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APDS0 was increased beyond the solvent effect in the d,l-sotalol-treated samples. Samples
treated with nebivolol or propranolol showed a shortening of the APD50.

Isolated rabbit Purkinje fibers incubated with 4mM KCI Tyrode solution

Time (min) 0 15 [ 30 | 45 [ 60 | 65
Conc 0 0.1%DMSO

Stim.rate (Hz) . 1 1 1 1 1 0.2
APD50 (ms)solvent 156 | 163(4) [171(10) | 183(17) |190(22) [200(28)
APD50: Nebivolol 162 | 169(4) [176(9) |173(7) | 110(-32) | 89(-45)
APDS50 :Propranolol 189 | 188 191(1) | 165(-13) | 74 (-61) | 87(-54)
APD50:d,]- sotalol 159 [151(-5) [163(3) [161(1) [213(34) [302(90)

Numbers in parentheses are percentage difference from baseline

Solvent alone caused a slight increase in APD90. Both d,l-sotalol and nebivolol caused further
increases in APD90. Propranolol caused a decrease in this parameter.

Isolated rabbit Purkinje fibers incubated with 4mM KCl Tyrode solution

Time (min) 0 15 [ 30 | 45 | 60 [ 65

Conc 0 0.1%DMSO :
APDI90 (ms) solvent 216 1221(2) |228(6) |237(10) |242(12) 277(28)
APD90: nebivolol 234 1245(5) 1252(8) |259(11) | 259 374(60)
APD90: propranolol 246 | 245 246 226(-8) | 178(-28) | 219(-11)
APD90: d,1-sotalol 208 | 210 218(5) 1247(19) | 333(60) 520(150)

Both solvent and all 3 drugs caused a decrease in Vmax up to 45 minutes. Both nebivolol and
d,l-sotalol then began to increase the Vmax . Propranolol and the solvent continued to cause a
decrease in Vmax.

Isolated rabbit Purkinje fibers incubated with 4mM KCI Tyrode solution

Time (min) 0 15 | 30 | 45 | 60 | 65
Conc 0 0.1%DMSO

Vmax(V/s) solvent | 556 | 543(-2) | 486(-13) | 442(-21) | 405(-27) | 412(-26)
Vmax: nebivolol 519 |494(-5) [497(-4) |518 572(10) 547(5)
Vmax: propranolol 517 | 543(5) 499(-3) | 485(-6) 401(-22) | 478(-8)

Vmax: sotalol 400 [390(:3) |365(-9) |450(12) | 402 479(20)

Only d,l-sotalol produced EADs in this system under conditions of 0.2 Hz stimulation at 65
minutes incubation at a concentration of 1x10*M. One out of 7 trials (1/7) showed an EAD. It
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should be noted that if the positive control causes only 1 event out of 7 trials, there is small
likelihood of seeing an event produced by the test article.

Apoears This Way
On Griginal

Renal effects:

N62264 Evaluation of nebivolol in the anesthetized dog renal function test

The effect of nebivolol on renal hemodynamics was evaluated in pentobarbital anesthetized
dogs. The activity was compared to that of propranolol and atenolol. All compounds were tested
at similar doses of 0.1, 0.3 and 1.0 mg/kg/15 min in 15 minute infusions of drug followed by a
15 minute rest period.

The pharmacelogical evaluation of nebivolal has shown cardio-
selective beta-adrenergic blocking activity (1,2,3). We have evalu-
ated the effects of nebivelol, propranolol hydrochloride and atenolol
on renal hemodynamics and function in the pentobarbital anesthetized
dog. The hemodynamic parameters measured were diastolic, systelic and
mean arterial blood pressure, héart rete, renal and femoral blood Flow
and caleulated vascular resistances. Serum and urine sodium, potas-
sium, chloride, uric acid, creatinine and osmolarity were determined
and urine volume and pH was wmeasured. The details of these experi-
ments are the subject of this report.

Nebivolol was inttially studied using 20% PEG and lactic acid as a
vehicle, however, this vehicle produced hemolysis and changes in renal
function at the volumes adwinistered. Data from the studies with
nebivolol and atenolol 1n this wvehicle are included in this report.
Nebivolol was retested using 23 PEG plus 2% tartaric acid, a vehicle
which we have shown does not produce significant changes in renal
function and hemodynamics. Atenolol and proprancle] hydrochleride
were tested in saline for comparative data.

Female mongrels were used. Dogs were infused with 0.9% saline at the rate of 160 ml/mr.
' Creatinine was also infused at
approximately 50 mg/kg/hr.
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200 - Moan Artarial Preszure _ stabilize for at least three 15
§ " 1 L7 205 PEG + Loelle Actd ' * minute control periods. Blood
H S 0 Atsnsiol . k .
T T2 Nedvotol and urine samples were taken at
G taRs z 3 the end of each of these periods.
T 2] . £ S The vehicle was then infused for
£ ) m -Na 5 RY T §5 * 15 minutes followed by a 15
= san . = £ 1 | Ll ’ . .
g N O T NE %{; minute rest period. The cycle of
s 1] I ) r .
o Y NH | i NY E test compound and rest period
4 b 1 [ ’; 1 3 hid
£ N7 NN RGN
5 %0 Np NP | SIABE N7 B 54
" N/ : N ¢ 3t {
®* s1 INE IR NA | INP N
g =3 |\ % N0 A NG 1INt
1 NE 1R R N R
~15 &1 15 5 SR 5t 125 min
0.1 1.0 mb/kg Vahicie /15 miin
(e 1.0 mg/ kg Drug /15 min




NDA21742

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

was repeated with increasing doses of compound. Pre and post-test doses of isoproterenol were
administered to check for completeness of beta blockade.

The vehicle of 20% PEG and lactic acid itself caused some changes in heart rate, systolic and
diastolic blood pressure. There were no obvious differences between nebivolol and atenolol at
this point.
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-All 3 substances caused

decreases in renal blood flow.
Nebivolol appeared to cause
less of a decrease than the
other 2 chemicals.
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be significant differences between atenolol and nebivolol in this test system.

Neurological effects:

CNS: CPF:5668 Single oral dose safety pharmacology study in the rat: modified Irwin’s test Feb
28, 2003

Nebivolol was given by oral gavage to male Sprague-Dawley rats at single doses of 200, 400 or
800 mg base equivalent /kg body weight. The vehicle was 0.5% methocel. Mortality,
behavioural observations, clinical signs and body weight were evaluated in the 7 days following
the dose administration. Neurofunctional integrity and signs of neurotoxicity were assessed at
0.5, 2,4 and 24 hours after oral administration of drug. The rats were assessed again on day 7 for
evidence of delayed neurotoxicity

Results

There was one unscheduled death in the HD group on day 3. The signs associated were poor
condition, wet urogenital region, crusty nose, ptosis and hypothermia.

The 200 mg/kg dose did not cause obvious clinical signs. At 400 and 800 mg/kg, signs included
body weight effects, ptosis ( all animals: 5/5, 5/5) and nasal discharge (1/5 and 5/5). The HD

group also had wet urogenital region.

Incidence of effects

Dose mg/kg

A 0 200 400 800
Abnormal licking 2/5 2/5 3/5
Sedation* 3/5 2/5 4/5

| Decreased vocalisation “some” | “some”

Delayed visual placing response
piloerection 0 1/5 3/5 5/5
Exertional tremors, 24 hours after dose 0 1/5 3/5 3/5

*By 4 hours after dosing, sedation was seen in all animals. This persisted until 24 hours at all

doses.

Appears This Way
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Appaars This Way
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Summary of further results
Dose mg/kg (n=5 per group)
0 200 400 800

Spontaneous 2m at 0.5 hours 2m at 0.5 hrs 2m at 0.5 hrs

behaviour: 1 mat2 hrs

Abnormal

licking

Motor-affective 3/5 at 2 hrs, 5/5 5/5at2and 4 4/5 at 2 hrs,

responses at 4 and 24 hours | hours, 4/5 at 24 5/5 at 4 and 24

sedation hrs hrs

urinations Slightly
decreased @
24hrs

defecations Decreased @ 2 Decreased @ 2 Decrease at 0.5,

and 4 hrs hrs 2.4 and 24 hrs

Delayed visual @ 24 hrs @ 24 hrs Absentin I,

placing Delayed in
others, delayed at
day 7 in one

Corneal reflex 4/5 @ 24hrs 4/4@24 hrs

slowed

Pinna reflex Decreased @4
and 24 hrs

Righting reflex 11/5 at 24hrs 12/4@ 24hrs
absent in 1

Narrowing of the Present at 2,4 + | Present in all rats | Present in all rats

palpebral fissure 24 hours at 2,4+24 hrs at 2,4 +24 hrs.

Eyes completely
closed in 1 rat at
24 hrs.

Decreased pupil diameter was seen in all dosed groups up to 24 hours after dosmg but not at 7

days.

Body temperature showed a decrease in all treatment groups. This decrease was present at 24
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hours in the HD group..

The MD and HD groups showed
less weight gain than the control
and LD groups
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Mean body weight values per dosage group in g.

The sponsor summarized the results as follows:
Newrofunctional integrity of rats was stightly affected afler a single oral dese of

RO67555 at 200 mg be/kg body weight, as evidenced by slight behaviourad effects
(abnormal licking, motor-affaciive and sensoro-motor responses), slight signs of
newroogical aberration (tremors at exertion) and shight astonomic Impairment {eyes,
decreased body femperature, piloerection). There were no signs of general toxicity
recordad.

Dosing at 400 mg b.ekg b.w. Jed to behavioural effects {abnormal licking, motor-
affective and sensoro-motor responses). Neurological aberration was evidenced by
impaiced agquilibrivm and gait (delayed righting reflex) and signs of CNS excitation
{tremors at exertion, clonic convulsions of the jaws). Autonomic Hupairment included
i decreased pupil size, narrowing of the palpebral fissure, a deercased body
temperatere and piloersction, Signs of slight general toxicity included crusty eyes and
chromodacryorthea.

AL 800 mg b.e.fkg b.w. various neurotoxic signs were ohserved: besides sbnormal
licking, decreased motor-affective and sensoro-motor responses were noticed. Signs
of neurological imbalance included an impaired righting reflex (equilibrium and gait),
teemors al exertion anc clonic convalsions of the jaws (NS excitation). The decrease
in pupil size, the narrowing or closure of the palpebral fissure, the decrease in body
temperature, the development of piloerection and the decreased respiratory rate wers
considered sigas of antonomic finpairment. Crusty sves were observed in several
aninsals. Chromodacryorthea was noticed in one male rat.

Peak effects were set at 4 hours post-dosing {ranging from 2 to 24 hours post-dosing).

Delayed newrotoxicity (day 7) was not considered an issue.

Some of the signs may be referable to exaggerated pharmacologic effect. Data to support this is
not present in the report, but hypotension could explain the sedation evident as ptosis,
hypothermia and delayed righting. However, grip strength did not appear to be affected as one
would expect. There were also signs suggesting autonomic effects such as narrowing of the
palpebral fissure, decreased respiratory rate, tremors at exertion and clonic convulsions of the

Jjaws.
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N62816 In vivo pharmacological profile of the selective betal-adrenoceptor antagonist
nebivolol in mice, rats and dogs. Sept 1988
Swiss mice, Wistar rats and Beagles were used.

Male mice were used for the following tests:
Hot plate- reaction time measured in 0.1 sec between contact with plate and a
Licking or jumping response. Measurements were made before and 15,
30, 45 and 60 minutes after dosing. Criterion for drug effect was a
reaction time of >20 seconds (occurring in <1% of control mice).

Pupil diameter: measured in 1 eye before and 15, 30, 45 and 60 minutes after
Dosing. Miosis/mydriasis was defined as a diameter occurring in less than 2% of
the control mice.
Traction test: mice were put on a grid and subjected to continuously increasing
traction. Resistance to traction of the grasping mouse obtained in the
second of two trials was read from a scale which was graduated in g of
pulling force. The test was performed before and 15, 30, 45 and 60 min-
utes after dosing. Increases of >30 g were considered indicative of hyper-
tonia. Decreases of >40 g were considered indicative for hypotonia.

Acetic acid-induced writhing: 75 minutes after dosing, 0.05 ml of acetic acid (1%)
was injected intraperitoneally and the mice placed in individual chambers
for observation. The number of writhing movements in 5 minutes was
recorded. The drug was considered to have an inhibitory effect when the
recorded number of writhing movements was less than 15.

Anticonvulsant activity after maximal electroshock: 85 minutes after dosing, the
mice were tested for protection against corneally delivered electroshock.
scoring was: 0=no inhibition of tonic or clonic convulsions, 1= inhibition
of clonic convulsions of the hind-paws, 2= complete inhibition of tonic
convulsions (fore and hind paws), 3= absence of both tonic and clonic
convulsions.

Behavioral changes: Observations were made at 15, 30, 45 and 60 minutes after
dosing for occurrence of straub tail on arched back, ptosis, exophthalmos, seda-
tion, prostration, ataxia, hypnosis, chewing, excitation, tremors, convulsions,
lacrimation, salivation, diarrhea and piloerection.

General screening test in rats: At least 3 female rats were used with 3 other rats serving as

controls. Effects of the test article on behavior was evaluated on'all-or-none criteria based on the
frequency of results in a population (~2000) of control rats.
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Palpebral opening was scored from 0-6: O0=eyes completely closed, 2=half open, 4= wide open,
6=exophthalmos. Scores 1,3 and 5 were intermediate values. Recordings were made before and
1,2 and 3 hours after dosing.

Pupil diameter of one eye was measured using a micrometer in gradations of 1/25mm.
Measurements were made before and 1,2 and 3 hours after dosing. Pupil diameter <5 units was
defined as miosis and diameter >20 units was called mydriasis. ~

Body temperature was measured using an esophageal probe and an electric thermometer.
Measurements were made before and 1,2 and 3 hours after dosing. Hypothermia was defined as a
decrease of 2°C. An increase of 1 degree C was called hyperthermia.

Behavioral changes: anitnals were observed 1,2 and 3 hours after dosing for occurrence of
sniffing, licking, rearing, preening, chewing, excitation, tremors, convulsions, lacrimation,
salivation, diarrhea, piloerection, passivity, sedation, prostration, catalepsy, ataxia, hypnosis,
pinna and cornea reflexes, muscle tone, dyspnea and cyanosis. Muscle tone was scored -3, -2, -1
or +1, +2,+3 according to the degree of tone decrease or increase.

Tail withdrawal test: 60 minutes after dosing, the rat’s tail was dipped into a warm (50 C) water
bath and the time of withdrawal of the tail was indicated in seconds. Wlthdrawal was considered
to be inhibited when reaction time was >5 seconds.

Anti-diarrheal activity: 65 minutes after dosing, 1 ml of castor oil was given orally to the rats.
Presence or absence of diarrhea 1 and 2 hours later was noted.

Anti-convulsant activity: 3 hours after dosing, pentylenetetrazole (80 mg/kg) was given
intravenously. Scoring was: 0=no inhibition of tonic or clonic convulsions, 1= inhibition of
clonic convulsions of the hind-paws, 2= complete inhibition of tonic

convulsions (fore and hind paws), 3= absence of both tonic and clonic convulsions.

Tests related to specific neurotransmitters or mediators: apomorphine, tryptamine and
norepinephrine antagonism in rats.
Apomorphine was injected 30 minutes after dosing. Intensity of the stereotypical
Behavior was scored 12 times, every 5 minutes over a 1 hour period following
Injection of the apomorphine. The scoring was complicated and the sponsor’s
Description is shown below.

Appears This Way
On COriginal
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injection of apomorphine. The score system was pronounced (3},
mederate (2), slight (1) and absent (0). An occurrence of less than 7
times score > 2 (1.95% false positives in the control poputation} or
less than 7 times score 2 1 {0.41% faise positives) was considered as
indicative for inhibition of agitation. An occurrence of more than 9
times score 3 {1.2% false positives) or more than 10 times score 2 2
(0.4% false positives) was considered to reflect potentiation of
agitation, An occurrence of less than 4 times score 3 {0.28% false
positives}, Jess than 7 times score > 2 {1.91% false positives}, or less
than 7 fimes score > 1 (1.33% false positives} was considered as
indicative for inhibition of stereotypy. An occurrence of more than
10 times score 3 (0.4% faise positives), more than 10 times score > 2
(0.1% false positives), or more than 12 times score > 1 (0.3% false
positives) was considered to reflect potentiation of agitation. in
addition, palpebral opening was scored according to a §-point scale (D
= eyes closed; 4 = eyas open; 5 = exophtalmos; 1, 2, 3 = intermediate
openings}. More than 7 fimes score 0 (0.7% false positives} or 12
times score s 1 (1.8% faise positives) was considered to refiect
inhibition of palpebral opening {paipebral ptosis). More than 5 fimes
scare 5 (1.3% false positives) or more than 10 times score > 4 {1.4%
false positives) was considered to refisct stimulation of palpebral
opening {exophtalmos).

Tryptamine antagonism

Tryptamine (40 mg/kg, iv.) was injected 60 min after the first
{apomorphine) challenge. Several behavioral changes were observed
within one min. Bilateral clonic seizures of the forepaws and coarse
body tremors were scored as pronounced {3}, moderate {2}, slight (1)
or absent (0). Scores less than 2 and less than 3 were considered
indicative for antagonism of the tryptamine-induced bilateral clonic
seizures and coarse bady tremors, respectively. Score 3 at 5 min was
considered to reflect potentiation of bilateral clonic seizures and
coarse body tremors (0.0% false positives for both). In addition,
palpebral opening was scored according to a &-point scale (0 = eyes
closed; 4 = eyes open; 5 = exophiaimos; 1, 2, 3 = intermediate
openings). A score less than 4 occurred in 4.1% of the control rats
and was considered to reflect antagonism of tryptamine-induced
exophtaimos. The pupil diameter was measured {in 1/25 mm units)

and diameters > 68 {0.23% false positives) and < 21 {2.67% false
positives) were considered to reflect mydriasis and miosis,
respectively. Transient cyanosis, i.e. blusing of the ears was
assessed 2 min after the injection of iryptamine. Signiticant
hyparemia {red ears; 3.32% false positives) was considered indicative
for reversal of cyanosis. Body temperature was measured;
temperatures below 37.00 G {3.5% false positives) were considered to
reflect hypothermia and temperatures above 39.59 C {3.7% false
positives) were considered to reflsct hyperthermia. Mortality
occurred in 8.0% of the control rats and was considered 10 be drug-
induced if ocourring dose-dependently in pretreated animals.

Norepinephrine antagonism

Norepinephrine {1.25 mg/kg, i.v.) was injected 90 min after the first
(apomorphine) challenge and mortality was recorded up to 60 min
later. Survival for at least 15 min was selected as criterion for
protection of the norepinephrine-induced lethality (0.80% false
positives}.
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Apomorphine emesis in dogs

This test has bsen extensively described by Janssen et al. {1965b) and
Niemegeers (1982). Apomorphine was subcutaneocusly administered
to Beagle dogs in the dose of 0.31 mg/kg (4 times the EDgs). At1h
before the apomerphine challenge, the dogs wers pretreated with the
test compound or solvent. Complete absence of emesis, for 1 h after
the apomorphine challenge, was adopted as the criterion of

antiemetic activity (never observed in controls, n > 1000).

Physostigmine lethality in rats

This test has been described by Niemegeers ef al. (1982). At 1 h after
administration of the test compound or solvent, the pupil diameter of
the rats was measured in 1/25 mm units with a microscopic
micrometer. Immediately thereafter, the rats were injected with
physostigmine (1.0 mg/kg, i.v.) and survival ime was recorded up to
120 min later. Mydriasis was considered io be present when the pupil
diameter exceeded 20 units {found in 2.20% of > 500 control rats).
Survival after physostigmine was found in 1.80% of the controls and
was the criterion used for evaluation of physostigmine antagonism by
the test compound. ’

Nicotine lethality in rats: Nicotine (10 mg/kg) was injected iv 1 hour after dosing.
Survival of =2 hours was considered to show significant nicotine antagonism.

Reversal of antidiarrheal effect of clonidine in rats: Clonidine (0.04 mg/kg s.c.) and
castor oil (1 ml, p.o.) were simultaneously administered at 0.5 hours after dosing.
Diarrhea at 90 minutes after castor oil was considered to show clonidine antagonism.

Xylazine loss of righting reflex in rats: Xylazine 15 mg/kg iv was injected 1 hour after
dosing. Absence of loss of righting was considered reflective of xylazine antagonism
(alpha adrenergic agonist).

This test has been described by Janssen et al. (1988}). Xylazine (15.0
ma/kg, i.v.) induced loss of the righting reflex in 95.8% of all control
animals {n > 300). Xylazine was injected at 1 h after administration
of the test compaund or solvent. Absence of ioss of righting was
considered to reflect xylazine antagonism. The duration of the loss
of righting reflex was almost never longer than 100 min in the
control population {in only 1.3 % of the rats). Therefore, loss of
righting reflex over a period longer than 100 min was considered to
reflect xylazine potentiation.

Compound 48/80 lethality in rats

This test has been described by Niemegeers et al. (1878). Compound
48/80 is a synthetic mast coll activator. At 1 h after administration
of the test compound or soivent, compound 48/30 (0.50 mg/kg, iv.)
was injected to produce anaphylactic shock by released mast cell
mediators. Survival of rats at 240 min following the challenge
oceurred in 4.97% of the control rats {n = 1000) and was the criterion
for protective activity,
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compound 48/80-induced gastric ulcers in rats

This test has been extensively described by Awouters et ai. {1985).
Gastric lesions wers induced by compound 48/80 (1.0 mgrkg, iv.) in
animals protected from lethality by the histamine Ht antagonist R 37
617 (10.0 mg.kg, s.c) 1 h earlier. The animals were pretreated with

test compound or solvent at 1 h before the compound 48/8C challenge.
The animals were killed four hours after the injection of compound
48/80. The stomachs were removed and inspected for gasiric fesions
using a five-score systsm (0: absent; {+) traces of superficial
erosion; + at least one distinct red area; ++ more and iarger red areas:
+++, fed areas covering more than half the glandular tissus). Only
1.3% of the solvent-treated rats {n > 1000} was found to be
completely free of gastric lesions (score 0) and 3.9% was found to
have traces of erosion [score {+)]. Inhibition of gastric lesions was
measured on the basis of scores {+) and {0}, Five min after injection
of compound 48/80, cyanosis of the ears was also assessed (0, 1, 2}
and score 0 was considered indicative for reversal of cyanosis (0.4%
in controls).

5-HTP potentiation in rats

The procedure and evaluation has been extensively described by
Awouters and Niemegeers (1984). The rals were injected iv. with L-
S-hydroxytryptophan (5-HTP, 0.4 mif100 g body weight) at 1 hr after
s.c. pretreatment with test compound or solvent. The following
phenomana were scored, counted or recorded: cyanosis of the ears {at
§ min); head twitches {(hetween 2 and 10 min); forepaw trampling;
shock-like bshaviour {prostration and crawling, at 18 and 30 min);
survival time {up to 120 min); and gastric mucosal lesions (120 min).
The scores were given according to the intensity scale 0 (absent or
doubtful}, 1 (present), 2 (pronounced) and 3 {maximal, only for
forepaw trampling and tremors). The following criteria for
potentiation were used: cyanosis {score » 0, 4.9% false positives),
head twitches (numbser » 2 counts, 6.8% false positives), forepaw
trampling {score > O, never observed in controls), shock {prostration
{scors > 1, 1.9% false positives) or crawling (score > 1, 3.7% fake
positives)], and death {early death, never observed in controls).

Observation test in rats

Catalepsy and palpebral ptosis were assessed at hourly intervals over a period of 8 hours.
Additional behavioral phenomena were recorded and body temperature was measured at
time intervals of 1,2,4,6 and 8 hours.
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Motor activity in rats: recorded by microprocessors over a period of 27 minutes at 1 hour
after dosing.

Castor oil diarrhea in rats: One hour after giving drug to female rats, castor oil was given
p-o. Presence/absence of diarrhea was recorded 1,2,3,4,6 and 8 hours after giving oil.

Conditioned food consumption in rats: Rats were trained to consume a fixed amount of
food over a 6 hour period. Half an hour before the start of the test the animals received
the test compound. Food consumption, fecal and urinary excretion were also measured.

Fecal and urinary excretion test in rats: a separate category for these observations was
listed. It is not clear if this was entirely a separate test.

Tail withdrawal reaction test in rats: performed 1 hour after dosing, tail was placed in
55C water bath. Time to withdrawal was recorded. Was this test performed twice?

Acetic acid-induced writhing in rats: Rats were given intraperitoneal injections of acetic
acid. Fifteen minutes after this, drug was administered. Writhes were counted between
45 and 60 minutes after dosing.

Ethanol induced gastric necrosis in rats: 1 hour after dosing rats were gavaged with 1.0
ml of absolute ethanol. One hour later rats were euthanized and the intensity of gastric
necrosis was scored.

Stress-induced gastric ulcers in rats: 1 hour after dosing, rats were placed in triangular
stainless steel cages 21 cm in height. The cages were fitted into frames in a large
reservoir which was filled with tap water to a level of 16 cm. The rats spontaneously
climbed to the water-free top of the cage, a continuous effort being required to preserve
breathing. The procedure was considered to induce active stress. After a 4 hour stress
period, the rats were euthanized, the stomach collected and analyzed grossly for ulcers.

KCN lethality in rats: Potassium cyanide was injected iv 1 hour after dosing. Time of |
subsequent survival was determined.

BaCl2 lethality in rats: 1 hour after dosing, rats were given an iv injection of BaCl2.
Time of survival was determined.

Oubain lethality test in rats: Oubain was injected 1 hour after dosing. Survival time was
determined.

Acute toxicity tests in mice, rats and dogs: LD50 values were determined over the 14
days following dosing. It is not stated if these tests were distinct from the other reports of
acute toxicity. Doses were selected from the progression 0.01, 0.02, 0.04 -... -640,
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1280, 2560 mg/kg. For intraperitoneal administration, aqueous suspensions of nebivolol
were prepared under addition of 1%polysorbate 80. For intravenous injections, nebivolol
was dissolved in 12% (for mice) or 15% (for rats and dogs) aqueous solutions of HP-3-
CD. For all other tests 20% polyethylene glycol 400 with 1 equivalent lactic acid was
used for the formulation.

Results
General screening test in mice:

Apomorphine, tryptamine and norepinephrine antagonism in rats: nebivolol caused
stimulation of apomorphine-induced agitation and stereotypies (ED50 14 and 19 mg/kg)
and stimulation of mortality after tryptamine (25 mg/kg). The sponsor cites unpublished
-and unavailable data to support that this is seen with other beta-blockers.

This truly appalling collection of studies is presented without raw data for assessment.
Each test was not judged on the basis of data but rather on a comparison with percentage
distribution of the results in an undescribed population of rats. Only a few situations were
judged to have positive results. These are described below in the sponsor’s own words.

Nebivolol produced stimulation of apomorphine-induced agitation and
stereotypies (EDSO0's: 14.2 and 18.7 mg/kg, respectively}, and
stimulation of mortality after tryptamine (24.7 mg/kg). Such effects
have been previously also observed following other beta-adrencceptor
antagonists (Niemegsers and Awouters, unpublished results). The
stimulatory effects on the apomorphine-induced abnormal behaviour
seem 10 be aspecific and not due to stimulation of the central
dopaminergic system as no evidence of such stimuiation was obtained
from other tests {e.g. in the general screening tests; see above).
Net?ivoloi was virtually devoid of effects characteristic for central
anti-dopaminergics (antagonism of apomorphine-induced agitation
and stereotypies), alpha-adrenoceptor antagonists (inhibition of
palpebral opening, protection from norepinephrine lethality} or
agonists (stimulation of paipsbral opening), serotonin Saz-antagonists
(;nhipition of tryptamine-induced coarse body tremors and bilateral
clonic seizures, reversal of tryptamine-induced cyanosis), menoamino
oxidase Inhibitors (stimuiation of tryptamine-induced coarse body
tramors and bilateral clonic seizures), anticholinergics {mydriasis),
or cholinomimelics (miosis). No consistent effects on body
temperature were observed. .

Appears This Way
On Original
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Other: N64811Local anesthetic properties of dl-nebivolol and its enantiomers. Comparison
with atenolol, propranolol and lidocaine.

Male, albino guinea pigs free of conjunctival and corneal disease were used. Six to 11 eyes were
tested for concentration used. Concentrations of 0.63, 1.25, 2.5, 5 and 10 mg/ml were used of the
following: lidocaine (R1125), propranolol (R9035), d-propranolol (R9035), atenolol (R38773),
nebivolol (R67555), d-nebivolol (RR67138) and l-nebivolol (R67145).Hydroxypropyl-beta-
cyclodextrin was used as vehicle when water solubility was poor. The corneal reflex was tested
tmmediately before and at 1,2,3,4,5,10, 15, 20, 25, 30, 45, 60, 75, 90, 105 and 120 minutes after
instillation of drug. Response was recorded as the number of times the animal fails to blink as a
result of the stimulus.

8

Table 1
R~number Solventl PH ECsg (lower—upper limit)
lidecagn aq 6.85 % 0.15 11.¢ {(6.68 - 29.13
lidocain cd 7.15 * 0.15 2.36  £1.7%3 - 3.31)
nebivolol aq 4,65 & 0.15 0.57 {0.51 - 0.61)
nebivolol cd 5.80 £ 0.20 1.14 {0.75 - 1.61)
d-nebivolol cd 5.80 % 0.20 2,23 {1.62 - 3.12)
1-nebivolol cd 5.95 % 0.05 3.7 {2.05 ~ B.71)
Propranolol aq 5.70 £ ¢.30 0.86 {D.84 - 1.01)
propranolol cd 5.90 + 0.30 1.59 {1.05 - 2,42}
d-propranolol aq 5.60 & 0.80 0.%0 {0.68 ~ 1.10%
d-propranolol c¢d 5.55 £ 0.7% 1.96 {L.46 ~ 2.75)
atenclol aq 6.10 £ 0.20 > 190
atenclol cd 6.25 + 0.15 > 10
1 solvent coded as aq : agueous solution

cd : hydroxypropyl-beta-cycledextrin

O=absence of corneal anesthesia
1-9=incomplete anesthesia

10= complete corneal anesthesia
Control animals received vehicle.

The sponsor noted that the addition of cyclodextrin caused a delay in onset of the anesthetic
effect of R67555, R9035 and dR9035. The study indicated that nebivolol has local anesthetic
properties that exceed lidocaine and are similar to propranolol. The d- and 1- enantiomers
showed similar properties and were reported to show a synergistic effect of at least 55% when
tested as thé racemic mixture (based on formulas stated in the report). Local anesthetics tend to
work by decreasing sodium ion movement across the neuronal membrane. Anesthetic action of
nebivolol would possibly be consistent with the Class I antiarrhythmic properties that nebivolol
has been demonstrated to possess.

Pulmonary effects: see above

Renal effects: see above, N62264.
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Gastrointestinal effects: not done

Abuse liability: not done

3.3 PHARMACOKINETICS/TOXICOKINETICS BRIEF SUMMARY

The original sponsor’s studies detail low oral bioavailability (~10-27%), high protein binding
(>97%), extensive metabolism and primarily fecal excretion (>60%, > 40% in rabbits) followed
by the urinary route.

In tissue distribution studies in the rat, the radio-labeled drug was found in all tissues that were
assayed. The highest levels of drug-derived radioactivity were reported in the lung, liver and
adrenal glands. Radioactivity was also found in the central nervous system including the pineal
gland, inner ear and eye and was also reported in the reproductive tract of the male (females not
studied). A distribution study in pregnant Wistar rats examined a limited tissue list (plasma,
placenta, uterus, fetal membranes, amniotic fluid, fetal blood, ovaries and mammary gland).
Drug-derived radioactivity was found in all tissues examined in this study. The concentration of
total radioactivity in the maternal ovaries (3.01+0.34 pg/g of wet tissue) was ~7.6X that in the
plasma (0.393+0.128 pg/ml) at 1 hour after dosing when maximum values were shown for both
plasma and ovaries. :

A limited survey of distribution was also determined from the 1, 6 and 12 month dog studies. At
the end of these studies, plasma, liver, kidney, lung, pancreas, brain, aorta, heart, muscle and fat
were examined for nebivolol. In both studies the greatest accumulation of drug was in the lung.
In the 1-month study the accumulation in the lung was ~124X the concentration in the plasma for
rac-neb and for I-neb. The accumulation was 59x the plasma concentration for d-neb. In the 6-
month study the ratio of tissue to plasma level for the lang was 168+50. In the 12 month study,
the ratio of drug in'lung compared to plasma was ~248+92.

The metabolites were described by HPLC and enantioselective antibodies in radio-
immunoassays. A number of the reports are singularly lacking in the details necessary for
independent interpretation. A number of the original pharmaco/toxicokinetic studies were also
characterized by single blood samples on a given sampling day and enthusiastic extrapolation of
data. The one report investigating pharmacokinetics in pregnant Sprague-Dawley rats was
inadequate. The report only reported plasma levels of nebivolol with no characterization of
levels of the enantiomers, conjugated species or hydroxyl phenols. The current sponsor repeated
some pharmacokinetic studies using LC/MS/MS to characterize the metabolites. Blood levels in
feeding studies were analyzed during both the light and dark cycles.

Appears This Way
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Reviewer’s Summary of New PK Studies: Male animals

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

Compound(s) | PK parameters
Tmax(hr) Cmax ng/ml AUCj4 T
ng.hr/ml

Mouse, single | d,l-nebivolol | 4 906 10700 3.11
oral dose Total nebiv 4 1001 10705 3.02
20/mg/kg OH-phenols 4 98.2 854 8.66
Mouse,drug d,l-nebivolol | 18 203 2721
in diet, 14d Total nebiv 20 187 2507
10mg/kg/day | OH-phenols | 2 21.7 344
Rat single d,}-nebivolol | 1 502 2389 2.56
oral dose Total nebiv 1 562 2595 2.44
20 mg/kg OH-phenols 2 225 1767 6.96
Rat drug in d,l-nebivolol | 18 44.4 592
diet 10 Total nebiv 18 40.2 563
mg/kg/day OH-phenols | 20 412 696
Dog, oral d,l-nebivolol | 2 119 633 4.13
doses 14 day, | Total nebiv 2 726 2390 3.75
10 mg/kg/day | conjugated 2 607 1758 3.39

OH-phenols | 2.33 73 769 13.0

AUC, 5, for the dietary administration studies are the combination of the AUC.,, light cycle and AUC.,, dark cycle

Appears This Way

On Original
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Reviewer’s Summary of New PK Studies: Female animals

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

Compound(s) | PK parameters
Tmax(hr) Cmax ng/ml AUCy.04 Tin

v ' ng.hr/ml
Mouse, single | d,l-nebivolol | 1 884 7185 3.30
oral dose Total nebiv 1 906 6880 3.20
20/mg/kg OH-phenols 2 116 1055 6.59
Mouse,drug d,l-nebivolol | 24 162 2095
in diet, 14d Total nebiv 20 148 1894
10mg/kg/day | OH-phenols | 6 20.8 371
Rat single d,l-nebivolol | 2 714 4911 3.26
oral dose Total nebiv 2 816 5312 3.19
20 mg/kg OH-phenols 4 208 1760 7.05
Rat single Unchanged 0.5-4 177 1101
oral dose 10 nebivolol '
mg/kg 1987
Rat drug in d,l-nebivolol | 24 135 1914
diet 10 Total nebiv 24 124 1750
mg/kg/day OH-phenols 16 35 627
Pregnant rat nebivolol 2 317 2589 3.9
10mg/kg/day

AUC,.54 for the dietary administration studies are the combination of the AUCy.;, light cycle and AUC,., dark cycle

Reviewer’s Summary of PK parameters for the dog

Compound(s) | PK parameters
Tmax(hr) Cmax ng/ml AUCj04 Tin
ng.hr/ml

10 mg/kg/day | d,l-nebivolol | 2 24.7 170 4.69
day 1 Total nebiv 2 217 768 4.44
(2003) conjugated 2 192 597 4.06
male OH-phenols | 9.33 17.2 212 17.8
10 mg/kg/day | d,J-nebivolol |2 119 633 4.13
day 14 Total nebiv 2 726 2390 3.75
(2003) conjugated 2 607 1758 3.39
male OH-phenols | 2.33 73 769 13.0
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Reviewer’s Summary of Dog PK parameters
20 mg/kg/day 80 mg/kg/day 80 mg/kg/day
m+f micro- m-+ micro- B-CD
xstalline xstalline (1month)
(6 months) (6 months)
single | repeat | single | repeat | single | repeat
Cmax (ng/ml) 14.6 294 38.1 76.4
Tmax (h) 3.0 4.0 8.5 3.3
AUCq 24 123 290 294 700
(ng.hr/ml)
2.5 mg/kg/day | 10 mg/kg/day 40 mg/kg/day
single | repeat | single | repeat | Single | repeat
Cmax (ng/ml) 14.5 21.1 67.6 112 186 640
Tmax (h) 25 2.5 1.5 2.5 1.8 2.0
AUCp.24 76.1 99.0 285 683 1086 4276
(ng.hr/ml) '
Tir (b) 2.67 2.47 2.55 3.55 3.85 3.81

Reviewer’s summary of PK parameters in rabbits: single oral dose of 2.5 mg/kg

Total radioactivity Unchanged drug
Tmax(hrs) 2.0+0.0 0.8+0.3 '
Cmax(ng.eq/ml) 169+36 51.8£29.5
AUCy. (ng(-eq)h/ml) 3.27 0.35+0.10
Tl/zﬁ (h) 5.9+0.4

Contributions of the enantiomers to the profile: N101244 Wistar rats given "*C-racemate or
radio-labeled isomer were compared. When the groups of major metabolites in the urine and
feces were compared as a percentage of the administered dose, there was little difference
between racemic, d- or I-nebivolol. Female rats showed lesser amounts of N-dealkylated
metabolites and slightly more alicyclically mono-oxidized metabolites than did males treated
with the corresponding compound. N109088 Dogs were given a single oral dose of 2.5 mg/kg
"C-nebivolol or one of the isomers. There didn’t appear to be a difference in the metabolic fate
of either the racemate or the isomers.

The sponsor states that the original animal PK/TK studies were underestimates of exposure for
the following reasons: -
1.

Bucause blood sampling extended throuph the working day, rather than having
sampling performed at Cma, the values underestumate actial plasma '
concentragions at stendv-state (0sg). For the rodent dietary studies, the areas
uncer the gasmy nebivolol concentration curves {ALIC, g} Were sstimated from
the product of Css times 24br, and are Tkely 10 he padetestimations of the actual
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2. According to the sponsor animal exposures are more representative of the extensive
metabolizer humans than the poor metabolizers.

3. The older studies tended to measure unchanged nebivolol or unchanged nebivolol and
certain metabolites (incomplete detection of metabolites) while measuring nebivolol plus
metabolites would be more accurate.

The original studies also used HPLC and enantioselective RIA methods. LC/MS/MS is a
preferable technique. The sponsor conducted a few PK studies using LC/MS/MS. These were
single oral and 14-day repeat dose dietary administration studies(summarized above). While
these are helpful, a certain caution must be used in extrapolating from 14 days to 24 months or
even to 6 months.

Fable 5.6-88 Metabolic Pastern of Nebivolo! in Plasma Across Species { Mauge, Rat,
Rabbit, Dog and Haman}

Vi
Compound Ji¢4 \% Alicychic
Dosed 1 1l Aromatic | JV Alicyelic | mono-
Species {Dose- N Combined | mone- Alieyclic | O OH or
{Strain) mpkp) dealkylated | di-QH 08 di-0OH keto keto Nebivolol | Reference
Monse nebivolel TNERL
{Albinp HCE - Present - - - - Present mr};}
Swiss) (243 o
Croa— - —
o %0 | present | <LOD | <LOD | <LOD | <LOD | Present | Present
Rat N ;1; ';esb, Present <LOD <LOD «<LOD <L.OD Present | Present 101244
bt .25} ] - 1 O3 Pre Pre Prese:
(Wistar) f-neb (1.25) Present ZLOD <1.0D Present Present Present Present
nebivolol ) ; i TNERL
HCE £20) “ Present - - - ; Present 0366
Rabbit B¢ aracneh " Present + i
(Cunistar | .7 Preseat As Glue As Glue | <LOD <1.0D Present N36607
R Gluc
"Corav-ngb <EOD
{2.3) Present <LOD As Glue | <LOD <10Ob <LOD - s regrrets
4 NIOONRR
d-nels <LOD
Dog [1.25) Present <LOD As Glue <LOD <L.0D <1.0B ":E oD
(Beagle)® | fneb £1.25) | Present <LOD As Glue - | <LOD <1.0b <LOD o
nchivolol eosent | TNETE
HCP . Present | - . - . g‘;"‘?“ ‘ éf‘é:f‘”‘
(i) Hue 310
0 orae-neh
t13mg}
P . <lag- “ipg- “Ing. Present + | NERL
M M Present egsml e iml eq/mb. | Gine 0138
uman < ng- <lng- Prosem NERBE-
eiy.fmi #q./mi as Gle G142
¥ 4 . > Bonre . Pyt & .
EM Present Present AsGlae | Torboth | forboth |0 | Preseat
+ Gl ; Glue
OH
ket

& Plasma from mice, rats and dogs were analyzed for Group 1 metabolites, 10tal nebivolol {eonjugated + pos-conjugated}
and LD using LC/MS methods specific for these analyies,

b The limit of detection was expressed as 2 percentage of the sample radicactivity and was calcutated from the desection
limir for “C-nebivolot (200 dpm) and the amount of radicactivity injected.
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3.3.3 Absorption

N92692 Pharmacokinetics and absolute bioavailability of nebivolol in the male Wistar rat
after single intravenous (1.25 mg/kg) and oral (10 mg/kg) administration.(1987-1992).
Plasma kinetics and bioavailability of nebivolol (batch A0301) were studied in fasted male
Wistar rats after single iv administration (1.25 mg/kg, 11 groups of 3 rats) and single oral
administration (10 mg/kg, 9 groups of 3 rats). Drug was dissolved in aqueous 5% HP-B-CD and
20% PEG-400. Groups of 3 rats were decapitated at 0.133, 0.25, 0.5, 1,2,4,6,8,26,24 and 32
hours after IV administration and at 0.5, 1,2,4,6,8,16,24 and 32 hours after gavage.
Concentrations of unchanged nebivolol were detected in plasma samples using HPLC methods
with fluorescence detection and a detection limit of 1.0 ng/ml.

After oral administration 1 rat showed Cmax at 2 hours, 1 at 4 hours and 1 at 1 hour.
The sponsor’s summary is reproduced below.

Parameter v PO
B[h] 0.45 0.31
Ty [h] 0.098

Ty [h] 1.5 2.2
Ve [l/kg] 1.70

Vdss[l/kg] 5.17

Cl[/h/kg] 2.65

AUC., [ng.hr/ml] 471 1101
Cmax ng/ml 177
Tmax hours : 0.5-4
F% 29

A limitation of the study is that only parent drug was analyzed.

N106508 Absorption and plasma levels of nebivolol in the female rabbit after single oral
administration at 2.5 mg/kg.(1992-1994)

Absorption and plasma levels of nebivolol (the sum of unchanged d- and l-nebivolol, the
respective hydroxylated metabolites and blood and plasma levels of total radioactivity) were
studied in 4 female Cunistar-MDL rabbits after single oral administration of **C-nebivolol at 2.5
mg/kg. Blood was collected at 0.5, 1,2,4,8,24, 48 and 72 hours after dosing. Radioactivity was
determined by liquid scintillation counting. Plasma samples were incubated with f-
glucuronidase. Concentrations of unchanged drug were determined by HPLC analysis before
and after enzymatic hydrolysis. Concentrations of either d- or l-nebivolol and their respective
hydroxylated metabolites before and after enzymatic hydrolysis were estimated in pooled plasma
samples by radioimmunoassay using enantioselective antibodies.
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Maximum plasma concentrations of unchanged drug were reached within 1 hour while peak total
radioactivity was reached at 2 hours. Total radioactivity was greater than unchanged drug from
the first point of determination. This suggested extensive metabolism. On the basis of 4 rabbits,
the sponsor notes that there is a higher contribution of I-nebivolol plus its hydroxylated
metabolites than of d-nebivolol + hydroxylated metabolites to the total plasma radioactivity.
This is opposite to reported findings in rats where levels of d-nebivolol and its hydroxylated
metabolites were higher than l-nebivolol and its hydroxylated metabolites.

parameter Total radioactivity Unchanged drug
Tmax [hours] 2.0+0.00 0.8+0.3

Cmax [ng(eq)/ml] 169+36 51.8+429.5
AUCy. [ug(-eq)h/ml] 3.27+0.74 0.35+0.10

T12 [hours] 5.9+0.4

The elimination half life of unchanged nebivolol was approximately 3 times that reported in the
previous study for rats. :

N104624Pharmacokinetics and relative bioavailability of nebivolol in beagle dogs after single
oral administration of nebivolol hydrochloride (R067555) at 20 mg (base-eq)/kg as an aqueous
hydroxypropyl-f-cyclodextrin solution and as a mixture of nebivolol hydrochloride with f-
cyclodextrin (1989-1994).

The absorption, plasma kinetics and relative bioavailability of nebivolol in Beagles were
compared after oral administration of 2 different formulations. In a 2-phase cross-over study,
nebivolol was given at 20 mg/kg as an aqueous 12% HP-B-CD solution and as a mixture with p-
CD given in a gelatin capsule. Blood samples were collected at 0, 0.5, 1,2,4,6,8, 24, 32 and 48
hours after dosing. Two dogs were given each formulation then after a 1 week washout period
re-dosed with the other formulation.

Cmax was reached with the solution at 1 hour and at 2 hours with the gelatin capsules. The
sponsor’s summary is reproduced below.

Parameter Solution formulation Capsule formulation
Cmax (ng/ml) 127431 99.4+24.0

Tmax (h) 1+0 2+0

T2 (h) 5.31£1.60 6.15+0.96

AUCy-4 (ng.hr/ml) 733+87 748+184

AUC. (ng.h/ml) 762+86 797+194

F% relative 107+£36
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Calculating relative bioavailability from the two formulations is questionable. However, it
appears that plasma level exposure to unchanged parent drug is similar between the two
formulations based upon AUC determinations.

N109030 Comparative bioavailability of nebivolol in the béagle dog after oral administration
of capsule formulations of nebivolol hydrochloride (R067555) at 20 mg(base eq)/kg provided
as a mixture with f-cyclodextrin, as a microfine or as a microcrystalline powder (1992-1 994).

The bioavailability and plasma levels of unchanged nebivolol, I-nebivolol and the hydroxylated
metabolites and d-nebivolol and its hydroxylated metabolites were compared in the Beagle after
dosing with 3 different formulations. Formulation I was a mixture of nebivolol with B-CD,
Formulation I was a microfine powder and Formulation III a microcrystalline powder. There
was no -CD in formulations II and IIl. Four male Beagles were used in a 3 phase cross-over

- design with 2 weeks between sessions. Blood samples were collected at 0,1,2,4,8,12,24, 48, 72
and 96 hours after dosing. Plasma concentrations of parent drug were determined by HPLC. The
limit of quantification was 2.5 ng/ml. Plasma concentrations of each enantiomer and the
hydroxylated metabolites were determined by radioimmunoassay using enantioselective
antibodies.

Formulations I and II produced higher plasma levels of unchanged nebivolol compared to
formulation III. The microfine formulation gave greater exposure than the other two

formulations based on AUC comparisons. The sponsor’ s numbers are shown in the table below.

PK parameters for unchanged nebivolol

| parameter Formulation I Formulation 11 FormulationlII
Cmax (ng/ml) 10426 92.9+77.5 25.246.0
Tmax (h) 2.5+1.0 4.5+£2.5 3.5+1.0
AUC (ng.hr/ml) 960+266 11444611 249+93.9
F% relative to 96.4+33.6 100 27.7£21.4
Fomulation II

PK parameters of l-nebivolol and the hydrox

lated metabolites are shown below.

parameter Formulation I Formulation 11 FormulationIII
B-CD microfine Microcrystalline

Cmax (ng/ml) 697+191 4284241 145445

Tmax (h) 2.5+1.0 4.542.5 3.0+1.2

AUC.4 (ng.hr/ml) | 4246+1074 3714+1664 1159+468
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Reviewer: E.A. Hausner, D.V .M.

PK parameters of d-nebivolol and the hydroxylated metabolites are shown below.

parameter Formulation I Formulation II FormulationIII
B-CD microfine Microcrystalline

‘Cmax (ng/ml) 1683+440 1158+591 466134

Tmax (h) 3.0£1.2 4.5+£2.5 2.5+1.0

AUCy.24 (ng.br/ml) | 100811798 9243+3827 2994+1218

Based upon the very small sample size used in this study the sponsor drew inferences regarding
the relative exposure to d- or I- forms of nebivolol and the related metabolites. That is, exposure
to I-nebivolol and hydroxylated metabolites or d- nebivolol and hydroxylated metabolites was
higher for formulation I than formulation II.

N106735 Pharmacokinetics and absolute bioavailability of nebivolol in the Beagle dog after
single intravenous (0.32mg base-eq/kg) and oral administration (5 mg base-eq/kg) of aqueous
solutions of nebivolol hydrochloride (R067555) (1987-1994)

2 male and 2 female dogs were first given the iv dose (0.32 mg/kg aqueous solution) and after a
one week rest were given the oral dose of 5 mg/kg. Both the IV and the oral formulation
contained PEG400 and HP-B-CD. Blood was collected at 0, 5,10, 15, 20, 30 and 45 minutes,
1,1.5,2,3,4,6,8,12,24,32, 48 and 56 hours after iv administration. Following oral dosing, blood
samples were collected 0, 15, 30, 45 minutes and 1, 1.5, 2,3,4,6,8,12,24, 32, 48 and 56 hours.
Nebivolol plasma samples were determined by — HPLC.

Plasma concentrations of unchanged drug showed F% of 10% with the oral formulation and a
slightly greater AUC compared to the iv formulation. The sponsor’s numbers are shown below.

parameter Intravenous Oral
(0.32 mg base-eq/kg) (5 mg base-eq/kg)
Cmax ng/ml 64.3+13.7
Tmax 0.8+0.2
Ty (h) 4.21+0.44 3.95+1.22
Cl mlkg/hr 1690+373
Vd; Vkg 10.3+£3.2
AUCy., ng.hr/ml 201434 305493
Fans (%) 10.2+3.68

A large volume of distribution was reported following IV administration. AUC was greater for
oral versus IV administration. As may be seen, oral bioavailability was low. The sponsor stated
that there were no sex-related differences in plasma concentrations after either I'V or oral
administration in dogs.
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3.3.4 Distribution

N109029 Absorption and tissue distribution of SRRR and RSSS-nebivolol in the male Wistar
rat after single oral administration at 1.25 mg/kg of either SRRR- or RSSS-nebivolol. 1990-

1994

Single oral doses of '*C-d-nebivolol and *C-l-nebivolol dissolved in distilled water were given

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

to 7 groups of male Wistar rats ( n=4 except for 1 group with n=3). Animals were orally
gavaged to give a dose of 1.25 mg/kg. For each phase of the study, groups of 4 rats were
decapitated at 1, 2, 4, 8, 24, 48 and 96 hours after dosing. Blood was collected with heparin. For
each animal, the following organs were collected and weighed: brain, pituitary, lacrimal glands,
thyroid, heart, lung, liver, kidney, adrenals, stomach, small intestine ( tissue and contents

separately), large intestine (tissue and contents separately), testicle, muscle, skin and fur,
auricular pinna and peri-renal fat. For each rat, total radioactivity was measured in plasma, blood
and the various tissues.

Concentrations of unchanged d- or 1- nebivolol were determined before and after enzymatic
hydrolysis with B-glucuronidase. Levels of unchanged drug were determined by HPLC.
Concentrations of either d-nebivolol or I-nebivolol plus hydroxylated metabolites before and
after B-glucuronidase treatment were estimated in plasma samples by RIA using enantioselective

antibodies.

Results

d- nebivolol

Parameters {units] UD
max (0] P-2 1-2
Crax [ngl-eq.¥ml] 140145 | 48.0k 198
Uz th] 1.6
AUC... [ligt-eq.)ml] 1,56 1.208

1- nebivolol

Parameters |Unis] TR UD
Thnax [} 2-4 1-2
Crnas [ngl-eq.Ymi} 5244 110] 114276
tiiag I 3.1
AUCho fug-eqiivml] 1.39 0,058

Tissue distribution of the enantiomers showed no major differences. Drug-associated
radioactivity was found in all tissues analyzed. The sponsor’s graphs are shown below.

d- nebivolol

TR concentration {yig-eq./ml or g]
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AUC(O-8 h) of UD [pg i/l or g]

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

PPEARS THIg WAY ON ORIGINAL

unchanged 3 - nebivoiol
I nebivolol

plasma muscle brain wsticde  heart kidney  Jiver  adsenad  lung

After dosing with "*C-d-nebivolol maximum
plasma concentrations of both TR and UD were
observed at 1-2 hours after dosing. After
dosing with the l-enantiomer, peak TR levels
were reported for 2-4 hours and Cmax for UD
was 1-2 hours after dosing.

Cmax for d-nebivolol was reported as 48120
ng/ml and for l-nebivolol 11£8 ng/ml ( n=38 for
each compound). The ratio of unchanged drug
/total radioactivity for both enantiomers was
reported as <0.4 within 1 hour after gavage.

_ This suggests extensive and fairly quick

metabolism. AUC for unchanged drug was 4
times higher after administration of d-nebivolol
compared to l-nebivolol. However, the
difference between 0.208 and 0.050 pg.eq.hr/ml
given the analytical techniques is of
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questionable significance. Both unchanged drug and total radioactivity are accumulated to the
greatest extent in the adrenal gland and lung.

N99400Absorption and tissue distribution of nebivolol in the Wistar rat after single oral
administration at 2.5 mg/kg. 1990-1993

"C-rac-nebivolol, 10.2 mCi/mmole was dissolved in dH,O. Eight groups of rats, 4/sex/group
were given oral doses of 2.5 mg/kg. Groups of 4 male and 4 female rats were decapitated at 0.5,
1,2,4,8,24,48 and 96 hours after administration. Samples of blood were collected with heparin.
For each animal, brain, pituitary, eyeballs, lacrimal glands, lymph nodes, salivary glands,
thyroid, thymus, heart, lung, liver, kidney, adrenal, pancreas, spleen, esophagus, stomach, small
and large intestine (tissue and contents separately), urinary bladder, muscle, skin & fur, auricular
pinna, peri-renal and subcutaneous fat, brown fat, bone marrow, bone, trachea, testicle, seminal
vesicle, epididymus, prostate, ovaries, vagina and uterus were collected. For each rat,
concentrations of total radioactivity were measured in plasma, blood and in the various tissues.
For a selection of tissues, the radioactivity was measured in pooled samples of homogenates
from the four rats of the same time mterval

Concentrations of nebivolol as the sum of unchanged d- and I-nebivolol (UD) were determined
before and after enzymatic hydrolysis with B-glucuronidase. Concentrations before hydrolysis
were determined in individual samples. Levels after hydrolysis were determined in samples
pooled per time interval and sex. Concentrations of the enantiomers and the respective
hydroxylated metabolites were determined using RIAs with enantioselective antibodies.

Results

Unchanged drug disappeared rapidly from the plasma. There was less variability in the
measurements from the male rats, giving the appearance that there was a sex-related difference.
In both sexes Tmax was between 2-4 hours. The Cmax for both total radioactivity and
unchanged drug was greater in the females although there was no significant difference in the
AUC values. Average peak levels in the females were approximately 130 ng/ml compared to ~30
ng/ml in males.

Appears This Way
On Original
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10007 0 rat R ] TR 142 10003+ rat P Tors] TR 49
Traax | 2-4 2-4 Tmax 10 2-4 05-4
Curug, Ing-eqMml) 6L 164 | 12899 Crnax (ng(-eq.¥ml} 176146 | 3331133
= AUCq..[upl-cq h/ml] 370 0812 = 3 AUCo .o Iptpi-eq hiimi} 3.23 0.283
E E %
% % 100
% et TR =y . e TR
= I —— UD g Boeeenn —a D
s ¥ Tl s  F 0y TR 3
£ s S S 101 f’ ~~~~~~~~~~~~~~~~
- R S E 1 e
s 1 T e = 5 1 P
- . 3
= (=]
8 Q
< L
o i o 14
2 V 2 ¥
4 T T 7 ! a1 Y o 3 1
o 24 a8 72 96 0 24 48 72 9
hours

hours

Both enantiomers and the respective hydroxylated metabolites for which analysis was performed
were present in both sexes out to 96 hours.
‘Table 5 : Plasma concentrations of TR and UD (mean, n=4) and of the separate enantiomers of nebivolol plus their hydroxylatcd
metsholites, as well as their levels after hydrolysis with B-glucuronidase (E. colf) {in pools, n=4) as a function of time
in male Wistar rats after single oxal administration of 14¢ nepivolol m 2.5 mg/kg.

Plastna concentration: ng(-eq.)/mi
TR uD RSSS + HO-RSSS |SRRR + SRRR-OH| SRRR + HO-SRRR| RSSS + RSSS-OH
(RIA A) {RIA B) RIAC) {RIAD}
Time fh] before after before after before after before afier before after
hydr. hydr. hydr. hydr. hydr, hydr, hydr, hydr. hydr. hydr.
0.5 76.2 305 31.2 54 2.1 39.6 37.0 57.4 45.0 7.2 6.0
i 108 345 326 157 114 46.6 43.8 793 63.6 1.0 9.6
2 181 37.8 39.0 24.6 15.0 64.8 57.8 109 974 16.7 17
4 170 30.4 29.7 22,2 13.3 61.5 52.5 99.9 83.8 153 103
8 134 14.6 14.5 17.5 0.5 36,6 29.2 66,0 55.3 16.9 7.9
24 19.9 £040 | £0.50 2.0 1.5 54 42 101 8.6 2.1 1.2
48 110 | €040 | S050 | <10 <10 1.9 18 28 2.3 <10 <10
96 3.2 5040 | €050 | 510 {310 <10 <10 <10 | <10 $1.0 | S1.0
AUCpce 3231 283 286 324 204 859 720 1483 1256 229 157
{ng(-eq)h/mi]

Appears This Way
On Oxriginal
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Tabie 6 : Hasmamnmumion&ofmmduv(mn.na)andorme it of nebivolol plus their hy
metabolites, as well as their Jevels after hydrolysis with 8 (E. coli) (in poals, n=4} as a function of time
in female Wistar rais after single oral adrainistration of H4C-nchivolol at 2.5 mg/ke. .

Plasma concentration: ng{-eq.)/mi

TR up RSS8 + HO-RSSS |SRRR + SRRR-OH| SRRR + HO-SRRR; R5S8S + RSS8S-OH
{RIA A) {RIA B) RIAC) (RIA D)

Time fh} before after before aftes before after before after before afler
hydr. hydr. hyde, hydr. hydr. hydr. hydr. hydr. hydr. hydr.

&5 348 160 17.8 5.0 3.8 19.8 18.0 27.4 23.8 4.5 28

1 131 716 9229 15.3 13.6 08 86.3 137 17 125 9.4

2 232 119 123 23.0 213 150 145 241 211 182 153

4 319 137 167 53.0 28.6 226 216 3 3zt 3.2 19.6

3 142 327 320 | 218 16.1 64.0 580 337 11t 15.4 1.2

24 23.1 040 | <050 2.7 2.3 129 10.8 18.1 14.0 31 2.1

48 8.0 040 | S0S50 (510 (<10 16 1.2 3.3 4.5 3 1.0 su0

96 21 5040 | s0S0 1 £10 (%10 12 L0 2.2 18 1510 <10
AUCo.. 3105 812 903 468 328 2006 1762 3582 3035 342 239

Ing(-eq.jh/mi}

As may be seen above, there was a greater contribution of the SRRR enantiomer and its
hydroxylated metabolites to the female profile than to the male.

Appears This Way
On Originall
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Distribution of radioactivity- total radioactivity was found in all tissues that were examined in
both sexes. Tissue concentrations reached maximum levels by 4 hours except in certain cases.
In both sexes, eyeballs, lacrimal gland and large intestine reached peak levels at 8 hours. In
males, peak levels were reached at 8 hours in the following tissues: pituitary, testicles,
epididymus, prostate, urinary bladder and muscle. At 96 hours after a single oral dose detectable
levels were found 1in all tissues in both sexes except for brain, heart and urinary bladder in males.
However, the percent of total dose at that time point ranged from a high in the liver of 0.3%
males, 0.9% females to <0.08% for the other tissues. The highest percent of the dose was found
in the stomach, intestinal contents and liver. Further analysis of certain tissues was carried out.

Table 12: (i ions of total radioactivity (TR) and of unch ;_‘dmg(UD)uammkmormhzselecﬂonefﬁssucs.poolcd(w)pmponionany
per lime iteeval, of made Wistar rats sfier single oral administration of MC-nebivololat 2.5 mg/kg.

Concentration: g(-eq. Vg of wet tissue
Tissue Bruin Heart Lung Liver {idney Adrenal
gland
Time {h} TR UD i+ TRY R UD +TRY TR UD (- TRY 18] UD {+ TR} Kid UD (< TRy IR D TR
035 0027 |0.0269 (1.0} O.185 | 0.007%0.53) | 0956 (0480 (071} | 2.60 1101 {037 | 0508 [025 (0.50) ] 069 4
1 0086 100676 (0.79) | D493 | QM3 @O0 | 268 1178 (085 | 544 oS @an | 167 loa3 ©35 ] 208 ?:0-755 }3?’3
2 6143 | 00970 {0.68) 112 0.188 ¢0.17) 7 4.83 169 (05611 92 6.525  {0.086) 3.90 @357 {0092 4.33 134 {0.28)
4 0199 10.153 @77 130 0.129 (0.099)F 785 387 (049! .73 8246 (0.3} 454 Q306 (D067 6.18 120 (019
"8 K142 {00725 (0.51) 1.4 0.101 (0] 7.21 221 {031)§ 535 0.174  {0.009)] 4.40 0300 {0048 sa3 Q603 10.12)
24 Q030 0.6(_x2r (0.070%  0.169 <0014 1.26 G045 {(0.011) 130 Q0080 (0006} 0.868 :0.6024 OOD3) 1.93 0.0829(0.043y
48 0.011 < 0.0010 0.038 < 0001 039 {00020 (0.005) 0.58 0.0 (D.002)] 0.3 £ 00010 0.9t | DOIIT(D.034)
il £ D005 £ 40,0019 50006 500013 0038 5 00030 0.142 5 0.0018 0.023 £ 0.001) 0424 S0

Conceprarion: ug(-ey Ve of wel yissae

. Hissue Stemaach Semall i 1o Lusgeimesine Testicke
TimeTh] I IR UBGITRY IR D <Ry TR 0D (TR} TR UB TR

0.5 512 434 {0385 462 516 {i.4) Ot FDL7I0 (0.7 | 0012 100138 (LD
3 261 308 O3y 642 A8 6) 10266 10421 045 1 0059 00463 (090
2 3.46 A4l 00 726 1579 {080 { 0598 {0460 027 | 0407 | 0.0735 (0.69}
4 .53 £.52 .60} 438 2,13 {0563 L6} 0309 @Ll% : 0204 0137 (067

8 171 §0350 0200 1 301 [08$ 027) | 297 (0333 @015 02 10236 (068
M 0337 1000i3m0005) | 0577 100055 (00100 0923 {00033 @0K] 0218 | 00720 (0.1
48 099 SO0 | 0161 [0.0012 0009 0304 SO0 | 0132 00255 (017
9 0.009 00010 | 0017 | coopioh | 003 S0O010 | 0I0B §0.0063 (0.058)

Y peaks interfering with peak of interest.

In both male and female rats highest tissue concentrations of total radioactivity were found in
adrenal gland, lacrimal gland, pituitary gland, lung, liver and kidney. In these tissues, the AUC,.
o6 values were 30-70 times those in the plasma. AUCq g6 values of 5-8 times the plasma values
were reported for the male reproductive organs, heart, bone, eyes, skin and fur.

N92609 Tissue distribution of nebivolol in the male Wistar rat after single oral administration
at 10 mg/kg as studied by whole body autoradiography,1987-1992

Aqueous solutions of "*C-nebivolol were combined with HP-B-CD. Formulation A (labeled in
the SR or RS part) had a final specific activity of 5.51Ci/mg base and formulation B (labeled in
the RR or SS part) had a final specific activity of 5.4 pCi/mg base. Six male Wistar rats were
given oral doses of 10mg/kg, 3 rats per formulation. Animals were housed individually until
euthanasia. At 1, 4 and 24 hours after dosing, 1 rat from each dosage preparation was euthanized
and processed for whole body autoradiography (WBA). Quantitation was not performed.
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The sponsor presented 3 autoradiograms. One hour after dosing, maximum concentrations of
radioactivity were reported in the gastrointestinal contents of the stomach and small intestine.
Radioactivity was also reported for the lung, liver, kidney and adrenal, lacrimal gland, salivary
gland, preputial gland, pancreas and pituitary. Other organs reported to show radioactivity were
heart, , lymph nodes, bone marrow, inner ear and eye, central nervous system, seminal vesicles
and testicles.

At 4 and 24 hours after dosing radioactivity was still present in the tissues listed above. Tissue
levels at 24 hours were described as lower than at 4 hours.

The distribution of radioactivity after oral administration of the 2 different formulations was
described as similar.

N106696 absorption and tissue distribution of nebivolol-related radioactivity in the male
Wistar rat after single oral administration of ' C-nebivolol at 10 mg/kg. 1987- 1994

14 :
Table 2:  Mean ¢k .72, 5=3%blood and plasim concentrations of total vadioxciiviry Aqueous C-nebivolol was prepared

{TR) 3nd AUCS caleofuted from mesn plasma-tevel data in fosied male with HP-B-CD and PEG400. Five
Wistar rats after single oral administration of M¥C-nehivolol at 10 mgike. groups of 3 male Wistar rats, fasted,
were given single oral doses of 10
Concentration of TR fug-eqfmil  ; Concentration-ratio l’l’lg/ kg GI'OUpS of 3 rats were
T N 1 decapitated at 1,4, 8, 24 and 48 hours
Time [hi Blond Plasms Bliood/Plasma . .
R N— , after dosing. For each animal, blood
! 0078 4 DOBS | 108 & 0130 | 091 % 007 and the follovs-/mg. tissues were
4 D725 £ O3B | 0730 & 0043 | 098 * (48 - collected: brain, liver, lung, kidney,
% BEIS £ 0172 | 0663 £ BI85 | 093 2 008 muscle, abdominal fat and heart.
24 065 2 0002 ) O.HN 2 3‘*““ 094 ﬁf’-“ﬁ Total radioactivity was measured in
IRT & O 14135 :
® 0037 & 0006 a3 L4 blood, plasma and the tissues.
AUC . [pr-og W] . 143 . ’
g il Plasma concentration for total
1 median valoe radioactivity reached a maximum at
“ mean, =l 1 hour (1.08+0.13 pg.eq/ml) with an

AUCy., of 14.3pug.eq.hr/ml. The ratio of blood and plasma concentrations of radioactivity were
close to 1.

This is in comparison to non-fasted rats in previous studies where peak plasma levels after 2.5
mg/kg were reported at 2-4 hours. The AUCy.., for the non-fasted rats was 3.23 pg-eq.hr/ml
following a single oral dose of 2.5 mg/kg. There appears to be linear increase in the AUCy.
between this dose and the dose of 10 mg/kg used in the present study despite the difference in
fasting and fed states.
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Total radioactivity in the tissues reached maximum levels within 8 hours after dosing. The
highest levels of radioactivity were reported for the lung, liver and kidney. In lung and liver,
tissue levels were ~30 times those of the plasma. Concentrations in the heart averaged ~ 5 times
plasma values. Tissue levels showed a progressive decline over the sampling period.

Fable 3 Concenteations of wial vadivactivity {TR) {nseap £ 5.0, #=3) a8 a function of time in plasma and varkobs dssues of
the faswd male Wistar ra afier & single oral administration of ¥ C-nebivelod a¢ 10 mgikg,

Coneenteation of TR [pg-eq./mi o g of wet tissue]
Tizne [ i 4 ‘ % 24 48
Crroup code A B _ C e E
: Tioue
Plasma 108 % 03 | 6T & 843 0663 & DIBS 001 & 044 ERECSLH
Brain G530 % 0124 ] G362 2 GOS6] 0453 2 DORTI0IW kDS =044
Heart 172 &£ 0648 | 382 =z 104 | 374 0+ 074 (0693 & 0222 £ {06
Lung R OF 34 12 4 39 2346 % 35 37 & Q4 1 OTBE X Q148
Liver BT % 8.1 219 = 149 $13.2 + 0.3 243 0 023 AW+ opl0
' Kidney 36 & 27 Jilé - 08 970 % 104 118 & 007 (0834 & 6423
Muscle L7 & 009 1 L7 & 052 § 23 % DI 0290 & 4050 % 04M
Fat 0736 £ G268 0H5F = G171 108 2 015 0878 & D027 < 346
1 median value

N119533 Tissue distribution of nebivolol in the male pigmented Dunning rat after single oral
administration at 5 mg/kg, as studied by whole-body autoradiography
1990-1996

'4C-Nebivolol was dissolved in water and given orally to 3 male pigmented (spotted) Dunning
rats at a dose of 5 mg/kg. At 4, 24 and 96 hours after dosing the rats were euthanized and
processed for whole-body autoradiography. Quantification of total radioactivity (parent drug plus
metabolites) was performed with a bio-imaging analyzer system. Standards were processed along
with the body sections and linear regression curves were calculated for calibration curves.
Results

General distribution of radioactivity was similar to that seen in previous studies in the albino rats.
Concentrations in general were higher at 4 hours than at 24 hours. The highest levels at 4 hours
were found in the GI contents and lungs. High levels were reported in the liver, kidney, urinary
bladder, adrenal and other glandular tissues. Lower concentrations were reported in the testicle,
cerebral ventricles, pituitary and pineal. At 24 hours after dosing relatively high concentrations
were still seen in the lung, lymph nodes, some glandular tissue and GI contents. By 96 hours,
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radioactivity was still detectable in the
lungs, lacrimal glands and lymph follicles
of the lymph nodes and spleen. Low levels
of radioactivity were observed in GI
content and liver.

In the pigmented rat, there were high levels
of radioactivity in the melanin containing
portions of the eye: choroid, retinal
pigment epithelium, iris and ciliary body.
Other areas with high levels of
radioactivity were hair follicles, pigmented
areas of skin, meninges of the CNS.
Detectable levels of radioactivity were also
reported for the inner ear.

It may be seen in the sponsor’s table that
radioactivity in the ciliary body equals
radioactivity in the liver.

TABLE 1:

Coneentrations of total radioactivity (TR} as a function of time as determined by
radioluminogragphy in various tissues of the male pigmented Danning rat after
single oral administration of 14C-nehivolol at 5 mg/kg.

Concentrations of TR: ug-eq./p tissue

Time (h) 4 24 96
“Tissue
adrenal gland 572 -1y -
bone marrow 2.11 0.67 <0.3%
brown fai 2.08 0.65 -
cerebrospinal Auid - .10 -
caccum contents 315 - <03
eye (choroid} 135 14.6 9.07
eye (ciliacy body) .2 35.6 27.0
eye{iris) 3.46 472 331
inner ear - 151 0.78
heart 252 . -
iddney 708 1.62 <03
Jacrimal gland 2.56 n 091
large inl. contents 13.6 426 .
larpe int. tissue 298 B -
liver 113 08 £03
lung 2.49 4.66 0.67
lymp nodes 248 - ~ 0.67
meninges 1.22 1.16 0.46
muscle .81 <03 ~«
pancreas 6.86 1.49 -
parotid 237 0.85 -
prostate - Q.79
pituitary gland 358 - -
preputial gland 3.26 -
salivary gland 370 173
serminat vesicle (cortex 1.57 1.16 B
skin (pigmented) 206 a4 041
splecn - £.05 0.3
small int. tissue £3.2 - -
small int contents 113 250
stomach tissue 26 -
stomach contents 96.9 8.16
thymus 1.68 0.18
vemricle (of brain} 3.24 142

1} po guantification
2} 5 the limit of quantification

N99399 Placental transfer of nebivolol in the Wistar rat after single oral administration at 2.5

mg/kg.1990-1993

14C-Nebivolol dissolved in water was used. Five groups of 3 pregnant Wistar rats were dosed
orally with 2.5 mg/kg of drug on GD18. Groups of 3 rats were decapitated at 1,4,8,24 and 48
hours after administration. Blood was collected with heparin. The following tissues were
collected: placenta, uterus, fetuses, fetal membranes, amniotic fluid, fetal blood, ovaries and
mammary gland. For each rat concentrations of TR were measured in the various samples. In

TR

s xigpran

O3 g

biood concentration {ngrcq.fmi)

maienal blood
s fegat blend

43

addition, radioactivity was measured
in proportionally pooled samples of
the homogenates from the 3 rats of
each time interval for a comparison
with levels of unchanged nebivolol
which were also determined in these
pooled samples. The quantification
limit for unchanged drug was 1.0
ng/ml.

From approximately 4 hours after
dosing, the levels of total radioactivity
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in fetal plasma exceeded the levels in maternal plasma.

Appeors This Way
On Original

Table 3 : Mzan i 8.0, 1=3) blood and plasma concentraions of total radioactivity
{TR) andfor unchanged divg {UD), and AUCs calculated from masn plasma
level data in the pregnant Wistar rat afier single orsd sdmindstration of
¢ pebivolol 512.5 mgfky ot the 18D day of pestation.

Concentration: nal-eq.¥mi Concentration » fatio
_ Bl Plasma | Bloced/Plasma]  Plaama
Time fhl R ™ up TR LUIYIR
i 2R 3931128 22104 ) QB4 2008 | 0552 00
4 /131417 532150 1 804270 ] 1074013 | 0282011
3 205+28 192430 | 351£113 | 109047 | DIEL00
24 457168 3319%64 | 510 1374022 =00
4R 166 £ 4.9 113414 £ 10 1491623 -
AUC o [ngleqiiml] | 2636 932 0.20

Maximum plasma
concentrations of drug-associated
radioactivity were found in the
dams at 1 hour and in the fetuses
at 4 hours (tables 2 and 3). Fetal
membranes on the other hand
showed highest levels at 24 hours
after dosing.

The concentration of total radioactivity in the ovaries exceeded that in the plasma.

Table3: Concentrtions of total adisactvity (TR) (mean £ S.0. n;~.3) in vasious body fluids and tssues of the
pregnast Wiatse ral after skngle oral adminisuation of 1MC.pebivolol at 2.5 mpfkg at the 188 day of

geslation.
Cuncentration: jig-eq.fmi or g of wet tissae
Time [R] 4 3 24 48

| Tissue

Miternal plasna 0393 & 0128 | 0253 & 0.150] D192 + 0038 0034 £ 0006 0011 & 000
Matemal Bood 0322 £ 0081 | 0257 £ D17 0208 & 0025 DI £ G007 0047 £ 0008
Fetal hinod 0238 £ 0046 | 0360 £ 0.191; 0.288 + 0.058] 0.228 £ Q61 0.038 + 0008
Amnioric Buid Q3% £ 0008 | 0.059 £ 0.033] 0122 & 0020 6048 + GDIMI 0022 + D004
Qrearies 308 £ 034 {247 & 063 223 & 02 1122 b 001 ] 0566 & Q49 87
Fetsl mermbrane Q7722 0148 § 344 % 062 | 703 + 048 [ 770 £ 14 | 413 & 048
Dliegus 5,324 & 0058 | 0650 + 0.212] 0786 £ 0.140] 0362 £ 0101 D230 + G044
Placenta 0658 £ 0136 | L1Y + 003 | 1,38 2 022 {0758 £ Q0I31] 0.362 £ 0042
Fetus Q139+ 0002 | 0282 £ D.OOO| 0.3534 & 00437 0183 £ G D085 £ 0.008
Mammary ghand GI55 £ 0020 | 137 £ 016 | 148 % 014 [ 0714 £ Q129 0.337 £ 0H5E
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~ Appears This Way
On Original

Something not answered in this study is distribution within the fetus and the rate of clearance
from the fetus. Since blood values of total radioactivity exceeded those of the dam at almost all
points of determination, it is of interest to know where the drug distributed and for how long.

N92862 Placental transfer of nebivolol in the Wistar rat after single oral administration at 5
mg/kg as studied by whole body autoradiography. 1990-1993

1C-Nebivolol dissolved in water was used. Three pregnant Wistar rats were dosed with 5 mg
base equivalents/kg on GD18. One rat was euthanized at each time point of 2, 8 and 24 hours
after dosing. The rats were then processed for whole body autoradiography.

Results as presented in the textual summary: The distribution of radioactivity in maternal tissues
was similar to that in male rats after oral administration of '*C-nebivolol at 10 mg/kg (5). At2 h
after administration, maximum concentrations were observed in the gastrointestinal contents of
stomach and small intestine. Highest tissue concentrations, at 2 h after administration, were
reached in lung, liver, kidney (more in the cortex than in the medulla), and in adrenal gland.
Marked levels were observed in pituitary gland, pineal body, lacrimal glands, salivary glands,
preputial gland, pancreas, thyroid and spleen. Concentrations in intestinal tissues, brown fat
(hibemating gland), bone marrow, heart muscle and lymph nodes, in the inner ear and in some
parts of the eye (e.g. the choroid) were marked as well. Low levels were seen in blood and in the
central nervous system. Concentrations in procreative tissues were not very marked. However,
concentrations in mammary gland and placenta were higher than those in maternal muscle. In
placenta, levels were slightly higher in the maternal part (decidua basalis) than in the fetal part.
Levels in the fetal membrane were more conspicuous but not extremely high either. In fetuses,
levels were very low. Radioactivity in some organs (e.g. liver) could faintly be discerned.

At 8 h after administration, radioactivity levels in intestinal contents were highest in the distal
part of the gut . Tissue levels were similar to slightly higher than at 2 h after gavage. Just as in
the quantitative placental transfer study, 8 h may be considered as peak time for many tissues.
Highest tissue concentrations occurred in lung, somewhat lower concentrations in liver, kidney
(most in the inner part of the cortex), glandular and lymphatic tissues. Concentrations in the fetal
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membrane were higher than at 2 h after dosing. Levels in mammary gland, placenta and fetuses
however, were just as concentrations in most tissues, similar to slightly higher than at 2 h after
administration.

At 24 h after administration, radioactivity levels in intestinal contents were only marked in large
intestine (caecum and rectum). In tissues, levels were much lower than at 8 h after
administration. Highest levels were observed in kidney (cortical part) and in glandular tissues:
mainly in lacrimal gland, but also in adrenal gland, pituitary gland, preputial gland and to a lesser
extent in other glandular tissues. Further, radioactivity was observed in the inner ear and in the
lymph follicles of spleen and lymph nodes. Concentrations in fetal membranes were marked as
well. Levels in mammary gland, placenta and fetuses at 24 h were considerably lower than at 8 h
after dosing.

Sample autoradiograms were presented. The accuracy of the sponsor’s statements could not be
confirmed.

N109063 Plasma levels and transition into the milk of nebivolol in the lactating Wistar rat and
plasma levels in suckling pups after single oral administration at 2.5 mg/kg and after repeated
oral administration at 2.5 mg/kg/day for 8 days. 1992-1994

Seven groups of 3 lactating Wistar rats with 8 or 9 pups were used. Dams were given oral doses
of aqueous "*C-nebivolol at a dose of 2.5 mg base.eq/kg. Maternal blood samples were collected
with heparin at 1,4,8 and 24 hours after single doses and at O(pre-dose), and 1 hour after the 4™
dose and 6™ dose and at 0,1,4,8,24, 48 and 72 hours after the eighth dose. Milk samples were
obtained at corresponding time intervals with a special milking device. Pups were removed from
the mothers about 16 hours prior to sampling. Pup blood samples with heparin were collected at
1, 4 and 24 hours after a single dose and at 1,4, 24 and 48 hours after the 8" dose by collecting
from 1 pup from each of 3 dams at each time interval. Pups were removed for approximately 16
hours prior to milk sampling.

Concentrations of total radioactivity were measured in individual samples of maternal plasma,
milk and pup plasma. Concentrations of unchanged drug (d- and I-nebivolol) were determined in
pooled samples.

Results
Plasma concentrations of unchanged drug in the pups were at or below limits of quantification at
most time points.

Appears This Way
On Original
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Table 4 : Msan maternat (dam) plasma, milk and Pup plasma concentrations ang AUC-values (AUCg .. afier single dosing and AUCp.94 y after repeated
dosing) of total radivactivity (TR: mean + S.1., r=3} and of nebivolo! (UD; pools, n=3) in the Iactating Wistar rat after singlc‘oral

administration of MC-nebivolol at 2.5 mg/kg and after repeated oral administration of 14C-nebivolol at 2.5 mg/kghiay.
concentration : ni(-eq. ol CONCEnLEation ratio
. T’R UD UD/TR TR UD
dose ; time dams 5 3 ilk Ay it i £
no. : [h} plasma ik plp:&ta p?;gnma ik : ggg:ng__ g?;xnt?ta ik piljal;!:xs\a f&fh gfxﬁ%& pl, jﬁtﬂkﬁ gr%_%
{ ;242135 | 1002 38 <4 142 817 | £34 0.59 0.84 0413001 | g ().02_ I)?;M —s—r}.ozw
4 1305+ 88 | 360 +224 <4 117 190 £ 6.6 0.38 (.53 1.2520.59 | < 001 1.62 {5006
R 12342 50| 173+ 3§ - 86.4 49.8 - 034 0.29 B 0.69£0.16 - 0.58 -
AU(.{;MN B0 72271 113 (DY 23 <66 004 002 1206 (3061078 0.23 1.35 154
| (ugten ] 4.94 6.73 - 158 1.36 B 0.32 0.20 “ 1.36 ~ 0.86 -
4 0 701 1001 - NS 121y - - ooy . 1.565 - - -
I} 360:£119 | 321 2190 - 164 7300 0.45 0338 . 0931085 - 0.45
6 01 92+ 23 | 507 £106 - 6.4 1.1 - 0.47 0.02 - 5.5710.24 - 173 .
1 | 313 155 5361 B 141 97.72¥ - 0.45 0.25%; - 1.840 - 0.69 -
8 O] 98+ 12 168+ 30 . 39 23 - 0.04 0.01 - 1.73+0.3% - 0.59 -
T 12802165 | 1871981 36+ 7 105 399 | £20 0.28 021 |<0.06 (07740291 0.13 0.38 | <0.02
4153560 4502 821 43210 262 151 £20 0.50 L34 1005 [0.8620.061 0.8 .58 | £0.008
§r242: 61 AW - 595 | sdtly - 025 | o5t . 1769 - 1.08 -
24 1 F7237F 96+17 ] 33+ 1 3.2 21 1 £20; 004 0.02 (<006 | L43:0.61 | 0.43 0.66 { < 0.6
48 1 3%% 2| BAx 6B 25: 4 1520 <10 <20 15005 <601 < 008 21441691 0.64 - -
AUC;;;Z’A; 2% 41 6% 8 - 520 510 - - - « 0.7120.08 - - -
grat 5.48 6.97 0,91 i.75 127] 50805 02 0.18 | 2005 1.27 0.17 972 | £0.03
Y p=2
Y=y

3 Valoe estimated by extrapolation below the quantification Hmit of 2.0 ng/ml,
NS: no sample {not enough plasma remained to determine U,

It can be concluded that oral dosing of nebivolol will result in detectable levels of drug in the
dam’s milk which can in turn be detected in pup plasma. The sponsor carries the interpretation

slightly further.

After a daily dose of nebivolol at 2.5 mp/kg/day. the AUCp.24 i - value of steady-state
milk levels was 1.27 pg.h/ml for unchanged nebivolol and 6.97 pg-eq.h/ml for TR
(Tahle 4), The average steady-state level (Cgy) in milk, as calenlated from these data, is
52.9 ng/ml for UD and 290 ng-eq./ml for TR. Assuming that a 35-g pup consumes 5 ml
milk per day (9), the predicted ingestion is 7.6 pg/kglday for UD and 41 pa/kg/day for
TR. This corresponds to only 0.30 % of the dam dose in mg per kg body weight for UD
and to 1.7 % of the dam dose for TR, For a 35-g pup, the tolal amount consimed is
3800 times lower than the dose o the 0.40-kg dam for unchanged nebivolol (0.27 pg
versies 1.0 mg), and 700 times Tower than the dose to the dam for TR (1.5 ug versus

PO mg).
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Plasma concentrations of UD in pups were all below the limit of guantification, Plasma
concentrations of TR in pups were helonw the limit of quantification at 1 and 4 h after
single oral administration, but amounted to 11 ng-cg./ml at 24 h alter the first dose.
After the 8th maternal dose, maximem concentrstions of TR in pup plasma wers
observed at 4 b alier sdministration, just as in dams, but fevels of TR in pups increased
and decreased more slowly. Poak plasma levels in pups amounted 1o 43 ng-eq./ml. A
comparison of AUCp.24 y -values aller repeated administration revealed pup to dam
plasma ratios of 0.17 for TR and < 003 for UD.

Table$: Concestrations of wiat radioactivity (TR), unchinged drug (UD) in some pooled tissues and in amniotic Auid (meen + S.D., n3)
of the pregrant Wistar rat after single oral admiriseration of 14C-nebivelol a1 2.5 mpfke avthe 184 duy of gestation.

Concentration: np(-eq. Jimt of g of wet tissue
. 335
Uterns Plaranta Fetus Sammary gland Amntotc fuid

Time [h] IR up R up m up IR up TR D

H 332 182 560 404 131 903 81 413 386 2 75 1283 & 56

3 (1) 181 1187 85T 234 9573 1402 265 589 & 3301 | 1946 % 115

5 184 120 1407 237 335 518 1495 It 123 = 20 156 £ 42

24 o368 37 771 134 194 2 T 38 479 & 38 210

43 286 2.1 382 14 378 =0 342 210 224 39 510

Metabolism

N104625 Study on the possible induction and/or inhibition of drug-metabolizing enzymes in
the liver of male and female SPF Wistar rats, after oral administration of nebivolol
hydrochloride at doses of 5, 20 and 80 mg (base-equivalents)/kg/day?7 for 12 months. 1990-
1994
The present report describes a study on the possible induction and/or inhibition potential of
nebivolol towards drug-metabolizing enzymes in the liver of male and female SPF Wistar rats.
Liver parts of male and female Wistar rats obtained from a 12 month chronic oral toxicity study
(Exp 1964) were used in the present study. Nebivolol /B-CD was present in the food to provide
doses of 5,20 and 80 mg/kg/day. Control and vehicle control groups were included. Liver and
plasma samples were collected at the scheduled end of the study for 4/rats/sex/group. Hepatic
microsomes were prepared. Aniline hydroxylase (CYP2E1) activity was determined by
measuring formation of p-aminophenol. N-demethylation of N-ethylmorphine (EM) (CYP3A1,
CYP3A2) was determined by measuring formation of formaldehyde. The O-deethylation of 7-
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ethoxyresorufin (7-ER) (CYP1A1, CYP1A2) was determined fluorometrically as was the O-
dealkylation of 7-pentoxyresorufin (CYP2B). Microsomal hydroxylation of lauric acid
(CYP4A1) was also determined. Hepatic microsomes from Phenobarbital-treated rats were
analyzed for the each of the different enzymes listed above as a control process. Ethanol,

dexamethasone, clofibrate and 3-methylcholantrene-induced microsomes were also processed.

Results: Minimal induction or inhibition of enzymatic activity was seen.
Results for male Wistar rats are shown below.

Paramneies Control Placebo 5 mgikgiday 2 mghkgiday B mpkgiday

Serum concerisations
ng'mil - - *8 &30 $3.8 & 25.3 840 2 3IN

tn=1) =) =)

Redarive fiver meight
g livee/ 10D g body weight 31T 3 B4 3133 & 008 3.35 % 0.45 367 D67 3.25 : 0.13

Microaonal proteds

mafy Hver 216 £ KO 1.9 2.5 % 133 ;1% 9.8 £ L7eev 257 2 A7e¥
Cytochenang PASH
MEXERNN (g 449.9 = 4.3 301 2 0% #3497 £ 0d4 j449.6 £ 0.4 R0 2 9.2

niolimg prodein (LA2T ¢ G028 | 65943 0.069% 0.657x 0.07) D598 £ 0.059 0712+ 0117

Adiline hydroxylase

nemalig protein.min 034 3 .34 $.44 = 012 044 014 038 = DOR .66 * 0.08*
nmwiinmal P-450anin .78 % 421 #73 2 043 0.66 ¢ 819 D.64 ¥ 0.13 n9s + 0.14
N-Bihyinepbine ¥-denwthylase
Bimling proteinnin 530 £ 21§ ] 798 £ 082 | Ta6 2 Zad 7.69 = 2.0% 647 & 2.68
% 3.2 HLE 2 298 %3 % 54

amalinmel P-450.min 128 2 %2 1133 % 69 1.}

T-Eatwxyresomufin O-desshylase

anoling protein. mise @AY 2 Nid 1 42 ¢ G405 4 2 015 047 £ 016 069 % 0.24

nmolinmal P-$50.awin 0.48 = 0.16 $.71 £ i 0.6d4 = 021 0.9 + 0.24 0.96 + 0.25
I-Pentox yresorafiy (-dealkylase

nmoling protein.aria 4T E Q010 | §.0313 G007 0440 ¢ 0833 0.039 £ O.881 0.039 £ 0097

amelnmal Pa830.min Girfte G1S | 0033 0088 3060 2 1422 0.649 2 0018 0056 x 0.020
Lawric scul hydroxylation

mpolfigg peoteily min 1.40 £ 0,38 L6l & 428 1.3 2019 1.28 & 020 1.7 & 0L30

noknmol P45 min 2482 % 038 271 2 G4y 1.99 2 024" 2.H% 2 n22¢ 2.4% 2 035

*P0.05, **Ps0.01, ***P20.001 {Statistical significance levels for the placebo rats were calculated with
respect to the confrol rats, for the nebivolol-treated rats with respoct te the placebo rats),
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Table 3 1 Serum concentrations, fiver microsomal protein and cytochrome P-450 corents, and hepatic
monooxygenase activities for five groups of four fomale SPF Wistar rats after daily dosing of
aehivelol hydrochioride at doses of 5, 20and 80 mg (base-equivalenisikg for twelve months.
The drug was administered orally as a B-cyclodexurinddrag mixture in normal rat food. Control
rats received only standard rat diet whereas the placebo group received g-cyclodexirin-
containing food withont nehivolol, The values represent the mean £ 8.0, for each group.

Parmmeter Cobtro} Placebo 5 mg/kg/doy 20 mykgiday B mplkgiday

Serups concentrations

© pplinl - - 1.1 4.8 92 2 34 ¢3r % 317
(o) =9} {er=sh)

Relative liver waight

£ livees100 g body weiphi 36D & DAT 3.14 & 036 138 £ 0038 8% 1 0.57 187 % D43
Microsomal prolein

gl fiver 7.1 % oy 193 % 18 157 % 2.6 1.1 % 3% B3 r 18
Cytoctimome P-450

mRximwE (i) 448.9 = 0.2 $49.9 & Q2% 496 205 4498 & D4 SRSV S S 5 |

naeling proteiy 56312 0048 0.692% GOVT | D.66I & 106 650 2 173 nI81 = 3.038
Anifine byydroxylass

nmoifmig protain. iy 0.5 & 0.42 G444 2 OB2¢x1 4G40 £ O08 .42 £ 412 044 = oS

nwoltnmel P-450.min 079 ¢ .49 064 + 07 474 % 440 075 » 3.04° 038 & 0.9
Kfiahybomghine N-demethylase

mmolimg protein.mia 208 + D64 90 & 0.H4 169 2026 236 £ 041 .38 % 6.52

ameinmol P-450.min 332 & 1.1} 250 + 0.24 2.57 21034 350 %+ .53 5% % 098

7-Bthoxysresorufin O-daethylase )
fnmolimg protoin.min 0.83 & 628 837 2 0.09 DET £ DH3 §.67 & D90 D48 % 0.0p=
naw¥famol P-430.ntn 1.33 = 0.%7 1.4F & 004 B 4 020 | RGN 0] 1] B3 2 L pames

FPenstoxyresoralin Oudealkpbise
ninalimg proteimsmm D016 BOM4 | 00172 0000 | 00051 0032 G018 & 4012 ¢ 00204 0007
amolinmel P-430.min D826+ 0007 | 0253 0008 | 40244 0,038 0.025 &+ 0.M4 | 06293 00310

Latic avil hyisroxy ltion
mmolimg proteinamin £10 + 047 1.1 & 0.23 Lit £ 023 LIl £ 044 1t o+ 026
amolinmol P-458.min L6 & 34 1 162 & Dad 1.67 2 (.15 156 + 0.3% 147 £ D37

<005, *P<0.01, #HP<D.O01 (Statistical significance levels for the placebo rats wore calculated with
respect to the control sats, for the nebivolol-treated mats with respect to the placebo rats).
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N104626Studies on the possible induction and/or inhibition of drug-metabolizing enzymes in
the liver of male and female Beagle dogs, after oral administration of nebivolol hydrochloride
at doses of 2.5, 10 and 40 mg(base-equivalents)/kg/day for twelve months.1990-1994

Liver samples were obtained from a 12-month chronic oral toxicity study in which the drug was
given in gelatin capsules. A vehicle group received -CD containing capsules. For each dose
level, 0, vehicle, 2.5, 10 and 40 mg/kg, liver samples were collected from 2 male and 2 female
dogs. Microsomes were prepared. Enzymatic activity measured was:
Aniline hydroxylase, N-demethylation of N-ethylmorphine, 7-ethoxyresorufin, 7-
pentoxyresorufin O-dealkylation and lauric acid hydroxylation.

Pasameter Comrot Placebo 2.5 mpikgiday | 10mphkypdlay | 40 mgkegiday

Plasma level

ng/mi ~ - E21. 2 82 12 41 630 I
Liver concentrations

g/ Hiver - “« BS + 60 | 400 2361 624 = 2686

{a=3)

Relative liver weight '

& lives/ 108 g body weight 223 40231229 2019 ] 209 £ 042 2.41 2027 ;) 244 2038
Microsomal protein

mgfg tiver 158 132 {160 +57 189 %33 1192 £36 (225 138
Cytochrome P-450

maximy {mm} B50.4 = 0.4 4500 206 4500 £ 04 8300 207 #4503 £04

nmolimg protein 0.784 £ 0.036! 0.844 3 D.08E| D761+ 0.0R1 0.78%9% 0.124] 0.713:% 0.08
Aniline hydroxykse

amolimg protein.min 037 £0.02 1 042 2008 ] 0.3 2006 037 £ 006 ; 033 £0.08

nmotinmol P-450.min 047 £0.10: £50 £ 007 | 041 2 0.08 ; 047 £ 007 | 048 £0.06
¥-Gthylmorphine N-

demethylase .

nmobimg profcinsfin 177 £0.42 | 239 2063 | 206 + 045 213 2059 ] L72 £ 0.07

nrbomol P-450.min 226 051 | 256 053 2469 20461 2656 2038 | 242 1018
7-Ethoxyresorufin O«

deethytuse

nmolimg proteio.min 244 £ 093 | 238 £051 | 149 £ 056 2,25 £ 060 | 1.99 £ 016

nmobumol P-3450.min 100 £ 1151 280 040 | 198 £ 080 295 % L¥7 ; 2.80 £ 0,13
T-Pentoxysesorufin Q-

dealkylase

nmel/mg proteinanin 047 20181043 2000 036 & 011 045 £ 011 | 049 £0.21

nmokomol P-450.min 060 £023 051 2008 ; 047 2 012} 057 £ 008 | 068 202
Lavric acid bydeoxylation

amobmy protein.min 152 #0121 172 2043 | L40 £ 023 1.49 £ 023§ 1.24 £0.35

mmoliamol P-450anin 194 £ 043 ] 204 £ 045 | LRI 2 0161 190 £022 | 1.7%F 4 0.30

Results

The data presented
doesn’t indicate any
significant
differences between
groups.
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N109064 The in-vitro metabolism of nebivolol and its enantiomers in cultures of human
hepatocytes1992-1994

Pieces of human liver were obtained from a kidney transplant donor and processed into
suspension cultures in multi-well plates. Viability of 3 suspension preparations was 91%, 68%
and 45%. The 91% viability suspension was used to make the primary cultures. The remaining
cultures were pooled for a final viability of 57%. ‘
Suspension cultures: '*C-labelled nebivolol and '*C-labelled enantiomers were used. An aliquot
of "*C-nebivolol, *C-d-nebivolol or *C-1-nebivolol was added to give final concentrations in the
incubate of SuM or 10uM. To some incubates, quinidine was added at a final concentration of 1
or SuM. Incubations were carried out at 37°C for 29 and 120 minute.

Primary cell cultures were established in multi-well plates. After 6 hours and 45 minutes, non-
adherent cells were removed and serum-free media containing '*C-nebivolol or its '*C-labelled
enantiomers at a final concentration of SuM or 10uM was added per well. To some incubates,
quinidine was added at a final concentration of 1 or SUM. After 24 hours, total homogenates
were prepared by homogenization of the cells. The homogenates of 2 wells (10-uM incubates,
incubates without cells and incubates with quinidine) or 4 wells (5-uM incubates) were pooled.
Controls containing 5 pM '*C-nebivolol or its "*C-labelled enantiomers, but no hepatocytes,
were incubated together with the cultures containing viable hepatocytes.

Protein concentrations were determined in aliquots of fresh cell suspensions and of homogenates
obtained by scraping the individual wells at the end of the adhesion period and after the different
culture periods.

CYP450 content was determined in fresh suspensions and in the scrapings from primary cell
cultures.

Ethoxycoumarin O-deethylase activity was determined after incubation of ethoxycoumarin with
suspensions of isolated hepatocytes. Samples were enzymatically treated as described for
scoparone. Metabolism of scoparone was determined after incubation with hepatocytes in
suspension culture and in primary cell culture. After stopping the reactions in both culture types
with acetate buffer, the samples were divided and one aliquot was treated with -
glucuronidase/arylsulphatase. Scoparone is O-demethylated by several forms of CYP450.

Results

Recovery of radioactivity in the supernatants for suspensions and for primary cultures was
suspension primary culture

'*C-Nebivolol: ~ 91+6% 95 +11%

"*C-d-nebivolol 885 9545

"C-l-nebivolol ~ 87+3 9616
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Metabolism of nebivolol was analyzed by HPLC. Metabolites were characterized by comparison

with reference compounds. The sponsor states that
After incubation of nebivola] with human hepatocytes, metabolite M9 (1.0 % of the

sample radioactivity at 10 pM after 2 h) was the main one in suspension cultars,
metabolite M6 the main one in primary ocll culre (9.4 % of the sample radicactivity at
19 M after 24 h). Other major metabolites or membolile fractions were M5, MBI and

However, the sponsor’s tabulated results shows that the majority of species found was
unchanged parent drug.

The sponsor also noted that after incubation of d-nebivolol with human hepatocytes metabolites

Table 21 Muss batance of nebivolol (UD) and its major metabolites after incubation of MC-nebivolo! with husnan hepatocys suspeasion culiure (SK) or in
peimary cell cultare (BCK). The effect of eo-incubation of 1 o5 5 1M quinidine i the incubation medium, is a1so shown, Mass batnces were
determined by reversed phase radio-HPLC. The figures represent the percentage of the sampie radioactivily.

; Incubation Nebivolot ; Metabolite of melubolite fraction (% of infeciss)
| conditi con ion (M) [ Time) | MI | M2 M3 | M4 M5 MAMTZ | M3 T Mo Mol M2 un Sum
! SK 5 2 9.6 {ND! P ND I ND |69 i 06 | ND | 18 06 -1 0.4 1 953 104.2
10 2 06 P ND | 03 {03 | 67 04 1021 10 04 | 03 1 w08 4.8
10+ uM quiniding 2 02 | ND | ND | ND | 02 0. ND | g4 ND | ND | v 1004
10+ $ uM quinidine 2 g4 | ND { ND Lot ! ND ! 04 02 i ND i ND | ND | 1022 103.3
PCK 5 0 NN iNp inp !l ND I ND] ND 1.4 ND | 969 98.3
s 3 03 143 | ND I ND | 13 4.6 2.2 | 43 3.9 22 1 783 9.0
5 24 19 1 07 17 11 130 333 | 54 ! 54 3.6 33 | 351 96,5
10 0 NDIND ! NDIND [ NO: ND I NDIND OND 06 | 10E3 1012
10 8 L} 107 109 | 06§ 1.4 3.5 20 31 42 L6 | 837 023
0 % 17443 17167 18 9.4 57 i 37 5.8 28 | 662 1.6
10+ ) uM quiridine 4 13108 1INt 32 | 46 | ND 1.3 19 110 94,3
10 ¢ S M quinidipe 24 1.1 09 | ND P ND | 06 9.7 50 112 43 14 1 178 | e

INTY: not detected,

Table 3:  Mass balance of d-nchivolo! (UD) and i major metabolites afier incobation of H¥C-d-nebivolol with buman hepaiocyles suspension
culture {SK) ot in primary celt culture (PCK). The effect of the co-incubation of 1 or 5 M guinidine in the incubation medium, is also
shown. Mass balances were determined by reversed phase radio-HPLC. ‘The figures represent the percentage of the sample

radioactivity.
Incubation d-Nebivokl Metabolite or metabolite fraction (% of injecied)
conditions concenyation (M) | Time (hy | Mt M2 M M5 Mo M Mig Mi12 Ub Sum
SK 5 2 ND!I | ND | 03 09 | 08 0.3 12 1.0 97.3 1023
10 2 0.2 KD | D1 12 0.7 0.3 0.8 0.7 101.4 104.2
10+ 1 pM quinidi 2 ND ND ND ND 0.6 0.3 ND | 0.3 100.0 1012
10+5uM quinidine 2 T ND NB ND | 0.6 T T T 103.8 104.4
PCK 5 Q ND ND ND ND ND ND ND ND 100.6 100.6
5 8 11 1.0 ND 31 7.0 28 4.5 4.0 74.6 08.1
5 24 1.7 0.9 1.9 2.3 18.6 6.3 7.3 7.2 45.2 914
10 0 ND ND ND ND ND ND ND 1.0 101.0 102.0
W 8 1.3 0.8 ND t.3 5.1 3 4.9 32 80.3 99,4
10 24 122109 1014 l134] 70 (85! 50 | s64 | 938 96
10 + | pM guinidine 24 2.3 1.1 1.8 1.3 9.9 4.6 5.7 4.5 72.3 2.5
10+ 5 M quinidi 24 1.8 1 3.0 1T |09 (1071 55 | 46 2.1 764 | 103.1

IND: not detected,
I races (<0.1 %),
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M5, M6, M10 and M12 were main metabolites in suspension culture and M6 the main

metabolite in primary cell culture. Again, the majority of drug appears to be the unchanged

parent.

After incubation of I-nebivolol with human hepatocytes, the sponsor felt that M9 was the

predominant metabolite. Again, unchanged parent was the major species present.

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

Table 41 Mass balance of I-nehbivolol (UD) and its major metabofites after incubation of 340 Lnebivolol with human bepatocyses suspension culwre (SKyor in

primary cell cultare (PCK), The effect of co-incubation of  or 5 M quinidine in the incubation mediam. is also shown. Mass balances were

dewermined by reversed phase tadio-HPLC. The Higures represent the percentage of the sample radiesctivity.

Incubation 1-Nebivolol Maeaabolite or metabolile fraction (% of injeceed)
conditions concentration {(pM) | Time(hy | M1 M3 M4 MS M} M& M) OIMIOMEY  MI2 UD Sum
$K 5 2 T 0.6 .4 1.0 | ND? ND 1.6 T ND 95.6 99.2
10 2 0.3 | 01 0.4 0.6 | ND ND 1.2 ND ND 100.3 1023
10 + 1 M quinidine 2 0.5 ND | ND | ND i ND ND 0.5 ND ND 99.4 1604
10 + 5 pM quinidi 2 L6 0.4 T 0.1 ND ND 0.4 ND ND 104.9 0ed
PCK B 5 1] Np | ND | ND | NB | ND ND ND NI ND 102.2 Hi22
3 8 8.7 21 1.5 2.3 1.0 0.8 74 29 ND 16.1 V4.8
N} 24 1.6 29 2.9 1 44 3.1 1.3 11.8 5.0 N 56.3 89.8
lﬁ 3] ND i ND i ND | ND | ND ND ND 0.7 0.5 91.6 98.8
0 8 1.3 2.1 1.1 1.6 1.4 1.1 4.4 34 0.7 82.4 09,5
10 24 1.8 1.4 1.9 2.8 2.9 2.4 8.5 58 0.9 §8.1 96.5
19 + 1 gM quiniding 23 1.7 22 1.3 2.0 3.4 2.3 51 4.7 0.8 77.8 101.3
10 + 5 uM guinidine 24 i4 18 1 06 | 0.9 26 21 33 4.4 0.8 82.4 94.5

T: traces {< 0.1 ).

The sponsor further states that:

The interpretation of radiochromatograms such as those obtained in the

present study has been discussed previously (17,18,19). Most metabolites could not
accurately be characterized by co-chromatography with the available reference compounds
due 1o the extremely high number of possible positional isomers and stereoisomers. The
identification of the metabolites in the present study was based on their HPLC-retention
times, relative to the HPLC-retention times for metabolites identified in previous in-vive
studies by mass spectrometry of the isolated and purified metabolites. Depending on the
elution order of the available reference compounds, metabolites were characterised as
N-dealkylated, aromatic-hydroxylated or alicyelic-hydroxylated metabolites, Further
information on the identity of the metabolites was obtained from their UV-diode array
spectra, in companson with the spectra obtained in previous in-vive studies for isolated
and purified metabolites (17.18,19).
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The sponsor also states that M6, M7, M8, M15 and M16 were glucuronides. The sponsor also
feels that the main metabolic pathway for d-nebivolol was glucuronidation of the unchanged
drug to metabolites M6 and M8 while the main metabolic pathway of lI-nebivolol was alicyclic
oxidation to produce M9, M10 and M11.

Towards the end of the text of the report, the sponsor states that the use of quinidine was, in
essence, to simulate the poor metabolizer phenotype.
monohydroxy- metabolites, ocourred. Quinidine is a well-known potent inhibitor of
CYP2D6-mediated oxidations (203, which can switch the metabolic capacity of an
extensive metabolizer of debrisoquing into a poor metabolizer (21). From the results of
the present study which used hepatoeytes of an extensive metabolizer of debrisoguine
(table 1), it can be concluded that aromatic hydroxylation, and (o a lesser extent alicyclic
oxidation, of the benzopyran moieties will be impaired in poor metabolizers of
debrisoquine, whereas oxidative N-dealkylation seems to be unaffected by the
debrisoquine-type genetic polymorphism. Oxidation at the aromatic part of the
benzopyran moictiss of nebivolol were predicted to be affected by CYP2D6 by a
molecular modelling technigue for substrates of this isozyme (22) based on the distance
between the site of aromatic hydroxylation and the basic nitrogen which vanied between
6.2and 8.2 A. On the other hand, the model predicted that alicyclic oxidation of the

The results presented here cause the reviewer some hesitation for several reasons. 1) in vivo
results typically show very little unchanged parent drug and a predominance of metabolites. The
in vitro results shown here show the opposite. 2) The sponsor specifically states that the
radiochromatograms were difficult to interpret and relied on elution times relative to reference
compounds. While this may be a valid method, application of LC/MS technology would have
been very beneficial. 3) The supposition that addition of quinidine should mimic the poor
metabolizer phenotype seems somewhat paradox1cal since the amount of unchanged parent drug
was unchanged with the addition of quinidine.

3.3.6 Excretion

N106518 Biliary excretion and enterohepatic circulation of nebivolol after a single oral dose
in rats. 1990-1994

Four male Wistar rats with bile duct cannulas were given a single oral dose of racemic nebivolol
to provide a dose of 2.5 mg/kg. The radioactive dose was 563 kBq or 15 uCi per rat. Two male
donor rats were given oral doses of 2.5 mg/kg racemic nebivolol. The radioactive dose for these
rats was 16 uCi. The acceptor rats received a direct continuous intraduodenal infusion of the bile
from an orally dosed donor rat. Acceptor rats were placed in cages 10-15cm lower than the donor
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rats to facilitate bile flow in the catheter between the donor and acceptor animals. Bile from
simply cannulated rats was collected in 30 minute intervals up to 2 hours after dosing and in 1
hour intervals up to 48 hours after dosing. Bile of the acceptor rats was collected from the
catheter in the proximal part of the bile duct in 30 minute intervals up to 3 hours ( 1 rat) or 3
hours(2™ rat), in 1 hour intervals up to 48 hours after dosing of the donor rats. At 48 hours after
dosing the donor and acceptor rats were disconnected and the bile excreted by the donor rats was
collected in 30 minute intervals from 48 to 50 hours after dosing to verify a normal bile flow
from the donor rat. Bile collected prior to dosing (blank bile) was spiked with an aliquot of drug
formulation and processed along with the samples to detect possible artifacts. Liquid scintillation
counting was used for determination of radioactivity levels. Samples were also subjected to
enzymatic hydrolysis with 8-glucuronidase/arylsulphatase

Results

Biliary excretion of nebivolol metabolites was fairly rapid with 42 +11% of administered
radioactivity excreted within the first 24 hours with the maximum excretion rate reported
between 1 and 3 hours. About 50% of the administered radioactivity was excreted in the 48
hours after dosing. The acceptor rats (n=2) excreted by 48 hours approximately 10% of the
radioactivity that was orally administered to the donor rats.

male rats The predominant _
% of the dose 0-48 h bile (+8/4AS), 50.8 % of the dose SpeCieS identified was N-

254 dealkylated

] metabolites. Unchanged drug
was present in the lowest
amounts. A variety of
hydroxylated metabolites were
found in varying amounts.
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N109036 The metabolism and excretion of nebivolol after a single oral dose of 10 mg/kg in
rats. Comparison of two different forms of ' C-labelled nebivolol and identification of
metabolites. 1987-1994.

The present report focused on the metabolic consequences of the different positions of the
radiolabel, and no detailed mass balance of nebivolol and its metabolites was given. The
identification of metabolites will also be described. The metabolic stability of both radio-labeled
molecules was sufficient to perform metabolism studies.

33C-Nebivolol hydrochloride, (D-{[2R*[18* SS*{SM]N)-or,o'-{iminobis-
(methylene)ibis [6-fluoro-3,4-dihydro-2H-1-benzopyran-2-methanol] hydrochloride was
specificatly labelled on the methylene group a1 the R*S*-side {coded A-nebivolol) or at the
$*S*_side of the molecule (coded B-nebivolol) (Figure 13 (5). 14C-Nebivolol (A)
hydrochloride, batch No. 510, showed a specific scrivity of 174 MBg/mmole
(4.7 mCifmmole) or 428 kBg/mp nehivolol base {11.6 #Ci/mg nebivolol basc), and
14C-nebivolot (B) hydrochloride, batch No. 505, showed a specific activity of
160 MBg/mmole (4.3 mCifmmole) or 392 kBo/mg nehivolol base (10.6 uCl/mg nebivolol
base). The radiochemical purity of both batches was HPLC).
Unlabelled nebivolol (baich No. A0301) was wsed for the dilution of the rediolabelled
drugs.

Aqueous solutions of "*C-nebivolol (A) or (B) were prepared by dissolving one of the radio-
labeled batches together with unlabeled drug in propylene glycol to a concentration of 5 mg/ml.
The final formulation contained 0.2ml propylene glycol per ml and 2% HP-B-CD. Five fasted
male Wistar rats per group were given oral doses of 10 mg/kg (~14pCi per rat). The rats were
housed individually in metabolism cages. Urine was collected from 0-4, 4-8, 8-24, 24-48, 48-72
and 72-96 hours. Feces were collected from 0-24, 24-48, 48-72 and 72-96 hours after dosing.
The radioactivity in the various samples was measured by liquid scintillation counting. A
metabolite profile of nebivolol in urine and methanolic extracts of feces was made by reversed
phase HPLC. Samples were analyzed + hydrolysis with B-glucuronidase/arylsulphatase.
Although mass spectroscopy was not mentioned in the methods section, it was described in one
of the appendices and results were presented.

Results

Both forms of radio-labeled material were excreted rapidly, primarily in the feces. By 24 hours
85% of the radioactivity had been excreted. Some 25% was recovered in the urine in the first 24
hours. There was no difference in the excretion of the 2 differently labeled forms of nebivolol.
This is summarized in the reviewer’s table below:

matrix time MC-A-nebivolof 1C_B-nebivolol

urine 0-24 24.88+2.17 25.8943.06 :
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Reviewer: E.A. Hausner, D.V.M.

Urine 0-96 27.93+2.11 28.82+3.18
feces 0-24 60.33+2.30 56.8413.67
feces 0-96 68.45+2.51 64.92+3 .49

No major differences in the urinary metabolite profile were reported for dosing with "*C-A- vs
"*C-B- nebivolol. There were minor differences in the N-dealkyated metabolites. The differences
in retention times was due to separation of diastereomeric N-dealkylated metabolites of
nebivolol, indicating that N-dealkylation took place at both sides of the secondary amine.

The fecal metabolite profile was very similar after A- and B-nebivolol administration. In the
methanolic extracts, unchanged drug was found as well as most of the urinary metabolites. It was
stated that few N-dealkylated metabolites were present. Overall, within the variability inherent in
the techniques, the metabolite profiles were not significantly different after administration of the
two forms of nebivolol. Nebivolol, the N-dealkylated metabolites, the alicyclic-dihydroxy-
metabolites, the alicyclic-hydroxy-keto and the alicyclically mono-oxidized metabolites were
present in similar amounts following the dosing with two different radio-labeled forms of
nebivolol.

N101244 The metabolism and excretion of nebivolol and its enantiomers after a single oral
dose in rats. 1990-1994

"C-nebivolol (A configuration) and radio-labeled enantiomers were used in aqueous solution.
Wistar rats, 5/sex received a dose of the racemic nebivolol formulation at a dose of 2.5 mg/kg
(16 uCi per rat). Five male Wistar rats received the d-nebivolol formulation at a dose of 1.25
mg/kg. Five other male Wistars were given l-nebivolol at a rate of 1.25 mg/kg. The animals
were housed in separate metabolism cages. Urine was collected from 0-4, 4-8, 8-24, 24-48, 48-
72 and 72-96 hours after dosing. Feces were collected from 0-24, 24-48, 48-72 and 72-96 hours
after dosing. Urine and feces were collected from untreated rats and spiked with drug
formulation to determine the presence of interfering factors. Individual and overall urine pools
were examined per sex and per drug. Overall pools of plasma samples were prepared per time
point, per sex and per drug by mixing constant fractions of the individual samples of all or of
some rats.

A mass balance of nebivolol and it major metabolites in urine, methanolic extracts of feces and
in plasma was made based upon recovery of the radioactivity in samples and pools of urine, fecal
extracts and plasma pools as well as on the areas of the radioactivity peaks obtained after reverse
phase HPLC of appropriate aliquots of these samples.

Urine samples were also analyzed + enzymatic hydrolysis.

Results
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After a single oral dose of racemic nebivolol the radioactivity was excreted primarily in the
feces. Approximately 72-77% of the administered dose was excreted by 24 hours. In 96 hours,
16-19% of the administered dose was excreted.

Summary of urine and feces excretion of drug

sample Male 2.5 mg/kg | Female 2.5 Male 1.25 mg/kg | Male 1.25 mg/kg
Rac-nebivolol mg/kg rac- d-nebivolol I-nebivolol
nebivolol
Urine 0-24 15.81+1.25 12.6542.09 21.19+1.08 18.82+4.02
Urine 0-96 18.59+1.07 16.16+£2.25 24.96+1.08 24.09+4.90
Feces 0-24 61.58+£2.92 59.00+1.07 62.1244.17 55.4749.34
Feces 0-96 73.60+1.20 75.74+2.07 77.11+2.33 76.44+6.42

No major sulphate or glucuronide conjugates were detected in the urine samples.
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Overall, when groups of major metabolites in the urine and feces are compared as a percentage
of the administered dose, there is very little difference between racemic, d- or I- nebivolol.
Female rats did show lesser amounts of N-dealkylated metabolites and slightly more alicyclically
mono-oxidized metabolites than did males treated with either racemic mixture, d- or 1- nebivolol.
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Metabolites as % of the administered dose

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

Nature of the Female rats Male rats

metabolites Rac-nebivolol | Rac-nebivolol | d-nebivolol l-nebivolol
(urine + feces) | (urine + feces) | (urine + feces) | (urine + feces)

Unchanged In feces only

drug ~3%

N-dealkylated 4.1 13.2 13.5 14.1

Alicyclically 17.8 9.7 9.4 11.6

mono-oxidized

Numbers from table 13.

The main radioactive species found in plasma were parent drug, alicyclically mono-oxidized
metabolites N, O, and S and the acid metabolite R80371 (the only N-dealkylated metabolite in
the plasma). After administration of I-nebivolol, alicyclic-dihydroxy and alicyclic-hydroxy-keto-
metabolites were also found in the plasma. Given the small sample sizes and the variability
inherent in the process, there do not appear to be any significant differences in metabolism
between racemic nebivolol, the enantiomers and male and female rats.

N106607 The excretion and metabolism of nebivolol in the rabbit aﬁer a single oral dose of
2.5 mg/kg. 1992- 1994

Four female Cunistar-MDL albino rabbits received a single oral dose of 2.5 mg '*C-nebivolol/kg
(the lowest dose used in the Segment II reproductive study in rabbits). The drug was formulated
in HP-B-CD. The rabbits were housed individually. Urine and feces were collected daily from
the time of dosing up to 3 days after dosing. The urine production of one rabbit was reported as
irregular and as a result, the urine from that rabbit was collected from 0-48h and 48-144 hours
after dosing. Plasma samples were collected from the same female rabbits for an absorption
study and they were pooled proportionally per time interval (unexplained in methods section).

Radioactivity in the samples was determined by liquid scintillation counting. Overall pools of the
0-24h, 24-48h and 48-72h urine and pools of the fecal extracts were prepared from rabbits 1-3.
Samples from Rabbit 4 (with irregular urine output) were not included in the overall pools
because reportedly no urine was produced during the 0-24 and 48-72 hour periods and excretion
into the feces was markedly lower than in the other 3 rabbits (29 vs 43% of the dose). Plasma
pools were prepared by mixing constant volumes of the individual plasma samples of the 4
rabbits. Mass balance was determined by HPLC. Metabolites were identified by co-
chromatography techniques. Enzymatic hydrolysis of samples was performed with -
glucuronidase/arylsulphtase. Rabbit samples were also reported as co-injected with samples
obtained from excretion and metabolism studies in rat, dog and human.
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Results

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

The excretion of total radioactivity is summarized below. At the end of the collection period
there is still approximately 20% of the administered radioactivity unaccounted for.
This differs from rodents where excretion is essentially complete within 24 hours.

Recovery of radioactivity as % of administered dose

sample 0-24 0-72
urine 24.334+3.10 36.30+4.49
feces 21.58+2.43 42.87+4.67
sum - 80.10+3.77
Nebivolol was extensively
* (:)ﬂa dose metabolized in the rabbits. In
urine, nebivolol and ~ 7 of
;’ﬁ;‘oﬁl_‘(’:i?i: :;2 e the hydroxylated metabolites
154 I3 0-72 h urine (363 %) were excreted as
glucuronides. Unchanged
drug was detected in trace
i p amounts (<0.05%) in the
0 7/ urine. The sum of unchanged
% drug found in the feces was
~9% of the administered
radioactivity. Alicyclic-
monohydroxy-metabolites
- v were the major metabolites of
) § g g 3 8 nebivolol in feces, accounting
g -E g % § for ~11% of administered
" g 3 g radioactivity.
jgure 12 -]

The major metabolic

pathways were reported to be aromatic monohydroxylation, dihydroxylation and oxidative N-
dealkylation to the acid metabolite (R080371) and the diol metabolite (R080289). In urine,
nebivolol and most of the hydroxylated metabolites were excreted as glucuronides. Unchanged
drug was present at 0.1% of the dose and in feces was present at 9.4% (0-72 hours).
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In the 0.5-h plasma, UD and the acid metabolite (RO80371) were the only detectable
compounds. Later on, the relative abundance of UD decreased, but the acid metabolite
remained the main plasma metabolite. Alicyclic-monohydroxy- metabolites and glucuronic
acid conjugates of combined-dihydroxy-, of aromatic-monohydroxy- metabolites and of
UD were also detected in plasma from 2 b post dose-on. No alicyelic-dihydroxy-
metabolites could be detected in plasma.

N109088 Absorption, metabolism and excretion of nebivolol in the dog after a single oral dose
of 2.5 mg/kg of rac-nebivolol or 1.25 mg/kg of the separate enantiomers. 1990-1994.

Three male Beagles received a single oral dose of 2.5 mg "*C-nebivolol/kg in the first phase of
the study. In a second and third phase of the study the same dogs received a single oral dose of
either the radio-labeled enantiomers at 1.25 mg/kg. Between the 3 phases, wash-out periods of
four weeks were included. The drug was formulated in PEG400 and delivered by gavage. During
each of the 3 phases blood samples were collected before dosing and at 0.5, 1,1.5, 2, 4, 6, 8, 24,
32, 48, 72 and 96 hours after dosing. Urine was collected from 0-4h, 4-8h, 8-24 h and “further
on daily for up to 168 hours after dosing.” Feces were collected daily for up to 7 days (or 168
hours) after dose administration. Blood and plasma levels of total radioactivity were determined
by liquid scintillation counting. Hydroxy metabolites in plasma were determined before and
after enzymatic deglucuronidation using enantio-selective immunoassays.

Results
Recovery of radioactivity from the fecal extracts was low and reported as 33-56%. The sponsor
felt that after supplementary extraction steps were performed, “... the mass balance of UD and

the various metabolites determined in the original methanolic extracts obviously represents an
underestimation with respect to total fecal radioactivity. However, an estimation of the mass
balance in the extracts of fecal residues was not possible due to poor chromatographic resolution
of the radioactivity peaks...(p. 17).” The analysis of the results should be read keeping the
recovery levels in mind.

After receiving either racemic nebivolol or one of the enantiomers, radioactivity was reported as
predominantly excreted in

the feces. Seven days
rac-nebivolol
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) 16-35% of the
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and 61-72% in the feces. There did not seem to be a difference in excretion route or rate
between the separate enantiomers.

Total radioactivity excreted in urine and feces was essentially the same for the racemic mix and
the enantiomer: 24+1% - 27+10% in the urine from 0-168 hours and 66+5% - 70+1% in the feces
from 0-168 hours.
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Page 15, the sponsor states with reference to the urine that “A lot of conjugates were detected,
mainly glucuronides.” This finding is not apparent in the sponsor’s graphical summary. From
the above information there do not appear to be significant differences in the metabolism
between racemate and the enantiomers. What is somewhat unclear is the information in the
sponsor’s tables 14-16 which indicate substantial glucronidation or sulfation.
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Table 14: Pharmacokinetic parameters after a single oral dosc of 2.5 mg M¥C-rac-
ncbivolol/kg to three male dogs.

TR: [2R*[18*,55*(5*)]]-nebivolol and metabolites
Pacametess dop Mo, HM32 | dog No. 10433 | dog No. 1M menn 2 SN,

Cinax ng-eq./mi 2456 1,606 2,368 2,143+ 467
Tmax h 1.5 B K 1.0 12 % 03

2} nl 0.01403 0.01543 001697 | DOISAS L 0.00147
128 h 49.4 44.9 40.8 450 % 43
AUCO96n Mg-eq.biml| 212 165 206 194 & 26

AU 00 p-eq. himl 29 176 21.7 207 & 28

2 calculated from 48 h 1o 96 h after dosing.

UD: [2R*[18* 55*(5*}{]-nebivolol

ndividnal samples afier enzymatic
hydeolysis®
Paramelers dog No. ; dog Mo | dogNo. ] mean + S | pooled samples
| 10432 | 10433 | 10434

Cmax  ngml | 286 126 203 205 % 80 338
Tenax h 05 0 |05 lo7 xo03 | 10
6 bl 0.09468| 02397 02446] 01930 + 0.0852  0.1445
unt b 73 | 24 2.8 43 £ 286 48
AUCo.8h  nghiml | 77.6 a3 1507 562 192 fi64
AUCO4Y  oghiml | 1082 403 1307|664 366 1,083
AUCQ=  nghvml |1155 | 493|577 1742 1360 1,102
UD/IR AUC ratio 0005 1 0003 ! 0003 | 0004 + 0,001 0.053

& enzymatic hydrolysis with B-glucuronidase from E coli.
b AUCq.24n for dog No. 10432 and for the pooled samples, and AUCq.g4 for dogs
No. 10433 and 10434,

¢ calculated from 8 hio 24 b alter dosing for dog No. 10432, 1 h to 8 h for dog No.
10433, from 4 h 1o 8 h for dog No. 10434, and from 6 to 24 h for the hydrolysed
pooled samples.

109



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

Total radioactivity summary

Racemic nebivolol | d-nebivolol 1-nebivolol
Cmax ng-eq/ml 21434467 1016435 1017+165
Tmax h 1.2+0.3 1.0+0.0 1.5+0.0
Tin 45+4.3 16.9+7.1 79.6+7.0
AUCy. 20.7+£2.8 7.3+0.8 10.1+1.2
Unchanged Drug '
Cmax ng-eq/ml 20.5+8.0 9.7+4.1 10.4+2.8
Tmax h 0.7£0.3 0.5+0.0 0.7+0.3
Tin 4.3+£2.6 3.7+0.5 2.6:£0.3
AUCy.» 74.2+36.0 30.4£11.2 36.246.8

Protein Binding
N80722 The plasma protein binding and distribution in blood of rac-nebzvolol and of its two
enantiomers in rats, dogs and humans.

Human blood was collected from healthy volunteers. Blood was also used from Wistar rats and
Beagles.

Tritiated racemic nebivolol, *H-d-nebivolol, >H-l-nebivolol was mixed with unlabelled rac, d- or
l-nebivolol to achieve desued concentrations. To examine the concentration dependence of
plasma protein binding, *H-d-nebivolol and *H-l-nebivolol in ethanol were prepared at 10, 5,
1.25, 0.25, 0.05 and 0.02 pg/ml for human plasma and 50, 10, 1, 0.1pg/ml for rat and dog
plasma. For concentrations above 0.1 pg/ml the radio-labeled drugs were diluted with the
appropriate unradio-labeled drug. In another experiment, pH dependence was examined in
human plasma.

Ghost cells(RBC without Hb) were prepared from human, dog and rat samples. Radio-labeled
- enantiomers were added at 1 ng/ml.

To study the possible interaction between the two enantiomers solutions of the tritiated

enantiomers were prepared. Five pl of a solution of a radio-labeled enantiomer and 5 pl of a
solution of the unlabelled other enantiomer were added to 1 ml of blank plasma or blood.
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Plasma from 5 humans, 5 pooled rat samples and 5 beagles was fortified with 3H-d-nebivolol at
I ng/ml and a “fraction of these samples * unlabeled l-nebivolol was added at 1 ng/ml. Albumin
concentrations were determined with a colorimetric method, al-acid glycoprotein concentrations
with an immunoturbidimetric method. Purified proteins of albumin, al-acid glycoprotein, o-
globulin, al-globulin, B-globulin and y-globulin.

Results

Protein binding of the enantiomers was graphically presented as being pH dependent over the
tested range of pH= 6.8 to 8.2. The percent bound drug changed from 93.5%(1-neb) and
94.5%(d-neb) at pH 6.6 to 99% for both enantiomers at pH 8.2.

The greatest difference in protein binding of the enantiomers was seen in the rat. The d-neb
showed ~2% greater protein binding than 1-neb. The sponsor’s presentation is shown below. The
percentage of bound drug appeared to be independent of concentration over the ranges tested.

MAN feleldl RAT
% bound drag % bound drug % bonnd drug
- M 300 hml
o ug
4 - O Jnsgivoled 554
B T-nebivolol
% - R .
wig s g ® &y 5 4
] 21
2 g ]
1 A Y A
ar4 9r oz A
E 95 4 a6
Eo T 3 A L] Y oy N 48 v oY ]
A ¥ 10 w . ! m 100 1600 y P g o5
Drrug coneenteation {ngimd) Drug concentrulion Ifegin! feup concentrativn {nginal)

On Original
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Table 3 Plasma pyotein binding of 1osal radioasivity (TR « unchanped nebivolol #
snetabolites) b made subjects, mabe amk fovnale w21 asd mabe dogs aler singhe
ceat administration of 1C-nebdvalol or its RO Tubelled enantiomers.

e bound

Species BPose Sample radinactivity”®
Man {m} 15 g WO-ROGIESS i - 4k (BM} 8.3
(RUGTSISTR 106} 1-4b{PM) 954
Rat {0} 2.5 mg MC-RO6T555Kg [§ 919
{ROBTSSHFRIVZE) 4h 9.3
Eh 8.6
Rat (m} 2.8 mg MC-ROGYAS Sy Eh B4
{ROSTISTFRHR L) 4% 799
%h TEA
far (m) 135 mg BC-ROG7I38%e 1k $2.3
{ROGTIRISFRIO0GT) 4l B5R
&h B4
Bak (my 138 my BC-ROSTI4802 Ih k7.3
{ROEISSHTFR 1067} 4h .S
. %h T4 1
Pog (m} | 2.5mp MC-ROGTS550%g th 4.3
(ROBTASVFK1127) 4h LR
M EL.G
1.25 mg MC-ROSTI g th 7.8
(ROGTSISFRLIZT 4h 87.7
2445 1.8
1.25 mg MO.ROGT 148kp ih 866
(RUGTSSSFREIAN 4h 877
2th 38.4

»

For humans, individuad data for o extensive ([EM) snd o pocr metaboliage

(P} of debriscquine (poot of B §<b and 4-h plasmal; Tor ot et dogs, dam

for pouls,

The data for the
range of drug concentrations tested
was not shown.

Protein binding for plasma samples
with 1 ng/ml drug (human samples)
and 50 ng/ml (rat and dog samples)
showed protein binding =97% across
species. However, plasma protein
binding of total radioactivity

( unchanged nebivolol and
metabolites) after a single oral dose of
1C-nebivolol showed protein binding
of 88% and 96% in human samples.
Rat samples showed 1 hour post dose
values of 86-92% protein binding
while dogs showed values of 80% to
86%. The difference in protein
binding values between in vitro and in
vivo was not discussed.

Addition of al-acid glycoprotein to
human plasma changed the protein

binding of rac-neb from 97.5+0.2 in
unfortified plasma to 97.96+£0.12%.

To the reviewer, this does not seem to be an impressive change. The sponsor, on the other hand,
found this highly significant (p<0.0005).
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The binding curves for nebivolol ( racemate and enantiomers) and the purified proteins was
shown. The highest percent of bound drug was shown with human serum albumin. The
concentration of the albumin used (0.1, 0.25, 0.5, 1.0, 2.0, 4.3, 6.0 w/v %) was higher than the
concentrations used for the other proteins (0.25-2.0% for o globulins, 0.05-1.0% for a1-

globulins). Perhaps this was done to reflect differences in plasma concentrations.
I-nebivolol and 10 98.85 % for rac-nebivolol. The lower binding of rac-nebivolol

compared with that of its enantiomers was most probably due 10 its Jower radiochemical
purity. As determined by radio-HPLC, the radiochemical purity of *H-rac-nebivolol in
the stock sofution {2.3.) was about 1 % lower than the radiochemical purity of the
enantiomers. The binding to &y-acid glycoprotwin at .07 % (w/v, physiological
concentration) amounted up o 69,73 % for rac-nebivolol, 74.17 % for d-nebivolol and
71.53 % for l-nebivolol (Figure 5.

Nevertheless, the binding of rac-ncbivolol 1o human plasma fortified with ¢-acid
glycoprotein to 2 final concentration of .2 % (w/v) was significantly increased compared
with its binding in untreated human plasma (97.96 £ 0.12 % versus 97.50 £ 0.20 %,

n =5, 0.0001 < p < 0.0005).

The sponsor concludes that the plasma protein binding of both enantiomers as well as their
distribution in the blood was stereoselective in all three species examined. Differences between
the two enantiomers were larger in the rat than in the dog and human.

N84300 An in vitro study on protein binding interactions of rac-nebivolol with other drugs in
human plasma. 1990-1993

The following drugs were studied for their influence on the protein binding of *H-rac-
nebivolol:warfarin, diazepam, tolbutamide,indomethacin, imipramine, sulfamethazine, digitoxin,
diphenylhydantoin, hydrochlorthiazide, L-propranolol and enalapril. *H-rac-nebivolol(14.7
Ci/mmole), "*C-hydrochlorthiazide, '*C-warfarin sodium,'*C-diphenylhydantoin, *H-digoxin,
*H-imipramine, *H-diazepam, * H-propranolol were used. Unlabelled rac-nebivolol was used to
study its influence on the plasma protein binding of the other drugs. Human blood was obtained
from volunteers.

In the first series of experiments, *H-nebibvolol was added to plasma from 5 humans to give a
final concentration of 1 ng/ml. Ethanolic solutions of the various unlabelled other drugs were
added to 1 ml aliquots of the plasma + *H-nebivolol. The final plasma concentrations of the
added drugs was said to correspond to therapeutic plasma levels. The samples were then
subjected to equilibrium dialysis. Samples were run in duplicate.

In a second series of experiments, the influence of nebivolol on the plasma protein binding of

imiprimine ( binds to al-acid glycoprotein), diphenylhydantoin, warfarin, digitoxin, propranolol,

hydrochlorthiazide and diazepam was studied. Aliquots of the radio-labeled drugs were added to
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plasma to obtain concentrations corresponding to normal therapeutic levels. Unlabelled rac-
nebivolol was added at a final concentration of 25ng/ml. Samples were subjected to equilibrium
dialysis. Samples were run in duplicate.

The fraction of unbound drug was calculated as the ratio of the unbound concentration to the
total concentration.

Results

The protein binding of rac-nebivolol was approximately 97%, consistent with other studies.
‘Diphenylhydantoin, sulfamethazine, indomethacin, warfarin, propranolol, hydrochlorthiazide,
digitoxin and enalapril were reported to have no effect on the protein binding of nebivolol.
Imipramine, diazepam and tolbutamide altered protein binding under the conditions used. In the
presence of imipramine and diazepam, the free fraction of rac-nebivolol was increased by 2.8%
(p<0.01) and 4.6% (p<0.05)respectively. In the presence of tolbutamide, the free fraction of
nebivolol was increased by 9.4% (p<0.05). Significance was determined by a two-tailed Students
t-test. '

As nebivolol is highly protein bound, an increase in the free fraction of 9.4% could have
significant clinical consequences. '

3.3.7 Pharmacokinetics The sponsor conducted more recent PK studies reviewed below.

TNEB-10307 Pharmacokinetics of

Mesn Bancentraton Versss Time Curve in Pissena d- and I- nebivolol and drug-related
(Me) metabolites in the mouse following
P a single oral administration of
g nebivolol HCI (20 mg/kg). 2003
s ——d-Nebivolot
E ~ge-bNebivolel Adult male and female SPF albino
b e i, B e bivalol . . . .
8 Toal Netsivoiol Swiss mice (4/sex/timepoint)were
3 M= iydioxy Phencls given single oral doses of 20 mg/kg
| nebivolol. Blood was collected pre-
= dose, 1,2,4,8 and 24 hours after
T hey dqsing. Samples were ana}yzed
with LC/MS/MS to determine »
Meas Concentration Versus Time Curve in Plasma concentrations of the enantiomers
{Female) and hydroxyl phenols. Samples were
5 also incubated with B-glucuronidase
] for determination of total
5 — - d-Nebiuoial deconjugated nebivolol.
g = g 1 Ml
'g 5 e o L MaBrivalot
g £ Tolal Nebiwdof 114
é [~ Hidizey Phensis
o4
Tiree b}
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Results
The concentration of l-nebivolol seems to decrease somewhat faster than d-nebivolol.
The sponsor’s summary of PK parameters is shown below.

Pharmacokinetic Parameters of o, - o /-, and Total Nebivolol, and Hydroxy Phenols in
Mouse Plasma

PK ] Male Mouse
Parmmeters d-Nebivotal] -Nebivolot] d SNebivolol | Total Nebivolol] Hydroxy Phenels
) 4 2 4 4 4
o {n/ml} 3 248 Gt 1060 98.2
Q{C&x {hr¥np/ml.) 8176 2824 R 10705 §34
AUCoua (hr*nemLy | 8240 2524 10760 10758 989
Ty (1) 332 1.66 301 302 8.66
K. (105 0.209 0418 0,223 0.230 0.080
A LI Ratie 037 $.23 i i .09
PR Femate Mouse
Paramoters cf-Nebivolot | -Nebavolol | & &Nebivolol [ Total Nebivolol| Fivdroxy Phenols
{ e THE} | ; i I 2
me {ne/mL.) 660 224 284 906 116
AL g0s (hrtne/ml) G110 1682 TI8E 5880 )53
AL C qime (hrtnefmi) 6162 1083 7237 0924 1149
Tz (hr) 3.41 1.79 330 3.20 .59
K (1hr) 0,203 1,387 (210 0217 0.103
AL qine Ratio .85 615 i {1.90 (.16

AU ppeatio i3 eelative to LiNebivolol
Totaf Nehivolol includes non-conjugated and conjugsted Nebivolol.

Total deconjugated and conjugated nebivolol (total nebivolol) was approximately the same as the
sum of d- and l-nebivolol, suggesting very little conjugation. The sponsor notes that d-nebivolol,
l-nebivolol and total nebivolol were higher in males while hydroxyl phenols were higher in
females. The standard deviations for the parameters are not provided. Given the expected level
of variability in pharmacokinetic studies, the sponsor’s suggestion of a sex-related difference is
not entirely persuasive.

TNEBI-0309 Pharmacokinetics of d- and I-Nebivolol and drug-related metabolites in the
mouse following a 14-day feeding study of nebivolol HCI at a target dose of 10 mg base-
eq/kg/day.2003

Adult male and female SPF albino Swiss mice were fed a diet containing nebivolol at a level to
provide 10 mg/kg/day. Blood was collected from 4 mice/sex/timepoint pre-dose (prior to start of
the light cycle day 14) and 0.75, 2,4,6,8,10 and 12 hours after the start of the light cycle(group I)
and 0.75, 2,4,6,8,10 and 12 hours after the start of the dark cycle (group II). Plasma samples
were analyzed by LC/MS/MS to determine concentrations of the enantiomers as well as hydroxy
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phenols. Plasma samples were also incubated with B-glucuronidase to determine total
deconjugated nebivolol. The sum of d- and I-nebivolol was designated d,l-nebivolol. Total
nebivolol refers to total de-conjugated and conjugated nebivolol. D,l-nebivolol was the sum of d-
and I-nebivolol.

Results
There were several times when analysis showed that the concentration of nebivolol in the feed

was outside the £10% range of the target concentration.
Nebivolo! Concentration in Mouse Feed

Nominal conoenieration | Mears Assay concentration
Bated No.  Assay time €] (i} e uf Tusget

i Pre-dose 0O7Ta 0072 982

Poat-dose {1LU6D R22
T - T 4

2 Pre-doge G058 ﬂi}ﬁb Jm‘-f
Prat-dose U049 845
Pro-dhose . {1061 K73

k3 3P0
Post-dose | 0055 =

All Nebivolol concontrations were base-eq,

The calculated dose received was slightly greater during the dark cycle compared to the light
cycle. Since more feeding occurs in the dark cycle, one would expect a greater difference.

Light cycle mg/kg/day Dark cycle mg/kg/day
Males 9.81+0.42 10.8+0.14
Females 10.1+0.53 12.3+0.40

The sponsor’s summary of PK parameters is shown below.
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Day 14 Male Mice

PK Parameters de-Nebivolol | ANebivodal | diNebivolol | Total Nebivolol | Hydroxy Phenols
Tosax £117) 18 18 8 20 2
Coe (B2MLY 167 338 203 187 217
Css (ngfmb.) 974 : 58 i3 104 143
AUC s thr¥ag'ml)y | 23537 380 il 2507 344
AUC).2 Rato .86 ¢.14 1 .92 13

Day 14 Female Mice
PK Parameters d-Nebivolol | ANebivolol | o ANebivolol | Total Nebivolol | Hydeoxy Phenols

T ee (1) 20 24 24 20 6

Cnne (1LY 139 227 162 148 208
Css (ngimL) 76.3 109 %73 789 153
AU .2 (hrtag/ml) 1530 262 2093 1894 371
AlICo: Ratio 087 .13 i .90 01g
AUC2: Maleemale 1.28 145 1.30 1.32 083

AUC) 20 thrtagimL) = AUC,, 1, Tight cyele + ALCq s dark eycle

Css (ngfmb) = AlICyay/24

Cne vear5 the highest concentration in the 24 hr perivd, Ty, was the time associated with the highess
concentration in the 24 hr period,

There do not appear to be substantive differences between the male and female profiles. The
AUC,.4 values for hydroxyl phenols do not differ substantially between males and females. The
AUC,.4 ratio reflects the light and dark cycle ratios. Values in the dark cycle were slightly
higher for both sexes, not unexpected since dark cycle is when most feeding occurs. The AUC
for total nebivolol was 25% higher for males than females. Is this a true metabolic difference or
due to higher food consumption on the part of the males? There were substantial differences
between light and dark cycle plasma values.
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Mean PK parameters of Nebivolol and Metabolites in Malke Mice Plasos
Light Cyele
PK Paramneters  [d-Nebivolol -Nebivolol d ANebivolol Total Nebivolol Hwdroxy Phenols
IT e {10 0.75 .75 0.75 i 2
C o (gAML 911 114 103 922 217
AU gz (hr#ng/mi) T62 5840 851 798 191
Dark Cycle
PK Parameters  |d-Nebivolol FNebivalol o MNebivolol Total Nebivolol  Hydroxy Phenols
T e (B} I8 18 18 20 24
e (ML) 167 358 203 187 14.8
ALCq.z (hr*ne/mi.) 1575 292 18710 1769 153
Mean PK parametors of Nebivolol and Muetsbolites in Fomale Mice Plasma
Light Cydle
Pl Parameters d-Mebivolod SNebivolol dNebivolol Total Nebivolol Hydroxy Phenols
T e U0} 0.75 0.75 0.75% .75 6
e {0EAMLY Y 108 8.8 812 8
AUCoz thr®ng/ml.) A51 659 517 548 203
Dark Cycle
PK Parameiers  |d-Nebivolol [-MNobivolel d/-Nebivolol Total Nebivolel Hyvdroxy Phenods
T e (1T 20 24 24 20 24
Coax (ML) 139 2.7 162 148 183
AL gz (hr*ng/ml) 127 196 1478 13406 108
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Mean Plasma Concentration { Linear Scalel of o, A, o & and Total Nebivolol and
Hydroxy Phenols Versus Time Curve in Male and Fomale Monse

Male Mouse

3

8

Plasma Concentratan of Snalyltes (ngiml)
8

Fine ()

i d-Nebivolcl «={F~~-ebivolol wilied -Nebivolei =8 Total Mebivolol =M= Hydroxy Phenols

Female Mouse

Nv
.8

:

Pagma Concertration of fnakwes (ngknl)
é

5 12 18 24
Titses [he)

e - N DvOIG] i |-NEBVOIGE vl 1 NOBIVOIE! =i T o8] Plebivoiol =B Hydroxy Phanols I

The data indicates that the enantiomers are the predominant species in the blood with little
conjugated material. The hydroxyl phenols constitute 14%(males) and 20%(females) of the
AUCO_24. '
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TNEBI0306 Pharmacokinetics of d- and I-nebivolol and drug-related metabolites in the rat

Jollowing a single oral administration of nebivolol hydrochloride (20 mg/kg). 2003)

Adult Wistar rats (3/sex/timepoint) were given single oral doses of nebivolol formulated in
carboxymethylcellulose sodium salt. Blood was collected pre-dose and 1,2,4,8 and 24 hours
after dosing. Plasma samples were analyzed by LC/MS/MS to determine concentrations of d-

and l-nebivolol as well as hydroxy-phenols. Samples were also incubated with B-glucuronidase
and total deconjugated nebivolol concentration was determined. D,l-nebivolol was the sum of d-

and l-nebivolol.

Results

The sponsor’s Pk summary is shown below. Tmax for l-nebivolol and the hydroxyl phenols was

reached at 2 hours in the males and at 1 hour for the other parameters. In females, Tmax was

reached at 2 hours for all parameters except the hydroxyphenols which reached Tmax at 4 hours.
Cmax and AUC for the enantiomers, racemic mixture and total nebivolol was slightly greater in

females than in males, opposite to what was seen in the mice. The AUCy.24 was 51% higher in

females than in males. T, was also slightly greater for the females than the males.

PK Male Rat
Parameters d-Nebivolol [-Nebivolol | & L-Nebivolol | Total Nebivelod | Hydroxy Phenols
T (he) 1 P i i 2
K o A 01027mE 3 348 152 02 362 225
AL 34 {hr*opimiy 1534 %38 23849 2895 1767
AUCy i thring/ml) 1332 8§59 2392 2598 1941
T, (i) 2,36 2.7} 3.36 244 £.96
K g (170 4282 .256 0.271 0.284 0.1
AU e Ratio 064 .36 i [ RS 0.81
PK Female Rat
Parameters d-Mebivelol -Nebivolol | o LNebivolol | Tolal Nebivoled | Hydroxy Phenols
g (he) 2 3 2 2 4
sy C01mE ) A0:4 219 L 816 208
A [}C},,m {hr*nuimb.} 3361 1614 4911 312 1760
AUy (hr¥naiml.) 3309 1638 4941 3340 1929
Tia thr) 2.77 39% 3.20 AL 7455
K. { 1/hr) 4250 G174 0.213 0.217 048
AU Ratio 067 £.33 i .08 0.39

AL, . 53tiD is relative fo o S-Nebivolol.
Total Nebivolal Includes non<onjugated and conjugated Nebivalel.
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AUy of -, 1=, W J-, and Total Nebivolol, and Hydroxy Phenols
in Male and Female Rats

Within either sex there was little
o difference between total

I-Fefnak,g nebivolol and d,1 nebivolol. Of
all parameters measured, there
was no difference between the

exposure to hydroxyphenols in
males and females.

AUCum{hrngimL)
g
[~3

d-Nebivolel  i-Nebivaloi di Total Hydroxy
MNebivolst  Neblvolel  phenols

TNEBI 0308 Pharmacokinetics
of d- and I- nebivolol and drug-related metabolites in the rat following a 14-day feeding study
of nebivolol HCI at a target dose of 10 mg base.eq/kg/day.2003
Adult Wistar rats, 4rats/sex/timepoint were fed with a rodent diet containing Nebivolol at a
concentration to provide a target dose of 10 mg base-eq/kg/day. Rats were euthanized pre-
dose(prior to the beginning of the light cycle on Day 14) and 0.75, 2,4,6,8,10 and 12 hours after
the start of the light cycle (Group I). Group II was euthanized at 0.75,2,4,6,8, 10 and 12 hours
after the start of the dark cycle. Plasma samples were analyzed with LC/MS/MS to determine
concentrations of the enantiomers and hydroxyl phenols. Plasma samples were also treated with
B-glucuronidase for determination of total nebivolol.

Results

Tmax was achieved at 18 hours in the males and at 24 hours in females. Cmax in the females
was approximately 3X greater for all categories except the hydroxyl phenols than in males.
AUC,.24 was approximately 3x greater in the females than in the males for d,l-nebivolol and total
nebivolol.

The sponsor’s summary of results is shown below.
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Dav 14 Male Rat

PR Parameters d-Nebivolol | &Nebivolol | & -Nebivolol [Total Nebivolol|Hydroxy Phenols
o (P} 18 18 18 iR 23
e k) 304 i4 44 4 40.2 4.2
K55 Eneinil) 7.3 T A6 247 235 290
AL s hr¥ng/mb) 413 179 392 363 696
AL . Ratio G360 .30 i (.93 1.8

Day 14 Female Rat

PK Parameters d-Mebivalol | I-Nebivolot | ¢ l-Nebivolol [Total Nebivololl Fydeoxy Phenols
e (1) 24 24 24 24 i
o (ne/miy 0.1 35 135 124 33
K 3% ing/mbLy 3815 218 708 720 26.1
ALIC o2y (hr¥nedmll) 1393 822 1914 1750 627
ALIC 04 Ratio 0.3 27 i G914 233
AL 50 Male/Female 5,30 034 (.33 .32 1.11

AUC)m thrtng/mi) = AU, lght cycle + AUC dark cycle
Css {ngimb) = ALIC,/24
Cuns 11 the 24 hr period were the highest concentration, T was the time associated with the highest
concentration in the 24 ke period.
For light and duk cyele dota see Appendix F.
AUCy Ratio was relative 1o d /-Nehivolol,

AL paqof d- £ - and Total Nebivolol and Hydroxy Phenols in Rat Plasma

2500 -
2000
1500 -

1000

AUCq.24 (he*nigimlL)

500 1

d-Nebivolol 1-Nebivolol  d,-Nebivolot

Totat
Nebivolot

Hydroxy
Phenols

ElMale
Hfemale

Consistent with the oral
gavage study, there was
little difference in the
detected plasma levels of
hydroxyl phenols between
males and females.

When examined on day 14,
there was little difference in
the mean dose achieved in
either males or females in
the light cycle vs the dark
cycle.
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Day 14 Male Rat Light Cycle
PK Parmmicters  jd-Nebivolot| -Nebivolol | d /-Nebivolol |Totl Nebivolol| Hydroxy Phenols

T (1) o 6 { 0 .75
C s (1mE 221 957 317 79.2 38.3
AUz (Bréng/mlb.) 147 . 686 215 204 280

Day 14 Male Rat Dark Cyele
PK Purmeters  |d-Nebivolol| FNebivolol | o -Nebivolol [Total Nebivolol] Hydroxy Phenols

T o (17) 18 18 13 18 20
Cos (B 0L} 304 14 14.4 402 412
AUCo.; (hrfngimL)| 268 110 377 359 116

Day 14 Female Rat Light Cvole
PK Paramoters  Jo-Nebivolol| ENebivolol | 4 X-Nebivolol |Total Nebivolol| Hydroxy Phenols

T e (0) D.75 0.75 (.75 .75 2
Comax {50 80.5 345 (AR HiG 327
AL gaz (hr#ng/mL} 609 242 831 735 291

Day 14 Female Rat Dark Cyale
PK Parameters  |e-Nebavolol| ENebivolol | o Nebivolol [Total Nebivolol] Hydroxy Phenols

T s (1) B 24 24 24 16
Conee (/ML) 96.1 39 135 124 35.0
AU o (hréng/ml.} 784 280 1063 995 336

. TNEBI0310 Pharmacokinetics of d- and I-nebivolol and drug-related metabolites in the dog
Jollowing oral administration of nebivolol HCI (10mg/kg/day)2003
Adult Beagles, 3/sex,were
given daily oral doses of
nebivolol in gelatin

Compuarison: of AUC for o, 1 d i~ and Conjugated Nebivolo! and Hydroxy Fhenols
11 Male and Female Doy Plasms

capsules. Blood was

collected with sodium 20001
heparin pre-dose and at 1800 1
2.4, 8 and 24 hours after 1800 -
dosing on Day 1, at pre- 1400 |

dose and 1 hr post dose
days 12 and 13 and at pre-
dose and 0.5,
1,2,3,4,5,8,12,15 and 24
hours post-dose on Day
14. Plasma samples were
analyzed by LC/MS/MS 4001
to determine the 200 1

Bbksle Day 1
mdisie Day 14
QFemale Day 1
B Female Day 14

1200 4

AUC (hrngimL)
3
8

d-Metecdsl  1-Nebivolad d I Conjugated  Hydroxy
Nebholet  Mebbold  Phenols

Day ¥ AU o
Day B AL,
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concentrations of the enantiomers and hydroxy phenols. Plasma samples were also incubated
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with B-glucuronidase to determine total deconjugated nebivolol.

Results

In both males and females significant amounts of conjugated nebivolol were found.

Accumulation of drug from day 1 to day 14 was also apparent. There was an increase in

hydroxyl phenols from day 1 to day 14 in both sexes. The increase was greater in males than in

females. The AUCy.24 in males increased by 3.6x in males from day 1 to 14 compared to an
increase of 3X in females. The conjugated nebivolol was 78% of total nebivolol AUCy4 in

males on Day land 84% on Day 14. The sponsor’s summary of PK is shown below.

Summary of Mean {SD) PK Parameters of o, ~, &/~ Total and Conjueated Nebivolol

Mean PR Day | Male Do
Pyrameters | #-Nebivolot | ENebivolol [ ZNebivolol | Total Nebivolol | Conjugated Nebivolet | Hydroxy Phenols

T (hr) 2{0) 2 {0 2¢H 2 4ih 2 i 2433127}

C o g/l ) 13.94109) | 10.8¢4 83} | 24.7¢15.7} 217 {238 192 (214 17.2(3.48)
AUCqs 948600 | 759236y 1704833 768 (T2 397 {645) 217 {44.2)
{he*npfml )

AUC i H3(NC) | SLT(NCY | 195ND) 986 {NC) 793 (NCY 346 (NC)
{hr*ng/mL)

Tin (htd 423 (NCY | SIZINCY | 46080 4.44 (M) 4.06 (NC} 178 (NC)
Ko {18} GITAING) | DI37ENCY T QIS (NCY 0159 {NC} 2471 {NC) 1044 (NCY
AUCy 4 Ratio 0.58 042 1 506 407 L77

Mean PK Dipy 14 Make Doos
Parametars d-Nebivalol | ENebivolol [ 2-Nebivalol | Total Mebivolol | Conjugated Nebivolol | Hydroxy Phenols

[T (he) 241 2(0 20} 2{n 2 B 233 (058}
Cpg (ng/ml } FO.T{32.3) | 48.6¢11. 1)} 1194432 T26{322) 7 {279 T34 (6.89)
AUC)2 e | in | esom | 2300 (1336 1758 (1041 769 £135)
fihr*ng/mL)

Tya (he) 395 ¢Lon [asia ] 4aan | 3750098 339¢E28) 130341
K. i1%e) 6,183 00,043 | 6.168 (@05y] 0179005y | 0186 (000 0.225 (0.08} 0.056 (0.67)
AUC .54 Ratio 0.37 .43 1 378 278 1.2

Total Nebivolof includes aon-conjugated mnd conjugated Nobivolols,
AUC, s 0r AU ratios were catoabited relative 1o o ENebivolol
NC: siot ealeulated (n=2)
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Conjugated nebivolol in females was 69% of total AUCO0-24 on day 1 and 66% on day 14.

Mian PK Duy 1 Fenale Dops
Parsmeters A-Nebivolol | #-Nebivolol (4 -Nebivolol] Total Mebivolol | Conjugated Nebivobod fHydrxy Phenols]
Ty, £hrd 2 {6} 2474115 2 20 2{H 6 {3.46)
_{”j& (i, ) 1I66{3.35) | FLE44 423 | 2774808} 249 {56.5% 222 {49.1) [RETEAPS]
Al sy ﬂlr*ngfmi.) 192 R8Ty | 144 66240 | 3363131 T8 2243 33 {165 328 {146)
AUC o hirtnmoimly | B8O | 150 G4 | 349355 1086 {239 TS 168 NC
Ty ¢hry 924105y | SAS5{1.1) | SO8 {1 i} 4.32 (1177} 4.17 (0.63) N
Ko £ 1701Y 3146 .03 | O .04 | 0342 {064 | 6164 {083 0169 {007 NC
a‘\i.f(?,gﬂ Ratii AT 343 H 3k 212 234
hiean PR Erey 3 Female Dogs
Parametiers sd-Nebivalot | &-Nebivolol ki i-Nebivolst | Dotad Nebbeodod | Conjuirated Nebivolod [ydroxy Phenols|
Tasae Sk 4.3 (B30} | 4.5 16.30) 4.3 (6305 5 {08 3 {608 5 (.08
Cyp Cniviiml} B&5(53.5) [ 579435, | 143¢88.3) 581 (253) A81 (301 .30
AUC oy (hrdngfmd ) | 508 (1231 1 542 (6813 | B4 8D 2T 1663 {$93) N9 {371)
Tin (b A8 290 | 3.90468.26) | 526 349 287 (.81 547 (107 HLB {164
K, {1} (376 00.08) 16,156 008} QISR (008 | 0172 N D163 {13} (3066 (001
AU - Rutin .59 Q.41 i 2407 1.97 1.15

Taoral Nebiwolol smefudes son-conjugated and conpugsted Nebivolols.
AU or AL, o rathis wene caleulated relative to o SNebivelol

NC: nob cabaulsbed (p=1}.

N109083 Comparative toxicokinetics of rac-, d- and I- nebivolol in the beagle dog in a one-
month subchronic oral pilot toxicity study (Exp No. 2671) with R067555, R085547 and
R085548 administered as a mixture with f-cyclodextrin at 80 mg(base-eq.)/kg/day(R067555,
rac-nebivolol) or 40 mg (base-eq.)/kg/day (R085547, d-nebivolol and R085548, I-nebivolol).
Tissue distribution at the end of the study. 1992-1994.

The toxicokinetics of rac-, d- and 1- nebivolol were studied in Beagles in a one-month oral pilot
toxicity study with each of the compounds given formulated as a co-precipitate with B-CD in
gelatin capsules at 80 mg/kg/day (rac-nebivolol) or 40 mg/kg/day for each of the enantiomers.
Tissue distribution was studied at necropsy (24 hours after the last dose). Details of the study can
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be found in the specific review. Blood samples were collected at pre-dose, 1,2,4,8 and 24 hours
after the first and last dose administration. Tissue samples collected for analysis were liver,
brain, lung, heart, muscle, kidney, fat, pancreas, adrenal gland and spleen. Plasma and tissue
were analyzed for unchanged drug '

using an HPLC method. Concentrations of the enantiomers and the hydroxylated metabolites
were determined by enantio-selective RIAs.

Results
The most striking results were the accumulation of drug in the tissues examined.

Table 31 Mean (n=2) tissuc concentrations! (ng/g) and tissue to plasma concéntration
ratios of ruc-, d- or Inehivolol in the beagle dog at 24 h after the last dose
adminisiration of rec-nebivolol or its enantiomers as a mixture with
B-cyclodexirin in a one-month subchronic oral pilot toxicity experiment
(Exp. No. 2671} of rac-nehivolol a1 81} mgibase-eq. Wkg/day, and of
RO85547 {d-nebivolo)) or RUS5348 (£-nebivolol) at 40 mg(base-eq. Vkpfday.

Tissue 80 mpibase- 48 mg(base- 40} mpibase-
concentsation | e kg/day eq. ) kgfday e Wkg/day
 (nglz) ) | rac-pebivolol {-sebivolol d-nebivolol
Plagma 2 210 14
Fat 119 293 35.3
Heast 174 727 56.8
Muscle 221 62.6 39.1
Spleen 295 143 66.1
Kidney 360 150 96
Brain 46} 174 131
Adrenal gland 624 308 210
Liver 1892 125 40.8
Pancreas 897 332 329
Lung 3125 1256 828
TP ratio
Fat 5.16 -» 2.38
Heast 8.22 - 4.02
Muscle 10.3 - 2.85
Spleen 14.4 - 4.78
Kidney 16.5 . 712
Brain 211 . 9.89
Adrenal gland 28.8 - 15.7
Liver 7262 . 3.0%
Pancreas 44.0 . 22.7
Lung 143 - 62.8
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The greatest accumulation was seen in the lung followed by pancreas and then the adrenal gland.
There was a great amount of variability in the pharmacokinetic parameters as shown below.
There were lower concentrations of l-nebivolol compared to d-nebivolol. The concentration of 1-
nebivolol decreased with repeated dosing.

Appears This Way '
On Original »
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Table 1: = Mean {n=2) plasma concentrations! {ng/ml) and some pharmacokinetic
parameters of rac-, d- and l-nebivolol in the beagle dog in a one-month
subchronic pifot toxicity experiment {Exp. No, 2671) with oral
administration of rac-nebivolol at 80 mg(base-eq.Vkg/day, and of RO85547
{d-nebivolol) or ROS5348 (-nehivelol) at 40 mg(hase-eq. Ykp/day as
mixtores with f-cyclodextrin,
80 mgtbase-eq. kg/day 40 ma(base- 40 mp(base-
rge-nehivolol eq. Vkgfday el Ykg/day
d-nehivolol Enebivolol
HPLC
Time th) Single Repeated Sinple | Repested | Single | Repeated
0 <10 33 <16 162 | 10 14
1 291 526 156 39 o 89
2 384 1047 478 624 223 108
4 441 596 366 305 169 91
8 293 . 338 135 187 54 44
24 138 22 <10 14 g0 <10
Craax 377 047 543 624 223 110
(ng/mb)
Tyax (1) 2.5 2.0 30 | 20 2.0 15
2 (b 3.4 4,2 2.7 4.0 2.4 3.8
AUCG0 5044 7450 3 2782 47423 | 1230 6163
(ng.b/iml)
RIA afler exiraction
d I d ! dd g5 &) 1L
0 250 £30 13 2307 =50 36.3 £ 5.0 15.2
1 198 | 146 440 30 166 411 13 102
2 307 197 856 481 | 536 915 75 136
4 342 195 564 285 462 637 216 126 |
8 257 135 334 142 199 37 78.5 52,7 |
24 14.9 1101 295 14.8 0.7 35,1 6.3 7.4
Conax 412 257 865 481 613 915 275 136
(ng/ml)
Tmax  (B) 2.3 2.5 3 2 3 2 2 2
tin () 39 38 461 49 3.9 5.3 3.3 5.1
AUCp.. |4455  [2411 170119 (3430 4486 | 70583 1860 | 12749
{ng.himl)

1} Plasma concentrations are expressed as base-equivalents.

2) Median value.

B AUCh24 ne

4} Plasma concentrations of the opposite enantiomer are not given because they could be
explained exclusively to the cross-reactivity of the other enantiomer and Hs metabolites.
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N108425Toxicokinetics of nebivolol in the Beagle dog in a six-month chronic oral toxicity
study (Exp. No. 1896) on a microcrystalline powder of nebivolol hydrochloride (R067555) at
20 or 80 mg(base-eq.)/kg/day. 1987-1994

In the present study, the toxicokinetics of nebivolol were investigated in the Beagle after single
and chronic oral administration of a microcrystalline powder of nebivolol hydrochloride in
gelatin capsules at 20 or 80 mg/kg/day. Blood and tissue samples were collected from the first
two male and female dogs from each drug-treated group. Blood samples were collected pre-dose
and at 0.5, 1,2,4,6,8 and 24 hours after dosing on day 1 and day 84. Additional blood samples
were collected before dosing on days 3,4,8,15,29, 64 and 127 of the experiment. At necropsy,
day 192, 24 hours after the last dose, blood and liver, kidney, lung, pancreas, brain, aorta, heart,
muscle and fat were also collected. Plasma and tissue were analyzed for nebivolol using HPLC
methods. Tissue concentrations were determined for the 20 mg/kg dosed animals only.

Results
The increase in plasma exposure was non-linear with increased dose, with less than the expected

exposure. There was also a tendency to some accumulation with repeated dosing seen at both
doses (2.3X at 20 mg/kg and 1.5X at 80 mg/kg).

Appears This ch
On Original

129



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

Time (h) after 20 mg/kg/day 80 mg/kg/day
administration
Single administration
0 £ 020 0.655"
0.5 113" IRy
1 606 * 275 5.29 * 363
2 130 - 56 13.7 * 6.6
4 122 E 55 367 * 316
6 8.12 * 3.85 238 & 28
B 595 * 1.70 234 * 17.8
24 0.459 8.06 + il8
Coms (ng/ml) 146 > 49 381 * 304
T (k) 30 & 12 83 % 04
AUC,,, {ngh/ml} | 123 x 40 2947 r 144
UC,. {(ngh/ml} | 126 * a8 468~ * 4m
Repeated administration
0 196 & 750 - 3.56 & 1.55
45 7.29 * 976 5.50 & 3.85
1 944 * 3060 155 + 92
2 188 * 99 472 * 310
4 294 * 184 730 E3 547
6 256 & 187 521 x 35.1
8 13.1 * 6,6 369 > 18.6
24 292 * 361 4.00 % 1.32
Cran {ng/mi} 294 * 184 764 * 50.1
T h) 40 * 0.0 33 ® 1.5
AUC,,, (ngh/ml)y | 290 * 159 760 * 377
Y Median.
% n=3.

Again, consistent with the previous study, the most striking finding was the accumulation of drug
in the lung.
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Table 3: Mean + 8.D. (p=4) plasma and tissue levels (ng/ml or ng/g) of
nebivolal in the beagle dog at autopsy, ie. 24 h after the last doss
administration, of a six-month chronic oral toxicity study on a
microcrystalline powder of nebivolol hydrochloride, weighed in
gelatin capsules, at 20 mg (base-eq.)/kgfday. The corresponding tissue
to plasma concentration ratios are given as well.

Plasma or Plasma or tissue levels Ratio tissue/plasma
tissue {ng/ml or ngfg)
plasma 385 + 1.74
fat 488 * 219 134 + 54
muscle 173 * 698 | 505 = 2.09
heary 36.1 + 212 990 ES 3.50
aorta 126 * 16 961 * 361
brain 770 S 430 20.1 & 25
pancreas 194 * {14 514 * 132
leng 652 x 407 168 E 50
kidney 98.2 b 751 276 x 180
liver 76.1 ES 52.5 183 £ 8.7

109347 Toxicokinetics of nebivolol in Sprague-Dawley rats on day 16 of pregnancy in a
segment 11 embryotoxicity and teratogenicity study (Exp. No. 3005) on nebivolol hydrochloride
(R067555) at 2.5, 10 or 40 mg(base.eq)/kg/day. 1993-1994

Nebivolol in HP-B-CD was given in daily oral doses of 0, 2.5, 10 or 40 mg/kg to pregnant
Sprague-Dawley rats (n=6 per group) from GD6-GD16. On GD16, blood samples were
collected from the dosed animals at 1, 2,4, 8 and 24 hours after dosing (3 animals per group per
timepoint). Plasma samples were analyzed for nebivolol by HPLC methods.

Results
The sponsor’s summary is shown below. The AUC values showed slightly greater than expected
plasma levels with increased dose.
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Table 2 Plagma fevels tmean 2 S.D n = 3) of nebivolol and the corresponding pharmacokinetic pasameters in female Sprague-
Dawlkey rats on day 16 of megnancy afier daily dosing, from day € w day 16 of prognancy, of aqueous (0.5 - 8 %)
hydroxypropyl-f-oyclodextsin solutions of nebivolol hydrochleride at 2.5, 10 or 4¢ mg nebivololkg/day,

Plastia concentration {ng/mi)
) . Low Medium High
Time () afier dosing 2.5 mg {base-eq. Vg I mg (base-eq kg 40 mg (base-eq Vkg
I 443 x 19 224 = 45 826 2+ {06
2 790 x 68 7 = 50 1446 = 437
4 405 = 165 194 = 107 L o+ 254
8 231 = g 126 = 23 765 2 49
24 42% 68 =+ 34 W6 +« Y
Con {ngfid) . 790 317 1146
Tre k) 2 2 9
4 ) £.197 187" 845"
AUC,,,  finptml) 549 2589 14216
o Median; a=2.

1, eslculated between 3 and 24 h.
1 caloutaled hetween 2 and 24 he
tye Culoulated hebween B and 24 h,

The analysis is inadequate to determine whether or not there are metabolic differences between
gravid and non-gravid Sprague-Dawley rats. Characterization of the enantiomers, conjugated
forms and hydroxyl phenols are also necessary at a minimum.

N109346 Toxicokinetics of nebivolol in the Beagle dog in a twelve-month chronic oral toxicity
study of nebivolol hydrochloride (R067555) provided as a mixture with f-cyclodextrin at 2.5,

10 or 40 mg(base-equivalents)/kg/day. Tissue distribution of nebivolol after chronic dosing.
1989 - 1994

Three groups of 4 Beagles (2/sex) were used. There were 4dogs/sex/group in the toxicology
study. The nebivolol was mixed with B-CD in gelatin capsules to provide the specified dosages.
Blood was collected before dosing, and 0.5, 1,2,4,6,8 and 24 hours after dosing on the first and
last days of the study. Samples were also taken for determination of trough levels on days
3,4,8,15,43, 57,120, 176, 239, 303 and 358. At necropsy, samples of liver, brain, heart, kidney,

pancreas, spleen, lung, muscle and fat were collected. Plasma and tissue samples were analyzed
by HPLC for nebivolol.
Results

The sponsor reports that there were no sex-related differences in PK parameters. Separate results
for the sexes were not provided. The combined results are shown below.
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