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Table 2: Pharmacokinetic parameters of nebivolol in beagle dogs after single (day 1) and afier repeated {day 366) oral
administration of nebivolol hydrochloride (RO67555), provided as a mixture with B-cyclodexirin, at 2.5, 10 or
40 mg(base-cquivalentsykg/day in a twelve-month chronic oral toxicity stedy. Means£8.D.;n=4,i.¢. 2 male
and 2 female dogs, are given for each dose level.

Dose 2.5 mg/kg/day 10 mg/kg/day 40 mg/kgiday

Time single repeated single ‘ repeated single repeated
Crax (gmh{145 + 40 {211 * 62 | 676 183 sjnz * 41 186 % 62 (640 & 391
TFanax dy] 25 % 10 25 ¢ 10 15 #* O(»} 25 % 10 18 05| 20 00
AUCg. (ngh/ml) (761 £ 7.4 |90 * 140D 285 32 683 178D {1086 * 214 14276 & IR7OD
Lz )| 267 £ 072 247 & D38| 255 % ()15; 355+ 0312F 385k 090) 381+ 023
D AUCp.24n

Bn=3

Again, the striking finding is the level of drug found in the analyzed tissues. The sponsor’s
summary of tissue to plasma concentrations is shown below. The lung showed the greatest
accumulation of material. The sponsor cited the decrease in liver concentration from 10 to 40
mg/kg to indicate no undue accumulation. If one compares the liver findings to the decreases in
tissue to plasma ratios seen in
Table 5: Mean (& $.D.) tissue 10 plasma concentration ratios of ncbivolel at 24 hours other tissues going from 10 to
after the last dose administration of nebivolo] hydrochioride (R067555). 40 mg/kg, it’s possible that this
provided as a mixture with B—cyclodcxl:n, :fl 2.5,} tn() c‘rr:&() ::}i(bz?scbcagle reflects variabili ty in both
ivalen day in & twelve-month chromic oral toxicity study in bes .
:((l:s :“;2]:‘5’2 ;nale and 2 female beagle dogs for cac:doscylevci). parameters ( tissue and

plasma).

Tissue 1o plasma concentradon ratios
Dose 10 mg/kp/day 40 mp/kgfday Overall mean
Tissue n=8)
Brain 644 + 184 743 4+ 301 694 % 237
Heart 219 = 8.8 15.1 * 4.1 185 % 73
Lung 29} + 112 205 + 46 248 £ 9
Liver 0.0 = 213 69 & 24V -2
Kidney 363 + 213 222 + 124 293 = 178
Spleen 295 + 152 182 £ 7.2 239 & 126
Pancreas 631 £ 314 50,3 + 203 56.7 * 255
Muscle 16.2 & 47 59 % 1.9 g1 # 4.0
Fat 44 = 1.0 30 % 1.4 3.7 £ 1.3
Ba=3

2 overall mean not calculated.
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N119664Toxicokinetics of nebivolol in male and female SPF Albino Swiss mice after single
oral administration of aqueous suspensions of nebivolol hydrochloride (R067555) at 10, 40
and 160 mg (base-eq.)/kg in the micronucleus test. 1996 '

A satellite group of 44 mice(22/sex) were used as satellite animals to study toxicokinetics in the
micronucleus test. The satellite group was divided into 2 groups of 12 (6 of either sex) and 1
group of 20 (10 of either sex). The animals were dosed once to provide doses of 10, 40 or 160
mg(base-eq.y’kg. Blood samples were obtained from the first 3mice of each sex from each group
at 2 hours after dosing and from the remaining 3 per sex per group at 4 hours after dosing.
Results: Plasma nebivolol was detectable in all samples at both time points. In both sexes at LD
and MD, the 4 hour sample showed lower plasma levels than the 2 hour sample. At the HD. The
increase in concentration from LD to MD was proportional. The increase from MD to HD was
less than proportional.

Plasma levels of R0O67555 ng/ml

dose Time after dosing(h) | Male mice ' Female mice
10 mg/kg 2 372+119 258+66
4 176+51 167+73
40 mg/kg 2 1227+360 814+73
4 769+304 988+257
160 mg/kg 2 2176+378 22524434 -
4 2699+1100 2705+1040

N109091 Toxicokinetics of nebivolol in male and female albino Swiss mice at the end of a 3-
month subchronic oral toxicity study (Exp No. 1966) with a microcrystalline powder of
nebivolol hydrochloride (R067555) admixed in the food at intended nebivolol doses of 10, 40
and 160 mg (base-eq.)/kg/day. 1988-1994

For three months, the mice of the 3 dosage groups had access to food containing a
microcrystalline powder of nebivolol in concentrations to provide daily dosages of 10, 40 or 160
mg/kg. At the end of the 3 months, blood samples were collected from the last 5 mice/sex/group.
There is no further information as to the timing of sample collection The samples were analyzed
by HPLC for nebivolol concentration.

Results: Detectable levels were found in all samples. The increase in concentration from LD to

MD was greater than proportional in both sexes. The increase from MD to HD was less than
proportional in males and proportional in the female mice.
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N108427 Toxicokinetics of nebivolol in albino Swiss mice during an oral 18- to 24-month
carcinogenicity study at intended nebivolol doses of 2.5, 10 or 40 mg (base-eg.)/kg/day
(Exp.No.1967) administered through the diet as a mixture of nebivolol hydrochloride
(R067555) and B-cyclodextrin.1989-1994.

A satellite group of 3 sets of 30 SPF albino Swiss mice (15/sex) were annexed to the
carcinogenicity study. Each set of 30 mice was divided into 3 equal subsets with 5/sex/group.
Blood was collected from the satellite mice at 6, 12 and 18 months. Plasma samples were
analyzed for nebivolol by HPLC methodology.

Results: Nebivolol was detected at all time points. There was no consistent trend to
accumulation or decrease in the single concentration sample per 6 month timepoint.

At the LD and MD, the concentration in males was approximately 3x higher than that in females.
However, this icepick view of drug exposure does not account for differences in absorptive rates
that may possibly exist.

N108426 Toxicokinetics of nebivolol in SPF Wistar rats in a one-month subchronic oral pilot
toxicity study of nebivolol hydrochloride (R067555) provided as a mixture with f-CD admixed
in the food at 20, 40 or 80 mg(base-eq.)/kg/day. 1989-1994

Nebivolol was admixed in the diet to provide dosages of 20, 40 or 80 mg/kg/day. The satellite
group consisted of 3 groups of 4 (2/sex) Wistar rats. Blood samples were collected within a 2
hour period on days 2,6 and 21. . The animals were euthanized Day 29 and blood collected
Samples were analyzed by HPLC for nebivolol content.

Results: Plasma concentrations were reported to increase to day 21 and sometimes to day 29.
Since only 1 sample was taken per sampling day, and the administration was dietary, it can’t be
said with certainty that there really is an accumulation over time or that the sampling is showing
normal variation around absorption.

There were detectable plasma levels at all points of determination.
N109086Comparative toxicokinetics of rac-, d- and I- nebivolol in SPF Wistar rats in 1-month
oral toxicity studies (Exp. Nos. 2335 and 2336) of rac-nebivolol at 20 or 80 mg(base-

eq.)/kg/day and of d- and l-nebivolol at 10 or 40 mg (base-eq.)/kg/day with each of the
compounds admixed in the food. 1990-1994.
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The satellite group consisted of 4 groups and 2 groups consisting each of 2/sex SPF Wistar rats
for each of the toxicology studies (Exps. 2335 and 2336). These groups were dosed with 1-
nebivolol at 10 or 40 mg/kg/day or with rac-nebivolol at 20 or 80 mg/kg/day. Blood was
~ collected days 2,6,13,21 and 29 of the experiment. Individual and pooled samples were analyzed
for rac-,d- or I-nebivolol before and after enzymatic hydrolysis. Levels of unchanged drug were
determined by HPLC methods. Concentrations of d- or l-nebivolol plus the hydroxylated
metabolites before and after enzymatic hydrolysis were estimated in pooled serum samples by
RIA with enantioselective antibodies.

Results There were detectable levels of all drugs at all points of determination.
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Table I:  Mean (n=2) 8 a.m. steady-state plasma levels D of rac-nebivolol (R067555),
d- (RO67138) and L-nebivolol (RO67 145) during onc-month subchronic oral
toxicity studies {Exp. Nos, 2335 and 2336) in the SPF Wistar rat (satellite
groups) with the drugs admixed in the focd (2 mibxure with
Breyelodextrin) at 20 or 80 mg(base-eq. Ykg/day (rac-nebivolol) and at 10 or
40 mg{base-eq.¥kg/day (d- and Lnebivolol). The figures between brackets
represent concentrations recaleulated to the intended dose levels.
Males Females
ROG7S55
Day 20 mp/kpsilay 80 ma/kg/day 20 mg/kp/day %0 mg/kgiday
2 37.2 {3L% 197 {163 29,1 (44.8) 20 {24
6 376 316 2% (235 320 )] 416 (419
i3 242 {22.5) 233 {23) 1.4 {55.6) 253 {2G8}
21 341 (38.53 334 (366) 724 B7.8) 55 @
29 9.0 {12.1) 102 (135) 230 34D 176 (3543
Mean 2) BI = 62 261 £ 61.2 £ 127 N5+ 84
319 & 66 240 £ 8%y 638 &£ 18D (350 = 96}
RU67138
Day 19 mypdkpflay 40 mufkpiday 0 mgfkpiday 40 mp/kefday
2 14.0 {11 h .8 3 EaN 174 {15.4) 032 (89.6)
6 .4 {12.9) 1.2 {61.1) 163 {13.49) 204 (1963
13 121 {120 353 {551 154 (17.0) 33 27
21 .7 {17.00 615 (724} 20 {26.5) 148 {185}
29 1.5 {10.3) 3H0 {45.7) 95 (138 I 8 G750
Mean 2 M3 + 1R 603 & R3 7R 28 M = 48
{132 + 26) {58.6 + 114} (I18.9 + s {499 & 3
ROK7145
Day o mplkaiday 40 mykpfday W mplkp/day $0 mafkg/day
P 164 {136 118 G5.8) 138 (23 | 118 (106}
1] 13.6 {105 126 {13 ize6 {112y 1168 {155}
13 102 {99 .3 (59.0) 134 {14.1) 111 {125
21 1.7 {12.8) 0.7 {66.5) 125 {14.4) T2.0 {864}
29 68 @Gay 463 {60.8) 8.7 (1.4 | 453 (59.2)
Mean D 130+ 27 | 910 x 359 | 131 % 06 |117 % 30
(E7 & 1.5 (811 = 216} (130 + 15 ({18 3+ )

) All dose levels and plasma concentrations are expressed as base-equivalents,

2 The plasma concentrations measured on day 29 (samples collected at 12 h () - 12h 15

p.m. ingtead of 8 h 00 a.m ) were not taken into account for the calculation of the

average steady-state concentrations, as they were 1.5 10 3.7 times lower than their

respective average sieady-state plasma concentrations calculated between day 2 and day
22 of the study. This was unexpected, since serum concentrations measured at autopsy
after withdrawal of the medicated food remained fairly constant for nebivolol as well as

for #s enantiomers (see 2.5).

P p=1.
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N109031 Toxicokinetics of nebivolol in male and female SPF Wistar rats during a three-
month subchronic oral toxicity study of a microcrystalline powder of nebivolol hydrochloride
(R067555) admixed in the food at 10, 40 or 160 mg (base-eq.)/100g, intending a dose of 10, 40
or 160 mg (base-eq.)/kg/day. 1986-1994

A satellite group of 12 SPF Wistar rats (6/sex) were dosed for 16 consecutive days in
conjunction with the rats of the 3 month toxicology study, with a microcrystalline powder of
nebivolol hydrochloride admixed with food. Blood samples were collected day 2, day 4, day 8
and day 12. Blood was also collected at termination on day 17. The plasma samples were
analyzed by HPLC for nebivolol.

Results

Single samples every few days taken at unspecified times per day after unregulated consumption
of a diet/drug admixture are not the most precise way to determine pharmacokinetic parameters.
There were detectable levels of drug at all points of determination. Given the variability inherent
in the study methodology, the plasma concentrations increased until about day 8.

Table 2:  Mean (n=2) 8-am. plasma levels of rebivolol (base-equivalents) in male and female SPF Wistar rats (added to the rats of
the three-month toxicity study Exp. No, 1590) dosed for 16 consecutive days with a microcrystalline powder of
nebivolol hydrochloride admixed in the food at a concentration of 10, 40 or 160 mg (base-eq.)/100 g, intending a dose of
10, 40 or {60 mg nebivolol (base-eq.Wkg/day. The plasma concentrarions, corrected to the intended intake of aebivolot,
are given between brackets,

Plasma concentration (ng/m1)
10 mgfkg/day 40 mg/kg/day ~ 160 mgfkg/day
T
ime (days) Male Female - Mate Female Male Female
2 4.1 6.1 20.6 340 187 167
29 (3.8) (14.6) {21.6) (133) 109
4 3.2 57 13.9 360 259 27
2.3) (3.6) 0.2 19.1) {184) am
8 69 7.7 248 434 358 287
[ 31 (5.4) (20.2) (28.5) Q@1 {165)
12 R.6 9,99 18.4 { 163 235
a.n (6.9)" {15.0) 71.6) (126) {135)
17 6.6 20,00 19.7 47.2 322 168
(5.8) as9 (17.7) (32.0) 271 (103)
Average 8-a.m. steady-state 59 + 22 99 = 59 193 2 53 527 £ 322 | 258 x 84 226 + 56
plasma concentration 4.8 x2.1) (7.1 £5.1) (153 +41) | 3462213 {198 + 73) (138 + 33)
n=2>5) n=35) n=35) (n=35) {n=25) {n=75)
D=1 ’
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109345TK of nebivolol in the beagle dog in a 16-day subchronic oral pilot toxicity study EXP
No. 2182 with a mixture of nebivolol hydrochloride (R067555) with f-cyclodextrin at 20 and
40 mg nebivolol base- equivalents/kg/day. 1989-1994.

The sponsor generated the following data from this study:

20 mg(base-eq)/kg/day ' 40 mg(base-eq)/kg/day

single repeated single Repeated
Cmax (ng/ml) 101+48 124+£58 141+77 523+310
Tmax (h) 1.840.5 2.5%1.7 2.0+0.0 2.5+1.0
T12 (h) 4.1+0.1 5.342.7 4.0+0.8 3.8+0.6
AUC* 746+288 859+232 1405+1127 358442080
(ng.h/ml)

* AUC(single dose) or AUC .24 (repeated administration)

Cmax was increased by 3.7 x at 40 mg/kg with repeated dosing. The AUC values were
calculated differently for single and repeat dosing. The sponsor also compares the results of this
study with the results of the six-month oral toxicity study of nebivolol given as a
microcrystalline powder in gelatin capsules at 20 and 80 mg base-eq/kg/day. The sponsor states
that in the present study the Cmax and AUC values were on average S times higher than the
Cmax and AUC values obtained in the six month study. Since there was no 16-day evaluation
in the six-month study, there is a limited value to comparing the results of the studies. The
apparent purpose is probably to compare the effects of the different formulations.

N109348 Toxicokinetics of nebivolol in male and female SPF Wistar rats at the end of a 6-
month chronic oral toxicity study of nebivolol hydrochloride (R067555) admixed in the food at
10, 40 or 160 mg (base-eq.)/100g, intending a dose of 10, 40 or 160 mg (base-eq.)/kg/day.
1987-1994.

Three groups of 40 SPF Wistar rats (20/sex) were used. Samples were taken from these main
study animals. A microcrystalline powder of nebivolol was used for dosing. Blood samples were
collected at time of euthanasia and analyzed for nebivolol.

Results: Nebivolol was detected in the plasma at all points of determination. Increases in the

~ concentration were not proportional, but again, these are single point determinations being
compared, not AUC values.
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Table 1: Mean (& 5.3 n = 9 or 10) actual and normalized {to the intended dose
levels) serum concentrations of nebivolol in pooled samples (per 2) of
SPF Wistar rats in a six-month chronic oral toxicity suxly on a
microcrystalline powder of nebivalol hydrochloride admixed in the food
at 2 concentration of 10, 40 or 160 mg (base-eq. Y100 g. intending a
dose of 10, 48 or 160 mg nebivolel (hase-vq.Ykgfday.

Serum concentralions (ng (basc-eq.}/mi)
MALES FEMALES
10 mp/kp/day
Actual T 340 40 = 357
Normalized 1602 =+ 406 162 £ 6.6
40 mg/kgfday
Actual 603 = 355 135 =% 49
Normalized 806 = 464 157 = 58
160 mg/kg/day
Agtual 791 % 435 972 = 351
Nomalized 890+ 452 013 = 416

109081 TK in a 12-month repeat dose study in Wistar rats. This was again a single sample
study showing that there were detectable plasma levels.

N109082 Toxicokinetics of nebivolol in SPF Wistar rats in a 24- to 30- month chronic oral
carcinogenicity study of nebivolol at intended doses of 2.5, 10 or 40 mg(base.eq)/kg/day
given through the diet as 2 mixture of nebivolol hydrochloride (R067555) and p-
cyclodextrin.” Previously reviewed.

1 a. XBLRPT00960 Method validation of an LC/MS/MS assay for the determination of d-
nebivolol and l-nebivolol in mouse plasma

1 b. XBL RPT 00961 Method validation of an LC/MS/MS assay for the determination of
hydroxyl phenols in mouse plasma

1 c¢. XBL RPT 00971 Method validation of an LC/MS/MS assay for the determination of
total nebivolol (conjugated and non-conjugated) in mouse plasma

The above 3 studies were generated in 2003 by the current sponsor. Each of the 3 studies detailed
the same acceptance criteria:

e (Calibration curve has a correlation coefficient of =0.9900
e At least 6 back-calculated concentrations for standards are within +£15% of target values
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e Mean values of Intra and Inter batch QC samples at each concentration are within +£15%
e Oftarget values except for LLOQ ——

The 3 studies also detailed the same validation procedures:
System suitability
Selectivity/specificity
Linearity
Accuracy determined by relative error (RE%) which compares mean values of measured
concentrations with nominal concentrations.

o Intra-day variation

o Inter-day variation
e Precision determined by coefficient of variance (CV%)

o Intra-day variation
o Inter-day variation

e Sensitivity
e Low limit of quantitation (LLOQ)
Recovery
Stability .
Multiple freeze-thaw cycles
Bench top stability
Long-term
Extract autosampler
Dilution (10X, 50 X and 70X. The 50 X and 70X were not used in all studies)
The calibration standards for d- and l-nebivolol were at concentrations from 0.05 — 20 ng/ml in
mouse plasma. The standards for the hydroxyl phenols were made at concentrations of 50 to
25000 pg/ml (0.05 — 25 ng/ml). The concentrations for the conjugated species were from 0.05
ng/ml to 20 ng/ml.

The methods for d- and 1- nebivolol were reported to be linear within the range 0.05 ng/ml to 20
ng/ml. The methods for the hydroxyl phenols were reported to be linear within the range 0.05
ng/ml to 25 ng/ml. The hydrolysis recovery of nebivolol from nebivolol glucuronides in mouse
plasma was calculated at 102% with a reported CV% of 1.64%. The method presented for
determination of nebivolol was reported to be linear from 0.05 to 20 ng/ml.

XBL RPT00962 Method validation of an LC/MS/MS assay for the determination of d-
nebivolol and l-nebivolol in rat plasma

XBL RPT00959 Method validation of an LC/MS/MS assay for the determmatlon of
hydroxyphenols in rat plasma

XBL RPT 00964 Method validation of an LC/MS/MS assay for the determination of total
nebivolol (conjugated and non-conjugated) in rat plasma
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The above 3 studies were conducted in 2003 by the current sponsor and followed the same
acceptance and validation procedure as did the mouse LC/MS/MS studies.

Calibration standards for d- and I- nebivolol in rat plasma were concentrations of 0.05 — 20
ng/ml. The methods were reported to be linear from 0.05 to 20 ng/ml. The methods for the
hydroxy! phenols were reported to be linear from 50 to 25000 pg/ml in rat plasma.

XBL RPT 00963 Method validation of an LC/MS/MS assay for the determination of d-
nebivolol and l-nebivolol in dog plasma

XBL 00966 Method validation of an LC/MS/MS assay for the determination of hydroxyl
phenols in dog plasma

XBL RPT 03107 Method validation of an LC/MS/MS assay for the determination of total
nebivolol (conjugated and non-conjugated) in dog plasma.

The same acceptance and valdation criteria as were used for the mouse studies (see above) were
used here. The methods for d- and l-nebivolol were reported to be linear for the concentration
range 0.05 ng/ml to 20 ng/ml. The methods for determination of hydroxyl phenols in dog plasma
were reported to be linear from 25 pg/ml to 10000 pg/ml.

The method presented for determination of nebivolol in plasma was reported to be linear in the
range of 0.05 ng/ml to 20 ng/ml.

3.3.10 Tables and figures to include comparative TK summary

34 TOXICOLOGY

3.4.1 Overall toxicology summary

General toxicology: The spleen and erythron, adrenal glands, lungs and reproductive tract are
demonstrated to be target organs in rodents. In dogs, the spleen and adrenals appear to be target
organs. There is insufficient information to rule in or rule out the heart (repolarization) and the
reproductive tract of dogs as target organs also.

Genetic toxicology: Nebivolol was tested in the Ames assay using strains TA98, TA100,
TA1535, TA1537 and E. coli WPuvrA£S9. Under the conditions used there was no increase in
revertants. An in vitro mammalian cell gene mutation test (L5178Y/TK*") also showed no
increased frequency of mutations. A chromosome aberration assay using cultured human
peripheral lymphocytes had somewhat different results. While no increase in chromosome
aberrations was seen under the conditions of the study, increased polyploidy(=5ug +S9) and
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endoreduplication (= 5pg/ml, -S9; 16pg/ml +S9) was seen with the test article. The sponsor
shows a repeat assay where the polyploidy and endoreduplication repeated in the presence of
drug and also in the presence of solvent control. A single oral dose micronucleus test in mice
indicated bone marrow toxicity. The sponsor stated that the single oral doses given caused a
significant (p<0.05-0.001) and dose related decrease in bone marrow proliferation at the 24 hour
sampling time. At the 48 hour sampling time a significant(p<0.05) decrease in bone marrow
proliferation was reported in the 160 mg/kg group. The slight but not statistically significant
increase in the micronucleated PCE reported for the 48 hour sampling time with some of the HD
mice is described as secondarily related to errors in the process of erythrocyte enucleation or
differentiation given the bone marrow toxicity. In female mice, slight increases in
micronucleated cells were seen at 24 and 48 hours at the HD. When the results for males and
females were combined a slight increase was noted at 24 and 48 hours at the HD.

Carcinogenicity: Leydig cell tumors were present in the male mice : 2/50 (veh), 0/50 (LD), 1/50
(MD), 21/50 (HD). This was significant by the Exact Method and the Asymptotic method with
the p value close to 0. The Executive CAC found the Leydig cell tumors in mice to be drug-
related. The CDER statistician did not find evidence of a carcinogenic effect in the rat study.
However, there were significant differences in weight gain in the HD groups-of both sexes. By
the end of the study the HD males weighed on average 22% (p<0.001) less than the control
groups. The HD females weighed on average 28% (p<0.001) less than the control groups.-
Significant differences in weight gain were apparent in the males from the week 1 determination
through the end of the study. In females, significant differences in weight gain were apparent
from the week 16 determination through the end of the study. A maximally tolerated dose was
thus achieved but reduction in body weight may also have provided a protective effect for the
HD animals

Reproductive toxicology:

As drug was administered later in gestation with each of the reproductive toxicology studies, the
dose at which maternal weight gain was affected decreased. That is, the gravid animal seemed
more sensitive to the adverse effects of the drug than the non-gravid animal. The sponsor
reported cannibalism and dystocia in drug-treated animals but did not give specific details. Two
separate Segll studies in rats showed an increase in split thoracic vertebrae in all drug-treated
groups, increased rudimentary sternum and an increase in ureteral dilatation. Maternal toxicity
was not associated with all the doses at which effects were seen.

The fertility studies were superficial and provided no data about sperm numbers or motility. In
light of the scattered reports of testicular pathology and low sperm numbers from the standard
toxicology studies, a more detailed examination of fertility would have been advisable.

The developmental landmark data was inconclusive due to the insensitive method used for
evaluation. For example, eye opening was not examined until PN day 21 when the process may
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happen as early as PN 12. Vaginal opening was not examined until PN42 when it may be
observed PN28. Righting on surface was not examined until PN21 but may be seen PN4.

The F1 generation, pups whose dams were dosed with nebivolol, showed decreased birth weight
and decreased survival in the first 21 days after birth. This effect repeated in two separate studies
at doses of 2.5 mg/kg and 1.25 mg/kg. The exposure relative to the maximum recommended
human therapeutic levels on a surface area basis was 2.8X and 1.4X respectively. When the
untreated F1 pups became dams, corpora lutea, number of implantations and number of live
fetuses was decreased in the offspring of FO doses of 1.25 and 5 mg/kg.

Special toxicology: The special toxicology studies were half-hearted attempts to address the-
apparent endocrine findings. One rodent species was used and the examination of circulating
hormones was limited. It would have been advisable to include the dog in the special assessment
as there are indications that the dog adrenal is also affected. Rats treated with both racemate and
enantiomers showed an increase in corticosterone following stimulation. However, the degree of
increase was less than that of the control group, significantly so in most cases. Control and LD
aldosterone values were not provided for the racemate. Treatment with R85547 did not affect the
day 25 post-stimulation aldosterone results. A dose-dependent statistically significant decrease
in day 25 post-stimulation aldosterone values was seen in both males and females treated with
R85548. A decrease in plasma renin was shown that is consistent with a beta adrenergic
antagonist.

3.4.2 Single-dose toxicity '
Study title: N62289The acute oral toxicity of R67555 in mice (supplement to preclinical
Research Report R67555/1)

Key study findings: A dose of 320 mg/kg caused death within 6 hours in females and 3 days in
males. LD50 values ( and 95% confidence limits) calculated 14 days after oral administration of
the compound were

Males: 243(59.0-999) mg/kg

Females: 178 (136-233) mg/kg

Study no.: Serial number R67555/21

Conducting laboratory and location: Janssen Research Labs, Beerse, Belgium
Date of study initiation: December 6, 1985

GLP compliance: no statement found

QA report: yes( )no(x)

Drug, lot #, and % purity: R67555 batch V8510-171

Methods : A single oral dose of R67555 was given by gavage to non-inbred Swiss mice, 10
mice/sex/dose. Doses of 0, 80, 160, 320 and 640 mg/kg were used. Observations included
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clinical signs and mortality. Body weights were determined before dosing and days 4, 7, 10 and
14. '

Results: Lethality is summarized in the reviewer’s table.

Summary of mortality at each dose

Dose (mg/kg) males 4 Females

0 | No mortality No mortality

80 No mortality No mortality

160 1 (day 5) 2 (starting day 6)

320 8 (starting day 3) 10 (starting at 6 hours)
640 10(starting at 6 hours) 10 (starting at 6 hours)

A dose related difference in weight was seen from day 4.

Signs reported were death (>160 mg/kg), diarrhea (640 mg/kg), hypothermia (=80 mg/kg),
ptosis(=80 mg/kg, 10/10 in each group) , prostration(=80 mg/kg), sedation (=80 mg/kg) and
tremors(=80 mg/kg). The most commonly reported gross lesions were in the gastrointestinal tract
and included irritation and lesions. No organs were collected for histopathological examination.
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Study title: The acute intravenous toxicity of R67555 in mice. Supplement to preclinical
research report R 67555/1

Key study findings: A dose of 80 mg/kg killed all (10/10m and 10/10f) immediately after
injection. A dose of 40 mg/kg killed 5f and 1m immediately after injection. The LD50 values
(and 95% confidence limits) calculated 14 days after the intravenous administration of the
compound were:

Males: 46.4 (35.5 -60.6) mg/kg
Females: 40.0 (19.8-80.9) mg/kg

Study no.: N62290 Serial # R67555/22

Conducting laboratory and location: Janssen Research Laboratories, Beerse, Belgium
Date of study initiation: December 5, 1985

GLP compliance: no statement found

QA report: yes( )no(x) :

Drug, lot #, and % purity: R67555 batch V8510-171, —~HBCD in H,O was the vehicle.

Methods: Swiss mice received single intravenous injections of 0, vehicle, 20, 40 and 80 mg/kg.

Mortality and signs were monitored for the next 14 days. Body weights were measured before
dosing and at days 4, 7, 10 and 14.

Results
Mortality is summarized in the reviewer’s table below.
Summary of mortality per dose

Dose mg/kg males Females

0 No mortality No mortality

20 No mortality No mortality

40 |1 immediately after 5 immediately after
injection injection

80 10 deaths immediately after | 10 deaths immediately after
injection injection

Clinical signs reported were: Clonic convulsions (=20 mg/kg), exophthalmos ( >20 mg/kg),
hypotonia (=20 mg/kg), ptosis (=20 mg/kg), sedation 240 mg/kg, spasms(=40 mg/kg) and
tremors (=40 mg/kg).
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Study title: The acute oral toxicity of R67555 in rats (supplement to preclinical research
report R67555/1)
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Key study findings: Doses 2320 mg/kg caused death in females starting from Dayl. A dose of
1280 mg/kg killed 10/10 females by day 7. In males 1280 mg/kg and 2560 mg/kg each caused
death of 2/10 rats per group. R67555 given orally to adult male Wistar rats at doses of 0, 640,
1280 and 2560 mg/kg produced LD50 values (and 95% confidence limits) calculated 14 days
after drug administration of:

Males: >2560 (----) mg/kg
Females: 483 (279 -839) mg/kg

Study no.: N62179 Serial # R67555/1

Conducting laboratory and location: Janssen Research, Beerse, Belgium
Date of study initiation: December 6, 1985

GLP compliance: statement not found

QA report: yes( )no(x)

Drug, lot #, and % purity: R67555 batch V8510-171

Methods Nebivolol was given in a single oral dose to Wistar rats. Doses used were 0, 160, 320,
640, 1280 and 2560 mg/kg. Mortality and gross clinical signs were monitored for the next 14
days. Body weights were measured before dosing and at days 4,7,10 and 14.

Results

Mortality is summarized in the sponsor’s table below.
Department of Pharmacology

i : -
““““ MORTALITY I
EXPERIMENT: 8538 IGumplative incidence per dosage group)
Acute toxicity study LD !
R 57 555 - OR - RAT f - N SR |

Dosage Males Females
me/kg H bay 1 {Day 7 Day 14 ] Pay 1 Day 7 ) bay 14
4 10 0 [} 0 10 ¢ 0 L]
180 0 16 0 0 ¢
320 0 10 1 2 2
640 10 G 0 O 10 2 7 7
1280 1n g 2 2 10 7 10 16
2560 10 L] 2 2 Rt
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Reviewer: E.A. Hausner, D.V.M.

A dose-related effect on body weight was seen in both sexes.
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Clinical signs are summarized in the sponsor’s table below.
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Study title: The acute oral toxicity of both enantiomers of the Bl receptor antagonist
nebivolol-HCIl in female rats in comparison with that of the racemate: A. The toxicity of the
racemic mixture

Key study findings: Pharmacological and toxicological effects were studied over a period of 14
days after oral administration of R67555 or its solvent. The doses of 0, 320, 640 and 1280
mg/kg were given to 5 females. The LD50 value (and 95% confidence limits) calculated 14 days
after oral administration of the compound was 4

For racemate: 1194 (881-1618) mg/kg

R85547 >1280 mg/kg

R85548 ~1280 mg/kg
The clinical signs most commonly seen were diarrhea or soft feces, hypotonia and ptosis.
Mortality, catalepsy, sedation and tremors were reported for the highest dose tested. Ptosis was
seen in all animals at all doses.

Study no.: N92876
Conducting laboratory and location: Janssen Research, Beerse, Belgium
Date of study initiation: February 16, 1993
GLP compliance: statement included
QA report: yes(x)no( )
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Drug, lot #, and % purity:

Reviewer: E.A. Hausner, D.V.M.

R67555 batch ZR067555PFA141, ref number of preparation 93B10
Methods Twenty adult female Wistar rats, 5 per dose level received single oral doses of 0, 320,
640, 1280 mg/kg. The rats were monitored for clinical signs and mortality. Body weights were

measured before dosing and at days 4, 7, 10 and 14.

Results

Death occurred in 3/5 females at the HD. All deaths were on or before day 6. A profound
decrease in body weight was seen in the HD group from day 0-4. By day 7 the difference in

weight had been more than compensated.
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Clinical signs were reported only for the drug treated groups. These are summarized in the

reviewer’s table below.

Reviewer’s summary of signs

Sign 320 mg/kg 640 mg/kg 1280mg/kg
catalepsy 2/5
diarrhea 2/5 4/5
hypotonia 0 2/5 5/5
Ptosis 5/5 5/5 5/5
Soft feces 0 1/5 2/5
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sedation 0 0 4/5

tremors 0 0 4/5

The sponsor distinguished between sedation and ptosis which is shown here.

Study title: The acute oral toxicity of both enantiomers of the Bl-receptor antagonist
nebivolol-HCl in female rats in comparison with that of the racemate:B. The toxicity of
R85547

Pharmacological and toxicological sflects were siudied ower a period of 14 days after oral
adminisirafion of R 85 847 or its solverd. The Soses of 0 {vontrol, 320, 640 and 1280
mgkg were given 10 5 females.

Tha LDgo-walus (and 95 % conlidence limits), caloulated 14 days afier the oral administration
of the compound, was:

- Jor R 85547 [ » 1280 mgikg.
i compansen with:

« fortheracemate ¢ 1194 {881 - 1618 mykg

« lor BA5548  ~ 1PBO f--) ey,

. The following phenomena ocousred most frequently: hypotonia, ebral posis and wemors.
Key study findings: aF ost frequenily: hypatonia, paipsbral p

Study no.: N92877/serial # R85547

Conducting laboratory and location: Janssen Research, Beerse, Belgium

Date of study initiation: February 16, 1993

GLP compliance: statement included

QA report: yes(x)no( )

Drug, lot #, and % purity: R85547 batch ZR085547PFA011 reference number of preparation
93B11

Methods

Female Wistar rats, 5/dose received single oral doses of R85547 at 0, 320, 640 and 1280 mg/kg.
Mortality, clinical signs and weight were monitored as in the study above (Part A.).

Results .
The sponsor’s summary of comparative effects between the compounds is shown below.
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Reviewer: E.A. Hausner, D.V.M.

Ioble 4: Comparstive data for the 3 compounds: Freguency of morntality

Erequency of morntality {n/heested)
Dose {mg/kg, po) H 67 555 R 85 547 R 8BS 548
320 /s 0/5 o/8
840 0/5 /5 0/5
1280 815 s 275
LDgsn (mgikg) 1194 > 1280 ~ 1280
LL. (mgkg) 881 - -
UL. {mpkg) 1618 . .

The HD group gained weight more slowly than the other groups until day 10.
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Clinical observations were limited to hypotonia, ptosis and tremors.
The sponsor’s summary is shown below.
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Study title: The acute oral toxicity of both enantiomers of the fl-receptor antagonist
nebivolol-HCl in female rats in comparison with that of the racemate: C. The toxicity of
R85548. :

Key study findings:
The LDsg-value {and 85 95 confidence limits), caiculated 14 days affer the oral administration
of the compound, was:

- for RB5548 : ~ 1280 mgkg,

in comparisorn with:
- lorthe racemate - 11894 (881 - 1818) mukn
- for RB5547 :» 1280 [---} mg/kg.

Apart from maortality, the following phenomena occurred mast irequently: hypotonia, palpebeal
plosis, sedation ard tremaors.

Study no.: N92915

Conducting laboratory and lecation: Janssen Research, Beerse, Belgium
Date of study initiation: February 16, 1993

GLP compliance: statement included

QA report: yes(x)no( )

Drug, lot #, and % purity: R85548, batch ZR085548PFA011

Methods: Are the same as for parts A and B of this study ( the 2 studies above).

Results
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There was a dose-related decrease in Wéight gain at the day 4 measurement. The difference was
no longer apparent at the day 7 measurement.
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comparative summary of the clinical signs is shown below.

Appears This Way
On Original

158



NDA21742 Reviewer: E.A. Hausner, D.V.M.

Table §: Comparative data for the 3 compounds: Clinical obsetvations
{EDsg valuss with 95% confidence Hmits)

EDsp (mgikg, po) with 95% confidence limits
R 67 555 R 85 547 R 85 548
Palpebral ptosis < 820 < 320 < 320
Hypotonia 686 965 520
vpe (506 - 929) (604 - 1357) (347 - 779)
Diarvhea / soft delecation 686 > 1280 > 1280
(458 - 1029)
Tremors 1040 ~ 1280 520
(767 - 1408) (a47 - 779)
Sedalion 1040 > 1280 788
, (767 - 1409) (487 - 1274)
Modtality 1194 > 1280 ~ 1280
(881 - 1618)

Study title: The acute intravenous toxicity of R6755 in rats (supplement to preclinical
research report R67 555/1)

Key study findings: The LD50 values (and 95% confidence limits) calculated 14 days after the
intravenous administration of the drug were reported as
Males: 56.6 (43.3- 73.9)
Females: 37.4 (28.6-48.8)
Tachypnea, cyanotic tail, tremors and exophthalmos were seen in both sexes. Clonic
convulsions were seen in both sexes but with greater incidence in the females.
Study no.: N62095
Conducting laboratory and location: Janssen Research Labs, Beerse, Belgium
Date of study initiation: December 5, 1985
GLP compliance:
QA report: yes( )no( )
Drug, lot #, and % purity: R67555, batch V8510-171. Purity not listed. The solvent used was
15% hydroxypropyl-B-cyclodextrin in distilled water.

Methods
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R67555 was given intravenously to 30 male and 40 female adult Wistar rats at dose levels of 0
(vehicle control given in the volume used for the highest dose), 40 and 80 mg/kg. Females only

also received a dose of 20 mg/kg. Gross behavioral effects and morality were observed

immediately after dosing, periodically during day 1 and once daily until the end of the 14 day
observation period. At the conclusion of the study, all surviving animals were euthanized and

examined by gross necropsy.
Results
All deaths were reported as happening within 1 hour after injection.

Reviewer’s summary of mortality

Dose mg/kg ,

O(vehicle) 20 40 80
males 0 0 10
females 0 0o - 7 : 10

Cyanosis and necrosis ( 1 rat) of the tail were reported in survivors.

The males at 40 mg/kg gained approximately 63% of the weight gained by the control group.
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Females in the LD group showed more of an effect than the MD survivors.
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Reviewer: E.A. Hausner, D.V.M.
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No clinical signs were reported for the control group of either sex. Signs reported for the drug-
treated animals are listed below.

Sign Males (dose in mg/kg) | Females (dose in mg/kg)
40 80 20 40 80

death 10 7 10

Clonic convulsions 1 9

Cyanosis of the tail 2 1

exophthalmos 10 4 10

Palpebral ptosis 9

prostration 10
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tachypnea 10 3 10

tremors 1 10 5 10
Hypotonia 8

Loss of righting reflex 2 {10

Study title: The acute oral toxicity of R67555 in dogs (supplement to Preclinical Research
Report R67555/1)

Key study findings: No unscheduled mortality was seen. The LD50 was thus estimated to be
>160 mg/kg. The clinical signs reported for both sexes were diarrhea (4/4 f, 4/4m) and licking
(3/41, 2/4m).

Study no.:N62178

Conducting laboratory and location: Janssen Research Laboratories, Beerse, Belgium
Date of study initiation: December 6, 1985

GLP compliance:

QA report: yes( )no( )

Drug, lot #, and % purity: R67555, batch V8510-171, an aqueous solution with—
polysorbate 80. :

Methods :

Four adult male and 4 adult female mixed-breed dogs were used. R67555 was given by oral
gavage at a dose of 160 mg/kg. Observations for gross behavioral effects were made
immediately after dosing, periodically during day 1 and at least once daily until the end of the 14
day observation period. Body weights were measured before dosing and at days 4, 7, 10 and 14.
After euthanasia, gross necropsy was performed.

Results
No unscheduled mortality was seen. No vehicle or untreated control group was available for

comparison. Therefore, it can’t be determined if there were body weight effects from the single
"administration of drug. Clinical signs are summarized below.
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Study title: The acute intravenous toxicity of R67555 in dogs (supplement to preclinical
research report R67555/1)

Key study findings: No clinical signs and no unscheduled mortality were reported. The LD50
was estimated to be >10 mg/kg.

Study no.: N62267

Conducting laboratory and location: Janssen Research, Beerse, Belgium
Date of study initiation: December 6, 1985

GLP compliance:

QA report: yes( )no( )
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Drug, lot #, and % purity: R67555, batch V5810-171 in a vehicle of — hydroxypropyl--
cyclodextrin. :

Methods
R67555 was given intravenously to 4 male and 4 female adult mixed breed dogs at a dose of 10
mg/kg. The vehicle was given to 1 adult female dog. The dogs were observed for gross

behavioral signs immediately after dosing, periodically during the day and at least once a day
until the end of the 14 day observation period. Body weights were measured before dosing and
atdays 4, 7, 10 and 14. At the scheduled euthanasia, gross necropsy observations were made.

Results

Unscheduled mortality was not seen in the study. There do not appear to be body weight effects,
however, the 1 female who received the vehicle started the study at a body weight of 8 kg while
the average weight of the females receiving drug was 4.6 kg and the males was 6.0 kg. No
behavioral effects or signs were reported.

Study title: The acute intravenous toxicity of R67555 in Beagle dogs

Key study findings: Mortality was seen in % males and % females. Clinical signs included
ataxia, defecation, diarrhea, dyspnea, salivation, tremors and vomiting.

Study no.: N62268

Conducting laboratory and location: Janssen Research, Beerse, Belgium

Date of study initiation:

GLP compliance: statement included

QA report: yes(x)no( )

Drug, lot #, and % purity: R67555, batch PFA-031 in a vehicle of =~ hydroxypropyl-f3-
cyclodextrin.

Methods

R67555 was given intravenously to 4 male and 4 female adult Beagles at a dose of 40 mg/kg.
The dose was based on the highest soluble concentration of drug (10 mg/ml) and the maximum
injection volume for intravenous injection in dogs ( 4 ml/kg). Observations for lethality and
behavioral effects were made immediately after dosing, periodically during day 1 and at least
once daily until the end of the 14 day observation period. Body weight was measured before
dosing and at days 4, 7, 10 and 14. At scheduled euthanasia, gross necropsy examinations were
performed.

Results _
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One male and 1 female died within an hour of injection. The signs exhibited were ataxia, clonic

convulsions, diarrhea and defecation, dyspnea, loss of righting reflex, salivation, tremors and

vomiting.
E fosage group { 30 / kg § ¥ales
i Qbeervation
, _______ .iﬂ
0 ; lead o !
! AT Reaxia k 4
; ;
‘ &« Cloie comwisions ‘x i
; B2« Defecation ; ¥
DIA ¢ Disertea i
( %« Dysppea I 2
;
E LR ¢ Loss of righting refiex 2
L8 o sabivaios i 3
Z 31 @ Sof: defecatisn I . 2
:‘ ® : Tremes i 2
E WD Voeiting ; 3
: i
[ [
; Dosage qroeg § og 7 kg fenales
. dboervation i
: - frmmm
t#d o Dead o 1
; AT Ataxia : 4
i £ Defecation [E 4
{ DI4 © Jiacrhes ; 1
Df ¢ Dvspaea i 2
l {R : Loss of righting reflex z‘ 2
: o Saiivation : 3
¥ & Tremrs ; 3
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3.4.3 Repeat-dose toxicity
Study title: Subchronic oral feeding study in Swiss mice (repeated dosage for 3 months)

Key study findings: A microcyctic anemia was seen in the HD of both sexes with insufficient
information to discern whether or not it was regenerative. HCT was decreased 6% (MDm),
19%(HDm, p<0.001), 2%(MDf{) and 21%(HDf, p<0.001). Dose-related increases were seen in
both sexes in serum Na+ (155 mEqg/l HDm+f vs 148 and 149 mEg/1 for males and female
controls respectively)and non-dose-related K+ increases. Total protein and albumin showed very
slight decreases in the HD of both sexes. Serum glucose, cholesterol, triglycerides and
phospholipids were significantly decreased in both sexes. Non-significant increases in AST and
ALT were seen at the HD. Lung, spleen, adrenal and liver weight were increased while pancreas,
kidney and “gonad” weight were decreased. Leydig cell hyperplasia and “large nucleated tubular
cells” in the testes of HD males were reported to have a higher histopathology score than
controls. The sponsor also stated that

*he prasence of large-nucleated tubular cellsz waa morse prominent in the
160 mg/kg dosad group than in the sontrol group. These cells are
indicative for atcophis changes dus to delayed maturation. Ia one

A decrease in corpora lutea was noted in the HD ovaries. The textual discussion of the
histopathology reported adrenal cortical hypertrophic changes in the HD groups of both sexes.
Foamy macrophages in the alveolar lumina associated with a reactive inflammatory thickening
of the alveolar septae was reported for the male and female HD groups. The sponsor stated that
the drug interferes with steroid metabolism causing a hormonal imbalance.

Study no.: Exp # 1966, N106653/1

Conducting laboratory and location: Janssen Research, Beerse, Belgium
Date of study initiation: November 4, 1988

GLP compliance:

QA report: yes( )no( )

Drug, lot #, and % purity: R67555, batch ZR067555PFA081

Methods

The mice received the drug at dosages of 0, 10, 40 and 160 mg/kg via dietary administration.
Food consumption, hematology, clinical chemistry, selected organ weights and some
histopathology were included in the analysis of the study. Histopathology was assessed for
adrenals, liver and gall bladder, lungs, mesenteric lymph nodes, ovaries, spleen and testes of the
HD and control group.
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Results
Ptosis was reported for 7/10 HD males and 5/10 HD females.

Food consumption : From 5 weeks onward, food consumption in the MD and HD males and the
MD females was influenced by waste of food. Exact consumption was probably lower than that
reported due to the wastage.

Test article intake appeared to be within +£10% of target values.

There was no difference in mean weight between the control, LD and MD groups. The mean
weight for the HD groups of both sexes was significantly (p<0.001) lower than the control group
from week 1 through the end of the study. The difference was 19 % for females at week 1 and
26% at week 14. For HD males, the difference was 27% at week 1 and 24% at week 14.

Hematology showed a dose-related decrease in HCT, Hb and RBC in both sexes. MCV, MCH
and MCHC were correspondingly decreased.

Toxicity study | Terminal, récorded in week 15 |
R 67555 - FODD - NICE - 3 MONTHS B semeavasmnn e n e +
| Dosage group € mg / kg )
| Mates f fumales
Paramoter [centrot 16 48 160 jcontrol 0 50 m’s~ .
Wers mmemetoorit 1 aa i amae sece | wd 40s w4 320
; NGE: Heemoglobin ardt 13.2 1.7 2.7 11,3 » ; 1.9 4,1 3.7 118 v
| #B2: R.B.C. 10ES /S ! 8.34 8,20 792" ?&7 * 8.41 8,49 8.3 7.97
WBC¢ W.B.C. 03 2w 7.0 7.9 6.5 5.8 4.2 6.1 .1 6.7 *
¥HR: Thrombocytes 1000/ w3 843 BoB B 962 77 he1) 844 805
NRC: dormoblasts/ 100 W.B.C. 0.0 8.0 0.0 0.0 0.0 0.0 4.0 p.8
NCV: Mean cefl volum 113 45 L& 44 41 v 38 48 &7 &0 s
MCH: Mean cell haemonl. po 15.8 16.7 16.0 15.2 ™ | 16.6 6.6 16.5 14,8 s
MHG: Mean eell h. gone.g/dl 5.3 3.1 35.0 375 == 6.5 33.7 3.8 38,7
DIFFERENTIAL COUNT X
NEB: Band neutrophils 2.3 0.4 0.3 0.3 0.4 0.3 0.0 ¢.3
NES: Segmented neutrophils 7.5 B.4 5.4 3.1 > 5.6 6.3 8.6 8.6
ENS: Bosinophils 0.3 1.1 0.7 0.7 .9 1.6 0.3 0.4
LYP: Lymphocytes 917 896 9.7 854 % 29 %23 .4 W
NOCz Monocytes | 62 0.4 6.1 0.4 ! 0.5 6.2 0.5 2.3

Significance computad by Mann-Whitney U test (two tafled) 3 * £ < .05 **p < D1 w4 p oo DDY
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Clinical chemistry showed dose-related increases in serum sodium and potassium in both sexes.
Total protein and albumin showed very slight decreases while haptoglobin showed an increase.
Glucose, cholesterol, triglycerides and phospholipids showed marked decreases while blood urea
nitrogen, AST and ALT were increased.

Toxicity study i Terminal, recorded in week 15 |

& 67558 ~ FOOD -~ WICE -~ 3 NONTHS S derscsasensuiasasisiis sesemmarana -
bosege group ( mg / kg )
Naleg i Femles

paramoter Cotrot 10 40 %o {Controt 10 40 140
so: sodim N

OF: Potagsium nEqri 6.2 6.2 6.9 7.1 5.2 5.5 * 6.1 &7 *
GHL: chipride nkq/i ; M m it 1% 113 1% 14 113
CAL: Calcium mgX 2.0 2.5 8.8 8.6 i 8.9 9.4 9.1 8.6

14 Ioorg. phosphate mgX | 7.4 5.8 8.0 1.5 { 6.8 7.4 .3 a1
ToP: Total protein % 4.9 4.8 4,8 4.4 ] 5.1 .9 4.8 4.5
ALB: Albumin g | 3.0 2.9 2.9 2.9 3.3 3 3.9 2.9
HAP: Haptoglobin g% K ] 3 11 5 4 ] 122
GLEI: Glicose g% w7 188 178 120 w¥ 11 199 W8 ~ 143 %
iz Cholestarnl mo¥ | 128 119 109 22 v w0 106 Fo 15 **
ToL: Trighycerides X 167 1%9 133 5P e | 465 150+ T e 5
PLP: Phospholipids  meX | 274 56 =7 87 = 185 217 191 g

7 Blood ures nitrog, mgX 26.7 26.3 8.0 b i 3.4 5.3 28.4 5.1

CRE: Cremtinine mgX 0,39 0.38 0.35 D30 .39 0,38 4.40 0.35 * §
BiL: Total Bilirtkin  mgX 0.23 0.22 5.18 * 0.2 B.17 513 8.0 ** 0,15
ALP: Atksl. phosphatase Uf1 56 58 ] 107 & &7 82 12t
ABT: Aspsriste aminotr. U/L 112 B2 74 174 219 175 108 3 '
ALT: Aforine amfnetran, U/E 36 42 &2 129 = 2] L] 42 1%
CHE: Cholinesterase  kU/E | 6.2 . 5.8 4.6 * 7.2 | &3 8.3 8.8 7.5

i

Significonce computed by Mann-Whitney 1 test (two tailed) : * P < 05 # p ¢ 01 *** P < 0D

Organ weights: Lung weight was increased in both sexes as was spleen weight. Normalized liver
weight was increased as was brain weight. Pancreas and kidney weight were both decreased.
Adrenal weight was increased. “Gonad” weight was decreased at the HD in both sexes.

168



NDA21742 Reviewer: E.A. Hausner, D.V.M.

Toxicity study } Terminel, recorded in week 15 |
R 67555 - FOCD - MICE - 3 MONTHS e e e e e s

Dosspe group ( mg / kg )

Hales | Femnles
Parameter Contrat 10 40 160 jeontrat 1 4% 160
TrrrrmTRreTTmTravee—rrreaTee —rrnrnn A —a M e ke ko P R A NS R MBI R BT e
MGT: Body weight g 40 # 41 2f sew 33 % »B 27 e
LG Lungs m 320 319 s 426 343 39 37 431
wg S W00 g ™y 98 T80 L0+ Tt 993 N3 953 1554 =+
SPL: Splean - 98 103 i o B3r > 10 12 151 *s 18 A
g /100 g 264 54 283 * {68 wex 318 333 425 wrk 545 wew
LIV: Liver m 2049 2087 2019 1680 *** §753 1672 1953 1791
ms /00 g scas 031 4581 5800 ** o5 W93 5519 *= 535 e
HRY: Heort ng wm 208 213 * 158 »* 3 159 164 136w
g /100 g LYig 3 528 SMBY | 4N 467 65 w3
PRG: Pancress mng 400 w9 L] 307 v 387 3&7 3 34 wee
mg f 108 g ga% 984 1005 1056 1716 o2 1067 113
¥o4: Kidneys g 664 2 &8 55w+ 438 &2 476 * 343
mg 7 100 g 1653 1734 1720 2 1264 245 1346 139 *
B8RN: Bratn wy 300 2] 496 442 A 505 505 51 454w
g /180 g 1245 1212 1225 1551 war 450 wWos 1447 1662 &
THY: Thyms g 30 k74 R 22 » ] 40 29 =
g £ 100 g 3 79 % n 14 1 1 106
AUR: Adrenals mg 5 5 5 10w 1 1 10 i i
mg / 100 g 13 2 12 36 tam 32 3% = 52 e
T Gonads L] s 76 285 261 47 50 49 32w
mg /100 g 693 &82 04 K5 e 135 158 140 115

Significance computed by Mern-whitney U test (teo tailed) 3 ¥ P < (05 ** P < D1 *ep « 001

Histopathology

The sponsor uses a scale rather than incidence and severity to report histopathological findings.
This potentially has a smoothing effect on histological findings. However, in both sexes there
were findings of significance in the adrenals, liver, lung, lymph nodes and gonads.
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t ] Hates | sxsauasnmranxEn |
! #rsmasscavanc b ]
}  Orgsn or tissue - observation ! Bosage group ( 0 / Kg ) 1
' ¢ Control 10 40 160 ¥
R R T D e D e R A AL R R g i
t Adrenals H 1
$ ~ gorticat hypertrophy 1 8.00 - 1,40 v g
! - prominent red dlood cells 1 000 - 9.10 H
} - spindie~-cetl hyperplasin {1 8.20 - .00 i
t Liver 1 i
H = RES-sgarenstes 1 8.30 « 0.4 i
1 - centriiobular swetling i 0.00 - 0.1 H
t Lung 1 1
1 ~ RES-aggregates t 0.0 B 0.00 ¥
H - focslly sbveotar macrophages ¥ 5,00 - 2.40 wv=
] « thirkeped septee {reactive) t £.00 - 3.4 vy
i Splesh i 1
f - strophy t .00 - 1.00 e g
¥ - prominent red bhtood cvelis (.00 - D.20 1
t Testes ] ]
¥ ~ focal ieydig-cetl Mperplasia t 0.00 B 4.16 1
¥ = large-nueiented tulwuler celis t D40 - 150 %
§ o cop
significance computed by Wann-Whitney U test (two tailed) : * P < 05 ** P < .01 ** p <« 001
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Ea R R R L L : 3
H Femaies!
H i e RARRAELEY
b Orphn or tissue - observation ] Dosage group { g / kg ) H
1 1 control 1¢ 40 150 t
R L L R T R T T B P H
¢ Adrenals H H
! - R-zon@ t 0,80 - - 0.00 * t
! ~ cortical hypertrophy t 9,08 B - .60 %o 1§
L - spindie-cetl hyperplesisa t 0.30 - - .00 4
1 Liver H }
H - RES-aggregates 1 9.8 « - 6.10 §
1 = gentritobutar swelling 3 0.00 - - 0.10 i
H ~ foral necrosis ¥ 6.18 B - 0.40 k
1 - inflawnation 1 a8 - - 0.30 '
t - prominent myelopoiesis i 0.0 B - 0.20 ¥
t lumg H ]
i - blood in alvecles i 0.20 - - B.60 ¥
& - focat hyperplasis t 86 - - 0.990 ¥
1 ~ foeally alveolar macrophages i 0.0 = - 2,10 %k )
t - thickenwd septae (reactive) t 5.0G - - 3.00 e+ g
P Lymph node{s) mesenteric H t
b = atrophy i 800 - - .10 4
¢ < histiocytosis ¥ 800 - - .40 ¥
I Ovariss 3} H
¥ - corpora tutes i 220 ~ « 0.70 %% 1
£ = gystie 1 f.40 - - 0.60 * 1
I - pigmentation {interstitium) i 9.0 « « 0.10 [
i - tertiary follicles 1 1.80 M - 2:10 L
I Splaen t 1
t - atrophy t .08 » “ 1,00 wee
] ~ atrophy (wbite pulp) D00 - - 0.10 1
1 « promirent hematepoiesis P00 . - 0.10 1
1} - prominent myelopoiesis t 0.80 - : - 0.0 ¢
! - prominent red blood cells 0,60 - « 0.40 * ¥
H

Rignificance computed by Mani-Whitney U test (twp tailedy : * P « 05 &% § « .01 **¥ p < 001

Summary

Changes found were indicative of loss of liver function and also endocrine disruption.

The foamy macrophages in the pulmonary alveoli were associated with reactive inflammatory
thickening. The sponsor gives little detail about the gonadal histopathology but notes that there
was a decrease of corpora lutea. A dose-response can’t be assessed given the method of
reporting (a histo score rather than an incidence table) and lack of assessment of the LD and MD
groups. The testicular changes were reported as atrophy due to delayed maturation. In one
animal, Leydig cell hyperplasia was noted. The sponsor’s summary is interesting and is shown
below. '
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Gonmlusion

The adrenocortical, ovarian and testicular changes ia the 168 mg/kg dosed
groups are directly related to interference of the test axticle with the
stersid metabolism. This interference results in & hormonal imbalance as
evidenced by the organ weight changes of the adrenals and the ovaries, by
the swelling of the adrenals and by the severely decreased serum
ghoelearerol levels,

Secondary to these direct effects on the stercid metabolism are the
pulmonary, 1ymph5nodular and splenic changes (namely: the presence of
foamy magrophages and thickened septae in the lung, the splenic atrophy
'and the prominent histioscytes).

The more prominent red ﬁlacd cells in the splenic fed pulp are related ro
the accumulstion of red blosd cells. The last is due to the alfa-

sdrenclytic activity of the test article.

Study title: Pilot subchronic toxicity study in Wistar rats

Key study findings: One control rat died in this pilot study. Sedation manifested as ptosis was
seen at the HD of 80 mg/kg/day in both males (2/5) and females (3/5). High dose males gained
on average 25% less than the vehicle control and HDf gained on average 8% less than vehicle.
Significant dose related decreases in HCT, Hb and RBC count were seen in both sexes,
consistent with other studies. Significant increases in serum potassium were seen in drug-
treated animals of both sexes. Other clinical chemistry findings seen in both sexes were
decreased cholesterol, triglycerides, phospholipids, total protein and albumin. Lung and
pancreatic weight were increased in both males and females. Absolute and normalized adrenal
weight was increased in both sexes. Normalized kidney weight was increased in males while
absolute and normalized kidney weight was decreased in females. No histopathology was
provided.

Study no.: N76736

Conducting laboratory and location: Janssen, Beerse, Belgium

Date of study initiation: March 8, 1989

GLP compliance: no

QA report: yes( )no( )

Drug, lot #, and % purity: R67555 combined with B-cyclodextrin powder

Drug was administered orally, mixed with the food.
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Methods

Five Wistar rats per sex per group were assigned to untreated control, vehicle or 20, 40 and 80
mg/kg/day dosage groups. Animals were observed daily for mortality. Weekly observations
were made for signs, food consumption and body weight. At time of euthanasia, blood was
collected for hematology and clinical chemistry. Urinalysis was also performed. The

methodology for the urinalysis was not described. Necropsy was conducted with observations

of gross lesions and organ weights for selected organs. Histopathology was not conducted.

Results
One control male died prior to scheduled euthanasia. No clinical signs were reported for the
control, vehicle, LD and MD groups. Ptosis was reported for 2/5 HDm and 3/5 HDf.

Average weight gain per group was decreased with drug administration.

} BODY WEIGHT |
EXPERIMERT: 2953 § Moo values per dosage group in g |
Toxicity study - R L L T T +

R &7355 -~ FD -~ RAT -~ 1 MONTH

Posage grovp ( wg / 100g food )

g
]

{

| }

] ; Hates 1

| ek | 9 ] i) %@ o | ) 6 2 0 &

I ......... e A R W R A S Nk ek e e e M h s e e e e R RS SR A R SN X R R R ke XS l
1 2} k1] 1561 161 161 161 H 130 13 131 130 130 J
| | i l
1] 206 206 202 e ] W7 151 153 %9 we |
1 ] ! |
| 21 & 261 =4 21 mm | e 168 176 168 18
| | ] ]
| 3| 97 %7 289 288 267 i 183 18 192 185 180 i
I [ | |
| &1 1% 32 318 W | 1% 195 206 15 %]
! I | |
I 1

Significance computed by Mann-whitney U tesy {tuo tailed) @ *P < 6 ¥ 2 < .01 #* p < ot

The food consumption pre-test was not shown. From the first reported time point of 1 week, the
HD group had lower food consumption than the other groups. Test article intake was reported to

be within £10% of the target levels.

The MD and HD groups of both sexes showed decreases in the HCT, Hb and RBC count.
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{ » SEe I
i ! Dossge group ( #g / kg ) |
i I Hates 1
| Paremeter | Control Flacets 20 40 & i
' ----------------------------- e 0 4 A e e e e e T T T T KR K B e e e ;
| HCY: Haematoerit x| 44 8.7 46,5 a8 2.6+ 83 |
| } |
| HEB: Haemoglobin grdt | 15.3 15.6 15.6 4.7 2 “.z* B |
i ; . !
| RBE: R.8.€. HES a3 | 8.2 8.15 8.27 7.40 7.8 * 3 |
| f |
| : ¢
I | Dosage group ( mg / kg ) }
{ I Feales i
| parameter | tontrol Placeho @ 40 ] i
- . N 4B & RS £ m R R RS B KR e K e f
| HCY: Moomatocrit %} LI 45.8 S 1.3 37.8 ** @ |
i ! ]
| BGB: Howmoglebin gfdt | 1% .8 B4 1350 15.2 3.1 % g |
i i I
| %BC: R.B.C. 108 oms | .97 8.16 8.02 7.51 8 TR @ |
t 1 1

Serum potassium levels were increased in drug treated animals of both sexes. Total protein,
albumin, cholesterol, triglycerides and phospholipids were decreased in both sexes also.
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Dogage group € #g 7 kg )

Is |
; } Males E
{ Parameter | Control flacebo 20 40 an f
Voor otin | w e W w §
; POT: Potazsium atgslL ; S| 4.9 §.5 a 5.5 2 5.7 E
; £HLy Chloride #EG/ L I 103 103 104 104 105 E
; CAL: Colefum mok : 15.5 0.4 .1 8.8 9.7 %
; INP: Toory. phosphate g% I 8.6 8.3 3.2 8.4 8.3 :
; 0P Totat protein 9% jl 5.5 5.6 535 5.2 k] 5.0 :
E ABz Albunin gx ; 3.4 3.5 3.5 3.2 8 3.3 i
E RAP: Haptoglobin g% ; F:.] 2 2 38 42 :
E Bl Glucose ER ; 163 184 1% 17 2 170 :
E LH0: Chotesterol g% ; &8 .4 57 56 * 37 {
E thL: Trigiyesrides i ; 152 126 102 121 2 i
E PLP: Phosphol ipids mgX ; 39 133 EFe] 130 % :
E BNz Hilood ures nitrog. mg¥ i 5.9 15.6 2.1 5.8 21.7 %
E IRS: Creatinine i1 ; a,50 8.49 G458 0., b 8,42 g
E Bit: Totat Bitirubin  mgX § 0.1 ' 0.1 0.06 .08 ;
E AP Rikel. phosphatase U/l ; 244 3 2 240 248 i
E AST: Aspartete adinotr, lifi é 139 L3 394 114 118 ;
; RT: Alanime aminotren. UL E & 65 ar 5¢ 73 {
; CHE: Chobimesterase KU/t E 0.3 0.2 6.2 0.3 0.3 §
| : |
' Significance campuited by Naon-Mhitoey U test (two tailed i
Conteol vetsus all groups z * 9 < 05 ** p < 01 % p 2 001

Urinalysis for the males showed occult blood in the MD and HD groups. Frank RBCs were

Placebo versug other groups

reported for the vehicle and the HD groups.

AP < .05 Qe < .01 WL « 0N
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| LI
] I Pozage grouwp { =g / kg )
H I Femaleg
| Parameter | Comrrol #lacebo 20 40 80
I_-,_,,-__. ................... AR WKW e U e A R T Y KRR K G U R T XM S B e
| 50D: Sodfum eEgfl | 1ok 143 145 148 145
| |
[ POT: Potassium mEqsl | 5.3 4.3 %4 4.5 5.4+ g3
] {
| ChL: Chloride mEqri | 15 104 1 104 15
J i
| CAL: Caleium mgX | 0.8 10.9 9.8 9.8 .3
I |
| MNPz tnorg. phosphate X } 7.6 8.0 8.5 2.0 .1

I
{ 1P Yatsl protein x| 5.% 6.0 5.7 5.% B 3.5 o)
' }
{ AtB: Albumin g% | 38 3.9 3.4 3.5 E 3.6 )
i I
| RAP: Baptogiobin ok | E 45 31 24 45
I {
| 6Ltk Gluouse mgX | 59 163 8~ 15% 153
| ] :
| CHd: Cheiesterol mg% | Fi) 78 &8 45 % 3 24 %% 25
] |
| T6L: Triglyeerides mg% | 59 53 &8 &6 76
| !
| PLP: Phosphotipids me% | 145 148 142 112 TR o
| |
{ BUN: Blood urea nitrog, m¥ | 15.1 6.6 19.5 9.7 .7
| |
] CRS: Crearinine g% | 0.%0 7.52 0.47 0,54 ® 0.42 ¢ o
! |
| BIe: Torel BHirubin  mgX | .09 0.08 0.09 0.07 .97
I !
| ALP: Atkat. phosphatase B/l 243 3% 294 172 213
| !
| A3T: Asportate sminotr. UF1 | 126 149 wr g 105 3 8
! }
{ ALT: Alanine aminotran. UAL | 45 55 L1 55 52
i }
{ CHE: cholinesterase kUt | 14 1.6 1.2 1.3 1.0 £
| [
R : .

Significance computed by Hann-Whitiey U test (two tailsd)
Control vorsus all groups @+ * P <« 05 %2 p < g1 A% p < (0t

Urinary creatinine and urinary specific gravity were decreased in the drug-treated females.

Placebo versug other grouws

dP < 05 JWP < .0 WP < OO0

Urinary volume was increased in the vehicle and drug-treated females.
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Dosage group ( Bg / kg )

! o
| f i
i I ferales H
| Parameter | Cwntrol Placebo 20 & 8 §
1 ............................. A o R RS A L KB e e e T T P S R S e e oy R A N 6 o e S
| tRU: Creatinine ogX | 8 95 B 56 * 55 {
] | !
| sG6R: Specific gravity i 1.05& 1058 1.053 1.048 1035 *» |
| | ‘
| U8G: Mrobilinogan Ehrtich ¥ | 0.10 2,18 .10 0.18 9.18 :
] |
J ACT: pH g . 1 5.90 &.10 6.0 6.40 & |
]
{ ¥oiL: Voluwe mof1h | 1.8 2.4 2.8 L 3.8 " i
i ] -

Organ weights

Males: Normalized lung weight was increased in HD males. Normalized pancreatic,brain,

adrenal, gonadal and kidney weight were increased in vehicle and drug-treated animals.

Females: Lung weight showed a non-dose-related increase. Absolute and normalized pancreas

weight were increased. Absolute and normalized kidney weight were decreased. Absolute and

normalized adrenal weights showed significant increases.

*
»
*
:

=)
T ———— ——-;

-

-~

B E

| =R f
| 3
| ] Dosage grovp £ vy / kg ) i
} | Fivmales ;
{ Parsmeter | tontrat Placebn an i 80 [
N o e e e e e e 1 A YR8 Sk & 4 m e e R £ 8 |
| WGT: Bady weight 9 | 1" 196 205 194 90 ]
i | |
[ 186: Lungs w ] 1351 1173 1453 %73 1432 |
; mafkg | 7087 307 Te22 w620 7530 {
! . I
| L: splesn g | 557 503 &1 & 57 a 659 !
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Significance computed by Menn-whitnoy U test {two tailed)
Control versus all groups ¢+ ¥ P < 05 *% p < 67 *** p ¢ M
Placebo versus other groups 1 2 P < .05 AP < 0% 28 P < .00
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Study title: d-nebivolol (R85547) in comparison with dl-nebivolol (R67555): Experiment No.
2336 One-month toxicity study in SPF Wistar rats

Key study findings: Both the d-isomer and the racemic mixture produced similar effects. Body
weight gain was decreased only in the animals receiving R67555, the racemic mixture. HDm and
HDf gained on average 18% and 26% less weight than the vehicle groups. HCT, Hb, RBC were
decreased in males treated with R85547 and HDR67555. Decreased HCT was seen in females at
both doses of R67555. Hb and RBC were decreased in HDf treated with R85547. All drug
treated males showed increases in serum sodium and inorganic phosphate and decreases in total
protein and albumin. The R67555 HDm also showed decreased cholesterol and phospholipids.
Serum potassium and inorganic phosphorous were increased in drug-treated females. Total
protein and albumin were decreased in the R67555 HD group. Cholesterol and phospholipids
were decreased in all drug-treated groups. In both sexes, spleen, liver, lungs, pancreas and
adrenal weights were increased. Kidney weight in females was decreased. “Gonad” weight in
males was increased. Histologic changes were reported as foam cells in the lungs (80 mg/kg
R67555) of both sexes and focal septal thickening in females. Increased rbc were seen in the
mesenteric lymph nodes(80 mg/kg R67555) of both sexes. Increased rbc in the spleen was also
reported for both drugs, all doses, both sexes except for the males, 10 mg/kg R85547. Adrenal
changes included swollen cortical cells in both sexes and ectasia of sinusoidal spaces and small
zona glomerulosa in females.

Overall, the effects noted in this study were somewhat more pronounced with the racemic
mixture than the d-enantiomer.

Study no.: N92595

Conducting laboratory and location: Janssen Research, Beerse, Belgium
Date of study initiation: May 16, 1990
GLP compliance: statement included
QA report: yes(x)no ()
Drug, lot #, and % purity: d-nebivolol (R85547) batch ZR085547PFA011
dl-nebivolol (R67555) batch ZR067555PFA091
Methods
Five groups of 10 males and 10 females were assigned to each of the following groups:
Control : B-cyclodextrin (880 mg/kg/body weight)
R88547 10 mg/kg/day
R85547 40 mg/kg/day
R67555 20 mg/kg/day
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R67555 80 mg/kg/day
Drug was given orally via the diet for 1 month. The drug was given as a co-precipitate with 3-
cyclodextrin in a 1/10 ratio (11 gram coprecipitate = 1 gram nebivolol). The sponsor’s
explanation for the dose selection is shown below.

The doses used in this study were chosen based wpon the available
information on the toxicity of nebivolol (B 67555) in rats. In two
studies in which a similar Becyclodextrin formulation has been mixed with
the food, doses were 20, 40 and B0 my/kg body weight/day in & one-month
{pilot) oral toxicity study {Exp.Wp,2183) and 5, 20 and 80 mg/kg body
waight/day in a twelve-month orsl toxicity study (Exp.Ho.1l964). The dosze
of & my/kg body welght/day was considered as non-toxic. In both studies,
20 mg/kg body weight/day was found to be slightly toxic. Bighty mg/kg
body weight/day was found to be moderately toxis after one month of
dosing with the adrenals and spleen {in females) asz target organs.
Pronounced toxicity was seen at this dose after 12 months of dosing with
the spleen, adrenals, lungﬁ, lymph uodes and male and female genital
tract as targelt organs. It was therefore declided to select these doses
{20 and BO mg/kg body weight/day) in the preszent 1 month comparative
study. Since R 67555 iz the racemic (50% - 50%) mixture of d-nebivolol
{R 85547} and l-nebivolel (R 8554B). the doses chosen for d-nebivelsl in
this study wera also 50% of the doses chosen for dl-nebivolol,

Stability data for the test articles in the diet was provided for 6 and 11 weeks. Concentrations of
79% or greater of the nominal concentration were reported for R85547. Concentrations of >86%
of the nominal concentration were found for R67555.

Animals were observed once a day for signs and mortality. Body weight was determined weekly.
Ophthalmic exams were performed at the end of the study for all control animals, HD animals

. and the R67555 LD females. Hematology was conducted several days before the end of the
study. Clinical chemistry samples were collected at euthanasia. Terminal urinalysis
determinations were made on freshly collected individual samples of all animals a few days
before euthanasia. Sixteen hour collections were made using metabolism cages. Weights were
recorded for a limited number of organs. A standard list of tissues was collected for
histopathology. Only control and HD samples were examined.

Results
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No unscheduled mortality was reported. The only clinical sign reported was ptosis in the HD
females (10/10). Food consumption was significantly decreased in the HD groups of both sexes.
Differences in weight gain between controls and the HD m and the MD f and HDf were apparent
from the first week. '

Mean weight gain (g)

Week Males mg/kg Females mg/k

vehicle R67555: 80 | vehicles R67555:20 | R67555:80
1 60 44%** 35 30 23%**
2 122 100%** 60 56 48**
3 178 : 147%%* 89 T77* 60***
4 205 167%** 101 89 T5*E*
Significance by Mann-Whitney U test *p<0.05, **p<0.01, ***p<0.001

Hematology: HCT, Hb and RBC count were decreased in males treated with R85547 and the 80
mg/kg group of R67555. In females, a decrease in HCT was seen in both doses of R67555. Hb
and RBC were decreased in females receiving 80 mg/kg R67555.

Clinical Chemistry: Serum sodium and inorganic phosphate were increased in all drug treated
groups of males. Total protein and albumin were decreased in all treated groups of males. Serum
cholesterol and phospholipids were significantly decreased in the R67555 HD group.

~ In the females, serum potassium was increased in all drug-treated groups, significantly so in the
HD R67555. Inorganic phosphorous was non-significantly increased. Total protein and albumin
were significantly decreased in the R67555 HD group. Cholesterol and phospholipids were
decreased in all drug-treated groups, significantly so in the R67555 groups.

There were no significant effects in the urinalysis.

In the male organ weight data, lungs, spleen, heart, pancreas, adrenals and gonads were affected
as shown in the sponsor’s summary below.
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| 2 T ==
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Female organ weight data showed effects in the lungs, spleen, liver, heart, pancreas, kidneys,

brain and adrenals. Gonad weight was increased non-significantly.
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BR#: Brain
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AR Bdresals

Histopathologic changes reported were foam cells in the lungs and increased rbc in the lymph
nodes. Increased rbe in the spleen was also reported for both drugs, all doses, males and
females. Adrenal changes included swollen cortical cells and ectasia of the sinusoidal spaces.

The overall level of reporting is suboptimal in that there is only a superﬁciél discussion of the

histopathology.

The ophthalmologist’s report could not be located.

| Study title: I-nebivolol (R85548) in comparison with dl-nebivolol (R67555)

Key study findings: Ptosis was reported for 6/10 f receiving R85548 40 mg/kg and 10/10f
receiving R67555 80 mg/kg. Food consumption was decreased in the HD of R67555 for both
sexes. Drug-treated animals gained less weight than the control groups: 7%(R85548 HD m),
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In both males and females treatment with R88548 at 40 mg/kg caused a decreased HCT .
(p<0.001), Hb (p<0.001) and RBC(p<0.01-0.001). Changes in renal, adrenal and liver function
were suggested by the increase in serum potassium in both sexes with both drugs, the decreases

in calcium, total protein, albumin, cholesterol and triglycerides, increased BUN, alk phos and
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ALT. Urinalysis showed decreased creatinine excretion for both drugs and increases in urinary
volume in males. The organs that were reported to have altered weight were consistent with the
findings in other studies. That is, in both sexes, with both drugs, there was an increase in spleen,
liver, kidney, pancreas and adrenal weights. Lung weights were increased in both sexes with the
racemic mix and in females only with R85548. The histologic scoring system makes
interpretation of the findings difficult. Both males and females of the HD of both drugs were
indicated to have changes in the adrenals, liver and lungs. Findings were also suggested for
males in the epididymides, kidneys and urinary bladder. Other pathology was indicated for the
ovaries of HDf for both drugs. Histopathology was described as similar in both sexes for the
adrenal gland. Changes were present following treatment with both drugs and included swollen
and/or vacuolated cortical cells and small zona glomerulosa. The hepatic findings were described
as centrilobular swelling. Lungs contained foamy cells, described as “females more than males”
associated with septal thickening in females. The sponsor concluded that the toxic effects of
nebivolol were primarily due to the l-enantiomer.

Study no.: N92594/1
Conducting laboratory and location: Janssen, Beerse, Belglum
Date of study initiation: May 14, 1990
GLP compliance: statement included
QA report: yes(x)no( )
Drug, lot #, and % purity: l-nebivolol (R85548), batch
dl-nebivolol (R67555)
Methods
Five groups of 10 males and 10 female SPF Wistar rats were dosed with
Control ; B-cyclodextrin 880 mg/kg/day
R85548: 10 mg/kg/day
R85548: 40 mg/kg/day
R67555: 20 mg/kg/day
R67555: 80 mg/kg/day
The drug was given via the diet for 1 month. The test article was given as a co-precipitate in a
1/10 ratio.

Clinical observations were made daily. Body weight and food consumption were determined
weekly. Ophthalmoscopy was performed at the end of the study for HD and control animals.
Blood for hematology was collected a few days before termination. Blood for clinical chemistry
was obtained at euthanasia.

Urinalysis was determined on individual samples obtained from 16 hour collections.using
metabolism cages.  Organ weights were determined for a limited number of organs. A
standard list of tissues was collected for histopathology. Only control and HD animals were
examined. Only target organs in the LD animals were examined.

Results
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No unscheduled mortality was reported. No clinical signs were reported for males. Ptosis was

Reviewer: E.A. Hausner, D.V.M.

reported for females getting R85548, 40 mg/kg (6/10) and R67555 80 mg/kg (10/10).

Body weight was affected in both sexes receiving R85548 40 mg/kg and R67555 80 mg/kg.

Summary of weight gain (changes)

Week Dosage group ( mg/kg)
males females
vehicles R85548 R67555 vehicle R&5548 R67555
40 80 40 80
1 57 48** 3grk* 28 26 16**
2 123 113* Q6*** 55 48 34*
3 169 157* 144%** 78 64 59*
4 199 185%* 170%** 91 82 71*

Mann-Whitney U test: *p<0.05, **p<0.01, ***p<0.001

Food consumption was decreased in the R67555 HD of both sexes. The consumption of drug

decreased markedly away from the target levels as the study progressed.
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Consistent with other studies, HCT, Hb and PCV were decreased with drug treatment.
In both males and females treatment with R88548 at 40 mg/kg caused a decrease in HCT
(p<0.001), Hb (p<0.001) and RBC (p<0.01- 0.001).

Treatment with R67555 decreased HCT in males (p<0.01) at 80 mg/kg and in females (p<0.01-
0.001) at 20 and 80 mg/kg. Hb was decreased in males (p<0.001) at 80 mg/kg and females
(p<0.01-0.001) at 20 and 80 mg/kg. RBC were decreased in males (p<0.05) at 80 mg/kg and
females (p<0.05) at 20 mg/kg but not at 80 mg/kg.

In both males and females serum potassium levels were increased with both drugs while calcium,
total protein, albumin, cholesterol and triglycerides were decreased. Blood urea nitrogen
increased in both sexes while creatinine was decreased. Alkaline phosphatase and ALT were
both increased. Changes were seen with both drugs and showed an apparent dose-relationship.
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Urinalysis showed significant decreases in creatinine excretion for both drugs and increases in

urinary volume for the males. This was not seen in the females.
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Organ weight changes in males
Dosage group ( mg/kg)
vehicle R85548 R85548 R67555 R67555
10 40 20 80
‘Lungs: abs 1910 1883
Norm. 5613 6071*
Spleen: abs 764 794 773 864 808
norm 2249 2285 2370 2529 2597*
Liver: abs 14717 14853 14424
norm 43252 45620 46377*
Heart:abs 1119 1127 1114
norm 3290 3466 3579%%*
Pancreas: ab ] 1238 1307 1356 1226 1375
norm 3646 3778 4162* 3590 4450*
Kidneys:ab 2638 2699 2731 2773 2591
norm 7743 7769 8388* 8123 8340
Brain:abs 1970 2006 2027 2036 1966
norm 5799 5784 6229** 5966 6334**
Adrenals:ab 54 54 TTHE* 56 THEE
norm 158 157 236*** 163 251 %%
Organ weight changes in females
Dosage group ( mg/kg)
vehicle R85548 R85548 R67555 R67555
10 40 20 80
Lungs: abs 1452 1541 1597 1498 1539
Norm. | 6493 6644 7363** 6490 7526%**
Spleen: abs | 568 583 593 613 625
norm 2566 2505 2738 2656 3057**
Liver: abs 8921 9604 10020* 9886 9574
norm 40112 41286 46217*** 42813 46882***
Pancreas: ab | 1091 1062 1119 1046 1233
norm 4929 4595 5147 4529 6059**
Kidneys:ab | 1760 1901 1833 1951* 1788
norm 7911 8182 8458* 8447* 8786**
Brain:abs 1893 1825* 1849
norm 8549 8431 9093
Adrenals:ab | 69 74 129*** 80* 141 *%*
norm 310 322 597*** 346 695%**
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Mann-Whitney U test *p<0.05, **p<0.01, ***p<0.001

The histologic scoring system again obscures the incidence and severity of findings. The

summary table for the males indicates histologic findings in the adrenals, epididymides, kidneys
lungs, spleen, urinary bladder and liver.

>
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i
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The summary table for the females indicates findings in the adrenals, liver, lungs, ovaries and
spleen
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Significance computad by Harecdhizney U test (twe teiled) ¢ "R < 06 " P <« D1 *p < 00

month toxicity study in SPF Wistar rats: intravenous administration
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Key study findings: The body weight effects and some of the hematology and clinical chemistry
findings typical of oral administration studies were not present in this report. The absence of the
usual decrease in HCT and RBC is somewhat unusual in light of the increased RBC in the
spleen. Clinical chemistry effects that were present included a decrease in cholesterol and
phospholipids in the MD and HD males. Serum potassium was in creased in HDf while serum
albumin was decreased in HDf. It is not clear if there are significant metabolic differences
~between oral and IV administration. A PK study (N92692) comparing IV and oral parameters
examined only parent drug, not metabolites. There is no characterization of metabolism in rats
after IV administration. Histologic changes were reported for several organs. An increase in rbc
in the spleen was reported for HDm, MDf and HDf. Vehicle related changes were reported for
the kidneys and urinary bladder of the veh and HD rats characterized by swollen and granular
cortical tubuli and swollen, vacuolated epithelium in the renal pelvis and urinary bladder. This
was regarded as adaptive to the osmotic effects associated with B-CD. Changes seen in the
lungs of HDm, MDf and HDf were described as an increase in focal alveolar macrophages.
There were no overt signs of toxicity in this study, excluding the irritant effects at the injection
site. However, there were clinical chemistry changes in both sexes as well as organ weight and
histologic effects. Sex-related differences in metabolism are suggested in that neither adrenal
effects nor serum cholesterol, phospholipids, albumin etc. effects seen in other rat studies were
reported for the females

Study no.: N88268

Conducting laboratory and location: Janssen, Beerse, Belgium

Date of study initiation:

GLP compliance:

QA report: yes( )no( )

Drug, lot #, and % purity: R67555 batch PFA141 in a vehicle of hydroxypropyl-p-CD

Methods Nebivolol, R67555, was given intravenously to SPF Wistar rats (5/sex/group) at a daily
dosage of 0 (saline control), 00 (vehicle control) 0.31, 1.25 and 5 mg/kg for 1 month. Parameters
studied included mortality, signs, body weight, food and water consumption, hematology,
clinical chemistry, urinalysis, organ weights, gross pathology and histopathology.

Results

Irritation and swelling of the tail at the site of injection were reported for both sexes of HD
animals. There were no other signs reported. There were no significant differences in weight
gain between the drug-treated groups and control groups of either sex. The vehicle and drug-

treated females ate somewhat less than did the control groups but not in a dose-related manner.

The decreases in HCT, Hb and RBC typically seen in the oral administration studies were not
seen in this study.
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The clinical chemistry changes in males included a decrease in serum cholesterol, phospholipids.
This is summarized in the reviewer’s table below.

Summary of clinical chemistry changes in males -

Dosage ( mg/kg)

0 00 (vehicle) | 0.31 1.25 5
Cholesterol 78 85 82 66%* 64*
mg/dl
Phospholipids | 158 165 182 150 140*
Mg/dl

Vehicle vs other groups: *p<0.05, **p<0.01, ***p<0.001

Clinical chemistry changes in females included increases in serum potassium and a decrease in
albumin. Cholesterol and phospholipids showed no substantive changes compared to the
controls.

Summary of clinical chemistry changes in females

Dosage (mg/kg)

0 100 (vehicle) |0.31 1.25 5
Potassium 4.4 4.6 4.6 4.6 5.0%
mEg/l
Albumin g/dl | 4.3 4.0* 4.2@ 4.1 3.7%*@

Control (0) vs other groups: *p<0.05, **p<0.01, ***p<0.001
Vehicle vs other groups: @p<0.05 ‘

There were no findings of toxicologic significance apparent in the urinalysis data as presented.
Organ weight data for the males showed an increase in spleen weight for the MD and HD
groups. There was a non-dose-related increase in liver weight in the vehicle and drug-treated
groups. A slight (4%) increase in normalized kidney weight was seen at the HD. An increase in
absolute and normalized adrenal weight was seen at the HD.

Adrenal weight changes in males

control vehicle 5 mg/kg
Absolute adrenal weight mg | 61 58 ' 68
Normalized adrenal weight | 153 145 172
mg/kg

Organ weight data for females showed no significant effects except for the gonads. A decrease in
weight was seen at the HD. Adrenal weight changes were not reported for females.
Gonad weight changes in females
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control vehicle 5 mg/kg
Absolute gonad weight mg | 157 168 ‘ 141%*
Normalized gonad weight 629 682 578**
mg/kg

**p<0.01 versus vehicle by the two-tailed Mann-Whitney U test

Gross observations in the males included dilated kidneys, swollen lymph nodes and hemorrhagic
lymph nodes. The gross observations for the females were more pronounced liver lobulation (1
HDf{) and watery uterine content ( 1 control f, 1 LD f).

Summary of gross necropsy findings in males

Dosage ( mg/kg)
0 00 0.31 1.25 5
(vehicle)
Dilated kidneys - 0/5 0/5 1/5 1/5 1/5
Swollen lymph nodes 0/5 0/5 0/5 1/5 2/5
Swollen, hemorrhagic lymph nodes 0/5 0/5 0/5 1/5 1/5

Vehicle vs other groups: *p<0.05, **p<0.01, ***p<0.001

Histologic changes were reported for the kidneys, lungs, urinary bladder and spleen.
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Study title: Subchronic toxicity study in Wistar Rats: Repeated dosage for 3 months

administered orally through the diet

Key stu_dy findings: No unscheduled mortality or behavioral changes were reported. HD males

gained on average 9% (34 g) less than the other groups while HD f gained on average 3% (5g)
less than the control group. The usual clinical chemistry changes indicating serum electrolyte

/_,_/-/
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(K+) changes and decreased liver and kidney function were present but Wlthout the hematology
changes (HCT, Hb, and RBC) usually seen.

Reported histologic changes were centered on the lungs and spleen. An increase of foci with
foam cells was observed in the HD f group. The reproductive organs were reported were
described as similar to the control group. A dose dependent increase in rbc in the splenic red
pulp was reported for all treated groups compared to the control group.

Study no.: N54353

Conducting laboratory and location: Janssen, Beerse, Belgium
Date of study initiation: March 17, 1986

GLP compliance: statement included

QA report: yes( )no( )
Drug, lot #, and % purity: R67555, batch A0301

Methods

Four groups of SPF Wistar rats, 20/sex/group, were given nebivolol in their diets at levels
calculated to give 0, 10mg/100 g food, 40 mg/100 g food and 160 mg/100 g food. Parameters
studied were mortality, signs, body weight (weekly) and food (weekly) consumption, test article
intake, water consumption, hematology, clinical chemistry, urinalysis, organ weights, gross
pathology and a basic list of tissues for histopathology analysis. Ophthalmic exams were
performed prior to, once during and at the end of the study on at least 10 animals of each sex in
the HD and control groups.

Results

There was no unscheduled mortality. No signs were reported. Food wastage was increased in the
HD group (14/20 m vs 1/20 for the male control group and 17/20 HDf vs 0/20 for the female
controls). Drug-treated males showed lower average weight gain compared to the other groups
from the first week of the study. Only minor differences were seen in the females.
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Significance conpuled by Mann-thitawy

What was perplexing was the analysis of drug in food. The nominal concentration for the LD

U test (twe tailed) : XPC 05 WP ¢ 0L WP 000

appeared to be greater than the nominal concentration for the HD. The sponsor did not seem to

find this a problem.
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Bate of
nixing analysis concentration found in %
86.03.13 86.05.313 144 126 126
86.05.186 86.08.04 128 131 i3
repetition 126 129 o4

ref.chem.act . Nox . 6682, 6752

As appears from these data, the concentratlon of the test article
found in the various dose levels was somevwhat Qifferent from the nominal
concentration. However, the rats of the wariom: dozage groups were

vertainly not under-dosed.

Because of the food wastage, it is difficult to assess the consumption data. However, since there .
were no marked effects on body weight, it’s probably safe to assume that there were no major
perturbations in consumption.

There was a slight decrease in HCT(39.1% vs 41.9% for control, p<0.001), Hb(13.5 vs 14.3g/dl
for control, p<0.01) and RBC (7.81 vs 8.33 x 10° for control, p<0.001 ) in the HD females but
not 1n the males and not the dose-related pattern that is usually seen in oral administration
studies. While the changes are listed as statistically significant, the biological significance is
questionable.

Increases in serum potassium were seen in the HD males and all groups of drug-treated females.
Inorganic phosphate was increased in both sexes also. Total protein and albumin were decreased
in the HD groups of both sexes. Cholesterol showed dose-related decreases while phospholipids
were decreased only at the HD.
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The urinalysis data showed granular casts in the treated males and to some extent in the females.

The organ weight data showed an increase in average spleen weight in both sexes despite the
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lack of change in the hematology data. Normalized pancreas weight was increased in both sexes
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also. Adrenal weight was increased in both sexes at the HD only. Gonadal weight was increased
in the males and decreased in the females.
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There were few significant gross necropsy findings in the males. The HD females had changes
in the adrenals and lungs as summarized in the sponsor’s table below.
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Reported histologic changes were centered on the lungs and spleen. An increase of foci with
foam cells was observed in the HD f group. The reproductive organs were reported were
described as similar to the control group. A dose dependent increase in rbe in the splenic red
pulp was reported for all treated groups compared to the control group.

Study title: Subchronic toxicity study in Beagle dogs (repeated dosage for 2 weeks)

Key study findings: Within the parameters reported, the only effect was vomiting in the 20 and
40 mg/kg animals in the first week of the study. Heart rate decreased in both drug-treated groups
as might be expected from the pharmacology of the drug.

Study no.: N76735

Conducting laboratory and location:

Date of study initiation: March 7, 1989

GLP compliance: statement not found

QA report: yes ( ) no (x)

Drug, lot #, and % purity: nebivolol, batch PFA091

Methods

Beagles, 2/sex/group were given either control, 20 or 40 mg/kg nebivolol in -
cyclodextrin, orally administered in gelatin capsules for 2 weeks. Parameters studied were listed
as mortality, signs, heart rate and ECG (week 0, 2), body weight, hematology, clinical chemistry,
urinalysis, organ weights, gross pathology and histopathology
(control and HD only ) for heart, lung, liver, kidney, spleen and adrenal.

Results

Vomiting during the first week was reported for the 20 and 40 mg/kg groups.
There were no apparent effects upon body weight.

No effects were apparent in the hematology data.
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No effects were apparent in the clinical chemistry data.

No effects were apparent in the urinalysis data.

There were no apparent effects upon ECG. However, it is not specified when relative to dosing
(Cmax) the ECG was determined. Bazett’s correction formula was used.

Heart rate showed a decrease in the LD group.

Heart rate in bpm

week Dose mg/kg
vehicle 20 40
-2 126 130 109
2 134.5 91.8 98.5*

*p<0.05 by Mann Whitney U test
No gross necropsy data, organ weight or histopathology information was located.

Study title: One month comparative toxicity study in Beagle dogs (Administration:
orally(capsules)). '

Key study findings: Dogs given the racemic drug did not gain weight while those receiving the
isomers gained as much or more than the control animals. Serum potassium was increased
compared to control in dogs given the racemate and the d-isomer. A decrease in heart rate and
increase in PQ interval was also seen with the racemate and d-isomer. QTc was increased in all
groups including the control. We do not have details about when the ECG was collected relative
to dosing and we were not told the correction used to calculate QTc. Splenic weights were
increased even though the hematology changes seen in other studies were not apparent. Reported
histopathology results were limited to the increased rbe in the splenic red pulp.

Study no.: N92989

Conducting laboratory and location: Janssen, Beerse, Belgium

Date of study initiation: Feb 25, 1992

GLP compliance: statement included

QA report: yes(x)no( )

Drug, lot #, and % purity: R67555(91J28/F21: ZRO67555PFA111), R85548(GSV-244;
ZRO85548PFA011), R85547(GSV-244; ZRO85547PFA011)

Methods
Beagles, 2/sex/group were given gelatin capsules containing test article.

Summary of dosage groups
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Dosage groups

Vehicle control B-cyclodextrin (880 mg/kg)
R67555 80 mg/kg* 960 mg/kg B-CD coprecipitate
R88548 40 mg/kg* , 480mg/kg B-CD coprecipitate
R85547 40 mg/kg 480mg/kg B-CD coprecipitate

*doses expressed as base equivalents

Parameters that were studied were listed as : mortality, signs, ECG and heart rate, body weight,
hematology, clinical chemistry, urinalysis, organ weights, gross pathology and histopathology of
the spleen only. »

Results
Soft feces were reported as having occurred during the entire study in all dogs including vehicle
control dogs.

The R67555 group on average did not gain weight during the study while the other groups
gained from 0.2(control) to 0.4 (R85548 and R85547) kg.

PQ interval was increased in the R67555/ 80 mg/kg and R85547/40 mg/kg groups. QTc was

increased in all groups, including the control. Heart rate was significantly decreased in the
R67555/80mg/kg and R85547/40 mg/kg.
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Significance conputed by Marm-Whitney U test (two tailed) = * p 2 05 2* p < .01 ** p < 60

There were no toxicologically significant findings in the hematology data as presented.

Serum potassium was slightly elevated in all drug-treated groups before dosing started. With

drug-treatment serum potassium increased relative to the control group in week 2 and remained
elevated week 4 but not to the same extent.
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Spleen weight was increased in R67555 and R85547. Liver and pancreas weight were increased

in all drug-treated groups. Adrenal weight was slightly increased in the R85547 group. Gonad
weight in the females in this group was also increased. Prostate weight was increased in the

R85548 group. In the sponsor’s table below, organ weights were combined for the sexes with the

exception of the gonad weights.
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Significance corputed by Nann-ihitney U test (two tailed) z % P < 05 #* P < .01 ** P < 001

The only histopathology results provided were for the spleen. Splenic findings were assessed on
a scale of 0-5 (absent — severe). The presence of RBC in the spleen (a normal situation) was
listed as a mean score of 1 in the control group, 3.3 (R67555), 1.5(R85548) and 3.3 (R85547).
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Appears This WY

Study title: One month toxicity study in Beagle dogs (intravenous administration)

Key study findings: This preliminary subchronic intravenous dosing study was somewhat short
on methodological details especially pertaining to the ECG data. No clinical signs were reported
and there were no findings of toxicological significance. ”

Study no.: N88172

Conducting laboratery and location: Janssen, Beerse, Belgium

Date of study initiation: not stated

GLP compliance: no

QA report: yes( )no(x)

Drug, lot #, and % purity: R67555 batch PFA141 in a vehicle of hydroxypropyl p-CD

Methods R67555 was given intravenously to Beagles (2/sex/group) at daily dosages of 0, 0.31,
1.25 and 5 mg/kg body weight for 1 month. HP--CD was present at dosages of 80, 5, 20 and 80
mg/kg bw/day. Parameters studied were mortality, signs, body weight, ophthalmoscopy, heart
rate and ECG, hematology, serum analysis, urinalysis, organ weights, gross pathology and
histopathology.

Results

There were no significant differences in body weight. However, the control group lost weight
and the treated groups gained weight.

Summary of mean body weight changes (kg)

Dosage group mg/kg
week 0 0.31 1.25 5
1 0.1 0.2 0.4 0.3
2 0 0.3 0.4 0.3
3 -0.1 0.1 0.2 0.2
4 -0.1 0 0.4 0.4

There were no toxicologically significant findings in the hematology data as presented.
There were no toxicologically significant findings in the clinical chemistry data as presented.
There were no toxicologically significant findings in the urinalysis data as presented.

There were no significant organ weight findings, gross observations or histopathology.
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PQ interval was increased in all drug-treated groups. Heart rate, QT and QTc were reported as
decreased. We do not know when relative to dosing the ECGs were obtained and we do not
know the methodology used. The correction factor used was QTc=QT(HR/60). The data is
summarized in the reviewer’s table below.

parameter week Dosage group mg/kg
0 0.31 1.25 5
PQ m sec -2 76.3 83.0 77.5 81.3
4 76.3 88.3 81.8 92.3*
QTc msec -2 2234 233.2 238.7 239.2
4 225.2 219.6 229.2 226.0
Rate b.p.m. -2 138.3 132.5 126.3 138.0
4 142.0 118.8 122.5 117.3

Mann-Whitney U test ( two tailed) *p<0.05

Study title: Subchronic toxicity study in Beagle dogs: repeated dosage for 3 months with oral
administration

Key study findings: The HD group gained on average 0.7(30%)Kg less than the control group.
There were trends to decreased total protein, increased serum potassium and increased urea
nitrogen. Absolute and normalized male gonad weight was increased in all drug-treated groups.
Increased absolute and normalized female gonad weight was seen only in the MD and HD
groups. While there were no corresponding hematology findings or changes in organ weight, the
histopathology findings showed an increase in RBC in splenic red pulp in 2/8 control animals
and 6/8 HD. LD and MD were reported as similar to control. QT was increased inconsistently
throughout the groups.

Study no.: N54352

Conducting laboratory and location: Janssen, Beerse, Belgium

Date of study initiation: March 18, 1986

GLP compliance: statement included

QA report: yes (x)no( )

Drug, lot #, and % purity: R67555 batch A0301 in gelatin capsules ( HP-B-CD not listed as
vehicle)

Methods

R67555 in gelatin capsules was given to Beagles (4 /sex/group) at doses of 0, 2.5, 10 and 40
mg/kg for 90 consecutive days. Parameters studied included signs, mortality, ophthalmoscopy
(prior to, during and at the end of the study), food consumption (estimated), body
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weight(weekly), hematology and clinical chemistry (prior to study, week 2, then monthly),
urinalysis(prior, to , once during and at the end of the study). At euthanasia, organ weight, gross
observations and histopathology from a standard list of tissues was assessed. ECGs were
determined week -2, week 4 and week 12.

Observation times and results

There was no unscheduled mortality. The followmg clinical findings were reported:
Im LD — urolithiasis from 3 month to end of study

1m MD - prostatitis from month 3 to end of study

Im MD - sporadic emesis in week 2

The HD group gained slightly less weight than did the control group. A difference in weight
gain was apparent from week 2 of the study. This is summarized in the reviewer’s table.

Summary of mean body weight gain (kg)

Week Dosage mg/kg

0 2.5 10 40
1 0.3 0.2 0.2 0.2
2 0.6 0.5 0.5 0.3
3 0.9 0.8 0.8 0.6
4 1.3 0.9 1.2 0.7
5 1.7 1.3 1.4 1.1*
6 1.4 1.3 1.4 1.0
7 2.0 1.6 1.8 14
8 2.0 1.6 1.7 14
9 2.0 1.7 2.0 1.4
10 2.3 1.9 2.1 1.6
11 2.4 2.1 2.1 1.6
12 2.5 2.1 2.2 1.8
13 2.4 2.1 23 1.7

Mann-Whitney U test *p<0.05
There were no findings of toxicological significance in the hematology as reported.

The clinical chemistry findings showed few changes of significance. Serum potassium showed a
significant increase in week 3 and 8.

Summary of serum potassium (mEg/1)

Week Dosage group mg/kg

0 2.5 10 40
-2 5.3 5.7* 5.6 5.6
0 5.3 5.3 5.1 5.4
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3 5.2 53 5.7* 5.7%*
4 5.1 5.2 53 54
8 5.1 5.2 53 5.4%*
12 54 5.1 5.3 55

Mann-Whitney U test *p<0.05, **p<0.01

Total protein in the drug-treated animals showed a tendency to lower values than the control

group. Albumin values showed only minor differences between the groups.

Summary of serum total protein (g/dl)

Week Dosage group mg/kg

0 2.5 10 40
-2 5.8 5.7 5.9 5.9
0 6.0 6.0 5.8% 5.8
3 6.1 6.0 5.9 6.0
4 6.2 6.1 6.1 6.0*
8 6.1 6.0 6.0 5.8
12 6.4 6.0 6.3 6.0*

Mann-Whitney U test *p<0.05, **p<0.01

Blood urea nitrogen was increased in the MD and HD groups from week 3. There were no
- differences between groups in the creatinine values.

Summary of blood urea nitrogen

Week Dosage group mg/kg
0 2.5 10 40

2 12.9 13.6 124 12.9
0 12.7 12.0 11.1 13.3
3 15.8 15.6 17.1 19.3
4 13.6 154 15.5 16.6
8 15.7 15.8 16.7 18.9*
12 17.9 16.5 19.5 18.9

Mann-Whitney U test *p<0.05, **p<0.01

There were no findings of significance in the urinalysis data as reported.

ECG: There was a lengthening of PQ interval in both control and drug-treated animals. QTc was
inconsistently increased, from week 4 of the study. Heart rate was increased in week 4 and
decreased m week 12. The data is summarized in the reviewer’s table below.

| parameter | week | Dosage mg/kg |

212






