIGHT Gl\IN {GJ NG 
DOSE 0-20 16-20 
{~G/KGJ IMPL. 

P.C. P.C. 

--------------------------------------
G 

J 

;o 

20 

?8.J 38.5 

l 0 '~ . 5 40.2 

99.3 39.2 

90.B• 33 .o• 

SIGNIFICANT 
SIGNIFICANT 

••• SIGNIFICANT 

11.0 ~ . 1 

11. 4 s. 1 

10.2 4.5 

10. 1 5.J 

D If'fERErlCE 
DIFFERENCE 
DIFFERENCE 

nt1Y K s:)s2 

( ~F l\tl VALUES) 

(PER Dl\M) 0 F MEl\N-WEIGl!T 

FEM. 

5. 

4.9 

4 • f, 

TO 
TO 
TO 

SUM LOSS 

10.3 0.7 

'.6 0.8 

0.8 

9.';, 

IN GRAM11S 

FETUSES PLACENT. 

3.SO 0.50 

3.52 0.52 

3.54 0.53 

3.38 .. 0.49 

CONTHOL, P < i... 

CCNTROL, P < 0.~ 
CONTROL, P < 0. £. JL. 

Tl002153 

NO. OF FOETUSES FOETUSES WITH 
EXMINED BY MINOR SKELE- MALFOR-

WILSON Dl\WSON TAL DEVIAT MATIONS 

3. 1 7. 1 4.80 0.00 

J. 3 7.2 6. 11• ... 0.05 

2.8 6.9 4.68 0.05 

3.1 7.2 4.73 o.os 

NO. CF 

RUNTS 
! <3G I 

0. EO 

0.: 8 

0. :2 

0.91 

"O 
Q; 
£) 

1l· 

r 
~ 

u" 

z 
0 ,., 
tV 
0 
I 

''-" 
'Jl 
CJ' 
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PERI- /\ND POSTNAT/\L-STl'~Y BAY K 5552 Tl00215J 

PRENATAL LOSS OF THE RE/\R!NG ANIH/\LS 

V/\LUES AND ST l\N D l\RlJ DEVl/\TlONS 

DOSE 0 HG/KG DOSE J HG/KG DOSE JO HG/KG DOSE JO MG/KG 

-------------------------------------------------------------
0.7 
l. J 

r.'U.~BER OF 

0.6 
0.9 

IHPL/\NTATIONS OF 

ST/\ND!\RD 

0.7 . 
o.e 

THF .s 

.rIONS 

DOSE 0 ~G/KG DOEE 3 HG/KG .0 MG/KG 

10.J 
2.e 

Dl .. TION 

VALUES 

DOSE 0 HG/KG 

Of 

9.9 
0.9 

PREGNANCY JN 

J0.5 
o.e 

DAYS 

AND STl\NDl\R!J DEVIATIONS 

DOSE J MG/KG DOSE 10 HG/KG 

l. 2 
l. 2 

DOSE 30 HG/KG 

11. 0 ... 
l. 2 

DOSE 30 MG/KG 
--------------------------------------------------------------

2 l. 8 

0.7 
21. 9 
0.7 

22. 0 
0.6 

22.0 
O.B 

--------------------------------------------------------------
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PERJ- l\NO POSTNl\Tl\L-STUDY 

Dosr Total numt..tr c~ dud young af ttr Total numbtr ~Numbrr of 

c r-.;;n c > 
of young <sur still-bo~n 

l werk 2 week~ l weeks 
~i~i_n.$1..:_j!!EJt9~~S--------------- ------------ --------·--- ------------! 

Control zoj 3 ~ $ s 
3 :.a• ~ ' ' ' 

1 0 zi. 4 ll l3 23 

lQ l H za 3, 

------=~-~-1~~-3.:~~ ----- ----------- ------ ------
NUHSER AND WEIGHT OEVELOPP~NT OF THE VIABLE PU~S 

GhOUP KEAN VALUES PER LITTER AND STANDARD OEVIl\TIONS 

INVESTIGA1 !ON 0 MG/KG 

NUMBER OF PUPS 

AT BIRTH TOTAL 10.0•• 
10.0 

2.5 

AFTER 1 h'EEK TOTAL 9.9·• 
9.9 
2.5 

hF'!"~R 2 l<EO:S TOThL 9.9•• 
9.9 
2.5 

9.9•• 
9.9 
2.5 

~EIGHT [G] OF THE VIABLE PUPS 

117 BIRTH 5.9 
0 

AFTER 1 h'EEK 

. 2 

11F1ER 2 h'EEKS 24.2 
3.6 

AFTER 3 lo.'EEV 37. 5 

6. l 

3 HG/KG 

9.6•• 
9.6 
2. 2 

9. s• • 
9,5 
2. 1 

9. s .... 
S.5 
2. 1 

s. = ... 
s. ~ 
? 

6.1 
0.5 

l4. 2 
l. 1 

2 5. ~ 
2.3 

39.5 
3.S 

10 MG/KG 

9.6•• 
9.7 
l. 9 

9.3•• 
9.J 
2.0 

9.7 
0 

9. 2 •• 
9.2 
2. 0 

6.0 
0.6 

14 .C' 
l. 7 

25.0 
3. 3 

,o.o 
5.1 

JO 1-<G/l'.G 

9.6•• 
e.s 
3. 1 

9. 5 ... 

9.5 

9 . 5 •• 

9.$ 
: • 2 

S.2 
C.6 

'' ' 
l. 6 

20.6 
2.6 

32.6 
4.4 

·----------------------------------------------------
•• Qt" .0M DAMS "HlCH SUP.Vlvt:D UNTIL THE EllD Of THE EXPERIKENT 

"GE Vl\LU£) 
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PfR!- AND POSTNATAL-STUDY 

NUHBER AND h.ElGllT DEVELOPKENT OF THE Vl!IBLE PUPS 
GROUP HEM VALUES PER LITTER ANO STANDA!Ul Dt:VlATlONS 

!NVE S TI GAT ION 0 MG/KG 3 HG/KG 10 MG/1\G 30 tiG/~.G 

------------------------------------------------------------------
NUMBER Of PUPS 

AT BIRTH TOTAL 10.0 
2.5 

t'.ALES 5.8 
2.l 

fEt'.ALES 4.2 
l.6 

hFTER l WEEK TOThL 9.9 
2.5 

t-'J"LES 5.8 
2. l 

FEl'.ALES 4. 1 
.:. . t. 

AF7EF<. 2 WEEKS 707hL 9.9 -.... 5 

!-'.ALES 5. 8 
:; . 1 

FEP.J\!..ES ..: . 1 
1 . 6 

AFTER J WEEKS ':'OTA.I. 9.9 
2.5 

l-'.J\:,Es 5.S - . ... 
fE}Jli..ES 4. l 

l. , 

Y.'EIG:-!T [GJ OF ::.::: \': .. :..5!._E 

A": E!R':'H 9 

T-.F:ER l WEEK 

AFTER 2 !,.,'£E;f'.f 

AF'I"E?. J 

SIGtlIF 
•• SIGNlF ... SlG!~!F 

• SJ GN lF 

,. 6 

l J . 4 
2.2 

:'.4. 2 
J.6 

3 7. s 
6. 1 

CAN:' DIFFER.Et~C'E 
CANT DIFFER.ENCE 
CANT "I FFERENCE 
CANT DI HER£NCE 

9.6 
2.2 

4. 4 
l. 3 

s.2 
l.B 

9.5 
2. l 

4.4 
l. 3 

5. l 
' 7 

9. 5 
2. l 

4.4 
l . 3 

s.:. 
l. 7 

5 . l 
l . 7 

6. l 
0. 5 

14 . 2 
l . 1 

i 5 . 2 
2. J 

39.8 
3.f 

TO 
TO 
TO 
TO 

car• ROL, 
CO!> R0:.1 
CON ROL, 
CON POL, 

9.7 
l.9 

. 5. 3 
l. 9 

4.4 
l.6 

9.3 
2.C 

5. l 
l.9 

' ' ' .. 
1.' 

9 

. 6 

. ' ' .. . -... 
9.: 
2.C 

5.C 
l. 9 

... 
l.7 

6.0 
0.6 

14.0 
l. 7 

2 5. c 
3.J 

40. 0 
5. l 

p < 
p < 
r < 
p < 

.01 

.005 

. uJ i 

.0005 

8.8 
3. l 

4.0 
2 . l 

4.8 
2. l 

g. ~ 
2 

5.2 
l. 8 

9.5 
2. 2 

4.4 
2. 2 

5.2 
l. 6 

9. 5 
2.: 

4.4 
' -. .. 
5.2 
l.6 

s.:• 
0.6 

11. 7. 
l. 6 

2J.E:••• 
2. 6 

3:;;. 6 •• 
4. 4 

T10021SJ 
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Effects on the Offspring: There were no significant intergroup 
differences in number of pups per litter at birth or after 1 and 
2 weeks. However, there was a higher incidence of stillbirths 
and a higher rate of neonatal mortality throughout the 2 we~k 
postpartum study period for offspring of nisoldipine treated 
dams. The I.Joo_ weights of pups in the nisoldipine treated group 
were lower than control at the time of birth, and after 1 and 2 
weeks. There was no effect on sex ratio at birth or at PPD 14 
(See table which follows). 

DOSI!: TOT >.I. Jll 0 • TOT. NO. OF JEAD YOUNG 
( HG/l\G) OF YOUNG AT UI' TO TIME OF AF "!:R 

(>.I.IVE + BIRTH lST WEIGHING 1 W?:tl< 2 WEEl<c;, 
DEAD) "' CONTROL 208 2 2 7 ~ ll 

30 227 22* 30** 42*~ <' SO** 

* 119nificant difference !rom the control~. p < 0.01 
•*119nificant difference from the cont~ls. p < 0.001 

Cc:r.:ner.t: ':'he _;_i"1CLea:se i11 rrieor: di...:.ration of gestation, follov,red b:l 
a higher incidence of stillbirths and a higher rate of neonatal 
mort3lity th~oughout the 2 week postpartum study period, and the 
lower bocy 1-1eight at birth for offspring of nisold:.pine treated 
dams, were observed in both the main study and in the present 
study. These obse::-vations are suggestive of dystocia. Dystocia 
is defined as abnormal labcr, which is usually accompanied by 
increased duration of labor and an increaed incidence of 
s~illb:rt~s a~d ~~o~s~al ~ortality. 
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BAY k 5552 T 300!J896 

BAY K 5552 I T3008898 
(MEAN VALUES AND ST>.NDARD DEVIATIONS FOR THE GRr 

DATA FOR ANIMALS ALLOWED TO REAR THEIR OWN You•· 

INVESTIGATION CONTROLS I . .:;/KG 

DURATION OF GESTATION 21.6 22.l+ 
IN l>AYS 0.5 o.s -
WEIGHT GAIN 93 78.9* 10 

DAY 0 to DAY 20 ( G) ' 13. 3 

WElGHT GAIN . 5 57.7 
DAY 0 to DAY 16 ( G) B.9 6.7 -
WEIGHT GAIN 37.5 21.2++ 
DAY 16 to DAY 20 (G) B.9 10.2 

BO:>X WEIGHT IN G 1!15.6 196.6 
DAY 0 P.C. 7.2 8.6 

DAY ll P.C. 251. l 254. 4 
13.3 10.B 

DAY ~o P.c. 288.6 275.5** 
20.2 17.2 

DAY l ~ 222.s 210.2•*• 
13.o 16.6 

-
l P.P. 240.3 231.l* 

l 0. 5 13.6 

\\'EEKS P. P. 246.3 245.9 
14. 6 14.3 

I 

NUMBER OF IMPLANTATIONS 10.0 10.4 
3. 3 2.e 

-.. Significent difference from the controls, p < 0.01 
~ .. Significant difference from the controls, p < ().025 
* * * S ig::i f icant difference from the controls, p < o.oos 
+ Significant difference from the controls, p < 0.001 
++ Significant difference from the controls, l' ( o.ooos 
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BAY k 5552 T 3008898 

BAY K 5552/T3008898 

(MEAN VALUES AND STANDARD DEVIATIONS FOR THE GR~ 

DATA ON THE YOUNG 

INVESTIGATION CONTROLS I to!G/KG 

NO. OF YOUNG AT BIRTH 9.4 8.5 
3. 3 3.1 

AFTER l WEEK C' 8 . <. 
3.1 -

AFTER 2 WEEKS ,; . 0 8.0 
3.1 3.1 

AFTER 3 \\l!:EKS o.o o.o 
c.o o.o 

WEIGHTS )F THE YOU.NG 5.9 5. 3*"' 
AT BIRTH ( G) 0.7 0.6 

AFTER l WEEK ll. 7 :..o. 2* 
1.9 2.1 

AFTER 2 WEF' 20.3 18.3 
4.2 3.9 

-
"". ,DAYS P.P.) OF: 3.5 3.5 

...DING OF PI.NNAE 0.7 0.6 
-

LVELOPMENT OF COAT 10.4 10.7 
0.6 l. 0 

* Significant difference from thP. controls, p < O.Ol 
**Significant difference from the controls, p < C.005 
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MUTAGENICITY STUDIES (S. StolzF>nberg) 

1. Salmonella/Microsome Test 

Study No.: Not provided. Pharma Report No. 9634 

Performing Laboratory: 

Date Performed: August, 1980 to September, 1980 

Quality Assur'-'ilce: A signed statement of compliance with GLP is 
not included. 

Backoround: Tlns widely used mutagenicity assJy detects point 
mutations (bac;e pair by TA 1535 and TA 100 and frame shift by 
TA1537 and TA 98), r·aused by chemical agerits, in vitro. The 
reversion rates to prototrophy of histidine r•'quiring (his-) 
mutants to the wild type histidine independen:_ strain (his+), are 
evaluated in a medillrn with a low content of histidine. In the 
presence of test compound, an increase in reversion rate, 
measured by an increase in colony growth on the agar plate, is an 
indication of mutagenicity . 

. Procedure: The E,valu,1tion was performed with "11d withot:.t 
metabolic activation (provided by S-9 fractio:· of livers of 
Aroclor pret rec1ted rats I. S. r:yphimurium str., in:; TA1535, TAlOO, 
TA1537 and TA98 weu' used. Two studies with ''i1 l'S35 but only one 
with the remaining 3 strains were carried out with 4 plates per 
concentration of test substance, DMSO control o.· postive control 
substances. Concentrations tested were 0, 20, 100, 500, 2500 and 
12500 ug/plate. 

Positive Controls: 

a). without S 9 activation 
Endoxan (cyc·lphosphamide) for TA1S35 ar,.\ TAlOO 
Trypaflavin for 'I'Al537 and TA98 

b). with S 9 dctivation 
2-- an1ir:r)dr1thracene for all 4 test :r str.-1i_ns 

Rc"c;ult:o: 2SUO w1:µL1te was toxic to bacterial qrowth for all 4 
strain:;, w)1e1 '-'"'; L~',1)0 wa:o toxic and cauc;ed p; ''cipitation, making 
it not po:>:~ihl•· t" <"valuate colony qrowtll. '-"·I ug/plate was 
toxic for TAl'o)',, In the first test, the po:• 'ivc: control for 
TA1535 wi"t.hout S ·Y :;hawed nc response, and th• negative controls, 
lJOth ancl v.,1)t!1()llt '~, \\rf::'!·,-, llflU;;lJ,_11 ly ]!°lW, rrhe·1~fC,rt? 1 the test 
witl·1 rI'Al~">)t_J Wcl~:) r(~IH',llt-•t). In L[lf-'. ~-;eccir-,tJ tt?St. ~::it11 rrA1535, no 
indicat-icH1 cJf rnut~,l(Jf'11:ic~ily wa:.3 seen witJ1 or v.1 1t_}1cJt1L S·-9. 
Similar Jy, n.,1,, k ')'1'<' :•;hawed no nmta~wnic eff· .-l:; on TAlOO, 
TA1')37 and Tf\'IR. l'o:;rtive controls gave adeq1 . .ite respo!1ses; i.e. 
we.11 OVt-?l cf()ld>l(' t 11•):.;E: ()f: tl1e r1~~q·a.tivf-~ ('(Jr1lrol 
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Salmonella/Mlcrosome Teet with BAY k 5552 on Salmonella typhlm1.1rlum TA 1535. 
0 ::i P> 
::i tQ 
I ("T ro 

("T ;:J" 
0 ,_,_ ,___. 
x (fJ ,___. 
,_,_ 

"" - 0 ("T - ro 
Mutants I Plate Total Organism Count M/P Treatment 

DP.se in 
(M/P) per ml M/P t-:egatlve Controi. 

µ g per Pl.lte 

(fJ 
(fJ ("T z 
0 '=' ,_. (fJ :t> 
(::: '< 
ti- (fJ N 

+ S-9 Mix 1- S-9 Mix x 108 
+ S-9 Mlx I - S-9 Hix 

,_. ("T 0 
ro ro I 

3 w 
0 - Jl 
0 °' 

I . 
-

12500 Cou\<l not be evaluated I 
::i IJJ 
n P> 
ro '< 
::i 

0 
I 0.0 64.4•• - I 0.80 2500 
I I 

500 8.5 I 6.5 126.9** 8.5oaJ 
I 

6.5oal 

(T ,.. 

'"I 
P> LJ1 
(T LJ1 
,_,_ LJ1 

0 "-' 
::i 
(fJ :<: 

P> 
(fJ 

I 9 .ooa> 
I· 

6.Joa> 100 9.0 6.3 156.4 
I I 

20 14.5 I s.o 146. 0 14 .soal 
J 

s.ooal 

n 
0 
::i 
(fJ ,_,_ 
p_. 
ro 

" ro 
p_. -

Negative Control f. 0 
I 

1. 0 152.4 1.00 
I 

1,00 
0 I I -

Positive Control o.s I 1 . 0 163.7 o.soa> I 1.ooa> 
Endoxan 435 

;_J 
0 
("T 

3 
(::: 
(T 

P> 
tQ 

Positive Control 32.8 I 19.0 s.2•• 32.80a) I 19.ooal 
2-J\ mllloanthr::icene 10 

I I - -

ro 
::i ,_,_ 
n 
P> 

• • n:icterlotoxic eliccl 
(T 

a) See the "flesuJls" section 



Salmonella/Mlcrosome Test with DAY k 5552 on Salmonella typhlmurlum TA 100. 

Mutants I Plate Total Organism Count M/P Treatment 
Dose In 

µg per Phte 
(M/P) per ml M/P Negallve Control 

. 
+ S-9 Mix 1- S-9 Mix x 10 8 :t S-9 Mlx I - S-9 Hlx . 

12500 I Could not be evaluated - -- - r 
--I ' I 2500 4. 3 I 19-5 2.0•• 0.06 , 0,04 

500 80.5 I 34.5 4. 3 
.. 

1.18 I 0,71 

I I 
1.27 100 72.3 62.0 4,7 t.06 

I I 
20 53.5 I 49,J 6.2 0,78 I 1.01 

I I 

I 
Negative cfontrol 68.5 I 40.8 4.7 1.00 I 1.00 

Positive Control 273.6 I Endoxan 435 
I 

82.0 3.9 4.oo• I t.68 

. -- I 1 Poelllve Control I Bt.8 0.6•• 16.511* 1.68 L 2-Amlllo:mlhracer.e 10 1136.0 
I I 

• Mutagenlc effect 
• • !laclcrlotoxlc cficct 

-

'Cl 
ll> 

<O 
ro 
f-..> 

"' 0 

z 
t:J 
>' 

"' 0 
I 

w 
LJ1 
m 



- -

. 
. I 

•• 
I 

., 
) 

-
-~c 

Salmonella/Mlcrosome Test with BAY k 5552 on Salmonella ty,;hlmerlum TA 1537. 

Dose In 

µg per Pi.lt.e 

. 

12500 

2500 

. 
500 

100 

20 

Negative Control 
0 

Positive Conlrol 
Trypaflavlno 200 

Positive Control 
'!-A mlnoanthraccne 10 

Mutants I Plate Tot.al Organism Count 

(M/P) per ml 

~ S-9 Mix 1- S-9 Mix x 108 

I 
0 I 

I 
J .1 I 

I 
7.3 

I 
s.o I . 

I s.o 
I 

162.8 I 
37.3 ' I 

Could not be evaluated 

0.5 45,')•• 

1. 5 ., 9. 1 

2. {} 51.l 

1 . 5 51,S 

-
4,0 50.9 

114. 8 44, 7•• 

15.3 o.J•• 

• l\1utagenlc 1!ffect 

•• Bacterlotoxlc eHect 

M/P Treatment 

M/P Negative Control 

;t- S-9 Mix I - S-9 Hi:it 

I 
- I 0 .1) 

I -
0.66 I o. 38 .. 

I 
1,46 

I 
o.so 

1.00 I 0 -38 

' • 1.00 1.00 

I 
32.56"' I 28.70"' 

7.46' I :.BJ' 
I 

'D 
(lJ 
lQ 
(j) 

f--' 
rv 
f--' 

6 
)c; 

rv 
0 

' w 
Vl 
CJ"\ 



-Salmonella/Mlcrosome Test wlt'1 DAY k 5!>52 on Salmonella typhlmurlum TA 98. 

-
MulanL'! I Plate Total Organhim Count M/P Treatment 

Dose in 
(M/P) 

µgper Pl1te 
per ml M/P Negative Control 

+ S-9 Mix 1- S-9 Mix x 108 
+ S-9 Mix I - S-9 Mlx . 

12 500 I Could not be evaluated I .. 
. 

2500 3.0 
I 1.3 100.0•• . 0 .16 

I . 0,27 

- I I . 
500 22.0 I 3,u 127.3 1 . 31 I 0.6! . 

. - .. . 

19.3 I 4,6 151.70 1 . 1 s I- 1,00 100 

--- I I 
20 14-0 I 5,5 - 0 .8 3 I 1.14 

Ncgalh-e Control l I -
0 16 ,8 4,6 121.5 1.00 

I 
1.00 

I 
Positive Control 

I Tr,vaflavlnc 200 460,0 4,3 1'14.l 27.JB• I 0.90 

Positive Control I I 
2-Amlnoanlhi·acene 10 845.3 8,0 10.1•• so.12• 1.67 

I I 
• Mulagenlc e[[ect 

• • Daclerioloxic effect 

"' P.> 
lQ 
fl) 

1--' 
N 
N 

z 
tJ 

"' "'' 0 
I 

(.,) 

Vl 
CJ' 



Salmonella/Mlcrosome Teet with BAY k 5552 on Snlmonelle typhlmurlum TA 1535. Repeat. 

Dose In 

µg per Pl ite 

. 

2500 

500 

100 

20 

Negative Control 
0 

Pos ill ve Control 
Endoxan 435 

, 1 Positive Control 
I 11 2-Amlnoanthracene 10 

0 
I\) 

Mutants I Plate Total Organism Count 

(M/P) per ml 

+ S-9 Mix 1- S-9 Mix x 108 

I) I 0 toxic 

I 
0 

I 
0 toxic 

6.5 I 6.0 non-toxic 

I 
6.8 

I 
1.0 non-toxic 

6.0 ) 6,5 non-toxic 

I 
-!27.J· 

l 
24.J non-toxic 

266.0 I 8. i; non~toxlc 

" Mulagenlc elfect 

M/P Treatment 

M/P Negative Control 

;t- S-9 Mix I - S-9 Mix 

- I -
I - -
I 

.. 1.08 I 1. 33 

1 . 13 
I 
I 

1. 56 

1.00 I 1,00 

.1 
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2. Salmonella/Microsome Test 

Study No.: T 5027709 

Performing Laboratory: 

Date Performed: 1/29/88 to 3/11/88 

Quality Assurance: A signed statement of compliar1ce with GLP is 
included. 

Procedure: Tester strains used were S. typhimurium TA1535, TAlOO, 
TA1537 and TA98. Two different forms of S-9 were used; from 
livers of Aroclor 1254 pretreated male NMRI mice, and from livers 
of NMRI male mice that had been pre-treated for 28 days with 2000 
ppm Bay k 5552 in the diet. All the studies were carried out with 
4 platec3 per concentration of test substance, C•)ntrol or postive 
control substances. Initially, concentrations :ested both 
without and with metabolic activation were 0, 2), 100, 500, 2500 
and 12500 ug/plate. Subsequently, concentratio~s tested were 0, 
75, 150, 300, 600, 1200 and 2400 ug per plate. There is no 
explanation as to why two methods of enzyme activation were 
employed. 

Positive Controls: 

a). without S·-9 activation 
Sodium azide for TA1535 
Nitrofuruntoin for TAlOO 
4-nitro-1,2-phenylene diarnine for TA 153" and TA98 

ith S-9 activation 
2 - arninoanthracene for all 4 tester stra,n3 

Results: No indication of mutagenicity was obsel'ved at any 
concentration tested. However, 20 ug/plate, th·• lowest 
concentration tested, was the only concentratio:1 at which 
bacteriotm ic proble1~s were not encountered. S:arting at 150 
ug/plate, precipitation problems were also enco1tered. Positive 
controls gav1• adequate responses; i.e. well over double the 
colony c·nimt or tl1e negative control:o. 

:Jay k ':i'i'J:' wci,-; conc~idered not mutagenic in thir; t1'st systeni, but 
tl1is slt1dy i•• v0lid only at 20 ug/plate because it was the only 
c01ic1•11lration <1 1 which toxicity and/or pn·cipit.1tion problems 
were not encounte1ed with all 4 bacterial strai~s. 
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BAY k 5552 
Salmonella/microsome test 
Study No. T 5027709 

Tabulated summary of data 

Su.mmary of means from Tables 1-8 without S-9 mix 

Tables Strain 
+group TA 1535 TA 100 TA 1537 TA 98 
mcg/pl. 

1-4 
0 17 126 11 17 

20 20 128 10 15 
100 17 !l 4 10 14 
500 16 71 s l4 

2500 -- 9 -- 9 
12500 -- --- -- --

Na-Azid 926 
NF 405 
4-NPDA 126 187 

5-8 
0 15 80 7 18 

75 13 72 5 20 
150 10 72 7 18 
300 11 56 8 15 
600 9 59 6 16 

1200 -- 38 8 12 
2400 -- -- - 13 

Na-Azid 1089 
NF 370 
4-NPDA 118 96 

, 

05 02 3080 



I 

Page 124b - NDA 20-356 

BAY k 5552 
Salmonella/microsome test 
Study No. T 5027709 

swnmary of means from Tables 1-12 with S-9 mix 
of Aroclor induced male NMRI mice 

Tables Strain 
+group TA 1535 TA 100 TA 1537 TA 98 
mcg/pl. 

1-4 
30\ S-9 

0 19 146 11 35 
20 17 128 12 30 

100 18 l2S 9 32 
500 13 83 10 32 

2500 -- 4E 7 18 
12500 -- --- -- --

2-AA 81 812 138 1018 

5-8 
30\ S-9 

0 13 118 10 24 
75 16 lOS 7 24 

150 14 86 10 16 
300 10 8S 8 17 
600 14 82 4 20 

1200 10 62 6 17 
2400 -- 23 -- 8 

2-AA 89 1505 102 1290 

9-12 
10% S-9 

0 15 99 10 33 
75 12 76 10 24 

lSO 9 74 e 27 
300 11 70 9 22 
600 7 64 10 .:0 

1200 -- 63 8 21 
2400 -- 4 -- 9 

2-AA 264 2510 sos 2402 

05 02 3081 
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BAY k 5552 
Salmonella/microsome test 
Study No. T 5027709 

Summary of means from Tables 13-20 with S-9 mix 
of BAY k 5552 treated male NMRI mice 

Tables strain 
+group TA 1535 TA 100 TA 1537 TA 98 
mcg/pl. 

13-16 
30\ S-9 

0 12 105 11 24 
75 11 100 8 15 

150 14 102 7 13 
300 12 76 5 18 
600 11 45 8 9 

1200 4 --- -- --
2400 -- --- -- --

2-1'.A 78 893 44 748 
-

17-20 
10% S-9 

0 15 95 7 26 
75 13 93 6 19 

150 13 88 7 25 
300 8 56 3 20 
600 8 77 7 25 

1200 -- 32 - --
2400 -- -- - --

2-M 349 1G28 274 1066 

05 02 3082 
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3. CHO HGPRT Forward Mutation Assay 

Study No.: T 1023114 (sponsor's number) 

Performing Laboraton 

Sponsor: 

Date Performed: 7/11/86 to in;29/86 

.Quality Assurance: A signed statement of compliance with GLP is 
included. 

Background: "The objectiv·.-. of this study was to evaluate the test 
article for its ability to induce forward mutation at the HGPRT 
locus in the Cl!O-Kl-BH Chinese hamster cell line, as assessed by 
colo~y growth in the presence of 6-thioguanine (TG). Hypoxanthine 
guanine phosphoribosyl transferase (HGPRT) is a cellula.r enzyme 
that allows cells to salvage hypoxanthine and guanine from the 
surrounding medium for use in DNA synthesis. If a purine analog 
such as TG is included in the growth mediurn, Ure analog will be 
phosphor/lated vici the HGPRT pathway and incorporated into 
nucleic acids, eventually resulting in cellular death. The HGPRT 
locus is located on the X chromosome. Since only one of the two 
X chromosomes i,; functional in the female CHO cells, a single­
step forward mutation from HGPRT+ to HGPRT- in the functional X 
chromosome will render the cell unable to ut.i1 iu hypoxant.hine, 
guanine, or TG supplied in the culture meu!um. Such mutants are 
viable as wild-type cells in normal medium because DNA synthesis 
may still procevcl by de .QQY.Q syntl1et ic pathway,; that do not 
involve hypoxant hine or guanine as intermedia1: es. The basis for 
the selection of HGPRT~ mutants is the loss of their ability to 
utilize toxic pu1ine analogs (e.g., ·~G), which enables only the 
HGPRT- mutant'' lo grow in the presfmce of 'I'G. Cells which grow 
to form colonie!; in the presence of TG are thc•refore assumed to 
have mutated, eit.her spontaneously or by the dction of the test 
article, to th,, llCPRT- genotype." 

Procedure: In 1nP:imina1y, ranqe findin0 test·•, cor,ccntr.:itions of 
50 and 100 ug/n1l Bay w 5552 (batch #828305) without metabolic 
a1:t ivat ion W<"••· found to be 100% cytotoxic to the cell culture, 
but in trlf'' p1••::•·11u• of metabolic activation (J·i·ovided by S-9 
fraction uf l i Vi·J !: of Aroclor 1254 pi etreated rats), 100 ug/ml 
caused <)r1ly· ct )q.', (1(:c_·r'l-::.a.~~c ir1 :3t1rvival ind.ex. 

'l'l1rC'f~ tt~<;;t~; wtt\1(n1t ~; \) J1H'ill(lt:t1 <Juµlicate cuJ1urt?~:J vJit,h 
concentration:: L>1·tw1;r•n 10 to 40 ug/ml, and tw,, te:>ts with S-9 
in\'l11d<'d d11pJi,·,1\.<· <'l!lluu•"; with concentxat.i011:; of 5 to 85 ug/ml. 
Po::itiv1• 1·<lnt1c>l:: were 'i b1omodeoxyuridinewi1hout S-9 and 3-
nlr)ti1ylc1-11·1J,u111.1,•n1• \n l11F' r11t:~;PnC'(:' Clf S--C), 
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Results: Cecrease3 in relative cell survival were seen at 30 
ug/ml or higher concentrations without S-9, and at 50 ug/ml and 
higher with S-9. There were sporadic, small but statistically 
significant increases in mutant frequencies in each of the 3 
tests without S-9 and in one of the two tests with S-9. In every 
case the increasio occurred in only one of the two duplicate 
cultures. In spite of a suggest~on of a concentration 
relationship Rt 40 and 60 ug/ml without S-9 (see first 2 tables 
which follow), it was claimed that a concentraticn relationship 
did not exist. It should, however, be noted that even among the 
duplicate cont.::ols, there were wide variations in mutant 
frequencies in most of the tests. 

Bay k 5552 was considered not mutagenic in this test system. 
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EXPLA~~TlON CF TASLES, ASSAY NO. E-9510 

• l·Ltant FreqL•ency • Total mutant clones/ 
(No. of dishes x 2 x 10 5 x abs. C.E.) 

b = ere~= S·Sromo-2'-deoxyuridine 

d = 3-~=~ = 3-Methylcholanthrene 

•• = Si~~ifica~t increase, psD.01 

• = Sigr.ificant ; nc rease, p~0.05 

c = Contami na :e::: 

T = LOH dishes dLJe to a technical error 

= Two cishes l OS t due to contamina:ion 

x One cish 105 t due to contaminatior. = 
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4. Mouse Hepatocyte Primary Culture DNA Repair Assay 

Study No.: T2 023 386 (sponsor's number) 

Performing Laborator 

Sponsor 

Date Performed: 8114/86 to 2/25/87 

Quality Assurance: A signed statement of compliance with GLP ~ 
included. 

Background: Freshly obtained rodent, metabolically active 
hepatocytes are capable of limited biotransformation activity. 
Chemically induced damage to nucleic acid of the mammalian cells 
results in an effort by the enzyme systems to repair the 
defect (s), resulting in unscheduled DNA synth•2sis. 

Proced~re: Freshly prepared hepatocyte primary cell cultures from 
adult B6C3F 1 males wer<', used, according to the method of Williams 
et al, Cancer Letters 6: 119-306, 1982. Eight concentrations 
between 1 mg/ml and 5 X 10 4 mg/ml (listed in the table which 
follows) were tested in triplicate against 5X10 5 hepatic cells. 
DNA repair was determined by 'H-thymidine uptake, to determine 
the net increase in nuclear grains induced by the test compound. 
Benzo(a)pyrene served as positive control and DMSO and pyrene 
served as negative controls. A test compound was considered 
positive when the mean net nuclear grain count exceeded that of 
the DMSO control by more than 2 ,c;tandard deviations. 

Results: Cytotoxicity was observed at concentrations of 1 and 
5X10 1 mg/ml. No net increase in nuclear grain count was observed 
at concentrations between sx10-• and io- 1 mg/ml or with pyrene and 
DMSO (negative controls); the positive control, benzo(a)_t,yrene, 
was highly genotoxic, indicating that the hepatocytes were 
capable of metabolic transformation and DNA repair. 

Under the conditions of this test system, Nisoldipine was 
considered to be not genotoxic at. concentrations up to io- 1M 
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5. Micronucleus Test in Mice 

Study No.: T 1010 875 

PerfoLming Laboratory: 

Date Performed: 11/6/81 to 12/l/81 

Quality Assurance: A sigrred statement of compliance with GLP is 
!1Q.t included. 

Background: The micronucleus Lest permits the recoynition of a 
mucagenic action on a somatic tissue, the femoral bone marrow, of 
an intact animal. Erythrocytes are normally anuclear. The 
increased cccurrence of micronuclei (chromosome f ragmenr.s) in 
polychromatic erythrocytes, compared to negativa contro1s, 
indicates that the test substanc:e brings about chromosome breaks, 
or has effects on the spindles in the erythroblasts. 

Procedure: Bor: NMRI (SPF Han) mice, 8 to 12 weeks of age, 
weighing 23 to 32 g, 5 of each sex per group, received 0, 100 and 
200 mg Bay k 5552/kg/day, p.o., on two consecutive days; positive 
controls received cyclophosphamide (Endoxan") orally. All animals 
were sacrificed 6 hours after the second dose and femoral bone 
marrow samples were removed for the purpose of determining the 
frequency of micronuclei observed, by examination of 1000 
polychromatic erythrocytes pe1· animal. 

Results: Since there was no difference between males and female~, 
the results obtained for both sexes were pooled. No deaths or 
clinic::al signs were observ~d. The significant d8crease in 
normochromatic erythrocyte..; in the 100 mg/kg group was considered 
"not biologically significant" (see table on page which follows). 
It is therefore claimed that Bc:y k 5552 produced no inhibition of 
erythropoiesis. 

There was no increase in polychromatic erythrocytes with 
micronuclei. The positive control caused a high level of 
response. 

It was concluded that there was no indication of a mutagenic 
effect by this test. 



Survey of the e)(perimental evnl11nLJon he micn,nucleus test 

with OAY le 5552 

Number of Number of N11mher of cells wJth 
investigated normochromntJc mJcronucleJ 

Experimental polychromatic erythrocytes 
erythrocytes per 1,000 

group polychrom11tic 
erythrocytes per 1,000 11er 1 ,000 

11ormochromat.lc polychromatic 
erythrocytes ery l:hrocytes 

. ' . . 

I 
Neg3tive 1opoo 682.6 1. 0 1. 6 
control 

. 

II 
BAY k 5552 1opoo 465.6* t.9 1.8 
2 x 100 mg/kg 

III 
BAY k 5552 1opoo 543.1 1. 2 1. 8 
2 x 200 mg/kg 

IV 
Positive 
control 1qooo 724.0 1 • 2 31 • ,, 
En<lox11n 
2 x 87 mg/kg I 

" 

* P.l 0.05 in the distribution-free test of ranks occordJng to Nl'.:Ml~NIY related to the negative 
control (I) 
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6. Dominant-Lethal Test in Mice 

Stuc1y No.: T 50 10 239 

Performing Laboratory: 

Date Performed: 5/11/81 to 11/10/81 

Quality Assurance: A signed statement of compliance with GLP L1 
not included. 

Background: This rest permits detection of mutacions in germ 
cells, particularly stage-specific effect3, during meiotic 
maturation of sperm cells, and is usually perforrr,ed in mice or 
rats. A mutagenic test substance causes severe chromosomal damage 
or lethal germ cell mutations, resulting in embryo or fetal 
mortality. This is determined by increased occurrence of pre- or 
post-implantation loss in females (untreated) that were mated to 
test substance treated males. 

Pr1cedure: Bor: NMRI (SPF Han) mice, 8 to 12 weeks of age, body 
weights at initiation of study of 30-44 g for males and 25-30 g 
for females, were used. Males in the treate'' group (50/group) 
received ~00 mg/kg Bay w 5552/kg in aqueous hydroxyethylmethyl­
cellulose, single oral dose (Batch No. 576923); control males 
received vehicle. Starting on the day of drug adrr,inistation, a 
new, untreated female was placed in the cage of each tre>ted or 
control male at the start of each of 12 mating periods, lasting 4 
days each (48 days total). About 14 days after the middle of the 
relevant mating period, the uterus of each female was examined 
for live and dead embryos, resorption sites and corpora lutea. 

Criteria for Dose Selection: Claimed to be based on a preliminary 
study with female mice, 5/group, which received 200, 500 or 1000 
mg/kg, p.o., and in which "200 mg/kg was toleraced with only 
slight symptoms". 

£lesults: There were no effects of treatment on irrpregnation rate, 
fertility, pre- oi· post-implantation loss. Because there was no 
indication of early death of embryos at any staqe of mating due 
to compound treatment, there was no indication of a dominant 
lethal effect (see tables on next 2 pages). 

In conclusion, Bay K 5552 was considered to be net rnutagenic in 
this test system. 
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7. In Vitro Chinese Hamster Ovary Cell (CHOI Test for 
Clastogenic Potency 

Study ~: 2528 MIC 

Performing Labora 

Sponsor: 

Date Performed: Not indicated. The report is dated 1/19/88 

Quality Assurance: A signed statement of compliance with GLP is 
included. 

Procedure: "CHO described by Puck" (Genetics 55:513-518, 1967), 
were used. After preliminary cytotoxicity tests, concentrati0ns 
of oay K 5552 tested without metabolic activation were 10, 20 and 
30 uM, and with metabolic activation (provided by S-9 fraction of 
livers from Aroclor induced rats) they were 500, 600 and 800 uM. 
The highest dose levels were selected to give about a 50% 
inhibition of mitotic index, but allowed sufficient numbers of 
cells at the metaphase st.age for analysis of chromosome and 
chromotid aberrations (breaks, gaps and exchanges}; generally, a 
requirement for dose selection with this test. Positive control 
compounds were methyl-methane-sulfonate (MMS) without S-9 and 
cyclophosphamide (CP) with s··-9. An 18 hour incubation period, 
which corresponds to one cell cycle, was selected fer the main 
study. Aberrations were analyzed in 100 cells arrested at the 
metaphase stage of cell division for Each concentration level. 
The assays with and without S-9 were performed twice. 

Results: Thece were no increases in chromosome or chromatid 
aberrations at any concentration (see tables which follow) . The 
positive controls (MMS or CP exposed cells) showed st:.atistica).ly 
significant, large increases in rates of aberration. 

In conclusion, Bay K 5552 was considered t& be not cla3togenic in 
this test system. 
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ASSAYS VIlllOUT S-9 MIX 

Mean of both assays 

A. Number of aberrations per 100 analysed inetaphues 

I I I 
Dose IChromatid Chrome-

Chemical Gap BreaKIExchanges some I ( pM) 
I Exchanges

1 

I 
I 

- I - I S.5j 2.c I 
I 

i.o 

I :JMSG I - I 5.5, C.5 I I i.o 

io I 4.51 2.0 

BAY K 5552 20 I 2. s ! 5. s !.O 

3C l 5. 5 ! 2.: 
I I 

so: \!5.5129.: 36.0 7.0 

B. Percentaae of cells containing aberrations 

I 
I 

Dose 
Ch::rnical (~t<n 

- -
01'.SO -

10 

BAY K 5552 20 

30 

,..,..,s I 605 

Break 
C~romatid exchanges 
Chromosome exchanges 
t'.ultip1e aberrations 

Sta;;istica1 test used 

Chroma ti d Chr~1no-
Gap Brea-. Exchanges some 

Exchanges 

7.0 2.0 I 
5.5 0.5 I I 
4.5 2.0 

2.5 4.0 I 1.0 

4.5 1.5 

1;,. 0 16.0 I 26.5 

chromatic and chromosome 
inter anc intrachange 
inter anc intrachange 
complex rearrangement 

x2 p < 0.001 .... 

l. 0 

i.o 

1.5 

6.5 

I 
I 
I 

I 

I 

7ota1 number 
Multi pie of aberrations 
aberra- -------------------tions !nciudinglExcluaing 

gaos gaps 

I ' I 3. :· ...... I 
I 7.C I . " ... -

0.5 6.5 2.0 .. ' ~. :J ........ 
I•: --,.v 

2s.: SE.C iz.: 

I .Pe!'"centage cf . , . . 
, . r ce1 .s con~~1ning 

t'.u.~1~le, aberra.1ons 

a~~~~:- 1=~~i~cii~~i£;~;~~i~~I 
gaps ga;is 

I 9.5 3 C, .v 

I 6.5 1.5 

0.5 I 7.0 2.5 

I 7.0 5.0 

I 6.0 1. 5 

28.5 I n.o 65.0 ......... 

05 02 3220 
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ASSAYS VIlli S-9 MIX 
Mein Of both ISSlt!_ 

A. Nmli>er of aberrations per 100 analysed metaohases 

I I I I Totai numoe~ I Dose Chromatid C!tromo- Mult~;ilei of abel''"!tio~s 
' Chemical (~Mi Gap f)reai< Excnanges, some I Exchanges 

- I - I a. o I 1.C I 
I 

1.0 I 1.5 

I DMSO I I 6.ol 1.0 I 1.0 1.5 - I l ! 
I I 500 I 3.51 2.0 I l 0.5 
I I I 

i BAY K 5552 I 600 I 2. o I 0.5 ' I 1.0 I I I 
I 

aoo I 3.sl 2.: I 1.s 1.0 

C?A 130 jli.Of29.5 I 24.5 6.5 

li. Percentage of cells containing aberrations 

I i I I I 
' Dose 
I Criemi ca 1 I pM) ' 

I 

- I -
OMSO -

500 

BAY K 5552 600 

80() 

CPA I 130 

Break 
Chrcmatid exchanges 
Chromoso~e exchanges 
Multiple aberrations 

Stat~stical test used 

Chromatid Chroma-
Cap BreaK Exchanges some 

Exchanges 

s.oj 1.0 1.0 

6.0, 0.5 I 1.0 I 
3,5 2.0 I 
i.s 0.5 

3,5 2.0 l .O 

1s.oj2s.s I 20.0 

cnromatid and chromosome 
inter and intrachange 
inter and intrachange 
complex rearrangement 

x2 **'" p ~ 0.001 

1.5 

J.5 

o.s 

1.0 

l .O 

s.s 

I 
I 
I 
I 

aDerra-
tions 

2.: 

o.: 

!-------------------l:ncludinglE:xciuoing 
I ' 1 gaos 1 g~os 
I I 

I 
! 

I 
I 
I 

I 

I 

1, ~ ...... 
9,5 

5.0 

-·-
s.: 

.... :: 
11 """ 

' I 
I 

I 

! 
I 
' 

I 

.: . : 

. --·-
2.: 

l. 5 

SC~: 

Per~enuge of 
ceils containin; 

Multiple I aberrations 
aberra- -----·-------------tions :ncluoingl~xc1uding 

gaps yaps 

2.0 I 13.0 5.0 

a.a 2.5 

I 6.Q 2.s 

3.0 1.5 

0.5 7.5 4.0 

3.0 I 53.5 44.0*'*'* 

05 02 3221 
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8. Test for Inhibition of Liver Cell Culture 
Intercellular Conununication 

Study No.: T2 023 386 (sponsor's number) 

Performing Laboratory: 

Sponsor: 

Date Performed: 5/18/87 to 5/27/88 

Quality Assura~ce: A signed statement of compliance with GLP is 
included. 

Background Information: In this assay, the transfer of the toxic 
metabolite, 6-thioguanine (TG), from metabolically competant 
freshly isolated rat hepatocytes (HGPRT') to a mutant rat liver 
cell culture, ARL14-TG", which is purine analog resistant 
(HGPRT.), is measured. When exposed to TG, the presence of the 
primary hepatocytes results in a reduction of TGR colonies. The 
TG kills primary hepatocytes and ARL-TGR cells to which the 
metabolite is transferred. If a test chemical inhibits membrane 
contact or intercellular conununication (also referred to as 
metabolic cooperation), the reduction of TGR colonies in the 
flasks containing primary hepatocytes will be diminished, leading 
to an increased survival and formation of colonies. It is 
claimed that "many but not all tumor promoters inhibit metabolic 
cooperation". 

Procedure: Nisoldipine was tested aL concentrations which ranged 
between 5Xl0' mg/ml and 5x10·4 mg/ml, to determine if it 
inhibited metabolic cooperation between rat primary hepatocytes 
(wild type cells) and ARL14-TGR cells. It is claimed that 
toxicity had been previously observed at. 5Xl0 ·' mg/ml, but. the 
data were not shown. Positive control used WdS DDT. 

Results: A concentration dependent inhibition of metabolic 
cooperation was not observed with nisoldipine. DDT caused an 
inhibit ion of metabolic cooperation. (See tabl•! which follows) 

It was concluc' 'd that Bay k 5552 did not inhibit metabolic 
cooperation in this test system. 
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C!:lemical concent::ation 

None 

Dl~SC 0.1% 

DDT 

Nisoldipine 

mg/ml 

sx10-s mg/ml 

Number of ;oloniesa 

No 
Hepatocytes 

233 :: 38 

(:26,276,~85,245) 

'.:52,222,206,205) 

l57 :: 10 

(:4S,l63,l53,l67) 

187 ± 5·l 

(235,230,160,124) 

181 ± 9 

(177,171,192,183) 

202 ± 17 

(227,197,198,187) 

l.2sx106 

Hepatocytes 

97 ± 19 

(98, 122, 9~, '7E) 

lla !: ll 

(l03,ll7,l23,:29) 

lSl :: 14 

(l32,l56,l51,164) 

118 ± 7 

(lll, 118' 125) 

llB ± 9 

(114,112,129) 

89 ± 28 

(114,69,112,60) 

a Mean ± standard deviation of three to four flasks. 

05 02 3237 
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LABELING 

Under PRECAUTIONS, the first sentence of the subsection "Carcino­
genesis, Mutagenesis and Impairment of Fertility" presently 
reads: 

Nisoldipine was administered orally to mice and rats for 21 and 
24 months respectively, and was not shown to be carcinogenic. 

We recommend the following revision 

Dietary administration of nisoldipine at doses up to 111 mg/kg/ 
day for 24 months to rats or at doses up to 2.1.'1 mg/kg/day for 21 
months to mice ( 12 5 to 2 5 0 times tr.e maximum recommended human 
dose of 40 mg/kg, based on a mg/kg comparison assuming a patier.t 
weight of 60 kg) revealed no evidence of a tumorigenic effect. 

Under the same subsection "Carcinogenesis, Mutagenesis and 
Im,;iairment of Fertility", the statement, " nisoldipine did 
not interfere with fertility at a dose more than 30 times the 
maximum ~ecommended human dose" is meaningless. This should be 
changed to indicate the dosage in terms of mg/kg, then converted 
to dosage based on surface area, i.e. in terms of mg/rn2

, which 
may then be compared to human dosage. 

Based on the outcome of all the in vitro and i:1 vivo tests, the 
statement in labeling, "The results of in vitro and in vivo 
mutagenic studies were negative" is reasonable. 

Under Pregnancy Category C, we agree with the Category C 
classification, even though animal studies are only suggestive of 
potential fetal risk. The labeling should be m.odified to indicate 
that the fetal toxicity observed in the studies with animals are 
suggestive, not conclusive. It should specify that the monkey 
study was confounded by 1) the use of feral monkeys which are 
particularly susceptible to the stress of handling, and 2) the 
high rate of abortion and mortaliLy, in both treated and control 
groups, resulting in only one surviving fetus in the 100 mg/kg 
group (which presented with anomalies) and only 3 surviving 
control fetuses. ·It should be stated that although it cannot be 
concluded that nisoldipine was teratogenic in the monkey study, 
such a possibility cannot be ruled out because the teratogenic 
effects observed (multiple left forelimb, finger and tail 
abnormalities observed externally, and reJ ted forelimb and 
vertebral abnormalities observed with skeletal examination) had 
not been previously observed in untreated anilT'als of this 
species. 

The proposed labeling does not specify the fonri of maternal 
+-.oxicity that was observed in either the rat or rabbit· .. The 
phrase which states that nisoldipine caused a slightly increased 
malformation rate in rabbits should be omitted from the labeling. 
Of the two rabbit studier3, slightly increased nalformation rate 
was attributed to the stress of diarrhea, which occurred in one 
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of these two studies. There was no increase in any specific form 
of malformation. 

The statement on fetotoxicity in rats and rabbits should be 
revised to read as follows: 

Fet0toxicity in rats and rabbits was usually observed only at 
doses which caused a decrease in body weight gain of dams 
compared to control. In rats, an increase in post-implantation 
loss was observed at 100 mg/kg, and a decrease in fetal weight 
was observed at 30 and 100 mg/k~. In rabbits, decreases in fetal 
and placental weights were observed at 30 mg/kg. 

For the rat and rabbit Segment II studies, the dosages cited as 
"30 (or 100) times the maximum human dose", should be expressed 
in terms of both mg/kg and mg/m2 • 

Under a new section, Labor and Delivery, the labeling should 
state that the drug causrd a slight prolongation of pregnancy in 
rats. The prolongation of pregnancy is presently noted under the 
Pregnancy Category section but should be moved here. 

Under Nursing Mothers, it should be pointed out that 'nisoldipine 
was found in the milk of lactating rats at conceutrations which 
were lower than levels found in the plasma•. 
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OVERALL SUMMARY AND EVALUATION 

Nisoldipine coat core (Nis CC) tablet, proposed for the treat­
ment of hypertension (alone or in combination with other anti­
hypertensive agents) on a once-a-day 
dosage regimen, is an extended i·elease formulation of the 
dihydropyridine calcium channel blocker nisoldipine. Nis CC 
tablet has an external coat of slow release formulation and an 
internal core of fast release formulation of nisoldipine. 

Calcium channel blockers have recently emerged as a promising new 
class of antihypertensive agents. By blocking the channels which 
mediate calcium entry into smooth musc·e cells, these agents 
decrease intracellular calcium levels, thereby inhibiting 
vascular smooth muscle contractions, resulting in a decrease in 
peripheral vascular resistance and reduction in blood pressure 
Because co.lci11m channel blockers inhibit coronary 
vasoconstriction and reduce vascular resistance and increase 
coronary r: cood flow, thereby protecting the heart against 
ischemia and reperfusion damage, they are also effective in the 
treatment 

Niboldipine was developed with the aim of improving the pharma­
cologic properties of nifedipine. Despite its chemical similarity 
to nifedipine, nisoldipine is a more potent di:ator of coronary 
as well as peripheral blood vessels. Nisoldipine is 3 to 10 times 
more potent than nifedipin.o in increasing coronary blood flow and 
coronary venous oxygen satt.ration in dogs. In isolated vascular 
preparations, nisoldipine inhibits calcium- and potassium­
induced contractions at concentrations 4-10 times lower than that 
of nifedipine. A negative inotropic effect, an adverse effect 
usually observed with other calcium channel blockers, has not 
been shown with nisoldipine in its therapeutic dose range. 

' 
An oral dose of 10-40 mg once daily is proposed for the treatment 
of hypertension and a dose of once daily is proposed for 
the treatment 

This new drug a.pplication is supported by fairly extensive 
preclinical studies. 

Nisoldipine was 3hown to produce dose-dependent reductions in 
blood pressure and total peripheral resistance in rats, dogs, 
cats and pigs. In SH rats, single oral doses of 0.315, 1.0 and 
3.15 mg nisoldipine/kg produced J, 12 and 18% reductions in blood 
pressure, respectively. The maximum effect wa" seen at 1 hr after 
drug administration and the blood pressure ceturned to the 
pretreatment level at 6 hr postdose. The antihypertensive effect 
of nisoldipine was much more pronounced in renal hypertensive 
rats than in SH rats; a dose of 3.15 mg/kg po produced a 39% 
reduction in blood pressure in renal hypertensive rats compared 
to an 18% reduction in SH rats. Long term trio,1tmc11t with 
nisoldipine (50-100 mg/kg/day in the diet for 60 weeks) 
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prevented the development of hypertension in SH rats (mean 
systolic blood pressure of 141 mm Hg in the drug treated group vs 
214 mm Hg in the control group at the termination of the study) 
and other rat models. Chronic treatment with the test compound 
also significantly reduced· the atrial natriuretic peptide and 
aldosterone concentrations in plasma and attenuated cardiac 
hypertrophy in SH rats. 

The (+) enantiomer was found to be only slightly more potent than 
the racemic compound in its antihypertensive activity in SH rats, 
but it was about 20 times more potent than the (-·) enantiomer. 

In terms of antihypertensive effect. nisoldipine was about 
equipotent to nifedipine, nicardipine and hydralazine (ED20 = 4 
mg/kg po) in SH rats; however, it was less potent than the other 
drugs in other hypertensive rat models. 

Single oral doses of nisoldipine (0.03-1.0 mg/kg) produced dose­
dependent decreases in mean arterial blood pressure in conscious 
renal hypertensive dogs. At 0.3 mg/kg, a 24% reduction in blood 
pressure was produced within 2 hr after drug administration and 
the hypotensive action lasted for about 12 hours. A tachycardia, 
lasting for about 3 hr, also occurred at the above dose level. 
Nifedipine produced about the same degree of hypotension (lasting 
about 6 hr) as that produced by an oral dose of 0.3 mg 
nisoldipine/kg at about a 10 fold higher dose level (ED20 - 0.14 
mg/kg for nisoldipine vs 1.68 mg/kg for nifedipine). The 
antihypertensive activity of orally administered nisoldipine in 
renal hypertensive dogs significantly correlated with plasma 
concentrations of the drug. 

Low doses of nisoldipine increased coronary blood flow and 
protected the heart against ischemia and reperfusion damage in 
various experimental models. In isolated rat hearts subjected to 
ischemia and reperfusion, nisoldipine (3 nM) doubled coronary 
blood flow. At 1 nM, nisoldipine increased coronary blood flow 
31% and improved the recovery of contrectile function and tissue 
ATP levels. Radioactive rnicrosphere studies in conscious rats 
showed that oral administration of nisoldipine (0.3 mg/kg) 
produced a marked increase in coronary blood flow as well as a 
decrease in coronary vascular resistance. In anesthetized dogs, 
nisoldipine (5 µg/kg iv) increased coronary sinus blood flow by 
111% and coronary sinus oxygen content by 50%. In dogs with acute 
myocardial infarction, nisoldipine (5 µg/kg iv 15 min, 2 and 4 hr 
after coronary artery occlusion) reduced myocardial infarct size 
by 31%. In pigs with gradual coronary occlusion, the test drug 
(30 µg/kg po, every 6 hr for 1 month) significantly reduced 
infarct size and increased endocardial and transmural blood flow 
by enhancing endocardial ')l.lateral circulation. 

Nisoldipine did not depress cardiac function at doses needed to 
increase coronary blood flow or lower blood pressure in 
hypertensive animals. The drug reduced or abolished ventricular 
fibrillation and reperfusion arrhythmias, improved cardiac 
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output, reduced mortality, and improved ventricular function in 
several animal models. The beneficial effects are attributed to 
increases in perfusion of the ischemic zone, and a reduction in 
afterload through a decrease in peripheral resistance. 

In vitro studies have shown nisoldipine to be twice as potent as 
nifedipine in inhibiting contractions of isolated pig coronary 
artery; however, it was only 1/3 as potent as nifedipine in 
inhibiting femoral artery contractions, indicating its 
selectivity for coronary vasculature. 

Nisoldipine produced diuretic and natriuretic effects in rats, 
the effects being more pronounced in hypertensive than in 
normotensive rats. The natriuretic effect was attributed to the 
suppression of distal tubular sodium reabsorption. 

Nisoldipine binds with very high affinity (Kd=<0.1 nM) to L-type 
calcium channels of various cell types. Compared to nifedipine, 
nisoldipine is found to have 2 to 30 times higher binding 
affinity depending on the cell type and experimental conditions. 
Several studies have shown that there is good agreement among 
binding affinity and the IC50 v~lues both for inhibiting "ca 
influx and aortic contraction. Moreover, the degree of 
nisoldipine inhibition of calcium channel current was found to 
increase with membrane depolarization. 

Isolated membrane studies showed that the (+) isomer had a 
binding affinity 100 times higher than that of the (-) isomer. 

General pharmacological studies in rodents showed analgesic and 
anticonvulsant effects, prolongation of anesthesia, attenuation 
of aggressive behavior, eJevation of blood glucose and reduction 
of intestinal motility at dose levels 15 to 150 times the maximum 
recommended human dose on a body weight basis. (It is noted that 
the above effects were seen at dose levels 33 to 333 times the 
dose that produced the desired pharmacological effects in rats.) 

Bay R 9425, an active metabolite with a dihydropyridine 
structure, exhibited pharmacological effects similar to the 
parent compound but was 1/3 to 1/10 less potent. The other 
metabolites had no signif~cant effects. 

Combined administration with propranolol prolonged the anti­
hypertens lve action of nisoldipine and reduced the reflex 
tachycardia in dogs. 

Based on the ratio of percent of administered radioacti•·ity 
excreted in urine for the i.v./oral doses, nisoldipine nas been 
shown to b~ virtually completely absorbed in rats, dogs and 
humans, following oral doses of 5 mg/kg in the animals or 10 to 
40 mg Nisoldipine CC tablets, in man. Despite the t1igh rates of 
oral absorption, bio-availabilities (F) of parent compound were 
low, averaging 11.7% or less in the 3 species, which was 
attributed to an extensive first pass effect (shown in the dog to 
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be due to metabolism in both the gut and liver). In man, the F 
value for immediate release compound was 8.4%, but for the core­
coated tablet, it was 5.5%. When administered by the oral route, 
CEQm•x,nono' s (Cm•x normalized to 1 mg/kg dose, based on 
radioactivity equivalence) for parent compound were similar in 
rat, dog, monkey and man, whereas CEQmax 00,,,'s for total 
radioactivity (which includes parent compound plus all 
metabolites) were 4.7 to 7·.5-times higher in man than in the 3 
animal species. AUC00,,.' s for parent compound were also similar 
in all 4 species whereas AUC00""'s for total r~~ioactivity (parent 
compound plus metabolites) were 6 to 10 times higher in man than 
in the three animal species. The plasma half-lives for parent 
compound following oral administration were only 0.7, 2.3, 3.8 
and 4.0 hours, respectively, for the 4 species, whereas the 
plasma half lives for total radioactivity (parent compound plus 
metabolites) were 14.9, 54.4, 41.8 and 80.3 hours for the rat, 
dog, monkey, and man, respectively. 

At steady state in humans, dose proportionality wo.s seen for both 
immediate release and coat core tablets, based either on AUC or 
Cmax· Correspondingly, decreases in systolic and diastolic blood 
pressures showed a general dose related decline from baseline. 

Tissue distribution of total radioactivity following a single 
oral dose of 5 mg/kg in rats, determined between 0.5 and 72 hours 
post-dosing, reached maximum values at 1 hour, with liver, fat, 
kidney and adrenal glands generally containing the highest 
levels, brain and skeletal muscle the lowest. There was no 
indication of a change in organ pattern distribution with time. 
In dogs, tissue distribution (measured only 72 hours) after oral 
dosing was similar to that observed in rats. Placental transfer 
in pregnant rats, and secretion into milk of lactating rats, were 
observed. Whole-body autoradiography in rats indicated rapid 
tissue distribution and penetration of the blood-brain barrier 
within 5 minutes after i.v. dosing. 

Protein binding, determined by equilibrium dialysis, was greater 
than 97.5% in rats and dogs and around 99.4% in humans. 
Nisoldipine was rapidly and extensively metabolized in the rat, 
dog, monkey and man; only a small percentage of unchanged 
labelled test substance could be found in the circulation within 
30 or 60 minutes after an oral dose. Partio.l enterohepatic 
recirculation of metabolites was detected in rats. Hepatic 
enzyme levels of cytochrome P"0 , aminopyrine N·demethylase and 
aniline hydroxylase were decreased following oral administration 
for 2 weeks, but these decreases were found to be reversible 
within one week following treatment termination. 

At least 18 biotransformation products have been identified in 
urine and serum ot rat, dog, monkey or man, 6 of which account 
for 80% of radioactivity in urine of all 4 species. After oral 
admi11istration, there were. no important diffete?~ces in plasma or 
1Jrinar_/ metabolic r:rofile between t11e 4 spec:.Lt-~~_,. T!1e 
investigators describe the biotransformation :•teps in all 4 
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species as follows: 

-hydroxylation of the isobutyl ester 
-dehydrogenation to the pyridine derivative 
-cleavage of the ester to form the carboxylic acid 
-reduction of the nitro group to the amino group 
-glucuronidation (phase II enzymatic reaction) 

In acute toxicity studies, oral LOSO values of nisoldipine were 
greater than 10,000 mg/kg for mice and rats and greater than 5000 
mg/kg for rabbits and dogs. Acute iv LOSO values for the above 
four species ranged from 1.9 to 2.5 mg/kg. Propranolol 
pretreatment had no effect on the iv LD50 in the rat. 

In the rat three month oral (gavaqe) toxicity study (0, 10, 30 
and 100 mg nisoldipine/kg/day) , elevation of plasma urea levels 
was seen in the high dose female group. Although absolute and/or 
relative weights of heart and liver (mid and high dose rats of 
both sexes) and thymus (mid and high dose males) were 
significantly higher than control, no significant 
histopathological findings were observed. The "no effect level" 
for liver and heart weight effects in the above study was found 
to be 10 mg/kg/day. 

In reply to a request for justification of dose selection for the 
three dog studies, we were informed by the sponsor that doses 
were selected for the initial 4 week study on the basis of 
previous experience with the pharmacologically similar 
dihydropyridines, nifedipine and nitrendipine. The rationale for 
sel~ction of the highest dose in the 52-week study was the 
avoidance of papillary muscle scars that w3re observed with the 
highest doses employed in the 4 and 13 week experiments. Such 
lesions were considered life threatening by the sponsor. 
Myocardial scars in one or both left ventricular papillary 
muscles, observed at 10 mg/kg in the 4 week study, and 6.25 mg/kg 
in the 13-week study, are generally attributed to hypoxic damage 
associated with vasodilator induced heart rate increase, a known 
damage mechanism in dogs. 111 the 4-week study, the associated ST 
drops and tachycardia were most pr0nounced in the dog with the 
most severe lesions. The pharmacologic effects (decreases in 
blood pre~sure and increases in heart rate) were usually 
reversible within 24 hours after treatment. No other treatment 
related effects were noted in the 4 and 13 week studies. The 
doses selected for the 52-week study were 0.3, 1.0 and 3 
mg/kg,which caused dose-related decreases in blood pressure and 
increases in heart rate. Also noted were slight ST segment 
depressions, T-wave inversions and QT segment depressions, but no 
gross or histologi:'ally observable heart muscle damage or other 
indications of toxicity. In humans, nisoldipine is known to cause 
ST segment depression along with a decrease in peripheral 
vascular resistance, and side effects include r,aJpitntion and 
tachycardia. 
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The two year oral (dietary) carcino~en bioassay in the rat at 
doses of O, 50, 300 and 1800 ppm nisoldipine (2.15, 13.13 and 
82.40 mg/kg/day, respectively, in males and 2.78, 18.04 and 
110.68 mg/kg/day, respectively, in females) did not show any 
evidence of a treatment-related increased incidence of tumors 
according to sponsor's analysis. However, a statistically 
~ignificant (at 0.05 level) linear trend was reported by FDA 
statisticians for brain granular cell tumor (p=0.0411) in male 
rats; occurrence of the above tumor was limited to 3 (of 50) high 
dose males. Pairwise comparison showed no significant difference 
between high dose and control groups (p=0.1594). According to the 
sponsor, the incidence rate for the brain granular cell tumor is 
within the spontaneous range for male rats. It is noted that the 
above tumor incidence was observed at a dose level which is about 
125 times the maximum recommended human dose of 40 mg/day, based 
on a mg/kg comparison assuming a patient weight of 60 kg. 
Hypertrophy of the zona glomerulosa ~ells of the adrenal cortex 
(high dose males and females) anci increased incidence of 
progressive nephropathy (high dose females) were the major 
nonneo .ia~tic findings of the above study. Although mean body 
weights for the high dose group (both sexes), for the duration of 
the study, were significantly lower than control values except on 
few occasions, the body weight decrement in high dose males was 
less than 10% throughout the study. In high dose females, 
beginning week 45 of treatment, the weight decrement was 10% or 
more, compared to control, till the end of the study. (The 
terminal weight decrements for high dose males and females were 
5.6% and 22%, respectively.) There were no statistically 
significant differences in the survival of drug treated and 
control rats (male or female) in the above study. 

In the mouse, dietary administration of nisoldipine at O, 100, 
300 and 900 ppm (19.37, 58.06 and 162.93 mg/kg/day, respectively, 
in males and 24.99, 74.36 and 217.28 mg/kg/day, respectively, in 
females) for 21 months showed no evidence of a drug related 
carcinogenic effect except for significant positive linear trends 
(at 0.05 level) for hepatocellular carcinoma and hepatocellular 
tumors (all) in male mice (sponsor's analysis). Analysis of the 
tumor data by FDA statisticians failed to confirm these trends. 
However, FDA analysis showed a significant positiv~ linear trend 
(p=0.0072) for stomach papilloma in male mice [occurrence limited 
to 2 (of 50) high dose males]. Pairwise comparison showed the 
difference between high dose and control groups to also be 
significant (p=0.0435). The incidence rate for the stomach 
papilloma is reported to be within the historical control range 
for this tumor in NMRI mice. Ic is noted that the above tumor 
incidence occurred at dose level that is about 250 times the 
maximum recommended human dose on a body weight basis. Relevant 
non-neoplastic findings observed in this study included increas8d 
incidences of gastric mucosal hyperplasia (treated males and 
females - all groups) and pituitary hyperplasia (treated 
females - all groups) . Chronic drug treatment had no significant 
effect on body weight in this study. The mortality rate of high 
dose males was significantly higher (p<0.001) than control (80i 
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in the high dose male group vs 28% in control) . Though the 
mortality rate in high dose females (64% vs 56% in control) was 
also higher than control, the difference was not statistically 
significant. 

Since the incidences of brain granu'.ar cell tumor in male rats 
and stomach papilloma in male micP. are within the historical 
control range, and because nisoldipine has been shown not to be 
genotoxic, the drug-tumor association is considered to be not 
biologically relevant. 

OPly two of the 7 reproductive toxicology studies submitted were 
performed in acc~rdance with GLPs; the Sprague-Dawley rat and the 
cynomolgus monkey teratology studies. All of the studies appear 
to be scientifically valid, but in the non-GLP studies, even with 
the amended tables, it was frequently not possible to determine 
the times of death. 

In spite of the fact that the test substance had very low acute 
toxicity (LD 50> 10 g/kg) in Wistar rats, and could be 
admi~istered chronically to Wistar rats in the carcinogenicity 
study at a dose as high as 220 mg/kg, doses given in the modified 
Segment I and III studies were or.ly 3, 10 and 30 mg/kg. The only 
justification given for selection of the~e low doses was the 
undocumented statement, "The doses were chosen on the basis of 
toxicological results of other studies". Both studies included 
c-section of a proportion of the dams on day 20 of gestation. 

In the Segment I study, nisoldipine produced no observable 
effects in the males (treatment started 70 days prior to mating) 
or females (treatment started 21 days prior to mating) in terms 
of clinical signs, body weight gain, mating, fertility and 
pregnancy rate. There were small but significant and dose related 
increases in mean fetal weight at 10 and 30 mg/kg but weights 
were said to have remained within normal limits for this strain. 
There were no differences from control in fetuses with external, 
soft tissue or skeletal malformations. In dams allowed Lu give 
birth, pregnancy duration was slightly, but significantly 
increased at all 3 dose levels. 

In the Segment III study, nisoldipine administration w~q 
associated with a s 1 ight but statistically significant uecrease 
in body weights (compared to control) of the high dose (3C mg/kg) 
dams of both the C-sectioned and rearing groups, after only the 
4th day of treatment (day 20 of gestation) . Tte only indication 
of toxicity to the offspring of the C-sectioned dams was a 
statistically significant decrease in mean fetal weight at the 
high dose. In the dams allowed to give birth, there was an 
increase in number of stillborn pups, and an apparent dose 
related increase in mortality of the newborn pups during the 
first week postpartum in the mid and high dose groups, but no 
statistical analysis was performed. The ~irth weight and the 
body weight gain of pups during lactation was reduced in the 30 
my/kg group compared to control. 
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In the supplemental Segment III study, where 01.ly the 30 mg/kg 
dose was tested, reduced maternal body weight gain was evident by 
day 20 of gestation (after only 4 days of treatment), with 
weights remaining below control weights through the first week of 
lactation. Gestation length was significantly prolonged, a 
finding that was interpreted by the sponsor as a 
"F irmacologically-induced tocolytic effect" (inhibition of 
uterL-e contractions), and there was a l;i.rge increase in number 
of pup dP.aths at birth a.nd during the first 2 weeks of lactation. 
Also, a Jecrease in pup weight was noted at birth and during the 
first week of lactation. These findings of maternal and fetal 
toxicity at 30 mg/kg confirm the observations noted for the 30 
mg/kg group of the main Segment III study. Prolongation of 
gestation, which was seen in the supplemental Segment III study, 
l:la<,f"'not been observed in the primary Segment I I I study but was 
obserqed in the Segment I study as well as in a Segment II study 
in another strain of rat (see table which follows and table on 
page 156) . 

,. 
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DOSAGE THRESHOLDS FOR FERTILITY-REPRODUCTION STUDY AND PERINATAL-POSTNATAL S'l'UDIES IN RATS 

Report No. T0002152 T1002153 T3008898 

Study 'fype Fertil-~eproduction Peri- post-natal Peri- post-natal 

Strain Wis tar Wis tar Wistar 

Dose (mg/kg) 0 ' 3 ' 10, 30 0' 3' 10, 30 0, 30 

Vehicle glycerol-water-PEG Glycero1-water-Lutro1 Glycerol-water-
Lutrol 

Days Administered From 10 wks (males) GD 16 to PPD 21 GD 16 t.o PPD 14 
er 3 wks (females) 
prjor to mating to 
GD 7 

C-Secr;icn Day (GD) 20 20 Not done 

Ne. Fem/gp. C-S·ectioned 23-27 25 N/A 

Ne. Fem/gp. Littered 22-27 20-23 25 

Maternal toxicity 
I 1. Deer. weight gain >30 mg/kg >10 _s.30 mg/kg# <30 mg/kg# 
. 2. Deer. food intake >30 >30 >30 

3 . Prolonged Gestation >30 >30 <30 

Fecal (C-sect) toxicity 
1. Deer. survival >30 mg/kg >30 mg/kg N/A 
2. Deer. fetal weight >30 >30 N/A 
3 . Deer. placental wt >30 >30 N/A 
4. Iner. malformation >'.JO >:· 0 N/A -

Neonatal Toxicity 
l. Iner. stillborn >30 mg/kg >3 .s.10 mg/kg _s.30 mg/kg 
2 . Deer. survival >30 >3 .s.10 (1st week) _s.30 (1st wk) 
3 . Deer. birth weight >30 >10.s_30 <30 
4. Deer. wt gain >30 >10<30 <30 

;; L1m1tea to uD .Lb LU: er ect was s.L1ant ana oare.Lv s1an1r1cant in tne tirst stuav. n1an1v 
significant in the second. 
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Two Segment II studies were performed with rats, the first one 
with Long-Evans rats which received the drug in a polyethylene 
glycol-glycerol-wa~er vehicle, and the second one with Sprague­
Dawley rats which received the drug in an aqueous-Tylose vehicle. 
In both tests, the doses administered were 10, 30 and 100 mg/kg. 
In the second test with Sprague-Dawley rats (but not in the first 
one with Long-Evans rats), half the pregnant darns on test were 
allowed to litter and raise their young unti~ 25 days postp~rrurn; 
then selected males and females in each litter were monitored to 
sexual maturity. In both studies, a dose related decrease in 
body weight gain was noted for darns at the 2 highest doses. In 
the Long-Evans rat, there was no effect of nisoldipine on fetal 
weight, but in the Sprague-Dawley study, a dose related decrease 
was noted (significant at the 2 highest doses) . There was an 
increase in postirnplantation loss in the high dose group of the 
Sprague-Dawley study. There were indications of fetal immaturity 
in the 100 mg/kg group (more clearly noted with the Sprague­
Dawley rat), as indicated by increased incidence of incomplete 
ossification of various bones and of stunted fetuses. Also in the 
Sprague-Dawley study (not shown in the following table), an 
increased number of fetuses with slightly increased (relative to 
normal control) dilatation of lateral ventricles and/or space 
between the body walls and organs occurred mainly in 2 litters of 
the 100 mg/kg group and was associated with low body weights 0f 
the fetuses in these two litters. Prolongation of gestation 
length was noted for the high dose group. Curiously, the birch 
weights of pups from the mid and high dose darns were slightly 
higher than control (the same observation was made for the 10 and 
30 mg/kg grouo3 of the Segment I study, but the opposite 
observation, i.e. a decrease in pup weight at birth, was made in 
the Segment III main and supplemental studies), and there was no 
increase in stillbirths and neonatal deaths, as had been observed 
in the Segment III studies. It is also pertinent to.point ont 
that in contrast to the Segment III studies where treatment was 
continued through the time of expected delivery, in the Segment 
II study with Sprague-Dawley rats, treatment was limited to davs 
7 to 17 of gestation. Thus, prolongation of pregnancy occurr"~ a 
few days after treatment with nisoldipine had been discontin~ed. 
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DOSAGE THRESHOLDS FOR ADVERSE BFFBCTS IN RAT DEVELOPMENTAL 
STUDIES 

Report No. 7596 d7 BAG0520/938 

Strain Long-Evans Sprague-Dawley 

Dose (mg/kg) 0, 10, 30, 100 0, 10, 3 0, 100 

Vehicle Glycerol-water-PEG Aqueous tylose 

Days Administered (GD) 6-15 7-17 

Day of C-Section :GD) 20 20 

No. /Gp. C-:-.Sect ioned 20-21 21 

No. /Gp. Littered N/A 11 

Maternal. 'roxi.eity 
1. Mortality >100 mg/kg >100 mg/kg 
2. Deer. weight gain >10 .s,3 0 >10 .:0. 3 0 
3 . Deer. food intake Not mea.sured >10 ;0.3 0 
4. Prolonged gestat N/A >30 ;0.l 0 0 

Fetal Toxicity 
1. Iner. post-implant >100 mg/kg >30 ,:0.l 0 0 mg/kg 

loss 
2 . Deer. fetal wt >100 >10 ;;:.30 
3 . Deer. placental wt >30 .s,100 >100 

Neonatal & µostno.tal N/A >100 mg/kg 
toxicity (to time of 
breeding) 



r 

Page 157 - NDA 20-356 

In both Segment II rabbit studies, there was a compound related 
decrease in body weight gain of the pregnant does. In the first 
study, where the doses administered were 3, 10 and 30 mg/kg and 
the vehicle used was glycerol-water-PEG, a decrease in mean 
number of live male fetuses per doe (P< 0.05) resulted in a 
decrease in ratio of live male:female fetuses in the 30 mg/kg 
group. There was also a small increase in incidence of fetuses 
with anomalies (e.g. forelimb abnormalities and cleft palate) in 
the 30 mg/kg (high dose) group, but this was not associated with 
an increased incidence of any specific malformation. In the 
second study, where only the 30 mg/kg dose was tested and the 
vehicle used was aqueous tylose, mean fetal and placental weights 
were decreased and "underdeveloped forms" (defined as fetuses 
weighing,::;. 2.5 g), were increased vs control. The investigators 
attributed the increase in malformations in the first rabbit 
study to the increase in maternal stress. They suggested that 
the combination of the glycerol-water-PEG vehicle and the drug 
resulted in an increased incidence of diarrhea in the high dose 
dams, and that the diarrhea caused an increased incidence of does 
which aborted their entire litters (4 at high dose had diarrhea; 
2 of these aborted and 1 died). However, diarrhea and abortion, 
also observed in 1 low dose dam and 1 mid dose dam, were 
considered "normal" for this strain of rabbit. 

In both the rat and rabbit studies, increased incidence of 
malformations, increaserl fetal lethalities and/or depressed fetal 
weights were observed only with maternally toxic doses. 
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DOSAGE THRESHOioDS FOR ADVERSE EFFECTS IN RABBIT DEVELOPMENTAL 
STUDIES 

Report No. 7595 7595 (Suppl) 

Strain Himalayan Himalayan 

Doses (mg/kg) 0, 3' 10, 30 0, 30 

Vehicle Glycerol-water-PEG Aqueous tylose 

Days Administered (GD) 6-18 6-18 

Day of C-section (GD) 29 29 

No./Group C-Sectioned 10-13 11 

Maternal Toxicity 
1. Deer. body wt gain >10 ~30 mg/kg ~30 mg/kg 
2 . Lethality >10 ~30* >30 
3 . Diarrhea >10 ~30* >30 
4. Spontan. abortion >10 <30" >30 

Fetal Toxicity 
1 . Deer. survival >10 ~30 mg/kg# >30 mg/kg 
2 . Deer. fetal wt. >30 >10 ~30 
3 . Deer. placental wt >30 >10 ~30 
4. Iner. malformation >10 <30** >30 

* In the first study with glycerol-water-polyethylene glycol 
vehicle, there were 4 high dose does with diarrhea, 2 of which 
aborted and 1 of which died. There was also 1 at low dose with 
diarrhea which aborted and one at mid dose which aborted but did 
not have diarrhea; none of the controls aborted. In the second 
test with aqueous tylose vehicle, there were nQ deaths and none 
of the treated animals aborted or had diarrhea. The high dose 
deaths and abortions in the first study were attributed by the 
sponsor to diarrhea, caused by an interaction of vehicle and 
compound, although the 2 vehicles were not directly compared in 
the same experiment. 

# The mean number of male live fetuses was significantly reduced 
in the 30 mg/kg group, resulting in a reduction in ratio of 
males:females in the first study. The sponsor considered the 
reduction in ratio of males:females a spontaneous occurrence and 
the overall decrease in number of live fetuses was attributed to 
the stress of diarrhea. 

** Malformations in fetuses of the high dose group occurred in 3 
dams. There was an increase in total number of fetuses with 
malformations and total number of dams that had fetuses with 
malforma~_ions (no statistical analysis), but no increase in any 
specifj c malformation. 'I'he investigators attribute the increase 
in malformation rate to increased stress due to diarrhea. 
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In the study with cynomolgus monkeys, clinical signs, which 
included he:avy bleeding (follov1ed by abortion), reduced food 
intake, diarrhea and vomiting, occurred during the treatment 
period in all the groups, including vehicle control. Although the 
symptoms were generally more frequent and of longer duration in 
the 100 mg/kg treated monkeys, they were still considered by the 
investigators to be due to treatment with the vehicle 
(polyethylene glycol-glycerin-water). In the opinion of this 
reviewer, the stress of handling these feral monkeys (rather 
than, or in addition to, the vehicle), contributed to the 
observed symptoms. Of the 10 or 11 pregnant monkeys on test in 
each group, 6 to 8 of them aborted in every group, and deaths 
occurred in 3 control, 1 mid-dose (30 mg/kg) and 5 high dose (100 
mg/kg) monkeys. The single death at the mid dose, and 4 of the 5 
deaths at the high dose, were associated with a volvulus 
(twisting or knotting of the intestine), which was not seen in 
control animals which died. Ma.lformations were observed in the 
only surviving fetus of the 100 mg/kg group (left forelimb and 
t.ail anomalies, observed externally and by skeletal examination). 
In spite of the very few surviving fetuses that could be examined 
tor malformations (3 controlE•, 2 low dose and 1 high dose) it is 
claimed, "The skeletal abnormalities in this one fetus are 
considered to be related to treatment with BAY k 5552 because 
similar defects were never observed in control fetuses of 
previous studies of the same type in Macaca fascicularis". No 
historical control data or details on how many previous studies · 
or the number of control mor,keys that were examined for 
teratogenicity are provided to support this statement. It should 
be pointed out +-.hat malformations occurred only at a dose level 
that was highly maternally '~oxic. 

Bay k 5552 (nisoldipine) was tested for mutagenicjty by five in 
vitro test systems (Salmonella/microsome, CHO HGPRT forward 
mutation assay, mouse hepatocyte primary culture DNA repair, a 
CHO test for clastogenicity, and by a test for inhibition of 
intercel lular communicat io::i between two types of liver eel ls, 1) 
a primary rat culture ("wild type cells") and 2) the ARL14-TG" 
cell line. It was further tested for mutagenicity in two in vivo 
systems (mouse micronuclel!s and mouse dominant-lethal). 11.ll the 
tests for mutagenicity appeared to be adequately performed, and 
positive controls in all of them confirmed the acceptability of 
t·he studies. Ba;;ed on the outcome of these in vitro and in vivo 
~tudies, nisoldipine was not found to be mutagenic. 

In conclusion, the preclinical studies summarized above have 
demonstrated the efficacy of the test. drug as an antihypertensive 
and Adverse effects are seen only at high 
multiples of the maximum recommended human dosP. 
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RECOMMENDATION 

The NDA is approvable with suggested changes in labeling. 

ATTACHMENTS ( 3) 

cc: 
Orig.NOA 
HFD-502 
HFD-345/GJames 
HFD-110 
HfD~110}CSO· 
HFD:_ 11 o I s.<:frol zenberg 
HFD-110/XJoseph 
(A\\ 8 Ill/¥{ 

A~f~ 
Sidney Stolzenberg, Ph.D 

/~h-~-!. ~ 
Xavier Joseph, DVM 
August 29, 1994 
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statistical Review and Evaluation 

IND #: 

Jl.pplicant: Miles Inc. 

Name of Drug: Nisoldipine (Bay K 5552) 

Documents Reviewed~ 

Date: DEC " ·c~2 ~ ! ... ;~ 

1. IND ~ubmission Volume 19.1 & 19.2, Information Amendment Serial 
No. 031, "Carcinogenicity study on NMRI mice (feeding 
study over 21 months)", Pharma. Report no. 16329 (E), Date: 
Dec. 1987, Date of Document, August 11, 1988. 

2. nm Submission Volume 9.1, Additional Bay K 5552 
(Nisoldipine) Reports, ''Chronic Toxicological investigations 
on rats (Feeding study over 24 months)", Phar:na Report No.: 
13016(E), Date: May 6, 1985, Date of Document, Dec. 1985. 

3. IND Special Submission, Data diskettes and print-outs for two 
animal tumorigenicity studies, Date of Document, April 1, 
1992. 

I. Backaround 

Two animal carcinogenicity studies (one in mice and one in rats) were 
included in this IND submission. The purpose of this study was to 
evaluate the tumorigenic potential of Nisoldipine (Bay K 5552), when 
administered in the diet to mice and rats for two years, 
respectively. Dr. Xavier Joseph, HFD-110, who is the reviewing 
pharmacologist of this IND has requested the Division of Biometrics 
to perform the statistical review and evaluation of these two 
Gtudies. The data submitted on computer floppy diskettes were used 
in the reviewer's independent analyses. 

II. The Mouse study 

II. a. Design 

In this study, four groups of 50 male and 50 female SPF-bred NMRI 
mice (strain Bor:NMRI(SPF HAN), breeder Winkelmann, Borchen) were 
admixed with o, 100, 300, or 900 ppm Nisoldipine (Bay K 5552) 
(converted to o, 19.37, 58.06, 162.93 mg/kg/day for males or o, 
24.99, 74.36, 217.28 mg/kg/day for females, respectively) 111 their 
diet for up to 21 months. In each dose and sex group, 20 additional 
mice were treated for up to 12 months and then sacrificed for interim 
investigations. The dosages were selected on the basis of the 
results of a previous subacute study with the administration of the 
substance in the food. Food consumption was m~nitoreo on a weekly 
basis up to 23rd week and every two weeks thereafter. Autopsies were 
done on all animals which died during the course of the study or that 



-2-

were killed in extremis, and also on those that were sacrificed at 12 
months and at the termination of the study. At the end of the study, 
some tissues from o, 300, and 900 ppm groups were examined 
histopathologically. In addition, non-blastomatous lesions in the 
alimentary canal, the pituitary ~nd the liver of animals in the 900 
ppm group were recorded. Of trie animals in the 100 ppm group (low 
dose group), the stomach, pituitary, and liver were examined 
histopathologically. 

II. b. Sponsor's Analyses 

The sponsor indicated that "no neoplasms were entered for the female 
animals in the 100 ppm group; therefore, the data for this group were 
not recorded." The following four animals (animal no. 333 and 343 in 
female control group, animal no. 550 in female high dose group, and 
animal no. 131 in male low dose group) were not included in the 
analysis due to autolysis. The pituitary was not examined in all 
animals. The stomach and liver were examined only in male animals 
from the 100 ppm group, hence, the low dose group is taken into 
consideration only in the evaluation of the mortality d~ta and of 
tumors with the relevant location. 

Mortality rates of female and male mice at 6, 12, 18, and 21 months 
reported by the sponsor are presented in Table 1. The survival 
curves for female and mRle mice are graphed in Figures 1-2, 
respectively. Fer male animals, the survival curves are 
significantly different at 0.05 level, regardless cf whether all the 
groups are taken into consideration or the 100 ppm group is excluded. 
The significant difference in survival curve is due to the high 
mortality in the high dose group. For female animals, the survival 
curves of control, medium, and high dose groups are not significantly 
different (p = 0.8192). 

The above survival data were analyzed by applying the BMDP 
statistical software package which uses the generalized Wilcoxon test 
in the life table and survival functions programs. 

The sponsor indicated that the methods described in Peto et al. 
(''Guidelines for Simple, Sensitive Significance Tests for 
Carcinogenic Effects in Long-Term Animal Experiments", In Long-Term 
and Short-Term Screening Assays for Carcinogens: A critical 
lillru;:.c.isal, International Agency for Research on Cancer Monographs, 
Annex to supplement 2, World Health Organization, 311-426, 1980) were 
used to test the linear trend in the tumor data. Since the data do 
not have information relating the tumors with the death of an animal, 
hence, malignant tumors are in general evalu~ted with the help of the 
death-rate method and benign tumors wit.h the help of the prevalence 
method. The ordinal dose levels o, 1, 2, 3 are used as the weighing 
factors for the control, low, medium, and high dose groups, 
respectively. 

Table 2 summarizes the tumor uearing animals according to location 
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and tumor type. Table 3 lists the number of male and female mice 
with benign and/or malignant tumors for control, medium, and high 
dose groups. Table 4 lists the statistical analyses of selected 
tumor data. The results of the above analyses showed that there were 
significant (at 0.05 level) positive linear trends in hepatocellular 
carcinoma (death rate: p = 0.0015, prevalence: p = 0.0267), 
hepatocellular tumors (death rate: p = 0.0004, prevalence: p = 
0.0334), and malignant tumors (death rate: p = 0.0035) in male mice. 

Eased on the above results, the sponsor concluded that 
"hepatocellular tumors were found in male mice from all four groups. 
If the incidences determined in these groups are compared with the 
historical control values which stem from six long-term studies with 
animals of this strain between 1980 and 1984 (see Table 5), the 
occurrence of 7 hepatocellular tumors in male mice from the 300 ppm 
group (medium dose) lies within the upper range of the norm. The 
number of hepatocellular tumors in male animals from the highest dose 
group is markedly higher ti1an the values of the o ppm group and 
historical control values. This increased incidence is a result of a 
highe1 rate of hepatic tumors in mice which died, while animals from 
the terminal kill were not affected more frequently than the other 
groups ..•.• The increased incidence of hepatocellular tumors in 
males of the 900 ppm group is interpreted as a secondary effect of 
chronic liver overloading. A primary carcinogenic effect wa~ not 
determined." 

II.c. Reviewer's analyses and Comments 

The sponsor did not include data of female low dose group in the 
computer diskettes. Hence, female low dose group was no~ included in 
the following survival and tumor data analyses. The Co~ test and the 
generalized Wilcoxon test described in the paper of Thomas, Breslow, 
and Gart ("Trend and Homoger.eity 1\nalyses of Proportions and Life 
Table Data", Computers and Biomedical Research, 10, 373-381, 1977) 
were used to test for heterogeneity in survival distributions. The 
p-values of the cox test wel'e <0.00001 and 0.6081 for males and 
females, respectively. Hence, there was a statistically significant 
difference (at 0.05 level) in the survival distribution in male mice. 
No significant difference in the survival distribution was detected 
in female mice. A similar conclusio~ was obtained in the generalized 
Wilcoxon test. The p-values of the test were <0.00001 and 0.8213 for 
males and females, respectively. 

The intercurrent mortality rates for both male and female mice (see 
Table 6) were tested for linear trend according to the death rate 
method described in the paper of Peto et al. (1980) using the time 
intervals 0-50, 51-80, 81-103 weeks. The actual dose levels o, 100, 
300, and 900 ppm were the scores assigned to the control, low, 
medium, and high dose groups, respectively. The results of the 
analyses showed that there was a significant (at 0.05 level) linear 
trend in the intercurrent mortality rate in male mice (p < O. 00001) , 
but 1101: in female mice (p = o. 271G). 
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The methods described in Peto et al. (1980) and the ~ethods of age­
adjusted exact permutation trend test were used to test the linear 
trend in the tumor data. The results of the above analyses showed 
that there were significant (at o.os level) positive linear trends in 
~eticulo-histiocytary system malignant ::\,YD.!PhQ~.L .(p~_Q . ._Q.Q.Q~_l)__ in 
~l]al~LJtd,ce-;. anai.ir1nary bladdefSl:romal tumor ( p~-o-;-o:r37j, liihg 
bronchiolo-alveolar adenoma (p = 0.0358), and stomach inverted 
papilloma of pars cutanea ( p = 0.0072) in male mice. 

However, the prevalence rates of lung bronchiolo-alveolar adenoma in 
male mice in the concurrent control group is greater than one 
percent. They are considered as a common tumor in this strain of 
mice. For a common tumor, we consider a positive linear trend not to 
occur by chance of variation only if the p-value is smaller than 
0.01. Therefore, we do not regard the positive linear trend in lung 
bronchiole-alveolar adenoma in male mice as statistically 
significant. The incidence ra'tes of reticulo-histiocytary system 
malignant lymphoma in female mice. and urinary bladder stromal tumor 
and stomach inverted papilloma of pars cutanea in male mice are given 
in Tables 7 to 9. 

If all of the malignant lymphoma in different organ of female mice 
were combined, then there is no significant linear trend in malignant 
lymphoma of combined organ in female mice. 

The sponsor's analyses showed that there were significant (at 0.05 
level) positive linear trends in hepatocellular carcinoma and 
hepatocellular tumors in male mice. However, the reviewer found that 
there were not significant positive linear trends in hepatocellular 
adenoma (p = 0.2641), hepatocellular carcinoma (p = o.0·162) and 
hepatocellular tumors (p = 0.0514) in male mice. Tables 10 and 11 
listed the incidence rates of hepatocellular adenoma and carcinoma in 
male mice. The different results of p-values are due to (1) the 
sponsor did not apply the survival-adjusted method and (2) the 
ordinal dose levels o, 1, 2, and 3 were used in sponsor's analyses. 

III. The Rat Study 

III. a. Design 

In this study, three groups of 50 male and 50 female SPF-bred rats 
(Wistar strain TNO/W 74, Winkelmann (Breeder), Borchen) received 
Nisoldipine (Bay K 5552) in doses of 50, 300, and 1300 ppm 
administered in their feed for up to 2 years. The dose levels can be 
converted to 2.78, 18.04, and 110.68 mg/kg/day for female, and 2.15, 
13.13, and 82.4 mg/kg/day for male rats, respectively. An additional 
50 male and 50 female rats received untreated diet and were 
designated as controls. The study lasted for 105 weeks (Nov. 1980 to 
Nov. 1982). The subsequent autopsy on the surviving animals extended 
over approximately further 2 weeks. The body weights of the 
experimental animals were recorded at the start of the study, then 
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each week up to the 27th week of the study, and thereafter at 
intervals of 2 weeks. A histopathological evaluation was carried out 
on selected organs or tissues frcm all the animals which died 
spontaneously, and those sacrificed in a moribund condition or at the 
end of the study from the control and the highest dose group (1800 
ppm). For low and medium dose groups, the adrenals, the genital 
urgans (testes, epididymis or ovaries, uterus) and skin changes 
suspected of being tumorous on gross inspection, as well as the 
kidneys from the females, were proce-~sed for microsc.~ic assessment. 

III. b. Soonsor's Analyses 

The following are summaries of results of sponsor's analyses included 
in Volume 9.1 submitted on Dec. 9, 19a5. It seems that second volume 
of rats study was missing. The reviewer has discussed this with the 
reviewing CSO, Mr. David Roeder, HFD-110. 

Table 12 lists the mortality rates for each dose/sex group after 12, 
18, and 24 months (at the end of the 52nd, 79th, and 105th weeks of 
the study). Figures 3 and 4 plot the cumulative mortality rates for 
each sex/dose group over the entire study period. 

Based on the above mort2lity tables and graphs, the sponsor stated 
that "there was no significant statistical or biological effect on 
the mortality at any time". 

The number of the blastoma carriers in the individual dose group was 
summarized in Table 13. The sponsor indicated that the numbers of 
blastoma carriers in the female rats from the control and the highest 
dose groups which had malignant or both malignant and benign tumors 
were .appro~imately the same. In contrast, more male rats from the 
highest dose group had malignant blastomas compared with control 
rats. This is a finding which, considering the marked variability of 
the occurrence of tipontaneous blastomas, is considered to be 
unrelated to the treatment. Table 14 lists all blastomas according 
to loc~tion, type, and status. The sponsor also indicated that no 
oncogenic activity of the test substance can be deduced from the 
tnble, which shows rather the variability of spontaneously arising 
blastomas. 

Based on the above analyses, the sponsor concluded that "the ~ype, 
localization, time of appearance and frequency of the benign and 
malignant tumors found provided no evidence of an oncogenic action of 
Bay K 5552. Therefore, under the conditions described, the 50 and 
300 ppm doses are regarded as being tolerated without ill effects." 

III.c. Reviewer's analyses and Comrnerits 

The cox test and the generaliz8d Wilcoxon test described in the paper 
of Thomas et al. (1977) we~e used to test for heterogeneity in 



-6-

survival distribution. The p-values of the Cox test were 0.66 and 
0.2525 for males and females, respectively. Hence, there was no 
statistically significant difference (at 0.05 level) in the survival 
distribution in either male or fema}.e rats. A similar conclusion was 
obtained in the generalized Wilcoxon test. The p-values were 0.7856 
and 0.4237 for males and females, respectively. 

The intercurrent mortality rates for both male and female rats (see 
Table 15) were tested for linear trend according to the death rate 
method described in the paper of Peto et al. (1980) using the time 
intervals 0-50, 51-80, and 81-105 (female)/81-109(male) weeks. The 
actual dose levels o, 50, 300, and 1800 ppm were the scores assigned 
to the control, low, medium and high dose groups, respectively. The 
results of the analyses showed that there was no significant (at 0.05 
level) linear trend in the intercurrent mortality rate in male or 
female rats. 

The methods described in Peto et al.· (1980) and the methods of age­
adjusted exact permutation trend test were used to test the linear 
trend in the tumor data. The tumor intervals 0-50, 51-80, 81-
105 (female) /81-109 (male; and terminal sacrifice were used in those 
methods. The results of the above analyses showed that there was a 
statistically significant (at 0.05 level) linear trend in brain 
granular cell tumor (p = 0.0411) in male rats. The incidence rates 
of this tumor are given in Table 16. 

IV. Summary 

IV. a. The Mouse ~tudy 

The oncogenic potential of nisoldipine was evaluated in this mouse 
study when administered in the diet continuously to the animals at 
dosage levels of 0, 100, 300, or 900 ppm for up to 21 months. 

Noted that the sponsor did not include data of female low dose group 
in the computer diskettes. Hence, female low dose group was not 
included in the following survival and tumor data analyses. 

The Cox and the generalized Wilcoxon methods were used to test the 
heterogeneity in survival distribution. The test results revealed 
that there was no statistically significant difference (at 0.05 
level) in the survival distribution in female mice. However, there 
was a statistically significant difference (at 0.05 level) in the 
survival distribution in male mice. 

The statistical methods given in the paper of Peto et al. (1980) and 
an exact permutation trend test were used to test the positive linear 
trend in intercurrent mortality and incidental tumor rates. Applying 
the above methods to the data on sponsor's computer diskettes, the 
results of the analyses showed that there was a significant (at 0.05 
level) linear trend in the intercurrent mortality rate in male mice 
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(p < 0.00001), but not in female mice (p = 0.2716). Results of tumor 
data analyses showed that there was a significant (at o.os level) 
positive linear trend in urinary bladder stromal tumor ( p = 0.0337), 
and stomach inverted papilloma of pars cutanea ( p = 0.0072) in male 
mice. 

The sponsor's analyses showed that there were significant (at o.os 
level) positive linear trends in hepatocellular carcinoma and 
hepatocellular tumors in male mice. However, the reviewer found that 
there were not significant positive linear trends in hepatocellular 
adenoma (p = 0.2641), hepatocellular carcinoma (p = 0.0762) and 
hepatocellular tumors (p = o.0514) in male mice. The different 
results of p-values are due to (1) the sponsor did not apply the 
survival-adjusted method and (2) the ordinal dose levels O, 1, 2, and 
3 were used in sponsor's analyses. 

IV. b. The Rat Study 

The oncogenic potential of nisoldipine was evaluated in r.his rat 
study when administered orally and continuously to the animals at 
dosage levels of SO, 300, ~. 1800 ppm for 105 weeks. 

The Cox and the generalized Wilcoxon methods were used to test the 
heterogeneity in survival distribution. The test results revealed 
that there was no statistically significant difference (at 0.05 
level) in the survival distribution in female or male rats. 

The statistical methods given in the paper of Peto et al. (1980) and 
an exact permutation trend test were used to test the positive linear 
trend in intercurrent mortality and incidental tumor rates. Applying 
the above methods to the data on sponsor's computer diskettes, the 
results of the analyses showed that there was not significant (at 
0.05 level) linear trend in the intercurrent mortality rate in male 
or female rats. 

Results of tumor data analyses showed that there was a significant 
positive linear trend in brain granular cell tumor (p = 0.0411) in 
mu.le rats. 

Concur: 

Daphne Lin, Ph.D. 
Mathematical Statistician 

Kd_«. & · 11p7 It 2__ .. 

Karl K. Lin, Ph.D., Group I!eadcr; SARB 
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Table 1 Appendix l 

Table 2 MORTALITY ··------
DOSE HUMBER USED .HUMBER DIED MOlTALITY 

rrM ·• x 

' MONTHS 

MALE 
0 sa 0 • Q • 0 

lDO SD 2 4.D 
3DD SD 0 D.D 
90D so 3 £_0 

·FEMALE 
D 50 D D . O 

lDO 50 0 D. 0 
300 so 0 Cl.~ 

90 0 so l z. 0 

12 MOii7HS 

'MALE 
0 so 0 0. 0 

lOO 50 3 . 6. 0 
JO~ 50 0 0.0 
900 50 t 16. 0 

HnHE 
0 50 2 4 . 0 

!DO 50 5 l 0. 0 
300 50 3 6.0 
900 50 ' l 0. D • 

u MOHTHS 

·~ALE 

0 50 5 lD.0 
100 50 ll zz.o 
300 50 7 14. 0 
900 so 29 sa. o 

FEMALE 
0 50 21 42.0 

HO 50 19 3a.o 
JOO so 20 4D.D 
90D 50 Zl 42.D 

21 MOHTHS 

MALE 14 28.0 0 50 
100 so 15 lO.O 
JDC 50 19 38 .o 
900 50 ID 60 . 0 

f.ENALE 
D 50 2a 56.D 

I D 0 50 34 68.0 
JOO so 34 u.o 
900 so J2 64. 0 

• Animcls sc:hPr1t1 l<.>~ fer tc~ir.al )..ill 



Table 2 

Appendix 2 

Table 18: Comparative summary of tumours occurring according to 
location, type, number and dignity S (animals sched-
uled for terminal kill) 

lil: I r,1"' ~ sex Cl' 9 7 
Dose ppm 0 10 0 ~lio §oo 0 100 300 §oo 
Lung: 
bronchiole-alveolar 
adenoma 2 3 4 2 1 3 
bronchiole-alveolar 
carcinoma (malig.)13 12 5 8 6 5 

Stomach: 
papilloma 0 0 0 2 0 0 0 0 

--·- - sarcoma (malig.) 0 0 2 1 0 0 0 0 

Liver: 
hepatocellular 
adenoma 2 2 2 3 0 0 0 l 
hepatocellular 
carcinoma (malig.) 3 4 5 8 0 0 0 l 

haemangiosarcoma 
(malignant) 1 0 0 0 0 0 0 0 

Kidneys: 
tubular carcinoma 
(malignant) 0 l 0 0 0 0 
haemangiosarcoma 
(malignant) 0 l 0 0 0 0 

Bladder: 
stromal tumour 
(benign) 1 1 2 0 0 0 
stromal tumour 
(malignant) 0 l l 0 0 0 

Ovary: 
granulosa-theca 
cell tumour ( ben. ) 5 s 3 
granulosa-theca 
cell tumour (malig.) l 0 0 
luteoma (benign) 2 2 0 
tubular adeno-
carcinoma (malig.) l 0 0 
Sertoli cell 
tumour (benign) 0 0 l 

Uterus: 
adenoma 0 0 l 0 
cc.re inoma (mali•;i.) l 0 0 0 
fibroma 0 0 l 0 
myoma 0 0 l 2 
myosarcoma (malig.) 0 0 0 1 
stromal tumour 
(benign) 3 0 2 2 
stromal sarcoma 
(malignant) 1 3 2 2 



Table 2 (Cont.inued) 

Table 18 ! continued l: 

Sex e 
Dose EEm 0 100 300 900 0 100 300 900 
Testes: 
Leydig cell tumour ' (benign) 2 2 0 
adenoma ot rete 
testis l 0 0 

Pituitary: 
adenoma 2 0 0 0 3 3 1 

Thyroid• 
---- - follicle cell 

adenoma 0 l 0 0 0 0 
papillary cyst-
adenoma l 0 0 0 0 '() 

Adrenals: 
cortical adenoma 3 3 l 2 0 0 
phaeochromocytoma 
(benign) l 0 0 l 0 2 
phaeochromocytoma 
(malignant) 0 0 l 0 0 0 

RH system: 
lymphoma (malig.) 7 3 l 18 12 14 
lymph node sarcoma 
(malignant) 1 0 0 1 0 0 

Skin/subcutis: 
epithelioma 
(malignant) 0 0 1 0 0 0 
sarcoma (malig.) 1 0 0 0 3 0 

Mammary gland: 
carcinomn (malig.) 3 ') 0 
adeno-ancanthoma 
(malignant) 0 1 l 

Harder's gland: 
papillary adenoma 3 2 0 l 1 l 

Spinal marrow: 
schwannoma (malig. )0 0 0 0 1 0 

Bones: 
osteosarcoma 
(malignant) 0 0 0 0 1 0 

Abdomen: 
haemangiosarcoma 
(malignant) 0 0 0 0 1 0 

Pelv~c serosa: 
sarcoma (malig.) 1 

----
- Organ not investigated § Bilateral tumours counted twice 
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Table 3 

- 4 3 -

Table 17: Sununary of number of male and female mice with benign 
and/or malignant tumours, as well as frequency of be­
nign and malignant tumours encountered 

Sex d' 

Dose ppm 0 300 900 0 300 900 

No. of animals investigated 50 50 49 48 50 50 

No. of animals with tumours 27 ·z 8 24 34 31 30 

No. of animals with only 
benign tumours 7 6 B 6 6 6 

No of animals with only 
ma.1.ignant tumours 12 15 14 21 18 17 

No. of animals with benign 
and malignant tumours 8 7 2 7 7 7 

No. of animals with more 
than one primary tumour 15 11 5 13 9 8 



BAY k 5552 / T7 010 709 

Table 15: Statistical Analysis of Tumour Data 

sex target character groups (ppm) trend test 

ma le hepatocellular tumours 0/100/300/900 death-rate 
male hepatocellular tumours 0/100(300/900 prevalence 
male hapatocellular tumours 0/100/300 death-rate 
male hepatocellular tumours 0/900 death-rate 
male hepatocellular tumours 0/300 death-rate 
male hepatocellular tumours 0/100 death-rate 

male tumour, benign 0/300/900 prevalence 
male tumour, malignant 0/300{900 death-rate 

male hepatocellular adenoma 0/100/300/900 death-rate 

male hepatocellular carcinoma 0/100/300/900 death-rate 
male hepatocellular carcinoma 0/100/300/900 prevalence 
male hepatocellular carcinoma 0/100/300 death-rate 
male hepatocellular carcinoma 0/900 death-rate 
male hepatocellular carcinoma 0/300 death-rate 
male hepatocellular carcinoma 0/100 death-rate 

female tumour, benign 0/300/900 prevalence 
female tumour, malignant 0/300/900 death-rate 

incidence 

5/ 6/ 7/11 
5/ 6/ 7/11 
5/ 6/ 7 
5/11 
5/ 7 
5/ 6 

15/13/10 
20/22/1£. 

2/ 2/ 2/ 3 

3/ 4/ 5/ 8 
3/ 4/ S/ 8 
3/ 4/ 5 
3/ 8 
3/ 5 
3/ 4 

13/13/13 
28/25/24 

Dec. 15, 1987 

z p 

3.321 0. 0004-
1.833 0.0334-
.o. 821 0.2059 
3.430 0.0003 
0.855 0.1964 
0.374 0.3541 

0.286 0.3876 
2.692 0.0035 

1.450 0.0735 

2.970 0.0015-
1.931 0.0267-
0.876 0.190~ 
J.067 0.0011 
0.919 0.1790 
0.434 0.3321 

0.040 0.4842 
-0.257 0.6015 

~ 
(l) 

(fl ""' 
U'1 
...,) 



Table 5 
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Historic control values: NMRI mouse 1980 to 1984 
-------------------------------- ---------------

Test No. 

Adenomatous gastric 
mucosal hyperplasias 
in males 

n 

% 

in f emal<!s 

n 

% 

•classified as adenoma 

Liver tumour 
in males 

n 

~terine hyperplasias 

n 

l 

9'* 

50 

18 

1 '* 

50 

2 

7 

50 

14 

0 

50 

0 

2 

2'J 

50 

8 

48 

17 

3 

50 

6 

19 

45 

41 

Glu•:ose concentr~tion in the plasma: 

Urea concentration in the plasma: 

n = Number of oLgans evaluated 

Number 

3 

10 

50 

20 

11 

49 

22 

9 

50 

18 

21 

49 

43 

4.32 
4. 51 -
5.96 
4. 05 

4 

32 

44 

73 

14 

46 

30 

5 

45 

11 

23 

45 

51 

5 

5 

t. 7 

11 

10 

47 

21 

1 

46 

2 

0 

45 

0 

9.36 mmol/l 
7.75 mmol/1 

15.12 mmol/l 
14.99 mmol/l 

6 

27 

48 

56 

13 

48 

2; 

6 

48 

12 

33 

46 

?1 

(male) 
( ferr,ale) 
(male) 
(f'~male) 



Table 6 
Intercurrent Mortality Rates 

Male Mice 

Weeks Control Low Medium Hi.sh 

s D % s D % s p % s p % 

0-50 50 0 0 49 2 4.0 50 0 0 50 4 8 

51-80 50 3 6.0 47 7 14.8 50 2 4 46 16 34 

81-103 47 11 23.4 40 5 12.5 48 17 35.4 30 20 66 

Term. 36 35 31 10 

Female Mice 

Weeks control Medium Hi:ill 

s D ~ 0 s D % s D % 

0-50 48 2 4.1 50 l 2 49 3 6.1 

51-80 46 10 21.7 49 9 18.3 46 9 19.5 

81-103 36 14 38.8 40 24 60 37 19 51.3 

Term. 22 16 18 

Notes: S: Number of animals starting during the period 
0: Deaths 
~. 
0 • Percent of death during the period 
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Table 7 
Tumor Incidence Rates 

Female Mice, Reticulo-histiocytary System Malignant Lymphoma 

Weeks Control Medium High 

T N T N T N 

0-50 0 2 0 1 0 3 

51-80 0 10 0 9 3 9 

81-103 0 14 0 24 8 19 

Terminal 0 22 0 16 2 18 

Total 0 48 0 50 13 49 

Table 8 
Tumor Incidence Rates 

Male Mice, Ur ina1·y Bladder stromal Tumor 

Weeks Control LOW Medium High 

T N T N T N T N 
0-50 0 0 0 2 0 0 0 4 

51-80 0 3 0 7 0 2 0 16 

81-103 0 11 0 5 0 17 1 20 

Terminal 0 36 0 35 0 31 1 10 

Total 0 50 0 49 0 50 2 50 
Notes: T: Number of necropsies with the above tumor. 

N: Number Of necropsies. 



Table 9 
Tumor Incidence Rates 

Male Mice, Stomach inverted Papilloma of Pars cutanea 

Weeks Control LOW Medium High 

T N T N T N T N 
0-50 0 0 0 2 0 0 0 4 

51-80 0 3 0 7 0 2 0 16 

81-103 0 11 0 5 0 17 0 20 

Terminal 0 36 0 3 !;; 0 31 2 10 

Total 0 50 0 49 0 50 2 50 

;·~ • 1-l ' r <""' I, , (, ' ·' ,r 
Table 10 f-: o,o lf)) 

Tumor Incidence Rates 
Male Mice, Hepatocellular Ad8noma 

Weeks co r, ~ ;.·:::_ ... !__,~_. _ LOW Medium High 

T N T N T N T N 
0-50 0 0 0 2 0 0 0 4 

51-80 0 3 0 7 0 2 1 16 

81-103 1 11 0 5 0 17 2 20 

Terminal 1 36 2 35 2 31 0 10 

'I'ota 1 2 r,o 2 49 2 50 3 50 
Notes: T: Number of necropsies with the above tumor. 

N: Number of necropsies. 
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Table 11 
Tumor Incidence Rates 

Male Mice, Hepatocellular Carcinoma 

Jeeks Control LOW Medium fil9h 

T N T N T N T N 
0-50 0 0 0 2 0 0 0 4 

51-80 0 3 2 7 0 2 2 16 

81-103 0 11 0 5 2 17 5 20 

Termjnal 3 36 2 35 3 31 1 10 

Tota! 3 50 4 49 5 50 8 50 
Notes· T: Number of necropsies with the above tumor. 

N: Number Of necropsies. 
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Table 3 

STER!L ICHltE!i I l'IORULITY * 

DOSE HU!'!SER USED HUM5ER DI ED . MORTALITY 
DC~!S EIHGESETZl E VER~HDETE ST?:RHlCH 
PPl'I T lEP.E TIE!tE KUT % 

l2 MOHA.7E I 12 l'IOMTHS 

MAEHHL!CH/l'IALE 
0 so . l 2..0 

so so 0 D.O 
300 "5 0 l 2.0 

l!OO so 0 Q. 0 

"'1E:!P.L!CH/FE.1"\Alf 
0 so l 2.. 0 

so so I 2. Q 
30C 50 0 0. 0 

iaoo so .2 ~.o 

u MOHA TE I la MOMTHS 

MAES Hi.I Cli/MAL E 
0 50 2 4. 0 

50 so 0 0.0 
300 so 2 4. 0 

l!OC so s ID • D 

WE!!LlCH.IFE!'\ALE 
0 so 3 6. 0 

so so 2. ~.o 
300 so s 10.0 

UDO so 4 !.O 

24 MOHATE I 24 MONTHS 

l"IHHHLICHIMALE .. . . .. 

0 so 4 !.D 
so so g l6. 0 

soo so u 22.0 
UDO so ll 22.0 

WEBLICH/FEMHE 
0 so ! 16. 0 

so so g 16. 0 
300 so lS 3D.O 

l!OO so l3 26. 0 

• The ~nimals selected 1or the interim autopsy are not 
considered in this Table. 

220. 20 
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Table 31: Number of the blastoma carriers in the individual dose grour>s 

Se• 
!lose (ppm) 

Total ~umber of rats investigated 

Number of the blastoma carriers 

Number of rats with exclusively benign 
blastomas 

Number of rats with e•clusively malignant 
bla5tomas 

Number of rats uith benign and malignant 
blastomas 

Number of blastoma carriers as r. 
all rats investigated 

Nu~ber of blastoma carriers with exclus~vely 
benign blastomas as r. all rats investigated 

Number of blastoma carriers with exclusively 
malignant blastomas as 7. all rats investigated 

Number of blastoma carriers with benign and 
malignant blastomas as r. all rats Investigated 

.r ·---- ---- ··--·--
0 50 .1 () (} 1flfJO 

-- ----- -· ---
1 'l so 50 40 

-Jr- 1 6 2-,- -2r.-
-- ---- ---
20 · 1 r; 12 HI 

~1---- ---- . --- -. - ----· 
2 J 0 1 

J 4 

----- -----·· ·-----,--
(j) J2 42 54 

-·---- -- -----

_, _ _:_1_ 20 24 I JO 

---- ----

4 6 1 6 n 

2 (j 2 II 

0 

40 
-3y-

24 

(, 

) 

(j ') 

~o 

1.1 

(j 

~ 

----~-

so 300 . 
48 40 

21 il 
---

15 14 

---- ----
3 4 

---· 
.l J 

---- -----
44 44 

-

31 29 

----
6 8 

.. --- ----··--
fi (j 

1800 

40 

20 

18 

r. 

4 

----
58 

----
38 

13 

-·-
8 

-

,.. 
"' 

~ 
f-' 
w 
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Table 32: List of all t:ilas-:omas a:cor;::~ng tc nur.iber, l:::a.:sat~c~, :yi:e 
anc status <male ra~s) 

(Cose porn> 0 50 300 1800 

Adenohypoohys is• 
Adenoma 
Carcinoma 

Thyroids• 
C ce l L acenoma 
t cell carcinoma 
Follicular carcino~~ 

ACrer.a l cortex 
Adenoma unilateral 

Aorenal medulla 
Pha~ochromocytoma (b) unilateral 
Phaeochromocytoma Cb/ bilateral 
Phaeochromocytoma (ml u~i~ateral 

Par-a:hyrcics• 
Aoenorr,a 

Testes 
Leydig cell tumour (b) ur.ilateral 
Leycig cell tumour (bl oi Laaral 

Pancreas• enoocrine 
Acenofi,a 

P2n:~eas• ~xocrine 

Acenoma 

near~· 

- -Endoca~dial f ibromatocis (k) 

Lung• 
Adenor::a 

E;iididymis 
Sarcoma 

er a; n• 
Menini;iorr.a (b) 

R!-iS• 
~al i gnant lymphoma 
Histiocvtary sarcoma 

Skin• 
Cornified squamous cell 
carcinoma 

Su~cutis• 
Sarcoma 
Haemangiosarcoma 

Po'iesenttry• 
Ltiomyosarcorr.a 

Abdomeri* 
Fibrosarcoma 
~ ... r '"'"'tT.2 

b = benigc. 

14 0 3 11 
0 2 0 0 

f 0 0 c 
l c 0 l 
0 c 0 l 

l l c 0 

7 - 3 7 
0 ' 0 l 
G - l ~· 

3 c c 0 

4 - € i 
(' 2 l 

2 c 0 0 

3 c c 0 

-I , c 0 , 
-

0 c l (\ 

!'\ c 0 l 

0 Q 0 2 

c l 3 l 
0 0 )"-" G 

n l l l 

l ' l 3 
0 C• l l 

_Q_ 0 l 0 

l 0 0 (I 

0 l 0 0 

m =malignant 
• This organ was not routinely hist~Logi~Lltly 1nves:iga:e: in all the rats 

from the 50 and 300 pom groups. 

I 
I 
I 

I 
I 
I 

I 

I 

I 
·I 
I 

I 

220.1,7 
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Table 32: List of all blastomas accorcing to number, lo:alisztior., type 
Ccontinuationl ana status <female ratsl 

<Dose p;ir.il 0 so 300 1800 

Adenohypo ph1·si s 
Aoenoma 
Cerc.i11oma 

Thyroic:s• 
C cell aaenc.ma 
C cell carcinoma 
Follicular aoenoma 
Follicular carclno~a 

A:::rena t cortex 
Adenoma unilateral 

Acrenal medulla 
Phaeoc~romo:ytorra Cb) uni·Late~aL 
Phaeochromocytoma Cm) u~i~a:e~~L 

Ovary 
Granulosa-theca cell tumour (bl 
Granulosa-theca cell tumour (~) 

Uteru$ 
Endometrial stromal tumou~ 

(;iolycl Cb> 
Endcmetrial s:ro~al sarcoma 
AOenocarcinoma 

Mammary gland 
Ader.err.a 
Adenocarcinorr.a 

rianeys 
Adenoma 
Sarcoma 

Urinary bladder• 
Adenoma 

RHS• 
Malignant lymohoma 
Histiocytary sarcoma 

Intestine* 
Fibroma 

Mesentery• 
Malignant mesothelioma 

Skin 
Papi llama 

Subcutis 
Haemangiosarcomc 
Sarcoma 

b = benign 

16 
1 

6 
l 
0 
l 

1 

0 
0 

0 
0 

6 
2 
l 

0 
1 

l 
-1 

l 

0 
0 

0 

D 

0 

-
l 

3 5 
l 1 

1 2 
0 (I 

0 0 
0 0 

1 0 

0 0 
0 0 

0 l 
c 0 

22 11 
a 2 
4 2 

2 1 
l 1 

0 0 
0 

.. 0 

0 0 

0 0 
0 0 

0 0 

0 1 

0 D 

0 0 
0 0 

m =malignant • •Thi~ organ was not routinely histologically inves:igated jn alt the ;ats 
from the 50 and 300 ppm grou;s. 

7 
0 

l 
0 , 
• 
0 

0 

2 

2 
2 

2 
(j 

0 
0 

0 

l 
l 

:!. 

0 

1 

0 
2 

I 
' 

I 
l 
I 
I 

I 

I 
I 

I 
I 

-1 

I 

I 
I 
I 

I 

720.!.A 



Table 15 
Intercurrent Mortality Rates 

Male Rats 

Weeks Control Low Medium High 

s D % s D % s D % s D % 
o-so 50 1 2 50 0 0 50 1 2 50 0 0 

51-80 49 1 2.0 so 0 0 49 0 0 50 3 6 

81-109 48 3 6.2 50 8 16 49 10 20.4 47 s 17. 

Term. 45 42 39 39 

Female Rats 

Weeks Control ___1ow Medium High 

s D % s D % s D % s D % 
0-50 50 1 2 50 1 2 50 0 0 50 2 4 

51-80 49 2 4.0 49 1 2.0 50 8 16 48 2 4. 1 

81-105 47 5 10.6 48 6 12.5 42 7 16.6 46 9 19.5 

Term. 42 42 35 37 

Note,;: S: Number of animals starting during the period 
D: Deaths 
9- • .. Percent of death during the period 



Male 

Weeks Control 

T N 
0-50 0 1 

51-80 0 1 

81-109 0 3 

Terminal 0 45 

Total 0 50 

Table 16 
Tumor Incidence Rates 

Rats, Brain Granular Cell Tumor 

LOW Medium 

T N T N 
0 0 0 1 

0 0 0 0 

0 8 0 10 

0 42 0 39 

0 50 0 50 
Notes: T: Number of necropsies with 

N: Number of necropsies. 
the above tumor. 

pc-;(vv;ie_ 

High 

T N 
0 0 

1 3 

0 8 

2 39 

3 50 

L- ./ .s r{ 
' 94-\7 ~ o. I 5 



.. 

Statistical Review and Evaluation 
(An Addendull'.) 

IND #: Date: MAR - 8 1994 

Applicant: Miles Inc. 

Name of Drl,!g_;_ Nisoldipine 

I . Background. 

The two animal carcinogenicity studies (one in rats and one in mice) 
included in this IND submission were reviewed and a statistical 
review report was issued on Dec. 3, 1992 by the Division of 
Biometrics. Our analyses showed that there were statistically 
significant positive linear trends in urinary bladder benign stromal 
tumor ( p = 0.0337) and stomach inverted papilloma of para cutanea (p 
= 0.0072) in male mice and in reticulo-histiocytary system malignant 
lymphoma (p < 0.00001) in female mice. However, in the last case, if 
all of the malignant lymphomas in different oryans of female mice are 
combined, then the linear trend became not significant. In rats 
study, results of tumor data analyses showed that there was a 
significant positive linear trend in brain granular cell tumor (p = 
0.0411) in male rats. Dr. Xavier Joseph, HFD-110, who is the 
reviewing pharmacologist of this IND, requested the Division of 
Biometrics to test if the positive dose-response relationship is 
significant in any possible combinations of urinary bladder malignant 
stromal tumor, benign polypous stromal tumor, and benign stromal 
tumor in male mice. He also requested the reviewer to check the 
difference in the incidence rates of reticulo-histiocytary system 
malignant lymphoma in female mice between the sponsor's and the 
reviewer's results. Pairwise comparisons were also requested for 
tumors which have significant positive linear trends. 

II. The Mice Study 

The methods described in Petu et al. (1980\ and the methods of age­
ad]usted exact permutation trend test were used to test the positive 
linear trend in different combinations of urinary bladder tumors in 
male mice and in malignant lymphoma in female mice. The time 
intervals 0-50, 51-80, 81-103 weeks, and terminal sacrifice were used 
in those methods. The actual dose levels o, 100, 300, and 900 ppm 
were the scores assigned to the control, low, medium, and high dose 
groups, respectively. 

The results showed that there was a statistically significant 
positive linear trend in urinary blddder benign stromal tumor (trend: 
p = 0.0337; pairwise: high vs control: p = 0.1403) in male mice. 
There was no statistically significanl (at 0.05 level) trend in any 
other urinary bladder tumors in male mice. Noted that there are two 
male mice (animal numbers 68 and 189) developed urinary bladder 
polypous stromal tumors, one male mice (animal number 207) developed 
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urinary bladder malignant stromal tumor, and two male mice (animal 
numbers 234 and 242) developed urinary bladder benign tumors. The 
following table lists the p-values of the test results in urinary 
bladder tumors in male mice: 

Tumors 

Benign Stromal Tumor 

Polypous Stromal Tumor 

Malignant Stromal Tumor 

Benign Stromal Tumor & 
Polypous Stromal Tumor 

Benign Stromal Tumor & 
Malignant Stromal Tumor 

Polypous Stromal Tumor & 
Malignant Stromal Tv.mor 

Benign Stromal Tumor & 
Polypous Stromal Tumor & 
Malignant Stromal Tumor 

P-values 

0.0337 * 
0.5793 

0.6226 

0.0606 

0.0725 

0.4289 

O.l036 

The incidence rates of urinary bladder benign strowal tumor, urinary 
bladder malignant stromal tumor, and urinary bladder benign polypous 
stromal tumor in male mice are given in Tables 1 to 3. 

For the malignant lymphoma, as mentioned in the previous review, 
there was a statistically significant positive linear trend in 
reticulo-histiocytary system malignant lymphoma (trend : p < 0.00001; 
pairwise: high vs control: p = 0.0001; pairwise: high vs medium: p < 
0.000l) in female mice. However, if all of the malignant lymphomas 
in different organs of female mice were combined, then the linear 
trend became not significant (p = 0.2307). Table 4 lists the 
incidence rates of reticulo-histiocytary system malignant lymphoma in 
female mice. Table 5 lists the incidence rates of reticulo­
histiocytary system malignant lymphoma and all the malignant 
lymphonas in different organs of female mice. Noted that the sponsor 
did not include data of female low dose group in the computer 
diskettes. Hence, female low dose group was not included in the 
analysis of malignant lymphoma. 

In the sponsor's submission dated on August 11, 1988, the tumor 
bearing animals were summarized according to location and tumor type 
and shown in Table 18 of their submission (see attached Table 6). 
Under "RH system malignant lymphoma", there are 18, 12, and 14 female 
mice developed this tumor in control, medium, and high dose groups, 
respectively. However, the reviewer found that the numbers are o, o, 
and 13 female mice in control, medium, and high dose groups, 
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respectively, recorded in the data diskette submitted on April 1, 
1992. If the female animals developed malignant lymphoma in 
reticulo-histiocytary system a~d all different organs are combined, 
then the numbers are 18, 12, and 14 female mice in control, medium, 
and high dose groups, respectively. 

There was a statistically significant positive linear trend in 
stomach inverted papilloma of para cutanea (p = 0.0072) in male mice. 
The pairwise comparison also showed a statistically significant 
difference between control and high dose male mice in this tumor (p = 
0.0435). The incidence rates of this tumor are given in Table 7. 

III. The Rats Study 

Results of tumor data analyses showed that there was a significant 
positive linear trend in brain granular cell tumor (p = 0.0411) in 
male rats. However, the pairwise comparison between control and high 
dose male rats did not show any significant difference (p = 0.1594) 
in tumor rate between the two groups. The incidence rates of this 
tumor are given in Table 8. 

IV. Summary 

The statistical methods given in the paper of Peto et al. (1980) and 
an exact permutation trend test were used to test the positive linear 
trend in malignant lymphoma in female mice and in any possible 
combinations of urinary bladder malignant stromal tumor, benign 
polypous stromal tumor, and benign stromal tumor in male mice. The 
time intervals 0-50, 51-80, 81-103 weeks, and terminal sacrifice were 
used in those methods. The actual dose levels 0, 100, 300, and 900 
ppm were the scores assigned to the control, low, medium, and high 
dose groups, respectively. 

The results showed that there was a statistically significant 
positive linear trend in urinary bladder benign stromal tumor (p = 
0.0337) in male mice. However, the pairwise comparison between 
control and high dose male mice did not show any difference (p = 
0.1403) in urinary bladder benign stromal tumor rates between the two 
groups. There was no statistically significant (at 0.05 level) trend 
in any other urinary bladder tumors in male mice. 

There was a statistically significant rcsitive linear trend in 
reticulo-histiocytary system malignant :ymphoma (trend : p < 0.00001; 
pairwise: high vs control: p = 0.0001; pairwise: high vs medium: p < 
0.0001) in female mice. However, if all of the malisnant lymphomas 
in different organs of female mice wt>re combined, then the linear 
trend (p = 0.2307) became not significant. In Table 18 of the 
sponsor's submission dated on August 11, 1988, the ''RH system 
malignant lymphoma" in female mice actually is the 11

1· imbination of 
malignant lymphomas in reticulo-histiocytary system and all different 
organs". 
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There was a statistically significant positive linear trend in 
stomach inverted papilloma of para cutanea (p = 0.0072) in male mice. 
The pairwise comparison also showed a statistically significant 
difference between control and high dose ma.le mice in this tumor (p = 
0.0435). For the rat study, there was a significant positive linear 
trend in brain granular cell tumor (p = 0.0411) in male rats. 
However, the pairwise comparison between control and high dose male 
rats did not show any difference (p = 0.1594) in tumor rate between 
the two groups. 

cc: Original 
HFD-110/Dr. Lipicky 
HFD-110/Dr. Joseph 
HFD-110/Ms. Morgenstern 
HFD-110/Mr. Roeder 
HFu-710/Chron 
HFD-715/Dr. Karl Lin 
HFD-715/Dr. Daphne Lin 
HFD-715/Chron (SARB) 

Daphne Lin, Ph.D. 
Mathematical Statistician 

HFD .. 502/Assistant Director (Pharmacology) 
HFD-715/DRU 2.1.1, Nisoldipine, Miles Inc. 



Table 1 
Tumor Incidence Rates 

Male Mice, Urinary Bladder Benign Stromal Tumor 

k/_eeks Control LOW Medium High 

T N T N T N T N 
0-50 0 0 0 2 0 0 0 4 

51-80 0 3 0 7 0 2 0 16 

81-103 0 11 0 5 0 17 1 20 

Te~·minal 0 36 0 35 0 31 1 10 

Total 0 50 0 49 0 50 2 50 

T:.:end trst: p - 0.0337 
Pairwise comparison: High VS Control p ~ 0. 14 03 

Table 2 
Tumor Incidence Rates 

Male Mice, Urinary Bladder Malignant Stromal Tumor 

Weeks Control ___ LOW Mediull] High 

T N T N T N T N 
0-5~ 0 0 0 2 0 0 0 4 

51-80 0 3 0 '7 0 2 0 16 

81-103 0 11 0 5 1 17 0 20 

Terminal 0 36 0 35 0 31 0 10 

Total 0 50 0 49 __ 1 ___ 5_9 ______ o -~-

Trend test: p = 0.6226 

1~otes: T: Number of 11~crcJps it-'.S with LhP al:.ove tumor. 
N: Number of necropsies. 



Table 3 
Tumor Inci.dence Rates 

Male Mice, Urinary Blo.dder Polypous ;tromal -rt.mar 

!:'leeks Control r,ow Medium High 

T N T N T H T N 
0-50 0 0 0 2 0 0 0 4 

51-80 0 3 0 ~ 0 2 0 16 ' 

8. · 103 0 ll 0 5 0 17 0 20 

Terminal 1 36 0 15 l 31 0 10 
~~~~~~~~ 

Tc..tal - 5() 0 49 1. 50 0 50 ~ 

Trend tes·~: p = 0.5793 

Notes: T: Number of necropsies with the above tumor. 
N: Number of nec:::opsies. 



Table 4 
Tumor Incidence Rates 

Female Mice, Reticulo-histiocytary System Malignant Lymphoma 

\>leeks Control Medium High 

T N T N T N 

0-50 0 2 0 1 0 3 

51-80 0 10 0 9 3 9 

81-:03 0 14 0 24 8 19 

Terminal 0 22 0 16 2 18 

Total 0 48 0 50 13 49 

Trend test: p < 0.00001 
Pairwise comparison: high vs control: p = 0.0001 

high vs medium: p < 0.0001 

Table 5 
Tumor Incidence Rates 

Female Mice, Reticulo-histiocytary System Malignant Lymphoma & Al.l 
Possible sites of Malignant Lymphoma 

w~~eks __s;on t rstl._ Medium Higq 

T N T N T N ----· 

0 - ::, 0 0 2 0 l 0 3 

51-SC ':i 10 J 9 3 9 

81-103 9 14 "I 24 8 19 

'T' • -.ermina.c 4 22 4 16 3 18 

Total 18 48 12 50 14 49 

Trend test: p - 0.2307 

N-:ites: T: Number of nR~ropsies with the above tumor. 
N: NumbeJ~ of necropsies. 
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Table 6 

Appendix 2 

Table l B: ComparativE su.rnmary of tumours occurring according to 
location, type, number and dignity s (animals sched-
uled for terminal kill) 

{fr I I V') 
Sex Cl' "' ~ 7 
Dose Eem 0 l (j('j 300 9!'.io i'l li'lO j()·; 900 
Lung: 
bro~chiolo-alveolar 
adenoma 2 3 4 2 l 3 
bronchiole-alveolar 
c;,rcinoma (malig.)13 12 5 8 6 <, 

Stomach: 
papilloma 0 0 0 2 0 0 0 0 

--··- - sarcoma (malig.) 0 0 2 1 0 0 0 0 

Liver: 
hepatocellular 
adenoma 2 2 2 .) 0 0 0 1 
hepatocellular 
carcinoma (malig.) 3 4 5 8 0 0 0 l 

haemangiosarcoma 
(malignant) l 0 0 0 0 0 0 0 

Kidneys: 
tubular carc.:inoma 
(malignant) 0 l 0 0 0 0 
haemangiosarcoma 
(malignant) 0 l 0 0 0 0 

Bladder: 
st.romal tumour 
(benign) l .2 0 0 0 
stromal tumour 
(malignant) 0 , 

l 0 0 0 • 

O•;ary: 
grar1ulosa-the•ca 
cell tumr,,ur ( ben. ) 5 5 3 
granulosa-t:hec<: 
cell tumour (malig.) l 0 0 
lut-:-~om.-:::. {benign) 2 2 0 
tubular adeno-
carci'loma (ma Jig.) l 0 0 

--·- Sertoli cell 
tumour (benign) 0 0 l 

Uterus: 
adenorria 0 0 l 0 
carcinoma {malig.) l 0 0 0 
f ibrr· - Q 0 l 0 
myom .. 0 0 l 2 
myor.a?:"coma (malig.) 0 0 0 l 
stromal tumour 
(benign) 3 0 2 2 
stromal sarcoma 
(m;,lignant) l 3 ' 2 L 



Table 6 (=ritinued) 

Table lB (continued l : 

Sex 11 
Dose ppm 0 100 300 900 0 100 300 900 
Testes: 

Leydig cell tumour 
(benign) 2 2 0 
adenorna of rete 
test.:.s l 0 0 

Pituitary: 
adenorna 2 0 0 0 3 3 1 

'l'hyroid: 
-~ --~ - follicle cell 

adenoma c 1 0 0 0 0 
papillary cyst-
adenoma 1 0 0 0 0 0 

Adrenals: 
:ortical adenoma J 3 l 2 0 0 
phaeochromocytoll'~ 

(benign) 1 0 0 l 0 2 
phaeochromocytoma 
(mo li gnant) 0 0 ' 0 0 v 

RH system: 
lymphoma (malig.) 7 3 1 18 12 14 
lymph node sarcoma 
{malignant) 1 0 0 1 0 0 

Skin/subcutis: 
epitheliDma 
( mr> U.gnant) 0 0 1 0 0 c 
sarcoma (malig.) 1 0 0 0 3 0 

~!ammc:ry gland: 
carcinoma (ma].ig.) 3 0 0 
adeno-ancanthoma 
(malignant) 0 l l 

Harder's gland: 
papi.llary adenoma ~ 2 I) 1 l 1 

Spinal mar.re•·· 
---- schwannoma (malig. )O 0 0 0 1 0 

Bones: 
osteosarcoma 
(malignant) 0 0 0 0 1 0 

Abdoll'en: 
ha£rnangiosarcoma 
(malignant) 0 0 0 0 1 0 

Pelvic se.rc:.isa: 
sa1·coma (malig.) 1 

---------
- Org2.n no\" ii.ves ti.ga ~.ed § Biluteral tumours counted twice 



To.hle '/ 
Tumor Incidence Pates 

Male Mice, Stomach Inverted Papilloma of Pars Cutanea 

Weeks Control Low Medium High 

T N T N T N T N 
0-50 0 0 0 2 0 0 0 4 

51-80 0 3 0 7 0 2 0 16 

81-103 0 11 0 5 0 17 0 20 

rl·erminal 0 36 0 35 0 31 2 10 

Total 0 50 0 49 Q 50 2 50 

~TP~d tc~t~ p 0.007, 
Pairw;_se comparison: high vs control: p ~ o. 04 3 5 

Table 8 
Tumor Incidence Rates 

Male Rats,. Brain Granula.r Cell Tumor 

Wee kg_ ___ (Co11t ro l __ _ _k~~- Mediu·n High 

_____ J:._ __ N ___ T N 1' N T N 
0-50 0 1 0 0 0 1 0 0 

51-BO 0 1 0 0 0 0 l 3 

81-109 0 3 0 8 0 lJ 0 8 

Terminal 0 45 0 42 0 39 2 39 

Total 0 50 0 rJ 0 0 50 3 50 

Tl"-'nd test: p = 0.0411 
Pairw:1se compariso!t: high vs control: p = 0.1504 

Notes: T: Nurriber of necropsies with the above tumor. 
N: Number of necropsies. 

. , 



AITACHMENf 

Histopathology Incidence 

Two-Year Dietary Study in the Rat 



A Brief Coversheet for Carcinogenesis Study Review 

NDA 20-356 
Drug: r-;!soldlpln<' 
Sponsor: Miles Inc. Pharmaceutical Division 

1. Species & Strain Rat. \Vbtar (TNO/W' 74) 

2. Name of Laboratory 

3. No./sc..x/group 50 (additional 10 rats, -0 x included in each group were sacrificed after 12 
monch5 of treat:Inent) 

4. Doses (C. L. M & HJ 0, 50, 300 & ! 800 ppm in diet 

5. Basis for dose selection 
stated: yes (x) no () 4-week dietary dose rangefinding study in mice 

6. Interim sacrifice yes 

7. Total duration Two year 

8. No. alive at termin.aUon Males: 46. 42. 39 & 39 
(C. L, M & H) Females: 4-2, 42, 35 & 37 

9 Statistleal methods used U-test of Mann and \Vhit:I1ey and of \Viicoxc•n, and Fischer's exact test 

10. Tumor 'llld non-tumor data for each tissue attached. 
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,, List of neoplasms in the rats at the interim sacrifice 

Crntrol group,~ 

Ani~al No. 71 Thyroid: cy~tadenoma 

No. 80 Pituitary: adenoma 

Dose group 1800 ppm BAY k 5552, rf' 

No. 399 Testis : Leydig cell tumour (benign) 

No. 414 Brain (cerebellum): Meningioma (benign) 

.os 02 1653 
' 



T;Jble : Number of tfu.• blastoma nrders fr• the indiv;rluat dose groups 

Total numb~r of rats investigated 

Numb•!r c.f the btastoma carriers 

Sex 
DOS\' (pp111} 

Number of rat~ with ~xclusively benign 
bla;tomas 

Number of rat3 !'ith exclU$ively malignant 
blastoma~ 

Humber of rats i;ith benign and malignant 
blastomas 

riu111ber of bt3sto"!ll carriers as % 
all rats investigated 

Nu111ber of blastoma carriers with <-xclushely 
benign blastcmas as % all rats inv~stigated 

Number of btastoma carders with e•clusively 
.~al'.gnant blastomas as X all rats investigated 

Number of blastoma carrlers wf th benign and 
'malfgnant blastomas as% all rats Investigated 

-

I 
---

0 

49 
3 I 

·---
28 

---· 
2 

1 

. I 
63 

I , 
' 

J 57 

4 

----

2 

- ---

" ' -
so 300 1800 
-- ... 

so so 48 
jj; - 21 26 

10 12 18 

-- ···----·· ----· 
J <> 4 0 

3 1 4 

---- -----
32 I 42 54 

·--· 

20 24 38 

----· ----
6 16 8 

--- --·--·-1---
\j 2 e 

_____ _I 

--. y 
-

0 so 300 1800 
---

'18 48 48 48 

3 .J 21 .l l 28 
-

24 lS 14 18 

. - -
6 J 4 6 

·-- ----
J 3 3 4 

- ·-
• 

69 44 44 S8 

50 31 29 38 
----

13 6 B 13 

-- - ----
6 6 6 8 



Table ; List of all blastomas according to number, localisation, type 
and status <male rats) 

<Dose ppm) 0 50 300 lBOO 

Ad~nohypophys is* 
Adenor.ia 
Carcinoma 

Thyroids• 
C er l l aderioma 
C cell carcinoma 
Follicular carcinoma 

A.drena l cortex 
Adenoma unilateral 

Adrenal medulla 
Phaeochromocytoma Cb> unilateral 
Phaeochromocytoma (b) bilateral 
Phaeochromocytoma tml unilateral 

Parathyroids• 
Adenoma 

Testes 
Leydig cell tumour (b) uni lateral 
Leydig cell tumour (bl bi La•eral. 

Pancre9S* endocrine 
Adencilla 

Pancreas• exocrine 
Adenoma 

Hear·t• 
Endocardial fibromatosis (bl 

Lun9• 
Adenoma 

E.pididymis 
sarcoma 

Sra in• 
Meningior.:a Cb> 

RHS• 

SUn• 

Malignant Lymphoma 
liistlocytary sarcoma 

Cornified souamous cell 
cin·c tnoma 

Subcutis• 
Sarcoma 
Haemangiosarr.oma 

Mesentery• 
Leiomyosarcoma 

Abdomen• 
Fibrosarcoma 
Sarcoma 

b = benign 

14 0 3 ll 
0 2 0 0 

6 0 0 0 
l 0 0 l 
0 0 0 l 

l l 0 0 

7 s 3 7 
0 l 0 1 
0 T 1 0 

3 0 0 0 
I 

I 

~: 
s 6 7 
l 2 l 

0 0 0 

3 0 0 

2 0 0 

0 o· l 

_Q_ __ .,L_ 

0 () 0 

0 l 3 1 

3 l l l 
l l 0 

c l 0 

Q 

l 0 0 

m :. malignant 
• This organ was not routinely ~istolo;icalty investigated in 1ll the rats 

+rom the 50 and JOO Pl'm groups, 
_J 



Table : List of ill blostomas eccording to number, locelisation, type 
<cont1nuation> 1nd status (female rats> 

<Dose ppm) 0 so 300 1800 

Ad enohypo phys is 
Adenoma ,6 , s 7 
Carcinoma l 1 1 0 ·-

Th yroids• 
C cell adenoma 6 , 2 l 
t cell carcinoma , 0 (\ n 
Follicular. adenoma 0 0 0 1 
Follicular carcinoma , 0 0 0 

Ad renal cortex . 
Adenuma unilateral 1 1 0 D 

Ad renal medulla 
Phaeochromocytom~ Cbl unilateral 0 0 0 l -
P~§eochromoeytoma Cm) unilateral 0 0 0 1 

ary_ 
0 Granulon-theca cell .tumour (b) 0 l l 

Ov 

Granu losa-theca cell tumour (ml 0 0 0 l 

Ut erus 
Endometrial stromal tumour 
(polyp) (b) s 12 ll 13 
Endo~1et rial stromal sa re om a 2 0 2 2 
A<.Jenocar•inoma 1 4 2 2 

Ma mmary gland 
Adenom& 0 2 l 2 
Adenocarcinoma l l l 0 

.Jneys I Adenorna l c 0 l) 
Ki 

Sar com~ l 0 ti 0 I 

inary bladder• 
1 0 Aoenoma _.Q_ 0 

Ur 

S• 
f".a l i gnant lymphoma 0 0 0 .L_ 
t1ist iocytary sarcoma 0 0 0 l -

P.H 

ln testine• i.J F ibro:na 
__ o 0 0 -----

s!'ntery• 
0 0 l 0 Malignant mesothelioma 

in 
Papilloma 0 0 __q __ ,.l__ Sk 

ocutis 1 0 0 Haemangiosarcoma 1 0 0 Sarcoma 

Su 

b = benign 
m c malignant 
* This organ ~as not routinely histologically investigated in all the r1ts 

from th' 50 end 300 ppm groups. 

0 
2 

I 
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List of blastomas found on histopathological e•aminatian of the 

rats in the 2-year feeding study with BAY k 5552 

Dose group: 0 ppm, sex a" 

Animal No. 8 Pituitary Adenoma 
Endocrine pancreas Islet cell adenoma 

No. 11 Testes 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

Thyroid 

13 Pituitary 

14 Testes 

18 Adrenals 

19 Pituitary 

20 Heart 
Adrenals 
Parat~o~roids 
Exocrine pancreas 

23 Testes 
Thyroid 

24 Pituitary 

26 Pituitary 

No. 27 Pituitary 

No. 3l' Adrenals 
Parathyroids 

No. 33 AdrenaLs 

No. 35 Htuitary 

No. 36 Thy1·oid 

No. 37 Pituitary 

Non 39 Pituitary 

No. 41 Adrenals 

No. 42 Thyroid 

No. 

No. 

No. 

No. 

No. 

43 Subcutis <ear) 

44 Thyroid 

45 Pituitary 

46 ~ndocrine pancreas 
Adren~ls 

47 Pituitary 
Parathyroids 

Leydig cell tumour, benign (b), 
unilateral 
C cell adenoma 

Adenoma 

Leydig cell tumour (b), unilateral 

Cortical adenoma, unilateral 

Adenoma 

Endocardial fibromatosis <bl 
Phaeochromocytoma (b), ••nilateral 
Adenoma, unilateral 
Adenoma 

Leydig cell tumour <bl, unilatera~ 
C cell carcinoma 

Adenoma 

Adenoma 

Adenoma 

Phaeochro·~orytoma (bl, uni lateral 
Adenoma, unilater~l 

Phaeochromocytoma !bl, unilateral 

Adenoma 

C cell adtnoma 

Adenoma 

Adenoma 

Phaeochromocytoma Cbl, unilateral 

C cell atlenoma 

Sarcoma 

C ce l L adenoma 

Adenoma 

Islet cell adenoma 
Phaeochromocytoma (~), unila~eral 

Adenoma 
Adenoma, unilateral 

05 02 1654 
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List of blastomas found on histopathological ex&mination of the 

rats in the 2-year feeding study with BAY k 5552 

Dose group: 0 

Animal No. 49 

No. 50 

No. 54 

No. 55 

No. 56 

No. 57 

No. 60 

Dose group 50 

Ari i ma l No. 1 24 

No. 128 

No. 132 

No. 136 

No. 142 

No. 145 

No. '149 

No. 1 51 

ppm, sex r!' 
Testes 

Exocrine pancreas 
Pituitary 
Thyroid 

Pituitary 
Adrenals 

Heart 

Pituitary 
Adrenals 

Abdomen 

Exocrine pancreas 
Thyroid 

ppm, sex rf' 
Adrenals 

Adrenals 

Testes 
Skin Che ad) 

~.drenals 

Testes 

Abdomen 

Adrenals 

Adrenals 

Retic-.ilohistio­
cytary system 
(RH S) 

No. 153 Adrenals 

No. 163 Testes 

Leydig cell tumour Cb>, unilateral 

Adenoma 
Adenoma 
C cell adenoma 

Adenoma 
Phaeochromocytoma Cbl, unilateral 

Endocardial fibromatosis Cb> 

Adenoma 
Phaeochromocytoma Cb>, unilateral 

Fib r o s·a re om a 

Ader,oma 
C cell adencma 

Phaeochromocytoma Cb>, ur.ilateral 

Phaeochromocytoma Cbi, unilateral 

Leydig cell tumour Cb>, unilateral 
Cornifylng squamous cell carcinoma 

Phaeochromocytoma Cbl, unilateral 

Leydig cell tumour Cb>, unilateral 

Sarcoma 

Cortical adencma, unilatertl 

Tumour. rhe neoplastic tissue has 
penetrated the organ capsule. The 
origin of the tumour cell~ cannot 
bt determined with certainty due 
to autolysis. Presumably it i~ a 
malignant unilateral phaeochromo­
cytoma. 
Malignant ly~phonas in :he spleen, 
liv~r, lung and bone marrow 

Phaeochromocytoma Cb>, unilateral 

Leydig cell tumour Cb), unilateral 

05 02 1655 
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List of blastom&s found on histopathological examination of the 

rats in the 2-year feeding study with BAY k 5552 

Dose group: 50 ppm, sex 

Animal No. 165 Pituitary 

No. 168 Testes 

No. 169 Testes 
Subcutis 

No. 170 Adrenals 
Pituitary 

No. 175 Adr!!n~ls 

i.o. 180 Testes 

Dose 9rOtJp: 300 ppm, sex 
Animal No. 252 A1renals 

No. 253 RHS 

';o. 257 Testes 

No. 259 Adrenals 
F:H$ 

No. 260 Pituitarr 

No. 262 Testes 

No. ;!63 Subcutis 
limb> 

No. Z65 Pituitary 

No .. ;! 6 7 Testes 

No. 272 Adrenals 
Te~tes 

O' 

Chea"' 

a" 

(rear 

Adenocarcinoma, infiltrating 
the brain 

Leydig cell tumour Cb>, unilateral 

Leydig cell tumour Cb), bilateral 
Sarcoma 

Phaeochromocytom1 Cb), unilateral 
Adenocarcinoma with multiple focal 
necroses 

Phaeochromocytoma Cbl, bilateral 

Leydfg cell tumour Cb>, unilateral 

PMaeochromocytoma, the tuMour cells 
have penetrated the or~an capsule, 
malignant, unilateral 

~alignant lymphoma in the thymus C!l. 
and spleen 

Leydig cell tumour Cb>, unilateral 

P~aeochromocytomt, Cb>, unilateral 
ma~ignant lymphomu in the spl~en, 
lymph nodas, kidneys, lung, mesentery. 
muscles, urinary bladder, oancrea$ 
and bnne ma~ro>1 

Ader.oma 

Leydig cell tumour (bl, bilateral 

Sarcoma infiltrating the skeletal 
muscle 

Ad,~ n cim a 

Leydig cell t~mour (bl, unilateral 

Phaeochromocytoma Cb>, unilateral 
Leydig cell tumour <bl, bilateral 

os 02 1656 
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List ot blastomas found on histopathological eKamination o~ the 

rats in the 2-year feedin~ study with SAY k 5552 

Dose group 300 ppm, sex if' 
Animal ~o. 273 Testes 

No. 274 Mesentery 

No. 276 HS 

No. 285 Testes 

No. 288 Adrenals 

No. 289 RHS 

No. 290 Skin 
<lower abdomen> 

No. 291 Testes 

No. 296 Pituitary 
Lung 

No. 297 Testes 

No, 299 Subcutis (penis) 

Dose group 1800 ppm, sex ~ 

Animal No. 361 Testes 
Adrenals 

No. :!63 Heart 
Pituitary 

No. 368 Testes 
Pituitar; 

No. 370 Adrtnals 

No. 372 Subcutis 
(lower leg l 

Leydig eell tumour tbJ, unilateral 

Leiomyosarcoma which has infiltrated 
the pancreas and the skeletal muscle 
Cdiaphr•.1111) 

Histiocytary sarcoma with foci 
in the heart, spleen, liver, lung, 
pancreas, bones, bone marrow, stomach, 
orbit, oesophagus, trachea, thyroid, 
epididymis and adrenals 

Leydig cell tumour (b), unilateral 

Phaeochro111ocytoma Cb), unilateral 

Malignant lymphomas in the spleen, 
lymph nodes, liver, lung, cancreas, 
kidneys, mesentery, mediastinum and 
heart . 
Cornifying sQuamous cell carcinoma 

Leydig cell tumour Cb), unilateral 

Adenoma 
Adenoma 

Leydig cell tumour (b), unilateral 

Haemangiosarcoma 

Leydig cell tumour Cb), unilateral 
?naeochromocytoma Cb), unilateral 

Endocardial fibromatosis Cb) 
Adenoma 

L~ydig cell tumour Cbl, unilateral 
Ade.ioma 

Phaeochromocytoma (b), bilateral 

Haemangiosarcoma 

05 02 1657 
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List of blastomas found on histopathological examination of the 

rats in the 2-year feeding st~dy with BAY k 5552 

Dose g·oup 1800 ppm, sex ri' 

Animal No. 374 Adrenals 

No. 375 Subcutis Cheadl 

No. 376 Adra.nals 

No. 377 Thyroid 
Brain 

No. 378 Testes 

No. 379 Pituitary 

No. 380 Pituitary 

No. 382 Pituitary 
Adrenals 

No. 383 Testes 

No. 384 Pituitary 
Adrenals 

No. 385 Subcutis 
(Femur, ear) 

No. 390 Testes 

No. 391 Pituitary 

No. 392 RHS 

Pituitary 
Adrenals 

No. 393 Epididymides 

No. 398 Pituitary 
Adrenals 

No. 400 Testes 
Thvroid 
Brain 
Subcutis 
(base of taill 

No. 404 Testes 

No. 410 Testes 

No. 415 Pituitary 

No. 416 Pituitary 
Skin <head) 

Phaeochromocytoma Cb), unilateral 

Sarcoma. The soft-tissue tumour 
has infiltrated the periorbital and 
retro-orbital tissue and the 
pituitary. 

Phaeochromocytoma Cbl, unilateral 

C cell carc'inoma 
Meningioma Cbl 

Leydig cell tumour Cb), unilateral 

Adenoma 

Adenoma 

Adenoma 
Phaeochromocytoma <bl, unilateral· 

Leydig cell tumour (b), unilateral 

Adenoma 
· Phaeochromocytoma (bl, uni!ateral 

Sarcoma with infiltrates or 
metastases in the skeletal muscle, 
bone, bone marrow, and lung 

Leydig cell tumour Cbl, bilateral 

Adenoma 

Malignant lymphomas in the thymus, 
spleen and lymph nodes 
Adenoma 
Phaeuchromocytoma (bl, unilateral 

Sarcoma 

Ad enema 
Phaeochromocytoma <bl, unilateral 

Leydig cell tumour Cbl, unilateral 
Follicular carcinoma 
Meningioma (b) 
Sarcoma 

Leydig cell tumour Cbl, unilateral 

Leydig cell tumour (b), unilateral 

Adenoma 

Adenoma 
Cornifying squamous cell carcinoma 

05 02 1658 I 
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List of blastomas found on histopathologic~l exa~ination of the 

rats in the 2-year feeding study with BAY k 5552 

Dose group 0 ppm, sex Sf. 

Animal No. 61 Pituitary 

No. 66 Thyroid 

No. 68 Uterus 
Thyroid 

No. 69 Uterus 
Pituitary 

No. 72 Pituitary 

No. 74 Pituitary 

No. 75 Uterus 

No. 76 Uterus 

No. 77 Pituitary 
Mammary gland 

No. 82 Uterus 

No. 81 Urinary bladder 

No. 85 Pituitary 

No. 89 Kidney 
Thyroid 

No. 90 Uterus 
Thyroid 

No. 92 Pituitary 

No. 93 Uterus 
Thyroid 

No. 94 Pituitary 

Ne>. 97 Uterus 

No. 98 Thyroid 
Subcut is (head) 

No. 99 Thyroid 

No.100 Pituitary 
Adrenals 

No.102 Uterus 

No.104 Pituitary 

Adenoma 

C cell adenoma 

Endometrial stromal tumour <polyp, bl 
C cell adenoma 

EndOm!trial stromal tumour <polyp, bl 
Adenoma 

Adenoma 

Adenoma 

Adenocarcinoma with infiltrates in 
the mesentery 

Endometrial stromal tumour <polyp, bl 

Adenoma 
Adenocarcinoma 

Endometrial stromal tumour (polyp, bl 

Adenoma 

Adenoma 

Sarcoma 
C cell adenoma 

Endometrial stromal ~umour (polyp, bl 
C cell adenoma 

Adenoma 

Endometrial stromal tumour <polyp, bl 
C cell adenoma 

Adenoma 

Endometrial stromal tumour (polyp, bl 

Follicular carcinoma 
Haem~ngiosarcoma 

C cell carcinoma 

Adenoma 
Cortical adenoma, unilateral 

Endometrial stromal sarcoma 
infiltrating the uri~ary bladder 

Adenoma 

0 5 0 2 1659 
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List of blastomas found on histopathological examination of the 

rats in the 2-year feeding study with BAY k 5552 

Dose group 0 ppm, sex ~ 

Animal No.106 Pituitary 

No.107 Pituitary 
Sub cut is 
<inguinal region) 

No.110 Kidney 
Pituitary 

N0 111 Pituitary 

No.113 Pituitary 

No.114 Thyroid 

No.117 Uterus 

No.118 Uterus 

No.119 Pituitary 

No.120 Pituitary 

Dose group <:J ppm, sex ~ 

Animal No. 181 Uterus 

No. 187 Uterus 

No. 188 Uterus 

No. 192 Adrenals 

No. 196 Uterus 

No. 199 Thyroid 

No. 212 Mammary gland 

No. 213 Mammary gland 

No. 219 Uterus 

No. 2?0 Pituitary 

Adenoma 

Adenoma 
Sarcoma 

Adenoma 
Adenoma 

Carcinoma with infiltrates in 
the brain 

Adenoma 

C cell adenoma 

Endometrial stromal sarcoma with 
intiltration into the mesentery 

Endometrial stromal tumour Cpolyp, b) 

Adenoma 

Adenoma 

Endometrial stromal tumour Cb) 

Endometrial stromal tumour <polyp, b) 
Infiltrating adenocarcinoma with 
metastases in the liver, pancreas 
and mesentery 

Endometrial stromal tumour (polyp, b) 

Cortical adenoma, unilateral 

Adenocarcinoma 

C cell adenoma. Tentative diagnosis 
ber3use of the severe autolysis. 

Adenoma 

CFibro>adenoma with pericanalicular 
and intracanalicular growth 

Endo met r i a l st r om a l t um our (p o Ly p, b ) 

Adenoma 

05 02 1660 
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List of blastomas found on histopathological examination of the 

rats in the 2-year feeding study with BAY k 5552 

Dose group 300 ppm, sex ~ 

Animal No.333 Pituitary 
Thyroid 

No.334 Uterus 
Pituitary 

No.335 Uterus 
Mammary gland 

No.336 Uterus 

Pituitary 

No.340 Thyroid 

No.341 Uterus 

No.345 Uterus 

No.347 Uterus 

No.348 Uterus 

No.350 Ovaries 

Pituitary 

Dose group 1800 ppm, sex ~ 

Animal No.425 Thyroid 

No.426 Ovaries 

No.427 iJterus 
Pituitary 

No.429 Skin <head) 

No.431 ovaries 
Pituitary 
Adrenals 

No.435 Uterus 

No.445 Uterus 
Pituit2ry 

No.446 Uterus 
Pituitary 

Carcinoma infiltrating the brain 
t cell adenoma 

Endometrial stromal tumour (p 0 l y p, 
Adenome 

Endometrial stromal tumour (p 0 l y p' 
Adenoma 

Infiltrating adenocarcinoma with 
squamous metaplasia and sarcomatous 
tissue areas 
Adenoma 

C cell adenoma 

b) 

bl 

Endometrial stromal tumour (polyp, b) 

Endometrial stromal sarcoma infiltrat· 
ing the mesentery and pancreas 

Endometrial stromal tumour (polyp, bl 

Endometrial stromal tumour <polyp, bl 

G ran u lo s a - t h ec a c e l l tumour ( b ) , 
unilateral 
Adenoma 

C cell adenoma 

Granulosa-theca cell tumour (m) 

Endometrial stromal tumour (polyn, b 
Adenoma 

Papi l loma (b) 

Gr~nulosa-theca eel l tumour (b) 
Adenoma 
Phaeochromocytoma, unilateral. The 
tumour has penetrated the organ 
capsule,m 

Adenocarcinoma with infiltrates in 
the mesentery 

F.ndometrial stromal tumour (polyp, bl 
Adenoma 

Endnmetrial stromal tumour (polyp, b) 
Adenoma 

0 5 0 2 166 1 
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List of blastomas found on histopathological examination of the 

rats in the 2-year feeding study with BAY k 5552 

Dose group 50 ppm, sex ~ 
Animal No.221 Uterus 

No.222 Uterus 

No.223 Uterus 

Pituitary 

No.224 Uterus 

No.230 Uterus 

No.231 Pituitary 

No.233 Uterus 
Pituitary 

No.234 Mammary gland 

No.236 Uterus 

No.237 Uterus 

No.240 Uterus 

Dose group 300 pprr., sex~ 

Animal No.301 Uterus 

No.305 Pituitary 

No.308 Uterus 

No.310 Uterus 

No.312 Pituitary 

No.313 Utecus 

No.314 Uterus 

No.318 Mesentery 

No.325 Uterus 

tio.326 Uterus 
Mammary gland 

No.330 Uterus 

Endometrial stromal tumour (polyp, b) 
Adenocarcinoma 

Endometrial stromal tumour (polyp, b) 

Endometrial st"omal tumour with 
squamous metaplasia (polyp, b) 
Carcinoma infiltrating the brain 

Adenocarcinoma with metastases in 
the Liver, pancreas, stomach, intestir 
and mesentery 

Endometrial stromal tumour (polyp, b) 

Adenoma 

Endometrial stromal tumour (polyp, b) 
Adenoma 

Adenocarcinoma 

C:ndometrial str\)mal tumour 

Endometrial stromal t um.iu r 

Endometrial stromal tumour 

Endometrial stromal sarcoma 

Adenoma 

Adenocarc inorr.a 

(polyp, b) 

<polyp, bl 

<polyp, b) 

Endometrial stromal tumour (polyp, b) 

Adenoma 

Endometrial stromal tumour (polyp, b) 

Endometrial stromal tumour (polyp, b) 

Malignant mesothel ioma of the serous 
lining of the adrenals, uterus, ovarie· 
spleen, s•omach, intestines and urinar: 
bladder 

Endometriol strom~l tumour (polyp, b) 

Endometrial stromal tumour (p cl y p, b) 
Adenocarcinoma 

Endometrial stromal tumour lPolyp, b) 

05 02 1662 
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List of blastomas found on histopathological examination of the 

rats in the 2-year feeding study with BAY k 5552 

Dose group 1800 ppm, sex~ 

Animal No.447 Uterus 

No.450 Uterus 

No.453 Pituitary 

No.457 Uterus 
Adrenals 

No.459 Intestines 
Uterus 

No.460 Subcutis 
( f Lan kl 

No.463 Thyroid 

No.464 Uterus 
Subcutis (ear ) 

No.465 Uterus 
Mammary gland 

No.'·66 RHS 

No,467 RHS 

No.469 Uterus 

No.471 Uterus 

No.472 Pituitary 

No.475 Mammary gland 

No.476 Uterus 

No.477 Uterus 

No.478 Uterus 

No.479 Uterus 

No.480 Pituitary 

Endometrial stromal tumour <polyp, bl 

Endometrial stromal tumour (polyp, bl 

Adenoma 

Eridometrial stromal tumour (polyp, bl 
Phaeochromocytoma (bl, unilater~l 

Fibroma 
Endometrial stromal sarcoma 

Sarcoma infiltrating through the 
muscles of the flank and extending 
into the mesentery. 

Follicular adenoma 

Endometrial stromal tumour <polyp, bl 
Sarcoma 

EnJom~trial stromal tumour (polyp, bl 
Adenoma 

Histiocytary sarcoma in the mesentery 
liver, pancreas, skeletal muscle and 
subcut is 

Malignant lympho~a in the srleen, 
lymph nodes, liver, Lung, kidneys, 
urinary bl~dder, uterus, thyroid, 
skeletal muscle, bone marrow, 
mediastinum arid mesentery 

Endometrial stromal tumour (polyp) 
with souamous metaplasia (bl 
Adenocarcinoma ~ith metasta~es in 
the lung, liver, pancreas, kidneys, 
ovaries and mesentery 

Endometrial stromal sarcoma with 
metasta,es in the Liver, urinary 
bladder, ovaries and mesentery 

AdenomJ 

(Fi bro) adenoma 

E:ndometrial stromal tumour (polyp, 

Endometrial st roma L tumour (polyp, 

Encometrial stromal tumour (polyp, 

Endometrial st roma l tumour <polyp, 

Adenoma 

0 5 0 2 166 3 
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HistopatholOgical findings on the Lower jaw in the region of 

~he gnawing teeth 

Dose group 0 ppm, sex Q1 
Animal No. 33 Nothing abnormal detected (N.A.D.) 

No. 36 N.A.D. 

No. 41 Small focal necrosis in the hard substance of the 
crown of the teeth (caries) 

No. 47 Slight to moderate round-cell infiltration i n the 
connective tissue of the gums and muscles 

No. 51 N.A.D. 

Dose group 1800 ppm, sex rJ' 

Anirna~ No.390 N.A.D. 

No.393 N.A.D. 

No.407 Moderate acute, focal gingivitis in the cro11n-root 
region 

No.411 Moderate acute, focal gingivitis in the c ro11~- root 
region 

No.413 N.A.D. 

Dose group O ppm, sex~ 

Animal No. 90 Very slight acute, focal gingivitis in the crown-root 
region 

No. 04 N.A.D. 

No.114 N.A.D. 

No.118 Very slight acute, focal gingivitis in the crown-root 
region 
Small focus of necrosis in the hard substance of 
the teeth and the pulp. 

No .119 N.A.D. 

0 5 0 2 1664 
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Dose group 1800 ppm, sex S 
Animal No.341 M0derate subchronic myositis. 

over this is hyperkeratotic. 
tre changes are the result of 

The epithelium 
It is assumed that 
an external injury. 

No.443 Very slight acute, focal gingivitis in the crown-root 
region 

No.457 Slight acute, necrotic focal gingiv.it.is in the 
crown-root region. 
Small focus of necrosis in the hard substance of 
the crown of the teeth (caries>. 

No.461 Slight necrotic focal gingivitis in the crown­
root region. 
Focal oedema in the connective tissue of the gums. 

No.466 Slight a..cute, focal gingivit.is in the c1·own­
root region. 

0 5 0 2 1665 
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A Brief Coversheet for Carcinogenesis Study r~eview 

NDA ;;:Q-356 
Drug: Nisoldipine 
Sponsor: Miles Inc. Pharmaceutical Division 

I. Species & Strain 

2. Name of Laboratory 

3. No./sex/group 

4. Doses (C. L. M & H) 

5. Basis for dose selectim, 
stated: yes (x) no () 

6. Interim sacrifice 

7. Total duration 

8. No. alive at termination 
(C. L, M & HJ 

9. Statistical methods used 

Mouse. Bor:NMR.l (SPF HA.i'\i) 

50 (additional 20 mice/ sex/ g1·oup were included for interim sacrifice at 12 months! 

O. 100, 300 and 900 ppE1 in diet 

28-day dietary dose rangefinding study in mice 

yes 

21 months 

Males: 36, 35, 21 & 10 
Females: 22, 16, 16 & 18 

Two-tailed U test. generalized \Vilcoxon test & Peto analysis 

10. Tumor and rrin-tumor data for each '.:.issue attached. 
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The following findings were observed in control and dose animals: 
no test substance effect (group specificity) was detectable (see 
Tables in Appendix, p. 341 to 381). 

I. Non-blastomatous chan;,es: (interim Jti!.l) 

Liver 

Kidneys 

Bladder 

Testes 

Uterus 

1 Slight to moderate lipid storage in hepatocytes, 
isolated round cell infiltrates and slight in­
tracytoplasmic vacuoles were seen in several 
animals. 

1 Tubular dilations (partially with epithelial 
desquamation and/or plasma basophilia), PAS-pos­
itive casts, cysts in the papillary area and 
round cell infiltrates in the area of the venae 
stellatae and the pelvis were found in most ani-
111als. 

: Round cell infiltrates in the 1ubmucosa were 
found in several animals. 

: Several animals showed spermio9ranuloma, atro­
phy, some convoluted seminiferous tubules and 
round cell infiltrates. 

Several animals showed endometrial cysts. 

Salivary glands: Slight round =ell infiltrates were found in some 
animals. 

Stomach 

Intestine 

Thyroid 

: In several animals, the glandular mucosa showed 
retention cysts in the fundal area, to some ex­
tent with squamous metaplasia and epithelial 
proliferation. Some animals had round cell in­
filtrates in the area of the •ubmucosa. 

t Animals 215, 216 (both died~ and S03 (all from 
the 900 ppm dose gro:ip) showed a tightly filled, 
dilated colon. 

: Some animals showed slig~t round cell infil­
trates in the episciwzgl area. 

t Several animals showed 1mall cysts (remains of 
the thyroqlossal duct). 

05 02 0568 
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Individual findings 

No. 14 ( 0 ppm; d), Epididymis1 aspermia 
18 ( 0 ppm; d), Pancreas: islet cell hyperplasia 

Spleen: increased haematopoiesis 
Prostate: purulent prostatitis and urethri­
tis 
Bladder: purulent cystitis 

225 (900 ppm; d), Nasopharynx: cellulcr or infla=natory cel­
lular infiltration, slight 

226 (900 ppm; d), Subcutis: abscess 
284 ( 0 ppm; .P), Large intestine1 section containing 

hclminthes 
286 0 ppm; P), Adrenals: intracy~oplasmic vacuoles in 

adrenal cortex cells 
289 ( O ppm; P), Kidneys: glomerular atrophy 

291 

Ovaries: follicular cysts 
O ppm; P), Stomach: erosion with round cell infil­

trates in the area of the keratin­
is ing squamous epithelium 

437 (300 ppm; ~), Lung: multifocal bronchopnewnonia 

Heart, brain, seminal vesicle, oesophagus, lymph nodes, pitu­
itary, t·achea, akin, bones, bone marrow, skeletal muscles and 
spinal cord were histopathologically normal. 

2. Blastomas 

A synoptic comparative review of the tumours i~ shown on Pag~ 
340. All tumours are regarded as having occurred spontaneously 
and are not attributed to the treatment with the test substance 
BAY k 5552, as no dose-dependency is recognisable from the 

number, type or location. 

05 02 0569 



Tumour carriers (interim kill) 

Group 0 ppm, u 

Animal No. 1~ Kidney 

Group 900 PP'!!t..!'. 

Animal 211 Lung 

212 Kidney 
214 Liver 
224 Lung 

Group 0 ppm, Q 

. 
Animal No. 281 Lung 

+ 289 Kidney, salivary 
gland, pancreas, 
bladder 

290 Stomach 
29i Kidney, salivary 

gland 

Group 900 ppm, " 
Animal No. 493 Thymus, 

11erosa 
49l Kidney 
501 Lung 

Kidney 
5U2 Kidney, 
503 Lung 

Group 300 ppm, e 

Ani111al No. 430 Vagina 
438 Lung 

439 Thymus 

kidney, 

bladder 

340 

Malignant lymphoma 

Alveologenic carcinoma 
(Kimura.Type A)+ 
Malignant 1J."mpho111a 
Malignant hepato111a 
Alveologenic carcin?ma 
(Kimura Type AP) 

Alveologenic carcinoma 
(Kimura Type A) 
Malig.1ant lymphoma 

J(~ratoacanthoma 
Malignant lymphoma 

Malignant lymphoma 

Malignant lymphoma 
Alveologenic carcinoma 
(Kii:;ur11 Type A) 
M~lignant lyiaphoma 
Malignan~lymphoma 
Alveologenic carcinoma 
(Kimura Type A) 

Keratoacanthoma 
Alveologenic carcinoma 
(Ximura Type AP) 
Thymic lymphoaarcoma 

+Kimura, J.: Progression of pulmonary tumor in mice. 
Acta path. jap. ±..!_, 13 ff (1971) 

05 02 0570 

• 



.i 

-

,... 

- 57 -

8.5 Autopsy findings 

G died 
ZS aacrif iced at interim kill 
VE eacrificed a end of etudy 
MG killed in extremis 

6.6 List of abbgeviatlpn• for Tables with individual histopatho­
logicol l~n 1ngs 

A 
Abd 
Abz 
An 
Ap 
Asp 
At 
b 
Cy 
De 
Oil 
e 
EPI 
Er 
F 
Fca 
Gg 
H 
Ha 
Hb 
HD 
He 
Hn 
Hp 
t•• 
Hy 

• autolysis 
• abdominal cavity 
n absceiss 
• inflammatory conges~ion of eecretions in the onal gland 
• angiopathy 
• aspermia 
• atropl':y 
" bilateral 
• cyst(&) 
• degenert•ion (for pituitary1 cystic degeneration) 
" dil~tion 
• unilateral 
"' epididymis 
• ercsion 
• hepatocellular fatty infiltration/fat marrow 
" foci of cellular alteration 
" biliary proliferation 
" pituitary 
" haemorrhage 
" bladder 
"' Harder'• 9land 
• helminthes 
• hydronephroai• 
" increased haematopoieai• 
"' skin 
• hyperplasia 

f~r the pituitary: diffuse and/or focal hyperplaeia 
for the etomach1 adenomotous hyperplasia of the glandular 
stomach 
for the uterue1 cystic/hyperplastic endometrium 
for the adrenals: proliferated eubeapaular cortical cell• 
for the pancreas: multifocal hyperplasia of the i•let• of 
Lan9erhans 
for the testes1 hyperplasia of the lAydig cells 

Iz • inflammatory infiltrates 
Jz Ne • inflammatory necroses 
Kv • lipid-free, cytoplasmatic vacuoles, lying close to the 

nucleus. In male mice, the vacuoles are often 10 para­
nuclear, that the nur.leus ii deformed into a crescent 
shape. · 

05 02 0206 
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Kz • diffusely proliferated Kupffer's cells 
LE • liver 
LN • lymph nodes 
LU • lung 
Ma • mammary gland 
Mh • arterial medial hyperple&ia 
Med ~ me~iastinum 

Mes • meaentery 
Mi • increased occurr~nce of mitoses 
Min • mineralisation foci in the gastric mucosa 
Mp • epithelial metaplesia 
Mz • in the liver 1 me.galr.>hepatocyte& 

Ne 
Nez 
NN 
NNH 
Np 
0 

Oph 
Ov 
e 
() 
p 
PA 
PO 
I>OS 
Pel 
Pi 
:PIT 
PRO 
PT 

!'!HS 
Jltz 
Sc 
SLGL 
Spgr 
sv 

in the brain: malacia 
• necrosis 
• increased occurrence of unicellular necroses 
• adrenals 
• paranasal sinuses 
• progressive &enile nephropathy 
• without histopathological findings1 findings within nor­

mal variability which correspond particularly to species 
age of study animals and conventional keeping condition. 
Normal findings in all animal groups include, amongst 
others1 effects from the kill, preparation arte!act1 
(e.g. different degrees of exsanguination, varying de­
gree& of lung collap&e, artificial emphysema, slight au­
tolysis), small round-cell infiltrates e.g. of the head 
salivary glands, liver, kidneys, bladder; dysontogenetic 
cysts in the kidneys: individual 1mall endometriwn cysts: 
sli.;ht to moderate brown deqeneration of the adrenal 
x-zone (ceroid deposit in the ares around the cortico­
medullary junction, almost only in female animals) and 
slight subcap&ular cell reaction; intranuclear inclusions 
in the hepatic cells; distended excretory ducts of the 
mammary glands filled with aecretion; alight to moderate 
progressive senile nephropLthy 

• ophthalmopathy 
• ovary . 
• not investigated, no histological sample available 
• oedema 
'" pelvic aerosa 
• pancreas 
• hypP.rpla&ia of the preputial gland 
• secretion congestion in the preputial gland 
• peliosis hepatia 
• increased cccurrence o! piqment 
• pituitary qland 
'" prostate gland 
• organ investigated histopathologically, no parenchyma tu-

mour found 
• reticulohistiocytary system 
•cellular infiltrates consisting mainly of.round cells 
• subcutis 
c salivary gland 
• sperrniogranuloma 
• seminal vesicle 

05 02 0207 
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T • one tumour 
TM • tumor metastasis 
bT • benign tumour 

___ mT • malignant tumour 
mTL • 11ystemic, malignant tumour, e.g. 111alignant 

"-----· lymphoma 
Ta • telangiect~•i• 
Th • thrombus 
Thy • thymus 
THYR • thyroid 9land 
UBL • urinary bladder 
Ul • ulcer 
Ut "' uterus 
v • vacuoles 

Investi9ations after 12 months 

A 
Asp 
At 
Cy 

Oil 
emH 
Er 
F' 
Glo 
Ihyp 
Iz 
Met 
Ne 
0 

l!I 
p 
Pro 
Sg 
T 
Tub 

v 
Zy 

• postmortal autolyE's 
• aspermia (epididymis) 
• atrophy 
• cystic changes (e.g. retention cysts in the glandular 

stomach) 
• colon dilated and engorged 
• extramedullary haematopoiesis 
• erosion in area of forestomach mucosa 
• Oil Red-0 positive substances in hepatocytes 
• glomerula atrophy 
• islet cell hyperplasia (pancreas) 
• cellular and/or. inflammatory cellular infiltration 
• squamous epithelium metaplasia in gastric retention cysts 
• hepatic ~ell necrosis 
• findings within normal variability which correspond 

particularly to species, age of study animals and conven­
tional keeping conditions. 

• not investigated (not availablej 
• cut surface of parasites (intestine) 
• proliferation 
• spermiogranuloma 
• tur,1our (blastoma) 
• tubular re~al changes (dilation, desquamation, epithelial 

basophilia) 
• intracytoplasmatic vacuoles (li~er1 lipid-free vacuoles) 
• PAS-positive cylinder i~ renal tubule 

Degrees of intensity 

+ • very slight 
l • slight 
2 • moderate 
3 "' severe 

05 02 0208 
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•2 
Ap1 
&pi: 
Drl 
DtZ , ' , 
Fi2 
111 
I 13 .. , 
'"' Th2 

n 

•2 
Mp1 
03 
••2 

n 

•2 
lz2 
113 
01 
03 
111 
Th1 
lh1 

head 
n 

•1 
Al 
Ap1 
ApZ 
At1 
01 
••2 

FlllDJNCi 

DOSE !PP"> 

trathe1 

(uni 

salivary glands 

l IMCIDEMCU 

D 

• ,. 

50 48 

3 0 
0 , , 0 , 0 , 0 
0 2 , 0 , 0 , 0 , 0 
0 2 
0 , 

50 44 

3 0 
0 c 
~ 1 
0 J 

50 48 

2 c 
I c 
1 c 
2 I 
0 c 
I I 
0 c , ~ 

49 48 

s c 
0 c 
0 3 
0 1 
0 c 
0 1 
2 8 

382 

17010109 

DI MOM-Ill DP LAST IC LUIDU •I 

100 •1 JOO 900 ••) 

• , " , • , 

so so 
s , 
0 D 
0 2 

' 0 
l 0 , 0 
0 0 
0 , 
0 0 
2 , 
0 0 
0 0 

so so 

' 1 , 0 
c 0 
I 0 

50 SC 

5 2 
c c 
I 0 
I 0 
0 I 
0 0 
0 , 
c c 

SD so 

3 0 
3 0 
0 0 
0 0 
I 0 
c , 
I I 
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c 1nc. /•ou1~ ••• k 5552 T701070~ 

flNOINGS 
UCIOEWCES Of NOW"'IEDPLAST IC '-lllOWS •> 

DOSE (ppm) 0 100 • ) JOO too ••> 

Sil • , • , • ,, • , 
l 1ver 

n 50 47 so so 
AZ 3 0 2 ' ' I 3 3 
A3 0 0 0 , 0 0 0 0 
Ap2 , 0 0 0 0 0 0 0 
clt1r c:el l foe i 0 0 0 0 0 0 0 , 
12 9 \6 II 0 T 6 le ' ,, 0 0 0 0 I I z 0 ,,. 0 0 0 0 2 0 z 0 ,,,, 0 0 0 0 0 I 0 0 
f 11 I 0 0 0 0 I 0 I 
';3 0 0 0 0 0 I • 0 0 
••2 0 0 0 0 0 I 0 0 
Mpl I I 3 0 I , 0 0 
Mp2 I 2 0 0 I I 0 I 
Mp3 0 I 0 0 0 0 0 0 
hi ' 6 7 9 9 6 6 ' h2 I z , 7 J e ' 10 
h3 0 3 I 4 4 8 6 16 
'12 I 0 I 0 0 0 0 0 

•• z I 0 0 0 0 0 0 
II I I I 0 z 0 0 0 I 0 .,, 
Mhl z 0 z 0 , 0 0 0 
•• I I 0 0 0 0 0 0 0 
Mz3 0 0 0 0 0 I 0 0 
••I z I I z 4 I z 0 
h2 I I 0 z I ' I 0 0 
••3 

, 0 I 0 0 I 0 0 ... 0 0 0 0 0 0 0 I 
... z, 3 I 0 0 I 0 0 0 
p II 0 0 0 0 I 0 0 0 
0\2 I 0 0 0 0 0 0 , 
hi 6 I 3 0 2 0 I 0 
Rl2 0 I 0 0 0 I 0 0 
TtZ 0 0 0 0 0 I 0 0 
HZ 0 I 0 0 0 0 0 0 
VI 0 0 0 0 0 0 0 

--------------------------------------------------------------------------------pane,.••• 
n 49 45 so 49 

AZ z 0 5 0 
A3 0 0 0 I 
&pl I 0 0 0 
&pl 0 I I 0 
Ap3 0 I 0 0 

"I 0 z 0 0 
&12 0 , 0 I 

•• 0 0 0 I 
My3 I 0 0 0 
Cl 0 0 0 z 
oz 0 z 0 ] 

112 0 I 0 z 
l13 0 0 0 
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llY t SSS2 17010709 

IWCIOUCU Of IOW _.,lOHAl11C LUIOllS •) 

0 100 •) JOO too ••i 

• II F II F 

ono;J'h11u1 
n 50 0 50 SC 

A2 1 0 0 c 
I z ••3 0 0 , D ..,._ ___________ .. _______ ....._____ .. _________________________________________________ 

a.toaat.h 
n 0 u '9 ,9 50 so 0 " 
A2 2 0 • 6 ' ' " ' A3 I 0 ' 0 I 2 D 
Apl , , , 0 , D n 0 
I.pl 0 0 , 0 0 D 0 0 
[r1 0 0 0 0 , D 0 D 

"" 0 0 0 0 , D 0 D 
•y1 5 I 5 • 7 I J 6 
•rZ J z 6 3 s J 6 I 
~yJ I 0 • , 6 I J , 
112 0 0 0 0 0 D , D 
Mi n.2 0 0 0 0 0 , 0 t 

l .. 
~ 0 2 , 0 0 D 0 l 
Ul I 0 0 0 0 0 z J D 
Ul2 D 0 0 0 0 , 0 D 

---------------·----------------------------------------------------------------
-ll '"teit Into 

n 0 u 50 SC 0 H 

A2 • , 5 IC 1S ' lJ 0 z , s z , 
Apl 0 z 0 D 0 c 
Cl 0 , 0 , 0 D 

--------· -----.. ---- ................ --- -- ................. ---- ................................................... 
1ar1t intt&tin• 

n " 0 SD SC 0 " 
"1 5 , 5 , , 1S 7 .., , z , J z 0 
"", . , z 0 D 0 D 
lp2 0 0 0 , 0 D 
it.;l 0 , 0 0 0 D 

•• • 0 5 , 10 , 
CZ 0 ) 0 2 , • 
UIZ 0 0 c D 0 , ------------ ............................................................................................ "'. ................. 
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canc., /•oult 

SEX 

AZ 
Al2 
At3 
•pl 
•o2 
·~3 .,2 
•r3 

" 
•z 
Apl 
Ap3 
•oz 
Mp) 
.,z .,, 

" 
AZ 
Apl 
Ap2 
Ap3 

"" Wp3 
•12 
lz3 
HI 

" 
A2 
Ap\ 
Ap2 
Atlb 
At\e 
At2b 
At2t 
At]t .,, 
•vZ 

DOS£ (ppm) 

lyapf'I nodtf 

ktdntyC 

t ••tel 

hr t S55Z 

UCIDUCU 

D 

" ,. 

49 u 

3 D 
0 D 
0 I 
5 I 
2 6 
0 4 , 5 
0 D 

42 47 

, 0 
0 I 
0 2 
0 I 
0 , 
0 2 
0 I 

h 96 

5 0 
2 3 
5 3 
0 0 
0 0 
0 6 

10 " 0 
0 

" 
2 
1 
3 
2 
6 
1 
1 
D 
0 
0 

385 

T7010709 

DI W0•...,£0PLASTIC LUIOllS •) 

100 ., soo too .. , 
" , " 

,. 
" ,. 

50 49 

6 , , 0 
0 0 
4 0 

' 3 
0 3 
3 9 
2 2 

4! 36 

5 0 
0 0 
0 0 
0 0 
0 0 
0 5 
0 

100 100 

6 • , 2 
3 0 
0 0 , 0 
0 6 
6 ,, 
0 0 
0 \ 

IOQ 

5 
9 
5 
0 
\ 
4 
B 
\ 

' , 
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cine. /ao1..11e 

n 

A2 
Asp 
Spgr 

" 
•2 
Apl 
1•2 
Jz3 

•:wc1wcs 

OOS! <PP"I 

l'pidid';"lllll 

p·o1\att 

9S 

2 
18 , 

45 

2 , 
0 
2 

386 

lty k 5552 T7010709 

llCID£WC£S or IOll-41£oPLASTIC L£SIOllS •) 

0 100 ., 

f 

s 
14 

0 

4! 

s 
0 
2 
0 

JOO too ••1 

,. 

~-----·------------------·------------------------------------------------------s..-ilntl Yeslcte 
n 49 50 

•2 , 6 
Apl 2 , 
•o< 0 2 .. , 0 , 
111 9 e 
Ill 20 e 

ur•n1ry bl1ctdtr 

" 4& 47 50 4! 

Al 2 2 5 6 
•3 , , , 3 
u3 0 0 , 0 
I z 1 , 0 0 0 
112 0 7 0 2 

OVlt~I• 

n 92 96 

Ap1 , 2 
Ap2 2 3 
Ap3 e 3 
Cy3 4 2 
Thl 0 , 
AMylold , 0 
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cane. /.oust: 

DOS! !-I 

(· 'i 
.._ Li I 

hr t HS2 HOIOT09 

IMCIOE•CEI OF WOll·~E~LASTlt LESIOllS •) 

0 100 •1 soo too .. > 

• ,. ,. 

46 47 49 

u 0 , 0 0 
Apl 0 0 0 2 
Ap2 0 , 0 0 

·~ 0 
, 0 2 

01 I h 5 0 0 0 
DI 12 0 , 0 0 
DI t 2t 0 0 , 0 
DI IZb T 0 ~ 0 
DI 13 0 0 0 2 
foc1t Pt-\ io1i1 , 0 0 0 
1r1nul1r c•l l focu' O 0 , 0 

·~ a 3 ,, 12 

·~ 5 
3 5 4 

hZ 0 0 0 , 
Th] 0 0 , , ..... 
n 

03 
112 

n 

Abl 
111 
112 
Ill 

1k 'n 

ll 03 

•• 
03 

n 

Al 
AZ 
Dt1 
Dtt I 
Ditz 
My1 
My2 
•r3 

pituitary 

49 

0 
0 
0 
I 
0 
0 
0 

qle.nd 
40 

0 , 
0 
0 
0 
0 
0 
0 

40 

0 
0 

47 

0 
0 
0 
3 
0 
I 
I 

JS 

0 
0 , 
T 
1 
2 
2 
2 

J8 

• 
0 
0 
2 

• 
I 
3 
I 

50 50 

, 0 
0 2 
I 2 
0 5 
4 0 
0 • 
0 ' 

46 ., J8 

0 0 0 
5 0 0 
0 0 0 
0 0 0 
0 0 0 
0 2 a 
0 3 5 
0 • ) 

-------·-----------------------M····----··---------------------------------------
n 

AZ 
Apl 

45· 40 

I D 
0 , 

48 

3 
0 

47 

I 
0 
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C•l'IC. /MUii 

SEX 

n • 

A2 
Ap2 
Cy) . ., 
•r2 
•rl 
Ill 
Pi) 
lzl 
Thi 
Th) 
V2 
V3 

fllf:i!filGS 

'edreNlt 

br1in 
n 

A2 
Al 
Cy2 
•al 

"'' 111 
112 

1phvl c, d 
n 

A2 
A) 
Cyl 
hi 
lz2 

•r• 
n 

AZ 
Al ,,, 
112 
11 ... " 
Jz llft'l 
Oph2t 

" 
95 

J 
2 
0 
0 

12 
5 
0 
0 
0 
0 
0 
0 
0 

49 

s 
0 
0 
0 
0 
0 
0 

49 

3 , 
0 
I 
0 

H 

s 
2 
0 
0 
0 
0 
I 

388 

lor t 5552 '1010709 

llCIDEWC[I OF 10,._.EOl'LASllt LESIOllS •) 

0 TDD • > JDD fOO ••> 

,. 
" r " 

,. " ,. 

II 99 99 

0 6 l , 0 0 
0 , 0 , 0 0 
2 12 0 
0 I 0 
c 0 1 

ZJ 0 10 
0 I 0 
0 0 I 
0 , 0 , 0 , 
0 0 I 

4! so so 
, 6 I 
0 0 , 
0 I 0 , 

' 0 
0 I 0 
0 0 2 
4 0 I 

48 so so 
0 6 , 
0 0 0 
0 , 0 
2 0 
2 0 

96 99 98 

3 2 9 
I ' 3 
0 ' 0 
0 I , 
0 2 0 
0 I 0 
0 0 

0 5 0 2 0618 



'···· 

c:1nc.J•ou.1r 

flMDllllGS 

1M.Jscl1 
n 

"1 
Apl 
A\>Z 
Ap3 
Ol .. , 
hZ 

n 

AZ 
12 
,. i , 
FiZ 
~yl 

=ithtr' 

IOfSENTEll"" ("''': ) 
n •l 

Apl 
Ap2 
lzl 
'6el1'5 
••2 

(PO:) 
(preputtal gt 1nd) 

ft 'l 

I'll sz 
l'll3A2 
l'Q3 

EUlnJTI S C Sc: l 
ft I) 

CZ 
Cl 
Jz 1112 
Ill 
Abt 
An2 
Ap3 

Dent, 

389 

hr t 55S2 '7010109 

IWtlDEWCES 01 •Oll ... EOOLASTlt LUIOWS •> 

0 

• F-

SC 49 

s 0 
T T 
0 T 
0 , 
0 0 
0 0 
0 2 

bont aarro ... 
so 

l , 
2 
D , 

0 
2 
0 
0 
0 

' 0 

• 

0 
0 , 
' ' 0 
D 

49 

0 
D 
3 

zo 

D 
0 
0 
0 

• 

0 
0 
0 

0 

, , 
0 
0 
0 

' ' 

\00 ., 

• , • 
50 

6 
0 
0 
0 
0 , 
0 

so 
6 
0 
0 
0 
0 

0 
1 , 
0 
3 

D 

0 
D 
D 
0 
D 
D 
0 

JOO 

, 
50 

' 0 
0 
0 , 
0 
2 

so 
0 
D 

" 21 
D 

, 
0 
0 , 
1 

0 
0 
0 

' 2 
0 
0 
D 
2 
0 

05 

900 ••) 

• , 
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••• k 5552 

FINDINGS 
INCIDfNCf S or IOO•llOPLASTIC LESIOllS •) 

DOSI (Pl>"' > 0 100 •) JDD too ••> 

SU 

pr9rwn11•l 1fnu1t1 
" ,, 
ltZ 

" I' 

0 

41 

2 

" 
, , 

0 0 

' 

lri th'1 1roup, on\r 1t~ch. 
w.t~. p\t\ol t t•ry •nd \l..-tr ••r1 ek••lned. 

In ttdt 1rov;i, ttt*ec:h, Ut1ru1, ptt"' l t1ry 1 livtr, llrlt er-.d tNll 
tntt1tine "''""' ••11t1iri.td c~l1trty. Ore1r11 (tJ.ttnt ••t 9ro1.1P 0 ,,,_ '"" 
JOO pPlfD) wtrt tAt•ined tn r11ptoct to tl.80rl. 

On1r .. cro1coptc1llr 

05 02 

,. 

0620 



- 43 -

~ 
Table l7t Su111111ary of number of male and female mice with ber.ign 

and/or malignant. tumours,· as well as frequency of be-
nign and malignant tumours-encountered 

I 
Sex cf 

Dose ppni 0 300 900 0 300 900 

Na. of animals investig11ted so so 49 48 so so 

No. of animals with tumours 27 28 24 34 31 30 

,,o. of animals with only 
be:ign tumours 7 6 8 6 6 6 

No. of animals with only 
malignant. tumours 12 15 14 21 18 17 

No. of animals with benign 
~, and malignant. tumours 8 7 2 ' ' ' 

No. of animals with morP 
than one primary tumour 15 ll s 13 9 8 

-

05 02 0192 
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Table 18: Comparative summary of tu~ours occurring according to 
location, t~e, number and dignity S (animals ached-- ,, uled for tenn:nal kill) 

e}: " b•ne ppm D IDD ,, 1l D !H!D D - IDD lOB 9DD 
LUng: • 

bronchiole-alveolar 
adenoma 2 3 4 2 1 3 
bronchiole-alveolar 
carcinoma (mal1 q. ) 13 12 5 e 5 5 

Stomach: 
papilloma 0 0 0 2 0 0 0 0 
sarcoma (malig.) 0 0 2 1 0 0 0 0 

Liver: 
hepatocellular 
adenoma 2 2 2 3 0 0 J 1 
hepatocellular 
carcinoma (malig.) 3 4 5 8 0 0 0 l 

haemangiosarcoma 
(malignant) l 0 0 0 0 0 0 0 

Kidneys: 
tubular carcinoma 
(malignant) 0 l 0 0 0 0 
haemangiosarcoma 
(malignant) 0 1 0 0 0 0 

Bladder: 
stromal tumour 
(benign) 1 l 2 0 0 0 
stromal tumour 
(malignant) 0 1 1 0 0 0 

Ovary: 
granulosa-theca 
cell tumour ( ben. ) :; 5 3 
granulosa-theca 

0 eel l tumour (malig.) l 0 
luteo~a (benign) 2 2 0 
tubular adeno-
carcinoma (ma l ig.) 1 0 0 -- sertoli cell 
tumour (benign) 0 0 • ~ 

Uterus: 
adenoma Ci 0 l 0 
carcinoma (malig.) l 0 0 0 
fibroma 0 0 l 0 
myoma 0 0 l 2 
myosarcoma (malig.) 0 0 0 l 
stromal tumour 
(benign) 3 0 2 2 
stromal 11arcoma 
(malignan~) 1 3 2 2 
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Table 16 icont.inuedl: 

ex " 15ose epm D !DD :'.!DD !!DD D ID:! lr>r> §00 
TestP;,: 

Leydig cell tumour 
(benign) 2 2 0 
adenoma of rt~-e 

testis l 0 0 

Pituitary: 
adenoma 2 0 0 0 3 3 l 

Thyroid: 
follicle cell 
adenoma 0 l 0 0 0 0 
papillary cyst-
adenoma l 0 0 0 0 0 

Adrenals: 
cortical adenoma 3 3 l 2 0 0 
phaeochromocytoma 
(benign) l 0 0 l 0 2 
phaeochromocytoma 
(malignant) 0 0 1 0 0 0 

RH system: 
lymphoma (malig.) 7 3 l 18 12 14 
lymph node sarcoma 5 

(malignant) l 0 0 l 0 0 

Skin/subcutis: 
f epithelioma 

(malignant) 0 0 l 0 0 0 
s11rcoma (malig.) l 0 0 0 3 0 

Mammary glend: 
r:arcinoma (malig.) 3 0 0 
adeno-ancanthoma 
(malignant) 0 l l 

Harder•s gland: 
papillary adenoma 3 2 0 l l l 

Spinal marrow: - schwannoma (mali g.) 0 0 0 0 l 0 

Bones: 
osteosarcoma 
(malignant) 0 0 0 0 l 0 

Abdomen: 
haemangiosarcoma 
(malignant) 0 0 0 0 l 0 

Pelvic serosa: 
sarcoma (malig.) 1 

- Organ not investigated s Bilateral tumours counted twice 

05 02 0195 
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List of blastomas occurring in the histopathologically investi­
gated mice from the terminal kill 

Dose group: 0 ppm, male 

Animal No. 21 Lung 
22 Liver 

Adrenal 
23 Lung 
28 Testes 
30 Lung 
32 Adrenal 
36 Lung 
42 Lung 
44 Lung 

Liver 
46 Harder•s gland 
47 Lung 

RHS 

48 Lung 
RHS 

50 Lung 
RHS 

51 Pituitary 

Bronchiole-alveolar carcinoma 
Hepatocellular carcinoma 
Phaeochromo~ytoma, benign 
Bronchiole-alveolar carcinoma 
Leydig cell twnour, benign 
Bronchiolo-alveolar carcinoma 
Cortical adenoma 
Bronchiolo-alveolar carcinoma 
Bronchiole-alveolar adenoma 
Bronchiole-alveolar carcinoma 
Haemangiosarcoma 
PapillarJ adenoma 
Bronchiole-alveolar carcinoma 
Malignant lymphoma of spleen, lymph 
· . ..>des, liver, kidney, mesentery 
Bronchiole-alveolar carcinoma 
Malignant lymphoma of spleen, lymph 
nodes, heart, lung, head salivary 
glands, liver, pancreas, stomach, 
intestine, kidney, bladder, pros­
tate, akin, skeletal muscles, bone 
marrow, mesentery, urethra 
Bronchiolo-alveolar carcinoma 
Malignant lymphoma of spleen, lymph 
nodes 
Adenonia 

Subcutis (ear) Sarcoma 
52 Harder's gland Papillary eystadenoma 
54 Lymph nodes Sarcoma with metastases in th~ pel­

vic serosa 

05 02 0621 
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Animal No. 55 Testes 
58 Testes 

Adrenals 
59 RHS 

63 Lung 
Liver• 

64 Lung 
Thyroid 

65 Liver 
RHS 

66 Liver• 
RHS 

57 Lung 
RHS 

gland 

Pituitary 
68 Lung 

Bl~dder 

Adrenals 

392 

Leydig cell tumour, benign 
Papillary adenoma of the rete testis 
Cortical adenoma 
Malignant lymphoma of spleen, heart, 
lung, liver, pancreas, prostate, 
skin, akeletal muccles 
Bronchiolo-alveolar carcinoma 
ffepatocellular adenoma 
Bronchiolo-alveolar carcinoma 
Papillary cystadenoma 
Hepatocellular carcinoma 
Malignant lymphoma of mesentery 
Hepatocellular adenoma 
Malignant lymphoma of spleen, lymph 
nodes, heart, lung, pancreas, 
oesophagus, stomach, kidneys, blad­
der, prostate, seminal vesicle, 
skin, adrenals, skeletal muscles, 
preputial gland, mesentery 
Bronchiolo-alveolar carcinoma 
Malignant lymphoma of lymph nodes, 
mesentery 
Adenoma 
Bronchiolo-alveolar carcinoma 
Polypous strcmal tumour with adeno­
matous parts. The tumour contains 
foci of polymorphous, partially epi­
thelioid cellP with central ne­
crosis and localised argentophilic 
fibrous structures (benign) 
Cortical adenoma 

Harder's gland Papillary adenoma 
69 Lung Bronchiolo-alveolar carcinoma 

Pelvic serosa Sarcoma, infiltrates the neighbour­
ing skeletal muscles 

• c The tumour was found in one of the additionally 
prepared Paraplast blocks 
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AnJmal No. 70 Lung 
Liver 

393 

Bronchiole-alveolar adenoma 
Hepatocellular carcinoma 

05 02 0623 
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Do6e group 100 ppm, male 

Only the hepatocellular neopla6ias found are reported here. 

Animal No. 98 Liver: Hepatocellular adenorna 
No. 101 Liver: Hepatocellular adenoma 
No. 110 Livers Hepatocellular c<rcinoma 
No. 115 Liver: Hepatocallular carcinoma 
No. 125 Liver: Hepatocellular carcinoma 
No. 129• Liver: Hepatocellular carcinoma 

t- - ... 

l 
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Dose group 300 

Animal No. 161 

163 
164 

167 
- -

168 

172 

173 

175 

176 

177 

180 

181 

182 

183 

184 

188 

---
189 

ppm, male 

Liver 
Lung 
Lung 
Testes 
Lung 
J<.idne:·s 
Liver 
Harder•s gland 
Testes 
Stomach 
Kidney 
Lung 
Liver• 
RHS 

Lung 
Lung 
Liver• 
Lung 
Lung 
Thyroid gland 
Lung 
Lung 
Harder•s gland 
RHS 

Live!" 
Bladder 

395 

Hepatocellular carein0111a 
Bronchiole-alveolar carcinoma 
Bronchiole-alveolar carcinoma 
Leydig cell twnour, beni9n 
Bronchiole-alveolar carcinoma 
Haemangiosareoma 
HepatocPllular carcin0111a 
Papillary adenoma 
Leydi; cell twnour, beniqn 
Sarcoma 
Tubular renal epithelial carcinoma 
Bronchiole-alveolar carcinoma 
Hepatocellular adenoma 
Malignant lymphoma of spleen, 
lymph nodes, kidneys, mesentery 
Bronchiole-alveolar adenoma 
Bronchiolo-alve~lar carcinoma 
Hepatocellular carcinoma 
Bronchiole-alveolar car·\noma 
Bronchiole-alveolar carcinoma 
Follicle cell adenoma 
Bronchiole-alveolar adenoma 
Bronchiole-alveolar carcinoma 
Papillary adenoma 
Malignant lymphoma of l)'mph nodes 
and kidneys 
H. _,atocellular carcinoma 
Small, polypoug, benign stromal 
tumour covered with hyperplastic 
urothelium, in the centre of which 
lies a nest of lar9e, epithelioid, 
polymorphous cells 
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Animal No. 190 RHS 

191 Adrenals 
195 Stomach 

Adrenals 
196 Liver 
199 Lung 
201 Liver• 
204 Lung 
205 Lung 
206 Adrenals 

Lung 

!•• 207 Bladder 

210 Lung 

396 

Malignant lymph0111a of apleen, 
lymph nodes, heed aalivary glands, 
liver, pancreas, stomach, kidneys, 
bladder, epididymis, seminal vesi­
cle 
Cortical adenoma 
Sarcoma 
Cortical adenoma 
Hepatocellular carcinoma 
Bronchiolo-alveolar carcinoma 
Hepatocellular adenoma 
Bronchiolo-alveolar carcinoma 
Bronchiolo-alveolar carcinoma 
Cortical adenoma 
Bronchiolo-alveolar adenoma 
Malignant stromal tumour in the 
sut>~pitheliwn, consisting of spin­
dle-shaped to epithelioid cells 
and interspersed with fine argen­
tophilic fibre&. The twnour infil­
trates the muscular layer of the 
urinary bladder 
Bronchiolo-alveolar carcinoma 
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Dose group 900 ppm, male 

Animal No. 234 Bladder 
Lung 

238 Lung 
239 Liver 
240 Liver 
242 RHS 

Bladder 

Stomach 
244 Liver 
248 Liver 

Lung 
244 Liver 
250 Lung 
251 Liver" 
252 :::.ung 
255 Lung 
257 Liver 

258 Liver 
260 Skin (ear) 

397 

Stromal t.umour (beni9!1) 
Bronchiolo-alveolar adenoma 
Bronchiolo-alveolar adenoma 
Hr.patocellular carcinoma 
Hepatocellular carcinoma 
Malignant lymphoma 
Benign •tromal tumourr a •mall 
node in the propria, .'.nfil trat.ed 

.by leucocytes, which consists cf 
spindle-shaped to epithelioid 
cells. On the lumen •ide, the pro­
pria is oedematous. Overpiqmented 
macrophages are present at the 
periphery of the nocle. The uro­
theliwn above the twnour is hyper­
plastic. 
Inverted papilloma of pars cutanea 
Hepatocellular carcinoma 
Hepatocellular carcinoma 
Bronchiole-alveolar carcinoma 
Hepatocellular carcinoma 
Bronchiolo-alveolar carcinoma 
Hepatocellular adenoma 
Bronchiolo-alveolar carcinoma 
Bronchiolo-alveolar carcinoma 
Hepatocellular adenoma (frozen 
section) 
Hepatocellular adenoma 
Epithelioma 
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Animal No. 264 Lung Bronchiole-alveolar carcinoma 
Liver Hepatocellular carcinoma 

268 Adrenals Maliqnant phaeochromocytoma; the· 
voluminous tumour ha& numerous mi-
toses and multi-focal necroses 

270 Stomach Inverted papilloma of pars cutanea 
271 Lung Bronchiolo-alveolar adenoma 
273 Adrenals Cortical adenoma 
275 Lung Bronchiolo-alveolar adenoma 

Liver Hepatocellular carcinoma 
277 Stomach S»bserous sarcoma 
279 Stomach Metastases of an osteosarcoma 
280 Liver Hepatocellular carcinoma 
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Dose group 0 ppm, female 

Animal No. 302 RHS 

303 Mammary 9land 
Lymph nodes 

305 Lung 
306 RHS 

307 Mammary 
308 RHS 

309 Adrenals 
310 Lung 
313 RHS 

314 Adrenals 
315 Lung 

RHS 

gland 

399 

Malignant lymphoma of spleen, 
lymph nodes, heart, lung, head 
~alivary 9land1, liver, atomach, 
kidneys, blad~er, ovaries, uterus, 
thyroid, adrenale, bra: ,, spinal 
cord, akeletal muscles, bone mar­
row, aubcutis 
Carcinoma with focal necroses 
Sarcoma 
Bronchiolo-alveolar carcinoma 
Malignant lymphoma of mesentery 
Carcinoma with focal necroaes 
Malignant lymphoma of spleen, 
lymph nodes, head salivary glands, 
pancreas, stomach, kidneys, L~Qd­

der, ovaries, skeletal muscles, 
111esentery 
Cortical adenoma 
Bronchiolo-alveolar carcinoma 
Malignant lymphoma of lymph nodes, 
pancreas, kidneys, thymus, meaen­
tery 
Cortical aden011111 
Bronchiolo-alveolar can:inoma 
Malignant lymphoma ~f spleen, 
lymph nodes, lung, liver, kidneys, 
brain, bone marrow, akeletal 
muscles, mammary gland, thyroid 
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Animal No. 315 Uterus 
316 Lung 
317 RHS 

Ovary 

319 Lung 
Ovary 

320 RHS 

Ovary 

321 Ovary 

322 RHS 

323 Uterus 

324 RHS 

325 Lung 
Uterus 

400 

Stromal t\Ullour (benign) 
Bronchiolo-alveolar adenoma 
Malignant lymphoma of lymph nodes, 
liver, kidneys, bladder, skeletal 
muscles 
Granulosa th~ca cell tumour 
(beniqn) 
Bronchiolo-alveolar carcinoma 
Granulosa theca cell tumour, which 
infiltrates neighbouring fatty 
tissue (malignant) 
Malignant lymphoma of lymph nodes, 
heart, lung, pancreas, stomach, 
kidneys, ute~s, mammary gland, 
pituitary, 1keletal muscles, mes­
entery 
Luteoma (benign) 
Granulosa theca cen tumour 
( beniqn) 
Malignant lymphoma of lymph nodes, 
lunq, head 111livary glands, pan­
creas, kidneys, mammary gland, 
skin, eye, skeletal muscles, mes­
entery 
Stromal sarcoma, sarcomatous meta­
stases of lymph nodes, lung, liv­
er, (mes ) ovary 
Malignant lymphoma of lymph nodes, 
pancreas, kidneys, snesentery 
Bronchiole-alveolar adenoma 
Stromal tumour (beniqn) 
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An lma l Nu. 32 9 RHS 

332 Lung 
RHS 

334 RHS 

Uterus 
335 RHS 

337 RHS 

336 Ovary 

RHS 

339 Ov11ry 

Adrenals 
340 RHS 

401 

Maliqnant lymphoma Of 1pleen, 
lymph nodes, heart, lur.9, head 
salivary glands, liver, stomach, 
kidneys, ovaries, mAllllllary qland, 
skeletal muscles, bone marrow, 
mesentery 
Bronchiolo-alveolar carcinoma 
Malignant lymphoma of 1pleen, 
lymph nodes, heart, lung, l~.ver, 

pancreas, stomach, brain, skeletal 
muscles, mesentery 
Haliqnant lymphoma of lymph nodes, 
heart, pancreas, kidneys, bladder, 
ovaries, uterus, mesentery 
Stromal tumour (benign) 
Haliqnant lymphoma of lymph nodes, 
lunq, skeletal muscles, mesentery 
Malignant lymphoma of lymph nodes, 
spleen, heart, trachea, lu~q. head 
salivary glands, liver, pancreas, 
stomach, kidneys, bladder, ova­
ries, uterus, mammary gland, skin, 
adrenals, brain, spinal cord, 
eyes, skeletal muscles, bone mar­
row, mesentery 
Luteoma 
Haliqnant lymphoma of thymus 
Granulosa theca cell tumour 
(benign) 
Phaeo~hromocytoma (benign) 
Haliqnant lymphoma of 1pleen, 
lymph nodes, heart, trachea, lung, 
head salivary glands, pancreas, 
kidneys, ovaries, brain, spinal 
ccrd, skeletal muscles 
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Anirr.al No. 341 RkS 

Uterus 
342 Ovary 
344 Lung 

Mammary 
Harder· 11 

345 Lung 
346 Lung 

OvarieF 

350 RHS 

·' " 

( 

gland 
gland 

402a 

Malignant lymphoma of heart, lung, 
liver, ovaries, •kele:al muscles 
Carcinoma 
Tubular adenocarcinoma 
Bronchiolo-alveolar carcinoma 
(Adeno)carcinoma 
Papillary cystadenoma 
Bronchiolo-alveolar carcinoma 
Bronchiolo-alveolar carcinoma 
Granulo11a theca cell tUJnour, bi­
lateral (benign) 
Malignant lymphoma of lymph nodes, 
pancreas, bladder, brain, skeletal 
muscles, 1ubcuti1, me11entery 
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Dose group 100 ppm, female 

Animal No. 402 Pituitary 

404 Pituitary 
414 Pituitary 

402b 

Adenoma 
Adenoma 
Adeno111::. 
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Dose qroup 300 ppm, female 

Animal No. 442 RHS 
444 RHS 

445 Bone system 

446 Ovary 

448 Uterus 
449 Spinal marrow 
450 Lung 

RHS 

Ovary 

..: 5 l Abdomen 

452 RHS 

Ovary 

Pituitary 
453 Lung 

Ovar,r 

Uterus 

403 

Maliqnant lymphoma of thymus 
Malignant lymphoma of lymph nodes, 
lung, liver, kidneys, mesentery, 
skeletal muscles 
Osteosarcomatou1 metastases of 
lung and liver 
Granulo1a theca cell tumour 
(benign) 
Polypous stromal aarcoma 
Schwannoma (malignant) 
Bronchiolo-alveolar carcinoma 
Malignant lymphoma of spleen, 
lymph nodes, lung, mesentery, 
skeletal muscles 
Granulosa theca cell tumour 
(benign) 
Haemangiosarcoma, which infil­
trates the cort&x of one kidney 
Malignant lymphoma of lymph nodes, 
lddney, inesentery, skeletal mus­
cles 
Granuloaa theca cell tumour 
(benign) 
Adenoma ~f the par.a intermedia 
Bronchiolo-alveolar carcinoma 
Luteoma (benign) 
Stromal tu~our (benign) 
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404 

Malignant lymphOllla of lymph nodes, 
heart, lung, liver, kidneys, ova­
riea, uterus, .. 1entery 

455 Uterus Polypous stromal tumour (benign) 
Subcutis (ear) Sarcoma (schwannoma) 

45"1 Ovary 

458 Lung 
Uterus 

459 fl.HS 

Bilateral granules~ theca cell tu-
111our (benign) 
Bronchiole-alveolar carcinoma 
My om a 
Malignant lymphoma of pancreas, 
mesentery, 111edia1tinUJn, skeletal 
111uscle1 
Bronchiol~-alveolar carcinoma 

Subcutis (ear) Sarcoma (schwannoma) 
461 Uterus Fibroma (~nign) 
464 Subcutis (ear) Sarcoma (schwennoma) with necroses 
465 Uterus 
466 RHS 

4"11 Lung 
Pituitary 

472 Uterus 

Adenoma 
Malignant lymphoma of lymph nodes, 
heart, lung, pancreas, stomach, 
kidneys, skeletal mu1cles, mesen­
tery, 1Mtdiastinum 
Bronchiolo-alveol~r carcinoma 
Adenoma 
Stromal sarcoma 
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Animal No. 473 Lung 
475 Ovary 
479 RHS 

405 

Bronchiolo-alveolar carcinoma 
Luteoma 
Malignant lymphoma of 1pleen, 
lymph node a, par;~r•a•, stomach, 
large intestine, bladder, 1kin, 
thyroid, akeletal muscles, me1en­
tery 

479 Pituitary Adenoma 
Herder's gland Papillary adenoma 

482 RHS 

483 RHS 

484 Mammary gland 
485 Lung 

RHS 

486 RHS 

Malignant lymphoma of apleen, 
lymph nodes, head salivary glands, 
kidneys, bladder 
Malignant lymphoma of pancreas, 
skeletal muscles, me1entery 
Adenoacanthoma (malignant) 
Bronchiolo-alveolar adenc~a 
Malignant lymphoma of spleen, 
lymph node~, heart, lung, head 
salivary glands, liver, pancreas, 
bladder, ovaries, •amm•ry gland, 
akin, skeletal •uscles, bone mar­
row, Naentery 
Malignant lymphoma of pancreas, 
skeletal muscles, mer.entery 
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Dose group 900 ppm, female 

Animal No. 511 RHS .Malignant lymphoma 
512 JIHS .Malignant lymphoma 
515 JtHS .Malignant lymphoma, ltOJllaCh 
517 Uterus Stromal 1are0111atoua 111etasta1es of 

liver and 111e1entery 
519 Adrenals Phaeoehromoeytoma (benign) 

Uterus .Myoaarcoma 
520 RHS .Malignant lymphoma 
521 Adrenals Phaeoehromoeytoma (benign) 
523 ovary Granulo1a thee a eeli twnour 

I benign) 
524 Ovary G1·anulo1a thee a cell twnour 

(benign) 
Lung Bronchiolo-alveolar carcinoma 

525 RHS Malignant lymphoma 
526 Mammary gland Adenoacanthoma (malignant) 
!>27 RHS Malignant lymph0111a 
528 Liver Hepatocellular carcinoma 

Uterus .Myoma (benign) 

530 Lung Bronchiolo-alveolar ~arcinoma 

I 

' 
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Animal No. 531 Lung 
535 Lung 
537 RHS 
538 RHS 
540 RHS 
541 Lung 

Marder'• 
542 RHS 
545 Lung 
546 RHS 

Lung 
547 Uterus 

Pituitary 
551 RHS 
553 Ovary 

Lung 
556 RHS 
557 Uterus 
559 Uterus 
560 RHS 

Uterus 
Liver 

gland 

407 

Bronchiolo-alveolar adeno111A 
Bronchiolo-alveolar carcinoma 
Malignant l)'lllphCllllA 
Malignant l)'lllphoma 
Malignant l)'lllphoma 
Bronchiolo-alveolar carcinoma 
Papillary ey1tadenoaa 
Malignant lymphoma 
Bronchiolo-alveolar carcinoma 
Malignant lymphOlllA 
Bronchiolo-alv•olar adenoma 
Angiomatous •tromal •arcoma 
Adenoma 
Malignant l)'lllphoma 
Granulo1a theca cell tumour 
(benign) 
Bronchiolo-alveolar adenoma 
Malignant l)'lllphoma 
Polypous •tromal tumour (benign) 
Stromal tumour (benign) 
Malignant lymphoma 
Myoma (benign) 
Hepatocellular adenoma 
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STATISTICAL REVIEW AND EVALUATION 

NDA #: 20-356 Drug Class: Date: JAN 4 1994 

Applicant: Miles Pharmaceutical Division 

Name of Drug: Nisoldipine (Bay k 5552) Coat-core Tablets, 10, 20, 30, and 40 mg, q.d. 

Indication: 1) Hypertension, alone or in combination with other antihypertensive 
agents; and 2) chronic stable angina (classical effort-associated angina). This review 
addresses the Hypertension claim. 

Documents Reviewed: Volumes 1-5, 379, 388, and 400 of the NOA submission dated 
March 31, 1993. Also the data for the primary efficacy variable, supine diastolic blood 
pressure, was submitted on diskette for the double-blind portions of Studies 090-019, 
D90-029, and 090-039. 

Medical Officer: The medical officer for this review is Dr. Cristobal Duarte. 

I. INTRODUCTION 

Nisoldipine is a dihydropyridine calcium channel blocker derived from nifedipine. 
The product is currently approved in 23 countries, although clinical development 
was discontinued in the United States because the brief duration of effect required 
multiple daily dosing. This application is for an extended-release formulation of 
nisoldipine, and studies once daily dosing for both hypertension and for angina. The 
coat-core tablet consists of an inner core containing 20% of the nisoldipine dose in an 
immediate-release form, surrounded by ar. outer coat containing 80% of the 
nisoldipine dose in a slow-release form. 

This submission consisted of the results of two Phase II and three Phase III trials for 
hypertension which were carried out in the United States, and one South African 
hypertension study. The submission also contained two Phase III trials for angina 
which were carried out in the United States, and two foreign angina trials, one multi­
national and one carried out in Israel. The angma claims will be addressed in 
another review. 

II. CONTROLLED CLINICAL TRIALS 

II.A. PROTOCOL NO. D90-D19 

!!.A.I Study Description 

Study D89-019 was a sixtcen-cen!L'r dtise-rl'spnnse study designed to compare three 
fixed doses of diltiazem with placebo in patit•nts with mild to moderate hypertensio.1. 



The plan called for patients to be randomized to one of four parallel groups, receiving 
either placebo, nisoldipine 30 mg qd, nisoldipine 60 mg qd, or nisoldipine 90 mg qd, 
over an six week double-blind period. The 90 mg nisoldipine arm was deleted from 
the protocol by amendment before any patients were randomized. 

After a four week washout period, patients who had a supine diastolic blood pressure 
(DBP) between 100 and 114 mmHg on each of the last two pre-randomization visits 
were eligible for randomization to double-blind treatment. The two supine DBP 
readings were required to be within 7 mmHg of each other. Blood pressure 
measurements were taken at trough (24 hr± 30 minutes post-dose). 

A total of 309 patients were enrolled in the placebo run-in period, and 221 were 
randomized to treatment group, with 72 assigned to placebo, 76 to nisoldipine 30 mg 
qd, and 73 to nisoldipine 60 mg qd. Nine placebo patients dropped out of the study, as 
did three low dose and 12 higher dose nisoldipine patients, while 197 patients 
completed the study A total of 213 were considered valid for efficacy analyses. 

Patients were instructed to take three tablets each morning prior to 11 a.m. All 
patients randomiz·~d to nisoldipine began at 30 mg once daily, and those randomized 
to the 60 mg dose 1,·ere titrated after one week. The relationship of drug 
administration to meals was not specified. The double-blind treatment phase lasted a 
total of six weeks, with patients evo.luated weekly for the first four weeks and then 
again at the end of the study (week 6). 

The primary efficacy variable was change from baseline (mean of weeks 3 and 4 of the 
placebo run-in) to endpoint in supine diastolic blood pressure at trough, 24 hours 
post-dose. Secondary efficacy variables included ch:mge from baseline in trough 
standing DBP and supine and standing systolic blood pressure (SBP) Response r. .. 
at t~ough were also analyzed, with response define in four different ways, (1) supine 
DBP no more than 90 mmHg; (2) a fall in supine DBP of at least 10 mmHg, (3) supine 
DBPs 90 mmHg u~ a fall in supine DBP 2 10 mmHg; and (4) supine DBPs 90 mmHg 
and a fall in supine DBP 2 10 mmHg. 

At eight of the 16 centers 24-hour ambulatory blood pressure monitoring (ABPM) was 
performed at week 3 of the placebo run-in and at week 5 of the double-biind treatment 
period. The spunsor used the ABPM data to analyze the peak/ trough ratio. A tot:il of 
117 patients had 24-hour ABPM monitoring. In-clinic blood pressure measurements 
were also taken at for 12 hours post-dose at seven cl'ntcrs after 4 weeks of placebo run­
in and after six weeks of double-blind treatnwnt. 

11.A.2 Sponsor's Analysis 

The sponsor ~ll'rfurm•·d both an evaluable p.1tient analysis, including those patients 
with at lea~· two ptist-basl'line · valu;itions whn were not protocol violators, and an 
in tent-to-treat analysis ind udi ng all pa ti en ts at le.:ist one post-baseline ev al ua ti on. A 
last-observation-carried-forward approach w;is used to include the available data from 
patients who dropped c>ut of the study. The initial analysis of variance model for the 
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primary and secondary change from baseline endpoints included treatment group, 
investigator, and treatment by investigator interaction terms. The interaction term 
was dropped if it was not significant at the .OS level. The initial comparison was the 
average of the nisoldipine groups versus placebo. If this was significant then pairwise 
comparisons were done to identify which nisoldipine doses were favored over 
placebo. 

The sample size for this study was selected to give 903 power to detect a difference of 
at least 5 mmHg between the nisoldipine groups and the placPbo group. This was 
calculated using an estimated standard deviation of 8 mmHg. The sponsor compared 
the demographics of the four groups at baseline using a Mantel-Haenszel test on sex, 
race, smoking status, and use of previous antihypertensive medications, and found 
no significant differences. The groups were also similar with respect to age, weight, 
height, and years of hypertension, which were compared using an analysis of variance 
model. 

Change from Baseline Blood Pressure 
Measurements at Endpoint (LOCF) 

(Intent-to-Treat Data Set) 

Supine Supine Standing Standing 

DBP SBP DBI' SBP 

Placebo (N =71) 

Baseline mean 103.64 155.31 102.91 1 :1.:2 

Change from baseline -4.68 -1.88 -2.60 -1.94 

Nisoldipine 30 mg !N=76) 

Baseline mean 104.41 157.29 103.82 153.57 

Change from bascl ine - II .58 -12.10 -9.59 -13.36 

p-value vs placebo 0.0001 0.0001 0.0001 0.0001 

Nisoldipine 60 mg (N=73) 

Baseline mean 104.76 158.43 103.74 .54.12 

Change from basl'line -14.46 -16.67 -12.41 -15.94 

p-value vs placebo 0.0001 0 0001 0.0001 0.0001 

Interaction p-val ue 0.1675 0 1074 0.2651 0.4209 



The results of the sponsor's analysis of their evaluable patient data set were similar, 
with all of the active drug groups demonstrating a highly statistically significant 
difference from the placebo group. The same was true of the analysis at each of the 
various time points after al least two weeks of double-blind therapy. Each active 
trPatment group tended to reach a plateau in blood pressure response after two or 
three weeks of double-blind therapy, and the results for the group were very 
consistent beyond that point. The treatment by center interaction term was not 
significant at the .05 level. 

The response variables also demonstrated results similar to the change from baseline 
blood pressure values, as can be seen below. 

Response Rates 

Nisoldipine Nisoldipine 

Placebo 30 mg qd 60 mg qd 

N=71 N=76 N=66 

Al DBP s 90 rnmHg 16 (23':;) 26 (34%) 37 (56%) 

B) DBP decrease ? 10 mmHg 22 (31S() 37 (49%) 50 (76%) 

Cl Al or B) 22(Jl'iC) 37 (49%) 50 (76%) 

Dl Al and Bl 16 (23%) 26 (34%) 37 (56%) 

The ambulatory blood pressure data was analyzed by smoothing the hourly means 
from the eight centers using a Fourier transform. The mean trough and peak values 
and trough to peak ratios were obtain• d from the smoothed data. Peak effect for each 
nisoldipine group was defined as the greatest difference between the nisoldipine 
group and placebo in mean change from h:\seline. Trough effect was defined as the 
24-hour post-dose difference from placebo 

The peak diastolic blood pressure response occurred at 13 hours post-dose for the 
nisoldipine 30 mg group and at 4 hours post-dose for the nisoldipine 60 mg group. 
The peak/ trough ratios for the placc'bo subtracted ambulatory measurements were 
-12.1 /-9.5 = 78% and -15.2/-14.2 = 93'/C, respectively. The corresponding systolic 
peak/trough ratios were 83% and 76'7'·. 

The number of adverse ever.ts expPrienced in the placebo group was statistically 
significantly diffen,nt from both of the nisoldipine groups. The most frequently 
reported adverse l'Vl'nts included hl'adache and peripheral edema in the placebo 
group and both nisoldipirw groups. 1\dversc events were most likely to occur early in 
the first two weeks of duubll'-blind thcr<tpy, ,1\though they continued to occur at a 
reduced level throughout the study. One patient experienced a cardiac arrest and died 
while receiving Placebo during the dnuble-blind portion of the study. No other 
patients died during the study. 

·1 



Patients with 2: one event 

Possibly drug related 

Serious adverse events 

Withdrew due to a. e.'s 

Il.A.3. Reviewer's Comments 

AdvLrse Events 

Nisoldipine 

Placebo 30 mg qd 

N=72 N=76 

32 (44%) 47 (62%) 

19 (26%) 23 (30%) 

2 (33) 4 (5%) 

3 (4%) 1 (1 %) 

Nisoldipine 

60 mg qd 

N=73 

54 (74%) 

33 (45%) 

10 (14%) 

11 (15%) 

This study gives substantial evidence that nisoldipine, in doses of 30 and 60 mg qd, 
reduces blood pressure when compared to placebo. After establishing a drug effect by 
comparing the mean of the combined nisoldipine groups with placebo a·1d reaching 
statistical significance, the sponsor compared each dose group directly wit.1 placebo, 
and both were highly statistically significant. The protocol and thE' study rt ryort do not 
mention any adjustments for multiple comparisons. However, the res;Jlts cf this 
:;tudy were so significant that even using the conservative Bonforonni adjust.11ent for 
t!".' multiple comparisons, they remain highly statistically significant for the primary 
and secondary blood pressure endpoints. 

This reviewer performed several additional analyses on the data including analysis of 
co\'ariance using baseline as a covariate for both change from baseline and for 
endpoint supine DBP. The results of these additional analyses did not differ 
substantially fro:n the results submitted by the sponsor, and demonstrated the 
robustness of the efficacy results. 

The results of this study demonstrate a dose-response relationship for the 30 mg qd 
and 60 mg qd doses of nisoldipine in both efficacy and safety. The higher dose group 
consistently showed a greater reduction in all four blood pressure measurements. 
This group also had more adverse events and more serious adverse events. This 
study involved a forced titration, and many oi the patients ir. the high duse group 
possil·.Iy had an adequate response at the !own dose, and did not need the additional 
risk oi <1dverse events which came with the additional blood pressure reduction. This 
reviewer feels that doses of nisoldipine lower than those studiL•d here might be 
ackquate for many patients. 

The protocol statl•d that the original mockl 1,,r the an.1lvsis of the blood pressure 
variables w,iuld includl' an intcracti1m term, but th,1t the interaction term would be 
dropped if it was not significant at tlw .O:i h-1 ,·I. The test for interaction is a test with 
very low power and therefore interaction is u:;u,dlv tested at the .15 level. Using this 
l<'vl'l, onl' of the secondary l'ndpoints, supine• SBI', demlmstra •ed a significant 



treatment by center interaction in the endpoint analysis (p= 0.1074). The primary 
endpoint also had interaction terms with p-values which were greater than .OS but 
less than .15 at several time points, but not in the endpoint analysis. The inclusion of 
the interaction term in the analysis of variance model did not change the statistical 
significance of any of the primary or secondary endpoints. This reviewer calculated 
the results by center and found that while the response at the various centers was 
different in magnitude, they trended in the same direction in almost all centers. The 
interaction appears to be quantitative in nature, and prc.bably a result of the variability 
of the blood pressure responses. 

ll.B. PROTOCOL NO. 089-029 

11.B.1. Study Description 

089-029 was a sixteen-center dose-response parallel study comparing placebo with 
t1uee once daily doses of nisoldipine on a background of atenolol 50 mg qd in patients 
with mild to moderate hypertension. Patients were rJndomized to one of four 
parJliel groups, receiving either placebo or nis,lldipine 20 mg qd, nisoldipine 40 mg 
qd, or r~ isoldipir11~ 60 mg qd, over an six week double-blind period. 

Following J two-week placebo run-in period, patients with supine diastolic bloud 
pressure between 100 and 119 mmHg entered a single-blind four week run-in period 
where all received atenolol 50 mg qd, but no other hypertensive therapy. Patients 
who had a supine diastolic blood pressure between 95 and 114 m1nHg after the four 
weeks of atenolol therapy were eligible for randomization to one of the four douh1,·· 

blind treatments, while continuing their atenulul tlwrapy. 

/\.total of 418 pJlients were enrolled in the pi"cebo run-in, and 313 continued ' 1"' 

atenolol run-in period. Most of the patients 1,·ho did not continue were not elig1~"'' 
because their blood pressure had dropped toe) mu•:h while receiving atenolol. /\ total 
of 251 pJtients were randomized to double-blind tre,1tment group; 62 to placebo, 62 to 
nisoldipine 20 rng qd, 63 to nisoldipine 40 mg qd, and t,.1 to nisoldipine 60 mg qd. 
Three plJcebo patil'nts dropped out of lhe :;tmiv, as did one low dose, five mid-dose, 
and seven higher dose nisoldipine pati1'nh. A total oi 238 patients Wf're considered 
valid for the efficacv anJlyses 

Patil'nts \\'l'n' instructi•d to take two t.1blt>1~; .rnd l 'i1L' L»1psulL' e.1ch morning prior to 11 
a.m. All patients r~rndomized to nisoldipinl' b,•gJn at 20 mg once daily, Jnd thos<> 
randon1ized tu the higher dose groups were tit:.1tl'd Wl'•~kly. The re!.itionship of drug 
administr<~lion tc> nw.1lo was not specified. Th,• double-blind treatment phase laqpd il 

total of six Wl'eks, with patients e\·aluated at Wl'<'ks J, 2, 4, and 6. The primary efiicacy 
v.iriablc was chanµ<' trnm b.1selinl' (nll'.rn supin<' Dill' ,1t wel'k 4 of the singll'-blind 
atl'nolol phasl') to L'ndpoinl (tlw last duubk \1 !111d \'isit) supine diastolic blood 
pressure (DH!') al trough, 24 hot:rs pust-dosl' :-;L'cund,irv dficacy variJblcs indudL•d 
d1ange fn1m basl'lme in stJnding DH!' and supine Jnd standing SBP. The change 
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from baseline during the atenolol phase was also evaluated. Response rates at trough 
were also analyzed, with response define in four different ways, (1) supine DBP no 
more than 90 mmHg; (2) a fall in supine DBP of at least 10 mmHg, (3) supine DBP::.: 90 
mmHg or a fall in supine DBP ~ 10 mmHg; and (4) supine DBP:::; 90 mmHg and a fall 
in supine DBP ~ 10 mmHg. 

At eight of the 16 centers 24-hour ambulatory blood pressure monitoring (ABPM) was 
performed at week 3 of the atenolol run-in and at week 5 of the double-blind 
treatment period. The sponsor 11sed the ABPM data to analyze the peak/trough ratio. 
A tota! of 141 patients (centers 01 through 08) had 24-hour ABPM monitoring, 
including 33 randomized to placebo, 34 to nisoldipine 20 mg, 35 to nisoldipine 40 mg, 
and 34 to nisoldipine 60 mg. 

11.B.2. Sponsor's Analysis 

The ,,1mple oi/e iu1 Li Lis study was selected to give YU',( power to detect a difference oi 
at least 5 mm!-lg between the nisoldipine 40 mg group and tl'e placebo group. This 
was calculated using an estimated standard deviation of 8 mmHg. The sponsor 
compared the demographics of the four groups at basl'line using the Cochran-Mantel­
Haenszei test (adjusting for center) on sex, race, smoking status, and several other 
factors. The analysis of the previous use of antihypl'rtensive medications was 
marginally significant with po:0.065. Only three patients had previously been treated, 
and two of those three were randomized to the placebo group. The groups were alsc 
similar with respect to age, weight, height, and years of hypertension, which were 
compared using an Ztnalysis of variance model. 

The sponsor performed both an evaluable patient analy'sis, including patient5 """ ' 
least 19 days of double-blind therapy, and an intent-to-treat analysis including all 
patients who had at lecist one post-baseiine e\·aluation. A last-observation-carried­
forward approach \Vas used to include the a\·ailable data from patients who dropped 
out ol the study. The initial analysis of \·ariance model for the primary and secondary 
change from baseline endpoints included treatment group, investigator, and 
treatnwnt by investigator interaction terms. Thl' interciction term was dropped if it 
was not significant at thl' .05 level. The initi,d comp,1risun w~1s the average of the 
nisoldipinc groups vl'rsus placebo. If this was signiiicant then pairwise comparisons 
wpre dont.' to idl'ntifv which nisoldipine doses \\"l'rt' favored over placebo. 
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Change from Baseline Blood Pressure 
::\1casuren1ents at Endpoint (LOCF) 

Intent-to-Treat Data Set 

Supine Supine Standing Standing 

DBI' SBP DBP SBP 

Placebo+ Atenolol (N=62) 

Baseline mean 100.74 158.30 102.10 154.20 

Change from baseline -3.90 -0.12 -166 +2.30 

Nisoldipine 20 mg+ Atenolol (N= 62) 

Baseline mean 100.58 1'.58.19 102. p 153.81 

Change from baseline -10.00 -1251 -S 85 -10.14 

p-value vs placebo 0 0001 0.0001 ll0001 0.0001 

Nisoldipine 40 mg+ Atenolol <N= 62) 

Baseline mean 100.97 15932 103.46 157.22 

Change from baseline -12.01 -19 03 -12.39 -21.75 

p-value vs placebo 00001 0 0001 \\\)0()1 0.0001 

Nisoldipine 60 mg+ Atcnolol (N= 64) 

Baseline mean 100.81 160.90 102.32 1-- '') 
'.J;).1 -

Change from baseline -13.73 -22 38 -14.30 -21.89 

p-value vs placebo 0.0001 (10001 11.c1Jo1 0.0001 

Nisoldipine versus placebo 0.0001 u 0001 (1 0001 0.0001 

Interaction p-value 0 1107 il 3ll41 Ll.5361 0.4636 

The results of the ~ptmsor's analysis of their t•valu.tbk f'·1til'nt data sl'l were similar, 
with al! of thl' ad1 ,·c drug groups demonstrating a highly st.1tistically significant 
difference from tlw rlacebo group. The same was true uf the analysis u.t each of the 
\·ariuus time puints <lltl'r the first \\'<.'l'k of doub!L•-blind tlwrapv. Each active treat111ent 
gmup tendl'd to n'.1t'h a plateau in bkiod pn.•ssun' rt'SjJt\llSl' after two or three weeks of 
doublt>-blind tlll'r.1pv .. rnd the rl'sults were ,·en· n>nsistL'nt bl'yond that point. The 
trvatnwnt by Cl'nkr 1ntt•r,1l'tilln tl'rm \\'as sign1ti,·ant at the .05 le\'l'l for the analysis of 
supine DBI' at thl' first doublL'-blind visit, but Ih>t fur the spcondary blood pressure 
v.iri.1b!t•s at th.it visit, nm fur any blolKi prPssurv \-.iriabll's at later visits or at 
, .id point. 



The response variables also demonstrated results similar to the change from baseline 
blood pressure values, as can be seen below. 

Response Rates 

Nisoldipine Nisoldipine Nisoldipine 

Placebo 20mgqd 40 mg qd 60 mg qd 

N=59 N=61 N= 59 N= 59 

Al DBP :_; 90 mmHg 19 (32%) 34 (56%) 40 {68o/c) 39 (66%) 

Bl DBP decrease ;o: 10 mmHg 14 (24%) 31 (51 %) 40 (68~) 44 (75%) 

The ambulatory blood pressure data was analyzed ty smoothing the hourly incans 
from the eight centers using a Fourier transform. The mean trough and peak \'alues 
and trough to peak ratios were obtained from the smoothed data Peak e!iect f•.>r each 
nisoldipine group was deiined as the greatest difference between the' nb,iidipirw 
group and placebo in mean cha'.1ge from baseline. Trou~h effect \\'2S ciL'fined as the 
24-hour post-dose diikrl'nce from placebo. 

The peak diastolic blood prPssure response occurred at 3 hours posh.:icl~e for the 
nisoldipine 20 rng group, at 23 hours post-do~e for the nisoldipine 40 mg group, and at 
one hour post-dose for the nisold1pine 60 mg grour. The peak/trough riltiu' were 
-5 0/-9.4 = 53%, -12.8/ -13 1 ~ 97'7i, and -12 9/-13.0 = 99%, respective!\· Tl~:> 

corresponding svstolic P''ak/tr,1:.igh ratios were 86%, 100%, and q4<:;. 

l'atit:nts with 2 one event 

Possibly drug relall'd 

Serious adverse events 

Withdrew due to a. e.'s 

Adverse Events 

N isvldipine 

Placebo 20 mg qd 

N=62 N= 62 

28 (62''') 37 (60%) 

14 (:'3': ) 1 . ( ") ' <'.' ) b _b (. 

2 (3':) 5 (8%) 

l (:' ( : ) 1 pc·) - " 

Nisoldipine 

40 mg qd 

N= &3 

44 ( 70'( ) 

28 ( 4-1 c; ) 

2 (3<;;) 

.: ( b ':'c) 

Nisoldipine 

60 mg qd 

N" 64 

-12 (66%) 

28 (44':"c) 

::; rnr;) 

4 (b'lc) 

Tlw most frt>qul'ntly '''l'11rkd adn'r:;p t'\'l'!lts included headache and periplwral 
l'd•"ma in tlk nisoldipi:w gnn!ps The n11ist irt'qucntly reported ad\'l•rsc· C\'l'nt' in the 
placebo group indudt·d rhi:1itis, peripher,11 edema, and headadw . .-\d\'t'r:<e e\·ents 
wne most lik1•ll' t" c>cl'lll t'Mll' in the study (prior to week -1), although the\' continlll'd 
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to occur a: a reduced level throughout the study. There were no deaths reported 
d •1ring this study. 

II.B.3. Reviewer's Comments 

This study demonstrated that ni~oldiyine treatment resulted in additional blood 
pressure reduction when used in the presence of atenolo!. The primary and 
secondary endpoints all demonstrated statistically significant reductions in blood 
pressure during the six week study. This reviewer again performed several 
alternative analyses and found that the results were robust. 

The results a!so demonstrate a dose-response trend for the 20 mg qd through 60 mg qd 
doses of nisoldipine in both efficacy • 1d safety. The highv dose groups consistently 
showed a greater reduction in each of the blood pressure measurements, and also an 
increasing number of adverse events. This study again involved a forced titration, 
and many of the patients in the higher dose groups possibly had an adequate blood 
pres"ure response at lower doses and did not r;eed the additional risk of adverse 
events which came with the additional hlood pressure reduction. This reviewer feels 
that doses of nisoldipine lower than those studied here might be adequate for many 
patients. 

The protocol stated that the original model for the analysis of the blood pressure 
variables would include an interaction term, but that the interaction term would be 
dropped if it was not significant at the .05 level. The test for interaction is a test with 
very low power and therefore interaction is usually tested at the .15 level. Using this 
level, the primary er.dpoint, supine DB:', demr.;nstrated a significant treatment by 
center interaction in the endpoint analysis for l;clh the evaluable patient data set 
(p=0.1478) and for the intent-to-treat data set (p=0.1107). This reviewer calculated the 
results by center and compared them. The centers vary substantially in the response 
of the various nrsoldipine groups, but in no case did the placebo group have a greater 
response to therapy than did the treated groups. 

!LC PROTOCOL NO. 089-039 

II.Cl. Study Description 

D89-039 was a. four-arm parallel studv comparing place::>o, two once daily doses of 
nisoldipine, 20 mg. and 40 mg, and vcrapamil 240 mg bid, in patients with mild to 
moderate hypertension. The protocol for the sixteen center study included a fifth 
group rcrn~omized to nisoldipine. 80 mg qd, but this group was dro1'yed shortly after 
the bt·c;inning of the study (not prior to randomization) after the sponsor received 
information from another study that nisoldipine doses in excess of 60 mg qd were not 
well-tolerated .. 

After a four wel'k washout period, patiPnts who had an average supine DBP betwPen 
95 and 114 mm! lg on each of the last two pre-randomi:.:ation visits were eligible f, 
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randomization to double-blind treatment. Blood pressure measurements were taken 
at trough (24 hr ± 30 minutes post-dose). The dot'.ble-blind portion of the study lasted 
12 weeks, but patients randomized to placebo were switched to verapamil 2'i0 mg qd 
for the final four weeks of the study. 

A total of 413 patients were enrolled in the placebo run-in period, and 320 were 
~andomized to treatment group; 75 to placebo, 78 to verapami!, 76 to nisoldipine 20 
mg qd, 76 to nisoldipine 4C mg qd, and 15 to nisoldipine 60 mg qd. Eleven patients 
ranaomized to the placebo group dropped out before the end of the study, as did five 
verapami.1 patients, 12 low dose nisoldipine patients, and 12 medium dose nisoldipine 
patients. The 15 patients who had been randomized to high dose nisoldipine were 
dropped from the study when that arm was deleted, so 265 patients completed the 
study A total of 290 patients were considered valid for efficacy analyses. 

Patients were instructed to take two tablets and one capsule each morning prior to 11 
a.m. and another capsule 12 hours later. All patients randomized to nisoldipine 
began at 20 mg once daily, and those randomized to the 40 mg dose were titrated after 
one week. The relationship of drug administration to meals was not specified. The 
double-bl'nd treatment phase lasted a total of eight weeks at the original randomized 
dose groups, followed by four weeks where the placebo group received verapamil 240 
mg qd and the other three groups remained on their randomized therapy. Patients 
\\'ere l'\'aluated weekly for the first four weeks. and then biweekly for the rest of the 
t;tt1dy·. 

The primary efficacy variable was change from baseline (defined as the mean of six 
readings, three taken at week 3 and three at week 4 of the placebo run-in period) to 
endpoint (defined as week 8 uf the double-blind portion of the study) in supine 
diastolic blood pressure (DBP) at trough, 24 hours post-dose. The primary efficacy 
co:nparison was between the 40 mg qd nisoldipine group and the placebo group. The 
comparison of the 20 mg qd nisoldipine group and the placebo group was of secondary 
importance. c;econdary efficacy variables included trough standing DBP and supine 
and standing systolic blood pressure (5BP). Response rates at trough were also 
analyzed, with response define in four different ways, (1) supine DBP no more than 90 
mml-Jg; (2) a fall in supine DBP of at least 10 mmHg, (3) supine DBP5 90 mmHg or a 
fall in supine DBP? 10 mmHg; and (4) supine DBPS 90 mmHg and a fall in supine 
DBP? 10 mmHg. 

At eight of the 16 centers 24-hour ambulatory blood pressure monitoring (Al3PM) was 
performed at week 3 of the placebo run-in and al week 7 of the double-blind treatment 
period. The sponsor used the ABI'M data to anzilyze the peak/trough ratio. 
A total of 141 patients (centers 01 through 08) had 24-hour ABPM monitoring, 
including 34 randomized to placebo, 36 to vcrapamil, 35 to nisoldipine 20 mg, and 36 
to nisoldipine 40 mg. A total of 163 patients kl'nlcrs 06 through 13) had 12-hour post­
dose in-hm1se blood pressure readings (l'very l\\'O hours) at week 4 oi the placebo run­
in and at Wl'ek 8 of the double-blind treatnwnt pl'riod. 

I I 



II.C.2. Sponsor's Analysis 

The sample size for this study was selected to give 90% power to detect a difference of 
at least 5 mmHg between the nisoldipine 40 mg group and the placebo group. This 
was calculated using an estimated standard deviation of 8 mmHg. The sponsor 
compared the demographics of the four groups at baseline using the Cochran-Mantel­
Haenszel test (adjusting for center) on sex, race, smoking status, and use of previous 
antihypertensive medications, and no significant differences were found. The groups 
were also similar with respect to age, weight, height, and years of hypertension, which 
were compared using an analysis of variance model. 

Change from Baseline Blood Pressure 
Measurements at Endpoint (LOCF) 

Intent-to-Treat Data Set 

Supine Supine Standing Standing 

DBP SBP DBP SBP 

Placebo (N"'75) 

Baseline mean 99.76 154.69 100.58 1:51.18 

Change from baseline -4.30 -1.93 2.09 -Z.40 

Nisoldipine 20 mg qd (N=75) 

Baseline mean 99.99 152.67 100.80 1 :::: ,- ~ 

Change from baseline -7.97 -J0.17 -6.99 -l 1.42 

p-value vs placebo 0.0004 0.0001 0.0001 0.0001 

Nisoldipine 40 mg qd (N=76) 

Baseline mean 100.35 154.22 101.27 150.20 

Change from baseline -11.22 -15.50 -11.34 -14.90 

p-value \'S placebo 0.0001 0.0001 0.0001 0.0001 

Verapamil 240 mg bid (N=78) 

Basdinc mean 99.95 151.67 100 66 148.62 

Change from baoelirw -14.48 -1479 -13.2 I -14.95 

p-\·alue vs placd··i 0.0001 0.0001 0.0001 00001 

Interaction p-value 0.6287 0.1693 0.5060 0.6371 
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The sponsor performed both an evaluable patient analysis, including those patients 
with at least two post-baseline evaluations who were not protocol violators, and an 
intent-to-treat analysis including all patients who had at least one post-baseline 
evaluation. A last-observation-carried-forward approach was used to include the 
available data from patients who dropped out of the study. The initial analysis of 
variance model for the primary and secondary change from baseline endpoints 
included treatment group, investigator, and treatment by investigator interaction 
terms. The interaction term was dropped if it was not significant at the .05 level. 

ThL !Suits of the sponsor's analysis of their evaluable patient data set were similar, 
with all of the active drug groups demonstrating a highly statistically significant 
difference from the placebo group. The same was true of the analysis at each of the 
various time points after at least two weeks of double-blind therapy. Each active 
treatment group tended to reach a plateau in blood pressure response after two or 
three weeks of double-blind therapy, and the results were very consistent beyond that 
point. The treatment by center interaction term was significant for some visits, but 
not for the final two visits or for the endpoint values for either data set. 

The response variables also demonstrated results similar to the change from baseline 
blood pressure values, as can be seen below. 

Response Rates 

Nisoldip ne Nisoldipine Vt!rapamil 

Placebo 20 mg qd 40 mg qd 240 mg bid 

N=70 N=72 !'\=76 N=72 

A) DBP ~ 90 mmHg 19 (26%) 35 (50%) 50 (69%) 62 (82%) 

B) DBI' decrease :?'. 10 mmHg 10 (14%) 28 (40%) 17 (65%) 59 (78%) 
C) A) or Bl 20 (28%) 38 (54%) 53 (74%) 67 (88%) 
D) A) and B) 9 (13%) 25 (36%) 44 (61 %) 54 (71 %) 

The ambulatory blood pressure data was analyzed by smoothing the hourly means 
from the eight centers using a Fourier transform. The mean trough and peak values 
and trough to peak ratios were obtained from the smoothed data. Peak effect for each 
nisoldipine group was defined as the greatest difference between the nisoldipine 
group and placebo in mean change from baseline. Trough effect was defined as the 
24-hour post-dose difference from placebo. 

The peak diastolic blood pressure response occurred at 4 hours post-dose for the 
nisoldipine 20 mg group, at 24 hours post-dose for the nisoldipine 40 mg group, and at 
4 hours after the morning dose for the verapamil 240 mg bid group. The peak/trough 
ratios were -6. 7 /-9. 7 = 66%, -11.7 /-11.7 = 100%, and -11.1 /-12.9 = 86'7c, respectively. The 
corresponding systolic peak/trough re.tics were 66%, 100%, and 78%. 
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Adverse Events 

N isoldipine Nisoldipine Verapamil 

Placebo 20 mg qd 40 mg qd 240mgbid 

N=75 N=76 N=76 N=78 

Patients with ;;:: one event 48 (643) 49 (643) 57 (753) 55 (71 %) 

Possibly drug related 34 (453) 33 (~3%) 42 (553) 39 (50%) 

Serious adverse events 7 (93) 9 (12%) 12 (163) 3 (4%) 

Withdrew due to a. e.'s 3 (43) 10 (133) 11 (14%) 4 (53) 

The overall incidence of adverse events was not statistically significantly different for 
the four treatment groups. The most frequently reported adverse events included 
headache and peripheral edema in the placebo group and both nisoldipine groups. 
The most frequently reported adven.:! events in the verapamil group included 
constipation and headache. Adverse events were !T'ost likely to occur early in the 
study (prior to week 4), although they continued to occur at a reduced level 
throughout the study. There were no deaths reported during this study. 

11.C.3. Reviewer's Comments 

This study clearly demonstrates the efficacy of nisoldipine when compared to placebo 
in the treatment of mild-to-moderate hypertension. A dose-response exists for both 
diastolic and systolic blood pressure, and for adverse events. The differential between 
the groups appeared within a few weeks of treatment, and was consistent for the rest 
of the study. This reviewer again analyzed the data using several other models, and 
found the results to be consistent. 

The group randomized to verapamil consistently demonstrated results which were at 
least as good as the higher nisoldipine dose, and were often superior (although not 
often statistica!iy significantly better). The response rates for the verapamil group 
were also higher than those of the nisoldipine groups. The sponsor stated that 
verapamil is often used as once-a-day therapy, and the twice-daily dosing used in this 
study could have given th?.t group an advantage over the once-daily dosing of 
nisoldipine. Although the verapamil group did not usually achieve statistical 
significance when compared to the nisoldipine groups, the study was not powered as 
an equivalence trial and the results should not be inter?reted as showing the 
treatments are the same. 

Il.D. OTHER HYPERTENSION STUDIES 

11.D.1. Study Descriptions 

The sponsor submitted the results of three additional placebo-controlled clinical trials, 
two which were carried ou~ in the United States. These studies lend supportive 
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evidence of the efficacy and safety of nisoldipine in the treatment of mild to moderate 
hypertension. 

Study 088-054 was a pilot parallel dose-ranging eight-center study comparing placebo 
with three once daily doses of nisoldipine, 10 mg. 20 mg. and 30 mg over a four week 
µeriod. This was the first exploratory clinical trial carried out in the target population 
and approximately 30 patients were randomized to each dose. The 20 mg and 30 mg 
dose groups both achieved statistically significantly greater reductions in supine OBP, 
supine SBP, and standing SBP than did the placebo group. 

Study 089-026 was a pilot parallel dose titration study comparing placebo with 
ni.;oldipine, 10 - 40 mg once daily over a nine week period. Patients randomized to 
nisoldipine received 10 mg qd for the first week and were titrated upward an 
additional 10 mg on a bi-weekly basis if their supine OBP remained ~ 85 mmHg at 
trough. A total of 72 patients were randomized to nisoldipine and 34 to placebo, 
which was also titrated based on blood pressure response. At the end of the nine 
weeL of treatment 6% of the nisoldipine patients remained at 10 mg qd, 6% were 
receiving 20 mg qd, 30% WPre receiving 30 mg qd, and 57% had been titrated to 40 mg 
qd. The nisoldipine group achieved statistically significantly greater reductions in 
supine and standing OBP and SBP. 

Study 090-006 was a parallel multicenter study comparing placebo with three once 
daily doses of nisoldipine, 10 mg. 20 mg. and 30 mg over a six week period. This study 
was carried out in South Africa. All patients randomized to nisoldipine began at 10 
mg qd and were titrated to their assigned dose after one week. Approximately 50 
patients were randomized to each group. In the endpoint analysis all three 
nisoldipine groups achieved statistically significantly greater reductions in supine and 
standing DBP and SBP than did the placebo group. 

IV. OVERALL SUMMARY AND CONCLUSIONS 

The sponsor submitted the results of six trial involving patients with mild-to­
moderate hypertension, including three Phase III studies performed in the United 
States. Study 090-019 was a dose-response study comparing two doses of nisoldipine 
(30 mg and 60 mg) with placebo in once-daily dosing. Both nisoldipine d< 'Se groups 
had statistically significantly better reduction in blood pressure th:m did the placebo 
group, and the groups demonstrated a dose-response relationship for both efficacy and 
safety. Study 090-029 compared placebo with three or.ce daily doses of nisoldipine (20 
mg, 40 mg, and 60 mg) on a background of ate>nolol 50 mg qd. All three 
nisoldipine/ atenolol groups had statistically significantly better reduction in blood 
pressure than did the placebo/ a tenolol group. The responses trended in a dose­
response order for both blood pressure reduction ar d for adverse experiences. Study 
090-039 was a four-arm placebo and active-controlled study com?aring two doses of 
nisoldipine (20 mg and 40 mg) with verapamil 240 mg bid and placebo. The 
nisoldipine groups had statistically significantly better reduction in blood pressure 
than the placebo group. The verapamil group had a somewhat better response than 
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did the nisoldipine groups, although the results were not often statistically significant. 
However, this trial was not designed as an equivalence trial, and was under-powered 
to detect the differences seen in the study. The study could not detect a difference, but 
that does not imply that the treatments are the same. 

Clearly the nisoldipine doses studied in this trial (20 mg to 60 mg, qd) are effective at 
lowering blood pressure. What is not clear is that the dose range has been adequately 
examined, especially at the lower end. The maximal dose appears to be limited by 
adverse reactions. This reviewer feels that doses of nisoldipine lower than those 
studi2d here might be adequate for many patients and should be examined. 

There were two potential problems in the design of these studies. The original model 
for the primary analysis of variance included a treatment by center interaction term 
which was dropped if the p-value for interaction was less than .05. The test for 
interaction is a very low powered test, and interaction is usually tested at the .15 k·vel. 
The results of these studies were robust whether or not an interaction term was 
included in the model, and the interactions which were statistically significant 
appeared to be qualitative rather than quantitative. These studies each involved 
multiple doses of nisoldipine, and none of the analysis plans included adjustments 
for multiple comparisons. The p-valucs that resulted from the analyses, however, 
were all less than 0.001, apd thus could stand up to a Bonforonni adjustment. 

The overall summary and conclusions section may be conveyed to the sponsor. 

lb 

Nancv D. Smith, Ph.D. 
Mathematical Statistician 
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BACKGROUND 

u .... ~, - ' 

Nisoldipine is a dihydropyridine calcium antagonist, similar to felodipine. NISOCOR tablet contains 
either 10, 20, 30, or 40 mg of nisoldipine as a Coat-Core (CC) formulation: the coat is a slow release 
formulation while the core is a fast release formulation. Previous studies with felodipine (!), 
nifcdipine (!) and nitrendipinc (2), all dihydropy1idines {DHPs), have shown that simultaneous intake 
of gra[X'fruit juice increases the bioavailability of the DHP drug. These drugs are all subject to first­
pass mctat101Jsm, and the mechanism of interaction is believed to be inhibition of cytochro·ne P-450 
3/\4 rcspons:Lile for ,his step. Grap~fruit juice is known to contain high amounts of tlavonoids, 
mainly present as g1ycosides, which probably undergo hydrolysis in the intestine to the corresponding 
aglvcones and sugar; (3). In vitro studies in rat and human liver microsomes have shown that the 
aglycones, mainly nar1.:ngenin, quercitin, and kacmpferol all have inhibitory potency with regard to 
the metabolism of DHPs (4). 

The sponsor has conducted a clinical study to investigJte the possibility of an interaction between 
grapefruit juice and NISOCOR (nisoldipine cc) with respect to the pharmacokinetics and 
ph;:rnn-:odynamics of niso!dipine and its major md:iho!itcs in plasma. An account of thl' study ha~ 
also been published (5). 
Rrferencrs: 
l Baiky, D.G, ct al. In:craction of citrus jui:e; \\ ith fclodipinc and nifcdipine. Lancet 1991, Feb 2; 
337(8736): 268-269. 
2. Socins, P.A., et al. Grapefruit juice and cimctid1ne inhibit stereosekctive metabolism of 
r.il,cndipinc in humans. Cl1n Pha~macol Thcr Fn:; 50(4): 3'A-40J. 
'.'.Buening, t-1. K., ct al. Activation and ir.hibition of bcnzo(a)pyrenc and af1atoxin Bl mctah,>!1s111 in 
human li':er r.-.:~roSOJlll.'' uy ;,aturally cx:curinb' f\Jrn1wid. Cancer !(::s 198!; 41: bl-72. 
4. M;nisca'co, A., ct al. I1~hibit:c'n of dihyc!;op\Ticinc mc::iholisrn in rat and human liver mi,-msnnws 
by thvo;1oicls found in graJKlruit juice. J Fxp l'i.~t~rn.1:1•l ThL'r. l 1!'l:2; ~61(3): 1195-99. 
5. li)~till'y. f).(i., ct al. l~f(\_'...'t of ~:-~1;1('fni:t j 1.i'."'-' ar:d n:·::·i:~~~ir: on ni~,nld1pln~ phar1nacukincti-.': .. c·iin 
I)h~'.:·i1~:1i..:n1 "rhcr l ')YJ; 5.~1.(1): )l\l)-'J-.l. 

SY:\Ol'SlS 
'rill' Spt1n~~;..1r h,t\ s11li111i:t:..·d a f,1 .. ·,l'. drt:~'. ir~'.L·r:·i:'.lnn s:t:\'.:.. ·rhl' prirnary olijcctiv~ \Vas to invl''.'lli~atL' a 
pz1s~ihlL' int~·r~ll't101-: :1ct\\"l'l'll g.r:qx.>lruit jui'-"·' ';;.,~ r:.·;\,;,:;;'::.l· c.: v.:ith respect to t!:e pharr:1acoki1~L~til·s 
of r1;\;_)J,i1;1:::~.'. (i},,\ 't' k 555::) d!~1.! it\ n;:titio· p:.~"r:~.l r: .. ~·: ... ~i,,l.'l"..; (:)ii..' hyl!r1-'\} L1·l·d n1ctahu!:t~ !1.-\ ·1· r 
1J.\~'i ;111d the pyri,!111L· lllL't;Ji1uii•L' 13.\ Y (I .>i'>l). ·1 !:1- s,-;·'""!.t:_>' uhjL·l'!i .c 11:11 to investigate the 
hyr11t::1'11s that unL: biutl:1v11noicl, n:1rir:gin, i:1 ~·r:iiX'i:·.::t 111i,-.· is rc,pu11siilk~ for the propDsed 
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pressure anu heart rate assessments and determination of plasma concentrations of nisoldipine and its 
two m;1jor plasma metabolites were carried out ror 48 hours after each treatment. Also, included in 
this submission is the proposed annotated package insert for NISOCOR (nisoldipine). 

STUDY SUM.\tARY 

See Appendix. 

COI"CLUSIO\f: 
The sponsor has dcmonstrate<l that 
a) grapdrnit juice alters the pharmacokinetics of nisoldipinc cc in healthy subjects 
b) naringin dcx:s not appear to be the bioflavonoid in grapefruit juice responsible for the interaction 
c) all treatments produced minor effects on supine blood prcssun· and heart rate, probably because 
subjects were: normotcnsi vc 

LABELI:\G CO.\l\IEl\TS: The following wording is suggested by the firm:"ln a study of twclv<: 
he~1lthy rn~.:c subjects, the hioavailability of nisoldipinc was incrc:iscd by as much as 3-fold whc•n 
taken with grapefruit juice, compared to when taken with water. A sirnilar finding has been seen with 
some other dihydrnpyridinc calcium antagonists, but to a somewhat lesser extent than seen with 
nisold1pine." We suggest the following wording:"In a study in t,·che healthy male subjects, the 
AOC of nisoldipine was increased up to 4-fold (mt;in 75':() and C.,., incrrascd up to 7-fold 
(mean 350%) when taken with graprfrnit juice, compared to when taken with water. 111i.s is 
probably cau;ed by inhibition of fir<.1-pass C'limination o~ the drug. A similar intC'ractiun has 
been seen with <it her dihydropyridine calcium antagonbts, but to a somewhat lesser ext~nt." 

RECO\l.\IE'\DA TIO:-\: 
The Division of fli11phJr111:ic:c~utics r.:com1r~nds th~!t tl:c: l:.1bd Ile a1~1en<.kd to rc0l'd tltat after int.th,· ur" 
grapefruit juice: 
a) !!1 I~ hcalt:1y n~.dc·s t::c· Cm.u cf nisoldipinc ir:1:rc:1"'"J up to 7 fold. The mean C:"~' 1ncrc;1scd ;-;u·;. 
b) The AUC0 .1, increasl'd up to 4-fold. The mean /\UC"'' in,:rl'as,·d approximately 75%. 
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~of submissioit: new molecular entity. Reviewer: Patrick J. Marroum. 

Synupsis: 

-The sponsor has adequately studied the pharmacokinetics (single and multiple dose) of 
nisoldipine coat-core tablet. 
-Dosa!'e form proportionality has been established between the 20 and 30 mg tablets only but 
not between the 20 and 40 mg strengths. 
-Dose proportionality was established for AUC and CMAX in the dosing range of 20 to 60 mg. 
The 10 mg tablet strength gave more than dose proportional plasma levels when compared to 
the higher strengths .. 
-The effect of food on the rate and extent of r .. 3oldipine absorption was investigated in 3 separate 
studies. Food increased CMAX by up to 300 % while decreasing AUC by up to 26 %. 
-Adequate studies have been performed in elderly normal and hypertensive subjects. 
-The effect of liver and renal disease has been adequately characterized in this NOA. 
-Drug interaction studies between nisoldipine and warfarin, cimetidine, ranitidine, digoxin, 
quinidine, propranolol and atenolol have been performed. 
-The sponsor failed to characterize the effect of gender on the pharmacokinetics of nisoldipine. 
-The sponsor has adequately validated the gas chromatographic assay used in these studies. 
-The sponsor attempte.d to correlate the in vitro dissolution with the in vivo performance of 3 
different formulations of nisoldipine but failed to establish any relationship due to the fact that 
nisoldipine undergoes site specific gut wall metabolism. 
-The dissolution method proposed by the spoi!Sor for r.isoldipine C.C. seems to be acceptable 
with the specifications recommended by the Division of Biopharmaceutics. 

RECOMMENDATION: 

:I'he sponsor's NOA 20-356 appears to be acceptable for meeting the biopharmaceutics 
requirements provided that the comments on Pages 13 to 15 ar<! adequately addressr.d by the 
sponsor. 
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Appendix I (Study Summaries> 

Study 
400 

Study 
16626 

Study 
19611 

Study 
3647 

Study 
0637 

Study 
600 

Study 
606/618 

Study 
085-024-01 

Study 
D91-035 

Study 
645 

Nisoldipine biotransformation in man. 

Bio..ransformation of nisoldipine in 
rat, dog, monkey and man 

1•c BAY Kl5552 binding to human plasma proteins and 
erythrocyte plasma partitioning in vitro for the racemate 
and its enantiomers. 

Estimation of the bioavailability of nisoldipine in man 

Study to investigate the absolute bioavailability of 
controlled release formulation of nisoldipine. 

Evidence for differences in gut wall metabolism of 
nisoldipine depending on absorption site. 

Nisoldipine enantiomers-Assessment of pharm~cokinetics 
by stable isotope technique. 

Pharmacokinetic dose proportionality 
study of nisoldipine 2, 5, IO, 20 mg 
tablets in normal subjects. 

A randomized, single dose, 4 way crossover study 
of the dose proportionality and tolerability of 
10, 20, 40 and 60 mg nisoldipine coat-core tablet~ 
in healthy volunteers. 

Investigation of the pharmacokinetics 
and tolerability of a controlled release 
formulation of nisoldipine under steady-state 
conditions 1n comparison with the immediate 
release tablet. 

21 

25 

29 

37 

41 

43 

48 

55 

60 



Study 
5678 

Study 
KF 715 

Stuoy 
632 

Study 
666 

Study 
0323 

Study 
092-045-02 

Study 
712 

Study 
563 

Study 
090-026-01 

Study 
D92-001 

Study 
384 

349 

composition. 

Pilot study on the pharmacokinetics and tolerability of 
3 different controlled release formulations of nisoldipine 
in comparison to the IR tablet after oral single administration. 

Clinical study on the influence of food and 
time of administration on the pharmacokinetics 
of controlled release nisoldipine. 

Pharmacokinetics and tolerability of nisoldipine 
taken after breakfast and on an empty stomach. 

The effect of food on the pharmacokinetics of 30 
and 40 mg nisoldipine tablets in healthy male 
volunteers. 

A study to determine the single dose and steady state 
pharmacokinetics of nisoldipine coat-core tablet 20 mg 
in elderly and young volunteers and in elderly hypertensiv..:s 

A study to investigate the acute and short term pharmacokinetic 
profiles of nisoldipine in elderly and normotensive volunteers. 

The effect of cirrhosis on the steady state pharmacokinetics of 
nisoldipine coat-core sustained release tablets. 

Influence of renal function on the pharmacokinetics of nisoldipine 
C.C. tablet~ after single and multipie dosing. 

A randomized double blind. placebo controlled study to iuvcstigate 
the possible influence of nisoldir· ·on quinidine plasma levels. 

Tu i11voug<m: 1i1c ciusten<T ot a pnss1hlc mteraction between 
nisoldipinc and warfarin. 

'\"·>.'· ... \. ~1·:' 
79 ·. . ' <·'>1·.' .. ::•,;.;,. 

84 

88 

93 

99 

104 

118 

122 

126 

139 

144 
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,.;:. 738 
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. ·;S• !•• ·.. Study 
385 

Study 
704 

, ~.... :· ' 

Interaction study. Compdnltive investigation of safety, tolerability, 
pharmacodynamics and pharmacokinetics of nisoldipine C.C. 
and propranolol given alone and in combination at steady state. 

162 

Study 
392 

Studies of the hemodynamic and pharmacokinetic interactions 168 
between the beta blockers atenolol and propranolol and the 
calcium antagonist nisoldipine in normottnsive subjects. 

Study 
413 

Clinicopharmacological investigations on in!~raction of 183 
nisoldipine and digoxin. 

Study 
090-022 

A controlled double blind, ascending. multiple dose study of 186 
the safety, tolerability, and pharmacokinetics of nisoldipine 
coat-core tablets in hypertensive patients. 

Study 
088-059 

Dou hie hi ind placebo controlled parallel, muitiple dose pharmacokmetld 196 
pharmacodynamic study of 4 different doses of coat-core 
nisoldipine tablets in hypertensive patients. 

Study Efficacy anc' ~afcty of once daily nisoldipine coa: core 20, 40 and 60 mg 205 
0374 (2x30) tablet~ vs placebo in patients with stable exertional angina pectoris. 

Proposed dissolution method with specifications. 209 

In-vivo in-vitro correlation. 

The following studies were not reviewed hccause they either pertain to the immediate release 
formulation which is not subject for approval under this NOA or were not deemed pertinent for 
the approval of nisoldipine C.C. 

Study Investigation of the relation between the systemic bioavailability 
339 and the dose of BAY K5552 in healthy subjects. 

Study Plasma concentrations after oral administration of capsules and 
l l 5 tablet~ (microni1,ed substance and coprccipitate) to healthy volunteers. 

Study Investigation into the bioequivalcnce of various oral formulations 
297 of nisoldipinc in healthy volunteers by a crossover trial. 
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Study 
085-038 

Study 
085-037 

Study 
116 

Study 
330 

Study 
102-106 

Study 
125 

Study 
294 

Study 
452 

Study 
364 

Study 
399 

Study 
088-054 

Study 
089-029 

Study 
089-039 

Stl!dy 

Plasma concentrations after oral administration of different doses 
(6 to 20 µg/kg) of BAY K5552 to healthy test subjects. 

Plasma levels in volunteers a~.er oral administration of 10 and 20 mg 
of BAY K5552 in the form of tablets. 

Plasma concentrations during treatment with BAY K5552 of hypertensive 
patients with impaired liver function. 

Pharmacokinetics and hemodynamic effects of nisoldipine in patients 
with liver cirrhosis after PO and IV administration. 

Nisoldipme pK in renal dysfunction. 

Pharmacokinetics and hemodynamic effects of nisoldipine and its 
interaction with cimctidine in heal!hy volunteers. 

Comparative doublt; blind pilot study of the safety and efficacy 
of once da~ly doses of nisoldipine 10, 20, 30 mg CC tablets vs 
p!:i:;;::ho in hypcc<l<:ll!>ivc patient.>. 

Double blind randomized study of safety and efficacy of once daily 
doses of nisoldipine 20, 40 and 60 mg (2x30 mg) CC tablets vs placebo 
in combination with atenolol 50 mg in hypertensive patients. 

Comparative double blind study of safety and efficacy of once 
daily dose~ of nisoldipine 20, 40 and 80 mg CC tablet5 vs a 
twice daily doses of verapan.il SR :40 rng "~plets vs placebo 
in hypertensive patients. 

A double blind rand< mized study of <he safety and efficacy 

. . ~. . 
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Study 
088-060 

Study 
0417 

Appendix II: 

' . '•'' ' ,., ;~·:: ·J~:~,·, 

I-Metabolic scheme for nisoldipine. 231 

2-Composi~ional formula for the 10, 20, 30 and 40 mg strength coat-core tablets. 232 

3-Mean di.~so!ution profiles for the 5, 10, 20, 30 and 40 mg tablets. 233 

4-Plots nf AUC and CMAX vs Gender Study 712. 239 

5-Annotated ,'Jackage insert. 243 

Background: 

.'' :. ~· •Y, 

Nisoldipine is<> li:hydropyridine calcium channel blocker. It is 3,5-pyriclinedicarboxylic acid, l ,4-
dihydr(•-2,t.-dime.:hyl-4-(2-nitrophenyl)-methyl 2-methylpropyl ester.It has the following 
structural formula: 

H,cooc 

N 
I 
H 

N01 

COOCH 1CHICH 311 

Nisoldipine is a yellow crystalline substance, practically insoluble in water but soluble m 
ethanol. No information about the octanol/water partition coefficient was submitted in this NOA. 
lt has a mole,:;ular weight of 3ll8.4. Nisoldipine coat core tablets consist of an external coat and 

.internal core. Both contain nisoldipine, the coat in a slow-release formulation and the core in 
a fast-release formulation. Nisoldipine CC tablets contain either 10, 20, 30 or 40 mg of 
nisoldipinc for once a day oral administration. 



1-BIOA V AILABILITY /BIOEOUIVALENCE: 

A-Absolute Bioavailability: 

The absolute bioavailability of 20 mg nisoldipine coat core compared to the dose corrected IV 
\'.ose infused over I hour was 5.5 % with a 95 3 CI ranging from 4.8 3 to 6.4 %. (Study 
0637). 

B-Food Effects: 

The effect of food on the pharmacokinetics of nisoldipine C.C. was investigated in 2 separate 
studies. Study 666 where a 20 mg nisoldipine C.C. tablet was given fasted, together with a high 
fat breakfast, I hour after a high fat breakfast and together with dinner showed· that the 
coadministration with meals remarkably increased CMAX from 26 %(with dinner) up to 483 
(together with breakfast) with a corresponding shortening of TMAX by about 2 to 3 hours. 
However food cid not seem to have any effect on the extent of bioavailability of nisoldipine 
since there was no difference between the AUCs in fed and fasted states. 
Study D92-045-02 showed that the effect of food wa5 even more pronounced on the 30 and 40 
mg C.C. tablet~. Food increased the CMAX for nisoldipine on the average by 250 to 300 % 
(CMAX increased from 1.9 to 4.5 ng/ml for the 30 mg and from 2.7 to 7.5 ng/ml for the 40 
mg strength) while dr-erca5ing the AUC by 21i % in the fed state as r.ompared to the fasted state 
(AUC decrca~t:<l from 49.2 to 35.4 ng*lir/ml for the 30 mg and from 70.4 tu 53 ng*hr/ml for 
the 40 mg strength). 
Similar re5ulL5 as far as CMAX is concerned were observed with the 20 mg IR tablet of 
nisoldipinc. Food in.::reased the AUC by 28 % and CMAX by 31 3 compared to the fasting 
state (Study 323). 

Study 5678 showed that !x40 mg was bioequivalent to 2x:m mg C.C. tablets as f~· as AUC was 
concerned since the 90 % Cl of the log transformed AUC wa5 85.26 to 112.24 %. The same 
could not be said for CMAX because the 90 % Cl of the iog transformed CMAX was 94.62 to 
140.03 %. Thus, lx40 mg C.C. tablet is considered not biocquivalent to 2x20 mg tablets. 

1 



11.PHARMACOKINETICS: ·. '< . ' ...... _~· : ' .- - , 
' . . . ' . )--. ··.·.·-' •· .. : ._ ... ,:.· . 

• • ~ . , .. , I ' ' 

The terminal half-life of nisoldipine was estimated tci be about7 hours after an"iilfusion of 0.08 
mg/kg for 20 hours. This corresponded to a systemic clearance of 544 to 768 ml/hr/kg. The 
volume of distribution was estimated to be between 2.3 and 3.4 I/kg (Study 330). ' · 
Following the administration of nisoldipine C.C. 20 mg once a day for 7 days; the CMAX was 
0.84 ng/ml on day 1 and 1.09 ng/ml on day 7. The AUCnorm was 40.3 g*hr/I on day 1 and 
S8.9 g*hr/1 for day 7 giving an accumulation ratio based on AUC of 1.46. CMAX following 
administration of an immediate release 10 mg tablet CMAX was 2.18 ng/ml on day 1 and 1.95 
ng/ml on day 7 indicating that there is no accumulation of nisoldipine with the immediate release 
formulation. The fluctuation index for the IR tablet given bid was 439 % as compared to 113 
% following the controlled release formulation (Study 645). · 
Study 606/618 showed that after IV administration similar plasma concentrations were obtained 
for both enantiomers. However, after oral administration the concentration of the ( +) nisoldipine 
(which is pharmacodynamically more active than the(-)) was about 6 times higher than the·(-) 
nisoldipine. The CMAX for the ( +) hydroxy lated dihydropyridine (M9) was 7 .6 times higher 
than the (-) enantiomer. 

Ill-METABOLISM: 

In man, hydroxylation of the isobutyl ester appears to be the major biotransformation pathway. 
70 to 80 % of the urinary metabolites in the first 12 hours after administration are the 
metabolites M4, MS and M12 (Study 400),(see metabolic scheme in Appendix II). Metabolites 
Ml and M2 represent about 10 % of the urine metabolites in man (Study 16626). Only 
metabolite M 12 was hydrolyzable with beta glucuronidase yielding MS as the aglycon. The only 
metabolite with known adivity is BAY r942S (M9) with 10 % of the activity exhibited by 
nisoldipine and is present in approximately equal concentrations in the plasma as nisoldipine. 
Study 600 provided some evidence that nisoldipine undergoes some degree of gut wall 
metabolism which is decreasing from the proximal to the distal parts of the intestine with no 
metabolism occurring in the colon. 
It is to be noted that even though nisoldipine seems to he extensively metabolized, the sponsor 
did not identify the enzymes responsible for its biotransformation. 

IV-DOSE PROPORTIONALITY: 

.. ... 
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V-SPECIAL POPULATIONS: 

A.Renal Impairment: 

In patients with severe renal impairment (creatinine clearance less than 30 ml/min), nisoldipine 
plasma concentrations on day l were higher by as much II!; 2 fold compared to subjects with 
normal renal function. However, this difference seemed to have subsided by day 7. Even 
though renal impairment does not seem to alter significantly the pharmacokinetics of nisoldipine 
C.C. and its metabolites. Caution should be exercised in dosing and titrating these patients. 
(Study 092-001). 

B.Hepatic Impairment: 

Study D90-026-0l shows that liver impairment has a pronounced effect on the pharmacokinetics 
of nisoldipine C.C. since both AUC and CMAX were increased four fold as compared to normal 
volunteers. Therefore extra care should be exercised when giving this drug to patients with 
impaired liver function. 

C.Elderly: 

Study S63 shows that the plasma concentrations of nisoldipine following the administration of 
10 mg IR for 8 days tended to be higher in the elderly as compared to the young. CMAX was 
1.76 (+/-0.84)ng/ml compared to 4.96 (+/-3.22) ng/ml in the elderly. AUC in the young was 
7 ( + /-3. 12) ng/hr/ml compared to lS.04 ( + /-9.33) ng/hr/ml in the elderly. However, there was 
no difference in the single dose and multiple dose of nisoldipine in both the young and the 
elderly and there was no accumulation upon multiple dose administration. 
On the other hand, study 712 where 20 mg nisoldipine C.C. was administered for 7 days showed 
that after single dose the elderly normal and hypertensive patients tended to have about SO 3 
higher AUCs than young healthy subjects. CMAX in the elderly hypertensives was also about 
SO % higher than either the healthy young or elderly volunteers. Moreover, upon multiple 
administration, there was a greater tendency for increase in AUC and CMAX for both the 
elderly healthy and hypertensive subjects compared to the young. It is to note that there was 
essentially no accumulation in the young in this study but in the elderly healthy and 
hypertensives, the accumulation ratio was around 2. 
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A-Hypertension: 

Studies 090-022 and V88-059 showed that hypertension does not ha\'.e any effects on the 
pharmacokinetics of nisoldipine C.C. since the plasma levels obtained from these studies were .-,;r: 
similar to those obtained in healthy subjects. · 

VI-DRUG INTcRACTIONS: 

A-Ranitidine: 

Coadministration of ranitidine with nisoldipine C.C. did not have ·any effect on the 
pharmacokinetics of nisoldipine (Study 738) . 

.B-Cimetidine: 

Cimetidine seems to have a pronounced effect on nisoldipine C.C. pharmacokinetic parameters 
since there was more than 50 % increase in some parameters of interest. Multiple dose 
administration of 400 mg of cimetidine increase nisoldipine CMAX from 1.05 to 1.74 ng/ml and 
its AUC from 14.97 to 23.2 mcg*hr/I. Therefore, great caution should be exerci~t:d when both 
these drugs are administered concomitantly, the patients should be monitored and dose 
adjustments made as necessary (Study 738). 

C-Warfarin: 

Study 349 showed that coadministration of steady state doses between 3 and 10 mg of warfarin 
with 10 mg IR nisoldipine did not have any effect on the pharmacokinetics of nisoldipine. 
Moreover, nisoldipine did not affect the prothrombin times of patients that were on warfarin. 

0-Quinidinc: 



F-Atenolol: 

Coadministration of 20 mg nisoldipine capsules either acutely or chronically caused a significant 
increase in both AUC and CMAX ofatenolol. ·The CMAX for atenolol increased from 455 (+/-
135) ng/ml to 540 ( +/- 146) ng/ml while the·AUC for the beta blocker increased from 5854 
( +/- 2291) ng*hr/ml to 6987 ( +/, 2269) ng*hr/ml. These results are very similar to what was 
seen when nisoldipine was coadministered with propranolol (Study 3982). 

G-lk '.a Acetyl Digoxin: 

Coadministration of 10 mg of nisoldipine IR tablets bid with 0.6 mg/day of beta acetyl digoxin 
did not seem to have any effect on the pharmacokinetics of beta acetyl digoxin (Study 413). 

" (Note: In the labelling, the results of this study appear as lack of interaction with Digoxin and 
not acetyldigoxin. This issue was discussed with Dr Chen supervisory Medical Officer HFO 110 
who thought that labelling the results of this study as no interaction with digoxin was 
appropriate.) 

VII-PHARMACOKINETIC/PHARMACOOYNAMIC RELATIONSHIPS: 

The sponsor attempted to establish a pharmacokinetic/pharmacodynamic model in hypertensive 
patients using the results of study 090-022. This pharmacodynamic model was established using 
the program Attract which is based on linear system analysis and methods utilizing hysterisis 
minimization. The sponsor reported that the pharmacodynamic responses (mainly drop in blood 
pressure) follow a sigmoid EMAX model. 
The modelling method used by the sr :>nsor is not valid due to the fact that it is very difficult to 

. see hysterisis with this formulation of this drug (see also the comments following Study 090-
022). 
The Division of Biopharrnaceutics attempted to model the pharmacodynamics with the 

ll 



The coat-core tablet consists of a slowly dissolving coat surrounding a more rapidly dissolving 
core. Within the coat the active ingredient is finely distributed in a matrix of a hydrophilic gel­
forming polymer. On contact with water a swelling process begins at the tablet surface and the 
soft material formed is continuously eroded. The active ingredient contained in the eroded 
materiai can then be dissolved and abs0rbed. Initially, the diameter of the tablet and thus its 
surface area change very little resulting in a constant release of active ingredient over a period 
of about 6 to 8 hours (i.e. zero order dissolution kinetics). When the erosion of the coat has 
advanced, the dissolution of the fast-release core causes an incre;ise in the release rate over a 
period of about 2 hours. Thus, the decreasing release rate of drug from the tablet coat (due to 
diminishing tablet surface area) is countered by the rapid dissolution of the core. 
The composition of the different strengths tablets of nisoldipine Coat Core is summarized in 
Appendix II. 
It is :o be noted that all the pivotal clinical trials were done using the to be marketed 
formulation. 

IX-PROTEIN BINDING: 

The plasma protein binding of nisoldipine is very high since less than I 3 is unbound at a 
·· concentration range between 100 ng/ml and 10 mcg/ml. The binding is primarily to albumin. 

There was no stereoselectivity in binding since both enantiomers had similar degree of binding 
as observed with the racematc. (study 19611) 

X-RED BLOOD CELL PARTITIONING: 

The erythrocyte/plasma partition coefficienL5 arc about 0.3 mostly independent of the 
concentration in the range studied 0.1 to 10 mcg/ml. However, the partition between 
erythrocytes and plasma water is very high in the order of 56 indicating a high affinity of the 
blood cells and other :issues to nisoldipinc. There was no difference in partitioning between the 
racematc and its enantiomers. (Study 19611). 

XI-DISSOLUTION: 

The proposed dissolution method for the coat-core tablet formulation was the USP method II 
(paddle method) at a paddle speed of 50 rpm. The medium was 900 ml of pho~phatc buffer with 
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l % sodium !au.WI. 
-3 hours 
~hoo~ , 
-12 hours: NotJess;tli""' · , .· , , . . t.~~"-'J;:it:'""~ · . . 
*For the evaluation-1afreii%fage;!,t)(;fr.e~Sf ar£eptance ia!J1e}lsl~I~ ~ ·. . . . . ah.1 . .... , 
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Based on the performanee~ofathe~~io; lots ;sul>mitted ·in this::;NDA:~\'Ji6;)fojli> . rlgf~isS,qhitldri ~· •'1;b~ 
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-6 hours: '·, ·;.:?' 
-12 hours: not less thar 

XII-IN VIVO IN VITRO CORRELATION: 

An attempt was made by the sponsor to correlate the in vitro and in vivo performance of the 
nisoldipine coat-core tablets. However, the sponsor could not establish any level of correlation 
(A,B or C) due to the fact that nisoldipine undergoes variable gut wall metabolism which is 
dependent on the site in the gastro-intestinal tract. 

Xlll-ASSA Y: 

Concentrations of nisoldipine and its metabolites from biological fluids were determined using 
capillary gas chromatography with electron capture as a detection mode. Overall, the assay 
methodology as well as its validation were sa!isfactory. 

Commcllls to be Sent to the Firm: 

1-Nisoldipine appears to exhibit stereospecific first pass metabolism. After P.O. administration 
the ( +) nisoldipine plasma levels are 6 times higher. Since the ( +) enantiomer of nisoldipine 
is responsible for most if not all the activity of this drug, the sponsor should have used a 
stcrcospecific assay for all pk studies. 

2-The sponsor did not determine the ratio of the two enantiomers in special populations. The 
sponsor is asked to submit any available data on the ratio of the e!,l~nfiomers of the parent 
compound as well as any relevant metabolites in dose proportionality';cfhig interaction studies 
and special populations (such as liver impairment patient5, elderly etc ... ) as compared to healthy 
volunteers. 

3-Thc sponsor failed to identify the specific enzymes that are responsible for the metabolism of 
nisoldipinc. The sponsor is requested to identify the enzyme systems responsible for the 
metabolism of nisoldipinc even though the sponsor believes that there is no need to conduct such 
studies because it is believed that the same enzyme that is responsible for the metabolism of 
nifcdipine (i.e. 3A4) is also responsible for the metabolism of nisoldipine. Nevertheless, it is 
necessary to confirm this by conducting an in vitro metabolic study. 



5-Based on the pertormanee of the bio lots submitted in this NDA, the follo~ing dissolution test 
and specifications are recommended: , . 
USP paddle at a speed of 50 'rpm in 900 ml of phosphate buffer pH 6.8 with l % sodium lauryl 
sulfate 
-3 hours: 
-6 hours: 
· 12 hours: not less than 

6-Studies 090-022 and D88-059 do not give the same plasma levels for the 30 mg dose. In the 
first study (090-022) the plasma ievels obtained with the 30 mg dose are almost double than 
what was obtained with the same dose in Study 088-059. AUC was 74.28 +/- 7. 96 compared 
to 33.097 +/- 6.077 ng*hr/ml while CMAX was 4.79 +I- 0.68 compared to 2.473 +/- 0.458 
ng/ml. The sponsor is asked to explain the observed discrepancy between the 2 studies. 

7-In several of the studies, the sponsor did not include any assay validation. It is the Division 
of Biopharmaceutics policy to recommend that a full description of the analytical assay be 
included in the study reports. Data on the linearity, specificity, sensitivity and on the accuracy 
and precision of the analytical methodology should be included in each study report. 

8-The modelling approach taken by the sponsor to analyze the relationship hetween the pK of 
nisoldipine and its pd was found to be inadequate by the reviewer due to the reasons outlined 
in the Comments following Study 090-022 on page 189. 

9-In Studies 090-022 and 088-059, CMl\X and AUC (only in Study D90-022) increased in a 
less than dose proportional m~tnner with dose. Yet, the results of Study 091-035 indicate that 
the pharmacokine~!cs of nisGidipine from the coat-core formulation should be linear between 20 
and 60 mg. The sponsor is asked to explain the discrepency in these results. 

10-Quinidine is a known inhibitor of the cytochrome P4SO isoenzyme 0116. In the drug 
interaction study between quinidine and IR nisoldipine, the sponsor only measured the pl'!sma 
concentrations of quinidine. The sponsor should have also measured the nisoldipine plasma 
concentrations to see whether quinidine had any effect on the metabolic pathways responsible 
for the metabolism of this dihydroljridine compound. 

I l-ln tllJ;: renal impairment study, the sponsor should have determined the ~rotein binding of 
.nisoldipine. It is not uncommon to see significant protein binding changes which will affect the 
plasma levels of the drug under study. 
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12-The spo~or .did 'n0Unvestigate1eitile~ . 
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13-The Pharmacokinetics and metabolism section of~e~actaigC,:ins'e~iiiio~d.JjCjrb~~ .... •· .. 
follows· . ,;,, ·.•·' ·; • .:.1)t; .. :· ' ; ' •:·-'i/•·1£11';.fj,~:l!l'l.f ·. · 
Phan.i~cokinetics: . . ,, . '"' :;.:J~.~ ; .. !)~\, . . ):. ) ·\:jf,i,!:.\ -.., '·: f~ 

. ' .... :~~~sf1~'.1· ;.;: .. ;;_'.~'f;'.-... ->.~·;. ~ ::- ·j~~ .. \f{.~ _.,~~~~.::.~~~.;-;~:11f$ 
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Nisoldipine activity is primarily due to the ( +) enantiomer. Studies with radiolabelled ~rug•navilt~~UfJ~ 
demonstrated that administered nisoldipine is relatively ·well absorbed into .. the systemic·~·< •:• : ' 
circulation with 87 % of the radiolabel recovered in urine and faeces. Elimination of nisoldipine • · · 
is exclusively by metabolism with no unchanged nisoldipine recovered in the urine. Nisoldipine 
pharmacokinetics are independent of dose in the range of 20 to 61) mg. Upon multiple dosing, 
nisoldipine accumulation is predictable from a single dose. The bioequivalency between 2x30 
mg and 3x20 mg nisoldipine has been establi£hed. However lx20 vs 2xl0 and 2x20 mg vs lx40 
mg tablets were inequivalent with respect to CMAX. · 
Absorption: The absolute bioavailability of nisoldipine was found to be 5.5 %. Nisoldipine's low 
bioavailability is due to presystemic metabolism with evidence of gut wall metabolism which 
decreases from the proximal to the distal parts of the intestine with no metabolism occurring in 
the colon. 
Food has a pronounced effect on the release of nisoldipine from the coat-core formulation. 
CMAX increased by up to 300 % and AUC decreastd by up to 26 %. However, the food effect 
was not as pronour.ced on the immediate release capsule since AUC increased by 28% and 
CMAX by 31 % . Concomitant intake of food with nisoldipine Coat-Core is contraindicated. 
The volume of distribution of nisoldipine after IV administration was estimated to be between 
2.3 and 3.4 I/kg. The plasma protein binding is very high since less than 1 % is unbouad over 
the plasma concentrations of 100 ng/ml to 10 mcg/ml. Nisoldipine poorly penetrates into red 
blood cells with a blood/plasma ratio of 0.3 mostly indepe'ldent of concer:tration over the range 
of 0.1 to 10 mcg/ml. 
Maximal plasma concentrations of nisoldipine are reach, ' 6 to 12 hours after dosing. The 
terminal elimination half-life ranges from 7 to 12 hours. , ith a 40 mg tablet of nisoldipinc 
Coat-Core, CMAX was 3.1 ng/ml and the AUCr ,, was 54.3 ng*hr/ml. After oral 
administration, the concentration of the ( +) nisoldipine was about 6 times higher than the (-) 
ISOlllCr. 

Metabolism: 11 mew.bolitcs have been identified in the urine. In man the major 
biotransformation pathway a11pears to be the hydroxylation of the isobutyl ester. Metabolite M9, 
which is the hydroxy lated derivative of the side chain of nisoldipine, is the only one that appears 
to have any activity ( 10 % of the pare11t compound) and is present in equal amounts as 
nisoldipine in plasma. Cytochrome P450 is believed to play a major role in the metabolism of 
nisoldipine, however, the particular isoenzyme system that is responsible for its metabolism has 
not hee11 identified. 
Excretion: No unchanged nisoldipine is eliminated in the urine. 

Special PopulatiorL~: 
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Hepatic Insufficiency: Jn patients with liver cirrhosis given'.;10;.mgmisoldipine .C.C., plasma 
concentrations of the parent compound were found to be 4 to'S times higher than healthy young 
subjects. Thus lower maintenance doses may be required in both cirrhotic patients and in the 
elderly. 

Gender and Race: The effect of gender or race on the pharmacok'.netics of nisoldipine has not 
been investigated. 

Disease States: Neither hypertension nor stable exertional angina pectoris alter the 
pharmacokinetics of nisoldipine. 

Drug·Drug Interactions: No significant interactions were found between nisoldipine immediate 
release (IR) and warfarin or beta acetyl-digoxin. However, IR nisoldipine increased plasma 
quinidine concentrations by about 20 3. 
A 30 to 40 3 increase in AUC and CMAX of nisoldipine was observed with concomitant 
administration of 400 mg cimetidine twice daily. There was no interaction with ranitidine 150 
mg twice daily .. 
Coadministration of 20 mg nisoldipine IR with 160 mg propranolol once daily caused a 35 3 
iucrease in propranolol AUC and 55 3 increase in CMAX. The interaction with nisoldipine 
C.C. was negligible. Atenolol's AUC and CMAX were increased by 20 3 when coadministercd 
either acutely or chronically with 20 mg IR nisoldipine capsules. 

9-ln the Dosage and Administration sect:on of the package insert, a statement should be included 
that nisoldipine coat-core should be taken on an empty stomach. 

Y/ffatL~-- 11;1r11rr~ 
. k ....--Patnc J. Marroum Ph.D. 

Biopharm Day October 4 1994 (Collins, Ludden, Malinowski, Fleischer, Chen, Gillespie, 
Parekh, Marroum). ~t', A fl/) / 
RD/ FT initialed by A Parekh__ · ._,,__ , a_.._,,_,'-i,_ !/ /l/ J?t/ 

I 
cc: NOA 20-356, !!FD 110, HFD 426 (Mar~oum, Fleischer), Chro11, Drug, FOi (HFD 19), 
llFD 340 (Yishwanathan), F, CR, A, DI, Pk/PD, RI, A, CD. 





peripheral vascular resistance, careful monitoring of blood pressure during the 

initial administration and titration of NISOCOR is recommende:I. Close 

observation is especially important for patients already taking medications 

that are known to lower blood pressure. Although in most patients the 

hypotensive effect of NISOCOR is modest and well tolerated, occasional 

patients have had excessive and poorly tolerated hypotension. These 

resi::onses have usually occurred during initial titration or at the time of 

subsequent upward dosage adjustment. 

Congestive Heart Failure: Although acute hemodynamic studies of 

ni!:oldipine in patients with NYHA Class II-IV heart failure have not 

demonstrated negative i"otropic effects, safety of NISOCOR in patients with 

heart failure has not been established. Caution therefore should be 

exercised when using NISOCOR in patients with heart failure or compromised 

ventricular function, partir.ularly in combination with a beta-blocker. 

Patients vyith Hepatic Impairment: Because nisoldipine is extensively 

metabolized by the liver and, in patients with cirrhosis, it reaches blood 

concentrations about 5 times those in normals. NISOCOR should be 

administered cautiously in patients with severe hepatic dysfunction (See 

Dosage and A<!11•i~:stration) 

Information for Patients: NISOCOR is an extended release tablet and 

should be swallowed whole. Tablets should not be chewed, divided or 

crushed. NISOCOR should not be administered with a high fat meal. 

Grapefruit juice, which has been shown to increase significantly the 

bioavailab1lity of nisoldipine and other dihydropyridine type calcium channel 

9 19 January 1995 
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• 
Mll11a Inc, 
PhartnuCJeutloal Dlvl1tan 
Att1ntkln: Nancy Motola. Ph.D. 
4'00 Morgan Lane 
Weat Haven, CT Ofl6t0a4176 

Dear Dr. Motol•: 

FEB 2 ~ 

r-11111 refor to your March 31, 1083 n1w drug appllo•Uon re1ubmltt1d on Augu•t 3, 10U4 
under 1•0Uon 605(b) gf lhi F1dt,rnl Food, Drug. and Co1m1Uo Act tor Nl10001· (nl1oldlplne) 
T1blet1, 10, 20, 30 and 40 mg. 

W• aoknowl•do• rtoalpl of your 1m1ndm1nt• and corr11pund1noa dated May 31, J1.m• 20 •nd 21, 
July 11 and wD (two), September I and 10, 001ober t8, Nov•mber I, e, 17, 16 and 21, 1r1d 
Deoembtr 18, 20 (two), 2~ (thr••) A'ld 21, 1994; atnd January 20. 23, and 27, 18i5. 

Thi• t.ow drug 1ppllG1t1on provld11 for th• u1e of Nl1ooor In th• t1111m1nt of hvr>et11na1on. 

Wt h•v• comp11iua tho rovtow of thll 11pplluat1on 1nolua1ng th• aubmllt•d draft laballng and have 
oonoludtd that adequate lntormaUon ha1 betn pr•••nted to d1mon1trctt• that •~• drug produm t1 
••••and 1ffeoUv1 for u11 11 rtcomm1nded In thu 1nolo11d marked·up drAtt l•b•llng. 
Aooordlngly, tho applio1Uon I• 11pprov•d •ff 10Uv• on the date of lhlt t1;;1ter, 

Th• final printed t1b1Ung (FPL) mutt be td1ntlo•I to th• 1nelo11d mark1d·up draft labollng. 
MarkoUng th• pmduot wnh FPL that 11 no• ldtnUval to thl1 drcft li.bellng m•v render the 
prOduct mlabrand•d •nd an unapprov•d n•w drug 

lh1 approved dl11otut1nn 1peclflc1Atlon1 are •• follow1: 

3 hour• 
6 houra 
12 ho"'' NL, ( 

Pl•••• 1ubmlt flft11n copies of th• PPL 11 1oon a1 tt 11 avallablt, In no 0011 mor• thin 30 d1y1 
after U 11 printed, Plent• lndlvldu1Uy muunt ten of th• copl•• on h••vy weight paptr or 1lmltar 
1n1t1rlal. ror admlnl1trMHv• purpo111 thl1 1ubml111on ahould h• d••lon•t•d •rtNAl. PRINTEO 
LABELING" for appmvod NOA 20·3i8. Approval of thl1 labeling by FOA 11 not required btfortl 
It hi UHd. 

Sh/Juld additional lnformalton r•l•llng to tha 1atety and 1tf1aUvtr1e11 of th• drug b1oom1 
1v1U1ble, revl11on of that labeltng may be required. 



r 
Page 2 • NOA 20·358 

In addition, pleaan auhmtt three cople1 ot the Introductory promotional materlaal that you 
propo1e to u•• for thla product. All propo1ed m11ttrt1l1 11hould b• 1ubmlttod In draft or mook~up 
foml. not flnal print. Plea11 11nd one copy to th• Olvl1lun of Cardlo-Renal Drug Produota at'td 
two oopto1 "' both th• promoUonal mftttrlal and the p1okag1 lneert dlroctly to: 

Food and Drug Admlnl1tratlon 
Dlvlalon of Drug Marketing, Advertt1lng and Communlo1tlon1, HFD-240 
6800 Fl1httr1 Lane 
Aookvlll1, M1rytand 2085 '1 

V1lldatlon of the regulatory method• la ongoing, At the pre11nt time. It 11 th1 pQUcy of the Offl09 
not to wlthholu •pproval b4oau11 Qh1 m1thod1 are b•lng valldat1d. Navet1hel•••, we e>epoot ~our 
oonUnued oaoperlatlon to r111aolv• any doflclonclo; that may occur. 

Pl•••• aubmll one market paotwge of th• drug wh1n h 11 1v11tabl•. 

We r•mlnd you that you mu1t comply whh th• requlr•m•nt• for an approved NDA ••t forth 
under 21 CFR 314.DO and 314.81. 

H you have any qu•1Uon11 pl•••• oontaol: 

Enoloaure 

Mr. David Roeder 
Conoumer Sat o~y Offlcttr 
(301) 594-6300 

Slnoeraly youra, 

Robart Temple, M.O. 
Director 
Offlo1 of Drug Eva1u1t1on I 
C1nt1r tor Drug Evaluation ond Re11arch 
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NISOCOR 

(nlaoldlptne) 

Extended Rele11e Tablet. 

For Oral Uae 

DESCRIPTION 

NISOCOR (nl1oldlplno) la an extended releau tablet doaage form of the 

dihydropyridine calcium channel blocker nlaoldlplne. Niaoldiplne la 

3, 5-pyridlnedlcirboxyllc acid, 1,4·dihydro-2, 8-dlmethyl-4-(2-nltrophanyl)-, 

mwthyl 2-methylpropyl eater, C20H24N,01 , ind h•• the atructur1I formula: 

Nlaoldlplne la 1 yellow c:ry1tallln• 1ub1tanoe, praotl1J11fy lnaoluble In water but 

1oluble in ethanol. It haa a molecular weigh~ of 388.4. NISOCOR tablet• 

con1!1t of an ext-.rnal coat and 1n lntemal core. Both coat and coro contain 

nlaoldlplne. the coat as a a tow rete11e f ormulatlon and the core •• " f a1t 

rel•••• formulation. NISOCOR tablet• contain either 10, 20, 30, ,,, 40 mg of 

ni1alrJlplne for once·a .. day oral adminl1tr1tion. 

Inert Ingredient• In the formut1Uon •re: hydroxypropyloeltulo1e, t1oto1e, com 

1t1rch, cro1povidon•, mlcroory1t1lltn• oelluto1e, aodlum tauryl aulfate, 

pov•dono 1nd m1gne1lum 1te1rat•. The Inert Ingredient• in the film coating 
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are: hydroxypropylm•thylcellulome, polyethylene glyool, ferric oxide, and 

titanium dioxide. 

CLINICAL PHARMACOLOGY 

(J,,_ -''" • .,,,,_. Mechanism of Aotion 
pf'Wt.i-~ 

f>Q tJNll.. "' Nlaoldlplntt la a member of the dihydropyridine cla11 of c.aloium channel 

antagonist& (calcium Ion antagonists or alow channel biockers) that Inhibit 

the tl'11namembrane influx of calcium Into vascular smooth muscle and cardiac 

mu•cle. It rever1ibiy compete• with other dihydropyrtdlnea for bhidlng to the 

calcium channel. Becau1e the c-ontraotlle proce11 of vaacular smooth muacle 

is dependent upon the movement of extf acellular calcium Into the muscle 

through specific Ion channels, Inhibition of the Cftlclum channel results In 

dilation of the artttrlolas. In vitro 1tudla1t show that the effecta of nlaoldlptne 

on contractile prooe11ea are aale.otive, with greater potency on vascular 

1mooth mu1ol1· than on cardiac rnuecte. Although, Ilk• other dihydropyridine 

calcium channel blookere, nlaoldlplne ha~ negative lnotroplc effoot1 In vitro, 

11tudla• conducted In Intact ana1thtttlzed ~nlm1I• have shown tr1at the 

vaaodllatlng effttc~ occurs at doses lower than those that affect cardiac 

contractlllty. 

The effect of nl1iildlplne on blood preeurnre Is principally a cor11equence of a 

uoae~related decreaae of peripheral vascular re&i1tance. While nlaoldlplne, 

Ilka other dlhydropyrldlnes, exhibit• 11 mild diuretic affect, mo1t of the 

antlhypertenalve activity 11 attributed to It• effect on peripheral vaaoular 

reslatanoe. 
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Phannacoklnetlca and Metabollam 

Nlaoldiplne pharmacoklnetlca are Independent of the dose in the range of 20 

to "O mg, wtth plasma concentrations proportlon11 to doae. Nlaoldlpine 

accumulaUon, during multiple dosing, l& pradlctab'• from• single doae. 

Nlaoldtplne ta relatively well absorbed into the ayatemtc clrculation with 87% 

of the radlolabeled drug recovered in urine and fece1. The 1b1olute 

bloavallablllty of nlaoldlplne ta about 6%. Nlaoldtplne's low bloavailablltty I• 

due, in part, to pre-ayatemlc metabolism In the gut wa~nd thla metabolism 
) 

decrea1e1 from the pro)(lmal to the distal parts of the Intestine. Food with a 

high f•t content has a pronounced effect on the release of nlsoldlpine from 

the coat-o~re formulation and ra1ult1 In a significant increase In peak 

concentration (Cm111) by up to 300% Total exposure, however, Is dec.r:.ased 

about 25%, presumably beoauae more of the drug Is released proxlmelly. 

Thi& effect appears to be specific for nlaoldlplne In the controlled release 

formulation, "'' a lea• pronounced focd effect waa seen with the Immediate 

release tablet. Concomitant Intake of a high fat meal with NlSOCOR should 

be avoided. 

Ma><lmal pla1ma ooncentratlan1 of nl1oldlplne ire reached 6 to 12 houra after 

doaing. The terminal ellmlnatlon half-life (reflecting poat eb1orptlon clearance 

of nl1oldlplne) range& from 7 to 12 houra. C'""" and AUC : .• creaaa by factors 

of approximately 1.3 and 1. 5" reapectlvety"!rom first d'lse to atti&dy state. 
) i 

After oral admlnl1tr1tion, the concentratlot of i +/ t1l11Jldlptn«t. th1.· active 

enantlomer, 11 about e tlmea higher than t: •• (-) in .. \Jtiva en5'ntlomer. The 
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. ' pl11ma protein binding of nlaoldiplne la very high, with le•• than 1 % unbound 

over the plasma concentration range of 100 ng/ml to 1 o mcg/ml. 

Niaoldiplna Is highly metabolized; 5 major urtnary metaboUtes have been 

identified. Although 80 .. 80% of an oral dose undergoes urinary excretion, 

only traces of unchanged nlaoldipin• •r• found In urine. The major 

blotranaformatton pathway appear& to b~ the hydroxylatlun of the laobutyl 

ester. A hydroxylated derivative of tho aide chain, present In plaarna at 

concentrations appro>eim1tety equ•I to the parent compound, appears to be 

the only active metabolite. and has about 10% of the activity of the parent 

compound. Cytochrome P450 enzymt»a are believed to play a major role In the 

metabolism of nlso!dlplne. The particular lsoenzyme system responslble for 

Its mtttabollsm has not been Identified, but other dihydropyridine& are 

metabolized by cytochrome P •ao lllA4. Nieoldlplne ahould not be administered 

with grapefruit juice 11 this has been shown, In 11 atudy of 12 subjects, to 

interfere with nlaoldlplne metabollam, resulting in a mean lncreaae In Cm•• of 

about 3 .. fold (ranging up to about 7-fold) and AUC of almost 2-fold (ranging 

up to about 5-fold). A slmllar phenomenon has been seen with several other 

dihydropyridine calcium channel blockers. 

Sp•cl1I ~opul1tlon•: 

BID.IL d~jfunctiott. Becauae renal ellmlnatlon 11 not an important pathway, 

bioavaUablltty and pharmaookinetloa of NISOCOR were not 1lgnlflc1ntly 

different In patients with various degrees of ronal impairment. Doalng 

adju•tment1 in patient& wtth mUd to moderate renal Impairment ire not 

nece11ary. 

Garjatr!c;. Elderly patient• have been found to have 2 to 3 fold higher plaama 
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concentrations (Cmal( and AUC) than young subjects. This should be reflected 

In me.ire cautious dosing (See Dosage and Administration), 

J:WlllliL!n~.~ In pat1enta with liver cirrhosis given 10 mg NISOCOR, 

plasma concentration1 of the parent compound were 4 to 5 times higher than 

those In healthy young subjects. Lower starting and maintenance doses 

should be used in cirrhotic patients (See Dosage and Administration). 

Goodar and ful~ The effect of gender or race on the pharmacoklnetlcs of 

nlaoldlplne I 1aa not been investigated. 

Ol1ea1e States: Hypertension doea not significantly alter the 

ph1-.rnu.-1coklnetics of nisoldlplne. 

Pharm1codyn1mlca 

Hemodynsmlc Effects 

Administration of • •Ingle do1e of nisoldipine leads to decreased 1yatemlc 

vascular resistance and blood pre11ure with a transient Increase In heart rate. 

The chAnge in heart rate Is greater with Immediate release nisoldlpine 

preparations. The rrtect on blood pru•sure Is directly related tc, the lnltlal 

degrea of elevatio1 ! above normal. Chronic admlniatration of niaoldipine 

results In a sustained decrease lri vascular reaistanc-e and small Increases In 

stroka Index and left ventricular ejection fraction. A study of the Immediate 

release formulation showed no effect of nisoldlpine on the renln-anglotenaln­

aldoaterone system or on plasma noreplnephrlne oonceF'tration In normals. 

Change• in blood preaeure In hypertensive patients given NISOCOR were 

dose related over the range of 10 • 60 mg/day. 

Nlaoldlplne does not 11pp0ar to have significant negative lnotroplo activity In 

Intact animals or humans, and did not le•d to wor••nlng of clinical heart 
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failure in three small studies of patients with asymptomatic and symptomatic 

left ventricular dysfunction. There is little information, howe~er, in patients 

with severe congestive heart failure and all catclum channel blockers should 
1' 

be used with caution in any patient with heart failure. 

Electropyhysiol<Jgic Effects 

Nlsoldlplne has no clinically important chronotroplc effects. Except for mild 

shorteulng of sinus cycle, SA conduction time and AH Intervals, single oral 

doses up to 20 mg of immediate rel~aae nisoldipine did not atgntftcantly 

change other conduction parameters. Similar electrophyslologlc effects were 

seen with sing!e iv doses, which could be blunted In patient& pre-treated with 

beta-blockent Dose and plasma level related flattening or Ir.version of 

T-wavea have been observed In a few small studies. Such reports were 

concentrated in patients receiving rapidly increased high doses in one 1tudy; 

the phenomenon ha& not been a cause of 1afety concern In large cllnlcal 

trlala. 

Cllnlc1I Studl•• In Hyparten1lon 

The antlhypertensivo efficacy of NISOCOR was studied In 5 double-blind, 

placebo-controlled, randomized studies, In which over 600 patients were 

tft~ated wtth NISOCOR aa monotherapy and about 300 with placebo; 4 of the 

five studlea compared 2 or 3 fixed doses while the fifth allowed titration from 

10 - 40 mi~. Once daily administration of NISOCOR produced 1u1tained 

reductions in systolic and diastolic blood pressures over the 24 hou1 dosing 

Interval in both aupine and atanding poaition1. The mean placebo·aubtracted 

reduction• In 1upine 1ystollo and diastolic blood pre111ure at trough, 24 houri 

poat-doae, In theae atudie1, are ahown below. Changes In sU.ndlng blood 
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.. pressure were similar: 

NISOCOR 

Dose 

(mg/day) 

Systolic: 

Diastolic 

MEAN SUPINE TROUGH SYSYOLIC AND DIASTOLIC 

BLOOD PRESSUF!E CHANGES (mm Hg) 

10-40mg 
10 mg 20 mg 30 mg 40 mg 80mg 

titrated 

- ,_ 
8 11 11 14 15 15 

-
3 5 7 7 10 8 

In patients receiving atfJnolol, supine blood pressure reductions with 

NISOCOR at 20, 40 tmd 60 mg once dally were 12/8, 19/8 and 22/10 mm Hg, 

respectively. The sustained antthypertenslve effect of NISOCOR was 

demonstrated by 24 hour blood pressure monitoring and examination of peak 

and trough effects. The trough/peak ratios ranged from 70 to 100% for 

diastolic dnd systnllc blood prassure. The mean change In heart rate In 

these studies was less than one beat per minute. lre,'t4,'Qf4he~l!(futft(tt, 

patient• r•celvedcinltl1l~0a•jf)ft&Q~Q-~ll~P~i,httl:llfdm\t 

(exot111lve,·•ffeot1 ;Ort;~t-~-ltff,~!l\tll11'8\tliftlbllMh-Rl_lltll1ll 

patients on ·lowtr· do•n-Qfr.N.lt•toR 

Patient race and gender did not influence the blood pressure lowering effect 

of NISOCOR. Despite the higher plasma concentratton of ntaoldlplne In the 

elderly, there was no consistent difference In their blood pre11uro re1pon1e 

except that the 1 o mg doaa wa1 aomewhet more effective than In non ... lderty 

patients. No postural affect on blood pre11ure waa apparent and there waa no 
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evidence of tolen1nce to the antihypertenalve effect of NISOCOR tn patients 

treated for up to one year. 

INDICATIONS AND USAOE 

NISOCOR is indicated tor the trdatment of hypener1alon. It may be used 

alone or In combination with other antihypertenalve agenta. 

CONTRAINDICATIONS 

NISOCOR is contraindicated In patient& with known hyper1en1ltlvlty to 

dlhydropyrlcine calcium channel blockers. 

WARNINOS 

lo,are111d 1ngln1 1ndtor.ruoc1rcu11 1nt1rctloo In o•tl•ott with corgom 

artt1Y..dlt•1••~ Rarely, patients, particularly thoae with severe obstructive 

coronary artery disease, have developed Increased frequency. duration 

and/or severity of angina, or acute myocardhtl infarction on starting calcium 

channel blocker therapy or at the time of dosage Increase. The mech1nl1m 

of this effect has not been e1tabliahed. In controlled studies of NISOCOR ln 

patients with angina this waa aeen about 1.5% of the time In patients given 

nlaold1pine, compared with 0.9% In patients given placebo. 

PRECAUTIONS 

General: 

fupot101laru Because nl1oldlplne, like other va1odllator1, decrttaeea 
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.. p&rlpherat vascular resistance, careful monitoring of blood pressure during the 

initial administration and titration of NISOCOR is recommended. Close 

observaUon ia eapeclally Important for patients already taking medications 

that are known to lower btood pressure. Afthougfi. In most patients the 

hypoten~ive offect of NISOCOR le modest and wall tolerated, oooaalonal 

patients have had exce11ive and poorly tolerated ttyp<)tenslon. These 

responseR have usually occurred during lnltlMI titration or at the time of 

subsequent upward dosage adjustment. 

~ng11l1Y.1...tiud..F1llurt~ Although acute hemodynamlc studies of 

nlaoldlplne In patlttnta with NYHA Class 11-IV heart failure have not 

demonstrated negative lnotroplc effects, aafety of NISOCOR In patients with 

heart failure ha.- not boen e1tabll1hed. Caution therefore should be 

exercised when using NISOCOR In patient• with heart failure or compromised 

ventricular function, particularly in combination with a beta-block,,r. 

e.1.U.nlt~Wlth.JitRltiG Jmulrmtnt Because nlaoldlplne Is extensively 

mct1bollzed by the liver and, In patients with cirrhosis, It reaches blood 

concantratlons about 5 times those In normals, NISOCOR should be 

administered cautiously In patient• with aave,.e hapatic dyrsfunction (See 

Do&age and Adnilnlatratlon) 

Information for Patients: NISOCOR 11 an extended release tablet end 

should be &wallowed whole. Tableta 1hould not be chewed, divided or 

cru1hed. NISOCOR ahould not be admlnlatered with a high fat meal. 

Grapefruit juice, which hae been shown to increase algnlflcantly the 

bio1vallablllty of nlaoldlplne and other dihydropyridine type calcium channel 
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, · · blockera, should not be taken with NISOCOR 

Laboratory Teata: NISOCOR is not known to Interfere with the interpretation 

of l•boratory teats. 

Drug lntoractlona: A 30 to 45o/o Increase in AUC and Cmax of nlsoldiplna 

was obseNed with concomitant administration of oimetidine 400 mg twice 

daily. Rar.itidlne 150 mg twice dally did not Interact significantly with 

nlsoldipine (AUC wss decreased by 15 ~ 20 %). No pharmacodynamlc 

effects of either H2 antihistamine were observed. 

Pharmacoklnetlc interactions botween nlsoldlplne and beta-blockers (atenolol, 

propranolol) were variable and not significant. Propranolol attenuated the 

heart rate Increase following administration of immediate release nlsoldlpine. 

The blood pressure effect of NISOCOR tended to be greater In patients on 

atenolol than In patients on no other antihypertenslve therapy. 

Qulnidlne at 648 mg bid tAerea&eG d11creaR(t the ulllaVailabllity (AUC) of 

nlaoldlplne by,21%, but not the peak concentration. The immediate release, 

but not the coat-core, formulation of nisoldlpine increased plasma qulnldlne 

concentrations by about 20 % . Tttls Interaction was not accompanied by 

ECG ohangi)$ and Its clinical significance la not known. 

No significant interaction& were found between nisoldipine and warfarin ar 

digoxln. 

Carolnog•n••I•, Mutagenaala, Impairment of F•rtlllty: Dietary 

adminlatr~tlon of nisoldlplne to male and female rat• for up to 24 months 
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.. (mean doaea up to 82 •nd 111 mg/kg/day, g and II times the maximum 

recommended human doae {MRHD} on a mg/m2 baala, respectively) and 

female mice for up to 21 month• (mean do1e1 of up to 217 mg/kg/day, • 

times the MRHD on a mg/m2 b11l1) revealed no evidence of tumorlgenlo 

effect of nleoldlplne. In male mice receiving a mean doae o~ 183 mg 

nlaoldlplnelkg/day <II times tha MRHD of 60 mg/day on • mg/m1 b11l1), an 

increa1ed frequency of stomach paplUoma, but atlll withln thGI hlatoricel range, 

was ob1erv•d. No evidence of 1tom1ch neopl11la w11 obaeNed at lower 

"*) ~ --~ . 

~=~ ~~~~~N~~i:._~~~~eJ;: .. ~~t:::C~-
n»AftO•n'otw •-'1•1te1111t1utt7 lv1t1. ~· ~ •~ ..,,.,. .. • ._ ,-..w, 
~'~~~ ~ ~ l• \I~ ·-Clf.O ctlJ-~ c.C.fl.aa-,'..ta-. 
When administered to male and female rata at do111 of up to 30 mg/kg/day 

{i_~mH the MRHD on a mg/m' baa~ ~ ni1oldlplne h1d no 

effect on fertility. 

Pregnancy Category C: Ntaoldipine was neither teratogenic nor fetotox~~ at 

doses that were not maternally toxic. Nl1oldlpln1 waa fetotoxlo but not 

teratogenic In rats and rabbits at do1e1 reoulttng In matemal toxicity (reduced 

maternal body weight gain). In pregnant rata, Increased fetal re1orptlon 

(post-implantation 1011) waa obaerved at 100 mg/kg/day and decrea1ed fetal 

weight waa observed at both 30 and 100 mg/kg/day. Theae do1e1 are, 

respectively, about 5 af"d 1 e tlmea the MRHD when compared on a God~ bi\~ /...., l b .. ); 
au[ftre aJea la1aia. In pregnant rabbit•, decrea1ed fetal and placental 

weights were observed at• doae of 30 mg/kg/day, about 10 tlme1 the MRHD .. ~~ / ...,\).. 
when compared on 8-tJOC!V 1 11dpge eFea basis. In a 1tudy In which pregnant 

monkeys (both treated and control) had high rate1 of abortion and mortality, 

the only aurvlving fetua from • group expo1ed to a maternal doP.e of 100 mg 

nl1oldlplne/kg/day (about 30 timN the MRHD when c;ompared on 1 body- ..._b/,..1 ~,,;, 
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' . 
• , .. ,,.,, 111111 ~11111) pre19nted with foraltmb and vertebral abnormalltla1 not 

prevlouely ...., In control monk.ye of th• ••me etratn. There ire no 

adequate 1nd well controlled 1tudle1 In pregnant women. NISOCOR should 

be uHd In pregn1ncy only ff the potential benefit ju1tlfle1 th• potential riak to 

the fetu1. 

Nuralna Moth1ra: It ta not known whether nlaoldiplne 11 excreted In human 

mllk. Becauee many drugs are excreted tn human milk, 1 dtclalon 1houtd be 

made to dlacontinue nuraing, or to dlacontlnue NISOCOR, taking into account 

the Importance of the drug to the mother. 

ADVl!RI! EXPl!Rl!NCE!B 

More than 8000 p1tient1 world-wide have received ni1oldlplne In cllnlcal tri1l1 

for the treatment of hyperten1lon, either 11 the Immediate releaae or the 

NISOCOR extended rel•••• formulation. Of about 1,600 p1tlftnt1 who 

received NISOCOR tn hypertenalon 1tudle1, about fSSo/o were expoaed for at 

leaat 2 montha and about one third were expoaed for over e month1, the 

great majority at do1e1 of 20 to eo mg dally. 

NISOCOR la generally well-tolerated. In the U.S. ollnlcal trlal1 of NISOCOR In 

hyperten1lon, 10.9% of the 921 NISOCOR patient• dl1oonttnued treatment 

due to a.:tver1e event• compared with 2.90/o of 280 placebo pattent1. The 

freQuency of dl1eontlnu1tlon1 due to adverae experience• wa1 related to 

doee, with a 5.4o/o discontinuation rate at 10 mg daily and a 10.9% 

dl1conttnu1tton rate et 80 mg dally. 

The moat frequently occurring 1dverae experience• with NISOCOR are tho•• 

related to lta va1odllator propertte1; th••• are generally mlld and only 
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.. occaalonally lead tn patient wtthdrewal from treatment. The table below, from 

U.S. placebo-controlled parallel doae reaponae trtala of NISOCOR ua1ng 

dona from 10 - 80 mg onoe dally in p1tbnt1 wtth hypcartenalon, ll1t1 all of 

the advorae ev•nt1, reg1rdle11 of th• cauul relattonahlp to NISOCOR, for 

which the overall incidence on NISOCOR waa both >1% and gre1t•r with 

NISOCOR than with placebo. 

Nt1oldlptno (%) fJaccboJ~ 

Adverae Event (n•883) (n•280) 

Peripheral Edema 22 10 

Haadach• 22 15 

Dlzztne11 e 4 

Pharyngltla e 4 

4·t~eAll .. 4 - 9'D.f. t' •. , ...... 
flv. ~-c~ 

Va1odllatlon 4 2 

Slnu1ltl1 3 2 

Palpitation 3 1 

Cheat Pain 2 1 

Nau1e1 2 1 

Ra ah 2 1 

Only peripheral ed•m• and po11lbly dlzzlne11 appear to be do1• related. 

Adv1r1• Placebo NISOCOR NlSOCOR Nl80COR Nl80COA NtlJOCOR 

Ev1nt 10 mg 20mg 30 mg •o mg eo mg 

(Rate11n %) N•280 N•30 N•110 N•105 N•13t N•13'7 
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.. 
Pertpherat 10 7 11 20 27 28 

Edem. 

--- ·-· 
Dtulne11 4 7 3 ! 4 10 

The common advet'lo eventa ooourred at about the aame rate ln men •• ,,, women. 

XAt-•nd at 1 almltar rate In pattenta over age 8!'> 11 In those under that age, --•= 
..,.,,,,,en that headaohe w11 much le11 common In older patlanta. Except for 

peripheral edema and va1odilation, which were more common In white•. adverse 

event rates were similar In blacka and white•. 

The followln1i1 adverse events occurred In :It 1 o/o of all patients treated for 

hypert•n1ion in U.S. •nd foreign ollnlcat trl1t1, or with unapectfled Incidence In other 

1tudie1. Although a cauaal r1 ,1tlon1hlp of NISOCOR to th••• event• cannot ~· 

eatabllahed, they are ll•t•d to alert the physician to 1 po11lbl• relatlon1hlp with 

NISOCOR treatment. 

Body A• A Whole: celluliti1, chute, facial edema, fever, ftu 1yndrom1, 

malal1e, 

C1rdlov11oular: 1trl1I flbrlllatlon, cerebrovecoular 1cctdent, congeatlve heart 

failure. flret degree AV block, hyp1rten1lon, hypotenalon, jugular venoua 

d'1ten1lon, m'gratne, myoC11rdt1I tnf•rotlon, poatural hypotanalon, ventricular 

extr11y1tole1, 1upraventrlcul1r tachycardia, 1ynoope, 1y1tollc ejection 

murmur, T wave abnormalltiaa on ECG (flattening, inveralon, non1peolfio 

change•), venous ln1ufftclancy, 

Dlgeatlva: abnonnal ltver function taata, anorexl•, colttl1, diarrhea, dry 

mouth, dy1pep1l1, dy1pha"l1, flatulence, ga1trltl1, g11trolnte1tlnal 
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.. . .. hemorrhage, ginglval hyperpl:tt1t4', gloualtt.a, hepetomegaly, lnorea1ed 

appetite, metenB, mouth ulceration, 

Endocrln•: dlabetf!ll mellltua, thyroldlti1, 

Hemtc and Lymphatic: •nemta, ecohymo1ea, laukopenla, petechlae, 

M•t1bollc and Nutrltlon1I: gout, hypnkalemla, tncroaaed aerum creatlne 

klnaae, lncreaaed nonproteln nitrogen, weight gain, weight 1011, 

Muaculoskeletal: arthralgin. arthrttio, leg cramps, myatgla, mya1thenia, 

Nervou•: abnorm1I dreama, abnormal thinking and confusion, amnesia, 

anxiety, ato><il, cerebral i1ohemla, decreased llbldo, depr•11lon, hypeatheale, 

hypertonla, Insomnia, narvou1ne11, pareatheaia, somnolence, tremor. vertigo, 

Reaplratory: asthma, dyapnea, end ln1plratory wheeze and fine ralea, 

eplat1xl1, lncraa1ed cough, laryngltla. ph1rynglt11, pleural effusion, rhinltia, 

atnualtta, 

Skin and Append1ge1: acne, alopecla, dry akin, exfollatlve dermattt11, 

fungal dermatitis, herpes 1lmplex, herpes zoater, maculopapular rash, 

prurltua, pu1tular rash, akin dlacoloratlon, akin ulcer, 1weating, urticaria, 

lpeclal aenaea: abnormal vt1ton, ambtyopla. blepharltla, conjunctivitis, ear 

pain, glaucoma, ltohy eyea, keratoconjuncUvltta, otltta media, retinal 

detachment, tinnitus, watery eye1, taate dlaturbance, temporary unllateral 

1011 of vision, vltreou1 floater, watery eya1, 

Urogenital: dyaurla, hematurle, Impotence, nocturla, 11rlnary frequency, 

Increased BUN and serum creatlnlne, vaginal hemorrhage, vaglnltla. 

~.,; .... '-'-~ 
In addition to"NISOCOR, there 11 exten1ive experience with th• Immediate 

releaae formulation of nl1oldlplne. Adverae event• were generally 1lmll1r to 
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.. thoae ... n with NISOCOR. Unusual eventa observed with immediate 

releaae nlaoldlplne but not ob1eri.'t'td with NISOCOR. were one caae each of 

angfoedema and photo1en1tttvlty. Spontaneous reports from poatmarketing 

experience with the Immediate release formulation of nfsoldlpine have not 

revealed any additional adverse events not Identified In the above listings. 

OVERDOSAOE 

There la no experience with nlaoldlplne overdosage. Generally. overdosage 

with other dihydropyridine& leading to pronounced hypotenalon calls for 1ctlve 

cardlovaacular support including monitoring of cardiovascular and respiratory 

function. elevation of extramltlea. judiciou1 u1e of calcium Infusion, preaaor 

agents and fluids. Clearance of nlaoldlplne would be expected to be alowed 

In patient• with Impaired Uver function. Since nl1oldlplne la highly protein 

bound, dialysis is not llk•ly to be of any benefit; however, plaamapheresi1 

may be beneficial. 

DOSAGE AND ADMINISTRATION 

The dosage of NISOCOR muat be adjuated to each patient's needa. Therapy 

u1u1lly ahould bet Initiated with 20 mg orally once daily, then Increased by 1 O 

mg per week or longer Intervals. to attain adequate control of blond presaure. 

Usual maintenance dosage la 20 to 40 mg once dally. Blood preaaure 

re1pon1e increases over the 10 - 60 mg dally doae range but adverse event 

rate• alao lncrea1e. Do1e1 beyond 60 mg once dally are not recommended. 

NISOCOR has been used safely with diurettca, ACE Inhibitors. and beta-
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blocking agent&. 

Patients over age 65, or patients wtth Impaired liver function are expected to 

develop higher plasma conatntratlone of niaolcHplne. Their blood pressure 

should be monttored closely durtng •rlY dosage adjustment. A starting doae 

not exceeding 1 O mg dally ls recommfJnded In these patient group~ 

NISOCOR tableta should be adminiatered orally once dally. Administration 

with a high fat meal can lead to exce11lve peak drug concentration and 

should be avoided. Grapefruit producta should be avoided before and after 

doalng. NISOCOR Is en extended release doaage form and tablets should be 

swallowed whole. not bitten or divided. 
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HOW SUPPLIED 

NISOCOR extended release tablets are supplied as 10 mg, 20 mg, 30 mg, 

and 40 mg round film coated tAblets. The different strengths can be 

identified as follows: 

Color 

10 mg Oyster 891 on one side and 

MILES 1 O on the other side. 

20 mg Yellow Cream 892 on one side and 

MILES 20 on the other aide. 

30 mg Mustard 893 on one aide and 

MILES 30 on the other aide. 

40 mg Burnt Orange 894 on one side and 

MILES 40 on the other aide. 
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.. . . .. NtSOCOR Tablnts are supplied in: 

Str1t.Wh 

Bottles of 30 10 mg 

NOC Cgge 

0026-8911 ··30 

20 mg 0026-89/.1-3C. 

30 mg 0026-8931-30 

40 mg 0026~8941-30 

Bottles of 100 10 mg 

20 mg 

30 mg 

40 mg 

Unit Dose Packages of 100 1 o mp 

20 mg 

30 mg 

40 mg 

0026-6911-51 

0026-8921-51 

002a .. ae31-51 

0026~8941m51 

0026-8911-48 

0026 .. 8921-48 

0026-8931--48 

0026-0941-48 

The tablets should be protected from light and moisture and atored below 86°F 

(30°C). Dispense in tight, light-resistant containers. 
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Distributed by: 

Made In Germany 

Miles Inc. 

Pharmaceutir,al Uivision 

400 Morgan L8t ,e 

West Haven, CT 06516 USA 
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DEPARTMENT OF HEALTH &L HUMAN SERVICES Public He1tlth Service 

_ c~o 
Food and Drug Admin11trat101. 
Rockvllltt MO 20857 

NOA 20·356 

Miies Inc. 
Phar"maceutical Division 
Attention: Nanc.-y C. f.fotola, Ph.D. 
400 Morgan Lane 
Waat Haven, CT 06516-4 175 

Dear Dr. Motola: 

Please refer to your March 31, 1993 naw drug application aubmltted under aactlon 605(b)( 1) 
of ltl• Federal Food, Drug and Co1motlo Act for nlsoldipine . coat core tablats. 

We al10 acknowledge recuipt of your amendments and correapondfice datod May 24 (two), 
June 3 and 8, July 15, 16, and 26 (two), August 2 and 17, September 2, 13 (two), 16, 24, 
27, and 28, October 7 (two) and 14, November 4 (two), 10, 16, and 23 (two), and 
December 6, g, and 29, 1993; and January 28, February 7, 8, •nd 24 (two), and 
March 1G, 1994. 

We have completed our review and find the Information or111nted la inadequate and the 
application i1 not approvable. Under aection 505(d) of tha Act and 21 CFR 314.12S(b) the 
data and Information 1ubmltted do not e1tabli1h safety and efficacy of nlsoJdiplne (BAY k 6552) 
coat core tableta. The deficienci21 may be summarized as followa: 

1. Your proposed expiry data cannot be property evaluated with the data 1ubmltted. 
Therefore, pl•••• 1ubmit additional atabillty data, ••paclally In aupport of the 1hvlf life 
apeciflcatlon limit• proposed for the nltropyrldlne compound. 

2. Before the 1pplir.atlon can be approved, . must Include a ataraochemlcal 
Identity t•st to demonstrate that the new drug substance la a racemlc mixture aa 
described in the enclosed FDA policy statement for new •t•reolsomerlc drugs. 

3. You have not ra1pond1d to our July 1, 1993 '~~uaat (it~;n #8) for the maximum 
time that will be allowed between manufacture •nd packaging of the tablets. 

4 . Plea11 aubmit the updated version of the procedure that will Include the 
1y1tem 1uitability information 

6. Please 1uumit labeling for the unit dose bli1tera. 

6. We remind yJu that any raproc:easing procedure• must be approved, and you must 
submit a proprietary name as soon as possible 10 that we will have aufficient time to 
review It. 



Pago 2 • NDA 20-356 

Although tho clinical data apponr to provide Adequate support for the hypertonsion indlcat1or1, 
. Although nl1otd1pln• •l9niflc1.e1tly Improved ex1rclse 

tolerance at truugh In two of tho four major cllnlcal trials, lhla was accompanied by an effect on 
lschemla In only ono and on tlJne to angina In only one. Two other a\\Jdles of good alze showed no 
1ignific1nt effect on any moa1uro. Although U.s peak effects were alightly more prominent, 
especially at 40-60 mg, an effective angina drug "hould work thro•1ghout thflf docing interval. 
In the largest and longeat trial (089·042). the only controllod trial lasting more than 
two weeks, niaoldipine CC was le11 affac'Na than In the other major studies in its effect even on 
peak maaauromenll. 

Aa noted. nlsoldlolne was not shown to be 

As noted in the February 28 and March 2, 1994 telephone diecusaiona between Dr. Charles 
Resnick of this Agency and Ora. Fred Sundermann and Michael Porter of Mites, we 81'1 concerned 
about the occurrence of brain tumors in nlsoldipine·treated male rats and stomach tumors In 
niaoldiplne-treated male mice (specifically, granular cell tumors of the rat brain and 
papilloma• of the mouae 1tomach). 

The tumor findings could poHlbly hava an Impact on the apJJrovabllity of your application. We 
are awaiting your 1ubml11lon of hl1torlcal control data on the the1e tumors as well "' other 
information requested by Dr. Resnick. The niaoldipine carcinogenicity 1tudie1 will likely be 
considered by our Carcinogenicity Ashessmen< Committee (CAC) and, &hould this occur, Mile& 
will be invited to make a proaontation. 



Page 3 • NOA 20-356 

Within 1 O days after the date of this letter, you are required to amend the application, nottfy us 
of ycur Intent to file an amendment, ot follow one of your other options under 21 CFR 314.120. 
In the absence of any auch action FDA may proceed to withdraw the application. Any amendment 
should respond to all the deficienciea fisted. We will not prooeaa a partial reply as a major 
amendment nor will the review clock be rea~th1ated until all deficiencies have bean addressed. 

Should you have any quoationa, please contact: 

Enclosure 

Mr. David Roeder 
Consumer Safuty Officer 
Telephone: (301) 443-4730 

Slnc1r1ly your•, 

Robert Temple, M.O. 
Director 
Office of Drug Evaluation I 
Center for Drug Evaluation and Aeaearch 
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l'DA'S POLI CY STATBMBNT POR THE 

DEVELOPMENT 01' NEW 8'tltkBOISOMERIC DRUOS 

I. INTRODUCTION AND BACKCJROUND 

Stenoilomen are moleculH that are ldeDtloal la atomic ... t1at1m ..a 
baad'DI• bu& .U.er tn th9 tbrM ,......_,, ~ ollbl atan1 . ._ tm 
pmpoll ofW. docn••t. .... ....._... ..... ii ............. . 
wltla ........ ,. .. trlc (cblral) ........... -·&Mmen ....... 1 
1tenaUomen> are m1rror---. TbtJ' ..... •""*'~Nmtiw ~ .. · · 
(ewp& fbr apd•' rotatorJ) and eMmlcm (wept la a· _....... -· , 
~ 
Thia clocwDat. rocuu on baw nlatina to the ltv"1 wt -
clenlopmnt of mdlTlchaal enanUOIMn iDd ....at& 8Uh ......._... 
uu.all7 nqulN apeclall•ed cblral e.clmlqw for thtUi oorrect lcledloatlla, 
clwactlrllatloD, aeparatlon ud IDluutlMllL 'fM1 U9 Gftm N"'DJ 

:::sa:t.~~ blolosical .,n.ma, laowner, wt mA1. me dl&zat . 

acntlon) ud ~i=::~=:J,~'::::::;- ad 
tmioololic e&'ecta. 

Wha atanolaomen are blololfcallJ clia~ tbl7mlpt1111n to bl 
di&reat. drup, ,.tit hu ... put practloe to .... ,,., .... (Le., ...... 
with l&.IO paopordoza ot •ntio1W1). TM~ of tlal lndntchaal 
aantlomen have not ~1 bem w.U .tudlM or allanc&trlled. Wbstw 
..,.,.tect 1nantiom1r1 abould bl dnlloped wu lamb u a•d•o qtMlll• 
becmuae oommerclal ..,_.tion of IN'••t.ea wu dlllcialt. How tbat _ 
teabaolopoal adnnoe1 (lup loale clalra1 11,.,utoa prooedUN1 • MJ"i stl'll 

. IJDtbe111) ~rmlt production ol ••DJ elnp -"*'__.. •a .... de! ..... 
it ii appropriate to ooallder what PDA'1 pollq with Nlplat to......__. 
minuru abould be. Devllopmat ot raoemat. nl•• U.W of~ 
manufacturln1 control or unthllil ucl lmpurlti•, aclequt. phanDaoDloile and 
toxlcolopc au111m1nt. proper characterization of metaboU1m ancl cllatrlba.don, 
ucl appropriate ollDloal. evaluaticm. 

It 1bould bl noted that the tmD •1tanollomer1• ii a PMral OU tor all llcDlrl 
that diff•r only in the orientation ot t.b1 atoma ID apue. 8tereolaomen IDl1ude 
not OD11 the mirror tmap 1n•nfiomen, but allO ~trio (all/tnu) ....._. 
ud dlutereolaomen U.Omen of dlUI wlt.b moN tbaD OD1 ehlra1 Ollat.r tbd 819 
aot, mirror imap1 of oae anotmr). Dlu.........,. and pometrlo ._n a. 
both cbemlcally dl1tlnct and pbarmacolOli~I dl&reat <una•• tblf an 
lnteroonv1rt.cl In uluo) and an 11111rall1 1 aeparat.cl wltbout Cblra1 
tecbnlqw. Geometric llOman and cllut.NOl10m1n tb1refbre ahoulcl, wit.la ta. 
ran aoeptlon or ca- where 111 vivo lnurocmvenlon occun. be taat.ed 11 
Mparate drup and dev1lopecl aocordlni11. Then u no reuon to eoDllw 
dev1lopin1 mixture• or 1eom1tric llOmen or dlutenobomen un1111 theJ 

1 
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fortultoualJ Nprt11nt a nuouble bed doee Ol'Dblnatlon ( ... 11 CPR 800.IO). 
BYeD ID tbat -· wb.th11' the optimal ratio olthe two llom111 la the ratio 
~ bJ an undl...a.d or 11n•ocl•fltd IJlldwlll lhoulcl be crltiaallJ uemtMCI. 
In .-..1, ~otrlc iaomen ban bea cln.,.. u.liql1 llomen. PraotlOI 
wltla NII*' t.o cUutal'IOllomln hu -- ftlialile. ,,.... oa&ttori• or 
............. wD1 not be ocmaldind lv.rtber ID tlU .......... 

Szamlutton or·- In which t.be' pro~· or .................... eialuaW 
NYMla 1) lutanw in wblob both ........... wmller .....,.. acthltlea (both 
-tlomtn of dobutamfne an poll&IYe lnotropM; llalh lbaprofm ••DIOMn 
.,. uti·lnfl1mmato17 apn&e; botb •1ntlomen or warfUUa ancl pbenproaot1mon 
an antiaoaplanta; the aa•ntiomen ot bupl.toala 1lot.b prodw 1-1 aaMtbMla, 
tbe mt0 Uomen ot th• quinolow ancl t.ba P.Jact.e• atlblotl• an all 
utibae&lrlal), I) IDltanw di which om ... ._ ol a pllr wu plwmaoa1Clllmll7 
utift and tbt other inactift O·proprwlol 11 • 11-blolbr: d-propraaolol la not>. 
ucl 8) -• ln which the enudomen bad aompln.IJ dUrlrent actiYltlet (cl-
10talol la • typi a ant.tarrhythmjc while l-eotalol la • t'-bl~) or h; cii&rat 
•WDtntion-raapow relat:lonahlpa tor a rlvm prope"7. Wbll• ~td'J ol w 
member ot •pair ml1bt be oonaicl-.. triftal,.thm ua lutanoll ID 
tmdcltJ bu bMn Hnked to ODI memblr of a ~ of lteNoflOIMn, DOt Dl09llarib' 
the 1ctlv1 laomer (lranulocytopinla la nlaMCI to the d·llomlr o!lnodopa; 
wmltllll le •UHCIDJ the cl·iaomer otltftlldlo11; wt ~m!:.S•• 
Qlllptoml Win DO lonpr obaentd ..... tU d-llOIDll' WU -· - tram clJ· 
arDit.ine), ancl th1n an aampJu of a llM& at.ht clll~tlon ol w member ot 
a pair b)' th• other. ID addition, thin are ma~ which ..... tioDln laaft 
been ahoWll to have dilf1nnt phann•ooMutlc • DUreNaw ID 
~tic beba.tor ~not pw a ..tor~· DNb1em al._.. It 
GU mUI DOD~ bloocl Jnel ~ dillcult to bafalpnt with rupee& to IC&ltltJ 
&Del ooaftaH tnterpntaUon or non-ollnlaal data ti the pbarmamldmtlc properdee 
of &bl laomen in u«maJ1 cUtr hm &boll ID hu•eat. 

While tome enantlomerlc pain have had lnterutinc ancl UHfu1 thara~utlc 
propertlu <•·I·• dl·aotalol, cll-clobutemlnt), &here II no nuon to aped the 
optimum ratio ol the component. to be the 1:1 rat:lo ot a racemat. (I.e •• the dOM· 
n1poma cun11 would not uually be ezpeatld to be eonpuat). 

De1pite the problema identified with 1ome racem1ta1, the common practlm or 
dn1loldnl rae1mata1 bu n1ultecl ID •• ncopised aclvene oou9qU1ace1. · 
Alt.boU,h lt 11 now t.clmolqlcall1 ftulble to pnpan pmlfted enantlomen, 
development of racematu may continue to be appropriate. Hown•. r, curre~ 
aYallabl1 intormation •ua••ta that the !bllowtni lhould be comlda.-.d in p uct 
uvelopmmt: 

1. App·ropriate manulacturin1 and control procedurtl 1hould bl 
Ulecl to a11un 1tareoi1omeric com_poaltton or. product wltb napect 
to Identity, 1trenrth, qualit)' and purity. Manutactunn 1bould 



.. 

notilJ oompllldla of \be• .,.a1mt1w wl tMI. 

I. PbarmacoldMtic naluatiou &bat clo aot ue a ehlra1 uaq wlD 1-
ml1leadiq it the diapoaldon or th• eunt!om1n 11 dHrennt. 
Th1nton. &eclmlcau•• to ~utr ladiTidual 1&eNUlomen la 
pharmaookbaeU1 aamplu alaould .. available urb. It th• 
pba.rmaooklutlcl or &M ..... ...,. an ...... .a to • &1 • 
.... OI' to ailt·U a ....... la ...... t·=:cm. a aoblnl 
~or anU1Qtbat..,...torewtltla9 ____ 1U1beuatd. 
eu.bl1qulll&l1. 

D. POLICY 

Qeperel 

A relatively IManlp tomoolqlo proflle 1111111 tbl rammatl would ordlurUJ 
1upport further development wit.bout Mparate taiool:-f:r:uadon ot &hi 
inclfvidual enantlomen. JI, however, &hen are talc . _ 1 other than 
&boll that an natunl utemlou or the plwmacolallc ..... or the drul. 
and upedally tr they are unuaual or occur ~ .... the effect.Ive dON In 

a 
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FDA ID'rit.a dilCUlllOD with IJMHllOn ODDCm'Dfq wut.Mr to ~ 
'"9l~nt ot the noe••ta or Chi 11Mtl1idual aa•0 tlomar. All ldmaatlla 
~ bJ the 8JIODIOI' or avallablt from die U&eratan Iba& II l'IMot • 
the cNm•atrJ, phUmaooloa, tolloolog. or allnlClll acdou ot tbe • 
ltueoiloman ahould be bu:lwW ID &be IND ud NDA 1Uhml1 llma • .... 
Cb1 eleer,: 

The cbemi1t17 HCtlon of the appli•tlon ahould oontaln the ~­
WOnution to unre tm Identity, gualltJ, parit)' mcl 1tn~ ot tile clnas 
1ubatuoe and dnat produaL ID addition, the tOllowbal ooutcleraticml 
Ibo·, ht be take·· 1 uto account when du1in1 with ehlnl drUI 1ubltanoll aDd 
drq product.a. 

Methoda and 8pec:l4catiom 

Drui Sub1tan• 

AppUcat.ion1 for eneatlomeric and racemlc .mu, 1abltancl1 aboalcl m.si.­
a ateNOcbtmloall1 1~c ld1Dtit)' tut and/or a ltlnocblml.U,1 111..:dw 
way method.. The Chol• or the oontroll abould be balld upon the 
1ubltanoe'1 method of manufacture ud 1tabllitJ abaraat.ll'lltiaL 

Drur Product 

Application• tor dnas _procluctl that oontaln an eaa0 tlomerlc or raoemlc 
dnir 1ub1tance ahould Include a .Ureoc:bemlcalb' 1PICllc ldat:ltJ telt 
ad/or a atenoche~lcaJly MllCtlive _, m1tbo4. !J'be abol• of t.lae 
oontrol1 lhowd be baMcl upon the product'• eompolltlon. method ot 
manufacture and 1tabWt7 cbaractarllticl. 

Stability 

The atabWty protocol for enantlomerla drq IUbltancel and drur producta 
lhould include a mathod or methodl capable of ••••linl the 
1tenocb1mlcaJ batepitJ ol the clrq 1ubltance and clrui produol Hown•. 
once It baa been demomtnted that 1tereocbtmlCl'1 ooDTenion cloee not 
occur, 1tereoHl1ctiv1 ta1t1 misht not be DNCled. 

LabeHn1 

.. 

•' 
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fte labeUns lhould Include a anlque e1tabliahett n•me Md a chemloal • 
uma with t.be appropriate 1tenochemlcal delCl'lpton • ...... -~ 

Pbarmacolo17 

'nae pbarmaooloclc ectni&J ol the IDdhidul me0 Uomlr1 lllould... • 
~ for th• prlulpal phumaoolollo ........ .., ot.blr 
Important pbarmacolollml elict. with ntpeet to potnof, epeclftalt.J, · · · 
•"'•am.treat.et& 

Pbarmaooklnetlc Pro61e 

To monitor ba ulvo IDtarconvendon ud diapolitlcm, the plwmaooldDeMG 
prdle of each llomer lbould be charact.nad ID 1nl••l1 and la• 
iomparec1 to &he clinical pharmaookinetlo protlla obtained Ill puM L 

Tcmcolo11 

I& ii ordinarily 1WBclat to rarrt out tOlicltJ 1tudl11 m tlal n .. •te. JI 
toaiclt7 other tlwl that predicted from the Dbarmuoloalc ~ ot tbe 
dNI oocun at nlat1"11 low multlplM ot the apoawe pl••Mcl lw •••' 
trWa. &bl tmcl'7 •WiJ ....... ...,.... tmaltr llDU'l'ld lboald ... 
repeated with the tndi'fidual ilomen to Uolrtala wUtUr oalJ .. 
m1ntlomer w•=llbl1 for the tulalt,.· Jttalalt7 olMplft•nt 
OOD11rn can be '-- _.-&Id hJ dnelopment ol a llinll• llomlr with tba . 
'-'"cl pbannaoolopa dect, It would in punt be dMlrable to do eo. 'n.. 
~would ~re:·• to dbcul1 DJ ••• where qwt.lom alat 
nprdiq the tlon or •atp11cant tozlcltJ". 

Impurity Limit.I 

It la "uenttal to determine the concentration or w:b iaomer and deflne 
limit.a tor all laomeric oomponenta. impwiti11, and eontam«unte OD t.laa 
oompomul t.1t.d precHmcall1 that 11 intended for w ID clinlcal tria1I. Tb9 
maximum allowable Intl or Impurity In • 1Weollomarlc product emplo,..t 
ID clinical trial1 lhould not esceed that preunt In the material naluat.d ID 
nonclinical toncit7 1tudie1. 

Dnelopiq a Sinsl• Stereoilomer After the Raoemate ii Studied 

To develop a 1iql1 1tanolaomer from a mbtun that bu alreadJ bem 
-1tucUed non-ellnfcall7, an abbreviated, appropriate 
=n•colo111tox1coloa .. aiaatlon could be Ooncluctecl to allow tbe aldias 

ledp of the ncemate available to the ~to be applled to t.be pare 
ltenoiaomer. Bridlinl 1tudle1 would uually include the lonpat Npeat,.. 

I 
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dole &ozidt, atudJ OODducted (up to 8 mcmtha), and Iha reproductlft todcity 
11amerat D 1tudy Ill th• moat 11naiti,.. ...... uliar the linll• 
en•ndomer. Thau atudiu ahould include a poeiti•• control rrouP 
•Dlilt:lnl or the raoemata. Ir then II no dUl'erenoe between the 
tulcolopcal profile or the m,11 1W.Oilom=rlc uct and the raoom•&e, 
DO further 1tudi• would bl nMded. IC tba .. • a•ntlomer la more talc. 
the aplaution should be 10qht and the _ •t:lou for human doelnr 
comldend. -

Qlnfml wt Bloplvmnwwtlcal: 

WMn little dift'ennce la obatntd in actintJ and cHapoeltion oltbe 
eantiomen, racem•tu m&1 bl clne1oped. 

ID eome alt.uationa, dnelopment of a linll• enantlomer ta »Ut;lcularlJ 
deeirable <•·I·• where one 1nantiomer bu a tmrlc or undeafrable 
pharmacoloalc effect and the other dou not). A lipaJ that lhould trig9r 
furt.her lnv•~d.ipt.ion or f • propertiu or the individ\•"1 enantiomen and 
their ac:tive metabolitaa ii tho~ at clinical dw1 oftodclt.J with 
tbe raoemate that la DOt clear17 upected from the pharmaoolOIJ of the 
clrq or the OCCUlftDC9 or any other uupecW plwmacolOlllc ... wltb 
&be racemat.. TbeM lianalt misht be explond In aafma11 but b11men 
tMt.inl may be UMntial: It abowd be appreciated that tmdc:ltJ or 11Duual 
»Jwmacolof.!c propertie1 milbt Nlide not In the 'pamat llomer, but in an 
laomer-1peci&c metabolite. . 

In pneral, it la more important to evaluate both enaDtiomen ellnlcm.111 and 
OODlider developiq cm17 one when botb enantiomen art 
pJwmacolosjcal1y actiYI but differ liplflcantlJ in potanq. apeci&ltJ, Or 
m•zlmum effect. than when one iaom1r ii eWDtially Inert. Wben1 botb 
enantiomera are lortu.itoualy found to c.vry dllirable but dWirmt 
propertiel, development Of a mixtun or tU hro, DO& UCluaril)' the 
raoemate, u a ftzed combination misht be nuonable. 

II a racemate i1 1tudied, tbe pharmacoldn. •. tice ol th• two ilOmen abould be 
1tudiecl in PbaM 1. Potential intereonveraion abould alao be uamlned, 
Sued on Phue 1 or 2 pharmacoldnetic data in tbe tarpt population, it 
ahould br. l)Oalible to determine whether an acblnl •~)' or monltorlq ot 
just one • nantiomer where a !zed ratio ii conflrmed will be 1uflldmt for 
pharmaco metic evaluation. 

II a racemate baa been marketed and the IJM>DIOI' wilhu to develop the linsJe 
aantiomer, .valuation 1bowd include detenntnation of whether then ii 
alplftcant converlion to the other i1omer, and whether the pharmacold.netie1 of 
the •incl• i1omer are the aame .. they were for that iaomer u part or the 
racemate. 

•' 
•' 
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CSO AppllcatJon Overview 

Application: NOA 20·356 
Nisoldtplne Coat Cora Tablets 

Sponsor: Miles Pharmaceuticals 

NOA Receipt Date: Aprll 1, 1993 

NOA Resubmlcslon Date: August 3, 1994 

User Fee Goal Date: February 3, 1995 

Date of Overview: November 28, 1994 

B•ckground 

NOA 20·356 provides for the uae of a 1uatalned release (once-dally) formulation of nlaoldlplne 
In the treatment of hypertension. No formulation of nlaoldlptne la currently approved In the 
U.S. 

A non-approval letter waa l11ued on March 25, 1994, that Hated deficiencies In the 
Chemistry, Pharmacology, and Clinical aectlona. Th• firm responded fully to this letter on 
August 3, 1994. In resubmitting the NOA, they 

Review 

"hamlet~ 

Reviewer: ·· Oanute Cunningham 

Reviews: 6/7/93 , 1 /29/93 2/4/94 9/16/94 

Ms. Cunningham's review of the application has been completed. 

The trade name •N11ocor haa been approved by the Nomenclature Committee. 

The facility tnapectlon ha• bean completed and was found to be satisfactory. We received a 
satisfactory response to our FUR on November 22, 1994. 

The deflclencle• outlined In th• environmental . ••••••m•ni review were aent to 
the firm on October 27, 1114. Th• reaponae from th• firm h•• not been 
received yet. 



.. 

,,,-· Pharmacology 

Reviewers: Xavier Joaeph, D.V.M. 
Sidney StolzQnberg, Ph.D. 

Review: September 2, 1 gg4 

Ttie reviewer• commenta have been Incorporated into the draft labeling. The appllcatlon went 
before the CAC, and th• recommendations from that committee have also been incorporated Into 
the labeiing. The minutes of the CAC meeting have not been completed yet. 

Blo12bacmaceut!cs 

Reviewer: Patrick Marroum, Ph.D. 

The Blopharm Day wa1 held for this application, revision• have beon made, and the draft la now 
under supervisory review. 

Dr. Marroum has made a number of comments Including extensive revialona of the labeling (see 
pp 13-16 of Or. Marmum'a review). The labeling recommendations have been Incorporated 
Into the draft paok•g• lnaert. He haa alao recommended that the dlsaolutlon apeclflcatlons be 
reviaed aa follows: 

from: 3 hours 15 to 
6 hours 
12 hours NL T _ . .. 

Stot11.1lal 

Reviewer: Nancy Smith 

Review (hypertension): 1 /4/94 

to: 3 hours 
6 hours 
12 hours NL T 

Dr. Smith has reviewed only the hypertension Indication. There were no serious problems 
ldentlf!ed in the review. 

Clinical 

Reviewers: Shaw Chen, M.O., Ph.D. (Clinical Pharmacology): 2 / 1 6 / 9 4 
Phil Dern, M.O. (Safety): 9/2 7 /9 3 
Cristobal Duarte, M.D. (hypertension): . 8 I 419 3 
Norman Stockbridge, M.O., Ph.D. (angina): 8 / 4 / 9 3 

The reviewers recommend approval for the hypertension Indication. 

The final safety update Is under review. 



PSI Audits 

Four of the seven requested OSI audits are completed. There have been no problems so far. 

Labe!lng 

Or. Chen nu provided a marked up copy of the package insert. 

" /j' D \ ' . /(~~..._../ __ .p.J.W'..._ --------
David Roeder 
Consumer Sat ety Off leer 

dr/9-4~94/9·27-94/10·28·94/11-23-94/11-28~94 

cc: NOA 20·356 
HFD-110 
HFD·111/0Roeder 
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MEMORANDUM 

bi&: 1M5794 

DBPARTMBNTOPHBAI..111 & HUMAN SERVICES 
Public Health Service 
Food and Dru Administration 
CDER/ODP..-~IV CARDIO-RENAL DRUGS 

L • 

From: 
Ihroup: 
Tu: 

Shaw T. Chen, M.D., Ph.D., Medical Group Leader, HPD-~· 
Direccor, Division of Cardiorcnal Drus Proclucts, HFD-110 NOV 2 I 1994 
Director, Office of Drug Evaluation I, HFD-100 

SUBJECT: NDA 20-3!;6, Nisoldipine Core-Coat for Hypertension, Approvability 

OVEBYJEW 

This memorandum and the attacMd marerlal constitute the Division's recommendation that 
NDA 20-356, Nisoldipine Core Coat (refened to as CC fonnulation) Tablets be approved for 
treatment of hypertension. 

This package is bcina transmitted with a draft Summary Buis of Approval (SBA) prepmd 
by the sponsor, which has not been edited by the Division but appearn to be accurate in its contents 
to serve as one of the references for sccc,ndary/tertiary reviews of the application. IP the draft 
SBA, any description or interpretation of the dala different from that of this memo should be 
disregarded. 

As one of the new team approaches, the primary medical review of the NOA were 
conducted in parallel by the following medical officers: 

Clinical Pharmacology: 
Hypertension -Efficacy: 
Hypertension -Safety: 

Dr. Chen 
Dr. Duarte 
Dr. Dem 

Pharmacolo~ sections of the app~cation were also reviewed con~~ntly by twa reviewers (Drs 
Joseph and Stolzenberg); a synoptic summary of all phannacologic issues has been prepared by 
Dr. Joseph. As of the date of this memo, the chemistry, biophannaccutical, pharmacological and 
statistical reviews have been completed. 1bere are no major, wm'JJolved preclinical issues which 
may affect the action recommended. Related labeling have been suitably edited. 

Nis?ldip~ is a new calcium channel b~oc~r of the dihy~p~din~ type and structurally 
related to rufcdipme. It appears to be a less active motrope than rufed1pme in vitro but the two were 
not distinguishable in intact animals. There are no major efficacy or safety issues that should 
preclude the approvabillty of this drus for the hypertension. 

The adverse experiences in the NOA have been amended with the Fust Safety Updates of 
08/17/93. Selected major triah should be inspected befoie final approv'11 of the appllcauon. 

1 



eRECLINICAL EYALUATIONS 

Chemistry 

NDA 20-356 

There arc no outstanding issues regarding the manufacturing and analytical controls. Final 
inspection will be scheduled. 

Precllnlcal Pbarmacoloay 

Nisoldipine has been adequately characterized with respect to its preclinical 
phannacokinetic and pharmacodynarnic properties. There arc no outstanding issues related 
to animal toxic!~y or carcinogenicity which may affect approvabillty of the drug. 

Chanses in proposed labeling, as recommended by the phannacology reviewers, a.re 
summarizcd·and commented below. They have been adopted with minor modification. 

Neg~ve findin's in ~inogenic studies should be qualified with the d~sagcs 
studied, companson with human dose should be bued on both body weight and 
surf ace area calculations. 
Fetotoxicities in animals are suggestive. not conclusive. However, detailed 
desc..~ption of tho prob~ematlc monkey studies is not necessary. Asain, b~is of 
safety ll'Mgin (toxic animal dose vs mu.ima1 human dose) should be speclfied 
(body 'Neight and surface area). 
The p4annacology mvicwers do not think malformation is increued in rabbits. 
Other recommendations related to fetotoxiclty in rats/nbbita, sections of Labor and 
Deliv«ry, and Nurilng Mothdrs me all appropriate (Phannacology R~~iew, p 145). 

CLINICAL PHARMACOLOGY 

Pharmacoklnetlca/Pharmacodynamlca 

At the proposed dosages of 1040 m,s, the pharmacoklnetlc profile of nisoldipine CC 
formulation suppona a once-daily repmen. Compared with tho immediate release (IR) 
form, availability of nisoldipine from the CC tablets wu prolonged with lower Cmu and 
higher AUC over 24 hrs. Bioavailability of nisoldipine CC wu low for the unchanged 
drug but linear and dose-proportional over tho range of 10-60 mg; it accumulates 
moderately after multiple oral dosing (7 days). While nisoldipine is extensively 
metabolized, the only active metabolite contributes about 10% of the phannacologic effect"i. 

The states of both hapatic :and renal functions are potentially important for phannacokinetics 
of the active mua, since niaoldipine is extenaivelf metabolized and excretion of the 
metabolites ii predominantly renal. Bioavailabillty of the parent drug wu indeed increased 
by 4-5 fold in patients with hepatic failure, but chanpa in AUC and C.U due to various 
degree of renal imp~t were only transient and diminished with multiple dosing. 
Plasma levels of lllloldipme were also higher in the elderly but dosqe adjustment may not 
be required (see Efficacy -Hypertension). Nisoldipine metabolism probably involves P 4"° 
cytochrome system (as nifedipine), but no attempt to identify isozyme has been 
documented. Modest changes in bioavailability of CC nisoldipine were observed with 
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NDA 20-356 

conoomitant use of ranitidine (decreased 15-20%), cimetidine (increased 30-45%), 
'1uinidine (reduced by 25%), and propranolol (tin shorter by 20%). These interactions are 
probably of no significant clinical consequences, but 1abellna bu been edited accordingly. 

AB noted in the Oinical Pharmacology and Biopltannaccutical Reviews, the problem of 
dose-dwnpina when nisoldipine CC is adminiltered in a non .. faated state or with grapefruit 
juice (see biophann review of Sbldy 770) can not be ipo~. Nisoldipinc CC should not 
be administered concomitantly with meal or grapefruit juice, but instead after overnight fast 
and 1-2 hours before breakfast. Appropriate instructions to avoid dose administration in 
such settings have been incll•ded in the labeling. 

Nisoldipine is a vasodilating antihypertensi\·e with pbanllacoclynamlc activities similar 
to other approved calcium channel blockers. Cardiovucular and hemodynamic effects of 
nisoldipine have been fairly well-established. Comlation between niaoldipine dose, 
plurna level and blood pressunneduction wu good over tho recommended dosage range; ·· 

Nisoldipine has no appreciable inotropic effects, but its clinical advantages over nifedipine 
has not boon documented. Except for T-wave chanacs mostly at high doses (see Safety), 
nisoldipinc had minimal electrophysioloay activities. There ill some evidence that iv 
nisoldipine improves coronary blood flow, but its anti~ischemic effect wu not established 
in clinical pharmacology 1tudiea. 

Nisoldipine did not affect reaional blood flow in kidney or liver, and has no significant 
ph&rmaeologic activities on non-cardiovascular systert11'. 

Blopharmaceutlca 

Issues raisod in the Bio-pharmaceutical Review are commented as follows. 

The ratio of two enantiomers (and other metabolites) in special patient groups were 
not. detennincd .. Since no 1u9'rising clinical effects were observed in these patients 
which may required explanation, such data are not relevant for approval or 
prescription histruction. 
Nisoldipine ls metaboliml by the P-450 enzyme system, but the specific iso­
enzymc involved bu not been identified. While metabolism of nisoldiphie ia not 
expected to be significantly different from that of nifedipine, tho study should be 
done post-ap,eroval, however. 
Inconsistent Cmu (by 2-folds) obtained after a 30 mg dose in two small 
phannacolo&Y studies may be related to the variability in dissolution and need 
further clarification, as different blood pressure reductions from placebo were also 
noted in the efficacy trials (see below). Since no efficacy/safety problems were 
attributed to this variation, approval is not affected. 
Assay validation wu delcribed in most of the studies, but missing in a few ~ports. 
It is reuonable to usume that same usay was used in all trials. 
Variations Ui dose-proportionality in two Phase II studies were small and of no 
clinical significance. 
Phannacokinetics and mctabo~m scctio~ of the labc~g haye been edited to 
accommodate the recommendations of 81«>phannaceutic Revtew. 
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CLINICAL; EFFICACY 

Major Trials Su1-portlo1 Approval 

Nisoldipine has been evaluated as an antihypertensive tMatment in 1,914 patients at 
dosages up to 80 mg/~y. Tho efficacy data supp:1rting '!f'J>f?Val were d~rived f!om the 
~ults of 7 double-blind, parallel placebo controlled stut.Ucs an 1 ,360 patients wtth 
hypertension, 886 of whom received nisoldipine. Long-term efficacy was supported by 
five open-label, ~12 month follow-up of SS4 patients (Studies X89-039, X90-019, X90-
006, 675, 690). 

The primary ofticacy endp:>int in each of these studies was the change in ,;upine diastolic 
blood pressure (SOOP) from baseline at the end of dosing interval (trough effect) after 4-9 
weeks of therapy. Data from five of the seven studies should be considered for major 
evidence of eftlc.acy: · ·· • · · ·"· · , · 

Srudy .Doaes. m8'day 
088-0~ 10, 20, 30 
089·026 10-40 
090-019 30,60 
089-039 20, 40 
090-006 10,20,30 

Duration 
'SJ 4 wks 
(J) 9 wks 
~ 6 wks 
QD 8 wks 
CJ) 6 wks 

Remarks 
fixed dose 
dose titrated per response 
fixed dose (after week I) 
fixed dose (after week 1) 
fixed doae (after week 1) 

In the last three trials listed above, high doses were _phased in after one week of low dose 
treatment. It should be noted that in Study D89-039. another group of 15 patients were 
randomized to receive nlsoldiplne CC 80 ma qd, but the arm was tenninated due to safety 
concerns befoi,, collection of efficacy data. Nlsoldipinc was also compared with vcrapamil 
240 mg (additional group of78 patients) in this parallel placebo controlled study. 

' 

·r11e remaining two controlled studies may provide instructions on how to use nisoldipine in 
a practical setting, but are not very useful as primary evidence for assessing efficacy of 
nisoldipine (vs placebo in general population who are not treated with other concurrent 
antihypertcnsivc agents). Nisoldipine wu evaluated in patients all receiving atonolol SO mg 
~d as background therapy in one study (089-029), and in the other (Study 090-029), 
lisinopril, hydrochlorothiazide (Hc.TZ) and placebo were compared in the presence of 
nisoldipinc in all groups. Results of those studies will be commented in the Section of 
"Comparison/Combination with other Antihypencnsives". 

Overall Treatment Eftectl v1 Placebo 

The prf;mary e~cacy data in Table 1 on Page 6 de~ons~te that ~oldipine, at 20-60 
mg qd, 11 a cons1Stently and lipificantly more effective antihypertens1ve agent than 
plac.ebo with adequate duration of activity for once daily m:atment. At this doao ranao. the 
placebo-subtracted net decreuea in SDBP at b'Ough ranged from 3.6 to 9.9 mmHg rfter 4-
9 weeks of therapy .. Treatment effects were less consistent for the 10 mg dose, but was 
superior to placebO in the laraer trial (1)90-006) with a de<:Cnt drop in SDBP. Similar 
results were obtained for sup1ne systolic blood pressures (SSBP) (same Table) and 
standing blood pressures (excluding the 1mallest trial, 088..054, results not shown in this 
memo). 
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The percentaae.s of responders (SDBP reduction of~ 10 mrnHg at trough or to s 90 
nunHg) arc also summarii.ed in Table 2 on next page. In the major trials, the ~ponse 
rates for 20-60 mg/day were in the range of 17-45% more than that of pJllCCbo. Again, less 
patients (around 17% over placebo) responded to 10 mg dose. 

With respect to blood pressure changes and response rate, there were no significant 
differences between various statistical analyses, i.e. per-protocol or intent-to-treat (final 
visit). 

Dose Response 

The dose-response relationship, at trough, has been examined within the range of 10-60 
mg once daily (Tables I & 2, b, the ~sociatcd Figure l, % response curve was shifted on 
the dose axis for clarification). While dose of 10 mg/day was not consistently better than 
placebo as monotherapy, it is appcP.rs that blood pressure reduction may increase further at 
doses above 60 mg (but not for% responders). Although there ll1"C evidence from small 
pilot studies of hypertensive patients that dose-response for 30-90 mg/day was rather flat 
(Study 090-022, see Clinical Phannacology Review), the- finding should be accepted with 
& .... servation because dosages wme forced-escalated rapidly in th&t study. There was a 
concern, also in the same early phase study, of asymptomatic T ·wave clwiaes at high 
doses (see Safety below). However, when doses were increased slowly as in efficacy 
trials, less patients reported lhe same abnormality. Besides, such ECG changes were 
conunon in hypertensive patients and their clinical meaning ve not yet clear. Thus, 
effective doses oi nisoldipinc CC range from 20 to 60 ma onc.e daily, with a weak support 
for the high-end limit. -

Correlation between blood nisoldipine level and blood pressure reduction has been 
demonstrated at trough in several clinical trials. 

Tlme-Efaect Relationship 

While only once-daily regimen was used in clinical trials and no direct comparison with 
other dosin' schedule was performed, appropriate dosing Interval for nisoldipinc WtAS 
established m the following studies: 

Pcaklfrough Effect 

24-hour BPs 

Studies 
088-054, 090-019, 
089-039, 090-006 
088-054, 090-019' 
089-039' 090-006 

10-60 mg/day, QD 

10-60 mg/day, QD 

For the doses studied, the plac.cbo-subtracted trough-to-peak ratios appeared to be 
acceptable, ranging from 70 to I 00% for SDBP and SSBP. 

s 
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Total of 359 patients from the listed studi~s were pooled. for analysis of 24 houn 
ambulatory blood pressure chanp, the majority were white (65'*1) and male (609b). As 
shown by the 24-bour bl~ressure curves, treatment effects of at least 5 mmHg 
reduction in SDBP over p weie maintained during 24 houn for doses 20 ma and 
above (see Figwe 2 below). 

It i1 concluded that althougll other dosing schedules have not been evaluated. once-<laily 
treatment with nisoldipine CC 20-60 mg per day appeared to be adequate to cover the 
dosing period. 

Figure 2 
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NDA20-3.56 

Responses In Demographic Groups 

In post hoc analyses (see draft SBA), nisoldipine appeared to be equally effective in 
male.'female, with a slightly more pronounced dose-maponae relationship in the male 
patients. Despite inctt~cd bioavallabillty in the elderly, doso-reaponse was less evident 
m such patients and there were no significant diffemncea in blood pieuuro reduction 
between groupa of ase below and above 65 years. While blood preuure raponses to 
niso~dipine were numeri~y ~in ~ dwl in white patienta, 1ucb aetros~tive 
finding should not be dcscnbed in the labeling or used in promotion. Not 1urpnsingly, 
re~ponse to n~so!dipine wu greater in pa~ents with higher buellne blood pressure, 
with a more 11aruficant doseyresponsc relauon. 

Comparl1on/Comblnatlon with other Antlbypertemlves 

Nisoldipine was oompan:d.or combined with the following antihypeatensive agents in 3 
controlled trials. 

Comparison l"OUfc' 
nisoldipine+ateno ol vs 
nisoldipinc+lis~1otril vs 
nisoldipinc+H vs 

placebo+atcnolol . 
nisoldipine+placebo 
nisoldipinc+placebo 

Studia 
089-029 
090-029 
090-029 

While result& of the first study listed above indicated that concomitant atenolol did not affect 
the efficacy of niaoldipine CC, the second study sugested that some patients may have 
further response when a diuretic or ACB inhibitor is added. Up to one third of all patients 
received additional antihypertensive therapies in 1001-tenn. uncontrolled, follow·up 
studies. Overall, not much weight can be plac.ed on these active controlled data for the 
efficacy claim. 

Lon1·Term Emcacy 

Long-tenn effectiveness of nisoldipine was evaluated in five open·label studies up to one 
year. Without a placebo control, reductions in supine blood pressures from baseline 
appeared to be sustained in more than 80% of S.54 patients treated with nisoldipinc for 6 
months to one year 
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CLINICAL: SAFETY 

Database 

NDA 20..356 

The database appeared to be adequate for analysis of the safety of nisoldipine, which 
includ4'8 cumulative experiences of nearly 4,200 hypertensive patients u of 10/29/93. Of 
1,466 patients• (921 in US trials) who were treated with nisoldipi'le Coat .. Cafe 
fonnulation, about SSCI» were exposed for at least 2 months (approx. 3391> over 6 months) 
and a great majority were on doses of 20 to 60 mg. 

The majority of comparative experience was based on the results of 6 randomir.ed, double~ 
blind, parallel aroup, placebo-controlled trials of 4-9 week duration (all U.S. double-blind 
controlled trials, see list in Efficacy Section)•, which included 678 patients Oil nisoldipinc 
and 280 patients on placebo. 

Data from the first 120..day Safety Update were not inco~rated into the following 
summary, however, the numbcn added were small and did not change the safety profile of 
the drug (see Reviews of Safety Update by Dr. Dem). 

Comparative Experiences 

There we~ no S';'1'PrlsinJ findings in the safety profile vi .Usoldil_ine CC used.~ 
hypertensive patients. Overall frequency and rates of some specific advene clinical 
experiences and abnonnal laboratory findings were more common in nisoldipine than 
placebo treated patients, but none were serious or unexpectedly fn:quent. 

The percentage of nisoldipine-treated patients reporting an advene event in controlled 
trials (68%, N-678) was hi&her than that in the placebo group (53%, N•280). Amon' the 
adverse experiences. the followin1 were more common for !'iisoldipine than placcbll with 
incidence of 2: 3%: 

Nisoldjpja,('ftz) 
N=678 

Placebol%) 
N=280 

J:!f !".:1 edema 
22 
22 

10 
lS 

dizziness 
asthenia 
vasodllatation 
palpitation 

s 
4 
4 
3 

4 
4 
2 
1 

# 

• 

Prom draft SBA. Diffenat numben of trialt and patientt exposed wen given in lnlegratcd 
Sumlllll')' and Draft SBA, the later is probably more updated. Some calculations 1bown below 
were buCld on da&a from lntearated Summary of Safety . 
Foreign data a1ao included IOmo plac:el»-controlled safety expcricoces (090-006). However, a great 
~ority of the non•U.S. atudlea wore not controlled and thus were not comidered in comparative 
expcriencca. Ni1oldipine wu uted in all tieatment groups in ooe U.S. study (090-029), but 
roaulll of that study were not excluded fro1n the comparative aoaly1i1. 
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As ex~ the most conunonly ~ported. advenc events ~tW ~to nisoldipine's 
vaaodilating effects. Most were mild and inhqucntly 1-tmg to withdraw. 

While the overall l'Rqucncy of adverR experiences wu not affected significantly b1 patient 
a1e, 1ex, nee, or body wei&ht in tht' controlled trials, some minor differences m the 
incidence of a few adverse events may change the tolerability of niloldipine in demographic 
subP_"O~P8: Headaclle ap~ to ho '8u ~~in the el~1:.hich would be 
swprwng lf tho advene event 11 phannacokincttcs-lelatecl (see cal Pharmacology). 
Peripheral edema was more freQuent in female (u suapected with other dihydropyridine 
agc~t) and ~vier patients (>lgs lb~), but the sex c:Wterence ~as only seen in foreign 
studies, not m the U.S. controlled trials. Compared to blacks, mcidences of headache and 
edema were slightly higher in whites. 

The percontap of niaoldipine-treated patients withdrawn due to advene dlnlcal 
experiences was higherthan,~fplacebo (7.8 vs 3.2~. U.S. controlled trials only), 
and dose.related (up from S.4% at 10 mg to 10.9., at 60mg). The reasons for withdrawal 
were mostly related to nisoldipine's phannacologic activities and within the scope of 
common adverse experiences: 

Rcuw 
for witbdrawal 

nausea 
palpitation 
dizzineis 

Niaoldipine(!U 
N•678 

3.8 
2.9 
1.5 
0.9 
0.9 
0.7 

f ligbo(!LJ 
Na280 

0.4 
0.4 
o.o 
0.0 
o.o 
0.4 

There were 2 deaths (car accident and metastatic prostate cancer) in nisoldipine-treated 
patients in controlled trials (non-~.S. studies only), compared with two deaths in the 
pl~ebo J.l'<>Ups. No~c v.:cre.cons,i~ered drug-related. Other serious events occurred 
with similar treq~nc1es m ms. old1pme (2.0%) and placebo gro. up (1.5%). However, ~y 
arc dose-related (increased from 0.2% at 20 mg to 4.S9& at 60 m.g) and half of these senous 
events led to withdrawal. 

Abnormal laboratory findings in controlled trials were both rare and no different between 
nisoldipine and placebo groups. In U.S. controlled trials. incidences of such reports were 
in the ran~ of 0-4% for hematology, 0-29& for hepatic functions, 0-19& for crcatininc/BUN 
and 0-6~ fo~ lipi~ profile. ~lille there were more reports of increased f~ting blood 
glucose m rusoldipmc than lD placebo group from non-U.S. controlled trial, the 
phenomenon was not dose-related, not seen in the U.S., and cases of increases to above 
140 mg/di were not more frequent (than placebo). 

Overall Exposures 

In general, the overall safety experiences in all patients treated with nisoldipine in all clinical 
trials were not unexpectedly different from those described above for controlled trials. 
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!'Pptox.imately 62'1 !>fall patients ~ported one or ~re adverse ev~nts, while ~e 
mc1dcnce was lower m European trials (43~ vs 75% m U.S.). Prominent complamts were 
:;irnilar to those in controlled trials (".g., 18% headache, 15% edema in U.S. Trial). 

In all clinical trials, about 9'1 were withdrawn due to adverse experiences ( 10% in U.S. 
studies), not too different from that of comparative experiences. There was no additional 
death other than those noted above in the comparative experiences. Accumulative 
experiences of abnormal laboratory findings in all U.S. studies were also similar to that 
in the controlled trials. 

Class Specific Safety Issues 

As noted above, adverse experiences relatively specific to calcium channel blockers were 
also reported in nisol~-tmated patients. They were not more severe or frequent than in 

· othc~iof.·the ; however, the databuc may noU>c·ilarge enough for detecting · 
some of the rare events. 

Clinically significant bypotenslon and other related adverse experiences in nisoldipine 
treated patients we.re not common and rarely resulted in withdrawal. Ar. described earlier in 
time-effect relationship, at doses that produced adequate trough blood pressure reduction, 
average peak response was not excessive. In all U.S. and non-U.S. trials, symptomatic 
hypotcnsion occuned in about 0.2% and syncope was reported in 0.1 ~ of patients. 
OrthostatJc hypotension and related symptorm were slightly more common, reported in 
approx. 0.4% of patients on nisoldipine monotherap1, but very few were considered 
serious and required intervention. Overall. hypotens1ve reactions to nisoldipine treatment 
did not appear to be more frequent or severe than those with other calcium channel 
blockers. Appropriate warning related to hypotensive reaction is included in the draft 
labeling. 

Like othet dihydropyridines, nisoldipine has no significant effects on electrophysiology or 
cardiac rhythms. Tachycardia was reported in about I% of all nisoldipine-trcatcd 
patients, with a small mean changes in heart rate ( < 1 bpm, placebo-adjusted). It is most 
likely due to hypotensive reflex, rarely led to withdrawal, and occurred equally frequently 
in placebo groups. Some minor changes in ECO (QRS) were noted more frequently than 
that in placebo group, especially in patients receiving concomitant atcnolol, but the 
magnitudes were of no clinical meaning. While dose (plasma level) and magnitude of BP 
rcduction .. related T -wave nattenlnlflnverslons were observed in a small phase II 
study (090-022) with rapid dose escalation, such ECG finding was less clearly related to 
dose and not as frequent (similar to that in placebo groups) in a retrospective but blinded 
analysis of data from three efficacy trials. It is somewhat re-assuring that no angina or 
thallium test-documented ischemia were reported in any of the patients with T-wave 
changes in Study 090-022. 

Limited experiences with concomitant use of nisoldipine and atenolol, lisinopril or HCTZ 
have not identified any unexpected safety or tolerability issue. Combination of nisoldipine 
with HCTZ or lisinopril may increase slightly the incidences of asymptomatic hypotension, 
tachycardia, palpitation and dizziness. Rebound hypenension after withdrawal has not 
been a problem with other dihydropyridincs and was not significant in a small 
phannacodynamic study for nisoldipine. . 
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fEDIATBIC/GERIATRIC us~ 

There are no clinical trials assessing the efficacy or safety of nisoldipine in pediatric 
patients, either completed or in progress. The sponsor claimed that the drug has little potential for 
use in children and thus did not commit to any study in hypertensive children. 

Efficacy and safety of nisoldipine as treatment for hypertension in the elderly (65 year and 
older) are not significantly different from that of general patient population. 

DRAFT LABELING 

The draft labeling submitted by the sponsor has been edited. 

CONCLUSIONS 

Nisoldipine appeared to be an effectiv~ and safe treatment for hypertension. 

While there is little doubt that nisoldipine at 20-60 mg/day is an antihypertensive more 
effective than placebo, it is not certain if the entire useful dose range bu been fully explored. 
Nisoldipine should be started at 10 mg once daily and titrated slowly (e.g. every few weeks) to 60 
mg according to blood ,t>ressure response. 

It is recommended that nisoldipine be approved witb • ·ie edited draft labeling. 

cc: 
ORIG: NOA- 20·356 
ffFD.110 
HFD-11 O/CSO 
HFD-11O/SChen/l0'26/94 
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MEMORANDUM 

bifu: 12115194 

DEC I 9 1994 

DEPARTMENT OF HEALTH & HUMAN SERVICES 
Public Health Service 
Food and Drug Administration 
CDER/ODE-IJDIV CARDIO-RENAL DRUGS 

From: 
Ihrou11h: 
Th: 

Shaw T. Chen, M.D., Ph.D., Medical Group Leader, HFD-~110 •. • 
Dimctor, Division of Cardiorenal Drug Products, HFD-110 
Director, Office of Drug Evaluation I, HFD-100 

SUBJECT: NOA 20-356, Nisoldipine Core-Coat for Hypertension, Approvability 

This is in response to the comments and questions raised in your draft memo of l 2/ 13/94 
regarding some labeling issues for the above application. 

1. As stated in the Secondary Review {Dose Response), we also think that the effective 
dosage range is 20-60 mg/day Jtd the recommended doses should include 60 mg. Usual 
maintenance doses in the labeling were changed to 20-40 mg in the Division's draft, which were 
concurred in your memo. We agree with your reasoning that dose titration should start at 20 mg. 

2. With respect to worsening of angina, we totally agree that nisoldipine is no different from 
other dihydropyridine type calcium channel blockers and it is neither a safety nor an approvability 
issue. In the controlled angina trials, there was no significant increase in angina attack rate and 
worsening of angina was not a frequently reported event in hypertension studies. As you noted, 
the open label, nonftcontrolled data in angina studies were not much useful for us to draw any 
conclusion. This was not discussed in details in the secondary review because the sponsor had 
withdrawn the angina claim after the primary review was completed and it was not clear then to me 
that we could describe the angina data for review of hypertension indication. 

3. We understand that the effects of food and grapefruit on the kinetics of nisoldipine CC are 
different. They were put together only in "lnfonnation for Patients", as they are both "food". The 
wording in your marked-up draft certainly described the problem much clearer. 

4. A cleaned-up draft of package insert with your mark-ups has been prepared. 

cc: 
"!"JG: NDA- 20-356 
HFD-110 
HFD-11 O/CSO 
HFD-110/SChen/12/15/94 
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MEMORANDUM DEPARTMENT OF HEALTH & HUMAN SERVICES 
Public Health Service 

iilimt 

Food and Drug Administration 
CDER/ODE-1/DIV CARDIO-RENAL DRUGS 

·== 
Emm.: 
Tbrou1h: 
Tu: 

Shaw T. Chen. M.D., Ph.D .• Medicdl Group ~eadcr, HFD-1~0 . :.k.. 
Director, Divksion of Cnrdiorcnal Drug Products, HFDw 110 -~ - " 
Director, Office of Drug Evaluation I, HFD-100 

SUBJECT: NDA 20-35f, Nisoldipine Core· Coat for Hypertension, Labeling 

We did not get to see your memo in final prior to responding to your memo. There was one 
question that you asked that was not answered in our response of 12117/94. 

There were 2 "food studies" conducted by Miles. One of them was not the FDA "high fat" and 
studied only the 20 mg tablet (Study 666, it was more than average but not high) and in that study 
there was no evidence of "dose-dumping'. The other study was conducted using the FDA "high 
fat" meal and in that study there was dose dumping. However, in this study (092-045-02), 30 and 
40 mg tabs were used and the 20 mg dose was not repeated. Thie food effect on the Cmax was 
average 3 fold, and 5 of the 28 subjects had 5-11 fold changes. Thus either the fat content in food 
is important or dose-dumping by food may be dose-related. 

Miles did conduct a pharmacokinr.tic/pharmacodynamic study, a review of that study was done by 
Dr. Marroum, in which they found that the pharmacodynamic effects (lowering of blood pressure) 
wa." a function of the log of the plasma concentration. So ten-fold changes in plasma concentration 
make a sizable difference, three-fold changes do not make a big difference. The slope of the 
concentration-response curve goes over 2 order of magnitude from beginning of effect to definitely 
over the maximum effect. 

Although Dr. Marroum's review criticized the analysis of the study, the qualitative statements 
above are not materially affected by the quantitative problems that Dr. Marroum found. 

So, it seems to us that there is considerable latitude that can be given with respect whether 
nisoldipine Dlllll be taken fasting. We do not think it must be taken fasting. To be silent about 
fasting or fed in the Dosage and Administration section is reasonable b\lt since there are more than 
5-fold changes in CMax in 18% of subjects, the Dosage and Administration should probably say 
" ... ,preferably in a fasted state (see Clinical Phannacology)". In Clinical Pharmacology the 11-
fold increase in CMu should be stated to be an upper limit when a High fat meal is ingested. 

cc: 

OJI~~~~ 
~~~~;c;I.. ... 
f1 M rrf. , .. >./'- ').L«t'-1. ~ r 

ORIG: NOA- 20-356 
JIFD-110 

( liED-11 O/CSO 
HFD-11O/SChen/12122/94 
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M E M 0 R A N D U M 

DATE: DEC I 6 199.'l 

DEPARTMENT OF HEALTH AND HUMAN SERVICES 
PUBLIC HEALTH SERVICE 

Eo"OOD AND DRUG ADMINISTRATION 
CENTER FOR DRUG EVALUATION AND RES~CH 

FROM: Director, Office of Drug Evaluation I, HFD-100 

SUBJECT: Nisoldipine Core Coat (NISOCOR, NDA 20 ·· :15fi, Miles) 

TO: Dr. Raymond Lipicky, HFD-110 

Nisoldipine appears to be a typical dihydropyridine CCB, developed 
sensibly as a controlled release product. It is possible to argue that 
doses above 60 mg/day could have larger effects, but the ADE rate seems 
already to be rising at that level (see, e.g., MOR angina p. 15-16) and 
I doubt higher doses would be appealing or useful. I do believe the 60 
mg dose is well-enough tolerated to be included in the recommended dose 
range. I have a few questions in addition to comments/questions on 
labeling. 

1. Dose 

The proposed D&A was for a starting dose of 10 mg, with titration up to 
40. As indicated, I believe 60 mg should be included. Where this dose 
was studied (90-019, 89-029) it had a numerically larg~r effect and was 
adequately tolerated. 

The basis for starting at 10 mg is not clear to me. In study 89-026, 
few patients (5/79) stayed at 10 mg, and not many stayed at 20 (5/79). 
Starting doses of at least 20 mg were used in studies 68-054, 90-019 (30 
mg), 89-039, and 89-029. Only in studies 89-026 (titration) and 90-006 
did all patients get 10 mg to start. As 1) the overall response rate at 
10 mg is low, 2) there seemed to be no adverse consequence of starting 
at 20-30, alone or added to a beta-blocker, and 3) extra titration steps 
ar~ costly and can discourage therapy, I suggest a recommended starting 
dose of 20 mg, with reductions in the elderly and patients with hepatic 
dysfunction. 

I believe the usual maintenance dose will not be 20-JO mg as proposed 
but 30-40. In the titration study almost all patients reached 30-40 mg. 
I was first inclined to change the expected maintenance to 30-40 mg, but 
the mean effect (especially added to a beta-blocker) of 20 mg was 
respectable. 

Labeling should clearly show D/R of ADE's. 



- 2 -

I note that in all studies the relationship of dose to meals was not 
specified. Is there really need for taklng nisoldipine on an empty 
stomach an hour form meals, as labeling now requires or could this be at 
least softened somewhat by reference to the trial results? Note also 
that the ~xtreme effect of food occurred in only cne of two studies. 

2. Worsened angina 

Dr. Stockbridge noted concern about worsened angina. Certainly, all 
dihydropyridines have been associated with this, presumably resulting 
from a combination of increased HR and decreased diastolic (coronary 
perfusion) pressure. Unless I am missing something, however, 
nisoldipine does not seem unus11al. Acute worsening was infrequent, 
about 1%. I have tabulated the cases of worsening in the controlled 
phases of the four a,1gina trials, including AMI, increased chest 
pressure or angina(A) unstable angina(UA) etc. (! called th~ event UA 
only if the specific term was used.) I get this: 

Study Pl NlO N20 N30 I N40 N60 

88-060 4008 (A) 1109 (A)* 10002 (D AMI) 21013(A) 

89-0~2 5232 (AMI) 

90-010 4 03 (A) 416(A) 307(A) 
773 (UA) 707 (A) 
1103(AMI) 

90-015 6004(A) 6013 (A) 2008(A) 28001 (A) 
16014(A) 9016 (UA) 

36006 (A) 

* • this patient also had increased AF, wLich could account for worse angina 

I would say there seems no clear evidence here of stimulated worsening by 
ni.soldipine. I note also that the people studied were fairly ill as judged 
the freque11t history of MI and vascular procedures (see following table) 
tnd the poor outcome in study 90-015 during the run-in phase (4 deaths) . 
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88-060 99 .. 042 90-010 90-015 

n-sinqle blind lead-in 390 378 408 483 

n-randomized 271 302 303 312 

prior MI ( % ) 44-53% 44-53 52-62 40 ··49 

prior CABG ( \) 20-36\ 14-17 16-20 24-29 

prior angioplasty (\~ 11-16\ 6-15 6~9 19-27 

hypertension ( % ) 37-48\ -- 22-32 42-54 

dii:.4betes ( % ) 11-19\ - - 12-20 15-19 

deaths in run in (2-3 week) 0 0 0 4/4831110.8% 

I read Dr. Dern's review after writing the above. He too (p.20-21), I 
believe, finds no excess (vs placebo) of discontinuations due to 
worsening angina or AMI on nisoldip1ne, although he does not necessarily 
interpret the results as I havP. If we take the combined U.S. and non­
U.S. angina trials we have: 

Niaoldipine Placebo 

n rate D rate 

U.S. 438 - - 145 - -

worse angina 10 2.3 2 1.4 

AMI 2 0.5 0 0 

NON-U.S. 447 - - 189 .• -
worse angina 3 0.7 1 0.5 

AMI 2 0.4 1 0.5 

COMBINED 885 .. -· 334 --
worse anqina 13 1.5 3 0.9 

AMI 4 0.5 l 0.3 -, Both 17 1.9 4 1.2 
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All in all 1 1 find it hard to see evidence of increased AMI rate in this 
(that would be worrisome) and the worsened angina rates also seem very 
close. In the U.S. trials, the source of the higher rate on 
nisoldipine, most of the excess is due to the 40 mg group, with lower 
rates at 20, 30, and 60 mg. I wrote the angina numbers into the 
labeling (Warning). Despite the small numbers and small differences, 
Dr. Dern's observation that many of the worsened angina events occur 
early in the U.S. trials, is worth noting. 

It is only in the open label studies that the frequency of worsened 
angina or AMI/death climbs (to 17%) and it is hard to know the correct 
comparison for this. There were 2 open-label deaths, surely not too 
surprising in light of 4 placebo run-in deaths in study 90015. There 
were 10 open-label AMI's among 305 patients in long-term trials, or 3%. 
Dr. Stockbridge notes 10 AMis among 479 nicardipine patients, obviously 
in the same range as nisoldipine, and 13 AMI ~ in diltiazem long­
term trials of 737 people, a 1.8% rate that does not include non-fatal 
AMis. All of these numbers would require substantial refinement 
(patient characteristics, duration) to be used rigorously, but even the 
crude comparisons make it seem fairly clear that the nisoldipine long­
term results are similar to those of nicardipine (another 
dihydropyridine) and diltiazem with respect to coronary event rate. I 
am not sure we have useful data for these drugs with respect to the 
worsened angina/unstable angina question. 

I should note that the exacerbated angina/progression question is not 
related only to If we really do have evidence that 
nisoldipine causes "hastened progression of underlying CAD" (MOR p.29), 
we probably should not be approving it for hypertension either (although 
Dr. Dern makes the case that the history in hypertensive patients in 
very benign}. I do not, however, see any evidence of such hastened 
progression. I have no doubt that CCB's, or at least dihydropyridine 
CCB's, can sometimes exacerbate angina, but that is more a matter of 
labeling, as it is a reversible phenomenon, known to us from other 
CCB's, and certainly did not seem prominent in the hypertension trials. 

3. The effects of food and grapefruit juice are different. Food 
increases the Cmax but decreases the AUC, i.e., it causes dose­
dumping but no apparent showing of systemic metabolism. Grapefruit 
juice increases both the Cmax and AUC, as would be expected of a 
substance that blocks metabolism of nisoldipine (as it blocks 
metabolism of nifedipine, nitrendipine, felodipine 3nd, probably, 
all dihydropyridine CCB's). 

~0 
Robert Tern~ 
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DRUG: Nlsoldtplne 

SPONSOR: Miles 

DATE SUBMITTED: 17 August, 1993 

DATE REVIEWED: 7 July. 1994 

REVIEWEP..: PhtU.p L. Dern M.D. ~CV~ 
RESUME: 

This ls a 120- day safety review and Includes both completed and uncompleted 
trtals. foreign and domestic. For uncompleted trials. data ts still blinded and 
treatment ls listed as "either drug 1 or drug 2" If these are the posstbilttJes for a 
particular pat.tent. 

I. Deaths 
A. Completed US studies 

One death Is recorded for this update and was also included In the NOA for an 
on-going trial. 

Study # 090- 029-06; pt 6004. 

This 44- yr- old female with a qualification, single- blind BP of 190/ l l l and a 
randomization BP of 141/97 died suddenly at home on day 24 of the study. She 
was on NIS 40 mg qd and HCTZ 25 mg qd. Serum potassiu1n at baseline and last 
visit were, respectively, 3.9 and 3.6 mEq/l. Autopsy revealed moderate coronary 
atherosclerosis without thrombi. 

B. Completed Non- US studies 

Study 752. No deaths. 

C. On-going Studies (all non- US) 

Study 764; Pt 128. 
This 83-yr- old female was being treated with either NIS or Ustnoprtl (LIS). She 
died a" home of acute pulmonary edema and has an associated abdominal 
Infarction. 



Study 769: pt 16002. 

Thl& o3 yr .. old 111ale was being treated with either NIS or atenelol (ATN). The 
patient hact a T!A on 9/91. Baseline BP was 162/105 after three weeks of 
placebo. He was admitted to hospital on 5/ 18/92 after 53 days of treatment. He 
died the following day of a CVA. Br at last cl1ntc visit was 177 /83. 

Study 769: pt 17013, 

This patient. a male aged 73, was being treated with either NIS or ATN. After 5 
days of therapy the pauent developed diarrhea, nausea, and vomiting. and, three 
days later, a fatal MI. 

Study 769: pt 54002. 

The patient. a male aged 66. was on either NIS or ATN. Baseline BP was 155/93. 
After 25 days of treatment he developed a CVA and died. BP at last clinic visit was 
145/83. 

II. Discontlnuatlons due to adverse experiences 

A. Completed US studies 
REASON WITHDRAWN DAY DRUG & DOSE 

Edema.erythema 24 NIS40 

headache 2 NIS20 

headache 1 NIS20 

tachycardia, vasodtl I NIS20 

Dizzy. n & v. headach 2 NIS20 

Gout 5 NIS20 

Faint at phlebotomy 10 NIS40 

edema 13 NIS40 --
edema 19 NIS40 

Abn Liver functlun • 35 NIS40, HCTZ25 

Cough 8 NIS40+ LIS20 

card. arrest 24 NIS40. HCTZ25 

sinus tachycardia 10 NIS40, HCTZ25 
.. ruso aonormru aunng pre- ~1~ pnase 
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n.b. There Is a notable number of cases withdrawn relatively early in the active 
dose phase especially for those signs and/ or symptoms likely to be due to the 
vasodilatory action of nlsoldipine. 

B. Ongoing trtals (all non- US): 

SELECTED SIGNS/SYMPTOMS N• 
·-

edema 23 
~-

migraine 3 

headache 28 l 

angina 1 

MI 2 
• onen s1gn1 symptom occurrea wim o mers 

The above table concentrates on typical findings on nisoldlplne therapy (edema. 
headache) but notes occurrence of migraine. Number of cases of angina and Ml 
is small. Total number of cases withdrawn due to syncope (1). postural 
hypotenston (I). hypotension ( 1), suggests that excessive BP fall was uncon1n1on. 
N= I case was Withdrawn for thrombocytopenla. 

A111ong 1370 cases in these foreign studies. 100 were Withdrawn due to adverse 
experiences. 

Conclusions: 

The withdrawals for adverse effects were often due to the pharmacologtc action 
of ntsoldtptne and consequent to vasodtlatton (headache, vasodtlatton). In this 
hypertensive population few cases of angina or l\·H occurred. However, the data 
base for this report Is not cumulative and tltt nwnber of cases in the completed 
US trtal Is too small to provtde a good e· .u- iate of the rtsk of angina/MI. The 
database for the foreign studies Is larger f. · r even though treatment assignment 
ls in doubt. the small number of angtna/MJ ":ases Is notable (See this Reviewer's 
revtew of the hypertension safety segment of the NOA for comments on the 
association of symptoms/signs of vasodilatlon and angina/MI). 

cc: HFD/110 
HFD/ 110 orig / 
HFD/110 CSO v 
HFD/110 pld 
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1. us trials ; 
There is only 1 ongoing US trial, #X90-015, an open-label, long·tenn follow-on to Scudy #90-015 (q.v.). There 
are no new safety data for this trial. However, two subjects who completed &his lrial and continued to receive 
nisoldipinc coat-core under an individual investigator's IND experienced serious advcne experiences 

Subj1c1 wa.r a 69 y.ar old Caucasian /1mal1 wlto had ''"'rally r1c1iwd 20 mg q.d. Tltt do11 
was r1duc1d lnca1U1 of diain1.rs and li1nt-htad4dn1u. Ht 1xperi1nc1d clt111 pain ordi.rcorrVortfor 
two Wttlc.s prior to admission al 734 days/or un.rtabl1 angina. E111.ym.1 did not 'ru:lica11 myocardial 
infarction and 3M wa.r disclulrged after J days. She was readmitttd with .similar hinory at 770 days, 
at which time hiatal hemia was diagnosed. 

Subjec. ·was a 68 year old Caucasian who suf/,,td myocardial infarction while receiving 30 mg 
q.d. Thrtt months later ht was readmilltdfor 1tvtrt angina whllit on 40 mg. 

2. Non-US trials 

2.1. Study #697 
This is I randomized, double-blind, parallel aroup study being conducted in Germany and Italy. The aroups are 
ni1uldipine 40 mg q.d. (n= 138) and diltiazcm 60 mg l.i.d. (n• 136). 

Subjtcl # J J ·009 i was a 72 year old/matilt who discontinued aft tr 8 months btcaust of alltr8ic 
exanthema. 

Subjtct 1141-005, was a 55 year old/emaJe who discontinued after 3 mon1lu because :if rtsting 
tachycardia. 

2.2. Study #701 
This is a raodomizcc', double-blind, paraJlel group study bein& conducted in Germany. The groups ate niwldipine 
coal·core 20 ma q.d. (n=70) and nisoldipine inunediate release JO mg b.i.d. (n•72). 

Subjtct 0101 . I wa,f a 58 ~or old female with a 2-year history of angina. She discontinued at 
5 days with ievert burning .rtnsation of tlw slcin, htadaclN, and vasodilation. all of which began 
with tM jirit dost. 

S1ib}tct #OJ J 5 I was a 68 ~ar oldfemalt with a 6-month history of angina. Shi discontinlud at 
4 montl&J with nau.sea, inn tr "tr.mbling ", and pressure and h4at .ren.sation ln haN.l.r and fttt. 

2.3. Study #718 
This is an ongoing randomized, double-blind parallel group triaJ wuh niwklipine 20 and 40 ma q.d., and 
diltiuem 60 and 120 ms b.i.d. and t.i.d 

Subj1ct IJOJ wa.r a j J Y.'" old malt with a 6·ytal' history of an1ina. H~ wllladrtw a/I~,. 
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4 days btcauu of <'h111 prtuure tUUI palpitations. 

Subject 1306 wa.r a 54 year old malt with an 8-ytar history of ang;na. During month 7, ht 
complaintd o//lat~t·nce. After 8 months, ht w;tluirtw b1cau:11 of hypotens;on. malaise, and fatigue. 

Study mt 
This ii an ongoing rudomi~. double-blind, cnmparison of ai1oldipine 20 to 40 mg q.d with dileiazem 60 mg 
Li.d. or q.i.d. 

Subject 11107 was a 55 war old malt with " 7 naonth history of anglnrs and myocardial 
Uifarction 12 ~" previou.rly. Ht dUcontinMtd at 5 monlhl with atrial fibrillation whJch ,,,,,111d 
in prolong1d ltospltalization,· OMtcome unknown. 

Subject #1602 ( l4<'tU a 78 -y.ar old malt with 2 l'flDllth hillory of angina. He suj/end cramps from 
tht on.rtt of trtatmtnl and discontinued after 4 wed.s with the onset of fasciculations. 

Subject #370:J was a 63 year old malt with a I -year hi.story of angina. Ht discontinued a/tu 
3 weds btcau.re of vertigo. 

2.4. Study #781 
This is an ongoing randomized, double-blind trial in Germany comparing 20 and 40 mg q.d. oisoldipine with 
ISDN 20 and 40 mg b.i.d. 

Subject #21. was a 70 year oldftmalt with a J-month hi.story of angina. Sht discontinued aft tr 
3 wulcs btcau.s~ of severe htadachts and nausea. 

Subject #2 I 4 1 was a 62 year oldftmale with a I-year history of angina. Siu discontinued aft tr 
6 wetk.r b1cau.r1 of ltg td1ma. 

Subject #603 . was a 64 year oldftmalt with a J-y1ar history of angina. Sht discontinued after 
2 weeks btcuwt of severe lwadaches, diarrhea, restlt.ssne.s.s, and general malaise. 

Subject #906 . , was a 69 year old/tmalt with a 3-year hi.story of angina. Siu discontinued after 
2 months btcaiut of hair loss. 

Subject II 1004 was a 68 ~ar old mal~ with a 3-year hil'lory of angina and myocardial 
infarction I year previously. Ht wa.r discontinued after I wttlc b1caust of non-compliance. 

Subject# JO I 6 was a 58 ~ar old malt with a I-year history of angina and possibly 2 previous 
myocardial infarctions. Ht was discontinued after 2 months because of non.:compliance. 

2.5. Study #761 
This is an ongoing open-label trial in Israel with nisoldipirte 10 to 60 mg q.d. 

Subject 11122 was a 59 ytar old Caucasian malt who discontinued after 6 months btcaw.'ft of 
unstable angina. 

Subject 11404 , was a 54 year old Caucasian malt who suffered a myocardial irifarction at 
6nwn0Lf. 

Subject #414 1 wa,)' a 7 3 )'tar old Caucasian malt wlto discontinued afttr 4 months because of 
unstable all)lina. 

Subjut 11617, . was a 95 year old (?)Caucasian malt who suffered a myocardial irifarction after 
7 months. 

Subject II 100· was a 72 ytar old Caucasian malt who di.rcontinwd for constipation afttr 
6mon1hJ. 

Subject I J 017 1 was a 66 year old Caucasian malt who discontinued aft tr 4 months because of 
inttnnittenr claudication and fissure following prostattctamy. 

16. Study #762 
This is an ongoing randomized. double-blind trial in Italy comparing 20 mg q.d. n.isoldipioe coat-core with 10 mg 
b.i.d. nisoldipinc immediate release. 

Subject #402 1 was a 2 I year old Caucasian malt with a 2-month history of angina who had a 
m)'O,·ardial infarction at J month. 

Subject II! 504 was a 61 ,.ar old Cauca.rian ma1e with an I I -year history of an1ina. Ht 
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di.rcontinutd after 4 weds btcaust of 11n.rtablt Olllina. 

S"'1jtct l605 t · wa.r a 69 y.ar old Cauco.rian malt with an B·monlh history of an1ina. Ht 
discontinHd afttr ~ wee/cs btcaue of 11n.r1ablt angina. 

Subject l60i ·was a 64 year old Ca11auian male with a 2-year history of angina. Ht 
di.scontin11ed afttr 2 weelc.s beca11.1e of ra.sh and ltypottMion. 

Subject 116/ j was a 58 year old CaHca.ritut male with a 2-year history of angina. Ht 
:bscontinutd after 2 weeks with rhinitis, ednr&o oftlv legs, rrytMma, and prurit.u wlUch began on 
tlv second or third day of treatnwnt. SymptolllS nsolwrd 2 days after withdrawal. 

Subject 18/(, . wa.r a 60 year old Ca11ca.rian malt with a l -year history of angina. Ht dropped 
out after J wtt'lc.r because of un.rtablt angina. 

2.7. Study #10011 (X90-010) 
This is an ongoing open-label study in Israel with doses 10 to 60 mg q.d. 

Subject# /OJ wa.f a 56 year nld Caucasian malt wt. 1 developed thyrouutis and tonsillitis after 
4 months. 

Subject# /OJ 1 was a 63 year old Ca11ca.rian male who disc ... '1linued after J month because of 
unstable angina. 

Subject #207 1 vas a 64 year old Caucasian male who was hospii,,.. lized after 5 weeks because 
of unstable angina. 

Subject #421 wns a 69 year old CaucMian malt who discontinued after 3 nwnths because of 
pedal edema. 

Subject 11805 1 was a 63 year old Caucasian malt who experienced severe pmlonged angina 
and tachycardia 9 days after beginning treatment. Ht was off study drug for a short puiod and laler 
complettd J 1 months. 

Subject #9 J l was a 70 year old Caucasian ft malt with a history of ophthalmological disttut. 
She had intraocular hypenensionfor 9 nwnths during study. 

Subject #9 J J was a 65 year old Caut·aswn male wa.s hospitalized for severe angina after 
2 weeks. lit subsequently completed 6 nwnths, with complaints of decreased libido. The rtasunfor 
discominuation is not t.tplicitly stated. 

Subject #9 I J , vas a 61 year old Caucasilln male with a 3-year history of angina. Ht 
complain1:d of flank. pain at wttk 2; the complaint resolved. 

Subject #9 J j was a 52 year old Caucasian malt who discontinued after 3 months because of 
facial flushinR. 

Subject# I 004 t was a 71 year old Caucasian malt who was hospitalil.td for un.ttable cngino 
at 7 months. flt. completed J 1 months of trtalmtnl. 

Subject# JO J 81 was a 60 year old Caucasian male. Ht was twice hospitalized for chest pain, tht 
.recond was after about I 2 months of treatment. 

Subject# J JOI , .vas ti 5i year old Caucasian malt wlu> developed sevut chest pain and 
underwent CABG 4 days after completing 12 months trtat~nt. 

3. Summary 
Headache, vasodiJation, and peripheral edema remained the conunon treatment-related adverse ev~ots. 
Several of the cases described appear to represent acute worsening of angina during U'eatmeot. Subject# 1107 in 
Study #I 0011 may "-present a rebound phenomenon. 
The informatwn provided in this 12(Htay safety update do not materially affect conclusions Olide with the 
Medical Officer's review (2 August 1993) of safety and efficacy pertaining to the angina indication. 

Medical Officer's Rtview -J- 26 Octob•r /99J 
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Background. NIS CC is an extended release tablet dosage form of the 
dihydropyridine calcium channel blocker Nisoldipine The sponsor has 
submitted a NOA for approval of Nisoldipine for the treatments of 
hypertension · This review will be concerned only with the 
efficacy in the treatment of hypertension. 

As pivotal protocols in support of the effectiveness of Nisoldipine in the 
control of hypertension the sponsor is submitting the following studies : 
090-006, 090-019, 089-026, 089-029, and 089-039. 

Protocol 089-0.26 

Tjt!e of Study : .. A Pilot Dose-Titrati ·n Study of the Safety and Efficacy 
of Nisoldipine Coat-Core 1 o mg, 20 m0 • 30 mg and 40 mg versus Placebo in 
Patients with Mild to Moderate Hypertension ... 

lnyestjgators : Ginsberg D, Flamenbaum W, Canzanello V, Townsend A, 
Winer N,Schnaper H. 

., 



Places of Study. Harleysville, Englewood Cliffs, Winston-Salem, 
Galveston, Kansas City, Birmingham/USA 

Objectives.. The objectives of this study were 

1. To determine whether Nlsoldlplne given once daily lowers the blood 
pressure significantly more than placebo. 

2. To de(ermine the efficacy and safety of Nisoldipine 1en titrated from 
10 mg to 40 mg qd . 

.ln.•·iliision Crl!erla. Ambulatory patients, male and female, 21 years of age 
,. ~ older. with a history of essential hypertension were eligible for the 
study. Hypertension was defined as mean supine diastolic blood pressure 
of 95·115 mmHg. 

Exclusion Crjteri.a. Patients with tr.~ ioi:owing conditions were excluded 
from the study : 

1. Labile hypertension. 
2. Recent myocardial infarction 
3. Patients with cerebrovascutar accident \>r !'~gns suggesting impending 
Ml or CVA, heart failure, angina peGtoris, intermittent claudication, major 
arrhythmia or cardiac conduction disturbances. 
4. Insulin-dependent diabetes mellitus. failure of a major organ system, 
impaired renal function (serum creatinine >2 mg/di), severe infectlo.i, 
malignancy or psychosis. 
5. Patients likely to have impaired drug absorption such as with chronic 
diarrhea, ulcerative colitis, regional enteritis, diverticulitis, partial or 
complete gastrectomy or small bowel resection. 
6. Women of childbearing potential, alcohol or drug abusers, history of 
allergy to dlhydropyridines. 
7. Excluded concomitant medications were : anti hypertensive drugs, 
cimetidine, monoamino oxidase inhibitors, sedatives, tranquilizers, 
tricyclic antidepressants, neuroleptic drugs, anorectics and 
decongestants. 

2 



Qualificatjon for Bandomizatioa. Patients with mild or moderate 
hypertension discontinued previous antit)ypertensive treatment and were 
given a single·blind placebo once dally (regimen A) during a three to four­
week qualifying run-in period. There was an optional extension of one 
week if the blood pressure was not In the qualifying range. Those patients 
with mean supine diastolic pressure :? 95 mmHg to s 114 mmHg after three 
to four weeks of placebo were randomized and were given regimen B 
(Nlsoldipine or placebo). 

Qrug-Regjmen Protocgl. At week 0 qualified subjects were given either 
Nisoldipine 10 mg qd or placebo qd (regimen B) for 2 weeks. On subsequent 
visits 5 through 7 ( scheduled every two weekc ) the once daily dose of 
Nisoldipine was titrated in a stepwise fashion to 20 mg (regimen C), 30 
mg (regimen D), or 40 mg (2X20 mg) (regimen E) if mean trough supine 
diastolic pressure for that visit was ~ 85 mmHg. Patients randomized to 
placebo underwent corresponding dummy titration. Two patients were 
randomized to Nisoldipine for each patient that was randomized to 
placebo. 

PatlentR took two tablets before 11 am through the study but did not take 
the medication on the morning of clinical visits until trough blood 
pressure has been measured. Patients took the medication fasting or with 
food. 

Patients were seen either weekly or biweekly In the morning throughout 
the study. At each visit supine and standing blood pressures were 
measured 24 hours ± 30 minutes after the last dose. 

The duration of the double·bllnd phase was 9 weeks. 

~xgulsjog. A subject was to be dropped from the study if the mean supine 
diastolic blood pressure was greater than 1-14 mmMg at any visit or if 
they had significant physical or laboratory abnormalities or a significant 
concurrent Illness. 

They also were to be withdrawn for blatant non-compliance, for missing 
visits c,r significant adverse experiences. 
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Assessment. Patients were seon in the morning at waek!y· or biweekly 
intervals. A history was taken at thQ first visit. Complete physical 
examination and 12-lec:d electrocardiogram were done at the first visit, 
at baseline (after 3 to 4 weeks on placebo) and at the last visit (after 9 
weeks of double blind drJg). Brief physical examinations were done at all 
other visits. A chest X-ray was ·done at the first visit unless a report was 
available within the previous 6 months. 

Blood was drawn for the following laboratory tests at the first visit, 
after 3 to 4 weeks of single-blind placebo, and after 9 weeks of double­
blind drug : CBC, differential, and platelet count, serum glucos.g, uric acid, 
calcium, phosphate, sodium, potass!um, chloride, bicarbonate, creatinine, 
BUN, total protein, albumin, cholesterol, triglycerides, CPK, SGOT, LOH, 
alkaline phosphatase and total bilirubin, Complete urinalysis Including 
microscopic and casts. 

The primary endpoint of the study was a change in trough diastolic blood 
pressure (measured 24 hours after dosing) from baseline (mean of 
diastolic blood p1·essure after 3 or 4 weeks of single-blind placebo) to 
endpoint (the last valid visit on double-blind drug for each valid patient) 
in the Nisoldipine group compared to the placeb~ group. 

Secondary endpoints were supine systolic blood pressure at trough and 
standing blood pressure at trough. 

Statlstjcal Analysjs. The primary efficacy analysis was based on change 
from baseline in trough supine diastolic blood pressure at endpoint. No 
analysis based on level of titration achieved was done. Responders were 
considered those who achieved efficacy results according to the following 
criteria : blood pressure 90 mm Hg or less, at least a 10 mm Hg fall ln blood 
pr£ssure from baseline, either of the above and both of the above. 

All tests were two-sided and based on the least square means estimated 
by the model. 

Data from previous hypertension studies had suggested that the standard 
deviation of change from baseline In trough supine diastolic blood 
pressure at endpoint would be 7 .5 mmHg. In order to detect a 5 mmHg 
difference from placebo in an alpha = 0.05, two tailed tests of 
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significance, and in order to obtain as much data as possible on the 
Nisoldipine 40 mg qd, it was decided to randomized 72 patients to 
Nisoldiplne and 36 to placebo. Based on this information, the study, as 
designed, had 80 % power to detect a significant difference of at least 5 
mm Hg. 

Subject.a Studied. Of 166 patients enrolled, 43 were disqualified for 
randomization. The reasons for which patients did not qualify for 
randomizatio'l id given in the following table 

Mean Diastolic blood pressure 
at visit 4 did not qualify for 
randomization (95 mmHg to 114 mmHg) 
Supine diastolic blood pressure > 114 mmHg­
At any time 
Non compliance 
Illness not due to medication 
Other 

Total 

26 

4 
1 
3 
9 

43 

The demography and baseline characteristics of the patients valid for 
analysis of efficacy Is given in the following table : 

Sex 

Race 

Age (years) 
Years of hypertension 
Baseilne blood pressure 

Male 
Female 
Caucasian 
Black 
Other 
Mean 

Mean 
Supine 
Standing 

5 

Nisoldlpine Placebo 
(n=79) (n=38) 

46 (58 °/o) 22 (58 %) 
33 16 
53 (67 °/o) 21 (55 %) 
25 16 
1 1 
53 57 
10 14 
153/100 160/101 
149/100 156/102 



The reasons for discontinuation of double-blind therapy are given in the following 
table : 

Reason 

Lack of Efficay 
Adverse Event 
Abnormal Laborator)' Value 
Lost to Follow-up 
Other 

Nisoldipine 
n=83 

0 
6 
0 
3 
2 

Placebo 
n=40 

5 
0 
1 
0 
9 

The protocol that was followed is represented schematically in the following graph 

Nis~ldipine 

Placebo 

Placebo 

Week 1 2 3. 4 5 6 7 8 9 

I Treatment Period 

!The randomization of patients is given in the following two pages 
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Placebo 166 
Control .-----------t Patients 
Period Enrolled 

.,.__ ___ _. 

123 
Patients 

117 
Patients 

Dropout& 
43 

Not valid for 
Analysis 

6 

I ~andomization I -------~: 
Nisoldipine Pl bo 

[~eek 41 

reek 61 

'Week 81 

'Week 91 

I Endpoint I 

79 Patients 38 i:;:tients 

-----~ 
10 mg 

5 

10 mg 
2 

10 mg 
2 
r 

10 mg 
2 

10 mg I 
s I 

20 mg 
71 

20 mg 
9 

20 mg 
5 

I 

20 mg 
4 

20 mg 
5 

7 

30 mg 
65 

I 

30 mg 
19 

I 

30 mg 
18 

I 
30 mg 

24 

40 mg 
44 

I 

40 mg 
44 

40 mg 
45 

See 
Next 
Page 



!Week 4: I B 
3 Patients 

B 
2 Patients 

IWeek 81 B 
1 Patient 

!Week 9 J B 
1 Patient 

Endpoint B 

l:. Patient~ 

Placebo 
38 Patients 

32 Patients 

c 
4 Patients 

c 
4 Patients 

c 
3 Patients 

c 
4 Patients 

31 Patients 

D E 
3 Patients 26 Patients 

0 E 
3 Patients 24 Patients 

D E 
6 Patients 26 Patients 



Efflca_Q!. Doses of Nisoldipine were titrated from regimen B ( 1 O mg OD) to 
regimen E (40 mg QD) in 10 mg steps. The following table shows the actual 
number of patients that ware given each dose level and had valid visits at 
each week for the population of oatlents valid for efficacy : 

2 4 
Group Reg. Dose N(%) N(o/o) 

NtS B 10 79 0(7) 
mg (100) 
CD - - c 20 71 
mg (93) 
CD 

0 30 
mg 
CD 

'E 40 
mg 
ct> 

PLA B 38 3 (9) 
(100) 

c 32 
(91) 

D 

~ ... e 

Week of Therapy 

6 8 
N(o/o) N(o/o) 

2 (3) 2 (3) 

9 s r··. 
( 12) 

65 19 
(86) (27) 

44 
(63) 

2 (5) 1 (3) 

4 4 
( 11) ( 12) 

31 3 (9) 
(84) 

26 
(77) 

9 

9 
N(o/o) 

2 (3) 

4 (8) 

. 18 
(27) 

44 
(65) 

1 (3) 

3 
(10) 

3 
(10) 

24 
(77) 

End· 
point 
N(o/o) 

5 (6) 

5 (6) 

24 
(30) 

45 
(57) 

2 (5) 

4 
( 11) 

6 
(16) 

26 
(88) 



The following table shows trough supine diastolic blood . pressure response 
at different weeks of treatment and at endpoint for both groups for the 
set of all valid patients. 

Trough Supine Diastolic Blood pressure 
Mean Change (mmHg) by visit 

Week Week Week Week Week End· 
2 4 6 8 9 point 

Nisoldipine 
(n) (79) (76) (76) (70) (68) (79) 

Mean 
Change -5.7* -6.5 -10.1* -10.e· ·10.0* -9.5* 

Placebo 
(n) 38 35 37 34 31 

Mean 
. 
.. 
" 

Change -3.0 -4.9 ·3.4 -4.4 ·3.4 -1.2 

* Significantly different from placebo 

In tha fcl~owing table. changes from baseline at endpoint by treatment 
regimen at endpoint for all valid patients Is demonstrated : 

Supine 

RegB 
(n=5) 

Systolic -8.3 
Diastolic -5. 9 

Standing 
Systolic -5.3 
Diastolic -7.2 

Ntsoldlplne 
RegC Rego 
(n•5) (n•24) 

·23.1 ·10.9 
-12.4 -9.4 

·13.5 -10.3 
·9.9 -6.6 

10 

RegE 
(n•45) 

-16. 7 
-9.8 

-15.3 
-8.8 



Supine 

RegB 
(n•2) 

Systolic -19. 7 
Diastolic + 1.7 

Standing 
Systolic - C. 7 
Diastolic -0. 7 

t··lacebo 
RegC · RegD 
(n=4) (n•6) 

-8.0 +20.4 
-10.0 +6.9 

-1.3 +13.9 
-7.5 +5.0 

RegE 
(n•26) 

-2.2 
-1.4 

-0.1 
-1.6 

The responder rates are given in the following table : 

Responder Rates 
Based on Trough Supine Diastolic Blood Pressure at Endpoint 

BP<90 mmHg at endpoint 
At least a 1 O mmHg fall at Endpoint 
Either of the Above 
Both of the Above 

Nlsoldlplne 

49% 
54 % 
62 o/o 
42 °/o 

Placebo 

18 % 
13 o/o 
21 % 
11 % 

The change from bas 11ine In trou~h blood pressure by treatment for alt· . 
patients valid for analysis of efficacy la given In the fallowing table : 

Supine Dlaatollc 

Visit 5 Visit 6 Visit 7 Visit 8 Visit 9 End· 
point 

Drug Group Rag.B Reg. B or C Reg. BC or D Reg.BCD or E Reg BCDorE 

Nlsoldlplne n 79 78 76 70 68 79 
Baseline 
Mean LS 100.38 100.36 100.38 100.14 100.38 100.38 
LS Mean 
Change -o.ss•p -6.52* ·10.0S*p ·10.58*p .9,99•p -9.51 *p 
SE of Change 0.68 0.75 0.88 0.84 0.80 0.89 

1 1 



Visit 5 

Drug Group Reg B 
Placebo n 38 
Baseline 
LSMean 101.45 
LS Mean 
Change - 3 . O 4 • 
SE of Change 0.99 

p Values 

Visit 6 

Reg Bore 
35 

101.31 

-4.89* 
1.10 

Or1Jg 0.0323 0.2234 
Drug-Center 0, 1582 0.2604 

Visit 7 

Reg BC orO 
37 

101.20 

-3.39* 
1.26 

0.0001 
1.381 

Visit a Visit 9 End· 
point 

Reg BCD or E Reg BCDorE 
34 

100.52 

-4.42* 
1.21 

0.0001 
0.0539 

31 38 

100.79 101.45 

.3,35• -1.16 
1.20 1.29 

0.0001 0.0001 
0.0472 0.0332 

P Significantly different from placebo 
• Significant Change from baseline 

Values for supine systolic blood pressure are given In the followl~~W..; 

Supine Systolic 

Visit 5 

Drug Group Reg B 
Nlaotdlplne n 79 
Baseline LS 
Mean 153.11P 
LS Mean 
Change ·8.67* 
SE of Change 1.33 

Placebo n 38 
Baseline 
LS Mean 159.59 
LS Mean 
Change -4.96* 
SE of Change 1.92 

Visit 6 

Reg Bore 
76 

153.39 

II--

Visit 7 Visit 8 Visit 9 End· 
point 

Reg BC or 0 7R0~ ~~ or E ~~~ GJ ~£:· 
7 6 "~· . . ' 8 ~ -~"#«/)./, .• ~· ' . ' . 

153.41 153,35 153.42 153,11p 

-10.123*p ·15.04*p ·14.10*p ·15.62*p·14.73*p 
1 . 61 1 . 61 1 . 61 1 . 84 1 . 89 

35 

158.99 

-2.39 
2.38 

37 

158.23 

.. 1.90 
2.33 

12 

34 

157.78 

.. 4,91 • 
2.31 

31 33 

159. 71 159.S9 

.5,51• -0.00 
2.43 2.72 



P·Values Visit 5 Visit 6 Visit 7 Visit 8 Visit 9 Ena-
point 

Drug 0.1140 0.0074 0.000'1 0.0015 0.0008 0.0001 
Drug Center 0.6059 0.0481 0.0416 0.1372 0.1224 0.0726 

p Significantly different from placebo 
• Significant change from baseline 

Standing Di .. 1tollc 

Visit 5 Visit 6 Visit .., Visit 8 Visit 9 End-r 

point 
Drug Group Reg.B Reg.Bore Reg. BC or 0 Reg BOC or E Reg BCD or e 
Nisoidiplne n 79 76 76 70 68 79 
Baseline 
LSMean 100.40 100.31 100,31 100.21 100.27 100.40 
LS Mean 
Change -5.03*p ·6.24*p ·8.62*p .. 10.19•p -8.29#p -7.86"p 
SE of Change o. 75 0.75 0.85 0.83 0.98 1.00 

Placebo n 38 35 37 34 31 38 
Baseline 
SL Mean 102.15 101.85 101.85 101.22 100.89 102.15 
LS Mean 
Change -2.05 -1.99 .-1.87 .. 4,27• .. 3,95• ·1.18 
SE of Change 1.08 1.11 1.22 1.20 1.45 1.44 

P Values 
Drug 0.0253 0.0021 0.0001 0.0001 0.0095 0.0002 
Drug-Center 0.2060 0.0052 0.6448 0.5733 0.4304 0.3160 

p Significantly different from placebo 
* Significant change from baseline 

.. 

13 



Standing Systolic 

Visit 5 Visit 6 Visit 7 Vis ii 8 Visit 9 End-
point 

Drug Group Reg B Reg B or.C Reg BC or 0 Visit BCD or E Visit BCD ore 
Nlsoldlplne n 79 78 76 70 68 79 
Baseline 
LS Mean 149.22p 149.54 149.56 149.41 149.57 149.22p 
LS Mean 
Change ·8.37* -10.78*p -14.18*p -14.84*p ·13.76*p ·13.*p 
SE of Change 1.34 1.49 1.78 1.73 1.66 1.77 

Pla~ebo n 38 35 37 34 31 38 
Baseline 
L~ Mean 156.22 155. 79 155.30 154.22 155.48 156.22 
LS Mean 
Change 1.94 2.20 2.55 2.49 2.48 2.57 

;. ... .,. 

P values 
Drug 0.0832 0.0005 0.0001 0.0002 0.0002 0.0001 
Drug-Center 0.1162 0.0979 0.1092 0.2475 0.0099 0.0330 

P Significantly different t rom placebo * Significant change from baseline 

The effect of Nlsoldlpine on trough supine and standing syst'-'!iC and.~ 
diastolic blood pressure at study endpoint In all Niaoldlpine treated 
patients is shown in the f ollowlng table : 

Change from Baseline to Endpoint in Trough Blood Pressures 
Mean and SEM in mmHg 

Placebo 
n=38 

Supine Diastolic Blood Pressure -1 .16±1.29 
Supine Systolic Blood Pressure · . 000±2. 72 
Standing Diastolic Blood Pressure -1.18±1.44 
Standing Systolic Blood Pressure +".89±2.57 
* Significantly different from placebo. p<v.05 

14 

Ftnoldlplne 
n-79 

-0.51±0.89* 
-14. 73±1.89* 
-7.86±1.00* 
-13.00±1. 77* 



The change from baselina to endpoint in the primary efficacy blood pressure parameter 
supine diastolic blood pressure, as well as the 3 secondary blood pressure parameters 
is shown for placebo and all Nisoldipine doses in the figure below : 

0 

NIS 
- 5 10-

40 
M 
E -1 0 
A 
N 
c · 15 
H 
A 
N -20 
~ 
E 

-25 
m 
m 
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g 
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Trough Blood Pressure variables 
Mean ChanQe from Baseline 

P! Pl 

NIS 
10-

NIS 40 
1 0- mg 
40 
mg 

NIS 
10-
40 
mg 

Sup Sys St Dia St Sys 

1 5 
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Conclusion. This was a titration study in which doses of Nlsoidipine 10 
mg, 20 mg, 30 mg, 40 mg and placebo were evaluated. In the course of the 
study most 'patient were moved to the higher doses in order to decrease 
the blood pressure and very few patients remained in the lower doses 
(see flow sheets pages 7, 8, and 9). Therefore a dose-range study could not 
be carried and only a global evaluation was possible. Such assessment 
demonstrated that Nisoldiplne was very effective in lowering the blood 
pressure (pages 10-15). 

Protocol 089-029 

Titl§ of Study : " Double-Blind Randomized Study of the Safety and 
Efficacy of Once Daily Doses of Nlsoldipine 20, 40 and 60 mg (2X30 mg) 
Core-Coat Tablets vs Placebo in Combination with Atenolol 50 mg in 
Hypertensive Patients 11

• 

Priocjpal lnyest~atgrs : 

H.A. Punzi, MO B. Garrett.MD 

.. 

. ·• 
Trinity Hypertensive and 
Diagnostic Research Center 
Carrolton, TX 

The Medical Research Center, Inc. 
Washington.DC 

J.D. Wallin, MD 
Tulane University School 
of Medicine. Department of 
Nephrology 
New Or1eans, LA 

G.P. Lewis, MD 
Clinical Pharmacology Center 
New Bsdford, MA 

J. Kann, MD 
Park Plaza Building 
Pittsburgh, PA 
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B. Levy,MO 
National Medical Research 
Corporation 
Hartford Center for 
Research 
Hartford, CT 

B. Hamilton, MD 
OVA Medical Center 
Baltimore, MD 

K. Wiiiiama, MD 
Baltimore, MD 

... . ' ..... -........... ,. 
Clinical 

... ; ........ 



J.F. Burris, MD 
Cardiovascular Center of 
Northam Virginia 
Alexandria, VA 22302 

J. Nappi, Phann. D. 
University of Houston 
College of Pharmacy 

p. Tobin, MD 
Accord Medical Center 
Denver, CO 

J. Galla, MD 
University of Cincinnati 
Medical Center 
Hypertension Program 
Cincinnati, Ohio 

T.S. Hannan, MD 
Hypertension Research Program 
Buffalo, N.Y. 

P .M. Kaihlanen, MD 
San Antonio, TX 

A. Shapiro, MD 
Shadyside Hospital 
Medical Ambulatory Unit 
Pittsbw·gh, PA 

J. Tarro, MD 
Oakridge Medical Clinic 
Lake Oswego, OR 

Objectives : The objectives of this study were to determine the dose,, 
response and safety of 20 mg, 40 mg, and 60 mg Nlsoldiplne tablets aa. 
compared to placebo when administered once dally as addl e treatment 
for hypertensive patients not controlled on once dall!l~ · ~ ;. ' .... 

.... 44·· ;i;J ... \...... ...... . . 
' ,, l"' ~ • 

Inclusion . Criteria. Ambulatory patients, male or female, of age 21 or 
older, with a history of essential hypertension were eligible for 
enrollment in the placebo run-in period. 

Exc;lusion Criteria. Criteria foe exclusion were : IPblle hypertension,. renal 
failure (plasma creatinine > 2.0 mg/di), significant .Iver disease, Insulin .. 
dependent diabetes mellitus, history or presence of bronchial asthma, 
obstructive pulmonary disease, significant peripheral vascular disease, 
recent (3 months) myocardial infraction, cerebrovascular accident, or 
clinical signs suggesting impending myocardial infarction or 
cerebrovascular disease. Also excluded were patients with heart failure, 
major arrhythmias, conduction disturbances greater than first degree 
block, sinus bradycardia, failure of a major organ system, malignancy, 
psychosis, impaired absorption (such as chronic diarrhea), pregnancy, 
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women with childbearing potential, abuse of alcohol or drugs, allergy to 
dihydroperidlnes or beta blockers and participation in an investigational 
drug study wlthln the past 30 days. · 

Qualifications for Bsandomizatjon. Patients discontinued all previous 
antihypertensive medication and were given a single-blind placebo once 
daily in a 2-week qualifying period (Regimen A). Patients with a mean 
SUDBP 100-119 mmHg at the end of the placebo run-In period were given 1 
capsule containing 50 mg Atenolol and 2 placebo tablets under single­
blind conditions for 4 weeks (Regimen 8). Patients with mean SUDBP 95-
114 mmHg after 4 weeks of single-blind Atenolol were randomly assigned 
to 1 to 4 treatment groups and given double-blind drug. 

Drug .. Aegimen Protocol (Regimen C). Patients who qualified for 
randomization received Atenolol 50 mg + Nisoldipine (20 mg, 40 mg, or 60 
mg ) or Atenolol so mg + placebo for 6 weeks. 

Drugs for the double .. blind period (Regimen C) contained encapsulated 
Atenolol 50 mg with one of the following : 

One Nlsotdlpine 20 mg tablet and 
one placebo tablet once daily for 6 weeks 

One Nlsoldlpine 20 mg tablet and 
One placebo tablet once daily for 1 week 

Forced titrated to 
One Nlsoldlpine 40 mg tablet and 
One placebo tablet once daily for 5 weeks 

One Nlaoldiplne 20 mg tablet and 
One placebo tablet once daUy for 1 week 

Forced titrated to . 
One Nlsoldipine 40 mg tablet and 
One placebo tablet once dally for 1 week 

Forced titrated to 

-~ .... , 

Two Nlsoldlplne 30 mg tablets once daily for 4 weeks 

Two placebo tablets once daily for 6 weeks 

18 
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The study design is illustrated in the foHowing graph 

Atenolol SO mg + t~lacebo QD 

II I I I I ii 
Atenolol 50 mg +Nisoldipine 20 mg QD 

20 
mg 

I I I I I II 

Placebo Atenolol 50 mg 
run .. in I 

., 
~ 

Atenolol 50 mo + Nlsoldlplne 40 mg QO:~ 
II I l! l 20 40 

mg mg 
I I J • I :I I I I I 

Atenolol 50 mg + Nlsoldiplne 60 mg CD 
20 40 60 
mg mg mg .. 

. . ,, 
I I I I ' 

Visits 
1 2 3 4 4.5 5 6 7 8 8.5 9 

II I ti I II I-··+- I ~ H n 
1 1 2 2 1 1 2 2 

Week 

- i 

J • 
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Removal of gati1nts from Study aLAnalysjs .. Patients could leave the 
study at any time if they so wished. Patients could be discontinue~ if they 
had significant physical or laboratory abnormalitiae, or if they had 
significant concurrent Illness or deterioration of their condition. µatients 
could also be withdrawn if they were blatantly non-compliant. PaUents 
with significant adverse events and those patients with elevations in 
SUDBP > 114 mmHg were also discontinued from the study. 

Statjstjcal Methods. All statistical tests were two-tailed and were 
conducted at a significant level of 0.05. Pair.vise comparisons and within­
group changes were tested via the least square means estimated by the 
model. 

Basu11s .. l2wrulc!~bic Cbacac1acis1ic5. The demographic characteristics 
are given in the following table : 

Atenolol+ Atenolol+ Atenolol+ Atenolol+ 
Nls 20 mg Nis 40 mG Nia 80 mg Placebo 
n-61 n-59 n-59 n-59 

Mean Age (years) 52 54 58 5,, 
Mean wt (lb9) 201 198 198 1PS 
Baseline BP (mmHg) 
Supine 159/101 159/101 162/101 158/110 
Standir¥g 154/102 157/103 158/103 15~;}101 
0/o Ma~e 79 73 70 84 
0/o Caucasian 61 53 58 53 
'"Yo Diabetic 8 9 14 12 
o/o Mild Hypertsnsive 80 58 51 59 
0/o Moderate 
Hypertensives 40 44 49 41 

The sponsor states that there were no statistically. significant 
differences between the groups for any of the charaoteristice examined. 

fil\sessment. Patlants were seen in the morning at weekly and biwf~9kly 
ir.tarvals. A history complete physical examination and 12-,ead 
':tlectrocardiogram were taken in the firs visit, at baseline (after 4 weeks 
of Atenolol) and at the last visit on double~blind drug. Electrocardlogr.:ams 
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were includeJ in viaita 7 and 8. Twenty-four hour ambulatory electrocar­
cardiograma were taken at some centers. on weeks 4.5 after :J weeks of 
single Atenolol and at 8.5 weka of double-blind therapy. Chest X-ray were 
taken after 2 weeks on placebo. 

Laboratory tests performed in the course of the study included blood 
hematology, serum electrolytes, battery of liver function tests, and 
urinalysis. 

At the end of the single blind Atenolol phase and at the end of the double­
bl ind phase blood was taken at trough for Nisoldlpine assay. 

At each visit vital signs were taken. 

Crjterja fgr Effectjyeness. The change from baseline in SUDBP was the 
primary efficacy variabk in this study. The primary time point was the 

~ 

endpoint which was defined as the last double-blind visit for all valid · 
patients. A valid patient was one who had at least 3 weeks of doubl•~lfd . 
drug. This criterion was later amended before braking the random code. to 
19 days. The overall treatment efficacy was determined by the change 
from baseline in trough SUDBP at endpoint between the averaae of the 
three Atenolol-Nisoldlpine groups and the Atenolol-Placebo group. 
Secondary efficacy parameters were supine systolic blood pressure 
change at trough, standing blood pressure changes at trough ..... and . 
ambulatory blood pressure trough/peak ratios. "·· "'"'··~· .. _ ... ····~ 

,:...,...,,. '....... . ·-........ ~. . ~ ... ·- . .....,.._..........,_ 

An average decrease in diastolic blood presaure of at leaat 5 mmHg more 
than placebo was considered to be clinically meaningful. Th• actual power 
tor the study was >95 %. 

The disposition of the patients la given In the following flow-sheet : 
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Placebo 418 
Run-In 1-----------~Patlents 
Period Enrolled 

..,._ ___ ..,.Dropouts 

Atenolol 
50 mg 

313 
.-----------.Patients 

105 
Patients 

Dropouts 
t------c62 

Patients 

251 
Randomization 1---------1Pat1anta 

Atenolol+ 
NIS 20 mg 
62 Pa lents 

61 

Atanolol+ 
NIS 40 mg 
83 Patients 

59 
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Atenolot+ 
Nia eo mg 
84 Patlanta 

59 

Atenolol + 
Placebo 
82 Patients 
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The reasons because the patients were withdrawn from the placebo run-in 
p~riod are g:ven in the following Tabla : 

Mean SUDBP at visit 3 <100 mmHg or > 119 mmHg 
Mean SUDBP > 119 mm Hg during placebo run-in period 
Adverse event during placebo run-in period 
Other illness 
Abnormal laboratory value 
Abnormal electrocardiogram 
Noncompliance 
Investigator discrAtion 
Cons&nt withdrawn 
Lost to follow-up 

Total 

·58 
.. 6 
·10 
•• 3 
• 4 
• 2 
• 3 
• 5 
• 9 
~ 

1G5 

Patients withdrawn during the single Atenolol period and therefore not 
randomized : 

Mean SUDBP at visit 5 <95 mmHg or > 114 mm Hg 
Mean SUDBP > 114 mmH" 01·' ' consecutive visits 
3.fter placebo run-in 
Adverse Event 
Other illness 
Abnormal electrocardiogram 
Noncompliance 
Investigator discretion 
Consent withdrawn 
Lost to follow-up 
Enrolled after enrollment date 

Total 

• 4 
• 4 
• 2 
• 1 
• 1 
• 4 
a 4 
• 2 
~ 

62 

The reasons for invalidity for patients that were withdrawn during the 
treatment pf;riod are given in the following ·table : · 
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Drug Group 

Atenolol + NIS 20 mg 

Atenolol + NIS 40 mg 

Atenolol + NIS 60 mg 

Atenolol + Placebo 

Total 

Number of 
Patients 

1 

4 

4 

1 

2 

1 

............ 
13 

Reasons for Invalidity 

Less than 19 days on 
double-blind drug 
Lesa than 19 days on 
double-blind drug 
Lesa than 19 days on 
double-blind drug 
Visit 5 diastolic BP 
not between 95 and 
114 mmHg 
Leaa than 19 day1 on 
double-blind drug 
Visit 5 dlastollo BP 
not between 95 and 
114 mmHg 

Effegt1y10111. The change from bueline in trough blood preuure by 
trttatment for all patients valid for analyalsof efficacy are given In the 
following tat:les 
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Supine Diastolic _, 
Drug Vlslt 8 Visit 7 Visit 8 Visit 9 Endpoint 
Group Week 1 Week 2 WHk4 Week& 
ATN+NIS 
20 mg 
N 58 81 81 81 61 
Baseline 
BP 100.58 100.58 100.58 100.57 100.58 
Mean 0.88 0.88 
Change -e.s3·c -9.eo·c ·9.10*AB ·10.09* .. 10.09• 
SE 0.85 0.78 c ABC ABC 
ATN+NIS 0.89 0.88 0.88 
40 mg 
N 57 58 57 58 
Baseline 58 
BP 100.75 100.75 100.77 100.75 
Mean 100.75 
Change -e.s2·c -11.2e·c ·12.75*C -12.ee·c 
SE 0.88 0.81 ·12.87*C 0.92 0.91 
ATN+NIS 0.92 
60 mg 
N 58 59 57 59 
Baseline 58 
BP 101.12 101.11 101 .27 101.11 
Mean 101.00 
Change ·9. 72*C ·12.15*C -14.3a•c -14.24*C 
SE 0.87 o.eo ·12.82*C 0.91 0.90 
ATN+PL 0.92 
N 58 51 59 59 
Baseline 59 
BP 99.93 99.93 99.93 99.93 
Mean 99.93 
Change -4.00*. ·4.31 * ·4.29* -4.28* 
SE 0.85 0.80 -4.81 * 0.90 0.90 . 

0.91 

--, 
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~ 
Visit 6 Visit 7 Visit 8 Visit 9 ~ Endpoint 
Week 1 Week2 Week 4 Weet< 6 p 

ATN+NIS 
20 ma 
N 61 81 61 81 61 
Baseline 
BP 158. 71 158.70 158.70 158.71 158. 70 
Mean 
Change -10.82*C -12.98* -13.30* -13.14* -13.15* 
SE ABC BC ABC ABC 
ATN+NIS 
40 mg 
N 58 58 58 57 58 
Baseline 
BP 158. 78 158.77 158.77 158.97 158.77 
Mean 
Change -12.93*C -19.04*C ·19.03*C ·20.09*C -19.83*C 
SE 2.01 2.11 2.29 2.05 2.05 

\ 

/\TN+NIS 
80 mg 

N 58 59 58 57 59 . 
Baseline 
BP 
Mean 181.48 181.58 181. 70 182.01 181.58 
Mean 
Change -12.29*C ·20.38*C -21.oo•c -23.43*C -~3.09*C 
SE 2.00 2.08 2.28 2.03 2.02 
ATN+Pla 

N 59 59 69 59 59 
Baseline I 
BP Mean . 158.30 158.29 158.29 158.28 158.29. 
Mean 
Change -3. 78 -2.51 -0.02 -0.87 -0.85 
SE 1.99 2.09 2.28 2.01 2.02 
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Standing Diastolic 

ATN+NIS 
20 mg 
N 61 61 61 61 61 
Baseline 
BP 102.15 102.16 102.16 102.16 102.16 
Mean 
Change -7.50*C -8.46*C -7.90* -a. 93* -8.93* 

ABC ABC ABC 
SE 0.87 1.00 0.89 0.89 0.89 
ATN+NIS 
40 mg 
N 58 58 58 57 58 
Baseline 
BP 103.42C 103.43C 103.43C 103.45C 103.43~ 

Mean 
Change u8.55*C -12.23*C -12.ss•c -15.00*C -14.93*C 
SE 0.89 1.02 0.92 0.93 0.91 --
ATN+NIS 
60 mg 

N 58 59 58 57 59 
Baseline 
BP 102.97 102.94 102.97 103.18 102.94 
Mean 
Change -8.55*C -12.23*C -12.85*C -15.00*C -14.93*C 
SE 0.89 1.02 0.91 0.91 0.91 
ATN+Pla 
N 59 59 59 59 59 
Baseline 
BP 101 .13 101.13 101 .13 101.12 101 .13 
Mean 
Change -3. 29. -4.24* -3.19* -1.96* -1.95* 
SE 0.89 1.02 0.91 0.91 0.91 
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Standing Systolic 

Drug Visit 6 Visit 7 Visit 8 Visit 9 Endpoint 
Group Week 1 Week2 Week4 Week 6 

ATN+NIS 
20 mg 
N 61 61 61 61 61 
Baseline 
BP 152.33 152.23 152.23 152.20 154.37 
Mean 
Change -10.69*C -11.17* ·11.20* -10.97* -10.97* 

ABC ABC ABC ABC 
SE 2.00 2.10 2.17 2.04 2.00 

ATN+NIS 
40 mg 

N 58 58 58 57 58 
Baseline 
BP 156.89 158,87 158.87 158.85 156.87 
Mean 
Change -13.25"C -17 .88*C -21.52*C -22.35* ·22.38*C 
SE 2.10 2.18 2.25 2.13 2.11 
ATN+NIS 
80 mg 
N 58 58 58 57 59 
Baseline 
BP 156.17 158.30 156.33 156.73 156.30 
Mean 
Change ·11.16*C -19. 76*C -20.so·c ·22.36*C -22.10*C 
SE 2.08 2.15 2.24 2.12 2.08 
ATN+Pla 
N 59 59 59 59 59 
Baseline 
BP 152.23 152.23 152.23 152.2.0 152.23 
Mean 
Change ·3.17 ·1.42 ·0.90 1.88 1.89 
SE 2.07 2.15 2.22 I 2.os 2.09 
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P-value5 
Visit 8 Visit 7 Visit 8 
Week1 Week2 Week4 

Drug* 
Center 0.0203 0.6905 0.1363 
NIS vs 
PLA 0.0001 0.0001 0.0001 
20 mg vs 
PLA 0.0002 0.0001 0.0004 
40 mg vs 
Pia 0.0003 0.0001 0.0001 
60 mg vs 
Pia 0.0001 0.0001 0.0001 

A: Significantly different from ATN+NIS 40 mg QD 
B. Significantly different from ATN+NIS 60 mg 
C. Significantly different fron ATN+Pla 
• Significant change from baseline 

Visit 9 Endpoint 
Week 6 

0.1813 0.1478 

0.0001 0.0001 

0.0001 0.0001 

0.0001 0.0001 

0.0001 0.0001 

The effect of Nisoldipine on trough SUDBP during the course of the double· 
blind treatment is shown \n the following table : 

Placebo Substractect Change in SUDBP 
Mean in mmHa 

NIS Dose 
Week 1 Week 2 Week4 Week 8 

20 mg ·4.53* -5.49* -4.49* -s.eo• 
40 mg -4.52* -6.95* -8.26* -8.48. 
60 mg -5. 72* •7.84 -8.21 * -10.07* 

• Denotes values when Nlsoldlpine blood pressure responses are 
significantly different from placebo, r<0.05 

29 



The changes from baseline to endpoint in trough blood pressure, men and 
SEM in mmHg are given in the following table : · 

ATN+PLA ATN+ ATN+ ATN+ 
NIS 20 mg NIS 40 mg NIS 60 mg 

n-59 n-61 n-58 n-59 

SUOBP -4.28±0.90 -10.08±0.98 -12.69±0.9* -14.24±0.9* 

SUS BP -0.85±2 -13.15±2AB -19.83±2* -23.1 ±2* 

STD BP -1.95±0.91 ·8.93±Q.9AB -13±0.92* 15±0.91 * 

STSBP +1.89±2.09 -11±2.03* -22.38±2.1 * -22.10±2.1 * 

A denotes values NIS 20 mg significantly different from placebo,p<0.05 
B denotes values NIS 20 mg significantly different from Nlsoldlpine 80 
mg<0.05. 

ATN+PL:A ATN+NIS ATN+NIS ATN+Nls 
20 mg 40 mg 60 ma 

Trough % Patients % Patients % Patients % patients 
response 
mmHg 
SUDBP S90 32.2 55. 7* 87.8* 88.1 * 
Fall in 23.7 so.a· 87.8* 74.6* 
SUDBP 
2:10 -SUDBPS90 or 39 63.9* 74.8* 78 
Fall in 
SUDBP ~10 
SUDBPS90 18.9 42.6* 61* 82.7* 
and fall in 
SUDBP ~ 10 
• p <0.01 vs placebo 
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At 8 centers ambulatory blood pressure monitoring (ABPM) was done aft.u 
3 weeks on single blind Atenolol and attar 5 weeks of double-blind 
therapy. Smoothed and unsmoothed means for the ambulatory data are 
shown in the graphs ~n the following two pages : 
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The piacebo~substracted tfough SUDBPs are showed in the foliowing graph: 
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The trough and peak ambulatory blood pressure changes and trough to peak 
ratios for patients valid for efficacy analysis cue given in tht) following 
table : 

Smoothed Data - Differenc.e from Placebo Group 

Traugh Peak Hours to J Trough to 
mm Hg mm Hg Peak ~.,eak 

Ratio ,. w .. ·--Variable Drug I 

' 
Diastoli>c ATN+NIS -5.0 -9.4 3 '53% 

20 mg QD 
ATN-t·NIS 
40 mg QD ·12.8 ·13.1 23 97% 
ATN+NIS 
80 mg QD -12.9 -1 3 1 '99% 

Systolic ATN+NIS 
(at corres .. 20 mg QD -11. 7 -13.8 3 88% -
ponding ATN+NIS 

... 

diastoUc 40 mg OD ·22.0 -22.0 23 100% 
peak) ATN+NIS 

60 mg '·17.9 ·19.0 1 94% 
• _.__.. 

Systolic ATN+NIS 
(actual) 20 mg QD ·11. 7 -14.0 5 83% 

ATrJ+NiS 
40 mg OD -22.0 -22.0 24 100% 
ATN +NIS 
80 mg QD -17 .9 -22.3 8 80% 

Pharmacodll.O•mic Basylts. Trough plasma samples were <=rawn at visits 5 
and 9. Visit 9 samples for all patia~t• were analyzed for Nfaoldiplne. The 
results for patients whose treatment r~g•mena did Include Nlaoldiplne are 
shown in the following table : 
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Mean Trough Range of Trough 
Concentration Concentrations . 

"f"'4'°•• n (ng/ml) (ng/ml) ... 
AT+NIS 20 mg 57 1.6 0-7.41 
AT+NIS 40 mg 55 2.5 0-12.0 
AT+NIS 60 mg 59 3.3 0·10.40 

ConcluJions. In this protocol Atenolol was used as a positive control and 
studies were performed with Ateiiolol in combination with placebo and 
with NIS in the concentrations of 20 mg, 40 mg and 80 mg. Atenolo with 
placebo had not significant effect in blood p~essure but in combination 
with NIS demonstrated significant hypotensive effects in relation with 
the concentration of NIS. Threfore the ~ossibility of dreg interaction 
should be considered. Measurements of N'S in plasma were performed and 
they increased as would be expected with iricreasing concentrations of NIS 
and in relation to their effects on blood b!c,od pressure but unfortunately 
concentrations of Atenolol in plasma were not measured. In c.ither studi-. 
the sponsor did not find clinically relevant drug interaction be~'lt, ... ~ .•. 
Nisoldipine, and the beta blocker Propanol (study 704, PB#21521. Vorume · 
142, pp. 08-17-0010374). However some studies in the literature do not 
agree with this conc.usion. 

Elliott et al studying the interactions between Nlaoldlplne and Atenolol 
and Propanoiol found that Nisoldlpine, in single and multiplt\.doaes, 
significantly increastld the peak plasma concentration · ot "ProPiinolor ancf . . ~..... . 

Atenolol. There was no evidence that e1ttier beta blocker Influenced the 
pharmacokinetics of Nisoldipine. (The interactions between Nisoldlpine 
and two beta·adrenoceptor antagonists : atenolol and '-"ropanolol. 
H.L.Elliott et al. Brit J Clin Pharmacol 1991 ;32(6):379-85). 

Levine et al" demonstrated pharacodynamic and pharmacok~ •• etic 
interactions between Nisoldipine and Propanolol (MAH Levine et al. 
Pharmacokinetlc and pharme.codynamic interactions between Nlsoldlpine 
and Propanolol. Clin · Pharmacol Ther 1988; 43:39-48). 

These contra~ictions could have been clarified t'tad the sponsor inc• 'ded in 
this protocol a true placbebo group and groups of Nisoldipine without 
Atenolol. Plasma levels of Atenolol should have been also measured. 
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Protocol 090·019 

J.llll. of Study : • A Double-Blind Randomized Study of the Safety and 
Efficacy of Once Daily Doses of Nisoldipine Coat-Core Tablets 30 mg, 80 
mg (2X30) and 90 mg (3X30) vs Placebo in Hypertensive Patients ... 

Principal I oyast!gato rs .. 

A. Towsend, M.D, B. Eidelson, M.D. 
Galveston, TX Absecon, N.J. 

R.J.Weiss, M.D. A. Lewin, M.D. 
Auburn, ME Los Angeles, CA 

P. Ratner, M.D. M. Weber, M.D. 
San Antonio, TX L ~Beach, CA 

A. Jain, MD G. Neri, Jr., M.D. :; .. 
New Orlean11, LA Chicago, II. ":-·· 't.' .. . .•. 
L. Gilderman, D.D. D. McCluskey, M.D. 
Pembroke Pines, FL Mogadore, OH 

S. Glasser, M.D. T. Fagan, M.D. 
Tampa, FL . Tucson, AZ. 

T. Littlejohn, M.D. H. Serfer, M.D. 
Winston-Salem. NC Hollywood, FL 

M. Zinny, M.D. R. Reaves, M.D. 
Brightor., MA Olympia, WA 

ObiectldJ.. The objectives of this study were : 

1. To determine th·e antlhypertenslve efficacy and safety of NIS 
tablets in doses of 30 mg. 80 mg and 90 mg daily In patlentl with· 
mild to moderate hypertension. 
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2. To a1Hu the time and magnitude of peak blood prM1ur• re1pon11 
and th• ratio of trough to peak antlhyp1rt1n1lv1 effect by 24-hour 
ambulatory blood pre11ur1 monttorrna. 

lnglyalgn crtt•rl•. Ambulatory patl1nt1. male and female, 21 to 75 yeara 
of age, with a history of mlld to moderate 1111ntlal hyp1rt1n1ion were 
eligible for th• atudy. 

Exgly1tpn or1t1rl1. Patient• with th• following oondltlona w1r1 exoludld 
from th• study : labll• hyperten1lon, rtnovascular or other 1to0ndary 
forms of hyp1rt1n1lon, patient• who11 SUDBP 1ft1r 3 and 4 WHkl of 
placebo run-In were not 2100 or ' 114 mmHg, prevlou1 myooardlal 
Infarction or c1r1brova1oular 1ccld1nt, heart failure, frequent 
arrhythmlaa, conduction dl1turbanc11, angina peotorla, u11 of other 
antlhyp1rt1n1lv• druga, and many other drug1. 

Alao excluded were patlenta with f1Uur1 of a major organ 1y1t1m. llv11t 
kidney dl11u1, malignancy or p1ycho1t1, pattentl with prevlou1 hlltory of 
ga1trolnte1t1nal di••••• which could reault In Incomplete abaorptlon of 
th• drug, women with ohlldblarlng potential, patlenta with aloohol or drug 
abuae, or allergy to dlhydropyrldlnH 

atudy D111gn •• Th• atudy oonalatld of • 1lnal•bllnd plaoebo run-lrt Dertod 
and a treatment period. 

. 
Placebo Run·ln Period. During thla period of 4 w11kl duration PIOlentl 
discontinued all prevlou1 1ntlhyperten1lve medication and were r.~ven a 
alngle-bllnd placebo which oon1l1ted of 3 tablttl onoe a day In th• 
morning for a 4-wetk qualltylng Nn-ln period. Then paUentl with 
confirmed hypert1n1lon, with a trough IUDBP a100 to s 114 mmHg att.r 3 
and again after 4 w•ka of p;acebo and whoH 8UD8P at th- I Yllttl 
were within 7 mmHg of each other were admitted Into th• treatment 
period. · 

Treatment Period. After four weekl of 1lngl•bllnd plaoebo patient• with 
confirmed hypertenalon were randomized to one of thrH treatment oroupe: 
Placebo, Nlaoldlplne 30 mg or Nl10ldlpln1 ID mg. Pattentl randomized to 
placebo received placebo for th• r1m1tnd1r of th• 1tucty. Placebo 
randomized to Nl1oldipln1 30 ma rtoelvtd the 11me do11 for th• remainder 
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of th• 1tudy. Patient• randomlz~~ 1" NJ.soldlplnc eo mag were glvtn 
Nisoldlplne 30 ma for one or twu week• and th• dtJ11 wa1 titrated to 
Nlaoldlpln• IO ma (IXSO) for the ftnat 4 ~ 9 WHkl of th• doubl•bllnd 
treatment. A group of pattenta wa1 to be tltratH to 80 mg (3X30) but thla 
arm w11 dl100nttnued before any patl1nt1 were randomlald beoau•• a 
concurrent hlG1h·do11 foro9d·tltratlon ollnloal pharmaooloaloal 1tudy 
1how1d evidence of 1ymptom1ttc T wave ftatttnlng/or lnvtralon 
prldomlnantly at do111 above Nlaoldlplne 10 mg. 

Th• 1tudy d11ton 11 1hown aohtmatically In tht fotlowlng gr•P'• : 

Ni1oldJpJn1 so mg 

Pl101bo Run-In Nleoldlpln• 10 rr.g 
11·····1·····1·····1·····11·····1·····1·····1·-···l·····l·····ll 
Period 

Plaotbo 
11·····1·····1·····1·····1·····1·····11 

Doubl•·Bllnd 

Regimen a 1.0 a.c 1.c 1.c 
A ·'a A A I or C or D or D or D or D 

11·····1·····1·····1·····11·····1··~··1·····1·····1·····1·····11 
1 

Week 

Group 

NII 30 mg 
NIS eo mg 
Placebo 

2 

Regimen 
I 

30 mg 
30 ma 
Placebo 

e 1 I • 10 

Aeglm•n Regimen 
c D 

30 mo 30 mg 
eo mo IO ma 
Pl101bo Plaoebo 
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Q•mooraphw. Th• demography and b11elln1 charact1rl1tlc1 In pat11nt1 
valid for analy1ia of efficacy 11 given 11 the following table : 

NIS 30 mg NIS eo mg Pf ace ho 
N•78 N-ee ~-71 

Mean Ag• 
(ye1r1) 152 52 52 

M1an wt (Lb1) 197 197 202 

Baseline BP 
Supine 1!7/104 158/105 1!!/104 
St1ndlna 153/104 154/104 151/103 

Hl1tory of 
Hypertension 
(year•) 1 1 9 10 

' 
'le Male 81 58 aa 

0/, C1uca1lan 58 58 72 

% Hl1tory of 
Dlab1t11 g 1 1 19 

- -

% Hl1tory of 1! 12 8 
Hyptrllptdamla 
°la Hlatory of Mt 0 2 , 
% MUd-
HvD•rt1n1lv11 ez ea 70 
% Modtrat1 
Hypertenalv•~ 38 42 30 
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The dl1trlbutlon and randomization of patient• la Hen In the following grapl 

Plao.bo 308 
Control ..--·------~Patl•nt1 
Period Enrolled 

221 
Randomization .,__ ______ _,.Patient• 

Drop· 
out1 

Nt1otcalptn1 
30 mo 

78 

73 

Nl1oldtplnt 
IO ma 

71 

11 

40 

11 

Dropout• 
88 

I 

111-··bo -~--

71 
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Thi Hating of pat11nt1 who did not qualify for randomization 11 given In 
the following table : 

Mean 1upln• dla1tollc blood pr111ure 
at vl1lt 4 and at vi1lt 5 did not qualify 
Adver1e events 
Low dfaatolfo blood pre11ur11 
Patisnt r1que1t 
Blood pre11ur1 too high 
Elevated serum tranaamtna•• levels 
Childbearing potential 
Elevated aerum llpld1 
Family oon1lderat1on1 
llln111 not du• to atudy medication 
lnterourrent medloat con1ld1ratlon1 
Admln11tratfve probltm1 
Cr 1ano• In 1uplnt dla1tollo blood pr111ur1 
,, 7 mmHg from vl1lt 4 to vlalt 5 
Low hemoglobln/hematocrlt 
Protocol vtofatlon 

Tohal 

4! 
7 
8 
8 
5 
5 
2 
2 
2 
2 
2 
1 

1 
1 
1 

•• 
The r•a1on1 for dl1continu1tlon ot doubl•·bllnd th1r1py population In 111 
rcndomtzed patient• are given tn th• following table : 

Reaaon 

Adv•r•• Event 
Laok of etfloaoy 
Phy1tolan dl111tt1fled 
wUh treatment 
Pat,ont di11atl1fied 
with treatment 
Loat to follnw-up 

Nl1oldiplnt Pl101bo 
30 mg eo mg 
N•78 N•73 N•72 
1 1 1 3 
1 0 2 

0 1 2 

0 0 2 
1 0 0 

The li1ting of dropout• due to 1dver11 eventc for patient• valid for ••ftty 
analyala la given in the following tcbl1 
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Drug Group Adveree Experience Day of Dose/ Intensity/ 
Causing Patient to Onset Duration Relation~ 

Drop (Daya) ship to 
Drug 

Placebo EKG abnormality ~1 Pla/1 Mild/ 
Romotu 

Cardiac arrest 24 Pla/1 Severo/ 
Remote 

Frontal h111daohaa 28 Pia/).~ Severe/ 
Posaltl• 

Nlsoldlpln• Edema Iowa,. e><tremlty 24 30 mg/ Moderate/ 
,. 7 Probabl• 

Severe heaoach• 3 30 mg/ Severe/ 
>11 Poaatbl• 

Headache ·1 Pta/5 S•vore/ 
Po11lbte 

Severe headache 0 30 mg/7 Severa/Poi 
2+ ankle edema. 24 eo mg/ Moderate/ 
bilateral 10 Probable 
3+ pretlblal edema, 2.& 80 mg/ Severe/ 
bilateral 10 Probable 
Trace tdtma, 
bilateral 24 90 mgl Miid/ 

10 Probable 
Atypical ch11t pain 9 80 mg/8 Mod/Potl 
Headache 12 80 mg/ Severt/ 

:a. 1 Po11lble 
3 + ankle edema 33 10 mg/ Sev•r•I 

:.3 Po11tble 
Ht•daoht, vomiting 7 80 mg/ Stvere/ 

1 Po11lble 
Headache 12 80 mg/•1 Sev/Aer.1 
Confuaton, 0 30 mg/>1 S•v/Rarn 
Nau1e1, 0 30 mg/3 Miid/Prob 
Headach1 e 30 mg/2 Mod/ 

Probabfe 
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Actual Do11g1 and Durat!gn gf Traatmont. Patients were to receive 
Nlsoldlplne 30 mg, 80 mg or Placebo over a 6 week double-blind treatment 
period. Upward titration from Nlsoldlpin• 30 mg to Nlsoldlpine 60 nig was 
required In the Nhtoldlplne 60 mg group after one or two weeks of double­
blind medication If trough SUDBP was greater than or equal to 80 mmHg. 
Plac•bo and Niaoldiplne 30 mo underwent sham titration. The following 
table shows th• number of patients that were given each doso level and 
had valid visits at each week for the population of patients valid for 
efficacy : 

Ooublt·Bllnd Visit 6 7 8 9 10 
Woek of Double-
Blind Therapy 1 2 3 4 e Endpoint 
Group Regimen Dose N N N N N N 

(Cl/o) ('%) (•/o) (o/o) (o/o) (%) 

Nie 30 mg B (30 mg qd) 75 10 4 3 3 3 
(100)(13) (5) (4) (4) (4) 

C (30 mg 00) ee 71 71 70 73 
(87) (98) (98) (98) (98) 

NIS eo mg B (30 mg OD) es 7 PS s 4 5 
(100)(11) (8) (8) (8) (8) 

C (60 mg OD) 59 59 59 58 81 
(89) (92) (92) (94) (92) 

Placebo B (Placebo) 71 e 2 2 2 2 
(100) (8) (3) (3) (3) (3) 

C (Placebo) 8t5 85 84 82 89 
(92) (97) (92) (97) (97) 

Analy1i1 of Eff1ctiv1nes1. Two hundred thlrt•en of the 221 enrolled 
patients had at lea1t one valld blood pre11ure ma6'aurement after 
randomization and were Included in the primary wf~1oaoy analy1l1 
(endpoint) :78 were randomized to thw Nisoldlpln• 30 mg group, 68 were 
randomized to the Nlsoldlplne 80 mg droup, an1 7i Wtli c randomized to the 
placebo group. 
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Trough raw means of blood pressure at each visit as well as at endpoint 
are given in the following table : 

Supine Standing · ~ 
\ . 

- • NIS NIS Pla.-:abo 1~11s NIS Plac~bo • 
· 30 mg 60 mg ~IQ mg 60 mg 

. 
Baae .. 158/ 158/ 155/ 1 54/ 155/ 1 52/ 
line 104 105 104 104 104 103 
(N) (76) (88) (71) (78) (68) (71) 
Week 1 148/95 146/94 152/98 , 44/96 , 42/94 149/ 
(N) (75) (85) (71) (75) (85) 100 

(71) 
Week 2 14 7 /93 , 41 /90 152/98 143/95 1 39/91 , 49/99 

(78) (88) (71) (78) (88) (71) 
Week 3 1 44/92 139/89 149/97 140/93 138/90 148/98 
(N) (75) (84) (87) (75) (84) (87). 

Week 4 142/92 139/87 152/98 140./93 136/87 150/&9 
(N) (75) (84) (88) (75) (84) (88) 

Week 8 1 45/92 140/89 152/98 140/94 135/90 149/ 
(N) (73) (82) (84) (73) (82) 100 

(94) 
End· 146/93 141 /90 154/99 141 /94 137/91 150/ 
point 101 
(N) (78) (88) (71 J (78) (88) (71) 

Mean change1 (mmHg) In SUDBP at endpoint for patlentl wit mild (baaettne 
SUD BP ~ 100 to s; 104 mmHg)and moderate (ba11llne SUDBP ~ 105 to i 114 
mmHg) hypertenalon are sho-vn In th• followlng1 tabla and figure: 

Nf1gldtgtn1 30 mg 
(N) Change 

Mild 4 7 
Modsratt 29 

-11. 3 
~ 11. 7 

Nt1gldlgln1 80 mg 
(N) ChAnge 

38 
28 
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-15. 7 
-14.0 

fJIQlbA 
(N) Change 

50 -8.0 
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The 24-hour ambulatory blood pressure profile of mean ayatoU.o and 
dlaatollc blood preaaure reepon111 for the three treatment grc1up1 are 
shown In the following graph : 
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The ambulatory blood praaaure falls and trough to peak ratios change from 
placebo tor patients valid for efficacy analysi1 are given in the following 
table : 

N 

Dla1tollc BP 
NIS 30 mg 39 
NIS 80 mg 29 

. Peak 
Hour value • 

(mmHg) 

13 12.13 
4 18.24 

Trough* Trough to Peak 
(mmHg) ratio 

9.52 
14,22 

78% 
93 o/• 

Sy1tollo BP (at corre1pondlng tlmt of dla•tollo peak) 
NIS 30 mg 39 13 17.48 14.52 83 % 
NIS 80 mg 29 4 23.13 17.88 78 % 

Syatollc Blood Pre11ure ( actual ) 
NIS 30 mg 39 13 17.48 
NIS 90 mg 29 5 23.71 

•change from placebo, b11111n1 corrected 

14.52 
17.88 

83,,. 
75% - , 

The mean change a from baaellne in diaatolic blood pr111ure over the 24· 
hour per!od of ambulatory blood pre11urt were -8.I mmHg for Nlaoldlpln• 
30 mg, -12.0 mmHg for Nl1oldlpln• eo mg and +0.7 mmHg for pl.aebo. 

Pharmaookl .Alga B11y1t1. Trough blood aampl• were drawn at all 18 
centers at visita 5 an 10. Seven center• •Jao drn blood 11mpl11 at vl1lt 
10.1 at 2 and 12 hours poat..ctoalng. Sampl11 were -yed for Nlaoldlpln• 
blood l1v1l1. R11ult1 are pr11ented In the following table : 
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N 

NIS 30 mg : 
Trough tlB 
2 hours poet do1in'-• 2 7 
12 houra poat do1lng 2 7 

NIS 80 mg: 
Trough 55 
2 houra po1t dosing 2 7 
12 houri poat doe Ing 2 8 

Mean Concentration 
(SD) ng/mt 

, .!5 (1.3) 
2.3 (1 .9) 
2.1 (1 .2) 

3.2 (2.8) 
8.0 (5.2) 
4.9 (2.8) 

Change Jn SUBP 
(Sys tot le/ Oia1tol ic) 

in mmHg 

-121 .. 11 
.. 171.15 
.. 191 .. 11 

·17/·18 
-20/·19 
.. 211-22 

There w11 a 1t1t11t1cally significant correJatlon between plaama 
concentration and change from baaetine to tndpoint tn aupin• dlaatollo 
blood pre11ure at trough. The greater the correlation, th• graater wa1 the 
deer•••• in 1uplne dlastolio blood pr111ur1. Twenty pero•nt of th• 
varlabtllty In th• obaerved change In auptne dtaatolla blood pre11ur• wu 
e>cplalned by plasma concentration. 

A11111m1nt. The reaults of thJa 1tudy Indicate that Nlaoldlplne, at th• 
do•• of 30 mg and 80 mg dilly onoa. dally, ta effective In rtduclng 1y1tonc 
and dia1tollo blood pre11ure at trough in patient• with mild to rnod•r•t• 
hypertenalon. Th• reduotlon1 In 1y1tollc and dlutollo blood p,.11ure were 
greater than eo percent of peak effect at trough. Furthermore. ambulatory 
meaourementa of blood pr111ur1 for 24-houra demon1trated that 
reductlona In blood pre11ur• In Nl1oldlpln1·treated patient w11 
malntalnld through th• houri of ob1ervatlon. The •ff•ot waa mor• 
effective with the 80 mg of Ntaoldlplne than with the 30 mg doat and In 
the latter more effeotlvt than placebo. Pharmacoklnetlo 1tudle1 
demon1tratld that effect on dlaatolio blood pre11ur• wa1 proportional to 
th• conoentratJon of Nt1otdlplne In blood. 

Sid• effect• were 1lgnlfloantly lncre11td by drug admlnl1tr1tlon u 
compared to control and were greater with th• 80 mg Nl1oldlplnt do•• 
than with the 30 mg. Adv•r•• ev•nt1 art to be dlaou11ed by another 
r1t1i1wer. 
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Protocol 089-039 

Title of Stuctr.: • Comparative Doubfe .. Blfnd Study of the Safety and 
Effioaoy of Once Daily Do1e1 of Nl1oldlpin• 20 mg. 40 mg, 80 mg Coat Core 
(CC) Tablet• vs a Twice Daily Do1e of Verapamil SR 240 mg caplets vs 
Placebo in Hypertensive Patients ... 

Prlnclpal lnveatJgatgrs Jtnd SU•• of loy11t!g1tinQ : 

J Applegate, MO 
Family Care 
Wyoming, Ml 

A Synht1v1ky, MO 
Kidney Ol1ea1e and Critical Care 
As1oolate1, P.A. 
Mlnneapolla, MN 

W Flamembaum, MD 
Health and Scleno• Research Inc. 
Englewood, NJ 

C Price, MD 
Delray, FL 

J Angelo, DO 
New Orleans Institute for 
Clinical Investigation 

A Gold1t•ln, MD 
Tampa, FL 

R McDonald, MD 
Litt1burgh, PA 

D Ginsberg, DO 
Harleyaville, PA 
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J Levine. MO 
Clinlc11I Re1earoh A11oclate1 
Nashville. TN 

L Warrtck, MD 
The Jackaon Foundation 
Madi1on, WI 

J Douglu, MD 
Ca1e WHtern Re1erve 
University Ho1pttat1 
Cleveland, Ohio 

D Ca111dy, MD 
C Steiner, MD 
Cardlology Center 
Marrero, LA 

V Canzanelto, MD 
Divlalon of Nephrotogy 
Department of Medicine 

.t 

Bowman Gray School of Medicine 
Wfnaton-Salem, NC 

D Wombolt, MD 
Norfolk, VA 

o Mccarron, MO 
Risk Factor Clinic 
Portland, OR 



G Neri, MD 
Clinical Research Center 

Chicago, IL 

Objec.tjyea. The objective of this study was to determine th• efficacy and 
safety of once dally dosea of Nisoldlplne 20 mh, 40 mg and 80 mg to a 
twice daily dose of V•rapamil 240 mg and to Placebo In patients with 
mild to moderate hypertension. 

lnc!usign and Exglustao CrU1ti1. Ambulatory male and female patients, 21 
years of age or older, with history of mild to moderate hyt)ertension, were 
eligible for enrollment in this study. 

Patients with the following conditions were excluded from this study : 
recent myocardial infarction or cerebral vascular accident ; herat failure, 
major arrhythmias. conduction diatrurbancea, angina pectoria, ainua 
bradycardla or severe left ventricular dysfunction ; patient• with . 
Impaired absorption of the drug ; f1mal11 pregnant or with childbearing 1. 
potential ; patients with failure of a major organ syatem such as II~·~· 
renal disease, malignancy or psychosis ; alcohol abuse or drug intake ~·:·· 
allergy to dlhydropyridlnea, verapamll or other antagonl1ta ; also 
excluded were patients who participated In another lnve1tlgatlonal drug 
study withlf'\ the previous 30 days. 

Study D11jgQ. The study con1i1ted of a 1lngl• blind run·ln period and a 
treatment period. 

Single-Blind Run-In Period. Patients were given two placebo tableta and 
one placebo capsule In the morning and anotht placebo .. capaule In the 
evening each day during a 4·wtek alngle-bllnd-run·ln period. Drug for the 
single·bllnd placebo run-in period was labeled •• Regimen A. 

Ouallflcatlon for Randomization. Patients who11 mean SUOBP (the average 
of 3 readings over a five minute period in the 1uplne po1ition) were 85· 
114 mmHg after 3 and after 4 weeks on placebo and who•• SUDBP after 3 
and 4 weeks on placebo were within 7 mmHg of each other were eligible · 
for randomization. 
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Double·Bllnd Treatment Period. After the placet>o run·ln period, a forc1d titration w11 a11ign1d 11 
followa : R1glm1n a : Nlloldlplnt 20 mg, Verapamll 240 mg qd or Plac1b0 wnleh pat11n11 took for 
one week: Regimen C : Ntaotdlplnt 20 mg, Nt1oldtplnt 40 mg, Ver1p1mt1 240 mg twice dilly or 
Placebo which pattenta took tor one week : Rtalmen q : Nl1oldlptn1 ao mg, Nl1otdlJ>ln• 40 mg, 
Nlaoldlplnt 80 mg (I X 40 )1 Vtrapamll 240 mo twlot dally or Placebo which patltntl took for I 
wttka. After I w11kl of doublt·bllnd drug, patl1nt1 given Nlaoldlpln1 or VerapamH continued on 
the 1sm1 drug r90tmen whtfe patftntl given P!aoebo wtrt 1wltohtd to verapamU a•o mg qd tor th• 
remaining of the 4 w11kl of 1tudy. 

The study d11lgn 11 d1mon1trat1d 1cn1m1tic111y In the followtno graph : 

Placebo run-In 
Period 

Placebo 

NllOldlplne 
ao mo 20 mg 

zo mo 
20 mg 

Vtr1p1mll 
240 mo oo 

Nl10ldlpln1 40 ma 
11----..... .-.-...... _ .......... _ ........ _.,.__.,._...,.._t.,._~-

Vlllt 
1 2 3 4 5 
I~ f ' f ' Wtlkl 

20 mo 20 mg N1101d1p1n1 10 mo ao 
20 mo 

-1 

QOQD ver1Pamt1 240 mo bid 

e 7 I I 10 , , 12 
f f I I I t I 
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Usmaat:9rhl~. The demographic ohar1ct1rt1tlca art ahown In the 
following table : 

Niaoldlplne Nl1oldlplne Vtrapamil Placebo 
20 m· -- a co ma n-78 n.;2 
n•70 n•72 

Mean age 53 54 52 55 
(year11) 
Mean wt 202 197 198 198 
(Iba) 
B11elln1 BP 
(mmHg) 
Suplt"t 153/100 , 55/100 181/100 1 s.-11 oo 
Standing 151/101 151/101 141/101 111/100 
Malt 87% 81 % 11% 17% 
Black 31 % 24% 11~ 11 ~ 
Hlatory of 
Dl1b1t11 9% 1% , 1 ,,. ,,. 
Hl1tory of 
Hyperllpl· 
dtmla 3% 1% 3~ 10% 
Hlatory of 
Ml 3% 1 ,,. 0% , ,. 
Hyperttn•I· 
Vtl 
Miid 84% 88% 13 'Mt 11% 
Moderate 18% 14" 17~ 11" 

! 

Th• dletrlbutlon of pat11nt1 and randomization are given In th• following 
graph: 
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413 
Placebo Patl•nta 
Contro1 ...... -----------t ... Enr lled 
Period 

-

Nl1oldlplne 
20 mg 

78 
Pa tent• 

Dropout• 
or 

Invalid 

70 
Patient• 

I 

Randomization 
320 

Patient• 

Nl1otdlptne 
40 mg 

71 
P Uent•· 

72 
Patient• 

4 

Verapamu 
240 mg 

78 
P1Uont1 

2 

78 
P1tlent1 

Plaoebo 
75 

Patl•nta 

72 
Patient• 

3 

Di1oontlnu1d 
93 

PaUent1 

-

Nl1oldlpine 
80 mg 

15 Patlent1 

15 

0 
Patient• 

The rea1on1 that dlaquallfltd enrolled patient• for randomization are given in the 
following table : 
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Mean Supine Diaatolio 9tood Pre11ure 
at vl1lt 4 or vi1tt 5 did not qualify 
for randomlzatlan (95 mmHg to 11 mmHg) 
Adv1r1e eventl 
Patient cho11 to withdraw . 
Other lllne11/Surg1ry/Scroenlng 
abnormality 
Blood pre11ure too high off m1dloatlon1 
for patient'• 1af1ty 
Loat to follow-up 
Elevated tran1amln11e1 at 1creanlng 
Noncompt11nc1 
Called to mllltary service 
Blood pr111ur1 too low after ln·cllnlc 
Inadequate quality control during 
ambulatory blood pre11ur1 

47 
1 3 

9 

5 

e 
4 
3 
3 
2 , 
1 

············································-~·-··············· 

Total 83 

The number of dropout• during the treatment period and tht re11on1 for 
•limlnatlon from th• 1tudy art given In the followlno table : 

Nl1oldlpln1 20 mg. N•78 

Event 

Palpltatlona, d1pr111lo,,, headache, ema1l1 
Headache, 1hortne11 of breath, fatigue 
H11d1ch1, flaahlng, head conge1tton 
Headache, flu1hlng, "lpltatlon1 
Pertpherat Idema 
Headache, naua• 
Peripheral edema 
Peripheral edema 
Pleural effualon 
Myocardial infarction 
Noncompllano1 
Cho11 to withdraw 
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Daya on Drug 

2 
3 
4 
I 

12 
12 
24 
73 
n 
89 
7 
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Nlaoldlpine 40 mg. N. 76 

Event 

Headache, rash 
Headache, nausea 
1 1~ 1adache, nausea 
?eripheral edema 
Peripheral edema 
Myocardial infarction 
Headache, tremor, flushing. palpitatlon1 
hyp11the1la, aathenla 
Peripheral edema 
Ptrlpharal edema 
Peripheral Idema 
CVA 
Choa• to withdraw 
Cho11 to withdraw 

Headache, flushing, palplt1tlon1, cheat pain 
Fluahina. palpttatlon 
DHp T wave lnver1lon 
Dl1oontinu1d 
Dl1contlnu1d 
Dlacontlnued 
Dlacontlnued 
Di1oontinu1d 
Dl1oont1nued 
Dt1contlnued 
Ol1oontlnutd 
Of1oontlnutd 
Dlacontlnued 
Dl1oontinued 
Discontinued 

55 

Daya on Drug 

1 
2 
2 

10 
12 
13 

14 

22 
40 
41 
18 
32 

1 
14 
15 
3 
4 
e 

12 
13 
14 
17 
20 
20 
24 
28 
31 
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Verapamii 240 mg. N-78 

Event 

Headache, dizziness, tachycardia, 
leg pain, tinnitus 
Peripheral edema 
Hypotension 
Headache, chills, peripheral edema 
Cholecystitls 

Placebo. N• 75 

CVA 
Fatigue, edema 
Peripheral edema 
Lack of efficacy 
Lack of efficacy 
Lost to follow .. up 
Lost to follow-up 
Chose to withdraw 
Choae to withdraw 
OBP> 114 mmHg 
Retinal disorder 

Days on Drug 

0 
17 
22 
38 
7 

8 
14 
32 
5 
48 
21 
es 
47 
62 
27 
55 

Criteria for Etf1ct1y1neu. The change from baaellne to endpoint In trough 
SUOBP (blood pre11ure mea1ured 24 hours after th• previous day's morning 
doae and 12 hours after the prevloua day's evening do1e) In the Niaoldipine 
40 mg group compared to the placebo group wa1 th• primary criterion uaed 
to determine the effectlvene11 of the drug. The comparleon of Nieoldlpine 
20 mg to Placebo wa1 of secondary Importance. 

Secondary efficacy parameters Included standing dia1tolic blood pre11ure 
and both standing and supine systolic blood preaaure. In addition in eight 
centers ambulatory blood pressure changes ( the difference between 
measurements made over the 24 houri after 3 weeks of placebo run-in and 
the 24 hours after 7 weeks of double-blind therapy) were compared among 
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groups. The 12-hour ln-cllntc monitoring data were alao. compared among 
groups. The peak effect and the time to peak effect were calculated for 
both the ambulatory and 12-hour ln-cllnlc monitoring. In addition the 
trough to peak ratio was calculated for ambulatory blood pressure. Plasma 
aamplea were drawn at baseline (visit 5) and at visit 11 for analysts of 
Nlsoldlplne plasma concentratloha. 

s11t11tlaal Metboda. All statistical method1 were two-tailed and were 
conducted at a &lgnifloance level of 0.06. Pairwise oomparl1on1 and 
within group changes were teated via the least 1quare1 m1an1 estimated 
by the model. 

Analysts of Effectlveoesa. The mean blood pressure changes at endpoint 
(mmMg) for pat1ents valid for efficacy 1naly1l1 are given In th• following 
table : 

Nl1oldlplne Nl1oldlplne Verapamll 
20 mg 40 mg N•78 
N•70 N•72 

Supine 
Otaatolio ·8.1 ABP ·11.4 BP ·14.7 p 
Sy1tollc ·9.8 ABP -18.2 p -18.0 p 

Standing 
Dlaatollc ·7.1 ABP ·11.8 BP ·13.9 p 
Systolic ·11.8 BP -15.4 p ·18.4 p 

A Significantly different from Niaoldlplne 40 mg 
B Slgnlflcantly different from Verapamll 
P Significantly different from Placebo 

Placebo 
N•72 

-4.0 
-2.2 

-2.0 
.. 2.4 

Mean ohange1 (mmHg) in SUOBP at endpoint for patient• with mild 
(baseline SUDBP 95-104 mmHg) and moderate (Buelln• SUDBP 105-114 
mmHg) are shown In the following tabl• : 
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Nlsoldtpine N lsoldiptne Verapamll Placebo 
20 mg 40 mg 
n Change n Change n ChanQa n Change 

Mild 59 -8.4 62 -11 .3 63 -14.1 84 -4.1 
Moderate 1 1 -6.5 10 -13.0 13 -18.0 8 -3.5 

The effect on SUOBP at endpoint ln the Nlsoldlplnt (24 houra after doae), 
Verapamil group (12 hours after dose ) and Placebo group l1 1hown in the 
figure below : 

0 

·2 

... 
"'mH Q •• 

·• 
• 10 

_,, 
• 14 

... ,. 

MEAN TROUGH SUPINE DIASTOLIC BP CHANGES AT 
ENDPOINT FOR PATIENTS VALID FOR EFFICACY ANALYSIS 

• '"' .. , , 
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The results by visit for SUDBP are shown in the following f "~Ph : 

w .. k 1 Week2 Week 3 WS91k 4 Week& Week 8 

NIS 20 
mg 
n 69 70 88 65 88 88 
Mean 
Change -7.8 .. 1.2 -e.e -7.5 -7.9 ·8.0 
NtS 40 
mg '. 

n 72 72 68 85 es 63 
Mean 
Change -7.4 -9.8 -9.9 ... , 1.2 _, 1.0 · 11 .8 

- -

Ver 
n 76 75 73 89 73 71 
Mean 
Change -5.9 -1, .o -12.8 _, 3.1 -12.8 -14.6 

Placebo 
n 72 72 88 87 89 87 
Mean 
Change ·4.0 -4.7 ·5.1 -4.4 ·5.7 ·4.1 

During the aecon phase of tho double-blind pvrlud, th• dlffertnce1 between 
the active drugs decrea1ed, while th• Placebo group experienced the 
expected further decrease lri blood pressure after switching to Verapamll. 
The changes from buellne In trough SUDBP at the two vt1ita In thu1 pha•• 
are presented below : 

Week 10 WMk 12 

NIS 20 mg -8.8 ·10.1 
NIS 40 mg -12.2 -10.3 
Verapamll -13 .1 ·11 .5 
Placebo -7.3 .. 7 .0 
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Various demographic variablaa were examined including aex, weight, age, 
smoktng status, race and baseline bl'lod pressure. Of these only age 
exhibited a marked difference in blood pressure response. Mean changes 
from baseline in supine blood ~ro11ure1 for each drug group !or patients at 
least 60 years old vs patients yo-.Jngar than 60 years old are provided in 
the table below : 

NIS 20 mg NIS 40 nig Verapamll Placebo 
n Mean n Mean n Mean n Mean 

Diastolic 
Age~ 60 28 ·10.4 28 ·13 8 24 ·18.2 23 .. 4,0 
Age< 80 42 - 8.8 48 -10.4 52 .,14 .1 49 .. 4,0 
Systolic 
Age~ 80 28 -14.0 26 ·21.2 24 ·19.3 23 -2.3 
Age c: eo 42 ·8.8 48 -13.8 52 ·14.5 49 -2.2 

-

Responder& rate baaed on trough SUOBP are preaented In the following 
table 

-

mg NIS 4 mg erapam 
N•70 Na89 N•78 

-

DBP s 90 
mmH 35 50 % 50 89% 82 82 % 19 28 % 
DBP 
dacree~e 
i? 10 mmH 28 40 °lo 47 85 % S9 78 % 10 14 % 

In clinic monitoring waa done for 12 hours and 24-hour ambulatory blood 
pressure monitoring for 24 hours. 

The In clinic monitoring, that covered only half of the dosing interval 
yielded the following results : 
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Dose 

Nisoldiplne 20 mg 

Niaoldipine 40 mg 

Verapamll 

Placebo 

Mean Ctiange Range mmHg/ Hour 

-9.8 
-13.5 
-10.8 
-15.5 
-11.8 
-15.1 

-2.5 
-5.S 

12 
8 

12 
4 

On ambulatory blood pressure monitoring response after 7 weeks of 
therapy was observed for 24 houri after Nlaoldlplne 40 mg therapy, 4 
houri after Nlaoldlplne 20 mg therapy. and 4 houri after the morning dose 
of VerapafT':t. with blood pre11ur1 ohangea (1y1tolicldia1tollc)of • 17 .5/ 
-10:1 mmHg, -15.1/10.2 mmHg. and .. 19.7/-14.3 mmHg reapectlvely. The 
mean 24 .. hour syatollo and dlaatollo blood pre111Jre change• during 
ambulatory blood pressure monitoring were 

Nisoldlplne 40 mg 
Nisoldlpin• 20 mg 
Verapamtl 

·13.8/-8.0 
-11.1/·7.9 
·14.8/10.8 

Baaed on amoothed ambulatory blood preuure data, th• trough/peal ratio• 
for th• treatment group• are 1umm.artzed In the following table : 

Dla1tollc BP 
NtS 20 mg ·8.7 .. 9,7 89% 
NtS 40 mg ·11.7 .. 11.7 100% 
Verapamll • 11 .1 -12.9 88"' 

- -

Syatollo BP 
NIS 20 mg -9.9 .. 15 88% 
NIS 40 mg -14.3 ·14.3 100% 
Verapamll -15.9 ·20.9 78 "· 
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The unsmoothed change from baseline ambulatory data in systolic and 
diastolic blood pressure are shown below 

• 
• ' _: - -· . -· f _:: . -·. ·- ·.~ ~ -'. 
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Th• trough blood pressure results tor each drug group change from 
baseline by vlol1t supine dlastoilc Is given ln the following graph : 
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Pharm1,gkln1tlc Results. Trough blood samples were drawn at visits 5 
and 11 . Visit 11 samples were analyzed for Nisoldipine and results aro 
summarized below : 

n Range of Mean 
Concentration a Concentrations 

(ng/ml) (na/mt) 
NIS 20 mg 66 0-3.19 1.0 
NIS 40 ma 61 Q .. 8.83 2.2 
NIS 80 mg 3 0·5.24 2.3 

Aaseasment. The study was Initially designed to determine the 
effectlvene11 of Nlsoldipine at doses of 20, 40, 80 mg, Verapemll and 
placebo. The 80 mg dose of Nlaoldlplne waa dropped when In another study 
of a high-dose forced·tltration study of Nlaoldlplne 120 mg dally showed 
asymptomatic T waves flattening and/or Inversion on electrocardtogram 
predominantly at do••• above 60 mg daily. 

.. 
The 20 and 40 concentratlona of Nlsoldlplne demon1trated to be more ·· 
effaotive In lowering the blood pre11ure than placebo, and the 40 mo more 
effecti'le than the 20 mg. Al10 the tffectlvene11 wu greater In 1ubjecta 
older than 80 year• especially In lowering the 1y1tollc blood pre11ure. 
Verapamfl bid wa1 more effective In lowering blood pre11ure than any of 
the concentrationa :>f NJaoldlplne. 

Peak and trough valuea were determined by ambulatory blood preuure 
monitoring and the antlhypertenaive effect wa1 well 1u1talned at 24 
houra after dose administration In all conc1ntration1 of Nlaoldipin• 
evaluated In thla study. 

By pharmacoklnetlo 1tudle1 the concentration of Nl1otdlplne In blood waa 
determined and wu found to be more elevated after th• 40 mg 
adminl1tratlon1 of Nl1oldlplne than after the 20 mg . concentration. There 
wa1 no major difference between the 40 mg and 80 mg doH of Nleoldlpine. 
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Protocol D90-006 

Title gf StyctY : .. South-African Multloentre Study to lnveatigate the Anti­
Hyperteneive Effect of Three Sinai• Oral Dally Do1e1 of Nl1olcllpin• 
Adminiatered &I a Long Acting •coat-Core" Tablet Formulatton." 

frlnc!paJ... lnyaatlgatgr1 and Slt11 gt lny11tf111tton. 

Prof. LH Opie 
university of Cape Town 
Medical School 
Observatory 

Dr. P. Sareli 
University of the Witwatersrand 
PO Bertaham 

Prof. YK Seedat 
University of Natal Medical School 
Congella 

Col. DP Myburgh 
1 Military Hospital 
Voortrekkerhoogte 

Prof. C Roaendorff 
University of Witwatersrand 
Medlcal School 
Park town 

Profa FO Muller and DJV Welch i 
UnlY•relty of Orange Free St8tel 
Bloemfontein 

ObJ•gt!y11. The objectives of thl1 study were : 

1 . To compare th• antl·hypertenalve efficacy and ufety of thrH 
dally do••• of Nlaoldlplne coat-core formulation, namely .. ~ 
10 mg, 20 mg and 30 ma with placebo. 

2. To study a doa1-re1pon1e r1latlon1hlp for Nlaoldlplne coat· 
core. 

3. To uae11 the con1i1t1noy of antl·hypertanalve re1pon1• over 
e weekl. 

Additional obj1ctlve1 were : 

1. To describe the blood pre11ure profile of the lalt day of therapy 
by continuous automated ambulatory blood pr111ure monitoring 
in a group of patients, and hence : 
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2. To quantify th• troughlp•ak blood pre .. ure rel1tton1htp tor thl• 
therapy. · 

tnctuatpn Crtt1rf1. Patlenta wtth newly dlagnoaed mlld to moderate 
hyperten1lon were ellglbl• to enter the 1tudy. In addition patient• with 
mlld to moderate hypert1n1lon being treated who, In the opinion of the 
lnve1tlgator, were no algnlflcantly placed at rfak by withdrawal of 
prevlou1 antl·hyp•rten1lv• medication during the 4-week placebo run·ln 
period could alao be •nrolled In th• 1tudy. 

Exgly1lgn Criteria. Patlentl ware not ellglble If they had labll• 
hypertension, ollnloal evidence of major 1rrhythmla1, angina peotorla, 
conductlo dl1turb1nce1 or h11rt failure, or reoent or Impending myooaralal 
Infarction, or a cerebral vaaoular accident In th• prevloua S month1, 
hl1tory of allergy to dlhydropyridln11. type 1 dlabet11 mellltu1, Impaired 
renal function, Uver dlaean, elevated tran1amlnu11, treatment with 
antlhyperten1lve1 or any other drug that may atreot th• blood preuure •r 
may Interact with th• effects of aalolum antagonlatl. .. wt i • , 
Btydy D11lgn. Thia wu • 10 Wffk, multi-centre, randomlz9d. ptwbo· · 
controtied, parallel group oomparlaon of Nlaoldlplne ooat-oore 1C> mg, 10 
mg, 30 mo v1reu1 placebo. Th• 1tUdy oon1l1tecl of two perlodl : a 11nate-
bllnd placebo run-In period and a double-blind, randomized, plwbo-

oontrolled, group oomparleon (trHtment period. . . .it: .. ! '!:~ . -~?---
Placebo run-In Period. During thll period of 4 we11c1·; Cturatfon .. ~ ·· 'l:·· .... · 
antthypertenalve medication wa1 dlaaontln"ed and one plaoebo tablet wu 
given to bl taken In th• morning before breakfut. Patlentl who• IUDBP 
wu :a= IS mmHg and ' 114 mmHg at vlaltl I and a ""' lllglble for 
enrollment In the aotlv• treatment phue. 

Tr••tm•ot P1rtoct. Ellglbl• patlentl were randomized to on• of four arm1 : 
ptacebo, 10 mg Nlaoldlplne, 20 mg Nlloldlplne and 30 mg Nllolcllplne. 

Patlenta randomized to placebo or 1 O mg Nlaolctplne were to receive their 
treatment for I w11k1. P1tl1nt1 In the two higher dole groupe . 
( Nlaoldlpln• 20 mg or Nl1oldlpln1 30 mo> were to reoelYe 1 o mg tor tht 
flr1t wMk following by 5 WNkl of their randomized treatment In order to 
avoid rapid expo1ure to the higher do1e1. 
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Th• 1tudy design 11 demon1trattd 1chematlca1ty In the following graph : 

Placebo Run-In 

Period 

w .. k 
1 2 3 

11- I I I 

Nleoldtplne 10 mg 
It I I f t t I 

1 o Nlaoldlplna 20 mg 
mg 

II - .. 

10 
mg 

Nlaotdlplna 30 mg 

11.._ ..... __.,_...__,_._..,.._....,... 

Placebo 
II 

Treatment Period 

4 I • 7 • I 10 
I I I I I I I .1 
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The demographic Information 11 given In th• following table : 

Placebo NIS 10 mg Nill 20 mg NIS 30 
n-58 n•49 n-51 mg 

n•48 
Sex Male 27 (47 %) 24 (48 %) 20 (38 %) 21 (44 o/o) 
(P•0.78) Female 31 (53 %) 25 (51 %) 31 (81 %0 27 (58 %) 
Race Caucaalan 30 (52 %) 24 (53 %) 25 (49 %) 28 (54 %) 

Black 27 (29 %) 18 (33 %) 18 (35 %) 14 (28 %) 
(p-0.88) Aalan 8 (20 %) 2 (4 %) e c12 %0 5 (11 %) 

Other 5 (9 %) 5 (10 %) 2 (4%) 3 (9 %) 
Age 
(year1) Mein 
Mean Mean-0.2 53 50 55 50 
Weight Mein 
(ka) (D•0.88) 80.8 77.3 79.7 80.3 
Ba1ellne 
Mean1BP. 
Supine 

Sy1t0Uc (p-0.17) 183.8 181.2 187.2 184.3 
Oiaatollc (P•0.85) 103.5 104.7 104.1 104.4 

Standing 
Sy1tollc (P•0.89) 180.I 158.7 183.8 181 .7 

Ola1tollo (p-0.09 105.1 107.1 107.4 107.4 

Miid 
Hype rt. 

n 33 25 25 27 
Ba1elln• 
SDBP 99.7 99.3 99.2 100.1 
Moder. 
Hy pert. 
N 25 24 28 21 
Ba1alln1 
SOBP 108.5 110.2 110.1 110.1 
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fhe distribution and randomization of patients la Illustrated In the followtna graph : 
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The reasons tor patients who did not enter the double-blind treatment period Is given 
In the following table : 

Reason Number of Patients 

Supine dlastollc blo'ld pressure < 95 mm Hg 5 8 
Supine dlastollc blood presswe > 114 mmHg 1 3 
Unwllllng to continua 5 
Patient had raised serum calcium levels 1 
Uncontrolled non-Insulin dependent diabetes mellltus 1 
Raised llvar enzymes ~ 

Left ventricular tallure 1 
Right ventricular failure when taken off diuretic 1 
Major arrhythmias 2 

Total 85 

Invalid Results and Orop·outs During the Treatment Period. Three patients dropped­
out during the treatment period. One patient In the placebo group died after 
experiencing cerebral hemorrhage 33 days after entering the double-blind treatment 
period. One patients In the Nlsoldlplne 1 O mg experienced 11v1re tinnitus 30 days 
after entering the double-blind treatment period. Another patient In the 10 mg 
Nlsoldlplne group had a severe headache and dropped 17 days after entering the 
doubleMbllnd treatment period. 

Efficacy. 

Criteria tgr efttcac;y. The primary variable for a11e11lng efficacy WU the trough 24-
hour supine diastolic blood pressure (SUDBP), and especlflcally the change In suDBP 
from baseline to endpoint (vlstt e, week e or the last valld vlelt). The change from 
baseline In each of the three Nlsoldlplne treatment groups wa1 compared to the 
Placebo group. Secondary efficacy variables were supine systolic BP and standing 
dlastoUc and systolic blood pressure. 

S. at11ttcal Analyala. Two types ot analysis were followed. The first and primary 
analysis was the standard endpoint analysis, also referred as ~i1~ main efficacy 
analysis. The second was the Intent-to treat analysts (ITT}. 

All patients adherent to the protocol with a valid treatment duration of at least 2 
weeks on double-blind treatment were included In the main efficacy analysis. These 
patients completed at least a two-week double-blind treatment period during which 
they were compUant. and after which the blood pressure waa taken between 22.5 h 
and 25.5 h after the last tablet Intake. Patients who discontinued treatment because 
of lack of efflcacv or adverse events were also Included. Only 2 patients who 
received double·bllnd treatment were consldared Invalid for the main efficacy 
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analysis. They were Included In th& Intent to treat analysis. In one patient the 
basallna measurements were lost 
and In another patient only 10 tablets instead of 20 tablets were· dispensed. 

The results of change from baseline at endpoint In trough blood preuure In all pa· 
tlents valid for th• main efficacy analysis (n•208) are given In the following table : 

Placebo NIS 10 mg NIS 20 mg NIS 30 mg 
n.sa n-49 n-51 n-48 

Supine DBP 
Baseline 103.5 104.7 104.8 104.4 
Endpoint 101.1 99.3 95.7 94.3 
Difference 
(NISmPlacebo) ·3.2 -e.1 -8.0 

Supine SBP 
Baaallna 183.8 187.2 187.2 184.3 
Endpoint 183.3 149.8 14'9.8 141.8 • .. 
Difference 
(NIS .. Placabo) 9 8.9 ·17.8 ·15.9 
Standing DBP 
Baaallna 105.1 107.9 107.4 107.4 
Endpoint 104.8 101.1 98.1 88.9 
Difference 
(NIS-Placebo) ·8.9 ·9.2 ·10.1 

' 
Standing SBP 
Baseline 180.5 158.7 18!.8 181.7 
Endpoint 160.5 150.8 147.5 145.7 
Difference 
(NIS-Placebo) -9.5 ·15.9 ·18.2 

The results on SDBP are demonstrated In the tollowlng graph : 
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The mean change from baaeHne In supine dl&atollc presaura (mmHg) for each 
treatment group after atratlflcatlon for age Is shown In the following table : 
(Main efficacy analylla • 208). 

10 mg 

Age< 45 
ears -8.5 12. -4.1 14 

Age:t 45 and 
< 65 ~1.4 (38) -8.9 (28) 
ears 

Age ;z: es 
ears -1.3 8 -2.0 7 

NI 20 mg -

-10.8 11 

·8.3 (31) 

-10.1 9 

30 mg 

.-8.9 (15) 

-10.7 (27) 

·10.7 e 

varall 
Least 
Squ1ue 
Means 

-7.5 

-8.8 

-8.0 

• The number of patients used for calculating the mean value• are given In 
brackets. 

Result• from ANOVA 

Age effect : p-0.92 
Treatment Effect : p.10,0001 
Treatment by age Interaction affect : P•0.12. 

These results Indicate that there Is no auoclatlon betwHn age and the dlutotlc 
blood prataUr• reaponae. 

The mean change from baMllne In supine dlutollc blood prtMllUl'e (mmHg) for 
each treatment group after statlflcatlon for race la given In th• following tabla 
(Main efficacy analylla • 208). 
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Placebo NIS 10 mg NIS 20 mg NIS 30 mg overall 
Leab' 
Square 
Means 

Caucasian ·1.2 (30)• ~4.fJ (29) -7.5 (29) .. 9,2 (28) -5.6 

Black ~2.3 (17) -5.9 (18) -10.3 (18) -10.1 (14) -7.2 

Other ·B.3 (11) -7.0 (7) .. 11.5 (8) ·13.1 (8) .. 9,5 

Aoa\yala of Beaponaa and Ngrmanzatton Bates. Raspondet'I were defined as patients 
who had SDBP of lea than or equal to 90 mmHg or patltnta Who had a drop In SDBP of 
at least 1 O mm Hg at endpoint. A patient's blood preaure wu aald to be normalized 
when satisfied theaa two conditions, namely, a drop In supine DBP to 90 mm Hg or 
below, and a drop of at leaat 1 O mm Hg. 

The following table showa the r1apon1e rat11 for each tr•atment group, Oddi ratio 
and relative efficacy of each Nlsoldlplne treatment relative to Placebo from the 
main efficacy analyala of the laat visit: 

Placebo NIS 10 mg NIS 20 ma NIS 30 ma 

Total 
number of 
Patients 58 49 51 48 
Responders 10 17 24 30 
Response Rate 17% 35% 47% 83% 

Odds Ratio 
(OR) 
NIS relative 
to Placebo 2.4 4.1 8.8 
95 % Cl for OR 1.0 ; 5 .. 5 1.8: 12 3.8; 22 
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Relative 
Efficacy (RE) 
NIS relative 2.0 2.8 3.7 
to Placebo 1.0 ; 3.9 1.5 ; 4.8 2.1 ; 6.2 
95 % Cl for RE 

These results cen be Interpreted as Indicating that the reaponu rate tor placebo waa 
17 %, Nlsoldlplne 1 o mg 35 %, Nlaoldlplne 20 mg 47 % and Nlaoldlpln• 30 mg 83 %. 
A ralat~va efficacy of 2.8 of Nlaoldlplne 20 mg vs Placebo means that a positive 
treatment re1pon11 la 2.8 time• more likely to occur under Nlaoldlplne 20 mg than 
placebo. The confidence tnt1rval of 1.5 to 4.8 Indicates that the true relative 
efficacy Is likely (95% confldAnce limits) to be at least 1.5 and at moat 4.8. 

The following table 1how1 the normallzatlon rat•• for each treatmont group, odd• 
ratio, and relative efficacy of each Nlsoldlplne treatment relatlve to Placebo from 
the main efficacy analy1l1 of the last visit : 

Placebo NIS 10 mg NIS 20 mg PUS ma 

Total Number 
of patients 58 49 51 41 
Number of 
Patient• 5 5 13 13 
Norm allzatlon 
Rate 8.8% 10% 25% 27% 
Odds Ratio 
(OR) 
NIS relative to 
Placebo 1.2 4.3 4.3 
95% Cl for OR 0.31 : 4.8 1.4 ; 1.3 1.4 ; 13 

Aelatlve 
Efficacy (RE} 
N IS relative to 
Placebo 1.2 3.1 3.3 
95 % Cl for RE 0.37; 3.9 1.3 : 7.3 1.3 : 8.1 
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These results can be Interpreted In the same manner as described for th• response 

rates. 

Analy111 of AmbylatQry Blood pr111ur1 Mgnltgrlng. Of the 165 patients who ente~ed 
th• ambulatory blood pressure monltorlng phase of the study 137 patients were 
ev&luable. The means acrou patients (change from baseline tn diastoUc blood 
pressure) are graphically presented In the following figure 
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Varloua cllnlcally meaningful variables could be calculated from the hourly mean 
diastolic blood praasure profiles. The followlng table ahowa res~lta of trough/peak 
ratios calculated from hourty means of ambulatory monitoring data : 

Diastolic BF> 
NIS 10 mg. 
NIS 20 mg 
NIS 30 mg 

Systolic -BP • 
NIS 10 mg 
NIS 20 mg 
NIS 30 m 

Syatollo BP# 
NIS 10 mg 
NIS 20 mg 
NIS 30 

·11.96 
-13. 70 

·9.03 

-15. 70 
·20. 72 
·18.31 

-15. 70 
-20. 72 
-18.31 

.. 11.as 
-13.70 
·12.57 

~15. 70 
-20. 72 
·18.31 

-15.70 
-20. 72 
·10.84 

• Using tlmepolnt of 1y1tollc peak. 
# Using tlmepolnt of dlaatollc peak 

24 
24 
a 

24 
24 
24 

24 
24 

2 

100 % 
100 % 

72% 

100"' 
100% 
100% 

100% 
100% 
172% 

The reaulta Indicate that there wu a good doa•reepONe pattern In bOth 1Y1tollo 
and diastolic blood preuure fall• from b-lln• for placebo Nlaoldlplne 1 O and 20 mg 
white the fall of Nl1oldlpln1 30 mg wu very almllar to lhat In lh• 20 ma group. The 
effect of the 3 Nleoldlplne group waa maintained ov1r the entire doalng period. Thi• 
11 also In evidence by oblervlng the following graph of houlty meana In a 1moottwc1 
curve : 
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A11111mLrJt. Thia atudy demonatratld that Nl1oldlpln1. at concentrations of 10 mg, 
20 mg and 30 mg,, wu more •ft•ctlv• than placebo In towering the blood praasura, 
but thfl effect wa not potenttated when the dou wu lncreued from 20 to 30 mg. 
Ambulatory blood preaure m1uurem1nt1 were done which demon1trated that the 
effectlvtn- of NllOldlplne 1xt1ndld throughout the 24 houra attar administration , 
trough valuee frequently being aqua' to peak valu•. 

It II lnteraatlng that In thl1 1tudy thla calclum channel blocker demonstrated to have 
a greater eftectlv•neaa In blackl. a patlenta population u1u1Hy more refractory to 
antthypertanalve treatment, than In cauculan1. 

In reference to age, thl1 study concluded that Nl1oldlptne wu more effective In 
lndlvldua11 85 y.tara ot age or older. (table page 73). Thia finding 11 conslatent with 
thol8 of protocol 089-039 Ir. which Nl1oldlpln1 wa1 more effaottva In this age range 
especially In lowering aystollc blood pr11aure. (table page 10). 

Protocol 081·054 

T1t11 gr StlJdx : • Comparative Doubl•·Bllnd Piiot Study of the Safety and !fflcaoy of 
Once Dally . DOHI of Nlloktlpln• 1 o. 20, 30 ma Cort·Coat Tabl•tl VI Placebo In 
Hypert1n1lv1 Patient• •. 

prloclpal lny11tlg1tgra and Slt11 gt lny11Ug1t1pn : 

T. Fagan, MD 
Thi Unlv1rllty of Arizona 
Tucson, AZ. 

W Flamembaum, MD 
Health and Science• Research Inc 
Englewood Cllff1, NJ 

BP Hamilton, MD 
VA Mldloal Center 
Baltimore~ MD 

v Canzannello, MD 
Bowman Grey School of Mldletne 
Winston-Salem, NC 

J Muntz, MD 
Hollywood Mtdlcal Center 
Hollywood, l'L 

H Corwin, MD 
NIW England Mldloal Center 
Bolton, MA 

J Kann. MD, PhD 
Plttaburgh, PA 

H Punzl, MO 
Trinity Mldlcal Center 
Carrollton, TX 
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ObJ1ctlv11. The objtctlv• of thla study were : 

1. To teat whether Nlloldtpln• cor•coat given 1 o mg, 20 mg, 30 ma once dally 
lowera th• blood preuure algnlflcantly more than placebo at the end of 24·hour 
doalng Interval (trough). 

2. To record blood prauura and pulH rat• tor tour houre after the first dou ot 
doubl•·~llnd drug to monitor patient reeponu to acute ldmlnl1tr1tlon of the drug. 

s. To determine peak rupon11 and calculat1 rattoa of trough to peak effect by 24-
hour ambulatory blood pr11aur1 monitoring. 

lncJualqn and e1o•u•fQD Cclttrla. Mall or female p1tlent1, 21 to 70 year• of aga, 
with a history of mlld to moderate 1111ntlal hypert1n1lon and a mean 1upln1 
dla1tollc blood pr11aur1 of 95 to 114 mmHg after three and four we1kl ot placebo 
were eltglble for the study. 

Excluded from th• 1tudy were patient• with labll• hypertenalon, a change In 1upln1 
dlutollo blood preuure greater than 7 mmHg between the tut I placebo run-In 
vl1lt1, Impaired renal or llver function, rto1nt or Impending myooardlal lnfsrodon, 
or cerebral vascular accident, angina peotort1 or Intermittent olaudloatlon, hurt ~ 
failure. major arrhythmlu, conduction dl1turb1no1, fallure of a major organ aylttm, 
11v1re Infection, mallgnancy. p1yoho1l1, ohronlo diarrhea. u101rat1v1 ootltla, 
reglonal enterltl1, dlvertloulltla, partial or complete gutr1otomy or 1m1ll bowel 
r1uctlon, history of allergy to dlhydroplrldln•, preanant women or tho• with 
chlldbHrlng pot1nttal and patJ1nt1 known to lbul• lloohol or drug1. 

StudK P••lgn. Thia wu a randomlZld, double-blind, parallll group, pllOlbO 
controlled 1tudy of eight w•kl duration oon11tt1ng of a 1CrMnlng pertod and a 
randomization treatment period. 

Screening Period. During thl1 period ot 4 w11ka duration pat11nt1 diacontlnued all 
prev,oue 1nUhypen1n11Y1 medication and were given a 1lnglt-bllnd placebo once 
dally. Thoe• palfenta with a mun auplna dlutollo preuu,. a II mmHg to ' 114 
mmHg after thrH to four Wffkl ot plaalbo and within 7 mmHQ at both Ylllta wert 
tran1f1rrld to th• treatment period. 

Randomization Period. Patlenta were randomized to rl0tlv1 tither NllOldlplne 1 o mg 
qd, Nlaoldlplne 20 mg qd, NllOldlplnt SO mg qd or Placebo qd for four WMkL 

The studv d11lgn 11 d1mon1tratld 1chematlcally In th• following graph : 
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Screening Random lzatlon 

. 

I I I I • 
I ' I I 

Nlaoldfptne 10 mg qd 

I I I I I 
J ' ' ' 

Nlsoldlpln• 20 mg qd 

ll I I I I 

Nlaoldlplne 30 mg qd 
I ' I I I 

Placebo qd 
I I I I I 

Week 
1 2 3 4 I I 7 8 

II I I I II I I I I 
. 
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pempgrapby. The demography and baseline ch1ract1rtlftfc1 are given In the followtng 
table : 

Nlaoldtptne NllOldlpJne Nlaoldlplne Placet>o 
10mg 20mg 30mg n-30 
nw30 n-30 n..29 

Sex Male 20 (87 %) 19 (83 %) 19 (88 %) 21 (70 %) 
Female 10 11 10 9 

-Race Caucasian 23 (77 %) 23 (77 %) 20 (89 %) 23 (77 %) 
Black 4 7 9 7 
Hispanic 3 0 0 0 

Age (years) 58 53 52 51 

Weight 
(Iba) 188 200 207 190 
8111Hne 
Blood .... 

Pra11ur1 Supine 148/99 1•7199 145/19 1411100 
mm Ha Standtna 1•41100 1•41100 144/100 149/101 

The dlatrlbutlon of patients and randomization are g;ven In the tollowlrg graph : 
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Screanll"Q 

'Dropouta j 

173 
..-------....... Patients 

Nlsoldlplne 
10 mg qd 

n-30 

30 
Patient• 

2 

..,_ ____ _,Dlacontlnuad 

Randomization 
122 Patients 

51 Patients 

~ ____ ........ ___ ----~ ---
Nlsoldlplne 
20 mg qd 

na32 

30 
Patient• 
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Nlaoldlplne 
30 mg qd 

n-29 

27 
Patient• 

Placebo• • 

30 
Patients 
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The reasons that disqualified enrolled patients for randomization are 
given in the following table : 

Reasons for diaquallficatlon 

Supine diastolic blood pressure < 95 mmHg 
+ 7 mmHg difference in supine dlastollc 
blood pressure (visits 4 and 5) 
Supine diastolic blood pressure >114 mmHg 
Unable to make scheduled visits 
Illness not due to study medication 
Lost to follow-up 
Abnormal laboratory values 
Non-compliance 

Patients 

21 

Systolic blood pressure above acceptable limit 
High blood pressure readings during 

3 
4 
3 
4 
2 
3 
2 
1 

ambulatory monitoring 
Chest pain at visit 1 
Chose to withdraw 

Total 

1 
1 
1 

·-···--·----
48 

The reasons for dropping out during the doubl•bllnd randomization period 
are given In the following table : 

Drug Group 

Placebo 

Nisoldipine 
20 mg 

Nisoldipine 
30 mg 

Final 
vi sit 

7.0 

8.0 

5.5 

8.0 
8.0 

Daya on 
Drug 

1 1 

5 

5 

23? 
7 
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Reasons for dropplng­
o u t- Severity 
Drug Relationship 

Dlzzlne11-Moderate 
Probable 
Intolerance to all-night 
vlait1 
Shortneu of breath-Cough 
Miid-Probabie 

Noncompliance 
Flush Ing-Severe-Probable 



Efficacy 

Qrtteria fgr Etf1ctly10111. The change In trough supine diastolic blood 
pressure from baseline to endpoint compared among the groups was the 
primary efficacy criterion. Endpoint was defined as the last valid visit on 
the doubf., .. blind drug for each valid patient. Patients were to be included 
!n this efficacy analysis if trough blood preuure data was available after 
at least 7 days on double-blind drug. 

Statistical Methods. All tests of significance were performed as two­
tailed tests with alpha + 0.05 unless stated otherwise. 

Analysis of Efficacy. The mean blood pressures by visit for all patients 
valid for analysis of efficacy are given in the following table : 

Wee~ Post 
Randomization 

Week-1 

Week 0 

Week 1 

Week 2 

Week3 

Nlsoldlpine 
10 mg 

Sys/Dia (n) 

143/99 (30) 

145/99 (30) 

138/91 (30) 

140/91 (30) 

138/91 (30) 

Supine Blood Pressure 

-... 
Nlaoldlplne Nlaoldlplne Plwbo 

20 mg 30 mg 
.,... ... · 

Sys/Dia (n) Sys/Dia (n) Syl/Dfa (n) 

145/99 (30) 144/91 (21) 145/98 (30) 
.. 

148/98 (30) 144/98 (29) 147/100 
(30) 

138/90 (30) 138/91 (29) 141/95 (30) 

139/92 (29) 133/90 (28) 140/94 (30) 

136/91 (30) 134/89 (28) 142195 (29) 
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Week4 137/90 (30) 134/90 (30) 133/89 (27) 144/94 (30) 

Endpoint 137/90 (30) 134/90 (30) 133/89 (30) 144/94 (30) 

In the following table, the results of the analysis at endpoint are 
summarized : 

Nisoldiptne Nisoldipine Nisoldipine Placebo 
10 mg 20 mg 30 mo 
n .. 30 n-30 n-29 n-30 

Supine 
Systolic 8.4 11.s• 10.r 3.0 
Diastolic 8.3 8.9* 9.9· 5.3'· 

Standing 
Systolic 8.3 11.8* 10.r 3.4 
Diastolic 6.2 7.3 7.0 S.1 

*Significant difference from the placebo group pc0.05 

The change In trough supine dlaatollc blood preuur• at 4 weeka and 
endpoint, placebo aubtracted, are shown In th• following graph : 
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-sL------------------------------------------
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Ambulatory monitoring and supine in-clinic blood pre11ure1 were 
smoothed and result• are demonstrated in the following graph : 
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The Trough/Peak ratios from smoothed ambulatory monitoring data for 
valid patients are given In the following table : 

Nlsoldlpine 
10 mg (n-12). 20 mg (n•11) 

Diastolic 7 % 
tjystollc 92 % 

Peak hour 
Post-dose 8 

Nisoldipine levels 
at trough ng/ml 0.82 

35% 
43% 

9 

1.04 

30 mg (n•12) 

88% 
108% 

8 

1.49 

A11111m1nt. Thia is a small pilot studied carried in a relatively small 
number of subjects consisting mostly of mlddl•age caucasian male obeH 
patients. ·Although the reaulta on blood pre11ure with th• 1 O mg do• o~.t~ ... 
Nlaoldlpine was not significantly different from placebo the 20 and 3CJt ~ 
doaea were but the effect of both did not seem to be very different from 
each other. 

Qth•r Studi••. Other studies were performed In which Nlaoldlplne wu 
administered to patients with renal dl1eue. to cirrhotic, elderly and 
young people. The effect of food on dNG aab1orption wu aJlo Investigated. 
The effects of combination with other antlhypertenalve agents._.... '~1·~ 
studied in long term exten1ion 1tudle1. 

Study in Clcrbaala. Protocol M.M.R.R. I 1118 

!)tie gt . Studx. "The Effect of Clrrho1l1 on the Steady-State 
Pharmacoklnetlca of Nlaoldlplne Coat-Core Suatalned-Releue Tablete •. 

Thia was a single center, non-randomized, non-blinded, comparison ·of 
single doae and 1teaady-1tate pharm11coklnetlca of Nlsoldlpln• coat-core 
tablets In cirrhotic and healthy 1ubjecta. 

Sixteen subjects participated In the study : 8 cirrhotic and 8 healthy 
subjects. There were 4 males and 4 female• In each group. In •tag• 1 a 
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single 1 o mo doae of Nlaoldlpfne wu administered and in stage 11 1 o mg 
of Nlsoldlplne wu administered qd for 7 days. 

-......... 

R11ult1. Admlnlatratlon of Nlaoldlpine to patients with cirrho1i1 resulted 
in a 3 to 4-fold increase in peak ptaema concentration and AUC(o2•>· 
Nlsold!plne had little effect on blood preaaure In either group. 

A11111mant. Thea• results are indicative of poaalblllty that th• dose of 
Nisoldlpine may need to be adjusted in patients with olrrho1i1. 

Study io Baoal Qisege. Report 5837 (R). 

IUl1 of Study. ..Influence of Renal Function on the Pharmacokinetica of 
Nisoldipine CC Tablets After Single and Multiple Dosing •. 

This was a multicenter, non-blinded, non-randomized, comparative study 
among 4 groups to compare the effects of renal function on the 
pharmacokinetioa of Niaoldlplne CC after a alngle doM u well ~. ffter. J.. . 
achievement of a steady state. _..- :J~ 

~ 

~· 

A total of 40 patients were enrolled In 3 centera •. The following group1 of 
patients were enrolled : 

1. Control. Nine aubjecta with creatinln• clearance > 80 mllmln/1.73 ma 
......... ,. .. J: 

: .. ·;-. ... : .. -.... ,.. ' ........ . ' 

,,yl,'<'"JI·" 

2. Mild Renal Failure. Twenty aubjecta with creatlnln1 clearancr If.ff IC> 
ml/min/1.73 ma 

3. Moderate Renal Failure. Nine oubjecta with creattnlne clearance 30 to s 
80 ml/min/1,73 m2 

4. Severe Renal Failure. Seven 1ubjact1 with oreatlnln• clearance < 30 
ml/min/1. 73 ma. 

Baaulta. Although there waa not a 1tati1tlcally algnlflcant dlff•~•nce In 
the Niaoldlplne AUCnonn between the group1 with impaired renal function 
and the normal con~rol, in the former an increase in plaama Nleoldiplne of 
approximately 2-fold could not be excluded. 
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Assessment. An Increase in plasma levels of Nlaoldlplne In patients with 
impaired renal function may requtre the adjustment of the dose. There 
were only modeat affects on blooa pressure acroa all groups. 

The Eaotor Age . Report 5857 (P). 

Title gt Stud~ : •A Study to Determine th• Single Do• and Steady-Stat• 
Pharmacokinetic Profile of Nlaoldiplne Coat-Cor• (CC) Tablet 20 mg In 
Elderly and Young Volunteers and in Elderly Hypertenaive •. 

This was an open, multiple-dose, non-randomized study. Nlaoldlplne CC 
was administered at the dose of 20 mg qd for 7 day1. Pluma samples 
were collected and blood pressure and heart rate were measured. 

The following groups of patients were studied : 

Young Volunteers. Twenty healthy young vo!unteel'8, 18 to 23 yeara of .. :" 
completed the study. 

Elderly Volunteer•. Twenty healthy elderly volunteere, 81 to 84 y ... ·. 
age, completed the study. . : ~· ... · 

Hypertensive Elderly. Eleven hypertensive patlenta, 68 to 77 yeara of ICI•. 
completed th• study. ........ . · 1 ·· . -
Results. The plasma concentrations of Nlaolcllpl~"'-~Jeldlifj-· ... 
volunteers and hypartenaive patients than in young volunteer1. After 
multiple dose administration the supine dlutollc blOod prHaure remained 
essentially unchanged in normal young healthy volunt81ra but a moderat9 
decrease In elderly healthy volunteers and a algnlflcant decr•w~ In ~;.... . 
elderly hypertensive patients wu observed. ..~·· 

The Effagt gt Pitt. Study Number 092-045-02. 

Title of Study : • The ·effect of Food on the Pharmacoklnetlca of 30 mg and 
40 mg Nisoldipine CC Tablets in Healthy Male Volunteel"I •. · 

This study was an open-label, randomized, two-way craA over evaluation 
of the Bffect of food on the pharmacokinetica of 30 and 40 mg 
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Nlsoldlplne. SubJecta were randomized to receive a single 30 mg or 40 mg 
dose of Niaoldlplne either In a fasted or a fed state. After one week 
washout period there wae a croasover td the opposite state. 

Twenty .. elght healthy male subjects between the ages of 18 and 45 years 
completed the study. There were no algnlflcant effects on mean sitting 
diastolic blood pressures in the fed or fasted states at the 30 or 40 mg. 
doses. 

Long Term Extension Studies. Drug Combination. Protocols X89-039 and 
X90 .. 019. 

These were long term extension studle1 of the 8-month efficacy atudlea 
and safety of Nlaoldtpine CC In the treatment of mild to moderate 
hypertension. Patients completing 1tudle1 089-039 and 090·019 were 
given the option of Immediately entering an open-label elctenalon protocol. 

Patients were Initially given Nlaoldlplne CC 20 mg or 30 mg tabl•ta one.,. a 
day as initial therapy. Then the do•• of Nlaoldlplne waa to be lnoreued 
sequentially every one or two weekta aa tolerated, to 40 mg qd, 80 mg qcl 
and 80 mg qd. or 80 mg qd and 90 mg qd until SUDBP wu ~ 90 mmHg. 
Howsver the maximum dose of Nlaoldlplne waa In fact llmlted to 80 mg qd 
before any patient enrolled. Atenolol 50 mg to 100 ma qd and/or 
Hydrochlorothlazlde 24 to 50 ma qd could b• added at the lnveltigator'1 
discretion at any time. Thu• tablet• uHd were Nlaoldlpln• CC 20, 40, ~.XSO . 
mg for monotherapy with the addition of Atenolol 50 and 100 mg and.or 
Hydrochlorothtazide 25 and 50 mg for combination therapy. 

The distribution of patients 11 shown In the following graph : 
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Patients Enrolled 
2"22 

20 mg 
44 (20 %) 

30 mg 40 mg 80 mg 
45 (20 %) 34 (15 %) 99 (45 %) 

With Atenolol 
20 Patlentl (9 % ) 
1 Patient 25 mg 
15 Patients so ma 
4 Patients 100 mg 

The results are summarized below : 

Supine 

SBP C8P 
mmHg mmHg 

Baseline 184.0 101.1 

Endpoint 135.7 ee.o 

Mean Dlf ·18.3 -15.2 

With · · Hydrochlorothlazld• 
78 Pattenta (35 "> 
44 Patltntl 25 mg 
34 Patlenta 50 ma 

Standing 

SBP ml' 
mm Hg mmHg 

149.7 100.3 

132,4 81.5 

-17.3 -13.1 

Aaaeaament. Th••• were open-label uncontrolled 1tudl11 In which 
results were all pooled together and therefor• they 1hauld not be valid 
for evaluation of CGmblned therapy. 
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Total Aaaaaamant gf Efficacy 

paak prug Etfagt on Blood praaaura, The effect of Nlaoldlplne on blood 
pressure at the approximate time of peak drug plasma concentration (i.e. 
the maximal response between S.10 houri poet-dose) In the supine and 
standing position Is shown below for the ayatollc and diastolic blood 
preaaure. 

Placebo Subatracted Change In Peak Blood Pre11ure 
Dose Nlaoldlpln• 

10 mg 20 mg 30 mg 40 ma eo ma 

Study SUOBP 
088-054 ·11.8 -9.5 -14.1 NA NA 
089-039 NA ·8.0 NA -8.3 NA 
010-019 NA NA ·8.3 NA -10.1 

SUSBP 
088-054 -a.a -1.e ·12.8 NA NA 
089-039 NA -15.2 NA -15.3 NA 
090-019 NA NA ·13.0 NA ·11 .1 . 

STDBP 
088-054 -9.3 -7.8 -11.5 NA NA 
089-039 NA -7.8 NA -8.1 NA 
090-019 NA NA -8.8 NA ·13.4 

STSBP 
088-054 -4.7 -11.e -11.0 NA NA 
089-039 NA ·14.4 NA -17.8 NA 
090-019 NA NA -15.5 NA -19.1 

Twantv four Hour Mean BP Baduatlgn. Ambulatory blood prmure waa used 
In a majority of the cllnlcal trlal1 of Nlaoldlplne In hypert1n1lon. In 
addition to characterizing the temporal profile of lta effect on blood 
preaaure, these data provide an estimate of the time-average reduction In 
blood preaaure for each dosage of the drug. The pooled reaulta of 11veral 
studies are shown in the following table : 
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Nlaoldlplne 24 Hour AVG BP Reduction, Mean :t SEM 
Douge,(mg) Syatollc Dlaatollc 

Placebo ·0.7±8.7 ·0.8:t8.3 

10 ·8.4±11.8 -4.8:1:7 .5 

20 -12.7±11.S -8.4±7.1 

30 ·12. 7±10.8 ·7.9:t8.9 

40 ·13.8:t12.1 -8.0:1:8.8 

80 ·18.4:t9.9 -12.0:1:7.2 

Th• change In trough blood preuur• from b-llne to endpoint (MeaM:SEM 
In mmHg) la given tn the following table : 

Pooled Placebo NiilOidlpine 
Dosage 10 mg 20 mg 30 ma 40 mg 80 mg 

N•232 N-SO N•181 N•105 N•131 Nm125 

8UDBP ·4:t0.5 ·8.4:1:1.4 ·l.2:1:0.8 · 1 o.et0.1 12.4:t0.7 ·14.0:t0.7 

SUSBP -2.0:t:0.5 ·8.3±2.9 ·10.9%1.2 . 12.2:1:1.8 17.2:t1 .4 ·1 l.5:t1 .4 
. 

STDBP ·2. 7:1:0.I -7.0±1 .5 -7.9±0 l !9.0::t0.8 12.8:t0.8 ·13.8t0.8 

STSBP -1.5:1:1 .0 ·8.2±3.0 ·11 4 1.3' 12.9:1:1 .8 18.7%1 .5 · 19.2:1:1.5 

In th• following graph, pooled re1ulta of placebo 1ubtracted value• for 
trough SUDBP reduatlon by doM are demonstrated : 
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Nisoldipine Pooled Analysis 
Supine Diastolic Blood Pressure 

953 Confidence Intervals for 
Mean Differences from Placebo 
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A If near relatfonahlp of blood preaaure reduction by Nieoldlplne In dosages 
between 1 O and 80 mg Is apparent without evidence of a plateau. 
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Similar results for SUSBP are shown in the following figure : 
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Nisoldipine Pooled Analysis 
Supine Systolic Blood Pressure 
953 Confidence Intervals for 

Mean Differences from Placebo 
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A linear relationship Is not aa evident as In previous graph but the 
maximum effect was achieved with 60 mg Nlsoldipine dose 

97 



Similar results for STDBP are shown In the following figure : 

Nisoldipine Pooled Analysis 
Standing Diastolic Blood Pressure 

g53 Confidence. lnf"'!rvals for 
Mean Differences f ror11 Placebo 
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In th1~ case the relationship of blood pressure reduction to dosage is 
roughly s;gmoidaf with an apparent plateau at 80 mg. 
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Similar results for STSBP are shown in the following figure : 

Nisoldipine Pooled Analysis 
Standing Systolic Blood Pressure 
95~ Confidence Intervals for 

Mean Differences from Placebo 
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The relationship of blood pressure reduction to dosage is sigmoidal with 
an apparent plateau at 40 mg 
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A pooled analysis of 24 hour ambulatory blond pressure monitoring ls 
demonstrated in the following 4 graphs : 

I • 
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Through the 24-hour recording there seams to considerable overlapping 
especially among the higher doses but at trough there is evidence of blood 
pressure reduction that seems to be dose related. 
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The effects on diastolic blood pressure at peak and trough and the 
trough/peak ratios according to dose are given In the following table : 

Dosage 

10 mg 
20 mg 
30 mg 
40 mg 
60 mg 

Trough/Peak Ratio 
Diastolic Blood Pressure 

73 % 
75 % 
93 % 
100 o/o 
97 o/o 

Time Course Effect of Nj;;o(djp!na. The therapeutic effect of Nisoldipine 
was achieved early In the course of treatment ( approximately 2 weeks ) 
and gradual incremental gain Is evident for another 2-4 weeks. 

The mean changes In sitting blood pressure from baseline after first dose 
Is given in the following table : 

Dose (mg) N 8 Post-dose 24 post-dose 
Systolic/ Systolic/ 
Diastolic Diastolic 

Placebo 10 -4.9/ .. 1.9 3 .8/-2.2 
. 

5 1 1 -10.4/-4.2 0.3/2.3 

10 13 -6.7/-7.1 -0.7/-4.5 

20 12 -11.3/-7.8 -5.8/-1.9 

30 7 -15.4/-9.8 -13.3/-1.9 
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Pharmacoklnetlc and Blood Pressure Results. The rnean alttlng blood 
pressure change (mmHg) from baseline at peak and pharmaccklnatlc 
parameters (Mean :tSD) at steady state at each dose level la given below : 

Dose Sh Post- 24h AlJC Cmu Tmax 
(mg) N Dose Poat- (0-24n) (ng/ml) (h) 

Sys/Dia Dose (nQ.h/ 
Sys/Dia ml) 

Placebo 10 -2.5/ 3.8/ 
-5.9 0.3 

5 1 1 -9.6/ 1;9/ 9.1 :1:5.0 0.7:1:0.3 9.2±3.0 
-4.7 -4.3 

10 13 -8.9/ -5.0/ 16.2± 1.1±0.3 6.3±4.8 
-7 .1 -4.8 3.0 

20 12 -1 3.2/ -5.4/ 29.4:1: 2.3:1:0.9 4.0±2.4 
-7.6 -4.3 11.8 

30 7 -21. 7 / -11 .8/ 43.2:1: 2.9:1:1.1 5.4:1:5.0 
-10.5 -5.9 23.1 

Tho mean supine blood pressure change (mmHg) from baseline and 
pharmacokinetic parameters (mean:tSD) at steady state for each dose level 
i I i th f II I t bl s g ven n e o ow ng a e : 
Dose N Sh Post 24 h AUC Cmax Tmax 
(mg) Dose Post (0-24h) (ng/ml) (h) 

Dose (ng.h/ 
ml) 

30 18 -16.4/ -14. 0/ 74.28± 4.79± 7.22± 
-8.4 -10.2 7.96 0.08 0.93 

60 18 20.8/ 16.8/ 129.76± 8.48:1: 9.08± 
13.2 15.0 12.74 0.81 1.97 

90 9 ~22.1± ·23.0± 199.31± 13.02± 6.78± 
12.1 13.4 16.45 1.20 2.30 

120 3 n30.7/ -44 .3/ 226.58± 14.92± 4.00± 
25.0 -19.0 12.41 2.01 1.00 
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Ta bring up more clearly the relationship between plasma Nisoldipine 
concentrations and blood pressure decrease, supine diastolic blood 
pl'essure changes from baseline at peak (8 h) and trough (24 h) were 
related to plasma Nisoldlplne concontration at this time points using a 
simple linear regression. Placebo patients were Ltsed In this analysis with 
a plasma Nisoldip,ne level of Zero. The results for 30 and 60 mg are 
summarized In the table below : 

Timapoint Nlsoldlplne Mean Mean Change Estimated Estimatec 
Plasma Cone. lnSUDBP Slope Slope 
(ng/ml) (mmHg) (P-Value) 

Day 4, 30 mg 
(N-18) 
8 hours 3.5 -8.4 -2.55 0.0118 
24 hours 2.6 -10.2 -1.42 (0.0689) 

Day 8, 60 mg 
(N-17 .. 18) 
a hours 6.2 -13.2 -1.14 0.0507 
24 hours 5.2 -15.0 -1.39 (0.0027) 

Blood prassuce Babound Upon Withdrawal. Blood pressure rebound was 
determined 24, 48 and 72 hours after cessat~on of Nlsoldipine 60 mg qd in 
patients who had reached steady state. There was no evidence of for an 
exaggerated rebound effect on blood pressure after discontinuance of 
Nisoldipine at this high dose. 

Maintenance of Blood pressure ReduGtion in Long Term Stydjes. There was 
no evidence of tolerance to the antlhypertenslve effect of Nisoldipine over 
6 months to 1 year of therapy. 

Demographic Subgroups. Gender. Trough SUDBP changes from baseline to 
endpoint for male and female patients are given In the following table : 
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Female Male 
Dosaae N~aoldipine-Placebo Nlsoldlplne-Placebo . 
10 mg -8.85 -2.27 
20 mg -3.21 -5.87 
30 mg -8.47 -6.1 
40 mg -7.82 -8.43 
60 mg -10.31 -10.79 

Although dose-response profiles are somewhat erratic the overall effects 
are similar for man and women. 

Race. A comparable analysis of efficacy for race related to dose is 
demonstrated in the following tabla : 

White Black 

Dosage Nisoldipine-Placebo Nisoldipina-Placebo 

10 mg -3.59 -4.37 

20 mg -4.54 -6.39 

30 mg -7 .51 -8.82 

40 mg -6.69 -11.61 

60 mg -11.51 -11 .1 
. 

Black patients responded with a greater decline In trough SUDBP than did 
white patients. 
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Age. In the following table the dose response for patients divided by age 
lass than 65 years and equal or greater than 65 years is demonstrated. 

<85 ~65 

-Dosage Nisoldipine - Placebo Nisoldlplne - Placebo 

10 mg -3.69 -6.2 
20 mg -4.98 -5.15 
30 mg -7 .31 -5.48 
40 mg -8.21 -8.09 
60 mg -11.08 -8.14 "-
The elderly demonstrated a greater low-dose response and a lesser hlgh­
dose response. 

Quartile of Baseline Blood Pressure. For Nisoldipine as well as for many 
other antihypertensive drugs, a higher baseline blood pressure is 
associated with larger decline on medication. In the table below a dose 
response according to baseline SUDBP by quartile is demonstrated : 

01 Q2 

Dosage Nisoldlplne-Placebo Nlsoldlpine-Placebo 

10 mg -4.38 -5.97 

20 m", -4.23 -8.18 

30 mg -2.27 -1 i.49 

40 mg -6.36 -13.81 

60 mg -9.66 -14.16 

The relationship of Nlsoldlplne dosage and decline in blood pressure Is 
least evident in the first quartile and strongest In fourth quartile. 
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Combination Anti hypertensive Therapy. Addition to a background of a beta 
blocker. One the pivotal studies (089~029) evaluated the combination of 
Nisoldipine CC and a beta blocker.To patients who were already receivinQ 
Atenolol Nisoldipine was added. The sponsor claims the efficacy of 
Nisoldipine under these conditions. HoYJever there se.Jms to be a drug 
interaction between these drugs ·that the sponsor has not recognized (see 
p. 35 this review ). 

Long Term Extension Trials. Based on open-label controlled trials and 
uncontrolled studies of one year duration the sponsor claims that 
meaningful responses were elicited by the combination of Nlsoldipine 
with diuretics and or/ a beta blocker. 

Becommeodations. Nisoldipine should be approved as monotharapy for 
hypertension. The recommended dosage should be 1 O mg to 40 mg. 

Although the sponsor states that there is no drug Interaction between 
Nisoldipine. and beta blockers there are publlcatlons stating that such 
interaction exists (1, 2 ). This should be stated In the package insert. 

Consideration should be given to advising that the dosage may need to be 
adjusted in patients with renal failure. 

There were not well controlled studies of the combination of Nlsoldlplne 
with diuretics or other antihypertenive agents. Therefore the claim of 
efficacy with other drug combination is not well substantiated. 

cc. 
ORIG.NOA 
HFQ .. 110 

/HFo .. 110/ CSU/Roeder 
~ HFD-110/CGD/30Jul93 

~~€7.~IAr 
····-·----------------~---·------
Cristobal G. Duarte, MD - HFo .. 11 o 
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DRUG: Nl~oldlplne Core- coat 

SPONSOR: Miies Inc (Pharmaceutical Division) 

DATE SUBMISSION: 3 March, 1993 

DATE REVIEW: 2o A11,u..ft 1qq=5 

REVIEWER: Philip L. Dern M.O. 6°)'-:J. 'ZJ'~ 

RESUME: 

This review deals entirely with safety aspects of the above submission; not efficacy. The primary 
approach is via examination of Individual pools of data based on slnallar studies and provided by 
the Sponsor In this submission. 

I. Hypertension 
A. Exposure 

Although the number of cases treated world-wide with nisoldlpine exceeds 6000, according to the 
Sponsor, relatively few of these, N= 1292, were given nlsoldlplne core- coat (NIS cc) as shown 
below In completed studies: 
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Th• following table provides the total duration at treatment by total daily dose of longest duration 
for th• US NIS CC (total controlled and uncontrolled) cases. The second tabla provides duration of 
treatment In the non- US studies. 
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In the non- US studies N= 326 received NIS CC for more than 6 months; N= 184 for more than 1 
year. In th• US studies the figure tor greater than 6 months was N= 131 but, apparently, none were 
treated longer than 1 year. 

Demographic characteristics In this safety evaluation wm be related primarily to adverse effects and 
other safety· related features. 

a.safety 

1. Deaths 

No deaths occurred in th• US NIS CC hypertension studies other than tor a singlo subjeet receiving 
placebo. He was aged 68 years, cullapsed, and failed to respond to r11uscltatlon efforts. ln the non· 
US NIS CC hypertension studies a placebo case dl1d of c1rebral hemorrhage; N= 2 NIS CC caSIS 
died, one due to an accident, another due to cerebral metastases from prostatlc cancer. 
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2. Serious ADE 

Th• next table shows the number and percentage of subject In th• US NIS CC studies by dose tor 
both eases with serious ADE, which display dose Nsponse, and for those wtthd~wing due to 
••rious ADE, In whom dose response is probably prttsent. The dose response tor% of patients with 
ADE versus dose varys from 0.7% (10mg) to 9.1°/e(SOmg). 

Numoer ("")of Patients With Senaus ~!vents and Withdrawals from StUdy 
Pan1c1paUcn because of ThoM Events by Ocae of NIS c: 

. 
OOSF. OF NIS CC 110mg 20mg 30mg I '°mg eomg eomg I To&al 

(nl (151) (395) (24') (292) (199) (1,, (1292) 

NO. OF PATIENT~ \0•ill'1 Sl!FUOUS AE1 , I 2 5 
,. 

I 1 I ze 
("" OF PTS ON COS!) (0.7) (0.2) (O.lll (1.7) (•.5} (!1.1) (2.0) 

NO. 01' PATll!NTS WMO WITHOAEW 
l!CAUSI! 01' SEf.i10US A! 0 3 0 • 5 , 13 

("" OF PTS WITH SAE) (31) (BOl (55) (100) (501 

3. Discontinuations due to ADE 

Of the N= 1292 patients (combined US+ non· US NIS CC), N= 25 (2.0%) ADE reports were received. 
Of these easl)S N= 13 were withdrawn because of these events. N= 17 of the 25 reports occurred 
during the double- blind phase of trials. 

These N= 13 cases, among others, have narrative comments in Table 15a Pool 6 Vol 521. Each of 
the narratives on th••• cases was examinod by th• Reviewer. The final diagnoses were angina, Ml, 
cellulttis of legs, possible Ml, CVA, possible Ml, Infection, flu, pleural effusion. cholellthlasls, CVA, 
chest pain, pituitary tumor and berry aneurysm, elevated liver enzymes, edema and erythema plus 
petechlae, pain in legs with elevated CPK, chest pain. 

Of the non- US NIS CC completed studies N= 35 cases on NIS withdrew due to ADEs. A listing, Vol 
623 Table 15, provides reasons tor discontinuation In N= 11 cases: Th••• Include tinnitus, non­
response, pheochromocytoma, headache plus edema, atrial fibrillation, Impotence, edema(2), 
vertigo, lack of efficacy, non- compliance. In the remaining cases a cause for dlacon\lnuatlon was 
not given although co-start terms for side effects were. There were a variable number of such terms 
for different patients. Most were manifestations of vasodilatatlon. No withdrawals for laboratory 
abnormalities were listed. 

In the N= 6 placebo- controlled trials (US and non- US) with NIS CC 55/828 (6.60/o) discontinued. 
Another N= 68 cases (11.5%) discontinued froin among N= 500 patients on long· term uncontrolled 
etudJes. Since all but one of the 6 trial was a US study, the Sponsor focused on them. The following 
table •hows that a dose response exists, except at 30 mg, for withdrawal du• to ADE In the US 
placebo- controlled trials. The Sponsor does not believe dose response ts evident, but this 
reviewer's logistic regression (below) shows a slope coeft t of 3.5 std errors. 
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Numo.r u1d ftercem ol Pa&l«U in US ~.o Studies ' 

~twMo Due to ~ Exoenenca. by Df1M al NIS CC 

I (n~~ro) I tOmg I ~rn; I 30mQ I .OmQ I DOITtQ I eomo (n•37) (n•llO) (n•l25) (n•tl4) (n•137) (n•t5) 

N I (3.~,, I 2 13 I 5 I 1!1 15 I 3 
("l (5.4) (7.2) (4.0) (1.2) (10.9) (20.0) 

Table 15a Vol 521, not attached, provides a complete listing of reasons for withdrawal in this group. 
What Is striking Is that many subjects have multiple raasons for withdrawal. When more than one 
rffason Is listed, no single one is given most weight in this table. There was a suggestion, based 
on Inspection of the table, that peripheral edema and rash might be associated but the number of 
cases Is not more than a few. 

The following tabla shows the most frequently reported ADE In subiects withdrawinQ due to ADE 
In the controlled US studies. 

Incidence , .,.) .:f MIAC I'~ A~ AdvetM l!veru In Pauena 
Wllhdl'IWft Due to Aidvne Ewra In U.S. ~ Studies 

AU. 
PLA NISIX 

ACW..SE EVINTS (n•ZIO) (n•e71) 

Any lady System 3.2 7.1 

HMcSacne 0.4 3.1 

P.,;ptlenl Edtm11 0.4 2.9 

Vaodlaia:lon 0 u 
H.1""9 0 0.9 

PalplLatlon 0 0.9 

DIZZlnta 0.4 0.7 

The Sponsor reports that th• ratio of the number of ADE to the number of patients discontinuing 
was greater at lower doses than at higher ones. · · · · 



t-OGISTI: RZCRESSICN OP WITHDRAWAL PROPORTION ON DOSE 
Y AXIS: PROPORTION WITHDRAWN DUE '1'0 ADI: 

% AXIS: DOSE WIS MC/DAY 

Method: Iteratively- r•w•ight•d l•••t aquar•• (GLIM) 
(analyai• by reTi•w•r) 
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The Sponsor suggests that multiple, but mild, events could be occurring at low doses with more 
nvere ones, though fewer, at high doses. No analysis of this hypothesis ls provided. 

The following table shows cases withdrawing du• to ADE from US uncontrolled studies. Patients 
are assigned the dose they were on for the longest time. There la a counterintuitive Inverse 
association of withdrawal and dose. One possiblllty Is that subjects on higher doses had the 
opportunity to have withdrawn on lower ones during the process of upward dose adjustment In 
these long- term studies. 

Numaer and """*"' ol ,....,.. ... U.S. UnconlrUled Srualea 
Wlhdr'IWinQ OU9 to ~ bpeiill'OM by eo.. ol NlfS CC 

20mg »ng 40mQ «>mg 
(n .. I) (n•<4e) (n•34) (n•llJI 

.tt. 12 I I • .at (2!.li (11.0) (17.e) ft.0) 

The most frequent ADE in patienl:I withdrawn during the US uncontrolled studies, shown below, 
are orde1ed somewhat differently than In the short- term studies. In particular, peripheral edema ls 
more frequent In the Jong- term trials probably because of a time-dependence for wtthdrawa; such . 
that headache occurs aartier than edema. This Is shown In the following table and In a Kaplan­
Melar plot. 
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Th• Sponsor states events causing discontinuation are more severe or higher doses, say 60 mg, 
than on lower ones. In the absence of a specific a.-;alysls taking account of the correct 
denominators, this may be questioned. 

4. Most frequent ADE 

Th• following table lists the most frequent ADE regardless of whether they were associated with 
withdrawal. Data from US nnd non .. US NIS CC cases 1ra qlven. The prominanca of symptoms 
related to vasodilatlon Is again seen. Th• relatlveiy yreat•r Incidence of edema In the pooled 
c:-ontrolled + uncontrollad studies is also shown for both US ind non- US data. In addition, the rates 
in the non· US studies are overall less than in the US ones. 

lndl:*ICI Rate (411.) ol ~ ...... ~(al,) It, ........ Tr.a.cs In U.S. Md Non-U.S. Studies 

StUdy LOCUIOn Studi.. ~ucr.a In 1he U.S. Studies catldueud Nlide the U.S. 

Conrraled. C<.mri:;i-.' • 
Type ol Studies ~~ U1m1t1olled ~ UneoncrOlld 

l'LA NISCC NISCC l'LA NllCC Nl~CC 
~l!vwa (n•UD) <n•m> (n•1'71) (n•ll) (n•1IO) (n•511) 

Hmdactle 15 22 ZI 21 23 11 

...... f..d..,,. 10 zz ZI 7 11 11 -
Otzzlnela .. I 7 I .. I 

Allhen6I 4 .. I 0 1 3 

VUOdlatmian 2 .. • 0 3 I -P.-.uon 1 3 3 3 4 3 

5. ADE by Demographic features 

ADE by demographic sub· groups Is examined In the US placebo- controlled trials. The Incidence 
Is given below of ADE aelected by the Sponsor for "common observance" with the type of 
compound used. These are mostly tho•• with higher Incidence. There Is no aggregation by sex 
though one might have expected this, say, for edema In females. 
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In the non- US placot,~ controlled trlajs there was an Increase in edema In tamale• treatad with NIS 
CC but data for th• placebo group is not provided. The Incidence of edema In treated females la 
about th• same as In the US placebo group, above. Th• more frequent ADEs are shown below by 
race In all plac11bo- controlled studies. Rates tend to be higher for headache and edema In 
Caucasians. 

1 .... 1111own oy Gendlt of IN lnciatnet (1'11 of leltc:tea AdV.,.. lven&a 
In Non.US~ Stuti. 
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'"'°'*"' l!dema 
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ADE by age are shown below for placebo- r.ontrolltd studies. Headache la more frequent In 
younger subjects, Interestingly, though edema may be I••• frequ.: . it than In older cases. These 
trenda are prea11nt In both US and non- US studies. 
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~US and Haft.US~ SIUdlll 
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'tftslhnl Id..,.. 21 27 t2 11 
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Peripheral edema was meir• frequent In heavier subjects tha~· in the lighter one1 shown below both 
In US and non- US studlas. 
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A table, not attached, 1howa that when ADE are stratified by b•••lln• BP below and above 108 
mmHg diastolic, that ca••• with lower BP tended to have more v11odllatatlon. The re•pectlv• ratu 
51537 and 1/141. Th••• 11'9 not very Impressive. ' 

8. Hemodynamic safety 

A. Hypotension 

ADE suggestive of hypotenalon, syncope anci "hypot•n.ah .. n'' wsre 1ought. Aaymptomatlc 
hypotanaion was determined by "first dose effect", by trough/peak rattoa from In- cllnic and 24hr 
ambulatory BP readings, and by examining supine and standing BP plota. No caaea (Spontor) of 
syncope in th• US NIS CC trials on NIS. N= ! patients in th• US placabo- controlled studies hed 
either. 1'hypot1nalon11 or "poatural hypotanatlon" on NIS CC. The next table 1how1 data from US 
placebo· ~ontrolled trt111.(INSERT tp15 v:.09) 
Note th1t only 1 few of th• ca••• show orthostatlC! hypotenslon In casun! blood pr111ur11. It INrna 
worth while to point out that "dlzzlneaa11 occumtd In 1bout 7% of all th• US NIS CC 1tudl11 and that 
It la poaslb•• that a number of caea had thla 1ymptom dl.• to hypot1n1lon. Clinical experience 
shows !halt "dlzzine••" la not often dlatingutahed from light· headednooa without vertigo due to 
inadequate questioning of patient&. 

A first· do•• effect waa examined In two atudlea without showing adverse symptomatology but with 
BP reductions. Th• followl~'9 table ahowa th• re1ult1 of In· clinic BP monitoring. 001• related peak 
lffedfi 1'8 IHn. 
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NIS CC NOA 
SECTION a.u 
Summary at NIS Sattty • Hyp1n1nslon 

Symptamadc Hypot1nsive l.dvtrs1 !vents 
Occ-Jning In US Placebo-Contrcllld Studies 
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Na 5 •mbuta !ory monitoring studl .. w•re done. The dl.tributlon of doa• by study la provided. The 
•cond tab It, show a the trough/peak ratloa from th•M atudl•s. 

NumMt al , .... Undlf'OOlna :Z......_ AIN try DOM m NII CC: 
. 

9'ldy ' Ooclaonl I ~ '°'"' IDf"9 »mv I "°"" l9DmQ 

D1t.aM CUil 11 tZ t1 12 I 
a.m' (USl I :11 32 I J2 30 

DIN3I (USl ZS 2• I 2• 

090..ooa cnan.u11 33 ~ 32 37 I 
OI04tt (US) I 31 31 I ZS 

Trough/peak r1ttloa from the 24-hr ambulatory data art provided below. Note that for ayatollc BP 
two methods are used \Jependlng on whether P••k ayatollc Is 1) determined at th• time of peak 
dfastollc BP or, b) whether the true p1ak Is used. Theaa ratio• are con1lst1nt wtth peaks that are 
not aub1tantlally below th• trough values. Note, however, that If In a given subject th• trough 
reading• are quite low that a amall, further drop at peak might be hypotenalve. For that reason 
trough/peak ratios may not be very good means of exploring for BP reductlona for Hfety purpoua. 

TAIUUTV\ff 0' TfllOUOM·T0-411MC MTIOI ANM.V'ZID OUNNG 2•-HOUll AMIU&.ATO"Y l&.°"D 
,.._UllJM MOr.TOfllHCI llAl&INI· AMJ "-ACDO·IUITMCTID MSULTIJ 

0011 MNllCC ----·· ..---· .......... p..--· ~---..... -'AMM.,..,. '°"" 20tr.t »nt 
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T~11lil "911o t•I 71 13 ,,. 

J Systole I'' 
71 u u l Tre"f""9111 "Ho l'•I 

• PIP VllUN COl'teADOnd IO tilt ..,,. ol Ptlk dllltOlic tflact. 
' , .... Vllue9 .,. .,. aCMI mulmum ayllCllc lfltct. 

'°"" •Omt 

tCO 17 

100 fOI 

tCO .. 

""' ... .,_... ___ 
24'0mt W 

.. 
71 

71 

The table below ahows th• percentage of patients having either a change of 20 mm from baseline 
or 1 BP below 100mm Hg. Thefe appears to be a fairly consistant percentage of ca••• with 1 fall 
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In ayatollc BP regardl- of dos• except for low numbers In th• small sample on 40 mgm NIS. Note 
that 1 substantial number of placebo ca••• air~ show this degl'N of fall. Subtraction of th• placebo 
v1lu•• give• about 4- 1% of ca••• with reduction below 100 mm •Y•tollc. Thus supine reductions 
of not• accurred in some subjects. 

T.UUL-t>T1CI .. Clfl l.l11T'I '•MMITW'I AHM.\'UD nioM .Z•~" A¥1U&.AT0"Y ILOOO 
""°SUN MOHITc.MtG caMIUNl·SUl~CTID MIUC.l'll 

DOii Oii Ml CC 
,...... 
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---~---·- "°"" '°"" Z'Omv old tomt lOmt 3Cmt 

S.A'ITY !tAf\AMITDI In• .&II In• 171 lft ••Ill ln•241 tn•211 Ill• 10111 ln•2tl 

O~GllC ·~ Cl\ltll9 .. 71 79 " 12 H 
>Z~lrom......,. u 
lot It ... " , Hout 
I' Of onenttl 

SY1totic tit < 1C)()mmt1f 
ftt1 at l•t1C I HOUf 24 21 Z2 ' 20 11 2• 

!"lit of D1t1et'ltll 

The last method of assessing hypotension was to compare supine and standing blood t'ressures 
at trough. The correlation was near 1.0 and consistant with little orthoatatlc hyf'otenslon. 

B. Reflex tachycardia 

Or.a of the effects of a vasodilator Is reflex tachycardia. The Sponsor examined this by dos• 
response of puls• rate; by frequency of tachycardia •• •n ADEi •nd by ECG HR. 

In the US monotherapy studies th• mean placebo- subtracted change In HR varied from ·1.53/mln 
to +O. 18 over th• do•• range of 10 to IOmgm NIS CC. Th• change In HR for the combined dona 
waa 0.52. Note that th•••.,.. not specified as standing readings. 

In th• US placebo· controlled atudiea, tachycardia was an ADE In 1% of NIS CC patients. One 
patient in th••• studies withdrew for aupraventrlcular tachycardla.ThrH patients In the US 
uncontrolled atudl•• had tachycardia contributing to withdrawal. Th• Sponsor analyzed tho 
transition from normal or low heart rat• to high v1lue1 In the US controlled trial• and found this to 
have occurred In 1.4% of NIS cc pattenu and In o.s-;. of placebo ca .... Again, none of these 
readings are specified aa taken standing, a position that might have exaggerated pulse change. 

C. R•bound hypertension 

A placebo- controlled study 090-022 In hypertensive patltnts treated tor as long 11 21 days aought 
evidence for rebound blood presaur• elevations by 1 72· hr follow-up after discontinuation of NIS 
CC. Examination of the Sponsor's table 1howed that th• group means tor diastolic BP show no 
evidence of rebound. Howeve', the ayatollc BP values are higher at 72 hra than at baseline except 
tar th• hlghaat doaa level, 120mg NIS. Th• ayatollc BP m11n for the placebo group ls also elevated 
at 72 hrs 10 that it Is difficult to ascribe th• lnere111 In systolic BP to "rebound". It Is more likely 
that loss of both th• placebo and therapeutic 1ff1cts ire Involved. 

;'. Clinical Laboratory Testa 

A. US HIS CC plac•bo· controlled 1tudl•• 

1. lncld1nc1 t•t•• of "high" lab abnormalltl11 
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The Sponsor provldu Table 17a (not attached), In which th• rat•• for "high" •bnonnalttlq .,.. 
given by doH level from o mgm (PLAC) to aomg. Sample sizes are very small for th• lowest active 
dose, 10mgm and th• highest, aomgm. Examination of th•ae rates 1how no evidence tor dose 
rwspons• nor Is It llkety they would given the exceedingly small rates far th• data pooled over 
doses. In particular, for Items with overall higher rat•'- Including blood glucose, no dose rwsponse 
tr9nd la sNn. BUN has a 3o/e rate at 40mg NIS, 2"/o at 60mg, and 09/o for placebo. No such b'•nd Is 
•••n for crwatlnine. No trend la ... n for lncreaa• with dose of nrum calcium, alka'lne phoaphataH, 
or SGPT Is seen. 

Rates by dose/body weight are also provided but do not show tl'9nds of Interest except, possibly, 
for alkaline phosphatase, which has a rate of 59/e at the highest doaelweight level, >.SS- <1.2 
mgmlkg, versus a placebo rate of 2o/e and rates In lower active dose/weight levels of 1%. 

For "low" values the hematotogte values tor all US NIS CC studies shewed 2% of NIS patients with 
neutraphlla below 1700/microl and 1'ro In th• placebo group. The rate WIS also 2% In th• pooled 
controlled and uncontrolled studies. No patients with platelets below 100,000/microl are ahown. 
Thu• addition of ca••• wtth long- term followup d:d not lncreaH the rate of low values for th••• 
two tests. 

Hemll~~ Parametlt ~from ltuoltt ~UC:ICI in IN US 
-

~Cll«I. 

11.00D CIU. UNI ftlac:~ecl Unco:wrclllCI 

llllC Jl\.A Nll cc NISC:::: 

n•UO n•511 n•MC 

-. PATIEHfS LOW AINOFIMN.. 3 3 s 
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n•Zl2 n11W n•838 

.. l'AT!!HTS LOW AINOAMAL s 4 s 

1' fJf wm4 H!UntOl'HILS c 1700/ JJL ' 2 z 

Pu:m.t:TS l'\,A MS CC NISCC 

ft•lt7 n•US ,,.751 

tr. l'ATllNTS l.Dtl AINOl'MN.. 0 0 -
' ltT wmf l'\.ATELIT c t00,000//A. iJ 0 0 

Thia aubmt.r.:on contains a tabulation of mean difference from baseline for both NIS CC (N= 150) 
and placebo (N= 280) for US placebo- controlled subjects. A tabulation on th• following page 
contains Hlected laboratory teats tram the larger tables. The larger table, Table 21 Vol 522, also 
has standard deviations. Th• Reviewer calculated th• mean difference +I· 2 SE llmlta for NIS cc and 
for placebo for hematocrft, platelets, %neutrophlls, glucose, BUN, alkaline phosphatase, ar.d SGPT. 
All of the 2SE limits for the NIS group overlapped those for the PLAC group for th••• particular 
tests so that th4 trea,ment groups are not likely to differ by this method. 

ExamlnatJon ot 10 lowest or highest values of selected laboratory tests In 111US1tudi1a{controlled 
and uncontrolled for Individual subjects showed, among the lowest 10, Na 3 instances In which falls 
In hematoclt occurred. None were associated with the loweat 1 O value• for total wbc or 
%neutrophHa. Reapectlv• ba111in• a:1d lowest values were 34,29: 36,30; and 36,33. Th• baHlln• 
values tended towards being low. 1 o• subject with th• lowesc hematocrft,29, was on many 
medicines at baseline lncludlng Naproxln, Insulin, enat•prll,labetalol, and glyburld1. During th• 



P lU 

Renal Function Parameter AbnormaUt1as from Studies Condudad In the US 

BENA~ EJ.lN"1:!QN ~;! 
Controlled + 

Placebo-Controlled UncontroUed 
.CR~TININE PL.A I NfS CC NISCC 

n•271 I n•646 n•739 
% PATIENTS HIGH ABNORMAL. 0 l 0 1 

BUN Pl.A I NISCC NIS CC I 

n•269 I r.•645 0•738 I 
% PATIENTS HIGH ASNORMAl.. 0 I 1 t I 

Hepatic Parameter Abnormalities from Studies Conducted In the US 

Controlled + 
LIVER FUNCTION TEST Plac•bo-Controfled Uncontrolled 

SGOT Pl.A NIS CC NISCC -
n•24S n•603 n•692 

% PATIENTS HIGH ABNORMAL 3 I 2 3 

% PT >3X NORMAL 0 I 0 0 

SGPT Pl.A I NISCC I NIS CC 

n•224 I n•562 n•847 \ 
% PATIENTS HIGH ABNORMAL 3 I 2 4 I 

% PT >3X NORMAL 0 I 0 0 I 
. ALKALINE PHOSPHATASE PLA NISCC NISCC 

n•2S2 n•623 n•713 

1'a PATIENTS HIGH ABNORMAL 2 2 4 

% PT > 1.2SX NORMAL 0 0 0 
... 

" ·,··LOH ... · . .... PLA NISCC NISCC ..... . . ··'• " . ". 
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All cases of high blood glucose on treatment we,. high 1t basetlne, uauaUy above 200mg%. 

N:7 lnstancea of mildly elevated BUN on treatment w•N found. Only one of these (value =27) was 
associated with an increased serum creatlnine(1.4,2.0). 
Serum calcium increased In assoelation with treatment In N=3 caHs ba18llne, on treatmant:9.8, 10.5; 
10.0,10.5;9.1,10.4) but alkaline phosphatase was not In the highut N:10 far any of these. The last 
of the above N=3 cases had a low phosphate (2.3, 1.9). 

Although a number of cases had elevation ot alkaline phosphatase during treatment, all were high 
at baseline. One Instance of notable change (112,248), but with a subsequent tall to 160, despite 
some lncraa5e at baseline was more closely e.iamlned. The patient wu a 84- year-old female with 
diabetes mellttus, hypertipfdemia, and edema. During 1 long-term axmnaian trial she was on 
concomittant medications including atenelol, niacin, and glyburlde. A •low ri•• in alkaline 
phosphatase over 1 and 112 years occurred with 3 high readings. 

N:3 Instances of elevation of SGPT with concom;ttant elevation of SGOT were noted (baselln•, on 
treatment: 25,384; 39,209;35,88). The first of these also had elevated total blllrubln (0.6,3.3). Thia 
patient was a 63-yr-old male with a history of elevated tranaamina .. a on ACE Inhibitors.During 
treatment he received Lovastatln. Despite continued treatment with NIS th• final day SGPT and 
SGOT were well within nvrmal llmtts though the previous two values, both obtained within a on• 
,,.,..k period, were elevated. An additional N=2 Instances of •l•v•Uon of SGOT occurred In the 
absence of enough rises in the other enzymes to reach th• level of th• hlgh•st 1 O valu1s. 

Increases In serum bilirubln occurred in N=4 cases. One of th••• ha1d enzyme elevations describac.i 
just above. Total CPK was elevated durtng treatment In N:::z patients. tn one the MM and SB 
fractions were normal. 

In the Nz516 (depending on t••t) non- US controlled plus uncontrolled studle~ hematocrlta were 
low In N:i 3 cases but In N=2 they tended to Increase aubuquantly. Total leucocytas were low In 
N=4 ca11a. In two of th••• th• baseline value wu also low. None of thue casaa were among the 
10 lowest %granulocyte values. N=I low platelet counts occurred In N• 8 c-•· In N• 2 of thue 
the baseline valu•a were normal. Except tor Na2 cues th• on- Rx valuea were not very low, and 
though below th• 1ulgned normal rang•, were all above 100,000. In the one of N=2 ca•• With 
platelets below 100,000 total wbc was low both at baseline ancr on treatment. In th• other th• wbc 
count was not among the Na10 lowest. 

In N= 10 cases elevation of SGOT occurred but baaellne·Valuas were elevated In theM. In two ca •. .ta 
u11 of country- spclflc normal valuas might hav• reduced buellne values to nomt "''· "=7 caaas 
with 1l1v1ted alkaline phosphatase values occurred. In N= 5 of these th• bas1Un1 values y1re also 
elevated. These elevations ere not associated with values for SGOT In the highest 10. N=6 caaea 
of elevatld serum blllrubln were found; In N=4 baselines were high. None were associated with 
SGOT values In the highest 10. 

Serum creatlnlna was""' el•v-ated above normal In any of the values In the hlghatt 10. 
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8. ECG 
A. Background 

Because of ih• finding of t-wave chan;• in study D9C>-022 (hypertension), th• Sponsor examined 
that study and thrH phasa Ill NIS CC trials for such alterations. The Sponsor has provided 
background Information from th• medlcal llteratuna. T wave Inversion or flattening occur during 
rapid ntductlon of BP with vasodlators. These reductl~ns In BP do not •pP•ar to b• associated with 
wall motion abnonnalttl•• on 20 achocardlography. Long- term traatmerrt wtth minoxidil has been 
canlad out with Improvement In the Initial t-wave changes. 

8. Th• phase II trial 090-022 

This v111s a trial In N= 29 patients with mild to moderate hypertension, mean age about 60 years. 
This was a forced titration trial 30- 120mg NIS CC with the first two doses given for 4 days each; 
the neJ:t two for 7daya each. N=8 subfecta were randomized to NIS CC and N=5 developed t- wavfll 
flattening on th• ECG. Th• N=120mg dose level was discontinued due to poor tolerance (severe 
peripheral edema, ECG changes).A second group, N= 10, was randomiud to NIS. N::6 of thaaa 
cases developed t wave flattening and/orlnversion with occ:.inenca equal, N=2 castm, at each of the 
doses, 30,60, and 90 mg. No an~ina occurred. Thallium ~ca"' were f9port•d as negative in N::S of 
the first cohort. 

The percent with T-wave changes and dose were, raspectlveiy, tr.{CP'..AC~; 22°1o(30mg); 39%(60mg); 
64~~90mg); 800/e(120mg). The respective sample sizes were 5,18,18,11,5. n.b. Th• excess over the 
N:c23 that were randomized must represe"t titration steps. 

Stratifying results Into c.ases with normal and abnormal ECG and Into 6 and 24 hrs after dosing, 
showed significant dltferencas betwMn BP falls at 8hrs between the two ECG gnups. Differences 
at 24 hrs (trough) were not sigr1ificant. 

Stratifying normal and abnormal ECGs by AUC and Cmax showed that the abnomal ECG group had 
larger pharmacakJnetlc paramet11rs. 

The Sponsor relatu the ECG changes to the forced· titration design and, by analogy, to tha 
literature reports of T- alterations In rapidly· Induced hypotanslon. 
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C. Other Phase Ill trials 

ECGa from trials 089-029,039,and 090-019 coded blindly and ,.ad by a cardiologist. These ECGs 
were usually taken at trough. Puk EC Gs we,. obtained In one study. Dosage was up to aomg NIS 
CC (N=494 In the pooled atudl .. ) or placebo. Mean age was about 56. One study had background 
atanolol. 

In these titration studies the dose assigned to an ECG was, for one analysis, that to which a patl•nt 
was randomized, not to, say, a lower dose they might have transited from. Another analysis 
assigned the dose as that on which th• event occurred. Two analyses were done; one Ignoring 
baseline ECG events and another ellmlnatlng cases with these. It seems likely that more than one 
event per person could occur since rates ware calculated from th• ~otal number of events" divided 
by the number of cases at risk for the first type of analysis. In the ucond analysis •II subjects wana 
1t risk. One analysis was done for peak ECG 1'9aponses. 

The table below shows some evidence of do .. reaponu except for th• small sample at 80mg. 

STUOY 089-039 

NIS CC NIS CC NtS c:: ' VEA SA ECG !IU. AU.. NIS CC 

I 1M>normaiitv 20 m; 40 mg ao m; 

·r nanenin; !no''"'> 101155 ie-:<.\ 3n1 '""'1 7/H 110%1 0115 (0~1 I 4f71 (6%1 

Tinw,.ion Jn3 , • .,., 111157 (7%) ~n2 fe,.1 en 1 ",.' 1114 17"-1 I 3n2 f4~1 --either an1. n, .,., 201119 (12"-l 7f7'5 !1,.1 12ne 11 e'Mt1 1/15 17%1 I 7(78 (9%1 

Similar results were obf · · 'd when 'all patients' (regardless of ba1eline findings) ware studied and 
when the num,,.r of Et. . tracings was used as the denominator. n.b. there tends to be a dose 
response In each of th• above results except at BOmg. 

Results for ECGs taken at peak were unr•veallng. Th• sample sizes were far too small, about N.S 
per active dose group. 

Study 05029. This ls the study with background atenelol In addition to NIS CC.The doses of NIS 
Wf!ra 0,20,401 and 60mg. 

The respective rates of T flattening or Inversion at these.doses wena 18%,7%,200/0139/o so there was 
not much evtd1nc1 of dose responH. 

For all cases, regardless of baseline atatua, there was a significant difference among doses for T· 
flattening (PLAC 21%i 20 21%i 40mg 41%; 80mg 27°.4). 

For events per number of ECG• results were we•k•r. 

Study 090-01'i. Th• rates for T-wava flattening or lnveralori by dose were PLAC 13o/e; 30mg 9o/e; 
60mg 5%. Therefore no dos• response Is seen. 

Rates using all patients or number of ECGs in the dtnomlnatc;- were not more useful. 

ST- segment elevation or depression: Rates tor these were very low In ucra of the ~hr•• studies (1· 
2"•). Comparing th• Incidence In th• PLAC and pooled NIS CC groups by ST depreaaion and by 
elevation 1how1"' t ·llt placebo and active dosr, rates were each no more than 2'1 •• 
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There is llttfe evidence from these throe studias, taken to,:lethor, of a dose response for the prirr.ary 
ECG T-wave changes of intctrast. However, the findings In the Phase II trial wtth forced titration do 
show a trend for dou response as well as effects of BP reduction and plasma NJS concentrations 
on T abnormalities. Thus the findings In the ?hase Ill trials may just be at the opposite end of a 
spectrum cf effects. 

Conclusions for Hypertension Safety (NIS ·".:C): 

In placebo- conuolled trials there is a aose- related ir.cidence of ADE over the range o to ao mgm 
of NIS CC. The most frequent ADE are thos l '!"&lated to the vasodllatory action of the drug • 
headache and edema. The occurrence r;,: these two ADE Is time- dependent with headache 
occurring relatively early versus edema. 

Marked symp~omatlc hyp!"'hl"'lsaon Yn'lt- ''•~"· ~rorninant with NIS C · ~lthough "dizziness" occurred 
and may have baen a ni~n .' '' \ :101. "f hypotansion. AsymptomatiL ;,7.:><>tension In trough readings 
was not fr&Quiii "'t thou;~:·. =1.ae sys1olic BP values In the region of .JOmm Hg were not Infrequent 
in 24- hr art";'. :ul.ator/ EW t :·ad, .• ~s. Rebound hypertension was not present overall during monitored 
withdrawal. ECG r. w~w1 abnoru~.; ·,;PS .. inversion and flattening, occurred during forced titration 
h1 ! r>ha~e II tttudy but in s~ .. .Jies In w •• , ... n c1a:a01ge was increased slowly was not promlnant. There 
w.:.s; an associa~:.,,, of thesa ECG ch~ngss to the dagr!"I of BP reduction and to drug blood levels 
!n thB f~rr.suj titration study ECG S· T alteration was infrequent. 

CUnlcal laboratory abnormalities: Jn the US, placebo-, controlled (shorter- term) studies, evaluations 
by overall rates of abnormality, transition from normaa, and overall rates by dose were not very 
revealing. p~~$0nt. Examination of the N:: 10 highest or lowest values, as appropriate, in all US 
studies, controlled or uncontrolled (long-term), showed a few instances of falls in hemator.rit. total 
wbc count, and %neut:-ophils. Several instances of Increased transaminases, one with Increased 
bilirubin were found. An instance of substantial elevatlon of alkaline phosphatase occurred. Serum 
calcium increased In three cases without increases in alkaline phosphatase. 

In the non- US controlled and uncontrolled trials (approximately N= 516 NIS cases) several 
Instances of decreases In hamatocrlt or wbc occurred. Platelet counts fall In soma i:ases but not 
below 100,000. A .,umber of cases had increases In SGOT but from elevated baseline levels. Serum 
creatlnlne was not elevated In the highest ten values. 
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overall Conclusions tor Safety of N1soldip1na: 

Two major tinding• in thi• •ubznis•ion ar• 1\ a •ub•tantial incidence of 
withdrawal •••ociatad with •ign•l•ymptoma of .,,..odilation and :Z) an inc:r•a••d 
rat• of withdrawal for angina/cad in trialli fC',r tb• angina indication. In th• 
short- term trial• th• latter withdrawal• ·tended to o..:c:11r early and to ba 
•••ociat•d with •iqna / •ympto11111 of Ya•odilation but, io th• long- t•rza trial• tbey 
·~4=• priilulrily manife•t•d by an iocr••••d ra~• of withdrawal. 

In the OS, placebo- controlled, bypert•o•ion trials t~era wa• a aignificant do•• 
re•ponae for ov•rall withdrawal of about 11% at 60mg NI~ and 5.4% at 10 111g. Th• 
incidence ot haadache, not naca•sarily a••ociated with withdrawal wa• about 20%. 
In the long- tarm, uncontrolled hypertanaion •tudie•, about 20% of ca••• had 
w~.thdrawu by 30 week• and th• cumulative incidence of peripheral edema w ... • mc:i:a 
than 40%. Thu• wtiatavat' blood pr•••ura reduction tbat is achieved i• a••ociat•d 
with •ub•tantial aide ~ffacta, moat of which are due to the pharm.acologic action 
of the drug in cau•ing va•odilation or to th• comp•~••tory m•cbani8DUI •uch •• 
tachycardia. 

On• might expect •ome myo~ardial iacbamic ~henom•na if th• va•odilation and 
tachycardia increa••d cardiac work out of propo?:tion due tbe benefit• of 
reduction of afterload through lowering of blood preeaure. There wa• little 
evid•nc• that th• balanc• wa• UDf av,rably affected •ince, in tho hyperten•ion 
•tudi•• th• incidence ~f withdrawal due to angina/cad wa• about 1'6. However, 
there w•r• in•tancea, ••P•cially in the pha•• 2 rapid, for~•d- titration trial, 
of t~• development of t wave abnoz:maliti••· 

It i• in the angina patient• that evidence for i•ch.mic •ffecta of ni•oldipine 
are of greater concern. Sven in the ahort- ta:rm, OS placab~- co11trolled trial• 
the ratea of with~awal for angina/chd exceed those on place~~. !n addition, it 
i• o~ particular int•r••t to not• that a high proportion of auch withdrawal• 
occurred very early at t~• clo•• to tho•• for withdrawal due to va•odilation. 
Thu• th• clo•• •ilDilarity of th• diatribution of witb4rawal for va•odilation &nd 
that for angina/cad support3 a •ilr.ilar mechani•~ for both. Symptoma of 
vaaodilation were not prominazit in th• long- t•xm angina trial• but in tho•• the 
number of event• Va• higher, about 10'6. Thu• for the abort- term trial• one may 
u•• tb' rate•, th• timing of withdr~w•l and/or •••oeiation of va•odilation; for 
th• long- term trial• only th• rat•• are uaeful. Not• that the uc• of timing of 
withdrawal ancl/or any a••ociated 'lfaaodilation conatit\lt•• an "internal ::ontrol. 

Prom a purely aafety •tandpoint1 thi• revi•w•r i• not in favor ot approval for the 
angina pactoria indication in view of th~ i~cr~•••d rate of cb••t pain/cad in 
angina aubject•. It i• po••ible that a c.,1abination of a beta- blocker and 
ni•oldipina woulO allow u•• of the latter drug in angina pectori•. n.b. a •ingl• 
atudy (0702) c~rried ~ut in Canada, us, and Isra•l bad very few •ithd.rawal• due 
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to ADE. N• 1 •ubjec:t withdrew for inc:rea•ing angina and N• 1 fox· 111Yocar'1ial 
infarctioa out of H• 200 Hl:S+ atenelol ca•••· 'l'h• experience with thi• 
combination i• •• Y•t in•uttic:ienc to recomaa.nd this combinatioD but it may b• 
• ju•tifi&ble treatment to explore in future triala. 

Note that it the Hl:S to%:mU.l&tion dump• early, one would •xp•ct to ••• early 
withdrawal or the early occurrence of •igna/aympcoms of •a•odilation. 

Th• byp•rt•naion indication, at lea•t for •ubjecta withQut not-1:11• c:oroz:uu:y heart 
di•••••· i• aupportad by the ••fety data .• However, if the apectrum ot patient• 
selected tor treatment include• patient• who•• h:Y"Pertanaion ia ••aociat•d with 
CHD er •• bypertanaive aubjects develop CBD, aome of th••• m.y b• unable to 
tolerate NIS therapy. Alternative therapy ahould be con•idarad in •uch ca•••· 

Th• ECG finding• in rapid- dose aacalation (interval• of less than • week) in 
hyperte::iaive aubject•, while not clearly eatahli•h•d •• adver••, are in an 
unfavorable direction and •ugg••t that titration b• carried out over tbe longaat 
interval• conai•ta~t with th• patient's need tor blood pressure control. 

swmnary of aataty recorJmend.ationa: 

l. Nisoldipine, •• stu~ied, 

~. 

3. subjaeta with aaympt~matic coronary di••••~ con~t-t~t• a aomawbat dit~icult 
group with respect to 'if'lital,.1ility for NIS therapy sine• maay byper~•u•ive• 
responding to thia treat.zti~r.t undoubtedly have this condition. P•?"b•P• aom• 
cliaical judg9Ulant needs to ba invoked bare. 

'. In Ti•w ot the findings ot EC:G T abnormaliti•• on rapid titration in 
hypartan•i~e patienta, it is suggaated that dosage incromenta be as.de at th• 
greatest i~tervala conaiatant with th• naed tor BP control. The Sponsor'• dosing 
recommandatioos do not specify th• interval between dosage increments. Interval• 
of C"nly a few d~y• may l:>e 'lO frequent: •inc• they were aasociated with "adv•r••" 
ECO change• in hypertanaiv. 

5. Although mono- therapy for hypertension with NIS appear• justitiabl• due to 
the lack of serious drug- induced effects, there is •till a •ub•tantial incidence 
ot troublesome aymptoma of vaaodilation that might tie diminiahed with crJml:>ination 
of NIS and beta- bloc~ad•. Thia may alao b• a auitabl• &Ld informative area for 
further trials. 

6. Phar.mac:akinetic •tudi•• by tbe Sp~~•or ahow that the mean cmax waa ''%higher 
when HIS wa• admini•t•r•d with a meal. It ia not clear whether this explain• th• 
very early occurrence ot vaaodilation after do•ing and, in the angina patients, 
withdrawal •••oc:~.ated with cheat pain. :r.t may not be correct to stat• tba.,.. it i• 
known that there are no clinica~ conaequence• from dose dumping. 

7. Since •lderly •ubjecta have a 2- 3 fold higher pla•ma NIS concentration than 
younger one•, it may b• beat to follow th••• aubjacta more c}~Y and incr•••• 
dosage slower. {::i.·o_ ·~'-/.~ 
c:c:original 

HPI>-110 
HPD-110/CSO 
HPD-110/pld 

Philip ~. D~~D. 
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8~Y OP PHAIUIACOLOQICAL ITUDI•I (X. Jo••Ph) 

A. 8t\14lf1 ltlll.ld tp T)a•EIPl»tia In0iq1t1QQI 

1. ICf1gt1 on lloOO_trt••»ra 

a. Rota 

Thtil etr~cltt ul uisoldipino on blood pnuu1ure and haart rate wera 
studied 11nrl rnmvnred with appropriate reference druua 
(nitedipine, nicardit>ina and hydralazine) in normot.anaive (NT) 
and Bpont"neotud y hypMrt ent'li ve (SH) 1·ot I, Sing la or11l doaaa at 
niac.,ldipine (l-30 m{J/kg) produced a do11e-depnndent decreaPJa 
in Lltmd pn•uu1\tr@ in normoterusive ratn. Although the hypotensivo 
ef:tect at J mg/ko wno 11tatistically not 11ignitioant, do••• ut 9 
ftnd JO mg/kg i:n·odtlcad nigniticant reductions in blood pr•••ur• 
laatir1g tor 2 and 4 lu·, r•rJpeetiv@ly, after niaoldipin• 
Aaminiatrat-iutl (Teblt! 1) , A ei;nif icant do1a.=dependent iOCI'fHUI@ 
in heat't rat• waD observed in al! ni•oldipin• treated Qroupa for 
2,,6 hr poaldoae (Tabla 2). R•fnr•nco druga Alao produced aimilar 
doe• d~pendent hypot~nsive oftectu and incr••••d heart ~•t••· 
However, in normoL~noiv• rnto, hypotenaive ntt•ct1 produced by 
referunee dr:ugu Gt 9 mg/ka w~ce almottl equivalent to the •f tact 
produced by thu high dume .Level, 30 mg/kg, of niaold1pine 
('!'able 1) . 

Niauld l1JltU1 produc11d a moce ptonouneed fAnt ihyp@rt•n•i ve et teet in 
SH rat!t than in normotensive rats. boae dep11ndant 1dgni f ioant 
~•ductian• in blood prennure were aeen at all levola of 
nisoldipine te11ted (l=JO mg/kg, pa), baginning at 30 min and 
laatina until 4 hi· (3 mu/kg) Ot' 6 h1· (9 mg/kg and t1hovtt) po~tdoae 
('l'ablo l). Haart rat0 w1u1 aigniticantly inci·oa&fud up to 2 ht' 
postdooe in All niaoldipinw treated oroupn and until 6 hr at the 
highe"'t dofie lev~l (Table 4). At 24 hx·, no ui~niticant 
dl t tau:a1H!'1U in blood pt-•611tunt or heart 1·ata were fl••n b•twa .. n 
cu11Lrul and treated group•. R~ference drugft alno produced dose 
de,>em:hmt dacre1•u1e in blood pna1111ure and incnuuuu1 in ncuu't rnteP11 
in SH rn t' R • 

Studies lu tll l·C!t MKpMt'°lm~nt al animnl model D of induced crirullll' 
hyperlension (ronal hyperten•ive rats and deoxycort:icoateron•­
Nacl hyperten~ive ratm) alma rovaalad a doae r~latad hypotenaive 
effect for ni~jlJi~lne. 

Thtt dut:tt•lit n f n .. mo1di 1 r1@ and reterenco dt'UQI :rfJlqu i r&d to decreasu 
blonc1 prntHHll~ by 20\ or increase haat·t. rntn hy 20\ of the 
1nlt in! valtwrt (t'~Ut0 valueo) in normotonY.ivtJ and SH nat11 11nd aleo 
in other Axper1mAr. · animal rnod8l8 of hypert"nnion are given in 
TaLl• 'i, 
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hyp«H't•neh@ rnt, RHR ... ronal hypartendve cat. 

ln terms of blood pressure lowerin9 effect, 11isoldipin• was about 
aquipotent to nlfedipine, nicardipine and hydralazine in SH rata; 
how~vt;r.·, it was less potent than the other drugs in other 
hypertensive models and Jn normot@nslve rat.s. The positive 
chronotropic effects ot nisoldipine were luss rernark•ble than 
t.h<.H10 of reference dxugs exc~pt in SH rats. 

In anoth@r study, single oral doaw& of niaoldipino (0.315, 1.0 
and 3 .15 mg/k<J) produced a doao dependant rechlction of syatolic 
blood pcuus\1re in conscious female SH rats (Fi9.l). Althou9h the 
lowest dose (0.315 mg/kg) produced only a slight reduction in 
blood pressure (3' reduction from Lh~ base value), doses of l.O 
and 3.15 mg/kg reduced blood preR~ure 12 and 18\, renpectivel;. 
'l'he maximum etfeC1t, at all dose levels, was seen at l hr. aftf.'r 
di:ug admi nl ~trat ton and the blood pressure rE\tur..·ned completal y nr 
rH•nr·l y Lo µruLtoatment level by b hr postdose. When tho above 
doB~~ of nisoldipine were given orally to one-kidney ren~l 
hypertennive ruts, A sigr,ificont. der.r.~arrn (39%) in blood prtHLYt1n°' 
Wfts seen at 3.15 mg/kg and moderate (9~) and slight (3\) 
1f'dtH•t ion~ wore obaorved al 1 and 0.315 m9/kg 1 respectively 
n~1g.2>. 

Tn conrtctous normotenoive rats, n.i.•oldipine (0.~ mg/kg po) 
siqnitica11Lly reduced systemic vascular ~~~iRtAnCP (0.58 to 0.38 
mm Hy/kg/min/ml) and mean arterial pressu:ce (122 to 108 mm Hg), 
and increased heart rate (395 to 447 b"ats/min), stroko voluma 
(O.~J to 0.72 ml/beat/kg) and cardiac index (225 to 326 ml/min/ 
kg) . lie ft ventricular end-diastollc pressure (LVEDP) wae sl ic;ht l y 
dtwtHA1-H'-d (9.6 to B.B mm Ilg, p·:0.05) out no aic;inificant chany\-! in 
lHft ventricular systolic pressure was s~en. -

·rtn' Hff~ct ot chronic d.letary administration ot nisoldipine on 
the developmanl of hyperten~ion was atudJed in SH rats. 
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Fig. 3 

Effect of ;""'01 g-tet'm 1rre'"'tment {60 we"ks) w1tl1 Ni~1oldipine on ... •• 
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Page 7 - N{)A 20-356 

·~ii:iu~ration of nisoldipine to m<'llA ~H ~atA (H weeks old tlt tho 
. ·11t1at-1nn of treatment) at 1000 ppm (50 100 mg/k·J/day in diet) 
t.~n.· 60 weekB ~revented the developm~nt of hypertension duriny the 
t.:eatm,,nt period [mean systoli.~ blond presaure of 141 mm Hg in 
the tr!!ate.d group vs 214 mm Hg in the control group al the end of 
tr e study ( ~"ig. 3) 1 . The r ina l blood pree;sura ot treated SH rats 
w~s nearly the same as that of treated or untreated normolensive 
~Jiotar Kyoto (\t./KY) r<ltfl (Tnble 6). (However, it is noted that 
h\.)od pre~su1·e in treated 8H rats rapidly inr:r~d8~d to the 
U\\treated control lovel when the treatment was ntopped.) On the 
other hand, in untrwaLed concurrent c:ontral SH ratPJ, blood 
preri~ure increased p1;·ogroz:rni vely till we~k 48, lo n maximum ot 
250 mm Hg, anrt declin6d thereafter to 214 mm H<J at the 
termination of Lho utudy. In WKY rats, nu MignU icant treatment 
rt:!lated hlood preAstire r.hangea were seen in the niaoldipine 
treated grn11p compaied Lu the control group. Fui~tlutnnore, thfl 
1t:lMUlta of the above study also ahowed that lunc1 term treatment 
with niaoldipino nignlfirt\ntly decreaHed plaflmn atrial 
natriuretic pgptidn- like inununoreoctivity (ANP-IR) and plasma 
aldosteron@ concentrations (PAC) and attenuated ca.rdi4c 
hypertrophy in SH rats (Table 6). 

It wos ttlstJ ahown that a 10 waek dietai-y trealmunt with 
nisoluipine (SU~lOO mg/kg) in old SH rats (69 wnoks old) 
with end~stage hypertenaivP- dis~ttse c:auaed ::1ignificnnt reductiorw 
in systolic blood pn;isnure [f1,orn 210 to 169 mm Hg (20%)}, ANP-IR 
(20%) ctud ielnt ive heart weight (20i). 

ln 'inbr~d Duhl nalt sensit:-lvt-i (DS) inLB on « hiqh 8etll diet (Bi 
NdCl), di~tary admini~tr·.,tion of niaaldipine at 1000 ppm (100 
m9/k<J/dny) fot ~ weekH pu1c111rflrl niqnit\cant n-'d1wt innn in 
ny:itolic bloocl preLJuu.t.e (lfiB mm Hy iu niHolcHpi11P treatt'Jd group 
vg 236 mm HrJ in eontrol ns ratB) nnd plnci11v1 ANf' lR and rnnin 
di't ivit Ji.;,. NrJ uiuuld.i.~Ji1a1 lU'1aUt!t·mt 1:~lal(· 1 I et:ectn werf'l n0~n in 
l>dhl salt tMt~itilcmt- n1t13, Althouqh tr~at.mAnt: with t ht4 arteriolar 
vc.uilo(jilctL ,1 mirnn<idil (10 mg/kg, in drinking water) caUfifi<1 
redurtion ot blood p1easu1·e in DS 1atB, the planmf1 ANP~IR levels 
anct heart weight5 w0ro uigni ficant ly incr·eeuu~d · n t-rfH'lt"d rats 
comr:>ared to ccntrnl nfi rata. 

ln diabntic SH ratA (streµlozotocin induced), n'so1cUpine (9 mg/ 
k~J po for· 10 woeks) uigniflc:dntly r@ducetl blood prrAR\lrO and 
inhibitmJ ll\f;;! p.u.Jy1·tnH1 ot l~nul ler .. dnnEI, No niaoldipine treatment 
n=dnl'Hd P-ffecta wece seen on blood cJlueose, body WPight- ga1n, 
hc-ntrt rate and hei'lrt and kirlney WHightet. 

N:isoldipinc (0.J-0.G my/kg ir: food f<-,r 20 W~f'lks; pr\"JVentcd the 
ctAvelopmPnr of hyp~rt~nr-don in rats aubjoetorl t11 S/6 th nephre­
ctomy (147 mm Ha in treated vu 237 mm Hg in unl1e~Le<l yt·uup). 

N} soldi1)i n~ inf us ion ( 0. 7 µg /min) dee t·ecised metrn a r-teria l 
~"'lreasure in anc:u;lhetized normotensiv1;'! rats from 107 to 76 nun Hg; 
and in conscioun rats, a bolus a~ninietr~tion n~ niRoldipine (100 
µg) CcH1AfK1 t't reduction of blc.od presaure from l 2 tu 76 mm HQ. 
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The effects or oral nisoldipine on blooti pressuf~ and heart rate 
wo~e studied in con5cious, unreutrained, renal 1ypertensive 
(unilctL~1cil 1enal cn·tery stanol':lis) beagl~ dog:i using ~ radio­
t~lemetric method, and compared with errects of ether calcium 
antagoni:;;tt1 (nifedipine, di1Li4·~~m and verllpamil) snd 
vasodilator·s <hydn'llnzine t"lnd minoxidil). SinQl·'J oral dost:!s of 
ni~~oldipine (0.0.3 l.O mQ/ky) µ1outll:~d a dose-dt:>iJt-ndent decrease 
in mean a.t·ter ictl blood pr~RB\ffe in n~nal hypert ~ns i ve dooa 
(Fig.4). At O.l mg/kg, n marked reduction in blJcd prQasur~ (24%) 
wat:t. produced within 2 hr r!ft ~i- dn10 arlmini1"'trar lcn and the 
hypotftlH.sivu act ion lasted fot 12 hotlt'S. A 1·ef le< tachycardia, 
1 \~:'lt i nQ far nbout 3 ht, ncctnTeci at the abovt.~ d·J:.::le lovgl. A mon' 
pronounced hypotonsive e!t:ect ·;.rt\s Ht'~n at 1 mot<Q. Nifedipine 
pioduced about th" Bt"lme degree of hypotgnsion tt.:i thnl pi:oduct"d by 
0.3 mg/kg po ot niaoldipine at a 10 fold t1iQhec doae level (3.15 
mg/kg po). 1rhe hypotensive sf fact nnd the ref le·< tachycardia 
lcrnted tot b hr. Di ltiazf:lrn and vorapamil produc":3d comparablA 
ant ihyperterwivo effects dt· higher dose lt!vel~ ""ith slight to 
mnderat@ incn:c"ls" in heart ratAa. [At the hiQhP1t te~ted dose 
lAVel of verc1pamil (11.5 mg/kg po), 3/5 dog~ ~h)y.·ed mark~d 
btadycc:udio.] The anti hyper:tensive etfoct of ini noxidil was mor5 
p1onouneHd (\4\ blood tn:'ee:3ure reduction al 0.3 ng/kg po) than 
that of hyd1"llazitif1 (about 15% reduction 1':\t· 10 :n\J/kg po), and 
pQrsistent re!l~x tdchycardia was Be@rl for the lntire p~riod of 
blood pnH1~rnrP n:id11cr ion in both c:atHJti. 

The ED20 {mg/hg) values (the doe~ 
mean bl CH1d ~ires sure) and the dose 
i'tr·l <1Lhf"lr <'nlcium anragtmitits and 

thl'\r rauR~s f:I 20% rl:!duction in 
response cu1v~g far nieoldipine 
va~odilators ltH given below. 

htltt (DellllmU\) 
Ill• 140 

nl:;;u' i.pinH 
nitodipinn 
diltiazem 
verapami l 
minoxidil 
hydr.ilet~ine 

ED20 (mg/kg) 

0.14 
1.68 
I,, 2} 

B.19 
0.14 

;;> 10. 00 

~ ,..,,. .. i:unn lot atw •nn~,. @I nlwkll"M and M1fftl Dlhn Htciuna am11u.tl111 
Md ,·aM!Jlljlatu" ~ tMan me (uPPlf 1'&"10 aiw Milt.ft ~ "''""" tkwitr ,._., rl 
~'"'"""'., uttrttttti.W rtn1I h> Pft1tnll\f "'"" Oho .,., """'' a S.L ul "~• anlm1l1 Pf' 
~. Pf• Jrvf ait\tl1 ul twan ra&t lfW N~ pm.urt ltt 11Wlf11"' It)' 0. 

aoo 
1to 

llO 

IO 

''° uo 
100 

IO 

IO 

70 
T &i F V 0 0. 11 0.1 0.311 

, 
1.0 ' ' :--l 

'" ,0,0 '"' doll (mt/kt 1.0.1 
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The above ED20 data indicate that nisoldipine and minoxidil are 
more potent ant..thypertensive agents in dogs than the other drugs 
ntudi~d. However, the dose response curvea show that the 
antihypertansive effect of minoxidil is markedly more steep than 
that of nisold\pine. While diltiazem, verapamll and hydralszine 
are shown to be much ldss potent than niaoldipine and minoxidil 
in ruducing blood pres9ure in renal hypertensive dogs, the 
antihypertensive action of nifedipine is rated as intermediate 
beLwtHm 11 iaoldiplne or minoxidil and the other reference drugs 
RtuciiAd, 

Nisoldipinfl (31-315 Jlg/kg po) decreased MAP and TPR, and 
increAsed llR in Anesthetized normotensive dogs. One hour after 
100 µg/kg nlsoldipine, MAP and TPR were decreased 20 and 45%, 
r·esp~ctively, HR increa8ed 76\, and LVEDP was unchanged. In 
nnolher study in ananthatized dogs, nisoldipine (0.3 ~g/kg iv) 
cJec~ea9ed TPR by 20\ and increased stroke volume 28\ without 
decreaf4inq MAP, however, a dose of 30 µg/kg iv dncreased MAP by 
14' nnd TPR hy 66~, increased HR 110' and stroke volume by 38' 
without chanying EDP. 

Th~ antihypertensive effects and the pharmacokinetics or 
nisoldipine were compared with those of nifedipine, nimodipine, 
nica~dipinc and hydralazine in conscious, renal hypertensive 
(one-clip, two-kidney type hypertension of Goldblatt et al) male 
monqr,,l dogs. tlirnale oral doi.es ot nisoldipino (0.3, 1.0 and 3.0 
mg/kg with Cmax values of 13, 33 and 60 n9/ml, respectively, or 
AUC values ot ]6, 132 and 523 n9/ml/hr, reap~ctivaly) produced 
dose-dependent reductions in mean arterial blood pressure, which 
were significantly different rrom pre-drug values at 30 min (l 
and 3 mg/ky), with maximum effect Been at about an hour aft~r 
don.ln<J (I'' iy. !J) • Al 1. 0 and 3. 0 mg/kg dose level!J of' nisoldipine, 
mt'lan blood pressure reductions of 36 and 50 mm H9, respectively, 
were obsorved. nigniricant antihyp~rtensive activity lasted up to 
24 hr aft.~r the 3.0 mg/kg dose. Although not do2e d~pendent, 
in~t~a~~rt hoart rato was seen at all dosa lev~ls and remained 
significar1tly higher than pro-drug levels for 4 (1 mg/kg) to 12 
hr (3.0 mg/kg) alter ctosino. Peak plas111a concentrations or 
ninol<itptno were seen 0.5 hr after oral adminiatration and the 
antihyperLsnsiva activity signif lcantly correlated with plaRmf' 
coru·•-H1trations of the drug (r•0.727, p<0.001). Like nisoldipine, 
other calcium antagoniats (nifedipine, nimodipine or nicardipine) 
•~Ro don6-dependently lowered mean blood pres~ure, attaining peak 
affects at 1-2 hr after dosing. Hydralazine had a slow onset and 
itn nff~ct p@akf"rt ] hr poatdose. In the above aludy, it. wa8 found 
ttiat nisoldipine was 5-6 times more potent than nifedtpine, 
nicardipine Rnrt nimodipine and its antihypert:ensive uffect lasted 
3-6 timAa longer. 

In another gtudy in cons<..:ioua .1:·enal hypertens 1 ve beagle dogs, 
single doses of nisoldipine (0.03-1.0 mg/kg po) r~oduced the 
followinq dose-dependent decrPases in mean arterial blood 
pressure (MAP) and increases in heart rat0 (HR) . 



Dos@ 
(my/k~ po) 

0.03 
0.1 
0.3 
1.0 

MAP 
(% decraa~('l) 

n.s. 
20 
30 
45 

HR 
{~ inrr~af\e) 

30 
45 
47 
82 

rn rnnsciou:J m.Jimutensive cu1una1y cuLHy occlu·it'd monurel dogs, 
infusion of nitlt_>ldipine (1 ar.d 3 ~lg/kQ/111in) fen- 15 min produc~d 
the following chaf1gt1Jt1 in hlond preet:nir0 and haart rato. 

Control (1 i!i/kil!~'ll ( 3 ~ilki,!sainj 

SBP, mmH9 133:t3 126t4 119t6" 

DBP, mmH9 92:t2 74±3* 59:t5 * 
MAP, mmHg 105:t2 9l:t3 * 79t4. 

HR, bpm 103±10 146:t9 • 183t12" 

• stc1ni ficantly (p<0.05) different from control. 

In con::iciuutt, nc>rnH~dated, ctH"onicedly inetrumew~t:d mongrel dogo, 
iv c'ldmini!Hrtirinn of niRoldipine (10 100 µg/k<J) rl~ci.t-MfHKi MAP by 
11 and 29 mm Hg .;r- HJ and 100 µq/kg do::ir· levi;;ls, res1H:cLivt:ly. 

In t'\ne~nh~t ized mung1·el do9s with cardHtC' tampo ttJrh-~, nisoldip.ine 
(}. ~lCJ/kfJ/mtn, :tv for 1'1 min) caunod mean blood 1>tHHH1ne to ft'!l 1 
ftum l~U tu '/l nun liq ct11d rbduced hen.rt nHP tn•in ~!L~ tu 167 l.Jµm. 

rn con:-H"1n1w rnt:-1, 11rc:tl ni:JulJiviu~ ot 0. Land l.'J mg/kg dose 
lMVttlH oroduc~d 21 and 1R% reductionB in mean bl(nd pressure and 
;~ 1 emd 63% 1.ncn~a:J@ in heart t-ates, n~sp@cr ivPl'/, 

Ni~llJldqdru-~ (10, -50 anri 60 µc- jy) dose-depe11dw1t ly n~duced M/\P 
ct11d t. ot al per i phnr al nw 1 a lance ( 'l'PR) etnd inc rt-> :i tiod cardiac 
rn1tput in anesthetizHd cotH. 

I n iH1 e ~ t he t' i zed Yo r kB hi i: e p i CJ s , i n f u a ions n f n i l ( \ d i D i n e 
(0,2'-1, (J,; drld 1.0 µg/kc,J/min fOt 10 min) LJlOdU('qcj dose-dependent 
d~cre8see in artet·ial blood pressure (l0%), BVM t1nic vascula~ 
r PR i A t an C' e ( 3 O % ) tH Hl l u t L v on t r i , .. u 1 ct 1 f i l 1 i n g t n ~ a "Jure ( 1 ':i % ) , and 
incraasas in heart rat8 (25%) and LV dP/dt max 1;0%). Cardiac 
uutpuL wa~ not oigniticantly att@cL~d. 

NiRoldip.ine (0.6 mg/kg/d<'\Y iv for 4 days) prcvw1ted the 
d~velopment or reverra1d PRfdbl iBhed hypettt1nsio:1 induced by ACTH 
HI sheep. 
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d. ,6lltihvpei: teo,,iye Act iyi ty of Enant t.omete 

The antihypertensi.ve activities of orally administered stereo­
isomers of ni.soldi.pine w<"rA f!ompnrr:1<1 with the antihypertensive: 
activity of the racemi.c compound in conBcious SH ldls and renal 
hypttrtensive dogs. In SH rats, (+)ni.soldipine . 
ED2().,;J .1 mg/kg) was only slightly more potent (l .4. timea) than 
the racemic compound but waa about 20 timee more potent than the 
(~)niaoldipine . No significant differenct"1 in 
antihyporteneivo activity was seen between (+)niaoldipine and the 
racemic compound in doga. 

In a study in anestht;tizttd normotensive dogs, 10 and 30 µg/kg po 
(+)ni5oldipine dccro.:u .. rnd MAP by 10 and 38% r'-"Rpectively, while 
(-)nisoldipine had no eignifirRn' effects ~t doses up to 300 
µg/kg. 

(lhdefH-1 otherwise nuled, the following :Jtudie:-J were done in 
anesthelized normotonsivu doga.) 

. a major mP-tdbn11to ot n.isoldipine, showed weak 
µeriphernl vasodilator activity at iv dos@a of J mg/kg and ab~··~ 
Nt_) slyuif:icant clu:u1qus in hlnoci pressure were Been at dose levels 
(0.] to 3 mg/ky iv) LestuJ in this study. 

another metabolite, hnd relatively minor peripheral 
vanodilator activity ul dosl!s of 0.1 cHld 1.0 mq/kg \v in dogs. 
Slight hlood prosr_H1t·o l'f';duet ion waA noted tol lowlrig the 1 mg/kg 
de >H~, 

Metabol it- es 
(t olal µe1.iplwtcd ru:o:;iutdnct:~, 
1 mg/ky iv and had only m:inor 
J.O mg/ky. 

had no homodynamic etf.ects 
cardiac output dnd LV dP/dt) at 
peripheral vasodilator effect at 

, a dihydropyridine metabolite of nieoldipine, caused a 
doae-dependent drnp in hlnnd pressure at doHeA of 10 µg/kg iv and 
nhnvP, t.he ef tP.~t l tl:'lt i n~J about 60 min at 30 µg/kg. Tachycardia 
ftnrl incr·eased cardiac output were seen at the ahnvA dose level. 

(iv {:idminiuttctlion) was !ound to bH l / ~1 d to !/10th as 
pulenl ill'.I n.iHoldiµi11e in doyB. 

ln conscious n_mal hyµorteru1ive dogs, oral dosf3B of 
( 1 mg/kg) h,=.td d mw:h wu.1k1~r and Hhort ~ff durat Lon ot action than 
the parent compuund. 
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2. lff1gt1 pn coronarx Blood r1py and corODArv y.11111 

Io-vitro st1ujies 

a. Hll. 

Nisoldipine (3 nM) doubled coronary blood flow, compared to 
control, during reperfusion in isolated rat hearts subjected to 
15 min ischemia followed t'ly 15 min repet·fusion. Thi~ incrtHHH!d 
blood flow was a.arnoc:iatecl w.lt.h decr@eu.ted purine ef·flux from 
ischemic hearts. Nisoldipine (JO nM) partially prevented the 
decraas~ in ATP levels in hearts subjected to 30 min of iachamia. 
At 30 nM, nisoldipine caused negative inotropy. 

In isolated rat heart, addition of niaoldipine (1 nM) 10 min 
before and during ischemia (33 min) and also during reperfueion 
(30 min) increased coronary blood flow (3lt higher than control), 
recovery of contractile functions and tissue ATP level•. Another 
study in isolat~d rat heart showed that nisoldipine 
administration (1 nM) 10 min before zero-flow global ischemia did 
not depress preischemic contractile function and did not delay or 
reduce the development of i•chemic contracture or the breakdoWn 
of high energy phosphat4t compounds during iechemia. However, on 
reperfusion, nisoldipine treated hearts ehowed enhanced ref low to 
the mubendocardium, a dramatic improvement ot contractile 
function and increased endocardial energy levola. 

Nisoldipine ( 1 nM) pt·eveated the inc1:eaeed 111enaitivity of 
ischemic and reperfused rat hearts to the vaeoconstrictor ~f feet&. 
of endothelin-1 (released by endothelial cells). 

Low concentrations (0.5-5 nM) of nisoldipine prevented the 
reduction in endothelium dependent vasodilator responses that 
follow ischemia and rapert.ueion or af.ter oxidativ~ atreas 
[induced by tert-butyl hydroperoxide (tBHP)) in isolated pertusad 
rat hearts. At higher concentrations (50 nM), the drug reduced 
the incidence of arrhythmias caused by free radicals generated by 
xanthine-xanthine oxidase in isolated rat hearte, and improved 
the recovery of myocardial ft1 ~lct ion to 90% of cont al hearts in 
tBHP-treated rat hearts. 

b. iisl 

Nisoldipine inhibited the anoxia~potentiated K•-, histamine-,and 
acetylcholi.ne-induced contractionR of porcinf! coronary arteriea 
with IC50 values of 9 to 20 nM. 

In another. study, nisoldipine was found to be twice 11 potent as 
nifedipine (ICSO of 5.9 and 12 nM, raepectively) in inhibiting 
J<•-induce<1 contraction of isolated pio corono.i-y artery, but in 
contrast, it waa only 1/3 as potent as nifedipine (ICSO of 13 and 
3.6 nm) in inhibiting K•-induced contraction of femoral artery. 
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Ni•oldipin• and nifedipin• inhibited serotonin-induced 
conti:·act ion of iBolated pig coronary artery wi t.h IC50 valuoo of 
22 and 83 nM, respectively~ However, th• 1C20 values for 
ninoldipine and nifedipin• tor inhibiting serotonin~induced 
porcine- femoral artery eont.raetion were 1.6 and 0.5~ µM, 
respectively, indicating that theso drugs prefaruntially 
inhibited the aerotonira-induced contraction• of the coronary 
artery. 

c. Bobbit 

Nisoldipine (200 nM) reduced the constriction of endothelium~ 
deprived large coronary artariea and the dec1C>1aaa in coronary 
flow inouced by hi•tamine in i•olated working rabbit heart1. 
Nieoldipine al~o abolished or reduced the decraa,e in cardiac 
output, left ventricular end-ayatolic preadur~, dP/dt and 
myocardial oxygen con•umption. 

ln iaolat•d rabbit heart, subjected to 40 min of global z•ro-flow 
iachemia and 2 hr or r•p•rfu1ion, addition ot ~ nM nieoldipine 
prior to ischemia prevented the increa1ed vascular r••i•tanca 
during reflow and th• incr•••• in va1cular volume, but had little 
or no ottect on the increo1ed va•eular leak5go of albumin or the 
rate of recovery ot left ventricular function. 

Niaoldipine inhibited potassium~inducad contractions of rabbit 
coronary artory with an IC50 of <1 pM. 

d. HWDAD 

Niaoldipino inhibited the spontaneous contraction of isolated 
human coronary arteriaa with an ICSO of 0. 04 nM, and J<• ,~ and 
serotonin-inducud contracticn• were inhibited with IC50 valu•s o! 
0.2 and 0.3 nM, respectively. For human vttntricle and atria, the 
IC50 values for the inhibition of isoprenaline-induced 
contraction1 were 300 and 2.1 nM, r••P•ctively, 

In-yiyp St}6di11, 

ln etudie~ in conscious rats, using radioactive microapherea, 
oral ni~cldipina (0.3 mg/kg) produced a pronounced increase in 
coronary blood flow aa woll -• decreased coronary va1eular 
reeietance, and l••••r increases in blood flow to gut and renal 
circulatory bade. Coronary and skeletal muscle blood flow waa 
primarily increased aft.er. iv adminietrotiun. 

~ 

Intravenous administration ot niaoldipine (l,6 ~g/kg/min tor 20 
min) in consoious rata at rest significantly red~ced va•cular 
t~a:~dstanca in skeletal mu1cle and renal and coronary beds, which 
was not further reduced by nisoldipine du ting tr·aadmi 11 exercise. 
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b. BlbLit 

In ¢pttm~ch••t r•bbita, injection of niaoldi.,ine (1~100 nM through 
a left atrial cannula) eignificantly decreased left ventrit.1nlar 
~y~talic pressure (l nM), dilated l•rgc cpicordial artariaa 
and r•duced l•rg• ooronary artery vaacular reuiatance (10 nM) and 
:reduced Nximal rate ot left vontriculr.ar pror:;r.aure riee ( LV c1P/at 
max) and mean aortic praasure (100 nM). No si.gnif icftnt change waa 
~ean in the left vent riculnr end-dir1~t ol.lc pr i:JrHJure. 

L:. JJQQ&. ong1th1ti111d 

In aneath•tizad dog11, niaoldipine (10 to 315 ~lg/kg aublingual) 
increased coronary blood flow dcae-dupwndently. At the high••t 
doee, maximal valuee were more than 200' of the crintrol valuea. A 
done~dependent decreAa~ in TPR and EDP and an in~1ea1ft in left­
ventricular dP/dt max were 8een. 

Inti·agaatric adminiutration (100 µg/kg) cf both ni11oldipine and 
ni tttdipi.ne produced increases in coronary ainue oxygen content by 
151 and 119,, r••P•ctively1 th• duration of the ettect ot 
ni1oldipine was considerably longer than that of the same do•• of 
ni.fedipine (half tim•• of 420 va 260 min). Both druga lowarad 
diastolic blood pressure by 42•. 

Intravenous administration of niaoldipine et 0.3, 1.0 and 3.0 
"g/kg doae levels increafted cor~nary oxygen saturation 19, 77 and 
160,, r@8p~etively. 

Both niaoldipine and nifedipin• <10 µg/kg iv) decraaaad coronary 
vaacular reaistanco mor·e than renal vaacular r1;ai stance or TPIL 
The cturnt ion of the incntaese in corona1y, &01 L ic t.Hld vertebral 
blood flow waa about 3 timea longer after ni1oldipine than after 
nlfedipine. 

Nit1oldipine (5 µg/kg iv) incretuil&d coronat·y minus flow from 6~ 
ml/min to a maximum of 1~1 ml/min (1111 increase) and increased 
coronary einus oxygen content by so•. 

Intracoronat·y injection ot nisoldipine (0.2 to 0.8 µg/kg) 
decreased coronary vascular reaiatance bl' 46 to 62' and increaaed 
myocardial blood flow by 109 t.o 141' without ehanging myocardial 
contractility or peripht1ral circulatory parcm1.,terrJ. Increasing 
the dose to 1.6 µg/kO did not cau1e a further increase in -
myocardial blood flow or a further dacniusse in coronary vaacular 
resiatance. 

In anesthetized dogs, nisoldipina (0.1 µg/kg iv) waa about 10 
t.imes mot'e potent then nifedipine in inhibiting coronary 
Va11oc.:oru1t ri ct ion induced by neuropept ide-Y I a possible endogenou• 
mPdiator or coronary apaam. 
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d. Paga with Mynca,giol 1.Jachgmia 

In conaciouf.\ doaa with Ameroid constric:tot· chronically implanted 
on the proximal loft anterior descending coronary artery (tor 
grAt1HAl occlueion and subseQuont utlrnulat.ion of coronary 
collateral devdlopmont), nisoldipin- (1 and 3 µg/kg/min iv for 15 
min) increaoed perfusion rH fit Al to coronary art.eiy occlusion. l'he 
drug aiwnificant1y i.ncreasecl mean coronary flow velocity and 
decre1.11ted metan corowuy va~cu l "'1· n:tfl i a Lance in the a et dogm. 
D~L~pi t• a n~ctuct lon in 11rt er ia l pr<m~nro 1 niaoldipine preset'vttd 
'-'"'nal cor·t i t;ul, inltu:iti11al and skeletal mu1cle blood flow while 
increasing flow within liver and cerebral corlux. 

The etteet• of elluihypot@nsivtt dosee or nisoldipina (l and 3 
µg/kg iv), v~rapamil (O.l and 0.3 mg/kg iv) and diltiazem (15 and 
30 µg/kQ/min iv for 15 min) on cardiac hl!modynamics and ragi,onal 
myocArdial pertuaion were studied in ftnesthetizad dogs with acute 
coronary art.tn:y accl uaion. tt~ach drug, at the above do1e love le, 
reduced arterial blood pressure and incr•aaea total coronary 
blood flow. Regional myocardial perfusion in non-iachemic tU:'fUUI 
wan increaaed uignif icantly in a doae~related manner by each 
agent. In iRchomic areas, niaoldipine and verapamil increased 
total coronary collateral perfusion. Following niaoldipine, the 
incraaa• in collateral flow was equally distr\hu•·ed to both 
aubendoc~rdium and eubepicardium, but atter vera~aMil, it was 
dir.ttributed primarily to Bubendoeardium. With dilt.iazem there was 
no change in total perfusion within the iechemic ~one. V•rapamil 
(0.3 mg/ kg) and diltiazem (30 µg/kg/min) decreased heart rate 
and increased left ventricular EDP, but nisoldipine (1 and 3 
µg/k~) had nu effect9 on theae paromatere. Verftpamil, but not 
niaoldipina and dilt.iazum, produced naytttiv~ inot.r.opy. 

In doga with acute myocardial infarction (produced by clamping 
th• left anterior descending coronary artery for 6 hr), 
nisoldipina (5 µg/kg iv 15 min, 2 and 4 hr ~ftar occlusion) 
reduced myocardiai infarct rJize by 31.4• (p...:0.05) compared to 
controls. Although ni•oldipine produced a moderate decrease in 
MAP, it had no ef tect on heart rate, mean left atrial pre11•ure, 
left ventricular t<~lJP, coronary blood !low, catdiac output, 
myocardial contractility or myocardial intracellular calcium 
concentrations. Niauldipine showed no negative inotropic or 
negative chronotropic effects. 

In anesthetiz@d doge subjected to 15 min of occlusion of left 
circumflex coronary 12rtElry And eubedquent 4 hr roperfusion, 
nisoldipine (5 µg/kg iv) improved functional rttcovery of 
reperfused myocdrdium when given before, but nut after, iechemia. 
This improved functional recovery of reperfused niyocardiurn in 
dog$ pretreated with riisoldipine was not attribut~ble to 
increased regional myocardial blood flow during iechemia or 
reperfusion, but to the attenuation of myocardial calcium 
overload during the first few minutes of ischemia. 



u. Boboons 

The etfectti of niaoldipine on left vontricular function, t'agional 
myocardinl blood flow, the incidence of arrhythmias and the 
.,xt"nt of necr1~:s were r.tuc1iAn in chronically .in::strumented, 
cnnacious baboon a w1 th coronary artery occlusi an fo1- 3 hours and 
reperfuoion for 1 weak. Nisoldipine admini~t:rar.ion (0.1 µg/kg/min 
iv) from 1 h'!" after coronary occlusion through the fit"at 3 hr ot 
coronary t'tlt,H1rfuaion increased reQionul blood flow f'iQnif ieantly 
in thn cmdocard:i um ttnd epir:a1:dium of Itt.,niechemic arid isctiomic 
7,nntn. During reptJt'tus.inn, I.ho incidence ol a11hyUun1as in tht1 
nisolctlpine-L rtiatttci CJ 1-oup were 111 igni f icant ly 1 ower than in the 
vehicle group. llow.avei,, ffit;}csu atturial pressure, left ventricular 
syatolic-presaure, heart ratft, left vantriculftl" dP/dt and the 
aize of myocardia.l dreas at riak and the infarct size were 
unaffer!t.od by the nifloldipine tn~atment. 

f. Pigp 

In aneuthatized pigs, nisuldipine (0.25, 0.5 and 1.0 µg/kg/min, 
three 10 min infusions) dose dependently incr~d•ed tranamural 
myocardial blood flow, e11pecially in epicardiul layere. 
Endocardial blood flow was increased despite low~red p8rfusion 
praaaure, but the endo/epi blood flow ratio decreased from 1.16 
Lo 0. '1. 

The effects o! niaoldipine on coronary blood flow and creatine 
phosphate levels were studied in pigs- in which left: anteri.or 
descending coronary artet-y blood flow was reduced to 20t of 
baseline for 60 min dnd r~perfused for 2 hr. Nisoldipine (0,1 µg/ 
kg/min), started after 30 min of ischemia and continued 
t.hroughout rt1pAt'f11R1on, increased coronary blood flow and 
cre"tine phosphat~ levels. Poat-ischemic myocardial work was 
significantly increased in nisoldipine treated animals, 
indicating that nisoldipine attenuated the "no-raf low" 
phenomenon. Moreover, nisoldipine increaeed the Barcoplasmic 
reticular calcium uptak• independent of ischemia, thus reducing 
the calcium overload. 

Niaoldipine treatment (30 µg/kg po, every 6 hr for 1 month) in 
pigs undergoing gradual occlusion of the left circumflex artery 
(uaing Arneroid constrictors) significantly reduced infarct siz~ 
(p<0.01) and increased endocardial and tranemural blood flow 
(p<.0,01) compared to the control group. Epicar.dial flow and the 
ratio of eubendocardial to subepicardial bloorl flow were not 
significantly higher in treated groups. No differences ware 
obeerved in heart n:.tle and aortic pressure between control and 
treated pigs. Results of this study indicated that chronic 
nisoldipine treatment enhanced the endocardial collateral 
circulation in this animal model. 
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3. Hechaninm of Action 

Ni.sol dipine is a dihydropyridine calcium chanuul blocke1: which 
binds with very high affinity to L-type calcium channels. ay 
blocking calcium entry into vascular smooth muocle calla, it 
inhibit a musculat· contt·acL ionti, thereby causing vaaodilaLion of 
periphcu:al and coi.·onary vauculatuuts. 

The recoptor binding charact8riatica of nisoldipine 
and its aptict'tlly pure enantiomflra, f\J\V R 1224 (+ isomer') and 

(- iHnmnr), we~e Hludied in rat cerebral cortical 
tlllc!Jhl.>z.anetJ us.Luy labtilled nitrendi1.dne. 'rhe concentration that 
caluu~a 50% inhibition of 1H nitrendipine binding (IC50), the 
inhibition conut4nl (Ki) and the Hill Coeft~eient (nh) for the 
.1bove compounds and the raforence druoa are given below. 

Subatanoe IC..,[nMJ ~[nMJ nH N 

--

1.2 ± 0.1 0.769 :t0.064 1.0 : 0.05 34 
(Nlsoldlplne) 

, .1 ::t 0.08 0.705 ~0.051 1.0 : 0.09 34 
(( + ) enantlomer) 

109 ± 0.15 70 :? 10 1.0 :t 0.01 34 
((·) ·enantlomer) 

Nlfedlplne 2.7 1.7 t 15 
(Reference) 

16 10 0.76 
(Reference) 

Verapamil 173 110 0.6 
(Ref 1renc1) 

Nisoldipine showed competitive displacement o! 1H nitr.endipine 
with a Ki of 0.769 nM. The (+) enantiomer has a comparable Ki of 
0.705 nM, while the affinity of the (-) enantiorner was reduc~d 
100 told to 70 nM. The Hill Coefficient for all three compounds 
was s~me, representing a linear Scatchard Plot and a homogenous 
population of bindinq sites. The abnvP ciata indicate that the 
biologically active cornponenl of nisoldipine nnerns to he t.he 
(+) enantiomer. 

Further studies in guinea pig ileal smooth mun<:le have confirmed 
that the receptor binding wan of high affinity, lialurable, 
reversible and stereoselective with high structural specificity, 
and correlated well with the pharmacologic activities. Binding 
studies in par·tially purified rat brain membranes using 1H 
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nimod:i l-line showed Ki values of'. O. 24 and 7 nM for nisoldipine and 
nifedipine, respectiv~ly. Studies in rftt and rabbit ventricular 
membranes showed that nisoldipine differo from nifedipine in its 
high affinity binding (about 20 times greater), slow dieso.::iation 
rate and large partition coefficient-. 'l'hf' binding characteristics 
ut both druga are given below. 

CompuboD of lladlol QanNrbtb of NiloldlpUlt tACI Nilediptne _____________ ...___. ______ ...., __ 
( + )Nbotdlplllc ~ued!P!M 

K.. aM 0.0. 0.11 
OWod&Uoca 
•vi· cNa e_. plQoL'm1 
Auodaeioll llatt (x ~O'M· 1m11·•) 
Enttopy of biadia1 

12 
0.69 
6.1 

Lua• po.icive 
6.()X)... 21,'#J 

1.2 
0.81 
J.l 
UflU\'t 
2,900 Pwuon coetadt11 IA10 tnoNtfcll at•brul 

--------------------------------------------------------
The above biochemical and biophysical differences can be expected 
to result in a longer duration of action for nieoldipine. 

Studies in isolated rat aorta revealed that there is good 
agreemenL amorg binding affinity and the lC50 values both for 
inhibiting 0 ca influx and aortic contraction. The IC50 values 
for the inhibition of rabb.l.t aortic ring contraction (potassium 
stimulated) were 1.8, 0.15 and 81 nm for racemic nisoldipine, 
(+) isomer and (-) isomer, respectively, indicating that these 
findings were in reasonable agreement with the results of the 
ligand binding studies. 

Voltage-clamp studies in isolated calf Purkinje fibers have shown 
that nisoldipine binding is one thousand tirnea stronger to 
inactivated channels (Kd=l nm) than to restinu channels (Kd.,,1.3 
µM), indicating that nisoldipine blocks calciu~ channel current 
in a voltage dependent manner. Nisoldipine (10 µM) completely 
blocked the slow inward current and contractilo activation in the 
above tis~ue. Moreover, nisoldipine redu0ed the transient 
outward, but not the delayed rectifier K+ current, in calf 
cardiac Purkinje fibers. 

Nisoldipine was a more potent inhibitor of BHT 920 (a2-
adrenoceptor agonist)-induced contraction of isolated aortic 
rings when these rings were taken from stroke-prone SH rats than 
when they were taken from normoLensive WKY rats (ICS0=0.15 nM va 
7 nM). 

Several studies have shown that the degree of nisoldipine 
inhibition of calcium channel currents (as well as contractions) 
increases with membrane depolarization. In patch-clamp studies in 
isolated smooth muscle cells from canine corondry arLery, 
membrane depolarization from -65 mV to ·30 mv increased the 
apparent affinity of nisoldipine binding about 9 fold (in 
the presence of 1 µM Bay K 8644, a calcium agonist). The 
calculated dissociation constant in this study was 0.07 nM, which 
was identical to the value obtained with radioligand binding 
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studies. In rabbit mesenteric artery, depolarization from -100 to 
-SS mv decreased the concentration of niRoldipine needed for 50% 
inhibition from 1~ to 1.9 nM. Becaus~ of the very high affinity 
binding of nisoldipine to depolarized membranes, it is suggested 
that nisoldipine could preferentially bind to those depolarized 
arteric~ which increase total peripheral resistance of hyper­
tension, and alao to those producing coronar~ spasms. 

1. Effgcta Qn Other vascul1r Beds 

Under conditions of co11trolled blood flow, nisoldipine infusion 
(1 µg/min) dilated the hindquarters vascular bed of anesthetized 
cats and inhibited vasoconstrictor responses to sympathetic nerve 
stimulation, norepinephrine, tyramine, methoxamine and BHT 933 
(a2-adrenoceptor a9onist). 

The ettects of nisoldivine on vascular resistance and vasocon­
atrictor responses were studied in the pulmonary vascular bed ot 
anesthetized cats under conditions of cont1~olled blood flow. 
Nisoldipine (1 µg/min) infused into the lobar artery caused only 
a small reduction in basal lobar resistance. It reduced pulmonary 
vasoconstrictor responses to mathoxamine, BHT 933 and U46619 
(thromboxane A2 mimetic) . 

2. Qther Myoco.rgiol.LCArdiovaracular Effec:t..; 

In isolated Lanyendorf f-perfused rat hearts, nisoldipine (30 nml 
prevented the ischemia-reperfusion-induced depletion of the 
cardiac stores of norepinephrlne. In the above hearts, pretreat­
ment with the drug (10 nm) 2 min before the onset of ischemia 
significantly improved cardiac output following global ischemia 
(20 min) and reperfusion (5 min) . Pretreatment with nisoldipine 
(1 µM) for 5 min before ischemia prevented transcoronary macro-
molecular leakage after ischemia-reperfusion in isolat@d rat 
hearts. 

In isovolumic coronary artery-perfused ferret hearts subjected to 
global ischemia for 3 min followed by 10 min reperfusion, 
nisoldipine (10 nm) significantly reduced the ischemia-induced 
rise in diastolic and systolic intracellular free ionized calcium 
(FIC, determined with the bioluminescent protein aequorin), and 
lessened the decrease in contractile function. Moreover, nisoldi­
pine si9nif icantly accelerated the decline in FIC during reper­
fusion and improved recovery of contractility and relaxation. 

Nisoldipine (5 µM) had no significant effect on dopamine-induced 
inhibition of nerv~ stimulated vasoconstriction of isolated 
perfused rabbit ear artery. 
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In anesthetized rats, nisoldipine (3 mg/kg f....;., 1-1.25 hr hAfore 
C'\CtttA coronary ligation) greatly rcdur.12d tLe duration uL 
ventricular tachycardia a.nd fib1·ill ·.tion occurring in the. firsL 
-~H) min postligatl.on period. None of the treated animals died 
compaJ.~f.Hi with a 40% mortality in controls. 

Long-term di@tary adminit;trattcn of niA()]dipine (50-100 mg/kg for. 
2 2 'It eek a) prevent ell the rare fact im1 of myocardi,1 l capil] ari :iat :inn 
in SH ruts. Drug treat Pd raU1 lu1c1 !ow<~r artf"ffi<:1 l blood pressure 
.;ind dec.:renSfH.1 let t vont r i <"'u lrtr a.nd sept::. al weighto compared to 
untreated rc1ls. 

In con9cious chronically instrumented dogs, nisoldipine did not 
influence cardiac imtn1lse f;;;,rmat.ion ot· impulse conduction at 10 
and JO µg/kg iv, but at 100 µg/kg iv (strongly hypotensive dose), 
it produced reflex increase in the rate of atriovantricular 
conduct.ion. 

In dogs subjected to occlusion of the left anterior descending 
coronary artery for 1. 5 hr followed by reperfusion, nisoldipine 
(3.5 µg/kg iv 10 min before the occlusion and again 10 min before 
repe~fusion) suppressed the ischemia-inducea increase in phospho­
lipid breakdown as well as the increets~ in serum CPI< activity. 
'l'he drug also prevented iachemia~ induced myocardial hemorrhage 
and pr.emL1ture ventricular contraction in a similar study. 

cumulative 10 min infusions of nisoldipine (0.05, 0.1, 0.25 and 
0.5 µCJ/kg/min) in pigs with chronic left ventricular dysfunction 
(produced by the ligation of the lett circumtlex coronary artery 
2 - 3 weeks befor·e the study) improved ventricular function to the 
same extent aB pimobendan, a ph<·l1phodi0s terase inhibitor ( 2. 5, 5, 
12.5 and 25 µg/kg/rr.'_1i). Both drugs normalized cardiac output and 
axhibited similar cardiovascular effects (systemic vasodilation, 
reduction in left ventricular filling pressure, and increased 
heart rate) ~xcept for the significantly greater increase in left 
ventricular dP/dt max with pimobendan (85%) than with nisoldipine 
(45%). Thus, nisoldipine, despite of its lack of inotropic 
properties, improved ventricular function to about the same 
extent as pirnob1=mdan. 

Infusion of nisoldipine (10 µg/kg ove~ a 5 min period, 30 min 
before ..:.:oronary artery occlusion) in open~chest pigs subjected to 
the occludion of the left ant.eri or~ coronary artery, completely 
prevented the increase in lipid peroxidation products associated 
with ischemia. 
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c. itn•;•l rharmaqploqigll ftudit1 

1. cgntral Nervous S'itte111 E.tfecu 

The anal<aesic a.ct.ivity ot nisoldipine (25-500 mg/kg po) was 
assessed in female Wistar rats by the failure of the animal tc, 
withdrAw its tail within 20 seconds after exposure to a focused 
heat ray. Nisoldipine hnd no analgesic activlty at is mg/kg; 
however, at higher dose la~uls (100 mg/kg and above) 40-60' of 
animals showed evidence of analqeRic activity. 

To study ~he effects of nisoldipine on orientation motility, mice 
were placed in cages in tbe dark and their orientation motility 
was assessed at 5 min int~rvals tor a tot~l of 25 min after the 
liqht was turne~ on. Nisoldipine (25, 100 ~~d 250 mg/kg po) had 
no significant effect on orientation motility in this test. 
However, in a separate study in which mice were kept initially in 
a dark chamber and then exposed to daylight after drug treatment, 
nisoldipine at 10 or 31.5 m9/k9 po, but not at 3.15 mg/kg, 
reduced orientation motility by 20% in mice. Th& 3bove dose 
levels had no effect on spontaneous motility. 

The balancing ability of m~le mice to maintain their position on 
a round horizontal wood bar (diameter B mm) waia testsd at 60 min 
after oral treatment with nisoldipine (3.15, 10 or 31.5 mg/kg). 
The dru9 inhibited the balancing ability by 10% at 31.5 mg/kg. 
The ability of the mice to grasp a horizontal metal bar (diamater 
3 mm) was not inhibited at the above dose levels. 

There was no evidence of any muscle relaxant or sedative effects 
for nisoldipine in mice, as assessed by the measurement of the 
holdi1g and climbin9 ability on a horizontal bar with at least 
one hind paw within 5 sec after they we~e suspended on the bar by 
their rront paws, at 25, 100 and 250 mg/kg po dose levels. 

The anticonvulsant activity or nisoldipine was determined by the 
ability of the drug to antagonize either electroshock- or penty­
lenetetrazole (PTZ)-induced tonic convulsions in mice. 
Nisoldipine showoa no anticonvulsant activity when administered 
30 min before electroshock at 25, 100 or 250 mg/kg po. In the PTZ 
test, the drug (25-250 mg/kg po, 30 min before PTZ adminis­
tration) had a dose-dependent anticonv11lsant effect with an 
estimated ED50 of 96 mq/kg. 

In a subsequent study, nisoldipine (3.15, 10 or 31.5 mg/kg po), 
given 60 min before electroshock or PTZ administration, 
antagonized the electroshock-induced tonic convulsions in 20% of 
mice at 3.15 and 10 m9/kg and in 30% at 31.5 mg/kg. PTZ-induced 
convulsions were antagonized by njsoldipine at 10 (30') and 31.5 
(80%) mg/kg, but not at 3.15 mg/kg. 

The depth of hexobarbital-induced anesthesin was not affected by 
nisoldipine at 3.15, 10 and 31.5 mg/kg po, but the duration of 
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anesthesia was prolonged at 31.5 mg/kg. 

·ro evAluatA the possible tranquilizing effect of niaoldipine on 
defensive behllvior, fighting episodes we·re induced in Jt\i ce by 
weak electric foot shocks of 0.2 rnsec duration •"'•t n frAQUAncy of 
5 pe1· min. Nisoldip:ine! ,.t i5 mg/kg po was i.neff.nc.:t.ive, but a 
do~e-dependent antagonism ot fighting was observed at l1ighrr 
doses (50 to 400 mg/kg pal with an ED50 of 82 mq/kg. 

·r1w i ··) tmant iomer . had no significant CNS et toe ts in 
micA at. onil doses of 3, 10 and 30 tng/kg. The (_.)enantiomer 

at 10 and 30 mg/kg po impaired motor cou1dination of mice 
in the balnnce rod test and increased the threshold dose of PTZ 
rf.!quired tu produce convulsions. 1rhe no-ef feet dose was 3 mg/kg. 
No Hlgnifirnnt effects were seen i.n mice on tr.:H~tion ability, 
analgesic a11d anticonvulsivo responses or depth of hexobarbital­
induced aneatheoia at 3 ·30 m\J/kg po dose lev~lls. Iu rats, 
administration of (10 and 30 mg/kg po) produced 
ptorliH, salivation, sedation, hypothnrmil1, pronn po~dtion, 
reduc~d muscle tone and ataxia during walking, 

2. Gastroint~stin9l Effec~ 

Nisoldipine (3, 10 and 30 ma/kg po) significantly reduced the 
intestinal LrdnBit time in mice, as measured by the length of the 
intestino covored by charcoal which wa::& given a:r·al ly 40 min after 
nisoldipine administration, at all tested dose levels with an 
E!stimated ED50 of 17. 19 mg/kg. 

( - ) Nian lcii pinf'l, at the above dose levels, had no effect on 
intestinal trannit time in the rat, whereas (1)r1isoldipine 
significantly reduced transit time dose-dept.mde11t ly. 

Nisoldipine or its stereoisomers (10 or 30 mg/kq po) did not 
indt~ce any gastric: lesions in rats. 

Al ), 10 ctUd 30 my/kg po, (-)nisoldipine had no effect on 
indomethacin induced ulcers in rats, wt1ile (+)nisoldipine 
significrinlly reduced these lesions at all dose levels. 

Niaoldipine (3 or 30 mg/kg intr~duodenal) or (+) nisoldip1ne (3, 
10 or 30 mg/kg id) had no significant effects on basal gastric 
acid secret ion, whereas ( ·~) nisoldipine signi f ictint ly t'educed 
ba Bal ~J cm tr i c acid secret ion a L 3 0 mg I k y id . 

Nltduluipine ctlll (l(jUUized acetylcholine- and histdrnine-induced 
spasms of iso]dted guine(j pig ileum at 1 mg/L arid barium 
chloride-induced spasms at 3 mg/L. 

3. M~LebQ.i.ic Effects 

In tasted rats nisold:ipino at. 10 and 30 mg/kg po ::iiynif icantly 
and dose dependently elevated blood glucose at 1, 2 and 4 hr 
after drug administration, while the serum triglyceride 
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conc@ntration was alightly reduced in a dose-dependent manner. 
At 3 mg/kg po, the drug had no significant effect on either blood 
glucose or triglycerides. 

In fed rat~ niaoldipine elevated blood glucose and lowered SQrUm 
triglyceri.de concentrations at 3, 10 and 30 mg/kg po. 

4. Eff~~= on ReBpiration 

Nisoldipine (0.26 nm to 26 µM) had no effect on resting tone of 
the isolated guinea pig trachHa. Histamine- and LTD4-induced 
contractions were significantly reduced by ni9oldipine at 26 nM. 

Niaoldipine (0.32, 1.0 and 3.2 µg/k9 iv) had no significant 
, effect on spontaneous respiration in aneathetized dogs. 

The enantiomers of nisoldipine ((3, 10 and 30 mg/kg po) had no 
effect on airway resistance or lunQ compliance, and did not 
modity histamine-induced increases in lung resistance in 
anesthetized, spontaneously breathing guinea pigs. 

5. Renal &ffects 

The diuretic activity of nisoldipine was tested in normotensive 
male Wistar rats loaded with 0.5• rnethylhtdroxyethylcellulose (10 
ml/kg). Nisoldipine at 1.0, 3.15, 10.0 and 31.5 mg/kg po produced 
no significant effects on urine volume or urinary excretion of 
Na* or K• over a 6 hr collection period. How~ver, et 100 mg/kg, 
the drug reduced urinary volume and Na• and ~· excretion. Urinary 
pH was not changed over the entire dose range. 

In another study in liquid-loaded rats (with a solution 
containing 0.2% NaCl, 0.4% KCl and 0.1% tragacanth), nisoldipine 
(10, 30 and 100 mg/kg po) increased urinary volumes and excretion 
of Na' and 1< 1 at al 1 dose levels, the e!!ects being more 
pronounced at 10 mg/kg than at higher dose levels. 

the (+)enantiomer of nisoldipine, had no significant 
effects on urine volume or el~ctrolyte ~xcretion in normotenuive 
rats at 3 and 10 mg/kg po; however, at 30 mg/kg, it significantly 
reduced urine volume and the excretion of Na* and~·. 
the (-)enantiomer, had no significant effects on the above 
parameters. 

In stroke-prone SH rats, administration of niaoldipine (0.315 to 
10 mg/kg po) significdnlly increased urine volumes and excretion 
of Na• at 3.15 and 10 mg/kg. Although excretion of K• was 
increased after 10 mg/kg of nisoldipine, the increase fai.led to 
achieve statistical significance. 

To elucidate the mechanism of diuretic effects of nisoldipine in 
SH rats, renal clearance and rnicropuncture studies were carried 
out in moderately saline-loaded animals. At dose levels of 0.1, 
0.15 and 0.2 µg/kg/min iv for 15 min, the drug produced a 
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significant fall in blood pressure accompanied by increased 
soaium excretion and glomerular filtration rate (GFR) . This 
natriuretic effect was attributdd to the suppression of distal 
tubular sodium ~eabsorption. In another study in SH rats, 
nisold~.pine (10 ~L9/kg/hr iv) produced diuretic and natriuretic 
effects without any changes in GFR. It was also shown that the 
diuretic and saluretic effects were considerably more pronounced 
in hypert~nsive rats than in normotensive Wistar-Kyota rats. 

Nisoldipine ( 10 nm) completely reversed tho norepinephri.na­
induced reduction in GFR in the isolated perfused rat kidney. 

In the rat acute renal failure model (glycerol induced), 
ni~oldipine treatment (lO mg/kg b.i.d tor 2 days) increased urine 
volumes and significantly reduced glycerol-induced increases in 
serum cr@atinine and urea and renal tissue calcium levels. 

In conscious dogs, nisoldipine at 0.1 mg/kg po had no significant 
effect on renal function (GFR and inulin and paraaminohippurate 
clearances). However, at 0.3 mg/kg the drug reduced all measured 
parameters of renal function, the maximum effects observed 20 min 
after drug administration. 

The interaction ot nisoldipine with angiotensin II (AII) or 
norepinephrine (NE) was studied in anesthetized rnonqrel dogs. 
Intrarenal infusion of nisoldipine (2, 10 or 50 ng/kg/min tor 20 
min) produced a dose-dependent increase in urine flow and urinary 
excretion ot sodium, chloride and potassium, although no 
significant change in GFR was seen. Renal blood tlow was 
significantly increased only at the highest dose level. 
AI! and NE reduced rennl blood flow and urine volumes. The 
decreased urine flow induced by AII, but not by NE, was 
completely blocked by nisoldipine, while the effect of AI! on 
renal blood flow was only partially antagonized. 

6. Hem1tologi9al Ett§cts 

Collagen-induced platelet aggregation, coagulation time, thrombus 
elasticity and partial thromboplastin time were nut affected by 
nisoldipine administration (10, 30 or 100 mg/kg po; blood 
sampling 90 min postdose) in rats. Nisoldipine (2.6 nm) had no 
effect on factor XIII activity in bovine plasma. 

Neither· (+) nor (-) enantiomer \3, 10 and 30 mg/k9 po) had 
effects (60 min postdose) on hematological parameters in rats 
(hemoglobin, hematocrit, platelet count, tibrinogen levels, 
sedimentation rate, thrombin or thrornboplaatin tlme and collagen­
induced platelet ilggregation). 

7. Antiatheragen1c A~tiyit~ 

In rabbits fed a cholesterol (2.5') supplemented diet, admini­
stration of nisoldipine (1 mg/kg/day for 7 weeks) significantly 
reduced the serum and aortic concentrations of cholesterol and 
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preserved endotheliuro-dependent relaxation of the ie0lat.ed aortic 
rings. 

a. lllltiint.i.auunat;.c,gy titfect:1z 

Oral administration of nisoldipine (5 to 315 mg/kg, 1 hr before 
k:iolint-1 injection) ahoweci nntlinflanunatory activity against edema 
(caused by in trap] e.mtar inject ion of kaolin into the hind paw) in 
ttttB at do30 leveJ..s of 10 mg/kg and above (ED50c0.:46 mg/kg po). 

9. .&tr f ect s on Hi stami.Dg j<§llease 

Nisoldipine (0.26 to 260 µM) had no sjgnificant effect on hist.a­
mine release from rat peritoneal mast cells in vitro and also did 
not modlfy antigen·~induced histamine release from these cells. 

n. lnt.ldote stu4ies 

In anesthetized rats, 100 µg/kg/min iv infusions or nisoldipine 
produced pronoun<~ed decreases in arterial blood pressure, heart 
ratP. cardiac output and peripheral resistance, followed by death 
within about 55 min after the initiation ot the infusion. EKG 
changes included ~inus bradycardia, partial or complete AV block 
and ~hitting of the pacemaker to the AV node. Infusion of calcium 
gluconate (15 mg/kg/min), isoproterenol (20 µg/k:g/min} or 
dopomin~ (100 µg/kg/rnin) simultaneously with nisoldipine 
prolonged survival time by moi·e than 100\. Norepinephrine (20 µg/ 
kg/min) had no significant ettect. 

In anesthetized dogs, calcium gluconate (100 mg/kg iv) reversed 
the hypotenaion and tachycardia produced by 10 jJ.Q/kg iv 
nisc;ldipine, but exacerbated the hypotension produced by 30 and 
100 µg/kg. 

Nisoldipine was shown to be about 21 times and the (a 
dihydropyridine metabolite of niaoldipine) was twice as potent as 
diphenhydramine (refer~nce c.:ompound) in inhibiting histamine­
induc@d Hpasm!; of isolated guinea pig ileum. The other 
metabolites 
had no significant effect on the above parameter. 

had no signiticant CNS (rat and mouse), pulmonary 
(guinea pig), hematologic (rat), gastrointestinal (rat) and 
urinary (rat) pffects. Th:is metabolite at 0.26 :o 26 µM did not 
induce histamine release from rat peritoneal maat cells in vitro; 
however, at the same concentration range, it si~nificantly 
inhibited the antigen-induced histamine release from the.-i'.: cells. 
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BAY R 9425 irhibited LTD4-in~uced contraction of isolated 9uinea 
pig trachea 1t 260 nM, but not at 26 nM. This compound was about 
10 times leas potent than niaoldipine in inhibiting 1<•-induced 
contractions of isolated pregnant (IC50•86 nM) or nonpreqnant 
(IC50•138 nM) rat uterus. Othftr metabolite• . 

were effective only at very 
high concentrations (above 50 JJM) • 

F. Ittt•r•atioa of Bi1014ipip1 td.~b lropgnol21 

Administration or nisoldipine (0.315 mg/kg po) in conscious 
unrestrained renal hypertensive do;a after A-adranooeptor 
blockade Ly propranolol (3.15 mg/kg po) increased th• maximal 
reduction in systolic blood pressure from 15 to 23' and reduced 
the maximal reflex increase in heart rate from 109 to SO,. 

Propranolol (2 m~/kg iv) attenuated the raf lex increase in heart 
rate produced by niaoldipine (2.5 to 25 µg/kg/min iv) in 
conscious instrumented dogs and prevented an increase in the 
heart rate-systolic pressure product (an index of myocardial 
oxygen consumption) • Propranolol potentiated the hypoten1ive 
effect of nie~ldipine (5~25 µg/k9/min), but did not further 
increase mean coronary blood flow. 

Propranolol (4.4 m9/k9 po) attenuated both the poait1ve 
chronotropic and inotI'()pic offecta and the changea in ayatolie 
wa1l thickening caused by exercise in pigs with coron&ry artery 
atenosis~ Nisoldipine (0.S m;/k9 po) alone did not modify cardio­
vascular effect• of exercise, but it further improved wall 
function in the presence of propranolol. 
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ltJMNMlY or •llAltNACOXIHSTICI l'.t'ODI•I (I. Stolaeraber9) 

1. Ab•grgtioo and Excr1ti90: Nia~ldipine waa mea1ured by 
;as chromatography and electron capture. A summary ot urinary, 
fecal and C01 recoveries following administration ot a single 
dose ot uc-labelled nib~ldipine in four apeciea, including man, 
ia ;iven on the pa9e 30 of thi• review. In th• rat, doq and pig, 
the primary route of excretion was the biliary-fecal route, 
whereaa in the monkey and man, the urinary route predominated. 
Baaed on the ratio of the ' ot Dose Excreted in urine for 
i.v./p.o. routea multiplied by 100, niaoldipine wa• considered to 
be ra~idl.y &nd almoat completely ab•orbed in male rats (107•>, 
dogs (101\) and man (89.7'). for th• pig, _monkey (rhe~u•) and 
rat, where i.v. doaea were not 9iven, the figure under this 
column repreaent1 the amount excreted in the urine, which 11 
reqarded aa "th• lower limit of abaorption". 

2. Pl11m1 Ph1rmasokin9~ig1: The ligure which tollowe 
illustrates the plasma concentrations vs time, followinq a single 
oral dose in rats, doga •nd monkeys. The table on ••lected plasma 
pharmacokinetica on pa9e 31 reflect• th••• gbaervationa and 
includes reaulta from i.v. adminiatration in the ••m• 3 apeciea 
and in man. Aft•r oral admini1tration, no diatinct apeoie1 
dit!cr•nc•• were noted in the rat, doq or monkey/ cmo ... ,nona 
(normali&ed to 1 m;/k~ doae, ba••d on radioactivity equivalence 
of parent compound) ranged between 0.49 - 0.79 kq•1·1 , but waa 
4.'7 to 7.5 timea high•r in man (3.7 k;•1-1

). AUC" ... for total 
radioactivity was alao 1imilar in the 3 1peciea, but was hi9her 
in man by a tactor of 6 to 10. c ... ,.,. and AUCnnn fQr unchanQed 
niaoldipine followin9 oral adminiatration w•r• v•rY low in all 
tour apeciea, including man, which waa atti·ibuted to an extensive 
t.lrst pass ettect, known for thia c:ompound. In humans given 
immediate release tablets ot 2.5, s, 10 and 20 mg, or core coated 
tablets ot 10, 20, 40 and 60 m;, doae proportionality waa 
observed tor plasma nieoldipine c ... and AUC0_14 • At ataady state 
(8th day ot dosing) in humana, both AUC0 .. u and c... ahowed a "doa• 
dependent and broadly doae proportional increase" at 30, 60, 90 
and 120 mg. Corre1pondin9ly, both •y•tolic a~d diastolic blood 
preaaurea "•hewed a 9•n•ral dose related decrease from b•••line 
at steady state". Despite the high ratea ot absorption, 
bioavailabilitiea (f) of parent compound •fter oral doaea were 
correspondingly low1 2.7, 11.7 and 8.4, in the rat, do; and man, 
respectively. The core coated preparation had an r value of 5.5, 
in man. In the dog, it waa shown that both the vut wall and the 
liver contributed to the f irat pass etf•ct and reaultin; low r 
values tor the parent compoun~. The plasma half-lite ot unchanged 
drug was eaaentially similar in dog, monkey and man (2.3 to 4 h). 
The shorter t 112 of unchanged compound listed in the table for 
rato following oral or i.v. do1ing does not represent a true 
terminAl half-life b•cauae plasma l•v•l• were measured for only 2 
hours post-dosing. In rate, the pharmacologically more potent 
(+)- enantiomer had a five fold higher bioavailability than the 
(-)- enantiomer. 
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ABSORPrlON/EXCRETJON OF NISOl.OIPINE IN ANIMAL SPECIES 

AND MAN FOl.J.OWING ADMINISTRATION OF ("CJNISOl.DIPINE. 

• of Dose1 Elcret.ed ln: 

Species Route· Dose 

(m&fk&) urine feces 

Rat (M) p.o. 5.0 30.8 (2.4)1> 75.0 (0. 7)1) 

i.v. 1.0 28. 7 (3.5)'> 71.8 (6.5)&> 

Rat (f) p.o. 5.0 41.9 (2.9)1> 62.0 (2.8)., 

Do& (F) p.o. 5.0 38.9 (5.lt 55.2 (2.3)., 

i.v. 0.5 36.3 (5.2)'> 59.1 (8.2),, 

Pi& (M) p.o. 1.0 38.9~ 54.9'> 

Monkey p.o. 10.0 76.5•> 14.51
> 

(F) 77.6•> 16.21
> 

Man (M) p.o. 12.0 m1 73. 7 (5.4),, 12.3 (2.4)1) 

l.v. 0.8 ma 82.2 (7.4~ 14.4 (9.5)n . 
v11ues are anmmeuc means (IGJ 

n • 5 (rat), 3 (doa) and 10 (man). For monkey and pia, n• 1 

Collection periods: 

1) 48 h. d) 144 h 

b) 24 h e) 2•0 h 

C) 72 h () 96 h 

COz 

0.5'> 

0.6'> 

--
-·-· 
..... 

0.3•> 

.. .... 

~----

. .... 

• 
absorbed 

(minimum) 

107.0 
. .... 
41.9 

107.0 
. .... 
38.9 

77.6 

89.7 

·-·--
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SELECTED PLASMA PHARMACOKINETIC PARAMETERS IN SEVF&\L 
SPECIF.S FOLLOWING ADMINISTRATION OF (1'C]NISOLDIPINE 

Rat (M) 
Species 

Route i.v. p.o. 
Dole (ma/ka) I s 

B•dgstlvllY 
CF'l __ (q•1·1) ·-- 0.49 

t..(h) ·- 0.87 

AUC .. (lca•h•J·') 13.6 4.0 

"--(h) 23.9 14.9 

Earcn& 
c ..... (kg•1·1

) --- 0.009 

t...(h) ·-- o.s 
AUC ... (ka•h•I"') 0.36 0.0097 

t"(h) 0.36 0.70 

P(~) -- 2.7 
n • ' (rat), 3 (dog), I (monkey , 12 (man 

Rat data for parent (p.o.) from I m1/ka dose. 
*Total mg doae per volunteer 

Dog (P) Monkey (F) 

i. v. p.o. p.o. 
o.s s l 

--- 0.59 0.79 

.... 1.45 3.64 

4.2 S.9 7. t 

37.9 54.4 41.8 

--- 0.017 0.003 
... 1.0 4.0 

0.46 0.054 0.02 

4.0 2.3 4.0 

... w l l.7 ·-

Man (M) 

. 
p.o. •. v. 
12• 0.8• 

3.7 -
0.77 ---
40.l S0.2 

80.3 8,.R 
-

O.OS4 --· ·-
0.42 . .. 
0.077 0.954 

3.8 3.8 

8.4 -
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lmmldlate ReJoaso 

Coll (mg) Cmax (nglmL) AUCo.24 (ng.h/mL) 

2.5 0.43 (58) 1.26 (84) 

5 0.85 (48) 2.89 ('8) 

10 1 .... (59) e.s2 (46) 

20 3 ... 2 (57) 14.5 (42) 

Coat Cort 

Dose (mg) Cmax (ng/mL) AUCo-.a (ng.h/mL) 

10 0.90 (0) 15.2 (33) 
20 1.45 (39) 27.1 (37) 
.. 0 3.07 (49) M.3 (47) 
eo 4.28 (52) 83.3 (43) 

Study DJ0.022 

fbarm1cokln1tic P1r1m1t1r1 11 Stt1dv·St1tt lMHn * sm 

0011 AUC(0·24ht c"' .. T,.... 
lmgl li 1IlQ • bLmll 'aglmll illl 

30 18 74.28 ~ 7.96 4. 79 :t 0.88 7.22 :t 0.93 I 

60 18 129.76 s 12.74 8.48 :t 0.81 9.08 * 1.17 
90 9 199.31 * 16.46 13.02 ;t 1.20 6.78 * 2.30 
120 3 226.58 * ~2.41 14.92 ;t 2.01 4.00 * 1.00 

lludy 090·022 

L.S. MJ•n Synjnt BP Cb1og1 from B1111jn1 at St11dy·St11I fmmJ:jgl 

Svatollc Di11tolic 

0011 lmgl N Sh post dose 24h post dose 8h post dose 24h post dost 

30 18 ·16.4 ·14.0 ·8.4 -10.2 
60 18 ·20.8 ·16.8 ·13.2 ·15.0 
so 9 ·22.1 ·23.0 ·12.1 ·13 ... 
120 3 ·30.7 ·44.3 ·26.0 .. 11.0 
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3. Iissue Distribution: Quantitative tissue distribution 
in Sprague-Dawley rats was determined after 0.5, 1, 4, 8, 24, 48 
and 72 hours (although the tables which follow provide 4, 24 and 
72 hour values only) . After oral administration, maximum 
concentrations in virtually all organs were reached within one 
hour, with liver, fat, kidney and adrenal gland generally 
containing the highest levels, brain and skeletal ~uscle the 
lowest. After a single dose, terminal elimination half~·lives 
ranged from 42.2 h for plasma to 123 h for brain. With repeated 
daily dosing (5 mg/kg for 3 weeks), steady state was reached 
within 8 days. The CEQ at 24 h after the last (21st) dose and the 
AUC 1 Jd (based on radioactivity) were increased by a factor of 5 
to 9, compared to a single dose. After 21 days of dosing, a 
slowe1 elimination phase, characterized by half-lives of 2.66 
days for plasma, 6.13 days for lung and up to 28 days for brain 
(generally 6-11 days in most other organs), was found. 

After a single dose, there was no indication for changes in organ 
distribution pattern at later time intervals (up to 72 hours) . By 
72 houre, 1.1% of the administered radioactivity remained in the 
body of the rat (excluding the intestinal tract). In beagle 
dogs, tissue levels were measured only after 72 hours and the 
pattern of distribution was found to be similar to that in rats. 
Corresponding residue values in the body of dogs after 3 days 
were around 1% (i.v.) or 2% (oral) of the administered dose. 

In pregnant rats following single oral or intravenous dosing, 
placental transfer was observed, with total radioactivity in the 
fetus reaching l'/% of maternal plasma and 39% of the average 
maternal tissue concentration within one hour. 

In lactating rats, secretion of nisoldipine and iLH metabolites 
into milk w~s noted after an oral dose of 5 mg/kg, with 
concentrations in milk being lower than in plasma at all time 
periods up to 48 hours post-dosing. 

Whole-body autoradiography indicated rapid tissue distribution 
and penetration of the blood-brain barrier within 5 minutes after 
an intravenous dose. In addition, autoradiography essentially 
confirmed the widespread tissue distribution that was observed 
with the quantitative tissue measurements, including placental 
transfer and secretion into milk. 

Placental transfer and milk secretion studies in rats are 
summarized in the 11/7/89 review of tND by X. Joseph, 
D . v . M . I Ph • D . 
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QUANTIT A.11VE1 TISSUE DISTRIBlJTION OF TOTAL 
RADIOACTIVITY IN TIIE RAT AFl'ER ORAL (MALE AND FEMALE) 
AND INTRA VENOUS (MALE ONLY) ADMINISTRATION OF 
(

14C)NISOWIPINE. 

Time post-dose 4h 24 h 
• i.v . J. v. p.o. p.o. p.o. p.o. 

Route (male) (male) (female) (male) (male) (female) 

Dose (mg•kg-1) I s s 1 5 5 

Oraan!Tissue: 

body excl. a.i.t. 0.11 0.11 0.29 0.026 0.021 0.032 

plasma 0.35 0.16 0.36 0.13 0.044 O.OS6 

erythrocytes 0.09 0.05 0.14 0.038 O.OlS 0.018 

liver 0.54 0.56 J.8 0.13 0.11 0.36 

kidneys 0.26 0.19 0.44 O.OS1 0.034 0.031 

lun1s 0.17 0.11 0.26 0.068 0.027 0.034 

hmt 0.09 0.07 0.20 0.029 0.016 0.016 

brain 0.04 0.03 0.046 0.012 0.011 0.0062 

adrenal gland 0.13 O.lS 0.32 0.11 0.034 0.043 

testes 0.06 0.04 ·-·- 0.019 0.014 ----· 
ovaries ---- ---- 0.38 ..... ·-- 0.029 

renal fat 0.3:1 0.32 0.70 0.031 o.02s 0.02S 

skin 0.06 0.06 0.16 0.022 0.018 0.021 

skel. muscle o.os 0.03 0.11 0.011 0.011 0.0081 

resid. carcass 0.10 0.09 0.22 0.018 0.01.S 0.01.S 

1Me.an dose-normalized equivalent concentrations (kg*l'1). n • S per 1roup. 
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QUANTITATIVE' nssUE DISTRIBtmON IN 11IE RAT AND 
DOG AT 72 H FOLWWING ADMINISTRATION OF (14C]NISOLDIPINE. 

Species Dog (F) Rat (1.f) 

Time after application 72 h 72 h 

Route of administration i. v. p.o. p.o. 
-

Dose [m1•t1·•1 0.5 5 s 
body e~cl. a.i.t. 0.009.S 0.017 0.012 

plasma 0.011 0.017 0.020 

erythrocytes 0.0083 0.011 0.0095 

liver 0.078 0.090 O.OS7 

kidney 0.020 0.034 0.017 --
·, lungs 0.016 0.024 0.009 

h~ O.OOS7 0.014 0.009 

brain 0.0016 0.0034 0.008 

adrenal 1Jand 0.032 0.072 0.025 

renal fat 0.016 0.026 O.OlS 

skin 0.0071 0.012 0.012 

skel. muscle 0.0034 0.010 0.007 

uterus 0.0080 0.018 ·-~--

ovary 0.0090 0.016 ··--· 

1Mean dose·normaJized equivalent c.oncentrations (kg•1·1
). n • 3 (do&) and S (rat) per 

group. 
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4. Protein Bindiljg,: As determined by equilibrium dialysis, 
uc-nisoldipine was highly bound to plasma proteins c~ the rat 
(97.8-·99.1%), dog (97.6-97.1%) and man {>99.4%) and was not 
influenced by sex in any of the three species. In humans, 14C­
label1Pn drug was bound predominently to the serum albumin, and 
the extent of hinaing was not influenced by planma. concentration 
over a broad range; i.e., between 0.1 and 10 ug/ml. Similar 
levuls of protein binding were found in huml'ln plasma whether it 
was measured by equilibrium dialysis or ultrcentrifugation, and 
degree of binding of the (+) and (-) 14C-Gnantiomers was similar 
{around 99.4%), with no indication of preferential stereospecific 
binding. In the "expert opinion" on pre-clinical pharmacokinetic 
studies, it is claimed that when protein binding was measured ex 
vivo (dialysis method) in rats and dogs after i.v. or oral 
administration, nisoldipine was highly bound initially, but the 
protein bound traction dropped to 50 to 80% between 30 and 180 
minutes after dosing, indicating lower binding affinities for the 
metabolites. 

5. Metabolism 

a. BiotranafQrmation: Nisoldipine is rapidly and 
extensively metaboli~ed in the rat, dog, monkey and man. Only a 
small percentage of unchanged 14C-labelled suhstance could be 
found in the circulation of the rat or dog at 30 and 60 minutes 
after oral administration, when plasma radioactivity was at the 
maximum level. No unchanged drug was eliminated in the urine or 
feces of all 4 species, or in bile of bile duct cannulated rats 
thdt received the drug either by i.d. or i.v. route. Partial 
enterohepatic recirculation of metaboliteR was de:nonstrated jn 
r.ats. A schematic for the biotransformation of the dr~g is shown 
on the page which follows. The investigators dP.scribe the 
biotransforrnation steps as follows: 

-hydroxylation of the isobutyl ester 
-dehydrogenation to the pyridine derivar.ive 
-cleavage of the ester to form the carboxylic acid 
-reduction of the nitre group to the amino group 
-glucuronidation (phase II enzymatic reaction) 

In urine of all 4 species, at. least 12 biotl'."ansformation products 
were detected, with 6 of them, M-l to M-S dnd M·l2, accounting 
for 80% of radioactivity in urine; all other metabolites weru 
minor products. M-5 was the major urinary metabolite, accounting 
for 24 to 46% of the renal eliminated radioactivity in all 4 
species. Only 1 metabolite, M-12, was hydrolyzable with B­
glucuronide, to give M-5 as the aglycone. Meta~Jolic profile in 
urine was essentially similar in all 4 species. 

In bile, metabolic profiles of rats "were quantitatively 
irt~ntical in vitro (isolated perfused ~at liver model) and in 
vivo following intraduodenal administration". At least 24 
metabolites have been detected, but only 8 of them, M-3 to M-5, 
M-10, M-12, M-14 to M-16, were quantitatively important. The 
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n~jor metabolic products in bile of rats were M-5 and its 
conjugate, M-12. 

In serum, at least 12 metabolites were observed in rats within 30 
minutes of dosing, and the main ones were M-2 and M-5, together 
with their garnma-lactones, R-3 and R-5. In dogs, at least 11 bio­
transformation products were isolated from the serum, and a 
similar pattern was seen as in rats, with M-2 and M-5 being the 
nain products. 

A total of 18 biotransformation products have been identified in 
urine and serum. The main biotransform~tion products in all 3 
animal species and humans, based on findings in the urine and 
serum (also in the bile of rats), are M-5 plus M-12 which is the 
glucuronide of M-5, and R-5 which is the gamma-lactone of M-5. 

11\Ain metabolite• M-S, M·12 and ~-s in urine and ••rWTI 

rat aerum rat urine do9 ••rum 

,,] ''l (t] 

13.3 

11.7 

t o t a la 25 

34.t 
3.1 

38 

do9 urine monkey ur1ne 
0-7 h ,_,, h 11•24 h ,,, (\) 

~1.7 

S6.6 

27.2 23.7 

30.8 31.1 

14.8 

26.? 
1S.5 

42.2 

In studies with dogs, the li~er and gut wall were identified as 
the primary sites of biotransforrnation (Arzneim. Forsch./Drug 
Res. l.a,: 1093, 1988) after oral administration. It was estimated 
that around 60% is metabolized pre-hepatically in the gut and 30% 
in the liver. 

b. &ffect; on H~~atic Enzymes: In two experiments with 
male rats, nisoldipine was administered orally at doses of 0, !0, 
50 and 200 mg/kg for 2 weeks, followed by a 1 week recovery 
period in the second experiment. The positive control was 
phenobarbital at 25 mg/kg. The hepatic levels of cytochrome P-
450, ami.nopyrine N-demethylase and aniline hydroxylase activities 
were d~creo~ed at mid and high dose, whereas phenobarbital caused 
significant increases in levels of all 3 enzymes. The decreases 
in all 3 enzyme levels were found to be reversible after a 1-week 
recovery period. 
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SUMMARY OP TOXICOLOQXCAL STUDIBS 

A. Acute Toxioit;y Studies ·(x. Joseph) 

Acute oral and iv toxicity studies were done in mice, rate, 
rabbits and dogs at Bayer AG, Institute of Toxicology, Wuppertal, 
FRG. F~r oral toxicity studies, the drug (suspended in a solution 
of glycerol, lutrol and deminaralized water) was given via 
stomach tube (20 ml/kg) to mice, rats and rabbits; and in dogs 
the drug was given in gelatin capsules. For iv studies, the drug 
suspended in the above solution was given at a volume of 5 ml/kg 
for rodents and at 1 to 4 ml/kg for dogs. After drug treatment 
animals ware observed for a period of 14 days. No clinical signs 
or mortality were seen after. oral administration. Howev8r, 
tonic/clonic convulsions, gasping, cyanosis, exophthalmos and 
respiratory disturbances (all species) were sean after iv 
administration. All deaths occurred either during or within 10-20 
min of drug administration. The surviving animals were free of 
symptoms within 1 (mice, rabbit and dog) to 48 hr (rat) postdose. 
The autopsies (dead or sacrificed at the end of the study) showed 
no pathological findings. The LOSO values for different species 
are below. 

~~~ 
. 

ACtrrE TOXICITY OF NISOLDIPINE IN MICE, RATS, RABBITS, 
AND DOGS 

Route of LD.t0- ma/kg 
Species Sex Administration (95" Conf. Limits) 

Mouse (CFWl/W) M p.o. > 10,000 
Mouse (CFW l/W) M i.v. 2.20 (2.0-2.S) 
Rat (Wistar) M p.o. > 10,000 
Rat (Wistar) F p.o. > 10,000 
Rat (Wistar) M i.v. 2.32 (2.06-2.65) 
Rat (Wistar) F i.v. 1. 86 ( 1. 77-1. 97) 
Rabbit (Lge Chinchilla) M,F p.o. > 5000 
Rabbit (Lge Chinchilla) M,F I. v. ca. 2.5 
Dog (Beagle) M,F p.o. > sooo 
Dog (Beagle) M,F i. v. ca. 2.0 

A separate study showed that pretreatment with propranolol (1 mg/ 
kg ip for 4 or 5 days) had no effect on the acute iv toxicity of 
nisoldipine in male Wistar rats (iv LOSO ~ 1.6 mg/kg with or 
without propranolol pretreatment). 
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B. 1JubohJ;'oni9, Cbfopic an<l.Caroipogenicit~ ltll-4!!!1. 

MT ~'IVDI~§ (X.Joseph) 

a. .f.QlJr. Week D,i§tary. DQ~ (langef irn~ing StJ,is;ly 

Study Numbe,,[.J_ 

studx Da~es; August - September, 1980 

GLP Compliaore; Study was not conducted according to GLP 
regulations. The deviations were as follows: 1. no phase 1-3 GLP 
audits. 2. no checking of physico-chemical properties of test 
substance. 

An:i.mAl;: Wistar strain TN0~74 rats, individually 'housed i.u 
Macrolon cages, Type II, were 5-6 weeks old (average weights~ 
males ~ 131 g; females ~ 112 g) at the initiation of dosing. 

D9se Leyels; was mixed with 
powdered rat diet to obtain drug concentrations of 0, 300, 1000, 
and 3000 ppm. 

Achieye_d Dose L~yels; 

Dose 
(ppm) 

0 

300 

1000 

3000 

Average Drug Intake 
(mg/kg/day) 

Male F'emale 

0 

26 

86 

258 

0 

26 

89 

265 

(Note: The drug intake was calculated from th"~ average daily food 
intake for the whole duration of the study. No significant 
difference in drug intake was seen with time.) 

Number of Animals: 10/sex/group 

Parameters Evaluated: Appearance and behavior (at least once 
daily), body weight and food consumption (weekly), organ weights 
(heart, liver, kidneys and adrenal glands) and gross patholog-y. 
(No histopathological examinations were conductP-d.) 
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Btsultsi No treatment-related clinical sig·ns or mortalities were 
observed in this study. A significant reduction in body weight, 
compared to concurrent controls, was observed throughout the 
treatment period in high dose males (10-18%') and females (6-lOi) 
excei-it. in females at week 4. No signi fi c."lnt body weight 
diff~rencea were seen betw~en contr<.">l and niid or low dose groups 
(both sexes). Pood consumption was reduced in the high dose 
group. Though not measured quantitatively, water consumption 
appean~d to be increased in all treac.ed groups. Organ weight 
findinges (both abRolute and relative) f.ln~ given below. 

Mean Oraan Weight! of Male and Female Rats 
,~ ' ,,~'~:~ :-. ·; . -~A~ ..... · ... ,. Dose Group (ppm In diet) 

·'' •. \ Sex 0 I 300 I iooo I '3000 l· ,, 

Body Wtiab& (I) M :w 219 224 196• 
p l.C2 140 -144 131 

Adrenals (Abloluta, IDJ) M 36 31 38 39 
{Rllatlve, ma/100,) M 16 II 17 :11• 
(Ablolute. .,, p 50 49 SJ ., 
(bladve, .,11001) p '6 35 37 '' H•rt (Ablohate, ma) M 663 669 675 677 
(lltlatlv., m&f 1001) M ... 95 304 JOI ,., .. 
(Ablolutt, IQ) p 490 "' sss•• 542 
(Jttlativo, 11111100,) p S46 311 ,.,. 417•• 

Kidnoy (Abtolue., 1111) M 

·~·' 
1J9i 1409 aivs•• 

(ll1l1dve, 1DJll001) M 663 634 630 669 
(Abtohate. IDI) p 916 971 1036 97.5 
{RllatJve, 11111100,) p 691 102 719 749 

Uvv (Abeohate, 1111) M 1219 8074 1599 1699 
(Relative, mt/100,) M 3650 3655 Sl25 4436•• 
(Abaolute, 1111) p SJOO 5452 5157 610$• 
(lltlativ1, ma/IQOs) p 3761 3195• 4064• 46S2•• 

• s11ral/f tcn1'1 dl§nal from tontrol • O.OJ lnfl . 
•• s11nfllcantly'IJffNnl/rom '°""'°'"' 0.011-wl. 

Relative mean heart and liver weights of the high dose group 
(both sexes) were significantly i&creased with no significant 
changes in absolute weights except for the mean llver weight of 
high dose females which was significantly higher (15%) than the 
control value. Both absolute and relative heart weights were 
increased in mid dose females. 

It is stated that dietary dose levels, 0, 50, 300 and 1800 ppm, 
for the 2 year carcinogenicity study in rats were selected on the 
basis of the above study, and also based on the previous 
experience f rorn long-term studies with other dihydropyridines 
[amendment (no serial number) dated May 31, 1994). 
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b. Ihree Month Qral <Gavagel Toxicity Study in Rats 

Study NulDber; 

Study 01tes; 

GLP Com_pl iAD.QC!I; 

September - December, 1980 

Not addressed. 

An~mals; Wistar (TNO/W 74, SPF) rats, individually housed in 
type 11 Makrolon cages, were 7-8 weeks old (males 115-155 91 
fema~es 120-145 q) at the initiation or dosing. 

Mode of Administration; dissolved 
in a solvent mixture, conta1n1n9 _ placebo solution 
(polyethylene glycol, glycerol and distilled water) and distilled 
water, was given by oral intubation. It is stated that the test 
formulation was stable at room temperature tor over a week. 

~ss:11:qf1 s; O (vehicle control), 10, 30 and 100 mq/kq/day 

Nu!Jlber Qf Mimal!J; 15/sex/group 

Paramet~rs Eyoluated; Appearance and behavior (daily), body 
weight and food and water consumption (week1y), hematology, blood 
chemi1try anq urinalysis (5 rats/sex/9roup; week• 4/5 and 13), 
major organ weights and gross and microscopic pathology (more 
than 20 different tissues/rat; control and high dose groups). 

Maior FindinCJ.A.~ Two low dose females (on days 8 and 68) died 
during the study. Gross pathology findings in the above animal• 
included enlarged kidneys, bladder and adrenals in one rat and 
discolored lunq and pulmonary emphysema in the other. Labored 
breathing was noticed in high dose rats during the first 5 weeks 
of treatment. No significant differences in body weights were 
seen between treated and control groups except for the lower body 
weights observed in the high dose group, compared to concurrent 
~ontrols, during the first one 01 two weeks of treatment. Food 
consumption was unaffected. Water intake of high dose females was 
about 20% higher than that of concurrent control. Although 
hemoglobin and hematocrit values in mid and high dose ~al.es were 
lower than concurrent control values at 13 weeks, it is stated 
that all values were within the historical control range for 
Wistar rats. High dose females had significantly higher plasma 
urea levels, compared to control, after either 4 or 13 weeks of 
treatment. In mid and high dose males, both absolute and relative 
thymus weights were significantly higher than control. Heart and 
liver weights (both absolute and relative) in high dose females 
were siqnificantly higher than control; absolute and/or relative 
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weights of these organs in mid dose females csnd mid- and high­
d?•• .~les we~e also high~r than control. There were no 
s1gn1f1cant h1stopatholog1cal findings in this study. 

- - -- - -

Mean Oraan Wel1ht1 or Male and Female Ratl 
' - ':., >-;· 

- ' 

lod7Weipt(I) M SJ1 )47 
-- -----

llO 

• 206 '111'1 200 
A (Abeoluta,ma) 

-----

M 
- --- -,,. 

' (llelldve, mallOOa> M II II II 
(Ablolute, .. ) p 52 SS ,, 
(Jteladv1, /I p 25 27 26 21• ... (Ablolut1. 1111) M 1711 ·~ IMO 1141 
(Relaaive, ma1100a> M 530 SJI 561 561•• 
(Ablolute, ma> p 1652 1676 1649 1615 
(Reladv1, /100) , I02 115 129 129 

Hllrt 
- -- -

(AbsOlut1, ma) M tSS 1022• ·~ 1004 
(Reladve, 1111100,) M 2U 295 JCM•• IOI•• 
(AblOlute, aq) p ... 704 'IOI ,, ... 
(R1l1tivt, - -11 ) p ,,. '42 ,,. .. 112•• 

Uvtr (Ablolut1, 1111) -M - 10066 1117 1177' usu 
(R1lativt, mal100s) M 3243 JDC> Hen• '517• 
(Abaolute. lftl) ' ISM 6122 6901 7'11 .. 
(Relative, II ) p ,100 SJCM ~· 3716•• 

- -- - --

Luna (AblOlut1, 1111) M 1172 1202 10004' 1004 
(R1l1tiv1, 111111001) M M7 347 J66 366• 
(AblOlutt, IDI) p too 937 911 tll 
(R11atlv1, 1111/UX>1) p 4'6 455 ..,,. 4'7 

11aymua (Ablolult, 1111) M IN 222 m• 2JJ• 
(lala&lve. ma/100,) M SI 64 12• 12• 
(Ablolut1, ms> p 206 21J llO 115 
<R•!ativ1, ..,11 ) p 100 104 90 91 

• Sl1"1/1"n1ly "61Nn1 from n1ntrol Ill 0.0$ Intl. 
•• Sl1n1Jlcantly dl§u.n1 flom to111rol 01 0.01 Intl. 
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c. Two Xear Ca{cin2geniQi~ §tudy iO R»t~ 

Testing [acility; 

Study HulDber; 

§tucA.Y Q1tes; 

£il.P Compliance; 

T 1000876 

November 1980 - November 1982 

Study was conducted in accordance with GLP 
regulations 

Animals; Wistar strain TNO/W 74 rats, individually housed in 
type ll Makrolon caqes, were 5-6 weeks old (mean body weights: 
males - 79 g; females - 75 g) at the initiation of the study. 

Dose Levels and Mode ot Aciminiat&Atiooj • • 
. purity - about 99.2') was mixed, weekly, with powdered 

rat diet at concentrations of O, 50, 300 and 1800 ppm. The 
stability and the concentration of the test Jubstanca in diet 
were determined pretest and then every three months. The 
concentrations of the drug in diet were found to oe in good 
agreement with theoretical values. However, there is no 
indication that concentrations of drug in diet were adjusted 
periodically to maintain a constant mg/kg body weight exposure. 

!Wmber ot...Animals; SO/sex/group (An additional 10 rats/sex 
included in each 9roup were sacrificed after 12 months ot 
treatment - interim sacrifice.) 

Ob1eryations/Measurements; Rats were observed at least once 
daily for general appearance, behavior and clinical signs. Body 
weights were recorded weekly until week 27 and biweekly 
thereafter. Food and water consumption were determined weekly and 
once every 3 months, respectively. Hematological (erythrocyte, 
leucocyte (total and differential), platelet and reticulocyte 
counts, hemoglobin, hematocrit, MCV, MCH and thromboplaatin time 
(only at the termination of the study)] and bloort chemistry 
(alkaline phosphatase, transamlnases, creatine kinase, urea, 
creatinine, blood sugar, cholesterol, total bilirubin, total 
protein, corticosterone, aldosterone and serum electrolytes) 
evaluations and urinalyses were conducted on 10 rats/sex/group 
(selected at random) at 6, 12, 18 and 24 months. Complete 
autopsies were performed on animals that were sacriticed at 12 
months and aL study termination. Animals were examined grossly 
and heart, lung, liver, spleen, kidneys, adrenala and testes were 
weighed. All protocol specified tissues (more than 30 different 
tissues/rat) and gross lesions were fixed in buffered formalin. 
In addition, left liver lobe from all rats was fixed in formol­
calcium, and lower jaw from 5 rats/sex/group was fixed in 
buffered formalin. Autopsies were also performed on rats that 
died or were sacrificed in extremis and all evaluable tissues 
were preserved. All protocol specified tissues from control and 



Pa9e 43 - NOA 20-356 

high dose groups, all tissues from animals that died or were 
sacrificed moribund, as well as adrenals, genital organs, areas 
of skin change and kidneys (females) of low and mid doae animals 
and all grossly abnormal tissues were examined histologically. 

Differences between treated and control groups were analyzed 
using the significance test (U-test) of Mann and Whitney and of 
Wilcoxon. Mortality and tumor data were analyzed by Fischer's 
exact test. 

Achi.ftYed Dose X.,eyels; 

Dose Average Drug Intake 
(ppm) (mg/kg/day) 

Male Female 

0 0 0 

50 2.15 2.78 

300 13.13 18.04 

1800 82.40 110.68 

(Note: The drug intake was calculated, at the termination of the 
study, from the average daily food intake/animal/group for the 
whole duration of the study. Periodical drug intake 
determinations were not made in this study. 

Bl,sults; No treatment-related clinical signs were seen in this 
study, The mortality d•ta (cumulative) at different intervals are 
given below and it is presented 9~1phically in Fiqures 6 and 7. 

Mortality of Ratl Recelvln1 Nlsoldlplne In Diet for 24 Months . 

DaUy Doll '• 
· ... Number or Number of . , ,,. Mortality 

(ppm ID diet) ..... (MJF) Dead (MJF) · ''· r·: '.{. ·.(MIF). :· 

12 Mootbl 
0 50150 1/1 212 

50 50/50 011 0/2 
300 50150 1/0 2/0 

1800 50/50 012 0/4 
18 Months 

0 50/50 '2/3 4/6 
so 50/SO 012 0/4 

300 50150 215 4/10 
1800 50/50 514 10/8 

24 Monthl 
0 50150 4/8 8/16 

50 50/50 8/8 16116 
300 50/50 11/15 22130 

1800 50/50 11113 22/26 
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Although more animals (both sexes) died during the study in mid 
and high dOScl groups than in the concurrent control group, the 
differences were statistically not significant (sponsor's 
analysis - Fischer's exact test). 

When tested for heterogeneity in survival distribution, FDA 
statisticians observed that there was no significant difference 
(at 0.05 level) in the survival distribution for either sex (both 
cox test and generalized Wilcoxon test). Additionally, no 
significant linear trend (at 0.05 level) was seen in the 
intercurrent mortality rate for either males or females. 

Mean body weight values (presented graphically in Fig.8) for the 
high dose group (both sexes) were significantly lower than 
control values for the whole duration of the treatment period, 
except on four occasions (weeks 25. 29, 51 and 63) in males. At 
the termination of the study, body weights of high dose males and 
females were 5.6% and 22%, respectively, lower than concurrent 
control. The body weight gain values of high dose males and 
females were 7% and 31%, respectively, lower than concurrent 
control. No significant treatment-related reductions in body 
weight were seen in low and mid dose groups except on a few 
occasions (weeks 13, 14 and 39 for males and weeks 77, 79, 85, 87 
and 89 for females) at mid C.ose level. While food consumption was 
unaffected, water consumptic~' in high dose animals, especially in 
females, was increased. 

Although statistically significant hematological findings were 
occasionally observed in drug treated groups, no dose dependence 
or consistency at different intervals was observed. Statistically 
significant clinical chemistry findings and the time points of 
their occurrence are given on pages 48 & 49. In the high dose 
group, significant reductions in alkaline phosphatase levels 
(both sexes) and increases in GOT (males), GPT and CPK levels 
(females) were seen. Although a dose-dependent increase in 
bilirubin levels was seen in both sexes during the early part of 
the study, these levels in treated females were lower than that 
of control (no significant difference in males) at the 
termination of the study. Blood urea levels in mid and high dose 
females were significantly higher than control at the end of the 
study; however, these levels were lower than control during week 
28. Decreased calcium levels were seen in treated animals, 
especially at the high dose level (both sexes) . Plasma 
aldosterone levels in high dose males and plasma corticosterone 
levels in high dose females were significantly lower than 
respective control values at week 55. 

A significant increase in urinary protein excretion was seen in 
high dose females. While ur~nary calcium excretion was decreased 
in treated female groups, especially in mid and high dose groups, 
urinary potassium levels were increased in high dose males. 
Urinary aldosterone excretion was significantly higher in high 
dose males than in control males. 
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Mean Clinical Chemistry Parameters (Male Rats) 
Dose Group (ppm ln diet) 

Parameter Week 0 I 50 I 300 I 1800 

ALP 28 211 201 201 175• ' 

U/L 54 182 174 186 145• 
79 180 156 176 136•• 

GOT 38.8 39.0 38.9 S2.7• 
U/L 

Bilirubin 28 3.6 3.1 4.0 4.8• 
mcmol/L 

Cre.atinine 79 53 so 47• 51 
mcmol/L IOS 57 6j 46** so•• 

Ure.a lOS 5.80 7.01• S.69 5.27 
mmoVL 

Cholesterol 28 1.98 2.16 2.21• 2.21 
mmol/L 

Protein S4 66.S 64.2•• 61.0•• 61.4•• 
g/L 105 68.4 67.l• 66.3• 67.8 

Sodium 28 142 143 140• 140* 
mmol/L S4 141 142 142• 142 

79 140 139 138• 141 
Potassium 79 4.8 s.o s.1• 5.1 

mmol/L 
Calcium 28 2.64 2.54* 2.49• 2.SS• 

mmol/L 79 2.76 2.66• 2.62*• 2.63•• 
105 2.69 2.66 2.63 2.sa• 

Aldosterone SS 349.7 360.2 334.9 245 .. t•• 
pg/mL 

• Significantly dlfftrtnl from con1rol a1 tM O. ()j ltV«I 
•• Slgniflcanrly dlJftrtnl /tom con1rol al the O. 01 ltwl 
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Mean Cllnlcal Chemistry Parameters (Female Rats) 
Dose Group (ppm In diet) 

Parameter Week 0 I 50 I 300 ' l&OO 
ALP 28 174 140 153 133• 

U/L 

CPK 28 98 54* 72 BS 
U/L 79 43 7~ 64 77• 

OPT 28 54.1 50.S 52.9 66.3• 
U/L 

Bilirubin 54 3.0 3.1 3.2 4.J•• 
mcmol/L lOS 4.7 2.9•• 3.2• 2.9• 

Creatinine 79 S6 so S9 57•. 

mcmol/L 10S 71 59 ss•• 61 
Urea 28 7.54 7.27 6.56• 6.30*• 

mmol/L 79 6.22 S.96 6.51 7.56**. 

IOS 6.09 6.43 6.67• 7.28* . I 
Cholesterol 28 7.54 7.27 6.S6• 6.30*• 

mmol/L 105 2.46 3.01* 2.76 2.96 
Glucose lOS 4.71 S.2S s.s2• S.22 

mmol/L 
Sodium 54 140 138 135*• 138 

mmol/L 
Potassium S4 4.8 4.8 s.o 5.2• 

mmol/L IOS 4.S 4.6 4.8• 4.8• 
Calcium 28 2.38 2.6S 2.59 2.47* 

mmol/L 54 2.71 2.65 2.58• 2.52*• 
Corticosterone SS 36.6 41.7 20.4 19.2~ 

mca/DL 

• Slgn/ftctuUly dllferen1 from coNrol a1 the 0. ()j levtl 
•• Slgnlftcanrly dtffereru from con1rol a1 tht 0. OJ ltvtl 
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At the termination of the study, the relative mean weights of 
adrenals, hP.art, kidneys and liver of the high dose group (both 
sexes) were significantly higher than respective control values 
(page 50A). However, no significant differences were seen ~n the 
absolute weights of the above organs except for. the increased 
mean kidney weight of the high dose males. At the interim 
sacrifice, relative heart and liver weights (high dose males and 
females) and relative adrenal and kidney weights (high dose 
females) were significantly increased without any significant 
changes in absolute weights. 

No significei1t treatment related gross lesions were seen in this 
study. 

At the interim sacrifice, no treatment-related histological 
f'indings were obFierved except for the moderate widening of the 
zona glomerulosa region of the adrenal cortex of high dose 
animals. The cells of this zone were large and contained a foamy 
cytoplasm. Four benign tumors [2 in control females (cyotadenoma 
of thyroid in one and pituitary adenon~ in the other) and 2 in 
high dose males (Leydig cell tumor of testis in one and 
rneningioma of the cerebellum in the other) ] were seen at the 
interim sacrifice. 

[Note: The terms •blastoma• and •tumor• are used interchangeably 
in this NDA.] 

The number of rats with benign and/or r~lignant tumors and the 
percent of these tumor carriers are given in Table 7. According 
to sponsor, no treatment-relateu increased incidence of tumor 
.bearillg animals was observed in this study. ·rhe incidence of 
variou~ types of tumors observed at different locations are 
presented in Tables 8 and 9. Although the incidence of Leydig 
cell tumor of testes appears to be higher in treated male groups 
than in control, the differences were statistically not 
significant. 

Ana.lysiJs of the tumor ddta by FDA statisticians showed that there 
wa~ a statistically significant (at 0.05 level) linear trend in 
brain granular cell tumor (listed also as meningioma in this NOA) 
in male rals (p=0.0411). The incidence of this tumor is as 
followd: control - 0/50, low dose - 0/50, mid dose - 0/50 and 
high dose - 3/50 (2 animals at the final necropsy and one at the 
interim sacrifice). However, pairwise comparison did not reveal 
any significant difference between control and high dose groups 
(p=0.1594). According to the sponsor, "the incidence rate for 
granular cell tumors among male rats at terminal kill in the 
study performed with lay within the spontaneous range 
for male rats at terminal kill" (Table-page 50e). Spontaneous 
Lumors of meningeal origin (meningioma, meningeal sarcoma or 
granular cell tumor) were seen in 7 out of 30 studies in male 
Wistar rats (39-50 rats/study). In 2 studies, 2 rats each were 
diagnosed with such tumors at terminal kill, whereas in 4 other 
studies, only one rat each had above tumors. 
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[Note: Granular cell tumors are believed to be of .meningeal 
origin and are considered to be a subclassification of 
meningiornas. (Boorman et. al. 1990. eds. Pathology of the Fischer 
~at. Academic Press, Inc.)] 

Relevant nonneoplastic findings observed in this study included 
hypertrophy of the cells of the zona glomerulosa of the adrenal 
cortex of high dose males and females and increased incidence of 
progressive nephropathy in high dose females. 

d. 'I'wo-Week Intravenous To~icity Study 

Testing Facility: 

Study Number: Not provided (Pharma Report No.7721) 

Study Date; October, 1977 

GLP comQliance: Not addressed 

Animals: SPF Wistar albino rats, individually housed in Type II 
Macrolon cages, weighed 125 to 130 g at the initiation of dosing. 

Dose r"eyels; O, 0 .1, O. 3 and 1. 0 mg/kg. . dissolved in 
a 10%:90% mixture of Cremophor EL and physiological saline, was 
administered as a single iv bolus injection (caudal vein; 1 ml/ 
kg) daily for 14 consecutive days. 

Number of Animals: 10/sex/group 

Parameters Evaluated: Appearance and behavior (daily), body 
weight and food and water consumption (weekly), hematolo~y and 
clinical chemistry (at the termination of the study; 5 rats/sex/ 
group), urinalyses (after 10th treatment), major organ weights 
and gross and microscopic pathology (more than 30 dif fer.ent 
tissues/rat; 5 rats/sex from control and high dose groups). 

Result§: High dose animals showed inertia and dyspnea for about 
5 to 15 min following drug administration. Two high dose females 
died during the study, one after the third dose and the other 
after the ninth dose. No treatment-related clinical signs or 
mortalities were seeIJ. in low and mid dose group animals. 

Intravenous administration of nisoldipine had no significant 
effect on body weight, food or water consumption and hematologic, 
blood chemist:.ry and urinalyses parameters. There were no 
treatment-related gross or· histopathologi.cal findings, or any 
evidence of local intolerance at dose levels tested in this 
study. 
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MOQ~.STUDIES (X. Joseph) 

a. 18-day Dietary Do§J§ Rangefinding §tu!& 

~sting Facility: 

Stuqy H>@ber: T 1003 576 

l?._t_udy Dates: June-July, 1981 

GLP Compliance: Study was not conducted according to GLP 
regulations. The deviations were as follows: a. no phase 1-3 GLP 
audits, and b. no checking of physico-chemical properties of test 
substance. 

Animals; SPF-bred NMRI mice, individually housed in Type I 
Macrolon cages, were 4-5 weeks old (average body weights: males-
20.0 g, females-19.8 g) at the initiation of the study. 

Dose Levels: was mixed with 
powdered diet by the addition of peanut oil DAB 7 (1%) to obtain 
dietary drug concentrations of O, 400, 800, 1200 and 1600 ppm. 

Achieved Dose Levels: 

Dose 
(ppm) 

0 

400 

800 

1200 

1.600 

Average Drug Intake 
(mg/kg/day) 

Male 

0 

110 

226 

348 

429 

Female 

0 

124 

271 

383 

523 

(Note: The drug intake was calculated from the average daily food 
intake/animal/group for the whole duration of the study.) 

Number of Animals: 10/sex/group 

Parameters Evaluated: Appearance and behavior (daily), body 
weight, food and water consumption (weekly), orgun weights 
(heart, lungs, liver, spleen and kidneys) and grCJss pathology. 

B..esults: No treatment-·related clinical signs or. mortalities were 
observed. Significant reductions in body weightH (3-7%), compared 
to concurrent control, were seen in females throughout the study 
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at dose levels of 800 ppm and above except at 1200 ppm at the end 
of the study. In males, although body weights were lower than 
concurrent control (4-9%) at 1200 and 1600 ppm levels, the 
differences were statistically significant only at 1200 ppm. No 
significant. differences were seen in food and water consumption 
between treated and control groups. Organ weight findings are 
given below. 

Mean Or1an Wel1hts or Male and Female Mice 
Dea Group (ppm In dJet) 

Sa • I .. I 800 I 1200 I lGOO 
Body Wei9h1 (I) M 31.1 30.l 31.0 29.5• 30.J 

F 1'.5 2$.4 24.0• 24.7 24.5• 

Heart (Absolute, ma) M 0.14 o.u 0.11•• 0.15• 0.15 

(Relative, mg/IOOa) M 0.4-t 0.52•• 0.53 .. 0.53•• 0.49• 

(Absolute, rna) F 0.13 0.1• 0.14 0.15• 0.14• 

(R•lative. ma/1001> F O.Sl 0.54• 0.58•• 0.61•• 0.57•• 

Kidney• (Ab50lute, ma) M 0.46 0.46 0.49 0.49 0.41 

(Relative, ma/ I 001) M 1.44 l.'3 1.59 1.66• l.SI 

(Absolute, m1) F 0.3' 0.34 0.33 0.33 o.34 
(Relative, ma/1001) F J.35 1.32 1.31 1.33 &.37 

Liver (Absolute. LUI) M 1.93 1.14 l.12 1.74• 1.72• 

(Relative, ma/1001) M 6.08 6.09 5.66 5.90 5.66• 

(Absolute, ma) F 1.47 1.40 1.34 l.39 1.36 

(Relative, ma/1001) F S.72 5.53 5.55 5.64 5.56 

Luna (Absolute, ma) M 0.23 0.26• 0.25 0.23 0.22 

(Relative, ma/1001) M 0.72 0.11•• o.so•• 0.78• 0.74 

(Absolute, ma) F 0.22 0.21 0.20 0.13 0.22 

(Relative, m1/ I 001) F 0.87 0.82 0.12 0.92• 0.19 

Spleen (Absolute, ma) M 0.09 0.09 0.10 0.09 0.09 

(Relative, m1/l001) M O.:ll 0.31 0.32 0.30 0.29 

(Absolute, ma) F 0.10 0.09 0.10 0.10 0.09 

(Relative, ma/1001) F 0.31 0.37 0.41 0.31 0.38 

• Slg11i)kantly dtb'ertlll from control al O. 05 ~I. 
•• Signijlcanlly diff•r•nt from control ar 0. 01 lnwl. 

Relative heart weights in all treatn.ent groups (both sexes) were 
significantly higher than control; however, absolute heart 
weights were significantly higher in males only at 800 and 1200 
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ppm and in females at 1200 and 1600 ppm levels. Both absolute and 
relative liver weights were lower than control in 1600 ppm males. 

No significant gross findings were observed. Histopathological 
evaluations were not performed in this study. 

Based on the results of this study, diatary dose levels of 100, 
300 and 900 ppm were selected for the mouse carcinogenicity 
study. 
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b. 21 Month C;rcioog1nicity Study in Mice 

Testing tacility: 

Stugy Number: T7010709 (Sponsor's number) 

Study 'ate~: Initiation of dosing - 10/7/81 
Autopsy of last animal - 7/7/83 

GL[! Compliance: Studies were done in accordance with GLP 
regulations. 

Mimals: 

Strain: Bor:NMRI (SPF HAN) 
Sex: Both sexes 
Age and Wt: 4 to 6 weeks old/20-22 g 
Housing: Individually housed in Makrolon Type I cages. 

Mode of AdministrakiQll of Test Aaent: Powdered diet. 

Pose wevela: 0, 100, 300 and 900 ppm dosage levels of 
(Batch No. 662845, purity-98.1\) were used on the basis of 
results of the 28-day dietary dose rangefinding study. The 
stability and the concentration of drug in Lhe di~t were 
determined periodically. The concentrations of the drug in diet, 
at all intervals, were more than 89t of the theoretical values, 
and the compound was found to be stable in the diet for at least 
10 days. However, there is no indication that concentrations of 
drug in diet were adjusted periodically to maintain a constant 
mg/kg body weight exposure. 

No. of Anims:\;;1: Equal numbers of males and females 
(50+20*/sex/dosage level) were used. *Additional 20 mice 
included in each group were sacrificed 12 months after the 
initiation of dosing for interim investigations 

Obseryations/Measurements: 

Appearance/Behavior monitored twice daily and a detailed 
assessment of each individual animal was made on a weekly basis, 
with particular attention given to posture, general behavior, 
body surfaces, orifices and breathing and elimination products. 

Body weight determinations were done at the beginning of the 
study, once a week until 27th week and every 2 weeks thereafter 
and also before the termination of the study. 

Food intake was calculated on a weekly basis up to 23rd week and 
every two weeks thereafte:;.:·. 
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Hematological (RBC, WBC, platelet and reticulocyte counts, 
differential white cell counts, hemoglobin, hematocrit, MCV, MCH 
and MCHC) and clinical chemistry [alkaline phosphatase, 
transaminases (ASAT and ALAT), plasma creatinine, urea, blood 
glucose, cholesterol, bilirubin and total plasma proteins] 
investigations were done at 12 months (interim sacrifice group) 
and also ct the end of the study ( 10 animals/sex/treatment. 
group). 

Autopsies were done on all mice which died during the course of 
the study or that were killed in extremis, and also on those that 
were sacrificed at 12 months and at the termination of the study. 
Nine major organs were weighed and sections ot various organs and 
tissues (about 38 different tissues/mouse) and gross lesions were 
preserved for histopathologic evaluation. At 12 months, these 
evaluations were done only on tissues from 0 and 900 DPm dosage 
groups and also on any tissue fro~ 100 and 300 ppm groups which 
looked tumorous macroscopically. At the termindtion of the 
study, tissues from 0, 300 and 900 ppm dosage groups were 
examined histologically (only stomach, pituitar~, uterus and 
liver were examined from 100 ppm group). 

Statistical analysis on body weights, clinical laboratory values 
and organ weights were done u~ing two-tailed U test according to 
Mann and Whitney, and Wilcoxon. The survival data were analyzed 
by the statistical software package using the generalized 
Wilcoxon test. Statistical analysis of tumor findings was done 
using the death rate method for malignant twnors and the 
prevalence method for benign tumors (Peto et al.). Because of the 
high mortality rate in high dose males, the death rate and the 
prevalence methods were used combined for the analysi.s of hepato­
cel lular tumor data. 

Interim Sacrifice: 

Surviving animals from interim sacrifice groups (originally 20 
mice/sex/dosage group) were kill"d at 12 months. 

As<hieyed Dose Leyels: 

Average dai f ~rug intake* (rng/~g body.wt) 

Dose (ppm) 
S~-·------------------~--O--~-----l~Ow~•·-------:3u0u0:..-_____ 9u0u0:...-.--

Male 

Female 

19.37 

24.99 

58.06 

74.36 

162.93 

217.28 

(*The drug intake was calculated from the average daily food 
intake/animal/group for the whole duration of the study.) 
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Mortoli~: 

Mortality data is swnm:.&rized ·below and it is presented 
graphically in Figures ~ &10. 

Mortality or Mice Recelvln1 Nlsoldlplne In Diet for 21 
Months 

Dally Dose Number of Number ot 91. Mortality 
(ppm In diet) Mice (MJF) Dead (MJF) (MJF) 

6 Months 

0 SO/SO 010 010 

100 SO/SO 2/0 4/0 

300 SO/SO 010 010 

900 SO/SO 3/1 612 

12 Months 

0 SO/SO 012 0/4 

100 SO/SO 315 6/10 

300 50/SO 013 016 

900 50/50 815 16/10 

18 Months 

0 SO/SO 5/21 10/42 

100 50150 11/19 22/38 

300 50/SO 7120 14/40 

900 SO/SO 29/21 58/42 

21 Months 

0 SO/SO 14/28 28/56 

100 SO/SO 15/34 30/68 

300 SO/SO 19/34 38/68 

900 SO/SO 40/32 80/64 

The mortality rates in treated females (all groups) were not 
significantly different from controls at any given interval. 
However, the incidence of deaths in females was high in all 
groups including controls from 12 months onward. The mortality 
rates in males from 900 P~'il group, especially at 21 months, were 
significantly higher (p<0.001) compared to controls or other 
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f ig.'l Mortality curves of.male mice which rece1~ed 
Zl months in the diet 
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fig.fO: Mortality curves of female mice which recei~ed 
21 months in the diet 
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l~wer dosage groups. No significant 1ifference noticed in this 
parameter be~ween males of low or middle dosage groups and 
controls. The increased mortality of males in the high dose 
group is partly attributed to pharmacodynamically induced cclonic 
atonies. Autopsy of animal~ that died or we~e killed in extremis 
frequently showed that the large intestine was tightly filled 
with solid faeces resulting from colonic ator.y. 

Using the Cox and the generalized Wilcoxon methods for testing 
the heterogeneity in survival distribution, FDA statisticians 
observed a statistically significant difference (at 0.05 level) 
in the survival distribution in males, but not in females (for 
both of the above tests, the p values for males were <0.00001). 

Drug Associated Fiqding~: 

No treatment related clinical signs were seen in this study. The 
food intake in males from the 900 ppm group wa8 about 9% less 
than in control males. Average body weights are presented 
graphically in Figures 11 & 12. Statistically significant 
reductions in body weights at certain weeks were seen especially 
in males of 900 ppm group and to a lesser extent in 100 ppm 
group. However, at the termination of the study, no significant 
body weight differences were seen between treatment and control 
groups (both sexes) . Leukocyte counts at 21 months were 
significantly lower (p<0.01) in males (900 ppm) and females (300 
and 900 ppm groups) compared to respective controls. However, 
differential counts did not show any significant variations in 
the proportion of different cell types between treated and 
control mice. The hemoglobin and hematocrit values in mid and 
high dose males were significantly lower at 12 months, but not at 
21 months. The blood glucose concentration was significantly 
higher (p<0.01) in males (300 and 900 ppm) at 12 months and also 
at 21 months (all treatment groups) . Females showed a similar 
increase only at 12 months. All these values were reported to be 
within the range of historical control values. Significant 
elevations in blood urea levels were seen only at 12 months in 
all treated male groups and in high dose females. 

Macroscopically, swollen gastric mucous membranes were observed 
more frequently in treated males than in controls (0 ppm - 5; 100 
ppm - 12; 300 ppm - 14; 900 ppm - 14). The incidence of enlarged 
hearts was more in males of 900 ppm group (0 ppm - 7; 100 ppm -
2; 300 ppm - 11; and 900 ppm - 23). In mice that died or were 
killed in extremis, the i1cidence of large intestines impacted 
with solid feces was higt r in both sexes at the highest dosage 
level (0 ppm - males 5 anu female 0; 900 ppm - Male 13 and female 
9) • 

The heart and liver weights (absolute and relative) in males (21 
months) were significantly increased at 300 and 900 ppm dose 
levels, but the weights of adrenals (absolute and relative) were 
significantly decreased in all treated male groups compared to 
controls. In females, the heart and liver weights were 
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Figure II 1 Body weight curves for male mice receiving 
in their food for 21 months 
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significantly higher only at the highest dose level. Females 
that received either 300 or 900 ppm doses had significantly lower 
kidney weights at 21 months. Significantly increased liver 
weights (absolute and relative) were seen in mid and high dose 
females at the interim sacrifice. 

Histologically, hyperplastic mucosa of the glandular stomach was 
found more frequent in treated males than in females. The 
incidence of this condition is given below. 

IQCidence of Hyperplast.ic Murosa of t.h~ Glangular ;>toma>J.l 

Dose 
{ppml. 

0 
100 
300 
900 

Percent affected 
Male Female 

18 
31 
36 
24 

6 
16 
10 
16 

The above values are reported to be within the range of 
historical control values (TablelO). 

A dose dependent increase in the occurrence of intracytoplasmic 
vacuoles near th~ nucleus was seen in the hepatic cells, more in 
females than in males. Round cell infiltrates in the kidney and 
senile nephropathy were predominantly found in females. The 
endometri·Llm was of ten found to be hyperplastic ( 0 ppm - 13 % ; 100 
ppm - 34%; 300 ppm - 33%; and 900 ppm - 28%). The above 
incidences are reported to be within the historical control 
ranges for this strain of mouse (Table· ) . An increased 
incidence of pituitary hyperplasia was seen in females (0 ppm -
1 7 % ; 1 0 0 ppm - 13 % ; 3 O O ppm - 2 2 % ; 9 0 0 ppm - 4 2 % ) • 

The incidences of tumors observed at t' 1e interim sacrifice are 
given belcw. 

Comparative Summary of Tumors at 12 l\fonths 
Accordlna to Location, Type and Malignancy 

Sex: Males Females 
DoSfl (ppm ln diet): 0 I 900 0 I 900 

Reticulocytary system: malignant lymphoma 1 1 2 4 
Luna· alveologenic carcinoma (malignant) 0 2 1 2 
Liver: hepatocellular carcinoma (malignant) 0 1 0 0 
Stomach: kerato--acanthoma 0 0 1 0 
Number of blastoma earners 1 4 4 s 
Number of malianant tumors 1 4 3 6 
Number of benian tumors 0 0 1 0 
Number of mice investiaated 20 20 20 20 
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Tabl.e ID 

Historic control valuesa NMRI mou•e 1980 to 1984 

Teat No. 

Adenomatou• 9a•tric 
mucoaal hyperplaaia• 
in mal•• 

n 

' 
in female• 

n 

' 
•cl•••if ied •• adenoma 

Livel" tumour 
in male• 

n 

\ 

Uterine hyperpla•i•• 

n 

' 

l 

50 

18 

50 

2 

7 

50 

14 

0 

50 

0 

2 

20 

50 

40 

8 

48 

17 

3 

50 

6 

19 

46 

41 

3 

10 

so 

20 

11 

49 

22 

' 50 

18 

21 

41 

43 

4 

32 

44 

73 

14 

46 

30 

5 

45 

11 

23 

45 

51 

5 

5 

47 

11 

10 

47 

21 

1 

46 

2 

0 

45 

0 

27 

48 

56 

13 

48 

27 

' 48 

12 

33 

46 

71 

Gluco•• concentr•tion in th• pla1ma1 4.32 - 9.31 mnol/l (male) 
4.51 - '·'5 11110l/l (female) 

Uree concentration in th• plasmas S.t6 - 15.12 1110l/l (male) 
4.05 - 14.91 mmol/l (female) 

n • Number of or9ana evaluated 
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The increased incidence of lymphoma of reticulohistiocytary 
sy~tem (RHS) observed in high dose females is considered to be 
incidental since the incidence of this tumor at 21 months was 
higher in the control group than in treated groups. 

The overall incidences of benign and/or malignant tumors and the 
total number of tumor bearing animals (21 months) for both sexes 
at O, 300 and 900 ppm dose levels are given in Table 11. There is 
no significant increase in the neoplasm incidence among treated 
animals of either sex compared to respective controls (sponsor's 
analysis). Moreover, there is also no difference in tumor 
occurrence between 300 and 900 ppm dosage groups. Incidence of 
tumors according to the location and the type is presented in 
Table 12. Because of the :i.ncreased incidence of hepatocellular 
tumors in males especially in the 900 ppm group (only few 
females, 900 ppm group, had this type of tumor) at 21 months and 
also because of the occurrence of hepatocellular Garcinorna in a 
male mouse from interim saciifice, an additional investigation 
was carried out by examining more hepatic tissue sections (5 per 
animal) from male mice of each group for hepatocellular tumor 
occurrence. This second study showed additional cases of 
hepatocellular tumors as follows: 1 each from 100 and 900 ppm 
groups, 4 from 300 ppm and 1 from control groups. Combined 
incidences of these tumors (males) from the original and 
additional invescigations (49-50 mice/group) and the p values 
from the trend test (death rate method) are given below. (The 
results of sponsor's statistical analyses of liver tumor data are 
summarized in Table 13.) 

Dose{ppm) p value 

0 100 300 900 

hepatocelJ.ular 
adenoma 2 2 2 3 0.0735 

hepatocellular 
carcinoma 3 4 5 8 0.0015 

hepatocellular 
tumors (all) 5 6 7 11. 0.0004 

Thus, the sponsor's analysis showed significant positive linear 
trends (at 0.05 level) for the incidences of hepatocellular 
carcinoma and hepatocellular tumors (all) in male mice. Analysis 
of the tumor data by FDA statisticians showed that there were no 
significant positive linear trends for the incidences of 
hepatocellular carcinoma (p=0.0762) and hepatocellular tumors 
(p=0.0514) in male mice. According to FDA statisticians, the 
above discrepancies in p values otserved in sponsor's and FDA 
analyses are attributed to "1. the sponsor did not apply the 
survival-adjusted method and 2. the ordinal dose levels 0, 1, 2 
and 3 were used in sponsor's analysis." 
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FDA analysis of tumor data showed a significant positive linear 
trend for inverted papilloma of pars cutanea of the stomach in 
male mice {p=0.0072). The incidence of the above tumor is as 
follows: O ppm - 0/50; 100 ppm - 0/4g; 300 ppm - 0./50; and 900 
ppm - 2/50. Pairwi..se comparison also sho.1ed significant. 
difference between high dose and control groups (p~0.0435). 
Historical control data from 21 month studies ~n NMRI niice, 
conducted during a 7 year period from July 1981 to August 1988, 
showed that papillome.s of the stomach occurred in 2 of the 18 
studies evaluated (page 65e}, in 1/49 males and 1/47 females 
examined (amendment to originnl ar~lication dated May 31, 1994). 
Moreover, incidence rates upto 4% were seen for the above tumor 
in NMRI control male mice in carcinogenicity studies conducted 
between 1974 and 1979 (page 65f). Although statistically 
significant, the incidence rate (4%) observed in the pres1 1t 
study for the ·tomach papilloma is considered to be within the 
historical co11~rol range for NMRI mice. 

Significant pn&itive linear trends were also reported by FDA 
statisticians for the urina1y bladder benign stromal t~or in 
male mice and RHS malignant lymphoma· in females. However, when 
the incidences of urinary bladder stromai tumors are combined 
(benign + malignant, benign + polypous, or benign + malignant + 
polypous tumors), no statistically significant trend was seen. In 
the case of RHS malignant lymphoma also, if all malignant 
lymphomas of different locations are combined, then, no 
significant linear trend was observed. 

*Note: The sponsor has listed .all malignant lymphomas, 
irrespective of locations, under RHS system; however, for some 
lymphomas, the anatomic site (organ) is specified (e.g. lymphoma 
of adrenal or heart etc.) but for others no site is given (listed 
only as lymphomas). By using the co~bined incidences of all 
lymphomas, no treatment-related increased incidence of this tumor 
was seen in sponsor's statistical analysis. [According to NTP 
guidelines (Mcconnel et al, 1986. Guidelines for combining 
neoplasms for evaluation of rodent carcinogenesis studies. JNCI 
76: 283-289), lymphomas of all type::. can be combined for 
statistical evaluation.] 
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DOG STQDIES (S.Stolzenberg) 

a. 4-Week Oral Administrati9n Study 

Testing Facility 

Pharma Report No: 7075 
~tudy No: Not given 

Study Dates: 11/8/76 to 12/9/76 

GLP compliance: This study predates GLP compliance requirements. 

Animals: Purebred beagles, 2 males and 2 females per group were 
used. At the start of dosing, the animals were 25 to 10 weeks 
old, with body weights of '7.4 to 11.8 kg. 

Dose Levels/Mode of Administration: The test substance (Batch 
2/76) was administered at dcses of 0, 1, 3 and 10 mg/kg, once 
daily, 4 to 6 hours before feeding, in a vehicle of polyethylene 
glycol 400, glycerol and water, in gelatin capsules. 

Qbs~rvations/Measurements: Body weights were obtained before the 
start of treatment and weekly thereafter. Appearance, behavior, 
body posture, appetite and feces were checked daily. 
Neurological investigations (pupillary ref lex, patellar reflex 
and extensor postural ref lex) and body temperature measurements 
(rectal) were conducted pretreatment and after 2 and 4 weeks. 
Ophthalmoscopy (direct) was performed at pre-treatment and after 
4 weeks. ECG measurements (Leads I, II and III) were recorded on 
the 1st, 11th and 23rd day, inunediately before administration and 
l and 24 hours after administration. Femoral artery blood 
pressure was measured on the 1st, 11th and 23rd day, before 
admir~istration and 1 and 24 hours after, via a Stratham element, 
Hellige measu~ing bridge and Hellige recorder. Blood and 6 hour 
urine samples were obtained before treatment, then after 1 and 4 
weeks, for hematology, blood chemistry and urinalysis. Post­
mortem examination included weights of 12 or 13 major organs 
(including gonads and prostate), gross pathology and complete 
h1stopathology (31 or 32 organs). 

Mortality: There were no deaths. 

Druq Associcited Find.i.11g~: .Slightly reduced wei.qht gain was 
obser·ved in the high dcse males, with a reduced food consumption 
in both high dose females and in ;ne high dose male, tt~m the 
middle of the third week to the Pnd r)[ the study. In the 10 
mg/kg treated animals, a distinct ST drop (manifestation of a 
possible myocardial ischcmia) was observed in one male 1 hour 
aft~r the 1st and 23rd dose, and in one female 1 hour after the 
1st dose. No treatment related effects on P or Q waves or QRS 
complex were observed at any t irne. Heart r;:i ~e:J determined from 
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ECGs, showed dose dependent increases one hour after dosing on 
days 1, 11 and 23, and with the high dose, bradycardia was still 
evident 24 hours after dosing on days 11 and 23. Systolic and 
diastolic blood pressures at 1 hour post dosing were decreased by 
a mean of 30 to 50% in e.11 treated groups (dose dependent) on 
days 1, 11 and 23. As a rule, blood pressures returned to pre­
treatment levels by 24 hours after treatment, except after day 1, 
when they remained lower for the 1 and 10 mg/kg groups. 

Although no gross pathology or organ weight changes due to 
treatment were noted, histopathology revealed that the hearts of 
both females and 1 of the 2 males on the high dose had myocardial 
scars in one or both left ventricular papillary muscles. The 
effect was attributed to hypoxic damage related to vasodilator­
inGuced heart rate increase, "a knowi· damage mechanism in the 
dog•. The ST drops noted above were observed in two of the dogs 
with myocardial scdrs. The ST drops and the bradycardia (which 
was most pronounced in a male with the most severe lesions) were 
attributed to the heart muscle damage. 
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b. 13-Week Oral Administration Study in Dogs 

Pharma-Report No: 10,380 
§tudy No: B/K 5552/023 

Performing Laboratory: 

Dates Performed: 8/21/80 to 11/25/80 

Quality Assuranc~: No statement of GLP compliance is included. 

Test Animals: Purebred beagles, 3 males ~nd 3 females per group, 
were used. At the start of dosing, the animals were 38 to 51 
weeks old, with body weights of 6.8 to 10.8 kg. 

Dose Levels/Mode of Administration: The test substance (Batch 
576,923) was administered at doses of 0, 1, 2.5 nnd 6.25 mg/kg, 
once daily, 4 to 6 hours before feeding, in a vehicle of 
polyethylene glycol 400, glycerol and water, in gelatin capsules. 

Observations/Measurements: Body weights were obtained before the 
start of treatment and weekly thereafter. Appearance, behavior, 
body posture, appetite and feces were checked daily. 
Neurological examinations (pupillary reflex, patellar ref lex and 
extensor postural reflex), ophthalmoscopic examinations (direct) 
and body temperature measurements (rectal) were performed 
pretreatment and after 2, 5 and 12 weeks. Femoral artery blood 
pressure w ~ measured at the time of the first dose, and in weeks 
3, 6 and 1 before administration, and 1 and 24 hours after, via 
a Strath; ~~nt, Hellige measuring bridge and Hellige 
recorder; easurements (Leads I, II and III) were recorded at 
the same tiint ~riods. Blood and 6 hour urine samples were 
obtained before treatment, then after 3, 6 and 13 weeks, for 
hematology, blood chemistry and urinalysis. Postmortem 
examination included weights of 12 (female) or 13 (male) organs, 
gross pathology and complete histopathology (31 or 32 organs for 
cont~ol and high dose, but all 3 doses for heart) . 

Mortal~: There were no deaths. 

Drug Associated Findings: Circumoral reddening of the skin and 
reddening of the conjunctiva in the mid and high dose groups, and 
ataxia in the high dose group, occurred r~gularly throughout the 
treatment period, around 1 hour after dosing. Blood pressure 
decreased (systolic decreased to a greater extent than the 
diastolic), and heart rate increased (data on heart rate not 
provided by sponsor) at 1 hour post dosing in all 3 treated 
groups. Neither of these two effects were considered to be dose 
related, and values returned to pretreatment levels by 24 hours 
post-treatment. No changes in ECG occurred at low and mid doses. 
One high dose male developed a ventricular tachycardia with a 
"bundle-branch-block-like deformation of the QRS complextt, 
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diagnosed 1 hour after the first dose. For this animal, another 
ECG was taken on the following day 2 hours after dosing; the ~ 
wave was still elevated and the ST segment again showed sagging 
depression. "On the 19th day in this dog, no pathological 
finding in the ECG was observed" but this animal showed extra 
systoles and an elevated P wave. Serum chemistry effects 
included a small increase i.n GOT during week 6. The only 
compound related post-mortem finding noted was scaring of the 
left ventricular papillary muscles of 1 male and 1 female at the 
high dose, and 1 female at the mid dose. Histopathology revealed 
focal fibrosis with isolated mononucler cells and a cellular and 
inflammatory-cellular infiltration. 
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c. 52-Week oral Administration Study in Dog~ 

Study No: T 20 10 506 

Performing Laboratory: 

Dates Performed: July 13, 1981 to July 11, 1982 

Quality Assurance: No statement of GLP compliance is included. 

Test Animals: Purebred beagles, 4 males and 4 females per group. 
At the start of dosing, the animals were 38 to 51 weeks old, with 
body weights of 6.9 t.o 11.2 kg. 

Dose Levels/Mode of Administration: The test substance (batch 57 
69 23) was administered at doses of 0, 0.3, 1.0 and 3.0 mg/kg, 
once daily, 7 days per week, 4 to 6 hours before feeding, in a 
vehicle consisting of 85.3% polyethylene glycol 4u0, 4.8% 
anhydrous glycerol and 9.9% water, contained in gelatin capsules. 

Observations/Measurements: Body weights were obtained before the 
start of treatment and weekly thereafter. General appearance was 
checked "several times a day". Neurological exams were conducted 
and body temperatures were checked pretreatment and after 3, 6, 
17, 29, 39 and 50 weeks. Ophthalmoscopy was perf~rmed pre­
treatment and after 12, 31, 38 and 51 weeks. Blood pressure and 
ECG were measured pre-treatment and after 3, 6 and 17, 29, 39 and 
50 weeks, before dosing, then 1 and 24 hoULS after dosing. The 
methods and instruments used were the same as in the preceding 
dog studies. Blood and 6 hour urine samples w0re obtained before 
treatment, then after 3, 6, 13, 26, 39 and ~2 weeks, for 
hematology, blood chemistry and urinalysis. Postmortem 
examination included weights of 11 or 12 oryctns, gross pathology 
and complete histopathology (31 or 32 organs for all animals on 
test) . Liver enzyme induction of 0-demethylase, N-demethylase 
and cytochrome P450 content of liver homogenates were measured. 

Mortality: No deaths occurred. 

Drug Associated Findings: Slight reddePing of the mucosa and 
skin, observed in all nisoldipine treated groups, was considered 
to be due to the va:>odilator effect of the drug. Dose related 
decreases in blood pressure and resultant increases in heart rate 
were observed. Twenty-four hours after dosing, all values had 
returned to normal. Slight ST segment depression, T wave 
inversion and QT segment shortening were observed, which were all 
reversible (data on ECG could not be found) and considered to be 
due to increased heart rate. 
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Study No: T 20 10 506 

COSE 

o.o 

BLOOD PRESSURE Cmm Hg) 

CM11ns n • 'I> 

• • 
TIME 

: b1f 9re 
: ~d•tn~ 

• • • • 1 h 1fter • X d1N-w·rtnc1 21t h 1"fte,.. 
; Id• i n • S * • : a daa in• 

1st. 1d11iri. 195/112 • • 198/11,: +1.5/+0·9: , 99/1, 4 
:~------~-----~---...-.~_,___ ________ ~-·- • ...., ___ WWW ______________ _ 

: 17th 1d111n.: 194/1 12 1 9'/1 19 : -0. 5/+6.' : : ____ _... ______ .., .. ___ ~ _______ ,_ ________ ..,... ________ ... ------.-------_....,._~ 
: l.&th.~~.: , 84/102 : . 187 /106 : +1. 6/+3. 9 : 
:-~~--~------·-~----------..,..._ .... ___... ______________ ~------~----~ 

ma/kg : 114th. 1..llli.n.: 210/1 , 6 • • 205/116: www2e4/0a0 
:-----~-~~--~----~~-~----4999~~~ .... ---~-~~....-.-------..... -.----~ 
: ZOQlb ·.-in.. , 99/1 oe 204/11' : +2 •. 5/+4. 6 : 
:-~~~----~~~---~--~~-.-..~------~------ -~~~---~~----
:f$9ttt adm1n.: 211 /1 oe • . 195/110: -7.6/+1.9 
:~..-~~~-~--------~~~-------------~~ .... ~------~-...------...... 
:3'1.tth 1d•tn.: 201 /1 , e 204/1 , 9 : •' • 5/+0. e : 

__ ,._....._._,._,_. __ ~-.------.-----~-------....---.----...--~~-----------------...,,... .. 

0.3 
•&/k& 

: •167/ 97 :-19.7/-18.5: 
:--w--~~--~-~---------~---~- -~~~-..----~ ........ ...._~----~----
:17th 1dmin.: 203/111 164/ ge·:'-19.2/-11·.4: 
:~-------...-~-----------------~.--~~----~-----~---...---~-...----: 31th adlftin.: 180/ 98 16'/ BS :- 9.4/-10.2: 

:114th adalin.: 219/1, e , 11 I 98 :-2,. 9/-1 6. 9: 
:...-~----~...-----~---~---------..-..--~ .... -----------~---------~ 
:200th'1d•in.: 191/11' i 15'/ 86 :~19.9/-2,.9: 
:--~~~~-~-----~---~-----~~~-..... ------------.... ------~---~ 
:26~ .• ~mfo.: 205/114 168/ 90 :-18.0/-21.1: 
:~-----·~~------~------------~---~----------~~~---~-----------:34hh· 1dmtn.· 215/124 • • 184/105 :-14.4/-15.3: 

:------~~-~---~~-----------------~------~--------~~-------------
• n • 1 

•• C1lcul1tion u1i"g unrounded figures 
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Study No: T 20 10 506 

BLOOD PRESSURE <•m Hp> 

<Means n • 8> 

I • before : 1 h 1fttr. 
1d•1ft. • 1dmin. DOSE TIME· 

------------------------------------------~---~------...~---~-...... ~----

1 .o 

1st 1dllfn.: 179/104 • • 141/ 76.:-21.2/-26.9: 17.,/104 
:------~--~-----~~~~-~~-----~-~-----------..--.,.._-..,__ ____ _ 

17th 1d111rT. 177/101 : 136/ 76 1-2,. 2/-24. 81 : ___ _,___ .. ____________ . __________ _..,_,_--~------- ~ ........... 
: 38th 1d111in.: 181 / 98 : 116/ 68 : .,5. 9/-,0. 6s 
:~-~~-~-----------~--------- ----------...---~~~~---------mg/kg :114th 1d111n.: 184/106 1''' 75 :-27.7/-29.0: 
:----...-.-.-~_... .... ~----. --- __._...... __ ---..--------.. -9' __ .. ___ _ 

:~OOth •d•1n.: 178/107 1 'S/ 79 1-2,. 6/-26. ,. 
: ----.. -~ .. l9..__._ .. ., ..................... .., ...... ...__ . ----- ---------------
: 269th 1d111in.: 196/109 135/ 73 :-,1.1/-.,,.0: 

:-----~~~-~..-.-~-~--------...--------------------..--------M-m•----:347th •dm1n.: 195/1 15 • • 
:-_.....~----------------~---·-·-· 

_____ .. _______________ _ 
--..-.------------~-~--_..._ ................... ___ ~~--~~----------------

3.0 
m&/kg 

,.t ·idtit1n.' 195/114 116/ 64 I •40. 7 /-''· 91 , 94/1, 5 
:----.... -----------~---~~.--....---~~----~------~-~~--~ 
: 1'fth·.,dm-1n.: 200/127 : 1''' 71 :-''·5/~4.1: 
: --~----~------~-..... ~..._ .. .,_..~----~-_..-_._..._ ____ ~ 
: 38tl'I ~d•;,,.: U~6/112 : •106/ 59 :-4,.0/-47.3: 
:--------~------------------------~-------~----..-~-----....-.---=114th .1dllrln.~ 212/126 124/ 66 :-41.6/•47.6: 
:------~-----~~~~---------_....-------~-------~~~---~-----~ 
:;?OOth 1dMin.: 197/119 133/ 76 :•32·5/•,6.1: 
:_._,~~~-~-~~-~.----~-----~--~----.... --~--~-~~~~--~~--~-----
:269th idtnin.: 218/12' \15/ 62 :•47.2/--49.6: 
:--~--~~~~-~------~-~-----~--~----~--~~~--~~------------~~~ 
:347th 1dmin.; 206/124 134/ 69 : .35 .. 0/-44. 41 • 

.. n • 7 
•• C1lcul1t1on u11ng unrounded figures 
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DOSE 
(~) 

0.0 

Diff. Iii 

0 . .3 

Diff. ~ 

1.0 

Dirr. ex. 

HEART RA TES (beats/min) 

(~cans~ n = 8) 

(calculation using unrounded figures) 

TIME OF INVF-cmGA TK>N 
I I I I I I 
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Initial I I I I I I I 
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.I_ 1. .._ _J____ ___ ~ _________ J ___ -- •--- - • 
I b 

T-------.-~- ---- - -- --------,----
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I I __ .I .L..______ ____ ~ ___ __. _______ ~ ___ ________._ _______ --- _ _I_ • --------------. l T -~ 
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REPRODUCTIVE TOXIC!TY 51.'UDIES (S. Stolzenberg) 

1. Fertility and Repr9duction Ability in Wistar Rat§ 

Bayer Study No: T0002152 

This report is accompanied by a •first amendment to report no. 
126~1.·, dated 8/11/93. Tables in the original English 
translation of the report were of very poor quality, not legible, 
contained errors in translation and typing, and a few tables were 
not logically organized. Some of these faults are listed in the 
amendment under ~he •rationale for the first amendment•. 

P'll_forming Labor~torv: 

Dates Perfgrm11d: 2/81 to 9/81 

Quality Assurance: No statement on GLP compliance was found in 
the original report. In the amendment, it is claimed, " ... there 
were no legally binding GLP regulations in force" during the 
time that this study was performed. 

Test Animals: Mura:WIST (SPF 67 HhN), 24 males and 60 females per 
group. At the start of dosing, n~les were 5-7 weeks old, and 
weighed 74-110 g, females were 8-10 weeks old and weighed 158-190 
g. 

Prvcedure: 'l'he test substance (batch 576 923) was administered at 
doses of 0, 3, 10 and 30 m~/kg, once daily, by oral gavage in a 
vehicle consisting of polyethylene glycol 400:glycerol:water in a 
ratio of 969:60:100. Males were dosed starting 10 weeks before 
mating and during the 3 week. mating period, females were dosed 
for 3 weeks prior to mating ur:til the 7th day of prE;:gnancy. 
Except during mating and lactation, both the males and females 
were kept in individual Makrolon cages. Each male was paired 
with 2 or 3 females, which were placed together in a Makrolon 
cage each night and the females were examined for vaginal sperm 
in the morning. Half the pr~gnant females in each group, 
selected by "statistical methods•, were C-sectioned on day 20 of 
gestation, the remaining half were .:\llo':Jad to litter and raise 
their young to pos• .. patum day ( PPD) 21. All C-sectioned fetuses 
were examined for external anomalies, 1/3 from each dam were 
examined for soft tissue anomalies (modified Wilson method) and 
2/3 for skeletal malformations (alizarin red S) . In addition to 
examining tne F0 parents for reproductive performance, the F 0 
females for lactational performance and the F: off spring for 
survival and weight gain during lactation, one male and one 
female from each litter of the con:rol group and of the highest 
dose group were reared to sexual maturity to det~~minc F1 
reproductive capa~ity. The mated 2 1 dams were allowed to litter, 
and testj cuJ ar weights for F 1 males \1er~ obtained after mating. 
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Test substance administered was Batch 576 923. It is claimed 
that the preparations for oral gavage were tested ·for stability 
and concentration but the data and details for these tests were 
not included in the report. 

There is no statement on why these doses were selected for this 
study. 

Effects on Fo Males 

All treated and control males survived to scheduled necropsy and 
no compound related clinical signs were evident in males of any 
treated group. There were no effects on weiqht gain, mating 
behavior or fertility in males of any treatf l group compared to 
controls. There were no effects on gross p.thology observed at 
necropsy (presumably sacrificed after mating and while still on 
drug treatment). The drug had no effect on testicular weights 
(See page which follows) . 
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ITUDY ON FERTILITY T0002152 

IODrwlIGHTS (OJ 01' THI KALIS 11rou KA"l'lNG 
GROUP KIAH VALUES AND ITANDIJU> !>IVJATiONI 

INVESTIGATION 0 KG/J.O l MG/JtG 10 MO/ltO JO HO/KO --------------------------.. -----------.,--··---------..----... -~---------------
WllJt 10 90.5 87.3 91.0 19,9 

'·' 1.1 7.t , .. 
WZEJt 9 136.5 132. s US.4 131 ,., 

12.7 11.0 10.0 9.2 

WEl!lt a 175,0 172.0 174. l 113.l 
16.8 14.8 14. l ll.t.. 

WEEK '1 215.5 212.J 2.U.'7 213.S 
22.0 17.0 · 16. 7 17.~ 

WEEK 6 252.5 249.6 249.6 252 .1 
26.4 19.S 18.6 20.2 

WEEK 5 279.0 276.l 276.l 210.6 
29.9 21.6 21.t 23.4 

WEEK 4 291.5 291.5 28'7. 6 294.5 
31,9 23.4 26.1 23.6 

WEEK 3 Jll.4 309.t 308.8 314.0 
ll.5 21.2 U.l 26.0 

WEEK 2 331.5 l29.'7 32'7.1 331.6 
34.8 27.l 28.S 28.& 

WEEK l 344,5 345.9 341.6 JU.9 
Js.o 28.8 29.8 30.0 

WEEK 0 360.7 358.9 314.7 360.4 
35.6 29.1 ll.4 30.8 

----------------------------------------------------------------------

TISTJCLI WSIOHTS (GJ 

Gl'OUP M&AH VAl.VSI AND STANDARD DIVIATIONS 

0 MC/lG 3 KO/lO 10 HO/KC 30 HO/JtC 

-------------·-~~--~-·--~~---------------------~--J.2J 
O.JO 

J.26 
0.20 

J .17 
0.31 

J.26 
0.25 
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Effects on Fo Females 

Mort9lity: Deaths are listed only in the narrative portion of 
this report. In hoth the original report and the amendment, there 
is no indication of the time of death; not even if the deaths 
occurred before mating, during pregnancy or lactation. Deaths 
occurred in two rats at 3 mg/kg, in one at 10 mg/kg and in two at 
30 mg/kg, but none of the deaths wece attributed to treatment. 
Based on scrutinization of tables in the original report, the 2 
animals in the 30 mg/kg group which died had both been assigned 
to "rearing animals". Deaths were attributed to misintubation 
for a low and mid dose rat, "gastrointestinal disorders" for the 
second low dose rat, to n. lung tumor and to pneumonia for the two 
high dose rats. In addition, one dam ir~ the control group, which 
had littered 12 pups and died shortly after birth, was not 
included in the results because at necropsy only 4 nidation sites 
were found. 

Even in the amended tables for individual animal data, there is 
no indication of which animals died and the time of the deaths. 
Numerous animals were dropped from the study for a variety of 
reasons, which included, "not inseminated", "not pregnant", and 
for a few, there is a statement "animal dropped from the study" 
but no reason is given. Most summary tables do net specify the 
number of animals per group upon which the data are based. 
Therefore, the following table lists the total number of females 
in each group that were included in the results, based on a count 
taken from the individual animal body weight da:.a. 

Control 25 22 

3 mg/kg/day 2·· 27 ---
10 mg/kg/day 24 20 

30 mg/kg/day 27 22 
* There were ma e ema es per group a in1 ·1a ~on o the 
study, 30 of which were designated for C-section or littering. 

Body Weiaht ang Body Weight Gain: Mean body weight gains and body 
weights of pregnant females, those that were C-sectioned and 
those that were allowed to litter, are given on the two pages 
which fol~ow. Body weights 3 weeks before mating (prior to 
initiation of treatment) and during pregnancy, were significantly 
lower for the high dose group of the C-sectioned animals, but 
there was no effect on body weight gain. Although a small 
increase in body weight gain was noted for the lcw dose c­
sectioned group b~tween days 7 and 20 of gestaticn, there was 
obviously no effect that could be attributed to treatmen~. No 
e(fects on mean b~~'l weight or body weight gain were observed in 
th~ females selected for delivery of litters during the 3 weeks 
prior to gestation, during gestation or during lactation. 
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STUDY ON FERTILITY T0002152 

WEIGHT DEVELOPHEN1" [OJ or THI FEMALES UND!RCOING Cf'SARUJC SECTION 
GROUP KEAN VALUES AND STANDARD DEVIATIONS 

INVESTIGATION 0 HO/ltO J KG/ltO 10 HG/ltO 30 KO/ltO 

------------~-----------------------------~-------~--------------------
WEIGHT GAIN 

DAY 0 - 7 P.C. 22.2 23.9 21. 7 23.0 
4.7 S.l S.l 5.6 

DAY 7 - 20 P.C. 73.J 82.1• 16.2 71.4 
10.l 12.6 10.e 17.1 

DAY 0 - 20 P.C. 95.5 106.0• 97.9 94.4 
12.4 15.5 12.6 18.1 

BODYWEIGHTS BEFORE MATING 

WEE JC 3 173.6 172.J 170.l 168.6 .. 
1.0 6.8 6.8 6.J 

WEE JC 2 187.l 187.1 186.0 184.9 
8.7 9.5 8.7 9.1 

wtlClt l 1913.9 197.3 198. l 194.9 
10.0 9.J 9.5 9.7 

WEEK 0 209.7 210.2 210.e 204.8 
10.9 11.J 11. 6 9.7 

BOOYWEIGHTS DURING GESTATION 

DAY 0 P.C. 223.8 223.2 223.9 2u.su 
11. 5 13.9 13.6 12.4 

DAY 7 ... c. 245.9 247.0 245.6 236. S• 
13.2 14.l 13.4 13.S 

DAY 20 P.C. 319. 2 329.1 321.8 308.0 
17.2 23.2 17.4 23.3 

-----------------------------------------~------~---------------------

• SIGNIFICANT DIFFERENCE TO CONTROL, p < 0.01 
•• SIGNIFICANT DIFF!RINCI TO CONTROL, p < o.oos 
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T0002152 

WEIGHT OEVELOPKEHT 
GROUP MEAN VALUES 

INVESTIGATION 0 MG/KO 

MD 
l GI OF THE DAMS 

STANDARD DEVIATIONS 

3 HG/JCO 10 HG/KG 30 MC/KG 

----------------------------------------------------------------------
WEIGHT CAIN 

DAY 0 - 7 P.C. 23.7 19.9 23.7 21.4 
6.2 5.1 5.2 4.4 

OAY 7 - 20 P.C, 73.5 70.3 77.0 71.7 
13.3 ll.8 13.0 14.2 

DAY 0 - 20 P.C. 97.2 90.2 100.7 93,1 
14.6 14.5 u. 7 15.0 

-----------~---------------------------------~--------------~---------BOOYWEIOHTS HP'ORE MATING 

WEEK 3 173.7 171.6 172.5 172.4 
8.2 7.9 8.2 8.9 

WEEK 2 186.1 186.1 188.8 187.6 
9.2 10.2 10.l 10.1 

WEEK 1 194. 7 196.8 200.2 198.6 
11.1 11.l 10.3 12.4 

WEr.K 0 206.3 208.7 211.0 208.7 
13 .1 12.e 10.8 1'.2 

BODYWEICHTS DURING GESTATION 

DAY 0 P.C. 216.4 225.0 224.l 217. 5 
16.4 16.8 13.6 18.7 

DAY 7 P.C. 240.l 244.9 247.8 238.9 
19.4 16.5 11.0 20.1 

DAY 20 P,C. 313. 5 315.3 324.8 310.6 
25.3 26.1 19.6 31.2 

BODYWEIGHTS DURING LACTATION 

DAY 1 P.P. 244.6 250.0 253. 7 240.3 
18.9 1e.1 15.l 21. 3 

W!EK l P.P. 272.l 277.8 281.6 267.1 
20.5 19.4 14.3 24.4 

WEEK 2 P.P. 272.! 278.7 283. 3 271. 7 
18.8 16.8 u.o 40.1 

WE ti\ 3 P.P. 258.6 265.5 266. 7 a~, 9. 4 
19.0 17.8 15.3 18.2 

-----------d----------------------------------------------------------



Page 88 - NDA 20-356 

C-Section F<L Females 

As seen in the tables which follow, there were no effects of 
compound treatment on number or percentages of animals 
inseminated, with implantations and with live fetuses, mean 
corpora lutea count, nidations, average number of male or female 
live fetuses, sex ratio or fetal loss. From these data, it is 
evident that there were no effects on p1·e- or post-implantation 
losses. 

The mean fetal weights were significantly increased (apparently 
dose related} in the 10 and 30 mg/kg groups, and the mean 
placental weight was slightly but significantly increased in the 
3 mg/kg group. The investigators claimed that the mean placental 
weight increase was incidental, and that the mean fetal weights 
for the mid and high dose y-roups were within the norm for :-.his 
st rain (given as 3 . 5.:t.O. 27, based on 2 68 1 L: t.e.cs) . 

There were no compound related effects on mean numbers of gross, 
visceral or skeletal malformations, nor were th0re a•-iy ef fee ts on 
"underdeveloped forms.. (fetuses wei9hing <3 q) . '!'here were a] so 
no effects on minor skeletal variations. 
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STUDY ON FERTILITY 

NUMBER or ANIMALS RESULTS OF TH! STUDY 

MIMI .. s UNDtRGOING CESARE.Alf SECTION 

DOSE 
(KG/KC) USED 

INSEMINATED 
N \ OF THOSE 

US~D 

0, 
WITH IHPLANTATIOHS 

N ' or THOSE 
INSEMINATED 

FEMALES 
WITH FOETUSES 

N \ OP THOSE WITH 
IMPLANTATIONS 

---------------------------------------------------------------------------
0 
3 

10 
30< 

JO 
29 
JO 
30 

27 
27 
26 
28 

90.0 
93.l 
86.7 
93.3 

25 
23 
25 
27 

92.6 
85.2 
96.2 
96.4 

25 
23 
24 
27 

100.0 
100.0 
96.0 

100.0 

------- -------------------------------------------------------------------
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STUDY ON FERTILITY TnCJ2l5l 

RESU~TS OF THE CESAREAH SECTION {KEAN VALUES) 

Wl:lCR't Cf\Ul \C} N U 1'\ B E 1t (PER DAM) OF HEAN-WEJ.GHT NO. (;F FOETUSES .rot."1.i.JSES wxm HO. or 
DOSE 0-20 7-20 CORP. IN CRAMMS EXAMINED BY MINOP. SOU:- l\r'U.P'OR- JtUllTS IHPL. HALE FEM. SUM LOSS (HCJKCJ P.C. P.c. LUTEA FETUSES PU.~HT. WILSON DAWSOtt TAI. D!VIAT. HATlOMS (<lC! 

-- --------------------------- ------------------· -- ------ ________________ .,. ________ ------------------------------------------------
0 95.5 73.3 12.4 ll.9 6.J 4.9 11.2 o. 7 3.49 0.50 J.J 7.9 3.5?. 0.04 0.52 

3 106.0•• 82.l•• 12.4 12.0 6.J s.o ll.4 0.6 3.58 0.53• 3.5 7. - 3.48 0.09 O.JO 

10 97.9 76.2 11.4 11.0 5.6 s.o 10.6 0.4 3.60• o.so 3.4 7.6 2.67 o.oo 0.25 

JO 94.4 71.4 11.6 u.o 5.4 4.9 10. 3 0.7 3.63•• 0.52 3.0 7.) 3.22 o.oo 0.19 
________________________________________________________________________ , _______________________________________________________ _ 

• SlCMlFlCANT DIFFERENCE T:- CONTJtOL, P < 0.025 
•• SICNIF!CNfT DIFFERENCE TC CONTROL, P < 0.01 

~ 
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f.o._Females Allow.~d. to Litter 

Pregnancy duration was slightly increased in all 3 treated groups 
(statistically significant for Lhe 3 and 30 mg/kg groups; see 
table below). Thi8 effec~ was con8idered to be •incidental• 
because the mean durations for these groups were within the norm 
for this strain. No effects during lactation were noted. 

Postpartum Examination gf Pups: There we~e no significant effects 
on total number of live pups at birth per group, nor on number of 
viable pups after 1, 2 or 3 weeks postpartwn (See table below). 
It was claimed there were no treatment related effects on number 
of stillborn pups, and on sex ratio at birth or 3t the 3 weekly 
intervals. Mean birth weight was slightly higher for all 3 
treated groups (statistically significant for low and high dose), 
but mean weight and weight increase during the 3 weekly intervals 
were not influenced by treatment (See table below) . 

Maturational Develo~m.fillt: There were no effects on age of pinna 
unfolding of the ears, hair- coat, eye opening or normal gait. 

Function Tests: There were no effects on sight or pupillary 
reflexes to light, hearing ("pinna tw'tch reflex", tested by 
means of a Galton whistle with a set Lrequency and duration) . In 
a proprioreceptive reflex test (running roller brought from 
stationary position to 10 revolutions per minute) .there was a 
decrease in performance at 30 mg/kg during the first test but no 
effect in the second or third test. The age of the animals when 
these tests were done was not indicated. 

Fertility Test of F, Generation: There was no effect of treatment 
with 30 mg/kg on mating, fertility, duration of pregnancy, litter 
size, live and dead pups, sex ratio, mean weighcs of the pu~s or 
external anomalies at birth. 
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'AMS 

DOSE 
[HG/KGJ USED N 

INSEMINATED 
' or THOSE 

USED 

N U H B I R O F 
WITH IMPLANTATIONS 

N ' or THOSE 
INSEMINATED 

r I H A L E S 
THAT LITTIR!D 

N ' or THOSE WITH 
IMPLANTATIONS 

T0002152 

THAT l\EAJU:D THEIR PUPS 
N \ or THOSE THAT 

LITTERED 

-------------------------------------------------------------------~------------------------·-----------
0 
J 

10 
JO 

29 
29 
29 
28 

24 
28 
22 
26 

82.8 
96.6 
75.9 
92.9 

22 
27 
20 
22 

91. 7 
96.4 
90.9 
84.6 

22 
'! ., 

20 
22 

100.0 
100.0 
100.0 
100.0 

22 
27 
20 
22 

100.0 
100.0 
100.0 
100.0 

--------------------------------------------------~------------------------------------------~--------

DURATION OF P~GNANCY IN DAYS 

KEAN VALUES AND STAHDAP.D DEVIATIONS 

DOSE 0 HG/JCG DOS! J HC'1/kG DOSE 10 KO/XC DOSE JO KG/KG 

-------------------------·------------------------------------22.2• 
0.6 

22.1 
0.6 

22.2•• 
0.4 

------------~--------------------------------------~----------

• SIGNIFICANT DIFFERENCE TO CO~TROL, P < 0.05 
•• SIONIFICAN~ DIFFERENCE TO CONTROL. P < 0.025 

NUK8ER or IMPLANTATIONS or TH! DAMS 

KEAN VALUES AN:> STANDAJU> Dl:VIATIOHS 

~ns! 0 HG/lO DOSE 3 HG/~G DOSE 10 HG/ia POSE JO HG/KO 
----------------------------------------~--------_, __________ _ 

10.8 10.4 
l.O 2.9 

11.0 
2 •• 

11.2 
2.e 

--------------------~-------~---------------~---------~-------

PRENATAL LOSS or DAMS 

KIAH VALUES AND STAHDAIU> DEVIATIONS 

DOSE 0 HO/JtG DOH J HG/KO DOH 10 HG/lO DOSE JO HO/KG 

---------------------~----------------------------------------o.s 
0.7 

0.6 
0.9 

o ... 
1.0 

0.9 
. 1 

----------------~--------------------------------~~---------~-
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STUDY ON FERTILITY T0002152 

NUKBF.R AND WEIGHT DEVELOPMENT OF THE VIABLE PUPS 
GROUP MEAN VALUES AND STAHDARC DEVIATIONS 

IflVESTIGATION 0 HG/JtC 3 MG/KG 10 MG/KG 30 HCi/KO 
---------------------~·------~-------------------------------------HUMBER OF PUPS 

AT BIRTH TOTAL 10.4 9.8 10.4 9.7 
J.O 2.8 2.5 2.7 

MALES s.2 s.2 S.2 4.9 1.8 2.3 1.6 1.8 

FEMALES s.2 4.6 s.J 4.8 
2.3 1.7 2.0 '2. l 

AFTER l WEl:JI: TOTAL l~.: 9.7 10.4 9.4 
3.0 2.7 2.5 2.9 

MA!.£~; - .... r;. 2 s.2 4.8 
1.9 2.J 1.6 1.8 

1''~M/1.LES s.1 4.S 5.3 4.S 2.3 1. 7 2.0 2.3 
AFTER 2 WEEKS TOTAL 10.0 9.6 10.3 9.3 

3.0 2.7 2.5 3.0 

MALES s.o s.1 S.l 4,7 
1.9 2.2 1.7 1.9 

'C:MALES s.o 4.S S.l 4.5 
2.3 1. 7 2.0 2.3 

AFTER 3 'WEEKS TOTAL 10.0 9.6 10.2 9.3 
3.0 2.7 2.S 3.0 

MALES s.o s.1 s.o 4.7 
1. 9 2.2 J. 7 1.9 

FEMALES s.o 4.S S.l 4.5 
2.3 1. 7 2.0 2.3 

---------------------------------·-----~------------------~~-------WEIGHT ( G) or THE VIABLE PUPS 

AT BIRTH 5.9 6.2•• 6.1 6.2• o.s o.s 0.6 0.6 
AFrER 1 WEEK 14.0 14.8 14.9 lS.O 

2.2 1.6 1.8 2.2 
A"ER 2 WEEKS 24.7 26.l :?6.l 26.4 

4.4 3.S 3.J 4,4 
AFTER 3 W!EKS 38.l 40.4 39.7 41. 5 

6.1 5.8 5.8 7.4 •-------------------------------------------------------a_, _______ 
• SIGNIFICANT DIFFER.ENCE TO CONTROL, p ~ o.os •• SIGNIFICANT DIFFERENCE T? CONTROL, P < o.02s 

L 
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2. Embrvotoxi' ~nd T1rotog1n1c A£tion in L2ng~Ey1n1 81\1 

PhAimA Re9grt Ng: 7596 Study ,liQi T2012540 

PorCorming Labgrotory: 

This study waa originally presented or; a t nsnsl"t ion trom German 
with only a few brief sununary table~: no individual onimal dota. 
Amendments received ~t CDER on 9/29/93 and 10/8/93 contain t$bl•• 
with individual animal findings and ~ummariGa. It is claimed tha~ 
the study was carried out between January end May, 1977, •1n 
accordance with FDA recommendations", but there is no atatement 
of GLP compliance. 

Proc1dure: NAtLarally insemin~ted Long-Evans tamale (strain FB 30) 
rats, 20 or 21 per group, 2.~ to 3.~ month• ot age and w@1Qhino 
195 to 262 g prior to mating, received o, 10, JO or 100 mg 
nisoldipine/kg/day by oral Qi'lVllge (batch 3/76, micronized), !rom 
days 6 to l'S of gestation. The drug w•• dissolved in 
pol·;ethylene glycol 400/glycerol/water. A c .. section was 
performed for each dam on dny 20 ot gestation and t~e f•tu••• 
weie examined for extern~l, visceral (Wilson technique) and 
skeletal (alizarin red stain) anomalie1. 

Ef fect2 on Suryiyal and Body W;ights of Qom1: One control rat 
died on gest&t.ion day 13 or 14, due to imprgpwr intubation into 
lungs, and w~s exclud~d from results. There was no compound 
rel~ted effect on mortality, nor on "ooner~l appe~rance or 
behaviorH of the dam5, but thele WAM ~ do•• r•lAted decrea1~ in 
me~n weight gain (s~e table v:h1ch follows). 

0 
10 
30 

100 

\\'e11bt Qain in Or••• 
Trutment Total 
Pe nod Presnanc1 

12.3 

ae.1 
13. ()!t , .... 

182.4 

1•0. i 
111 ... 
131, •• 

•) llpeftlM a.nao• '""' the wu.l, • c I. • 
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c ... sact.~QD cC g1m1.: Of th• 21 iP:..i~miru\ttid rat1 J.n •nch r;f the .l 
compound treated orvupa, 20 w•~r~ pr•un8nt, anct all 20 surviving 
rat1 in the control group wet~·, i}tegftAt'it. All p:·agnant treated land 
eontrol rats had live fetu1•a ~t n@crcr~Y on dny 20 of gestafinn. 
corpora lutea count for each ~~t w~• not d•t•rrnined in thiu 
experim•nt, but no •tetiatically aignit1cant difference• betw••n 
the tret1ted groups and eontrol were found for mean nurnbcitr of 
implantation;;, niuan nurnbet of fetus•m, moan nurnb•1 of doad 
f aturHu• .and numibect ~mb1-yot1, mean f atel waight, underdovolopad 
torms < fetume6 't'.3 a in we1ght >, mean plac:ent•l weight, f 1equ11ncy 
of tetus~a wit~ minor akal&tal deviatio~s. ••~ dlatr1bution (Mft• 

ragn ~'t ) , nor on axt•rn~l, aoft tiouua or ban• daformati<.>n• 
(ace table below on this page). 

4P'""t· 

Orou- Dam Nurnbtr of M&ltormaUon - p So, Malformed I 1t1.&1e1 

Control eot 2 J\ib dy1p111l1 (hump forrna .. 
Uon) 

10 m1/k1 Gil 1 ld•D11,0U1 head 

30 m1/k1 - - Noa• 

100 m1/k1 10& 1 rub dy1pla111 (hump torsna• 
Uon) 

C39 l Cryp&orcbJd111n 

en l Kinklng of tbe \AU 

113 l Hydrop• univ1r11U1, micro-
111th&a, k.LnJW\1 ot U\t \&Jl 



.•••• 1 t. • 0 t t. • • C' • • s a r e a a ••cttoa 
nean WI lues 1of ~..e groups, a.nd standard1 de.,. i1tions 

-..; lk ... , tel!t .. ...r fllac..-... -•1111tu 11•,,.,.. ••die:......-• -- nM _.,. caea.11 .. ei1llllt111111111111, .. •II h't• 

.... 

....,,_., 

• 

• 

• 

-

-•·IJll:ts el 1-. ... , ....... .Sm11wriililll!I l:liu.« - ., ... .......,. Ml le-1-.et1 er ,..it•...--,,_..,,.._ 11111 d9 
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., ........ ·Cl91c .............................. , .• 'tlM -- , •• ~ .... pt..-: .. •it·-H .... l1h1..-. mere aal.a.LMllllll 
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llrt,._,.. ....... ~ ... , ...... '"" .... 9'111 .... ... , ......._ __.. ... ~e t-9\e t9':ail tlet:: ..... ,.,__., ... ... .. ._ c J • 

61.] 111 .... s ..• ,_, 1'1., 1•.4 ,_ .. e.<J:r9 J.9S . .... ·-·· t..rl" 11.~ 
111.1 1.4 2 •. JI 2:.J ,_,.,. 1:.1' ._,. 11.M z.n ._ .. , ••• 
56.1' u.• ~-5 s ..• --~ 

._5, 4 •• 1,. ·-~ l.,. ·-· ·-· 4 ..• ,-1- ·---,,_, 2.9 1.1 1.6 !..& ••• ··-"' 11 .• tll 2'. • e.zz· ···' SJ_, .. 111.J l .. J S. I ,._, ·-· ..... t.IJ,. 1.58 1.1• ·-· . .... ._,,.. ._, l .. s ?., l.5· :z ... l.J ._.n • .. e z .... , ··-· e.a .. _ .. "-· 5,_,, s.z •.7 1.1 ,_,z- ,_,.,.. 4 .... ·-· ••• .. _,,., .. 
·-~ 111.Z l.1 z_,,, Z.1 Z.J' I.& 1-ZS 1.15 1 .• 415 '-"' ·-· 

• eli•lf~ .. f'f•WllllllCle le c.w....ei. • c e.et (Uil.IAS f1-.-itt•T ..... 11'S1rl 

•• Res. is the a.bbreviat1on f·O·r resc11rptions. vllt.ic:h the spons,-r 
dtfiaed as ::hie t 1o·t.ai 01f rescrbed embryos and dead fetuses 
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3. TQ+Alology S~UQ~· in SU{AQUI DtWllY (CD) RAtI 

Btudy NOL Not provided. LSR Report No. 87/09JO 

~' to1·mina l ft_bonat.-.urv: 

Qug1 !Ly Al'OfUtEH~.!.I A 11ianad Atat@m~nr ot GI.P 1•umplisnce ia 
Included. 

1'ttat. Aninwl.H: ChntlrttA Riv"' en (S1nHt1UU~ J>nwle~' dtJrived) temalea, 
9~-10 wuttk" cir "'J" nnd weiahinu 200=248 a en tho day ct 
inru~ndnttt ion, wnrEt mated on a l 1 l btul.ifa with ntock lllQlc;11 C>f th@ 
umtm ML1a~11 • 

.flocpdlua: 'l'ha t ~ff t aubot11nra (hatch numhtn- 1]001J9) wan 
admfnl&lttffnd to -12 insam1nt•tiJ<1 tmnnltttt lJt!l <Jt<Hlp, once daily by 
u1al UtiV(Jyu \lU a wuupMnMiuu lu O.S\ aqu•ou• '1Ylo1to, preparttd 
trtHth tietdl tlt:iy, rrom dnyR 7 Ln 1'/ of IJ@Htcttion, al doattll- Of 0, 
10, JO and 100 mg/kg. On day ~G ot geuttation, '11 dame por group 
woio C 1u:it~llu1u1d and Uui tutueut~ WtUtt t.tHAndnMd for· •~t:11rnfAl 
anomaliea1 1/2 from gad1 clnm w~T~R ttXtl'minttd by tnstl hand auu:lal 
t-itwt_ iu1dtitJ (W1 lJ'$nn tMrhniquA) for nntt t iflf'IU" r1nnmtlli1tt1, Tho 
atllntdni11y half wc~ffl"I firflt dir-otttct~d (tiel'k, thnn,.rdc ~nd nbdvminal 
1'r\Vtt1oo) to ovaluatv toi uuft- t 1~u1w t1uom11l i._.H, I hwn Witt'" 
p1tipn1 ttd hy 11 mud i f i t'nt i 011 nt l>f'lWNon' M ,, 1 i uu 111 t1Lllt nl ng 
l~ehnitJUt:! tu1 HValualiun ut ukulult'll malformat iP•,s, 

't'hu 1 Pmaininu 11 t1ctnu.l/tJtuup w~r ~ til low~d to 1 it te1 and n~itu;r 
l latJl! yuuuy l u ~uul,J!ll-um tlay ~~. un l'l'D 4, U t ltHH wiLh more t-hAn 
B w•H P 1 HO\H'rH1 t n H by t nrn\nm cu 11 i ng, l _,av j nu, it DOBttiblo, 4 of: 
aad1 fjt'I;< J>ttt 1 \t tftt, Aftf"t w~nninu, th~ ntfFSlJJ'ino were houaod on 
u l i L tc:H lu"•d~ ~, l->ut t ht!! 1Jf'J><@8 w~re meparated oud tlun·e WAil A 
maximum at ~ ot Lhu 8ilfl~ l"it!~ pt!r c'"'-1"'· At npptnximAt'~ly "'.t weftkrJ 
uf ou~, lolluwini;J t~urnpletion ot bohavioral '1nd nffuromuscular 
f 111wt inn t '"flt u, i!O /u.,x/r:noup wen e raridr;mly au l oclod tor t urthei· 
crn.'ltnrnment at phy~ icll l, UQX11a 1 mal Ulfll ion flOtl 1 uµ1 oclucl i vo 
pertnrmnnc•n; ilnMf'll t1r'tt'tc1 OTlf'IH WArA ki l lec1 ttnd urofjoly l!tKfJminod. 
At Q ut 10 wra1kf1 of -ag.,, 1" 1 me"'-.u1 and temahH;1 werl!l paired lrl 
within t JPntmP11t y11H1im, .-1vnltltrHJ ttihl lnu mat 111111L All li"' 1 ffiiltttrl 
fHll\rtlt~M w~rt'1 laparutomii:~d nn day :lO ot t;JOfltat 10111 Lhfil fQtU8€U' 
were examined only tor €1Xtf'"; ,· nviltormiltione 1mrt cHHcard..,d. 
A!Lt:at- UHJ!ll~ ""'XAm1nAt-1on of -," 1< 1 t@male"· f't m11laa Wt!trA killed, 
tht.m axnminf'lc1 oxtArnal ly i"l!"1 luleLflul ly fu; 111dr~iuu1Jupic 
abnurn\i:illliee . 

. i~AbiliL)' ~J tr@ak.ru-\~ ,-.~; rr"flf fnrmu\Rtiorni for all 3 
rqne~ntre1t1onf'!i, talt~,, tr·nm lhe firHI nnd lnnt WfmkA of t1-aatmrin1, 
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wern generally found to bf!' wi.t-.hin nppnndmntAly H~ to 90% ot the 
target concentrationo, and were stablo for at lqaut 4 hours aft~r 
preparation. 

F,. Fum.-t l on 

tl~u:toUt-Y and clinicaJ. ... ili.s.uw.: No data uu mo1lal i.ty, and no 
utatemfiult in thw text ptHlaluluy to mottality, Wf"rf'" found: all 
rrltr't npparently ourvivod. It is l'lalm~d ~heat. L>llto' dttm receiving 
100 mg/kg showfld fla~cid muscle tone and pilottt-'1ction duri.na the 
e~nl.y :stagel'i ot l-ts;JE\tm~nt (porrnibly \'~umpound rulatad), but oth@t• 
tnmales in thn\" CJf-()\IP Wt-lro not affcct"d· 

Urn~y WnighL;(~"'s,aod 1 conwumplion~, Small L .. uu<.:Lic.nu1 in, body w~ight 
QtUn (not ~tnt1Rt1r'ldly rdanir1c.•nnt-) wr.rn fWldnnt in flll J 
tn~atc::d {Jt-~oupn du1·1ng th~ initial dny or 2 of ttf'atment (Sne 
t •"bl" on the vayu which f:ollowu), And this was tit:l!urnpani•d by 
~ignifieanl reduc!lionu in luud intake by lh@ mid and high OOIHI 

!Jrours, l1milul1 lo Uua fitl'il 1 rlayA ot treatment. Subaequcmt 
body WttiCJhl Udi1ut in "111 J tr·uated gro..tps Wf'.!r~ nol nft"cted by 
Lt~tlLmt.\nL, but Lh1:1 body Wf'light,. rema1n"d below central to the day 
llf rmcropsy, ·rha luwei mean bociy w~ioht~ of thr" mid and high 
do::ie \JlOUJ,)B l'omparl'ld to l:(lfllrula W~ni Stfltisticdlly etignificant 
unly 011 dny LH of yf1i:ttl'ttion. 

~~ ~.-·ot ~TD\' Obcioryg t iinp: ~Thar~. ~'=~e &.\~ _ ~ t ~ '4l'. ·~u _ Ljll mean oor·imnl 
iutt~n c•uunta, tntal mplttntat 11nnR, VJ<'lblt' malu=.:i or femalea. 
'I'htn u wc:w i1 H 1 i <.Jh\ i 1ic1 n1'uu~ in t- nt n I tf'nnrpr i on.1 ( p .. - 0, Of)) 
rrodnmi.riont ly <1tw to numbot uf lt-tle r111'jotplionH, anc1 in p6r<~tu1t 
po:lt impl~r1tt'-\tlon lcHHt (P-r 0,05) I in rhA hit;;h r1nf'A arrJll[>. Fetnl 
w.,-_duhtt1 wu1u dui.n~u;Ju"'d in ,-ill J t r~.iltJ<l tJ1rn1i->111 t1tatintielllly 
1-d<Jni f it'rtfH nod do110 related at miti aru1 hiqh <,n:u~· (RF<P t nhl~ two 
1J~{Jt1H ctliund) , 

Fetal E.V"1lJJ.!U;-.iQJt: '1'hn10 w11B rin lllt'tt"'l'1HPd ilwitit'lu·n nt Bmall 
fetun~n (~2.7 g) nnd lJtterH with ono or more omall !0lu~~" in 
thµ 1(10 m{J/ko grnup. /\n inrroa£mt1 11urnlJtH (If ft·1 uMttl'l with 
~l1r.1ht.ly inc1t1Clf.itH:1 chlntatinn nt li.11f'tal ventri1•]trn and/01- mtiaco 
betwt_;t_;:u Lhu body watl "'"d ot(Jnfltt, u,:«ttrred mninly in two littero,a, 
tHld UliM Wern atH:HJL'iaLad with t~tlHH~s ut low body weiQht: in theBe 
t·wn litttir:M. Tho invtwtiutators cuntddHted thi~i tn hE indic~liv~ 
ot teLal irnmotu1 ily. Al Ho nBFJoc\at @d with the te·tuR~B weighing 
·~!.'/CJ 1ii ~! lltttHn nf tt1t-~ hiytt dor;~ qr<J11p rrnd C'onrdrtnn'lrl t·r1 ho 
dim lu tut.~l irnmatutiLy, WeHt an i1H'JArHi""d irir•lfh:mce of incomplete 
nRAific1Hi<1n of' hl'lHit--iphtrno1d, tirst thoracic Vti(lftbr~l cenltum, 
~al'ta1 vatehr-n1 nrrh~B, ischitt, mtH.-,c·nr-ptt]g Llnd netatclit:ialtJ. 
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La D4nJ11 Pqstnotol ,fbas1 

There was a alight increase in gestation length ih the 30 mg/kg 
(n. s.) and 100 mg/kg ( P< 0. 05) groups, from 4 mean of 22. 5 da)'s 
in control to a mean of 23.0 daye in the 100 mg/kg group). 
Although body weights of the drug treated animels tended to be 
higher than control, no significant inter.group differences in 
body weight were observed during lactation. 

l:.1 Off'Drii~jasz to !L..flt:ttk!i ot Age 

There were no compound related effects at any dose level on 
number of stillbirths, litter eize or ~•x ratio at birth, number 
of implantation sites, survival indices throughout. lactation, 
body weight or body weight gain during lactation. 

There were no compcund related ef tects on physical development 
(time of pinna unfolding, hair growth, teBtis d-:!scent, tooth 
eruption, eye opening and vaginal opening) . 

There were no effects ot compound treatment on auditory and 
visual function (tested on PPD 25), within-cage activity 
(measured by means of electronic detector• and intra-red light 
apparently on PPD 26 to 27), learning ability (water filled Y­
maze on PPD 27) and neuromuscular function (traversing flat and 
round roda, rotorod treadmill, mid-air righting reflex, fore- 4nd 
hind-limb wire hanging and grid-griping ability on PPD 28-30) . 
There were no ef tect:. on body weiQht or body weight gain to 
5 weeks of age. 

£, OffsQrinq Between 5 And lQ W11&1 of Agt 

The 20 males and 20 females per group, selected at 5 weeks of 
age, were assessed primarily for physical and sexual maturalion 
and reproductive performance. 

There were no compound related affects in males or females on 
a~pearance, behavior, body weights, mating perto:rmance at 9 or 10 
waeks of age or on fertility. 

In !i'1 females killed on day 20 of gestation, thui-0 wos no 
evidence of effects on implantation, embryo/fetal Aurvival, fetal 
weights or placental weights. 

No gross pathology abnormalities were ob$erved in F 1 males or 
females that we1·e considered to be related to t rf.'tttment ot the F0 
females. 
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4. EmbNotcxic ond Terotagen~c "'JJJ-Lact1 in l\.Qbbit• 

Rtggrt:. ..NSJ.1 7595 
Studv No,; Not given 

Ptu;touulug LqburQ.1.yry,1 

Data; Perfornw\1: 10/rl to 1/78 (£ir~t lest) 
1/78 to 4/78 (aecond l~ot) 

gyolity Aaguro?~fl: 1rhPsa stu~ie• werQ ~@rfnrm""d ~rior tc:> tho time 
that GLP compl ance wan t~equ1red. Th• inv•st1gat:ors in aermany 
claim t.hat to the beat f)f thei1· knowlsda@, th@ ~tuct:,• waH 
performed ~according to thR state of th~ art•. 

T11t Animola: Sexually rnat.ure femal., Himalayan t-obbitm, around ~ 
to 3.5 kg body weight, ins&m!nnted twice by mean:i or ~oputation 
with males o1 tho aam~ atrl'.lin and similar age. 

uocgdur1: There were two ecparole but related atudies in which 
batch 1/77, microniz~d woro u11ed. In thH firnt atudy, 
the teat substance was adminiotarad once daily by utcunach tube, 
as a suepension in o vehicle conaisling of "60 ~ anhydroua 
olycer.-ol, 100 g deminerali2ed wator ~nd polyethvlttuttglycol 400 
to ID4ko up 1129 9 11

• 'l'W@lv@ or 13 does/group waie tre&ted from 
days 6 to 18 of gee tat ion with dOtHHi of 0, 3, l i) 01 30 mg/kg. On 
d~y 29, a c-~eetion wae carried out ~nd @a~h do~ wa~ examined for 
number of implantations (no data on cnrr1nra lut ~a count), nurnb£lr 
of live and dead fetuses aud embryos, weight or litter and 
placont.a'!l. Earh fetu~ was sexed, then €u<.amin0d fo1 @xt.ernal, 
viscerol onu ukttl~tal anom<1 lies. BecttltB~ ot di art heci in 4 ani~ls 
ot the 30 mg/kQ group ttnd spontaneous abort.ion in ;! of these 4 
does, a sAc011d 11Ludy limited to O and "iO mg/kg (n °- 12 or 
13/group), wilh a vehicle consiating uf O.S!fi aq•1f"our:t 'Iyloae, wam 
pet·forrned. It waa BUtiµ~t:Lt1J Lhat th@ vohicle coatl'ibuted to the 
diarrhea in th~ firet study. In all oth@r respectu, the procedure 
was the eame as .in the f i nH study. 

fiegultu o.f. the first StuQ:i 

Maternal Survivtd, Clini<'al Signa and Body W<•iaht Gain 

OnQ death at high dose (day 27 p.c.) wa6 attrib1tod to diarrhea 
cm multiple duy1:i; l dtiulh ctl mid do1;1e (day 9 p.·~.) was attributed 
to an intubation ~cridnnt. 

The 30 mo/kg do,;e 11 eauRed 11 diarrh~a in 4 animal.1 (1, with 
multiple days ot dia1·1·hea, c.H•d1 the remaining i hn<1 diarrhea on 
only 1 d~y, either on day 16 or 17 p.c.). Spon~anoous abortions 
occurred in 1 doe at :s mg/ka (day 25 p.c.), 1 a·~ 10 mg/kg (day 28 
p.c.), and 2 at 30 mg/kg (daye 18 and 27; both ~~d diarrhea). 
None ot the c~nLrol doeo aborted. Although there was only one 



more spontaneoue abu1·t ion in tha high doaa g1·oup than in thu low 
ot" mid do•• qronpA, thA invAf'1t1gatora nevarthaletrn suggeatod that 
the incidence in the high doaa group was ittt;t'•a••d, aucl 
attributed this effect to diarrhoa associated with the vmhicle 
anc treatment, The abortions at low and mid donos ware con&id•H't:Hl 
to be neither trcaLmenL .n;alatud no1· aigni t ioant~ because the 
ohaerved ratem were connidered nnrmftl for th@ strain or rabbit 
used. 

c.mly tr_;j.t\Ales rouuc1 lo bt' pregnant Wf"re inrlndoc1 ]n calculation ot 
mean budy weight valueo (N '"' 13, 12, 12 and 10 for control, 3, 10 
and 30 mu/ko groups) . Dacratu11111 in body weiQht 011in between days 
6 and 19 end over-the entiro p•riod or geatation in all 3 treated 
aroups were not •tntiAti~•lly sianitlcar1t (See table on pagA 
L 0 5A) • 

Th@t'c w~r"' no "ianificunt ettects un mean numbur• of 
lmplar.tationa or raaorpticms pnr' doe. The mean number of live 
ZMle f eturn111 per doa was teducec.1 in lh• 30 mo/kg group va control 
(P< O.OS) resulting in a reduction in ratio of male11females but 
it was con1iderttd to be a random occurrence. There waa no effect 
on t•tal or placental weight1S, and no increarut in number of 
11 und11rde•1elopad forms 11 

( i, e. fettuuua lower than 2. !i g body 
weight), There was an incrocuio in malformation t~ate in Lhe high 
doae g1:oup1 the high dor1ft ma 1 format ions occurred in t.he oftespring 
ot the three .nnimals that had di~i·rh@la and were sugye!!ted to be 
the result of maternnl ~tr~us (eee pages 104 to l05A). 

MatB1rutl Survival, clinical Signs and Body Weight Gain 

Oitu·1·haa or other clinical Fdgns di.d not occur iu dooo of the 30 
mg/kg group, hut one doe on 30 mg/kg died or an lntubalion 
accident (sometime b~tw~&n ri~ys 18 and 29, p.c., bamed on 
individual Animal weight gain tables). Final r·a6ulta were bantld 
otl 11 Etur:viving dn.;3 in tJach group. Then:·~ was a d~cn.~ase iu ITlitcan 
body weight in thtt trf'!dtad group, compared to an incrcuustl in 
conlt'ul, Lttlween dc.yH 6 and 18 (treatlllent period), resulting in a 
compour:id rela~.ec! decreone in body weight gain over tho "ntire 
yestat1on period. 

Lt1parot1ff'np i c Observt'l ti ontt 

'11here wnrn no r.ompnunrl 1·A 1 nl ed ef f ec.:ltt c::m prtitgnancy rate, 
1pont.aneous abortion rate, mean number of implantations (corpora 
lute~ w~r~ not counted) 01 llv8 fetol count, but mean fetal 
weight and placental wu.iyht were lower (f<0.05) and the number or 
"underdevelop~d forme" wie hiaher in the treated group. One of 
the dams on 30 ~/kg had 5 fetuses with "reduc•d motility", In 
this second study, there was no effect on sex rat:i.o 11t birth, ae 
had b«utn observed in the first ittudy. There wtts no increase in 



AXternal 1 vi~caral or Ekoletal ~ltormations in any treatftd group 
v:; control ([Jee tables on paq•u1 105B, c & IJ) • 

.Conunent: There W'9rG indication~ of fetal toxicity at 30 mg/kg, a 
dose that wru:1 nust:.,r-nally toxic. For ~xnmple, there was a 
nn1uctinn in live maltJ f6turnrn per dam and suggestions of an 
incruaae in total number of fetuaes with malformations and th6 
L(Jt:ttl numbel' or litterA with fetusaf't that had malformations, 
cnmpurud to contrnl, in tht> first study. Thf.' tot:nl numbe1· of 
1 uutu we.rt hiyl1~1 and mean fotol w,•\qhr.e w•.in~ lnw"1- than control 
in the second :Jtudy. However, tih:~u~ waEJ no increase in incidence 
of an~· specific fOt'm 01 cl1uu1 of ten'ltn and no clear indication 
thttt thi~ "ubatanco wan terdtogGnic ln &4bbits. 
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Report No. 7~1~ 

lncitlmnca ~•bl• _gf tht findJIUll .st-1~~' 

'1nd1n91 l "'9/k9 

KININOOCILS 1(1) 6 

Tll.IHCSPHALON 
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11L;ht 1(1)• 
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•••11/•harp/th1n 1(1) 

roJU-LlMI 
abnormal poaitlon 
1rthro9rypc1i1 l(l)b 

10 119/k9 JO mv/k9 

111)• 
1(1),/1(1)b 

HULTJPLI MALF01'HATION 1(1) 1(1) 1 /'•·'\I> 

CLIFT PALATE 

MOTILITY 
r8duced 

I on individual ba1i11 v1lue1 in () on l~t•r b&1t1 
• ~ f1r1t 1tudy / b • ••cond 1tudy 



Report No. 7595 

Individual ~linic1l !in~ing1 at ~n• ~am1 

Hgt11 anlmal• without finding• art not ll1t1d 

Doae 
(mg/kg J 

0 
( l•t 
•tudy) 

l 

10 

DUI­
NO. 

199 

176 

Findin91 

-------~w------------------------------~-~~~~~-
on day 26 p.c. no etool, frOlft day 27 p.c. very 
reduc•d •tool 

----------------------p---~-----q-~------------
abortion on day 21 p.c.1 J placenta• 

abortion on day 21 p.e.1 4 fttu••• with pla-
cent a• 

196 found d1ad on day 9 p.e. (lun; application) 
--~-~~-~~---~-~------------~-·--------------

JO 177 abortion on day 27 p.e,, J tatu111 and 3 ~­
e1nta1 ( l •t 

atudy) 881 on day 13 p.c. rid bord•r•d •Y•• 
on day 16 p.o. 1crat~h wound• 

0 
(2nd 
1t1.1dy) 

30 
(2nd 
•tudy) 

885 
905 
921 

92 ti 

on day 17 p.c. diarrhta 
on day 17 p.c. diarrh1a 
on day 18 p.e. diarrh1a 
on d1y1 17 and 18 p.c. di1·~ia 
from day 24 p.c 1ick 1 redu~-~ •tool 
on day 21 p.c. bloody cM.nation 
found d1ad on day 27 p,.t 
abortion on day 18 g,c':-<1 3 tetu••• 

------ --------a•--------------·----------------------
950 from day 9 p.c. •ick, decr••••d t••d con•ump­

tion, no •tool 
on ~n• day Petw•en day 18 and 25 p.c. 
c.HA(jh•a 
f~und dead on day 21 p.c 
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5. 1I1g,tatoganicitv SLud~ju CVno1D9lgus Monke_y 

Bayer stucj:t._,~li.Q.: T 3 022 847 

Sponsor~ 

Dsatek'I Perfor'mod: 2/23/R? Lu 6/l6/A7 

Quality Ans~ranco ~ A sign~d tH ctlt:!mt!nL of Gl,P c0mpl iance w~s 
included. ~10 atatement noleu two d~vi~tions f~om 21CFR 58: 1) 
.. tht! stability nf ttm teal ctrtlclo/clltTiAr mixture had not bean 
dotormined dt tho t irm~ of Lh<~ :it udy", and 2) .. the final report ot 
the study dut:H.l not conLain all tho information Hpec-lfi~d in 
H11baection !:J8.1U~. ln pc:atic:ulat, nu analyt.icRI data relating to 
the test nrtirl~ oc teHt dr·t ic·lr/rarrier mixturu dta included." 

~qtitic:otipu Lui ~~oociery :;tolecLion: " ... becl\USH of it.s similar 
hormonal profile duriny pre{Jnancy to that of man and this 
µarticular non ·humau pr i111at e Aubmi ts itself as t1 favourable 
species fen teptoductivt~ toxicology studies." 

po;eu 'rested: 0, JO ond 100 mg/kg 

r1Qs<cdure: 1"e1-:1l cyuomolouD monkeys (Macaca fcisciculat·i15) were 
f _!!!S:L!!C-

obtcunod frT>m and from 
. •rhe !emctlou were "sexu:.1 ly mature", 

quarantined tor "c"!t leaAt ?. WAeks" and acclimatized to labordt.ory 
condiLiuus fo1· l weekf"J, hetnn~ initiation of thn ~Jtudy. There 
were 10 (HJ mg/k<;J) en 12 females (0 and 100 mg/kg) per group that 
had tested positive for pregnancy (by a mouse uterotrop.ic test); 
these tlnimal:i weighed 2. 6 Lo J. 8 kg on day 20 post, coir11m. 
Preanctncy was RUot:t~Quently monotored by rerral palpation on 
~pucitied days l>etween GU 30 and 86. Test substance was 
administered by intragastric intubation between gestation days 
(GO) 20 and 50, and necropsiPH for c-ae.ction were done on GD 100 

.±,1 day. Examination tor fetal malformations inc:luded a 
compreh~nsive external examinaLion, including lu~ad and body size 
measurements and appearance of externally observable organs. 
Soft tissue. examination consii:;ted of "a tull necropsy ot each 
fetus with visual macroscopic inBpection" of thu organs and 
weight measurements of 12 on.ians. Aftpr· weighing, the organs 
wen:! f:ixed in formalin, but not further evaluatod. The skeleton 
war.i cleared and stained <'tnd P><c.unined tor skel~til 1 anoma 1 ies. 

Test SubHtance: natrh No. A2H 305. 'I'he vehicle conaisLed of 9.9% 
demineralized water, 4.8% glycerine and 85.3% Luti.-in 
(polyothylene glycol 400). '11e8t mixtures, consisting of separate 
solutions for each dose level, were prepared daily. The 
report notea that "AnalyeiH of formulations and proof of 
absorption were not requir€d by the study sponsor." 
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Result~: 

SpontanP.ous Abortj QDf2· Cli .. nis;al Obseryations o.ntl Mortality: One 
control and 1 high dose monkey wen=i found to be not. pregnant, 
thus leaving 11, - l O and 11 !Tlonkeys in cont r.~01 , 1 ow and high dose 
groups, respectivPly. Incidence of abo1~tions (!lnd deaths at·e 
sunundtized below . 

. ;:06~•'.;.:·"·~,. :, . 
Oioll1 :.=p.._.._-.....ii---~~ .............................. -.----. ........ 
Control l l 6 (GD 2 6 ~- S 6) 3 (GD 21-9 9) 

·~+-~-~- ~ --~--~~t--------------~~~----tl 

30 10 7 (GD 28-'13) 1 (GD 48) ·------------~ ~~~..,.......~~~~-.-~.~~~~· 
100 11 8 (<JD 33-':>9) 

es on y pregnan anima s. 

symptomn included heavy bleedinrr (followed by abortion), reduced 
food intake, diarrhed and vomit.inn. Symptoms were observed only 
during interval~ of treatment, and included animals in the 
control group. Although all of the i::ymptoms were generally more 
frequent or of longer duration in drug treated monkeys, they aro 
considered to be due to tn~atmenl with the vehicle. 

•rwo of the 3 control animalg that aborted, subl'lc'.!Quently died. The 
increased incidence of spontaneous abortions and rlPaths in the 
100 mg/kg dose treated group were considered t:reatrnent r~lated. 
(See corrunents on next pnge,) 

The death of an tHidi t· ionn l ,3nimal in the high doso group which 
was found to be not pregnnnt and is not includert in these 
rosults, was ctluo considered to be treatment related. Causes of 
death in the 3 µreqnant control monkeys included gastro­
enteritis, catarrhal enteritis and "signs of asphyxia". Of the 
drug treated onimals which died, the one in the 30 mg/kg group, 
and 4 of th~ 5 in the 100 mg/kg group, each had a volvulus (an 
intestinal obstruction due to twisting of the bowel); 3 of these 
animals (all high dof,e) exhibited abdominal distention shortly 
before death, and one of these 3 had acute catarrhal enteritis. 
A vol vulus was considered to be a compound rel•\ted cause of 
death; no volvulus was seen in any control anirndls. 

Blood Analy~es: Blood sarnpleR were taken from each monkey on GD 
20, 27, 34, 41, 48, 55, 62, 69, 76, 83, 90 and 97. However, data 
on blood analyses of any kind could not be found. 

Fetal Exru:n~nationa: External, visceral and skeletal findings for 
each surviving fetus are shown on the page which follows. In 
spit~ of the very few surviving fetuses (3 control, 2 mid dose 
and 1 high dose), the investigators concluded that the external 
and skeletal malformations seen in the sole surviving high dose 
f etua were drug related and were due to severe rr~ternal 
toxicity. It was claimed that these malformations had never 
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before been ohaerved in controls. 

Fetal Organ Wei~: Al though weightn of 1 O o· · 11 di t terenL fetal 
organs with m6nns (and standard errorH only for controls) are 
presented in Table 4 and Appendix TTT c1f thP ~Pport, staLiatical 
cnmpl'H i sons were nbvi.ously not. possible (only one ui. two 
surviving fetuses in the tredted groups}. 

Cunu1;ent:_~: It :lhould be noted Lhat the control inC'icttJnce of 
HymptomB, rno1trtJ.it.y and Bpontaneoua abortions WAlP. "L;nusually 
hiyh". l\lthough thn invrrnt.igators at.t1.·ibut..ed llu:> higher 
incidence ot abortions and deaths in the high doBe group to 
t i-eatmt"nt, there are no indications that~ the di f fuzenceu were 
::slatistically significant. The nnimals used in Lhe present study 
were feral monkeys. It :Jomna reasonable t.o auyqei:. ·:~ that there 
may have been an interaction between disease or parasitic 
infestation& (often inherenL in ftlral monkeys), stress of 
handliny or control vehicle a~niniutration, and treatment with 
tl1e high dose, whi~h would confound the outcom~ of this study. 
The monkey i;:; not a conunonly used model Eoi reproductive toxicity 
tests and there is limited background information. The limited 
number of offspring (usually one per monkey) is considered to be 
a di~icdvantage for using this species for this type of study. 
The hi·crh mortality and abortion rates, even in control animals, 
tut·tht!L limits the usetulnesa l)f this study. However, the only 
surviving fetUH in the i~ the high dose group showed 
malformdtions "wr,ich were never before observed in control 
fetuses'' . 
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Group 1 • 0 mg/kg 

,._. .. '•tut 
n~r •14vt 

U717 • 

Vf1aer11 ft~~tn11 

1•ft efrtntl llvtrely 

'"'"'ttd 
''~ to tOth en§ ,Jth rt• on tht 
'' ftlt 1i dit tnd 1th t.o Ith rfll co1 
t,,. 1•ft &40. of vn1v1n thtck"faai 
•th le Ith 1ttrn1br1 not 111lfltd• 
?th tter,,.•r• fno....,1•t•11 oaalff1d 

r----ir----r--...._---------+-------------------+--------------,------------i 
UlU • 

21180 • 

10 • 

~o tbn.o,..lttftl no 1~nol"9alftftf etttCtff Ith*" 11th rft on th• rtfht 11oe 
dettcttd Ind •th to 1tth rtb o~ the ltft 

1tdl of wn1v1n thlt•,.,.111 11t to 
7tl\ 1t1rn•br1 not 011f f4ed 

"o tDl'Ot"N1ftfH 
fettcUd 

no tb"°,...1ftfta 
dtttcttd 

hO 1bnof'W1flftt11 ett1ct1d 

no vheer1\ fflvntl,ttton 
dut to c1111rt1n ltctCsn 
ori 1111 7' p.c. 

5th to 11th rt• on thf rttht afde 
'"d 6th to tOch rfb Of\ ,,.. \tft 
.... ,, ~"'"'" t:::~~,, .... 
&th 1ter"ebr~ not ''''''•d end 
7th,,,,~···.,,.....,,.~.,, •••• , ••• 

Group 2 • 30 mg/kg 

'tN'• '""'' 
,,.,. •' .. ftct 

n\lllllttr 1Hw1 ll!t1r1111 ft11dt119a v .... ,,, ft"''"'' IU1eU1 ftndtn9a 

h7U • •'"••w• ,.., "'11Jfte,...1tet11 ttt•••••ct dta,1•••• 11,.•trl•1 tth '' ,,,h 
1tl\trit rib 011 1"- rt~t ti .. a11t 8th t6 

,,,h Pf- 9f\ t ltft tttt ff VfttWffl 
tht1k111a'1 11\ \t Ind tnd 6th to 
1th 1ttr"9~r1 ftot •••'fled 

, .. ,,, • Wflt wt 1 e11d "' ......... , ....... ,.,,,, ,., .. ", ... "..,_,,.,.,~ ....... ,, 
6th tt 11th ,._ '" '"' rtfht afit 
tftd 211d to lrd, 7th to 11th end 
11th ri• en \hi 1tft ,,., tf unt••" 
•htlkfttta, J~f 111d Ith \o 7th 
1t1r11ttrt fttt 111tfltd 

Group 3 • 100 mg/kg 

"""" '•tua ''" ., •'•ct 
""""'" '''"' IJlttrntl f t"dtnt• Vtanrt1 Undh1t1 lkt1•••' ''"''"'' 

S•0-0 • ltf\ ,,,,,,_. ''"''' thtnntr ... ·~"-,..."''" ••••••en11 ''''''''''•" •~•• 
th•""'""''' ttf1 1norttnei ..... , .. Ml ... ft tht Nt.1ctr•1h tf the 

end,,.,,., cur•td ttt1 fnd; 2nd and Jrd ftnf''I tddlttona1 

on1) thrtt ''"J:'' •" tht ''",.'"''' "'th• rd ftnr1r, 
1oft ,,., 1nd rt ftnt•' wtth ,r1aia11 '"-''~ tf tlw Ind 
CWO Ill I 1 a and Jrd ftnttr tnd .. dt11 

~1111a tf ,,,. lrd ''"T'' on 
'"" '''' •• • •• ,......,, r 
.... , ..... , ... lll\ '"''' ... ,, ... , ¥,,, •• ,., 
•ty'Wllll't•t11y and tft-....lttt1y 
ottffiei1 It~ \0 11th ''' tft 
the rtthl 1tt1t 11\d 'th It 12th 
rt• eft tht ltft lfdf Of Ul'tlYtt'I 
...... -..... , ,,, " ,,d lftf •th 
,, ,,h ,,.,"'.'' "'' ., •• f~·· 
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6. porin.otal anQ r2atnatol Effoct-s FollpwirnJ Qrcu 
dm t • i n t l\ 1n1strgt1Qn to ui!\ .fi, 

Study No: T100215) 

Thie report is nccomi)anied by a "fit'Rt amendment. to reporl no. 
12801 A", dated 8/14/9). '!'ables in the origin&l English 
translation of the report WEn-e of very poor quality, not well 
organized, not legible, and contained e1-rors in translation and 
tyt)ing. Samu of t:h~se taulls are listed in the nmHndment under 
the •rational t~ tor the f i r;:1 t amondment" . 

Performing j.ir\borctt,.,,~: 

.Qates Pertorme£: May 1981 to October 19Al 

Quality /\U§Ja.t'.fil~: Nu ttt.at.ement on GLP complianc~ was tound in 
the original n~port. ln the amendment, it .i::; t~la.irnect, " •.. there 
weL~ no lagal 1y b~nding GLP regulations in faree" during th~ 
t-.ime that this sludy wau performed. 

DQ.B..e:J. Teat'id: 0, J, 10 and 30 mg/kg. 

j'est Ar1.\malft: Mura:WIST (SPF 67 Han) tem<\le rat.A, 11~14 weeks of 
age and WfJighing 177ee240 g, were malod with stock. males of the 
same strain. 

Procedure: Presumed pregnant femaletJ were dosed orally by gastric 
intubation from gestation day (GD) 16 to postpartum day (PPP) 21. 
Half the females in each group were C-eectioned on GD 20, the 
r"~inder were allowed to litter and reRr their young to PPD 21. 
Of the C~Hectioned <lnimals, approximately 1/3 of all the fetuses 
in each group were examined for visceral anomalies by the Wilson 
technique, the remainder were evaluated for bone anomalies by 
staining with Alizarin red. The abdominal and thoracic organs of 
animals selec.:ted tor bone ano1naly examination were removed and 
"evaluated". 

Test Substance~ i:\atch No. 576 923. The vehicle consist.ed of 
Lutrol 400, anhydro\1A glycerol and deminnralized waler in a ratio 
of 969:60:100. A preparation of 0.6% nisoldipine was tested for 
elability and was found to be stable after 7 doys. 

Effects on All Pregnant Females: There were two dftathn, one at 3 
mg/kg (cctuYe of death not determined), and one at 10 mg/kg (died 
of pneumonia), but no treatment related effects on mortality or 
clinical signs were evident. A small but significant decrease in 
body weight gDin was found for the dam::. at 30 mg/kg (both the c­
sectioned and Luarinq groups) between the firot day of 
administration (GD 1&) and GD 20 (See tables on pages 113 & 
113A) . Body weights of the low dos~ group of the c-sectioned rats 
were Rignificantly higher than control throu9hout gestation, even 
on GD O, but obviously this was not a compound related effect. 
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There were no compound related effects on ~eproduction parameters 
{percent in~eminated, percent with impl4ntations, etc.; see table 
on a page 114), nor were there any ettects on gross pathology, 

t;xomination Qf c~~JLCtioned Females: There were no effect~ found 
on mean number ot implantation sites, live or dPad fetuses nr 
resorptions per dam. Furthermore, there were no effects of 
treatment on sex dist1·ibution, mean placental weight, number of 
runts (fetuses .-_3 g), or frequencies o[ externnl, visceral or 
bone de!o1mationz.&. A decrease ( P< 0. 01) in mean f etol weight at 
the 30 mg/kg doRe Wd~ evident (See table on page 115). The table 
which follows immediately below is a summary of malformations 
found in all 4 group~, copied from the original report. 

sroup DI~ No. NUlftDtr of tt11n11.1 
ch1n.11d fo1tu111 _ 

Control - ... -
:s 119/kg 2995 1 no tail 

2149 , Otoc1ph1l)' 10 •g/kg 
2152 2 alight dil1tionof th• 

L1t1r1l vt"tr1clt of 
b ,. • • ,, 

JO •1tk1 2991 , Cryptorchism 

~ff~cis on ~ Dams Allowed to Litter: ~here were no effects on 
urat on of pregnancy at any dose level. The report indicatvs a 

significantly higher nurrU..ler of implantations per dam in the high 
dose group (probably incidental and not treatment related), and 
no effect on prenatal loss (implantations - surviving and dead 
pups). Complete litter losses were reported for 2 dams in the 30 
mg/kg group (both did not suckle their young), and for 1 in the 
10 mg/kg group (devoured its young d\1ring the 3rd week), but 
normal lactational behavior was observed in all other dams (not 
shown in tablea but indicated narratively in the original 
report). 

i.f Cecta on E1 Of tspriog: There was an incn,,~se in number of 
stillborn pups, and a dose related increase in mortality of the 
newborn pups during the first week postpartum in the 10 and 30 
mg/kg groups (See table on page 1158; no statistical analysis). 
The birth weight and the weight increase during the 3 weeks 
poetpartum were both significantly reduced in the 30 mg/kg group 
vs control (See table on p~ge ll5C). The report claims no 
compound relateu etfects on appearance or clinical si9ns of the 
F1 oftspring. In the maturational development tests, there were 
no effects of treatment on time to pinna unfolding, appear3nce of 
fur or eye opening, but there was a alight delay in time for 
noruial walking in the 30 mg/kg group. For the funC".'ti.onal tests, 
t.hera was no effect on pupillary reflex ("following a light in a 
darkened room"; age when given ia not stated), and no effect on 
hearing (stimuli from a Galton whistle "at the end of the 
lactation period"). Running performance on a running roller 

t "' 
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( serwomotor behavior or propr loreceptor reflexes) WEHl 
consider-ably ttHJuce<l in the 3 mg/kg grnup, hut t·hi s was 
considered an incjdontaJ finding becauoe thore was no eftecl at 
the 10 and 30 ',lg/kg dose levelA. For tht' F 1 generation fertility 
test, l mnl~ t'nd 1 femal9 in enc:h littnr of the control dnd high 
dos.., qr oups wto.~ra rAfl t·rKi to 10 weeks of age, t.hun ma led. There 
were 110 differences between the 2 groups in J:'tlt e of inseminrit i. on 
or fert i \ i·lation, rhll"<'lt ion of pregnancy, tot."11 number c1t live 
mr.ilt:! ot fomaln pupti ctt birt:h, hndy weight of pups or pups with 
HXt lHTlrt 1 df'Oton11i l i t;ttl. 
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PERI- N'fO rosTN~T~l-STUDY Tl002l!>J 

WEIGHT DEVF.LOPIUNT IG) OF THE rE:KALES UHDtRGOIHO CESA.R.EJ\Ji SECTION 
GROUP tU:AN VALUES ~D STAHDMU> DEVI~TlOHS 

I NVJ:STIG~TION 0 HO/KC J XG/KC 10 HC/){G 30 Mr/KG 

----------------------------------------------------------------------
Wl:lOHT OAIH 

01\ y 0 - 16 t• • c • S!LS 64,4 
9.6 9,9 

DAY 16 - 20 P.C. 39.4 40.2 
10.2 e.o 

DAY o - 20 r.c. 9t'LJ 104.5 
16.4 16. l 

60.l 
11. l 

39.2 
6.6 

99. 3' 
14.6 

57.8 
).0. J 

llt'lO• 
s~ 

~ 

90.8 
12.S 

-- ------- ------... --- -- ------ --------··--~~ ~------------~ ..... .. ___ ------- -

BOO'iWEIGHTS OUJH Nr. GESTATION 
' 

OA\' 0 P.C. 201. 0 210.0• 201. 8 
li. 8 12.2 10. l 

DI\ 'i 16 P.C. 260.8 274. 4. 261. 9 
12.~ 16.3 16.9 

DAY 20 P,C, 299.3 3~,)· 301. l 
20.e .o 20.6 

-~-~~---------------~---------· 

• SlGNIFlCAW! DIFfEJl.I:UCE ~ '"'°ONTROL, P < 0. 025 
•• SIGNH'lCl\NT DltfERENCt TO CONTROL~ P < 0.01 

203.l 
ll. J 

260.9 
16. !!i 

293.9 
16.S 
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PER.I- AND POSTNATAL-STUD! 
" 

lfUM8ER OF AJIIHALS '\ESULTS OP THE STUDT 

DMS 

DOS£ 

ft Of!\ 8 £ a 0 F 
INSEMillATED 11~ IPIPLAll'J"ATims 

f HC/KGJ USED ll • OF 1'R06£ R ' OF THl)S,£ 
1JSED IJISEllIKATED 

PE.MALES 
naT Ltnmo 

!I ' OF '2'BJS£ WITH 
lJIPLAllTl&.'!'lmlS 

T100215l 

THAT RDJUm TllEIR PUPS 

• ' OF THOSE 1111.2' 
LI!l:W 

-·-----------------------------------------·-------·- ----.-.--.-..-....-
0 ~5 25 100.0 
) 25 25 100.0 

10 25 25 100.0 
lO 25 25 100.0 

21 
20 
23 
20 

84.0 
80.~ 
92.0 
ao.o 

20 
20 
23 
"'0 

95,.2 
U)O.O 
100.0 
100.0 

20 
19 
22 
17 

100.0 
95.0 
95.l 
95,.0 

------·------·--------------------------

UIKALS UllDDIC0111C C£SMU1:All s:ECTIOS 

• V K B It R or Pl:llA'l.£S 
DOS;E IllSDDIATED VI'!H lllPLM"UlTIOllS VID ~ 

f IG:/'U: I USED • \. OF THOSE II ' OIF Tm • ' or TB:llt5S llITB 
USED lllSDlla'!'ED IJ9llf..Alln.TJ<*S 

----------------------·----·----·----
0 25 2S 100.0 20 eo .. o JO 100.0 
) 25 25 100.0 20 80.0 J9• 95.0 

1'0 25 25 100.0 21 84.0 J9• 90.S 
lO 15 25 100.0 23 92.0 22 9'S.7 

-----------·-------·---------·----·---------·------------·--------
• 011E FBBIU.E DIED •FOU CISMtEU SllCCT'IOS 

"'O 
GI 
IQ 
CD 

.... 

..... 
,;:.. 

~ 
..., 
0 
I 

""" "" O'I 



P!ER.:1- IUlll POS fMTAL-snJOT T100215l 

l:ESULTS OF TH£ CESARllNl 1 SEC'l'IOll (HEAii VALIJES) 

WEICHT CAUC ( C.) JUUSER {PEil 'OM) 0 F RENl-1il:lCBT m. OF FOETUSES ltJEf DSES VJ'TIJ "°· or DOSE 
10-20 16-20 IR CllN9IS EDHillED BT MillllC-. SICILE- IJ!W..Fcm.- RUllTS 

(l'IC/&Cl IftPL. llALf: FEK. SUM LOSS 
P.C. P.C. Fl£TUSES PLACEllT. Vil.Sm DAllSal Tl.I. Dnx&T MT:llOlll'.S (~JC) 

------·-·----------·---------·------------ -·------·----------·--------,,--·--------·-------·-...---·--·---------·---
0 98.l 38.S 11.0 5.1 5.2 10.J O.l .l.50 o.so l.l 1.1 4.90 o.oo 0.60 

J 104.S 40.2 11.c 5.1 5.5 10.6 0.8 J.52 o.s,2 J.l 7.2 6.11••• 0.05 o.sa 

10 99.l 39.l 10.2 4.5 4.9 9.- 0.8 ].54 o.s,J 2.8 6.9 4.68 :t.05 0.32 

30 90.I• 33.0• 10. l 5.l .. , CJ.9 0.8 JI. )8•• 0.4CJ 3.1 1 .• 2 4.,l 0.05 0.91 
----------·-------·--------------·----------·--·---------· ...... --------··--·---------·------·-~------------------

• SIC:WIFICABT DU"FEREM:E t'O CtMfRIOL, p < o.as 
• • SIGll l FI CMT DI F'FEAE9'CE TO COlllTROL, P < 0. ~, 

... StC:•IFICUT DIFFEREllCE "!01 CC*TROL, • < o.c .... 2 

: 
Q • 
..... ..... 
UI 

~ 
illJ 
0 
t 

l;..J 

1..1' 
0\ 

1
1''1 I 1:1 

'I 
i ~ : 

: 
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7. ~UQPlemuntal Perinatol opd Postnot;l ;u;ugy in Rots 

gtudy .tJQ: T3008898 

Soonsot:,: 

Dates PerformAd: l"ebruary 1984 to March 1984 

Quolity Aru.tU[Aru;~: A signed statement of GLP complianf.'!e l£ll 
included. 

Doses T'li,!,td: O and 30 mg nisoldipine/kg/day. On the last 2 days 
of treatment, "seva~al 4nimol8 1 received only 20 mg/kg due to an 
error, but the study results were not considered to have been 
affected by this error. 

r1·ocggw111: Bor:WISW (:jPf' Cpb) naturally inseminated female rats 
(25 per group) were 12-14 week• of age and weighed 178-216 a at 
the start of tt·t!atment. They were dosed orally by gastric 
intubation from aeatat.ion day (GD) 16 to postpartum day (PPP) 14. 
All the prftgnont dams were allowed to litt•r and rear their young 
to PPD 14. The dams and offspring ware evaluated for tolerance 
of the compound, ef fecta of niesoldipina on birth and lactation 
and influence on post~natal development (similar t.o the 
obaervat:i.(.JO!i in the main study). However, thi-s study differed 
from the llllli.n study because the treatment and observat..ion period 
extended to ~'PD 21 in the main study and only to PPO 14 i.n the 
present stuL1y. 

T1u1k Subs tan~: Bctch No. 907437. 'rhe vehicle consisted of 
Lutrol, glycerol and water. 

Ettict-'1 on )..hv Dams: At 30 mg/kg, 1 died during parturition (with 
6 dead fetu8es). Treatment related effects noted were a highly 
significant decrsase in weight gain between GD 16 and GD 20 
(initial part at the treatment poriod), which reeulted in a 
reduced mean body weigh'.: up to PP day 7, no lon1,=1er evident by PPO 
14, lightly colored feces, no longer evident after littering, 
and prolonged geRtation (fxom 21.6 day~ in control to 22.1 days 
in the rrgated group; P< 0.001). 
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Effects on the Offspring: Ther~ were no significant intergroup 
differences in number of pups per litter at birth or after l and 
2 weeks. However, there was a higher incidence of stillbirths 
and a higher rate of neonatal mortality throughout the 2 week 
postpartum atudy period for of !spring of nisoldipine treated 
dama. The body weights of pups in th~ nisoldipine treated group 
were lower than control at the time of birth, and aft~r 1 and 2 
weeks. There was no eft~ct on sex ratio at birth or at PPD 14 
(See table which follows). 

DOii TOTAL RO. TOT. NO. or : •I.AD YOUN 
(NO/ltO) or YOUNG AT UP TO TIME or ~~ 

(ALIVE .;. IIlTH lST WE%QKING 1 WEEK 
l)EAJ)) 

CONTftiOL 201 2 2 ' 11 

30 227 22• 30•• '2••· • 50"* 

• 11gn1t1cant difference !rom th• controll', P < 0.01 
••119n1t1cant difference !rom the contfql1, p < 0.001 

~: The increase in mean duration of gestation, followed by 
A higher incidence of stillbirths and a higher rate of neonatal 
mortality throughout the 2 week postpartum study period, and the 
lower body weight at birth for offspring of nisoldipine treated 
dama, were observed in both the main study and in the present 
study. Thasc observations are suggestive of dystocia. Oystocia 
is ~ef ined as abnormal labor, which is usually accompanied by 
increased duration of labor and an increaed incidence of 
stillbirths and neonatal mortality. 
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MUTAGENICITY STUDIE~ (S. Stolzenberg) 

l. ~almonellaLMicrosome Teat 

Study N2,: Not provided. Pharma Report No. 9634 

Performing LabQratory: 

Date Pert2rroed: August, 19~0 to SeptenIDer, 1980 

Quality AssuuanQEt: A signed statement of compliance with GLP is 
lli2.t, .included. 

Background: 'l'his widely used mutagenicity assay detects point 
mutations (base pair by TA 1535 and TA 100 and frame shift by 
TA1537 and TA 98), caused by chemical agents, in vitro. The 
reversion rates to prototrophy of histidine requiring (his-) 
mutants to the wild type histidine independent strain (his+), are 
evaluated in a medium with a low content of histidine. In the 
presence of test compound, an increase in reversion rate, 
measured by an increase in colony growth on the agar plate, is an 
indication of mutagenicity. 

_procedure: The evaluation was performed with and without 
metabolic activation (provided by S-9 fraction of livers of 
Aroclor pretreated rats). s. typhimuriurn strains TA1535, TAlOO, 
·rA1~37 and 'l'/\98 were used. Two studies with TA 1535 but only one 
with the remaining 3 strains were carried out with 4 plates per 
concentration of test substance, DMSO control or postive control 
substances. Concentrations tested were 0, 20, 100, 500, 2500 and 
12500 ug/plate. 

positive Controls: 

a) . without S-9 activation 
Endoxan (cyclphospharnide) for TA1535 and TA100 
Trypaflavin for r11Al537 and TA98 

b) . with S~9 activation 
2- aminoanthracene for· al 1 4 tr.:ster stt .;iins 

Results: 2500 ug/plate was toxic to bacterial growth for dll 4 
strains, whereas 12500 was toxic and caused precipitation, making 
it not possible to evaluate ~olony growth. 500 ug/plate was 
toxic for TA1535. In the first test, the positive control for 
TA1535 without S-9 showed no rP.sponse, and tlv" negative controls, 
both and without S-9, were unusually low. The~efore, the test 
with TA1535 was repeated. In the second test with TA1535, no 
indication of mutagenicity was seen with or wiLhout S-9. 
Similarly, Bay k 5552 showed no mutagenic effects on TAlOO, 
TA1537 and TA98. Positive controls gave adequate responses; 1.e. 
well over double thoRe of the negative controls. 
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2. ~alroonelJ,o/MicroBome T'et 

St~~ No~: T 5027709 

Date Puformed: 1/29/88 to 3/11/88 

Quality A~yranc.e.: A signed statement of compl:iance with GLP is 
included . 

.Procgdyre: 'rester strains used were s. typhimu1~ium TA1535, TAlOO, 
TA1537 and TA98. Two different forms of S-9 were used; from 
livers of Aroclor 1254 pretreated male NMRI mice, and from livers 
of NMHI male mice that had been pre-treated for 28 days with 2000 
ppo Bay k 5552 in the diet. All the studies were carried out with 
4 plates per concentration of test substance, control or postive 
control substances. Initially, concentrations :ested both 
without and with metabolic activation were 0, 20, 100, 500, 2500 
and 12500 ug/plate. Subsequently, concentrations tested were 0, 
75, 150, 300, fOO, 1200 and 2400 ug per plate. There is no 
explanation ae to why two met.hods of enzyme activation were 
emt>loyed. 

Positive Controls: 

a). without S=9 activation 
Sodium azide for TA1535 
Nitrofurantoin for TA100 
4-nitro-1,2-phenylene diamine for TA 1537 and TA98 

b). with s-9 activation 
2- aminounthracene for all 4 tester strain3 

Results: No indication of mutilgenicity was observed at any 
concentration tested. However, 20 ug/plate, the lowest 
concentration tested, was the only concentration at whi.ch 
bacteriotoxic problems were not encountered. s_arting at 150 
ug/plate, precipitation problems were also encoutered. Positive 
controls gave adequate responses; i.e. well OVf~r double the 
colony count of the negative controls. 

Bay k 5552 was considered not mutagenic in this test system, but 
this study is valid only at 20 ug/plate becauBe it was the only 
concentration at which toxicity and/or precipitation problems 
were not encountered with all 4 bacterial strains. 
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3. CHO HGPRT Forward Mutation Assay 

Study No.: T 1023114 (sponsor's nwnber) 

~QQSOr: 

Pate P§rformed: 7/11/86 to 10/29/86 

Quality Assurance: A signed statement of compliance with GLP is 
included. 

Backgrouns,i: "The objective of this study was to evaluate the test 
article for its ability to induce forward mutation at the HGPRT 
locus in the CHO-Kl-BH Chinese hamster cell line, as assessed by 
colony growth in the presence of 6-thioguanine (1I'G) • Hypoxanthine 
guanine phosphoribosyl transferase (HGPRT) is a cellular enzyme 
that allows cells to salvage hypoxanthine and qua.nine from the 
surrounding medium for t•se in DNA synthesis. If a purine analog 
such as TG is inc:ludE:)d in the growth medium, the analog will be 
phosphorylated via the HGPRT pathway and incorporated into 
nucleic acids, eventually resulting in c·ellulnr death. 'l'he HGPR·r 
locus is located on the X chromosome. Since only one of the two 
X chromosomes is functional in the female CHO cells, a single­
step forward mutation from HGPR'r+ to HGPRT- in the functional X 
chromosome will render the cell unable to utilize hypo.xanthine, 
guanine, or 'I'G supplied in the culture medium. Such mutants are 
viable as wild--type cells in normal medium because DNJ\ synthesis 
may still proceed by de .ll.Q..'l.Q. syntheLic pathway:; that do not 
involve hypoxanthine or guanine as intermediates. The basis for 
tra~ selP.ction of HGPRT- mutants is the loss of their ability to 
utilize toxic purine analogs (e.g., TG), which enables only the 
HGPRT- mutants to grow in the presence of TG. Cells which grow 
to form colonies in the presence of TG are therefore assumed to 
hctve mutated, either spontaneously or by the action of the test 
article, to the HGPRT- genotype." 

Procedur~: Iu preliminary, range finding test:;, concentrations of 
50 and 100 ug/ml (batch #828305) wiLhout metabolic 
activation were found to be 100% cytotoxic to the cell culture, 
but in the presence of metabolic activation (p:covided by S-9 
fraction of livers of Aro~lor 1254 pretreated rats), 100 ug/ml 
c~used only a 39% decrease in survival index. 

Three tests without S-9 included duplicate cultures with 
concentrations belween 10 to 40 ug/ml, and two tests with S-9 
included duplicate cultures with concentrat ton:; of 5 to 85 ug/ml. 
Positive controls were 5-bromodeoxyuridine without S-9 and 3-
methylcholanlhrene in the presence of S-9. 
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R~§ulta: Decreases in relative cell survival were seen Bt 30 
ug/ml or higher concentrations without S-9, ftnd at 50 ug/ml and 
higher with S-9. There were sporadic, small but statistically 
significant increases in mutant frequencies in each of the 3 
tests without S··9 and in one of the two tests with S-9. In every 
r,iae the increase occurred in only one of the two duplicate 
culturos. In spite of a suggestion ~c ~ concentration 
relationship at 40 and 60 ug/ml without S-9 (see first 2 tables 
which follow), it was claimed that a concentration relationship 
did not exist. It shot1ld, however, be noted that even among the 
duplicate controls, there were wide variations in mutant 
frequencies in most of the tests. 

was considered not mutagenic in this test system. 
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4. Mouse Hepatocyte Primacy Culture DNA Repair Assay 

Study No.: T2 023 386 (sponsor's number) 

Performing LaboratO[Y: 

Sponsor: 

Date Perfot:med: 8/14/86 to 2/25/87 

Oualitx Assurance: A signed statement of compliance with GLP is 
included. 

Background: Freshly obtain~d rodent, metabolically active 
hepatocytes are capable of limited biotransformation activity. 
Chemically induced damage to nucleic acid of the mammalian cells 
results in an effort by the enzyme systems to repair the 
defect(s), resulting in unscheduled DNA synthesis. 

Prpcedure: Freshly prepared hepatocyte primary cell cultures from 
adult B6C3F1 males were used, according to the method of Williams 
et al, Cancer Letters ti: 119-306, 1982. Eight concentrations 
between 1 mg/ml and 5 X 10-4 mg/ml (listed in the table which 
follows) were tested in triplicate against 5Xl0 5 hepatic cells. 
DNA repair was determined by 3H-thymidine uptake, to determine 
the net increase in nuclear grains induced by the test compound. 
Benzo(a)pyrene served as positive control and DMSO and pyrene 
served as negative controls. A test compound was considered 
positive when the mean net nuclear grain count exceeded that of 
the DMSO control by more than 2 standard devidtions. 

Results: Cytotoxicity was observed at concentrations of 1 and 
sxio-1 mg/ml. No net increase in nuclear grain count was observed 
at concentrations between sx10- 4 and 10- 1 mg/ml or with pyrene and 
DMSO (negative controls); the positive control, benzo(a)pyrene, 
was highly genotoxic, indicating that the hepatocytes were 
capable of metabolic transformation and DNA repair. 

Under the conditions of this test system, Nisnldipine was 
considered to be not genotoxic at concentrations up to 10- 1M 
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5. Micronuclt,us Test in Mice 

Study No.: T 1010 875 

Performing Laborato:£Y: 

Date Performed: 11/6/81 to 12/1/81 

Quality Assurance: A signed statement of compliance with GLP is 
!!Qt included. 

Backuround: The micronucleus test permits ~he recognition of a 
mutagenic action on a somatic tissue, the f~moral bone marrow, of 
an intact animal. Erythrocytes are normally anuclear. The 
increased occurrence of micronuclei (chromosome fragments) in 
polychromatic erythrocytes, compared to negative controls, 
indicates that the test substance brings about chromosome breaks, 
or has effects on the spindles in the erythroblasts. 

Procedure: Bor: NMRI (SPF Han) mice, 8 to 12 weeks of age, 
weighing 23 to 32 g, 5 of each sex p~' group, received 0, 100 and 
200 mg Bay k 5552/kg/day, p.o., on twu consecutive days; positive 
controls received cyclophosphamide (EndoxanR) orally. All animals 
were sacrificed 6 hours after the second dose and femoral bone 
marrow samples were removed for the purpose of determining the 
frequency of micronuclei observed, by examination of 1000 
polychromatic erythrocytes per animal. 

Results: Since there was no difference between males and females, 
the results obtained for both sexes were pooled. No deaths or 
rlinical signs w2re observed. The significant decrease in 
norrnochromatic erythrocytes in the 100 mg/kg group was considered 
"not biologically significant" (see table on page which follows). 
It is therefore claimed that produced no inhibition of 
erythropoiesis. 

'I'here was no increase in polychromatic erythrocytes with 
micronuclei. •rhe positive control caused a high level of 
response. 

It was concluded that there was no indication of a mutagenic 
effect by this test. 

--- ---· --·-
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6. Dominant-Lethal ~rest in Mice 

.§.tudy No. : T 50 10 239 

Performing Laborato_!Y: 

Date Performed: 5/11/81 to 11/10/81 

Quality Assurance: A signed statement of compliance with GLP is 
not included. 

Background: This test permits detection of mutations in germ 
cells, particularly stage-specific effects, during meiotic 
maturation of spenn cells, and is usually performed in mice or 
rats. A mutagenic test substance causes severe chromosomal damage 
or lethal germ cell mutations, resulting in embryo or fetal 
mortality. This is determined by increased occur~ence of pre- or 
post-implantaLion loss in females (untreated) that were mated to 
test substance treated males. 

Procedure: Bor: NMRI (SPF' Han) mice, 8 to 12 weeks of age, body 
weights at initiation of study of 30-44 g for males and 25-30 g 
for females, were used. Males in the treated group (SO/group) 
received 200 mg/kg _ /kg in aqueous hydroxyethylmethyl-
cellulose, single oral dose (Batch No. 576923); control males 
received vehicle. Starting on the day of drug administation, a 
new, untreated female was placed in the cage of each treated or 
control male at the start of each of 12 mating periods, lasting 4 
days each (48 days total). About 14 days after the middle of the 
relevant mating period, the uterus of each female was examined 
for live and dead embryos, resorption sites and corpora lut.ea. 

Q'iteria for Dose Selection: Claimed to he based on a preliminary 
study with female mice, 5/group, which received 200, 500 or 1000 
mg/k~J, p.o., and in ·1111hich "200 mg/kg was tolerat.ed with only 
slight symptoms". 

Results: There were no effects of treatment. on irrpregnation rate, 
fertility, pre- or post-implantation loss. Becduse there was no 
indication of early death or E>.mbryos at any sta9c of mating due 
to compound treatment, there was no indication of a dominant 
lethal effect (see table8 on next 2 pages) . 

In conclusion, 
this test system. 

WiiS considered to bf· net mutngenic in 
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7. In Vitro Chinese Hamster Ovary Cell (~HQ) Te§t fQr __ 
Clastogenic Potency 

Study No,: 2528 MIC 

P~rforrninq Laporatory: 

s.12onsor: 

Date Perform~d: Not indicated. The report is dated 1/19/88 

Quality Assurance: A signed statement of compliance with GLP ~~ 
included. 

Procedure: "CHO described by Puck" (Genetics 55:513-518, 1967), 
were used. After preliminary cytotoxicity tests, concentrations 
of Bay K 5552 tested without metabolic activation were 10, 20 and 
30 uM, and with metabolic activation (provided by S-9 fraction of 
livers from Aroclor induced rats) they were 500, 600 and 800 uM. 
The highest dose levels were selected to give about a 50% 
inhibition of mitotic index, but allowed sufficient numbers of 
cells at the metaphase stage for analysis of chromosome and 
chromotid aberrations (breaks, gaps and exchanges); generally, a 
requirement for dose selection with this test. Positive control 
compounds were methyl-methane-sulfonate (MMS) without s-9 and 
cyclophosphamide (CP) with S~9. An 18 hour incubation period, 
which corresponds to one cell cycle, was selected for the main 
study. Aberrations were analyzed in 100 cells arrested at the 
metaphase stage of cell division for each concentration level. 
The assays with and without S-9 were performed twice. 

Results: There were no increases in chromosome or chromatid 
aberrations at any concentration (see tables which follow) . The 
positive controls (MMS or CP exposed cells) showed statistically 
significant, large increases in rates of aberration. 

In conclusion, 
this test system. 

was considered to be not clastogenic in 
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ASSAYS VITIIOUT S-9 MIX 

Mean of both assays 

A. Numb -?r of abef!,:lt1ans per 100 1n1lysed metaphases 

I I 
Dose 'Chr01111tid Chromo- Mu1~iple 

Chemi ca 1 (pM) Gap BreaK Exchanges some aberra .. 
. I 

Exchf.ngesl tions 

I 
- I - a.sl 2.c I i.o I 

I OMSO I .. I s.s c.: I 1 · 1.0 I 
I 10 4.5, 2.0 I I o.s 
I I 

I zo I 2.sl 5.5 I i .o I 2.s 
t 

' I ... - " JC I = ... , 2. c ' 

MMS sc~ ps.s129.: I 36.o 7.0 zs.: 
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I I Pe~centage c7 I 
ceils containinc 

Dose Chromatid Chromo- ~u1tiple, aberrations • I 
Chemi ca 1 CyM) 

- -
Otl.SO -

10 

20 

30 

MMS 605 

Break 
Chromatid exchanges 
Chromosome exchanges 
Multiple aberrations 

St!tistical test used 

Gap Brear. Exchanges some abe~ra- !------------·------, Exchanges tions 

1

:ncluding Exclucing 

7.0 2.0 

s.s 0.5 I I 
4.5 2.0 

2.s 4.0 i .o 
4.S 1.5 

13.0 16.0 I 26.5 

chrornatid and chromosome 
inter an~ intrachange 
inter and intrachange 
comple~ rearrangement 

x2 ....... p !:: 0.001 

gaps gaps 

l.O I 9.5 J.C 

l .O I 6.5 l. 5 

o.s I 7.0 2.5 

1.5 I 7.0 s.c 
6.0 1.5 

6.5 
I 

28.5 I 73.0 65. c:~*• 
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ASSAYS Willi S-9 MIX 

Mean of bath assays 

A. Nuai>er of aberrations eer 100 1nal1s~d metaohas~ 

I I iota 1 numoe'."' 
Dose Chromatid Chrome- Mu1t~p1ei of abe!'"·Tt; ors • Chemical ( ~M) Gap Break Exchaogesl some aberre- 1-------~-------w---. Exchanges tiO!'IS l:nc1udingl~xc1uoing 

I ' 
1 gaos 1 gaos 
I I 

I - I I s.01 i.a I 1.0 I 1.5 I 2.0 I ' 1 c: I ~ . .. . .. ..... - ....... 
! I 

I OMSO I I 6.of LO I 1.0 l l-5 I I 9.5 I ~ : .. 
I I ... ... 

l 500 I 
3

·
5

1 
2.0 I 

' 
o.s 

1 I 5.0 I 2.: 
I 

I • I soo I z.01 o.t I I i.o I I ~ : I 1. 5 I I 
........ 

aoo I 3. s 1 2 • s I i. s i. o o. : a. : : . r: I 
---c~-A--------1-30---p-1-.o-1~2-9-.:--1 __ 2_4-.S------6-.-s------3-.~-----;:-.-=-----s--c.51 

8. Percentage of cells containing aberrations 

I 
I Dose 
I Criemica1 ( pMl ' 
I 

- .. 
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500 

600 

800 

CPA 130 

Break 
Chromatic exchanges 
Chromosome exchanges 
Multiple aberrations 

Statistical test used 

' Chromatid Chroma-
Gap BreaK Exchanges some 

Exchanges 

s.o l.O 1.0 

6.0 o.s I 1.0 I 
3.5 2.0 

1 .. 5 o.s 
3.5 2.0 1.0 

15.0 25.5 I 20.0 

cnromatid and chromosome 
inter and intrachange 
inter and intrachange 
complex rea~rangement 

x2 ....... P ~ 0.001 

1-5 

1-5 

o.s 
1.0 

1.0 

s.s 

Per::entage of 
:ells ccntainin~ 

Mu1tip1e aberrations 
aberra- -----------------·-tions Including t:xciuding 

gaps yaps 

2.0 I 13.C 5.0 

a.o 2.s 

I 6.0 2.5 

3.0 1.5 

0.5 7.5 4.0 

3.0 I SJ.5 44 .c'* ..... I 
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B. Tes~_for Inhibitign 9f L~yer Cell Cultur§ 
Jntercellular Commun1cat1on 

Study No.: T2 023 386 (sponsor's number) 

performing Laboratory: 

Sponsor: 

Date Performed: 5/18/P7 to 5/27/88 

Q.yAlity Assurance: A signed statement of compliance with GLP i.§. 
included. 

Background Information: In this assay, the trdnsfer.of the toxic 
m~tabolite, 6-thioguanine (TG), from metabolically competant 
freshly isolated rat hepatocyte3 (HGPRT•) to a mutant rat liver 
cell culture, ARL14-TGR, which is purine analog resistant 
(HGPRT-), is roeasured. When exposed to TG, the presence of the 
prima1:y hepatocytes results in -a reduction of TGR colonies. The 
TG kills primary hepatocytae and ARL-·raa cells to which the 
metabolite is transferred. If a test chemical inhibits membrane 
contact or intercellular communication (also referred to as 
metabolic cooperation), the reduction of TGR colonies in the 
flasks containi:-.~ primary hepatocytes will be diminished, leading 
to an incr'!ased survival and formation of colonies. It is 
claimed that "many but not all tumor promotors inhibit metabolic 
cooperation". 

Procedure: Nisoldipine was tested at concentrations which ranged 
between sx1o·!'i mg/ml and sx10· 4 mg/ml, to determine if it 
inhibited metabolic cooperation between rat primary hepatocytes 
(wild type cells) and ARL14-TGR cells. It is claimed that 
toxicity had been previously observed at sx10- 1 mg/ml, but the 
data were not shown. Positive control used was DDT. 

Results: A concentration dependent inhibition of metabolic 
cooperation was not ob::;erved with nisoldipine. DDT caused an 
inhibition of metabolic coopLration. (See table which follows). 

It was concluded ~hat did not inhibit metabolic 
cooperation in this test system. 
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Chemical concant::-ation 

None 

OMSO 0.1, 

OCT sxio-5M 

Nisoldipine sxio-4 m;/ml 

io-4 m;/ml 

sxio-5 mq/ml 

Number of Colonie•• 
No 

Hepatoc:ytaa 

233 % 38 

(:26,276,!8!,245) 

221 :t 22 

(:S2,222,206,20S) 

1.57 :: 10 

(!45,163,153,167) 

187 ± 54 

(:35,230,160,124) 

181 :t ' 
(177,171,192,183) 

202 :t 17 

(227,197,198,187) 

6 l.25Xl0 

Hepatocytes 

97 :t 19 

(98,122,93,':'~} 

118 : 11 

(103,117,123,:29) 

151 = 14 

(l32,lS6,l9l,l64) 

118 :!: 7 

(lll,118,125) 

111 :t 9 

(114,112,129) 

89 t 21 

(114,69,112,60) 

a Mean t atandard deviation ot thr•• to tour flaaka. 

05 02 3237 
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LABBLING 

Under PRECAUTIONS, the first sentence ot the subsection "Carcino­
genesis, Mutagenesis and Impairment of Fertility" presently 
reads: 

Nisoldipine was administered orally to mice and rats for 21 and 
24 months respectively, and was not shown to be carcinogenic. 

We recommend the following revision 

Dietary administration of nisoldip:i.ne at doses up to 111 mg/kg/ 
day for 24 months to rats or at doses up to 217 mg/kg/day for 21 
months to mice ( 125 t.o 250 times the maximum recommended human 
dose of 40 mg/kg, based on a mg/kg comparison assuming a patient 
weight of 60 kg) revealed no evidence of a t11morigenic effect. 

Under the same subsection "Carcinogenesis, Mutagenesis and 
Impairment of Fertility", the statement, 11 nisoldipine did 
not. interfere with fertility at a dose more than 30 times the 
maximum recorrunended human dose" is meaningless. This should be 
changed to indicate the dosage in terms of mg/kg, then converted 
to dosage based on surface area, i.e. in terms of mg/m2 , which 
may then be compared to human dosage. 

Based on the outcome of all the in vitro and in v.ivo tests, the 
statement in labeling, "The results of in vitro and in vivo 
mutagenic studies were negative" is reasonable. 

Under Pregnancy Category c, we agree with the Category c 
classification, even though animal studies are only suggestive of 
potent::..al fetal risk. The labeling should be modified to indicate 
that the fetal toxicity observed in the studies with animals are 
suggestive, not c~onclusive. It should specify that the monkey 
study was confounded by 1) the use of feral monkeys which are 
particularly susceptible to the stress of handling, and 2) the 
high rate of abortion and mortality, i 1. bnl h treated and control 
groups, resulting in only one surv1v.11u teLus in the 100 mg/kg 
group (which presented with anoma 1 t • :~) and only 3 ~urvi ving 
control fetuses. 'It should be et ·t i that although it cannot be 
con:.:luded that nisoldipine was tt Jgenic in the monkey study, 
such a possibility cannot be :ruled ( iut becaus('.:> th~ teratogenic 
effects observed (multiple left forelimb, fingfff and tail 
abnormalities observed externally, and related forelimb and 
vertebral abnormdlities observed with skeletal examination) had 
not been previously observed in untreated aniwals of this 
species. 

'I'he J;.'ropnsed labeling does not specify the form of maternal 
toxicity that was observed in either the ral or rabbit. The 
phrase which states that nisoldipine caused a nl:ightly increased 
malformation rate in rabbits should be omitted from the labeling. 
Of the two rabbit studies, slightly increased malformation rate 
was attributed to the stress of diarrhea, which occurred in one 
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of these two studies. There was no increase in any specific form 
of malformation. 

The statement on fetotoxicity in rats and rabbits should be 
revised to read as follows: 

Fetotoxicity in rats and rabbits was usually observed only at 
doses which caused a decrease in body weight gain of darns 
compared to control. In rats, an increase in post-implantation 
loss was observed at 100 mg/kg, and a decrease .in fetal weight 
was observed at 30 and 100 mg/kg. In rabbits, decreases in fetal 
and placental weights were obsez·ved at JO mg/kg. 

For the rat and rabbit Segment II studies, the doAages cited as 
11 30 (or 100) times the nraximum human dose", should be expressed 
in terms of both mg/kg and ml") 'TO',. 

Under a new section, Labor and Delivery, the labeling should 
state that the drug caused a slight prolongation of pregnancy in 
rats. The prolongation of pregnancy is presently noted under the 
Pregnancy Category section but should be moved here. 

Under Nursirlg Mothers, it should be pointed out that "nisoldipine 
was found in the milk of lactating rats at concentrations which 
were lower than levels found in the plasma". 
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OVBRALL SUMMARY AND BVALUA'l'ION 

Nisoldipine coat core (Nis CC) tablet, proposed for the treat­
ment of hypertension (alone or in combination with other anti­
hypertensi ve agents) and chronic stable angina on a once-a-day 
dosage regimen, is an extended release formulation of the 
dihydropyridine calcium channel blocker nisoldipine. Nis cc 
tablet has an external coat of slow release formulation and an 
internal core of fast release formulation of nisoldipine. 

calcium channel blockers have recently emerged as a promisin·J new 
class of antihypertensive agents. By blocking the channels which 
mediate calcium entry into smooth muscle cells, these agents 
decrease intracellular calcium levels, thereby inhibiting 
vascular smooth muscle contractions, resulting in a decrease in 
peripheral vascular resistance and reduction in blood pressure. 
Because calcium channel blockers inhibit coronary 
vasoconstriction and reduce vascular resistance and increase 
coronary blood flow, thereby protecting the heart against 
ischernia and reperfusion damage, they are also effective in the 
treatment of angina pectoris. 

Nisoldipine was developed with the aim of improving the pharma­
cologic properties of nifedipine. Despite its chemical similarity 
to nifedipine, nisoldipine is a more potent dilator of coronary 
as well as peripheral blood vessels. Nisoldipine is 3 to 10 times 
more potent than nifedipine in increasing coronary blood flow and 
coronary venous oxygen saturation in dogs. In isolated vascular 
preparations, nisoldipine inhibits calcium- and potassium­
induced contractions at concentrations 4-10 times lower than that 
of nifedipine. A negative inotropic etfect, an adverse effect 
usually observed with other calcium channel blockers, has not 
been shown with nisoldipine in its therapeutic dose range. 

An oral dose of 10-40 mg once daily is proposed for the treatment 
of hypertension and a dose of 10-30 mg once daily is proposed for 
the t1eatment of angina pectoris. 

This new drug application is supported by fairly extensive 
preclinical studies. 

Nisoldipine was shown to produce dose-dependent reductions in 
blood pressure and total peripheral resistance in rats, dogs, 
cats and pigs. In SH rats, single oral doses of 0.315, 1.0 and 
3.15 mg nisoldipine/kg produced 3, 12 and 18% reductions in blood 
pressure, respectively. Th~ maximum effect wa~; seen at 1 hr after 
drug administration and the blood pressure returned to the 
pretn~~aLment. level at 6 hr postdose. The antihypertensive effect 
of nisoldipine was much more pronounced in renal hypertensive 
rats than in SH rats; a dose of 3.15 mg/kg po produced a 39% 
reduction in blood pressure in renal hypertensive rats compared 
to an 18% reduction in SH rats. Long term treatment with 
nisoldipine (50-100 mg/kg/day in the diet for 60 weeks) 
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prevented the development of hypertension in SH rats (mean 
systolic blood pressure of 141 mm Hg in the drug treated group vs 
214 mm Hg in the control group at the termination of the stuoy) 
and other rat models. Chronic treatment with the test compound 
also significantly reduced· the atrial natriuretic peptide and 
aldo~terone concentrations in plasma and attenuated cardidc 
hypertrophy in SH rats. 

The (+) enantiomer was found to be only slightly more potent than 
the racemic compound in its antihypertensive activity in SH rats, 
but it w,'is about 20 times more potent than the (-) enantiomer. 

In terms of antihypertensive effect, l isoldipine was about 
equipotent to nifedipine, nicardipine a4~rl hydralazine (ED20 = 4 
mg/kg po) in SH rats; however, it was les~ potent than the other 
drugs in other hypertensive rat models. 

Single oral doses of nisoldipine (0.03-1.0 mg/~g) produced dose­
dependent decreasP.s in mean arterial ~load pressure in conscious 
renal hypertensive dogs. At 0.3 mg/kg, a 24% reduction in blood 
pressure was produci::?d within 2 hr after drug administration and 
the hypotensive action lasted for about 12 hours. A tachycardia, 
lasting tor about 3 hr, also occurred at the above dose level. 
Nifedipine produced about the same degree of hypotension (lasting 
about 6 hr) as that produced by an oral dose of 0.3 mg 
nisoldipine/kg at about a 10 fold higher dose level (ED20 - 0.14 
mg/kg for nisoldipine vs 1,, 68 mg/kg for nifedipine). The 
antihypertensive activity of orally administered nisoldipine in 
renal hypertensive dogs significantly correlated with plasma 
concentrations of the drug. 

Low doses of nisoldipine increased coronary blood flow and 
protected the heart against ischemia and reperfusion damage in 
various experimental models. In isolated rat hearts subjected to 
ischemia and reperfusion, nisoldipine (3 nM) doubled coronary 
blood flow. At 1 nM, nisoldipine increased coronary blood flow 
31% and improved the recovery of contractile function and tissue 
AT~ levels. Radioactive microsphere studies in conscious rats 
showed that oral administration of nisoldipine (0.3 mg/kg) 
produced a marked increase in coronary blood flow as well as a 
decrease in coronary vascular resistance. In ctnesthetized dogs, 
nisoldipine (5 µg/kg iv) increased coronary sinus blood flow by 
111% and coronary sinus oxygen content by 50%. In dogs with acute 
myocardial infarction, nisoldipine (5 µg/kg iv 15 min, 2 and 4 hr 
after corondry artery occlusion) reduced myocdrdial infarct size 
by 31%. In pigs with gradual coronary occlusion, the test drug 
(30 µg/kg po, 8very 6 hr for 1 month) significuntly reduced 
infarcL size and increased endocardial and transmural blood flow 
by enhancing endocardial collateral circulation. 

Nisoldipine did not depress cardiac function at doses needed to 
increase coronary blood flow or lower blood pressure in 
hypertensive animals. The drug reduced or abolished ventricular 
fibrillation and reperfusion arrhythmias, improved cardiac 
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output, reduced morta,ity, and improved ventricular function in 
several animal models. The beneficial effects are attributed to 
increases in perfu~ion of the ischemic zone, and a reduction in 
af~er~oad through a decrease in peripheral resistance. 

In vitro studies have shown nisoldipine to be twice as potent as 
nifedipine in inhibiting contractions of isolated pig coronary 
artery; however, it was only 1/3 as potent as nifedipine in 
inhibiting femoral artery contractions, indicating its 
selectivity for coronary vasculature. 

Nisoldipine produced diuretic and natriuretjc effects in rats, 
the effects heing mor' ,renounced in hypertensive than in 
normotensive rats. Th, .atriuretic effect was a~tributed to the 
suppression of distal tubular sodium reabsorption. 

Nisoldipine binds with very high affinity (Kd~<O.l nM) to L-type 
calcium channels of various cell types. Compared to nifedipine, 
nisoldipine is found to have 2 to 30 times higher binding 
affinity depending on the cell type and experimental conditions. 
Several ntudies have shown that there is good agreement among 
binding affinity and the IC50 values both for inhibiting 4 ~Ca 
influx and aortic contraction. Moreover, the degree of 
nisoldipine inhibition of calcium channel current was found to 
increase with membrane depolarization. 

Isolated membrane studies showed that the (+) L;:omer had a 
binding affinity 100 times higher than that of the (-) isomer. 

General pharmacological studies in rodents showed analgesic and 
anticonvulsant effects, prolongation of anesthesia, attenuation 
of aggressive behavior, elevation of blood glucose and reduction 
of intestinal motility at dose levels 15 to 150 times the maximum 
recommended human dose on a body weight basis. (It is noted that 
the above effects were seen at dose levels 33 to 333 times the 
dose that produced the desired pharmacological effects in rats.) 

Bay R 9425, an active metabolite with a dihydropyridine 
structure, exhibited pharmacological effects similar to the 
parent compound but was 1/3 to 1/10 less potent. The other 
metabolites had no significant effects. 

Combined administration with propranolol prolonged the anti-· 
hypertensive action of nisoldipine ~nd reduced the reflex 
tachycardia in dogs. 

Based on the ratio of per~ent of administered radioactivity 
excreted in urine for the i.v./oral doses, nisoldipine has been 
shown to be virtually complete~y absorbed in rats, dogs and 
humans, following oral doses of 5 mg/kg in the animals or 10 to 
40 mg Nisoldipine CC tablets, in man. Despite the high rates of 
oral absorption, bio-availabilities (F) of parent compound were 
low, averaging 11.7% or less in the 3 species, which was 
attributed to an extensive first pass effect (shown in the dog to 
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be due to metabolism in both the gut and liver). In man, the F 
value for immediate release compound was 8.4%, but for the core­
coated tablet, ic was 5.5%. When administered by the oral route, 
CEQ ... >c,non.' s (C 111u normalized to 1 mg/kg dose, based on 
radioactivity equivalence) for parent compound were similar in 
rat, dog, monkey and man, whereas CEQ111u.nor•'s for total 
radioactivity (which includes parent compound plus all 
metabolites) were 4.7 to 1·.s-times higher in man than in the 3 
animal species. AUCnom's for parent compound were also similar 
in all 4 species whereas AUCnom's for total radioactivity (parent 
compound plus metabolites) were 6 to 10 times hiaher in man than 
in the three animal species. The plasma half-li s for parent 
compound foJ lowing oral administration were only J.7, 2.3, 3.8 
and 4.0 hours, respectively, for the 4 species, whereas the 
plasma half lives for tctal radioactivity (parent compound plus 
metabolites) were 14.9, 54.4, 41.8 and 80.3 hours for the rat, 
dog, monkey, and man, respectively. 

At steady state in humans, dose proportionality was seen for both 
immediate release and coat core tablets, based either on AUC or 
Cmu• Correspondingly, decreases in systolic and diastolic blood 
pressures showed a general dose related decline from baseline. 

Tissue distribution of total radioactivity following a single 
oral dose of 5 mg/kg in rats, determined between 0.5 and 72 hours 
post-dosing, reached maxi~um values at 1 hour, with liver, fat, 
kidney and adrenal glands generally containing the highest 
levels, brain and skeletal muscle the lowest. There was no 
indication of a change in organ pattern distribution with time. 
In dogs, tissue distribution (measured only 72 hours} after oral 
dosing was similar to that observed in rats. Placental transfer 
in pregnant rats, and secretion into milk of lactating rats, were 
observed. Whole-·body autoradiography in rats indicated rapid 
tissue distribution and penetration of the blood-brain barrier 
within 5 minutes after i.v. dosing. 

Protein binding, determined by equilibrium dialysis, was greater 
than 97.5% in rats and dogs and around 99.4% in humans. 
Nisoldipine was rapidly and extensively metabolized in the rat, 
dog, monkey and man; only a small percentage of unchanged 
labelled test substance could be found in the circulation within 
30 or 60 minutes after an oral dose. Partial enterohepatic 
recirculation of metabolites was detected in rctts. Hepatic 
enzyme levels of cytochrome P450 , aminopyrine N--demethylase and 
aniline hydroxylase were decreased following oral administration 
for 2 weeks, but these decreases were found to be reversible 
within one week following treatment termination. 

At least 18 biotransformatio~ products have b0on identified in 
urine and serum of rat, dog, monkey or man, 6 of which account 
for 80% of radioactivity in urine of all 4 species. After oral 
administration, there were. no important dif ferQnces in plasma or 
urinary metabolic profile between the 4 specie:>. The 
investigators describe the biotransformation :;Leps in all 4 
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species as follows: 

-hydroxylation of the isobutyl ester 
-dehydrogenation to the pyridine derivative 
-cleavage of the ester to forrn the carboxylic acid 
-reduction of the nitro group to the amino group 
-glucuronidation (phase II enzymatic reaction) 

In acute toxicity studies, oral LD50 values of nisoldipine were 
greater than 10,000 mg/kg for mice and rats and greater than 5000 
mg/kg for rabbits and dogs. Acute iv LD50 values for the above 
four species ranged from 1.9 to 2.5 mg/kg. Propranolol 
pretreatment had no effect on the iv LD50 in the rat. 

In the rat three month oral (gavage) toxicity study (0, 10, 30 
and 100 mg nisoldipine/kg/day), elevation of plasma urea levels 
was seen in the high dose female group. Although absolute and/or 
relative weights of heart and liver (mid and high dose rats of 
both sexes) and thymus (mid and high dose males) were 
significantly higher than control, no significant 
histopathological findings were observed. The ttno effect level" 
for liver and heart weight effects in the above study war.;; found 
to be 10 mg/kg/day. 

In reply to a request for justification of dose selection for the 
three dog studies, we were informed by the sponsor that doses 
were selected for the initial 4 week study on the basis of 
previous experience with t.he pharmacologically similar. 
dihydropyridines, nifedipine and nitrendipine. The rationale for 
selection of the highest dose in the 52-·week study was the 
avoidance of papillary muscle scars that were observed with the 
highest doses employed in the 4 and 13 week experiments. Such 
lesions were considered life threateniPg by the sponsor. 
Myocardial scars in one or both left ventricular papillary 
muscles, observed at 10 mg/kg in the 4 week study, and 6.25 mg/kg 
in the 13-week study, are generally attributed to hypoxic damage 
as~Gciated with vasodilator induced heart rate increase, a known 
damage mechanism in dogs. In the 4-week study, the associated ST 
drops and tachycardia were most pronounced in the dog with the 
1~ost severe lesions. The pharmacologic effects {decreases in 
blood pre~sure and increases in heart rate) WPre usually 
reversible within 24 hours after treatment. No other treatment 
related effects were noted in the 4 and 13 week studies. The 
doses selected for the 52-week study were 0.3, 1.0 and 3 
mg/kg,which caused dose-related decreases in blood pressure and 
increases in heart rate. Also noted were slight ST segment 
depressions, T-wave inversions and QT segment depressions, but no 
gross or h.istologically observable heart muscle damage o:r other 
indications of toxicity. In humans, nisoldipine is known to cause 
ST segment depression along with a decrease in peripheral 
vascular resistance, and side effects include palpitation and 
tachycardia. 



Page 151 - NDA 20-356 

The two year oral (dietary) carcinogen bioassay iu the rat at 
doses of 0, ~O, 300 and 1800 ppm nisoldipine (2.15, 13.13 and 
82.40 mg/kg/day, respectively, in males and 2.78, 18.04 and 
110.68 mg/kg/day, respectively, in females) did not show any 
evidence of a treatment-related increased incidence of tumors 
accordinq. to sponsor's analysis. However, a statistically 
significant (at 0.05 level) linear trend wns reported by FDA 
statisticians for brain granular cell tumor (p=0.0411) in male 
rats; occurrence of the above tumor was limited to 3 (of 50) high 
dose males. Pairwise comparison showed no significant difference 
between high dose and control groups (p=0.1594). According to the 
sponsor, the incidence rate for the brain granular cell tumor is 
within the spontaneous range for male rats. It is noted that the 
above tumor incldence was observed at a dose level which is about 
125 ti.mes the maximum recommend1~d human dose of 40 mg/day, based 
on a mg/kg comparison assuming a patient weight of 60 kg. 
Hypertrophy of the zona glomerulosa cells of the adrenal cortex 
(high dose males and females) and increased incidence of 
progressive nephropathy (high dose females) were the major 
nonneoplastic findings of the above study. Although mean body 
weights for the high dose group (both sexes), for the duration of 
the study, were significantly lower than control values except on 
few occasions, the body weight decrement in high dose males was 
less than 10% throughout the study. In high dose females, 
beginning week 45 of treatment, the weight decrement was 10% or 
more, compared to control, till the end of the study. (The 
terminal weight decrements for high dose males and females were 
5.6% and 22%, respectively.) There were no statistically 
significant differences in the survival of drug treated and 
control rats (male or female) in the above study. 

In the mouse, dietary administration of nisoldipine at 0, 100, 
300 and 900 ppm (19.37, 58.06 and 162.93 mg/kg/day, respectively, 
in males and 24.99, 74.36 and 217.28 mg/kg/day, respectively, in 
females) for 21 months showed no evidence of a drug related 
carcinogenic effect except for significant posi:ive linear trends 
(at 0.05 level) for hepatocellular carcinoma anj hepatocellular 
tumors (all> in male mice (sponsor's analysis). Analysis of the 
tumor data by FDA statisticians failed to confirm these trends. 
However, FDA analysis showed a significant positive linear trend 
(p=0.0072) for stomach papilloma in male mice [occurrence limited 
•.o 2 (of 50) high dose males) . Pairwise comparison showed the 
difference between high dose and control groups to also be 
significant (p=0.0435). The incidence rate for the stomach 
papilloma is reported to be within the historical control range 
for this tumor in NMRI mice. It is noted that the above tumor 
incidence occurred at dose level that is about 250 times the 
mdximum recommended human dose on a body weight basis. Relevant 
non-neoplastic findings observed in this study included increased 
incidences of gastric mucosal hyperplasia (treated males and 
females - all groups) and pituitary hyperplasia (treated 
females - all groups) . Chronic drug treatment had no significant 
effect on body weight in this study. The mortality rate of high 
do&e males was significantly higher (p<0.001) than control (80% 
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in the high dose male group vs 28% in control) . Though the 
mortality rate in high dose fema~es (64% vs 56% in control) was 
also higher than control, the difference was ~ot statistically 
significant. 

Since the incidences of brain granular cell tumor in male rats 
and stomach papilloma in male mice are within the historical 
control range, and because nisoldipine has been shown not to be 
genotoxic, the drug~tumor association is considered to be not 
biologically relevant. 

Only two of the 7 reproductive toxicology studies submitted were 
performed in accordance with GLPs; the Sprague-Dawley rat and the 
cynomolgus monkey teratology studies. All of the studies appear 
to be scientifically valid, b~t in the non-GLP studies, even with 
the amended tables, it was frequently not possible to determine 
the times of .death. 

In spite of the fact that the test substance had very low acute 
toxicity (LD 50> 10 g/kg) in Wistar rats, and could be 
administered chronically to Wistar rats in the carcinogenicity 
study at a dose as high as 220 mg/kg, doses given in the modified 
Segment I and III studies were only 3, 10 and 30 mg/kg. The only 
justification given for selection of these low doses was the 
undocumented statement, "The doses were chosen on the basis of 
toxicological results of other studies". Both studies included 
c-section of a proportion of the dams on day 20 of gestation. 

In the Segment I study, nisoldipine produced no observable 
effects in the males (treatment started 70 days prior to mating) 
or females (treatment started 21 days prior to mating) in terms 
of clinical signs, body weight gain, mating, fertility and 
pregnancy rate. There were small but significant and dose related 
increases in mean fetal weight at 10 and 30 mg/kg but weights 
were said to have remained within normal limits for this strain. 
There were no differences from control in fetuses with external, 
soft tissue or skeletal malformations. In dams allowed to give 
birth, pregnancy durdtion was slightly, but significantly 
increased at all 3 dose levels. 

In the Segment III study, nisoldipine administration was 
associated with a slight but statistically significant decrease 
in body weights (compared to control) of the high dose (30 mg/kg) 
dams of both the c-sectioned and rearing groups, after only the 
4th day of treatment (day 20 of gestation) . The only indication 
of toxicity to the offspring of the C-sectionPd dams was a 
statistically significant.decrease in mean fetal weight at the 
high dose. In the dams allowed to give birth, there was an 
increase in number of stillborn pups, and an apparent dose 
related increase in mortality of the newborn pups during the 
first week postpartum in the mid and high dose groups, but no 
statistical analysis was performed. The birth weight and the 
body weight gain of pups during lactation was reduced in the 30 
mg/kg group compared to control. 
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In the supplemental Segmeut ItI study, where only the 30 mg/kg 
dose was t~sted, reduced maternal body weight gain was evident by 
day 20 of gestation (after only 4 days of treatment), with 
weights remaining below control weights through the first week of 
lactation. Gestation length was significantly prolonged, a 
finding that was interpreted by the sponsor as a 
"pharmacologically-induced tocolytic effect" (inhibition of 
uterine contractions), and there was a large increase in number 
of pup deaths at birth and during the first 2 weeks of lactation. 
Also, a decrease in pup weight was noted at birth and during the 
first week of lactation. These findings of maternal and fetal 
toxicity at 30 mg/kg confirm the observations noted for the 30 
mg/kg group of the main Segment III study. Prolongation of 
gestation, which was seen in the supplemental Segment III study, 
had not been observed in the primary Segment III study but was 
observed in the Segment I study as well as in a Segment II study 
in another strain of rat (see table which follows and table on 
page 156) . 
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DOSAGE THRESHOLDS FOR FERTILITY-REPRODUCTION STUDY AND PERINATAL-POSTNATAL S'l'UDIBS IN RATS 

Report No. T0002152 Tl002153 T3008898 

Study Type Fertil-Reproduction Peri- post-natal Peri- post-natal 

Strain Wis tar Wis tar Wis tar 

Dose (mg/kg) 0, 3~ 10, 30 c, 3 ' 10, 30 0, 30 

Vehicle glycerol-water-PEG Glycerol-water-Lutrol Glycerol-water-
Lutrol 

Days Administered From 10 wks (males) GD 16 to PPD 21 GD 16 to PPD 14 
or 3 wks (females) I 

prior to mating to 
GD 7 

C-Section Day (GD) 20 20 Not done 
I 

No. Fem/gp. C-Sectioned 23-27 25 N/A 

No. Fem/gp. Littered 22-27 20-23 25 

Maternal toxicity 
1 . Deer. weight gain >30 mg/kg >10 <30 mg/kg# <30 mg/kgi 
2. Deer. food intake >30 >30 >30 
3. Prolonged Gestation >]0 >30 !S,30 

Fetal (C-sect) toxicity 
1. Deer. survival >30 mg/kg >30 mg/kg NIA 
2. Deer. fetal weight >30 >30 N/A 
3. Deer. placental wt >30 >30 NIA 
4. Iner. malformation >30 >30 : N/A 

Neonatal Toxicity 
1. Iner. stillborn >30 mg/kg >3 ~.10 mg/kg .s,3 0 mg /kJ 
2. Deer. survival >30 >3 ~10 (1st week) <30 (1st wk} I 

3. Deer. birth weight >30 >10<30 .$.30 
4. Deer. wt gain >30 >10<30 <30 

I 

; LI.ffil.ted to GD lb-:.GO; ef ect was slight and barely signiticant in tne t1rst stuay, highly 
significant in the second. 
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Twv Segment II studies were performed with rats, the first one 
with Long-Evans rats which =eceived the drug in a polyethylene 
glycol-glycerol-water vehicle, and the second one with Sprague­
Dawley rats which received the drug in an aqueous-Tylose vehicle. 
In both tests, the dofles administered were 10, 30 and 100 mg/kq. 
In the second test with Sprague-Dawley rats (but not in ~he first 
one with Long-Evans rats), half the pregnant dams on test were 
allowed to litter and raise their young until 25 days postpartum; 
then selected mal2s and females in each litter were monitored to 
sexual maturity. In both studies, a dose related decrease in 
body weight gain was noted for dams at the 2 highest doses. In 
the Long-Evans rat, there was no effect of nisoldipine on fetal 
weight, but in the Sprague-Dawley study, a dose related decrease 
was noted (significant at the 2 highest doses) . There was an 
increase in postimplantation loss in the high dose group of the 
Sprague-Dawley study. There were indications of fetal immaturity 
in the 100 mg/kg group (more clearly noted with the Sprague­
Dawley rat), as indicated by increased incidence of :.ncomplete 
ossification of various bones and of stunted fetuses. Also in the 
Sprague-Dawley study (not shown in the following table), an 
increased number of fetuses with slightly increased (relative to 
normal control) dilatation of lateral ventricles and/or space 
between the body walls and organs occurred mainly in 2 litters of 
the 100 mg/kg group and was associated with low body weights of 
the fetuses in these two litters. Prolongation of gestation 
length was noted for the high dose group. Curiously, the birth 
weights of pups from the mid and high dose dams were slightly 
higher than control (the same observation ~as made for the 10 and 
30 mg/kg groups of the Segment I study, but the opposite 
observation, i.e. a decrease in puµ weight at birth, was made in 
the Segment III main and supplemental studies), and there was no 
increase in stillbirths and neonatal deaths, as had been observed 
in the Segment III studies. It is also pertinent to· point out 
that in contrast to the Segment III studies where treatment was 
continued through the time of expected delivery, in the Segment 
II study with Sp~ague-Dawley rats, treatment was limited to days 
7 to 17 of gestation. Thus, prolongation of pregnancy occurred a 
few days after treatment with nisoldipine had been discontinued. 
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OOSAGB 'l'HRBSHOLDS roR ADVDSB BPPBCTS IN RAT DBVBLOPNBNTAL 
S'l'UDIBS 

Report No. 7596 LSR 87 BAG0520/938 . 
Strain Long-Evans Sprague-·Dawley 

Dose (mg/kg) 0, 10, 30, 100 0, 10, 30, 100 

Vehicle Glycerol-water-PEG Aqueous tylose 

Days Administered (GD) 6-15 7-17 

Day of C-Section (GD) 20 20 

No. /Gp. c-sectioned 20-21 21 -
No. /Gp. Littered N/A 11 

Maternal Toxicity 
1. 'k.fortality >100 mg/kg >100 mg/kg 
2 L· .er. weight gain >10 ~30 >l ~30 
~ 

.Weer. food intake Not measured >10 .:s,30 
4. Prolonged gestat N/A >30 ~100 

Fetal Toxicity 
1. Iner. post-implant >100 mg/kg >30 $,.100 mg/kg 

loss 
2 • Deer. fetal wt >100 >10 ~30 
3 • Deer. placental wt >30 ~100 >100 

-
Neonatal & postnatal NIA >100 mg/kg 
toxicity (to time of 
breeding) 
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In both Segment II rabbit studies, there was a compound related 
decrease in body weight gain of the pregnant does. In the first 
study, where the doses administered were 3, 10 and 30 mg/kg and 
the vehicle used was glycerol-water-PEG, a decrease in mean 
number of live male fetuses per doe (P< 0.05) resulted in a 
decrease in ratio of live rnale:fernale fetuses in the 30 mg/kg 
group. There was also a small increase in incidence of fetuses 
with anomalies (e.g. forelimb abnonnalities and cleft palate) in 
the 30 mg/kg (high dose) group, but this was not associated with 
an increased incidence of any specific malformation. In the 
second study, where cnly the 30 mg/kg dose was tested and the 
vehicle used was aqueous tylose, mean fetal and placental weights 
were decreased and •underdeveloped forms• (defined as fetuses 
weighing~ 2.5 g), were increased vs control. '"he investigators 
attributed the increase in malformations in the first rabbit 
study to the increase in maternal stress. They suggested that 
the combination of the glycerol-water-PEG vehicle and the drug 
resulted in an increased incidence of diarrhea in the high dose 
dams, and that the diarrhea caused an increased incidence of does 
which aborted theic entire litters (4 ac high dose had diarrhea; 
2 of these aborted and 1 died). However, diarrhea and abortion, 
also observed in 1 low dose dam and 1 mid dose dam, were 
considered "normal" for this strain of rabbit. 

In both the rat and rabbit studies, increased inc)dence of 
malformations, increased fetal letl,alities and/or depressed fetal 
weights were observed only with maternaJly toxic doses. 
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DOSAGB 'l'HRBSHOLDS l'OR ADVBRS_ BITBC'l'S IN RABBIT DBVBLOPMBN'l'AL 
S'l'ODIBS 

Report No. 7595 7595 (Suppl) 

Strain Himalayan Himalayan 

Doses (mg/kg) 0, 3, 10, 30 0, 30 

Vehicle Glycerol-water-PEG Aqueous tylose 

Days Administered (GD) 6-18 6-18 

Day of C-section \GD) 29 29 

No./Group C-Sectioned 10-13 11 

Maternal Toxicity 
1. Deer. bcdy wt gain >10 .s,30 mg/kg <30 mg/kg 
2. Lethality >10 .:s,3 0. ';30 
3. Diarrhea >10 .s.3 0. >30 
4. Spontan. abortion >10 .:s,3 0. >30 -

Fetal Toxicity 
1. Deer. survival >10 <30 mg/kg# >30 mg/kg -2. Deer. fetal wt. >30 >10 <:30 
3. Deer. placental wt >30 >10 s3o 
4. Iner. malformation >10 ~30** >30 

* In the first st-udy with glycerol-water-polyethylene glycol 
vehicle, there were 4 high dose does with diarrhea, 2 of which 
aborted and 1 of which died. There was ~lso 1 at low dose with 
diarrhea which aborted and one at mid dose which aborted but did 
not have diarrhea; none of the controls aborted. In the second 
test with aqueous ty~ose vehicle, there were no deaths and none 
of the treated animals aborted or had diarrhea. The high dose 
deaths and abortions in the first study were attributed by the 
sponsor to diarrhea, caused by an interaction of vehicle and 
compound, although the 2 vehicles were not directly compared in 
the same exper~ment. 

# The mean number of male live fetuses was significantly reduced 
in the 30 mg/kg group, resulting in a reduction in ratio of 
males:females in the first study. The spon3or considered the 
reduction in ratio of males:females a spontaneous occurrence and 
the overall decrease in number of live fetuses was attributed to 
the stress of diarrhea. 

** Malformations in fetuses of the high dose group occurred in 3 
dams. There was an increase in total numbe-r of fetuses with 
malformations and total number of dams tha 1·. had fetuses with 
malformations (no statistical analysis), nut no increase in any 
specific malforn~tion. The investigators attribute the increase 
in malformation tate Lo increased stress du~ to diarrhea. 
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In the study with cynornolgus monkeys, clinical signs, which 
included heavy blE~eding (followed by aborticn), reduced food 
intak(~, diarrhea and vomiting, occurred during the treatment 
period in all the groups, including vehicle control. Although the 
symptoms were generally more frequent and of longer duration in 
the 100 mg/kg treated monkeys, they were still considered by the 
investigators to be due to treatment with the vehicle 
(polyethylene glycol-glycerin-water) . In t.he opinion of this 
reviewer, the stress of handling these feral monkeys (rather 
than, or in addition to, the vehicle), contributed to the 
observ1~d symptoms. Of the 10 or 11 pregnant monkey'3 on test in 
each group, 6 to B of them aborted in every group, and deaths 
occurrHd in 3 control, 1 mid-dose (30 mg/kg) and 5 high dose (100 
mg/kg) monkeys. '!'he single death at the mid dose, and 4 of the 5 
deaths at the high dose, were associated with a volvulus 
(twisting or knotting of the intestine), which was not seen in 
c•ntrol animals which died. Malformations were observed in the 
only surviving fetus of the 100 mg/kg group {left forelimb and 
tail anomalies, observed externally and by skeletal examination). 
In spitH of the very few surviving fetuses that could be examined 
for malformations (3 controls, 2 low dose and 1 high dose) it is 
claimed, "The skeletal abnormalities in this one fetus are 
considered to be related to treatment wit. . ~ because 
Aimilar defects were never observed in control fetuses of 
previous studies of the same type in Macaca fascicularis". No 
historical control data or details on how many previous studies 
or the numl:>er of control monkeys that were examined for 
teratogenicity are provided to support this statement. It should 
be pointHd out that malformations occurred only at a dose level 
that was highly maternally toxic. 

(nisoldipine) was tested for mutaganicity by five in 
vitro test systemA (Salmonella/microsome, CHO HGPRT forward 
mutation asBay, mouse hepatocyte primary culture DNA repair, a 
CHO test for clar;togenicity, and by a test for inhibition of 
intercellular corrununication between two types of liver cells, 1) 
a primary rat rulture {"wild type cells") and 2) the ARL14-TGn 
cell line. It was further tested for mutagenicity in two in vivo 
systems (mouse micronucleus and mouse dominant-lethal). All the 
tests for mutagenicity appeared to be adequately performed, and 
positive controls in all of them confjrmed the acceptability of 
tl1e studies. Based on the outcome of these in vitro and in vivo 
3tudies, nisoldipine was not found to be mutagenic. 

In cone l lW ion, the preclinical studies summarized above have 
dt}monstrat1~d the efficacy uf the test drug as an antihypertensive 
and antiischernic agent. 'Adverse effects are seen only at high 
multiples of the maximum reconunended human dose. 



Page 160 - NDA 20-356 

RECOMMENDATION 

The NDA is approvable with suggested changes in labeling. 

A'l'TACHMENTS ( 3) 

cc: 
Orig.NOA 
HFD-502 
llFD-345/GJames 
HFD-110 
liF!5=-1 I7.f7tso ~ 
HFD-110/SStolzenberg 
HFD-110/XJoseph 
CA(\ 1 fl&l\lt 

,/4f~ 
Sidney Stolzenberg, Ph.D 

~lAA~~ 
Xavier lJoseph, DVM 
August 29, 1994 
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Nisoldipine is a calcium channel blocker of dihydropyridine derivative type being developed 
for the treatment of hypertension _ In this initial application, approvals of a 
sustained release fonnuJation (coat-core) for indic'itions arc requested. As a pan of new 
parallel, team approach, this medical review covers only the areas related to clinical pharmacology. 

The sections on clinical pharmacology (Section 8.1 of NDA) contain data of 17 studies, 
involving 393 patienWsubjects, on sustained released fonnulation (coat-core, referred to as CC in 
this memo). Of these, 183 panicipated in 6 U.S. studies. In addition, the submission also includes 
results of 47 studies on the immediate release preparation (IR), most of which were conducted in 
foreign countries. Except for three small studies (total 12 normal subjects, cop~cs of publications 
only), full repons of all studies listed in Section 8.12 were submitted. 

Additional phannacokinetic and bioavailability data were presented in Section 6 of the NDA. 
which include 129 foreign studies on JR or other non.CC fonnulations not repeated in the clinical 
sections (Section 8, as noted above). These studies will be reviewed by the biophannaceutical group 
of the Agency asnd not commented in this report. 
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PHARMA CO KINETICS 

Formulation Design 

The new coat-core formulation, which has a slowly-dissolving coat mid an immediate release 
core, was designed based on the observation that nisoldipine is readily absorbed in the upper 
gastrointestinal tract but cleared by a first pass rapidly and a marked decrease in the rate of 
absoiption but lower first pass metabolism in the colon. 

Absorption/Disposition 

The absorption of radiolabelcd oral nisoldipinc solution was rapid (T mu 0.42 hr) and 
extensive (87%). Despite efficient absorption, absolute bioavailability of the parent drug was only 
8.4%, due to a high first pass effect (Study 400). Measured by iv infusion, nisoldipine has a volume 
of distribution about 2.3 to 3.4 L/kg (Study 330). 

In single dose studies (Studies 102-106), oral doses of nisoldipine 6-20 µg/kg administered 
as !R capsules resulted in Cmu of 2.7-19.3 µg/L within 30 minutes' after dosing. Nisoldipine was 
detectable (>1 µg/L) 4 hrs later only in the high dose groups (12 µg/kg and above). Compared with 
the IR formulation, nisoldipine administered in the controlled release (CR) fonns had reduced Crnax. 
greater AUC, prolonged mean residence time (MRT). duration of plasma concentration above 0.3 
ng/ml and T ma• (6 subjects, Study 632): 

Formulation emu A UC norm MRT T,><>.J Tnw. 
ng/ml g.hr/L hrs hrs hrs 

CR (E 029) 0.86 57.2 21.2 23.9 12 
IR 1.55 31.3 4.2 4.4 2 

CR/IR 0.55 1.82 S.02 S.42 
(95% Confidence) (0.34-0.90) ( 1.30-2.56) (3.48-7 .23) (3.48-8.45) 

Time-counes of plasma concentrations after administration of the three CR formulations were 
compared with thal of the iR dose in Figure 1. Based on these characteristics, the CR formulation 
E 029 was chosen from the throe studied for further development. While the bioavailability was 
relatively higher than the IR fonn, absolute bioavailability of the CR fonnulation was still low 
(5.5%) in another study (Study 637). 

Bioavailabilities (Cmu and AUCs) of nisoldipinc were dose-proportional for both the IR (at 
2.S-20 mg, Studies 125, 339, 085-024-01) and CC (at 10-60 mg) fonnulation (Study 091-035)~. 

1 There may be sreater variability in T _.which was lonaer (mean 2 hn) for IR nisoldipine in another ~tudy (632). 
2 The 10 mg dose may not be as linear as other doses, but the deviation is non-significant. 

·1· 
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AJthough there is no evidence of accumulation with multiple doses of IR f onnulation ( 10 
mg bid), bioavailability of CC nisoldipine increased moderately after 7 days of daily 20 mg dosing 
(see Table below, Study 645). At these doses. fluctuations of plasma nisoldipinc levels were lower 
for the CC formulation (113% vs 434% for IR). 

Fonnulation emu AUCnann To0.l Tmu 
ng/ml g*h/L hn; hrs 

cc Day 1 0.84 40.3 14.9 11.1 
Day 7 1.09 S8.9 28.4 9.2 

IR Day l 2.18 40.8 10.8 2.4 
Day 7 1.95 40.3 11.6 2.3 

CC/IR Day 7 0.56 1.46 2.45 
(95~ Confidence) (0.47-0.66) ( 1.27-1.69) (1.95-3.08) 

Whiie the AUCnorm remain similar regardless of fed or fasted state, Cnw was increased by 38-
48% when 20 mg of CC nisoJdipine was administered trgether with or J hour after breakf~t (Study 
666). Dose-dumping by f~ of the CC fonnulation (administered within 5 minutes after 
completiQ!l of a meal) was even more pronounced with 30 mg (65-236% increase inc ... 11-42% 
decrease in AUC) and 40 mg (92-292% increases in Crna•• 7-39% decrease in AUC) doses in Study 
092-045-02 (rangjS given are 90% Cl's). This food effect was both dose and formulation dependent, 
since Cm1, and AlJCronn were increased only modestly (31 and 28% respectively) by food for the IR 
formulation (20mg. Study 323), and may have clinical implications in patients usually older than 
those in the food studies (see Comments on Individual Studies below). 

At the concentrations 20 times or higher than that observed in kinetic studies. nisoldipine and 
its enantiomers are >99'k protein bound. Partitioning between plasma and blood or erythrocytes 
were moderate (0.7 blood to plasma, 0.3 erythrocyte to plasma). (Study 339, Ref. 3 (PB 19611)) 

Metabolism 

following oral administration of nisoldipint. solution, eleven metabolites, but no unchanged 
parent drug, wu detected in the urine (Study 400, Reference 15 (PB 16626)). The proposed 
biotransformation pathways of nisoldipine in humans are described in Fig 2. In man, hydroxylation 
of the isobutyl ester appears to be the major product. Of the three metabolites detected in human 
plasma (M9, MIO, Ml3). M-10 . . is most abundant (approx 10-20 times ofparenr drug) 
and M-9 , . is the only one with biological activity (about 1110 of parent drug. Study 
P1010947). The latter is present at approximately the same3

, dose-proportional concentration as the 
parent drug (Studies 339, 085-024-01 ). 

3 In another study (No. l 2S), a metabolite was present at higher c .. and AUC (2-4 times of parent drug), wh.ich was 
later identified as 'um of M-9 + M-10 due to nonspecific assay ( l 2/20l93 Amendment) . 

. 3. 
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Excretion 

Excretion of nisoldipine metabolites was predominantly renal (70% urine, 12% feces with 
oral dose), and varies little with route of administration (80% urine, 14% feces with iv dose) (Study 
400). Terminal elimination half lives of iv nisoldipine, u measured in 4 healthy subjects in Study 
330, were 11-12 hrs, with systemic clearance of 544· 768 ml/hr*kg. Nisoldipine is probably not 
diaJyzable (Study 311). 

Pharmacokinetics of Enantiomers 

The bioavailability of nisoldipine is dominated by the(+) cnantiomer, when administered as 
racemic mixture with only the ( +) enantiomer labeled with radioisotope (Ref 43 ), which is also the 
one with higher cardiovasculAr activity (in vitro studies). Since all clinical pharmacology studies 
and efficacy/safety trials were conducted using the racemic mixture, the kinetic parameters for the 
two cnantiomers have no practical relevancy. 

Pharmacokinetics In Disease States 

• 
Phannacokinetics of nisoldipine CC formulatio:i in hypertensive patieuts was examined in 

two double blind, parallel placebo controlled studies (090·022 & 088-059). While the CC 
fonnulation was not compared with the IR form in any hypcrtcn'iive groups, kinetics of nisoldipine 
in both normotensive and hypertensive elderly subjects were described in a third study (Study 712). 

In study 090-022, 23 patients (5 placebo, 18 nisoldipine) were randomized and treated for 22 days 
with nisoldipine dosage increased every 4 days4 from 30 to 60 mg and every"' days from 90 to 120 
mg. As summarized below, the kinetic parameters measured at the end of dosing periods were dose­
proportional at 30-90 mg. non-linearity of J 20 mg was dismissed for small num~r of patients (3 ). 
In this study. higher Cma• of nisoldipine in hypertensive patients were reached 2it approximately the 
same T mu as that in normotensive subjects, but cross-study comparison is difficult to interpret. 

~se (mg gd} emu AUCo.2• Tmu 
ng/ml og.hr/ml hrs 

30 4.79:t0.68 74.28:t 7.96 7.22:t0.93 
60 8.48:t0.81 129.76%12.74 9.0S::tl.97 
90 13.02:t1.20 199.3l:t16.4S 6.78::t2.30 
120 14.92±2.01 226.S8:t12.41 4.00::t 1.00 

4 Since the bioavailabi~ity of CC nisoldipinc increased moderately from Day l lo Day 7 in a study on nonnotensiv~ 
subjects (Study 64S • ..ee above), 4 days may not be sufficient for reaching 1t~ady staic for the two low doses in this 
study. Also. the ascending doses were not separated by washom period (see comments on individual study). 
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In the second study in hypertensive patients (D88-059), total of 69 patients were randomized in 
parallel to receive placebo, 5, 10, 20, or 30 mg CC nisoldipine for 7 days. Plasma nisoldipinc 
concentrations were dose-proportional within the range of these doses both on Day I and Day 7 
(with 40-70% increases from Day 1 to Day 7). The least square mean kinetic parameters at the end 
of 7 day dosing period arc shown below: 

nose !mg gd} emu AUCo.24 Tmu 
ng/ml ng.hr/mJ hrs 

5 0.65 8.39 9.21 
10 1.02 16.17 4.79 
20 2.13 28.24 3.65 
30 2.79 40.34 3.73 

At least in the elderly (>65), bioavailability of nisoldipine CC was not influ~nced by the elevated 
blood pressure in hypertensive patients (Study 712): 

Day 7 
cm.i~ (ng/mlJ 
AUCo. 24 (ng*h/ml) 

Normotensivc ........,.__._.-;_ 
2.61 
36.9 

Hypertensive 
2.S9 
38.7 

Despite the fact that metabolites of nisoldipine are eliminated predominantly by renal 
excretion, patients with various degrees of renal Impairment (but not requiring dialysis) had similar 
phannacokinctic parameters for the parent drug when given nisoldipinc 20 mg in CC fonnulation 
for 7 days (Study 092-001 ). 

Cr clearance >90 
Day 8, Mean (mVmin/l .73m2

) 

c"'*ll (ng/ml) 3.33 
AUC<>-2• (ng*h/mJ) 40.0 

-6-

3.21 
50.3 

30-60 

2.54 
38.4 

<30 

2.97 
43.8 
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However, pharmacok.inetic effects of renal function on nisoldipine were slightly greater (although 
not significantly) with initial doses (Day 1) 

Cr clearance >90 
Day 1, Mean (rnVmin/1.73m1

) 

emu (ng/ml) 1.77 
AUCo.2.t (ng*h/ml) 25.3 

61-90 

2.37 
32.8 

30-60 

2.71 
36.1 

<30 

2.57 
32.1 

Thus the accumulations of nisoldipine with multiple doses appeared to be blunted somewhat by the 
decrease in renal function (Day 8 vs Day 1 ). As expected, elimination of some metabolites was more 
affected by renal function than the perent drug, but like nisoldipine, the differences were noted 
mostly on the ftrst day and diminished over multiple dosing (Study 092-001 ). While there is Jess 
phannacodynamic concern because the only active metabolite, - was the least influenced 
by renal impairment, it not clear whether sub~tantial increases (with the initial doses) of other more 
abundant metabolites by renal impairment has any long-term toxic effect. In this study the group 
with moderate renal impairment (Cr Cl 30-60 mVmin/l .73m2

) had higher mean age (63 vs 52-54 
for other groups), but there is no clear trend suggesting that the conclusion was affected by such 
difference in age. Administered in the IR form, nisoldipine bioavailability was increased by about 
40% when creatinine clearance decre~ed from >80 to <25 rnUrnin (Study 364). While rusoldipinc 
w .JS not detectable in the dialysate, thus probably not removed by hemodialysis, bioavailability of 
nisoldipine IR in patients on dialysis resembled that in subjects of nonnal renal function in the same 
study. 

Hepatic failure increases bioavailability of nisoldipine administered as CC tablets. 
Compared with nonnal subjects, cirrhotk patients who received 10 mg nisclrll~ine CC had higher 
Cma. and AUCo.24 (4-5 folds, Study 090-026). There appeared to be less effect of liver function on 
the bioavailability of nisoldipine in IR formu!ation, however, the studies were not controlled and the 
results were variable (Stl.ldies 294, 4S2). 

Demographia Differences in Pharmacoklnetlcs 

While there is no significant difference with 3CUte dosing (I day), bioavailability of 
nisoldipine, adminiswred as CC 20 mg daily for one week, was increased in the elderly 
normotensivc subjects (65-84 years old), as comp~ with that in the younger subjects (Study 712): 

Day 7 
emu (ng/ml) 
AUCo-2,. (ng*h/ml) 

Youna 
1.41 
14.7 

~derJy 
2.61 
36.9 

Bioavai\ability of IR nisoldipine was also higher (2-3 folds) in the elderly. but little 
accumulation was observed after one week dosing (Study 563). 
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Dn11 Interactions 

The efrel:ts nr other drup on nisoldlplne pharmacoklnetlcs were evaluated in the 
following studies: 

Immediate RelQSe Formulation 
5econd Drug. Doses Nisoldipine Doses 
Ranitidine, IR 20 mg 

300 mg qd X 3 days one dose on Day 3 
vs placebo 

Cimetidine, 
400 mg one dose ~hen 
200 mg tid X 3 doses 
vs no treatment 

Propranolol. 
40 mg one dose 
vs placebo 

CC Formulation 
Second Prus. Doses 
Ranitidine, 

ISO ms bid X 6 days 
vs placebo 

Cimctidine, 
400 mg bid X 6 days 
vs placebo 

Propranolol, 
40 m& tid X 5 days 
vs no treatment 

Quinidinc, 
648 mg bid x 2 doses 
vs no treatment 

oral & iv solution 
l 0 mg po, 0.374 mg iv 
one dose each period 

IR 20 mg 
one dose 

NisoldiPjne Doses 
CC 20 mg 

one dose on Day S 

CC 20 mg 
one dose on Day 5 

CC 20 mg 
qd XS days 

CC 20 mg 
qd x 1 dose 

'llloequlvalence of Various Formulations 

lnteractjon ObKrvcd 
nisoldipine A UC increased 

24% 

bioavailability of onJ 
nisoldipinc increased 
by 48% 

nisoldipinc A UC, c,IW 
bcreued by 30% & S1% 

Interaction Observed 
nisoldipine A UC, Cmaa 

decreased by I S-20% 

nisoldipine A UC, Cmu 
increased by 30-45% 
tmaa decreased by 4 hrs 

n.soldipine A UC, Cmu 
unchang1 l, t 112 decreased 
by propranolol (by 20%) 

nisoldipine A UC reduced 
by 2S%, Cmu unchanged 
but at lower 1mu 

Study 
385 

399 

417 

Study 
738 

738 

704 

703 

Bioequivalence between clinical trial and market tablets and between various coat-core 
dosage forms hav~ been determined in several studies. Details of the results arc referred to the 
Biopharmaceutical Review. 
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Comments on Individual Pharmacoklnetlc Studies 

In general, phannacokinetic studies on nisoldipine, either CC or IR fonnulation, were well 
designed and pro~rly conducted. Compared with the translated foreign repons, the U.S. studies 
(study numbers beginning with D) were better documented and probably more reliable. Minor 
deficiencies for a few studies and interprecation of the data different from that of sponsor have been 
pointed out, mostly as footnotes, in previous sections. Other than that, there are no study def ccts 
collectively serious enough to invalidate the conclusion on kinetic behavior of CC nisoldipine. In 
addition to the following comments, which are arranged below in the order of Study numbers, 
further detailed reviews on individual kinetic studies arc referred to the Biophannaceutical Review. 

Studies 102·106 
Based on a summary repon (no detailed protocol), there is nothing remarkable in these 

placebo controlled, dosl'!·cscalating, kinetic studies using IR fonnulation in 12 nonnal subjects. 

Studies 125, 339 
These were placebo-controlled, double-blind, randomized, 3-4 sequence crossover studies on 

dose-proponionality of nisol~ipine IR and metabolites in 12 nonnal subjects (6 actually treated in 
Study 125). While treatments were separated by at ieast one week in Study 339, thc~y were given 
in three successive days in Study 12S. Thus results of the latter study may be ct>nfoundcd by 
residual effect of preceding dose. 

In vitro protein binding of nisoldipine at 20 ng/ml WdS also perfonned in Study 339, using 
each subject's pre-dose plasma. 

Studies 294/4!2 
These are two phannacokinetic studies of IR nisoldtpine and its metabolites in cirrhotic 

patients. The results were translated from foreign reports and no detailed pr"tocols were svbmitted 
with the NOA. Subjects in Study 294 were hypertensive but the blood pressures were not des~ribed 
in Study 452. Neither was controlled with subjects of nonnal liver function. 

Study JJI 
This is a kinetic and tolerability study in patients requiring regular hcmudialysis. Seven 

patients were treated with nisoldipine I 0 1111 once daily. with dosage tit.rated up to 40 ma per day, 
for 3 months. 1be treatment effects on blood pressure and tolerability were not controlled. 

Study 323 
This is a food·pharmacokintrtic study of IR nisoldipine 20 w.g dose. Eight healthy, young 

male subjects were randomil.ed to receive a single dose 0:7 the study drug either in a fasted (1.S hrs 
pre-meal) or fed (20 minutes after stan of meal) state and cro~sed over to the opposite food state 
two-weeks later. Small differences in heart rate response in fasted/fed states were noted (increased 
10 bpm vs increase ! ~ bpm) , but probably of no clinical significance . 

• 9. 
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Studies 330, 41"~ 
These were two tincontrolled bioavailability studies using oral/iv solution in small groups of 

healthy volunteers. A few subjects were excluded from data analysis due to radioisotope overdose 
in 2 of J 2 subjects in Study 400 and leakage of infusion system in 2 of 6 subjects in Study 330. 
Washout interval was ad~uate for the crossover study (28 days, Study 400). 

Study 364 
This is also a kinetic study in renally impaired patients (Cr Clearance >80 ml/min, <25 

ml/min or uremic on dialysis, 29 patients), but treated with single dose IR fonnulation only. 
The sponsor concluded that a 40% incre~ in nisoldipine bioavailability in renal failure was not a 
significant ~ffcct (sec discussion above). 

Study 400 (PB 14514, Biotransformation) 
This was pan uf study 400 (see above for commeuts on bioavailability study) which 

described meubolite profile in human urine after oral and iv administration of radioisotope labeled 
hisoldipine. Eleven metabolites were ide•ltified. but no test of biologic activity w;a perfonned and 
plasr.1a metabolite profile was not investigated. 

Study 563 
This is a pharmacokinctic study of IR nisoldipine in 21 nonnotensive subjects. 9 were of 20-

28 years of age and 12 were older than 65. All were treated with IR nisoldipine 10 ma for 8 days. 

Stud)· 632 
Three controlled release formulations (CR) were cvalmttcd in this non-blind, randomized, 

crossover. single do~~ study in six healthy volunlt'cas. The kinetics of CR fonnulation was 
compared with that of IR nisoldipine administered ir, the fourth period to all subjects. the wash-out 
between treatment periods was 6 days. Treatments were given in fasted states. 

Stud)· 637 
Bioavailability of a controlled release formulation (CR E 029) selected from Study 632 was 

evaluated funher, relative to an iv solution of nisoldipine, in this non-blind, .:rossover study in 12 
normal subjects. Washout out between treatments was adequalle (6 d~ys) and study drugs were 
administered in fasted states. 

Study 645 
Steady-state pharmacokinetics of nisoldipine CC 20 mg was compared with that of IR 

fonnuletion 1iven as 1 O ma bid in this non-blind crossover study. The study drugs were given in 
fasted state for one week and the treatments were separated by 7-clay washout periods. Total of 18 
male subjects were treated and included in the data analysis . 
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Study 666 
This is an open-label study of food effect on phannacokinctics of nisoldipinc 20 mg CC 

tablets. Twelve young male subjects (24-33 years old) were randomized to receive the a single dose" 
of the study drug in fasted (2 hrs pre-meal). together with (within 7 minutes after start of meal). or 
one hour after an American breakfast. All subjects also receive another dose together with a 
Continental dinner in a non-randomized fourth period. Treatment periods were separated by one 
week washouts. Moderate incrcue in emu were observed when nisoldipine 20 mg CC was given 
in fed states, but no difference in clinical adverse events wu noted. 

Study 712 
Bioavailabilities of nisoldipine CC in normotensive and hypertensive elderly (65 and older) 

patients were compared in this open-label, nonRrandomiz.cd study. In addition. 1nflucncc of age on 
phannacokinetic was also assessed in young and old nonnal subjects in the ~"tme study. Total of 
58 subjects (46 young/elderly normal subjects. 12 hypertensive elderly) were treated with daily doses 
of 20 mg for 7 days. 

Study 08.S-024-01 
This is another dose-proportionality study using an ascending-dose, uncontrolled, nonr 

crossover design. Single doses of nisoldipine IR 2.S-20 mg were administered at weekly intervals 
to twenty subjects. Kinetics of major metabolites in plasma were also described. 

Study Dfl8·059 
This is a double-blind, placebo-controlled, multiple·dose, kinetic and tolerability study of 

nisoldipine CC in 69 hypertensive patients. After a 3-weck placebo run-in, patients with SDBP of 
~:i-11 S mmHg were randomized to receive placebo. S, 10, 20 or 30 ma nisoldipinc CC in five 
parallel fp-oups and treated for 7 days. The study desisn was better than that of higher dose range 
(090-022. above) and dose proportionality in hypertensive patients was clear over the range of doses 
in this study. However. quite a few patients were excluded from the analyses for various reasons, 
which included 6 disqualified fm low baseline SDBP (but included in the kinetic data), 10 without 
steady state blood samples and data of another 10 were considered invalid because these patients 
too'c nisoldipine instead of placebo on Day 0. One additional drop-out was due to blood drawing 
discomfort. 

Study 090-022 
This i£• l'. double-blind, placebo-controlled multiple ascending dose, kinetic and tolerability 

study of niso~dipine CC in 23 hypertensive patients. Patients were randomized Bfter a 3-weelc 
placebcJ run-in and the dosages were increased every 4 days for the two low doses (3'J & 60 mg) 
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and every 7 days for higher doses (90 & 120 mg) without washout intervals (see above). The 
concern was that 4 day may not be adequate for reaching steady state and the carry over effects 
from previous lower dose can not be excluded. Thus the results of this study should be accepted 
with reservation and dosc-proponionality is better supported by a parallel design (Study 088-059, 
but covered a lower dose range. see next). 

Study D90·026 
Pharmacokinetics of nisoldipine CC in patients with cirrhosis was evaluated and compared 

with that in normal subjects in this study. Sixteen, 8 in each group with well matched age. sex and 
weight, were treated with 10 mg daily for 7 days. Accumulation was observed in both groups. 

Study 091..035 
This was an open-label, four period crossover study on dose-proportionality of CC 

nisoldipine. Twenty-four healthy male subjects were randomized to one of four treatment sequences 
with single doses of 10-60 mgs. Treatm~nts were separated by 7 day wash-outs and given in a 
fasted state. 

Study D92·001 
This is a unblinded pharmacokinetic study in patients with renal impainncnt, using the group 

with creatinine clearance of >90 ml/min/I. 73m2 as the control for renal function. In addition to the 
parent drug. kinetics of three major metabolites were also described. Of the 46 patients were treated 
with nisoldipine CC 20 mg once daily for 7 doses, 42 had valid kinetic data. While the overall 
recruitment had encountered some difficulty, two subjects were excluded because of "over­
enrollment" in the mild renal impairment group. Two additional patients had indetenninatc renaJ 
function and were excluded from the kinetic analysis. As noted in the above, age wu not well 
matched in the four treatment groups, but no trend was discernible. 

Study D92·04S-02 
This is the most important phannacokinetic study on food effects, which described a 

significant dose-dumping phenomenon when nisoldipine CC was admirustered immediately (within 
S minutes) after a 20-minutes standard high-fat brcakfut (see above for description of 
phannacokinetic results). This was a randomized, open-label, two-way crossover study. Twenty­
eight healthy, young (19-42 yean), male subjects with near ideal weiahts were randomized to 
receive a single 30 or 40 mg CC tablet in a fasted (4 hour pre-meal) or fed state. After a one-week 
wuhout period. all subjects were crossed over at the same dose level to the opposite food state. 
Except for a higher hean rate in the fed state, the sponsor claimed that despite the marked change 
in kinetic behavior of nisoldipinc CC, there were no pharmacodynamic consequences of dose­
dumping by food. In S subjects with fed/fasted C11111 ratio of~ S, more com?>laints of headache were 
seen in the fated state (3 vs 1) and one subjects reported dizziness under fed state only . 
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Study PB 16626 
This was a study on biotransformation of nisoldipine in several animal species and in human. 

Metabolites detected in urine, but not in plasma. were identified. There were no qualitative 
differences in biotransformation of nisoldipine in rats, dogs, monkeys or man. Biological activities 
of metabolites were not described. 

Study PB 19611 
This is an in vitro human plasma protein binding and erythrocyte-plasma partitioning study 

of nisoldipine over the concentration range of 0.1 to 10 µg/ml. Results of protein-binding in this 
"C study were consistent with that of Study 339. 

Study P1010947 
Results of this foreign study (possibly animal) was cited in the NDA as the basis of the 

biological activities of various nisoldipine metabolites. However, there is no synopsis of the study 
anywhere in the application and despite repeated request by the Agency, the sponsor has had 
difficulty locating and submitting a full report as of the date of this memo. 

Study (Reference 43) 
This is a manuscript published by Frost et al in Dose-Response Relationships of Drugs. no 

original data were submitted. 

Drug Interaction Studies 
The results of studies on drug-interactions were separated into the following three groups: 

Effect of other drugs on phannacokinetics of nisoldipine. 
Effect of other drugs on pharmacodynamics of nisoldipine. 
Effect of nisoldipine on other drugs· pharmacokinctics/dynamics. 

Only the first category was included in the Pham kinetic Sections, the remaining two will 
be discussed in the pharmacodynamic sections below. Limitations of individual studies, such as 
single/multiple doses, duration of treatment and use of control groups, have been described in tables 
summarizing the results. 
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Summary of Pharmacoklnetlc Issues 

In summary, pharmacokinetic propenies of nisoldipinc administered as IR or CC 
fonnulations have been studied adequately and well-described in the submission. Bioavailability 
of nisoldipine CC was low due to high first pass effect and appealed to be linearly proportional to 
doses of 5-90 mg. Accumulation after 7 days of administtation wu modest and products of 
extensive metabolism were excreted rcnally. Relative to the young subjects, rosoldipine was slightly 
more bioavailable in the elderly after one week dosing. Bioavailability of nisoldipine was not 
significantly different in patients with hypenension, angina or renal impairment (except for the initial 
doses for the latest), but were markedly increased in hepatic failure subjects. Pharmacokinetics of 
nisoldipine was affected by concomitant administration of cimetidinc, ranitidine and quinidinc, other 
drug interactions may be possible through high degree of protein binding (> 99% ). 

While tL: kinetic data of CC rtlsoldipine support a longer dosing interval Llian the IR fonn, 
clinical effecti vcness ot once-daily dosing depends on the coITelation with phannacodyuarnic and 
efficacy findings. It should also be noted that the problem of dose-dumping when nisoldipine CC 
is administered in a non-fasted state can not be ignored and must be addressed appropriately in the 
labeling. This phenomenon is more pronounced than with the IR formulation and not exactly 
unexpected since similar problem has been observed in another approved drug fonnulate.d identically 
and developed by the same sponsor. 

The differences in food effects between 20 mg (Study 666) and 30, 40 mg doses (Study 092-
045-02) of nisoldipine CC may be due to variations in relative timing4i of drug administration and 
meal ingestion both in fasted and fed states. Both the absolute C11111. and increase relative to fasted 
state were greatest when nisoldipine CC 30-40 mg was administered immedj1tely Wr completion 
of a meal and compared to a prolona-:d fasted_sate (for additional 4 hrs post dose) (Study 092-04.5-
02). While this sustained "fasted state" (4 hrs post dose) may not be a realistic simulation of large 
efficacy trials or practical settings, the dramatic increase in plasma nisoldipine concentration by food 
may result in excessive hypotension because nisoldipine plasma levels in efficacy trials resembled 
that of fasted state and there is a good kinetic-dynamic correlation (see below). Thus nisoldipine 
CC should not be administere~ concomitantly with meal, but instead after overnight fast and 1-2 
hours before breakfast. Appropriate instruction to avoid dose administration in a fed state should 
be included in the labeling. 
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PHARMACODYNAMICS 

Phannacodynamic data of nisoldipine arc described in three groups in this review: Principal 
cardiovascular effects, Non-cardiovucular phannacological acthities and Drug interactions. 
Integrated summary of phannacodynamic data as presented in the application and reviewed below 
were in general based on U.S. studies. Results of small scale foreign studies, mostly open and 
uncontrolled, were only commented briefly whenever appropriate. It should be noted that most 
dynamic dat: -~ere obtained from studies using iv or IR oral fonn, only the effects on blood 
pressure and heart rate have been evaluated with the CC fonnulation. Issues related to tolerability 
of nisoldipinc CC fonnulation in kinetic studies were also summarized at the end of this section. 

Principal Cardiovascular Effects 

In contrast with what the sponsor has stated in the NOA, blood pressure and heart rate 
changes were not small nor inconsistent in ncnnal subjects treated with CC nisoldipine. 
Approximately 4-8 hours after a single dose of I 0-60 mg, mean supine diautolic pressure decreased 
by a maximum of S-7 mm Hg and mean hean rate incrcued by 6-11 bpm in a uncontrolled study 
(091-035, Appendix 13.9.10). Simi!ar but slightly greater effects (8·9 mm Hg) on SDBP were also 
seen with a single 60 mg dose in Study 090-020, before adjusted for a p~acebo response of about 
4 mm Hg drop (Study Report Section 13.9.4). Mean Heart rate increases in the same study were 
10-15 bpm (vs 2-4 bpm for placebo). The IR fonnulatioal produced more rapid but comparable 
degrees of heart rate and SDBP changes (Study 125, single dose). Relative to the normal subjects, 
the blood pressure responses of hyocnensive patients were certainly more notable with multiple 
dosing at S-40 mg/day (about 10 mm Hg drop in SDBP over placebo with IR form, Srudy 372). 
Placebo-subtracted blood pressure reductions in patients with mild to moderate hypertension were 
dose-related from 5 to 30 mg of CC nisoldipine (especially in systolic pressures, Study 088-059): 

Dose Chan.&es in Systolic/Diastolic BPs. mm Hg. Day 7 
mg/d 8 hrs post dose 24 hrs post dose 
5 - 7 .1 I + 1.2 '4 1.9 I - 4.6 

10 · 6.3 I - 1.2 - 8.8 I - 4.9 
20 -10.7 I • 1.7 - 9.2 I - 4.6 
30 -19.2 I - 4.6 -IS.6 / • 6.2 

On the right dose-response plot, 8 hrs data 
were used for peak effects. However, due to 
a large placebo response at 6-10 hours post 
dose in this study, the SDBP changes at 8 hrs 
did not appear to be the peak effects and 
greater antihypertensive activity wau noted 
around 14 hours (·2.8 to -8.6 m.-n Hg over 
placebo, Study Rcpon Section 13.9.4). 
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However. such dose-response relationship was not observed at higher dose range {30·90 n g/day) 
in another study of hypertensive patients (see Table on next page. 09~022)~. 

Study 090-022 
Dose Changes in Piastolic BPs. Placebo adjusted. mm Hg 
mg/d 8 hrs post. dose 24 hrs post dose 
30 - 9.4 - 6.4 
60 - 9.2 - 6.7 
90 - 9.1 - 6.6 

Responses to 120 mg was distinctively higher (19.0 and 9.3 mm Hg at 8 and 24 hrs post dose) in 
the same study, but there were too few patients (3) received this maximum dose. As noted before, 
tht" dosages were forced-escalated in rapid sequence and not evaluated in parallel groups in this 
study. thus made the interpretation difficult. 

Changes of hean rate in hypertensive patient~ due to nisoldipinc appeared to be less consistent than 
that observed in nonnal subjects (Study 372. IR form). As noted in the NDA, heart rate increases 
were in the range of 5-10 bpm over baseline values for all niso1dipine groups in Study 090-022. 
However, it is not apparent whether the changes were caused by nisoldipine since the variation of 
heart rate in the placebo patients was in the same range and there is no clear trend in the difference 
between groups that suggests a ~eatment effect. Heart rate changes were not documented in Study 
088-059. 

With intravenous administration of nisoldipine at 3-13 µg/kg, changes in bl•.>od pressures 
(decreased by 11-16 mm Hg) an~t hean rates (increased by 10-30%) were dose-related and slightly 
more pronounced than that obscr 1ed in the oral studies. Most of such studies were single-do~. 
uncontrolled. in smaJJ number of patients with uuJerlying coronary artery disease \so~ were 
receiving concurrent beta blockers during measurements, Studies 344, 560, Ref 1-5)1

· Directh 
compared with diltiazem in a published repon (Ref 4)6

, nisoldipinc (6 µg/kg) increased heart rate 
(by J 4 bpm) but not diltiazem (500 µg/kg). Both drugs reduced peak systolic pressure by 24-28%. 

5 The sponsor claimed that blood pressure reductions not adjusted for __placebo response were dose~related (ser 
Summary of Clinical Pharmacolo1y. Section 8.14), but admiued that the relationship did not exist when placebo 
responses were subtracted (Me Study Report. Section 10.6). 

6 For reference cited. au List and Location of Publications, Section 8.14.3, NOA Vol J 16. It should be noted that 
Ref 1-4 were reponed by the same group of investigators. 
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Effects of nisoldipine on other hemodynamlc parameters were summarized from 9 studies, 
three with full reports submitted with the NDA and 6 from published literan\l'Cs (Ref 1-6, ~prints 
only, no original data). Of these, hemodynamic effects were measured with intravenous 
administrat~on of nisoldipine in 7 reports and with oral dosing in 2. In a double-blind, placebo 
controlled study (Study 372), nisoldipinc IR titrated from 5 to 40 mg/day (bid) every 2 weeks were 
eff'="'tive in blood pressure reduction for 36 hypertensive patients (see above) and reduced peripheral 
resistance as expected from a calcium channel blocker. Compared to placebo, cardiac index was 
increased either at rest or durir g exercise, but the effect of oral nisoldipinc on L VEF :1as probably 
not meaningful. Changes in hcmodynamic parameters as measured by radionuclide techniques are 
summarized below: 

Changes/Baseline: Resting Exercise 
Parameters Nisoldipine Placebo Nisoldipine Placebo 

Hean rate (bpm) - 3.1n1 - 1.9n6 - 0.5/129 - 3.4/131 
SBP (mm Hg) - 24.1/172 - 8.5/171 - 20.4/219 - 13.31217 
DBP (mm Hg> - 20.1/110 - 8.3/109 - 13.8/J 23 - 3.5/116 
Total Peripheral 
Resistance ( dynes/s/cm ~) -302/1435 -132/1519 -.\651953 - 32/940 
Cardiac Index (Umin/m1

) + 0.31/4.1 + 0.05/3.9 + o.31n.4 - o.01n.4 
Stroke Index (mllm2

) + 5.6/53 + 2.4/52 + 2.7158 + 1.3156 
LVEF + 0,04/0.63 - 0.01/0.67 + 0.02/0.75 + 0.00/0.75 
Double Product - 23.9/134 - 9.2/130 - 27.4/283 - 24.71288 

A single oral dose of ar 20 mg IR nisoldipine decreased systemic vascular resistance 
significantly. but maintaine.-' same cardiac output, as measured invasively in 12 patients undergoing 
electrophysiology evaluations (Study 178, uncontrolled): 

Hean rate 
arterial pressures, Syst/Diast 
Right Atrial Pressure 
Pulmonary Arterial Pressures SID 
Pufm Cap W~ge Pressure 
Cardiac Index 
Systemic Resistance 
Stroke Index 

Baseline 
64 
13on6 
4 
19/8 
8 
3.75 
1307 
so 

2 hrs post dose 
73 bpm 
120/69 mm Hg 
2 mm Hg 
20/8 nun H~ ,, 
7 mm Hg 
3.71 Umin/m2 

1038 dynes/s/cm·5 

53 ml/m2 

In another single oral dose study (Ref 6)6
, nisoldipine 10 mg attenuated both the drop in exercise 

L VEF in patients with coronary disease (-10% after vs -18% before treatment) and the decrease in 
L VEF during cold pressor test in patients with signs of ischemia but normal coronary artery . 
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Acute effects of intravenous nisoldipine on inv.uive hcmodynamic factors are fairly 
consistent in Study 560 and several published repons (Ref , -5)6. As noted above, most of these 
studies were single-dose (3-13 µg/kg)7

• uncontrolled. in small number of patients with coronary 
artery disease (some were on concurrent beta blockers during measurements). Similar to that 
obsel"\·cd with oral administration, total systemic vascular resistance was dee~ (by about 30-
35%) with iv nisoldipine in all studies described (Ref 1-3)6

• Nisoldipine iv al6o decrcascd intta­
aortic and left ventricular systolic pressure (by 15-30% ), but not L V end diastolic pressure in these 
studies. Nisoldipir.z did not appear to tulve neJ?mive inotropic activities. Ejection fraction and 
stroke volume were increased by 16 and 21-24%, i~~spectively, and cardiac out was up 26-36%. 

The hemodynamic effects of ni~oldipine ~n <"Oronary blaod flow have been examined in 
several uncontroUcd studies using :'.'.":ttcv~nou:.; nisoldipine. In patienfr with coronary artery disease, 
nisoldipine administered irv~·n·· .. ,,·::;l~ incre~ed coronary blood flo . )ut only in normal vessels 
or in area with coU~teral su!'};i """' (by 3&-52%, 6 patients on backgrom .... therapy of atenolol, Study 
344 ). It also di: ;~ed the COL'iW~,, arteries for up to 1 S minutes after a 0.5 or 1.0 mg dose infused 
over 4 minutes, which v;a,.\ not pla~111 ... •~·,1•1 JP1At,.d, however (Study 560). In several published 
rc;p<'n~. 11i:;r11dip111l! mere.:~-::" coronary t:ood fl'Jw by 17-5'>% (Ref 1-4)6, thus reduced the calculated 
coronnry vascular re~1stance oy 40-5u%. :.iyocardial oxygen consumption changes (decreased by 
4-8%) were nor significant in these studies. Similar to nicardipine, nisol~ipine reduced myocardial 
la"tale production in patient.s evaluated for angina (Ref 5)6

. 

In patients with stable angina. nisoldipine IR given as a single oral dose of 20 mg increase 
exercise tolerance by 200 watts-min, ~ compared with JO watts-min for placeoo (Study 126). 
Nisoldipine also reduced ST-segment change more than that by placebo at the maximum stress (0.8 
mm vs 0.1 mm) in the same study. Exercise duration was increased in a published report (Ref 6)6

, 

but the study was not controlled and no data on ST change were described. These anti-ischemlc 
effects. however. were not observed in another single oral dose study of similar design (Study 
648/649). 

ln an electrophyslology study using oral nisoldipine (bucline controlled, Study 178), sinus 
cycle length and AH intervals were shortened by 12% and 99t, respectively, about 120 minu\es after 
a 10 or 20 mg single dose. Other ECG changes (QTc, QRS, HV, com:~ sinus recovery time, 
effectivt ventricular and atrial refractory periods) were not signific&nt. In another similar study 
using the same IR oral doses (Study 13~),. there were no significant changes in intra-cardiac 
conduction times and the '=ffects of nisoldipine on sinus node were also mild (except for sinus node 
recovery time and SA conduction time, which were decreased by l 1-1S%, all other changes were 
less than 10%). However, electrophysiological measurements may not be pcrfonned at time of 
maximum effect (within 20-45 minutes of dc:.;ing) in the latter study. 

7 In Rei 3, htmodynam.ic measurements were performed after a 4.S µg/kg bolus followed by a constant infusion of 
0.2 µg/kg/min over 30 minules. 
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With intravenous administration at single dose of 1.5 µg/kg, similar shortening of sinus period were 
noted at 15-40 minutes post dose, without other changes in refractory periods (Study 144). The 
effect of iv nisoldipine on sinus cycle length was blunted some what (to 7%) if the patients were 
pre-treated with beta·blockers (Study 257 1• 

Some ECG changes, usually seen as T-wave flattening or inversion, appeared to associated 
with nisoldipine in several tolerability studies. They occurred most frequently (65% of 17 tteatcd 
patients vs none of placebo) in Study 090-022, a 3-wcek double blind, placebo-controlled, ascending 
dose study in hypenensive patients. The incidence is probably dose and plasma cor.centration 
related, since in this study, it increased from 22% to 80% with doses up from 30 mg to 120 mg. 
observed at peak but not trough drug level in some patients, and reversible when s~dy drug was 
discontinued. Also, patients who reported the ECG changes had significantly higher Cmu than those 
who did not (Study Repon Section 10.F..4). These reactions were correlated with blood pressure 
drop and hemodynamic effects have been proposed as the mechanism in literatures for this and other 
calcium blockers. Higher rate of T-wave ECG changes in Study 090-022 was attributed to rapid 
and forced dose escalation. This issue has been di~ussed in more details by Dr. Dem in his 
Medical Review. 

Based on one double·blind. crossover study comparing neurohonnonal effects of nisoldipinc 
IR 10 mg. nifedipine 20 mg, and placebo (Study 199). nisoldipine ha. no significant effects on the 
renin-angiotensin-aldosteronc system or noradrenaline concentration in normal volunteers. 

Nisoldipine IR at 20 mg daily increased regional blood flows in liver and kidney. but the 
effect was transient and no different from that of placebo by Day 4 (Ref 7)8

• Similar time course 
of effects was noted for some renal function parameters (GFR and sodium excretion) in the same 
study. Nisoldipinc. administered intravenously, increased blood flow in forearm more than 
nitrendipine or nifcdipine (Ref 8)8

• 

Non-cardio,·ascular Pharm1acological Activities 

Nisoldipine IR given at 10 mg bid for 4 weeks has no significant effect on thyroid function 
tests or prolactln level in young and healthy subjects (placebo controlled, Study 670). Similar to 
verapamil (160 mg), nisoldipine inhibit ,1atelet aur\J&tion after 4 days of treatment with 20 mg 
daily. However, nisoldipine pluma concentration at such dose did not have the same anti-platelet 
effect in vitro and unlike verapamil, nisoldipine did not displace yohimbinc from specific platelet 
binding sites (Ref 9)1

• The sponsor :laimed thal nisoldipinc, at 5-20 mg daily for 4 weeks, induced 
f avorablc changes (increased HDL and apoprotein A) in plasma Upoprotelm in a group of 15 
hypcrtensiv~ patients (Ref 10)1• The study, however, had ~10 concunent controls. In a double-blind, 
placebo-controlled 3-week trial in nonnal subjects (Study 479), there were no significant differences 
between placebo and nisoldipinc ( 10 mg bid) in psychomotor per nance tests. 

1 For reference ciled, tee List and Location of Publications, Section 8.IS.3, ND1 Vol 116. References 7-10 cited in 
this review correspond to Publications 1-4 of the list on Pase 08 15 OOC>lN:i, Section 8.15.3. 
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Drug Interactions 

Phannacodynamic interaction studies were conducted for nisoldipine and the following drugs: 

a. Effect or Other Drugs on Nisoldipine Pharmacodynamics 

Immediate Release Formulation 
Second Dru,&1 Doses Nisoldi12ine Doses 
Ranitidinc, IR 20 mg one dose Day 3 

300 mg qd X 3 days 
vs placebo 

Cimetidine, oral & iv soJution 
400 mg one dose ~hen l 0 mg po, 0.374 mg iv 
200 mg tid X 3 doses one dose each period 
vs no treatment 

Propranolol. IR 20 mg 
40 mg one dose one dose 
vs placebo 

CC Formulation 
~econd Drug1 Doses NisoldiQine Doses 
Propranolol. CC 20 mg 

40 mg dd X 5 days qd X 5 days 
vs no treatment 

b. Efl'ect of ~isoldipine on Oth~r Drugs 

Second Drug, Doses 
Quinidine, 

500 mg bid X 5 doses 
Quinidinc, 

648 mg bid x 2 doses 
Warfarin, 

"steady state" 

Nisoldi{?ine Do!"es 
IR 10 mg bid X 7 days 

vs placebo 
CC 20 mg qd x 1 dose 

vs no treatment 
IR 10 mg bid X 21 days 

VS placebo 

9 model dependent, see comments on individual studies. 
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Intcrar.Jon Observed 
no diftcrences in 

hemodynamics 

cimetidinc had no additional 
hcmodynamic effects 9 

propranolol attenuates 
heart rate increase 
by nisoldipine 

Interaction Observed 
no significant changes 

in hcmodynamics 

Interaction Observed 
quinidine AUC increased 

17-26%, no ECG changes 
DO significant changes 

in quinidine kinetics 
DO change on warf srin level 

or anti-coagub .. ~: •r. effect 

Stud:t 
385 

399 

417 

Stud~ 
704 

Styd~ 
384 

703 

349 
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Propranolol. IR 20 mg propranoloJ AUC, c ...... 417 

40 mg one dose one dose increased by 43% &. 68% 
vs placebo no effect on beta blockade 

PropranoloJ, JR 10 mg propranolol AUC, c ...... Ref57 
80 mg bid X 7 days bid for 7 days unchanged, 

vs placebo higher heart rate w/ n.isoldipinc 
Propranolol, IR 20 mg propranolol A UC, CINl 382 10 

160 mg qd X 2 weeks qd for 2nd week increased by 30% &. SO%, 
vs placebo further BP reduction and 

higher heart rate by nisoldipine 
Propranolol, CC 20 mg propranolol AUC, Ccn&l 704 

40 mg tid XS days qd XS days de.creased by 14-15%. t 111 
vs no treatment increued by 25%, no effects 

on hcmodynamics 
AtenoloJ, LR 20 mg atenolol cl'll&l 38210 

100 mg qd X 2 weeks qd for 2nd week increased by 20% 
vs placebo further 8 P reduction and 

higher heart rate by nisoldipine 

Digoxin. IR 10 mg digoxin plasma level 413 

0.6 mg qd X 2 days bid Days 9-22 iacreued 7% (95%CI 3-20%) 11 

then 0.3 mg qd X 20 days (no control) no dynamic interaction 
Digoxin, IR 10 mg digoxin plasma level Rtf '812 

0.25 mg bid X 7 days bid X 7 days increased 1 S% (p<0.05} 
(prc-tr·:ated 14 days) vs "'lacebo no dynamic intcracrjon 13 

10 1ee comments on individual studies for desian problems. 
11 the aponsor has claim no kinetic inter1euon in this scudy, but the data arc consistent with the ~suit& of : .. d 58. 
\2 heart f ailurt patients 

tl the authors claimed interaction in pre-ejection period&, 13~ 11 ms with placebo vs 129% 11 ms wich nisoldipine. 
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Tolerability Flndinp 

Tolerability findin11 in phannacoloaic 11udies are deacrlbed 11 follow1, which an ingluded 
u pan of dynamic characterit.ation and not to be relied on heavily for wety UMHment. Por 
complete usosament of adverse experiences and Afety proftle of niaoldipine, nforence is made to 
the reviews on efficacy/safety trials by Dn. Dem and Stockbridae. 

As noted in the above aections on phannacokinetica, atudiot referred to u "dOM~tolerabilhy 11 

in the NOA were of ahon tenn (mostly 7 days) and conductod in 1mall number or 1ubjec11. In 
pneral, n!soldipine ldministerwd in CC fonnulation wu weU·toleralld in healthy voluntaen (Studio 
091-035, D90-020), hypenenalve patienta (Dll.059, 090-022) and in aubjectl with hepaUc (t>9o.-
026) or renal impainnenl (092-001 ). Advene exptri1nce1 r1poned frequently in these 1rnall 11udtH 
wore rouahly dose-related and not unexpected from those ob•rved for other caJch1m ghanntl 
anta1onists, which included dizziness, edema, nu1hln1. headache, nausea, postural hypoten1lon artd 
tachycardia. Somnolence was a frequent complaint In patient• with hepatic dysfunction and overall 
frequency of advene events was hl1her in the nnally impaired patienu. Abnormal BCO with T .. 
wave changer. (see above in Phannaeodynomiet, Electrophy1iolo1y> wu no11d in at leut lhree 
studies, one in normal 1ubject1 (090-020), one In hype.,1n1ive patients (090·022) and on1 in 
pr.dents with renal impainncnt (092-001). However, it wu noc clear whether the BCO chan111 
were comlated wilh M)' clinically intolerable •i1n1 and symptoma. Similar BCO ghlnae• had not 
been as prominent in Phase Ill efficacy/Safety trials (aee Dr Dom's R1vl1w). 
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Comm1n11 on lndl\'ldual Pharmacoclynamk- ~t~ad.Mt 

While most pharmacodynamJ£ ltudaH Of nJaoldlplnc Wll'V of flllOnablt dealp and 
execution. 1ume d)'nunic 11:thiU11 wen not QJftUOlled and auch re1ul11 1hould h. accef'C•d with 
ro1ervatton. A1ain, the U.S. 1tudie1 wena bettor docum=nted and probably more nliab,1 lhln the 
tran1l11ed foreian repon1. Minor denc,entiu and interpretation different from that of NDA havr 
been noted in tho di1c"11lon above. The followin1 commenu we am.n1ed ln th: order of Study 
numben for 11rtr.nc1. 

Studl• 101 .. 107, 109, 110, Ill, Ind 116 
These werw all 1mali &oltnbllhy 1rudiea ln 4·6 normal 1ubjt(1t eaeh. The ~vine 1ffect1 

observed were 1lmilar &o that or U .S; 11udl11. 

Study 121 
In thi1 1in1le dose, placobo ~ontrolled cro11over study, decreaata in SDDP and incffa!la1 in 

heart r1l1 were do11·re)1ted h1 6 normal 1ubjecUL However, lhere may no& be adequate Hparalion 
between doio• to rule out c.:arry .. uver effoel (IN Comments on lndi\lidual Pharm1cokinotlc Studlea 
for •1ud1 dui1n). 

Study 126 
Hffec.·t of 1 1in1le oraJ dm'e <20 ma> nlaoldtptn• on eurciae tolerance wu evaluated in thb 

plattbo·controlled. double bhnd 1tud) 1n 12 patient• with 1tabl11n1in1. Willi• ni1oldlp1n1 improved 
'"lfC:liO ~•pt1Cil)' and ST =111menl thlnM••· ••nale do-. d•aa are btHteally or ltttl• Ult ror lht!il! 
endpoinb. 

Stud)· ll! 
Thill ta elc~uophyitiulu11u.: atud)' or ainale oral do•• of naaoldtpint ( I0~20 m1>. No 11~nlflcant 

chtUllfC' 1n lnm1·~ard11t conducuon were found. but the 11udy waa no& cotttroll•d and th• 
moa,.urcm~mJti ma)' hav~ bcon pcrforrn~d too &oon alter do1ln1 (•• de1cription or daf.I above). 

Studl• 144, 251 
The11 WIN uncontrolled 1IKtrophy11oloo •udiea of 1lnular dealan and 1amo doaa1c (I . 5 

J&a/k& iv). In Suady 257, paU1n" were prebH&ed wllh a&enolol 75 msfday or pindolul '' ma/da)' 
for 3 d1ya1. 

Stud)' 171 
Thi• •• an uneonlrOUtd hemodynurur. and 1lectrophy1aolo1&c 1tudy of nl1oldaplne in 12 

p1&i1nt1 under1oln1 arrhythmia evaJuallon. The v11tenti wore randomized 10 receive a 1in1le dose 
of ni1oldipin• IR 10 or 20 ma• orally. lnvuive hemodyn1m1c and electrophy1iolo1k d~ were 
collected before and I 20 mlnu1e1 1'1er dotina. Blectrophyaiolo1y data were not cited by the 1pon1or 
in the phannacodynam!e 1ummary (He de1tcription Of NIUl&I abovt). 
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Study 199 
In thb double blind. 1an11c do1c, cm11ovar 1tuciy, ni1oldipin1 lR 10 fni wu compued with 

nlfcdipln1 20 ma and placebo in 9 )4oun1 and health)' 1ubjec11. Effect• on blood pre11ure, hean rate 
and nnurohannonal 1y1&cm were meuu~. Sepntlon of treatment ,,_r1od1 wu adequate (one 
week1 

Stu1Jy 201 
Thia 11 1 1m1ll study in 12 Japane1e health)' aubjecli. Ni1oldiplna wu well-tolerated 1t 

ainslo doua ,,r 2.~·20 ma. No kinetk dat1 were 1vlil1ble. 

Study M4 
Thi• i1 an open label, 'lncontroUod 1tudy of Iv ni1oldipan1 (3 µa/ki/3 min> on roa!nnal 

myocardial blood now in 6 patientJ with ct>runar)' he1n diaeue. Beckaround therapy wllh atenolol 
100 ma/day wu continued for all patienta. 

Stud)' 372 
This is 1 doubtt blind, plactbo·cotttrolled, l·wnk atudy tn 72 hypcr11n1ivo p10ont1. After 

1 ~ w"k wuhout. tht do1111 wu forotd·thraltd from 5 m1 qd to 20 m1 bid 1vtry two w•k1. 
Hrsome1rk 1xerci10 wu performed by every patient hut hemodynamlc mouurflmtnu were don• ln 
onl) randomly •elected half of the p1tbnu1 Treatment 1roupii wire well·matchod. 

:iitUd)' Jl2 
Thi~ 1~ 1 l.loublt blind. place~ controH1d dru1·tnteracUon study to uae11 the effects of' 

lddan1 ni1old1pin1 to HU,bll1hed belA blocker (alenolol or prupranolol) theraples ln nonno11n1lvc 
•UbJtK'h E11h1 )'oun1 and hoaJthy 1ubject1 were randomized to one of the foliowin1 two treatment 
•f(fUfnCt\ (I {)f h. rerroduced from Nf>A Vul lai9, P11e 08 17 0013029)' 

•• 

b. 

Woekl 
beta blocker Cb> or placebo <p> 
ni1old1pin• (nl or plac•bo (ql 

w.w 
beaa blocker (b) or plaoebo <P.' 
nifmldlplne (n) or pl~ (q) 

0;;·~ .. ·•• 1 ··~6'···2···· .. ··) ....... :F4 ........ ~ 
bbbbbbbbbbbb· ........ ppppppbbbbbb 
f••<1•• 93•nnnnnn····••A••··· .. ··-~ 

0.·••4
•• 1 ·······2·······3•i.t•tt•••4···-···!5 

ppppppbbbbbb .............. bbbbbbbbbbbb 
••n••··-~·-··-··------ .. ·-·nnnnnn 

In the above l(lMtne, the third wHk (betwNn the end of Week 2 and be1lnn,n1 of W11k 4) wu 
I wuhout. With either Mqurnee, niaoldipine (n) WU admintllefld afcer one W•k of rJa blOCkl[ 
Cb> therapy but the match1n1 placebo (q) wu 1iv1n after a w11k of bey bloc41c m11chin1 plpkg 
(p), althou1h they were both ooncomJtant with beta blocken during Week 2 or '· Thu• lhe 
ni1oldipine treatment wu not weU controUed. 
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Study 399 
This is another dn11·interaction study to evaluato the effecu of pntrutmant wich cimetidlnc 

on the pharrnacokinedcs and phannacodynamie1 of nisoldipine. Eiaht normaJ 1ubjecu were 1iv1n 
a 1in1la doac of ni1.>ldipin1 u a 10 ms oral 10luuon or 0.37-l ma iv lnf\a1lon over· 40 rnJnute1 (two 
cro••over periods aepantod by 5 d1y1), without (no pl1e1bo) and with cimetldine uutment (~ mJ 
x 1 followed b)' 200 m1 tid tho next day or meuurement). U1in1 a 1ipnoldal B .... model, lt wu 
calculated that the hemodynamic chanp1 due to chnetldlne pre·U-eaunenc can be 1ttrif\uted to a 48Cli 
increue in ni1oldipine bioavailabiltty, and the 1ponaor concluded Chu clmeddlne lw no addltlonal 
dynamic lnteractlon with nl•oldlplne. 

Study 479 
Thi• 1 double-blind, parallel plagebo controlled, 3 week ltudy to evaluate the effect of 

nhmldtp&ne ( 10 ma IR bid> on P•)thomotor funcUona in JO nonnal healthy 1ubject1. 

Study 560 
Ch11111H m dlameten of coronll')' aneriea before and aftir iv niaoldipin• (O.S or 1.0 ma over 

4 minu1u > troatrntnl wtre mepured by u1lo1r1ph)' In 26 p1Uent1 wlth eoron!U')' hoan diMuc in 
thi• uncontrolled 1tudy. Plum• drua ltvob conwl1&1d with other hemodynamk 1telivittea but not 
v11odU1tin1 effech. 

Stud\· 648/649 ., - -

Th•~ i11 Mother 1.tr.ale oral do•e •tudy on the anti·itchlmk ertoct or ni1oldlpine, but unlike 
Study 126 oee above), ii cc tablet (20 ma> WM to1ttd. De1ptte I riaorou1 ckltip (double blind, 
paraUcl placebo controlled, muhi~onter>1 na1oldipine hid no effttct on aeveral an1in1 endpainta 
mouured. But a11in, not much ha• hoen 1hown wilh 1 1in1te do11 1cudy. 

Stud)· 610 
This 1nud)' wu double-bland, plac.bo controlled in youna and heal&hy 1ubject1. Bffeot1 of 

numldlpine IR lllHUmem at 10 ma bad for 4 week& on thyroid function and prolaclin wore UM1ud. 

Stud)' Dll·Ol9 
S. Commenta on Individual Ptwmacokinlllc Studi11for1tudy de1l1n and execution. 

Stud1 Dt0..020 
Th'• '• 1 double bUnd, pll'llltel plaoebo oontrolled, two 1in1l1·doH cro11over •tudy de1iped 

to demonstrate bioequivaJenct of lx•Om1 and 2a30rna nlaoldjplne CC tablet!\. Blood preHurr, and 
hean r11e ertecll, .u well u tolerabiUty data. were also coUocted. 

Study 090.0JJ 
Soe Comment. on Individual Pharm1ccaKn etk Studiea for atudy de1ian and executlol\. 
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Study 091.035 
SM Comment; on Individual Pharmacokinetic Studie5 for 1n1dy do1ign and execution. 

R•f 1·4 
As noted above. these four 1tudies were publithed by the aame Jroup of inve1tlgaton, thus 

not to be considered as four independent repon&. lnvuive hernodynunic1. both 1y1temic and 
coronary, of nisoldiplne were meuured in patients with coronary hean diaeue. Except for Ref 4, 
wtaich cornparod nboldtpine (0 µa/k&) with diltiuem "00 f.lafk&), none of the other studies were 
controlled. For theae 1tudi11, only publir•tion reprint• were 1ubmlned (no orisinal data). 

Rtf I 
Effect• of ni1oldlpinc: on myocardial rnetaholhim were compared with Chat of' nicardiplne in 

thi~ paper published by M.F. Rou11eau et al. Thiny-two patients with anaina pectoria we~ lrMted 
wt•h nt1oldipine 0 .06*0. 12 µa/ka infused intravenously over J 0 rnlnute1. Meuuremenu were 
performed at basal state and durlna 1 cold proasor test. 

Rtf 6 
Tht• a• a hemodynamlc 1tud)' of oral ni1oldlpane ( 10 ma IR 1in1le do1e) on lefi ventricular 

functlu.~. u.-lna radlonucHde 1n1io1r11phk techniquea. Chana'• in left v'ntricular function were 
me1u1ured durins exorci•e '" 20 p1tient1 with chronic •table an1in1 and coronary diaeue and 
rei.pom1ei. to 1 cold pre!i•or test was tvaluated In additional 12 patients with i1chemic pain and 
abnorrmtl exerci1e te1t but normal coronll')' a1\erie•. The study wu not c:ontroll•d. Reprint of 
publu.:&uion only, no onalnal dnta werr pre11nted in the NOA. 

[\..,; 7, I Oteferen~• I, .2 or St(Uon 1.15.l) 
The11e ilfC publi~hed rerort" nf litUdteli on rcaionaJ blood flow (liver and kidney. kef 7. 

furcium. Ref 8). N11uldipme W;t:. 1aven or1U)' (20 mJ!d•)' x 4 d1y1) an the former and intravenously 
(I 0 µ•lk1, 1n the liner. The investigation wu conducted in youn1, nonnaJ 1ubjecu In both 1tudie1. 
Repnnh onl)'. no ori1inal data revlawe'1. 

Ref 9 (Refertncea l of Sec1IQn 1.11.3) 
Bffecta of ni1old1pino (20 ma/daY for 4 day1) on pl1a.let •ure11tlon wu compared with that 

of verapamll {160 maJday for 4 clay1) in chia pubUahtcl repon. Reprint only. no oriainal data. 

Ref 10 (Referenct1 4 of Section l.ll.l) 
Wilhuu& a C<'ncumnt control, the claimed f1vonable offoeUt of ru1oldipine on llpoprotein 

profile can not be taken serioualy and will not be de1~ribed in the labeUna. Also reprint of 
publication. no ori1inal data. 

-26-



NOA 20-H6/C'1111 Pharm 

Dru1 lnceractlon Studies 
As noted above in the kinetic sections, dru&·interactiontt were separated into the followin1t 

~ group'i: 

Eff e(t of other dru1s on phannacok.inetic1 of ni1oldipine. 
Effect of other dn.aas on phannacodynamics of nisoldiphw 
Effect of nisoldipine on other dna11' phannacokinetlcsldynamiclii. 

The first category hu been described in the Phannacokinetic Sections. For the! remainin1: 
two, Hrruuations uf individual studio11, auch Lit 1in1lelmultiple tfoses, duration of ~rcAtment and 11sc 

of c:ontrol aroup1, have been described in table• 1ummarizin1 the result•. Studies 382 and 399 have 
been commcntod above in this section. 
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Summary or Pharmarodynamk lssua 

Antihypertensivc activity of nisoldipinc has been demon•U•tcd for both lR and CC 
formuhuions, Do&111es ranain1 from s to 120 ma have been studied in at leut 6 studie5, however I 
dose-response relationship in these shon-tenn studies on CC formulatlo11 wu not consistent. While 
the placebo~adju5ted blood pressure reductions were proportiobal to doses or 5-30 ma/day, the 
response was flac over higher dose" of J0-90 ma/day in 1 leas well-designed study (see commcnu 
above). Systemic vascular "'sistanc~ was con1h1tently dee~~ by niaoldipinc, but heart rate 
changei appeared to be mild in the phannacodynamic studies. 

Nisoldipine did not appear to have 1iplficant ne11dve inotropic activities and e.4cept for a 
modes& decreue in 11inuli cycle lcn1th, had no app~ciable chronotropir effects either. However, the 
chanaes in T wave u observed in a few pharm1colo1ic.: 1Cudio1 need lo be re·examinod in lar1e 
effkacy/safcty trials. Nisoldipine may increase coronary blood now in pacients wlth coronary anery 
disea.1te. bur other me1uiurcroent~ of anti·i5chemic effect were not consistent. 

There were no significant phaumacodynaunic interactions between nisoldipine and rarutidine. 
tim4'tldlne, or propranolol (wath CC formulation of nl1oldlpine). Nisoldipine may incroue 
bioavaih1bi1.1y of quinidine, propranolol. atenolol and di1odn. but the extenda were variable and of 
unclear dyni\mac con!iequences or clinical mcanina 

Biued on 11 somewhat limited experience, nasoldipine had no advcue pharmacoloaic effecta 
on neurohormonal 1y1tem, re1tonal blood flow, thyroid and prolnctin activity, lipoprotein profile or 
ptiychomotor t\anctions, Nasoldtpme may inhibit platelet 111reaation and hs clinical implication 
should be reviewed in the 1afoty data. Nisoldiplne r.c appeared to be well-tolerated in the 1mall 
1tcale clinic"I phanmtcolo1y i1tud1ei., !lome of which were 'onductcd in nonnotensive Kubjects. 
Adverite event~ were commonly i.eeu an other caakium channel blockors. 
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l~RMACOKINET!~SIDYNAMICS CORBELATIQ~ 

As noted in the Summary of Pharmacodynarnic Issues, placebo-adjusted blood prcssutt 
chanacs were dose-rell\ted for S-30 mg (one w~k study on CC fonnulation, Study 088-059), 
correlation with plasma drug con~ntration and total bioavallability wu also aood: 

122.B: ~ 
m&fd na/ml 

5 0.65 
10 l.02 
20 2.13 
30 2.79 

A~1• 
ng.hr/ml 

8.39 
16.17 
28.24 
40.J4 

Cbao.aes in Svatolic/Diutolic BPL mm liJL Pay 7 
8 hrs post dose 24 hn post dose 

" 7.1 I+ 1.2 
- 6.3 I · 1.2 
-10.7 I - 1.7 
-19.2 I - 4.6 

+ 1.9 /. 4.6 
- 8.8 I - 4.9 
~ 9.2 /. 4.6 
-1~.6/-6.2 

Fil by hne1tr regreuion wu reasonable and suggested that pluma nisoldipine con,~entration or 2 
n;/rnl was required for• 5 mm Ha drop in diutolic BP over placebo. Such n:lation1hip wu le11 
cltar It rusher doses (30-90 ma/day. Study 090-022). When blood pre11urc re1ponao1 and pluma 
drua concentrations were fitted with linear repe11ion which included placebo dala for pluma level 
of zero. estimated slopes were 1i1nificant or nearly 10 for 30 m1 and 60 mg. However. u noted 
before, placebo-corrected blood pressure reductions were not doae·rolated and the do111e1 were 
forced titrated rapidly in sequence in thiK study. 

In four larse hypertension efficacy trials (088-054, 089£029, 089-039 and 09()..()19), which 
covered dose' from 10 to 60 mas/day, overall correlation between 1y1t0Uc:ldiut0Uc blood preHure 
reduchoni. and plasma drua concentration was sood for ea~h 1tudy pooled over all do1aae1, and for 
30·60 m1 do!ies pooled over all four 1tudie8 (Table on next paae>. The e1tinwed slopes from Jin~ 
rellression amalyi.i" indicated that trouah sur)ine diutolic blood pre11ure decreased by 1.57 mm Hg 
per I ng/rnl (overall pooled 1n1ly1i1), or 1.67-2.38 mm Ha per na/ml for the three monotherapy 
5llld1e~. 

ln two Phase Ill an1ina uial1 (088~060 and 090-015), placebo-subtracted chan1e1 in exercise 
durations from bueline were related to dotelpluma ooncentrauon 11 follows: 

l22lt ~ ~h Chanps in IOCOnds, p for correlation with drug level~ 
mild nJlml nglml Peak p Trough p 
10 0.79 1 0.037 
20(088-060) - 1.2, 20 0.905 
20(090-01,) 2. 10 1.57 29 0.012 34 0.184 
30 2.16 32 0.0~4 

40 3.70 2.,6 6 n.1os 7 0.017 
60 S.70 4.07 34 0.,77 37 0.777 
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Of these, the estimated slopes were sipiticant or nearly IO for 10, 30, 40 1111~ 11 trough. and 
20 mg at peak. Pooled over all dosqes, the com:larion was aipificant in Study 088-060 (10-30 
ma. trough) only. Overall correlationa between dote, pluma level and exercise tolerance an angina 
patients were poor. 

Correlation of &mush nhioldipine level and blood pre11ure responses: 
(From NDA Section 8. J 3.8.2, Vol 116) 

NtlOLDIPIHl/tffttAC' ,00\ U~LI 

u' cc "'" co••ILA,IDN corrrtCllH'' DP HCIUGll ILDCIP UVILI Wt"' tHUCll ILODD PH llUlll 
ro• AlL r•tllNll VALID, .. •••tCACY ANALtlll 

tuf'INI ...... IU .. IMG 
NII CC 00 lfllnL IC If' •IAltll IC 9ft IYSfOL IC II' 

fllOIOCIU OllUG GIOUI' M • , 
"'°"' • , • , 

Dll·OU ALL .., •0, tllU 0 OHO ·•." •O.IOIH 0.0021 •O. I IYl4 0.HH 
Dll·OH AU. IH •O. IODI 0 Oft;lft •t.D> •O,IOHI 0.0QOt .. O.lltll ..... 
OAO•O:ll AU. ,,. ·0.:11111 0.0001 •t.H ·O •on1 O.OQDI •O.HOIO o.aaot 
DIO·Oll ALL ... •U.IOHO 0.0000 . ' .... ·0.44HJ o.oaot •0,11111 0.0011 

DH•Ot4 IOMO ltO 0.0.1,D 0 1!'1:11 •O 'OOI 0.0HI 0. ttlU 0.1111 
DH•Cl\4 IQMO IO •0.001 O.OOftO •O,:JUU4 o.ouo -.o.•Hn •••••• :111·0•4 IOMG n •0,fltH o.to\1 •O llDH o •IH .. 0.11••' ...... 
llt·Otl ICING II O.llHD o.uu o. ,.,., •O.HfO ....... ····"' OH·DH it ONG ... •ft,"'" 0 HU •O.llM4 ....... ........ ···" DH·OIO IOMf.I t:a •U.0911• o ..... ....... o.otn ... ""' 0,llH 

Dll·O:tl tOMO H •O. llOU O.H4• •O.HUt Cl.&HllO ......... D. t4H 
Hl•021 40HG " •0.:JUH a ouu ••. 'I004 O.OOll ·•.•1101 O.OOtl 

DN•01t IOMC .. ·o noot O.OUI ~o. H tJG O.OOll ......... 0 0021 
HO·Otl l<ma 1:1 ·o.nn• 0.001 •0.44111 0,0QOI ..... IHH 

0. '°"' 
Al.L fOllQ IO u.014'00 0.1:1:11 •0.14111 ...... .. ... ,. ...... 
ALL ICllG .. , ~o.Olool o.••• .... •O.CllY41 O.t411 ...... ,. O.OI04 
UL IGM H •O.tHll O.OtGI ... tnn ..... ......... 0.00.10 
ALL ... MM ........ • 011\t ..... .... lllOI ..• , .... llOH 0.0101 
ILL .... Ml •O. IYJH ..... ·O.ntn ..... . ....... 0,0ll:I 

ILL ALL "' •O.tltU ..... ·•·" .... .,. ...... .... Hitt o.ooru 

.3(). 
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-o ..... o GOIO 

·•·'"" ··-· •O.IOICM 0.0001 
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•O.U411 '·''" •0.1 .. tO o .... , 
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It appears that pharmacokinetic properties of nisoldipine has been well"describcd for both 
the inuncdht~ relusc (IR) and the control release (CC) formulations. Variations in bioavailabilily 
of nisoldipine in paUenl5 of different concurrent di&CUCI and demographic characteristics have been 
examined, which should be addressed an relevant sections of Jabelina. esp.'Cially the issues of dose· 
dumping by food. Once dally use of nisoldipine CC tabletli for hyper1tm1ion is supponed by the 
kinetic dsta. 

While the pharmacodynamic profile of nisoldipine wu studied mostly u•ina intravenous and 
the 1R formula1ion1. it has been demonstrated that r.isoldipine i' a vuodUatina antihypenenslve with 
minor elcctrophyaiolo1k ~ffects and insianiflcant inotropic activities. There b no reason to eJ1.pecl 
significantly diffcrenf behavior for the CC tablets. For major cardiovucular effects of nisoldipine, 
there is wood comlation whh dose (~w30 ma/day) and plasma drug conccentrallon. 

It i!\ c:oncluded that cHnicaJ pharmacology of rusoldipine CC has been adequately 
chantctc1ized for the patient~ to he treated tha1 instruction!! on its cHnlcal use for hyponen1ion can 
be wrinen for the labeling. 

cc: 
ORIG: NOA· 20·356 
HFD-110 
HFD-110/CSO ~/ 
HfU ·426/PM"n·ourn 
HFD-110/PDem, ClJuane, NStockbridae 
HFD-11 OISChen/02/ i S/94 

tt~c:r~ 
Shaw T. Chen, M.D.,Ph.D. 
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STATISTICAL REVIEW AND EVALUATION 

NDA #: 20-356 DruaO•u: Date: JAN 4 1994 

Applicant: Miles Pharmaceutical Division 

~D\J o112nla: Nisoldipin · Coat-core Tablets, 10, 20, 30, and 40 mg, q.d. 

lndialliln: 1) Hypertension, alone or in comhincttion with other antihypertensive 
agents; 

Documents Reviewed: Volumes 1-5, 379, 388, and 400 of the NOA suhmission dated 
March 31, 1993. Also tht- d.ltA for the primary efficacy variable, supine diastolic blood 
pressure, was sub1nitted on diskette for the double-blind portions of Studies 090·019, 
090·029, and 090·039. 

Medical Officer: The medical officer for this review is Dr. Cristobal Duarte. 

I. INTBOOUO:ION 

Nisoldipine is a dihydropyridine calcium channel blocker derived from nlfedlpine. 
The product is currently approved in 23 countrle,, although clinical dev~lopment 
was discontinued in the United States becaus@ the brief duration of effect required 
multiple daily dosing. Thls application ls for an extended-releasP formulation of 
nisoldipine, and studies once daily dosing for both hypertension The 
cuat-core tablet consists of an inner core containing 203 of the nisoldipine dose in an 
immediate-release form, surrounded by an outer coat conti'.lning 80% of the 
nisoldipine dose In a slow-release form. 

Thls subnuisslon consisted of the results of two Phase II and three Phase lll trials for 
hyperte1\sion whkh were carried out in the United States, and one South African 
hypertension study. The submission also contained two Phase m trials for angina 
which were carried out in the United States, and · 

JI. CON1l(0LLED CLINICAL TRIALS 

II.A. PROTOCOL NO. 090-019 

11.A.1 Study Dncrlpt1ou 

Study 089·019 was a sixteen-center dose-respons~ study designed to compare thr~ 
fixed doses of diltiazem with placebo in patients with mild to moderate hypertension. 

1 
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The plan called for patients to be randomized to one of four parallel groups, receiving 
either placebo, nisoldipine 30 mg qd, nisoldipine 60 n1g qd, or nisoldipinf! 90 mg qd, 
over an six week double-blind period. The 90 mg nisoldipine arm was deleted from 
the protocol by amendment before any patients were randomized. 

After a four week washout period, patients who had a supAne diastolic blood pressure 
(DDP) between 100 dnd 114 m111Hg on each of the last two pre-randomization visit5 
were eligible for randomization to double-blind treatment. The two supine DBP 
readi&"gs were required to be within 7 mmHg of each other. Blood pressure 
measurements were taken at trough (24 hr ± 30 minutes post-dc'\e). 

A total of 309 eatients wert' enrolled in the placebo run-in period, and 221 were 
randomized to treatment group, with 72 assigned to placebo, 76 to ni5oldiplne 30 mg 
qd, and 73 to nisoldipine 60 1ng qd. Nine placebo patients dropped out uf the !ilutly, a5 
did three low dose and 12 higher dose nlsoldlplne patients, while 197 patients 
completed the study A total of 213 were considered valid for efficacy ana1yses. 

Patients were instructed to take three tablets each morning prior to 11 a.m. All 
patients randomized to nisoldlpine began at 30 mg once daily, And those randomized 
to the 60 mg dose were titrated after one week. The relationship of drug 
administration to meals was not specified. The double-blind treatment phase lasted a 
total of six weeks, with patients evaluated weekly for the first four weeks and then 
again at the end of the study (week 6). 

The primary efficacy variable was change from baseline (l'llean of weeks 3 and 4 of the 
placebo run-in) to .,ndpoint in supine diastolic blood pressure at trough, 24 hours 
post-dose. Secondary efficacy variables included change from baseline in trough 
standing DBP and supine and standing systolic blood pressure (SHP). Response ru•-
at tr01.1gh were also analyzed, with response define in four different ways, (1) supine 
DBP no more than 90 mmHg; (2) a fall in supine DBP of at least 10 mmHg, (3) supine 
DBP~ 90 mmHg or a fall in supine DBP ~ 10 rnmHg; and (4) supine DBPs 90 mmHg 
and a fall in supine DBP 2: 10 rnmHg. 

At eight of the 16 centers 24-hour ambulatory blood pressure monitoring (ABPM) was 
performed at we«k 3 of the placebo run~in and at week 5 of the double-blind treatment 
period. The sponsor used the ADPM data to analyze the peak/trough ratio. A total of 
117 patients had 24-hour ABPM monitoring. In-clinic blood pressure measurements 
were also taken at for 12 hours post-dose at seven centers after 4 weeks of placebo run­
in and after six weeks of double--blind treatment. 

11.A.2 Sponsor'• Analy1l1 

The sponsor performed both art evaluable patient analysJs, including thos~ patients 
with at least two pnst-baaeline evaluations who were not protocol \'lolators, and an 
intent-to-treat analysis including all patients at least one post-baseline evaluation. A 
last-observation-carrled·forward approach was used to include the available data from 
patients who dropped out of the study. The initial an1ly1i• of variance model for the 
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primary and secondary change from baseline endpoints included treatment group, 
lnvntigator, and treatment by investigator inter3ction terms. The interaction term 
was dropped if il was not significant at the .OS level. The initial comparison was the 
average of the nisoldipine groups versus placebo If this was significant then pairwise 
comparisons were done to identify which nisoldipine doses were favored over 
placebo. 

The sample size for this study was selected to give 90% power to detect a difference of 
at least 5 nlmHg between the nisoldipine groups and the placebo group. This was 
calculated using an estimated standard deviation of 8 mmHg. The sponsor compared 
the demographics of the four groups at baseline using a Mantel .. Haenszel test on se><, 
r1&ce, smoking status, and use of previous antihypertensive medications, and found 
no significant differences. The groups were also simil•r with respect to ,tge, weight, 
height, and yean of hypertension, which were cmnpared using an analysis of variance 
model. 

Change from Baseline Blood Pressure 
Measurements at Endpoint (LOCF) 

(Intent-to-Treat Data Set) 

Supine Supine Standing Standing 
DBP SBP DBP SBP 

Placebo (N=71) 

Baseline mean 103.64 155.31 102.91 151.22 

Change from baseline "4.68 -1.88 -2.60 ·1.94 

Nlaoldipine 30 mg (N•76) 

B11elinr. mean 104.41 157.29 103.82 153.57 
Chanse from baseline -11.58 -12.10 -9.59 -13.36 
p-value va placebo 0.0001 0.0001 0.0001 0.0001 

Nlsoldlpine 60 mg (N•73) 

Baseline mean 104.76 158.43 103.74 154.12 

Change from ba1ellne -14.46 -16.67 -12.41 .. 15,94 
p-value v1 placebo 0.0001 0.0001 0.0001 0.0001 

lnterc1ction i;-value 0.4675 0.10?4 0.2651 0.4209 
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The results of the sponsor's analysis of their evaluable patient data set were similar, 
with all of the active drug groups demonstrating a highly atatistlcally slgnlfka!\t 
difference from the placebo group. Tite same was true of the analysis at each of the 
various time points after at least two weeks of' ·Ltble-blind therapy. Hach active 
treatment group tended to reach a plateau tn blood pressure responR after two or 
three weeks of double-blind therapy, arid the results for the group were very 
consistent beyond that point. The treatment by center Interaction term wag not 
significant at the .OS level. 

The response variables also demonstrated results similar to the change from baseline 
blood pressure values, as can be seen below. 

Response Rates 

Nl1oldlplne Nl1oldlplne 

Placebo 30 D\8 qd 60mgqd 
Na71 N•76 N•66 

A) DBP s 90 nunHg 16 (23%) 26 (34%) 37 (56%) 
B) DBP decrease~ 10 mmHg 22 (313) 37 (49%) 50 (76%) 
C) A) or B) 22 (31%) 37 (49%) 50 (763) 

D) A) and 8) 16 (233) 26 (34%) 37 (56%) 

The ambulatory blood pressure data wa1 analyzed by 1moothlns th• hourly means 
from the eight centers using a Fourier transform. The mean trough and peak values 
and trough to peak ratios were obtained from the smoothed data. Peak effect for each 
nisoldipine group was defined as the greatest difference between the ni1oldlpine 
group and placebo in mean change from baseline. Trough effect wa1 defin•d 11 the 
24-hour post-dose difference from placebo. 

The peak diastolic blood pressure response occurred at 13 hours post-dose for the 
llJsoldipine 30 mg group and at 4 hours post-dose for the ni1oldlpine 60 mg ~roup. 
The peak/trough ratios for the placebo subtracted ambulatory measurement:, were 
-12.1/-9.5 • 78% and -1!\.2/-}4.2 • 93~, respectively. The corresponding sy•tollc 
peak/trough ratios were 83% and 76%. 

-· ·-----, 

The number of adverse events experienced ln the placebo group w11 ataH•tlcally 
significantly different from both of the nisoldiplnt groups. The most frequently 
reported adverse event11 included headache and peripheral edema in the placebo 
group and both nisoldipine groups. Adverse events were most likely to occur early in 
the first two weeks of doubleabllnd therapy, althoush they continued to occur at a 
reduced level throughout the 1tudy. One patient experienced a cardiac ane1t and died 
while receiving Placebo dwing the double-bllnd portion of the atudy. No other 
patients died during the study. 

4 



P1tl1nta with ~ one event 

ro11lbly drus related 

Serlou1 adver1e events 

Withdrew due to a. e.'1 

11.A.3. Revlewor's Comments 

Adverse Events 

Niaoldipine 

Placebo 30mgqd 
N=?l N=7fi 

32 (44~) 47 (62%) 
19 (26~) 23 (303) 

2 (3%) 4 (5%) 

3 (490) 1 (1%) 

Ni1oldlplne 

60mgqd 

N=73 

!4 (74~) 
33 (45%) 

10 (14%) 

11 (15%) 

This 1tudy gives substantial evidence that nlsoldlplne, ln do1e1 of 30 and 60 mg qd, 
reduces blood pre11ur1 whon compared to placebo. After e1tabli1hlng a drug ef feet by 
comparing the mean of the combined nlsoldiplne 1roup1 with placebo and reaching 
:1tath1tlcal significance, the 1ponaor compared each do1e group directly with placebo, 
and both were highly 1tati1tically 1igni(lcant. The protocol and thcr study report do not 
mention any adjustment• for multiple comparl1on1. Howev1r, the results of this 
study were 10 1ignlfkant that even u1lng the conservative Bonforonni adjustment for 
tha multiple comparisons, they remain highly statistically significant for the primary 
and secondary blood pressur1.1ndpolnt1. 

This reviewer performed several additional analyses on \~e data including analy1l1 of 
covariance u11lng baseline 11 1 covariate for both change from baseline and for 
endpoint supine OBP. The result• of the1e additional analy11e1 did not differ 
substantially Eron\ the re1ult1 submitted by the sponsor, and demonstrated the. 
robuatne11 of th• tffkacy r11ult1. 

The re1ult1 of this atudy demonstrate 1 dote--re1pon1e relat!onshlp for the 30 mg qd 
and 60 mg qd doses of nisoldlpln• ln both efficacy and 1afety. The higher doae group 
con1l1tently 1howed a greater reduction ln all four blood pr•11urt me11urem1nt1. 
This group also had tnore adverte eventl and more 1erlou1 advent events. Thi• 
study involved a forced titration, and many of the patients in the high doae group 
po11lbly had an adequate r11pon1• at the lower do11, and did not need the additional 
risk of adver10 events which came with the addUtonal blood pre11ure reduction. Thia 
reviewer feels that do1t1 of nl1oldlpln1 lower than tho11 studied here might bt 
adequate for many patiunt1. 

The protucol stated that the original model for the analy1l1 of the blood pre11iure 
variables would include an interaction terrn, but that the lnteractlon term would be 
dropped If It wa1 not eignilkant at the .0.5 level. TI\r. wit for Interaction la• teat with 
very low power and therefore lnteractlon 11 usually tested at the .15 level. U•lna thla 
level, one of the 1econdary endpolnt1, 1upln1 SBP, demon1tr1ted a 1l&nlllc1nt 
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treatment by center Interaction In the endpoint analysis (p• 0.1074). The primary 
endpoint also had Interaction ternls with p·values whlch were greater than .OS but 
le11 than .15 at several time points, but not ln tht endpoint anAlysls. The lndualon of 
th• interaction term in the analysis of variance model dld not change the 1tatit1tkal 
slgnlfkance of any ot the primary or secondary endpoints. This reviewf!r calculated 
the results by center and found that while the respon~e at the various centers was 
dlflerent ln magnitude, they trended ln the 1a1ne dirfo!cllon ln almost dl centeraa. Tha 
Interaction appears to be quantitative In nature, and probably a result of the va:labllity 
of the blood prt!Hure rt!t1pOl'l1teM. 

11.B. PROTOCOL NO. 089-029 

11.8.1. Study De1crlptlon 

089·029 was a sixteen-center dose .. respon11u parallel study comparing pl1ceuo with 
three once dally do111 of n11oldipln1 on a background o! atenolol 50 ms qd ln patients 
with Il'.ild to moderate hypertension. Patients were randomJ:ted to one of four 
p•uallel group1, recelvlns either placebo or nisoldlplne 20 mg qd, nlsoldlplne 40 mg 
qd, or nlsoldlplne 60 mg qd, over •n 1hc week double-blind period. 

Following a two-week placebo run-in porlod, patlcmt1 with 1upine dia•tolic blood 
pre11uNt between 100 and 119 mmHg entered a single-blind four week run .. ln period 
where ah re!celved atenolol 50 mg qd, but no other hypertensive therapy. Patients 
who had a supine diastolic blood pressure between 9S and 114 mmHg after the four 
weeks of atenolol therapy were eligible for randomlzatlon to one of the four douhle­
bllnd treatments, while continuing tholr atenolol thl'rapy. 

A total of 418 patients were enrolled In the placebo run .. ln, and 313 continued !Ml·. •he 
atenolol run-in period. Most of the patients who did not continue were not eligible 
because their blood pre1uaure had dropped too much while receiving atenolol. A total 
of 2.51 patients were randomized to double-hllnd treatment group; 62 to placebo, 62 to 
nisoldlpine 20 mg qd, 63 to nisoldipine 40 mg qd, and 64 to nisoldlpint 60 mg qd. 
Three placebo patients dropped out of the 1tudy, as did one low dose, five rnld·do1e, 
and seven higher dose nlsoldlpine patients. A total of 238 patients were considered 
valid for the efficacy analy111. 

Patients were ln1tructed to tAke two tablet• and one capsule each morning prlor to 11 
a.m. All patients randomized to nisoldipine began at 20 mg once daily, and those 
randomized to the higher dose groups were titrated wMkly. The relationship of drug 
1dmlni1tration to meaht was not specified. The double-bltnd treatment ph11e la1ted a 
total of sl)( weeks, with patients evaluated at week• 1, 2, 4, and 6. The primary efficacy 
variable wu change from baseline (mean 1upine DBP at week 4 of the 1ingle-bUnd 
atenolol phase) to endpoint (the la1t double-blind vl1lt) supine dl11tollc blood 
pre11ure (DBP) at trough, 24 houri post-don. Secondary efficacy variable• included 
change from ba1ellne ln standing DBP and 1uplne and 1tandlng SBP. The change 
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from baseHne during the atenolol phase was also evaluated. Response rates at trough 
were also analyzed, with responae define in four different ways, (1) supine DBP no 
more than 90 mmH&i (2) a !all in supine DBP of at least 10 mmHg, (3) supine DBPs 90 
mmHg or a fall In supine DBP ~ 10 mmHg; and (4) supine DBPS 90 mmHg and a fall 
In supine DBP 2 10 mmHg. 

At eight of the 16 centers 24-hour ambulatory blood pressure monitoring CABPM) was 
performed at week 3 of the atenolol run .. fn and at week 5 of the doubltrbllnd 
treatment period. The sponsor usod the ABPM data to analyze the peak/trough ratio. 
A total of 141 pati~nts (centers 01 through 08) hftd 24~hour ABPM monLlorlng, 
including 33 randomiz~d to placebo, 34 tu nlsoldlplne 20 nlg, 35 to nlsoldlplne 40 mg, 
and 34 to nh1oldlplne 60 mg.· 

11.B.~. Spon1or'1 Analy1l1 

The sample size for this study was selected to siv~ 90% power to detect a difference of 
:-t le11t 5 mmHg betw•n tho nl1oldlplnt 40 mg group and the placebo group. This 
was calculated using an estimated standard deviation of 8 rnrnHg The sponsor 
compared the demosraphlcs of the four group1t at baaellne ualng the Cochran-Mantel­
Haenszel test (adjusting for center) on sex, race, smoking status, and several other 
factors. The analysis of the previous use ot antihypertensive medications was 
marginally 1lgnlflcant with ;u•0.065. Only three patients had provlously :''Hin treattild, 
and two ol thoa• three wer-. randomized to the plae11bo group. The groups were al10 
1lmilar with respect to age, weight, hel~ht, and year& of hypertension, which were 
compared uslng an analy1l1 of variance model. 

The sponsor performed both an evaluable patient analy1l1, including patients \\'i'.1 
lea"t 19 day• of double·l>lind therapy, and an lntent·to·treat analysls lncluding all 
padents who had at least one post-baseline evaluation. A la1t·ob1ervatlon .. carrled· 
forward approach was used to lnelude the available data from padents who dropped 
out of the study. The initial analysis of variance model for the primary and secondary 
change from baseline endpoints included treatment group, investigator, and 
treatment by investigator interaction terms. The interaction term was dropped lC it 
was not significant at the .05 level. The initial comparl1on was the average of the 
nlsoldlpine groups versus placebo. U this wa1 significant then pairwise comparisons 
were done to identify whkh nisoldipine do1es were favored over placebo. 
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Change from Baseline Blood Pressure 
Measurements at Endpoint (LOCF) 

Intent-to-Treat Data Set 

Supine Supine Standing Standing 
DBP SBP DBP SBP 

Placebo+ Atenolol (N=62) 
i_, .t1ellnc: mean lOll.74 158.30 102.10 154.20 

Change from baseline -3.90 -0.12 ·1.66 +2.30 

Nl1oldiplne 20 mg + Atenolol (N= 62) 

B11ellne mean 100.58 158.19 102.13 153.81 

Change from baseline -10.00 -12.51 -8.85 -10.14 

p·value v1 placebo 0.0001 0.0001 0.0001 0.0001 

Nlaoldlplne 40 mg + Atenolol (N• 62) 
Baseline mean 100.97 159.32 '103.46 157.22 

Change from ba1ellne -12.01 ·19.03 -12.39 .. 21.75 

p·value v1 placebo 0.0001 0.0001 0.0001 0.0001 

Nlsoldlplne 60 mg+ Atenolol (Na 64) 

Ba1ellne mean 100.81 160.90 102.32 155.72 

Change from baseline -13.73 -22.38 -14.30 -21.89 

p·value v1 placebo 0.0001 0.0001 0.0001 0.0001 

Nlsoldlplne veraua placebo 0.0001 0.0001 0.0001 0.0001 
Interaction p-value 0.1107 0.3041 0.5361 0.4636 

The results of the sponsor's analysis of their evaluable patient data set were similar, 
with all of the active drug groups demonstrating a highly statistically significant 
difference from the placebo group. The same was true of the analyala at each of the 
various time points alter the first week of double-blind therapy. Each active treatment 
group tended to reach a plateau in blood pressure response alter two or three weeks of 
double-blind therapy, and the results were very consistent beyond that point. The 
treatment by center interaction term was significant at the .OS level for the analy1l1 of 
aupine DBP at the first double--blind visit, but not for the secondary blood pressure 
variable• at that visit, nor for any blood pressure variables at later visits or at 
endpoint. 
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TI1e response variables also demonstrated results similar to the change fron1 baseline 
blood pressure values, as can be seen below. 

Response Rates 

Nlsoldlplne Nlsoldlpine Nlsoldlplne 

Placebo 20mgqd 40mgqd 60mgqd 

N•59 N111bl Na 59 N11:: 59 

A) DBP S 90 mmHg 19 (32%) 34 (56%) 40 (68%) 39 (66%) 

8) DBP decrease 2 10 mmHg 14 (24%) 31 (51 %) 40 (68%) 44 (753) 

The ambulatory blood pressure data was analyzed by smoothing the hourly means 
from the eight centers using a Fourier transform. The mean trough and peak values 
and trough to peak ratios were obtained from the smoothed data. Peak effect for each 
nisoldipine group was defined as the greatest difference between the nisoldipine 
group and placebo in mean change from baseline. Trough effect was defined as the 
24-hour post-dose difference from placebo. 

The peak diastolic blood pressure response occurred at 3 hours post-dose for the 
nisoldipine 20 mg group, at 23 hours post .. dose for the nisoldipine 40 mg group, and at 
one hour post-dose for the nisoldiplne 60 mg group. The peak/trough ratios were 
-5.0/-9.4 = 53%, -12.8/-13.1• 97%, and ·12.9/-13.0 • 99%, respectively. The 
corresponding systolic peak/trough ratios were 86%, 100%, and 94%. 

Adverse Events 

Nisoldiplne Nlsoldlpine Nisoldiplne 

Placebo 20mgqd 40mgqd 60mgqd 
N=62 N=62 N=63 Nr: 64 

Patients wlth ~one event 28 (62%) 37 (60%) 44 (70%) 42 (66%) 

Posalbly drug rrlated 14 (23%) 16 (26%) 28 (44%) 28 (44%) 

Serious adverse events 2 (3%) s (8%) 2 (3%) 5 (83) 

Withdrew due to a. e. '1 l (2%) 1 (2%) 4 (6%) 4 (6%) 

The most frequently reported adverse events included headache and peripheral 
edema ln the nlsoldlplne groups. The most frequently reported adverse events in the 
placebo group included rhinitis, peripheral edema, and headache. Adverse events 
were most likely to occur early ln the study (prior to week 4), although they continued 
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to occur at a reduced level throughout the study. There were no deaths reported 
during this study. 

11.B.3. Reviewer's Comments 

This study demonstrated that nisoldipine treatment resulted in additional blood 
pressure reduction when used in the presence of atenolol. The primary and 
secondary endpoints all demonstrated statistically significant reductions in blood 
pressure during the six week study. TI\is reviewer again performed severn1 
alternative analyses and found that the results were robust. 

The results also demonstrate a dose-response trend for the 20 mg qd through 60 mg qd 
doses of nisoldipine in both efficacy tnd safety. The higher dose groups consistently 
showed a greater reduction in each of the blood pressure measurements, and also an 
increasing number of adverse events. This study again involved a forced titration, 
and many of the patients in the higher dose groups possibly had an adequate blood 
pressure response at lowf~r doses and did not need the additional risk of adverse 
events which came with the additional blood pressure reduction. This reviewer feels 
that doses of nisoldipine lower than those studied here might be adequate for many 
patients. -

The protocol stated that the original model for the analysis of the blood pressure 
variables would include an interaction term, but that the interaction term would be 
dropped if it was not significant at the .OS level. The test for inter1tction is a test with 
very low power and therefore interaction is usually tested at the .15 level. Using this 
level, the primary endpoint, supine DBP, demonstrated a significant treabnent by 
center interaction in the endpoint analysis for both the evaluable patient data set 
(p•0.1478) and for the intent-to-treat data set (p=0.1107). This reviewer calculated the 
results by center and compared them. The centers vary substantially in the response 
of the various nlsoldipine groups, but in no case did the placebo group have a greater 
response to therapy than did the treated groups. 

11.C. PROTOCOL NO. 089.039 

11.C.1. Study Description 

089-039 was a four-arm parallel study comparing placebo, two once daily doses of 
nisoldipine, 20 mg. and 40 mg, and verapamil 240 mg bid, in patients with mild to 
moderate hypertension. The protocol for the sixteen center study included a fifth 
group randomized to nisoldipine. 80 mg qd, but this group was dropped shortly after 
the beginning of the study (not prior to randomization) after the sponsor received 
information from another study that nlsoldlplne doses in excess of 60 mg qd were not 
well-tolerated.. · · 

After a four week washout period, patients who had an average supine DBP between 
95andl14 mmHg on each of the last two pre-randomization visits were eligible for 
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randomization to double-blind treatment. BloorJ pressure measuremen~s were taken 
at trough (24 hr± 30 minutes post-doSt!). The double-blind portion of the study !a.$ted 
12 weeks, but patients randomized to placebo were switched to verapamil 240 mg qd 
for the final four weeks of the study. 

A total of 41J patients were enrolled in the placebo run~in period, and 320 were 
randomized to treatment group; 75 to placebo, 78 to verapdmil, 76 to nisoldipine 20 
mg qd, 76 to nisoldipine 40 mg qd, and 15 to nisoldipine 60 mg qd. Eleven patients 
randomized to the placebo group dropped out before the end of the study, as did five 
verapamil patients, 12 low dose nlsoldipine patients, and 12 medium dose nisoldipine 
patients. The 15 patients who had been randomized to high dose n\soldipine were 
dropped from the study when that arm was deleted, so 265 patients completed the 
study A totaJ of 290 patients were considered vaHd for efficacy analyses. 

Patients were instruct~d to take two tahl~Ls and one capsulP ecu:h morning pl'ior to 11 
a.m. and another capsu'e 12 hours later. All patients randomized to nisoldlplne 
began at 20 mg once dally, and those randomized to the 40 mg dose were titrated after 
one week. The relationship of drug adminl~tration to meals was not specified. The 
double-blind treatment phase lasted a total of eight weeks at the origini\l randomized 
dose groups, followed by four weeks where the placebo group received verapamil 240 
mg qd and the other three groups remained on their randomized therapy. Patients 
were evaluated weekly for the first four weeks, and then biweekly for the rest of the 
study. 

The primary efficacy variable was change from baseline (defined as the m.ean of six 
readings, three taken at week 3 and three at week 4 of the placebo run-in period) to 
endpoint (defined as week 8 of the double-blind portion of the study) in supine 
diastolic blood pressure (OBP) at trough, 24 hours post-dose. The primary efficacy 
comparison was between the 40 mg qd nisoldiplne group and the placebo group. The 
comparison of the 20 mg qd nisoldipine group and the placebo group was of secondary 
importance. Secondary efficac:y variables included trough standing DBP and supine 
and standing systolic blood pressure (SBP). Response rates at trough were also 
analyzed, with response define in four different ways, (1) supine DBP no more than 90 
mmHg; (2) a fall in supine DBP of at least 10 mmHg, (3) supine DBPS 90 mmHg or a 
fall in supine DBP ~ 10 mmHg; and (4) supine DBPS 90 mmHg and a fall in supine 
DBP :t: 10 mmHg. 

At eight of the 16 centers 24-hour ambulatory blood pressure monitoring (ABPM) was 
performed at week 3 of the placebo run-in and at week 7 of the double-blind treatment 
period. The sponsor used the ABPM data to analyze the peak/ trough ratio. 
A total of 141 patients (centers 01 through 08) had 24~hour ABPM monitoring, 
including 34 randomized to placebo, 36 to verapamil, 35 to nisoldipine 20 mg, and 36 
to nlsold~pine 40 mg. A total of 163 patient:; (centers 06 through 13) had 12-hour post­
dose in·house blood pressure readings (every two hours) at week 4 of the placebo run­
in and at week 8 of the double-blind treatment period. 
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11.c.2. Sponsor's Anal ysls 

The sample size for this study was selected to give 903 power to dete\-1 a difference of 
at least 5 1nmHg between the nisoldipine 40 mg group and tha placeoo group. This 
was calculated using an estimated standard deviation of 8 -.nmHg. The spon~or 
compared the demographics of the four groups at basellnf: using the Cochran-Mantel­
Haenszel test (adjusting for center) on sex, race, smokin~ status, anJ use of previous 
antihypertensive medications, and no significant differences were found. The groups 
were also similtu' with respect to age, weight, height, C\Jld years of h;rpertension, which 
were compared using an analysts of variance model. 

Change from Baseline Blood Pressure 
Measurements at Endpoint (LOCF) 

Intent-to-Treat Data Set 

Supine Supine Standing Standing 
DBP SBP DBP SBP 

Placebo (N=75) 

Baseline mean 99.76 154.69 100.,';8 151.18 

Change from baseline -4.30 -1.93 -2.09 -2.40 

Nisoldipine 20 mg qd (Ns75) 

Baseline mean 99.99 152.6i' 100.80 1 ~'"' "' 

Change from baseline -7.97 -'10.17 -6.99 -11.42 
p5 value vs placebo 0.0004 0.0001 0.0001 0.0001 

Nlsoldiplne 40 mg qd (N=76) 
Baseline mean 100.35 154.22 101.27 150.20 

Change from baseline -11.22 -15.50 -11.34 -14.90 

p-value vs placebo 0.0001 0.0001 0.0001 0.0001 

Verapamil 240 mg bid (N•78) 
Baseline moan 99.95 151.67 100.66 148.62 
Change from baseline -14.4C -14.79 -13.21 -14.95 
p-value vs placebo 0.0001 0.0001 0.0001 0.0001 

Interaction p .. value 0.6287 0.1693 0.5060 0.6371 
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The sponsor performed both an evaluablP. patient analysis, including those patients 
with at least two post-baseline evaluations who were not protocol violators, and an 
Intent-to-treat analysis including all patients who had at least one post-baseline 
evaluation. A last-observation·carried"forw4rd approach was used to include the 
available data fron\ patients who drop~ed out of the study. The initi"l analysis of 
variance nlodel for the primary and secondary change from buseline endpoints 
included treatment group, investigator, and treatment by investigator interaction 
terms. The interaction term was dropped if it was not significant at the .05 level. 

The results of the sponsor's analysis of their evaluable patient data set were shnilar, 
with all of the active drug groups demonstrating a highly statistically significant 
dlff~rence from the pla~ebo group. The same was true of the analysis at each of the 
various time points after at least two weeks of double~blind therapy. Each activP. 
treatment group tended to reach a plateau in blood pressure response after two or 
three weeks of double-blind therapy, c'ld the retiults were very Cf'nsistent beyond that 
point. The treatment by center interact!c.n term was significant for some visits, but 
not for the final two visits or for the endpoint values for either data set. 

The response variables also demonstrated results similar to the changf;! from baseline 
blood pressure values, as can be seen below. 

Response Rates 

~isoldipine Nisoldipine Verapaudl 

Placebo 20 mgqd 40mgqd 240 mg bid 

N•70 N=72 N:;;;76 Na72 

A) DBP s 90 mmHg 19 (26%) 35 (50%) SC (69%) 62 (82%) 

8) DBP decrease ~ 10 mmHg 10 (14%) 28 (40%) 47 (65%) 59 (78%) 

C) A) or 8) 20 (283) 38 (54%) 53 (74%) 67 (88%) 

D) A) and B) 9 (133) 25 (36%) 44 (61 %) 54 (71%) 

The ambulatory blood pressure data was analyzed by smoothing the hourly means 
from the eight centers using a Fourier transform. The mean trough and peak values 
and trough to peak ratios were obtained from the smoothed data. Peak effect for each 
nlsoldipine group was defined as the greatest difference between the nisoldiplne 
group and placebo in mean change from baseline. Trough effect was defined as the 
24-hour post-dose difference from placebo. 

The peak diastolic blood pressure response occurred at 4 hours post-dose for the 
nisoldiplne 20 mg group, at 24 houri post-dose for the nisoldipine 40 mg group, and at 
4 hours After the morning dose for the verapamil 240 mg bid group. The peak/ trough 
ratios were ·6.7/-9.7 = 66%, .. 11.7/-11.7•100%, and ·11.1/-12.9 • 86%, respectively. The 
corresponding systolic peak/trough ratios were &6%, 100%, and 78%. 
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Adverse Events 

Nisoldipine Nisoldipine Vera pa mil 

Placebo 20mgqd 40mgqd 240mgbid 

N=75 N::::76 N-=76 N=78 

Patients with ~ one event 48 (64%) 49 (64%) 57 (75%) 55 (71 %) 

Possibly drug related 34 (453) 33 (43%) 42 (55%) 39 (50%) 

Serious adverse events 7 (9%) 9 (12%) 12 (16%) 3 (4%) 

Withdrew due to a. e.'s 3 (43) 10 (13%) 11 (143) 4 (5%) 

The overall incidence of adverse events was not statistically significantly different for 
thE> tour treatment groups. The most frequently reported adverse events included 
headache and peripheral edema in the placebo group and both nisoldipine groups. 
The most frequently reported adverse events in the verapamll group Included 
constipation and headache. Adverse events were most likely to occur early in the 
study (prior to We<~k 4), although they continued to occur at a reduced level 
throughout the study. There were no deaths reported during this study. 

11.C.3. Reviewer's Com1nent1 

This study clearly demonstrates the efficacy of nisoldipine when compared to placebo 
in the treatment of mildwto-rnoderate hypertension. A dose--response- exists for both 
diat1tolic and systolic blood pressure, and for adverse events. The differential between 
the groups appeared within a few weeks of treatment, and was consistent for the rest 
of the study. This reviewer again analyzed the data using several other models, and 
found the results to be consistent. 

The group randomized to veraparnil consistently demonstrated results which were at 
least as good as the higher nisoldipine dose, and were often superior (although not 
often statistically significantly better). The response rates for the verapamil group 
were also higher than those of the nisoldipine groups. The sponsor stated that 
verapamil ls often used as once-a~day therapy, and the twice-dally dosing used in this 
study could have given that group an advantage over the once-daily dosing of 
nlsoldiplne. Although the verapamil group did not usually achieve statistical 
significance when compared to the nisoldlplne groups, the study was not powered as 
an equivalence trial and the results should not be interpreted as showing the 
treatments are the same. 

11.D. OTHER HYPERTENSION STUDIES 

11.D.L Study Descriptions 

The sponsor submitted the results of three additional placebo-controlled clinical trials, 
two which were carried out in the United States. These studies lend supportive 
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evidence of the efficacy and safety of nisoldipine in the treatment of mild to moderate 
hypc•rtension. 

Study D88-054 was a pilot paraJlel dose*ranging eight-ct:'nter study comparing placebo 
with three once daily doses of nisoldipine, 10 11'-3· 20 mg. and 30 mg over a four week 
period. This was the first exploratory clinical trial carried out in the target population 
and approximately 30 patients were randomized to each dose. The 20 mg and 30 mg 
dose groups both achieved statistically significantly greater reductions in supine DBP, 
supine SBP, and standing SBP than did the placebo group. 

Study 089-026 was a pilot parallel dose titration study con1paring placebo with 
nisoldipine, 10 - 40 mg once daily over a nine week period. Patients randomized to 
nisoldipine received 10 mg qd for the first week and were titrated upward an 
additional 10 mg on a bi-weekly basis if their supine DBP remained~ 85 mmHg at 
trough. A total of 72 patients were randomized to nisoldipine and 34 to placebo, 
which was also titrated based on blood pressure response. At the end of the nine 
weeks of treatment 6% of the nisoldipine patients remained at 10 mg 1d, 63 were 
receiving 20 mg qd, 30% were receiving 30 mg qd, and 57% had been titrated to 40 mg 
qd. The nisoldipine group achieved statistically significantly greater reductions in 
supine and standing DBP and SBP. 

Study 090-006 was a parallel multicenter study comparing placebo with three once 
daily doses of nisoldipine, 10 mg. 20 mg. and 30 mg over a six weE>k period. This study 
was carried out in South Africa. All patients randomized to nisoldipine began at 10 
mg qd and were titrated to their assigned dose dter one week. Approxiinately 50 
patients were randomized to each group. In the endpoint analysis all three 
nlsoldlpine groups achieved statistically significantly greater reductions in supine and 
standing DBP and SBP than did the placebo group. 

IV. OVERALL SUMMARY AND CONCLUSIONS 

The sponsor submitted the results of six trial invol\ling patients with mild~to­
moderate hypertension, including three Phase Ill studies performed in the United 
States. Study 090-019 was a dose-response study cmnparing two doses of nlsoldlplne 
(30 mg and 60 mg) with placebo in once-daily dosing. Boih nisoldlplne dose groups 
had statlstkally significantly better reduction in blood pressure than did the placebo 
group, and the groups demonstrated a dose--response relationship for both efficacy and 
safety. Study 090-029 compared placebo with three once daily doses of nisoldlpine (20 
mg, 40 mg, and 60 mg) on a background of atenolol 50 mg qd. All three 
nisoldiplne/ atenolol groups had statistically significantly better reduction in blood 
pressure than did the placebo/atenoloJ group. TI\e responses trended in a dose­
response order for both blood pressure reduction and for adverse experiences. Study 
D9~039 was a four-arm placebo and active-controlled study comparina two doses of 
nisoldiplne (20 mg and 40 mg) \Vith verapamll 240 mg bid and placebo. The 
nisoldipine groups had statistkally significantly better reduction in blood pressure 
than the placebo group. The verapamll group had a somewhat better response than 
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did the nisoldipine groups, although the results were not often statistically significant. 
However, this trial was not designed as an equivalence trial,, and was under-powered 
to detect the differences seen in the study. 11u! study could not detect a difference, but 
that does not imply that the treatments are the same. 

Clearly the nisoldipine doses studied in this trial (20 mg to 60 mg, qd) are effective at 
loweri11g blood pressure. What is not clear is that the dose range has been adequately 
examined, especially at the lower end. The maximal dose appears to be limited by 
adverse reactions. Thi~ reviewer feels that doses of nisoldipine lower than those 
studied here might he adequate for many patients and should be examined. 

There were two potential problems in the design of these studies. The original model 
for the primary analysis of variance.: included a treatment by center interaction lernl 
which was dropped if the p-value for interaction was lest' than .05. The test for 
interaction is a very low powered test, and interaction ls usually tested at the .15 level. 
The results of these studies were robust whether or not an interaction term was 
included in the model, and the interactions which wen~ statistically significant 
appeared to be qualitative rather than quantitative. These studies each involved 
multiple doses of nisoldipine, and none of the analysis plans included adjustments 
for multiple comparisons. The p-values that resulted fron\ the analyses, however, 
were all less than 0.001, and thus could stand up to a Bonforonnl adjustment. 

The overall summary and conclusions section may be conveyed to the sponsor. 

Concur: Dr.Ch~ 
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do•• level1, 

IBR r•qu••t•d on 6/4/tl. Acceptable on 12/16/93. 

Method• v1.lidation - raqu••t•d of DDA on 12/14/93. DO will be •••i9n•d when 
additiona:. •ample will b• pick•d up. (rorei9n manufaeturinq facility) 

July 29, 1~Y4 amendment - r••pon1e to deflcl•noi••· 

July 29, 1994 amendment - ohan9• in di11olutlon •peoification1. 

Propo1ed expiration date - 24 month•. 

Di••olution •p•ci t ioat ion• ( l hour• U · · 6 hour• -
nlt 1• acceptable (if Bioph•~~ reviewer •or•••>• 

' 12 houra -
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R••pon••• to th• d•ficienci•• were aati•tactory. 
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ft/D Init by1 IUPBRVllO~ 

f><aw,& fb. Ctu.i<t ,, ~~(.~ -
Danute a. cunnln9ham~R•vlew Chami•t 
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Iwe of 1ubmiukm: new molecular entity. Bevmwcr; Patrick J. Marroum. 

Syngpsla: 

-The sponsor has adequately studied the pharmacokinctk:a (sinale and multiple dose) of 
nlsoldipino coat-core tablet. · , . 
-Dosage form proportionality hu been established between the 20 and 30 mg tablets only but 
not between the 20 and 40 ma ·~naths. 
-Dose proportio~Uty wu established for AUC and CMAX in the dosina range of 20 to 60 mg. 
The. 10 mg tablet •trenath1 pvc more than dose proportional plasma IO'Vcl1 when compared to 
the hiaher atrenatha .. 
-The effect of food un the rate and extent of niaoldipine absorption wu investigated In 3 separate 
studiea. Food increased CMAX by up to 300 ~while decreasing AUC by up to 26 ~. 
-Adequate aeudiea have been performed in elderly normal and hypertehslve subjects. 

·· -The effect of liver and renal disease has been adequately characterif.ed ·in this. NDA. 
-Drua interaction ·studies between niaoldipi~ and warfarin, cimetidine, ranitidine, digoxln, 

. . quinidine, propranolol and atenolol have been performed. 
• -The sponsor failed to characterlr.e the effect of aender on the pharmacokinetics of nisoldipine. 

-The sponsor hu adequately validated the au chromatographic assay used· in these studies. 
-The sponsor attempted to correlate the In vitro diuolution with the in vivo per(ormance of 3 
different formulations of nisoldipi~ but failed to eatabliah any relationship due to the fact that 
nisoldipine undergoes site specific gut wall metabolism. ' 
-The diuolutlon method ·propoaed by the sponsor for niaoldipi~ C.C. seems to l>e ac.ceptable 
with the apeclftcationa recommended by the Division of Bi0pharrnaceutics. 

BECOMMBNDA'[ION: 

.. The sponsor's NOA 20-356 appears to be acceptable for . meeting . the bi0pharmaceutics 
requirementa provided that the comQ1ents on Pages 13 to ts are adequately addressed by the 
lpolll<>I'. ~ . . ' : 

BEST POSSIBLE COPY 
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Study 
16626 

Study 
19611 

Study 
3647 

Study 
0637 

Study 
600 

Study 
606/618 

Study 
085-024-01 

Study 
645 

, Biotransformation ot nlsoldiplne In 
rat, doa, monkey and man 
14C binding to human plasma proteins and 
erythrocyte plasma partitioning 'in vitto for the racemate 
and its enantiomers. 

Estimation of the bioavailability of nlsoldipine in man 

Study to investigate the absolute bioavailabllity of 
conttollcd release formulation of n~ldipinc. 

Evidence for differences in gut wall metabolism of 
nisoldipine depending on absorption site. 

Nlsoldipine enantiomers-Asseasment of phannacokinetics 
by st.able isotope technique . 

Pharmacokinetic dose proportionality 
study of nisoldipine 2, ·s, 10, 20 mg 
tablets in normal subjects. 

A randomized, single dose, 4 way crossover study 
of the dose proportionality and tolerability of 
10, 20, 40 and 60 mg nisoldipine coat-core tablets 
in healthy volunteers. 

Investigation of the phar~kinetics 
and tolerability of a ·controlled release 
formulation of nisoldipinc under steady-state 
conditions in comparison with the immediate 
release tablet. 
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Study. 
5678' 
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Study 
KP 715 

Study 
632 

Study 
666 

Study 
0323 

. .: ' '" . . ,f 

,. ,' 

Pilot study on the pharmacOklnetlcs and tolerability_ of 
3 different controlled release formulatlona of nisoldipine ' 
in comparison to the IR tablet after oral single administtation . 

. , 

Clinic.al study on the influence of food and 
time of administration on the pharrnaookinetics 
of conttolled release nisoldipine. · 

Pbarmacokinetics and tolerability of n~ldipine · 
taken after breakfast and on an empty ·stomach. 

Study The effect of food on the pharmacoklnctics of 30 
092-045-02 and 40 mg nisoldipinc tablets in. healthy male 

volunteers. 

Study 
712 

A study to determine the single dose and ateldy state· 
pharmacokinetics of nisoldipine coat.core tablet 20 ma 
in elderly and young volunteen and in elderly hypertensives 

, ... Study 
. S63 

A study to investigate the acute and short term pharmaookinetic 
profiles of nisoldipine in elderly and ~naive volunteers. 

. . 

•1' 

84 

88 

,93 

99 

104 

118 

Study The effect of cirrh0tla on the steady state plwmacokinetics of 122 
090·026-01 nisoldipine coat.core sustained release tablets. 

Study 
092-001 

Study 
384 

Study 
349 

Influence of renal function on the pharmacokinetics of nisoldipine 
C.C. tablets after single ~md multiple dosing. 

·A randomized double blind, placebo conttolled study to inveitigate 
the possible influence of nisoldipine oo quinidine plasma .levels. 

To investigate the existence of a possible interaction between 
nisoldipine and warfarin. 

l 

126 

139 

144 
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~ ""' .' .. Study 
385 

: .... .. 

Study 
704 1 

Study 
392 

Studies of the hemodynamic and pharmacokinetic interactions 168 
between the beta blockers atenolol and propranolol and the 
calcium antagonist nisoldipine in normotensivc subjects. · 

Study 
413 

Clinicopharmacological investigations on interaction of 183 
nisoldipine and digoxin. 

Study 
090-022 

A conttolled double blind, ascending, multiple dose study of 186 
the safety, tolerability, and pharmacokinetica of nisoldipine 
coat-core tablets in hypertensive patients. 

Study 
088-059 

Double blind placebo controlled parallel, multiple dose phannacokinetic/ 196 
pharmacodynamic study of 4 different doses of ooat..oore 
nisoldipine tablets in hypertensive patients. 

Study Efficacy and safety of once daily nisoldipine coat core 20, 40 and 60 mg 205 
0374 (2x30) tablets vs placebo in patients with stable exertional angina pectoris. 

Proposed dissolution method with specifications. 

In-vivo in-vitro correlation. 

209 

221 

The following studies were not reviewed because they either pertain to the immediate release 
formulation which is not subject for approval under this NOA or were not deemed pertinent for 
the approval of nisoldipine C.C. 

Study Investigation of the relation between the systemic bioavailability 
339 and the dose ot in healthy subjects. 

Study Plasma concentrations after oral administration of capsules and 
11.5 tablets (microniud substance and coprecipitate) to healthy volunteers. 

Study Investigation into the bioequivalence of various oral formulations 
297 of nisoldipine in healthy volunteers by a crossover U'ial. 
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·.Study 
085-038 

St~y 
085-037 

Study 
116 

Study 
330 

Study 
102-106 

Study 
125 

Study 
294 

Study 
452 

Study 
364 

Study 
399 

Study 
088-054 

Study 
089-029 

Study 
089-039 

Study 

Plasma ooncentrations after oral administration of different doses ' 
(6 to 20 µg/kg) of ·o healthy teat subjects. 

Plasma levels in volunteers after 01'.Bl administration of 10 and 20 mg 
of in the form of tablets. 

Plasma concentrations during treatment witt, 
patients with impaired liver function. 

of hypertensive 

Pharmaookinetics and hemodynamic effects of nisoldipine in patients 
with liver cirrhosis after PO and IV administration. 

· Nisoldipine pK in renal dysfunction. 

Pharmacokinetics and hemodynamic· effects of nisoldipine and its 
interaction with cimetidine in healthy volunteers. 

Comparative double blind pilot study of the safety and efficacy 
of once daily doses of nisoldipine 10, 20, 30 mg CC tablets vs 
placebo in hypertensive patients. 

Double blind randomii.ed study of safety a.id efficacy of once daily 
doses of nisoldipine 20, 40 and 60 mg (2x30 cng) CC tablets vs placebo 
in combination with atenolol 50 mg in hypertenaive patients. 

Comparative double ~lind study of safety and efficacy of once 
daily doses of nisold~pinc 20, 40 and 80 mg CC tablets vs a 
twice daily doses of verapamil SR 240 mg caplets vs placebo 
in hypertensive patients. 

A double blind randoml7.ed study of the safety and efficacy 

' '\(· \ 



' . ·· Study · 
088..()60 

Study 
0417 

\ 
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1-Membolic scheme for nisoldipinc. 231 

2-Compositional formula for the 10, 20, 30 and 40 ma sttength coat-core tablets. 232 

3-Mean dissolution profiles for the 5, 10; 20, 30 and 43 mg tablets. 233 

4-Plots of AUC and CMAX vs Gender for Study 712. 239 

S-Annotated package insert. 243 

BackarouDd; 

Niaoldipinc is a dihydropyridine calcium channel blocker. It is J,S-pyridinediOO'boxylic acid, t ,4-
dihydro-2,6-cUmethyl-4-(2-nitrophenyl)-methyl 2-mcthylpropyl cater. It has the following 
structural formula: 

H1COOC 

H,C 

N01 

COOCH1CHCCH.sl1 

Niaoldipine is a yellow crystaJUne substance, practically insoluble in water but soluble in 
ethanol. No information about the octanol/water partition coefficient was submitted in this NDA. 
It has a molecular weight of 388.4. Nisoldipine coat core tablets consist of an external coat and 
.internal core. Both ~ntain nisoldipine, the coat in a slow .. release formulation and the core in 
a fast-release formulation. Nisoldipine CC tablets contain either 10, 20, 30 or 40 mg of 
niloldipine for once a day oral administration. 

·. t, .~· 
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A-Aba<>lJUc BloayailabiUty: 

The absolute bioavailability of 20 mg nisoldipine coat core compared to the dose corrected IV 
dose infused over 1 hour was S.5 t.; with a 9S ~ Cl ranging from 4.8 % to 6.4 %. (Study 
0637). 

B-food Cffccll: 

The effect of food on the plwniacokinetica of nisoldipine C.C. wu investigated in 2 separate 
studies. Study 666 where a 20 mg niloldipine C.C. tablet wu 1iven futed, togetl!:r with a high 
fat breakfut, 1 hour after a high fat breakfaat and together with dltml"r showed that the 
c.oadmlnittration with meals remarkably increased CMAX from 26 I( with dinner) up to 48" 
(together with breakfaat) with a corresponding shortenins of TMAX by about 2 ·to 3 hours. 
However food did not seem to have any effect on ·the extent of bioavallablllty of :lisoldipine 
since there was no difference between the AUCs in fed and futed states. 
Study 092-045-02 showed that the effect of food was even more pronounced ora the 30 and 40 
ma C.C. tableta. flood increased the CMAX for nisoldipine on the averaae by 250 to 300 % 
(CMAX increased from 1.9 to 4.5 ng/ml for the 30 mg and from 2.7 to 7.S na/ml for the 40 
mg strength) while decreasing the AUC by 26 " in the fed state aa compared to the futed state 
(AUC decreased from 49.2 to 3,.4 ng*hr/ml for the 30 mg and from 70.4 to 53 ng•hr/ml for 
the 40 mg sttength). 
Similar results u far as CMAX is concerned were observed with the 20 mg IR tablet of 
nisoldipine. Food increased the AUC by 28 % and CMAX by 31 ~ compared to the fasting 
state (Study 323). 

Study S678 showed that lx40 mg was bioequivalent to 2x20 mg C.C. tablets as far as AUC was 
-conc.erned si~ the 90 % Cl of the log transformed AUC wu 85.26 to 112.24 7'. The same 
could not be said for CMAX because the 90 · % Cl of the toa transformed CMAX waa 94.62 to 
140.03 %. Thus. 1x40 mg C.C. tablet is considered not bioequivalent to 2x20 mg tablets. 

1 
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11.PHARMACOXJNBTICS: · 
I . _ , f , 

The terminal haU-Hfe of nisoldipinc was :cstlrnatt.id to bC.about 7 hours after an infusion of,0.08 · · 
mg/kg for 20 hours. 'fhis corresponded to a systemic clearance of 544 to 768 ml/hr/kg. The 
volume of distribution was estimated to be between 2.3 and 3.4 I/kg (Study 330). · / 
Following the idminlstration of nlaoldipinc C.C. ·20 mg once a day for 7 days, the CMAX was 
0.84 ng/ml on day 1 and L09 ng/ml on day 7. The AUCnorrn was 40.3 g•hr/I on day 1 and 
S8.9 g•hr/I for day 7 givina an accumulation ratio based on AUC of 1.46. CMAX following 
administration of an immediate release 10 mg tablet CMAX was 2.18 ng/ml on day 1 and 1. 9S 
ng/ml on day 7 indicating that there la no acqumulation of niaoldipine with the immediate release 
formulation. The fluctuation index for the IR tablet given bid was 439 3 as compared to 113 
~ following the controlled release formulation (Study 645). 
Study 606/618 showed that after IV administtation similar plasma concentrations were obtained 
for both enantiomers. However, after oral administration the concentration of the ( +) niwldiplne 
(which is pharmaCodynamically more active than the(·)) was about 6 times higher t.han the'(·) 
nisoldipine. The CMAX for the ( + )' hydroxylated dihydropyridine (M9) was 7 .6 times higher 
than the (-) enantiomer. 

111-METABOL.ISM~ 

In man, hydroxylation of the isobutyl ester appeaia ·to be the major bioU'ansformation pathway. 
~ ·-· 70 to 80 % of the urinary metabolites in the first 12 hours after administration are the 

' metabolites M4. M5 and M12 (Study 400),(see metabolic scheme in Appendix II). Metabolites 
Ml and M2 represent about 10 % of the urine metabolites in man (Study 16626). Only 
metabolite Ml2 was hydrolyzable with beta glucuronidase yielding MS as the aglycon. The only 
metabolite with known activity is (M9) with 10 'I of the activity exhibited by 
nisoldipine and is present in approximately equal concentrations in the plasma as nisoldiph1e. 
Study 600 provided some evidence that nisoldipine · undergoes some degree of gut wall 
·metabolism which is decreasing from the rroximal to the distal parts of the intestine with no 
metabolism occurtin& In the colon. 
It is to be noted that even though nisoldipine seems to be extensively metaboHzed, the sponsor 
did not identify the enzymes responsible for lts biotransformation. 

·., 

lV-DoSE PRQPORTIONALITY: 
.. 
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A.Renal lfDP1irment. ' , 

In patients with severe renal impairment (creatininc clearance less than 30 ml/min), nisoldipine 
pluma conoentratiom on day 1 were higher ,.by as: much as 2 fold compared to subjects with 
normal . renal function. However. this difference ~med to have subsided by day 7. Even 
though renal Impairment does not seem to alter significandy the pharmacokinetics of nisoldipine 
C.C. and ita metabolite... Caution should be exercised in dosing and titrating these patients. 
(Study 092-001). 

B.Hcpatic lmpaioncpt: 

Study 090-026-01 shows that liver impairment has a pronounced effect on the pharmacokinetics 
of nisoldipine C.C. since both AUC and CMAX were ·increased four fold as compa•:ed to normal 
volunteers. Therefore extra care should be exerciled when giving this drug to patients with 
impaired liver function. 

C.Eldcrl~: 

Study 563 shows that the plasma concentrations of nlsoldipine following the administration of 
~ -· 10 ma IR for 8 days tended to be higher in the elderly as compared to the young. CMAX was 

' · 1.76 (+/-0.84)ng/ml compared to 4.96 (+/-3.22) ng/ml in the elderly. AUC in the young was 
7 ( +/-3.12) ng/hr/ml compared to 15.04 ( +/-9.33) ng/hr/ml in the elderly. However, there was 
no difference in the single dose and multiple dose of niloldiplne in both th.., young and the 
elderly and there was no accumulation upon multiple dose administration. 
On the other hand, study 712 where 20 mg nisoldiplne C.C. wa:s administered for 7 days showed 
that after sinale dose the elderly normal and hypertensive patients tended to have about 50 % 
higher AUCs ~ young healthy subjects. CMAX In the elderly hypertensives was also about 
50 % · higher than either the healthy youna or elderly volunteers. Moreover, upon multiple 
administration, there was a greater tendency for increase in AUC and CMAX for both the 
elderly healthy and hypertensive subjects compared to the young. It is to note that there was 
.essentially no accumulation in the young . in this study but in the elderly healthy and 
hypertensives, the accumulation ratio was around 2. 
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B··Stable Exertlonal Anaina Pectoda: 

Study 734 showed that the pharmacokinetics of nisoldipinc C.C. does not ap'pear to be affected 
by stable excrtional angina pectoris since the pluma levels obtained in these patients was similar 
to the plasma levels obtained in healthy and hypertensive aubjccta. · .~ ., · 1

•• 

.YI HDRU<J INTERACTIONS~ 

A-Ranitidine~ 

' ' 

Coadministration of ranitidine with nisoldipine C.C. did not have ·any effect on the 
pharmacokinetics of nisoldipinc (Study 738). 

B-CimctaJine: 

Cimetidino seems to have a pronounced effect on nisoldipine r..c. pharmacokinetlc parameters 
since there wu more than SO % increase in some parameters of intett.st. Multiple dose 
administration of 400 mg of cimetidine increase nisoldipinc CMAX from 1.QS to 1. 74 ng/ml and 
its AUC from 14.97 to 23.2 mcg*hr/I. Therefor", great caution should be exercised w~en both 
these drugs arc administered concomitantly, the patients should be monitored and dose , 
adjustments made as necessary (Study 738). 

C-Warfarin;. 

Study 349 showed that coadministtatlon of steady state doses between 3 and 10 ·mg of warfarin 
with 10 mg JR nisoldipine did not have any effect on the pharmacokinetics of nlsoldipine. 
Moreover, nisoldipine did not affect the prothrombin times of patients that were on warfarin. 

,, 



F-Atenololl 

Coadminiscration of 20 mg niaoldipine capsules either acutely or chronlcally cauaed a significant 
increase in both AUC and CMAX of atenolol. ··The CMAX for atenolol lncreued from 455 ( +/-
135) nglml to 540 (+/- 146) q/ml while the .. AUO for the beta blocker·inareued from 58'4 
(+/- 2291) ng•hr/ml to 6987 (+/-, 2269) na~hr/ml. These reaulta are very·11mllar to what~ 
seen when nisoldipine wu coadminlstered with propranolol (Study- 3982). \ 

G-Beta Accal Dlaogln: 

Coadministration of 10 ma of nisoldlpinc IR tableta bid with 0.6 mg/day of beta acetyl dlaoxin 
did not seem to have any effect on the pharmacoklnetlca of beta aoetyl dlaoxln (Study 413) •. 

••, (Note: In the labellina, the reaulta· of this study appear u lack of Interaction with Digoxin and 
not acetyldigoxin. Thia issue wu diacuaaed with Dr Chen supervilory Medic.al Oftlcer HPD 110 

. . who thought that labelling the rcaulta of this study u no interaction with dl101ln was 
appropriate.) · 

VIl-PHAKMACOKINBTIC/PHABMACODYNAMIC RBLATIONSHIPS: 

The sponsor attempted to establish a pharmacokinetic/pharmacodynamlc ·model In hypertensive 
patients using th~ results of study 090-022. This pharmacodynamic model wu established using 
the program Attn.ct which ii hued on linear system analysis and methods utllizlna hyaterlals 
minimb:ation. The SVonsor reported that the pharmacodynamlc responses (mainly· drop in blood 
pressure) follow a sigmoid BMAX .model. · · 
The modellina method used by the aponaor is not valid due to the fact that it is very difficult to 

. see hysterisis with this formulation of this drug (see also the comments following Study 090-
022). 
The Division of Biopharmaceutlca •ttempted to model the pharmacodynamics with the 

.11 . 
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Ylll-l!QB+4ULA'TION; •' . • . I 

\ I 

The coat-core tablet consiata of a slowly dinolvina coat surrounding ·a more rapidly dluolvlna 
corc4 Within the coat tho active ingredient la finely dlltrlbured In a matrix of a hydrophilic 1el­
fonnina polymer. On contact with water a a welling procou boslna at the tablet surface and the 
soft material formed la continuously eroded. The actlve ln&redient contained ln the eroded 
matoria1 can then be diuolved and absorbed. Initially;· the diameter of the tablet and thus lta 
surface aroa chanae very little resulting in a constant releue of active inaredlent over a period 
of about 6 to 8 hours (I.e. z.ero order diuolution klnetlci). WMn tho erosion of the coat hu 
advanced. the dluolution of the fut-release core cause1 an tncreaae In the release rate over a 
period of about 2 hours. Thus, the decreuina release· rate of dru1 from the tablet coat (due to 
dlminlahlng tablet surface area) is countered by tho rapid diuolution of the core. 
The composition of tho different strcqthl tabletl of nlaoldlplne Coat Core is aummarbed In 
Appendix JI. . 
It ii to be noted that all the pivotal clinical trials were done ualng the to be marketed 
formulation. 

IX-PRarRIN BINDING; 

The plaama protein bindln,J of nisoldlpine is very high 1hice I• than 1 ~ Is unbound at a 
•, concentration range be:ween 100 ng/ml and 10 mca/ml. The binding is primarily to albumin. 

There was no stereosel,.~tivity in bindina since both enandomera had similar degree of binding 
u oblerv~ with the n..:emate. (study 19611) · 

X~RBD BLOQD CELL PARTITIONING: 

The erythrooyte/pluma partition coefficients are about 0.3 mostly independent of the 
concentration in the range swdled 0.1 to 10 mes/ml. However, the partition between 
erythrocytes and plasma water is very high in the ord~r of 56 indtcadng a high affinity of the 
blood cells and other tiasuea to nisoldlplne. There wu no difference in partitioning between the 
racemate and its enantlomers. (Study 19611). 

Xl-DISSOLUTIOH~ 

The proposed dissolution method for the coat..core tablet formulation was the USP method II 
(paddle method) at a paddle speed of SO rpm. The medium was 900 ml of phosphate buffer with 

.. 



XU-IN VIVO IN VO'RQ CORRELATION; 

An attempt wu macic by the sponsor to correlate the in vitro and in vivo performance of the 
niloldipine coat--core tablets. However, the spomor could not establish any level of correlation 
(A,B or C) due to the fact that ~nisoldipine underaoes variable pt wall metabolism which is 
dependent on the site in the gastro-inteatinal tract. 

Xlll-ASSAY: 

Concentrations of nisoldipine and its metabolites from biological fluids were determined using 
- - . . . . Overall, the uuy 

methodology as well aa it1 validation were satisfactory. \ ' 

CDmmonr.a 10J>e Sent to the Pirro; 

1-Niaoldlplne appears to exhibit stereospeciflc tint pan metabolism. After P.O. administration 
·· the ( +) nisoldipine plasma levels are 6 timca higher, Since the ( +) enantiomer of nisoldipine 

is responsible for most if not all the activity of this drug, tho sponsor should have used a 
stereospecific assay for all pk studies. 

2-The sponsor did not determine the ratio of the two enantlomers in spe.clal populations. The 
sponsor is asked to submit any available data on tht ratio of the e~Jiomers of the parent 
compound a." well as any relevant metabolites in dose proponionali~g interaction studies 
and special population.. (such as liver impairment patients, elderly ere •.. ) as compared to healthy 
volunteers. 

3·The sponsor failed to identify the specific enzyme..q that are responsible for the metabolism of 
nisoldipine. The sponsor is requested to identify the enzyme systems ·responsible for the 
metabolism of nisoldipine even though the sponsor believe.. that there is no need to oonduct such 
studies because it is believed that the same enzyme that is responsible for the metabolism of · 
nifedipine (i.e. 3A4) ·'• also responsible for the metabolism of niloldipine. Nevertheless, it is 
necessary to confirm this by conducting an in vitro metabolic study . 

.. 



6-Studiea 090-022 and 088-059 do not give the same pluma levels for the 30 mg dose. In the 
first study (090-022) the plasma levels obtained with the 30 mg dose are almost double than 
what was obtained with the same dose in Study 088-059. AUC was 74.28 +/- 7.96 compared 
to 33.097 +/- 6.077 ng*hr/ml while CMAX was 4.79 +I- 0.68 compared to 2.473 +I- 0.458 
ng/ml. The sponsor is asked to explain the observed discrepaney between the 2 studies. 

7-ln several of the atudies, the sponsor did not includG °"ny assay validation. It Is the Division 
of Biopharmaceutics policy to recommend that a full description of the analytical assay be 
included in the study reports. Data on the linearity, specificity, sensitivity and on the accuracy 
and precision of the analytical methodology should be included in each study report. 

8-The modelling approach taken by the sponsor to analyze the relationship between the pK of 
. nisoldipine an<L ita pd was found to be inadequate by the reviewer due to the reasons outlined 

in the Comments following Study 090-022 on page 189. 

9-ln Studies 090-022 and 088-059, CMAX and AUC (only in Study 090-022) increased in a 
, ~. less than dose proportional manner with dose.· Yet, the results of Study 091-035 indicate that 

• the pharmacokinetics of nisoldipine from the coat-core formulation should be linear between 20 
and 60 mg. The sponsor Is asked ~ explain the discrepency in these results. 

10..Quinidine is a known inhibitor. of the cytochrome P450 isoenzyme 0116. In the drug 
interaction study between quinidine and IR nisoldipine, the sponsor only measured the plasma 
concentrations of quinidine. The StJ<>nsor should have also measured the nisoldipine plasma 
concentrations to see whether quinidine had any effect on the metabolic pathways responsible 
for the metabolism of this dihydr<>ljridine compound. 

11-ln the renal impairment study, the sponsor should have determined the protein binding of 
.nisoldipine. It is not uncommon to see significant protein binding changes which will affect the 
plasma levels of the drug under study. 

14 
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Niaoldipine activity is primarily due to the(+) enantiomer. Studies with radiolabelled drug have .'.· ~:~·r-';~,r~ 
demonstrated that administered nisoldipine · ia relatively ·well absorbed into . the systemic :' - -~ · · ,'.. · 
circulation with 87 % of the radiolabel recovered in urine and faeces. Blhnination of niaoldipine · · , 
ia exclualvely by metabolism with no unchanged nisOldipine recovered in the urine. Nisoldipine · 
phannacokinetics are independent of dose in the range of 20 to 60 mg. Upon multiple dosing, 
nisoldipine accumulation is predictable from a single dose. The bioequivalency between 2x.30 
mg and 3x20 mg nisoldipine has been established. However lx20 vs 2xl0 and 2x20 mg vs lx40 
mg tablets were inequivalent with respect to CMAX~ · 
Absoiption: The absolute bioavailability of nisoldipine was found to be S.S %. Nisoldipine's .. ., 
bioavailability is due to presystemic metabolism with evidence of gut wall metabolism wh1 
decreases from the proximal to the distal parts of the intestine with no metabolism occurring in 
the colon. 
Food has a pronounCed effect on the release of nisoldipine from the ooat..core formulation. 
CMAX increased by up to 300 % and AUC decreased by up to 26 %. However, the food effect 
was not as pronounced on the immediate release capsule since AUC increased ·by 28% and 
CMAX by 31 ". Concomitant intake of food with nisoldipine Coat-Core is contraindicated. 
The volume of distribution of nisoldipinc after IV administration was estimated to be between 
2~3 and 3.4 I/kg. The plasma protein binding is very hiah since leas than 1 % is unbound over 
the plasma concentrations of 100 ng/ml to 10 mcg/ml. Nlloldipine poorly penetrates into red 
blood cells with a blood/plasma ratio of 0.3 mostly independent of concentration over the range 

-.. of 0.1 to 10 mcg/ml. · 
Maximal pluma concentrations of nisoldipine are reached 6 to 12 hours after dosing. The 

., terminal elimination half-life ranges from 7 to 12 hours. With a 40 mg tablet of nisoldipine 
· Coat-Core, CMAX was 3.1 ng/ml and the AUCo.., was 54.3 ng*hr/ml. After oral 

administration, the concentration of the ( +) nisoldipine was about 6 times higher than the (-) 
isomer. 
MQtabolism: 11 metabolites 11ave been ·identified in the urine. In man the· major 
biotransformation pathway appears to be the hydroxylation of the isobutyl ester. Metabolite M9. 
which is the hydroxylated derivative of the side chain of nisoldipine. is the only one that appears 
to have any activity ( 10 % of the parent compound) and is present in equal amounts as 
nisoldipine Jn pluma. Cytochrome 'P4SO is believed to play a major role in the metabolism of 
11isoldipine, however, the particular. isoenzyme system that is responsible for its metabolism has 
not been identified . 
. EX&tetion~ No unchanged nisoldipine is eliminated in the urine. 

Speclal Populations: 



. ' 

Hepatic lnsufficjcncy: In patients with'Jiver cirrhosis given 10 mg nisoldipine C.C., plasma 
concentrati~ns of the p~nt.compound were found to be 4 to S times higher than healthy young 
subjects. Thus lower maintenance doses ~Y be required in both cirrhotic patients and in the 
elderly. ' · · 

Oender and Rice: The effe:t of gender or race on the pharmacokinetics of nisoldipine has not 
been investigated. 

I 

Disease States: Neither· hypertension nor stable exertional angina pectoris alter the 
pharmacokinetics of nisoldipine. 

Drua-Dru& Interactions: No significant interactions were found between nisoldipine immediate 
release (IR) and warfarin or beta acctyl-digoxin. However, IR nisoldipine increased plasma 
quinidine concentrations by about 20 % . 
A 30 to 40 9' ·increase ·in AUC and CMAX of nisoldipine was observed with concomitant 
administration of 400 mg cimetidine twice daily. There was no interaction with ranitidine 150 
mg twice daily .. 
Coadministration of 20 mg nisoldipinc IR with 160 mg propranolol once daily caused a 35 % 
increase in propranolol AUC and SS % increase in CMAX. The interaction with nisoldipine 
C.C. was negligible. Atenolol's AUC and CMAX were increased by 20 % when coadministered 
either acutely or chronically with 20 mg IR nisoldipine capsules. 

9-ln the Dosage and Administration section of the package insert, a statement should be included 
that nisoldipine coat-core should be taken on an empty stomach. 

Y/ffaa~ 1~1r/!11~ 
Patrick J. Marroum Ph.D. 

Biopharm Day October 4 1994 (Collins, Ludden, Malinowski, Fleischer, Chen, Gillespie, 
Parekh, Marroum). ~ (Je. n. D . l 
RD/ Ff initialed by A Parekh ~ 11 /21;f'/ 
cc: NDA 20-356, HFD 110, HFD 426 (Marroum, Fleischer), Chron, Drug, FOi (HFD 19), 
HFD 340 (Vishwanathan), F, CR, A, DI, Pk/PD, RI, A, CD. 
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NISOLdPINE-BIOTRANSFORMATION IN MAN. 

Study No. 400 VQlume: 37 Paacs: 06-00-3018- 06-00-3078 

INVESTIGATORS: 

OBJECTIVE: 

To investigate and compare the renal metabolite profiles of 
nisoldpine (administered orally and intravenously) to human 
volunteers. 

MATERIAL AND METHODS: 
. 

Racemic 14c nisoldbine was synthe~if ed ,vith 
99.1 % and specific activity of 53 µcymg. 
Lot # 959633 

Route of administration: oral 
. Dosage: 12 mg per volunteer 

chemical purity of 

Radioactive dose: 1.443*109 dpm per volunteer. 

Route of· administration: intravenous 
Dosage: 0.8 mg per volunteer 
Radioactive dose: l.0101 •101 dpm per volunteer. 

12 volunteers were given 14C-labelled nisold~ine orally and 
intravenously. The urine was collected over four intervals (0-4, 4-8, 
8-12, and 12-24) to determine the metabolic profile. The degrees of 
excretion of metabolites in the last two collections intervals were 
below 4% of the initial dose. Six of at least eleven metabolites were 
identified and compared with authentic material by c.ifferent 
spectroscopic methods. 

11 



RESULTS 

The majority of the metabolites were carboxylic acids. The 
unchanged active substance was absent. The two main metabolites, 
M-4. and M-5 (figure 1 ), accounted for about 80% of the renally 
excreted activity. These two metabolites were also among the main 
rcnally excreted metabolites in the rat, dog, and monkey. M-4 and 
M-5 were observed in urine samples at all times, but to a smaller 
extent in each successive collection period. together they account for 
40% of the renally excreted activity in the 12-24 h urine. The 
quantitative differences between the two metabolite profiles after IV 
or PO administration were not significant. M-4 and M-5 accounted 
for 28.2 and 43.3% for IV administration Vs 32 and 48.8% after oral 
administration, which indicates that the two main metabolites were 
balanced. Hydroxylation of the isobutyl ester appears to be the 
preferred biotransformation pathway (M-1, M-2, and M·l2) since 
they account for 70-80% of the renally elimjnated activity. Ester 
cleavage account for about 10% of the activity (table 10, and 11). 

COMMENT: 

Although faeces were collected over 96h. (iv) and 144h (po), no 
qualitative or quantitative analysis of the drug or its metabolites in 
faeces was reported. So the study does not account for the fate and 
distribution of the total dose. 
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T."tb)c 10: hlotr;insfonnation pulhwny vJn h)'-ckoxyl.,lion or the iRJb1lyl anlcty [2J 

I 
1 

nctabolite 

H-4 

~H-5 
I 
lr+-12 
I 

I 
~ 

I total 
$ 

rat dog 
0-24 h 0-24 h 

11. !) 9.4 

J4.9 -f4.9 

) • t 11.7 

49.0 6G.O 

-,, 
nonkey 

0-7h 7-11 h I 
I 

' 

' l(l. 2 6.2 

I 
27.2 23.7 

)0.8 31.1 

68.2 61.0 

human . 
11-24 h 0-.. h 4-8 h 8-12 h 12-24 h urine 

I 

7.5 32.0/JO. 1 21.1/26.2 16.1/18.2 9.7/10.1 

26.7 48.8/48.9 44.1/46.9 38.1/36.9 29.8/27.4 

I 15.S ).9/ 2.7 8.0/ 8.7 13.0/13.) 6.3/ 7.0 
' 

49.7 84. 7/81. 7 73.8/81.8 67.2/68 • .f 45 .8/44 .5 

TalJle 11: bJolJ:ansfonnation pathwar via ester cl1?avage o.f Ul<! isobutyl nolety (2) 

' 
I 

m?trux>lite • r-at 

l 
clog 

' 
rronkey human 

0-24 h 0-24 h ; 0-7h 7-11 h 1i-24 h 0-4 h } 4-8 h I 8-12 h 12-24 i' uritll' 
I 

I I 
I 

4.9 
I 

4.S 6 .. 3 4. 1/J.6 10.7/ 6.8 M-1 14.6 4.7 

M-2 7.4 4.4 3. 1 4. 1 S.6 4.2/4.2 J.S/ 3.8 3.9/4.4 }..8/3.l 

H-3 11. 1 .(. 7 . 9.G 6.?. S.5 

H-6 1.2 1.2 0.5 - 2.6 

R-7 ),.6 

. 
• ... ta 1 37.9 1'5.2 17.7 15.0 20.0 a.Jn.a 14.2/10.6 J.9/4 .4 2.8/l.3 

1 

~ 
~ 



BiotraosformatiQn of oisoldipioc in rat. dQ&. monkey aoo man.. 

Study: t 6626 volume; 37 Pages~ 3079-3105. 

l nvesti&UtQrs..;. 

Qbjectim..;. 

The objective of this study was to determine the metabolic fate of nisoldipine in the rat, dog, 
monkey and cat. 

~emulation 

~[6- 1•c1 nisoldipinc CC with a specific activity of 45 µCi/mg and 53 µCi/mg with a 
radirJChemical purity of 98.5 % . 

Study Dcsi&n: 

12 healthy male volunteers were given 0.8 mg 1"C in 16 ml by IV infusion as an aqueous 
solution containing ethanol and polyethylene glycol. The same dose of nisoldipine was given 
orally as an aqueous solution (12 mg/1.2 ml containing ethanol and Cremophor RH 40). The 
study design was an open study with crossover from IV to PO administration. Plasma, urine 
and stool were collected sequentially for 4 (IV) and 6 days (PO). 

Kesult:L. 

In man, the me~n (SD) excretion after IV administration was 82.2 3 (7.4) in the urine and 14.4 
% (9.5) in lhe faeces 4 days post administration. After oral administration, the mean excretion 

ll 



Table 1. Metabolites iaentified in rats, dogs, monkeys and man 

rat perfused rat liver dog monkey man 

metabolite urine plasma bl: la perfusate bile urine plasma urine urine 
0-24h O.Sh 0-6h Jh 3h 0-24h l.5h 0-24h 0-24h 

M- l 14.6 - - - - 4.9 - 4.7 4.5 
M- 2 7.4 23.0 1.2 2.0 0.7 .ti. 4 6.3 3.5 J.S 
M- 3 11.1 5.8 5.7 - 1.9 4.7 J.9 8.7 
H- 4 11.0 5.3 7.:; 16.5 1.2 9.4 9.6 S.6 27.2 
M- 5 34.9 13.J 24.2 43 .• 7 11. 2 44.9 46.5 23.7 46.3 
M- 6 1.2 2.3 1.4 <.,!'. 0.8 1.2 - 0.7 

"'° R- 7 J.6 - n.b. n:}: n.b. - - n.b. n.b. 

'° R- n n.b. 
M- 9 - 7.9 
M-10 - 3.3 6.8 4.3 '4. 7 
M-11 - 6.2 
M-12 3.1 - 10.1 2.7 22 • .3 11.7 - 29.2 5.4 
M-13 - - 3.7 1.5 1.7 
M-14 - - I -

} 18.7 M-15 - - t 19 .1 -0 M-16 - - 1 -.J 

en R- J - 12.2 
R- 5 - 11.7 

onisoldipine - 2.2 

0 total 86.9 93.2 79.5 70.7 63.2 81. 2 6(;.l 79.l 86.9 

W\ of dose 27.8 54.1 17.6 35.5 18.7 57.7 64.0 
0 
co n.b. not balanced 

1 ...a. not detectable by TLC 

Results are given in % of the radioactivity recovered in urine, bile, serum and perfusate, resp. ~ 

-- ~ ~---! ·---·- ---· ••-·_- __ ·_I 
0 
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aiodin& .to bumap 12Juma proteins and Q~tbrocn; 12lasrna partitionin& in vitrQ 
for the race mate 1nd its cnantiomers. 

Stud~ t96t t. Volume: l .3 t ~h 454-472 

I ov~tlgator£. 

Qbj~tives: 

The objective of the study was: 
To investigate in vitro the human plasma protein binding and red blood cell partitioning for the 
racemic drug . and its cnantiomeis . using the carbon 14 
labelled compounds. 

FormulatiQn: 

radiochemical purity 99 % . 

Protein binding was determined by equilibrium dialysis and ultrafiltration. 
The red blood cell partitioning was determined by incubation of the racemate and the 
enantiomers in 3 ml of carbogen aerated blood. The hematocrit and the radioactivity were 
determined directly after incubation in triplicate. The plasma was obtained from the remaining 
blood by centrifugation . Radioactivity concentration in pla.,ma is measured in triplicate. 

t\~say: 

The results of the in vitro determinations of protein binding are given in Table 1. Table 2 gives 
the results of the erythrocyte/plasma partitioning experiments. 
It can be seen from the results that ·both methods gave comparable results and that nisoldipine 
is greater than 99 % bound and that there was no stereoselectivity in binding since both 
cnantiomers had similar degree of binding as observed with the racemate. 
The erythrocyte/plasma partition coefficients are about 0.3 mostly independent of the 



concentration in the range studied 0.1 to 10 mcg/ml. However. i..'lc partition between 
erythrocytes and plasma water is very high in the order of 56 indicating a high affinity of tile 
blood cells and other tissues fm '. There was no difference in partitioning between 
the racemate and its cnantiomers. 
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Table 2: [14c]_ and enanttomers 
In vitro partttton1ng of radioactivity between plasma and erythrocytes tn freshly prepared hepartnized 
blood su1ples of male a~ fcmal~ healthy volunteers. Incubation time was JO 11tn. Arfthlletic me1ns ~ftd 
stilndard devlat \ans of n•l Al.re g1ven. 

substance sex HK Ce Cp C[ P[/P f u 
ru9·m1-t1 r1u1·m1-I1 r1.u1·sn1-l1 

I 

! [I] 
l 

[14 
! 

' male o.4810.02 I 0.1~!0.ooa 0.]52!0.012 0.049!,0.009 O.lZ!D.05 0.68 
0.9 +~039 1..39 ±0.06 0.439,!:0.047 0.32±0.04 
9.87 + .3~ 13.44 ±0.45 5.80 ±0.41 0.43±0.03 

female o.42±0.04 o.112!0.81s 0.157!0.025 O.OSZ!0.009 0.33±0.03 0.59 
0.948!0.018 t.]) ±0.07 0.431±0.070 0.33±0.07 

10.58 ±0.57 l 4 ,.u ±0 • 4 3 5.79 ±0.45 0.41±0.04 
[ 14 male 0.48t0.0Z 0.138 0 .199 o.on 0.36• 0.68 

0.929±0.136 J.40 f0.Z4 0.396±0.042 O.Z9t0.04 
8.87 ±1.62 10 .. 57 ±2.63 4.87 ;!:l.00 0.48±0.17 

fe1nale 0.42.t0.04 0.128!0.012 0.181_!0.0J l 0.056!0.0]] 0.31±0.06 0.67 
1.00 ,!0.01 l.40 ±0.07 b.471±0.018 0.34±0.02 
9.20 ±0.3'9 12.12 ±0.77 S-:<,f4 ±0.Sl 0.42±0.02 

[14 male 0.48:!_0.0Z 0.099±0.012 0 .151!0 .024 0.04-ho.oos 0.28±0.08 0.65 
0. 808! 0. 0618 1.21 !D.10 D.J66!if:' 4il 0.30±0.02 
8.73 ±0.47 IZ.88 ±0.75 4.0CJ ±0. 0.32±0.04 

female 0.42+0.04 0.096±0.0IZ 0.136±0.014 0.043±0.008 0.31±0.03 ' 0.56 -
0.823±0.046 1.17 10.10 0.360±0.049 ~l!0.07 
8.70 ~0.24 12.38 ~0.63 3.80 ~0.46 > )•0.06 

• n•2 

r 

P£/PW 

47. I 
47.J ..... 
63.2 
55.9 
55.9' 
69.5 
52.9 
42.6 
70.6 
46.3 
50.7 
62.7 
43.) 
46.2 
49.2 
55.4 
55.4 
55 . .f 
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Jablt 1: and enantiomers 
In vitro binding to human plasma and plasma ?rotein frac!ions at different 
c~ncentr1tions as determined by equil~brium jialysis and ~i~r1f~1tration. 

3inding datl ir! expressed as fr!e (unbounc) fric!1on fu ~n ?ercant (ari:~m. 

means and standard deviation). Pooiea pl&sma of 1t least 3 ~a1e or femaie 
healthy voiunt2ers was used f~r detar:nination in triplic1te. Human ser~m 

albumin (HSA: ~O 9·1-l) and acidic tlpha:-9lyc~protein {.l.AG: 0.7 9r~l) were 

dissolved in :he ultr1fil!rate of heparinizeo human plasma . . , _______ _ 
1.t'i tra filtration 

:o~l1 ' frac~ion 
! 

I sexi 
equilibrium oialysis 

tota1 ' fraction 
cone. unbound ::>nc. unbound 

substancl 
l ~ 1 nd i ng 
);:>rotein I l , ~, 

I f ua • in 1 - l ~ ·' J c... 1 r uc . "'; - l 1 , 
-

' 
(4c~ I iia 1 e 0. l l < 0.09 < 

I 1.05 O.SZ;:0.06 , , .. 0.29:.0.09 . . ( 
I 

9.79 I 0:75::0.06 9.53 0.49:0.01 ' I I 

I f~male 0 .10 < J .10 < I 1.04 0.56:.C.04 7 ., Q 0.27:0.03 I 
....... 

lo.r 0.52::0.03 9.SS 0.40:;:0.02 

(He male U":' 08 < 0.09 < 
. l. 02 0.60:0.03 !. 22 ( 

10.S 0.7!::0.02 10.9 0.46::0.01 I f ema re 0.09 < 0 .10 < 
0.98 O.SJ=0.07 1 , .. •• J < 

10 .1 0.79:0 19 l 0 . .5 0.40:_0.02 

r l 4c male 0.11 0. !0 < 
1.00 0. ~ .06 i. 00 ( 

10.9 0. 71:.;).01 11. 2 0.43z0.03 
female 0.10 < 0 .11 < 

1.00 o.4a:;:o.os 1. 31 < 
10.4 0.53.=0.06 11.0 0.29!;0.0l 

I c 14, HSA 0.99 1.96:.0.14 0.90 1. 33~0. 03 

AAG 0.99 30.3 ... 5,4 0.97 25.S •0.7 

below detection limit (< 7 ng/ml) 

,j 

t 
I 
I 
I 
I 
I 

l 

I 
I 
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I 
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Estimation gf the bjoavailability of nisol<lio;oe in man. 

SJ'U[.>Y: 3647 

INVESTIGATOR: 

QBJECTIYES: 

VOLUME: 1-36 PAGES: 2737-3017. 

l-To determine the absolute bioavailability of 14C nisoldipine on the basis of plasma and urine 
data. 
2-to determine the absolute bioavailav1:ity of an oral solution of nisoldipine on the basis of 
plasma data. 
3-to measure the excretion of nisoldipine in urine and faeces. 

f.Q&MU LATIONS~ 

-••c nisoldipine intravenous solution batch# 131184-140, 0.8 mg in 16 ml (45.5 mcCi). 
-

14C 1 3 nisoldipine oral solution batch# 141184-141, 12 mg in 1.2 ml (110 rncCi). 

STUL)_Y DBSIGN~ 

12 healthy male Caucasian volunteers from 18 to 24 years of age participated in this open study 
with crossover from intravenous to oral administration. Intravenous administration was given 
over a 15 minutes period. Blood samples were taken at 0, S, 10, IS, 17.5, 20, 22.5, 25, 30, 35, 
60, 80, 105, cl35 minutes and at 3, 4, 6, 8, 12, 24, 32, 48, 72 and 96 hours after the IV 
infusion. 
The blood sampling after oral administration was at -10, 0, 3, 5, 7.5, 10, 15, 20, 30, 40, 60, 
dO, 100 minutes and at 2, 3, 4, 6, 8, 12. 24, 32, 48, 72, 96, 120 and 144 hours. 
Urine was collected before drug administration and at 0-4, 4-8, 8-12, 12~24, 24-48, 48-72 and 
72-96 hours after medication. 
Stools were collected in light protected containers according to the following time schedule: 0-
24, 24-48, 48-72 and 72-96 hours after drug administration. 

ASSAY: 



RESULTS~ 

Figure 1 shows the geometric mean nisoldipine plasma concentrations after IV a1•d PO 
administration while Figure 2 shows the mean total radioactivity concentrations for the same 
treatments. Table 1 summari:zes the main pharmacokinetic parameters for nisoldipine after IV 
and PO calculated from plasma levels while Table 2 gives the same pharmacokinctic parameters 
calculated from measurement of total radioactivity. figure 3 shows the mean cumulative urinary 
nisoldipine excretion after IV and PO administration while Table 3 gives the mean nisoldipine 
recovery after IV and PO administration both in the urine and faeces. 
The results show that 80.3 % of the IV dose was recovered in urine but only 70 % after PO 
administration giving an absorption from the gut of about 87 % based on cumulative urinary 
excretion of the parent compound and its metabolites. However the absolute bioavailability 
calculated from AUC of the parent compound is 0.084 or 8.4 % which is indicative of a large 
first pass effect for nisoldipine. 
13.8 % and 11.8 % of the radioactive nisoldipine dose was recovered in faeces after IV and PO 
administration respectively. These results may suggest that nisoldipine and its metabolites might 
be undergoing biliary excretion. 
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STUDY' 4 00 (LJOFS 7/85) 
CUMULATIVE NISOLDIPINE URINARY EXCRETION 
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"EANS AND STANDARD DEVIATIONS 

STUDY 400 CUOFS 7/85) 
UHOLE BLOOD& APPARENT NISOLOIPINE PHARftACOKINETIC PARAMETERS 
1 1TREATMENT t ORAL SOLUTION 
2 1TREAT"ENT 1 INTRAVENOUS INFUSION 

1 : 
2 : 

'I I 

2 : 

l'lEAN 

3<10 .. 40 
17 .. i7 

ML:AN ..., __ .... 
.1a· 
.79 

i : 4051.86 
2 : 380.66 

11EAN 

C "AX 
CNG/l'lLl 

s.o .. 
79.6~ 
2.24 

T l'lAX 
CH) 

s.o. 
.49 
.47 

AUC 
CHG/ML.Hl 

s.o. 
843.45 

43.51 

PIRT 
CH) 

s.o. 
----~ .-..---

" : 2 : 
<46.83 
43.70 

1 .. 67 
3.22 

N 

12 
i2 

N 

12 
12 

N 

12 
i2 

N 

12 
12 

186 
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"EANS AND STANDARD DEVIATIONS 

STUDY ~00 CUOFS 7/SSl 
PLASl'IA: APPARENT NISOLOIPINE PHARl'IACOKINETIC PARAMETERS 
1 :TREAT"ENT 1 ORAL SOLUTION 
2 1TREATl1ENT : 1NTRAVE,40US INFUSION 

MEAN 
~-----

1 • . S7S.SO • 
2 • 22.52 • 

MEAN 
·----

1 • .77 • 
2 • .77 • 

l'\EAN .... _.___ 
1 • 6254'. 48 • 
2 • S22.S3 • 

MEAN _..,.. __ 

" • :t.2.29 • 
2 • •3.SS • 

C "AX 
CNG/11Ll 

s.o. 
87.90 
2.04 

T l'lAX 
CH) 

s .. o .. 

.4-i 

.35 

AUC 
CNG/l'IL.HJ 

s.o • 
527.52 

-42.61 

l'lRT 
CHl 

s.o. 
2.39 
1.35 

.N 

i2 
12 

N 

12 
12 

N 

12 
'12 

N 

12 
12 

183 
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rtEANS ANO STANDARD DEVIATIONS 

a 
STUDY 400 CUOFS 7/8Sl 
CUMULATIVE NISOLDIPINE EXCRETION (7.J 
A • • 

URINE 
CIVl 

ARITH MEAN GEOM l'IEAN s.o. N 
----~--~---- -----.-----~ -----. 

A • 80.331 79.374 11.813 12 . 

URINE 
CPOl 

ARITH MEAN GEOM MEAN s.o. N 
-------'*---- --------- ------

A • 69 .. 945 69. 184 10.113 12 • 

FAECES 

• CIVl 

ARITH MEAN GEOM MEAN s.o. N ____ _,,.._ ____ 
~---------- -~--

·A • 13.624 11.899 8.764 12 • 

FAECES 
CPOJ 

ARITH l'IEAN GEOM l'IEAN s.o. N _____ ._ ____ _,..,. ____ _. ___ 
--~--

A • 11.787 11.556 2.458 ~2 • 

TOTAL 
CIVl 

~! 

ARITH MEAN GEOM MEAN s.o. N 
co 
I'-_._.., _____ ... _ 

-~---------
__. __ 

A • 93.955 92.847 13.999 -i2 N • 

0 
TOTAL 0 

CPOl 

J6 c.o ,...,. 
ARI TH MEAN GEO"' ,..,: AN C' " 



Study to inyesti~ate the absolute bio.ayailabdity of cgmrolled ~ye formulation of ni:Klldipinh 

Study;. 0637. Volume: 112. P1ges; 06-04-7222-7234 

Obiectives: . 
1- to assess the tolerability and the pharmacokinetics of the controlled release formulahons of 
nisoldipine in comparison to an intravenous application with special regard for the absolute 
bioavailability. 

formulation: 

-20 mg nisoldipine C.C. tab1ets batch # 523081E029. 
-Nisoldipine solution for IV administration (0.005 %) batch# 520219E501. 

Study Desi~n;. 

12 healthy male subjects between the ages of 18 and 40 years participated in this non~blind 
randomized crossover study with washout phases of 6 days. 
Ni~:oldipine was administered in single oral doses of 20 mg C.C. tablet with 100 ml of water or 
1 mg as 20 ml of the 0.005 % solution during a period of l hour. 
Plasma concentrations after oral administration were determined at 0, 0.5, l, 1.5. 2. 3, 4, 6, 
8, 10, 12, 14. 16, 20, 23, 24, 28, 32 and 48 hours post medication. 
Plasma concentrations after IV administration were determined at O. 5. 10, 20, 45, 60, 70, 80, 
90, 105, 120, 150. 180 minutes <'.nd at 4, 6, 8, 10, 12 and 24 hours after the start of the 
infusion. Also, measurement of blood pressure and heart rate was performed prior to blood 
sampling until 24 hrs after administration. 

Assay~ 



Results: 

Figure l shows the mean plasma concentrations for nisoldipine after both IV and oral 
administration while Table l summarizes the most important pharmacokinetic parameters. 
From the resultc; of the study, it can be seen that administ' .ition of the same dose IV as a 
controlled release tablet gave much higher plasma concentrations indicating that nisoldipine when 
given by the oral route of administration undergoes extensive first pass metabolism. The absolute 
bioavailability calculated based upon the ratio of the geometric mean AlJCnonn PO/AUCnonnlV 
was only 5.5 3 with a 95 % Cl from 4.8 % to 6.4 %. The MRT of the IV infusion of 3.? 
hours is prolonged to 20.6 hour~ 1or the C.C. formulation. 
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" STUDY 0637 
TABLE 3.ls ESTIMATES OF PHARMACOKINETtC PARAMETERS 

MEDIAN. MINIMUM, MAXIMUM 8Y DOSAGE 

+--------------------------~----------------~---~-~----------~-~---~-+ PARAMETER J HISOLD. I.V. ' NlSOlD. TABl. 
!--~-------------~-R-----+---------------------- ---------------------! 

AUC NORM COXHl'll 1Z44. 990 67.414 
890.000 - 14&0. oco 36.100 - 119. 000 

~ 

CMAX CHO/Ml> a.355 0,745 
~.560 - 9.SZO 0.4SO - l.O:SO 

MRT CH> 4.039 610 
l. &90 - 9.620 lit. 360 - 2!.790 

T 1/2 CH) 7.310 9.547 . 
2.140 - U.960 !i 050 - l&. 330 

·--~-------------·~----------~------------------------------·--·-----+ 

/ STUDY 0637 
TABLE 3.11 ESTIMATES OF PHARHACOKINETIC PARAMETERS 

GEOMETRIC MEAN, OEOMETRlC SD IY DOSAGE 

+------------------------------------------,·--~ -----------~--~~--+ PARAMETER HISOlD. I.V. hISOlD. TABL. 
!------------------------·-------------------·----------------·--! ' ! . 
! AUC NORM (OXH/l> . 121~.399 1.13 ' 67.117 1.35 . 
' ! . 
! CMAX (HOl'Hl> 7.65Z 1.Z7 ! 0.6U 1. 34 
! ' . ! MRT CHJ ~.191 1.56 ! 20.635 1. ~4 

' ! . 
T l/Z (H) 6.930 1.10 ' 9.906 1.60 

! 
+---·-~-·------~------~---------~----------~--------------~-------+ 

'\ 

I 
I 

I 
I. 
; 
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Study 600, Publication (Continued) 

EVIDENCE FOR DIFFERENCES IN GUT 
WALL METABOLISM OF NISOLDIPINE 
DEPENDING ON ABSORPTION SITE 

Introduction 
Nisoldipine. a Qldum antagonist 
of the OHP type, Is used In the 
treatment of hypertension and 
coronary heart diseu1. Evan 
almost compleUy absorb9d, NIS 
exhibits All. low bioavai1abllty (f) 
due to an1xt1nslve mataballllllon 
during llst pass. This fttst pass 
effect was considered to be mainly . 
based on th• high Mpatlc dear· 
ance, support by experiments 
performed In a perfused tat Iver 
model (1). 
Recently sorie evidence was fcuncf 
for relevant •xtra·hcpaUc contribu­
tions by gut waJI mttaboRsm to the 
trsi pass effect or O'"f Ps (2, 3, •). 

In dog after intrapottaJ administra· 
Uon the rela:lve bioavailabUlty of 
niscldlpine wu 2-3 times Ngher 
as compared to lntraduodenaJ 
administtalion. No lnrllc:.ation wu 
foi.:nd on relevant Oil11t11tncu In 
the formation of metabolites In the 
gut wall and the &vtr. n .. partial 
e&minalionprocass contribute with 
bioavailabilltiH or 42-4 (gut wall 
and/er Intestinal lumen) and 29'/• 
~Iver) to the r11ultlng bioav&illbility 
of 12-/ •. It has been concfudtcf that 
from an oral dose of nlsoldipine 
given to dogs, about 60% 11 
metabolized prehapaUc:ally In tht 
gut wan and only 30-h in the &vtr. 

Thus fer the development of a 
controlled release formulation 
Information on gut wall metaborism 
in man may be required. 

Methods 

ll&lef)' .... ,,. 
In 1 croa1 ovtr atvcty 4 htlllt\y mil• 
~(age11119ara;wtl;ht70•1Zk0) 
IKlllvtd 1.11 IO I.ff mg Nlsoldlpiw In I H' 
mp9'"attowoaulona and10rng....,. 
• W OCIClllonl (A 1, A2]. The H, capaultl 
IOluUans wttt rtlNHd In l10mach (IS), 
Jt~ (C), Clllott l:lotndMI (01) nl 
CDlon clHOtndtna (02). 

Anllyt.:11 ,roc:Hurt Ind Calculation 
DtltttNn&llon of NlaohSlplt\1 1N1 1111 
mttaboll111 M I and M 10 tiu betn 
ptrlonntd by IJ*lflC: QCIECD melhOd. 
PNnnaCDldntdc: pnmtltnol Niacldlplnt, 
MI and M 10 Witt ca1Q4atld by momtnt 
~IL The lncMdtal m11111 of A 11/.a 
..,.,, used u an lnhlnclMdull ,.,.,.nee 
value (100%) In tad\ l\A 
Nein patlmllriclllll wtrt Ultd 10 ~Ill 
tl'le 9tom1ric meana In tld\ ,., of flt 
study. 

Miles Inc. 
Pharmaceutieal Division 
400 Morgan Lane 
Weat Haven, CT 06516 

L1 

Results 
"8-1 '-• ...................... .,.. ....... ..... 
---·~Mlo91lWflll ........ ~ ..... 

0 6 0 4 6957 
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In a study an the ~'orptlon 
bahavfour Of NIS In 4 hulthy 
va1unt11ra by uatng th• high 
frequency capsule technique 
evidence wu found thlt gut wd 
IMClbOlflm In man II de pendant 
on the lblotptlon •Thi Nlldve 
bioavallblllywu unchangodwlth 
... °'lblradon. In Ulenlandflte, 
k\ lttl "PIM" plttOlrUltinal net 
a0tlla.dlan(A1 .A2)and ut'{F­
OIP9 delnSIOmlCh(B)...t)e;.un 
(C). The rtlative bloavaJlablllty 
lncrusl afttr lberatlon In colon 
ascendtn11 (01) and deac•nd•ns 
(02) for NIS and a prtmary DHP 
metabnllte (M 9), whereu a 
pyrldln• metabolite (M 10) 
19malned almOl'C unchanged. 
The dCI an metaballtu do not 
support the thlOry of a bypusfng 
the liver u espla.-.aUcn of the 
lnc:rtase ln f. lnPll Of 3)'?Ulfng 
the llvtr - adminhsttatlon com­
parable \0 IV dollni-a f9dudSon 
1n amount metaboll%•d during &st 
pau mtuund u a ~-=tion of 
AUC u wll u c,,_ l'IDltft fer M I 
tr\d M 10 has to bl txpected. TM 
deptnde"'8 cf f on the lbso~n 
lite for N'.S and M I give lndirtd 
evlde.ice that allo Jn man gut wall 
mttabolllm c:ontrti.~l.lttl to Uie lrat 
pass effect In man. 
Thia contribudcn lffml to d• 
Cft.Ut noom tht proxlmal to the 
dls'tal parts of ttt• lntatlne ·and 
even maybe &belllhtd In the cclon. 

Referenc:es 
1. H.J. IN P~ m. Ill 7 (1115) 
2. l.X. WPllf tt IL ... J. ......,,,..._ ... 

,,., .• m '''"> :a. H.J. ~ , • ....,_, w~ °" 
CINg MeDbcllsm. ........ '-'· (1llO) 

'· W.fll.M. fl•ttrs IM l'.CL 1Ctemet1. 
~ .. P"'IO In l\e lntNINI 
frUl:DlaatmM.fttnem ""cr•mt :w 
1131-1131 (11•). 

S. A.K Staib ti 11. ~: Noftl Ot\19 Oe1wwy 
.-u~c..,,....,..1-. 
,,. .... ~ Wlky & Sw\I (11H) 

L A.H.IM tt IL Nd\.~ m. 
RW(tlU) 
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Niaoldipine Enantiomw ·Asseument of Pba[lnacokjnetics by stable isotope technique. 

Study; 606/618 Volume: 61 Pa1:es~ 06-02-S788-5793 and 

lnyestigatora.:. 

Objectiv~: 

• · to assess the tolerability and the pharmacokinetic properties of the racemate and the 
enantiomers of nisoldipine after IV and oral administration using a pseudo racemate containing 
a 4x13C-labelled (+)N and the non-labelled(-). 

formulation: 

-1 mg nisoldipine pseudoracemate solution (20 ml as an IV infusion over a time period of 1 
hour. 
-20 mg nisoldipine pseudoracemate solution orally (2.5 ml as a 0.8 % solution diluted in 20 ml 
of water. 

Stu.d~ Desian: 

5 healthy male subjects between the ages of 25 and 35 years participated in either the IV or oral 
study. Three of them took part in both studies. Plasma samples were taken at defined times (not 
specified in the report) to measure the kinetics of nisoldipine and its enantiomers. Heart rate 
was recorded continuously for 90 minutes, blood pressure was measured automatically for 60 
and 90 minutes every three minutes. Thereafter, heart rate and blood pressure were assessed 4, 
8, 12 and 24 hours after drug application. 

Assay: 

Qata Analysis: 



Kesults; 

Figure 1 shows the mean plasma concentrations for nisoldipine and its enantiomers for both the 
IV and PO administration. Figure 2 shows the plasma concentrations of ( +) and (-) nisoldipine 
and its corresponding metabolites after single oral administration of the pseudoracemate. Table 
1 shows the main pharmacokim· :.~~!Rrs for nisoldipinc and its enantiomers after both IV 
and PO administration while able ~me PK parameters for nisoldipine and its major 
metabolites after PO administration on ) As ex~ted there was a drop in blood pressure and 
an increase in heart rate in all the subjects. The results also show that after IV administration 
similar plasma concentrations and pharmacokinetic parameters are obtained for both cnantiomers. 
After oral administration, the CMAX values for the M9 metabolite (the hydroxylated 
dihydropyridine) were different by a factor of 7.6 whereas for the M3 metabolite (the pyridiH,~ 
metabolite) varied only by a factor of 0.84. These results might indicate that the pyridine 
formation might be less stereoselective than the side chain oxidation. 
It can also be seen that the plasma concentrations as well as the AUC are consistently higher for 
the ( + )N enantiomer. Therefore, the plasma concentrations of the non enantiospecific analysis 
mostly reflects the concentration of the active enantiomer. After IV administration, the 
concentration of the ( + )N is about half the total concentration. 
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(:)H 
(+)N 
1-)N 

1.0l(1.l1J 41.lall.27) 4.74 7.ll(l.l6J 5.20(1.10) 
1.oau.111 11.lt(t.StJ 7.51 S.55(1.JIJ 4.17(1.tOJ 
.18(1.19] 12.97(1.25} 1,1,7 J.5911.lSl • .55(1.11) 

2.Sl 11.:201 
2JJ7(1.llJ 
2.25(1.151 

r""' .c PNrrn.lcOkintOc panmews ot(+)N and <->N and dltir ~ mmbolta attw ora1-. 
kl1 ot (: l nisoldipint (l'tOll'ltcnc mun. 1eomeu"c SQndard drti.ltion). 

Pnntdt\IC 
M9 
MIO 
M13 

(•J cnarciomer Md iamm~ (-J enandomet llld ltl~ 

c.. '- c_ r-
ltl&'mll Pll (f'l&'ITllJ ' ll'IJ 
mean (SdJ mean (SdJ mean (sdl mun lsdl 

4.67(1.101 .55(1.481 .55(1.llJ .57(1.lJl 
7.41(1.591 .17(1.591 .91(1.ll) .3a(1.t,OJ 

11.70(1.lO) .61(1.1,Q) 31.0011.19) .45(1.t.a) 
1.19(1.321 .1osu.481 a.1oc1.421 ·'' c1.:m 



PHARMACOKINETIC DOSE-PROPORTIONALITY STUDY OF 
NISOLJlPINE (BAY K 5552) 2, S, 10, 20 MG TABLETS IN 
NORMAL SUBJECTS. 

S1udy No. D85-024-0l volume: 40 Pases: 06-00-4163 - 06-00-4355 

INVESTIGATORS: 

OBJECTIVE: 

To determine the dose prpportionality and single dose 
pharmacokinetics of nisold'f>ine over the range of 2.5 to 20 mg in 
healthy volunteers. 

STUDY DESIGN 

A non-randomized ascending-dose design, in which twenty healthy 
males .• sequentially received single doses of 2.5, 5, 10, and 20 mg of 
nisold~ine at weekly intervals. Blood samples were collected at 0.0, 

. 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 5, 8, 11, 14, 24, and 48 h (only after 20 mg 
dose). 

DosaKe Fm 
NisolctPine tablets were administered in the following doses: 
Tablet strength Miles Formula # batch# 

2.5 mg 
5 mg 
10 mg 
20 mg 

Assay: • 

200-024 
200-015 
200-023 
200-011 

524525 
524652 
,,24652 
524652 



... ,.. 
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DISCUSSION & CONCLUSION: 

Nisol<"ine and its active metabolite: showed an increase 
of their AUC and Cmax values that were proportional to the increase 
of the oral doses. 

Tmax, (which reflects rate of absorption) for nisolctpine and its active 
metabolib , did not change significantly with increasing 
dose. On the other hand, t 112 was not determined for the two lower 
dose$ and was highly variable for the other two doses. So 
determination of elimination kinetics from this study is not 
conclusive. 

C,Qmments 

Sampling times were not the same for different doses (10, 20 mg) 
which may, in part, explain the differences observed in t112 

estimation. 

The precision of the assay exceeded 20% CV at the LOQ, which is 
above the acceptable level. 

50 
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DOSE 
(m~) 

2.5 

5 

10 

20 

NISOLDIPINE (r -~ 5552) 
PHARMACOKINETIC DOSE-PROPORTI. .TY STUDY OF NISOLDIPINE 
2.5 MG, 5 MG, 10 MG and 20 MG !~SLETS IN NORMAL SUBJECTS 

STUDY 085-024-01 (LASSF.TER) 

Cmax 
(ng/ml) 

0.43 ± 0.25 

. 0.85 ± 0.39 

APPENDIX I 
TABLE 2 

Pharmacokinetic Parameters of Nisoldipine 
Following Ural Doses of 2.5. S, IQ and 20 mg 

(Mean ± SD) 

Tmax 
(hr) 

1.27 ± 0.41 

1.46 ± 0.64 

ACC (0-24) 
(ng-hr/ml) 

J. 26 :!: 1.0€,* 

2. 89 ± l. 38* 

AUC (0-inf) 
(ng-hr/ml) 

Cl/f 
(L/hr) 

tl/2 
(hr) 

1.44 :t 0.83 1.43 :! 1.01 6.52 :t 2.98 6.69 ± 3.10 1887 ± 1030 9.3 ± e.1 

3.42 ± 1.94 1.62 ± l.<'8 14.45 ± 6.11 18.25 ± 8.60 1377 ± 749 12.3 t 5.3 

*not extrapolated 

DOSE 
(mg) 

2.5 

5 

10 

20 

APPENDIX I 
TABLE 3 

Pharmacokinetic Parameters of Nisoldipine Metaholite 
Following Oral Doses of Nisoldipine 

(Mean ± SD) 

Cm ax 
(ng/rnl) 

l.09 ± 0.41 

1.19 ~ 0.51 

2.01 ± 1.04 

4.09 :!: 1.84 

Trnax 
(hr) 

1. 21 ± 0. 30 

1.72±0.69 

1.90 ± LOO 

1. 79 ± l. 05 

AUC (0-24) 
{ng-hr /ml) 

5.35 ± 2.43 

10.77 t 5.45 

21. 31 t 9. 08 

AUC (0-inf) 
(ng-hr/nl) 

,-

12.18 ! 6.48 

27.79 :!: 14.48 

tl/2 
(hr) 

6.8 t 7.S 

13.2 :.!: 11.3 
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NISOLDlPINE 
PHARMACOKINETIC DOSE-PROPORTIONALITY STUDY OF NISOLDIPINE 
2.5 MG, 5 MG, 10 MG and 20 MG TABLETS IN NORMAL SUBJECTS 

STUDY D85-024-0l (LASSETER) 

APPENDIX I 
TABLE 4 

Pharmacokinetic Parameters of Nisoldipine 
Metabolites Following Oral 

Doses of Nisoldipine 
(Mean :!: SD) 

METABOLITl 

DOSE c T AUC (0-24) max max 
(mg) (ng/ml) (hrs) (ng-hr/ml) 

2.5 2. 64 + J.46 0.90 :!: 0.33 4.10 :!: 1. 97 

5 4.25 :!: 2.36 1. 31 :!: 0.'/2 B.73 :!: 4.16 

10 6.55 ± 4.91 1. 21 :!: 0.73 15.10 ± 6.19 

20 12.16 :!: 7.90 1. 12 :!: 0.64 33.32 :!:: 16. l 0 

* Calculated from ll!ean 8-24 hour data 

** Calcul;tted from mean 11-24 hour data 

METABOLITE 

DOSE c T AUC (0-24) maY. max 
(mg) (ng/ml) (hrs) {t;tg-hr /ml) 

2.5 10. 71 :!: 4.99 1. 15 ± 0.,56 23.21 :!: 10.86 

5 28.20 :!: 12.90 1. 45 :!: 0.70 81.00 1 38.39 

10 34.51 :!: 17 .4 7 1.31 :!: 0.69 106.6 1 47.74 

20 75.21 :!: 30.99 1.54 :!: 1.11 240.7 t 100.00 

* Calculated from mean 11-24 hour data 
** Calculated from mean 11-48 hour data 

t l /2 
(hrs) 

12. J * 

16.8** 

tl/2 
(hrs) 

9.2* 

12.l** 

06 00 4182 
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APPENDIX t 

FIGURE I 

MEAN PLASMA CONCENTRATIONS OF NISOLDIPINE 

Nisoldipine , 
Dose Proportionality Protocol 
Study 085-024-01 {Lasseter) 
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A RANDOMIZED, SINGLE DOSE, 4-WAY CROSSOVER STUDY OF 
THE DOSE PROPORTIONALITY AND TOLERABILITY OF 10 MG, 
20 MG, 40 MG, AND 60 MG NISOLJll>JNE COAT-CORE TABLETS 
IN HEAi.THY VOLUNTEERS. 

Study No. 091-035 

INVES'f?GATORS: 

OBJECTIVE: 

volume: 39 faaes: 06-00-3614 - 06-00-4000 

To determine dose proportionality and single dose pharmacokinetics 
of 10, 20, 40, and 60 mg of nisol<Jl>~ ne coat-core tablets in healthy 
volunteers. 

BACKGROUND: 

A new formulation of nisoldi:>ine that consistt of a core of immediate . . 

release nisoldpine, surrounded by an outer coat of :dcwly-released 
: nisoldfi>ine. The firm claims, this formulation produces sustained 

pla.sn1a concentrations for at least 24 hours after dosing. The present 
study used 60 mg of this formulation (3X20 mg) as the: highest dose. 

S1'UDY DESIGN 

A randomized, open label, (not blinded) four-way crossover, single 
center evaluation of 4 doses of nisoldpine. Twenty-four healthy male 
volunteers were randomly assigned to one of four sequence groups. 
Four sir,gle oral doses of 10, 20, 40, and 60 mg nisoldpine were given 
(fasting condition), with Sl we.shout period of 7 days. Blood samples 
were collected at 0.0, 0.5, 1, 2, 3, 4, 6, 8, 10, 12, 14, 16, 24, 28, 32, 36, 
and 48 h postwdose. 



Test <':.ua 
Nisol~ine 
doses: 
Dose 

1 x 10 mg 
1 x 20 mg 
2x20mg 
3 x 20 mg 

coat-core tablets were administered in the following 

sequence 

A 
B 
c 
D 

batch# 

524525 
524652 
524652 
524652 



DISCUSSION AND CONCLUSION: 

Dose proportionality was observed for 20, 40, and 60 mg doses. 
For the 10 mg doses, there was a departure from dose 
proportionality for AUC and Cmax. That departure was more 
pronounced for the Cmax values where the lower confidence limits 
for the 10 mg doses were below 80% (p<0.05). For AUC, at the 10 mg 
dose proportionality, the magnitude of departure was close to the 
acceptance levels. 

there is no apparent nonlinearity in the PK parameters studied and 
the study, though flawed by sampling design, is acceptabl· . 

Comments 

Samp:ing period was not long enough to allow t112 estimation. 

st 
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.. 
Dose 
(mg) 

10 

20 
40 
60 

!~ 

t 

iw 

.. ~ ......... •• . .;t. 10117) 

Arithmetic Mnn C% CV> of PhartUcoklnetlc Parameters for, 
Niaoldlptne Followk\g a Single Dose of 
10, 20, 40 or 80 mg coat-core T•blet 

Doae·normallzed 
c_ T ... AUC.., C._i AUC.,.1 

(ng/ml) (hr) (ng •hr/ml) 

0.90 •43) 8.6 C46) 16.2 C33) 0.090 1.52 

1.46 C39t 8.3 (44) 27.1 (371 0.073 1.36 

3.07 C49) 6.8 (46) 64.3 (47) 0.077 1.36 

4.28 (52) 10.8 (62) 83.3 (43) 0.071 1~9 

TI 

Ratios of Geometric Least Squares Means with 90% Confidence Intervals 
and P·values from the Two-sided Teat of Equality Between Doses 

90% Confidence 
Variable Compariaon Ratio(%) Interval p value 

AUCMlh 20 mg/10 mg 88.4 80.0 .. 97.8 0.046 
40 mg/10 mg 85.3 78.1 • 95.5 0.018 
60 mgilO mg 88.6 80.1 98.0 0.048 
40 mg/20 mg 87.6 88.3 • 108.0 0.690 
60 mg/20 mg 100.1 90.6 • 110.7 0.983 
60 mg/40 mg 102.6 92.8 • 113.4 0,676 

c ..... 20 mg/10 mg 82.4 72.1 • 94.3 0.019 
40 mg/10 mg 86.0 74.3 - 97.2 0.047 
60 mg/10 mg 78.4 68.5 - 89.6 0.003 
40 mg/20 mg 103.1 90.2 .. , 17.9 0.706 
60 mg/20.mg 95.0 83.1 ' -108.7 0.628 
60 mg/40 mg 92.2 80.6 -106.4 0.314 

58 
Mllellnc. 
PharmaceuUcalOMalon 06 00 3831 .-00 MorQan la'1e 
Wnt Haven. CT 066111 
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INVESTIGATION OF THE PHA..'l{MACOKINBTICS AND 
TOLBRABIIJTY OF A CONTROII.JID RBLBASB FORMUIATION 
OF NISOu»>INE UNDER STEADY-STATE CONDITIONS IN 
COMPARISON WITH THE IMMEDIATE RELEASE TABLET. 

Study No. 645 Volume: 41 Pa&es:06-0Q.4356-06-00-4801 

INVESTIGATORS: 

OBJECTIVE: 

a- Investigation of tolerability and pharmacokinetics of nisol~ine CC 
under steady-state (SS) conditions compared to the immediate 
release tablet. 

b- Pharmacodynamic evaluation of cardiac performance. 

MATERIAL AND :METHODS: 

I- Drui: and dosa&e: 
A: Nisoldpine CC, controlled release tablets ( 20 mg) 

Pt. No. 523 081; Dev. No. 029 
" B: Nisoldpine immediate release tablets ( 10 mg) 

Pt. No. 315 552; Dev. No. 126 

II- Study Desi&n: 
18 healthy, male volunteers participated in the study. A randomized 
nonblind cross-over study of nisoldl>ine 20 mg controlled release 
(CR) compared to 10 mg immediate release (IR). The CR formulatl.on 
was administered once daily while, the immediate release was 
administered twice daily. Both treatments were administered for 7 
days and were separated by a wash-out phase of at least 7 days. 
Tablets were given after breakfast and 12 h later. 
Blood samplint! was done on day 1 an<l Z. be~ore and 0.5, 1, 2, 3, 4, 6, 
8, 10, 12, 12.5*, 13*, 14, 16, 20, 23, and 24 h after morning 
administration. (* only for IR tablets) 
Days 3-6: morning trough concentrations (before administration). 
DayS. 8-9: 28, 32, 48, 52 and 56 h after the last administration. 

60 



RESULTS: 

· I- Phannacokinetics: 
For IR formulation, the mean CMAX ( 1.17 ng/ml) was reached 3 
hours after dosing. Trough concentrations were mostly not estimated 
either on the first day or at SS as they were below detection limit. 

For CR formulation, the mean CMAX (0.72 ng/ml) was reached after 
12 hours after dosing. At SS, plasma concentrations higher than 0.1 
ng/ml were maintained during the whole day. Trough concentrati. 'JDS 

were almost constant from day 3- day 7. 

The plasma concentration time profile for the active :netabolite (BAY 
r 9425) behave parallel to nisoldpine. 
PK evaluation: 
Comparing ffi to CR formulation, the AUCnormhas increased frc,m 40.3 
to 58.9 g.h/l. The relative bioavailability increased to 146% with a 
90% CI ranging from 126 to 169. CMAX was reduced by 56% going 
from IR to CR for ...... ·1 lation with a 90% Cl ranging from 4 7 to 66%. 

6{ 



Comparing day 1 to day 7, the bioavailability parameters (AUC, 
CMAX) for the IR formulation were numerically indistinguishable. On 
the other hand, AUCDOnll CMAX for the CR formulativn increased by 
46% and 30% respectively. 

Tolerability: at SS, both formulations were comparable but less side 
effects were reported after the CR dosing. 

COMMENTS: 
The assay method was not sufficiently senstive and precise to 
accurately determine trough concentrations and accumulation for 
both f ormulatlons. 

DISCUSSION & CONCLUSIONS: 

The plasma concentration time profiles of the IR and CR formulations 
were different; CR formulation caused a decrease in CMAX and an 
increase in CMIN so decreasing the degree of fluctuation. 

Accumulation during the seven-day treatment ·.vas mon, pronounced 
for the CR formulation. 
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PARAMETER 
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l4SEP92 

EST~m· S Of PHARMACOK1NET1C PARAM~lERS 
QUOTlEH TO RESU~T OF Z•lO MG STD.TAP· IN% 
GEOMET IC ...ttEAN, GEOMt:TR IC SD, 90%-CC' llTERV. ACCORDING TO MODEL 
REFfRRINct"iD ANALYSIS OF VARIANCE AN'i .... ; tHETT-TESTS. 

I l QUOTIENT on 

N l•ZO MG NIS.CC 
SD,c MODE l l /211:1 O MG STD. TAB·. 

i 
"UC NORM <H•MG/ML> lS MEAH, SD 146.3 1. 41 

1. 4Z 90% C. I. 126~6 - 169.0 
. 

CMAX <NG/Ml) 18 MEAN, SD J 55. 6 l.49 
l. 51 CJ0% C.1. 4)--. 0 - 65.9 

FLUCTUATION la MEAN. SO 26.0 l. 79 
1.81 CJOX C. I . 20.4 - 33.3 

-- -
DURATION C>=0.3 CH> l! MEAN, SO Z44. 7 1. 71U 

l. 74 «JOY. C.I. 194.5 - 307.8 

·-

---« 

~ 

~ 

\0 
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table 5.4: compariso~day 7/day 1 

day 1 
variable treatment xaeem f sd9eom 

AUCnorm standard 40.84 1.55 

cc 40.34 1.65 

Cm ax standard 2.18 1. 75 

cc 0.84 f 1.81 

-
• 

da·• 7 
Xgeom sdgeom 

-
40.26 1.51 

'" 158.88 
J:--- .--

1.47 
I 

1.95 1.54 

:1,f1>9 1. 47 

,. .. 
• 

,.....--- --· l ~ ... .:.11· ('~) day 7 /day l 
I x9eom 

1
1 sdqeom I 90,-conf idence 

I interval 

i 
I 

98.6~ l.4C I 6 i .1 t 115. 6 

146.0%1 1.6; " 120.0, 177.5 I 
89.5% 1.a1 70.0, 114.0 

128.8% 1.64 105.l, 157,7 
~ 

rv 
0 
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NDA 020356 FIRM : ZENECA PHARMS 
TRADE NAME : SULAR ER TABLETS 
GENERIC NAME:NISOLDIPINE 
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Compv~tmdm and tolrr~>ii~ i!f 1120 ans! ui+o me nlapldlplnc cootrnUcd 
rolyg fgrmyladon. 

I nvCl1ia1tor ~ 

The aim of the 1tudy is to hwesdaatc: 
I-the pharmac.;lkinc11t·1 and the tolerability of 2x20 attd h40 ma niaoldlpino C .C controlled 
rclauo formulation. 
1 .. ao inve11la1tte the bloequivalence ot' 2x20 and lx40 m11 nl1oldlplne C.C. oontrotlod rd~u~ 
forum lat ion. 

l!urmulaUw1~ 

CNhmldtpin~ lO nli! cont~core tttblcUi bntch II S2452n mnnufnctm"d nn junc I l'iHll, '1~fllrntlon 
date may '· 1991. 
Nlsoldipinc 40 ma C.C. uableta b11tch II 526002 manufttcture.d on janunry 31, IWO, o~plration 

date Ncptcmbcr ~O 1991. 

14 fHting mttlt• ht·ulthy vulunlccn between the UMCM of l H nnd 40 yoau partklpHlr.tt in thiN thrnl' 
htctmlal crrnua over dcaian with ropoatcd 11\011urtmenta on both levels uf factora porlod and 
trcntmciu .an(I rnndo111i1ttd Hlloctttlon of tmhjr-etn to the third fnctor sequence of aJminl1trutiun 
with 12 1ulJJcc&1 p~r ~<1u~1K,-o 11tudy. The w11hou1 f)t'rit)(f wn., l wock bctwe.en treatmem1. 
bu;h IUUjccl fl'~t'IVed each of the 2 trt.atmcntll R~ R 8lnale d<l!C Of 40 mg nl1nldlpine { h40 mg 
anJ 2x20 mtt). huch MUhjecta renuained futina until 2 hour. poat do1e admini1tnulon. 
,, 1ul hluod ~amplt!'I wr.rr. t'<'ll~<·tcd nccordina to the f'ollowlna ach~lulc: 0, O.S, l. l.S, 2, l .S, 
), :l.~i 4, ti, <•. 7, K. 10, 12, 14, 16, 20, 24, 32. Jb and 48 hours after adminlatratlon. 
h1ctcs were 111unplcd bcforn 11dml11hitrut1011 and u1> to 72 hourM 1>0MI ndmlnhHrntlon. 



Reau It& 

Plaurc l 1how1 the 1eomeltic me.an11 for tho p1uma ronccmtratlon for both the 1 x40 and ~x20 
ma troaunont1. Table I and table l aive a aummary ot the moa1 lnlJ><lrtant pharmacokinetlc 
parameters for both trcatmcnu rospoct,vely, Tablo l 1ivea the cumulatlvc amnunt1 of nl1atdlplne 
eliminated ln the faocoa followlna& admlnl1&r1tlon uf the 2 different fnrmutauon1. However, due 
10 loH uf 1mmc other fecal Hmplc1, thla data wu docm~-0 irralc.want lu the uutcomc nf the atudy 
and Wiiii not evnhuucd nny further. 

Frum the roaull1 of lhhi 101dy "" ithowh in Table 4, the 40 mg niaoldipinc tabloc Wiii t•onsldered 
hiooq1dvnlcn1 co 2x20 ma tablet.• u fhr 111 AlJC wu concerned (90 '1 Cl WM R~ 26 to 112.24 
9') hut h failed the 90 I confidcm!~ lntr.rvnl for C'MAX (90 'hi Cl wu between 04.62 and 
140.03 %). 

70 
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' •O~COM1AinttlTAl. PKAlllACOllltTJC PAl4MlTEIS Of 
llSOtDIPUE 

~Ill). 
h. 

\ l/J C.n \NI AUCIG·\•I AIJ('ll·•I lliT 
I 19••1a1 I I lf*ll/111 I• I 

Ca.1.1tr1 AUClt·t1,1or1I AUCIO·•,aoral 
l•I l•tl•ll l•I ltl& I It'll/I I It'll/I I 

MU\ I l ., I H I \I u .. \I H ll H 
' 11 I l '\ \I H 

!m ' 1: 1 1 J I H 14 11 11 ti l.H Ut )j JI JI l1 
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A controlle<L...dmlblc.Jllind. twg way single .dUK 1a'QUOYtf ._Jl\ld}_.Qf.Jh.,_.b~uivlili:n~ nnJ 
tolerability of 3x2Q ll1i vs 2&30 m& niaoldipbL.c.& .. tablets in hQlltby~WltQerL 

SIU.llY..l:. D90-020-0 I YOLUME~ I 32-1-33 PAGUS~ 902-1838. 

lNYllS'llili\TOR: 

Tu determine.~ the bioequivalence ttnd ~initlc dose pharmacokinclic~ of 3x20 vit 2xJO mg 
nhmldipinc l'.C. tablets and lu examine the sufoty and tolerability of a 60 m~ dose of nhmldipine 
('.C. 

10 lllg nisoldipinc.• C'.C' rahlcts halch II 52:1272. 
:m mg nisoldipinc c.r tnhlets bntrh II 52'.'274. 

·Placebo uiblcts hatch # ; ·.n l 6·/. 

STUL>'l JJliSlUN~ 

JO healthy male volunteers between the llge!i of l H and 40 years wei2hing between 140 and 220 
lhs purticipat~d in th is randomized, 1>laccho controlled douhle bl ind crossover study. 24 subjct:LJt 
wcrn assigucd to the active treatment p.rnu11 while 6 subjects were asitlgnc<I to the placebo group 
The nisuldipinc group was to be given, in a random order, either Jx20 mg or 2x30 mg dose of 
tht! <'.('. Kt period I. then <-'ru,!cd to the alternate dose at period 2. The pliwcbo 1~tnup was tn 
be ~ivcn ni.mldipine placeh1t tablet• nt hoth periods. There wu u one Wt!ck washout pt~ricxl 

betwcu1 trcat111c11ts. 5 mis blood 1amplcs were cullcctcd predose a1KJ "' 0.5, l, 1.5, 2, 2.5, 3, 
J.,, 4, 5, 6, 7, 8, 10, 12, 16, 23, 24, 28, 32, 36, 48 and 72 houu post~<lurm, 
A. pre dose and up to 72 hours post dose l•rinc and focc!s collection~ were to he performed. 



Mean phts11ut prnfilc~ fur hoth rrcntrncnts an! presented in Figure I .The 90 % confidence 
mlt:rvalN for Al IC' nncl c 'MAX mt ios urc presented in Table I. 

~-- -- --·--

AlJC' Ratio 90 % Cl CMAX Ratio 
(ng. hr/ml) (ng/ml) 

_ __.....='=.,""'· . ~~=~.- =. -·---"~" == 

2x10 mg Ml .98 1.0482 95-115 3.4 o.~587 

=~~-"~·~- - ·-
3x20 mg 80.39 3.66 

-- ---
2x30 IHg nisol<lipi11c C.C. whlcts urc hiucquivalcnt to 3xl0 mg < · < '. tahlttlli. 

1
.., 
J. 

·-
90 % Cl 

.~ ~-""==--~=~ 

HJ.tl4-
109.87 

-
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Pharmacokjnct!ca and tolerability oLnliQldipino after ainalc &dministratiwulf_.cctard tab~ts with 
the old and new we ,composition. 

STUDY I Kl' 715 YOLUME: l-JJ PJ\GUS: 489 613. 

OBJ EC11YES: 

The objectives of lhc present 11tudy is to evaluate rhe biocquivalcnce uf the new C.C formulation 
in doses of lx20, 2xl0 nrul 4x5 mg with the 20 tng old {'.('. formulation nftcr Ringle 
admi111~trntion. 

Nh1t,ldipi11c coat core((',('.) tuhlt'l5 10 mg (old formulation) hatl'h II 5230Kl, rclett~t· chttt' 
octohcr 7th llJXM, cKpirnllon da!c: dcccmht~r 12, l<>HN<J. 

Nisoldipinc < '.C'. tablets 10 mg (new formulation), batch 11523230. rclcuNc <lute ut:tuhcr 7 I <Jri8, 
cJtpiratiun date: dcccrnher 3, l9M9. 

Nisoldipinc C'.C. Uthlct.'i 5 mg (new formuh\tlon), hatch II 523228, release date octohcr 7, 1988, 
cxpirution date: dt.!4..~t,mhcr 3, 1989. 

Nisoldipinc C '.<'. tuhlcls 20 mg (new formulation), butch # ;2]232, rclcusc d.1.tc octul)(.~f' 7, 
1988, cxpiralion date: dcccrnbcr 31. I 989. 

STUill' ~JJ liS l UN: 

lo healthy male volunteers (avcraJlc age JS.3 ye,ars, weight 7~.2 Kg) participated in this 
randomiz.cd. 11011-blinJ four way crrnHH>vor study. A wuhout period of nt lc-~18t ~ix day11 was 
ullowcd between ind iv ldu1tl trt"at nmnts. 
The tc~t irtuhstancc1t were administered to thr. futing volunteers in the morning with 100 1111 of 
water on an empty stomach. Food was administered 2 hours post drug mlministrntion. 
Hach subjects received cnch of the following tre4ltmcnl~: 
20 mg ttthlet of the old formulation of nl5oldipinc C.C'. tahll~L 
4x5 mg tablets of the new forml1lation of nisoldipinc C.C. tahlct. 
2x 10 mg tahlcls of the new formulation of ni5oldipinc C.C. tablet. 
20 mil tablet of the new formulation of nisoldipinc ('. C. tablet. 
fl ml olood 'lRmplc~ were taken at the following times: o. 0.5, l, 2, :l, 4, l>, 8, 10, 12, 14, 16, 

20, 24, 3b and 48 houn post administration. 
Urine waA collcctc{I over t~ie periods 0-24 hours and 24-4H hours Rftcr <lrug a<lmini~trntiun for 



the Jetermination of nisoldipine nletabolite.11 if net"-ded. 

RESULTS: 

Tuhlc I shuw~ tlm pharmacokinc-tic paramctcn nftcr administration of the 4 different trcatmcnrs 
while Tal>lc 2 gives thv VO % confidence for the parameters of interest in relation to the old 20 
m~ < '.C'. formulation. Figure I shows the mean plumnacokinctic profile for all the 4 diffcrl'11t 
treatments. It can be seen thut the 4x.5 mg tablets of the new C.C formulation ~ave hi~hcr 
plasma levels th11n the three l'cmaining fortnuhttions. The pla11mn level~ for the 4x5 mg tablet.Ii 
were on the average 20 % higher rcsultiug in bioincquivelence (a.• can he seen from table l). 
Moreover. the 2x l 0 mg Ulblcts of the new formulation passed the 90 % confidence interval as 
far a~ AlJC is concerned. however, it failt~d In terms of CMAX si11ce the lJO % Cl was 91 ro 
132 %. 

('o. ud YfilQll ~ 

Only the 20 mg new C.C formulation was conliidcrcd to he hiclC<juivalcnt to the old the 20 lllJt 
formulations. 2x IO and 4xS mg of ttw 11t·w formulation arc not blocqulvultmt to till' 20 lllM old 
for 11111 lat ion. 
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.enot 1tudy on the phacmAWkinctica and tolorablUtY pf three d!fforco\ canuollad cQ)oaao 
formyl1tio111 oC nlaoldiplno lo aomgariaon to tho IR tablet aftGr •inala. oral admlnlattadpn. 

STUL1Y.J 632. VOLUME: 1-38 fA,OliS: 32S0=3560. 

OBJBCTIYE& 

The objective of the pre1ent study 111 to 11sess the pharmacoktnetica and tolerability of three 
controlled releue formuladona af n'1<>ldlplnc In oomparlaon to the immediate releue tablet 

EDRMU LATION~ 

~Nlsoldipinc coat core (C.C.) taoletl 20 ma dev #034, pt I 523082. 

-Numld.plne C.C. tablet1 20 ma dev #029. pt# S2308l. 

-Nhmldipine C.C. tablet1 20 ma dev N 023, pt# 523028. 

-Nlsoldipine IR tableL• 10 ma d"v N El26, pt II 520210. 

ttUDY DESIO~~ 

6 healthy male voluntocra between tho aaea of 18 and 45 yeara participated in this non blind 
randomized triple croa1<>ver study for tho C.C. tablet followed by a 1lngle do'le administration 
of the immetllate release formulation with wuhout phuea of 6 days. 
Pluma aamplea were collected at 0, 0.5, l, 1.5, 2, 3, 4, 6, 8, 10, 12, 14, 16, 20, 24, 28, 32 
and 48 hours (S6 hrs at period 2 and 3) poat drua administration. Heart rate and blood preasute 
meuurcmonta were taken prior to blood 1amplln~. 



riaure I shows the mean pluma concentration time profile for tho 4 treatments while 
table I shows the cotte1ponding pharmacokinoclc parameten while Table 2 alvea the 9~ 'I 
confidence for the parameten of interest ln relation to the 10 ma IR tablet. 
The IJY-'lllOr concluded from thi1 1tudy that 1lowlna the releue rate of nl1oldlpine Increases ha 
bioavallabllity u reflected by an increase •n AUC, MRT and the duration durina which the 
plaama concentration wu above 0. 3 na/ml. Thia incrcuo In bloavailablllty waa accompanied by 
a slgnlflcant decreue in CMAX. 
Baaed on the result of this study. the sponaor thouaht that formulation E 029 aave the most 
favorable results and chose this formulation for further development. 
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ClinicaJ study on the joflucnce of food and time of &dministcation on the pharmac.okinetics of 
wntru~--Glcase nisoldhlhm. 

volume: 42~43 ~ 4802-5361. 

Clinical: 

The objective of this study was the evaluation of the intlucncc of food and time of a<lministrntion 
un the pharmacokinetics of nisoldipin~ in a controlled release formulation. 

20 mg nisoldipine C.C. tablcu1 batch II 52332. 

Study Dcsian: 

Twelve healthy male volunteers between the ages of 24 and 33 years participated in this study. 
A three factorial 3x3x6 ladn square deftlgn with repeated mcuurcmenu on Factor A, Period B 
'lreatment and randomiution on Factor C sequence with 2 subjecL• per sequence was applied. 
Single doses of 20 mg nisoldipine C.C. tablets were applied at 8 AM in fasted state (2 h before 
an american standard breakfast), together with an american standard breakfaat and in fed state 
( 1 hr after an amcrican standard breakfast) during the first three periods. 
During the additionally performed 4th period, all volunteers received single doses of 20 mg 
nisoldipine C.C. tablets al 8 PM together with a continental dinner. 
There waa a washout period of at least une week between the four treatments. The 4 treatments 
were as follows: 
b1: administration in fasted state (2 hr before an American standard breakfast). 
bJ: administration together with an American standard breakfut. 
b,: administration In a fed state (1 hr after an American standard breakfast). 
b4: administration together with a continental dinner. 
The American standard breakfast with an average calorie content of 575 Kcal consisted of: 
~2 cups (0.2 I) of decaffeinated coffee. 
-1 glass(0.2 I) of orange juice. 
-20 ml of evaporated milk (7,, ~ fat). 
·2 slices of toast. 



-2 slic.es of boiled ham (40 g). 
-20 g butter. 
-2(\ g jam. 

The continental dinner consisted of: 
· l glass (0.2 I) of orange juic~. 
-4-5 slice.Ii of toast. 
-50 g butter. 
-boiled ham, cheese. and sausages. 
-mineral water ad libitum. 
12 he-althy male volunteers between the ages of 18 and 35 participated in this study. 
For Periods I-Iii blood samples were withdrawn at the following time points: -0.17, 0.5, 1. 1.5, 
21 2.5, 3, 3.5, 4, 5, 61 7, 8, 10, 12, 14, 161 70, 24. 28, 32, 36, and 4~ ltr after administration. 
For Period IV blood samples were withdrawn at -.17, 0.~. I 1 1.5, 2, 3, 4, 6, 8, 10, 11, 12, 14, 
16, 20, 24 1 28, 36 and 48 hours after administration. 

Results~ 

Figure 1 shows the mean pla.11ma profile for nll the 4 different treatments while Table 1 gives 
the mean pharmacokinetic parameters. 
It can be seen that AlJC normalized for dose and weight were as follows: 
-fasted state: 61.69 g*h/l 
-together with breakfut: 61.03 g*h/I (ratio 99% with 90 % Cl= 78-126 %). 
-1 hr after breakfast: 50.3 g"'hr/l (ratio 82 % with 90 % Cl =i 64-104 % ). 
-together with dinner: 59.22 g*hr/I (ratio 96 % with 90 9' Cl= 77-120 %). 

CMAX following administration together with meals are remarkably higher as compared to 
CMAX following administration in a fasted state (1.35 ng/ml). 
The geometric means. quotients and the 90 % Cl compared to the fasted state were as follows: 
-together with break fut: 2 ng/ml 148 I with a 90 ~ Cl of 103 to 212 % , 
-1 hr after breakfast: 1.87 ng/ml 138 % with a 90 ~CI of 97 to 198 %. 



-together with dinner: I. 7 ng/ml 126 9' with a 90 % CI of 93 to 171 % . 

~.Delusion: 

I-The lowest bioavailability related to AUCnorm was found follt:~wing administration I hr after 
break fut. 

2~ CMAX was higher by P.bout 26 to 48 % higher when nisoldipinc was administered with food. 

3-lntakc of food shortened TMAX by about 2 to 3 hours. 
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TABLEt 

: 

STUDY NO. 666 

ESTIMATES OF PHARMACOt<INETIC PARAJ;-;ETEAS 
GEOMETRJC M~N. GEOMETRIC 50 BY TREATMENT 

PA&UIETER H FASTING WITH BREAKFAST 
-

AUOiO-h (NG·HIML) 12 15.65 1.45 t 15.48 1.74 

AUQ.\.- (NG•H.t.L) 12 18.40 ~' .. 39 18.35 1.56 

AUONoAM (G•HIL) 12 61.69 , .49 61.03 1.80 

CMAX {NGIML) 12 1.35 1.67 2 .. 00 1.72 

CllAX.NORM (GIL) 12 5.33 1.67 7.87 1.78 

T112 (H) 12 7.46 1.66 7.03 1.72 
' 

TM.AX (H) I 12 6.87 1.74 3 .. 86 t.56 

Duration C 2: 0.3 NG/ML 12 20.43 1.45 16.97 1.n 

(J'"l 

!'.:-

--- - - ::... ·--- -- - - .. .-..._..... -·· ...... --~····-:- ~::..--~ - ·:-... ~ ------------ -- ... 
---- ·--- ---

--··- -· -

"'JI 

.,,"-

1 ti AFTER 8REAKFAST WITKDNIER 

12.76 2..30 15 .. 02 1.95 

15.44 1.91 17.81 t.92 

50.30 2_37 59.22 2.01 ' 

1.87 1.9~5 1.70 2.01 

7.37 1.98 . -
6.75 1.68 9.81 1.86, 

3.24 1.!17 4.89 1.93 

i1S.OO 2.52 - -

------------ · ····--



J>harmacokinc~ AlldJnkmmilitY of ojsoldipinc taken af1ct makfut and on.mcmpty stomncJL. 

Volume: 43 Pages:. 5362-5515. 

lnvcstiiators ~ 

Clinic.al: 

Object iv~ 

l "To examine the effect of the timing of intake of a meal on the plasma concentration/time curve 
fur nisoldipinc in order to establish guidelines for inlake where appropriate. 

2~Hxamine in healthy subjects whether the intake of a meal has an effect on the relative 
bioavailability of nisoldipinc. 

~20 mg nisoldipine tablet, batch # 929490, 

Study Desian: 

8 healthy male volunteers participated in 2 way randomized crossover study. The 2 treatment.9 
were 20 mg nisoldipine either before or 1.5 hours after administration of a standardi1.cd 
breakfast. Blood samples were withdrawn at 0, O.S, 0.75, t. LS, 2, 3, 4, 6, 8 and 24 hours 
after drug administration. Urine samples were collected for the following time intervals: OA hr, 
4~8 hrs, 8··24 hrs and 24 to 48 hours. 
Blood pressure and heart rate were measured at the Hme time points when blood samples were 
withdrawn. 
The standard brc.akfast consisted of one egg, 80 g of boiled ham, three rolls with butter and jam 
and 2 cups of caffeine free coffee. 



Re:auhs: 

Pigure 1 shows the mea~1 plasma levels after the fuled and fed treatments white Table I shows 
the main pharmacokinetic parameters with the corresponding 95 ~ Confidence intervals. 
The results show that coadministration with food rcsu!q in 2& % increase in A UC and 31 % 
increase in CMAX. 
Table 2 shows a summary of the changes in systolic and diastolic bloocl prcsaure and heart rate. 
It can be seen from the re.•mlts that when nisoldiplne was taken with breakfast, the change in 
heart rate took plac~ at a latr.r time point but wa" rnore pronounced. 

Conclusion~ 

1-Coauministrntion of food with nisoldipinc resulted in both an increase in AUC and CMAX 
mos: probably due to a decrcruic in liver blood flow resulting in decreased first puti 
metabolism. 

2-The results show that there was a great deal of inter-individual variability in the effect of frxxi 
as can be observed in the very wide confidence intervals for the pharmacokinetic parameters. 

3"Thc increase in plasma concentration of niso1dipine resulted in a more pronouncetl effect in 
heart rate since the change was more pronounced compared to when nisoldipine was given in 
a fasted ,;tate even though there was no difference in the effect on either the ay11tolic or diastolic 
hlood pressure between the fed and fasted state. 



F/6-URE I 

Nisoldipine plasma concentration 
1.S hour before and after a standard breakfast 
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1bt effect of f\lQd on tho ghtrmarpkimtir,e of 3j) an4 40 m1 nlagldiplne C,C.&Jlblota in healthy 
meI; valuptom, 

~ ~ 

~tudx; 092-045-02 Volume: 2 

lnvmlia•ton: 

Cllnlcal: 

The aim of the study ii to evaluate the effect of food on the pharmacokinctics of 30 and 40 mg 
Nisoldipine C.C. tablela. 

Formulation: 

Coat-Core tablet: 30 mg nisoldipine batch # S2624S. 
Coat-Core tablet: 40 mg nisoldipine batch II 526069. 

Swdy Dulan: 

28 l\ealthy male volunteers bct~een the aaes 18 and 45 years participated in this open, 
randomized, 2 period crosaovcr study. Two dose levela 30 and 40 mg were studied concurrently, 
each in a 2 way crossover design in a different set of 14 subjects. 

At each dose level, the aubjccts receive~ a single dose (30 or 40 mg) of nisoldipine C.C. either 
in the fasting state or Immediately after a standardized breakfut. There was a 1 week washout 
period between each 1tn1le dose at each dose level. 
Blood samples were collected according to the following time table:O, 0.5, 1, 1.5, 2, 2.5, 3, 4, 
6, 8, 10, 12, 16, 24, 30, 36, 48, 60 and 72 hours post~adrninistration. 
Breakfast was consumed in 20 minutes and the drug was given immediately (within 5 minutes) 
after the end of the meal. 

The brcakfut conslated of 1 cup of caffcinated or decaffeinated coffee (optional), 2 slices of 
buttered toast; jelly optional, 2 egg~ fried in butter, 2 strips bac-0n, 4 ounces of hash brown 
potatoes and 8 ounces of whole milk. 



Beaults; 

Figure 1 shows the geometric mean plasma profile for the 30 mg nisoldipine CC under fed and 
fasted conditior• while Figure 2 shows the corresponding profile for the 40 mg tablet. Table 
1 gives 11 comparison of the CMAX geometric means for aH the 4 different treatments while 
Table 2 aives the same comparison for AUC. 

Conclusion: 

Administration of nlaoldipine C.C. tablets immediately followina a high fast breakfast resulted 
in greater peak plasma drug concentrations than were seen when the same dose was given on 
an empty stomach. CMAX on the average increased 250 to 300 % . However A UC was 
decreased on the average by 26 ~ in the fed state u compared to the fasted state. 
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TABl f I 

Geometric Mun (approximate CV) c,.. 

1.9 (82%) 

4.8 (74%) 

·. ·2.35 .. 
... ~-- -· . . 

80" Cl 1.95 - 3.36 

TA8LF 2 
Geometric Mun (appro>dmate CV) AUCo.. 

,. 
.... 
. . .. 

35.4 (48") 

Ratio (Fed/Fasted) 0.72 

90% Cl 0.58. 0.89 

.. 
lo3 

2.7 (63") 

7.8 (72") 

2.76 

1.92. 3.82 

70.4 (50") 

53.0 C51 %J 

0.7& 

0.61 • 0.93 

1 

1. 



A study to__..determjne the single dose an.d steady-state pbannacokinetic& of nisoldipine COAt-mr.c 
tablet 20 m11 in elderly awl youna yolunteem.and in elderly.h;,:pcctensiyes. 

Study . .!:. 712. 

INVESTIGATOR: 

OBJECTI~ 

VOLUMB: 1-44-47 PAQ13S; 6-01-0001-1337 

To determine and compare the acute and steady-state pharmacokinetic parameters of the 
nisoldipine C.C. tablet in healthy young and elderly volunteers and in elderly hypertensive 
patients and to evaluate the safety of nisoldipine in these subjects. 

EQ.RMULATIONS~ 

Nisoldipi11e 20 mg C.C. tablets batch II 524526 expiration date June 30 1992. 

STUDY DESION: 

This was an open, muhiple dose, non randomized study. The study population was selected 
according to the following criteria: 
-healthy young male volunteers between the ages of 18 and 30 years. 
-healthy elderly male and female volunteers aged 65 years or more. 
-male and female elderly patients with a history of mild to moderate e."sential hypertension aged 
65 years or more. 
20 mg nisoldipine C.C. tablet was administered at 8 AM on days 1, 3, 4, 5, 6 and 7. Days 1 
and 7 being the profile days. 
5 ml blood samples were collected according to the following schedule: 0, 0.5, 1, 1.5, 2, 2.5, 
3, 4, S, 6, 8, 10, 12, 14, 16, 20, 24, 28, 32, 36 and 48 hours after drug administration. Blood 
samples for trough level assessment were collected on days:; and 6 before drug administration. 
Measurements of systolic and diastolic blood pressure and heart rate with volunteers in the 
supine position having rested for at least ten minutes were made just prior to the drawing of each 
blood sample. 
21 healthy elderly volunteers, 23 healthy young volunteers and 11 hypertensive elderly patients 
of both sexes completed the study. 



RESULTS~ 

Figure 1 shows the geometric mean nisoldipine plasma ccncentrations after single dose (day 1) 
and multiple dose (day 7) of a 20 mg nisoldipine C.C. in young healthy volunteers, while Figure 
2 and 3 show the same plasma concentrations obtaine.d m healthy elderly volunteers and elderly 
hypertensive patients. Figure 4 gives the comparative mean plasma profiles after single dose 
administration in the three different populations while Figure S gives the comparative profiles 
after multiple dose administration. Table 1 to 3 give a comparison of the pharmacokinetic 
parameters among the three different populations while Table 4 to 6 gives the same comparison 
for the pharmacokinetic parameters after multiple dose administration. Figure 6 gives the mean 
trough plasma nisoldipine concentrations. 
The result.• show that after single dose administration of 20 mg nisoldipine C.C .• the "'lderly 
normal and hypertensive patients tended to have higher AUC than young healthy volunteers by 
about 50 % . CMAX in the elderly hypertensives was also 50 % higher than in either the healthy 
young or elderly volunteers. 
However upon multiple dose administration, there was a greater tendency for increase in AUC 
and CMAX in both the healthy and hypertensive subjects as compared to the young subjects. 
This resulted in a greater degree of accumulation in the elderly compared to the young. Thi& is 
most probably due to lower clearance rates in the elderly as compared to the young. 
It is to note that there was essentially no accumulation in the young however in the elderly 
healthy and hypertensives, the accumulation ratio was around 2, 
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Table I: SVl\11\·fA~tY OF PllARl\IACOKINl.-rlC DA l'A l•Ol< NIS<lLDll,INl~ 

u.ay I - Slncle dose pUse (Dose: I 1. 20 mg nisoldipinc cc tablet) 

---
lfak:hy JOUllll ....... ftl'S Heald1y ddat1 Y.tunla::n 

,.,. 
't'ARIABLE UNIT D l\IEDIAN RANGE a JUEDIAN RANGE MEAN CONnDEN<:I: 

ltl\11(1 INTERVAL 
est ('S)-

--------··--·--···----···~------·- - -- -----·- -·-----·---- ...... 

c .... far/ml) 20 •. ,2 21 Ll7 

'- 1~ 
(la) 19' ,_ .. 21 6.IO 11.1 -l.1-1.SI' -

~ AUC\0-t.> (ng.h/ml) ?D 15.0 21 21.l 

AUQ0-2411) (ng.h/ml) 20 II.I ?I IS.S Cl . ;) 
AUC(O..•l (D1-1alml) 20 11.J 21 2'-• 1_J 

N 
+ c_c._ (mglml) 20 J.34 11 J..65 ,., 71-ll! --

AUQ0-26~ + ( ... J.a/1111) 20 ...... 21 56.6 Ill as-11• V1 

AUC(().•>_. + (191.'blml) 20 U.9 ll 9l.! 151 ••-m 
·~\ (h) 13 11.S 17 ll.6 158 .. ,,.111 

t.fNT (la) u .,_7 17 2'.S 

CUf (llh) 20 UIS 21 nt 

Cl.If ++ (ln.Jkg) - 20 14.6 21 10.7 

VsJf (J) IJ 2118' 11 17'51 

Va't_++ (lllcS) 13 lll 17 lS9 

: N~ est"""4e o( •e1Jcrf11J'oung• n1ea11 rali"l 
-: ~~ 90S caafidalce ink:rval for d1.: •cLJal1/~,,.,.,:· ,,,, ... ~ .. r•1lio 
•: ~ric es'tH\J.le of •dderly-)IUU:&JI• we.Mt dilfcicncc and 90~ CDllfi.ku~e in&crval for she •cJJc:dy-yuuag• DK.Ut diffcn:1..-:.e 

+: NommiJ'oil a1w dose per !Jody -~ 
• • ; Non..Jia:d for hody lmSS. 
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Table 2: SUMJ\fARY OF Pll.Altl\fAf'"Ol{INV~'~f. l':\TA t•Oll NISOl .. Dll,INE 

O.ay I - Single dose phase (Dose : J x 20 r11g nisofdipinc: cc tabJ,ef) 

) 14L"aJtby )'UlldJ: 11ol .. lll"tt5 Elderly li1pa1en.Vn pafialb [ ------------------------------ ---------

,_ 
-w 

\'ARI ABLE UNrr 

(" -- (111'/mJ) 

(II) 

1 ·-AUQO-t.J (ng.bld) 

AUC(0-24•) (ng.h/ml) 

AUC(O-m) (Jll.blml} 

c .... - + (na1/1lll) 

AUC(0-24•l_ + ( ... iJml) 

AUC(O-m>-. + (mg.Jialml) 

·~-~ 
(b) 

MRT (b) 

(1111> 

(_ lJl~lll ++ (ilblL:g) 

v ·'' 
(I) 

V If. ++ ·- (l/tg) 

n 

20 

19 

20 

20 

20 

20 

20 

20 

ll 

IJ 

20 

20 

13 

13 

IU:ElllAN RANGE 

0.9.? 

6.te 

15.1 

II.I 

II.I 

3.34 

48.0 

"-' 
lt.S 

.,.7 
1115 

14.6 

21116 

Jll 
: N...,...mdric c:slimidc of •eJdcdylyouna· mean r.a&io 

-= Noapmmnetric 90S c:aefJdeace iatetva.1 for die ·eldc:rly/yuun.:· meM nlio 

• l\tEDIAN kANGE 

II ..... 
II '·" 
11 1,_s 
u II.I 

11 z.c., 
IJ 5.11 

II 75.1 

JI ~-· 
10 10.4 

IU 21.1 

JI I05 

II 11.4 

10 1'191 

10 174 

,. .. 
MUN CONnll£NCE 
RA 1"10 IN£0tVAJ. 
("). <">-

•••• -l.t-l.tr' 

152 8'-221 

174 111.:186 

2fll 111.:Ja 

IU 11-18' 

•: NcJapaamdric esbmaile of •ekfcrly•you11g· mcaiJ t.lifkrcm:c.: .,.J •,l()'JE. .. ~uufoknce ifilcn·•I fi.1' the •dJctfy-young• Sllda diUi:1re1k:.c: 

+: Nonneli:md for dose pc:r hddy ams_ 

+ +-: NonmliJllCd for body mass. 

I 

I 

i 1:11'!!, :; 

' 

c 
c 
c 

" a 
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Table 3: SUMMARY OF PIL\ltl\··fACOKINETIC DATA FOR NISOLOIPINE 

Day 1 - Single dose pluase (Dose : I x 20 mg nisoldi.pine cc tabh:t) 

' "'•hhJ d~~-;;;i .. ,,.... - ---- -~lokrl; 111;;.,,;.:;:~ '"'"'"" --------- ________ " ___ , __ _ 
'-------- _______________________ .. _______ "" _____________ _ ,. .. 

VARlABl..E UNIT n MEOIAN RANGE n MEl>IAN RANGE l\.IEAN CONlilDENCE 
IC.A.TIO INTERVAL 
(~,- (S)•• 

-----

cnau: (nglml) 21 1.07 11 IAO 

·- I lmu (h) 21 6.00 11 6.00 
-c-

f 0.5 ·2.C-J.IJ1 

AUC(O-tJ (ng.h/mJ) 21 23.] 11 19.S 

I AUC(0-24b) (ng.h/mJ) 21 lS.5 11 llU 

' AUC(O-m) (ng.hlmJ) 21 16.0 11 24., c 
c ........ '""' + (1111g/ml) 2~ J.,65 11 5.88 

AUC(0-24h}aorm + (mg.him!) 21 56.6 11 7S.r 

152 '5-217 

t 
~ 
c: 

us 8'-28-C t"' 

AUC(O-m)"ocm + (ntg.b/mJ) 21 93.5 IJ 95.8 126 7'-lll I --
'""' 

(h) 11 13.6 Hl to . .& 18 51-117 

MRT (h) 17 lS.S IO 11.8 

Cl/f {lib) 21 770 11 sos 
CL/fnocm ++ (l!h/kg) 21 JG.7 J J JUA 

v .. 1r (1) 17 17651 l lJ 14191 

v./fnonn ++ (lftg} 17 259 lO 17~ ____________________________ " ____ --- ' 
: Nonpanuoc:rric eslimaJe of •eJJcrly p11tic:iats/cJJc:ily volunlcxrs· lnCll.IJ r11lio 

-: Nonpuametric 90" confidence interval for lhe •elderly palicnts/cldcdy volunteers· man r.tio 
1: NODf'lf'&melric estimate of ·elderly p.ari,cnts-c:IJcrly volunk.erlli • mean Jitrc:rcncc auJ 90 5' confiilcn'c iulc:r val fur the ·cldc:tiy p11fic.11b-c:ldcdy voJW1tcc:n• 

mean difference 
+: Normalii.cd for dose per body mass. 

+ ~. Normalized fOC' body mass. 
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_ . ;t 1,\jl\L·dt\' OF PllAUl\fACf >KINETIC DATA FOR NISOLBIPINE 

U.ly 7- Mt:ltiple dose 11hnse (Dose : 20 mg nisoldipinc cc tablet once ch1ily for 5 days) 

Healthy youni.: \'ohu1kers llculrhy tlderly tulunfe.!rs . --· ... -·-· ----··-

VARIABLE UNIT 11 MEOIAN RANGE II l\IEl>IAN RANfiE 

I cH.ll\all 
(ng/ml} 20 l.06 

(.' (ng/m1) 20 L.ll. 
.ait.hllll 

21 2.07 

21 o .. u 

' .. Ji~U.ll (h) 20 6.00 11 ~.OU 

AllC,. (ng.h/ml) 20 12.S 21 .u.o 
AR 2() 1.12 21 Z.l'J 

(" n ma a ,1t<>nn 
+ (mg/ml) 20 3.14 2 l 7.25 

AlJCu,r.onn 
+ (mg.h/ml) 20 47.0 21 tll 

t,o\ (h) 13 10.4 20 13.8 

CU{ (Jib) 20 1597 21 62.S 

cue_ ++ (l/hlkg) 20 lJ.J 2'1 8.2? 

•:N(1-npu1mctric cstimu.te of •c\dedy/ynung• 1'!1CJ1Ul r»lil.) 

••: Nonpatamclric: 90~ c:onfi.Jcnce interv•l for ahc: ·c:Mc:rly/young· fltcJ&Jl r•liu 

l\O~AN 

ltAllO 
("/ 

f-J.O 

206 

l!'J 

265 

160 

': Nonparametric estimate of •e1Jcrly·young• me.11n diffrrc:ncc 1mi.J 90% ;;onliJcm:c: inlcrval for Ilic: ·c1Jccly-young• mt.an diftoel\;l~C 

+: Nonnaliud for dose per body mass. 
+ +: Normalized for body mass. 

9041 
CON•·11JENCH 

lN°fEltV A I. 
(~) .. 

·4.0 Of' 

ISt.-174 

J~-2" 

178-JU 

106-138 

r······· ---·· 
! !I 

111! 

' 0 
~ 

c:::> 
f'-.) --... o 
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Table 6: SUMMARY OF PIIARMACOKJNETJC DATA FOR NISOLDIPINE 

Day 7- Multiple dose phase (Dr>se : 20 mg niso1dipine cc tablet once daily for S days) 

Htlllthy elderly '¥Gluntl'f:rs Elderly hyp«temin patients 

,..., 
\'ARIADLE UNIT n l\tEDIAN RANGE n MEnJAN RANGE f\.fEAN CONFIDENCE 

RATIO INTERVAL 
(J.). (5) •• 

-
c (ng/ml) 21 2.07 I J 2.42 - 1 

... max 

cu.min (ng/mJ) 21 0.33. It 0.32 

°" I tu.mu (h) 21 3.00 11 2.50 f .0.5 -3.D..e.5J' 

AUC,. (ng.h/ml) 21 32.0 II 38.0 

AR 11 l.19 Jr :.91 84 70.117 

c + (mg/ml) 2J ••.m.x.norm 1.25 II 11.0 139 lOl-181 

AUCu.norm + (mg.html) ll tll J) 135 139 M-200 

l'h (h) 20 13.8 11 14.1 n fl· I.fl 

CUf (Sib) 21 6.24 11 526 

CUf.01111 
++ (llh/'kg) 21 8.ll II 1.4l 

'": Nonparametric estimate of ·elderly paticnls/clderly volunteers· mean ralio 
••: Nonparmnetric 90" confidence interval for the •elderly patients/elderly volunt~rs· mean ratio 
': Nonparametric estimate of •etderly patients-elderly volunteers· mean difference anJ 9\.1 l' confidence inrerv•I for tilt: •elderly .,atien.t!-d~rty volunteers• 

mean difference 
•: Nonnatind for dose per body mass. 

+ +: Normalized for body mass. 

c 
( .. :.: 
c: 

" l'-
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fable 5: SUl\fMARY OF PIIARI\1ACOKINETIC DATA Fon NISOLBIPINE 

Day 7- 1\lulliple dose phase (Dose: 20 mg nisoldipine! cc t.ablet once daily for 5 days) 

Healthy young •uluntttrs l!:ldtrly h)"Ptrtf:1L4>in: p11lieuts 

VARIABLE UN ff n l\IEOJAN RANGE n MEDIAN itANfiE Ml!:AN 
l<ATIO 
(~)· 

,0% 
CON•'flll:~CE 

INl't:RV Al. 
(%) .. 

., ... 

-----------------·--------~- ----------------- -~----------------

c ... m.u (ng/ml) 20 t_ll .. 11 2..12 

I c.~.min {11g/ ml) 20 1..1>. 11 O .. U 

I ta.. .. _ul.tl& (h) 20 b.110 11 2.50 J-3.5 -5.0- --0 • .511 

AUC
11 

(ng.hlml) 20 12.5 11 .\8.0 

AH. 20 t.l2 ll 1.92 18' 138-UI 

(' + (mg/ml) 20 3.1.S JI 11.U 
-'.u--1\.,&"'-.tUU 

21:$ 201-264 

A lJ C11• n.>nn 
+ (mg.hlrnl) 20 47.U J I D5 3'7 254.549 

•i.s (h} 13 l0.4 \l. l~.1 ... , fO.C-220 

, ·ur (l/h) 20 1597 ll 526 

{ _ \ -i il,,.,
1 
.. , t + (lfhtkgl 10 2\.'.\ 11 7.42 ---------

·: Nonparamclric estimate of •cJJcrly/young • n-ican ratio 
••: NonpatllntCfric 90~ confidence interv•I for the ·ehk:rly/young" mean 1-atiu 
1: Nonpar1mcr1ic eslim.:ite of "elderly-young" mean J\ffeccnc:.c 1m..l 90«.li cnnfiJem:c int.:1v.tj) fot rh.c "dJc:rly-yc;ung" mc-4111 dillcrcul.:<! 
+: Nonnaliz.ed for dose rcr body mass. 

+ +: Nonmli:zi:d for body mass. 
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~ itudy to investi&ate the acute and short term pharmaookiOC!k; prgfilea of nisoldi12ine in elderly 
and YO\IDi normgtcns~ygluoteers. 

STUDY #:.. 563. YQLUME: 1-48 PAQFS: 6-02-001-0219 

INY..ESTIGATORS: 

QBJECTIVES.:. 

To investigate the pharmacokinetics of nisoldipinc 10 mg PO in one group of young 
normotensive volunteers and one group of elderly volunteers after acute (1 day) and chronic (7-8 
days treatments). 

FORMULATION: 

Nisoldipine immediate release 10 mg tablets (batch #: 929488). 

STUDY DESIGN: 

12 elderly (age greater than 65 years) healthy volunteers and 9 young healthy volunteers (age 
20·28 years) participated in this open non-randomized study. Subjects took a 10 mg nisoldipine 
tablet for 8 days. On day 1 and day 8 plasma samples were collected at 0, l, 1.5, 2, 3, 5, 7 and 
24 hours after dosing. Blood pressure and heart rate measurements were taken at the same time 
schedule as for the plasma samples. 

ASSAY: No description of the assay was presented in the study. 

RESULTS;. 

Figure 1 shows the plasma concentration for day 1 in the young and elderly volunteers while 
Figure 2 shows the corresponding profile for day 8. Table 1 summarizes the mean 
pharmacokinetic parameters for botb types of population. 
It can be seen from the results that the plasma concentrations of nisoldipine tended to be 
somewhat higher in the elderly as compared to the young. However, there was no difference in 
the single dose and multiple dose pharmacokinetics of nisoldipine in both the young and the 
elderly. Moreover, no accumulation was observed upon multiple dose administration. 



-

. . 

:~· 

•• .._. --.. ·. ;[". 
... , ... ... ... 

l I ... . . . . 
·~· " . . . ... . . . . ... ... . . ... . 

I I l I .. . . . . . ... . . . . . ... . . . . . ....... . ...... . ... ..... ..... .. . . . . . . ... . . . . . ..• . . . ...... . ... .. . . . . ... ·-..... . . . ·-..... ... . . . . . ....... ......... .... . . . . ....... ... . . . . u .... ... . . . ' . . . ... . . . . • J • . . 

t 

... . . . ....... ....... ... .... : t . 

J . ... . . 
. . . . .. .. . . . . 
. . . 
. . . 
. . . 
' ' . 

....... ...... 

. .. " ... 

... . . . . 
w• • ., • ' ........ 
...... ...... 
•w• e • • ...... ... . . . 

I 
I f. . . , . . . ·:· ·: . 1 . ..... . ..... 

: : : . ::: :/. ;. 
rt••. ' 1 · ,, . . ... . ... . . . . . . . . . ::/t ~ .;.::./... . '. 

. . . ...... 
... . . . . /'.:J.: ~: : : . .. . ..,. ..... ... , . ..!.... .. . . . .. " . .,.. .... . . '· ... . . . . . . 

.. _. 
:: : :t.· : .. ... ....... ..... , ... 
• .•• 'I" • • .......... 
:::/ .. ... 
... f • .. . .., . 
. .... 
·r.' .• . -. 

. . . 
• • • . . . 

. i. :~ : : : . '··· .. .,. . .. ... 
/ -··. . .... . . . .... . . . . -· . . . ..... . . . ...... -·· .... ....... .. . ' .... . . . . ........ .... . . . . . .... .... . . . . .. ... .. ..... . 

ott••• • • • tt -·· .... . ..... . . .. .. . .. .. . ..... .... "' .. "' -··. ... ... ..... 
..... . ....... . ........ ........ ......... ..... 
--· ........ .... . . . . 

.... 
• 

Q 

. . 

.. 

·. 

• 

0 ..... 
·o 

• 
0 

06 02 

• • 

1 
• 

II( 
I 
I 
I 
I 
I 
I 
I( 

oc ''°' .., 



-

-l.L 

-

•• ~ --
w = ! c 
~ s 
- V) w. -a: 

. . . . ... . . . . . . . . . . ....... . . . ... . . . . . 

. . 
••"I I • e e • ........ ...... • -·... . . . ... ..... . . ...... . 

•• • e I • .. : :f. : : . .. . . . . . . . ... . . . . . ::1 ... 
••• :·: :·: t • • •• ••• • I O o Io o .".:/. ~: : 4o ... . . . . . . . .... 
... . . . . 
.... . . . . ' . 
• 'j •• .. . 
. .. . . 
... . ..... 

........ ... . . . . ... . . . . . ... . . . . . ... . . . . . ........ ... . . . . . ... . . . . . . ... . .. . . . . . . . .. 
... . . . 

. .... . . . . ..... ., : . . . r·: .. · . ... . . . . . . 1::··. . . . ... . . .. . . . . ... . 
•ew • • • 

. ..... ' . . ....... . 

... . . . . . 
1•1 e I• I I Ill• I • • I 

.· 

::: : : : : : l 1' ._~:.:.~ :.· : . : .. 

... :.: :·: . . . :: :: : : .: 1 :, ·::::: -. . ' 
..... ··JJ ....... . 

... . 

... .... .... 

. . . .. 

. . . . . 

. . . 

. . . 
..... 

••• . • • • •f . • ••••• ~ • ... . . . . , , ........ . 
::: : : : : : :::: : : : : ... . . . . / · .... . ... . . . . . . .... . 
11• I •• , ., • Ill• I I I I ... . . . . ..... . . . . . 

I I I I I I 
et• I I e I .... • e 

. . ... . .• ~t .... . 
::: : : :!. ' ..... : : : ..... f ., . . ... . 
::: :;~~ . ::: : : : : .:.; :,..._ --. . . . 

11• • I I e .,,, If I I .... I I • I • .. . . . . /.· ·'. . . . ...... . . . . ... . . . . ... . . . . 
I •• f .... 

0 .... 

.. . 
... ,. . . . .. ..... . 
•u •• • • .... • • • • • .... . . . . . .... . . . . . 
~:: : : : : ::: : : : : : 
~:.... . . .... . .. . . . 

• • • ........ . . . . 
...... 

• 
Q 

1io 

·~ 
1 
1. 

o· 
• 

0 

·-1-

.o 

·"\ 

1 • 

('I 

M 
• I 
' ' • 

0 



The effect of ctiahosis on the steady state pbarmacoJdnetie1 of njsoldi12inc coat·-wre sustained 
release tablets, 

Study #: 090-026-01 Volume: 1-49. Paaes: 06-02-0220-0704. 

I oyestigatQG. 

Obiectives; -
The aim of the study is to: 

1-to compare the pharmacokinetic profile of nisoldi~ine C.C. following a single dose 10 mg and 
multiple doses (10 mg qd for 7 days) in cirrhotic subjects vs a control group of healthy subjects. 

2-to assess the general safety and tolerability of the above dose regimens in cirrhotic subjects 
vs healthy subjectt;. 

Formulation: 

-Nisoldipine 10 mg coat-core tablets batch II 526022. 

Study Dcsit:n~ 

This was a single center non randomized, non blinded study in which a total of 16 subjects 
participated (8 healthy subjects and 8 with mild to moderate hepatic impairment, 4 males and 
4 females in each group). The study was conducted in 2 stages with a period of 8 days between 
stage I and stage II. In the first stage all subjects received a single 10 mg nisoldipine C.C. 
tablet. In stage II, each subject received 10 mg nisoldipine C.C. once a day for 7 days. Each 
healthy subject was to be matched to a subject in the hepatically impaired group with respect to 
sex age and weight (less than 10 3 deviation was allowed). 
Blood samples were collected at 0, 1, 2, 3, 4, 6, 8, 10, 12, 16, 24, 36 and 48 hours post dose 
administration in stage I day 1 and stage II day 7. 
In stage II day 1 blood samples were collected at 0, 1, 2, 3, 4, 6, 8, 10, 12 and 16 hours. On 
days 7 of stage II an additional blood sample was collected at 72 hours. 
Blood pressure and heart rate measurements were taken at the following times relative to dose: 
Stage I day 1 and stage II day 1 and day 7: predose, I, 2, 3, 4, 6, 8, 10, 12, 16 and 24 hours. 
stage II, days 2-6, pre-dose, 4 and 8 hours. 



Results: 

Figure 1 shows the means for the plasma concentration for both single and multiple dose 
administration of 10 mg nisoldipine C.C. in both the healthy volunteers and the liver impaired 
patients while Table 1 and 2 give a summary of the most important pharmacokinetic parameters 
for both stage I and II of this study. 
The results show that there is an increase in both AUC and CMAX in the liver cirrhosis 
patients as compared to the healthy volunteers. This increase was almost three to four fo,d. 
Additionally, there was a slight nisoldipine accumulation in both the cirrhotic patients and the 
healthy volunteers since the accumulation ratio was 1.1 and 1.3 respectively. 

Conclusion: 

From the results of this study as shown in Table 1 a11d 2, liver impairment seems to have a 
pronounced effect on the pharmacokinetics of nisoldipine since both AUC and CMAX were 
increased four fold as compared to normal volunteers. Therefore extra care should be exercised 
when giving this drug to patients with impairment liver function, the initial dose should be 
lowered and the patient monitored to avoid any unwarranted side effects or toxicities. 

ill. 
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Table 1 
fharaacok1net1c Parameter• for N1aold1plne Follovlng 

A Sln1l• Do•• of 10 ag Coat-Core Tablet-Stag• l 
(Ar1thaet1c Mean (Coefficient of Variation)) 

PARAMETERS (UNITS) NOP.MAL (N•I) CIIUlHOTIC (N-8) 

C... (ng/mL) 1.03 (76) 2.89 (51) 

Tua (hr) 8.13 (91) 7.25 (48) 

AUCo-u (ng·hr/llL) 19.0 (72) 51.2 (63) 

fable 2 
Pharmacokinetic Parameters Following Kulcipl• Do••• of 

Nisoldipine 1n mg Coat-Cori Given Once Dally for Saven Daya 
[Ar.thmetic Mean (Coefficient of Variation)} · 

PARAMETER DAY NORMAL (N•I) CIRRHOTIC 
(UNITS) 

c.a. (ng/mL) 1 0.73 (48) 2.91 (69) 
7 0.94 (58) 3.62 (91) 

Tau (hr) 1, 6.5 (55) 10.0 (59) 
7 4.6 (42) 6.9 (71) 

AUCo-24 1 7.55 (48) 39.9 (71) 
(ng·hr/llL) 7 11. 9 (77) 46.7 (82) 

AUCo-12 7 17.7 (80) 76.3 (19) 
(ng·hr/mL) 

(N•8) 



lnfluotD of renal function on Jbe pbarmacokjnetiQ of njagldlpine C.C. tablr~ after 1io1lc and 
multiple dosiDI. 

STUDY It. 092-001 

INYESTJGATQR: 

OBJECTIVES: 

VOLUME: 1-50-52 PAGES: 06-02-797-2134. 

To determine the effect of impaired renal function on the pharmacokinetics of niso1dipine C.C. 
after single and multiple dosing. 

PORMULATIONS: 

-20 mg nisoldipine C.C. tablets batch # 524652. 

STUDY DESIGN: 

This was a multi-center, non-blinded, non randomii.ed comparative study among four groups. 
3 centers were to enrol 12 subjects each for a study total of 36 subjects. There were to have 
been 3 subjects per center in each of the 4 renal function groups. 27 seven subjects were to 
have renal impairment and 9 subjects were to serve as the control group. The 4 renal function 
groups were as follows: 
.. Group 1 (normal): 9 subjects with creatinine clearance of > 90 ml/min. 
-Group 2 (mild): 9 subjects with creatinine clearance between 61 and 90 ml/min. 
-Group 3 (moderate); 9 subjects with creatinine clearance between 30 and 60 mllmin. 
-Group 4 (severe): 9 subjects with creatininc clearance of < 30 ml/min. 
Patients on hemodialysis were not allowed to participate in the study. 
On day I of the study, following an overnight fast, subjects were given a 20 mg dose of 
nisoldipine C.C. one hour prior to breakfast. Beginning on day 3, subjects were dosed once a 
day with 20 mg nisoldipine C.C. for 6 days. The final dose of nisoldipine was given the 
mor11ing of day 8. 
On day 1 and 8, blood samples were collected at: 0, O.S, 1, 2, 3, 4, 6, 8, 10, 12 and 16 hours. 
On day 2, samples were to be drawn at 20, 24, 28, 32 and 36 hours after the first dose of study 
drug. On day 3, a 48 hour post dose sample was drawn prior to the Day 3 dose. On day 5, a 
predose sample was drawn immediately before that morning dose. On day 9, samples were to 
be drawn at 20, 24, 28, 32 and 36 hours. On day 10, a 48 hour post dose sample was drawn. 
01. day land 2, urine was collected 0-12, 12-24, and 24-36 hours post-dose. Beginning on day 
8, urine was collected 0-12, 12-24 and 24-36 hours post dose. 



DATA ANALYSIS: 

Data analysis was performed using standard pharmacokinetic techniques. 

RESULTS; 

Table 1 summarizes some of the pharmacokinetic parameters of nisoldipine after single and 
multiple dose administration in the 4 groups of patients while Figure 1 and Figure 2 show the 
corresponding plasma profiles for all 4 groups on day l and day 8 respectively. It can be seen 
from the results that the plasma concentrations of nisoldipine in patients with severe renal 
impairment (group 4) are slightly higher than the control group. Figure 3 and 4 give the 
corresponding plasma concentrations for . These plots indicate that the plasma 
concentrations on day 1 of this metabolite were si~nificii. .rly higher in the !iubjects with moderate 
and severe renal failure. However on day 8 there were no significant differences between the 
4 groups even though the levels were still hir ie m the moderate to severe renal impairment 
group. 
Figure 5 and 6 shows the plasma concentrations of metabolite l. which is the most 
abundant metabolite with plasma concentrations ten times the parent compound while table 2 
summarizes the most important pharmacokinetic parameters. The same trend of results was 
observed as with mctabolill 'with the moderate to severe renal impairment patients 
showing much higher plasma concentrations on d11y 1 that the control group with the differences 
being less pronounced on day 8. 
Figure 7 and 8 show the mean plasma concentration of metabolit'" the only active 
metabolite of nisoldipinc ( 10 times less active than the parent drug) and is the least abundant 

ill 



amona the metabolites. Table 3 summarius the najor pbarmacokinctic puametas for this 
metabolite. The results show that the mOOel'ately impaired patients but not the severely 
impaired, had modestly higher AUC and CMAX relative to the.. normal subjects. However these 
differences tended to disappear on day 8. 

Co~luaion: 

In patients with severe renal impairment (creatinine clearance less than 30 ml/min, the 
nisoldipine plasma concentrations were higher by as much as 2 fold than the control group, 
however this difference seem to have subsided by day 8. Therefore, renal impairme!':t docs not 
seem to significantly alter the pharmacokinetics of nisoldipine and its metabolites. Patients 
should be closely monitored and titration to higher doses should be based on clinical response. 
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TA8t.E I 

Geometric Means (Geometric Standurd Deviations) 

GaOOP 1 

DAY 1 AUC (na·h/ml) 20. 7 (1.95) 

DAY 8 AUC (na·h/ml) 30.4 (2.28) 

DAY 1 C~_(ng/•l) 1.5 (1.75) 

DAY I C,.,..(ng/•l) 2.4 (2.36) 

DAY 1 c..,• (ng/ml> 0.86 (1.95) 

DAY 8 c .. (ng/•l> 1.27 <2.28) 

24HR ACCUMULATION 
...__. RATIO** 1.47 (1.76) 

AUC linear 1.oa <1. n> 
AccUNJletion+ 

• 
•• 

C.., = AUC/24 hours 
AUCoAv ,IAUCoAv·, 

GROJP 2 

29.0 (1.74) 

41.7 C2.00) 

2.0 (1.94) 

2.7 (1.83) 

1.21 (1.74) 

1.74 (2.00) 

1.49 (1.46) 

0.95 (1.34) 

AUC().24, DAY 1/AUCo.lft, DAY 1; 1n • ,.,, .. el l•t ...,,,9d cor>c.ent1e1ion 

VARIABLES GAOOP 1 ~ROOP 2 

DAY 1 c_,• 16.7 15.8 

DAY 8 C.,,.,• 19.8 22.3 

DAY 1 C.._ 0.94 
ratio** (0.59·1.49) 

DAY 8 C.._ , .13 

- ratio** (0.76·1.68) 

DAY 1 Aue_ • 590.9 573.3 

DAY 8 Aue_• 758.0 701.6 

DAY 1 AUC 0.97 
ratio .. (0.64·1.48) 

DAY 8 AUC 0.93 
ratio** (0.61·1.41> 

• Geometric least squares means 

GROOP 3 

30.1 (2.0QL_ 

34.6 (1.63) 

2.2 (2.07) 

2.2 (1.71) ---
'. ~5 (2.00) 

1.44 C.63) -
1.15 (1.83) 

o.so <1.76> 

GAWP 3 

25.1 

22.6 

1.50 
(0.90·2.49) 

1. 14 
(0.74-1.78) 

987.2 

759.6 

1.67 
(1.05-2.66) 

1.00 
I 

(0.63·1.59) 

GROUP 4 

25 .o (2.19) 

38.6~) 

2.0 (2.28> 

2.6 (1.84) 

1.04 (2. 19) 

1.61 (1.74) 

1.54 (1.27> 

1.07 (1.19) 

GAO.JP 4 

2e.2 

26.6 

1.68 
(0.95·2.98) 

1.35 
(0.82·2.20) 

1029.8 

999,9 

1. 74 
( 1.03·2.94) 

1.32 
(0.79·2.20> 

•• Ratios are ·1alues for• given group divided by Group 1 value; parentheses contain 90X Conf. interval 

II 



9.4.3 
I \ \ 

This metabolite, the only active metabolite of nisoldipine, is approximately 10 times 

less active than the parent drug.• the least abundant of the 

metabolites, also appeared to be the least Influenced by renal impairment. The data 

are presented in Appendix 13.8.4 and summarized below. 

VARIABLES GROUP 1 GROUP 2 GROUP 3 CROUP 4 

DAY 1 c_.• 1.73 1.56 3.16 , .&o 

DAY a c_ • 2.63 , .81 2.64 , • 5, 

DAY 1 c_ 0.90 1.82 1.04 
ratio•• (0.5i·1.41) (1 .10-3.01) (0.59·1.82) 

DAY a c_ 0.69 1.00 0.58 
ratio•• (0.,6·1.03) (0.64-1.58) (0.35·0.95) 

DAY 1 AUt_ • , 17 .4 87.6 in.1 85.1 

DAY a Aue_• 143.7 102.5 143.6 79.3 

DAY 1 AUC o.~ 1.47 o.n 
ratio•• (0.47·1.18) (0.89·2.l.4) (0.41·1.28> 

DAY 8 AUC 0. 71 1.00 0.55 
r•tio•• (0.1.4·1. 16) (0.58-1.71> (0.30·1.00) --

• Geometric least squares ineans 

•• Ratios are values for a given group divided by Croup 1 value; parentheses 'ontain 90X Conf. Interval 



A ranclqmized dguble bliml. placebo controlled atudy to investiaate the possib1' influ,ncc of 
nisoldipioe on a.uinidine pluma levets. 

STUD~ 384. VOLUM& 1-53 PAGES~ 06-02-2199-2264. 

INVESTIGATOR: 

OBJECTIVES: 

I-To assess the possible influence of nisoldipine on quinidine r'1Sma levels in African and 
Caucasian volunteers. 

FORMULATIONS: 

-nir o. ine 10 mg tablets, batch# 929488, expiration date 11-18 19'" 
wn. !&pine placebo tablets, batch # 929270, expiration date 09-15 1986. 
-qumidine bisulphate 250 mg tableu., Astra batch# KA1089, expiration date 2-1989. 

STUDY DESIGN: 

6 healthy male volunteers between the ages of 21 and 65 years (3 Caucasians and 3 .Africans) 
participated in this randomii.ed, double-blind, placebo controlled cross-over study, comparing 
the pharmacokinetic profile cf quinidine bisulphate when on nisoldipine therapy 10 mg bid for 
seven days, with the pharmacokinet~c profile when on placebo. Each subject received 2x250 mg 
quinidine twice a day on days 5 and 6 ~nd once on day 7 of the study. There was a one week 
washout period between treatments. 
Blood samples were collected at 0, 30, 60 and 90 minutes and 2, 3, 4, 6, 8, 10 and 24 hours 
after drug administration. 

RESULTS: 

Figure 1 shows t~1e mean quinidine piasma concentrations with and without nisoldipine 



coadministration while Table I and 2 summari7.C the most important pharmacokinetic parameters. 
The results show that only quinidine's AUC was increased upon coadministration of nisoldipine. 
This increase was in the order of 25 % and was statistically significant. No significant 
differences on quinidine CMAX, TMAX and MRT were observed. 

CONCLUSION: 

Coadministration of nisoldipine with quinidine, seems to increase quinicine plasma levels since 
the AUC increased by 25 %. However, the effect of quinidine on nisoldipine pharmacokinetics 
could not be measured since the dihydropyridine plasma concentrations were not measured. 
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TABLE ,tt 
PftARMACO(lNETIC DATA 

MRT (mean resonan~i":I t im•) hr 

1 
2 
3 
4 
5 
6 

! 14.32 14.86 
SD 4,54 3.67 
SE 1.85 1.50 
t 0. :! i 
p n!I 

C MAX ng 

1 
2 
3 
4 

't 5 
6 

i 1703.67 1814.00 
SD 459.64 362.75 
SE 187.65 148.09 
t 0.78 
p ns 

T MAX hr 

1 
2 
3 
4 
5 
6 

x 3.33 3 .17 
SD 0.82 1.17 
SE 0.33 0.48 
t' -0. 31· 
p ns 

'>\ 
I 

' ~1 I 
I 

\ 
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Tu_: nyestigate the: exis1'nce of a possible interaction between njsoldjpi® awl warfariD..i. 

S.nidy 11: 349. VOLUME: 1-53 PAGES: 6-02-2265-2367. 

INYESTIGATOR;. 

OBJECTIVES: 

To investigate whether nisoldipine alters the steady state total plasma levels of warfarin and to 
examine the effects of nisoldipine on the clotting profile of warfarin treated patientli. 

EORMULATIONS: 

-Nisoldipine 10 nw tablets batch H 929488 expiration date November J.1, 1986. 
-Nisoldipine placclio. 
-Warfarin (MarevanR) batch # b/225. 

STUDY DESIGN: 

This was a placebo-controlled, randomized, double blind group comparison study in which 16 
patients between the ages of 21 and 65 years who were receiving 3 to 10 mg warfarin following 
myocardial infarction or valve replacement. 
After a placebo run in period of 7 days, the group of 16 patients was divided into 2 groups of 
8 each. 1 group received 10 mg nisoldipine bid and the other group received placebo tablets bid 
for 21 days. Warfarin was continued at the steady-state throughout the trial. 
I 0 ml blood samples were collected before and two hours after medication. 
Clotting profiles were obtaintd on the following days: -7, -5, -3, 1, 3, 7, 14 and 21. 



RESULTS: 

Figure 1 shows the warfarin plasma concentrations for the 2 groups while Figure 2 shows the 
clotting profile for the nisoldipine and control group. Table I summarius the mean clotting 
parameters as well as the mean of the 2 plasma warfarin concentrations (b 1 which was before 
drug administration and b2 which was 2 hours post dose). 

Ccnclusion: 

The results show that the anticoagulant effect as well as the steady-state warfarin plasma 
concentrations were not affected by concomitant administration of a 10 mg nisoldipine IR tablet 
administered bid for 21 days. 



( 

I 

P&rallleter 

PA(%) 

PT (Sec) 

PT'f (Sec) 

10 , . 

TABLE I 
War£arin Treatiaent 

Placebo Nisoldipine 
Mean Mean 

12,e 8,7 

19,7 21,3 

40,l 46,2 

.,_ -- .. 
13 

NS 

NS 

•s 
Warfarin (Bl) (ug/mf) 

Warfarin (B2) (ug/mt) 

1,38 

l,75 

1,29 NS 

1,67 NS 

• After baseline correction the difference for PTT was also not 

significant) 

11.2.2 

Time 

Baseline 

Day l 

Day 3 

Day 1 

Day lA 

Day 21 

NS 

s 

Analysis of variance to compare the mean baseline v~lues with 

each of the mean values optained as from Day l in a 

within-treatment comparison fol" all variables described in 

11.1.1. 

Clotting PrQ£ile 

Warfarin-Placebo Treatment 

PA% 
Mean 

11,3 

12,9 NS 

12,0 NS 

11,e NS 

13,1 NS 

14,3 s 

Not Si2nificant 

Significant 

J 46' 

PT( sec) 
Mean 

20,7 

20,1 

20,5 

20,l 

19,3 

18,5 

PTT(sec) 
Mean 

42,3 

NS 40,3 NS 

NS 39,S NS 

NS 43,5 NS 

s 40,3 NS 

s 37,0 s 

06 02 2280 
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UOFS S/84 

WARFARIN PLASMA CONCENTRATION 

I 

T 

0 
91 B2 Bl BZ Bl 82 Bl 82 BI B2 BI 92 BI B2 BJ B2 

~ 

Day -7 Day -5 Day -3 Day I Day 3 Day 7 Day 14 Day 21 

• •• 

~~PLAC£BO 

W#7#bJ Pl.ACEBO 

rmnum NISOC.DIPINE 

I I PLACEBO 

!llIIU UTI PLACEBO 

· ~ NISOLDIPl>I: 

Bl = Blood sample 
Cpremedlcatlon) 

M­
..::r-

B2 = Blood sa.,,Je 
(post medtc~tton) 

.i::. 
~~ 
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Q>mpari~on of pharmacokinetics and tolerability of nisoldipioe C.C. civen in combinatiQD with 
placebo. cimetidjoe or ranitidine. 

STUDY H-.. 738. YQLUME; 1-53-54 PAGES: 6-02-2368-2961 

INVESTIGATORS: 

OBJECTIVES: 

To investigate the pharmacokinetic drug/ctrug interaction and tolerability of nisoldipine C.C. 
given in combination with placebo, cimetidine, or ranitidine respectively. 

FORMULATION_;_ 

-Nisoldipine 20 mg C.C. tablets (batch#: 52334119). 
-400 mg TagametR tablet batch # 888/90H30. 
·· 150 mg ZantacR tablet batch #ON 448. 
-0.5 mg placebo tablet containing lactose, corn starch and microcrystalline cellulose, batch II 523 
196120. 

STUDY DESIGN: 

12 healthy male volunteers between the ages of 2~ !'l 35 years participated in this randomized 
complete block design. Each subject received one of tla .. following treatments: 
-treatment bl: 400 mg Tagamet bid for 6 days (days 1-6). 
-treatment b2: 150 mg Zantac bid for 6 days. 
-treatment b3: 0.5 gm placebo administered for 6 days. 
Single oral doses of 20 mg Nisoldipine C.C. was administered on study day 5 of each period. 
There was a one week washout period between treatments. 
6 ml blood samples were taken starting on day 5 of each study period at the following times post 
dose administration: 0, 0.5, 1, J .5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 14, 16, 20, 24, 28, 32, 36 and 
48 h. Further blood samples were drawn on study days 1, 4, 5 prndose to determine trough 
levels of cimetidine or ranitidine and on study days 1 and 42 hours post administration for peak 
levels. 



RESULTS: 

Figure 1 shows the geometric mean plasma concentration for nisoldipine alon~. with cimetidine 
and with ranitidine while Table 4 to 6 summarize the main pharmacokin.!tic parameters for 
nisoldipine for the 3 different treatments. Table 7 shows the geometric mt'an peak and trough 
concentrations for cimetidine and ranitidine. 
The results show that cimetidine had a more pronounced effect on the pharmacokinetics of 
nisoldipine as compared to ranitidine. Cimetidine increased nisoldipine's AUC by 55 % and 
CMAX by 65 % while it decreased TMAX from 9.11 to 4.25 hours. On the other hand, 
ranitidine caused a small but statistically significant decrease in The A UC (12 % ) and CMAX 
(15 %) of nisoldipinc compared to placebo. 

Conclusion:_ 

Cimetidine seem to have a pronounced effect on nisoldipine pharmacokinetic parameters (since 
there was more than 50 % increase in some parameters of interest). Therefore great caution 
should be exercised when both of these drugs are administered concomitantly, the patients should 
he monitored and dose adjustments made as necessary. However, the interaction with ranitidinc 
seem to be small enough and therefore is not expected to have any clinical significance. 
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Nominal 
Concentration mean 

{µg/ll Day 1 Day 2 Day 3 [µq/l] SD 

19.60 21.14 20.95 20.98 21.01 0.102 

7.37 7.96 7.64 7.50 7.70 0.230 

0.49 0.46 0.45 0.45 0.45 0.005 

Table 3: Data for inter-assay v~riation for nisoldipine in plasma. 

Nominal 
Concentration mean 

{µg/11 Sample 1 Sample 2 Sample 3 Htg/ll SD 

19.60 20.97 22.28 19.70 20.98 1.29 

7.37 7.69 7.46 7.36 7.50 0.17 

0.49 0.44 0.46 0.46 0.45 0.01 

(J'l Table 1: Data for intra-assay variation f~r nisoldipine in plasma. 
(.) 

'° 

.,,"'-

CV QXactual [%] 
nominal 

0.48 1.07 

3.06 1.04 

1.28 0.91 

CV 
0xactual (%] 

nominal 

6.15 1.07 

2.26 1.02 

2.55 0.93 
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Nominal 
Concentration 

[µg/l] 

13.74 

176.44 

373.72 

Table Ja: 

Nominal 
Concentration 

[µg/l] 

13.74 

176.44 

313.12 

Table g>: 

"'D ~ -

1"f\Blt= i, 

- -x CV Q Xactaal Sample 1 Sample 2 Sample 3 (µg/l] SD l'l nominal. 

12.35 13.44 12.49 12.76 0.59 4.65 0.93 

186.08 194.86 184.91 188.62 5.44 2.88 1.07 

366.10 355.19 351.31 357 53 7. 67 2.14 0.96 

Data for intraassay variation for cimetidine in plasma 

-Means of Triplicates - CV x Q Xactua1 Day 1 Day 2 Day 3 [µg/1] SD C•J nominal 

16.15 12.76 15.49 14.83 1.84 12.38 1.08 

185.37 188.62 206.46 193.48 11.36 5.87 1.10 

410.89 357.53 395.65 388.02 27.49 7.08 1.04 

Data for interassay variation of cimetidine in plasma 
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TA&lE ~ 
lfcminal 

Cone.ntration - CV -x 
Q Xactual (ptj/l) Sample 1 Sample 2 Sample 3 [µ9/l] SD (t] 

noaiDlll 

1104.52 1114.58 1036.45 962.44 1037.82 76.08 1.3 0.94 

393.95 400.32 391.58 373.66 388.52 13.59 3.5 
. 

0.99 

112.82 115.98 113.E9 130.16 119.94 8.92 1.4 ). • 06 

-
'"" VJ Table 8: Data for intra-assay variation for ranitidine in plasma (Study No. 36/90-02.03.NE) 

:> ,, 
:> 
\) 

_, 
:> 

' D 
U1 
~ 
\,!) 

lfoali.aal -Concentration Mean• o~ Triplicate"" - CV x 
Q 1 actual [µg/l} Day 1 Da7 2 nay 3 [µg/1] SD [t] 

nc:m[nal 

1104.52 1042.40 1037.82 1061.37 1047.20 12.49 1.2 0. 95. 

393.95 369.92 388.52 349.08 369.17 19.73 5.J 0.94 
-

112.82 112.92 119.34 137.10 123.32 12.44 10.l 1.09 . 

Table ): Data for inter-assay variation of ranitidine in plasma (Study No. 36i90-02.03.NE) 



.. . 
§' tll • ~ • 

. ~ 

L_~---

NONCOMPARTMENTAL PHARMACOKINETIC PARAMETERS OF 
NISOLDIPINE 

Parameter: Cmax t~ax AUC(O-tn) cmax,norm AUC(O-tn,norm) 
Unit : [ug/l] [h] (ug•h/l] [q/l] [g•h/l] 
------~-~~--~~~~~~~~-------~----~--~~----~--~~~~---------------
MEAN 1.05 9.11 14.97 3.82 
SD£V 0.29 4.81 4.48 0.79 

GEO.MEAN l.01 7.51 l4.J7 3.73 
GEO.SOEV 1.33 2.07 l. 35 1.27 
LOW.CON. 0.86 4.98 12.15 3.26 
UPP.CON. l.19 11.32 17.00 4.27 

MEDIAN l. 00 10.00 13.82 3.94 
MIN 0.54 2.00 9.73 2.01 
MAX l. 64 l.6.00 22.08 s.22 
COUNT 12.00 12.00 12.00 12.00 

Table 13 

Noncompartmental phar~acokine~ic parameters of 
Nisoldipine 
tollowinq p.o. administration of respectively one tablet 
20 mg Nisoldipine cc (o.a.d. on day 5) and 
Placebo coated tablet (b.i.d. on d4ys 1 to 6) 
(treatment BJ). 

54.17 
12.74 

52.87 
l. 26 

46.48 
60.14 

48.56 
39.JJ 
79.04 
12.00 

Arithmetir Means, Standard OAviations, Geometric Mean~, 
Geometric standard Deviations, 95' Confidencc1 Limits of 
Geometric Mean, Medians, Minimum, :~a~imum and Number of cases. 

3S7 
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NONCOMPARTMENTAL PHARMACOKINETIC PARAMETERS OF 
NISOLDIPINE 

Parameter: Cmax tmax AUC(O-tn) cmax,norm AUC(O-tn,norm) 
Unit (uq/l] (hJ (uq•h/l] [q/l] (q*h/l] 

-------------------------------------~~~---------------------~-
MEAN 1. 74 4.25 23.20 6.43 
SDEV 1. 08 J.28 12.70 J.98 

GEO.MEAN 1.47 J.42 19.02 5.41 
GEO.SDEV l. 87 , • 91 2.18 1.91 
LOW.CON. l.OJ 2.37 12.23 J.76 
UPP.CON. 2.09 4.94 29.60 7.79 

MEDIAN l. 48 2.75 20.56 5.65 
MIN 0. 37 l.50 2. 7.5 l.2J 
MAX 4.49 12.00 48.88 16.07 
·':CUNT 12.00 12.00 12.00 12.00 

Table 11 

Noncompartmental pharmacokinetic parameters of 
Nisoldipine 
following p.o. administration of respectively one taPlet 
20 mq Nisoldipine cc (o.a.d. on day 5) and 
Tagamet (R) (400 mq Cimetidine b.i.d. on days 1 to 6) 
(treatment Bl). 

86.04 
47.75 

70.03 
2.24 

44.39 
110.48 

73.22 
7.47 

17 5. 00 
12.00 

Arithmetic Means, Standard Deviation~, Geometric Means, 
Geomet~ic Standard Deviations, 9~~ Confidence Limits of 
Geometric Mean, Medians, Minimum, Maximum and Number of cases. 

3SS 
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NONCOMPARTMENTAL PHARMACOKINETIC PARAMETERS OF 
NISOLDIPINE 

Parameter: Cmax tmax AUC(O-tn) Cmax,norm AUC(O-tn,norm) 
Unit [uq/ll [h] (uq•h/l] [CJ/l] (q•h/l] 
~~-~~-~~~-~--~--~-~------------~-~------~---~~~----~-~~~---~---
MEAN 0.90 8.37 13.30 3.26 48.81 
SDEV 0.41 3.90 S.97 l.JO 22.43 

GEO.MEAN 0.84 7.25 12 .20 J.07 44.59 
GEO.SOEV l.47 1.84 l.54 1.42 l.55 
LOW.CON. o.68 5.13 9.57 2.51 34.75 
UPP.CON. 1.04 10.26 15.55 3.74 57.21 

MEO IAN 0. 81 8.99 11.76 3.18 46.35 
MIN 0.50 2.50 6.53 1.91 24.97 
MAX 1.98 12.02 24.98 6.56 93.34 
COUNT 12.00 12.00 12.00 12.00 12.00 

Table 12 

Noncompartmental 
Nisoldipine 

pharmacokinetic parameters of 

following p.o. administration of respectively one tablet 
20 mg Nisoldipine cc (o.a.d. on day 5) and 
Zantic (R) (150 mg Ranitidine b.i.d. on days l to 6) 
(treatment 82). 

Arithmetic Moans, Standard Deviations, Geometric Means, 
Geometric Standard Oe~intions, 95\ Confidence Limits of 
Geometric Mean, Medians, Minimum, Maximum and Nwnber of Cases. 

C{imetidine and Ranitidine 

The following Table 4 shows the geometric mean peak and trough con­
centrations for cimetidine and ranitidine. 

' 

Day1 .··oay4 
.. Days 

Analyt Oh 2h Oh 2h Oh .. -
Cimef.dine n.d. 747.75 66.06 768.65 60.75 

Ranitidine n.d. 468.70 100.42 542.02 93.72 

Table'J Geometric mean cimetidine and ranitidine concentrations [µgill 
(peak/trough) o.i study days 1 and 4 

356 
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0.01i-~--...,..~----,r--~---r-----....,..----_,~----------~------.------, 
0 8 16 24 32 

T irne [h) 

-0- Bl: 

-0- B2: 

20 mq Nisoldi~ine CC (o.a.d. on day S) and 
Taqamet (R) (400 nig Ci.metidine b.i.d. on days 1 to 
2~ mq Nisoldipine CC (o.a.d. on day S> and 
Zantic (R) (1SO ft19 Ranitidine b.i.d. on days l 

···0·" 83: 

Fiqure 1 

20 ft\9 Nisoldipine CC (o.a.d. on day 5) and 
Placdbo coated tablet (b,i.d. on days 1 to 6) 

Synoptic plot of qeometric mean concentrations 
of Nisoldipine (uq/l) vs time (h). 

Goometr.ic mean not calculated it more than 1/3 
sinqle r.oncentrations aro <0.18 or no aample. 
Concentrations <0.18 calculaced as 0.09. 

\5 t 
06 02 241 



Io investigate the existence of a possible interaction between niscldiginc and ranitidinc. 

STUDY: 385. 

INVESTIGATOR: 

OBJECTIVES; 

YQL.UME: 1-55 

1-To determine if ranitidine alters nisoldipine kinetics. 

PAGES: 06-02-2962-3520. 

2-to determine if a pharmacodynamic interacticn exists either as a result of a pharmacokinetic 
interaction or independent from such an interaction. 

FORMULATIONS: 

-nisoldipinc 20 mg tafJlets, batch # 929490, expiration date: 10-03 1986. 
-ranitidine tablets 150 mg. 

STUDY DESIGN: 

16 healthy male volunteers between the ages of 18 and 45 years participated in this placebo 
c.ontrolled, double blind crossover study. 
300 mg ranitidine (single dose) or placebo were given for 3 days preceeding the test days (when 
20 mg nisoldipine was given). 
Venous blood samples were collected according to th~ following schedule: 0, 30, 60, 90, 120, 
150, 180 minutes and 4, 8, 10 and 24 hours after t. .... administration. 
Supine blood pressure, heart rate and systolic time intervals were measured at 0, 0.5, 1.5, 2, 
3, 4, and 24 hours after medication. 



RESULTS: 

Figure 1 shows the mean nisoldipine plasma concentrations with and without ranitidine while 
Table I gives CMAX and AUC for the 2 treatments. 
According to the sponsor.the results show that there was no difference in CMAX between the 
two treatments but the AUC was significantly greater when ranitidine was given with nisoldipine 
compared to when nisoldipine was given alone. However, the sponsor claims that when subject 
13 was omitted, there was no longer any differences between the two treatments. 

COMMENTS; 

If one examines Figure 1, it can be seen that the CMAX was higher with the placebo treatment 
as compared to the ranitidine treatment. However, both CMAX values appear less than the stated 
values in Ta'"' le 1. Additionally, ranitidine seems to have delayed and lowered the CMAX value 
when nisoldipine WCtS given with ranitidine compared to when it was given with placebo. 
The sponsor is asked to explain the discrepancy between the results of Figure 1 and the mean 
values presented in Table 1. 

CONCLUSJON~ 

No conclusion can be made from this study whether the pharmacokinetics of nisoldipine are 
altered by the coadministration of ranitidine. 
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IABli' I 13 
12.1 Pharmacokinetic variables 

The results are summarised below: 

C (ng/mt) T (h) 
max max 

Mean SD 1 2 B Mean .50 1 '") 
L 

l 2,833 2,245 NS l 2,250 1,966 NS 

2 2,?91 l,8S8 2 2,375 ~.568 

Mean SD AUC Mean SD KRT (h) 

1 8,1-45 4,112 • 1 4,749 2,655 NS 

2 10,100 3 ,343 2 S,695 3,0dl 

1 Nisoldipine plua placebo 

2 Nisoldipine plus Ranitidine R 

16 \ 



lnteooi2n study. Comparative invcsti&ation of safety. toJ,rability. pharmaco<lynamiCJ 1nd 
pharrnacokioetics of NiwldiRim< C.C. and prcwranolol given alone and ht combiDAtion at stqd,y 
~..&. 

Study#: 704. VQLUME: 1-56 PAGES: 6-02-3623-4013. 

INVESTIGATOR; 

OBJECTIVES: 

Comparative investigation of safety, tolerability, pharmacodynamics and pharmacokinetics of 
nisoldipine C.C. and propranolol given alone and in combination at steady state. 

FORM!JLATIONS: 

-Nisoldipine CC 20 mg tablets batch # 523231. 
-DocitonR = 40 mg propranolol. 

STUDY D1~c:-v-!"''· --·---~lli. 

This was a random ired, 3 fold crossover multiple dose interaction study. 12 healthy male 
volunteers between t' ~ges of 23 and 40 years participated in this 5 day study. Nisoldipine 
C.C. 20 mg once a da.> 0rland Dociton tablets with 40 mg propranolol (tid) were given together 
with I 00 mis of wa!er. 
Blood samples in nisoldipine treatments were collected at 0, 0.5, l, 1.5, 2, 2.5, 3, 4, 5, 6, 7, 
8, 10, 12, 14, 16, 20, 24, 28, 32, 36 and 48 hours after drug administration. 
Blood samples in the propranolol treatment were collected at 0, 0.25, 05, 0.75, 1, 1.5, 2, 3, 
4, 6, 8, 8.5, 9, IO, 12, 14, 16, 16.5, 17, 18, 20, 22, 24, 26, 28, 32 and 48 hours post dose. 
Trough plasma conceutrations were measured in the morning (8 AM) on 8tudy days 2 to 4. 



L__ ____ _ 

RESULTS: 

Figure ! show~ th~ n:e.an ,; .umetri\, ... i;an ai~Solciipine plasma concentration with and without 
p1 oprauoiol ud1~ini~trat1on while Table 1 gives the main pk parameters for both the 2 treatments. 
Figure '2 ~hows the mean geometric propranolol concentratrion for both corresponding treatments 
while Table 2 summarizes the most important pharmacokinetic parameters for propranolol. 

Cqnclusion: 

The results show that the nisoldipine plasma concentrations were slightly increased by 
propranolol coadministration while propranolol plasma concentrations were slightly decreased. 
This very small interaction between these 2 drugs is not expected to have any consequences from 
the clinical point of view. 
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f l\8Lt I 
I STUDY N0.704 

Estimates of Pharmakokmetic Parameters of Nisordipine 
(Geometric Means and SD) and Q· Jotients to Results of Nisoldipine in % 

(Geometric mean and S0,900/o Conf.lnterv.Referring to Analysis of Variance and Ounnett-Test) 

°'I AUCnorm (0-24l 1eo.mean ( g•M I 
O"'\ 

96.26 103.24 1.38 90.6 - 127 

emu 

till 

fluctuation (0-24\ 

<» 

0 

"' 
w 
CD 
m 

I O> 

reo.SD 

1eo.rncan f ngtml J 

reo.SD 

teo.mcan I h ) 

reo.SD 

tea.mean 

1eo.SD 

1.71 
·-·----~.I -

1.87 
1.81 

13.02 
1.63 

1.33 
t.56 

1. !. 
·-- -· ·------

2.01 107.1 1.49 87.0 - 131 
1.86 

- -
10.53 80.9 1.45 ea.a - 97.! 

1.29 

1.40 105.2 1.62 81.9 - 135. 
1.37 
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I STUDY N0,.704 

Estimates of Phannakck11netic Paramieters of Propranolol 
(Geometric Means and SO) and Quoti,ents to Results of Propranolol in % 

(Geometr"IC mean and SD,9°'~ Conf.lnterv.Aeferring to Analysis o,f Variance and Dunnett-Test) 
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SbHlioA o( mo b_tlJ\Whnamk; and pbarmaookJ~f.l tote racUolJI ~.10 Zho boll blw;kora llCOQlot 
llM1 gropranolgl and tho gaJQbua.antaaonln_ ~Wldiglno ln norOKY.,,,.lye aubjeog. 

&udy: 3982. 

l ~ lO ~x&unlnc the phurnuacukinotlc ind homodynamlc interaction!' of atcnolol and propranolol 
\\ith nla4>ldlplne In normotenalve pntlcmu.. 

h>unulllion~ 

20 m1 nl1oldlph1c l~p1mlos. 
- -

-100 ma atcnolol (Stuart rharmaccutlcaht Lt<l). 
-IM> rng propranolol (l~I Ltd). 

This atudy wu " 1·tandoml1.ed double blind ph•cobt> c~ntruUcd study of 2 aroup1 of M 
normotctwivo 11ubjr~tA between the aae• of 19 and 40 ye.ars. 
One aroup of aubjuc•• • ewived I 00 ma atenulol while the other aroup received propranolol 16(> 
mg once daily. These active trr.atmenta were mkcn once daily for three weeka and match in.a 
placebo tnblota were taken once dally durina a fourth week. 1bara wu a l week wuhout IMtriod 
bctwoon wock.11 2 11KI 3. Fur 2 woeka out of the total period additional treatment wu 
udministercd: either ni1oldipinc 20 ma once a day or matchin1& placotm cap1ulu each for l week. 
Tho followln1 treatment cumbinatium wore evalu11tod: 
l bc:.ta blocker t nut dose nlsoldlphle. 
2~beta blO<!ker + steady 1tatc nl1oldlphto. 
'.\ plRccbo f pluc~bo. 
4-beta blocker + t>lncohu. 

Ulood preuure and heart r1ttc erect and aupinc were mwurcd at baseline and after 0.5, I, I.,, 
2, J, 4, 6 nnd 8 hount. 



The extent or beta blockade wu IMCllcd by the ilcaN rate maponse to sub-maxima! eJlerclse (7~ 
tJ or a pre-determlned rMx~mum) for S mlnutea on a bk!yclc craomctcr at two timca:2.5 
(morning) and 5 houra (afternoon). 
Pluma fur drug BllMYI were oolleclod ar 0, 0.2S. 0.5, I, 1.5, 2. J, 4, 6 and 8 houra. 
Hepatic blood flow WP 111e11cd I hour after dNI admlnlltratlon by measurement of th': 
clearance of indocyanlt~ arecn. 
Bffe.ctlve renal pluma flow and alnmcrular filtrallon rate were determined I hour aftcar drug 
administration from the clearance of radlophttrm1~utical1. 

fllgure l 1how1 the mean plauma cnncentttttlonrt for atcnolnl with tmd with~mr 11i~oldlpinc while 
l'lgure 2 11how1 the plnama profile for propnumlol whh and wUhout the calcium clumnel hlockcr, 
Tublc I a&lvca a aummary of the derived phttrm1cokh1ftlc tor atcnolol while Tahlc 1. g\Veli the 
•amo pk parameter• for propranolul. 
The rcaultii 1h<~w Iha& c-0admlniHmUion of niNoldipinc with atenolol sharply increaAcd the ulcnol{ll 
r'MAX (from 4SS to S40 ng/ml) aud lO n le1tftar o1'tt-nt the AUC. The aarni: trend of rcaulll was 
ohMervod fo•· proprnnolol whereby both the CMAX an<I AlJC for atcutc amJ d1mnlc proprnnolol 
were lncrcucd. However, there wa• no 11lanlflchnt difference in pmprnnolol AUC comparh1x 
rho t'Omblruttion wlth acute and chronlu cillcium antaaonhil. 

lLiver blood Ouw.•Dd nmal-dwancc: 

The rcaulta ahown ln Table 3 and 4 roape4.!llYely tthow lhat both ah:nolol nnd proprnnolol when 
lllveu alunc cauao 1 allaht docreue In the 1pp1nmt Uvor blood flow. However the addhlmt uf' 
nitohUplne to either atcnc.lol or propranolul CitU!ied a 1l1niflC6lnt incrcue In the apparent liver 
blood now. Thl11 lncrcuo waa 1li&htly M1tcmu1tcd with tho chronic 1dmini1tratlon of n1aoldi1l•ne. 



As for tr.c renal fUnctltln, lt was not affected by any of the treatments. 

J~Blood gw•urc AQd bwt rate.:, 

rl1ure 3, 4 and S shnw the auplne systolic blood preuurc, supine diutollc blood presaure and 
supine heart rate for the atenolol treamtent while Piaurc 6, 7 and 8 show the correspo11dina 
graphs for the propranolol treatment. 
The results show that both atcnolol and propranolol causad a •'arllncant decreaae in ll<llh 1upinr. 
and erect 1y1tullc and dlucollc blood prea1ure u compared to placebo. The addition of' 
ni1nldipinc caused a further •liaht reductions In blood prouurea. This further reductions In blood 
pre11ures were generally accompanlcd by a sllahi lncreue in heart rate. 

J11l 
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2 7ga1 6003 6JS88 11.6 10.5 6.0 3.5 1.3 3.0 1&11 382 5111 

3 ' 3553 11557 3975 9.1 •.8 5~1 2.5 2.2 2.7 1163 562 365 
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~lean 585q 6987 68Jl!I 1.• 6.6 2.9 2.1 2.6 lf55 5-0 547 ... .± .:t ... .:t .t: .:t ± ± ± ;t ± . ~ .:t -S.D. 2291 2130 2269 1.9 2.• 1 .. 7 1.1 1.0 0.8 135 159 1-.S ,. 

.....l- -- - - - - - - -... 
L. ns•..1 ~ n:s ...J t... RS _J L- R!I ....J L. ns ...J L- ns --' L p(O.Q2J '- RS -' 

I I ns r ' ns I '-- ns I '-- p<0.05 ___J 

> 
> n.s• = co. 1 ) p ) 0.'05) 
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TABLE a. 3 I z. PERIY£12 PU.~RHACa(!~ PAWf£TERS:_ E'ROf'RAtanc... 

AOC /Jt1/2 ~J ~.I> C11t.hllll) (h) 
Subject CJ. CA+ AH CA+ CM CA Cl+ AM CA + ti CA 'CA +AH Cl + CJI CA CA + .lll Cl • c1: 

9 739 al6 1378 ~.7 2.2 3.11 2.f 1.8 3.1 125 195 177 
I' 

10 1"70 2.ffllf 2002 If. 1 6.0 5.6 1.8· 0.9 f .4 195 2211 201 

11 qz35 51160 7qq1 10.7 a.1 
I 

13.9 3.8 q.5 2.5 225 32'9 363 

12 1336 1272 19cn .18.3 5.3 6.6 J.3 3.3 2.01 1311 122 t79 

13 1283 1821 11152 1.2 3.9 11.11 0.1 1.~ 1.7 121 266, 200 

1Ji 570 828 6113 3.ir 2.5 2.6 1.7 1-2 1.0 101 221 170 
0 

15 129'1' 1<129 2%9' ... , 5.2 61.0 5.• I ].6 Jt.2 108 175, 196 9o -
16 1521 2693 2557 6.2 8.1 61.1 3.3 1.1 1.6 133 22~ 2'3 

- - - - - - - - - -Mean 1556 2098 2"82 5.14 5.2 6.1 2.s 2.2 2.2 ,,3 222 221 
> :t :t % .t: :t .t: :t :t :t .i: ;t .'t. 1: ,,, S.D. 1135 1501 2099' 2.6 2.3 3.6 1.5 1.4 1.0 '411. 67 66 

- - - - - - -. 
> L p<O .• o,_J L ns -I L. 113 ..J 
....... 

I- ns _, Ln3-I Lm..J Lp(01.,005-' &..RS-' 

L-p<0.03 I l ns I I n!!l I I p<0 .. 002 ---' 
~ 
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57 
IJILt; J,53 APPABEfO' 1,.IVER !!~(X)Q fl.CM: AT!WLOL ~ lllSOLDIPifft 

Subject Placebo CA CA+ AH CA+ CN 

1 I.BF 2.17 1,50 2.55 2.69 
Vd q,95 ll.28 3.78 5.37 

2 LBF a.~s 1.95 J.J3 2 • .-r 
Vd s.60 l&.60 6.01 4.65 

3 L1F 1.61 1.17 1.11 1.98 
Yd 3.37 3.02 2.15 2.78 

.. IN 1.~ 1.06 ,,,. 1.15 
Yd 3,111 2.65 2.33 2.95 

5 LBF 1.61 1.88 2.0la 1.69 
Vd 2.53 ~.77 J.J8 2.21 

6 I.SF' .1.6f 1.23 3.0! 2.76 
Vd 3.33 2.93 11.117 ... 97 

7 L.BF o.9q 0.83 1.56 1.92 
Ve 2.98 2 .. 6S 3,92 3.91 

8 LBF 1.66 1.13 3.01 2.os 
Vd 3,34 2.22 ... , .. 3.85 

- - - 2.31 2. ;a Hean LBF 1.66 1.~2 
.t :t .:t z .:t 
S,D. 0.'4~ o.~ 0.71 o.ai2 

- - ·- - -
'-- ns --I 
L - p<0.01 _, 

'--- p<0,01 ' 
- 3,69 - - 3.13 Mean Vd 3,i,o J.19 

I .1f: ~ .. al : 
S.t>. 1.0lf 1.00 1.24 1.12 

- - - - -

I 
I 
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Dlid ~.nJ1 APPABEta LiytR ftcrp fl.Cllg J!fQPMnotOL !IJ!! ra1u.nxexu; 

8'aJ•t Plaotbo Cl CP + lN ~p + Ctl 

9 II I. 12 1.Ti J,Oq . !.2 .. 
Vd 3.3£1 !.8 -.J3 -.eq 

10 UF' '·'" 1.58 a.a I.Tl 
Vd J.16 1.63 .. ,, 11.8] ,, UF 1.89 , . , ,. 1.36 2.87 
Vd 5.&14 3. ,,, 11.50 lt.60 

12 LIF ,,.,, 1.511 J,02 2.1111 
Vd 3."8 3.3 .. •.11 3.91 

13 Llr 1.&10 1. 10 2,39 a.61f 

' 
Vd S.!9 J. 13 !.67 "· 19 ,., I.BF 1.911 1.12 1.53 2.63 I 
Vd ],68 3.01 3,23 2.91 

15 LB.I' 0.96 1.15 1.25 1.28 
Vd '·'" 3.12 2.25 2.18 

16 LBF' o.ei 0.71 1.35 0.96 
Vd 1.1 2.28 1.n 1.53 

- - - - },36 Hein LPI' 1.!58 1.33 2.71 
& * & * * S.D. 0,.., o.~a o.67 o.eo - . -
- - - - -

"- p<O.OS _J 

........ p<0,01 J 

l . .... p<0,01 

- - - - 3.11 ~an Vd 3.25 3. 15 J.7" 
& * '* .t .t 
S.D. 1,21 0.54 0.911 1.1q 

- - - - -
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CHnicopharmpmlgair.al lnvmtilatioDI on lntoracUop of nitoldlplnc and di1oxln, 

SIUDY Li 413. 

INVDSTIOATORS: 

OJWl(.:TIVliS: 

YQWMB; 1~57 PAO!§: 6-024'0144166 

To invcsllgate the poulbllity of pharmacodynamtc and/ol' J>h4lrmacoklnceic interaction h•klna 
place between niloldlplno and dlaoxln. 

POIWU1ATION: 

~Niaoldiplnc 10 ma tablets (batch #: 97438h). 
0.1 tn1t Debi aco&yldiaoxin (Novodiual mite"). 

8 hC41thy rmdc volunteers paruclpated in this non controlled observational study which WAS 

11tathnica:ty a fixed sequence study. 
Hnch subjc~t received on day1 1 and 2, 0.6 ma/day of Novodlaal mite tablcta. Starting on day 
:\ the dally dose wu reduced to 0.3 ms of acctyldiaoxin. Thia doses was maintained up to the 
last study day (day 22). Nlauldipine wu additionally Ulkcn in the morning and the evening 
before meals start Ina with day 9 until the lut •tudy tlay. 
·rhe pla.•ma and urine sampling schedule wu not atven ln thl1 atudy. 



Tobie 1 sh\lws the main pharmaooklnctic parameters for diaoxin. Unfortunately, no 
pharmacokinctic parameters could be calculated ror nl&oldlplne because only peak and trough 
levels were mcaaurcd. The spon.tor concluded that coadministration of nisoldlpine did not have 
any effect 'ln the pharmacokiootica of diaoxin. 

Comn\Cnta; 

The results of the study could not be conaittered dennitivc u to whether an interaction with 
nl1olt!lpine C,C, and digoxin occurs, since the Immediate roleuc formulation waa used and no 
uaay validation Wl.'i provided. Therefore, one cannot judac whether the rcaultl of the study arc 
valid and CApablc of detecting an interaction if It exi1t1. 
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table C: phannacokineties of Oigoxin, ncan values of 6th to 8th day CDigoxin.), 

20th to 22th day <Digaxln, + Nisaldlpine) and tuot.lent of 20t.h to 22th day/6th tD 8th day 

nor.pa.ranetr!.c 95,-confidence limits of q\I01tient 

Oigoxin Di9oid.n + 
quo·ti.ent (\J1 9S\ conf idcnce l u...t t Nisoldipine 

plasma cbncentration i: median 0.564 

1!91a1] n-J.n,max I o. Js 1. o. 114 
I 

rena 1 el im.inatlon median ' 54.0 

L'J m.1.n,max I •n'.2, 63.S 

Cl - total aedian 6.04 

[ml/D'in/kg] tnin,:max .C.84, 7.?S 

Cl - renal sedian 4.06 

(ml/min/l«J) mn,max 3.55, 4.70 

~--~~~~~~ ...A 

0.62S 106.4 

0. 393, 0. 828 101.l, 134.6 

62.7 110. 7 

'51.16, 13.4 92 • .11, 139.4 

5.64 94.9 

4.43, 6.9'5 14 .0, ''8.6 

4.65 10).5 

J.16, 4.85 81.4, 131.5 

I 106.9 

102.1, 120.) 

112.2 

100.8, 124 •. 6 

CJ14. 2 

BJ.7, 97.4 

103. 7' 

( 89.2, 119.S 
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~Oc:Lt~ 
DEPARTMENT OF H£ALTH &. HUMAN SERVICES Public Health Service '\ 

Food and Drug Adm;.,istration 
Rockville MD 20857 

NOA 20-356 

. 
Miles Inc. 
Pharmaceutical Division 
Attention: Nancy Motola, Ph.D. 
400 Morgan Lane 
West Haven, CT 06516-4175 

Dear Dr. Motola: 

FEB 2 1995 

Please refer to your March 31, 1993 new drug application resubmitted on August 3, 1994 
under section 505(b) of the Federal Food, Drug, and Cosmetic Act for Nisocor (nisoldipine) 
Tablets, 10, 20, 30 and 40 mg. 

We acknowledge receipt of your amendments and ~"Orrespondence dated May 31, June 20 and 27, 
July 18 and 29 (two), September 8 and 16, October 19, November 8, 9, 17, 18 and 21, and 
December 16, 20 (two), 22 (three) and 28, 1994; and January 20, 23, and 27, 1S95. 

This new drug application provides for the use of Nisocor in the treatment of hypertension. 

We have completed the review of this application including the submitted draft iabeling and have 
concluded that adequate information has been presented to demonstrate that the drug product is 
safe and effective for use as recommended in the enclosed marked-up draft labeling. 
Accordingly, the application is approved effective on the date of this letter. 

The final printud labeling (FPL) must be identical to the enclosed marked-up draft labeling. 
Marketing the product with FPL that is not identical to this draft labeling may render the 
product misbranded and an unapproved new drug. 

The approved dissolution specifications are as follows: 

3 hours 
6 hours 
12 hours NLT 

Please submit fifteen copies of the FPL as soon as it is available, in no case more than 30 days 
after it is print•ed. Please individually mount ten of the copies on heavy wvighl paper or similar 
material. For administrative purposes this submissior. should be designated "FINAL PRINTED 
LABELING" for approved NOA 20-356. Approval of this labeling by FDA is not required before 
it is used. 

Should additional information relating to the safety and effectiveness of the drug become 
available, rev11sion of that labeling may be required. 
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In addition, please submit three copies of the introductory promotional material that you 
propose to use for this product. All proposed materials should be submitted in draft or mock-up 
form, not final print. Please send one copy to !he Division of Cardle-Renal Drug Products and 
two copies of both the promotional material and the package insert directly to: 

Food and Drug Administration 
Division of Drug Marketing, Advertising and Communications, HFD-240 
5600 Fishers Lane 
Rockville, Maryland 20857 

Vali.:iatbn ot the regL!latory ~oethods is ongoing. At the present time, it is the policy of the Office 
noi ,_, withhold approvai because the methods are being validated. Nevertheless, we expect your 
contim.:e>J ~ooper"ti.11; ;o resolve any deficiencies that may occur. 

Please ~:Jbrn!t <'le market i:-ai:-.kage of the drug when it is available. 

We rc,,1;md ~·ou met ) uu must comply witr. the requirements for an approved NOA set forth 
t::->d-y 21 CFR 314.80 and 314.81. 

It ycu have any q:.ic.s!1ons pleasr contact. 

Enclosure 

Mr. David r:toede1 
Consum-~r Sc.' ~ety 0{1icer 
{:;<H) 59t,-5300 

Sincerely yours, 

Robert Temple, M.D. 
Director 
Office of Drug Evaluation I 
Center for Drug Evaluation and Research 



NISOCOR 

(nisoldipine) 

E::tended Release Tablets 

For Oral Use 

DESCRIPTION 

NISOCOR (nisoldipine) is an extended release tablet dosage form of the 

dihydropyridine calcium channel blocker nisoldipine. Nisoldipine is 

3, 5-pyridinedicarboxylic acid, 1,4-dihydro-2,6-dimethyl-4-(2-nitrophenyl)-, 

methyl 2-methylpropyl ester, C20H24N20 6 , and has the structural formula: 

Nisoldipine is a yellow crystalline substance, practically insoluble in water but 

soluble in ethanol. It has a molecular weight of 388.4. NISOCOR tablets 

con~ist of an external coat and an internal core. Both coat and core contain 

nisoldipine, the coat as a slow release formulation and the core as a fast 

release formulation. NISOCOR tablets contain either 10, 20, 30, o. 40 mg of 

nisoldipine for once-a-day oral administration. 

Inert ingredients in the formulation are: hydroxypropylcellulose, lactose, corn 

starch, crospovidone, microcrystalline cellulose, sodium lauryl sulfate, 

povidone and magnesium stearate. The inert ingredients in the film coating 
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·' 
are: hydroxypropylmethylcellulose, polyethylene glycol, ferric oxide, and 

titanium dioxide. 

CLINICAL PHARMACOLOGY 

(J,... .>-.t.. _ Mechanism of Action 
r~r~ 

i>li ~ t-~ Nisoldipine is a member of the dihydropyridine class of calcium channel 

antagonists (calcium ion antagonists or slow channel blockers) that inhibit 

the transmembrane influx of calcium into vascular smooth muscle and cardiac 

muscle. It reversibly competes with other dihydropyridines for binding to the 

calcium channel. Because the contractile process of vascular smooth muscle 

is dependent upon the movement of extracellular calcium into the muscle 

through specific ion channels, inhibition of the calcium channel results in 

dilation of the arterioles. In vitro studies show that the effects of nisoldipine 

on contractile processes are selective, with greater potency on vascular 

smooth muscle than on cardiac muscle. Although, like other dihydropyridine 

calcium channel blockers, nisoldipine has negative inotropic effects in vitro, 

:studies conducted in intact anesthetized animals have shown that the 

vasodilating effect occurs at doses lower than those that affect cardiac 

contractility. 

The effect of nisoldipine on blood pressure is principally a consequence of a 

dose-relateri decrease of peripheral vascular resistance. While nisoldipine, 

lii<e other dihydropyridines, exhibits a mild diuretic effect, most of the 

antihypertensive activity is attributed to its effect on peripheral vascular 

resistance. 
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Pharmacokinetics and Metabolism 

Nisoldipine pharmacokinetics are independent of the dose in the range of 20 

to 60 mg, with pla.sma concentrations proportional to dose. Nisoldipine 

accumulation, during multiple dosing, is predictable from a single dose. 

Nisoldipine is relatively well absorbed into the systemic circulation with 87% 

of the radiolabeled drug recovered in urine and fE. ces. The absolute 

bioavailability of nisold1pine is about 5%. Nisoldipine's low bioavailability is 

due, in part, to pre-systemic metabolism in the gut wa~nd this metabolism 
) 

decreases from the proximal to the distal parts of the intestine. Food with a 

high fat content has a pronounced effect on the release of nisoldipine from 

the coat-core formulation and results in a significant increase in peak 

concentration (Cmax) by up to 300%. Totai exposure, however, is decreased 

about 25%, presumably because more of the drug is released proximally. 

This effect appears to be specific for nisoldipine in the controlled release 

formulation, as a less pronounced food effect was seen with the immediate 

release tablet. Concomitant intake of a high fat meal with NlSOCOR should 

be avoided. 

Maximal plasma concentrations of nisoldipine are reached 6 to 12 hours after 

dosing. The terminal elimination half-!ife (reflecting post absorption clearance 

of nisoldipine) ranges from 7 to 12 hours. Cmax and AUC increase by factors 

of approximately 1.3 and 1.5 .... respectively from first dose to steady state. 
) '/' 

After oral administration, the concentration of(+) nisoldipine, the active 

enantiomer, is about 6 times higher than the (-)inactive enantiomer. The 
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.• plasma protein binding of nisoldipine is very high, with less than 1 % unbound 

over the plasma concentration range of 100 ng/ml to 10 mcg/ml. 

Nisoldipine is highly metabolized; 5 major urinary metabolites have been 

identified. Although 60 - 80% of an oral dose undergoes urinary excretion, 

only traces of unchanged nisoldipine are found in urine. The major 

biotransformation pathway appears to be the hydroxylation of the isobutyl 

ester. A hydroxylated derivative of the side chain, present in plasma at 

concentrations approximately equal to the parent compound, appears to be 

the only active metabolite, and has about 10% of the activity of the parent 

compound. Cytochrome P450 enzymes are believed to play a major role in the 

metabolism of nisoldipine. The particular isoenzyme system responsible for 

its metabolism has not been identified, but other dihydropyridines are 

metabolized by cytochrome P450 lllA4. Nisoldipine should not be administered 

with grapefruit juice as this has been shown, in a study of 12 subje '.:ts, to 

interfere with nisoldipine metabolism, resulting in a mean increase in Cmax of 

about 3-fold (ranging up to about 7-fold) and AUC of almost 2-fold (ranging 

up to about 5-told). A similar phenomenon has been seen with several other 

dihydropyridine calcium channel blockers. 

Special Populations: 

Renal dysfunction: Because renal elimination is not an important pathway, 

bioavailability and pharmacokinetics of NISOCOR were not significantly 

different in patients with various degrees of renal impairment. Dosing 

adjustments in patients with mild to moderate renal impairment are not 

necessary. 

Geriatric: Elderly patients have been found to have 2 to 3 fold higher plasma 
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concentrations (C,,... and AUC) than young subjects. This should be reflected 

in more cautious dosing (See Dosage and Administratir.>n). 

Hepatic Insufficiency: In patients with liver cirrhosis given 10 mg NISOCOR, 

plasma concentrationi; of the parent compound were 4 to 5 times higher than 

those in healthy young subjects. Lower starting and maintenance doses 

should be used in cirrhotic patients (See Dosage and Administration). 

Gender and Race: The effect of gender or race on the pharmacokinetics of 

nisoldipine has not been investigated. 

Disease States: Hypertension does not significantly alter the 

pharmacokinetics of 11.isoldipine. 

Pharmacodynamics 

Hemodynamic Effects 

Administration of a single dose of nisoldipine leads to decreased systemic 

vascular resistance and blood pressure with a transient increase in heart rate. 

The change in heart rate is greater with immediate release nisoldipine 

preparations. The effect on blood pressure is directly related to the initial 

degree of elevation above normal. Chronic administration of nisoldipine 

results in a sustained decrease in vascular resistance and small increases in 

stroke index and left ventricular ejection fraction. A study of the immediate 

release formulation showed no effect of nisoldipine on the renin-angiotensin­

aldosterone system or on plasma norepinephrine concentration in normals. 

Changes in blood pressure in hypertensive patients given NISOCOR were 

dose related over the range of 10 - 60 mg/day. 

Nisoldipine does not appear to have significant negative inotropic activity in 

intact animals or humans, and did not lead to worsening of clinical heart 
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·. failure in three small studies of patients with asymptomatic and symptomatic 

left ventricu!ar dysfur.ction. There is little information, however, in patients 

with severe congestive heart failure and all calcium channel blockers should 

"' be used with caution in any patient with heart failure. 

Electropyhysiologic Effects 

Nisoldipine has no clinically important chronotropic effects. Exce. •or mild 

shortening of sinus cycle, SA conduction time and AH intervals, single oral 

doses up to 20 mg of immediate release nisoldipine did not significantly 

change other conduction parameters. Similar electrophysiologic effects were 

seen with single iv doses, which could be blunted in patients pre-treated with 

beta-blockers. Dose and plasma level related flattening or inversion of 

T-waves have been observed in a few small studies. Such reports were 

concentrated in patients receiving rapidly in::reased high doses in one study; 

the phenomenon has not been a cause of safety concern in large clinic.-.al 

trials. 

Clinical Studies in Hypertension 

The antihypertensive efficacy of NISOCOR was studied in 5 double-blind, 

placebo-controlled, randomized studies, in which over 600 patients were 

treated with NISOCOR as monotherapy and about 300 with placebo; 4 of the 

five studies (;Ompared 2 or 3 fixed doses while the fifth allowed titration from 

10 - 40 mg. Once daily administration of NISOCOR produced sustained 

reductions in systolic and diastolic blood pressures over the 24 hour dosing 

interval in botfi supine and standing positions. The mean placebo-subtracted 

reductions in supine systolic and diastolic blood pressure at trough, 24 hours 

post-dose, in these studies, are shown below. Changes in standing blood 
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.. pressure were similar: 

NISOCOR 

Dose 

(mg/day) 

Systolic: 

Diastolic 

MEAN SUPINE TROUGH SYSTOLI: AND DIASTOLIC 

BLOOD PRESSURE CHANGES (mm Hg) 

10-40mg 
10 mg 20 mg 30 mg 40 mg 60 mg 

titrated 

8 11 11 14 15 15 

3 5 7 7 10 8 

In patients receiving atenolol, supine blood pressure reductions with 

NISOCOR at 20, 40 and 60 mg once daily were 1216, 19/8 and 22110 mm Hg, 

respectively. The sustained antihypertensive effect of NISOCOR was 

demonstrated by ?.4 hour blood pressure monitoring ai1d examination of peak 

and trough effects. The trough/peak ratios ranged from 70 to 100% for 

diastolic and systolic blood pressure. The mean change in heart rate in 

these studies was less than one beat per minute. Jq~gf.!IJ~)p·~MQ~> 

pf;tti!'!pt§ n=W!'!iY~i:I i1Ji!i~l1S~~·RflgQ\in\@Qimfl t:c!t§Q~~iiWU!'!9~ji.Hi~~gi 

<~)((;~§§tv~ •• f.!tt~9t§~gn1~!99~1e~~Mr~1enti~~llBt~t~J11,1mfi!ftfW,l!!!~.~i.~tit1~ 

p~~i~JJ~§·9P·••IP!h'~~· 9.9!!~:9!1~1§_Q,QQ6 

Patient race and gender did not influtmce the blood pressure lowering effect 

of NISOCOR. Despite the higher plasma concentration of nisoldipine in the 

eideriy, there was no consistent difference in their blood pressure response 

except that the 10 mg dose was somt~what more 1::.fective than in non-elderly 

patients. No postural effect on blood pressure was apparent and there was no 
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.. 
·, evidence of tolerance to the antihypertensive effect of NISOCOR in patients 

treated for up to one year. 

INDICATIONS AND USAGE 

NISOCOR is indicated for the treatment of hypertension. It may be used 

alone or in combination with other antihypertensive agents. 

CONTRAINDICATIONS 

NISOCOR is contraindicated in patients with known hypersensitivity to 

dihydropyridine calcium channel blockers. 

WARNINGS 

tncreaseci angina and/or mvocardial infarction in patients with coronary 

artery disease: Rarely, patients, particularly those with severe obstructive 

coronary artery disease, have developed increased frequency, duration 

and/or severity of angina, or acute myocardial infarction on starting calcium 

channel blocker therapy or at the time of dosage increase. The mechanism 

of this effect has not been established. In controlled studies of NISOCOR in 

patients with angina this was seE:!n about 1.5% of the time in patients given 

nisoldipine, compared w:th 0.9% in patients given placebo. 

PRECAUTIONS 

General: 

Hypotension: Because nisoldipine, like other vasodilators. decreases 
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" peripheral vascular resistance, careful monitoring of blood pressure during the 

initial administration and titration of NlSOCOR is recommended. Close 

observation is especially important for patients already taking medications 

that are known to lower blood pressure. Although in most patients the 

hypotensive effect of NISOCOR is modest and well tolerated, occasional 

patients have had excessive and poor1y tolerated hypotension. These 

responses have usually occurred during initial titration or at the time of 

subsequent upward dosage adjustment. 

Congestive Heart Failure: Although acute hemodynamic studies of 

nisoldipine in patients with NYHA Class 11-lV heart failure have not 

demonstrated negative inotropic effects, safety of NlSOCOR in patients with 

heart failure has not been established. Caution therefore should be 

exercised when using NlSOCOR in patients with heart failure or compromised 

ventricular function, particularly in combination with a beta-blocker. 

Patients with Hepatic lmpainnent: Because nisoldipine is extensively 

metabolized by the liver and, in patients with cirrhosis, it reaches blood 

concentrations about 5 times those in normals, NlSOCOR should be 

administered cautiously in patients with severe hepatic dysfunction (See 

Dosage and Administration) 

lnfonnation for Patients: NISOCOR is an extended release tablet and 

should be swallowed whole. Tablets should not be chewed, divided or 

crushed. NISOCOR should not be administered with a high fat meal. 

Grapefruit juice, w~1ch has been shown to increase significantly the 

bioavailability of nisoldipine and other dihydropyridine type calcium channel 
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blockers, should not be taken with NISOCOR 

Laboratory Teats: NISOCOR is not known to interfere with the interpretation 

of laboratory tests. 

Drug Interactions: A 30 to 45% increase in AUC and C,... of nisoldipine 

was observed with concomitant administration of cimetidine 400 mg twice 

daily. Ranitidine 150 mg twice daily did not interact significantly with 

nisoldipine (AUC was decreased by 15 - 20 %). No pharmacodynamic 

effects of either H2 antihistamine were observed. 

Pharmacokinetic interactions between nisoldipine and beta-blockers (atenolol, 

propranolol) were variable and not significant. Propranolol attenuated the 

heart rate increase following administration of immediate release nisoldipine. 

The blood pressure effect of NISOCOR tended to be greater in patients on 

atenolol than in patients on no other antihypertensive therapy. 

Quir.idine at 648 mg bid iRsreasea ~@gf@l~~ the bioavailability (AUC) of 

nisoldipine by26't'u. but not the peak concentration. The immediate release, 

but not the coat-core. formulation of nisoldiplne increased plasma quinidine 

concentrations by about 20 %. This interaction was not accompanied by 

ECG changes and its clinical significance is not known. 

No significant interactions were found between nisoldipine and warfarin or 

digoxin. 

Carcinogenesis, Mutagenesis, lmpainnent of Fertility: Dietary 

administration of nisoldipine to male and female rats for up to 24 months 
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.. (mean doses up to 82 and 111 mg/kg/day, U and ~ times tlle maximum 

recommended human dose {MRHD} on a mg/m2 basis, respectively) and 

female mice for up to 21 months (mean doses of up to 217 mg/kg/day, gg 
times the MRHD on a mg/m2 basis) revealed no evidence of tumorigenic 

effect of nisoldipine. In male mice receiving a mean dose of 163 mg 

nisoldipine/kg/day Cl~ times the MRHD of 60 mg/day on a mg/m2 basis), an 

increased frequency of stomach papilloma, but still within the historical range, 

was obstlrved. No evidence of stomach neoplasia was observed at !ewer 
.,,..) ~ ~~ 

doses (up to 58 mg/kg/day}. NisQJQloine __ li:H.ea .negativ~n-a.battei¥ of ~co~..,\~ 
64~.:r, ,. .. cf.~ ~A~ 44t .....( .ff..t. C.tf0~(,.RPT ll<C~ C{.r ""'"-u.. · 

9'aenicitv a elastege11icity tests. ~-~ '""' vi.10 ~·1<..... a 
11AICND•"'4'.c.( ~ ~ ,,,_ v"'"? .t.lfO CLU.. ~ c.fo{lo~ l'~, 
When administered to male and female rats at doses of up to 30 mg/kg/day 

(1~mes the MRHD on a mg/m2 bas~~) nisoldipine had no 

effect on fertility. 

Pregnancy Category C: Nisoldipine was neither teratogenic nor fetotoxic at 

doses that were not maternally toxic. Nisoldipine was fetotoxic but not 

teratogenic in rats and rabbits at doses resulting in maternal toxicity (reduced 

maternal body weight gain). In pregnant rats, increased fetal resorption 

(post-implantation loss) was observed at 100 mg/kg/day and decreased fetal 

weight was observed at both 30 and 100 mg/kg/day. These doses are, 

respectively, about 5 and 16 times the MRHD when compared on a Qody ill\~ / 1v1 2 b~i.; 

surface area ba&is. In pregnant rabbits, decreased fetal and placental 

weights were observed at a dose of 30 mg/kg/day, about 1 O times the MRHD 

i"'&J. "')._ when compared on a.bo surface area basis. In a study in which pregnant 

monkeys (both treated and control) had high rates of abortion and mortality, 

the only surviving fetus from a group exposed to a maternal dose of 100 mg 

nisoldipine/kg/day (about 30 times the MRHD when compared on a oocry- 1--'-0 / .... 1 b..,:> 
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" s1:1Ffaee ar:ea basis) presented with forelimb and vertebral abnormalities not 

previously seen in control monkeys of the same strain. There are no 

adequate and well controlled studies in pregnant women. NISOCOR should 

be used in pregnancy only if the potential benefit justifies the potential risk to 

the fetus. 

Nursing Mothers: It is not known whether nisoldipine is excreted in human 

milk. Because many drugs are excreted in human milk, a decision should be 

made to discominue nursing, or to discontim;e NISOCOR, taking into account 

the importance of the drug to the mother. 

ADVERSE EXPERIENCES 

More than 6000 patients world-wide have received nisoldipine in clinical trials 

for the treatment of hypertension, either as the immediate release or the 

NISOCOR extended release formulation. Of about 1,500 patients who 

received NISOCOR in hypertension studies, about 55% were exposed for at 

least 2 months and about one third were exposed for over 6 months, the 

great majority at doses of 20 to 60 mg daily. 

NISOCOR is generally well-tolerated. In the U.S. clinical trials of NISOCOR in 

hypertension, 10.9% of the 921 NISOCOR patients discontinued treatment 

due to adverse events compared with 2.9% of 280 placebo patients. The 

frequency of discontinuations due to adverse experiences was re:ated to 

dose, with a 5.4% discontinuation rate at 10 mg daily and a 10.9% 

discontinuation rate at 60 mg daily. 

The most frequently occurring adverse experiences with NISOCOR are those 

related to its vasodilatcr properties; these are generally mild and only 

12 19 January 1995 



" occasionally lead to patient withdrawal from treatment. The table below. from 

U.S. placebo-controlled parallel dose response trials of NISOCOR using 

doses from 10 - 60 mg once daily in patients with hypertension, lists all of 

the adverse events, regardless of the causal relationship to NiSOCOR, for 

which the overall incidence on NISOCOR was both >1% and greater with 

NISOCOR than with placebo. 

Nisoldipine (%) Placebo(%) 

Adverse Event (n=663) (n=280) 

Peripheral Edema 22 10 

Headache 22 15 

Dizziness 5 4 

Pharyngitis 5 4 

Ai!R&Ria 4 4 .wf-~ - IJ.~_,. 

Vasodilation 4 2 

Sinusitis 3 2 

Palpitation 3 1 

Chest Pain 2 1 

Nausea 2 1 

Rash 2 1 

Only penpneral edema and possibly dizziness appear to be dose related. 

Adverse Placebo ~I SOC OR NISOCOR NISOCOR NISOCOR NISOCOR 

Event 10 mg 20 mg 30 mg 40mg 60 mg 

(Rates in%) N=280 N=30 N=170 N=105 N=139 N=137 
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,. 
Peripheral 10 7 15 20 27 29 

Edema 

DizZiness 4 7 3 3 4 10 

The common adverse events occurred at abcut the same rate in men as in women, 

and at a similar rate in patients over age 65 as in those under that age, ·:Ufg,t 
Ji*OSp*ian that headache was much less common in older patients. Except for 

peripheral edema and vasodilation, which were more common in whites, adverse 

event rates were similar in blacks and whites. 

The following adverse events occurred in ~ 1 % of all patients treated for 

hypertension in U.S. and foreign clinical trials, or with unspecified incidence in other 

studies. Although a causal relationship of NISOCOR to these events cannot be 

established, they are listed to alert the physician to a possible relationship with 

NISOCOR treatment. 

Body As A Whole: celluliti&, chills, facial edema, fever, flu syndrome, 

malaise, 

Cardiovascular: atrial fibrillation, cerebrovascular accident, congestive heart 

failure, first degree AV block, hypertension, hypotension, jugular venous 

distension, migraine, myocardial infarction, postural hypotension, ventricular 

extrasystoles, supraventricular tachycardia, syncope, systolic ejection 

murmur, T wave abnormalities on ECG (flattening, inversion, nonspecific 

changes), venous insufficiency, 

Digestive: abnormal liver function tests, anorexia, colitis, diarrhea, dry 

mouth, dyspepsia, dysphag:a, flatulence, gastritis, gastrointestinal 
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... hemorrhage, gingival hyperplasia, glossitis, hepatomegaly, increased 

appetite, melena, mouth ulceration. 

Endocrine: diabetes mellitus, thyroiditis, 

Hemic and Lymphatic: anemia, ecchymoses, leukopenia, petechiae, 

Metabolic and Nutritional: gout, hypokalemia, increased serum creatine 

kinase, increased nonprotein nitrogen, weight gain, weight loss, 

Musculoskeletal: arthralgia, arthritis, leg cramps, myalgia, myasthenia, 

myositis, tenosynovitis, 

Nervous: abnormal dreams, abnonnal thinking and confusion, amnesia, 

anxiety, ataxia, cerebral ischemia, decreased libido, depression, hypesthesia, 

hypertonia, insomnia, nervousness, paresthesia, somnolence, tremor, vertigo, 

Respiratory: asthma, dyspnea, end inspiratory wheeze and fine rales, 

epistaxis, increased cough, laryngitis, pharyngitis, pleural effusion, rhinitis. 

sinusitis, 

Skin and Appendages: acne, alopecia, dry skin, exfoliative dermatitis, 

fungal dermatitis, herpes simplex, herpes zoster, maculopapular rash, 

pruritus, pustular ras:-,, skin discoloration, skin ulcer, sweating, urticaria, 

Special senses: abnormal vision, amblyopia, blepharitis, conjunctivitis, ear 

pain, glaucoma, itchy eyes, keratoconjunctivitis, otitis media, retinal 

detachment, tinnitus. watery eyes, taste disturbance, ternpo;ary unilateral 

loss of vision, vitreous floater, watery eyes, 

Urogenital: dysuria, hematuria, impotence, nocturia, urinary frequency, 

increased BUN and serum creatinine, vaginal hemorrhage, vaginitis. 

~,,,;-oA. ~ 
In addition to"NISOCOR. there is extensive experience with the immediate 

release formulation of nisoldipine. Adverse events were generally similar to 
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those seen with NISOCOR. Unusual events observed with immediate 

release nisoldipine but not observed with NISOCOR, were one case each of 

angioedema and photosensitivity. Spontaneous reports from postmarketing 

experience with the immediate release formulation of nisoldipine have not 

revealed any additional adverse events not identified in the above listings. 

OVERDOSAGE 

There is no experience with nisoldipine overdosage. Generally, overdosage 

with other dihydropyridines leading to pronounced hypotension calls for active 

cardiovascular support including monitoring of cardiovascular and respiratory 

function, elevation of extremities, judicious use of calcium infusion, presser 

agents and fluid.:;. Clearance of nisoldipine would be expected to be slowed 

in patients with impaired liver function. Since nisoldipine is highly protein 

bound, dialysis is not likely to be of any benefit; however, plasmapheresis 

may be beneficial. 

DOSAGE AND ADMINISTRATION 

The dosage of NISOCOR must be adjusted to each patient's needs. Therapy 

usua:ly should be initiated with 20 mg orally once daily, then increased by 10 

mg per week or longer intervals, to attain adequate control of blood pressure. 

Usual maintenance dosage is 20 to 40 mg once daily. Blood pressure 

response increases over the 10 - 60 mg daily dose range but adverse event 

rates also increase. Doses beyond 60 mg once daily are not recommended. 

NISOCOR has been used safely with diuretics, ACE inhibitors, and beta-
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•' blocking agents. 

Patients over age 65, or patients with impaired liver function are expected to 

develop higher plasma concentrations of nisoldipine. Their blood pressure 

should be monitored closely during any dosage adjustment. A starting dose 

not exceeding 10 mg daily is recommended in these patient groups. 

NISOCOR tablets should be administered orally once daily. Administration 

with a high fat meal can lead to excessive peak drug concentration and 

should be avoided. Grapefruit products should be avoided before and after 

dosing. NISOCOR is an extended release dosage form and tablets should be 

swallowed whole, not bitten or divided. 

17 19 January 1995 



.. 

HOW SUPPLIED 

NISOCOR extended release tablets are supplied as 10 mg, 20 mg, 30 mg, 

and 40 mg round film coated tablets. The different strengths can be 

identified as follows: 

Str&ngth 

10 mg Oyster 891 on one side and 

MILES 10 on the other side. 

20 mg Yellow Cream 892 on one side and 

MILES 20 on the other side. 

30 mg Mustard 893 on one side and 

MILES 30 on the other side. 

40 mg Burnt Orange 894 on one side and 

MILES 40 on the other side. 
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• . . . NISOCOR Tablets are supplied in: 

Bottles of 30 

Bottles of 100 

Strength 

10 mg 

20 mg 

30 mg 

40 mg 

10 mg 

20 mg 

30 mg 

40 mg 

Unit Dose Packages of 100 10 mg 

20 mg 

30 mg 

40 mg 

NOC Code 

0026-8911-30 

0026-8921-30 

0026-8931-30 

0026-8941-30 

0026-8911-51 

0026-8921-51 

0026-8931-51 

0026-8941-51 

0026-8911-48 

0026-8921-48 

0026-8931-48 

0026-8941-48 

The tablets should be protected from light and moisture and stored below 86°F 

(30°C). Dispense in tight, light-resistant containers. 
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Distributed by: 

Made in Germany 

Miles Inc. 

Pharmaceutical Division 

400 Morgan Lane 

West Haven, CT 06516 USA 
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DEPARTMENT OF HEALTH&. HUMAN SERVICES Pubhc Health Service 

0 
Food and Drug Adm1nistrat1or. 
Rockville MD 20857 

NOA 20·356 

Miles Inc. 
Phc.rmaceutical Division 
Attention: Nancy C. Motola, Ph.D. 
400 Morgan Lane 
West Haven, CT 06516-4175 

Dear Dr. Motola: 

MAA 251994 

Please refer to your March 31, 1993 new drug application submitted under section 505(b}(1} 
of the Federal Food, Drug and Cosmetic Act for nisoldipine . coat core tablets. 

We also acknowledge receipt of your amendments and correspondence dated May 24 (two}, 
June 3 and 8, July 15, 16, and 26 (two), August 2 and 17, September 2, 13 (two}, 16, 24, 
27, and 28, October 7 (two) and 14, November 4 (two), 10, 16, and 23 (two), and 
December 6, 9, and 29, 1993; and January 28, February 7, 8, and 24 (two}, and 
March Hi, 1994. 

We have completed our review and find the information presented is inadequate and the 
application is not approvable. Under section 505(d} of the Act and 21 CFR 314.125(b} the 
data and inlormation submitted do not establish safety and efficacy of nisoldipine (BAY k 5552) 
coat core tablets. The deficiencies may be summarized as follows: 

1 . Your proposed expiry date cannot be properly evaluated with the data submitted. 
Therefore, please submit additional stability data, especially in support ol the shelf life 
specification limits proposed for the nitropyridine compound. 

2 . Before the application can be approved, . must include a stereochemical 
identity test to demonstrate that the new drug substance is a racemic mixture as 
described in the enclosed FDA policy statement for new stereoisomeric drugs. 

3. You have not responded to our July 1, 1993 request (item #6) for the maximum 
time that will be allowed between manufacture and packaging of the tablets. 

4. Please submit the updated version ol the procedure that will include the 
system suitability information 

5. Please submit labeling for the unit dose blisters. 

6. We remind you that any reprocessing procedures must be approved, and you must 
submit a proprietary name as soon as possible sc that we will have sufficient time to 
review it. 
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Although the clinical data appear to provide adequate support for the hypertension indication, 
Although nisoldipine significantly improved exercise 

tolerance at trough in two of the four major clinical trials, this was accompanied by an eHect on 
ischemia in only one and on time to angina in only one. Two other studies of good size showed no 
significant eHect on any measure. Although the peak eHects were sligl&tly more prominent, 
especially at 40-60 mg, an eHective angina drug should work throughout the dosing interval. 
In the largest and longest trial (089-042), the only controlled trial lasting rnore than 
two weeks, nisoldipine CC was less eHective than in the other major studies in its effect even on 
peak measurements. 

As noted. nisoldioine was not show11 to be 

As noted in the February 28 and March 2, 1994 telephone discussions between Dr. Charles 
Resnick of this Agency and Drs. Fred Sundermann and Michael Porter of Miles, we are concerned 
about the occurrence of b1 ain tumors in nisoldipine-treated male rats and stomach tumors in 
nisoldipine-treated male mice (specifically, granular cell tumors of the rat brain and 
papillomas of the mouse stomach). 

The tumor findings could possibly have an impact on the approvability of your application. We 
are awaiting your submission of historical control data on the these tumors as well as other 
information requested by Dr. Resnick. The nisoldipine carcinogenicity studies will likely be 
considered by our Carcinogenicity Assessment Committee (CAC) and, should this occur, Miles 
will be invited to make a presentation. 



Page 3 • NOA 20-356 

Within 1 O days after the date of this letter, you are required to amend the application, notify us 
of your intent to file an amendment, or follow one of your other options under 21 CFR 314.120. 
In the absence of any such action FDA may proceed to withdraw the application. Any amendment 
should respond to all the deficiencies listed. We will not process a partial reply as a major 
amendment nor will the review clock be reactivated until all deficiencies have been addressed. 

Should you have any questions, piaase contact: 

Enclosure 

Mr. David Roeder 
Consumer Safety Officer 
Telephone: (301) 443-4 730 

Sincerely yours, 

Robert Temple, M.D. 
Director 
Offic, of Drug Evaluation l 
Ct1nte• fer Drug Evaluation and Research 
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FDA'S POLICY STATEMENT FOR THE 
DEVELOPMENT OF NEW 81'EREOISOMERIC DRUGS 

L INTRODUCTION AND BACKGROUND 

Stereoiaomen are moleeulet that an idenUcal in atomic canatitution and 
bondiai, but differ in tba dare• 1imevsfonal anupmeat oC the 1tom• hr U. 
purpoee ot thia document, tbe·lt~ pm. ot put.at intmwlt uribaM 
With one or more uymmetric (cbiral) cen&en whole en1ntfo111N'I (iDdmda.11 
1tereoilomen) are minor im1pa. '11w7 ban ... t:i.U7 ldenti-1 pb,lica1 .... 
(r.mcept for optical rotatozy) and ehemiCll (ewpt bl a· c:bira1 emirmimeat) .. 
~!"II>'~ 

Thia document foc:uae1 on illuea relatm, to the ltud7 and pbarmaceutiC91 
development of individual CDUltiomen and racemat.ea. Such lterloilomel 
uaually require IJ)ed•lif.ed chiral tecbniquee for their cornet Jdentifh:atioa. 
c:baractemation, aeparation and meuunment. Tbe7 are often rudil.7 
diltinguiahed by biololical 1yaterm, however, and ma7 ban difl'erent · 
pharmacokinetic propertau (ab110rption, diltribution. biotnmlformation, and 
ucretion) and quantitatively or qualitatived.y different pbarmacolocic or 
toxicol9&'ic efl'ecta. 

When 1tereoi10mera are biololically diltiniuiahable. tbe7 miibt IMID to be 
diff'erent drugs, 71t it baa been put practice to develop racem1te1 (i.e., compound 
with &0:50 proportion of enantiomen). The plGp8l1:iea or the individul 
enantiomera have not 1enerall7 been well studied or c:blracterised. Wb:t'-er 
eeparated enantiomera lhould be developed wu larply an acaden!lc quelti«m 
becauae commercial Mparation of racemate1 wu diflicult. Now that 
technoloeical advancu (tarp llCale chiral Mparation poceduru or uJ11111*ric 
1yntheae1) permit production of many aingle enantiomera OD a commercial aceJe, 
it ia appropriate t.o comider what FDA'• policy with respect to ltereoilomeric 
mizturea ahould be. Development or racematu railea iuuea of acceptable 
manufacturing control of ayntheail and impurit:ea, adequate pharmacolocic and 
t.oxicologic a11e11ment, proper characterization of metaboliam and diltribu.tion, 
and appropriate clinical evaluation. 

It 1hould be noted that the term •atereoisomers• i1 a general one for all itmn-1 
that differ only in the orientetion of the atoms in apace. Stereoiaomera include 
not only the mirror image enantiomera, but alao reometric (cisltranl) iaonw'I 
and diastereoi10mera (ilomen or drup with more than one chiral center tb.t are 
not mirror images of one another). Diastereoi10mera and geometric iaolNil are 
both chemicalJy distinct and pbarmacololically different (unlesa the7 are 
interconverted in vivo) and are generally readily aeparated without chiral 
techniques. Geometric ilomera and diaatereoi10mera therefore ahould, with the 
rare exception of caaes where in vivo interconveraion occura, be treated al 
aeparate drugs and developed accordingly. There ia no reason to conaider 
developing mixturea of geometric isomera or diaatereoiaomera unlesa they 
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fortuitously :-;;tii-uent a reasonable med dote combination C1ee 21 CFR 300.60). 
Even m that ca.le, whet.her the optimal ratio of the two iaomen ia the ratio 
Dl'Oduced by an undirected or unmodified 1ynth11ia lbould be critically eumi0 ecl 
ln pneral, reomotric iaomen have been developed .. lincle iaomen. Practice 
with reapec:t to diutereoiaomen hu been variable. TM1e cat.econ• of 
atereoiaomer1 will not be .:omidUed further in W. document. 

Exem!nation ofcuea in which the"propertieiOfenentiomen have been aialuat.ecl 
nveall 1> iDltancu in which both memben bad n..W•r delirable &etivitiea ~ 
enantiomen of dobutemjn411 are pollitive inotropu; both ibuprofen enanti""""I 
are anti-inO•mm•tory agents; both enantiomen of warf'arin and pbenprocoumon 
are anticoagulant.a; the enantiomers of bupivicaine both produce local an81tbem•, 
the enantiomera of the quinolonea and the j5-l1ctam antibiotics are all 
antlDacterial), 2) inltancu in which one member of a pair wu pbarmacologically 
active and the other inactive 0-propranolol is a IS-blocker; d-propnm«>lol ia not), 
and 3) caaee in which the enantiomen bad com:Plet.ely dift'.erent actititie11 Cd· 
10talol is a type 3 antiarrhythmic while 1-eotalol is a ~bl~~) or h ciiff'erent 
concentration-response relationships for a given property. While inactivity of one 
member or a pair might be ccnsidered trivial, there are iDltances in which 
toncity baa been linked to one member of a pair of ltereoiaomera, not neceuarily 
the active isomer (granulO<'ytopenia is related to the d-iaomer oflevodopa; 
vomiting is caused by the d-isomer oflevamisole; and myuthenia gravis 
1ymptoma were no longer observed when the d-isomer was removed from ciJ­
camitine), and there are ,,xamples of an eft'ect on the dispolition of one membet' of 
a pair by the other. In ':i.ddition, there are many C8l8I in •thich enantiomers have 
been ehown to have d;fferent pharmacokinetic behavior. Dift"ereni:es in 
pharmacokinetic bet.avior may not poae a major therapeutic problem althouih it 
can make non-c:hirrJ blood level assaye difficult to interpret with respect to activity 
and confuse intezpretation of non-clinical data if the pharmacokinetic propertiea 
of the isomers in animals differ from those in humans. 

While some enantiomeric pairs have had interesting and ueeful therapeutic 
properties {e.g., dl-sotalol, dl-dobutamine), there is no reason to expect the 
optimum ratio of the components to be the 1:1 ratio ofa racemate (i.e., the dose· 
response curves would not usually be expected to be congruent). 

Despite the problems identified with aom<? racemates, the common practice of 
developing racemates has resulted in few recognized adverae consequences. · 
Alt.hough it is now technc1logically feasible to prepare purified enantiomers, 
development of racemate11 may continue to be appropriate. However, currently 
available information s~eats that the following should be conside.-ed in product 
development: 

1. Appropriate 11Danufacturing and control procedures ehould be 
used to assure stereoisomeric composition of a product with respect 
to identity, strength, quality and purity. Manufacturers should 
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notify compendia oC tbue iqiecificaticma and &Mta. 

2. Pbarmacokinetic avaluaticma that do not ue a chiral auay will be 
milleadinc if the di1po1ition or the enantiomera ii different. 
Therefore, technique1 to quantify iDcliTidual 1tereoliomen in 
pharmacokinetic umple1 1bould be available early. If the 
pbarmacokinetica or tU wntiomen ... demomtrated to be t.be 
ume or to emt ·U a fixecl-ratio in the tarpt population, an acbira1 
uaay or an auay that monitors oae of &be en1ntiomera may be uaed. 
aubaequently. 

ll. POLICY 

General 

The 1tereoisomeric compolition or • druc with • chiral center lhould be 
mown and the quantitative illomeric compolition oC the material used in. 
pharmacologic, to:licologic, and clinical 1tudie1 blown. Specificatiou for 
the 6nal product should usure identity, strength, quality, and purity from 
a 1tereochemical viewpoint. 

To evaluate the pharmacokinetica of a single enantiomer or mixture of 
enantiomera, manufacturers lhould develop quantitative uaaya for 
individual enantiomera in in viuo umples early in. drug development. 
Thia will allow aaaesament oC the potential for intarconvel'lion and the 
absorPtion, dilltribution, biotramf'ormaticm. "and acretion (ADBE) profile or 
the individual isomers. When the druc product ia a racemate and the 
pbarmacokinetic profiles or the iBomen are different, manufacturers 
lhould monitor the enantiomers individually to determine 1ucb properties 
aa dose linearity and the effects of altered metabolic or excretory function 
and d~-drug interactions. H the pharmacokinetic profile is the same for 
both isomers or a futetl ratio between the plaema levels or enantiomera ill 
demonatrated in the target population, an achiral auay or an auay that 
monitors one of the stereoisomers lhould 1u0iet1 for later evaluation. In 
vivo measurement of individual enantiomen ahould be available to help 
aaaess toxicologic findings, but if thill cannot be achieved, it would be 
sufficient in some cases to establish the kinetics orthe isomers in humane, 

Unless it proves particularly difficult, the main pharmacologic activities of 
~::i isomers should be compared in in. vitro systems, in anjmala and/or in 
bumana. 

A relatively benign to:licologic profile uainc the racemate would ordinarily 
support further development without 1eparate to:licologic evaluation of the 
individual enantiomera. H, however, there are to:lic fuidjnga other than 
thoae that are natural extenaiona of the pharmacologic eft'ecta of the drug, 
and especially if they are wiuaual or occur near the effective doae in 
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onjmal1 or near the planned human apc19ure, t.osicololic evaluation of the 
individual iaomera in the study where &he t.osicity wu det.ec:ted abould be 
undertaken. 

FDA invitea diacuuion with 1pOmora concemiDc whether to punue 
development ot the racemate or Ole individual eD&Dtiomer. .AU informat:Um 
deYelopecl by the 'JIODIOI' or avaDable from tbe literature that ii n1naDt to 
the chemistry, pbarmacoloa, todcolo&:J, or clinical adiom of the -
atereoilomera should be included in the IND and NDA auhmialicma. 

Spes:jfis 

The chemistry section ot the application should contain the requisite 
information to aaaure the identity, quality, purity and strength ot the drug 
1ubatance and drug product. In addition, the following coDllideraticma 
sho·. ltt be take· · ? uto account when dealing with chiral drug aubatancee and 
drug product&. 

Methods and Specifications 

Drug Sub11tance 

Applications for enantiomeric and racemic .drur 1ubstanc:e1 should include 
a atereorhemically specific identity teat and/or a atereochemically aeledift 
aaaay method. The choice of the controh should be baaed upon the 
aubatance'a method of manufacture ar.d stability c:haracteriatica. 

Drug Product 

Applications for drug products that contain an enantiomeric or racemic 
drug substance should include a stereochemically 1pecific identity teat 
and/or a stereochemically selective aasay method. !l'be choice ot the 
controls should be baaed upon the product'• composition, method of 
manufacture and stability characteristics. 

Stability 

The stability protocol for enantiomeric drug substances and drug product.a 
should include a method or methods capable of asse1sing the 
1tereochemica] integrity of the drug substance and drug product. However, 
once it has been demonstrated that 1tereochemical conversion does not 
occur, stereoseJective tests might not be needed. 

Labeling 

•' 



The labeling lhould include a unique utabHlhecl name and a cbemiml 
name with the appropriate 1tereochemical delCripton. 

Pharmacolo11 

The pharmacoloeic acti'titJ ot the individual en•0 tiomen lhould be 
dwicterized for the pnnepal phannacolopc eft'ect and any other 
Important pharmacological eft'flCt, with rupec:t to potency, eperi&d9, · · · 
m•rimum eft'ect, etc. 

Pharm.ac:okinetic Profile 

To monitor in vivo interconvenion and dapoaition, the pharmacokinetic 
profile of each isomer lhould be characterized in •nimal1 and later 
compared to the c:linical pharmacokinetic profile obtained in pha• L 

Toricology 

It ia ordinarily 1ufticient to carry out tozicity studies an the ncernate. If 
toxicity other than that predicted from the pbarlb8colopc propertiea ot'the 
dnJg OCCW'I at relatively low multiples of the expCllUfe plenned fbr clinical 
trials, the toxicity study where the unapected toxicity occurred lhoald be 
repeated with the individual isomen to ascertain whether only oae 
enantiomer wu responsible for the tosicitJ. · If toxicity of sipificant 
concern can be eliminated by development of a lincl• iaomer with the 
1.uired pharm.acologic eft'ect. it wowd in pneral be desirable to do ao. 'lbe 
<IPDcy would be pleased to di1CU1s any cue1 where questiom eriat 
regarding the definition or•1ignificant toxicity". 

Impurity LUmts 

• 

It ii essential tD determine the concentration of each isomer and define 
limits for all isomeric components, impurities, and contaminants on the 
compound tested preclinically that ii intended for uae in clinical tria1a. Tbe 
marimum allowable level of impurity in a stereoisomeric product employed 
in clinical trials should not exceed that present in the material evaluated in 
nonclinical toxicity studies. 

Developing a Single Stereoiaomer Aft.er the Racemate ia Studied 

To develop a single stereoisomer from a mixture that has already been 
- studied non-c!inically, an abbreviated, appropriate 
pharmacology/toxicology evaluation could be conducted to allow the matmc 
knowledge of the racemate available to the sponaor to be applied to the pun 
stereoisomer. Bridging studies would usually include the longeat repeat-
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cloae toxicity atudy conducted (up to S mcmtha), and the reproductive toDc:ity 
aepnent ll atudy in the moat aemitive apeciea, uaillC the ainlle 
411Wltiomer. Tbeae atudiu ahould iDdude a poaiti•e control IJ'Oup 
conaiating of the racemate. If there ta DO di11'erence between the 
tozicoloric:al profile of the 8iJlrle atereoiaomeric product and the racem•te, 
DO further atudiea would be needed. If the aincle enantiomer ia more tmic:, 
the u:pl•n•tion ahould be BOUlht ancl the implicatiom for b11m•n War. 
couidered. 

ClnfcaJ and Bioph•rmeceatlcaJ· 

Where little difference ia obaerved in ac:ti'Vit)' Uld diapoGtion of the 
enantiomera, racematea may be developed. 

In 10D1e aituatiom, dnelopment of a aincle emmtiomer ia partic:uluiy 
cleairable (e.g., where one enantiomer bu a tome or undeairable 
pharmacologic effect and the other doea not). A &ignal that iahould triger 
further inve~tigation off e properties of the individt•<oJ enantiomera and 
theu aactive metabolites ia the occurrence at cllillcal doses oftoxicit)' with 
the raCEmate that ia not clearly upected &om the pharmacology of the 
drug or the occurrance of any other unupected pharmacologic effect with 
the racemate. These signals might be explored in animals but bnm•n 
testing may be esaential. It ahould be appreciated that tozicity or unvmal 
pharmacologic properties might reside not in the ·parent iaomer, but in an 
iaomer-apecific metabolite. 

In general, it is more important to evaluate both enantiomera clinically and 
considP.r developing only one when both enantiomera are 
pharmacologically active but differ significantly in potency, specificity, or 
maximum effect, than when one isomer ii esaentially inert. Where both 
enantiomers are fortuitously found to carry desirable but ditferent 
properties, development of a mixture of the two, not neceaaarily the 
racemate, as a fixed combination might be 1USOnable. 

If a racemate is studied, the pharmacokinetica of the two iaomera ahould be 
studied in Phase 1. Potential interconversion should alao be examined. 
Based on Phase 1 or 2 pharmacokinetic data in the target population, it 
ahuuld be possible to determine whether an achiral assay or monitoring of 
jwit one enantiomer where a fixed ratio is confirmed will be aufficient for 
pharmacokinetic evaluation. 

If a racemate has been marketed and the sponaor wiahes to develop the aingle 
enantiomer, evaluation should include determination of whet.her there ia 
significant conversion to the other isomer, and whether the pbarmacoJr:inetica of 
the single isomer are the same as they were for that isomer as part of the 
racemate. 
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FEB 2 !900 

CSO Application Overview 

Application: NOA 20-356 
Nisoldipine Coat Core Tablets 

Sponsor: Miles Pharmaceuticals 

NOA Receipt Date: April 1, 1993 

NOA Resubmission Date: August 3, 1994 

User Fee Goal Date: February 3, 1995 

Date of Overview: November 28, 1994 

Background 

NOA 20-356 provides for the use of a sustained release (once-daily) formulation of nisoldipine 
in the treatment of hypertension. No formulation of nisoldipine is currently approved in the 
U.S. 

A non-approval letter was issued on March ~5. 1994, that listed deficiencies in the 
Chemistry, Pharmacology, and Clinical sections. The firm responded fully to this letter on 
August 3, 1994. In resubmitting the NOA, they 

Review -

Chemjstry 

Reviewer: Danute Cunningham 

Reviews: 6/7/93 11 /29/93 2/4/94 9/16/94 

Ms. Cunningham's review of the application has been completed. 

The trade name "Nisocor" has beer, approved by the Nomenclature Committee. 

The facility inspection has been completed and was found to be satisfactory. We received a 
satisfactory response to our FUR on November 22, 1994. 

The deficiencies outlined in the environmental a:ssessment review were sent to 
the firm on October 27, 1994. The response from the firm has not been 
received yet. 



,....- Pham1acology 

Reviewers: 

Review: 

Xavier Joseph, D.V.M. 
Sidney Stolzenberg, Ph.D. 

September 2, 1994 

The reviewers comments have been incorporated into the draft labeling. The application went 
before the CAC, and the recommendations from that committee have also been incorporated into 
the labeling. The minutes of the CAC meeting have not been completed yet. 

Bjopharmaceytics 

Reviewer: Patrick Marroum, Ph.D. 

The Biopharm Day was held for this application, revisions have been made, and the draft is now 
under supervisory review. 

Dr. Marroum has made a number of comments including extensive revisions of the labeling (see 
pp 13-16 of Or. Marroum's review). The labeling recommendations have been incorporated 
into the draft package insert. He has also recommended that the dissolution specifications be 
revised as follows: 

from: 3 hours 15 to 
6 hours 
12 hours NLT 

Statistical 

Reviewer: Nancy Smith 

Review (hypertension): 

to: 

1 /4/94 

3 hours 
6 hours 
12 hours NLT 

Dr. Smith has reviewed only the hypertension indication. There were no serious prob1ems 
identified in the review. 

Clinical 

Reviewers: Shaw Chen, M.D., Ph.D. (Clinical Pharmacology) 2/16/9 4 
Phil Dern, M.D. (Safety): 9 / 2 719 3 
Cristobal Duarte, M.D. (hypertension): 8 / 4 / 9 3 
Norman Stockbridge, M.D., Ph.D. (angina): 8 / 4 / 9 3 

The reviewers recommend approval for the hypertension indication. 

The final safety update is under review. 



PSI Aydjts 

Four of the seven requested OSI audits are completed. There have been no problems so far. 

Labeling 

Dr. Chen has provided a marked up copy of the package insert. 

~ ( K. --~ikJ)_~~~G 
David Roeder 
Consumer Safety Officer 

dr/9-4-94/9-27-94/10-28-94/11-23-94/11-28-94 

cc: NOA 20-356 
HFD-110 
HFD-111/DRoeder 



MEMORANDUM DEPARTMENT OF HEALTII & HUMAN SERVICES 
Public Health Service 
Food and Drug Administration 
CDER/ODE-1/DIV CARDIO-RENAL DRUGS 

EJ:2m: 
Ihrou1m: 
IJt: 

Shaw T. Chen, M.D., Ph.D., Medical Group Leader, HFD-~· 
Director, Division ofCardiorenal Drug Produ..ts, HFD-110 
Director, Office of Drug Evaluation L HFD-100 

SUBJECI: NDA 20-356, Nisoldipine Core-Coat for Hypertension, Approvabillty 

QVERVIEW 

NOV 21 1994 

This memorandwn and the attached material constitute the Division's recommendation that 
NDA 20-356, Nisoldipine Core Coat (referred to as CC formulation) Tablets be approved for 
treatment of hypertension. 

This package is being transmitted with a draft Summary Basis of Approval (SBA) prepared 
by the sponsor, which has not been edited by the Division but appears to be accurate in its contents 
to serve as one of the references for secondary/tertiary reviews of the application. In the draft 
SBA. any description or interpretation of the data different from that of this memo should be 
disregarded. 

As one of the new team approaches, the primary medical review of the NDA were 
conducted in parallel by the following medical officers: 

Clinical Pharmacology: 
Hypertension -Efficacy: 
Hypertension -Safety: 

Dr. Chen 
Dr. Duarte 
Dr. Dem 

Pharmacology sections of the application were also reviewed concurrently by two reviewers (Drs 
Joseph and Stolzenberg); a synoptic summary of all pharmacologic issues has been prepared by 
Dr. Joseph. As of the date of this memo, the chemistry, biopharrnaceutical, phannacological and 
statistical reviews have been completed. The.re are no major, unresolved preclinical issues which 
may affect the action recommended. Related labeling have been suitably edited. 

Nisoldipine is a new calcium channel blocker of the dihydropyridine type and structurally 
related to nifedipine. It appears to be a less active inotrope than nifedipine in vitro but the two were 
not distinguishable in intact animals. There are no major efficacy or safety issues that should 
preclude the approvability of this drug for the hypertension. 

The adverse experiences in the NDA have been amended with the F1CSt Safety Updates of 
08/ 17 /93. Selected major trials should be inspected before final approval of the application. 
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PRECLINICAL EVALUATIONS 

Chemistry 

NDA20-356 

There are no outstanding issues regarding the manufacturing and analytical controls. Final 
inspection will be scheduled. 

Preclinical Pharmacology 

Nisoldipine has been adequately clwacterized with respect to its preclinical 
pharrnacokinetic and pharmacodynamic properties. There are no outstanding issues related 
to animal toxicity or carcinogenicity which may affect approvability of the drug. 

Changes in proposed labeling, as recommended by the pharmacology reviewers, are 
summarized and commented below. They have been adopted with minor modification. 

Negative findings in carcinogenic studies should be qualified with the dosages 
studied, comparison with human dose should be based on both body weight and 
surface area calculations. 
Fetotoxicities in animals are suggestive, not conclusive. However, detailed 
description of the problematic monkey studies is not necessary. Again, basis of 
safety margin (toxic animal dose vs maximal human dose) should be specified 
(body weight and surface area). 
The pharmacology reviewers do not think malformation is increased in rabbits. 
Other recommendations related to fetotoxicity in rats/rabbits, sections of l.Abor and 
Delivery, and Nursing Mothers are all appropriate (Pharmacology Review, p 145). 

CLINICAL PHARMACOLOGY 

Pharmacokinetics/Pharmacodynamics 

At the proposed dosages of 10-40 mgs, the pharmacokinetic profile of nisoldipine CC 
formulation supports a once-daily regimen. Compared with the inunediate release (IR) 
form, availability of nisoldipine from the CC tablets was prolonged with lower Cmu and 
higher AUC over 24 hrs. Bioavailability of nisoldipine CC was low for the unchanged 
dmg but linear and dose-proportional over the range of I ().6() mg; it accumulates 
moderately after multiple oral dosing (7 days). While nisoldipine is extensively 
metaboliz.ed, the only active metabolite contributes about 10% of the pharmacologic effects. 

The states of both hepatic and renal functions are potentially important for pharmacokinetics 
of the active drug, since nisoldipine is extensively metabolized and excretion of the 
metabolites is predominantly renal. Bioavailability of the parent drug was indeed increased 
by 4-S fold in patients with hepatic failure, but changes in AUC and Cmax due to various 
degree of renal impairment were only transient and diminished with multiple dosing. 
Plasma levels of nisoldipine were also higher in the elderly but dosage adjustment may not 
be required (see Efficacy -Hypertension). Nisoldipine metabolism probably involves P450 
cytochrome system (as nifedipine), but no attempt to identify isozyme has been 
documented. Modest changes in bioavailability of CC nisoldipine were observed with 
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NDA20-356 

concomitant use ofranitidine (dccrcased 15-20%), cimetidine (increased 3045%), 
quinidine (reduced by 25%), and propranolol (tm shorter by 20%). These interactions are 
probably of no significant clinical consequences, but labeling has been edited accordingly. 

As noted in the Oinical Pharmacology and Biophannaccutical Reviews, the problem of 
dose-dumping when nisoldipine CC is administered in a non-fasted state or with grapefruit 
juice (see biophann review of Study 770) can not be ignored. Nisoldipine CC should not 
be administered concomitantly with meal or grapefruit juice, but instead after overnight fast 
and 1-2 hours before breakfast. Appropriate instructions to avoid dose administration in 
such settings have been included in the labeling. 

Nisoldipine is a vasodilating antihypertensive with pharmacodynamic activities similar 
to other approved calcium channel blockers. Cardiovascular and hemodynarnic effects of 
nisoldipine have been fairly well-established. Correlation between nisoldipine dose, 
plasma level and blood pressure-reduction was good over the recommended dosage range; ··· 

Nisoldipine has no appreciable inotropic effects, but its clinical advantages over nifedipine 
has not been documented. Except for T-wave changes mostly at high doses (see Safety), 
nisoldipine had minimal electrophysiolc..gy activities. There is some evidence that iv 
nisoldipine improves coronary blood flow, but its anti-ischemic effect was not established 
in clinical pharmacology studies. 

Nisoldipine did not affect regional blood flow in kidney or liver, and has no significant 
pharmacologic activities on non-cardiovascular systems. 

Biopharmaceutics 

Issues raised in the Bio-pharmaceutical Review are commented as follows. 

The ratio of two enantiorners (and other metabolites) in special patient groups were 
not determined. Since no surprising clinical effects were observed in these patients 
which may required eitplanation, such data are not relevant for approval or 
prescription instruction. 
Nisoldipine is metaboliz.ed by the P-450 enzyme system. but the specific iso­
enzyme involved has not been identified. While metabolism of nisoldipine is not 
eitpected to be significantly different from that of nifedipine, the study should be 
done post-approval, however. 
Inconsistent Cmax (by 2-folds) obtained after a 30 mg dose in two small 
pharmacology studies may be related to the variability in dissolution and need 
further clarification, as different blood pressure reductions from placebo were also 
noted in the efficacy trials (see below). Since no efficacy/safety problems were 
attributed to this variation, approval is not affected. 
~say validation was described in most of the studies, but missing in a few reports. 
It is reasonable to assume that same assay was used in all trials. 
Variations in dose-proportionality in two Phase ll studies were small and of no 
clinical significance. 
Pharmacokinetics and metabolism sections of the labeling have been edited to 
accommodate the reconunendations of Biopharmaceutic Review. 
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NDA20-356 

CLINICAL; EFFICACY 

Major Trials Supporting Approval 

Nisoldipine has been evaluated as an antihypertcnsive treauncnt in 1,914 patients at 
dosages up to 80 mg/day. The efficacy data supporting approval were derived from the 
results of 7 double-blind, parallel placcLo controlled studies in 1,360 patients with 
hypertension, 886 of whom 1cecived nisoldipine. Long-term efficacy was supponed by 
five open-label, 6-12 month follow-up of 554 patients (Studies X89-039, X90-019, X90-
006, 675, 690). 

1bc primary efficacy endpoint in each of these studies was the change in supine diastolic 
blood pressure (SDBP) from baseline at the end of dosing interval (trough effect) after 4-9 
weeks of therapy. Data from five of the seven studies should be considclcd for major 
evidence of efficacy: • - ·· ·-

Studv Doses. mg/day Duration 
D88-054 10, 20, 30 QD 4 wks 
089-026 10-40 QD 9 wks 
090-019 30, 60 QD 6 wks 
089-039 20, 40 QD 8 wks 
090-006 10,20, 30 QD 6 wks 

Remarks 
fixed dose 
dose titrated per response 
fixed dose (after week 1) 
fixed dose (after week 1) 
fixed dose (after week 1) 

In the last three trials listed above, high doses were phased in after one week of low dose 
treatment. It should be noted that in Study D89-039, another group of 15 patients were 
randomized to receive nisoldipinc CC 80 mg qd, but the ann was terminated due to safety 
concerns before collection of efficacy data. Nisoldipine was also compared with verapamiJ 
240 mg (additional group of 78 patients) in this parallel placebo controlled study. 

The remaining two controlled studies may provide instructions on how to use nisoldipine in 
a practical setting, but are not very useful as primary evidence for assessing efficacy of 
nisoldipine (vs placebo in general population who are not treated with other concurrent 
antihypcrtensive agents). Nisoldipine was evaluated in patients all receiving atenolol 50 mg 
qd as background therapy in one study (089-029), and in tbe other (Study 090-029), 
lisinopril, hydrochlorothiazide (HCI'Z) and placebo were compared in the presence of 
nisoldipine in all groups. Results of these studies will be commented in the Section of 
"Comparison/Combination with other Antihypertensives". 

Overall Treatment Effects vs Placebo 

The primary efficacy data in Table 1 on Page 6 demonstrate that nisoldipine, at 20..60 
mg qd, is a consistently and significantly more effective antihypcrtensive agent than 
placebo with adequate duration of activity for once daily treatment. At this dose range, the 
placebo-subtracted net decreases in SDBP at trough ranged from 3.6 to 9.9 nunHg after 4-
9 weeks of therapy. Treatmeut effects were less consistent for the l 0 mg dose, but was 
superior to placebo in the larger trial (090-006) with a decent drop in SDBP. Similar 
results were obtained for supine systolic blood pressures (SSBP) (same Table) and 
standing blood pressUR'.s (~eluding the smallest trial, 088-054, results oat shown in this 
memo). 
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NDA20-356 

The percentages of responders (SOBP reduction of~ 10 mmHg at trough or to s 90 
mmHg) are also sununariud in Table 2 on next page. In the major trials, the response 
rates for 20-60 mg/day were in the range of 17-45% more than that of platcbo. Again, less 
patients (around 17% over placebo) responded to 10 mg dose. 

With respect to blood pressure changes and response rate, there were no significant 
differences between various statistical analyses, i.e. per-protocol or intent-to-treat (final 
visit). 

Oose Response 

The dose-response relationship, at trough, has been examined within LlC range of 10-60 
mg once daily (Tables I & 2, in the associated Figure 1, % response curve was shifted on 
the dose rutis for clarification). While dose of IO mg/day was not consistently better than 
placebo as monotht ;ipy, it is appcill'S that blood pressure reduction may increase further at 
doses above 60 mg (but not for% resjX>nders). Although there are evidence from small 
pilot studies of hypertensive patients that dose-respi>nsc for 30-90 mg/day wa~ rather flat 
(Study 090-022, see Clinical Pharmacology Review), the fmdin.g should be accepted with 
reservation because doS&ges were forced-escalated rapiJly in th'-t study. 1bcre was a 
concern, also in the same early pha&: study, of asymptomatic T-wave changes at high 
doses (see Safety below). However, when doses were increased slowly as in efficacy 
trials, less patients reported the sanv;: abnormality. Besides, such ECG changes were 
common in hypertensive patients and their cli1ucal mcanir.g are rot yet clear. Thus, 
effective doses of nisoldipine CC range from 20 to 60 mg once daily, with a weak support 
for lhe high-end limit. 

Conelation between blood nisoldipine level a:1d blood pressure reduction has been 
demonstrated at trough in several clinical trials. 

Time-Effect Relationship 

While only once-daily regimen was used i11 clinical trials and no dirc:ct comparisol' with 
other dosing schedule was performed, appropriate dosing Interval for 11isoldipine was 
established in the following studies: 

Peak/Trough Effect 

24-hour BPs 

Studies 
088-054, 090-019, 
089-039, 090-006 
088-054, 090-0l'J, 
089-039, 090-006 

10-60 mg/day, QO 

10-60 mg/day, QD 

For the doses stud!ed. the placebo-subtracted trough-to-peak ratios appealed tu be 
acceplable, ranging from 70 to 100% for SDBP and SSBP. 
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NDA20-356 

NISOLDIPINc rtensk>n Efflca 
Final vlslt Placebo subtracted different from 

TABLE 1: Chan 

Ana • da: 20 30 40 60 10-40 
sir rotocol Nlann titrated 

SOBP 088-054 30 
ITT 089-026 72 

090-019 74 
089-039 76 
090-006 52 
wtd SOBP 

SSBP 088-054 1-4 30 . 
'· ITT 089-026 1·9 72 

090-019 1·8 74 
089-039 1·8 76 
090-006 1-6 52 
wtda SSBP 14.90 

TARLE2: Re nse Rate trou h SOBP < 90 or d >10 
Last 
Vist 20 30 40 60 10-40 

sis rotocol Wks titrated 
ITT 088-054 1-4 16.7 i 

089-026 1·9 
090-019 1·6 
089-039 1·8 
090-006 1 ·'> 17.5 
wtd av %re11 n 17.2 i 44.8 

Figure I 
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NDA20-356 

Total of 359 patients from the listed studies were pooled for analysis of 24 hours 
ambulatory blood pressure change, the majority were white (65%) and male (60%). As 
shown by the 24-hour blood pressure curves, treatment effects of at least 5 mmHg 
reduction in SDBP over placebo were maintained during 24 hours for doses 20 mg and 
above (see Figure 2 below). 

It is concluded that although other dosing schedules have not been evaluated, once-daily 
treatment with nisoldipine CC 20-60 mg per day appeaied to be adequate to cover the 
dosing period. 

Figure 2 
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NDA20-356 

Responses in Demographic Groups 

In post hoc analyses (see draft SBA~. nisoldipine appeared to be equally effective in 
male/female, with a slightly more pronounced dose-response relationship in the male 
patients. Despite increased bioavailability in the elderly, dose-response was less evident 
in such patients and there were no significant differences in blood pressure reduction 
0etween groups of age below and above 65 years. While blood pressure responses to 
nisoldipine were nwnerically greater in black than in white patients, such retrospective 
finding should not be described in the labeling or used in promotion. Not surprisingly, 
response to nisoldipine was greater in patients with higher baseline blood pressure, 
with a more significant dose-response relation. 

Comparison/Combination with other Antihypertensives 

Nisoldipine was compared.or combined with the following antihypertensive agents in 3 
controlled trials. 

Comparison &fOUps 
nisoldipine+ateno'"! vs 
nisoldipine+Ji~inov-! 1 vs 
nisoldipine+HCTZ vs 

placebo+a~nolol 
nisoldipine+placebo 
nisoldipine+placebo 

Studies 
089-029 
090-029 
090-029 

While results of the first study listed above indicated that concomitant atenolol did not affect 
the efficacy of nisoldipine CC, the second study suggested that some patients may have 
further response when a diuretic or ACE inhibitor is added. Up to one third of all patients 
received additional antihypertensive therapies in long-tenn, uncontrolled, follow-up 
studies. Overall. not much weight can be placed on these active controlled data for the 
efficacy claim. 

Long-Term Efficacy 

Long-term effectiveness of nisoldipine was evaluated in five open-label studies up to one 
year. Without a placebo conl!vl, reductions in supine blood pressures from baseline 
appeared to be sustained in more than 80% of 554 patients treated with nisoldipine for 6 
months to one year 
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CLINICAL; SAFETY 

Database 

NDA20-356 

The database appeared to be adequate for analysis of the safety of nisoldipine, which 
includes cumulative experiences of nearly 4,200 hypertensive patients as of 10/29/93. Of 
1,466 patients• (921 in US trials) who were lreated with nisoldipineCoat-Care 
fonnulation, about 55% were exposed for at least 2 months (approx. 33% over 6 months) 
and a great majority were on doses of 20 to 60 mg. 

The majority of comparative experience was based on the results of 6 randomired, double­
blind, parallel group, placebo-controlled trials of 4-9 week duration (all U.S. double-blind 
controlled trials, see list in Efficacy Section)", which included 678 patients on nisoldipine 
and 280 patients on placebo. 

Data from the first 120-day Safety Update were not incorporated into the. following 
surrunary, however, the numbers added were small and did not change the safety profile of 
the drug (see Reviews of Safety Update by Dr. Dern). 

Comparative Experiences 

There were no surprising findings in the safety profile of nisoldipine CC used in 
hypertensive patients. Overall frequency and rates of some specific adverse clinical 
experiences and abnormal laboratory findings were more common in nisoldipine than 
placebo treated patients, but none were serious or unexpectedly frequent. 

The percentage of nisoldipine-treated patients reporting an adverse event in controlled 
trials (68%, N=678) was higher than that in the placebo group (53%, N=280). Among the 
adverse experiences, the following were more common for nisoldipine than placebo with 
incidence of?. 3%: 

NjsoldipineC%) 
N=678 

Placebo(%) 
N=280 

peripheral edema 
headache 
dizziness 
asthenia 
vasodilatation 
palpitation 

22 
22 
5 
4 
4 
3 

IO 
15 
4 
4 
2 
1 

# 

* 

F1 om draft SBA. Different numbers of trials and patienls exposed wetc given in Integrated 
Summary and Draft SBA, the later is probably more updated. Some calculations showa below 
were based on data from Integrated Summary of Safety. 
Fo•eign data also included some placebo-controlled safety experiences (D90-006). However. a great 
majority of the non-U.S. studies were not controlled and thus were not considered in comparative 
experiences. Nisoldipine was usc<l in all treatment groups in one U.S. swdy (090-029). but 
rcsulls of that study were not er.eluded from the comparative analysis. 
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As expected, the most commonly reported adverse events were related to nisoldipine's 
vasodilating effects. Most were mild and infrequently leading to withdraw. 

While the overall frequency of adverse experiences was not affected significantly by patient 
age, sex, race, or body weight in the controlled trials, some minor differences in the 
incidence of a few adverse events may change the to!erability of nisoldipine in demographic 
subgroups. Headache appeared to be less common in the elderly, which would be 
surprising if the. adverse event is phannacokinetics-related (see Clinical Phannacology), 
Peripheral edema was more frequent in female (as suspected with other dihydropyridine 
agent) and heavier patients(> 185 lbs), but the sex difference was only seen in foreign 
studies, not in the U.S. controlled trials. Compared to blacks, incidences of headache and 
edema were slightly higher in whites. 

The percentage of nisoldipinl'-treated patients withdrawn due to adverse clinical 
experiences was higherthan.that-<>f placebo (7.8 vs 3.2%, U.S. controlled trials only\ 
and dose-related (up from 5.4% at 10 mg to 10.9% at 60mg). The reasons for withdrawal 
were mostly relatc."d to nisoldipine · s phannacologic activities and within the scope of 
common adverse experiences: 

Reasons 
for wjthdrawal 

headache 
peripheral edema 
vasodilatation 
nausea 
palpitation 
dizziness 

Njsoldipjne{%) 
N=678 

3.8 
2.9 
l.5 
\).9 
0.9 
0.7 

0.4 
0.4 
0.0 
0.0 
0.0 
0.4 

There were 2 deaths (car accident and metastatic prostate cancer) in nisoldipine-treated 
patients in controlled trials (non-U.S. studies only), compared with two deaths in the 
placebo groups. None were considered drug-related. Other serious events occurred 
with similar frequencies in nisoldipine (2.0%) and pla::ebo group (l.5%). However, they 
are dose-related (increased from 0.2% at 20 mg to 4.5% at 60 mg) and half of these serious 
events led to withdrawal. 

Abnormal laboratory findings in controlled trials were both rare and no different between 
nisoldipine and placebo groups. In U.S. controlled trials, incidences of such reports were 
in the range of 0-4% for hematology, 0-2% for hepatic functions, 0-1 % for creatinine/BUN 
and 0-6% for lipid profile. While there were more reports of increased fasting blood 
glucose in nisoldipine than in placebo group from non-U .S. controlled trial, the 
phenomenon was not dose-related, not seen in the U.S., and cases of increases to above 
140 mg/di were not more frequent (than placebo). 

Overall Exposures 

In general, the overall safety experiences in all patients treated with nisoldipine in all clinical 
trials were not unexpectedly different from those described above for controlled trials. 

10 
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Approllimalely 62% of all patients reported one or more adverse events, while the 
incidence was lower in European trials (43% vs 75% in U.S.). Prominent complaints were 
similar to those in controlled trials (e.g., 18% headache, 15% edema in U.S. Trial). 

In all clinical trials, about 9% were withdrawn due to adverse experiences (10% in U.S. 
studies), not too different from that of comparative experiences. 11JCre was no additional 
death other than those noted above in the comparative experiences. Accumulative 
experiences of abnormal labor.dory findings in all U.S. studies were also similar to that 
in the controlled trials. 

Class Specific Safety Issues 

As noted above, adverse experiences relatively spe..:ific to calcium channel blockers were 
also reported in nisoldipine·treated patients. They were not more severe or frequent than in 

· othenmernbers•of.the class; however, the database may notbeilarge enough for detecting 
some of the rare events. 

Clinically significant bypotension and othei related aJverse experiences in nisoldipine 
treated patients were not common and rarely resulted in withdrawal. As described earlier in 
time-effect relationship, at doses that produced adequate trough blood pressure reduction, 
average peak response was not excessive. In all U.S. and non-U.S. trials, symptomatic 
hypotension occurred in about 0.2% and syncope was reported in 0.1 % of patients. 
Orthostatic hypotension and related symptoms were slightly more common, reported in 
approx. 0.4% of patients on nisoldipine monotherapy, but very few were considered 
serious and required intervention. Overall, hypotensive reactions to nisoldipine treatment 
did not appear to be more frequent or severe than those with other calcium channel 
blockers. Appropriate warning related to hypotensive reaction is included in the draft 
labeling. 

Like other clihydropyridines, nisoldipine has no significant effects on electrophysiology or 
cardiaL rhythms. Tachycardia was reported in about l % of all nisoldipine-treated 
patients, with a small mean changes in heart rate ( < lbpm, placebo-adjusted). It is most 
likely due to hypotensive reflex, rarely led to withdrawal, and occurred equally frequently 
in placebo groups. Some minor changes in ECG (QRS) were noted more frequently than 
that in placebo group, especially in patients receiving concomitant atenolol, but the 
magnitudes were of no clinical meaning. While dose (plasma level) and magnitude cf BP 
reduction-related T-wave flattening/inversions were observed in a small phase II 
study (090-022) with rai:>id dose escalation, such ECG finding was less clearly related to 
dose and not as frequent (similar to that in placebo groups) in a retrospective but blinded 
analysis of data from three efficacy trials. It is somewhat re-assuring that no angina or 
thallium test-documented ischemia were reported in any of the patients with T-wave 
changes in Study 090-022. 

Limited experiences with concomitant use of nisoldipine and atenolol, lisinopril or HCTZ 
have not identified any unexpected safety or tolerability issue. Combination of nisoldipine 
with HCIZ or lisinopril may increase slightly the incidences of asymptomatic hypotension, 
tachycardia, palpitation and dizziness. Rebound hypertension after withdrawal has not 
been a problem with other dihydropyridines and was not significant in a small 
pharmacodynamic study for nisoldipine. 

11 
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PEDIATRIC/GERIATRIC USE 

There are no clinical ttials assessing the efficacy or safety of nisoldipine in pediatric 
patients, either completed or in progress. The sponsor claimed that the drug has little potential for 
use in children and thus did not commit to any study in hypenensive children. 

Efficacy and safety of nisoldipine as treatment for hypertension in the elderly (65 year and 
older) are not significantly different from that of general patient population. 

DRAFT LABELING 

The draft labeling submitted by the sponsor has been edited. 

CONCLUSIONS 
--. . ' ... . ·• · .. -~ ,-. ,,:: '~ .... .,.,,.;:.,...,., ·.:. 

Nisoldipine appeared to be an effective and safe treatment for hypertension. 

While there is little doubt that nisoldipine at 20-60 mg/day is an antihypertensive more 
effective than placebo, it is not certain if the entire useful dose range has been fully explored. 
Nisoldipine should be stalled at 10 mg once daily and titrated slowly (e.g. every few weeb) to 60 
mg according to blood pressure response. 

It is recommended that nisoldipine be approved with the edited draft labeling. 

cc: 
ORIG: NDA- 20-356 
HFD-110 
HFD-11 O/CSO 
HFD-l 10/SChen/10/26/94 
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MEMORANDUM 

DEC I 9 1994 

DEPARTMENT OF HEALTH & HUMAN SERVICES 
Public Health Service 
Food and Drug Administration 
illER/ODE-YDN CARDIO-RENAL DRUGS 

~""!"'--==="''"""!"!!"!'!''!'!!!'~-------------------------------=====-==-= ~: 12/15/94 

.Erfiln: 
Throueh: 
Tu: 

Shaw T. Chen, M.D., Ph.D., Medical Group Leader, HFD-

44
110, • 

Director, Division of Cardiore~al Drug Products, HFD-110 
Director, Office of Drug Evaluation I, HFD-100 

SUBJECT: NOA 20-356, Nisoldipine Core-Coat for Hypertension, Approvability 

This is in response to the comments and questions raised in yom draft memo of 12113/94 
regarding some labeling issues for the above application. 

l. As stated in the Secondary Review (Dose Response), we also think that the effective 
dosage range is 20-60 mg/day and the recommended doses should include 60 mg. Usual 
maintenance doses in the labeling were changed to 20-40 mg in the Division's draft, which were 
concurred in your memo. We agree with your reasoning that dose titration should start at 20 mg. 

2. With respect to worsening of angina, we totally agree that nisoldipine is no different from 
other dihydropyridine type calcium channel blockers and it is neither a safety nor an approvability 
issue. In the controlled angina trials, there was no significant increase in angina attack rate and 
worsening of angina was not a frequently reported event in hypertension studies. As you noted, 
the open label, non-controlled data in angina studies were not much useful for us to draw any 
conclusion. This was not discussed in details in the secondary review because the sponsor had 
withdrawn the angina claill'. after the primary review was completed and it was not clear then to me 
that we could describe the angina data for review of hypertension indication. 

3. We understand that the effects of food and grapefruit on the kinetics of nisoldipine CC are 
different. They were put together only in "Infonnation for Patients", as they are both "food". The 
wording in your marked-up draft certainly described the problem much clearer. 

4. A cleaned-up draft of package insert with your mark-ups has been prepared. 

cc: 
ORIG: NOA- 20-356 
HFD-110 
HFD-11 O/CSO 
HFD-110/SChen/ 12/ 15/94 

\ 



MEMORANDUM 

fi!l.fu: 12122/94 

DEPARTMENT OF HEAL TH & HUMAN SERVICES 
Public Health Service 
Food and Drug Administration 
CDER/ODE-I/DN CARDIO-R.E."IAL DRUGS 

[rmn: 
Thr<mi:h: 
Tu: 

Shaw T. Chen, M.D., Ph.D., Medical Group Leader, HFD-1~0 .. :.Ji... 
Director, Division of Cardiorenal Drug Products, HFD-110 -~ - <I 
Director, Office of Drug Evaluation I, HFD-100 

SUBJECT: NDA 20-356, Nisoldipine Core-Coat for Hypertension, Labeling 

We did not get to see your memo in final prior to responding to your memo. There was one 
question that you asked that was not answered in our response of 12117/94. 

There were 2 "food studies" conducted by Miles. One of them was not the FDA "high fat" and 
studied only the 20 mg tablet (Study 666, it was more than average but not high) and in that study 
there was no evidence of "dose-dumping'. The other study was conducted using the FDA "high 
fat" meal and in that study there was dose dumping. However, in this study (D92-045-02), 30 and 
40 mg tabs were used and the 20 mg dose was not repeated. The food effect on the Cmax was 
average 3 fold, and 5 of the 2B subjects had 5-11 fold changes. Thus either the fat content in food 
is important or dose-dumping by food may ht dose-related. 

Miles did conduct a pharmacokinetic/pharmacodynamic study, a review of that study was done by 
Dr. Marroum, in which they found that the pharmacodynamic effects (lowering of blood pressure) 
wa' a function of the log of the plasma concentration. So ten-fold changes in plasma concentration 
makt: a sizable difference, three-fold changes do not make a big difference. The slope of the 
concentration-response curve goes over 2 order of magnitude from beginning of effect to definitely 
over the maximum effect. 

Although Dr. Marroum's review criticized the analysis of the study, the qualitative statements 
above are not materially affected by the quantitative problems that Dr. Marroum found. 

So, it seems to us that there is considerable latitude that can be given with respect whether 
nisoldipine must be taken fasting. We do not think it must be taken fasting. To be silent about 
fasting or fed in the Dosage and Administration section is reasonable btlt since there are more than 
5-fold changes in CMax in 18% of subjects, the Dosage and Administration should probably say 
" ... , preferably in a fasted state (see Clinical Pharmacology)". In Clinical Pharmacology the 11-
fold increase in CMax should be stated to be an upper limit when a High fat meal is ingested. 

cc: 

l'"'l ............... ~~ 
C<.4- .,<A>-<-. ~.....,, ~ 

ORIG: NDA- 20-356 
_l:IFD-110 

(..!!ED-110/CSO 
HFD-11O/SChen/12122/94 



MEMORANDUM 

DATE: OF..C I 6 199'\ 

DEPARTMENT OF HEALTH AND HUMAN SERVICES 
PUBLIC HEALTH SERVICE 

FOOD AND DRUG ADMINISTRATION 
CENTER FOR DRUG EVALUATION AND RESEARCH 

FROM: Director, Office of Drug Evaluation I, HFD-100 

SUBJECT: Nisoldipine Core Coat (NISOCOR, NDA 20-356, Miles) 

TO: Dr. Raymond Lipicky, HFD-110 

Nisoldipine appears to be a typical dihydropyridine CCB, developed 
sensibly as a controlled release product. It is possible to argue that 
doses above 60 mg/day could have larger effects, but the ADE rate seems 
already to be rising at that level (see, e.g., MOR angina p. 15-16) and 
I doubt higher doses would be appealing or useful. I do believe the 60 
mg dose is well-enough tolerated to be included in the recommended dose 
range. I have a few questions in addition to comments/questions on 
labeling. 

1. Dose 

The proposed D&A was for a starting dose of 10 mg, with titration up to 
40. As indicated, I believe 60 mg should be included. Where this dose 
was studied (90-019, 89-029) it had a numerically larger effect and wa3 
adequately tolerated. 

The basis for starting at 10 mg is not clear to me. In study 89-026, 
few patients (5/79) stayed at 10 mg, and not many stayed at 20 (5/79). 
Starting doses of at least 20 mg were used in studies 88-054, 90-019 (3C 
mg), 89-039, and 89-029. Only in studies 89-026 (titration) and 90-006 
did all patients get 10 mg to start. As 1) the overall response rate at 
10 mg is low, 2) there seemed to be no adverse consequence of starting 
at 20-30, alone or added to a beta-blocker, and 3) extra titration steps 
are costly and can discourage therapy, I suggest a recommended starting 
dose of 20 mg, with reductions in the elderly and patients with hepatic 
dysfunction. 

I believe the usual maintenance dose will not be 20-30 mg as proposed 
but 30-40. In the titration study almost all patients reached 30-40 mg. 
I was first inclined to change the expected maintenance to 30-40 mg, but 
the mean effect (especially added to a beta-blocker) of 20 mg was 
respectable. 

Labeling should clearly show D/R of ADE's. 



- 2 -

I note that in all studies the relationship of dose to meals was not 
specified. Is there really need for taking nisoldipine on an empty 
stomach an hour form meals, as labeling now requires or could this be at 
least softened somewhat by reference to the trial results? Note also 
that the extreme effect of food occurred in only one of two studies. 

2. Worsened angina 

Dr. Stockbridge noted concern about worsened angina. Certainly, all 
dihydropyridines have been associated with this, presumably resulting 
from a combination of increased HR and decreased diastolic (coronary 
perfusion) pressure. Unless I am missing something, however, 
nisoldipine does not seem unusual. Acute worsening was infrequent, 
abu~t 1%. I have tabulated the cases of worsening in the controlled 
phaseE of tne four angina trials, including AMI, increased chest 
pressi.:.re or angina(A) unstable angina(UA) etc. (I called the event UA 
only if the specific term was used.) I get this: 

-
Study Pl NlO N20 N30 N40 N60 

88-060 4 008 (A) 1109 (A)* 10002(11 AMI) 21013 (A) 

-
89-042 5232 (AMI) 

90-010 4 03 (A) 416 (A) 307(A) 
773(UA) 707 (A) 
11C3 (AMI) 

-
90-015 60C4(A) 6013(A) 2008(A) 28001 (A) 

16014(A) 9016 (UA) 
36006 (A) 

-

* this patient also had increased AF, which could account for worse angina 

I would say there seems no clear evidence hei~e of stimulated worsening by 
nisoldipine. I note also that the people stLdied were fairly ill as judged 
the frequent history of MI and vascular procedures (see following table) 
ind the poor outcome in study 90-015 during the run-in phase (4 deaths). 
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88-060 89-042 90-010 90-015 

n-sinqle blind lead-in 390 378 408 483 

n-randomized 271 302 303 312 

orior MI ( % ) 44-53% 44-53 52-62 40-49 

orior CABG ( %- ) 20-36% 14-17 16-20 24-29 

prior anqioolastv (%) 11-16% 6-15 6-9 19-27 

hypertension ( % ) 37-48% - - 22-32 42-54 

diabetes ( % ) 11-19% - - 12-20 15-19 -
deaths in run in (2-3 week) 0 0 0 4/483=0.8% 

I read Dr. Dern's review after writing the above. He too (p.20-21), I 
believe, finds no excess (vs placebo) of discontinuations due to 
worsening angina or AMI on nisoldipine, although he does not necessarily 
interpret the results as I have. If we take the combined U.S. and non­
U.S. angina trials we have: 

Nisoldinine Placebo 

n rate n rate 

u. s. 438 - - 145 - --
worse a:1qina 10 2.3 2 1.4 

AMI 2 0.5 0 0 

NON-U.S. 447 - - 189 - -

worse anqina 3 0.7 1 0.5 

AMI 2 0.4 1 0.5 

COMBINED 885 - - 334 - -

worse anqina 13 1. 5 3 0.9 

AMI 4 0.5 1 0.3 

Both 17 1.9 4 1. 2 
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All in all, I find it hard to see evidence of increased AMI rate in this 
(that would be worrisome) and the worsened angina rates also seem very 
close. In the U.S. trials, the source of the higher rate on 
nisoldipine, most of the excess is due to the 40 mg group, with lower 
rates at 20, 30, and 60 mg. I wrote the angina numbers into the 
labeling (Warning). Despite the small numbers and small differences, 
Dr. Dern's observation that many of the worsened angina events occur 
early in the U.S. trials, is worth noting. 

It is only in the open label studies that the frequency of worsened 
angina or AMI/death climbs (to 17%) and it is hard to know the correct 
comparison for this. There were 2 open-label deaths, surely not too 
surprising in light of 4 placebo run-in deaths in study 90015. There 
were 10 open-label AMI's am~ng 305 patients in long-term trials, or 3%. 
Dr. Stockbridge notes 10 AMis among 479 nicardipine patients, obviously 
in the same range as nisoldipir1e, and 13 AMI deaths in diltiazem long­
term trials of 737 people, a 1.8% rate that does not include non-fatal 
AMis. All of these numbers would require substantial refinement 
(patient characteristics, duration) to be used rigorously, but even the 
crude comparisons make i·t seem fairly clear that the nisoldipine long­
term results are similar to those of nicardipine (another 
dihydropyridine) and diltiazem with respect to coronary event rate. I 
am not sure we have useful data for these drugs with respect to the 
worsened angina/unstable angina question. 

I should note that the exacerbated angina/progression question is not 
related only to If we really do have evidence that 
nisoldipine causes "hast•ened progression of underlying CAD" (MOR p. 2 9) , 
we probably should not he approving it for hypertension either (although 
Dr. Dern makes the case that the history in hypertensive patients in 
very benign). I do not, however, see any evidence of such hastened 
progreirnion. I have no doubt that CCB' s, or at least dihydropyridine 
CCB's, can sometimes exacerbate angina, but that is more a matter of 
labeling, r.s it is a reversible phenomenon, known to us from other 
CCB's, and certainly did not seem prominent in the hypertension trials. 

3. The effects of food and grapefruit juice are different. Food 
increases the Cmax but decreases the AUC, i.e., it causes dose­
dumping but no apparent showing of systemic metabolism. Grapefruit 
juice increases both the Cmax and AUC, as would be expected of a 
substance that blocks metabolism of nisoldipine (as it blocks 
metabolism of nifedipine, nitrend i.pine, felodipine and, probably, 
all dihyd<opy<idino CCB'~ ~ 

Robert~em~{._ 
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NDA: 20- 356 

DMSION OF CARDIO-RENAL DRUG PRODU(.."TS 
MEDICAL OFFICER'S NOA REVIEW 

ORUG: Nlsoldipine 

SPONSOR: Miles 

DATE SUBM11TED: 17 August. 1993 

DATE REVIEWED: 7 July, 1994 

REVIEWER: Philip L. Dem M.D. ~en~ 
RESUME: 

This ts a 120- day safety review and includes both completed and uncompleted 
trials, foreign and domestic. For uncompleted trials, data ts still bllnded and 
treatment ts Usted as "either drug 1 or drug 2" tf these are the possibilities for a 
particular patient. 

I. Deaths 
A. Completed US studies 

One death ts recorded for this update and was also included in the NOA for an 
on-going trial. 

Study # 090- 029-06; Pt 6004. 

This 44- yr- old female with a qualification, single- bUnd BP of 190/ 111 and a 
randomization BP of 141/97 died suddenly at home on day 24 of the study. She 
was on NIS 40 mg qd and HCTZ 25 mg qd. Serum potassium at baseUne and last 
visit were. respectively. 3.9 and 3.6 inEq/l. Autopsy revealed moderate coronary 
atherosclerosis without thrombi. 

B. Completed Non- US studies 

Study 752. No deaths. 

C. On-going Studies (all non- US) 

Study 764; Pt 128. 
This 83-yr- old female was being treated with either NIS or Ustnoprtl (LIS). She 
died at home of acute pulmonary edema and has an associated abdominal 
Infarction. 



2 
Study 769; pt 1600:.:. 

Th.ls 53 yr- old male was being treated With either NIS or atenelol (ATN). The 
patient had a TIA on 9/91. Baseline BP was 162/105 after three weeks of 
placebo. He wa;; admitted to hospital on 5/18/92 after 53 days of treatment. He 
died the following day of a CVA. Bp at last clln1c visit was 177 /83. 

Study 769; pt 17013. 

This patient. a malr aged 73, was being treated With either NIS or ATN. After 5 
days of therapy the patient developed diarrhea. nausea, and vomiting, and. three 
days later, a fatal Ml. 

Study 769; pt 54002. 

The patient. a male aged 66, was on either NIS or ATN. Baseline BP was 155/93. 
After 25 days of treatment he developed a CVA and died. BP at last clln1c visit was 
145/83. 

IL Discontinuations due to adverse experiences 

A. Completed US studies 
REASON WITHDRAWN DAY DRUG& DOSE 

Edema,erythema 24 NIS40 

headache 2 NIS20 

headache 1 NIS20 

tachycardia, vasodll l NIS20 

Dizzy. n & v,headach 2 NIS20 

Gout 5 NIS20 

Faint at phlebotomy I 10 NIS40 

edema 13 NIS40 ·i 
I 

edema 19 NIS40 

Abn Liver function• 35 NIS40. HCTZ25 

Cough 8 NIS40+ LIS20 

card. arrest 24 NlS40. HC...'TZ25 

sinus tachycardia 10 N!S40. HCTZ25 

1uso aonormru aunn re- NJ::> 1nase gp p 
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n.b. There is a notable number of cases withdrawn relatively early in the active 
dose phase especially for those signs and/or symptoms likely to be due to the 
vasodilatory action of nisoldiptne. 

B. Ongoing trials (all non- US): 

SELECTED SIGNS/SYMPTOMS N* 

edema 23 

migrain~ 3 

headache 28 

fillgina 1 

MI 2 
• onen sign/ symptom occurrea w1u1 o .ners 

The above table concentrates on typical findings on nisoldiplne therapy (edema, 
headache) but notes occurrence of migraine. Number of cases of angina and MI 
is small. Total nurr..ber of cases withdrawn due to syncope (1). postural 
hypotenslon (1). hypotenslon (1). suggests that excessive BP fall was uncommon. 
N=l case was withdrawn for thrombocytopenia. 

Among 1370 cases in these foreign studies, 100 were withdrawn due to adverse 
expe::i.ences. 

Conclusions: 

The withdrawals for adverse effects were often due to the pharmacologlc action 
of nisoldipine and consequent to vasodilation (headache, vasodilation). In this 
hypertensive popU:ation few cases of angina or Ml occurred. However, the data 
base for this report Is not cumulative and the number of cases L11. the completed 
US trial is too small to provide a good estimate of the risk of angina/Ml. The 
database for the foreign stuci:cs is J;:i_rgcr and, even though treatment assignment 
is in doubt, the small number of angina/Ml cases is notable (See this Reviewer"s 
reView of the hypertension safety segment of the NOA for commeP-ts on the 
association of symptoms/ signs of vasodllation and angina/Ml). 

ci:: HFD/110 
HFD/ 110 orig / 
HFD/110 CSO"" 
HFD/110 pld 
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OC1 2 6 1993 

NDA: 

DIVISION OF CARDIO-RENAL DRUG PRODUCTS 

MEDICAL OFFICER'S REVIEW 

20-356 (Ni.>oldipinc Coat-Core lablels forcxcrtional angina; Bay K 5552; IND 

Sponsor: Miles Inc. Pbarmaccuticals Div. 

Submiuion: 

Submission dale: 

Receipt dale: 

Review dale: 

NDA 120 day Safety Update 

17 August 1993. 

19 August 1993. 

26 October 1993. 
/ 

Reviewer: N. Stockbridge, M.D .. Ph.D/. ~")rt11tf/P. 1ri/l--
1. us trials 

There is only I ongoing US trial, #X90-015, an open·label, long-tetm follow-on to Study #90-015 (q.v.). There 
are no new safety data for this trial. However, two subjects who completed this trial and continued to receive 
nisoldipine coat-core under an individual investigator's IND experienced serious adverse experiences. 

Subju1 was a 69 year old Caucasian female who had generally received 20 mg q.d. The dose 
was reduced because of dizziness and light-lu!adedne:ts. He experienced chest pain or discomfort/or 
two weeks prior to admission aJ 734 days/or unstable angina. Enzymes did not indicaJe myocardial 
infarction and slu! was discharged after 3 days. She was readmitted with similar history at 710 days, 
at which ti~ hlatal hernia was diagnosed. 

Subjec, 'was a 68 year old Caucasian who suffered myocardial infarction while receiving 30 tl!)J 

q.d. Three months later he was readmitted/or se11ere angina while on 40 mg. 

2. Non-US trials 

2.1. Study #697 
This is a raudomized, double-blind, parallel group study being conducted in Gcmiany and Italy. The gmups are 
nisoldipine 40 mg q.d. (o=l38) and diltiazem 60 mg t.i.d. (o=l36). 

Subject#/ /-009 ) was a 72 year old female who discontinued after 8 months ~cause of allergic 
exanthenui. 

Subject #41-005, was a 55 year old female who discontinued after 3 mon1hs MCause of resting 
tachycardia. 

2.2. Study #701 

This is a randomized. double-blind, parallel group study being conducted in Germany. The groups are nisoldipine 
coat-core 20 mg q.d. (n=70) and oisoldipine immediate release IO mg b.i.d. (n=72). 

Sub;ect 0101 . I was a 58 year old female with a 2-year history<>/ angina. She discontinued at 
5 days with severe burning sensation of the skin. headache, and vasodilation. all of which began 
with tlu! first dose. 

Subject lffJl 15 I was a 68 year old female with a 6-month history of angina. She discontinULd at 
4 months with nausea, inner "trembling", and pressMre and Mat sensation in htuuls and feet. 

2.3. Study #718 
This is an ongoing randomized, double-blind parallel group trial with oisoldipine 20 and 40 mg q.d., and 
diltiazem 60 and 120 mg b.i.d. and t.i.d. 

Sub;ect #303 was a 5 I year old male with a 6-year history of angina. He wilhdrew after 
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4 days because of chest pressure and palpitations. 

Subject#306 was a 54 year old male with an 8-year history of angina. During month 7, he 
complained of jlalulence. After8 mnntlu, ht withdrew because of hypotcnsion. malaise, andfatigu. 

Study ml 

This is an ongoing randomized, double-blind, comparison of nisoldipinc 20 to 40 mg q.d. with diltiazem 60 mg 
Li.d. or q.i.d. 

Subjec/#3307 was a 55 year old male with a 7 rnonth history of angina and myocardial 
infarction 12 year.s previously. He discontinued at 5 months with atrial jibrillalion w/Uch resulted 
in prolonged hospitalization; outcome IU&bwwn. 

Subject# 3602 ( '<las a 78 year old male with 2 month history of angina. He suffered cramps from 
the onset of treatment and discontinued after 4 weeks with the onset of fasciculations. 

Subject #370J was a 63 year old male with a /-year history of angina. He discontinued :ifter 
3 weeks because of venigo. 

2.4. Study #781 

This is an ongoing randomized. double-blind trial in Germany comparing 20 and 40 mg q.d. oisoldipine with 
ISDN 20 and 40 mg b.i.d. 

Subject #2 I_ was a 70 year old female with a 3-molllh history of angina. She discontinued efter 
3 weeks because of severe headaches and nausea. 

Subject #214 1 was a 62 year old female with a I-year history of angina. She discontinued after 
6 weeks because of leg edema. 

Subject #603 . was a 64 year old female with a 3-ytar history of angina. She discontinued after 
2 weeks because of severe headaches, diarrhea. r<stlessness, and general "nalaise. 

Subject #906. , was a 69 yearoldfemale with a 3-year history of angina. She discontinued after 
2 months because of hair loss. 

Subject #/004 was a 68 year old male with a 3-year history of angina and myocardial 
Infarction 1 year pre\liously. He was discontinued after 1 week bec"use of non.-compliance. 

Subject #/016 wa.< a 58 year old male with a /-year history of angina andpos.<ibly 2 previous 
myocardial infarctions. He M-'as discontinued after 2 months because oj'non.:compliance. 

2.5. Study #761 
This is an ongoing open-label trial in Israel with nisoldipine I 0 to 60 mg q.d. 

Subject# I 22 was a 59 year old Caucasian male who discolllinued after 6 months because of 
unstable angina. 

Subject #404 was a 54 year old Caucasian male who suffered a myocardial infarction at 
6months. 

Sub1ect #414, was a 73 year old Caucasian male who discontinued after 4 months because of 
unstable anguia. 

Subject #6.' 7, "'"·'a 95 year old (?) Caucasian male who suffered a myocardial infarc11on after 
7 months. 

Subject #JOO· was a 72 year old Caucasian male who discontinued for constipation after 
6months. 

Subject# JO 17 1 was a 66 ye•·r old Caucasian male who discontinued after 4 months because of 
inrennittent c/au.dication and fissure following prostatectomy. 

2.6. Study #762 
This ts an ongoing randomized. double-blind trial in Italy comparing 20 mg q.d. nisoldipine coat-core with 10 mg 
b.i.d. nisold1pinc immediate release. 

Subject #402 1 was" 2 I vear old Caucasian male with a 2-month /Ustory of angina who had a 
myocardial infarction at ! month. 

Subject #1504 was a 61 year old Caucasian male with an I I-year history of angina. He 
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tbsconJinutd after 4 wttL because of unstable angina. 

Subject l60.5 1 · was a 69 year old Cauca.sian malt with an 8-monJh /Wtory of angina. Ht 
tbsconJinutd after 2 wttks because of unstable angina. 

Subject l60i · wa.s a 64 year old Caucasian malt with a 2-ytar history of angina. Ht 
disconJinutd after 2 wetL because of rash and hypottnsion. 

Subject 1161 .5 "'as a 58 year old Cauauian malt with a 2-ytar history of angina. Ht 
disCOn1in11.td after 2 wetlcs with rliinitis, •dona oftlte legs, trytltellUl. and p111ritw which began on 
the second or third day of trtatmenJ. SymptamS resolved 2 days after withdrawal. 

Subjec1 #Bil wa.s a (i() year old Caucasian male with a 1-ytar history of angina. Ht dropped 
out after 3 weeks because of unstable angina. 

2.7. Study #10011 (X90-010) 
This is an ongoing open-label study in Israel with doses IO to 60 mg q.d. 

Subject I/OJ 
4 rrwnlhs. 

was a 56 ytarold Caucasian inale who developtd thyro;d;tis and tonsillitis after 

Subject#/03, was a 63 ytarold Caucasian male who discontinued after J month because of 
unstable angina. 

Subject #207 1 vas a 64 year old Cauauian malt who was hospitalized after 5 wttks because 
of unstable c.ngina. 

Subject #421 was a 69 year old Caucasian male who discontinued after 3 months because of 
pedal ederna. 

Subject #805 ' was a 63 year old Caucasian malt who experienced severe prolonged illlgina 
and tachycardia 9 days after beginning trta,_nJ. Ht was off study drwgfora st.arr period and lat tr 
complettd 12 rrwnths. 

Subject #9 /t was a 70 year old Caucasian female "'ith a history of ophthalmological disease. 
She had intraocular hypertension for 9 nwnths during study. 

Subject #91 J was a 65 year old Caucasian male was hospitalized for severe angina after 
2 wuks. He subsequen1ly completed 6 months, with complaints of decreased libido. The reason for 
d;scontinuation is not explicitly stated. 

Subject #91 J, vas a 61 year old Caucasian male with a 3-year history of angina. He 
complained of flank pain at wuk 2; the complaint resolved. 

Subject #91 .5 was a 52 year old Caucasian male '1ho discontinued after 3 months because of 
facial flushing. 

Subject# J 004 1 was a 7 J year old Caucasian male who was iwspitalrzedfor unstable angina 
at 7 rrwnths. Ht completed 12 monJhs oftrtatmenJ. 

Subject#JOJB 1 was a 60 year old Caucasian male. He was twice hospitaliudfor chest pain. the 
second wa< after about l 2 rrwnths of treatment. 

Subject #1 JOI , .vas a 57 year old Caucasian male who developtd severt cMst pain and 
underwent CABG 4 days after completing J 2 monlhs treatment. 

3.Summary 
Headache. vasodilation. and peripheral edema remained the common ucatment-relaled adverse events. 
Several of the cases described appear to represent acute worsening of angina during treatmenL Subject #1107 in 
Study #10011 may represent a rebound phenomenon. 
The infonnauon provided in this 120-day safety update do not materially affect conclusions made with the 
Medical Officer's review (2 August 1993) of safely and efficacy pertaining to the angina indication. 
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DIVISION OF CARDl~RENAL DRUG PRODUCTS 

MEDICAL OFRCER'S RE;VIEW OF NOA AUG 

NOA Number : 20-356 

~ : Nisoldipine (NIS CC) 

Qrug Categorv : Calcium Channel Blocker 

lndjcatjoo : Hypertension 

Sponsor : Miles Inc Pharmaceutical Division 

Pate of Submission : March 31, 1993 

Date Becejyed : April 1, 1993 

Pate Review Completed : July 30, 1993 

Reviewer : Cristobal G. Duarte, MD 

Background. NIS CC is an extended release tablet dosage form of the 
dihydropyridine calcium channel blocker Nisoldipine The sponsor has 
submitted a NOA for approval of Nisoldipine for the treatments of 
hypertension This review will be concerned only with the 
efficacy in the treatment of hypertension. 

4 1993 

As pivotal protocols in support of the effectiveness of Nisoldipine in the 
control of hypertension the sponsor is submitting the following studies : 
090-006, D90-019, 089-026, 089-029, and 089-039. 

Protocol D89-026 

Title of Study : • A Pilot Dose-Titration Study of the Safety and Efficacy 
of Nisoldipine Coat-Core 10 mg, 20 mg, 30 mg and 40 mg versus Placebo in 
Patients with Mild to Moderate Hypertension •. 

Investigators : Ginsberg D, Flamenbaum W, Canzanello V, Townsend R, 
Winer N,Schnaper H. 



Places of Study. Harleysville, Englewood Cliffs, Winston-Salem, 
Galveston, Kansas City, Birmingham/USA 

Objectjyes. The objectives of this study were 

1. To determine whether Nisoldipine given once daily lowers the blood 
pressure significantly more than placebo. 

2. To determine the efficacy and safety of Nisoldipine when titrated from 
10 mg to 40 mg qd. 

Inclusion Criteria. Ambulatory patients, male and female, 21 years of age 
or older, with a history of essential hypertension were eligible for the 
study. Hypertension was defined as mean supine diastolic blood pressure 
of 95-115 mmHg. 

Exclusjon Crjterja. Patients with the following conditions were excluded 
from the study : 

1. Labile hypertension. 
2. Recent myocardial infarction 
3. Patients with cerebrovascular accident or signs suggesting impending 
Ml or CVA, heart failure, angina pectoris, intermittent claudication, major 
arrhythmia or cardiac conduction disturbances. 
4. Insulin-dependent diabetes mellitus, failure of a major organ system, 
impaired renal function (serum creatinine >2 mg/di), severe infection, 
malignancy or psychosis. 
5. Patients likely to have impaired drug absorption such as with chronic 
diarrhea, ulcerative colitis, regional enteritis, diverticulitis, partial or 
complete gastrectomy or small bowel resection. 
6. Women of childbearing potential, alcohol or drug abusers, history of 
allergy to dihydropyridines. 
7. Excluded concomitant r.1edications were : antihypertensive drugs, 
cimetidine, monoamino oxidase inhibitors, sedatives, tranquilizers, 
tricyclic antidepressants, neuroleptic drugs, anorectics and 
decongestants. 
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Oualjfjcalion for Randomjzation. Patients with mild or moderate 
hypertension discontinued previous antil)ypertensive treatment and were 
given a single-blind placebo once daily (regimen A) during a three to four­
week qualifying run-in period. There was an optional extension of one 
week if the blood pressure was not in the qualifying range. Those patients 
with mean supine diastolic pressure ~ 95 mmHg to ~ 114 mmHg after three 
to four weeks of placebo were randomized and were given regimen B 
(Nisoldipine or placebo). 

Drug-Regimen Protocol. At week 0 qualified subjects were given either 
Nisoldipine 10 mg qd or placebo qd (regimen B) for 2 weeks. On subsequent 
visits 5 through 7 ( scheduled every two weeks ) the once daily dose of 
Nisoldipine was titrated in a stepwise fashion to 20 mg (regimen C), 30 
mg (regimen D), or 40 mg (2X20 mg) (regimen E) if mean trough supine 
diastolic pressure for that visit was ~ 85 mmHg. Patients randomized to 
placebo underwent corresponding dummy titration. Two patients were 
randomized to Nisoldipine for each patient that was randomized to 
placebo. 

Patients took two tablets before 11 am through the study but did not take 
the medication on the morning of clinical visits until trough blood 
pressure has been measured. Patients took the medication fasting or with 
food. 

Patients were seen either weekly or biweekly in the morning throughout 
the study. At each visit supine and standing blood pressures were 
measured 24 hours ± 30 minutes after the last dose. 

The duration of the double-blind phase was 9 weeks. 

Expulsion. A subject was to be dropped from the study if the mean supine 
diastolic blood pressure was greater than 114 mmHg at any visit or if 
they had significant physical or laboratory abnormalities or a significant 
concurrent illness. 

They also were to be withdrawn for blatant non-compliance, for missing 
visits or significant adverse experiences. 
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Assessment. Patients were seen in the rooming at weekly or biweekly 
intervals. A history was taken at the first visit. Complete physical 
examination and 12-lec:d electrocardiogram were done at the first visit, 
at baseline (after 3 to 4 weeks on placebo) and at the last visit (after 9 
weeks of double blind drJg). Brief physical examinations were done at all 
other visits. A chest X-ray was ·done at the first visit unless a report was 
available within the previous 6 months. 

Blood was drawn for the following laboratory tests at the first visit. 
after 3 to 4 weeks of single-blind placebo, and after 9 weeks of double­
blind drug : CBC, differential, and platelet count, serum glucose, uric acid, 
calcium, phosphate, sodium, potassium, chloride, bicarbonate, creatinine, 
BUN, total protein, albumin, cholesterol, triglycerides, CPK, SGOT, LOH, 
alkaline phosphatase and total bilirubin, Complete urinalysis including 
microscopic and casts. 

The primary endpoint of the study was a change in trough diastolic blood 
pressure (measured 24 hours after dosing) from baseline (mean of 
diastolic blood pressure after 3 or 4 w~eks of single-blind placebo) to 
endpoint (the last valid visit on double-blind drug for each valid patient) 
in the Nisoldipine group compared to the placebo group. 

Secondary endpoints were supine systolic blood pressure at trough arid 
standing blood pressure at trough. 

Statjstjcal Analysjs. The primary efficacy analysis was based on change 
from baseline in trougr supine diastolic blood pressure at endpoint. No 
analysis based on level of tit~ation achieved was done. Responders were 
considered those who achieved efficacy results according to the following 
criteria : blood pressure 90 mm Hg or less, at least a 10 mm Hg fall in blood 
pressure from baseline, either of the above and both of the above. 

All tests were two-sided and based on the least square means estimated 
by the model. 

Data from previous hypertension studies had suggested that the standard 
deviation of change from baseline in trough supine diastolic blood 
pressure at endpoint would be 7.5 mmHg. In order to detect a 5 mmHg 
difference from placebo in an alpha = 0.05, two tailed tests of 

4 



significance, and in order to obtain as much data as possible on the 
Nisoldipine 40 mg qd, it was decided to randomized 72 patients to 
Nisoldipine and 36 to placebo. Based on this information, the study, as 
designed, had 80 % power to detec ct significant difference of at least 5 
mmHg. 

Subjects Studjed. Of 166 patients er . :.illed, 43 were disqualified for 
randomization. The reasons for which 1>atient. .. did not qualify for 
randomization id given in the following table 

Mean Diastolic blood pressure 
at visit 4 did not qualify for 
randomization (95 mmHg to 114 mmHg) 
Supine diastolic blood pressure >114 mmHg­
At any time 
Non compliance 
Illness not due to medication 
Other 

Total 

26 

4 
1 
3 
9 

43 

The demography and baseline characteristics of the patients valid for 
analysis of efficacy is given in the following table : 

Sex 

Race 

Age (years) 
Years of hypertension 
Baseline blood pressure 

Male 
Female 
Caucasian 
Black 
Other 
Mean 

Mean 
Supine 
Standing 

5 

Nisoldipi.1e Placebo 
(n=79) (n=38) 

46 (58 %) 22 (58 %) 
33 16 
53 (67 o/o) 21 (55 %) 
25 16 
1 1 
53 57 
10 14 
153/100 160/101 
149/100 156/102 



The reaso11s for discontinuation of double-blind therapy are given in the following 
table : 

Reason 

Lack of Efficay 
Adverse Event 
Abnormal Laboratory Value 
Lost to Follow-up 
Other 

Nisoldipine 
n=83 

0 
6 
0 
3 
2 

Placebo 
n=40 

5 
0 
1 
0 
9 

l 

The protocol that was followed is represented schematically in the following graph 

Nisoldipine 

I I I I I I I I II 

Placebo 

II 3 to 4 week"'----11 

Placebo 

' ' ' ' ' 

Week 1 2 3 4 5 6 7 8 9 

Treatment Period 

randomization of pati£.nts is given in the following two pages 
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Placebo 166 
Control Patients 
Period Enrolled 

D;opouts 
43 

123 
Patients 

Not valid tor 
Analysis 

6 

117 
Patients 

A andomization I -
Nisoldipine 

Placebo 79 Patients 
38 Patients 

~ See 
ek 4 10 mg 20 mg Next 

5 71 Page 

I I 
ek 6 10 mg 20 mg 30 mg 

2 9 65 
I I ' 

ek 8 10 mg 20 mg 30 mg 40 mg 
2 5 19 44 

I I 

ek 9 10 mg 20 mg 30 mg 40 mg 
2 4 18 44 

I I 
dpoint 10 mg 20 mg 30 mg 40 mg 

5 5 24 45 
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Placebo 
38 Patients 

--------7 
13 P<~ients c 

32 Patients 

~~ients c D 
4 Patients 31 Patients 

[.~ ... c D E 
4 Patients 3 Patients 26 Patients 

B c D E 
1 Patient 3 Patients 3 Patients 24 Patients 

!Week 91 

B c D E 
2 Patients 4 Patients 6 Patients 26 Patients 
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Emcacy. Doses of Nisoldipine were titrated from regimen B (10 mg OD) to 
regimen E (40 mg OD) in 10 mg steps. The following table shows the actual 
number of patients that were given each dose level and had valid visits at 
each week for the population of oatients valid for efficacy : 

2 4 
Group Aeg. Dose N(%) N(%) 

NIS B 10 79 5(7) 
mg ( 100) 
CD 

c 20 71 
mg (93) 
CD 

D 30 
mg 
CD 

E 40 
mg 
CD 

PLA 8 38 3 (9) 
( 1l.l0) 

c 32 
(91) 

D 

E 

Week of Therapy 

6 8 
N(o/o) N(%) 

2 (3) 2 (3) 

9 5 (7) 
( 12) 

65 19 
(86) (27) 

44 
(63) 

2 (5) 1 (3) 

4 4 
( 11) ( 12) 

31 3 (9) 
(84) 

26 
(77) 

9 

9 
N(%) 

2 (3) 

4 (6) 

18 
(27) 

44 
(65) 

1 (3) 

3 
( 10) 

3 
( 10) 

24 
(77) 

End· 
point 
N(o/o) 

5 (6) 

5 (6) 

24 
(30) 

45 
(57) 

2 (5) 

4 
( 11) 

5 
(16) 

26 
(68) 



The following table shows trough supine diastolic blood . pressure response 
at different weeks of treatment and at endpoint for both groups for the 
set of all valid patients. 

Trough Supine Diastolic Blood pressure 
Mean Change (mmHg) by visit 

Week Week Week Week Week End· 
2 4 6 8 9 point 

Nisoldipine 
(n) (79) (76) (76) (70) (68) (79) 

Mean 
Change -5.7• -6.5 -10.1· -1 o.6• -1 o.o· .o 5• -· 
Placebo 

(n) 38 35 37 34 31 
Mean 
Change ·3.0 -4.9 -3.4 -4.4 -3.4 -1.2 

• Significantly different from placebo 

In the following table. changes from baseline at endpoint by treatment 
regimen at endpoint for all valid patients is demonstrated 

Supine 

RegB 
(n=5) 

Systolic -8. 3 
Diastolic -5.9 

Standing 
Systolic -5.3 
Diastolic · 7. 2 

Nisoldipine 
RegC RegD 
(n=5) (n=24) 

-23 .1 -10.9 
-12.4 -9.4 

-13.5 • : 0.3 
-9.9 -6.6 

1 0 

RegE 
(n=45) 

-16.i' 
-9.8 

-15.:3 
-8.6 



Supine 

AegB 
(n=2) 

Systolic -19.7 
Diastolic + 1.7 

Standing 
Systolic -9.7 
Diastolic -0.7 

Placebo 
AegC · RegD 
(n=4) (n=6) 

-8.0 +20.4 
-10.0 +6.9 

-1.3 +13.9 
-7.5 +5.0 

The responder rates are given in the following table 

Responder Rates 

RegE 
(n=26) 

-2.2 
-1.4 

-0.1 
-1.6 

Based on Trough Supine Diastolic Blood Pressure at Endpoint 

Nisoldipine Placebo 
·" 

BP<90 mmHg at endpoint 49 o/o 18 o/o 
At least a 1 O mmHg fall at Endpoint 54% 13 % 
Either of the Above 62 o/o 21 o/o 
Both of the Above 42 o/o 11 o/o 

The change from baseline in trou~h blood pressure by treatment tor alt . 
patients valid for analysis of efficacy is given in the following table 

Visit 5 

Drug Group Aeg.B 

Nisoldipine n 79 
Baseline 
Mean LS 100.36 
LS Mean 
Change -5.65*p 
SE of Change 0.68 

Supine Diastolic 

Visit 6 Visit 7 Visit 8 Visit 9 Ena-
point 

Reg. B orC Reg. BC or D Reg.BCD or E Reg BCDorE 

76 76 70 68 79 

100.36 100.36 100.14 100.36 100.36 

-6.52* -10.06*p -10.58*p ·9.98*p -9.51 *p 
0.75 0.88 0.84 0.80 0.89 
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Visit 5 

Drug Group Reg B 
Placebo n 38 
Baseline 
LSMean 101.45 
LS Mean 
Change -3.04* 
SE of Change 0.99 

p Values 

Visit 6 

Reg B orC 
35 

101.31 

-4.89* 
1.10 

Drug 0.0323 0.2234 
Drug-Center 0, 1582 0.2604 

Visit 7 

Reg BCorD 
37 

101.20 

-3.39* 
1.26 

0.0001 
1.381 

P Significantly different from placebo 
• Significant Change from baseline 

Visit 8 Visit 9 End-
point 

Reg BCD or E Reg BCDorE 
34 

100.52 

-4.42* 
1.21 

0.0001 
0.0539 

31 38 

100.79 101.45 

-3.36* -1.16 
1.20 1.29 

0.0001 0.0001 
0.0472 0.0332 

Values for supine systolic blood pressure are given in the tollowil)9J._~~-; 

Supine Systolic 

Visit 5 

Drug Group Reg B 
Nisoidipine n 79 
Baseline LS 
Mean 153.11P 
LS Mean 
Change -8.67* 
SE of Change 1.33 

Placebo n 38 
Baseline 
LS Mean 159.59 
LS Mean 
Change -4.96* 

SE of Change 1.92 

Visit 6 

Reg Bore 
76 

153.39 

;;.. 
--·- .-.... ,.. 

Visit 7 Visit 8 Visit 9 End-
point 

Reg BC or D Reg BOC or E R!Q.!!_Cll,oc E; .. 

76 70 - ·:: .. ·-SW'.· ·4~F.-
'"'=·· . 

153.41 153,35 153.42 153, 11 p 

-10.123*p -15.04*p -14. 10*p -15. e2•p-14. 13•p 
1.61 1.61 1.61 1.64 1.89 

35 37 34 31 38 

158.99 158.23 157.78 159.71 159.59 

-2.39 -1 .90 -4. 91. -5.51* -0.00 
2.38 2.33 2.31 2.43 2.72 
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P-Values Visit 5 Visit 6 

Drug 0.1140 0.0074 
Drug Center 0.6059 0.0481 

Visit 7 

0.000·1 
0.0416 

p Significantly different from placebo 
• Significant change from baseline 

Visit 8 

0.0015 
0.1372 

Visit 9 End-
point 

0.0008 0.0001 
0.1224 0.0726 

Standing Diastolic 

Visit 5 

Drug Group Reg.B 
Nisoldipine n 79 
Baseline 
LSMean 100.40 
LS Mean 
Change -5 .o3•p 
SE of Change 0.75 

Placebo n 38 
Basel:ne 
SLMean 102.15 
LS Mean 
Change -2.05 
SE of Change 1.08 

P Values 
Drug 0.0253 
Drug-Center 0.2060 

Visit 6 

Reg.B orC 
76 

100.31 

-6.24•p 
0.75 

35 

101.85 

-1 .99 
1. 11 

0.0021 
0.0052 

Visit 7 Visit 8 Visit 9 End-
point 

Reg. BC or D Reg BOC or E Reg BCD or e 
76 70 68 79 

100.31 

-8.62•p 
0.85 

37 

101.85 

.-1.87 
1.22 

0.0001 
0.6446 

100.21 100.27 100.40 

-10.10•p -8.29#p -7.88-"p 
1.00 0.83 0.98 

34 

101.22 

-4.27* 
1.20 

0.0001 
C'.5733 

31 38 

100.89 102.15 

-3.65. 
1.45 

0.0095 
0.4304 

-1.18 
1.44 

0.0002 
0.3160 

p Significantly different from placebo 
• Significant change from baseline 
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Standing Systolic 

Visit 5 Visit 6 Visit 7 Visit 8 Visit 9 End· 
point 

Drug Group Reg B Reg B or_C Reg BC or D Visit BCD or E Visit BCD orE 
Nisoldipine n 79 78 76 70 68 79 
Baseline 
LS Mean 149.22p 149.54 149.56 149.41 149.57 149.22p 
LS Mean 
Change -8.37* -10.78*p -14.18*p -14.84*p -13. 76*p ·13. *p 
SE of Change 1.34 1.49 1.78 1.73 1.66 1.77 

Placebo n 38 35 37 34 31 38 
Baseline 
LS Mean 156.22 155.79 155.30 154.22 155.46 156.22 
LS Mean 
Change 1.94 2.20 2.55 2.49 2.48 2.57 

' ~ •. 
P values 
Drug 0.0832 0.0005 0.0001 0.0002 0.0002 0.0001 
Drug-Center 0.1162 0.0979 0.1092 0.2475 0.0099 0.0330 

P Significantly different from placebo • Significant change from baseline 

The effect of Nisoldipine on trough supine and standing systolic and., 
diastolic blood pressure at study endpoint in all Nisoldipine treated 
patients is shown in the tallowing table : 

Change from Baseline to Endpoint in Trough Blood Pressures 
Mean and SEM in mmHg 

Placebo 
n=38 

Supine Diastolic Blood Pressure -1 .16±1 .29 
Supine Systolic Blood Pressure - . 000±2. 72 
Standing Diastolic Blood Pressure -1.18±1.44 
Standing Systolic Blood Pressure +0.89±2.57 
* Significantly different from placebo. p<0.05 
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Fisoldipine 
n-79 

-0.51±0.89* 
-14.73±1.89* 
-7.86±1.00* 
-13.00±1.77* 



The change from baseline to endpoint in the rrimary efficacy blood pressure parameter 
supine diastolic blood l'lressure, as well c.is the 3 secondary blood pressure parameters 
1s shown lor placebo and all Nisoldipine doses in the figure below : 
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Conclusjon. This was a titration study in which doses of Nisoldipine 10 
mg, 20 mg, 30 mg, 40 mg and placebo were evaluated. In the course of the 
study most patient were moved to the higher doses in order to decrease 
the blood pressure and very few patients remained in the lower doses 
(see flow sheets pages 7, 8, and 9). Therefore a dose-range study could not 
be carried and only a global evaluation was possible. Such assessment 
demonstrated that Nisoldipine was very effective in lowering the blood 
pressure (pages 10-15). 

Protocol 089-029 

Tjtle of Study : " Double-Blind Randomized Study of the Safety and 
Efficacy of Once Daily Doses of Nisoldipine 20, 40 and 60 mg (2X30 mg) 
Core-Coat Tablets vs Placebo in Combination with Atenolol 50 mg in 
Hypertensive Patients ". 

Prjncjpal lnyestjgators : 

H.A. Punzi, MD B. Garrett.MD 

.. 
. '-"!• 

Trinity Hypertensive and 
Diagnostic Research Center 
Carrolton, TX 

The Medical Research Center, Inc. 
Washington.DC 

J.D. Wallin, MD 
Tulane University School 
of Medicine. Department of 
Nephrology 
New Orleans, LA 

G.P. Lewis, MD 
Clinical Pharmacology Center 
New Bedford, MA 

J. Kann, MD 
Park Plaza Building 
Pittsburgh, PA 

·, -
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B. Levy.MD 
National Medical Research 
Corporation ··-·· ·-· 
Hartford Center for Clinical 
Research 
Hartford, CT 

B. Hamilton, MD 
OVA Medical Center 
Baltimore, MD 

K. Williams, MD 
Baltimore, MD 



J.F. Burris. MD 
Cardiovascular Center of 
Northern Virginia 
Alexandria, VA 22302 

J. Nappi, Pha"n. D. 
University of Houston 
College of Pharmacy 

p. Tobin, MD 
Accord Medical Center 
Denver, CO 

J. Galla, MD 
University of Cincinnati 
Medical Center 
Hypertension Program 
Cincinnati, Ohio 

T.S. Hem1an, MD 
Hypertension Research Program 
Buffalo, N. Y. 

P.M. Kaililanen, MO 
San Antonio, TX 

A. Shapiro, MD 
Shadyside Hospital 
Medical Ambulatory Unit 
Pittsburgh, PA 

J. Tarro, MD 
Oakridge Medical Clinic 
Lake Oswego, OR 

Objectives : The objectives of this study were to determine the dose, 
response and safety of 20 mg, 40 mg, and 60 mg Nisoldipine tablets as 
compared to placebo when administeired once dai1\y as additJve treatment 
for hypertensive patients not controlled on once d.al,.~i•1•\'. 

lnclusjon Crjterja. Ambulatory patients, male or female, of age 21 or ' 
older, with a history of essential hypertension WEtre eligible for 
enrollment in the placebo run-in period. 

Exclusjon Crjterja. Criteria foe exclusion were : l!abile hypertension, renal 
failure (plasma creatinine > 2.0 mg/di), significan:I liver disease, insulln­
dependent diabetes mellitus, hi~!ory or presence c1f bronchial asthma, 
obstructive pulmonary disease, significant peripheral vascular disease, 
recent (3 months) myocardial infraction, cerebrovascular accident, or 
clinical signs suggesting impending myocerdial inlarction or 
cerebrovascular disease. Also excluded were pationts with heart failure, 
major arrhythmias, conduction disturbances greater than first degree 
block, sinus bradycardia, failure of a major organ system, malignancy, 
psychosis, impaired absorption (such as chronic diarrhea), pregnancy, 
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women with childbearing potential, abuse of alcohol or drugs, allergy to 
dihydroperidines or beta blockers and participation in an investigalional 
drug study within the past 30 days. · 

Qya!ifjcatjons for Randomjzatjon. Patients discontinued all previous 
antihypertensive medication and were given a single-blind placebo once 
daily in a 2-week qualifying period (Regimen A). Patients with a mean 
SUD BP 100-119 mmHg at the end of the p!acebo run-in period were given 1 
capsule containing 50 mg Atenolol and 2 placebo tablets under single­
blind conditions for 4 weeks (Regimen B). Patients with mean SUDBP 95-
114 mmHg after 4 weeks of single-blind Ateno!ol were randomly assigned 
to 1 to 4 treatment groups and given double-blind drug. 

Drug-Regimen Protocol (Regimen C). Patients who qualified for 
randomization received Atenolol 50 mg + Nisoldipine (20 mg, 40 mg, or 60 
mg ) or Atenolol 50 mg + placebo for 6 weeks. 

Drugs for the double-blind period (Regimen C) contained encapsulated 
Atenolol 50 mg with one of the following : 

One Nisoldipine 20 mg tablet and 
one placebo tablet once daily for 6 weeks 

One Nisoldipine 20 mg tablet and 
One placebo tablet once daily for 1 week 

Forced titrated to 
One Nisoldipine 40 mg tablet and 
One placebo tablet once daily for 5 weeks 

One Nisoldipine 20 mg tablet and 
One placebo tablet once daily for 1 week 

Forced titrated to 
One Nisoldipine 40 mg tablet and 
One placebo tablet once daily for 1 week 

Forced titrated to 
Two Nisoldipine 30 mg tablets once daily for 4 weeks 

Two placebo tablets once daily for 6 weeks 
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The study design is illustrated in the following graph 

Atenolol 50 mg + Placebo OD 

" I I I I ,, 
Atenolol 50 mg +Nisoldipine 20 mg QD 

20 
mg 

I I I I I 'I 

Placebo Atenolol 50 mg 
run-in I • 

Atenolol 50 mg + Nisoldipine 40 mg QO. ·4 
II I II I 20 40 

mg mg 
I . . . . :1 ' ' ' ' 

Atenoiol 50 mg + Nisoldipine 60 mg QO 
20 40 60 
mg mg mg 

I ' ' ' • .1 

Visits 
1 2 3 4 4.5 5 6 7 8 8.5 9 

II 
. . • . . . 
' " ' .. ' . . • " 

1 1 2 2 1 1 2 2 
Week 
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Removal of gatjents from Stydy or Analysjs,, Patients could leave the 
study at any time if they so wished. Patients could be discontinued if they 
had significant physical or laboratory abnormalities, or if they had 
significant concurrent illness or deterioration of their condition. Patients 
could also be withdrawn if they were blatantly non-compliant. Patients 
with significant adverse events and those patients with elevations in 
SUDBP > 114 mmHg were also discontinued from the study. 

Statjstjcal Methods. All statistical tests were two-tailed and were 
conducted at a significant level of 0.05. Pairwise comparisons and within­
group changes were tested via the least square means estimated by the 
model. 

Ba5ulls .. Camagcagbic "b~caclacislics. The demographic characteristics 
are given in the following table : 

Atenolol+ Atenolol+ Atenolol+ Atenolol+ 
Nis 20 mg Nis 40 mg Nis 60 mg Placebo 
n-61 n-59 n-59 n-59 

Mean Age (years) 52 54 56 54 
Mean wt (lbs) 201 198 198 195 
Baseline BP (mmHg) 
Supine 159/101 159/10·1 162/101 , 56/110 
Standing 154/102 157/103 156/103 152/101 · 
%Male 79 73 70 64 
% Caucasian 61 53 58 53 
% Diabetic 8 9 14 12 
% Mild Hypertensive 60 56 51 59 
% Moderate 
Hypertensives 40 44 49 41 

The sponsor states that there were no statistically significant 
differences between the groups for any of the characteristics examined. 

Assessment. Patients were seen in the morning at weekly and biweekly 
intervals. A history complete physical examination and 12-lead 
electrocardiogram were taken in the firs visit, at baseline (aft.er 4 weeks 
of Atenolol) and at the last visit on double-blind drug. Electrocardiograms 
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were included in visits 7 and 8. Twenty-four hour ambulatory electrocar­
cardiograms were taken at some centers. on weeks 4.5 after 3 weeks of 
single Atenolol and at 8.5 weka of double-blind therapy. Chest X-ray were 
taken after 2 weeks on placebo. 

Laboratory tests performed in the course of the study included blood 
hematology, serum electrolytes, battery of liver function tests, and 
urinalysis. 

At the end of the single blind Atenolol phase and at the end of the doubie­
blind phase blood was taken at trough for Nisoldipine assay. 

At each visit vital signs were taken. 

Crjterja for Effectjyeness. The change from baseline in SUOBP was the 
primary efficacy variable in this study. The primary time point was the 

• endpoint which was defined as the last double-blind visit for all valid · 
patients. A valid patient was one who had at least 3 weeks of double-~l!;d. 
drug. This criterion was later amended before braking th• random code to 
19 days. The overall treatment efficacy was determined by th• change 
from baseline in trough SUDBP at endpoint between th• average of the 
three Atenolol-Nisoldipine groups and the Atenolol-Placebo group. 
Secondary efficacy parameters were supine systolic blood pressure 
change at trough, standing bloOd pressure changea at troU{lh .... and 
ambulatory blood pressure troughlpeak ratios. • ---·.. · · ···-

..;;::~ . . .;.;;. .. ~ 
An average decrease in diastolic blood pressure of at least 5 mmHg more 
than placebo was considered to be clinically meaningful. The actual power 
for the study was >95 %. 

The disposition of the patients is given in the following flow-sheet 
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Placebo 418 
Run-in 1------------~Patlents 
Period Enrolled 

i------1Dropouts 
105 

Atenolol 
50 mg 

313 
i---------~Patlents 

Patients 

Dropouts 
i------162 

Patients 

251 
Randomization "-------........iPatlents 

Atenolol+ 
NIS 20 mg 
62 Pa lents 

61 

Atenolol+ 
NIS 40 mg 
63 Patients 

59 
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Atenolol+ 
Nls 60 mg 
64 Patients 

59 

Atenolol + 
Placebo 
82 Patients 

'Dropouts j 
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The reasons because the patients were withdrawn from the placebo run-in 
period are given in the following Table : 

Mean SUDBP at visit 3 ·:100 mmHg or> 119 mmHg 
Mean SUDBP > 119 mm Hg during placebo run-in period 
Adverse event during placebo run-in period 
Other illness 
Abnormal laboratory value 
Abnormal electrocardiogram 
Noncompliance 
Investigator discretion 
Consent withdrawn 
Lost to follow-up 

Tota! 

-sa 
- 6 
-10 

- 3 
- 4 
- 2 
- 3 
- 5 
- 9 
~ 
~05 

Patients withdrawn during the single Atenolol period and therefore not 
randomized : 

Mean SUDBP at visit 5 <95 mm Hg or > 114 mm Hg 
Mean SUDBP > 114 mmHg on 2 consecutive visits 
after placebo run-in 
Adverse Event 
Other illness 
Abnormal electrocardiogram 
Noncompliance 
Investigator discretion 
Consent withdrawn 
Lost to follow-up 
Enrolled after enrollment date 

Total 

.37 

- 4 
- 4 
- 2 
- 1 
r 1 

- 4 
.. 4 

- 2 
~ 

62 

The reasons for invalidity for patients that were withdrawn during the 
treatment period are given in the following table : 
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Drug Group 

Atenolol + NIS 20 mg 

Atanolol + NIS 40 mg 

Aten.ilol + NIS 60 mg 

Atenolol + Placebo 

Total 

Number of 
Patients 

1 

4 

4 

1 

2 

1 

--------··--
13 

Reasons for Invalidity 

Less than 19 days on 
double-blind drug 
Less than 19 days on 
double-blind drug 
Less than 19 days on 
double-blind drug 
Visit 5 diastolic BP 
not between SS and 
114 mmHg 
Less than 19 days on 
double-blind drug 
Visit 5 diastolic BP 
!'.it between 95 and 
114 mmHg 

fllilctjyeness. The change from baseline in trough blood pressu;e by 
treatment for all patients valid for analysisof efficacy are given in the 
following tab!es 
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Supine Diastolic 

Drug Visit 6 Visit 7 Visit 8 Visit 9 Endpoint 
Group Week 1 Week 2 Wes!-: 4 Week 6 
ATN+NIS 
20 mg 
N 58 61 61 61 61 
Baseline 
BP 100.56 100.56 100.56 100.57 100.56 
Mean 0.88 0.88 
Change -8.53·c -9.80*C -9.10*AB -10.09* -10.09* 
SE 0.85 0.78 c ABC ABC 
ATN+NIS 0.89 0.88 0.88 
40 mg 
N 57 58 57 58 
Baseiine 58 
BP 100.75 100.75 100.77 100.75 
Mean 100. 75 
Change -8.52*C -11.26*C -12. 75*C -12.69*C 
SE 0.86 0.81 -12.87*C 0.92 0.91 
ATN+NIS 0.92 
60 mg 
N 56 59 57 59 
Baselirut 58 
BP 101.12 101.11 101.27 101.11 
Mean 101.00 
Change -9.72*C -12.15*C -14.36*C -14.24*C 
SE 0.87 0.80 -12.82*C 0.91 0.90 

' ATN+PL 0.92 
N 5d 59 59 59 
Baseline 59 
BP 99.93 99.93 99.93 99.93 
Mean 99.93 
Change -4.00* -4.31* -4.29* -4.28* 
SE 0.85 0.80 -4. 61 * 0.90 0.90 
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Drug Visit 6 Visit 7 Visit 8 Visit 9 Endpoint 
Group Week 1 Week2 \Neek 4 Week 6 

ATN+NIS 
20 mg 
N 61 61 61 61 61 
Baseline 
BP 158.71 158.70 158.70 158. 71 158. 70 
Mean 
Change -10.82*C -12.96* -13.30* -13.14* ·13.15* 
SE ABC BC ABC ABC 
ATN+NIS 
40 mg 
N 58 58 58 57 58 
Baseline 
BP 158. 78 158.77 158.77 158.97 158.77 
Mean 
Change -12.93*C -19.04*C -19.03*C -20.09*C -19.83*C 
SE 2.01 2.11 2.29 2.05 2.05 

ATN+NIS 
60 ,ng 

N 58 59 58 57 59 
Baseline 
BP 
Mean 161.46 161.58 161. 70 162.01 161.58 
Mean 
Change -12.29*C -20.38*C -21.oo·c -23.43*C -23.09*C 
SE 2.00 2.08 2.28 2.03 2.02 
ATN+?la 

N 59 59 59 59 59 
Baseline 
BP Mean 156.30 156.29 156.29 156.28 156.29 
Mean 
Change -3.78 -2.51 -0.02 -0.87 -0.85 
SE 1.99 2.09 2.26 2.01 2.02 
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Standing Diastolic 

ATN+NIS 
20 mg 
N 61 61 61 61 61 
Baseline 
BP 102.15 102.16 102.16 1 02.16 1 02.16 
Mean 
Change -7.50*C -8.46*C -7.90* -8.93* -8.93* 

ABC ABC ABC 
SE 0.87 1.00 0.89 0.89 0.89 
ATN+NIS 
40 mg 
N 58 58 58 57 58 
Baseline 
BP 103.42C 103.43C 103.43C 103.45C 103.43C 
Mean 
Change -8.55*C -12.23*C -12.85*C -15.00*C -14.93*C 
SE 0.89 1.02 0.92 O.S3 0.91 
ATN;.NIS 
60 mg 

N 58 59 58 57 59 
Baseline 
BP 102.97 102.94 102.97 103.18 102.94 
Mean 
Change -8.55*C -12.23*C -12.85*C -15.00*C -14.93*C 
SE 0.89 1.02 0.91 0.91 0.91 
ATN+Pla 
N 59 59 59 59 59 
Baseline 
BP 101.13 101.13 101.13 101.12 101.13 
Mean 
Change -3.2Si* -4.24* -J.19· -1.96* -1.95* 
SE 0.89 1.02 0.91 0.91 0.91 
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Standing Systolic 

Drug Visit 6 Visit 7 Visit 8 Visit 9 Endpoint 
Group Week 1 Week2 Week4 Week6 

ATN+NIS 
20 mg 
N 61 61 61 61 61 
Baseline 
BP 152.33 152.23 152.23 152.20 154.37 
Mean 
Change -1 o.69·c -11.17* -11.20* -10.97* -10.97* 

ABC ABC ABC ABC 
SE 2.00 2.10 2.17 2.04 2.00 

ATN+NIS 
40 mg 

N 58 58 58 57 58 
Baselin1:1 
BP 156.89 156,87 156.87 156.85 156.87 
Mean 
Change -13.25*C -17.66*C -21 .52*C -22.35* -22.38*C 
SE 2.10 2.18 i.25 2.13 2.11 ,..._... 
ATN+NIS 
60 mg 
N 58 58 58 57 59 
Baseline 
8P 156.17 156.30 156.33 156.73 156.30 
Mean 
Change -11.16*C -19.76*C -20.50*C -22.36*C -22.1 o·c 
SE 2.08 2.15 2.24 2.12 2.08 
ATN+Pla ,__... 
N 59 59 59 59 59 
Baseline 
BP 152.23 152.23 152.23 152.20 152.23 
Mean • 

' 
Change ·3. 17 -1.42 -0.90 I 1.88 1.89 
SE 2.07 2.15 2.22 2.08 2.09 
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E-values -- Visit 8 

.... 

Visit 6 Visit 7 
Week1 Week2 Week4 

Drug* 
Center 0.0203 0.6905 0.1363 
NIS vs 
PLA 0.0001 0.0001 0.0001 
20 mg vs 
PLA 0.0002 0.0001 0.0004 
40 mg vs 
Pia 0.0003 0.0001 0.0001 
60 mg vs 
Pia 0.0001 0.0001 0.0001 

A: Significantly different from ATN+NIS 40 mg QD 
B. Significantly different from ATN+NIS 60 mg 
C. Significantly different fron ATN+Pla 
• Significant change from baselinG 

Visit 9 Endpoint 
Weeks 

0.1813 0.1478 

0.0001 0.0001 

0.0001 0.0001 

0.0001 0.0001 

0.0001 0.0001 

The effect of Nisoldipine on trough SUDBP during the course of the double­
blind treatment is shown in the following table : 

Placebo Substracted Change in SUDBP 
Mean in mmHg 

NIS Dose 
Week 1 Week 2 Week4 Weeks 

20 mg -4.53* -5.49* -4.49* -5.80* 
40 mg -4.52* -6.95* -8.26* -8.4S* 
60 mg -5. 72* -7.84 -8. 21. -10.07* 

• Denotes values when Nisoldipine blood pressure responses are 
significantly different from placebo, <0.05 
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The changes from baseline to endpoint in trough blood pressure, men and 
SEM in mmHg are given in the following table : · 

ATN+PLA ATN+ ATN+ ATN+ 
NIS 20 rng NIS 40 mg NIS 60 mg 

n•59 n•61 n-58 n-59 

SUOBP -4.28±0.90 -10.08±0.98 -12.69±0.9* -14.24±0.9* 

SUS BP -0.85±2 -13.15±2AB -19.83±2* -23.1±2* 

STD BP -1.95±0.91 -8.93±0.9AB -1 '3±0.92* 15±0.91 * 

STSBP +1.89±2.09 -11 ±2.03• -22.38±2.1 * -22.10±2.1 * 

A denotes values NIS 20 mg significantly different from placebo,p<0.05 
B denotes values NIS 20 mg significantly different from Nisoldipine 60 
mg<0.05. 

ATN+PL:A ATN+NIS ATN+NIS ATN+NIS 
20 mg 40 mg 60 mg 

Trough o/o Patients % Patients % Patients % patients 
response 
mmHg I 
SUDBP~O 32.2 55.7* 67.8* 66.1 * 
Fall in 23.7 50.8* 67.8* 74.6* 
SUDBP 
~10 

SUDBP~O or 39 63.9* 74.6* 78 
Fall in 
SUDBP ~10 
SUDBP~O 16.9 42.6* 61 * 62.7* 
and fall in 
SUDBP ~ 10 
• p <0.01 vs placebo 
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At 8 centers ambulator1 blood pressure monitoring (ABPM) was done after 
3 weeks on single blind Atenolol and after 5 weeks of double-blind 
therapy. Smoothed and unsmoothtld means for the ambulatory data are 
shown in the graphs in the following two pages : 
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The placebo-substracted trough SUDBPs are showed in the following graph: 
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The trough and peak ambulatory blood pressure changes and trough to peak 
ratios for patients valid for efficacy analysis are given in the following 
table : 

Smoothed Data - Difference from Placebo Group 

Trough Peak Hours to Trough to 
mmHg mmHg Peak Peak 

Ratio 
Variable Drug 
Diastolic ATN+NIS -5.0 -9.4 3 53o/o 

20 mg QD 
ATN+NIS 
40 mg QD -12.8 -13. 1 23 97°/o 
ATN+NIS 
60 mg QD -12.9 -1 3 1 99% 

Systolic ATN+NIS 
(at corres- 20 mg QD -11. 7 -13.6 3 86% 

~ 
ponding ATN+NIS 
diastolic 40 mg QD -22.0 -22.0 23 100% 

I peaki ATN+NIS 
60 mg -17 .9 -19 .o 1 94% 

Systolic ATN+NIS 
(actual) 20 mg QD -11. 7 -14.0 5 83% 

ATN+NIS 
40 mg QD -22.0 -22.0 24 100% 
ATN +NIS 
60 mg OD -17.9 -22.3 6 SO% 

Pharmacodynamjc Results Trough plasma samples were drawn at visits 5 
and 9. Visit 9 samples for <l!I patients were e.~~l!'zed for Nisoldipine. The 
results for patients whose tr~atment regimens die! include Nisoldipine are 
shown in t"'e following table : 
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Mean Trough Range of Trough 
Concentratior. Concentrations 

·- n (ng/ml) (ng/ml) -
AT+NIS 20 mg 57 1.6 0 ·7.41 
AT+NIS 40 mg 55 2.5 0-12.0 
AT+NIS 60 mg 59 3.3 0-10.40 

Conclusjons. In this protocol Atenolol was used as a positive control and 
studies were performed with Atenolol in combination with placebo and 
with NIS in the concentrations of 20 mg, 40 mg and 60 mg. Atencio with 
placebo had not significant effect in blood pressure but in combination 
with NIS demonstrated significant hypotensive effects in relation with 
the concentration of NIS. Threfore the possibility of drug interaction 
should be considered. Measurements of NIS in plasma were performed and 
they increased as would be expected with increasing concentrations of NIS 
and in relation to their effects on blood blood pressure but unfortunately 
concentrations of Atenolol in plasma were not measured. In other studies 
the sponsor did not find clinically relevant drug interaction betwe&JJ;. . ,,.f_;.,,, 
Nisoldipine, and the beta blocker Propanol (study 704, PB#21521, \1ofume 
142, pp. 08-17-0010374). However some studies in the literature do not 
agree with this conclusion. 

Elliott et al studying the interactions between Nisoldipine and Atenoloi 
and Propanolol found that Nisoldipine, in single and multlple.:doses, 
significantly increased the peak plasma concentration ot Prcl'panolor and 
Atenolol. There was no evidence that either beta blocker influenced the 
pharmacokinetics of Nisoldipine. (The interactions between Nisoldipine 
and two beta-adrenoceptor antagonists : atenolol and propanolol. 
H.L.Elliott et al. Brit J Clin Pharmacol 1991 ;32(6):379-85). 

Levine et al demonstrated pharacodynamic and pharmacokinetic 
interactions ·between Nisoldipine and Propanolol (MAH Levine et al. 
Pharmacokinetic and pharmacodynamic interactions between Nisoldipine 
ar.d Propanolol. Clin Pharmacol Ther 1988; 43:39-48). 

These contradictions could have been clarified had the sponsor included in 
this protocol a true placbebo group and groups of Nisoldipine without 
Atenolol. Plasma levels of Atenolol should have been also measured. 
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Protocol D90-019 

Title of Stydy : • A Double-Blind Randomized Study of the Safety and 
Efficacy of Once Daily Doses of Nisoldipine Coat-Core Tablets 30 mg, 60 
mg (2X30) and 90 mg (3X30) vs Placebo in Hypertensive Patients •. 

prjncjpal lnyastjgatgrs .. 

R. Towsend, M.D, 
Galveston, IX 

R.J.Weiss. M.D. 
Auburn, ME 

P. Ratner, M.D. 
San Antonio, IX 

A. Jain, MD 

B. Eidelson, M.D. 
Absecon, N.J. 

A. Lewin, M.D. 
Los Angeles, CA 

M. Weber, M.D. 
Long Beach, CA 

• 
New Orleans, LA 

G. Neri, Jr., M.D. 
Chicago, II. 

·:- , .. 

L. Gilderman, D.D. 
Pembroke Pines, Fl 

S. Glasser, M.D. 
Tampa, FL 

I. Littlejohn, M.D. 
Winston-Salem, NC 

M. Zinny, M.D. 
Brighton, MA 

0. McCluskey, M.D. 
Mogadore, OH 

I. Fagan, M.D. 
.Tucson, AZ 

H. Serfer, M.D. 
Hollywood, FL 

R. Reeves, M.D. 
Olympia, WA 

Objectives. The objectives of this study were : 

1. To determine the antihypertensive efficacy and safety of NIS 
tablets in doses of 30 mg. 60 mg and 90 mg daily in patients with · 
mild to moderate hypertension. 
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2. To assess the time and magnitude of peak blood pressure response 
and the ratio of trough to peak antihypertensive effect by 24-hour 
ambulatory blood pressure monitoring. 

lnc!usjon Crjterja. Ambulatory patients, male and female, 21 to 75 years 
of age, with a history of mild to moderate essential hypsrtension were 
eligible for the study. 

Exclusjon Crjterja. Patients with the following conditions were excluded 
from the study : labile hypertension, renovascular or other secondary 
forms of hypertension, patients whose SUDBP after 3 and 4 weeks of 
placebo run-in were not ~100 or s 114 mmHg, previous myocardial 
infarction or cerebrovascular accident, heart failure, frequent 
arrhythmias, conduction disturbances, angina pectoris, use of other 
antihypertensive d:·ugs, and many other drugs. 

Also excluded were patients with failure of a major organ system, li;,eit 
kidney disease, malignancy or psychosis, patients with previous history of 
gastrointestinal disease which could result in incomplete absorption of 
the drug, women with childbearing potential, patients with alcohol or drug 
abuse, or allergy to dihydropyridines 

Stydy Qesjgn .. The study consisted of a single-blind placebo run-In period 
and a treatment period. 

Placebo Run-in Period. During this period of 4 weeks duration pacie11ta 
discontin~ied all previous antihypertensive medication and were given a 
single-blind placebo which consisted of 3 tablets once a day In the 
morning for a 4-week qualifying run-in period. Then patients with 
confirmed hypertension, with a trough SUDBP ~100 to s 114 mmHg after 3 
and again after 4 weeks of placebo and whose SUDBP at these 2 visits 
were within 7 mmHg of each other were admitted into the treatment 
period. 

Treatment Period. After four weeks of single-blind placebo patients with 
confirmed hypertension were randomized to one of three treatment groups: 
Pl:acebo, Nisoldipine 30 mg or Nisoldipine 60 mg. Patients randomized to 
placebo received placebo for the remainder of the study. Placebo 
randomized to Nisoldipine 30 mg received the same dose for the remainder 
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of thd study. Pati~nts rar•domiz~ to Nisoldipine 60 mag were given 
Nisoldipir.e 30 mg for one or two weeks and the dose was titrated to 
Nisoldipine 60 mg (2X30) for the final 4 to 5 weeks of the double-blind 
treatment. A '1roup of patients was to be titrated to 90 mg (3X30) but this 
arm was discontinued be!ore any patients were randomized because a 
concurrent high-dose forced-titration clinical pharmacological study 
showed evidence of symptomatic T wave flattening/or inversion 
predominantly at doses above Nisoldipine 60 mg. 

The study design is shown schematically in the following graph : 

Nisoldipine 30 mg 
11-----1-----1-----1-----1-----1----·ll 
I 

Placebo Run-in I Nisoldipine 60 mg 
11-----1----·l-----1-----11-----1-----1-----1-----1-----1-----11 
Period I 

I Placebo 
11-----1-----l--·--l-·---1-----1-----11 

Double-Blind 

Regimen B B,C B,C 8,C 8,C 
A A A A B or C or 0 or 0 or D or D 

11-----1-----1-----1-----11-----1-----1-----1-----1-----1-----11 
1 2 3 4 5 6 7 8 9 10 

Week 

Group 

NIS 30 mg 
NIS 60 mg 
Placebo 

Regimen 
B 

30 mg 
30 mg 
Placebo 

Regimen Regimen 
c D 

30 mg 30 mg 
60 mg 60 mg 
Placebo Placebo 
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Demography. The demography and baseline characteristics in patients 
valid for analysis of efficacy is given in the following table : 

NIS 30 Oll:f NIS 60 mg Placebo 
N•76 N-66 N·71 

Mean Age 
(years) 52 - 52 52 

Mean wt (Lbs) 197 197 202 

Baseline BP 
Supine 157/1 04 158/105 155/104 
Standing 153/i04 154/104 151/103 

History of 
Hypertension 
(years) 1 1 9 10 

%Male 61 56 52 

% Caucasian 58 58 72 

% History of 
Diabetes 9 11 13 

% History of 1 3 12 8 
Hyperlipidemia 
% History of Ml 0 2 , 
% Mild 
Hypertensives 62 58 70 
% Moderate 
Hypertensives 38 42 30 
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The distribution and randomization of patients is seen in the following grapl 

Placebo 309 
Control 1-----------iPatients 
Period Enrolled 

------- 221 
Randomization •1-' -------.........iPatients 

~ 
~ 

i 

Nisoldipine 
30 mg 

76 

73 

Nisoldipine 
60 mg 

73 

61 

40 

12 

Dropouts 
88 

9 

Placebo 
72 

63 



The listing of patients who did not qualify for randomization is given in 
the following table : 

Mean supine diastolic blood pressure 
at visit 4 and at visit 5 did not qualify 
Adverse events 
Low diastolic blood pressures 
Patient request 
Blood pressure too high 
Elevated seru:n transaminase levels 
Childbearing potential 
Elevated serum lipids 
Family c~nsiderations 

lllne,ss not due to study medication 
lntercurreni medical considerations 
Adm::iistr.ative problems 
Change in supine diastolic blood pressure 
> 7 mmHg fr:1m visit 4 to visit 5 
Low hemogloi:lin/hematocrit 
Protocol v;o: .. :ti;n 

45 
7 
6 
6 
5 
5 
2 
2 
2 
2 
2 
1 

1 
1 
1 

----------- ·-- ·--------------------------------------------
Total 88 

The reasons for discontinuation of double-blind therapy population in all 
randomized patients are given in the following tllble · 

Reason 

Adverse Ever.t 
Lack of efficacy 
Physician dissatisfied 
with treatment 
Patient dissatisfied 
with treatment 
Lost to follow-up 

Nisoldipine Placebo 
30 mg 60 mg 
N-76 N-73 N•72 
1 11 3 
1 0 2 

0 1 2 

0 0 2 
1 0 0 

The listing of dropouts due to adverse events for patients valid for safety 
analysis is given in the following table 
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Drug Group Adverse Experience Day of Dose/ Intensity/ 
Cai.Jsing Patient to Onset Duration Relation-
Drop (Days) ship to 

Drug 

Placebo EKG abnormality -1 Pla/1 Mild/ 
Remote 

Cardiac arrest 24 Pla/1 Severe/ 
Remote 

Frontal headaches 28 Pla/>3 Severe/ 
Possible 

Nisoldipine Edema lower extremity 24 30 mg/ Moderate/ 
>7 Probable 

Severe headache 3 30 mg/ Severe/ 
>11 Possible 

Headache 
_, 

Pla/5 Severe/ 
Possible 

Severe headache 0 30 mg/7 Severe/Pos 
2+ ankle edema, 24 60 mg/ Moderate/ 
bilateral 10 Probable 
3+ pretibial edema, 24 60 mg/ Severe/ 
bilateral 10 Probable 
Trace edema, 
bilateral 24 60 mg/ Mild/ 

10 Probable 
Atypical chest pain 9 60 mg/5 Mod/Poss 
Headache 12 60 mg/ Severe/ 

> 1 Possible 
3 + ankle edema 33 60 mg/ Severe/ 

>3 Possible 
Headache.vomiting 7 60 mg/ Severe/ 

i Possible 
Headache 12 f'; mg/>1 Sev/Rem 
Confusion, 0 30 mg/>1 Sev/Rem 
Nausea, 0 30 mg/3 Mild/Prob 
Headache 6 30 mg/2 Mod/ 

Probable 

42 



E!fjcacy 

Actyal Dosage and Duration of Treatment. Patients were to receive 
Nisoldipine 30 mg, 60 mg or Placebo over a 6 week double-blind treatment 
period. Upward titration from Nisoldipine 30 mg to Nisoldipine 60 mg was 
required in the Nisoldipine 60 mg group after one or two weeks of double­
blind medication if trough SUDBP was greater than or equal to 80 mmHg. 
Placebo and Nisoldipine 30 mg underwent sham titration. The following 
table shows the number of patients that were given each dose level and 
had valid visits at each week for the population of patients valid for 
efficacy : 

Double-Blind Visit 
Week of Double­
Blind Therapy 
Group Regimen Dose 

Nis 30 mg 

NIS 60 mg 

Placebo 

B (30 mg qd) 

C (30 mg QD) 

B (30 mg QD) 

C (60 mg QD) 

8 (Placebo) 

C (Placebo) 

6 7 8 

1 2 3 
N N N 
(%) (%) (%) 

75 10 4 
(100)(13) (5) 

66 71 
(87) (95) 

65 7 5 
(100)(11) (8) 

59 59 
(89) (92) 

71 6 2 
(1 00) (8) (3) 

65 65 
(92) (97) 

9 1 0 

4 6 Endpoint 
N N N 
(O/o) (O/o) (

010) 

3 3 3 
(4) (4) (4) 
71 70 73 
(96) (96) (96) 

5 4 5 
(8) (6) (8) 
59 58 61 
(92) (94) (92) 

2 2 2 
(3) (3) (3) 
64 62 69 
(92) (97) (97) 

Analysis of Effectiveness. Two hundred thirteen of the 221 enrolled 
patients had at least one valid blood pressure measurement after 
randomization and were included in the primary efficacy analysis 
(endpoint) :76 were randomized to the Nisoldipine 30 mg group, 66 were 
randomized to the Nisoldipine 60 mg group, and 71 were randomized to the 
placebo group. 
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Trough raw means of blood pressure at each visit as well as at endpoint 
are given in the following table : 

Supine Standing 

NIS NIS Placebo NIS NIS Placebo 
30 mg 60 mg 30 mg 60 mg 

Base- 1 58/ 1 58/ 155/ 154/ 1 55/ 1 52/ 
line 104 105 104 104 104 103 
(N) (76) (66) (71 ) (76) (66) (71) 
Week 1 148/95 146/94 152/98 144/96 142/94 149/ 
(N) (75) (65) (71) (75) (65) 100 

(71) 
Week 2 147/93 141 /90 152/98 143/95 139/91 1 49/99 

(76) (66) (71) (76) (Se) (71) 
Week 3 144/92 139/89 149/97 140/93 136/90 148/98 
(N) (75) (64) (67) (75) (64) (67) . 

Week4 142/92 139/87 ~ 52/98 140./93 ~ 35/87 150/99 
(N) (75) (64) (66) (75) (64) (66) 

-Week 6 145/92 140/89 152/98 140/94 135/90 149/ 
(N) (73) (62) (64) (73) (62) 100 

(64) 
End- 146/93 141 /90 154/99 1 41 /94 13 7 /91 1 50/ 
point 101 
(N) (76) (66) (71) (76) (66) (71) 

Mean changes (mmHg) in SUOBP at endpoint for patients wit m!ld (baseline 
SUOBP ~ 100 to s 104 mmHg)and moderate (baseline SUOBP ~ 105 to s 114 
mmHg) hypertension are shown in the followings table and figure: 

Njso!djpine 30 mg 
(N) Change 

Mild 47 -11.3 
Moderate 2 9 -11 . 7 

Njsoldjpine 60 mg 
(N) Change 

38 -15.7 
28 -14.0 
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Placebo 
(N) Change 

50 -6.0 
21 -2.3 



Mt:AN CHANGE FAOM BASELINE (mmHg) 
FOR SUPINE DIASTOLIC BP AT ENDPOINT 

PATIENTS WITH MILO HYPERTENSION 

.191-----------------" 

·14 

MEAN CHANGE FROM 8ASEUNE (mmHg) 
FOR SUPINE DIASTOLIC BP AT ENDPOINT 

PATIENTS WITH MODERATE HYPERTENSION 

·18'------------------l 
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The 24-hour ambulatory blood pressure profile of mean systolic and 
diastolic blood pressure responses for tlie three treatment groups are 
shown in the following graph : 

SmooUl of NHft Ch•n1• from aai.u ... of Ambul•Lo,,. Blood Pronuro 

S7e ... ll• •••M PH••lilff 

• 

= :t-ii::::=:=::=::!~1 ... 1...,.1.-il~~:::~----~--~::::,..""=' __ ~~-:-:::r~-L. 
! :: ~ 
iii -· • 
i -· 
~ - to 
~ 

"" - 'a • --.. • 
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Heun fl••L h•• 

OieeLoUc 11...t Pr•••vre 
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Heun P"LD..e 

l•l•I Nleellll,lae :ao.1 
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The ambulatory blood pressure falls and trough to peak ratios change from 
placebo for patients valid for efficacy analysis are given in the following 
table : 

N 

Diastolic BP 
NIS 30 mg 39 
NIS 60 mg 29 

- Peak 
Hour value * 

(mmHg) 

13 12.13 
4 15.24 

Trough* Trough to Peak 
(mmHg) ratio 

9.52 
14,22 

78% 
93 o/o 

Systolic BP (at corresponding time of diastolic peak) 
NIS 30 mg 39 13 17.46 14.52 83 °/o 
NIS 60 mg 29 4 23.13 17.66 76 °/o 

Systolic Blood Pressure ( actual ) 
NIS 30 mg 39 13 17.46 
NIS 60 mg 29 5 23.71 

*Change from placebo, baseline corrected 

14.52 
17.66 

83% 
75% _ 

; 

• . 

The mean changes from baseline in diastolic blood pressure over the 24-
hour period of ambulatory blood pressure were -8.6 mmHg for Nisoldipine 
30 mg, -12.0 mmHg for Nisoldipine 60 mg and +0.7 mmHg for placebo. 

Pharmacokjnetjcs Besylts. Trough blood samples were drawn at all 16 
centers at visits 5 an 10. Seven centers also drew blood samples at visit 
10.1 at 2 and 12 hours post-dosing. Samples were assayed for Nisoldipine 
blood lovels. Results are presented in the following table : 
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N 

NIS 30 mg: 
Trough 68 
2 hours post dosing 2 7 
12 hours post dosing 2 7 

NIS 60 mg: 
Trough SS 
2 hours post dosing 2 7 
12 hours post dosing 2 6 

Mean Concentration 
(SD) ng/ml 

1.5 (1.3) 
2.3 (1.9) 
2.1 (1.2) 

3.2 (2.8) 
6.0 (5.2) 
4.9 (2.8) 

Change in SUBP 
(Systolic/Diastolic) 

in mmHg 

-12/-11 
-17/-15 
-19/-17 

-17i-16 
-20/-19 
-21/-22 

There was a statistically significant correlation between plasma 
concentration and change from baseline to endpoint in supine diastolic 
blood pressure at trough. The greater the correlatic;n, the greater was the 
decrease in supine diastolic blood pressure. Twenty percent of the 
variability in the observed change in supine diastolic blood pressure was 
explained by plasma concentration. 

Assessment. The results of this study indicate that Nisoldipine, at the 
dose of 30 mg and 60 mg daily once daily, is effective in reducing systolic 
and diastolic blood pressure at trough in patients with mild to moderate 
hypertension. The reductions in systolic and diastolic blood pressure were 
greater than 50 percent of peak effect at trough. Furthermore, ambulatory 
measurements of blood pressure for 24-hours demonstrated that 
reductions in blood pressure in Nisoldipine-treated patient was 
maintained thr\lugh the hours of observation. Tho effect was more 
effective with the 60 mg of Nisoldipine than with the 30 mg dose and in 
the latter more effective than placebo. Pharmacokinetic studies 
demonstrated that effect on diastolic blood pressure was proportional to 
the concentration of Nisoldipine in blood. 

Side effects were significantly increased by drug administration as 
compared to control and were greater with the 60 mg Nisoldipine dose 
than with the 30 mg. Adverse events are to be discus.sad by another 
reviewer. 
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Protocol D89·039 

Tjt!e of Styct<~:- M Comparative Double-Blind Study of the Safety and 
Efficacy of Once Daily Doses of Nisoldipine 20 mg. 40 mg, 8•.l mg Coat Core 
(CC) Tablets vs a Twice Daily Dose of Verapamil SR 240 mg caplets vs 
Placebo in Hypertensive Patients ". 

Prjncjgal lnyestjgators and Sjtes gf lnyestjgatign : 

J Applegate, MD 
Family Care 
Wyoming, Ml 

A Synhavsky, MD 
Kidney Disease and Critical Care 
Associates, P.A. 
Minneapolis, MN 

W Flamembaum, MD 
Health and Science Resea~ch Inc. 
Englewood, NJ 

C Price, MD 
Delray, FL 

J Angelo, DO 
New Orleans Institute for 
Clinical Investigation 

R Goldstein, MD 
Tampa, FL 

R McDonald, MD 
Littsburgh, PA 

D Ginsberg, DO 
Harleysville, PA 
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J Levine, MD 
Clinical Research Associates 
Nashville, TN 

L Warrick, MD 
The Jackson Foundation 
Madison, WI 

J Douglas, MD 
Case Western Reserve 
Univ•=irsity Hospitals 
ClevE:lland, Ohio 

D Cassidy, MD 
C Steiner, MO 
Cardiology Center 
Mart'ero, LA 

V Canzanello, MD 
Division of Nephrology 
Department of Medicine 

.t 

Bowman Gray School of Medicine 
Winston-Salem, NC 

D Wombolt, MD 
Norfolk, VA 

D Mccarron, MD 
Risk Factor Clinic 
Portland, OR 



G Neri, MD 
Clinical Research Center 

Chicago, IL 

Objectjyes. The objective of this study was to determine the efficacy and 
safety of once daily doses of Nisoldipine 20 mh, 40 mg and 80 mg to a 
twice daily dose of Verapamil 240 mg and to Placebo in patients with 
mild to moderate hypertension. 

lnclusjon and Exclysjon Criterja. Ambulatory male and female patients, 21 
years of age or older, with history of mild to moderate hypertension, were 
eligible for enrollment in this study. 

Patients with the following conditions were excluded from this study : 
recent myocardial infarction or cerebral vascular accident ; herat failure, 
major arrhythmias, conduction distrurbances, angina pectoris, sinus 
bradycardia or severe left ventricular dysfunction ; patients with 
impaired absorption of the drug ; females pregnant or with childbearing i­
potential ; patients with failure of a major organ system such as liv __ ;;i::. - --renal disease, malignancy or psychosis ; alcohol abuse or drug intake :--··:· 
allergy to dihydropyridines, verapamil or other antagonists ; also 
excluded were patients who participated in another investigational drug 
study within the previous 30 days. 

Study Qesjgn. The study consisted of a single-blind run-in period and a 
treatment period. 

Single-Blind Run-In Period. Patients were given two placebo tablets and 
one placebo capsule in the morning and anothe placebo-capsule in the 
evening each day during a 4-week single-blind-run-in period. Drug for the 
single-blind placebo run-in period was labeled as Regimen A. 

Qualification for Rar.domization. Patients whose mean SUDBP (the average 
of 3 readings over a five minute period in the supine position) were 95-
114 mmHg after 3 and after 4 we1:1ks on placebo and whose SUDBP after 3 
and 4 weeks on placebo were within 7 mmHg of each other were eligible· 
for randomization. 
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Double-Blind Treatment Period. Alter the placebo run-in period, a forced titration was designed as 
follows : Regimen B : Nisoidipine 20 mg, Verapamil 240 mg qd or Placebo which patients took tor 
one week; Regimen C : Nisoldipine 20 mg, Nisoldipine 40 mg, Verapamil 240 mg twice daily or 
Placebo which patients took for one week : Regimen D : Nisoldipine 20 mg, Nisoldip1ne 40 mg, 
Nisoldipine eo mg (2 X 40 ), Verapamil 240 mg twice· dally or Placebo which patients took tor 6 
weeks. After 8 weeks of double-blind drug, patients given Nisoldipine or Verapamil continued on 
the same drug regimen while patients given Placebo were switchec:t to Verapamil 240 mg qd tor the 
remaining of the 4 weeks of study. 

The study design is demonstrated schematically in the following graph 

Placebo run-in 
Period 

ti ' ' 

Visit , 2 
I 

Weeks 

' ' 

3 4 5 

Placebo 
I I I I I 

Verapamil 
240 mg OD 
I I I 

Nisoldipine 
20 mg 20 mg 

I I I I I I I 

20 mg 
20 mg 

Nisoldipine 40 mg 

. 
' • ' ' ' ' ' 

20 mg 20 mg Nisoldipine 80 mg OD 
20 mg 

I t I I I . . . 

ooaD Verapamil 240 mg bid 
' ' ' ' ' ' ' 

6 7 8 9 , 0 , , 12 

5, 

' 
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Demograohics. The demographic characteristics are shown in the 
following table : 

Nisoldipine Nisoldipine Verapamil Placebo 
20 mg 40 mg n-76 n-72 
n-70 n-72 

Meanage 53 54 52 55 
(years) 
Mean wt 202 197 198 196 
(lbs) 
Baseline BP 
(mmHg) 
Supine 153/1 00 155/100 151/100 154/100 
Standing 151/101 151/101 148/101 151/100 
Male 57 °/o 61 O/o 55 o/o 67 o/o 
Black 31 °/o 24 o/o 28% 21 % 
History of 
Diabetes 9% 1 °/o 11 % 8% 
History of 
Hyperlipi-
demia 3°/o 1 °/o 3% 10% 
History of 
Ml 3°/o 1% 0% 1% 
Hypertensi-
ves 
Mild 84 °/o 86% 83% 89% 
Moderate 16 °/o 14% 17% 11 % 

. .. 
•. 

The distribution of patients and randomization are given in the following 
graph: 
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413 
Placebo Patients 
Control -----------iEnr lled 
Period 

Nisoldipine 
20 mg 

76 
Patients 

Dropouts 
or 

Invalid 

70 
Patients 

6 

Nisoldipine 
40 mg 

76 
P 1tients. 

I 4 

72 
Patients 

Randomization 
320 

Patients 

Verapamil 
240 mg 

78 
Patients 

76 
Patients 

Placebo 
75 

Patients 

72 
Patients 

3 

Discontinued 
93 

Patients 

Nisoldipine 
80 mg 

15 Patients 

15 ~ 

0 
Patients 

The reasons that disqualified enrolled patients for randomization are given in the 
following table : 
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Mean Supine Diastolic Blood Pressure 
at visit 4 or visit 5 did not qualify 
for randomization (95 mmHg to 11 mmHg) 
Adverse events 
Patient chose to withdraw 
Other illness/Surgery/Screening 
abnormality 
Blood pressure too high off medications 
for patient's safety 
Lost to follow-up 
Elevated transaminases at screening 
Noncompliance 
Called to military service 
Blood pressure too low after in-clinic 
Inadequate quality control during 
ambulatory blood pressure 

Total 

47 
13 

9 

5 

5 
4 
3 
3 
2 
1 

1 

93 

The number of dropouts during the treatment period and the reasons for 
elimination from the study are given in the following table : 

Nisoldipine 20 mg. N•76 

Event 

Palpitations, depression, headache, emesis 
Headache, shortness of breath, fatigue 
Headache, flashing, head congestion 
Headache, flushing, palpitations 
Peripheral edema 
H:::adache, nausea 
Peripheral edema 
Peripheral edema 
Pleural effusion 
Myocardial infarction 
Noncompliance 
Chose to withdraw 
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Days on Drug 

2 
3 
4 
6 

12 
12 
24 
73 
n 
89 
7 
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Nisoldipine 40 mg. N•76 

Event 

Headache, rash 
Headache, nausea 
Headache, nausea 
Peripheral edema 
Peripheral edema 
Myocardial infarction 
Headache, tremor, flushing, palpitations 
hypesthesia, asthenia 
Peripheral edema 
Peripheral edema 
Peripheral edema 
CVA 
Chose to withdraw 
Chose to withdraw 

Nisoldipine 80 mo. N•15 

Headache, flushing, palpitations, chest pain 
Flushing, palpitation 
Deep T wave inversion 
Discontinued 
Discontinued 
Discontinued 
Discontinued 
Discontinued 
Discontinued 
Discontinued 
Disco!'ltinued 
Discontinued 
Discontinued 
Discontinued 
Discontinued 
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Days on Drug 

1 
2 
2 

10 
12 
13 

14 

22 
40 
41 
16 
32 

1 
14 
15 

3 
4 
6 

12 
13 
14 
17 
20 
20 
24 
28 
31 
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Verapamil 240 mg. N·78 

Event 

Headache, dizziness, tachycardia, 
leg pain, tinnitus 
Peripheral edema 
Hypotension 
Headache, chills, peripheral edema 
Cholecystitis 

Placebo. N-75 

CVA 
Fatigue, edema 
Peripheral edema 
Lack of efficacy 
Lack of efficacy 
Lost to follow-up 
Lost to follow-up 
Chose to withdraw 
Chose to withdraw 
DBP> 114 mmHg 
Retinal disorder 

Ef!ica.Cll 

Days on Drug 

0 
17 
22 
36 
7 

6 
14 
32 
5 
48 
21 
69 
47 
62 
27 
55 

Criteria for Effectiveness. The change from baseline to endpoint in trough 
SUDBP (blood pressure measured 24 hours after the previous day's morning 
dose and 12 hours after the previous day's evening dose) in the Nisoldipine 
40 mg group compared to the placebo group was the primary criterion used 
to determine the effectiveness of the drug. The comparison of Nisoldipine 
20 mg to Placebo was of secondary importance. 

Secondary efficacy parameters included standing diastolic blood pressure 
and both standing and supine systolic blood pressure. In addition in eight 
centers ambulatory blood pressure changes ( the difference between 
measurements made over the 24 hours after 3 weeks of placebJ run-in and 
the 24 hours after 7 weeks of double-blind therapy) were compared among 
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groups. The 12-hour in-clinic monitoring data were also. comrared among 
groups. The peak effect and the time to peak effect were calculated for 
both the ambulatory and 12-hour in-clinic monitoring. In addition the 
trough to poak ratio was calculated frJr ambulatory blood pressure. Plasma 
samples were drawn at base!ine (visit 5) and at visit 11 for analysis of 
Nisoldipine plasma concentrations. 

Statjstjcal Methgds. All statistical methods were two-tailed and were 
conducted at a significance level of 0.05. Pairwise comparisons and 
within group changes were tested via the least squares means estimated 
by the model. 

Analysjs of Effectiveness. The mean blood pressure changes at endpoint 
(mmHg) for patients valid for efficacy analysis are given in the following 
table : 

Nisoldipine Niso!dipine Verapamil 
20 mg 40 mg N•76 
N-70 N-72 

Supine 
Diastolic -8.1 ABP -11.4 BP -14.7 p 
Systolic -9.6 ABP -16.2 p -16.0 p 

Standing 
Diastolic -7.1 ABP -11.8 BP -13.9 p 
Systolic -11.6BP -15.4 p -16.4 p 

A Significantly different from Nisoldipine 40 mg 
B Significantly different from Verapamil 
P Significantly different from Placebo 

Placebo 
N-72 

-4.0 
-2.2 

-2.0 
-2.4 

Mean changes (mmHg) in SUDBP at endpoint for patients with mild 
(baseline SUDBP 95-104 mmHg) and moderate (Baseline SUDBP 105-114 
mmHg) are shown in the following table : 
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Nisoldipine Nisoldipin_e Verapamil Placebo 
20 mg 40 mg 
n Change n Change n Change n Change 

Mild 59 -8.4 62 -11.3 63 -14.1 64 -4.1 
Moderate 11 -6.5 10 -13.0 13 -18.0 8 -3.5 

The effect on SUDBP at endpoint in the Nisoldipine (24 hours after dose), 
Verapamil group (12 hours after dosa ) and Placebo group is shown in the 
figure below : 
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MEAN TROUGH SUPINE DIASTOLIC BP CHANGES AT 
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The results by visit for SUDBP are shown in the following graph 

Week1 Week2 Week3 Week 4 Week6 Week 8 

NIS 20 
mg 
n 69 70 66 65 68 68 
Mean 
Change -7.8 -7.2 -8.6 -7.5 -7.9 -8.0 
NIS 40 
mg 
n 72 72 66 65 65 63 
Mean 
Change -7.4 -9.8 -9.9 -11 .2 -11 .o -11 .8 
Ver 
n 76 75 73 69 73 71 
Mean 
Change -5.9 -11 .0 -12.8 -13 .1 -12.6 -14.6 

Placebo 
n 72 72 68 67 69 67 
Mean 
Change -4.0 -4.7 -5. 1 -4.4 -5.7 -4.1 

During the secon phase of the double-blind period, the differences between 
the active drugs decreased, while the Placebo group experienced the 
expected further decrease in blood pressure after switching to Verapamil. 
The changes from baseline in trough SUDBP at the two visits in thus phase 
are presented below : 

Week 10 Week 12 

NIS 20 mg -8.8 -1 0.1 
NIS 40 mg -12.2 -10.3 
Verapamil -1 3 .1 -11 .5 
Placebo -7.3 -7.0 
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Various demographic variables were examined including sex, weight, age, 
smoking status, race and baseline blood pressure. Of these only age 
exhibited a marked difference in blood pressur 9 response. Mean changes 
from baseline in supine blood pressures for each drug group for patients at 
least 60 years old vs patients younger than 60 years old are provided in 
the table below : 

NIS 20 mg NIS 40 mg Verapamil Placebo 
n Mean n Mean n Mean n Mean 

Diastolic 
Age ;;: 60 28 -10.4 26 -13.6 24 -16.2 23 -4.0 
Age< 60 42 - 6.6 46 -10.4 52 -14.1 49 -4.0 
Systolic 
Age <: 60 28 -14.0 26 -21.2 24 -19.3 23 -2.3 
Age< 60 42 -6.8 46 -13 .6 52 -14.5 49 -2.2 

Responders rate based on trough SUDBP are presented in the following 
table : 

NIS 20 mg NIS 40 mg Verapamil Placebo 
N-70 N-69 N-76 N•72 

DBP ~90 
mmHg 35 (50 °/o) 50 (69%) 62 (82 %) 19 (26 o/o) 

DBP 
decrease 
;;: 10 mmHg 28 (40 O/o) 47 (65 %) 59 (78 %) 10 (14 %) 

In clinic monitoring was done for 12 hours and 24-hour ambulatory blood 
pressure monitoring for 24 hours. 

The in clinic monitoring, that covered only half of the dosing interval 
yielded the following results : 
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Dose 

Nisoldipine 20 mg 

Nisoldipine 40 mg 

Verapamil 

Placebo 

Mean Change Range mmHg/ Hour 

-9.8 
-13.5 
-10.8 
-15.5 
-11.8 
-15.1 

-2.5 
-5.5 

12 
8 

12 
4 

On ambulatory blood pressure monitoring response after 7 weeks of 
therapy was observed for 24 hours after Nisoldipire 40 mg therapy, 4 
hours after Nisoldipine 20 mg therapy, and 4 hours after the morning dose 
of Verapamil. with blood pressure changes (systolic/diastolic)of -17 .5/ 
-10.7 mmHg, -15.1/10.2 mmHg, and -19.7/-14.3 mmHg respectively. The 
mean 24-hour systolic and diastolic blood pressure changes during 
ambulatory blood pressure monitoring were 

Nisoldipine 40 mg 
Nisoldipine 20 mg 
Verapamil 

-13.6/-8.0 
-11.1/-7.9 
-14.8/10.8 

Based on smoothed ambulatory blood pressure data, the trough/peal ratios 
for the treatment groups are summarized in the following table : 

T1ough mmHg Peak mmHg Trough to peak 
ratio 

Diastolic BP 
NIS 20 mg -6.7 -9.7 69 o/o 
NIS 40 mg -11. 7 -11. 7 100 % 
Verapamil -11 .1 -12.9 86% 

Systolic BP 
NIS 20 mg -9.9 -1 5 66% 
NIS 40 mg -14.3 -14.3 100 % 
Verapamil -15.9 -20.9 78% 

L 
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The unsmoothed change from baseline ambulatory data in systolic and 
diastolic blood pressure are shown below 
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The trough blood pressure results for each drug group change from 
baseline by viaist supine diastolic is given in the following graph : 
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Pharmacokjnetic Besylts. Trough blood samples were drawn at visits 5 
and 11. Visit 11 samples were analyzed for Nisoldipine and results are 
summarized below : 

n Range of Mean 
Concentrations Concentrations 

(ng/ml) (ng/ml) 
NIS 20 mg 66 0-3.19 1.0 
NIS 40 mg 61 0-6.83 2.2 
NIS 80 mg 3 0-5.24 2.3 

Assessment. The study was initially designed to determine the 
effectiveness of Nisoldipine at doses of 20, 40, 80 mg, Verapamil and 
placebo. The 80 mg dose of Nisoldipine was dropped when in another study 
of a high-dose forced-titration study of Nisoldipine 120 mg daily showed 
asymptomatic T waves flattening and/or inversion on electrocardiogram 
predominantly at doses above 60 mg daily. 

The 20 and 40 concentrations of Nisoldipine demonstrated to be more 
effective in lowering the blood pressure than placebo, and the 40 mg more 
effective than the 20 mg. Also the effectiveness was greater in subjects 
older than 60 years especially in lowering the systolic blood pressure. 
Verapamil bid was more effective in lowering blood pressure than any of 
the concentrations of Nisoldipine. 

Peak and trough values were determined by ambulAtory blood pressure 
monitoring and the antihypertensive effect was well si;stained at 24 
hours after dose administration in all concentrations of Nisoldipine 
evaluated in this study. 

By pharmacokinetic studies the concentration of Nisoldipine in blood was 
determined and was found to be more elevated after the 40 mg 
administrations of Nisoldipine than after the 20 mg . concentration. There 
was no major difference between the 40 mg and 80 mg dose of Nisoldipine. 
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Protocol D90-006 

Tjtle of Stydy : • South-African Multicentre Study to Investigate the Anti­
Hypertensiv• Effect of Three Single Oral Daily Doses of Nisoldipine 
Administered &s a Long Acting ·coat-Core· Tablet Formulation." 

Prjncjpal lnyestjgators and Sites of lnyestjgatjon. 

Prof. LH Opie 
University of Cape Town 
Medical School 
Observatory 

Dr. P. Sareli 
University of the Witwatersrand 
PO Bertsham 

Prof. YK Seedat 
University of Natal Medical School 
Conge!la 

Col. DP Myburgh 
1 Military Hospital 
Voortrekkerhoogte 

Prof. C Rosendorff 
University of Witwatersrand 
Medical School 
Park town 

Profs FO Muller and DJV Weich i 
University of Orange Free Statef 
Bloemfontein 

Objectjyes. The objectives of this study were : 

1. To compare the anti-hypertensive efficacy and safety of three 
daily doses of Nisoldipine coat-core formulation, namely ... 
10 mg, 20 mg and 30 mg with placebo. 

2. To study a dose-response relationship for Nisoldipine coat­
core. 

3. To assess the consistency of anti-hypertensive response over 
6 weeks. 

Additional objectives were : 

1. To describe the blood pressure profile of the last day of therapy 
by continuous automated ambulatory blood pressure monitoring 
in a group of patients, and hence : 
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2. To quantify the trough/peak blood pressure relationship tor this 
therapy. 

lnclysjon Crjterla. Patients with newly diagnosed mild to moderate 
hypertension were eligible to enter the study. In addition patients with 
mild to moderate hypertension being treated who, in the opinion of the 
investigator, were no significantly placed at risk by withdrawal of 
previous anti-hypertensive medication during the 4-week placebo run-in 
period could also be enrolled in the study. 

Exclysjon Crjterja. Patients were not eligible if they had labile 
hypertension, clinical evidence of majc.r arrhythmias, angina pectoris, 
conductio disturbances or heart failure, or re<.18nt or impending myocardial 
infarction, or a cerebral vascular accident in the previous 3 months, 
history of allergy to dihydropyridines, typa 1 diabetes mellitus, impaired 
renal function, liver disease, elevated transaminase&, treatment with 
antihypertensives or any other drug that may affect the blood pressure or 
may interact with the effects of calcium antagonists. __ ......... _ .. 

'''·:·.~ 
Stydy Qesjgn. This was a 1 o week, multi-centre, randomized, placebo 
controlled, parallel group comparison of Nisoldipine coat-core 10 mg, 20 
mg, 30 mg versus placebo. The study consisted of two periods : a single­
blind placebo run-in period and a double-blind, randomized, placebo­
controlled, group comparison (treatment period. . ... :::._. :. ~-:_.-~~~sit¥~. 
Placebo run·in Period. During this period of 4 weekS ·duration alF · · .. · 
antihypertensive medication was discontinued and one placebo tablet was 
given to be taken in the morning before breakfast. Patients whose SUDBP 
was ~ 95 mmHg and s 1 14 mmHg at visits 2 and 3 were eligible tor 
enrollment in the active treatment phase. 

Treatment perjod. Eligible patients were randomized to one of four arms : 
placebo, 1 O mg Nisoldipine, 20 mg Nisoldlpine and 30 mg Nisoldipine. 

Patients randomized to placebo or 1 O mg Nisoldpine were to receive their 
treatment for 6 weeks. Patients in the two higher dose groups 
( Nisoldipine 20 mg or Nisoldipine 30 mg) were to receive 10 mg for the 
first week following by 5 weeks of their randomized treatm3nt in order to 
avoid rapid exposure to the higher doses. 
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The study design is demonstrated schematically in the following graph 
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The demographic information is given in the following table 

Placebo NIS 10 mg NIS 20 mg NIS 30 
n-58 n-49 n-51 mg 

n-48 
Sex Male 27 (47 %) 24 (49 °/o) 20 (39 o/o} 21 (44 %) 
(p-0.78) Female 31 (53 %) 25 (51 %) 31 (61 %0 27 (56 %) 
Race Caucasian 30 (52 o/o) 24 (53 %) 25 (49 %) 26 (54 %) 

Black 27 (29 %) 16 (33 %) 18 (35 %) 14 (29 %) 
(p-0.98) Asian 6 (20 %) 2 (4 °/o) 6 (12 O/oO 5 (11 %) 

Other 5 (9 %) 5(10°/o) 2 (4 °/o) 3 (6 %) 
Age 
(years) Mean 
Mean Mean-0.2 53 50 55 50 
Weight Mean 
(kg) (p-0.69) 80.8 77.3 79.7 80.3 
Baseline 
Means BP 
Supine 

Systolic (p-0.17) 163.8 161.2 167.2 164.3 
Diastolic (p-0.65) 103.5 104.7 104.8 104.4 

Standing 
Systolic (p-0.69) 160.5 159.7 163.8 161.7 

Diastolic (p-0.09 105.1 107.9 107.4 107.4 

Mild 
Hy pert. 

n 33 25 25 27 
Baseline 
SDBP 99.7 99.3 99.2 100.1 
Moder. 
Hype rt. 
N 25 24 26 21 
Baseline 
SDBP 108.5 110.2 110.1 110.1 
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fhe distribution and randomization of patients Is illustrated in the following graph 
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The reasons for patients who did not enter the double-blind treatment period is given 
in the following table : 

Reason Number of Patients 

Supine diastolic blood pressure < 95 mmHg 58 
Supine diastolic blood pressure > 114 mmHg 1 3 
Unwilling to continue 5 
Patient had raised serum calcium levels 1 
Uncontrolled non-insulin dependent diabetes mellitus 1 
Raised liver enzymes 3 
Left ventricular failure 1 
Right ventricular failure when taken off diuretic 1 
Major arrhythmias 2 

Total 85 

Invalid Results and Drop-cuts During !he Treatment Period. Throe patients dropped­
cut during the treatment period. One patient in the placebo group died alter 
experiencing cerebral hemorrhage 33 days after entering the double-blind treatment 
period. One patients in the Nisoldipine 10 mg experienced severe tinnitus 30 days 
alter entering the double-blind treatment period. Another patient in the 10 mg 
Nisoldipine group had a severe headache and dropped 17 days after entering the 
double-blind treatment period. 

Effjcacy. 

Crjterja for EWcacy. The primary variable for assessing efficacy was the trough 24-
hour supine diastolic blood pressure (SUDBP), and especilically the change in suDBP 
from baseline to endpoint (visit 6, week 6 or the last valid visit). The change from 
baseline in each of the three Nlsoldipine treatment groups was compared to the 
Placebo group. Secondary eWcacy variables were supine systolic BP and standing 
diastolic and systolic blood pressure. 

Statjstjcal Analysjs. Two types of analysis were followed. The first and primary 
analysis was the standard endpoint analysis, also referred as the main efficacy 
analysis. The second was the intent-to treat analysis (ITT). 

All patients adherent to the protocol with a valid treatment duration of at least 2 
weeks on double-blind treatment were included in the main efficacy analysis. These 
patients completed at least a two-week double-blind treatment period during which 
they were compliant. and alter which the blood pressure was taken between 22.5 h 
and 25.5 h alter the last tablet intake. Patients who discontinued treatment because 
of lack of efficacy or adverse events were also included. Only 2 patients who 
received double-blind treatment were considered invalid for the main efficacy 
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analysis. They were Included In the intent to treat analysts. In one patient the 
baseline measurements were lost 
and in another patient only 1 O tablets lns:ead of 20 tablets were· dispensed. 

The results of change from baseline at endpoint In trough blood pressure in all pa­
tients valid for the main eHlcacy analysis (n-206) are given In the following table 

Placebo NIS 10 mg NIS 20 mg NIS 30 mg 
n-58 n-49 n-51 n-48 

Supine DBP 
Baseline 103.5 104.7 104.8 104.4 
Endpoint 101.1 99.3 95.7 94.3 
Difference 
(NIS-Placebo) -3.2 -6.7 -8.0 

Supine SBP 
Baseline 163.8 167.2 16/.2 164.3 
Endpoint 163.3 149.8 149.8 148.8 . . 
Difference 
(NIS-Placebo) -8.9 -17.8 -15.9 
Standing DBP 
Baseline 105.1 107.9 107.4 107.4 
Endpoint 104.6 101.1 98.1 96.9 
Difference 
(NIS-Placebo) -6.9 -9.2 -10.6 

Standing SBP 
Baseline 160.5 159.7 163.8 161.7 
Endpoint 160.5 150.6 147.5 145.7 
Difference 
(NIS-Placebo) -9.5 -15.9 -16.2 

The results on SDBP are demonstrated In the following graph : 
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The mean change from baseline In supine dlastollc pressure (mmHg) for each 
treatment group after stratification for age Is shown In the following table : 
(Main efficacy analysis - 206). 

Placebo NIS 10 mg NIS 20 mg NIS 30 mg Overall 
Least 
Square 
Means 

Age< 45 
years -6.5 (12)' -4.1 (14) -10.6 (11) -8.9 (15) -7.5 
Age2: 45 and 
< 65 -1.4 (38) -6.9 (28) -8.3 (31) -10.7 (27) -6.8 
years 
Age 2: 65 
years -1.3 (8) -2.0 (7) -10.1 (9) -10.7 (6) -6.0 

• The number of patients used for calculating the mean values are given In 
brackets. 

Results from ANOVA 

Age effect : p-0.62 
Treatment Effect : p-O.OD01 
Treatment by age Interaction effect : p.0.12. 

These results Indicate that there Is no association between age and the dlastollc 
blood pressure response. 

The mean change from baseline In supine dlastollc blood preaaure (mmHg) for 
each treatment group after statlflcatlon for race Is given In the following table 
(Main efficacy analysis • 206). 

73 



Placebo NIS 10 mg NIS 20 mg NIS 30 mg Overall 
Least 
Square 
Means 

Caucasian -1.2 (30)" -4.6 (26) -7.5 (25) -9.2 (26) -5.6 

Black -2.3 (17) -5.9 (16) -10.3 (18) -10.1 (14) -7.2 

Other -6.3 (11) -7.0 (7) -11.5 (8) -13.1 {B) -9.5 

Analysjs uf Response and Normalizatjon Rates. Responders were defined as patients 
who had SDBP of less than or equal to 90 mmHg or patients who had a drop ln SDBP of 
at least 10 mmHg at endpoint. A patient's blood pressure was said to be normalized 
when satisfied these two conditions, namely, a drop In supine DBP to 90 mmHg or 
below, and a drop of at least 10 mmHg. 

The following table shows the response rates for each treatment group, odds ratio 
and relative efficacy of each Nlsoldlplne treatment relative to Placebo from the 
main efficacy analysis of the last visit: 

Placebo NIS 10 mg NIS 20 mg NIS 30 mg 

Total 
number of 
Patients 58 49 51 48 
Responders 10 17 24 30 
Response Rate 17% 35% 47 .,,. 63 .,,. 

Odds Ratio 
(OR) 
NIS relative 
to Placebo 2.4 4.6 8.8 
~5 % Cl for OR 1.0 ; 5 .. 5 1.8 ; 12 3.6; 22 
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Relative 
Efficacy (RE) 
NIS relative 2.0 2.8 3.7 
to Placebo 1.0 ; 3.9 1.5 ; 4.8 2.1 ; 6.2 
95 % Cl for RE 

These results can be Interpreted as Indicating that the response rate for placebo was 
17 %, Nlsoldiplne 10 mg 35 %, Nisoldlpine 20 mg 47 % and Nisoldlpine 30 mg 63 %. 
A relative efficacy of 2.6 of Nlsoldiplne 20 mg vs Placebo means that a positive 
treatment response Is 2.6 times more likely to occur under Nlsoldlpine 20 mg than 
placebo. The confidence Interval of 1.5 to 4.8 Indicates that the true relative 
efficacy is likely (95% confidence limits) to be at least 1.5 and at most 4.8. 

The following table shows the normalization rates for each treatment group, odds 
ratio, and relative efficacy of each Nlsoldlpine treatment relative to Placebo from 
the main efficacy analysis of the last visit : 

Placebo NIS 10 mg NIS 20 mg NIS 30 mg 

Total Number 
of patients 58 49 51 48 
Number of 
Patients 5 5 13 13 
Normalization 
Rate 8.6% 10 o/o 25 "" 27"" 
Odds Ratio 
(OR) 
NIS relative to 
Placebo 1.2 4.3 4.3 
95% Cl for OR 0.31 ; 4.8 1.4; 1.3 1.4 ; 13 

Relative 
Efficacy (RE) 
NIS relative to 
Placebo 1.2 3.1 3.3 
95 % Cl for RE 0.37; 3.9 1.3 ; 7.3 1.3; 8.1 
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These results can be interpreted in the same manner as described for the response 
rates. 

Analysjs of Amb11latory Blood pressure Monl!cclllg. 01 the 165 patients who entered 
the ambulatory blood pressure monitoring phase of the study 137 patients were 
evaluable. The means across patients (change frlim baseline In diastolic blood 
pressure) are graphically presented In the following figure 
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Various clinically meaningful variables could be calculated from the hourly mean 
diastolic blood pressure prollles. The following table shows resµlts of trough/peak 
ratios calculated from hourly means of ambulatory monitoring data : 

1rough 
(mmHg) 

Diastolic BP 
NIS 10 mg. -11.95 
NIS 20 mg -13.70 
NIS 30 mg -9.03 

Systolic BP • 
NIS10mg -15. 70 
NIS 20 mg -20.72 
NIS 30 ma -18.31 

Systolic BP# 
NIS 10 mg -15.70 
NIS 20 mg -20. 72 
NIS 30 mg -18 .31 

• Using tlmepolnt of systolic peak. 
# Using timepoint of dlastollc peak 

Peak (mmHg) Hour of Peak Trough to 
peak Ratio 

-11.95 24 100 % 
-13. 70 24 100 "lo 
-12.57 2 72% 

-15. 70 24 100 % 
-20. 72 24 100 % 
-18.31 24 100% 

-15. 70 24 100 % 
-20.72 24 100% 
-10.64 2 172% 

The results indicate that there was a good dose-response pattern In both systolic 
and diastolic blood pressure falls from baseline for placebo Nlsoldlplne 10 and 20 mg 
while the fall of Nlsoldiplne 30 mg was very similar to that In the 20 mg group. The 
effect of the 3 Nlsoldlplne group was maintained over the entire dosing period. This 
is also In evidence by observing the following graph of hourly means In a smoothed 
curve : 
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Assessment. This study demonstrated that Nlsoldlplne, at conetintratlons ot 10 mg, 
20 mg and 30 mg, was more effective than placebo In lowering the blood pressure, 
but this effect was not potentiated when the dose was Increased from 20 to 30 mg. 
Ambulatory blood pressure measurements were done which demonstrated that the 
effectiveness of Nlsoldlplne extended throughout the 24 hours after administration , 
trough values frequently being equal to peak values. 

It Is Interesting that In this study this calcium channel block.•r demonstrated to have 
a greater effectiveness In blacks, a patients populatlon usually more refractory to 
anllhypertenslve treatment, than In caucas1ans. 

In reference to age, this study concluded that Nlsoldlplne was more effective in 
individuals 65 years of age or older. (table page 73). This finding Is consistent with 
those of protocol D89·039 in which Nisoldlpine was more effective In this age range 
especially In towering systolic blood pressure. (table page 60). 

Protocol D88·054 

Tille of Stydy : • Comparative Double-Blind Pilot Study of the Safety and Efficacy of 
Once Daily Doses of Nlsoldlplne 10, 20, 30 mg Core-Coat Tablets vs Placebo In 
Hypertensive Patients •. 

principal !nyest!gatgra and Sites of lnyestlgatlon : 

T. Fagan, MD 
The University of Arizona 
Tucson, AZ 

W Flamembaum, MD 
Health and Sciences Research Inc 
Englewood Cliffs, NJ 

BP Hamilton, MD 
VA Medical Center 
Baltimore, MD 

V Canzannello, MD 
Bowman Grey School ot Medicine 
Winston-Salem, NC 

J Muniz, MD 
Hollywood Medical Center 
Hollywood, FL 

H Corwin, MD 
New England Medical Center 
Boston, MA 

J Kann, MD, PhD 
Pittsburgh, PA 

H Punzl, MD 
Trinity Medical Center 
Carrollton, TX 
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Ob!ecljyes. The objectlves of !his study were : 

1. To test whether Nisold!p!ne core-coat given 10 mg, 20 mg, 30 mg once dally 
lowers !he blood pressure significantly more than placebo at the end of 24-hour 
dosing Interval (trough). 

2. To record blood pressure and pulse rates for four hours after the first dose of 
double-blind drug to monitor patient response to acute administration of the drug. 

3. To determine peak response and calculate ratios of trough to peak effect by 24-
hour ambulatory blood pressure monitoring. 

lnclusjoo and Exclyslon Crjterja. Male or 1emale patients, 21 to 70 years of age, 
with a history of mild to moderate essential hypertension and a mean supine 
diastolic blood pressure of 95 to 114 mmHg after thre& and four weeks of placebo 
were eligible for the study. 

Excluded f;om the study were patients with labile hypertension, a change In supine 
diastolic blood pressure greater than 7 mmHg between the last 2 placebo run-In 
visits, Impaired renal or liver function, recent or Impending myocardial Infarction, 
or cerebral vascular accident, angina pectorls or Intermittent claud!catlon, heart· 
failure, major arrhythmias, conduction disturbance, failure of a major organ system, 
severe Infection, malignancy, psychosis, chronic diarrhea, ulcerative co!!tla, 
regional enteritis, diverticulitis, partial or complete gastrectomy or small bowel 
resection, history of allergy to dlhydroplrldlnes, pregnant women or those with 
childbearing potential and patients known to abuse alcohol or drugs. 

S!ydv Design. This was a randomized, double-bflnd, parallel group, placebo 
controlled study of eight weeks duration consisting of a screening period and a 
randomization treatment period. 

Screening Period. During this period of 4 weeks duration patients discontinued all 
previous antlhypartanslva medication and were given a single-blind placebo once 
dally. Those patients with a mean supine dlastollc pressure ~ 95 mmHg to s 114 
mmHg after three to four weeks of placebo and within 7 mmHg at both visits were 
transferred to the treatment period. 

Randomization Period. Patients ware randomized to receive either Nlsoldlplne 1 O mg 
qd, Nlsoldlp!na 20 mg qd, Nlsoldlplne 30 mg qd or Placebo qd for four weeks. 

The study design Is demonstrated schematically In the following graph : 
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Screening Randomization 

. 

I ' ' 
. 

' I I I 

Nlsoldlplne 1 o mg qd 

I I ' • • 
' ' ' ' Nlsoldlplne 20 mg qd 

II I I I 

Nisoldipine 30 mg qd 
I I I I I 

Placebo qd 
I I I I I 

Week 
1 2 3 4 5 6 7 8 

II I I I II I I I 1 
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pemography. The demography and baseline characterisitics are given In the following 
table : 

Nisoldiplne Nlsoldlplne Nlsoldlpine Placebo 
10 mg 20 mg 30mg n-30 
n-3C n-30 n-29 

Sex Male 20 (67 %) 19 (63 %) 19 (66 %) 21 (70 %) 
Female 10 11 10 9 

Race Caucasian 23 (n %) 23 (n %) 20 (69 %) 23 (77 %) 
Black 4 7 9 7 
Hispanic 3 0 0 0 

Age (years) 56 53 52 51 

Weight ' 
; 

(lbs) 186 200 207 190 
Baseline 
Blood .. 
Pressure Supine 146/99 147/99 145/99 148/100 
mm Hg Standing 144/1 00 144/100 144/100 145/101 

The distribution of patients and randomization are given In the following graph : 
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Screening 

!Dropouts I 

173 
1----------1Patients 

1--------1Dlscont1nued 
51 Patients 

Nisoldlplne 
10 mg qd 

n-30 

30 
Patients 

2 

Randomization 
122 Patients 

Nlsoldlplne 
20 mg qd 

n-32 

30 
Patients 
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Nlsoldlplne 
30 mg qd 

na29 

-

27 
Patients 

2 

Placebo ~d 

n-31 

30 I 
Patients I 
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The reasons that disqualified enrolled patients for randomization are 
given in the following table : 

Reasons for disqualification 

Supine diastolic blood pressure < 95 mmHg 
+ 7 mmHg difference in supine diastolic 
blood pressure (visits 4 and 5) 
Supine diastolic blood pressure >114 mmHg 
Unable to make scheduled visits 
Illness not due to study medication 
Lost to follow-up 
Abnormal laboratory values 
Non-compliance 

Patients 

21 

Systolic blood pressure above acceptable limit 
High blood pressure readings during 

3 
4 
3 
4 
2 
3 
2 
1 

ambulatory monitoring 
Chest pain at visit 1 
Chose to withdraw 

Total 

1 
1 
1 

46 

The reasons for dropping out during the double-blind randomization period 
are given in the following table : 

Drug Group 

Placebo 

Nisoldipine 
20 mg 

Nisoldipine 
30 mg 

Final 
visit 

7.0 

6.0 

5.5 

8.0 
6.0 

Days on 
Drug 

11 

5 

5 

23? 
7 

84 

Reasons for dropping­
o ut- Severity 
Drug Relationship 

Dizziness-Moderate 
Probable 
Intolerance to all-night 
visits 
Shortness of breath-Cough 
Mild-Probable 

Noncompliance 
Flushing-Severe-Probable 



Criterja for Etfectjyeness. The change in trough supine diastolic blood 
pressure from baseline to endpoint compared among the groups was the 
primary efficacy criterion. Endpoint was defined as the last valid visit on 
the double-blind drug for each valid patient. Patients were to be included 
in this efficacy analysis if trough blood pressure data was available after 
at least 7 days on double-blind drug. 

Statjstjcal Methods. All tests of significance were performed as two­
tailed tests with alpha + 0.05 unless stated otherwise. 

Analysjs of Efficacy. The mean blood pressures by visit for all patients 
valid for analysis of efficacy are given in the following table 

Week Post 
Randomization 

Week-1 

WeekO 

Week 1 

Week2 

Week 3 

Nisoldipine 
10 mg 

Sys/Dia (n) 

143/99 (30) 

145/99 (30) 

136/91 (30) 

140/91 (30) 

138/91 (30) 

Supine Blood Pressure 

Nisoldipine Nisoldipine Plaoabo 
20 mg 30 mg 

...-· .. 

Sys/Dia (n) Sys/Dia (n) Sys/Dia (n) 

145/99 (30) 144/99 (29) 145/99 (30) 
• 

146/98 (30) 144/98 (29) 147/100 
(30) 

136/90 (30) 136/91 (29) 141/95 (30) 

139/92 (29) 133/90 (28) 140/94 (30) 

136/91 (30) 134/89 (28) 142/95 (29) 

85 



Week4 137/90 (30) 134/90 (30) 133/89 (27) 144/94 (30) 

Endpoint 137/90 (30) 134/90 (30) 133/89 (30) 144/94 (30) 

In the following table, the results of the analysis at endpoint are 
summarized : 

Nisoldipine Nisoldipine Nisoldipine Placebo 
10 mg 20 mg 30 mg 
n-30 n-30 n-29 n-30 

Supine 
Systolic 8.4 11.5* 10.7* 3.0 
Diastolic 8.3 8.9* 9.9* s.a 

Standing 
Systolic 8.3 11.8* 10.7* 3.4 
Diastolic 6.2 7.3 7.0 5.1 

*Significant difference from the placebo group p<0.05 

The change in trough supine diastolic blocd pressure at 4 weeks and 
endpoint, placebo subtracted, are shown in the following graph : 
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Ambulatory monitoring and supine in-clinic blood pressures ware 
smoothed and results are demonstrated in the following graph : 
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The Trough/Peak ratios from smoothed ambulatory monitoring data for 
valid patients are given in the following table : 

Nisoldipine 
10 mg (n-12). 20 mg (n-11) 

Diastolic 7 °/o 
Systolic 92 o/o 

Peak hour 
Post-dose 6 

Nisoldipine levels 
at trough ng/ml 0.82 

35% 
43% 

9 

1.04 

30 mg (n-12) 

68% 
108% 

8 

1.49 

Assessment. This is a small pilot studied carried in a relatively small 
number of subjects consisting mostly of middle-age caucasian male obese 
patiants. Although the results on blood pressure with the 10 mg dose oi 
Nisoldipine was not significantly different from placebo the 20 and 30i 
doses were but the effect of both did not seem to be very different from 
each other. 

Other Studies. Other studies were performed in which Nisoldipine was 
administered to patients w!th renal disease, to cirrhotic. elderly and 
young people. The effect of food on drug absorption wu also tnveatlgated. 
The effects of combination with other antihypertenaive agents war· '''" 
studied in long term extension studies. 

Study jn Cjrrhosjs. Protocol M.M.R.R. I 1118 

Tme of Study. "The Effect of Cirrhosis on the Steady-State 
Pharmacokinetics of Nisoldlpine Coat-Core Sustained-Release Tablets •. 

This was a single center, non-randomized, non-blinded, comparison of 
single dose and steady-state pharmacokinetics of Nisoldipine coat-core 
tablets in cirrhotic and healthy subjects. 

Sixteen subjects participated in the study : 8 cirrhotic and 8 healthy 
subjects. There were 4 males and 4 females in each group. In stage 1 a 
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single 1 o mg dose of Nisoldipine was administered and in stage 11 1 O mg 
of Nisoldipine was administered qd for 7 days. 

-
Results. Administration of Nisoldipine to patients with cirrhosis resulted 
in a 3 to 4-told increase in peak plasma concentration and AUC<o24l· 
Nisoldipine had little effect on blood pressure In either group. 

Assessment. These rosults are indl.;ative of possibility that the dose of 
Nisoldipine may need to be adjust.;d in patients with cirrhosis. 

Stµdy jn Renal Ojsease. Report d837 (R). 

Title of Stµdy. "Influence 'Jf Renal Function on the Pharmacokinetics of 
Nisoldipine CC Tablets A~cer Single and Multiple Dosing •. 

This was a multiceri~er, non-blinded, non-randomized, comparative study 
among 4 groups tc compare the effects of renal function on the 
pha.rrnacokinetic.c; of Nisoldipine CC after a single dose u well ~ !.~e~.i: 
achievement ~r a steady state. : · :.•~ 

• . 
A total er 40 patients were enrolled in 3 centers •. The following groups of 
patients were enrolled : 

~. Control. Nine subjects with creatinine clearance > 90 ml/mln/1.73 m2 .. --.. ' ' 
~ ::~4-:;• '": M ......... 

2. Mild Renal Failure. Twenty subjects with creatlnine clearance- 81"'~90-­
ml/min/1. 73 m2 

3. Moderate Renal Failure. Nine subjects with creatlnine clearance 30 to s 
60 ml/min/1,73 m2 

4. Severe Renal Failure. Seven subjects with creatlnine clearance < 30 
ml/min/1. 73 m2. 

Results. Although there was not a statistically significant difference in 
the Nisoldipine AUCnorm between the groups with impaired renal function 
and the normal control, in the former an increase in plasma Nlsoldipine of 
approximately 2-told could not be excluded. 
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Assessment. An increase in plasma levels of Nlsoldipine in patients with 
impaired renal function may require the adjustment of the dose. There 
were only modest effects on blood pressure across all groups. 

The Factor Age . Report 5857 (P). 

Title of Study : "A Study to Determine the Single Dose and Steady-State 
Pharmacokinetic Profile of Nisoldipine Coat-Core (CC) Tablet 20 mg in 
Elderly and Young Volunteers and in Elderly Hypertensive •. 

This was an open, multiple-dose, non-randomized study. Nisoldipine CC 
was administered at the dose of 20 mg qd for 7 days. Plasma samples 
were collected and blood pressure and heart rate were measured. 

The following groups of patients were studied : 

Young Volunteers. Twenty healthy young volunteers, 18 to 23 years of arl-. · 
completed the study. • •.. -· .-· .. 

Elderly Volunteers. Twenty healthy elderly volunteera, 85 to ~- y""!:' · . -·;· 
· 1' ~ 

age, completed the study. · :·;; .. 

Hypertensive Elderly. Eleven hypertensive pati&nta, 68 to n years of age, 

completed the study. :-:-~ .. ·~"- ·;..., ~··-- _ 

Results. The plasma concentrations of Nisok:lipine :JA!e.~ral rf.~,;.­
volunteers and hypertensive patients than in young volunteers. After 
multiple dose administration the supine diastolic blood preaaure remained 
essentially unchanged in normal young healthy volunwera. but a moderat9 
decrease in elderly healthy volunteers and a significant decaaae. In.;.. •.. 
elderly hypertensive patients was observed. ·· 

The Effect of p;at. Study Number 092-045-02. 

Title of Study : • The Effect of Food on the Pharmacoklnetlca of 30 mg and 
40 mg Nisoldipine CC Tablets in Healthy Male Volunteers •. · 

This study was an open-label, randomized, two-way cross over evaluation 
of the effect of food on the pharmacokinetics of 30 and 40 mg 
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Nisoldipine. Subjects were randomized to receive a single 30 mg or 40 mg 
dose of Nisoldlpine either in a fasted or a fed state. After one week 
washout period there was a crossover td the opposite state. 

Twenty-eight healthy male subject& between the ages of 18 and 45 years 
completed the study. There were no significant effects on mean sitting 
diastolic blood pressures in the fed or fasted states at the 30 or 40 mg. 
doses. 

Long Term Extension Studies. Drug Combination. Protocols X89-039 and 
X90-019. 

These were long term extension studies of the 6-month efficacy studies 
and safety of Nisoidipine CC in the treatment of mild to moderate 
hypertension. Patients completing studies 089-039 and 090-019 were 
given the option of immediately entering an open-label extension protocol. 

Patients were initially given Nisoldipine CC 20 mg or 30 mg tablets once a 
day as initial therapy. Then the dose of Nisoldipine was to be increased 
sequentially every one or two weeks as tolerated, to 40 mg qd, 60 mg qd 
and 80 mg qd. or 60 mg qd and 90 mg qd until SUDBP was ~ 90 mmHg. 
However the maximum dose of Nisoldipine was in fact limited to 60 mg qd 
before any patient enrolled. Atenoloi 50 mg to 100 mg qd and/or 
Hydrochlorothiazide 24 to 50 mg qd could be added at the investigator's 
discretion at any time. Thus tablets. used were Nisoldlplne CC 20, 40, 2X30 
mg for monotherapy with the addition of Atenolol 50 and 100 mg and.or 
Hydrochlorothiazide 25 and 50 mg for combination therapy. 

The distribution of patients is shown in the following graph : 
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Patients Enrolled 
222 

I N1so1" 1pme I 

/~ 
ng 30 mg 40 mg 60 mg 
0 o/o) 45 (20 °4) 34 (15 %) 99 (45 %) 

With Atenolol 
20 Patients (9 °/o ) 
1 Patient 25 mg 
15 Patients SO mg 
4 Patients 100 mg 

The results are summarized below : 

Supine 

SBP OOP 
mmHg mmHg 

Baseline 154.0 101.1 

Endpoint 135.7 86.0 

Mean Dif ·18.3 -15.2 

With Hydrochlorothiazide 
78 Patients (35 %) 
44 Patients 25 mg 
34 Patients 50 mg 

Standing 

SBP CBP 
mmHg mmHg 

149.7 100.3 

132,4 86.5 

-17.3 -13.6 

Assessment. These were open-label uncontrolled studies in which 
results were all pooled together and therefore they should not be valid 
for evaluation of combined therapy. 
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Total Assessment of Efficacy 

peak Oryg Efff!ct on Blood Pressure. The effect of Nisoldipine on blood 
pressure at the approximate time of peak drug plasma concentration (i.e. 
the maximal response between 6-10 hours post-dose) in the supine and 
standing position is shown below for the systolic and diastolic blood 
pressure. 

Placebo S1Jbstracted Change in Peak Blood Pressure 
Dose Nisoldipine 

10 mg 20 mg 30 mg 40 mg 60 mg 

Study SUDBP 
088-054 -11 .6 -9.5 -14. 1 NA NA 
089-039 NA -8.0 NA -8.3 NA 
090-019 NA NA -6.3 NA ·10.6 

SUS BP 
088-054 -8.6 -7.6 ·12.8 NA NA 
089-039 NA -15.2 NA ·15.3 NA 
090-019 NA NA -13.0 NA • 11 . 1 

STD BP 
088-054 -9.3 -7.8 -11.5 NA NA 
089-039 NA -7.6 NA -8.5 NA 
090-019 NA NA -6.6 NA ·13.4 

STSBP 
088-054 -4.7 -11.6 ·11 .0 NA NA 
089-039 NA -14.4 NA -17 .6 NA 
090-019 NA NA ·15.5 NA ·19. 1 

Twenty Four Hoye Mean BP Reductjon. Ambulatory blood pressure was used 
in a majority of the clinical trials of Nisoldipine in hypertension. In 
addition to characterizing the temporal profile of its effect on blood 
pressure, these data provide an estimate of tho time-average reduction in 
blood pressure for each dosage of the drug. The pooled results of several 
studies are shown in the following table : 
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Nisoldlpine 24 Hour AVG BP Reduction, Mean ± SEM 
Dosage (mg) Systolic Diastolic 

Placebo -0.7±8.7 -0.9±6.3 

10 -8.4±11.8 -4.6±7.5 

20 -12.7±11.5 -8.4±7 .1 

30 -12.7±10.8 -7.9±6.9 

40 -13.6±12.1 -8.0±G.8 

60 -18.4±9.9 -12.0±7.2 

The change in trough blood pressure from baseline to endpoint (Mean±SEM 
in mmHg) is given in the following table : 

Pooled Placebo Nisoldipine 
Dosage 10 mg 20 mg 30 mg 40 mg 60 mg 

N-232 N-30 N-161 N·105 N-131 N-125 

SUDBP -4±0.5 -8.4±1.4 -9.2±0.6 10.6±0.8 12.4±0.7 •14.0±0.7 

SUSBP -2.0±0.5 -8.3±2.9 -10.9±1.2 12.2±1.6 17.2±1.4 •19.5±1.4 

STDBP ·2. 7±0.5 -7.0±1.5 -7.9±0.7 9.0±0.8 12.6±0.8 •13.6±0.8 

STSBP ·1.5±1.u -8.2±3.0 -11.4±1.3 12.9±1.6 18.7±1.5 19.2±1.5 

In the following graph, pooled results of placebo subtracted values for 
trough SUDBP reduction by dose are demonstrated : 
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Nisoldipine Pooled Analysis 
Supine Diastolic Blood Pressure 

953 Confidence Intervals for 
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A linear relationship of blood pressure reductic;n by Nisoldipine in dosages 
between 1 O and 60 mg is apparent without evidence of a plateau. 
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Similar results for SUSBP are shown in the following figure 

Nisoldipine Pooled Analysis 
Supine Systolic Blood Pressure 
953 Confidence Intervals for 

Mean Differences from Placebo 
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A linear relationship is not as evident as in previous graph but the 
maximum effect was achieved with 60 mg Nisoldipine dose 
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Similar results for STDBP are shown in the following figure : 

Nisoldipine Pooled Analysis 
Standing Diastolic Blood Pressure 

95% Confidence. Intervals for 
Mean Differences from Placebo 
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In this case the relationship of blood pressure reduction to dosage is 
roughly sigmoidal with an apparent plateau at 60 mg. 
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Similar results for STSBP are shown in the following figure 

Nisoldipine Pooled Anclysis 
Standing Systolic Blood Pressure 

953 Confidence Intervals for 
Mean Differences from Placebo 
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The relatio.1ship of blood pressure reduction to dosage is sigmoidal with 
an apparent plateau at 40 mg 
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A pooled analysis of 24 hour ambulatory blood pressure monitoring is 
demonstrated in the following 4 graphs : 
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Through the 24-hour recording there seems to considerable overlapping 
especially among the higher doses but at trough there is evidence of blood 
pressure reduction that seems to be dose related. 
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The effects on diastolic blood pressure at peak and trough and the 
trough/peak ratios according to dose are given in the following table 

Dosage 

10 mg 
20 mg 
30 mg 
40 mg 
60 mg 

Trough/Peak Ratio 
Diastolic Blood Pressure 

73 O/o 
75 % 
93 % 
100 % 
97 % 

Time Course Effect of Nj:;oldjpjne. The therapeutic effect of Nisoidipine 
was achieved early in the course of treatment ( approximately 2 weeks ) 
and gradual incremental gain is evident for another 2-4 weeks. 

The mean changes in sitting blood pressure from baseline after first dose 
is given in the following table : 

Dose (mg) N 8 Post-dose 24 post-dose 
Systolic/ Systolic/ 
Diastolic Diastolic 

Placebo 10 -4.9/-1.9 3.8/-2.2 

5 '! 1 -10 .4/-4.2 0.3/2.3 

10 13 -6.7/-7.1 -0.7/-4.5 

20 12 -11.3/-7.8 -5.8/-1.9 

30 7 -15.4/-9.6 -13.3/-1.9 
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Pharmacokjnetjc and Blood pressyre Besylts. The mean sitting blood 
pressure change (mmHg) from baseline at peak and pharmacokinetic 
parameters (Mean ±SD) at steady state at each dose level is given below : 

Dose Sh Post- 24h AUC Cmax Tmax 
(mg) N Dose Post- (0-24h) (ng/ml) (h) 

Sys/Dia Dose (ng.h/ 

-· Sys/Dia ml) 
Placebo 10 -2.5/ 3.S/ 

-5.9 0.3 
5 1 1 -9.6/ 1;9/ 9.1±5.0 0.7±0.3 9.2±3.0 

-4.7 -4.3 
10 13 -S.9/ -5.0/ 16.2± 1.1±0.3 6.3±4.S 

-7. 1 -4.6 3.0 
20 12 -1 3. 21 -5.4/ 29.4± 2.3±0.9 4.0±2.4 

-7.6 -4.3 11.S 
30 7 -21. 71 -11 . S/ 43.2± 2.9±1.1 5.4±5.0 

-10.5 -5.9 23.1 

The mean supine blood pressure change (mm:;g) from baseline and 
pharmacokinetic parameters (mean±SD) at steady state for each dose level 
is given in the following table : 
Dose N Sh Post 24 h AUC Cmax Tmax 
(mg) Dose Post (0-24h) (ng/ml) (h) 

Dose (ng.h/ 
ml) 

30 1S -1 6 .4/ -14. 01 74.28± 4.79± 7.22± 
-8.4 -10.2 7.96 0.68 0.93 

60 18 20.8/ 16.8/ 129.76± 8.48± 9.08± 
13.2 15.0 12.74 0.81 1.97 

90 9 -22.1± -23.0± 199.31± 13.02± 6.78± 
12.1 13.4 16.45 1.20 2.30 

120 3 -30. 71 -44.3/ 226.58± 14.92± 4.00± 
25.0 -19.0 12.41 2.01 1.00 
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To bring up more clearly the relationship between plasma Nisoldipine 
concentrations and blood pressure decrease, supine diastolic blood 
pressure changes from baseline at peak (8 h) and trough (24 h) were 
related to plasma Nisoldipine concentration at this time points using a 
simple linear regression. Placebo patients were used in this analysis with 
a plasma Nisoldipine level of Zero. The results for 30 and 60 mg are 
summarized in the table below : 

Timepoint Nisoldipina Mean Mean Change Estimated Estimatec 
Plasma Coni:. in SUDBP Slope Slope 
(ng/ml) (mmHg) (P-Value) 

Day 4, 30 mg 
(N-18) 
8 hours 3.5 -8.4 -2.55 0.0118 
24 hours 2.6 -10.2 -1.42 (0.0689) 

Day 8, 60 mg 
(N-17-18) 
8 hours 6.2 -13.2 -1.14 0.0507 
24 hours 5.2 -15.0 -1.39 (0.0027) 

Blood Pressure Rebound Upon Withdrawal. Blood pressure rebound was 
determined 24, 48 and 72 hours after cessation of Nisoldipine 60 mg qd in 
patients who had reached steady state. There was no evidence of for an 
exaggerated rebound effect on blood pressure after discontinuance of 
Nisoldipine at this high dose. 

Maintenance of Blood pressure Reduction jn Long Term Studies. There was 
no evidence of tolerance to the antihypertensive effect of Nisoldipine over 
6 months to 1 year of therapy. 

Demographic Subgroups. Gender. Trough SUDBP changes from baseline to 
endpoint for male and female patients are given in the following table : 
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Female Male 
Dosage Nisoldipine-Placebo Nisoldipine-Placebo 
10 mg -8.85 -2.27 
20 mg -3.21 -5.87 
30 mg -8.47 -6.1 
40 mg -7.82 -8.43 
60 mg -10.31 -10. 79 

Although dose-response profiles are somewhat erratic the overall effects 
are similar for men and women. 

Race. A comparable analysis of efficacy for race related to dose is 
demonstrated in the following table : 

White Black 

Dosage Nisoldipine-Placebo Nisoldipine-Placebo 

10 mg -3.59 -4.37 

20 mg -4.54 -6.39 

30 mg -7.51 -8.82 

40 mg -6.69 -11.61 

60 mg -11.51 -11 . 1 

Black patients responded with a greater decline in trough SUDBP than did 
white patients. 
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Age. In the following table the dose response for patients divided by age 
less than 65 years and equal or greater than 65 years Is demonstrated. 

<65 ~65 

Dosage Nisoldipine - Placebo Nisoldipine - Placebo 

10 mg -3.69 -6.2 
20 mg -4.98 -5.15 -·· 30 mg -7 .31 -5.48 
40 mg -8.21 -8.09 
60 mg -11.08 -8.14 

The elderly demonstrated a greater low-dose response and a lesser high­
dose response. 

Quartile of Baseline Blood Pressure. For Nisoldipine as well as for many 
other antihypertensive drugs, a higher baseline blood pressure is 
associated with larger decline on medication. In the table below a dose 
response according to baseline SUDBP by quartile is demonstrated : 

01 Q2 

Dosage Nisoldipine-Placebo Nisoldipine-Placebo 

10 mg -4 .38 -5.97 

20 mg -4.23 -8.18 

30 mg -2.27 -11 .49 

40 mg -6.36 -13.81 

60 mg -9.66 -14.16 

The relationship of Nisoldipine dosage and decline in blood pressure is 
least evident in the first quartile and strongest in fourth quartile. 
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Combination Antihypertensive Therapy. Addition to a background of a beta 
blocker. One the pivotal studies (089-029) evaluated the combination of 
Nisoldipine CC and a beta blocker.To patients who were already receiving 
Atenolol Nisoldipine was added. The sponsor claims the efficacy of 
Nisoldipine under these conditions. However there seems to be a drug 
interaction between these drugs that the sponsor has not recognized (see 
p. 35 this review ). 

Long Terrn Extension Trials. Based on open-label controlled trials and 
uncontrolled studies of one year duration the sponsor claims that 
meaningful responses were elicited by the combination of Nisoldipine 
with diuretics and or/ a beta blocker. 

Becommendatjons. Nisoldipine should be approved as monotherapy for 
hypertension. The recommended dosage should be 10 mg to 40 mg. 

Although the sponsor states that there is no drug interaction behveen 
Nisoldipine and beta blockers there are publications stating that such 
interaction exists (1, 2 ). This should be stated in the package insert. 

Consideration should be given to advising that the dosage may need to be 
adjusted in patients with renal failure. 

There were not well controlled studies of the combination of Nisoldipine 
with diuretics or other antihypertenive agents. Therefore the claim of 
efficacy with other drug combination is not well substantiated. 

CC. 
ORIG.NOA 
HFD-110 

JHFD-110/ CSO./Roeder 
HFD-11 O/CGD/30Jul93 

~~ §.~ 1/1,,-
---------------------------------
Cristobal G. Duarte, MD - HFD-110 
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This review deals entirely with safety aspects of the above submission; not efficacy. The primary 
approach is via examination of individual pools of data based on similar studies and provided by 
the Sponsor in this submission. 

I. Hypertension 
A. Exposure 

Although the number of cases treated world-wide with nisoldipine exceeds 6000, according to the 
Sponsor, relatively few of these, N= 1292, were given nisoldipine core- coat (NIS cc) as shown 
below in completed studies: 
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The following table provides the total duration of treatment by total daily dose of longest duration 
tor !he US NIS CC (total controlled and uncontrolled) cases. The second table provides duration of 

treatment in the non- US studies. 
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In the non- US studies N= 326 received NIS CC tor more than 6 months; N= 164 for more than 1 
year. In the US studies the figure for greater than 6 months was N= 131 but, apparently, none were 
treated longer than 1 year. 

Demographic characteristics in this safety evaluation will be related primarily to adverse effects and 
other safety- related features. 

B.Safety 

1. Deaths 

No deaths occurred in the US NIS CC hypertension studies other than for a single subject receiving 
placebo. He was aged 68 years, collapsed, and failed to respond to resuscitation efforts. In the non­
US NIS CC hypertension studies a placebo case died of cerebral hemorrhage: N= 2 NIS CC cases 
died, one due to an accident, another due to cerebral metastases from prostatic cancer. 
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2. Serious ADE 

The next table shows the number and percentage of subject in the US NIS CC studies by dose for 
both cases with serious ADE, which display dose response, and for those withdrawing due to 
serious ADE, in whom dose response is probably pracent. The dose response for% of patients with 
ADE versus dose varys from 0.7°/o (10mg) to 9.1%{80mg). 

Numoer (,._I of Pat11nts Wiii'\ Senous .tavern Events and Wtrl"ICrawals from Sll.K2y 
P1ruc1gauon oecause al ThoM Events by Cos• ot NIS c:: 

OOSF. CF NIS CC I 10mg 20mg I :JOmg I comg l!Omg I l!Omg I Tew 
(nl (151 I Pll51 12"1 12921 (1991 (111 (1::!121 

NO. OF ••llENT; ,,,TH SERIOUS I.Es I 1 8 I 2 I 11\ 

9' I 1 

I 
26 

I" OF FTS O" OOSEl (0.7) (0.21 (C.81 (•.51 (9 11 (2.01 

NO. OF PATIENTS WHO WTrHOAEW 
BECAUSE OF SE~.ous AE 0 3 0 • 5 1 13 

("' OF FTS WTrH SAEJ (381 (801 (551 (1001 (501 

3. Discontinuations due to ADE 

Of the N= 1292 patients (combined US+ non- US NIS CC), N= 25 (2.0%) ADE reports were received. 
Of these cases N= 13 were withdrawn because of these events. N= 17 of the 25 reports occurred 
during the double- blind phase of t•ials. 

These N= 13 cases, among others, have narrative commen'.s in Table 15a Pool 6 Vol 521. Each of 
the narratives on these cases was examined by the Reviewer. The final diagnoses were angina, Ml, 
cellulitis of legs, possible Ml, CVA, possible Ml, infection, flu, pleural effusion, cholelithiasis, CVA, 
chest pain, pituitary tumor and berry aneurysm, elevated liver enzymes, edema and erythema plus 
petechiae, pain in legs with .ilevated CPI\, chest pain. 

Of the non- US NIS CC completed studies N: 35 cases on NIS withdrew due to ADEs. A listing, Vol 
523 Table 15, provides reasons for discontinuation In N: 11 cases: These Include tinnitus, non­
response, pheochromocytoma, headache plus edema, atrial fibrillation, Impotence, edema(2), 
vertigo, lack of efficacy, non- compliance. In the remaining cases a cause for discontinuation was 
not given although co-start terms for side effects were. There were a variable number of such terms 
for different patients. Most were manifestations of vasodilatation. No withdrawals for laboratory 
abnormalities were listed. 

In the N= 6 placebo- controlled trials (US and non- US) with NIS CC 55/828 (6.6%) discontinued. 
Another N= 68 cases (11.5%) discontinued from among N= 590 patients on long- term uncontrolled 
studies. Since all but one of the 6 trial was a US study, the Sponsor focused on them. The following 
table shows that a dose response exists, excep: at 30 mg, for withdrawal due to ADE in the US 
placebo- controlled trials. The Sponsor I.toes not believe dose response Is evident, but this 
reviewer's logistic regression (below) shows a slope coeff t ol 3.5 std errors. 
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Nurnoer &rd Percd « PattttU "'us ~., s~• 
Wlll-dl'SWWIQ Cua IO...,.._ ~ lly 0- cl NIS CC 

I (n~;'eo) I 10"'9 I 20
"'l I ~ I '""'l I "°"'9 I "°"'9 (n•37) (n•1IOI (n•12!) (n•t .. ) (n•t37) (ft•I!) , 

N 

I (J~1, I 2 13 

I 
5 I 15 15 I 3 

l'l (5.4) (7~) (4.0) (1.2) (10.i) (20.0) 

Table 15a Vol 521, not attached, provides a complete listing of reasons for withdrawal in this group. 
Wh&t is striking is that many subjects have multiple reasons for withdrawal. When more than one 
reason is listed, no single one is given most weight in this tabla. There was a suggestion, based 
on inspection of the table, that peripheral edema and rash might be associated but the number of 
cases is not more than a few. 

The following table shows the most frequently reported ADE in subjects withdrawinQ due to ADE 
in the controlled US studies. 

lncldonco 1~> ."i i...c F_.cy ff_...,_.. Evonu In PlllOnlS 
Wllr<lriwn Ouo to ...,.,_ E- In U.S. Plac:ebo-Ccnlrollod Studies 

AU. 
PL.A NIS CC 

ADVE!ISE EVENTS (n•ZllOI (n•l78) 

Alfy Body Sysiom 3.2 7.1 

HMdac:no 0.4 3.1 

Plfll)llotal EOtma 0.4 2.9 

VUcdlNllcn 0 1.5 

NtUSN 0 0.9 

PaJl)llOben 0 0.9 

0tl:ZltltS3 0.4 0.7 

The Sponsor reports that the ratio of the number of ADE to the number of patients discontinuing 
was greater at lower doses than at higher ones. · · 
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0.0900 
11.0800 

0700 
.0600 

0.0500 
0.0400 
0.0300 
0.0200 

0 

+ + 
0 

0 
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., 
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0 

+ 
+ 

0 
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0.0 16.0 32.0 48.0 64.0 80.0 96.0 
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The Sponsor suggests that multiple, but mild, events could be occ:urring at low doses with more 
severe ones, though fewer, at higl1 doses. No analysis of this hypothesis is provided. 

The following table shows c:asas withdrawing due to ADE from US uncontrolled studies. Patients 
are assigned the dose they were on tor the longest time. There ls a counterintuitive Inverse 
association of withdraw•' and dose. One possibility Is that subjects on higher doses had the 
opportunity to have withdrawn on lower ones during the process of upward dose adjustment Jn 
these Ieng- term studies. 

Ni.meet arc:1 P~ al P&UilnQ ft U.S. Unc:onsn::al.:2 SU.Om 
Wlha- Ouo 1a - E- by 0- al NIS CC 

I Zmg 3Qmg 40mg IOITIQ 
(n•Ml <••-el (n•341 (n•l91 

..!!. l 12 I I I 
~ 121.81 (19.G) (17.5) (9.0) 

The most frequent A!JE in patients withdrawn during the US uncontrolled studies, shown below, 
are ordered somewhat diHerently than in the short· term studies. In particular, peripheral edema is 
more frequent in the long- term trials probably because ol a time-dependence lot withdrawal such 
that headache occurs earlier than edema. This is shown in the following table and in a Kaplan­
Meier plot 
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The Sponsor states events causing discontinuation &I'll more severe or higher doses, say 60 mg, 
than on lower ones. In the absence of a specific analysis laking account of the corl'llcl 
denominators, this may be questioned. 

4. Most frequent ADE 

The following table lists the most frequent ADE regardless of whether they were associated with 
withdrawal. Cata from US and non- US NIS CC cases are qiven. The prominance of symptoms 
related to vasodilation is again seen. The relatively yraater incidence of edema in the pooled 
controlled + uncontrolled studies is also sho"'" for both US and non- US data. In addition, the rates 
in the non- US studies are overall less than in the US ones. 

ll"CIOOnce Rate l"I ol --E I •- (;ol .. l In P-T- in U.S. - ~.S. Sludill 

St'-"'V l.DCIDCn I Sn.dlol ccnctUClld in"' U.S. Studilt condUClld outside "' U.S. 

I ,.,_c~ld Conlralld • ConfraJed • 
Type o1 SIUd>IS U_,,,.ld ~Id UllCQl1lr011d 

l1n~I NISCC NISCC fllA HIS CC NIS CC 
~E"',;a:, (n•a?ll (n•'711 (n•51J (n.1~) (n•518J 

~-- 15 Z2 :c Z1 :c 11 

P-!d- IQ Z2 29 7 12 15 

OIZZinlu • 5 7 ~ • 5 -- • • • Q ' 3 

v-i.- 2 • 5 D 3 5 

Pel- ' 3 3 3 • 3 

5. ADE by Demographic features 

ADE by derr.ogrllphic sub- groups Is examined in the US placebo- controlled trials. The Incidence 
Is given below of ADE selected by the Sponsor for "common observance" with the type of 
compound used. These are mostly those with higher incidence. There Is no aggregation by sex 
though one might have expected this, say, for edema In females. 
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In the non· US placebo- controlled trials there was an increase in edema in females treated with NIS 
CC but data for the placebo group is not provided. The incidence of edema in treated females is 
•.Dout the same as in the US placebo group, above. The more frequent AOEs are shown below by 
race in all placebo- controlled studies. Pates tend to be higher for headache and edema in 
Caucasians. 

!rti1.aawn oy Gtndtr at N lna:ltnr:I t'I of SIMCIC! 
in Non.US ,,ac11:1a C: aolled SD.I:!• 

Aaverse E.,•nts 

NIS c: 

AOVEllSE EV£.'IT 
..... I FefNI• 

{n•ISI (n•&Sl 

Arty accv Svatm I J:l.I I la.I 

M..aacie I Z3.1 I ZZ.4 

Ptnen.al Edema I 1.1 I 15.J 

c- I 3.1 I •.1' 

VuoaiuaOJon I < l I 4.7 ... _ I 3.1 I 4.7 

The ~· 9'w"ef'U ~ MIC"-ld btcaus1 of tl'leit ccmmon 
obSINVICt wen dihydn:igynOlhe tnerapy 

ACE by age are shown below for placebo- controlled studies. Headache is more frequent in 
younger subjects, interestingly, though edema may be less frequent than in older cases. These 
trends are present Jn both US and non- US studies. 

Ir-.- by "GO OI "'° lnod .... !'ll OI Sooaod """- E-' 
lr1 US and Nor>US l"la-od S..,too 

us Sluoln N""'-IS S""'in 

AOVEllSE~ s IS y..,.. >ISYlltl s IS Yean >es Yean 
(n•IOt) (n.-11) tn• 1.ll) ln•t9) 

~8cdy5ytl0m Ill 57 37 37 

HUda""'° 2• s 24 " ··-Ed- 21 27 12 11 

c- 5 5 • 5 

Astl'!.enil • 0 < l 5 

Vuoal.al.l.ticn • 4 • < l 

PalottatlOn l 1 5 < 3 

Peripheral edema was more frequent in heavier subjects than in the lighter ones shown below both 
in US and non- US studies. 
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A table, not attached, shows that when ADE are stratified by baseline BP below and above 108 
mmHg diastolic, that casas with lower BP tendad to have more vasodllatatlon. The respective rates 
51537 and 1/141. Thas• ant not very impressive. ' 

6. H1modynamic safety 

A. Hypotension 

ADE suggastive of hypotension, sy;icope and "hypoten.;i .... n' were sought. Asymptomatic 
hypotension was determined by "first dose etlect", by trough/peak ratios from in· clinir- and 24hr 
ambulatory BP readings, and by examining supine and standing BP plots. No cases (Sponsor) at 
syncope in the US NIS CC tr<ials on NIS. N= 6 patients in the US placebo- controlled studies had 
either. ''hypotension" or "postural hypotension" on NIS CC. The next table shows data tram US 
placebo· controlled trials.(INSERT tptS v3l19) 
Note that only a few at th• casas show orthostatic hypotension in casual blood pressures. It seems 
worth while to point out that "dizziness" occurred in about 7"• of all the US NIS CC studies and that 
it Is possible that a number of cases had this symptom dua to hyr.otenslon. Clinical experience 
shows that "dizziness" Is not often distinguished from light· headedness without vertigo due to 
inadequate questioning ot patients. 

A first· dose effect was examined In two studies without showing adverse symptomatology but with 
BP reductions. The following table shows th• results of in- clinic BP monitoring. Dose related peak 
effects are seen. 
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NIS CC NOA 
SECi.ON 1.46 
Summary of NIS Safety - Hyperten!ion 

Symptomatic Hypotensive Adverse Events 
Oc:::mng in US Placebo-Controlled Studies 

$h.dy ~~~i Days Owataon kt\lnsity 
Number nv.ni;atot Tenn an {days) 

l °"'" Orug 

' . . ·-;··:-..,:·:. ... - .. : ··~···: .:'ivNco?e" -- :-.- :-:·,-... ,.-~. ..... ·.·: •. :; :· "".'; -~· .. _-..,_:'•' ._ ..... ,,_. 
" 

- -.. .. .. 
OG.Q3S lliOZl 

VUOl<aQaJ ArUd< 43 , Mod11at1 

PLA 

000-019 ~-:~--i F11ling Faint 
11 Timas 30 >ll Mild 

HYPOTESS1CN 

c;i9-C:l9 ~-~~--i Hypot1nsion 82 , Mild 
NIS 20mg P: S1 ·C:: s.e 

cas--OJs 1'501~ 

~----- Hypot1n.sion 2l >5 ::ie'flfl 
VER SR 

24Cr'ng bid 

- . . " .. 
v. ·-· ' . -. ~--~-: . - .. :: . .. .. ....... - . . • POSTUR;.i. HYPQ!'ENS:CN 

089-= 1cm Ciz:in1s.s ------· upcn s~ing 30 12 Mild 
NIS 20mg 

000-019 15)04 Oi.niness (Postural ------ upon sanding up) ID 9 Mild 
NIS JOmg 

CU-039 1008 ------· Postural 16 , Mild 
NIS <Omg Hypo tans.ion 

Cl89-ol9 12007 ------ Po"1Jral 25 1 Mild 
NIS CQmg ~ten~an 

000-01• ·= ~------ Pomu~ C\:%;:n1u 28 >6 Mild 
NIS 60'ng 

CSS-029 4001 tu::::::nes.s u!'Cn 
11.&nCup 3 9 Mild 

--------· 
ATN + PLA 

-

P8A 

Febrtl3ry 12, 1993 
Page 15 

I 
Baseline SP> (<1.ly 

BPs (sup1n1 MCI bklOCI 
& N.nding) pr1ss.ur11j 

• ···.;.,..,._ __ .·v ;-.· . '~,·;-.. ~ :.~ ~~· .... 
11 ~: - '.·; . 

. 

..y43; 
IES/107 "2/99 
1511/IDS 14.J/S() 

day 2!; 
149/107 12/113 
, .. "/1r" 171/lll 

- I 
Cay~ 

llS/S5 l::S/82 
1:!3/S7 IC!/7J 

C:ly ~: 
129/100 114/SIJ 
115/91 98/74 

; 
~--- ' ·:--.. , . . ... 

GJy41: 
129/95 136/91 
l:l0/S9 ll5/S5 

Gay 14· 
165/105 151/99 
162/106 14G/$1l 

uay 1G: 
155/98 l:lS/89 
141/99 129/85 

.,Uy 2!; 
l'fi7/S7 1.oG/89 
IS0/97 136/1!8 

day ll 
170/IDS 1'5/89 
166/101 147/90 

cu.y E. 
187 /105 l&J/S8 
146/90 1:.0/93 

C.1.y t•· 
1~/~ 
5! 167 
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N= 5 ambulatory moni(oring studies ware done. The distribution ot doses by study is provided. The 
second table shows the trough/peak ratios t~om these studies. 

N..,_ ot P ..... Und- Z""-Al!PM t)y 0- ot NIS CC _ .. _, 
I PL.A I IO<nq I 2DJnQ I :!OmQ I "Om9 I llCmt;> .___ 
I I I -1\JSJ 1e 12 11 12 

-·(IJSl I 31 I :u I 32 I 30 

Dllll-0091\JSl I 2s I ,, I I 2• 

0904>11(~5) I lJ lJ I 32 l7 I 
090-019 IUSI I 31 I I J9 I I lS 

Trough/peak ratios from the 24-hr ambulatory data are provided below. Note that far systolic BP 
two methods are used depending on whether pE>ak systolic is a) determined at th-:. time of peak 
diastolic BP or, b) whether t:i., true peak is used. These ratios are consistant witil peaks that are 
not substantially below the trough valueo;. Note, however, that it In a given SUliject the trough 
readings are quite low that .i small, further drop at peak might be hypotensive. For that reason 
trough/peak ratios may not be very good means of exploring for BP reductions for safety purposes. 

TAIULATV1.., OF ~OUGH·TO-Pt.AX MflOS A.N.&l.Y:t!i 0U"1NG l•-HOUll AMIUUTOllY ILOOO 
Pfl.ESSU"E MQNrT0"3NG ~8.t.SSJNE· A.NO fllU.CEIO·SUllTI\.AettO i'l£$Ut.rs1 

COSE OF ~1$ CC 
---.. Po-_,.. ___ ,. -----·----------

P'4.IUMf'Ttlll 10mg ?Omt lOme '0"'• I eomv 

O•ano1ic IP' 
Trouo~•k ,._.tio l'I 73 " tJ 

St'stobc U' 
T"ra..,qt\lh.all. katio ("I " ll I ... 
SJst:ilic I~~ I Ticv;~•• ~no 1"'1 " a; u 

• P-:..k ~u•s eo:retC)Ond 10 lh• tin!• ct r.e.1111: 011stoj1c etttct 
' Puk "ah.1e3 ate ll'll actual tn&.l.lmutn Sys!OllC tfftct 

lCO " 
100 101 

ICO •• 

VER SA 
r------.. 

240mg O<a .. 
" , . 

The table below shows the percentage of patients having either a change ot 20 mm lrom baseline 
or a BP below 100mm Hg. There appears to be a fairly consistant percentage ol cases with a fall 

---------------------~---------------~------------



NDA20356 P10 

In systolic BP regardless of dose except for low numbers in the small s..mple on 40 mgm NIS. Note 
that a substantial number of placebo cases also show this degree of fall. Subtraction of the placebo 
values gives about 4- 8% of cases with reduction below 100 mm systolic. Thus supine reductions 
of note occurred in some subjects. 

T .UVL.A no1o1 OF $.oit.FlTY PAAAME'T'E1'S AHAL 'fIE) "'OM 2 4....0UR AMIUL.A TORY ILOOC 
""(SSUPllE Jri40Nl'TONHG taASWNE·SUITMCT'ED RESULTS\ 

DOSE OF MS CC Pl.A VtJI SA 

~,o-;;-~~3C~T4Q;Q .. f!O;;- ---- ,__ .. _____ 
240mQ Cltd 

SAFETY PARAMETER in•'!Sl (n•87J tn••!l!I 1 tn•l41 (n•291 1n .. 1oe1 1,,•291 

C1astr;;uc: llP C.-...nQe 
> lOmmf'IQ !ram l&aelll"C 82 8~ 78 79 9• 62 96 

tor •t lelst I 1"1out 

!4' Of OltlentSI 

S,no11c BP < 100mmtoi~ 
to1 n 1e•st 1 1-tou1 24 2• 22 • 20 ,. 24 

l'l!li of cu1t1en•s1 

The last method of r-sessing hypotension was to compare supine and standing blood pressures 
at trough. The correlation was near 1.0 and cons!i.tant with li\11e orthostatic hypotension. 

B. Reflex tachycardia 

One of the ettects of a vasodilator is reflex tachycardia. The Sponsor examined this by dose 
response of pulse rate; by frequency of tachycardia as an ADE; arid by ECG HR. 

ln the US monotherapy sta..dies the mean placebo- subtracted change in HR varied from ·1.53/min 
to +0.48 over the dos" range of 10 to 60mgm NIS CC. The change in HR for the combined doses 
was 0.52. Note that these are not specified as standing readings. 

In the US placebo· controlled studies, tachycardia •.vas an ADE in 1% of NIS CC patients. One 
patient in these studies withdrew for supraventricular tachycardia.Three patients in the US 
uncontrolled studies had tachycardia contributing to withdrawal. The Sponsor analyzed the 
trarsition from normal or low heart rate to high values in the US controlled trials and found this to 
have occurred in 1.4% of NIS CC patients and in 0.9% of placebo cases. Again, none of these 
readings .ire specified as taken standing, a position that might have exaggerated pulse change. 

C. Rebound hypertension 

A placebo· controlled study D90-022 In hypertensive patients treated !or as long as 21 days sought 
evidence for rebound blood pressure elevations by a 72· hr follow-up after discontinuation of NIS 
CC. Examination of the Sponsor's table showed that the group means for diastolic BP show no 
evidence or rebound. However, tre systolic BP values are higher at 72 hrs than at basaline except 
for the highest def e level, 120mg NIS. The systolic BP mean Im tho! placebo group is also elevated 
at 72 hrs so that It is difficult to ascribe the increase in systolic BP to "rebound". It is more likely 
that loss of both the placebo and therapeutic ettects are involved. 

7. Clinical Laboratory Tests 

A. US NIS er.: placebo· controlled studies 

1. Incidence rates of "high" lab abnormaliti~s 
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The Sponsof provides Table 17a (not attached), in which the rates tor "high" al .armalltles are 
given by dose level from 0 mgm (PLAC) to BOmg. Sample sizes are very small for the lowest active 
dose, 10mgm and the highest, 80mgm. Examination of these rates show no evidence for dose 
response nor is It likely they would given the exceedingly small rates for the data pooled over 
doses. In particular, for items with overall higher rate~ including blood glucose, no dose response 
trend is seen. BUN has a 3% rate at 40mg NIS, 2% at 6Dmg, and 0% for placebo. No such trend is 
seen for creati.1ine. No trend is seen for increase with dose of serum calcium, alkaline phosphatase, 
or SGPT is seer1. 

Rates by dosllibody weight are also provided but do not show trends of interest except, possibly, 
for alkaline phosphatase, which has a rate of 5% at Iha highest dose/weight level, >.55- <1..2 
mgm/kg, versus a placebo rate ot 2% and rates in lower active dose/weight levels of 1%. 

For "low" values the hGm2tologic values for all US NIS CC studies showed 2% of NIS patients with 
neutrophils below 1700/microl and 1 % in th!' placebo group. The rate was also 2% in the pooled 
controlled and uncontrolled studies. No patients with platelets below 100,000/microl are shown. 
Thus adrtition of cases with long- term followup did not increase the rate of low values for these 
two tests. 

Hematr.ico.aoc PlJ"l/Tlele< Abnomwrues from ~l1.1Cies Conauc~ICI 1n tn• US 

f c..:ntrc11ea .. 
BLOOO CELL. LINE ?!aceoo-C.:intn:ldea Unccn1rc1led 

ABC .... I NIS C:: ' NIS c:: 

n•2~0 r.ses n•880 

"° PA.TIENTS I.OW ABNORMAL 3 3 5 

Wl!C PLA I NlS CC NIS c::: 

n .. 232 n•SSJ n •&:lEi 

"° P4TIE.'lTS LOW ,.t,BNORMAL ' • I 

'Jli F'T wm-t NEl.J'T'HOPHllS < 1100/ JJl ' 2 2 

PUTClEIS PV. N1S CC NIS CC 

n•2ti7 •·655 n•7~1 

" PATIENTS lOW ABNORMAL 0 0 0 

"PT 'MTH PU.TELC"f< IOQ.000/~ 0 0 r, 

T11is submission contains a tabulation of mean difference from baseline for both NIS CC (N= 650) 
and placebo (N= 280) for US placebo- controlled subjects. A tabulation on the following page 
contains selected laboratory tests from the larger tables. The larger table, Table 21 Vol 52.2, also 
has standard deviations. The Reviewer calculatlld the mean diHerence +1-2 SE limits for NIS cc and 
for placebo IC'• hematocrit, platelets, %neutrophils, glucose, BUN, alkaline phosphatase, and SGPT. 
All of the 2SE limits for the NIS group overlapped those 1ar the PLAC group tor these particular 
tests so that the treatment groups an. not likely to ditter by this method. 

Examination of 10 lowest or highest values of selecte:l laboratory tests in all US studies( controlled 
arid uncontrolled for individual subjects showed, among the lowest 10, N= 3 instances in which falls 
in hematocit occurred. None were associated with the lowest 10 values for total wbc or 
%neutrophils. Respective baseline and lowest values were 34,29; 36 ,30; and 36,33. The baseline 
values tended towards being low. The subject with the lowest hemalocrit,29, was on many 
medicines at basaline including Naproxin, insulin, enalapril,labetalol, and glyburide. Curing the 

i 
I 

' ----~----j 
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Renal Fundon Parameter Abncnnallllas from SDJdies Conducted In tile US 

RENAb f-1.JNQ]ON TEST Placebo-Controlled 
Controlled .. 
Uncontrolled 

CREATININE PL.A I NIS CC NIS CC 
n•271 I n•646 n•739 

% PATIENTS HIGH ABNORMAL a I a I , 
BUN PL.A I NIS CC I NIS CC 

n•269 I n•64S I n•738 I 
% PATIENTS HIGH ABNORMAL ' a I , I 1 II 

Hepatic Parameter Abnormalities from Studies Conctucied in the US 

LIVER FUNCTION TEST Placebo-Controlled 
Controlled + 
Uncontrolled 

SGOT PL\ I NIS cc I NIS CC 

I n-sa3 I n=692 

ll-~-"'°::..;..P~AT~l~ENT~S~H~l=G~H~A=B~N=O~R~MA~L;:..._~~1-~.....:.3~---"'~1--~~-3~~-..;'i 
IL-~--~""~· ~FT.:...:..>=3~X~N=O~R~M~A=L-----!'1----o.:...:.._~l~.-----o~--~1 

SGPT I Pl.A. II NIS cc I NIS cc I 

% PATIENTS HIGH ABNORMAL 

% PT >3X NORMAL 

AL.KAUNE PHOSPHATASE 

'lb PATIENTS H:GH ABNORMAL 

% PT > 1.2SX NORMAL 

LDH 

% PATIENTS HIGH ABNORMAL 

3 

0 

Pl.A. 

n=262 

2 

0 

PL.A 

3 

NISOLDIPINE COAT-CORE NOA 

ii n=562 I n•647 I 

a 
ii 2 1[ __ 4 -~'I 

II a I 
I NIS cc NIS CC 

I n=623 I n=713 

2 4 

0 0 

NIS CC NIS CC 

n-628 

2 4 

., 

08 46 00('0036 
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All cases of high blood glucose on treatment were high at baseline, usually above 200mg%. 

N=7 instances of mildly elevated BUN on treatment were found. Only one of these (value =27) was 
associated with an increased serum creatinine(1.4,2.0). 
Serum calcium increased in association with treatment in N:3 cases baseline, on treatment:9.8, 10.5; 
10.0,10.5;9.1,10.4) but alkaline phosphatase was not in the highest N:10 tor any of these. The last 
ot the above N::.3 cases had a low phosphate (2.3, 1.9). 

Although a number of cases had elevation of alkaline phosphataSQ during treatment, all were high 
at baseline. One instance of notable change (112,248), but with a subsequent tall to 150, despite 
some increase at baseline was more closely examined. The patient was a 64- year-old temala with 
diabetes mellitus, hyperlipidemia, and edema. During a long-term eX1e;nsion trial she was on 
concomittant medications including atenelol, niacin, and glyburide. A slow rise in alkaline 
phosphatase over 1 and 112 years occurred with 3 high readings. 

N:3 instances of elevation of SGPT with concomittB"':t elevation of SGOT were noted (baseline, on 
treatment: 25,384; 39,209;35,88). The first of these also had olevated total bilirubin (0.6,3.3). This 
patient was a 63-yr-old male with a history of elevated transaminases on ACE inhibitors.Curing 
treatment he received Lovastatin. Despite continued treatment with NIS the final day SGPT and 
SGOT were well within normal limits though the previous two values, both obtained within a one­
,, ~eK period, were elevated. An additional N=2 instances of elevation of SG.JT occurred in the 
absence ol enough rises in the other enzymes to reach the level of the highest 10 values. 

increases in serum bilirubin occurred in N=4 cases. One of these had enzyme elevations ::lescribed 
just above. • otal CPK was elevated during treatment in N=2 patients. In one the MM and BB 
tractions were normal. 

In the N:.516 (depending on test} non- US controlled plus uncontrolled studies hematocrits were 
low in N= 3 cases but in N:2 they tended to increase subsequently. Total leucocytes were low in 
N=4 cases. In two of these the baseline value was also low. None of these cases were among the 
10 lowest °logram.:l;;cyte values. N:S low platelet counts occurred in N= 8 cases. In N= 2 ol these 
the baselir,., values were normal. Except tor N=2 cases the on- Rx values were not vary low, and 
though below the assigned normal range, were all above 100,000. In the one of N=2 cases with 
platelets below 100,000 total wbc was low both at baseline and on treatment. In the other the wbc 
count was not among the N:10 lowest. 

In N= 10 cases elevation of SGOT occurred but baseline·values were elevated in these. In tw~ cases 
use of country- specific normal values might have reduced baseline values to normal. N=7 cases 
with elevated alkaline phosphatase values occurred. In N: 5 of these the baseline values were also 
elevated. These elevations ere not associated with values tc. SGOT in the hig'1est 10. N.,6 cases 
of elevated serum bilirubin were found; In N=4 baselines were high. None were associated with 
SGOT values in the highest 10. 

Serum creatinine was not elevated above .1ormal In any of the values in the highest 10. 
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B. ECG 
A. Background 

Because of the finding oft-wave changes in study 090-022 (hypertension), the Sponsor examined 
that study and three phase Ill NIS CC !rials for such alterations. The Sponsor has provided 
background information from the medical literature. T wave inversion or flattening occur during 
rapid reduction of BP with vasodlators. These reductions in BP do not appear to be associated with 
wall motion ab norm;; litles on 20 echocanllography. Long- term tniatment with minoxidil has been 
carried out with ill'provement in the initial t-wave changes. 

B. The ptoase II trial 090--022 

This was a trial in N= 26 patients with mild to moderate hypertension, mean age about 60 years. 
This was a forced titration trial 30- 120mg NIS CC with the first two doses given fer 4 days each; 
the next two for 7days each. N=B subjects were randomized to NIS CC and N=5 developed t- wave 
flattening on the ECG. The N=120mg dose level was discontinued due to poor tolerance (severe 
peripheral edema, ECG changes).A scicond group, N= 10, was randomize,' to NIS. N=S of these 
cases developed t wave flattening and/orinversion with occurrence equal, N:2 cases, at each of the 
doses, 30,60, and 90 mg. No angina occurred. Thallium ~ca.,,. were reported as negative in N:5 of 
the first cohort. 

The percent with T-wave changes and dose were, respectively, lr-'~P'.-AC); 22%(30mg); 39%(E0mg); 
64%(90mg); 80%(120mg). The respective :;ample sizes were 5, 18, 18,11,5. n.b. The excess over the 
N=23 that were randomized must represent titration stl•ps. 

Stratifying results into cases with normal and abnormal ECG and into 6 and 24 hrs after dosing, 
showed significant d:tferencas between BP falls at 6hrs between the two ECG groups. Differences 
at 24 hrs (trough) were not significant. 

Stratifying normal and abnormal EC Gs by AUC and Cmax showed that the abnomal ECG group had 
larger pharmacokine•ic parameters. 

The Sponsor relates the ECG changes to the forced- titration design and, by analogy, to the 
literature reports of T· alterations in rapidly- induced hypotension. 
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C. Other Phase Ill trials 

ECGs from trials 089-029,0:?9,and 090--019 coded blindly and read by a cardiologist. These ECGs 
were usually taken at trough. Peak ECGs were obtained in one study. Dosage was up to 80mg NIS 
CC (N::494 in the pooled studies) or placebo. Mean age was about 55. One study had background 
atenolol. 

In th61se titration studies the dose assigned to an ECG was, for one analysis, that to which a patient 
was randomized, not to, say, a lower dose they might have transited from. Anot!1er analysis 
assigned the dose as that on which the event occurred. Two analyses were done; one ignoring 
baseline ECG events and another eliminating cases with these. It seems likely that more than one 
event per person could occur sines rates wore calculated from the "total number of events" divid&d 
by the number of cases at risk for the first type of analysis. In the second analysis all subjects were 
at risk. One analysis was done for peak ECG responses. 

The table below shows some evidence of dose response except for the small sample at 80mg. 

STUDY DSs--039 
E,..~ I PU A~ NIS CC NIS c:: NIS CC I NIS c:: 

I 
VER Sil .... 

&0norma1tv I 20 mg ~ rng BO mg 

T nanening I sno 11%1 10/155 16%1 I 3n1 14%1 7/69 110%1 I 0115 10,1 I •n1 16%1 

T invel'Slan I 3n314%1 , 1/157 17%1 4n21e%1 sn1 1P%1 1114 17,~ I 3n214'1 

eatn•r I sn4111%1 2011 ee 112%1 1ns 1s'%1 12n6 116%1 111517'%1 I 1ns 1s'!fo1 

Similar results were obtained when 'all patients' (regardless of baseline findings) were studied and 
when the number of ECG tracings was used as the denominator. n.b. there tends to be a dose 
response in each of the above results except at somg. 

Results for ECGs taken at peak were unrevealing. The sample sizes were far too small, about N=5 
per active dose group. 

Study OS029. This is the study with background atenelol in addition to NIS CC.The doses of NIS 
were 0,20,40, and 60mg. 

The respective rates o! T flattening or inversion at these.doses were 18%,7%,20%13% so there was 
not much evidence of dose response. 

For all cases, regardless of baseline status, there was a significant difference among doses for T­
flattE>ning {PLAC 21%; 20 21%; 40mg 41%; 60mg 27%). 

For events per number of ECGs results were weaker. 

Study 090-019. The rates for T-wave flattening or inversion by dose were PLAC 13%; 30mg 9%; 
60mg 5%. Therefore no dose response is seen. 

Rates using ~:: patients or number of ECGs in the denominator were not more useful. 

ST- segment elevation or depression: Rates for these were very low in each ol the three studies (1-
2%). Comparing the incidence in the PLAC and pooled NIS CC groups by ST depression and by 
elevation showed that placebo and active dose rates were each no more than 2%. 

I 

I 
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There is little evidence from these three studies, taken together, cf a dose response fer the primary 
ECG T-wave changes cf interest. However, the findings in the Phase II trial with farced titration de 
shew a trend fer dose response as well as effects cf BP reduction and plasma NlS ccnceiltratlcns 
en T abnormalities. Thus the findings in the Phase Ill trials may just be at the apposite end cf a 
spectrum cf effects. 

Conclusions for Hypertension Safety (NIS CC): 

In placebo- controlled trials there is a dose- related incidence cf ADE over the range O ta 80 mgm 
cf NIS CC. The mast frequent ADE are those related ta the vascdilatcry action cf the drug -
headache and edema. The occurrence of these two ADE is time- dependent with headache 
occurring relatively early versus edema. 

Marked symptomatic hypotension was not prominant with NIS CC although "dizziness" occuned 
and may have been a manifestation of hypotension. Asymptomatic hypctensicn in trough readings 
was not frequent though supine systolic BP values in the region cf 100mm Hg were net infrequent 
in 24- hr ambulatory BP readings. Rebound hypertension was net present overall during monitored 
withdrawal. ECG T- wave abnormalities, inversion and flattening, occurred during farced titration 
in a phase II study but in studies in which dosage was increased slowly was net prominant. There 
was an association of these ECG changes ta the degr!'e of BP reduction and ta drug blood levels 
in the forced titration study ECG S-T alteration was infrequent. 

Clinical laboratory abnormalities: In the US, placebo- controlled (st-crier- term) studies, evaluations 
by overall rates of abnormality, transition from normal, and overall rates by dose were not very 
revealing. present. Examination of the N= 10 highest or lowest values, as appropriate, in all US 
studies, controlled or uncontrolled (long-term), showed a few instances of falls in hematccrit, total 
wbc count, and %neut~ophils. Several instances cf increased transaminases, one with increased 
bilirubin were found. An instance of substantial elevation of alkaline phosphatase occurred. Serum 
calcium increased in three cases without increases in alkaline phosphatase. 

In the non- US controlled and uncontrolled trials (approximately N= 516 NIS cases) several 
instances of decreases in hematoc-rit er wbc occurred. Platelet counts fell in ~cme cases but not 
below 100,000. A number of cases had increases in SGOT but from elevated baseline levels. Serum 
creatinine was not elevated in the highest ten values. 



'-- .. ' 
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overall Conclusions tor Satety ct Nisoldipine: 

Two major findings in this submission are 1) a aUbatantial incidence ot 
withdrawal asaociated with ~igna/symo>tomJI ot vaaodilation and 2) an increased 
rate of withdrawal tor angina/cad in trials for th• angina indication. In the 
abort- t•= trials the lat:ar withdrawals tended to occur early A:ld to ba 
associated with signa/aymptoms of vasodilation but, in the long- term trials they 
·..-~=e pri.ma.rily manifested by an inc::aasad rat• of withdrawal. 

In the US, placebo- controlled, hypertension trials there was a significant doee 
response for overall withdrawal of about 11% at 60mg NIS and 5.4% at 10 mg. The 
incidence of headache, n~t nacaaaarily associated with withdrawal was about 20%. 
In the long- term. uncontrolled hypartan•ion atudiaa, about 20% of caaaa had 
withdrawn by 30 weeks Alld the cUlllUlativa incidence of peripheral edema was more 
than 40%. Thus whatever blood preaaure reduction that is achieved i• aaaociated 
with aubatantial aide affecta, moat of which ara dua to the pharmacologic action 
of tha drug in causing vaaodilation or to tha compensatory machaniama auch aa 
tachycardia. 

One might expect soma myocardial iachamic phenomena it the vaaodilation A:ld 
tachycardia increased cardiac work out of proportion due the benefits ot 
reduction of after load through lowering of blood pressure. There waa little 
evidence that the ~alanca waa unfavorably affected ainca, in tha hypertension 
studies the incidence of witLdrawal due to angina/cad was about 1%. However, 
there ware iostancoa, eepecially in the phase 2 rapid, forced- titration trial, 
of the development ot t wave abnormalities. 

It ia in th• angina patient• that evidanc• tor ischemic effects ot niaoldipine 
are of greater concern. Even in the abort- term, US placebo- controlled trials 
the rates of withdrawal for A:lgina/chd exceed those on placebo. Io addition, it 
is of particular interaat to note that a high proportion of such withdrawals 
occurred vary early at times cloaa to tho•• tor withdrawal due to vasodilation. 
Thus the close •imilarity ot the distribution of withdrawal tor vaaodilation and 
that for angina/cad aupports a aimilar mechanism for both. Symptoms of 
vasodilation were not prominant in th• long- term angina trials but in those the 
number of aventa was higher, about 10%. Thus for the abort- term trials one may 
use the rates, the tilning of withdrawal and/or association ot vaaodilation; for 
the long- term trials ooly the rates are u•a!ul. Note that the use o! timing of 
withdrawal and/or a~:y associated vasodilation constitutes an '"internal" control. 

From a purely safety ctandpoint1 this reviewer is not in favor of approval for the 
angina pectoris indication in view of th• increased rate of chest pain/cad in 
angina subject::a. It is possible that a combination of a beta- blocker and 
nisoldip~na would allow use of the lattar drug in angina pectoris. n.b. a single 
study (0702) carried out in Canada, US, aod Israel had very few withdrawals due 
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to ADE. N• 1 aubject withdrew tor increaain11 ani;iina and N• 1 for myocardial 
infarction out of N• 200 NIS+ atenelol ca•••· Th• experience with thi• 
coll!Dination ia aa yet inaufficient to recOD111end thi• coll!Dination but it may b• 
a juatifiable treatment to explore in future trial•. 

Not• that if the NIS focnulaticn dwnp• ~arly, one would expect to ••• early 
withdrawal or th• early occurrence of •ii;ina/aymptoma of vaaodilation. 

Th• hyp•rtenaion indication, at l•a•t tor aubjecta without notable coronary heart 
dis••••, is a up ported by t.he aataty data .. Bowe var, it the apectrum of patients 
aalectad tor treatment illclud•• patient• whoaa hypertension is aaaociatad \ltit.h 
CHO or a .. hypertan&ive auhjecta develop CHO, aoma of thaaa may be unable to 
tolerate NIS therapy. Alternative therapy ahould ba considered in auch caaea. 

The ECG findini;is in rapid- dose escalation (intervals of lass than a weak) in 
hypart.ac.aiva aubjacts, while not clearly aatabliahad a.a adverse, ara in an 
untavorabla direction and auggaat that ti~ration be carried out over the longaat 
intervals consistant with tha patient's need for blood pressure control. 

SummAry of safety recommendations: 

l. Nisoldipine, as studied, 

2. 

3. Subiacts with asymptomatic coronary diseaae conLt-t•.~~ s aomawhat di!!icult 
group with respect to suitability for NIS therapy ai::ice many hypertenaivea 
responding to this treatment: undou.btadly have this condition. Perhaps acme 
clinical judgement needs to be invoked hara. 

4. In view of the findings of ECG T abnormalities on rapid titration in 
hypertensive patients, it ia auggeatad that dosage incramenta be made at the 
greatest intervals consiatant with the need for BP control. The Sponsor's dosing 
recommendations do not specify the interval between dosage incramants. Intervals 
of only a few days may be too frequent since they were associated with •adverse" 
ECG chAngaa iu hypertensives. 

S. Although mono- therapy for hypertension with NIS appears justifiable due to 
the lack of serious; drug- induced effect•, there is a till a substantial incidence 
of troublesome sym1~toma of vasodilation that mii;iht be diminished with combination 
of NIS and beta- blockade. Thia may also be a auitable and infot:m4tiva area for 
further trials. 

6. Pbarmacokioatic studies by the Sponsor show that the mean Cmax was 48% hii;iher 
when NIS was admi.oistered with a meal. It is not clear whether this explains the 
very early occurrence of vasodilation attar dosing and, in th• angina patients, 
withdrawal associ,•ted with ches\o pain. It lt.AY not be correct to state that it is 
known that there llra no clinical consequences trom dose dumpiosi. 

7. Since elderly 
younger ones, it 
dosage alower. 

cc:original 
HFD-110 
HFD-110/CSO 
HPD-llO /pld 

a11bjects have a 2- 3 fold hii;iher plasma NIS concentration than 
may be beat to follow thaae aubjects more closely a:id increase 

~y~ 
Philip L. Dern~.D. 
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Nisoldipine is a calcium channel blocker of dihydropyridi11c derivative type being developed 
for the treatment of hypertension In this initial application, approvals of a 
sustained release formulation (coat-core) for indications arc requested. As a part of new 
parallel. team approach, this medical review covers only the areas related to clinical pharmacology. 

The sections on clinical pharmacology (Section 8.1 of NOA) contain data of 17 studies, 
involving 393 patients/subjects, on sustained released formulation (coat-core, referred to as CC in 
this memo). Of these. 183 participated in 6 U.S. studies. In addition, the submission also includes 
results of 4 7 studies on the immediate release preparation (IR), most of which were conducted in 
foreign countries. Except for three smaJI studies (total 12 norrnaJ subjects. copies of publications 
onJy). full reports of all studies listed in Section 8.12 were submitted. 

Additional pharmacokinetic and bioavailability data were presented in Section 6 of the NOA. 
which include 129 foreign studies on IR or other non-CC formulations not repeated in the clinical 
sections (Section 8, as noted above). These studies will be reviewed by the biopharmaceutical group 
of the Agency and not commented in this report. 

----------------------- -
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Mean Clinical Chemistry Para.meters (Male Rats) 
Dose Gro1~p (ppm ln diet) 

Parameter Week 0 I 50 I 300 I 1800 

ALP 28 211 201 201 175• . 

U/L 54 182 174 186 145• 

79 180 156 176 136•• 

GOT 38.8 39.0 38.9 52.7• 

U/L 

Bilirubin 28 3.6 3.1 4.0 4.8• 

mcmol/L 

Creatinine 79 53 so 47• !i 1 
mcmol/L 105 57 63 46•• sou 

Urea 105 5.80 7.01* 5.69 5.27 
mmol/L 

Cholesterol 28 1.98 2.16 2.21• 2.21 
mmol/L 

Protein 54 66.5 64.2•• 61.0•• 61.4•• 
g/L 105 68.4 67.1* 66.3• 67.8 

Sodium 28 142 143 140* 140• 
mmol/L 54 141 142 142* 142 

79 140 139 138* 141 

Potassium 79 4.8 5.0 5.1• 5.1 
m111ol/L 

Calcium 28 2.64 2.54* 2.49* 2.55* 
mmol/L 79 2.76 2.66• 2.62•• 2.63•• 

105 2.69 2.66 2.63 2.58* 
Aldosterone 55 349.7 360.2 334.9 245.1•• 

pg/mL 

• Signijican1ly differenJ from con1rol QI the 0.05 level 
••Significantly different from con1rol QI the 0.01 level 
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Mean Clinical Chemistry Parameters (Female Rats) 
Dose Group (ppm lo diet) 

Parameter Week 0 I so I 300 I 1800 

ALP 28 174 140 153 133• 

U/L 

CPK 28 98 54• 72 85 

U/L 79 43 75 64 11• 

GPT 28 54.1 so.s 52.9 66.3• 

U/L 

Bilirubin 54 3.0 3.1 3.2 4.3** 
mcmol/L 105 4.7 2.9•• 3.2• 2.9* 

Creatinine 79 56 so 59 57•. 

mcmol/L 105 71 59 ss•• 61 

Urea 28 7.54 7.27 6.56* 6.30·· 
mmol/L 79 6.22 S.96 6.51 7.56•• . 

105 6.09 6.43 6.67• 7.28• . 

Cholesterol 28 7.54 7.27 6.56* 6.30•• 
mmol/L 105 2.46 3.01* 2.76 2.96 

Glucose 105 4.71 5.25 s.s2• S.22 
mmol/L 

Sodium 54 140 138 135•• 138 
mmol/L 

Potassium 54 4.8 4.8 s.o s.2• 
mmol/L 105 4.5 4.6 4.8• 4.8* 

Calcium 28 2.58 2.65 2.59 2.47• 
mmol/L 54 2.71 2.65 2.58* 2.52** 

Conicosterone 55 36.6 41.7 20.4 19.2* 
mcg/DL 

• Signifi:;:aru/y differenr from conrrol tU the 0. 05 level 
** Signijican1ly differenr from conrrol tU the 0.01 level 
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At the termination of the study, the relative mean weights of 
adrenals, heart, kidneys arid liver of the :"ligh dose group (both 
sexes) were signific3ntly higher than respective control values 
(page 50A). However, no significant differences were seen in the 
abaolute weights of the above organs except for the increased 
mean kidney weight of the high dose males. At the interim 
sacrifice, relative heart and liver weights (high dose males and 
females) and relative adrenal and kidney weights (high dose 
females) were significantly increased without any significant 
changes in absolute weights. 

No significant treatment related gross lesions were seen in this 
study. 

At the interim sacrifice, no treatment-related histological 
f~ndings were observed except for the moderate widening of the 
zona glomerulosa region of the adrenal cortex of high dose 
animals. The cells of this zone were large and contained a foamy 
cytoplasm. Four benign tumors (2 in control females (cystadenoma 
of thyroid in one and pituitary adenoma in the other) and 2 in 
high dose males (Leydig cell tumor of testis in one and 
meningioma of the cerebellum in the other)] were seen at the 
interim sacrifice. 

[Note: 'l'he terms 'blastoma" and •tumor" "'!re used interchangeably 
in this NDA.] 

The number of rats with benign and/or malignant tumors and the 
percent of these tumor carriers are given in Table 7. According 
to sponsor, no treatment-related increased incidence of tumor 

.bearing animals was observed in this study. The incidence of 
various types of tumors observed at different locations are 
preser,u~d in •rables 8 and 9. Although the incidence of Leydig 
cell Lumor of testes appears to be higher in Lreated male groups 
than in control, the differences 1·;ere statistically not 
significant. 

Andlysi;s of the tumor data by FDA statisticians showed that there 
was a statistically significant (at 0.05 level) linear trend rn 
brain granular cell tumor (listed also as meningioma in this NOA) 
in male rats (p=0.0411). The incidence of thi:" tumor is as 
tallows: control - 0/50, low dose - 0/50, mid dose - 0/50 and 
high dose - 3/50 (2 animals at the final necru: .oy and one at the 
interim sacri [ice) . However, pairwise cornparL;on did not reveal 
any si<Jnilicanl difference between control and high dose groups 
(p-•0.l'><J4). According to the sponsor, "Lhe ini:idence rate for 
q1<111tila1 cell Lumors among male rats cit Lerrnindl kill in the 
c;tudy p<0 rtonned with lay within U1e :;pontaneous range 
to1 ma.le tat!> al teunin,~l kill" (Table-page SO,,). Spontaneous 
L\1n1ors o1 1ner1ingeal or-igi11 (rner1ingion1a, Ii1e11ir1qt:!al sarcoma or 
91anula.1 ct•l l tumor) were seen in 7 out of 30 :;tudies in male 
\'li:;ta1· Lits (lY-50 ral,,/study). ln '.2 :-;tudiP:<. :: 1dLS each were 
diaqnc.)~3t-~ci witl1 ~3ucl1 Lu1n<1r~_; al tern1i11al kill 1 v.'}1ert~as i11 4 otl1e1 
~-;Lu<jie:;, <Jlll~l"' UI1(-:? rdL edc!J hdd above tu1not·:..>. 
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[Note: Granular cell tumors are believed tc be of meningeal 
origin and are considered to be a subclassification of 
meningiomas.(Boorman et. al. 1990. eds. Pathology of the Fischer 
Rat. Academic Press, Inc.)] 

Relevant nonneoplastic findings observed in this study included 
hypertrophy of the cells of the zona glomerulosa of the adrenal 
cortex of high dose males and females and increased incidence of 
progressive nephropathy in high dose females. 

d. Two-Week Intravenous Toxicity Study 

Testing Facility: 

Study Number: Not provided (Pharma Report No.7721) 

Study Date: October, 1977 

GLP Compliance: Not addressed 

Animals: SPF Wis tar albino rats, individually housed in Type II 
Macrolon cages, weighed 125 to 130 g at the initiation of dosing. 

Dose Levels: 0, 0.1, 0.3 and 1.0 mg/kg. dissolved in 
a 10%:90% mixture of Cremophor EL and physiological saline, was 
administered as a single iv bolus injection (caudal vein; 1 ml/ 
kg) daily for 14 consecutive days. 

Number ot Animals: 10/sex/group 

Parameters Evaluated: Appearance and behavior (daily), body 
weight and food and water consumption (weekly), hematology and 
clinical chemistry tat the termination of the :3tudy; 5 rats/sex/ 
group), urinalyses (after 10th treatment), major organ weights 
and gross and microscopic pathology (more than 30 different 
tissues/rat; 5 rats/sex from control and high dose groups). 

Results: Eigh dose animals showed inertia anC: ,C_,,·s:[Jnea for about 
5 to 15 min following drug Jdministration. 'l'wo high dose females 
died during tl1e study, 011e after the third dose and the other 
after the ni:<th dose. No treatment-related clinical signs or 
mortalities were seen ir1 low a11d 1nid dose grotl[J a11imals. 

Ir1lravt:~r1ous u.cltninislralior1 ()i r1isoldi1)ir1e l1ad 110 ~Jigr1ificant 
effect on body weight, food or wctter consumption and hematologic, 
blc_)oc~ c·l1e1nist1y a.11c~ uri11alyses oa:canteters. '1'!1c?1:e were no 
t1·l?;itn1er1t-re~J-1.tec1 gt()S~:> or. l1i:;L01).:ill1ological t· ir1d.ir1gs, or ar1y 
E:..'.'..ridence ot locctl iz1lole1·0.n<:t~ 3t_ dose levels t1~sted in t11is 
study. 
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MOUSE STUDIES (X. Joseph) 

a. 28-day Dietary Dose Rangefinding Study 

Testing Facility.;_ 

Study Number: T 1003 576 

Study Dates: June-July, 1981 

GLP compliance: Study was not conuucted according to GLP 
regulations. The deviations were as follows: a. no phase 1-3 GLP 
audits, and b. no checking of physico-chemical properties of test 
substance. 

Animals: SPF-bred NMRI mice, individually housed in Type I 
Macrolon cages, were 4-5 weeks old (average body weights: males-
20.0 g, females-19.8 g) at the initiation of the study. 

Dose Levels: 
powdered diet by the addition of peanut oil 
dietary drug concentrations of 0, 400, 800, 

Achieved Dose Levels: 

Dose Average Drug Intake 
(ppm) (mg/kg/doy) 

Male Female 

0 0 0 

400 110 124 

800 226 271 

1200 348 383 

11)00 42!:1 523 

\'as mixed with 
DAB 7 (1%) to obtain 
1200 and 1600 ppm. 

(Note: The dnig intake was calculated tram th•' avet·age daily food 
intake/animal/group for the whole duration ot Uie c;tudy.) 

Numb<>i. or l\n.ima Is: 10/sex/<Jroup 

Parameters Evr.1 uat ed: Appearance and behavior (daily), body 
weight, tood and waun consumption (weekly), ,,,·gan weights 
(heat t, lung:.;, .1. i ver, spleen and kidneys) and <;ros:.; pathology. 

H<>:;ult :;: No t1<eatm<enl-no.lated clinical siqn:; <H mortalilies were 
ob,;erved. Signi t icant redu<:t iorw in body weiglit:; i 3-7%), cornpat·ed 
t.o cor1c:u1 re11l conL1-ol, wet l~ seer1 itt LernctieB tl11'0\Jql1out tl1e study 
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at dose levels of 800 ppm and above except at 1200 ppm at the end 
of the study. In males, although body weights were lower than 
concurrent control (4-9%) at 1200 and 1600 ppm levels, the 
differences were statistically significant only at 1200 ppm. No 
significant differences were seen in food and water consumption 
between treated and control groups. Organ weight findings are 
given below. 

Mean Organ Weights of Male and Female Mice 
Dose Group (ppm in diet) 

Sex 0 1 400 I 800 I 1200 I 1600 

Body Weight (g) M 31.8 30.1 31.0 29.S• 30.3 

F 25.5 2:>.4 24.0• 24.7 24.5• 

HeArt (Absolute, mg) M 0.14 0.15 0.17•• 0.15• 0.15 

(Relative, mgl lOOg) M 0.44 o.s2•• 0.53•• O.SJ•• 0.49• 

(Absolute, mg) I' 0.13 0.14 0.14 O.IS• 0.14• 

(Relative, mgllOOg) F 0.51 0.54• 0.58 .. 0.61 .. 0.57•• 

Kidneys (Absolute, mg) M 0.46 0.46 0.49 0.49 0.48 

(Relative, mgllOOg) M 1.44 1.53 1.59 J.66• \.58 

(Absolute, mg) F 0.35 0.34 0.33 0.33 0.34 

(Relative. mgllOOg) F 1.35 1.32 1.38 1.33 1.37 

Liver (Absolute, mg) M 1.93 1.84 1.82 J.74• 1.72• 

(Relative, mg/ lOOg) M 6.08 6.09 5.66 5.90 5.66• 

(Absolute, mg) F 1.47 1.40 1.34 J.39 1.36 

(Relaltve, mg/ IOOg) F 5.72 5.53 5.55 5.64 5.56 

Lung (Absolute, mg) M 0.23 0.26* 0.25 0.23 0.22 

(Relaltve, mg/ 100g) M 0.72 o.8s•• o.so•• o.78• 0.74 

(Absolute, mg) F 0.22 0.21 0.20 0.23 0.22 

(Relative, mg/ IOOg) F 0.87 0.82 0.82 0.92• 0.89 

S~leco (Absolute, mg) M 0.09 0.09 0.10 0.09 0.09 

(Relattve. mg/IOOg) M 0.28 0.31 0.32 0.30 0.29 

(Absolute, mg) F 0.10 0.09 0.10 0.10 0.09 

(Relative, mg/lOOg) F 0.38 0.37 0.4i 0.38 0.38 

•Significantly diffutnt from control al 0.05 kvel. 
••Significantly difftrent from control at 0.01 IL..,/, 

Relative heart weights in all treatment groups (both sexes) were 
significantly higher than control; however, absolute heart 
weights were significantly higher in males only at 800 and 1200 
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ppm and in females at 1200 and 1600 ppm levels. Both absolute and 
relative liver weights were lower than con~·.rol in 1600 ppm roales. 

No significant gross findings were observed. Histopathological 
evaluations were not performed in this study. 

Based on the results of this study, dietary dose levels of 100, 
300 and 900 ppm were selected for the mouse carcinogenicity 
study. 
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b. 21 Month Carcinogenicity Study in Mice 

Testing Facility: 

Study Number: T7010709 (Sponsor's number) 

Study Dates: Initiation of dosing - 10/7/81 
Autopsy of last animal - 7/7/83 

GLP Compliance: Studies were done in accordance with GLP 
regulations. 

Animals: 

Strain: Bor:NMRI (SPF HAN) 
Sex: Both sexes 
Age and Wt: 4 to 6 weeks old/20-22 g 
Housing: Individually housed in Makrolon Type I cages. 

Mode of Administration of Test Agent: Powdered diet. 

Dose Levels: 0, 100, 300 and 900 ppm dosage levels ·~f 
(Batch No. 662845, purity-98.1%) were used on the basis of 
results of the 28-day dietaLy dose rangefinding study. The 
stability and the concentration of drug in the diet: were 
determined periodically. 'I'he concentrations of •:he drug in diet, 
at all intervals, were more than 89% of the theoretical values, 
and the compound was found to be stable in the diet for at least 
10 days. However, there is no indication that concentrations of 
drug in diet were adjusted periodically to maincain a constant 
mg/kg body weight exposure. 

No. of Animals: Equal numbers of males and females 
(50+20*/sex/dosage level) were used. *Additional 20 mice 
included in each group were sacrificed 12 months after the 
initiation of dosir1g for i11terim investigations. 

Observations/Measu1-e1nenl s: 

Appearance/Behavior monito!ed twice daily and a detailed 
assessment oi each individudl animal was made on a weekly b.:isis, 
with particular 21ttc;ntio11 given to posture, gene1al behavior, 
!Jody surLaces, ori t icc,c; and breathing and elimination p1·oducts. 

Body weight determinations were done at the beginning of the 
study, once a week until ::7th \veek and every 2 Wt'<eks thereaLter 
and also be Lore the l <0 rmin,1t ion ot the study. 

FO-;)J. i11Lake \v,-1;-; t'dl<"·11lat:t_~ci or1 a weekl~{ l>asis u11 ll) 231-d v..re(~k ... 11td 
ev<.~1-y tw·o week:..i tltet ('d t t_ t:"! . 
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Hematological (RBC, WBC, platelet and reticulocyte counts, 
differential white cell counts, hemoglobin, hematocrit, MCV, MCH 
and MCHC) and clinical chemistry [alkaline phosphatase, 
transaminases (ASAT and ALAT), plasma creatinine, urea, blood 
glucose, cholesterol, bilirubin and total plasma proteins] 
investigations were done at 12 months (interim sacrifice group) 
and also at the end of the study (:" animals/sex/treatment 
group). 

Autopsies were done on all mice which died during the course of 
the study or that were killed in extremis, and also on those that 
were sacrificed at 12 months and at the termination of the study. 
Nine major organs were weighed and sections Jf various organs and 
tissues (about 38 different tissues/mouse) and gross lesions were 
preserved for histopathologic evaluation. At 12 months, these 
evaluations were done only on tissues from 0 and 900 ppm dosage 
groups and also on any tissue from 100 and 300 ppm groups which 
looked tumorous macroscopically. At the termination of the 
study, tissues from 0, 300 and 900 ppm dosage groups were 
examined histologically (only stomach, pituitary, uterus and 
liver were examined from 100 ppm group) . 

Statistical analysis on body weights, clinical laboratory values 
and organ weights were done using two-tailed U cest according to 
Mann and Whitney, and Wilcoxon. The survival daca were analyzed 
by the statistical software package using the generalized 
Wilcoxon test. Statistical analysis of tumor findings was done 
using the death rate method for malignant tumors and tbe 
prevalence method for benign tumors (Peto et al.). Because of the 
high mortality rate in high dose males, the dea:h rate ,nd the 
prevalence methods were used combined for the analysis of hepato­
cellular tumor data. 

Surviving anin~ls from interim sacrifice gro~ps (originally 20 
mice/sex/dosage group) were killed at 12 months. 

Achieved Dose Levels: 

Average daily drug intake* (mg/kq bcdv wt) 

Dose (ppm) 
Sex 0 100 300 900 

Male 19.37 58.06 162.93 

Female 24.99 ·: 4. 3 6 21?.28 

l 1rT!1e (..;r11g intake wa~-; ca.l<:ltlated tro1n t11l~ a\.rerc1 )t:' liai ly tc>od 
"nt.ake/ .. t;imal/grouµ tor the whole duration ol t'1e "tu·iy.) 
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Mortality: 

Mortality data is summarized below and it is presented 
graphically in Figures q &10. 

Mortality of Mice Receiving Nisoldipine in Diet for 21 
Months 

Daily Dose Number or Number or 'iii Mortality 
(ppm in diet) Mice (MIF) Dead (M/F) (M/F) 

6 Months 

0 50150 010 010 

100 50150 2/0 410 

300 50150 010 010 

900 50150 3/ l 6/2 

12 Months 

0 50150 0/2 0/4 

JOO 50150 3/5 6110 

300 50150 0/3 016 

900 50150 8/5 16/10 

18 Months 

0 50150 5/21 10/42 

100 50150 11/19 22/38 

300 50150 7/20 14/.:10 

900 50150 29/21 58/42 

21 Months 

0 50150 14/28 28/56 

100 50150 15134 30/68 

300 50150 19/34 38/68 

900 50150 40/32 80164 

The mortality rates in treated females (all groups) were not 
significantly different from controls at any given interval. 
However, the incidence of deaths in females was high in all 
groups including controls from 12 months onward. The mortality 
rates in males from 900 ppn group, especially at 21 months, were 
significantly higher (p<0.001) compared to controls or other 
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fig.q Mortality curves 
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f ig./0: Mortality curves of female mice which received 
21 months in the diet 
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lower dosage groups. No significant difference noticed in this 
parameter between males of low or middle dosage groups and 
controls. The increased mortality of males in the high dose 
group is partly attributed to phar: 1acodynamically induced colonic 
atonies. Autopsy of animals that died or were killed in extremis 
frequently showed that the large intestine was tightly filled 
with solid faeces resulting from colonic atony. 

Using the Cox and the generalized Wilcoxon methods for testing 
the heterogeneity in survival distribution, FDA statisticians 
observed a statistically significant difference (at 0.05 level) 
in the survival distribution in males, but not in females (for 
both of the above tests, the p values for males were <0.00001). 

Drug Associated Findings: 

No treatment related clinical signs were seen in this study. The 
food intake in males from the 900 ppm group was about 9% less 
than in control males. Average body weights are presented 
graphically in Figures 11 & 12. Statistically significant 
reductions in body weights at certain weeks were seen especially 
in males nf 900 ppm group and to a lesser extent in 100 ppm 
group. Ji:)wever, at the termination of the study, no significant 
body weight differences were seen between treatment and control 
groups (both sexes) . Leukocyte counts at 21 months were 
significantly lower (p<0.01) in males (900 ppm) and females (300 
and 900 ppm groups) compared to respective controls. However, 
differential counts did not show any significant variations in 
the proportion of different cell types between treated and 
control mice. The hem0globin and hematocrit values in mid and 
high dose males wer~ significantly lower at 12 months, but not at 
21 months. The blood glucose concentration was significantly 
higher (p<0.01) in males (300 and 900 ppm) at 12 months and also 
at 21 months (all treatment groups). Females showed a similar 
increase only at 12 months. All these values were reported to be 
within the range of historical control values. Significant 
elevations in blood urea levels were seen only at 12 months in 
all treated male groups and in high dose females. 

Macroscopically, swollen gastric mucous membranes were observed 
more frequently in treated males than in controls (0 ppm - 5; 100 
ppm - 12; 300 ppm - 14; 900 ppm - 14). The incidence of enlarged 
hearts was more in males of 900 ppm group (0 ppm - 7; 100 ppm -
2; 300 ppm - 11; and 900 ppm - 23). In mice that died or were 
killed in extremis, the incidence of large intestines impacted 
with solid feces was higher in both sexes at the highest dosage 
level (0 ppm - males 5 and female O; 900 ppm - male 13 and female 
9) • 

The heart ;rnd liver weights (absolute and relative) in males (21 
montl1s) were significantly increased at 300 and 900 ppm dose 
levels, but the weights cf adrenals (absoluLe and relative) were 
signiticar1lly decreased in ~11 treated male groups compared to 
controls. In females, the 1 ... >art and liver weights were 
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Fiqure121 Body wei9ht curves for female mice receivin9 . 
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significantly higher only at the highest dose level. Females 
that received ~ither 300 or 900 ppm doses had significantly lower 
kidney weights at 21 months. Significantly increased liver 
weights (absolute and relative) were seen in mid and high dose 
females at the interim sacrifice. 

Histologically, hyperplastic mucosa of the glandular stomach was 
found more frequent in treated males than in females. The 
incidence of t~is condition is given below. 

Incidence of Hyperplastic Mucosa of the Glandular Stomach 

Dose 
(ppm! 

0 
100 
300 
900 

Percent affected 
Male Female 

18 
31 
36 
24 

6 
16 
10 
16 

The above values are reported to be within the range of 
historical control values (TablelO). 

A dose dependent increase in the occurrence of intracytoplasmic 
vacuoles near the nucleus was seen in the hepatic cells, more in 
fenales than in males. Round cell infiltrates in the kidney and 
senile nephropathy were predominantly found in females. The 
endometrium was often found to be hyperplastic (0 ppm - 13%; 100 
ppm - 34%; 300 ppm - 33%; and 900 ppm - 28%). The above 
incidences are reported to be within the historical control 
ranges for this strain of mouse (Table ). An increased 
incidence of pituitary hyperplasia was seen in females (0 ppm -
17%; 100 ppm - 13%; 300 ppm - 221,; SOO ppm - 42%). 

The incidences of tumors observed at the interim sacrifice are 
given below. 

Comparative Summary of Tumors at 12 l\fonths 
According to Location, Type and Malignancy 

Sex: Males Females 
Dose (ppm in diet): 0 I 900 0 I 900 

Reticulocytary system: malignant lymphoma l l 2 4 

Lung: alveologenic carcinoma (malignant) 0 2 I 2 
Liver: hepatocellular carcinoma (malignant) 0 I 0 0 
Stomach: kerato-acanthoma 0 0 I 0 
Number of bias to ma carriers l 4 4 5 
Number of malignant tumors l 4 3 6 
Number of benign tumors 0 0 l 0 
Number of mice investigated 20 20 20 20 
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Table lO 

Historic control values• NMRI mouse 1980 to 1984 
------------------------------------------------

Number 

Test No. l 2 3 4 s 6 

Adenomatous gastric 
mucosal hyperplasia• 
in males 9• 20 10 32 s 27 

n so so so 44 47 48 

' 18 40 20 73 11 S6 

in females 1• 8 11 14 10 13 

n so 48 49 46 47 48 

' 2 17 22 30 21 27 

•classified as adenoma 

Liver tumour 
in males 7 3 9 s 1 6 

n so so so 4S 46 48 

' 14 6 18 11 2 12 

Uterine hyperplasia a 0 19 21 23 0 33 

n so 46 49 4S 4S 46 

' 0 41 43 51 0 '71 

Glucose concentration in the plasma• 4.32 - 9.36 11111101/l (male) 
4.Sl - '7. 7S 11111101/l (female) 

Urea concentration in the plasma: S.96 - lS .12 -ol/l (male) 
4.0S - 14. 99 11111101/l (female) 

n • Number of organs evaluated 
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The increased incidence of lymphoma of reticulohistiocytary 
system (RHS) observed in high dose females is considered to be 
incidental since the incidence of this tumor at 21 months was 
higher in the control group than in treated groups. 

The overall incidences of benign and/or malignant tumors and the 
total number of tumor bearing animals (21 months) for both sexes 
at 0, 300 and 900 ppm dose levels are given in Table 11. There is 
no significant increase in the neoplasm incidence among treated 
animals of either sex compared to respective controls (sponsor's 
analysis). Moreover, there is also no difference in tumor 
occurrefice between 300 and 900 ppm dosage groups. Incidence of 
tumors according to the location and the type is presented in 
Table 12. Because of the increased incidence of hepatocellular 
tumors in males especially in the 900 ppm group (only few 
females, 900 ppm group, had this type of tumor) at 21 months and 
also because of the occurrence of hepatocellular carcinoma in a 
male mouse from interim sacrifice, an additional investigation 
was carried out by examining more hepatic tissue sections (5 per 
animal) from male mice of each group for hepatocellular tumor 
occurrence. This second study showed additional cases of 
hepatocellular tumors as follows: 1 each from 100 and 900 ppm 
groups, 4 f~om 300 ppm and 1 from control groups. Combined 
incidences of these tumors (males) from the original and 
additional investigations (49-50 mice/group) and the p values 
from the trend test (death rate method) are given below. (The 
results of sponsor's statistical analyses of liver tumor data are 
summarized in Table 13.) 

Dose(ppm) p value 

0 100 300 900 

hepatocellular 
adenorna 2 2 2 3 0.0735 

hepatocellular 
carcinoma 3 4 5 8 O.OOlS 

hepatocellular 
Lumurs la! 1) 5 6 7 11 0.0004 

Thus, tl1e sponsor's analysis showed significant positive linear 
trends (at 0.05 level) tot the incidences of hepatocellula1 
carcinoma and hepatocellular tumors (all) in male mice. Analysis 
of the tumor data 'Jy FDA statisticians showed that there were no 
significant positive linear trends for the incidences of 
hepaLocellula1 carcinoma (p=0.0762) and hep(ltocellulc,r tumors 
lp=0.0S14) in male mice. According to FDA statisticians, the 
above disc1·epancies ir1 p values oLse~ved in svonso~'s ilnd FDA 
analyses are at Lributed tu "1, tll•o sponsor did not apply the 
survival-adjusted method and 2. the ordinal dose levels 0, 1, ., 
arid 3 wer·e used in spor1sor'~ ar1alysis." 
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FDA analysis of tumor data showed a significant positive linear 
trend for inverted papilloma of pars cutanea of the stomach in 
male mice (p=0.0072). The incidence of the above tumor is as 
follows: 0 ppm - 0/50; 100 ppm - 0/49; 300 ppm - 0/50; and 900 
ppm - 2/50. Pairwise comparison also showed significant 
difference between high dose and control groups (p=0.0435). 
Historical control data from 21 month studies in NMRI mice, 
conducted during a 7 year period from July 1981 to August 1988, 
showed that papillomas of the stomach occurred in 2 of the 18 
studies evaluated (page 65e), in 1/49 males and 1/47 females 
examined (amendment to original application dated May 31, 1994) 
Moreover, incidence rates upto 4% were seen for the above tumor 
in NMRI control male mice in carcinogenicity scudies conducted 
between 1974 and 1979 (page 65f). Although statistically 
significant, the incidence rate (4%) observed in the present 
study for the stomach papilloma is considered to be within the 
historical control range for NMRI mice. 

Significant positive linear trends were also reported by FDA 
statisticians for the urinary bladder benign si::romal tumor in 
male mice and RHS malignant lymphoma· in females. However, when 
the incidences of urini'\ry bladder stromal tumors are combined 
(benign + malignant, benign + polypous, or benign + malignant + 
polypous tumors), no statistically significant trend was seen. In 
the case of RHS malignant lymphoma also, if all malignant 
lymphomas of different locations are combined, then, no 
significant linear trend was observed. 

*Note: The sponsor has listed all malignant ly1'1phomas, 
irrespective of locations, under RHS system; however, for some 
lymphomas, the anatomic site (organ) is specilied (e.g. lymphoma 
of adrenal or heart etc.) but for others no site is given (listed 
only as lymphomas). By using the combined incidences of all 
lymphomas, no treatment-related increased incidence of this tumor 
was seen in sponsor's statistical analysis. [:,ccording to NTP 
guidelines (Mcconnel et al, 1986. Guidelines tor combining 
neoplasms for evalucttion of rodent carcir,ogen,,sis studies. JNCI 
76: 283-289), lymphomas of all types can be conbined for 
statistical evaluation.] 
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DOG STUDIES (S.Stolzenberg) 

a. 4-Week Oral Administration Study 

Testing Facilitv 

Pharma-Report No: 7075 
Study No: Not given 

Study Dates: 11/8/76 to 12/9/76 

GLP compliance: 'l'his study predates GLP compliance requirements. 

Animals: Purebred beagles, 2 males and 2 females per group were 
used. At the start of dosing, the animals were 25 to 30 weeks 
old, with body weights of 7.4 to 11.8 kg. 

Dos., Le·;els/Mode of Administration: The test substance (Batch 
2/76) was administered at doses of 0, 1, 3 and 10 mg/kg, once 
daily, 4 to 6 hours before feeding, in a vehicle of polyethylene 
glycol 400, glycerol and water, in gelatin capsules. 

Obsenrat ions /Measurements: Body weights were obtained before the 
start of t,·eatment and weekly thereafter. Appearance, behavior, 
body posture, appetite and feces were checked daily. 
Neurological investigations (pupillary ref lex, patellar ref lex 
and extensor postural reflex) and body temperature measurements 
(rectal) were conducted pretreatment and after 2 and 4 weeks. 
Ophthalmoscopy (direct) was performed at pre-treatment and after 
4 weeks. ECG measurements (Leads I, II and III) were recorded on 
the 1st, 11th and 23rd day, immediately before administration and 
1 and 24 hours afLer administration. Femoral drte1y blood 
pressure was measured on the 1st, 11th and 23rd day, before 
administration and 1 and 24 hours atter, via a Stratham element, 
Hellige measuring bridge and Hellige recorder. Blood and 6 hour 
urine samples were obtained before treatment, then after l and 4 
weeks, for hematology, blood chemist1y and urinalysis. Post­
mortem examination included weights of 12 or ll major organs 
( includinq gonads and prostate) , gross pathology and complete 
histopathology (31 01 32 organs) 

Mn' t ,1 l i t·y: There wen' no deaths. 

f)r·uq A::;~:;<Jci{1t Pei FirHiirH.t:~: Slic1l1tly reduc·ed wt•itJllt c1ait1 w.J.s 
observed i11 tlH-~ l1ig!1 c_iose rnalL_'.>S, wi tl1 a rt:duc't'ci ft)od co11t:;un1iJt: io11 
in both high dose temales and in one high dose mah~. from the 
m1dJle ot tlw Ll1ird week Lo the end oL Uw study. In the 10 
1119/kg tr{~atL_'.>d anirnals, a. (ii~tinc:t S1' drorJ (rnani.f1~r;Lcitior1 of o. 
1J0!3SiiJlL1 IIl}'OC<lrdidl i!->c~1u~111ia.) wa.~:i ub:...;erved in (lJlt~ 111dle 1 !1(Jlll' 
uttet llH·::. l::__;t dn.ri :'.]rd d()'.Jt?, and in <)IlC' li?Illdl 1-, 1 ilt)UL' (-11 t e1 Llit'" 
1st ciO~)t:~. rJ1J t r1::>dtn1c~nt !t-_~lo.t-i•d i-;itect::; ()rl P (It CJ \VJ\.'t-:S <_)J QE{S 
con11Jlex \ve1e oi):>t~1v1-~d a.t .:.iny ti1ne. liedrL iut ,·:> ci(~t.er1nir1t:~d tront 
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ECGs, showed dose dependent increases one hour after dosing on 
days 1, 11 and 23, and with the high dose, bradycardia was still 
evident 24 hours after dosing on days 11 and 23. Systolic and 
diastolic blood pressures at 1 hour post dosing were decrease l b~, 
a mean of 30 to 50% in all treated groups (dose dependent) on 
days 1, 11 and 23. As a rule, blood pressures returned to pre­
treatment levels by 24 hours after treatment, except after day 1, 
when they remained lower for the 1 and 10 mg/kg groups. 

Although no gross pathology or organ weight changes due to 
treatment were noted, histopathology revealed that the hearts of 
both femaleo and 1 of the 2 males on the high dose had myocardial 
scars in one or both left ventricular papillary muscles. The 
effect was attributed to hypoxic damage related to vasodilator­
induced heart rate increase, •a knmm damage mechanism in the 
dog". The ST drops noted above were observed in two of the dogs 
with myocardial scars. The ST drops and the bradycardia (which 
was most pronounced in a male with the most severe lesions) were 
attributed to the heart muscle damage. 



\Vclc:ht G:ilns or the Male Dog~. The wcJght.9 \vcrc mc:\surcd in each case nl lhc end of the c"pcrlmcntal 
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Cyat 

Llat of Abbrevlatlona 

Hlatologlcal Data 

Focal fibrosis with Isolated mononuclear cells (Figures 4 and 5) 

Cellular oi' Inflammatory-cellular Infiltration 

Parasltlc lesion (bore hole, granuloma, eoalnophlllc Infiltration) 

Fir.ding within the normal varlabilltr, whtch, ln particular, corresponds 
to the species and to the age of the experimental animals and to their 
conventional housing conditions 

Not Investigated (section missing) 

Yellow-green (hematogenous) pigment 

Thrombus 

Cytoplasmic vacuoles 

Intensity of the Changes 

+ = very slight, Indicated 

1 = slight 

2 = moderate 

3 = severe 
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b. 13-Week Oral .'•dministration Study in Dogs 

~harma-Report No: 10,380 
Study No: B/K 5552/023 

Performing Laboratory: 

Dates Performed: 8/21/80 to 11/25/80 

Quality Assurance: No statement of GLP compliance is included. 

Test Animals: Purebred beagles, 3 males and 3 females per group, 
were used. At the start of dosing, the animals were 38 to 51 
weeks old, with body weights of 6.8 to 10.8 kg. 

Dose Levels/Mode of Administration: The test substance (Batch 
576,923) was administered at doses of 0, 1, 2.5 and 6.25 mg/kg, 
once daily, 4 to 6 hours before feeding, in a vehicle of 
polyethylene glycol 400, glycerol and water, in gelatin capsules. 

Observations/Measurements: Body weights were obtained before the 
start of treatment. and weekly thereafter. Appearance, behavior, 
body posture, .Ji;petite and feces were checked daily. 
Neurological examinations (pupillary reflex, patellar reflex and 
extensor postural reflex), ophthalmoscopic examinations (direct) 
and body tempera~ure measurements (rectal) were performed 
p•etreatment and after 2, 5 and 12 weeks. Femoral artery blood 
pressure was measured at the time of the first dose, and in weeks 
3, 6 and 13, before administration, and 1 and 24 hours after, via 
a Stratham element, Hellige measuring bridge and Hellige 
recorder; ECG measurements (Leads I, II and III) were recorded at 
the ,~ame time periods. Blood and 6 hour urine samples were 
ot1,,:i.ned before treatment, then after 3, 6 and 13 weeks, for 
he~JtoloJy, blood chemistry and urinalysis. Postmortem 
examination included weights of 12 (female) or 13 (male) organs, 
gross pathology and complete histopathology (31 or 32 organs for 
control arid high dose, but all 3 doses for heart). 

Mortality: There were no deaths. 

Dr-ug Associcit:<>cl findings: Circumoral reddening of the skin and 
reddening of the conjunctiva in the mid and high dose groups, and 
ataxia in tl1e high dose group, occurred regularly throughout the 
t1eatment period, around 1 hour after dosing. Blood pressure 
decreased (systolic decreased to a greater extent than the 
diastolic), and l1eart rate increased (data on heart rate not 
p1ovided by s1>onsor) at 1 hour post dosir1g in all 3 treated 
groups. Neither ot these two effects were-considered to be dos<> 
related, and values returned to prLtrealment levels by 24 hours 
1>ost-t1eatment. No cl1anges i11 ~CG ocrurted al low and mid doses. 
Ont~ higt1 dose n1ale develor.;ed. a vent.1 icular Lacl1ycardia with a 
"liundle-lnanch-lilock-like detonnation oi U10 Ql\S complex", 
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diagnosed 1 hour after the first dose. For this animal, another 
ECG was taken on the following day 2 hours after dosing; the P 
wave was still elevated and the ST segment again showed sagging 
depression. "On the 19th day in this dog, no patho.1.ogical 
finding in the ECG was observed" but this animal showed extra 
systoles arid an elevated P wave. Serum chemis~.ry effects 
included a small increase in GOT during week 6. The only 
compound related post-mortem finding noted was scaring of the 
left ventricular papillary muscles of 1 male and 1 female at the 
high dose, and 1 female at the mid dose. Histopathology revealed 
focal fibrosis with isolated mononucler cells and a cellular and 
inflammatory-cellular infiltration. 



Srudy No. 5552/023 Blood Pressure (mm Ilg) - Average Va\ueo 

Dose Tlme of ExamlnaUon Dt-fore , 1 hour after \ Deviation of "'J/k9 . admlnlstraUoo admlnl.Stratton . 1 hour value 

• d • d • d 

P~llmlnary examlnatto - - - - - -l Bl a.dmlnlBtratloa 210 1 30 180 110 -14 -15 
0 In the 3rd week 200 120 190 120. - 5 0 

In the 6th week 225 135 170 90 -24 -33 
ln the 13th week 200 120 205 130 • 2 • 8 

Prellmlnary examination - - - - - -
let adm1nfstratlon 190 11S ·Ho 75• -26 -35 
In the 3rd week 195 115 135 75 -31 -35 1 . 0 
Lo the 6th W£Ck 185 115 85. 50 -54 -57 
in the 13th week · 190 120 130 80 -32 -33 
Prellmtnaey e,;.a.mln1.U~n - - - - - -
let adml.lltstratlon 190 105 145 70 -24 ·-33 2.5 
ln the 3rd week ' 195 115 115 60 -41 -48 
In the 6th week 195 115 . 100 so -o -56 
In the 13th week 195 120 I 30 10 -33 -42 
P rel lmlnary · examlnarton: - - - - - -
lat admlnlatrat1on - 185 115 .110 60 -41 -48 
In the 3rd week \90 11 s ;110 SS -42 -52 6.25 
In the 6th week 185 11 s 80 45 -57 -61 
In the 13th week 195 120 1 llO . 60•. -49 -50 

a= ay~to11c blood pre8surc; d = dJastollc blood pressure •n = 5; ••n ~ 4 
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Animal Sex D'.lse Esophagus Stomach Intestine Lymph Thymus Gall- Urinary z 
No. bladder Bladder 0 

Nodes :» 

"' 0 
I 

K 103 ,; Control 0 0 0 0 0 0 0 w 
U1 
0\ 

K 109 ,; Control 0 0 0 fl At3 0 0 

K 121 ,; Control 0 0 0 0 0 0 0 

K 108 ~ Control 0 0 0 0 0 0 0 

K 112 2 Control 0 0 0 0 At2 0 0 

K 120 ~ Control 0 0 0 0 f1 0 0 

K 93 ,; 6. 25 mJ/kg O 0 0 0 f1 0 0 

K 115 d 6. 25 mgfkg 0 0 0 0 0 0 0 

K 117 ,; 6. 25 mg/kg 0 0 0 0 f1 0 0 

K 102 2 6.25 mg/kg 0 0 0 P/lcil Atl 0 0 

K 104 2 6. 25 mgfkg 0 0 0 P/lcl2 0 0 0 

K 118 2 6. 25 mg/kg 0 0 0 0 0 0 0 
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5552/Study 023 
I 

z 
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N 

Animal S Animal 0 

Dose Heart Sex Dose Heart 
I 

N ex No. w o. Ul 

"' -- -
K 103 ,! Control 0 K 113 t! 2.5 mg/kg 0 

K 109 t! Control 0 K 119 t! 2.6 mg/kg 0 

K 121 t! Control 0 K 1:03 t! 2.6 mg/kg 0 

K 108 l Control 0 K 122 ~ 2.5 mg/kg Fil Pl+ 

K 112 l Control 0 K 124 ~ 2.5 mi/kg 0 

K 120 l Control 0 K 126 ~ 2.5 mg/kg 0 

K 93 t! 6,25 mg/kg 0 K 79 t! 1,0 mg/kg 0 

K 115 r! 6. 25 mg/kg Fl2-3 lcll K 105 cf 1.0 mg/kg 0 

K 117 t! 6.25 mg/kg 0 K 107 cf 1.0 mg/kg 0 

K 102 ~ 6. 25 mg/kg 0 K 110 i 1.0 mg/kg 0 

K 104 ~ 6. 25 mg/kg FU K 114 ~ 1.0 mg/kg 0 

K 118 ~ 6.25 mg/kg 0 K 116 ~ 1.0 mg/kg 0 
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c. 52-Week Oral Administration Study in Dogs 

Study No: T 20 10 506 

Performing Laboratory: 

Dates Performed: July 13, 1981 to July 11, 1982 

Quality Assurance: No statement of GLP compliance is included. 

Test Animals: Purebred beagles, 4 males and 4 females per group. 
At the start of dosing, the animals were 38 to 51 weeks old, with 
body weights of 6.9 to 11.2 kg. 

Dose Levels/Mode of Administration: The test substance (batch 57 
69 23) was administered at doses of O, 0.3, l.C and 3.0 mg/kg, 
once daily, 7 days per week, 4 to 6 hours before feeding, iP a 
vehicle consisting of 85.3% polyethylene glyccl 400, 4.8% 
anhydrous glycerol and 9.9% water, contained in gelatin capsules. 

Observations/Measurements: Body weights wer~ obtained before the 
start of treatment and weekly thereafter. General appearance was 
checked "several times a day". Neurological exams were conducted 
and body temperatures were checked pretreatment and after 3, 6, 
17, 29, 39 and 50 weeks. Ophthalmoscopy was performed pre­
treatment and after 12, 31, 38 and 51 weeks. Blood pressure and 
ECG were measured pre-treatment and after 3, 6 and 17, 29, 39 and 
50 weeks, before dosing, then 1 and 24 hours after dosing. The 
methods and instruments used were the same as in the preceding 
dog studies. Blood and 6 hour urine samples were obtained before 
treatment, then after 3, 6, 13, 26, 39 and 52 weeks, for 
hematology, blood chemistry and urinalysis. Postmortem 
examination included weights of 11 or 12 organs, gross pathology 
and complete histopathology (31 or 32 organs for all animals on 
test) . Liver enzyme induction of O-demethylase, N-demethylase 
and cytochrome P 4 ~ content of liver homogenates were measured. 

Mortality: No deaths occurred. 

Drug Associated Findings: Slight reddening of the mucosa ana 
skin, observed in all nisoldipine treated groups, was considered 
to be due to the vasodilator effect of the drug. Dose related 
decreases in blood pressure and resultant increases in heart rate 
were observed. T~enty-four hours after dosing, all values had 
returned to normal. Slighl ~T segment depression, T wave 
inversion and QT segmenl shorlening were observed, whicl1 were all 
reversible (data on ECG could not be found) and considered to be 
due to increased heart rate. 
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Study No: T 20 10 506 

DOSE 
. • 

T IllE 

BLOOD PRESSURE <•• Hg) 

Ole1ns n "' "8 l 

. 
• bef!)re 

•d• in; 
: 1 h 1fter: % oif'hrence 2~ h after 
: 1d11if1. : •• : ld•in. ----------- ----------------1st 1dlllir1. 195/112 1 98/113 : +1 • 5/+0. 9 199/114 

:----------------------- ------ --·--------------: 17th 1dmin.: 194/112 193/119 : -0.5/+6.3 : 

:-----------------------------------------------------~--: 3_&1h.~d,!lj.n.: 184/102 : . 187/106 : +1.6/+3.9 : 

o.O :----------------------------------------------------------mg/kg :114th 1clmi.n.: 210/116 : 205/116 : -2.4/0.0 

:----------------------------------------------------------: ZOQSI! ",gjmin.; 199/108 : 204/113 : +2. 5/+4. 6 : 

:------------------------------------·------------~------:i!~9t~ 1dmin.: 211/108 195/110 : -7. 6/+1. 9 

:----------------------- -------------·--~--·-----------:3'1.7th 1dm1n.: 201 /11 a 204/11 9 : +1 • 5/+0. a 
: -----·----- --~--------------·~----------·--------------------------------------------------------------------------------: 1st ;d11in.: 208/119 : •167/ 97 :-19.7/-18.5: 193/115 

:----------------------------------------------------------: 17th 1dmin.: 203/111 

:----------------------------------------------------------: Jatti 1dlnin.: 1ao/ 9a 163/ as :- 9.4/-10.2: 

0.3 :-------------------~-------------------------------------mg/kg :114th 1dmin.: 219/118 171/ 98 :-21.9/-16.9: 

:------------------------------- -----------~----------:200th .1d111in.: 191/11:5 153/ 86 ::-19.9/-23.9; 

:----------------------------------------------------------:26"9V1.o)dmin.: 205/114 168/ 90 :-18.0/-21.1: 

~----------------------------------------------------------:34htt· 1dmin.· 215/124 184/105 :-14.4/-15.3: 

:----------------------------------------------------------
* n = 7 

** Calculation using unrounded figures 
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Study No: T 20 10 SOG 

BLOOD PRESSURE Cmm Hpl 

CPleans n " 8> 

DOSE 
: before : 1 h after. : %:difference**: 24 'h after 

TIME ad11Hi. : admiri~ : : ·~~in. 

-----------~-----------------------------------------------------1st adlllin.: 179/104 141/ 76 .:-21.2/-26.9: 17~/104 

:---------------~---------- --------------17th 1dmi1T. 177 /1 01 1,6/ 76 : -2,. 2/-24. 6: 

:----------------------- ---------------------------: 38th admin.: 161 / 96 : 116/ 66 : _,5. 9/-,0. 6: 

1.0 :------------- -------- --------------------------mg/kg :114th admin.: 164/106 1''/ 75 :-27.7/-29.0: 

:------------------ ----------------:200th admiri.: 176/107 : 1'6/ 79 :-2,.6/-26.,: 

:---------------------------------·----------~-: 269th admin.: 196/1 09 

.------------------------------------------------------~ :347th admin.: 195/115 . . 161/ 9:3 :-17.6/-19.1: 

:-------------------------------- -------------------------
------------------------------------------~----------------------

,.o 
mg/kg 

1~t edmin.= 195/114 116/ 64 :-40.7/-4,.9: 194/115 

:--------------------- -------------------------------: 17th ·adm.in.: 200/127 1''/ 71 :-''·5/-44.1: 
: ----------------------------------
: 38th ~dmln.= 1~6/112 : *106/ 59 :-4:3.0/-47.,: .-------------------------------------:114th.admin.~ 212/126 124/ 66 :-41.6/-47.6: 

:----------------------------------------------------------=2ooth 1cj.,in.= 197/119 ,,,/76 :-,2.5/-,6.1: 

:----------------------------------------------------------:269th 1dmin.: 216/12' 115/ 62 :-47.2/-49.6: 

:----------------------------------------------------------:347th admin.: 206/124 1'4/ 69 :-:35.0/-44.4: • 

:----------------------------------------------------------.. n • 7 
** Calculation using unrounded figures 
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DOSE 
lmg/kg) 
--
00 

IJ1ff 'IC 
-
O.l 

D1ff o/r. -
I 0 

D1ff 'i: -
JO 

I)1ff ~ 

•n = 7 
••n = 6 

HEART RATES (beats/min) 

(means. n = 8) 

(calculation using unrounded figures) 

TIME OF INVESTIGATION 

li;t adrn111 l7lh adn1in .~8th admin. I 14th admin 200tl1 admin 269th admin. .147th admin. 
Initial 

~ figure : before I h 24 h : before J h : before I h : before I h : before I h : before I h ! before l h 
I - < I _ I I J I -- -----.- -- - ----, - -----.----,i------.-------r 
• 134• • 120 1u• IJ4 • 1w i:n• ' 136 131 ' nJ 121 ' 129 ns , 119 119 • io1.. 112 
I I I I I I I I 
! : -5.9 : +J.1 : -2.2 ~ -9.0 ~ +7.0 ~ 0.0 : +10.9 
I I __ l - - J_ -- --• - - ____ .1 __J __. ,------ ~ -- -- -- I T T- - - 1- - T- ---------, 

• 1.18 116 172 141 • 134 190 • 1.17 194 • 123 117 • 12R 21l5 • 118° 178 • !13• 161 
I I I I I I I I 

+26 5 : +4 IR : +41.6 : +43.9 : +60.2 : +50.8 : -142.S 
• • • • _, -- _J -• _ J 
~---~--------- --- -,--- --- - ----,--- - ---.-------- ~ -----~------. 

' 147 134 191 11s • no 209 • 111 21s • IOI> 221 • 111 220 • 96 201 ' 111 1s1 
I I I I I I I I 
: : +42.5 : +f,O R : +66.4 : + 108.5 : +94.7 : +t 15.6 l +37.8 
' ' - --• --- -- _J ____ ~ ---- ----~- - - ___ __. 

0 146 'l.14 211 (28 I 120 2J4 0 (J:1 20( O (0( 224 ' 99 2(5 I <}() 209 I 9~ 186° 
I I I I I I I I 
: : +'575 : +950 : +77.9: +1218 : I 17.2 : +132.2 : +100.0 
' ' --·~ I _I l 
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REPRODUCTIVE TOXICITY STUDIES (S. Stolzenberg) 

1. F~rtility and Reproduction Ability in Wistar Rats 

Bayer Study No: T0002152 

This report is accompanied by a •first amendment to report no. 
12691", dated 8/11/93. Tables in the original English 
translation of the report were of very poor quality, not legible, 
contained errors jn translation and typing, and a few tables were 
not logically organized. Some of these faults are listed in the 
amendment under the •rationale for the first amendment'. 

Performing Laborptorv_: 

Dates Performed: 2/81 to 9/81 

ouality Assu,·ance: No stalement on GLP compli<mce was found in 
Lhe original report. In the amendment, it is claimed, • ... there 
were no legally binding GLP regulations in focce" during the 
time that this study was performed. 

Test Animals: Mura:WIS'I' (SPF 67 HAN), 24 males and 60 females per 
group. At the starl of dosing, males were 5-7 weeks old, and 
weighed 74-110 g, females were 8- 10 weeks old cmd weighed 158-190 
g. 

Procc>durP: The tesL substance (batch 576 923) 1-Jas administered at 
doses ot 0, 3, 10 and 30 mg/kg, once daily, by oral gavage in a 
vehicle consisting ol polyethylene glycol 400:<Jlycerol:water in a 
ratio ot 9o9: GO: 100. Males were dosed starLi1:q 10 weeks before 
mating and during Lllc> 3 week mating period, t•'males were dosed 
tor 3 weeks prior Lo mating until the 7th day uf pregnancy. 
Except during maLinq and luctation, bolh the males and females 
were kept in individual Makrolon cages. Each 1:ial•, was paired 
wilh 2 or 1 females, which were placed togeth<er in a Makrolon 
cage eact1 r1igl1t U.Ih1 tl1e tetnJ.les were examir1e(i t.or vagir1al sperm 
in the morninq. Heil! Lhe piegnant females in •:aclI group, 
selected by ":;tc1Lic;Lical methods", were C-sect i011<>d on day 20 oL 
cwstat:ion, l lH: rt'lllO.ining halt were allowed Lo Litter and raise 
Lheir Y"unq Ln !JO"tpalum dc1y (l'l'D) 21. All C :;ectioned fetuses 
\V"ete exc1ntiru.:-~<i t<Jt_ t_~XL1:.~rr1d.l Ctilt)Irtalies, 1/3 L1c)n1 eo.cl1 darn we1·(~ 

e;..::.Jllli!lt~Ci iC)I :;(_)t t l i~:·~~lU~ atH)H\dlie:._~ {n\01JiL it_•(j ~<i_ l;;l)ll lru~l}lL)d) etnd 
~/3 tot· ;_;kc'l••tdl n111ltt_)rn~ati<)IlJ (ali~u.rin 1-l~ci :;). ln aciciitio11 lo 
c•xd111i11lrHJ llH' I·', r><-ltPnl;1 ft)! lt~{"Jt°<)ductivt) ~le1t·ltnk111cc~. tl1e 1·'0 

temales tor lactatiollaL pertonnance and the F oltspring tor 
!.3Urvivt1l {--i.11Li \\.'1::iiq!1t q,1ir1 Llur.·ir19 lac~l{1Lion 1 on1· H\c1l1:~ u.11d ()Ill~ 
lt_•rnall.~ ! !f)'.l\ .-.,H·h lit I C'l ()j t"llC' (_'()l1tl<)] l]l'LlllIJ dlld 1)J_ Lllt..:- l1igl1e~L 
d·-i:J1.-· g1r)UfJ V1h~?1' t1«111_·li t_() ~;exua.l 111att1t :ity '<) (i•~tt~rrnint~ l·' 1 
tt'1JJ()rJtH't_i\.'l' <'.q>d1·11y. 'I'llt_' 111.1L1..~u 1·'1 Jan1:; wt·tt' 11 lll\\'t..~<j tlJ liltl_·1-, 
d!lC:i lt.~:~ti(·11l,11 \V•'iqlit:; t<)l !··,Ina.le:> \..,·1~::tt' tJl.>tdt:!1~<1 alt.PI ruc1litu:J. 
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Test subst::ance administered was Batch 576 923. It is claimed 
that the preparations for oral gavage were tested for stability 
and concentration but the data and details for these tests were 
not included in the report. 

There is no statement on why these doses were selected for this 
study. 

Effects on Fa Males 

All treated and control males survived to scheduled necropsy and 
no compound related clinical signs were evident in males of any 
tre,'\ted group. There were no effects on weight gain, mating 
behavior or fertility in males of any treated group compared to 
controls. There were no effects on gross pathology observed at 
necropsy (presumably sacrificed after mating and while still on 
drug treatment). The drug had no effect on t.esticular weights 
(See page which follows). 
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sl'IJllr ON FERTlLITr T0002152 

BODrwtlGHTS 10 I or THE KALES BEFORE HATING 
GROUP HEAN VALUES AND STANDAJl!l DEVIATIOllS 

IINESTlGATlON 0 HG/KG 3 HG/KG 10 MG/KG 30 MG/KG 

----------------------------------------------------------------------
VEEI" 10 90,5 87. 3 91.0 89.9 

9,6 7.7 7.9 '·' 
WEEK 9 136,5 132. 5 135.4 131. 7 

12.7 11.0 10.0 9.2 

wt El" 8 175.0 172.0 174.l 173. l 
16.8 14.8 14.l 13.6 

wt Er; 7 215.5 212.J 215.7 213.5 
22.0 17.0 ·16.7 11.8 

wt Er; 6 252.5 249.6 249.6 252 .1 
26.4 19.5 18.6 20.2 

Wi:EK 5 279.0 276.J 276.l 280.6 
29. 9 21.6 21.9 23.4 

WEEK 4 291. 5 291. 5 287.6 294.5 
31. 9 2J.4 26. l 2J.6 

\.LEK 3 311. 4 309.9 308.8 314.0 
33.5 25.2 25.l 26.0 

'"'!:EK 2 331. 5 329.7 327. l 33l. 6 
34.8 27.1 28.5 28.5 

'"'!:EK l 344.5 345.9 341.6 346.9 
35.0 28.8 29.8 30,0 

'"'!:EK 0 360.7 358.9 354.7 360.4 
35.6 29.S 31.4 30.8 

------------------------------·---------------------------------------

TESTICLE WEIGHTS (GI 

STA!<OAR!l DEVIATIONS 

0 l<G/1'G 10 l<G (l'-G 30 MG/J.G 

--------------------------------------------------
J.23 
0.30 

J.26 
0.20 

3 .17 
0.Jl 

3.26 
0.25 
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Et tects on F" Females 

Mortality: DeaLhs are listed only in the narrative portion of 
this report. In both the original report and the amendment, there 
is no indication of the time of death; not even if the deaths 
occurred before mating, during pregnancy or lactation. Deaths 
occurred in two rats at 3 mg/kg, in one at 10 mg/kg and in two at 
30 mg/kg, but none of t~e deaths were attributed to treatment. 
Based on scrutinization of tables in the original report, the 2 
animals in the 30 rng/kg qroup which died had both been assigned 
to •rearing animals'. Deaths were attributed to rnisintubation 
for a low and mid dose rat, •gasLrointestinal disorders• for the 
second low dose rat, to a lung tumor and to pneun.onia for the two 
high dose rats. In addition, one darn in the control group, which 
had littered 12 pups and died shortly after birth, was not 
included in the iesults because at necropsy only 4 nidation sites 
were found. 

Even in the amended tables ior individual animal data, there is 
no indication of which aui1nals died and the time of the deaths. 
Numerous animals were d1·opped from the study for a variety of 
reasons, which included, 'not inseminated', •noi: pregnant", and 
for a few, there is il st.atemenl •animal dropped from the study• 
but no reason is given. Most suJTUnary tables do net specify the 
number ot animctls per group upon which the data are based. 
'I'herefo1e, the tallowing tal.>le lists the total number of females 
in each group thu.t wei:e included in the results, based on a count 
taken trom tlie individual animal body weight da:a. 

Dosage Group # c-sectioned* ii Litt.e~&d* 

Control ~'> 22 

3 mg/kg/d..iy ~j 27 

10 mg/ky/clcty 24 20 

30 mg/kg/du.y 27 22 
• There ! were ou milted f.en1ales Jer group at 1J1lt 1Gll0!1 or 
study, 30 oi which were designctLL'd ior C-section 01 

t.lw 
litt•ning. 

Body WPiultt dnd fiody \·:,,iqht l~di11: Mean body weight qilinc> and body 
weights ot pregnant temdle:;, those Lhal were c~ ;eel ioned and 
t}1ose tl1dt w~1e J.l lov .. ·1:~d Lu litter, ar.e g1ver1 '.JI! lllt~ t.w0 lJ(1ge~_; 

\vhcch tollow. !.lody wvightu 3 1ve•eks btdott• matinq (p1io1 to 
intt iJtion ot tteatmPnt) and du1i11g pregnilncy, lo/cte signitir·antly 
luwer tot tl1e liitJll doc>e qt<'UP oi the C-:iect ionc-·l allimJl:;, but 
th"re was no ettect or' body 1<1eigl1t gain. i\lthv1gh a small 
i11ctt.~dst.: i11 }Jody \VtJ.oiqhr gl1ir1 \Vil~ IHJled tut tl1e le\'>! do~;e C-
:.;ect ~oned gt-cJU[J tJet v.rt:-~•-·n J .. l)-'~_; 7 a.11d 20 ot gt~~;t at ic rt, t l\t'l (~ v:a.:..·, 
ol>VltJU:Jl'f no Pt t~c·t t h~1t 1..'<)ulct l>1' ar,-t 1-il>ult!(l ltl t l 1•at11H!t1l, t'~t..1 

et lt.'r:ts 011 tnean kJC)(J)-' \\'t.:i<Jllt Ot lJc)dy v.:eig!1t q.iir: \\t'l .. ~ L)l>~;1.__~t \'t..l(i in 
tl1(~ t.ent..llt:-..-'S ~'~l\•Ctt_•t.i ttJi- <J.c·li\·t~l')' ()f littt-'t!1 d.uriz1q tl1P ~ \-Jt_~t:k:.:J 
{J1·io1 to Qt!SlL1t-i<)tl, (.iu?i11c1 <;e~>tctt:ion t)t dutir1~1 ll...('Ldtion. 
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STUDY ON FERTILITY T0002152 

WEIGHT DEVELOPMENT (G) or THE FEMALES UNOEPGOING CESAREAN SECTION 
GROUP KEAN VALUES ANO STANDARD DEVIATIONS 

INVESTIGATION 0 HG/ltG 3 HG/ltG 10 HG/ltG 30 KG/ltG 
-----------· .. ·-------------------------------------------------
WEIGHT GAIN 

DAY 0 - 7 P.C. 22.2 23.9 21. 7 23.0 
4.7 5.1 S.l s.6 

DAY 7 - 20 P.C. 73.J 92. l,. 76.2 71.4 
10.1 12 .t 10.6 17.1 

DAY 0 - 20 P.C. 95.S 106.0• 97.~ 94.4 
12.4 15.5 12.6 18.l 

----------------------------------------------------------------------
BOOYWEIGHTS BEFORE HATING 

WEEK 3 173.6 I 72. 3 170.3 
7 .o 6.8 6.8 

WEE!t 2 187.l 187.l 186.0 
8. 7 9.5 6.7 

WEE!t l 198.9 197.3 I98.3 
10.0 9.J 9.5 

i.'EEK 0 209.7 210.2 2I0.8 
10.9 11. 3 II. 6 

BODYWEIGHTS DURING GESTATION 

DAY 0 P.C. 223.8 223.2 223.9 
ll. 5 ll.9 Il.6 

DAY 7 P.C. 245.9 247.0 245.6 
13.2 14.J 13.4 

DAY 20 P.c. 319.2 329.1 321. e 
17.2 23.2 17.4 

• SIGNIFICANT OIFFERENCF TO CONTROL, P < 0.01 
•• SIGNIFICANT DIFFER.ENCe TO CONTROL, P < O.OOS 

168.6•• 

6.3 

184.9 
9 .1 

194.9 
9. 7 

204.8 
9. 7 

213.S•• 

12.4 

236. S• 
13.5 

Joe.a 
23.J 
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T0002152 

WEIGHT DEV!:LOPMENT (G] OF THE DAMS 
GROUP MEAN VALUES AND STANDARD DEVIATICNS 

INVESTIGATION 0 MG/l<G 3 MG/KG :o MG/~G 

WEIGHT GAIN 

DAY 0 - 7 P.c. 23.7 19.9 23.1 
6.2 s.1 s.; 

DAY 7-20P.c. 73.5 70.3 77. Cl 
13.3 13.8 13. () 

DAY o - ;:o P.c. 97.2 90.2 100. 7 
14.6 14.5 11. 7 

30 MG/KG 

21.4 
4.4 

71. 7 
14.2 

93.l 
15.0 

----------------------------------------------------·------------------
BODYWEIGHTS BEFORE MATING 

WEEK 3 173.7 171. 6 17:!45 172.4 
8.2 7.9 B.2 B.9 

WEEK 2 186.l 186.1 188.8 187.6 
9.2 10. 2 10.l 10.l 

WEEK 1 194.7 196.8 200.2 198.6 
11.l 11. l 10.3 12.4 

WEEK 0 206.3 208.7 211.0 206.7 
13.1 12.8 10.8 H.2 

SODYWEIGHTS DCR!NG GESTATION 

DAY 0 P.C. 216.4 225.0 224.1 217.5 
i&. 4 16.8 13.6 18.7 

DAY 7 P.C. 240.1 244.9 247.8 238.9 
19.4 16.5 11.0 20.1 

DAY 20 P.C. 3l3. 5 315.3 324.8 3l0. 6 
25.3 26.l 19.6 31. 2 

BODYWEIGHTS DURING LACTATION 

DAY l P.P. 244.8 250.0 253.7 240.3 
18.9 18.l 15.1 21. 3 

\<t"EEK 1 P. P. 272. 3 277.8 281. 6 267 .1 
20.5 19.4 14.3 24.4 

\\"EEK 2 P.P. 272 .5 278.7 283.3 271. 7 
18.8 16.8 14.0 20.1 

~'EEK 3 P.P. 258.6 265.5 266.1 259.4 
19.0 17.8 15.3 18.2 

----------------------------------------------------------------------
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C-Section Fa Females 

As seen in the tables which follow, there were no effects of 
compound treatment on number or percentages of animals 
inseminated, with implantations and with live fetuses, ntean 
corpora lutea count, nidations, average number of male or female 
live fetuses, sex ratio or fetal loss. From these data, it is 
evident that there were no effects on pre- or post-implantation 
losses. 

The mean fetal weights were significantly increased (apparently 
dose related) in the 10 and 30 mg/kg groups, and the mean 
placental weight was slightly but significantly increased in the 
3 mg/kg group. The investigators claimed that the mean placental 
weight increase was incidental, and that the mean fet~l weights 
for the mid and high dose groups were within the norm for this 
strain (given as 3.5.:t_0.27, based on 268 litters). 

'I'here were no compound related effects on mean numbers of gross, 
visceral or skeletal malformations, nor were there any effects on 
"underdeve 0ped forms" (fetuses weighing <3 g). There were also 
no effects 'n minor skeletal variations. 
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STUDr ON FERTILITr 

NUMBER OF ANIMALS RESULTS OF THE sroDr 

ANIMALS UNDERGOING CESAREAN SECTION 

NUMBER 0 F 
DOSE 

(HG/KG) 

0 
J 

10 
30 

USED 

JO 
29 
JO 
30 

INSEMINATED 
N \ OF THOSE 

USED 

27 
21 
26 
28 

90.0 
93.l 
86.7 
93.J 

WITH IMPLANTATIONS 
N \ OF THOSE 

INSEMINATED 

25 
23 
25 
27 

92.6 
BS.2 
96.2 
96.4 

FEMALES 
WITH FOETUSES 

N \ OF THOSE WITH 
IMPLANTATIONS 

25 
23 
24 
21 

100.0 
100.0 
96.0 

100.0 



s:uny Otl Ff.:flTI L ITY T0002152 

PfSULTS OF THE CESl\REAN SECTION (MEAN VALUES) 

\.IElGHT Gf\IN [V) NUMBER (PER 01\11) 0 F MEAN-WEIGHT NO. OF FOETUSES FOETUSES WITH llC. OF COS£ 0-20 7-20 CORP. IN CRAMMS EXAMINED BY HINOR SltEL!- HAI.FOR• RU~"TS IMPL. MA!.E FEH. SUH LOSS I "·G/Y.G I P.C. P.C. LU TEA FETUSES PLACENT. WILSON DAWSON TAL DEVIAT. !ll\TlONS (<JG) 
-------~------------------------------------------------------------··-----------------------------------------------------------

0 95.S 73.3 12.4 11. 9 6.3 4.9 11. 2 0. 7 J.49 0.50 3.3 7.9 3.52 0.04 0.52 

l 106.0•• s2.1•• )2.4 12.0 6.3 5.0 11. 4 0.6 J.53 O.SJ• 3.5 7.8 3.48 0.09 0.30 

10 97.9 76.2 11. 4 11. 0 5.6 5.0 10.6 0.4 J.60• 0.50 3.4 7.6 2.67 o.oo 0.25 

JO 94.4 71. 4 ll.6 11.0 S.4 4.9 10.3 0.7 3.63•• 0.52 3.0 7.3 3.22 o.oo 0.19 

--------------------------------------------------------------------------------------------------------------------------------

• SIGNIFICANT 
•• SIGNIFICANT 

DIFFERENCE 
DIFFERENCE 

TO CONTROL, P < 0.025 
TO CONTROL, P < 0.01 

~ 
~ 
&; 
O' 

z 
"' > 

? 
w 
"' c:-
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Fo Females Allowed to Litter 

Pregnancy duration was slightly increased in all 3 treated groups 
(statistically significant for the 3 and 30 mg/kg groups; see 
table below}. This effect was considered to be •incidental• 
because the mean durati0ns for these groups were within the norm 
for this strain. No effects during lactation were noted. 

Postpartum Examination of Pups: There were no significant effects 
on total nwnber of live pups at birth per group, nor on number of 
viable pups after l, 2 or 3 weeks postpartum (See table below}. 
It was claimed there were no treatment related effects on nwnber 
of stillborn pups, and on sex ratio at birth or at the 3 weekly 
intervals. Mean birth weight was slightly higher for all 3 
treated groups (statistically significant for low and high dose}, 
but mean weight and weight increase during the 3 weekly intervals 
were not influenced by treatment (See table below) . 

Maturational ::Jevelopment: 'l'here were no effects on age of pinna 
unfolding of the ears, hair coat, eye opening or normal gait. 

Function •rests: There were no effects on sight or pupillary 
reflexes to light, hearing ("pinna twitch reflex", tested by 
means of a Galton whistle with a set frequency and duration). In 
a proprioreceptive reflex test (running roller brought from 
stationary position to 10 revolutions per minute) there was a 
decrease in performance at 30 mg/kg during the first test but no 
effect in the second or third test. The age of the animals when 
these tests were done was not indicated. 

Fertility Test of F 1 Generation: There was no elfect of treatment 
with 30 mg/kg on mating, fertility, dur:ation ot pregnancy, litter 
size, live and dead pups, sex ratio, mea11 weigh:s of the pups or 
external anomalies at birth. 
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DOSE 
[KG/KGJ USED 

INSEKINl\TED 
N \ OF THOSE 

IJSED 

NUMBER 0 F FEKllLES 
WITH IMPLANTATIONS Tl!llT LITTERED 

N \ OF THOSE N \ OF THOSE WITH 
INSEMINATED IMPLANTATIONS 

T0002152 

Tl!l\T REARED THEIR PUPS 
N \ OF THOSE Tl!l\T 

LITTERED 

------------------------------------------------------------------------------------------------------
0 
J 

10 
JO 

29 
29 
29 
28 

24 
28 
22 
26 

82.8 
96.6 
75.9 
92.9 

22 
27 
20 
22 

91. 7 
96.4 
90.9 
84.6 

22 
27 
20 
22 

100.0 
100.0 
100.0 
100.0 

22 
27 
20 
22 

100.0 
100.0 
100.0 
100.0 

------------------------------------------------------------------------------------------------------

DURATION OF PREGNANCY IN DllYS 

KEAN VALUES AND STANDARD DEVIATIONS 

DOSE 0 MG/l<G DOSE 3 MG/KG DOSE 10 MG/KG DOSE JO MG/l<G 

21.9 
0.5 

22.2• 
0.6 

22.l 
0.6 

• SIGNIFICANT DIFFERENCE TO CONTROL, P < 0.05 
'' SIGNIFICANT DIFFERENCE TO CONTROL, P < 0.025 

NUMBER or IMPLANTATIONS OF THE DAMS 

MEAN VALUES AND STANDARD DEVIATIONS 

22.2•• 
0.4 

DOSE 0 MG/KG DOSE J MG/KG DOSE 10 MG/KG DOSE JO MG/KG 

~------------------------------------------------------------10.8 11.0 11.2 3.0 
2.8 

~------------------------------------------------------------

PRENATAL LOSS OF DAMS 

MEAN VALUES ANO STANDARD DEVIATIONS 

DOSE 0 KG/KG DOSE 3 HG/KG DOSE 10 MG/KG DOSE JO HG/KG 

--------------------------------------------------------------o.s 
0.1 

0.6 
0.9 

0.4 
1.0 

0.9 
1.1 

--------------------------------------------------------------
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STVDY ON FERTILITY 

NUMBER AND WEIGHT UEVELOPllENT OF THE VIABLE PUPS 
GROUP KEAN VALUES ANO STANDARD DEVIATIONS 

INVESTIGATION 0 KG/KG 3 KG/l(G 10 KC/KC 30 HG/KG 
------------------------------------------------------------------llUHBER OF PUPS 

AT BIRTH TOTAL 

KALES 

FEMALES 

AFTER l WEEK TOTAL 

KALES 

FEMALES 

AFTER 2 h'EEKS TOTAL 

MALES 

FEl-'.AL~S 

AF7ER 3 WEEKS TOTAL 

HALES 

FEMALES 

10.4 
J.O 

5.2 
i.e 
5.2 
2.3 

10.2 
J.O 

5.0 
1.9 

5.l 
2.J 

10.0 
J.O 

s.o 
1. 9 

s.c 
2.J 

10. 0 
3. 0 

5. 0 
1.9 

s.o 
2.J 

9.8 
2.8 

5.2 
2.J 

4.6 
l. 7 

9.7 
2.7 

5.2 
2.J 

4.5 
l. 7 

9.6 
2.7 

5.1 
2.2 

4.5 
l. 7 

9.6 
2.7 

5.1 
2.2 

4.5 
1. 7 

10.4 
2.5 

5.2 
1.6 

5.3 
2.0 

10.4 
2.5 

5.2 
1.6 

5.3 
2.0 

10.3 
2.5 

5.l 
l. 7 

5.l 
2.0 

10.2 
2,.5 

5.0 
l. 7 

5. l 
2.0 

9.7 
2.7 

4.9 
l.S 

4.S 
2.1 

9.4 
2.9 

4.S 
i.e 
4.5 
2.J 

9.3 
3.0 

4. 7 
l. 9 

4.5 
2. 3 

9.3 
3. 0 

4.7 
l. 9 

4.5 
2.3 

-------------------------------------------------------------~~IGHT [G] OF THE VIABLE PUPS 

AT BIRTH 

AF':"ER l 'h"EEK 

AFTER 2 WEEKS 

AFTER 3 WEEKS 

5.9 
o.s 

14.0 
2. 2 

24.7 
4.4 

38.l 
6.1 

6.2•• 
0.5 

14.S 
l. 6 

26.l 
3.5 

40.4 
s.e 

6.l 
Q.6 

14.9 
i. e 

26.l 
3.3 

39.7 
s.e 

6. 2. 
0.6 

15. 0 
2.2 

26. 4 
4.4 

41. 5 
7. 4 

------------------------------------------------------------------
SIGNifICA .. .'iT DIFFER.ENCE TO CONTROL, p ·~ 0.05 

•• SIGNIFICANT DIFFER.ENCE TO CONTROL, p < 0.025 

T0002l52 
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2. Embryotoxic and Teratogenic Action in Long-Evans Rats 

Pharma Report No: 7596 Study No: T2012540 

Performing Laboratory: 

This study was originally presented as a translation from German 
with only a few brief summary tables; no individual animal data. 
Amendments received at CDER on 9/29/93 and 10/8/93 contain tables 
with individual animal findings and summaries. It is claimed that 
the study was carried out between January and May, 1977, "in 
accordance with FDA recommendations", but there is no statement 
of GLP compliance. 

Procedure: Nilturally inseminated Long-Evans fer .. ale (strain FB 30) 
rats. 20 or 21 per group, 2.5 to 3.5 months of a0e and weighing 
195 to 262 g prior to mat:i.ng, received 0, 10, 30 or 100 mg 
n1soldip1ne/kg/day by oral gavage (batch 3/76, micronized), from 
days 6 to 15 of gestation. The drug was dissolved in 
polyethylene glycol 400/glycerol/water. A C-section was 
performed for each cam on day 20 of gestation and the fetuses 
were examined for external, visceral (Wilson technique) and 
skeletal (al1zarin red stain) anomalies. 

Effects on S'J!·vival and Bodv Weio'its of Dams: One control rat 
died on gestation da~· 13 or 14, due to improper intubaticn into 
lungs. and was excluded from results. There was no compou~d 
related effect on mortality, nor on •general appearance or 
behavior" of the dams. but there was a dose related decrease in 
mean weight gain (see table v:hich follows). 

Dou Weight Gain in GraSll 
(mi/ki1 Treatment Toi.l 

Period Pregnancy 

c 62.3 152. 4 

10 56.l HO. 3 

30 !)3. 0- 132. e-
100 49. a· 131. s• 

•) l,..!fte.- Aa.rence from th• coatrol, P < I. Ii 
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C-Section of Dams: Of the 21 inseminated rats in each of the 3 
compound treated-groups, 20 were pregnant, and all 20 surviving 
rats in the control group were pregnant. All pregnant treated and 
control rats had live feLuses at necropsy on day 20 of gestation. 
Corpora lutea count for each rat was not determined in this 
experiment, but no statistically significant differences between 
the treated groups and control were found for mean number of 
implantations, me~n number of fetuses, mean number of dead 
fetuses and resm. bed embryos, mean fetal weight, underdeveloped 
forms (fetuses <3 gin weight), mean placental weight, frequency 
of fetuses with minor skeletal deviations, sex distribution (see 
page 'ilf. ) , nor on external, soft tissue or bone deformations 
(see table below on this page) . 

Group Dam :"umber of !>1alformation :-;o. Malformed Fetuses 

Control 664 2 Rib dysplasla (hump forma. 
ti on) 

10 mg/\q; 651 1 EdeI:Jatous head 

30 mg/kg None 

100 n:g/kg 605 1 Rib dysplasla (hurop forma-
tion) 

639 1 Cryptorchldism 

s·-" l Kinking of the tail 

683 l Hydrops universalis, micro-
gnathia, kinking of the tail 



~ill.!. 

Oos• 

fig/kg 

0 

10 

JO 

IQO 

R e s u 1 t s 0 ! t h e C a e s a r e a n s e c t i o n 
Mean values of the gro!!Qs and standard deviations 

The ~~•n feral •nd pl•cental weights given in the report no. 7596 wtr• 'alculated by •dding all litter 
we19hts of fht group and by d•vtdtng thttt Sl.llflS by tht ~uMbtr of fetuses or pla(tntas ptr grcup. Jn the 
toltow1n1 table lh•s• •t•n ~•tut~ are ••rktd with"•"· 
for the c•lculatlon of the atandard devlatton the •t•n fetal and plectntal weights per lltter were calculated 
first and were used for further calculation. Mean fetal and placental wetghrs obtained by thlJ procedure are 
•arktd with "b•. 

Mei91'it vain fgl 
dur\ng 

treat•""' 
pregnancy period 

1')2 .1 •2.J 

18.5 11. 7 

140.] 56. 1 

23.9 9.7 

112.6• SJ.a• 

19.9 !. I 

, 1,t .a• 49.6• 

21.2 11.2 

Mean • Wt'lght 191 WU1t1btr (per d•~l of 
I I I t t u I t t 
l'IP • lftale fe••lt total 

* * of of 
res. fetuses placentas 

11 .6 5.8 5.4 tt.1 0.4 

1.4 2.l 2.l 1.7 0.7 

11.0 5.5 5.0 10.S O.S 

2 .9 , .ft , .6 2.a o.a 

11. J 5.J s. ! 10.J 0.9 

2 .S 2.4 2 .5 2.6 t. J 

t' '9 5.5 5.2 to. 1 t .1 

1.1 2 .4 2 .1 2.7 1-' 

4.26. 

4.27b 

0.29 

4.01• 

4.01b 

0.29 

4.oa• 
4.09b 

O.lJ 

4. 11• 

'.14b 
0.23 

o.s1• 
o.sab 
0.06 

o.sq• 
0.59b 
0.11 

o.s1• 
o. S7b 
0.05 

o.s1• 
o.srb 
0.05 

N u "' b to r 
wilh Minor 
1tetet•I 

dtvi1tion1 

2.95 

2 .11 

2.60 

2 .19 

J.50 

2.61 

'. 10 

2.4S 

of f~tu1e1 

wlth••l· 
for111etion1 

0.10 

0.45 

o.os 

0.22 

0.00 

0.00 

0.20 

0.41 

runts 

• l 9 

0.00 

0.00 

o.oo 

o.oo 

o.os 

0.22 

o.oo 

0.00 -----------
• •lonlfltent dffferen~• to control. pc o.ot (MILCOlON·MA~N·MMITNET·U·fF.St) 

•• Res. is the abbreviation for resorptions, which the sponsor 
defined as the total of resorbed embryos and dead fetuses 

T2012540 

.,, 
Pc 
IO 
ro 

"' .., 

z 
CJ :» 
N 
0 
I 

VJ 
V1 
0\ 
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3. Teratology Study. in Sprague Dawley (CD) Rats 

Study No: Not provided. LSR Report No. 87/0938 

Performing Laboratorv: 

Sponsor. 

Dates Performed: 8/5/87 to 12/2/87 

Quality Assurance: A signed statement of GLP compliance is 
included. 

'!'est Animals: Charles River CD (Sprague-Dawley derived) females, 
9-10 weeks of age and weighing 200-248 g on the day of 
insemination, were Illi'lted on a 1:1 basis with stock males of the 
same strain. 

Procedure: 'l'he test substance (batch number 500139) was 
administered to 32 inseminated females per group, once daily by 
oral gavage as a suspension in 0.5% aqueous 'l'ylose, prepared 
fresh each day, from days 7 to 17 of gestation, at doses of 0, 
10, 30 and 100 mg/kg. On day 20 of gestation, 21 dams per group 
were C-sectioned and the fetuses were examined for external 
anomalies; 1/2 irom each dam were examined by tree hand serial 
sectioning (Wilson technique) for soft tissue <inomalies. '!'he 
remaining halt were first dissected (neck, thoracic and abdominal 
cavities) to evaluate ior soft tissue anomalies, then were 
prepared by a modification of Dawson's alizarin staining 
Leclrnique fer evaluation of skeletal malformations. 

'!'he remaining 11 da.ms/group were allowed to litter and raise 
their young to postpatum day 25. on PPD 4, litters with more than 
8 were reduced to 8 by random culling, leavinq, i [ possible, 4 of 
each sex per liLLer. Aller weaning, the ofLspring were housed on 
a. litter basis, buL the sexes were separ;:,ted dnd there was a 
maximum of 5 oL Llie same sex per cage. At approximately 5 weeks 
ot age, following completion of behavioral anJ neuromuscular 
tunction tests, 20/sex/group were ra11Jomly selected for further 
assessment ot pl~sical, sexual maLuralion and 1·eproductive 
perforn1a.nce; uns1~l2L:Led or1es wert-:: killed a11d (~rossly exan1i11ed. 
At 9 or 10 wet~;..;.s of" aQt:~, 1·' 1 1nalL~~'.'> a.11d fe1na.1~~s \-.·ert~ paired 1:1 
w1lhin L1eatmenl groups, .tvoidinq sibling mating:>. All F1 m.:ited 
tPn1ale~3 \V't~rt• 1cttJarotornizt.~c1 ()tl tict~l 20 ot gt~~-;tat i.011; L}1e ietuses 
were examined only tor externa.l maltormations <1nd discarded. 
l\ttt~r gios~; exarnirtat. ion <)t t lit~ F 1 it~1nalt~s. F\ ni.1les wert~ killed, 
Ll1t.--ln t~Xr.Jn1i11t7ci exl t:;r11a.ll1·· ..::.t11(_:i inlernd.111· io?· 111.t<~t<):::.<:01Jic 

d.lJIH)l Il\d l i l i e~J. 

~;t-,11).ilit\· <)t 'I'+.~~-;t .:>11lJ:;t(1n('1': 'l\~:;1 f.l)t1nulatiou:. f<)t <:ill 3 
c:-<Jrtl~1.c.~t1t1·cttio11;.>, tl'1.kc·1~ 11-<)il\ \ i11"' 1 i1:;t and lcl::>t \"/t_~t-~k:> l)t t11.~.JL1I1t::·11t, 
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were generally found to be within approximately 82 to 90% of the 
target concentrations, and were stable for at least 4 hours after 
preparation. 

Results 

F 0 Females 

Mortality and Clinical Signs: No data on mortality, and no 
statement in the text pertaining to mortality, were found; all 
rats apparently survived. It is claimed that one dam receiving 
100 mg/kg showed flaccid muscle tone and piloerection during the 
early stages of treatment (possibly compound related), but other 
females in that gruup were not affected. 

Body Weighls/Food Consumption: Small reductions in body weight 
gain (not statistically significant} were evident in all 3 
treated groups during the initial day or 2 of treatment (See 
table on the page which follows}, and this was accompanied by 
significant reductions in Lood intake by the mid and high dose 
groups, limited to the first 3 days of treatment. Subsequent 
body weight gains in all 3 treated groups were net affected by 
treatment, but the body weights remained below central to the day 
ot necropsy. 'rile lower mean body weights of tl1e mid and high 
dose groups compared Lo controls were statistically significant 
only on day 18 of gestation. 

Ldp:11ot omy 01,,~;prvations: There were no effects on mean corpora 
lutea counts, tot.::il implantatiions, viable male:"l or females. 
There was a slight increase in total resorptions (P< 0.05) 
predominenlly due to nuniber. ot late resorptions. and in percent 
post - implantation loss ( P< 0. 05) , in the high cl•)se group. Fetal 
weigl1ts were depressed in all 3 treated groups; sLatistically 
signiticant arid dose related at mid and l1igh dost (See table two 
pages ahead) . 

FPtal F.vdlllt-1t· i.c111: Tl1ere was au increcised incidence of small 
tetuses (<::.7 g) and litters with one or more small fetuses in 
the 100 rng/kg group. An increasc>d number ot !:P~.uses with 
sligl1tly ir1creased dilatation ot lateral ver1tricles and/or space 
between the !Jody wall and organs, occurred mainly in two litters, 
and Lhioo was as,>eJciated with Letusec; of low body weight in these 
two litLers. Tile investigators consideted Ll1io; lo be indicative 
ot L1:lal inu11atu1·it.\'. Als<) .-ts:J<Jcitit~d \'<'it-11 t_l1e tl-l-\1se~; weiql1i11q 
<;: .1 g in :~ lit t e1,; ot LltP high do,,,e qtuup and con:;idered to be 
due t.(J 1-t~laL inuHdtUt it1·, was Llt1 i11c1·ea:""3t~<.i i11cicl·:r1c·t: ot i11r:·o1nr)lete 
ossitication ot basisphenoid, t trst thoracic venelJral cent.rum, 
scic1al v·etel>rLll dtcl1e~.;. i~3cl1.id, raet.a.cdtIJals an<l neld.Larsals. 
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"' ~~~Ul'__...._..n b~.Y>f•lghlijg) or females du!:.!119_9eslat!<Jn .._, 

troup : I ? J 4 z (0"'1lot1nd : Control - . - - 0 
Oos•ge l""!/kg/d•y) : 0 10 JO 100 ::-

N 
0 

O•y of gost•tton 
--··-- I 

w 
Croup "' C'. 

~ 0 l 1 8 9 10 II 12 I) 14 IS 16 11 18 20 ~ .. 
"' .. 

255 204 "' I llean 219 218 261 266 212 218 291 298 307 317 JlO 346 378 0 , so 8 9 12 II 12 12 12 13 13 13 14 15 16 17 18 ~ 

:r n 32 12 32 12 12 32 12 32 12 32 32 Jl 32 32 n 
" .. 
~ 

2 """ 217 217 251 256 261 267 211 279 285 292 300 312 323 338 368 ..... 
" ~ SD 10 12 14 12 13 12 14 ll 14 14 15 16 16 17 18 ~ 

"' " 32 32 32 32 JZ 32 12 32 32 32 32 32 32 32 32 

3 Mean 217 2l7 253 255 260 266 272 218 284 291 299 311 Jll 339• 367 
SD II 13 14 13 14 14 14 15 15 15 17 17 18 19 21 
n l2 32 32 l2 32 l2 32 32 32 32 32 32 32 32 32 

4 "~•n 215 ll5 251 250 252 261 267 272 218 285 291 lOl 116 327• .. 361 
SD e 9 12 12 12 13 12 12 13 13 13 16 17 18 20 
n 31 31 ll 31 31 31 31 31 31 31 31 .l 1 31 31 31 

SD Standard de~latlon. 
n """'h•r or pr~9nont an 1i .. 1s. 
• Bodyw•tg•t gain fr""' Doy 7 slgnlflunlly dlH•r•nl fr011 Controls, P<0.05 (on• lf>y •n>lys ~s of urhnc• ind 

Stud•nt'• l-l•st). 
••• ~od,.....tght g•ln rrOtll Day 7 stgntrtc•ntly different rroN Controls, r<0.001 (one ... , •nalysls or ~•rlanc• and 

Slud•nt•s t-t•sl). 
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C°"'pour.d : Control ---
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ffllftlher lmphntlt Ion w 

trou" of Corpor1 l"'Phnt- Vhble young Resorallons loss (1') ro.tal Phcontll tJl 

°' pro9n1nt iutr1 1tlons w•l9ht w•l9ht 
1ni111111s count " r lohl Inly lite lohl Pre- Post- (91 (9) 

21 Hean 11.1 15.6 8.0 6.9 14.9 0.5 0.1 0. 7 9.4 4.l ).50 0.53 .... so 1.1 1. l 2.l 1.9 I. I 0.' 0.4 0.8 0.06 0.01 ~ 
;u 

"' ~ 
0.9HS 11.6 u 2 21 " ... 16.9 14.9 1.0 7 .0 14.0 o.9HS 0.1 6. )HS J.45 0.51 n , so 1.5 1.4 1.8 2.0 I. 5 0.9 0.4 1.0 0.06 0.02 .. 

z 
0 .. l 21 H .. n 16.4 14.9 6.4 7. l ll.5 1.2HS 0.1 1,4HS 9.8 9.]HS l.34· 0.54 -· so 1.1 1.4 2.l 2.l 2.4 I. I 0.4 1.2 0.06 0.02 
----0 
~ .... 
"' o.9HS o.eHS t.6• J.19 ... 4 20 Mein 16.9 15. I 6. 7 6.8 ll. 5 11.2 10.6• 0.52 

so I. 9 l.l 2.3 2.6 l.6 0.9 0.9 1.3 0.09 0.0) 

81ck9round control (159 studl•s) 

Mean 15.9 14.5 6. 7 6.9 11. 7 0.69 0.18 0.81 8. 7 6.0 ).32 0.50 
low IJ. 9 ll .0 5.2 5.6 l 1. I 0.05 0.00 0.25 1.6 1.1 ).00 0.0 
fllgh 19.0 16.7 8.2 8. 7 15.l 1.68 0.58 I. 79 16.5 12. 7 ).55 0.57 

so St1nd1rd dtvt1llon. 
• St9nlflc1ntly dlff•r•nt frnt1 Control, P<0.05 (Hest•d analysis of varl•nce ind wolqhted t-t•st) . 
••• SlgnlftcaPlly different fror1 Control. P<0.001 (Hrstrd 1n1lysts nf v1rl1nc~ 1nrl wel9ht~d t-test) . 
NS "ot st..,nlftcanl ("""" Whltnry 'll'-ltsl). 

Slqntflc.1ntly different lrn"' (ontrol r<O.O') (Hann Whllnry 'U'·lr'i.l) 
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Sum .. ry of foetal obser•at Ions at necrop~.)' 

Croup 
Compound 

I ' 
Control 

3 

Dosage (mg/kg/day) 0 10 JO 

Croup : 

external e•a111lnatlon 

Humber of foetuses (litters) examined: 
Humber of 111ale : female foetuses: 

Observations: ~ Incidence' (number ~f litters) 

S111all foetus (less than 2.70 g) 
large foetus (1110re than 4.00 g) 
Shiny pup 
Pale pup 
Dom~d head 
Subcutaneous hae1110rrhage on chin 
Small placenta (less than 0.30 g) 
large placenta (""'re than 0.70 g) 
Conjoined placentae 
D•rk green ~aterlal surrounding placenta 
Short ta ti 
lhreadllb tall 
ll!!flerforate anus 

4 

IOO 

' One foetus ~•Y have ~ore than one observation. 

313(21) 
160: 145 

I. 0(3) 
2. 9(3) 

0.3(1) 

2.2(4) 

0.3(1) 
0.3(1) 

2 

294(21) 
147:147 

0.7(2) 
1.4(3) 
0.3(1) 

0.3(1) 

2.0(6) 
0.3(1) 
0.3(1) 

J 

284(21) 
135:149 

1.4(4) 
1.4(2) 

-
-

3.2(4) 
-

4 

269(20) 
134:135 

11. 9(6) . 
1.1(1) 
0.4(1) 
-

0.4(1) 
3.0(3) 
--

0.4(1) 

Control dah 

39809 159 
foetuses studies 

~ean Study ranges 

3.5 0 • 16. 9 
1.3 0 • 'I. 7 
0.3 0 - 4.1 
0.02 0 - I. I 
0.01 0 - 0.4 
0.1 0 - 0.7 
0.2 0 - 2.3 
I. 3 0 - 6.2 
0.03 0 - 0.8 
0.1 0 - 6.9 
0.01 0 - 0.5 
0.02 0 - 0.8 
0.04 0 - 0.8 

'tl 
ll> 
IQ 
(D 

'° '° 
z 
0 
>' 

"' 0 
I 

w 
V1 

°' 
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~-1!'!!"!!".)'_~U~~~~ !~~~~rv_~~~~~~~!_~~!"_f~~~: hanr!_ ~rr I~ I_~~~! 101~ !11'.J 

Group 
Compound 
nos•g• (mg/kg/day) 

Croup: 

I 
Control 

0 

2 

10 

T 
Numlier of foetuses {1 llters) ex.in1lnefL 
ll11mhor or males : fomales 

3 

JO 

Ohservatlons: % foetal tnc:denre (numher of 
llll•r• alfeclrd) 

1'hifnmen: ----·-
Ol•phr•gm•llr hernl• 
Small •ddlt1onal liver lobe(s) 
llep• lt c haemorrh•ge ( s) 
local lsed lnlern•I •hdomln•l h•e~orrhage 
llaemorrhaglc perllono•I fluid 
tlaem1rrhaqlc .ahdo11ten 
1 efl kidney dlsphced slightly lowirds mldllno 

4 

100 

Small haemorrhage within capsule of right klcl11ey 
Un I hleri I hydronephros Is 
BI hlero I hyclronophros Is 
llnlhterol hydroureler 
DI l.11ter11l hydroureler 
Testls(es) dlspl•ce<l sll9htly• 
Fl11ld-fllled vesicle 1t •••I edg• of genlhl t11hercl• 
Genital luhorcle slightly elong•l•d 
Olood In i1n11s 

lhreadllke till; l"'perforole inns; rll;placemenl of 
•<Irena I ghnds an<I k l<lnoys 

lip of l•ll threadlike •nd hooked 

156(21) 
01:H 

0.6(1) 
25.6( 19) 
9.0(8) 
l.9(J) 
0.6(11 
0.6( I) 

1.l(I) 

ll.5(12) 
2.6(?) 

11.ll(I) 

0.6(1) 

0.6( I) 

2 

140(21) 
10: 10 

32.4(10) 
12.2(15) 

0. I (I) 

0. 7( I) 
l.4(3) 
1.4(1) 
7.4(&) 
1.4(4) 

12 .8(1) 
0. I (I) 

1.1(2) 

l 

141(21) 
10: I l 

23.1(18) 
1.1(11 
0 .1 (I 
0.7(1) 
0. I (I) 

1.4(2) 

7.7(6) 
Z.8(4) 
0.6(6) 

0. I (I) 

4 fo11trol 1lal,~ 

134(20) 12815 126 
60:66 f11olttses slu1lles 
--------··--···---

Hl'an Sl 111ly ro1.t1qes. 

0.1(1) O.t 0 1.9 
28.4(111 0.8 0 10.9 
9.0(11 10.l 0. 21.7 
2.2(1) 1. l 0 6. 7 

2.4 0 18.0 
I. I 0 8.0 

0.7(1) 0.05 0 I. I 
0.02 0 1.0 

1.5(2) 2.6 0 • II.I 
0.9 0 9.8 

14.2(13) 6.1 0 24.2 
4.5(4) 4.4 o · 21. I 

10.3(1) 3.1 n . 21.5 

• • 
3.0(2) 0.4 0 . 6.3 
l.5(Z) o.z 0 . 1.Z 

0.08 0 • 1.0 

• • 
----·- --- --·-- -·--- ---··- -· ----------------·--·. ----·· --- . -

OnP fnf'lus may hav~ mnrr, fl1an nor. ohscrvat Ion. 
l1r•rcc11l.:t11c <alculalc1I un n11n1l1rr nf nialc ro1•l11sr.s. 

• Nn rf'I nnl In ha( k11ro11n1f ronl rol 11.ala . 
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~11mm!rl__!li_fo_l'_t a 1 ohs~r_v~U ons ~ r~r:_.JrecJ1a111L s~r I a 1-~~~ ~I on I 11~ 

f.rnup 
(nmponn~ 
IJosaqe (mq/kq/day) 

I 
Control 

0 

2 3 4 

10 30 100 

-------- ------- ----
firo11p: 

• t111mher or foetuses (litters) examined. 
tlnmher of males : fema 1 es 

Ohservatlons: '.!.: foetal Incidence (numher of 
- ---- - -- - fillers affected) 

thorax: 

Oesophaqus displaced to rlqht of trachea 

156(21) 
02:74 

left lohe of thyroid gland very reduced In sl1e/ahsent 
Space between hodywall and organs 
Relro·oesophageal right subclavlan artery 

aml ml sshapen thymus gland 
Olood·fllled thoracic lymph duct 0.6(1) 
111nomlnate artery red11ce1I In lenqth/ah<ont 
Gross cardiovascular ahnormal lty with valve defects 
Gross cardlovascular abnormal lty with double outlet 

rlqht ventricle 
Sl lghlly Increased amount of perlcardlal fluid 1.3(2) 
SI lghtly haemorrhaqlc pericardia! fl11ld 
llarmorrhaqes on edqe or lung lohes 

2 

140(21) 
70:70 

2.0(2) 
0. 1 (I) 

1.4(2) 
1.4(2) 

0. 1 (I) 
0. 1 (I) 

l 

143(21) 
70:73 

0. 7( I) 
1.4(1) 

1.4(2) 
1.4(1) 

4 Control 1hla 

134(20) 12835 
68:66 foetuses 

126 
studies 

!lean Study ranges 

0.7(1) 0.01 0 • 1.2 
0.7(1) 0.1 0 2.2 

11.2(5) 10.9 0 47. 4 
0.02 0 I. 2 

. 0.3 0 • 2.9 
0.7(1) 0.1 0 I. 4 
0.7(1) • • 
0.7(1) • • 
0.7(1) 0.3 0 5.3 

0.2 0 9. I 
1.5(2) 0. I 0 2.2 

-------- ----------------- - ---- ------- ---------- --------· -- ·--
• Onr. roctus m,.y have mnrr. than one ohservattnn . 
• Un recnr41 In hac~.qrnund control data . 
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~11m111a ry _ '! f_f r>e t ~ 1_ ~Ii~ ~~v a t_I ons_~ U er _ _! re.,, Ii an<I 'r r i a 1 s r< t I 011 i ,,~· 

I 2 Group 
Compound Control 
Oosaqe (mq/kq/day) 0 10 

Group: 

• Number of foetuses {I lllers) examined. 
tlumlier of ma 1 es : fema 1 es 

3 

30 

4 

I 00 

156(21) 
A2:74 

-------------------------------
Ohservallons: 1. foetal Incidence (numher of 
- · ---- -- I ltters affectr1I) 

Others: 

Subcutaneous haemorrhaqe(s): 

Lower/side of jaw 
Submandlbular 
Nasal 
Cranial 
Ventral/dorsal cervical 
Scapul•r 
Lateral/ventral/dorsal thoracic 
fore-/hlnd-llmli(s) 
I ateral/dorsal ahilomlnal 
~nal reqlon 
Ta I 1 
Subcutaneous oedema - trunk 

3.2(3) 
2.6(2) 
1.3(2) 
1.9(3) 
0.6( I) 

11.5(12) 
2.6(3) 

17. 3( 10) 
0.6(1) 

2.fil2) 

2 

140(21) 
70:70 

7 .4(4) 
3. 4 ( 5) 
3.4(5) 
4. I ( 6) 
2.7(3) 

Ii. 6 ( 11) 
5.4(7) 

13.5(7) 
2 .0( l) 
0. 7 (I) 

6. I ( 4) 

---
• 
• 

One foetus mJy have more than one observation . 
tin rrrord In bad~roun<I control data. 

3 

143(21) 
70: 73 

4.2(4) 
6.3(7) 
0.7(1) 
1.4(2) 
1.4(2) 

16. I ( 12) 
7.7(0) 

10.5(7) 
o. 7 (I) 

o. 7 (I) 
4.2(5) 

4 f.ontrol data 

134(20) 12035 
60: 66 foetuses 

126 
studies 

Hean SI 111ly ran~os 

5.2(3) 0.8 0 - 8.9 
6.0(6) I. 0 0 e.e 
2.2(2) I. I 0 5.9 
2.2(3) 2.5 0 - B.2 
6.7(5) I. I 0 - 5.8 

15.7(11) 28.6 6.4 - 90.5 
5.2(5) I. 5 0 - 5.8 

16.4(12) • • 
0. / (I) 0.6 0 3.8 
0. 7 (I) 0.5 0 10.0 
0. 7(1) 0.7 0 - 10.6 
9.0(8) 3.6 0 - 17.5 
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conll nued 

~m~~ of foetal observations at skeletal exa~trial:J~~ 

Group 
Compound 
Oosaqo (mg/kq/day) 

Group : 

I 
Control 

0 

2 

10 

3 

30 

~ 

JOO 

2 3 4 Control data 

19316 129 
llumher of foetuses (litters) examined: 157 (21) 146 (21) 141 (21) 135 (20) fooluses sl•~les 

ObservalloM :Grand lloan r. foehl Incidence@ (number of litters) 

Vertebrae,lfmhs and qlrdles 

Ossification of ventral arch of Isl cervical vertebra. 7.0 ( 7) 
Incomplete ossfffcatfon, one or more cervical vertebral arches. 0.6 ( I) 
Isl thoracic vertebral centrum unnssffled. 0.6 ( I) 
Incomplete ossification, one or more thoracic vertebral centra.27.4 (15) 
Incomplete osslflcatfon of one 01 m<Jre lumbar vertebral centra. 0.0 ( 0) 
Incomplete osslffcatfon of one or more lumbar vertebral arches. 0.0 ( 0) 
Incomplete ossification of sacral vertebral centra. 0.0 ! 0) 
Incomplete ossification of one or more sacral vertebral arches. 1.9 3) 
Short tafl, tip thickened. 
25 pre-sacral vertebrae. 
Incomplete ossfflcatfon of caudal vertebrae (less than 5). 
Metacarpals/metatarsals 3/4. 
Metacarpals/metatarsals 4/4. 
tlelacarpals/metatarsals Incompletely ossified or unosslfled. 
One or more phalangeal bones ossified. 
Inner corners of one or both scapulae unosstfled. 
Puhlc bonrs lncomrletely ossified or unosslfled. 
Incomplete ossification of one or boll• lschlal bones. 
/\symmetric pelvis, Illa! hones associated with different 

sacral VPrtehrae. 

@One rorlus may have moro than one ohservallon 
• New parameter, no control data avallalile 

0.0 ( 0) 
1.3 ( 2) 
1.3 I 2) 

69.4 (20) 
29.3 (14) 
6.4 ( 5) 
t.3 I 11 
5.7 I 6) 
7.6 ( 6) 
1.9 I 3~ 
0.0 ( 0) 

4.8 ( 6) 7.1 ( 5) 2.2 ( 3) 
1.4 ( 2) 0.7 ( I) 0.0 ( 0) 
1.4 ( I) 0. 7 ( I) 7.4 ( 2) 

19.9 (16) 25.5 (17) 27.4 (14) 
0.7 ( I) o.o ( 0) 0.7 ( I) 
1.4 ( 2) o.o ( 0) 0.0 ( 0) 
0.0 ( 0) o.o I 01 0.7 ( I) 
2.1 ! 3) 3.5 I S) 9.6 ( 4) 
0.0 0) o.o I O) 0.7 I I) 
o.o I 01 2.8 ( 4) 0.7 ( I) 
!.4 I 2) 1.4 I 21 14.1 I S) 

56.2 (20) 00.I (11) 74.1 (19) 
43.2 (16) 19.9 (10) 16.3 (12) 
4.8 ( 5) 5.0 ( 6) 14.1 ( 6) 
b.2 I 5) 2.1 I 21 o.7 I I) 
2.1 I 21 9.2 I 9i 5.2 I 4) 
4. I ( 6 I 7.1 ( 5) 14.8 I o) 
2.1 I 3) 5.0 ( 3) 5.2 I 5) 
o.o I OJ 1.4 ( 2) 0.1 ( I) 

--------·--------

llean Stl1dy ranqr.s 

6.94 0.0 . 22.2 
0.50 0.0 . 5.2 
I. 10 o. 0 . 5.5 

26.66 8.6 - 50.3 
0.41 0.0 . 2.5 
0. 12 0.0 1.8 
0.01 0.0 . 0.5 
1.17 0.0 - 6.2 

• 
0.81 0.0 - 6. 7 
2.96 0.0 · 14.5 

67.30 20.6 . 06.9 
30.65 6.2 - 71.4 
3.05 0.0 · 10.B 
1.89 0.0 - 8.1 
3.59 0.0 . 14.4 
7.43 0.0 - 18.6 
0.90 0.0 4. I 
0. 49 0.0 . 3.1 
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~1mm~!Y__!!.f foetal ohsei:y~~l~~~~el_f'tal examinat inn 

Grnup 
Compound 
Oosage (mg/kg/da,) 

Group : 

I 
Control 

0 

2 

10 

3 

30 

4 

JOO 
-------------------- ---------

2 3 4 r.ontrnl data 
- - -----------------------

19316 129 
lluml•er of foet1"e1 (litters) examlne1I: 157 (21) 146 (21) 141 (?I) llS (20) foetu,es sl1111les 

Ohservatinns :f.rand "ean 1. foetal lncldeoce@ (n111nher of 1 ltlers) "••n St111ly ranges 

Sll"rrH•hrJI" and rlhs 

Jncnmplet•J ossification of I sternehra. 10.5 (13) 19.2 (12) 9.2 ( 8) 11.9 I 9) 13.53 0.0 . 40.0 
Incomplete ossification of 2 sternebrae. 66.9 (21) 65.1 (21) 75.9 (21) 40.9 (16) 66.68 43.3 . 04.8 
Incomplete ossification of 3 sternehrae. 7.6 ( B) 11.6 ( 7) 11.3 (II) 23.0 (14) I 1.80 I.I · 23.J 
Incomplete ossification of 4 sternehrae. 4.5 ( 4) 3.4 ( 4) 1.4 ( 2) 7.4 I 9) 3.68 0.0 · 17.S 
Incomplete ossification of 5 sternebrae. 0.0 ( 0) 0.0 ( 0) 2.1 ( I) 3.0 2) 0.00 0.0 - 3.8 
Incomplete oBtflcallon of 6 sternehrae. 1.3 ( 2) 0.0 ( 0) 0.0 ( 0) s.z ( 2) 0.53 0.0 6. 7 
Jst sternehra cleft. 0. 6 ( I) o. 7 ( I) 0.7 ( ll s.z ( 4) 0.86 0.0 7.6 
O:ie or more sternehrae offset. 2.5 ( 4) 1.4 ( I) 2.1 ( 3) o.o I 01 1.32 0.0 - S.2 
ntbs 13/13. 100.0 (21) 97.3 (21) 90.6 (21) 97.0 (20) 98.17 92.5 -100.0 
f.lhs 13/14. 0.0 I OJ 1.4 ( 2) 1.4 ( 2) l.S ( 2) 1.20 0.0 . 4.2 
1llbs 14/14. 0.0 ( 0) 1.4 ( 2) 0.0 ( 0) l.S ( 2) O.SI 0.0 - 3.S 
14th rib enlarged. 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.7 ( I) • 
13th rib or ribs reduced In length. 1.3 I 2l 2.7 ( J) 2.0 ( 3) 2.2 ( 2) 2.31 0.0 . 13.4 
Slight merllal thickening of one or more ribs. 0.0 ( 0) o. 7 ( I) 0.0 ( OJ 0.0 ( 0) 0.02 0.0 . I. 4 

- --- ------··---- ----·----· ------·-·------------------
@ One foetus may have more than one ohsHvallon 
• flpw paramelrr, no rnntrol data availah1e 
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Group 
Compound 
Oosage (mq/kg/day) 

Group : 

I 
Control 

0 

ll11mher or foetuses (litters) examined: 

2 

10 

l 

JO 

4 

100 

2 

157 (21) 146 (21) 

Ohservat Ions :Grand Hean '- foetal lnddence e (n11mher or litters) 

lie ail 

Small anterlr.r fontanelle. 
Hedlum anterior fontanelle. 
large anterior rontanelle. 
Incomplete ossification of supra-occipital bone. 
!ncomplete ossification of lnterparletal bone. 
Incomplete ossification of parietal bone. 
lncomrlete oss lflcatlon of squamosal bone. 
Incomplete ossification of frontal bone. 
Discrete unnsslfled area In frontal hone. 
Incomplete ossification of nasal bone. 
Discrete unoss lfled area tn bas locclptlal bone. 
Incomplete ossification of baslocclpltal bone. 
Incomplete ossification of baslsphenold, 

cranlopharyn9eal canal enlarged. 
Incomplete ossification of baslsphenold bone. 
Presphenold hone Incompletely ossified or 

Un OH If (rd. 
Fronto-nasal suture enlarged. 
Incomplete ossification of hyold bone. 
l!yold hone unosslfled. 

@ One foetus may have more than one observation 

1.9 ( 2) 0.0 ( 0) 
96.2 (211 98.6 (21) 

1.9 ( 3) 1.4 ( 2) 
24.2 (12) 14.4110) 
49.0 (20) 40.4 10) 
0.6 ( I) 1.4 ( 2) 
o.o ( 0) . 0.7 ( I) 
1.3 ( 2) 0.0 ( 0) 
0.6 ( I) 2.7 ( 3) 
0.0 ( 0) 0 .0 ( 0) 
0.0 ( 0) 0.0 ( 0) 
0.0 ( 0) 0.7 ( I) 
o.o ( 0) 0.0 ( 0) 

4.5 ( 7) 7.5 ( B) 
0.6 ( I) 0.0 ( 0) 

1.9 ( l) 0.1 I 11 
7.0 ( 6) 5. 5 ( 6) 

ll.1 ( 0) 11.6 ( 9) 

] 4 Control data 

19316 129 
141 (21) 135 (20) foelu•e:; stu1lles 

Hean Study ranges 

0.1 t 1) o.o ( ol I. 33 0.0 - 11.2 
99.l (21) 91.9 (19 96.20 76.4 -100.0 
0.0(0) 8.1,2) 2.46 0.0 - 23.6 

12.B (II) 19.l II) 13.48 0.0 - 29.2 
40.4 ll8) 41.5 (181 28.40 4.9 - 91.0 
0.0 0) 2.2 I I.JO 0.0 - 7. I 
0.0 ( 0) J.O 2) 0.84 0.0 - 4.7 
0.0 ( 0) J.O 2) 0.09 o.o - I. 7 
2. I I 3) 2.Z H 0.43 0.0 - 4.6 
0.0 0) 0.1 0.02 0.0 - 0.6 
0.7 1 •1 0.0 0) 0.12 0.0 - 2.4 
0.0 0) o.o ( 0) 0.01 o.o - 0.6 
1.4 ( 2) 2.2 ( 2) 0.19 o.o - 14.l 

11.l ( 9) 13.3 l 8) 0.94 0.0 - 12.6 
0.0 ( 0) 4.4 2) 0.12 0.0 . 5.4 

0.7 I I) 4.4 I 21 1.13 0.0 - 5.3 
9.9 ( 3) S.9 ( 4) 7.28 0.0 - 25.0 
7.1 ( 8) 5.2 ( 6) 8.52 o.o - IB.5 
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Fa Dams; Postnatal Phase 

There was a slight increase in gestation length in the 30 mg/kg 
(n.s.) and 100 mg/kg (P< 0.05) groups, from a mean of 22.5 days 
in control to a mean of 23.0 days in the 100 mg/kg group). 
Although body weights of the drug treated animals tended to be 
higher than concrol, no significant intergroup differences in 
body weight were observed during lactation. 

F1 Offspring to 5 Weeks of Age 

There were no compound related effects at any dose level on 
number of stillbirths, litter size or sex ratio at birth, number 
of implantation sites, survival indices throughout lactation, 
body weight or body weight gain during lactation. 

There were no compound related effects on physical development 
(time of pinna unfolding, hair growth, testis descent, tooth 
eruption, eye opening and vaginal opening) . 

There were no effects of compound treatment on auditory and 
visual function (tested on PPD 25), within-cage activity 
(measured by means of electronic detectors and infra-red light 
apparently on PPD 26 to 27), learning ability (water filled Y­
maze on PPD 27) and neuromuscular function (traversing flat and 
round rods, rotorod treadmil~. mid-air righting reflex, fore- and 
hind··limb wire hanging and grid-griping ability on PPD 28-30) 
Then, were no effects on body weight or body weight gain to 
5 we1!ks of age . 

.fi_fffspring Between 5 and 10 Weeks of Age 

T~e 20 males and 20 females per group, selected al 5 weeks of 
<0 .ge, were c:.;sessed primarily for physical and sexual maturation 
and reproductive performance. 

There were no compound related effects in males or females on 
appearance, behavior, body weights, mating pe:riormance al 9 or 10 
weeks of age or on fertility. 

In F1 females killed on day 20 ot gestation, tlwr•c was no 
evidence of effects on implantation, embryo/fetal ,;urvival, fetal 
weights or placental weights. 

No gross patl1ulog2' a.br1oi-n1a.lit-ies \...;ert~ obsl.::rv1:-?d 11i F 1 inall~~; oi· 

tt-~rnalt~:._-> tl1at \Vere cr'Jnside1ed t..o be related lo t 1_·t:.:1tn1e11t oi tl1e 1,.0 

temale:.<. 
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4. Embryotoxic and Teratogenic Effects in Rabbits 

Report No: 7595 
Study No.: Not given 

Performing Laboratory: 

Dates Performed: 10/77 to 1/78 (first test) 
1/78 to 4/78 (second test) 

Quality Assuranq~_: These studies were performed prior to the time 
that GLP compliance was required. The investigators in Gennany 
claim that to the best of their knowledge, the study was 
performed "according to the state of the art". 

'!'est Animals: Sexually mature female Himalayan rabbits, around 2 
to 3.5 kg body weight, inseminated twice by means of copulation 
with males of the same strain and similar age. 

Procedure: There were two separate but related studies in which 
batch 1/77, rricroni zed were used. In the first study, 
the test substance was administered once daily by stomach tube, 
as a suspension in a vehicle consisting of "60 g anhydrous 
glycerol, 100 g dernineralized water and polyethylene glycol 400 
to make up 1129 g•. Twelve or 13 does/group were treated from 
days 6 to 18 of gec;tation with doses of 0, 3, l·) or 30 mg/kg. On 
day 29, a C-seclion was ca1ried out and each doe was examined for 
number of impldntaLions (no data on corpora lul-"a count), number 
of live and dead fet:uc;es and embryos, weight oi litter and 
placentae. Each fetus was sexed, then examined for external, 
visceral and skeletal anomalies. Becaus• of dia n hea in 4 animals 
of the 30 mg/kg group and spontaneous aLortion in 2 of the::;~ 4 
does, a second sludy limited to 0 and 30 mg/kg (n o' 12 or 
13/group), with a velncle consisting of 0.5% aq10ous Tylose, was 
performed. lt was suspected that the vehicle co:-it ,-ibuted to the 
diarrhea in the first study. In all olher res[Jects, the procedure 
was tl1e san1e as i11 tl1e first study. 

Results of UH' First Srudy 

Ork death at hiqh U<):;P (day ::·1 p.c.) wa:; atll il> 1t "d tu diarrhea 
lJll mulLip!e ddy::; l li,,c11 J; ,11 mid due;~" \dc1y 9 p.,~·.) """:.; all1ivuted 
to 2n intuvation dcc1denl. 

The 30 mg/kg doc;•, "<:a11c~ed" diaultea in 4 animcJJ.; (1, will1 
rnulLiIJle days cJf liit'll t (1\::d., J.1,~di l\H~ ren1a.:ir1i11q ~ }1.iU dia.rr}H~a <Jil 

only· 1 {ja.~,', 1~itl1t~l. cJn lid')' Jo ()l 17 {J.c'.). ~)IJC)tl 0111.~i...Jl.l:-; al>ort ior1~1 
occurred in l du<' Lii l mq/kq (day c~ !J.C.), i" 111 ll\lJ/kq (uay 28 
lJ.c.), ,'111d :'. ai 30 u1q/kq t(L1y:; lH anli :;·1; llcit·J1 1t"l<i <.i1a1·i_-Ju~a). 

r10nt~ ot Litt-:.• ~-'<)!ll 1<11 (_hH_·~; t1\H)l \._ t.._~l1. !\ltl11.Juq!1 t !1t·t !· Vld:J Oill)! 011e 
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more spontaneous abortion in the high dose group than in the low 
or mid dose groups, the investigators neve~theless suggested that 
the incidence in the high dose group was increased, and 
attributed this effect to diarrhea associated with the vehicle 
and treatment. The abortions at low and mid doses were considered 
to be neither treatment related nor significant because the 
observed rates were considered normal for the strain of rabbit 
used. 

Only females found to be pregnant were included in calculation of 
mean body weight values (N = 13, 12, 12 and 10 for control, 3, 10 
and 30 mg/kg groups). Decreases in body weight gain between days 
6 and 18 and over the entire period of gestation in all 3 treated 
groups were not statistically significant (See table on page 
105A} • 

Laparoscopic Observations 

'!'here were no significanl effects on mean numbers of 
impluntations or resorptions per doe. The mean number of live 
male fetuses per doe was reduced in the 30 mg/kg group vs control 
(P< 0.05) resulting in a reduction in ratio of males:females but 
it was considered to be a random occurrence. 'I'J-.ere was no effect 
on fetal or placental weights, and no increase in number of 
"underdeveloped forms" (i.e. fetuses lower than 2.5 g body 
weight). There was an increase in malformation rate in the high 
dose group; the high dcse malformations occurred in the offspring 
of the three animals Lhat had diarrhea and were suggested to be 
the result of maternal stress (see pages 104 to 105A). 

Results of the Second Study: 

Maternal Survival, Clinical Signs and Body Weight Gain 

Dianhea or other cl~nical siyns did not occur in does of the 30 
mg/kg group, but one doe on 30 mg/kg died of an intubation 
accident (sometime between days 18 and 29, p.c., based on 
individual animal weight gain cables}. Final results were based 
on 11 surviving does in each group. '!'here was a decrease in mean 
body weight in the treated group, compared to an increase in 
control, between days 6 and 18 (treatment period), resulting in a 
compcund related decrease in body weight gain over Lhe enlire 
yestation period. 

'1'l1ere 1;1.1 ert~ 110 cc'nlt)<Jund iclult~<i t~ttt-=ct~:; or1 1>rt-:gr1ancy i·ate, 
spontaneous abortion rate, mean number ot implantations (corpora 
lutea we1e not counlr>d) 01 live fetal count, but mean felal 
\'eight and plac<~nt a 1 w1~:j qliL were lower ( P<O. 05) and tile nuniller ol 
11 UI1lierdt~v1.=lo1Jed. t<.)t'Ill;_;" \-VCl.~.> l1:..<1!1er ir1 tl1e treall=1<:i gr-otlf). C)nl-.? ot 
lhe dci.tns on 30 mq/kq \i,;d 5 [,el use!; with "1educed moliljly". In 
tl·1i~_; S(::c·o11d !.=>Ludy, t.J11,:-_~1 C' wa:; Jl() ellt~cl 011 .sex tat io at Vi 1 tl1, a~,; 
l1ad Leen ob~:;ervt~d ir1 L'H= lit~~->t ;_;tudy. 'l'lH::!t1.~ VJd.S r10 i11crect~:;e i11 
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external, visceral or skeletal malformations in any treated group 
vs control (See tables on pages lOSB, C & D). 

Comment: 'l'heie were indications of fetal toxicity at 30 mg/kg, a 
dose that was mateI"nally toxic. FoI" example, there was a 
reduction in live male fetuses per dam and suggestions of an 
inc•ease in total nwnber of fetuses with malfonnations and the 
total number of litters with fetuses that had malformations, 
compared to control, in the first study. The total number of 
runts was higher and mean fetal weights were lower than control 
in the second study. However, there was no increase in incidence 
of any specific form or class of terata and no clear indication 
that this substance was teratogenic in rabLits. 
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Report No. 7595 

Incidence table of the findin~~ of the fetuses# 

Findin9e 

KEN1NGOCELE 

TELENCEPHALON 
dyepleoia 

CRAWN-HAND 
•light 

TONGUE 
amall/eharp/thin 

FORE-LIMB 

0 rng/l..g 

abnormal poBition 
arthrogrypoai1 l(l)b 

M~LTIPLE MALFORMATION 

CLEFT PALATE 

MOTILITY 
reduced 

3 1119/kg 10 rag/kg 

l(l) 

l ( l) 

I ~n individual basis; values in () on l~ter basis 
a ~ !irst study I b • &econd study 

30 1119/kg 

l(l )a 

l(l)./l(l)b 
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Report No. 7595 

Individual clinical findings of the dams 

~ animal• without finding• are not liated 

Do•e 
(mq/kq) 

-------
0 

(lat 
atudy) 

-------
3 

-------
10 

-------
30 

(lst 
study) 

0 
(2nd 
study) 

Dam-
Ho. 

------
914 

------
899 

------
876 

896 
------

877 

881 

885 
905 
921 

925 

finding a 

on day 26 p.c. no atool, from day 27 p.c. very 
reduced atool 

abortion on day 25 p.c.: 3 placenta• 

abortion on day 28 p.c.: 4 fetuaea with pla­
centas 
found dead on day 9 p.c. (lung application) 

abortion on day 27 p.c.: 3 fetuses and 3 pt.-
cent as 
on day 13 p.c. red bordered eyes 
on day 16 p.c. scratch wounda 
on day 17 p.c. diarrhea 
o~ day 17 p.c. diarrhea 
on day 18 p.c. diarrhea 
on days 17 and 18 p.c. dit~_...~a 

from day 24 p.c sick, redu~~~ Dtool 
on day 25 p.c. bloody urination 
found dead on day 27 (_'.·' 
abortion on day 18 o.c"(: 3 fetu&es 

30 950 from day 9 p.c. sick, decreased feed consump-
(2nd 
studY) 

ti.on, no stool 
on one day between day 18 and 25 p.c. ,,.. 
dl<4jliea 
i~und dead on day ~5 p.c 
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5. Teratogenicity Study in Cynornolgus Monkey 

Bayer Study No: T 3 022 847 

Performing Laboratory: 

Dates Performed: 2/23/87 to 6/16/87 

Quality Assurance: A signed statement of GLP compliance was 
included. The statement notes two deviations from 21CFR 58: 1) 
'the stability oi the test article/carrier mixture had not been 
determined at the time ot the study', and 2) 'ti~ final report of 
the study does not contain all the information specified in 
subsection 58.185. In particular, no analytical data relating to 
the test article or tesl at·ticle/carrier mixture are included." 

.Justi ficdt ion fui· Speci•,s SPlPct ion: • ... because of its similar 
hormonal profile during pregnancy to that of man and this 
particular non-human primate submits itself as a favourable 
species for reproductive toxicology studies.• 

Doses '!'est ed: 0, 30 and 100 mg/kg 

1'1 ocedun°: Feral cynomulyus rnonkP.ys 
obtained irom 

(Macaca fascicularis) were 
and from 

. 'I'l1t; it~Inc::tles were 11 sexu:::slly n1atureM, 
qu<nanl ined iot •at least 2 weeks" and ~eel imat i zed to laboratoty 
conditions fot 3 weeks, betore initiation of th<> study. There 
were 10 (30 my/kg) or 12 LemC1les (0 and 100 mg/kg) per group that 
h,1d tested positive tor pregnancy (by a mouse uLet·otropic test); 
Lhese anim<ll:; weighed 2.G to 3.8 kg on day 20 post-coitum. 
PtegnC1ncy \~<ls subsequently monoLored by recta-1 palpation on 
specified days oetween GD 30 and 86. Test substance was 
administered oy inL1agast1ic intubation oetween gestation days 
(GD) 20 and 'iO, c1nd necropsie:J tot C-section wei·e done on GD 100 

.:!_l day. Examitk1tion tot tetal malformatio11s included a 
comptel1ensive extetnal examination, including h<'aj and body size 
111t:>u0uren1ent !3 a.rid d[Jl)t~dI.a.11ce (_)l ext er11d llj.1 <Jl>se1 va.olt~ orgar1s . 
.Soil tissut' exa1ninut ion CO[l::>i!~ted ()l 11 .J fl.ill tl{~c.·ro[)::-i~l ot e.J.c~11 
iet11s wirl1 \!i~:iu(1i llldCl'l_>:._;c<J[Jic:- ir1~tJectio11 04 L)t t}11~ ,Jtgdr1~> ~1nd 
W1..'i~1t1t. Hh:'d~>Utt}ll\L'Ilt ~--; oL l.~ ory .... 1p~-:_~. Att\~t WP·i\~l1i1ig, t}11• LJrq..:111:·.; 
Wt'tl~ 1:ixetj iz1 tc)t-llk.tliz1, Uut 1uJt tt11tl11~t 0:.~~vdl\ltlt~·J. 'l'lH~ ~kt~1·.-?Lor1 

\"'d.:3 clt:'d!'l~d a11U :..itdiill~d c.lilli t_'Xdrnin0cj tot ~kelet.,ll ... 1r101na.11L'~. 

'l\>:;t ~;11Ji:;t-11w<': Hctl<'l1 Nv. !L~H 30'>. '!'ht! vehicl"' C'Jt1:>isled oi 9.9% 
demineial i'.'<'d Wclt<'t, 4 .tJ'I. qlyc•:t i11c' <lnd B'J.3% LlLlt itL 
(polyethylene ylycol 400). 'l'.:::t mixtures, cow; <st inq ot '.;epal all' 
Sf)l\Ition:-1 t()l t•J.c~ll titJ:it·' !t.:.•Vt•l, WC!lC' {Jte1Ja1Pti dd 1 l}·~ 'l'l1~; 
te})Olt. l11Jtt::; t_}111t "!u1aly~>i:; 1 1 ! fc_)!'llH1lL1Lillll~.i <lIHi [Jl()<_)f lJt 

dl)SOlI)t:ilJ?l \./t.:'t•' lt1)t !t~quitt-'~i llJ. t.!1e :..>Ludy ~->!>Oil~~l)l ... 
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Results: 

Spontaneous Abortions, Clinical Observations and Mort_ality: One 
control and 1 high dose monkey were found to be not pregnant, 
thus leaving 11, 10 and 11 monkeys in control, low and high dose 
groups, respectively. Incidence of abortions and deaths are 
surrunarized below. 

Control 11 6 (GD 26-56) 3 (GD 21-99) 

30 10 7 (GD 28-53) 1 (GD 48) 

100 11 8 (GD 33-59) 5 (GD 27-88) 
es on y pregnant an1ma s. 

Symptoms included heavy bleeding (followed by aborLion), reduced 
food int"ke, diarrhea and vomiting. Symptoms were observed only 
during intervals of treatment, and included animals in the 
control group. Although all of the symptoms were generally more 
frequent or of longer duration in drug treated monkeys, they are 
considered to be due to treatment with the vehicle. 

Two of the 3 control animals that aborted, subsequently died. The 
increased incidence of spontaneous abortions and deaths in the 
100 mg/kg dose treated group were considered treatment related. 
(See comments on next pa~~-) 

The death ot an additional animal in the high dose group which 
was found to be not pregnant and is not included in these 
results, was also considered to be treatment related. Causes of 
death in the 3 pregnant control m0nkeys included gastro­
enteritis, catarrhal enteritis and "signs of asphyxia". Of the 
drug treated animals which died, the one in the 30 mg/kg group, 
and 4 of the 5 in the 100 mg'kg group, each had a volvulus (an 
intestinal obstruction due to twisting of the bowel); 3 of these 
animals (all high dose) exhibited abdominal distention shortly 
before death, and one of these 3 had acute catarrhal enteritis. 
A volvulus was considered to be a compound relacced cause of 
deatli; no volvulus was seen in any control animals. 

B 10od Anal vs es: Blood samples were taken from L'dCh 

20, 27, 34, 41, 48, ~s. 62, 69, 76, 83, 90 and 97. 
on blood analyses ol any kind could not be found. 

monkey on GD 
However, data 

F1•tal ExaminaticJns: External, visceral and skeletal findings for 
each surviving fetu'' are ''hovm on Lhe page which follows. In 
spite ot the very tew surviving tetuses (3 cont eel, 2 mid doo>e 
and 1 higll dose), llH' investigators concluded t !1at the exl.<?rnaJ 
and ~:;k(~letal 1naltor1na.LicJ11s ~-;e1:~r1 i.i. tl1e sole survivi11<J 11ig!1 dost::'! 
fetus were drug related ~r1ri we1-e due to seve1·e n<lte1·r1al 
toxicily'. ll VVcJ.S clairned Ll1at tl1ese 1nalforn1dli(:>r1:J 11ad r1ever 
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before been observed in controls. 

Fetal Organ Weiohts: Although weights of 10 or 11 different fetal 
organs with means (and standard errors only for controls) are 
presented iu Table 4 and Appendix III of the report, statistical 
comparisons were obviously not possible (only one or two 
surviving fetuses in the treated groups). 

Comments: It should be noted that the control incidence of 
symptoms, mortality and spontaneous abortions were •unusually 
high". Although the investigators attributed the higher 
incidence of abortions and deaths in the high dose group to 
treatment, there are no indications that the differences were 
statistically significant. The animals used in the present study 
were feral monkeys. It seems reasonable to suggest that there 
may have been an interaction between disease or varasitic 
infestations (often inherent in feral monkeys), stress of 
handling or control vehicle administration, and treatment with 
the high dose, which would confound the outcome cf this study. 
The monkey .is not a commonly used model for reproductive toxicity 
tests and there is limited background information. The limited 
number of offspring (usually one per monkey) is considereci to be 
a disadvantage for usiny this species for this type of study. 
The high mortality and abortion rates, even in central animals, 
further limits the usefulness of this study. Ho"V>ever, the only 
surviving fetus in the in the high dose group showed 
malformations "which were never before observed in control 
fetuses 11

• 
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Group l - 0 mg/kg 

F_..le Fetw" 
Type of defect 

nUllll>er a 1 tve E.aterna\ find1n;i Vf acer al ftndtn91 Skelrt11 ftndlngs 

33797 • bent Uf I end 1eft adren1l aevere'y 6th t<> 10th ind 12th rib °" t.,. 
enl•rged rf;ht 1tde: and 7th t.o 9th rfb 0.1 

tl"lt left atOt of uneven th,ck~11; 
4th t.o 6t~ 1ternebr1 not 011tf1ed, 
?th 1t1rnebra tnc~letely 01stfted 

33353 • no tbnof'l\l1ftfea no atl!no,,..lttte1 ctetect•CS Sth t.o l1th rib on the rt9ht at~ 
dlltected end iltl'I to 11th rfb on the left 

1tdt of unevrn thickness; lat to 
1th 1tcrncbr1 not 01111ted 

29980 • no 1bnol"'lfttltties no 1bnorw1.tlftte1 Oetect•d 5th to 11th rtb on the rf9ht 1t0e 
oetect:ed 1nd 6th to 10th rfb on the tart 

1161 cf uneven thicknt11; 
6th 1ternebr1 not 011f fted end 
7th 1t1rnebr1 fn~letely 011tffed 

, "' • no •br.orMlftirs no vt1eer11 tnve1t<91t1on ~c 1kel•t.1l investtpatton d~e 
detected d~e to '1et1ri1n aectton to c1e11rt1n aectton on dly 76 p.~. 

ol'l d1y 70 p.c. 

--
Group 2 • 30 rng/kg 

Fem11e F'ttul 
l:rpe cf dt~•c:t 

ru.ino.:>e r tltve Utern1l ftndtn91 VI 1cer1 l findings Sktltt1l ftndtn;1 

31,?)B • prtPuCf not nc tbnorwYlftl•s cNt•ct•d dt1p11ctd 1y9~1tylt; 5th to 11th 
patent rib on tht rt9ht a;ae and 8th to 

I 
1,th rtti Of'I the left tictt of untov•n 
thlc&ne11; lat to 2nd and 6th to 

I 7th 1ternebr1 not osstfled 

]"73l • b4\'\t ut l enc! no abnorN \it t •• det•ct•c! pa~itt..11 inC'Ol'l;ll•ttly 0111fttdi 
'th to 13th rib on the r;9nt aick 
and 2nd to 3rd, 7th to 11th 1n~ 
13th rtb o~ the left 1\dt of uneven 
thlckn.e11; 2nd 1nd 6th to 7th 
tternebr1 not 011\fted 

Group 3 - 100 rng/kg 

Type of defect 
Ferr.alt Fetus 
nU"lbtr 11 tvt E.atern1l findings Vt acer 11 ftndll'l91 Si..1let11 finding' 

l•0-0 1 tof1t fortlil\b 1ppe1~1 thinner no ebnor91ltttta 1ddftton1l 011tftc1tlon altt 
• btt~n the Nt1c1~p11s cf tM than no,,,.11; t1il 1!\ortened octected 

2nd 1nd 3rd Ttnger, 1dditione1 1nd tn..1rds curved t1f 1 end; f1n9wrn1il on tht )re f1~9tr, 
0~1~ th~•t ftnger1 on the pl'o•t1t11l pP\ll1n. of ttw 2nd lefi aide and 3rd finger with •"d 3rd ftn9er 1nd ,.dial 
two r,1il1 pkl.\11\1. o' the lrd fif'l9tl' on 

tht l•ft 1tdt •bno,,..11 ly 
Orweloped; the \11t three 
c-occy9e11 vtrtebrlt 
1tynrnttrtc1lly 1nd tnc0f'S}lttt1y 
011tfied; Sth tQ i1th rlb Of\ 
tl'W right aiek 1nd 7th to 12th 
rtb on tht left 1161' of unew.,n 
~1c&nt1li 11t to lrd 1nd 'th 
to 7th aternebr1 not 011ff1ed 
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6. Perinatal and Postnatal Effects Following Oral 
A-:lrninistration to Rats 

Study No: Tl002153 

This report is accompanied by a •first amendment to report no. 
12801 A', dated o/14/93. Tables in the original Engli8h 
translation of the report were of very poor quality, not well 
organized, not legible, and contained errors in translation and 
typing. Some of these faults are listed in the amendment under 
the •rationale for the first amendment". 

Performing Laboratory: 

Dates Performed: May 1981 to October 1981 

Quality Assurance: No statement on GLP compliance was found in 
the original report. In the amendment, it is claimed, " ... there 
were no legally binding GLP regulations in force" during the 
time that this study was performed. 

Doses Tes~ed: 0, 3, 10 and 30 mg/kg. 

Test Animals: Mura:WIST (SPF 67 Han) female rats, 11-14 weeks of 
age and weighing 177-240 g, were mated with stock males of the 
same strain. 

Procedure: !.'resumed pregnant females were dosed orally by gastric 
intubation from gestation day (GD) 16 to postpartum day (PPD) 21. 
Half the females in each group were C-sectioned on GD 20, the 
remainder were allowed to Jitter and rear their young to PPD 21. 
Of the C-sectioned animals, approximately 1/3 of all the fetuses 
in each group were examined for visceral anomal i.es by the Wilson 
technique, the remainder were evaluated for bone anomalies by 
staining with Alizarin red. The abdominal and thoracic organs of 
animals selected for bone anomdly examination were removed and 

11 evaluated 11
• 

Test Substance: Batch No. 576 923. The vehicle consisted of 
Lutrol 400, anl1ydrous glycerol and demi~eralized water in a ratio 
of 969:60:100. A preparation of 0.6% nisoldipine was tested for 
stability and WdS lound to be stable atter 7 days. 

}.·,f t-i~cts cin /\J J P1-c'ql1d!ll 1'-..en1al~""s: rl'}1ere Wt.~r(~ LW<...J li'=:~all1S, 011e at 3 
rny/ky (cau:;0: ot death not determined), and one' al 10 mg/kg (died 
<Ji f;T18UITH)I1iO.), }JtJt IlO treatrnent re·ldLl~d t~[i_(~Cl:) <)11 H\1.._)rtal ity {)r 
clinical signs were evident. A small but significant decrease in 
body weiyl1t gain was found tor the dams at 30 mg/kg (both the C­
sectioned and t<'arillq groups) between ll1e first day o( 
adrnillistra\1011 (GD lb) and GD 20 (See table:; un pages 113 & 
113A). Body weight.c; ur the low u<)Sl' group ol th•2 C-sectioned rate; 
were si(JI1iticantl'/ f1iyl1er t}1c1n c:ur1trol l}1ruuqt1c1ut qc>.st1:-.i.lio11, eve11 
on GIJ lJ, bul olJ\'iou:;ly t:l1is was nuL a compound u:laled ellect.. 
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There were no compound related effects on reproduction parameters 
{percent inseminated, percent with implantations, etc.; see table 
on a page 114), nor were there any effects on gross pathology. 

Examination of c-sectioned Females: There were no effects found 
on mean number of implantation sites, live or dead fetuses or 
resorptions per dam. Furthermore, there were no effects of 
treatment on sex distribution, mean placental weight, number of 
runts (fetuses <3 g), or frequencies of external, visceral or 
bone deformations. A decrease (P< 0.01) in mean fetal weight at 
the 30 mg/kg ~ose was evident (See table on page 115) . The table 
which follows immediately below ~-s a sununary of malformations 
found in all 4 groups, copied from the original report. 

Group 

Control 
3 11g/kg 

10 11g/kg 

30 •g/kg 

2995 
284 9 
2852 

2991 

Nu11ber of 
changed fottuses 

1 
1 
2 

1 

Chanee.1 

no tail 
Otocephaly 
slight dilation of the 
lateral ventriclt of the 
brain 
Cryptorc!'lism 

Effects on F0 Dams Allowed to Litter: There were no effects on 
duration of pregnancy at any dose level. The report indicates a 
significantly higher nwnber of implantations per dam in the high 
dose group (probably incidental and not treatment related), and 
no effect on prenatal loss (irnplantatior.s - surviving and dead 
pups). Complete litter losses were reported for 2 cams in the 30 
mg/kg group (both did not suckle their young) , and for 1 in the 
10 mg/kg group (devoured i.ts young during the 3rd week), but 
normal lactational behavior was observed in all other dams (not 
shown in tables but indicated narratively in the original 
report) . 

Effects on F, Offspring: There was an increase in number of 
stillborn pups, and a dose related increase in mortality of the 
newborn pups during the first week postpartum in the 10 and 30 
mg/kg groups (See table on page 1158; no statistical analysis). 
The birth weight and the weight increase during the 3 weeks 
postpartum were both significantly reduced in the 30 mg/kg group 
vs control (See table on page 115C). The report claims no 
compound related effc0cts on appearan.;e or clinical signs or the 
F, offspring. In the maturational developn,ent tests, there were 
no effects of treatment on time to pinna unfolding, appearance of 
fur or eye opening, but there was a slight delay in time for 
normal walking in the 30 mg/kg group. For the functional tests, 
there was no effect on pupilla1y reflex ("fellowing a light in a 
darkened room"; age when given is not stated), and no effect on 
hearing \stimuli trom a Galt.on wlnstle "at the end o[ the 
lactation pe1·icd"). Funning performance on a running rolle1 
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(sensomotor behavior or proprioreceptor reflexes) was 
considerably reduced in the 3 mg/kg group, but this was 
considered an incidental finding because there was no effect at 
the 10 and 30 mg/kg dose levels. For the F1 generation fertility 
test, 1 male and 1 female in each litter of the control and high 
dose groups were reared to 10 weeks of age, then mated. There 
were no differences between the 2 groups in rate of insemination 
or fertilization, dur2tion of pregnancy, total number of live 
male or female pups at birth, body weight of pups or pups with 
external deformities. 
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PERI- l\.ND POSTNATAL-STUDY Tl002l5J 

!<EIGHT DEVELOPKENT (GJ OF THE FEMALES UNDERGOING CESAREAN SECTION 
GROUP MEAN VALUES AND STAflDARD DEVIATIONS 

lNVESTIGATION 0 HG/KG J HG/KG 10 HG/KG JO HG/KG 

----------------------------------------------------------------------
WEIGHT GAIN 

DAY 0 - 16 P.C. 59.8 64.4 .60.1 

9.6 9.9 11.1 

DAY 16 - 20 P.C. J8.4 40.2 39.2 

10.2 8.o 5.6 

DAY 0 - 20 P.C. 98.J 104.5 99. 3 . 

16.4 16.J 14.6 

BOOYWEIGH~. DURING GESTATION 

DAY 0 r.c. 201. 0 210.0• 201.s 

ll.8 12.2 10.l 

DAY 16 P.C. 260.8 274.4• 261. 9 
12. 9 16.J 16.9 

DAY 20 P.C. 299.J 3%·~· JC!. l 
20.8 .0 20.6 

• SIGNIFICANT DIFFER.ENCE~ ~ONTROL, P < 0.025 
•• SlG?;!FlCANT OlFFERENCE TO CONTROL, P < 0.01 

57.8 

10.J 

33 O• 
5~ 

/ 

90.8 
12.5 

203.l 

ll. 3 

260.9 
16.5 

293. 9 
16.8 



PER I- l\tlQ POSTNJ',Tl!.L-STUDY Tl002153 

Ntr~OER OF llN!Kl\LS 'IESULTS OF TllE STUDY 

01\l-'.~ 

N U~ B E R 0 F FEMALES 
DOSE 11/SE:H!NATED W Ii IP.PLMlTllT!ONS THTIT LITTERED THAT REARED THEIR PUPS 
[~G/t'G) USfJ N \ OF THOSE N \ OF THOSE N \ OF THOSE WITH N \ OF THOSE THAT 

USED INSEKINllTED IMPLllNTllTIONS LITTERED 

------------------------------------------------------------------------------------------------------
0 2$ 25 100.0 21 o~.o 20 95.2 20 100.0 
) 25 25 100.0 20 00. Q::' 20 100.0 19 95.0 

10 25 25 100.0 2J 92.0 2J 100.0 22 95.7 
JO 25 25 100.0 20 eo.o 'O 100.0 17 BS.O 

----------- ---------------------------- ·~----

f\N 1 P./ILS U~lDEP.GOitlG CESl'\RE:AN SECTION 

COSE 

f P.G/KG) USED N 

INSEK!tlATED 
\ OF THOSE 

USED 

N U M B E R 0 F 

WITH IMPLllNTATIONS 
N \ OF THOSE 

INSEKINllTED 

FEKll'LES 
WITH FOETUSES 

N \ OF THOSE WITH 
;MPLANTATIONS 

---------------------------------------------------------------------------
0 25 25 )00.0 20 80.0 20 100.0 

J 25 25 100.0 20 00.0 19• 95.0 

10 25 25 100.0 21 04.0 19• 90.S 

JO 25 25 100.0 23 92.0 22 95.7 

---------------------------------------------------------------------------
• OtlE FEMALE DIED DEFORE CESTIRE~N SECTlOtl 

'U 
P> 
\Q 
Ill 

..... 

..... 
~ 

~ 
w 
0 
I 

(,J 

U1 

°' 



rt:R.T- f,,•:o roSTNl1T1\L-ST:JDY Tl0021S3 

RF:'.;:.;'L7S or Tli!=: CES1\PE1\tl 1 SECT!OH (HE/\11 VALUES) 

CGSF. 

( .~--: /F.G J 

c 

3 

' -,J 

3'.::i 

W[lG/lT G/\IN [GJ 

0-20 16-20 
P .C. P.C. 

?[<. J 38.5 

lC~.5 40.2 

9g.J 39.2 

90. 8 .. JJ. O• 

NUHfll':R (PER D/\11) 0 F 

IHPL. H/\L!'; FEM. SUM LOSS 

11. 0 5. 1 5.2 10.J 0.7 

l~-4 S.l 5.5 io.6 o.e 

10.2 4.5 4.9 9.. o.e 

10.7 5.J 4.6 9. 9 IHB 

HE/\N-WE!GllT NO, OF FOETUSES FOETUSES WITH NO. OF 
IN GAAW1S EXN1INEO BY MINOR SKELE- HALFOR- RUNTS 

FETUSES PLACENT. WILSON DAWSON TAL DEVI/IT HATIONS (<JG) 

J.50 0.50 J.l 7.1 4.BO o.oo 0.60 

3.52 0.52 J.J 7.2 6.11*** o.os o.sa 

J.54 0.SJ 2.8 6.9 4.68 o.os 0.32 

3.38""' 0.49 J.l 7.2 4. 73 o.os 0.91 

----------------------------------------------------- -~-----------------------------------------------------------------

SIGNIFICANT 
SIGNIFICANT 
SIGNIFICANT 

DI Ff ER ENCE 

DIFFERENCE 
DlFfEilENCE 

TO 

TO 
TO 

CONTROL, P < 0.05 
CONTROL, P < 0. (\', 
CONTROL, P < 0. C. ,2 

'1' 

°' IQ 
ro 
I-' 
I-' 
V1 

z 
~ 
"' 0 
I 

w 
V1 

"'· 
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7. Supplemental Perinatal and Postnatal Study in Rats 

Study No: T3008898 

Sponsor: 

Dates Performed: February 1984 to March 1984 

Quality Assurance: A signed statement of GLP compliance ~ 
included. 

Doses Tested: O and 30 mg nisoldipine/kg/day. On the last 2 days 
of treatment, "several animals" received only 20 mg/kg due to an 
error, but the study results were not considered to have been 
affected by this error. 

Procedure: Dor:WISW (SPF Cpb) naturally inseminated female rats 
(25 per group) were 12-14 weeks of age and weighed 178-216 g at 
the start of treatment. They were dosed orally by gastric 
intubation from gestation day (GD) 16 to postpartum day (PPD) 14. 
All the pregnant dams were allowed to litter and rear their young 
to PPD 14. 'I'he dams and offspring were evaluated for tolerance 
of the compound, effects of nisoldipine on birth and lactation 
and influence on post-natal development (similar to the 
observations in the main study). However, this study differed 
from the main study because the tr0atment and observation period 
extended to PPD 21 i:-i the main study and only lo PPD 14 in the 
present study. 

1'est Substd11ce: Batcl1 No. 907437. The vehicle consisted of 
Lutrol, glycerol and water. 

Et fects on t lie' !lam:;: l\L 30 mg/kg, 1 died durin9 parturition (with 
b dead teLuses). Treatment related effects rioted were a !1ighly 
significclnl ciecreclse in weight gain between GD 16 and GD 20 
(initial part oL the treatment period), which r•"sulted in a 
reduced mean body W!!ight up to PP day 7, no lonoJEl evident by PPD 
14, lightly coloned teces, no longer evident at::<cl littering, 
und ptolonged qestaLion (l1om 21.G day:,; in cont<:ul Lo 22.l days 
in the treated group; P< O .001). 
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Effects on the Offspring: There were no significant intergroup 
differences in number of pups per litter at birth or after 1 and 
2 weeks. However, there was a higher incidence of stillbirths 
and a higher rate of neonatal mortality throughout the 2 week 
postpartum study period for offspring of nisoldipine treated 
dams. The body weights of pups in the nisoldipine treated group 
were lower than control at the time of birth, and after 1 and 2 
weeks. There was no effect on sex ratio at birth or at PPD 14 
(See table which follows) . 

l>OSE TOTAL 110. 
(HG/J:.G) OF YOUNG AT 

(Al.IVE + BIRTH 
DD.DJ 

CONTROL 208 2 

30 227 22* 

TOT. NO. OF 
UP TO TIME OF 
lST WEIGHING 

2 

30** 

~EAD YOUN 
AF." 

l Wl!:EK 

7 

42*~· 

G 
ER 
2 WEEia, 

ll 

so•• 

• 11qn~ficant difference from the control~. p < 0.01 
••11qn1ficant difference from the cont~ls. p < 0.001 

Com~nent: The increase in mean duration of gestation, follO\·:ed by 
a higher incidence of stillbirths and a higher race of neonatal 
mortality throughout the ~ week postpartum study period, and the 
lower body we1ghr at birth for offspring of n1sold1pine treated 
dams, were observed in both the main study and in the present 
study. These obsen·ations are suggestive of dystocia. Dystocia 
ls defined as abnormal labor, which is usually accompanied by 
increased duratior1 of labor and an increaed incidence of 
stillbirths and neonatal mortalit~·-
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MUTAGENICITY STUDIES (S. Stolzenberg) 

1. Salmonella/Microsome Test 

Study No.: Not provided. Pharma Report No. 9634 

Performing Laboratory: 

Date Performed: August, 1980 to September, 1980 

Quality Assurance: A signed statement of compliance with GLP is 
.!lQ1. included. 

Background: This widely used mutagenicity asEay detects point 
mutations (base pair by TA 1535 and TA 100 and frame shift by 
TA1537 and TA 9B), caused by chemical agents, in vitro. The 
reversion rates to prolotropl1y ot histidine requiring (his-) 
mutants to tl1e wild type l1is~idine independent stra~n (his+), are 
evaluated in a mediuw with a low content of histidine. In the 
presence of test compound, an increase in reversion rate, 
measured by an increase in colony growth on the agar plate, is an 
indication of mutagenicity. 

Procedure: The evaluation was performed with and without 
metabolic activation (provided by S-9 tractio'.1 of livers of 
Aroclor pretreated rats). S. typhimurium strains TA1535, TAlOO, 
TA1537 and TA98 were used. Two studies with •rA 1535 but only one 
with the remaining 3 strains were carried out with 4 plates per 
concentratio11 of Lest substa11ce, DMSO control or postive control 
substances. 2oncentrat:ions tested were 0, 20, 100, 500, 2500 and 
1~500 ug/plate. 

a). without S-9 a1,tivatiu11 
Endoxan (cyclphosphamide) for TAl':l35 and TAlOO 
T1ypatlavin fur 'I'Al'.i37 and 'l'A98 

b). with S-9 activation 
~- a1ninoar1Ll1ra.cenc~ tot Llll 4 lt~ster st: .:1111:.:::. 

J:,•:;ult :;: :C':iOO 11q/plale WdS tuxil' LO ba1·te>.ial qro\vlh Lor all 4 
:_;t1ain~:;, w!it:•r·Pa:: 1::soo Wd:> t.oxic· and cau~:t~d I1!•~ci1):it..:1t i<)Il, 111.J.kiilLJ 
it. 11<.)t 11c):-:,!3ilJlt• ll) t~v,_1lutil t' ccil<Jny qtln ... ·i i1. t; 1i•l 11q/1Jlalt: wa:3 

toxic Lot TAP>l'o. 111 Lhce Li1:;t lc,:;L, Lhe uo::;:• lV•e co11l1ul 101 
TA1535 without S-9 showed no response, and th· n1igative controls, 
Lc>tl1 ar1ci \'<'illl\.)Ut :;-9, \ ... ·,~1-t: unu:>udll}-' low. '1'l11_···~1.(Jr<:, L}H.:. te;,t 
1,·ith TAJ'-JJ'i 1-.·a:; t•![J<'dled. !11th•' :;.:cond lL>:;t •·:1ll1 TA1'.i3'>, nci 

irtdicat. i c)n c)l n1ut llyc)ni ci t1· \'l.'Cl:3 :_;et~ll \1:i t 11 01 v,11 t lH>llt ~;-Y. 
~>i111ilar.l1', l~ay k ~~ 1 ):..2 :>hl)\\'+:-)<i 11tJ nu1ldtJt'r1ic t.:.ft·-1~L!; c_1n 'l'AlUO, 
·r1-.1~1·1 druj 'I'l\9H. Pc)~_>it iv,· ('()flt t<)l:; qd\'e ..-.it-1+:q1 .. 1t1• 1e;;I)<-111::;t.:.~-•; i .t"'. 

h'1-::-l l ()Vt\! tl1>Ul>l l~ l !1.)~lt: ()j t !11' llt_'(jd\ i Vt' Cl)lll l (_J L '. 
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Salmonclla/Mlcrosome Test with BAY k 5552 on Salmonella typhlmurlum TA 1535. 0 ;:l °' ;:l IQ 

I ("t ro 
("t :r 
0 I-'· .... 
x"' .... , ... 

'° f) ~ 

Mutants I Plato Total OrganlRm Count M/P Treatment Dose In 
(M/P) per ml M/P ~egatlve Con•rol µ g P"r Pl 1to 

. ro 
"' "' rt z 

0 0 ,_.."' ;i:. 
c '< 
O'"' "-' 

+ S-9 Mix 1- S-9 Mix x 108 
.+ S-9 Mlx I - S-9 Mlx 

,_..rt 0 
ro ro I 

3 "" n - "' 0 "' I . 
-

12500 Could not be evaluated I 
;:l 
n 
ro 
;:l 

2500 0 
I O.B 64.4•• - I o.so 

rt 

" °' I I 
500 8.5 I 6.5 126.9•• e.5oal 

I 
6.5oal 

rt 
I-'· 
0 
;:l 

"'~ °' "' 
I 9.ooal 

I· 
6.3oal 100 9.0 

I 
6 . J 158.4 

I 
20 14.5 I 5.0 146. 0 14.5oal I 5.ooal 

() 

0 
;:l 
(/} 
I-'· 
0. 
(1) 

" ro 
0. -I 

152.4 1.00 
I 

1,00 Neg:i ti ve Control 1.0 1,0 
I 0 I -

Positive Control 0.5 I 1.0 163. 7 0.5o31 I 1.ooal 
l::ndoxan 435 

;.J 
0 
rt 

3 c 
rt 

°' IQ 
- I 32.803

) I 19.oo"I Pn~ltlvc Control 32.8 19 • 0 5.2•• 
2-fl m\Plo~nlhr:iccno 10 I I I --

"' ;:l ..... 
() 

°' '""' • • lbctcrlotoxlc effect 
a I Sec the "r.csulls" see lion 



Salmone\\a/Mlcrosomr Te9t with . on Salmonella typhlmudum TA 100. 

Mutants I Plate Total Organism Count M/P Treatment 
Dose In 

(M/P) per ml M/P Negative Control 
µg per Pl 1te 

+ S-9 Mix 1- S-9 Mix x 108 ~ S-9 Mix I - S-9 Mix 

12500 I Could not be evaluat.cd . -- . 
J 

I I 
0.04 2500 4.3 I 

19.5 2.0•• 0,06 
I 

500 80.5 I 34,5 .. . J 
.. 

1.18 I 0,71 

I I 
100 72.l 62,0 4,1 1.06 

I 
1.27 

I -
20 53.5 I 49,l 6.2 0.78 I 1.01 

I I 

I 
NcgaUve cfonlrol 68.5 I 40.8 4.7 1.00 I 1.00 

Positive Control 27).IJ I 82 .o J.9 4.oo• I 1.68 
Endoxan 435 

I -· I I Positive Control I 81.8 0.6•• 16. sa• t.68 1136.0 2-A rnl"oanthracene 10 
I I 

• Mulag.-,nlc effect 
• • n:ictcrlotoxlc cUcct 

.,, 
'" IQ 
ro 
..... 
N 
0 

z 
tJ 
;:,. 
N 
0 
I 

w 
V1 
a-. 
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S:ilmonclln/Mlcrosome Test wlth )n Salmonella ty,-.hlrnurlum TA 1537. 

MJtants I f!alc Total Organism Count M/P Treatment Oosc In 
(M/P) per ml M/P Negative Con' rol µg per Plitc . 

+ S-9 Mix 1- S-9 Mix x 108 
;f- S-9 Mix I - S-9 Mlx 

12500 I 
2500 0 

I 

- . I . 
500 J .J I 

--
I 

100 7.l 
I -- -

20 s.o I 
I Negative Control s.o 

0 I 
Positive Control 162.8 I I Trypail:ivlno 200 

Po" lllvc Control l J7.l 2-A mlno'1Illhrncene 10 
I 

Could not bo evaluated 

0.5 45.~·· 

1. 5 ~9.1 

2.0 51. l 

1 . 5 51, 5 

4,0 50.9 

114. 8 44,7"" 

1 s.] 0.1•• 

• Mutagc11lc effect 
••• Daclcrloloxlc effect 

.. 

I 
- I 0. 1 l 

I 
0.66 I 0.36 

-I 
1.46 

I 
o.so 

LOO I 0. 38 

• I 1.00 1,00 
I 

32.56' I 28,70• 

7.46• I 3.83• 
. I 
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N ,_. 
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N 
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lJ1 
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Salmonella/Mlcrosome Tt·st wltfi on Salmonella typhlmurlum TA 96. 

Mutant~ I Plato Total OrganlRm Count M/P Treatment 
Dose In 

(M/P) per ml M/P Negative Control. 
µr, pPr Pl 1to 

+ S-9 Mix 1- S-9 Mix x 108 
+ S-9 Mb: I - S-9 Mix 

12500 I Could not be evaluated I A 
. 

2500 J.O 
I t . J too.o•• 0. 18 

I . 
0.27 

I I 
500 22.0 I 3.0 127.) . 1 • 31 I 0.69 

. .. .. . -

I 151.70 1. l 5 
j. l,00 19. 3 4. 8 100 

I I - . -
20 14 .o I 5,5 - 0. 8' I 1.14 

-
. I ,-Ncgatl\·e Control 

16,8 4 ,8 121 . 5 t.OO 

I 
1 .oo 

0 I -
Positive Contrnl 

460,0 I 4.3 H4 .3 27.38• I 0.90 
Tr)vafiavlno 200 

Posl' lve Control I 70,7•• 50.32* I t.57 2-Anilno:mthraceno 10 845.3 8,0 
I I 

• Mutngenlc effect 
• • Dncteriotoxic effect 
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<O 
<D 
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tv 
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N 
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I 
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Salmonel'a/Mlcrosome Teat with on Snlmonella typhlrnurlum TA 1535. nepeat. 

Mut.wts I Plato Total Organism Count M/P Treatment 
Dose In 

(M/P) per ml M/P Negative Control 
µg per Pl 1te 

+ S-9 M1x 1- S-9 Mix x 10
8 

,+ S-9 Mlx I - S-9 Hlx 

2500 I) I 0 toxic - I -
0 

I 
0 toxic 

I 
500 - -I I 

100 6.5 I 6.0 non-toxic .. 1,08 I 1.33 

6.8 
I 

7.0 20 
I 

non-toxic 1 .13 
I 

I 
1.56 

N<'gallve Control 6.0 I 6,5 non-toxrc 1.00 I 1, 00 
0 

Positive Control 
-, 

24.3 11,22• 
.1 

S.40• 427.3 non-toxic 
Endoxan 435 I I 

rPosilive Control 

I 44,3}" I 1.89 112-Arnlnoanthract'ne10 266.0 8 • r; non, toxic 

) 

) 
• Mutagenlc effect 

.,, 
°' '° (]) 

.... 
N 
w 

§ 
;io. 

N 
0 

..... 
\J1 

°' 
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2. Salmonella/Microsome Test 

Study No.: T 5027709 

Per~Q ·ming Laboratory: 

Cate Pe~formed: 1/29/88 to 3/11/88 

Quality Assurance: A signed statement of compliance with GLP is 
included. 

Procedure: Tester strains used were S. typhimurium TA1535, TAlOO, 
'I'Al537 and TA98. 'I'Wo diffe.-<>nt forms of S-9 were used; from 
livers of Aroclor 1254 pretreated male NMRI mice, and from livers 
of NMRl male mice that had been pre-treated for 28 days with 2000 
ppm Bay k 5552 in the diet. All the studies were carried out with 
4 plates per concentration of test substance, control or postive 
control substances. Initially, concentrations :ested both 
without and with metabolic activation were 0, 20, 100, 500, 2500 
and 12500 ug/plate. Subsequently, concentrations tested were 0, 
75, 150, 300, 600, 1200 and 2400 ug per plate. There is no 
explanation as to why two methods of enzyme activation were 
employed. 

Positive Controls: 

c.). without S·9 activcition 
Sodium azide for TA1535 
Nitrofurantoir1 for TAlOO 
4-nitro-1,2-phenyler.e diarnine for TA 153',' a.nd ''A98 

b). with S-9 aclivatior1 
.:::- a1ni110011tl11 ,J.c:c:11e ll)r all 4 lesler 0tro J 113 

HP:;ults: No indication ot mulagenicity was obset·ved at any 
coucentrciliun tested. However. 20 ug/plate, the lowest 
cot1cent.1ation te::;Lt~d, was t11t.~ 01111/ concenttaticl:i aL wl1icl1 
Dacleriotoxic pro:t')lein~; \-Jere llOl encot111tered. ~>--=arti119 al lSO 
ug/plaLe, precipilaliu11 p1·oblems were also e11co~1le~ed. Positive 
c0ntrol:.; gave adequale responses; i.e. well over double the 
cc)l<)I1)' cou11L ot Ll1e IH.~yali ve cor1L1-ol~. 

Lld\' k ~LJ~2 \'-Jd~;, con.0iJ.e11.~ci nc)l n1ut Ll!Jt·ni(_: in tl1j :; t-1.:~:;t ~-:;y~t t-"111, l_)ut 
t}1i:._; ~;luti}' _j_~; \.:dl id. cJuly .. Jl ::o u<.J/IJ1atc• lH'l'at1~·;1· it \\'d:J t.!1P <nil~, 
(_':1nct-~rlt1ati<.J!l <-JL \\1hi<·i1 tcJxicit·}' arid/or· {)1·c~ci~)it.-1ti(,_)n 1)r<.Jl.)l\-"tl\~-J 

\v<.>no not encountered v1itl! all 4 l.Jacterial slra1ns. 
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3. CHO HGPRT Forward Mutation Assay 

Study No.: T 1023114 (sponsor's number) 

Performing Laboratory: 

Sponsor: 

Date Performed: 7/11/86 to 10/29/86 

Quality Assurance: A signed statement of compliance with GLP is 
included. 

Rackground: "Tlx' objective of this study was 1 o evaluate the test 
a1ticle for its ability to induce fon1ard mutat.ion at the HGPRT 
loc~us in the CHO-Kl-BH Chinese hamster cell 1 ine, as assessed by 
colony gro;;th in the presence of 6-thioguanine ('l'G) . Hypoxanthine 
guanine phosphoribosyl transferase (HGPRTI is a cellular enzyme 
that allows cells to salvage hypoxanthine and guanine from the 
surrounding medium for use in DNA synthesis. If a purine an;olog 
suclt as TG is included in the growth medium, the analog will be 
phosphorylated via the HGPRT pathway and incoq)orated inco 
nucleic acids, eventually resulting in cellular death. The HGPRT 
locus is localed 011 the X chromosome. Since rn1ly one of the two 
X chromosomes is functional in the tcmalc CHO cells, a single­
step torward mutation from HGFH'I'+ to HGPRT- in the functional X 
chtomosome will render tlHc• cell urlilble to utilize hypoxanthine, 
guanine, or TG supplied in the culture medium. Such mutants are 
viable as wild-type cells in normo.l medium because DNA synr.hesis 
muy still proceeci by de !l2YQ synthetic pathways that do net 
i'1volve hypoxanLhine or gudnine as i11tennediat:1,s. The basis fo1 
the sco.lecLion ol HGPl\'l'- mutants ~"' Llw loss o! the11 ability to 
utilize toxic purine analogs (e.c;., 'l'G), which endbles only the 
HGPRT- mucants Lo grow in the presence oi '!'G. Cells which grow 
to form colonies in the presence oi TC; are therefore assumed to 
have muLo.Le'd, •either spontaneously or by Lhe action of LhG tec>t 
article, Lo the l!GPIZT- ge;iotype." 

.r,r·r)<::'f~(i\lr(".: 111 IJrc~lintin:..1y, rar1ge fir1dir1g test:;, C()tlcenLt_·ations oi 
50 Jnd 100 119/ml (batcl1 ~828305) without meto.bolic 
a<'t i.val ion we11-e tuund to be 100% cytotoxic to ! h" cell culture, 
Ulll in tile !''e:;pnce oi metabolic activation (1,,·ovidc.d by '.3-9 
t1acti\JI1 ()f livt-.~1;_;. i.Ji .~roclo1· 1:~1.)4 pLl:::'t.reatc;ci i"Jt::>), 100 ug/rnl 
cd .. UJed onl)' Li -)Y% decret:ise ir1 :Ju1vivdl. i11dex. 

~'htee t•c:;l'.; 1,·1tllcut ~]-9 includ<0d duplicate cult.ui•.>:; with 
CC)t1Cen.trali()Il~--; lH:?tv.,1eeri 10 ~:<.) 4() ug/rnl, dild. t.\.\'<1 t(3:.:>t::; v.1itl1 S-g 
iric1 udt::d. dUfJl ic-:-at1::) cu.lt.ure:1 wi t!1 C'(Jl1C'('tll L,il i-:-l\1'.' cit :°) t<) 8[.) \Jq/in1 
[>()Siti\'(~ c::c)ntrc)J:; '-''l~1t'> ~)-lJ1·c)Jll()<i1:-:~cJ.X}'Ul.i(lin1-' h 1 i1!1uut :~-9 ar1ti 3-
nh:t-lv/ i<:l\c)ldtil }11·1··11t-· ir1 t·{1t; fJl t·•::J~?It<-:c~ rJt :;- Y. 
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Results: Decreases in relative cell survival were seen at 30 
ug/ml or higher concentrations without S-9, and at 50 ug/ml and 
higher with S-9. '!'here were sporadic, Sfoail but statistically 
significant increase8 in mutant frequencies in each of the 3 
tests without S-9 and in one of the two tests with S-9. In every 
case the increase occurred in only one of the two duplicate 
cultures. In spite of a suggestion of a concentration 
relationship at 40 and 60 ug/ml without S-9 (see tirst 2 tables 
which follow), it was claimed that a concentration relationship 
did not exist. It should, liowever, be noted that even among the 
duplicate controls, there were wide variations in mutant 
frequencies in most of the tests. 

was considered not mutagenic in this test system. 
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~~l()/llGP_R~~~_Gf ti( SI! _AS SAY_~[ Slll__T S f-' 
IV 
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CLIENT: HST ARTICL[: ASSAY NO: [ ·95 !t -- ------ ---
Vfll!CLE: l1H';O lf~T OATE: _Au9~~~,__!Jn& z 

o 
':.l'.'l('clive fl')rnt: 10 11q/mt thiol'_Juilnine Cells ~rrded for analysis: 200/dis\1 for r..r.; 2x10'/dish for m1tants >' 
{)prP~~lon Timr: 7 dJyS IV 

0 

- lltl -:l'lll'li1 - -----·-- ·--·----- -· - --i-1t1TAnr- I 
l..J 

sunvtVAL TO TP[ATH[tlT 1 IOll cno~ Tl! rn11M11 rrn ornrs IOTA!. MSOLllT[ fR[Q. Ul 

rrsr -Rr Ml TllHHIY--l'CTiC[ITT- (t or nl Sil 1111111\10 11111 MIT c.r .1s.o. IN io-• O' 

corio 1 r toll llllfli£R ! S.O. NfG.CONTROL COtllllOL) l-;-.1·T·-s· G I 11· 9- Ir. ·11 T2 fllLONf[S ( t) HNllS' 
-------- ·------

t/01/ACT l VAT ION: ------ 250.0 t 13.5 0 1 0 0 0 0 0 0 0 0 0 0 I 118.5 t 8.7 0.4 Vf"h\c\e Control 215.C t 1.0 
100.0 100.0 

2 2 0 1 0 1 2 1 2 3 0 4 18 100.e 1 13.9 6.9• 

Positive Contra~ 145.7 t 1.5 54. 7 t7 .4 26 iO i~ 11 26 17 26 24 10 20 22 23 261 OR.5 1 1.3 122. 9" 
(50 ~g/m1 OrdU) 149.3 t g. I 56.0 60.4 23 22 25 10 35 21 tR 23 JI 31 18 25 296 A6.8 t 7.J 14t.I•• 

!£ST ARrtCL[ ----
10.0 1•g/ml l4l.1 t 6.5 91. 1 169.6 HOT UOtl[tl 

10.0 11g/m1 251.7 t 12.7 94.4 159.6 NOT CLON£0 
12.5 tig/ml 237 .3 t 7 6 89.1 131.4 NOl Cl ON[O 
12.5 ~g/ml 263.7 t Jl.O 98.9 139.6 HOl CION£0 
15.0 119/ml 243.3 t 7.5 91.3 127 .J 0 2 0 0 0 0 0 0 I t 0 0 3 83.5 t l.6 I .6 
15.0 11q/111 24~.o t 22.r. 91.9 164.6 0 0 I 0 0 0 0 0 0 0 0 0 I 80.5 t 6.1 0.5 
20.0 ~g/ml 243.0 t 21. 7 91.2 143.7 uoT Cl ourn 
20.0 1191 .. 1 232.7 t 11.6 87.3 136.2 NOT CION£0 
25.0 1•9/'"I 215.7 t I0.2 80.9 124. I 1 1 I I 3 I z 0 2 0 ' 0 13 84.0 f 4.0 6.4 
25.0 119/ml 206.7 t 28.6 17 .5 115.2 2 0 1 1 0 0 I I 1 I 2 0 10 100.J t. 2.3 ~.z 
JO.O ~g/ml 249.0 t 6.6 93.4 99.7 c c c c c c c c c c c c - 100.0 t O.Ot 
JO.O pg/ml 221.3 t 10.0 05. 3 65. I 0 0 0 0 4 0 1 1 2 0 1 I 10 113.3 t 4.6, 3.7 
:i>.O pg/ml 231.7 t 21.5 89.2 59.8 c c c r. c c c c r. c c c . 122.S t 6.4 
JS.O pg/ml 227.7 t 11.7 05.4 55.1 0 0 0 0 2 0 0 0 0 I 0 1 4 133. 7 t 4.4 1.2 
40. 0 1•9/ml 19).J t 9.l 72.5 H.6 4 2 I 1 4 J 3 0 0 3 0 0 21 105.Z t S.5 0.3 .. 
40.0 1•q/ml 193.0 t 13.0 7:!.4 42 .J 0 0 I 0 0 0 0 0 0 0 0 1 2 10~.8 t 3.J 0.8 
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SURVIVAL TO TREATMENT Tl ON CROW! 11 11111MH cm mnrs TOTAL ADSOl ll!E rntQ. w 

HST 'IDlfl:OLONi i'l'ITT:rtir- (t or OISll m1110rn ltllTnNT C.E.tS.O. IH 10-' Vl 
C'. 

roNrlTIOrl ll!Jll!lfn ' s.o. N[G.CONTnnL CONTROL) rzr-~-,, (, --; ii - 91-011---u COLOllHS (1) UNITS a 
-·-. ---------

l:OllACTlVATlOH: 

Veh,ClP LOr,trol 193. 7 t 6.0 100.0 100.0 0 J I I 0 2 2 0 1 0 0 0 10 I02. 3 t 4.9 4. 1 
1111.0 I IS.4 0 ? I ' 7 7 0 I 0 I 0 0 10 111.l t 13.7 J. I ' 

Pos ft Ive ControA 148. 3 t 15.8 77 .9 31.6 12 14 16 10 1J IJ 15 14 IJ 16 17 15 168 103.l t 4.0 67.8 .. 
(50119/mlOrdU) 139.li 7.0 73.4 )2.9 20 12 10 16 20 15 n 14 16 IJ 14 10 190 105.0 t 6.6 75.4 .. 

HST MTICLE 

10.0 119/rol M7.l t 12.1 17 .4 43.6 0 4 0 I 0 1 0 0 0 1 0 0 7 129.0 t 5.l 2.l 
10.0 j1~/m1 1~6.l t 11.8 82.1 59.5 l c 2 2 1 l l 0 l l I 0 21 12S.8 i 6.4 7.0 
15.0 119/ml 152 .0 t 17 .l 79.9 4~.o 1 . 1 1 1 1 1 1 0 2 0 1 2 12 127.0 t 14.1 l.9 
15.0 119/011 151.J t It.I 79.5 39.8 1 0 1 0 0 4 I 0 J I J 0 14 142.7 t 14.7 4. I 
20.0 119/ml Ill .o t 23. 1 12.0 44.8 0 0 2 0 1 0 0 0 1 0 2 0 6 112.l t 7.4 2.2 
20.0 119/ml 1Sl.l ! 11.2 79.5 J 1.8 1 2 4 5 2 2 1 2 1 0 1 I 22 141.l t 2.8 6.5 
J0.0 119/rol 1l5. J t J.2 65.0 42.9 0 2 1 1 0 0 0 1 2 0 2 0 9 110.2 1 1.2 3.4 
JD.0 119/rol 135.7 t 0.6 11. J 4?. 9 J 1 0 1 1 2 2 2 3 ~ 2 0 22 115.5 1 4.4 7 .9• 
•.1.0 119/ml 4'l .1 t 9.0 22.4 7.0 0 0 I 0 0 0 I 0 0 I 2 I 6 129.l t 15.7 1.9 
40. 0 119/ml 42.l t 6. t 22 .2 1.4 0 l 2 4 l n 4 l 4 ) l ) ~4 96.l t I. 5 19.o•• 
60.0 111J/ml 0.0 t 0.0 0.0 < 0. 1 110 T CL orirn 
60. 0 119/11. I 0.0 I 0.0 0.0 < o. 1 NOT CLOlffO 



(\10/llf.PRT M11Tnr.rtlfSIS A)',IV nrs111 TS ---------------- -----·-

CLI EHT: TEST AnTICL[: ASSAY HO: C-9510 --------- ----·---
VflllCLf: _!~lSO HST OAT[: _!l.c!Q!•e!:J0,_1~116 ______ _ 

Selrctivr Agrn•: 10 vg/ml thioguanine Cells SCC<lcd lor anJlysis: ZOO/,\isli for C.£.; 2xl0'/dish ror irulonts 
fxpre5sion Time: 1 days 

REL .POl'Ulli- - Am--
SURVIVAL TO TR£ATM£NT T ION GRO~Tll Hill All I CO! Oii I£ S TOTAL AR SOLUTE FR£Q. 

TEST TlUil coloRi rrnrnr- (t OF 01 Sii 111/MnfR flllT ANT C.£.tS.O. IN 10-' 
CONOI I ION 1Mf1£R t S.O. N£G.COllTROL CONTROL) I 2 J ~ -s--i _J_ il __ 1fllllrTI COi ONlfS Ix) Ut11T53 

----
•rnrtACT I VAT I Otl : 

Vf'hicle Control 
152) t 11.2 100.0 100.0 l 2 II 0 I 2 0 0 0 0 0 J 9 112 .8 t 6.8 J.J 
172.0 t 8.5 1 2 0 0 2 ] J J 2 1 J 1 21 126.5 t 11.0 6.9 

rosltl·!C Contro~ C4.7 t 1.2 52.2 42.9 24 2~ 27 15 40 25 20 21 27 24 21 2B 297 101.J t 11.5 122.2•• 
(SO 1.19/ml Cr'"rlU) ~4.1 t 14.5 52.2 41. 1 2J 22 21 21 24 26 17 13 2B 20 JO 20 265 90.7 t 5.5 121.1•• 

TEST ARTICLE 

10.0 v9/ml 140. 0 t 6. 1 86.3 76.0 2 2 1 3 ~ 2 2 3 1 2 2 0 25 108. 7 t 1.3 9.6' 
10.0 vg/ml 145.7 t 4.0 09.8 95.6 0 J 0 I J 1 2 0 2 1 2 5 20 101.8 t 11.l a.2 
15.0 o<q/"'1 M6.7t13.1 90.4 OS. I 0 . c 1 0 0 I 0 2 0 2 3 1 10 120.5 t 1.7 3.5 
15.0 v9/1nl 136.1 t 12.0 84.J 12.4 2 2 J J 2 I l 0 J 0 1 1 21 115.8 t ll.8 7.6 
20.0 v9/ml 130.7 t 11.5 05.5 67.7 0 2 1 0 1 0 0 2 0 1 0 I 8 124.2 t 6.6 2.7 
20.0 119/ml 120.0 t 20.9 70.9 73.9 0 2 J 3 3 4 2 J I 2 1 3 27 100.3 t 9.4 11.2 .. 
J0.0 119/ml 102.7 t 7.4 6).3 65.0 1 2 1 1 I 3 2 I I I 3 3 20 - 104.2 t l.2 0.0 
30.0 v9/ml 108.3 t 9.0 66.0 57.7 T T T 2 2 1 1 5 2 I 4 0 10 122 .3 t 11.0 8.2 
~0.0 vg/ml 45.7 t 12.l 20.2 8.2 6 0 0 1 2 ~ 4 0 l 0 3 I 22 116.8 t 3.3 7.8 
40.0 1>9/ml 47 .0 t 5.3 29.0 9. 1 1 0 1 0 1 1 3 0 1 1 2 0 11 113.5 t l.9 4.0 
60.0 119/"'I O.J t 0.6 0.2 < O: I HOT CLOH£0 
60.0 119/ml 0.3 t 0.6 0.2 < 0. I llOT Cl.ON£0 
80.0 vg/ml o.o t 0.0 NOT ClOllfO 
no.o vg/ml 0.0 t 0.0 Nor nouro 

100.0 1<q/ml 0.0 t 0.0 llOT Cl OIHO 
100.0 "g/ml 0.0 t 0.0 NOT Cl OlffO 

'"O 
OJ 

<O 
ro 
.... 
'" '° 
z 
tJ 
;.... 

"' 0 
I 

w 
V1 

"' 



r11n111r.rnT rn11~r.rnr~1s ~s·.~v nrs111 TS ------·--- -- ---- ----- - - -----

CLICNT: TfST Ml ICL(: ASSAY 110: __ J:~'i!O ____ ----·-------- - ----------
Vf//ICI [: OMSO HS r 01\ TE: ~e_r_!i:n~h!..':__!_OL_l_906 

SPlC'cti.•P fl')cnt: 10 119/ml thloq11.1n;nr (C'lls SC'C'rf<'cl for an~lysis: 200/Ji<h for c.r .; 2110' /dish fer m1lanls 
f,:prc<";"iion Tim,.: 7 d•ys 59 hJlth: I - ln6 ------
--------------------mr:l'ITT'Tlfr---- -·--- -------- rnmrrr-

s11nv1vM TO TPfAWOIT 1 ION r.nmn 11 /lllTMH COi ntllfS TOTAi. AOSOl.111( rnrq. 
1 f ', T rfl Mra.; 1rnr- - PrliLfl•I (1 or 01'.11 m11m1n llUTMI! C.£.t5.0, 111 10-• 

(01WI T 1011 111/HllfR ! S.11. Nr1;.cornno1. [OllTllOI.) 17 -·.1 --~-- •, (, "j Ti •r-1 n-·11-11 COi ONl[S (1) llNITSa 
---------

5g ACTiVATIOll: 

Ve hit l• Control 
294.3 i 12.9 I00.0 100.0 

0 z 2 2 ' 0 4 I 0 2 n 0 H 110.3 t 5. I 5.3 
J%.J t 122. I 0 0 D 2 I I 0 0 0 0 0 0 4 110.2 t 5.8 1.5 

Positive Conlm~ 276.0 1 70.2 79.9 SS.4 69 SS SJ OR SJ 70 69 fiO 61 63 61 52 754 97 .2 t 9.0 J21.2'' 
(S 119/011 3-MCA)' 256.7 t 12.0 H.3 31.0 86 01 GS r,4 00 6~ S4 62 63 71 6B 03 041 117 .J t 5.' 298.7" 

HST MTICI.[ 

10.0 1•9/ml 7.72.7 t 16.J 79.0 194 .n NOT ClONfO 

111.0 119/ml 2f.7.J t 4.5 77 .4 16/ .A llOT CLOll[ll 
20. 0 1oq/ml ns.1 t It. I 85.5 111. 4 NOT n nm n 
20.0 109/ml J24. I t n.4 94.0 145.S till[ (I ON( II 

JS.0 119/ml 305.0 t 26.6 88.l 140.l I 0 I 0 I 0 0 0 0 I 0 0 4 9G.2 t 10.2 I. 7 
35.0 u9/ml 293.0 t 9.5 84.9 15l.? 0 I 0 0 0 0 0 0 I 0 0 0 2 9~.5 t 5.9 0.9 
50.0 ug/ml ~00.J t 43.7 197.0 ln9. I 0 0 l 0 I 2 2 3 0 J I I 16 94.7 t J.8 1 .o• 
SG. 0 v9/ml 250.0 t 11. 5 l?.4 9~.4 I 0 2 0 0 1 0 0 0 0 0 0 4 01.8 t 5.0 1.9 
60.0 u~/111 215.3 i 13.6 fl,4 11. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 91. 7 t 6.0 o.o 
60. 0 119/Ml 250.0 t 13.0 72.4 JI. 5 0 0 0 0 I 0 1 0 J 2 0 0 7 95.7 t 4.5 3.0 
10.0 119/ml 124.7 i 2.' 36. I 11. J 0 2 0 0 0 0 0 0 0 0 I 0 3 Rl.J t 5.9 1.5 
10. 0 1•9''"' 119. I t IZ.I H.I 11.0 0 0 0 0 I 0 I 2 0 I 0 0 5 79.8 t l.l 2.6 
ns.o ,,9/ml n .o • I. I 6A 2.9 0 n n 0 0 0 0 0 0 0 0 0 0 102.2 t 5.5 0.0 
ns.o 1,q/ml 74.0 t J.6 1.0 3.0 0 0 0 0 n 0 n n 0 n 0 0 0 90.3 1 4 .A n.o 

100.0 ,,~/ml 6.J t t.S t.O 0.3 Hot c1 ouro 
100.0 11o'ml s.o t 2.6 I.~ 0.3 tlO I (I Olll 0 

--~------------- -----------·-· -- - - - . --· .. --- ----------------- ---- ·-------

'U 
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lQ 
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'U 

°' '° c1io111r.rnT Hl1Tl\r.rnrs1s l\SSl\Y nr',lllTs Ill 
------·-- ------ ..... ...., 

..... 
CLIEN TfST ARTJCLr: ASSl\Y HO: _[:951~---

---~--- -
V[llfCI[: _11150 HST MH: _nc t_CJ''~!:.._! •. _ 19R~------ z 
Selective A9rnt: 10 109/ml thlo911anino r.11, , •• dod for •n•ly,is: 200/dish for C.£.; 2•10' /dish for "'1tants t:I 
£1pr~ss;on T~mr: 1 days S9 batch: I - 1116 ;i:. 

-----
N 

mnrrn h- m1ir- 0 

SURVIVAL TO TRfllTHENT Tl oN r.uow 111 fl!IT MIT f.01 ON 1£ S TOTllL MSOLUTC rnrQ. 0 ...., 
HST tl1" Mfl'.OtoNV rrncnrr- ti or 01 Sil llllHOI R llllTl\Hl r..£.!S.O. IH 10·• U1 

CONDI I ION 111MJrn 1 s.n. NEG.CONTROL CONTROL) r-r-:r-;i---, r;·--r n--~ ii I! COi ONICS (X) UNITS1 °' ---------
59 llCTIVllTION: 

Vehicle Control 237.3 t 12.7 100.0 100.0 0 c 0 0 0 c c I 2 I 0 i 5 IOI .8 i 3.5 2.7 
341 .3 t 31.5 I 0 0 1 1 I 2 1 3 2 2 1 15 125.8 t 9.5 5.0 

rosltlve Contro~ 259.7 t 1.5 01.8 ~9.4 c 71 c 9~ c on 69 93 11 72 73 73 696 Bn.2 t 7.2 482 .1•• 
(S 109/ml 3-llCA) 2f>6.3 t 24.0 1\3. 9 ~6.~ no M 111 09 19 112 10 rn n 62 65 14 915 85.8 t 1.1 444.3 .. 

HST ARTICLE 

20. O vg/ .. 1 332.0 t 2G.5 104 .6 90.3 0 0 1 0 1 0 2 2 1 0 I 0 8 119.7 t 4.0 2.8 
70.0 109/ml ?OJ.O t 43.R 09.2 00.6 2 2 0 1 I 1 I 0 1 0 I 3 13 127. 3 1 2. I 4.3 
35.0 v9/ml J~l.7 t \J. I \01.1 99.2 0 I 0 0 2 n 1 0 0 I 0 0 5 122.J 1 6.8 1.1 
JS. 0 109/ml 266.0 1 16.6 83.S 132. 5 n 0 0 0 n 0 n ' 0 0 I n 2 129.2 1 10.2 0.6 
50. 0 119/ml 268. 7 1 7 .6 84. 7 c NOT CION£0 
50.0 119/ml 272.0 1 7 .8 85.7 c !IOI Cl ONfO 
60.0 109/ml 218. 7 • 39.4 87 .8 75.4 2 0 0 I 3 2 3 0 I I 1 c 14 117.3 1 3.8 5.4 
60.0 119/ml 280.7 1 4.6 ~0.5 82 .3 I I , 0 0 1 0 0 0 I 0 I ' 6 141.5 l 4.8 1.8 
70.0 119/'"1 16?.3 t 14.5 SJA 22.9 I I 0 I 0 1 0 0 0 I 0 0 5 116.8 1 9.4 1.0 
70.0 119/ml 142.1 t 10.I 45.0 31.6 0 0 ' 0 2 0 0 1 0 0 0 0 4 99.5 1 4.R 1.7 
AS.O 11')/ml 46.0 t 5.6 M.S J.J J I n 2 I 2 0 2 I 0 I 0 IJ 109.S t 2.0 4.9 
ns.o 11q/m1 34.0 I J.6 10. 7 2. J 2 n I 0 0 0 0 0 0 0 0 0 3 125.7 I 0.6 1.0 

1no.n 109/ml s.o t 0.0 l.t 0.2 llOT rl OllfO 
100.0 1oq1 .. 1 J.J t 0.6 1.0 0.2 11111 rl ntll 11 

--------· --· ----·-·-- ·- ·-·· --·-··---- ·- - -·--···--· - ----· 



Page 132 - NDA 20-356 

4. Mouse Hepatocyte Primary Culture DNA Fepair Assay 

Study No.: T2 023 386 (sponsor's number) 

Performing Laboratory: 

Sponsor: 

Date Performed: 8/14/86 to 2/25/87 

Quality Assurance: A signed statement of compliance with GLP li 
included. 

B,1ckground: Freshly obtained rodent. melabol ical ly active 
hepatocytes are capable oL limited biol rans fonnal ion activity. 
Chemically induced d<1!lkl.ge Lo nucleic acid of Lhe mammalian cells 
results in an effort by Lile enzyme systems Lo repair the 
defect (s), resulting in unscheduled DNA synth.~:;is. 

Procedure: Freshly prepared henatocyle primary eel l cultures from 
adult B6C3F 1 mJ.le:i were used, according to thf• 1.1elhod of Williams 
et al, Cancer Letters b: 119-306, 1982. Eigl1L concentrations 
between 1 mg/ml and ':> X 10' mg/ml (listed in the table which 
follows) were Le:JLed in triplicate against <:i:no' hepatic eel ls. 
DNA repair wcis determined by 311-thymi·jine upte:ke, to determine 
the net increase in nuclear qtciins incluced by the lest compound. 
Ben=:o(ci)pyrene setved dS poc;itive control and DMSO and pyrene 
~:-.;erved as 11egat i ve c·or1trols. A test corn1)ou11d \Vas ccinsidered 
{)OSitiv1.~ wl1e11 tllt-3' 1nl~a11 r1et 11uclea.1· g1.::1:in Ct)UIP exc::ceded t!1at oL 
Ll1e DMSO co11Lrol L'f 111ore Ll1u11 2 Jlu11dard devi,-tt ic,11:;. 

~\lt~-;: C}'Lotoxi(::ity w\1:-> observed at cor1cent:l1ti1..1ns oL 1 and 
':iXl01 mg/ml. No net increase in nucl<edt gt a in count was ot'served 
al concenlraLions bet w•een ':iXlO' and 10 1 mg/ml or wilh pyrene and 
!JMSO (negativ•e controls); the poc;itive control, ben::o(a)pyrene, 
was l1ig!·11y 91::11ot(Jxic, lr1ciict-1Lirtg tllaL t.l1e l1c~1J,;I ()<::)l\.c.-:>s were 
cdpable oL metdl.iolic Lrdn:;ioundlion and DNA t•·1>ci11·. 

Uncie1- tl1 ... -: c::<.)tll_ii.t io11:> ot tl1i.~_; tesL :;y·~;t i~n1, Ni::;1·,Ld11"J1.ne \..;J:-:; 

t::o11sidered Lo lJe IHJl ~~er:otoxic Jl ctJ11cenL t<lti1 -110 u11 to 10 1M 



Nill/IN Vtll<O Sy,11•ms t".11·lltty 
ll1•pu1 I 1111: !ll't:/!'U~ !f~p:~!!· .!':s~~'J 

11:1 f p: ~~'='':'!'!!~!'_? • ._l ?!1~· 
F1q1I 0 
Chrmlr<fll 
Holrorular "'' 
~n11rrp/('uf"lty 

1.ol I/ 
~olv .. nl /vPhlrlr. 
'Jolatlllty 
l'•Praut ion~ 
ro<; I I I Vf"' ront rol 
tlr-"~tlvr ron•f"nl 

COITTl!Ol .S 

Pnslt\Vf! Cone. 

[I!! 2 ! Rf1 ______ _ 
~~t~~!r!11r _____ _ 

Jltt~o __________ _ 

[l••nz~{ a )11yrP!1"-j ~ar L 
l'v· l"Uf! _ ... -·-- ---------

A"i•1ay Int•! liod 

!l1•P<' IP~/~ I r .1I11/·~P11: / 11~1· /wt 
01·Ka11 or I ls•;11t•/1·onclll lo11 

<'.1~l l•;/p1 lm.11 y or I l11e 
tlr>1l I 1t1" 19<;4•,j: 

ll11r;lf ln11 nf 1·h1•111ical 1••poc;1111• 

Clu•rrdc.i I ilosP r:1n,!P 

f11::po<;111 f' 11\PI 111111 
l.:1lu•l/11C:l/1nl or Cl/uifl. fl11:1I 

l11ll"tVal l1Plu1•r-n PXI'. an1l l~llPl 

U11rat Ion or lal•c>I 

fi1:~0~~~!'..!ll!:~l!~!Y~ ..•.. ·----
l!•!ll ~~· { llf1<_: If 1 /lt;1 It•/~''" l t_/ ~ R ·] 2g 
I.I vet - -------·-. 
!'_!·~~n;~!Y _____ ----- ·---------
~!!!!1..!m~_~li!1~!~~n !:: ···---· ___ _ 
IR l11·s. 
--------- --1:--·- ----------·---
!_~~~ !l __ ~!!- ·-~"n(~'~ --- ----
111 Situ 
1· - - '------- ----- ------ -·-· 
!1~~~Y"'I11 !_l_i~ ,_I"'!!:'-''" L __ ---

~ !n•~ ~ ~-~~,~~~~--- --- -------­
!~- h~ s, --- --- ' ---·- -------

--------- ---

Aulor.11lloR· 
gratns/nurleus 

(NF.Tl* 
<:one. 
mg/ml 

Tl'Sl lll·:::111:r~: t:Ollll FNT~; : 

Auf 01 a.I Joi(. ---- ' -·-·;;; Pl1•.111 t ~I :1111l.1rtl 

'~I a J llS I 1H1c l t>llS 

( PIET) • Cytnxldly Ev .. lunt.1011 
1l1•vlnt 1011 or 
tr lp I I 1:01.t! •·ovef­
s • •r•. 

OaP I- ,,;-SH I /1], 7 t 5.0 II-'-"--- __ .:!'~~ ! ':.'._ __ "*Hrl1n of 1lupl lc·11lr. 
1·ov111·s 11 p-. • 

.L.!__! o- I ___ To!!~---•----

10-1 f__:!L~__l _L,_7 _I :;u~~~!~L!l~'!li~_e_ 

5 x 10-1-15.2•• I !i11l1lo•lc I Negative 

1 1 10- 2 J ... :.!!!~_!__!.&_ No~~!!~!"-..._ J!!!cnll Y.!!...__ 

5 x Io- -15.1 t 2.11 ~hlf! l OJ( I("': J•~s~li~_e_ 

10-J 
lr!p,at i ve cone. I R;ralns/nucl~us 

(NET) ...:l!!~l-· I_ l_tl~ll ~~! c __ IJ!!!ga ti ~e __ 

. ~~)~~~ ~~- IY~u·~~ ~~-

1-------, 
-----

~~~:-rl 
10-SH -II.If 1,.2 

17. -IJ.6 f l.J 

'.~!t <:ontrnl -IJ.Q t J.7 

'--II 5 x I0-'1...:J2.R f 0.') ---------

"' Po 
IQ 
ro 
..... 
w 
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z 
0 
>' 
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5. Micronucleus Test 1n .Mice 

Study No. : 'I' 1010 875 

Per toe ming Laboratoa: 

Date Pertormed: 11/6/81 to 12/1/81 

Quality Assurance: A signed statement of compliance with GLP is 
not included. 

Background: 'I'he micronucleus test permits the iecognition of a 
mutagenic action on a somatic tissue, the femoral bone marrow, of 
an intact animal. E1ythrocytes are normally am1clear. The 
increased occurre11ce oi 1r.icrunuclei (cl1romosomt~ i ragrnents) 1r1 

polychromatic e1ythrocytes, compared to negative controls, 
indicates thc1L the Lest ~;ulJsLance brings about cb1·omosome breaks, 
or has eifects on the spindles iu the erythroblasls. 

PrcwedutP: Bor: NMHl (SPF Han) mice, 8 lo 12 we·~ks ol age, 
weighing 23 Lu 32 g, '> oi eacl1 sex per group, ieceived 0, 100 and 
JOO mg 13ay k 5552/kg/day, p.o., on two consecutive days; positive 
controlc: received cyclopl10spharnide (Endoxan') 01ally. All anirnals 
were 8acriticed 6 11ours ~it.er the seco11d dose Qnd femoral bone 
n1n.1: row sa.n1iJles were~ tl=ruoveli loL Ll1e J)Url)OSe ot d~tl~r1nir1i11g t}1e 
tlequency o! mic1onuclL0 i 0bserved, by examination oi 1000 
polychrumalic erythrocytes per unimal. 

!".t~·:~t11 t :>: Si11ct~ t}H-:'rt-=' \ ... ·a.s r10 dii Lt::rer1ce LeLwee11 l!k.:11es arid f01nales, 
the no:.;ullc; obtai11ed 1 or both sex<es were pooled. No deal he> or 
c 1 inict'l l s i~111:..-; V./t..~l-L" (J})St_..'.:ll vc:=cJ. 'l'l1(: ~>igni ii c:-ant <J,~l~I 1-~ase~ ir1 
wnrnochrunkH ic <>1ytl11oc·yt<"; iu Llw 100 my/kg g1 ,JUI• wci:> considered 
"not biulogic.cdly :;iy11t1 ic,rnt" (:;ee L.:ible otl IJd<JF which tol lowc;). 
It i:; tlit'tetoi e cluimed tl!cil produc<·'-1 no inhibiL1on ol 
etyt l11upoie:;i:;. 

'I'llett.:' w·.1:._; IllJ lrll'll~'-1~·it' in fJC)lyt·!11u11:dl i(· t-:>1ylhr(1(·/ti'~; v;iLl1 
rniL:1011l1clei. 'l'!lt" !J0:.3ili\·1~ c:o11troJ ca.u:;c•Li ...:i h:ql1 11:>\'<.:~l ot 
t t-~SIJOil~)t-'. 

[t \\.'.._\;~ l_'f)!lC'l\_HJ.1:~l_l \l1,1l tllt"l"t~ \\'a:; JJ() indiC'dl if''.! (II d 11\lltll<Jt'Ili_(' 

t•t!t"(~t U\· t!1i:; t1..~:il. 
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• Subj. 
No. 

l\e Bl 
[ugl 

l\e Bl 
[ \ J 

Ae 102 
(ugl 

Ae B2 
[ \ J ----------------------------------------------------

3 
4 

6 
7 
8 
9 
1 0 
1 1 

1 2 
l 3 
l 4 
1 5 
1 6 
1 7 
1 a 
1 9 
20 
2 l 
22 
- ' " -
MSr..!~ 

SGEV 
CV [~] 

~S:>!AN 
MI"!:,' 
~-:. ... x 
COUilT 

3~37.79 

3962.24 
1. 15 

~203.74 

64.21 
11002.43 

7. 00 

8.594 
9.906 
1. 15 3 

3.009 
0. 161 

27.506 
7.ilOO 2.00 2.000 

31' p.o. adm. of 2 x 20 mg llisoldipine CC tablets 
One tablet containing 20 mg of Nisoldipine. 

B2o p.o. adm. of 1 x 40 mg Niso!dipine CC ~ab!ets 
One tablet containing 40 mg of Nisaldipine. 

Table) 

Feces, Excreted amount of Nisoldipine [ugl and percentage of dose. 

Single Values, Arithmetic Means, Standard Deviations. Cc~fficients 
o: Variation, Med1ans, Minimum, Maximum and N:.:.mber of Cases. 

53 



( 

90\ CONFIDENCE LIMITS AND TEST OF BIOEQUIVALENCE 

Parameter 
MS Errcr gee.mean 
CANOV~I 100°81/82 

lower 
limit 

upper 
limit 

bioeq. 
decision 

---------------------------------------------·-----------------------Crnax,norm 
AUCIO-tn,ncrml 
AUCI 0-•,norml 

0.156329 
0.081927 
0.076920 

115.109332 
96.526425 
91.82636( 

9(.623699 
83.159172 
85.261811 

Acceptable range cf bicequivalence: 80 tc 125 

Student's t for a•0.05 Cone tailed) and DF•22 
2( subjects 

Bl Nisoldipine, follcwing p. c. Adm. Cf 2 X 20 
Nisoldipine CC tablets 
One tablet ccntaining 20 mg cf Niscldipine 

B2 Nisoldipine. following p. c. Adm. Of 1 x (0 
Nisoldipine CC tablets 
One tablet containing 40 mg of Nisoldipine 

1(0.030019 false 
111.239166 true 
112.2(2477 true 

1. 717 

mg 

mg 

1-S" 254 

06 00 0876 



A controlle<I. double blind. two way single dose crossover stydy of the bioequivalence and 
tolerability of 3x20 mg ys 2x30 mg nisoldipine C.C. tablets in healthy volunteers. 

STUDY#: D90-020-0l 

INVESTIGATOR: 

OBJECTIVES: 

VOLUME: 1-32-1-33 PAGES: 902-1838. 

To determine the bioequivalence and single rlose pharmacokinetics of 3x20 vs 2x30 mg 
nisoldipine C. C. tablets and to examine the safety and tolerability of a 60 mg dose of nisoldipine 
c.c. 

FORMULATIONS: 

-20 mg nisoldipine C.C tablets batch # 523272. 
-30 mg nisoldipine C.C tablets batch # 523274. 
-Placebo tablets batch# 523167. 

STUDY DESIGN: 

30 healthy male volunteers betwee.1 the ages of 18 and 40 years weighing between 140 and 220 
lbs participated in this randomi;;. cl, placebo controlled double blind crossover study. 24 subjects 
were assigned to the active treatment group while 6 subjects were assigned to the placebo group. 
The nisoldipine group was to be given, in a random order, either 3x20 mg or 2x30 mg dose of 
the C.C. at period l, then crossed to the alternate dose at period 2. The placebo group was to 
be given nisoldipine placebo tablets at both periods. There was a one week washout period 
between treatments. 5 mis blood samples were collected predose and at 0.5, 1, 1.5, 2, 2.5, 3, 
3.5, 4, 5, 6, 7, 8, 10, 12, 16, 23, 24, 28, 32, 36, 48 and 72 hours post-dose. 
A pre-dose and up to 72 hours post dose urine and feces collections were to be performed. 



RESULTS: 

Mean plasma profiles for both treatments are presented in Figure I. The 90 % confidence 
intervals for AUC and CMAX ratios are presented in Table I. 

AUC Ratio 90 % Cl CMAX Ratio 90 % Cl 
(ng.hr/ml) (ng/Pll) 

2x30 mg 81.98 1.0482 95-115 3.4 0.9587 83.64-
109.87 

3x20 mg 80.39 3.66 

Conclusion: 

2x30 mg nisoldipine C.C. tablets are bioequivalent to 3x20 mg C.C. tablets. 
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Pharmacokinetjcs and tolerability of njsoldipine after single administration of retard tablets with 
the old and new core composition. 

STUDY # KF 715 VOLUME: 1-31 PAGES: 489-613. 

INVESTIGATOR: 

OBJECTIVES: 

The objectives of the present study is to evaluate the bioequivalence of the new C.C formulation 
in doses of lx20, 2xl0 and 4x5 mg with the 20 mg old C.C. formulation after single 
administration. 

FORMULATION: 

-Nisoldipine coat core (C.C.) tablets 20 mg (old formulation) batch # 523081, release date 
october 7th 1988, expiration date: december 12, 19889. 

-Nisoldipine C.C. tablets 10 mg (new formulation), batch# 523230, release date october 7 1988, 
expiration date: december 3, 1989. 

-Nisoldipine C.C. tablets 5 mg (new formulation), batch# 523228, release date october 7, 1988, 
expiration date: december 3, 1989. 

-Nisoldipine C.C. tablets 20 mg (new formulation), batch # 523232, release date october 7, 
1988, expiration date: dece:nber 31, 1989. 

STUDY DESIGN: 

16 healthy male volunteers (average age 35.3 years, weight 75.2 Kg) participated in this 
randomized, non-blind four way cross-over slud:r. A washout period of at least six days was 
allowed between individual treatments. 
The test substances were administered to the fasting volunteers in the morning with 100 ml of 
water on an empty stomach. Food was administered 2 hours post drug administration. 
Each subjects received each of the following treatments: 
-20 mg tablet of the old formulation of nisoldipine C.C. tablet. 
-4x5 mg tablets of the new formulation of nisoldipine C.C. tablet. 
-2x lO mg tablets of the new formulation of nisoldipine C.C. tablet. 
-20 mg tablet of the new formulation of nisoldipine C.C. tablet. 
6 ml blood samples were taken at the following times: 0, 0.5, l, 2, 3, 4, 6, 8, !O, 12, 14, 16, 

20, 24, 36 and 48 hours post administration. 
Urine was collected over the periods 0-24 hours and 24-48 hours after drug administracion for 



the determination of nisoldipine metabolites if needed. 

RESULTS: 

Table I shows the pharmacokinetic parameters after administration of the 4 different treatments 
while Table 2 gives the 90 3 confidence for the parameters of interest in relation to the old 20 
mg C.C. formulation. Figure I shows the mean pharmacokinetic profile for all the 4 different 
treatments. It can be seen that the 4x5 mg tablets of the new C.C formul<.tion gave higher 
plasma levels than the three remaining formulations. The plasma levels for the 4x5 mg tablets 
were on the average 20 3 higher resulting in bioir.equivalence (as can be seen from table 2). 
Moreover, the 2x 10 mg tablets of the new formulation passed the 90 % confidence interval as 
far as AUC is concerned, hm".'ver, it failed in terms of CMAX since the 90 3 CI was 91 to 
132 3. 

Conclusion: 

Only the 20 mg new C.C formulation was considered to be bioequivalent to the old the 20 mg 
formulations. 2x 10 and 4x5 mg of the new formulation are not bioequivalent to the 20 mg old 
formulation. 
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Table t: Comparison of pharmacokinetic parameters after single administration of 20 mg 

nlsoldlplr.e as diCCerent retard tablell (I x 20 mg, 2 x 10 mg nnd 1, x 5 mg with 

new core co.,,positlon and 1 x 20 mg with old core composition); i;co11etrlc means 

and S.O. without volunteer no. 4. 

Parameter 1 x 20 mg 2 x iO mg 4 x 5 mg I x 20 rag 
(old) (new) 

AUC(0-48) 17.26 1. 54 16.85 1. 61 20.18 1.60 16.84 1. 50 

AUC-nor11 64.46 l. 51 62.90 l. 55 75.34 1.62 62.89 1.46 

HRT(0-48) 16.20 1. 21 14.74 1. 28 15. l) 1.2) 15.49 l. 28 

Cm ax l.04 1.62 1.08 1. 58 l. 31 l. 50 0.99 l. 79 

Cr1ax-nor11 3.90 l. 57 4 .04 l. 54 4.89 1.47 3.69 l. 74 

C24h 0.49 1. 56 0.36 2.27 0.49 l.89 0.41 1. 52 . 

Craax/C24h 2 .13 l. 75 3.00 2.34 2.65 l. 76 2.41 l.82 

tmax 8.67 l. 78 8.31 2.03 9.50 1.42 7. 01 1.88 

f 102.49 l. 29 100.01 1. JI. 119. 80 1.37 
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Pilot study on the pharmacokinetics and tolerability of three different controlled release 
formulations of nisoldipine in comparison to the IR tablet after single oral administration. 

STUDY# 632. VOLUME: 1-38 PAGES: 3250-3560. 

INVESTIGATOR: 

OBJECTIVES: 

The oujective of the present study is to assess the pharrnacokinetics and tolerability of three 
controlled release formulations of nisoldipine in comparison to the immediate release tablet. 

FORMULATION: 

-Nisoldipine coat core (C.C.) tablets 20 mg dev #034, pt# 523082. 

-Nisoldipinc C.C. tablets 20 mg dev #029, pt# 523081. 

-Nisoldipinc C.C. tablets 20 mg dev # 023, pt# 523028. 

-Nisoldipine IR tablets 10 mg dev # E126, pt# 520210. 

STUDY DESIGN: 

6 healthy male volunteers between the ages of 18 and 45 years participated in this non blind 
randomized triple crossover study for the C.C. tablet followed by a single dose administration 
of the immediate release formulation with washout phases of 6 days. 
Plasma samples were collected at 0, 0.5, I, 1.5, 2, 3, 4, 6, 8, 10, 12, 14, 16, 20, 24, 28, 32 
and 48 hours (56 hrs at period 2 and 3) post drug administration. Heart rate and blood pressure 
measurements were taken prior to blood sampling. 



RESULTS: 

Figure l shows the mean plasma concentration time profile for the 4 treatments while 
table l shows the corresponding pharmacokinetic parameters while Table 2 gives the 95 % 
confidence for the parameters of interest in relation to the 10 mg IR tablet. 
The sponsor concluded from this study that slowing the release rate of nisoldipine ;n, reases its 
bioavailability as reflected by an increase in AUC, MRT and the duration during which tnc 
plasma concentration was above 0.3 ng/ml. This increase in bioavailability was accompanied by 
a significant decrease in CMAX. 
Based on the result of this study, the sponsor thought that formulation E 029 gave the mo~t 
favorable results and chose this formulation for further development. 
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• 
/ STUDY 063Z 

ESTIMATES OF PHARHACOKINETIC P•RAHETERS 
GEOMETRIC HEAN, GEOMETRIC SO BY TREATMENT 

PARAMETER N NISOL .zr,,.IG CS4l NISOL .20HG IZ91 

AUC NORH IG•H/l) 6 68.673 1. 78 57 .151 
CMAX <HO/Ml I 6 0.800 I. 56 0.857 

HRT (HI 6 27. 332 I. Z7 21. 194 
DURATION C>=0.3 IHI 6 Z4.008 1.65 n.91Z 

-· 

/ STUDY 0632 
TABlt. D" ESTIMATES OF PHARHACDKINETIC PAMAMETERS 

QUOTIENTS TD RESULT Of NISOL.)UMG ISTDI IN% 

I. 40 

1 . 51 

I. I I 

I. 29 

NISOL.ZOMG 1231 

52.94~ I. 72 

1.060 1.80 

16.SH I. 38 

17.961 I. 92 

GEOMETRIC HEAN, GEOMETRIC SD. 95%-CONF .INTERV. ACCORDING TO MODEL 
REFERRING TO ANALYSIS OF VARIANCE WITHOUT ALPHA ADJUSTMENT. 

QUOTIENT 1%1 

H HISOL.20MG 1341 HlSOl.2DMO <29) 
PARAMETER SDI MODEL I /NISOL.IOMG CSTDI /NISDL.IOHO CSTDl 

AUC NORM CGlH/ll 6 HEAN, SD 219. I 1. 52 182.3 1. 43 
I. 48 9S% C.J. 156.0 - 307.7 129.a - 256. I 

CMAX CNG/MLI 6 HEAN, SO SI. 7 I. 66 55.4 Z.2Z 
I. 74 95% C.I. 31. 9 - al. 7 34. z - 89.7 

MRT CH I 6 MEAN, SO 646.7 I. sq 501.5 I . 61 
I. 52 9 57. c . I . 41.i8.4 - 932.a 347.7 - 723. 3 

DURATION C>=0.3 CHI 6 MEAN, SO 544.5 I. 64 542.l I. 48 
1. 66 95% C.I. 349.6 - 848.2 348.2 - 844.8 

~ • ~ I ' • ' . 1·1. ?:{~J,. 

'
" . 

Z6NOVqz 

NISOL.IOHG ISTDI 

31. 347 1.36 

1.547 Z. IZ 

4.226 l.~& 

4.409 l.Z4 

. 26HUV.,c. 

HISOL.20MG 1231 
/NISOL.IOMG ISTDl 

168.9 I. so 
120.l - 237.2 

68.5 I. 6 7 
42.3 - 111. o 

392.0 I. 87 
271. 7 - 565.3 

407.4 2. ll 
261.5 - 634.6 
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Clinical study on !he influence of food and time of administration on the pharmacokinetic.s of 
COT'trolle<l release nisoldipine. 

Study: 666 Volume: 42-43 Pages: 4802-5361. 

Investigators: 

Clinical: 

Objectives: 

The objective of this study was the evaluation of the influence of food and time of administration 
on the phannacokinetics of nisoldipine in a controlled release formulation. 

Formulation 

20 mg nisoldipine C.C. tablets batch # 52332. 

::;:udy Design: 

Twelve healthy male volunteers between the ages of 24 and 33 years participated in this study. 
A three factorial 3x3x6 latin square design with repeated rnr.asurements on Factor A, Period B 
Tr~tment and randomization on Factor C sequence with 2 subjects per sequence was applied. 
Single doses of 20 mg nisoklipine C.C. tablets were applied at 8 AM in fasted state (2 h before 
an american standard breakfast), together with an american standard breakfast and in fed state 
( 1 hr after an amcrican standard breakfast) during the first three periods. 
Dt•ring the additionally performed 4th period, all volunteers received single doses of 20 mg 
nisoldipine C. C. tablets at 8 PM together with a continental dinner. 
There was a washout period of at least one week between the four treatments. The 4 treatments 
were as follows: 
b,: administration in fasted state (2 hr before an American standard breakfast). 
b,: administration together with an American standard breakfast. 
b,: administration in a fed state (I hr after an American standard breakfast). 
b,: administration together with a continental dinner. 
The American standard breakfast with an average caloric content of 575 Kcal consisted of: 
-2 cups (0.2 1) of decaffeinated coffee. 
-I glass(0.2 l) of orange juice. 
-20 ml of evaporated milk (7.5 % fat). 
-2 slices of toast. 



-2 slices of boiled ham (40 g). 
-20 g butter. 
-2(1 g jam. 

The continental dinner consisted of: 
-1 glass (0.2 I) of orange juice. 
-4-5 slices of toast. 
-50 g butter. 
-boiled ham, cheese aud sa1tsages. 
-mineral water <><I !ibllum. 
12 healthy male volunteers between the ages of 18 and 35 participated in this study. 
For Periods I-III blood samples were withdrawn at the following time points: -0.17, 0.5, 1, 1.5, 
2, 2.5, 3, 3.5, 4, 5, 6, 7, 8, 10, 12, 14, 16, 20, 24, 28, 32, 36, and 48 hr after administration. 
ForPeriodlVbloodsampleswerewithdrawnat-.17,0.5, 1, 1.5,2,3,4,6, 8, IO, II, 12, 14, 
16, 20, 24, 28, 36 and 48 hours after administration. 

Results: 

Figure I shows the mean plasma profile for all the 4 different treatments while Table I gives 
the mean pharmacokinetic parameters. 
It can be seen that AUC normalized for Jose and weight were as follows: 
-fasted state: 61.69 g*h/I 
-together with breakfast: 61.03 g*h/I (ratio 99% with 90 % Cl= 78-126 %). 
-I hr after breakfast: 50.3 g*hr/I (ratio 82 % with 90 % Cl= 64-104 %). 
-together with dinner: 59.22 g*hr/I (ratio 96 % with 90 % Cl= 77-120 %). 

CMAX following administration together with meals are remarkably higher a:; compared to 
CMAX following administration in a fasted state (l.35 ng/ml). 
The geometric means, quotients and the 90 % CI compared to the fasted state were as follows: 
-together with breakfast: 2 ng/ml 148 % with a 90 % Cl of I 03 to 212 % . 
-I hr after breakfast: 1.87 ng/ml 138 % with a 90 % CI of 97 to 198 % . 



-together with dinne.-: 1. 7 ng/ml 126 3 with a 90 3 CI of 93 to 171 3. 

Conclusion: 

1-The lowest bioavailability related to AUCnorm was found following administration 1 hr after 
breakfast. 

2- CMAX was higher by about 26 to 48 % higher when nisoldipine was administered with food. 

3-lntake of food shortened TMAX by about 2 to 3 hours. 
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TABLEt 

; 

STUDY NO. 666 

ESTIMATES OF PHARMACOKINETIC PARAMETERS 
GEOMETRIC M':;AN, GEOMETRIC SD BY TREATMENT 

PARAMETER N FASTING WIT'.f BREAKFAST 
--

AUDO·ln (NG·HIMl) 12 15.65 1.45 15.48 1.74 

AUCo-~ (NG·HIMl) 12 18.40 1.39 18.35 1.56 

AUDNORM (G•Hll) 12 61.69 1.49 61.03 1.80 

CMAX {NG/Ml) 12 1.35 1.67 2.00 1.72 

CMAX,NORM (Gil) 12 5.33 1.67 7.87 1.78 

T1t2 {H) 12 7.46 1.66 7.03 1.72 

fMAX {H) 12 6.87 1.74 3.86 1.56 

Duration C ~ 0.3 NG/ML 12 20.43 1.45 16.97 1.77 

en 
~ . 
' ' 

---- --·· -· -~ __ :::-~:=_::_ -;_ 
.,,_ ••• =:;>< 

''IQ/' 

"'O ;;i:\ -

1· HAFTER BREAKFAST I WITH DINNER 
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Pharmacokinetics and tolerability of nisoldipine taken after breakfast and on an empty stomach. 

St11dv: 0323 Volume: 43 Pages'. 5362-5515. 

Investigators: 

Clinical: 

Objectives: 

I-To examine the effect of the timing of intake of a meal on the plasma concentration/time curve 
for nisoldipine in order to establish guidelines for intake where appropriate. 

2-Examine in healthy subjects whether the intake of a meal has an effect on the relative 
bioavailability of nisoldipine. 

Formulation: 

-20 mg nisoldipine tablets batch # 929490. 

Study Design: 

8 ;1calthy male volunteers participated in 2 way randomized crossover study. The 2 treatments 
were 20 mg nisoldipine either before or 1.5 hours after administration of a standardized 
breakfast. Blood samples were withdrawn at 0, 0.5, 0.75, I, 1.5, 2, 3, 4, 6, 8 and 24 hours 
after drug administration. Urine samples were collected for the following time intervals: 0-4 hr, 
4-8 hrs, 8-24 hrs and 24 to 48 hours. 
Blood pressure and heart rate were measured at the same time points when blood samples were 
withdrawn. 
The standard breakfast consisted of one egg, 80 g of boiled ham, three rolls with butter and jam 
and 2 cups of caffeine free coffee. 



Results: 

Figure l shows the mean plasma levels after the fasted and fed treatments while 'fable l shows 
the main pharmacokinetic parameters with the corresponding 95 % Confidence intt"Vals. 
The results show that coadministration with food results in 28 % increase in AUC and 31 3 
increase in CMAX. 
Table 2 shows a summary of the changes in systolic and diastolic blood pressure and heart rate. 
It can be seen from the results that when nisoldipine was taken with breakfast, the change in 
heart rate took place at a later time point but was more pronounced. 

Conclusion: 

I-Coadministration of food with nisoldipine resulted in both an increase in AUC and CMAX 
most probably due to a decrease in liver blood flow resulting in decreased first pass 
metabolism. 

2-The results sltow that there was a great deal of inter-individual variability in the effect of food 
as can be observed in the very wide confidence intervals for the pharmacokinetic parameters. 

3-The increase in plasma concentration of nisoldipine resulted in a more pronounced effect in 
heart rate since the change was more pronounced compared to when nisoldipine was given in 
a fasted state even though there was no difference in the effect on either the systolic or diastolic 
blood pressure between the fed and fasted state. 
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The effect of food on !he uharmacokinetjcs of 30 and 40 mg nisoldipine C.C. tablets in healthy 
male volunteers. 

Study: 092-045-02 Volume: 2 Pages: 1-671. 

Investigators; 

Clinical: 

Objectives: 

The aim of the study is to evaluate the effect of food on the pharmacokinctics of 30 and 40 mg 
Nisoldipinc C.C. tablets. 

Formulation: 

Coat-Core tablet: 30 mg nisoldipine batch # 526245. 
Coat-Core tablet: 40 mg nisoldipinc batch # 526069. 

Study Design: 

28 healthy male volunteers between the ag•~s 18 and 45 years participated in this open, 
randomized, 2 period crossover study. Two dose levels 30 and 40 mg were studied concurrently, 
each in a 2 way crossover design in a different set of 14 subjects. 

At each dose level, the subjects received a single dose (30 or 40 mg) of nisoldipine C.C. either 
in the fasting state or immediately after a standardized breakfast. There was a I week washout 
period between each single dose at each dose level. 
Blood samples were collected according to the following time tablc:O, 0.5, I, 1.5, 2, 2.5, 3, 4, 
6, 8, !O, 12, 16, 24, 30, 36, 4~. 60 and 72 hours post-administration. 
Ureakfast was consumed in 20 minutes and the drug was given immediately (within 5 minutes) 
after the end of the meal. 

The breakfast consisted of I cup of caffcinatcd or decaffeinated coffee (optional), 2 slices of 
butlered toast; jdly optional, 2 eggs fried in butter, 2 strips bacon, 4 ounces of hash brown 
potatoes and 8 ounces of whole milk. 



Results: 

Figure 1 shows the geomel• ic mean plasma profile for the 30 mg nisoldipine CC under fed and 
fasted conditions while Figu1e 2 shows the corresponding profile for the 40 mg tablet. Table 
I gives a comparison of the CMAX geometric means for all the 4 different treatments while 
Table 2 gives the same comparison for AUC. 

Conclusion: 

Administration of nisoldipine C.C. tablets immediately following a high fast breakfast resulted 
in greater peak plasma drug concei.trations than were seen when the same dose was given on 
an empty stomach. CMAX on the average increased 250 to 300 %. However AUC was 
decreased on the average by 26 % in the fed state as compared to the fasted state. 
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· .. · Geomeuic Mean (approximate CVJ c_ 

1.9 (62%1 

4.S (74%) 

: 2.35 . . .. "'---- .... 
1.65 - 3.36 

Geometric Mean (approximate CV) AUC.,.. 

AUCo-. (ng•html) Fasted 49.2 (42%1 

35.4 (46%1 

Ratio (Fed/Fasted) 0.72 

90% Cl 0.58. 0.89 

lo3 

2.7 (53%1 

7.5 172%1 

-2:75 

1.92 -3.92 

70.4 (50%1 

53.0 (51 %1 
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A study to determine the single dose and steady-state phannacokinetics of nisoldipine coat-core 
tablet 20 mg in elderly and young volunteers and in elderly hypertensives. 

Study #: 712. VOLUME: 1-44-47 PAGES: 6-01-0001-1337 

INVESTIGATOR: 

OBJECTIVES: 

To determine and compare the acute and steady-state pharmacokinetic parameters of the 
nisoldipine C.C. tablet in healthy young and elderly volunteers and in elderly hypertensive 
patients and to evaluate the safety of nisoldipine in these subjects. 

FORMULATIONS: 

Nisoldipine 20 mg C.C. tablets batch# 524526 expiration date June 30 1992. 

STUDY DESIGN: 

This was an open, r.iultiple dose, non randomized study. The study population was selected 
according to the following criteria: 
-healthy young male volunteers between the ages of 18 and 30 years. 
-healthy elderly male and female volunteers aged 65 years or more. 
-male and female elderly patients with a history of mild to moderate essential hypertension aged 
65 years or more. 
20 mg nisoldipi11e C.C. tablet was administered at 8 AM on days 1, 3, 4, 5, 6 and 7. Days I 
and 7 being the profile days. 
5 ml blood samples were collected according to the following schedule: 0, 0.5, 1, 1.5, 2, 2.5, 
3, 4, 5, 6, 8, IO, 12, 14, 16, 20. 24, 28, 32, 36 and 48 hours after drug administration. Blood 
samples for trough level assessment were collected on days 5 and 6 before drug administration. 
Measurements of systolic and diastolic blood pressure and heart rate with volunteers in the 
supine position having rested for at leas: ten minutes were made just prior to the drawing of each 
blooti sample. 
21 healthy elderly volunteers, 23 healthy young volunteers and 11 hypertensive elderly patients 
uf both sexes completed the study. 



RESULTS: 

Figure I shows the geometric mean nisoldipine plasma concentrations after single dose (day I) 
and multiple dose (day 7) of a 20 mg nisoldipine C.C. in young healthy volunteers, while Figure 
2 and 3 show the same plasma concentrations obtained in healthy elderly volunteers and dderly 
hypertensive patients. Figure 4 gives the wmparative mean plasma profiles after single dose 
administration in the three different populations while Figure 5 gives the comparative profiles 
after multiple dose administration. Table I •o 3 give a comparison of the pharmacokinetic 
parameters among the three different populations while Table 4 to 6 gives the same comparison 
for the pharmacokinetic parameters after multiple dose administration. Figure 6 gives the mean 
trough plasma nisoldipine concentrations. 
The results show that after single dose administration of 20 mg nisoldipine C.C., the elderly 
normal and hypertensive patients tended to have higher AUC than young healthy volunteers by 
about 50 % . CMAX in the elderly hypertensives was also 50 % higher than in either the healthy 
young or elderly volunteers. 
However upon multiple dose administration, there was a greater tendency for increase in AUC 
and CMAX in both the healthy and hypertensive subjects as compared to the young subjects. 
This resulted in a greater degree of accumulation in the elderly compared to the young. This is 
most probably due to lower clearance rates in the elderly as compared to the young. 
It is to note that there was essentially no accumulation in the young however in the elderly 
healthy and hypertensives, the accumulation ratio was around 2. 
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------ ------~ -------·--·-------- --------··- . ----·---------- ···-----
~0"4 

\'ARIAllL£ llNIT II ~IElllAN RANCiE .. /.JEl>IAN H AN(;E MEAN CONHllENC'E 
l\A 1'10 IN'l'EllVAI. 

( %) • ( j( , •• 

-------· --· -~- - - - - -- - . . -----· ---- -· ··---- .. - - . ---- - . -

l n"'' (ng 11111) 20 0.91 ? I 1.07 

rm•' (h) 19 6.00 21 6.00 f 0.0 -"1.0 2.5(1 

I A\'C(lH,.t (ng hind) 20 15.0 21 21..1 

A\!C(0-24h\ (ng.h 1n11) 20 11.0 21 15.5 

AlJC(O ~l (ng.h/ml) 20 18.1 21 26.0 

«."',111'l.r.onn 
+ (mg/111!) 20 3.34 2 I 3.65 ,., 71-135 

AlJ\(0-24h)norm • (mg.him!) 20 40.0 21 56.6 Bl 85-186 

A UC(O °"lnorm • (mg.him!) 20 68.9 21 9.1.S 158 lll0-252 

t.') Cl•I IJ 10.5 17 ll.6 ISO !06 212 

1.rnr (h) IJ 19.7 l'I 2g_5 

Cl.If on1\ 20 1105 21 770 

Cl ./f,,nrm •• (l/h!l-g) 20 14.6 21 10.7 

v,.1r (I) 13 21186 17 17651 

v ss/fnorm ++ (\lkg) 13 323 t7 259 
---·-- -------------·--------·-·---~··--· ----· -- _____ , __________ ·-·----

Nonpara1netnc c~tiuiah: of "'clJcdy/youug· 111.:.11\ H•t1•1 

•• Nonparan1etric 909' confiJcnce inter.'<1\ l,1r 11:.: "'c!J..:d~·/y,,,.,,:.' .. •1 1< .. 11 1.d11• 

': Nonparamctnc C:!>ti1r ... 1e of "'c!J~rly-)11u11b' 1nc..ln tlilfc1c11..:c 1111t.I 90',{ conti1!t:11 ... ~ ir1tcrv11\ fdr the ·c1.l..:rly-y11u11~· 111~11 dilT..:1cn1:t 

+: Nonn.:.11iL...J tor <lli.•.e per ho<ly n1ass. 
I 1 · Nu11n.1hz.c"-\ for holly 111a'>'i. 

Cl . .) 

' _.., 
1-.J 
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U'l 
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Tali le 2: SIJJ\1:\IAH\' OF l'IL\ I: '1 \I 'I lF 1 •,11 ·1 11 · P \TA FOH NISOl IHl'INE 

'Ly I - Siugle dose phase (Oose: l x ~O 111g 11i\Oldipi11~ cc tal1lct) 

r- ---------·-
LltllTI}' ''' lltrh:n'l' c \Htlil'ut~ lft'alll1y )Olllli! \cdu11fl't'No 

\'AHl\111.E l'Nll ll ~It'll(\ 'I IC'\~:< iE ti ~11:n1.1~ l<ANflE MEAN 
ltATIO 
(I(,. 

90'4 
C'ONFlllENCE 

INIHtvAL 
(I( i·· 

• 

-------·-·-- -- ··--·----·- -----·-··---. ----··- ··- -··-------------- ... ·-----· ·-· ··--------
( 

... ~ l 
q1g 11ul) 

t. n (11) 
i 
i r"d 'C'itl c ) 

" 
(11g.h'1nlJ 

AL'C(0·2~l•l (ng.Jit1n1) 

AL'C(O·"') (ng.hlml) 

(' • (nir 11.11) 
11 •• ~ ,f;,lf!H 

/,L'C(O 2~h)nanr. • {t11g.l.'n11) 

;\ t;("(O- 00 )norm 
.. 

1., 

~. ··:T 

\'
0

/f 

(mg.him!) 

(l>l 

ti•\ 

(l '11 I 

(llM.g) 

(IJ 

20 0.9! 11 1.40 

19 6.00 11 6.GO 

20 ts.o II 19.S 

2U 11.0 11 18. I 

20 18.I II H.9 

20 3.34 11 S.88 

20 40.0 11 75. I 

20 G~.9 11 95.8 

ll 10.5 Io 10.4 

IJ 19.7 111 21.8 

20 1105 t I 805 

20 14.6 l I 10.4 

13 21186 10 14291 l 
( I.'!,, "'' H 

\'HJf~ .rm+.+ (1l1g) lJ 323 ----·------·-·----
10 174 

No11panunclnc e~t111wtc of ·eJJerlyl)oun~· 111e .. 1n ru.1u1 

(0.0 

~52 

IH 

lU! 

IOI 

••. tJor.paramelric 90~ confidence inlerv.1tl f(ir Iii~ ·t'ldcrly/yo11nt:· n1e.in talil) 

I. Nonpararnetric eo;firnitl! "·elJcrly-yount;" 111c.111 dd1~·1l·1i..: ur .. l ·10~'• ~u11!11.lc11L·c 111h:t\'ul l11r the. •ct1li:dy-yo11ng· Hll!lln tlifli.:.1..:11..:c 

-t • Nonnalired for Ju-.e pt'f liotly 1n;1"i'i 

• •: Norniallz.eJ fnr boJy nu•.,•;. 

·2.0-J.OI' 

86-228 

101-286 
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Ht-18? 

' 

c 
c 
c 
" 

I O' 



................ --------------------------

• 

• 

I 

z 
::"' --::::: --,_ 
'fl -z 

,..... . ~. -<. -·~ 
c 
\.,./ 

< -.-: _, -.... 
' -::"' -

-.... 
" 

0 "' 'T 

"' "' 

= 

N 

-..,. 

114 

lJ!JULI/ 

"' .,. ... 

8 
6 
<:: -< 

.... .. .... = .... ... .... .... 
VI ~ 0., "' ., ... 

"' "' v . "' ... 

N 

... 
"' 

... ... 

..:. 
"' 

= 

"' 
"" N 

... ... 



-V) 

'\U' ·-
,_. ·- ... -··· . 

IAELL: I 

_ :, .11:11. ,I{\' OF 1'11.\11.'\fi\.( ., lldNr·:·nc l>ATA l-'01{ NISOl.llll'INE 

11 .• ~ 7- l\lultiplc do'" phase (Dose: 20 lllg r1i"1Jdipinc cc !al>!c! once d.tily fur 5 days) 

fft•.afll1) )01111).! \0!111lltl'I"\ I l1.:ullf1 y t·li_f~l (y \'t1!t111(1.'\:I~ 

-----------------------
\'.\In-\ RI.I' l!~IT II ~IEflf.\N RANGE II ~!EHL\ N HA t~r.r. J\IEAN 

llATIO 

90% 
CONflllENCE 

IN't'EltVAI. 
(\'£)° ( \'£)'' 

----- ·--------·-

I ' .. ""' (n~ 111111 20 J.06 l 1 

l )\ ''''" 
(ngftull 20 .__ ll. 21 

l.07 

O. _l_I 

I 
.; ..... (h) 20 6.00 11 _1_110 I J_O 

Al 1 1...~ .. (ng.h'n•I) 20 12.5 LI _u.o 

"\l 20 1.12 21 2. !') 106 

c· •• lhl~.11orn1 • (1ngl1nl) 20 3. 74 l J 7.25 IY l 

A'Jcu.rninu • (1ng li'1111) 20 47.0 21 122 26S 

I , (Ii) JJ 10.4 20 13.8 i~u 

Cl.'f (L~1) 20 1597 21 62-' 

('1 J(,onn ++ (I /11 II: g) 20 21.3 21 8.2? 
- -- --~ --------

·~- NonP-;ral1lc1riC c~1-1111£1IC of ·c:!Ji.:rly/youug'" 11,c..an rul1t1 

Nonparamt'tric 90% contiJence interval fnr 1/1c '"eldc:tlyf)·o1111g'" 111c:oin f"11io 
1 : Nonparametric estimate of ·e!Jcrly·young" n1edll dlffcri.:n;:e unJ 901;{ lllldidc11Le 1nfc1val f11r !he ·elJcdy-youug• 111~11 JiU.:11.:uLc 

+: Normaliz..e.J for dose per body mass. 
+ +: Nomuli1 .. ed for hotly na~s. 

.4_0 01' 

156-l'/4 

144 261 

178-381 

106-2-18 

c:·:-J 
L.:J 
1..-:-) 

'') 

-o 
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Table 6: SUMJHARY OF PllARM'.ACOKINETIC DATA FOR NJSOLDIPINE 

Day 7- Multiple dose phase (Dose: 20 mg nisolclipine cc tablet once daily for 5 days) 

lfrJillhy clclerl}" vnluntt.'t'rs Elderly hyperten.~i.,.e patients 

90% 
l'ARIABLE UNIT n MEDIAN RANGE n MEDIAN RANGE JlfEAN CONFIDENCE 

RATIO INTERVAL 
(%}* (%) •• 

-- -

c ... m.k (nglrnl) 21 2.07 11 2.42 

cu, min (nglml) 21 0.)). 11 0.)2 

j tu,rr.Jx (h) 21 3.00 11 2.50 (·0.S ·3.0--0.SJ# 

AUC11 (ng.hlml) 21 32.0 11 38.0 

AR 21 2.29 11 1.92 84 70-117 

C 11.nt•t.norm 
+ (mrlml) 21 7.25 II 11.0 139 102-188 

A llru.nonn + (mg.him!) 21 122 11 135 139 94-200 

'·.') (h) 10 13.8 11 14.1 97 62-142 

ruf (llh) 21 6.24 II 516 

CL :nonn ++ (llhllcg) 21 8.22 II 7.42 

Nonparamelric eslimale of •elderly palienls/elderly volunteers· mean ral10 
•• Nonparametric 90% confidence inteival for the •elderly patienlslelderly voh;ntecrs• mean ralio 

I. Nonparametric estimate of ·elderly parienls--elderly volunlet:r.. • mean difference and 90% confidence inlerval for the "elderly patienls~1t.Jcriy vnlnnteers· 

n1ean difference 
+: Nonnaliud for dose rer body mass. 

• +: Nonnaliud for hody mass. 

c 
1~:.: 

c 
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r .. 1i1e 5: SUJ\fl\fARY OF l'IIAnl\fACOKINETIC l>ATA l10R NISOLIHl'INE 

nay 7- l\lultiple dose phase (Dose: 20 mg nisoldipine cc tablet once tl<1ily for 5 days) 

--- -----------------·---- -·-- -----···-------· ·- --·-· -------·-----· 
Jfeullhy yuuuj..! \'uluuh.Trs Elderly h)pt1h:1t.\hc putit11ls 

\'AllL\llLE IJNIT II MElllAN llANtiE II ~IEllLIN HAf~(ii! 

--·-···· ------·--------··· ····------·-----

c ... n .• l (ng.1ml) 20 I J?., 11 2.41 

! r,, 11111, 
{11t/111!} 10 

' . •·'"' (11) 20 

l..ll. 11 0 .. 12 

(i.110 11 2.511 

AllC
11 

{ng. \1 1,111) 20 12.5 11 .IK.O 

,\ J{ 20 1.12 11 I. ~l 

(" + (rngln1l) 
, " ~ ~ Hdl Ill 

20 .I. 74 11 11.U 

AlJCU,1>0111'1 • (1n~.h(1nl) 20 47.u II 1.15 

t, \ (Ii) t3 10.4 11 1 ~-1 

\ · 1 I ( (111.) 20 15'17 11 516 

I I .1/ 
I I (!/Iii>~) 20 

,O,•L"1 
21.l 11 7A2 

------------- -- ·---------
--··r~o11ptuu.1net1lc esl!nWte(Jf •c:Jtlt::rlyiyoung· n1c.an rulio 

~· · t-lnflparun1etric 90% confidence intt:rvul for the ·clJr:riy/)'oung• rnenn n~tiu 

MEAN 
UATIO 

('1()' 

I ·.l.S 

IK6 

275 

3~7 

14Y 

1 Nonparn1nct1ii.: es1in1.:tle of ·cJdtrly~young" 111can Jiffr:renc~ und 90% conftdcnu.: inl.:ivu.t for the •ch!crly·yo1111g"' 1nca11 Jilfcreuci: 

i • t~onn.aliz.etl for dose ~r ho<ly rnass. 
+ +: Norm.alit..ed for body mass. 

90".(. 
CONl<lllENCE 

IN"l'EllVAL 
(%)" 

-S.0· 0.511 

138 lKH 

2112-264 

lS~-S49 

I0~-220 

·-

c:: 
·---
t..:: 
r--... 

'" c-



A study to investigate the acute and short term pbarmacokinetic profiles of nisoldipine in elderly 
and young normotensiye volunteers. 

STUDY II.: 563. VOLUME: l-48 PAGES: 6-02-001-0219 

INVESTIGATORS: 

OBJECTIVES: 

To investigate the pharmacokinetics of nisoldipine 10 mg PO in one group of young 
normotensive volunteers and one group of elderly volunteers after acute (1 day) and chronic (7-8 
days treatments). 

FORMULATION: 

Nisoldipine immediate release 10 mg tablets (batch #: 929488). 

STUDY DESIGN: 

12 elderly (age greater than 65 years) healthy volunteers and 9 young healthy volunteers (age 
20-28 years) participated in this open non-randomized study. Subjects took a IO mg nisoldipine 
tablet for 8 days. On day I and day 8 plasma samples were collected at 0, I, 1.5, 2, 3, 5, 7 and 
24 hours after dosing. Blood pressure and heart rate measurements were taken at the same time 
schedule as for the plasma samples. 

ASSAY: No description of the assay was presented in the study. 

RESULTS: 

Figure I shows the plasma concentration for day I in the your.g and elderly volunteers while 
Figure 2 shows the corresponding profile for day 8. Table I summarizes the mean 
pharmacokinetic parameters for both types of population. 
It can be seen from the results that the plasma concentrations of nisoldipinc tended tu be 
somewhat higher in the elderly as compared to the young. However, there was no difference in 
the single dose and multiple dose pharmacokinetics of nisoldipine in both the young and the 
elderly. Moreover, no accumulation was observed upon multiple dose administration. 
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The effect of cirrhosis on the steady state pharmacokinetics of nisoldipine coat-core sustained 
release table~ 

Study #; 090-026-0 l Volume: l-49. Pages: 06-02-0220-0704. 

Investigator: 

Objectives: 

111e aim of the study is to: 

1-to comparl" the pharmacokinetic profile of nisoldipine C.C. following a single dose 10 mg and 
multiple doses (10 mg qd for 7 days) in cirrhotic subjects vs a control group of healthy subjects. 

2-to assess the general safety and tolerability of the above dose regimens in cirrhotic subjects 
vs healthy subjects. 

Formulation: 

-Nisoldipine IO mg coat-core tablets batch # 526022. 

Study Design: 

This was a single center non randomized, non blinded study in which a total of 16 subjects 
participated (8 healthy subjects and 8 with mild to moderate hepatic impairment, 4 males and 
4 females in each group). The study was conducted in 2 stages with a period of 8 days between 
stage I and stage II. In the first stage all subjects received a single IO mg nisoldipine C.C. 
tablet. In stage 11, each subject received 10 mg nisoldipine C.C. once a day for 7 days. Each 
healthy subject was to be matched to a subject in the hepatically impaired group with respect lo 
sex age and weight (less than 10 % deviation was allowed). 
Blood samples were collected at 0, I, 2, 3, 4, 6, 8, IO, 12, 16, 24, 36 and 48 hours post dose 
administration in stage I day I and stage II day 7. 
In stage II day I blood samples were collected at 0, I, 2, 3, 4, 6, 8, 10, 12 and 16 hours. On 
days 7 of stage ll an additional blood sample was collected at 72 hours. 
Blood pressure and heart rate measurements were taken at the following times relative to dose: 
Stage I day I anJ stage II day I and day 7: prcdose, 1, 2, 3, 4, 6, 8, 10, 12, 16 and 24 hours. 
s:agc II, days 2-6, pre-dose, 4 anJ 8 hours. 



Results: 

Figure 1 shows the means for the plasma concentration for both single and multiple dose 
administration of 10 mg nisoldipine C. C. in both the healthy volunteers and the liver impaired 
patients while Table 1 and 2 give a summary of the most important pharmacokinetic parameters 
for both siage 1 and II of this study. 
The results show that there is an increase in both AUC and CMAX in the liver cirrhosis 
patients as compared to the healthy volunteers. This increase was almost three to four fold. 
Additionally, there was a slight nisoldipine :i.ccumulation in both the cirrhotic patients and the 
healthy volunteers since the accumulation ratio was 1.1 and 1.3 respectively. 

Conclusion: 

From the results of this study as shown in Table 1 and 2, liver impairment seems to have a 
pronounced effect on the pharmacokinetics of nisoldipine since both A UC and CMAX were 
increased four fold as compared to normal volunteers. Therefore extra care should be exercised 
when giving this drug to patients with impairment liver function, the initial dose should be 
lowered and the patient monitored to avoid any unwarranted side effects or toxicities. 
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Table 1 
Pharmacokinetic Par11111etera for Nisoldipine Following 

A Single Dose of 10 mg Coat-Core Tablet-Stage I 
(Arithmetic Kean (Coefficient of Variation)] 

PARAMETERS (UNITS) NORMAL (N•8) CIIUU!OTIC (N-8) 

c... (ng/mL) 1.03 (76) 2.89 (51) 

-- 7.25 (48) 
T ... (hr) 8.13 (91) 

AUC~u (ng·hr/mL) 19.0 (72) 58.2 (63) 

Table 2 
Pharmacokinetic Parameters Folloving Multiple Doses of 

Nisoldipine 10 mg Coat-Core Given Once Daily for Seven Days 
[Arithmetic Kean (Coefficient of Variation)) 

PARA.'iETER DAY NORMAL (N•8) CIRRHOTIC 
(UNI!S) 

c..... (ng/mL) 1 0.73 (48) 2.98 ( fi9) 
7 0.94 (58) 3.62 (91) 

T,... (hr) l 6.5 (55) 10.0 (59) 
7 4.6 (42) 6.9 (71) 

AUC~2• 1 7.55 (48) 39.9 (71) 
(ng·hr/mL) 7 11.9 (77) 46. 7 (82) 

AUC~72 7 17.7 (80) 76.3 (89) 
(ng·hr/mL) 

(N•B) 



Influence of renal function on the pharmacokinetics of njsoldipine C.C. tablets after single and 
multiple dosing. 

STUDY #; 092-001 VOLUME: 1-50-52 PAGES: 06--02-797-2134. 

INVESTIGATOR: 

OBJECTIVES: 

To determine the effect of impaired renal function on the pharmacokinetics of nisoldipine C.C. 
after single and multiple dosing. 

FORMULATIONS: 

-20 mg nisoldipine C.C. tablets batch II 524652. 

STUDY DESIGN: 

This was a multi-center, non-blinded, ncn randomized comparative study among four groups. 
3 centers were to enrol 12 subjects each for a study total of 36 subjects. There were to have 
been 3 subjects per center in each of the 4 renal function groups. 27 seven subjects were to 
have renal impairment and 9 subjects were to serve as the control group. The 4 renal function 
groups were as follows: 
-Group I (normal): 9 subjects with crcatinine clearance of > 90 ml/min. 
-Group 2 (mild): 9 subjects with crcatinine clearance between 61 and 90 ml/min. 
-Group 3 (moderate): 9 subjects with creatinine clearance between 30 and 60 ml/min. 
-Group 4 (severe): 9 subjects with creatininc clearance of < 30 ml/min. 
Patients on hemodialysis were not allowed to participate in the study. 
On day I of the study, following an overnight fast, subjects were given a 20 mg dose of 
nisoldipine C.C. one hour prior to breakfast. Beginning on day 3, subjects were dosed once a 
day with 20 mg nisoldipine C.C. for 6 days. The final dose of nisoldipine was given the 
morning of day 8. 
On day I and 8, blood samples were collected at: 0, 0.5, I, 2, 3, 4, 6, S. 10, 12 and 16 hours. 
On day 2, samples were 10 be drawn at 20, 24. 28, 32 and 36 hours after the first dose of study 
drug. On day 3, a 48 hour post dose sample was drawn prior to the Day 3 dose. On day 5. a 
predose sample was drawn immediately before that morning dose. On day 9, samples were to 
be drawn at 20, 24, 28. 32 and 36 hours. On day 10, a 48 hour post dose sample was drawn. 
On day l and 2. urine was collected 0-12, 12-24, and 24-36 hours post-dose. Beginning on day 
8, urine was collected 0-12, 12-24 and 24-36 hours post dose. 



DATA ANALYSIS: 

Data analysis was performed using standard pharmacokinetic techniques. 

RESULTS: 

Table I summarizes some of the pharmacokinetic parameters of nisoldipine after single and 
multiple dose administration in the 4 groups of patients while Figure I and Figure 2 show the 
corresponding plasma profiles for all 4 groups on day I and day 8 respectively. It can be seen 
from the results that the plasma concentrations of nisoldipine in patients with severe renal 
impairment (group 4) arc slightly higher than the control group. Figure 3 and 4 give the 
corresponding plasma concentrations for These plots indicate that the plasma 
concentrations on day I of this metabolite were significantly higher in the subjects with moderate 
and severe renal failure. llowcvcr on d;;y 8 there were no significant differences between the 
4 groups even though the levels were Mill higher in the moderate to severe renal impairment 
group. 
l'ig'.lrc S and 6 shows the plasma concentrations of metabolite l which is the most 
abundant metabolite with plasma concemrations ten times the parent compound while table 2 
summarizes the most important pharmacokinetic parameters. The same trend of results was 
observed as with mctabolit1 'with the moderate to severe renal impairrnent patient~ 
showing much hig.hcr plasma concentrations on day ! that the control group with the differenccs 
being lcs> pronounced 011 day 8. 
Figure 7 mid 8 show the mean plasma concentration of metabolit, the only active 
metabolite of nisoldipine ( 10 times less active than th.: parent drug) and is the least abundant 



among the metabolites. Table 3 summarizes the major pharmacokinetic parameters for this 
metabolite. The results show that the moderately impaired patients but not the severely 
impaired, had modestly higher AUC and CMAX relative to the norm:il subjects. However these 
differences tended to disappear on day 8. 

Conclusion: 

In patients with severe renal impairment (creatinine clearance less than 30 ml/min, the 
nisoldipine plasma concentrations were higher by as much as 2 fold than the control group, 
however this difference seem to have subsided by day 8. Therefore, renal impairment does not 
seem to significantly alter the pharmacokinetics of nisoldipine and its metabolites. Patients 
should be closely monitored and titration to higher doses should be based on clinical response. 
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TA8L£ I 

Geometric Means !Geometric Standard Deviations) 

GRlllJP 1 

DAY 1 AUC (ng·h/mll 20.7 (1.95) 

DAY 8 AUC (ng·h/ml) 30.4 (2.28> 

DAY , c_.Cng/ml l 1.5 (1.75> 

DAY S t_(ng/Oll) 2.4 (2.36) 

DAY 1 C~• Cng/ml l 0.66 (1.95) 

DAY S C~ (ng/ml l 1.27 (2.28) 

24hR ACC\MUL.,lT!C~ 
RATIO** 1.47 (1.76) 

ALIC Linear 1.08 (1.77) 
AccUTUlation+ 

• 
•• 

C,. = AUC/24 hours 
AUC0 .v ,IAUCo•v, 

GRlllJP 2 

29.0 Cl. 74) 

41.7 (2.00) 

2.0 (1.94) 

2.7 (1.83) 

1.21 (1.74) 

1.74 (2.00) 

1.49 (1.46) 

0.95 (1.34) 

=!= AUCa-2,, OAY 9/AUCO·tn. CAY 1; tn • wn. ol l-' -...«! cont•ntut1on 

VARlASLES GROOP 1 GROUP 2 

OAy ' c~. • 16.7 15.8 

DAY 8 C.....,,• 19.8 22.3 

OAT 1 c_ 0.94 
ratio•• (0.59-1.49) 

DAY 8 C,._ 1.13 
ratio•• (0. 76· 1.68) 

OAY 1 Aue......,.,• 590.9 573.3 

DAY 6 A.UC_...* 758.0 701 .6 

DAY 1 AUC 0.97 
ratio•• (0.64·1.48) 

DAY 8 AUC 0.93 
ratic•• (0.61·1.41) 

• Geometric l~ast squares means 

GRlllJP 3 

30.1 (2.00) 

34.6 (1.63) 

2.2 (2.07) 

2.2 (1.71) 

1.25 (2.00) 

1.44 (1.63) 

1.15 (1.83) 

0.80 (1.76) 

GRCJJP 3 

25. 1 

22.6 

1.50 
(0.90·2.49) 

l 1.14 
co. 74·1. 78) 

9B7 .2 

759,6 

1.67 
(1.05·2.66) 

1.00 
(0.63·1.59) 

GRCJJP 4 

25.0 (2. 19) 

38.6 (1.74) 

2.0 (2.28) 

2.6 (1.84) 

1.04 (2.19) 

1.61 (1.74) 

1.54 <1.27) 

1.07 c 1.19) 

GRCJJP 4 

28.2 

26.6 

1.68 
(0.95·2.98) 

1.35 
(0.82·2.20) 

1029.8 

999.9 

1. 74 
Cl.03·2.94) 

' 1.32 
(0. 79·2.20) 

•• Ratios are '{alues for a gi\'en group divided by Grol4l 1 value; parentheses contain 90%. Cont. interval 



9.4.3 

TABLE 3 
' " 

This metabolite, the only active metabolite of nisoldipine, is approximately 10 times 

less active than the parent drug.• the least abundant of the 

metabolites, also appeared to be the least influenced by renal impairment. The data 

are presented in Appendix 13.8.4 and summarized below. 

VARIABLES GROUP 1 GROUP 2 GROUP 3 GROUP 4 

DAY 1 c_, • 1.73 1.56 3.16 1.80 

DAY 8 C..,..• 2.63 1.81 2.64 1.51 

DAY 1 c_ D.90 1.82 1.04 
ratio*• ,0.57-1.41) (1.10·3.01) (0.59·1.82) 

DAY 8 C.._ 0.69 1.00 0.58 
ratio•• (0.46-1.03) (0.64·1.58) (0.35·0.95) 

DAY 1 Aue_• 117.4 
>-

87.6 172.7 85.1 

DAY 8 Aue_• 143.7 102.5 143.6 79.3 

DAY 1 AUC 0. r.; 1.47 0.72 
ratio•• (0.47·1.18) (0.89-2.4") (0.41·1.28) 

DAY 8 A.UC 0.71 l.00 0.55 
ratio•• (0.44-1.16) (0.58·1.71) (0.30·1.00) 

• Ceanetric least squares n~ans 

•• Ratios are values for a given grol4J divided by Croup 1 value; parentheses tontain 90X Coof. interval 



A randomi1.ed double blind. ulacebo controlled study to investigate the Pl15llible influence of 
nisoldipine on quinidine plasma levels. 

STUDY: 384. VOLUME: 1-53 PAGES: 06-02-2199-2264. 

INVESTIGATOR: 

OBJECTIVES: 

I-To assess the possible influence of nisoldipine on quinidine plasma levels in African and 
Caucasian volunteers. 

FORMULATIONS: 

-nisoldipine lO mg tablets, batch# 929488, expiration date l l-18 1986. 
-nisoldipine placebo tablets, batch # 929270, expiration date 09-15 1986. 
-quinidine bisulphate 250 mg tablets, Astra batch # KA 1089, expiration date 2-1989. 

STUDY DESIGN: 

6 healthy male volunteers betwe<.;n the ages of 21 and 65 years (3 Caucasians and 3 Africans) 
participated in this randomized, double-blind, placebo controlled cross-over study, comparing 
the pharmacokinetic profile of quinidine bisulphate when on nisoldipine therapy 10 mg bid for 
seven days, with the pharmacokinctic profile when on placebo. Each subject received 2x250 mg 
quinidine twice a day on days 5 and 6 and once on day 7 of the study. There was a one week 
washout period between treatments. 
Blood samples were collected at 0, 30, 60 and 90 minutes and 2, J, 4, 6, 8, lO and 24 hours 
after drug administration. 

RESULTS: 

Figure I shows the mean quinidine plasma concentrations with and without nisoldipmc 



coadministration while Table I and 2 summarize the most ir.iportant pharmacokinetic parameters. 
The results show that only quinidine's AUC was increased upon coadministration of nisoldipine. 
This increase was in the order of 25 % and was statistically significant. No significant 
differences on quinidine CMAX, TMAX and MRT were observed. 

CONCLUSION: 

Coadministration of nisoldipine with quinidine, seems to increase quinidine plasma levels since 
the AUC increased by 25 3. However, the effect of quinidine on nisoldipine pharmacokinetics 
could not be measured since the dihydropyridine plasma concentrations were not measured. 
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TABLE lf 

P!!AR.'iACOKll!ETIC DATA 

AUC (0-24 hr) ng/ml hr 

Volunteer No PLACEBO NISOLDIPINE 

I 
2 
3 
4 
5 
6 

x 17940.46 22637.19 
SD 48:J.OI 6091.82 
SE 1968.98 2~86.99 

t 2.66 
p p<0.05 

AUC (0 - 10 hr) ng/::il hr 

Volunteer No ?LACE BO NISOL:lIPI~E 

I 
2 
J 
4 
5 
6 

x 14SCl.25 J7 348. 2 l 
SD 3339.94 5384.49 
SE 1363.53 2198.21 
t 1.13 
p ns 

AUC (0...00) ng/ml hr 

I 
2 
J 
4 
5 
6 

x ::420.59 28033. 68 

~ 
SD '"" 7 .J4 9546.75 
SE :·3!.93 3897 .45 
t l.92 
p 

I Li I 
ns 
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TABLE fl 
PRARMACOK!NETIC DATA 

MRT (mean resonance tiaie) hr 

1 
2 
3 
4 
5 
6 

x 14.32 14.86 
SD 4,54 3.67 
SE !. 85 1.50 
t 0. Zi' 
p n• 

C MAX ng 

l 
2 
3 
4 

'l 
5 
6 

x li03.67 1814.00 
SD 459.64 362. 7 5 
Sf 187.65 148.09 
t 0. 78 
p ns 

T MAX hr 

1 
2 
3 
4 
5 
6 

x 3.33 3.17 
SD 0.82 !. 17 
SE 0.33 0.48 
t -0. 31· 
p ns 

·-... , 
' ~1 
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Io. inrutigate the exjstence of a possible interaction between njso!dipine and warfarin. 

Stydy #: 349. VOLUME: 1-53 PAGES: 6-02-2265-2367. 

INVESTIGATOR; 

OBJECTIVES: 

To investigate whether nisoldipinc alters the steady state total plasma levels of warfarin and W 

examine the effects of nisoldipine on the clotting profile of warfarin treated patients. 

FORMULATIONS: 

-Nisoldipine 10 mg tablets batch # 929488 expiration date November 11, 1986. 
-Nisoldipine placebo. 
-Warfarin (Marevan") batch II b/225. 

STUDY DESIGN: 

This was a placebo-controlled, randomized, double blind group comparison study in which 16 
patients between the ages of 21 and 65 years who were receiving 3 to JO mg warfarin following 
myocardial infarction or valve replacement. 
After a placebo run in period of 7 days, the group of 16 patients was divided into 2 groups of 
8 each. I group received 10 mg nisoldipine bid and the other group received placebo tablets bid 
for 21 days. Warfarin was continued at the steady-state throughout the trial. 
10 ml blood samples were collected before and two hours after medication. 
Clolling profiles were obtained on the following days: -7, -5, -3, I, 3, 7, 14 and 21. 



RESULTS: 

Figure I shows the warfarin plasma concentrations for the 2 groups while Figure 2 shows the 
clotting profile for the nisoldipine and control group. Table 1 summarizes the mean clotting 
parameters as well as the mean of the 2 plasma warfarin concentrations (bl which was before 
drug administration and b2 which was 2 hours post dose). 

Conclusion: 

The results show that the anticoagulant effect as well as the steady-state warfarin plasma 
concentrations were not affected by concomitant administration of a IO mg nisoldipine IR tablet 
administered bid for 21 days. 



( 

( 

Parameter 

PA(%) 

PT (Sec) 

PTT (Sec) 

10 

TABLE I 
Warfarin Treat.Dent 

Placebo Nisoldipine 
Mean Mean 

12,8 8,7 

19,7 21,3 

40,1 46,2 

13 

NS 

NS 

•s 
'<'arfarin (Bl) (ug/mt) 

Warfarin (B2) (ug/mt) 

1,38 

l, 75 

1,29 NS 

1,67 NS 

• After baseline correctio:-i the difference for PTT was also not 

sig~ificar:.t) 

ll.2.2 

Time 

Baseline 

Day 1 

Day 3 

Day 7 

Day l<! 

Day 21 

NS 

s 

Analysis cf variance to compare the mean baseline values with 

each ci' the mean values obtained as fror.i Day 1 in a 

"'°ithin-treatment comparison for all va!"iables described in 

11.1.1. 

Clotting Profile 

Warfarin-Placebo Treatment 

PA% 
Mean 

11,3 

12,9 NS 

12,0 NS 

11,8 NS 

13, l NS 

14,3 s 

Not Significant 

Significant 

146 

PT(sec) 
Mean 

20,7 

20,l NS 

20,5 NS 

20,l NS 

19,3 s 
18,5 s 

06 

PTT(sec) 
Mean 

42,3 

40,3 NS 

39,5 NS 

43,5 NS 

40,3 NS 

37 ,0 s 

02 2280 
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(post medication) 
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Comparison of pharmacokinetics and tolerability of nisoldipine C.C. given in combination with 
placebo. cimetidine or ranitidine. 

STUDY #: 738. VOLUME: 1-53-54 PAGES: 6-02-2368-2961 

INVESTIGATORS: 

OBJECTIVES: 

To investigate the pharmacokinetic drug/drug interaction and tolerability of nisoldipine C. C. 
given in combination with placebo, cimetidine, or ranitidine respectively. 

FORMULATION: 

-Nisoldipine 20 mg C.C. tablets (batch II: 52334119). 
-400 mg TagametR tablet batch # 888/90H30. 
-150 mg ZantacR tablet batch # ON 448. 
-0.5 mg placebo tablet containing lactose, corn starch and microcrystalline cellulose, b?.•::. # 523 
196/20. 

STUDY DESIGN: 

12 healthy male volunteers between the ages of 24 to 35 years participated in this randomized 
complete block design. Each subject received one of the following treatments: 
-treatment bl: 400 mg Tagamet bid for 6 days (days 1-6). 
-treatment b2: 150 mg Zantac bid for 6 days. 
-treatment b3: 0.5 gm placebo administered for 6 days. 
Single oral <loses of 20 mg Nisoldipine C.C. was administered on study day 5 of each period. 
There was a one week washout period between treatments. 
6 ml blood samples were taken starting on day 5 of each study period at the following times post 
<lose administration: 0, 0.5, I, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 14, IE, 20, 24, 28, 32, 36 and 
48 h. Further blood samples were drawn on study days I, 4, 5 predose to determine trough 
levels of cimcti<line or raniti<line and on study <lays I and 42 hours post administration for peak 
levels. 



RESULTS: 

Figure I shows the geometric mean plasma concentration for nisoldipine alone, with cimetidi'.le 
and with ranitidine while Table 4 to 6 summarize the main pharmacokinetic parameters for 
nisoldipinc for the 3 different treatments. Table 7 shows the geometric mean peak and trough 
concentrations for cimetidinc and ranitidine. 
The 1csults show that cimetidine had a more pronounced effect on the pharmacokinetics of 
nisoldipinc as compared to ranitidine. Cimetidine increased nisoldipine's AUC by 55 % and 
CMAX by 65 % while it decreased TMAX from 9.11 to 4.25 hours. On the other hand, 
ranitidine caused a small but statistically significant decrease in The AUC (12 %) and CMAX 
(15 %) of nisoldipinc compared to placebo. 

Conclusion: 

Cimctidine seem lO have a pronounced effect on nisoldipinc pharmacokinetic parameters (since 
there was more than 50 % increase in some parameters of interest). Therefore great caution 
should be exercised when both of these drugs are administered concomital'tly, the patients should 
be monitored and dose adjustments made as necessary. However, the interaction with ranitidine 
seem to be small enough and therefore is not expected to have any clinical significance. 
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' Nominal 
Concentration mean CV 

Qxactual [µq/l] Day 1 Day 2 Day 3 [µq/l] SD [% l noiiiinal 

\JI 
J 9. 60 21.14 20.95 20.98 21.01 0.102 0.48 1. 07 

7.37 7.96 7. 64 7.50 7.70 0. 230 3.06 1.04 

0. 49 0.46 0.45 0. 45 0,45 0.005 1. 28 0.91 

Table 3: Data for inter-assay variation for nisoldipine in plasma. 

0 Nominal 
m Concentration mean CV 

gXactual [µq/l] Sample 1 Sample 2 Sample 3 [µg/l} SD [%] 
nominal 

0 
I'\) 19.60 20.97 22.28 19.70 20.98 1.29 6.15 1.07 

N 7.37 7.69 7. 4 6 7.36 7.50 0.17 2.26 1.02 

«D 0. 49 0.44 0.46 
0 

0.46 0 .45 0.01 2.55 0.93 

'1 
(.J"'I Table 1: Data for intra-assay variation for nisoldipine in plasma. 
c.: 
\.0 
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Nominal 
Concentration 

[µq/l] 

13.74 

176.44 

373.72 

Table 3a: 

Nominal 
Concentration 

[µq/l] 

13.74 

176.44 

373. 72 

Table t>: 

Sample 1 

12.35 

186.08 

366.10 

,,,. 
·~'4<kM•+ .. · 

\ASiE~ 

Sample 2 Sample 3 

13.44 12.49 

194.86 184.91 

355.19 351.31 

-x 
[µq/l] so 

12.76 0.59 

188.62 5.44 

357.53 7.67 

Data for intraassay variation for cimetidine in plasma 

-Means of Triplicates x 
Day 1 Day 2 Day 3 [µq/l] SD 

16.15 12.76 15.49 14.83 1. 8~ 

185.37 188.62 206.46 193.48 11. 36 

410.89 357.53 395.65 388.02 27.49 

Data for interassay variation of cimetidine in plasma 

.·~:'. .. 

""O " -

-c:v Q Xactual [%] 
nominal 

4.65 0.93 

2.88 1. 07 

2 .14 0.96 

-c:v 
Q Xactual [\] 

nominal 

12.38 1.08 

5.87 1.10 

7.08 1. 04 
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Nominal 

Concentration CV -x 
Q Xactual [µq/l] Sample 1 Sample 2 Sample 3 [µg/l} SD [tsJ 

nominal 

1104.52 1114.58 1036.45 962.44 1037.62 76. 08 7.3 0.94 

393.95 400.32 391.58 373.06 388.52 13.59 3.5 0.99 

112.82 115.98 113.69 130 .16 11 a. 94 8.92 7.4 1.06 

Table 8: Data for intra-assay variation for ranitidine in plasma (Study No. 36/90-02.03.NEl 

-
Nominal -Concentration Means of Triplicates CV -x 

Q Xactual [µq/l] Day 1 Day 2 Day 3 [µq/l] SD [ts] 
nominal 

li04.52 1042.40 1037.82 1061. 37 1047.20 12.49 1.2 0. 95. 

393.95 369.92 388.52 349.08 369.17 19.73 5.3 0.94 

112.82 112. 92 119.94 137.10 123.32 12.44 10.1 1. 09 . 

Table}: Data for inter-assay variation of ranitidine in plasma (Study No. 36/90-02.03.NE) 



NONCOMPARTMENTAL PHARMACOKINETIC PARAMETERS OF 
NISOLDIPINE 

Parameter: 
Unit 

Cmax 
[ug/l] 

tl:laX 
[h] 

AUC(O-tn) 
[ug•h/l] 

cmax,norm 
[g/l] 

AUC(O-tn,norm) 
(g*h/l] 

MEAN l. 05 9.11 14.97 3.82 
SOEV 0.29 4.81 4.48 0.79 

GEO.MEAN l. 01 7.51 14.37 3.73 
GEO. SDEV l. 3 J 2.07 l. 35 l. 27 
LOW.CON. 0.86 4.98 12.15 J.26 
UPP.CON. 1.19 ll. 32 17.00 4.27 

MEDIAN l. 00 10.00 lJ. 82 3.94 
MlN 0.54 2.00 9.73 2.01 
MAX l. 64 16.00 22.08 5.22 
COUNT 12.00 12.00 12.00 12.00 

Table l) 

Noncompart:nental phar~acokin2tic parameters of 
Nisoldipine 
following p.o. administration of respectively one tablet 
20 mry Nisoldipine CC (o.a.d. on day 5) and 
Placebo coated tablet (b.i.d. on days l to 6) 
(treatment BJ). 

54. 17 
12.74 

52.87 
l. 26 

46.48 
60.14 

48.56 
39.33 
79.04 
12.00 

Arithmetic Means, Standard Deviations, Geometric Means, 
Geometric Standard Deviations, 95\ Confidence Limits of 
Geometric Mean, Medians, Minimum, Maximum and Number of Cases. 

3S7 
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NONCOMPARTMENTAL PHARMACOKINETIC PARAMETERS OF 
NISOLOIPINE 

Parameter: 
Unit 

t:max 
(h] 

AUC(O-tn) 
(ug•h/ l] 

c:nax,norm 
(g/l] 

AUC(O-tn,norm) 
[g*h/l] 

MEAN l.74 4.25 23.20 6.43 
SDEV 1. 08 3.28 12.70 3.98 

GEO.MEAN 1. 47 3.42 19.02 5.41 
GEO.SDEV 1. 87 1. 91 2 .18 1. 91 
LOW.CON. 1. 03 2.37 12.23 3.76 
UPP.CON. 2.09 4.94 29.60 7.79 

MEDIAN 1. 48 2.75 20.56 5.65 
MIN 0.37 1. 50 2.25 1. 23 
MAX 4.49 12.00 48.88 16.07 
COUNT 12.00 12.00 12.00 12.00 

Table 11 

Noncornpartmental pharmacokinetic parameters of 
Nisoldipine 
following p.o. administration of respectively one tablet 
20 mg Nisoldipine CC (o.a.d. on day 5) and 
Tagarnet (R) (400 mg Cimetidine b.i.d. on days 1 to 6) 
(treatment 81). 

Arithmetic Means, Standard Deviations, Geometric Means, 
Geometric Standard Deviations, 95\ Confidence Limits of 
Geometric Mean, Medians, Minimum, Maximum and Number of 

86.04 
47.75 

70.03 
2.24 

44.39 
110.48 

73.22 
7.47 

17 5. 00 
12.00 

Cases. 
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NONCOMPARTMENTAL PHARMACOKINETIC PARAMETERS OF 
NISOLOIPINE 

Parameter: Cmax tmax 
Unit : (ug/l] [h] 

AUC(O-tn) Cmax,norm AUC(O-tn,norm) 
(ug•h/l] (g/l] (g•h/l] 

---------------------------------------------------------------MEAN 0.90 8.37 13.30 3.26 
SDEV 0.41 3.90 5.97 1. 30 

GEO.MEAN 0.84 7.25 12.20 3.07 
GEO.SDEV 1. 47 1. 84 1. 54 1.42 
LOW.CON. 0.68 5.13 9.57 2.51 
UPP.CON. 1.04 10.26 15.55 3.74 

MEDIAN 0.81 8.99 11. 76 J.18 
MIN 0.50 2.50 6.53 1-91 
MAX 1. 98 12.02 24.98 6.56 
COUNT 12.00 l:.oo 12.00 12.00 

Table 12 

Noncompartmental pharmacc~inetic parameters Of 
Nisoldipine 
following p.o. administration of respectively one tablet 
20 mg Nisoldipine CC (o.a.d. on day 5) and 
Zantic (R) (150 mg Ranitidine b.i.d. on days 1 to 6) 
(treatment B2). 

48.81 
22.43 

44.59 
l. 55 

34.75 
57.21 

46.35 
24.97 
93.34 
12.00 

Arithmetic Means, Standard Deviations, Geometric Means, 
Geometric Standard Deviations, 95\ Confidence Limits of 
Geometric Mean, Medians, Minimum, Maximum and Number of Cases. 

Cimetioine and Ranitidine 

The following Table 4 shows the geometric mean peak and trough con· 

centrations for cimetidine and ranitidine. 

-
Day1 Day4 Day 5 

Analyt Oh 2h Oh 2h Oh 

Cimetidine I n.d. 747.75 66.06 7S5.65 60.75 I 
Ranitidine I n.d. 468.70 I 100.42 542.02 93.72 

·-

Tableif Geometnc mean cimetidine and ranitidine concentrations (µg~] 

(peak/trough) on study days 1 and 4 

nE; O? ?754 

3 r , ;; c 
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:o mg Ni5oldipine CC (o.a.d. on day 5) and 
Taqamet (R) (400 mg Cimetidine b.i.d. on day• 
20 mq Ni•oldipine CC (o.a.d. on day SJ and 

l to 6J 

Zantic (R> (150 mq Ranitidine b.i.d. on day5 l to 
20 mq Ni•oldipine CC (o.a.d. on day SJ and 
rlacebo coated tablet (b.i.d. on day• l to 6J 

Syncptic plot of gecmetric mean :oncentration~ 

o! N,•oldipine (ug/l] v• time (hi. 

Gecmetric mean not calcula:ed if more than 1/3 
~!ngle concer.tration5 are <C.18 or no 5~mple. 
Concentratio~s <0.lB calcu~a:ed a3 0.09. 
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To jnves1jga1e the existence of a possible interaction between nisoldjpine and ranjtidine. 

STUDY: 385. 

INVESTIGATOR: 

OBJECTIVES: 

VOLUME: 1-55 

I-To determine if ranitidinc alters nisoldipine kinetics. 

PAGES: 06-02-2962-3520. 

2-tu determine if a pharmacodynamic interaction exists either as a result of a pharmacokinetic 
interaction or independent from such an interaction. 

l'ORMULATlONS: 

-nisoldipinc 20 mg tablets, batch II 929490, expiration date 10-03 1986. 
-ranitidinc rabkts 150 mg. 

STUOY DESltiN: 

16 healthy male volunteers between the ages of 18 and 45 years participated in this placebo 
controlled, double blind crossover study. 
300 mg ranitidinc (single dose) or placebo were given for 3 days prececding the test days (when 
20 mg nisoldipinc was given). 
Venous blood samples were collected according to the following schedule: 0, 30, 60, 90, 120, 
150, 180 minutes and 4, 8, 10 and 24 hours after drug administration. 
Supine blood pressure. heart rate and systolic time intervals were measured at 0, 0.5, 1.5, 2, 
3, 4, and 24 hours alter medication. 



RESULTS: 

Figure I shows the mean nisoldipine plasma conceutrations with and without ranitidine while 
Table I gives CMA '( and AUC for the 2 treatments_ 
According to the sponsor.the results show that there was no differr.nce in CMAX between the 
two treatments but the AUC was significantly greater when ranitidine was given with nisoldipine 
compared to when nisoldipine was given alone. However, the sponsor claims t.hat when subject 
13 was omitted, there was no longer any differences between the two treatment'. 

COMMENTS: 

If one examines Figure I, it can be seen that the CMAX was higher with the placebo treatment 
as compared to the ranitidine treatment. However, both CMAX values appear less than the stated 
values in Table I. Additionally, ranitidine seems to have delayed and lowered the CMAX value 
when nisoldipine was given with ranitidine compared to when it was given with placebo. 
The sponsor is asked tu explain the discrepancy between the results of Figure I and the mean 
values presented in Table I. 

CONCLUSION: 

No conclusion can be made from this study whether the pharmacokinetics of nisoldipine are 
altered by the coadministration of ranitidinc. 
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TA8li° I 13 
12.l Phannacokinetic variables 

The results are summarised below: 

C (ng/me) T (h) 
max max 

Mean •:n l 2 B Mean so l 2 

1 2,633 2,245 NS l 2,250 1, 966 NS 

2 2,791 l,656 2 2,375 l,666 

Mean SD AUC Mean sr, MRT (h) 

1 6,145 4,112 • l 4, 749 2,655 NS 

2 10,100 3,343 2 5,695 ::i,041 

l Nisoldipine plus placebo 

2 Nisoldipine plus Ranitidine R 

! 6 \ 



lnter&;.tion study. Comparative investigation of safety. tolerability. pha; .1aco<lynamics and 
pharmacokinetics of Nisoldipine C.C. and propranolol given alone and in combination at steady 
state. 

StuJhJL;. 704. VOLUME: 1-56 PAGES: 6-02-3623-4013. 

INVESTIGATOR: 

OBJECTIVES: 

Comparative investigation of safety, tolerability, pharmacodynamics and pharmacokinetic!. of 
nisoldipine C.C. and propranolol given alone and in combination at steady state. 

FORMULATIONS: 

-Nisoldipine CC 20 mg tablets batch # 523231. 
-Dociton"= 40 mg propranolol. 

STUDY DESIGN: 

This was a randomized, 3 fold crossover multiple dose interaction study. 12 healthy 111ale 
volumcers between the ages of 23 and 40 years participated in this 5 day study. Nisoldipine 
C.C. 20 111g once a day or/and Dociton tablets with 40 mg propranolol (tid) were given together 
with 100 mls of water. 
Blood samples in nisoldipine treatments w're collected at 0, 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 7, 
8. 10, 12, 14, 16, 20, 24, 28, 32, 36 and 48 hours after drug administration. 
Blood samples in the propranolol treatment were collected at 0, 0.25, 0.5, 0.75, I, 1.5, 2, 3, 
4, 6, 8, 8.5, 9, 10, 12, 14, 16, 16.5, 17, 18, 20, 22, 24, 26, 23, 32 and 48 hours pas! dose. 
Trough plasma concentrations were measured in the morning (8 AM) on study days 2 to 4. 

------------- --------- - --- ----- ---------------



RESULTS: 

Figure I shows the mean geometric mean nisoldipine plasma concentratior. with and without 
propranolol administration while Table I gives the main pk parameters for both the 2 treatments. 
Figure 2 shows the mean geometric propranolol concentratrion for both corresponding treatments 
while Table 2 summarizes the most important pharmacokinetic parameters for propranolol. 

Conclusion: 

The results show that the nisoldipine plasma concentrations were slightly increased by 
propranolol coadministration while propranolol plasma concentrations were slightly decreased. 
This very small interaction uerwcen thc~e 2 drugs is not expected to have any consequences from 
the clinical point of view. 
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Estimates of Pharmakokmetic Parameters of Nisoldipine 
(Geometric Means and SD) and Quotients to Results oi Nisoldipine in °lo 

(Geometric mean and SD,90% Conf.lnterv.Aeferring to Analysis of Variance and Dunnett-Test) 
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~I AUCnorm 10-24\ [ •MI eco.mean g 

uoSD 

96.26 103.24 
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... _ ·--·- ----1--

107.3 1.38 

·-·- 1------------
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Rea.mean { ngfrnl I 1.87 2.01 107.1 1.49 87.0 - 131 

e<o.SD t.B t t.86 
. - --------~---------· 
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r'"·o.SD 
1.56 1.37 

m 

0 
N 

w 
CX> 
(J) 

CX> 



IC 

I,-. 
\J 

" 

~-
____..-a.r 

TAf>L-t '.t-
i STUDY N0.704 

Estimates of PharmakoKinetic Parameters of Propranolol 
(Geometric Means and SD) and Quotients to Results of Propranolol in o/o 

(Geometric mean and SD,90'i\. Conf.lnterv.Reft:rring to Analysis of Variance and Dunnett-Test) 
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nom1 (0-24) oco.mcan I g'h~ J 1072.47 923.02 86.1 t.76 64.3 - 115. 

~en.SD 
1.61 1.65 

norm (0-S\ oeo.mean l g•h~ 1 421.20 356.49 84.6 2.03 58.6 - 122. 

yerl.SD 1.75 1.76 

-1 ·-·-·. ·;9.-94-- ----,--85.9-1 I ·-
eco.mcon I ng/rnl I 46.50 2.45 53.9 - 136.i 

".en.SD 
1.87 1.81 

- I t I 102.1 - 151. om.mean { h I 3.50 4.37 124.7 t.45 

"en.SD 
1.32 f.40 

-- -· 
' . 
rtuat1on I0-24\ eca.mean 1.77 

-- ----·-- ------- ,------
1.70 95.B I t.57 I 75.9 - 121. 

tC'n.SD 
1.42 f.35 

:tuation ro-Ri eeo.mc:in 1.34 1.33 I 99.2 I t.48 I 80.9 - 121.' 

uo.SD t.37 1.31 



Studies of the hemodvnami;: and pharmacokinetic interactions between the beta blockers ateno1"l 
and pro.pranolol and the calcium antagonist njsoldipine in normotensive subjects. 

Study: 3982. Volume: 112. Pages: 06-04-7235-7341. 

Investigators: 

Objectives: 

1- tu examine the pharmacukinetic and hcmudynamic interactions of atcnolol and propranolol 
with nisuldipine in normotensivc patients. 

l'ormulatiun: 

-20 mg nisllldipine ca1isuks. 
- IOO mg atenulol (Stuart Pharmaceuticals Ltd). 
-160 mg propranolol (ICI Ltd). 

Study Desi~n: 

This study wa> a randomized double blind placebo controlled study of 2 groups of 8 
nmmutensive subjects between the ages of 19 and 40 years. 
One group of subjects received 100 mg atenolol while the other group received propranolul 160 
mg once daily. These active treatments were taken once daily for three weeks and matching 
placebo tablets were taken once daily during a fourth week. There was a 1 week washout period 
between weeks 2 and 3. For 2 weeks out of the total period additional treatment wa~ 
administered: either nisoldipine 20 mg once a day or matching placebo capsules each for I week. 
The following treatment c01.1hinations were evaluated: 
I-beta blocker + first dose nisoldipinc. 
2-beta bluder -1 steady state nisoldipine. 
3-plac<:uo + placebo. 
4-bcta blocker + placebo. 

liloud pressure and heart rate erect and supine were measured at baseline and after 0.5, l, l.5, 
2, 3, 4, 6 and 8 hours. 



1be extent of beta blockade was assessed by the heart rate response to sub-maximal exercise (75 
3 of a pre--Oetermined maximum) for 5 minutes on a bicycle ergometer at two times:2.5 
(morning) and 5 hours (afternoon). 
Plasma for drug assays were collected at 0, 0.25, 0.5, l, l.5, 2, 3, 4, 6 and 8 hours. 
Hepatic blood flow was assessed 1 hour after drug administrativn by measurement of the 
clearance of indocyanine green. 
Effective renal plasma flow and glomerular filtration rate were determined 1 hour after drug 
administration from the clearance of radiopharmaceuticals. 

1-Pharmacokinetics: 

l'igurc I shows the mean plasma concentrations for atcnolol with and without nisoldipine while 
hgure 2 shows the plasma profile for propranolol with and without th~ calcium channel blocker. 
Table I gives a summary of the derived pharmacokinetic for atenolol while Table 2 gives the 
same pk parameters for propranolol. 
The results show that coadministration of nisoldipinc with atcnolol sharply increased the atenolol 
CMAX (from 455 10 540 ng/ml) and lo a lesser extent the AUC. The same trend of results was 
cbserved for proprnnolol whereby both the CMAX and AUC for acute and chronic propranolol 
were increased However, there was no significant difference in propranolol AUC comparing 
the combination with acute and chronic calcium antagonist. 

2-Liver blood flow and renal clearam:e: 

The results shown in Tabk 3 aml 4 respectively show that both atcnolol and propranolol when 
given alone cause a slight decrease in the apparent liver blood flow. However the addition of 
nisoldipine to either atenolol or propranolol caused a significant increase in the apparent liver 
blood flow. This increase was slightly attenuated with the chronic administration of nisoldipine. 



As for the renal function, it was not affected by any of the treatments. 

3-Bloo<l pressure and heart rate: 

Figure 3, 4 and 5 show the supine systolic blood pressure, supine diastolic blood pressure and 
supine heart rate for the atenolol treatment while Figure 6, 7 and 8 show the corresponding 
graphs for the propranolol treatment. 
The results show that both atenolol and propranolol caused a significant decrease in both supine 
and erect systolic and diastolic blood pressure as compared to placebo. The addition of 
nisoldipine caused a further slight reductions in blood pressures. This further reductions in blood 
pressures were generally accompanied by a slight increase in heart rate. 

llQ 
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IA!ll.£~3.1. Ot::BI!!EO ~OONE!IC Pl\!ll\!~CTE_!\S! l\TEtJJt.O!.. 

AUC fJt112 tmx b,1 

(ng.hlml) (h) ( . (n 
Subject CA CA+ AN CA + Cll CA CA + All CA + Cll CA CA +All CA+ CH CA c 

1 75811 8373 . 7832 5,11 6,7 7,3 11.1 3.0 3,0 580 

2 7981 6003 61188 11.6 10.5 6.o 3,5 1,3 3,0 1111 

3 ! 3553 11557 3975 9., 11,8 5~7 2.5 2.2 2,7 1163 . 
II 21111 6079 117115 7 ,II 11.0 7,0 1.0 2.11 1.9 192 

5 5658 7351 7091 5,9 11,9 3,11 3,2 11.11 3,8 ll79 

6 5677 11267 51132 0.1 5,5 6.7 2.2 3,6 1.2 1122 

7 5190 9076 7992 7,0 7.6 6.9 11.2 3,3 2,9 111n 

8 9006 10189 11195 8.2 8,0 8, 1 2,3 1.6 2.0 651 
,. - _ __... 

T6iiii 7.8 - 6.6 - - 2.6 ii55 ~lean 56511 6987 7 ·" 2.9 2.1 
~ .:I: .:!: .:I: .:!: .:I: .:I: ;!: .:I: .:I: ;!: .:I: • 

S,D, 2291 2130 2269 , ·~ 2.lf 1. 7 1.1 1.0 0,8 135 

" - -- - - - - - ...1-
• 

'- ns•.J t... ns -I 1.-· n:i ..J '- ns ...J '- ns -' L. ns --' L p<O.i 

J' l- ns ,.;._._J 1.-- ns '--- n:s '--
> • . 
:> ns• = (0,1 > p > 0,05) 
>· 
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.u.w: JJ.i?. nEm:vro PJIARll!ICO',(JtJETIC J>AMHETERS: PRO~RlltlOLOL 

AUC f1t1/2 ~~f x 
~ 

(ng,h/ml) (h) ( 
Subject CA CA+ AN CA+ CN CA CA+ AN CA .. CN CA CA+ AN CA+ CN CA 

-

9 739 806 1378 2.7 2.2 3,q 2.6 1.8 3.1 125 
' 

10 1~0 207q 2002 q. 1 6.0 5,6 1.81 0.9 1,q 195 
I 

3,8 11 q235 5q60 711111 10.7 8.1 13.9 q,5 2.5 225 

12 1336 1272 1901 11.3 5,3 6.6 3,3 3,3 2.0 1311 

13 1283 1821 11152 1.2 3,9 11.11 0.1 1.5 1.1 121 

1q 570 828 6113 3,11 2.5 2.6 1.7 1.2 1.0 101 

15 1297 1829 21169 ll, 1 5,2 6.0 5,11 I 3.6 11.2 108 

16 1521 2693 2567 6.2 8.1 6. 1 3,3 1.1 1.6 133 

Hear. -- - - - 2.8 - -1556 2098 21182 5,11 5.2 6.1 2.2 2.2 1113 
> .:I: .:I: .:I: .:I: .:I: .:I: .:I: .:I: .:I: .:I: .:I: .,. s.o. 1135 1501 2099 2.6 2.3 3,6 1.5 1 ,q 1.0 11q. 

- -:>· '- p<o.01J L ns ...J L. ns-' I- ns ..J Lns....I Lns ..J Lp<O, .... 
L-p<0,03 ns L- ns l-

..J' 

..> 
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IW£3· I APrARE!IT WU rn ™ m:q.oL ~ mSOLprrrm; 

SUbject Placebo CA CA+ AH CA+ CN 

1 Uf' 2.11 1.50 2.55 2.69 
Yd 11,95 11.28 3,78 5,37 

2 UlF £'.35 1.95 3.33 2.lfl 
Vd 5.60 11.60 6.01 !1.65 

3 Ulf' 1.61 1.77 1.71 1.98 
Yd 3,37 3.02 2.15 2.78 

II LB."" 1.32 1.06 1. 711 1.75 
Yd 3,111 2.65 2.33 2.96 

5 I.BF 1.61 1.88 2.04 1.69 
Yd 2.53 11.77 3.38 2.21 

6 I.BF .1.65 1.23 3,05 2.76 
Vd 3.33 2.93 !1,117 11.97 

7 ta=" 0.94 0.83 1.56 1 .. :i2 
Ve 2.98 2.68 3.92 3,91 

8 L!F 1.66 i.13 3,07 2.05 
Vd 3,34 2.22 11.311 3.85 

~lean LB.= 1.66 -, ,.:;2 2.38 IT6 
.:!: .:t .:!: .:!: .:t 
s.o. 0.114 (1.~ 0.71 0.112 

l 
-

L- ns --J 

p<o.01....J 

l p<0.01 

' l - 3,69 - 3.79 3,83 Hean Vd 3.40 
l .:t .:!: .:!: .:t i .:!: 

l S.D. 1.04 1.00 1.24 1.12 
• J -' 

I 
l YI 
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~~,,. APPAREtrr l.mJi rn fl.t!i;, PROPRA!!i)LO!. ~ !!ISO!!)IPit!E 

Su!>ject Placebo CP + Af'l ~p + C!I 

9 LBF 2.12 1.73 3,04 • 3.24 
Vd 3,34 3.88 11,33 11.84 

10 LBF 1. 711 1.58 2.22 2.79 
Vd 3.16 2.63 11.99 11.83 

11 LBF 1.89 1.14 2.36 2.~ 
Vd 

5 ·"" 3.111 II.SO 11.60 

12 LBF 1.75 1.SQ 3.02 2.114 
Vd 3,48 3.311 4.21 3,97 

13 LBF 1.40 1.10 2.39 2,64 
Vd 3,39 3, 13 3.67 11.79 

111 LEf' 1.94 1.12 2.53 2.63 
Vd 3.68 3.01 3.23 2.91 

15 I.BF 0.96 1.15 1.25 1.28 
Vd 2.34 3.82 2.25 2.78 

16 LSF' 0.83 0.11 1.35 0,96 
Vd 1.18 2.28 2.77 1.53 

1-lean LllF' 1.58 1,33 2.27 2.36 
.:!: .± .:!: .± ... 
S.D. 0.111 0.36 0.67 o:so 

-
L... p<0.05 _J 

p<0.01 

p<0.01 

- - - 3,78 Mean Vd 3.25 3.15 3.111 
I 

.:!: .± .:!: .± .± 
S.D. 1.21 o.si: 0.94 1.24 

-
i 

18'.L 



Clinicwharmaco!ogical investigations on interaction of nisoldipine and djgoxjn. 

STUDY#: 413. 

INYESTIGATORS: 

OBJECTIVES: 

YOWME: 1-57 PAGli'>: 6-02-4014-4 l(i(i 

To investigate the possibility of pharmacoclynamic and/or pharmacokinetic interaction taking 
place between nisoldipine and digoxin. 

FORMULATION: 

-Niso!dipine IO mg tablets (batch #: 974386). 
-0. l mg Beta acety!digoxin (Novodigal miteR). 

STUDY DESIGN: 

8 healthy male volunteers participated in this non controlled observational study which was 
statistically a fixed sequence study. 
Each subject received on days I and 2, 0.6 mg/day of Novodigal mite tablets. Starting on day 
3 the daily dose was reduced to 0.3 mg of acetyldigoxin. This doses was maintained up to the 
last study day (day 22). Nisoldipine was additionally taken in the morning and the evening 
before meals starting with day 9 until the last study day. 
The plasma and urine sampling schedule was not given in this study. 



RESULTS: 

Table 1 shows the main pharmacokinetic parameters for digoxin. Unfortunate!), no 
pharmacokinetic parameters could be calculated for nisoldipine because only peak and trough 
levels were measured. The sponsor concluded that coadministration of nisoldipine did not hr.ve. 
any effect on the pharmacoldnetics of digoxin. 

r.omments: 

The results of the study could not be considered definitive as to whether an interaction with 
nisol<lipine C.C. and digoxin occurs, since the immediate release formulation was used and no 
assay validation was provided. Therefore, one cannot judge whether the results of the study are 
valid and capable of detecting an interaction if it exists. 



table C: pharmacokinetics of Digoxin, rrcan values of 6th to ath day (Digoxin), 

20th to 22th day (D!gox!n + Nisoldipine) and Quotient of 20th to 22th day/6th te> 8th day 
nonparairetric 95\-conf!dence ll..mits of quotient 

Digoxln Digoxin + quotient (\) 9S\ cor.f !dence 11.mit Nisoldipine 

plasma c'oncentration median 0.564 

(mg/ml] min,max 0.381, 0.7H 

renal elimination median 54 .o 

(\J min,max 47.2, 63.5 

Cl - total 11edian 6 .04 

(jnl/IT'in/kg] min,max 4.84, 7.75 

Cl - renal rred!an 4 .06 

(!n1 /min/kg] .,,1n,max 3.55, 4.70 

0.625 106.4 

0.393, 0.828 101.l, 134.6 

62.7 110. 7 
51.6, 73.4 92.4, 139.4 

5.64 94.9 

4.43, 6.95 74.0, 98.6 

4.65 103.5 

3.16, 4.85 81.4, 137.5 

106.9 

102.7, 120.) 

112.2 
100.8, 124 .6 

94.2 

83.7, 9'>.4 

103.7 

89.2, ll9.5 

N ... 
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IJLl'AH 111\ENT Ul HEALTH & JIUll\AN SER\'ICES 

NlJA 20-356 

Miles '.r'C. 
Pharn1.1ceutica\ Oivision 
Attention: Nancy Motola, Pl1.D. 
400 Morgan Lane 
West Haven. CT 06516-4175 

De:?tr Dr. r.,1oto!a: 

Public Healtt1 Service 

F-ood anri Drug Adn1111istrJtiun 
Rockville f\10 20857 

FES 2 1995 

Please reier ~o your t-.1arch 31 1993 r101'. drug applrcation resubn1rtted on August 3, 1994 
under sectron 505(b) of the Feac?ral f-·ood Drug. and Cosmetic Act for Nisocor (nrsold1p1ne) 
Tablets. 10. 20. 30 and 40 rTig 

\\le J.c~no\\'ledge receipt of your an1cndrncnts arid correspo11dence dated f\·1ay 31, ~June 20 and 27, 
Ju:y 18 and 29 (two). September 8 and 10, October 19, November 8, 9, 17. 18 and 21. and 
DecernlJer 10. 20 (tv.o). 22 (three) and 28, 1994. and January 20, 23, and 27. 1995 

r~us Ill?\\ drug 0ppl1cation prO\'ides for the use of N1socor in the treatment ot hypertc11s1:Jn. 

\\'c t1avo con1pletcd tt1e rcv1c\" ct H1is applico.tion including tt1e submith?d draft labeling ctnd t1ave 
conc'ucled th<1t adequate inforn1at1on has bt:en presented to den1onstrate that the d1ug product ls 
sa.fe 3nd eftcctive tor use as r'\:_iccnHnended in the enclosed n1arKed-up draft labeling. 
Accorclrngly. the appl1catron rs approved ctlectl\C on the date of this letter. 

The fir1al prirtcd l3bclin~i \FPL1 n1ust be identical to tl1e enclosed n1<Hh.ed up ciraft lat:ie~':1g 

t,t::u!-..ct1ng th'2 product \\ith FPL that is not identical to this draft \a\Jel1ng n1<.r, rt:ndcr ti-,,, 
product n11sbrancJcd ar1c1 an LH13.pproved ne~\' drug. 

3 hours 
l1 hourc-
12 hours 

Pl1:.:.1se :;uhrn1t tlftt.~cn copies of the FPL as soon as it 1s 3\'8.ilable, in no cast:' tnore t!1-:1.n 2- 1~! d,\)'S 

niter 1t i~-; pr 1ntod Please incl1\ 1clually rr.ount ten of the copies on heavy \vc1gr1t p;:iµcr or s1n11lar 
1nz1tc'l1:1I f-()r ,1drn1n1:--~:r:111ve purrioscs this sutJrn1ssion should be desiqriatt?rl ''F!\1\l f 1HiNTE[) 
Li\H! l lN1'-i !cir z1pp1,)\• ~ NLJf'\ 2d-35h ApprO'.al c_;! this lat,-:;l1ng by F[)t-\ is tl'.)1 rt'·.j\lllt'_1 liL'IOtl' 

It r:, IL·('j 

Sl1Juki ~Hhl111onc1I 1ntorn1,1t1on ft:l:1!1ng tl.) the s.Jtetv anu eth:ctiveness ot tile dru~ bt.'CC>rnc• 
c1v,11!.·1hlc> r•"/l'.;l(Jrl ot n:_it l,1!1C'l:riq rnay t>"' ~cqu1r0 1l 
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In addition, please submit three copies of the introductory promotional material that you 
propose to use tor this product. All proposed materials should be submitted in draft or mock-up 
form, not final print. Please send one copy to the Division of Cardio-Renal Drug Products and 
tWO C0pl8S Of IJofll !hP flCOmOtinnal material and thP flnCkage insert dlr8Ctlj' to: 

Food and D1 ug Admin1strat1on 
Division of Drug Marketing, Advertising and Communications, HFD-240 
5600 Fishers Lane 
Rockville, Maryland 20857 

Validation of tl1e regulatory 111ett1ods 1s ongoing. At the presrnt t11ne. it is the policy of the Office 
not to w1thholrJ appr•wal ~ecause the methods are being validated. Ne·1e1theless, we expect your 
continued c _,operation to resolve any deficiencies H1at rnay occur. 

P)r~.1sf.., subrnit one n1ark.et p.'.1ckngc of t110 drug \vhen it is available. 

\\'c: rcrnind you tt1at you rnust compl•/ \\:1th the requiren1ents for an approved NOA set forth 
LP!cjcr 21 C:f-H 314.80 tind 314 81 

It you t1ave any question::-., please cont<tct 

r·Jr [),1\ 1d Roeder 

(:cir1sun1cr Saft:ty C..lff1cer 
1.'?01) 59~1··S30C 

Sinr•~1 t:ly yours, 

Robert Temple. M.D. 
Director 

Ott1cc of Drug [valuation 
l-:::entt:r tor Drug Lvaluat1on and Hese~nch 
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cc: 
Original NOA 
HF-2/MedWatch (with labeling) 
HFC-130/JAllen 
H f-IJ-2/M Lumpkin 
HFD-80 (with labelir.g) 
HFD-100 (with labeling) 
HFD-110 
Hf'D-110/CSO 
H FD-240 (wirh labeling) 
HFD-638 (with labeling) 
HFD-735/0Barash (witli labeling) 
HF0-11 O/DRoeder/12/28/94 
sb/12/28/94; 12/29/94 
RID: fHVolters/12/28/94 

SChen/12/28194 
GGuehler for NMorgenstern/12/29/94 

APPROVAL 





NISOCOR 

(nisoldipine) 

Extended Release Tablets 

For Oral Ust' 

DESCRIPTION 

NI SOC OR (nisold1p1ne) is an extended rele3se tablet dosage form of the 

d1hydropyr1c'.111e calc•um channel blocker nisold1p111e. N1sold1p1r1e is 

3. 5-pyrid 1m1d1cil r boxyl1c acid. 1 4-dih\'dro-2.6-d11nethyl-4-( 2-n 1trophenyl )-, 

rlh?ti1vi .' '1ll't'1y 1;11 opy! ester C H ,t~ .0 .. ::rnd l1as the structural formula: 

N1soid1p1'1· "' d \'l?:lo1\ crystalline substance. practically msoluble 111 water but 

so!liiJI,• 111 "t' .11101 It lias a 11101f1cuiar weight of 388 4 NISOCOR tablets 

cco::s1st c•' ;i•1 ,•.1-ternai coat and an internal core 8oti1 coat ar-,d core contair1 

,,,_,_, l1;o ",. t11,• co;,\ as 3 slow releacol' formulation and the core as a fast 

,, .. ·"·'' r,c:1nulat1011 N!SOCOf~ tablets contain e1tlier 10. 2(1 :io. or 40 rng of 

. 1' 



are: hydroxypropylmethylcellulose, polyethylene glycol, ferric oxide, and 

titanium dioxide. 

CLINICAL PHARMACOLOGY 

Mechanism of Action 

Nisoldipine is a member of the dihydropyridine class of calcium channE.I 

antagonists (calcium ion antagonists or slow channel blockers) that inhibit 

the transmembrane influx of calcium into vascular smooth muscle and cardiac 

muscle. It reversibly competes with other dihydropyridines for binding to the 

calcium channel. Because the contractile proces: of vascular smooth muscle 

is dependent upon the movement of extracellular calcium into the muscle 

through specific ion channels. inhibition of the calcium channel results 111 

dilation of the arterioles. In vitro studies ~how that the effects of nisoldipine 

on contractile p1 ocesses are selective, with greater potency on vascular 

smooth lllLISCle than on cardiac muscle. Although, like other d1hydropyndme 

calcium ct1annel blockers, n1sold1pme has nega•1ve 1notrop1c effects in vitro, 

studies conducted 111 intact anesthetized anima:s have shown that tile 

vasodliat1ng efwct occurs at doses lower tl1an tnose that affect cardiac 

co11tract1l1ty 

1 Ile eftc'ct ut 111sold1p1ne on blood pressure 1s principally a consequence of a 

dose-rel.ited decrease of peripl1eral vascular res1sta11ce. While ni,':ild1pme, 

like otl1er di11ydropyr1d1nes, exhibits a mild d111rel1c ef!ect, most of the 

<111t1h1·perte11s1ve act1v1ty 1s attributed tc its ettect on peripheral vascular 

' \, J: llL1 ', l 'J:l'., 



Pharmacokinetics and Metabolism 

Nisoldipine pharmacokinetics are independent of the dose in the range of 20 

to 60 mg, with plasma concentrations proportional to dose. Nisoldipine 

accumulation, during multiple dosing, is predictable from a single dose. 

Nisoldipine is relatively well absorbed into the systemic circulation with 87% 

of the radiolabeled drug recovered in urine and feces. The absolute 

bioavailability of nisold1pine is about 5%. Nisoldipine's low bioavailabil1ty is 

due, in part, to pre-systemic metabolism in the gut wail and this metabolism 
-1' 

decreases from the proximal to t11e distal parts of the intestine. Food with a 

high fat content has a pronounced effect on the release of n1sold1pine from 

the coat-core fo1 mu1ation and results i'l a significant increasR in peak 

concentration ( C
0 

•• J by up to 300%. Total exposure, however, is decreased 

about 25%, presumably because more of the drug 1s released prox1mall\'. 

This ettect app.oa1s to be specific for 111sold1p1ne 1n t11e controlled release 

formulation as a less pronounced food effect was seen with tile immediate 

release tablet Concomitant intake of a high fat meal witll NISOCOH should 

be avoided 

Max1111al plasma concentrations of nisold1pine are reached 6 to 12 :10urs after 

dosing. l he terminal ell111inat1on half-life (reflecting post absorption clearance 

of 111sold1p111e) ranges from 7 to 12 hours. C,.,,, and AUC increase by tactors 

ot app11Jx11,,atcly 1 3 cind 1.5~respect1vel1~fro111 frrst dose to steaJi state 
' ) 

After oral ad111•11istr2t1011, the concentration of(+) nisold1p1rlt~. the cictrve 

en~rnt10111er rs about li t1111es hiqh<0r tl1cin tile(-) 111actJVL' enill1t1011H•r l l1e 



plasma protein binding of nisoldipme is very high, with less than 1% unbound 

over the plasma concentration range of 100 ng/mL to 10 mcg/mL. 

Nisoldipine is highly metabolized; 5 major urinary metabolites have been 

identified. Although 60 - 80% of an oral dose undergoes urinary excretion, 

only traces of unchanged nisoldipine are found in urine. The major 

biotransformation pathway appears to be the hydroxylation of the isobutyl 

ester. A hydroxylated derivative of the side chain, present in plasma at 

concentrations approximately equal to the parent compound, appears to be 

the only active metabolite, and has about 10% of the activity of the parent 

compound. Cytochrome P450 enzymes are believed to play a maJor role in the 

metabolism of nisoldipine. The particular isoenzyrne system responsible for 

its metabolism has not been identified. but other d;hydrop\ rid111es are 

metabolized by cytochrome P450 lllA4. N1soldipine should not be administered 

with qrapetru1t juice as this has been shown, in a study of 12 subiects, tc 

interfere witl1 nisold1p1ne metabolism, resulting 111 a mean increase in C
0
.,, of 

about 3-fold (ranging up to about 7-fold) and AUC of almost 2-fold (1a1191nr; 

up to about 5-fold) A similar phenomenon has been seen v:ith several other 

d1hydropyrid1ne calcium channel blockers. 

Special Populations: 

F~1i_al__9_y_sfunction. Because renal elimination 1s not an important pathway, 

b1oavailab11it~ and pharmacokinetic::. of NISOCOR were not s1gn1t1cantly 

d1tte1ent 111 patients w1'11 various deg1ees of renal irnpa1rment [;os1ng 

adjustments in p<.Jt1e11ts with rrnld to moderate renal impairment art: not 

necessary 

Geriatnc Hderly piltren~s have beoen found to have 2 to '.l told hiqlier plasma 



concentrations (Cma• and AUC) than young subjects. This should be reflected 

in more cautious dosing (See Dosage and Administration). 

Hepatic Insufficiency: In patients with liver cirrhosis given 10 mg NISOCOR, 

plasma concentrations of the parent compound were 4 to 5 times higher than 

those in healthy young subjects. Lower starting and maintenance doses 

should be used in cirrhotic patients (See Dosage and Administration). 

Gender and Race: The effect of gender or race on the pharmacokinetics of 

nisoldipine has not been investigated. 

Disease States Hypertension does not significantly alter the 

pharrnacokinet1cs of nisold1p111e. 

Pharmacodynarnics 

Hemodynamic Effects 

Administration of a single dose of n1so:d1pme leads to decreased systemic 

vascular resistance and blood pressure with a transient increase in heart rate. 

The chang-= 1n heart rate 1s g1eater with 1rnmed1ate release n1sold1pine 

preparations The effect 011 blood pressure 1s directly related to the 1n1t1ai 

degree of eievat1on above normal. Chronic adm1111strat1on of n1sold1pine 

results in a sustained decrease 1n vascul3r resistance and small increases in 

stroKe index and left ventricular ejection fraction. A study of the immediate 

release torrnulalion showed no eftect of n1sold1p1ne on t11e renin-ang1otens111-

aldosterone system or on plasma 1101ep1nephrine concentration 111 normals. 

Changes 1n blood pressure 111 hypertensive pat1e11\s given NISOCOH. we1e 

dose 1 el oteci ov.~r t11e range of 1 0 - 60 mg/day. 

N1sold1p1r1e doc0 s not ilppea1 to have significant neqat1ve inotrop1c act1v1~y 111 

intact a1111nals or hu111;ir1s. a11d did r10t lead to W•)rser11nq of cl1ntcal lwa1t 



failure in three small studies of patients with asymptomatic and symptomatic 

left ventricular dysfunction. There is little information, however, in patients 

with severe congestive heart failure and all calcium channel blockers should 
1' 

be used with caution in any patient with heart failure. 

E:lectropyhysiologic Effects 

Nisoldipine has no clin1cally important chronotropic effects. Except for mild 

shortening of sinus cycle, SA conduction time and AH intervals, single oral 

doses up t0 20 mg of immediate release nisold1pine did not significantly 

change utl1er conduction parameters ':irnilar electrophysiologic effects were 

seen with single i··1 doses. which could be blunted in patients pre-treated with 

beta-blockers Dose and plasma level related flatte111ng or inversion cl 

T-waves have been observed 1n a 1c>1-. small stu-.J1es Suci1 reports were 

concentrated 111 patients rece1v1ng rapidly increased high doses in one study; 

the phenomenon has not been a cause of saf.~ty conce1 n in large clinical 

Clinical Studies in Hypertension 

The ant1hypertens1ve ett1cacy oi NISOCOf~ was studied in 5 double-blind, 

placebc-controlit.~d. randomized studies. 111 which over 600 patients were 

treated w1tt1 NISOCOH as 111011ot11e1apy and about 300 with placebo; 4 of tile 

five studies compared 2 or 3 fixed doses while the fifth allowed t1trat1on fro111 

10 - 40 mg. Once <.Jaliy adr111111st1at1011 of NISOCOR produced sustained 

reductions 1n systolic a11d <.J1astollc blJod pressures over the 24 holll dosing 

111te1val 111 l>oti1 sup111e an<.J star1d111~J pos1t1011s Tl1e mean placebo-subtracted 

rt•duct1011s 111 sup;ne systolic ~111d d1astoi1c olood pressur" at trougl1, 24 hou1s 



pressure were similar: 

NISOCOR 

Dose 

(mg/day) 

Systolic 

[Diastolic 

MEAN SUPINE TROUGH SYSTOLIC AND DIASTOLIC 

BLOOD PRESSURE CHANGES (mm Hg) 

10-40mg 
10 mg 20 mg 30 mg 40 mg 60 mg 

titrated 

8 11 11 ! 14 15 15 

3 5 7 7 10 
I 

8 

111 patients receiving ateriolol, supine blood pressure reductions with 

NISOCOR at 20, 40 and GO n1g once daily were 12/6, 19/8 and 22110 111111 Hg, 

10spect1vely The susta1r ed anti hypertensive effect of NISOCOR was 

demonstrated by 24 hour blood pressure monitoring and examination of peak 

and trougl1 ettects. Tl1e troughlpeak ratios ranged from 70 to 100% for 

cl1astol1c and systo'ic blood pressure. T11e mean change in heart rate in 

t11ese studies \'las less than one beat per lllti1ute. In 4 of the 5 studies, 

patients received in1\ial doses of 20 - 30 mg NISOCOR without incident 

{excessive eflects on blood pressure or heart rate). The fifth study started 

patients 011 lower doses of NISOCOH. 

l'at1e111 race and gender did not 111flue11c0 the blood pressure lowering effect 

uf NISOCOI\ Despite the higher plasma co11ce11trat1011 of 111so\d1p1ne in the 

1'\1h;1 ly, tih'" · 1-;, i:, 11D consistent d1t1c>rence in their blood ~''essur.•) response 

'" cqit l11at til1 • 1ll 111r; dose was so111ewhat Ill Ore eff1~ct1v,, tl1a11 in non-elderly 

p,1t''"'ts NtJ pnstu1~11 t~ftect 011 blood prt~ssu1.~ w;1s appa1e11t and t11ere was no 

' I , ! , I I',' i \'. '1 1~ 1 '. I: ' 



evidence of tolerance to the antihypertensive effect uf NISOCOR in patients 

treated for up to one year. 

INDICATIONS AND USAGE 

NISOCOR 1~; indicated for the treatment of hypertension. It may be used 

alone or in combination with other antihypertensive agents. 

CONTRAINDICATIONS 

NISOCOI' is r:ontril1nd1cated in patienh with known hypersensitivity to 

d:l:,d:upyr1·J;11.· '"1:;:111111 chilnnel blockers 

WARNINGS 

Increased angina and/or rnyo~ar:_c!i:Jjjnf_arc_tion in pati_ents_yvitJ] «Or_9JlillY 

artery disease: 1\:11,;ly. patients. pilrt1cularly those with severe obstructive 

d1s.::1se. have developed increased frequency. durilt1on 

· .: :11ir11n:i 01 ;icute mynrCJrrlrill 111filrct1rn1 on stcinrnq calcium 

cil:inn1 •I I·' · · ·r tl:er :1py OJ ;it tile time of dos:iue 111creilse Tile 111echa11isn1 

of tll!:,, 'i!c • 11.is not ileeli establrslled In controllE;d studies of NISOCOr~ in 

I' 1!1· ·:it .. 1""" "'"Jlll:l t!11s was seen about 1 5% of tile t1111e 111 pilt1ents given 

111· .: 1q•11i< · .:urnpilr,;rl w1tl1 0 >!';;, 111 patients g1ver1 plaet;IJo 

PRECAUTIONS 

' .. l' ·, 1 \j' ! 1
1 



peripheral vascular resistance, careful monitoring of blood pressure during the 

initial administration and titration of NlSOCOR is recommended. Close 

observation is especially important for patients already takin\; medications 

that a1e known to lower blood pressure. Although in most patier.ts the 

hypotensive effect of NISOCOR is modest and well tolerated, occasional 

patients have had excessive and poorly tolerated hypotem:ion. These 

responses have usually occurred during initial titration or at the time of 

subsequent upward dosage adjustment. 

Co1!gcstive Heart F.<!tlure: Although acute hernodynamic studies of 

nisoldipine in patients with NYHA Class ll-lV heart failure have not 

demonstrated negative inotropic effects, safetf of NlSOCOR in patients with 

heart failure has not been established. Caut:on therefore should be 

exercised when L.:sing NlSOCOR in patients with heart failure or compromised 

ventricular function, particularly in combination with a beta-blocker. 

Patients with Hepatic Impairment: Because nisoidipine is extensively· 

metabolized by the liver and, in pafrcnts with cirrhosis, it reaches blood 

concentrations about 5 times those in normal>, NISOCOR should be 

adrrnnistered cautiously in patients with severe hepatic dysfunction (See 

Dosage and Admin:stration) 

Information for Patients: NISOCOR is an extended release tablet and 

should be swallowed wl18le. Tablets should not be cl1ewed, divided or 

crushed. t~ISOCOR should not be administered with a high fat meal. 

Grapefruit juice, which has been shown to increa$e significantly the 

bioavaiiabil1ty of nisoldipine and other dihydropyridine type calcium channel 

9 19 1;.rnuary 1995 



blockers, should not be t 3ken with NISOCOR 

Laboratory Tests: NISOCOR is not known to interfere with the interpretation 

of laboratory tests. 

Drug Interactions. A 30 to 45% increase in Al JC and Cm., of nisoldipine 

was observed with concomitant administration of cimetidine 400 mg twice 

daily. Ranitid1ne 150 mg twice dai!y did not interact significantly with 

nisold1p1ne (AUC was c!ecreased by ·15 - 20 %). No pharmacodynamic 

effects of e1tt1er H, antihistamine were observed. 

Pharmacokmetic interactions between nisoldipine and beta-blockers (atenolol, 

propranolol) were va11able and not significant. Prcpranolol attenuated the 

heart rare increase following administration of irnme:d1ate release niso!dipine. 

Tile blood pressu1 e effect of NISOCOR tended to be greater in patients on 

ate•1olol than in patients on no other antihypertensive therapy. 

Qui111d1ne at 648 rng ll1d increased decreased tt1e b1oavailab1iity (AUC) of 

n1sold1p1ne by 26''lu, but not the peak concentration. The immediate release, 

but not tile coat-core, formulation of nisoldipine increased plasma qu111idine 

concentrations by about 20 °;:, This interaction was not accompanied by 

ECG changes and its clinical significance is not known. 

No sig11i11cant 1nteract1011s were found between nisold1pine and wartarin or 

d1gox1n. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. Dietary 

ad1111111slr at1011 or rv· :;:d1p1ne tu male and female rats fo1 up to 24 rnontlis 

I 0 19 .l:lnu:Hy 199ti 



11 •!'dll dOSOS cip to 8;: illld 111 f11CJ/kg/day, 16 and 19 times the llli-lXlfllllfll 

'•", .rrn11,•: d··n h11rnan dose {MRHD} on a rng/nr basis, resper.t:vely) cind 

female 1111ce for up to 21 months (mean doses of up to 217 mg/kg/day. 20 

times the MRHD on a mgim' basis) reveaied no evidence of tumorigen1c 

effect of nrsold1p111e 111 maie mice receiving " n·:ean dose of 163 mg 

111sokJip1ne/kgiday ( 16 times the MRHD of 60 mg/day on a mglm' basis), an 

increased frequency of stomach pap1lloma, but still within the historical range, 

Prcgn<incy Category C N::;olclip:ne was ne1tt1<0: teratogenic 1101 feto'..•\IC at 

N1sold1pine \\'dS teto1ox1c but ncit 

r;:ost ·1rnll 1· ,· "' inss1 w:is observed ill 100 mg/kg/day an·~ decre:he1 tetill 

r .. •'t"•'r·\1:.- .1l:uut '.i :mo 1t1 t1111t:s ti1P MH.HD when co"1p0·e.J c1 11 :1 ~)~'ry /._ 1 :. _ ,, 

~.111•.i~" Jic)d. ti<1t>1s 111 pr.1g11011t r;ibb1ts. decreased fet:il arn pl:1c,•:ital 

w.·1·1l•ts 1•1,;:,• utis.1r\1'ci zit a dost> of 30 rng/hg/day. about 1[1 t1rnc•s liF? t.1RHD 

:,::··i1 1 11'1!; ,l'<'_-j ()rl ,t-~~J .... '~~~~j._li.;~1--MH.~,l hclSI~ 



&l.JllaG&-il~) piesented with forelimb and vertebral abr.orrnal;t1es not 

previously seen in comrol 1nonkeys of the same strain. There are no 

adequate and well controlled studies in pregnant women. NISOCOR should 

be used in pregnancy only if the potential benefit justifies the potential risk to 

the fetus. 

Nursing Mothers: It is not known whether nisoldipine is excreted in human 

milk. Because many drugs are excreted in human milk, a decision should be 

made to discontinue nursing, or to discontinue NISOCOR, taking into account 

the importance of the drug to the mother. 

ADVERSE EXPERIENCES 

More t11an 6000 patients world-wide have received niso!d1p1ne in clinical trials 

for the treatment of hypertension, either as the i1nrnedial8 1el"'a~e u1 t:1e 

NISOCOR extendE d 1elease formulation Of about 1,500 patients who 

received NISOCOR in hypertension studies, about 55% were exposed for at 

least 2 months and about one tl1i1d were exposed for over 6 months. tl1e 

great majority at doses of 20 to 60 mg daily. 

NISOCOR is 9enerally well-tolerated In t/1e U S cliniccil trial~ of NISOCOR in 

hypertension, 10.9% of tile 921 NISOCOR patients discontinued treatment 

due to adverse events compared with 2.9% of 280 placebo patients. The 

trequency of d1scont1nuations due to adverse experiences was related to 

dose, with a 5.4% discontinuation rate at 10 mg daily and a 10.9% 

d1scont1nuat1on rate at 60 mg d31ly 

ll1e most frequently occurring adverse exper1e11ses with NISOCOI\ are those 

r<'lated to its vasod1lato1 properties. these a1e generally rnild and or·,ly 



occasionally lead to patient withdrawal from treatment. The table below, from 

U S placebo-controlled parallel dose response trials of NISOCOR using 

doses from 10 - 60 mg once daily in patients with hypertension, lists all of 

the adverse events, regardless of the causal re1at1onship to NISOCOR, for 

which the overall incidence on NISOCOR was both >1 % and greater with 

NISOCOR than with placebo. 

Nisold1pine (%) Placebo(%\ 

Adverse Event (n=663) (n=280) 

Peripheral Edema 22 1C 

Headache 22 15 

Dizziness 5 4 

Pharyngitis 5 4 

~ ,.,of ~ 
""' >J :<;oc.>V 

Vasodilation 4 2 

Sinusitis 3 ') 

'-

Palpitation 3 1 

Chest Pain .., 1 L 

Nausea 2 1 

P.ash ,.., 
1 '-

Only peripheral edema and poss1b!1 dizziness appear to be dose related. 

-

Advers e Placebo NISOCOR NISOCOR NISOCOR NISOCOI\ NISOCOf' I 
1 O mg 20 rng 30 mg ~L) r, ig Gu mg 

[--
I ( l{atcs ~=1!9 1n 1X>) N=:'80 N=30 N=170 N·' 1 O~ N-,137 

I·-----~---

1 
., 
,) 



- r ----~--1-----r----~ 

Ede""' 

~IZLl~~ss 
, , "I "J_" "~ 

I ' " I 7 3 4 

The common adverse events occurred 3t about the same rate in men as in women, 

and at a similar rate in patients over age 65 as in those under U1at age, ~~,t 
Ji.lYiiap1•op U1at headact1e was much less common in older patients. Except for 

perip11eral edema and vasodilation, which were more common in whites, adverse 

event rates were similar in blacks and whites 

The tollow111g ;idverse events occurred 1n ,:; 1 ";" ot all patients treated for 

hypertension 1n lJ S and foreign clinical trials. 01 with unspecified 111dde1v:e in other 

studies Alt11ougl1 a causal relationship ot NISOCOP. to these events cannot be 

established •l1ey are listed to alert 1he pllysicu:rn to a possible relationship with 

NISOCOR ;reatment 

Body As A Whole: cellul1tis. chills facial ede111a. fe\"<JI, flu s11nd10111e 

1nala1se. 

Cardiov:iscu!ar: <i!iial f1brill<it1on, cerebrovascul3r accident. congestive ilea1t 

tailu1e. first deJ1ee AV block, hypertension, hypote.1sion, jugular venous 

d1stensio11, 111:gra1ne, myocardial infarction, postural ilypotens1on, ventricula1 

ex tr asystoles. supraventr1cula1 tachycard1ci, syncope. systolic eiection 

mur111ur, T wave ab11orrnal1ties on ECG \tla\\e11111g. 111vers1on. nor1spec1f1c 

changc~s). venous i11sutf1cie11cy, 

Digestive: cib1101mal liver tur1ct1on tests. ;11101ex1<J. colitis, diarrhea, dry 

mouth. dyspepsia, dysphag1;,,;. tlatulence, g;,is\ritis. gastrointestinal 

. ' 
l '. 



Endocrine: d•abetes mell1tus, thyro1d1t1s, 

Hemic and Lymphatic: anemia, ecchymoses, leukopen1a, petechiae, 

Met;:ibolic and Nutritional: gout. hypol-;alemia increased serum creatine 

kinase, incr1?ased nonprotein nitrogen weigh' g31n, weight loss, 

Musculoskeletal: ilf1hralg:a, arthritis leg c:ramps, myalgia, myasthe:1ia, 

111yos1t1s, !tcr'osynov111s, 

Nervous: :1!.'norrnal dreams, abr~orrnal thinking and contusion, amnesia, 

;rn\1dy. d\ ,, ,1 c,;r,;bral ischem1a, decreased l1b1do. depression, hypestliesia, 

•1!":11:1 m•rvousnoss. parestl1es11 sornnolonce. tremor. vertigo, 

Respiratory: "'111111:1 dyspneil. end nsp1ratory 1·. hc?t?ze ilnd fine rales, 

tcp1st:-,, ,,., " ·. iso."i cn1i<Jli laryngitis, pha1yng1t1cc plo1nal effusion, rhmit1s, 

Skin and Appendages: i1Grle, alope2:i1 dry SKiil. exfol1at1ve der111at1:1s. 

t,! i1t·rpos simplex, heri:es zosk·:. rnacu!opapular rash. 

o.: 1 :1slr. skin a1scolorat:.211 s~111 ub•r S\'1,•z1t111g. urticaria 

Spcrial senses: :ibnonnal v1s1on. ;m1lllyop1a hlephz111t1s con1unc\1v1tis. ear 

pc1:r1 ql.10.: '",:1 1\L'hy t1yes, keratocon1ur1ct1v111s ot1t1s 111cd1<1. retinal 

iJ,·ri; Iii•:·, .. •,11111t11s. 1Vdll31Y eyes tdstc• d1stu1bar1ce. te111por3ry u1111a1eral 

uro,1c11ital: 1ysu11a, he111atur1a. 1mpok11ce, 11crtur1:1 lJll11:ll)' frequency, 

.... ( ~ ,fl ...... "'- .,,_._(v..._ 
111 ;idcl1i1011 I' NISOt:o1~. tiWll~ IS l'Xlt:llSIVe exp,;11c•1JC•' \\1tl1 tile il11llh:d1ate 

' 
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those seen with Nl~;ocOf~ Unusual events observed with 1mn1ediate 

release n;scdo1p1ne but not observed with NISOCOf'<. were one case each of 

an91oede1na and photosensitivity. Spontaneous reports from postmarketing 

experience with the immediate release formulation of nisoldipine have not 

revealed any additional adverse events not identified in the above listings. 

OVERDOSAGE 

There is no experience with nisold1pine overdosa9e. Gene• ally. overdosage 

with other d1i1ydropyr1d1nes leading to pronounced hypotension calls for active 

card1ovascu!:1r suppurt 111clud1ng monitor inQ er card10,•ascular ;::•1.J respiratory 

function. e!e\at1on of c:xtre1111ties. iud1C'ious use of calc1u111 infusion. pressor 

agents and iluids Clearance of 111soid1prne would be expected to be slowed 

in patients \-.1th 1mp;rned liver function. Since nisold1prne is highly protein 

bound, UICJ!\ olS IS llOt l,kely to b-3 Of any ben,c~il\, however, plasrnapilereSiS 

DOSAGE AND ADMINISTRATION 

Th1° dos:iq · :if NISOCOf~ must be adjusted to each patient's needs. Therapy 

usu:1lly shuulJ be 1n1tiated with 20 1119 orally once dcilly, t11e11 increased by 10 

lllD pe1 weef. or lonqer intervals. to attain adequate cont1ol of blood pressure. 

Usu,11 111:1111tc'11'1nc'~ dosage is 20 to 40 1119 once daily 131ood pressure 

respu11se 11ic1L'ases over t11e 10 - GO mg dally dose 1a119e bui adv1~rse event 

rates :ilso rr1cr1~:1st~ Doses beyond 60 1119 once daily a1e not recommended. 

NISUCOI\ lu,; iWL'rl used safely w1tl, d1uret1cs. /\Cl_ 111l11ll1tors. ;rnd lleici-

]t,> 



block111g agents 

Patients over age; 65, or patients with impaired liver function are expected to 

develop higher plasma concentrations of nisoldipine. Their blood pressure 

should be monitored closely during any dosage adjustment. A starting dose 

not exceeding 10 mg daily is recommended in these patient groups. 

NISOCOR tablets should be administered orally once daily. Adm1n1strat1on 

with a high tat rneal can lead to excessive peak drug concentration and 

should be avoided Grapefruit products should be avoided before and after 

dosing NiSOCOF\ 1s an exter1ded release dosage form and tablets should be 

swallowed \·,·hole. 11oi brtten or divided. 

1 / 



HOW SUPPLIED 

NISOCOR extended release tablets are supplied as 10 mg, 20 mg, 30 n1g, 

and 40 m9 round film coated tablets. The different strengths can be 

identified as follows 

10 mg Oyster 891 on one side and 

MILES 10 un the other side. 

20 1119 892 on one side and 

MILES 20 on the other side. 

30 mg ~.J l i '."~ t ;1 r l j 893 on one side and 

MILES 30 on the other side. 

40 lllg 894 on one side and 

MILES 40 on the other side 

: ' • I i · , , l • \ 1 l 1 '.) :-. 



NISOCOI< Tablets are supplied :11 

Strength 

8ottles of 3C 

Gottles of 100 

10 mg 

20 lllf1 

30 mg 

40 mg 

10 rng 

20 rng 

30 mg 

40 rnq 

Unit lJose fJackages of 100 1 CJ mg 

20 111g 

30 1119 

40 mg 

N_Q_C_Cod_~ 

0026-8911-30 

0026-8921-30 

0026-8931-30 

0026-8941-30 

0026-8911-51 

0026-8921-51 

0026-8931-51 

0026-8941-51 

0026-8011-48 

0026-8921-48 

0026-8931-48 

0026-894 1-48 

I J1t, tciblets sho11lcJ be protected 110111 lr[Jht and rno1stu1e and stored below 8ti 0 F-

1 JO"C'1 Dispense 111 trgllt l1gl1t-resistant conta111e1s. 



Made in Germany 

Miles Inc. 

Pharmaceutical Division 

400 Morgan Lane 

West Haven, CT 06516 USA 

I'! l,JI I(, J:', j\l 1
1
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FEB 2 1995 

CSO Application Overview 

Applicat'on: NOA 20-356 
N1sold1pine Coat Core Tablets 

Sponsor: Miles Pharmaceuticals 

i~DA R1:::1..;t::iµt Oalt::. Aµrii 1, 1 993 

NOA Resubmission Date: August 3, 1994 

User Fee Goal Date: February 3, 1995 

Date of Overview: November 28, 1994 

Background 

'JOA 20-356 provides for the uc<0 of a sustained release (once-daily) formulation of nisold1pine 
in the treatment of hypertension. No formulation of nisoldipine is currently approved in the 
U.S. 

A non-approval letter was issued on March 25, 1994, that listed deficiencies in the 
Chemistry, Pharmacology, and Clinical sections. The firm responded fully to this letter on 
August 3, 1994. 

Review 

!:;_hem1stry 

Reviewer: Danute Cunningham 

Reviews: C/7193 11129193 2/4/94 9/16/94 

Ms. Cunningt1am·s review of the appl1cat1on has been completed. 

The trade name "N1socor .. has been approved by the Nomenclature Committee. 

The facility inspection has bee~ completed and was found to be sat1sfacto1y. We received a 
satisfactory response to our FUR on November 22. 1994. 

The deficiencies outlined in the environmental assessment review were sent to 
the firm on October 27, 1994. The response from the firm has not been 
received yet. 



E't1arma~ 

Reviewers: 

Review: 

Xavier Joseph, D.V.M. 
Sidney Stolzenberg, Ph.D. 

September 2, 1984 

The reviewers comments have been incorporated into the draft labeling. The application went 
before the CAC, and the recommendations 1rom that committee have also been incorporated into 
the labeling. The minutes of the CAC meeting have nut been completed yet. 

).lioriharmaceutics 

He viewer: Patrick Marroum. Ph.D. 

The B1opharm Day was held for this appl1cat1on, revisions have been made, and the draft 1s now 
under supervisory review. 

01. Marroum has made a number of comments 111clud1ng extensive revisions of the label.ng (see 
pp 13-16 of Dr. Marroum's review). The labeling recommendations have been incorporated 
into ti 1e draft package insert. He has also recommended that the dissol•Jtion specifications be 
revised as follows: 

from: 3 hours 
6 hours 
12 nours 

Hev1ew (hy!Jertension): 1 /4/94 

to: 3 hours 
6 hours 
12 hours 

Or. Smit11 has reviewed only the hypertension ino1ca•ion. There were no serious problems 
ident1f1ed in the review. 

Clir11cal 

Reviewers: Shaw Chen. M.D .. Ph.D. (Clirucal Pharr.iacology): 2116,'9 4 
Phil Oren, M.D. (Safety): 912 7: 9 3 
Cristobal Duarte. M.D. \hypertension): 81419 3 
i~orman StocKbridge, M D, PhD. 8 I 4 i 9 3 

The rev1e\\"rs recornniend approval for the hypertension ind1cat10~. 

l l1e tinal safety update 1s under review. 



Q.SI Audits 

Four of the seven reque~ted OSI audits are completed. There have been no problems so far. 

Labeling 

Dr. Chen has provided a mari-ed up copy of the pacl-age insert. 

~ ( /' 
~ 11( L .. , 
•'1,I ~t>-.'-c'\'....J' __ ... ,,-

-- --"-' ~ --------
Dav0id Roeder 
Consumer Safety Officer 

dr/9 4·94/9-27-94/10-28-94/11-23·94/11-28-94 

cc: NOA 20·356 
HFD-110 
HFD-111/DRoeder 





l\1El\10RANDUl\l DEPARTMENT OF HEALTI! & BUMAN SERVICES 
Public Hcal•J1 Scr'>icc 

Date: 

Fumr 
l]Jrough: 
To: 

SUB.IECT: 

12/22/94 

Fornl and Drug Administration 
CDER/ODE-lfl)IV CARDIO-RENAL DRUGS 

Shaw T. l'hc•n, l\lU .. l'h.D., l\kdical Groun Leader, IJH)-J 10 
Director. I l1vision of< 'ard1orenal Drng P:miucts, I ll·D-1 IO 1--t~ 
D1rcclor, U1! 1cc ol Drug E\ aluat1on I, lll·D-100 

NOA 20-35h, N1"1ldipinc Core-Coat for Hyp.:rtcnsion, Labding 

We did :llit get to 'cc y11w 111cn1<> in lin:d prim to responding lo your menH1. Thc1\'. '''"one 
que,tion that you asked that wa., !101 an."vercd in our response of 12/17/94. 

There were 2 "loud 'tudres' conducwd In J\lrlcs. One ol them was not the FDA "l11gh i:ll" and 
'tudic·J on!\ the 20 mg whlct 1Stud1<i<>h:JI11as more than average hut 1101 high I an,1 m that 'tudv 
there\\ as 1io C\ idc:Jcc: oi "d<lsc·-du1-11pin{. The <llher study was ~onducted us,ing the H IA "high. 
ht" meal :111J lll ihat stud1 the1e ""·' do.,e dumping. However, in tills stu,h :!l'J2-tH:'i-IJ2i. \()and 
4\l ing tabs \\'t:re usl.?d and th._ :o 111_~ d(i~c \\.a.-, Ih>l rcpc~i.lcJ. 1'lic fuoJ cr!cct (ill th1.,,.· (__' 11 i.1\ ,,·as 
a1c•agc 3 lold, and :'i 111 th•' 2~ "'lwct.s h:1d :\-11 lold ch:rnges. Thus c1tlrcr tire lat contclll in foou 
is 11nportatll or dosc-du1npin<' by h'"d Illa) be· dosc-1clated. 

J\l1ics did cunduct a pl1a1!l1'1cok1nctic/p1Iarntacodyna1nic study, a review ul that siudy was Jone l" 
Dr. l\l:uTlllllll, in wlrich they j,;u11d tlrat tire pktrrnacody11amic ctkcts (lowerill)C or bluud pressure'.) 
":1.s a functiu11 or tire t11g "I tile' !'l:bllla rn111·emrat1on. Su ten-fold dun~es in plasma concentration 
rnal-.c a si1.ablc u.ilerencc. tlnc·c-l«ld d1angc.s du not make a bi)! dilkrcnce. Tire slope oltlre 
co11ccntral1u11-1cspu1L...,L' •. :ur\L' t!tll'" 11\'L'I ~ l)ltk·r o( 1nagnitudc fro111 beginning ut effect tu definitely 
\l\'L'r tlic 111aAi111u1n cl fL'L't. 

1\\1\!uugh l)r. h.lanuun1's rL'\ h .. '\\ 1._Titi1..:i;,1._·ll tlic analysis ol thL' study. th1...' qu;il1tat1\\.' sta1<.·i1ll'nt,..; 

abo1c an: not 111atc·n:tlly :itt,·clc'd 111 the: qu.1ntitati1c problems that Dr.1ll:'11<1UI11 !,nJ11d. 

S\1. it SL'L'llls tP us th~tt th1._·1i....· is c1HL..,1dt.Tah!c latitude that can he- given \\'ith r1._·:-.pt....'C! ,,·hcthcr 
111sold1pi11c mus_l he tal..en 1ast1lll'- \\'c d,1 nut t.hink it must be taken fastin12. To he siknt ab<lut 
Lt...;ting or fed ill tl11._· J)n.-.a~:c and :'\dn11111strar.ilHl ~cction is reasonable hut siiit.:e thL'rL' arc 111t)rL' than 
5-!"nld L·h1.1n~l'-" in ( ·~1:\X. in I~<,;;. ol .\UhJl'1.-'ts. thc l)o:-.at:.c and AJ1ninistration .\Lou\d prubahly say 
" ... , prl'icTahl) i11 "(;hied st:tte (sect 'li111c:.! Pharmacology)". In Clinical l'h.:rmacol11;:) tire 11-
fol~I i11c1casL' in(_'\\,\\ should be stated to be an upper lin1it \\'hen a liish fat n1c~d 1~ ing_c~lc<l. 

Cl·: 

(1/{j(; :\JJ,\ 20 .1'i(, 

lll·D 110 
(~!JI-] l I I ti/( 'St J 

! 11·1 J I IU/Sl 'h.:11/l 2/2cf'J.1 
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10.3 Display and Analysis of All Adverse Events (Continuedl 

I 
! S;JBJECT II 

[ __ 
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f~~~1 l 

except for two episodes of moderate headache, one occurring in the fed state and 

the other in the fasted state. Overall, there "JS a similarity in adverse events 

reported in the fed and fasted condition. Headache was the must common adverse 

event (42.9% fasted, 35. 7% fed) followed by dizziness (3.6% fasted and fed} and 

flushing (3.6% fast~d and fed). There was no suggestion of a dose relationship fr. 

the incidence or adverse events for the Nisoldipine CC 30 mg and 40 mg doses 

either in the: fed or the fasted state. 

The relati9'1Ship cf en,.. v~iues to tr.c adverse events, was evaluated. Geometric 

mean C""' concentrations at the 30 mg dose were 1.9 ng/ml (r<:nge: O.i'-4.3) in the 

tasted Stat,3 and 4.5 ng/ml (rJnge: 1.7-13.3) in the fed state. Geometric mean en~ 

concentrations at the 40 mg dose w-."e 2. 7 ng/ml (range: 1.2-8.1) in the fa>ted 

state and :'.5 ng/ml (range: 2.1-26. 71 in the fed ;tate (Section 13.9.5.21. lnspite of 

the much higher mean C~. co,,,:entrations, in the fed state as compared to the 

fasted state, there -N"3re no notable Jiff.·.rences in the incidence rates or intensities 

of the adverse events in the fed state as compared to the fasted state (Tobi" 1, 

Section 13. 9. 6). 

Even though the overa1'. :ncidence of adverse events vvas similar bctv-.-·etn the fed 

and fasted st::ites. it 1,.· ... as of intt:_~rt.:st to detine \\'hethcr the subject5 \\'ith especially 

high ied/fa:.ted c"""' ratios sho1-. ed a higher propensity for adverse bents in the fed 

state as compared to the fasted staw. Adverse events in subjects with a fed/fa .•ed 

c~ ; atio of "' 5 are shown below: 

-
DOSE c,.,., (ng/o:r.t l 
(m-;J) I FASTED fEU . 
~o 

' 
JO 

' 30 ---r .. 
40 

I 
' 

40 

~=;cf ="'====o==~,===="'=~==~==;i 

AVVERSE EVE•tS' f£D/f"Si 
Cm._.. RA\ 

----
ED 
10 

FASTED 

NOf.IE 

<.ONE 

t\£,.D,1.,CHE 

PERIPHERAL ED£MA 
t·EADACkE 

~EAf:iA.CtlE 

FED 

•o•E 

•OllE 

HEADACHE: 

otz.zti.oe::s 
Pf , l PHUl.AL E.OEIU. 

PALPJJAflOH 

hV+.L -i 
A.( l .od'-.erse e¥ent!; in the fa.1.ted &~ le-0 ..>tates M:ere mild in intensit;. 

r. ~ I,''; t I)\ 
f-'.'LJ;P l,,_\, ·,,"\ .'~ .• ,;, i,: [ J, 't',H 'I I 

•h_•i f,,4·>1'1.u1 L,1; .. • 
\\.,·,!~1.1 .. '1:,('j \-~-.• 1 •. ;~,· 
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DEC I 9 1994 

DEl'AKlf\1ENT Ul· lll:ALTll .I.: l!LJMAN SERVICES 
l'uhlic Health Sen ice 
hiod and llllll,! Adr!!inistrallon 
C!JERU!JE-VDI\' CAlilllO-RENAL DRUGS 

! · rom 

Jl1 I'fil!lill 
Tu 

Shaw T. Chen. M.D., Ph.D., l\kd1cal llniup Leader. !llD-110, • 
Director. D1 \ i.sion ol Cardrorcnal Dru~ Products, lll·D- i I 0 t_·; ~ ~~ b, 
!J11ccto1, Ull ice ut Drug E\aiual!llll l, l II ·!J- IOU 'r-~y 

Slill.JECT: NDA 20-356, N1>eJldipinc Corc-l\1at lor llypcitcn.sion, AppruvalHlrly 

Thi, is in rc·spunse to the c<>nm\\:nh and quc,\lons rniscd in your urafl memo ol 12/ I 3/'!4 
rc•g;uding soillc labeling i>Sucs lor lhc ab,l\c appl1cal1011. 

I . ;\.s staled 111 the Secondary Re\ icw 1 !Josc Rc·.sp1>11sc· I. we also think thal lhe cllccti\ c 
d11sa\'.c 1<111\'.c is 21H10 fll\'./dav and illl' rcc11mnll'n1kd d1>scs .sJ11,uld incluuc (1() Ill\'.. Usual 
ni.1i1ltcna11~c do:-.c., in thc~lah~·l1n!l \\'l:-n: chant.:L'd ll' 20-40 Jill! in the l)i,·ision's dr;tft. \\'h1L·h \\L'rL' 

L'll/h ... ·urrcd 111 ~PU! n1crno. \\'L, airl'l' \\·ith !o~r rcasllllill~ tll<~l dl)Sl' titration should sl~trl at 20 in~. 

_,. \\.L· 11 ndi:1,tand tll~1t till' t:fh . .'1.:t:-. ot tuod and t:r;q··L'l!Ull 1111 thL· h1nctiL'.'-. ol 111~nldq1 111L' ('(·;!fl' 

d1lll'll'lll ·rlll'Y \\'l'!l' 11ut tugt:tlilT Pill_\' in "l11l11n11;it](11J l\l!" l'at1v1ns". ~L" they ate.: hn1l1 "todd ... ·1 hL' 
\\1.\rd11t~ lit ~1nLr 1n;trki..:d-np dratt L.'Crta\n\~ 1h.'\cr\h1._•d till' pr,)hlcn111n1Lh cll·arcr. 

()J\J(; \:II\ c11 ''·<> 
111 J) 1111 
I Il·Il I 111/1 '\(I 
Ill I l 11 \\1\( '\w11112/\ '.\/'! l 



DEl'ARTMl'NT OF l!EALTI l & HUMAN SER VIC~ 
l'ubli1: 11.:alth Servic~ 
hiod and Drug Administration 
CDER/ODE-1/DIV CARDIO-RENAL DRUGS 

hate: 

Fr:i1rn: 
lhsuui:h: 
Tu: 

I 0/25/94 

Shaw T. Chen, M.D .. l'h.D., lvkdical Group Lc~dcr, l!FD-~i l • 
Din:ctor. Divisiun ,,f Cu·Jiorcual Drug Products, HFD-110 
Diri;ctor, Office of Drug E\'aluation I, I li·D-100 

SU BJ ECT: NDA 20-356, NisolJipinc Cor.:-Coat for l!ypcrtcrn;ion, Approvabiiity 

0\ ER\ IE\\ 

NOV 2. I 1334 

This !ll<:ntorcmdum and the attache·d m;iterial constitute the Divi.,icm's rc·-·ommendation that 
t\IJA 20-35<>, i\isulJipim: Core Co'1t (rclcm:J to i.b CC fo!mulaLion) Tabkt-> be approved for 
tteattncnt of hyp,·rtethion. 

This pe1cha~e is lx:in~ \lc11»n1ittc'd with a dratt Sununary Basis of Approl'al (SBAJ prepared 
In the sprnisu:·. whi,·h has nut been edited hi' the Ill\ ision but appears lo Ix· ae·u11atc in its culllcnls 
ln s~r\\! as Olll'. ur thl' n,;fL'rCUL'C\ for Sl'LllllJ~u)'/tcrti.u:· n.:vit:\\'S of the appii~ation. In thl! Jraft 
S!!A, auy dc·scnptoon or iuterprcutim1 oi' the Jala ditfcn:at from thCJt of this me1110 should be 
di:->n:gardcJ. 

As <>11c: of th•: new learn appruadie·s. the priuuy mcJ1.:al rel icw ol the NDA were 
rnnductcJ in pcffa]Jcl I>; the tullowing medical otllcc:is: 

t 'Ii11ical !'har111al·ul,)L!\": 
ll I JX'l1CllSi1lll ·I :l llcc~.: y: 
I !ypcncusi1>1l -Safety: 

!Jr. ('hen 
I k 1Ju,u1c 
llr. !Jcrn 

I ,li~u 111111.:oh )g~· :-.l'ct ion .... ( 1f thL· appl i1 .. :ati l Hl \1 . .-crc al...;l, 11...'\' ic\\'1...•d cnnt.'Ut-rcntl ~ by t \\\' I\'\ h'\\ L'rs (I )1~ 
Jii ... l'pii and .)tol1.c11bl'rf!): a syr11 1pu1..· su11u11.u·y ul all ph~u·1n;1,:olllgi.: is.-.u ... -...; h,L'\ lX:L'll pn.:(hU'l.:J by 
l)r. Jo . ...:cph. 1\:-> oft!i .. ~ J.ttl' ut thi., Jilcn1u, lh;: l'hcn1istry, lH1.1phattna~culi\.'.'al. phanH~ll.:ul1>g1(a} ~u1d 
:-.latc-.t11...·al rc\·i1...•\\s !Ja,·1...· been 1.:0111plctc.:d. l'hcrc ~ut·· !Ill 1naj1...>r, unn. .. ·solvl'J pr1...·cliniL'J..1 i . ..;sui:s \Vh.ich 
!ll.1y alkct the ae·t11llI rcL'<>ll\!llCllJ1•d. l\dalcJ bbdino: i1a1..: lJ<.:cn suitabl; edited. 

N1soldipine i., a new cakill!ll d1annd hludccr uf the J1hydrnpyrid1n1' type and 'tn1c·turaliy 
1d.t1c·t tu 1ukd1pu1c. it a!lJlc:us tu h.: a lcs.s a;;tin; i1111uu1x: th:ut uifcd1pi11c in 1i110 but the two w..:11: 

1h1l di ... tin~uis~lahlc in inta(..'.t ~u1l1n~ds. 1·h~rc ~ll\~ n1.> in,ljnr l'ffi(J.L) ur satcty i~SUL'S that sht>ulJ 
JllCc Jude· the· appn11 ahiht) ut this drug lur the hypcncusiun. 

The aJ,c1se L'\JX'ric11c·L'S 111 the· /'\DA hal'c lJ<.:cn ame!l'kd with the hr.st Saktv Updates ul 
ll~i l 7 /<! .\. Sc kckJ mcy,ir tri,ib sh,lu ld lJ<.: iuspectcJ lJ<.:1 ore 11 nal appr1J1 al ,,r the· aJ'phe·ation. 
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}'RLCLlt\ICAL E\'ALUA'l IOi\S 

Th-:re arc• no oul.,tamlinµ issues rcga<d111g the' m;uwlacturing and analytical controls, Final 
inspection will be scheduled, 

1'1·cdinkal l'harmacolo~y 

l\isoldipine In' tx:cn adequ,1tcly d1arac·tcrizcd with resrx:ct tu its preclinical 
phar111~11.:okinL·tiL· and pharn1,11.:ody'1a111ic propL'l1ics. l'hcrc an: no outstanding issu!..'.s related 
to animal toxicity or can:inoi;enicity which may affect approvability ul the drug, 

( 'h;u1~~cs in propn;.;cd L1hciing, as n:conuncnde<l by thl' rharrna.:olot:Y rcvic\vcrs. a1c 
su1111nari/.cd and commented lx:hm, They have been aduptcd with minor mud1ticatio11. 

l\egati\c fmd1np in c:u·c·111o)!C11ic studies shotild IX'. yu;tliticd with 1he dosages 
studied. contpari"m with human dose should Ix: bcbcd on both body weight and 
surfa(c ~uca calL·uJatilHls. 
1:ctoto>.icit1L'S in ani1nals arc suggt'stivi:, not conclusi\·c. li~l\\"t..'VCr, di.:taih:d 
J~sc11ptiou of the problc111atic ttHHth.cy studies i.'; nol ncccs . ..;ary. Again, basis ot 
salety mcugin (toxic aniHlal dose \s maximal human dose) should Ix: spc-:ilicd 
(body \\'eight a1hl surla\,_·t: area). 
Th•' pharmacology reviewers du not think mallonnation is incrc:Lscd in rabbits. 
< >t11~T rt:co1111111.~nddtid11~ tel<ltc.:J lu fctotuxicity in rat.\irahbits, sl!ctiuns ol I""1hvr an<l 
:Jeliie1y. and /\'111,1i11,~ Morhas arc all appropriat•' 1l'hcumacology Review. p 145), 

i' ha rm a l'I• !.. i uc ti '"II' ha r Ill a cod y 11 a Ill i c' 

1\I !ht• prllpo .... cd dn..;agc•, nf 10-4\l 1ng..,, the pharntacoh.inctic prof1k· of 11i~uldipi111.· ( 'C.. • 

{onuulatio11 .\l!ppurt.-. a 011t·L·-dady rL"gi111en. l '0111p~uL'd \\·it!I th..: in11!1L'li1ate rck·asc (ll\) 
for111. a\'ail~thility ot ni . ..;oJJ1pinL' frunl the l'l' tahlc:ts \\.,L.., prolunged \\'ith lo\\'L'r ( 'm:i\ anJ 
highc·r All(' O\er 24 hrs, llioayaibhility ol ntsoldipine Cl· wc1s low for the unchanged 
drug l>ut linear ~u1d dll . ..;c:-pn..11hHt1unal o\'er the range of I U-t)() tng: it accu1nulatcs 
mudcratl'i) altl'I 1nultiplc oial d,hill~ (7 day,). While nisoldipme i, cxtc·nsivdy 
mctabnli1cd. the only act1w metabolite contributes :ihdut J()<J,, of the ph;muacolugic cfkcts. 

The 't«tes c>l l><>th hepatic' and 1c,ml tunc'tHlll' arc potentially i111po1unt t\H· phannac·of.inctic' 
o I thL· ~11..:t i \ L' Jru_b ..... i ll\..'L' n 1so IJ1 p11lL' is ex lL'nsi \'l'I y Illl:L.tlhil i1i:J and cxcrL'l1un of thL' 
J11L't,1b,1litc»' is prcdllmin;uttly rcnaL Utoavailahility ol thc parc·nt drn~ \\'CL' indeed iri.·rc:Lscd 
by ,\ 5 tole! in patients with hqiatic tailurc. but changes in AUC anc! Cm,, due to Yarious 
Lk·grL'l' ul renal i111pain11enl \\'!..'.'re only tr~uisiL'ill an~l dl1ni11i.\hcJ \\·ith 111ultipiL' dnsing. 
PLt-.111:1 ll'\'L'l" ol r11sPldq11JlL' \\'L'rL' also hi~hL·r in tiiL' chh.·11:-- hut dilsa~l' ad.1uslllll'lll l11ay !llll 
bL' rcqt11Jcd '"L'l' l~tr1L'<h.')' ~IIy1h .. 'rtl'11...;iu11). N1..;l>ldipi11L' lllL't.tlhJli ..... 111 pr1)!,;1h!y i11\nl\·c .... 11.i,ti 

L·:--111L·hn111ll' .-.y;-.IL'lll (a . ...; nitL·d1piH~'), hut Ill> allL'tllpt to id1..•ntil_~· is1>/)'Illt' Ii.ts ht'L'll 

dtlL'tllllt'lltL'd \lndc ... 1 L·h:111~!t'S in hi1l;t\'ailahility ul C.. '(' ni..;nJdipinc \\'L'J'l' uli-.1.'J\ l'd \~ 1111 



\, j J .\ • 11) I <\I\ 

.. ,lfil<l!li1L1111 u"· ,,1 r,1111t11!ir1,· ~1k'lTL',t~cd I~ 2() 1
.; l ·~·11nct1d1ne (llh-'rl'~i:.;cJ 30-·l.;;,r;; ). 

,pi 1n1.l 111c 1 r t·d u,·cd h~; ) ·"' 1
; l, and Jll opratl11li)I (I 1 :.' ~1io1tcr hy 2()<;-;.). i·hl'sl· interaction ... ;1 n· 

~'r.d'.thh. r)! n·.1 -1:nil1 .111: \ :1n1\·,!1 .. ·,111 ... eqlll'llll'\. hill Litx·l1nt2 ha .... lx·"-·n ed11cd ;11.L\irdin~ly 

\·, 1111il'd Ill tiL· ( ·i1r11, .ti I 1l1.1r111;tl'11lu!-.!! ~tnd li1oph.11111accul1f...'al }{.:\·1c\\' ..... Llie ph1hll'111 ot 

d.i-,· dUlllf'lllf-' \1.)1l·r1 n1-..1dd1p111c l '(' i:-. adrn111i;-.tcrcd 1n a non-L.tstcd ... tall' or \\·ith t:rap1,,.·fruit 
lllh'\' (\.!'l' b1,1:1~ 1 1q11,,.,11''.\' nl Study 77PJ l'aIJ flll{ tx.· ign,1rcJ. N1:-.,1!Jipi11l' (.'(. ~1111ulJ llPl 

I~: ,td 111i n 1:-.tt._'J1:d (,,_·011 L·i irn rt ;inti y \\" 1 tli t11L·al or µrapet 111it juice. hut i nstcad alter ovcrni~ht 1 a ..... t 
.ir1d I 2 li(i\iJ'- l)t'flirc l1ft'.1"L1.-.1 ,;\ppn1pn.11.· 1n..,fn.h·t11H1s to avuiJ do-....:• ;u.i111in1\tf;ttin11 H1 
"th·h -..,·ti111:·, I: 1·" !~·l'll 1n,·!tH..ll·d 111 thl' l.tl'>{·l1n!' 

\.,1,,;Jl!q11111.· 1-, ! \,1-.. : .. !11.111111..'. <1111d1\f"t'l1t'll,1\t' \\ llll phar1natod,11a1Hil' act1\1liL'" ...,irnilar 
r.,, i:~1(_·r ,q'/lJ, •\ ·,·_1 \.ii, 11:111 l-!1.111/ll'l hL ).,,_ k'-·1, l ".11\l111\-.l ... 1.:ul.u and l1c11111d~ 11~1Illll' L'ltcL·t:-. 'll 

111-..1ddq11r1t· h.1\,· h .. ·,·11!11!1\ \\L·ll c-..!.1h!1·/!;'.l (\1rrL·lati.in hcl\\'Ct'n n1.-...ild1p1ned11'-L'. 
/'i 1-..!Jl.I lt'\•_'!1 !'. 1 ! hl1"11l 11:\·-..-..u1c l'L'dlh'\]\lfl \\,!-.. ~·1111d (l\L'r lhl' l°L'l'lltllfllt.'fHlL·d d(1...;;1_~'t' laTl~L' 

\..1.,1l,l11•1rh· 111 1:, q11" ·.1 dd,: 1r1,>1r·'l'i· ,·11~·,1-... hut it-.. L']1n1val a,l\.1111.1.~·c-. 1l\t'r l!lll\l1prnc 
i1-1. ll•" \1,·«r:,. :::1:,·r1:.· I'·")'! J,q 1 \\ 1\t._' ._·IJ.111.~'L"' !llll'-ll\ d{ h1~'1i ,J1\\l'" 1-..._·L· '.°'LtlL'I\ l, 

"i, , 1 r , , 1 1 I 1 -, , I· • (, 1 ·: \ .1 l · l! \ 1 t 1 l'"' !"lier t' 1..., '.'-i 111 ll' t._' \ 1dL'11 l • L· ii t 11 1 \ 

111-..,•l lq 111i.· 1r: 1\,· 

i;' , ~I j I h .\J f '!I '· · ; ' 

"1 1r\ !,!.,,,I !l,,.,\. hut 11-.. ;1nt1·1-.1..·hl'lllil· cltL·,1 \\a.-. tl•1\ c-..1.tld1"'hl·,l 

'\ ~ ' ' \ : \ ! j ~ ' ; 11 . \ : 

) i:.11 i!i.I· ,,). 

Biopliar-111:1l tJtit·-. 

I:, 

,\ ! 

'\ ! ·, 

\: ' 

,,, J '1 "! :! j,),)\11! !]1 1\\ 111"-1d1lt._'\1>! ll\l'/. ,111,l h1'•l"11 1 ,1~·111!'.1..tlil 

• ;'1 ,,,: 11 !111\,1,,11Lu '-\"tern" 

:iill1•fll<."i" 1.1111_J ,•ri1cr r1ll't.ti"i11r,· .... f 111 ;-.1"':"·-'l·tl [',tl!L'll! ~·r,i• .. 11, \\1.'lt' 

',1·1 ,. 11 1 t::1 111-:r1.· ._i:ni.:;d L'lll·._t-.. \\L'rl' ilh-..,''.\,·d 111 !lh'' · !\1!tl'rll'­

'.·,1,11r.:.! {'\l'i.111.tt11in. -..u,h ,\.1L1;irl·111>1 l\'IL'\,lfll t,1 1 .q'pr.1\.11 ,·~ 

) I ,! f \h [loll] 

1 , 1 ; 11. · t.1 h1 d 11 t · d h \ t lit· I ' .: .:; 1 1 c n / \' r lll' ~: ... t L' 11 l. h u 1 t t 1, • -.. J'l ''-· 111, 1 .... , ' 

.,i\\l·,J h.1-.. rt\11 h·:t._·111d,·11t1l-1l·d \\'ililc llll't.d1..ili ... 111t•l111,,,,1]d1p111" '' 11\11 

f,. f1t..' "l'.'llllJl',tlltJ~ ,i;!!l'!t'llt !!1 1f1l l!J~t( 1lf lllfl'lll{'lllL', t/Jl -..!ud: -..)i,11!],J t\.' 
.;; j',, ... '.. 1111\\1.'\1"1 

lill. , lh\ .' f,1Jd-..111hLtlll;',!,t!tL'f".t_~\)flJ~'d1l\l'lf!!',\ 1 l-..!lL!I! 

I'''. •\, •·} \ >.(IJ<]I,''- llLI\ I~· fl'l.1!,\J (, l !Ji~·\ ,\f"t.thi11t\' Ill di-..-.., iJtJlhlfl .tihj Jl,'(\J 

'i' ! 111!1<-.1111'11. ,1·, 1!1tll'll'r1t l1!,i.11l prt.'""11rt.' ll'1lt1 ... ·t111n-.. lr11111 pL1._·l·Ji,, \1,,·11.· .i!-..11 

·1,·,i th,· l'll1, .1~: tr1.i1 ... ~-..1.·l· l1l·l11".\ 1 S11h"t' r11 1 ~·1111.-.1,·~/-..-1!;.'l\ 111\1!1!1.·ni-.. \\1.'f"t' 

1i111l11J1.-1l !11 th1" \.1n.1t11111. ·ll'J11t1\,tl 1-.. tllit :itlt·~·tc1l 

\ .. 1\ \,!l1,L11111n \\,1-. dl·-.. ... :rdh..·J 11111111-..t 11! thc .-.1ud1c-.. !11111111,,,,Hl" 111 .t IL'\\ IL'!'•'l1" 
1, !,'.1,<l1Ld1J,• J,1 ,h\.llll\1' f/i.t! <tJIL' .I'- -.t\ \\.1-.. [1-..,',j l!l .ill. lfl.t: 

1.1~1''~1' Jll ,1,,,,. j!J '!"•l!J,>!1.i!ll\ Ill[,\ I'll:-.,· !i -.t1hl1,'-.. "\' 

'I Ji! h \!I 
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I I !"<'\I: 11111 \('\ 

\l;ij11r lri;Ji, .-.11pp11rti11e \ppro\al 

';"d.!1p111t' ll-h t11'1·n c•\ i!u.ltl·d ;\..,.Ill .u1td1\l"1..'ill'll")\t' ffl\!tf')','rll Ill J .tJJ.~ p;tlll'flt-. at 
1J1.,,1:·1..· tq1 1,i ";i: 111,!_·./d:1\ I hl' L'llil-,h·}' d.1t.1 :-.up1i,1r1111_i.' ~1pp111\~d \\l'fl' dL'rl\cd lr11n1 thL' 

• "1,11 ·" -· I -:~,I, 1,~-:'. ~. ;· .. ;.~!!·~·~ t"!,;~1..:!,. ._ .. ,,~,.,:: ... ,: ,,:~h\i\.·.., tu ~.-~11\/ J'•Ulc.:lll.'> \\llil 

!1\ [ll'lll'l\-.11J11, ;~.'-'<1 11! \.\ h1irll fl'L't.'l\t..'d Jll\• 1ldq11nc· I nng· ler1n t'fticaL')' v.·~L~ supponed h~ 
fi\l' 11pl·:i I.th~·!. ti I.~ 11i.111th hillti\\ 1111 iii °'"-l p.1t1:·11t-. tStudJl':-. \1'\l).!J~t), ~t)(L(iJl), _\t>IJ-
1 ,r )I 1. ( l ., ", I l' JI ) I 

\\),· J\11111 II\ l·:l11-.h \ 1.'Jll\!)1'llll Ill l',11·)1 • 1 !. [Ji '·,l" -...111(!1i.:-. \\,l.-. tfii.: c/t~lll.~l· !ll '>lljli!ll' dr._l'-i\1l!ll.." 

i '] .. '1 l r l I ~.' . ' ti] l' ~ >i! ) I } I ) ' ! r . q ll ,, l:•\. • l 1 i h_' 'l [ l h'. \.: h l '\I d \ h 111 g 111 le I \ a! I lJ 11 ll ~it l' 11 l' l'[ J a Ill..' r ..i ') 
,\,. -~.., ,11 ilh·r.qi\ I l.1!.: !!~'!ll 11\-t_' :'! rl:~· .,,_.\\ll "t11di--·-. -..l11nild Ix· L'l•n:--tdL·il'd l11r n1~t]Dr 
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I\ l' II l, ll k '-
I 1 \ L'd d11' l" 

d1 "'l' t!l1.1ll'd pct IL'· ;11 in .... c 
fJ\.l'd dll'-il' (;tltl'i' \\L\ . .'~·, I l 

fl\l'd d1I">(.' {~d{l't \\,l'L'~ l) 
IJ\t'd d,1-.c taller \\l'L'k I 1 

!.· ·]1 l.1,: 1)1;,·\· !11 iJ, ]1-.t. ,J .1h1'\l'. lit~•h d11-...l·-... \\t'fl' f'IJ.t.-...:L'd 111 :tlll'I'Olll' \·,eel--_ \lf ]11\\ d11-..l' 

li ~~11'11:1: i·l· 11·.i~·d tli.il 1u .\1ud~ i),"l'j.\J.~'J. ;1fllllilL'I ~nHIJ' ul I:'! p.ltlL'llt~ \\l'fl' 
.!11,!,11 .. ,..,·d 1,1 1,·,\'1\t' n1-.1d\l1p11h· ( 't · 1'0 n1~ qd. hut thL' ann v;as tl'r1n1n,1ted due t:1 .... 1tl·1: 

. : ! I I >(. ! ' ll ;' ' ' \ ! L "· ! I 'I : \ d l' ! 11 ''. ! ' \ l L 1 l.1 ' ! .... \. 1I._lq1 I f]'-.. \\ ; i-... 'd "\ I (\. l fl l: \ L:\·d \\ !1 : l \ \' J 't I'' u 111 l 
• '[Ii" 1,1._J,i111·\~] ii ,'.'l1•tq· • 1 1/S11.t11~·nt..,\ 111 !ht'-... p.11.tlk·l pl.11.:L·h11 .. -,1rJtn1IL·1l :-.tu\l'. 

Ji· ~ ·1;1.11:111:·· ,1,,',•>1111,,\Jl·d-...i11.l1l·-.111.1\ f'l,i\1,!,· 1n,1n11.._·[1t•fl,1111lit1\\ 1.it1,l' 111. •l,l111trh·111 

1 1 " I : r · I " ! 1 \ '.- · \ ~, 't \ i.._' \ \ l: ,1.._' \ '.0 \ , ~ , )' l \ j\ i. U > l' \ H \'- · i 10.. l' 1 i II , t'> ''-'-...' l 1 l ~ L" ! I !-. . L \ \ If 

1 . 1 : ~ 11 11. · , \ , \ '; ' "I ,, , \ ~ ~ :~ ,_. 1 h' J .ii I'\) 11 u l.11 11 '; • \\ I h 1 , 1 L · n, 11 I r l'. t'l L· 1 l \\ II I t • :, li' 1 1·1 !! L 1 : r l l' ll 1 

1·1: ::1,, !','!J,·11 !\,·,I ','f'!"> I ~\l'>1)l1.l1p111l' \\ d.'-i l'\',dtLllCd 111 Jl.lllt'l\1-. ;di ll'(L'I\ 111,L'. ,tfl'l! •I• d .')\l 1111~ 

, i , t f , . L ~ '.' ! , ' t i 11. ! 11 I l' I , t {' ~ Ill \\Ill' 'l Lili y t J ) ;\ q -() 2 q ) , ;11 h ! 111 ! iJl' 11 t ill' I ( St U ,j -~ l ) l) I I \ 1 .'. d ) , 

1 1 i 1 1. , r, i 1 1 . I 1\ \ 11 • 1, ti 1 ! ) 11 11 Ji 1.111 d\_· 1 1 1 t · I /. i ~111 d p 1.1\.·l· ii. l \\ l Tl· \_ ( lJ 1 qi .11"t' d 111 t ~ l" 11 1 t ·, , ·;., , • 1 d 
111 \1;1t1, 1,: \11 .d\ :'\1Hq1, \>:.i..·:-.\1\\~ 11t thc-..l' -..1ud1L''- \\ill b"-· L»>lllll\L'lll1.·d i!I th,· S\·, 11 ·11 11f 

:;·.:;.' ;; t ·illhi!l.ll!1•rl '1\llli 111!1,·1 :\11!ii1_\l"1..·1\t'll\l\l''" 

lll'l'h " l'lan·lio 

\ :,, pr1111~tr.\ rtlit:~u.·~ d.11.1 Ill 1 .ihh· I 1H1 l',1:_,,. (1 d.-11 •. 111,11.i!,· t/i.it n1·, .. 111 1 111,·. 1: .'ii (11l 

;1, ''i"i. !'.I llltl'l'lL'llli! dlld 'J.!-.'..ilifJ'-'.11111~ l\J1llt' l'lll'\.(l\l' ,tlltdl\[ 11..'11\'ll"I'. '.l!'l'll! !!:.t!l 
· 1· ·:. :'.!; .:,L· ... F:.i~.: '-!l&;,J.il.tii 1'1 .1'-i1\ ii_\ h11 Ptt1..t· li.ul_, t1t'.H111l·11t _.\1 tr11" ~h1,l" 1 ingv. till' 

!,,. -.i1ht1.1\_l1.'d llt'l dl'«ll'd">l'' Ill ."'II >l~ll ,j( l111t1~·11 !.lfl~'(\I !!·'Ill~ Ii!·' l) l/ Jllfl1IL· .l!tt'I .: 

!/1,·1,q1\ I r,·,1111h·r11 cit,·, t." >.1 ,'!l' !,· .--. , ,111 -1---:,·111 1 1!_11..· I 1 ,L._-.., .. i,., \\ .1-.. 

il, 1 .. l ·) ., 1 111 ! l 1 ·• • I. u -~ ·, · 1 I r 1. 11 1 I )IJ 1 i i M 1< ' 1 " 1 i I 1 1 d, ·, , · : : · , 1 ; , 'I' 111 \ : \ ! \I ' \ 1 " : : I . ir 
,1,,,· -!·i.:111,·11 !1'1 .1q11Jt,' "'!"'t,d1, /1J,1,1,j !'i\',,ldc·--. 1\'il))'• !>.1J11, J .~l'i· 

I\ I ' 1 111 IL'\ I I 1i, I 111 :' ( l h. -..111 ! 11, '">I 11, • ! l ) ..- '\ I·, ' : 1,· -1: I• ! I I : I '.ti' 
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The IJ<'H'l'lllagcs of n·~pon<lcrs (SDill' redth:ti(;n of =:: I 0 mmllg at trough or to ~ 90 
nu1li I~·) ;1rL' also sun1111ari1cd 1n ·rahlc ~ 011 11c\t p~l,_'c. Jn the n1aj\1r trials. the response 
r;11cs 111r 20-b() llli!iday were in the range of 17-·Vi'.i more th~m that <>i' placclio. Again, less 
p.111cn1s I awun1l 17'/, "'er place ho) re'!" mdc·d Ill I() 11112 d.ise. 

\\'ith TL'Spc~t tu bli.H>J prcs . .;urc clhUl~c ... ~u1d rL' .... pon:-.e 1atl'. Lill'lt: \\'L'fl' no sig111Jlcant 
ditkrc·nc·es h<.·tween various statislical analyses. i.e. 1icr-11r11tocol or intent-lo-treat (final 
\ i ~it). 

lhc' dosc-rlSjHlll.w 1c\.itiu1"l11p. a11101112h. Ji.is hl'cn cx.unined WH!un the range of lil-hll 
Ill!~ llJh.'L' d~uly (J"ahlcs I 0... 2. in LhL' a:-- . ..;l)l'iatcd l-"igurc 1. c; fL'Spousc curve \\'as shifte1.l on 
th .. : d,\::.,~ ·,t\\~ tnr cLu·iil..:;.ulonL \\'bile..· d(1"c \lf }() 111!.!/dav \\'~ls. nut cPnsistcntlv better th~u1 
pLk·L·lh1 as 111u11otliL·rapy. it i .... app1,..·ar~ that lilouJ prc~...;..;u1~ I"L'JUL'tiun rn;.iy incr~J.Sl.! further at 
d\1:--."-'" ;\bO\l' ()\) n\~ (hut nnt tort;; 1e .... p11ndl·rs). /\ltlhlllt.!,h thl'tL' arc L'\'idL'lll'I: fr<Hll :...111.d! 
pil(it :--.tud11.·s nl h)pl'!1cnsi\'c pa1ic11ts th.it di1..;.._·-1c:--.1,nnsc fdr )0-90 tn.~Jay· \\'a .... r~1lh~·1 fJ;l[ 
1~\tud;. l),id~022. sl'e ..__.lltul·;\i i'har1n;l..:1)lngy lZcvtL'\\ ). th ... · t'inJing slhlUld l>e a..:ceptcJ \\'ith 
l°l'"L'f"\ :lti1111 hc..:;nt"e dosaf!L'S \\·c11· f111\'L·d-L'\caL1tt•d rapidly in that :...tuJy. l'hL'rc \\a:... a 
L'\Hh..'L'rn, al~u in the s~un\..' \..'.~u·!y ph~\:'l' :-iludy, u\" a.-;) 111ptd111atiL' 1·-\\ a\ c l'h~Ul!!es at high 
dn~c...; \~t.'L' S,dL'ty hl'l1l\i.·). ll11\ve\·L·r. \\·hen dllscs \\'l'n.~· i11..:rc~L-.,cJ sl1.1\\·)y as in eltlcac) 
tr 1,t1 ..... !es" p.1ticnts reported th1.: sat\\~ abnnrtn.tlity. l~'"~siJ ... ·:--.. :...u~h l:L,(j change" \\·ere 
1.·11n1111nn 111 hy1x.-1lt'llsi\c p:1lit.·nts ;u1d thL'll cli11i .. _-;iJ 1nc;u1i11µ arc tH 1l :·L·t ciL':tr. 1·1iu_..;, 
L'lt1.·L-l! 1 , LIP:--.l's ot nisul1..hpin..; l \ __ :rant:,~ lt\HH 20 \\) 00 111~ n111.:c daily. \Vlth a \\·cah suppu11 
l<>r th" lll)!h-l'11d limit. 

< ·,1rrcL1t111n hct\\l'..:'ll hhakl 111:-;old1p111c }1,..'\cl ~Ulli hln\><l pi<.:' ..... ...,·1rc· rl'Ju .. :tio11 ha,.., lx·en 
d1.·n11111..,tz ;tted .tt tniugh in .'.l'\ t.'lal t:lini ... :al u i;d". 

I i111,·-Lflc·lt Rdati11mhip 

\\'i11k_· only n111.:c·1..Lul: IL'fllllL'll \\as u .... l·d i111·li11h.\ll trt•d" ~tnd \Ill d1r ........ :t cn1np<lri:-..\n ,,·i1h 
lither d1J_..,i11~· ..... lh1.·dt1J1.._· \\a .... pc1l11n11cd .• tp1111.111n;ltl' t.lo . ..,ing inil'I"\ai f111 11i .... 1dd1p111l· \\·a." 
l°"!,d1Jj..,IJL•d Ill llJL• f1,JJ11\\ Ill!_.! .'.llil..llt.'S: 

-"luli11. __ ·.., 
ll'S-ll:il, ll')ll-l))'J. 
llS<I IJ.N. I J'Jll IHl<1 
I lS~ ll:i-f. I l<Jil-111 1J. 
IJS 1J-U.\'J. ll'Jil I H 1(1 

J·,11 tl1.- 1!,1:-.L':-. studied. t!Ic pl.t1..'L'ih1"-'llhtLh.·tcd trough-to-pt.·ak r,1ti11.., ,1ppc:ut·d t11 he 
",·1·:11 d'l'" 1:111~·111~', 1111111 70 t!l I 00'; 111r SI )l)J' .u1d SSJ)J1 
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NDA 20-356 

Total of 359 patients from the listed studies were pooled for analysis of 24 hours 
ambulatory blood pressure change, the majority were white (65%) and male (60%). As 
shown by the 24-hour blood pressure curves, treatment effects of at lea>t 5 mmHg 
reduction in SDBP over placebo were maintained during 24 hours for doses 20 mg and 
above (see Figure 2 below). 

It is concluded that although other dos mg schedules have not been evaluated, once-daily 
treatment with nisoldipine CC 20-60 mg per day appeared to be adequate to cover the 
dosing period. 

1.-igurc 2 

S11t..->11t .imbJ:1L.x) Blood rrtSSl.ltt 
Sroool!i er PJactbo s~~L~W Cl.an:~ fr Gill B.uili:it 

~ 

~n.tttl 

fl'-oeU7 

1-1-1 US Ct IC~ ~1 l-?-Z ~ct lt'lq fil J-)-J IQS 0: Jill( •• 
(·(·~ ~('(1~~ 5-6·6 ~!SO:lbcfil 

7 

... IS CC iGA 
a-..,. Ill HIS CC un,.. -"f. :...,_.._ion 

~UU!lt lmlcl,·~ry Bltiol!i Prmun: 
St::.oo~ ol Plattbo SQ°:L'lcltd Oiutt froo auwr 

lcl.ll 
1-1-1~tSc::11r.t,.i t-?-2 ~:sct~n4 l·l-J ~O:lkt('4 

(-(-4 ~l.S.C::tll:3.L~ l-t-{ ~0:~,4. 
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Responses in Uemographic Groups 

Jn post hoc analyses (sec draft Sl3A), nisoldipinc aprcarcd to he equally effective in 
malc/femalc, with a slightly more pnmounccd <lose-response relationship in the male 
patients. Despite increased bioavailability in the elderly, dose-response was less evident 
in such patienL< ;md then: wen: no significant differences in blood pressure reduction 
between g;oups of age below and abc>Vc 65 years. While blood pressure responses to 
nisoldipine were numerically greater in black than in white patient<;, such retrospective 
finding should IJDI Ix: described in the labeling or used in promotion. Not surprisingly, 
response to nisoldipin~ was greater in patients with higher baseline blood pressure, 
\Vitl1a111urc. signifi~~u1t J1.)se-res1~L>nsc relation. 

Comparison/Combination with other Antihypcrtensh'es 

Niso!Jipine was compared or combined with the following ;mtihype11ensive agenL< in 3 
comrolle<l tri,tls. 

l '<@li-~ujsllll_g.c,)ui~:'i 
11 i S< dd I pl llL'+atl'll\llol \' s 

ni.'it>ldi pi lll'+I i si nopri l \" s 
niwldipiuc+l !Cl/. 1' 

pl:icdl< >+alcnolol 
11i "lldi pine+placebo 
r 1 i so ltli p inc+p lace ho 

Studies 
DSY-02'! 
DYU-02Y 
D90-029 

While results of the 1irsr stud\' [1,1e<l above indicated that concomitant atenolul did not affect 
the eflicacy u1 nisuldipine l'l:. the second study suggested that some patienL< may have 
funher response when a diuretic or ACE inhibitor is added. Up to one third of all patient< 
rccci1eJ :iJdi1i1>11al antihypcncnsi\'c th.:rapics in long-tcnn, uncontrolled, follow-up 
studies. 01er:ill, nut rnuch weight can be placed on these active controlled data fur the 
eftl;..::t1..:y clai111. 

Long-Term Ellkac~ 

l~Dllt!-lL'rlll l'l!L'1,:!i\'L'Jll'.'>\ l)j lll...;liJd1pilll..~ \\";lS L'\':tJUatCJ ill fi\'C OJ1l..'!l-}abl..•} :--tUdil'S ur !1) 011C 

yi:~u·. \\'nhuct a pLk:l.'h~1 cnntruL n:dth.::lil)ns in supin('. blood pressure~ fnHll basL·linc 
appeared tP he SChLuned in :1hire than SO% of 554 patients treated with nisoldipinc for 6 
IHO\\lh:-. h~ 1)lh .. ' )l',ll 
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CLINICAL: SAFETY 

l>ata!Jasc 

The database appeared to be adequate for analysis of the safety of nisoldipine, which 
includes cumulative experiences ol nearly 4,200 hyrx·rtcnsivc paticnL1asofI0/29/93. Of 
1,-4116 patients• (921 in US trials) who were treated with nisoldipinc Coat-Care 
formulation, about 55% were exposed for at least 2 months (approx. 33% over 6 months) 
and a great majority were on doses of 20 to 60 mg. 

The majority of nH;1pamtive experience w:Ls ba_sed on the rcsulb of(> randomized, doubk­
hlind, p:uallcl group, placcbo-controlkd trials of 4-9 week duration (all U.S. double-blind 
contrnlkd cri:tb, sec list in Eflicacy St:ctiun)', which included 678 patients on nisuldipine 
and 280 patients on placd10. 

J)al~t fnHll the first 120-day Safety llpdal~ v;cn: not incorpor,1.te<l into the fullo\\'ing 
~t!!ll!!l~u-y. h;,)\\'L\·cr, llic i1u111bcrs adJ.:Li \\'ere sn1all ~uH.i did not char1~~ the safety profile of 
the drug (sec Re'\ iews of Safety\ lpd:ttc by l)r. Dern). 

( 'omparatin Expcricm:cs 

There were 110 surprising findin~s in the sakty pm file of nisuldipine CC used in 
hypc·rte11s1vc paticm,;. Overall frequency and rates of some specific adverse clinical 
cxpc·rienccs an<l ahno1mal laboratory findings were more common in nisoldipinc than 
plaeclh> treated p'1ti.:nts, but none wcr<: serious or unexpectedly frequent. 

The pc•rcentagc of nisoldipinc-treatcd patients repor1ing an adycrsc event in comrollcd 
lnab l<>l'l'X. N=b78) \1·a, higher than that in the placd10 gniup (53%. N=280). Arnong the 
a<il·crsc expe1·ie11ces, the following wen: more conHnon f01 :1isoldipine thall placeb,, with 
incidcllL'C uf ~ J1X:i: 

(\.J>I '. Ni~.hljilfil1..·1 11;, t .l~.'15:'._t.:\1(1( c;;,) 
N=(1n l\=280 

pc•riphcral edc1m "" IO 
hc\tdac·hc 0) 15 
dill.i llL'S'\ 5 4 
~L-.lile11i;1 4 4 
,.~L'>I H.li la tat: .. H l 4 " 
p~dpitati1J(I 3 

# I ru111 drJ.ll SBA. lhllt:n:nt Hu111lx:1s .ii uials anJ p;H1ents e\p,ise<l \.l,'e1e ~1\eu in l11lL'!!ra1L·J 

Su11unary aud IJralt SBA. the lall·1 is p1llhably 1no1c up.J: . .tted. So1nc caJ,:ulatio11s sbov.-11 lx:\u\\ 

\\ l'lt' ha.~1._·J llll d;1ta 11u1n lnll".[!t"iltl'd Su1nn1,try u! Satl·ty. 

I ·1 ii\ ·1.~'ll ll.tta ah•i in..:ludt•d s111111._· pla1.:eho-<..·1\!lt1111 ll·d ..;a!L·t) e\p1.:1 ien,:es (! )•10-00!l l 11·1wc\ L'I. a )...'rt'.ll 

111.l_pllll) iii t1IL· 11°i11-li.S_ '>lud1L'\ \'-.-l'IL' ll\ll c.i11tiolh:d an .. ! thu.., \\l'il' not cti:1-.;1de1cd 11; t.."l\:Ilp:u;lll\L 

t'\pt·rit·111 .. ·l'-.;. Ni-.;(1ld1p111( wa.-. us..:d in a!l ticatn1e11t t:ioups iu ou~· lj .. S. ~tuJy lJ)<l() O~l/l, but 

Jt•-.ulL-. \It th;it \ll11I) \\'L'rt• 11,it c\1._·ludt·d IHHll tlil" cur11pa1:lli'.t' :ui:t!ysis 

<} 
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As clq~cled, the mus\ commonly reported adverse events were related \0 nisoldipinc's 
va.sodilating cffocts. Most were mild and infrequently leading to withdraw. 

While the overall frc4ucncy of adl'ersc experiences wa.s not affcctcd signilicmnly by patient 
age, ~e>.. race, or bodJ weight in the controlled trials, some minor differences in the 
incidence of a few adl'ersc events 111;1y change the tolerability of nisoldipine in demographic 
subgroups. lkadad1c appeared to be less common in the elderly, which would be 
surprising if the adverse event is pharmacokinetics-related (sec Clinical Pharmacology). 
l'eriphcral edcrm wa.s more frequent in fomalc (as suspected with other dihydropyridine 
agent) and heavier patients(> 185 lbs). but the sex difference wa.s only seen in foreign 
studies, not in the lJ .S. controlled trials. Compared to blacks, incidences of headache and 
edema were slightly higher in whites. 

The pen:entaµc of nisoldipine-treated patie11ts withdrawn due to adverse clinical 
experiences \\·a~ higher than lhat·(>f p!a·:eho (7.8 vs 3.2(;{/, U.S. cuntroHl:d t1iais oniyJ, 
;rnJ Ju,e-rdated (up trnm 5.4'X• at 10 n1g to 10.<)Ci;, at (J0mg). The reasons for withJrawal 
were mostly rdated to 11i"ildipi11e's ph;uwac·ologic acti\·itics m1J within the scope or 
....:onnnon aJ.\crs~ experiences: 

}{La.'\lHlS 

lor \\ itl1drawal 

heaJ,1che 
peripheral edema 
\';b<>d1 latalion 
nausea 
p,Jp11atio11 
Ji11.i11,·,;:: 

l\_t'-".[ll!J1i 11e( 'k) 
N=ob7); 

3.~ 
2.0 
1.5 
0. L) 

0.9 
0.7 

0.4 
0.4 
0.0 
0.0 
o.u 
0.4 

·rhLTt..:' \Vere 2 dl'alhs (~ar a..:ciJent and llll~l~tsl;,.tlic ptu:-;tati.: cancer) in nisoldipin~-trcatcd 
pa11e111' in C<lfllrnlkd trials (JH>11-L:.s. "ud1es unlyJ, compared with tll<l deaths in th<· 
pla~.:cbu group-:.. N'-Hll..' \\'l..'.h: \.'.nn:-..iJL~rcd druµ-rL·lated. l)thi.:r !'lcriou~ event.' 1~.._·cutTcd 
with .si111ilar lrcquencies in niso!Jipine 12.0•;;.) and pbcebo ~roup (l.5S'(•). llowc\'er, lhe\· 
arc dose-rcLtteJ ( incn.'i.L"ied fnJ111 U.2'/(· a! :;o nH! ll) 4.5o/u at OU IlH!) <u1J ii alt of thL'.~L' scrin-us 
c\ enL< kd 10 \\ ithdrawal. • ' 

l\hnonn;tl L.1lu1rato1·~· ri11di11g1.. in L'~111trolh:<l trials \\·ere both rd.n.· anJ nn Jiffc:·L'lll hL'l\\·een 
111solJl(lllll' anJ placebu µrL>ul"· ln U.S. contrnlled trials. incidences <>1 sud1 repons were 
in the range ot 0-4'k l'L>r hc·mat.il,igv, U-:'.<J:· lur hepatk func'lic>ns. 0-1 'k for creatinine/BUN 
and 0-(1'!. fo<" lipid prnlile. While- there were nH>re repons nf increased fa.strnµ blood 
gluc·<h<' in ni'<>ldipine than in pLtc-ehu g1oup trum non-U.S. contrulkd trial. the 
pl!L·11on1c11un \\·a:.; nut <ll>Sl.'.-rclatcJ, not seen III thG U.S., <u1J ca.~t:s of incn:~L~L'S tu ahoYL' 
l40 rnµ./dl Wl're nut lll<ll'<' fr.;quc•nt !.than placebo). 

111 g<·nn;cl. th,· 01wall .sall'l\ L'XJKT1enc·es in all p.1t1el\ls lleateJ with n;,0Idipi1"· in all dinic,u 
ln.cl, 11erc· not unexpeck'dly dilkrel\l lrulll tl1<>Se Jescul~d ab,>1c fur col\lrolkJ trial:,, 

I Ii 
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:\p11111\1111,1tdy h2'k ol all patients rcpu11d one or m11rc a1hcrsc c\·cnts, whik the 
111c·iclcnc·'-' was lower in Euro1x-an lliab (4.l'k vs 75% in U.S.). Prominent co111plaims were 
,im1Ln \n \hose in control bl trials k.g .. 18 17'. hcadal'l1c, I :'i% edema in U.S. Trial). 

111 all cl1n1c:al trials, about 9% were \\itlulnrnn due tll aJversc experiences ( lO'Yr in U.S. 
studic·s1. nut tuo difkrcnt. frnm \.hat o\ c;irnparativc cxf'Cricnc·cs. There was no additional 
1k11h other than those nntcd aho\'c in the c·rnnpar~tivc cxpcrienccs. Accumulative 
cx1x-ricnccs of abnormal laboratOQ findmt:s in all U.S. studies were also sirnilar to that 
111 the cuntrulh~d trials. 

:\..., 1)(1lL'd ahnYL'. ad\'l."rsL' e_-..perienCL.''> n.._·l;1t1\ L'I) sp1..'1....'ifiL' to calciurn ch;:u1ncl block.1....'r." \Yen: 
~11,1) l\'p1H1L·d in nisolJipinc-trc;:ned palJL'flts ·rhL'Y \\'l'n..' not 111orc severe or frequent than in 
u!h"-·r l\h.~rnbcr:-i of th'-· ctl\s; hl)\\'C\L'I. thL' d~ttaba:-.-L' rnay no! lx~ Jargc enough for Jct~ctint~ 
-..(111\l_' llt lhe rare cvi~nts. 

t ·11n1 .. :al!: signifiL·ant h~ polt'tlsiun attd utl\r. .. 'l n:latl'd ad\"crsc 1..'\.p~ric1H..'l'S in 11is11ldirin1..' 
rrt'.1tt·d p.!l!l'llt" \\·1..·rc Ill't l'tl!llllHHJ ~uH! L1rcly r1..'.\Ulli...'d in \\'ithJra\va\. ,\~ d'-..'sl..'.riht:d e~u-lier in 

tllllt'-L'(jL·1,:t relationship. dt doses that p1odu1.-'l'd ad1..•qua11..· trough blond pressure n:du1.-·ti~)n. 
:!\1..·rapL' peak r1..·sponsc \\;i_..; not ex.cc-ssi\t.'. ln aJl ll.S. and non-lJ.S. trials, syn1ptnn1~ttlt...' 
1J:·pi1tc11..,;011 tH . .'1..:urreJ in <:1hout 0.2<X and sy111..:t1pe \Vas rcponed in 0.1 6/t) of patients. 
( ) rt ho~tat it.· hypotL'nsiun and rel alL'd s y1npti1111s \\·ere slightly n 1ore co111111011. rcp1Jr1L·d in 
~. pr'''· 0.4 1

,-( nt patient." 011 nisoldipi11e n11ifldtherapy. but very fe\v \VL'rL' consid1..•r1..·J 
,, ·ii- n1-., and r\..".qu ir~d intL'l"\CnlilH'i. \ )verai I. hy pulcnsi \ c n:a.:t iuns to nisolJ I pine trL'atrncnt 
did 1111i .<ppc~u liJ lx.· l\HH\ .. ' frequ~nl ur s1..'\\..'l"L' th~1n thl)SL' \\ ith other calciu111 i...hanncl 
hl11l'J._l'r:-.. i\pp!\lpriate \\'~tnting related tu h~p\\l"-.'l\"i\"l' rc~1.i.::tion is inl..'.luJL:J in the dr~llt 
I, 1I 1l' ! I I l ~; 

! 1k.- Ptiil·r d1lt\d111pynd1ncs, r1ispld1pi11L· Jia_.., tld sit2nifl":~tnt effects on clcctruphystll!il~~ or 
l·:1rdiar rh~ thin., 'J"acliyl·ard1a \\·;i., rcportl'd ir1 ;thout l 1; ot a!l nisold1pinL' lt"L':ttL·d 
f',1\;,_·111...;. ,,·i1)J ;t -..111all n11..\111clia11~cs111 IJL·:111 Lilt'(< Jhp111. pLtceho-ad.JL!Stl'dl. It j-., n111:;! 
lihc-\\ due-\" il\110\c'JL'iH: rl'llc·x, rarl'i) Jl'd Ill wi1ltd1<11\<tl, and ,1ccurrcd l''-JU.dly ln:qucntl_1 
111 p\.h"l'h\1 ~:1 ,,up-.,. Snlltl' 111i1HH· L·ha11gcs 111 l'.l 'li ( l.)l\S l \\'L'IL' nPtcJ HlllJ"t.' frequl·ntly than 
tl\.tl in pLh.\_'\"1 ~r-iup, \...'Sj)\'\.·ially in J'~l\H'1H:, ll'l'l'J\ 111~·, co11-.:on1itant atL'nu}i\l, but the 
11i.1~_,_11dtllil·.., \1,,_·1c llt tH• (,·li11i,:a! \\11..'ll\\lll~' \\'hih.· d,)~L' 1pL1-..,1na lcvci) anJ 111~1l211itt1dL· or l~ll 
ll'1l1J1.·t11lfl ll'l.111..·d 'l"-\\a\l' llaltcning,/in\t:r~ilH\~ \\\'IL' 1.1bs1...·1Yt.:d in a :-.1n~~11 ph~1-.,c ll 
"11L ! \ t I )IJ( l ( l_~ :! l ,,. i th rapid dus1..· esc~tLtt 11111, :--i u.._' h l ~t '( i t lndiug \\.';ls 1~~" \.'. l~ a1 I y \\' \.lil'd \\) 

d·.i·,· .u1,l 111it ,1.., l1l'qLJL'llt l'>llllliar t1J th;1t 111 ['Lt ... :1..·bu gn1ups) in a tl."tru~pccti\\.' hut hlin\i,·...I 
.1!1. 1 i" .., i" llt d.tt.i I ru111 t I 11 l'c cl 11\.,·al· ,. tn a\s. It i.., ;-.t 1n11..· \\ h~tl rc-as~uri IH! that ll\ i an!..!.in~t < 11 
1li,ill.111J111c,1 dll1..-'lllllL'tllL'll 1:-.1..·hl·111i;\ \\l'l"l' rep. irtl·d in any o!'tlic p~lli..._-,;t~ \\1th i·-v.~a\·L· 
. )1 1r1~·,·.., 111 Stt:o.l) l )t)(_) .. ()22 

I 1\".1',1,·d l·\po,.'l"ll'lll'es \\.ith l'Olll·oruiLull u-.,l' ,11 111-.,(1\d1p11h' :111d atL"1H1lol. li..;in11pril Pr !{1.. ,., I 
!1.1,,· 1t 1\ 1d,·11til1(._·d ;u1y Ulh'\Pl'l\L'd -.,,,i\l't\ 111 \,1Jt·r:1hili1:. 1"'-LIL' l \in1b1n;iti11n i\l 111-..1i!Jq)11h· 

,\ •'.!: I It l I , 1, 1:-..Lllll\H ii n1.1! ll1l"Jl_',\:-.\.' ..... 11~· !11 I'.' lhl' Jlll"hL·n~ 1.,'.\ 11f ;1...,y 111p!( 1111:\li"· Ii_\ 11( )!L'11-..i111i, 

1 .1. ! ! '~ .11d1 .1, l 1, ti p1 LH i1 in and d111i111..':-.:-.. l\..._· h, i1.n1d h YPL't \l..'!l-.,i1 )l\ ;1 l ll-'I \\' 1thd 1- i\\ al 11~1..., Ih ll 

f,,_.., 1 ~ .: 11r·1h]l·111\'.llh1i!lil't d1h:d11ipynd1nc" a11d \1,·;1, l\\ll -.,\~nifh\\I\\ 111 a :--.1n. \\ 
! ·!1.1: 11~,h, ,,f_\ 11,1111h· -.tt1d: l11r 11i..,t1ldq'1~11.· 
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l'EDIATIUCJl;EJUATRlC USE 

Th..:rc are no dinic:al t.rials assessing lhe efficacy 01 safety of nisoldipinc in pediatric 
patients, either compk1cd or in progress. The sponsor claimed that !he dmg has little poleut.ial tor 
use in children a.11d thus did not commit to any study in hypc1tcnsivc children. 

Eflicacy ;md safety of nisoldipinc as treatment for hypertension int.he elderly (65 year and 
older) an.: not significantly different from that of general patient population. 

DRAFT LABELINl; 

T!.e dra!t labcling submitted by the sponsor ha-; been edited. 

COl'iCLUSIOl\S 
..... ~- _; __ :_,_. 

t,,;isuidipiuc ap1><:arcd to bc an cltcct1vc and sale tn::auncnl for hypertension. 

\\'h1k thL·rc is little doubt that nisoldipinc at '.'.0-(10 mg/day is ~n antihypertensivc more 
elkct11 c tlw1 pla ... _·lm, it is not cc1tain if tl1c en tin: useful dose r;1ngc h;b been fully explored. 
N1sold1;iiuc shuuld be st<utcd al l 0 mg once daily auJ l!lrated s\L1wly (e.g. every few weeks) to 60 
1ng acL·orJing ld blood pn;ssurl! response. 

It is recommended th.it nisoldipine be appru1·cd with the edited dr,tft labeling. 

l\_': 

01\lli '>ll/\- 20-3)(1 
Hl,.!l-110 
lll ·IJ- I I till 'St) 
HI :n- l 1 U/Sl 'hen/ l 0/2(1/94 

~IL{ _J' {3L__ 
ph;.m T. Chen, l\1.D.,Ph.D. 

1.c 
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hiod dlld llrup Administration 
C:ULRIUDI>l!Lll\. CARDIO-RL!'\AL DRUUS 

Shc;1 T. ChL'I•. \1.IJ .. l'h.U .. !\kJical Cirnup Leader. liHJ-110 - · 
IJircctor. ll11i,;,,n ut c,trJ1urcn'd llru~ l'mducts. l!t:D-110 ~ 
IJirc'J"r. 01 ti,·c "' 1Jru1! h·alua1i"11 I. !IFD-1 \)() . - f 
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... 1i~ 1 uld ht' ll!'-[l'.~2,lllil·,l 

' 



\1 !f)f" -l rial.' ."'\11pporti11g \ppro\al 

lL''-.lc'l"' 1~t 1 t" ..,.1111"1!.t\ 1·1i'-· l'lt"i'-'.li...'\ d.1.1.1 '-ll:'J'"lt111.~~ .q1pn1\al \\L'T"l' dcn\'t:J tro1n th .. • 
['.''-lilt·, "l "7 
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.·,','.,'! : 'i '-"'':k·. \1r t)1,·r.q 1 ~ I [,.',l!llL'!\l clfL·· .. :t.., \\,__'[\..' ll""" ... ·,·;1..,i"ti..'Tll f,)f thL' J() r11g Ul"•e". 
:'11t '-".t" -.1:; 1;,,_·n\11t,11·.J-1.._·;,,_·\111 in the Lt('._'_l'r tn.11 1J)i·J(J-!H1•11 \\!ih dc.._'t'JJI dror in SIJJ~P. 
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!Ji;,,_' J>crrt.·ntat!t.\ of rt'"'P!1rJde:-.... 1Sl)lJl 1 1~·d11.·11('n iil 2'_ IU 1nn1ll~ ~r trough or to~ 90 
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CDEk/ODL-UDI\' CARJJIO-RL,AL DRUGS 

FEB I 6 1994 

'\1,,,<dJ1i)1nc I"' a c~1l1.:1un1 ,:t:,u1ncl hl11l·kcr lll J1l1:Jr\1p;.rid11iL' dl'rl\~ttl\l' 1:11 c lx·1ng Jc\l'ldp<.·d 
j(ir the 11e.t11111..:nt ot h: pcncn"ion 111 th1' in1t1.d appl1'".tt1on. appro\'al-' ol a 
,u-..t.i:nl·d Tl'lc.1-..l' f1H·rnu!.1!1t1n IC;l,tl·l·\irt'I l.ir h\1lh ind11.:at1011-' a ... ·c rcqut'-..tcJ A-' a pJ.11 ol 1Jc:\\ 
p,tr.dlt·l. tt.:.1111 .q'r'1 i,ti..:li, till'., 111l·J1,::1l fl'\ll'\.\ L·o\cr:-. unly the area ... n.:l .. itrd tu clin1L·al phM1n..t1.:oill!:-'.) 

i·hl· -.cct111n, Pn c!1111~-.1I ph.1r111.1L"Plt1t'.~ (Sel·tg111 S.1 ot ]\;l):\) cont .. un ddta uf 17 ~tuJ1L'\. 

111\11]\ITl~ _~q~ p.1lJl'tll...,/-..uh_1cL·1-... 11n \U.-..t.uncd rl'lt·a-.cJ 1urn1u!Jti1lll (cuat-core. n.:fi:rrcJ tn a.,('(_' Ln 
th1" n1t·111,11 ()I t!J-. .. ,c. ! ~ ~ p.1ni..-1p.itt·J 1n h l.' S :-.tuJ1c..., 111 a1.JJ1t1011. thi: -.ul)1n1-. .... 1011 al-'d inl·iuJc.., 
rl""U!t-.. "t 4--:' \tUdll'" \\fl the lllllll1.',lt.1ll' fl'll'~t-..l' rrep.tr.HllHl (fl{J, tlld:-.l of \\hJ .. ~1 \\C.:fl' '-unJu..:lcJ i11 
f\lfL'Jrr: ~·1 1 Ul1lrll'" J-\1..t•!'l !11r !IHL'l' "In.di \tUJIC\ (!l)t,d 12 rl11Jf!1.d \UhjeLt...,, Ll'j'il'\ uJ J1Uhli'-·atllHl..., 
u11!\1. tull rL·p11rt' ,~r ;1]) -..tud1L'" 11 .... teJ 111 St'Ll11.111 h.12 v.c1c-'ubn11ttcJ 

Add111"11,J ph.1J111.JLl'k111t'liL· and b1\l.11ailabil11y dat.1 \<cr<' fHC>c'lllt'd 111 ~c·ctt\lll (,<'!the :-.;JJA. 
\<h1d1 i11,·ludc J 21.J l<H<'1g11 \IIHht•' on IR ;:ir other non-Cl' fonnub11"n' ll<ll 1qxc.11c·d rn the cl1111,;il 
't'L !1<JI1' I SedH>n 8, a,, Ihilcd ah'" c ). Thc'c studies will be rc\lc\<cd by the b1,,ph.u 111.1d'Ul1cal grnup 
ol the r\~L·n ... -~ and 11<it L·1111lJnl'IJtcJ 111 thi..., repur1. 
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PHAR'.\IACOKJ\'ETICS 

Formulation Design 

The new coat-core formulation. wluch ha' a >lowly-dissolving coat and an immediate release 
cJre. was designed ba,ed on the observation that nisoldipine is readily absorbed in the upper 
ga,tromtestinal tract but cleared by a first pass rapidly and a marked decrease in the rate of 
absorpt10n but lower first pass metabolism in the colon. 

A bsorption/Di.sposition 

The absorption of radwlabelcd oral nisoldipine solution wa' rapid (T""'· 0.42 hr) and 
C\lcns1\e (87S'\ I Despite effaicn1 absorpliclll. absolute bioavailability of the rarent drug was only 
~--+"r. due· lo a high fir>i pa" ctkct !Study 4001 Measured by iv infusion. nisold1pine has a volume 
ol d1stnhut1c>n abciut 2.3 to 3.-+ L/kg !Study 3}0). 

In single dose studies 1Stud1c, !Oc-1061. oral doses of nisold1rme 6-20 µg/kg administered 
as IR cap,uh:s re,ultcd in C""' ol 2.7-19 3 µg/L within 30 minutes' after do,ing Nisoldipine was 
de1e_-1ablc l>I µg/Li 4 hrs later only in the high dose groups (12 µg/kg and abO\e). Compared with 
the IR tnr111ulat1011. ni.,olJ1p111c aJmmJstercd in the controlled release 1CRJ fonm had reduced C=" 
greater AL·c. pruh1n!'cJ 11\C<i!l rcs1Jen,·c 11mc 1'.IRT1. duration of pla.sma corh:entration above 0.3 

n{ml ,rnJ 1 "·"' lb sub_ic..:1'. S1uJ, n.121· 

l :1. 'rrn u L1t 11..1n c AL·c,,
0 

'.!RT i·~>(I < T~ •. 
ngiml g.hr/L hrs hrs hrs 

CR IL O.CcJ1 (I hi• 57.2 21.2 23.9 1.:: 
rn 15:' 3 l .3 4.2 4.4 

, 

CRIR U.~:' l.8.C 5.02 5.42 
( 9 )';; ('untiJcn..:L' l !034-0 9\J) l 1.30-2.56) (3.48-7.231 (3 48-8 45) 

Time-courses of pla.sma concentrations after administration of the three CR fom1ula1ions were 
compctred with that of the IR dose in Figure I. Based on these characteristics, the CR formulation 
E 02LJ wa_, chosen from the three studied for further development. \\'hile the b1oavailability wa' 
rel~uid) lugher th:.rn the IR fonn. absolute bioavailability of the CR formulauon was still 1011 

()j<7,) in '1llc>lher stuJ) 1S1ud) 6: /) 

BH1a1a1bhli111cs 1Cn .•• and Al:C's) "( nisolJ1p1ne were Jo,e-propon1c1nal for bcith the IR lat 
::' ~-20 mg. Studies 125. 3.'9, D~S-024-01 I '1!tJ CC (at 10-611 mg) forrnubt1c>n (Stud) D91-035J:_ 

' 11-iert 1n:i~ t:x· f:reJte; \.i.nJt"l1l.·~ in l .,..,.,. 1,.1.h1..:h \.I.a~ lvnger (rnean: hr"1 llir IR n1-.LilJq"1nt 1r an,)tht'.'r .. ruJ~ (63.:'. 1 

. T11t' ]I) rn~· J.•x 111.t~ n,•t rx· ,h ;,nt'.1l :h ,1tht•r d~1 ... e-.. but tht: Jt:\JJ!JLln I .. n1.1n- .. 1~n1tl-.Jn! 
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Altlhiu~h there is no evidence of acc·umulat1on v.ith multiple doi.es of IR tonnula11on ( ll1 
m~ fi1d 1. h1oa\ a1bh1lity of CC rmolJ1pinc 1ni:re<bed rnoderatdy after 7 days of daily 20 mg dusrn_lC 
hee ·r able h.:lo\\, Study ti451. At these dose,, tluctuat1ons of pla.sma nisoldipine lcseb were lower 
f,,, ihc· Cl. fnrmulat1on (I I.Y; '' 4_"14<;; fur [!{ 1 

[)ay 
Day 7 

lk [)a, 

Da\ 7 

l 'l I k Ila' -
\ '1.; 1 (_.I H\ r1~il..'lh_·1.,.· \ 

(_'llWl 

np'ml 
u.~4 

109 

2 I ~ 
J9'i 

() .:;1, 

1114--11()(" 

AlTC~.,0 
g*h/L 
40.3 
58.9 

4() ~ 
4U .. '1 

l.4h 
1127-11191 

i·c~l 1 

hrs 
14.9 
28.4 

IO.~ 

11.6 

2A5 
1195-~0hi 

l',n.a, 
hr:, 
I I I 
9.2 

2.4 
2.3 

\\ hllL' thL' _,\l 't · rcrn.uri ,_JJ111l.u rc~.1rdlc"" Dt lcJ 01 t..1.-.tcd '.--lJ.tl'. c·rn.,, V·<l'- i1h . .'rt.'J.· l'<l h) .~ti-

~~ , \i..hL'l1 2lJ ;11~ nt t ( 111, .. 1!J1p1nt' \\~L" .td111in1-.tercJ ~l_!l.;__l:'.~J!~-~-llh or JJ!.t:.nir attcc breakt<.l'il (Slue: 
f>t>t>1 IJo"·-dumping hy food ol the CC formulalh>n (adminis'erc·d wnhu. 5 minutes alter 
~-~lllj'ii.'U~ tlf a 11\C~tll \\~" t.'\L'r1 lllPJ"l' r'n1npLJfh:l'J \l,lth JO 111t! (6)-~)6!;( incrt:a.\C in (~rrux•} }-4.::f;( 

di.: ... :rL·:t'L' 1n :\l'('1 anJ .+tl 111~ (W_:-=:q~(; lllLTL'~t"l'" 1n l-,: .. :l' 7 ... 39(;;- J:..~crea'c in ALl(~) dose~ in Study 
l)q2.()..t_..:.._(J~ 1r.u1~c ~!\l'Tl .trc LJil1; l·1·..,, ·rh1" l1..1uJ etlt ... 'Lt v .. J.:-. h1..Hh Jlj~e J.nJ forrn lation d"'pcndcnt. 
"lfh.L' l , .ind :\ t 'l '., '' CTL' 1n ... -rL·:1-.L'd dill~ n1Pdc~t!) (>I anJ 2R 11~ n:...,pcctivcly) \iy fcx)d for the II\ 
tllrlli1jl.1t1t111 (.;111nt-'. \!lhJ\ ~~_;1_ :111d nl .. i\ h .. 1\c 1.:\1111 ... -J.I in1r!J,_-atiun" in patient." usuJlly o!Jcr thJ.:1 
tl11 )-.,L' t!l lhL' h1t1d \llh.lll''>. ( "L':..' c·,l!ltlrlL'lH'\ un 111J1\ 1Ju .. d StuJle~ tx:l ... iv. }. 

:\t tilt· ... ·llri...:t·ntr;i\1,1n" ~11 t1n1L··~ \)f hi.::hL'T th.in th .. 1t l'h7'L'r\t..~J 1n k:nellL studic:-.. ni...,t1JJ1p111e Jnd 
11 ... L'IJ.tllll\llllL'f'> .Ill''.>\/\)( f prot1.:i11 hound P;1111t1\l[Jlrl~ hct\\.L'L'!l rL_l'>.JllJ. and h],JtlJ UI erythn.11·ytc:-. 
\\.-:·.- :;1.-,L-u:,· 111 - Iii ,.,j !•' ['lc.,m.1. II; ,·nthr,>c\ll' tP pl.L,m.tl (StuJy 339. kc!. 3 il'lJIYt>l l 11 

\lttaho!i.•·1111 

1:olh>·.J.. ing oraJ ad111111istrat1on of 111...,olJ1pinc snlution, clL•\·en n1etat~nlite~. but Ill' Ulh.:hun~ed 
r;1rent dru~. wa.s J,·tccted in the unnc (Study 4DO, Reference 15 (PB I M>:'b I 1. The proposed 
h1dlr;1n...,f\IIJll;illlHl pathv•a)~: of Ht'.'>olJlp1ne in hun1an:-. arc de~cribcJ in l;ig 2. In tnd.n, h\Jroxylati,_\i\ 
of the 1,ohut\ I c,1,·r app1:M' t<> be the tnaJ<>f product. Of the three rnetahol11e, J,·11 ~cJ in human 
rl.1,111.11~1'1. \1111. Ml '1. M-HI (!fay r 95901 i, mmt abundant !approx IU-20 limes of p.i.rcnt Jr1~1 
and \I" ilL!\ r 'J-lc)l i' the only one \\Jth h1lllo~1c·al adi\Jty (abuut l/lll l'f parc·nt drug. StuJ\ 
P\'\l\>'-J..i'""' 1 ·rric l.1lll'I 1:-. prL':-.L'lll at apprux1111.itcly thL· :-.a111L'', d0~L'-proplH"tl1..lf1.tl 1..·urh.·entration a_..., th1...· 
f\llt'IJI i!111.c• 1 \(iJ,lll'" ~ ~1.J. f):\:'-(l2...l·-UI) 

• ,•: ~' '.. ~ '' .1 1:·.ct.1h ,":ill' \I.,\, 1irt·-...c11: .1~ h::-•lwr { ''"'' <.:1nJ All. 1 ~-.l t11ne.., \ 11 ii.11·, r·· ,J11:;_' 1 v.hic·h v..1, 

· \1 ·1 • \1 '" J:1,_·: P ''''i'"' .•, .. 1,\.1·, 112·'~(\.'~' \·~1cn,t11ien1· 
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L\rrction 

l:,,·rct1<'11 of fll\old1rinc metabolite\ was predominantly renal (70'1'< urine, 12'1'< feces with 
,ired d·•"''· <1nJ \;trJc\ little w11h r,1utc of adn11n1'trat1<HI (bUt;; unne, 14'/i feces with I\ dose) (Stud) 
4tll11 Tcrmin;iJ eltminaunn hall live\ of J\ 11isold1pinc, a' rnca,ured in 4 healthy \UbJCCb in Stud) 
:nu. were l 1-12 Im. w1ih \ysterni-· clearance of 5+4-7ti8 mlfhr•l.g. 1'1solJ1pmc is probably not 
duh ;;1f>k 1 Study :1111 

l'harmarnl.inl'lic.' of Lnantiomcrs 

The· h1,1a\ail;ihil11\ ot nisotJ1p1nc ts domin~td by the (+I cnantio:11e1, "hen admini,;erd '" 
r''-'tl'lk lllJ\llir<' wllh 0111> the (•I cna111i,1mcr l,ih<:leJ Wllh rad1oisot<1pe (Ref -n1. whic·h is alsti the 
Ollt' \.\.1\h h1~hcr C<Ud11.1\a'l'Ul.tr a-._·ti\'it~ (In \'ltro -.tudil .. ,) Since all clinical rha.rrnacnlog: stud1c ... 
anJ ef(i1,:a .. ·~ "-.,ttct~ lfi..1!-. \l.L'ft' l'PilJUl.'lLJ U..,Hlt'. t)K' ra .. 't:ll1il Jlli\tUfl.'. Che h.Illt'(h.' rararneter'.'> ttlf the 
tv. ,1 c1i.1ritH 1Jl1l·r-. 11.1\ l' n' i pr;_h:til·;d re le\ ,1nl·~ 

l}h.1n11.l\.·\1~111cl1l·.., tif n1 ... t1ld11'1llL' ('"(· turn1ulJtlllt1 1n h~pt.:rtt.:Ibi\t.'. patil'llL"I '-'i.l" e.:...ain1rtt:d in 

I\\» d.iuhk blind. p.tr,tllcl rLk'c'b» ,,,,11r,1lkd ,\l1J1·" (LNtHl22 &: 01\t:-u5Yi. Wluk the cc 
!111111111.11 l1'll \l, .1 ... 11111 L·111nr,trcd ""1th thL· II\ flHlll u1 J.n: h: peiten:-.(\e group ..... J...inctic" of n1..,olll.ip1nc 

111 !',1!h 1111r111> 1lL'r1-..1\L· ,tr111 h~p~.:r1L'fl'-l\l' L'IJcrl: ... ut'JL'i .. :t:-.. \l.Crt' Je,1..:ritx.'J in a third \tUd) (Study 712\. 

In 'tuJ> \}qi·,.11~2 .. :_~ p.1li1.'nt-. 1~ pLi...·ch1.i, lri 111-..11l1.i1p1ncl v..erc rand1.11niLcd ~1nJ tr::ated 1or 22 dJ.:" 
\\ iti! nt-..l 1ldq'i111.· d11,.ip1: 11i. .. rr..'.t"-t'd t'\1.·r: ...i J.1y:-. ~ tru111 3U tu oU Int! and C\'Cf) 7 dJ):. frorn 9l) tu 120 
n1,:.: .\.., -..tlfl1Tll.11'!/L'd tx•l1 l\\, tlJt' ~lrlL'li\.· p.U;Ullt'll'r-.. lllC~l ... UIL'd at the enJ Of Ju ... int;, f~ . ."flUJ.-.. \l. efe Jd,,t'­

p!l'J''· 'rl l1 'fL1i dt ~(i.lJ 1 l 1n~. 111H1 ln1t'.tril} u! l2l) !llf \l.J:-. J1:-.n11..,-.t~J 11.H :.rnall nun1l'x:'r of pJtlt:nL" {_~l 

In :IJ1-.. -.llhl\. h1~'h-;:r ~ · 1d r11-.(dllip:r1l' 111 h~1x·nL·11 .... 1\l' f1Jl1e11l\ \\en: n:~.h .. ·h~J at appr\).\1111.itel) the 
-..,1111:.: ,\,!'.Lt\ II! !I ":l1·'L.'1J ... l\l• -..uh.Jl'. .. .'t .... hut L'f11-.. ... -\,(UJ) L'Oflljl.irI\LIIl j:'\ J1rt1cult ll' 1ntt:r1'rcl. 

( )1 '"l" 1. !Il .:;, 'l'·i. c . ,,, AL!C,. ,., 1 .. :.. . 
n;:J ml ng.hr/ml hr, 

J(I 4.79;:().b~ 74.28:t 7.9t1 7 22:;{) 9 _; 
hi I 8 48;:() 81 129 .76:t l 2.74 9 OS:=l97 
\..}\) l J.02:= l .2ll 199.31±1645 ti 78:=2 :io 
j .°'I I 14 92±2 ()] 226.58:!: I :.41 4.IXI:!: IOI.I 

\ 



!\l.)A 2U·3.5b/Chn l'ha.rn1 

In the 'econd study in hyp.:nen,ive patients (D88-059), total of 69 patients were randomized 1r1 

p.irJJld to n:cel\e plJsdio, 5, IO. 20, 01 30 mg CC n1>old1p1ne for 7 day,. Pla>ma ni>.old1pinc 
cor1ce11tratiurh v.ere du,e·proponional within the range of these do>es both on Day I and Day 7 
(" nh .+il- 70'7< in.:rea.,cs trom Day 1 to Day 7 ). The least square mean kinetic paran1eters at the end 
ol 7 day Josing p.:riod are shown below: 

Ill''" (m~ yJI c:m;i' AUC"'' T ma1 

ng/rnl ng.hr/ml hr' 
5 (' 65 8.39 9.21 

I (I ; .02 16.17 4.79 
20 2.13 28.24 3.65 
31! 2.7Y 40.34 3.73 

At Jea,t rn the dJerls t>h'il. hi11as.1i!ahi!1ts ot n1'old1p1ne CC ·;.a.snot 1nlluen.:ed by the elevated 

h!\ 11.1ll rrL"""UrL' Ill h:rt'l1l'tl\l\L' p.illl'nl" (StuJ: 712). 

ll:~ 
c· .. ' ( ll~i!nl ! 

An· .... , 1n~'h/ml1 

'.\' 1 )r1111 itc n~ i' c 
2.61 
36.9 

H' Pt.·11e-n"1\ t' 

2.:'4 
3b.7 

l11u~1\Jd.tht!n: 111 (_'(' 111..,(1ld1r111c 1n angina p~ticnL"'I \\erl' aJ;..11 dP:..l'·proportional O\CI the 
r.1n~ .... · 1 11 ~t \.f11 l rn~ ( ....:._.;; d . .1: trcat111cT11. l()n~-tcrn1 c\.:t.~11:-..1nn ut Stud: 1)90-U I) J. Data fron1 21 ar1girL1 

p;.HtL'lll" \\1th n1c.·~-; at"'.t.' ot 02 lrangc ..i_;.;7) re;..etnblt.·d thJt of the elder!~ hypt~rtcn:-.i\·c patient:... (>{)5 
\t.',u t)ld. StuJ~ ? l :.. "t.'t.' aho\L" l 

J_)\ l"l' ii ll_~ _ _!lc)_I "\i_) Pat1l·nt" l. A Ul". ,, T 
·'""' 

11)'/111! n~ hr/rnl tu·, 
_::11 !11 2 711 -1 ' .IJ 7.8 
411 '1 h.-27 92 . .1 6.4 
()'\I ' 9 59 102. l 3.0 

lksp1te tht• tact that metabolites of nisoldipine are eluninated prcJomrnantl] b) renal 
e":rction. patrcn1' w 1th 'am1us degrees of renal impairment (but not requmng d1aly>1s) h;id similar 
ph.HllUc«1l.i11ctic· pa.ramctc~ for the pan,nt drug when given nisoldipine 20 mg in CC furrnul.it1u11 
tiir 7 Jay. rStudv D'i2-00l) 

( .[ ~JL~f~!ll_l"t.' >90 6 l-90 3U- 60 <.10 
I J.i' s. \ kan ( 111!/min/ I. 7 3n1:) 

l' .. ·" 1ngl111!1 :i :< .l 3 21 2 .. ~-1 2.97 
-\t ·c · .. , Ill~• Jvml 1 4il.ll 'i() .1 JS.-1 4.1.h 

,, 



H,'\\C\Cr. rharrll.!CP~[[]Ctlc" etkch of renal tunctron ()fl ni,old1prnc \\ere slightly greater (althougl1 
not "IDllli,·antly I \\uh 1r11t1al dmes ( '.Ja) I) 

~~r -~·: le;irath.'L' >90 61-90 30- ()I) <JO 
!),!\ I. J\lc,rn I ml/rnm/I .nm'l 
l",,,_,, Ing/ml I l.77 2.37 '2 71 2.57 

AL'C"'' (ng'lliml 1 25J 32.b 3b.I 32.I 

Thu' the ac,·urnulatron' ot n1'oldrpine \\ rth multrpk dc1'Cs appeared tu be bl urned some\\ h~t by the 
Jccrca.sc in renal tunctll1n (lJav S \s Da) I). As expected. elrmrnallon of some rnctabollles \\a.s more 
alll'cteJ by renal tundHHI than the parent drug. but lr~e n"oldrpine. the drffcrcnces \\ere noted 
mostly 011 the first das and dr1111nishcd o\cr 111ultrplc dosing (Study D'-12-001) \\'Jule there is less 
ph..ti111.t..·PJ:11.t1ni1.: cunll'Ttl tx·l..'au-.,e the ool) a •. :t1\c 111ctah\Jllte (ilJ) r 94251 v.a. .. the Jea:-.t influcnl..'.cd 
hy renal rrnp.11rn1,·nt. 11 not ck«u \\hcther suh,Wntial 1ncrea.ses (\\llh the 1n!l1al duscs) of other nwrc 
ahund.1111 Illl'f.th11!11c .... h: rtna! unpair1ncnt ha." ;:u1: long-tL·r1n tox11..: t!flcl'.t In th1~ ~tuJy the group 
\\1th ll'lllliL·r.t\l' ren.ll 11np.urnll'111 1L·r l'I ::;O-tlll rnlJrn1n/1.77'1n:l h.td h1~hcr ni1...·~u1 ;,igc (6.°' vs 5~-54 
liir 11thc1 t:r11up~.l. but th1...•rc 1, nu i...'lear t1c11J ~ugfL''-lifl~ thJ.t the i...·ur11 .. -Ju,11.1n \\;i.., aftt'i...'tt:d b) sui..:h 

J1ltcr1...·nl·t· 1r1 ;1~c :\Jn11n1-.1ereJ 1n the IR il.1rn1. ni . ..;o]J1p1nc h1na\.:.llL1hil11y \\.:t·, 111crl:a. ... eJ by ahuut 

~11 1 ~ v.lh.:n \.'t'-.',ti\T11l\l' ,:\c.tr~Hl-.:L' dL·L·n.·a:--L'J. trotn >8() tu <25 Il)l/n1in lStuJ~ :-{:H-1 \\'hile ni-.l}ldip1ne 
""·' Th'1 der,·,·ta~k rn rhc d1.1J\,,11,·. thu' probably Il<ll rerrnl\eJ b\ hl'modralys". b1lJa\aiiabilrty of 
111,1 1 l,lq1~n1..· lk. ir1 p.1t1cnt' (lrJ d1.d\ "i' rt''L'JllhlcJ that in -.ubjt.'.'1.:t-. ot nunn.il renal luni.:-tion in the ~arnc 
'-,{l~j\ 

litpatir failurl· 111'-rt'.t'L'' h111~1\ailah1lit> of r11 .... i>ld1p:rit:· aJrnu11 ... tereJ a_.., l'(' t1blet~ 

( illllp.·rcd v. 1th flPrin.11 ... uh1c1:1,. 1.·1rrhPt11.· pJt1cnt~ \\thi rt..:'cl'I\e<l lU ll\t. nt~(1{J1plne l'l' ikhi hi~her 
l wl . .\l"l. 1.\-' f.,J,k St11J\ ll'-1ti-02t11. Thc•re aprx·;u·ed tu be le" l'ffc,·t of ll\l'l tunction Dn 
1hc b111.t\,11l.1hil11~ i1l 111,1ild1p111l' in IR h)rn1ulat1un. tlll\\L'\l'f, the -.ruJ1e.., \\l'H~ Tll'l L·ontrollL·J and th.: 
rc-.ult ... \\,~·r1,.· \,lf!.thll' 1\lu,Jit:-. ~l~~. ~5~1 

llr1110.:raphi,·, lliffrn·nn·' in l'harmarokinctir~ 

Whrle ll1,,re r> nu s1gnilic·ant ditforence \\llh acute dosrn)' I 1 JJ) I. brna,arl.1bi11t) of 
OJ',,,ld1prne. aJrrnn1'tered a.s CC 20 mg daily for one \\eek, "'b inn,·.c,ed rn the elderly 
11<,r nh>ll'llsi\e ,uh1,·ct> ih5-84 )e;i.r,, o!d), a;, compared with that rn the \<>ungcr >UhJL'Ch iSruJy 712 1 

1 l.t.l__-:'_ 

( · .. _,, ( ng!rnl 1 

,\\'( "·' 111g•h/1n:1 

y lll!_t.!£ 

I A I 
14. 7 

l. kill 
2 hi 
3(1 <) 

H: 1,1\.1il.tl1il1t\ 1if lk 111,t1ld1p111L' \\~t..., aJ.., .. 1 h1~~hL'r 1~ ~ hiid ... · 111 th~, cl.IL·rl\, hut !Jtt\c 
"· :011111L111.>11 \\ t» ·1\,,,.l\l'1l ,dll'f 1·1; · •l.t'C'k J,)~Jllf (StuJ\ ~(i~1 



The· dk<b of otlon drug' on ni,oldipinr pharrnanil..indic" were evaluated in the• 
1Pl\1i\\lll~ -.tud1c' 

l11111ll·dialt Hl'ir:t't· ~ ormulation 

~~ ~~~_!l~.l!_~l!&_~ )\L''> 

R ,111i11 JI Ill'. 
·'()(I Ill): 1.jd \ 'l J,1\' 

\ ~ pla1.:l'h1 l 
C11ne11J111e. 

4l)\) Ill~ l)fll' Jll'\l' thc'!l 

.2( k I lllf'. t1J \ _, J1 l'-l'' 

\' fj,1 lll'.t!rlll'rtl 

Pr,1pr.u1l1l1d. 

41 • Ill~.' 1 lfll' d11 •l' 

\' pl.i- l'),,' 

( '(' ror111ulalio11 

~L"-~1_1nd l?ru.:::_: l ), ''L'' 

I,.lllJ\ 1,d111L'. 

I.::;,: r11~ t\:,i \ 1 · .Lt 
\, r\,l'-l·h .. 

·1rn~·r1d1n, 

\ ' ~\' \·. :..: \' 

Ph '['LUI\ d. \l 

r l • , l r , .. 1( r ; 1 ~ • : 1 1 

( •• )u1111J111,·. 

h..+."I Ill~ Ii. 1 \ 
\" nu l!l'.i!11ll'11! 

,,., . 

:\1"1ld1r_1_n,· Do"' 
IR 21 1 rnt; 

PTll' du~e on Day 3 

nr.11 (.... ]\ ~olutlilfl 

J(J 111g p1.1. O.J74 n1~ 1\ 

\lilt' J,1,l' L'~h_·h pt'fillJ 

11< ~11 rn:: 

1 •Ill' J1 1-.l' 

01,1 1ldJl'ifll' _l_)\~L"•, 
( ( ~II fll~ 

''iL' d1 ,..,.._. \ '11 I ),t\ .:;: 

I ]11.L' 

( ( ~ i i II lt-: 

l!li \ I J1. ''L' 

lli1H.·qui' aknn of \ ari• '"' I· or111ulatiu11., 

ln1.:1aclilHl ()h,ened 
n1,pJJ1rine A L:c rncre~beJ 

24'i( 

b1oa\ ailabiln) ot <'rctl 
ni...,dld1p1nc 1n1.:rca,cJ 
h) 4S'.Y 

n1"1IJq,111c· Al-C. C' ... 
1n1.:rL'~t"L'J h\ '1 )'-; A. ~.,,-; 

l!__1!_L~r_;1_~~l_!_l]ll ( Jt)-..:.:r\ cJ 
rn-..1.,]d1p1.nc: Al'l. (',.,.

11 

JL·i... rL'.t>cJ h: l ~-2or; 

u11..·rca.-..cJ h) _~{)-~)c; 

t:n.
11 

JL~.:rea_ .... cd h: 4 hr~ 

111"1IJ1prne Al 'L·. C~,. 
ur11.. li.t11~l . .'J, t' ~ J1.·1.·1c,c-..;..·cl 
b: pn.1pr.Uh,\\,\ 1b: 201 ·;. 1 

r11 .... nlJ1pirll.' t\l 'l' IL'dUi...'l'd 
by 2Sci. l- 11 ~" uni...·h~ttlt!c,J 

but al luv.e1 1., .. 

7()-! 

7tl_; 

}{1 "..'cj•l•\ .t!t'f\-..l' tx·t\\l'l'fl 1..·l1n11.:~tl tnaJ anJ n1.1r~et l~th\L~l~ an1.l h~ .. ·t\1.1.·c11 \:trll1U, co.it-core 

d11'- t_:-'l' l•'!IL, li.1\,. h--'L'll ·.ll·tcr1111111.·1.J 111 '-.l'\L'ral -..tuJ1L'' l~·t.ul-.. P! thl· rc .. 1Jlt-.. ~Ul' rt:lerreJ t1.) th1.· 
})11·;'t1.!ll!l,h~'ll!I-.. tl k.l'\ll'\\ 



Cornmtnl' on lndi\idual l'harmarnl..indic Studic' 

In gcner.11. p~1arrna,.1k1nc11c '1ud1·:' on nisold1pine. either CC or IR fomrnlation. were v.ell 

de"p1ed and prorcrl\ conduc·1cJ Compared \l.ith the translated foreign reports, the U.S. stud1c' 

1,•.uJy numhn.s he)'.1nnrng w11h [) • were bctter documented and prohahl) more reliable. Min"r 

ddi,·1enc1es to' a tev. '1ud1'" and interpretation of t!1c data d1tkrent from that of sponsor ha\C hc<:n 

1x1111tc~ out. fih_,~tl) .i.."' 1l~1l11u<c~. i11 pn.:\ 1uu~ ~cction~. Olhcr than that. there are nu \lUd)' dclc\..:t." 
cPllectnely scrwus enough to imal1date the conc:lusion on kinetic behavior of CC nisoldtprne. In 
add1t1on to the follov.1n~ C\lf!llllL'nl.'. which are arranged helow in the order of Stud) numbers. 

further d, !<ukd rcnev. son 1ndn 1uual kinetic· studies arc referred lo the BH>pharma.:cutica1 Review. 

Studi~ 102-106 
H.1-..cd on d 'u111nLt~ rL·p1 1!1 (11( 1 d~:i.ulcd prntLx:oll. thC"n: i~ nnthint: rc111arkablc in these 

pla .. 'l'h1 1 
... -(lr\!r1dlL'>.l. J() ... \,.' L' ... ._';1Litltl~. k1nl'!), '-llhill'~ U\irlf'. lk tPI 111ulat1un in 12 lhHIIlJl ~UhJC'Ct. .... 

~tudi,·s 11!'. J.\9 
rhl.'L' \\L'r;..· j'Lh~·!~·-' ,i~~'.'. '!!l": J '~;b~'-· h!inJ. Lln~L.lfll!JCJ .. °1-..! \1..0 

... jll(rl._(' ...:f\l.'l .... ll\l'.f SlUJll'.'.\ Ull 

J11...,c r1·1ir\lr1l(lfl.dll~ pf lll,PIJq'li1 ~· Jk ,tnd f!ll'!.1h11!Jll''.\ Hl l 2 IlOflllJJ :..Uh.Jl'(t..., ((1 JLtLiJ.lJ) treated tn 
Siud~ J~_.::;l \\.hrlc 11l·.1trnL·111 .... \\t'r-L· "l'!\lf,1!c1! h: al k·~L .... t 1.1nc v.ee"- 1n StuJ: ~>Y. they v.crc given 

1n thrL'l' .... 1h· ... :c, .... 1, l' d.1:..., 1n Stu1l~ 1 ~.; -rhu ... 1e,uJt..., of thl' latter '.\tuJ: 111J) be 1:onfoundeJ b: 
fl''lllll,tl L'flt ... .'{ 1lf jlft\.'l'dJIJ~· d,,._,. 

ft; \/[!1• pr11(t'lll h1nd1n:-· ··1 n: .... 1d.lqllfll' ,t! ~(} Il~/111] \\,L..., al .... ll rl1..·rl1.1rrneJ Ill StuJ: _1i3Y. U.'llfJt: 

c.1'-h .... uhJL''-t·..., ~ ·'-· 1!11,L' 111,1,111.1 

Studi,.,. ~'1414!'2 

l'hL''L' ~u"L' tv..1 1 pli.trP1.h,1~ir1ct11.: ..;1ud1t'" ot II\. n1··~old1p1ne anJ ll:-. n1t:t~tl-"\\)hte~. in L1rri1dtto..: 

p.1t1l'nt, 1 hL· rL·,u]!, \\1..·r,· 1r.:n .... l.11t·d lr11111 hlfL't~·n rep1.1rt .... and no detailed prt1lt'L'Lll" v.l're suh1nittcd 

\\Ith th,:\!)-\ \uh)l'lt" 111 \tud\ ~q_,;. \\l'r:.· h:pL'flL'fl'l\l' but lh1..· bJ1.,PJ prL· ...... ...:url':-. V.L'rl· 11ut dl',\.·ribcd 

111 Sllhl\ 4~~ \i.:-11hl·r '~"" ..._·111111,i]]L·J \\llh '\UhJL'L't." of nunn,ll lt\CI tUllL'lJ..Jr1. 

Study JI I 

Tht' ts a l.rnct1c· and lok"'hd1ty 'tUJ) in patient' ft'lJUlflllg re~ular hemodi.il) ,j, Se\l'll 
patll'll!.s \I.ere treated w tth niS<>ld1p1ne 10 mg onc:e daily, with Jusage tllrated up lo 40 m~ pcr d.t). 
tl1f -~ n11llllh, l"he lrL"alrlk.'fll ctll'1.:t_.., on blLk..>d pn:~sun.: and toll!rabiill~ v.erc riot cuntrolleJ. 

~ludy J2.I 
·r1n .... 1, .1 h1111!-ph:n1n,t..:\ll.-1nct11.· '.\tuJ: of IH. 111 .... olJ.1p1nL' ::!O 111~ d\)'\l' 1:1ght hL·a.lth:. )uun~ 

111.tlc ,uh1t·l·1, \1,.L·1\· r;ullil)J1l11ed tn rl'L'CI\\' a ~int~J1._• Jo .... i: of the stud~ drut: t:Hhcr 111 a tastc:d ( 1.5 hr" 
prl' lllt'_tl, ,q tcd 1 ~il 1t11lllllL'' ;tftc1 "Lir1 pf lllL':tl l '.\late and LT0:-.s1.:d t)\t'r to the oppo:-.lll' f1..x.1d \t,l!r: 

!\\, 1 »\l'L'I-.' ~.tier S111,dl d1!!t•1c11'-·e..., Iii fH',t111.llL' ft" .. p1.111:-..e 111 f.t.,le1.Vted \(Jlc· .. v.cre 1111lL'll i1JJ1,..'IL'a .... :;.•d 
111 l1p11: \.., 1n~r'"''l' 1.:. h111111 t1ut p111h,thl: (lf 1111 L·l1111~·al ..... 1~nitl1.:;ui.·l· 



Studil-;, :Ho, 4!KI 
Th~·'" v.cre IV.<' unL<•ntrolkd h1oa\ad,1hil1ty stuJ1e> U>ill!! oral/I\ solul10n 111 'mall groups of 

healthy \oluntccr' A kv. subJed., v.ere excluded from data analysis due lO radioi,otupe overdose 
in 2 ,,t 12 ,ubicc·t, in Stud\ 411< I and k.11-age ot infusion system in 2 ol o suhjcc1s in Stud: 330. 
\\ .. t..,hout irllt:f\ :.i.l \\a' adequate t<.'r the (.;fos~1.)\·er study \28 d~ys, Study 4')\ll 

Study J<..t 
Thi> is abo a kmellc s!udy in renally impaired patients (Cr Clear•mce >80 ml/min, <25 

mi.'n11r1 or uren11c· on d1al"is. 2q ratientsl. hut treated v.11h singk dose IR formula!ion only. 
The spur1'or cnncluJed that a 40'~ increa.se in ni;.old1pine b1oavailability in renal failure wa.s not a 
"-Jt:nitl(•u1t efJc\.'.t (see J1,l'U'\\iun a!Jo\c). 

Study 400 (I'll 14514, Biotran.sformationl 
1·h1, v.a' pan p]" stuJ: 4lkJ (\Cl' abo\c tdr co1nr1cnt~ oil bioa\'~il;ihdi1: stud)) "·h11..:h 

Jc .... :nt\.t.·ll 11i...·t;d11ll1tt: prdtlL: 1n hu111un unne .lltcr oral anJ J\ a<l1nin1,1rat1un ut rJJ1p1~<llopc laflclcd 
n1-.1d,Jq'111L· lJc\L'rl nH:L.thPlllL~.., \\L'rc 1Jcnt1f1cJ. hut lhl te~t of hiuh1g11...· a...:t1\1t~ \\J. .... pcrfu11ned and 
["'i.t-.fll.! lllL'L1h1iJ!f1..' pn•ti!L' v...i-. n11l lfl\1..'".-.(l~ .. lll'J 

Stud~ ~ti.\ 

I hi-. 1-. ..t 1ih.trn1;11.:ll~lllL't1 ... ..,tuLl: l1! lk. ni .... nlJ1p1nc 111 21 IldfflJPlcn:-i1\c ..,uhjc...:t'.>, 9 v•erc of ~0-
2"- \c,11-. (it , 1.~:c .in 1 12 \\ l'rl' l'llll·r th,111

, h~ :\II v.crc trt:~HcJ v.1th II\ nJ...,l)IJ1p1ne 10 int: fur h d..iJS. 

~tud~ h.\2 

·rhr1..'1..' .._·\1nt1,1lh·,I rL·lc.t-.l' J, 0nnul.ttJ11n" tl'R.1 \\l'rl' L'\J.lu.ttL·J in th1:-- 1h1n-hl1n\L 1~1nJ1..1n1i1ed . 

... T,,..,..,( 1\1..'r. -.1n~I~· J11 .... e .... tuJ: 111 -.1\ hc.dth: \o]unt1..·cr.... l'he k.1ncti..:-"' of l'R. tonnuLH1L1n v•a:­

l·,,111p.11L·~l v.Hh th.it \ll lh:. 111-.1dd1p11li..' <hi1nin1-.t1..·rcJ 111 the tllunh pcr10J to all ~ubjl..'Lt:-.. thl· v.a.-,h-out 
t"x·tv.L'L'fl 1rc.1t111L'llt J1LT1(1d-. v..i-. h J.1::.. 1 rc.Hilll'lll:-. \11.CrL' ,bl\'Ctl 111 t:..t:-.tcd stJ.te~ 

Stud~ h~\7 

ll1"'"·"IJhl11' ,,f ",<>ntr<>lkd rek'L'l' l<>rniul.itrnn tCR L 0291,elec·tcd !rum StuJy b32 v.as 
l:'\ ~1Ju.i1l'J turthL"r. rcl.1t1\c hl an I\ "Plut1on ol ru~olJ1pu1c. in th1~ IHH1-bl1nJ. cro~~o\t.:r stud: in 12 
Ih>rm.d subjecLs \\ ;1'l1<>ut out l>L'twe1.:I1 tre.itnicnt:, wa.' aJequate (6 Ja)'l anJ stuJ: drugs were 
aJ1ni11i:-.tcrcJ in Li. .... ttJ st..tt~s. 

~tud~ <>4~ 

s1,·.1ch ,[.lt•_· ph.u lll'1c'Ol-:nl'l!C' of nis,1IJ1pinl' ('C 20 m~ """' C\lllll'·llt'J v, 1th th.it ot II\ 
fpnnul.111,1n ~1\l'n J.-" lU 111~ hid in this tHH1-bl1nJ cn.lsso\cr stuJ:. l'he s1uJy Jrugs \l.L'fl" g1\·en 1n 

t.1-.tcd ... t.llc l11r (ltll' \\.cl'.'k anJ thc: trcat111cnt~ \.\ere sep~tratcd b) 7-dJ.y \\..L,lhlUt p...:t1L'<l~. 1'\ll.J.l uf lt:. 
111,tiL· .... uh1L·.._·1-. \\L'fl' trL'J.lL'd anJ in1.:luJL'.'J in th<' dJ.t.J ~u1.tl}~1.-. 

I· 



'-lluh hltt• 
T111, '' ,111 ·•rc·n l.ilx:l >tuJ) lll f,10J dkct u11 ph'1rn1ac:<1hmd1c:' uf 1mulJ1pwc 20 mg CC 

t.1bi,::~ J"V.L'!\l' \dUn~ rnaJl' \Uhjl'(l\ (~..l- ~> )C<.if\ o!J) \\CfC ranJ.1.lJJli!l'd to fCCCl\'C the a sing.it: do•.t• 

111 !hl· .... fu,l\ dru.~~ in t.1 ... tcJ (2 hr" pre rnt·a/J. together v.lth (\\1th1n 7 nunutci.. after ~tart of n1ca11, or 
1H1t· h1ltH ,Jtt::r .u1 l\Jnt.•nt·an hrc.alta~l All suhJeCt\ alsn receive aJ10lhcr do"e together \\Ith a 
( •'lll111cril.tl Jirrncr Ill a non-ranJ011111ed founh !'<-'rlOJ TreJt!llcnt !'<'nod.' "ere '"Piliatcd b~ one 
\\.~'('~ \A.,t'-h•itJ!-.. \1\MJt:r:tlC lllCre;:l\l' Ill (·rr .. u \.\'Cf(' llh_\Cf\.CJ Vi.·hcn Dl."'d]J1pID1..' ~Q nib ('C \.\d., ~l\Lll 

1n led .... 1.1tc". hu! f1P dlffl'rcni..:e 1n clinh:al ad\Cf\C event\ \\J..-, n.Jted. 

'-tud~ 711 
li1l1,1\.t1lctl11:iiit"· pf n1 .... old1p1nc (_'(_' 111 rHirn111tcn~l\t' and h)pencn,1\'t' elderly (b) and older) 

p.1t1t·n;, v.t'rt' l·o111r.ned 1n rtJr, 11r~-'n·L1tx·I. TlP!i r;u1J\\n111.ed stuJy In aL'Jn1on. influence ot age on 

ph.11ni.h-n~1nt·t1l· v. .1 ... ;1]-.11 <t,,c,,~d 1n ynun~ ~ind P!J TH'rtn~tl 'Uhjl'(t.;. in the ,;11nt· stud) 1-otaJ of 
."i1., ..,ufi1t·,:1" 1 -~~ )i'llll:._'·cl,lt.·rl: n,1rn1.1l ,uri1c .. :1 ... I~ h:pcrtcn,J\l' cldt·rl: i \.l.l'ft' trL'dtt•J v.1th d.ul) dd,l'S 
('I -:• 1 Ill.:_' f,q ~ d.t\'-

\iud' l>S.'-112~-111 

I f\1~ I'- .in1ith1._·r d11,1._· .!'r,,1 1•1f11\1ri.1l1!) ,1t1d) ll'-lll~ an ;_i,L.L'lhi1n~-J11,c. unL·o11trollcJ, non-

, r· .,,,,\,·: 1h·-.1~_·i; \:11"·1,· d,1,t", ,11 r11,1•ld11,1nt· If<~ )-2tl int: \\t'ft' ddrn1111-.1crcJ at \\cckly intr.:nal" 
!\<.~11r\ -,ut'11._·,i, J....jp,,·11,-. 1 n1.11.ir 111t't.1h11J1lt'" 1n pl.1-.n1a \\l'T"t' aJ,11 dc...,1.:rilx·d. 

'-!lid\ ()~S-11~'1 

I t~1, :-. .i ',~d'll· ~ 1 :11;.~ ;i .. h_1.:h"-~1•n!rP!lt·lL 111ull1plc-d11'-t'. kinL·t!·,: anJ tult·rahiltt) '-auJ) of 
r,1, ,·: 1~ 1 :'1,· < < 111 h' 1 ti\1x·1:l·r:-.,\~' p.1!1t·111" :\ttL·r ..1 ~-\\t'l'I.. pl.t1.·ch(' run-111. p.111ent..., \\'llh Sl)l3P 1.1! 

,1·, i -- :1!11ill: \A.l'll' r,tr1d.ir11,:L·,l t(' rL".._.l't\t' pl.tll'hll, ). IO, 20 lir :.n nit: n1,nld1pinL· (.'(_. 111 t1\L' 

11.1; i::,·, ·r·'lJ)'' .111,~ tr·-·.11l·,~ 1,,, d.1\, ·rhc 'tudy Jl''il~Il \l.J.." hetter than tha1 ot h1~her d,1-.c ran~c 
1 1 ·1 ,'~ ,1f,,,\l' ,1n1l.l.,,,·r·r,·11·,r11,1n.d1t\ 1nh~rl·f1c11 .... 1\t'p.1t1L·nt ... \\~t.,clcart1\erthL·rant:L"olJ1.1"l'" 

1'.: 11:.' ,!•1,:" It,\,,·.,,_·: q1111, It'\\ p.111 it-. \\t'rL' l'\L'IUlJL·d lr1.llll thl' ~111.tly.-.t''- llH \',u·1du.'- rca.,on~. 

\~111. !: !11. iii.\.,,! 1, d1-.\i11.1l1!\c·,! •,,ir ]11\\ h,1-.cl1nc ~l)l~P (hut ltlLJu,1ed 1n tht.• k111c111.: dJ.tal. 10 \~1thuut 
,(\'.h!\ --1.1L: lil.,,.,J -..1111pl:· ,ind d.11.1 nl ;11111!hcr )(I \l.l"fl' l'lHl'.-.idl'rcJ u1\al1d ~·'-·..iu:-.e thL·sc p~1ucnt.' 

t.111k 111,,d,lq1inL· 111--1,·.1,I ,,, pl,1~·l·IK.1 011 J)~t~ (l ()nl' aJJll1unal drur·llUI \\;L-.. Ju~: lP blo\)J Jra\\Hlt:, 

dt"l 111ntun 

'-tlld) ll'>0-015 
[l.11.1 tr.·111 J,111,~· tcr111 L'\tt·n:-.11,n ol thi.-. an~1na cfliL·th:) trial \.l,l'rl' l'lll'J flir hi1i~1\;ul.1hdn~ Pl 

n1-."id1p1111' 1 ·l !1ii11111i.1!111n 111 pat1L'nt.' \I.Ith an~ind SL"t.' ~1L·Ji..:al k.c\1;.'\1, 1Hl ,111~1n.1 L·tt1L'J.L') h\ l)r 
\r.1._kh11\l~';· j,q .l1''-\rq11H1n 111 tr1.tl J1..· .... 1~t1 anJ l'\t:l'Ullllll 

.'-t111h Jl•ltl-022 
I':: .i .l ., 1. bl1ri.l pl.i-ct•11 ~.111!!1•llc1l 111ul11pl,,· ,t,,cndin~· ,j,1-..c_ ~i;1ct1, ,ind l11lcr.1htl1t\ 

' . ,\ h·l111~·1 



,u1·.l 1.'\l"f\ -- ·L1:" f(JJ h1,1.-•hcr d,1'-t''- (l/tJ A: 1;0 r11g1 "--lthnul v.<l">liout 1ntC:r\·a].., (~L·e ah(\\t:) ll1e 

• ,,1i--t·r11 v •. 1 ... tl1,1i ~ Jd} rn~t_\ Jltil tic ,tdt·y11,1tc fl1r re~11.·h111F ~tcaJy st.He and the C1.UT~ O\t'f cflcct-, 
trnm rrn '""' J,,\\ef Jose c•Ul OP! be ncludeJ Thus the result.s of this stuJy should be acccrtcd 
\1.1th 1t··,t·r\,t111•ri .t1id dll ... c pr\1p1 1rl1,111.1l:!\ 1-.. hcttt'r '-llPP''r1l'd h:-. a parJ.llcl de..,1gn (StuJ:- [)XX U)lJ, 

tiur l ·\-'fl'·l ,\](•\I.Cf d11 .... c.: f.HH'1.' \CC Ill"'!~ 

Sturl1 IJ%-02t. 
Pn.n111~h:1,l..111 .. ·11l'- 11! n1 .... (1ld1p1nc ('(' 111 p..tt1cnts \.\1th c1rrhu~1~ v.a.-.. e\'aJUJ.tcd and co111parcd 

v.111: rt:.11 111 fl•'rm.11,uh1,·ch111 tlw. stud1 S1\teen.' rn each )'.roup 11.1th 11.ell matched ai:c. sex anJ 

v.c1.elit. v.cr<: t1c.1td v.1tt1 Iii Ill): Jaily tor 7 d.11s Ace"umulat10n wa.s ob,encd in both i;ruups. 

Stun ll'll-0.\~ 
l'h1 ... \.\;1-.. an (lf'k.._"!J L1hcl. f\1ur rcnPd 1.-TO'\\{)\l'T ~tUJ) on dll.">t.>propnr1iunalit~ of l'l' 

111·"d,i1p1r1·.' IV. L'll!\ !1 1ur ht•,1ltli\ n1;t!c \Uh1l·l·1-.. v.cre r~u1J,11111teJ to ont.• ot tour trl·a11111.:11t \L'liUL"th.:l'" 

\1.11/i -..1r1~:i:__· ,j,,,,._ 1\l ]•1 ti· 1 rn(, ·1rt"1trr1,·nr~ \\t'rt.: 'lp.1r.1tcJ h~ 7 d,1\ \\~1,h-PUl\ anJ gI\l'tl u1 a 

I .1'1, . ! , !. t 1, · 

<.,1u<h I l'lc-!HI I 
l h1·, 1-- .1urib111111t·1l pli.1111Lh "~ lflL'!1, ... 1ud: 111 p.tlll'lll..., \\1th rcn.tl 1n1p.ur!lk'lll, U'-lllf: the group 

\l.1'.I- 'r::.111!ll1h' 'k«tJ,lll .. t' 1i! ··'II I rnl 111111 I -- ;Ill ;t_ ... th\.· LPl1trn! fllf l't.'n,11 IUlll.'IJ1ln. In aJJ1t1un tn the 

l'.!ll'/:1 -Jr\!_~· ~ll)t·!),' 1•) (/\lL't' llLI!•'[ f11,·(.1h1 1li!L'"- \\l'rt• ,1!\I\ Jl"'-'-'flhl"J (}f thl' 4{) ratJl'rl{S ~C.:fl' treatl'J 
\\ 1r~1 n:-... I ~:; 1 1r:,· ( ( .' 1 • 111)._· ''tL;_' .LtLI'. l •r "".J,i ... l''· .t~ h,1J \al1d k1nct1l· d.tt.i \\'hih.· the (l\l'I.J.11 

It',: :1!111'.·1.' h.1.'. r1,. 1 u111L·rt·,! " 1 r1L· d1t!1,ult:. t\\\' \UhJL"t,:l\ v.erc L'\.~·JuJt·J ~cause ol "u\c1-
t'r li11h·nt 1i, t~1~· n::l1l r~·r1.1~ :ri1r.urr11L·nt ~·rlll!J' I \\l' add1t11.111.t! p.il1\'.lll\ h.tJ 111dcter1111n.ilt' rL·n,t! 

1~1· _11,,11 ,111,! \\t'r1.· 1.·\'-)u,lt·1l fr.,n, Ith' i.1n:.·:1'- .1n.tl\-..1 .... ~\, n1.ltl'J in the ahu\L' .• t~t' v.,L, rhH \\ell 
11,.1· · 1 1r· r~1,· l•'llf !r:..',1'.1l1t'L' :·~,,up-... hu! rh 1 trt'Jhi \1.;1" d1..,l:l'rn1hlL· 

"t11d.' l> 1 J~.o-l.::;-o~ 

I~~, th: :1: :r:.i· :1.1n' ph.1:r~;,1._·,,~i!l1.'tt ... ' _...:tull: on tdoJ ctti..'l:t.'. \.:.h11.t1 1.lL''-lritx:J d 

-..1:·~11: 1_ ,tr it .J. ,,~· ,lii11;p!n~· f'lit·n11111c11> ·n \\ hL·n 111 .... 1Jld1p1nc ( '(' ";L" aJnun1~tl'rL·J i1nn1L·J1atcl:- 1 \.\ llh1n 

" 111111ut1."-. i .d1L·r ,, ~(; nnrnl!r.:' ">t.u1J..vd l11~h-L1t breakfast (~ee abt>\l' h•1 dL".">1.-'fq:tHin lit 

f'h.111n.t'-·11k1net11.: re,ul~ .... 1 ·rhi.' V.-•L" a ra11J1H1111ed. up..::n·l..tt,:I. l\.\U·\.\~t) (r1.1\'.1.l\t:f \lud> i·\.\cru: 
,·,.·hr health). ypun;: \l'Llc )e,U>I. male subjects 11.1th ne~ ideal v.er;:t.h V.t'tt' ranJ,i11111L·d !<• 

rc·,,·11,· .1 '"l).!k _10 or 4(1111~ Cl' t.il>let 111 a fa.sled (4 hour pre-meal I or kJ state After a lllle·\\L'd, 

\I. ,1-..li1ilJ( r'c.'f111-..J. :t!J \Uh_Jt'1.-'l." \\l'ft' l"IP\".\.."J O\'l"I at the ~~Ullt." do~l.' lt\l'I tu till· lll'rll">lll' fl~~ \l,ll'-' 

I \, t·pt I( >1 .t h1: 1 lit·r hc.111 Lilt.' Ht the led \!.ilt'. U1c ~P,Jll\Llf cLt111l1:d thal J1.-'\flJlt• thL· 111.tr~L·J L'h..lll~;_· 

1:1 ~1ill·:1. Ii·, /1,:\J11r (lf r11,,1\d1piri...· ('('. th1.:re \I.ere nu ph.1r1n.t...:(~:n.1111i1.· L'llfl'L"tp1c11ce..., of dli\c 

1l:i11q1:11_:· }," !,1 .,j 111.:;. ">11h1t•l·L, ~1th ft•lL't.1-..tcd (.·,. ... ,, LHJll <it~), lllPlt" 1.:11111pi.unr, llf hc;1d.t-..hl:' \l.t'/1.' 

,, .. ,·1 111 tl1 11-. 1 ··''Lit(' 1' \.., I 1 .ind \lfll' 'ub1t·l·1, rL·p1111cd d111111c'' under led 't.itc unly 



Stud~ PB Jtt(ilh 
Th"""' a study Pll h1Ptr•msf.,nnat1on ol nisold1p1ne 111 sncral ar.11nal spcci,·s and in hurnan. 

~kt:iholites de1~cted in unrn;. but not in pl•Nna. were identified. There were no qualitatne 
d1tterenc<-'' 1n '.11otran..,tom1J!1un ut 111 ... oid1p1ne in rat~. dng .... rnunke)~ or n1aI1. Biological a..:ti\1tic!-­
ol metah,•llles \\ere not descrihed 

Stud~ I'll 19011 
Th" is an in 11tr11 human plasrn,J protein btnJ1ni: and el)lhr<x:ytc-pla.sma partitioning stud~ 

ol nisolJ1prne O\er the concentration r .. ng.: ot (JI to 10 µg./ml. Rc,uhs of prolctn-btndtng in thb 
·'c siuJ\ \\ere consistent v.nh that ol StuJJ 339. 

StudJ 1'10109~7 
l<csults ol this lore1p1 s!Ud] ipossibl} an1mal1 "''Ls cit.:J tn the 1'.'DA a.s the ba.sis of the 

hH1l11t!11.:•il .11.:l1\ll!l'" nt \J.rl!'U' llJ\t1IJ1p1ru.· :-,·,;:tahllllll"\ liu"-eYt...r, thert: I\ nu ~ynup\l\ oJ the \tU<l! 

an'" hnc· '" till' "ppltcat1on anJ desplle rqx·ated request h} the A[!t'nC}, the spcm.sor has had 
J1t(1\_·uJ1: l\11.:.l11n:; .1nd ,uhnunin~ J. Juli rt'lh1n a .... of th<: dale ot ttu:-i rncrno 

~tud.\ ! !{,:11_·rl'Tll'l' 4J l 
·rhi-. 1-. .1 rn.111u,1.:rtpi puhJ1..,ht'd h: f"rn..,t et al 1n /)o_,1'-1\t'.\[>on.\c !<elur10111hl/J .. \ of lJrug .. \, r11.1 

11f1t-'tn.tl d.1t.1 v.-.:rL· ... uh111JltL·J 

llru~ lntnaLtinn Studit·' 
·1 ht.' rl'-.ult-. 1•1 ..,tud1c-. ('fl dru~ ·lf1lL'r;1 ... ·t11.'ll' v..ere "'L'!l:.tIJ.teJ intu the toll1.J\l.·in!:! thret! !;n.>up.., 

l·lfl» .. t P! l•thcr dru_l'.., on ph.1rn1;11.·(1l..1nct1-..·, of I11..,1dJ1p111L' 
llL',; 1'! 11\ht..·r dru~' 1111 ph.tr111.i-..·t1J~tl.tllllL'" ol n1..,d!J1p1I1t' 

t·lt1·,: ,,r n1-.1 1 !,lq~111t· (111 1'!lit•r Jru~" · ph.1r111.1 .. _.l1l..111L'll ... ·..,/J)nJ.1111 ... · .... 

l)nl: tht· tlr-.t .... 1tt'~>·r: V.d.., i111..·luJt'd u1 the Ph.urnd .... Pk1tlel11..· Sccti1111 ..... thc re111airun~ l\l.t' v.·!11 
tx.- d1..,1.·u..,..,t·d 1n thL· ph.t1111J..:11J~ n.uuH· ~e..:111111;-. bcluv~. I .unit;.illll!I\ ot i11d1\ 1dual scud1e~. su .. 'li a-. 

s111~lc/111ult1pll' dt)..,t'"· J11rat1t1n ol tn.:J.11ncnt ~u1J u~t: ot cont1ol groups. ha\C he.en Jc.:s1..:nlx·J u1 tahlc'.\ 
\lJJl\lll.U-l/lilg the fe\Ull..., 

I' 



In 'un1111.ir'. phannacof.inctic propcrtie' ot m'olJ1p1J1e aJm:ni>tcred a.' IR or CC 
Jpr111ul.111<•Th h,ne t>..·en 'tud1ed adequate!) and wcll-de,crihed in the submission. Bioavailab1lll) 

of n1•.ulJ1p1ne l'C wa' ILlw Jue to high fin.t pa." effect and appeared t" he linear!) proportional to 

du'e' ot "'Ill Jll!,! Ac·cumulatron after 7 d,1y' of aJmin1strai1t1~ wa.' mo • .kst and product' of 
cXleil'l\e 111et,1h,1l1"11 were excreted rcnally Rclatl\e to the young suhjecL,, nisnldipine wa., slight!) 

more h"'"'"'il.thlc Ill the elder!) after one wed. d°'ing. B1oa\ailahility of nisoldipine wa.<. not 
'1p11f1e<ulll• d1tkrent 111 pa11ellls with hypertension. anrina or renal unpaim1cnt (except for the ini:1al 
d•"e' tor the lalc\t I. but were mar~cdly increased in hepatic failure subject.,. Pharmacokinctics of 
"'"'IJ1p1ne wa.' allt'dt•J h\ con,«Hllltant aJrnir11stra11on of cimet1urne. rd.llitidme and <jumidmc, other 
drug 1nteract1ur1' 111.t\ he I''"" hie thwugii high degree of protelll hindtng (> 99% ). 

\\ hrk 1h,· '1net1e Ja1a ol CC "''old1pine suppon a !llnger d"'ing inter.al than the IR form. 
L'lin1 .... tl L·llL ... :t1\l'Ih .. ''" ot on\:e-d .. ul~ du,1nk'. dt..·pend:-. 1.H1 the: 1.:orrcli.itilHl "ilh ph<..Lf1H~t1.:u<lynan1ic and 
t·tt1,.1,, 1111J1n,, I: 'h·•ulJ al'" t>..· rl<1ted th.it the rr<1hkm of J,1se-tlumpt11f when ~i,old1pine CC 
1, ;hl1111111,1L·1l·,l 111 ~1 n1111·Ja,tcJ ,1a!l' c;u1 th1t he 1~1111rL·J anJ 111u ..... 1 t-x· adJn.:-.,l'd appropriately in the 
l.1h.·l111;: Thi' pik'IH>Jll<'Jl<>ll i' Jlhlft' rron11unced than "llh the II<. furrnulatiun and not exact!) 
UrlL'\j'1·,.-tt'd -..1ri..:t' -.111111.u prnhll'rn h.t .... been oh'L'f\<:J u1 an\lth~r apprll\t.:d d.J·u~ torrnulatcd idcnlicall) 
and dl·\cl1 1pt:d h~ thc -..1Illt' 'P11n .... <1r 

n1c· ,frlkll'lhl'' Ill i. .... i l'fk,1' l><:l'AeeJJ 20 m~ 1S1uJ\ h(>hl anJ ·'II. 411 mi; doses (Study DY~~ 
(~.°" (J~ ~ ,,r 111,1 1 IJ.p1nL· ( '( · rn.i~ ht.· JUL' tu \ar1..i11on .... in rel.lli\l' t11n1n~' ot Jru~ adn1ini~tratilHi anJ 
111'..·.tl 1n~:t•,:i.1n h11th 111 t.L .... ted ; . .u1d li:J ... tJtc-. li1_llh the <ih,olu1c (' ..... and ini..:n'.'3..\C rclatl\C to ta . .;,tcJ 

-.t.ttl· '" crl' .l'Tl'.ttc-.t '"hen lit:-.1,1IJ1p1nc l'l .. ~u~.tu 111~ \l.·a, aJnun1 ... tcreJ inu11c<l1...ttcl\ aftt•r con1plction 

pf •1 rnc,t! ,1n,l 1.·,1i11r).1rvJ t11 .1 rr(lJPr_lgt~~--l~~~~i_~atc (fd! aJJn1un.il 4 ~post dL)'C) tStud~ D92·04S~ 

tl21 \\ t11ll· th1~ ... u .... 1.1ir1L·d .. t.L .... tcJ \l..tlc" (4 hr\ pl):-.l dl1:-.c) lllJ~ not he..· a rcalt.'\t11. .. · ~irnul...tt1on of l..u1.:.c 
l'lf1,,1~·~ 1r·1.i!. ,,; l'Lt...'IJ..:,d ...... .'!llll_t.: ..... thL' Jr~ull.lth . .' IIh . ."ll'<L ... l' in pl...t ..... Ill..1 I11~0IJ1p111c \.'.OllL'Clllrdliou b) fooJ 
n1.i~ rc ... ult 111 l'\1.l',-t\c lt~1h1tl'11 ... 1ur, tx.'1.:...1u ..... c lll.'\OIJ1pin1: pla.-.rna h .. •\cls in cffj('~11.:y tri.U~ rc~en1hlt•d 

th.II e>I l.1,kd ''"'" <llld 1he1c "a gllod l..111ct1c-d) narnic c;orrelatiun (sec below). Thus nt>uld1ptnt' 
l 'l' 'h«uld 11«1 J>,· :1d111•111'1e1«J c·on,·umitantl) with meal. but in,teaJ aftc:r l'\ernight f<L't and 1-:? 
li.•ur' l><:lllrl' hrea,1.1,1 App1up11dle ir1'lru.:tiun lo a\Old du»c aJnuni»tr<tllun Ill a fed state >huuld 
tx· 111cluJed m the l.1t><:l111i; 

11 



'.'\DA :o-350JC!1n Phann 

Pharmacodynamic daw of nisoldipme are described in three groups in this review: Principal 
cardio' ascular rffect.s. J'on-cardio,ascular phannacological acth·ities and Drug interactions. 
lnterrated summary of pharmacodynamic data as presented in the application and reviewed below 
Y.ere in general based on U.S. studies. Results of small scale foreign studies, mostly open and 
uncontrolled. were only commented briefly whenever appropriate. It should be noted that most 
dyn.unic da\2 were obtained from studies using iv or IR oral form, only the effects on blood 
pre,sure and heart rate have been evaluated with the CC formulation. Issues related to tolerabilit)' 
of msoldipine CC formulation in kinetic studies were also summarized at the end of this section. 

Principal Cardio,ascular Effects 

In cuntra't v.1th "ha: the sponsor has slated in the NOA. blood pressure and heart rate 
ch.Ulge' v.ere not ,maJI nor inconsistent in normal subjects treated with CC nisoldipine. 
Arrwwnatdy 4-8 h,1urs after a single dose of 10-60 mg. mean supine diastolic pressure decreased 
I:" J rn;ix1 mum of 5- 7 rnrn Hg and mean heart rate mcreased by 6-11 bpm in a uncontrolled study 
(0..Ji-0.35. Arpcnd1\ 13.9.IUI S11ni!JU but slightly greater effects (8-9 mm HgJ on SDBPwere also 
'een v.1th a ,1ngk 6U mg du'e 1n Study 090-020. before adjusted for a placebo response of about 
4 mm ll~ drur 1Stud\ Rerun Section 13.9.~I. Mean Heart rate increases in the same study were 
l U- l 5 b1'm i ' ' 2-4 brm \c,r rlacebcl I. The IR formulation produced more rapid but comparable 
1k~r1'<'' lll hcJ.11 rJte and SDBP dw1gc' (Stud~ 125. single dose). Relative to the normal subjects. 
the' bkhid rre"ure rc,pun"" of h\re11cn'i'e ratient; were cel1ainly more notable with multiple 
dtl>IO~ at 5-4u m!;fda) (about IO mm Hg drop in SDBP over placebo with IR form. Study 372) 
P/,1c<'iio-Juh1rucrtd blclcid rrcs;ure reducuons in patients with mild to moderate hype11ension were 
d,,,e-n:IJtcd from 5 to 30 mg ot CC 01sold1pme (especially in systolic pressures, Study 088-059): 

Dl'"<-' 
rn~,J 

5 

ChaQ~e' in S"tol1UD1as1ol1c BPs. mm Hg. Dav 7 
o hrs pcist duse 24 hrs pose dose 
- 7. l I .,. l 2 + l 9 I - 4.6 

IU 
20 
30 

-6.3/-l.2 -8.8/-4.9 
-10.7 I - l.7 - 9.2 I - 4.6 
-19.2/-4.6 -15.6 /- 6.2 

On the n!!hl dose-response plot. 8 hr> data 
v. ere used for peak effects Howe\er. due to 
a IJrge pbcebu re,rome at 6-10 hours post 
d'"" 1n ttm stuJy. the SDBP changes at 8 hrs 
did n,it appcJU to be the p-:c~. effects and 
gJcJtcr 1.tntih! pertcn~I\ e a~li\ tt) v.-a;,, noted 
awunJ 14 hours (-2 o t1' -b.6 mm Hg O\er 
pla.:ebo. Study Repul1 Se.-t1lln l .Ill 41. 

· 15· 



'.\'lJA :u-J)ti.'Cltn Phdf111 

Howe\eJ. 'uch dme-rcsponse relationship v,as not ohscrved at higher d,>se range (30-90 mg/dayJ 
in ano1ha stud) of hyperter1'ive patients (sec Table on next page, DY0-022)'. 

Studv D90-022 
Dose 
mg/d 
10 
6ll 
90 

Changes in Dia.swlrc Bi's, Placebo ad1usted, mm Hg 
8 hrs post dose 24 hrs post dose 

9.4 - 6.4 
<;.2 - 6.7 
•l.! - 6.6 

Respon,es to 120 mt: v,a.s d1Stinctively higher (19.0 and 9.3 mm Hg at 8 and 24 hrs post dos~) in 
the same study, but there were too few patients (3 l received this maximum dose. As noted before. 
the dosages were forced-escalated in rapiJ scquenc·c and not evaluated in parallel groups in this 
s1uJ). thus maJe the trllc11're1;it1LHl d1fticult 

U1angcs ot heart rate in h) pencnsisc pa11ents due le• nisu!J1pinc appeared to k !es' consistent than 
tha1 ohscncd rn tHlllllal sub_1cch 1S1uJy 372. JR funnl. As noted in 1hc !\°DA. hear. rate increa,es 
s;c·re in the r'1!1ge of)- }(I hpm oscr baseline sa.lues for all msold1p111e gn1U['' 1n Study D90-ll22. 
Jj,1w es er. 11 i.s nol apparenl w ht:ihcr the chan!_2cs v, ere caused by n1Sold1p1nc '1ncc the variation of 
hc'1I1 rale Ill the pb,·eho pcit1enb wa.s in the "unc range and there i.s 110 clear trenJ in the difference 
bcmeen groups th.11 suggests a trca1nwnt cited. Heart rate cl1Jnges ssere lllll do,;umentcd in Stud) 
ll~S-11''1 

\\'1th i!!!~~~lllU-.. aJ111in1.-.tration llf ni;-.uJJ1p1nc at :i-13 µglkf. \.'.han~t:s in bluoJ pn.:ssure~ 
(Jnrca,L·J by I I-lb mm H!'.i anJ hc.lil r'>.ll's (111crca.,ed b) 10-30'7') v,ere dL1SL'·related and slight!) 
nh1re p1l1nuun1.:ed th~ui th.1t uh~l'r\ed 1n the or;.il stuJ1e~. ~1ost of such stud1e~ \\ere singlc-do~e. 

urh:lJJJlr(l!ltJ. 1n ~rnall nu1nher {.)j patiL'rlt;-. "llh unJcrl~ 1ng coronary artCr_\ di .... ca.-..c {Sl.Hlll.' \\'C'fL' 

rL".:L':'.::~_:." c;1n,:u:ren~ hct.J hlo ... :\...cr.-., \~ur1n~ n1L'a ..... urc1ncnt~. StuJic:-. 3~. 5(JU. Rc:t i-5)'. Dirci...'ll_\ 
,,imp.trcJ Willi Jili1J/en1 111 a puhli,hc·J report (Ref 4)", nisold1pinc (6 µg/kgl rncrca.sed hca.n rate 
(b) 14 hpml but Ill>! ddt1J1em 1500 µg/kgi. Both drugs reduced peak sysl0!1c pre"ure by 24-28'1(. 

Tht' ~pnn:-.,ir cL..11111ed th..i.t hkx1J p1e:-.~un: reduCllllfl~ not :id1u-.tt'd ~~l<1_~-_t'-~1-i_t":•r-....1n"'-· v.erc d.i~c:-relattC l~t'c 

Su1nn1a1..., lll l'lin1~·aJ !'h;,,nna..:olug~. Sc-Llll1n h.l4J, tiut aJrntlted t11J.l the re!ul!lln~ht{' diJ n.it c-.1..1~1 v.hen pla,:etil1 

rt:'t'''rhc:-. v.erc ~uhtra,:t<:d \~r StuJ) Ri:rl\.irt, Sc..:t11Jn IU.bJ 

f·"' I•'lt'rL'n'-'t Cllt'·.~. '":c L1 ... 1 .inJ L1k.:al111n 1'! Puhit..:.1t1;~n .... ~'K'\.'tJ ... in h.14 l, ~DA \'(1] l lt- !l ... h.iulJ t'I<: flllti..·J th:11 

R.t·; ]-..i V.L'/t: rer,•rtl'J \--~ till' \....lil\C' ).!f1lUJ1 Cl! Jn\C\tl~,1(,1r:-. 



Lt tech ot 11isold1rmc on other hemod~namir parameter.. were summarized from 9 studie>. 
three "1th fuli repom suhm1tted wnh the !\DA and 6 from pubilshcd literatures (Ref 1-6. repnnL' 
only. nD angina! data). OI these. hcmodynamic effects were measured with intravenous 
aJmirnstration ol nisoJJ1pme in 7 repons and v.ith or.J dosing in 2. In a double-blind. placebo 
contn>lkd study (Study 3721. 1mold1('1DC IR titrated from 5 to 4D mg/da) (bid) every 2 weeks were 
ettedl\C in hlood JHCssurc reductwn for 36 hyvect~nsive patients (s.ee above) and reduced peripheral 
rcs1stanc·c as expected from a cak1um channel blocker. Compared to placebo, cardiac index was 
increa.sed either at rest or durinf exercise. hut the effect of oral nisoldipine en LVEF was probably 
nor rncamngful. Changes in hcnhidynanuc parameters as measured by radionuclide techniques arc 
summari1eJ lx:low: 

Chan;;cs/Ba.selinc. Resting Exercise 

Pa1:~_!)E;tcr'; ~J.se>IJ1rme E_@Lchn .Nisold1pinc Pl.icchu 

I k.111 r.111 .. • ~bprn1 ·' 1/77 l 'l/7ti - 0.5112'! ~ 41131 
Sb!' (111111 }~~) 2.1 11172 ~ )/17 ! - :i.u .. v:: 1 ·~ I ~ :\/:C. I 7 
llll l' (Ill Ill ll~ ! 2U 111111 ' 3/1 l)'J - 13.811~3 3.5/llh 
1 Pta! liL.r 1pilcr~t! 

kc..,1-..t.tn._·l' (d:nc-..1,,.._·111 I __ ;\)2,'l ~-'.-; - I '211'i19 -165/li~-' 32/Y.\ll 
( 'arJ1J ... · ! n,k \ 1Umrn.'m' 1 - o. -' I /..; i -0.lJ5/.; ll T ()'l,7/7 ~ i).()117..\ 

S tr11j.._c lnde\ 1ml1m1 .,. :'. t)/ :=; ·' 
.,. 2.4/.:;,:~ .,. '2.7/Sb - ~ .3/56 

L\Tl - (I()_\'! I h; U.ll:.'11 t17 .,. () 021li.7) _,. (J (!{)/{) 7 'i 
l)11uhlL' Pr1.HJL11..·t 2.~l.//l_~-t iJ _ _2/! 3il - 27 .\Cb3 - ~.\ 7128S 

:\ \ltl_t:IL' ural Jd...,L' Pt JU or :u 111~ IR Tll">lllJq'ir1c Jc:(reJ... .... ed systen1i( \a.,cular rc:-.~\taI1i.:c 

-.1~n1ti,:a11tl:. but ni~untaincJ ,,1Jlll' cJrdia ... · 11utpul. i.L" rn~~~.:.._ •. u-cd 1n\a.-.,1\cl) 1n 12 nJtiL·nt:-. unJcr!_!utnt_: 
r:!c· ... 1r1i11h::-.1l)l1i~: 1..'\a]u.1tl\HL" !S!uJ: 17'r-.. un._·lllllfl.)JleJ1. 

li·t~l·l1nc ~- hr-. DOSt du.-.1::. 
Hean rare· (r\ 73 bpi:1 

;:-u1en.ll p!L'\">Uft:'\. S: stJ1)1J.\l 130/7() ] 20/b9 mm Hi: 
R 1ght Atrial l'rc<,surc 4 ~ mrn Iii: 
Pulnh>nary Arterial l're"urc, S/Ll 1918 20/8 mm Hi: 
l'ulm Cap \\'edge Pressuce 8 7 mm H1: 
("a1\J1.l._' In Jn 3.75 :; . 71 L./n1in./n1-' 
S: -.te11111 ... ' Rl·-.t,tan •. :c ] _ll!7 1038 d:; nc'-1·,;,·m 

, 

Strukl' lndc\ ."U 53 inl/111: 

In .u11\lh1..·r -.1n~le oral do">l' sruJy (l{t:t hi'. 11i~lllJ1p1nc- 10 111r attenuah!J hoth the- dfllj) in C,\Lr.:i'.->c 

!.\'IOI 111 pctt!Cll'c.' \11th u>f,l[l~I) d1sc;1'C i-lll';( attn" -18'7, before trcatmcnll and the UL'dCa.se Ill 

l.\·f-.f· dur1ri::~ 1..·t1!d prc,,,ir tl~,1 1n p;HJL'll~' v..llh :-.:t-::n:-. 01 i">L'hc111ia but nunnal 1.'\)r1.inary ar1cr\ 

! .., 



..... l J .\ •I i' '11 

\1. utl· cJ!c ... t" 'it 1_ntf .. ~\__L·r11_1u" n1...,1.1! .. Jq,1ne Pll l_Il\_<_1~~~ herno 1.lyna.r1uc tact11r·, ~t' lairlv 
,r:-.1,!l'll! 111 \!ud~ ~ 1 1( 1 ,u11.l '>l'\rral puhl•_-..hcJ fCfh.H1.-. (R.ct !..:)/ A_.., 110ti:J 1.1lx•\C, lliu~t of th<.::-.c 

"tud11·, \\l'f'' '-ltl~lc U1l'-C 1 ~ I~ Pt:l)...~1 uncontrolled. 1n \n1all nun1t-x.·r of patienL" "-·ith coronar: 
.1:L·;, ,J,~,·.1-.1· ·"·.r11l' V.l'll" ,•11 ... -.1111. d:1,:r1: ~x·i.t bl1h,:~er" dunn~ n1ca....,urerncn!.-.). ~.nular tu that 
1 1t''·-·r .. ,·,l V.il~1 11r.1I .t1.ln11ri1-.:r:1t111Jl 1.11.d "~"tc1n1L· va-.i...-u!Jr re~1~1anl·e ~:a" decre~l"t'd (C') abuut _3(1. 
~-; v.11h J\ n1-.·dd1p1ric 1n ,ill ...,,u,fic1, de .... l,·r:t-x·J lkct I-11'. N1:-.uld1p1nc I\ al-.o dei . .-re.a..'l.~d inlra­

.t,,.1_1, 11:.l lr:tr \t"Tltr111il.u ,~..,J11!1,_· 1·rt'""un· !h) J:;.-_~i_F:(). hut not I_\' end d1:1_:.,t·Jl!c pr::,'.J;-c in thcs .. : 

"tudic" :\1-.11ld1piTlL' did not apr~:;u 1<1 f--.i\l' ne~at1ve inotrop1c activitie:-.. Ejection fract1on a11d 
'.tr, 1 kt· \.du11K: V.t.'r;.. 111 .... n·,1-.eJ h: Jh and 21-~4(;;. rc"fX'(tivcly. and card1<.h.: out \.\-·a:-. up 26-3h(/{. 

·rhe hcn1iid\n.1n11, cttv.:t'- pf n1,(lld1r1ni_· nn coronar~ blood flo"': have tx't•n e.\J.n1ine<l in 

-.c,cr.tl drJ1..i•lltr,)lled ... 1ud1l'' u-..111~: 111tr.1\en11u-. n1 ... nlJ1p1ne. In patient" '>-1th curon.1~ ar.l·ry d1 ... e;1 ... e. 
r11-.. 1 i,Jq,111c .1dr111n1-.fl'fl'd 111rr,l\l'fll1t1-..l}- llllTl':t"l'd i...'c1fi>llaf) blood fluv.. hut on!: Hl n,.r·rnal \l' ... ..,t'!'> 
,q 111 ,r,,! \1.1 1 !1 ,1 1 !L1t,·r.11·,up1'l1c'1h: ~"-.°'2~(. ri p:1t1l'Ill."' on baL'kt:ruund therapy ot ,Hl'Ill>lnl, StuJ~ 

'- ... -· Jr ,1:-.. .. ,Ji:,ttl·il t!ll· ;.I'! 'll,tr:- ,t11L,'~·-. !111up1,. 15 1n1nute:-. alter a (l.5 or l 1.l 111~ d()\l' 1nfu:-.eJ 

•l" !~.iii< \\hh.h \l,,j-. 11· 11 r!,1-.fi'«l ll'\t_•l fl'L1tcd. hll\\;.'\Cf (StuJ: .5ht)/ In \L.\L[,i] ruhli ... hcd 

' I 

' ' . ~ 

r· r:; ><' ••• iri- l\'.l>!_',1, .>[11:;.!f\ ;,; .• ,,d 11·.1\I, h\ ]"7~_<:;,o<:; tkef 1-...+i". thu-. fl'1.lu, ,·d lhl' c;ilc11la11·d 

\" , . r ' ~ ! 

1 . ' , 1 ' , , 1 : • i : : ; , 1., \ , 1 ) , : 1 1 _ , ~ r .. r 

\1\1•1.·.1rd1.tl 1)\:gcn (\li1-.urnpt11.lfl L·h.111~c-. (Jecrca.'-.l'J h: 
\irn1L1r r11 n11 .. :.1rJ1p111c, n1...,1i~d1r.n11.' rL·du.:cJ 1Jl)-lX.:arJ1al 

,111.:.·111 .. tl-\ci :'.l' 

,>., ::•. !,ti ,1;1 I' .. 1Jd1t'1:1;..· JR ~l\t_'ll .i' .1 \trl~~l1.· 1ir:t] J,,,L, ot 2il !!It-" 1n ... ·rca-.t· 

,1 1 11q•.trl'd \i..1tli l\l \\dll'>·Jn 1 n tor! L11.,·ebi.1 \StuJ;. 12t'i! -~ ! 

: I·~· 

1 'i ·, ~ •. 1r:.)._·t· flhlf't' 1h.111 tha! hy pl.t .... 'l'h'-1 at t 1
1c 111.1\1n1un1 -..trl'"" (O_h 

\1·: ''L' dtir,1!111n Y.,t..., !111.,'Ita.-.cd 1n a puh!i-.hl·d Jl'(h1r11I\et ())
1

, 

,:r•,; 11, lL11.1 11n SI Lh.lflf!l' ~ere de:-.1.'rtlx·d 1·hL'"t' anti-i .... Chl·n1ir 
r \;',1 11~ .111,1tliL·r '>lll~k· 1.n·.tl d1)"e -.tud\ ot "1r1111.t1 dl·...,1~n (StuJy 

!1: .ti, rlerlroph~"rolo~.\ 'lti,l;. u,lfit! tir.__;1_1 n1,,1Jd1p1nc th.t..,l'ilnl' 1.,·nntn1tled. Study 17Si. :-.1nu..; 
~\,11,· 1,·r1~·1)1 .111,J \fl 11ll(_';\.1J,, 'IAl'rl' -.h,inL'lll' ... l h~ 12\.;; anJ 9(;;. rc:-.1x·1 . .'ll\el~. dhdut J 20 fl)lflUte-. at1er 
•1 JtJ 1lr ~urn~ ... 1n,L:lc d,1,,,c ()thcr l:.(.(i Lh.tnges ((,)rL·, ()RS. 11\". L'11nected "t11u" rL'vl1\er; t111l!.:, 
t·!ic1.IJ\c \L'!ll!H.ul.11 .u11i .1111,ti 11:f1;,i ... ·llll) IX'lll><l~J "·ere Ill'l Slf.Il!(11.,';U1l In <.trlt)ther '>ltnil.tr stu~i\ 

1i .1n~· ttH' -.,trlh' IR l'r,1! dil"l'" (S1uJy 135). lhen: "l'rc- no ~ignitiL·.tnl 1.:h,tn~l'" in intra·1.,·ard1;1 ... 
·n,ll1, !1,11 1 t11:11· .11 1 ,t t!H· l'lfl·, t" l)f n1'>1.)!,l1p1nl' on s1nu;-, noJe ~ere ;,J..,1.1 11111 ... l (l'\lc{H tor .... inu.., nuJl· 

r:.: ,·,l·r\ r1r11' .111 ! > \ ,,1ndu ... ·t1\i11 t1n1c. v.h1Lh ~ere dcL·rea. ... eJ h; 11 l'<_:;, .ti) ,1tlicr 1.,·h.1n~e:-. v.erc 

:1. 1!1,t' tl.•\l,t'\l'I, t'll'1..'lt11ph~-.1Plllt'.l'"''·tl lllt'd.,Un.'tll~Tlt." tl\.1~ l!1)t h .. : ~x·rj,l/llll'.J ~ti tillll' Pl 
" »~.i~1!l1 2(1 ._i.:., 1111nute ... ,)J J11..,1n~1 ir1 tlJL' Litter stu,i\ 

.I ~ ' ,J ." ',_ ,. I, '" 



\\'1!h 11nr,t\L'll•_lil_'-: ,1,lrn1n1-.,trdt11.1n at ~1nglc J11-.,l' lf 1 :" µ~·'k~. '1n11l~u- \hortening of ~inus pcri11J v-.ere 

11<·'.cJ .1i I'-~'' 111111utn P"'l d"'<'. v.1thuut other ch<'-'•!,'.C' in rdractor' pcnods (Study 144) ']he 
c!IL·.._r 11/ I'. n1-.11ld1r111e 1.111 ~1nu-., cycle len?-'th v-.a .... hluriteJ sorne "':hat (to 79r) if the patien:·. v.-cre 

1•r,· t.·t .l!L'.! \>.1tt1h-.1-.t bJ,~kL·r-., tStuJ~ 2~-:'i 

:-,,•:ill· U ·c; chan):C\. ucualh "'<'fl a' T-Wa\c' rlattcninic or in, en.ion, appeared to a\sociatcd 
\I. llh 11i .... l1!J:r1n;.: in ~l'\Cral tulcrahil1ty stuJ;L:-.. The) 1h.1..U1lt:J 111u:-.i f11.Aiuc11d) \057( ul i 7 :.iea1eci 

pa11c·n1> '' llilfll' of placdx> l m Study LlLJil-022, a 3-wcd, double blind, placcbo-controlkd, a'>cenJin& 
d'"" 'lucll !fl h'pcncn,l\c patll'rt' lhc incidc1Kc is probably dose and plasma Cl'nccntration 
re· I.tied. 'lllcl' •!l thJc stud), it 111,TC<ised lrP!ll 22'.;; tu g()q with doses up from 30 mi; to 120 m~. 
Pr"n'cd at peak but nut trnu~h drng level Ill some patients, and re\crsiblc when study drug .,.. a, 
J",·"ntinucd. Also, pat1ent.c whu rcp"ncd the i:C(i chan,:cs had si!'nilicanll! higher C~, th<ill thch1' 
"'h" did ll•'l I StuJ\ l<c'P•'l1 Scc'tllln l 0.0.41 The'"' rcac'tions were CO!Teiatcd with bl0od prc"ure 
d1l1r ,111'-1 hl·11111d:nan11 ... : ett'~"'L·t-. h...i\l' tx·en pr11r1 1 '-L'J a.-. the n1L·L·han1:-.n11n literdture1., fur thi."- and other 
... '.tl'-·i1in1 b]<l'-·k.cr-. l~1~hL·r rate~ lit ·1 -\l.·a\L' !-:('( i .. :h,t1l!--'l'"- in Stud> IJY0-022 \l.J..-. attr:huteJ to rapid 
.uhi f11r'-·L·d d, 1 -.,L' ·:-.L'.tLil11 1 11 i·h1-. l"-"-IJL' h,1, !x·en d1-.1.:u ........ cd u1 llldfl' detail-. h: l)r. Deni in ht:-. 
\bl· d f~ '\ "'" 

f{,1,l·,l ,in 1inc ,!11ublL·-hl1nJ. 1..rn-.,...,(1\cr -.,1ud;. L'lllllp~uin~ Hl'Urohornion::d tfltcl!'! nt ;i1so!Jipine 
II\ l 11 111f.' :11tL·dq11f1L' _-:'11111?-'.. and pL1'-cb,\ 1StuJ;. lY'll. n1_ .... ulJ1p1nL' !Lt-., nu \lt:ntficant effect~ un U\l' 

r.·::1~1 .tn'..'ho!L't:,111 .tld,1,1.L·r,1nv -.,:-.i-·111 11 r rhir;idrL·n.d1!lL' 1..'(lfli . .'l'nlL.Hidll Hl n11rn1;_iJ \uluntl.'cr~. 

,1,.,]l!1[ 1l: Jk. .11 :1) rnr d .. iJ~ JTJ-._Tt',1.-.e~J rtgiona( blood floYt!-. in J1\CT and k,1Jncy, but th;,,.' 

L':l 1 ''-·\-, u.111--11._·111 .u1J n,, J\\lL'fl'll\ t11.11n \h,111\\ pl.i.._.L'ht) h> l)~i) J. \Rct 7)' SinllLlr tirnc.· L'(1ur~L· 

•'l t'fl,,·,t, \\,!' ri11tt·,i t11r ~11111t' It'll.ti luri...:tJtin p.1r.111ll.'tL·r~ t(il·l\ anJ .-.0Jiun1 C.\1.:retionl 1n the \,tJllt' 

-.HLi, '.\1-., J,;1!'111'~' .1~li 1 1111J-.tl·r~·d 1ritr.1\enou-.l>. trh:rca-.t..·j bll\l.'1..i ~lo\1. in t1.1rc;.trn1 flldrc th.u1 

!li!i,:1.'.1;'iil ··: 11\lt'dif':I"' ·f<t•J ,\1' 

~·t-.,iil1lq11nL· II-\ ~?l\l'O .11 10 Ill!! b1J fpr .i \\l't:k.-. h.L\ no .... igr1ifi ... :an1 ..:-ifcct \lil th~roid 1un ... '111.1n 

te,1' "' prolat'lin k\c\ Ill yount,: and hc,Jth) 'ub1cc·b (placd•> controlled, Study 6701 Srn11br t,, 
,n,1p.mul (IN\ lll!,'.I, nI'<'ldtprnc 1nh1b1t platelet agi:rt.'gation alter 4 d.iy' of trc·atmc!Lt with 20 me: 
cl.111\ lftl\\t'\t'r. n1'.'i(lld1p1ne pL.-L-.,nltt conl·enlralion ar \U(h dos.e J1J n1)t hJ.\~ the ., •. UllL' ant1-pl.1tclc1 

c!ll·~·1 u: 1urr .. • tnd un!tlc 'l'r~lp~ttrtil. rn~oh.hpinc dld l\\Jl dl:-.pl~t...:c yohl1nhine t1Dn'i ~pccifh· ptnL~l·.~i 

t~111<l1n~ -.1:t·, 1 k.'-·1 q ). 1 he :-.plHl'-'llf L'l.u111L·J that ni:-.1)ld1p1nc. al 5-20 n1~ J~uly lur .i \.I. cc.:k\. i11Ju ... :cJ 

L1\1'r,ll'le l-li.111~'.c" tlflLll.'~L...,l'J 111)1 anJ apl1l'fl)le1n /\)in pL..1:-.111.1 lipoprott•irt, 111 a g.ruup ol \) 

h\p'-·11\·11-.1\t· !\,111v1n" (R.el IOl' 1·hl' ~luJ~. IH1\1.C\t'f, had nn cofll'llrrt'n! ClHllrOI\ In a duuble-hi1ni..1 

p1,!, .·\-... , •'1~1: ''t·...J 1. \.l.l't'k t11.tl 11111111111.11 "-Uh_1t·1..·t_-., (~tuJ\ 4~1 ~). there \l.L'Tl' ri;1 '.'1~nift· .. 1nt d1f1er1'tll't-. 

r..,., .. , ,_.~,, .• u1,l n1, dlJ1pHll' i J() n1~· h1J1 111 p:-.~i.:hn1notor 1'L'if,1n11.1n1.e te-.,1. .... 

t !' ,» ', .l 

! ' 



Drug lnt,.ralliom 

f'h.1rmac·odyna:nic interaction stl' · ~s were conducted tor nisoldipine and the follov. in& drugs· 

a. Ukl:l of Other Drugs on ~i.,oldipinc Pharmacod~ namil"l> 

Imrnt~liak Rdea'c Formulation 
~-l'~l.!)..Q __ i2!:_ug, Do~e" 
Ra111t1dl!le. 

30\J mg yd X 3 days 
n plac·chu 

C111ll"I. 
1 in~. 

4()0 mr ,ine dt' '.~ then 
2C1i...l 111~ lid :\. -~ J(i'c' 
\, n1 1 tn .. ·Jtflil·nt 

I )fl ir r~UH) I nl. 

~!.) Jl]:~ \ lflL~ d11'-l' 

\' pJ.1 ... L·l1\1 

( '(' h•rmulat1on 

~!--~~~-r-~~-_l~r_tS:_J~~~ 
i )r1 ipr .lilt 1\ 11!. 

41) ill~ l1J :~ :=\ tl~1:' 

\\ fhl {fl'.t!'.lll'IL 

_t>;1sold1rrne Dos'" 
IR 20 mg one dusc Da) 3 

oral & i' solutiun 
I 0 mg po. 0.374 mg j, 

one dl>"-C c~i...:h rx·1 iuJ 

IR 20 m,c: 
\Jill' d('\L' 

~ ... Q_hJ.u~l_D_d-)li .... c ... 
CC ::io mg 

qJ X <, da" 

h. I· lkt'l of '\i,oldipin,· on Othn Drugs 

~l._\.-~'l!_(J _ _l !J:!:!.l:·..:._ ill ''L'' 
(Ju1111J111c. 

50U mg hid X 5 duses 
<Juinidme. 

h4r: Int: biJ x : Ju:-.c~ 
\\' ar1 llfl 11 , 

•·,{CJJ: "(~llL' 

"1_~b1Jr.i ne Duscs 
IR 10 m& bid X 7 days 

'' placebo 
CC 20 mg qd ~ I d0sc 

vs nu treatment 
L~ 10 mg bid X 21 days 

vs placebo 

Interaction Observed 
no differences in 

hemodynamics 

c:imetidine had r.o additional 
hcmodynamic effects' 

prppr1.1nolnl attcnuatc:-i 
hca11 rate incn:a.-.c 
by nisolJ1prnc 

lntcradiun Oh,eneJ 
Ih.1 :-.i&nitl1.:ant ~hangt?'.\ 

111 hemody namic.' 

ltl! er ac!J_(_)l1_0b~cned 
qu1nidine ALIC increa.,cd 

l 7-26"k. no ECG change' 
no significarll change' 

in quirndrne kinetics 
no change on warfarin In el 

or ar!li-coagulatiun cf!cct 

Stud' 
3o5 

399 

417 

7u_; 



Pr,,r,r.tL·.! ,\ 

4! I nl_t..' 1 lfll' li1 l'\\' 

Pr1111r.u1 iJ, ·.) 

~(\ n1~-- h1.l \ - tLt\.., 

1'1( 1r1r .Hh iJ, ,J _ 
Jh(I lllf qtJ \ ~ \\t't-k'-

l'r( 1r1: ,u1\1l1 il. 
4\) rllf-' {1,l \-; J.1\ 

·\I 

1 : ~ r 1: . : ~ \ _, \'- l't' f 

I >::" ·,)_ !'.1 

' " ·i \ ','.,I'. 

:t1,·; 11. ' 
l )\ '-'' , \\;\ 

' ' t,1,: \ -
,l,1\ I '1 

' l'!i' " .1t··,i ' .. ,L1 \ ' 

• ' 

lk 211 mg 
Pne do\t' 

\\ rlacehrr 
lk Iii mg 

hrd tor 7 rL1)' 
\ ', pL.h.:t"hl' 

lk :u Iii): 

4d for 2nJ "eek 
\' place ho 

cc 20 "'" 
qJ x ~ d.t)' 

\"- n1i t1c.iln1cn1 

JR ::(1 .::11~ 

qd f.1r ~nd V.l'l·k 

\ .... il\.t...l·r,, 

I h ' 
1 11_,_. 

],1,J I l.; \ q " ' 

' ii ·:·tr 'i 

I I< I Tl\~' 

" ' \ -- cl.I\ ' 

\ i' j ,ll t' t11, 

'. .1,i::,1' -..L1J1e\ t"r ,iC\lf'r'. J'f,•l-'-kn1, 

pr,,pranolol AUC. C"", 41' 

mcreaq:d b) 43% & 68'~ 
nn dfect nn hcta blockade 

P"'rranolr>I Al'C. C""' RJ:rs; 
unchJ.nged, 
higher lwan rate w/ nisold1prne 

proprJnolol AUC. C'"', 38c '" 

increa,cd f-\· 30'k & 5Uo/c, 
further Bl' n-du,·tion and 
higher twan rate b) ni,old1pine 

propranolol AUC. C""' 70.: 

dccrca,ed b) 14-15%, t 1r. 

ini.:n?a.,ed by 25<;(, ntl effect." 
\)n t1t·nli.1Jyn..uni..:~ 

Jlt.'nulul ('
11

_., 

in1 ·rc~L,crl h) 2ocr 
fun!;~--r I3P rcJu.._'th1n anJ 

hr!'hcr i>C.rrt rJ.tC h) nho!Jrpmc 

l.1 \in rJ~L'-lll.' 1-. \t'I 4L~ 

111,:r•_'.t'-('d 7r;c (95l7r-Cl 3-20C}()' · 
n1 1 J\n,111111. intL·rJ.~t1or1 

di~1'\.lll pl;i. .... n1a lc\cl 
H1~ rc.t. .... cd I 5(;; (r<O OS 1 

11. 1 J) na!llll' 1nterJ.1..'llOll 

;. ·1c' _ :i'lcr,1, \1 1:, 1r~ !ht' ... ru,:\ hu: iht' .;,,:.1 .1~:·, ,n,:-.,lrn:..,,, :!f-. the ~c,.i!'., ,if krt -"'~ 

.' I 



Tokrahilit' I indini:' 

T11lnihd1'' t1nd"'!'' 1n rh;mnacnlogic studies a..: descnbcd as tollows. "'hich are included 
a-. p.tr1 (ll d~rLir111 ... 1..h.lf,1, l1._'r11~llH 1 ri .tn,f not to he.- relied on hl'a\'J!~ fur 1,,afet) a."'~t"-"~nH:nl l·1.lr 
L'!'tfllrk·tc .i .... -..c .. :--rncnt l'f ad\L'f'L' l'\P~-·nenL·e~ and ~atety profil<: of n1~(1JJ1p1nc. reference 1~ 111aJ.c to 
the· rc'\lc'W' "" dti,,,,,\;ilc'I\ 1ruJ, h) Drs. Ixrn and St<x·ktimli;e. 

A' n111ed in ihe ah<''" sec'l1\\ns on pham1acokmet1c>. Mud1es referred to a.s "dose-tolerahihty" 
111 the \[)A "-"fl' Pt st.1111 lerrn !mostly 7 days I and conducted in small number of subjects. In 

~eneral. n""ld1rine ad1111n1St<·rcJ in CC formulauon was well-tolerated 1n healthy \oluntcers (Studies 
DY I -(}1). [:>90-02U I. h)[~l1ensi\ e pal1ents ( D8);-05Y. D9U-02 2) and in subjecLs with hepatic (D90-
il2ti I or renal imp•urmcnl I l>Y2-(l\I I I Ad\erse e~J"<'ncri.·cs reponcd fr~uently in these· small stud1c-, 
\\e1c n)uc:hl! dd-..c-rl'l.1tL'J J.nl1 not unt:\pe(tcd fr1..lfl\ th1._1~e oh\<.'r\t:J tor l'tht:r caJ(iurn channel 
ant.t:-:lilll'-l". \\ nh.:h lfh:!uJl·d J11/JTlL'\ .... , eJcrn.t. nu ... h1n~. hcaJJ.._·he. p;1u .... ca, ro .... tural h)opdll'nsion anJ 
l.11.'h~ .. :.trd1.1 Sll!!llllill'Th.'l' v.·,c ... .i trequent cornrL.urH in palll'IH\ v.ah hep.Hi...: d)o"functi11n a.nd U\'erall 
lf'l'1.JU1.:n,·~ ('! :1d\l'f'-l' 1...'\l'nt ... v.;t" h1~her 111 the renal!: itnpJ.HL'J p.ttient" :\l,norn1al El.'Ci v.·ith i·­
\\,1\l' '-·11.in_:.·:· '"t''-' ,d,,•\l' 111 Ph.trrn.11_-l1J\n.1111h .. '"· IJeL·trPph:...,il)lilt-'.)o l v.;t ... 1n1teJ 111 at lea.'-I th1cc 
.... 1uJ11...· .... , ,i!ll' t!: n·. 1 rn1.d ... ut>_\l.',:t1... \l>'Hl-02\ll, one H\ h~rx:rt1...·n-..1\e p~~tlLnt" ~l)l}d-U::l anJ one in 
r.J!ll'L(-. .~1tt: 11.·n,il llllf'.1!;!lll'lll 1fY1: lkl] l fll1\\l'\CI, It '.\;_t.., TlPl l']L';tl \\IJ1...·thl'f the l:('(i ch.ut~l'\ 

\-.er~· ".(''.Tl.'L11i..··.l \i.11/i _111_\ • .-Jrr11".1li> 1r111dL·1~1blL· .... 1~n" anJ ":n1rt•'lll .... S11111l.u l~l'li .. ·h~lnges had n~)f 

b-1·l·r1 ,i' \1;, \n1;r1·~·r·:. 1r·, f'h,t~·-· 111 l·rr1- .1~ \ ·s.tfe!~ lr1 .. d" \ ..,('(' l)r l)t.·n1·" RL'\ ll'\~ l 



ComnHnt;. on lmJi,iduai Pharnta<·od)namic Studte5 

\\'hile rnoq ph<1m1acodynamic studies of nisoldtpinc were of reasonable desii:n and 
c:xc,·ut1nn. s,1mc d)n,rnuc a..:t1\1t1cs "ere not controlled and su,·h rcsult.s should b< accepted "llh 
rcscr\at1<>Il A!'am. the l'.S studies v.cre better dtXumcnled and probe.bi~ mcJre reltablc than the 
tran,latcd torc1p1 rcpon,. Minor dcfa:icncics and interprcta\Jon d1tkrcnt from that of KDA ha\<: 
ti.:cn nntcd m the d1,,·u"1on abo\e. The follov. ing comme11b ar•: arranged in the order of Stud) 
numbers for rckrcncc. 

Sludic" 101-107, 109, 110, 115, and 116 
These were all small tnkrabdny studies in 4-6 no1rnal sut~ccb each. The "'hcrse effects 

obsel'\ed v.crc simdar tu th;.H <>I l 1.S. studies. 

Stud~ 125 
111 th1:-. \lll~ic d~1,c. pl.hL'hd c1.Hllfl'lleJ cnJ~\V\'C"" '~ud:. di:L·rc~t-'C\ in SIJl:iP and in..:-rea. .... e\ in 

hL·~u1 r~t:c \\l..'fL' J11,l'-fL'la1eJ 111 t) I1l)r111J.l ·-uh.1e1..·t1., l~o\\\:\'er. tht..·r.· 111~1.'- nol t~ aJi:qu;ite separation 

tx~t\\L'l'fl J11-.c .... t11 r-.il1.: Put 1..:~trT\ \1.,,er ettt~.:t \"'l''..'.' l'o1nn1~nt~ on lnJ1\1J.u.ll Ph.u-nhh:ok.1ncti( Studie:-. 
f,ir 1.,tud~ Je ... 1~11 I 

Stud~ 12h 
l:tll.'i..'1 of ,1 "ln~k· l)r,ll d1,'-l' 12(1 n1~l n1:-.d}J1p1ne on l'\L'f(l\L' tPlt•rani..:c \\a."' e\aluJtcJ. in thi .... 

pl.1'"et"'P·1.. un1r11llt:d. J\1uhlc bl1nJ ... tvJ: 1n 12 pat11..·1H" \\ lth \lJ.hl>..'. J.nsin,\ \\'hJ\e n1 .... D\d1p1nr..· in1pro\L~d 
l'\t.:fi.. l'l' 1...·.1p.t...:Jt • -tnJ ~ f"-,C~Jllt'lll ch.ttl~l',, \lll_t'k' JU\\.' dJtJ 3.fl' bJ.,1..:~.d}) of JJ(t}C U:-.t: fOT lhL'\l' 

L'ThiptH!l!' 

Stud) U5 
·1 f11, ;_1 elt· .. ·u,1[1h;.,111J1.1~11..· :-.1uJ;. ot '-llt~le ur.il J.1.J'.'-C ofn1'.'-ulJ1p1n~ { l0-2\\ H1i.!1 !"'1..1 _~1t:n1f1cJ.nt 

'"-h.11;;.·, :Ji iiilr.1-1...l1~l1.1 .. 1..1.or1J;1 ... t11.111 \\L'IL' fdu11J. but lhe '.'>lUJ) \\~t' nut i.:onllol!t•J anJ thi: 
11it·.1 ... u1t·1nt'llt' 111.t;. h,i\L' tx't'll fX:'f'i.ur1neJ h_hJ \UUll aJtL"r Jo:;1ng {\CC JL·:-...:11plh1J1 ut data :ilxive). 

Studic~ 1-4, 257 
Thc'c "l'rl' une<H1tn11lcJ ckdwphy,iolugy studies o! sinnlJ.I dc'Ji!ll J.I1J s,11nc 1h1>.1)'.c 1 l .~ 

µgfk[: iv). In ~;ud) 257, paucnts wac pretreated with atenulul 75 111sJda) 01 pmJolol 15 mg/da) 
fur 3 <la)~-

Stud~ l 7!i 
lh1.' 1' an u11c<>lltl\,lkd hcmoJy namic and elcctrophy"ul<1g1c stud) ot n1s1>1ll1pine in 12 

patH.:lll:-. undcrg1l111t: ;u-1h~llun1a l'\aluallLHl. i·hc r1 Jtienl~ "·ere randunuzt•d tu re..:ci\c a ~1ngle do:-.c 
ol 111"1id1prnc IK IO or 20 mg' orally. lnvasi\c hcm0Jynam1L· :u1d dcctrophvsiulugJC data were 
n>lkctl'd tx·t1>rl' anJ l cll nunute' atlcr Jusrng. Ek.:truphysiol1>!o!Y J.ita \\CIC llt>t rncJ h) the sponsuJ 
111 the ph.1r111.1"-'l)J;.11.111111.. \UilllIJ..lf) (\t'L' Ji:"1...'ripl1u11 1Jf rL"~ull~ aho\C:) 
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m ipn1..; 

;ilyPpr\P .1J.1" rirr ."'tl.'lll"'! ·'-' :itu 11 ;:-..; ~ Jd ..... 1-.i'[, .11.~u1' 
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,1un) J1rnh.1(''~ 'l'.'i\ -.p11u.1J 11;.~tu11·:111 ;(\ lJt11p•1rJ.1~ ~·.1;1 ... 1·.111J ii 1-. •. 'll.~l''" [l'!1«1:1J1'\{('Jl1,)IJ 11uT; 
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oli! ipr11s 

'l!~1''l.J ';:· l 1,~ . \ ]\ 



'!'\"'"·· 

'-lllch .\9'1 

rt11' I'- ,t1J\1thcr dfll)..'. lllll'Ll1._!l1\fl -..tud~ lu f.'\aJUJ.tl' the effl'<..'t\ of pretn:J.trtk"nl \\Ith C1Illl'lll..f1ne 

1111 !he' f'tLtf!Jl.t.-iik.llh'!h' .tfl1i )'~Lllfl1,h,11f\T1.tlllJ1_., nf ni\1\IJ1r111t' l:i!-=hl norrnaJ ~Uhjt.'Cl" \\t.'rt.• g1\t•tl 

.i ·1n.:i·.· ,J. 1-.(' -': 111 .... ,dd11nr1,· .i ,1 i· 11,_,. ,ir.tl -..dut1Pn tJI (l ,74 nip J\ !nfU...,tl•n O\l'I 4./) 1n111ulC-"' (tv.o 

l r' l-, "I\\ l' r pt'f I l i,.J' 't' r.1r.1tt' 1\ t' \ ..., 'Lt>·-' \.-\ 1th11ut (no plai..:cho) <U1<l \4 1th l'i fllCt 1J l!ll' lre.J.trnent ( 4()1.) fllf'. 

\ I J,.]],1.,.1,t·.._! t'\ ~'1~1 rn~· r1,l !ht· nc\t J.1~ 1.it lllt';t....,uren1entl tr~in!! a s1gn1P1dal l:,,"' 1 n1<xlel. it v,,a-, 
._·,11, t1:.1:._·\J :h.i: lhl ht·r11t,J:~ r;,111H1. .._ t1.111~c' due (p L1111et1d111e pre-l1eJ.t111e11t can Ix.· lillrihuted to a 4h',~ 

irhrl'.1'-l' 111 n1 .... 11ldq'111c ~'ttl.J\,t11.1hdir~. :u1d thc .... pnn .... or L'Ofh.:luded that c1n1ctiJinc h.t, no adJ1tillnal 
d\n.11111l intl'r.1,·1)(111 \i.11t1 111-·1!,lir11ll· 

'-l11<h ,p9 

rtn- a d1 1 Ll~'h.: t'l:::,!. l'.tf.;l!t•i pl.1l;._·(1, '1\fl!fP!!cJ. 3 v.cck 1'tUJ)- {1\ C\;..duJ!t' thL' efh.'Lt ut 
111,"L~q11nt· i ]1 1 111~· If< hr,l ,,. f''\, h.qn•1f,q ~l1r 1 , 11 'Tl' 1n ~rl n1lrJll.d hc:tlth\ \LH'Jl'l·!, 
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!» .,r1 tliL· .i1111 1 .... l·iiL'Tni.. cl!t·, 1 1•! 111 ... (ild1p1nl'. but unlt~L· 

ni:--·' \\ .t'- tl',IL'll l)c'f'l!L· .1 n~11rt1u, Je..,1~n 1dduh!L· blind. 
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T ·~ !ll>·'lll1p111L' Ii.hi !hl cllL'Ll llfl "L'\l'r.tl ;u1::-;iri.1 l'ndp11!f'l> 

,·1 , !:. ·,., r1 \\1th ;i ... 111~IL' d.i,L' ... tud' 

~ f'Lht'!'·' L·· 11l!J11IJcd Ill !PlJrl~ ,lfhl hL-.tJrh\ ,UJ'1L·,t, l.t!L'l"l.' \•I 

r.· .. · 1'1'1 1.·r ·~ \\l'L'j.._, tlfl th\r•lld tunl·l1dll .u1d p1td.1l·t1n V•L'!L' ;i,...,l',,l'll 

.... !11th I ISS-0~'1 
St·e ( t1111:11:·11t, r, l::·.l:\ 1du.tl l'h.1r1!1.h\)~lllL'l11.. StuJ1t'" f11r ... tu,l_\ dc'i.1•n .u1,J 1'\t·1.:tJt111n 

'-!11th ll'IH-0~'1 

l h1- 1 i ':~,!,· f,1111 ! p.tr.d~··I pl.h.l't)\1 l·'-1ntn.1liL'd, t\.\ll ~1111-'.ll· d1i,c l·,,i,,,1\t'l .. iudy dc,1~nL·d 
"I 'I' ,, .,·,1;11\ ,ill·11,c ·~ ,,_11l111:' ,u1d 2\.~(lrn~ n1,old1ptnl' l 'l t.1bi,·1, Hl1•111J prl'''llll' .111,! 

·t', \\~"1 1, .1 !, .·1.d,11Jt\ d.tLI. \~t'fl' ,i\...,1l l'(llit't'll..'11 
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'-lll1h 1>'11 11.\~ 

\,_.,. -r1111 ·,·1·1., 1 :1 !r1.J:\ 1,JLi.1! l'li,1rr11.1, ,1k1nl'!11.. Stud ii.'" f(ir .... tuJ)' Jc\1,t:n .tnJ e.\l'l..'UlllHl 

Rd I·~ 

\ ''''1.· j .1l",·.1·. th(·-.,· ''.r -..!11,!1 ·,\:_,'fl' puh]1-..helJ b\ tht.• ,._\OK.' group 11f lrl\l'-..IJgatllr\, thu-. 

r1 1' 1 ~I( 111-.1'1:.·rl·d <1_, l•it1' ir1.iL'iw.·n,lt·111 rl'f'k1r1.., ln\,t..,l\L' he1nod~11an111 . .'\, h\lth s>-Stl'rnic anJ 
, '~ lf' 1:, . ,f rll'' ·Lhr,111" v. ··r1· n11· ,. 11•··d 1ri !' ttJ'...'Tlt'- v. Jth i._'l'f(in.u·y heart dt:"tl'a.."c l~x..:ept for Ref 4. 

v.hil\i l• 1r11r.1n··l ri1-.1dd1ptr1l' ·11 ~n.:l.~1 v.1th d11!1.t1cn1 ~){)lJ µ&'kf.1. none of tr1~ other stuJ1e.-.. "ere 
~··nt;.·li".~ f·,·r the,:.· '-!1id1t·, ,_111!\ put'!1,·.1r1\1n rL·rr1nt' \\.ere ~uhnurteJ <rHl pr1g1nal d.tt.i\ 

Rd= 
l·_f!L'lt·. 11! n1 ... ,1:,l1r11r1:· ·r ri1\•1,-,ud1.1 1 

th'.~ J',l\'C' put'·l1'h'-·,l t'\ ~\1 f R •1;''-t'.1t1 t·r 11 
r: 1··t.d,(d1,rn ~ere L1.H11p..trcd \.\.llh lhat 1.1! flh..'.trJtj'lfH .. ' 111 

'J hl!1\ (\-\tl r;t!IL'fl{" \\Ith <J.fl~ill;l r~ .. 'L'{tlfj, \\l'fl' lfl',llCd 

.. , i' !. [i, j ';'i : 'l' ' ' " ' 
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lfl t u-..c,'. •1.1\;..'rJ1,lJ"-I\ P\t'r Ill n11nu1c, 

' " '~ ( t' "! .I ·I i 

!'!'1dd1p1111.' 1 J(l 111~· JR "lll~lc J11"L'I \)fl lctt \ClllrlL"l!Lu 

. ~ir111.1uc... l ·h.111~t.'" 1r1 lclt \l'fllri-.:ul.u tu11 ... ·t1nn ~t.'I';.' 

·.~1'.!: ... 1i1,i111 ...... 1.1hll..' .111~·11i.1 .111d ... ·l1fdn,1r~ J1 ... c,t"L' ~uhl 

, .1 ' .. 1r~·,1 111 .i.ldit1. 1n,d \ ~ p.1l1L·111 ... \\1th 1 ... ...-hc1111,· p.1111 and 
··1.1'\ .1n,·r1,··- I lie '!lid\ \\.1, 11111 .._·11ntrc1lll'1! 

: 1 1.·,~·r·tr_·,l lll thL· '\I).\ 

,•r1 ~l·:-:1 111.1'. h!1111d 111\\\ !l1\1.:r .u1.! ~1J11i,,.'\. kL·f -. 

!ll~·,.J.1~ \ ..! ,:.1~,\ Ill thl' f1l!fll\..'f .t11d lfi~f.!\l'fh'U"]\ 

}\,·f 1> 1 Rt·l1.·rt·nr1.·" _\of "'\1.·t"tio11 S.l~.JI 
l·.fft''-(;.. (It T11,,ij,Jq~Hll' I~() lllf:'d.t~ ltlf .; d.t)'~) llll pJ.tlt.'ll'l 

.,,,q'.1n1:1, ,lf~1111~· ,Lt.\ fllr .t Ju)''\I 111 llit:-. pulil1'\hcd rep\H1 

;tt!,!-:ll'~.1t11 1 n \l.,l" ~11!l1J'.1rcJ \-\ 1~h th.11 

kt.'f'nnt (1nl)-. r111 ,,r,~:111.11 J.1t.1 

l{1f 111.1-\\ltrrill·t ... -i of ~t·t·tinn S.1~.JI 

\\ ,,, t!fll'!l! ,·i•ll!l1 1 I thl· ,Lllllk.',j l,1\11r.1hll' l'tll·~·t, ,if n1-..i'!,l1j 1 :11,· l'!I J111<'f'h•ICl!I 

t.d,c:; "'r1,•tJ-..!\ .111,l 1,.~11 1 
!li'l t)c 1!c,,1if'<.:d tit rh.· l.1b<.:l1r1~· \J,1• reprint 11! 
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fl rue llllt·r '" tinn Stu.ti•·~ 

·\-.. n,•!l'll .th•'\L' 111 tht' ~111L·t1 ... \t'i._lLin-.. d1ur 1ntL'rd,:t111n..., '"'ere :-.cpa.rateJ into the hlllu\.\1n~ 
thTL't' "f•'llf'" 

f Ill', 1 ,1f (1tht'r Jru~' uri ph.trrn<..h.'O~Hlt'lJL"' o1 n1'.,Pld1p1ni..· 
J ,r1, ... : '-1f 11thcr dru~" on ph,trn1a1..:0J)na1n1L-.. ol n1~old1p11u: 
J 11~·, t 11 n1 .... old1p1ne (ln other dn1~ ... · ph;imla1...· 1. 1 k.1net1L·\/dyn~.uni..:: .... 

rtic l1r,1 l,_·;1IL'~1.1r;. h .. L .... t'x·en de ... crihe<l Ill the Ph.1rn1a .... ·ok.1nc:t1L' Sc.ct1ons. l·l>r lhL· n:nldlTllnt: 

l\\. i1~111t.1t1i111 ... 11f 111d1\'1du.tl ... 1ud1e .... su":h a.., -.111~_'.lc.'°n1ult1ple lh1se-... dura~1un of treJ.tlnl'nl anJ U"L' 

1
1 .111!r.d ~rPUfl"· h,t\L' ht·en dc ..... :ntx·J in l.thlt·.., .... unHn.tn1.1nt:: the: result-... StuJ1cs 3S~ anJ 399 hu\l' 

f'>t'l'I: c ''1111Tll'T11L'•j ,1b1 1 \ L' ITl thJ•, "t•l tHlll 



\:1•:h.,;•-:r1cn-.1\t' a1·f1\JI\ 1,l n1...,11ld1p111c h.t·, ht·cr1 denH1n...,tratcJ ior hoth IR illHJ (~(. 

1· r" 1' ! ! , n·'.·, r.ir1t'lf1~ lr··,11. "h• 12<1 1nr h.1\L' lx'l'fi .... 1uJ1ed in at lea..,1 fl ~.tudJC\, h1J\.\C\er. 

J ·-\· 1:· ., ·11-.,· ".:i,!l1"n·.hq' 1n tht'-.L' -.h.1rt-terr11 \iuJ11:1, on('(' ft11111ul.1lh1n v.;i. ... not con .... i~tcnt. \\'tull' 
th1· 1< L,.i,, 1.J111-.tc1! hl." 1J 11n· ...... urc rcJuL"llt1n-. v.en: prt1pPrt1nnal to d11\e\ ot 5·.10 n1g/dJ.). thl' 
fl",[' ,n v .. 1-. 1~.11 1 1 \:·: h1L·l11:r .J\l..,:'-. Pt l.(l 4() rn!!/dJ;. 11: ~th.'.~\ v.cll-dl'-.ifned study (sec con1n11..:nt. ... 
.tb 11 \•: ''"!l·1n1\ \,l'•lul.1r re,1 .... t.tnl·e \li.'-L" CPil"l"tcntly dccrea:-.cd h) nisolJipinc, but heart rate 
~ !1.1·1. ,q'r~·.uL·.j i· • tx· nuld ir1 1hc ph,un1.tl'\)d:n.tn11~· .... 1uJ1e\ 

"\1"q,Jq1111c d11i 11.11 .q•r-·c,1! 111 ha\l' "1.i..·n1!1l,tlll net:Jll\l' u11.1u-op1L a .. :ti\itle" a.11J e\~cpt iur a 

1;1 11lt··d ,Jc, rc.1 ..... · 1n '1nt1 .... l-, .. It· J,·nfth. h.1J n11.1ppr1·,1.1hle Lhrdnotroph. cffl'..,:t .... e1thc.:r. lio"-"e\cr. thl' 
1..l1.1fl:..'t'~ Jf1 \l,,t\l' ,\-. 11Ji,cr\c1I Ill <I fL'\\ rh.nn1.h·(d\lf'll "tUdll.'.'\ JlL'l'd to tx· fl'-t'\d!llllll'd lrl J~~L' 
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l'l IAR\IA CO Kl:\ ETlCS/D\l'I; AMICS CORRELA TlO!'IS 

A, noted in the Summary of Pharmacodynamic k.ucs. placebo-adjusted blood pressure 
chant:es were dose-related tor 5-30 mg (one \h>ek study on CC forrnuiat1on. Study D88-059J. 
correlatrnn w nh plasma drug conccntrat1nn and total b1oavailab1lity was also good: 

l)l)~l' krux AUC"'' Chances in Svstolic/Diastolic BPs, mm Hg. Da\ 7 
mg.Id ng.lml ng.hr/ml 8 hr., po'>t dose 24 hrs post dose 

'i O.M 8 .. ,9 - 7. l I + 1.2 + 1.9/-4.6 
·, 1\ , .. Ul2 16.17 -6)/- l.2 -8.8/-4.9 
2ll 2. l.' 28.24 -10.7 I - 1.7 -9.2/-4.6 
>o 2 79 40.34 -19.2/-4.6 -15.6/-6.2 

I·11 b: 11nl·~u rc~rl'~"Hln v.<.l" n.:'<.t'-nnabil' a;1J 'ut.:~l'..,tC'd that pla...;rna ni,0JJ1p1nc con1.:l'ntration of 2 
nf'mi "'" rc·4u1red tor a 5 mm Hg Jrnr in d"bllllic BP O\er placebo Such rdationsh1p was le" 
ck.if at h1glwr d,1'es i .ltl-9U mg/day. Study ll'!U-022 1 \\'lien blood pre"ure responses and pJa.,rna 
dru!,'. concentrat1on' were fitt,·d w 1th lrncar rccrcsst<lll which included placebo data for plasma level 
ol tern. e't1nuted :.lopes v.crc sq;niticant or nearly so for 30 mi; and 60 mg. However. as noted 
hc·hirc. pl,kehu-cum.'L'lcd blond pre"urc rcduc'tilllh "er·~· not dose-related and the dosages were 
Jl)f\.:cJ titr...itcJ r;1p1JI: in :--t?'\.{Ut.:'th-'t.:' in t!11-., ~tuJ:. 

Jn !"ur Jar~..: h\penen,i11n dlic'''-'' mah tl),1'-054. DSY-029. D89-039 and D90-0i9J. wl11..:h 
C1l\cr<.'J do.'e' 1r,J111 !ti tu bO mp1Ja,, merall eurreL!l1on bcrneen systolir:id1astolic blood pressure 
rl'JLh:t1un-" anJ pla. ... n1~ drut:: '.:lHh.'C11trat1nn \11..l.., ~'<.h.)J 1or cai;h study pooled O\er all dosat!e-". and for 
3ti-hli m!,'. du,es po11lcd O'..:r all hiur s1uJ1e' 1Tahlc on next page I. The estimaled slopes from linear 
re~rc'""'ll amh sis 1nJ1cated that trough supine dicbtol1..: l·lllnd pressure decreased by 1.57 mm H8 
pc1 I n~ml r1 11erall p1h1led analys"I. or l b7-2.3~ mm Hg per ng/ml for the three monotherar~ 
\( t; ,Ji'-"' 

ln tw u Pha.'e 111 anpna lnab ( D88-060 and D90-015 ). placebo-suhtrac:ted changes in exere1'C 
GurJ.tJL>ns from bao dine "'ere related to duseJplasrna eonc:en~ralion as follows. 

1?~~.t; (,~,,. Lr~ ('hange~ in second~. p l(JI cun·c-L1uon \\·ith drug level:-
l .IJ.:/J ng/ml ng/111! Peak p Trou~h p 
l ll 0.79 I 0.037 
2th l\~,.()(-.(\) l.25 20 0.905 
201 [)90 ~l 15) 2. lU 1.57 2'! 0.012 34 0.184 
3tl 2.16 32 0.054 
411 3.70 .2.:'\o (l 0 IO~ -, 0.017 , 
tl' \ ,, 5.70 -t.07 v ... 0.577 " ·" 0.777 
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Ofthe,c, the estimated slopes were si~mficant or nearly so for 10, 30, 40 mgs at trough, and 
:lO lll!,: at peak. Pookd over all dosages, the correlation wa; significant in Study D88-D60 (I 0-30 
rng. troui,:h1 on!\ o,cr.ilt correlatwns between dose. rJa.,ma level and exc!rcisc tolerance in angm.i 
pat1cnt.s ~:ere ponr 

C, >nc l.•t .m ot trough ni"1ld1 rinc k' e I :ind bloud pre"ure resrxin.,es. 
(Frnm '\D!'. Sec•.ion SI~ S 2. \'ol 1161 
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It appears that pharmacokmet1c properties of nisoldipinc ha., been v.dl-des..:ril><:J for both 
the 1mmed1ate relea.,e (!RI anJ the control rdea.se (CC) tommlal1ons. Variations in bioavo..:ab1ht) 
of rm.>IJ1pine m pat1enb of d1ftcrent concmrcnt diseases and demographic characteristics h..ivc beer 
examined, v. h1d1 should be addressed in relevant se~tions of labeling, especially the issues of dose­
dumrmg h) tood. Once datly use of nisoldipine CC tablets for h)pcrtensi0n is supported by the 
krnet1c· data. 

Wh1k the phmnacodynamic profile of msoldipine was studied mostly using intraYenous and 
the IR torrnulatll>ns, it has l><:cn demon.strated that rusoldipinc is a vasodilating antihypcrtensi\'e with 
mu1<>r electrophysiolog1 effects anJ irhignificant inotropic activities. There is no reason to expcel 

sit'n1!1,·anth ditkrent heh:l\1•>r !cir thc CC tablets FOi major card1,l\ascular effects of nisoldipinc, 
thL·r~· i .... f:1h1d 1.'1lTTCL1ttPn '), tth J1l-.L' ( :'t->U rng/day) ;u-1d p!a .... n1.i drug c1...n1l..'.entration. 

It '' '""'·lu,kJ th.!l clmic.11 ph.>1 macolo~\' pf rusolJ1rrne CC h:!s hcen adcquatcl) 
ch,1L1...tcr1.1L·d Jtir ~·.~· pat!L'ill'- 111 t-x· trcd.tl·J th.1t 1ri-.tru1.:t1i.lr1~ on Jl~ 1.'ltni1:al u~c JL)r hy~r1c:n~il1n l'.an 

l-lL \\l'lt!l'fl hir the l..thL·l1n_['. 
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DIV!SION OF C/.\RGiO-RENAL DRUG PRODUCTS 

MEDICl<L OFFICER'S REVIEW OF NOA AUG 

tlDA Number: 20-350 

N""""' ,-,f r<n;n · Nisoldipine (NIS CC) 

Drug Category : Calcium Cr,annel Blocker 

lndica:io:1 : Hypertension 

Soonsor : Miles Inc Pharmaceutical Division 

Date of Submissio11 : Marc:-; 31, 1993 

Ca+e Received : April 1, 1993 

Date Review Completed : July 30, 1993 

Reviewer : Cristobal G. Duarte, MO 

Back0 round. NIS CC is an extended release tablet dosage form of the 
dihydro:-iyridine cak.ium channel blocker t-i,.soidipine The sponsor has 
submitted a NOA for approv:o! of Nis.1 :dipir.e for the treatments of 
hypertension This review wiil be 1-0n<.;ern€d only with the 
efficacy in the treatment of hypertension. 

4 1993 

As pivc:a: protocols in !;Upport of ttia effectiveness of Nisoldipine in the 
control oi hypertension the spor.sor is submitting tnt.. following rtudies : 
090-006, 090-019, 089-026, 069 '.)29, and Dt:J-1139. 

Protocol D89-li26 

Jitle c ! ..fil.u.rl~ : " A Pilot Dose-Titration St~1dy of th., Safety and Effic::i.cy 
of Nisoldipind Coat-Core 10 mg, 20 mg, 30 mg and 40 mg versus Placebo in 
Patients with Mild tu Moderate Hypertc:.1sion ". 

Investigators : Ginst::2rg 0, Flarnenbaum W, Canzanello V, Townsend R, 
Winer N,Schnapsr H. 



Places ot Study. Harleysvtlle, Englewoorj Cliffs, Winston-Salem, 
Gal11eston, Kansas City, Birmingham/USA 

Objectives. The ob1ectives of this study ·were 

1. To determine whether N1soldipine given once daily lowers the blood 
pressure significantly more than placebo. 

2. To determine the efficacy and safety of Nisoldipine when titrated from 
1 ~ 1T1g to 40 mg qd. 

Inclusion ~:r:i_t~ria Ambulatory patients. male and female, 21 years of age 
or older. 1\1th a history of essential hypertension were eligible for the 
study Hypertension was defined as mean supine diastolic bluod pressure 
ot 95-115 rnmHg. 

Exclusion Criteria. Patients wi\h the following conditions were excluded 
from tt1e study : 

1. Lab113 hypertension. 
2. Recent myocardial infarction 
3. Patients with cerebrovascular accident or signs suggesting impending 
MI or CV A, t1eart fatl ure, angina pectoris, intermittent claudication, major 
arrhythmia or cardiac conduction disturbances. 
4. Insulin-dependent diabetes meltitus, failure of a major organ system, 
irnpaii"ed renal function (serum creatinine >2 mg/di), severe infection, 
malignancy or psychosis. 
5. Patients likAly to have impaired drug absorption such as with chronic 
diarrhea. ulcerative colitis, regional enteritis, diverticulitis, partial or 
complete gastrectomy or small bowel resection. 
6. Women of childbearing potential, alcohol or drug abusers, history of 
allergy to dihydropyridines. 
7. Excluded concomitant medications were : antihypertensive drugs, 
c1met1d1ne, rnonoarn1110 ox1dase 111hibitors, sedatives, tranquilizers, 
tricyclic antidepressants. neuroleptic drugs, anorectics and 
decor~siestants. 
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Qua/;fica!lon for Randomization Patients with mild or moderate 

hypertension discontinued previous antit:Jypertensive treatment and were 
given o single-blind placebo once daily (regimen A) during a three to four­
weak qualiiying run-in period. There was an optional extension of one 
week if the blood pressure was not in the qualifying range. Those patients 
with mean supine d1astol1c pressure ~ 95 mmHg to 5 114 mmHg after three 
to four weeks o! placebo were randomized and were given regimen B 
(Nisoldipine or placebo). 

Drug-Regimen Protoccl At week 0 qualified subjects were given either 
Nisold1pine 10 mg qd or placebo qd (regimen B) tor 2 weeks. On subsequent 
visits 5 through 7 ( scheduled every two weeks ) the once daily dose of 
N1sold1p1ne was titrated in a stepwise fashion to 20 mg (regimen C), 30 
mg (reg.men 0). or 40 mg (2X20 mg) (regim"'~ E) ii mean trough supine 
diastolic pressure for that v1s1t was ~ 85 rnmHg. Patients randomized to 
placebo underwent corresponding dummy titration. Two patients were 
randornizec to Nisolc.iipme for each patient that was rancomized to 
placebo. 

Patients tool<. two tablets before 11 am through the study but did not take 
the me:::licat1on on the r;iorning of clinical visits until trough biood 
pressure has been measured. Patients took the medication fasting or with 
food. 

Patients were seen either weekly or biweekly in the morning throughout 
Hie study. At each visit supine "'l.nd standing blood pressures were 
measured 24 f1ours ± 30 minutes after the last dose. 

The durat1011 of the double-blind r,hase was 9 weeks. 

ExJl.IJlfil.QD.. A subject w<:'S to be dropped from the study if the mean supine 
diasiolic blood pressure was greater than 114 mrnHg at any visit or if 
they had significant physical or laboratory abno;malities or a significant 
concurrent illness. 

Tiley il:so were to be withdrawn for blatant non-compliance, for missing 

v1~;i(~ or significant adverse experiences. 

3 



Assessment. Patients were seer: in the morning at wee1dy or biv<eekly 
intervals. A history was taker> at the first v.sio. Complete physical 
examination and 12-le~d electrocardiogram wera done at the first visit, 
at baseline (attP.r 3 to 4 weeks Oil placebo) and at the last visit (after 9 
weeks of double blind dr:..ig). Bnd physical examinati0ns were done at all 
other visits. A chest X-ray was done at the first visit unless a report was 
available witt1in the previous 6 months. 

Blood was dra·Nn tor the following laboratory tests at the first visit, 
altr~r 3 to 4 weeks ot single-blind placebo. and after 9 weeks of double· 
blind drl'g : CBC, differential. and platelet count, serum glucose, uric acid. 
calcium, phosptiate, sod:um, potassium, chloride. bicarbonate, creatinine. 
BUN. total protein, alburrnn, cholesterol. t11glycerides. CPK. SGOT. LOH. 
all-.al1ne phosphatase and total b1lirub1n, Complete urinalysis inc::.iding 
microscopic and casts. 

The primary endpoint of tr1e study was a change in trough diastolic blooci 
presc-ure \.neasured 24 hours after dosing) from baselina (mean of 
diastolic blood pressure after 3 or 4 weeks of single-blind placebo) to 
endpoint (t11e last val10 'tisit on double-blind drug for each valid patient) 
1n the Nisoldip1ne group compared to the placebo group. 

Secondary endpoints we~·e supine systolic blood pressure at trough and 
s!anding blond presstH3 at trough. 

Statistical An~. The primary efficacy analy3is was based on change 
from baseiir1e ill trough supine diastol,..; blood pressure at endpoint. No 
analysis based on level ol titration achieved was done. Responders were 
considered those who achieved elf cacy results according to the following 
critens : blood pressure 90 mm Hg or less. at l'·'ast a 10 mm Hg fall in blood 
pressure from baseline, either of the above and both of tlie above. 

All tests were two-sided and based o~ the lesst square means estimated 
by the model. 

[la ta from pre1 :.'us hypertension studies had suggested that the standard 
deviation of change tram b<1seline in trougl1 supine diastolic blood 
pressure at endpoint would be 7.5 mmHg. In order to detect a 5 mmHg 
difference irrn11 placebo in an alpha = 0.05, two tailed tests of 



signitic:rnce. and in order to obtain as mucn data as possible on the 
Nisoid1pine 40 mg qd, it was decided to randomized 72 patib1ts to 
Nisoldipine and 36 to placebo. Bdsed on this information. the study, as 
designed, had 80 ",(, power to detect a significant d1fterence of at least 5 
mmHg. 

Subjects Studied. Of 106 patients enrolled. 43 were disqualified for 
randomization. The rea:::ons for which patients did not qualify for 
random1zat1on id given in the following table : 

Mean Diastolic bloat.I pressure 
at visit 4 did not qualify tor 
random1zat1on (95 mmHg to 114 mmHg) 
Supine d1astol1c blood pres~1 ·re > 114 mmHg­
At any time 
Non compliance 
illness not due to medication 
Other 

Total 

26 

4 
1 

3 
9 

43 

TJ1e demography and baseline charncteristics of the patients valid tor 
analysis of efticacy is g1ve.1 in the following table : 

Sex 

Race 

Age (yearn) 
Years of hypertension 
Baseline blood pressure 

Male 
Female 
Caucasian 
Black 
Other 
Mean 

Mean 
Supine 
Standing 

5 

Nisoldipine Placebo 
(n"' 79) (n,=38) 

46 (58 %) 22 (58 %) 
33 16 
53 (67 %) '.21 (55 %) 
25 16 
1 1 
53 57 
1 0 1 4 
153/100 160/101 
149/100 156/102 



The reasons for discont1nuat1on of double-blind therapy are given in the following 
table : 

Reason 

Lack of Efficay 
Adverse Event 
Abnormal Laboratory Value 
Lost to Follow-up 
Other 

Nisold1pine 
n=83 

0 
6 
0 
3 
2 

Placebo 
n=40 

5 
0 
1 
0 
9 

The protocol that was followed 1s represented schematically 1n the following graph 
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Patients 

r N1sold1pine 
79 Patients 

20 mg 
71 
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!Week 41 B 
3 Patients 

B 
" Patients 

IWeek 81 B 
Patient 

!Week 9 I B 
1 Patient 

Endpoint B 
2 Patients 

Placebo 
38 Patients 

c 
32 Patients 

c 
4 Patients 

c 

D 
31 Patients 

D 
4 Pat;ents 3 Patients 

c D 
3 Patients 3 Patients 

c D 
4 Patients 6 Patients 

8 

E 
26 Patients 

E 
24 Patients 

E 
26 Patients 



E tticacy Doses of Nisold1pine were titrated from regimen B ( 1 O mg OD) to 
regimen E (40 mg OD) in 10 mg steps. The tollow111g table shows t:1e actual 
number of patients that were given each dJse 1evel and had valid visits at 
each week for the population of oat1ents valid for efficacy 

2 4 

Group Reg Dose N( 0 o) N(%) 

NIS B 10 79 5(7) 
mq ( 1 00) 
Q) 

c 20 7 1 
mg (93) 
Q) 

D 30 
rnr.J 
Q) 

E 40 
mg 
Q) 

PLA B 38 3 (9) 
( 1 00) 

c 32 
( 91 ) 

-
0 

E 

\.Yeek of Therapy 

6 8 
N(%) N(%) 

2 ( 3) 2 (3) 

9 5 ( 7) 
( 1 2) 

65 19 
( 86) (2 7) 

44 
( 63) 

2 (5) 1 (3) 

4 4 
( 1 1 ) ( 1 2) 

3 1 3 (~) 

( 84) 

26 
( 7 7) 

9 

9 
N(%) 

2 (3) 

4 (6) 

1 e. 
(2 7) 

44 
( 65) 

1 (3) 

3 
( 1 0) 

3 
( 10) 

24 
( 77) 

End­
point 

N(%) 

5 (6) 

5 (6) 

24 
(30) 

·-45 
(57) 

2 (5) 

4 
( 11 ) 

6 
( 16) 

26 
(68) 



The following tdble shows trough supine diastolic blood pressure response 
at d1tterent weeks of treatment and at ':lndpo1nt tor both groups tor the 

set ot all valid patients 

Week 
2 

N1sold1p1ne 
(n I 1791 

Mean 
Change - '.) 7 . 

Pld,~ebo 

(11 I 38 
Mean 
Change - 3. 0 

Trough Supine Dias10lic Blood pressure 
Mean Change (mrnHg) by visit 

Week 
4 

176) 

- •) -· 

35 

-4 9 

Week 
6 

I 76) 

- 1 0 1 • 

37 

. 3 .4 

Week 
8 

( 70) 

-10.6. 

34 

-4 .4 

S1gnd1cantly cJ1tterent from placebo 

Week 
g 

( 68) 

-1 o.o· 

31 

-3.4 

End­
point 

(79) 

.9_5· 

-1.2 

In tt1e following table. changes from baseline at endpoint by treatment 
regimen at endpoint tor all valid patients is demonstrated 

Suµine 
Systolic -8.3 
D1astol1c -5.9 

Standing 
Systolic -5.3 
Diastolic -7.2 

N1soldipine 
Reg C Reg D 
(n=5) (n=24) 

-2 3. 1 -10.9 

· 1 2 .4 . 9 .4 

-13.5 -10.3 
.g g ·G.6 

1 0 

RegE 
(n=45) 

-16.7 
-9.8 

-15. 3 
·8.6 



Supine 
Systulic 
Diastolic 

Standing 
Sy·>tolic 
Diastolic 

Reg B 
( n=2) 

-1 9. 7 

+ 1 7 

.g 7 

-0 .7 

Placebo 
Reg C ·Reg D 
rn~4) (n=6) 

-8.0 ~~o 4 
-10.0 +6.9 

- 1 .3 + 13.9 
-7 5 +5 0 

The responder rates ct~e q1ven 1n the following table 

Responder Rates 

Reg E 
(n~26) 

n n --. '-
-1 . 4 

-0. 1 
-1 , 6 

B<i~eJ 011 T1ouyi1 '°"fr11e D1astul1c Blood Pressure at Endpoint 

BP<90 mmHq at endpoint 
At least a 10 ":1mHg tall at Endpoint 
Either ot the Above 
Both of the Abo•1e 

N1soldipine 

49 % 
54 % 
62 % 
42 % 

Placebo 

18 % 

13 % 
21 ~~ 

11 % 

The change from baseline in trough blood pressure by treatment for all 
patients valid for analysis of efficacy is given in the following table : 

V1s1t 5 

Drug Group Rag.B 

N1s0ld1p1ne n 79 
Baseline 
Mean LS 
LS t\ 1ean 

100 36 

Chanqe -5.GS'p 
SE of Ct1ange 0 GB 

Supine Diastolic 

Visit 6 Visit 7 Visit 8 Visit 9 End-
point 

Reg. B or C Reg. BC or D Reg.BCD or E Reg BCDorE 

76 76 70 68 79 

100.36 100.36 100, 14 100.36 100.36 

-6.s~· -10.06'p -10.58'p -9.98'p -9.51 'p 
0.75 0.88 0.84 0.80 0.89 

1 1 
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List of blastomas found on 

rats in the 2-year feeding 

oose group 300 ppm, sex O' 
Animal No. 273 Testes 

No. 274 Mesentery 

No. 276 RHS 

No. 285 Testes 

'lo. 288 Adrenals 

No. 289 RHS 

No. 290 Skin 

4 7!: 

. . . 
histopathological examlnatlon of the 

Study with B~Y k 5552 

Leydig cell tumour <bl, unilateral 

Leiomyosarcoma which has infiltrated 
the pancreas and the skeletal muscle 
(diaphragm> 

Histiocytary sarcoma with foci 
in ~he heart, spleen, Liver, Lung, 
pancreas, bones, bone marrow, stomach, 
orbit, oesophagu~, trachea, thyroid, 
epididymis anc adrenals 

Leydig cell tumour Cb>, unilateral 

Phaeochromocytoma Cb), unilateral 

Malignant lymphomas in the spleen, 
Lymph nodes, Liver, lung, pancreas, 
kidneys, mesentery, mediastinum and 
heart . 
Cornifying 5Quamous cell carcinoma 

Clower abdomen) 

No. 291 

No. 296 

No. 297 

No. 299 

Dose groui; 1800 

Animal No. 361 

ri o • 363 

No. 368 

No. 370 

No. 372 

Testes 

Pituitary 
Lung 

Testes 

Subcutis (penis> 

ppm, sex ~ 

Testes 
Adrenals 

Heart 
Pituitary 

Testes 
PHuitary 

Adrenals 

Subcutis 
Clower Leg> 

Leydig cell tumour Cb>, unilateral 

Adenoma 
Adenoma 

Leydig cell tumour Cb>, unilateral 

Haemangiosarcoma 

Leydi g eel l tumour Cb>, unilateral 
Phaeochromocytoma (b), unilateral 

Endocardial fibromatosis Cb) 
Adenoma 

Leydig cell tumour Cb>, unilateral 
Adenoma 

Phaeochromocytoma (b), bilateral 

Haerr.ang i osa re om a 

05 02 1657 
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List of blastomas found on histopathological examination of the 

rats in the 2-year feeding study with BAY k 5552 

Oose group 1800 ppm, sex rt' 

Animal No. 374 Adrenals 

No. 375 Subcutis (head) 

No. 376 Adre.nals 

No. 377 Thyroid 
Brain 

No. 378 Testes 

No. 379 Pituitary 

No. 380 Pituitary 

No. 382 Pituitary 
Adrenals 

No. 383 Testes 

No. 384 Pituitary 
Adren<ils 

No. 385 Subcutis 
(femur, earl 

No. 390 Testes 

No. 391 Pituitary 

No. 392 RHS 

Pituitary 
Adrenals 

No. 393 Ep\didymi des 

No. 398 Pituitary 
Adrenals 

No. 400 Testes 
Thyroid 
Brain 
Subcutis 
<base of tail> 

No. 404 Ttstes 

No. 410 Testes 

No. 415 Pituitary 

No. 416 Pituitary 
Skin (head) 

Phaeochromocytoma (bl, unilateral 

Sarcoma. The soft-tissue tumour 
has infiltrated the periorbital and 
retro-orbital tissue and the 
pituitary. 

Phaeochromocytoma (bl, unilateral 

C cell car~inoma 
Meningioma Cb) 

Leydig cell tumour Cbl, uni lateral 

Adenoma 

Adenoma 

Adenoma 
Phaeochromocytoma lbl, unilateral· 

Leydig cell tumour lb), unilateral 

Aden om a 
· Phaeochromocytoma <bl, unilateral 

Sarcoma with infiltrates or 
metastases in the skeletal muscle, 
bone, bone marrow, and lung 

Leydig cell tumour <bl, bilateral 

Adenoma 

Malignant lymphomas in the thymus, 
spleen and lymph nodes 
Adenoma 
Phaeochromocytoma Cb), unilateral 

Sarcoma 

Adenoma 
Phaeochromocytoma (b), unilateral 

Leydig cell tumour \bl, unilateral 
Follicular carcinJma 
l'leningioma (bl 
Sarcoma 

Levd~g cell tumour Cb), unilateral 

Leydig c~ll tumour <bl, unilateral 

Adenoma 

Adeno1na 
Cornifying squamous cell carcinoma 

05 02 1658 I 
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List of blastomas found on histopathological exa~ination of the 

rats in the 2-year feeding study with BAY k 5552 

Dose group 0 ppm, sex ~ 

Animal No. 61 Pituitary 

No. 66 Thyroid 

No. 68 Uterus 
Thyroid 

No. 69 Uterus 
Pituitary 

No. 72 Pituitary 

No. 74 Pituitary 

No. 75 Uterus 

No. 76 Uterus 

No. 77 Pituitary 
Mammary gland 

No. 82 Uterus 

No. 84 Urinary bladder 

No. 85 Pituitary 

No. 89 Kidney 
Thyroid 

No. 90 Uterus 
Thyroid 

No. 92 Pituitary 

No. 93 Uterus 
Thyroid 

No. 94 Pituitary 

No. 97 Uterus 

No. 98 Thyroid 
Subcut is <head) 

No. 99 Thyroid 

No.100 Pituitary 
Adrenals 

No.102 Uterus 

No.1C4 Pituitary 

Adenoma 

C cell adenoma 

Endometrial stroma• tumour <polyp, bl 
C cell adenoma 

Endometrial stromal tumour (polyp, bl 
Adenoma 

Adenoma 

Adenoma 

Adenocarcinoma with infiltrates in 
the mesentery 

Endometrial stromal tumour (polyp, bl 

Adenoma 
Adenocarcinoma 

Endometrial s.tromal tumour (polyp, bl 

Adenoma 

Adenoma 

Sarcoma 
C cell adenoma 

Endometrial stromal tumour (polyp, b) 
C cell adenoma 

Adenoma 

Endometrial stromal tumour (polyp, bl 
C cell adenoma 

Adenoma 

Endometrial stromal tumour (polyp, bl 

Follicular carcinoma 
Haemangiosarcoma 

C cell carcinoma 

Adenoma 
Cortical adenoma, unilateral 

Endcmetrial stromal sarcoma 
infiltrating the urinary bladder 

Adenoma 

05 02 1659 
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List of blastomas found on histopathological examination of the 

rats in the 2-year feeding study with BAY k 5552 

Dose group 0 ppm, sex ~ 

Animal No.10l Pituitary 

No.107 Pituitary 
Subcutis 
(inguinal region) 

No.110 Kidney 
Pituitary 

No.111 Pituitary 

No.113 Pituitary 

No.114 Thyroid 

No.117 Uterus 

No.118 Uterus 

No.119 Pituitary 

No.120 Pituitary 

Dose group 50 ppm, sex i 
Animal No. 181 Uterus 

No. 187 Uterus 

No. 188 Uterus 

No. 192 Adrenals 

No. 196 Uterus 

No. 199 Thyroid 

No. 212 ~ammary gland 

No. 213 Mammary gland 

No. 219 Uterus 

No. 22~ Pituitary 

Adenoma 

Adenoma 
Sarcoma 

Adenoma 
Adenoma 

Carcinoma with infiltrates in 
the brain 

Aoenoaia 

C ce LL adenoma 

Endometrial stromal sarcoma with 
infiltration into the mesentery 

Endometrial stromal tumour (polyp, bl 

Adenoma 

Adenoma 

Endometrial stromal tumour Cb) 

Endometrial stromal tumour <polyp, b) 
Infiltrating adenocarcinoma w'th 
metastases in the Liver, pancreas 
and mesentery 

Endometrial stromal tumour (polyp, bl 

Cortical adenoma, unilateral 

Adenocarcinoma 

c cell adenoma. Tentative diagnosis 
because of the severe autolysis. 

Adenoma 

CFibro)adenoma with pericanalicular 
and intracanalicular growth 

Endometrial stromal tumour (polyp, bl 

Adenoma 

05 02 1660 
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List of blastomas found on histopathological examination of the 

rats in the 2-year feeding study with BAY k 5552 

Dose group 300 ppm, sex ~ 

Animal No.333 Pituitary 
Thyroid 

No.334 Uterus 
Pituitary 

No.335 Uterus 
Mammary gland 

No.336 Uterus 

Pituitary 

No.340 Thyroid 

No.341 Uterus 

No.345 Uterus 

No.347 Uterus 

No.348 Uterus 

No.350 Ovaries 

Pituitary 

Dose ~roup 1800 ppm, sex ~ 

~~•mal No.425 Thyroid 

No.426 Ovaries 

No.427 Wterus 
Pituitary 

No.429 Skin (head) 

No.431 ovaries 
Pituitary 
Adrenals 

No.435 Uterus 

No.445 Uterus 
Pituitary 

No.446 Uterus 
Pituitary 

Carcinoma infiltrating the brain 
C tell adenoma 

Endometrial stromal tumour (polyp, b> 
Adenoma 

Endometrial stromal tumour (polyp, bl 
Adenoma 

Infiltrating adenocartinoma with 
sQuamous metaplasia and sarcomatous 
tissue areas 
Adenoma 

C eel l adenoma 

Endometrial stromal tumour (polyp, b> 

Endometrial stromal sarcoma infiltrat· 
ing the mesentery and pancreas 

Endometrial stromal tumour (polyp, bl 

Endometrial stromal tumour (polyp, bl 

Granulosa-theca cell tumour Cb>, 
uni lateral 
Adenoma 

C cell adenoma 

Granulosa-theta cell tumour Cm> 

Endometrial stromal tumour Cpolyn, b 
Adenoma 

Papi l loma Cb) 

Granulosa-theta cell tumour Cbl 
Adenoma 
Phaeochromocytoma, uni lateral. The 
tumour has penetrated the organ 
capsule,m 

Adenocal'Cinoma with infiltrates in 
the mesentery 

~ndometrial stromal tumour (Polyp, bl 
A,ienoma 

E no ·i me t r i a l s t r om a l t um o u r (p o l y p , b ) 
Adenoma 

05 02 1661 
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List of blastomas found on histopathological examination of the 

rats in the 2-year feeding study with BAY k 5552 

Dose group 50 Prm, sex~ 

Animal No.221 Uterus 

No.222 Uterus 

No.223 Uterus 

Pituitary 

No.224 Uterus 

No.230 Uterus 

No.231 Pituitary 

No.233 Uterus 
Pituitary 

Nc.234 Mammary gland 

No.236 Uterus 

No.2!.7 Uterus 

No.240 Uterus 

Dose group 300 ppm, sex~ 

Animal No.301 Uterus 

No.305 Pituitary 

No.308 Uterus 

No.310 Uterus 

No.312 Pituitary 

No.313 Uterus 

No.314 Uterus 

No.318 Mesentery 

No.325 UterL:S 

No.326 Uterus 
Mammary gland 

No.330 Uterus 

Endometrial stromal tumour <polyp, b) 
Adenocarcinoma 

Endometrial stromal tumour (polyp, b> 

Endometrial stromal tumour with 
squamous metaplasia (polyp, b) 
Carcinoma infiltrating the brain 

Adenocarcinoma with metastases in 
the liver, pancreas, stomach, intestir 
and mesentery 

Endometrial stromal tumour (polyp, b) 

Adenoma 

Endometrial stromal tumour (polyp, b) 
Adenoma 

Adenocarcinoma 

cndometrial stromal tumour (polyp, b> 

t:ndometrial stroma, tum•iur <polyp, bl 

Endometrial stromal tumour (polyp, bl 

Endometrial stromal sarcoma 

Adenoma 

Adenocarcinoma 

Endometrial stromal tumour (polyp, bl 

Adenoma 

Endome~rial stromal tumour (polyp, bl 

Endometrial stromal tumour (polyp, b) 

Malignant mesothelioma of the serous 
lining of the adrenals, uterus, ovarie' 
spleen, stomach, intestines and urinar: 
bladder 

Endometrial stromal tumour (polyp, bl 

Endometrial stromal tum or.: r (polyp, bl 
Adenocarcinoma 

Endometrial stromal tumour (polyp, !:l l 
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List of blastomas found on histopathological e•amination of the 

rats in the 2-year feeding study with BAY k 5552 

Dose group 1800 ppm, sex 4l-
Animal No.447 Uterus 

No.450 Uterus 

No.453 Piluitary 

No.457 Uterus 
Adrenals 

No.459 Intestines 
Ute.-us 

No.460 Subcutis 
Cflankl 

No.463 Thyroid 

No.464 Uterus 
Subcutis Cear) 

No.465 Uterus 
Mammary gland 

No.466 RHS 

No.467 RHS 

No.469 Uterus 

No.471 Uterus 

No.472 Pituitary 

Nc.475 Mammary gland 

No.476 Uterus 

No.477 Uterus 

No.478 Uterus 

No.479 Uterus 

No.480 Pituitary 

Endometrial stromal tumour Cpolyp, b> 

Endometrial stromal tumour Cpolyp, b> 

Adenoma 

Eridometrial stromal tumour (polyp, b> 
Phaeochromocytoma Cb>, unilateral 

Fibroma 
Endometrial stromal sarcoma 

Sarcoma infiltrating through the 
muscles of the flank and extending 
into the mesentery. 

follicular adenoma 

Endometrial stromal tumour <polyp, b) 
Sarcoma 

Endometrial stromal tumour (polyp, bl 
Adenoma 

Histiocytary sarcoma in the mesentery 
Liver, pancreas, skeletal muscle and 
subcutis 

Malignant lymphoma in the spleen, 
Lymph nodes, liver, Lung, kidneys, 
urinary bladder, uterus, thyroid, 
skeletal muscle, bone marrow, 
ruediastinum and mesentery 

Endometrial stromal tumour Cpolyp) 
with squamous metaplasia (bl 
Adenocarcinoma with metastases in 
the Lung, liver, pancreas, kidneys, 
ovaries and mesentery 

Endometrial stromal sarcoma with 
metastases in the liver, urinary 
bladder, ovaries and mesentery 

Adenoma 

CFibro)adenoma 

Endometrial stromal tumour Cpolyp, 

Endometrial stromal tumour Cpolyp, 

Endometrial stromal tumour Cpolyp, 

Endometrial stromal tumour <polyp, 

Adenoma 

05 02 1663 
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Histopathological findings on the lower jaw in the region of 

the gnawing teeth 

Dose group 0 ppm, sex 6' 
Animal No. 33 Nothing abnormal detected CN.A.D.l 

No. 36 N.A ••• 

No. 41 Small focal necrosis in the hard substance of the 
crown of the teeth <caries> 

~o. 47 Slight to moderate round-cell infiltration in the 
connective tissue of the gums and muscles 

No. 51 N.A.D. 

Dose gro1.;r 1800 ppm, sex rJ' 
Animal No.390 N.A.D. 

No.393 N.A.D. 

No.407 Moderate acute, focal gingivitis in the crown-root 
region 

No.411 Moderate acute, focal gingivitis in the crown-root 
region 

No.413 N.A.D. 

Dose group 0 ppm, sex Ji 
Animal No. 90 Very slight acute, focal gingivitis in the crown-root 

region 

No, 94 N.A.D. 

No.114 N.A.D. 

No.118 Very slight acute, focal gingivitis i~ the crown-root 
region 
Small focus of necrosis in the hard substance of 
the teeth and the pulp. 

No.119 N.A.D. 

05 02 1664 
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Dose group 1800 ppm, sex .g. 

Animal No.341 Moderate subchronic myositis. 
over this is. hyperkeratotic. 
the changes are the result of 

The epithelium 
It is assumed that 
1n external injury. 

No.443 Very slight acute, focal gingivitis in the crown-root 
region 

No.457 Slight acute, necrotic focal gingivit.is in the 
crown-root region. 
Small focus of necrosis in the hard subst1nce of 
the crown of the teeth (caries>. 

No.461 Slight necrotic focal gingivitis in the crown­
root region. 
Focal oedema in the connective tissue of the gums. 

No.466 Slight a..i:ute, focal gingivit.is in the crown­
root region. 

05 02 1665 
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A Brief Coversheet for Carcino~enPsis Study Review 

NDA20-356 
Drug: Nisoldipine 
Sponsor: Miles Inc. Ph;:irmaceutical Division 

l. Species & Strain 

2. Name of Laboratory 

3. No./sex/group 

4. Doses (C, L, M & H) 

5. Basis for dose selection 
stated: yes (x) no ( ) 

6. Interim sacrifice 

7. Total duration 

8. No. alive at termination 
(C, L. M & HJ 

9. Statlf:tical methods used 

Mouse. Bor:NMRJ (SPF HAJ\I) 

50 (additional 20 mice/ sex/ group were included for interim sacrifice at 12 months) 

0, 100. 300 and 900 ppm in diet 

28-day dietary dose rangefinding study in mice 

yes 

21 months 

Males: 36. 35, 31 & 10 
Females: 22, 16, 16 & 18 

Two-tailed U test. generalized \Vilcoxon test & Peto analysis 

10. Tumor and non-tumor data for each tissue attached. 
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The following findings were observed in c-.:-,trol and dose animals: 
no test substance effect {group specificity) was detectable (see 
Tables in Appendix, p. 341 to 381). 

l. Non-blaston111tous chan9es: {interim kill) 

Liver 

Kidneys 

Bladder 

Testes 

Uterus 

1 Slight to moderate lipid storage in hepatocytes, 
isolated round cell infiltrates and alight in­
tracytoplasmic vacuole~ were seen in several 
animals. 

1 Tubular dilations (partially with epithelial 
deaquamation and/or plasma ba1ophili11), PAS-pos­
itive casts, cysts in the papillary area and 
round cell infiltrates in the area of the venae 
stellstae and the pelvis were found in most ani­
mals. 

1 Round cell infiltrates in the submucosa were 
found in several animals. 

: several animals showP.d spermiogranuloma, atro­
phy, some convoluted seminiferous tubules and 
round cell infiltrates. 

several animals showed endometrial cysts. 

Salivary glands: Slight round cell infiltrates were found in some 
animals. 

Stomach 

Intestine 

Thyroid 

1 In several animals, the 9landular mucosa showed 
retention cysts in the fundal area, to some ex­
tent with squamous inetaplasia and epithelial 
proliferation. Some animals had round cell in­
filtrates in the area of the 1ubmuco1a. 

1 Animals 215, 216 {both died) and 503 (all from 
the 900 ppm dose group) showed a tightly filled, 
dilated colon. 

: some animals ahowed •light round cell infil­
trates in the episcleral area. 

1 several animal• showed small cysts (remain• of 
the thyroglossal duct). 

05 02 0568 
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In:!i\•idual findings 

Ho. 14 ( 0 ppm; d), Epididymia1 aapermia 
18 ( 0 ppm; d) I Pancreas: islet cell hyperpleaia 

Splwer.: increased haematopoieaia 
Prostate: purulent pro1tatiti1 and urethri-
ti• 
Bladder1 purulent cyatiti• 

225 (900 ppm; d), Haaopharynx: cellular or inflammatory eel-
lular infiltration, •li9ht 

226 (900 ppm; d) , Subcutia: abaceaa 
284 ( 0 ppm; .Q), Lar9e inteatine1 section containin9 

helminth•• 
286 0 ppm; P), Adrenals: intracytoplaamic vacuoles in 

adrenal cortex cell• 
289 0 ppm; Q) I Kidneys: glomerular atrophy 

Ovaries: follicular cy1ta 
291 0 ppm; Q) I Stomach: erosion with round cell infil-

trate• in the area of the keratin-
i1in9 aquamoua epithelium 

437 (300 ppm; P), Lung: multifocal bronchopneumonia 

Heart, brain, seminal vesicle, oesophagua, lymph nodes, pitu­
itary, trach~a, akin, bone&, bone marrow, skeletal muscles and 
spinal cord were histopathologically normal. 

2. Blastomas 

A synoptic comparative review of the tumours is shown on Page 
340. All tumours are regarded as having occurred spontaneously 
and are not attributed to the treatment with the te&t substance 
BAY k 5552, as no dose-dependency is recognisable from the 
number, type or location. 

05 02 0569 



Tumour carriers (interim kill) 

Group 0 ppm, d 

Animal No. 14 Xidney 

Group 900 ppm, <I 

Animal No. ~11 Lun~ 

212 Xidney 
214 Liver 
224 Lung 

Group 0 ppm, Q 

Animal No. 281 Lung 

+ 289 Kidney, salivary 
gland, pancreas, 
bladder 

290 Stomach 
291 Kidney, salivary 

gland 

Group 900 ppm, " 
Animal No. 493 Thymus, 

serosa 
499 Kidney 
501 Lung 

Kidney 
502 Kidney, 
503 Lung 

Group 300 ppm, Q 

Animal No. 430 Vagina 
438 Lung 

439 Thymus 

kidney, 

bladder 

340 

Malignant lymphoma 

Alveologenic carcinoma 
(Ximura.'J'ype A)+ 
Malignant-lymphoma 
Malignant hepatoma 
Alveologenic carcinoma 
( Ximura Type AP) 

Alveologenic carcinoma 
(Kimura Type A) 
Malignant lyinphoma 

Jteratoacanthoma 
Malignant lymphoma 

Malignant 1)'1!lphoma 

Malignant lymphoma 
Alveologenic carcinoma 
(Jtirnura Type A) 
Malignant lymphoma 
Malignant_ lymphoma 
Alveologenic carcinoma 
(Ximura Type A) 

Jteratoacanthoma 
Alveologenic carcin0111a 
(Ximura Type AP) 
Thymic lymphosarc0111a 

+ J(imura, J.: Progression of pulmonary tumor in aice. 
Acta path. jap. l!• 13 ff (1971) 

05 02 0570 
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6.5 Autopsy findings 

G died 
ZS sacrificed at interim kill 
VE sacrificed at end of study 
MG killed in extremis 

6.6 List of abb§!Yi•tions for Tables with individual histopatho­
logical fin ings 

A 
Abd 
Abz 
An 
Ap 
Asp 
At 
b 
Cy 
De 
Oil 
e 
EPI 
Er 
F 
Fca 
Gg 
H 
Hii 
Hb 
HD 
He 
Hn 
Hp 
Ht 
Hy 

• autolysis 
• abdominal cavity 
" abscess 
• inflammatory congestion of secretions in the anal gland 
• angiopathy 
• aspermia 
• atrophy 
• bilateral 
• cyst(&) 
• degeneration (for pituitary• cystic degeneration) 
"' dilation 
• unilateral 
• epididymis 
• erosion 
• hepatocellular fatty infiltrationifat marrow 
• foci of cellular alteration 
• biliary proliferation 
• pituitary 
,. haemorrhage 
• bladder 
,. Herder's gland 
• helminthes 
• hydronephrosis 
"' increased haematopoiesis 
• skin 
• hyperplasia 

for the pituitary• diffuse and/or focal hyperplasia 
for the stomach1 adenomatous hyperplasia of the glandular 
stomach 
for the uterus1 cystic/hyperplastic endometrium 
for the adrenals: proliferated subcap1ular cortical cells 
for the pancreas: multiiocal hyperpla1ia of the islets of 
Langerhans 
for the testes: hyperplas~a of the Leydig cells 

Iz 
Iz 
J<v 

• inflammatory infiltrates 
Ne • inflammatory necroses 

• lipid-free, cytoplasmatic vacuoles, lying close to the 
nucleus. In male mice, the vacuoles are often so para­
nuclear, that the nucleus is deformed into a crescent 
shape. · 

05 02 0206 
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Kz • diffusely proliferated Kupff&r'• c~lls 
LE • liver 
LN • lymph nodes 
LU • lung 
Ma • mammary gland 
Mh • arterial medial hyperplasia 
Med • mediastinum 
Mes • mesentery 
Mi • increased occurrence of mitoses 
Min • mineralisation foci in the gastric 2ucosa 
Mp • epithelial metaplas~a 
Mz • in the liver: megalohepatocytes 

Ne 
Nez 
NN 
NNH 
Np 
0 

Oph 
Ov 
e 
0 
p 
PA 
PO 
POS 
Pel 
Pi 
PIT 
PRO 
PT 

RHS 
1'z 
Sc 
SLGL 
Spgr 
SV 

in the brain: malacia 
• necrosis 
• increased occurrence of unicoll•1lar necroses 
• adrenals 
• paranasal sinuses 
• progressive senile nephropathy 
• without histopathological findings: findings within nor­

mal variability which correspond particularly to species 
age vf study animals and conventional keeping condition. 
Normal findings in all animal groups include, ainongst 
others1 effects from the kill, preparation artefact• 
(e.g. different degrees of exsan;uination. var1ing de­
grees of lung collapse, artificial emphysema, •light au­
tolysis), smalJ. round-cell infiltrates e.9. of the head 
salivary glands, liver, kidneys, bladder; dysontogenetic 
cysts in the kidneys; individual small endometriwn cysts; 
slight to moderate brown degeneration of the adrenal 
x-zone (ceroid deposit in the area around the cortico­
medullary junction, almost only in female animals) and 
slight subcapsular cell reaction; intranuclear inclusions 
in the hepatic cells; distended excretory ducts of the 
mammary glands filled with 1ecretion; slight to moderate 
progressive senile nephropathy 

• ophthalmopathy 
• ovary . 
• not investigated, no histological sample available 
• oedema 
• pelvic serosa 
• pancreas 
• hyperplasia of the preputial gland 
• secretion congestion in the preputial gland 
• peliosis hepatis 
• increased occurrence of pigment 
c pituitary gland 
• prostate gland 
• organ investigated histopathologically, no parenchyma tu-

mour found 
• reticulohistiocytary system 
•cellular infiltrates consisting mainly of.round cells 
• subcutis 
• salivary gland 
• spenniogranulorna 
• Eeminal vesicle 
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I I T 
I \ 
\ i 

• one tumour 
TM • tumor metastasis 
bT • benign tumour 

--111T • malignant tumour 
\ . 
\ Ta 

Th 
Thy 
THYR 
UBL 
Ul 
Ut 
v 

mTL • systemic, malignant tumour, e.g. malignant 
lymphoma 

• telangiectasis 
• thrombus 
• thymus 
• thyroid gland 
• urinary bladder 
• ulcer 
• uterus 
• vacuoles 

Investigations after 12 months 

A 
Asp 
At 
Cy 

Oil 
emH 
Er 
F 
Gl~ 
Jhyp 
Jz 
Met 
Ne 
0 

" p 
Pro 
Sg 
T 
Tl:b 

v 
Zy 

• postmortal autoly~is 
• aspermia (epididymis) 
• atrophy 
• cystic changes (e.g. retention cysts in the glandular 

stomach) 
• colon dilated and engorged 
• extramedullary haematopoiesis 
• erosion in area of forestomach mucosa 
• Oil Red-0 poasit.ive substances in hepatocytes 
• glon.erula atrophy 
• islet cell hyperplasia (pancreas) 
• cellular and/or inflammatory cellular infiltration 
• squamous epithelium metaplasia in gastric retention cysts 
• hepatic cell necrosis 
• findings within normal variability which correspond 

particularly to species, age of study animals and conven­
tional keeping conditions. 

• not inve~tigated (not available) 
• cut aurfac~ of parasites (intestine) 
• proliferation 
• spermiogr1anuloma 
• tumour ( b:Lastoma) 
• tubular renal changes (dilation, desquamation, epithelial 

basophilia) 
• intracytoplasmati· vacuoles (liverr lipid-free vacuoles) 
• PAS-positive cylinder in renal tubule 

Degrees of intensity 

+ • very slight 
l • slight 
2 • moderate 
3 • severe 
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Table 171 Su111111ary of number of male and female mice with beni9n 
and/or malignant tumour&,· as well as frequency of be­
ni9n and malignant tumours-encountered 
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T11ble 18: Comp11r11tive eunvn11ry of tumours occurring according to 
loc11tion, t~, number end dignity S (Ani11111ls ached-- ,, uled for terminal kill) 

ex p 
'!5ose ppm !I J!l!I :HID !i!Hl !l - IUD lDD 9DD 
Lung: • 

bronchiolo-11lveol11r 
11denom11 2 3 4 2 1 3 
bronchiolo-11lveol11r 
c11rcinom11 (melig.)13 12 5 8 6 5 

Stomach: 
p11pillom11 0 0 0 2 0 0 0 0 
e11rcom11 1m11lig.) 0 0 2 1 0 0 0 0 

Liver: 
hep11tocellul11r 
11denom11 2 2 2 3 0 0 0 l 
hepatocellul11r 
c11rcinom11 (m11lig.) 3 4 s 8 0 0 0 1 

h11emangios11rcom11 
( m11lign11nt) l 0 0 0 0 0 0 Q 

i<idneys: 
~ubul11r c11rcinom11 
(r~align11nt) Q 1 0 0 Q Q 

haemangiosarcoma 
(malignant) 0 1 0 0 0 Q 

Bladder: 
stromal tumour 
(benign) l l 2 0 0 0 
stromal tumour 
(malign11nt l 0 l l 0 0 0 

Overy: 
granulosa-thec11 
cell tumour ( ben. I 5 5 3 
granulosa-thec11 
cell tumour (m11lig.) l ('I 0 
luteom11 (benign) 2 2 0 
tubular adeno-
carcinoma (malig.} 1 0 0 - Sertoli cell 
tumour (benign) 0 0 , .. 

Uterus: 
adenoma 0 0 l 0 
carcinoma (malig.) 1 0 0 0 
fibroma 0 0 l 0 
my om a 0 0 l 2 
myosarcoma (malig.) 0 0 0 l 
stromal tumour 
(benign) 3 0 2 2 
stromal sarcom11 
(malign11nt) l 3 2 2 
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Table lB icontinuedl: 

ex Q 
bose ppm u IDD :!DD 9DD D IDD lDD 9DD 
1feites: 

Leydig cell tumour 
(benign) 2 2 0 
adenoma of rete 
testis l 0 0 

Pituitary: 
adenoma 2 0 0 0 J J l 

Thyroid: 
follicle cell 
adenoma 0 l 0 0 0 0 
papillary c;-·.e. t.-

11dencma l 0 0 0 0 0 

Adrenals: 
cortical adenoma 3 J l 2 0 0 
phaeochromocytoma 
(benign) l 0 0 l 0 2 
phaeochromocytoma 
(malignant) 0 0 l 0 0 0 

RH system: 
lymphoma (malig.) 7 3 l 18 12 14 
lymph node sarcoma 5 

(malignant) l 0 0 l 0 0 

Skin/subcutis: 
f epithelioma 

(malignant) 0 0 l 0 0 0 
sarcoma (malig.) l 0 0 0 3 0 

Mammary gland: 
carcinoma (malig.) J 0 0 
adeno-ancanthoma 
(malignant) 0 l l 

Harder•s gland: 
papillary adenoma J 2 0 l 1 l 

Spinal marrow: - schwannoma (mal.ig.jO 0 0 0 l 0 

Bones: 
osteosarcoma 
(malignant) 0 0 0 0 1 0 

Abdomen: 
haemangiosarcoma 
(malignant) 0 0 0 0 1 0 

Pelvic serosa: 
sarcoma (malig.) l 

- Organ not investigated s Bilateral tumours counted twice 
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List of blastomas occurring in the histopathologically investi­
gated mice from the terminal kill 

Dose group: 0 ppm, male 

Animal No. 21 Lung 
22 Liver 

Adrenal 
23 Lung 
26 Testes 
30 Lung 
32 Adrenal 
36 Lung 
42 Li.mg 

44 Lung 
Liver 

46 Harder•s gland 
47 Lung 

RHS 

48 Lung 
RHS 

50 Lung 
RHS 

51 Pituitary 

Bronchiolo-alveoler carcinoma 
Hepatocellular carcinoma 
Phaeochromocytoma, benign 
Bronchiolo-alveolar carcinoma 
Leydig cell tumour, benign 
Bronchiolo-alveolar carcinoma 
Cortical adenoma 
Bronchiolo-alveolar carcinoma 
Bronchiolo-alveolar adenoma 
Bro.nchio lo-alveolar carcinoma 
Haemangiosarcoma 
Papillary adenoma 
Bronchiolo-alveolar carcinoma 
Malignant lymphoma of spleen, lymph 
nodes, liver, kidney, mesentery 
Bronchiolu-alveolar carcinoma 
Malignant lymphoma of spleen, lymph 
nodes, heart, lung, head salivary 
glands, liver, pancreas, stomach, 
intestine, kidney, bladder, pros­
tate, skin, skeletal muscles, bone 
marrow, mesentery, urethra 
Bronchiole-alveolar carcinoma 
Malignant lymphoma of spleen, lymph 
nodes 
Adenorua 

Subcutis (ear) Sarcoma 
52 Harder'& gland Papillary cystadenoma 
54 Lymph nodes Sarcoma with metastases in the pel­

vic serosa 
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Animal No. 55 Testes 
58 Testes 

Adrenals 
59 RHS 

63 Lung 
Liver• 

64 Lung 
Thyroid gland 

65 Liver 
RHS 

66 Liver• 
RHS 

67 Lung 
RHS 

Pituitary 
68 Lung 

Bladder 

Adrenals 

392 

Leydig cell tumour, benign 
Papillary adenoma of the rete testis 
Cortical adenoma 
Malignant lymphoma of spleen, heart, 
lung, liver, pancreas, prostate, 
skin, skeletal muscles 
Bronchiole-alveolar carcinoma 
Hepatocellular adenoma 
Bronchiolo-alveclar carcinoma 
Papillary cystadenoma 
Hepatocellular carcinoma 
Malignant lymphoma of inesentery 
Hepatocellular adenoma 
Malignant lymphoma of spleen, lymph 
nodes, heart, lung, pancreas, 
oesophagus, stomach, kidneys, blad­
der, prostate, seminal vesicle, 
skin, adrenals, skeletal muscles, 
preputial gland, me1entery 
Bronchiolo-alveclar carcinoma 
Malignant lymphoma of lymph nodes, 
me1entery 
.\denoma 
Bronchiole-alveolar carcinoma 
Polypous 1tromal tumour with adenc­
matous parts. The tumour contains 
foci of polymorphous, partially epi­
thelioid cells with central ne­
crosis and localised argentophilic 
fibrous structures (benign) 
Cortical adenoma 

Harder'& gland Papillary adencma 
69 Lung Bronchiolo-alveclar carcinoma 

Pelvic serosa Sarcoma, infiltrates the neighbour­
ing skeletal muscles 

• ~ The tumour was found in one of the additionally 
prepared Paraplast blocks 
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Animal No. 70 Lung 
Liver 

393 

Bronchiolo-alveolar adenoma 
Hepatocellular carcinoma 
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Dose group 100 ppm, male 

Only the hepatocellular neoplasia& found are reported here. 

Animal No. 98 Liver: Hepatocellular adenoma 
No. 1.01 Liver: Hepatocellul11r adenoma 
No. 110 Liver: Hepatocellular carcinoma 
!lo. 115 Liver: Hepatocellular carcinoma 
No. 125 Liver: Hepatocellular carcinoma 
lio. 129• Liver: Hepatocellular carcinoma 

l 
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Dose group 300 

Animal No. 161 
163 
164 

167 
--·-

168 

172 

173 

175 

176 

177 

180 

181 
182 

183 

184 

188 

189 

ppm, male 

Liver 
Lung 
Lung 
Teat.es 
Lung 
Kidney& 
Liver 
Harder'& gland 
Testes 
Stomach 
Kidney 
Lung 
Liver• 
RHS 

Lung 
Lung 
Liver• 
Lung 
Lung 
Thyroid gland 
Lung 
Lung 
Harder'& gland 
RHS 

Liver 
Bladder 

395 

Hepat.ocellular carcinoma 
Bronchiolo-alveolar carcinoma 
Bronchiolo-alveclar carcinoma 
IJeydig cell tumour, benign 
Bronchiolo-alveolar carcinoma 
Haemangiosarcoma 
Hepatocellular carcinoma 
Papillary adenoma 
IJeydig cell tumour, benign 
Sarcoma 
Tubular renal epithelial carcinoma 
Bronchiole-alveolar carcinoma 
Hepat.ocellular adenoma 
Malignant l)'lllphoma of spleen, 
lymph nodes, kidneys, mesentery 
Bronchiolo-alveolar adenoma 
Bronchiole-alveolar carcinoma 
Hepatocellular carcinoma 
Bronchiolo-alveolar carcinoma 
Bronchiole-alveolar carcinoma 
Follicle cell adenoma 
Bronchiolo-alveolar adenoma 
Bronchiolo-alveolar carcinoma 
Papillary adenoma 
Malignant lymphoma of l)'lllph nodes 
and kidneys 
Hepat.ocellular carcinoma 
small, polypous, benign stromal 
tumour covered with hyperpla&tic 
urotheliwn, in the centre of which 
lies a nest of large, epithelioid, 
polymorphous cell• 
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Animal No. 190 RHS 

191 Adrenals 
195 Stomach 

Adrenals 
196 Liver 
199 Lung 
201 Liver• 
204 Lung 
205 Lung 
206 Adrenals 

Lung 

!"" 207 Bladder 

210 Lung 

396 

Malignant lymphoma of •pleen, 
lymph nodea, head salivary glands, 
liver, pancreaa, stomach, kidneys, 
bladder, epidid)'lllis, seminal vesi­
cle 
Cortical adenoma 
Sarcoma 
Cortical adenoma 
Hepatocellular carcinoma 
Bronchiolo-alveolar carcinoma 
Hepatocellular adenoma 
Bronchiolo-alveolar carcinoma 
Bronchiolo-alveolar carcinoma 
Cortical adenoma 
Bronchiolo-alveolar adenoma 
Malignant stromal tUJnour in the 
subepithelium, consisting of spin­
dle-shaped to epithelioid cells 
and interspersed with fine argen­
tophilic fibres. The tumour infil­
trate& the ~uscular layer of the 
urinary bladder 
Bronchiolo-alveolar carcinoma 
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Dose group 900 ppm, male 

Animal No. 234 Bladder 
Lung 

238 Lung 
239 Liver 
240 Liver 
242 RHS 

Bladder 

Stomach 
244 Liver 
248 Liver 

Lung 
244 Liver 
250 Lung 
251 Liver• 
252 Lung 
255 Lung 
257 Liver 

258 Liver 
260 Skin (ear) 

397 

Stromal tumour (benign) 
Bronchiolo-alveolar adanoma 
Bronchiolo-alveolar adanoma 
Hepatocallular carcinoma 
Hepatocallular carcinoma 
Malignant lymphoma 
Benign atromal tumours a amall 
node in the propria, infiltrated 

.by leucocytes, which con1iats of 
apindle-ahaped to apithalioid 
cells. On the lumen •ida, the pro­
pria is oedematoua. Overpigmented 
macrophages are present at the 
periphery of the node. The uro­
thelium above the tumour is hyper­
plastic. 
Inverted papilloma of pars cutanea 
Hepatocellular carcinoma 
Hepatocellular carcinoma 
Bronchiolo-alveolar carcinoma 
Hepatocellular carcinoma 
Bronchiolo-alveolar carcinoma 
Hepatocellular adenoma 
Bronchiolo-alveolar carcinoma 
Bronchiolo-alveolar carcinoma 
Hepatocellular adenoma (frozen 
section) 
Hepatocellular adenoma 
Epithelioma 
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Animal No. 264 Lung Bronchiolo-alveolar carcinoma 
Liver Hepatocellular carcinoma 

268 Adrenals Malignant phaeochromocytoma; the-
voluminous tumour haa numerous mi-
to1e1 and multi-focal necroses 

270 Stomach Inverted papilloma of pars cutanea 
271 Lung Bronchiolo-alveolar adenoma 
273 Adrenals Cortical adenoma 
275 L\tn9 Bronchiolo-alveolar adenoma 

Liver Hepatocellular carcinoma 
277 Stomach S~b•eroua sarcoma 
279 Stomach Metastasea of an oateoaarcoma 
280 Liver Hepatocellular carcinoma 
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Dose qroup 0 ppm, female 

Animal No. 302 RHS 

303 Mll!Mlary qland 
Lyroph nodes 

305 Lung 
306 RHS 
307 Mammary 9land 
308 RHS 

309 Adrenals 
310 Lung 
313 RHS 

314 Adrenals 
315 Lung 

RHS 

399 

Malignant lymphoma of spleen, 
lymph nodes, heart, lung, head 
salivary glands, liver, stomach, 
kidneys, bladder, ovaries, uterus, 
thyroid, adrenals, brain, spinal 
cord, skeletal muscles, bone mar­
row, subcutis 
carcinoma with focal necroses 
Sarcoma 
Bronchiolo-alveolar c~rcinoma 
Malignant lymphoma of mesentery 
carcinoma with focal necroses 
Malignant lymphoma of spleen, 
lymph nodes, head salivary glands, 
pancreas, stomach, kidneys, blad­
der, ovaries, skeletal muscles, 
mesentery 
cortical adenoma 
Bronchiolo-alveol4r carcinoma 
Malignant lymphoma of lymph nodes, 
pancreas, kidneys, thymus, aesen­
tery 
Cortical adenoma 
Bronchiolo-alveolar carcinoma 
Malignant lymphoma of spleen, 
lymph nodes, lung, liver, kidneys, 
brain, bone marrow, skeletal 
muscles, ma1111!\ary gland, thyroid 
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Animal No. 315 Uterus 
316 Lung 
317 f\HS 

Ovary 

;,19 Lung 
Ovary 

320 RHS 

Ovary 

321 Ovary 

322 RHS 

323 Uterus 

324 RHS 

325 Lung 
Uterus 

400 

! :.;romal tumour (benign) 
Bronchiole-alveolar 1denoma 
Malignant lymphoiaa of lymph nodes, 
liver, kidneys, bladder, skeletal 
11uscle1 
Granulosa theca cell tumour 
(benign) 
Bronchiolo-alveolar carcinoma 
Granuloaa theca cell tumour, which 
infiltrates neighbouring fatty 
tisaue (maligraant) 
Malignant lymphoma of lymph nodes, 
heart, lung, pancreas, stomach, 
kidneys, uterus, mammary gland, 
pituitary, skeletal muscles, 11es­
entery 
Luteoma (benign) 
Gx·anuloaa theca cell tumour 
(benign) 
Malignant lymphoma of lymph nodes, 
lung, head salivary glands, pan­
creas, kidneys, mammary gland, 
akin, eye, skeletal muscles, 11es­
entery 
Stromal sarcoma, aarcomatous meta­
stasea of lymph nodea, lung, liv­
er, (mes ) ovary 
Malignant lymphoma of lymph nodes, 
pancreae, kidneye, meaentery 
Bronchiolo-alveolar adenoma 
Stromal tumour (benign) 
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An.i.r.1al Nv. 329 RHS 

332 Lung 
RHS 

334 RHS 

Uterus 
335 RHS 

337 RHS 

338 Ovary 
RHS 

339 Ovary 

Adrenals 
340 RHS 

401 

Malignant lymphoma Of apleen, 
lymph nodea, heart, lung, head 
aalivary glanda, liver, •tomach, 
kidney1, ovarie1, mammary gland, 
1keletal mu1cle1, bone marrow, 
mesentery 
Bronchiole-alveolar carcinoma 
Malignant lymphOl!la of apleen, 
lymph nodes, heart, lung, liver, 
pancreas, •tomach, brain, akeletal 
muscles, me1entery 
M~lignant lymphoma of lymph nodes, 
heart, pancrea1, kidney1, bladder, 
ovaries, uteru1, me1entery 
Strornal tWllour (benign) 
Malignant lymphoma of lymph nodes, 
lung, •~eletal mu1cle1, 111e1entery 
Malignant lymphOl!la of lymph nodes, 
spleen, heart, trachea, lung, head 
salivary gland&, liver, pancreas, 
1tomach, kidneys, bladder, ova­
ries, uterus, mammary gland, •kin, 
adrenals, brain, 1pinal cord, 
eyes, skeletal muscles, bone mar­
:ow, 11\esentery 
Luteoma 
Malignant lymphoma of thymus 
Granulosa theca cell tumour 
(benign) 
Phaeochromocytoma (benign) 
Malignant lymphoma of 1pleen, 
l)'l1lph nodes, heart, trachea, lun11, 
head salivary glands, pancreas, 
k1dneys, ovaries, brain, spinal 
cord, skeletal muscles 
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Animal 1110. 341 RHS 

Uterus 
342 Ovary 
344 Lung 

Mammary 
Harder'• 

345 Lung 
346 Lung 

Ovaries 

350 RHS 

gland 
gland 

402a 

Malignant lymphoma of heart, lung, 
liver, ovaries, akeletal muscles 
Carcinoma 
Tubular adenocarcinoma 
Bronchiolo•alveolar carcinoma 
(Adeno)carcinoma 
Papillary cystadenoma 
Bronchiolo-alveolar carcinoma 
Bronchiolo-alveolar carcinoma 
Granulosa theca cell twnour, bi­
lateral (benign) 
Malignant lymphoma of lymph nodes, 
pancreas, bladder, brain, skeletal 
muscles, 11ubcuti11, meaentery 
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Dose group 100 ppm, female 

Animal No. 402 Pituitary 
404 Pituitary 
414 Pituitary 

402b 

Adenoma 
Adenoma 
Adenoma 
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Dose group 300 ppm, female 

Animal No. 442 RHS 
444 RHS 

44 5 Bone sys t&lll 

446 Ovary 

448 Ut.erus 
449 Spinal marrow 
450 Lung 

RHS 

Ovary 

451 Abdomen 

452 RHS 

Ovary 

Pituitary 
453 Lung 

Ovary 

Ut.erus 

403 

Malignant. lymphoma of thymus 
Malignant lymphoma of lymph nodes, 
lung, liver, kidneys, mesentery, 
skeletal muscles 
Osteosarcomatou1 meta1t.a1es of 
lung and liver 
Granulosa theca cell tumour 
(benign) 
Polypous stromal aarcoma 
Schwannoma (malignant) 
Bronchiole-alveolar carcinoma 
Malignant lymphoma of spleen, 
lymph nodes, lung, mesentery, 
skeletal 11us1;les 
Granulo1a theca cell tumour 
(benign) 
Haemangio1arcoma, which infil­
trate• the cert.ex of one kidney 
Malignant lymphoma of lymph nodes, 
kidney, 11e1ent.ery, skeletal mus­
cles 
Granuloaa theca cell tumour 
(~nign) 

Adenoma of the para int.ermedia 
B"onchiolo-alveolar carcinoma 
l.uteoma (benign) 
Stromal tumour (benign) 
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Animal No. 454 RHS 

404 

Malignant lymphoma of lymph nodes, 
heart, lung, liver, kidneys, ova­
ries, uterus, .. aentery 

455 Uterus Polypou1 atromal tumour (benign) 
Subcutis (ear) Sarcoma (achwannoma) 

457 Ovary Bilateral qranulosa theca cell tu-
111our (benign) 

458 Lung Bronct1io:Lo-alveolar carcinoma 
Uterus Myoma 

459 RHS Malignant lymphoma of pancreas, 
meaentery, 111ediastinwn, akeletal 
muscles 

460 Lung Bronchiolo-alveolar carcinoma 
Subcutis (ear) Sarcoma (achwannoma) 

461 Uterus Fibroma (benign) 
464 Subcutis (ear) Sarcoma (schwannoma) with necroses 
465 Uter.us 
466 RHS 

471 Lung 
Pituitary 

4 7 2 Ut1.· :,·us 

Adenoma 
Malignant lymphoma of lymph nodes, 
heart, lung, pancreas, stomach, 
kidneys, skeletal muscles, mesen­
tery, mediastinwn 
Bronchiolo-alveolar carcinoma 
Adenoma 
Stromlll earcoma 
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Animal No. 473 Lung 
475 Ovary 
478 RHS 

405 

Bronchiolo-alveolar carcinoma 
Luteoma 
Malignant lymphoma of apleen, 
lymph node•, pancrea1, atomach, 
large intestine, bladder, skin, 
thyroid, akeletal mu1cles, meaen­
tery 

479 Pituitary Adenoma 
Harder•• gland Papillary adenoma 

482 RHS Malignant lyinphoma of spleen, 
lymph nodes, head aalivary glands, 
kidneys, bladder 

483 RHS Malignant lyinphoma of pancreas, 

484 Mammary gland 
485 Lung 

RHS 

486 RHS 

skeletal muaclea, me1entery 
Adenoacanthoma (malignant) 
Bronchiolo-alvaolar adenoma 
Malignant lymphoma of spleen, 
lymph nodes, heart, lung, head 
salivary glands, liver, pancreas, 
bladder, ovaries, mammary gland, 
akin, akeletal muacle1, bone mar­
row, me1entery 
Malignant lymphoma of pancreas, 
skeletal muscles, mesentery 
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Dose group 900 ppm, female 

Animal No. 511 RHS Malignant lyinphoma 
512 RHS Malignant lyinphoma 
515 RHS Malignant lyinphoma, stomach 
517 Uterus Stromal sarcomatous metastases of 

liver and me1entery 
519 Adrenals Phaeochromocytoma (benign) 

Uterus Myo&arcoma 
520 RHS M~lignant lyinphoma 
521 )ldrenals Phaeoehromoeytoma (benign) 
5:!3 ovary Granulo&a t.heea celi tumour 

(benign) 
524 Ovary Granulo&a thees cell tumour 

(benign) 
Lung Sronchiolo-alveolar carcinoma 

525 RHS Malignant lymphoma 
526 Ma=ary gland Adenoacanthoi:aa (malignant) 
527 RHS Malignant lymph011111 
528 Liver Hepatoeellular carcinoma 

Uterus Myoma (benign) 
530 Lung Sronehiolo-alveolar carcinoma 
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Animal No. 531 Lung 
535 Lung 
537 RHS 
538 RHS 
540 RHS 
541 Lung 

Harder'• 
542 RHS 
545 Lung 
546 RHS 

Lung 
547 Uterus 

Pituitary 
551 RHS 
553 Ovary 

Lung 
556 RHS 
557 Uterus 
559 Uterus 
560 RHS 

Uterus 
Liver 

gland 

407 

Bronchiolo-alveolar adanoma 
Bronchiolo-alveolar carcinoma 
Malignant lymphClllA 
Malignant lymph01118 
Malignant lymphOllla 
Bronchiolo-alveolar carcinoma 
Papillary cy1tadanoaa 
Malignant lymphoma 
Bronchiolo-alveolar carcinoma 
Malignant lymphoma 
Bronchiolo-alveolar adanoma 
Angiomato111 1tromal sarcoma 
Adenoma 
Malignant lymphoma 
Gran11lo1a thaca cell t11111011r 
(benign) 
Bronchiolo-alveolar adenoma 
Malignant lymphoma 
Polypo111 stromal t111D011r (benign) 
Stromal tWDour (benign) 
Malignant lyaphoma 
Myoma (benign) 
Hepatocellular adenoma 
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STATISTICAL REVIEW AND EVALUATION 

NOA #: 20-356 DrngQass: Date: JAN 4 1994 

Applicant: Miles Pharmaceutical Division 

Name of Drug: Nisoldipine (Bay k 5552) Coat-core Tablets, 10, 20, 30, and 40 mg, q.d. 

Indication: 1) Hypertension, alone or in combination with other antihypertensive 
agents; and 2) chronic stable angina (classical effort-associated angina). This review 
addresses the Hypertension claim. 

Documents Reviewed: Volumes 1-5, 379, 388, and 400 of the NOA submission dated 
March 31, 1993. Also the data for the primary efficacy variable, supine diastolic blood 
pressure, was submitted on diskette for the double-blind portions of Studies 090-019, 
090-029, and D90-039. 

Medical Officer: The medical officer for th:~ review is Dr. Cristobal Duarte. 

I. INTRODUCTION 

Nisoldipine is a dihydropyridine calcium channel blocker derived from nifedipine. 
The product is currently approved in 23 countries, although clinical development 
was disccntinued in the United States because the brief duration of effect required 
multiple daily dosing. This application is for an extended-release formulation of 
nisoldipine, and studies once daily dosing for both hypertension and for angina. The 
coat-core tablet consists of an inner core containing 20% of the nisoldipine dose in an 
immediate-release form, surrounded by an outer coat containing 80% of the 
nisoldipine dose in a slow-release form. 

This submission consisted of the results of two Phase 11 and three Phase III trials for 
hypertension which were carried out in the United States, and one South African 
hypertension study. The submission also contained hvo Phase ill trials for angina 
whid1 were carried out in the United States, and two foreign angina trials, one multi­
national and one carried out in Israel. The angina claims will be addressed in 
another review. 

II. CONTROLLED CLINICAL ffilALS 

II.A. PROTOCOL NO. 090-019 

11.A.1 Study Description 

Study D89-019 was a sixteen-center dosl~rcsponsc study designed to compare three 
fixed doses of diltiazem with placebo in patients with mild to moderate hypertension. 
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The plan called for patients to be randomized to one of four parallel groups, receiving 
either placebo, nisoldipine 30 mg qd, nisoldipine 60 mg qd, or nisoldipine 90 mg qd, 
over an six week double-blind period. The 90 mg nisoldipine arm was deleted from 
the protocol by amendment before any patients were randomized. 

After a four week washout period, patients who had a supine diastolic blood pressure 
(DBP) between 100 and 114 mmHg on each of the last two pre-randomization visits 
were eligible for randomization to double-blind treatment. The two supine DBP 
readings were required to be within 7 mmHg of each other. Blood pressure 
measurements were taken at trough (24 hr± 30 minutes post-dose). 

A total of 309 patients were enrolled in the placebo run-in period, and 221 were 
randomized to treat:nent group, with 72 assigned to placebo, 76 to nisoldipine 30 mg 
qd, and 73 to nisol iipine 60 mg qd. Nine placebo patients dropped out of the study, as 
did three low dose and 12 higher dose nisoldipine patients, while 197 patients 
completed the study A total of 213 were considered \'alid for efficacy analyses. 

Patients were instructed to take three tablets each morning prior to 11 a.m. All 
patients randomized to nisoldipine began at 30 mg once daily, and those randomized 
to the 60 mg dose were titrated after one week. The relationship of drug 
administration to meals was not specified. The double-blind treatment phase lasted a 
total of six weeks, with patients evaluated weekly for the first four weeks and then 
again at the end of the study (week 6). 

The primary efficacy \'ariable was change from baseline (mean of weeks 3 and 4 of the 
placebo run-in) to endpoint in supine diastolic blood pressure at trough, 24 hours 
post-dose. Secondary efficacy variables included change from baseline in trough 
standing DBP and supine and standing systolic blood press..:re (SBP). Responser~·-
at trough were also analyzed, with response define in four different ways, (1) supine 
DBP no more than 90 mmHg; (2) a fall in supine DBP of at least 10 mmHg, (3) supine 
DBPS: 90 mmHg or a fall in supine DBP ~ 10 mmHg; and (4) supine DBP:S 90 mmHg 
and a fall in supine DBP ~ 10 mmHg. 

At eight of the 16 centers 24-hour ambulatory blood pressure monitoring (ABPM) was 
performed at week 3 of the placebo run-in and at week 5 of the double-blind treatment 
period. The sponsor used the ABPM data to analyze the peak/trough ratio. A total of 
117 patients had 24-hour ABPM monitoring. In-clinic blood pressure measurements 
were also taken at for 12 hours post-dose at se\·en centers after 4 weeks of placebo run­
in and after six weeks of double-blind treatment. 

Il.A.2 Sponsor's Analysis 

The sponsor performed both an evaluable patient analysis, including those patients 
with at least two post-baseline evaluations who were not protocol violators, and an 
intent-to-treat analysis including all patients at least one post-baseline evaluaticn. A 
last-observation-carried-forward approach was used to include the available data from 
patients who dropped out of the study. The initial analysis of variance model for the 
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primary and secondary change from baseline endpoints included treatment group, 
investigator, and treatment by investigator interaction terms. The interaction term 
was dropped if it was not significant at the .05 level. The initial comparison was the 
average of the nisoldipine groups versus placebo. If this was significant then pairwise 
comparisons were done to ill<'ntify which nisc:.ldipine doses were favored over 
placebo. 

The :;ample size for this study was selected to give 90% power to detect a difference of 
at least 5 mmHg between the nisoldipine groups and the placebo group. This was 
calculated using an estimated standard deviation of 8 mmHg. The sponsor compared 
the demographics of the four groups at baseline using a Mantel-Haenszel test on sex, 
race, smoking status, and use of previous antihypertensive medications, and found 
no significant differences. The groups were also similar with respect to age, weight, 
height, and years of hypertension, which were compared using an analysis of variance 
model. 

Change from Baseline Blood Pressure 
Measurements at Endpoint (LOCF) 

(Intent-to-Treat Data Set) 

Supine Supine Standing Standing 

DBP SBP DBP SBP 
Placebo (N=71) 

Baseline mean 103.64 155.31 102.91 151.::! 

Change from baseline -4.68 -1.88 -2.60 -1.94 

Nisoldipine 30 mg (N=76) 

Baseline mean 104.41 157.29 103.82 153.57 

Change from baseline -11.58 -12..10 -9.59 -13.36 

p-value vs placebo 0.0001 0.0001 0.0001 0.0001 

Nisoldipine 60 mg (N=73) 

Baseline mean 104.76 158.43 103.74 154.12 
Change from baseline -14.46 -16.67 -12.41 -15.94 
p-value vs placebo 0.0001 0.0001 0.0001 0.0001 

Interaction p-value 0.4675 0.1074 0.2651 0.4209 
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The results of the sponsor's analysis of their evaluable patient data set were similar, 
with all of the active drug groups demonstrating a highly statistically significant 
difference from the placebo group. The same was true of the analysis at each of the 
various time points after at least two weeks of double-blind therapy. Each active 
treatment group tended to reach a plateau in blood pressure response after two or 
three weeks of double-blind therapy, and the results for the group were very 
consistent beyond that point. The treatment by center interaction term was not 
significant at the .05 level. 

The response variables also demonstrated results similar to the change from baseline 
blood pressure values, as can be seen below. 

Response Rates 

Nisoldipine Nisoldipine 

Placebo 30mg qd 60mgqd 

N=71 N=76 N=66 

A) DBP s 90 mmHg 16 (23%) 26 (34%) 37 (56%) 

Bl DBP decrease <". 10 mmHg 22 (31%) 37 (49%) 50 (76%) 

Cl Al or Bl 22(31%) 37 (49%) 50 (76%) 

0) Al and Bl 16 (23%) 26 (34%) 37 (56%) 

The ambulatory blood pressur» data was analyzed by smoothing the hourly means 
from the eight centers using a Fourier transform. The mean trough and peak \·alues 
and trough to peak ratios were obtained from the smoothed data. Peak effect for each 
nisoldipine group was defined as the greatest difference between the nisoldipine 
group and placebo in mean change from baseline. Trough effect was defined as the 
24-hour post-dose difference from placebo. 

The peak diastolic blood pressure response occurred at 13 hours post-dose for the 
nisoldipine 30 mg group and at 4 hour" post-dose for the nisoldipine 60 mg group. 
The peak/trough ratios for the placebo subtracted ambulatory measurements were 
-12.1/-9.5 = 78% and -15.2/-14.2"' 93%, respectively. The corresponding systolic 
peak/trough ratios were 83% and 76%. 

The number of adverse events experienced in the placebo group was statistically 
significantly C:.ifferent from both of the nisoldipine groups. The most freguently 
reported adverse events included headache and peripheral edema in the placebo 
group and both nisoldipine groups. Adverse events were most likely to occur early in 
the first two weeks of double-blind th~rapy, although they continued to occur at a 
reduced level throughout the study. One patient experienced a cardiac arrest and died 
while receiving Placebo during the double-blind portion of the study. No other 
patients died during the study. 
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Patients with ;::: one event 

Possibly drug related 

Serious adverse events 

Withdrew due to a. e.'s 

11.A.3. Reviewer's Comments 

Adverse Events 

Nisoldipine 

Placebo 30mgqd 

N=72 N=76 

32 (44%) 47 (62%) 

19 (26%) 23 (30%) 

2 (3%) 4 (5%) 

3 (4%) 1 (1 %) 

Nisoldipine 

60mgqd 

N=73 

54 (74%) 

33 (45%) 

10 (14%) 

11 (15%) 

This study gives substantial evidence that nisoldipine, in doses of 30 and 60 mg qd, 
reduces blood pressure when compared to placebo. Aiter estilblishing a drug effect by 
comparing the mean of the combined nisoldipine groups with placebo and reaching 
statistical significance, the sponsor compared each dose group directly with placebo, 
and both were highly statistically significant. The protocol and the study report do not 
mention any adjustments for multiple comparisons. However .. the results of this 
study were so significant that even using the conservative Bonforonni adjustment for 
the multiple comparisons, they remain highly statistically significant for the primary 
and secondary blood pressure endpoints. 

This reviewer performed several additional analyses on the data including analysis of 
co\·ariance using baseline as a cov<>.riate for both change from baseline and for 
endpoint supine DBI'. The results of these additional analyses did not differ 
substantially from the results submitted by the sponsor, and demonstrated the 
robustness of the efficacy results. 

The results of this study demonstrate a dose-response relationship for the 30 mg qd 
and 60 mg qd doses of nisoldipine in both efficacy and safety. The higher dose group 
consistently showed a greater reduction in all four blood pressure measurements. 
This group also had more aciverse events and more serious adverse events. This 
study involved a forced titr<:tion, and mar.y of the patients in the high dose group 
possibly had an adequate rt'Sponse at the lower dose, and did not need the additional 
risk of adverse events which came with the additional blood pressure reduction. This 
re\·iewer feels that doses of nisoldipine lower than those studied here might be 
adequate for many patients. 

The protocol stated that the original model tor the analysis of the blood pressure 
variables would include an interaction term, but that the interaction term would be 
dropped if it was not significant at the .05 le\'el. The test for interaction is a test with 
very low power and therefore interaction is usually tested at the .15 level. Using this 
le\'el, one of the secondary endpoints, supinl: 5131', demonstrated a significant 
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treatment by center interaction in the endpoint analysis (p= 0.1074). The primary 
endpoint also had interaction terms with p-values which were greater than .OS but 
less than .15 at several time points, but not in the endpoint analysis. The inclusion of 
the interaction term in the analysis oi variance model did not change the statistical 
significance of any of the primary or secondary endpoints. This reviewer calculated 
the results by center and found that while the response at the various centers was 
different in magnitude, they trended ir: the same direction in almost all centers. The 
interaction appears to be quantitative in nature, and probably a result of the variability 
of the blood pressure responses. 

ll.B. PROTOCOL NO. 089-029 

Il.B.1. Study Description 

089-029 was a sixteen-center dose-response parallel study comparing placebo with 
three once daily doses of nisoldipine on a background of atenolol 50 mg qd in patients 
with mild to moderate hypertension. Patients were randomized to one of four 
parallel groups, receiving either placebo or nisoldipine 20 mg qd, nisoldipine 40 mg 
qd, or nisoldipine 60 mg qd, over an six week double-blind period. 

Following a two-week placebo run-in period, patients with supine diastolic bluud 
pressure between 100 and 119 mmHg entered a single-blind four week run-in period 
where all received atenolol 50 mg qd, but no other hypertensive therapy. Patients 
who had a supine diastolic blood pressure between 95 and 114 mmHg after the four 
weeks of atenolol therapy were eligible for randomization to one of the four dou!->!c·­
blind treatments, \vhile continuin,; their atenolol therapy. 

A total of 418 patients were enrolled in the ptJ.celio run-in, and 313 continued '·· •ht> 

atenolol run-in period. Most of the patien~s who did not continue were not e:1p:.•1L' 
because their blood pressure had dropped too much while receiving a tenolol. A total 
of 251 patients were randomized to doublL~blind treatment group; 62 to placebo, 62 tu 
nisoldipine 20 mg qd, 63 to nisoldipine 40 mg qd, and 64 to nisoldipine 60 mg qd. 
Three placebo patients dropped out of the studv, as diJ one low dose, five mid-dose, 
and seven higher dose nisoldipine patients. A total oi 2.38 patients were considered 
valid for the efficacy analyses. 

Patients were i!lstructed to take two tablets anJ one capsule each morning prior to 11 
a.m. All patients randomized to nisoldipine besan at 20 mg once daily, and those 
randomized to the lugher dose groups were titr.:ited weekly. The relation~h;p of drug 
administration lll meals was not specified. Tht.> doubk~blind treatment phase la~.ted a 
total of six weeks, with patients e\'aluated at \\"eL•ks 1, 2., 4, and 6. The primary efiic,Ky 
variable was change frmn baseline (mean surine 0131' at week 4 of the single-blind 
atenolol phase) to endpoint (tlw last dllubk·-blind \'isit) supine diastolic blood 
pressure (DBP) at trough, 24 hours pust-dose. Second.:iry efficacy variables included 
change from baseline in standing 0131' and supine and standing SBP. The change 



from baseline during the atenolol phase was also evaluated. Response rates at trough 
were also analyzed, with response define in four different ways, (1) supine DBP no 
more than 90 mmHg; (2) a fall in supine DBP of at least 10 mmHg, (3) supine DBP$ 90 
mmHg or a fall in supine DBP ~ 10 mmHg; and (4) supine DBPs; 90 rnrnHg and a fall 
in supine DBI' ~ 10 mmHg. 

At eight of the 16 centers 24-hour ambulatory blood pressure monitoring (ABI'M) was 
performed at week 3 of the atenolol run-in and at week 5 of the double-blind 
treatment period. The !'.ponsor used the ABPM data to analyze the peak/trough ratio. 
A total of 141 patients (centers 01 through 08) had 24-hour ABPM monitoring, 
including 33 randomized to placebo, 34 to nisoldipine 20 mg, 35 to nisoldipine 40 mg, 
and 34 to nisoldipine 60 mg. 

11.B.2. Sponsor's Analysis 

The szimple >ize fu1 lhis study was selected to give YU% power to detect a difference of 
at least 5 mmHg between the nisoldipine 40 mg group and the placebo group. This 
was calculated using an estimated standard deviation of 8 mmHg. The sponsor 
compared the demographics of the four groups at baseline using the Cochran-Mantel­
Haenszel test (adjusting for center) on sex, race, smoking status, and several other 
factors. The analysis of the previous use of aittihypertensive medications was 
marginally significant with p=0.065. Only three patients had previously been treated, 
and two of those three were randomized to the placebo group. The groups were also 
similar with respect to age, weight, height, and years of hypertension, which were 
compared using an analysis of \'ariance model. 

The sponsor performed both an evaluable patient analysis, i!1cluding patients ·.-:: .' 
least 19 days of double-blind therapy, and an intent-to-treat analysis including all 
patients who had at least one post-baseline e1·aluation. A last-observation-carried­
forward approach w<!s used to include the al'ailable data from patients who dropped 
out of the study. The initial analysis of l'ariance model for the primary and secondary 
change from baseline endpoints included treatment group, investigator, and 
treatment by investigator interaction terms. The interaction term was dropped if it 
was not sigr.ificant at the .05 level. The initi..il comparison was the average of the 
nboldipine groups 1·ersus placebo. If this was significant then pairwise comparisons 
were done to identify which nisoldipine doses were fa\'ored ol'er placebo. 
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Change from Baseline Blood Pressure 
l\1easuren1ents at Endpoint (LOCF) 

Intent-to-Treat Data Set 

Supine Supine Standing Standing 

DBP SBP DBP SBP 

Placebo+ Atenolol (N=62) 

Baseline mean 100.74 158.30 102.10 154.20 

Change from baseline -3.90 -0.12 -1.66 +2.30 

Nisoldipine 20 mg + Atenolol (N= 62) 

Baseline mean 100.58 158.19 102.13 153.81 

Change from baseline -10.00 -12.51 -8.85 -10.14 

p-valuc vs placebo 0.0001 0.0001 0.0001 0.0001 

Nisoldipine 40 mg+ Atenolol (N= 62) 

Baseline mean 100.97 159.32 103..16 157.22 

Change frorr, baseline -12.01 -19.03 -12.39 -21.75 

p-value vs placebo 0.0001 0.0001 0.0001 0.0001 

Nisoldipine 60 mg+ Atenolol (N= 64) 

Baseline mean 100.81 160.90 102.32 155.72 

Change from baseline -13.73 -22.38 -14.30 -21.89 

p-value vs placebo 0.0001 0.0001 0.0001 0.0001 

Nisoldipine versus placebo 0.0001 0.0001 0.0001 0.0001 

Interaction p-valuc 0.1107 0.3041 0.5361 0.4636 

The results of the sponsor's analysis of their evaluable patient data set were similar, 
with all of the activt: drug groups demonstrating a highly statistically significant 
differen::e from the rlacebo group. The s.;me was true of the analysis at each of the 
various time points after the first week of double-blind therapy. Each active treatment 
group tended to read1 a plateau in blood pressure response after two or three weeks of 
double-blind therapy, and the results were very collsistcnt beyond that point. The 
treatmellt by center interaction term was significant at the .05 level for the analysis of 
supine DBI' at the first doublL~blind visit, but l\ot for the secondary blood pressure 
variables at that visit, nor for any blood pressure variables at later visits or at 
endpoint. 

8 



The response variables also demonstrated results similar to the change from bas..?line 
blood pressure values, as can be seen below. 

Response Rates 

Nisoldipine Nisoldipine Nisoldipine 

Placebo 20mgqd 40mgqd 60mgqd 

N=59 N=61 N= 59 N= 59 

A) DBP ~ 90 mmHg 19 (32%) 34 (56%) 40 (68%) 39 (66%) 

B) DBP decrease;:: 10 mmHg 14 (24%) 31 (51 %) 40 (68%) 44 (75%) 

The ambulatory blood pressure d .. ta was analyzed by smoothing the hourly means 
from the eight centers using a Fourier transform. The mean trough and peak values 
and trough to peak ratios were obtained from the smoothed data. Peak effect for each 
nisoldipine group was defined as the greatest difference between the nisoldipine 
group and placebo in mea:i change from baseline. Trough effect was defined as the 
24-hour post-dose difference from placebo. 

The peak diastolic blood pr•'S5i.ue response occurred at 3 hours post-dose for the 
nisoldipine 20 mg group, at 23 hours post-dose for the nisoldipine 40 mg group, and at 
one hour post-dose for the nisoldipine 60 mg group. The peak/ trough ratios were 
-5.0/-9.4 = 53%, -12.8/-13.1= 97%, and-12.9/-13.0 = 99%, respectively. The 
corresponding systolic peak/trough ratios were 86%, 100%, and 94%. 

Adverse Events 

Nisoldipine Nisoldipine Nisoldipine 

Placebo 20mgqd 40mgqd 60 mgqd 

N=62 N= 62 N= 63 N= 64 
Patients with ;::: <me event 28 (62%) 37 (60%) 44 (70%) 42 (66%) 

Possibly drug related 14 (23%) 16 (26%) 28 (44%) 28 (44%) 

Serious adverse events 2 (3%) 5 (8%) 2 (3%) 5 (8%) 

Withdrew due to a. e.'s 1 (2'7c) 1 (2%) 4 (6'7c) 4 (6%) 

The most frequently n·ported adverse e\'lmts included headache and peripheral 
edema in the nisoldipine groups. The most frequently reported adverse events in the 
placebo group included rhinitis, peripheral edema, and headache. Adverse events 
were most likely to occur early in the study (prior to week 4), although th·~y continued 
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to occur at a reduced level throughout the study. There were no deaths reported 
during this study. 

II.B.3. Reviewer's Comments 

This study demonstrated that nisoldipine treatment resulted in additional blood 
pressure reduction when used in the presence of atenolol. The primary and 
secondary endpoints all demonstrated statistically significant reductions in blood 
pressure during the six week study. This reviewer again performed several 
alternative analyses and found that the results were robust. 

The results also demonstrate a dose-response trend for the 20 mg qd through 60 mg qd 
doses of nisoldipine in both efficacy and safety. The higher dose groups consistently 
showed a greater reduction in each of the blood pressure measurements, and also an 
increasing number of adverse events. This study again involved a forced titration, 
and many of the patients in the higher dose groups possibly had an adequate blood 
pressure response at lower doses and did not need the additional risk of adverse 
events which came with the additional blood pressure reduction. This reviewer feels 
tilat doses of nisoldipine lower than those studied here might be adequate for many 
patients. 

The protocol stated that the original model for the analysis of the blood pressure 
variables would include an interaction term, but that the interaction term would be 
dropped if it was not significant at the .05 level. The test for interaction is a test with 
very low power and therefore interaction is usually tested at the .15 level. Using this 
lc\·cl, the primary endpoint, supine DDP, demonstrated a significant treaL'Tlent by 
center interaction in the endpoint analysis for bo~h the evaluable patient data set 
(p=0.1478) and for the intent-to-treat data set (p=0.1107). This reviewer calculated the 
results by center and compared them. The centers vary substantially in the response 
of the various nisoldipine groups, but in no case did the placebo group have a greater 
response to therapy than did the treated groups. 

11.C PROTOCOL NO. 089--039 

II.Cl. Study Description 

D89-039 was a four-arm parallel study Ccl!nparing placebo, two once daily doses of 
nisoldipine, 20 mg. and 40 mg, and \·erapamil 240 mg bid, in patients with mild to 
moderate hypertension. The protocol for the sixteen center study included a fifth 
group randomized to nisoidipine. 80 mg qd, but this group was dropped shortly after 
the beginning of the study (not prior to randomizdion) after the sponsor received 
information from another study that nisoldipine dnses in excess of 60 mg qd were not 
well-tolerated .. 

After a four week washout period, patients who had an average supine DBP between 
95 and 114 mmHg on each of <11e last two pre-randomization visits were eligible for 
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randomization to double-blind treatment. Blood pressure measurements were taken 
at trough (24 hr± 30 minutes post-dose). The double-blind. portion of the study lasted 
12 weeks, but patients randomized to placebo were switched to veraparnil 240 mg qd 
for the final four weeks of the study. 

A total of 413 patients were enrolled in the placebo run-in period, and 320 were 
randomized to treatment group; 75 to placebo, 78 to verapamil, 76 to nisoldipine 20 
mg qd, 76 to nisoldipine 40 mg qd, and 15 to nisoldipine 60 mg qd. Eleven patients 
randomized to the placebo group dropped out before the end of the study, as did five 
verapamil patients, 12 low dose nisoldipine patients, and 12 medium dose nisoldipine 
patients. The IS patients who had been randomized to high dose nisoldipine were 
dropped from the study when that arm was deleted, so 265 patients completed the 
study A total of 290 patients were considered valid for efficacy anal.yses. 

Patients were instructed to take two tablets and one capsule each morning prior to 11 
am. and another capsule 12 hours later. All patients randomized to nisoldipine 
began at 20 mg once daily, and those randomized to the 40 mg dose were titrated after 
one week. The relationship of drug administration to meals was not specified. The 
double-blind treatment phase lasted a total of eight weeks at the original randomized 
dose groups, followed by four weeks where the placebo group received verapamil 240 
mg qd and the other three groups remaineJ O!i their randomized therapy. Patients 
1,·ere evaluated weekly for the first four weL:,s, and then biweekly for the rest of the 
~!'..ldv. 

The primary efficacy variable was change from baseline (defined as the mean of six 
readings, three taken at week 3 and three at week 4 of the placebo run-in period) to 
endpoint (defined as week 8 of the double-blind portion of the study) in supine 
diastolic blood pressure (DBP) at trough, 24 hours post-dose. The primary efficacy 
comparison was between the 40 mg qd nisoldipine group and the placebo group. The 
cornp.lrison of the 20 mg qd nisoldipine group and the placebo group was of secondary 
importance. Secondary efficacy variables included trough standing DBP and supine 
and standing systolic blood pressure (SBP). Response rates at trough were also 
analyzed, with re&ponse define in four different ways, (1) supine DBP no more than 90 
mmHg; (2) a fall in supine DBP of at least IO mmHg, (3) supine DBP:s; 90 rnmHg or a 
fall in supine DBP ~ 10 mmHg; and (4) supine DBP~ 90 mmHg and a fall in supine 
DBP ~ 10 mmHg. 

At eight of the 16 centers 24-hour ambulatory blood pressure monitoring (ABPM) was 
performed at week 3 of the placebo run-in and al week 7 of the double-blind treatment 
period. The sponsor used the ABPM data to analyze the peak/trough ratio. 
A total of 141 patients (centers 01 through 08) had 24-hour ABPM monitoring, 
including 34 randomized to placebo, 36 to vcrapamil, 35 to nisoldipine 20 mg, and 36 
to nisoldipine 40 mg. A total of 163 patients (centers 06 through 13) had 12-hour post­
dose in-house blood pressure readings (every t\\"O hours) at week 4 oi the placebo run­
in and al week 8 of the double-blind treatment period. 
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ll.C.2. Sponsor's Analysis 

The sample size for this study was selected to give 90% power to detect a difference of 
at least 5 mmHg between the nisoldipine 40 mg group and the placebo group. This 
was calculated using an estimated standard deviation of 8 mmHg. The sponsor 
compared the den~ographics of the four groups at baseline using the Cochran-Mantel­
Haenszel test (adjusting for center) on sex, race, smoking status, and use of previous 
antihypertensive medications, and no significant differences were found. The groups 
were also similar with respect to age, weight, height, and years of hypertension, which 
were compared using an analysis of variance model. 

Change from Baseline Blood Pressure 
Measurements at Endpoint (LOCF) 

Intent-to-Treat Data Set 

Supine Supine Standing Standing 

DBP SBP DBP SBP 

Placebo (N=75) 

Baseline mean 99.76 154.69 100.58 151.18 

Change from baseline -4.30 -1.93 -2.09 -2.40 

Nisoldipine 20 mg qd (N=75) 

Baseline mean 99.99 152.67 100.80 1 ::: ,..... ~ 

Change from baseline -7.97 -10.17 -6.99 -11.42 

p-value vs placebo 0.0004 0.0001 0.0001 0.0001 

Nisoldipine 40 mg qd (N=76) 

Baseline mean 100.35 154.22 101.27 150.20 
Change from baseline -11.22 -15.50 -11.34 -14.90 
p-\·a!ue vs placebo 0.0001 0.0001 0.0001 0.0001 

Verapamil 240 mg bid (N=78) 

Baseline mean 99.95 151.67 100.66 148.62 
Change from baseline -14.48 -14.79 -13.21 -14.95 
p-value vs placebo 0.0001 0.0001 0.0001 0.0001 

Interaction p-value 0.6287 0.1693 0.5060 0.6371 
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The sponsor performed both an evaluable patient analysis, including those patients 
with at least two post-baseline evaluations who were not protocol violators, and an 
intent-to-treat analysis including all patients who had at least one post-baseline 
evaluation. A last-observation-carried-forward approach was used to include the 
available data from patients who dropped out of the study. The initial analysis of 
variance model for the primary and secondary change from baseline endpoints 
included treatment group, investigator, and treatment by investigator interaction 
terms. The interaction term was dropped if it was not significant at the .OS level. 

The results of the sponsor's analysis of their evaluable patient data set were similar, 
with all of the active drug groups demonstrating a highly statistically significant 
difference from the placebo group. The same was true of the analysis at each of the 
various time points after at least two weeks of double-blind therapy. Each active 
treatment group tended to reach a plateau in blood pressure response after two or 
three weeks of double-blind therapy, and the results wer-e very consistent beyond that 
point. The treatment by center interaction term was significant for some visits, but 
not for the final two visits or for the endpoint values for either data set. 

The response variables also demonstrated results similar to the change from baseline 
blood p.essure values, as can be seen below. 

Response Rates 

Nisoldipine Nisoldipine Verapamil 

Placebo 20mg qd 40 mgqd 240 mg bid 

N=70 N=72 N=76 N=72 

Al DBP :5 90 mmHg 19 (26%l 35 (50%l so (69%) 62 (82%) 

Bl DBP decrease? 10 mmHg 10 (14%) 28 (40%l 47 (65%) 59 (78%) 
C) A) or Bl 20 (28%) 38 (54%) 53 (74%) 67 (88%) 

Dl A) and B) 9 (13%) 25 (36%) 44 (61 %) 54 (71 %) 

The ambulatory blood pressure data was analyzed by smoothing the hourly means 
from the eight centers using a Fourier transform. The mean trough and peak values 
and trough to peak ratios were obtained from the smoothed data. Peak effect for each 
nisoldipine group was defined as the greatest difference between the nisoldipine 
group and placebo in mean change from baseline. Trough effect was defined as the 
24-hour l)OSt-dose difference from placebo. 

The peak diastolic blood pressure response occurred at 4 hours post-dose for the 
nisoldipine 20 mg group, at 24 hours post-dose for the nisoldipine 40 mg group, and at 
4 hours after the morning dose for the verapamil 240 mg bid group. The peak/ trough 
ratios were -6.7 /-9.7 = 66%, -11.7 /-11.7 = 100%, and -11.1 /-12.9 = 86%, respectively. The 
corresponding systolic peak/trough ratios were 66%, 100%, and 78%. 
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Adverse Events 

Nisoldipine Nisoldipine Verapamil 

Placebo 20mgqd 40mgqd 240mgbid 

N=75 N=76 N=76 N=78 

Patients with <: one event 48 (64%) 49 (64%) 57 (75%) 55 (71 %) 

Possibly drug related 34 (45%) 33 (43%) 42 (55%) 39 (50%) 

Serious adverse events 7 (9%) 9 (12%) 12 (16%) 3 (4%) 

Withdrew due to a. P.'s 3 (4%) 10 (13%) 11 (14%) 4 (5%) 

The overall incidence of adverse events was not statistically significantly different for 
the four treatment groups. The most frequently reported adverse events included 
headache and peripheral edema in the placebo group and both nisoldipine groups. 
The most frequently reported adverse events in the verapamil group included 
constipation and headache. Adverse events were most likely to occur early in the 
study (prior to week 4), although they continued to occur at a reduced level 
throughout the study. There were no deaths reported during this study. 

II.C.3. Reviewer's Comments 

This study clearly demonstrates the efficacy of nisoldipine when compared to placebo 
in the treatment of mild-to-moderate hypertension. A dose-response exists for both 
diastolic and systolic blood pressure, and for adverse events. The differential between 
the groups appeared within a few weeks of treatment, and was consistent for the rest 
of the study. This reviewer again analyzed the data using several other models, and 
found the results to be consistent. 

The group randomized to verapamil consistently demonstrated results which were at 
least as good as the higher nisoldipine dose, and were often superior (although not 
often statistically significantly better). The response rates for the verapamil group 
were also higher than those of the nisoldipine groups. The sponsor stated that 
verapamil is often used as once-a-day therapy, and the twice-daily dosing used in this 
study could have given that group an advantage over the once-daily dosing of 
nisoldipine. Although the verapamil group did not usually achieve statistical 
significance when compared to the nisoldipine groups, the study was not powered as 
an equivalence trial and the results should not be interpreted as showing the 
treatments are the same. 

11.D. OTHER HYPERTENSION STUDIES 

II.D.1. Study Descriptions 

The sponsor submitted the results of three additional placebo-controlled clinical trials, 
two which were carried out in the United States. These studies lend supportive 
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evidence of the efficacy and safety of nisoldipine in the treatment of mild to moderate 
hypertension. 

Study 088-054 was a pilot parallel dose-ranging eight-center study comparing placebo 
with three once daily doses of nisoldipine, 10 mg. 20 mg. and 30 mg over a four week 
period. This was the first exploratory clinical trial carried out in the target population 
and approximately 30 patients were randomized to each dose. The 20 mg and 30 mg 
dose groups both achieved statistically significantly greater reductions in supine OBP, 
supine SBP, and standing SBP than did the placebo group. 

Study 089-026 was a pilot parallel dose titration study comparing placebo with 
nisoldipine, 10 - 40 mg once daily over a nine w-'!ek period. Patients randomized to 
nisoldipine received 10 mg qd for the first week and were titrated upward an 
additional 10 mg on a bi-weekly basis if their supine DBP remained ~ 85 mmHg at 
trough. A total of 72 patients were randomized to n.isoldipine and 34 to placebo, 
which was also titrated based on blood pressure response. At the end of the nine 
weeks of treatment 6% of the nisoldipine patients remained at 10 mg qd, 6% were 
receiving 20 mg qd, 30% were receiving 30 mg qd, and 57% had been titrated to 40 mg 
qd. The nisoldipine group achieved statistically significantly greater reductions in 
supine and standing DBP and SBP. 

Study 090-006 was a parallel multicenter study comparing placebo with three once 
daily doses of n.isoldipine, 10 mg. 20 mg. and 30 mg over a six week period. This study 
was carried out in South Africa. All patients randomized to niso!dipine begu.n at 10 
mg qd and were titrated to their assigned dose after one week. Approximately 50 
patients were randomized to each group. In the endpoint analysis all three 
nisoldipine groups achieved statistically significantly greater reductions in supine and 
standing DBP and SBP than did the placebo group. 

IV. OVERALL SUMMARY AND CONCLUSIONS 

"ihe sponsor submitted the results of six trial involving patients with mild-to­
moderate hypertension, including three Phase III studies performed in the United 
States. Study 090-019 was a dose-response study comparing two doses of nisoldipine 
(30 mg and 60 mg) with placebo in once-daily dosing. Both nisoldipine dose groups 
had statistically significantly b 0 tter reduction in blood pressure than did the placebo 
group, and the groups demonstrated a dose-response relationship for both efficacy and 
safety. Study 090-029 compared placebo with three once daily doses of nisoldipine (20 
mg, 40 mg, and 60 mg) on a background of atenolol 50 mg qd. All three 
nisoldipine/atenolol groups had statistically significantly better reduction in blood 
pressure than did the placebo/atenolol group. The responses trended in a dose­
response order for both blood pressure reduction and for adverse experiences. Study 
090-039 was a four-arm placebo and active-controlled study comparing two doses of 
nisoldipine (20 mg and 40 mg) with verapamil 240 mg bid and placebo. The 
nisoldipine groups had statistically significantly better reduction in blood pressur<.: 
than the placebo group. The verapamil group had a somewhat better response than 
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did the nisoldipine groups, although the results were not often statistically significant. 
However, this trial was not designed as an equivalence trial, and was under-powered 
tu detect the differences seen in the study. The study could not detect a difference, but 
that does not imply that the treatments are the same. 

Clearly the nisoldipine doses studied in this trial (20 mg to 60 mg, qd) are effective at 
lowering blood pressure. What is not clear is that the dose ran0e has been adequately 
examined, especially at the lower end. The maximal dose appears to be limited by 
adverse reactions. This reviewer feels that doses of nisoldipine lower than those 
studied here might be adequate for many patients and should be examined. 

There were two potential problems in the design of these studies. The original model 
for the primary analysis of variance included a treatment by center interaction term 
which was dropped if the p-value for interaction was less than .OS. The test for 
interaction is a very low powered test, and interaction is usually tested at the .15 level. 
The results of these studies were robust whether or not an interaction term was 
included in the model, and the interactions which were statistically significant 
appeared to be qualitative rather than quantitative. These studies each involved 
multiple doses of nisoldipine, and none of the analysis plans included adjustments 
for multiple comparisons. The p-values that resulted from the analyses, however, 
were all less than 0.001, and thus could stand up to a Bonforonni adjustment. 

The O\'Crall summary and conclusions section may be conveyt:d to the sponsor. 

Concur: 

1~ y- ;y 

lb 

Nancy D. Smith, Ph.D. 
Mathematical Statistician 
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!\DA No: 20-356 
Date or Document: November 14, 1994 
Generic Name: Nisoldipine 
Brand Na.ne: NISOCOR 
Formulation~ Nisoldipine CC (Extended Release Tablets) 
Sponsor: Miles Incorporated 
Type of Submission: NDA Amendment 
Reviewers: Olof Borga, Ph.D. and Alfreda Burnett, Ph.D. 

BACKGROU1''D 

JcI 

Nisoldipine is a dihydropyridine calcium antagonist, similar to felodipine. NISOCOR tablet contains 
either 10, 20, 30, or 40 mg of nisoldipine as a Coat-Core (CC) formulation: the coat is a slow release 
formulation while the core is a fast release formulation. Previous studies with felodipine (I), 
nifcdipine (I) and nitrcndipinc (2), all dihydropyiidines (DHPs), have shown that simultaneous intake 
of grapefruit juice increases the bioavailability of the DHP drug. These drugs are all subject to first­
pass metabolism, and the mechanism of interaction is believed to be inhibition of cytochro'lle P450 
3A4 respom:blc for this step. Grapefruit juice is known to contain high amounts of flavonoids, 
mainly present as glycosidcs, which probably undergo hydrolysis in the intestine to the corresponding 
aglyconcs and sugar,; (3). In vitro stuclies in rat and human liver microsomes have shown that the 
aglycones, mainly narcngenin, qucrcitin, and kaempferol all have inhibitory potency with regard to 
the metabolism of DHPs (4). 

The sponsor has conducted a clinical study to investigate the possibility of an interaction between 
grapefruit juice and NJSOCOR (nisoldipinc cc) with respect to the pharmacokinetics and 
ph::.rm::.codynarnics of nisoldipinc and its major metabolites in plasma. An account of the study has 
also been published (5). 
References: 
1 Baiky, D.G, ct al. ln:eraction of citrus juice; \1ith fdodipinc and nifedipinc. Lancet 1991, Feb 2; 
337(8736): 268-269. 
2. Soons, P.A., ct al. Grapefruit juice and cimetidine inhibit stereoselective m::tabolism of 
nitrcndipine in humans. Clin Pharrnacol Thcr 1992; 50(4): 3S·4-403. 
3. Buening, M. K., ct al. Activation and inhibition or bcnzo(a)pyrenc and aflatoxin Bl met2.bolism in 
human liver microsome:. Ly naturally occuiing tlavonoid. Cancer Res 1981; 41: 67-72. 
4. l\!;niscalco, A., ct al. Inhibition of dihydropyridine metabolism in rat and human liver microsomes 
by tlavonoiJs found in grapctruit juice. J Exp Pharmacul Thcr, 1992; 261(3): 1195-99. 
5. Bailey, D.G., ct al. Effect of grapefruit juice and n:.ri::gin on nisoldipine pharmacok.inetics. Clin 
Pharm::tcol Ther 1993; 54(6): 5S9-94. 

SY:->l'PSIS 
The s1xrns<.•r has submitted a flxxl-drug intcra·ction s:udy. The primary objective was to im ~stigate a 
1x1ssibk int\'raction between grapefruit juice :i:-:J n:so!~;pinc cc with respect to the pharmacukicctics 
of nisu!Jq1inc (BAY k 5552) anJ its major pl.isrn.1 1::ct;1h,1li:cs (the hyd:ox) b:cd metabolite B.-\ Y r 
9425 and the pyridine metabolite BAY 0 3199). The scco1Hfa1y objective was to investigate the 
hypothesis that one biotbvoncid, naringin, in grapdruit juic~ is ri:sponsibk for th.: proposed 
intcrncti,111. The study was con,JuctcL; in 12 r.Nmut·:nsisc 1mk subjects. Subjcds ramlumly receiscd 
c;tch of '.I t:c\ttn:cnts 011 '.I s:p.ir~.:c stu.!y da)S. scp.tr.1:,,! by a \1asl:out l'erioJ of at lc:Jst 7 days. B:ooJ 
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pressure and heart rate assessments and determination of plasma concentrations of nisoldipine and its 
two major plasma metabolites were carried out for 48 hours after each treatment. Also, included in 
this submission is the proposed annotated package insert for NISCCOR (nisoldipine). 

STUDY SUl\L\lARY 

See Ap!JCndix. 

CONCLUSION: 
The sponsor has demonstrated that 
a) grapdruit juice alters the pharmacokinetics of nisoldipine cc in healthy subjects 
b) naringin docs not appear to be the bioflavon0id in grapefruit juice responsible for the interaction 
c) all treatments produced minor effects on supine blood pressure and heart rate, probably because 
~ubjects were normotcnsivc 

LABELING CO:\l:\IEl'iTS: The following wording is suggested by the firm:"In a study of twelve 
healthy m;;:..: subjects, the hwavailability of nisoldipine was increased by as much as 3-fold when 
taken with grapefruit juice, compared to when taken with water. A similar finding has been seen with 
some other dihydropyridine calcium antagonists, but to a somewhat lesser extent than seen with 
nisoldipine." We suggest the following wording:"In a s1Hdy in tweh·e healthy male subjects, the 
AUC of nisoldipine was increased up to 4-fold (mean 75%) and C.,,. increased up to 7-fold 
(mean 350%) when taken with grapefruit juice, compared to when taken with water. TI1is is 
probably caused by inhibition of first-pass elimination or the drug. A similar interaction has 
been seen with vthcr dih)·drop)Tidinc calcium antagonists, but to a somewhat lesser e:..1ent." 

RECO:\l!'\IENDATION: 
The Division of !3iopharmaccutics rccom1rcnds tilat the labd be amended to reflect that after intake of 
grapefruit juice: 
a) In l~ healthy maks the C 0,., of nisoldipinc incrcascJ up to 7 ·fold. The mean c . .., increased 350:~. 
b) The AUC,,_., increased up to 4-fold. The mean AUC,,.., incrcascd approximately 75 % . 
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T}'.Pe of submission: new molecular entity. Reviewer: Patrick J. Marroum. 

Synopsis: 

-The sponsor has adequately studied the pharmacokinetics (single and multiple dose) of 
nisoldipine coat-core tablet. 
-Dosage form proportionality has been established between the 20 and 30 mg tablets only but 
not betw~n the 20 and 40 mg strengths. 
-Dose proportionality was established for AUC and CMAX in the dosing range of 20 to 60 mg. 
The 10 mg lablet strength gave more than dose proportional plasma levels when compared to 
the higher strengths.. · 
-The effect of food on the rate and extent of nisoldipine absorption was investigated in 3 separate 
studies. Food increased CMAX by up to 300 % while decreasing AUC by up to 26 %. 
-Adequate studies have been performed in elderly normal and hypertensive subjects. 

·· -The effect of liver and renal disease has been adequately characterized in this NOA. 
-Drug interaction studies between nisoldipine and warfarin, c .. netidine, ranitidine, digoxin, 
quinidine, propranolol and atenolol have been ·performed. 
-The sponsor failed to characterize the effect of gender on the pharmacokinetics of nisoldipine. 
-The sponsor has adequately validated the gas chromatographic assay used in these studies. 
-The sponsor attempted to correlate the in vitro dissolution with the in vivo performance of 3 
different formulations of nisoldipine but failed to est3blish any relationship due to the fact that 
nisoldipine undergoes site specific gut wall metabolism. 
-The dissolution method proposed by the sponsor for nisoldipine C.C. seems to be acceptable 
with the specifications recommended by the Division of Biopharmaceutics. 

RECOMMENDATION: 
• 

.. The sponsor's NOA 20-356 appears t<' be acceptable for meeting the biopharmaceutics 
requirements provided that the comments on Pages 13 to 15 are adequately addressed by the 
sponsor. 

l 
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Appendix I !Study Summaries> 

" 

Study 
400 

Study 
16626 

Study 
19611 

Study 
3647 

Study 
0637 

Study 
600 

Study 
606/618 

Study 
085-024-01 

Study 
091-035 

Study 
645 

· Nisoldipine biotransformation in man. 

·. Biotransformation of nisoldipine in 
rat, dog, monkey and man 

14C BAY KI5552 binding to human plasma proteins and 
erythrocyte plasma partitioning in vitro for the racemate 
and its enantiomers. 

Estimation of the bioavailability of nisoldipine in man 

Study to investigate the absolute bioavailability of 
controlled release formulation of nisoldipine. 

Evidence for differences in gut wall metabolism of 
nisoldipine depending on absorption site. 

Nisoldipine enantiomers-Assessment of pharmacokinetics 
by stable isotope technique. 

Pharmacokinetic dose proportionality 
study of nisoldipine 2, 5, 10, 20 mg 
tablets in normal subjects. 

A randomized, single dose, 4 way crossover study 
of the dose proportionality and tolerability of 
JO, 20, 40 and 60 mg nisoldipine coat-core tablets 
in healthy volunteers. 

Investigation of the pharmacokinetics 
and tolerability of a cor.trolled release 
formulation of nisoldipine under steady-state 
conditions in comparison with the immediate 
release tablet. 

21 -~ _i; .• 

25 

29 

37 

41 

43 

48 

55 

60 
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Study 
KF 715 

Study 
632 

Study 
666 

Study 
0323 

Study 
092-045-02 

Study 
712 

-- Study 
563 

Study 
090-026-01 

Study 
092-001 

Study 
384 

Study 
349 

Pilot study on the pharmacokinetics and tolerability, of ' " 4, · 
3 different controlled release formulations of nisoldipine · . 
in comparison to the IR tablet after oral single administration. 

Clinical study on the influence of food and 
time of administration on the pharmacokinetics 
of controlled release nisoldipine. 

Pharmacokinetics and tolerability of nisoldipine .· 
taken after breakfast and on an empty stomach. 

The effect of food on the pharmacokinctics of 30 
and 40 mg nisoldipine tablets in healthy male 
volunteers. 

A study to determine the single dose and steady state 
pharmacokinetics of nisoidipine coat-core tablet 20 mg 
in elderly and young volu11teers and in elderly hypertensives 

A study to investigate the acute and short term pharmacokinetic 
profiles of nisoldipine in elderly and normo!Cnsive volunteers. 

The effect of cirrhosis on the steady state pharmacokinetics of 
nisoldipine coat-core sustained release tablets. 

Influence of renal function on the pharmacokinetics of nisoldipine 
C.C. tablets after single and multiple dosing. 

A randomized double blind, placebo controlled study to investiga~ 
the possible influence of nisoldipine on quinidine plasma levels. 

Tu iuvi;;.Ligatc the existence ot a possible interaction between 
nisoldipine and warfarin. 

79 · <t,i ,'.~n:t-.. ~· 
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84 

88 

.93 

99 

104 

118 

122 

126 

139 

144 
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Study 
704 

.. , ... 
• Interaction study. Comparative investigation of safety, tolerabilitj, · · 
phannacodynamics and pharmacokinetics of nisoldipine C.C. 
and propranolol given alone and in combination at steady state. 

Study 
392 

Studies of the hemodynamic and pharmacokinetic interactions 168 
between the beta blockers atenolol and propranolol and the 
calcium antagonist nisoldipine in normotensive subjects. 

Study 
413 

Clinicopharmacological investigations on interaction of 183 
nisoldipine and aigoxin. 

Study 
090-022 

A controlled double blind, ascending, multiple dose study of 186 
the safety, tolerability, and pharmacokinetics of nisoldipine 
coat-core tablets in hypertensive patients. 

Study 
088-059 

Double blind placebo controlled paraliel, multi;>le dose pharmacokmeticl 196 
pharmacodynamic study of 4 different doses of coat-core 
nisoldipine tablets in hypertensive patients. 

Study Efficacy and safety of once daily nisoldipine coat core 20, 40 and 60 mg 205 
0374 (2x30) tablets vs pla.:ebo in patients with stable cxertional angina pectoris. 

Proposed dissolution method with specifications. 209 

In-vivo in-vitro correlation. 221 

The following studies were not reviewed because they either pertain to the immediate release 
formulation which is not subject for approval under this NOA or were not deemed pertinent for 
the approval of nisoldipine C.C. 

Study Investigation of the relation between the systemic bioavailability 
339 and the dose of BAY K.5552 in healthy subjects. 

Study Pla~ma concentrations after oral administration of capsules and 
115 tablets (micronized substance and coprecipitate) to healthy volunteers. 

Study Investigation into the bioequivalence of various oral formulations 
297 of nisoldipine in healthy volunteers by a crossover tri~. 

·, i· ... ·---~~~ 
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Study 
085-037 

Study 
116 

Study 
330 

Study 
102-106 

Study 
125 

Study 
294 

Study 
452 

Study 
364 

Study 
399 

Study 
088-054 

Study 
089-029 

Study 
089-039 

Study 

Plasma concentrations after oral administration of different doses 
( 6 to 20 µglkg) of BAY K5552 to healL':y test subjects. 

Plasma levels in volunteers after o~al administration of 10 and 20 mg 
of BAY K5552 in the form of tablets. 

Plasma concentrations during treatment with BAY K5552 of hypertensive · 
patients with impaired liver function. 

Pharmacokinetics and hemodynarnic effects of nisoldipine in patients 
with liver cirrhosis after PO and IV administration. 

· N isoldipine pK in renal dysfunction. 

Pharmacokinetics and hemodynamic effects of nisoldipine and its 
interaction with cimetidine in healthy volunteers. 

Comparative double blind pilot study of the safety and efficacy 
of once daily doses of nisoldipine 10, 20, 30 mg CC tablets vs 
pbu:bu in hypcrU:n!>ive palitnts. 

Double blind randomized study of safety and efficacy of once daily 
doses of nisoldipine 20, 40 and 60 mg (2x30 mg) CC tablets vs placebo 
in combination with atenolol 50 mg in hypertensive patients. 

Comparative double blind study of safety and ~'.·:1cacy of once 
daily doses of nisoldipine 20, 40 and 80 mg CC tablets vs a 
twice daily doses of verapamil SR 240 mg caplets vs placebo 
in hypertensive patients. 

A double blind randomized study of the safety and effiC<icy 
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'088-060 

Study 
0417 
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Appendix II: ·, , 

I-Metabolic scheme for nisoldipine. 231 

2-Compositional formula for the 10, 20, 30 and 40 mg strength coat-core tablets. 232 

3-Mean dissolution profiles for the 5, 10, 20, 30 and 40 mg tablets. 233 

4-Plots of AUC and CMAX vs Gender for Study 712. 239 

5-Annotated package insert. 243 

Background: 

Nisoldipine is a dihydropyridine calcium channel blocker. It is 3,5-pyridinedicarboxylic acid, l ,4-
dihydro-2,6-dimethyl-4-(2-nitrophenyl)-methyl 2-methylpropyl ester.It has the fol'.owing 
structural formula: 

H,cooc 

N 
I 
H 

'<0, 

Nisoldipine is a yellow crystalline substance, practically insoluble in water but soluble in 
ethanol. No information about the octanol/water partition coefficient was submitted in this NDA. 
It has a molecular weight of 388.4. Nisoldipine coat core tablets consist of an external r.oat and 

.internal core. Both contain nisoldipine, the coat in a slow-release formulation and the core in 
a fast-release formulation. Nisoldipine CC tablets contain either 10, 20, 30 or 40 mg of 
nisoldipine for once a day oral administration. 

' . 
'·--/ 
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~~~fe.,~·-.":· 'Nisoldipine ~.c~li!indl~' 51~ e '_ . : '~ . _ 
~-• ..:-.41;-.i> , •.• combination with~ilief~im'fili~ , h!~~e11~~nfge •. , _ . __ _ 
: "" "" _ mg orally once ~ily: ·Tue\\lSufil ·m:Jih'ienaricC:(lqsagetiS'\!O o( "' ~. _ __ _ 

40 mg are not recommended;'·; -\· ,,,,,<;~; ,_, .'.··-~·i;l\''•- ,,,~,, -;•c" -+-~.;-:;,-}:"i!!-~ 

•. 

It is to be noted that this NDA was first submitted on'March gi-,-1993;~~& 
was_ issued on Mar~h ~· 1994 based on_deficiencies in both the ChemiS~1itt!t~\C:i!qi}~f-~. ·.·.: ~ _ 
secuons of the apphcauon. It was ~esubm1tted to the Agency on-August>3~~~e~r~~ee~fr'!i"·\• 
goal for this application is February 3; 1995_. · - ·- · · °';,'-•,;;~··:l.'.li".;f;;~~-~~*>&;.,i-:1''"·~_..:t 
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SUMMARY OF BJOAVAJLABJLJTY/PHARMACOKJNETICS/PHARMACODYNAMICS: ~li:'•'it" \. '; i\• 

1-BJOAVAJLABJLITY/BJOEOUJVALENCE: l_ •.• 

A-Absolute Bioavailability: 

The absolute bioavailability of 20 mg nisoldipine coat core compared to the dose corrected JV 
dose infused over 1 hour was 5.5 % with a 95 % CJ ranging from 4.8 % to 6.4 %. (Study 
0637). 

B-Food Effects: 

The effect of food on the pharmacokinetics of nisoldipine C.C. was investigated in 2 separate 
studies. Study 666 where a 20 mg nisoldipine C.C. tablet was given fasted, together with a high 
fat breakfast, 1 hour after a high fat breakfast and together with dinner showed· that the 
coadministration with meals remarkably increased CMAX from 26-%( with dinner) up to 48% 
(together with breakfast) with a corresponding shortening of TMAX by about 2 to 3 hours. 
However food did not seem to have any effect on -the extent of bioavailability of nisoldipine 
since there was no difference between the AUCs in fed and fasted states. 
Study 092-045-02 showed that the effect of food was even more pronounced on the 30 f.nd 40 
mg C.C. tablets. Food increased the CMAX for nisoldipine on the average by 250 to 300 % 
(CMAX increased from 1.9 to 4.5 ng/ml for the 30 mg and from 2.7 to 7.5 ng/ml for the 40 
mg strength) while decreasing the AUC by 26 % in the fed state as compared to the fasted state 
(AUC decrca:;t:d from 49.2 to 35.4 ng*hr/ml for the 30 mg and from 70.4 tu 53 ng*hr/ml for 
the 40 mg strength). 
Similar results as far as CMAX is concerned were observed with the 20 mg IR tablet of 
nisoldipine. Food increased the AUC by 28 % and CMAX by 31 % compared to the fasting 
state (Study 323). 

C-Bioequivalence: 

Study 5678 showed that lx40 mg was bioequivalent to 2x20 mg C.C. tablets as far as AUC was 
-concerned since the 90 % C\ of the log transformed AUC was 85.26 to 112.24 %. The same 
could not be said for CMAX because the 90 % CJ of the log transformed Ci~AX was 94.62 to 
140.03 % . Thus, lx40 mg C.C. tablet is considered not bioequivalent to 2x20 mg tablets. 

I 



11.PHARMACOKINETICS: 

" 
The terminal half-life of nisoldipine was estimated tO bC about 7 hours after an fofusion.of!).08 . ' .. 
mg/kg for 20 hours. This corresponded to a systemic clearance of 544 10 768 ml/hr/kg. The · 
volume of distribution was estimated to be between 2.:3 and 3.4 l/kg'(Study 330); '- i · 
Following the administration of nisoldipine C.C. 20 mg once a day for 7 days; the CMAX was 
0.84 ng/ml on day 1 and 1.09 -ng/ml on day 7. The AUCnorm was 40.3 g*hr/I on day 1 and 
58.9 g*hr/l for day 7 giving an accumulation ratio based onAUC of 1.46. CMAX following 
admim:tration of an immediate release 10 mg tablet CMAX was 2.18 ng/ml on d~y 1and1.95 
ng/ml on day 7 indicating that there is no accumulation of nisoldipine with the imme<!iate release 
formulation. The fluctuation index for the IR tablet given bid was 439 3 as <.:ompared to 113 
% following the controlled release formulation (Study 645). · . 
Study 606/618 showed that after IV administration similar plasma concentratJons were obtained 
for both enantiomers. However, after oral administration the concentration cf the ( +) nisoldipine 
(which is pharrnacodynamically more active than the(-)) was about 6 times higher than the(-) 
nisoldipine. The CMAX for the ( +) hydroxy lated dihydropyridine (M9) was 7.6 times higher 
than the (-) enantiomer. 

III-METABOLISM: 

In man, hydroxylation of the isobutyl ester appears· to be the majm biotransformation pathway. 
70 to 80 % of the urinary metabolites in the first 12 hClurs after administration are the 
metabolites M4, M5 and Ml2 (Study 400),(see metabolic scheme in Appendix II). Metabolites 
Ml a:id M2 represent about 10 % of the urine metabolites in man (Study 16626). Only 
metabolite M 12 was hydrolyzable with beta glucuronidase yielding M5 as the aglycon. The only 
metabolite with known activity is BAY r9425 (M9) with 10 % of the activity exhibited by 
nisoldipine and is present in approximately equal concentr:.itions in the plasma as nisoldipine. 
Study 600 provided some evidence that nisoldipine undergoes some degree of gut wall 
metabolism which is decreasing from the proximal to the distal parts of the intestine with no 
metabolism occurring in the colon. 
It is to be noted that even though nisoldipine seems to be extensively metabolized, the sponsor 
did not identify the enzymes responsible for its biotransformation. 

IV-DOSE PROPORTIONALITY: 



.- -~ 

V-SPECIAL POPUpATIONS: 

A.Renal Impairment: 

In µatients with severe renal impairment (creatinine clearance less than 30 ml/min), nisoldipine 
plasma concentrations on day 1 were higher by as much as 2 fold compared to subjects with 
normal renal function. However, this difference seemed to have subsided by day 7. Even 
though renal impairment does not seem to alter significantly the phannacokinetics of nisoldipine 
C.C. and its metabolites. Caution should be exercised in dosing and titrating these patients. 
(Study 092:.001). 

B.Hepatic Impairment: 

Study 090-026-01 shows that liver impairment has a pronounced effect on the pharmacokinetics 
of nisoldipine C.C. since both AIJC and CMAX were increased four fold as compared to normal 
volunteers. Therefore extra care should be exercised when giving this drug to patients with 
impaired liver function. 

C.Elderly: 

Study 563 shows that the plasma concentrations of nisoldipine following the administration of 
10 mg IR for 8 days tended to be higher in the elderly as compared to the young. Cl\~AX was 
1.76 ( +/-0.84)ng/ml compared to 4.96 ( +/-3.22) ng/ml in the elderly. AUC in the young was 
7 ( +/-3. 12) nglhr/ml compared to 15.04 ( +/-9.33) ng/hr/ml in the elderly. However, there was 
no difference in the single dose and multiple dose of nisoldipine in both the young and the 
elderly and there was no accumulation upon multiple dose administration. 
On the other hand, study 712 where 20 mg nisoldipine C.C. was administered for 7 days showed 
that after single dose the elderly normal and hypertensive patients tended to have about 50 % 
higher AUCs than young healthy subjects. CMAX ir. the elderly hypertensives was also about 
50 % higher than either the healthy young or eldnly volunteers. Moreover, upon multiple 
administration, there was a greater tendency for increase in AUC and CMAX for both the 
elderly healthy and hypertensive subjects compare<i to the young. It is to note tl1at there was 
.essentially no accumulation in the young in this study but in the elderly healthy and 
hypertensives, the accumulation ratio was around 'l.. 
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A-Hv.pertension: • j. 

VI-DRUG INTERACTIONS: 

A-Ranitidine: 

Coadministration of ranitidine with nisoldipine C.C. did not have ·any effect on the 
pharmacokinetic.s of nisoldipine (Study 738). 

B-Cimetidine: 

Cimetidine seems to have a pronounced etfect on nisoldipine C.C. pharmacokinetic parameters 
since there was more than 50 % increase in some parameters of interest. Multiple dose 
administration of 400 mg of cimetidine increase nisoldipine CMAX from 1.05 to 1. 74 ng/ml and 
its AUC from 14.97 to 23.2 mcg*hr/I. Therefore, great caution should be exercised when both 
these drugs are administered concomitantly, the patients should be monitored and dose 
adjustments made as necessary (Study 738). 

C-Warfarin: 

Study 349 showed that coadministration of steady state doses between 3 and 10 mg of warfarin 
with 10 mg IR nisoldipine did not have any effect on the pharmacokinetics of nisoldipine. 
Moreover, nisoldipine did not affect the prothrombin times of patients that were on warfarin. 

D-Ouinidine: 

IO 

·~·., 

' 
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·Coadministration of 20 mg nis0ldipjlie~$uies:~ither.aeutely or chronic3lly eaused a significant · · 

.. increase in both AUC and CMAXJor;llt~~l~l~The propranolol.AUC increased from.1556 
· ( +/-) 1135) to 2098 (+I- 1501) with single dose nisoldipine and up to 2482 (+I- 2099) ng.hr/ml 

with multiple dosing of nisoldipine.' CMAX:incrCased from 143 ( +/- 44) ng/ml to 222 ( +/- 67 
) ng/ml with either single cose or multiple;dose.administration of the calcium channel blocker 
(Study 3982). . . . . . 
However Study 704 showed that coadministration of 20 mg nisoldipine C.C .. with 40 mg 
propranolol tid did not have any significant effects on the plasma concentrations of either drugs. 

F-Atenolol: 

Coadministration of 20 mg nisoldipine capsules either acutely or chronically caused a significant 
increase in both AUC and CMAX of atenolol. ·The CMAX for atenolol increased from 455 ( +/-
135) ng/ml to 540 ( +/- 146) ng/ml while ·the"AUC for the beta blocker increased from 5854 
( +/- 2291) ng*hr/ml to 6987 (+I" 2269) ng*hr/ml. These results are very similar to what was 
seen when nisoldipinc was coadministered with propranolol (Study 3982). ' 

G-Beta Acetyl Digoxin: 

Coadministration o'.' 10 mg of nisoldipine IR tablets bid with 0.6 mg/day of beta acetyl digoxin 
did not seem to have any effect on the pharmacokinetics of beta acetyl digoxin (Study 413). 
(Note: In the labelling, the results of this study appear as lack of interaction with Digoxin and 
not acetyldigoxin. This issue was discussed with Dr Chen supervisory Medical Officer HFD 110 
who thought that labelling the results of this study as no interaction with digoxin was 
appropriate.) 

VIl-PHARMACOKINETIC/PHARMACODYNAMIC RELATIONSHIPS: 

The sponsor attempted to establish a pharmacokinetic/pharmacodynamic model in hypertensive 
patients using the results of study D90-022. This pharmacodynamic model was established using 
the program Attract which is based on linear system analysis and methods utilizing hysterisis 
minimization. The sponsor reported that the pharmacodynamic responses (mainly drop in blood 
pressure) follow a sigmoid EMAX model. 
The modelling method used by the sponsor is not valid due to the fact that it is very difficult to 

. see hysterisis with this formulation of this drug (see also the comments following Study D90-
022). 
The Division of Biopharmaceutics attempted to model the pharmacodynamics with the 

11. 



VIII-FORMULATION: 

The coat-core tablet consists of a slowly dissolving coat surrounding a more rapidly dissolving· ··, , ·' ;..~, 
core. Within the coat the active ingredient is finely distributed in a matrix of a hydrophilic gel- ., •. 
forming polymer. On contact with water a swelling process begins at the tablet surface and the 
soft material formed is continuously eroded. The active ingredient contained in the eroded 
material can then be dissolved and absorbed. Initially, the diameter of the tablet and thus its · · ·" 
surface area change very little resulting in a constant release of active ingredient over a period · . .:..>, 
of about 6 to 8 hours (i.e. zero order dissolution kinetics). When the erosion of the coat has 
advanced, the dissolution of the fast-release core causes an increase in the release rate over a 
period of about 2 hours. Thus, the decreasing release rate of drug from the tablet coat (due to 
diminishing tablet surface area) is countered by the rapid dissolution of the c.:ire. 
The composition of the different strengths tablets of nisoldipine Coat Core is summarized in 
Appendix II. 
It is to be noted that all the pivotal clinical trials were done using the to be marketed 
formulation. 

IX-PROTEIN BINDING: 

The plasma protein binding of nisoldipine is very high since less than l % is unbound at a 
·· concentration range between 100 ng/ml and 10 mcg/ml. The binding is primarily to albumin. 

There was no stereoselectivity in binding since both enantiomers had similar degree of binding 
as observed with the racemate. (study 19611) 

X-RED BLOOD CELL PARTITIONING: 

The erythrocyte/plasma partition coefficients are about 0.3 mostly independent of the 
concentration in the range studied 0.1 to 10 mcg/ml. However, the partition between 
erythrocytes and plasma water is very high in the order of 51.i indicating a high affinity of the 
blood cells and other tissues to nisoidipine. There was no difference in partitioning b~tween the 
racemate and its enantiomers. (Study 19611). 

Xi-DISSOLUTION: 

The proposed dissolution method for the coat-core tablet formulation was the USP method II 
(paddle method) at a paddle speed of 50 rpm. The medium was 900 ml of phosphate buffer with 

12 
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. 1% sodium~~. 
-3 hours 
-6 hours . .· . ,., .. .. .. • . . .• . . '" 
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-6 hours: · · '· · · , .. 1 · "·· ·,,\t!l:·.,.· . . . · · · · · .. · 
-12 hours: not less thar "· ' 

XII-IN VIVO IN VITRO CORRELATION; 

An attempt was made by the sponsor ·to correlate the in vitro and in vivo performance of the 
nisoldipine coat-core tablets. However, the sponsor could not establish any level of correlation 
(A,B or C) due to the fact that nisoldipine undergoes variable gut wall metabolism which is 
dependent on the site in the gastro-intestinal tract. · 

XIII-ASSAY: 

Concentrations of nisoldipine and its metabolites from biological fluids were determined using 
capillary gas chromatography with electron capture as a detection mode. Overall, the assay 
methodology as well as its validation were satisfactory. · · 

Comments to be Sent to the Firm: 

1-Nisoldipine appears to exhibit stereospecific first pass metabolism. After P.O. administration 
" the ( +) nisoldipine plasma levels are 6 times higher. Since the ( +) enantiomer of nisoldipine 

is responsible for most if not all the activity of this drug, the sponsor should have used a 
stereospecific assay for all pk studies. 

2-The sponsor did not determine the ratio of the two enantiomers in special populations. The 
sponsor is asked to submit any available data on the ratio of the e!.ll!:~iomers of the parem 
compound as well as any relevant metabolites in dose proportionalitY:"lfhig interaction studies 
and special populations (such as liver impairment patients, elderly etc ... ) as compared to healthy 
volunteers. 

3-The sponsm failed to identify the specific enzymes that are responsible for the metabolism of 
nisoldipine. The sponsor is requested to identify the enzyme systems responsible for the 
metabolism of nisoldipine even though the sponsor believes that there is no need to conduct such 
studies because it is believed that the same enzyme that is responsible for the meui.bolism of 
nifedipine (i.e. 3A4) is also responsible for the metabolism of nisoldipine. Nevertheless, it is 
necessary to confirm this by conducting an in yitro metabolic study. 



... :' ,,,.· 

· .. ·.,., 

5-Based on the pefformanee of the bio lots submitted in this NOA, the follo~ing dissolution test 
and specifications are recommended: "' · . . 
USP paddle at a speed of 50.{pm in 900 ml of phosphate buffer pH 6.8 with 1 % sodium lauryl · 
sulfate 
-3 hours: 
-6 hours: 
-12 hours: not less than 

6-Studies 090-022 and 088-059 do not give the same plasma levels for the 30 mg dose. In the 
first study (090-022) the plasma levels obtained with the 30 mg dose are almost double than 
what was obtained with the same dose in Study 088-059. AUC was 74.28 +/- 7.96 compared 
to 33.097 +I- 6.077 ng*hr/ml while CMAX was 4.79 +/- 0.68 compared to 2.473 +/-0.458 
ng/ml. The sponsor is asked to explain the observed discrepancy between the 2 studies. 

7-In several of the studies, the sponsor did not include any assay validation. It is the Division 
of Biopharmaceutics policy to recommend that a full descriotion of the analytical assay be 
included in the study reports. Data on the linearity, specificity, sensitivity and on the accuracy 
and precision of the analytical methodology should be included in each study report. 

8-The modelling approach taken by the sponsor to analyze the relationship between the pK of 
nisoldipine and its pd was found to be inaoequate by the reviewer due to the reasons outlined 
in the Comments following Study 090-022 on page 189. 

9-ln Studies 090-022 and 088-059, CMAX and AUC (only in Study 090-022) increased in a 
less than dose proportional manner with dose. Yet, the results of Study 091-035 indicate that 
the pharmacokine!?cs of nisoldipine from the coat-core formulation should be linear between 20 
and 60 mg. The sponsor is asked to explain the discrepency in these results. 

10-Quinidine is a known inhibitor of the cytochrome P450 isoenzyme 0116. In the drug 
interaction study between quinidine and IR nisoldipine, the sponsor only measured the plasma 
concentrations of quinidine. The sponsor should have also measured the nisoldipine plasma 
concentrations to see whether quinidine had any effect on the metabolic pathways responsible 
for the metabolism of this dihydroljridine compound. 

l 1-ln tll,I! renal impairment study, the sponsor should have determined the protein binding of 
.nisoldipine. It is not uncommon to see significant protein binding changes which will affect the 
plasma levels of the drug under study. 



13-The Pharmacokinetics and metabolism section of~ei'P . . ,· . . . . d!_be~)m · . 

follows: . • • .·.~·: _'.;~~}' £f1~;:. '":',~<; .. \};~~'&,V 
Phannacokinetics. , 1 ·~.·~-·~".-'Ji~~!;~,~!;.:· . :':''<·. · ~"\,, , .~. Nt 

. . ' .'. ;. ~ . "!_(°~i·i· ···., '1"'!·'1 ' :_ .. --~~;~: . .. ·.·.: '~>~ - -~· ' ·, .. :.~ 
Nisoldipine activity is primarily due to the ( +) enanti~mer; Studi~ ~ith ~iorabelled ~drilg~ ·~4~ 
demonstrated that administered nisoldipine is relatively •well absorbed into.:the :systemic"''i'·t<. "'*f< 
circulation with 87 % of the radiolabel recovered in urine anJ faea:s. Elimination of nisoldipine '· . • .: >: • 
is exciusively by metabolism with no unchanged nisoldipine recovered in the urine. Nisoldipine . o, · · ·;;.;. 
pharmacokinetics are indepe;1dent of dose in the range of 20 to 60 mg. Upon multiple dosing, ~: 
nisoldipine accumulation is predictable from a single dose. The bioequivalency between 2x30 · • 
mg and 3x20 mg nisoldipine has been established. However lx20 vs 2xl0 and 2x20 mg vs lx40 
mg tablets were inequivalent with respect to CMAX. · 
Absorption: The absolute bioavailability of nisoldipine was found to be 5.5 %. Nisoldipine's low 
bioavailability is due to presystemic metabolism with evidence of gut wall metabolism which 
decreases from the proximal to the distal parts of the intestine with no metabolism occurring in ' 
the colon. 
Food has a pronounced effect on the release of nisoldipine from the coat-core formulation. · ' · · 
CMAX increased by up to 300 % and AUC decreased by up to 26 %. However, the food effect 
was not as pronounced on the immediate release capsule since AUC increased by 28 % and 
CMAX by 31 % . Concomitant intake of food with nisoldipine Coat-Core is contraindicated. 
The volume of distribution of nisoldipine after IV administration was estimated to be between 
2.3 and 3.4 I/kg. The plasma protein binding is very high since less than 1 % is unbound over 
the plasma concentrations of 100 ng/ml to 10 mcg/ml. Nisoldipine poorly penetrates into red 
blood cells with a blood/plasma ratio of 0.3 mostly independent of concentration over the range 
of 0.1 to 10 mcg/ml. 
Maximal plasma concentrations of nisoldipine are reached 6 to 12 hours after dosing. The 
terminal elimination half-life ranges from 7 to 12 hours. With a 40 mg tablet of nisoldipinc 
Coat-Core, CMAX was 3.1 ng/ml and the AUC.,.., was 54.3 ng*hr/ml. After oral 
administration, the concentration of the ( +) nisoldipine was about 6 times higher than the(-) 
isomer. 
Metabolism: 11 metabolites have been identified in the urine. In man the major 
biotransformation pathway appears to be th~ hydroxylation of the isobutyl ester. Metabolite M9, 
which is the hydroxy lated derivative of the side chain of nisoldipine, is the only one that appears 
to have any activity (10 % of the parent compound) and is present in equal amounts as 
nisoldipine in plasma. Cytochrome P450 is believed to play a major role in the metabolism of 
nisoldipine, however, the particular isoenzyme system that is responsible for its metabolism has 
not been identified. 
Excretion: No unchanged nisoldipine is eliminated in the urine. 

Special Populations; 



" 

Gender and Race: The effect of gender or race on the pharmacokinetics of nisoldipine has not 
been investigated. 

Disease States: Neither hypertension nor stable exertional angina pectoris alter the 
pharmacokinetics of nisoldipine. 

Drug-Drug Interactions: No significant interactions were found between nisoldipine immediate 
release (IR) and warfarin or beta acetyl-digoxin. However, IR nisoldipine increased plasma 
quinidine concentrations by about 20 % . 
A 30 to 40 % increase in AUC and CMAX of nisoldipine was observed with concomitant 
administration of 400 mg cimetidine twice daily. There was no interaction with ranitidine 150 
mg twice daily .. 
Coadministration of 20 mg nisoldipine IR with 160 mg prupranolol once daily caused a 35 % 
increase in propranolol AUC and 55 % increase in CMAX. The interaction with nisoldipine 
C.C. was negligible. Atenolol's AUC and CMAX were increased by 20 % when coadministercd 
either acutely or chronically with 20 mg lR nisoldipinc capsules. 

9-ln the Dosage and Administration section of the package insert, a statement should be included 
that nisoldipine coat-core should be taken on an empty stomach. 

!P#(J/,i~ 11/la/l11Y 
Patrick J. Marroum Ph.D. 

Biopharm Day October 4 1994 (Collins, Ludden. Malinowski, Fleischer, Chen, Gillespie, 
Parekh, Marroum). ~ Pc 11 /} . J, 
RD/ Ff initialed by A Parekh . ~ II /21/ ?'/ 
cc: NOA 20-356, HFD 110, HFD 426 (Marroum, l~leischer). Chron, Drug, FOi (HFD 19), 
HFD 340 (Vishwanathan), F, CR, A, DI. Pk/PD. RI, A, CD. 
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Effects on the Offspring: There were no significant inLergroup 
differences in number of pups per litter at birth or after 1 and 
2 weeks. However, there was a higher incidence of stillbirths 
and a higher race of neonatal mortality throughout the 2 week 
postpartum study period for offspring of nisoldipine treated 
dams. The body weights of pups in the nisoldipine treated group 
were lower than control at the tC:.me of birth, and after 1 and 2 
weeks. There was no effect on sex ratio at birth or at PPD 14 
(See table which follows). 

POSE TOTAL NO. TOT. ?JO. OF EAil YOUNG 
(MG/1'G) OF YOUNG AT UP TO TIME OF AP'~ER ~ ' 

(ALIVE • LIRTH lST WEIGHING l W?:EK 2 Wi:EK 
DEAD) '?"-

CONTROL 206 2 2 7 q.. ll 

30 221 22* 30** 42*~ <. so•• 

• 1i9nific11nt difference from the control~. p < O.Ol 
••119n1f1cant difference from the cont~ls, p < 0.001 

Cc:7"':ner:::: r:-::e i..-.i.:1-eose ir1 rr,ea.n Cc.!:ation ot gestatior., follov:ed b::· 
a h!gher incidence of stillbirths and a higher rate of neonatal 
mortality thi:oGghoGt the 2 week postpartum study period, acid the 
lower body 1·;ei<:1ht at birth for offspring of n1soldip1ne treatec 
dams, were observed in both the main study and in the present 
study. ':'hese obse,·,·at ions are suggestive of dystocia. Dystoc:a 
is def i.:ied as abncrrnal labcr, \·:hi ch is usuall1-· accompanied b\• 
i~creased duratio!1 o~ labcr and an increaed incidence of -
stillb:~tts a~d ~eo~atal mo~talit~·. 
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BAY k 5552 T 3008896 

BAY K 5552 I T3008898 

(MEAN VALUES AND STANDARD DEVIATIONS FOR THE GRr 

DA'~A FOR ANIMALS ALLOWED TO REAR THEIR OWN YOU" 

INVESTIGATION COt.'TROLS I .u/KG 

DURATION OF GESTATION 21.6 22. l+ 
IN l.lAYS o.5 0.5 

WEIGHT GAIN 93 78.9*** 
DhY 0 to DAY 20 (G) ' 13.3 

WEIGHT GAIN .5 57.7 
DAY 0 to DAY 16 ( G) e.9 6.7 

WEIGHT GAIN 37.5 21.2++ 
DAY 16 to DAY 20 ( G) 8.9 10.2 

( . BCi!:l~ WEIGHT IN G 195. 6 196.6 
DAY 0 F.C. 7 . 2 8.E 

DAY l (; P.C. 251. l 25·C4 
13.3 10.8 

DAY ::o P.C. 288.6 275.5** 
20.2 17.2 

DAY l ,. 222. e 210.2**• 
13.0 16.6 -

l F.P. 240.3 231. l" 
10.5 13.6 

v.'EEKS F. F. 246. 3 245.9 
14.6 14. 3 

I 

N'JHBER OF IHPl-ANTATIONS 10.0 10.4 
3.3 2.0 -

• Significi:nt difference from the controls, p < 0.01 
"'* Signif ican';. difference from the control:;, p < c.02s 
o•sig~.ificant cifference from the controls, p < a.cos 
... Significant difference from the controls, p < 0.001 .... Significant differer.,,e from the controls, ;; < Q.0005 
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BAY k 5552 T 3008898 

BAY K S552/T3008898 

(MEAN VALUES AND STANDARD DEVIATIONS FOR THE GR~ 

DATA ON THE YOUNG 

INVESTIGATION CONTROLS t!G/KG 

NO. OF YOUNG AT BIRTH 9. ~ 8.5 
3. 3 3. l 

' 

AFTER l WEEK 0 8. 4 
3.l 

AFTER 2 WEEKS ; • 0 e.o 
3. l 3. l 

AFTER 3 \•,'EEKS a.o I a.o 
a.a a.a 

WEIGHTS OF THE YOUNG 5,9 5. 3*• 
AT BIRTH ( G) o.7 0.6 

AFTER l WEEK ll.7 l0.2• 
l. 9 2.1 

AFTER 2 W'='~- 20.3 18.3 
4,2 3.9 

-
~- ,DAYS p. p. ) OF: 3.5 3,5 

.uDING OF PINNAE 0.7 0.6 

.C::VELOPMEN7 OF COAT la.4 10.7 
0.6 l.O 

* Sicn!ficant difference from the controls, p < 0.01 
**Significant difference from the controls, p < C.005 
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MUTAGENICITY STUDIES (.3. Stolzenberg) 

1. Salmonella/Micrcsome Test 

Study No.: Not provided. Pharma Report No. 9634 

Performing Laboratory: 

Date Performed: August, 1980 to September, 1980 

Quality Assurance: l\ signed statement of compliance with GLP is 
122.t included. 

Background: This widely used mutagenicity aSSei',' detects point 
mutations (base pair by TA 1535 and T'A 100 a1'd frame shift by 
TA1537 and TA 98), c:aused by chemical agents, in vitro. The 
reversion rates to prototrophy of histidine r<"quiring (his-) 
mutants to the wil'.i type histidine independe1''c strain (his+), are 
evaluated in a medium with a low content of histidine. In the 
presence ot test convound, an increase in rev1?rsion rate, 
measured by an increase in colony growth on the agar plate, is an 
indication ot muLagenicity. 

Procedure: The evaluation was performed with end without 
metabolic activation (provided by S-9 fractio:' of livers of 
Aroclor pretreated rats). S. typhimurium str,oins TA1535, TAlOO, 
TA1537 and T,\98 we1e used. Two studies with ''l\ 1535 but only cne 
with tlle remaining 3 struins were carried out with 4 plates per 
concentration ot test substance, DMSO control or postive control 
substances. Concentrations tested were 0, 20, 100, 500, 2500 and 
12500 u9/plate. 

a). without S-9 activation 
Endoxan (cyclphosphamide) for TA1535 arid 'I'AlOO 
'l'rypatlavin for TA1537 and 'I'A98 

b). \\'ilh S- 1i activalion 
2- aminoanthracene for all 4 testet· sti c\ins 

py,;,J](,.: 2500 uyl[Jlate was toxic to bactei:ial 0rowth for all 4 
st1·ai11;::;, \\/'lle:!-t_~d:-:; 1~ 1500 was tc)xic and caused r,~-l~ci1Jitatior1, making 
it 11ot l)OSSJl_;le tci t..:;vc1ll1ULe colo11y g1~<.)\\'tl1. S\) 1

) uq/plate was 
toxic £01 TA1~3~. l!! th•" first test, the pos'.tiv.; control for 
'l'Al535 \~ithout S-9 shm-:ed no response, and th·-- negative controls, 
botl1 anci \\1 ilf1(>ut ;; lf, \\'1....:;i:·e tn1u:-;uaJ 1)-' ln\\'. 'I1l1c·?_,~f()re, tl1e test 
v1ilt11'Al53~ \\'c'l:.3 l-t~lJt.'0.tt::d. lr1 tf11_? :.;t-~ClJlld t_e~::;t ~:.'ir11 '1'Al~3:i, no 
i11dicali()Il of- :11ulJqt?11icit•;/ wa:s seer1 v..1 i th 01 \\'i ~-l1t)UL S-9. 
Si1ni.la1 lJ.·, I~ar k ~)11 1:-):= :311uh1ed i10 inutagenic eti··,~L~; on ·rAlOO, 
·r.;;,1537 drlci ·r,;98. I\)::;itivc'. c~ontrols g._:x\'e a.1...1.eq1:,1tt:: i·espor1ses; i.e. 
well l)Vt21 (iou;_;lc~ l 110:.:;e oi ll1e 11eyalive cor1Lrol:-;. 
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Salmonella/Mlcrosome Test with DAY k 5r,52 on Salmonella typhlmurlum TA 1535. 
0 ::i IV 
::i lQ 
I 0 ro 

n- ::T 
0 ..... H x Ul H 

-· .... "' n " - ro 
Mutants I Plate Total Organism Count M/P Treatment Ul 

Ul " z 
Oose In (M/P) per ml M/P Negative Control 
.u g pPr Pl 1te 

+ S-9 Mix 1- S-9 Mix x 108 
.+ S-9 Mlx I - S-9 Mix 

0 tl 
/-' Ul >' c '< 
tr [f, "' /-' n- 0 
ID ID I 

5 w 
n - lJ1 
0 m 

I . 
-

12500 . Could not be evaluated I 
::i OJ 
n IV 
ro '< 
::i 

2500 0 
I 0.8 64.4•• - I 0.80 

I I 
500 8.5 I 6,5 126.9•• 8.soai 

I 
6.Soal 

" ;>;" 

" IV LJl 

" LJl ..... V1 
ON 
::i 
Ul :;: 

IV 
Ul 

I 9.0oal 
I· 

6.Joa> 100 9.0 
I 

6.3 158.4 
I 

20 14.5 I s.o 146.0 14.soai I s.ooa> 

() 
0 
::i 
Ul .... 
p, 
ID 

" ID 
p, -I I 

Negative ~ontrol 1.0 1,0 152.4 1.00 1.00 
I I -

Positive Control 0.5 I 1 • o 163. 7 o.soal I 1.ooal 
l::ndoxan 435 

:..> 
(l 

" 
5 c 
" IV 
lQ 

Positive Control 32.8 I 19.0 s.2•• J2.80a) I 19.00a) 
2-A mllloanthrnccne 10 

I I --

ID 
::i .... 
n 
IV 

" • • nactcrlotoxlc eUcct 
a) See the "Jlesults" section 
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Salmonel!a/Mlcrosome Test with DAY k 5552 on Salmonella typhlmurlum TA JOO. 

Mutants I Plate Total Organism Count M/P Treatment 
Dose In 

µg per Pl.lie 
(M/P) per ml M/P Negative Control 

+ S-9 Mix 1- S-9 Mix x 108 
.+ S-9 Mlx I - S-9 f1lx 

12500 I Could not be evaluated - -· - I 
2500 

I 
2.0•• 0.06 

I 
0.04 4-3 I 

19-5 t 
500 I 4-3 

.. 
1.18 I 0.11 80.5 34.5 

I 
1.06 

I 
1.27 100 72.3 

I 
62.0 . ., '1 

I -
20 53-5 I 49,l 6.2 0.78 I 1.01 

Ncgatlve cfontrol 
I I 

68.5 I 40.6 4.7 1.00 I 1.00 
. 

Poslllve Control 21J.a I 82 .o 
Endoxan 435 

3.9 4.oo• r 1.68 

. 
I I Positive Control 81.8 0.6•• 16. 56.* 1.68 2-A mllloanthracene 10 1136.0 
I I 

• Mutagcnlc e((ect 
• • nacterloloxlc clfcct 

'U 
P> 
<Q 
(j) 

..... 
N 
0 

:z: 
tJ 
::c-
N 
0 
I 

w 
lJ1 

°' 
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Salmonella/Mlcrosome Test with BAY k 5552 on Salmonella ty,;hlmurlum TA 1537, 

Doqe ln 

µg per Pht.e 

. 

12500 

2500 

. 
500 

--

- . 

. 
• 
. 
I 

., 
:> 

100 

20 

N cgall ve Control 
0 

Positive Control 
TrypaOavlno 200 . 
Poslllve Control 
2-Amlnoanthrncene 10 

Mutants I Plate Total Organlsm Count 

(M/P) per ml 

+ S-9 Mlx 1- S-9 Mix x 108 

I 
0 I 

I 
J.J I 

I 
7.J 

I 
s.o I 

I s.o 
I 

162.8 I 
37.l I 

I 

Coulrl not be eval uatcd 

o.s 4'5.9·· 

-
t. 5 4 9. 1 

2.0 51.J 

1 . 5 51,S 

4,0 50.9 

114. 8 44. 7 • .. 

15.J 0. J ... 

• lltutngenlc effect 

•• Baclerlotoi;lc eHecl 

--

M/P Treatment 

M/P Negallve Control 

.+ S-9 Mix I - S-9 Mi:;c 

I 
- I 0 .1) 

I 
0.66 I o. 38 

I 
1.46 

I 
0.50 

1.00 I 0-38 

• 1,00 I 1.00 

I 
32.56" I 28.70• 

7.46" I J.83* 

I 

'D 
(lJ 
<O 
ro 
..... 
N 
>-' 
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~ 

N 
0 
I 

w 
en 
0\ 



-Salmonclla/Mlcrosome Test wltlt nAY k 5:.52 on Salmonella typhlmurlurn TA 98. 

Mutant!! I Plato Toutl OrganlRm Count M/P Treatment 
Dose In 

(M/P) 
µ g per Pl.tte 

per ml M/P Negative Control 

+ S-9 Mix 1- S-9 Mix x 108 
+ S-9 Mb: I - S-9 Hix 

12500 I Could not be evaluated I A 
. 

2500 3.0 
I 1 . ) 100.0•• 0, 18 

I . 
0.27 

- I I 
500 22.0 I J,0 127.3 1 . ) 1 I 0.69 

. ,. . - .. 

19. J I 4,8 151.70 1.15 
j. 

1.00 100 
I I - -

20 14-0 I 5,5 - 0 ,8 3 I 1.14 

Negatke ContI·o\ . 
. I -

4,6 121 . s 1.00 
I 

1.00 0 16.8 
I I -

Positive Control 

I Trn>afiavlno 200 460,0 4.J H4 ,J 27.J&• I 0.90 

Poslllvc Control I 
2-A mlnoanthracene 10 845.J 8,0 10.1•• so.12• I 1.67 

I I 
" Mutagcnlc effect 

• • Dactcrioloxlc effect 

'O 
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Salmonella/Mlcrosome Test with DAY k 5552 on Snlmonel\a typhlmurlum TA 15J5. Repeat. 

-

Dose In 

µg per Pl i!.6 

. 

2500 

500 

100 

20 

Ncg:illve Control 
0 

Positive Control 
Endoxan 435 

, ~ Positive Control 
l"I 2-Amlnoanthr:iccne 10 

0 
r\) 

-

Mutants I Plate Total Organism Count 

(M/P) per ml 

+ S-9Mix1- S-9 Mix :x 108 

ii I 0 toxic 

-
I 

0 
I 

0 toxic 

6.5 I 6.0 non-toxic 

6.8 
I 

7.0 non-toxic 
I 

~-. 
6.0 I 6,5 non-toxic 

-
I 

.. 27. J . 

I 
24.J non-toxic 

256.0 I 8.5 non~toxlc 

• Mut:igcnlc elfcct 

M/P Treatment 

M/P Negative Control 

. 
,+ S-9 Mlx I - S-9 Mix 

- I -
I - -
J 

-· 1.08 I t.31 

I 
t . t l 

I 
1.56 

1.00 I t ,oo 

71 ,22* ·: 5.40* 

44.l}* I t.89 
-

'U 
Pl 

<O 
(!) 
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IV 
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~ 
p 

N 
0 
I 

w 
lJ1 

°' 
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2. Salmonella/Microsome Test 

Study No.: T 5027709 

Performing Laboratory: 

Date Performed: 1/29/88 to 3/11/88 

Quality Assurance: A signed statement of compliance with GL? i§. 
included. 

Procedure: Tester strains cised were S. typhimurii.;m TA1535, TAlOO, 
TA1537 and TA98. Two different forms of S-9 were used; from 
livers of Aroclor 1254 pretreated male NMRI mice, and from livers 
of NMRI male mice that had been pre-treated for 28 days wit:-1 2000 
ppm Bay k 5552 in the diet. All the studies were carried out with 
4 plates per concentration of test substance, control or postive 
control substonces. Initially, concentrations :ested both 
without and with metabolic activation were 0, 2), 100, 500, 2500 
and 12500 ug/plate. Subsequently, ccncentratio~s tested were 0, 
75, 150, 300, 600, 1200 and 2400 ug per plate. There is no 
explanation as to why two methods of enzyme activatio:·1 were 
employed. 

Positive Controls: 

a). without S-9 activation 
Sodium a:::ide for TA1535 
Nitrofurantoin for TAlOO 
4-nitro-l,2-phenylen2 diamine for TA 1537 and TA98 

bi. wilh :0-9 activation 
~- aminoa11thracene for all 4 tester stra.n3 

Re:3ults: No indication of mutagenicity was observeJ at any 
concentration tested. However, 20 ug/plate, tl1e lowest 
concentration tested, was the only concenti·atio~ at which 
bacterioto:·ic problems were not encountered. S:arting at 150 
ug/plate, precipitation problems were also enco.1tered. Positive 
controls gav•· :.d<>quate responses; i.e. well over double the 
colony cour1c ot t:1e negative controls. 

Bav k 555-' wa:; considered not mutagenic ir: thi~; test system, but 
this study i1; valid only at· 20 ug/plate because> it wos the only 
concent1ation at which toxicity and/or precipit Hion problems 
were not e~cuuntered with all 4 bacterial strai~s. 
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BAY k 5552 
Salmonella/microsome test 
Study No. T 5027709 

Tabulated summary of data 

Summary of means from Tables 1-a without S-9 mix 

Tables 
I 

Strain 
+group TA 1535 TA 100 TA 1537 TA 98 
mcg/pl. 

l-4 
0 17 126 11 17 

20 20 128 10 15 
100 17 94 10 14 
500 16 71 8 H 

2500 -- 9 -- 9 
12500 -- --- -- --

Na-Azitl 926 
NF 405 
4-NPDA 126 187 

5-8 
0 15 80 7 18 

75 13 72 5 20 
150 10 72 7 18 
300 11 56 8 15 
600 9 59 6 16 

1200 -- 38 8 12 
2400 -- -- - 13 

Na-Azid 1089 
NF 370 
4-NPDA 118 96 

05 02 3080 
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BAY k 5552 
Sal~onella/microsome test 
Study No. T 5027709 

summary of means from Tables 1-12 with S-9 mix 
of Aroclor induced male NMRI mice 

Tables Strain 
+group TA 1535 TA 100 TA 1537 TA 98 
mcg/pl. 

1-4 
30\ S-9 

0 19 146 11 35 
20 17 128 12 30 

100 18 125 9 32 
500 13 83 10 32 

2500 -- 46 7 18 
12500 -- --- -- --

2-AA Bl 812 138 1018 

5-8 
30\ S-9 

0 1:3 118 10 24 
75 16 105 7 24 

150 14 86 10 16 
3 00 10 85 8 17 
600 14 82 4 20 

1200 10 62 6 17 
2400 -- 23 -- s 

2-AA 89 1505 102 1290 

9-12 
10\ S-9 

0 15 99 10 33 
75 12 76 10 24 

150 9 74 8 27 
300 11 70 9 22 
600 7 64 10 28 

1200 -- 63 e 21 
2400 -- 4 -- 9 

2-AA 264 251C 505 2402 

05 02 3081 
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BAY k 5552 
Salmonella/microsome test 
study No. T 5027709 

summary of means from Tables 13-20 with S-9 mix 
of BAY k 5552 treated male NMRI mice 

Tables Strain 
+group TA 1535 TA 100 TA 1537 TA 98 
mcg/pl. 

13-16 
30\ S-9 

0 12 105 11 24 
75 11 100 8 15 

150 14 102 7 13 
300 12 76 5 18 
600 11 45 B 9 

1200 4 --- -- --
2400 -- --- -- --

2-AA 78 893 44 748 

17-20 
10\ S-9 

0 15 95 7 26 
75 13 93 6 19 

150 13 88 7 25 
300 8 56 3 20 
600 8 77 7 25 

1200 -- 32 - --
2400 -- -- - --

2-AA 349 1(;28 274 1066 

05 02 3082 



Page 125 - NDA 20-356 

3. CHO HGPRT Forward Mutation Assay 

Study No.: T 1023114 (sponsor's number) 

Performing Laboraton 

Spansor: 

Date Performed: 7 /11/86 to 10/29/86 

Quality Assm-,uwe: A signed statement of compliance with GLP is 
included. 

Hackgro1md: "The objective of this study was to evaluate the test 
article tor ils ability to induce forward mutation at the HGPRT 
locus in Lhe C!iu-Kl-BH Chinese hamster cell line, as assessed by 
colony growth in the presence of 6-thioguanine (TG). Hypoxanthine 
guanine phosphoribosyl l<-ansferase (HGPRT) is a cellular enzyme 
that al lows cc~lls to salvage hypoxanthine and yuanine from the 
surrounding medium tor use in DNA synthesis. lf a purine analog 
such as TG is iucluded in the growth mediuw, Ll1e analog will be 
phosphorylated via the HGPRT pathway and incorporated into 
nucleic acids, eventually resulting in cellular death. The HGPRT 
locus is located on the X chromosome. Since only O'ie of the two 
X chromosomes is tunctional in the female CHO cells, a single­
step forward mutation trom HGPRT+ to HGPRT- in the functional X 
chromosome will render the cell unab:ie to utilize hypoxanthine, 
guanine, ot TG ;:;upplied in the culture medium. Such mutants are 
viable as wild-type cells in normal medilm1 be<:Juse DNA synthesis 
may still proceed by ,1<:' ~ synlhei:ic pathways that do not 
involve hnJoxallthirne or guanine as interrnediates. The basis for 
the selt?ctio11 ot lil;PHT- mutants is the loss oi their ability to 
utilize toxic ;Jutin,, analogs (e.g., TG), which enubles only the 
HGPRT- mutant:; 10 q1ow in the presence of TG. Cells which grow 
to for:1rt color1ie~-~ i11 t11e l)t'esertt~e of TG are tl:1erefore assumed to 
have 1nutated, c>ither c;pontaneou:;ly or by the action of the test 
article, to tlh" H;__;i'ET- genotype." 

PrclCF~du1 F·: lIJ JJ1-el in1i11a.ry·, ranor~ f indi '11J test<:, cor1ccntrc.tion.s 
50 and 100 uq/rnl Bay w ':i5':i~ (batch #828305) withoul metabolic 
act ival ion ,,.,,,,, tound lo be 100% cytotoxic to tlue cell culture, 
Dllt in th<-' pt,,.;,·nc·,, o! metal.Jolie activation (1·rovided by S-9 
trcict iu11 ot liv,•tc; ot Aroclur 1254 pretreated l-ats), 100 ug/ml 
cau:_jed llillJ' a )1._1·.~. \°!eci.~a~e in survi\'dl itldtax. 

1,111-t...>t.:: t1~:~t~; \\'1t l1(>1Jt :_i-·9 i11clL1tJ1..~t..i. d.u~Jlicate cultut·es v.1 itl1 
cor1ct:11t tati()!l:; !H~t\\1 t:~1-•n 10 LlJ 40 ug/rnl, anli l\\'(, te!3lS \•.,ritl1 S-9 
iucluckd dupl i,.,,,, .. cultur•,'" 1cill1 cor1cc'nt1:atiu11;; ot 'i to 85 ug/ml. 
f\.):;itivt• L'lHit l(Jl::; \\'1~1-~_] L)-L1-lHnodeox~·uridi11e witl1ol1L S-9 at1<J 3.-
1netl1ylcl1(1_l,-u1tl11i~111• ir1 tl1t:' I>leSt:?llCe ot S-9. 
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Results: Decreases in relative cell survival were seen at 30 
ug/ml or higher concentrations without S-9, and at 50 ug/ml and 
higher with S-9. There were sporadic, small but statistically 
significant increases in mutant frequencies in each of the 3 
tests without S-9 and in one of the two tests with S-9. In every 
case the increase occurred in only one of the two duplicate 
cultures. In spite of a suggestion of a concentration 
relationship at 4CJ and 60 ugh~' without S-9 (see first 2 tables 
which follow), it was claimed that a concentration relationship 
did not exist. It should, however, be noted that even among the 
duplicate controls, there were wide variations in mutant 
frequencies in most of the tests. 

Bay k 5552 was considered not mutageni.c in this test system. 
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CllO/llGPRT HUTAG£N£SIS ASSAY RCSllLTS 
,__. 

---------- N __, 

CLI £NT: TEST ARTICL£: nay k 55g_~i~~n, ________ ASSAY NO: [-9510 -----
V£111Cl£: _QHSO T[ST DATE: ~ust 20,_!'!86 z 

tJ 

~~l~ctiv~ ~q~nl: 10 119/ml thio')uan;ne Cells ~~rrlcd ror analysis: ?00/1lisl1 for (.f.; 2x101 /dish for m1tants p 

[xprPssion Ti~r: 1 d.1ys N 
0 

--im-:T'lll'liln::-------- --- -- ---- --- --- -------- - ---WIT Arrr- I 

'-'' 
SURVIVAL TO TRfATHfNl T JOrl GRO~ Ill 11111 AtlT r rn orn rs TOTAi. AOSOl 11!£ rnrq. Vl 

rrsr -ilrM•cmom--·-rrncrn1 ex or 01511 llllPll\I R fllll MIT C.f.!S.O. IN 10·' °' 
CONOJl ION Nltlll[R t S.O. H£G.CONTROL COllTl!Ol) l~rr·4 ·s r, I ll 9 tn 11 r2 fOIOHlfS ( %) llNllS• 

----------- -------
llOllACT IVAT ION: 

Vehicle Control 258.0 t ll.S 100.0 IOO.O 
0 I 0 0 0 0 0 0 0 0 0 0 I 118. 5 t 8.7 0.4 

275.0 t 1.0 2 2 0 I 0 I 2 I 2 3 0 4 18 108.8 J 13.9 6.9• 

Positive Contro~ 145.7 t 1. s 54.7 67.4 26 20 22 11 26 17 26 24 IU 20 l2 2J 261 68.5 t 1.l 122.9•• 
(50 vg/ml Ordl1) 149.l t g. I 56.0 68.4 23 22 25 IR 35 21 IR 2J JI JI 18 25 296 86.8 f 1.3 142.t•• 

H'.. • A~TICU ----
to. 0 119/ml 24<.7 t 6.5 91.1 169.6 HOT Cl OH£1l 
10.0 119/ml 251.7 t 12.7 94.4 159.6 HOT CIOH£0 
12.5 119/ml 237.3 t 7.6 89. I 131.4 HOT Cl ONrD 
12.5 •9/ml 263.7 f 32.0 98.9 IJ9.6 HOT ClONEO 
15.0 µq/ml 243.J t 7.5 9i.l 127 .3 0 2 n 0 0 0 0 0 1 c 0 0 J 81.S t 3.6 1.6 
15.0 µ9/JOl 245.0 f 22.6 91.9 164.6 0 0 I 0 0 0 0 0 0 0 0 0 I 80.5 f 6.1 0.5 
20.0 µ9/111 20.0 t 21.7 91.2 10.7 HOT Cl 011£0 
20.0 1191 .. 1 232.7 t 11.6 87.J 136.2 "or CIOHrn 
25.0 119/'"I 215.7 f 10.2 80.9 124.1 I I I I J I 2 0 2 0 I 0 IJ 84.0 f 4.0 6.4 
25.0 µg/ml 206.7 t 28.6 77.5 115.2 2 0 I I 0 0 I I I I 2 0 10 100.J f - 2.l 4.2 
30.0 µ9/111 249.0 ! li.6 93.4 99. 7 c ( c ( c ( c ( c c c c - too.a • O.Ot 
30.0 109/,.I 227.J f 10.0 ~5.J 66. I 0 0 0 0 4 0 I I 2 0 I I lO 113.J f 4.6. 3.7 
35.0 11g/MI 237.7 t 21.5 89.1 59.8 ( c c r. ( ( c c ( c c c - 122. s t 6.4 
35.0 109/ml 227 .1 t II .1 05.~ 55.1 0 0 0 0 2 0 0 0 0 I 0 I 4 133. T t 4.4 1.2 
40.0 109/ml 19).J i 9.J 72.5 39.6 4 2 I I 4 l l 0 0 J 0 0 ll 105.2 t 5.5 0.)•• 
40. 0 109/ml 191.0 f 13.0 72.4 42.l 0 0 1 0 0 0 0 0 0 0 0 I 2 to9 .8 f J.J 0.8 
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'" 00 

ctlfNT: HST MTICU: _(!ay_~-~55~ 111ik1·on. ____________________ ASSAY llO: _[:95 \0 - ---

VrlllCI [: _ 01'~0 rrsr OATE: ~~pl~!!~er.___12.__ l 'lfffi ____ z 
Sel""ll•• Aqent: 10 \1'}lml thloquan\ne Ce\\s ~~~dcd for ana\y~is: ZOO/dis~ !or[.£.; 2xl0'/dish !or n1l•nls tJ 

:» 
r.wprcssion Jirrr: 7 days t0 

REL .f'Ol'l'i.A- ---- llllT~irr-
0 
I 

SURVIVAL TO TREATMENT TION GRDWlll 1111TMIT COi or11rs TOTAL ADSOI UTE Fl:UI. w 

HST - fl[Atl COLONY l'Im:OO- (1 or 01s11 mnmrn llllTANT C.£.!S.IJ. IN 10-• lJl 
a. 

CONOI T ION NUfl!l£R ! S.O. NEG.CONTnOl CONTROL) .-Z-J 4--,,. 6 --; i1 - 9IOll----rI COlOHICS ( 1) llNITSa 
---- ------------· ---------

llOllACT I VA Tl ON: 

Vehicle (or;trol l'Jl.7 t 6.0 100.0 100.0 0 l I I 0 2 2 1l I 0 0 0 10 102. l I 4.9 4 . I 
1117 .0 t 15.4 0 l I I 7 2 0 , 0 I 0 0 10 111.] I ll.l l.l 

rosltl•e ControA 1~8.3 t 15.8 77 .9 37 .6 12 14 16 10 13 IJ IS 14 IJ 16 11 15 168 IOJ. l I 4.0 67 .e•• 
(50 11~/ml OrdU) 139.7 ! 7.0 7J.4 32.9 20 IZ 10 16 20 15 22 14 16 IJ 14 10 190 105.0 I 6.6 75.4•• 

HST ARTICLE 

IO.O 1•q/11I 147.3 t 12.I 17 .4 43.6 0 4 0 I 0 I 0 0 0 I 0 0 1 129.0 I 5.3 2.l 

IO.O 119/ml 156.3 t 1\.8 82. I 59.5 J 0 2 2 I J 3 0 3 3 I 0 21 125.8 I 6.4 7 .0 
15.0 119/ml 152.0 I 17.3 79.9 44.0 I · I I I I I I 0 2 0 I 2 12 127 .O t 14. I 3.9 
15.0 1•9/011 151.J f 11.7 79.5 ]9.8 I 0 I 0 0 4 I 0 J I 3 0 14 142.7 I 14.7 4.1 
20.0 ••9/'"I 137.0 t 23.I 12.0 44.8 0 0 2 0 ' 0 0 0 I 0 2 0 6 112 .J ! 7.4 2.2 
20.0 11q/ml 151.J ! 11.2 79.5 ll.8 I 2 4 s 2 2 I 2 I 0 I I 22 141.J t 2.8 6.5 

30.0 1•9''"' ll5.J t J.2 6S.O ~2.9 0 2 I I 0 0 0 I 2 0 2 0 9 110.2 I 1.2 J.4 
30.0 119/IOI ll5. 7 t 0.6 71. J 4?.9 J I 0 I I 2 l 2 J 5 2 0 22 115.5 t 4.4 7.9• 
40. 0 119/ml 42. 7 t 9.0 22.4 1.0 0 0 I 0 0 0 I 0 0 I 2 I 6 129.J t 15.7 I .9 
40.0 1•?/M\ 42.l t 8.1 22.2 7.4 0 J l 4 J n 4 ) 4 1 l J 44 96.J t 1.5 19.o•• 
(10.0 CHJ/11t1 0.0 t 0.0 o.o < 0. I llOT CLOlllO 
60. 0 109/1n I Q.0 I 0.0 0.0 < 0. I NOT ClOllfO 
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CLICHT: HST ARTJCLC: _ll~y_!_555?_n1i~roo_. ------------ ASSAY NO: -~:~~IO~---

Vfll1Cl£: _I!l~() HST OAH: _!!stoh~!:.J~,_J?llf> _____ _ 

Sol•clive Agent: 10 ug/ml thioguanine Cells seeded for an•lysis: ?00/•lislo for C.£.; 2•10'/dish for 111Jt>nts 
[xpression Time: 1 days 

Rll.POPULA- - fTAnr-
SUllYIYAl TO TR£ATH£NT TION GRO~lll M11r A>n cm orn rs TOT At ADSOlUTE fRfll. 

T(Sl lil"All COl_oNV rrncrnr (I Of 01 s11 mrr-mrn llllTANT C.C.tS.O. IN 10-• 
CONOll ION NUli1£R t s.n. N£G.CONTPOL CONIROL) !l-,-r-s--~ ·1-1i "1J1n·-11·rr cmoNirs (I) 111111s• 

------------- ·----
tlOflACT I VAT ION: ---
Vrhicle Control 152.J t 11.2 100.0 100.0 1 ? II 0 I 2 0 0 0 0 0 J 9 112.8 t 6.8 J.3 

172.0 t 8.~ I 2 0 n 2 ] 3 3 2 1 3 I 21 126.5 t 11.0 6.9 

rosftfve Controi C4.7 t 1.2 52.2 42.9 '4 25 27 15 40 25 20 21 27 24 21 28 297 IOl.J t 11.5 122 .2 .. 
(50 ug/ml OrrlU) 84.7 t 14.5 52.2 41. I 23 22 21 2 I 24 26 11 13 28 20 JO 20 265' 90.7 t 5.5 121.1•• 

HST ARTICLE 

10.0 Ug/ml 140.0 t 6.1 86.J 76.0 2 2 I J 5 2 2 J I 2 2 0 25 108.7 t l.J 9.6• 
10.0 Ug/rnl 145.7 t 4.0 09.8 95.6 0 J 0 I J I 2 0 2 I 2 5 20 101.8 t 11.J 8.2 
15.0 l•g/ml 146.7 t 13.I 90.4 85. I 0 . c 1 0 0 I 0 2 0 2 J I 10 120.5 t 1.1 J.5 
15.0 ug/ml 136.7 t 12.0 84.J 72.4 2 2 J J 2 I J 0 J 0 I I 21 115.B t 13.B 7.6 
20.0 µg/ml 130.7 t 11.5 05.5 67.7 0 2 I 0 I 0 0 2 0 I 0 I 8 124.2 t 6.6 2 .7 
20.0 1•g/tw1 IZO.O t 20.9 76.9 7J.9 0 2 J J J 4 2 J I 2 I J 27 100.J t 9.4 11.2 .. 
JO.O 109/MI 102.7 t 7.4 63.J 65.0 I 2 I I I 3 2 I I I J J 20 104.2 t 3.2 o.o 
30.0 09/MI 108.J t 9.0 66.0 57.7 T T T 2 2 I I 5 2 I 4 0 10 112.J t 11.0 8.2 
40.0 09/.,I 45.7 t 12.1 20.2 8.2 6 0 0 I 2 4 4 0 I 0 J I 22 116.8 t J.J 1 .e 
40.0 1•9/ml 47.0 t 5.J 29.0 9. I I 0 I 0 I I J 0 I I 2 0 II 113.5 t 3.9 4.0 
60. 0 ug/ml O.J t 0.6 0.2 < o; I HOT ClOfffO 
60.0 119/ml O.J t 0.6 0.2 < 0.1 llOT Cl.ON£0 
80.0 ug/ml o.o t 0.0 HOT CLOH£0 
no.o u9/ml 0.0 t 0.0 NOT CIOllfO 

100.0 119/ml o.o t 0.0 llOT CJ OllFO 
100.0 1•9/ml 0.0 t 0.0 NOT Cl ONfO 

--------- ------· 
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rno111r.rnr 11111Ar.r1ir~1s r.y.Av_ nr~1~ !~ <O 
ID 

>--> 
If ST ARI lf.L£: _f!•yJ<_~ss~_111\kro_n_. ________ A~S~Y flO: __ _[~9510 w cu on: 

~--- 0 --· 
V[llfCI [: OMSO TfSI 0111[: ~ep_!eniher_!_~Lf.906 ____ 

Se1cctivP A9c~t: I~· 1111/nil th io1_J11.ininP Cells seed~1I for arlalysis: 200/dish for C.£.; 2x10'• /dish for nu tan ts z 
f.11pre~~io., Tim~: 1 doys S? hatch: I -106 t:J ------- >--------------------- nct.rumr---- ·-··-- ------- - --------------rnm1rr-

"' SllOVIVAL IO rnrAmnn 1 I OH GROii! II IUll All! fOI Otll f S IOlM. ATISOUIH rnrq. 0 

tll Mn'.llfoilv- - firlilfNI (t or 01 ~II fUlltnlR lflllAlll C.£.tS.0. IN 1n-• I irq w 
CONOI I !Of/ Nllf'llfR ! S.11. Nf 1;. CON mot CONlllOI.) 12-1 ,,--!, (, i H ~--10-·11-u COi ONIES (I) llNllSa V1 

-------- -----------· O• 

~9 ACllVATION: 

Yehle le Control 294.J t 12.9 
100.0 100.0 0 2 2 2 I 0 4 1 0 2 0 0 14 110.J t 5.1 5.J 

396.3 t 122.1 0 n 0 2 I 1 0 0 0 0 0 0 4 110.Z t 5.8 1.5 

Positive Conlro3 276.0 t 70.2 79.9 55.4 69 55 SJ OR SJ 70 69 60 61 6J 61 52 754 97.2 t 9.0 321 .2•• 
(5 vq/ml J-HCA) 256.7 t 12.0 74.3 11.n R6 01 65 r,4 00 64 54 62 6J 11 68 OJ 841 117 .3 t 5. I 298.7•• 

HSI ARllCLE -------
IU.0 1'9/ml l12.1 t 16.J 79.0 194.0 NOi Cl nNro 
111.0 1rq/ml :!f17.] t 4.5 71.4 16/ .R 1101 Cl OllfO 
20. 0 1•~/nol 2?5.J 1 11. 7 85.5 I II. 4 HOT Cl Otll 0 
20.0 orq/nof J24' 1 t 0.4 94.0 145. 5 till I (I llNI II 
JS.O 119/ml ]05.0 t 26.6 88.J 140.3 I 0 I 0 I 0 0 0 0 I 0 0 4 96.2 t 10.2 I. 7 
35.0 µg/111 29J.O t 9.5 84.9 153.9 0 1 0 0 0 0 0 0 I 0 0 0 2 94.5 t 5.9 0.9 so.o vg/111 600.l t 0.7 197 .0 108.1 0 ~ l 0 I 2 2 3 0 3 1 1 16 94.7 t J.8 1 .o• 
50.0 ~q/•I 250.0 t 11.5 77.4 94.4 I ( 7 o 0 ' 0 0 0 0 0 0 4 07.8 t 5.0 1.9 
60.0 ··~''"' Z1S.l t IJ.6 62.4 77.2 0 0 0 0 0 0 0 0 [' 0 0 0 0 91. 7 t 6.0 0.0 
60.0 ••9'"'' 25~.o • IJ.O 72.4 31.5 0 0 0 o I 0 I 0 3 2 0 0 1 95.7 t 4.5 J.O 
70.0 orq/ml 124. 7 t 2. I 36.1 17. 3 0 2 0 0 0 0 0 0 0 0 I 0 l RI .J t 5.9 1.5 
10 .0 1'9''"' 119.1 t 12.1 34.1 17 .0 0 0 0 0 I c 1 2 n 1 0 0 5 79.8 t l.J 2.6 
05.0 1•?/ml 22 .0 t I. 7 6.4 7.~ 0 0 o 0 0 0 0 0 0 0 0 0 0 I02 .2 t 5.5 0.0 nr;. 0 11q/ral 74.0 t J.6 7 .0 J.O o 0 o o o o o n o o o 0 o 96.J 1 4.R 0.0 100.0 ,,q, .. 1 6 . .l t 1.5 1.0 0.J NOT er 01110 

100.0 lt9/MJ 5.0·t 2.6 1.4 0. 3 110 I (f Ofll 0 

--------- ---~---------- - ---- - -- -------- -------- -- ------ --- -----
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HST ARTICl[: _B~y_k_~S~Lini~rnn. __ · ------

,_.. 
l\SSAY NO: i9sl~---

V£111Ct f: __!rl$0 HST OAT£: _Oc~QhrL_! ,_ 1906 ______ z 
Selective A9~nt: 10 119/ml thfo911anine (plls s~cded ror anJlysis: 700/dish for C .[ .; 2x10' /dish for 1111•ants tl 
t1pression Ttme: 7 days S9 batch: I - 1116 

;,. 
------

"' RTCN1111R /\- m.1rr- 0 

SURVIYllL TO rnrATH£NT Tl ON r.11011111 lft!TANT rot ONJ[S TOTAL l\OSOt.UH rnrQ. I 
w 

1£ST lll:Mf"tOtiiRY rrncrm- Ii or OIS1\ IUIHOln llll!ANI t.C.iS.0. IH 10" U1 

CONOI llON HIJl(l£R t 5.0. HC G. COlll ROL COIHROl) r-r"J-1-·r o ·r /!··91n1T1,- Cll!ONICS (%) u1111s• °' ------
59 llCT I YllT ~O_!!: 

Vehicle Control 
287.J t 12.7 100.0 lOn.o 0 r. 0 0 0 c c l 2 l 0 i s 101.8 t J.~ 2.7 
347.J t ll.5 I 0 0 I I I 2 l ] 2 2 I IS 125.8 t 9.S 5.0 

rosltlve ControJ 259.7 t 1.5 81.8 49.4 c 71 c 94 c 80 69 91 71 1Z 1l 1l 6% 80.2 t 1.2 482. , .. 
(5 v9/ml l-HCA) 266.J t 24.0 83.9 46 .4 RO 84 87 89 79 02 70 70 7l 62 65 74 915 85.6 t 7 .7 444 .l .. 

HST ARTICL£ -------
20.0 1•9/,.J 332.0 t 2G.S 104.6 90.3 0 0 I 0 I 0 2 2 I 0 I 0 8 119.7 t 4.0 2.A 
?O .0 119/ml 201.0 1 0.8 09.2 00.6 2 2 0 I I I I 0 I 0 ' l ll 127.l t 2.' 4.l 
35.0 ~g/ml J~l.7 t 13.I 107. 7 99.2 0 I 0 0 2 0 I 0 0 I 0 0 s 122.J ! 6.8 1.1 
35.0 119/ml 266.0 t 16.6 81.0 132 .s 0 n 0 0 0 0 n I 0 0 I n 2 129.2 t 10.2 0.6 
50.0 1•9/ml 268.7 t 7.6 84.7 c HOT CIOHfO 
50.0 119/ml 272 .o t 1.8 es. 1 c 1101 CIOHllJ 
60.0 119/ml 278.7 t J9.4 87 .8 75.4 2 0 0 I l 2 J 0 I I I c 14 117 .J t ].8 S.4 
60.0 1•9/ml 280.1 f 4.6 80.5 82.J I I ,Q 0 I 0 0 0 I 0 I ' 6 141.5 t 4.8 1.8 
70.0 1•9/ml 169.J t 14.5 51.4 22 .9 I I 0 I 0 I 0 0 0 ' 0 0 s 116.8 t 9.4 f.O 
70.0 119/ml 142.7 t 10.1 45.0 11 .f, 0 0 I 0 2 0 0 I 0 0 0 0 4 99.S t 4 .ft 1.1 
85.0 119/ml 46.0 t 5.6 H.5 ] . l l ' 0 2 I 2 0 2 I 0 ' 0 ll 109.5 I 2.6 4.9 
05.0 1•9/ml )4.0 t J.6 10.1 2.J 2 n r 0 n n 0 0 0 0 0 0 J 1?5.1 t 0.6 1.0 

MO.O 1•9/ml 5.0 I 0.0 I. fi O.t' 1101 ri 011ro 
100 .0 l•f)/ml l.l t 0.6 1.0 0.2 11<11 r1om11 

----··- ·--- --·------ - ·- ~ --------· ·- - ----· 
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EXFLA~~TJON CF ·~s~rs. ASSAY Na. [-9510 

a 

t 

•• 

• 

c 

T 

' 

M',tan~ Frequency •Total mutant clones/ 
u:::i. of cisr.es x 2 x 10' x ats. C.£.) 

= 5-Sromo-2'-deoxyuridine 

= 3-~=~ = 3-Me:hylcholanthrene 

= Si~n~fica~: increase, p~C.01 

= Si9r.1ficar:t ~ nc rease, p~C.C5 

= C0ntcmi n! ~e::: 

= ~cs~ c1snes c"e tc a technical er!"Or 

= iw<C cishes lest c!~e to contamln~:ion 

= Qr,e C1sh iost aue to contaminat".2r, 
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4. Mouse Hepatocvte Primary Culture DNA Repair Assay 

Study No.: T2 023 386 (sponsor's nwnber) 

Performing Laborator 

Sponsor 

Date Performed: 8/14/86 to J/25/87 

Quality Assurance: f, signed statement of compliance with GLP is 
included. 

Backgro11nd: Freshly obtained rodent, metabolically active 
hepatocytes are capable of limited biotransformation activity. 
Chemically induced damage to nucleic acid of the marrunalian cells 
re!Cclts in an effort by the enzyme systems to ::epai• the 
defect (s), resulting in unscheduled DNA synth•2'3is. 

Procedure: Freshly prepared hepatocyte primary cell cultures from 
adult B6C3F1 males were used, according to the ::iethod of Williams 
et al, Cancer Letters 6: 119-306, 1982. Eight concentrations 
between 1 mg/ml and 5 X 10' mg/ml \listed in the table which 
follows) were tested in triplicace against 5XlO' hepatic cells. 
DNA repair was determined by 3H-thymidine uptc.ke, to determine 
the net incr·ease in nuclear grains induced by the test compound. 
Benzo(a)pyrene served as positive control and DMSO and pyrene 
served as negative controls. A test compound was considered 
posiLive when the mean net nuclear grain count exceeded that of 
the DMSO control by more than 2 '3tandard deviations. 

R?sults: Cytotoxicit~· was observed at concentrations of 1 and 
5X10 1 mg/ml. No IH-ot increase in nuclear grain count was observed 
at concentrations between 5Xl0' and 10 1 mg/ml or with pyrene and 
DMSC' (negative controls); the positive control, benzo(a)pyrene, 
was highly genotoxic, indicating that the hepatocytes were 
capable of metal.Jolie transtonnation and DNA i-.2pair. 

Under the condition:3 ot this t:est system, Nisoldipine was 
considered to be not genotoxic at concentrations up to 10 1M 
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5. Micronucleus Test in Mice 

Study No.: T 1010 875 

Performing Laboratory: 

Date Performed: 11/6/81 to 12/1/81 

Quality Assurance: A signed statement of compliance with GLP is 
.!lQ.t included. 

Background: The micronucleus test permits the recognition of a 
mutagenic action ou a somatic tissue, the femoral bone marrow, of 
cin intact animal. Erythrocytes are normally anuclear. The 
increased occurrence of micronuclei (chromosome fragments) in 
polychromatic erythrocytes, compared to negative controls, 
indicates that tlie test substance brings about chromosome breaks, 
or has effects on the spindles in the erythroblasts. 

Procedure: Bor: NMRI (SPF Han) mice, 8 to 12 we,"ks of age, 
weighing 23 to 32 g, 5 of each sex per group, received 0, 100 and 
200 mg Bay k 5552/kg/day, p.o., on two consecutive days; positive 
controls received cyclophusphamide (EndoxanR) orally. All animals 
were sacrificed 6 hours after the second dose and femoral bone 
marrow samples were removed for the purpose of determining the 
frequency of micronuclei observed, by examination ot 1000 
polychromatic erythrocytes per animal. 

Results: Since there was no difference between males and females, 
the results obtained for both sexes were pooled. No deaths or 
c :_ inical s igzw were observed. The significant d·ocrease in 
norrno·2'u-,1rnatic erytlirocytes in the 100 mg/kg g1·)up was considered 
"not Lio logically signi i icant" (see table on pa.Je which follows) . 
It is therefore claimed that Bay k 5552 produced no inhibition of 
erythropoiesis. 

There was no increase in polychromatic erythroc;'tes with 
micronuclei. TI1e positive control caused a high level of 
respor1se. 

It was concluded that thete was no indication of a mutagenic 
eiiect by tllic> test. 
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erythrocy l.e:i pr!!' 1 • 000 pP.r 1,000 

11ormocltromntt c polychromntic 
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6. Dominant-Lethal Test in Mice 

Study No.: T 50 10 239 

Performing Laboratory: 

Date Performed: 5/11/81 to 11/10/81 

Quality Assurance: A signed statement of compliance with GLP is 
L!.Ql. included. 

Background: This test permits detection of mutacions in germ 
cells, particularly stage-specific effects, during meiotic 
maturation of sperm cells, and is •1sually perforrr.ed in mice or 
~·ats. A mutagenic test substance causes severe chromosomal damage 
or lethal germ cell mutations, resulting in embryo or fetal 
mortality. This is determined by increased occ•~rrence of pre- or 
post-implantation loss in females (untreated) that were mated to 
test substance treated males. 

Procedure: Bor: NMRI (SPF' Han) mice, 8 to 12 weeks of age, body 
weights at initiation of study of 30-44 g for miles and 25-30 g 
for females, were used. Males in the treated group 150/group) 
received 200 mg/kg Bay w 5552/kg in aqueous hydroxyethylmethyl­
cellulose, single oral dose (Batch No. 576923); control males 
received vehicle. Starting on the day of drug adn.inistation, a 
new, untreated female was placed in the cage ot each treated or 
control male at the start of each oi 12 mating periods, lasting 4 
days each (48 days total}. About 14 days after the middle of th~ 
relevant mating period, the uterus ot each female was examined 
for live and dead embryos, resorption sites and corpora lutea. 

Criteria for Dose Selection: Claimed lo be based on a preliminary 
study with female mice, 5/group, which r·eceived 200, 500 or 1000 
mg/kg, p.o., and in whicl1 "200 mg/kg was tolera~ed with only 
slight symptoms". 

Results: There were no effects ot treatment 011 inpregnation rate, 
fertility, µre- or post-implantation loss. Because there was no 
indication of early death ot embryos at any st~1·Je of mating due 
lo compound treatment, tllere was no indication •Ji a dominant 
lethal effect (see tables 011 next ::: pages). 

In cor:.~lusion, Bay K ~'>'.>~ 1,·as con:;iden.ed to be :1ct. mutagenir in 
ll1.l:_; test s~·st~111. 
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7. In Vitro Chinese Hamster Ovary Cell (CHOl Test for 
Clastogenic Potency 

Study No.: 252B MIC 

Performing Labora 

Sponsor: 

Date Performed: Not indicated. The report is dated 1/19/88 

Qualir" Assurance: A signed statement of compliance with GLP is 
included. 

Procedure: "CH'' described by Puck" (Genetics .22_:513-518, 1967), 
were used. After preliminary cytotoxicity tests, concentrations 
of Bay K 5552 tested without metabolic activation were 10, 20 and 
30 uM, and with metabolic activation (provided by S-9 fraction of 
livers from Aroclor induced rats) they were 500, 600 and 800 uM. 
The highest dose levels were selected to give about a 50% 
inhibition of nitotic index, but allowed sufficient numbers of 
cells at the metaphase stage for analysis of chromosome and 
chromotid aberrations (breaks, gaps and exchanges); generally, a 
requirement for dose select~on with this test. Positive contcol 
compounds were methyl-methan,,-sulfonate \MMS) without S-9 and 
cyclophosphamide (CP) with s·-9. An 18 hour incubation period, 
which corresponds to one cell ~ycle, was selected for the main 
stud1•. Aberrations were analyz"'d in 100 cells arrested at the 
metaphase stage of cell division for each concentration level. 
The assays with and without S-9 w0re performed twice. 

Results: There were no increases in chromosome or chromatid 
aberrations at any concentration (see tables which follow). The 
positive controls (MMS or CP exposed cells) showed statistically 
significant, large increases in rates c~ aberration. 

In conclusion, Bay K 5552 was considered tc be not clastogenic in 
this test system. 
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ASSAYS W!TllOUT S-9 MIX 

Mean of both assays 

A. Number of aberrations oer 100 analysed metaphases 

I I I 
Multi pie I I Dose IChromatid Chrome-I 

I cnemicai (pM) Gap Brec•IExcnanges some abe~ra.. 1 

I I Exchanges tions I 

I I 
I 

I 
I - I - I 8.Si 2.c I l.O I I 

I ! 

I JMSC I - I 5.51 C.5 I I 1.0 I I I 

10 I 4.51 2.0 C.5 

SAY K 5552 2C 2. 5 I 5. 5 1.0 

I :: :: ! ? ,.., 
I ....... t ,..,,_ 

I I 

lie ••2c : ,"."I-·- 36.0 7.G 2s.: 

B. Percentaoe cf ce11s containing aberrations 
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:.: 2 ..... 
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.. . ~ " . ., 
i . - 2.: 

~; I"'\ ........... 7:.: 

1
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I I ! oe"centaoe c:' I 
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chrom"tic and chromosume 
inter anc in:rcchange 
inter an~ in:racnange 
complex rearrangement 
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ASSAYS wrm S-9 HIX 

Mean of both assays 

A. Nulliler of aberrations per 100 analysed metaohases 

I I I Dose Chroma ti a Chrome ... 
Chemical (~M) Brea• I Gap Exchanges, some 

I I !Exchanges . 

I 
l ' I a.cl 1.c I 1.0 I 1. 5 - I - i 

I DMSO I I 6.01 l.C I 1.0 I l.5 - I I 

500 I 3.51 2.0 I 1 0.5 
I 

BAY K 5552 I 60C I 2.01 c.: ' I 1.0 I I I 

BOG I 3.5 2.: I l. 5 I 1.0 ! 
I 

24.5 6.5 

8. PercentaQe of cells containino aberrations 
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8. Test for Inhibition of Liver Cell Culture 
Intercellular Communication 

Study No.: T2 023 386 (Jponsor's number) 

Performing Laboratory: 

Sponsor: 

Date Performed: 5/18/87 to 5/27/88 

Quality Assurance: A signed statement of compliance with GLP is 
included. 

Background Information: In this assay, the tra11sfer of the toxic 
metabolite, 6-thioguanine (TG), from metabolically competant 
freshly isolated rat hepatocytes (HGPRT') to a mutant rat liver 
cell culture, ARL14-TG", which is purine analog resistant 
(HGPRT), is measured. When exposed to TG, the presence of the 
primary hepatocytes results in a reduction of TG''' colonies. The 
TG kills primary hepatocytes and ARL-'l'G" cellc to which the 
metabolite is transferred. If a test chemical inhibits membrane 
contact or intercellular communication (also ~eferred to as 
metabolic cooperation), the reduction of TG" colonies in ':he 
flasks containing primary hepatocytes will be diminished, leading 
Lo an increased survival and formation of colonies. It is 
claimed that "many but not all tumor promotors inhibit metabolic 
cooperation 11

• 

Procedure: Nisoldipine was tested at concent1.1tions which ranged 
between 5Xl0 '· mg/nu and 5Xl0' mg/ml, to determine if it 
inhibited metabolic cooperation between rat primary hepatocytes 
(wilc1 type ce' ls) and ARL14-TG'' cells. It is claimed that 
toxicit-y had been previously obse~ved at 5XJO mg/ml, but the 
data were not. shown. Positive cont: rol used was DDT. 

Results: A concentration dependent inhibition of metabolic 
cooperation was not observed wilh nisoldipine. DDT caused an 
inhibition of metabolic cooperation. (See tabl<o which follows) 

It was concluded that Bay k S':iS'.: did not inhilnt metabolic 
cooperation in this test system. 



• 
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c:ie::iical Concentration 

r;r.~s c 0.1% 

C"~ 5xl0- 5M 

N:!..scldipi.ne 5x10-4 mg/ml 

mg/ml 

sx10-5 mg/ml 

Num: er of Coloniesa 

No l. 2;,x10 6 

Hepatocytes 

233 ! 38 

(:26,276,!35,.245) 

...... , + ... -'" ... - •..:. 

':52,222,206,205) 

(:45,163,153,167) 

187 = 54 

(:35,230,160,124) 

181 :: 9 

(177,171,192,183) 

202 :!: 17 

(227,197,198,187) 

Hepatocytes 

97 :: 19 

(98,1.22,93,75) 

(103,117,123,::9) 

151 = 14 

(132,156,151,164) 

118 :!: 7 

(lll,118,125) 

118 :: 9 

(114,112,129) 

89 :!: 28 

(114,69,112,60) 

a Mean :: standard deviation c: three to four flasks. 

05 02 3237 
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LABELING 

Under PRECAUTIONS, the first sentence of the subsection "Carcino­
genesis, Mutagenesis and Impairment of Fertility• presently 
reads: 

Nisoldipine was administered orally to mice and rats for 21 and 
24 months respectively, and was not shown to be carcinogenic. 

We recommend the following revision 

Dietary administrati0n of nisoldipine at doses up to 111 mg/kg/ 
day for 24 months to rats or at doses up to 217 mg/kg/day for 21 
months to mice (125 to 250 times the maximum yecommended human 
dose of 40 mg/kg, based on a mg/kg comparison assuming a patient 
weight of 60 kg) revealed no evidence of a tumorigenic effect. 

Under the same subsection 'Carcinogenesis, Mutagenesis and 
Impairment of Fertility", the statement, nisoldipine did 
not interfere with fertility at a dose more than 30 times the 
maximum reconunended human dose' is meaningless. •rhis should be 
changed to indicate the dosage in terms of mg1kg, then converted 
to dosage based on :>urface area, i.e. in terms of mg Im', which 
may then be compared to human dosage. 

Based on the outcome of all the in vitro and i~ vivo tests, the 
statement in labeling, 'The results of in vitlo and in vivo 
mutagenic studies were negative• is reasonable. 

Under Pregnancr Catc>gory C, we agree with the Category C 
classification, even though animal studies are only suggestive of 
potential fetal risk. 'l'he labeling should be 1rodified to indicate 
that the fetal toxicity observed in the studi1cc; with aninicils are 
suggestive, not conclusive. It should specify ~.hat the monkey 
study was confounded by 1) the use of feral 11\\)nkeys which are 
particularly susceptible Lo the stress of handling. and 2) the 
high rate of abortiun and mortality, in both 1:1·eated and control 
groups, resulting in only one surviving fetus in the 100 mg/kg 
group (which presented with anomalies) and only 3 surviving 
control fetuses. · lt should be stated that although it cannot be 
concluded thaL uisoldipine was teratogenic in the monkey study, 
such a possibility cannot be ruled out becaus•• the teratogenic 
effects observed (mulLiple left forelimb, finqer and tail 
abnormalities observed externally, and related forelimb and 
vertebral abnuimalit ieo; observed v1ith skeletal examination) had 
not been previously observed in untreated anill'~tls of this 
species. 

Tile proposed lalJ,•l i11q does not specify the forri ot maternal 
toxicity' t11at \\'a.:_; 1..)l>:3t:1\·l~li in t.:it lh::)t Ll1t.~ rat cir rabbit. 'rl1e 
phrase which st at<cS t·Jldt nisoldipin,,• caused Ll :;ligl1tly increased 
malformation ial •' in rabbi ls should be ornitLe<i frum the labeling. 
Of the two rabbi L c; l udies, cd ightl y increased rial format ion rate 
was attributed Lo t llt-:~ sl re0s of diarrl1ea, wl1i1_'!1 <Jccurred in one 
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of these two studies. There was no increase in any specific form 
of malformation. 

The statement on fetotoxicity in rats and rabbits should be 
revised to read as follows: 

Fetotoxicity in rats and rabbits was usua.1.J.y observed only at 
doses which caused a decrease in body weight gain of dams 
compared to control. In rats, an increase in post-implantation 
loss was observed at 100 mg/kg, and a decrease in fetal weight 
was observed at 30 and 100 mg/kg. In rabbits, decreases in fetal 
and placental weights were observed at 30 mg/kg. 

For the rat and rabbit Segment II studies, the dosages cited as 
"30 (or 100) times tlle maximum lluman dose", should be expressed 
in terms of both mg /kg and mg Im'. 

Under a new section, Labor and Delivery, the labeling should 
state that the drug caused a slight prolongation of pregnancy in 
rats. The prolongation of pregnancy is presencly noted under the 
Pregnancy Category section but should be moved here. 

Under Nursing MotfJers, it should be pointed oL!t. that "nisoldipine 
was found in the milk of lactating rats at co11centrations which 
were lower than levels found in the plasma". 
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OVERALL SUMMARY AND EVALUATION 

Nisoldipine coat core (Nis CC) tablet, proposed for the treat­
ment of hypertension (alone or in combination with other anti­
hypertensive agents) on a once-a-day 
dosage regimen, is an extended release formulation of the 
dihydropyridine calcium channel blocker nisoldipine. Nis CC 
tablet has an external coat of :3low release formulation and an 
internal core of fast release formulation of nisoldipine. 

Calcium channel blockers have recently emerged as a promising new 
class of antihypertensive agents. By blocking the channels which 
mediate calcium entry into smooth muscle cello;, these agents 
decrease intracellular calcium levels, thereby inhibiting 
vascular smooth muscle contractions, resultince in a decrease in 
peripl1eral vascular resistance and reduction in blood pressure. 
Because calcium channel blockers inhibit coronary 
vasoconstriction and reduce vascular resistance and increase 
coronary blood flow, thereby protecting the heart against 
ischemia and reperfusion damage, they are also effective in the 
treatment 

Nisoldipine was developed with the aim of improving the pharma­
cologic properties of nifedipine. Despite its chemical similarity 
to nifedipine, nisoldipine is a more potent d1~ator of coronary 
as well a~ peripheral blood vessels. NisolJipine is 3 to 10 times 
more potent than nifedipine in increasing coronary blood flow and 
coronary venous oxygen saturation in dogs. In isolated vascular 
preparalions, nisoldipine inhibits calcium- ai-.d potassium­
induced contractions at concentrations ,,-10 ti:c1es lower than that 
ot nifedipine. A negalive inotropic effect, a11 adverse effect 
usually observed with ether calcium cham1el b10ck1c;i-s, has not 
been shown with nisoldipine in its therc1peutic dose range. 

l\n oral dose of 10-40 mg once daily is proposed for- the treatment 
of hypertension and a dose of once J,uly is proposed for 
t.he treatment 

This new drug application is supported by tairly extensive 
preclinical studies. 

N~soldipine was shown to produce dore-dependen~ reductions in 
blood pressure and tutal peripheral resistance i11 rats, dogs, 
cats and pigs. ln Sil rats, sinyle ural doses nt 0.315, 1.0 and 
3 .15 my nisoldipine/kg produced 3, 12 and 18% i·eductions in blood 
IJressure, respect i \'el;{. Tt1e n1axin11_in1 et t ect \\:\ .. ~:~ st-=t~t1 at 1 t1r after 
drug administration and the blood pressure returned to the 
pretreatment level at b hr postduse. The antihype1tensive effecl 
ot 11isc..1ldipine v,,ra:·; n1u('f-1 n1t.._1r_-t 0 !Jl-<Jill)Ullt-'L'cl i11 rl:·I:dl l1~1pertensive 
r.::iu_; tlldn in SH rats; a d010<: 01 3. l':i l!KJ/kg po produced a 39% 
reduct.iun in blood pn""sure in renul hype1 Len,;ive rats compared 
Lo an 18% reduction in SH tilts. Loll<] t enn trP.1t mcnt with 
11isold1piue (50-100 my/kg/day in lhe diet to1 60 1-Jeeks) 
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prevented the development of hypertension in SH rats (mean 
systolic blood pressure of 141 mm Hg in the drug treated group vs 
214 mm Hg in the control group at the termination of the study) 
and other rat models. Chronic treatment with the test compound 
also significantly reduced the atrial natriuretic peptide and 
aldosterone concentrations in plasma and attenuated cardiac 
hypertrophy in SH rats. 

The (+) enantiomer was found to be only slightly more potent than 
the racemic compound in its antihypertensive activity in SH rats, 
but it was about 20 times more potent than the (-) enantiomer. 

In terms of antihypertensive effect, nisoldipine was about 
equipotent to nifedipine, nicardipine and hydralazine (ED20 = 4 
mg/kg po) in SH rats; however, it was less potent than the other 
drugs in other hypertensive rat models. 

Single oral doses of nisoldipine (0.03-1.0 mg/kg) produced dose­
dependent decreases in mean arterial blood pressure in conscious 
renal hypertensive dogs. At 0.3 mg/kg, a 24% reduction in blood 
pressure was produced wilhin 2 hr after drug administrotion and 
the hypotensive action lasted for about 12 hours. A tachycardia, 
lasting for about 3 hr, also occurred at the above dose level. 
Nifedipine produced about the same degree of hypotensior. (lasting 
about 6 hr) as that produced by an ora~ dose of 0.3 mg 
nisoldipine/kg at about a 10 fold higher dose level (ED20 - 0.14 
mg/kg for nisoldipine vs 1.68 mg/kg for nifedipine). The 
antihypertensive activity of orally administered nisoldipine in 
renal hypertensive dogs significantly correlaLed with plasma 
concentrations of the drug. 

Low doses of nisoldipine increased coronary blued flow and 
protected the l1ea1t against ischemia and repertusion damage in 
various experimental models. In isolated rat hearts subjected to 
ischemia and i·eperfusion, nisoldipine (3 nM) duubled coronary 
blood flow. At 1 nM, nisoldipine increased corona1y blood flow 
31% and improved the recovery ot contractile !unction and tissue 
ATP levels. Radioactive microsphere studies i11 conscious rats 
showed that oral administration of nisoldipine (0.3 mg/kg) 
produced a marked increase in coronary blood tlow as well as a 
decrease in coronary vascular resistance. In anesthetized dogs, 
nisoldipine (5 µg/kg iv) increased corona1y sinus blood flow by 
111% and coronary sinus oxygen content by 50%. In dogs with acute 
myocardial infarction, nisoldipine (5 µg/kg iv l':i min, 2 and 4 hr 
after coronary artery occlusion) reduced myoc,1rdial infarct size 
by :,1%. ln pig:.; with gradudl coronary occlusi<)ll, Lhe test drug 
( lO µg/kg po, e\·e~-,· b hr for 1 month) signifi,·antly reduced 
infarct size and increased endocardial and transmural blood flow 
by enhanciuq endocaniial collal<'rdl ci1culatio11. 

Nisoldipine did not dep1e"" Cd1diuc tnnction ,1t doses needed to 
increase coronary blood tlow or lower blood p1essure in 
hypertensive ilntmuls. The druq teduced or abolished ventricular 
fibrillation and repe1 tusion an hythmias, imp1uved cardiac 
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output, reduced mortality, and improved ventricular function in 
several animal models. The beneficial effects are attributed to 
increases in perfusion of the ischemic zcPe, and a reduction in 
afterload through a decrease in peripheral resistance. 

In vitro studies have shown nisoldipine to be twice as potent as 
nifedipine in inhibiting contractions of isolated pig coronary 
artery; however, it was only 1/3 as potent as nifedipine in 
inhibiting femoral artery contractions, indicating its 
selectivity for coronary vasculature. 

Nisoldipine produced diuretic and natriuretic effects in rats, 
the effects being more pronounced in hypertensive than in 
normotensive rats. The natriuretic effect was attributed to the 
suppression of distal tubular sodium reabsorption. 

Nisoldipine binds with very high affinity (Kd;<O.l nM) to L-type 
calcium channels of various cell types. Compared to nifedipine, 
nisoldipine is found to have 2 to 30 times higher binding 
affinity dependi11g on the cell type and experimental conditions. 
Several studies have shown that there is good agreement among 
binding affinity and the IC50 values both for inhibiting "ca 
influx and aortic contraction. Moreover, the degree of 
nisoldipine inhibition of calcium channel current was found to 
increase with membrane depolarization. 

Isolated membrane studies showed that the (+) isomer had a 
binding affinity 100 times higher than that of the (-) isomer. 

General pharmacological studies in rodents showed analgesic and 
anticonvulsant effects, prolongation of anesthesia, attenuation 
of aggressive behavior, elevation of blood glucose and reduction 
of intestinal motility at dose levels 15 to 150 times the maximum 
recommended human dose on a body weight basis. (It is noted that 
the above effects were seen at dose levels 33 to 333 times the 
dose that produced the desired pharmacological effects in rats.) 

Bay R 9425, an active metabolite with a dihydropyridine 
structure, exhibited pharmacological effects similar to the 
parent compound but was 1/3 to 1/10 less potent. The other 
metabolites had no significant effects. 

Combined administration with propranolol prolonged the anti­
hypertensive action of nisoldipine and reduced the reflex 
tachycardia in dogs. 

Based on the ratio of percent of administered radioactivity 
excreted in urine tor the i.v./oral doses, nisoldipine has been 
shown ta be virtually completely absorbed i11 rats, dogs and 
humans, following 01al doses of 5 mq/kg in the animals or 10 Lo 
40 mg Nisoldipine CC LablL>ts, in man. Despite the high rates ot 
oral absorption, bio-availabilities (F) of parent compound were 
low, averaging 11.7% or less i11 ll1c 3 species, which was 
attributed tu an exte11sive Lirsl pass eftecl (shown in the dog to 
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be due to metabolism in both the gut and liver). In man, the ~ 
value for irnrnedio.te release compound was 8.4%, but for the core­
coated tablet, it was 5.5%. When administered by the oral route, 
CEQm•x. nO<m' s ( cmdX normal i zeC.: (.0 1 mg /kg dose' based on 
radioactivity equivalence} .or parent compound were similar in 
rat, dog, monkey and man. whereas CEQmax.ne<m' s for total 
rc1d.i.oactivity (which includes parent compound plus all 
metabolites) were 4.7 to 7-.5-times higher in man than in the 3 
animal species. AUCno•m' s for parent compound v1ere also similar 
in all 4 species whereas AUCn.,,m's for total radioactivity (parent 
compound plus metabolites) were 6 to 10 times higher in man than 
in the three animal species. The plasma halt-lives for parent 
compound following oral administration were only 0.7, 2.3, 3.8 
and 4. 0 hours, res:~ect i vely, for the 4 species, whereas the 
plasma half lives for total radioactivity (pa ,·ent compound plus 
inetabolites) were 14.9, 54.4, 41.8 and 80.3 hours for the rat, 
dog, monkey, and man, respectively. 

At steady state in humans, dose proportionality was seen for both 
irmnediate release and coat core tablets, based either on AUC or 
c.,.. Correspor1dingly, decreases in systolic and diastolic blood 
pressures showed a general dose related decline from baseline. 

Tissue distribution of total radioactivity following a single 
oral dose ot 5 mg/kg in rats, determined betwhm 0. 5 and 72 hours 
post-dosing, reached maximum values at 1 hout, with liver, fat, 
kidney and adrenal glands generally containing the highest 
levels, brain and skeletal muscle the lowest. There was no 
indication of a change in organ pattern disttibution with time. 
Ir1 dogs, tissue distribution (measured only 7: hours) after oral 
dosing was sin"ilar to that observed in rats. Placental transfer 
in pregnant rats, and secretion into milk ot lactating rats, were 
observed. Whole-body autoradiogruphy in rats indicated rapid 
tissue distribution and penetration ot the blood-br<nn barrier 
within 5 minutes alter i.v. dosing. 

Protein binding, detennined by equilibrium dialysis, was greater 
Ll1dn 97.5% in rats and Jogs and around 99.4% i:1 humans. 
Nisoldiµine was rapidly and extensively metaboli:::ed in the rat, 
dog, monkey and man; only a sma.11 percentage ot unchanged 
labelled test substance could be tound in the circulation within 
30 or bO mir1utes alter a11 oral dose. Partial .!nlerohepatic 
recirculation ot metabolites was detecteu in r.·its. Hepatic 
en:::yme level:; ot cytochrome P'""' aminopytine t: .. demethylase and 
at1ilir1e l1:z'd1:ox1' lo.~;e \\'ere c1e('J't..:"~1~~Pc1 tolll)V"i11q (-,1·a l aLUnir1istratior1 
tcJ1- : \veeks, lJut t11ese dec:-rea:::-:es v..•ere tou11d tc• be reversible 
\-Ji thin one \veek t ol lowing treatment terminal iu:t. 

!\\ lea:;t 18 bint tcH1:;!01mat ion producu; have !J,:,,n identitied in 
u1 int.: a11d ~3eru1n <J! tut 1 ti.0g 1 n1(Ji1k1~1· <)t 1nan 1 G <)i \\'11ich account 
im fl0% ot radioactivity in urin'' ot ,cill 4 sp.·,,:ie:c;. After oral 
administration, Lltc>re \~etc>. no impo1 t ant di t te' •!llc2:1 in pl..1sma ot 
u1 in.-qt"'/ !P~t·al)oli 1,: f,JtL1tilc l;C't..\\.~-?1.._~11 tflc· 4 :.31Jt?L'it·~;. ·file 
in\'e~.>liyaLor~ J~:3c·1 il.Jt~ tl1e liioL ra11storn1dt io11 :;:.e1_)~' ir: all 4 
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species as follows: 

-hydroxylation of the isobutyl ester 
-dehydrogenation to the pyridine derivative 
-cleavage of the ester to form the carboxylic acid 
-reduc~ion of the nitro group to the amino group 
-glucuronidation (phase II enzymatic reaction) 

In acute toxicity studies, oral LD50 values oi nisoldipine were 
greater than 10, 000 mg/kg for mice and rats and gr·eater than 5000 
mg/kg (or rabbits and dogs. Acute iv LDSO values tor the above 
tour species ranged from 1.9 to 2.5 mg/kg. Propranolol 
pretreatment had no effect on the iv LD50 in the rat. 

ln the rat three month oral (gavage) toxicity study (0, 10, 30 
and 100 mg nisoldipine/kg/day) , elevation of plasma urea levels 
was seen in the high dose female group. Although absolute and/or 
relative weights of heart and liver (mid and Ligh dose rats of 
both sexes) and thymus (mid and high dose malLo) 1,·ere 
significantly higher than control, no significo:nt 
histopathological t indings were observed. The 'no effect level" 
for liver and heart weight effects in the abon' study was found 
to be 10 mg/kg/day. 

In reply to a request for justification of dose selection tor the 
three dog studies, we were informed by the sponsor that doses 
were selected tor the initial 4 week study on the basis of 
previous experience with the pharmacological!~· similar 
dil1ydropyridine,;, niiedipine and nilrendipine. The rationale for 
selection of the highest dose in the 52-week study was the 
avoiJance of papillary muscle scars that were c,bserved with the 
lligllest doses employed in the 4 c.nd 13 week experiments. Such 
lesionc; were considered lite threatening by tlw <>ponsor. 
Myocardial scar:.; in one er both left ventriculcir papillary 
muscles, ob:.1en:ed cit 10 mg/kg in the 4 week Stl:dy, and 6.25 mg/kg 
in the 13-week study, are generally attributed to hypoxic damage 
associat<'d with vasodilator induced heart rat1' increase, ci known 
damage mechani>3m in dogs. ln lhe 4-week study, the associated ST 
drops and tachycardia were mosl pronounced in the dog with the 
1nost severe lesions. rrl1e pf1ar1na.cologic ettect s (decreases in 
bl<)Od lJl·t~S2ure ar:cj i 11crease0 i11 l1earl rate) v.i•t,1 e t1sual ly 
t"<versi!Jle 1~ithin 24 hours atter treatment. t;,, other treatment 
-·elated ettect:c; were noted in tl1e 4 and 13 wedc studies. The 
Ji..)St..~!:> st~lec·tt-~li to1 tl1e ')~-\\'eek ~3l\.lt.1'i \Vl~re 0.3, l.U anL1 3 
rng/kq,vv!1icl1 ...._·au:;t~<i dl)~e-r~lated decrPaSt.~s i11 l)Jooll IJres~~ure a11d 
increuse:.; in lleurt rate. Also noted were sliq•,t o;T segment 
df~r)ress ions, T-\\1J. Vt~ it1\'ers ions and QT st~gmen t cier)1 ess ions, but no 
g10,;o3 or liistoloc]ll'dlly obs»rvabJ,• h1»11t muscl1· duniage or other 
inliil._:atic)n:_; Llt. t ()Xicit1·. ln hun1dll:.3, 11i:.:oldipirit.· i:; kt10\\'tl to cause 
S'l' ~;e~ rnent d01J1•.::~;~ic'Hl alL)flq \\'ill1 .1 dL~c·1ea::>e in tJl\l i1)l1era.1 
va:_:;c·ulc11· r~.'..3i:3ta11cl~. dllLi Jide L\t.tc~ct.:..; iru::ltidl~ t 1ali>it?.ti0n and 
t d.L'l11·c.._11·ciia. 
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The two year oral (die~ary) carcinogen bioassay in the rat at 
doses of 0, 50, 300 and 1800 ppm nisoldipine (2.15, 13.13 and 
82.40 mg/kg/day, respectively, in males and 2.78, 18.04 and 
110.68 mg/kg/day, respectively, in females) did not show any 
evidence of a treatment-related increased incidence of tumors 
according to sponsor's analysis. However, a statistically 
significant (at 0.05 level) linear trend was re?orted by FDA 
statisticians for brain granular cell tumor (p=0.0411) in male 
rats; occurrence of the above tumor was limited to 3 (of 50) high 
dose males. Pairwise comparison showed no significant difference 
between high dose and control groups (p=0.1594). According to the 
sponsor, the incidence rate for the brain granular cell tumor is 
within the spontaneous range for male rats. It is noted that the 
above tumor incidence was observed at a dose level which is about 
125 times the maximum recommended human dose of 40 mg/day, based 
on a mg/kg comparison assuming a patient weight of 60 kg. 
Hypertrophy of the zona glomerulosa cells of the adrenal cortex 
(high dose males and females) and increased incidence of 
progressive nephropathy (high dose females) were the major 
nonneoplastic findings of the above study. Although mean body 
weights for the high dose group (both sexes), for the duration of 
the study, were significantly lower than control values except on 
few occasions, the body weight decrement in high dose males was 
less than 10% throughout the study. In high dose females, 
beginning week 45 of treatment, the weight decrement was 10% or 
more, compared to control, till the end of the study. (The 
terminal weight decrements for high dose males and females were 
5.6% and 22%, respectively.) There were no statistically 
significant differences in the survival of drug treated and 
control rats (male or female) in the above study. 

In the mouse, dietary administration of nisoldipine at O, 100, 
300 and 900 ppm (19.37, 58.06 and 162.93 mg/kg/day, respectively, 
in males and 24.99, 74.36 and 217.28 mg/kg/day, respectively, in 
femal•!s) for 21 months showed no evidence of a drug related 
carcinogenic effect except for significant positive linear trends 
(at 0.05 level) for hepatocellular carcinoma and hepatocellular 
tumors (all) in male mice (sponsor's analysis). Analysis of the 
tumor data by FDA statisticians failed to confirm these trends. 
However, FDA analysis showed a significant positive linear trend 
(p=0.0072) for stomach papilloma in male mice [occurrence limited 
to 2 (of 50) high dose males]. Pairwise comparison showed the 
difference between high dose and control groups to also be 
significant (p=O. 0435). The incidence rate for the stomach 
papilloma is reported to be within the historical com:rol r<ii1ge 
for this tumor in NMRl mice. It is noted that the above tumor 
ir1cidence occurred at dose level that is about 250 times tl1e 
maximum recommended l1umar1 dose 011 a body weight basis. Relevant 
non-nc'oplastic t indings observed in this study included increased 
ir1cidences of gastric muccsal hyperplasia (treated males and 
females - all groups) and pi Lui ta1 y hyperplasia (treated 
females - all groups). Chronic drug treatment had no sign; ficant 
ettecl on body weight in this study. The mortality rate ot hioh 
dose males was signiticantly higiHor (p..:O. 001) than control (80'1, 
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in the high dose male group vs 28% in control) . Though the 
mortality rate in high dose females (64% vs 56% in control) was 
also higher than control, the difference was not statistically 
significant. 

Since the incidences of brain granular cell tumor in male rats 
and stomach papiiioma in male mice are within the historical 
control range, and because nisoldipine has been shown not to be 
genotoxic, the drug-tu~or association is considered to be not 
bioiogically relevant. 

Only two of the 7 reproductive toxicology studies submitted were 
performed in accordance with GLPs; the Sprague-Dawley rat and the 
cynomolgus monkey teratology studies. All of the studies appear 
to be scientifically valid, but in the non-GLP studies, even with 
the amended tables, it was frequently not possible to determine 
the times of death. 

In spite of the fact that the test substance had very low acute 
toxicity (LD",> 10 g/kg) in Wistar rats, and could be 
administered chronically to Wistar rats in the carcinogenicity 
study at a dose as high as 220 mg/kg, doses given in the modified 
Segment I and III studies were only 3, 10 and 30 mg/kg. The only 
justif i~ation given for selection of these low doses was the 
undocume··ted statement, "The doses were chosen on the basis of 
toxicological results of other studies". Both studies included 
C-section of a proportion of the dams on day 20 of gestation. 

In the Segment I study, nisoldipine produced no observable 
effects in the males (treatment started 70 days prior to mating) 
or females (treatment started 21 days prior to mating) in terms 
of clinical signs, body weight gain, mating, fertility and 
pregnancy rate. There were small but significant and dose related 
i11<,r0ases in mean fetal weigl1t at 10 and 30 mg/kg but weights 
wEre said to have remained within normal limits for this strain. 
There were no differences from co11trol in fetuses with external, 
soft tissue or skeletal malformations. Ir1 dams allowed to give 
birth, pregnancy duration was sli'>·,tly, but significantly 
increased at all 3 dose levels. 

In the Segment III study, nisoldipi11e ad~iniatration was 
associated with a slight but statistically significant decrease 
in body weights (compared to control) of the hiqh dose (3J mg/kg) 
dams of both the C-sectioned and rearinq groups, after only the 
4th day of treatment (day 20 ot yestation). The only indication 
of toxicity to the otfspring ot the C-suctioned dams was a 
statistically significant decn,asl' i1' '"~an tetal weight at the 
higl1 dose. In Ll1e dams allowed to give birth, there was an 
increase in number of stillbor11 pups, an~ .1n apparent dose 
l't:~lated increase in n1nrt.ality o! lh1~' Ih_~wl>orn pups durir1g tb.C! 
tirst W(,lt~k 1>osL1)artt!li, in Lht~ n1i<i anli high dose groups, but no 
stat islical analysis was pert orm<.>d. The' birth wei.ght and the 
lJody weiqht gain ot pups during lactation was rc>ducP<i in t·he 30 
iuy/kq group compared to control. 
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In the supplemental Segment III study, where only the 30 mg/kg 
dose was tested, reduced maternal body weight gain was evident by 
day 20 of gestation (after only 4 days of treatment), with 
weights remaining below control weights through the first week of 
lactation. Gestation length was significantly prolonged, a 
finding that was interpreted by the sponsor as a 
"pharmacologically-induced tocolytic effect" (inhibition of 
uterine contractions), and there was a large increase in number 
of pup deaths at birth and during the first 2 weeks of lactation. 
Also, a decrease in pup weight was noted at birth and during the 
first week of lactation. These findings of maternal and fetal 
toxicity at 30 mg/kg confirm the observations noted for the 30 
mg/kq group of the n1ain Segment III study. Prolongation of 
ges~ation, which was seen in the supplemental Segment III study, 
ha: not been observed in the primary Segment III study but was 
obser~ed in the Segment I study as well as in a Segment II study 
in another strain of rat (see table which follows and table on 
page 156) . 
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DOSAGE THRESHOLDS FOR FERTILITY-REPRODUCTION STUDY AND PERINATAL-POSTNATAL STUDIES IN RATS 

Peport !Jo. T0002152 Tl002153 T3008898 

I :~~~~ r fype 
Fertil-Peproduetion Peri- post-natal Peri- post-natal 

v.:i star Wis tar Wis tar u\..-.LO~-·· 

Dos~ 1~g/k_;:1 r ' ' 0 :. G 0, 3' 10' 30 0' 30 ~. "v' _,,_ 

· .. ·er::1c..__~ gly~erol-water-PEG Glyeerol-water-Lutrol Glycerol-water-
Lutrol 

:Jay's r.-:i::'.ir:istered Frorr, 10 v:ks (males) GD 16 to PPD 21 GD 16 to PPD 14 
or 3 vJkS (females) 
prior tc mating to 
GD 7 

c-:;ec:c:Con Day (GD) 20 20 Not done 

I~o. :=-i::;:-:-:/gp. c-:::ectioued 23-27 25 N/A 
I 

l{o. F >?:-:'./ gp. Litt:ered 22-27 20-23 25 

!<ate~r:a~ Lozici t"y' 
- Dec~. v1eigt'.t gain >30 mg /kg >10 <30 mg/kg# ~30 mg/kg# ~. 

2. L'r?:~::. focd intake >30 >30 >30 
~· Prolonged Gestation >30 >30 ~30 

F'i:::t~aJ (C-Sf-:OCt_) Lo;.::i_cj ty 

l. Dec:::-. s11r\.ri\'8l >30 mg/kg >30 mg/kg N/A 
2. Deer. ft?:tal v1eight >30 >30 IJ/A 
-, Deer. p1acc~r.ta1 v.rt >30 >30 N/A 

I 
J. 

4. Iner. ma l f orrr.-3 lion >3 0 >30 N/A 

!1ecir.atal TC:.( i City 
_l_. I!""1Cr. stillborn >30 mg/kg >3 ~10 mg/kg _s.30 mg/kg 
2. Dec~. s·~rvival >3 0 >3 ~10 (1st week) _s.3 0 (1st wk) 
' Deer. birth weight >30 >10~30 :s_3 0 ~. 

4. Deer. VJt gain >30 >10.::_30 _s.3 0 
~ ~:._ ... i tea to G;,..; J.6 ~U: et ect was sliant and barelv sianiticant in tne r.i_rst st-_uav. n1an1v 
sigr.ificant in the second. 
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Two Segment II studies were performed with rats, the first one 
with Long-Evans rats which received the drug in a polyethylene 
glycol-glycerol-water vehicle, and the second one with Sprague­
Dawley rats which rec~ived the drug in an aqueous-Tylose vehicle. 
In both tests, the doses administered were 10, 30 and 100 mg/kg. 
In the second test with Sprague-Dawley rats (but not in the first 
one with Long-Evans rats), half the pregnant dams on test were 
allowed to litter and raise their young until 25 days postpartum; 
Ll~n selected males and females in each litter were monitored to 
sexual maturity. In both studies, a dose related decrease in 
body weight gain was noted for dams at the 2 highest doses. In 
the Long-Evans rat, there was no effect of nisoldipine on fetal 
weight, but in the Sprague-Dawley study, a dose related decrease 
was noted (significant at the 2 highest doses) . There was an 
increase in postimplantation loss in the high dose group of the 
Sprague-Dawley study. There were indications of fetal immaturity 
in the 100 mg/kg group (more clearly noted with the Sprague­
Dawley rat), as indicated by increased incidence of incomplete 
ossification of various bones and of stunted fetuses. Also in the 
Sprague-Dawley study (not shown in the following table), an 
increased number of fetuses with slightly increased (relative to 
normal control) dilatation of lateral ventricles and/or space 
between the body walls and organs occurred mainly in 2 litters of 
the 100 mg/kg group and was associated with low body weights of 
the fetuses in these two litters. Prolongation of gestation 
length was noted for the high dose group. Curiously, the birth 
weights of pups from the mid and high dose dams were slightly 
higher than control (the same observation was made for the 10 and 
30 mg/kg groups of the Segment I study, but the opposite 
observation, i.e. a decrease in pup weight at birth, was made in 
the Segment III main and supplemental studies), and there was no 
increase in stillbirths and n~onatal deaths, as had been observed 
in the Segmenl III studies. It is also pertinent to-Point out 
that in contrast to the Segment III studies where treatment was 
continued through the time of expected delivery, in the Segment 
II study with Sprague-Dawley rats, treatment was limited to days 
7 to 17 of gestation. Thus, prolongation of pregnancy occurred a 
few days after treatment with nisoldipine had been discontinued. 
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DOSAGE THRESHOLDS FOR ADVERSE EFFECTS IN RAT DEVELOPMENTAL 
STUDIES 

Report No. 7596 37 BAG0520/938 

Strain Long-E·.rans Sprague-Dawley 

Dose (mg/kg) 0' 10, 30' 100 0' 10, 30' 100 

Vehicle Glycerol-water-PEG Aqueous tylose 

Days Administered (GD) 6-15 7-17 

Day of C-Section (GD) 20 20 

No. /Gp. C-Se< :t ion,2d 20-21 21 -
No.JC;). Littered N/A 11 
~-

Maternal Toxicity 
1. Mortality >100 mg/kg >100 mg/kg 
2. Deer. weight gaiti >10 ;::.30 >10 ;::.30 
3 . Deel.-. food intake Not measured >10 ;::.30 
4. Prolonged gestat N/A >30 .:S.l 0 0 

Fetal Toxicity 
1. Iner. post-implant >100 mg/kg >30 ;::.100 mg/kg 

loss 
2. Deer-. fetal wt >100 >10 ;::.3 0 
3. Deer. placental wt >30 ;::.100 >100 

Neonatal & po,3t.natal N/A >100 mg/kg 
toxicity (lo Lime ot 
breeding) 
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In both Segment II rabbit studies, there was a compound related 
decrease in body weight gain of the pregnant does. In the first 
study, where the doses administered were 3, 10 and 30 mg/kg and 
the vehicle used was glycerol-water-PEG, a decrease in mean 
number of live male tetuses per doe (P< 0.05) resulted in a 
decrease in ratio of live male: female fetuses in the 30 mg/kg 
group. There was also a small increase in incidence of fetuses 
with anomalies (e.g. forelimb abnormalities and cleft palate) in 
the 30 mg/kg (high dose) group, but this was not associated with 
an increased incidence of any specific malformation. In the 
second study, where only the 30 mg/kg dose was tested and the 
vehicle used was aqueous tylose, mean fetal and placental weights 
¥•ere decreased and "underdeveloped forms" (defined as fetuses 
weighing ;S. 2.5 g), w<0re increased vs control. The investigators 
attributed the increase in malformations in the first rabbit 
study to the increase in maternal stress. They suggested that 
the combination of the glycerol-water-PEG vehicle and the drug 
resulted in an increased incidence of diarrhea in the high dose 
dams, and that the diarrhea caused an increased incidence of does 
which aborted their entire litters (4 at high dose had ciarrhea; 
2 of these aborted and 1 died) . However, diarrhea and abortion, 
also observed in 1 low dose dam and 1 mid dose dam, were 
considered "normal" for this strain of rabbit. 

In both the rat and rabbit studies, increased incidence of 
malformations, increased fetal lethalities and/or depressed fetal 
weights were observed only with maternally toxic doses. 



Page 158 - NDA 20-356 

DOSAGE THRESHOLDS FOR ADVERSE EFFECTS IN RABBIT DEVELOPMENTAL 
STUDIES 

Report No. 7595 7595 (Suppl) 
-

Strain Himalayan Himalayan 

Doses (mg !kg l o, 3' 10, 30 0, 30 

Vehicle Glycerol-water-PEG Aqueous tylose 

Days Administered (GD) 6-18 6-18 

Day of c-section (GD) 29 29 

No. /Group C-Sectioned 10-13 11 

Maternal Toxicity 
1 . Deer. body wt gain >10 <30 mg/kg .:s.3 0 mg/kg 
2. Lethality >10 .:s.30* >30 
3. Diarrhea >10 .:s.30* >30 
4 . Spontan. abortion >10 <30* >30 

Fetal Toxicity 
1. Deer. survival >10 .::;_3 0 mg/kg# >30 mg/kg 
2. Deer. fetal wt. >30 >10 .:s. 3 0 
3 . Deer. placental wt >30 >10 .:s.3 0 
4. Iner. malformation >10 <30** >30 

* In the first study with glycerol-water-polyethylene glycol 
vehicle, there were 4 !1igh dose does with diarrhea, 2 of which 
aborted and 1 of which died. There was also 1 at low dose with 
diarr!1ea which aborted and one at mid dose which aborted but did 
.iot have diarrhea; none of the controls aborted. In the second 
test witl1 aqueous tylose vehicle, there were no. deaths and none 
of the treated animals aborted or had diarrhea. The high dose 
deaths and abortions in the firsl sludy were attributed by the 
sponsor to diarrhea, caused by a11 interaction of vehicle and 
compound, although the 2 vet1icles were not directly compared in 
tl1e same experiment. 

# The mean number ot mJle live ietuses was significantly reduced 
i11 tl1e 30 mg/kg group, resulLing in a reduction in ratio of 
males: fc~males in the first study. The sponsor considered the 
reduction in ratio of males:females d spontaneous occurrence and 
the overall dec1ease in number ot live fetuses was attributed to 
tl1e ~tres~ ot dia~rhea. 

'' Mc!lionnat io1;,, in [lotuses ol the high dose g~·oup occurred in 3 
dams. There was an increase in total number of fetu~es with 
mJ.lfurmJ.tions and totc1l numb<"1 ot ddmS that had fetuses with 
mJ.llormatiunc; (nu o;tdtjc;t ic0l cJllc>ly:,i:;), but no increase in any 
St)ecitic nt:::1ltc)l"lila.tion. '1'i1t.-; i11vl_~~;tigatlJ!.'~' a.Lt.ribute tf1e ir1crease 
i11 n1a.ltor1na.Li<-)11 rate lo i11c1l~a~~t-'li ::>trt:~s.; due to diarrhea. 
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In the study with cynomolgus monkeys, clinical signs, which 
included heavy bleeding (followed by abortion), reduced food 
intake, diarrhea and vomiting, occurred during the treatment 
period in all the groups, including vehicle control. Although the 
symptoms were generally more frequent and of longer duration in 
the 100 mg/kg treated monkeys, they were still considered by the 
investigators to be due to treatment with the vehicle 
(polyethylene glycol-glycerin-water) . In the opinion of this 
reviewer, the stress of handling these feral monkeys (rather 
than, or in addition to, the vehicle), contributed to the 
observed symptoms. Of the 10 or 11 pregnant monkeys on test in 
each group, 6 to 8 of them aborted in every group, and deaths 
occurred in 3 control, 1 mid-dose (30 mg/kg) and 5 high dose (100 
rng/l:g) monkeys. The single death at the mid dose, and 4 of the 5 
dea ·_lJs at the high dose, were associated with a volvulus 
(twisting or knotting of the intestine), which was not seen in 
control animals which died. Malformations were observed in the 
only sucriving fetus of the 100 mg/kg group (left forelimb and 
tail anomalies, observed externally and by skeletal examination). 
ln spite of the very few surviving fetuses that could be examined 
tor malformations (3 controls, 2 low dose and 1 high dose) it is 
c:laimed, "The skeletal abnormalities in this one fetus are 
considered to be related to treatment with BAY k 5552 because 
~irnilar defects were never observed in control fetuses of 
previous studies of the same type in Macaca fascicularis". No 
historical control data or details on how many previous studies 
or the number of control monkeys that were examined for 
teratogenicity are provided to support this statement. It should 
be pointed out that malformations occurred only at a dose level 
that was highly maternally toxic. 

lJay k 5552 (nisoldipine) was tested for mutagenicity by five in 
vilru test systems (Salmonella/microsome, CHO HC;PRT forward 
mutation asc,2\y, mouse hepatocyte primary culture DNi". repair, a 
CHO test tor clastogenicity, and by a test tor inhibition of 
intercellula1 communication between two types of liver cells, 1) 
a primary rat culture ("wild type cells") and 2) the ARL14--TG" 
cell line. lt was further tested tor mutagenicity in two in vivo 
systems (mouse rnicronucleus and mouse dominant-lethal). All the 
tests for mutagenicity appeared to be adequately performed, and 
positive controls in all of them confirmed the acceptability of 
the studies. Based on the outcome of these in vitlo and _in vivo 
.;Ludies, nisoldipine was not found to be 1nutagenic. 

In COilC l us ion I t }1e r)recl inical sLudi.es ;:iUHU1',at·i ::ed ubove 1la\-'8 

.J,,,monst1ated thee ettici'lcy ot the test drug as a1: anr:.hypertensive 
ancl Adverse ettec~t ~ art~ :iee11 onl~· at l1iaf1 
multiples of the maximum reconunended human dose. -
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RECOMMENDATION 

The NDA is approvable wich suggested changes in labeling. 

ATTACHMENTS ( 3} 

CC: 
Orig.NOA 
HFD-502 
HFP-34 5/c~Jarnes 
HFD-110 
HFD-110/C.SO· 
HFD-110/SStol~enberg 
HfLl-11 n I X,Joseph 
(A(\ 8/Ji/'W 

~~7f~ 
Sidney Stolzenberg, Ph.D 

~~~'-
Xavier Joseph, DVM 
August 29, 1994 
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Statistical Review and Evaluation 

IND #: Date: DEC 

1'.Ppl icant: Miles Inc. 

Name of Druq: Nisoldipine (Bay K 5552) 

Documents Reviewed: 

1. IND Submission Volume 19.1 & 19.2, Information Amendment serial 
No. 031, "Carcinogenicity study on NMRI mice (feeding 
study over 21 months)'', Pharma. Report no. 16329 (E), Date: 
Dec. 1987, Date of Document, August 11, 1988. 

2. I~D Submission Volume 9.1, Additional Bay K 5552 
(Nisoldipine) Reports, ''Chronic Toxicological investigations 
on rats (Feeding Study over 24 months)", Phar:na Report No.: 
13016(E), Date: May 6, 1985, Date of Document, Dec. 1985. 

3. IND Special Submission, Data diskettes and print-outs for two 
animal tumorigenicity studies, Date of Documen~. April 1, 
1992. 

I. Backaround 

Two animal carcinogenicity studies (one in mice and one in rats) were 
included in this IND submission. The purpose of this study was to 
evaluate the tumorigenic potential of Nisoldipin<! (Bay ~ 5552) , when 
administered in the diet to mice and rats for two years, 
rPspectively. Dr. Xavier Joseph, HFD-110, who is the reviewing 
pharmacologist of this IND has requested the Division of Biometrics 
to perform the statistical review and evaluation of these two 
studies. 'l'he data submitted on computer floppy diskettes were used 
in the reviewer's independent analyses. 

II. The Mouse study 

II. a. Design 

In this study, four groups Qf 50 male and 50 female SPF-bred NMRI 
mice (strain Uor:NMRI(SPF HAN), breeder Winkelmann, Borchcn) were 
admixed with o, 100, JOO, or 900 ppm Nisoldipine (Bay K 5552) 
(converted to o, 19.37, 58.06, 162.93 mg/kg/day for males or O, 
24.99, 74.36, 217.28 mg/kg/day ror temales, respectively) 111 their 
diet for up to 21 months. In each dose and sex group, 20 additional 
mice were treated for up to 12 months and the~ sacrificed for interim 
investigations. The dosages were selected on the basis of the 
results al a previous subacute study with the administration of the 
substance in the food. Food consumption was monitored vn a weekly 
basis up to 23rd week and every two weeks thereafter. Autopsies were 
done on all animals whicl1 died durin1 tl1e course at the study or that 
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were killed in ~xtremis, and also on those that were sacrificed at 12 
months and at the termination of the study. At the end of the study, 
some tissues from o, 300, and 900 ppm groups were examined 
histopathologically. In addition, non-blastomatous lesions in the 
alimentary canal, the pituitary and the liver of animals in the 900 
ppm group were recorded. Of the animals in the 100 ppm group (low 
dose group), the stomach, pituitary, and liver were examined 
histopathologically. 

II. b. Sponsor's Analyses 

The sponsor indicated that "no neoplasms were entereq for the femal;~ 
animals in the 100 ppm group; therefore, the data for this group were 
not recorded." The following four animals (animal no. 333 and 343 in 
female control group, animal no. 550 in feThale high dose group, and 
animal no. 131 in male low dose group) were not included in the 
analysis due to autolysis. The pituitary was not examined in all 
animals. The stomach and liver were examined only in male animals 
from the 100 ppm group, hence, the low dose group is taken into 
consideration only in the evaluation of the mortality data and of 
tumors with the relevunt location. 

Mortality rates of f2rnctle and male mice at 6, 12, 18, and 21 months 
reported by the sponsor are presented in Table 1. The survival 
curves for female and male mice are graphed in Figuces 1-2, 
respectively. For male animals, the survival curves are 
significantly different at 0.05 level, regardless of whether all the 
groups are taken into consideration or the 100 ppm gro1:p is excluded. 
The significant difference in survival curve is due to the high 
mortality in the high dose group. For female animal~, the survival 
curves of control, medium, and high dose groups are not significantly 
different (p = 0.8192). 

The above survival data were analyzed by applying the BMDP 
statistical software package which uses the generalized Wilcoxon test 
in the life table and survival functions programs. 

The sponsor indicated that the methods described in Peto et al. 
(''Guidelines for Simple, Sensitive Significance Tests for 
Carcinogenic Effects in Long-Term Animal Experiments'', In Long-Term 
and Short-'l'erm Screening Assays for Carcinogens: A criticql 
lill.gr;:iisa.J,, International Agency for Research on Cancer Monographs, 
Annex to Supplement 2, World Health Organization, 311-426, 1980) were 
used to test the linear trend in the tumor data. since the data do 
not have information relating the tumors with the death of an animal, 
hence, maligna11t tumors are in general evaluated with the help of the 
death-rate method and benign tumors with the help of the prevalence 
method. The ordinal dose levels o, 1, 2, 3 are used as the weighing 
factors for the control, low, medium, and high dose groups, 
respectively. 

Table : summar i ;:es tlie tumol· !Jl!ar ing anim.i ls according to location 
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and tumor type. Table 3 lists the number of male and female mice 
with benign and/or malignant tumors for control, medium, and high 
dose groups. Table 4 lists the statistical analyses of selected 
tumor data. The results of the above analyses showed that there were 
significant (at 0.05 level) positive linear trends in hepatocellular 
carcinoma (death rate: p = 0.0015, prevalence: p = 0.0267), 
hepatocellular tumors (death rate: p = 0.0004, prevalence: p = 
0.0334), and malignant tumors (death rate: p = 0.0035) in male mice. 

Based on the above results, the sponsor concluded that 
"hepatocellular tumors were found in male mice from all four groups. 
If the incidences determined in these groups are compared with the 
historical control values which stem from six long-term studies with 
animals of this strain between 1980 and 1984 (see Table 5), the 
occurrence of 7 hepatocellular tumors in male mice from the 300 ppm 
group (medium dose) lies within the upper range of the nor~. The 
number 0£ hepatocellular tumors in male animals from the highest dose 
group is markedly higher than the values of the 0 ppm group and 
historical control values. This increased incidence is a result of a 
higher rate of hepatic tumors in mice which died, while animals from 
the terminal kill were not affected more frequently than the other 
groups ..... The increased incidence of hepatocellular tumors in 
males of the 900 ppm group is interpreted as a secondary effect of 
chronic liver overloading. A primary carcinogenic effect ~as not 
determined." 

!I.e. Reviewer's analyses and comments 

The sponsor did not include data of female low dose group in the 
computer diskettes. Hence, female low dose group Was not included in 
the following survival and tumor data analyses. The Cox test and the 
generalized Wilcoxon test described in the paper of Thomas, Breslow, 
and Gart (''Trend and Homogeneity Analyses of Proportions and Life 
Table Data", Computers and Biomedical Research, 10, 373-381, 1977) 
were used to test for heterogene~ty in survival distributions. The 
p-values of the cox test were <0.00001 and 0.6081 for males and 
females, respectively. Hence, there was a statistically significant 
difference (at 0.05 level) in the survival distribution in male mice. 
No significant difference in the survival distribution was detected 
in fe~ale mice. A similar conclusion was obtained in the generalized 
Wilcoxon test. The p-values of the test were <0.00001 and 0.8213 for 
males and females, respectively. 

The intercurrent mortality rates tor both male and female mice (see 
Table 6) were tested for linear trend according to the death rate 
method described in the p.:iper ot l'eto et al. (1980) using the time 
intervals 0-50, 51-80, 81-103 weeks. The actual dose levels O, 100, 
JOO, and 900 ppm were the scores .:issigned to the control, low, 
medium, and high dose groups, respectively. The results of the 
analyses showed that there w.:is a significant (at 0.05 level) linear 
tn'nc: in the intercurrent mottality i·dte in male mice (p < O. 00001), 
but 1.ot in tem;:ilt' u1ice (p = o.~716). 
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'I'he methods described in Peto et al. ( 1980) and the methods of age­
adjusted exact permutation trend test were used to test the linear 
trend in the tmc.or data. The results of the above analyses showed 
that there were significant (at 0.05 level) positiv~ linear trends in 
~etic"!_lo-_histiocytary system malign~__!l_!_ lYJDPhQill!L (p~ __ Q ._QOl)()l ) __ in 
~E.1.e m1.c8~ _and-ufinary-15raam~-rsl:romal tumor ( p~ ;03 J"i], lUfig 
bronchiole-alveolar adenoma (p = 0.0358), and stomach inverted 
papilloma of pars cutanea ( p = 0.0072) in male mice. 

However, the prcvalenc~ rates of lung bronchiole-alveolar adenoma in 
male mice in the concurr.ent control group is greater than one 
percent. They are considered as a common tumor in this strain of 
mice. For a common tumor, we consider a Fositive linear trend not to 
occur by chance of variation only if the p-value is smaller than 
0.01. Therefore, we do not regard the positive linear trend in lung 
bronchiole-alveolar adenoma ln male mice as statistically 
significant. The incidence rc,tcs of reticulo-histiocytary system 
malignant lymphoma in female m!.ce, and urinary bladder stromal tumor 
and stomac\ ::werted papilloma of pars cutanea in male mice are given 
in Tables 7 t.0 9. 

If all of tl1e nalignant lymphcma in different organ of female mice 
were combinecl, then there is no significant linear trend in malignant 
lymphoma of combined organ in female mice. 

The sponsor's analyses showed that there were significant (at 0.05 
level) positive linear trends in hepatocellular carcinoma and 
hepatocellular tumors in male mice. However, the reviewer found that 
there were not significant positive linear trends in hepatocellular 
arlenoma (p = 0.2G41), hepatocell~la1 carcincma (p = u.0/62) and 
hepatocellular tumors (p ~ 0.0514) in male mice. Tables 10 and 11 
listed the incidence rates of hepatocellular adenoma and carcinoma in 
male mice. The different results of p-values are due to (1) the 
sponsor did not apply the survival-adjusted method and (2) the 
ordinal dose levels o, 1, 2, and 3 were used in sponsor's analyses. 

III. The Rat Study 

III. a. Design 

In tt1is study, three groups of 50 male and 50 female SPF-bred rats 
(Wistar strain TNO/W 74, Winkelmann (Breeder), Borchen) received 
Nisoldipine (Uay K 5552) in doses of 50, 300, and 1800 ppm 
administered in their feed for up lo 2 years. The dose levels can be 
converted to 2.78, 18.04, and 110.<>Cl mg/kg/day for female, and 2.15, 
13.13, and 82.4 mg/kg/day for male 1·at,;, respectively. An additional 
50 male and 50 female rats received untreated diet and were 
designated as controls. The study lasted for 105 weeks (Nov. 1980 to 
Nov. 198~). 'l'tw subsequent autopsy on the surviving animals extended 
over approximately further 2 we~ks. The body weights of the 
experi1:a'ntal animals were recu1·Jed at the start of the study, then 



-5-

each week up to the 27th week of the study, and thereafter at 
intervals of 2 weeks. A histopathological evaluation was carried out 
on selected organs or tissues from all the animals which died 
spontaneously, and those sacrificed in a moribund condition or at the 
end of the study from the control and the highest dose group (1800 
ppm). For low and medium dose groups, the adrenals, the genital 
OJ:gans (testes, epididymis or ovaries, uterus) and skin changes 
sLspected of being tumorous on gross inspection, as well as the 
kidneys from the females, were processed for microscopic assessment. 

III. b. Snonsor's Analyses 

The following are summaries of results of sponsor's analyses included 
in Volume 9.1 submitted on Dec. 9, 1985. It seems that second volume 
of rats study was missing. The reviewer has discussed this with the 
reviewing CSO, Mr. David Roeder, HFD-110. 

Table 12 lists the mortality rates for each dose/sex group after 12, 
18, and 24 months (at the end of the 52nd, 79th, and 105th weeks of 
the study). Figures 3 and 4 plot the cumulative mortality rates for 
each sex/dose group over the entire study period. 

Based on the above mortality tables and graphs, the sponsor stated 
that ''there was no significant statistical or biological effect on 
the mortality at any time''· 

The number of the blastomn carriers in the individual dose group was 
summarized in Table 13. lne sponsor indicated that the numbers of 
blastoma carriers in the female rats from the control and the highest 
dose groups which had ma~ignant or both malignant and benign tumors 
were apprm:j :;iately the same. In contrast, more male rats from the 
highest dose group had malignant blastomas compared with control 
rats. This is a finding which, considering the marked variability of 
the occurrence of spontaneous blastomas, is considered to be 
unrelated to the treatment. Table 14 lists all blastomas according 
to location, type, and st:atus. The sponsor also indicated that no 
oncogenic activity of the test substance can be deduced from the 
table, whicl: shows rather the variability of spontaneously arising 
blastomas. 

Based on the above analyses, the sponsor concluded that ''the type, 
localization, tine of appearance and frequency of the benign and 
malignant tumors found provided i.o evidence of an oncogenic action of 
Bay K 5552. Therefore, under the conditions described, the 50 and 
300 ppm doses are regarded as being tolerated without ill effects.'' 

III.c. Reviewer's d!lalyses and Comments 

The Cox test an<l the generalized Wilcoxon test described in the paper 
of Thomas ct al. (1977) were used to test tor heterogeneity in 
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survival distribution. The p-values of the Cox test were 0.66 and 
0.2525 for males and females, respectively. Hence, there was no 
statistically significant difference (at 0.05 level) in the surviv?l 
distribution in either male or female rats. A similar conclusion w1s 
obtained in the generalized Wilcoxon test. The p-values were 0.785( 
and 0.4237 for males and females, respectively. 

The intercurrent mortality rates for both male and female rats (see 
Table 15) were tested for linear trend a~cording to the death rate 
method described in the paper of Peto et al. (1980) using the time 
intervals o-50, 51-80, and 81-105 (female)/81-109(male) weeks. The 
actual dose levels o, 50, 300, and 1800 ppm >ere the scores assig~qd 
to the control, low, medium and high dose groups, respectively. The 
results of the analyses showed that there was no significant (at 0.05 
level) linear trend in the intercurrent mortality rate in male or 
female rats. 

The methods described in ?etc et al. (1980) and the methods of age­
adjusted exact p2rmutation trend test were used to test the linear 
trend in the tumor data. The tumor intervals 0-50, 51-80, 81-
J05(female) /81-109 (male) and terminal sacrifice were used in those 
methods. The results of tl1e above analyses showed that there was a 
statistically significant (at 0.05 level) linear trend in brain 
granular cell tumor (p = 0.0411) in male rats. The incidence rates 
of this tumor are given in Table 16. 

IV. Summarv 

IV. a. The Mouse stuny 

The oncogenic potential of nisoldipine was evaluated in this mouse 
study when administered in the diet continuously to the animals at 
dosage levels of o, 100, 300, or 900 ppm for up to 21 months. 

Noted that the sponsor did not include data of female low dose group 
in the computer di~kettes. Hence, female low dose group was not 
included in the following survival and tumor data analyses. 

The Cox and the generalized Wilcoxon methods were used to test the 
heterogeneity in survival distribution. The test results revealed 
that there was no statistically significant difference (at 0.05 
level) in the survival distribution in female mice. However, there 
was a statistically significant difference (at 0.05 level) in the 
survival distribution in male mice. 

The statistical methods given in the paper of Peto et al. (1980) and 
an exact permutation trend test were used to test the positive linPar 
trend in intercurrent mortality and incidental tumor rates. Applying 
the above methods to the data on sponsor's computer diskettes, the 
results of the analyses sl1owed that there was a significant (at 0.05 
level) lineilr trend i11 the intercurrer1t mortality rate in male mice 
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(p < 0.00001), but not in female mice (p = 0.2716). Results of tumor 
data analyses showed that there was a significant (at 0.05 level) 
positive linear trend in urinary bladder stromal tumor ( p = 0.0337), 
and stomach inverted papilloma of pars cutanea ( p = 0.0072) in male 
mice. 

The sponsor's analyses showed that there were significant (at 0.05 
level) positive linear trends in hepatocellular carcinoma and 
hepatocellular tumors in male mice. However, the reviewer found that 
there were not significant positive linear trends in hepatocellular 
adenoma (p = 0.2641), hepatocellular carcinoma (p = 0.0762) and 
hepatocellular tumors (p = 0.0514) in male mice. The different 
results of p-values are due to (1) the sponsor did not apply the 
survival-adjusted method and (2) the ordinal dose levels O, 1, 2, and 
3 were used in sponsor's analyses. 

IV. b. rhe Rat Studv 

The oncogenic potential of nisoldipine was evaluated in this rat 
study when administered orally and continuously to the animals at 
dosage lev~ls of 50, JOO, or 1800 ppm for 105 weeks. 

The Cox and the generalized Wilcoxon methods were used to test the 
heterogeneity in survival distribution. The test results revealed 
that there was no statistically significant difference (at 0.05 
level) in the survival distribution in female or male rats. 

The statistical methods given in the paper of Peto et al. (1980) and 
an exact permutation trend test were used to test the positive linear 
trend in intercurrent mortality and incidental tumor rates. Applying 
the above methods to the data on sponsor's computer diskettes, the 
results of the analyses showed that there was not significant (at 
0.05 level) linear trend in the intercurrent mortality rate in male 
or female rats. 

Results of tumor data analyses showed that there was a significant 
positive linear trend in brain granular cell tumor (p = 0.0411) in 
male rats. 

Con.cul.-: 

Daphne Lin, Ph.D. 
Mathematical Statistician 

KcM-/~ K. 1~~ IIµ zLt 2_. 
Ka~l K. Lir1, Vl1.D., Grou11 Le3dcr, SAI~B 
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Table 1 Appendix l 

Table 2 MORTALITY -------
DOSE HUMBER USED .HUMBER DIED MORTALITY 

ffM ·• % 

' MDHTHS 

nALf 
0 so 0 • 0 • 0 

100 sc 2 4. 0 
300 so 0 o.o 
900 5U l 6.0 

·FEMI.LE 
0 SC 0 0. 0 

100 so 0 0. 0 
300 so 0 0. 0 
900 so l 2. 0 

lZ !"iOl-iiHS 

·nu: 
0 so 0 0.0 

!OO so l . 6. 0 
300 so 0 0. 0 
900 SC a H.C 

F~1"'1t.lE 

0 SC 2 ~. 0 
l 0 0 SC 5 l 0. 0 
300 s c J 6. 0 
100 50 ~ 10.C 

u l'lOHiHS 

·r.~L E 
0 so 5 10. 0 

100 SC J 1 zz. 0 
300 so 7 14.0 
900 so 29 si.o 

FEMALE 
0 so Zl 42. 0 

HO so 11 3i.o 
300 so 20 40.0 
900 so 21 u.o 

21 tiCHTHS 

Ml.LE 28.0 0 so l~ 

100 so 15 30. 0 
300 so 19 38.0 

'° c so '° &O.O 

fEttALE 
0 50 za S6.0 

l 0 0 50 3.; 68.0 
30 0 SC 3<: 6!. 0 
900 Sc 32 64.0 

• Anirr..:=.ls sch1•ril'l"::'~ !er t;::-::.ir.al •~u 



Table 2 

Appendix 2 

Table 18: Comparative ~ununary of tumours occurring according to 
location, type, number and dignity S (animals sched­
uled for terminal kill) 

'·"'' Sex 
Dose ppm 
Lung: 
bronchiole-alveolar 

0 

adenoma 2 
bronchiolo-alveolar 
carcinoma (malig.)13 

Stomach: 
papilloma 
sarcoma (malig.) 

Liver: 
hepatocellular 

0 
0 

adenoma 2 
hepatocellular 
carcinom~ (malig. l 3 

haemangiosarcoma 
(malignant) 

Kidneys: 
tubular carcinoma 

l 

(malignant) 0 
haemangiosarcoma 
(malignant) 0 

Bladder: 
stromal tumour 
(benign) 
st.romal tumour 
(malignant) 

Ovary: 
granulosa-theca 

l 

0 

cell tumour (ben.) 
g1·anu losa-theca 
cell tumour (malig.) 
luteoma (benign) 
tubular adeno­
carcinoma (malig.) 
Sertoli cell 
tumour (benign) 

Uterus: 
adenon1a 
carcinoma (malig.) 
fibroma 
n1yon1a 
myosarcoma (malig.) 
stromal tumour 
(benign) 
slron1al sarcomo 
(malignant) 

100 

a 
0 

2 

4 

0 

d "' ~ 
300 900 

3 

12 

a 
2 

2 

5 

a 

1 

1 

1 

l 

4 

5 

2 
1 

3 

8 

0 

0 

0 

2 

1 

0 

2 

8 

0 
0 

0 

0 

0 

0 

0 

0 

0 

5 

l 
2 

l 

0 

0 
l 
0 
0 
0 

3 

l 

100 

0 
0 

0 

0 

0 

0 
0 
0 
0 
0 

0 

3 

((r I 
300 

1 

6 

0 
0 

0 

0 

0 

0 

0 

0 

0 

5 

0 
2 

0 

0 

1 
0 
1 
l 
0 

2 

2 

900 

3 

5 

0 
0 

1 

l 

0 

0 

0 

0 

0 

3 

0 
0 

0 

1 

0 
0 
0 
2 
1 

2 

2 



Table 2 (Continued) 

Table 18 (continue<U..:_ 

Sex 
"' Dose ppm 0 100 300 900 0 100 300 900 

Testes: 
Leydig cell tumour 
(benign) 2 2 0 
adenoma of rete 
testis l 0 0 

Pituitary: 
adenoma 2 0 0 0 3 3 l 

Thyroid: 
follicle cell --- -
adenoma 0 1 0 0 0 I) 
papillary cyst-
adenoma 1 0 0 0 0 () 

Adrenals: 
cortical adenoma 3 3 l 2 0 0 
phaeochromocytoma 
(benign) l 0 0 1 0 2 
phaeochromocytoma 
(malignant) 0 0 l 0 0 0 

RH system: 
lymphoma (malig.) 7 3 l 18 12 14 
lymph node sarcoma 
{malignant) l 0 0 l 0 0 

Skin/subcutis: 
epithelioma 
(malignant) 0 0 l 0 0 0 
sarcoma (malig. l l 0 0 0 3 0 

Mammary gland: 
carcinoma (malig.) 3 0 0 
adeno-ancanthoma 
(malignant) 0 l l 

Harder's gland: 
papillary adenoma 3 2 0 l l l 

Spinal mar.r-ow: 
schwannoma (malig. )O 0 0 0 l 0 

Bones: 
osteosarcoma 
(malignant) 0 0 0 0 l 0 

Abdomen: 
haemar1giosarcom~ 

(malignant) 0 0 0 0 l 0 

Pelvic serosa.: 
s.:irconta (malig.) l 

----- ---·-------· 

- Utgiin not inve~ti-.jated § Uilatcral tun1ours counted twice 



Table 3 
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Table 17: Summary of number of male and fp,male mice with benign 
and/or malignant tumours, as well as frequency of be­
nign and malignant tumours encountered 

Sex d' 

Dose ppm 0 300 900 0 300 900 

No. of animals investigated 50 so 49 48 50 50 

No. of animals with tumours 27 28 24 34 31 30 

No. of animals with only 
benign tumours 7 6 8 6 6 6 

No. of animals with only 
malignant tumours 12 15 14 21 18 17 

No. of animals with benign 
and malignant tumours 8 7 2 7 7 7 

No. of animals with more 
than one primary tumour 15 11 5 13 9 8 



EAY k 5552 I T7 010 709 

7able 15: Statistical Analysis of Tumour Data 

S".'.!Y. target character groups (ppm) trend test 

ra:e hepatocellular tumours 0/100/300/900 death-rate 
~ale hepatocellular tumours 0/100/300/900 pi:evalence 
rale 1

hepatocellular tumours 0/100/300 death-rate 
r..a le hepatocellular tumours 0/900 death-rate 
r..ale hepatocellular tumours 0/300 death-rate 
r..ale hepatocellular tumours 0/100 death-rate 

r.1a le tumour, benign 0/300/900 pi:evalence 
rr'alc tumour, malignant 0/300{900 death-rate 

r.-.a l'! hepatocellular adenoma 0/100/300/900 death-rate 

!.'a :e hepatocellular carcinoma 0/100/300/900 death-rate 
rcale hepatocellular carcinoma 0/100/300/900 prevalence 
r.a le hepatocellular carcinoma 0/100/300 death-rate 
rralc hepatocellular carcinoma 0/900 death-rate 
!:'ale hcpatocellular carcinoma 0/300 death-i:ate 
~ale hepatocellular carcinoma 0/100 death--ate 

[era le tumour, benign 0/300/900 prevalence 
female tumour, malignant 0/300/900 death-rate 

incidence 

5/ 6/ 7/11 
5/ 6/ 7/11 
5/ 6/ 7 
5/11 
5/ 7 
5/ 6 

15/13/10 
20/22/16 

2/ 2/ 2/ J 

3/ 4/ 5/ 8 
3/ 4/ 5/ B 
3/ 4/ 5 
3/ 8 
3/ 5 
31 4 

13/13/13 
28/25/24 

Dec. 15, 1987 

z p 

3.321 0.0004-
1. 833 0.0334-
0.821 0.2059 
3.430 0.0003 
0.855 0.1964 
o. 374 0.3541 

0.286 0.3876 
2.692 0.0035 

1.450 0.0735 

2.970 0.0015 -
1.931 0.0267-
0.816 0.1905'-
3.067 0.0011 
0.919 0.1790 
0.434 0.3321 

0.040 0.4842 
-0.257 0.6015 

~ 
(1) 

(fl .. 
ln 
....J 



Table 5 

260 

Historic control values: NMRI mouse 1980 to 1984 

Test No. 

Adenomatous gastric 
mucosa! hyperplasias 
in males 

n 

in females 

n 

% 

•classified as adenoma 

Liver tumour 
in males 

.. 

Uterine hyperplasias 

n 

l 

9* 

so 
18 

l* 

so 
2 

7 

so 
14 

0 

50 

0 

2 

20 

so 
40 

8 

48 

17 

3 

50 

6 

19 

46 

41 

Glucose concentration in the plasma: 

Ureu concentration in the plasmu: 

n a Number of orguns evaluuted 

Number 

3 

10 

so 
20 

11 

49 

22 

9 

50 

18 

21 

49 

43 

4.32 
4.51 -
s.96 -
4.05 

4 

32 

44 

73 

14 

46 

30 

5 

45 

11 

23 

45 

Sl 

5 

s 

47 

11 

10 

47 

21 

l 

46 

2 

0 

45 

0 

9.36 mmol/l 
7.75 mmol/l 

15 .12 mmol/l 
14. 99 mmol/l 

6 

27 

48 

S6 

13 

48 

27 

6 

46 

12 

33 

46 

?l 

(male) 
(female) 
(male) 
(female) 



Table 6 
Intercurrent Mortality Rates 

Male Mice 

Weeks Control _Low Medium Hi.sh 

s D % s D .. s D % s D % 

0-50 50 0 0 49 2 4.0 50 0 0 50 4 8 

51-80 so 3 6.0 47 7 14.8 50 2 4 46 16 34 

81-103 47 11 23.4 40 5 12.5 48 17 35. 4 30 20 66 

Term. 36 35 31 10 

Female Mice 

Weeks Control Medium Hicrh 

s D % s D !le 0 s D % 

0-50 48 2 4. 1 ~) 0 1 2 49 3 6.1 

51-80 46 10 21. 7 49 9 18.3 46 9 19.5 

81-103 36 14 38.8 40 24 60 37 19 51. 3 

Term. 22 16 18 

Notes: S: Number of animals starting during the period 
D: Deaths 
%: Percent of death during the period 



Table 7 
Tumor Incidence Rates 

Ferne.le Mice, Retic11 lo-histiocytary System Malignant Lymphoma 

Weeks Control Medium High 

T " T N T N 

0-50 0 2 0 1 0 3 

51-80 0 1.0 0 9 3 9 

81-lOJ 0 14 0 24 8 19 

Terminal 0 22 0 16 2 18 

Total 0 48 0 50 13 49 

Table B 
Tumor Incidence Rates 

Male Mice, Urinary Bladder Stromal Tumor 

Weeks Control LOW Medium High 

T N T N T N T N 
0-50 0 0 0 2 0 0 0 4 

51-BO 0 3 0 7 0 2 0 16 

81-103 0 11 0 5 0 17 1 20 

Terminal 0 36 0 35 0 31 1 10 

Total 0 50 0 49 0 50 2 50 
Notes: T: Number of necropsies with the above tumor. 

N: Number of necropsies. 



Table 9 
Tumor Incidence Rates 

Male Mice, Stomach inverted Papilloma of Pars Cutanea 

Weeks Control LOW Medium High 

T N T N T N T N 
0-50 0 0 0 2 0 0 0 4 

51-80 0 3 0 7 0 2 0 16 

81-103 0 11 0 5 0 17 0 20 

Terminal 0 3E u 3S 0 31 2 10 

Tc.tal 0 50 0 49 0 50 2 50 

; ' (. J ' I• f ~ ,, •· . c ' ·' ,r 
Table 10 i''-: o,olf)J 

Tumor Incidence Rates 
Male Mice, Hepatocellular Adenoma 

Weeks Control LOW Medium High 

T N T N 'I' N T N 
0-50 0 0 0 2 0 0 0 4 

51-80 0 3 0 7 0 2 l 16 

81-103 1 11 0 5 0 17 2 20 

Terminal 1 36 2 35 2 31 0 10 

·---
Tot9.l__~ -· 2 .- " " 4 ') 2 50 3 50 :...• ._, 

~ 

Notes: ~" Number of necropsies with the above tumor. 
N: Number of necropsies. 



Table 11 
Tumor Incidence Rates 

Male Mice, Hepatocellular carcinoma 

Weeks Control LOW Medium High 

T N T N T N T N 
0-50 0 0 0 2 0 0 0 4 

51-80 0 3 2 7 0 2 2 16 

81-103 0 11 0 5 2 17 5 20 

Terminal 3 36 2 .15 3 31 1 10 

Total 3 50 4 49 5 50 8 50 
Notes: T: Number of necropsies with the above tumor. 

N: Number of necropsies. 
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Table 3 

S HR! lI CHl\ElO / llCRT.ALITY * 

DOSE HU~S£R USED HUll!ER DHD M',,<TALITY 
DC~!S El~~~SET!1 t; VE~!'~ D !'iE .. :rE:R!llCH 
PPl""I T!ERE Tl ERE KE!T ::: 

12 MONA TE / 12 MONTHS 

MA:.HHL!CH/M.A.lE 
Q 30 1 2. 0 

3C 30 c c. 0 
300 '50 l 2.0 

l! 0 0 50 c 0. 0 

LW!:'.!E!...!C!'!.t'F~ALE 
c SC l 2. c 

30 50 l 2. 0 
300 so c c. 0 

l !it !l 5C .z •. o 

l! 110.~ATE / H MONTHS 

f"iA.EHHLlCH/MALE 
c 50 z 4. 0 

so 5C c c. c 
300 5 a 2 •.D 

!!CC SC 5 l C. D 

~E:!LlCH/f?.AlE 
c !O 3 6. D 

so so 2 •. 0 
300 so 3 la. c 

l!.OC so ~ a. o 

2• t'lQHATE / 24 MO HT HS 

MHHHLI CH/MAL!" 
0 SC 4 a.D 

so 30 a 16. D 
!. cc SC ll 22. D 

HCC SC ll 22.0 

i.!E:?.t. ! CHtfE?'\J.l E 
c 30 a 16. 0 

30 50 a u.o 
so a ,0 lS 3C.O 

HOC so 13 26.0 

• The animals s~lected Tor the interim autopsy are not 

considered in this Table. 

2::0.20 
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Tahle 31: Nunbe-r of the blastomrl carriers in the individu(Jl d0se grouns 

Sex 
Dose (ppml 

Total nu~bcr of rats investigaterl 

rtu-ber of the hlr\storH'I carriers 

Number of rats with exclusively benign 
blastornas 

Number of rats with e~clt1sively ~atignant 
hla~ton~~ 

tlu~ber of rats with benign nnd malignant 
\1la~to~n~ 

Plumber of blastoma carrf~rs as X 
alt rats invrstigated 

Number of blastoma carrier~ with rxclu~iv~ly 
benian blastomas a~ r. all rats investigated 

tiul!lber of btastomil carriers wfth exclus1vely 
malignant blastomos as 7. all rats lnvestigaterl 

Number of blastoma carriers with tenign and 
T"'C1lignarit hlilsto~ao:; as 7. all_ rats l11vestigatcrt 

n 

4 ') 

-Jl-

20 

2 

,r 

sn 
--·--

50 

1r;--
---· 

1 n 

J 

) 

r.J I J2 

57 20 

4 (, 

2 (, 

.1 f) () 

--· 
so 

-n-

1 2 

IJ 

rnno 
----

·ID 
--2r:-
··--

10 

4 

(] 

40 

-JT-

24 

(, 

4 I J 

42 I 54 I r,9 

24 Jn 50 

I r. n 1 1 

2 n (, 

- -----v 
-----~· 

so 300 1000 --
46 40 4fl 

2 1 21 io 
---

15 14 111 

----- ----
3 4 r. 

----· 
.l J 4 

---- ---· ----
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Table 14 
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~_g: Lis.: of all =ilas-::cmas a::~or;:~r-;; tc nu::i::er, i.::3.:s.at:c~, tyce 
anc s~atus (male ra-:s) 

COose pcm) 0 50 300 1800 

Ad~nohy;ioohys is" 
Adenorr.a 
Carcinoma 

Thyroids• 
C cell acenoma 
C ceLL carcinoma 
Foll'\cular carcinoma 

ACrer.ct cortex 
Aaenoma unilateral 

Acrenal medulla 
Phaeochromocytomo (b) ur.i Lateral 
Phaecchromocytoma Cb> bilateral 
Pr.aeochrocr,cc)'tC:nc (rr.) u.~.'\ ~Qteral 

FarC;":.hyrcics .. 
Aaenor.;c 

1estes 
leycis cell turncur Cb) ur,i.tctercl 
Leyc~g cetl tumour (!:;) oita:eral 

Fan:re25• encocr~ne 
Acenorr.o 

Pa~:;e2~· ~xocr~ne 
Acenor:-,g 

Hea;:• . - - - -- -'nc~ca~ciaL ii~r~mat~~is (~) 

L.i...:r.; .. 
Adenor..c 

E~io'\dymis 

Sarcoma 

Brain• 
Meni~s~urr:a (b) 

R~S· 

l"'.a l 1 gnant ly~.phoma 

Histiocytary s,arcoma 

$!<:.in.,, 
Corni'fi.ec. sc.;:.Jarnous cell 
carc.inorr.a 

Su~cuti.s• 

Sarcoma 
Haemansics~rcomJ 

Mesentery'* 
Leiomyosarcorr.a 

Aboornen• 
fibrosarc.orna 
(; "rr ~rr-.,.., 

1~ c 3 11 
0 2 0 0 

€ 0 0 c 
! c C• 1 
0 r n 1 - . 
l ' c 0 -

i - 3 7 
0 - 0 1 
G - l f. 

0 c c 

~ - € ; 
l' • l 

? ': c 0 

-

- c c 0 

I , c 

0 c l 0 

~ r: 0 l 

0 0 0 ' , 

c l 3 ! 
0 c l G 

0 l l l 

l ' l 3 
0 (· 1 1 

0 0 J 0 

1 c 0 0 
0 l 0 0 -

b ;: benign 
rn::: mJlignJnt 
• This organ ~J~ not routinel>· h1st~log~cally 1nves:1sJ:e: ~r1 all thr rats 

from the 50 and 300 ~om grou~s. 

I 
I 
I 

I 
I 
I 

I 

I 
' 

-1 

I 

: ~o. Li 1 



Table 14 (Continued) 
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Tabl~ 32: List of all blastomas a~corcing to number, Lo:alisaticr., tyce 
<continuationl anc status (female rats> 

Ade no hypo Ph>'S is 
Aoenoma 
C2rcinoma 

Thyro'lcs• 
C cell acenorr.a 
C cell carc1no~a 
Follicular aaencma 
Follicular c.arc.~no~c 

A:rer.a~ cor-:ex 
Acenoffia unilateral 

Acrenal r:ieoul la 

<Dose p;>~l 

Phaeoc~romo:ytorra (cl unilit!~at 
Pha~cc.nrom~cytorna (~) u~i~a:ersl 

Ovary 
Granulcsa-thec.2 
Granulosa-the-ca 

Uterus 

c.~ 1.l tumc:.;r (:,) 
cell tur.,cur (r..) 

Encc:m~tri2l strcr.1a~ t:.:r.:O'..J."" 
(;>olycl (bl 

0 50 

16 3 
1 l 

6 1 
l 0 
0 0 
l 0 

1 

0 0 
0 0 

0 0 
0 c 

[ s 2 2 

300 1800 

s 7 
l 0 

2 1 
c 0 
0 l 
0 0 

0 0 

c 
c 

1 
0 

, , 
l~ 

l 
J 
I 

I 

Enccmetr~al s:ror.:al sar:o~~ 

Aoenocarcinoma 

f"1amr.1ary glanc 
Acenorr.a 
Aci ... nocarc1nor.'."-.. ... 

2 2 
2 2 

l 2 

I 2 0 [;----i;---""1----...;o:._.....; 
Kioneys 

Adenor.ia 
Sarc.ome 

Urinary bladder~ 
AClenorna 

RHS• 
l".a l i gnant tyrnohomc 
H'\stiocytary sarcoma 

Intestine• 
Fibror.ia 

Mesentery• 
Malignant mesotlielioma 

Skin 
Papillotna 

Sub,utis 
HaemangiosarcornJ 
Sarcoma 

b = benign 
m::. malignant 

l 
·, -

1 

0 
0 

0 

0 

r 

. 
-
l 

- lliis organ ~as net routinely histolo;icall> 
1ro~ the 50 arid 3JO p~~ grou;s. 

D 0 0 I 
0 0 0 I 

-
I 0 0 0 

D D 1 I 
0 0 1 I 

c 0 1 I 
D 1 0 I 
0 0 1 I 

0 0 0 I 
0 0 2 I 



Table 15 
Intercurrent Mortality Rates 

Male Rats 

Weeks Control Low Medium fil.gh 

s D % s D % s D % s D % 
0-50 50 1 ::: 50 0 0 50 1 2 50 0 0 

51-80 49 1 2.0 50 0 0 49 0 0 50 3 6 

81-109 48 3 6.2 50 8 16 49 10 20.4 47 8 17. 

Term. 4 .5 42 39 39 

Female Rats 

Weeks Control Low Medium High 

s D % s D % s D % s D 0 

" 0-50 50 1 2 50 1 2 50 0 0 50 2 4 

51-80 49 2 4.0 49 1 2. 0 50 8 16 48 2 4.1 

81-105 47 5 10.6 48 6 12.5 42 7 16.6 46 9 19.5 

Term. 42 42 35 37 

Notes: s: Number of animals starting during the period 
D: Deaths 
" . 0 • Percent of death during the period 



.. 

Table 16 
Tumor Incidence Rates 

Male Rats, Brain Granular Cell Tumor 

Weeks Control LOW Medium High 

T N T N T N T N 
o-so 0 1 0 0 0 1 0 0 

51-80 0 1 0 a 0 0 1 3 

81-109 0 3 0 8 0 lU 0 8 

Terminal 0 45 0 42 0 39 2 39 

-----· 
Total 0 50 0 50 0 50 3 50 
Not.es: T: Number of necropsies with the :-.':love tumor. 

N: N;;_rnber of necropsies. 

(_ , s t-l 
pc-~-, w~~c__ -'jl-i-

\7~ ~- 1'7 



Statistical Rev:..ew and Evaluation 
(An Addendum) 

IND #: Date: MAR - 8 1994 

Applicant: Miles Inc. 

Name of Drug: Nisoldipine 

I. Background 

The two animal carcinogenicity studies (one in rats and one in mice) 
included in this IND submission were reviewed and a statistical 
review report was issued on Dec. 3, 1992 by t~•e Di vision of 
Biometrics. Our analyses showed that there were statistically 
significant positive linear trends in urinary bladder benign stromal 
tumor ( p = 0.0337) and stomach inverted papilloma of para cutanea (p 
= 0.0072) in male mice and in reticulo-histiocytary system malignant 
lymphoma (p < 0.00001) in female mice. However, in the last case, if 
all of the malignant lymphomas in different organs of female mice are 
combined, then the linear trend became not significant. In rats 
study, results of tumor data analyses showed that there was a 
significant positive linear trend in brain granular cell tumor (p = 
0.0411) in male rats. Dr. Xavier Joseph, HFD-110, who is the 
reviewing pharmacologist of this IND, requested the Division of 
Biometrics to test if the positive dose-response relationship is 
significant in any possible combinations of urinary bladder m~lignant 
stromal tumor, benign polypous stromal tumor, and benign stromal 
tumor in male mice. He also requested the reviewer to check the 
difference in the incidence rates of reticulo-histiocytary system 
malignant lymphoma in female mice between the sponsor's and the 
reviewer's results. Pairwise comparisons were also requested for 
tumors which have significant positive linear trends. 

II. The Mice Study 

The methods described in Peto et al. (1980) and the methods uf age­
ad'justed exact permutation trend test were used to test the positive 
linear trend in different combinations of urinary bladder tumors in 
male mice and in malignant lymphoma in female mice. The time 
intervals 0-50, 51-80, 81-103 weeks, and terminal sarrifice were used 
in those methods. The actu2! dose levels o, 100, 300, and 900 ppm 
were the scores assigned to t:rn control, low, medium, and high dose 
groups, respectively. 

The results showed that there was a statistically si,tnificant 
positive linear Lrend in urinary bladder benign str:::mal tumor (trend: 
p ~ 0.0337; pairwise: high v,; control: p ~ 0.1403) in male mice. 
There was no statistically signiiicam (~1l 0.0'> levc;l) trend in any 
other urinary bladder tumors in male mice. Noled that there are two 
male mice ( cmimal numbers 68 and 18 9 I dc,veluped urinary bladder 
polypous stromal Lumor,;, one male mice {animal number 207) developed 
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urinary bladder maligndnt stromal tumor, and two male mice (animal 
numbers 234 and 242) developed urinary bladder benign tumors. The 
following table lists the p-values of the test results in urinary 
bladder tumors in male mice: 

Tumors 

Benign Stromal Tumor 

Polypous Stromal Tumor 

Malignant Stromal Tumor 

Benign Stromal Tumor & 
Polypcus Stromal Tumor 

Benign Slromal Tumor & 
Malignant Stromal Tumor 

Polypous Slromal Tumor & 
Malignant Stromal Tumor 

Benign Stromal Tumor & 
Polypous Stromal Tumor & 
Malignant Stromal Tumor 

P-values 

0.0337 * 

0.5793 

0.6226 

0.0606 

0.0725 

0.4289 

0.1036 

The incidence rates of urinary bladder benign stromal tumor, urinary 
bladder malignant stromal tumor, and urinary bladder benign polypous 
stromal tumor in male mice are given in Tables 1 to 3. 

For the malignant lymphoma, as mentioned in the previous review, 
there was a statistically significant positive linear trend in 
reticulo-histiocytary system malignant lymphoma (trend : p < 0.00001; 
pairwise: high vs control: p = 0.0001; pairwise: high vs medium: p < 
0.0001) in female mice. However, if all of the malignant lymphomas 
in different organs of female mice were combined, then the linear 
trend became not significant (pa 0.2307). Table 4 lists the 
incidence rates of reticulo-histiocytary system malignant lymphoma in 
female mice. Table 5 lists the incidence rates of reticulo­
histiocytary system malignant lymphoma and all the malignant 
lymp!1omas in different organo ot female mice. Noted that the sponsor 
did not include data of female low dose group in the computer 
diskettes. Hence, female low dose group was not included in the 
analysis oi malignant lymphoma. 

In tLe sponsor's submission dated on August 11, 1988, the tumor 
bearing animals were :mmmari zed according to local ion and tumor type 
and shown in Table Hl oi their submi:;siun (see attached Table 6). 
Under "RI! sy,;Lem malignant lymphoma", Lhere are 18, 12, and 14 female 
mice developed this tumor in control, l\hodium, and high dose groups, 
reGI)t.:l:tivel)'· liowe\'er, tllL' r·evit~W't-~r f-rJUJ1(j Ll1at tl1~ 11urnbL-":rs are o, o, 
a11d 13 ietll<.J.lt.~ 1nic;e i11 cor1trol 1 ll\L'diun1, Jth.i l1i9h dose 9rou1)s, 
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respectively, recorded in the data diskette submitted on April 1, 
1992. If the female animals developed malignant lymphoma in 
reticulo-histiocytary system and all different organs are combined, 
then the numbers are 18, 12, and 14 female mice in control, medium, 
and high dose groups, respectively. 

There was a statistically significant positive linear tre:1d in 
stomach inverted papilloma of para cutanea (p = 0.0072) in male mice. 
The pairwise comparison also showed a statistically significant 
difference between control and high dose male mice in this tumor (p = 
0.0435). The incidence rates of this tumor are given in Table 7. 

III. The Rats Study 

Results of tumor data analyses showed thar there was a significant 
positive linear trend in brain granular cell tumor \p = 0 .0411) in 
male rats. However, the pairwise comparison between control and high 
dose male rats did not show any significant difference (p = 0.1594) 
in tumor rate between the two groups. The incidence rates of this 
tumor are given in Table 8. 

IV. Summar1 

The statistical methods given in the paper of Peto et al. (1980) and 
an exact permutation trend test were used to test the positive linear 
trend in malignant lymphoma in female mice and in any possible 
combinations of urinary bladder malignant stromal tumor, benign 
polypous stromal tumor, and benign stromal tumor in male mice. The 
time intervals 0-50, 51-80, 81-103 weeks, and terminal sacrifice were 
used in those methods. The actual dose levels 0, 100, 300, and 900 
ppm were the scores assigned to the control, low, medium, and high 
dose groups, respectively. 

The results showed that there was a statistically significant 
positive linear trend in urinary bladder benign stromal tumor (p = 
0.0337) in male mice. However, the pairwise comparison between 
control and high dose male mice did not show any difference (p = 
0.1403) in urinary bladder benign stromal tumor rates between the two 
groups. There was no statistically significant (at 0.05 level) trend 
in any other urinary bladder tumors in male mice. 

There ~as a statistically significant positive linear trend in 
reticulo-histiocytary system malignant lymphoma (trend : p < 0.00001; 
pairwise: high v,; control: p = 0. 0001; pairwise: high vs medium: p < 
0.0001) in temale mice. However, if all oi th.' malignant lymphomas 
in diiterent organ:; oi temale mice were combillced, then the linear 
trend (p = 0.~307) b0can1e 110L uig11iticant. In Table 18 of the 
sponsor's uul.Jmi,.wion d.1Ltcd on l\u-jU',t 11, 1988, tile "RH system 
malignant lymphomc1" in iemale mice actuatly i,; the "combination of 
mal ignanl 1 ymphoma,; in iel iculo-hist iocyt ary ,;yst em a?1d all dif fer..,nl 
Ol'g'.J.ll:_j II • 



-4 -

There was a statistically significant positive linear trend in 
stomach inverted papilloma of para cutanea (p = 0.0072) in male mice. 
The pairwise comparison also showed a statistically significant 
difference between co~trol and high dose male mice in this tumor (p = 
0.0435). For the rat study, there was a significant positive linear 
trer.d in brain granular cell tumor (p = 0.0411) in male rats. 
However, the pairwise comparison between control and high dose male 
rats did not show any difference (p = 0.1594) in tumor rate bet.ween 
the two groups. 

cc: Original 
HFD-110/Dr. Lipicky 
HFD-110/Dr. Joseph 
HFD-110/Ms. Morgenstern 
HFD-110/Mr. Roeder 
HFD-710/Chron 
HFD-715/Dr. Karl Lin 
HFD-715/Dr. Daphne Lin 
HFD-715/Chron (SARB) 

Daphne Lin, Ph.D. 
Mathematical Statistician 

HFD-502/Assistant Director {Pharmacolog)·I 
HFD-715/DRU 2.1.1, Nisoldipin<:, Miles Inc. 



Table 1 
Tumor Incidence Rates 

Male Mice, Urinary Bladder Benign Stromal Tumor 

Weeks Control LOW Medium High 

T N T N T N T N 
0-50 0 0 0 2 0 0 0 4 

51-80 0 3 0 7 0 2 0 16 

81-103 0 11 0 5 0 17 1 20 

Terminal 0 36 0 35 0 31 1 10 

Tota} 0 50 0 49 0 50 2 50 

Trend test: p ~ 0.0337 
Pairwise comparison: High vs Control p ; 0.1403 

Table 2 
·rurnor Incidence Rates 

Male Mice, Urinary Bladder Malignant Stromal Tumor 

Weeks Control LOW Medium High 

T N T N T N T N 
0-50 0 0 0 2 0 0 0 4 

51-80 0 3 0 7 0 2 0 16 

81-103 0 11 0 5 1 17 0 20 

Terminal 0 3G 0 35 0 31 0 10 

Total 0 ':>O 0 49 1 so 0 50 

Trend te.::>l: p ~ 0.b:2~b 

Not~s: T: NL11nl_)t_~ r oi 11•-.::c i·o1)~;i1.-~t.3 \Vi lh L lit~ al.Jove t urno1:. 
N: Number oi 11ec;1·oi)si0s. 



Table 3 
Tumor Incidence Rates 

Male Mice, Urinary Bladder Polypous Stromal "umor 

Weeks Control Low Medium High 

T N T N T N T N 
0-50 0 0 0 2 0 0 0 4 

51-80 0 3 0 7 0 2 0 16 

81-103 0 :l 1 0 5 0 17 0 20 

Terminal 1 36 0 35 1 31 0 10 

Total 1 50 0 49 1 50 0 50 

Trend test: p = 0.5793 

Notes: T: Number of necropsies with the above tumor. 
N: Number of nec1-opsies. 



Table 4 
Tumor Incidence Rates 

Female Mice, Reticulo-histiocytary System Malignant Lymphoma 

weeks Control Medium High 

T N T N T N 

0-50 0 2 0 1 0 3 

51-80 0 . " .LV 0 9 3 9 

81-103 0 14 0 24 8 19 

Terminal 0 22 0 16 2 18 

Total 0 48 0 .so 13 49 

Trend test: p < 0.00001 
Pairwise comparison: high vs control: p = 0.0001 

high VS rr,edium: p < 0.0001 

Table 5 
Tumor Incidence Rates 

Female Mice, Reticulo-histiocytary System Malignant Lymphoma & All 
Possible sites of Malignant Lymphoma 

Weeks Control MeJiurn High 

T t-J T N T N 

0-50 0 2 0 1 0 3 

51-BO 5 10 1 9 3 9 

81-103 9 14 7 24 8 19 

Terminal 4 22 4 lE 3 18 

Total 18 48 12 50 14 49 

Trend test: p = 0.2307 

Notes: T: Number of necropsies with the above tumor. 
N: Number of necropsies. 



-

Table 6 

Appendix 2 

Table 18: Comparative summary of tumours u1.;curring according to 
location, type, number and dignity § (animals sched-
uled for terminal kill) 

. "' Ir 
Sex 2 
Dcse ppm 0 100 JOO 900 Cl 11l0 ~00 91lo 
1.ung: 
bronchiolo-alveolar 
adenorna 2 3 4 2 l 3 
bronchiolo-alveolar 
carcinoma (malig.)13 12 5 s 6 5 

Stomach: 
papilloma 0 0 0 2 0 0 0 0 

----- - sarcoma (malig - ) 0 0 2 l 0 0 0 0 

Liver: 
hepatocellular 
adenoma 2 2 2 3 0 0 0 1 
hepatC"lcellular 
carcinoma (malig.) 3 4 5 8 0 0 0 1 

haemangiosarcoma 
(malignant) l 0 0 0 0 0 0 0 

Kidneys: 
tubular care ir1oma 
(malignant) 0 l 0 0 0 0 
haemangiosarcoma 
(malignant) 0 1 0 G 0 0 

Bladder: 
stromal tumour 
(benign) 1 1 2 0 0 0 
stromnl tumour 
(malignant) 0 l 1 0 0 0 

Ovary: 
granul~sa-theca 
cell tumour ( ben. ) 5 5 3 
granulosa-theca 
cell tumour (malig.) 1 0 0 
luteoma (benign) 2 2 0 
tubular adeno-
carcinoma (malig.) 1 0 0 
Sertoli cell 
tumour (benign) 0 0 1 

Uterus: 
adenoma 0 0 1 0 
carcinoma (malig.) 1 0 0 0 
fibroma 0 0 l 0 
myoma 0 0 1 2 
myosarcoma (malig.) 0 0 0 1 
stromal turr1our 
(benign) 3 0 2 2 
stromal sarcoma 
(malignant) 1 3 2 2 



Table 6 (continued) 

Table 18 (continued\:._ 

Sex ~ 

Dose EEm u 10 0 ~00 91!1l 0 li'.li'.l ~o() 900 
Testes: 
Leydig cell tumour 
(benign) 2 2 0 
adenoma of rete 
testi<: 1 0 0 

Pituitary: 
adenoma 2 0 0 0 3 3 1 

Thyroid: 
follicle cell ----
adenoma 0 1 0 0 0 0 
papillary cyst.-
adenorna 1 0 0 0 0 0 

Adrenals: 
cortical adenorna 3 3 l 2 0 0 
phaeochromocytorna 
(benign) 1 0 0 1 0 2 
phaeochromocytorna 
(malignant} 0 " v c c •J 

RH system: 
lymphoma (malig.) 7 3 1 18 12 14 
lymph node sarcor.1c. 
(malignant) 1 0 0 1 0 0 

Skin/subcutis: 
epithelioma 
(mal.:.gnant) 0 0 1 0 0 0 
sarcoma (rnalig.) 1 0 0 0 3 0 

Mammary gland: 
carcinoma (malig.) 3 0 0 
adeno-ancanthorna 
(malignant) 0 1 1 

Harde r's gland: 
papillary udenom<J. 3 2 0 1 l ' " 

Spinal marrow: 
schwannoma (malig.)O 0 a a 1 0 

Bones: 
osteosarcoma 
(malignant) 0 0 a 0 1 0 

Abdomen: 
haemangiosa~coma 

(malignant) 0 0 0 0 1 0 

Pelvic serosa: 
sarcon1a (malig.) 1 

- Organ not investigated § Bilateral tumours counted twice 



To.l-11e '/ 
Tumor Incidence Rates 

Male Mice, Stomach Inverted Papilloma of Pars Cutanea 

Weeks Control Low Medi.um 

T N T N T N T N 
0-50 0 0 0 2 0 0 0 4 

51-80 0 3 0 7 0 2 0 16 

81-103 0 11 0 5 0 17 0 20 

Terminal o 36 0 35 0 31 2 10 

TotaJ o 50 0 49 0 50 2 50 

Pairwise comparison: high vs control: p 0.0435 

Table 8 
Tumor Incidence Rates 

Male Rats, Brain Granular Cell Tumor 

Weeks Control t·'iedium 

N T N ·r N T N 
0-50 0 0 0 0 1 0 0 

51-80 0 1 0 0 0 0 1 3 

81-109 0 3 0 8 0 10 0 8 

Terminal o 45 0 42 0 39 2 39 

Total o 50 0 so 0 50 3 50 

Trend test: p = 0.0411 
Pairwise comparisor,: high vs control: p -· O .1594 

Notes: T: Number of necropsies with the above tumor. 
N: Numbt:r of necropsies. 



ATTACHMENT 

Histopathology Incidence 

Two-Year Dietary Study in the Rat 



A Brtef Coversheet for Carcinogenesis Study Re\icw 

NDA20··356 
Drug: Ntsoldipine 
Sponsor: Miks Inc. Pharmaceutical Division 

I. Species & Strain 

2. Name of Laboratoiy 

3. No./sex/group 

4. Doses (C. L, M & H) 

5. Basis for dose selection 
stated: yes (x) no ( ) 

6. Interim sacrifice 

7. Total duration 

8. No. allve at tenninatlon 
(C, L. M & H) 

Rat. \Vistar (TNO/\V 74) 

50 (addiUonal 10 rats/sex included in each ~roup were sacrtficed after J 2 
months of treatment) 

0, 50. 300 & 1800 ppm in diet 

4-week dietary dose rangefinding study in mice 

yes 

Two year 

Males: 46, 42. 39 & 39 
Females: 42, 42. 35 & 37 

9. Statistical methods used U-test of Mann and \Vhitney and of Wilcoxon. and Fischer's exact test 

10. Tumor and non-tumor data for each tissue attached. 
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,., List Jf neoplasms in the rats at the interim sacrifice 

Control group, .S, 

Animal No. 

No. 

71 Thyroid: cystadenoma 

80 Pituitary: adenoma 

Dose group 1800 ppm BAY k 5552, c!' 

No. 399 Testis : Leydig cell tumour Cbenignl 

No. 414 Brain (Cerebellum): Meningioma (benign) 

.os 02 1653 
' 



Tabl!! : Number of th!! blastoma carr;ers in th!! ind;v;dual dos!! groups 

Total number of rats Investigated 

Numbl!r of thl! blastOftla carril!rs 

s ... 
Dos<! (ppm) 

Number of rats with exclusivl!ly benign 
blastomas 

Number of rats with e•elusively malignant 
blastomas 

Number of rats with benign and malignant 
blastomas 

Number of blastoma carriers as X 
alt rats investigatl!d 

Humber of blastome carriers with l!xclus;vely 
Lenign blastomas as X all rats investigated 

NU11tber of blastoma carriers with exclusively 
malignant blastomas as X all rats investigatl!d 

Humber of blastoma carriers with benign and 
'malignant blastomas as X all rats Investigated 

-
0 

49 
jl 

28 

--
2 

t 

63 
-

57 

-

4 

----

2 

. ---

,( . -
50 300 

--
50 50 

I ii ii 

10 12 

-- ·-·----· 
3 B 

3 t 
-

32 42 

20 24 

-· ---
6 16 

---- --···---

6 2 

---· -·---

'J 
---r-· 

1800 0 50 300 1800 

40 ~8 46 48 48 
~- J} 21 ;t 1 2i! 

-
18 24 15 14 18 

--- . - -
4 6 3 4 6 

--- ----
4 3 J 3 4 

- - ·-
• 

54 69 44 44 58 

-
38 50 31 29 38 

--- -

8 1 J 6 8 13 

-·-- --- --- ----
8 6 6 6 8 



Table List of all bl•stomas according to number, localisation, type 
•nd status <male rats> 

(Dose ppm) . 0 so 300 1800 

Ad~nonypoPhysis* 
Adenoma 14 0 3 11 

Carcinoma 
- 0 2 0 0 

Thyroids* 
t cell adenoma 6 0 0 0 

C cell carcinoma 1 0 0 l 

follicular carcinom& 0 0 0 l 

Adrenal corte• 
Adenoma unilateral 1 1 0 0 

Adr~na l med" l la 
Phaeochromocytoma (b) uni lateral 7 s 3 7 

Phaeochromocytoma (b) bi lateral 0 l c l 

Phaeochromocytoma <m> unilateral 0 1 l 0 

Parathyroids* 3 Adenoma 0 0 0 

Testes 
Leydig eel l tumour (b) unilateral 4 s 6 7 

Leydig cell tumour (b) bi let era L 
n 1 2 l 

Pancreas• endocrine 
Adenoma 2 0 0 0 

Pancreas• exocrine 
Adenoma 3 0 0 0 

Heart• 
Endocardial fibro~atosis Cb> 2 0 0 1 

Lung• 
Adenoma 0 0 - l 0 

Epididymis n Sarcoma r c , 
arain• 

Meningioma (b) 0 0 0 2 

RHS• 
!'.al ·:gnant lymphoma 0 1 3 l 
Histiocytary sarcoma n CJ l n 

Skin• 
Cerni tied SQuamous cell 
cardnoma n , ] l 

Subcutis• 
Sarcoma ! l 1 3 

Haemangiosarcoma n 0 1 
, 

Mesentery• 
Leiomyosarcoma 0 0 l 0 

Abdomen• , 
Fibrosarcoma n n " 
~,.r,.---

0 1 0 0 

b = benign 
m = malignant 
• This organ was not routinely histologically investigated in all the rats 

from the 50 •nd 300 ppm groups. 



Table List of all bl1stom1s •ccord;ng to number, loc1lis1tion, type 
<cont;nuationl and status <female rats> 

-
<Dose ppm> 0 so 300 1800 

Adenohypo physi s 
Adenoma 16 ~ 5 7 
t1rcinom1 l l l 0 

Thyroids* 
C cell 11cenoma " l 2 1 
t cell carcinoma , 0 0 0 
Follicular adenom1 c 0 0 l 
Follicular carcinoma , 

0 0 n 

Adren1 l cortex . 
Adenoma unilater11l l 1 0 0 

Adrenal medull11 
Phaeochromocyto~• Cb) uni l1tera l 0 0 0 ! 
Phaeochromocytoma Cm) uni lateral 0 0 0 1 

Ovary_ 
Granulosa-theca eel l .tumour Cbl 0 0 1 l 
Grenulosa-theca eel l tumour Cm> 0 0 0 l 

Uterus 
Endometr;al stromal tumour 
<po lypl Cb> 8 12 11 13 
Endometr;al stromal sarcoma 2 0 2 
Adenocarc;noma 1 4 2 

Mammary gland 
Adenoma 0 2 l 
Adenocarc;noma l , l 

Kidneys 
Adenoma l 0 0 
Sarcoma l 0 0 

Urinary bladder* 
Adenoma l 0 0 

RHS* 
Malignant lymphoma 0 0 0 
Histiotytary sarcoma 0 0 0 

Intestine• 
Fibroma 0 0 0 

Mesentery• 
0 l Malignant mesothel;oma 0 

Skin 
Pap; l loma 0 0 0 

Subcut;s l 0 0 rtaemang; osa rcoma 
l 0 0 Sarcoma 

b = ber.;gn 
m c malignant 
• This organ was not routinely h;stolog;cally investigated in all the r1ts 

from the 50 and 300 ppm groups. 
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List of blastomas found on histopathological examination of the 

rats in the 2·year feeding study with BAY k 5552 

Dose group: 0 ppm, sex O' 

Animal No. 8 Pituitary Adenoma 
Endocrine pancreas Islet cell ad~noma 

No. 11 Testes 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

Thyroid 

13 Pituitary 

14 Testes 

18 Adrenals 

19 Pituitary 

20 Heart 
Adrenals 
Parathyroids 
Exocrine pancre3S 

23 Testes 
Thyroid 

24 Pituitary 

26 Pituitary 

No. 27 Pituitary 

No. 30 Adrenals 
Parathyroids 

No. 33 Adrenals 

No. 35 Pituitary 

No. 36 Thyroid 

No. 37 Pituitary 

No. 39 Pituitary 

No. 41 Adrenals 

No. 42 Thyroid 

No. 

No. 

.~ 0. 

No. 

No. 

43 Subcutis Cear) 

44 Thyroid 

45 Pituitary 

46 Endocrine pancreas 
Adrenals 

47 Pituitary 
Parathyroids 

Leydig cell tumour, benign Cb>, 
uni lateral 
C cell adenoma 

Adenoma 

Leydig cell tumour Cb>, unilateral 

Cortical adenoma, unilateral 

Adenoma 

Endocardial f ibromatosis Cb> 
Phaeochromocytoma Cb), unilateral 
Adenoma, uni lateral 
Adenoma 

Leydig cell tumour Cb>, unilatera~ 
c cell carcinoma 

Adenoma 

Adenoma 

Adenoma 

Phaeochromocytoma (bl, unilateral 
Adenoma, unilateral 

Phaeochromocytoma <b>, unilateral 

Adenoma 

C cell adenoma 

Adenoma 

Adenoma 

Phaeo~hromocytoma Cb>, unilateral 

C cell adenoma 

Sar~oma 

c cell adenoma 

Adenoma 

Islet cell adenoma 
Phaeochromocytoma Cb), unil~~eral 

Adenoma 
Adenoma, unilateral 

05 02 1654 
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List of blastomas found on histopathological examination of the 

rats in the 2-year feeding study with BAY k SSS2 

Dose group: 0 ppm, sex r!' 

Animal No. 49 Testes 

No. SO Exocrine pancreas 
Pituitary 
Thyroid 

No. S4 Pituitary 
Adrenals 

No. S5 Heart 

No. S6 Pituitary 
Adrenals 

No. S7 Abdomen 

No. 60 Exocrine pancreas 
Thyroid 

Dose group SO ppm, sex rf' 
Animal No. 124 Adrenals 

No. 128 Adrenals 

No. 132 Testes 
Skin (head) 

No. 136 Adrenals 

No. 142 Testes 

No. 145 Abdomen 

No. 149 Adrenals 

No. 151 Adrenals 

Reticulohistio­
r.ytary system 
(RHS) 

No. 153 Adrenals 

No. 163 Testes 

Leydig cell tumour Cbl, unilateral 

Adenoma 
Adenoma 
C cell adenoma 

Adenoma 
Phaeochromocytoma (bl, unilateral 

Endocardial fibromatosis Cbl 

Adenoma 
Phaeochromocytoma Cbl, unilateral 

Fibrosarcoma 

Adenoma 
C cell adenoma 

Phaeochromocytoma Cb>, unilateral 

Phaeochromocytoma Cbi, unilateral 

Leydig cell tumour Cbl, unilateral 
Cornifying squamous cell carcinoma 

Phaeochromocytoma Cbl, unilateral 

Leydig cell tumour Cb>, unilateral 

Sarcoma 

Cortical adenoma, uni lateral 

Tumour. The neoplastic tissue has 
penetrated the organ capsule. The 
origin of the tumour cells cannot 
be determined with certainty due 
to autolysis. Presumably it is a 
malignant unilateral phaeochromo­
cytoma. 
Malignant lymphomas in the spleen, 
liver, lung and bone marrow 

Phaeochromocytoma Cbl, unilateral 

Leydig cell tumour Cbl, unilateral 

05 02 1655 
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List of blastomas found on histopathological examination of the 

rats in the 2-year feeding study with BAY k 5552 

Dose group: so ppm, sex O' 
Animal No. 165 Pituitary 

No. 168 Testes 

No. 1 6 o; Testes 
Subcutis 

No. 170 Adrenals 
Pituitary 

No. 1 75 Adren~ls 

No. 180 Testes 

Dose group: 300 ppm, sex 

Animal No. 2~2 Adrenals 

No. 253 RHS 

No. 257 Testes 

No. 259 Adrenals 
RHS 

No. 260 Pituitary 

No. 262 Testes 

No. 263 Subcutis 
l i mb l 

No. 265 Pituit·ary 

No. 267 Testes 

No. 272 Adrenals 
Testes 

(head> 

O' 

(rear 

Adenocarcinoma, infiltrating 
the brain 

Leydig cell tumour Cbl, unilateral 

Leydig cell tumour Cbl, bilateral 
Sarcoma 

Phaeochromocytoma Cb>, unilateral 
Adenocarcinoma with multiple focal 
necroses 

Phaeochromocytoma Cb>, bilateral 

Leydig cell tumour Cb>, uni lateral 

Phaeochromocytoma, the tumour cells 
have penetrated the organ capsule, 
malignant, unilateral 

Malignant Lymphoma in the thymus C?l 
and spleen 

Leydig cell tumour Cb>, unilateral 

Phaeochromocytoma, Cbl, unilateral 
malignant lymphoma in the spleen, 
lymph nodes, kidneys, lun~, mesentery. 
muscles, urinary bladder, pancreas 
and bone 111arrow 

Adenoma 

Leydig cell tumour Cb>, bilateral 

Sarcoma infiltrating the skeletal 
muscle 

Adenoma 

Leydig cell tumour (bl, unilateral 

Phaeochromocytoma <bl, unilateral 
Leydig cell tumour Cb>, bilateral 

05 02 1656 
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. Mean Clinical Chemistry Parameters {l\fale Rats) 
Dose Group (ppm In diet) 

Parameter Week 0 I so I 300 I 1800 

AU' 28 211 201 201 175• ' 

UIL 54 182 174 186 145• 
79 180 156 176 136 .. 

GOT 38.8 39.0 38.9 52.7* 
U/L 

Bilirubin 28 3.6 3.1 4.0 4.8• 
mcmol/L 

Creatinine 79 53 so 47• 51 
mcmol/L 105 57 63 46•• so•• 

Urea 105 5.80 1.01 • 5.6S1 5.27 
mmol/L 

Cholesterol 28 1.98 2.16 2.21" 2.21 
mmol/L 

Protein 54 66.5 64.2•• 61.0** 61.4•• 
g/L 105 68.4 67.t• 66.3• 67.8 

Sodium 28 142 143 140• 140* 
mmol/L 54 141 142 142* 142 

79 140 139 138* 141 
Pota~sium 79 4.8 s.o 5.1* 5.1 

mmol/L 
Calcium 28 2.64 2.54* 2.49* 2.ss• 

mmol/L 79 2.76 2.66* 2.62** 2.63*" 
105 2.69 2.66 2.63 2.58• 

Aldostcrone SS 349.7 360.2 334.9 245.l** 
pg/mL 

• Significan1/y dijferenJ from con1rol QI the 0. 05 level 
•• Significan1ly dijferenJ from con1rol QI the 0.01 level 
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Mean Clinical Chemistry Parameters (Female Rats) 

Dose Group (ppm In diet) 

Parameter Week 0 I 50 I 300 I 1800 

ALP 28 174 140 153 133• 

U/L 

CPK 28 98 54• 72 85 

U/L 79 43 75 64 77• 

GPT 28 54.1 so.s 52.9 66.3• 

U/L 

Bilirubin 54 3.0 3.1 3.2 4.3 .. 

mcmol/L 105 4.7 2.9•• 3.2* 2.9• 

Creatinine 79 56 so 59 57• . 

mcmol/L 105 71 59 55 .. 61 

Urea 28 7.54 7.27 6.56* 6.30 .. 

mmol/L 79 6.22 5.96 6.51 7.56**. 

105 6.09 6.43 6.67• 7.28* . 

Cholesterol 28 7.54 7.27 6.56* 6.30** 
mmol/L 105 2.46 3.01 * 2.76 2.96 

Glucose 105 4.71 5.25 5.52* 5.22 
mm..:il/L 

Sodil!rn 54 140 138 135•• 138 
mmol/L 

Potassium 54 4.8 4.8 5.0 5.2* 
mmol/L 105 4.5 4.6 4.8• 4.8* 

Calcium 28 2.58 2.65 2.59 2.47• 
mmol/L 54 2.71 2.65 2.58* 2.52** 

Conicosterone 55 36.6 41.7 20.4 19.2* 
mcg/DL 

• SignijicanJly dijfereru from corurol ar the 0.05 level 
•• Signijicaruly dijfereru from corurol ar the 0.01 level 
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At the termination of the study, the relative mean weights of 
adrenals, heart, kidneys and liver of the high dose group (both 
sexes) were significantly higher than respective control values 
(page 50A). However, no significant differences were seen in the 
absolute weights of the above organs except for the increased 
mean kidney weight of the high dose males. At the interim 
sacrifice, relative heart and liver weights (high dose males and 
females) and relative adrenal and kidney weights (high dose 
females) were significantly increased without any significant 
changes in absolute weights. 

No significant treatment related gross lesions were seen in this 
study. 

At the interim sacrifice, no treatment-related histological 
f'indings were observed except for the moderate widening of the 
zona glomerulosa region of the adrenal cortex of high dose 
animals. The cells of this zone were large and contained a foamy 
cytoplasm. Four benign tumors (2 in control females (cystadenoma 
of thyroid ill one and pituitary adenoma in the other) and 2 in 
high dose males (Leydig cell tumor of testis in one and 
meningioma of the cerebellum in the other)] were seen at the 
interim sacrifice. 

[Note: The terms "blastorna" aml "tumor" are used interchangeably 
in this NDA.] 

The number of rats with benign and/or malignant tumors and the 
percent of these tumor carriers are given in Table 7. According 
to sponsor, no treatment-related increased incidence of tumor 
bearing animals was observed in this study. The incidence of 
various types of tumors observed at different locations are 
presented in Tables 8 and 9. Although the incidence of Leydig 
cell tumor of testes appears to be ~1igher in treated male groups 
than in coPtrol, the differences we:e statistically not 
significant. 

Analysics of the tumor data by FDA statisticia1rn showed that there 
was a statistically significant (at O.OS level) linear trend in 
brain granular cell tumor (listed also as meningioma in this NDA) 
in male r"lts (p=O. 0411). The incid<cnce of this tumor is as 
follows: control - 0/50, low dose - 0/50, mid dose - 0/50 and 
high dose - 3/50 (2 animals at the rinal necropsy and one at the 
interim sacrifice). P.owever, pairwise compari:oon did not reveal 
any significant difference between control and high dose groups 
(p=0.1594). According to the sponsor, •·the in.:idence rate tor 
granular cell tumors among male rats al lenninal kill in the 
study peri:ormed with BAY 5552 lay within the >0pontaneous range 
for male rat'3 al lerrninal kill" ('I'able-page 50e). Sponta:-ieous 
Lu1nors of: 1nenir1gea 1 ()rigi11 (rnet1i11qio1nc1, ine11i11qeal sarcoma or 
qranular cell tumor) were seen in 7 ouL of 30 studies in male 
Wislar rats (39 -50 rats/sludy). In 2 studies, :; rats each were 
diagnosed wit. h such L umors a L t ermi n.1 l ki 11, 1d1ereas in 4 other 
sl udies, only one rat eacl1 had above L urnors. 
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Mean Organ Weights of Male und Female Rats (Final 
Sacrifiec! - 107 Weeks) 

Dose Group (ppm la drinki111 water) 
Oraan Sa 0 I 50 I 300 I 1800 
Body Wei&bl (&) M 4l6 410 413 396• 

F 274 275 261 216•• 

Adrenals Absolute, me M 49 49 43•• so 
Relative, me/100& M 12 12 100 13• 

Absolute, me F 67 66 63 61 
Relative, mgllOOg F 24 24 2S 29•• 

Heart Absolute, mg l\f 1215 1205 1199 1234 

Relative, mgl!OOg M 294 29:i 290 312•• 

Absolute, mg F 912 92'1 898 934 

Relative, mg/ I OOg f 334 338 347 434•• 

Kidneys Absolute, mg M 2588 2600 2638 2791 .. 

Relative, mg/ I OOg M 625 634 640 706•• 

Absolute, m1i F 1875 1823 1809 1745 
Relative, msllOOg F 690 66g 100• 810•• -· Liver Absolute, mg M 14277 14661 15213 14831 
Relative, mgllOOg M 3476 3715 3736 3937•• 

Absolute, mg F 8157 7912 8315 8087 
Relative, mgl!OOg F 3327 3343 3509 3773•• 

Lung Absolute, mg M 1380 1368 1460 1373 

Relative, mg1100g M 337 347 358 365 
Absolute, mg F 1028 998 1004 1008 
Relative, mgl100g F 419 423 425 472•• 

Spleen Absolute, mg M 656 656 673 684 
Relative, mg/ I OOg M 160 166 165 181• 
Absolute, mg F 447 444 438 419 
Relative, mg/100g F 183 188 JBS 196 

Testicles Absolute, mg M 3371 3618 3661 3149 
Relative, mgllOOg M 823 917• 899 831 

•Significantly different from control aJ 0.05 kw/ 
•• Significantly diff<rtnt from control aJ 0. OJ kw/ 



Tabh.•] Number of the blastOMa carriers in the individual dose groups 

Total nU111ber of rats investigated 

Number of the blast0111a carriers 

Sex 
Dose (pp"') 

NU01ber of rats with exclusively benign 
blast0111as 

N1111ber of rats with eitluslvely •allgnant 
blastOMas 

NU111ber of rats with benign and •allgnant 
blast0111as 

NU111ber of blastOllla carriers as % 
all rats investigated 

NV91ber of blast0111• carriers with exclusively 
benign blast0111as as X all rats investigated 

NUlllber of blast0111a carriers with exclusively 
.•allgna"t blast0111as as X all rats Investigated 

NU91ber of blast011a carriers vlth benign and 
·•alignant blast°"'as as% ail rats Investigated 
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Table 8 ; 
NDA 20-356 
List of atl blastomas accord;ng to number, Local;sation, type 
and status <m•~e rat'l 

<Dose ppml 0 so 300 1800 

Ad~nohyooPhYS; s* 
14 Adenoma 0 3 11 

Cerc;noma 
- 0 2 0 0 

Thyroids* n n C ct l l adenoma € 0 
t cell carc;noma l 0 0 l 
F_ollicular carcinoma 0 0 0 l 

Adrenal cortex 
Adenom• unilaterel l l 0 0 

Adrena L 111edu l La 
Phaeochromocytoma (bl unilateral 7 5 " 7 
Phaeochromocytoma (b) b; lateral 0 l 0 1 

Phaeochromocytoma <ml unHateral o l l 0 

Par. thyroids* 
~ 0 Adenoma 0 0 

Testes 
Leydi g cell tumour (bl unilateral 4 s 6 7 
Leydig cell tumour (bl bilateral n , 2 l 

Pancreas• endocr;ne 
' Adenoma 0 n n 

Pancreas• exocrine 
Adenoma 3 0 0 0 

Hurt* 
Endocardial fibromatosis (bl 2 0 0 1 

Lung• 
Adenoma 0 n· , n 

Epididymis 
n Sar com~ c " 

, 
Brain• 

Men;ngioma (bl n 0 0 2 

RHS* 
f':a l i gr>ant lymphoma 0 l 3 l 
Histiocytlry sarcoma n n ' 0 

Skin• 
tornified sauamous cell 
cerc;noma n , , 1 

Subcutis• 
Sarcoma l l l 3 

Haeman;iosarcoma n 0 , , 
Mesentery* , 

Leiomyosarcoma 0 0 0 

Abdomen• - , 
Fibrosarcoma 0 " " 
c:.,.,.,..l'ft. 0 l 0 0 

b " benign 
m " malignant 
• This organ was not routinely histologically investigated in all the rats 

from the 50 and 300 ppm groups. 
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Table q : List of ill blestomas 1ccording to numbrr, localisation, type 
<continuation) ind status <female rats) 

(Dose ppm) 0 so 300 1800 

Adenohypo l)hysh 
Adenoma 16 , 5 7 
Carcinoma 1 l l 0 

Thyroids* 
C cell adenoma ,; , 2 1 
C cell carcinoma , 0 (I 

Follicular adenoma 0 0 0 
Follicular carcinoma 1 0 n 

Adrenal cortex 
Adenoma unilateral 1 l 0 0 

Adrenal medulla 
Phaeochromocyto~a Cb) uni lattra l 0 0 0 , 
Phaeochromocytoma Cm) unilateral 0 0 0 l 

Ovary_ 
Granulosa-thtca cell .tumour (b) 0 0 1 l 
Granulosa-theca eel l tumour Cm) 0 0 0 l 

Uterus 
Endo,.,et rial stromal tumour 
(.;olyl)) Cb) s ,, 11 13 
tndom!t rial stromal sarcoma 2 0 2 
Adenocarc i noma 1 4 2 

"1ammary gland 
Adenoma 0 2 1 
Adenoca re i noma , , , 

Kidneys 
Adenoma l 0 0 
Sarcoma l 0 0 

Urinary bladder• 
Adenoma l 0 0 

RHS* 
Malignant lymphoma 0 0 0 
HistiocytlrY sarcoma 0 0 0 

lntestine* n n Fibroma 0 

l'lesentery• 
0 0 , 

l'lal ignant mesothelioma 

Skin 
Papi l lOC11a n 0 0 

Subcutis l 0 0 Haemangiosarcoma 
l 0 0 Sarcoma 

b = benign 
11 " malignant 
* This organ was not routinely histologically investigated in all the r1ts 

from the 50 and 300 ppm groups. 
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Historical Control Data - Spontan~ous Tu~:rs in Wistar Rats 
(1981-1989) 
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[Note: Granular cell tumors are believed to be of meningeal 
origin and are considered to be a subclassification of 
meningiomas. (Boorman et. al. 1990. eds. Pathology of the Fischer 
Rat. Academic Press, Inc.) J 

Relevant nonneoplastic findings observed in this study included 
hypertrophy of the cells of the zona glomerulosa of the adrenal 
cortex of high dose males and females and increased incidence of 
progressive nepl1ropathy in higl:. dose females. 

d. Two-Week Intravenous Toxicity Study 

Testing Facility: 

Study Number: Not provided (Pharma Report No.7721) 

Study Date: October, 1977 

GLP Compliance: Not addressed 

Animals: SPF \'/istar albino rats, individually housed in Type II 
Macrolon cages, weighed 135 to 130 g at the initiation of dosing. 

Dose Levels: 0, 0.1, 0.3 dnd 1.0 mg/kg. BAY E 5',')2, dissolved in 
a 10%:90% mixture of Cremophor EL and physioloqical saline, was 
administered as a ,;ingle iv bolus injectior: (cc1uC:al vein; 1 ml/ 
kg) daily tor 14 consecutive days. 

Number of An i m,·11 ,., : l 0 I sex/ grourJ 

~'.l_'eters Evaluat c•cl: Appearance and hehavioo (daily), body 
weish' and tood and v:at:er corrnumption (weekly I, hematology and 
cl iLical chemistry (at the t<ormination of tl1e :>tudy; 5 rats/sex/ 
gn,up), urinalyse'; (atter 10th treatment), major organ weights 
and g1·oss and microscopic pathology (more than 30 different 
tissues/rat; 5 rat,;/sex from control and high close groups:. 

Re"11l ts: High dose ani·nals showeu inertia ann dyspnea for about 
5 co 15 min follo1,·ir:'1 drug cidrninistration. Twu high dose females 
died during the :;Ludy, one after the third Jo:;,, And th<? other 
atter tl1e r1i11tl: do:3t~. No treatrnent-related cl ir1ical signs or 
mortalities were seen in low and mid dcse group animals. 

Ir1t.rave11ou:.:::; acilnini~~t.:tatic)Il (Ji ni~3oldipi11c l1aJ 110 ;_;ig11ificant 
effect on body 1,·e1ght, food or water consumption and hematologic, 
blood cl1erni~::tr~· d!l(:i u1·ina!\'Je:3 r)aran1t:ters. 1r!1t:::.:re \\1ere no 
t1·eatn1e11t-relatt:?d qr(J~:;::; c:'1 l1i~~tc)I)d.tlinlc)gical ti11di11gs, or any 
evider1ce ot lucal i11tc)le:?_ance al doJe lr~vels t1~sted ir1 this 
study. 
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MOUSE STUDIES (X. Joseph) 

a. 28-day Dietary Dose Ri'lncrefinding Study 

Testing Facility: 

Study Number: T 1003 576 

Study Dates: June-July, 1981 

GLP Compliance: Study was not conducted according to GLP 
regulations. The deviations were as follows: a. no phase 1-3 GLP 
audits, and b. no checking of physico-chemica~ properties of test 
substance. 

Animals: SPF-bred N:>!RI mice, individually ho1:sed in Type I 
Macrolon cages, were 4 -5 weei<:s 0 1"d (average body weights: males-
20. 0 g, temales-19.8 gl at the i:1itiation of the study. 

Dose L<Nels: Bay k 5552 (Batch No. 576,923) 1·:as mixed wit'1 
powdered diet by the addition of peanut oil DAB 7 (1%) to cr~.,i_n 
dietary drug concentrations of 0, 400, 800, 1200 and 1600 ppin. 

Achieved Dose Levt-.?l::;: 

DGse Average Drug Intake 
(ppm) (mg/kg/day) 

Male Fen1a 1 e 

0 0 0 

400 110 124 

800 2 ~ti 271 

1200 348 383 

1600 4:; 9 523 

(Nute: The drug incake was calculated from th. 1 averaqe daily food 
incake/animai/group tor Lhe 1vhole du:cat:on ot ~he study.) 

10/sex/group 

Parameters Eva l 1:a r eri: Appearance and behavior (daily) , body 
\"'t::iigl1t, to<..Jci and. \·:at-Pr con~lllllli)ticH1 (\\'t-.:ekl}:-), c11·ga.n weigl1ts 
(heart, lunge;, ll'.'c'1, splce11n and kidn13ys) and gro:1::; pathology. 

Ht':~11Jt·:_~: N1_1 t1t::>a.t1nent-relateli 1..~lir1ical signs <.~r 1nortalities were 
obse1v,~d. Signiticant redu1:t.ions in body weioll: s (3-7%), compared 
t.o coz1curr~r1l COiltrol, \-.:e1·e seeI1 iI1 fen1ales th~_.cn1~1l1out tl1e stud:::{ 
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at dose levels of 800 ppm and above except at 1200 ppm at the end 
of the study. In males, although body weights were lower than 
concurren~ control (4-9%) at 1200 and 1600 ppm levels, the 
differences were statis•ically significant only at 1200 ppm. No 
significant differences were seen in food and water consumption 
between treated and control groups. Organ weight findings are 
given below. 

Mean Organ Weights of Male and Female Mice 
Do.w \iroup (ppm in diet) 

Sex 0 I 400 I 800 I 1200 I 1600 

Body Weight (g) M 31.8 30.1 31.0 29.S• 30.3 

F 25.5 25.4 24.0• 24.7 24.5• 

Heart (Absolute. mg) M 0.14 0. lS 0.17 .. O. lS• 0. lS 

(Relative. mgilOOg) M 0.44 0.52 .. O.S3 .. <'.SJ•• 0.49• 

(Absolute, mg) F 0.13 0.14 0.14 0.15• 0.14• 

(Relative. mg/IOOg) F 0.51 0.54• o.58•• 0.61 .. 0.57 .. 

Kidneys (Absolute, mg) M 0.46 0.46 0.49 0.49 0.48 

(Relative. mg/IOOg) M 1.44 1.53 1.59 !.66• 1.58 

(Absolute, mg) F 0.35 0.34 0.33 0.33 0.34 

(Rclauve. mg/ IOOg) F 1.35 1.32 1.38 1.33 1.37 

Liver (Absolute, mg) M 1.93 1.84 1.82 1.74• 1.72• 

\Relative, mgllOOg) M 6.08 6.09 5.66 S.90 S.66• 

(Absolute. mg) F 1.47 1.40 1.34 1.39 1.36 

(Relative. mg/IOOg) F 5.72 5.53 5.55 5.64 5.56 

Lung (Absolute, mg) M 0.23 0.26• 0.25 0.23 0.22 

(Relative, rngl IOOg) M 0.72 o.88•• 0.80 .. 0.78• 0.74 

(Absolute, mg) F 0.22 0.21 0.20 0.23 0.22 

(Relauve, rngilOOg) F 0.87 0.82 0.82 0.92• 0.89 

Spleen (Absolute, mg) M 0.09 0.09 0.10 0.09 0.09 

(Relative, mg/IOOg) M o.:is. 0.31 0.32 0.30 0.29 

(Absolute, mg) F 0.10 0.09 0.10 0.10 0.09 

(Relative, mg/ IOOg) F 0.38 0.37 0.41 0.38 0.38 

•Significantly di.ffertntfrom control at ).05 lne/. 
•• S1gnificantly different from control at 0.01 lt\"d. 

Re: 'ltive heart weight:: u1 all treatment groups (both sexes) were 
si9;11ficantly higher t!;an c0nt,·ol; h01-:ever, absolute heart 
weights were significantly higher in males only at 800 and 1200 
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ppm and in females at 1200 and 1600 ppm levels. Both absolule and 
relative liver weights were lower than control in 1600 ppm :nales. 

No significant gross findings were observed. Histopathological 
evaluations were not performed in this study. 

Based on the results of this study, dietary dose levels of 100, 
300 and 900 ppm were selected for the mouse carcinogenicity 
study. 
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b. 21 Month Carcinogenicity Study in Mice 

Testing Facility: 

Study Number: T7010709 (Sponsor's number) 

Study Dates: Initiation of dosing - 10/7/81 
Autopsy of last animal - 7 /7 /·83 

GLP Compliance: Studies were done in accordance with GLP 
regulations. 

Animals: 

Strain: Bor:NMRI (SPF HAN) 
Sex: Both sexes 
Age and Wt: 4 to 6 weeks old/20-22 g 
Hou3ing: Individually housed in Makrolon Type I cages. 

Mode of Administration of Test Agent: Powdered diet. 

Dose Levels: 0, 100, 300 and 900 ppm dosage le·vels of BAY k 5552 
(Batch No. 6b2845, purity-98.1%) were used on the basis of 
1esults of the 28-day dieta1y dose rangefinding study. The 
stability and tile concentration of drug in the diet were 
determined periodically. The concentrations of ':he drug in diet, 
at all intervals, were more than 89% of the theoretical values, 
and the compound 1vas found to be stable in the diet for at least 
10 days. Hov;eve1, there is no indication that ·:oncentrations of 
dreg in diet were adjusted periodically to main:ain a constant 
mg /kg body 1veigllt exposure. 

No. of Animal co: Equal numbers of males and fennles 
(50+20*/sex/dosage level) were used. *Addition.il 20 mice 
included in each qroup were sacrificed 12 month.> after the 
initiation of do:.;ing for interim investigations. 

Observat :i ons/MF',-=i.~~u1·t_~r1F·nt ~': 

Appearance/Beltavior monitored twice daily and a detailed 
assessment ot eac11 u1d1vHiual animal was made 0'.1 a weekly basis, 
wit:1 particulc·~ attention qiven to postu1e, gen·~1al behavior, 
body surfaces, Jrilices ,md breathing and elimi,1ation products. 

Body weight determinations wen? done at the beginning of the 
study, u11c~e ,·1 \'/t-:'t;•k 11nt -j l ~7ll1 \•:eek and eve1y· 2 ·.,.,r1;2eks t11ereafte1· 
and ell;;.:> ueio1e tli"' l etmination ot the ell Udy. 

Food intake\'""' ccJlculated on a weekly basis '.l!J to 23rd week a:1d 
ever:i L\\'O WL~ek~~ Ll1L~reu.iter. 
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Hematological (RBC, WBC, platelet and reticulocyte counts, 
differential white cell counts, hemoglobin, hematocrit, MCV, MCH 
and MCHC) and clinical chemistry [alkaline phosphatase, 
transaminases (ASAT and ALAT), plasma creatinine, urea, blood 
glucose, cholesterol, bilirubin and total plasma proteins] 
investigations were done at 12 months (interim sacrifice group) 
and also at the end of the study (10 animals/sex/treatment 
group). 

Autopsies were done on all mice which died during the course of 
the study or that were killed in extremis, and also on those that 
were sacrificed at 12 mor1ths and at the termina~ion of the study. 
Nine major organs were wei!;;l1ed and sections of various organs and 
tissues (about 38 different tissues/mouse) and gross lesions were 
preserved for histopathologic evaluation. At 12 months, these 
evaluations were done only on tissues from 0 and 900 ppm dosage 
groups and also on any tissue from 100 and 300 ppm groups which 
looked tumorous macroscopically. At the termination of the 
study, tissues from 0, 300 and 900 ppm dosage groups were 
examined histologically (only stomach, pituitary, uterus and 
liver were examined from 100 ppm group). 

Statistical analysis on body weights, clinical laboratory values 
and orga:1 weights were done using two-tailed u cest according to 
Mann and Whitney, and Wilcoxon. The survival daca were analyzed 
by the statistical software pec!<age using the generalized 
Wilcoxon test. Statistical analysis of tumor findings was done 
using the death rate method for malignant tumors and the 
prevalence method for benign tumors (Peto et al.). Because of the 
hiqh mortc1lity rate in high dose males, the deac:h rate and the 
prevalence methods were used combined for the analysis of hepato­
cellular tumor data. 

Surviving animals fro~ interim sacrifice groups (originally 20 
mice/sex/dosage group) were killed at 12 months. 

Averaq<> daily druq intake* (mq/kg bc,dv wt) 

Dose (ppm) 
~)(>X 0 100 300 900 

Md le 19.37 58.06 162.93 

Femal•~ ~4.99 '.' 4. 3 b 217.28 

( *'l'he dn1g intake wa~< calculated t1om the avera,Je daily ~cod 
inLake/c1nimal/group tor the whole duration ot t ''"' study.) 
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Mortality: 

Mortality data is summarized below and it is presented 
graphically in Figures q &10. 

Mortality of Mice Receiving Nisoldipine in Diet for 21 
ft1onths 

~ 

Daily Dose Number or Number of % Mortality 
(ppm in diet) Mice (MJF) Dead (M/F) (M/F) 

6 Months 

0 50150 010 010 

100 50150 2/0 4/0 

300 5Gi50 010 010 

900 50150 3/1 612 

12 Months 

0 50150 0/2 014 

100 50150 315 6/10 

300 50150 013 016 

900 50150 8/5 16110 

18 Months 

0 50150 5/21 10/42 

100 50150 I If 19 22/38 

300 50150 7/20 14140 

900 50150 29/21 58/42 

21 Months 

0 50150 14/28 28/56 

100 50150 15134 30/68 

300 50150 19/'.14 38/68 

900 50150 40/32 80/64 

The mortality rates in treated females (all groups) were not 
significantly different from controls at any given interval. 
However, the incidence of deaths in females was high in all 
groups including controls from 12 months onward. The mortality 
rates in males from 900 ppm group, especially at 21 months, were 
significantly higher (p<0.001) compared to controls or other 
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fig.q Mortality curves of.male mice wh.ch received 
21 months BAY k 5552 in the diet 
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fig./0: 

51UOIE-Nf\ 

170 I 0709 

Mortality curves of female mice which received 
21 months BAY k 5552 in the Jiet 

interim kill 

I S!UOl-NQ 

!BRT • SS521 

FEMALE MICE 

x = 0 PPH 

A = 100 PPH 

0 = 300 PPH 

0 = 900 PPH 

so.oo 100.00 1so.aa <aa.oa z.so.oo ~oo.oo ~so.co l\OO.oo "so.oo sao.oo sstJ.oo 600.oa 'so.oo 

DAYS 



Page 60 - NDA 20-356 

lower dosage groups. No significant difference noticed in this 
parameter between males of low or middle dosage groups and 
controls. The increased mortality of males in the high dose 
group is partly attributed to pharmacodynamically induced colonic 
atonies. Autopsy of animals that died or were killed in extremis 
frequently showed that the large intestine was tightly filled 
with solid faeces resulting from colonic atony. 

using the Cox and the generalized Wilcoxon methods for testing 
the heterogeneity in survival distribution, FDA statisticians 
observed a statistically significant difference (at 0.05 level) 
in the survival distribution in males, but not in females (for 
both of the above tests, the p values for males were <0.00001). 

Drug Associated Findings: 

No treatment related clinical signs were seen in this study. The 
food intake in males from the 900 ppm group was about 9% less 
than in control males. Average body weights are presented 
graphically in Figures 11 & 12. Statistically significant 
reductions in body weights at certain weeks were seen especially 
in males of 900 ppm group and to a lesser extent in 100 ppm 
group. However, at the termination of the study, no significant 
body weight differences were seen between treatment and control 
groups (both sexes) . Leukocyte counts at 21 months were 
significantly lower (p<0.01) in males (900 ppm) and females (300 
and 900 ppm groups) compared to respective controls. However, 
differential counts did not show any significant variations in 
the proportion of different cell types between treated and 
control mice. The hemoglobin and hematocrit values in mid and 
high dose males were significantly lower at 12 months, but not at 
21 months. The blood glucose concentration was significantly 
higher (p<0.01) in males (300 and 900 ppm) at 12 months anc also 
at 21 months (all treatment groups). Females showed a similar 
increase only at 12 months. All these values were reported to be 
within the range of historical control values. Significant 
elevations in blood urea levels were seen only at 12 months in 
all treated male groups and in high dose females. 

Macroscopically, swollen gastric mucous membranes were observed 
more frequently in treated males than in controls (0 ppm - 5; 100 
ppm - 12; 300 ppm - 14; 900 ppm - 14). The incidence of enlarged 
hearts was more in males of 900 ppm group (0 ppm - 7; 100 ppm -
2; 300 ppm - 11; and 900 ppm - 23). In mice that died or were 
killed in extremis, the incidence of large intestines impacted 
with so 1 id feces wa.s higher in bc-:..1-:. 3.::.~cs ul tl1.e 11iy1:1esL dosage 
level (0 ppm - males 5 and female 0; 900 ppm - male 13 and female 
9) . 

The heart and liver weights (absolute and relative) in males (21 
rnontl1s) were significantly increased at 300 and 900 ppm dose 
levels, but the weights of adrenals (absolute and relative) were 
significantly decreased in all treated male groups compared to 
controls. In females, the heart and liver weights were 



Page 61 - NDA 20-356 

Fiqurell Body weight curves for male mice receiving BAY k 5552 
in their food for 21 months 
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significantly higher oniy at the highest dose level. Females 
that received either 300 or 900 ppm doses had significantly lower 
kidney weights at 21 months. Significantly increased liver 
weights (absolute and relative) were seen in mid and high dose 
females at the interim sacrifice. 

Histologically, hyperplastic mucosa of the glandular stomach was 
found more frequent in treated males than in females. The 
incidence of this condition is given relow. 

Incidence of Hyperplastic Mucosa of the Glandular Stomach 

Dose Percent affected 
(npm) Male Female 

0 18 6 
100 31 16 
300 36 10 
900 ;:;4 16 

The above values are reported to be within the range of 
historical control values (Table IOI. 

A dose dependent increase in the occurrence of intracytoplasmic 
vacuoles near the nucleus was seen in the hepatic cells, more in 
females than in males. Round cell infiltrates in the kidney and 
senile nephropathy were predominantly found in females. The 
endometrium was often found to be hyperplastic (0 ppm - 13%; 100 
ppm - 34%; 300 ppm - 3:i'b; and 900 ppm - 28%). The above 
incidences are ~eported to be within the historical control 
ranges for this strain of mouse (Table ) . An increased 
incidence of pituitary hyperplasia was seen in females (0 ppm -
1 7 % ; 10 0 ppm - 13. % ; 3 0 0 ppm - :: 2 % ; 9 0 0 ppm - 4 2 % ) • 

The incidences of i:umors observed at the ir:terim sacrifice are 
given below. 

Comparative Summary of Tumors at 12 l\lonths 
According to Location, Type and l\lalignancy 

Sex: Males Females 
Dose (ppm in diet): 0 I 900 0 I 900 

Reticulocytary system: malignant lymphoma l I 2 4 

Lung. aiveolug.:ni.: ..:ar~inuma \malignant) 0 2 l 2 
Liver: hepatocellular carcinoma (malignant) 0 I 0 0 
Stomach: kerato-acanthoma 0 0 I 0 
Number of blastc·ma carriers l 4 4 5 
Number of malignant tumors l 4 3 6 
Number of benign tumors 0 0 l 0 
Number of mice investigated 20 20 20 20 

··-
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Table IO 

Historic contrnl values: NMRI mouse 1980 to 1984 
------------------------------------------------

Teat No. 

Adenomatous gastric 
mucosal hyperplasia• 
in males 

n 

' 
in females 

n 

' 
•classified as adenoma 

Liver tumour 
in males 

n 

' 
Uterine hyperplasia• 

n 

' 

l 

50 

18 

l• 

50 

2 

7 

50 

14 

0 

50 

0 

2 

20 

50 

40 

8 

48 

17 

3 

50 

6 

19 

46 

41 

NUllll:>er 

3 

10 

50 

20 

11 

49 

22 

9 

50 

18 

21 

49 

43 

4 

32 

44 

73 

14 

46 

30 

5 

45 

11 

23 

45 

51 

5 

5 

47 

ll 

10 

47 

21 

1 

46 

2 

0 

45 

0 

Glucose concentration in the plauma: 4.32 -
4.51 -
5.96 -
4.05 -

9.36 11111101/l 
7.75 11111101/l 

15.12 11111101/l 
14 • 9 9 11111101 / l 

Urea concentration in the plasma: 

n • Number of organs evaluated 

6 

27 

48 

56 

13 

48 

27 

6 

48 

12 

33 

46 

?1 

(male) 
(female) 
(male) 
(female) 
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The increased incidence of lymphoma of reticulohistio~1tary 
system (RHS) observed in high dose females is considered to be 
incidental since the incidence of this tumor at 21 months was 
higher in the control '}roup than in treated groups. 

The overall incidences of benign and/or malignant tumors and the 
total number of tumor bearing animals (21 mont'is) for both sexes 
at 0, 300 and 900 ppm dose levels are given in Table 11. There is 
no significant increase in the neoplasm incidence among treated 
animals of either sex compared to respective cont.rols (spo~sor's 
analysis). Moreover, there is also no difference in twnor 
occurrence between 300 and 900 ppm dosage groups. Incidence of 
tumors according to tile location and the type is presented in 
Table 12. Because of tl'e increased incidence of hepatocellular 
tumors in males especially in the 900 ppm group (only f ;c,w 
females, 900 ppm group, had this type of tumor) at 21 months and 
also because of the occurrence of hepatocellular carcinoma in a 
male mouse from interim sacrifice, an additional investigation 
was carried out by examining more hepatic tissue sections (5 per 
animal) from male mice of each group for hepatocellular tumor 
occurrence. This second study showed addiLional cases of 
hepatocellular tumors as ''ollows: 1 each from 100 and 900 ppm 
groups, 4 from 300 ppm and 1 from control groups. Combined 
incidences of these tumors (males) frolil the ariginal and 
additional investigations (49-50 mice/group) and the p values 
from the trend test (death rate method) are yiven below. (The 
results of sponsor's statistical analyses of liver tumor data are 
summarized in Table 13.) 

Dose(ppm) p value 

0 100 300 900 

hepatocellula1 
adenorna ,., 

2 " 3 0.0735 ~ 

hepatocellular 
carcinoma 3 4 8 0.001:, 

hepatocellular 
tumors (all) 5 6 7 11 0.0004 

Thus, the sporL>or':; analysis showed :oigniiicant positive linear 
trends (al O.O':i l<'vel) for the incidences ot hLepatocellular· 
carcinorna Ll.Illi !h:1 1iatoc·ellt1lar t_nn1(:irs (all} ir !'!~3.le rnic~..: .. ?\nalJ.'Sis 
ot Lhe rumor dcit a liy FD,'\ stat ic;lcicians showed tlldt the1e 1~ere no 
significant positive linear trends for the incidences of 
hepatocellular cL11"inontc1 (p~O .07b'.":) dnd hep3toc,"llt!lar tumors 
(I):::0.0'-114) in rualt~' nlice. l\ccc)1d.i11~] to FlJA slat.J..::_;ticia110, tl1e 
above J.iscreµa11<-.:it~~3 in [J v·u.lue~ observed i11 :::>1)011so1 '::_; Ll11d FDA 
analyses 3te 3tl1 iuuted to "1. the spon,;or did not apply the 
survival-adjusted met hod 3l!d 2. Ll1e ordinal du:He le\·cdG 0, 1, ., 
a11d. 3 \•.'e1·e u~:>ed i11 :>1>011sor' s ar1al1·sis. 11 
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Table II 1 summary of number of male and female mice with benign 
and/or malignant tumours, as well as frequency of be­
nign and malignant tumours-encountered 

sex d 

oose ppm 0 300 900 0 300 900 

No. of animals investigated SD 50 49 48 50 50 

No. of animals with tumours 27 28 24 34 31 30 

No. of animal• with only 
beniqn tumour• 7 6 8 6 6 6 

No. of animals with only 
malignant tumours 12 15 14 21 18 17 

No. of animals with benign 
and malignant tumours 8 7 2 7 7 7 

No. of animals with more 
than one primary tumour 15 ll s 13 9 e 
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Table 12.. : Comparative •ummary of tumours occurring according to 
location, type, number and dignity 5 (animal• ached-
uled for terminal kill) 

~ex ~ 

15ose ppn1 ·~ I !J !J l !J !J 9!JC c - IDD lCC gee 
Lung: 

bronch' -tr 
aden..ir. 2 3 4 2 1 3 
bronc I'. .olar 
carcin~ .. ig.)13 12 5 8 6 5 

Stomach: 
papilloma 0 0 0 2 0 0 0 0 
•arcoma (malig.) 0 0 2 l 0 0 0 0 

Liver: 
hepatocellular 
adenoma 2 2 2 3 0 0 0 l 
hepatocellular 
carcinoma (malig.) 3 4 5 8 0 0 0 1 

haemangiosarcoma 
(malignant) l 0 0 0 0 0 0 0 

J(idneys: -tubular carcinoma 
(malignant I 0 l 0 0 0 0 
haemangi · osarcoma 
(malignant) 0 1 0 0 0 0 

Bladder: -•tromal tumour 
(benign) l l 2 0 0 0 
stromal tumour 
(malignant) 0 l l 0 0 ,. 

w 

ovary: -granulosa-thaca 
cell tumour (ban. ) 5 5 3 
9ranulosa-theca 

0 0 cell tumour (malig.) 1 
luteoma (benign) 2 2 0 
tubular adano-
carcinoma (malig.) 1 0 0 
Sertol i cell 
tumour (benign) 0 0 1 

Uteru11 
adanoma 0 0 1 0 
carcinoma (malig.) 1 0 0 0 
fibroma 0 0 1 0 

0 - 0 1 2 myomr. 
myosarcoma (malig.) 0 0 0 1 
stromal tumour 
(beni9n) 3 0 2 2 
Btromal •arcoma -(malignant I 1 3 2 ' 
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Table I 2 (continued): 

ex Q 

Dose ppm 0 100 300 900 0 100 300 900 
Testes: 

Leydig cell tumour 
(benign) 2 2 0 
adenoma of rete 
testis l 0 0 

Pituitary: 
adenoma 2 0 0 0 l 3 l 

Thyroid: 
follic'e cell 
adenoma 0 l 0 0 0 0 
papillary cy•t-
adenoma 1 0 0 0 0 0 

Adrenals: 
cortical adenoma l 3 l 2 0 0 
phaeochromocytoma 
(benign) 1 0 0 1 0 2 
phaeochromocytoma 
(malignant) 0 0 1 0 0 0 

RH system: 
lymphoma (malig.) 7 3 1 18 12 14 
lymph node sarcoma 
(malignant) 1 0 0 1 0 0 

Skin/subcut.is: 
epithelioma 
(malignant) 0 0 l 0 0 0 
sarcoma (malig.) 1 0 0 0 l 0 

Mammary 9land1 
carcinoma (malig.) l 0 0 
adeno-ancanthoma 
(malignant) 0 1 1 

Harder•• gland: 
papillary adenoma l 2 0 1 1 l 

Spinal marrow: -schwannoma 1mali9.)0 0 0 0 1 0 

Bones: 
ostec:.sarcoma 
(malignant) 0 0 0 0 1 0 

Abdomen: -
haemangiosarcoma 
(malignant) 0 0 0 0 1 0 

Pelvic •erosa1 
sarcoma (malig.) 1 

- Or9an not investigated s Bilateral tumours counted twice 



Table 13 : Statlstlcal Analysis of Tumour Data 

sex tarqet character qroupa (ppm) trend test 

.. 1e hepatocellular twnour11 0/100/100/900 death-rate 

.. 1e hepatocellular twnoura 0/100/300/900 prevalence 
11&le hepatocellular tUIM>Ura 0/100/100 death-rate 
111&le hepatocellular tU1M>Ur11 0/900 death-rate 
-1e hepatocellular tu.our• 0/100 death-rate 
male hepatocellular tu.aura 0/100 death-rate 

-le tUllOllr, benlqn 0/300/900 prevalence 
... 1e tUllOllr, .. 11CJN1nt 0/300/900 death-rate 

... 1. hepatocellular adeno11a 0/100/300/900 death-rate 

111819 hepatocellular carelnc:ima 0/100/100/900 death-rate 
11111le l1epatoeellular earelnc:ima 0/100/100/900 prevalence 
... 1. hepatocellular carclnc:ima 0/100/300 death-rate 
.. 1. he1>11toeel)ular carcincllll& 0/900 death-rate -1· hepatoeellular carclnc:ima 0/100 death-rate 
-1e hepatocellular carcino11a 0/100 death-rate 

f-1• timour, benl9ft 0/100/900 pre•alence 
f-1• tt-r. -119Mftt 0/100/900 death-rate 

lncldence i 

5/ 6/ 7/11 J.321 
5/ 6/ 7/11 1.831 
5/ 6/ 7 .Cl.821 
5/11 l.410 
5/ 1 0.855 
5/ ' 0.174 

15/11/10 0.286 
20/22/16 2.692 

21 21 21 l 1.450 

l/ 4/ 5/ It 2.970 
l/ 4/ 5/ I 1.911 
l/ 4/ 5 0.876 
l/ I 3.067 
l/ 5 0.'>19 
l/ 4 0.414 

ll/ll/13 0.040 
21/25/24 -0.257 

p 

0.0004 
0.0114 
0.2059 
0.0003 
0.1964 
0.1541 

0.1876 
0.00)5 --o. o· •. · 

0.0015 
0.0267 
0.1905 
0.0011 
0.1790 
0.1321 

0.4842 
0.6015 
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P.:.storical Ccr.trol Data - Spm1• __ ~eous Turr:c:::-s in NMRI Mice 
(1981-1988, 

Ex.pcrimcnt :-.·o. l 2 3 4 s 6 7 g 9 
Sex m f m f m f m f m f m f m f ID f m f 

Sttmach 
No. of mice ex:unined 48 48 47 47 so 49 so 48 45 46 so so 49 49 50 48 48 48 

IC 
m f 

49 45 

----------------------------------------------------------------------------------------------------
papfloma b 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
a.dcnomatous po1yp b 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O·O 0 0 I 0 
adenoma b 0 0 0 0 0 0 0 0 0 0 9 I 0 0 0 0 0 0 0 0 
adenocarcinoma m 0 0 0 0 0 0 0 0 0 0 0 0 6 I 0 0 0 0 0 I 
spindle cell earc:incma m 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 

Experiment No. JI 12 13 14 IS 16 17 IS IOW 
Sex m f m f m f m ( m f m ( m f "' t m ( m+f 

-·· 

Scoma ch -
No. of iruce examin.ed 48 47 49 so so so 49 48 so 49 49 47 47 4S 47 46 815 860 1735 

----------------------------------------------------------------------------------------------------
p•pilloma b 0 I 0 0 0 0 .J 0 0 0 0 0 0 0 0 0 I I 2 
adencm:uoQfi f<O!}p b 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 l 0 1 
.adenoma b 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 I 10 
adOllOCll'Cinoma m 0 0 0 0 0 0 0 0 0 0 0 0 ·o 0 0 0 6 2 8 
spindle cc.11 c:.uclnoma m 0 0 o·o 0 0 0 0 0 0 0 0 0 0 0 0 1 0 l 
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"' l~istorical Control Data - Spontaneous Turr:ors in NMRI Mice ll> 

'° (1974-1979) (1) 

"' lJ1 ...,, 

I 

z 
tJ 

Number of tu1non; 0(1h~ digl!!<livc sy~1cn1 (,,;:.iliv:i.ry ~l.:.i.nJ. ti.vet. ~tvn,~~h. in1.:~1ine). 
;,,. 

- N 

Ex~rinti.:nt Na. I 2 3 4 s 6 7 s 9 10 ll 12 0 
I - - - - - --- - - - - w 

n\ r m i m r ni f 11\ f n\ f m ( m ( m r m ( m ( m [ U1 
0\ 

Sa/i\·111·y gland 

Squ3!'ll\l\J~ cell c:acinom:a 0 0 0 0 0 0 o_ 0 o_ 0 0 0 0 0 o· 0 I 0 0 0 0 0 0 0 
Adenon\a 0 0 0 l 0 0 0 0 n- 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 
Adenoc;srcinom& 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 

li\·'r 
Adenor.l:J. h~pntocc1Jul~r I 0 4 0 2 0 3 0 0 0 0 0 2 0 3 0 4 I 9 0 I I 3 0 
Ca:cinom~. hcpa1occ:llulu 0 0 I 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 I 0 0 0 0 0 
Sarcoml I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

For,Jtv1nnch 

Papillom2 I 0 3 I 0 0 I 2 I 0 0 0 0 0 0 l l I 0 0 0 I I 0 
Squamou1 cell carcinoma 0 0 I I 0 0 0 0 0 0 0 0 l 0 0 0 0 I 0 0 0 I I 0 

G1<11u!ular s1omarh 

Adenoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 I 0 0 I) 0 
Adc·nocltcinoma 0 0 0 0 0 0 0 0 2 0 0 0 l l 2 0 I 0 0 0 I I 0 

Experiment ~o. I 1 3 • 5 6 7 8 9 10 II 12 

Nun11~r of nl:1ie .:Jnimals :u ~uan .l8 75 75 40 ~ 40 so so ~o SI so so 
Nun1t~r ~( ftrMles an1m~1s at Stan S8 75 7S 40 40 ~o so so 50 49 so so 
Number of m:alt- animal1 ~valua,ed S6 75 75 ~o 40 ~6 4S __ ,., 46 ~_l 50 so 
Number oi f~malc animals 56 73 7; ~o 40 J6 4S 37 ~l _49 49 49 • 
~v2luatcd 
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FDA unalysis of tumor data showed a significant positive linear 
trend for inverted papilloma of pars cutanea of the stomach in 
male mice (p=0.0072). The incidence of the above tumor is as 
follows: O ppm - 0/50; 100 ppm - 0/49; 300 ppm - 0/50; and 900 
ppm - 2/50. Pairwise comparison also showed significant 
difference between high dose and control groups (p=0.0435). 
Historical control data from 21 month studies in NMRI mice, 
conducted during a 7 year period from July 1981 to August 1988, 
showed that papillomas cf the stomach occurred in 2 of the 18 
studies evaluated (page 65e), in 1/49 males and 1/47 females 
examined (amendment to original application dated May 31, 1994) 
Moreover, incidence rates upto 4% were seen for the above tumor 
in NMRI control male mice in carcinogenicity studies conducted 
between 1974 and 1979 (page 65f) . Although statistically 
significant, the incidence rate (4%) observed in the present 
study for the stomach papilloma is considered to be within the 
historical control range for NMRI mice. 

Significant positive linear trends were also reported by FDA 
statisticians for the urinary bladder benign stromal tumor in 
male mice and RBS malignant lymphoma' in females. However, when 
the incidences of urinary bladder stromal tumors are combined 
(benign + malignant, benign + polypous, or benign + malignant + 
polypous tumors), no statistically significant trend was seen. In 
the case of RHS malignant lymphoma also, if all malignant 
lymphomas of different locations are combined, then, no 
significant linear trend was observed. 

*Note: The sponsor has listed all malignant lynphomas, 
irrespective of locations, under RHS system; however, for some 
lymphomas, the anatomic site (organ) is specified (e.g. lymphoma 
o[ adrenal O!. heart etc.) but for others no site is given (listed 
only as lymphomas). By using the combined incidences of all 
lymphomas, no Lreatrnent-related increac;Pd incll~2nce of this tumor 
was seen in sponsor's statistical analysis. [!>ccording to NTP 
guidelines (Mcconnel et al, 1986. Guidelines tor combining 
neoplasms for evaluation of rodent carcinogenesis studies. JNCI 
76: 283-289), lymphomas of all types can be conbined for 
statistical evaluation.] 
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DOG STUDIES (S.Stolzenberg) 

a. 4-Week Oral Administration Study 

Testing Facility: 

Pharma-Report No: 7075 
Study No: Not given 

Study Dates: 11/8/76 to 12/9/76 

GLP compliance: This study predates GLP compliance requirements. 

Animals: Purebred beagles, 2 males and 2 females per group were 
used. At the start of dosing, the animals were 25 to 30 weeks 
old, with body weights of 7.4 to 11.8 kg. 

Dose Levels/Mode of Administration: The test :rnbsto.nce (Batch 
2/76) was administered at doses of 0, 1, 3 and 10 mg/kg, once 
daily, 4 to 6 hours before feeding, in a vehicle of polyeth~•lene 
glycol 400, glycerol and water, in gelatin capsules. 

Observations/Measurements: Body weights were obtained before the 
start of treatment and weekly thereafter. Appearance, behavior, 
body posture, appetite and feces were checked daily. 
Neurological investiga<:ions (pupillary reflex, patellar reflex 
and extensor postural reflex) and body temperature measurements 
\rectal) were conducted pretreatment and after 2 and 4 weeks. 
Ophthalmoscopy (direct) was performed at pre-treatment and after 
4 weeks. ECG measurements (Leads I, II and III) were recorded on 
the lst, 11th and 23rd day, immediately before udministration and 
1 and 24 hours atler administration. Femoral artery blood 
pressure was measured on the 1st, 11th and 23rtl day, before 
administration and 1 and 24 hours after, via d Stratham element, 
Hellige measuring bridge and Hellige recorder. Blood and 6 hour 
urine samples were obtained before treatm<:0nt, then afcer 1 and 4 
weeks, for hematology, blood chemistry and urinalysis. Post­
mortem examination included weights of 12 or 13 major organs 
(ir:cluding gonads and prostate), gross patholoyy and complete 
histopathology (31 01 32 organs). 

Mortality: Thel.e v;ere no deaths. 

Drug Associatccl Findim1s: Slightly 1educed weiqhl gain wL!s 
observed in tl1e high dose males, with a reduc•'d food consumption 
in both high dose females and in one high dose male, from the 
middle of the third week to the end ot the study. In the 10 
mg/kg trealed animah;, a di:;tinct ST chop \manife,3Lation of a 
possible myocardial is~·11l~1nia) vJas 01Jse1·ved ir1 c)ne male 1 l1our 
d.fter tf1e 1st ar1d :23rd dust~, .._illli i11 u11t:=" [eutdlt..-? 1 I1our alter the~ 

1st dose. No Lreatn1ent relalc~d l~ttects on P (_Jr Q \Vaves or QRS 
co111Jjlex were obse1 ved a.t urr~/ ti1ne. Heart ralt:>.:> deterni.ir1ed fron1 
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ECGs, showed dose dependent increases one hour ctfter dosing on 
days l, 11 and 23, and with the high dose, bradycardia was still 
evident 24 hours after dosing on days 11 and 23. Systolic and 
diastolic blood pressures at 1 hour post dosing were decreased by 
a mean of 30 to 50% in all treated groups (dose dependent) on 
rlays 1, 11 and 23. As a rule, blood pressures returned to pre­
treatment levels by 24 hours after treatment, except after day 1, 
when they remained lower for the 1 and 10 mg/kg groups. 

Although no gross pathology or organ weight changes due to 
treatment were noted, histopathology revealed that the hearts of 
both femc>.le" and 1 of the 2 males on the high dose had myocardial 
scars in one or both left ventricular papillary muscles. The 
effect was attributed to hypoxic damage related to vasodilator­
induced heart rate increase, "a known damage mechanism in the 
dog". The ST drops noted above were observed in two of the dogs 
with myocardial scars. The ST drops and the bradycardia (which 
was most pronounced in a male with the most severe lesions) were 
attributed to the heart muscle damage. 



\Vclr.ht G:ilns of the fo,falc Dogs. The wclr,hL"J \Vere mc:tsurc<l \n caeh case nt the cnrt o( the experiment.al 
week. 
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Tl/\Y k 5552 

lloort note (Beats per Minute) 

(Average V111ues) 

Dose Tlme of 1 llour After Be{ot'e A.dmtntstrat\on 
rr:g/kg Invrst1g11tlon Admlnlstratlon 

Prf"tlmlnary Invr,~tlgaUo 136 

0 lat Admlnl•lrotlon 1118 115 

11th AdmlnlslraUon 116 106 
23rd Adm!nlstralion 123 123 

lrlr~tlmlnary tnvestlgation 150 

1 l•t Admlnlstrotlon 143 253 

I !th >.dmlnlo!rotlon 120 231 
2~rd .'\dmlnte:tratfon 113 223 

Prollmlnory lnvest!gotlo1 126 

3 1st Admtnistrt1.tfon 133 19, 

l Ith Administration 11J 213 
23rd Admlnlstrot!on 90 21J 

PrrJlmtn11.ry tnvestlgattor 133 
1st Admlnlstrntt.on 133 210 

10 
!Ith Admlnl•tralion 66 223 
2:Jrd Admlnlstr11tfon BO 200 

% Deviation from 

1-llour Value 

- 22 

- 6 
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+ 77 
+ 96 

+ 97 

+ 47 

+ 88 . 
+ 117 

+ 56 
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+ 150 

24 Roura After 

Admlnlatr1tlon 
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!)ose Time of 
mglkg Investigation 

Preliminary Invest!gatlor 

(I 
1st Admln!stratioo 

11th Admlntstrat!on . 

23rd Admln1strat!on 

Preliminary Investlgatlo ~ 

ls! Admln!strattoo 
1 l l th Adm!nJstratlon 

23rd Adm!nJstratloo 

Preliminary Invest!gat!cr 

3 
1st Admln1sh'atlon 

llth Administration 

23rd Adtnlnlstratlon 
,_ 

Preliminary tnvest!gotlor 

10 
1st Admlnlstratlon 

11th Adm!nlstratton 

23rd Adm!nlstratlon 

s ~ systolic vressure 

Dlood Pressure (mmllg) 

(Average Values) 

1 Hour After Before Adrn!n!stratlon Administration 
-

8 d e d 

172 107 179 99 
176 95 171 102 . 
181 7B 19.1 96 

171 95 115 63 
176 • 101 96 54 
173 94 111. 68 

177 101 99 52 
178 106 .78 49 
178 99 107 53 

177 94 114 51 
194 111 98 51 
203 111 116 53 

d ,. diastolic pressure 

% Deviation · 
from 1-Hour Vitue 

B I d 

ij-7 + 7 
+ 24 

- 33 - 34 
- 45 - 47 
.- 31, - 28 

- 44 - 49 
- 56 - 54 
- 40 - 46 

- 36 - 47 
- 49 - 54 
- 43 - 52 

24 Hours After 
Adm!nistratloo 

II d 
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174 110 
187 97 

116 83 
181 110 
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188 96 

149 74 
194 111 
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Histological Data 

BAY k 5552, Oral, Dogs (2 Weck Experiment} 

Animal Sex 
No. 

F 813 r! 

F 823 <! 

F 800 ~-

F 802 ~ 

F 807 <! 

F 817 <! 

F 814 ~ 

F 818 i 

Dose and 
Frequency of 
Administration 

control 
(0 mg/kg) 

" 

" 
.. 

10 mg/kg 

" 

" 
.. 

Heart Lung Liver 

I>.: Icl+ 0 

0 lcl+ lei+ 

0 lei+ lei+ 

0 Icl + kl+ 

Fl2 lei+ 0 

0 Tel+ 0 

Fll-2 Jell Tel+ 

Fl+ Iel2 lcl+ 

- - - -- -- - --- - - - - --- --- -----

Spleen 

0 

0 

0 

0 

0 

0 

0 

0 

Kidney 

0 

0 

0 

0 

0 

0 

0 

0 

Adrenals 

0 

0 

0 

0 

0 

0 

0 

V+ 

'O 
~ 

lQ 
CD 

..... 
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I 

z 
tl 
>' 
IV 
0 
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LIBt of Abbreviations 

Hlatologlcal Data 

Focal fibrosis wlth isolated mononuclear cells (Figures 4 and 5) 

Cellular or l.nflammatory-cellular lnflltratlon 

Parasitic lesion (bore bole, granuloma, eoslnopblllc l.nflltratlon) 

Fir.ding wlthln the normal varlablllty,, whlcb, ln particular, corresponds 
to the species and to the age of the experimental animals and to thelr 
conventional housing conditions 

Not investigated (section mlsslng) 

Yellow-green (hematogenous) pigment 

Thrombus 

Cytoplasmic vacuoles 

Intensity of the Changes 

+ = very slight, indicated 

1 = slight 

2 = moderate 

3 = severe 
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b. 13-Week Oral Administra~ion Study in Dogs 

Pharma-Report No: 10,380 
Study No: B/K 5552/023 

Performing Laboratory: 

Dates Performed: 8/21/80 to 11/25/80 

Quality AssurancP: No statement of GLP compliance is included. 

Test Animals: Purebred beagles, 3 males and 3 females per group, 
were used. At the start of dosing, the animals were 3l3 to 51 
weeks old, with body weights of 6.8 to 10.8 kg. 

Dose Levels/ModP of Administration: The test substance (Batch 
576,923) was administered at doses of 0, 1, 2.5 and 6.25 mg/kg, 
once daily, 4 to 6 hours before feeding, in a vehicle of 
polyethylene glycol 400, glycerol and water, in gelatin capsules. 

Observations/Measurements: Body weights were obtained before the 
start of treatment and weekly thereafter. Appearance, behavior, 
body posture, appetite and feces were checked daily. 
Neurological examinations (pupillary reflex, pate~lar reflex and 
extensor postural reflex), ophthalmoscopic examinations (direct) 
and body temperature measurements (rectal) were performed 
pretreatment ~nd after 2, 5 and 12 weeks. Femoral artery blood 
pressure was measured at the time of the first dose, and in weeks 
3, 6 and 13, before administration, and 1 and 24 hours after, via 
a Stratham element, Hellige measuring bridge and Hellige 
recorder; ECG measurements (Leads I, II and III) were recorded at 
the same Lime periods. Blood and 6 hour urine samples were 
obtained before treatment, then after 3, 6 and 13 weeks, for 
hematology, blood chemistry and urinalysis. Postmortem 
examination included weights of 12 (female) or 13 (ma.Ce) organs, 
gross pathology and complete histopathology (31 or 32 organs for 
control and high dose, but all 3 doses for heart) . 

Mortality: There were no deaths. 

Drug Associated Findings: Circumoral reddening of the skin and 
reddening of the conjunctiva in the mid and high dose groups, and 
ataxia in the l1igh dose group, occurred regularly throughout the 
treatment period, around 1 hour after dosing. Blood pressure 
decreased (systolic decreased to a greater extent than the 
diastolic), and heart rate increased (data on heart rate not 
provided by spor1sor) at 1 hour post dosing in all 3 treated 
groups. Neitl1er of th0se two etiects were considered to be dose 
related, and values returned to p1c·LI~'atment levels by 24 hours 
post-treatment. No changes ir1 ECG occurred at low and mid doses. 
One high dose male developed a ventricular tachycardia with a 
"bumile-i.lranch-block-like deior1:1ation oi the QF,S complex", 
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diagnosed 1 hour after the first dose. For this animal, another 
ECG was taken on the following day 2 hours after dosing; the P 
wave was still elevated and the ST segment again showed sagging 
depression. "On the 19tl1 day in this dog, no pathological 
finding in the ECG was observed" but this animal showed extra 
systoles and an elevated P wave. Serum chemistry effects 
included a small increase in GOT during week 6. The only 
compound related post-mortem finding noted was scaring of the 
left ventricular papillary muscles of 1 male and 1 female at the 
high dose and 1 female at the mid dose. i;istopathology revealed 
focal fibrosis with isolated tnononucler cells and a cellular and 
inf larruna tory-cel l ular inti l tr a.t ion. 



S"'dr No. t B/K 5552/0U Blood Pree11ure (mm Hg) - Average Value• 

Dose Tlme of ExamlnaUoo &fore , 1 hour arr.er I DevlaUon of 
"'J (kg - adr.1lnlstraUoa a~mlnlSlralfon . 1 hour value 

• d • d • d 

P rellmlnory •xarnlnotlo - - - - - -
Jet admlntatratfoo 210 1 JO 180 110 -14 -15 

0 In lhe 3rd ...,de 200 120 190 120. - 5 0 

In Che 61b - 225 135 170 90 -24 -33 

In lhe l31b we•k 200 120 205 130 • 2 • 8 

Prellmln•ry exiamlnotlon - - - - - -
lat admfnlstntUoa 190 115 ·HO 75• -26 -)5 

Ir, the 3rd ""ek 195 115 135 75 -11 -)5 
1 -0 In Che 6111 week 185 115 85' 50 -54 -57 

In Che 13th we•k 190 120 130 80 -)2 -)) 

Prrllmlnar'7 examination - - - - - -
lat admlnlatrattoa 190 105 145 70 -24 -3) 

2.5 In th• 3rd .,, ... ' 195 115 115 60 -41 -48 

In the &lb .,,.k 195 115 100 50 -4' -56 

In lh • 13th ....... 195 120 130 70 -)) -42 

Pttlfmfnary.namlnatfon' - - - - - -
lot a&nlnlotntlon - 185 115 .110 60 --41 -48 

In th• 3rd .,,ilc 190 , 15 ;110 55 -42 -52 
6.25 

In th• &lb - 185 115 80 45 -57 -61 

In 01e !3th wee\ 195 120 100 - tto•• -49 -50 

a= 91stotlc blood pressure; d = diastolic blood preesure •n = 5; ••n = 4 
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•dmlnlotrot1oG 
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BAY k 5552/Study 023 
(\) 

-.J 
-.J 

I 

Animal 
Mesenterlc Gall- Urinary Sex Dose Esophagus Stomach Intestine Lymph Thymus z 

No. bladder Bladder tJ 
Nodes >' 

N 
0 
I 

K 103 t! Control 0 0 0 0 0 0 0 
w 
Lil 

"' K 109 t! Coutrol 0 0 0 fl At3 0 0 

K 121 t! Control 0 0 0 0 0 0 0 

K ll8 ? Control 0 0 0 0 0 0 0 

K 112 ? Control 0 0 0 0 At2 0 0 

K 120 ? Control 0 0 0 0 fl 0 0 

K 93 t! 6. 25 m;t/kg O 0 0 0 fl 0 0 

K 115 t! 6.25 mg/kg 0 0 0 0 0 0 0 

K 117 <! 6.25 mg/kg 0 0 0 0 fl 0 0 

K 102 ~ 6.25 mg/kg 0 0 (J P/Icll Atl 0 0 

K 104 s 6.25 mg/kg 0 0 0 P/Icl2 0 0 0 

K 118 ? 6.25 mg/kg O 0 0 0 0 0 0 
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DAY k 5552/Study 023 z 
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Animal Animal 
c 

No. 
Sex Dose Heart No. Sex Dose Heart .,, 

"' "' - --
K 103 <f Control 0 K 113 t! 2.5 mg/kg 0 

K 109 t! Control 0 K 119 ti 2.5 mg/kg 0 

K 121 t! Control 0 K 123 t! 2.5 mg/kg 0 

K 108 9 Control 0 K 122 ~ 2.5 mg/kg Fil Pl+ 

K 112 9 Control 0 K 124 '.l 2.5 m;i/q 0 

K 120 9 Control 0 K 126 ~ 2.5 mg/kg 0 

K 93 ti 6.25 mg/kg O K 79 t! 1.0 mg/kg 0 

K 115 t! 6. 25 mg/kg Fl2-3 Jell K 105 t! 1.0 mg/kg 0 

K 117 t! b.25 mg/kg O K 107 t! 1. O mg/kg 0 

K 102 e 6.25 mg/kg l K 110 ~ 1.0 n1r;/kg 0 

K 104 ~ 6.25 mg/kg FU K 114 ~ 1.0 mg/kg 0 

K 118 g 6.25 mg/kg 0 K 116 ~ l.G mg/kg 0 
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c. 52-Week Oral Administration Study in Dogs 

Study No: T 20 10 506 

Performing Laboratory: 

Dates Performed: July 13, 1981 to July 11, 1982 

Quality Assurance: No statement of GLP compliance is included. 

Test Animals: Purebred beagles, 4 males and 4 females per group. 
At the start of dosing, the animals were 38 to 51 weeks old, with 
body weights of 6.9 to 11.2 kg. 

Dose Levels/Mode of Administration: The test substance (batch 57 
c;9 23) was administered at doses of 0, 0.3, 1.0 and 3.0 mg/kg, 
once daily, 7 days per w~ek, 4 to 6 hours before feeding, in a 
vehicle consisting of 85.3% polyethylene glycol 400, 4.8% 
anhydrous glycerol and 9.9% water, contained in gelatin capsules. 

Observations/Measurements: Body weights were obtained before the 
start of trecttment and weekly thereafter. General appearance was 
checked "several times a day". Neurological exams were conducted 
and body temperatures were checked pretreatment and after 3, 6, 
17, 29, 39 and SJ weeks. Ophthalmoscopy was performed pre­
tre0·cn,<-nt and after 12, 31, 38 and 51 weeks. Blood pressure and 
ECG were> measured pre-i:reatment and after 3, 6 and l 7, 29, 3 9 and 
50 weeks, before dosing, then 1 and 24 hours aft:er dosing. The 
methods and instruments used were the same as in the preceding 
dog studies. Blood and 6 hour urine sctmples were obtained before 
treatment, then after 3, 6, 13, 26, 39 and 52 weeks, for 
hematology, blood chemistry and urinalysis. Postmortem 
examination included weights of 11 or 12 organs, gross pathology 
and complete histopathology (31 or 32 organs for all animals on 
test). Liver enzyme induction of 0-demethylase, N-demethylase 
and cytochrome P,,, content of liver homogenates were measured. 

Mortality: No deaths occurred. 

Drua Associated Findings: Slight reddening of the mucosa and 
skin, observed in all nisoldipine treated groups, was considered 
to be due to the vasodilator effect of the drug. Dose related 
decreases in blood pressure and resultant increases in ~eart rate 
were observed. Twenty-four hours after dosing, all values had 
returned to normal. Slight ST segment depression, T wave 
inversion and QT segment shortening were ob~erved, which were all 
reversible (data on ECG could not be found) and considered to be 
due to increased heart rate. 
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Study No: T 20 10 506 

BLOOD PRESSURE (mm Hgl 

Oleans n • 11 l 

DOSE TI"E 
: 1 h after:% oif'hrentf 2• h e"ftel" 
: 1d1111ii. : •• : lidm;n. 

: 

------------------------------------------------- -------
1st admirl. 195/112 198/11,: +1 .5/+0.9 199/114 

:---------------------------------- -------~·--------: 17th adm·in.: 194/112 19,/119 : -0. 5/+6.' : 

:----------------------------------------------------------: l&th . .,.~n.: 184/102 . 187/106 : +1.6/+,.9 : 

o.b :----------------------------------------------------------mg/kg :114th admi.n.: 210/116 205/116 : -2.4/0.0 

:----------------------------------------------------------:ZOOJb ·~in.: 199/108 204/11, : +2._5/+4.6 
:--~-----------------------------------·~~~~~---~------
:~~9th admin.: 211 /1 08 1 95I1 1 o : -7. 6 I+ i. 9 

:-----------------------------------------~~------------:37t7th admin.: 201 /118 204/11 9 : +1 . 5/+0. 8 : 

:---------------------------- --~· -----··-------
-----------------------------------------------------------------1st ad11in.: 208/119 : •t67/ 97 :-19.7/-18.5: '9~/115 

:------------------------------~-------------------------: 17th admin.: 20,/ 111 

:----------------------------------------------------------: 38tti admin.: 1 BO/ 98 

0.3 :----------------------------------------------------------mg/kg :114th admin.: 219/118 171/ 98 :-21.9/-16.9: 

:-----------------------------------------------~----------:200th ·admin.: 191/'.1;5 15'/ 86 :":'19.9/-2,.9: 
: ----------------··-------------------------------
:26"2V. .old., in.: 205 /114 168/ 90 :-18.0/-21.1: 

:----------------------------------------------------------:34?tn· admin.· 215/124 184/105 :-14.4/-15.;5: 

:----------------------------------------------------------
* n = 7 

•• Calculation using unrounded figures 
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Study No: T 20 10 506 

BLOOD PRESSURE (mm Hg) 

(Means n c 8> 

: b•for• : 1 h ft~ :%:diff .i 24 ti after 
DOSE TIME· • • : 1· .r · : erence : 1dmin. 

admin. 1dmin. - -
-----------~-----------------------------------------------------1st admin.: 179/104 ~41/ 76 :-21.2/-26.9: 17~/104 

:---------------~----------------- -----------------17th 1dmirT. 177/101 136/ 76 :-23.2/-24.S: 

:-----------------------------------------------------~-: 38th admin.: 181 / 98 116/ 68 : -35. 9/-30. 6: 

1.0 :-------------------------- ------------------------~ mg/kg :114th admin.: 184/106 133/ 75 :-27.7/-29.0: 

:---------------------~-----------------------·------~-:200th admin.: 178/107 : 136/ 79 :-23.6/-26.3: 

:---------------------------------'-----·-------------------: 269th admin.: 196/109 

;---------------------------------------------------------:347th 1dmin.: 195/115 161/ 93 :-17.6/-19.1: 

:--------------------- ------------------------------------------------- -----------------------

3.0 
mg/kg 

1h admin.= 1 95 /114 116/ 64 :-40.7/-43. 9: 194/115 

:----------------------------------------------------------: 17th adm-in.: 200/127 133/ 71 :-3:5°5/-44° 1: 

:----------------------------------------------------------: 38th ~dmin.: 1~6/112 : •106/ 59 :-4:5.0/-47.3: 

.----------------------------------------------------------:114th ·admin.' 212/126 124/ 66 :-41.6/-47.6: 

:----------------------------------------------------------=200th adfnin.: 197 /119 133/ 76 :-:52. 5/-:56. 1: 

:----------------------------------------------------------:269th admin.: 218/123 115/ 62 :-47.2/-49.6: 

:----------------------------------------------------------:347th admin.: 206/1 24 
:----------------------------------------------------------.. n • 7 

** Calculation using unrounded figures 



Study No: T 20 10 506 
HEART RATES (beats/min) 

(means, n = 8) 

(calculation using unrounded figure~;) 

T1MF OF INVESTIGATION 

l<;t adm111 I 7rh adn11n 38rh adm1n I 14th adn11n ' 200th adm1n ' 269th adm1n 347lh admin 
DOSF 
1n1r/k~ 1 

on 

J)iff 'if 

() _1 

~)1ff S"r 

ln1l1t-1! 

; f-iFure lx'forc I h 2·1 h : ht·fnrc I h 1 tx·forl' I h : tx•fore l h : hcforc 1 h : ~fore l h ~ hcfore 
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I 
' 

11~ 

+26 5 

' ' 141 

_, 

+~ I 

1-~4 

+41 R 

: -2 2 : -9.0 : + 7 0 : 0 0 , , ' I -- I -- I -- -- --------, 

]90 I J.l7 194 I l2J 177. 128 205' !JR• 17R 
I 

+416 +4.1 9 +60 2 +50.8 ' ' J -1 l I I 
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+IO 9 

I Ll• 

+42.5 
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D1fl ~: : I +42_') : +<·OR : +664 : +JOR5 : +94.7 : +115.6 : 
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*n = 7 
**n = 6 

l4i· t l'\..t ;11 
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REPRODUCTIVE TOXICITY STUDIES (S. Stolzenberg} 

1. Fertility and Reproduction Ability in Wistar Rats 

Bayer Study No: T0002152 

This report is accompanied by a "first amendment to report no. 
12691", dated 8/11/93. Tables in the original ~~glish 
translation of the report were of very poor quality, not legible, 
contained errors in translation and typing, and a few tables were 
not logically organized. Some of these faults arP listed in the 
amendment under the "rationale for the first amendment". 

Per f orminq Laboratory: 

Dates PPrformPd: 2/81 to 9/81 

Quality Assurance: No statement on GLP compliance was found in 
the oYiginal report. In the amendment, it is claimed, " ... there 
were no legally binding GLP regulations in force" during the 
time that this study was performed. 

Test Animals: Mura:\'ilST (SPF 67 HAN), 24 male:; and 60 females per 
group. At the start of dosing, males were 5·7 weeks old, and 
weighed 74-110 g, females were 8-10 weeks old and weighed 158-190 
g. 

P1ncedt1n': The test :substance (batch Ci76 923) 11as administered at 
do,;c•S ot 0, 3, 10 and 30 mg/kg, once daily, b~' oral gavage in a 
vehicle consisting ot polyethylene glycol 400 :<Jlycerol :water in a 
ratio ot 969:60:100. Males we1e dosed starti~q 10 weeks before 
mating and dm ii1g Lhe 3 week mdting period, t,T\ales were dosed 
tor 3 weeks p!ior to mating until the 7th day of pregnancy. 
E>.cepL during matinq and lactdtion, both the r,ales and females 
were kept in individua.l Makrolon cages. Each nale was paired 
with 2 or 3 females, which were placed togetlwr in a Makrolon 
cage each night a!id the females were examined tor vaginal sperm 
in tt1e morning. Halt the pregndnt females ir, '"acl1 group, 
selected by 'statistical methods', were C-sectioned on day 20 of 
gestation, the remaining halt W<'re allowed to litter and raise 
their young to postpatum day (PPD) 21. All C <;ectioned fetuses 
\Vere exdrninecl for e:{terr1r:-1l a1101nal ies, 1/3 trcJr, eacl1 dam were 
examined tot soft tissue anomalies (mr_>dified ':,clson method) and 
2/3 for skeletal maltonndLions (ali~.arin red;;). In addition to 
exc:..'l.1nir1ir1g tl1e 1·' lJC1rer1t~-:; tcJr re1)rodt1ctive perf <:Jrn1an.ce, tl1e Fl, 
females tor lactational performance and the ¥ offspring for 
SUL\'i\'i11 arll..i v..1 ei.q\1t gain d111 i11q 1a..::tarior1, OrH_~ rnctlt~ and one 
ternalc t1·c)n1 t_?dch l itte1· ()1 tlli.., ccint lc)1 grour) (tiHi of tl1e l1igl1est 
d<.J::;e g1·ou1J v...rerc• l'l:>dted t<..) ~-;12xLi..:11 !nc.:1tu1it~{ to 1:.-~tL::i1~n1ine F 1 

r eiJ1· c)cJ.uc ti VL--" Cd! }ac i t y . 'flll=" 111'-'l t t_:i.ci i·'; ddn1:::; \'Jere '~ 11()\ved to l i_ t t. er, 
a11d Lt2:3Lict1la1· vveiql1t~ io1 I''; 111JJe:_; vJere t)blai::ed diter ntaling. 
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Test substance administered was Batch 576 923. It is claimed 
tlwt the preparations for oral gavage were tested for stability 
and concentrat]on but the data and details for =hese tests were 
not includeu in Ll1e repuL L. 

There is no statement on why these doses were selected for this 
study. 

Effects on F" Males 

All treated and control males survived to sched·1led necropsy and 
no compound related clinical signs were evident in males of any 
treated group. There were no effects on weight gain, mating 
behavior or fertility in males of any treated group compared to 
controls. rhere were no effects on gross pathology observed at 
necropsy (presumably sacrificed after mating and while still on 
dr-ug treatment). The drug had no effect on testicular weights 
(See page which follows) . 
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sTllDr ON FERTILITr Bt.r K 5552 '1'0002152 

11oorWEIGHTS (G) or THE KALES BEFO!U: MATING 
GROUP KEl'.N VALUES AND STANDAll.D DEVIUIOKS 

It!VE:iTIGl'.TION 0 llG/KG 3 llG/l\G 10 MG/l\G 30 KG/l\G 

----------------------------------------------------------------------
Wl:U 10 90.5 87.3 91.0 89.9 

9.6 7.7 7.9 7.4 

WEEJ\ 9 136.S 132.S 135., 131. 7 
12.7 11.0 10.0 9.2 

wi:il\ e 175.0 172.0 174.3 173.3 
16.8 14. e 14.3 1J.6 

WUK 7 215.5 212.3 215.7 213.S 
22.0 17.0 16. 7 17. 8 

WEEK 6 252.5 249.6 249.6 252.l 
26. 4 19.5 18.6 20.2 

WEEK s 279.0 276,J 276.l 280.6 
2~.9 21. 6 21.9 23.4 

WEEK 4 291. 5 291. 5 287.6 294.5 
JJ. 9 23.4 26.l 23.6 

WEEK 3 311.4 309.9 Joa.a 314.0 
lJ.5 25.2 25.l 26. 0 

WEEK 2 ;;Ji. 5 329.7 J27.l 331. 6 
34.8 27.1 28.5 28.5 

~'EEK l 344.5 345.9 341. 6 346.9 
35.0 28.S 29.8 30.0 

~'EEK 0 360.7 358.9 354. 7 360.4 
35.f 29.S 31. 4 30.B 

----------------------------------------------------------------------

UST I CL! WEIGHTS ( G] 

GROUP llLAN VALUES ANu STANDARD DEVIATIONS 

0 llG/l\G 

J.2J 
o.Jo 

3 HG/l\G 

3.26 
0.20 

10 HG/l\G 

3.17 
0.31 

30 HG/l\G 

J.26 
o.2s 
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Effects on F,, Females 

Mortality: Deaths are listed only in the narrative portion of 
this report. In both the original repnrt and the amendment, there 
is no indication of the time of death; not even if the deaths 
occurred before mating, during pregnancy or lactation. Deaths 
occurred in two rats at 3 mg/kg, in one at 10 mg/kg and in two at 
30 mg/kg, but none of the deaths were attributed to treatment. 
Based on scrutinization of tables in the original report, the 2 
animals in the 30 mg/kg group which died had bot.h been assigned 
lo "rearing animals". Deaths were attributed to misintubation 
for a low and mid dose rat, "gastrointestinal disorders• for the 
second low do,;e rat, to a 1 ung tumor and to pneurronia for the two 
high dose rats. In addition, one darn in the co:-itrol group, which 
had littered 1:2 pups and died shortly after bir::h, was not 
included in the results because at necropsy only 4 nidation sit'=s 
we1·e found. 

Even in the amended tables for individual animac data, there is 
no indication o!: 1-.•hicl1 animals died and the ti,,,,e v[ Lhe deaths. 
Numerous animdl'> ,,·ere dropped from the study for a variety of 
reaso11:.J, \Vhic·!1 included, "not ir1se1ninated 11

, 
11 r1c)-: pregnant", and 

for il Le\,, there> is a statement "animal dropped irom the study" 
bul no reason is given. Most: summary tables do '1Ct specify the 
number ot animals per group upon which the data ere based. 
Theretore, the iollowing table lists the total ncmber of females 
in each group that were included in the results, based on a count 
taken trom the individual animal body weight da:e. 

Dos-.::ige c;1:01Jp # c-seclioned• # Litt e:-ed* 

Cunt rol 25 ,, 0 --
j me; I kg I day 23 :7 

11) mg/kg/day 24 :o 
30 mg/kg/day 27 ,, 0 --

\\'Cl-e b LI n1atea rema1es )e1: c rou at l!1l t let ion or • Tilere I :; p the 
study, :lO ot v:hich were designated toJ' C-sectiu:1 or littering. 

Body Weiol1t and Hody Weight Gain: Mean body \vei gLt gains and body 
weights ot pregna'1t females, those that w're c-_;<cctioned and 
those tl1dt: WL~1-e allov..1ed to litter, art~ gi\•en 011 tl1e two pages 
\Vl1icl1 tr)l lo\\:. i'i()dy v..ieigl1ts 3 \-.reek~_; t:ietor12 nlat i 11q \r)rior to 
initiation ot treatment) and during pnegnciw~y, '-vere significantly 
lu\'.'er tor the h\qil dose gruup of the C-coect ione1 animals, but 
there was no ettecc on body weight gain. AltlJU1gl1 a small 
i11c1cd.:.;t:- 1rt t>Oli~' \\'t::igl1L Q<lin \\'dS noted tor t!1e lC\\' dose C-
sect it)!lt:ci g1-ot11J LH:'.t \\'l~'Pll dd).'J 7 .:JI1l_i :i-: c)t gt:Stat i.c.n, tl1ere was 
o\.J\'l<._)u~;ly !1<.) t-:'ii'----'t't tl1at L'cn.ild lH: .:.:tt1-ilJuted l<-J trt-~t3.tn1ent. No 
et Ll:~L't:·; l)rl 111e..._in l)c)J2· \\''t.--:i~1l1t- 01 l)c)c_ly h·eiu!1t qair1 \\.t.:!Lt..~ ol1served it1 

ll1e ie1t1ale:..:; ~_:;1.__•lccLt=li i<)t deli\'t:>1-~· <.)! lit ll~r:; durin~J tl1e 3 weeks 
prio1 tu gc•eitdtion, duriny gec;taliutt 01 duting lcCldtion. 
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sTUDr ON FERTILITr BAr K SSS2 T0002lS2 

WEIGHT DEVELOPMENT {G) OF THE FEMALES UNDERGOING CESAREAN SECTION 
GROUP KEAN VALUES AND STANDARD DEVIATIONS 

INVESTIGATION 0 HG/KG 3 HG/KG lO HG/KG 30 HG/KG 

----------------------------------------------------------------------
WEIGHT GAIN 

DAY o - 7 P.C. 22.2 23.9 2l. 7 23.0 
4.7 S.l S.l S.6 

DAY 7 - 20 P.C. 73.3 82.1• 76.2 7 l.4 
lO.l 12.6 l0.8 17.l 

DAY 0-20P.C. 95.S 106.0• 97.9 94.4 
12.4 15.5 12. 6 18.l 

BODYWEIGHTS BEFORE MATING 

WEEK 3 173.6 172.3 170.3 168.6•• 
7 .o 6.8 6.S 6.3 

WEElt 2 187.l 187.l 186.0 184.9 
6.7 9. 5 S.7 9 .1 

WEEK l 198.9 197.3 198. 3 194.9 
~c.o 9.3 9.5 9.7 

!.'EEK o 2C9.7 210.2 210.8 204.B 
10.9 ll. 3 ll. 6 9.7 

BOOYWEIGHTS DUR!NG GESTATION 

DAY o P.C. 223.8 223.2 223.9 4:13.S•• 

ll. 5 13.9 13.6 12.4 

DAY 7 P.C. 245.9 247 .o 245.6 236. s• 
l3. 2 14.3 l3 .4 13.5 

DAY 20 P.C. 319.2 329.l 32!. 8 308.0 
l 7. 2 23.2 l7 .4 23.3 

-----------------------------------------------------------··----------
• SIGNIFICANT OIFFF:RENCE TO CONTROL, p < 0.01 

•• SIGNIFICA.~:' DIFFERENCE TO CONTROL, p < 0.005 
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T0002152 

WE !GllT DE\'ELOf•Mt:NT ( G J OF THE DAMS 
GROUP KEl\N VALUES /\ND STANDl\RD DEVIATIONS 

INVESTIGATION 0 HG/KG 3 HG/KG 10 HG/KG 

WEIGHT GAIN 

DAY 0 - 7 P.C. 23.7 19.9 23.7 
6.2 s.1 5.2 

DAY 7 - 20 P.C. 13.s 70. 3 77.0 
13.J 13.8 13.0 

DAY 0 - 20 P.C. 97.2 90.2 100.7 
14.6 14.5 11. 7 

30 HG/KG 

21. 4 
4.4 

71. 7 
14.2 

93.l 
!5. 0 

----------------------------------------------··-----------------------
BODY""'ElCH'!'-<; BEFORE l".A':'!NC 

o'EEK 3 173.7 171. 6 172. s 11: '4 
a.2 7.9 e.2 8.9 

o'EEK 2 186°1 186.l 188.8 187. 6 
9.2 10.2 10. l 10. l 

o'EEK l 19,.7 1~6.8 .100. 2 l9S.6 
11.1 11. l 10.3 !2.4 

o'EEK 0 2C6.3 208.7 2~ 1.0 2CS.7 
13. l 12.8 10.8 l•. 2 

BO~YWEIGHTS OL'RlNG GE.STA'!'ION 

DAY 0 P.C. ::6.4 225 .0 224.l 217.5 
16.4 16.8 13.6 lS. 7 

DAY 7 P.C. :40.1 244.9 247.8 ~38.9 

19.4 16. !; ll.O 2c.1 

DAY 20 P.C. 313.5 315.3 324.8 310.6 
25.3 26.l 19.6 Jl.2 

BODY""EIGHT~ O:JR!NG LACTATION 

DAY l P.P. z.4 .8 250.0 253.7 2•0.J 
le.9 18.l 15.l 21. J 

o'EEK l P. P. l72. 3 277. 8 281. 6 267.l 
20.5 19.4 14.J 2~.4 

o'EEK 2 P.P. 272.5 278.7 283.J 27 l. 7 
lS.8 16.8 14.0 :?O .1 

l<EEK 3 P.P. :ss.6 26~.5 266.7 259.4 
19.0 l 7. 8 15.J 18. 2 

----------------------------------------------------------------------



Page 88 - NDA 20-356 

C-Section Fa Females 

As seen in the tables ~:hich follow, there were no effects of 
compound treatment on number or percentaaes of anlr:lals 
inseminated, with implantations and with live fetuses, mean 
corpora lutea count, nidations, average number of male or female 
live fetuses, sex ratio or fetal loss. From these data, it is 
evident that there were no effects on pre- or post-implantation 
losses. 

The mean fetal weights were significantly increased (apparently 
dose related) in the 10 and 30 mg/kg groups, and the mean 
placental weight was slightly but significantly increased in the 
3 mg/kg group. The investigators claimed that the mean placental 
weight increase was incidental, and that the mean fetal weights 
for the mid and l1igh dose g1oups were within the norm for this 
strain (given as 3.5~0.27, based on 268 litters). 

There were no compound ielated ettects on mean !lUmbers ot gross, 
visceral or skeletal n1ctl t<)tn12tit)ns, 11or \'/ere tl181e an11 eL[ecL!:::i u11 
1'u11derdeveloped fo~ms" (teLuses weighing <3 g). Tl1ere were also 
no effects on minor skeletal variations. 
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STUDr ON FERTILITr BAY K SSS2 

NUHBER OF l\NIHALS RESULTS OF THE STUDY 

l\NIMALS UNDERGOING CESAREAN SECTION 

NUMBER 0 F FEMALES 
WITH FOETUSES DOSE 

(HG/KG) 

0 
3 

10 
30 

USED 

30 
29 
30 
30 

INSEMINATED 
N \ OF THOSE 

USED 

27 
27 
26 
28 

90.0 
93.1 
86.7 
93.3 

WITH IMPLANTATIONS 
N \ OF THOSE 

INSEMINATED 

25 
23 
25 
27 

92.6 
85.2 
96.2 
96.4 

N \ OF THOSF. WITH 
IMPLANTATIONS 

25 
23 
24 
27 

100.0 
100.0 
96.0 

100.0 



S7UDY ON FE~T!LIT'l BA.'l K S5S2 TOC02152 

fJ£:';ULTS OF THE CESAREAN SECTION (HEAN VALUES) 

WEIGHT GAIN (GJ N::JH8£R (PER DAHi 0 F HEM-WEICHT NO. OF FOETUSES FOH"USRS WlTll NO. OF 
t-OSE 

0-20 7-20 CORP. IN CRAMMS EXAMINED er HlNOR SIU!U- llALPOR- RUNTS IHPL. MAI.E FEM. SUH LOSS f,._,t;/fGJ P.C. P.C. LUTEA FETUSES PL~CENT. WILSON DAWSON TAL DP!VIA'f• MAT IONS (<JC I 
----------------------------------------------------------------------------~-----------------------------~---------------------

c 

) 

JO 

JO 

95.S 7J.) 12.4 11. 9 6.:.. 

106.0•" e2. I"• 12.4 12.0 6.3 

97. 9 76.2 11. 4 11. 0 5.6 

94.4 7 J. 4 11.6 11.0 5.4 

• SIGNIFICANT OIFFEltt:NC£ TO 
•• SICNIFICAHT DIFFERENCE 1'0 

4.9 11. 2 0.7 

5.0 11.4 0.6 

s.o lC.6 0.4 

4.9 10.3 0.7 

CONTROL, P < 0.025 
CONTROL, P < 0.01 

3.49 a.so J.J 7.9 J.52 0.04 0.52 

3.58 O.SJ• ).5 7.6 3.46 0.09 0.30 

l.60• a.so J.4 7.6 2.67 0.00 0.25 

l.63•• 0.52 J.O 7.3 J.22 o.oo 0.19 

tl­
cr.: 
r. 

~ 
C"" 

:z 
"' > 
to 
0 
I 

""' "' C' 
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F,, Females Allowed to Litter 

Pregnancy duration was slightly increased in all 3 treated groups 
(statistically significant for the 3 and 30 mg/kg groups; see 
table below). This effect was considered to be "incidental' 
because the mean durations for these groups were within the norm 
for this strain. No effects during lactation were noted. 

Postpartum Examination of Pups: There were no significant effects 
on total number of live pups at birth per group, nor on number of 
viable r:ups after: 1, 2 or: 3 weeks postpartum (See table below). 
It was claimed there were no treatment related effects on number 
of stillborn pups, and on sex ratio at birth or at the 3 weekly 
intervals. Mean birth weight was slightly higher for all 3 
treated groups (statistically significant for lo'-' and high dose) , 
but mean weight and weight increase during the 3 weekly intervals 
were not influenced by treatment (See table belov.). 

1'iatur21tinnal Development: There were nc effects en age of pinna 
unfolding of the ears, hair coat, eye opening or: normal gait. 

Function T1°st,3: There were no eftect:3 on sight or pupillary 
reflexes to light, hearing ("pinna twitch reflex", tested by 
means of a Galton whistle with a set frequency and duration) . In 
a proprioreceptive reflex test '.running roller :'Jrought from 
stationary position to lU revolutions pet m~nute) there was a 
decrease in performance at 30 mg/kg during the first test but no 
effecr, in the SPcond or third tesr. The age oi the animals v:hen 
tl-~ese test:=; \\1ere dorie \VdS r1ot ir1dicc.t.~ci. 

Fert:ilit_-\· 'T'1_=:>st uf- F-, '-:~er1erc1tion: 'T'11i:::1.·c v;c'..s no etft~Ct of treatn1er1t 
witl1 30 mg/kg on mating, fertility, cil!ration of r;regnancy, litter 
si::e, li\'e an\.i dead l)Uf'S, sex ratic>, nH::ar. v.'eig}:-:s of the pups 01: 

external anomalie3 at birth. 
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'JVIS 

DOSE 
(MG/KGJ USED II 

INSEMINATED 
\ OF THOSE 

USED 

N U H B E R 0 F 
WITH IMPLANTATIONS 

N \ OF THOSE 
IllSE>IINATEO 

F E !I A L E S 
Tll!IT LITTERED 

K \ OF THOSE WITH 
IHPLNITATlONS 

T0002152 

THAT REAR.ED THEIR PUPS 
N \ OF THOSE THAT 

Ll'l'Ttl\ED 

------------------------------------------------------------------------------------------------------
0 
J 

10 
JO 

29 
29 
29 
28 

24 
2B 
22 
26 

82.B 
96.6 
75.9 
92.9 

22 
27 
2D 
22 

91. 7 
96.4 
90.9 
84.6 

22 
27 
20 
22 

lOO.O 
100.0 
100.0 
100.0 

22 
27 
20 
22 

lOO.O 
lOO.O 
lOO.O 
100.0 

------------------------------------------------------------------------------------------------------

DUAAT !ON OF PRECNANCr IN Oii~ S 

~llN Vll!.UES >.ND STANDARD DEVIATIONS 

DOSE 0 KG/KG DOSE 3 MG/KC lJOSE: !O HG/KG OOSE JO MG/KG 

--------------------------------------------------------------
2l.9 
o.~ 

22. 2• 
0.6 

22.1 
0.6 

--------------------------------------------------------------
• SIGNlFlCANT D!FFER£NCE TO CONTROL, P < 0.0S 

•• SIGNIFICANT DIFFERENCE TO CON!ROL, P < 0.025 

NUllBtR or l!!PlJ.NTAT!O~'S OF 'rt!E 01\MS 

!!EAi/ VllLUES AllC STANPAF.D O!:VIATlONS 

DOSE 0 KG/l<G COSE J MG/J<G OOSE lO MG/lt.C DOSE JO MC./KC 

-----~~~;------------;~~~-------------~;~~-------------~~~;---
3. 0 2.9 2.4 2 .a 

--------------------------------------------------------------

PRENATAL LOSS or 01\KS 

KEAN VALUES ANO STAllOAJ>.Il OZVI~TlONS 

DOSE 0 KG/KG DOS!: J MG/KG cost lC HG/J<G OOSt )0 MC/J<C 

------~-------------------------------------------------------o.s 
o.' 

0.6 
0.9 

Q.4 
LO 

0.9 
l. l 

--------------------------------------------------------------
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STUDr ON FERTILITr BAr K 5552 

NUKBER ANO WEIGHT DEVELOPMENT OF THE VIIU1!.E F-UPS 
GROUP MEAN VAL\lES AND STANDARD DEVIATIONS 

INVESTIGATION 0 MG{KG 3 MG{KG 10 KG{KG 30 HG/KG 
------------------------------------------------------------------
!!UKBER or PUPS 

1'T BIRTH TOTAL 10.4 9.8 10.4 9.7 
J.O 2.e 2.5 2.7 

~.ALES 5.2 5.2 5.2 4.9 
1.8 2.J l. 6 l.8 

FEMALES 5.2 4.6 5.3 4.8 
2.J l. 7 2.0 2.1 

AFTER 1 1''EEK TOTAL 10.2 9.7 10.4 9.4 
3.0 2.7 2.5 2. 9 

MALES 5.0 5.2 5.2 4.8 
l.9 2.3 l. 6 l. 8 

FEMALES 5.l 4.5 5. 3 4.5 
2.J l. 7 2.0 2.3 

AfTf R 2 V-"EEKS TOTAL 10.0 9.6 10.3 9.J 
J.0 2.7 2.5 3. 0 

MALES s.o 5.l 5. l 4,7 
l.9 2 .2 l. 7 l. 9 

FEMALES s.o 4.5 5. l 4.5 
2.3 l. 7 2. 0 2.J 

Af':'ER 3 1''EEKS TOTAL 10.0 9.6 10.2 9. J 
3.0 2. 7 :.s 3. 0 

!!ALES s.o 5 .1 5.0 4.7 
l. 9 2.2 l.7 1.9 

FEMALE~ s.o 4.5 s. l 4. 5 
2.3 l. 7 2.0 2. 3 

.,_!:IGHT (GJ OF THE VIABLE PUPS 

AT BIRTH 5.9 6.2•• 6. l 6. 2• 
0.5 0.5 0.6 0.6 

AFTER l >'EEK 14.0 14.B 14.9 15. 0 
2.2 l. 6 l.B 2. 2 

AFTER 2 •EEKS 24.7 26.l 26. l 26.4 
4.4 3.5 3. 3 4.4 

AFTER 3 •'EEKS 38.l 40.4 39.7 4!. 5 
6.l 5.8 s.s 7. 4 

------------------------------------------------------------------
SIGNIFICANT DIFFERENCE TO CONTROL, P ·· 0.05 

•• SlGNlf!ChNT D1FFER.£NCE TO CONTROL, P < 0.025 

T0002152 
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2. Ernbryotoxic and Teratoaenic Action in Long-Evans Rats 

Pharma Report No: 7596 Study No: T2012540 

Perforrr.ina Laboratory: 

This study was originally presented as a translation from 
v;ith only a few brief surrunary tables; no individual animal data. 
A:nendments rece1··ed at CDER on 9/29/93 and 10/8/93 contain tables 
1,·1th 1ndi,·idual animal findings and sum::r.aries. It is claimed that 
the study 1·:as carried out between January and May, 1977, "in 
accordance ,,·i th FDA reconunendations", but there is no statement 
of GLP cornpliance. 

£pxed·~1"': Naturally inse:ninated Long-E,·ans female (strain FB 30) 
rats, 20 or 21 per group, 2.5 to 3.5 months of age and weighing 
195 to 262 g prior to mating, recei\'ed 0, 10, 30 or 100 rr,g 
n1so!dip1ne/kg/day by oral gavage (batch 3/76, micronized), from 
da~·s 6 to 15 of gestation. The drug ~as dissolved in 
pol}·eth}·lene gl~·col 400/glycerol/water. A C-secrion was 
performed ~or each dam on day 20 of gestation and the fetuses 
were examined fer external, visceral !Kilson technique) and 
sk~letal (ali=arin red stain) anomalies. 

E:fPc:t::: o:--: ~1~:!-~.:i\·a! and Bo:::i\' 1.-:eia'.-;ts o: Da:.s: One cor.trol rat 
d:ed. en gestatio:--. da:;.· 13 er- 14 1 due to imp:-ope~ intubation into 
lungs, ar.d \·:.:::s e:-:cluded from resd~.ts. ':'here · ... ;as no corripcur:d 
related effect c~. rnortalit~·. nor c~ ''g2~eral appearance or 
Le~av:or'' c~ t}1e da~s, but there ~as a dose related decrease in 
n:ea:~ ~e:g~: ga1~ (s22 table ~hich follo~s}. 

Doae Weight Gain in Grain• 
(mi/l<i1 Trutment Total 

Period pre gna. 'lC)' 

c 62.3 152.4 

10 56.l 140. 3 

30 53. 0- 132. 8" 

l 00 49. 8" 131. s· 

•) l'cP!fL:IJIOt 41&renct from the coatrol, P < 1.11 
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C-Section of Dams: Of the 21 inseminated rats in each of the 3 
compound treated groups, 20 were pregnant, and all 20 surviving 
rats in the control group were pregnant. All pregnant treated and 
control rats had live fetuses at necropsy on day 20 of gestation. 
Ccrpora lutea count for each rat was not determined in this 
experiment, but no statistically significant differences between 
the treated groups and control were found for mean number of 
implantations, mean number of fetuses, mean number of dead 
fetuses and resorbed embryos, mean fetal weig~t. underdeveloped 
forms (fetuses <3 g in weight), mean placental weight, frequency 
of fetuses with minor skeletal deviations, sex distribution (see 
page 94- l, nor on external, soft tissue or bone deformations 
(see table belm,· on this page). 

Group 
Dam ~umber of 

::\!a.!forma:lon 
~o. Mal formed Fetuses 

Control 664 2 Rib dysplasla (hump !orroa~ 
ti on) 

10 mg/kg 6Sl 1 Edel:latou.s head 

30 mg/kg Nooe 

100 mg/kg 605 1 R!b dysplas!a (hump forma-
ti on) 

639 1 C ryptorcb.!c'.is m 

s·· " 1 Kinking of tbe tail 

6E3 1 Hydrops unlversalis, micro-
goathia, kiMing of t.be tail 



BAY k 5552 

t11otir: 

Dose 

•g/kg 

D 

10 

JO 

100 

Results 0 t t h e c a e s a r e a n e e c t i o n 

Hean values of tl}e groups and standard deviations 
The me•n fetal and pl•centa\ weights given in the report no. 7596 wrr~ calculated by addlng all littrr 
wrights of the group and by dlvld,~g these SUl'ls by the number of frtusrs or placrntas per group. In thr 
following table thrsr ,.ran walurs •l"r ••rited wtth "a". 
ror thr calculation of thr standard drvlatlon thr ~ran fetal and placental wrights prr litter wrrr calculated 
firs! and wrrr usrd for turthrr calculation. "••n frtal and placental wrights obtained by this proced~re arr 
••rkrd wtth "b". 

\Jri•ht gai(I (91 
durin9 

r tt'at•rnt 
pregnancy period 

1c;£ .4 62.l 

ie.~ 1, . 7 

140.] 56. 1 

23.9 9.7 

131.6• 53_0• 

t9.9 •. I 

1l1.e• '~ .6"' 

21 .2 ,, .z 

MUW!ber f prr da~J of 

1 1 fetuses 
Mp • Male te•atr total 

, , .6 5.• 5.4 11 . 1 

1.4 2.l Z.J I. 7 

t 1 .0 5.5 5 .0 10.5 

Z.9 I.ft 1.6 2.• 

1 t. J 5.1 5.1 10.} 

2 .5 2.4 2.5 2 .6 

11 .9 5.5 5.2 10.1 

Z.1 2 .4 2. I 2.7 

Ht>an Wl!'lght (';{ 

placentas 
of of res.*• 

fetuses 

0.4 ,_168 o.sr• 
4.27b 0.5.b 

0.7 0.29 0.06 

0.5 4 .07fJ o. 59• 

4.07b 0.59b 

o.• 0.29 0.,, 

0.9 4.oe"' o. 57• 
4.09b 0.57b 

I. l O.H 0.05 

I. I c..12• 0.57
8 

4.14b 0.51b 

1.4 0.23 0.05 

MuW!h~r 

with Minor 
i.ket~te\ 

d@viations 

2.95 

z.,, 

2.6G 

2. 19 

l.50 

2.61 

'. 10 

2.45 

of l@tUS@S 

wlth111al· 
format ions 

o. 10 

0.45 

0.05 

o.n 

0.00 

0.00 

0.20 

0.41 

runts 

• l • 

0.00 

0.00 

0.00 

0.00 

0.05 

0.22 

0.00 

0.00 

• •lgnlflcant dfff•r~nC• to control. p < o.ot (WtlCOXOM-MlMM-WNITNET·U·TEST) 

•• Res. is the abbreviation for resorptions, which the sponsor 
defined as the total of resorbed embryos and dead fetuses 

T2012540 

'U 

°' IQ 
(l) 

<{) 

"'" 

z 
0 
:;> 

,,j 
0 
l 

w 
en 
()', 
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3. Teratology Study in Sprague Dawley (CD) Rats 

Study No: Not provided. Report No. 87/0938 

Performing Laborat< 

Sponsor: 

Dates Performed: 8/S/87 to 12/2/87 

(luality Assurance: A signed statement of GLP compliance is 
included. 

T<"c"t Animals: Charles Fiver CD (Sprague-Dawley derived) females, 
9-10 weeks of age and weighing 200-248 g on tl1e day of 
insemination, were mated on a 1:1 basis with stock males of the 
same strain. 

Procedure: The test substance (batch nw~er 500139) was 
administered lo 32 inseminated females per group, once daily by 
oral gavage as a suspension in 0.5% aqueous 'fylose, prepared 
fresh each day, from days 7 to 17 of gestation, at doses of 0, 
10, 30 and 100 mg/kg. un day 20 ot gestution, 21 dams per group 
were C-sectioned and the fetuses were examined for external 
anomalies; 1/2 trom each dam were exan,;_ned by free hand serial 
sectioning (Wi l.:::on technique) for soft tissue anomalies. The 
renhlining half ~ere tirst dissected (neck, thoracic and abdominal 
cavities) to evaluate for soft tissue anomaliec;, then were 
p1,epa1ed by a modification of Dawson's alizarin staining 
technique tor evaluation of skeletal malformations. 

The remaining 11 dams/group were allowed to litter and raise 
their young to postpatum day 25. On PPD 4, litt.ers with more than 
8 were reduced to 8 by random culling, leaving, if possible, 4 of 
each sex per litter. After weaning, tl1e offspring were housed on 
a litter basis, hut the sexes were separated and there was a 
maximum ot 5 ot the scrn,e sex per cage. At app1 oxirnalely 5 weeks 
ot age, tollo\vi ng cc)n1r~)1 et ion r1f }•t~ha.-\•ioral an1...'1 neuromuscular 
function tests, 20/sex/group were randomly selected for further 
assessment ot physical, sexual maturation and reproductive 
performance; unselected ones were killed and urooosly examined. 
At 9 or 10 we<'k:J of age, F 1 males and females 1.;ere paired 1:1 
within t reatrnent groups, avoiding sibling milting:;. All F1 mated 
tc~n1.J.le::; \\iere la1)a_r')lonli::.ed Oil da.}-' 20 ot gestut- ~OI1i tl1e fetuses 
1·;ere examined onlr fo1· external maltcrmations <1nd discarded. 
1\tter grosc; ,~xamin,1t ion c)i t lh' F 1 fc>mcil<,s, F 1 :n,1les were killed, 
t!1en excuni11ed. L~XLe1r1a111: anJ i r1t t_~r:-::,:i 111· to1- n1,H~ronc~o1Jic 
abnormalities. 

~~td1)1lit\' t)f 'l\~~>l sui-)~>tl1.I1l't~: '1\-.;st tc>1-1nulation_; Lot" ..:111 3 
co11c1211tr..Jtior1s, luken tron1 tl1e tirst aiH.i. last \·Ieek:J ot treuL1ne11t, 
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we1e generally found to be within approximately 82 to 90% of the 
target concentrations, and were stable for at least 4 hours after 
preparation. 

f~PSlll ts 

F0 Females 

Mortality and rJ11 ical S1ons: No data on mortality, and no 
st.atement in the text pertaining tc mortality, were found; al 1 
tats apparently survived. It is claimed that one darn receiving 
100 mg/kg showed flaccid muscle tone and piloerection during the 
early stages of treatment (possibly compour>d related}, but other 
temales in that group were not affected. 

Body Wei oht s I Food Con13umpt ion: Small reductions in body weight: 
gain (nol stalistically significant) were evident in all 3 
treated groups during the initial day or 2 of treatment (See 
taole on tlw paqe which tullows), and this was ,~ccompanied by 
significant reduct io11c; in tood intake by the mid and high dose 
groups, limited to the tir1;l 3 dayc> ot treatme11:. Subsequent 
body weight gains in all 3 :created groups were net affected by 
ti.eatment, but the body weiyhts remained below ccnt.rol to the day 
of necropsy. The lower mean body weights of th·~ mid and high 
dose groups compared to controls were statistically significant 
only on day 18 of gee; tat ion. 

Lc1tJat-c)t (Jill\' ci1:isE~1·var ic1ns: Tl1c1·e were 110 effects 1_)n mea11 corpora 
lutea counts, tota: implantatiiorrn, viable males or females. 
There VJdS a slight increase in toted. i:esorption:; (P< 0.05) 
predominent ly clue to number of 1-ate resorptions, and in percent 
post -irnpldnc :'It ion lose; ( P< 0. 05), in the high d·1se group. Fetal 
weiqht:; 1vere depr1·";sed in all 3 treated groups; statistically 
signitic,1nt illld dose related at mid and high dose (See table two 
pages ahead) . 

Fetal Evaluation: There was an increased incidence of small 
fetlrnes (<2. 7 g} and litters with one or more small fetuses in 
Ll1e 100 mg/kg group. An i11creased nunilier of fecuses with 
sligl1tly i11creased dilatation ot lateral ventricles ~nd/or space 
betwee:1 the uody wall and organs, occurred :nainly in two litters, 
a11d lhis wa.s as::;ociaLed witl1 tetuses ot low bocl'l 1Neigf~t in tl1ese 
two li.tt0rs. The invesligaLors considered this to be indicative 
of l:P.tal illunaluri t \'. A.lscJ asSL)C'iate~i \\1 itl1 tl1e tELt1ses v.:eighing 
<~. '/ <J in :: 1ir\1"1c; ot ll1e high dose group cind considered to be 
due to lc"La-1 inun.-1t urit.2·, \'1a:-; ar1 increa~3ed ir1ci(i.~11ce of ir1complete 
ossit1cation or Llasisphenoid, first thoracic vertebral centrum, 
~:;acL.J.l vett~Llral ,11 ('lh-~~;. i:;rl1ia. 1 Illett1.cdtl)dls a.rid llt.~Latarsals. 
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r 
~roup_..,._._n_!t l!•~•ll_:_!ri .. l_•_' __!lll•d_ on O•y_JO _o~ 90<_!~! lo~ z 
Group I 1 ] 4 tJ 

~ 
( OMpound : Control --- RAY k 5551 
Oo,•q• ('"'l/kq/d•y) : 0 10 ]0 100 tJ 

0 
r 

Ntlffther l,.phnllt Ion w 
rooll l Phconlll U1 

Group or Corpor1 l111Jhnt- Vhble young Resorptions loss (lt) "' progn•nl Iulo• •lions - wolght wolght 
1nhfllals count " r lolll [orly l•l• lolll Pre- Post- (g) (g) 

ll Hein 17. I 15.6 8.0 6.9 14.9 0.5 0. I 0. 7 9.4 4.] ).50 0.5] 
~o 1.1 I.] 2.l I. 9 I. I 0.1 0.4 o.8 0.06 0.01 

"' * o.9HS 0_9NS 11.6 ~ 1 ll ..... n 16.9 14. 9 7 .0 7 .0 14.0 0.1 6.1NS J.45 0.5] 0 , so 1.5 1.4 1.8 1.0 1.5 0.9 0.4 1.0 0.06 0.02 .. 
.,,. 
0 

... ] ll ""'" 16.4 14.9 6.4 7. I ll. 5 1.zNS 0.1 1,4NS 9.8 9.]HS l.34· 0.54 -· so 1.1 1.4 Z.l Z.l Z.4 I. I 0.4 l.l 0.06 o.oz ---n 

"' ~ 
"' 0,9NS 0_9HS 1.6' l .19••• 4 10 H~ar. 16.9 I 5. I 6. 7 6.8 ll. 5 I 1.1 10.6• 0.52 

so 1.9 ],] 1.l Z.6 l.6 0.9 0.9 I.) 0.09 0.0) 

81ckground control (159 studios) 

..... n 15.9 14.5 6. 7 6.9 ll .1 0.69 O. IA 0.87 8. 7 6.0 l.ll 0.50 
low ll. 9 11.0 5.1 5.6 11. I 0.05 0.00 0.15 1.6 I. I ),00 0.0 
lllgh 19.0 16.I 8.Z 8.1 15.l 1.68 0.58 1.19 16.5 11.1 l.55 O.SI 

so Standard deviation. 
• Slqnlflcantly dlfff'rttnl frl'MI Control. P<O.OS (N1·st•d 1n11tysts of v1rt1nrP and wPlqhter1 t-test) . ... Slgnlflcantly dlffer~nl frOflt Control. r<0.001 (Hrstf'd analysts of v1rt1ncP an~ N~lqhtr.d t-lesl) . 
NS Not slqnlftc1nt (H•nn Whttnry •u· -test). 

Slqnlflcainlly dlfff'rl"nl frnN Control J'<O.O~ (H.ann Whllnry 'U'-tr.-;tJ 
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2 J 4 Group 
Compound Control --- OAY k 555? 
Dosage (lllCJ/kg/day) 0 10 JO 100 

Group : 

l•ternal era•lnatlon 

"'"""er or roeluses (litters) era•lned: 
""mber or !Oale : re .. ale foetuses: 

ll~s~1-vatlons: 'f. Incidence# (n11111ber or 1 ltters) 

s ... 11 rQetus (less than 2.70 g) 
Lar9e roetu' (!OOre than 4.00 g) 
Shiny pup 
P•le pup 
00tllf'd hud 
Subcuhneous hae100rrlrage on chin 
SRlall placenta (less than O.JO g) 
Large placenta (11<>re than 0.70 g) 
Conjoined placentae 
Oark green ••terlal surrounding placenta 
Short tall 
lhrudllb tall 
l"'l'erforate anus 

# One foetus •ay have 11<>re than one observation. 

313(21) 
168: 145 

I .0(3) 
2.9(3) 

O.J(I) 

2.2(4) 

0.3(1) 
0.3(1) 

2 

294(21) 
141:141 

0.7(21 
1.4(3) 
0.3(1) 

O.J(I) 

2.0(6) 
0.3(1) 
O.J(I) 

J 

284 ( 21) 
135:149 

1.4(4) 
1.4(2) 

J.2(4) 

4 

269(20) 
134: 135 

11.9(6) 

1.1(1) 
0.4(1) 
-

0.4(1) 
).0(3) 
-

0.4(1) 

Control d•to 

39809 I 59 
foetuses studies 

"ean Study ranges 

3.5 0 - 16.9 
1.3 0 - 8.7 
0.3 0 - 4. I 
0.02 0 - I. I 
0.01 0 - 0.4 
0.1 0 - 0.7 
0.2 0 - 2.3 
I. J 0 - 6.2 
(l.0) 0 - 0.8 
o. I 0 - 6.9 
0.01 0 - 0.5 
0.02 0 - 0.8 
0.04 0 - 0.8 

'U 

°' <O 
(1) 
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tJ 
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cont inur1I 

~11mm~ry. ~f~~oet1~-!_l~1s~~'!'~~l~n~_ ~fl er frt>e l1a,11I_ 'if'rl•I srrt lo11i11~ 

troop 
rnmpounl'f 
llougo (m<J/tg/day) 

Gr·nup: 

I 
Control 

0 

2 J 4 
... MY t 55~7 

10 JO 100 

• l/11ml•er of foetuses (lilt .. '' ex.mined. 
t/11mht'r of ••les ; ft:"mlles 

15f>(2ll 
02: 14 

2 

140(21) 
/0:10 

---------------------------------- - ----- - -

Ol1o;rrv•tlons: 'I rnet•1 Incidence (nomher of 
ltttr..-~ Jfft•rtr•I) 

~hilnmen: 

Ol1phr1<Jt111ltc h•rnl1 
Sm1l l •d.Jltton1l l Iver lobc;s) 
llep•tlc h .. 11<>rrh19• ( s) 
lor1lls•d lnlern1l 1hd<111ln1l h1t1110rrhage 
llirmorrh19lc perllone•l fluid 
llae11orrhig le •bdoMtn 
left lldney dlspl1ced slightly 1.,...1rds •ldllne 
Soul! h1e11orrh1ge within upsul• or right tlcln•Y 
Unll•l•r•l hydronephrosts 
DI hl•r•l hydronephrosh 
1lnll1teral hydroureter 
Ci 11ter11 hy1fro11reler 
leslls(••I dlspl•c•d slightly• 
fluld-fllled veslcl• •I 1ul edge of 9•nlhl luhrrcl• 
f.t'nll1I tuhf'rcle sltghtly f'lonq1lf'1I 
Dlond In anus 
lhr .. dllt• !ill; 1-rorforll• anus; dlsphcemenl or 

1clron1l 9hnds ind kldn•Y• 

0.6(1) 
25.6( 19) 
9.0(8) 
I. 9(l) 
0.6(1) 
0.6( 1 J 

l.J(I) 

IJ.5(12) 
2. 6( 2) 

11.o( II 

0.6(11 

Tip or l•ll lhr .. •lllto •nd hooted 0.6(t) 

• 

• 

Onr fortn~ lftlY have 111orr. tl111n nnr nhsrrv•t Inn . 
f11",.(l'lll'111(" c11lcu1.tejt un n111tthrr or fll.iilf• fo1•f11\f''l. 

No rr• n,.11 In h111 ~-11,.1111n1I cnn••·ol i1,t,_ 

JZ.4(18) 
12.2(15) 

0.7(1) 

0.1111 
J.4(1) 
1.4(1) 
7.4(6) 
7.4(4) 

12 .8(1) 
0. I( I J 

1.4(7) 

--·· ------------·------------ --
l 4 fnntrul 1f41\J 

--·-- ---- ·-·-- ---·-------- - -- - . -
141(71) I H (20) 11815 126 
10: I l 68:66 fuc\u\es stuit\es 

--------- ---- ·---
Ht·ln Sltuly '""c1es. 

0.T(I) 0.1 0 . I. 9 
2J.1(18J 28.4(111 0.8 0 - 10. 9 

7.7(1) 9.0(11 10.J 0 . 21.1 
0. 7( I) 2.2(1) I. J 0 . 6.7 
O .1 (I J 2.4 0 . 18.0 
n. I (I J I. 7 0 - 8.0 

o. 7( I I 0.05 0 . 1.1 
0.02 0 . 1.0 

1.4(1) 1.5(2) 2.6 0 . 11.7 
0.9 0 . 9.8 

7.7(6) 14.2(11) 6. 7 0 24.2 
2.8(4) 4.5(4) 4.4 o - 21. I 
8.616) 10.3(1) l.7 n . 21.5 

• • 
J.0(2) 0.4 0 6.l 

0.1(1) l.~(2) 0.2 0 7.2 
0.08 0 . 1.8 

• • 
·----·--··--· - ----
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rnfl t I nnrtl 

~11mmaryyf_! oe~ al_~hsrrvatlons_~ f Irr __ f rre:_han<f ser I• I _ srr t 1011111~ 

f.roup 
(nmpoun'1 
IJosaqe ('"<J/kq/day) 

r.rn1111: 

I 
Control 

0 

2 J 4 
MY k 5552 

IO JO IOO 

I 
ll11mher of foetuses (l\ll.,rs) eumlnetl. 
tlumhror of males : fernale"i 

Ohsorvallons: lt foetal Incidence (numher of 
- - - litters affected) 

lhoru: 

Oesophaqus displaced to rlqhl of trachea 

156(21) 
~l: 14 

I ert lnhe of thyroid ghnd v•ry reduced In s frp/alisent 
Space between hodywall and organs 
nelro-oesopha9eal right suhclavl•n artery 

aml •lsshapen thYlftlS qhnd 
Dlood-fllled thoracic ly~ph duct 0.6(1) 
l11nnt1fn1te artery reduced In len~th/ahsent 
tross cardiovascular •hnor111allly with vailve- dr(ects 
Grnss cardiovascular abnor••l lty with double outlet 

right ventricle 
51 tghlly Increased OllOUnt or perfcardhl fluid f .3(2) 
SI lqht ly haemnrrhaqtc perfcardhl fluid 
fla•morrha9es on edge or hong lohes 

• 
• 

Onp for.lus May have 11orP lhain one nhservatlon . 
Ila record In hackgrnund control data . 

l 

148(21) 
70:10 

2 .O(l) 
0.1(1) 

I. 4(2) 
1.4(7) 

0.1(1) 
0.1(1) 

] 

141(21) 
10:11 

0.1( I) 
1.4(1) 

1.4(2) 
1.4(1) 

4 (onlrol tl•tai 

134(20) 12835 
68:66 foetuses 

126 
stu•lles 

Hean Study ranges 

0.1(1) 0.01 0 - 1.2 
0.1(1) 0.1 0 - z.z 

11.2(5) 10.9 0 - 47.4 
0.02 0 - 1.2 

0.J 0 - Z.9 
0.7(1) o. I 0 - I. 4 
11.1(1} • • 
0.1(1) • • 
0.1( I) 0.l 0 - 5.3 

0.2 0 - 9.1 
1.5(2) 0.1 0 - 2.2 
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~1~mmar.v_~f___!0Ptal_f!~'~e!'v.a~J!"'~~~~trr _fr('P h~n1I srria1 SP< t iotiin~· 

Group 
Compound 
IJo"qr (m~/fq/day) 

Group: 

I 
fontrol 

0 

2 3 4 
--- OAY k 5552 

10 30 100 

• Number of foetuses (1 llters) uamined. 
llnmhrr of males : females 

156(211 
82: 14 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~--~-·-

Ohsrrvat Inns: % foetal fncldrncf' (numh!'r of 
litters arreclrtl) 

Others: 

Subcutanf'ous ha~morrhzge(s): 

lower/side of jaw 
Suhotandlbular 
llosal 
Cranhl 
Ventral/dorsal cervical 
Scapular 
laleral/ventral/dor!al thoracic 
fnrr-/h I ntl-1 lmh( sl 
I ateral/tlorsal alKlnmlnal 
llnal region 
Tall 
Subcutaneous oedema - trunk 

• 
• 

One foetus may have more than one observation. 
llo record In had ground cnntro 1 data . 

3. 2(3) 
2.6(l) 
1.3(2) 
1.9(31 
0.6(1) 

11.5(121 
2 .6(3) 

17.J(IOI 
11.6(1) 

2.6(21 

2 

148(211 
18:70 

7.4(4) 
3.4(5) 
3.4(5) 
4.1(6) 
2.7(3) 

17.6(111 
5.4(1) 

13.5(11 
7. O(l) 
o. 7( 11 

6.1(4) 

l 

IH(lll 
70: 7l 

4.2(4) 
6.3(71 
0.7(1) 
l.4(l) 
1.4(2) 

16.1(121 
1.1 (81 

10.5(7' 
0.1(1) 

0.7(1) 
4.2(5) 

4 Control data 

134(20) 12835 
68: 66 foetuses 

I C-6 
st111lles 

Hean Sl111ly ranrJrS 

5.2(3) 0.8 0 8.9 
6.0(6) 1.0 0 - 8.8 
2.2(2) I. I 0 - 5.9 
2.2(3) 2.5 0 - 8.2 
6.7(5) I. I 0 - 5.8 

15.7(111 28.6 6.4 - 90.5 
5.2(5) I. 5 0 5.8 

16.4(121 • • 
0.1(1) 0.6 0 l.R 
0.7(11 0.5 0 10.0 
0.7(1) 0.7 0 - IC.6 
9.0(8) l.6 0 - 17.5 
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ronllnurd 

~ummary _nf_f_orl_al_ohso~val~ nns _al _s ~r 1rla1 rxaml na l ion 

Group 
Compound 
nosaqo (mg/kg/d•y) 

Group : 

fonlrol 
0 

7 

10 

3 
OM k 5552 

JO 

~ 

100 

---------
2 3 4 (unlrol data 

19316 129 
ll11mhrr of foetuses {litters) exarr.lned: 157 (21) 146 (21) 141 (21) 135 (20) foetuses st111lles 

Ohsrrvallons :Grand He•n r. foetal lnclMnce@ (numhor of 1 lllers) He•n Study ran91•s 

~~r_te~r_a~ 1 l lmh~_!!!<!_glrd~~ 

Ossification c• ventral arch of 1st cervical vertebra. 1.0 ( 1) 4.8 ( 6) 7.1 ( 5) l.2 ( 3) 6.94 0.0 - 22.2 
Incomplete ossification, one or more cervical vertebral arches. 0.6 ( I) 1.4 ( ,,, 0.1 ( I) 0.0 ( 0) 0_50 0.0 - 5.2 
Isl thoracic vertebral centrum uno'51fled. 0.6 ( I) 1.4 ( I) 0.7 ( I) 7.4 ( 2) I. IO 0.0 - 5.5 
Incomplete ossification, one or more thoracic vertehral centra.27.4 (15) 19.9 (16) 25.5 (11) 27.4 (14) 26.66 B.6 50.3 
Incomplete ossification of one or more Jumhar vertebral centra. 0.0 ( O) 0. 7 ( I) 0.0 ( 0) 0.7 ( I) 0.41 0.0 2.5 
ln•omplete ossification of one or more lumbar vertebral arches. 0.0 ( O) 1.4 ( () o.o ( 0) 0.0 ( 0) 0.12 0.0 1.8 
Incomplete ossification of sacral vertebral centra. 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.7 ( I) 0.01 0.0 0.5 
Incomplete ossification of one or mor~ sacral vertebral arches. 1.9 ( 3) 2.1 ( 3) 3.5 ( 5) 9.6 ( 4) I. 11 0.0 6.2 
Short tall, tip thickened. 0.0 ( 0) 0.0 ( 0) 0.0 ( 0) 0.1 ( I) • 
25 pre-sacral vertebrae. 1.3 ( 2) 0.0 ( 0) 2.8 ( 4) 0.1 ( JI 0.81 0.0 6.1 
lnrnmplolr nsslflcatfon of caudal vert.rhrae (less than 5). 1.1 ( 7) 1.4 ( 2) 1.4 ( Z) 14.1 ( S) 2.96 0.0 14. 5 
Metacarpals/metatarsals 3/4. 69.4 (20) 56.2 (20) 80. I (21) 74.1 (19) 67 .30 28.6 86.9 
Metacarpals/metatarsals 4/4. 29.3 (14) 43.2 (16) 19.9 (10) 16.3 (12) 30.65 6.2 - 71.4 
Melacarpals/motahrsals Incompletely ossified or unosslfle1l. 6.4 ( 5) 4.8 ( 5) 5.0 ( 6) 14.1 ( 6) l.05 0.0 - 10.8 
One or more phalangeal hones ossified. 1.3 ( I) 6.2 ( 5) 2.1 ( 2) 0.1 ( I) 1.09 0.0 - 8.1 
Inner corners of one or hoth sca1111lae unosslrled. 5.7 ( 6) l.1 ( 2) 9.2 ( 9) 5.2 ( 4) 3.59 0.0 14.4 
Puhlc bones Incompletely ossified or 11nossllle1l. 7.6 ( 6) 4. I ( 6) 7.1 ( 5) 14.0 ( 0) 7 .43 0.0 - IB.6 
Incomplete ossification of one or botl1 lschlal bones. 1.9 ( 3) 2. I ( 3) 5.0 ( 3) 5.2 ( 5) 0.90 0.0 . 4 .1 
/\symmetric pelvis, lltal hones associated with different 0.0 ( 0) 0.0 ( 0) 1.4 ( 2) 0 .1 ( I) 0. 49 0.0 . 3. 7 

sacral vrrlehrae. 

-·------ -------------------------

@ One foetus may have more lhan one ohservatlon 
• Hew parameter, no control data avallahle 
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- ront i nu rd 

~tmm.ry ~C._J_ortal_rihs_er-v~~ i_oll_~-~~ke l~t~ I_ ex am i nation - . 

Group 
Compound 
Oosagr (mg/kg/day) 

f.roup 

I 
Control 

0 

2 3 4 
MY k 5552 

lO 30 JOO 

2 3 
-------------------·----------------·-- -- --· 

llitmher of foetuses (litters) examlnr1I: 157 (21) 146 (?I) 

Oh"rvat Ions :r.rand !lean r. foetal lnrldenrr@ (nnrnher of l ltll'rS) 

Sl rt·11<'hrae an•I rlh<> - - . -·- --· 

Incomplete nsslflcal!on of I sternelira. 
Incomplete osstftcatton of 2 sternehrae. 
Incomplete ossification of l sternehrae. 
Incomplete nsslftcatton of 4 sternehrae. 
Incomplete oss I fie all on of 5 slernelirae. 
Incomplete ossification of 6 sternehrae. 
Isl sternehra cleft. 
One or more sternel1rae offset. 
Rlhs 13/13. 
Rlhs 13/14. 
Rths 14/14. 
14th rth enlarged. 
13th rth or ribs reduced tn length. 
Sltgltt medial thickening of one or mnre rlhs. 

@One foetus may have more than one ohservatlnn 
• ll<'w parameter, no control data availahle 

Jn.5 (JJ) 
66.9 (21) 

7.6 ( 8) 
4.5 ( 4) 
o.o I 01 
1.3 ( 2) 
0.6 ( I I 
2.5 ( 4) 

100.0 (21) 
0.0 ( 0) 
0.0 ( 0) 
0.0 ( 0) 
1.3 ( 2) 
0.0 ( 0) 

19.2 (12) 
65.1 (21) 
11.6 ( 7) 
l.4 ( 4) 
0.0 ( 0) 
0.0 ( 0) 
0.7 ( I) 
1.4 ( I) 

91.3 (21) 
1.4 ( 2) 
1.4 ( 2) 
0.0 ( 0) 
2.7 ( 3) 
0.7 ( I) 

141 ( 71) 

9.2 
75.9 
11. 3 
I. 4 
2. I 
0.0 
0.7 
2. I 

90.6 
I. 4 
0.0 
0.0 
2.0 
0.0 

I ll I 
(21) 
(II I 
( 2) 
( I ) 
( O) 
( I ) 
( 3) 
(21) 
( 2) 
( Ol 
( 0) 
( 3) 
( 0) 

4 

IJ5 (70) 

11.9 ( 9) 
40.9 (IB) 
23.0 (14) 
7.4 ( 9) 
3.0 ( 2) 
5.2 ( 2) 
5.2 ( 4) 
0.0 ( 0) 

97 .0 (20) 
I. 5 ( 2) 
1.5 ( 2) 
0.7 ( I) 
2.2 ( 2) 
0.0 ( 0) 

(ontrnl 1l•la 

19116 
foe t 1" es 

129 
st u•lles 

Hean Study ran9es 

13.53 
66.88 
11.80 
3.68 
0.00 
0.53 
0.86 
1.32 

98.17 
I. 20 
0.51 

• 
2. ll 
0.02 

0.0 
43.3 
I. I 
0.0 
0.0 
0.0 
0.0 
0.0 

92.5 
0.0 
0.0 

0.0 
0.0 

40.0 
04.8 
23.3 
17 .5 
3.8 
6. 7 
1.6 
5.2 

-100.0 
4.2 
l.5 

13.4 
I. 4 

~ 
"" <: 
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Srrmma ry_(l f __ f()•! !_l_()!Js~rv~ ll ()nS al _2~e I el_~ l__e ~ .,.1 na~ lo~ 

Ol"•'r"•l Inns :Grand Hean r. foetal lnddcnce ~ (numhor of l lttersJ 

lie a'I 

Small anterior fontanelle. 
Medium anterior lontanel le. 
larqe anterior fontanelle. 
Incomplete ossification of supn-occfpllal hone. 
Incomplete ossification of lnterparlelal bone. 
Incomplete ossification of parietal bone. 
Inc >mplete osslflcat ton of squa1110S•I bone. 
Incomplete ossification of frontal bone. 
Discrete unosstfled area In frontal hone. 
Incomplete ossification of nasal bone. 
Discrete unosstrted area In baslocclpltal bone. 
Incomplete ossification of baslocclpltal bone. 
Incomplete ossification of baslsphenold, 

cranlopharyngeal canal enlarged. 
Incomplete ossification of baslsphenold bone. 
Presphenold bone Incompletely ossified or 

unoss If led. 
Frontn-nasal suture enlarged. 
Incomplete ossification of hyold bone. 
llyold bone unosstrled. 

~One roetus may have more than one observation 

1.9 I 21 o.o 1 01 
%.2 (21) 98.6 (21) 

1.9 ( 3) 1.4 ( 21 
24.2 (12) 14.4 (10) 
49.0 (20) 40.4 (18) 
0.6 ( I) t.4 I 21 
o.o I O) . 0.1 ( I) 
l.J I Z) 0.0 ( OJ 
0.6 ( I) 2.7 ( JJ 
0.0 ( OJ 0.0 ( 0) 
0.0 ( 0) o.o I 01 
0.0 ( O) 0.1 ( I) 
o.o I 01 o.o I 01 

4.5 I 11 7.5 (OJ 
0.6 I I) o.o I 01 

1.9 I 11 0.1 I I) 
7.0\G) s.s I G) 

IZ.l ( 8) 11.6 ( 9) 

0.1 ( I) c.o I 01 
99.J (ll) 91.9 (19) 
0.0 i OJ 8.t I 21 

12.8 (II) 19.J (11) 
40.4 (18) 41.5 (18) 
0.0 ( OJ 2.2 I II 
0.0 ( OJ J.0 ( 2J 
0.0 I OJ 1.0 I 2J 
2.1 l JJ 2.2 ! 21 0.0 O) 0.7 ., 
0.1 I II o.c 0) 
0.0 ( 0) 0.0 ( 0) 
t.4 I 2l 2.2 I 21 

11.1 I 91 13.l ! 8) 
O.u ( 0) 4.4 2) 

0.7 ( I) 4.4 ( 2) 
9.9 l 3) 5.9 ( 4) 
1. I ( 8) 5.Z ( ~) 

Control data 

19316 129 
foetuses studies 

Hean St111ly ranqes 

I.]] 0.0 - 11.2 
96.20 76.4 -100.0 
2.46 0.0 . 23.6 

11.48 0.0 - 29.2 
28.40 4.9 - 91.0 

I.JO 0.0 - 1.1 
0.84 0.0 - 4.7 
0.09 o.o - I. 7 
0.43 0.0 - 4.6 
0.02 0.0 - 0.6 
0.12 0.0 - 2.4 
0.01 0.0 - 0.6 
0.19 0.0 - 14.J 

0.94 0.0 - 12.6 
0.12 0.0 - 5.4 

I IJ 0.0 - 5.J 
1.28 0.0 - 25.0 
8.'il 0.0 . 18.5 

;; 
°" ("J 

"' "' ~. 

z 
t:: 
> 
N 
c 
I 
w 
LO 
C' 
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F 0 Dams; Postnatal Phase 

There was a slight increase in gestAtion length in the 30 mg/kg 
(n.s.) and H>O mg/kg (P< 0.05) groups, from a mean of 22.5 days 
in control to a mean ot 23.0 days in the 100 mg/kg group). 
Although body weights of the drug treated animals tended to be 
higher than control, no significant intergroup differences in 
body weight were observed during lactation. 

F. Offspring to 5 creeks of Age 

There were no compound related effects at any d<Jse level on 
number of stillbirths, litter size or sex ratio at birth, number 
of implantation sites, survival indices throughout lactation, 
body weight or body weight gain during la.::tatior-.. 

There were no compound related effects on physical development 
(time of pinna unfolding, hair growth, testis descent, tooth 
eruption, eye opening and vaginal opening). 

'l:'here were no effects of compound treatment. on auditory and 
visual function (tested on PPD 25), within-cage activity 
(measured by means of electronic detectors and infra-red light 
apparently on PPD 26 lo 27), learning ability (water filled Y­
maze on PPD 27) and neuromuscular function (traversing flat and 
round rods, rotorod treadmill, mid-air righting reflex, fore- and 
11ind-limb wire hanging and grid-griping ability on PPD 28-30) 
'There were no effects on body weight or body weight gain to 
5 weeks of age. 

F, Otfsprjng Bet:ween 5 and 10 Weeks of Age 

~le 20 males and 20 iemales per group, selected at 5 weeks ot 
age, were asses~oed prir:1arily for physical and sexual maturation 
and reproductive perfonnance. 

r.I'l1ere were no cornpour1d related ette·cts ~n male~-_, c,1- fernale;:; on 
apvearance, behavior, body weights, n0ting perio1mance at 9 01 10 
weeks of age or 011 tertility. 

In F, temale;,; killed on day 20 oi gestation, t.hc·re was no 
evidence of effects on implanli:1tic:n, emlnyo/fetal c;urvival, tetal 
weigl1ts or placental weights. 

Nu qnY;c; pc1tholoqy cibnonna\itit]ci weie o\.;se1ved LI F: nicllec; or 
fc:rnJll~:-3 Ll1a.t \,,.'ere coIJside1ed Lo be ielc.1t:ed to t 1.-~atrnent ot tl1e F;, 
f l~l1kl l t~S. 
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4. Embryotoxic and Teratogenic EffPcts in R1bbits 

Report No: 7595 
Study No.: Not given 

Performing Laborato1y: 

Dates Performed: 10/77 to 1/78 (first test) 
1/78 to 4/78 (second test) 

Quality Assurance: These studies were performed prior to the time 
that GLP compliance was required. The invest igz1c.orc; in Germany 
claim that to the best of their knowledge, the study was 
performed "according to the state of the art". 

Test Animals: Sexually mature female Himalayan cabbits, around 2 
to 3.5 kg body weigl1t, inseminated twice b~· mea~s of copulation 
witli males of the sa1;ie strain and similar age. 

Procadure: 'Iher<ce ;·;ere two separate but related "tudies in which 
batch 1/77, microni:::ed ba;: k 5552 were used. In the first study, 
the test substance was administered oncP daily oy stomach tube, 
as a suspension in a vehicle consisting ot "bO ; anhydrous 
glycerol, 100 g deminerali:::ed water ci!ld polyetlr(lene glycol 400 
to make up 1129 g". 'l\oJelve or 13 does/group we:·" treated from 
days 6 to 18 of gestation v.·ith doses ot 0, 3, l J or 30 mg/kg. On 
day 29, a C-s2ction was carried out and each du·~ ~as examined for 
number of implantations (no data on corpora lut '"" count), number 
of live and dead fetuses and embryos, ,,·eight 01 11tter and 
placentae. Eacl1 f(~tus \>las sexed, t!1e:-1 t~:,an1int:•c! fo!- exterr1al, 
visceral and skeletal anomalies. Becauc;e of di,H·1 hea in 4 animals 
of the 30 mg/kg group and spont·aneous abo1tio1' en ::: of these 4 
does, a second study limited to 0 and 30 mg/kg (11 = 12 or 
13/group), with a vehicle consisting oi 0.5% aq1euus Tylose, was 
performed. It was suspected thal the vehicle cent ri buted to the 
diarrhea ill the first study. In all other respP•:ts, tile procedure 
was the same as in the first study. 

ResulLs of the Fi r;,t· Study 

One death ct!: hiqh dos<' (day :::7 p.c.J 1vd1; attril·1t,~cl to diarrhea 
on multiple days; 1 death at mid doc;,' (c1,1y 9 p. :. J was attribut:ec' 
to an intubo.tion ac,:idenL. 

'I1l1e 30 rng/kg cio;_:;t-_-, "(~,:c:11seci 11 d.iar_-rl1et1 1P. :1 a.11in1aJ-; \l, \Vitl1 
n1ulti1Jle da::/:3 cit Lii'-·i.r t!lt",1, (i1t~(~; t }11· 1 t·111.11n1r-1g l1c1ci diarrl1ea llil 

onl't' 1 li0..1/, eitl1~1 ()tl (id-: 1i.~ 1..)l 1·7 1i.t-.). :~rlor:_-cr1t2c)LS abortio11s 
occun.ed in 1 do"' at ·i 101c1/k,1 (day 2~ p.<·. I, l '" JU n:g/ky (day 28 
1J .c.), .~111c1 2 at 30 n\q/}.:.,J \cL-:y:; lH dth1 ::·1; l1()tl1 1e:ci diarr}-1ea). 
Nor1e C)i tl1L.:: co11t l\)l lh_)1~~:___; .:1lJC)ll 1.?ci. !'ilt 11,·1u(Jh th1.·rt: v:as c>rll'l' 011e 
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more spontaneous abortion in the high dose group than in the low 
or mid dose groups, the investigators nevertheless suggested that 
the incidence in the high dose group was increased, and 
attributed this effect to diarrhea associ~red with the vehicle 
and treatment. The abortions at low and m~d doses were considered 
to be neither treatment related nor significant because the 
observed rates were considered normal fo.: the strain of rabbit 
used. 

Only females found to be pregnant were included in calculation of 
mean body weight values (N = 13, 12, 12 and 10 for control, 3, 10 
and 30 mg/kg groups). Decreases in body weight gain between days 
6 and 18 and over the entire period of gestation in all 3 treated 
groups were not statistically significant (See table on page 
105A). 

Lapai.-o.scopic Obser·vations 

There were no significant effects on mean numbers of 
implantations or resorptions per doe. The mean number of live 
male fetuses per doe was reduced in the 30 mg/kg group vs control 
(P< 0.05) resulting in a reduction in ratio of ~ales:females but 
it was considered to be a random occurrence. The~e was no effect 
on fetal or placental weights, and no increase in number of 
•underdeveloped forms" (i.e. fetuses lower than 2.5 g body 
weight). There was an increase in malformation rate in the high 
dose group; the !1igh dose i;ialformations occurred in the offspring 
of the three animals that had diarrhea and were suggested to be 
the result of maternal stress (see pages 104 to 105.".). 

Results of tl1e Ser·cJ11d Stt1dy: 

Maternal Survival, Clinical Signs and Body r1'eight Gain 

Diarrhea or other clinical signs did not occur in does of the 30 
mg/kg group, but one doe on 30 mg/kg died of an intubation 
accident (sometime between days 18 and 29, p.c., based on 
individual animal weight gain tables). Final results were based 
on 11 surviving does in each group. There was a decrease in mean 
body weight in the treated group, compared to an increase in 
control, between days 6 and 18 (treatment period), resulting in a 
compound related decrease in body weight gain over the entire 
gestation period. 

Tl1ert.__:; \'!el·i.:~ ru. ... J cc)n111c1u1id relateci et feet~; 011 r)regr1ar1c2· rate, 
spontaneous abortion rate, mean number ot implantations (corpora 
lutea wei:c_~ t1ot CC\\llll'-=\_1) <.)t' li\'t-' ft::tal cot111t, but n1ean tetal 
weight and placentdl "'''iqlit v;»1,_• 101".'c'l (P-c0.05) and the number of 
11 t1nde1·de\relc)tJt~c1 tc)rn\;::, 11 v .. ''-1~_-:; l1lgl1t._~r in. tl1<~ t.rt~ated group. Orie ot 
t!1e da.n1~3 c>r1 30 inq/k:~J !1dri ~ iet USi.-:":J \\'itl1 11 reJuced rnotility". Ir1 
tl1i::..-; sec<Jr1J ~.3tud~·, t t1etl~ \">'d~3 lHJ ett .. =--ct 1.J1;. ~-,,l~x ratio a.t birt11, as 
!1ad lJt~1211 01J:3c~1-vecl i11 tl1e ti1::;t 0tud}·· 'l'l1t)~e \'.'as 110 ir1crease i11 
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external, visceral or skeletal malformations in any treated group 
vs control (See tables on pages 105B, C & D). 

Comment: There were indications of fetal toxicity at 30 mg/kg, a 
dose that was maternally toxic. For example, there was a 
reduction in live male fetuses per dam and suggestions of an 
increase in total Dunlber of fetuses with malformations and the 
total number of litters with fetuses that had malfonuations, 
compared to control, in the first study. The total number of 
runts was higher and mean fetal weights were lower than control 
in the second sludy. However, there was no increase in incidence 
of any specific form or class of terata and no clear indication 
that this substance was teratogenic in rabbits. 
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BA'i k 5552 Report No. 7595 

lncidenc~ table of the findings of the fetuses# 

Findin911 

MEN INGOCELE 

TELENCEPHALON 
dyaplaaia 

CIU\WN-HAND 

1li9ht 

TONGUE 
small/sharp/thin 

FORE-LIMB 

0 m9/l.9 

abnormal position 
arthrogrypoai1 

McLTIPLE MALFORMATION 

CLEFT PALATE 

MOTILITY 
reduced 

3 mg/k9 

l ( 1) 

#on individual basis; values in () or 
a = first study / b = second study 

10 mq/k9 

1 (1) 

.:r basis 

1(1) 8 

l(l)a/l(llr 

1(1)./" 
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BAY k 5552 Report No. 7595 

Individual clinical findings of the dams 

~ animal• without f indin9a are not listed 

Do1e 
(m9/k9] 

0 
(l•t 
atudy) 

3 899 abortion on day 25 p.c.: 3 placenta• 

10 876 abortion on day 28 p.c.: 4 fetueea with pla-

30 
( l•t 
study) 

0 
(2nd 
study} 

centas 
895 found dead on day 9 p.c. (lung application) 

877 abortion on day 27 p.c.: 3 fetuses and) 
cent as 

881 on day 13 p.c. red bordered eyes 
on day 16 p.c. scratch wounds 
on day 17 p.c. diarrhea 

865 on day 17 p.c. diarrhea 
905 on day 18 p.c. diarrhea 
S2l on days 17 and 18 p.c. di~ 

from day 24 p.c sick, re stool 
en day 25 p.c. blood~· .ion 
found dead on day 27 

925 abortion on day le 3 fetuses 

30 950 from d .c. s~ck, decreased feed consymp-
(2nd t ion cool 
study) on dY bet¥1ee11 day 18 and 25 p.c. 

r' c!4 

~dead en day =s p.c 
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BAY k 5552 Report No. 7595 

Section 

~ 

Dost-

919/kg 

0 

l 

10 

)0 

It .. t • 0 f t b 0 c a e s A r e e n 

Me~~ 

the ~e•n fet•l and p1 

Q_L t. h_!'":_~g:roup_!Ll!n~__,~!=- a_~_.,_r<l rlt:>v i a t_ignf! lnt otur:Jy 

of the ~roup and Uv d\~ 
fables thPst •f"•n values 
'or the c•tculation of the 
lir5t and wprp u1ed for furt1. 
~•rked with ~b·. 

\./eight oain (gl 

weiqhts givpn in the rPport no. 7S95 were caculat~d by adding all lltttr weight• 
'PSP su~~ by thp number of fptu~ts or placentas per group. In the following two 

~P( with ~.". 
deviation tht' ~ean fetal aod placpntal we\9hts per \ittPr were calculated 
ulation. Mean fptal and pl8cental wpights obtained by thi~ procedure ate 

Number " f f e t u s e • 
during Number rper ,, Mt>an • wf"iqht (g) witf1 111.inor 

with ••l· runts 
1tPat"'pnt twipt • 

f r I u •• of of Skf'l f't al 
for•at ions pr"gn•ncy 

per i.oo:1 1J1a\e 1efll•\e 
rf'~. ft'tu.,rs placf'nt•s df'vi•rions < 25g 

-------
166.2 25 .8 7 .6 l.2 l.5 6.> 36.64

8 4.37. 0.00 o.oe 0.62 
l6.96b 4.l7b 

'76.' 'c.o. 2 ... 2.0 1. 5 2.0 I. '. 12 0.6t o.oo 0.2• l.ll 

109.2 '-0 6.l z .l Z.9 5.l 1.0 ,.'50 8 
0.00 0.08 G.17 

lb l..'50b 

M.5 er .z 2 .2 1.4 1. 7 2 .• I . 4 5.9. 1.00 0.00 0.29 0.5! 

121.e 7.5 0.0 l.O l.9 ••• I. I 14. 70
8 • 0.00 O.Oft 0.25 

1'5. 11 b 

, ''. ' 7e.9 1.6 1. 5 1.9 2.5 2.2 ].QZ 0 .. 0.00 0.29 0.87 

, fl. s 0. 5 5.9 1 . s. 2.4 1.9 2 .0 17.278 C..76
8 

-~ 0.40 0.00 
37 .&,4b 4.76b 

05. 5 1]5 .6 1.9 I . I 1.9 2.6 2.7 J.94 0.71 ' 0.10 0.00 
---------

• •'tnl1icant difff'rf'ncr to control. p c 0.05 

•• Res . is th•? abbreviation for resorptions, which 
defined ' ".lonsor 

as t hf> tot a 1 of rt:sorb~d embryos and d<>ad ·es 

;:;' 
"" r--c 
Vo 
\.) 

z 
e: 
> 

t5 
' UJ 

"' C" 
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DAY k 5552 

R " t • 0 f t b .. C ft e s a r ~ a n 

t1-~~n~ q_U_he qr_g~p_,,"1 an'1 ota.nda.rd~~_y_j_,!l__iq_ri~ 

UP i ght 911i n {9) 

Oe"f' during Nu• dam1 of """'" . Wf'ight (qi 

t rf'11t111"nt s • • •• of of 

~'il, .. 'il prf'9n11ncy 
pf'r iod 

ill'lpl. 
..,. l ( tot el r "". f f'tU'if'S placf'ntas 

---------------------
0 l'00.9 Je.2 1.0 J.2 J_ 0.6 36.94" 4. ?5

11 

]7.>0b 4.25b 

11e.o 62.7 2 .s t. 5 1.9 . '. 1 l.4? 0.4S 

JO 111. e -1.1 .6 6.9 2.e J.O 5.8 34.07
8

• l. 77
11

• 

.. _Q'jh J. 77b 

116.4 158.6 ,_, 1.9 t.2 1.6 t. t , 0. Sl 

Re-port No. 7595 

S e c t i o n 

2nd study 

Nu111bf'r 0 f f"tUSPS 

w1tt. minor 
with Mal- runts 

s k" I" ta I 
d"viations 

forftlat ions .,_ 259 

0.00 0.09 0.00 

0.00 0.10 0.00 

0.00 o. te 0.64• 

0.00 0.40 0.81 

-------------------- -------------

•significant difff'rf'nCf' to control, p < 0.05 

•• Pes. is the abbreviation for resL 
defined as the total of resorbed e1. 

•ns, which the sponsor 
> and dead fetuses 

c;~ 

Ir, 
r. 
~ 

c 
1.1' 
C" 

"" ~ 
N 
c 
I 
w 
1.1' 
c-
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Individual necropsy !ipdipgs of the darns 

l!2!JU animals without tindin91 are not liated 

001e Dam-

[m9/k9) No. 
FindJ.n9• 

------- ------
0 

(lat 
atudy) 

------- ------
3 879 gall bladder congested 

899 colon di&tended and filled with dark brown-red 
fluid, liver liqht and br.ittle, di•tinct lobu­
lation, gall bladder cougeated 

10 896 thoracic cavity filled with fluid, org~ns 

autolytic, pregnant 

30 
(lst 
study) 

0 
(2nd 
otudy) 

30 
(2nd 
Stud)') 

921 gall bladder congested, liver light 
brittle, intestines filled with g· 
brown-red paste, pregnant 

lJ.quid 

___ --:!:-_::--::::::::::_::-:-------________ ::-::::_:: 
931 
938 

9.;9 
950 
955 

fatty t:..ssue of the 
l.:ter•.!s anomalr 
st.udy 

~ chondroid hardened 
excluded from the 

_ed, knobby surface gall bladder (" 
d:..ed as a rr 
sc.bdermal 
the abdr-

~t lung application, pregnant 
tissue chondro:..d hardened in 

region 
956 subder ~tty tissue chondroid hardened in 

the .nal region 
967 SL'. ~l fatty tissue chondroid-hardened in 

.,,dominal region 
968 bladd~r conge•ted 
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Report No. 7595 

Oral Dnm No. of 
Dose Malformed Malformation 
(mg/kg) No. Fetuses 

0 902 1 MenJngocele and telencephallc dys-
plasia, 

3 903 1 Dysplasia of the tongue, 

10 926 1 Abnormal skull form, twist!ng of the 
umbilical cord, dysplasia of a liver 
lobe, abnormal bone formo.tion and 

First dysplasia in the sternum. 

Test 

30 881 2 1st fetus: Cleft palate 
2nd !eti'.s: Abnormal position of the 

right front leg, 

885 1 Multiple malformation (including 
cleft palate, fissured chest and 
stomach, spina bifida, ectrodactyly, 
abnormality of the ears), 

905 1 Arthrogryposis of both front legs. 

0 951 1 Arthrogryposis of the left front leg. 

Second 30 943 1 Abdomen, pelVic girdle, and rear 
Test limbs rudlmentary; cleft palate, 

ectrodactyly or adactyly of the front. 

956 1 Arthrogryposis of the right front leg. 

NISOLDIPINE COAT CORE NOA 05 02 0002891 
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5. Teratogenicity Study in Cynomolgus Monkey 

Bayer Study No: T 3 022 847 

Performing Laborato" 
I' 

Sponsor 

Dates Perfo1med: 2/23/87 to 6/16/87 

Quality Assurance: A signed statement of GLP conpliance was 
included. The statement notes two deviations f1·o:n 21CFR 58: 1) 
"the stability of the test a1ticle/carrier mixture had not been 
determined at the time ot the study", and 2) "the final report of 
the study does not contain all th2 information c;pecif ied in 
subsection 58.185. In particular, no analytical data relating to 
tl1e test article or test article/carrier mixture are included." 

11u:-.;tific·dtior1 for SrH-?-Cit1 :·.:, St::>lection: " .. . becausr~ of its similar 
hormonal profile dutinq pregnancy lo thal of man '-ild this 
particular non-human primate submits itself as fl favourable 
species for reproductive toxicology studies." 

fJOSPS Te:>t·ed: 0, 30 and lOO mg/kg 

r1o<·Pdu1 ,, : Feral cynomolgus monkeys (Macaca fas<:i:::ularis) were 
obt.:;ined from 

1'11e tt:~Dklles \ ... ·ere 11 se:,:uilly 1naturc 11
, 

qucirantined t01 "at l<:acit -~ weeks" and acclimatized lo laboratory 
conditions tor 3 1,·eek:l, be tore initiation of th•• study. There 
wc•ie lU I lO mg/kql en L: lernales (0 and 100 mg/l;g) per group that 
had rest•'d posit ivt• Lor pregnancy (by a mouse ut eiotropic test); 
thes"' an•mals \'1eiqhed 2.b to 3.8 kg on day 20 post-coitum. 
Pregnancy was sub:;•equently monotored by rectal palpation on 
spucitied days l>etween c;o 30 and Bb. Test substa:ice was 
administered by intt·a<Jast1 ic intubation b<.>tween gestation days 
(l;D) ~O and ')O, and necrop,;ies tor C-section we1·e done on GD 100 

::_l day. Examinaticm fot tetal rnaltormations included a 
cump1ehe1wive extetnal •exJmination, including h••ad and body size 
1nt::a~:>urerner1l s anJ. a1)1)eara.r1ct::- oi ext.err1..Jlly obse1 vaole orga11s. 
StJtt ti::3:3Ul~ e·xa~ni11ctt ion cor1~-;i.'..~ted ()t 

11 a f.t1ll 11e<_:r0psy ot eacl1 
1-L•tu~' \;.'itl1 vlsu,-il 111ac1-<JJCC.J{1ic in01Jectior1 11 of Ll11~ :irgdil!.3 and 
\Vt:·1q!1t 1n1_~c::l~•t!r1··n11,itt:'> oi 12 <)!CJdn:..>. ,\tt1:=-r \Vt"ighing, t}ll-" orga11s 

\\'i:::"te t ix1."·l 111 t\1t111ct~_i.11, ~Jul 11lJt tl11tl1er evl..iluat 1~d. 1'}1t~ skelt~to11 
\-.:c"'l.~_} Cl~':'C\l_t_•l) clllti :_;t ,t illt"(i dllll ~:-;,.._i!lliilL~J lOl SkClel,tl at1()llldlit:S. 

1\··~;t ~_;11l1:;t ciJl('1': ltit \·11 rJ,_J. H~H 30'). 'l'l11• \tt~l1icle c~nsisted ot 9.9% 
d12n\i._nt•ldl i:'.C'<_i 'Sdl•'I, .;.~''{, l~l)'<'\··1 ill•-, .-i.n1_i 85.3'-t L\lttin 
(!JOl}'i~Ll1)'lt~lll' gl}'C()l :1UO) 'l\.~:~t n1ixtu1t~S, cor1~_;;_st.ing of. sepa.1ate 
~3.l)lltt i.011:_; ll)l '-'-(:u·h t1()!}1" ll"\'c"l., h't~rt:' !Jl0IJLlred do..:i· l}·· 'I'l1e 
lL~IH)t\ 111"Jtt~:~ t!1.-tt 11 .l\ndly~;i~; r11 f.()tiln1lations a11d tJtoot oi 
al)~)(}llJt il>ll \\'t'l L' 111.Jt 1,~c1u11 t"ci 11'_:: t lit:! :._;tuli)· .s1Jo11~<>1." 
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Results: 

Spontaneous Abortions, Clinccal Observations and Mortality· One 
control and 1 high dose monkey were found to be not pregnant, 
thus leaving 11, 10 and 11 monkeys in control, lcw and high dose 
groups, respectively. Incidence of abortions and deaths are 
summarized below. 

··.•.•.• 

<~+Pe9-thi> Dose ii/Gp*• # Abortions 
mg/kg : 

Control. 11 6 (GD 26-56) 3 (GD 21-99) 

30 10 7 (GD 28-53) 1 (GD 4 :3) 

100 11 8 (GD 33-59) 5 (GD 27-88) 

Inc.Luaes Oll.L y p r<egnant an1ma.Ls. 

Symptoms i•.1cluded heavy tleeding (followed by abr;r·tion), reduced 
tood intake, diarrhea and v'lmiting. Symptoms we1e observed only 
during intervals ot treatment, and included animcl.s in the 
conr-1-ol g·:oup. l\lt!~ougl: a.Jl of t}1c: SyHlI)ll..:!·(,_$ Wt.J..."•-= ucnci:·al.l~{ rc:or€: 
frequent or ot longer duration in drug treated mcnkeys, they are 
considered to be due to treatment with the vehicle. 

'I\vo of the 3 control animals that aborted, subsequently died. The 
increased incidence of spontaneous abortions and deaths in the 
100 mg/kg dose treated group were considered treatment related. 
(See conments on next page.) 

The death ot an additional animal in trie high d<Jse group which 
was found to be not pregnant and is not included in these 
r~sults. ~ds al~u consid8~~d Lo ~e treatntent related. Causes of 
death i.1 the 3 pregnant control mo1'ke:(s included gastro­
enteritis, catarrhal enteritis aGd "signs of asphyxia'. Of the 
drug treated animals 1\'l1icr1 died, the oGe in the 30 mg/kg group, 
and 4 of the 5 in the 100 mg/kg group, each had a volvulus (~n 
intestinal obstruction due to twisting of th2 bov.el); 3 of these 
animals (all high dose) exhibi t·'4 abdominal discPGtion sl;ortly 
before death, and one of tl1ese J had acute catarrhal enteritis. 
A volvulus was considered to be a con~ound rela:ed cause of 
death; no volvulus was seen in any control anim.~ls. 

Blood Analyses: Blood samples were taken f rorn e.~ch monkey on GD 
20, -:'.7, 34, 41, 48, 55, 62, 69, 76, 83, 90 and 97. However, data 
on blood analy~es of ar~ kind could not be found. 

FPt.:il Examinat; ,ns: External, visceral and skeletal findings for 
each surviving fetus are shc~n on the page which follows. In 
spite of the very few scirviving fetuses (3 conlrcl, 2 mid dose 
and 1 hi\;h dose), the investigaturs concluded that the external 
and skeletal malformations seen in the sole surviving high dose 
fetus were drug related and were due to severe naternal 
toxici'·y. It was claimed Lhat t..hese malformacions had never 
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before been observed in controls. 

Fetal Organ Weights: Although weights of 10 or 11 different fetal 
organs with means (and standard errors only for controls) are 
presented in Table 4 and Appendix III of the report, statistical 
comparison3 were obviously not possible (only one or two 
s~rv1v1ng fetuses in the treated groups). 

Conwents: It should be noted that the control incidence of 
symptoms, mortality and spontaneous abortions were "unusually 
high". Althougl1 the investigators attributed the higher 
incidence of abortions and deaths in the high dose group to 
treatment, Lhere are no indications that the diffenmces were 
statistically significant. The animals used in the present study 
were feral monkeys. It seems reasonable to sugqest that there 
may have been an interaction between disease or parasitic 
infestations (otten inherent in feral monkeys), strE·ss of 
handling or control vehicle administration, and treatment with 
the high dose, which would confound Lhe outcome cf this study. 
The monkey ic; not a conunonly used model for reproductive toxicity 
tec;L.c; and Lll<ore is limited background information. The limited 
number ot oiic;pring (usually one per monkey) is considered to be 
a disadvantage fo1 using this species for this cype of study. 
The high mortality and abortion rates, even in central animals, 
further limits the usefulness of this study. Hnv.-ever, the .mly 
surviving fE:tus in the in the high dose group s·,,owed 
malformations "which were never before observed iu control 
fetuses". 
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Group l - 0 mg/kg 

F.-.. 1t Fetus Type of dff•ct 

n.-er 1 live E.xt1,.n11 ffndtr191 Vt •cer1l ft ndf ngs Sktltttl ffndfngs 

33757 • t•nt C.I f 1 •nd left ldl"entl ••ver-ety 6t~ to 10t~ 1nd 12t~ rib on tht 
enlarged rtgl'lt 1tdt 1nd ?th tc 9th rib 0.1 

tt'it left •10rr of un1~1n thfck,,.ss; 
4th to 6th 1tt,.ntbr1 not cs1ffitd• 
7th 1t1rnebr1 1nc~letely 01sffttd 

33363 • no 1bl"IOl"W\llftf11 no 1bnoriD1lftf11 oettcttd Stl'l to 11tl'l rib on t~t rt;l'lt aide 
aietec:ted and 4th to 11th rf~ on the left 

1fde of uneve~ t~1cknets; lat to 
7th 1ttr'nebr1 not 011tff1d 

2858C • no lbl\O,.....lfti11 no 1b~otT.al~tt11 oetect1d Stl'l to 11tl'l rib on the rfgl'lt atoe 
Oettc:ted tnd 6th to 10th rib on ttw ltft 

1f df cf untvtn thickne11; 
6tl'l 1te,.nebr1 not 01stff1d 1nd 
1th 1t1rnebr1 fnCOIT';lltttly 011f tf1d 

1•5 • nc 1bno~lftit$ no vf 1eer11 tn ... 11t{91tton M •k•let.11 1nv•,ti;1t,on d~e 
OettcttC due to c1e11ri•n aeetfon to ce111rt•n aectf on on cUy 76 p.c. 

·"' dey 76 p,c, -· 
Group 2 - 30 mg/kg 

TyPf of dlff•ct 
Feffl.I le Fetus 
nul'lber 11 t .... t.Itern11 ftndlng1 Vf 1cer11 ftnding1 S&t1rt11 ffndlng1 

l•138 • P"IPUet not ... tbncnn&l4t1•' 4et•ct•d dl1pl1c•d zy90\tyl1; Sth to iith 
rib on the right tiOe end Ith t.D patent 
11th rib""'"" left 1idf o• ""''"I th1c&ne11i 11t to 2nd end 6th to 
7th at.ernebre not 011tf1ed 

3'733 • btlnt ta f 1 end no ebno,.,,..lftfe1 o.tected p1rf1t..11 fnC'Qftl;llttely 011tf(1~; 
0th to 13th rfb on the right aiele 
•~~ 2nd to ird, 7th to 1lth an' 
13th rte on the ltft 1;dt of Mntvtn 
thickhl'ISi 2nd tnd 6th to 7t1'1 
1t1rn1brt not 011tffed 

Group 3 - 100 mg ikg 
Type of dJtftC:t 

ft~le fet.u' 
nUfl".ber 11 t \'f [.atern1l ftndtn91 V1 ac:flrtl flndfn91 S&elet1l findings 

3"!)00 • lt~t fo,.el\Wlb 1ppe1r1 thinner no 1bnorstlltt11 1ddttfont1l 011fflc1tfo11 site 
bl'twiren the .. t1c1rp1l1 of t~ thin ncr1t11l; t1tl 1horttntd Ottected 
2nd end ]rd ftn9e~, tdditton11 and inward~ CUP'\'td t1tl end; 
ffn911"n1i 1 on the 3rc ftn;tr, 

o~ly th,.~t ffnrte"' on the pP"oaf~1l ph.lllnA of tht 2nd left 1t0t tnd 3rd ffnttr wfth end l'"' ftnftr end .. dit1 
two n•i ll phl11ra of the 3rd ffn~er on 

the left •idf •b"O""tl\1 
r.6t'vt loped; the l11t thr"•t 
r:occy;11i vrrt1br1t 
11)"111'ftttrfc1111 and tnc0f'S)1tte1y 
011tfted; 5th to 11th rtb on 
tl'tit rf9ht 1i0t end 7th to 12th 
,.fb on t~e 1eft 1tde of une..,11'1 
tl'lfckne11; 11t to )rd enc 6th 
to ?th 1terntbr1 not 011ff~ed 
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6. Perinatal and Postnatal Ef fecc Following Oral 
Administration to Rats 

Study No: T1002153 

This report it3 accompanied by a "first amend;nent to report no. 
12801 A", dated 8/14/93. Tables in the oririnal English 
tran.slation ot the report · .. 1ere of very p'.lor quality, not well 
organized, not legible, and contained error3 in trar1slation and 
typing. Some of these faults are listed in the amendment under 
the "rationale for the first amendment". 

Performing Laboratory: r 

Dates Performed: May 1981 to October 1981 

Quality Assurance: No statement on GLP conpliance was found in 
the original n'port. In the amendment, it is claimed, " ... there 
were no legally binding GLP regulations in force" d~ring the 
time that Ll1is study was performed. 

Doses Test<~d: 0, 3. 10 and 30 mg/kg. 

Test Animals: Mura:WIS'l' (SPF 67 Han) female rats, 11-14 weeks of 
age and weighing 177-240 g, were mated with stock males of the 
same strain. 

Procedure: Presumed p;::egnant females were dosed orally by gastric 
intubation from gestation day (GD) 16 to postpartum day (PPD) 21. 
Half the femal,~s in each group were c-sectioned on GD 20, the 
remainder were allowed to litte1 and rear their young to PPD 21. 
Of tl1e C-seclioned animals, approximately 1/3 of all the fetuses 
in each group were' examined for visceral anomalies by the Wilson 
technique, the remainder were evaluated for bone anomalies by 
staining with Alizarin red. 'l'he abdominal and thoraci.c organs of 
animals selected for bone anomaly examination were removed and 

11 evaluated 11
• 

Test Substance: Batch No. 576 923. The vehicle consisted of 
Lutrol 400, anl1ydrous glycerol and demineralized wateL in a ratio 
of 969:60:100. A preparation of G.6% nisoldipine was tested for 
stability and was fouud to be stable atter 7 days. 

Effects on All Pregnant Females: There v1ere two deaths, one at 3 
mg/kg (cause of death not determined), and one at 10 mg/kg (died 
of pneumonia), but no treatment re~ated effects on n.ortality or 
clinical signs were evident. A small but significant decrease in 
body weight gain was found for the dams at JO mg/kg (bolh the C­
sectioned and redring groups) between the first day of 
administration (GD 16) and GD 20 (See tables 011 pages 113 & 
113A) . Body weights of th<o low dose gruup of the C-sectione:l. rats 
were ~ignificantly higher than control throughout gestation, even 
on GD 0, but obviously this was not a compound related effect. 
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There were no compound related effects on reproduction parameters 
(percent inseminated, percent with implantations, etc.; see table 
on a page 114), nor were there any effects on gross pathology. 

Examination of C-Sectioned Females: There were no effects found 
on mean number of implantation sites, live or dead fetuses or 
resorptions per dam. Furthermore, there were no effects of 
treatment on S'~X distribution, mean placental weight, number of 
runts (fetuses <3 g), or frequencies of external, visceral or 
bone deformations. A decrease (P< 0.01) in mean fetal weight at 
the 30 mg/kg dose was evident (See table on page 115). The table 
which follows immediately below is a summary of malfor~ations 
found in all 4 groups, ~opied from the original report. 

6roup 

Control 
3 11g/kg 

io 11;1<11 

30 •glkG 

0111 No. 

2995 
2849 
2852 

299i 

Nu11brr of 
changrd fortusrs 

, , 
z 

, 

no t1i l 
Otocrph1ly 
slight dil1t;on of thr 
l1ttr1l vtntricLr of the 
brain 
Cryptorc!"lism 

Effects on F, Dams AllowPd to Litter: There were no effects on 
duration of pregnancy at :iny dose level. The report indicates a 
significantly higher number of implantations per C:am in che high 
dose group (probably incidental and not treatmer1t related I, and 
no effect on prenatal loss (implantations - surviving and dead 
pups). Complete litter losses were reponc"'d for '2 darns in the 30 
mq/kg group (both dirl not suckle their young), and for 1 in the 
10 mg/kg group (devoured its young during the 3rd week) , but 
normal lactatio!1al behavior was observed in all other dams (not 
shown in tables but indicated narratively in the original 
report) . 

Sf f ects on F 1 Offspring: There was an increase in number of 
stillborn pups, and a dose related increase in mortality o" the 
newborn pups during thP first week postpartum in the 10 ano 30 
mg/kg groups (See table on page 115B; no statistical analysis). 
The birth weight and the weight increase during the 3 weeks 
postpartum were both significantly reduced in the 30 mg/kg group 
vs control (See table on page 115C). The report claims no 
compound related eUects on appearance or clii1ical siqns of the 
F, offspring. In the maturational development tests, there were 
no effects of treatment on time to pinna enfolding, appearance of 
fur or eye opening, but there was a slight delay in time for 
normal walking in the 30 mg/kg group. For the tunctional tests, 
there was no effect on pupillaiy reflex ("following a light in a 
darkened i·oom"; ag•= when given is not stated), anci no effect on 
hearing (stimuli from a Galton whistle "at the end of the 
lactation period"). Running r:'erformance on a running roller 
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(sensomotor behavior er proprioreceptor reflexes) was 
considerably reduced in the 3 mg/kg group, but this was 
considered an incidental finding because there was no effect at 
the 10 and 30 mg/kg dose levels. For the F1 generation fertility 
test, 1 male and 1 female in each litter of the control and high 
dose groups were reared ·co 10 weeks of age, then mated. There 
were 110 differences between the 2 groups in rate of insemination 
or fertilization, duration of pregnancy, total nur1'ber of live 
male or female pups at birth, body weight of pups or pups with 
exterrral deformities. 
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PERI- Al'iO POSTNAT~-STUDY BAY K 5552 Tl002 l 5J 

h'EIGHT DEVELOPKENT (G] OF THE FEKALES UNDERGOING CESAP~M SECTION 
GROUP l'.EM VALUES MD STMDARD DEVIATIONS 

INVESTIGATION U HG/KG 3 HG/KG lD HG/KG 

h'EIGHT GAIN 

DAY 0 - 16 P.C. 59.8 64.4 60.l 

9.6 9.9 11. l 

DAY 16 - 20 P.C. 38.4 40.2 39.2 
lD.2 8.0 6.6 

DAY 0 - 20 P.C. 98.3 104.5 99. 3 . 

16.4 J.6. 3 H.6 

BODYi--'E!GH:'S DUR: 1;G GESTATION 

DAY 0 P.C. 201.0 21J.O• . s 
ll. 8 12.2 J.C.: 

DAY 16 r.c. 260.E 274.4• 261. 9 
12. 9 16 16. 9 

DAY 20 P.C. 299.3 3Cl.~ 

20.8 .c 20.6 

S!G!~IF!CA.NT DIFFER.ENC'" VNTROL, P < 0.025 

... s:c:;:F:CA1\1' DIFFER.ENC CONTRUL, p < O.Cl 

JO HG/KG 

57.8 

10.J 

". 8 
12.5 

203.l 

ll. 3 

260.9 
16.5 

293.9 
16.8 
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PEHi- A!iD POSTNATAL-STUDY 

WEIGHT 
GROUP KEAN 

H;VESTIGAT!ON 

h"E!GHT GAIN 

DhY 0 - 16 P.c. 

DAY 16 - 20 P.c. 

DAY a - 20 P.C. 

DEVELOPKENT 
VALUES A!iD 

0 HG/:KG 

se.4 
11- 6 

39.9 
e.2 

90. 4 
15.2 

BAY K 5552 

{GI OF THE DAMS 
STllND/U\J) DEVIATIONS 

3 HG/KG 10 HG/KG 

60.l 61.2 
7.8 12.8 

37.7 JS.6 
7.6 a.a 

'J7. B 96.8 
12.5 16. 4 . 

---------------------------------------~--------------

BO~Yl<i"E:GH'.!'S OL'RING GES7AT1CN 

D"V K. a P.C. '.204.3 :02 .1. J 

lO.G 10.D i.6 

DAY 16 P.C. :'.62 .6 2E.2.2 20.; .1 
17.6 15. 20.l 

~ .. \' K· :o P.C. 302.8 _; 299.1 
:.:..o Z3. l 

BOJ 1·;..;:;: .!GP.:' S :i::R:~:G :.AC!ATluN 

'l ~ \' 
...,/\ - l p. p. 2JS.8 2~0.0 239.7 

15 11. 7 17. 7 

WE.EK ' P.?. 267.6 2"4.1 . 
.a 16.8 21. J 

WEEK 2 P.P. 270. 3 274. 5 272. 8 
:o.J 13.5 21.2 

\\EEK ' 264.6 262.2 265.l 
15.4 lJ.5 17.5 

Tl002l53 

30 HG/KG 

61. 7 

10.7 

JJ 

205.J 
l l.: 

267.0 
15.6 

JD0.7 
16.B 

236.6 
17.7 

262.6 
18.B 

276.3 
l>. s 

266.0 
14.6 

-----------------------------------------------------------
.rGt~!FICh!~T DlFfEf..E~CE To CONTROL, p .;: o.oos 



PERI- !\NO POS1'Nfl..-·. 

UUHBER 

D!~S 

DOSE 

I MG /f'.G I 

0 
3 

10 
30 

OF 

USED 

25 
25 
25 
25 

ANIMALS 

N 

25 
25 
25 
25 

"UDY 

~$ULTS 

I!~SEHINl\TED 

\ Of THOSE 
USED 

JOO.O 
100.0 
100.0 
100.0 

/\NIH./\LS UNDERGOING CESJ\REl\N SECTIO?i 

OF 

I• 

21 
20 
23 
20 

Bl\Y K 5552 

TIU·: STUDY 

1l E R 0 F 
J-1 PL/\fJT t1.T rous 

'F' THOSE 

'IN/\ TEO 

n. 
92 .• 
llO.O 

N 

20 
20 
23 
~o 

F E 11 II L F. S 
Tlll\T LITTERED 

\ OF THOSE WlTll 
IHPLl\NTl\TIONS 

95.2 
100.0 
100.0 
100.0 

NUMBER 0 F F E H , 

WITH FO ... 

< 
DOS£ 

(MG/KGJ 

0 

3 
10 
30 

USED 

25 
25 

25 
25 

IUSEMINJ\TED 

N '\ OF THOSE 
usr.D 

25 
25 
25 
25 

100.0 
100.0 
JOO.O 
100.0 

WJTll IMPLl\flTllT!OflS 
N \ OF TUOSE 

INSF:HINl".Tt;D 

20 
20 
21 
23 

80.0 
no.a 
fi4.0 
92.0 

N \ OF TH1.... 

20 
19• 
19• 
22 

IH.PLl\NTI\£ 

100.0 
95.0 
90.5 
95.7 

• ONE FEKALE DIED BEFORE CESl\REl\N SECTION 

~11 

Tl002153 

TIHIT REl\RED THEIR PIJPS 

N 

20 
19 
22 
17 

' OF THOSE THAT 
LITTERED 

100.0 
95.0 
95.7 
as.a 

"" \I> 
\Q 
(j) 

I-' 
I-' 

"" 
§ 
:<> 
tv 
0 

' VJ 
Vl 

°' 



rER !- J\t/D F'OSTtl!i·. - '!DY 

R£SUL IS 

DOSE 
(~G(KG( 

G 

3 

JO 

30 

OF THE CE.Sl\h 

WEIGHT GAIN (G( 
0-20 16-20 
P.C. P.C. 

9 ;~. 2 38.5 

104. s 40.2 

99.J 39.2 

90.8• JJ.O• 

S !Gtl I FI CANT 

•• SJGNIFICA?>IT 
••• SIGNIFICANT 

SECTION 

NL 

IMPL. 

11. 0 ~-1 

11. 4 s. l 

10.2 4.5 

10.7 5 . .) 

DIFFERENCE 

DIFFERENCE 
(..T_FFEnENCE 

DJ\Y K 5:052 Tl002153 

( HF.1\11 VALUES) 

(PER 01\H( 0 F HEAN-WEIGllT 110. OF FOETUSES FOETUSES WITH NO. CF 

FEM. SUH LOSS IN GRNil1S EXJ\.HINED BY MINOR SKELE- HALFOR- RUNTS 

s. 

4.9 

4.6 

TO 

TO 
TO 

FETUSES PLl\CEtlT. WI I.SOU D1\W$0H Tl\L DEVIl\T HA.TlONS i < 3G l 

)0.3 0.7 3.SO 0.50 

-.. 6 o. e J.52 0.52 

0.8 J.54 0.53 

9.'... J.Jo•• o.49 

CONTROL, P < L. 

CONTROL, P < 0.~ 
CONTROL, P < 0. £. •L 

3. l 

3.3 

2.8 

3.1 

7. 1 4.80 0.00 0.(0 

7.2 6.11··· o.os o. :e 

6.9 4.68 0.05 0 . .:.2 

7.2 4.73 o.os 0.91 

':J 

°' lQ 
it 

f-' 
f-' 
lJl 

z 
0 
;po 

[.) 

0 
I 

w 
LJl 
CJ' 
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FERI- AND POSTNATAL-STUDY UAY K 5552 Tl002l5J 

PRrNATAL LOSS OF THE REARING ANIKALS 

VALUES STANDARD DEVIATIONS 

DOSE 0 HG/KG DOSE 3 HG/KG DOSE 10 HG/KG DOSE 30 HG/KG 

--------------------------------------------------------------
0. 7 
l. ~ 

0.6 
0.9 

0.7 . 
o.a 

l. 2 
l. 2 

--------------------------------------------------------------

l>C.U.:3ER 

DOSE C HG/KG 

!0.3 
~-E 

OF H<PLA.~Th!IONS OF 

\'hLUES A.NO 

DOSE J HG/Y,G 

9.9 
C.9 

THf 

.0 HG/KG 

!0.5 
c.a 

src1::F!Ch.:';: ~!FFERZ?;' .,;o:i'TRO:.., P<0.005 

Dt .'ITlON ot· PR1:GNANCY IN CAYS 

VALUES AND STANDARD DEVIATIONS 

DOSE 0 HG/KG DOSE 3 HG/KG DOSE 10 HG/KG 

-----------------------------------
2i. a 

0. 7 
21. 9 

0.7 
22. 0' 
0.6 

.s 

DCSE 30 HG/KG 

:. : . c. 
l. 2 

COSE 30 HG/KG 

22.0 
0.8 

--------------------------------------------------------------
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rtRl- l'J'D roSTNATAL-STUDY 

Dose loul numb tr Ct~ dud your1g 1fter lot1l number ~Number of 

ll".~/KCl 
of young tsur still-bcrn 

1 wtrk 2 WfrkS 3 wrek s 
~itin~:-~!JE~tP~~S---------·----- ------------ ·----------- -----------1 

Col'ltrol 203 3 ~ 5 5 

l !46 .. ' ' ' 
10 22' ~ 11 ll 2l 

3c lU u 34 

-~--==-~-1--~-::~------- ----------- ------ ------
NUMBER AND ~'EIGHT PEVI:LOP~J:NT OF THE V!AB~E PUPS 

GROUF HE/\N VALUES PER LITTER AND STANDARD DEVIATJONS 

I NVE S TI G.~ Tl ON 0 MG/KG 

NUMBER OF PUPS 

AT BIRTH TOTA.L 10.0•• 
10.0 

2.5 

AFTER l l<tEK TOTAL 9.9•• 
9.9 
2.5 

9.9•* 
9.9 
2.5 

9.9·· 
9.9 
2.5 

\.\E:IGHT { G J Of ':HE \'IAEL!: PUPS 

A: BIRTH 5. 9 
0 

AF:"ER l '-'EEK 

.2 

hFTER 2 h"LEKS 24.2 
3.6 

37.5 
6.1 

3 MG/KG 

9. 6• .. 
9.6 
2.2 

9.s•• 
9. 5 
2.1 

9. 5 •• 

s. 5 
~. l 

s.: •• 
s.~ 

' ' 

6. l 
0.5 

J'.2 
l. l 

•c ' ·-·-
2.J 

39.8 
3.8 

10 MG/KG 

9. 6•. 
9.7 
l. 9 

9.J•• 
9.3 
2.0 

9. i 
9 

9.2•• 
9.2 
:.o 

6.C 
0.6 

!4.C 
l. 1 

25.0 
3. 3 

,o.o 
5 .1 

30 l<G/l:G 

9.6•• 
e.e 
3 .1 

c 

9 c. •• 

9.5 
... 

:; . : 

~.: 

C.6 

~ ~. ":' 

l. 6 

20.6 
2.6 

32.6 
4.4 

·----------------------------------------------------
. ..:>M OMS '"HICH SURVIVED UN!lt. THE EllD or '!Ht lXPEl<IME'T 

"GE VALUE) 
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PERI- AND POSTNATAL-STUDY 

NUHBER A.NO h"EIGHT OE\lELOPH.ENT or THE VIABLE PUPS 
GROUP KEAN VALUES PER LIT!ER AND STANDARD DEVIATIONS 

INVESTIGATION 0 HG/KG ) HG/KG 10 HG/KG 30 HG/KG 
------------------------------------------------------------------
NUMBER Of PUPS 

AT BIRTH TOTAL 10.0 
2.5 

HALES s.8 
2.1 

FEl'.ALES 4. 2 
l. 6 

hFTER l WEEK TOTAL 9.9 
2.5 

!'.ALES s.s 
2.1 

FEMhl.ES 4.1 
.l.t 

AF':ER 2 \;EEKS TOTA!... 9.9 
: . 5 

P.A!..ES 5.8 
:; . ! 
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7. ~)11ppl£~menta 1 Pr"'r·i.naldl ar1d Postnatal Stt:dv in Rats 

Study .Jo: T3008898 

Daten PeilotmHd: ~ebruary 1984 to March 1984 

Q1L1lit·y Ac:c,111,irv": A signed statement of GLP compliance~ 
included. 

!Jr",c;e:; TP:1ted: 0 and 30 mg nisoldipine/kg/day. On the last 2 days 
ot t1eatment, "seve1al animals" received only :;,) mg/kg due to an 
error, but the study results were not considered to have been 
artected by this error. 

PlC>CP·i111e: Bor:\'JIS\·; (SPF Cpb) ,1aLura11,, insemina.ted female rats 
1:s per qroup) wer~ l~-14 weeKs ot age and weig,ed 178-216 g at 
the ,;tart ol ti <•atmer:t. They were do'.;ed orally Ly gastric 
int.ubat ion Llum ge:;ratiun day (GD) lb to postpanun day (PPD) 14. 
:\ll tl10 [Jtegnant darn:; \\·~rt:: nllo\\1ed to litter an,j rear t:1eir young 
r-c1 PPIJ ] 4. 1:1e dan1;, arHi or_ f:sr)rin.y were evaluu.l •?d tor Lolerance 
oi the compound, ettects ot nisoldipine on bi1·t:1 and lactation 
and intluence on post-natal development (similar to the 
observat.ions in the main study). However, this study (iitfered 
from the main c>tudy because the treatment and o<)se; :ation period 
e:<tendea to PPD 21 in the main study and only to P''D 14 in the 
present :.;tudy. 

'1'1':>t ~~id .;-;t dllC't': BaLc!1 t~u. lJ07437. 1'l1e \rel1icle ccri:..>isted ot 
I,urrcil, gl~·ce1ol and \\'ater·. 

Lll_..:i~_r_.·_~·1 :1 t ht· r:.u:: .\l JU Hty/k0, 1 dit_;(j Uurin(j i:.-artu1iti()!l (\Vitll 
b deaJ teLuses). '1'reatllli:'!rlt rt.=:lated c~tiecL!":> n'Jt1=d v1ere a l1igl1ly 
si.qlliticant dectedc;." in w<=iqht gau1 lwtween GD lb and GD 20 
( ini t icil part ot t !J,, lt•=aLmL'llL P•?tiod), wl1ich t•"c:;ulted in a 

t edu~·ed mean body 1·1eight up to PF day 7, no lon·Jter evident by PPD 
l.J, 1ig!1L11· cc)lore<i teci~s, no longer evident a! ·_-.er littering, 
and ptoloIHJed o»slat·ion (trom :'.l.b day;, in conrrcl Lo 22.1 days 
in the t1•e>ated group; p, 0.001). 
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This review deals entirely with safety aspects of the above submission; not efficacy. The primary 
approach is via examination of individual pools of data based on similar studies and provided by 
the Sponsor in this submission. 

I. Hypertension 
A. Exposure 

Although the number of cases treated world-wide with nisoldipine exceeds 6000, according to the 
Sponsor, relatively few of these, N= 1292, were given nisoldipine core- coat (NIS cc) as shown 
below in completed studies: 
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The following table provides the total duration of treatment by total daily dose of longest duration 
for the US NIS CC (total controlled and uncontrolled) cases. The second table provides duration of 

treatment in the non· US studies. 
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In the non- US studies N= 326 received NIS CC tor more than 6 months; N= 1 i;4 for more than 1 
year. In the US studies the figure for greater than 6 months was N= 131 but. apparently, none were 

treated longer than 1 year_ 

Demographic characteristics in this safety evaluation will be related primarily to adverse effects and 

other safety- relateo features. 

B.Safety 

1. Deaths 

No deaths occurred in the US NIS CC hypertension studies other than for a ~ingle subject receiving 
placebo. He was aged 68 years, collapsed, and failed to respond to resuscitation efforts. In the non­
US NlS CC hypertension studies a placebo ca;e died of cerebral hemorrhage; N= 2 NIS CC cases 
died, one due to an accident, another due to cerebral metastases from prostalic cancer. 
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2. Serious ADE 

The next table shows the number and percent<oge of subj~! in the US NIS CC studies by dose for 
both cases with serious ADE. which display dose response, and for those withdrawing due to 
serious ADE, in whom dose response is probably present. The dose response tor% of patients with 
ADE versus dose varys from 0.7% (1 Omg) to 9.1 %(80mg). 

Numoer ('%) of Pat1enu wllh Sencus Ad'Wers• Everr., and Withdrawals trcm Srucy 
Pa111c:pat1on beeau.se of Those E"ents by Cose of NIS c:: 

CCSF. CF NIS CC I 'Cmg I ~mg I JOm~ I <amg I 60mg I 60mg I To~ ~ 
(nJ (151) (:J9Sl (~44) (2921 (199) {11) (1'92l ! 

NO. OF PAllE."fi~ ~·,1rH SEA1cus .A.Es I 1 e 
i 

2 

I 
5 9 

I 
1 

I 
26 

('° OF FTS O~ OCSEi IC 71 (0.2) (0 81 ,,_n ("' 5) (9 1) (2.Cl 
I 

NO. OF PATIE.~S WHO 'MTHCAE'N 

I I i BECAUSE OF SE,.uOUS Af c 3 0 • 5 1 13 

('\ OF FTS wm; SAEi (38) (80) (~5) (HXll (501 
I 

3. Discontinuations due le ADE 

Of the N= 1292 patients (combined US+ non· US NIS CC). N= 25 (2.0%) ADE report_ were received. 
Of these cases N= 13 were withdrawn because of these events. N= 17 of the 25 reports occurred 
during the double- blind phase of trials. 

These N= 13 cases, among others, have narrative comments in Table 15a Pool 6 Vol 521. Each of 
the narratives on these cases was examined by the Reviewer. The final diagnoses were angina, Ml, 
cellulitis of legs, possible Ml, CVA, possible Ml, infection, flu, pleural effusion, cholelithiasis, CVA, 
chest pain, pituitary tumor and berry aneurysm, elevated liver enzymes, edema and ery1hema plus 
petechiae, pain in legs with elevated CPK, chest pain. 

Of the non· US NIS CC completed studies N= 35 cases on NIS withdrew due to ADEs. A listing, Vol 
523 Table 15, provides reasons for discontinuation in N= 11 cases: These include tinnitus, non· 
response, pheochromocy1om.i, headache plus edema, atrial fibrillation, impotence, edema(2), 
vertigo, lack of efficacy, non- compliance. In the remaining cases a cause for discontinuation was 
not given although co-start terms for side effects were. There were a variable number of such terms 
for different patients. Most were manifestations of vasodilatation. tlo withdrawals for laboratory 
abnormalities were listed. 

In the N= 6 placebo- controlled trials (US and non· US) with NIS CC 55/328 (6.6%) discontinued. 
Another N= 68 cases (11.5%) discontinued from amon'1 N= 590 patients on long- term uncontrolled 
studies. Since all but one of the 6 trial wa5 a US study, the Sponsor focused on them. The following 
table shows that a dose response exists, except at 30 mg, for withdrawal due to ADE in the US 
placebo- controlled trials. The Sponsor does not believe dose response is evident, but this 
reviewer's logistic regression (below) shows a slope coeff t ol 3.5 std errors. 
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Numoet and Petetm ol Patll'ntS 1n US Pta~lld Studies 
Wldielf3WV'l9 Cue to AdvetV &titnence:s. by Cose ct NIS CC 

I '"~~'°1 I 1Qmg I 20'"!1 I :iomo I "°"'O I eomo I eomo . 
(n•371 (n• 180) (n• 12!) (n• 16') (n• 13n (n• 1!) , 

.. I 9 I 0 I 13 I 5 I " I 15 I 3 "" f,l.211 (5 •J (7.2) (4.01 (!.21 (10.91 (20.Ci 

Table 15a Vol 521, not attached, provides a complete listing of reasons for withdrawal in this group. 
What is striking is that many subjects have multiple reasons for withdrawal. When more than one 
reason is listed, no single one is given most weight in this table. There was a suggestion, based 
on inspection of the table, that peripheral edema and rash might be associated but the number of 
cases is not more than a few. 

The following table shows the most frequently reported ADE in subiects withdrawinq due to ADE 
in the controlled US studies. 

lnctlence l-.. 1 .. "4 ~vSt Frequently RflPOl'Ud MvetM Events n P1lMlnu 
W!h:lravwn 01Je to MvetW Evwncs ri U.S. P\llc.ebo-Contr'alld Sit.Dies 

AU 
PL.A NIS CC 

ADVERSE EVENTS (n • 2l!OJ (n•e7SJ 

Any Booy S'¢em 3.2 7.8 

HNda:c..._., 0.4 3.8 

Penpheral Edema 04 2.9 

Vasodlitaclon 0 15 ,.. ..... 0 0.9 

P alprt.ltlon 0 09 

Ctz:z1t'lf'S3 0.4 0.7 

The Sponsor reports th3t the ratio cf the number cf ADE to the number of patients discontinuing 
was greater at lower doses than at higher ones. · 
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The Sponsor suggests that multiple, but mild, events could be occurring at low doses with more 
severe ones, though tewer, at hlgh doses. No analysis ot this hypothesis is provided. 

The fol:owing table shows cases withdrawing due to ADE from US uncontrolled studies. Patients 
are assigned the dose they were on for the longest time. rnera is a counterintuitive Inverse 
association of witt1drawal and dose. One possibility is that subjects on higher doses had the 
opportunity to have withdrawn on lower ones during the process of upward dose adjustment In 
these long- term studies. 

NumQet and P~ ct Paoonu In U.S. Unc:orrualea Stl...13• 

--Cc. U> - E-. 0,. 0oM ct NIS CG 

I 20mg 30mg I '°""' ~~ 
(n•551 (n•'61 (n•J.cl (n•891 

.!!. I 12 i I ~ 8 
~ (2: !l (lUJ (17 !J (9.0I 

The most frequent ADE in patients withdrawn during the US uncontrolled studies, shown below, 
are ordered somewhat differently than in the short- term studies. In particular, peripheral edema is 
more frequent in the long- term trials probably because of a time-dependence for withdrawal such 
that headache occurs earlier than edema. This is shown in the following table and in a Kaplan­
Meier plot 
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The Sponsor states events causing discontinuation are more severe or higher doses, say 60 mg, 
than on lower ones. In the absence of a specific analysis taking account of the correct 
denominators, this may be questioned. 

4. Most frequent ACE 

The following table lists the most frequent ADE regardless of whether they were associated with 
withdrawal. Data !rem US and non- US NIS CC cases are qiven. The prominance of symptoms 
related to vasodilation is again seen. The relatively yreater incidence of edema in the pooled 
controlled +uncontrolled studies is also shown for both US and non- US data. In addition, the rates 
in the non· US studies are overall Jess than in the US ones. 

tnddwa R.n• {"llil) a At::Nerse E :; IOIQO (~l'l'i in P_... T- in US. and N~.S. Sludia 

Study \.OclI)On I Studios condUClld ..... u .s. SllJdioo condUClod outsldt 1"' U.S. 

I Placeoo-Oin!rol•ld 
Comra/td • Contrciled • 

Type al Sr.u::ies U""""'10lod f'\actl>o.C<lnlellld Uncon!rellod 

I Pl.A NIS CC NISCC Pl.A NIS CC NIS CC 
Adv«M E"ll"«J (n•28C) (n•671) (n•l7G) (n•s.!) (n• 150) (n•51G) 

H-.cllt 15 22 23 21 23 11 

P~Ecetr\I 10 22 29 7 12 15 

oa:zi...·, ' 5 7 g ' 5 -....,_., I ' • s 0 1 3 

Vuodl&Qllon I 2 • 5 0 3 5 

Pllpltation I 1 3 3 3 • 3 

5. ADE by Demographic features 

ADE by demographic sub- groups is examined in the US placebo- controlled trials. The incidence 
Is given below of ADE selected by the Sponsor for "common observance" wiih the type of 
compound used. These are mostly those with higher incidence. There is no aggregation by sex 
though one might have expected this, say, for edema in females 
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In the non- US placebo- controlled trials there was an increase in edema in females treated with NIS 
CC but data for the placebo group is not provided. The incidence of edema in treated females Is 
about the same as in the US placebo group, above. The more frequent ADEs are shown below by 
race in all placebo- controlled studies. Rates tend to be higher for headache and edema in 
Caucasians. 
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ADE by age are shown below for placebo- controlled studies. Headache is more frequent In 
younger subjects, interestingly, though edema may be less frequent than in older cases. These 
trends are present in both US and non- US studies. 
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Peripheral edema was more frequent in heavier subjects than in the lighter one:o shown below both 
in US and non- US studies. 
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A table, not attached, shows that when ADE are stratified by baseline BP below and above 101! 
mmHg diastolic, that cases with lower BP tended to have more vasodilatation. The respective rates, 
5/537 and 1/141. These are not very impressive. 

6. Hemodynamic safety 

A. Hypotension 

ADE suggestive of hypotension, syncope and "hypoten.;i...n' W£re sought. Asymptomatic 
hypo tension was det&rmined by "1irst dose ettect", by trough/peak ratios from in· clinic and 24hr 
ambulatory BP readings, and by examining supine and standing BP plots. No cases (Spenser) of 
syncope in the US NIS CC trials on NIS. N:: 6 patients in the US placebo- controlled studies h;:d 
either. "hypotension" or "postural hypotension" on NIS CC. The next table shows data trom US 
placebo- controlled trials.(INSERT tp15 v309) 
Note that only a few of the cases show orthostatic hypotension in casual blood pressures. It seams 
worth while to point out that "dizziness" occurred in about 7% ol all the US NIS CC studies and that 
it is possible that a number of cases had this symptom due to hypotensior1. Clinical experience 
shows that "dizziness" ls not otten distinguished from light- headedness without vertigo due to 
inadequate questioning of patients. 

A first· dose effect was examined in two studies without showing adverse symptomatology but with 
BP reductions. The lollowing tabla shows the results cl in· clinic BP monitoring. Dose related peak 
-affects are seen. 
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N: 5 ambulatory monitoring studies were dona. The distributi<.:!n of doses by study la provided. The 
second table shows the trough/peak ratios from these studies. 
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Trough/peak ratios from the 24-hr ambulatory data are provided below. Note that for systolic BP 
two methods arEi used depending on whether peak systolic is a) determined at the lime of peak 
diastolic SP or, bj whether the true peak is used, These ratios are consistant With peaks that are 
not substantially below the trough values. Note, however, that it In a given subject Iha trough 
readings are quite low that a small, further drop at peak might be hypotensive. For that reason 
trCJugh/peak ratios ma~ not be vary good me3ns cf exploring for BP reductions for safety purposes. 
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The table below shows the percentage cf patients having either a change cf 20 mm from baseline 
or a BP below 100mm Hg. There appears to be a fairly consistant percentage cl cases with a tall 

")] 
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in systolic BP regardless of dose except for low numbers in the small sample on 40 mgm NIS. Note 
that a substantial number of clacebo cases also show this degree of fall. Subtraction of the placebo 
values gives about 4- 8% of cases with reduction below 100 mm systolic. Thus supine reductions 
of note occurred in some subjects. 
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The last method of assessing hypotension was to compar~ supine and standing blood pressures 
at trough. The correlation was near 1.0 and consistant with little arthostatic hypotensian. 

B. Retlex tachycardia 

One of the effects of a vasodilator is r<?flex tachycardia. The Sponsor examined this by dose 
response of pulse rate; by frequency of tachycardia as an ADE; and by ECG HR. 

In the US monotherapy studies the mean placebo- subtracted ch.3nge in HR varied from -1.53/min 
to +0.48 over the dose range of 10 to 60mgm NIS CC. The change in HR far the combined doses 
was 0.52. Note that these are not specified as standing readings. 

In the US placebo- controlled studies, tachycardia was an ADE in 1% of NIS CC patients. One 
patient in these studies withdrew for supraventricular tachycardia.Three patients in the US 
uncontrolled studies had tachycardia contributing to withdrawal. The Sponsor analyzed the 
transition from normal or low heart rate to high values in the US co:itrolled trials and found this to 
have occurred in 1.4% of NIS CC patients and in 0.9'0 of placebo cases. Again, none of these 
readings are specified as taken ~.anding, a position that might have exaggerated pulse change. 

C. Rebound hypertensior. 

A placebo- controlled study D90-tl22 in hypertensi •e patients treatt•d for as long as 21 days sought 
evidence for rebound blood pre:;sure elevations oy a 72· hr follow-up after discontinuation of NIS 
CC. Examination of the Sponsor's table shnwed that the group means for diastolic BP show no 
evidence of rebound. However, the systolic BP values are higher at 72 hrs than at baseline C)(cept 
tor the highest dose level, 12Dmg NJS. The systolic BP mean tor the placebo group is aiso elev,,ted 
at 72 hrs so that it is difficult to ascribe the increase in systolic BP to "rebound". It is more likely 
that loss ol both the placebo and therapeutic effects are involved. 

7. Clinical Laboratory Tests 

A. US NIS CC placebo- controlled studies 

1. Incidence rates of "high" lab abnormalities 
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The Sponsor provides Table 17a {not attached), in which the rates tor "high" abnonnalitles are 
given by dose levP.I from O mgm {PLAC) to BOmg. Sample sizes are very small tor the lowest active 
doso, 10mgm and the highest, SOmgm. Examination of ttlese rates show no evidence tor dosa 
response nor is it likely they would given the exceedingly small rates for the data pooled over 
doses. In particular, tor items with overall higher rate~ including blood glucose, no dose response 
trend is seen. BUN has a 3% rate at 40mg NIS, 2% at 60mg, and 0% !or placebo. No such trend is 
seen tor creatinine. rfo trend is seen tor increase with dose of serum calcium, alkaline phosphatase, 
or SGPT is seen. 

Rates by doseibc.dy weight are also provided bu1 do not show trends of interest except, possibly, 
tor alkaline phc.sphatase, which has a rate ot 5% at the highest dose/Weight !evel, >.SS. <1.2 
mgrr."kg, versus a placebo rate of 2% and rates in lower active dose/weight levels of 1%. 

For "low" values the hematologic values for all US NIS CC studies showed 2% of NIS patients with 
neutrophils bel2w 1700/microl and 1% in the placebo group. The rate was also 2% in the pooled 
controlle<i and uncontrolled st11dies. No patients with platelets below 100,000/microl are shown. 
Thus al'd:tio:i of cases with long- term followup did not increase the rate of low values !or these 
tw(' tes ... s~ 
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This submission contains a tabulation of mean ditterence from baseline for both NIS CC (N= 650) 
and placebo (N= 280) for US placebo- controlled subjects. A tabulation on the following page 
contains selected laboratory tests from the larger tables. The larger table, Table 21 Vol 522, also 
has standard deviations. The Reviewer calculated the mean ditterence +!· 2 SE iimits tor NIS cc ar.::I 
tor placebo for hematocrit, platelets, %neutrophils, glucose, BUN, alkaline phosphatase, and SGPT. 
All of the 2SE limits for the NIS group overlapped those for the PLAC group for these particular 
tests so that the treatment groups are not likely to d1Her by this method. 

Examination of 1 O lowest or highest values of selected laboratory tests in all US studies( controlled 
and uncontrolled for individual subiects showed, among the lowest 10, N= 3 instances in which falls 
in hematocit occurred. None were associated with the lowest 10 values for total wbc or 
%neutrophils. Respective baseline and lowest values were 34,29; 36,30; and 36,33. The baseline 
values tended towards being low. The sub1ect with the lowest hem:itocrit,29, was on many 
medicines at baseline inclu:Jing Naproxin, insuOin, enalapril,labetalol, and glyburide. During the 
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All cases of high blood glucose on treatment were high at baseline, usually above 2oomg%. 

N=7 instances of mildly elevated BUN on treatment were found. Only one of these (value ::27) was 
associated with an increased serum creatinine(1.4,2.0). 
Serum calcium increased in association with treatment in N::3 cases baseline, on treatment:9.8,10.5; 
10.0,10.5;9.1,10.4) but alkaline phosphatase was not in the highest N=10 for any of these. The last 
of the above N::3 cases had a low phosphate (2.3, 1.9). 

Although a number of cases had elevation of alkaline phosphatase during treatment, all were high 
at baseline. One instance of notable change (112.248), but with a subsequent fall !o 150, despite 
some increase at baseline was more closely examined. The patient was a 64- year--0Id female with 
diabetes mellitus, hyperlipidemia, and edema. During a long-term eX1ension trial she was on 
concomittant medications including atenelol, niacin, and glyburide. A slow rise m alkaline 
phosphatase over 1 and 112 years occurred with 3 high readings. 

N=3 instances of elevation of SGPT with concomittant elevation of SGOT were noted (baseline, on 
treatment: 25,384; 39,209;35,88). T!ie first of these also had elevated total bilirubin (0.6,3.3). This 
patient was a 63-yr--0Id male with a history of elevated transaminases on ACE inhibitors.During 
treatment he received Lovastatin. Despite continued treatment with NIS the final day SGPT and 
SGOT were well within normal limits though the previous two values, both obtained within a one­
"~eK period, were elevated. An additional N=2 instances of elevation of SGOT occurred in the 
absence ot enough rises in the other enzymes to reach the level of the highest 1 O values. 

increases in serum bilirubin occurred in N=4 cases. One of these had enzyme elevations described 
just above. Total CPK was elevated during treatment in N=2 patients. Jn one the MM and BB 
fractions were normal. 

Jn the N=516 (deoending on test) non- US controlled plus uncontrolled studies hematocrits were 
low in N= 3 cases but in N=2 they tended to increase subsequently. Total leucocytes were low in 
N=4 cases. Jn two of these the baseline value was also low. None of these cases were among t'1e 
10 lowest %granulocyte values. N=B low platelet counts occurred in N= 8 cases. Jn N= 2 of these 
the baseline values were normal. Except for N=2 cases the on- Rx values were not very low, and 
though below the assigned normal range, were all above 100,000. In the one of N=2 cases with 
platelets below 100,000 total wbc was low both at baseline and on treatment. fn the other the wbc 
count was not among the N:10 lowest. 

In N= 1 o cases elevation of SGOT occurred but baseline values were elevated in these. In two cases 
use of c.ountry- specific normal values might have reduced baseline values to normal. N=7 cases 
with elevated alkaline phosphatase values occurred. In N= 5 of these the baseline values were also 
elevated. These elevations ere not associated with values for SGOT in the highest 10. N=6 cases 
of elevated serum bilirubin were found; in N=4 baselines were high. None were associated with 
SGOT values in the highest 10. 

Serum creatinine was not elevated above normal in any ot the values in the highest 10. 
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8.ECG 
A. Background 

Because of the finding oft-wave changes in study 090--022 (hypertension), the SP"Jnsor examined 
that study and thrElfl ;-hase Ill NIS CC trials for such alterations. The Sponsor has provided 
background intern ··n from the medical literature. T wave inversion or flattening occur during 
rapid reduction of B.- with vasodlators. These reductions in BP do not appear to be associated with 
wall motion abnonnallties on 20 echocardiography. Long- tenn treatment with minoxidil has been 
carried out with improvement in the initial t-wave changes. 

B. The phase II trial 090--022 

This was a trial in N= 26 patients with mild to moderate hypertension, mean age about 60 years. 
This was a forced titration trial 30- 120mg NIS CC with the first two doses given for 4 days each; 
the next two for 7days each. N=8 subjects were randomized to NIS CC and N=S developed t- wave 
flattening on the ECG. The N:120mg dose level was discontinued due to poor tolerance (severe 
peripheral edema, ECG changes).A second group, N= 10. was randomized to NIS. N=6 of these 
cases developed t wave flattening and/orinversion with occurrence equal, N:2 cases, at eiu:h eir the 
doses, 30,60, and 90 mg. No angina occurred. Thallium ~cari~ were reported ~s negative in N:S of 
the first cohort. 

The percent with T-wave changes and dose were, respectively, ()~:(P'..AC~; 22%(30mg); 39%(6ilmg); 
64%(90mg); 80%(120mg). The respective sample sizes were 5,18, 18, 11,5. ti.b. The excess over the 
N:23 that were randomized must represent titration steps. 

Stratifying results into cases with normal and abnormal ECG and into 6 and 24 hrs att .. r dosing, 
showed significant differences between BP falls at 6hrs between the two ECG groups. Differences 
at 24 hrs (trough) were not significant. 

Stratifying normal and abnormal ECGs by ALIC and Cmax showed that the abnomal ECG group had 
larger pharmacokinetic parameters. 

The Sponsor relates the ECG changes to the forced- titr.:iiion design and, by analogy, to the 
literature reports of T- alterations in rapidly- induced hypotensio11. 
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C. Other Phase Ill trials 

ECGs from trials 089--029,039;,and 090--01'l coded blindly and read by a cardiologist. These ECGs 
were usually taken at trough. Peak ECGs were obtained in one study. Dosage was up to 80mg NIS 
CC (N=494 in the pooled studies) or placebo. Mean age was about 55. One study rad background 
.:aL.;:~olol. 

In these titration studies the dose assigned to an ECG was, for one analysis, that to which a patient 
was randomized, not to. say, a lower dose they might hav~ :.ansited from. Another analysis 
assigned th1~ dose as that on which the event occurred. Two analyses were done; one ignoring 
baseline ECG events and another eliminating cases with these. It seems likely that more than one 
event per person could occur since rates were calculated from the "total number of events" divided 
by the number of cases at risk for the first type of analysis. In the second analysis all subjects were 
at risk. One analysis was done for peak ECG responses. 

The table below shows some evidence of dose response except for the small sample at 80mg. 

STUDY C89--039 
Err 
-~ PL.A AL:. NIS C:: NIS c:: I NIS CC NIS C:: VER S~ 

eo no rrnaiL ty :c mg I 4.:l mo so"'" 
T flatter.no 5170 Ci%l 1Ci155 16%1 Jn1 14%1 7/69 110%1 C/1 5 !C'i 4,71 (6%) 

T invel"l.lon 3,73 14%1 11/15717%1 •n: 1e%1 en1 1s""1 l/14 (7,l J,7z 14"i.1 

ettt11r sn• 111""1 :c11ee 11:%1 7:7S \S'l 1 :.76 116%1 1/15 li"."bl 7.76 (9%) 

Similar results were obtained when 'all patients' (regardless of baseline findings) were studied and 
when the number of ECG tracings was used as the denominator. n.~. there tends to be a dose 
response in each of the above results except at 80mg. 

Results for ECGs taken at peak were unreveaii~g. The sample sizes were far tee small, about N:S 
per active dose group. 

Study 05029. This is the study with background atenelol in addition to NIS CC.The doses of NIS 
were 0,20,40, and 60mg. 

The respective rates of T flattening or inversion at these doses were 18%,7%,20%13% so there was 
not much evidence of dose response. 

For all cases, regardless of baseline status, there was a significant difference among doses for T­
flattening (PLAC 21%; 20 21%; 40mg 41%; 60mg 27%). 

For events per number of ECGs results were weaker. 

Study 090--019. The rates for T-wave flattening or inversion by dose were PLAC 13%; 30mg 9%; 
60mg 5%. Therefore no dose response is seen. 

Rates usin~ 3JI patients or number of ECGs in the denominator w"re not more useful. 

ST- segment elevation or depression: Rates for these were very low in each of the three studies (1-
2%). Comparing the ircidence in the PLAC and pooled NIS CC groups by ST depression and by 
elevation showed that placebo and active dose rates were each no more than 2%. 
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There is little evidence from these three studies, l<lken together, of a dose response for the r-nmary 
ECG T-wave changes ot interest. However, the findings in the Phase II trial with forced titration do 
show a trend for dose response as well as effects of BP reduction and plasma NIS concentrations 
on T abnormalities. Thus the findings in the Phase Ill trials may just be at the opposite end of a 
spectrum of effects. 

Conclusions for Hypertension Salety (NIS CC): 

In placebo- contrc.,lled trials there is a dose- related incidence of ADE over the range O to 80 mgm 
of NIS CC. The most !requent ADE are those related to the vasodilatory action of the drug -
headache and ~dema. The occurrence of these two ADE is time- dependent with headache 
occurring relatively early versus edema. 

Marked symptomatic hypotension was not prominant with NIS CC although "dizziness" occurred 
and may have been a manifestation of hypotension. Asymptomatic hypotension in trough readings 
was not frequent though supine systolic BP values in the region of 100mm Hg were not infrequent 
in 24- hr ambulatory BP readings. Rebound hyper'.e11sion "'as not present overall during monitorl!d 
withdrawal. ECG T- wave abnormalities, inversiol' and flattening, occurred during forced titration 
in a phase II study but in studies 'n which dosage was increased slowly was not prominant. There 
was an association of these ECG changes to the degr~e of BP reduction and to drug blood levels 
in the forced titration study ECG S-T alteration was infrequent. 

Clinical laboratory abnormalities: In the US, placebo- controlled (shorter- term) studies, evaluations 
by overall rates of abnormality, transition from normal, and overall rates by dose were not very 
revealing. present. Examination of the N= 10 highest or lowest values, as appropriate, in all US 
studies, controlled 01 uncontrolled (long-term). showed a few instances of falls in hematocrit, total 
wbc count, and %neutrophils. Several instances of increased transaminases, one with increased 
bilirubin were found. An instance of substantial elevation of alkaline phosphatase occurred. Serum 
calcium increased in three cases without increases in alkaline phosphatase. 

In the non- US controlled and uncontrolled triais (approximately N= 516 NIS cases) several 
insta:1ces of decreases in hematocrit or wbc occurred. Pl~telet CCJunts fell in some cases but not 
bei.)W I 00,000. A number of cases rad increases in SGOT but from elevated baseline levels. Serum 
cfeatinine was not elevated in the highest ten v.1lues. 
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Ill. Congestive heart failure (NIS CC) 

Safety information for this indication is based on two, non- US, placebo- controlled trials. Approval 
is not being sought for this indication though the safety information is useful since patients with 
hypertension .nay develop CHF. 

A. Duration of exposure/ demography 

Of N: 142 total CHF cases N= 68 Nere exposed to NIS CC for at least 1 month. Not quite half were 
exposed tor 1- 2 months. Almost all cases, 90%, were male and about 3/4 ware younger t1'an 66 yrs 
of age. Most were NYHA class 1- 2. About half the cases in the placebo and active Rx groups were 
receiving beta blockers. 

B. The following table shows ADE occurring in at least 1% of subjects. Oadly, headache is 
less frequent in the NIS CC group. Notably, dyspnea is also less frequent. 

MIS CC IH PA'TlEHTS WITH COHGES'TlVE HURT FAILURE 
TREATMENT EM~RGENT ADVERSE EVENT! WITH INCIDENCE ~ '"' 

ADVERSE MNTS NISCC 

I 
PL.<CEBO Pt..<CEBO 

n•1.C2 n• 11 SUBTRACTEO 

"' "' 
ChOSI pain 1.5 I 9.9 0 

DyspnM 7.7 I 12.7 0 

~ 1.3 1 5.6 0.7 

0- 5.6 I 70 0 

Angina PoctoRI •2 I 19.7 0 

P.Uplaacn •2 j 5.6 0 

V110dlllldcn 2.8 I •2 0 H- 2.8 I 11.3 0 

P•~Ed- 2.8 I '2 0 

~ 2.1 I •2 0 ....,_ 1 4 I 42 0 

Pain 1.4 I 00 1.4 

lnctouedCouQh 1.4 I 1.• 0 

C. Discontinuations associated with ADE 

N= 3 cases discontinued placebo treatment in associatiun with ADE (angina, CHF, and ventricular 
fibrillation) and N: 2 NIS CC cases stoppt!d (CHF. angina). Total discontinuations, regardless of 
assigned cause, were N:3 in each Rx group. No ~c Jths wer'3 reported. 

D. Biochemical tests ' 
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The submission contains tabulations including one for the percent of cases with "low" 
abnormalities. The sample sizes for NIS CC and PLAC are about N= 70 for the wbc and platelet data. 
N= 1 Instance of low platelet count per each Rx group is recorded. No instances of low wbc counts 
are listed. SGOT and SGPT were more frequently elevated in the placebo group. Alkaline 
phosphatase levels are not listed. No eh1vations of serum craatinine are listed in either treatment 
group. 

Cases with the ten lowest and ten highest lab values were examined by the Reviewer. Ona cases 
had a fall in hematocrit from 40 to 35.2. The lowest total wbc count was 3.9 and one instance 
occurred in each of the Rx groups. The lowest platelet counts were 75,000 (PLAC), 120,000 (NIS 
CC). The highest SGOT and SGPT on NIS CC were each 57 units. 

Comment: In considering the above CHF safety data, note that the experience is limited to NYHA 
Cl;;ss I and II cases. 

IV. Congestive heart failure (CC IA) 

A. Non- US studies, controlled plus uncontrolled 

1. Exposure/ demography 

Data was provided on N= 314 patients. Ouration of exposure for about half the cases was 1- 2 
months and for about 15% of cases was 6- 12 months. Most cases were NYHA Class II or Ill. Na<irly 
half the patients were on concomittant diuretic therapy. 

2. Patient completion status 

Of NIS IA cases 60% (189/314) and 50% (29/58) of placebo cases completed therapy. Completion 
status was not available for 29% of NIS IA and 40% of placebc cases. There were N=2 and N= 1 
deaths in those respective treatment groups. 

a. Narratives of deaths in NIS IA cases 

Case 1. This patient had pain in the right arm during the day prior to death during sleep. Death 
occurred on day 15 of NIS IA 20 mgm/daily. 

Case 2. After N=12 days of NIS IA 20mgrn/day the patient developed dypsnea at rest and was 
dropped lrom the study and put on an ACE inhibitor. Death occurred 35days later due to 
"protracted pump failure". 

3. Adverse Events 

Adverse events (ADE) occurring in at least 3% of cases of the MS IA group Included 
headache(6.1%); "vasodilatatlon"(5.4%); peripheral edema (3.8%); and "dlzziness"(4.4%). Of N= 14 
cases dlscon!lnuing In association with ADE relatively few were apparently due to Increasing 
congestive h&art failure or development of angina -perhaps one of each. Tachycardia occurred In 
N= 4 cases. In one case edema, angina, and decreased exercise tolerance ail were listed as 
occurring on day 14. Non-US and US trial results often differ in this submission. 

4. Biochemical tests 

The Sponsor pooled the results of IR and solution data to study biochemical test results. Sample 
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sizes were very small 
SGOT could be made ; 
Alkaline phosphatas• 
cases in either trr a· 
One NIS case had ;; 

·., t~e placebo- controlled studies evaluation of elevation of 
cases and N= 12 placebo ones (11.8 and 8.3%, respectively). 

n 2117 (11.8%) of NIS cases and 0/13 (0.<1%) of PLAC ones. No 
J "elevated" serum creatinines or decreased total wbc count. 

.atelet count. 

V. Clinical pharmacology studiel> (safety) 

The Sponsor has gathered information from NIS CC (US, non- US) ; NI IR (US); NI IR + other 
formulations (non- US). Information in the last of these three groups is quite incomplete since 
safety information was often not recorded. In N=8 ongoing, non- US NIS CC trials in N= 135 sub1ects 
there were reports of two dropouts due to edema, both from a trial in subjects with hypertension 
and renal failure. 

A. Expol>;.;;e/demography 

1. NIS CC US Studies 

N= 183 cases received NIS CC: N:25, placebo. N: 65 healthy volunteers and N,-, 118 were patients, 
mostly hypertensives or those with renal impairment. A few cas1;s were cirrhotic. Females made up 
26% of the cases. Durati<'n of exposure was between 7 and 30 days for N:: 34 hypertensives and 
between 1 and 7 dar :or the rest. 

2. NIS CC non- US Studies 

N= 215 cases received NIS and N= 40 placebo. Of these, 17% were female. Most of the studies were 
of short duration, N= 7 days or Jess. 

3. NIS IR US studies 

N:83 healthy volunteers participated in these tria1s, which were all cross- over studies. 

4. NIS IR non= US studies 

N= 349 cases were exposed to NIS IR tablets and N= 297 to NIS IR solution. Females made up 24% 
of the total. N= 98 subjects wern exposed at least 98 days; of these N+ 20 were exposed 61- 180 
days. 

B. Adverse event rates 

1. NIS CC US Studies 

Events occurring in at least 3% of cases included for PLAC and then for NIS, respectively, headache 
48%; 64.5%; edema: 0%; 7.7%; dizziness/lightheadedness: 8%;4.9%; tachycardia: 0%; 4.4%. 

N=7 NIS subjects discontinued in association with the following AOE: headache, 
tachycardia.peripheral edema(3), t-wave flattening, and tremor. All discontinuations occurred at NIS 
60mgm or higher. The case with t- wave flattening occurred in the forced titration study discussed 
under ECG abnormalities, hypertension studies. ADE, characterized as "serious" also occurred in 
the same trial, were edema(2), ECC. c.h~nges (2), tremor. 
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2. NIS CC non- US Studies 

Headache: 55%; Flushing 6%; tiredness 3.3%. Most ol these studies had no placebo group so none 
Is listed. 

N= 7 of 215 NIS cases discontinued in associa<ion with angina, headache(S), transient atrial 
fibrillation, extrasystole. 

3. NIS IR U.S. Studies 

Headache occurred in 54% of subjects. Lightheadedness (13%) and drowsiness (3.6%) occur.-~. 
No discontinuations in association with ADE were reported. 

4. NIS IR non- US Studies 

Headache (5.7%) and "vasodilatation"(flushing)(4.9%) were two of the more frequently reported 
adverse effects. Headache was substantially less frequent than in the other groups of studies just 
discussed. N= 9 discontinuations in association with ADE were reported from among N: 646 cases 
treated with the IR formulation. These ADE were ftuid retention and ankle swelling; headache; 
weakness and depression (2); and one case of arrhythmia. There were N= 4 additional 
discontinuations in cases receiving an IV formulation in doses of 0.12- 0.36 mgm. These ADEs were 
chest pain; "sell-limiting" ventricular tachycardia; hypotension; and ECG ST changes. 

C. Deaths 

No deaths were reported in NIS CC studies in this category. One death occurred in a foreign study 
involving solution. 

VI. Other safety information 

A. Ongoing studies 

1. Diabetic renal disease 

About N= 1400 patients are Involved in on- going, blinded st:.idies. Most of these are taking part In 
a large U.S. trial of ttlS CC In diabetic patients with or withoU1 hypertension and using enalapril as 
a positive control. Projected enrollment is 11= ·1200 per blood pressure category. The primary 
objective of the trial is to determine if intensive anti hypertensive therapy is more effective than only 
moderate degrees of BP reduction In preventing deterioration of renal function. Additional 
antihypertensive drugs may be used if goal BP il> not reached at doses of the assigned drugs 
causing intolerance. Note that in the mater:a1 below data is still blinded. 

a. Deaths 

One case of suicide occurred in a subject with a history of two previous att11mpts. One death 
occurred at day 10 of active therapy in a case with a massive CVA. 

b. "Serious" ADE 

Most of these, N= 28, were cardiovascular (chest pain/angina: n=1 O; cardiac arresUmyocardiai 
infarction: n= 4; CVA: n= 6; CHF: n= 2; deep vein thrombosis: 1; diagnostic procedure: n= 2). 
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c. Withdrawal "di:e to An~· 
.1ere were N,., 78 such ADE among N" 43 ~ses withdrawing. The most frequent events ware 

edenta (11), headache (9), chest pain/angina (5), flatulenca (4), and hypertension (41. Casas 
withdrawing in association with angina/chest pain did not have antecedent headache noted In 
listings of ml!ltiple ADE. 

2. Studies in various indications 

These were foreign studies using CC IA in a total of N= 97 patients. Results were pooled over the 
indications for the safety revif!w in the Sponsor's submission. Indication; were peripheral vascular 
disease, post- M!, pulmonary hypertension, and renal hypertension. 

a. Exposure/demography 

About N= 90 cases were exposed for 1 month; N: 50 for 2- 6 months; and about N= 15 for more 
than 12 months. Only 25% of cases were female!>. About 58% of cases completed the study though 
the status is unknown for 37'%. Only 1% are cited as dropping out for edverse effects 

b. Adverse effects 

Headache occurred in 7.2% of N: 97 NIS IA cases; vasodilatation in 5.2%; peripheral edema in 2.1%; 
skin rash in 2.1 %. 

There was one death reported- a patient in a post- Ml study who had ventricular fibrillation on day 
10 of treatment with NIS IA 10mg daily. Only N: 1 c2se dropped out due to ADE (for depression, 
headache, and rash on day 3 of treatment with NIS IA 20mg/day. N= 1 case dropped out (for 
malaise) of the trials called "supplemental" studies by the Sponsor consisting of trials in peripheral 

ascular disease in about N = 30 cases. 

No biochemic~I ,'at• was available for these trials. 

8. Post- marketing s:irveillance (PMS 1) 
1. Exposure/derncgraphy 

N= 8788 patients were treated in this German NIS IA study. About N: 6000 cases were treated for 
2- 6 months. Women made up 40% of the patients. 

2. Adverse evenr.s 

a. Dropouts associated with ADE 

Of N= 231 such dropouts 2% (7) had chest pain; 29% (67) had vasodilatation; 15.2%(35) had nausea; 
13.4%(31) had peripheral edema; C.4%(1) had lung edema; rash 1.3%(1). The Reviewer examined 
listings of associated signs/symptoms of the cases with chest pain/angina and found that 4/l had 
either headache or vasodilation at the time or withdrawal. Biochemical data was not required in this 
study and none was presented. 

b. Deaths 

The following four pag~s provide a listing with comments on deaths in this study. N: 8 cases died 
from myoc:irdi:il infarction; N= 4 from mal1gnzncy; N: 3 from heart failure; and N: 6 from other 
:a uses. 
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C. Post- marketing surveillance study (PMS 2) 

1. exposure/demography 

This second German study involve N= 640 NIS !A cases. Women comprised 38% of subje<.1s. About 
20% of cases were treated for more than one month and about 60 cases treated from 2- 6 months. 

2. Dropouts associated with ADE 

N= 18 cases dropped out under this condition. Of those 5.6% (1) had angina pectoris; 11.1%(2) had 
vasodilation; 16.7% (3) had hypotension. The patient with angina pectoris did not have cocomittant 
headache or vasodilatation in listings of multiple symptoms/signs. There were N= 6 deaths- N:3 due 
to myocardial infarction; N= 2 due to "cardiac insufficiency" with or without ventricular fibrillation. 
Clinical laboratory data was not assessed in this survey. 

D. Post- marketing surveillance study (Japan) 

1. ~xposure/demography 

N= 1850 cases :ce11ed NIS IA of whom about N= 1300 were treated from 2- 6 months. About half 
the cases were females. 

2. Adverse effects 

No deaths were reported from this study. Among the N= 50 dropouts for ADE 34% had headache, 
26% had vasodilatation; 4% had chest pain; 4% hypotension;8% edema; 4% rash. 

E. Experience after marketing 

The Sponsor presents N= 10 Spontaneous Reports from marketing of the IR formulation in 
countries outside the U.S. These are one case each of anaphylaxis with edema of tongue and 
larynx; agranulocytosis; myocardial infarction (2); rash plus hyperglycemia; hyponatremia; jaundice 
with taste perversion and anorexia; photosensitivity; dypsnea plus headache; gastroenteritis with 
"non- cardiac pulmonary edema". 

F. ADE literature se<1rch 

The sponsor did a literature search using a database that periodicaily scans more than a dozen data 
bases. The cut- off date was June 15, 1992. Of N= 2941 articles, N=459 referred to adverse effects 
and of these N= 41 Articles were selected as not containing data expected to overlap that In this 
submission. The Sponsor tabulated ADE by individual article (vol 322). Symptoms/signs were very 
nearly limited to those found in the NOA submission. One article dealt with increased insulin 
production. 
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NIS CC SAFEiY SUMMAR'!' 
10 February 1993 

NARRATIVES OF POST-MARKETING SURVEIUANCE EVENTS 
POOL 10A PMS1 (GE.'\MANY) 

PATIENTS WHO CIED -

Twenty one of the 8788 patients em oiled In this surveillance died during or alter discontinuing the study 
and details are availabie on the following pa:ients. 

1999 

2474 

2541 

2542 

2957 

Cause cl death: Bladder carcinoma. This 58-year old male patient had participated 
in the surveillance for 83 days when he died from bladder carcinoma. His final dose of 
NIS IR was 10mg daJy. 

Cause of death: Myocardial inlan:tion. This 77-year old maJe patient with a 10-year 
history of CHO. no previous Ml. ar.enaJ cc::!usive disease. and bronchitis was 
concomitanUy taking phenprccoumon, thecphylline. and digitalis in addition to NIS IR. 
During therapy with NIS IR, · He died ai:er 30 days on NIS 
IR 1 Omg dail)' from a myocard"1! irnarc::icn. 

Cause of death: Cardiogenic shock. This 62-year old male patie.1t with a 15-year 
history cf CHO, one previous Ml 15 years prier to study panicipaticn, concurrent heart 
failure w.is taking metcprolcJ and mcnco.it-ate. He was observed to have a reduc:ion in 

en NIS IR 20mg daily. 
Ten days later, as a consequence of a myocardial infarC'Jon, this patient died because of 
cardiogenic shock. 

Cause of death: Encephalomalacia durirg coronary angiography. This 68-year old 
femaJe patient died nine days after discontinuing 20mg daily of NIS IR (total of 17 days 
on NIS IR). No additional information Is available. 

Cause of d"?ath: Acute heart failure. This 69-year old male patient had a 7-month 
history of C.·iD with a myocareial irtfarc::ion nine months prior to participating in this 
survenlanc£. In adtJition to CHO, this patient aJso had hypertension, cardiac 
dysrhythmias (Lown IVa) and was concomitantly taking metoprolol. He had two fol!ow­
up visits, ;.fter 39 and 68 days on NIS IR 10mg daily, which noted 

He died 10 days later because of 
acute !1eart failure with suspected recurrence of myocardial infarction resulting in cardiac 
dysr11ythmias. 

Cause ol death: Sudden cart!iac death with calcifying coronary sclerosis. This 60-
year old male patien\ with a his:cry cf CHO, no previous Ml, status post-renal transplant 
and with renewed renal impairment ~.ad received 1Cmg daily of NIS IR for 3C days when 
he was hospitalized and drug was cisccr.tinued. He died four days later. 

t.1!1es Inc. 

NISOLDIPINE COAT-CORE NDA Oe 46 0002717 
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1 a February 1993 

4008 

4J7J 

4.181 

44JS 

6357 

8016 

8501 

Cause ol deatt.: Breast canCl!I". This 7A fear old femaJe patient with ~ history of 
died from breast cancer after haVIng campleted tile survel11ance with 10mg dally of NIS 
IR. 

Cause ol death: Myocardial lnlardon. This 75-year old maJe patient with a 12-year 
history of and two prior Mis (2 and 8 years beiore study entry) was concomitandy 
taking algrtalls ana nitroglycenne spray aJcng with his NIS IR 10mg daily. His first 
fellow-up visit was done after 8 days on NIS IR 

He died J days later as a result ct a myocarciaJ infarcticn. 

Cause ol death: Cardiac arrest. This 48-year old maJe patient with a histcry ct 
and no previous Ml appears to have taken cnly one dcse (10mg) cf NIS IR during the 
study. He died two cays later in tile ambi.:iance after c.o.roiac arreS""~ No additional 
iniormation is available. 

Cause of death: Myoc:irdiat infarc-Jon. Tl:is 56-year cld male pat1enc wrrh a 6-year 
his:cry of and a pncr intarc:icn 1Z ye..ars prior to s:uay participation also had 
hyperiipidemia anc hypen:ension and was :a.king Cinitrate. mercprclc! and bezafibrate 
wnen he enrciled in the surveillance. His partiq:aticn lasted for 61 days on a final daily 
acse of 10mg NIS lfi. He died !rem a mycc.o.rciaJ infarc:icn 11 days after having 
completed the study. 

Cause of death: Bronchial carcinoma. This 54-year o!d male pat;ent with a "istory al 
and no previous Ml died from bronchi@ carc:noma after having i::artici,:ated in tile 

s:udy for 83 days on a daily dose of 10mg NIS IR. 

Cause of death: Sudden cardiac death. This 62-year old f .'male patient with a 15-
yesr history 01 and Type II diabetes mellitus was taking concomitant 
gliaendamide. digitaliz. captopril, and furosemide. She participated in the study tor 28 
days on a daily dose of 10mg NIS IR. Thirty-nine (39) days after discontinu>ng NIS IR, 
she was admitted to the hos,:ital (reason unknown) and died. 

Cause cl death: Car accident. No additional information is available on this 74-year 
old female patient who had participated in the surveillance for 92 days and was taking 
1omg NIS IR daily at the time of her death. 

Cause al death: Post-<iperatlve after CA8G, renal failure, and pneumonia. This 76· 
year old male patient with a 3-year history of and no previous Ml, was to undergo 
ACVB owing to the uns:able condition cl his at the start of surveillance. Follow-up 
\isits were done 22 and 59 days after start of surveillance and showed no deterioration 
in '. He was admitted to the hospitaJ fer purposes al the CABG and discontinued 
t~e NIS IR ZCmg daily. Thirteen (13) days later. iie died from sequelae of surgery. 

~1!1es Inc. 

~('\('\ ··-·---. ---

t4!SOLOIPit4E COAT-CORE t40A 08 46 0002718 
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9891 

9916 

10704 

1095 

11499 

12E.50 

Cau•e ot death: Status post-aneury•m ct the abdominal aorta ind circ:.ilatcry 
failure. This 86-year old female wrth a 10-year history of md no previous Ml had 
tcllcw-uo visits done 64 and 78 days alter startlng NIS IR and completed the surveillance 
alter 106 days wrth the finaJ dosa of NIS IR being 10mg daily. During the surveillance 
period. she had an operation for an aneurysm ct the abdominaJ aorta and probably as a 
result ct this surgery she died nine days at:er completing the srudy. 

Cause of death: MyoC3rdial intart:".ion. This 61-year cld maJe patent wrth a 15-year 
history of wo previous Mis (15 and :; years prier :a study entry), and Tvpe II 
ciabetes meilrtus was taking glil:enc!<lr.'11de. nitroglycerine spray, monanrtrate, 'and 
nrteaipine /atenclc! c~mbinatian at the beg:nning ct surveulance. Curing treatment wrth 
lllS IR ZGmg daily, 

. He 
C!ed 23 Cay~ into stt.:dy as a rest:it ct a myccarc:iat infQi"Con. 

Cause ct death: Renal C3rcincm'"'. Th . .:i 57-year ck: .11aJe pat:E!""'.t cled frcr:i rer.ai 
C.::.!"c:nc:-:-:a arter having par.:;ci;:atea in the s~ucy fer .::.:- Cays anc :-Oaving take!"l Zarr:; 
cuJy ct NlS IR. No acC:iticn.:J ir.tcnnaticn is ;ivaiiac!e. 

Cause ot death: Acute t1eart failure. This 7::J-year ck:! malt: ~a~ent wrth a 11-year 
h:s:ory cf wrth 2 previccs Mis (11 and 10 year.; i;ricr to st~cy) aJsa had 
hypenensicn. ceretrovascular precesses, and Parkinson's disease. At the ~:.an cf 
sur.eillance, he was taking aspirin, potassium replacement, metixen. diltiazem, and 
moncni!rate in addition ta NIS IR. His participation in the study lasted fer 41 days 

'hi!e en 1 Cmg daily at NIS iR. Thirty-four (Z4) days 
after his last Co~e ot NIS IR, he died from acute hean failure. 

Cause of de;lth: Posterior wall inlarc!i- n. This 76-year ola maJe patient with a 10· 
year history of and previous Ml (3 years prior ta study participation), aJsa had 
hyperuricemia, prostatic hyperplasia, and h"'3rt failure, and was taking oinrtrate, 
fteca'nide, phenprocaumcn, digitalis, and magnesium/potassium replacement aJang wrth 
NIS IR. Improvement in symptoms was noted at his first tallow-up vis~ alter 19 
days an NIS IR 10mg daily. He was hospitalized the same day tor acute cholecystitis 
and NIS IR was discontinued. Four (4) days later, despite showing clinical improvement 
In cholecystitis, the patient died tram a myocardial infarction. 

Cause of death: Malignant hypertension. This 60-year old maJe patient with a 6-year 
'nis:ary ct aJsa had hypertension, cerebravascuiJr insufficiency, ana heart failure, 
and was taking mononrtrate, clanidine. indapamide, eoalapnl, ano digrtalis. His 
;oarticipaticn in the study lasted 60 days with a finaJ NIS IR dose cf zoma daily dunno 

He died 3 Cays a~er cc:mp!etir:g t:ie s:1,;dy from rr.a!i£nant hy~ertension. 

~.\.it>s lr.c. 
cr.e:_ -,2.;'"'..!'.:C~i 01\1S;C;'1 

08 ..:6 000:!71'5 
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NIS CC SAFE"TY SUMMARY 
10 February 1993 

1:3765 Cause of death: Acute re-intan:llon. This 51 ·year old male patient had a 4-year 
history of ;irevious Ml (4 years prior to study partlcipa!lon), and 
hypercholesterolemia and was !alcing mononitrate and metoprclcl. His follow-up visits 
o=.JtTed 20 and 49 days atter slattlng NIS IR and he completed the S!IJdy on C.J.y so en 
a final dose of 20mg daily ct NIS IR. He died 27 days later from acute re-infarc!lon. 

fi..1;:es lnc. 
Pharrr.aceuucal Division 
4()fl ~A"~"'" .. I """<> 

HISOLDIPIHE COAT-CORE HOA 08 46 0002720 
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G. A pharmacodynamic- clinical model for adverse reactions 

If, in fact, a drug increases cardiac work unfavorably at some phase of its administration in a subset 
of patients and that il"!crease in cardiac work is the factor responsible for determining the onset of 
ischemia, it is possible that the distribution of times to drop out for angina or chest pain would 
approximate that for withdrawal due to "vasodilation" phenomena other than angina such as 
headache, tachycardia etc. Perhaps in some patients the increase in cardiac work associated with 
vasodilation might increase rather than improve ischemia. If so, then the timing of both phenomena 
should be similar. 

For US controlled- trial angina patients Table 17 page Z'.l of this review shows that 3% of NIS CC 
patients discontinued due to angina or myocardial infarction versus 1% for placebo cases. 
Table 18 on p21 of this review shows that for non- US placebo- controlled trial cases, the 
percantage of cases discontinuing for these indications is simiiar in NIS CC ano placebo cases. 

For US, placebo- controlied trials, the narrative comments (this review page 20) show that the times 
to discontinuation for worsening angina or Ml were relatively soon after starting treatment. For the 
non- US trials the days to discontinuation were also relatively early. 

The Kaplan- Meier "survival" curve for the endpoint headache (see this review page 5) shows that 
the percentage of patients without headache falls abruptly early (in about two weeks) to 85% but 
takes until week 30 to fall another 15%. This early discontinuation for headache would be occurring 
during dose escalation and/or early exposure to nisoldipine and is most probably a concomitant 
response to the pharmacologic action of thn drug. 

Note that in the long- term trials the times of discontinuation vary widely and may b~ a number of 
months. Such cases might represent the "background" incidence of events in a population with 

from which some cases with had been removed due to drug exposure during 
the short- term phases of long- term studies. In some patients may be due to 
sporadic increases in dosage. To reduce the complexity of multiple causes of withdrawal, this 
reviewer has used the short- term studies for the graphical analyses to be shown subsequently. 

Note that either 1) the similarity of timing of withdrawal for ischemia and tor "vasodilation" and 2) 
withdrawal for both in the same patient would be supportative of an association between the actiol"! 
of the calcium channel blocker and ischemia. Although instances were not infrequent of withdrawal 
for·both in the same patient, they were not observed often enough to provide strong evidence. This 
may be due to a tendsncy to emphasize a single cause for withdrawal in clinical trials. Therefore, 
the reviewer reports on the similarity of the withdrawal- time distributions for ischemia and 
vasodilation. 

Graphical analysis of withdrawal: 
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Summary of Withdrawals from Hypertension Trials With Particular Reference to Chest 
Pain (N events due to this reviewer's tally using submitted safety pool data): 

CONTROLLED TRIALS: 
NIS 

STUDY EVENT IN 

D89026 0/82 

D88054 0/91 

D89029 2/189 

D89039 31167' 

D90019 1/149 

HYPERTENSION TRIALS 

PLAC 
EVENT/N 

0/40 

0/31 

0/62 

ans 
1172 

%NIS 

0.0 

0.0 

1.1 

1.8 

0.7 

N=l w1m vaso 11at1on lsea aennmon Detow) 

UNCONTROLLED TRIALS: 

X89039 3/136 na 2.2 

X90019 0/88 na 0.0 

%PLAC 

0.0 

0.0 

o.o 
0.0 

1.4 

na 

na 

DOSES 

10-30 

20~0 

20-80 

30~0 

20-40 

30~0 

~ommem: even in me uncontrollea 11ong- term, trials wnnarawa1 ror an91na1caa was re1auve1y 
infrequent in the hypertension data. Probably this is a reflection of small rates of serious CAD in 
the population sampled such that any tendency for NIS Rx to accentuate manifestations was also 
minimal. 
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overall conclus1o~• tor Safety ot Nisoldipina: 

Two major findings in this •ubmisa1on ara l) a •ul:>•tantial incidence ot 
withdrawal associ:itad with signs/symptoms o! vasodilation and :I) an ilicraaaad 
rate ot withdrawal tor angina/cad in Ill tha 
short:- tar::n trials the latter withdrawa.L.s tena.•d. to occur early and to ba 
associated with signa/aymptoms o! vaaodilatioll :but, ill tha lollg- tazm e;;:-ials thay 
·.--.=e primarily malli!a•tad by an incraasad ro.ta o! wiehdrawal. 

In Cha US, placebo- controlled, hypertansioll trials there was a silfUificant dose 
response tor overall withdrawal of about 11% at 60mg NIS and 5.4% at 10 mu. Th• 
incidence o! headache, not neceuarily associated with withdrawal waa about 20%. 
In the long- term. uncontrolled hypertenaion atudiea, about 20% ot caa•• had 
withdra..rn by 30 wa•k• and the cumulative incidence ct peripheral edema was more 
than 40%. Thus whatever blood pr•••ura reduction that i• achieved is as•ociaead 
with subst4n~{•l aide •!tact•, moat ot which ara dua to the pharmacologic action 
ot tha drug in causing vaaodilation or to the compensatory macnani111118 such as 
tachycardia. 

Ona might axpact •om<> myocardial ischami~ phenomena it the vaaodilation and 
tachycardia increased cardiac work out ot proportion dua th• bana!ita ot 
reduction o! a!tarload through lowering o! blood prauura. 'l'h•ra wa• little 
evidence that tha balance waa unta~orably ~!!acted •inca, in the hypart•n~ion 
studies the incidence ct withdrawal du., to angina/cad wa• about 1%. However, 
thara ware instanc••· especially in th~ phase 2 rapid, torcad- titration trial, 
ot tha development ot t wave abnormalitie•. 

It ia in patianta that avidanca !or iachamic attact• ot ni•oldipina 
are of gr~4,ar concern. Evan ~n tha short- term, US placebo- controlled trials 
th• rates o! withdrawal tor angina/chd exceed tho•• on placebo. In addition, it 
is ot particular intaraat to not• that a high proportion ot such withdrawal• 
occurr-d vary early at ti.ma• clo•• to tho•• !or withdrawal dua to vaaodilation. 
Thus the close •1'•ilarity ct th• distribution o! withdrawal tor vaaodilation and 
that !or angina/cad support• a •imilar mechanism !or both. Sym;>toma o! 
vasodilation ware not prominant in th• but in tho•• th• 
nwnbe~ o! avanta wa• higher, about 10%. T:bus tor the short- term trial• ona may 
u•• tho rat••, th• ti.ming of withdrawal and/or association of vaaodilation; for 
tha long- term trials only tha rates are usatul. Note that the u•• o! timing ot 
withdrawal and/or aey associated vasodilatioa constitutes an "internal• control. 

From a purely sataty standpoint.this reviewer is not in favor of approval for the 

It is po••ible that a cocbinAtion 
nl.soldipine would allow use o! tha latte:.: d=ug in 
atudy (0702) carried out in Canada, "S, and Israel had 

ot a beta- blocker and 
a aingla 

very !aw withdrawals dua 
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to ADE. N= l subject withdrew for -11 anqina =d N• l for myocardial 
i.ntarctioo out ot N= 400 HIS+ at•n•lol cases. The experi•nc• with thi• 
c~mbinatioo is as yet insufficient to recomm.end this ccml:Jination but it may ba 
a justifiable traaemant to •xplor• in future triais. 

Note that 1! the NIS for:nulation dump• early, one would expect to ••• early 
withdrawal or tile early occurrence of •iqns/symptoms of vasodilation. 

The bypartaosion i::i.dication, at l•••t for au.bjact~ without notable coronary heart 
disease, is supported by the safety dat.a .. Howe var. if the spectrum ut patients 
aalacted for treat.:nant includes patients whose hypertension is aasociated with 
cHD or as hypertensive aubjecta develop CHD, ao"'e of tlleae may be •.u>a.bla to 
tolerate NI3 therapy. Altaruativ• therapy should be cc~sidarad in •ucb caaea. 

Th• ECG findinqs in rapid- dose escalation (intervals of lass than a week) in 
hypartan.sive subjects, while not clearly eatabl.!.shed as adver••, are in an 
unfavorable direction and auggeat that titration te carr~ad out over the longeat 
intervals consistant with the patient's naad tor blood prassur• cont~ol. 

Sum.nary of safety reccmmendjcion~: 

l. Nisoldipine. as studied, not suitable 

2. Purtber stud~es with beta blocker + NIS of interest 

3. Subjects with asym;tomatic coronary disease ccn~t-t~:a ~ somewhat d±!ficult 
group with respect to suitability for NIS therapy since many hypertensives 
reapoc.di.og to this treatment undoubtedly have this ccndition. ParhApa aom.a 
clinical judqwnent needs to be invoked hara. 

4. In view of the findings of ECG T abnor:na.lities on rapid titration in 
hypertensive patients, it is auggaatad that dosaqe increments ba mada at the 
greatest intervals coosistaot with tba need for BP control. Tba Sponaor'• dosing 
recommendations do not apacify th• interval between dosage iocre.manta. Intervals 
of only a few days may be too frequent ainca they were ~saociatad with •adverse~ 
ECG ehdngaa in hypartansivea. 

s. Although mono- therapy for hypart•n•ion with NIS appears ju•tifia.blo due to 
the lack of serious drug- induced affects, there is still a aubatantial incidence 
of troub:eeome symptoms of vaaodilation that might b .. di!!linished with combination 
of NIS an beta- blockade. Thia may also be a suitable 'lnd intormativa area tor 
further L ials. 

6. Pharmacokinetic studies by the Sponsor show that t!le mean Cmax waa 48% higher 
when NIS was aeminister&d with a moal. It is not clear whether thia explain• the 
vary early occurrence ot vaaodilatioo attar dosing and, 

It mAY not ba correct to atata that it 1a 
IUl.OWil cnat toere are no c!lnlcal consequences from dose dumping. 

?. Since elderly 
younger ones, it 
dosage slower. 

cc:oric;inal 
HFD-llO 
H!'D-llO/CSO 
l\!'D-110/pld 

subjects have a 4- 3 fold higher plasma NIS concentration than 
may be beat to follow these subjects more closely &nd incraaae 

p~y~ 
Philip L. OQrn)-!.D. 
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'.i.his is a 120- day safety review and includes both completed and uncompleted 
trials, foreign and domestic. For uncompleted trials, data is still blinded and 
treatment is listed as "either drug 1 or drug 2" if these are the possibilities for a 
particular patient. 

I. Deaths 
A. Completed US studies 

One deaU1 ls recorded for this update and was also included in the NOA for an 
on-going trtal. 

Study # D90- 029-06; Pt 6004. 

This 44- yr- old female with a qualification. single- blind BP of 190/ 111 and a 
randomization BP of 141 /97 died suddenly at home on day 24 of the study. She 
was on N!S 40 mg qd and HC'TZ 25 mg qd. Serum potassium at baseline and last 
visit were, respectively. 3.9 and 3.6 mEq/l. Autopsy revealed moderate coronary 
atherosclerosis w1U1out thrombi. 

U. Completed Non- US studiet.> 

Study 752. No deaU1s. 

C. On-going Studies (all non- US) 

Study 764; Pt 128. 
This 83-yr- old female was being treated with either NIS or lisinopril (LIS). She 
died at home of acute pulmonary etl•~ma and has an associated abdominal 
Infarction. 



2 
Study 769; pt 16002. 

Tilis 53 yr- old male was being treated wiU1 either NIS or atenelol (ATN). The 
patient had a TIA on 9/91. Baseline BP was 162/105 after three weeks of 
placebo. He was admitted to hospital on 5/ 18/92 after 53 days of treatment. He 
died the following day of a CVA Bp at last clinic visit was 177 /83. 

Study 769; pt 17013. 

This patient. a male aged 73. was being treated with ettlirr NJS or ATN. After 5 
days of therapy the patient developed diarrhea. nausea. and vomiting, and, three 
days later. a fatal Ml. 

Study 769; pt 54002. 

The patient. a male aged 66. was on either NIS or ATN. Baseline BP was 155/93. 
After 25 days of treatment he developed a CVA and died. BP at last clinic visit was 
145/83. 

II. Discontinuations due to adverse experiences 

A. Completed US studies 
REASON WITHDRAWN DAY DRUG & DOSE 

Edema,crythcma 24 N!S40 

headache 2 NIS20 

headache l NIS:W 

tachycardia. vasodil l NIS20 
. 

Dizzy. n & v,hcadach 2 NIS20 
t---

Gout 5 NIS20 

Faint at phlebotomy IO NIS-10 

edema 13 NIS40 

edema 19 NIS40 
-· --· 

Abn Liver !unction• 35 NIS·lO. I ICTZ25 
·- -· 

Cough 8 NIS·lll+ LIS20 
-

j! card. arrest 24 NIS40. llCTZ25 

jl sinus tachycardia IC NIS40. llCTZ25 
-~ 

.. .. 

~o a1.>no1111al L!ur mg lll c- Nl:S pllasc 



n.b. There is a notable number of cases wiihdrawn relatively early in the active 
dose phase especially for those signs and; or symptoms likely to be due to the 
vasodllatory action of nlsoldlpine. 

B. Ongoing trials (all non- US): 

SELECTED SIGNS/SYMPTOMS N* 

edema 23 

migraine 3 

headache 28 

angina l 

MI 2 
• olfen s1 'n7 s m 1tom occurred Witl1 olliers g y p 

I 
TI1e above table concentrates on typical findings on nisoldipine therapy (edema. 
headache} but notes occurrence of migraine. Number of cast·s of angina and Ml 
is small. Total number of cases Withdrawn due to syncope (I), postural 
hypotension {l), hypotenslon (1). suggests ihat excessive l3P fall was uncommon. 
N=l case was withdrawn for thrombocytopenia. 

Among 1370 cases in these foreign studies. 100 were withdrawn due to adverse 
experiences. 

Conclusions: 

The withdrawals for adverse effects were often due to tht• pharmacologlc action 
of nisoldipine and consequent to vasodilatlon (headachl'. vasodilation). In this 
hypertensive population few cases of angina or Ml occurred. However, the data 
base for this report is not cumulative and the number of cases in the completed 
US trial is too small to provide a good estimate of the 1isk of angina/Ml. The 
database for the foreign studies ls larger and. even though treatment assignment 
is In doubt, the small number of angiua/MI cases is notalllc (Sec this Reviewer's 
review of the hype1·tension safety segment of the NDA for comments on the 
association of symptoms/signs of vasodilaUon and angina/I\ II). 

cc: HFD/ 110 
llFD/ 11 O m·ig / 
llFD/ 110 CSO v 
l!FD/ 110 pld 

B 
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There is only l ongoing US trial, #X90-0t5.'an open-label. long-Wm follow-on 10Study1190-015 (q ). lbere 
are no new safely data for this tnal. However. two subj;:cts who complcltd this trial ane cor.1inued 10 receive 
nisolilipine coat-core under an mdivi.Jual invesugatl>r's IND experienced serious adverse experiences. 

Subject was a 69 year vld Caucasian female who had generally rtcti•'td 20 mg q.d. Th' dost 
'""' reJuad because of dizziness and light-headedness. He expuitnctd chut pain or ducomfortfor 
n~'o 'tt.'teks prior to admis,fion al 734 days for 101s1nblt angina, £11ZJ'11UJ did Mt iJU1Jcate mym-ardial 
infarction and she was disclwrged uj«:r 3 cfuys. She was readmitted ><·ith similar lustt>F)' at 770 days. 
at "·hich u·me hi.«tal hernia H·as diugnosed. 

Subjtct was a 68 year old CuucaJiun. wl10 :;.ujfrred tri.•>orardial inft1rction ..._,hil~ ~tL-'tn·ing JO tr.g 
q.d. Thret month.t later ht was readm111ed J<H .snere angina while on 40 mg. 

2. Non-US trials 

2.1. Study #697 
Tu,, is a randomized, doubk·bhnd. parallel gruup study being cond11cled in Gamany avJ ltaly. The groups~ 
nisoldiptne 40 mg q.d. (n=l3!!J and d1ltia.tem 60 mg t.i.J. \n=l36). 

~ubject 1111 ·009 c was" 72 year vt.ijemale ><·iw di,continued qfter 8 11Wllllis buau.se of allergic 
\:Xanthe11w. 

S11bjec1 IN I ·005 1 wa.s a 55 )Cur o/Jji!mufr wlw d<>.:011tinued afrer 3 mo..:h< ~cauu of .-e>:ing 
ruclty(..'utdia. 

2.2 .. Study #701 
This is a randomited. double-blinll. paralld gwup siuJy being conducted <n Germ.:111y. The groups are rusoldipinc 
coai-core 20 mg q.J. (n=70) and nisoldip111C im!lk:<l; Ht" 1elease HJ mg b.i.d. (n=72). 

Subject 0101 -n.-as a 58 )tur o!Jfe1nale hlth a :·1·t•ur . She dJ.scor.raiutd u; 
5 duvs >n·jth St't-'tre burning .sensatilJtt of the Jk.in. he~che. and ''US<Jd1tutivn.. O:.l of whit:h began 
"-Ith th« jirsJ dme. 

Subj•L'I #VI 15 '""s a 68 1raroldkmal« with a b·rrwrnl SM JiscontinlU!d al 

4 mt..Vtlh.s "·iJh nau,seu, inner "lrt.•nibiing ", anJ pre~sure ur.d Mat sitn.sation Ul halsd.s and fe~!. 

2.3. Study #?lll 
Th1< is an 0tigoing randomire.J, d<>ubk-bltnll pasallol group tnal wilh nisoldipi11t 20 and 40 mg q.d., and 
diltia:rem 6() and 120 mg b.i.d. and 1.i.d. 

Sub1ec1#303. was a 51 )'tar old male 1.-11/10 6·)ear Ht »·iJhdrew afkr 
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./days because of chest pressure and palpitations. 

Subject #306 was a 54 year old male with an 8-year . During month 7, he 
complained of j/atidence. After 8 months, he withdrew because of hypotension. malaise, and fatigue. 

Study #771 

This is an ongoing randomil.Cd, double-blind, comparison of nisoldipinc W to 40 mg q.d. with diltiazem 60 mg 
t.i.d. or q.i.d. 

Subject #3307 was a 55 year old male with a 7 month and myocardial 
infarction 12 years previously. He d;scontinued at 5 months with atrial fibrillation which resulted 
in prolonged hospitalization; outcome unknown. 

Subject #3602 was a 78 year old male with 2 month . He suffered cramps from 
the onset of treatment and discontinued after 4 "'eeks with the onset of fasciculati:.ms. 

Subject #3703 .vas a 63 year old male with a I-year h He discontinued after 
3 l\.'eek.s because of vertigo. 

2-~- Study #781 
This is an ongoing randomil.Cd, double-blind trial in Germany comparing 20 and 40 mg q.d. nisoldipme with 
ISP1' 20 and 40 mg b.i.d. 

Sub;ect #213 wasa 70 yearoldfmwle with a She discontinued after 
3 ',\'eeks because ·?f \e\·ere headaches and nausea. 

Subject #214 1 was a 62 year old female with a "She discontinued after 
6 u·ecks because of leg edema. 

Subje< t #603 w,;s a 64 year old female with a She discontinued afler 
2 tt-'t'eks because of severe headaches, diarrhea, restlessness, .~rut general malaise. 

Subject #906. was a 69 year old female with a ~·he discontinued ufter 
2 nwnths because of hair loss. 

Subject #1004' h-'as a 68 )'ear old n1ale H'ith a and n1yocardial 
infwrction 1 year previously. He »-'GS discvntinued <Jfier 1 \\.·eek because uf Mn-compliance. 

Subjec1 #1016 .vas a 58 year old male trith ~ d possibly 2 pre1:inus 
niyocu:·dial infarctivnJ. He \\.'O.S discontinued after~ nu.Jnlhs bectiuse of nun;compliance. 

2.5. Stud~ #761 
This is an ongorng op~n-label trial in Israel with nirnld1pinc 10 to 60 mg q.d. 

Subject #12?. K·as a 59 year old Cau<:asian rtwle ¥oho dist..·onti,iued after 6 months because of 
unstable ang1·na. 

Subject #./0./ u·as a 54 year old Caucasian nw!e \~)to suffered a myocardial infarction at 
6 n101tths. 

Subject #41./.. ~·as a 73 year old Cau1.:asiun ntale ·who discontinued after 4 months because of 
unslabie un_i:ina. 

Subject #617 , was a 95 year old {')Caucasian nuJlt ·rho suffered a myocardial infarction after 
7 nwnths. 

Subject #JOO./ u·as a 72 year old l~uucasia11 n1l!!e l1'/u.J discuntinuedfor constipatiun after 
6 nunuhs. 

Subje(·t 111017 h'as a 66 year old l'au1.·asian rru.Jle 1.1,;hl} Jiscuntinued after 4 nwnths be<--ause of 
i11ten11itt(}11t 1.:lauJica.tion and fissure fullou-uix prushHecton1y. 

2.6. Studi· #762 
This is an ongoing raudon~izr:J. double-blind trial in Italy cuniparing ~O rug q J. nisoldipine coat-cure with 10 mg 
b.l.<l. nisuldipiue inmu~d.1alc rcli:asc. 

Subjt'ct #./.02 k'aJ a 21 yt'ur old c_'aul·usiuti nwle k·1rJ1 a ""'u had u 
myocardial i11filrction al 1 rtu,nth. 

Subject #I 5G4 1 was a 61 year uld l'aul·asiun male \\·irh an . fie 

26 Q, rober !993 
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diJcontinued after 4 weeks because of unstable angina. 

Subject #605 . was a 69 year old Caucasian male with an He 
discontinued after~ weeks because of unstable angina. 

Subject #607 . was a 64 year old Caucasian male with c He 
discon!inued after 2 weeks because of rash and hypatension. 

Subject #615 was a 58 year old Caucasian male with a He 
discon•i.1•ed after 2 weeks with rhinitis, edema of thL legs, erythLma, and prvritw: which began on 
the second or third day of treatment. Symptoms resolved 2 days after withdrawal. 

Subject #810 "'as a 60 year old Caucasian male with a He dropped 
out after 3 wee/<S because of unstable angina. 

2.7. Study #10011 (X90-010) 

This is an ongoing open-label study in l;raei with doses 10 to 60 mg q.u. 

Subject# /Oi . was a 56 year old Caucasian male wlw developed :!;y, uiditis and tonsillitis after 
4 nu>nths. 

Subject It 103 was a 63 year aid Caucasian male who discontinued after J month because of 
unstable anxina. 

Suh}l'l't #207 tt-'as a 64 year old Caucasian mule u,·ho H-·as hospitalized after 5 weeks because 
of unstable un;:ina. 

Subject #420 . was a 69 year old Caucasian male whu discontinued afttr 3 months because uf 
pedal edema. 

Subject #805 was a 63 year old Caucasian male tt•ho experienced severe prolongi?d angina 
and tachycardia 9 days after beginning treatment. He was off study drug for a short period and later 
completed 12 months. 

Subject #910 •as a 70 year old Caucasian fenwle with a history of ophthalttW/ogical disease. 
She had intraocular hypertension for 9 tnonths during study. 

Suhjec: #91 i .vas a 65 year old Caucasian male tt.·as hospitalized for severe angina after 
2 weeks. He subsequently completed 6 moflths, with complaints of decreased libido. The reason for 
discontinuation is not explicitly stated. 

~\'<~bject #913 1'(!5 a 61 yearnld Caucasian niu/e with He 
(.,•11npta1ned offlank pain at M-'eek 2,· the complaint resolved. 

Subject 11915 .vas a 52 year old Caucasian male who discontinued after 3 months because of 
facial jlushinx. 

Subject It 100-1 I was a 71 year aid Caucasian male who was hospita/i:.edfor unstable angina 
al 7 nuJnths. He cornpleted 12 nwr.1_#z.s of treatlnent. 

Subject #1018 was a 60 yea1 ,_,!!Caucasian niulc. lie "·as nt:ice lwspitali:..edjOr chest pain, the 
second tt-'as after about 12 months o;" treatm{'tll. 

Subject #l JU7, 11·as a 57 year old Caucasian n1ule \~·)uJ dereloped se\.1ere chest pain and 
undeni·e1lt CABG 4 days ajier completing 12 nw111hs treatment. 

3. Summar}' 

Headache. vasodilation. and peripheral eden1a remained the ~ununon trcatn1enl·relate.d adverse e\·ents. 

Several of the Ca.'iCS described appear to reyresent acute worsening of angina during treatment. Subject# 1107 in 
Stud.y #lOOl l tnay represent a rebound phenon1cnun. 

lhc infonnatiun provid~ in this 120-day safety update Jo not n1atcrially affe...:t conclusions made with the 
M.:Jical ufticer's review (2 August \993) of safety and efficacy 

26 OctJh<r J 993 
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SUMMARY OF PHARMACOLOGICAL STUDIES (X. Joseph) 

A. Studies Related to Therapeutic Indications 

1. Effects on Blood Pressure 

a. lli!il 

The effects ot nisoldipine on blood pressure and heart rate were 
studied and compared with appropriate reference drugs 
(nifedipine, nicardipine and hydralazine) in normotensive (NT) 
and spontaneously hypertensive (SH) rats. Single oral doses of 
nisoldipine (3-30 mg/kg) produced a dose-dependent decrease 
in blood pressure in normotensive rats. Although the hypotensive 
effect at 3 mg/kg wa:> statistically not significant, doses of 9 
a~J 30 mg/kg produced significant reductions in blood pressure 
!~sting for· 2 and 4 111, ~espectively, after nisold1p1ne 
administration (Table 1). A significant dose-dependent increase 
in !1earl rate was observed in all nisoldipine treated groups for 
2-6 hr postdose (Table ~). Reference drugs also produced similar 
dose dependent l~poter1sive effects and increased heart rates. 
However, in normotenciive rats, hypotensive effects produced by 
reference drugs al 9 mg/kg were almost equivalent to the effect 
produced by the high dose level, 30 mg/kg, of nisoldipine 
(Table 1) • 

Nisoldipine produced a more pronounced antihypertensive effect in 
SH rats than in normotensive rats. Dose dependent significant 
reductions in blood pressure were seen at all levels of 
nisoldipine tested (3-30 mg/kg, po), beginning at 30 min and 
lasting until 4 lu (3 mg/kg) o~- 6 hr (9 mg/kg and above) postdose 
(Tctble 3). Hea1t iate was sign' ficantly increased up to 2 hr 
postdose in Clll nisoldipine tieated groups and until 6 hr at the 
highest dose h'V•'l (Table 4). At 24 hr, no significant 
differences i11 blood 11ressure or heart rate were seen between 
control and treated groups. Relerence drugs also produced dose 
dependent decreas•" ill L>lood pressure and increases in heart rates 
in SH rats. 

Sluciit~S i1,1 oLllt-'>1· t~XlJ~1·i111encal a11im(~l inodels ot i11duced cl11-or1ic 
hype1tensioll (1enctl hypertensive rats ancl deoxycorticosterone­
NaCl hyperte11sive rats) also revealed a dose related hypotensive 
et tect ior 11isold1 [)ir1e. 

rrf1e fjL)Sl:S Ot Ili::-;n}d_i_l)iI1t.:> d!ld l"t~tereI1Ce dl'llQS required tO decrease 
blood prt·•c;c;ur•' by :20% or increase heart rate by 20% ot the 
initial vcilue:; 11-:ri;'O v.iluec;) ill no1moLPnsive and Sll rats and also 
in other experimental animal models ot hypertension are given in 
Tctblt-'> S. 
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TJ1bk I: lrTccu of nuold1pmc .;and rclC~cncc dnlp on blood pcciiurc 1n nor'Tiotcnil\C rat1. 

Mean blood preuurc (mmrtaJ = S.E.M. 

°"" Dru~ 
\mj,.·~1) Before )0 min 60mtn 110 min 2.W m•n 360 min :!·&h 

Control - IOS.l lOhl ll0:4 \9(),\ lSO:l 109:l 109:1 
~1sold1pmc ) 109:::6 99:S IOO:l IOI :s: S 103%6 107:6 109:6 

9 111 :J 9-4:6 9J = s• 9! :=.4• 9hl !Ohl ll!=:J 
JO II.?::: S 87 :!: 4•• IJ = .?•• IS:.?•• 19 :1: :·· 9i:J Ilk) 

1'1IC:d1pmc I 11.? =I 10.1% I 105: I l07: I !Ohl !OS.I Ill:.? 
) l<N:t;) 9! = 3• 91 :J•• 9..&:::l' 9.? =!' 94 :::.?• 109%3 
9 107d 79 :411 76:.?•• 11 :s: J•• 77:)11 10:::?•• 101:4 

~1C;;i,1d1p1nc J 11] :! 1().1:! 106:! 106: I 109:.? l ll:.? I IS:.? 

• 11.?: J 98 = )1 98 = J• 98 :::.? 100:::.? IOl:l 113%3 
9 109:3 7S :!'"' 11 = .?·· '" :.?•• 91 = , •• 9hl 111: I 

H)dral.11inc 3 11 J: I 9S: 31 99:.? IOI: I !OS: I 107% I 1 IJ: I 

• II J :!: .? 90:.?'"' 811 :!•• Q()'!: , •• '" = .?'' 91 :2•• 11.?:I 
9 108:) 8.?:.iu '" :.i•• '" :J•• 87 :)11 19:,?•• 107:3 

S1l(01li..::1.ntl~ ddkri:nt lram the control iCIJup: • p < 0.0~. •• p < 0.01 
In the control iroup. the \Ch•dc Jlonc:: (0.5 '\, cr-.1c ~uspc:ns1on) ~as admm1~1e:rcd 

T :able 2: E:.!Tc:c!s of n1wlJ1pmc: and rckrcth:c dru~ on he: an r.uc m normotcns1\c rat. 

°"'' 
M~n hcJrl r.ue (bQJ.i/mml : S.E.M 

Dru~ 
{m'" '..i) S:forc JO 1111(1 6V mm l~O min 2.W min 360 min 24h 

Control -
I 

l61: I 1 158:: Ii llS, 1 l 155: I:'.! JlO•IO l!iO::t 7 llhll 
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~n:ard1p1nc . ) )63: I 2 44.1 :::o•• 400!: 16 )89: 11 )81::t10 )68:r: 9 349-:1: I:? 
• 35-l !: ::o -lb[= 1::•• 451=1.i•• -l29:17•• 41l::t 12•• 387::t: 17 J!i7::t: 17 

' )(),.~= q 5-J'.!: I 5•• SI]!: 15 .. 476:!: 10•• 446::t: t6•• 402% 10"" 364,. 9 

l~~Jral.ilmc J )6 I= 17 446!: 12•• 43"1=12•• 42.& == 10·· 411:r:22·· )87:r:l7 )61"' 9 
• )57:17 4111=??·· 4tJO: 12•• ~:!:ll"' 429::tl:?" l99::t22 )59:r: 9 
9 366:: 7 Sl4:r:!8•• .&7)::17•• 4-19:15·· 4)):1)•• 42):12 .. l6h 9 

~1,n\t1canlh d.1tTcrcnt from the conuol iroup: • p < 0.05. •• p < 0.0 I. 

1 ablt' J: E-.ffcc~ of n1~u1i.:1p111c: anJ reJCrcn..:c dru~ on blood orruu.rc 1n \p<JntJ.nca•aly hypertensive 1'1.li. 
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9 41.'=22 42.& !: ~6· 403!:~1· 42S:!::?4· 400:1: IS 400: 18 J9l:t 15 
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Figure 1 

Antihypertensive effect of nisoldipine (SAY k 5552) after oral adninistration to 

spontaneously hypertensive rats. 
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Figure '2. 

Antihypertensive effect of nisoldipine (BAY k 5552) by oral adninfstratfon to 

onc-k i ency rena 1 hypertensive rats. 
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Table 5', Co;npan.uvc ctT«•.s (t.D.,J of nUold1p1nc and rc(crcncc drucs on ~ood prcuurc (SP) and hurt n.1c cttRJ in certain l)pcs ol h)pcrtcrw\'C rau 4rW in 
normotcns1vc rau 

ED. c8PJ Cm11k1 p.o.J EO. IHRI Ima/kt p.o.J 

°"'"' NR SHR ONR RHR NR SHR ONR RHR 

N~ld1p1nc 11 0 4.0 7.21 4.04 
([) (ll (l 1 Ill 

l.&O 1.40 >l0.00 C.60 
([) (11 Ill (I) 

Ndcd1pmc • 10 l60 1.48 uo 
10.J-11 (0.'~0) (0.21) (0.Jl) 

l.'O 9 !O IU HI 
(0.ll) (l.46) (().JI I (0.J71 

Nu:a.rd1p1nc 6.80 4.00 1.$2 1.93 
(Q.~7) (ll (0.lll (0.48) 

J.00 l.00 9.61 1.80 
(0.791 (0.lY) (0.llJ (O.l 11 

f(ydra.la.unc 4.~0 4.10 2.90 1-91 
10.111 (I .OJI (0.401 (0.47) 

I 60 1.10 ).ll 4.•I 
(0.J2) 10.29) (0.111 (0.291 

NH.=norraotensive rat, SHR•spontaneously hypertensivu rat, DNR• DOCA-NaCl 
hypertensive rat, lUiR=renal hypertennive rat. 

In terms of blood pressut~ lowering effect, nisoldipine was about 
equipotent to nifedipine, nicardipine and hydralazine in SH rats; 
however, it was less potent than the other drugs in other 
hypertensive models and in normotensive rats. The positive 
chronotropic effects of nisoldipine were less remarkable than 
those oi reference drugs except in SH rats. 

In another study, single oral doses of nisoldipine (0. 315, 1. 0 
and 3.15 mg/kg) produced a dose dependent reduction of systolic 
blood pressure in conscious female SH rats (Fig.1). Although the 
lowest dose (0.315 mg/kg) produced only a slight reduction in 
blood pressure (3% reduction from the base value), ~oses of 1.0 
arid 3.15 mg/kg reduced blood pressure 12 and 18%, respectively. 
The maximum effect, at all dose levels, was seen at :. hr after 
drug administration and thto blood pressure returned completely or 
nearly to pretreatment level by 6 hr postdose. When t~e above 
doses of nisoldipine were given orally to one-kidney renal 
hypertensive rats, a significant decrease (39%) in blo0d pressure 
was seen at 3.15 mg/kg and moderate (9%) and slighL (3'l 
reductions were observed at 1 and 0.315 mg/kg, respectively 
(Fig .2). 

In conscious normotensive rats, nisoldipine (0.3 mg/kg po) 
sig11ificantly reduced systemic vascular resistance (0.58 to 0.38 
nun Hg/kg/min/ml) and mean arterial pressure (122 to lOd m.u Hg), 
and increased heart rate (395 to 441 beats/min), stroke v0lume 
(0.57 to 0.72 ml/bea~/kg) and cardiac index (225 to 326 ml/min/ 
kg) . Left ver1triculdr end-diastolic pressure (LVEDP) was s~ightly 
decreased (9.6 ta 8.8 mm Hg, ~<n 05) but no significant change in 
l~ft v0t1t~icula~ systolic pressLlre was seen. 

The• <'it c'cL ot chronic dietary admi nist t·a t ion ot nisoldipine )n 
the development oi hypertension was studied in Sil rats. 
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Fig. 3 

Effect of Long-term Treatment (60 weeks) with Nisoldipine on 
Systeml.c Blood Pressllre in SH Rats 
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Admir.istration of nisoldipine r.o male SH rats (8 weeks old at the 
initiation of treatment) at 1000 ppm (S0-100 mg/kg/day in diet) 
for 60 weeks prevented the development of hypertension during the 
treatment period [mean systolic blood pressure of 141 mm Hg in 
the treated group vs 214 mm Hg in the control group at the end of 
the study (Fig.3)]. The final blood pressure of treated SH rats 
was nearly the same a·: that of treated or untreated normotensive 
\hstar Kyoto (WKY) rats (Table 6). (However, it is noted that 
blood pressure in treated SH rats rapidly increased to the 
untreated control level when the treatment was stopped.) On the 
other han~. in untreated concurrent control SH rats, blood 
pressure increased progressively till week 48, to a maximwn of 
250 nm1 Hg, and declined thereafter to 214 mm Hg at the 
termination of the study. In WKY rats, no signireicant treatment 
related blood pressure changes were seen in the nisoldipine 
treated group compared to the control group. Fuc·thermore, the 
results of the above study also showed that long term treatment 
with nisoldipine significantly decreased plasma atrial 
natriuretic peptide-like immunoreactivity (ANP-=Rl and plasma 
a~dosterone concentrations (PAC) and attenuated cardiac 
hypertrophy in SH rats (Table 6). 

It \vas also shown that a 10 week dietary treatment with 
nisoldif)ine (50-100 mg/kg) in old SH rats (69 weeks old) 
1,·1th end·-stage hypertensive disease caused sign~ficant reductions 
in systolic blood pressure [fror.. 210 to 169 mm Hg (20%)], ANP-IR 
(20%) aw1 relative heart weight (20%). 

In inb~ed Dahl salt sensitive (DS) rats on a high salt diet (8% 
t;aCl), dietary admiriistration of nisoldipine at 1000 ppm (100 
rng/kg/dc::'.::) for 5 \-.reeks produced significant reductions in 
systolic blood prescoure ( l EB mm Hg in nisoldipi::e treated group 
vs :36 nm Hg in control DS rats) and plasma ANF IR and renin 
activities. No nisoldipine treatment related ef~ects were seen in 
Dahl salt resistant rats. Although treatment with the arteriolar 
ve.~odilator minoxidil (10 mg/kg, in drinkir,g water) caused 
reduction of blccid pressure in DS rats, the plasm3. ANP-IR levels 
and heart weights were signif icantl~· ir1creased ~n treated rats 
compared to contro~ DS rats. 

Ir, diabetic SH rats (strepto=otocin induced), ncsoldipine (9 mg/ 
kg po for 10 weeks) significantly reduced blood pressure ~nd 
i11hibited the progress oi renal lesior1s. No nisoldipinP treatn~nt 
related effects were seen on blood glucose, bod\· ·tJeight gain, 
heart rate and heart and kidney h·eight s. 

Nisoldrpine (0.3-0.b mg/kg in toad tor 20 weeks prevented the 
de\'elopment: of hypertension in rats sub1e-:ted to 5/6 th nephre­
ctorny (147 nm1 Hg in treated \'S 237 m~1 Hg in unt:·e3.ted group). 

t~isoldi1Jir1e intusion (0. 7 µg 1ri1ir1J decre2sr~d ni.e8.h ::itte1ial 
i:;ressure in ar1cstf1etized no!:noter1si\·e rats froin l(J7 to 76 r:t11 Hg; 
and in con:·1cious rats, c. bo~u:J ad1:1ir1istration o~ rlisoldi1)ir~e (100 
µg) caused a reduction ot blood pressuree trom 1 · = to 76 nm1 Hg. 
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Figure 4-
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b. Dogs 

The effects of oral nisoldipine on blood pressure and heart rate 
were studied in conscious. unrestrained, renal -_,ypertensive 
(unilateral renal artery stenosis_I beagle dogs lsing a radio­
telemetric method, and compared with effects of ether calcium 
antagonists (nifedipine, dilciazem o.nd verapamil) and 
vasodilators (hydralazine and minoxidil). Single> oral doses of 
nisoldipine (0.03-1.0 mg/kg) produced a dose-de;iendent decrease 
in mean arterial blood pressure in renal hyperto;nsive dogs 
(Fig.4). At 0.3 mg/kg, a marked rPduction in blx:d pressure (24%) 

was produced within 2 hr after drug administrat'-cn and the 
hypotensive action lasted for 12 hours. A reflex tachycardia, 
lasting for about 3 hr, occurred at the above d-Jse level. A more 
pronounced hypot~nsive effect was seen at 1 mg;~g. Nifedipine 
produced about the same degree ot hypotension a.3 that produced by 
0. 3 mg/kg po of nisoldipine at a 10 fold higher dose level (3 .15 
mg/kg po). The hypocensive effect and the refle:< tachycardia 
lasted for 6 hr. Diltiazem and verapamil produce>d comparable 
antihypertensive effects at higher dose levels ~1th slight to 
moderate increase in heart rates. [At the highe3t tested dose 
level of verapamil (31.5 mg/kg po), 3/5 dogs sLJ\\ed marked 
bradycardia.] The anti- hypertensive effect of :ninoxidil was more 
pronounced (34% blood pressure reduction at 0 .:; ng/kg po) than 
that cf hydrala::ine (about 15% reduction at 10 :ng/kg po), and 
persistent reflex tachycardia was seen for che e>ntire period of 
blood pressure reduction in both cases. 

The ED20 (mg/kg) values (the dose 
mean blood pressure) and the dose 
and other calcium antagonists and 

nisoldipine 
nifedipine 
diltia=em 
verapamil 
minoxidil 
hydrala::ine 

ED20 (mg/kg) 

0.14 
l. 68 
6.21 
8.39 
0. 14 

>10.00 

that causes a :0% reduction in 
response ccr\·~s for nisoldipine 
vasodilators 3re given below. 
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The above ED20 data indicate that nisoldipine and minoxidil are 
more potent antihypertensive agents in dogs than the other drugs 
studied. However, the dose response curves show that the 
antihypertensive effect of minoxidil is markedly more steep than 
that of nisoldipine. While diltiazem, verapamil and hydralazine 
are shown to be much less potent than nisoldipine and minoxidil 
in reducing blood pressure in renal hypertensive dogs, the 
antihypertensive action of nifedipine is rated as intermediate 
between nisoldipine or minoxidil and the other reference drugs 
studied. 

Nisoldipine (31-315 µg/kg po) decreased MAP and TPR, and 
increased HR in anesthetized normotensive dogs. One hour after 
100 µg/kg nisoldipine, MAP and TPR were decreased 20 and 45%, 
respectively, HR increased 76%, and LVEDP was unchanged. In 
another study in anesthetized dogs, nisoldipine (0.3 µg/kg iv) 
decreased TPR by 20% and increased stroke volume 28% without 
decreasing MAP, however, a dose of 30 µg/kg iv decreased MAP by 
14% and TPR by 66%, increased HR 110% and stroke volume by 38% 
without changing EDP. 

The antihyperte11sive effects and the pharmacokinetics of 
nisoldipine were compared with those of nifedipine, nimodipine, 
nicardipine and hydralazine in conscious, renal hypertensive 
(one-clip, two-kidney type hypertension of Goldblatt et al) male 
mongrel dogs. Single oral doses of nisoldipine (0.3, 1.0 and 3.0 
mg/kg with Cmax values of 13, 33 and 60 ng/ml, respectively, or 
AUC values of 36, 132 and 523 ng/ml/hr, respectively) produced 
dose-dependent reductions in mean arterial blood pressure, which 
were significantly different from pre-drug values at 30 min (1 
and 3 mg/kg) , with maximum effect seen at about an hour after 
dosing (Fig.5). At: 1.0 and 3.0 mg/kg dose levels of nisoldipine, 
mean blood pressure re~uctions of 36 and 50 mm Hg, respectively, 
were obs<"rved. Significa,,t antihypertensive activity lasted up to 
24 hr after the 3.0 mg/kg dose. Although not dose dependent, 
increased hearL 1ctle was seen at all dose levels and remained 
significantly higher than pre-drug levels for 4 (1 mg/kg} to 12 
hr (3.0 mg/kg) after dosing. Peak plasma concentrations af 
nisoldipine were see:-i 0.5 hr after oral administration crd the 
antihypertcnsive activity significantly correlated with plasma 
concentrations of the drug (r=0.727, o<0.001). Like nisoldipin~, 
other calcium antagonists (nifedipine, nimodipine or nicardipine) 
also dose-dependently lowered mean blood pressure, attaining peak 
effects at 1-2 hr after dosing. Hydralazine had a slow onset and 
its effect peaked 3 hr postdose. In the above study, it was fo~n~ 
that nisoldipine was 5-6 times more potent than nifedipine, 
nicardipine and nirnodipine and its antihypertensive effect lasted 
3-6 times longer. 

In another study in conscious renal t1ypertensive beagle dogs, 
c>ingle doses oi nisoldipi1w (cl.03-1.0 mg/kg po) produced the 
following dose-dependent decre~ses in mean arterial blood 
pressure (MAP} and increases in t1eart rate (Ji!\) . 
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Dose 
(mg/kg po) 

0.03 
0.1 
0. 3 
1. 0 

MAP 
(% decrease) 

n.s. 
20 
30 
45 

HR 
(l; increase) 

30 
45 
47 
82 

In conscious normotensive coronary artery occlu:led mongrel dogs, 
infusion of nisoldipine (1 and 3 µg/kg/min) for 15 min produced 
the following changes in blood pressure and heact rate. 

Contt·ol ( 1 µ9/k9/min) ( 3 µg/k91'.'.min) 

SBP, mmHg 133±3 126:!;4 119±6* 

• * DBP, rnmHg 92±2 74±3 59±5 

MAP, mmHg 105±2 91±3 • 79±4 • 

HR, bpm 103±10 146±9 • 163±12 • 

• Significantly (p<0.05) different f ram control. 

In conscious, nonsedated, chronically instrumen:ed mongrel dogs, 
iv ac!Jr.inistration ot nisoldipine (10-100 µg/kg) decreased MAP by 
11 and 29 nm Hg at 30 and 100 µg/kg dose levels, respectively. 

In anestl1eti=ed mongrel dogs with cardiac tampo:1ode, nisoldipine 
(: µg/kg/min, i\· tor 15 min) caused mean blood ~1essure to fall 
from 120 to 71 mn1 Hg and reduced heart rate fro:n 212 to 167 bpm. 

In conscious cats, oral nisoldipine at 0.1 and J.5 mg/kg dose 
levels produced 21 and 18% reductions in mean bleed pressure and 
:3 and 63% increase in heart rates, respectively. 

N1soldipine (10, 30 and 60 µg, ivl dose-depende:-itly reductcd MAP 
and total peripheral resistance (TPR) and increised cardiac 
output in anesthetized cats. 

In anestheti=ed Yorkshire pigs, infusions of ni3cldipine 
(0.25, 0.5 and 1.0 µg/kg/min for 10 mini produced dose-dependent 
decreases in arterial blood pressure (30%), s}·s:emic vascular 
resistance (30%) and lett ventricular filling pressure (15%), and 
increases in heart rate (25%) and L\' dP/dt max (20%). Cardiac 
output was not sign1ticantl~· aftected. 

Nisoldipine (0.b mg/kg/day iv to1: 4 days) preve:1ted the 
development or zeversed established l~·pertensio:-i ir1duced by ACTH 
i:> .c;heep. 
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d. Antihypertensive Activity of Enantiomers 

The antihypertensive activities of orally administered stereo­
isomers of nisoldipine were compared with the antihypertensive 
activity of the racemic compound in conscious SH rats and renal 
hypertensive dogs. In SH rats, (+)nisoldipine (BAY R 1224, 
ED20=2.l mg/kg) was only slightly more potent (1.4 times) than 
the racemic compound but was about 20 timEs more potent than the 
(-)nisoldipine (BAY R 1223). No significant difference in 
antihypertensive activity was seen between (+)nisoldipine and the 
racemic compound in dogs. 

In a study in anesthetized normotensive dogs, 10 and 30 µg/kg po 
(+)nisoldipine decreased MAP by 10 and 38% respectively, while 
(-)nisoldipine had no significant effects at doses up to 300 
µg/kg. 

e. Antihypertensive Activit·v of Metabolites 

(Unless otherwise noted, t.he following studies were done in 
anesthetized normotensive dogs.) 

BAY R 9590, a major metabolite of nisoldipine, showed weak 
peripheral vasodilator activity at iv doses of 1 mg/kg and above. 
No significant changes in blood pressure were seen at dose levels 
(0.3 to 3 mg/kg iv) tested in this study. 

BAY 0 319 9, anoth•=r metabolite, had relatively minor peripheral 
vasodilator activity at doses at 0.3 and 1.0 mg/kg iv in dogs. 
Slight blood pressure reduction was noted following the 1 mg/kg 
dose. 

Metabolites B!'1S S l8b9 and BAY S 47c»5 had no hemodynaI"lic effects 
(total periphe1·a1 resistance, cardiac output and LV dP/dt) at 
1 mg/kg iv and had only minor peripheral vasodilator effect at 
3.0 mg/kg. 

BAY R 9425, a dih~·dropyridine metabolite of nisoldipine, caused a 
dose-dependent drop in blood pressure at doses of 10 µg/kg iv and 
above, the eftect lasting CJbout 60 min ar 30 µg/kg. Tachycardia 
and increased cardiac oucpul were seen at the above dose level. 
BAY R 9425 \iv adrninistrat ion) was tound to be l/3>:d to 1/ 10th as 
potent as nisoldipine in dogs. 

In consciouco renal hypert:Pn:;ive doc:,s, oral do;3es ot B.O.Y R 9425 
( 1 rng /klj) had " much 1,·eaker and shorter durat i.<m ot action than 
t l1e 1).J.r er1 t con1t:Jc)ur1d . 
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3. Mechanis111 of Action 

Nisoldipine is a dihydropyridine calcium channel blocker which 
binds with very high affinity to L-type calcium channels. By 
blocking calcium entry into vascular smooth muscle cells, it 
inhibits muscular contractions, thereby causing vasodilation of 
peripheral and coronary vasculatures. 

The receptor binding characteristics of nisoldipine (BAY K 5552) 
and ics optically pure enantiomers, BAY R 1224 (+ isomer} and BAY 
R 1223 (- isomer), were studied in rat cerebral cortical 
membranes using labelled nitrendipine. The concentration that 
causes 50% inhibition of 3H nitrendipine binding (IC50}, the 
inhibition constant (Ki) and the Hill Coefficienl: \nh} for the 
above compounds and the reference drugs are given below. 

Substance IC50 [nM] Ki [nM) nH N 

Bay K 5552 1.2 :: 0.1 0.769 ::0.064 1.0 :: 0.05 34 
(NisolrJipine) 

Bay A 1224 1.1:: 0.08 0. 705 ::0.051 1.0 = 0.09 34 
(( +) enantiomer) 

Bay R 1223 109 :: 0.15 70 :: 10 1.C :: 0.01 34 
((-} enanticmer) 

Nifedipine 2.7 1.7 1.15 
(Reference) 

Bay K 8644 16 10 0.76 
(Reference) 

Verapamil 173 110 0.6 
(Reference) 

Nisoldipine showed competitive displetcement of 3H nitrendipi·1e 
with a Ki of 0. 769 nM. 'l'he (+) enantiomc_ has a comparable K~ of 
0.705 nM, while the affinity of the (-) enantiomer was reduced 
100 told to 70 nM. The Hill Coetticient for all three compounds 
was smne, representing a linear Scatchard Plot and a homogenous 
population of binding sites. The above datet ir:dicate that the 
biologically active component ot nisoldipine seems to be the 
(+) enantiomer. 

Furtl1er studie~_J iI1 gt1i1H.~<~ l)i~1 ~ · t~d 1 '.)1nootl1 1nu::.;cle l1ave cor1tirmed 
that the receptor binding 1-1as t high atfinity, saturable, 
reversible and stereoselective with high structuretl specificity, 
and coro:elated well with thee plrnrncC!cologic act·ivities. Binding 
studies in partially puritied ral brain membr,rnes using 3H 
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nimodipine showed Ki values of 0.24 and 7 nM for nisoldipine and 
nifedipine, respectively. Studies in rat and rabbit ventricular 
membranes showed that nisoldipine differs from nifedipine in its 
high affinity binding (about 20 times greater), slow dissociation 
rate and large partition coefficient. The binding characteristics 
of both drugs are given below. 

Comp.iUao or Billdial Cbua<lcristia or lii>oldipil!: &lid Nifedipizlc 

( + )Niwldipillc Nit.dipizlc 

K,, nM 0.04 0.81 
O~tica 

'~'l· mi.a n_. pmoVmg 
Auoci•tioo Rite (x IO'M"1mi11"1) 

Entropy or bindinl 
Parutioa cocflii:ical iluo biolopul ID<lllbr2A< 

12 
0.69 
6.7 

ws• positi•• 
6,00).. 27 ,OCIJ 

1.2 
0.17 
3.1 
acptivc 
2.IOl 

7he above biochemical and biophysical differences can be expected 
to result in a longer duration of action for nisoldipine. 

Studies in isolated rat aorta revealed that there is good 
agreement among binding affinity and the IC50 values both for 
inhibiting "Ca influx and aortic contraction. The IC50 values 
tor tl1e inhibition of rabbit aortic ring contraction (potassium 
stimulated) were 1.8, 0.15 and 81 nm for racemic nisoldipine, 
(+) isomer and (-) isomer, respectively, indicating that these 
tir1dings were in reasonable agreement with the results of the 
ligand binding studies. 

Voltage-clamp studies in isolated calt Purkinie fibers have shown 
that nisoldipine binding is one thousand times stronger to 
indctivdted channels (Kd=l nm) than to restinc; channels (Kd=l.3 
µN), indicating that nisoldipine blocks calcium channel current 
in a voltage dependent manner. Nisoldipine ( lll µM) completely 
blocked the slow inward current and contractile activation in the 
above tissue. Moreover, nisoldipine reduced tl1e transient 
outward, but not the delayed rectitier K. cur1ent, in calf 
cardiac Purkinje fibers. 

Nisoldipine was a more potent inhibitor of BHT 9~0 (a2-
adrenoceptor agonist)-induced contraction of isolated aortic 
rings when these rings viere taken from stroke-prone SH rats than 
\\'hen they were taken from normotensive \\'KY rat'1 (IC50=0.15 nM vs 
7 nM) . 

~t.:~vcra.L sludi0~; l1a\·e sl1ov.;11 t11.dl tl1e dt:gree oi nisol.dipi11e 
in!1iliit il)I1 C)t cdJ ciu1n cl-1d11z1c~l ct1rrt:?nt.s (as \\101 L a~; contractions} 
inc-eases \\•iL11 membrane depolari:.:a>:ion. In patch-clam;; studies · n 
i~_-:;011::1L~d :.>1nootl1 nn.1~--;cle cells trcJnl c~1nint:? cort."'llldl)' artet)', 
1nenll>rar1t:~ de1JcJldri:.:a_tio11 tr._)t\ -b 1_~ in'-: tc) -30 111\/ ir1crt:ased tl1e 
appc1renl" attinity ot nisoldipit1<.' L>indinq aboul 9 told (in 
the prcesc>nce or 1 p.N Bay K 8b44, J cdlcium ag<•nic;t). The 
ccdcuL1t .,:d dic;;;ocialion consLant in this study wa~; 0. 07 nM, which 
\\'d" ident ica.l le) the value obta.~11ed \,·it.h radioligc1nd binding 
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studies. In rabbit mesenteric artery, depolarization from -100 to 
·-55 mV decreased the concentration of nisoldipine needed for 50% 
inhibition from 12 to 1.9 nM. Because of the very high affinity 
binding of nisoldipine to depolarized me'.llbranes, it is suggested 
that nisoldipine could preferentially bind to those depolarized 
arteries which increase total peripheral resistance of hyper­
tension, and also to those producing coronary spasms. 

B. Additional Cardiovascular Studies 

1. Effects on Other Vascular Beds 

Under conditions of controlled blood flow, nisoldipine infusion 
(1 µg/min) dilated the hindquarters vascular bed of anesthetized 
cats and inhibited vasoconstrictor responses to sympathetic nerve 
stimulati.on, norepinephrine, tyramine, methoxamine and BHT 933 
(U2-adrenoceptor agonist). 

The effects of nisoldipine on vascular resistance and vasocon­
strictor responses were studied in the pulmonary vascular bed of 
anesthetized cats under conditions of controlled blood flow. 
Nisoldi~ine (1 µg/min) infused into the lobar artery caused only 
a small reduction in basal lobar resistance. It reduced pulmonary 
vasoconstrictor responses to methoxamine, BHT 933 and U46619 
(thromboxane A2 mimetic) . 

2. Other Myocardial/Cardiovascular Effects 

In isolated Langendorff-perfused rat hearts, nisoldipine (30 nm) 
prevented the ischemia-reperfusion-induced depletion of the 
cardiac stores of norepinephrine. In the above hearts, pretreat­
ment with the drug (10 nm) 2 min before the onset of ischemia 
significantly improved cardiac output following global ischemia 
(20 min) and reperfusion (5 min) . Pretreatment with nisoldipine 
(1 µMl for 5 min before ischemia prevented transcoronary macro­
molecular leakage after ischemia-reperfusion in isolated rat 
hearts. 

In isovolurnic coronary artery-perfused ferret hearts subjected to 
global ischernia for 3 min followed Dy 10 min reperfusion, 
nisoldi.pine (10 nm) significantly reduced the ischemia-induced 
rise in diastolic and systolic intracellular free ionized calcium 
(flC, determined with the biolum1nescent protein aequorin), and 
lessened tl1e decrease in contractile function. Moreover, nisoldi­
pir1e significantly accelerated the decline in FIC during reper­
tusion and improved recovery of contractility and relaxation. 

Nisoldipine (~ µMl had no signiticant effect on dopamine-induced 
inhibitior1 ot nerve sLimulated vasoconstriction of isolated 
perfused rabbit ear artery. 
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In anestheti.zed rats, nisoldipine (3 mg/kg po, 1-1.25 hr before 
acute coronary ligation) greatly reduced the duration of 
ventricular tachycardia and fibrillation occurring in the first 
30 min postligation period. None of the treated animals died 
compared with a 40% mortality in controls. 

Long-term dieta1y administration of nisoldipine (50-100 mg/kg for 
22 weeks) prevented the rarefaction of myocardial capillarization 
in SH rats. Drug treated rats had lower arterial blood pressure 
and decreasect left ventricular and septal weights compared to 
unlreated rats. 

In conscious chronically instrumented dogs, nisoldipine did not 
influence cardiac impulse tonnation or impulse conduction at 10 
and 30 µg/kg iv, but at 100 µg/kg iv (strongly hypotensive dose), 
it produced reflex increase in the rate of atrioventricular 
conduction. 

In dogs subjected to occlusion ot the left anterior descending 
coronary artery for 1. ':i ln tol lowed by repertus ion, nisoldipine 
(3.5 µg/kg iv 10 min beto1·e the occlusion and a9ain 10 min before 
reperfusion) suppressed the ischemia-induced inc1ease in phospho­
lipid b1eakdown as W<~ll as the increase in serum CPK activity. 
The drug also p:·evented ischemia-induced myocardial hemorrhage 
and premature ventricular contraction in a similar study. 

Cumulative 10 min intusions ot nisoldipine (0.05, 0.1, 0.25 and 
0.5 µg/kg/min) in pigs with chronic left ventricular dysfunction 
(produced by the ligation ot t.he leit circumflex coronary artery 
2-3 weeks betore the study) improved ventricular function to the 
same extent as pimobe11dan, a phosphodiesterase inhibitor (:. '), 5, 
L2.':l c:nd 25 µg/kg/min). lloth drugs normalized cd1diac output and 
exhibited similar cardiovascular etiects (systPmic vasodilation, 
redcJction in let t ventricular tilling pressure, and increased 
l1eart rate) except tor tl1e significantly greater increase in left 
ventricular dP/dt max wilh pimobendan (8':i%) than with nisol.dipine 
(45%). Thus, nisoldipine, despite ot its lack ot inotropic 
properties, improved ventricular function to aboul the same 
extent as pimobendan. 

Intusio11 oi nisoldipine (10 µg/kg over a 5 mi11 period, 30 min 
before coronary artery occlusion) in open-chest pigs subjected to 
th•~ occlusion ot the lett antt~rior coronary arte1y, completely 
prevented th,: increase in lipid peroxidation products associated 
\•:itl1 i::.1cl1cr11ia. 
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C. General Pharmacological Studies 

1. Central Nervous System Effects 

The analgesic activity of nisoldipine (25-500 mg/kg po) was 
assessed in female Wistar rats by the failure of the animal to 
withdraw its tail within 20 seconds after exposure to a foc~sed 
heat ray. Nisoldipine had no analgesic activity at 25 mg/kg; 
however, at higher dose levels (100 mg/kg and above) 40-60% of 
animals showed evidence of analgesic activity. 

To study the effects ol nisoldipine on orientation motility, mice 
were placed in cages in the dark and their orientation motility 
was assessed at 5 min intervals for a total of 25 min after the 
light was turned on. Nisoldipine (25, 100 and 250 mg/kg po) had 
no significant effect on orientation motility in this test. 
However, in a separate study in which mice were kept initially in 
a dark chamber and then exposed to daylight after drug treatment, 
nisoldit>ine at 10 or 31.5 mg/kg po, but not at 3.15 mg/kg, 
reduced orie11tation motility by 20% in mice. The above dose 
levels had no effect on spontaneous motility. 

The balancing ability of male mice to maintain their position on 
a round horizontal "'ood bar (diameter 8 mm) was tested at 60 m'.n 
after oral treatment with nisoldipine (3.15, 10 or 31.5 mg/kg). 
The drug inhibited the balancing ability by 10% at 31.5 mg/kg. 
The ability of the mice to grasp a horizontal metal bar (diameter 
3 mm) was not inhibited at the above dose levels. 

There was no evidence of any muscle relaxant or sedative effects 
tor nisoldipir1e in mice, as assessed by the measurement 0f the 
holding and climbing ability on a horizontal bar with at least 
one tLi rn.l paw wi thi11 5 sec after they were suspended on the bar by 
their iront paws, at 25, 100 and 250 mg/kg po dose levels. 

The anticonvulsant activity of nisoldipine was determined by the 
ability of the drug to antagonize either electroshock- or penty­
lenetetr0zole (PTZ)-induced tonic convulsions in mice. 
Nisoldipine sl1owed no anticonvulsant activity when administered 
30 min before electroshock at 25, 100 or 250 mg/kg po. In the PTZ 
test, the drug (25-250 mg/kg P'-'• 30 min before PTZ adminis­
tration) had a dose-dependent anticonvulsant effect with an 
estimated ED50 of 98 mg/kg. 

ln a subsequent. study, nisoldipine (3.15, 10 or 31.5 mg/kg po), 
given GO min belore electroshock or l'TZ administration, 
antayonized the <=lectroslwck-induced tonic convulsions in 20% oi 
mice at 3 .15 and 10 mg/kg and in 30% at 31.5 mg/kg. PTZ-induced 
convu'sions wete antagonized by nisoldipine at 10 (30%) and 31.5 
(80%) mg/kg, uuL not al 3 .15 !Ilg/kg. 

Tlll' depth ot lwxobarbi tal-induced anesthesia was not affected by 
nisoldipine ill '.Ll5, lJ and 31.5 11113/kg po, but the duration of 
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anesthesia was prolonged at 31.5 mg/kg. 

To evaluate the possible tranquilizing effect of nisoldipine on 
defensive behavior, fighting episodes were induced in mice by 
weak electric toot shocks of 0.2 msec duration at a frequency of 
5 per min. Nisoldipine at 25 mg/kg po was ineffect;_ve, but a 
dose-dependent antagonism of fighting was observed at higher 
doses (50 to 400 mg/kg po) with an ED50 of 82 mg/kg. 

The (-)enantiomer (BAY R 1223) had no significant CNS effects in 
mice at oral doses of "3, 10 and 30 mg/kg. The (+)enantiomer (BAY 
R 1224) at 10 and 30 mg/kg po impaired motor coordination of mice 
in the balance rod test and increased the threslwld dose of PTZ 
required to produce convulsions. The no-effect dose was 3 mg/kg. 
No significant effects were seen in mice on traction ability, 
analgesic and anticonvulsive responses or depth of hexnbarbital­
induced crnesthesia at 3-30 mg/kg po dose levels. In rats, 
administration of BAY R 1224 (10 and 30 mg/kg po) produced 
ptoc;is, salivation, sedation, hypothermia, prone position, 
reduced muscle tone and ataxia during walking. 

Nisoldipine (3, 10 and 30 mg/kg po) significantly reduced the 
intestinal transit time in mice, as measured by the length of the 
intestine covered by cl1arcoal which was given or~lly 40 min after 
nisoldipine administration, at all tested dose levels with an 
estimated ED50 or 17.19 mg/kg. 

(-)Nisoldipine, at the above dose levels, had nci effect on 
inte3tindl t1an,;it time in the rat, 1vhereas (+)nisoldipine 
signiticantly ieduced transit time dose-dependently. 

Nisoldipine 01 its stereoisomers (10 or 30 mg/k9 po) did not 
induce any ga~tric lesions i11 rats. 

At 3, 10 and 30 mg/kg po, (-)nisoldipine had no ettect on 
indometl1dcin·- induced ulcers in rats, while ( +) nisoldipine 
signiticantly reduced these lesions at all dose levels. 

Nisoldipine (3 or 30 mg/kg intraduodenal) or (+) nisoldipine (3, 
10 or 30 mg/kg id) had no signiticant ettects on basal gastric 
acid secretion, \':hereas (-)nisoldipine signiticantly reduced 
basal gastric acid sec1eLion al 30 mg/kg id. 

Ni:3oldipine aulaqcmized acetylcholine- and histamine-induced 
spasms or iojOJa1 eel guinea pig ileum at 1 mg/L and barium 
chloride-induced spasms at 3 mg/L. 

111 Id,;tpii rat!3 nisoldipine at 10 and 30 mg/kg po signiticantly 
<lii<J. cit)::il~ d.1...)1Jt~I1Lientl·y elevated. lJl()C'Jd qlltCc)::lt..~ at ·i, :: a11d 4 l1r 
utt.\~l' dt'\_lq ad1nini~~t1atio11, \\'} ile t}lt"' ~-;t:i.ru111 t.1igl)-'C'eride 
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concentration was slightly reduced in a dose-dependent manner. 
At 3 mg/kg po, the drug had no significant effect on either blood 
glucose or triglycerides. 

In fed rats nisoldipine elevated blood glucose and lowered serum 
triglyceride concentrations at 3, 10 and 30 mg/kg po. 

4. Effects on Respiration 

Nisoldipine (0.26 nm to 26 µM) had no effect on resting tone of 
the isolated guinea pig trachea. Histamine- and LTD4-induced 
contractions were significantly reduced by nisoldipine at 26 nM. 

Nisoldipine (0.32, 1.0 and 3.2 µg/kg iv) had no significant 
effect on spontaneous respiration in anesthetized dogs. 

The enantiomers of nisold:_l-'ine ( (3, 10 and 30 mg/kg po) had no 
effect on airway resistance or lung compliance, and did not 
modify histamine-induced increases in lung resistance in 
anesthetized, spontaneously breatl1ing guinea pigs. 

The diuretic activity of nisoldipine was tested in normotensive 
male Wistar rats loaded with 0.5l methylhydroxyethylcellulose (10 
ml/kg). Nisoldipine at 1.0, 3.15, 10.0 and 31.5 mg/kg po produced 
no significant effects on urine volume or urinary excretion of 
Na· or K' ever a 6 hr collection period. However, at 100 mg/kg, 
the dr~g reduced urinary volume and Na' and K' excretion. Urinary 
pl! was not changed over the entire dose rar,ge. 

111 another study in liquid-loaded rats (with a solution 
containing 0.2% NaCl, 0.4% KCl and 0.1% tragacanth), nisoldipine 
(10, 30 and lllO mg/kg po) increased urinary volumes and excretion 
of Na' and K' at all dose levels, the effects being more 
p~onounced at 10 mg/kg than at higher dose levels. 

BAY R 1224, the (+)enant:iomer of nisoldipine, had no significant 
effects on urine volume or electrolyte excretion in normotensive 
rats at 3 and 10 mg/kg po; howevet, at 30 mg/kg, it significantly 
reduced urine volume and the excretion of Na' and K'. BAY R 1223, 
the (-) enanliomer, had no sig11ificant effects on the above 
1)ararneters. 

In stroke-prone SH u1ts, admi.nist1·ation of nisoldipine (0. 315 to 
10 mg/kg po) sig11ificantly i11creased urin~ volumes and excretion 
ot Na' at 3. 1-" and 10 mg/kg. Although excrecion of K' was 
increased aiter 10 mg/kg of nisoldipine, the increase failed to 
acl1ieve statistical significance. 

To elucidate Lile mechanism ot diutetic effects of nisoldipine in 
Sil rats, r,~nal clearance and micropuncture studies were ca1Tied 
out i11 moderately sali11e-loaded animals. At dose levels of 0.1, 
0.13 and 0.2 Jlg/k'.J/l'lin iv for 15 min, the drug produced a 
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significant fal~ in blood pressure accompanied by increased 
sodium excretion and glomerular filtration rate (GFR) . This 
natriuretic effect was attributed to the suppression of distal 
tubular sodium reJbsorption. In another study in SH rats, 
nisoldipine (10 ~g/kg/hr iv) prcd~ced diuretic and natriuretic 
effects without any changes in GFR. It was also shown that the 
diuretic and saluretic effects were considerably more pronounced 
in hypertensive rats than in normotensive Wistar-Kyota rats. 

Nisoldipine (10 nm) completely reversed the norepinephrine­
induced reduction in GFR in the isolated perfused rat t: idney. 

In the rat acute renal failure model (glycerol induced) , 
nisoldipine treatment (10 mg/kg b.i.d for 2 days) increased urine 
volumes and significantly reduced glycerol-induced increases in 
serum creatinine and urea and renal tissue calci'lm levels. 

In conscious dogs, nisoldipine at 0.1 mg/kg po had no significant 
effect on renal function (GFR and inulin and paraaminohippurate 
clearances). However, at 0.3 mg/kg the drug reduced all measured 
parameters of renal function, the maximum effects observed 20 min 
after drug administration. 

The interaction 0f nisoldipine with angiotensin II (AII) or 
norepinephrine (NE) was studied in anesthetized mongrel dogs. 
Intrarenal infusion of nisoldipine (2, 10 or 50 ng/kg/min for 20 
min) produced a dose-dependent increase in urine flow and urinary 
excretion of sodium, chloride and potassium, although no 
significant change in GFR was seen. Renal blood flow was 
significantly increased only at the highest dose level. 
AII and NE reduced renal blood flow and urine volumes. The 
decreased urine flow induced by AII, but not by NE, was 
completely blocked by nisoldipine, while the effect of AII on 
renal blood flow was only partially antagonized. 

6. Hematological Effects 

Collagen-i~~1ced platelet aggregation, coagulatJon time, thrombus 
elasticity and partial thromboplastin time were not affected by 
niscldipine administration {10, 30 or 100 mg/kg po; blood 
sampling 90 min postdose) in rats. Nisoldipine (2.6 nm) had no 
effect on factor XIII activity in bovine plasma. 

Neither (+) nor (-) enantiomer (3, 10 and 30 mg/kg pol had 
effects (60 min postdose) on hematological parameters in rats 
(hemoglobin, hematocrit, platelet count, f.brinogen levels, 
sedimentation rate, throncbin or thromboplastin time and collagen­
induced platelet aggregation) 

7. A:1tiatherog~~nic .r..ctivity 

In rabbits fed a cholesterol (2.5%1 supplemented di~~. admini­
stration of nisoldipine (1 mg/kg/day fer 7 weeks) sigriif icantly 
reduced the serum and aortic concentrations ot cholesterol and 
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preserved ei1dothelium-depend<=nt relaxation of t'.-ie isolated aortic 
rin'}s. 

8. Antiinflammatory Effects 

Oral administration of nisoldipine (5 to 315 mg/kg, 1 hr before 
kaoline ir,jection) showed antiinflammat.ory acti·vity against edema 
(caused by intraplantar injection of kaolin into the hind paw) in 
rats at dose levels of 10 mg/kg and above (ED50=46 mg/kg po). 

9. Effects on Histamine Relea.;e 

Nisoldipine (0.26 to 260 µM) had no significant effect on hista­
mine release from rat peritoneal mast cells in vitro and also did 
not modify antigen-induced histamine release from these cells. 

D. Antidote Studies 

In anesthetized rats, 100 µg/kg/min iv infusion3 of nisoldipine 
produced pronounced decreases in arterial blood ~ressure, heart 
rate, cardiac output and peripheral resistance, followed by death 
within about 55 min after the initiation of the infusion. EKG 
changes included sinus bradycardia, partial or complete AV block 
and shitting of the pacemaker to the AV node. I.1£usion of calcium 
gluconate (15 mg/kg/min), isoproterenol (20 µg;·~g/min) or 
dopamine (100 µg/kg/min) simultaneously with niscldipine 
prolonged survival time by more than 100%. Norepinephrine (20 µg/ 
kg/min) had no significant effect. 

In 0nestl1etized dogs, calcium gluconate 1100 mg/kg iv) reversed 
the l1ypotension and tachycardia produced by 10 µg/kg iv 
nisoldipine, but exacerbated the hypotension produced by 30 and 
100 ~lg/kg .. 

E. General Pharmacological Studies of Metabolites 

Nisoldipine wa•: shown to be about :1 time~ and :he BAY R 9425 (a 
dihydropyridine metabolite of nisoldipi:1E-) was :1,ice as potent as 
diphenhydramine (reference compound) in inhibiting histamine-
1nduced spasms ot isolated guinea pig ileum. Th·" other 
metabolites (BAY 03199, BAY R 9590, BAY S 1869 and BAY S 4755) 
had no signiticanc et:'ect on tlle above parameter. 

BAY R 9425 hdd no si.gniticam CNS (car and moue;·'>), pulmonary 
(guinea pig), l1ematolog1c (rat), gastrointestin~l (rat) and 
urinary (rat) effects. This rnetabolit>2 at 0.26 :c 26 µM did not 
iI1duc~ J1istamine rel~ase tron1 i·at pe~ito112al ma3t cells in vitro; 
however, at tl1e same concentratio11 range, it sig~ificantly 
ir1hibited tl1t= ar1tigen-induced 11Lstarnir1e releast:' tron1 these cells. 
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BAY R 9425 inhibited LTD4-induc<~d contraction of isolated guinea 
pig trachea at 260 nM, but not at 26 nM. This compound was about 
10 times less potent than nisoldipine in inhibiting K'-induced 
contractions of isolated pregnant (IC50=86 nM) or nonpregnant 
(IC50=138 nM) rat uterus. Other metabolites (BAY O 3199, BAY R 
9590, BAY S 1869 and BAY S 4755) were effective only at very 
high concenLrations (above 50 µM) . 

F. Intfiraction of Nisoldipine with Propranolol 

Administration of nisoldipine (0.315 mg/kg po) in conscious 
unrestrained renal hypertensive dogs after 5-adrenoceptor 
blockade by propranolol (3.15 mg/kg po) increased the maximal 
reduction in systolic blood pressure from 15 to 23% and reduced 
the maximal reflex increase in heart rate from 109 to 50%. 

Propranolol (2 mg/kg iv) attenuated the reflex increase in heart 
rate produced by nisoldipine (2.5 to 25 µg/kg/min iv) in 
conscious instrumented dogs and prevented an increase in the 
heart rate-systolic pressure product (an index of myocardial 
oxygen consumption) . Propranolol potentiated the hypotensive 
effect of nisoldipine (5-25 µg/kg/min), but did not further 
increase mean coronary blood flow. 

Propranolol (4.4 mg/kg po) attenuated both the positive 
chronotropic and inotropic effects and the changes in systolic 
wall thickening caused by exercise in pigs with coronary artery 
stenosis. Nisoldipine (0.5 mg/kg po) alone did not modify cardio­
vascular effects of exercise, but it further improved wall 
function i11 ~he presence of propranolol. 
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SUMMARY OF PHARMACOKINETICS STUDIES (S. Stolzenberg) 

1. Absorpt~on and Excretion: Nisoldipine was measured by 
gas chromatography and electron capt'~re. A summary of urinary, 
fecal and co, recovPries following administration of a single 
dose of "c-labelled nisoldipine in four species, including man, 
is given on the page 30 of this review. In the rat, dog and pig, 
the primary route of excretion was the biliary-fecal route, 
whereas in the monkey and man, the urinary route predominated. 
Based on the ratio of the % of Dose Excreted ir urine for 
i.v./p.o. routes multiplied by 100, nisoldipine was considered to 
be rapidly and almost completely absorbed in male rats (107%), 
dogs (107%) and man (89.7%). For the pig, monkey (rhesus) and 
rat, where i.v. doses were not given, the figure under this 
column repre&ents the amount excreted in the urine, which is 
regarded as "the lower limit of absorption". 

2. Plasma Pharmacokinetics: The figure which follows 
illc3trates the plasma concentrations vs time, following a single 
oral dose in rats, dogs and monkeys. The ~able on selected plasma 
pharmacokinetics on page 31 refl~cts these observations and 
includes results from i.v. administration in the same 3 species 
and in man. After oral administration, no distinct species 
differences were noted in the rat, dog or monkey; CEQmax,no'm 
(normalized to 1 mg/kg dose, based on radioactivity equivalence 
of parent compound) ranged between 0.49 - 0.79 kg*l-', but was 
4. 7 to 7. 5 times higher in man ( 3. 7 kg* 1-1

) • AUCnom for total 
radioactivity was also similar in the 3 species, but was higher 
in man by a factor of 6 to 10. Cmax,norn and AUCnocm for unchanged 
nisoldipine following orc..l administration were very low in all 
four species, including man, which was attributed to an extensive 
first pass effect, known for this compound. In humans given 
i~nediate release tablets of 2.5, 5, 10 and 20 mg, or core coated 
tablets of 10, 20, 40 ard 60 mg, dose proportionality was 
observed for plasma nisoldipine Cma• and AUC0 _ 24 • At steady state 
(8th day of dosing) in humans, both AUC0 _ 24 and Cmax showed a "dose 
dependent and broadly dose proportional increase'' at 30, 60, 90 
and l20 mg. Correspondingly, both systolic and diastolic blood 
pressures "showed a general dose related decrease from baseline 
at steady state''. Despite the high rates of absorption, 
bioavailabilities (F) of parent compound after oral doses were 
correspondingly low; 2.7, 11.7 and 8.4% in the rat, dog and man, 
respectively. The core coated preparation had an F value of ~.5% 
in man. In the dog, it was shown that both the gut wall and the 
liver contributed to the first pass effect and resulting low F 
values for the parent compound. The plasma half-life of unchanged 
drug was essentially similar in dog, monkey and man (2.3 to 4 h). 
The shorter t 112 or unchanged compound listed in the ta!..lle for 
rats following oral or i.v. dcsing does not represent a true 
terminal half-life because plasma levels were measured for only 2 
hou~s post-dosing. In rats, the pharmacologically more po1:ent 
(+)- enantiomer had a five fold higher bioavailabl.litv than the 
(-) - enanciomer. · 
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ABSORPTION/EXCRETION OF NISOLDIPINE IN ANIMAL SPECIF.S 

AND MAN FOLLOWING ADMINISTRATION OF ["CJNISOLDIPINE. 

% of Dose' Excreted in: 

Species Route Dose 

(mg/kg) urine feces 

Rat (M) p.o. 5.0 30.8 (2.4)') 75.0 (0.7)') 

i.v. 1.0 28. 7 (3.5)') 71.8 (6.5)') 

Rat (F} p.o. 5.0 41.9 (2.9)'> 62.0 (2.8)') 

Dog (F} p.o. 5.0 38.9 l5. l)d) 55.2 (2.3)d) 

i.v. 0.5 36.3 (5.2)'1 59. l (8.2)d) 

-

Man (M) p.o. 12.0 mg 73.7 (5.4)0 12.3 (2.4)0 

i. v. 0.8 mg 82.2 (7.4)0 14.4 (9.5)0 

:..:.- . ·~· ~ 
vaiues arc amnmeuc means \SO) 

n = 5 (rat), 3 (dog) and 10 (man). For monkey and pig, n =I 

Collecti0n periods: 

a) 48 h. d) 144 h 

b) 24 h e) 240 h 

c) 72 h f) 96 h 

C02 

0.5bl 

0.6b) 

---
---
... .......... 

---
... ........... 

% 

absorbed 

(minimum) 

107.0 

... ............ 

41.9 

107.0 

-----

89.7 

---·-

I 
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SELECTED PLASMA PHARMACOKINETIC PARAMETERS IN SEVERAL 
SPECIFS FOLWWING ADMINISTRATION OF ('~C]NISOLDIPINE 

Rat (M) Dog (F) Monkey (F) Man (M) 
Species 

Route I. V. p.o. I. V. p.o. p.o. i. V. 

Dose (mg/kg) I 5 0.5 5 12* 0.8* 

Radioactivity 
CEQ.... ...... (kg•1·1

) --- 0.49 --- 0.59 3.7 ---
t,...(h) --- 0.87 --- 1.45 0.77 ---
A UC..,..,( kg *h•t·') 13.6 40 4.2 5.9 40.1 50.2 

t,.-(h) 23.9 14.9 37.9 54.4 80.3 85.8 

Parent 
c .......... (kg*l 1

) --- 0.009 --- 0.017 0.054 ---
t,..,(h) --- 0.5 --- 1.0 0.42 ---
AUC""""(kg•h•t·') 0.36 0.0097 0.46 0.054 0.077 0.954 

t,.(h) 0.36 0.70 4.0 2.3 3.8 3.8 

F(%) --- 2.7 --- 11. 7 8.4 -
n - 5 (rat), 3 (do ), I (monke IL man) g y), ( 

Rat data for parent (p.o.) from I mg/kg dose. 

*Total mg dose per volunteer 
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Immediate Release 

Dose (mg) 

2.5 

5 

10 

20 

Coat Core 

Dose (mg) 

10 

20 

40 

60 

Cmax (ng/ml) 

0.43 (58) 

0.85 (46) 

1.44 (59) 

3.42 (57) 

Cmax (ngimL) 

0.90 (43) 

1.45 (39) 

3.07 (49) 

4.28 (52) 

AUCo.24 (ng.h/mL) 

1.26 (84) 

2.89 (48) 

6.52 (46) 

14.5 (42) 

AUCQ-.48 (ng.h/ml) 

15.2 (33) 

27.1 (37) 

54.3 (47) 

83.3 (43) 

S!udv 090·022 

Pharmacokinetic Parameters at Steady-State (Me5.n ± SD\ 

Dose AUC10·24hl emu 
J.mll.l !:!. jng • h(mll 1!l.ll.i!!!!J. 

30 18 74.28 .. 7.96 4.79 :I: 0.68 
60 18 129.76 :I: 12.74 8.48 "' 0.81 
90 9 199.31 :I: 16.45 13.02 " 1.20 
120 3 226.58 :I: 12.41 14.92 ± 2.01 

Study 090·02? 

L.S. Mean Supine BP Change from Baseline at Steady-State tmmHg) 

Tm .. 
ill 

7.22 :I: 0.93 
9.08 :I: 1.97 
6.78 .. 2.30 
4.00 ± 1.00 

Systolic Diastolic 

Dose {mgl N Sh post dose 24h post dose Sh post dose 24h post dose 

30 18 -16.4 ·14.0 -8.4 ·10.2 
60 18 -20.8 ·16.8 -13.2 _, 5.0 
90 9 ·22. 1 ·23.0 -12.1 -13.4 
120 3 ·30.7 ·44.3 -25.0 ·19.0 

i 

' I 
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3. Tissue Distribution: Quantitative tis.3ue distribution 
in Sprague-Dawley rats was determined after 0.5, 1, 4, 8, 24, 48 
and 72 hours (although the tables which follow provide 4, 24 and 
72 hour values only) . After oral administration, maximum 
concentrations in virtually all organs were reached within one 
hour, with liver, fat, kidney and adrenal gland generally 
containing the highest levels, brain and skeletal muscle the 
lowest. After a single dose, terminal elimination half-lives 
ranged from 42 2 h for plasma to 123 h for brain. With repeated 
daily dosing (5 mg/kg for 3 weeks), steady state was reached 
within 8 days. The CEQ at 24 h after the last (21st) dose and the 
AVC 1 1 0 (based on radioactivity) were increased by a factor of 5 
to 9, compared to a single dose. After 21 days cf dosing, a 
slower elimination phase, characterized by halt-lives of 2.66 
days tor plasma, 6.13 days for lung and up to 28 days for brain 
(generally 6-11 days in most other organs), was found. 

After a single dose, there was no indication foi: changes in orgar· 
distribution patten1 at later time intervals (up to 72 hours). By 
72 hours, 1.1% o( the administered n1dioactivity remained in the 
body of the rat (eY'Cluding the intestinal tract). In beagle 
dogs, tissue levels were measured only after 7: hours and the 
pattern ot distribution was found to be similar to that in rats. 
Cot-responding residue values in the body ot dog:3 aft.er 3 days 
were around 1% (i.v.) or'.;% (oral) of the administered dose. 

In pregnant rats follmving single oral or intra·venous dosing, 
placental transter was observed, with total radioactivity in the 
tetus reachir1g 17% ot maternal plasma and 39% of tl1e average 
maternal tissue concer1tration withir1 one hour. 

111 lact.at.ing rals, secretion of nisoldipine and its metabolites 
into milk was not<Jd atter an oral close ot 5 mg/'.g, with 
conc<Jnt1.-itions i11 milk being lower than in pla,;ma al all time 
periods up to 48 hours post-dosing. 

Whole-body autoradiography indicated rapid tis'.;·1e distribution 
and penetration ot tl1e blood-brain bar1ier witl1in ~ minutes after 
an intravenous dose. In addition, aut.oradiograph,- essentially 
contir1ned t!1e \1.'ides11read tissue di~;tril)utton t}1.1t \\'as obser\'ed 
with the quantitative tissue measurements, incl·.1ding placental 
transfeL a11d secretior1 i11to milk. 

Plact~nt.al trar1ste1 and htilk secretivn !.:ltudie~ 
~3L1nu11a1 i=.ec1 in t }H~ ll/7/89 1e\'l8\\1 ot 

D. \'. M. , Ph . D. 

i.L rats art.:: 
:)1· X. JoserJl1, 
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QUANTITATIVE' TISSUE DISTRIBUTION OF TOTAL 
RADIOACTIVITI' IN THE RAT AITER ORAL (MALE AND FEMALE) 
AND INTRAVENOUS (MALE ONLY) ADMINISTRATION OF 
["CJNISOLDIPINE. 

Time post-dose 4 h 24 h 

i. v. p.o. p.o. i.v. p.o. p.o. 
Route (male) (male) (female) (male) (male) (female) 

Dose (mg•kg-1) I s s I s 5 

Organ/Tissue: 

body excl. g.i.t. 0.11 0.11 0.29 0.026 0.021 0.032 

plasma 0.35 0. 16 0.36 0. 13 0.044 0.056 

erythrocytes 0.09 0.05 0.14 0.038 0.015 0.018 

liver 0.54 0.56 1.8 0. 13 0.11 0.36 

kidneys 0.26 0.19 0.44 0.057 0.034 0.031 

lungs 0.17 0.11 0.26 0.068 0.027 0.034 

he.an 0.09 0.07 0.20 0.029 0.016 0.016 

brain 0.04 0.03 0.046 0.012 0.01 I 0.0062 

adrenal gland 0. 13 0. 15 0.32 0. I I 0.034 0.043 

testes 0.06 0.04 ---- 0.019 0.014 ·----
ovaries ---- ---- 0.38 ---- ---- 0.029 

renal fat 0.33 0.32 0.70 0.031 0.025 0.025 

skin 0.06 0.06 0.16 0.022 0.018 0.021 

skel. muscle 0.05 0.03 0.11 0.01 I 0.01 I 0.0081 

res id. carcass 0.10 0.09 0.22 0.018 0.015 0.015 

'Mean dose-normalized equivalent concentrations (kg*J- 1
). n = 5 per group. 
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QUANTIT A TIVE1 TISSUE DISTRIBUTION IN TIIE RAT AND 
DOG AT 72 H FOLLOWING ADMINISTRATION OF (1'C)NISOLDIPINE. 

Species Dog (F) Rat (M) 

Time after application 72 h 72 h 

Route of administration i.v. p.o. p.o. 

Dose [mg•kg·11 0.S s c: _, 

body C;(C(. g.i. t. 0.0095 0.017 0.012 

plasma 0.011 0.017 0.020 

erythrocytes 0.0083 0.011 0.0095 

liver 0.078 0.090 0.057 

kidney 0.020 0.034 0.017 

lungs 0.016 0.024 0.009 

heart 0.0057 0.014 0.009 

brain 0.0016 0.0034 0.008 

adrenal gland 0.032 0.072 0.025 

renal fat 0.016 0.026 0.015 

skin 0.0071 0.012 0.012 

skel. muscle 0.0034 0.010 0.007 

uterus 0.0080 0.018 ......... 

ovary 0.0090 0.016 ............ 

1Mean dose-nonnalized equivalent concentrations (kg•1·1
). n = 3 (dog) and S (rat) per 

group. 



orq.tn/ --:--] er.om.,"\.: tll\:\X MICo.S-72 h t112 
(/uq·q-1) (m·J"h·kq-lJ thJ I h I 

body cxcl. q.l.L }.75 1.0 IL J 59.5 

pta!;"':\ J. JS 1.0 2]. 4 •2.2 

erythrocytes "\.SSO LO 7.58 72.8 

l i V<!('" 0.5 66.7 50.6 

kidney l 0.5 J0.4 48.0 

lunqs 2.L o.s l J. 0 •5. 5 

he111rt l. 45 o.~ 8. 76 53.6 

brain o. 26'; (J. s 4. 8 12) 

adrcn. '}land 1. 55 ' 16.5 74.9 

t~stes 0. 470 6.09 ?l. 4 

renal lat 4. •o 2. 17 .8 65.l 

skin I. IS 1.0 8.54 82.l 

!;kPl. •use] P. 0.600 0.5 L76 65.l 

r-esld. caret\~~: __ , 1.60 2.0 ... 44 58.6 

l'harm."l<:ol<i..n<"tic t•"lr<>ll"eters ln differ=t orgMs ru. 

total radioactivity after single oral adm!nistrati0t. 

"'ties obt;i i.ned for 

n-q ( 14cJnisoldipine 

per kg body ....-ight lo n>'lc Spraque !>wiry rat" (N = 5). 

or 
(JO 
Q 

w ,,. 
r.i 

:z 

"" > 
N c 
I 
w 
"' C' 



-,---------------· ---- -----
paramf"t'"' . , 

orq•n/t(.,9ue cco 14 hi [/u1·q- 1 [ l\UC (l- l di l"''l·h·kn-1) tl/2 ll-l dl P>I 

bod.y excl. 

pl ASl'la 

erythrocyt1ts 

11 ver 

l:.ldney 

lun'-1 

hf!art 

brain 

q.l.t. 

adrenal qland 

teste~ 

renal t'a.t 

!lfl::i n 

ti1u,cle 

'1ose 

·----
O.A)7t'-

0.547f0.0 

0.4841+0.Q 

2.s• +o.J 
0.9l9f.0.1 

o.•so•o.o 
0.41JS+O.O 

o.21s+o.o 
2.51 +0.2 

o.1so+o.o 
2.H +0.4 

0.12,+o.o 

0.02+0.0 

• 

ll 

• 
40 

52 .. 
12 

' 
28 

' 
1& 

5' 

1 do9e F 21 dO!lf!!I 1 do!le 

-- ----
o.1os+o.010 A.O Jl.O l. 78 

.2,0fD.0)5 '. 5 17. l 7.09 

·s•o.010 •.5 l•.• 2.'tl 

' .,.too 4.7 9l.2 10. 5 

0.1 >C 5.5 
,._. 

5.92 

0. llSt 4.1 15.2 4.50 

O.tJIOf0.1.. ' .. 11.2 2.10 

o .. oss•o.oos U.9 2.10 

0.170f-0.020 1 Ill 7.0 

0.0704-0.005 5.c 15.l 2. 57 

O.l2H0.025 

·~J 
• .... 

o.0•0+0.010 '.2 l.U 

O.OSS•0.005 ••• • l.'1 

r 21 ,,094!9 1 do!le F 

8.7 ,._, 59.5 l. l 

2.• )5.9 '2. 2 0.85 

••• u.c 12.• l. l 

5.0 5t.4 50.C l. 2 ,_, 80.l u.o 1.7 

5.c C2.J 45.5 l. ( 

•.s 72 .o 5l.' l. l 

5.& lOt l2J o.a• 
15 110 H.t l. 5 

5.t 90.2 7J.4 1.2 

2( U9 cs.1 2.6 

t.4 7t.o n.1 o." 
11 &l.7 cs.1 O.tS 

catparisor. of phanmcoki.net!c !)<'lrarrcters for llir? lot.al radio._ · ~-Y in different organs and tissues 

bet~ 1 aTKl 3 days nftcr single or.:il a<lminl!'lntion ruid tcrmL 

administration of 5 ITLJ ( 14cJnisoldipine per kg body weight to male 

rcprcs""t mean,; I± s.d. > of n = 5. Factors F give the ratio,; of the 

and 1 dcmc. 

of repeated (21x) oral 

• ie Dawley rats. Values 

~ters after 21 doses 

.,-
00 

" w 
~ 

"' 
:z 
t:: 
:> 

N 

? 
w 

"' °' 



---------------------- --
pAriu111~t~r' 

C1rgan/tl ----· -----
-1 CEO, l1U<J"9 I t,,, [d) llUC 11 - le di 

(•q·h•tq-1) 

1--· 

body IP'XCI. q.l.t. 0.751 t.74 

pl•,•• o.ste 2.U 

erythrocyte9 CH 22.J 

liver •••• 
kidney 0. I.JO 

lunq 0.'1 6. IJ 

h•art 0.40' J.77 

brain 0.211 28.0 

adronal qland 2.10 
7 ·" 

te9t~, 

renal 

!'I kin 

•U9cle 

O.JJ5 7 

ht 2.CI 

0.709 1, 

0.414 17 ... 

Phu.rm1C0!dnetic pa.r<•m::>lers for th<' total radimcth 

ar.d tissues bC'tWC'Cn 1 Md 10 days afler lf'nnlnation c._ 

administraticn of 5 l1lJ I 1\·Jnfr.olrlipine per kq Inly Wl'.>igh 

Dawl<'y rats. 

109 

J5.8 

75., 

2'2 

llJ 

7J.2 

5'.S 

... 7 

J70 

50.C 

COl 

118 

72 .7 

different org.ms 

''ltcd (21x) oral 

''l \C> Sprague 

-" 00 
r:: 

\;' 
" 
:z 
0 
> 
N 
0 
I 
w 

'" c-



Page 35 - NDA 20-356 

4. Protein Bindinq: As deterrniued by equilibrium dialysis, 
"c-nisoldipine was highly bound to plasma proteins of the rat 
(97.8-99.1%), dog (97.6-97.1%) and man (>99.4%) and was not 
influenced by sex in any of the three species. In humans, 14C­
labelled drug was bound predominently to the seru:n albumin, and 
the extent of binding was not influenced by plasma concentration 
over a broad range; i.e., between 0.1 and 10 ug/ml. Similar 
levels of protein binding were found in human plasma whether it 
was measured by equilibrium dialysis or ultrcentrifugation, and 
degree of binding of the (+) and (-) ''C-enantiomers was similar 
(around 99.4%), with no indication of preferential stereospecific 
binding. In th.e "expert opinion" on pre-clinica~ pharmacokinetic 
studies, it is claimed the r. when protein binding was measured , x 
vivo (dialysis method) in rats and uogs after i.v. or oral 
administration, nisoldipine was Lighly bound in:tially, but the 
protein bound fraction dropped to 50 to 80% bet11een 30 and 180 
minutes after dosing, indicating lower binding affinities for the 
metabolites. 

5. Metabolism 

a. Biotransformation: Nisoldipine is rapiCly and 
extensively metabolized in the rat, dog, monkey and man. Only a 
small percentage of unchanged "C-labelled substance could be 
found in the circulation of the rat or dog at 30 and 60 minutes 
after oral administration, wher: plasma radioactivity was at the 
maximum level. No unchanged drug was eliminated in the urine or 
feces of all 4 species, or in bile of bile duct cann1.1lated rats 
t:hat re~eived the dccug either by i.d. or i.v. route. Partial 
enterohepatic recirculation of metabolites was de~onstrated in 
rats. A "Cl-iematic for the bi'.'.ltranstormation of the drug is shown 
on the pa~~ which follows. The investigators describe the 
biotransformation steps as fol lov;s: 

-hydroxylation 0f tr.e isobutyl ester 
-deLyd.:cogenat1on to the pyridine derivativ<' 
-cleavage of the ester to torm ·~he carbo;.,.-ycic acid 
-reducti0n ot the nitro oroup to the amino group 
-glt.!ct::-c:--.idat:.c:"J. (pfh1.;t II ~=-nzymaLic react2..on) 

~r1 urir1e of all .J species, at 112ast 12 biotr.-ans:-ormation products 
were detected, with 6 of them, M-1 to M-5 a11d M·l2, accounting 
for 80% of radio~1ctivity in urine; all other metabolites were 
minor products. M-5 was the major urinary metabolite, accounting 
for 24 to 46% ot the renal eliminated radioactivity in all 4 
species. Only 1 metabolite, M-12, was h~·droly=able with B­
glucuronide, to ~ive M-5 as the aglycone. Meta~olic profile in 
urine v\·as esst:i.tii=ill}· sin1ilar in all 4 species. 

In bile, metabolic profiles of rats "were quantitatively 
identical in vitro (i:"olated perfusPd rat livei:: mc:Jdel) and in 
vivo follov;ing intraduocenal administration". lit least 24 
metabolites ha,·e been c'2tected, but only 8 of the~\, M-~ to M-5, 
M-10, M-1::, M-lt. to M-16, were quantitatively inportant. The 
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major metabolic products in bile of rats were M-5 and its 
conjugate, M-12. 

In ::.erum, at least 12 metabolites were observed in rats within 30 
minutes of dosing, and the main ones were M-2 and M-5, together 
with their gamma-lactcnes, R-3 and R-5. In dogs, at least 11 bio­
transformation products were isolated from the serum, a1;d a 
similar pattern was seen as in rats, with M-2 and M-5 being the 
main products. 

A total of 18 biotransformation products have been identified in 
urine and serum. The main biotransformation products in all 3 
animal species and humans, based on findings in the urine and 
serum (also in the bile of rats), are M-5 plus M-12 which is the 
glucuronide of M-5, and R-5 which is the ga:rana-lactone of M-5. 

main metabolltes M-5, M-12 and R-5 in urine and ;er~~ 

rat serum rat urine dog serum 

13 .3 

11. 7 

34.9 

3. 1 

46.S 

dog urine 

44.9 

11.7 

monkey urine 
0-7 h "/-11 h 11-24 h 

[' l 

27.2 23.7 

30.8 31.1 

26.7 

15.5 

t o t a 1: 25 38 46.5 56.6 S8 S4.S 42.2 

In studies with dogs, the l'"er and gut wall were identified as 
the primary sites of biotransformation (Arzneim. Forsch./Drug 
Res. 1§.: 1093, 1988) after oral administration. It was estimated 
that around 60% is metabolized pre-hepatically in the gut and 30% 
in the liver. 

b. Effects on Hepatic Enzymes: !n two experiments \1ith 
male rats, nisoldipine was administered orally at doses of 0, 10, 
50 and 200 mg/kg for 2 weeks, followed by a 1 week recovery 
period in the second experiment. The positive control was 
phenobarbital at 25 mg/kg. The hepatic levels of cytochrome P-
450, aminopyrine N-demethylase and aniline hydroxylase activities 
were decreased at mid and high dose, whereas phenobarbital caused 
significant increases in levels of all 3 enzymes. The decreases 
in all 3 enzyme levels were found to be reversible after a 1-week 
recovery period. 
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SUMMARY OF TOXICOLOGICAL STUDIES 

A. Acute Toxicity Studies ·(x. Josephi 

Acute oral and iv toxicity studies were done in mice, rats, 
rabbits and dogs at 

For oral toxicity studies, the drug (suspended in a solution 
of glc'Cerol, lutrol and demin~ralized water) was given via 
stomacl1 tube (20 ml/kg) to mice, rats and rabbits; and in dogs 
the drug was given in gelatin capsules. For iv studies, the drug 
suspended in the above solution was given at a volume of 5 ml/kg 
for rodents and at 1 to 4 ml/kg for dogs. After drug treatment 
animals were observed tor a period of 14 days. No clinical signs 
or mortality wer<> seen after oral administration. However, 
tonic/ clonic convulsions, gc.sping, cyanosis, exophthalmos and 
respiratory disturbances (all species) were seen after iv 
a~ninistration. All deaths occurred either during or within 10··20 
min of drug administracion. The surviving animals were free of 
symptoms within 1 (mice, rabbit and dog) to 48 .hr (rat) postdose. 
The autopsies (dead or sacrificed at the end of the study) showed 
no pathological findings. The LD50 values for different species 
are below. 

- I ACUTE TOXICITY OF ~'1SOLDIPI1'<'E IN MICE, RATS, RABBITS, 
AND DOGS 

I Species I I 
Route of LD50 - mg/kg 

Sex Administration (95 % Conf. Limits) 

Mouse (CFW l/W) M p.o. > 10,000 
Mouse (CFWllW) M I. y. 2.20 (2.0-2.S) 
Rat (Wistar) M p.o. > 10,000 
Rat (\Vista!) F p.o. > 10,000 
Rat (Wistiir) M l. \'. 2.32 (2.06-2.65) 
Rat (Wistar) F l. y. l.86 (l.77-1.97) 
Rabbit (Lge Chinchilla) M,F p.o. > 5000 
Rabbit (Lge Chinchilla) M,F i. y. ca. 2.5 
Dog (Beagle) M.f p.o. > 5000 
Dog (Beagle) M,F l. v. ca. 2.0 

A separiJle study showed that pretre.Jtment with propranolol (1 mg/ 
kg ip for 4 or ':i days) had no effect on the acute iv toxicity ·:>f 
nisoldi1, '11c in male Wistar rats (iv LOSO = 1.G mg/kg with or 
without propranolol pretreatment). 
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B. Subchronic, Chronic and. carcinogenicity Studies 

RAT STUDIES (X.Joseph) 

a. Four Week Dietary Dose Rangefinding Study 

Testing Facility: 

Study Number: B/K 5552/024 

Study Dates: August - September, 1980 

GLP Compliance: Study was not conducted according to GLP 
regulations. The deviations were as follows: 1. no phase 1-3 GLP 
audits. 2. no checking of physico-chemical properties of test 
substance. 

Animals: Wi3tar strain TN0-74 rats, individuaj_ly ·housed in 
Macrolon cages, Type II, were 5-6 weeks old {average weights: 
males - 131 g; females - 112 g) at the initiation of dosing. 

Dose Levels: BAY k 5552 {Batch No. 576,923) was mixed with 
powdered rat diet to obtain drug concentrations of 0, 300, 1000, 
and 3000 pi;::n. 

Achieved Dose Levels: 

Dose Average Drug Intake 
(ppm) (mg/kg/day) 

;'1ale Female 

0 0 0 

300 26 26 

1000 86 89 

3000 258 265 

(Note: The drug intake was calculated from the average daily food 
intake for the whole duration of the study. No significant 
difference in drug intake was seen with time.) 

Nu1,lber of Animals: 10/sex/group 

Parameters Evaluated: Appearance i3.nd behavior (at least once 
daily), body weight and food consumption (weekly), organ weights 
(heart, liver, kidneys and adrenal glands) and grcss pathology. 
(No histopathological examinations were conducted.) 
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Results: No treatment-related clinical signs or mortalities were 
observed in this study. A significant reduction in body weight, 
compared to concur~ent controls, was observed throughout the 
treatment period in high dose males (10-18%) and females (6-10%) 
except in females at week 4. No significant body weight 
differences were seen between control and mid or low dose groups 
(b0th sexes}. Food consumption was reduced in the high dose 
group. Though not measured quantitatively, water consumption 
appeared to be increased in all treated groups. Organ weight 
findings (both absolute and relative) are given below. 

!\lean Organ \Veights of J\fale and Female Rats 

Dose Group (ppm in diEl) 
Sex 0 l 300 I iooo I 3000 

Body Weight {£) M 225 219 224 196• 
F 142 140 144 131 

Adrenals (Absolute. mg) M 36 38 38 39 
(Relative, mgllOOg) M 16 18 17 21• 
(Absolute, mg) F so 49 53 49 
(Relative, mg/IOOg) F 36 35 37 38 

Hean (Absolute, mg) M 663 669 675 671 
(Relative, mgllOOg) M 295 304 301 349 .. 
(Absolute, mg) F 490 517 SSS .. 542 
(Relative, mg/I OOg) F 346 371 387• 417 .. 

Kidney (Absolute, mg) M 1489 1392 1409 1295 .. 
(Relative. mgl!OOg) M 663 634 630 669 
(Absolute, mg) F 986 978 1036 975 
(Relative, mgllOOg) F 697 702 719 749 

Liver (Absolute, mg) M 8219 8074 8~'9 8699 
(Relative, 111gllOOg) M 3650 3655 3825 4436•• 
(Absolute, mg) F 5300 5452 5857 6105• 
(Relltive, 111gllOOg) F 3761 3895• 4064• 4652 .. 

•Significantly different from conrrol al 0.05 level. 
••Significantly different from conrrol al 0.01 lew!L 

Relacive mean heart and l ver weighcs of the high dose group 
(both sexes) were significantly increased with no significant 
changes in absulute weights except tor the mean liver weight of 
high dose temales which was sig1,itico.ntly higher (15%) than the 
control value Both absolute and relative heart weights ware 
increased in mid dose females. 

It is stated Ll1at dietar, dose le\'els, 0, 50, 300 and 1800 ppm, 
tor the ~ year carcinoge111city stud}' in rats h'ere selected on the 
bac>is oi the above stud:;, Cllld also based on th<o previous 
experic>nce trorn lol!g-term studies v.'ith other dihydropyridines 
[amendrnenL. (1u serial number) dated May 31, 1994]. 
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b. Three Month Oral IGavage) Toxicity Study in Rats 

Testing Facility: 

Study Number: 

Study Dates: 

GLP Complia:-tce: 

Bay k 5552/025 

September - December, 1980 

Not addressed. 

Animals: Wistar (TNO/W 74, SPF) rats, individually housed in 
type 11 Makrolon cages, were 7-8 weeks old (males 115-155 g; 
females 120-145 g) at the initiation of dosing. 

Mode of Administration: Bay k 5552 (Batch No. 576923) dissolved 
in a sol~ent mixture, containing Bay a 1040 placebo solution 
(polyethylene glycol, glycerol and distilled water) and distilled 
water, was given by oral intubation. It is stated thaL the test 
formulation was stable at room temperature for over a week. 

Dose Levels: 0 (vehicle contro'), 10, 30 and 100 mg/kg/day 
(5 ml/kg) 

Number of Animals: 15/sex/group 

Parameters Evaluated: Appearance and behavior (daily), body 
weight and food ana water consumpcion (weekly), hematology, blood 
chemistry and urinalysis (5 rats/sex/group; weeks 4/5 and 13), 
major organ weights and gross and microscopic pathology (more 
than 20 different tissues/rat; control and high dose groups) . 

Major Findings: Two low dose females (on days 8 and 68) died 
during the study. Gross pathology findings in the above animals 
included enlarged kidneys, bladder and adrenals in one rat and 
discolored lung and pulmonary emphysema in the other. Labored 
breathing was noticed in high dose rats during the first 5 weeks 
of treatment. No significant differences in boay weights were 
seen between treated and control groups except for the lower body 
weights observed in the high dose group, compared to concurrent 
controls, during the first one 0r two weeks of treatment. Food 
consumption was unaffected. Wate~ intake of high dose females was 
about 20% higher than that of concurrent control. Although 
hemoglobin and hematocrit values in mid and high dose males were 
lower than concurrent control values at 13 weeks, it is stated 
that all values were within the historical control range for 
Wistar rats. High dose females had significantly higher plasma 
ur.ea levels, compared to control, after either 4 er 13 weeks of 
treatment. In mid aDd high dose males, both absolute and relative 
thymus weights were ~ignificantly higher than control. Heart and 
l~ver weights (both absolute and relative) in high dose females 
were significantly hi~her than control; absolute and/or relative 
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weights of these organc in mid dose females and rr.id- and high­
dose males were also higher than control. There were ro 
significant histc~athological findings in this study.' 

ft.lean Organ Weights of Male and Female Rats 
. · .. . Dose Group (mg/kg) 

Sex 0 I 10 I 30 I 100 

Body Weight (J) M 338 347 330 326 
F 206 207 200 204 

Ad=als (Absolute, mg) M 36 39• 37 37 
(Relative, mg/IOOg) M II 11 II II 
(Absolute, mg) F S2 SS S3 S6 
(Relative, mg/JOOg) F 2S 27 26 21• 

Brain (Absolute, mg) M 1788 1860• 1849 1843 
(Relative, mg/JOOg) M S30 S38 S69 S68•• 
(Absolute, mg) F 16S2 1676 1649 1685 
(Reiatjve, mg/ 1 OOg) F 802 815 829 829 

.. 

!!""rt (Absolute, mg) M 955 1022• 1000• 1004 
(Relative, mg/lOOg) M 283 29S 304 .. 308 .. 
(Absolute, mg) F 688 704 706 758•• 
(Relative, mg/lOOg) F 334 342 354 .. 372•• 

Liver (Absolute, mg) M 10966 11179 11777 11523 
(Relative, mg/JOOg) M 3243 3220 3602• 3537• 
(Absolute, mg) F 6394 6822 6907 7588•• 
(Relative, mg/JOOg) F 3100 3304 3460• 3716•• 

Lung (Absolute, mg) M 1172 1202 1000• 1004 
(Relative, mg.' tOCg) M 347 347 366 366• 
(Absolute, mi:i F 900 937 913 911 
(Relative, mg/tOOg) F 436 4S5 457• 447 

Thymus (Absolute, mg) M 196 222 235• 233• 
{Relative, mg/lOOg) M S8 64 n• 72• 
(Absolute, mg) F 206 213 180 185 
(Relative, mgilOOg) F 100 104 90 91 

•Significantly differemfrom conrrol al 0.05 kvrl. 
••Significantly differ.nt from control al 0.01 kvrl. 

.. 
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c. Two Year Carcinogenicity Study in Rats 

Testing Facility: 

Study Number: 

Study Dates: 

GLP Compliance: 

T 1000876 

November 1980 - November 1982 

Study was conducted in accordance with GLP 
regulations 

Animals: Wistar strain TNO/W 74 rats, individually housed in 
type 11 Makrolon cages, were 5-6 weeks old (mean body weights: 
males - 79 g; females - 75 g) at the initiation of the study. 

Dose Levels and Mode of Administration: Bay k 5552 (Batch 
No.662836, purity - about 99.2%) was mixed, weekly, with powdered 
rat diet at concentrations of O, 50, 300 and 1800 ppm. The 
stability and the conc2ntration of the test substance in diet 
were determined pretest and then every three months. The 
concentrations of the drug in diet were found to be in good 
agreement with theoretical values. However, there is no 
indication that concentrations of drug in diet were adjusted 
periodically to maintain a constant mg/kg body weight exposure. 

Number of Animals: SO/sex/group (An additional 10 rats/sex 
included in each group were sacrif i.ced after 12 months of 
treatment - interim sacrifice.) 

Observations/Measurements: Rats were obs~rved at least once 
daily for general appearance, behavior and clinical signs. Body 
weights were recorded weekly until week 27 and biweekly 
thereafter. Food and water consumption we:e determined weekly and 
once every 3 months, respectively. Hematological [erythrocyte, 
leucocyte (total and differential), platelet and reticulocyte 
counts, hemoglobin, hereatocrit, MCV, MCH and thromboplastin time 
(only at the cermination of the study) J and blood chemistry 
(alkaline phosphatase, transaminases, creatine kinase, urea, 
c1 •'atinine, blood sugar, cholesterol, total bilirubin, total 
protein, corticosterone, aldcsterone and serum electrolytes) 
evaluations and urinalyses were conducted on 10 rats/sex/group 
(selected at random) at 6, 12, 18 and 24 months. Complete 
autopsies were performed on animals that were sacrificed at 12 
months and at study termination. Animals were examined grossly 
and heart, lung, liver, spleen, kidneys, adrenals and testes were 
weighed. All protocol specified tissues (more than 30 different 
tissues/rat) and gross lesions were fixed in buffered formalin. 
In addition, left liver lobe from all rats was fixed in formol­
calcium, and lower jaw from 5 rats/sex/group was fixed in 
buffered formalin. Autopsies were also performed on rats that 
died or were sacrificed in extremis and all evaluable tissues 
were preserved. All protocol specified tissues from control and 
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high dc2c groups, all tissues from animals that died or were 
sacrificed moribund, as well as adrenals, genital organs, areas 
of skin change and kidneys (females) of low and mid dose animals 
and all grossly abnormal tissues were examined histologically. 

Differences between treated and control groups were analyzed 
using the significance test (U-test) of Mann and Whitney and of 
Wilcoxon. Mortality and tumor data were analyzed by Fischer's 
exact test. 

Achieved Dose Levels: 

Dose .l'.verage Drug Intake 
(ppmi (mg/kg/day) 

Male Female 

0 0 0 

50 2.15 2.78 

300 13.13 18.04 

1800 82.40 110.68 

(Note: The drug intake was calculated, at the termination of the 
study, from the average daily food intake/animal/group for the 
whole duration of the study. Periodical drug intake 
determinations were not made in this study. 

Results: No treatment-related clinical signs were seen in this 
study. The mortality data (cumulative) at different intervals are 
given below and it is presented graphically in Figures 6 and 7. 

J\lortAlity of Rats Receiving Nisoldipine in Diet for 24 Months · 

Daily Dose . Number or Number or ~Mortality 
(ppm In diet) Rats (M!F) Dead (MJF) (MJF) 

12 Months 

0 50150 1/1 2i'l. 
50 50/SO 011 0/2 

300 SO/SO 110 ~'10 

1800 SOISO 0/2 (J/4 

18 Months 

0 50150 2/3 4/6 
50 50/SO 0/2 014 

300 5~.'SO 2/S 4/10 
1800 SO/SO S/4 10/8 

24 Months 

0 SO/SO 4/8 8/16 
so 50/SO 8/8 16/16 

300 50/50 11115 22130 
1800 50/SO 11/13 22126 
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Although more animals (both sexes) died during the study in mid 
and high dose groups than in the concurrent control group, the 
differences were statistically not significant (sponsor'~ 
analysis - Fischer's exact test). 

When tested for heterogeneity in survival distribution, FDA 
statisticians observed that there was no significant difference 
(at 0.05 level) in the survival distribution for either sex (both 
Cox test and generalized Wilcoxon test). Additionally, no 
significant linear trend (at 0.05 level) was seen in the 
intercurrent mortality rate for either males or females. 

Mean body weight values (presented graphically in Fig.8) for the 
high dose group (both sexes) were significantly lower than 
control values for the whole duration of the treatment period, 
except on four occasions (weeks 25, 29, 51 and 63) in males. At 
the termination of the study, body weights of high dose males and 
females were 5.6% and 22%, respectively, lower than concurrent 
control. The body weight gain values of high dose males and 
iemales were 7% and 31%, respectively, lower than concurrent 
control. No sigrificant treatment-related reductions in body 
weight were seen in low and mid dose groups except on a few 
occasions (weeks 13, 14 and 39 for males and weeks 77, 79, 85, €7 
and 89 for females) at mid dose level. While food consumption was 
unaffected, water consumption in high dose animals, especially in 
females, was increased. 

Although st~tistically significant hematological findings were 
occasionally observed in drug treated groups, no dose dependence 
or consistency at different intervals was observed. Statistically 
significant clinical chemistry findings and the time points of 
their occurrence are given on pages 48 & 49. In the high dose 
group, significant reductions in alkaline phosphatase levels 
(both sexes) and increases in GOT (males), GPT and CPK levels 
(females) were seen. Although a dose-dependent increase in 
bilirubin levels was seen in both sexes during the early part of 
tl1e study, these levels in treated females were lower than that 
of control (no significant difference in males) at the 
termination of the stLdy. Blood urea levels in mid and high dose 
females were significantly higher than control at the end of the 
study; however, these levels were lower tl1an cont1ol during week 
28. Decreased calcium levels we=e seen in treated animals, 
especially at the high dose level (both sexes). Plasma 
aldosterone level~ in liigh dose males and plaswa co~ticosterone 
levels ir1 high dose females were significantly lower than 
respective control v~lues at week 55. 

A significant increase in urinary protein excretion was seen in 
higl1 dose females. While urinary calcium excretion was decreased 
in treated female gr.,ops, especially in mid and high dose groups, 
uri11ary potassium levels were increased in high dose males. 
Uri11ary aldosterone excretion was significantly higher in high 
dose males thar1 in control males. 
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Visit 5 

Drug Group Reg B 
Placebo n 38 
Baseline 
LSMean 101.45 
LS Mean 
Change -3.04* 
SE of Chans, J 0.99 

p Values 

Visit 6 

Reg B orC 
35 

101.31 

-4.89* 
1.10 

Drug 0.0323 0.2234 
Drug-Center 0, 1582 0 .2604 

Visit 7 

Reg BC orD 
37 

101.20 

-3.39* 
1.26 

0.0001 
1.381 

P Significantly different from placebo 
• Significant Change from baseline 

Visit 8 Visit 9 End-
point 

Reg BCD or E Reg BCDorE 
34 

100.52 

-4.42* 
1.21 

0.0001 
0.0539 

31 38 

100.79 101.45 

-3.36* -1.16 
1.20 1.29 

0.0001 0.0001 
0.0472 0.0332 

Values for supine systolic blood pressure are given in the followiti9.-;..!~~-; 
' - e-Jt~·,. ' 

Supine Systolic 

Visit 5 

Drug Group Reg B 
Nisoldipine n 79 
Baseline LS 
Mean 153.11P 
LS Mean 
Change -8.67* 
SE of Change 1 .33 

Placebo n 38 
Baseline 
LS Mean 159.59 
LS Mean 
Change -4.96' 
SE of Change 1.92 

Visit 6 

Reg B orC 
76 

153.39 

·"-.. - .- .... ,,,.. 

Visit 7 Visit 8 Visit 9 End-
point 

Reg BC or D Reg BOC or E ~BCD.,or E: 
• -,,._.,' l>tl ..... ..t.t.\,'<b.. .:..· 

16 10 - .:.- sg:· ·'"'"1·:--;.~a ... 
.. -... • ..... .. .( .. .i:_ ', .:~~-~.,'.::~· .... 

153.41 153,35 153.42 153,11p 

-10.123*p -15.04*p -14.10*p -15.62*p-14. 73*p 
1.61 1.61 1.61 1.64 1.89 

35 37 34 31 38 

158.99 158.23 157.78 159.71 159.59 

-2.39 -1 .90 -4. 91. -5 .51 * -0.00 
2.38 2.33 2.31 ?. .43 2.72 
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P-Values Visit 5 Visit 6 

Drug 0.1140 0.0074 
Drug Center 0.6059 0.0481 

Visit 7 

0.000·1 
0.0416 

Visit 8 

0.0015 
0.1372 

Visit 9 End-
point 

0.0008 0.0001 
0.1224 0.0726 

p Significantly different from placebo 
• Significant change from baseline 

Standing Diastolic 

Visit 5 

Drug Group Reg.B 
Nisoldipine n 79 
Baseline 
LSMean 100.40 
LS Mean 

Visit 6 

Reg.Bore 
76 

100.31 

Change ·5.03*p -6.24*p 
SE of Change 0.75 0.75 

Placebo n 38 
Baseline 
SLMean 102.15 
LS Mean 
Change -2.05 
SE of Change 1.08 

P Values 

35 

101.85 

-1.99 
1 .11 

Drug 0.0253 0.0021 
Drug-Center 0.2060 0.0052 

Visit 7 Visit 8 Visit 9 End-
point 

Reg. BC or D Reg BOC or E Reg BCD ore 
76 70 68 79 

100.31 100.21 100.27 100.40 

-8.62*p -10.18*p -8.29#p -7.86*p 
0.85 0.83 0.98 1.00 

37 

101.85 

.-1.87 
1.22 

0.0001 
0.6446 

34 

101.22 

-4.27* 
1.20 

0.0001 
0.5733 

31 38 

100.89 102.15 

-3.ss• -1.18 
1.45 1.44 

0.0095 
0.4304 

0.0002 
0.3160 

p Significantly different from placebo 
• Significant change from baseline 
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Standing Systolic 

Visit 5 Visit 6 Visit 7 Visit 8 Visit 9 End· 
point 

Dr'Jg Group Reg B Reg B or_C Reg BC or D Visit BCD or E Visit BCD orE 
NisoldipinE1 n 79 78 76 70 68 79 
Baseline 
LS Mean 149.22p 149.54 149.56 149.41 149.57 149.22p 
LS Mean 
Change -8.37* -10.78*p -14.18*p -14.84*p -13. 76*p -13.*p 
SE of Change 1,34 1.49 1.78 1.73 1.66 1.77 

Placebo n 38 35 37 34 31 38 
Baseline 
LS Mean 156.22 155.79 155.30 154.22 155.46 156.22 
LS Mean 
Change 1.94 2.20 2.55 2.49 2.48 2.57 

' .. .. 
P values 
Drug 0.0832 0.0005 0.0001 0.0002 0.0002 0.0001 
Drug-Center 0.1162 0.0979 0.1092 0.2475 0.0099 0.0330 

P Significantly different from placebo • Significant change from baseline 

The effect of Nisoldipine on trough supine and standing systolic and 
diastolic blood pressure at study endpoint in all Nisoldipine treated 
patients is shown in the following table : 

Change from Baseline to Endpoint in Trough Blood Pressures 
Mean and SEM in mmHg 

Placebo 
n=38 

Supine Diastolic Blood Pressure -1 .16:t1 .29 
Supine Systolic Blood Pressure -, 000±2. 72 
Standing Diastolic Blood Pressure -1 .18±1.44 
Standing Systolic Blood Pressure +0.89±2.57 
• Significantly different from placebo. p<0.05 

14 

Fisoldipine 
n-79 

-0.51±0.89* 
-14.73±1.89* 
-7.86±1.00* 
-13.00±1.77* 



The change from baseline to endpoint in the primary efficacy biood pressure parameter 
supine diastolic blood pressure, as well as the 3 secondary blood pressure parameters 
is shown for placebo and all Nisoldipine doses in the figure below : 
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I 
Conclusjon. This was a titration study in which doses of Nisoldipine 1 o 
mg, 20 mg, 30 mg, 40 mg and placebo were evaluated. In the course of the 
study most patient were moved to the higher doses in order to decrease 
the blood pressure and very few patients remained in the lower doses 
(see flow sheets pages 7, 8, and 9). Therefore a dose-range study could not 
be carried and only a global evaluation was possible. Such assessment 
demonstrated that Nisoldipine was very effective in lowering the blood 
pressure (pages 10-15). 

Protocol 089-029 

Title of Study : " Double-Blind Randomized Study of the Safety and 
Efficacy of Once Daily Doses of Nisoldipine 20, 40 and 60 mg (2X30 mg) 
Core-Coat Tablets vs Placebo in Combination with Atencio! 50 mg in 
Hypertensive Patients ". 

Prjncjpal Investigators : 

H.A. Punzi, MD B. Garrett.MD 
.. 

. "W:· 

Trinity Hypertensive and 
Diagnostic Research Center 
Carrolton, TX 

The Medical Research Center, Inc. 
Washington, DC 

J.D. Wallin, MD 
Tulane University School 
of Medicil"e. Department of 
Nephrology 
New Orleans, LA 

G.P. Lewis, MD 
Clinical Pharm~cology Center 
New Bedford, MA 

J. Kann, MD 
Park Plaza Building 
Pittsburgh, PA 
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B. Levy.MD 
National Medical Research 
Corporation . ·~. 
Hartford Center for Clinical 
Research 
Hartfcrd, CT 

B. Hamilton, MD 
OVA Medical Centsr 
Baltimore, MD 

K. Williams, MD 
Baltimore. MD 



J.F. Burris, MD 
Cardiovascular Center of 
Northern Virginia 
Alexandria, VA 22302 

J. Nappi, Pharm. D. 
University of Houston 
College of Pharmacy 

p. Tobin, MD 
Accord Medical Center 
Denver, CO 

J. Galla, MD 
University of Cincinnati 
Medical Center 
Hypertension Program 
Cincinnati, Ohio 

T.S. Hannan, MD 
Hypertension Research Program 
Buffalo, N.Y. 

P.M. Kaihlanen, MD 
San Antonio, TX 

A. Shapiro, MD 
Shadyside Hospital 
Medical Ambulatory Unit 
Pittsburgh, PA 

J. Tarrc:., MD 
Oakridge Medical 
Lake Oswego, OR 

Clinic 

Objectives : The objectives of this study were to determine the dose 
response and safety of 20 mg, 40 mg, and 60 mg Nisoldipine tablets as 
compared to placebo when administered once daily as additive traatment 
for hypertensive patients not controlled on once dai~ A~*:,~~5:~ 

Inclusion Criteria. Ambulatory patients, male or female, of age 21 or · 
older, with a histo;y of essential hypertension were eligible lor 
enrollment in the placebo run-in period. 

Exclusion Criteria. Criteria foe exclusion were : labile hypertension, renal 
failure (plasma creatinine > 2.0 mg/di), significant liver disease, insulin­
dependent diabetes mellitus, history or presence of bronchial asthma, 
obstructive pulmonary disease, significant peripheral vascular disease, 
recent (3 months) myocardial infraction, cerebrovascular accident, or 
clinical signs suggesting impending myocardial infarction or 
cerebrovascular disease. Also excluded were patients with heart failure, 
major arrhythmias, conduction disturbances greater than first dflgree 
block, sinus bradycardia, failure of a major organ system, malignancy, 
psychosis, impaired absorption (such as chronic diarrhea), pregnancy, 
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women with childbearing potential, abuse of alcohol or drugs, allergy to 
dihydroperidines or beta blockers and participation in an investigational 
drug study within the past 30 days. · 

Qualifications for Randomization. Patients discontinued all previous 
antihypertensive medication and were given a single-blind placebo once 
daily in a 2-week qualifying period (Regimen A). Patients with a mean 
SUD BP 100-119 mmHg at the end of the placebo run-in period were given 1. 
capsule containing 50 mg Atenolol and 2 placebo tablets under single­
blind conditions for 4 weeks (Regimen B). Patients with mean SUDBP 95-
114 mmHg after 4 weeks of single-blind Atenolol were randomly assigned 
to 1 to 4 treatment groups and given double-blind drug. 

Drug-Regimen Protocol (Regimen C). Patients wt10 qualified for 
randomization received Atenolol 50 mg + Nisoldipine (20 mg, 40 mg, or 60 
mg ) or Atenolol 50 mg + placebo for 6 weeks. 

Drugs tor the double-blind period (Ftegimen C) contained encapsulated ~ · 
Atenolol 50 mg with one of the following : 

One Nisoldipine 20 •ilg tablet and 
one placebo tablet once daily for 6 weeks 

One Nisoldipine 20 mg tablet and 
One placebo tablet once daily tor 1 week 

Farced titrated to 
One Nisoldipine 40 mg tablet and 
One placebo tablet once daily tor 5 weeks 

One Nisoldipine 20 mg tablet and 
One placebo tablet once daily tor 1 week 

Forced titrated to 
One Nisoldipine 40 mg tablet and 
One placebo tablet once daily for 1 week 

Forced titrated to 
Two Nisoldipine 30 mg tablets once daily for 4 weeks 

Two placebo tablets once daily for 6 weeks 
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The study design is illustrated in the following graph 

Atenolol 50 mg + Placebo OD 

It I I I I II 
Atenolol 50 mg +Nisoldipine 20 mg OD 

20 
mg 

I I I I I 'I 

Placebo Atenolol 50 mg 
run-in I • 

Atenolol 50 mg + Nisoldipine 40 mg QO. ~ 
II I II I 20 40 

mg mg 
I ' ' . . :1 ' . • • 

Atenolol 50 mg + Nisoldipine 60 mg OD 
20 40 60 
mg mg mg 

I 
. . ;1 ' ' ' ' 

Visits 
1 2 3 4 4.5 5 6 7 8 8.5 9 

II ' .. . .. . ' .. 
• " • " ' • ' ' " 

1 1 2 2 1 1 2 2 
Week 
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Removal of patients from Study or Analysjs .. Patients could leave the 
study at any time if they so wished. Patients could be discontinued if they 
had significant physical or labo.·atory abnormalities, or if they had 
significant concurrent illness or deterioration ot their condition. Patients 
could also be withdrawn if they were blatantly non-compliant. Patients 
with significant adverse events and those patients with elevations in 
SUDBP > 114 mmHg were also discontinued from the study. 

Statjstjca! Methods. All statistical Msts were two-tailed and were 
conducted at a significant level of 0.05. Pairwise comparisons and within­
group changes were tested via the least square means estimated by the 
model. 

Bi;isults .. OalIHlQrai;itJii;; C barai;;teristii;;s. The demographic characteristics 
are given in the following table : 

Atenolol+ Atenolol+ Atenolol+ Atenolol+ 
Nis 20 mg Nis 40 mg Nis eo mg Placebo 
n-61 n-59 n-59 n-59 

Mean Age (years) 52 54 56 54 
Mean wt (lbs) 201 198 198 195 
Baseline BP (mmHg) 
Supine 159/101 159/101 162/101 156/110 
Standing 154/102 157/103 156/103 152/101• 
%Male 79 73 70 64 
% Caucasian 61 53 58 53 
% Diabetic 8 9 14 12 
% Mild Hypertensive 60 56 51 59 
% Moderate 
Hypertensives 40 44 49 41 

The sponsor states that there were no statistically significant 
differences between the '.]roups for any of the characteristics examined. 

Assessment. Patients were seen in the morning at weekly and biweekly 
interval3. A history complete pt1ysical examination and 12-lead 
electrocardiogram were taken in the firs visit, at baseline (after 4 weeks 
of Atenolol) and at the last visit on double-blind drug. Electrocardiograms 

20 



were included in1 visits 7 and 8. Twenty-four hour ambulatory electrocar­
cardiograms wertt taken at some centers. on weeks 4.5 after 3 weeks of 
single Atenolol and at 8.5 weks of double-blind therapy. Chest X-ray were 
taken after 2 wet1ks on placebo. 

Laboratory tests performed in the course of the study included blood 
hematology, serum electrolytes, battery of liver function tests, and 
urinalysis. 

At the end of the single blind Atenolol phase and at the end of the double­
blind phase blood was taken at trough for Nisoldipine assay. 

At each visit vital signs were taken. 

Criteria for Effectjyeness. The change from baseline in SUDBP was the 
primary efficacy variable in this study. The primary time point was the 
endpoint which was defined as the last double-blind visit for all valid 

'-

patients. A valid patient was one who had at least 3 weeks of double-blil'Jd .. 
drug. This criterion was later amended before braking the :andom code to 
19 days. The overall treatment efficacy was determined by the change 
from baseline in trough SUDBP at endpoint between the average of the 
three Atenolol-Nisoldipine groups and the Atenolol-Placebo group. 
Secondary efficacy parameters were supine systolic blood pressure 
change at trough, standing blood pressure changes at trough..._and 
ambulatory blood pressure trough/peak ratios. 

-· ,.....-~ ·-~-

An average decrease in diastolic blood pressure of at least 5 mmHg more 
than placebo was considered to be clinically meaningful. The actual power 
for the study was >95 %. 

The disposition of the patients is given in the following flow-sheet 
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Placebo 
Run-in 
Period 

418 
1------------iPatlents 

Enrolled 

1------1Dropouts 
105 
Patients 

Atenolol 
50 mg 

313 
1-----------1Patients 

Dropouts 
1------162 

Patients 

251 
Randomization 1----------1Patlents 

Atenolol+ 
NIS 20 mg 
62 Pa ients 

61 

Atenolol+ 
NIS 40 mg 
63 Patients 

59 
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Atenolol+ 
Nls 60 mg 
64 Patients 

59 

Atenolol + 
Placebo 
62 Patients 

!Dropouts] 
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The reasons because the patients were withdrawn from the placebo run-in 
period are given in the following Table : 

Mean SUDBP at visit 3 <100 mmHg or > 119 mmHg 
Mean SUDBP > 119 mm Hg during placebo run-in period 
Adverse event during placebo run-in period 
Other illness 
Abnormal laboratory value 
Abnormal electrocardiogram 
Noncompliance 
Investigator discretion 
Consent withdrawn 
Lost to follow-up 

Total 

-sa 
- 6 
-10 

- 3 
- 4 
= 2 
.. 3 
.. 5 
.. 9 

~~ 
105 

Patients withdrawn during the single Atenolol period and therefore not 
randomized : 

Mean SUDBP at visit 5 <95 mmHg or >114 mmHg 
Mean SUDBP > 114 mmHg on 2 consecutive visits 
after placebo run-in 
Adverse Event 
Other illness 
Abnormal electrocardiogram 
Noncompliance 
Investigator discretion 
Consent withe. awn 
Lost to follow-up 
Enrolled after enrollment date 

Total 

.37 

- 4 
- 4 
- 2 
- 1 

- 1 
- 4 
- 4 
- 2 
~ 

62 

The reasons for invalidity for patie,1ts that were withdrawn during the 
treatment period are given in the following table : 
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Drug Group 

Atenolol + NIS 20 mg 

Atenolol + NIS 40 mg 

Atenolol + NIS 60 mg 

Atsn0!ol + Placebo 

Total 

Number of 
Patients 

1 

4 

4 

1 

2 

1 

13 

Reascns for Invalidity 

Less th<m 19 days on 
double-blind drug 
Less than 19 days on 
double-blind drug 
Less than 19 days on 
double-blind drug 
Visit 5 diastolic BP 
not between 95 and 
114 mmHg 
Less than 19 days on 
double-blind drug 
Visit 5 diastolic BP 
not between 95 and 
114 mmHg 

Effectjyeness. The change from baseline in trough blood pressure by 
treatment for all patients valid for analysisot efficacy are given in the 
following table~ 
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Supine Diastolic 

Drug Visit 6 Visit 7 Visit 8 Visit 9 Endpoint 
Group Week 1 Week:? Week4 Week6 
ATN+NIS 
20 mg 
N 58 61 61 61 61 
Baseline 
BP 1C0.56 100.56 100.56 100.57 100.56 
Mean 0.88 0.88 
Change -8.53*C -9.80*C -9.10*AB -10.09* -10.09* 
SE 0.85 0.78 c ABC ABC 
ATN+NIS 0.89 O.SR 0.88 
40 mg 
N 57 58 57 58 
Baseline 58 
BP 100.75 100.75 100.77 100. 75 
Mean 100.75 
Change -8.52*C -11.26*C -12.75*C -12.69*C 
SE 0.86 0.81 -12.87*C 0.92 0.91 
ATN+NIS 0.92 
60 mg 
N 56 59 57 59 
Baseline 58 
BP 101.12 101.11 101.27 101.11 
Mean 101.00 
Change -9.72*C -12.15·c -14.36*C -14.24*C 
SE 0.87 0.80 -12.82*C 0.91 0.90 
ATN+PL 0.92 
N 58 59 59 59 
Baseline 59 
BP 99.93 99.93 99.93 99.93 
Mean 99.93 
Change -4. 0 0. -4.31* -4.29* -4.28· 
SE 0.85 0.80 -4. 61. 0.90 0.90 

0.91 

I 
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Drug Visit 6 Visit 7 Visit 8 Visit 9 Endpoint 
Group Week 1 Week 2 Week4 Week 6 

ATN+NIS 
20 mg . 
N 61 61 61 61 61 
Baseline 
BP 1E18.71 158.70 158.70 158. 71 158.70 
Mean 
Change -• 0.82*C -12.96* -13.30* -13.14* -13.15* 
SE ABC BC ABC ABC 
ATN+NIS 
40 mg 
N 58 58 58 57 58 
Baseline 
BP 158. 78 158.77 158.77 158.97 158.77 
Mean 
Change -12.93*C -19.04*C -19.03*C -20.09*C -19.83*C 
SE 2.01 2.11 2.29 2.05 2.05 

ATN+NIS 
60 mg 

N 58 59 58 57 59 
Baseline 
BP 
Mean 161.46 161.58 161.70 162.01 161.58 
Mean 
Change -12.29*C -20.38*C -21.00*C -23.43*C -23.09*C 
SE 2.00 2.08 2.28 2.03 2.02 
ATN+Pla 

N 59 59 59 59 59 
Baseline 
BP Mean 156.30 156.29 156.29 156.28 156.29 
Mean 
Change -3. 78 -2 .51 -0.02 -0.87 -0.85 
SE 1.99 2.09 2.26 2.01 2.02 
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Standing Diastolic 

ATN+NIS 
20 mg 
N 61 61 61 61 61 
Baseline 
BP 102.15 1 02.16 102.16 1 02.16 102.16 
t.'iean 
Change -7.50*C -8.46*C -7.90* -8.93* -8.93* 

ABC ABC ABC 
SE 0.87 1 .00 0.89 0.89 0.89 
ATN+NIS 
40 mg 
N 58 58 58 57 58 
Baselir.e 
BP 103.42C 103.43C 103.43C 103.45C 103.43C 
Mean 
Change -8.55*C -12.23•r, -12.85*C -15.00*C -14.93*C 
SE 0.89 1.02 0.92 0.93 0.91 
ATN+NIS 
60 mg 

N 58 59 58 57 59 
Baseline 
BP 102 97 102.94 102.97 103.18 102.94 
Mean 
Change ·8.55*C -12.23*C -12.85*C -15.00*C -14.93*C 
SE G.89 1.02 0.91 0.91 0.91 --
ATN+Pla 
N 59 59 59 59 59 
Baseline 
BP 101.13 101.13 101.13 101.12 101.13 
Mean 
Change -3.29' -4.24' -3.19' -1.96* -1.95* 
SE 0.89 1 .02 0.91 0.91 0.91 

27 



. . . 
. ~ 

Standing Systolic 

Drug Visit 6 Visit 7 Visit 8 Visit 9 Endpoint 
Group Week 1 Week2 Week4 Week 6 

ATN+NIS 
20 mg 
N 61 61 61 61 61 
Baseline 
BP 152.33 152.23 152.23 152.20 154.37 
Mean 
Change -10.69*C -11.17* -11.20* -10.97* -10.97* 

ABC ABC ABC ABC 
~ 2.00 2.10 2.17 2.04 2.00 

ATN+NIS 
40 mg 

N 58 58 58 57 58 
Baseline 
BP 156.89 156,87 156.87 156.85 156.87 
Mean 
Change -13.25*C -17.66*C -21 .52*C -22.35* -22.38*C 
~ 2.10 2.18 2.25 2.13 2.11 
ATN+NIS 
60 mg 
N 58 58 58 57 59 
Baseline 
BP 156.17 156.30 156.33 156.73 156.30 
Mean 
Change -11.16*C -19.76*C -20.50*C -22.36*C -22.1o·c 
~ 2.08 2.15 2.24 2.12 2.08 
ATN+Pla 
N 59 59 59 59 59 
Baseline 
BP 152.23 152.23 152.23 152.20 152.23 
Mean 
Change -3. 17 -1 .42 -0.90 1.88 1.89 
~ 2.07 2.15 2.22 2.08 2.09 
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P-val ues 
Visit 6 Visit 7 Visit 8 
Week1 Week2 Week4 

Drug* 
Center 0.0203 0.6905 0.1363 
NiS vs 
PLA 0.0001 0.0001 0.0001 
20 mg VS 

PLA 0.0002 0.0001 0.0004 
40 mg VS 

Pia 0.0003 0.0001 0.0001 
60 mg vs 
Pia 0.0001 0.0001 0.0001 

A: Signific<intly different from ATN+NIS 40 mg OD 
B. Signifo;antly different from ATN+NIS 60 mg 
C. Significantly different fron ATN+Pla 
• Significant change from baseline 

Visit 9 Endpoint 
Week6 

0.1813 IJ.1478 

0.0001 0.0001 

0.0001 0.0001 

0.0001 0.0001 

0.0001 0.0001 

The effect of Nisoldipine on trough SUDBP during the course of the dotJble­
blind treatment is shown in the following table : 

Placebo Substracted Change in SUDBP 
Mean in mmHg 

NIS Dose 
Week 1 Week 2 Week4 Week6 

20 mg -4.53* -5.49* -4.49* -5.80* 
40 mg -4.52* -6.95* -8.26* -8.46* 
60 mg -5. 72* -7.84 -8. 21. -10.07* 

• Denotes values when Nisoldipine blood pressure responses are 
significantly different from placebo, <0.05 
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The changes from baseline to endpoint in trough blood pressure, men and 
SEM in mmHg are given in the following table : · 

ATN+PLA ATN+ ATN+ ATN+ 
NIS 20 mg ~~IS 40 mg NIS 60 mg 

n=59 n-61 n-58 n-59 

SUDBP -4.28±0.90 -10.013±0.98 -12.69±0.9* -14.24±0.9* 

SUS BP -0.85±2 -13.15±2AB -19.83±2* -23.1 ±2* 

STD BP -1.95±0.91 -8.93±0.9AB -13±0.92* 15±0.91 * 

STSBP +1.89±2.09 -11 ±2.03* -22.38±2.1 * -22. 10±2. 1 • 

\ denotes values NIS 20 mg significantly different from placebo,p<0.05 
B denotes values NIS 20 mg significantly different from Niso!dipine 60 
mg<0.05. 

ATN+PL:A ATN+NIS ATN+NIS ATN+NIS 
20 mg 40 mg 60 mg 

Trough % Patients % Pati,~nts % Patients o/o patients 
response 
mmHg 
SUDBP ~90 32.2 55.7* 67.8* 66. ~. 

-
Fall in 23.7 so.a· 67.8* 74.6* 
SUOOP 
~10 

SUDBP~90 or 39 63.9* 74.6* 78 
Fall in 
SUDBP ~10 
SUDBP~O 16.9 42.6* 61. 62.7* 
and fall in 
SUDBP ~ 10 
• p <0.01 vs place:bo 
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At a centers ambulatory blood pressure monitoring (ABPM) was done after 
3 weeks on single blind Atenolol and after 5 weeks of doubl.,;-blind 
therapy. Smoothed and unsmoothed means for the ambulatory data are 
shown in the graphe in the following two pages : 
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The placebo-substracted trough SUDBPs are showed in the following graph: 

~ 

Ol 

MEAN TROUGH SUPINE BP CHANGES FROM BASELINE 
TO El\ )POINT, PLACEBO SUBTRACTED 

PATIENTS VALID FOR EFFICACY 
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The trough and peak ambulatory blood pressure changes and trough to peak 
ratios for patients valid ~or efficacy analysis are given in the following 
table : 

Smoothed Data - Difference from Placebo Group 

Trough Peak Hours to Trough to 
mm Hg mm Hg Peak Peak 

Ratio 
Va:·iable Drug 
Diastolic ATN+NIS -5.0 -9.4 3 53% 

20 mg OD 
f..TN+NIS 
40 mg OD -12.8 -13. 1 23 97% 

hystolic 

ATN+NIS 
60 mg OD -12.9 -1 3 1 99% 
ATN+NIS 

(at corres- 20 mg OD -11. 7 -13.6 3 86% 
~ 

ponding ATN+NIS 
diastolic 40 mg OD -22.0 -22.0 23 100% 
peak) ATN+NIS 

60 mg -17 .9 -19.0 1 94% 
Systolic ATN+NIS 
(actual) 20 mg OD -11 . 7 -14.0 5 83% 

ATN+NIS 
40 mg OD -22.0 -22.0 24 100% 
ATN +NIS 
60mg00 -17.9 -22.3 6 80% 

Pharmacodynamjc Results. Trough plasma samples were drawn at visits 5 
and 9. Visit 9 samples for all patients were analyzed for Nisoldipine. The 
results for patients whose treatment regimens did include Nisoldipine are 
shown in the following table : 
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I Mean Trough Range of Trough 

I Concentration Concentrations 
... n (!'lg/ml) (ng/ml) " 

AT+NIS 20 mg 57 1.6 0-7.41 
AT+NIS 40 mg 55 2.5 0-12.0 
AT+NIS 60 mg 59 3.3 0-10.40 

Conclusjons. In this protocol Atenolol was used as a positive control and 
studies were performed with Atenolol in combination with placebo and 
with NIS in the concentrations of 20 mg, 40 mg and 60 mg. Atencio with 
placebo had not significant etfect in blood pressure but in combination 
with NIS demonstrated significant hypotensive effects in relation with 
the concentration of NIS. Threfcre the possibility of drug interaction 
should be considered. Measurements of NIS in plasma were performed and 
they increased as would be expected with increasing concentrations of NIS 
and in relation to their effects c :, blood blood pressure but unfortunately 
concentrations of Atenolol in plasma were not measured. In other studies 
the sponsor did not find clinically relevant drug interaction betwee.a f:-. __ 
Nisoldipine, and the beta blocker Propanol (study 704, PB#21521, Volume 
142, pp. 08-17-0010374). However some studies in the literature do not 
agree with this conclusion. 

Elliott et al studying the interactions between Nisoldipine and Atenolol 
and Propanolol found that Nisoldipine. in single and multipta, doses, 
significantly increased the peak plasma concentration ot Propanolol and 
Atenolol. There was no evidence that either beta blocker influenced the 
pharmacokinetics of Nisoldipine. (The interactions between Nisoldipine 
and two beta-adrenoceptor antaponists : atenolol and propanolol. 
H.L.Elliott et al. Brit J Clin Pharmacol 1991 ;32(6):379-85). 

Levine et al demonstrated pharacodynamic and pharmacokinetic 
interactions ·between l'-lisoldipine and Propanolol (MAH Levine et al. 
Pharmacokinetic and pharmacodynamic interactions between Nisoldipine 
and Propanolol. Clin Pharmacol Ther 1983; 43:39-48). 

These contrad1ct1ons could have been clarified had the sponsor included in 
this protocol a true placbebo group arid groups of Nisoldipine without 
Atenolol. Plasma levels of Atenolol should have been also measured. 
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Protocol D90-019 

Title of Stydy : • A Double-Blind Randomized Study of the Safety and 
Efficacy of Once Daily Doses of Nisoldipine Coat-Core Tablets 30 mg, 60 
mg (2X30) and 90 mg (3X30) vs Placebo in Hypertensive Patients •. 

Prjncjpal lnyestjgators .. 

R. Towsend, M.D, 
Gal•.eston, TX 

R.J.Weiss, M.D. 
Auburn, ME 

P. Ratner, M.D. 
San Antonio, TX 

A. Jain, MD 

B. Eidelson, M.D. 
Absecon, N.J. 

A. Lewin, M.D. 
Los Angeles, CA 

M. Weber, M.D. 
Long Beach, CA 

• 
New Orleans, LA 

G. Neri, Jr., M.D. 
Chicago, II. 

. . .. 't ' . 

L. Gilderman, D.D. 
Pembroke Pines, FL 

S. Glasser, M.D. 
Tampa, FL 

T. Littlejohn, M.D. 
Winston-Salem, NC 

M. Zinny, M.D. 
Brighton, MA 

0. McCluskey, M.D. 
Mogadore, OH 

T. Fagan, M.D. 
.Tucson, AZ 

H. Serfer, 1.1.D. 
Hollywood, FL 

R. Reeves, M.D. 
Olympia, WA 

Objectjyes. The objectives of this study were : 

1. To determine the antihypertensive efficacy and safety of NIS 
tablets in doses of 30 mg. 60 mg and 90 mg daily in patients with 
mild to moderate hypertension. 
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2. To assess tie time and magnitude of peak blood pressure response 
and the ratio of trough to peak antihypertensive effect by 24-hour 
ambulatory blood pressure monitori"ng. 

lnclusjon Crjterja. Ambulatory patients, ma!e and female, 21 to 75 years 
of age, with a history of mild to moderate e:>sential hypertension were 
eligible for the study. 

Exclusjon Crit!Uia. Patients with the following conditions were excluded 
from the study : labile hypertension, renovascular or other secondary 
forms of hypertension, patients whose SUDBP after 3 and 4 weeks of 
placebo run-in were not ~100 or s 114 mmHg, previous myocardial 
infarction or cerebrovascular accident, heart failure, frequent 
arrhythmias, conduction disturbances, angina pectoris, use of other 
antihypertensive drugs, and many other drugs. 

Also excludtid were patients with failure of a major organ system, liver; 
kidney disease, malignancy or psychosis, patients with previous history of 
gastrointestinal disease which could result in incomplete absorption of 
the drug, women with childbearing potential, patients with alcohol or drug 
abuse, or allergy to dihydropyridines 

Study Design .. The study consisted of a single-blind placebo run-in periOd 
and a treatment period. 

Placebo Run-in Period. During this period of 4 weeks duration pacients 
discontinued all previous antihypertensive medication and were given a 
single-blind placebo which consisted of 3 tablets once a day in the 
morning for a 4-week qualifying run-in period. Then patients with 
confirmed hypertension, with a trough SUDBP ~100 to:;; 114 mmHg after 3 
and again after 4 weeks of placebo ar:d whose SUDBP at these 2 visits 
were within 7 mmHg of each other were admitted into the treatment 
period. 

Treatment Period. After four weeks of single-blind placebo patients with 
confirmed hypertension were randomized to on~ of three treatment groups: 
Placebo, Nisold1p1ne 30 mg or Nisoldipine 60 mg. Patients randomized to 
placebo received placebo for the remainder of the study. Placebo 
randomized to Nisoldipine 30 mg received the same dose for the remainder 
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of the study. Patients randomized to Nisoldipine 60 mag were given 
Nisoldipine 30 mg for one or two weeks and the dose was titrated to 
Nisoldipine 60 mg (2X30) for the final 4 to 5 weeks of the double-blind 
treatment. A group of patients was to be titrated to 90 mg (3X30) but this 
arm was discontinued before any patients were randomized because a 
concurrent high-dose forced-titration clinical pharmacological study 
showed evidence of symptomatic T wave flattening/or inversion 
predominantly at doses above Nisoldipine SO mg. 

The study design is shown schematically in the following graph 

Nisoldipine 30 mg 
11-----1-----1-----1-----1-----1----· !I 
I 

Placebo ;~un-in I Nisoldipine 60 mg 
! i ·----1-----1-----1-----11-----1-----1-----1-----1---··-l-----11 
Period I 

I Placebo 
11-----1-----1-----1-----1-----1-----11 

Double-Blind 

Regimen B 8,C B,C 8,C 8,C 
A A A A B or C or D or D or D or D 

11-----1-----1-----1-----11-----1-----1-----1-----1-----1-----11 
1 2 3 4 5 6 7 8 9 10 

Week 

Group 

NIS 30 mg 
NIS 60 mg 
Placebo 

Regimen 
B 

30 mg 
30 mg 
Placebo 

Regimen Regimen 
c D 

30 mg 30 mg 
60 mg 60 mg 
Placebo Placebo 
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pemography. The demography and baseline cnaracteristics in patients 
valid for analysis of efficacy is given in the following tabl~ : 

~MeaoAge 
NIS 30 mg I NIS 60 mg Placebo 
N=76 N=6e N-71 

52 52 52 (years) 

Mean wt (lbs) 197 197 202 

Baseline BP 
Supine 157/104 158/105 155/104 
Standing 153/~ 04 154/104 151/103 

History of 
Hypertension 
(years) 1 1 9 1 0 

%Male 61 56 52 

% Caucasian 58 58 72 

% History of 
Diabetes 9 1 1 13 

% Hi.story of 1 3 1 2 8 
Hyperlipidemia 
% History of Ml 0 2 1 

% Mild 
Hypertensives 62 58 70 
% Moderate 
Hypertensives 38 42 30 
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The distribution and randomization of patients is seen in the following grapl 

Placebo 309 
Control i-----------iPatients 
Period Enrolled 

221 
Randomization L.---------'Patients 

~ 
~ 

Nisoldipine 
30 mg 

76 

73 

Nisoldipine 
60 mg 

73 

61 

40 

12 

Dropouts 
88 

9 

Placebo 
72 

63 



The listing of patients who did not qualify for randomization is given in 
the following table : 

Mean supine diastolic blood pressure 
at visit 4 and at visit 5 did not qualify 
Adverse events 
Low diastolic blood pressures 
Patient request 
Blood pressure too high 
Elevated serum transaminase levels 
Childbearing potential 
Elevated serum lipids 
Family considerations 
Illness not due to study medication 
lntercurrent medical considerations 
Administrative problems 
Change in supine diastolic blood pressure 
> 7 mmHg from visit 4 to visit 5 
Low hemoglobin/hematocrit 
Protocol violation 

Total 

45 
7 
6 
6 
5 
5 
2 
2 
2 
2 
2 
1 

1 
1 
1 

88 

The reasons for discontinuation of double-blind therapy populatior. in all 
randomized patients are given in the following table 

Reason 

Adverse Event 
Lack of efficacy 
Physician dissatisfied 
with treatmttnt 
Patient dissatisfied 
with treatment 
Lost to follow-up 

Nisoldipine Placebo 
30 mg 60 mg 
N-76 N-73 N-72 
1 1 1 3 
1 0 2 

0 1 2 

0 0 2 
1 0 0 

The listing of dropouts due to adverse events for patients valid for safety 
analysis is given in the following table 
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Drug Group Adverse Experience Day of Dose/ Intensity/ 
Causing Patient to Onset Duration Relation-
Drop (Days) ship to 

Drug 

Placebo EKG abnormality -1 Pla/1 Mild/ 
Remote 

Cardiac arrest 24 Pla/1 Severe/ 
Remote 

Frontal headaches 28 Pla/>3 Severe/ 
Possible 

Nisoldipine Edema lower extremity 24 30 mg/ Moderate/ 
>7 Probable 

Severe headache 3 30 mg/ Severe/ 
>11 Possible 

Headache -1 Pla/5 Severe/ 
Possible 

Severe headache 0 30 mg/7 Severe/Pos 
2+ ankle edema, 24 60 mg/ Moderat~/ 

bilateral 1 0 Probable 
3+ pretibial edema, 24 60 mg/ Severe/ 
bilateral 10 Probable 
Trace edema, 
bilateral 24 60 mg/ Mild/ 

10 Probable 
Atypical chest pain 9 60 mg/5 Mod/Poss 
Headache 12 60 mg/ Severe/ 

>1 Possible 
3 + ankle edema 33 60 mg/ Severe/ 

>3 Possible 
Headache, vomiting 7 60 mg/ Severe/ 

1 Possible 
Headache 12 60 mg/>1 Sev/Rem 
Confusion, 0 30 mg/>1 Sev/Rem 
Nausea, 0 30 mg/3 Mild/Prob 
Headache 6 30 mg/2 Mod/ 

Probable 
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Efficacy 

Actual Dosage and Duration of Treatment. Patients were to receive 
Niso!dipine 30 mg, 60 mg or Placebo over a 6 week double-blind treatment 
period. Upward titration from Nisoldipine 30 mg to Nisoldipine 60 mg was 
required in the Nisoldipine 60 mg group after one or two weeks of double­
blind medication if trough SUDBP was greater than or equal to 80 mmHg. 
Placebo and Nisoldipine 30 mg underwent sham titration. The following 
table shows the number of patients that were given each dose level and 
had valid visits at each week for the population of patients valid for 
efficacy : 

Double-Blind Visit 
Week of Double­
Blind Therapy 
Group Regimen Dose 

Nis 30 mg B (30 mg qd) 

C (30 mg QD) 

NIS 60 mg B (30 mg QD) 

C (60 mg QD) 

Placebo B (Placebo) 

C (Placebo) 

6 7 8 

1 2 3 
N N N 
(%) (%) (%) 

75 1 0 4 
(100)(13) (5) 

66 71 
( 87) (95) 

65 7 5 
(100)(11) (8) 

59 59 
(89) (92) 

71 6 2 
(100) (8) (3) 

65 65 
(92) ( 97) 

9 1 0 

4 6 Endpoint 
N N N 
(%,) (%) (%) 

3 3 3 
(4) (4) (4) 
7 1 70 73 
(96) (96) (96) 

5 4 5 
(8) (6) (8) 
59 58 61 
(92) (94) (92) 

2 2 2 
(3) (3) (3) 
54 62 69 
(92) (97) (97) 

Analysis of Effectiveness. Two hundred thirteen of the 221 enrolled 
patients had at least one valid blood pre5sure measurement after 
randomization and were included in the primary efficacy analysis 
(endpoint) :76 were randomized to the Nisoldipine 30 mg group, 66 were 
randomized to the Nisoldipine 60 mg grcup, and 71 were randomized to the 
placebo group. 
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Trough raw means cf blood pressure at each visit as well as at endpoint 
are given in the following table 

Supine Standing 

NIS NIS Placebo NIS NIS Placebo 
30 mg 60 mg 30 mg 60 mg 

Base- 158/ 158/ 1 55/ 1 54/ 155/ 1 52/ 
line 104 105 104 104 104 103 
(N) (76) (66) (71) (76) (66) ( 71 ) 
Week 1 148/95 146/94 152/98 144/96 1 42/94 1 49/ 
(N) ( 75) ( 65) (71 ) (75) (65) 100 

( 71 ) 
Week 2 147/93 1 41/90 152/9 8 143/95 139/91 149/99 

(76) (66) (71) (76) (66) ( 71 ) 
Week 3 144/92 139/89 149/97 140/93 1 36/90 148/98 
(N) (75) (64) (67) (75) (64) (67) . 

Week 4 142/92 139/87 152198 140 ./93 135/87 1 50/99 
(N) (75) (64) (66) (75) (64) (66) 

Week 6 145/92 140/89 152/98 140/94 135/90 1 49/ 
(N) (73) (62) (64) (73) (62) 100 

(64) 
End- 146/93 141/90 154/99 141 /94 137/91 1 50/ 
point 101 
(N) (76) (66) (71) (76) (66) (71) 

Mean changes (mmHg) in SUDBP at endpoint for pat!ents wit mild (baseline 
SUDBP ;:: 100 to ::; 104 mmHg)and moderate (baseline SUDBP ;;;: 105 to ::; 114 
mmHg) hypert6nsion are shown in the followings table and figure: 

Nisoldipine 30 mg Nisoldipine 60 mg Placebo 
(N) Change (N) Change (N) Change 

Mild 47 -11.3 38 -15.7 50 -6.0 
Moderate 2 9 -11. 7 28 -14.0 21 -2.3 
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The 24-hour ambulatory blood pressure profile of mean systolic and 
diastolic blood pressure responses for the three treatment groups are 
shown in the following graph : 

SmooLh of M•an Chance from Ba8eHne of Ambulalory Blood Pra11ure 

S7at..Ua 8leod Praaa!ilra 
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The ambulatory blood pressure falls and trough to peak ratios change from 
placebo for patients valid for efficacy analysis are given in the following 
table : 

N 

Diastolic BP 
NIS 30 mg 39 
NIS 60 mg 29 

. Peak 
Hour value • 

(mmHg) 

13 12.13 
4 15.24 

Trough* 
(mm Hg) 

9.52 
14,22 

Systolic BP (at corresponding time of diastolic peaK) 
NIS 30 mg 39 13 17.46 14.52 
NIS 60 mg 29 4 23.13 17.66 

Systolic Blood Pressure 
NIS 30 mg 39 
NIS 60 mg 29 

( actual 
13 

5 

) 
17.46 
23.71 

*Change from placebo, baseline corrected 

14.52 
17.66 

Trough to Peak 
ratio 

78% 
93% 

83 O/o 

76% 

83 o/o 
75%. .. . 

The mean changes from baseline in diastolic blood pressure over the 24-
hour period of ambulatory blood pres~ure were -8.6 mmHg for Nisoldipine 
30 mg, -12.0 mmHg for Nisoldipine 60 mg and +0.7 mmH11 f=:r placebo. 

Pharmacokjnetjcs Results. Trough blood samples were drawn at all 16 
centers at visits 5 an 10. Seven centers also drew blood samples at visit 
10.1 at 2 and 12 hours post-dosing. Samples were assayed for Nisoldipine 
blood levels. Results are presented in the following table : 
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N 

NIS 30 mg: 
Trough 68 
2 hours post dosing 2 7 
12 hours post dosing 2 7 

NIS 60 mg: 
Trough 5 5 
2 hours post dosing 2 7 
12 hours post dosing 2 6 

Mean Concentration 
(SD) ng/ml 

1.5 (1.3) 
2.3 (1.9) 
2.1 (1.2) 

3.2 (2.8) 
6.0 (5.2) 
4.~ (2.8) 

Change in SUBP 
( Systo:ic/Oiastol ic) 

in mmHg 

-12/-11 
-17/-15 
-19/-17 

·17/-16 
·20/-19 
-21/-22 

There was a statistically significant correlation between plasma 
concentration and change from baseline to endpoint in supine diastolic 
blood pressure at trough. The greater the correlation, the greater was the 
decrease in supine diastolic blood pressure. Twenty percent of the 
variability in the observed change in supine diastolic blood pressure was 
explained by plasma concentration. 

Assessment. The results of this study indicate that Nisoldipine, at the 
dose of 30 mg and 60 mg daily once daily, is effective in reducing systolic 
and diastolic blood pressure at trough in patients with mild to moderate 
hypertension. The reductions in systolic and diastolic blood pressure were 
greater than 50 percent of ;leak effect at trough. Furthermore, ambulatory 
measurements of blood pressure for 24-hours demonstrated that 
reductions in blood pres::ure in Nisoldipine-treated patient was 
maintained through the hours of observation. The effect was more 
effective with the 60 mg of Nisoldipine than with the 30 mg dose and in 
the latter more effective than placebo. Pharmacokinetic studies 
demonstrated that effect on diastolic blood pressure was proportional to 
the concentration of Nisoldipine in blood. 

Side effects were significantly increased by drug administration as 
compared to control and were greater with the 60 mg Nisoldipine dose 
than with the 30 mg. Adverse events are to be discussed by another 
reviewer. 
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Protocol D89-039 

Title of StydV. ~ • Comparative Double-Blind Study of the Safety and 
Efficacy of Once Daily Doses of Nisoldipine 20 mg. 40 mg, 80 mg Coat Core 
(CC) Tablets vs a Twice Daily Dose of Verapamil SR 240 mg caplets vs 
Pla;;ebo in Hypertensive Patients ". 

prjncjpal Investigators and Sjtes of lnyestjgatjon : 

J Applegate, MD 
Family Care 
Wyoming, Ml 

A Synhavsky, MD 
Kidney Disease and Critical Care 
Associates, P.A. 
Minneapolis, MN 

W Flamembaum, MD 
Health and Science Research Inc. 
Englewood, NJ 

C Price, MD 
Delray, FL 

J Angelo, DO 
New Orleans Institute for 
Clinical Investigation 

R Goldstein, MD 
Tampa, FL 

R McDonald, MD 
Littsburgh, PA 

D Ginsberg, DO 
Harleysville, PA 
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J Levine, MD 
Clinical Flesearch Associates 
Nashville, TN 

L Warrick, MD 
The Jackson Foundation 
Madison, WI 

J Douglas, MD 
Case Western Reserve 
University Hospitals 
Cleveland, Ohio 

D Cdssidy, MD 
C Steiner, MD 
Cardiology Center 
Marrero, LA 

V Canzanel!o, MD 
Division of Nephrology 
Department of Medicine 

.f 

Bowman Gray School of Medicine 
Winston-Salem, NC 

D Wombolt, MD 
Norfolk, VA 

D Mccarron, MD 
Risk Factor Clinic 
Portland, OR 



G Neri, MD 
Clinical Research Center 

Chicago, IL 

Objectives. The objective of this study was to determine the efficacy and 
safety of once daily doses of Nisoldipine 20 mh, 40 mg and 80 mg to a 
twice daily dose of Verapamil 240 mg and to Placebo in patients with 
mild to moderate hypertension. 

Inclusion and Exclusion Criteria. Ambulatory male and female patients, 21 
years of age or older, with history of mild to moderate hypertension, were 
eligib:e for enrollment in this study. 

Patients with the following conditions were excluded from this study : 
recent myocardial infarction or cerebral vascular accident ; herat failure, 
major arrhythmias, conduction distrurbances, angina pectoris, sinus 
bradycardia or severe left ventricular dysfunction ; patients with 
impaired absorption of the drug ; females pregnant or with childbearing 1-
potential ; patients with failure of a major organ system such as liVellli' .,... 
renal disease, malignancy or psychosis ; alcohol abuse or drug intake ~· ::. 
allergy to dihydropyridines. verapamil or other antagonists ; also 
excluded were patients who participated in another investigational drug 
study within the previous 30 days. 

Study Design. The study consisted of a single-blind run-in period and a 
treatment period. 

Single-Blind Run-In Period. Patients were given two placebo tablets and 
one placebo capsule in the morning and anothe placebo-capsule in the 
evening each day during a 4-week single-blind-run-in period. Drug for the 
single-blind placebo run-in period was labeled as Regimen A. 

Qualification for Randomization. Patients whose mean SUDBP (the average 
of 3 readings over a five minute period in the supine position) were 95-
114 mmHg after 3 and after 4 weeks on placebo and whose SUDBP after 3 
and 4 weeks on placebo were within 7 mmHg of each other were eligible 
for randomization. 
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Double-Blind Treatm~nt Period. Alter the placebO run-in perioc:!, a forced t1trat1on was designed as 
follows : Regimen 8 : Nisoldipine 20 mg, Verapamil 240 mg qd 111 Placebo which patients took for 
one week; Regimen C : Nisoldipine 20 mg, Nisoldipine 40 mg, Verapamil 240 mg twice daily or 
Placebo which patients took for one week ; Regimen ~ : Nisoldipin,, 20 mg, Nisoldip1ne 40 mg, 
Nisoid1pine 80 mg (2 X 40 ). Verapamil 240 mg twice daily or PlacllbO which patients took for 6 
weeks. After 8 weeks of double-blind drug, patients given Nisoldipine or Veraparr.il co~tinued on 
the samo drug regimen while patients given Placebo were switched to Verapamil 240 mg qd for the 
remaining of the 4 weeks of study. 

The study design is demonstrated schematically !n the following graph 

Placebo run-in 

Placebo 
I 

Nisold1p1ne 

I 

20 mg 20 mg 
I 

20 mg 

I 

verapamil 
NO mg ao 
I I I 

Nisoldipine 40 mg 
Period 20 mg 
11~~.~ ...... ;~ ....... ~-+.~-+i---+:~-+,~-;-:~+-,~+-.~,1--~:1--~ 

V1s1t , 2 3 4 5 
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WeekS 

20 mg 20 mg Nisoldip1ne 80 mg ao 
20 mg 
! f I I I I . ' . 
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Demographjcs. The demographic characteristics are shown in the 
following table : 

Nisoldipine Nisoldipine Verapamil Placebo 
20 mg 40 mg n-76 n-i2 
n-70 n-72 

Mean age 53 54 52 55 
(years) 
Mean wt 202 197 198 196 
(lbs) 
Baseline BP 
(mmHg) 
Supine 153/100 155/100 151/100 154/100 
Standing 151/101 151/101 148/101 151/100 
Male 57% 61 % 55 o/o 67°/o 
Black 31 % 24% 28 O/o 21 % 
History of 
Diabetes 9% 1 °/o 11 o/o 8% 
History of 
Hyperlipi-
demia 3 0' iO 1 °/o 3% 10% 
History of 
Ml 3 °/o 1% Oo/o 1% 
Hypertensi-
ves 
Mild 84% 86% 83 o/o 89 o/o 
Moderate 16 % 14 % 17 o/o 11 O/o 

; 
• •. 

The distribution of patients and randomization are given in the following 
graph: 
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413 
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Control 1------------1Enr lied 
Period 
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20 mg 

76 
Pa ients 

Dropouts 
or 

Invalid 

70 
Patients 

6 

Nisoldipine 
40 mg 

76 
P tients. 

72 
Patients 

4 

Randomization 
320 

Patients 

Verapamil 
240 mg 

78 
Patients 

76 
Patients 

Placebo 
75 

Patients 

72 
Patients 

3 

Discontinued 
93 

Patients 

Nisoldipine 
80 mg 

15 Patients 

15 

0 
Patients 

The reasons that disqualified enrolled patients for randomization are given in the 
following table : 
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Mean Supine Diastolic Blood Pressure 
at visit 4 or visit 5 did not qualify 
for randomization (95 mmHg to 11 mmHg) 
Adverse events 
Patient chose to withdraw 
Other illness/Surgery/Screening 
abnormality 
Blood pressure too high off medications 
for patient's safety 
Lost to follow-up 
Elevated transaminases at screening 
N 1· oncomp.1ance 
Called to military service 
Blood pressure too low after in-clinic 
Inadequate quality control during 
ambulatory blood pressure 

Total 

47 
13 

9 

5 

5 
4 
3 
3 
2 
1 

1 

93 

The number of dropouts during the treatment period and the reasons for 
elimination from the study are given in the following table : 

Nisoldipine 20 mg. N-76 

Event 

Palpitations, depression, headache, emesis 
Headache, shortness of brectth, fatigue 
Headache, flashing, head congestion 
Headache, flushing, palpitations 
Peripheral edema 
Headache, nausea 
Peripheral edema 
Peripheral edema 
Pleural effusion 
Myocardial infarction 
Noncompliance 
Chose to withdraw 
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Days on Drug 

2 
3 
4 
6 

12 
12 
24 
73 
n 
89 
7 
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Nisoldipine 40 mg. N-76 

Event 

Headache, rash 
Headache, nausea 
Headache, nausea 
Peripheral edema 
Peripheral edema 
Myocardial infarction 
Headache, tremor, flushing, palpitations 
hypesthesia, asthenia 
Peripheral edema 
Peripheral edema 
Peripheral edema 
CVA 
Chose to withdraw 
Chose to withdraw 

Nisoldipine 80 mg. N-15 

Headache, flushing, palpitations, chest pain 
Flushing, palpitation 
Deep T wave inversion 
Discontinued 
Discontinued 
Discontinued 
L:::-continued 
Discontinued 
Discontinued 
Discontinued 
Discontinued 
Discontinued 
Discontinued 
Discontinued 
Discontinued 
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Days on Drug 

1 
2 
2 

10 
12 
13 

14 

22 
40 
41 
16 
32 

1 
14 
15 
3 
4 
6 

12 
13 
14 
17 
20 
20 
24 
28 
31 
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Verapamil 240 mg. N=78 

Event 

Headache, dizziness, tachycardia, 
leg pain, tinnitus 
Peripheral edema 
Hypotension 
Headache, chills, peripheral edema 
Cholecystitis 

Placebo. N~·;5 

CVA 
Fatigue, edema 
Peripheral edema 
Lack of efficacy 
Lack of efficacy 
Lost to follow-up 
Lost to follow-up 
Chose to withdraw 
Chose to withdraw 
DBP> 114 mmHg 
Retinal disorder 

Efficacy 

Days on Drug 

0 
17 
22 
36 
7 

6 
14 
32 
5 
48 
21 
69 
47 
62 
27 
55 

Criteria for Effectiveness. The change from baseline to endpoint in trough 
SUDBP (blood pressure measured 24 hours after the previous day's morning 
dose and 12 hours after the p~evious day's evening dose) in the Nisoldipine 
40 mg group compared to the placebo group was the primary criterion usod 
to determine the effectiveness of the drug. The comparison of Nisoldipine 
20 mg to Placebo was of secondary importance. 

Secondary efficacy parameters included standing diastolic blood pressure 
and both standing and supine systolic blood pressure. In addition in eight 
centers ambulatory blood pressure changes ( the difference between 
measurements made over the 24 hours after 3 weeks of placebo run-in and 
the 24 hours after 7 weeks of double-blind therapy) were compared among 
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groups. The 12-hour in-clinic monitoring data were also compared among 
groups. The peak effect and the time to peak effect were calculated for 
both the am:.wlatory and 12-hour in-clinic monitoring. In addition the 
trough to peak ratio was calculated for ambulatory blood pressure. Plasma 
samples were drawn at baseline (visit 5) and at visit 11 for analysis of 
Nisoldipine plasma concentrations. 

Statjstjcal Methods. All statistical methods were two-tailed and were 
conducted at a significance level of 0.05. Pairwise comparisons and 
within group changes were tested via the least squares means estimated 
by the model. 

Analysis of Effectiveness. The mean blood pressure changes at endpoint 
(mmHg) for patients valid for efficacy analysis are given in the following 
table : 

Nisoldipine Nisoldipine Verapamil 
20 mg 40 mg N-76 
N=70 N=72 

Supine 
Diastolic -8.1 ABP -11.4 BP -14 .. 7 p 
Systolic -9.6 ASP -16.2 p -16.0 p 

Standing 
Diastolic -7.1 ASP -11.8 BP -13.9 p 
Systolic -11.6 BP -15.4 p -16.4 p 

A Significantly different from Nisoldipine 40 mg 
B Significantly different from Verapamil 
P Significantly different from Placebo 

Placebo 
N-72 

-4.0 
-2.2 

-2 .r. 
-2.4 

Mean changes (mmHg) in SUDBP at endpoint for patients with mild 
(baseline SUDBP 95-104 mmHg) and moderate (Baseline SUDBP 105-114 
rnrnHg) are shown in the following table : 
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Nisoldipine Nisoldipine Verapamil Placebo 
20 mg 40 mg 
n Change n Change n Change n Change 

Mild 59 -8.4 62 -11 .3 63 -14. 1 64 -4.1 
Moderate 11 -6.5 1 0 -13.0 13 -18.0 8 -3.5 

The effect on SUDBP at endpoint in the Nisoidipine (24 hours after dose). 
Verapamil group (12 hours after dose ) and Placebo group is shown in the 
figure below : 

0 

-2 

-~ 

mmHg -6 

-a 

-10 

-12 

- 14 

-16 

MEAN TROUGH SUPINE DIASTOLIC BP CHANGES AT 
ENDPOINT FOR PATIENTS VALID FOR EFFICACY ANALYSIS 

58 



The results by visit for SUDBP are shown in the following graph 

Week 1 Week 2 Week 3 Week 4 Week 6 Week 8 

NIS 20 
mg 
n 69 70 66 65 68 68 
Mean 
Change -7.8 -7.2 -8.6 -7.5 -7.8 -8.0 
NIS 40 
mg 
n 72 72 66 65 65 63 
Mean 
Change -7.4 -9.8 -9.9 -11 .2 -11. 0 -11 .8 
Ver 
n 76 75 73 69 73 71 
Mean 
Change -5.9 -11 . 0 -12.8 -13.1 -12.6 -14.6 

Placebo 
n 72 72 68 67 69 67 
Mean 
Change -4.0 -4.7 -5.1 -4.4 -5.7 -4.1 

During the secon phase of the double-blind period, the differences between 
the active drugs decreased, while the Placebo group experienced the 
expected further decrease in blood pressure after switching to Verapamil. 
The changes from baselin& in trough SUDBP at the two visits in thus phase 
are presented below : 

Week 10 Week 12 

NIS 20 mg -8.8 -10.1 
NIS 40 mg -12 .2 -1 0.3 
Verapamil -1 3. 1 -11 . 5 
Placebo -7.3 - " - I • v 
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Various demographic variables were examined including sex, weight, age, 
smoking status, race and baseline blood pressure. Of these only age 
exhibited a marked difference in blood pressure response. Mean changes 
from baseline in supine bleed pressures for each drug group for patients at 
least 60 years old vs patients younger than 60 years old are provided in 
the table below : 

NIS 20 mg NIS 40 mg Verapamil Placebo 
n Mean n Mean n Mean n Mean 

Diastolic 
Age~ 60 28 -1 0.4 26 -13 .6 24 -16.2 23 -4.0 
Age< 60 42 - 6.6 46 -10 .4 52 -14. 1 49 -4.0 
Systolic 
Age~ 60 28 -14.0 26 -21 .2 24 -19 .3 23 -2.3 
Age< 60 42 -6.8 46 -13 .6 52 -14.5 49 -2.2 

Responders rate based on trough SUDBP are presented in the following 
table : 

NIS 20 mg NIS 40 mg Verapamil Placebo 
N-70 N=69 N-76 N-72 

DBP s; 90 
mm Hg 35 (50 °/o) 50 (69%) 62 (82 O/o) 19 (26 %) 
DBP 
decrease 
~ 10 mmHg 28 (40 %) 47 (65 %) 59 (78 °/o) 10 (14 °/o) 

In clinic monitoring was dons for 12 hours and 24-hour ambulatory blood 
pressure monitoring for 24 hours. 

The in clinic monitoring, that covered only half of the dosing interval 
yielded the following results : 

60 



Dose Mean Change Range mmHg/ Hour 

Nisoldipine 20 mg -9.8 12 
-13.5 8 

Nisoldipine 40 mg -10.8 12 
-15.5 4 

Verapamil -11.8 
-15.1 

Placebo -2.5 
-5.5 

On ambulatory blood pressure monitoring response after 7 weeks of 
therapy was observed for 24 hours after Nisoldipine 40 mg therapy, 4 
hours after Nisoldipine 20 mg therapy, and 4 hours after the morning dose 
of Verapamil. with blood pressure changes (systolic/diastolic)of -17 .5/ 
-10.7 mmHg, -15.1/10.2 mmHg, and -19.7/-14.3 mmHg respe~tively. The 
mean 24-hour systolic and diastolic blood pressure changes during 
ambulatory blood pressure monitoring were 

Nisoldipine 40 mg 
Nisoldipine 20 mg 
Verapamil 

-13.6/-8.0 
-11.1/-7.9 
-14.8/10.8 

Based on smoothed ambulatory blood pressure data, the trough/peal ratios 
for the treatment groups are summarized in the fellowing table : 

Trough mmHg Peak mmHg Trough to peak 
ratio 

Diastolic BP 
NIS 20 mg -6.7 -9.7 69% 
NIS 40 mg -11. 7 -11. 7 100 % 
Verapamil -11 . 1 -12.9 86% 

Systolic BP 
NIS 20 mg -9.9 -1 5 66% 
NIS 40 mg -14.3 -14.3 100 % 
Verapamil -15. 9 -20.9 78% 
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The unsmoothed change from baseline ambulatory data in systolic and 
diastolic blood pressure are shown below 
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The trough blood pressure results for each drug group change from 
baseline by visist supine diastolic is given in the following graph 
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Pharmacokjnetjc Results. Trough blood samples were drawn at visits 5 
and 11. Visit 11 samples were analyzed for Nisoldipine and results are 
summarized below : 

n Range of Mean 
Concentrations Concentrations 

(ng/ml) (ng/ml) 
NIS 20 mg 66 0-3., 9 1.0 
NIS 40 mg 61 0-6.83 2.2 
NIS 80 mg 3 0-5.24 2.3 

Assessment. The study was initially designed to determine the 
effectiveness of Niso1dipine at doses of 20, 40, 80 mg. Verapamil and 
placebo. The 80 mg dose of Nisoldipine was dropped when in another study 
of a high-dose forced-titration study of Nisoldipine 120 mg daily showed 
asymptomatic T waves flattening and/or inversion on electrocardiogram 
predominantly at doses above 60 mg daily. 

The 20 and 40 concentrations of Nisoldipine demonstrated to be more 
effective in lowering the blood pressure than placebo, and the 40 mo more 
effective than the 20 mg. Also the ettectiveness was greater in subjects 
older than 60 years especially in lowering the systolic blood pressure. 
Verapamil bid was more ettective in lowering blood pressure than any of 
the concentrations of Nisoldipine. 

Peak and trough values were determined by ambulatory blood pressure 
monitoring and the antihypertensive effect was well sustained at 24 
hours after dose administration in all concentrations of Nisoldipine 
evaluated in this study. 

By pharmacokinetic studies the concentration of Nisoldipine in blood was 
determined and was found to be more elevated after the 40 mg 
administrations of Nisoldipine than after the 20 mg concentration. There 
was no major difference between Iha 40 mg and 80 mg dose of Nisoldipine. 
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Protocol 090-006 

Title of Stydy : " South-African Multicentre Study to Investigate the Anti· 
Hypertensive Effect of Three Single Ora! Daily Doses of Nisoldipine 
Administered as a Long Acting "Coat-Core" Tablet Formulation." 

Prjncjpal lnyestigators and Sites of lnyestjgatjon. 

Prof. LH Opie 
University of Cape Town 
Medical School 
Observatory 

Dr. P. Sareli 
University of the Witwatersrand 
PO Bertsham 

Prof. YK Seedat 
University of Natal Medical School 
Congella 

Col. OP Mytlurgh 
1 Military Hospital 
Voortrekkerhoogte 

Prof. C Rosendorf! 
University at Witwatersrand 
Medical School 
Parktown 

Profs FO Muller and DJV Weich ; 
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Objectives. The objectives of this study were : 

1. To compare the anti-hypertensive efficacy and safety of three 
daily doses of Nisoldipine coat-core formulation, namely 
10 mg, 20 mg and 30 mg with placebn. 

2. To study a dose-response relationship for Nisoldipine coat­
core. 

3. To assess the consistency of anti-hypertensive response over 
6 weeks. 

Additional objectives were : 

1. To describe the blood pressure profile of the last day of therapy 
by continuous automated ambulatory blood pressure monitoring 
in a group of patients. and hence 

6 ,­J 



2. To quantify the trough/peak blood pressure relationship for this 
therapy. 

lnclusjon Crjterja. Patients with newly diagnosed mild to moderate 
hypertension were eligible to enter the study. In addition patients with 
mild to moderate hypertension being treated who, in the opinion of the 
investigator, were no significantly placed at risk by withdrawal of 
previous anti-hypertensive medication during the 4-week placebo run-in 
period could also be enrolled in the study. 

Exc!usjon Criteria. Patients were not e!igib!e if they had labile 
hypertension, clinical evidence of major arrhythmias, angina pectoris, 
conductio disturbances or heart failure, or recent or impending myocardial 
infarction, or a cerebral vascular accident in the previous 3 months, 
history of allergy to dihydropyridines, type 1 diabetes mellitus, impaired 
renal function, liver disease. elevated transaminases, treatment with 
antihypertensives or any other drug that may affect the blood pressure or 
may interact with the effects of calcium antagonists. _ ~A. _ , 

... i 

Stydy Qesjgn. This was a 1 O week, multi-centre, randomized, placebo 
controlled, parallel group comparison of Nisoldipine coat-core 10 mg, 20 
mg, 30 mg versus placebo. The study consisted of two periods : a single­
blind placebo run-in period and a double-blind, randomized, placebo-
controlled, group comparison (treatment period. . ,. 

... . ~-: ........ : -~ --r( ........ • 
. . .._.__ ........ 

Placebo run-in Period. During this period of 4 weeks duration all 
antihypertensive medication was discontinued and one placebo tablet was 
given to be taken in the morning before breakfast. Patients whose SUDBP 
was ~ 95 nimHg and s 114 mmHg at visits 2 and 3 were eligible for 
enrollment in the active treatment phase. 

Treatment Perjod. Eligible patients were randomized to one of four arms 
placebo, 1 o mg Nisoldipine, 20 mg Nisoldipine and 30 mg Nisoldipine. 

Patients randomized to placebo or 10 mg Nisoldpine were to receive their 
treatment for 6 weeks. Patients in the two higher dose groups 
( Nisoldipine 20 mg or Nisoldipine 30 mg) were to receive 1 O mg for the 
first week following by 5 weeks of their randomized treatment in order to 
avoid rapid exposure to the higher doses. 
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The study design is demonstrated schematically in the following graph 

Nisoldlpine 1 O mg 
II I I I I 

10 Nisoldipina 20 mg 
mg 

II 
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L 
Period 10 Nisoldipine 30 mg 

I mg 

II 
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Placebo 
II 

Treatment Period 
Week 

1 2 3 4 5 6 7 8 9 10 
II 
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The demographic information is given in the following table 

Placebo NIS 10 mg NIS 20 mg NIS 30 
n-58 n-49 n-51 mg 

nm48 
Sex Male 27 (47 %) 24 (49 %) 20 (39 %) 21 (44 %) 
(p=0.78) Female 31 (53 %) 25 (51 %) 31 (61 %0 27 (56 %) 
Race Caucasian 30 (52 %) 24 (53 %) 25 (49 %) 26 (54 %) 

Black 27 (29 %) 16 (33 %) 18 (35 %) 14 (29 %) 
(p=0.98) Asian 6 (20 %) 2 (4 %) 6 (12 %0 5 (11 %) 

Other 5 (9 %) 5(10%) 2 (4 %) 3 (6 %) 
Age 
(years) Mean 
Mean Mean=0.2 53 50 55 50 
Weight Mean 
(kg) (p=0.69) 80.8 77.3 79.7 80.3 
Baseline 
Means BP 
Supine 

Systolic (p-0.17) 163.8 161.2 167.2 164.3 
Diastolic (p=0.65) 103.5 104.7 104.8 104.4 

Standing 
Systolic (p=0.69) 160.5 159.7 163.8 161. 7 

Diastolic (p-0.09 105.1 107.9 107.4 107.4 

Mild 
Hy pert. 

n 33 25 25 27 
Bc>.seli ne 
SDBP 99.7 99.3 99.2 100.1 
Moder. 
Hype rt. 
N 25 24 26 21 
BJseline 
SDBP 108.5 110.2 110.1 11 0.1 
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fhe distribution and randomization of patients is illustrated in the following graph 

lacebo 
un-in 

Period 

Randomization 
Period 

7 Patients 

293 
Patients 
Enrolled 

i--------1 

208 
Patients 

NIS 10 r;;Ql 
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69 

Invalid 



The reasons for patients who did not enter the double-blind treatment period is given 
in the fellowing table : 

Reason Number of Patients 

Supine diastolic blood pressure < 95 mmHg 58 
Supine diastolic blood pressure > 114 mmHg 1 3 
Unwilling to continue 5 
Patient had raised serum calcium levels 1 
Uncontrolled non-insulin dependent diabetes mellitus 1 
Raised liver enzymes 3 
Left ventricular failure 1 
Right ventricular failure wr,en taken off diuretic 
Major arrhythmias 

Total 

1 
2 

85 

Invalid Results and Drop··Outs During the Treatm~nt Period. Three patients dropped­
out during th.: treatment period. One patient in the placebo group died after 
experiencing cerebral hemorrhage 33 days after entering the double-blind treatment 
period. One patients in the Nisoldipine 1 O mg experienced severe tinnitus 30 days 
after entering the double-blind treatment period. Another patient in the 10 mg 
Nisoldipine group had a severe headache and dropped 17 days after entering the 
double-blind treatment period. 

Eftjcacy. 

Criteria for EWcacy. The primary variable for assessing efficacy was the trough 24-
hour supine diastolic b!,ood pressure (SUDBP), and especifically the change in suDBP 
from baseline to endprJint (visit 6, week 6 or the last valid visit). The change from 
baseline in each of the three Nisoldipine treatment groups was compared to the 
Placebo group. Secondary efficacy variables were supine systolic BP and standing 
diastolic and systolic blood pressure. 

Statjsrjcal Analysjs. Two types of analysis were followed. The first and primary 
analysis was the standard endpoint analysis, also referred as the main efficacy 
analysis. The second was the intent-to treat analysis (ITT). 

All patients adherent to the protocol with a valid treatment duration of at least 2 
weeks on double-blind treatment were included in the main efficacy analysis. These 
patients completed at least a two-week double-blind treatment period owring which 
they were compliant. and after which the blood pressure was taken between 22.5 h 
and 25.5 h after ttie last tablet intake. Patients who discontinued treatment because 
of lack of efficacy or adverse events were also included. Only 2 patients who 
received double·bUnd treatment were considered invalid for the main efficacy 
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analysis. They were included in the intent to treat analysis. In one patient the 
baseline measurements were lost 
and in another patient only 10 tablets instead of 20 tablets were· dispensed. 

The results of change from baseline at endpoint In trough blood pressure in all pa­
tients valid for the main efficacy analysis (n=206) are given In the following table 

Placebo NIS 10 mg NIS 20 mg NIS 30 mg 
n=58 n=49 n•51 n=48 

Supine DBP 
Baseline 103.5 104.7 104.8 104.4 
Endpoint 101.1 99.3 95.7 94.3 
Difference 
(NIS-Placebo) -3.2 ·6.7 ·8.0 

Supine SBP 
Baseline 163.8 167.2 167.2 164.:'3 
Endpoint 163.3 149.8 149.8 148.8 . -Difference 
(NIS-Placebo) -8.9 -17.8 ·15.9 
Standing DBP 
Baseline 105.1 107.9 107.4 107.4 
Endpoint 104.6 101.1 98.1 96.9 
Difference 
(NIS-Placebo) -6.9 ·9.2 ·10.6 

Standing SBP 
Baseline 160.5 159.7 163.8 161.7 
Endpoint 160.5 150.6 147.5 145.7 
Difference 
(NIS-Placebo) -9.5 -15.9 ·16.2 

The results on SDBP are demonstrated in the following graph : 
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The mean change from baseline In supine diastolic pressure (mmHg) for each 
treatment group after stratification for age Is shown In the following table : 
(Main efficacy analysis - 206). 

Placebo NIS 10 m;i NIS 20 mg NIS 30 mg Overall 
Least 
Squ11re 
Means 

Age< 45 
years -6.5 (12)* -4.1 (14) -10.6 (11) -8.9 (15) -7.5 
Age:<: 45 and 
< 65 -1.4 (38) -6.9 (28) -8.3 (31) -10. 7 (27) -6.8 
years 
Age 2: 65 
years -1.3 (8) -2.0 (7) -10.1 (9) -10.7 (6) -6.0 

• The number of patients used for calculating the mean values are giver. In 
brackets. 

Results from ANOVA 

Age effect : P=0.62 
Treatment Effect : P=0.0001 
Treatment by age interaction effect : P=0.12. 

These results indicate that there is no association between age and the diastolic 
blood pressur3 response. 

The mean change from baseline In supine diastolic blood pressure (mmHg) for 
each treatment group after statificatlon for race is given In the following table 
(Main efficacy analysis = 206). 
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Placebo NIS 10 mg NIS 20 mg NIS 30 mg Overall 
Least 
Square 
Means 

Caucasian -1.2 (30)* -4.6 (26) -7.5 (25) -9.2 (26) -5.6 

Black -2.3 (17) -5.9 (16) -10.3 (18) -10.1 (14) -7.2 

Other -6.3 ( 11 ) -7.0 (7) -11.5 (8) -13.1 (8) -9.5 

Analysjs of Response and Normaljzatjon Bates. Responders were defined as patients 
who had SDBP of less than or equal to 90 mmHg or patients who had a drop in SDBP of 
at least 1 c mm Hg at endpoint. A patient's blood pressure was said to be normalized 
when satisfied these two conditions, namely, a drop in supine DBP to 90 mmHg or 
below, and a drop of at least 10 mmHg. 

The following table shows the respon:;e rates for each treatment group, odds ratio 
and relative efficacy of each Nisoldlpine treatment relative to Placebo from the 
main efficacy analy!>is of the last visit: 

Placebo NIS 10 mg NIS 20 mg NIS 30 mg 

Total 
number of 
Patients 58 49 51 48 
Responders 1 0 1 7 24 30 
Response Rate 17 % 35% 47% 63% 

Odds Ratio 
(OB) 
NIS relative 
to Placebo 2.4 4.6 8.8 
95 % Cl for OB 1.0; 5 .. 5 1.8; 12 3.6; 22 
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Relative 
Efficacy IRE) 
NIS relative 2.0 2.6 3.7 
to Placebo 1.0 ; 3.9 1.5; 4.8 2.1 ; 6.2 
95 % Cl for RE 

These results can be Interpreted as indicating that the response rate for placebo was 
17 %, Nisoldipine 10 mg 35 %, Niso1dipine 20 mg 47 % and Nlsoldlpine 30 mg 63 %. 
A relative efficacy of 2.6 of Nlsoldipina 20 mg vs Placebo means that a positive 
treatment response is 2.6 times more likely to occur under Nisoldlpine 20 mg than 
placebo. The confidence interval of 1.5 to 4.8 indicates that the true relative 
efficacy is likely (95% confidence limits) to be at least 1.5 and at most 4.8. 

The f.~llowing table shows the normalization rates for each treatment group, odds 
ratio, and relative efficacy of each Nisoldipine treatment relative to Placebo from 
the main efficacy analysis of the last visit : 

Placebo NIS 10 mg NIS 20 mg NIS 30 mg 

Total Number 
of patients 58 49 51 48 
Number of 
Patients 5 5 13 13 
Normalization 
Rate 8.6% 10 % 25% 27% 
Odds Ratio 
(OR) 
NIS relative to 
Placebo 1.2 4.3 4.3 
95% Cl for OR 0.31 : 4.8 1.4; 1.3 1.4 ; 13 

Relative 
Efficacy (RE) 
NIS reladve to 
Placebo 1.2 3.1 3.3 
95 % Cl for RE 0.37; 3.9 1.3; 7.3 1.3 ; 8.1 
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These results can be interpreted in the same manner as described for the response 
ratbs. 

Ana!vsjs of Ambu!atpcy B!ppd pressure Mpo!tprlng. 01 the 165 patients who entered 
the ambulatory blood pressure monitoring phase of the study 137 patients were 
evaluable. The means across patients (change from baseline in diastolic blood 
pressure) are graphically presented in the following figure 
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Various clinically meaningful variables could be calculated from the hourly mean 
diastolic blood pressure profiles The following table shows res\Jlts of trough/peak 
ratios calculated from hourly means of ambulatory monitoring data : 

Trough 
(mm Hg) 

Diastolic BP 
NIS 10 mg. ·11.95 
NIS 20 mg -13. 70 
NIS 30 mg -9.03 

Systolic BP • 
NIS 10 mg -15. 70 
NIS 20 mg -20. 72 
NIS 30 mg -18.31 

Systolic BP# 
NIS 10 mg -15.70 
NIS 20 mg -20. 72 
NIS 30 mg -18.31 

• Using timepoint of systolic peak. 
# Using timepoint of diastolic peak 

Peak (mmHg) Hour of Peak Trough to 
peak Ra~lo 

• 11. 95 24 100 % 
·13. 70 24 100% 
·12.57 2 72% 

·15.70 24 100 % 
-20. 7~ 24 100 % 
-18.31 24 100% 

·15.70 24 100 % 
·20. 72 24 100% 
·10.64 2 172% 

The results indicate that there was a good dose-response pattern In bOth systolic 
and diastolic blood pressure falls from baseline for placebo Nlsoldlplne 10 and 20 mg 
while the fall of Nlsoldipine 30 mg was very similar to that In the 20 mg gro1.1p. The 
effect of the 3 Nlsoldlplne group was maintained over the entire dosing period. This 
is also In evidence by observing the following graph of hourly means In a smoothed 
curve: 
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Assessment. This study demonstrated that Nisoldipine, at concentrations of 1 O mg, 
20 mg and 30 mg, was more effective than placebo In lowering the blood pres!luro, 
but this effect was not potentiated when the dose was increased from 20 to 30 mg. 
Ambulatory blood pressure mea.1urements were done which demonstrated that the 
effectiveness of Nlsoldlpine extended throughout tne 24 hours after :ldmlnistratlon , 
trouglt values frequently being equal to peak values. 

It is interesting that In this study this calcium channel blocker demonstratod to have 
a greater effectlveness Jn blacks, a patients population usually more refra.:tory to 
antihypertensive treatment, than in caucasians. 

In reference to age. this study concluded that Nisoldipine was more effective In 
individuals 65 years of age or older. (table ptge 73). This finding is consistent with 
those of protocol 089-039 in which Nisoldipine was more effective in this age range 
especially in lowering systolic blood pressure. (table page 60). 

Protocol 088-054 

Title of Stydy : • Comparative Double-Blind Pilot Study of tha Safety and Efficacy of 
Once Daily Doses of Nisoldipine 10, 20, 30 mg Core-Coat Tablets vs Placebo In 
Hypertensive Patients •. 

prjncjpal !nyestjgators and Sjtes of !nyestjgatlon : 

T. Fagan, MD 
The University of Arizona 
Tucson, AZ. 

W Flamembaum, MD 
Health and Sciences Research Inc 
Englewood Cliffs, NJ 

BP Hamilton. MD 
VA Medical Center 
Baltimore, MD 

V Canzannello, MD 
Bowman Grey School of Medicme 
Winston-Salem. NC 

J Muniz, MD 
Hollywood Medical Center 
Hollywood, FL 

H Corwin, MD 
New England Medical Center 
Boston, MA 

J Kann, MD, PhD 
Pittsburgh, PA 

H Punzl, MD 
Trinity Medical Center 
Carrollton, TX 
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Objectjyes. The objectives of this study were : 

1. To test whether Nisoldiplne core-coat given 1 O mg, 20 mg, 30 mg once daily 
lowers the blood pressure significantly more than placebo at the end of 24-hour 
dosing Interval (trough). 

2. To record blood pressure and pulse rates for four hours after the first dose of 
double-blind drug to monitor patie11t response to acute administration of the drug. 

3. To determine peak response and calculate ratios of trough to peak effect by 24-
hour ambulatory blood pressure monitoring. 

!qclusjon and Exclusjoq Crjterja. Male or female patients, 21 to 70 years of age, 
with a history of mild to moderate essential hypertension and a mean supine 
diastolic blood pressure of 95 to 114 mmHg after three and four weeks of placebo 
were eligible for the study. 

Excluded from the study were patients with labile hypertension, a change In supine 
diastolic blood pressure greater thar. 7 mmHg between the last 2 placebo run-in 
visits, impaired renal or liver function, recent or Impending myocardial Infarction, 
or cerebral vascular accident, angina pectorls or lri!ermlttent claudlcatlon, heart· 
failure, major arrhythmias. conduction disturbance. failure of a major organ system, 
severe infection, malignancy. psychosis, chronic diarrhea, ulcerative colitis, 
regional enteritis, diverticulitis, partial or complete gastrectomy or small bowel 
resection, history of allergy to dihydropiridines, pregnant women or those with 
childbearing potential and patients known to abuse alcohol or drugs. 

Study peslgn. This was & randomized, double-blind, parallel group, placebo 
controlled study of eight weeks duration consisting of a screening period and a 
randomization treatment period. 

Screening Period. During this period of 4 weeks duration patients discontinued all 
previous antlhypertenslve medication and were given a single-blind placebo once 
daily. Those patlants with a mean supine dlastollc pressure 2 95 mmHg to s 114 
mmHg after three to four weeks of placebo and within 7 mmH11 at both visits were 
transferred to the treatment period. 

Randomization Period. Patients were randomized to receive either Nlsoldlplne 10 mg 
qd, Nisoldipine 20 mg qd, Nisoldlpine 30 mg qd or Placebo qd for four weeks. 

The study design is demonstrated schematically in the following graph : 
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pemoqraphv. The demography and bas&line characterisitics are given In the following 
table : 

Nisoldipine Nisoldipine Nisoldipine Placebo 
10 mg 20 mg 30 mg nsSO 
n=30 n=30 n=29 

Sex Male 20 (67 %) 19 (63 %) 19 (66 %) 21 (70 %) 
Female 10 1 1 1 0 9 

·-Ractl Cauca:sian 23 (77 %) 23 (n %) 20 (69 %) 23 (77 %) 
Black 4 7 9 7 
Hispanic 3 0 0 0 

Age (years) 56 53 52 51 

Weight 
(lbs) 186 200 207 190 
Baseline 
Blood .. 
Pressure Supine 146/99 14 7 /99 145/99 1481100 
mm Hg Standing 1 44/100 144/100 144/100 145/1 01 

The distribution of patients and randomization are given In the following graph 
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The reasons that disqualified enrolled patients for randomization are 
given in the following tabfe : 

Reasons for disqualification 

Supine diastolic blood pressure < 95 mmHg 
+ 7 mmHg difference in supine diastolic 
blood pr&ssure (visits 4 and 5) 
Supine diastolic blood pressure >114 mmHg 
Unable to make scheduled visits 
Illness not due to study medication 
Lost to follow-up 
Abnormal laboratory values 
Non-compliance 

Patients 

21 

Systolic blood pressure above acceptable limit 
High blood pressure readings during 

3 
4 
3 
4 
2 
3 
2 
1 

ambulatory monitoring 
Chest pain at visit 1 
Chose to withdraw 

Total 

1 
1 
1 

46 

The reasons for dropping out during the double-blind randomization period 
are given in the following table : 

Drug Group 

Placebo 

Nisoldipine 
20 mg 

Nisoldipine 
30 mg 

Final 
visit 

7.0 

6.0 

5.5 

8.0 
6.0 

Days on 
Drug 

1 1 

5 

5 

23? 
7 

84 

Reasons for dropping­
o u t- Severity 
Drug Relationship 

Dizziness-Moderate 
Probable 
Intolerance to al:-night 
visits 
Shortness of breath-Cough 
Mild-Probable 

Noncompliance 
Flushing-Severe-Probable 



Efficacy 

Criteria for Effectjyeness. The change in trough supine diastolic blood 
pressure from baseline to endpoint compared among the groups was the 
primary efficacy criterion. Endpoint was defined as the last valid visit on 
the double-blind drug for each valid patient. Patients were to be included 
in this efficacy analysis if trough blood pressure data was available after 
at least 7 days on double-bl'.·,d drug. 

Statistical Methods. All tests of significance were performed as two­
tailed tests with alpha + 0.05 unless stated otherwise. 

Analysis of Efficacy. The mean blood pressures by visit for all patients 
valid for analysii; of efficacy are given in the following table 

Week Post 
Randomization 

Week-1 

Week 0 

Week 1 

Week 2 

Week 3 

Nisoldipine 
10 mg 

Sys/Dia (n) 

143/99 (30) 

145/99 (30) 

136/91 (30) 

140/91 (30) 

138/91 (30) 

Supine Blood Pressure 

Nisoldipine Nisoldipine Placebo 
20 mg 30 mg 

,_ . 

Sys/Dia (n) Sys/Dia (n) Sys/Dia (n) 

145/99 (30) 144/99 (29) 145/99 (30) 

146/98 (30) 144/98 (29) 147/100 
(30) 

136/90 (30) 136/91 (29) 141/95 (30) 

139/92 (29) 133/90 (28) 140/94 (30) 

136/91 (30) 134/89 (28) 142/95 (29) 
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Week4 137/90 (30) 134/90 (30) 133/89 (27) 144/94 {30) 

Endpoint 137/90 (30) 134/90 (30) 133/89 (30) 144/94 (30) 

In the following table, the results of the analysis at endpoint are 
summarized : 

Nisoldipine Nisoldipine Nisoldipine Placebo 
10 mg 20 mg 30 mg 
n .. 30 n-30 n-29 n-30 

Supine 
Systolic 8.4 11.5* 10.7* 3.0 
Diastolic 8.3 8.9* 9.9* 5.3. 

Standing 
Systolic 8.3 11.8* 10.7* 3.4 
Diastolic 6.2 7.3 7.0 5.1 

*Significant difference from the placebo group p<0.05 

The change in trough supine diastolic blood pressure at 4 weeks and 
endpoint, placebo subtracted, are shown in the following graph : 
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Ambulatory monitoring and supine in-clinic blood pressures were 
smoothed and results are derr.onstrated in the following graph : 
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The Trough/Peak ratios from smoothed ambulatory monitoring data for 
valid patients are given in the following table : 

Nisoldipine 
10 mg (n•12). 20 mg (n-11) 30 mg (n-12) 

Diastolic 7% 35 °/o 68% 
Systolic 92% 43 °/o 108% 

Peak hour 
Post-dose 6 9 8 

Nisoldipine levels 
at trough ng/ml 0.82 1.04 1.49 

Assessment. This is a small pilot studied carried in a relatively small 
number of subjects consisting mostl~· of middle-age caucasian male obese 
patients. Although the results on blood pr1.fssure with the 10 mg doae oi 
Nisoldipine was not significantly different from placebo the 20 and 30~ 
doses were but the effect of both did not seem to be very different from 
each other. 

Other Stydjes. Other studies were performed in which Nisoldipine was 
administered to patients with renal disease, to cirrhotic, elderly and 
young people. The effect of food on drug absorption was also Investigated. 
The effects of combination with other antihypertensive agents wu ,., ~ 
studied in long term extension studies. 

Stydy jn Cjrrhosjs. Protocol M.M.R.R. # 1118 

Title of Study. "The Effect of Cirrhosis on the Steady-State 
Pharmacokinetics of Nisoldipine Coat-Core Sustained-Release Tablets • 

This was a single center, non-randomized, non-blinded, comparison of 
single dose and steady-state pharmacokinetics of Nisoldipine coat-core 
tablets in cirrhotic and healthy subjects. 

Sixteen subjects participated in the study : 8 cirrhotic and a healthy 
subjects. There were 4 males and 4 females in each group. In stage 1 a 
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single 1 O mg dose of Nisoldipine was administered and in stage 11 1 O mg 
of Nisoldipine was administered qd for 7 days. 

Results. Administration of Nisoldipine to patients with cirrhosis resulted 
in a 3 to 4-fo!d increase in peak plasma concentration and AUCto2•l· 
Nisoldipine had little effect on blood pressure in either group. 

Assessment. These results are indicative of possibility that the dose of 
Nisoldipine may need to be adjusted in patients with cirrhosis. 

Stydy jn Renal Ojsease. Report 5837 (R). 

Title of Stydy. "Influence of Renal Function on the Pharmacokinetics of 
Nisoldipine CC Tablets After Single and Multiple Dosing •. 

This was a multicenter, non-blinded, non-randomized, comparative study 
among 4 groups to compare the effects of renal function on the 
pharmacokinetics of Nisoldipine CC after a single dose as well as after l 
achievement of a steady state. - ""· - ·}! 

' 

A total of 40 patients were enrolled in 3 c9nters •. The following groups of 
patiants were enrolled : 

1 . Control. Nine subjects with creatinine clearance > 90 mVmin/1. 73 m2 
: ' t;... ·- .. .....,, •• . ~~ 

2. Mild Renal Failure. Twenty subjects with creatlnine clearanc9' et:~ 90-
ml/min/1. 73 m2 

3. Moderate Renal Failure. Nine sub1ects with creatinine clearance 30 to s 
60 ml/min/1, 73 m2 

4. Severe Renal Failure. Seven subjects with creatinine clearance < 30 
ml/min/1. 73 m2. 

Results. Although there was not a statistically significant difference in 
the Nisoldipine AUCnorm between the groups with impaired renal function 
and the normal control, in the forrner an increase in pla!:ma Nisoldipine of 
approximately 2-fold could not be excluded. 

90 



Assessment. An increase in plasma levels of Nisoldipina in patients with 
impaired renal function may require the adjustment of the dose. There 
were only modest effects on blood pressure across all groups. 

The Factor Age . Report 5857 (P). 

Title of Study : "A Study to Determine the Single Dose and Steady-State 
Pharmacokinetic Profile of Nisoldipine Coat-Core (CC) Tablet 20 mg in 
Elderly and Young Volunteers and in Elderly Hypertensive •. 

This was an open, multiple-dose, non-randomized study. Nisoldipine CC 
was administered at the dose of 20 mg qd for 7 days. Plasma samples 
were collected and blood pressure and heart rate were measured. 

The following groups of patiants were studied : 

Young Volunteers. Twenty healthy young volunteers, 18 to 23 years of a", 
completed the study. -~ 

Elderly Volunteers. Twenty healthy elderly volunteers, 85 to 84 y~~~ 
age, completed the study. - ;_ 

Hypertensive Elderly. Eleven hypertensive patients, 68 to 77 yeara of age, 
completed the study. , _ ••. --~- -~-, -.;,,.,, 

',,.~·q;, ·-·· -. .,.;~ ,.,.,.. .... ~_.,..._ '.._:.._,""' "-.--
Results. The plasma concentrations of Nisoldipine ;e?i~hrgrfer frf eldertV· 
volunteers and hypertensive patients than in young volunteers. After 
multiple dose administration the supine diastolic blood pressure remained 
essentially unchanged in normal young healthy volunteers. but a moderate 
decrease in elderly healthy volunteers and a significant decrease in 
elderly hypertensive patients was observed. 

The Effect of Djet. Study Number 092-045-02. 

Title of Study : " The Effect of Food on the Pharmacokinetics of 30 mg and 
40 mg Nisoldipine CC Tablets in Healthy Male Volunteers •. 

This study was an open-label, randomized, two-way cross over evaluation 
of the effect of food on the pharmacokinetics of 30 and 40 mg 
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Nisoldipine. Subjects were randomized to receive a single 30 mg or 40 mg 
dose of Nisoldipine either in a fasted or a fed state. After one week 
washout period there was a crossover td the opposite state. 

Twenty-eight healthy male subject& between the ages of 18 and 45 years 
completed the study. There were no significant effects on mean sitting 
diastolic blood pressures in the fed or fasted states at the 30 or 40 mg. 
doses. 

Long Term Extension Studies. Drug Combination. Protocols X89-039 and 
X90-019. 

These were long term extension studies of the 6-month efficacy studies 
and safety of Nisoldipine CC in the treatment of mild to moderate 
hypertension. Patients completing studies 089-039 and 090-019 were 
given the option of immediately entering an open-label extension protocol. 

Patients were initially given Nisoldioine CC 20 mg or 30 mg tablets once a 
day as initial therapy. Then the dose of Nisoldipine was to be increased 
sequentially every one or two weeks as tolerated, to 40 mg qd, 60 mg qd 
and 80 mg qd. or 60 mg qd and 90 mg qd until SUDBP was s 90 mmHg. 
However the maximum dose of Nis'lldipine was in fact limited to 60 mg qd 
before any patient enrolled. Atenolol 50 mg to 100 mg qd and/or 
Hydrochlorothiazide 24 to 50 mg qd could be added at the investigator's 
discretion at any time. Thus tablets_ used were Nlsoldipine CC 20, 40, 2X30 
mg for monotherapy with the addition of Atenolol 50 and 100 mg and.or 
Hydrochlorothiazide 25 and 50 mg for combination therapy. 

The distribution of patients is shown in the following graph 
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Patients Enrolled 
222 

I .... 1so1" 1pine I 

/"' 20 mg 30 mg 40 mg 60 mg 
44 (20 o/o) 45 (20 %) 34 (15 %) 99 (45 %) 

With Atenolol 
20 Patients (9 °/o ) 
1 Patient 25 mg 
15 Patients 50 mg 
4 Patients 100 mg 

The results are summarized below : 

Supine 

SBP DBP 
mmHg mmHg 

Baseline 154.0 101.1 

Endpoint 135.7 86.0 

Mean Dit -18.3 -15.2 

With Hydrochlorothiazide 
78 Patients (35 o/o) 
44 Patients 25 mg 
34 Patients 50 mg 

Standing 

SBP OBP 
mmHg mm Hg 

149.7 100.3 

132,4 86.5 

-17.3 -13.6 

Assessment. These were open-label uncontrolled studies in which 
results were all pooled together and therefore they should not be valid 
for evaluation or combined therapy. 
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Total Assessment of Efficacy 

Peak Drug Effect on Blood Pressure. The effect of Nisoldipine on blood 
pressure at the approximate time of peak drug plasma concentration (i.e. 
the maximal response between 6-1 O hours post-dose) in the supine and 
standing position is shown below for the systolic and diastolic blood 
pressure. 

Placebo Substracted Change in Peak Blood Pressure 
Dose Nisoldipine 

10 mg 20 mg 30 mg 40 mg 60 mg 

Study SUD BP 
088-054 -11 '6 -9.5 -14' 1 NA NA 
089-039 NA -8.0 NA -8.3 NA 
090-019 NA NA -6.3 NA -10.6 

SUS BP 
088-054 -8.6 -7.6 -12.8 NA NA 
089-039 NA -15.2 NA -15.3 NA 
090-019 NA NA -13.0 NA -11 '1 

STD BP 
088-054 -9.3 -7.8 -11 .5 NA NA 
089-039 NA -7.6 NA -8.5 NA 
090-019 NA NA -6.6 NA -13.4 

STSBP 
088-054 -4.7 -11 .6 -11 .o NA NA 
089-039 !'.A -14.4 NA -17.6 NA 
090-019 NA NA -15.5 NA -19' 1 

Twenty Four Hour Mean BP Reduction. Ambulatory blood pressure was used 
in a majority of the clinical trials of Nisoldipine in hypertension. In 
addition to characterizing the temporal profile of its effect on blood 
pressure, these data provide an estimate of the time-average reduction in 
blood pressure for each dosage of the drug. The pooled results of several 
studies are shown in the following table : 
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Nisoldipine 24 Hour AVG BP Reduction, Mean± SEM 
Dosage (mg) Systolic Diastolic 

Placebo -0. 7±8. 7 -0.9±6.3 

1 0 -8.4±11 .8 -4.6±7 .5 

20 -12.7±11.5 -8.4±7.1 

30 -12.7±10.8 -7.9±6.9 

40 -13);)±12.1 -8.0±6.8 

60 -18.4±9.9 -12.0±7.2 

The change in trough blood pressure from baseline to endpoint (Mean±SEM 
in mmHg) is given in the following table : 

Pooled Placebo Nisoldipine 
Dosage 10 mg 20 mg 30 mg 40 mg 60 mg 

N-232 N-30 N•161 N-105 N-131 N-125 

SUD BP -4±0.5 -8.4±1.4 -9.2±0.6 10.6±0.8 12.4±0.7 •14.0±0.7 

SUSBP -2.0±0.5 -8.3±2.9 -10.9±1.2· 12.2±1.6 17.2±1.4 19.5±1.4 

STDBP -2.7±0.5 -7.0±1.5 -7.9±0.7 9.0±0.8 12.6±0.8 13.6±0.8 

STSBP -1.5±1.0 -8.2±3.0 -11 .4±1 .3. 12.9±1.6 18.7±1.5 19.2±1.5 

In the following graph, pooled results of placebo subtracted values for 
trough SUDBP reduction by dose are demonstrated : 
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A linear relationship of blood pressure reduction by Nisoldipine in dosages 
betweeil 1 J and 60 mg is apparent without evidence of a plateau. 
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Similar results for SUSBP are shown in the following figure 

Nisoldipine Pooled Analysis 
Supine Systolic Blood Pressure 
95% Confidence Intervals for 

Mean Differences from Placebo 
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A linear relationship is not as evident as in previous gr~ph but the 
maximum effect was achieved with 60 mg N1soldipino dose 
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Similar results for STOBP are shown in the following figure : 

Nisoldipine Pooled Analysis 
Standing Diastolic Blood Pressure 
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In this case the relationship of blood pressure reduction to dosage is 
roughly sigmoidal with an apparent plateau at 60 mg. 
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Similar results for STSBP are shown in the following figure 

Nisoldipine Pooled Analysis 
Standing Systolic Blood Pressure 

95% Confidence Intervals for 
Mean Differences from Placebo 
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The relationship of blood pressure reduction to dosage is sigmoidal with 
an apparent plateau at 40 mg 
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A pooled analysis of 24 hour ambulatory blood pressure monitoring is 
demonstrated in the following 4 graphs : 
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Through the 24-hour recording there seems to considerable overlapping 
especially among the higher doses but at trough there is evidence of blood 
pressure reduction that seems to be dose related. 
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The effects on diastolic blood pressure at peak and trough and the 
trough/peak ratios according to dose are given in the following table : 

Dosage 

10 mg 
20 mg 
30 mg 
·10 mg 
60 mg 

Trough/Peak Ratio 
Diastolic Blood Pressure 

73 % 
'l5 o/o 
93 % 
100 % 
97 % 

Tjme Course Effect of Nj:;oldipjne. The therapeutic effect of Nisoldipine 
was achieved early in the course of treatment { approximately 2 weeks ) 
and gradual incremental gain is evident for another 2-4 weeks. 

The mean changes in sitting blood pressure from baseline after first dose 
is given in the following table : 

Dose (mg) i\l 8 Post-dose 

I 
24 post-dose 

Systolic.' Systolic/ 
Diastolic Diastolic 

Placebo 1 0 -4.9/-1.9 3.8/-2.2 

•• .,} i 1 -10.4/-4.2 0.3/2.3 

1 0 13 -6.71-7.1 -0.71-4.5 

20 12 -11.3/-7.8 -5.8/-1.9 

30 7 -15.4/-9.6 -13.3/-1.9 
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Pharmacokjnetic and Blood pressure Results. The mean sitting blood 
pressure change (mmHg) from baseline at peak and pharmacokinetic 
parameters (Mean ±SD) at stead}' state at each ciose level is given below : 

Dose Sh Post- 24h AUC Cm ax Tmax 
(mg) N Dose P~st- (0-24h) (ng/ml) (h) 

Sys/Dia Dose (ng.h/ 
Sys/Dia ml) 

Placebo 10 -2.5/ 3.S/ 
-5.9 0.3 

5 1 1 -9.6/ 1 ;9/ 9.1±5.0 0.7±0.3 9.2±3.0 
-4.7 -4.3 

1 0 1 3 -S.9/ -5.iJ/ 16.2± 1.1±0.3 6.3±4.S 
-7 .1 -4.6 3.0 

20 1 2 -13.2/ -5.4/ 29.4± 2.3±0.9 4.0±2.4 
-7.6 -4.3 11.S 

30 7 -21. 71 -11 . SI 43.2± 2.9±1.1 5.4±5.0 
-10 .5 -5.9 23.1 -

The mean supine blood pressure change (mmHg) from baseline ar.d 
pharmacokinetic parameters (mean±SD) at steady state for each dose level 
is given in the following table : 
Dose N Sh Post 24 h AUC Cmax Tmax 
(mg) Dose Post (0-24h) (ng/ml) (h) 

Dose (ng.h/ 
ml) 

30 1 s -16. 41 -14. 0/ 74.2S± 4.79± 7.22± 
-S.4 -10.2 7.96 0.6S 0.93 

-
60 1 s 20.S/ 16.S/ 129. 76± S.4S± 9.0Si 

13.2 15.0 12.74 O.S1 1.97 

90 9 -22.1± -23.0± 199.:31± 13.02± 6.7S± 

E 
12.1 13.4 16.45 1.20 2.30 

3 -30.7/ -44.3/ 226.58± 14.92± 4.00± 
25.0 -19.0 12.41 2.01 1.00 
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To bring up more clearly the relationship between plasma Nisoldipine 
co.1centrations and blood pressure decrease, supine diastolic blood 
pressure changes from baseline at peak (8 h) and trough (24 h) were 
related to plasma Nisoldipine concentration at this time poir.~s using a 
simple linear regression. Placebo patients were used in this a,;alysis with 
a plasma Nisoldipine level of Zero. The results for 30 and 60 mg are 
summarized in the table below : 

Timepoint Nisoldipine Mean Mean Change Estimated Estimatec 
Plasma Cone. in SUDBP Slope Slope 
(ng/ml) (mmHg) (P-Value) 

Day 4, 30 mg 
(N=18) 
8 hours 3.5 -8.4 -2.55 0.0118 
24 hours 2.6 -10.2 -1.42 (0.0689) 

Day 8, 60 mg 
(N=17-18) 
8 hours 6.2 -13.2 -1.14 0.0507 
24 hours 5.2 -15.0 -1 .39 (0.0027) L -
Blood Pressure Rebound Upon Withdrawal. Blood pressure retound was 
determined 24, 48 and 72 hours after cessation of Nisoldipme 60 mg qd in 
patients who had reached steady state. There was no evidence of for an 
exaqgerated •9bound effect on blood pressure after discontinuance of 
Nisoldipine at this high dose. 

~,ance of Blood Pressure Reduction in Long Term Studii:i.s. i·here was 
no evich~nce of tolerance to the antihypertensive eHect or Nisoldipine over 
6 months to 1 year of therapy. 

Demographic Subgroups. Gender. Trough SUDBP changes from baseline to 
endpoint for male and female patients are given in the following table : 
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Female Male 
Dosage Nisoldipine-Placebo Nisoldipine-Placebo 
10 mg -8.85 -2.27 
20 mg -3.21 -5.87 
30 mg -8.47 -6.1 
40 mg -7.82 -8.43 
60 mg -10.31 -10.79 

Although dose-response profiles are somewhat erratic the overall effects 
are similar for men and women. 

Race. A comparable analysis of efficacy for race related to dose is 
demonstrated in the following table : 

White Black 

Dosage Nisoldipine-Placebo Nisoldipine-Placebo 

10 mg -3.59 -4.37 

20 mg -4.54 -6.39 

30 mg -7 .51 -8.82 

I 

40 mg -6.69 -11 .61 

60 mg -11.51 -1 i .1 

Black patients responded with a greater decline in trough SUDBP than did 
white patients. 
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Age. In the following table the dos1::1 response for patients divided by age 
less than 65 years and equal or greater than 65 years is demonstrated. 

<65 :!:65 

Dosage Nisoldipine - Placebo Nisoldipine - Placebo 

10 mg -3.69 -6.2 
20 mg -4.98 -5.15 
30 mg -7 .31 -5.48 
40 mg -8.21 -8.09 
60 illg -11 .08 -8.14 

The elderly demonstrated a greater low-dose response and a lesser high­
dose response. 

Quartile of Baseline Blood Pressure. For Nisoldipine as well as for many 
other antihypertensive drugs, a higher baseline blood pressure is 
associated with larger decline on medication. In the table below a dose 
response according to baseline SUDBP by quartile is demonstrated : 

01 Q2 

Dosage Nisoldipine-Placebo Nisoldipine-Placebo 

10 mg -4.38 -5.97 

20 mg -4.23 -8.18 

30 mg -2.27 -11.49 
-
40 mg -6.36 -13.81 

60 mg -9.66 -14.16 

The relationship of Nisoldipine dosage and decline in blood pressure is 
least evident in the first quartile and strongest in fourth quartile. 
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Combination Antihypertensive Therapy. Addition to a background of a beta 
blocker. One the pivotal studies (089-029) evaluated the combination of 
Nisoldipine CC and a beta blocker.To patients who were already receiving 
Atenolol Nisoldipine was added. The sponsor claims the efficacy of 
Nisoldipine under these conditions. However there seems to be a drug 
interaction between these drugs that the sponsor has not recognized (see 
p. 35 this review ). 

Long Term Extension Trials. Based en open-label controlled trials and 
uncontrolled studies of one year duration the sponsor claims that 
meaningful responses were elicited by the combination of Nisoldipine 
with diuretics and or/ a beta blocker. 

Recommendations. Nisoldipine should be approved as monotherapy for 
hypertension. The recommended dosage should be 10 mg to 40 mg. 

Although the sponsor states that there is no drug interaction between 
Nisoldipine and beta blockers there are publications stating that such 
interaction exists (1, 2 ). This should be stated in the package insert. 

Consideration should be given to advising that the dosage may need to be 
adjusted in patients with renal failure. 

There were not well controlled studies of the combination of Nisoldipine 
with diuretics or other antihypertenive agents. Therefore the claim of 
efficacy with other drug combination is not well substantiated. 

cc. 
ORIG.NOA 
HFD-110 

JHFD-110/ CSO./Roeder 
HFD-1 i0/CGD/30Jul93 

~~§.~I/Iv 
Cristobal G. Duarte, MD - HFD-110 
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FINDING OF NO SIGNIFICANT IMPACT 

NDA 20-356 

Ni•ocor 

(ni•olclipine} 

Extended Relea•e Tablets 

The Food and Drug Administration (FDA) recognizes the National 
Environmental Policy Act of 1969 (NEPA) as the national charter 
for protection, restoration, and enhancement of the environment. 
NEPA establishes policy, sets goals (section 101), and provides 
procedures (section 102) for carrying out the policy. 

Environmental information is to be available to the public and 
the decisionmaker before decisions are made about actions that 
may significantly affect the quality of the human environment; 
FDA actions are to be supported by accurate scientific analyses; 
and e~vironmental documents are to concentrate on timely and 
signi~icant issues, not to amass needless detail. 

The Food and Drug Administration, Center for Drug.Evaluation and 
Research has carefully considefed the potential epvironmental 
impact of this action and has concluded that this' action will not 
have a significant effect on the quality of the human environment 
and that an environmental impact statement therefore wiil not be 
prepared. · 

In support of their new drug application for Nisoaor, Miles Ina., 
Pharmaceutical Division has conducted a number of environmental 
studies and prepared an environmental assessment in accordance 
with 21 CFR 25.3la(a) (attached) which evaluates the potential 
environmental impacts of the manufacture, use and disposal of the 
product. 

Nisoldipine is a synthetic drug which is administered as an oral 
tablet in the treatment of hypertension. The drug substance will 
be manufactured at Bayer AG, Wuppertal, Germany. The drug 
product is manufactured at Bayer AG, Leverkusen, Germany and 
packaged at Miles Inc., Pharmaceutical Division, West Haven, CT. 
The finished drug product will be used in hospitals, clinics and 
by patients in their homes. 

Nisoldipine is completely metabolized to structurally related 
substances which will be excreted predominantly into publicly 
owned treatment works (POTW) . Chemical and physical test results 
and information indicate that the major metabolites will mo:it 
likely be restricted to the aquatic environment and can be 
classified as pharmacologically inactive based on studies in 
several mammalian species. 
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As the major metabolites are expect!d to per~ist in the aquatic 
environment for some time, toxicity studies were conducted. 
Nisoldipine was used in the studies as it was determined to be 
more pharmacologically active than the metabolites in mammalian 
studies. Acute static toxicity studies in water fleas (Daphnia 
magna) and zebra fish (Brachydanio rerio) indicate that the drug 
substance is generally not toxic to aquatic organisms at 
concentrations of at least 4 orders of magnitude greater than the 
maximum expected environmental concentration (MEEC) . 

Microbial inhibition studies indicate that respiration in 
activated sludge is not inhibited at concentrations of at least a 
orders of magnitude greater than the maximum expected 
environmental concentration (MEEC) . 

Disposal of the drug may result from out of specification lots, 
discarding of unused or expired product, and user disposal of 
empty or partly used product and packaging. Waste packaging and 
drug product in the U.S. will be disposed of at a licensed 
incineration facility. At U.S. hospitals and clinics, empty or 
partially empty packages will be disposed according to 
hospi~al/clinic regulations. From home use, empty or partially 
empty containers will typically be disposed of by a community's 
solid waste management system while some unused drug may be 
disposed of in the sewer systetn. \ 

The Center for Drug Evaluation and Research has concluded that 
the product can be manufactured and used without any e:Kpected 
adverse environmental effects. Precautions taken at the· sites of 
manufacture of the bulk product and its final formulation are 
expected to minimize occupational exposures and environmental 
release. Bayer AG has received authorization f~om the 
appropriate authorities to operate their manufacturing facilities 
and has provided certification that operation is in accordance 
~ith applicable German environmental regulations. 

Adverse effects are not anticipated upon endangered or threatened 
species or upon property listed in or eligible for listing in the 
National Register of Historic Places. 
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ENVIRONMENTAL ASSESSMENT 

Date: January 23, 1995 

Name of Applicant/Petitioner: Miles Inc., 
Pharmaceutical Division 

Address: 400 Morgan Lane 
West Haven. CT 06516 

Description of the Proposed Action: 

The application proposed is to papt<age Nisoldlplne · tablets for the 
purpose of sale to the general public. Some information con\alned In this 
assessment is proprietary and is listed in Appendix 1. Nisoldlplne Is a drug 
belonging to a class of pharmacological agents known as the calclum,channel 
blockers. NiSolalplne consists of a slow release _ 

more rapidly released nlsoldlplne. It Is used as a calcium ion Influx 
Inhibitor which Inhibits the transmembrane Influx of calcium Ions Into vascular 
smooth muscle and cardiac muscle. This product wlll be used by patients In the 
United States for the treatment of hypertension. This product wlll be used in 
hospitals, clinics and by patients in their homes. 

The product wlll be packaged In the existing pharmaceutical packaging facilities at 
the Miles Inc. Pharmaceutical Division's West Haven, CT location. West Haven is 
an urban setting with a generally flat to slightly hilly terrain and has a temperate 
climate. 

The intermediates in the synthesis of nisoldlplne, 
• . . ve not available In the open marketplace. 

They are manufactured at the Bayer AG faclllty In Wuppertal. 

The production faclDllea are described in the drug master Ille for each facility. 

ENV%RONMENTAL ASSESSMENT 1 
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The complete addresses of the Bayer production facilities are: 

Nisoldipine Is synthesized at Wuppertal: 
Bayer AG 
Friedrelch-Ebert-Str. 217 
D-42096 Wuppertal 
Germany 

NISOCOR tablets are manufactured In Leverkusen: 
Bayer AG 
Bayerwerk 
D-51368 Leverkusen 
Germany 

NISOCOR tablets are packaged In the tollowing configurations: 

45cc 
120 cc 

of 30 bwlets each 
of 100 tablets each 

All Nisoldiplne goods and packaging waste products will be collected for 
disposal at the West Haven site. Actual disposal wlll be managed through the 
office of the manager of environmental and safety affairs located In West Haven. 
All returned goods and packaging wastes are disposed of by Incineration via a 
manHested isolated disposal program. The main incineration facility for Miies Inc. 
ls Clean Harbors Inc. Clean Harbors Is located at 385 Quincy Avenue In Braintree, 
MA. This Is a permitted hazardous waste treatment. transfer and recovery facllity 
with Environmental Protection Aga.·icy (EPA) !dentlflcatlon number MAD063452637. 
As a permitted TSDF, the Braintree facility Is regularly lll3pected by the Hazardous 
Waste personnel from both the State of Massachusetts as well as the Federal 
EPA. 

ENVXRONMENTAI &qqFqquFNT .. 
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The Clean Harbors Incineration process utilized for the destruction of product waste 
from the West Haven site Is a 2-stage lnclneratDr. Ifs main chamber Is of a fixed 
hearth horizontal design with a ram feeder, that is capable of processing 
approximately 300 lbs/hr of material at a temperature of approximately 1500' F. 
The second stage Is a fixed hearth chamber where volatile gases are combusted at 
temperatures in excess of 2000· F. Following the secondary chamber Is a wet 
scrubber designed and managed for volallle and acid gas removal. 

Materials that are sent to the Clean Harbors incinerator IDday typically are not in 
finished product form. Those that are in finished product form are either in metal 
tubes or high density polyethylene (HOPE) bottles. Although this application may 
use blister pack components, the majority of the finished product waste 
wiU either be in the form of buDt tablets and/or buDt intermediate, or package in 

bottles. 

5. Nisoldipine 's a.calcium ion influx Inhibitor which inhibits the transmembrane 
• Influx of calcium ions into vascular smooth muscle and cardiac muscle. Clinically it 

is used to treat hypertension and angina. 

Nisolcfiplne tablets are manutkctured by Bayer AG. Th8'.production faciUty for 
nisoidipine Is Elberfeld In Wuppertal in the Federal Republic of Germany. 
Nisoldlplne is synthesized using 

The structural fo~ula for nlsoidiplne Is given below. 

Chemical Name: 

Descrlpllon: 

A material data sheet far Nisoldlpine drug can be found in Appendix 3. 

ENVXRONMENTAL ASSESSMENT 
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No additives are used. The followlng Impurities have been identified, the structural 
formula for each Is given In Appe;ldix 4. Further Information on these Impurities Is 
given In the nlsoldiplne drug sUbstanc;e DMF No. (pg 32 - 35). 

6. Introduction of substances Into the environment 
• 

Nisoldipine 'ablets, the subject of the NOA, will be packaged at the Miles Inc., 
Pharmaceutical Division's site In ~t Haven, CT. 

\ 

The packaging of Nlsoldiplne 'ablets at the West Haven she Is a process 
involving tablet packaging operations only. 

Wastes from the packaging of Nlsoldiplne • tablets will be generated In a solid 
phase only. It will be managed In such a fashion as to have no significant Impact 
upon the production facilities compliance permit status relative to all federal, state 
and local environmental and safety laws and regulations. Information regarding 
permits for air, liquid and solid emissions Is provided. This Information Includes 
permit numL-ers, Issuing agencies and the permit expiration dates, If applicable. A 
list of all applicable federal, state and local environmental and cccupatlon 
laws/regulations is provided for Miles Inc. (see Appendix 5). 

No significant quantities of chemical substances should be emitted to the 
environment Because of the controls exercised during packaging and use of 
environmental dust collecting systems, It Is felt that no significant quantities of 
chemical substances will be emitted. The only possible emissions from the 
cleaning of the packaging equipment that will be utilized for this product appOcatlon, 
will be the small amounts of dust that may be present on the packaging Hrie during 
equipment cleaning. These particulates will be vacuumed Into a dust collection 
system for later disposal. It Is felt that thp collection efficiency of the dust collection 
SJ'Stem Is quite good and no emissions are ~ted. 

Dust collection systems In West Haven predominantly utilize pleated filter media of 
95% efficiency. Some of the collection systems have media that Is simply vibrated 
to remove contaminant that Is then captured Into a collection container. Other 
systems have disposable filter media that Is completely removed and disposed of. 
In either case, materials to be disposed go to the Clean Harbors facility previously 
described. 

ENVXRONMENTAL ASSF~~MFNT A 

4 



..... _ .. 

As with all of West Haven's current product pae11aglng wastes, Nlsoldlplne 
wastes wlll be containerized for Isolated manifested off-site Incineration. The 
Incineration of Nlsoldlplne 1hould be complete resulting In Uttle or no 
Nlsoldlp!:i. being contained In Incinerator ash. 

Two statements regarding environmental certification have been submitted wltti 
regard to Nlsoldlplne On July 16, 1993, Miles submitted a letter 
from the Administrative District of KOln confirming that the manufacture of 
nlsoldlplne coat core tablets Is subject to the German Federal lmmlsslon Control 
Act. This act specifies that manufacturing faclDtles must be construc<ed and 
operated to comply with state and local environmental controls. Also, on August 
19, 1983 a similar statement was submitted to the nlsoldlplne drug substance DMF 

This letter trom the President of the Administrative District of DOsseldorf 
certifies that the manufacture of nlsoldlplne drug substance In Wuppertal-Elberfeld 
Is In compliance with the German Federal Emission Control Act.(Appendlx 6) Also 
Included In Appendix 6 Is Miles letter of authorization to DMF . nlsoldlplne 
drug substance, a listing of the applicable environmental regulations to which 

• Bayer AG must comply, environmental statements relative to Bayer's environmental 
compliance status, and descriptions of their environment control facilities. 

r 
The following materials are used. lil the manufacture of Nlsoldipln• 'ablets: 

.Nisoidlplne • Hydroxyproj>yl Celililose Lactose 

.Com Starch (high and low viscosity) . 
• Crospovldone ...Hydroxypropyl methyl celhJlose 
. Microcrystalline Caliuiose .Polyethylene Glycol 4000 
-Sodium Lauryl Sulphate Titanium Dioxide 
-Povidone 25 ·iron Oxide, Yellow 
• Magnesium Stearate ..-iron Oxide, Red 

All materials comply with USP/NF the corresponding monographs 
In conclusion, the packaging of Nisoldlplne at West Haven should have no 
effect on compliance with existing applicable emission requirements (Including 
occupational) at the federal, state Qr local revel. No modifications of any existing 
permits Will be necessary to package ttlls product. 

7. Fate of emitted substances In the environment 

a) 

b) 

Air: No significant concentrations of substances to be emltt.ld, thus no 
signlh.;ant Impact Is expected. • . 

Fresh water, esturarlne and marine ecosystems: No substances to be 
emitted directly. Any wash waters from equipment cleaning are discarded 
to the town operated POTW. 

c) Terrestrial ecosystems: Unused packaging, tablets and dusts collected will 
be Incinerated. The small amounts of Ingredients remaining In the ash after 
Incineration wiU r..ose no threat to a landflll environment The same is true 
tor the town POTW sludge. The small amount of Ingredients remaining wlU 
pose no threat to a landflU envlronmenL 

ENVIRONMENTAL ASSESSMFNT "' 
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Dlssoclatkm constant 

Log Octanol/Water Partlllon 
Coefficient (log Pow) 

Water Solubility 

Photolysis 

Hydrolysis 

·. 

Nlsoidlpine Is considered Statlle to nydrOl)'SIS. 

The MEEC Is calculated as follows: 
MEEC • (A) (B) (C) (D) (E) (F} 

Where A • Production (pounds/year) 
B • 1 year I 365 clays 
Ca . · 

o-
E-
F 

The test reports on water aolublllty, partition coefficient and ~ pressure for 
nlsoldlplne are Included ill Appenrlx 7. 

ENVXRONMENTAL ASSEFSMENT 
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Biological Degradation 
(References can be found In Appenclx 8.) 

Nlsoldlplne Is rapidly and extensively metaboDzed In man (1 ). No unchanged 
Nlsoldlplne Is found In excreta. demonstrating elimination completely via 
blotransformatlon. Nlsoldlplne Is excreted In man only In the form of more polar 
metabolites of the same backbone chemical structure as the parent compound. 
Water soluble, Inactive metabolites accounting for of the administered dose 
are excreted In urine. The remainder of the dose Is excreted In feces, also solely 
as metabolites. Of the metabolites excreted In urine, nave been Identified, 
comprised Oi 

These structures (1) represent the following blotransformatlon reactions: 

The reported values tor-log P (4.5l and aqueous solubility (2 mg/L) suggest that the 
ecological fate studies submitted, 'having been performed with, Nlsoldlplne Itself do 
represent the worst case scenario In terms of potential bloconcentratlon and 
ecotoxlcl1y. We estimate that the major metabolites . 
. have higher aqueous solubllltles and lower llpophllicltles ·'than 
Nlsoldiplne. This Is based upon the substantially shorter reversed phase 
chromatographic retention times fOI . . . ') relative to 
Nisoldiplne Log P values and aqueous solubility are known to be 
primary determinants of reversed phase retention times. In fact, log P values are 
routinely estimated (2, 3, 41 from variations on the following equations, all based on 
the linear relationship of the log capacity factor (k) to log P. 

logt>.alogk+b 
k·(tr-to)/to 

where 
where 

a and b are constants 
tr •analyte retention time 
to • void time 

The log P values for ve reasonably expected to be substantially lower 
than that of Nlsoldlplne based on the above relationships. Addltlonally, both 
metabolites art. (pka estimated 4 - 5) resulting from de-
esterlflcatlon of the parent compound, and should have significantly Increased 
water solublllty compared to Nlsoldlplne Itself due to Ionization at environmental 
pH's. Therefore are expected to have a significantly lower potential fur 
ecological effect than Nlsoldlplne Itself. 

ENVXRaNMENTAL ASSESSMENT .., 
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To the best of our knowledge, we assume that the metabolites do not have any 
further ecotoxlcologlcal properties. A detailed Investigation of the metabolites will 
not be performed since the calculated MEEC and toxicity study data for the active 
substance demonstrate.> sufficient safety. 

EC50 Daphnla - 48 hours - 33 mg/L 

EC50 Fish - 96 hours - between 3.1 mg/Land 7.5 mg/L 

A report on the toxicity of nlsoldlplne to fish and daphnla Is Included as Appendix 9. 

Based on a maximum dally dose of 60 mg nlsolc:llplne per patient per day and an 
average daily water use of 150 liters, the corresponding quantities of excreted 
metabolites result in 0.4 ppm per patient per day. 

Based upon the above It ca11 be concluded that nlsoldipine presents no significant 
, environmental risks and wlU not accumulate or be widely distributed Into the 

environmenL 

I' 

Environmental effects of released substances: 
(References In this section can be fOund In Appendix 8.) 

\ 
' 

Based on the physicochemlcal differences betweer. tnd Nisoldiplne 
outlined in section 7, it is expected that the metabolites will have significantly lower 
potential for bioconcentration than Nlsoldiplne. As prevlously stated, no ecotoxlclty 
studies were performed with either However, preclinical metabolism 
studies have established that are significant metabolites In rat, dog and 
monkey, as well as in man. Therefore, In the mammalian toxlc.'ty studies 
performed on Nisoldiplne, substantial exposure to ·an be assumed, 
and thus their toxicity has been adequately invei;tigated. In addition, safety 
pharmacology reports have been Issued In which independent studies (5 • 8] were 
performed on both . . Both compounds were 
classified as pharmacologlcally Inactive In dog hemodynamlc, guinea pig Ileum 
contractlllty, and rat uterine contractillty studies. The IC50 of these metabolites 
were In each case at least 1000-told higher than those for Nlsoldlplne. The 
combination of an expected lower potential for environmental bloconcentratlon with 
the available mammalian toxicity and safety pharmacology data lead us io·conc1ude 
a significantly lower potential environmental Impact tor · In comparison to 
Nisoldlplne Itself. 

In all tested concentrations, nlsoldiplne did not Inhibit the respiration of activated 
sludge. A report on microbial Inhibition Is Included In Appendix 1 O. 

EC50> 10,000 mg/L 

ENVXRONNENTAL ASSESSMENT 8 
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9. Use of resources and energy: 

Besides the use of Nlsok:llplne 
packaging of this produCL 

plastics and water resources will be used In the 

This product application wm not significantly change the use of resources and 
energy as compared to the existing normal dally activities. 

There will be no effects upon the enciangered or threatened species or property 
Usted In the National Register or Historic Places. 

Nlsoldiplne packaging wm represent less that approximately In terms of 
total sales, of the production at the West Haven facility. Thus, less that 
approximately of our total energy consumed within packaging on site will be 
attributable to Nlsoldipln~ .iackaglng which wlU result In less than approximately 

annually. 

1 o. • Mitigation measures: 

Because the Wsst Haven facility cpmplles with federal and state regulations, there 
are no significant potential adverse environmental Impacts expected associated 
with the proposed action. Also, H an unplanned release did occur, the West Haven 
facility's Integrated emergency response plan would be Implemented to mitigate any 
release. · 

11. Alternatives to the proposed action: 

The alternative to the proposed action Is the non-approval of the NOA by the FDA, 
in which case Nisoldiplne tablets would not be available. 

12. List of preparers: 

This assessment was prepared by Gary G. Toczylowskl, Manager of Environmental 
and Safety Affairs at Miles Inc., Pharmaceutical Division. He Is familiar with the 
operations to be carried out and knowledgeable of the wastes to be generated. 

See Appendix 11 for a Osting of Mr. Toczylowskl's professional qualifications. In 
addition to Mr. Toczylowskl, the following were Involved In the preparation of the 
environmental assessment for Nlsoldlplne tablets: · 

Dr. Karl-Wemer Theim, Head of Pharmaceutical Production Group, 
Environmental and Plant Safety, Bayer AG, Wuppertal, Germany 

Dr. Norman C. Franklin, Head of Quality Systems and Documentation In the 
Production Department , the Pharmaceutical Division and Chairman of the 
Validation Steering Comn.!ttee, Bayer AG, Wuppertal, Germany. 

ENVXRONMENTAL ASSESSM~NT 
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13. Certlflcatlon: 

The undersigned official certifies than the Information presented is true, accurate 
and complete to the best of knowledge of the firm or agency responsible for the 
preparation of the environmental assessment. 

Manager of Env}mnmental and Safet)C Affair& 
Title 

• 
GGT:bak 

r 

• 

ENV%RONMENTAL ASSESSMENT 
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.FDA APPmmVM TO TD pn10HM1NTAL ASs1sSM1HT <IA> P9R NI>A 20-3;;6 

In a separate communication to the Agency, Miles Inc., 
Pharmaceutical Division provided additional information: 

• All values in the EA document for EC,. (sludge, bacteria, 
fish, daphnia) are nominal concentrations; 

• The "West Have~ Fac.:.lity" referred to in the document is 
located at 400 Morgan Lane, West Haven CT 06516; 

• The 

1. 

2. 

t3. 
4. 
5 . 
6. 
7. 
8. 

following articles/reports are referenced in the EA: 

Scherling et al, Arzneim.-Forsch./Dr.19 Res. 38(1), 8, 
1105-1110 (1988) 
Garst and Wilson, J. Pharm Sci., Vol. 73, No. 11, 
(1984) 
Garst, J. Pharm Sci., Vol. 73, No. 11, (1984) 
Serajuddin et al, J. Pharm Sci., Vol. 80, No. 9, (1991) 
Knorr, A. BAYER Pharma. Report No. 15623 (1987) 
Knorr, A. BAYER Pharma. Report No. 156a2 (1987) 
Kazda, s. BA~~R Pharma. Report No. 1547~ (1987) 
Stasch, J. BAYER Pharma. Report No. 16007 (1987) 

· . 
References 5-8 are confidential. 
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·---------------------------------------·---------------------------------·------T. Hanclll"tl and •t•~•• (Contlnuotlon) 
I" caa1 of ftr1 9ftd/or eaploaton do not br1•th1 ,..,.. •• 
K••P eway fr .. Mk9d f 1 .... 
Do not 9t1Pty Inner ••c• ollovo vooeo1• containing • •l•turo or lnf1...,.b1o 
•••••• 

_____________________ .._ _________________________________________________________ _ 

1. lapea~r• centreto/'9,..o,..t prot1ctton 
Unloo• tile pl'tlduct lo entirely oncloood, do not honcllo It until you hove 
•tudtod tho roopl~t•rr procauttona laauod by tho approprloto authority or 
ecctd9ftt tH""ev9fttton •••octatten. 
Roc....,nclod roplrotorr protoctlon1 hotr .... a• with filter typo Pl, 
ly• prat1ctten1 ....... 
Hand J11Nt1ctton1 elevea ef rvbb1r 
Other protactlve ociulpmont1 Woor protective c1oth1ng, 

To clean the fleer and all .. ject• cont .. tneted by thta .. tertat, ua1 water ........ , .......... 
T••• off l...,.1•to1y •11 cont .. lnotod clothing, 
After contact wtth aktn, waah t ... dtately wtth plenty of water and soap. 
""•" uat,.. do net •-"•· Wo•h llenclo llof•r• llrH•• ancl •t and of wor•. ------- -- -----------------------------------------~----------•• l'hyatcat al'ld ~teal pre1Mrtt1a teated tn accorclanc• wtth 
,,,.., cryatalltna 
C1leur1 rat tow 
Odour1 etteurt••• 
.. ,,,,.. r .... 01 147•112 DC 
Vloc,alty1 not app11cab1a 
lotubtllty In ••tori 0,01 •II at 20 Ot 
lelubllltp In •cotona1 141 g/1 at 20 OC 
...rtltlon eoafflclent1 1 .. P octanoll••ter • • 4,41 -- --------------------------------------------------------------------ID. Stability and ,..activity 
Tho,...I doc~oltton1 Ila doc...,.ottlon •hon uaod •• directed. 
Ila Hathor.lc ,..action •lt-t air •-1y ld•c-•ttl"") up to t4D Ot 
(Goley • taot> 
No ••othor.lc reaction •Ith olr oupplp (opontanaoua c..-uatlon) up to 
Ill OC (Geter - teat) .-· 
lt•rt or 11a-ttlon1 llD oc -

(OTA, N•tl ... f'Ot• 4 OC/•ln In ., ... , 
tta.aaf"CleUI, NH,,.,., Me haa•Pttou• react'°" when ueed •• dtrocted. 
Duat D•PIHten clea•1 IT I. 
Ooley Hatt ...,,.11111 h1daa 12 ll 2 
Purthor tnfo,..tton1 ltlht·•-ttlvo ·· ---- ----------------------------------------"· ~oalcol .. leal lnf•"'""'tten 
Acute toalctty1 
LlllO .... 1. ~t• •10000 .. ,k. 
lndllatrto1 ua ... with tho ueuel procauttona of lndutotrlol hy1ton• no 
•ffacta detrt..,.tal t• heelth aro kn•""· 
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The proposed application to label and package Nisocor Tablets in 
the exiting Miles Incoxporated facility located in Weat Haven, 
Connecticut could impact the following federal, state and local 
environmental and safety laws and :regulations that the site is 
CU%rently in compliance with. However, there are no negativQ 
impacts anticipated due to the B111&ll size of the proposed 
activity, as well as internal handling procedures that ~ve been 
designed to mitigate these potential impacts. 

1) 

2) 

• 
3) 

4) 

5) 

State of Connecticut DEP, Regulations for the .Jl.batement of 
Water Pollution. (CUrrent permit # SPD000141, expires 
7/31/95, permit renewal application to be submitted in first 
quarter of 1995). 

State of Connecticut DEP, General Permit for the Discharge of. 
Stormwater Associated with Industrial Activity. (No Permit # 
required only notification. Notification made on 11/20/92) • 

Federal EPA and State DEP, Hazardous and Solid Waste 
Regulations. (EPA i C'IZ>046418059). " . 
Federal EPA and State DEP, BioMedical Waste Disposal and 
Tracking. (No Permit Required). ·. 
State PEP, Oil and Chetnical Release Reporting Requirements. 
(No Permit ~equired). 

6) OSHA, Response to Hazardous waste and Handling of Hazardous 
Materials Release Emergencies, (HAZWOPSR). 
(No Permit Required). 

7) State of Connecticut DEP, Regulations for the .Jl.batement of ·· 
Air Pollution. (Three permits exist on site. All are 
associated with our fuel burning equipment on site, i.e., 2 
boiler installations and 1 emergency generator). None of the 
dust collection or equipment utilized in the manufacture of 
products in West Haven bas or requires DEP permits, due to 
the small size and lack of bazardo\llil materials processed in 
them. 

8) Federal Occupational Safety and Health Administration (OSHA) 
programs also apply to the West Haven facility. Although 
permits are not required, coaipliance with a wide variety of 
occupational safety programs ia. In particular, OSKl 
regulatory required programs that impact the West Haven 
location the moat include: the laboratory standard, 
bloodhorne pathogens, respiratory protection, lockout/tagout, 
personal protective equipment, hazard cQll!lllunication and 
process safety management. 
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e .............. 
-· ' pestrd ... ..._. ...... - .. ' 

fire• 
.• 81yer AG 

· \lt•k le.,erltu:en 
LE V' Genehafgun9en 
z. Md. Herrn Dr. Knopf 

S090 Leverlcustll 

·, 

ff-<~, 

\GJ : ~lsit;aht •> 1,7,• 
=; ~--- 1 K1u11dre11e: S06'. 

_, ___ I Po1tf1clladrss1e: 504'. 

8•1uch•r•n:chrtft: 
Blu•enthel•tr. 33. SOOO·K~ln 
Bearbefter: Herr Odenth•l 
Zi11111cr: 37\ Durchvahl: 77 40-S< 

lhr Zelchen !olsln Ztlchen 
4l0:?•0d/Plr 

Ootu• · 
06.05.1903 

• 

r \ 
' 

&etr.: Zute:sung von ffi~~\~\plne In den ~SA 

8ezu;: Ihr Telefax vom ,.,..,.'!•'/; 

St~r Qtehr\e OaDen und Herrsn. 
.. 

wun:chge~~P ~e:tltfge !ch. d•~ die Ftrtigur.g von Hlto\di~lqe to1t 
tors T~blttten au: de• Vlrt:to11 Nt:oldlpln• in l~r,a Vsrk 
Lsverkusen de• Bundeal~•l::ton::chutzse:sti CBl•SchG) uqterlfeQt. 

£s.handelt atch dabtf u• einc n•cll S Zl Sl•SchG ntcllt g~nehalgung~· 
bedurftige Anlo;e. dis •O zu errlchten und %U betrclben lat. daP 

1. achHdllchq Umveltetnwtrtur;~n verhln~crt ver~en. dlc nAch dt• 
St1nd der icchntk vtr•ti~ber alnd. 

2. nach de• Sllnd unv~rQ~f~bcrt 1chldlichc U•v~lttinvtrlunQtn auf 
tin Klndc:t••~ ~c1chr¥nlt verden und 

3. die belm 9ctrfeb dtr Anla~en entatehendcn Ablillc ordnungagemV~ 
bc:ettlgt wcrden k8nnen. 

Io 

~le Anlags untertlegt •uch •ndcren ~lfentllch rcchttlc~•n ~orcchrl! 
ten.~ t~cbt:o~dere :otchcn tqc dt• Natur•, L1ndcch1ftc- ~nd Gevis· 
:erachutz, dercn Elnh•ltung von tl•e~l!chen Uaveltbchijrden ubsrwtc~ 
... 1 rd. 

ENVXROffMENTAL ASS£SSMFMT . .. 
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Sefte 2 zu• Schrefbtn voz 06.05.93 

-----------------------------------­• 
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FOr Bel1nge de: la=fssf onsschutzes f:t des St1atlfc~en Geve:beauf • 
atcht:1at Kiln austlndfg. 

Ervlhnensverte 8e1nst1ndungen fa Beref ch dee Im•1::1on::chutzec 
ttcgen n1ch metner Kenntnts nlcht vor. 

Mlt freundlfcben GrO~en 
Im Auftrl~ 

r 
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\ 

SS 
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-····- --·-···--··· 
...,..11Ulal•r•tra11• ~~. 1000 c:al•t•• 1 

e __ ..,_ 
State SUpUTlsory «fiel for !ride 11111 Ildllstz? calagDI 
Jill IOI lo 140 Uf I 5000 calagDI 1 

Address for visitors: . 
• 

'l'he.company 

Blwaentbalstr 33, 5000 col09ne l 
Responsible officials Hr Odenthal 
Rooa: 371 Telephone 77 40•525 

Bayer AG 
Leverlcusen Plant 
LE WI concessions 
Attn Of Dr. Knopf 
.5090 :r.everJcusen 

Your Reference, 

• 

OUr Reference 
2202 - Od/Pk 

Concerning: Registration pf Nisoldipine in t,he USA 
'. 

Reference: Your Telefax of 28th April 1993 · 

Dear Sir or Madam, 

·. 

Date 
6th Hay 19r3 

As requested I confirm that the manufacture of Nisoldipine coat core 
Tablets from the active ingredient Nisoldipine at your premises in 
Leverlcusen is subject to the Federal IIDIDission control Act 
(Bundes-I1D1Dissionsschutzgesetz • BilllSchG). 

In this case! according to s 22 BilllSchG (Federal IIDIDission Control 
Act) the fac lities do not require specific approval but must be 
construct&d and operated that . 

1. based on currer.t state of technology barmfUl effects upon the 
environment are prevented, 

2. when, according to the current state of the art, unavoidable · 
effects on the environment are present, these must be restricted 
to a minimua, 

3. was~e which is generated during the operation of the facilities is 
lawfully disposed of. · 

The facilities are 'subject to other public regulations, in particular 
for the protection of nature, the landscape and water and compliance 
with these is controlled by the state Environmental Agency • 

ENVXRONMENTAI. A!!l!!IF!!l!UIFNT .... 
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.-uwualra11a U, IOOO c:.IAIH 1 .. 

e 
.• 

J?a9• z qf lotter frpm §t;IJ MIX 1193 

'l'he state supervisory Off ice for Trade and Industry Coloqne is 
ruponsible for matters concerned with the Federal Illllission 
Control Act. 

,;oo my knowledge no complaints fforthy of note are pending. 

Yours faithfUlly 

'lly authority 

(Original signed) 

(Odenthal) 

~NVTRnNMl:NTAI .&C:ttCC:ctllCUT 

\ . 
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•a as 't<OllMMIC.~-------• 

l'Ulla 
B&Yer NJ 
z. 84. Kenn »r. 'nliea 
Po•tfach 10 17 09 

5600 WUppertal. 1 

-
Sehr geehrte lleiun und Herren! 

.... 

DER 
. REGIERUNGSPRASIOa 
OOSSELDORF 
rnv.Jw:r '•HJ UMi 
Ulll t>ltUft.V1tMI...., .... 

- 11111)Gl•I 
- llllllGI• 22'5 
T- llllllGI• 

-- Herr woog 

- 2'5 --c I I I 

....... ,,.... ..... z...... ....... -- -
55.8851.,.1 

\ 
' 

-. 

WunechGllll&Jl be•tlt1ge ich dall i.ch 41• Her1tellung vcm 

2l.8851-8859/l0l2 VOlll 13.03.1987 

Ein• derartige Geneblaigung wird nur erte11t, wenn •icberge1tellt 
.1st, da~ Menechen, Tiera 11114 Pflenzen, der Boden, da1 wa1Hr, 41• 
At11o1phlre aow1a xui~ur- und 1onatige SachgOt~r vor 1chlcll.1chen 
Ullwalteimd.rkungen und vor Gefahren. erhebUchen Hachteil•n und er~ 
beblichen Bell•t1gungen ll'HchQi:zi: werden und nach d- Stand d•r 
Tacbnik VonorG• gegn •chldUcbe Ullweltei.nwi.rltungen getroffen 
wird. 

--~ ............. c.....,. .. ua.ua-. 
........ ~ ....... l.Jet•N.JIWll'I ....................... .... ·-­e::••JS•lll1 ...... •• 

........ ,..._. ....... 

........... &Miii ... _.. ... _ 
-.iaa ............. ._ 
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-2-

Au'erda dllrfen an4ere 6ffentU.ch-recbtliche vorschriften -
.• insbe•cmder• auch aus 4- Natur-, L'nd1cbetts- Wd: Gawlaser1ehutz ....: 

· ·du vorhaben nicJat entsre~autehen. · • • 

vor Erteilunsr der Genehmivunsr •1D4 dabar unter ~teili;un~ der 
dafQr zutln4111en Beh&rden all.e reievanten Ulllweltbal11D1J• Ce:pZ'\Ut , 
worden. Dlllli.t iii: sicherge1tellt. da' Zlllll Ze_itpunkt der Gen'llmi~g 
die gilltisren Vorsc:hriften. einsreh&lten warden: · . . . . 
Die MJ.•11• unterliegt darQJar hinau• der be1onderen Oberwaehunsr 
dureh staatiiche Umwelttahllrden, insbesondere durch das fQr Belange 
des I!lllll1ssionaiehutzes zus~disre staatliche Gewerbeaufsiehtsamt 
WUppert&l, du wie~er= m~er AUfsicht unters,eht • 

• 

Erw&hnenswerte Beanstendun11en llegen naeh llleiner JCenntnis Dieht 
vo::& 

Mit freundliehen GrQPen 

Il:l Auftre11 /" 

fl [, 
(t>r-. Pfc;ler} 

.. 

·• 

.. .... ··~ .. : 

--



(original bas the 
coat of ArJis of the 
AdJlinistrative District 
Of DQsseldo:rf) 

JdD1a1stntlte District llllsstldad, 
J&ll IOI 1o lOCI ae, '°°° D5 seL!cn1 lO 

Jll 

!rbe COJllPBDY 
JSayer AG 
.Mail Office Box 101709 
Attn of Dr. Thiem 
S600 W\Jpperta1 - 1 

?Gar J&!emce, roar c:omnmlcati011 of 
• 

r 

FDA - Environmental assessment 

Dear Si:r or Madam, 

THE 
PRESIDENT OF THE 
ADMINISTRATIVE DISTRICT 
DUSSELDORF 

lre1 Hr (0214) 475 - o or 
(0214) 475 -2245 Room 245 
lrelefax 475 2989 

!'urt.ber inf o:rmation will 
be given by Mr Woog 
Plua CJUOta rt Jef&."lllCll lD J011t IDS\"11: 

air II!- nlsseldolf 
55.8851.4.1 7th Hay 1993 

" . . 
·. 

As requested I confirm that I have approved the manUfacture of 

Nisoldipine (Dihydropyridine) 

at your premises in W\Jppertal - Elberfeld with Certificate 

23.8851-8859/ 3032 issued on 13th March 1987 

in accordance with the Federa1 Tmmission Control Act (Bundes­
!Jmpi ssionsschutzgesetz). 

Sucb approval is only given if it has been ensured that humans, 
animals and plants, the soil, the water and the atmosphere as 
well as cultural and other properties are protected f:rom harmf~l 
environmental effects and from risks, substantial detriment and 
substantial inconvience and that :measures co111111ensurate with the state 
of technology have been taken to protect against hana!ul. effects upon 
the environment. 
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:rn ac!d.ition other public regulations, in particular for the 
protection of nature, the landscape and. water aust not ))ar the 
.intenc!ec!acti=. • 

• 

Prior· to approval being issued, all the relevant environmental 
aspects have therefore been checked with the participation of the 
responsible autboriti-. !rhis guarantees that at the time of 
approval all valid regulations are adhered to. 

".rhe ~acilities are also sul>ject the spacilic supervision of the state 
enviroillllental authorities, in pJUticul.ar the state Supervisory Office 
of n"ades and Industry in Wuppertal which is responsible for • 
enviro1Jlllental protection :matters, this latter office being under •y 
supervision • 

• 
:ro 11.Y knowledge no complaints worthy of note are pending. 

I' 
Yours f aitbfully 

l3y authority 

(original signed) 

(Dr. Pfeifer) 
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. ' 

Bayer AG Is regulated by the following environmental laws and regulations: 

1. "Bend11emi.11onaachutzge11tz" (Federal Law for Iha Protection of the 
Environment against the Adverse lntluences caused by Contamination of the Air by 
noise, vibration and similar events). Publlslled In Federal Law Gazette, March 15, 
.1974, amended August 12, 1980. 

2. "Wa111rllauaha1tage11tz" (Federal Law for the Protection of Water) Published In 
Federal Law Gazette, October 16, 1976, amended March 28, 1980. 

3. "Abfallgeaetz" (Federal Law for Mlnlmlzatlon and Disposal of Waste) Published 
August 27, 1986. 

4. "TA Luft" (Clean Air Laws) Published In Joint Ministerial Gazette, February 27, 
1986. 

St "TA Llrm" (Noise Protections laws) Published In July 16, 1986. 

6. "Chemlkallegesatz" (Federal).aw tor ProtectlOn Against.Dangerous Chemicals), 
Published In Federal Law Gazette, September 16, 1980. \ 

7. "Gefahrstoffverordnung" (Regulations for Dangerous Procluc:ts)Publlshed In 
Federal Law Gazette, August 28, 1986. · 

8. "Druckbehllterverordnung" (Regulations for Pressure Vessels tor Compressed 
Gases) Published In Federal Law Gazette, February 27, 1980. 

9. "Stllrtallverordnung" ( Federal law for Protection of the Environment) PubUshecl 
In Federal Law Gazette, June 27, 1980. 

10. "Verordnung Ober Anlagen Zur Lagerung, AbfOllung und Befllrderung 
brennbarer FIOsslgkelten Zu Lande" ( Regulations tor FaclDtles tor Storage, 
Filling and Transport of Inflammable Liquids on Land) PubDshed In Federal Law 
Gazette, February 27, 1980, amended May 3, 1982. 

11. "Gefahrgutverordnung Stralle" (Regulations for the Transport of Dangerous 
Products by Road) Published In Federal Law Gazette, July 22, 1985. 

12. "Gefahrgutverordnung Elaenbahn" (Regulations fol· Iha Transport of Dangerous 
Products by Railway) Publlshed In Federal Law Gazette, July 22, 1985. 

13. "Gefahrgutverordnung See" (Regulations tor lhe Transport of Dangerous 
Products by Sea) Published In Federal Law Gazette, July 27, 1985. 
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14. "Gefahrgutverordnung Blnnenschlffahrt" (Regulations for the Transpon of 
Dangerous Products on Wat81Waya within Gennany) Publllhed In Federal Law 
Gazette.March 24, 1983. 

15. "IATA • DGR" (Dangeroua Goods Regulallona, 28th edition. 

18. . -Verordnung Ober Trlnkwaaur und Ober Wuaer tor Lebensmlttelbetrtebe" 
(Regulations for Drinking W• and Food Handling Factories) Publlahed Federal 
Law Gazette, may 22, t 986 

17. "Futtermlttelgeaetz" (Federal Law on Feadatuffs) Publlshed In Federal Law 
Ga:etta July 2. t 975. 

18. "Futtermlttelverordnung" (Regulations on feedstuffs) Published In Federal Law 
Gazette, AprD 8, 1981. 

19, "Arbeltstattenverordnung" (Regulations for the Working Place) Published 
Federal Law Gazette, May 20, 1975 

r 
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BAUR AG 
PIWUIA PRODOC'l'J:OH 
5090 J.EVEIUaJSBN 
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Jmrirgnm9n~11 Ywpagt; St1t1m1nt 
(!'Or public ~oraation) 

Hwa!:>er of Pages 
(without cov1rpaq1) 
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r 
\ . 

-~~ ........•. 
Dr. 'l'hi--. -

.. ~:$!.~.t/!'.~ ..... . 
Dr. Franlclin 

va1id froa 24.03.1993 
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lfi1gldipln• Tablet• tall dg11qe rgra•> 

lnyirgnm1nt1l Xwpaqt st1t1m•nt 
(For put>lic information) 
1. Laqal atgyatign 

8.62 - 1 
p&CJ• 1 

'l'h• manufactur• of pharmaceutical activ• in9Z'•dients and·th• 
• aanufactura of phanaaceutical do••CJ• fora is re9Q1.ated by the 

Act on th• Pr•vention ot Harmful ztf ects on all th• compartments 
of tb• Enviromaent, •·9· Air Pollution, Water Pollution, Land 
Pollution, Hoiae, Vibration, and ai'ailar Phenoaena 
(Etdtral taf.aa!on CQntrgl Ast; - BillSChG) of the Pederal 
Republic ot Germany, (II 22 and 23). 

2. Sptsifis situation 

Th• plant at which th• pharmacautical dosa9e f oriaa of 

Niaoldipin• Tablets 

or its phar11aceutical int•r111ediat .. are\manufactured is 
situated in Leverkusen, in the 

Administrative District of ~ln, 

and th• installations of this 1111nufacturin9 
in accordance to th• above Act to carry out 
pharmaceutical processes, •·CJ· 

·. 

sit• are oparated 
certain dafined 

an installation to 11&nutacture solid pharmaceutical dosa9~ forms 
(Hisoldipin• Tablets are •solid Dosa9e Forms•) 

'l'h• operations to 1111nufactura Nisoldipine Tablets thus 
are carried out in accordance to tbe above Act. 
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Ni1pldipiri1 T•bletf Call 491191 (Ara,•> •• ,2 - 1 
pa9e 2 

Jnvlrqnw•nt•l Jmp•qt St1ttp1nt 
(For public inforJD&tion) 
3. Prpce11 Elgy fihtet 

.• Th• fl.ow sheet for th• proc ... i• u follow•: 

Erp0gqg1 sharg•d ln "'''*'° yql1til11 Smltt•d re1idp11 

all aolid •tutin9 ]-----------:-a·u•t froa procu• 
material•, operations 

purified water ->Wal vapour I 
Handling v v 

Jn Ergg111 
Granulate. 
Table ta 

evaporation dust collector, 
·dust ia incinerated 

in company owned 
incinerat:.or 

Contz:pl s1mpl11 

],..--->non-volatile 
" . "Product Residues• 

I 
v 

incineration in 
·company owned 
incinerator 

The ash from th• incinerators is disposed in a cc·mpany owned 
landfill operated accordin9 to the applicable German Law• on 
landfill operations. 

Th• possible emission quantities resulting from thf manufac­
turin9 proceaa are reduced to a&fe levels. 

'· general BaquirewtnSjt. 

DUrin9 handl.in9 of aolida •TOtai Duat Eaisaion Levels• are 
to be observed. 
Total. DUat eaitted at a aaaa flow rate of aore than o,!I Jc9~ 

the mas• conc.ntration ahall not exceed !10 mv/11 

eaitt•d at a aasa flow rate of l.u• tball o,5 Jc9~ 
the aaa• concentration Shall not exceed ... so a;/11 

Th• peraitted dust eaiaaion level• are considered aafe 
towards aan and environaent. Th• ~•vela are re91.ll.atad. 
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Ni10Jdf pin1 Tablsta Call dg119• fqrme> 8.62 - 1 
paqe l 

Jnyirgnm1ni11 tmp•GS; St1t1m1nt 
(Por public information) 
!S. i;p1sl(ls Mdlt;,ign1l B•g»l;ptnt;1 

6. 

7. 

Th• operation tor th• inatallation9 at which th• pharmaceutical 
• doaa9e tons of HISOLDIPINE 'l'ABLETS are manufactured 

i• thwa subjected to th• followin; apecitic r•quiruenta: 

waat• water must be channeled to a waate water treatment plant, 
and th• water from thia waste water traatment plant must meet 
th• requirement& for "Treated Water" 
('l'h• Deer•• on tha Dispoaal of Nute tiater). 

solid r•aiduea resultinq from the operation of th• installation 
are to be converted by thermic, cbaaical, physical, or 
bioloqical treatment to ainimlz• th• volume and to reduce the 
environmental hazards to safe levels • 

cgmpli1ns1 yitb th• LIV 
I' 

' 
Th• deaiCJ11 and operation of the installation to aanuf actura 
HISOLDIPINE TA.81.Z'l'S is operated in compliance with the 
applicable Act. Record• of th• control• .xercised durin9 th• 
manufacture of the pharmaceutical doaa9e torma &re maintained. 
All solid residues resultin9 from the operation of the instal­
lation are to be incinerated in an incineration installation 
approved for industrial residues. 
Th• aah from th• incinerators is disposed in a company owned 
landfill operated according to the applicable German Laws on 
landfill operations. 

E(l1gt1 Q( Changing Prgdustign yplwp11 

Tb• production volumes of pharmaceutical dosa9e forms manufac­
tured may be chan9ed, provided that th• total eaisaion level• 
are not exceeded. 

a. c:9n;1u1ign1 

Hisoldipin• Tablets (all dosa9e toriu) are manufactur•< 
with •at• eaisaion levels being laid down and r•9'1lated. 
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