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The sponsor’s summary of anomalies is shown below.

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

Observatfan

A. Affecting the whole body
B. Affecting parts, regions or orgens
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NDA21742 Reviewer: E.A. Hausner, D.V.M.

Teratogenicity studies

HISTORICAL CONTROL DATA : LITTER DATA

Live pups Dead pups Litter size Resorption | Weight live pups
Report per litter per litter sites
n n n B Mean {g)

g8-01 - 138+13 0.05 + 005 138+ 11 057+ 016 37
8803 138 +08 .04 2 0.4 139408 0424013 3.6
88-07 110+1.2 01201 11.2+1.2 1.06 + 045 57
88-09 114213 0 114413 0284016 | 5.6
85-10 111412 a 111412 0.43 +0.15 | 5.8
B&-15 121x10 0 121310 040 £ 015 55
8817 Ml+10 0 M414+10 0354015 5.8
8901 13907 0 13.9407 011007 39
89-03 1344038 3 13.4+08 0.14 + 0.08 3.8
8907 125+1.0 0 125+ 1.8 D.86 + 053 34
89-08 125+1.0 006 +£0.06 126+10 0.17+ 037 58

Values are given as mean x SE.

Study title: N51487 Oral embryotoxicity and teratogenicity study in New Zealand White
rabbits (segment II)

Key study findings: The summary table for the dam and litter data is essentially unreadable.
Summary data was taken from the text of the report. At the HD, 4 out of 13 litters were affected
by skeletal anomalies, primarily abnormal thoracic vertebrae T10 and bifurcated or trifurcated
ribs. As this is approximately 30% of the litters, I can’t agree with the sponsor’s conclusion that
there were no drug related effects. The report also gives no indication of maternal toxicity at any
dose.

Study no.: #1678 (86.08.12)
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NDA21742 Reviewer: E.A. Hausner, D.V.M.

Conducting laboratory and location: Research Department, Janssen Laboratories,
Aubervilliers, France

Date of study initiation: May 14, 1986

GLP compliance: statement included

QA reports: yes( )no ()

Drug, lot #, and % purity: R67555, lot # V8510-201, in a vehicle of Avicel and Tween20

Doses of 0, 1.25, 5 and 20 mg/kg/day were given orally to NZW rabbits from GD6 through
GD18. There were 15 females per group, fertilized by artificial insemination. The day of
insemination was considered to be day 0 of pregnancy.

Observations

Dams: pregnancy
Clinical signs
Body weight
Mortality

Litter: litter size and weight at caesearean section
Number of resorptions, dead and live fetuses per litter
Abnormality

Results
One MD female died on day 27 with 9 fetuses. No cause of death was listed.

The summary table for the dam and litter data is almost entirely unreadable. The summary data
is thus taken from the text of the report. '

The tables for weight gain for the individual dosage groups are also poorly readable. The
sponsor’s summary of weight is taken from the text.

Body weight

The average welght gain of pregnant females (Table 1} for the
YarioNs Jroups wan:
- 357.9 g toontrols)
~ 192.3 g £1.25 mg/ky)
~ 188.7 g 15 wglky)
- 7296.2 g 120 mg/kg)

Initisl and teimindl body weight of all females is reported in bthe
annexed takbles 2 to 5. Although body weight decreased in all dosage
groups oo doae-related effect was seen sinue the sape PHenomenon

accurred jn the contyol groups
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NDA21742 Reviewer: E.A. Hausner, D.V.M.

Food consumption was not recorded because of wastage.

Prognancy

afver artificial insemination the number of pregnancies ia the
gosed groups was 14715 €1.25 mgfkgl, 11713 (% wg/kg) and L3/15
{20 mysfkg) as compared with 14715 ia the coatrol group. for the
calculation, the pregnant females dead before sacrifice ae the 28th

day aftel inseminatiocn, wete included.

CEEgpring

7he nsmber of live, dead and zegsorbed fekases for Che dows
sacrificed on the IBEh day after insemination i3 given in Table 1. Is
45 evident Erom thim table that the average lirter size in control
does was 9.7, 6.2 {p=cU.01} (1,25 mg/Ral, 7.8 (3 ma/kal and 5.8
tp<0.B1] (20 ma/kg) im the warivus dosage groups. The awider of
live, dead and resorhed Estuses per female for all geroups were
respectively: 9.5 « 9.2 - 9,8 {controlsl, b.l {pL8.01) ~ 9.1 — G.5
{1.25% mgfkgl, 7.8 - 0.0 = 0.6 {5 mgkgl and 6.3 (p<u.Vi) - B.8 ~ 1.2
{26 malkgl.

At pesection, the birth weight of 1live pups (mean of the litker
teans) was: 35.9 4 (controlsl, 42.0 g {p<B.01F (1.25 m»g/kg), 3%.3 g
(5 ma/ky) and 39.4 g (20 mg/kad.

i decrease of thi number of implantations was observed ip all
dosage giodps (&suiﬁing in a decrease of the puamber of Iiving pups
which was aignificant ab the 1.35% and 20 mg/kg doge level bub not at
5 ma/kg.

Hovever, since the number of implantations in the contgol group is
rather hign for the dused tabbib straln, the number of implantations
in all dosage groups is copsidered to be within aormal kimiks and mot
affected by rhe test article. Ho adverse effects on birkhweigth wete

=20:31 28
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NDA21742 Reviewer: E.A. Hausner, D.V.M.

Gross pbservations

Fatal skelotal examination and fetal sectisning

The following abnotmalities weie seen :

Control qroup: 27136
Female no. 4 : 1 fetus with abnormal rhoracic vettebrae T3 and
ipose 1id

Female no.13 1 1 fetus with abaormal vertebrae and ribe T8~3-10

Low dossge group {1.35 myfkgl: 1787

Pemale no.l% : | fetus with abnotwal thoracic vertebras TH-I0

Hedion dosage group 15 mglkgl: 1778
Fomais po.31 : 1 fetus with abnormal thoracic verszebras ¥9-10

{bifurcated ribs}

High dosage greup (20 mglkgl: §/8¢

Female n0.51 ¢ 1 fetus with abnormal thorasic vertebras P18
1 ferus with trifarcated ribs

Yemale an.54 @ 1 ferus 4ith abmormal thoragic vertebras T2
1 ferus with bifurcated cibs

female #An.5% : 1 fetus witd adnocmal shotacic vertebrae TXY

FPepzle no.5% @ | fetus with bifutcated ribs

The pormal control incidence of shnormalivies in our rabbit colony
is 1.6 %. A fow abnermal hhoracit vettebyse were seen in conticls
and dozed growps, the incidengs »f which was somevwhat higher than
normal at 20 mg/lkg. Howsvsr, sinse the same abnormalities were seen
in both contrel and dosed groups wa conciuded chat no drug-related

abnormaliities Wwere seen.

At the high dose, 4 litters are affected by skeletal anomalies. As a percentage of 13 pregnancies,
this is almost 30% of the litters. As this effect was also seen in the rat, I can’t agree with the
sponsor’s conclusion that there were no drug related effects. It should also be noted that the
report gives no indication of maternal toxicity at any dose.

Appaars This Way
On Original -
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NDA21742 Reviewer: E.A. Hausner, D.V.M.

Study Title: N71096 Embryotoxicity and teratogenicity study in New Zealand White
rabbits (Segment II)

Key study findings: 6/15 HD dams died during the experimental period. Dosing at MD and HD
resulted in a dose-related increased incidence of respiratory difficulties (8/15 MD and 12/15
HD). Signs were sneezing, coughing and sniffing. Some animals had no reported necropsy
findings while others were found to have respiratory infections. This raises questions as to
whether the effect is drug-related, dosing related or husbandry related. I do not agree that this
necessarlly means that the MD is maternally toxic. The presentatlon of fetal findings is not rich
in detail or clarity of expression.

Study no.: N71096
Conducting laboratory and location: Research Department, Janssen Laboratories,
Aubervilliers, France
Date of study initiation: January 18, 1989
GLP compliance: statement included
QA reports: yes( )no( )
Drug, lot #, and % purity: R67555, batch PFA091 in a vehicle of HPBCD.

Methods

Doses of 0, 2.5, 5 and 10 mg/kg/day were given to NZW, 15 females to a group. The drug was
given from GD6-GD18. The sponsor now states maternal toxicity as shown below.

The doses administered in this study were 0 2.5, 5 and 10 mg/kg body weight/day. Thev were chosen
based upon the available information on the toxicity of R 67555, In a previously conducted segment i
study in rabbits {exp. 1678), R 67555 suspension was given at doses of 1.25, 5 and 20 mg/kg. No maternal
toxicity, embryotoxicity or teratogenicity were observed. A pilot dosing trial with a solution of

R 67555 in hydroxypropyl-B-cyclodextrin indicated pronounced chinical side-effects consisting of
respiratory difficuities, dyspnea and sniffing in the female rabbits dosed at 20 mg/kg. Therefore it
was decided to select 10 me/kg as the highest dose in the present study, while 2.5 and 5 mg/kg were

chosen as low and mediam dose.

Observations Appears This Way
Cn Original
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NDA21742 Reviewer: E.A. Hausner, D.V.M.

Clinical signs, mortality, weight of the uterus, number of corpora lutea, numbers of live and dead
fetuses and embryos undergoing resorption. Live fetuses were weighed. Live and dead fetuses
were examined for external anomalies. All fetuses were examined radiographically and
dissected for organ examination. Bones were also stained with alizarin.

Results

The sponsor reported unscheduled morality and clinical signs that are shown in the entirety of
the detail provided.

Appears This Way
On Original
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NDA21742

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

nirol group

Femaleno 3 (pregrant)

Female no 7 (pregnant)

Female no 15 {pregnant)

Loy desad proup
Fermale no 23 (pregnant}

Female no 28 (pregnant)

Female no 30 {non pregnant)

Mediun dosed srous :
Female no 37 {pregnant}

Female no 38 {pregnant)
Female no 39 {(pregnant)

Female no 40 {pregnant)

Fermale no 41 {(pregnant)

found dead on day 17 of pregnancy was apparently well
the day before. Autopsy revealed pneumionia.

delivered prematurely on day 23.

found dead on day 15 of pregnancy previously showed
anorexia. No specific macrescopic changes were noted

at autopsy.

had abnormal respiratory spunds ondays 1410 16
of pregnancy. No specific injuries were noted at autopsy.

deliverpd premawreiy on day 23,

had anprexia and bad general condition on day 19
of pregnancy. No specific injuries were noted at autopsy.

had abnormal repiratory sounds on day 18
of pregnancy. No specific injuries were noted at autopsy

had abnormal respiratory sounds on days 1010 14

of pregnancy. No specific injuries were nioted at autopsy.

had abnormal respiratory sounds on days 7V to 14

of pregnancy and delivered prematurely on day 20

found dead on day 19 of pregnancy had abnormal
respiratory sounds, on days 7 t0 18 additionally puraient

nasal discharge was noticed on day 13. Autopsy revealed

preumonia.

had abnormal respiratory sounds on day 15. No specific

injurics were noted at autopsy
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NDA21742
Female no 43 (pregnant)
Fernale no 45 (pregpant)

Highdosed group -
Female no 46 (pregnant)

Fernale no 47 (pregnant}
Fernale no 43 (preprant)
Female no 49 {pregnant)
Female no 50 (not pregnant)
Females no 51 {pregrant)
Female no 32 {pregnant)
Female no 53 {pregnant)

Female no 55 (pregnant)

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

had abnormal respiratory sounds on days 6 to 15 of
pregnancy. No specific injuries were noted at autopsy.

had abnormal respiratory sounds ondays 7 to 15 of
pregrancy. No specific injuries were noted at autopsy.

found dead on day 17 of pregnancy had respiratory distress
before gavage the same day. Petechia on the stomach

were npted at autopsy.

had abnormal respiratory sounds on day 14 of pregnancy.
No specific injuries were noted at aulopsy. '

had abnormal respiratory sounds on days 10 1o 14 of
pregnancy . Aulopsy revealed preumonia.

had abnormal respiratory sounds on days 11 to 15 of

pregoancy. No specific injuries were nioted at autopsy.

had abnormal respiratory sounds en days 1010 19 of

preguancy. No specific injuries were nobed at autopsy.

found dead on day 17 of pregnancy was apparently well
the day before. No specific injuries were noted at autopsy.

had sbniormal respiratory sounds on days 8 to 16 of
pregnancy. Delivered prematurely on day 21.

had abnormal respiratory sounds on days 7 1o 17 of
pregrancy. Autopsy revealed prreumonia.

found dead on day 19 of pregnancy had abnormal
respiratory sounds the days before (day 7 to day 18}
Autopsy revealed pnoumaonda,
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NDA21742 Reviewer: E.A. Hausner, D.V.M.

1 f
) Treatment : from doy 6 throush day 1B after sating !
1 ¢
‘Embryotoxicity snd teratogenicity in rabbit + b
! ] '
! } Dosage grouss R €7553 ]
! H i
' 4 + 4 2 é
1 4 i H ! 1
1 i Lontrel £ 23w ¢ Imy P m i
i b ] ! ! !
' 3 : ; i ‘z
i i § ! ! !
b opdult rabbit data ! ! i i i
] i i t ! t
! Ho. of dosed Females b 15 ! 15 ! 15 i 13 !
| Mo, of desd females {1} LT LI 75 LI P4 4 LI Y411 4
t Ny, of pregrant fesales {1} bo1315 Pogls o+ 1 1318 bo1as !
| Body weight of pregn. fes, oo 819 §2) 1. 385 i 3928 boo3903 {7 T i
t Body weight of prege. fem. an @22 {2} §oa0Eg booagER I 73 L 14 }
t Height change of prean. females  (2) ! -37.8 to-17.3 1 ~183.6 1 -6b.3 i
1 Food tonsugtion (41 -d'9) (2 i 94 i gon 1 5gs bR !
b Food comsumption {d 6 - 418 {2 Foo1885 it 3 ¥ i 1663 1
¢ Food consumption {(di3 - 427} {2) LI £ 1A Pl 11498 i
; : f ] 1 !
1 Litter dats ! ! 1 ! !
¥ i k ! ! !
! Mumber of live pups / Temale i ' 6.8 [ 5 T S B K 187 1
i Number of dead pups / Female (2} L X LI | K LI N tge '
! Hean litter size {2} i 6.8 EOogs & 1 8.0 ! %7 1
1 Number of resorptions 7 female {2} 1 1.8 i .8 Eoo9,7 ' 1.6 i
| Mumber of implantations / female {2} vt 7.8 Eo3.3 r87 bo7.3 !
{ Heiant of live pups (nases, dol.) (2} 328 1 3.7 LI D4 ¢ 335 k
' ! : ' ] ]
Statistics : (1) Chi Square Tes: *p (0.0

{2) Mann-Hhitney U Test *p {001
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NDA21742

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

A Dosage groups mg/ kg
Observations
Control 2.3 5 10
No of fetuses (litters) examined | 81 (12) 68 {8) 8811} 40N
A, Affecting the whole body 0 0 g 0
B. Affecting regions, parts or
organs
- Therax and contents
- 13th ribs
- extra pair 10 7 17 &
- rudimentary pair 3 2 14* 2
- unilateral rib 8 10 4 3
. Stermwim bones
- 2nd dumbbeli-shaped 1 3 1 IR
- 2nd rudimentary B i 2 1
~ 4th dumbbell-shaped 0 0 1 )
- Bth missing 12 16 it Y
~ 5th rudimentary 12 7 6 5
- 5th dumbbell-shaped 4 3 & 4
- 5th cleaved g 1 0 0
- 6th missing & 7 17 8
- 6th rudimentary 2 6 3 2
« &th dumbbell-shaped it 0 1 o
- 6th cleaved ¢ 2 0 &

Significance computed by Mann-Whitney U test (two tailed)

p< 005
**p < 001
L2 ) p < D‘OO’!

Appears This Way

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

N92570 (exp number 2383) Peri- and postnatal reproduction study with a second generation
evaluation in Wistar rats ( Segment I11)

Key findings: Waiting until Day 21 to observe the stated developmental landmarks is a very
insensitive method of evaluation. This study also did not identify a NOEL for decreased pup
birth weight and decreased 21 day survival rate, consistent with the previous Seg III study.
Carryover of effects into the second generation was not seen.

Study location : Janssen Research, Beerse, Belgium
GLP: statement included

QA statement included

Study dates: Initiated June 16, 1991

Female Wistar rats were orally gavaged with Nebivolol in a BCD vehicle at doses of 0, 2.5, 10
and 40 mg/kg/day from GD18 through the 3 week lactation period.

In explaining the dose selection, the sponsor makes reference to another Seg III study, # 1888. In
study #1888 maternal toxicity occurred at 10 mg/kg and was demonstrated in dystocia,
cannabalism, lower number of live born pups and decreased survival. The same maternal effects
were seen at 40 and 160 mg/kg/day with no surviving pups by PN day 4

in both groups.

JUSTIFICATION FOR SELECTION OF DOSES

In & previously performed segment 11 study with nebivolol (Exp.No.1888), doses were 10,
40 and 160 mg/kg. At 10 mg/kg, maternal toxicity, evidenced by dystocia and cannibalism,
was associated with a lower number of live pups at birth and 2 decreased survival.

At 40 mg /kg, decreased body weight gain, dystocia and cannibalism resulted in no surviving
pups after 4 days. Dosing at 160 mg/kg revealed a bad generat condition with increased
mortality, decreased body weight gain, dystocia and cannibalism. As a result, birth weightand
survival rate decreased with no survivors after 4 days.

Based on these data, it was decided to reduce the doses in the present study and 1o select 2.5,
10 and 40 mg/kg body weight/day.

Postnatal observation of F1 animals: Litters were culled 3 weeks after birth. Where possible, 4
males and 4 females were kept for evaluation. The observations were as summarized by the
sponsor:
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NDA21742 - Reviewer: E.A. Hausner, D.V.M.

Second Generation

Where possible, 1 male and three females of each litter were selected as parents of the next
generation. Sibling mating was

- avoided. Males and females were Four male and four female pups in each litter were examined for the following physicat
paired on a 1:3 basis with developments during the period described below:
o Pinna unfoldi i
cohabitation allowed for up to 3 Too’::::upﬁ:f :*‘V z: a;:’ :f::‘
ay 21 after birth
: weeks.' On GD2? all ferpales were Ear opening day 21 after birth
euthanized. Radiographic Eye opening day 21 after birth
examination was carried out for all Testis descent day 42 after birth
fetuses of all groups. Half the Vaginal opening day 42 after birth

fetuses were randomized for

A . Two male and two female pups ineach litter were examined for the following behavioural
dissection and the other half for 8

developments during the period described below:

examination of the skeletal system. Righting on surface day 21 after birth
Standard observations were made. Wire grasping day 21 after birth
Walking day 21 after birth
Results: Righting in air day 21 after birth
Climbing down a rope day 21 after birth
Auditory startle day 21 after birth
FO- Drug-treated Pain response day 21 after birth
Unscheduled mortality was seen at Corneal reflex day 21 after birth
the HD of 40 mg/kg Five of the FQ At the age of + 6 weeks, the horizontal activity was measured by Animex in five animals
HD females died. One of the dams of each dosage group.

died 2 days after parturition (dystocia). Two appear to have died during lactation period with
respiratory difficulties. Two animals appear to have died of traumatic causes.

In the last 3 days of gestation the HD females gained on average 9% less than the control group
(167g versus 185g) when the gain is calculated as a percentage of baseline. The HD group
maintained a lower rate of gain throughout the lactation period also.

Pregnancy rate and gestation index were essentially unaffected. Duration of gestation in days
was significantly increased in the HD group: 23.3days versus 22.8 days in the controls ( p<0.05).
There was a significant decrease in live pups and increase in dead pups in the HD group.

Appears This Way
On Original
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NDA21742 Reviewer: E.A. Hausner, D.V.M.

Dosage group Mean number of pups per female
mg/kg live dead
body weight/day
0 11.4 0.29
25 113 0.27
10 11.5 0.17
40 7.7 2,35+
*** p <0001

Pups of all the treated mothers had lower body weights at all dosages and at all points of
determination. The text of the report states that malnutrition was seen at all dose levels.

Survival was decreased in all treatment groups, significantly so in the MD and HD groups.
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NDA21742

Trearment @ from day B of pregnency throughout lactation

I B K W e ek Tk e dem rwm e e e ves o e

Aduit rst dete

Number of dosed females
Nurber of dead (meribund) females
Number of pregnant femates

Number of females with tive-nmberns

Body weight day 1 af pregnancy
Body weight day 18 of pregnancy
Body weight dey 22 of pregnancy
Weight change { day 22 - day 18 )
puration of gestation (deys)
Body weight day of delivery

Body weight day 4 of lactation
Rody weight day 14 of lactation
Body weight day 21 of lactstion

food consumption: pregnancy & § - 417
fFood consumption: pregnancy d18 « d21
Food conmumption: {ectatishd 0 - d 3
food consumption: lactation d & « 413
food consumption: lactotion dig - d20

Litter data

Number of Live pups /7 female
Wiber nf dead pups / femats

‘Mean Litter size

Hurber of implantations

Body weight of pups at hirth
Body weight of pups day 4
Body weight of males day 14
Body weight of females day 14
Body weight of males day 21
Body weight of females day 21
Survivat rate after 4 days
Survival rate after 14 days
Survival rate after 21 days

23

(2}
23
e}
(4}
€1}
(S}
(H
2}/
(8}
(1
(4}
n
(¢
h
(4}
(H

(¢}
(¢}
(&)
(&)
(§)]
(13
(&})
N
N
(&}
@)
{2)
£3]

(1) significance computed by Mann-Whitney U Test {two tailed)
{?) Significance computsd by Chi-Square Test (tuo tailed)

Appears Thi

H
}
1

Controt

b akk v an mrasserperrannerayeaceformauasemnmrnn

24
024
226
24724
201.5
330
386.7
5.7
2.8
299.3
31D
332.6
216
so6,8
135.8
159.3
602.8
560.0

1.4
2.29
L Y4
12.5
8.7
10.2
28,0
26.3
44.9
41.8
89.7
81.7
81.7

2.5 mg

24
0724
22/2%
22722
195.9 *
3271
382.3
55.2
2.5 *
296.2
308.6
328.0
323.5
509.5
.y
150.2
$60.7
484.2

"3
.27
1.6
12.3
6.3 *
9.5
25.6
4.7
2.4
1.2
90.4
78.3
76.7

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

10 mg

S P

~
P

0/24
23724
A YAl
014
332.0
385.6

53.6

22.7
308.0
n.y
3315
326.7
331.5
133.5
135.7
521.8 *
436.0 **

1.5
8.17
11.7
1.6
6.0 =
8.5 »*
5.9 *
23.5
38.9
38.3
?7.7 e
65,5 s
E3.4 et

;*Yp DS < 0t
1 v p .05 *p< 01

s Way

On Criginal

R R L e T 4+

40 oy t

24
5126
26426
23724
200.6
335.2
3467.6 *
32,5 v
23.3 s+
283.1 *
280.8 =
302.0 **
7
517.7
5.3 v
85'7 b 2
2549 e
184.5 vox
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NDA21742

Reviewer: EA Hausner, D.V.M.

There were no reported developmental effects in ear opening, pinna reflex, auditory startle, eye

opening, corneal reflex, tooth eruption, pain response, righting on surface, wire grasping,

walking, righting in air, climbing down, testis descent and vaginal opening. Horizontal activity
was presented as mean animex scores. The scoring was not defined.

Second generation: The number of live pups was slightly decreased and the number of dead

pups was increased as summarized in the sponsor’s table.

EXPERIMENT: 2383 -
Teratogenicity study
6735% - OR - RAT - Segment il - 2nd generation

3

f R L LI B L L T L L T T N N L LT TR =

!
¢

Janmoannrammnne SN PO DRI PR

Adult rot dats

Number of dosed femples

Number of dead females

Number of pregnent females
Body weight day 1

Roddy ueight day 22

Veight gravid uterus

Weight change of pregn. females
Food consumption (d 1 - d 21}

Litter data

Number of iive foeti / fomale
Number of dead foet! / female
Mean Litter size

Number of resorptions / female
Number of implantations / female
Number of corpora iutee / female
Weight of liwe foeti (caes.del.)
Sex ratio (%)

Number of maiformed pups

n
143
{2)
{2
{23
@
)

@)
$2)
2
€3]
)
@
{2)
2)
2)

!t Control

t

-l
<o

0710
9710
219 .4

-

g8
L -2

61,1

%
]
.

<

12.0
D.00
12.0
0.5¢
12.6
14.6

5.4
37.6

e e e e e om sew o e b aE e M e e A M e e e e e

t Sunrarized results @ Pregnancy and titter

D L e L - -

1
§

3

2.5m !

12.2
2.00
12.2
1.20
3.4
1%.7

5.4
50.4

0 g

6710
10710
304.8
455.2

B4.7

65.7
672.2

1%.4
4.0
11.5
.80
12.3
14.9

3.3
56.1

s e mm M MW A R Gem o v 4w dem 4w e dm mm wm mm A Am m e e

D R R R e L Fecarmrern P L L PR RY SR T TR 2

{

1) Significance computed by Chi Square Test
{2y Significance computed by Mann-ihitney U Test (tuo tailed)

{twe taited)

1 ¥ pec.05 #p« 01
i *pe 0F **p«< .0t

= p e 009
**e 5 o< 001

309



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

Prenatal and postnatal development
Study title: Oral peri and postnatal study in Wistar rats (segment III)

Key study findings: This study did not identify a NOEL for maternal toxicity (decreased weight
gain in the LD and MD groups; weight loss and death in the HD group), dystocia, cannibalism,
poor pup survival and decreased weight gain in the surviving pups.

Study no.: N65774

Conducting laboratory and location: Janssen, Beerse, Belgium
Date of study initiation: January 11, 1988

GLP compliance: statement included

QA reports: yes(x)no ()

Drug, lot #, and % purity: R67555 batch PFA031

Methods

The test article was administered daily admixed with the food from day 16 of pregnancy through
a 3-week lactation period. The intended dose levels were 10, 40 and 160 mg/kg body weight per
day. Four groups of 24 female rats of a Wistar substrain were used.

Parameters studied in the dams included clinical observations, mortality, body weight, food
consumption, test article intake, pregnancy rate and duration of gestation. Litters were assessed
for litter size, weight at birth and at 4,14 and 21 days of age. Litters were also assessed for
number of live and stillborn fetuses per litter, survival of pups at 4, 14 and 21 days, and
abnormalities.

Results

Clinical signs in the dams were reported only for the HD. Signs were poor general condition and
ptosis. At parturition, dystocia and cannibalism were observed in each of the drug-treated groups
but not the control group.

Unscheduled mortality was seen in all drug-treated groups: 0/24 (control), 2/24(LD), 3/24(MD),
8/24(HD).

Body weight effects were seen in all drug-treated groups. The sponsor’s summary is reproduced
below. The LD group gained 6% less weight than the control group from GD16-GD22 while the
MD group gained on average 17% less. The HD group lost weight during this time period and
continued to lose weight until time of parturition.
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Average body weight recorded for the different groups

Dosage Average body weight (g)

group Pregnancy Day of Day 4 Lactation

mg/kg D16 D22 parturition D14 D21

0 303.8 388.1 297.6 302.4 331.2 329.6

10 299.7 378.7 (-6) |296.5 296.5 317.5 321.0

40 305.9 375.8(-17) | 289.8 274.9%** 1 206.1*¥** | 311.6*
160 301.4 204.3%%% | 237.4%*F* | 221.6%** | 207.4%** | 211.1%**

*p<0.05, **p<0.01, ***p<0.001

On the day of parturition, the LD group weighed on average the same as the control group. Day
4 of lactation, the LD group weighed ~2% less than the control group while the MD group
weighed 9% less. The HD group weighed 27% less than the control group. Food consumption
was similar between the groups prior to dosing. During dosing, food consumption in the HD was
decreased to approximately half that of the control group. During gestation, there was little
difference between consumption in the control, LD and MD groups. During lactation however,
there was a dose-related decrease in food consumption. This is summarized in the table.

Average food consumption (g)

Dosage group mg/kg GD16-GD21 lactation
0 233.0 1241.7
10 222.8 990.9***
40 227.8 592 4%**
160 132 4%%* 450.2%**
***p<0.001

A slight increase in duration of gestation in the treated females

Dosage mg/kg | Duration of gestation
(days)

0 23.0

10 23.1

40 233

160 23.2

Average numbers of live and dead pups per female at delivery

Dose (mg/kg) # of pups per female Average l.itter size
live dead
0 10.8 0.58 11.4
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10 8.7* 1.00 9.7*
40 8.0** 2.32%*% 10.3
160 6.7%** 1.84%** 8.5HH*

* p<0.05, **p<0.01, ***p<0.001

After this data, the sponsor reported that the increased number of dead pups, especially at the

MD and HD was considered to be a consequence of the dystocia observed in some dams. Since

litter size was established prior to dosing, the decrease in litter size was explained by an

increased incidence of cannibalism at time of parturition. Cannibalism was also used to explain
a lower number of dead offspring in the HD than the MD.

Average birthweight was lower in the treated groups. Surviving pup weight in the LD group was

reported to be within normal limits, but was also consistently less than the control weights.

Survival of the pups was decreased in all drug-treated groups: 50%(LD), 0%(MD) and 0%(HD).

This occurred within the first 4 days of life. The sponsor reports that this was associated with

maternal toxicity.

Average pu

p weight
Dose birth Day 4 Day 14 Day 21
mg/kg m F m f
0 6.6 9.7 30.9 29.5 47.9 45.7
10 6.1% 9.5 29.3 27.3 45.6 42.8
40 5.9%**
160 5.1%**
Average survival rate(%)

Day 4 Day 14 Day21
0 82.3 71.2 70.8
10 64.0*** 52.5%%* 50.0***
40 0.0%** 0.0%** 0.0%**
160 0.0%** 0.0%** 0.0%**
*p<0.05, **p<0.01, ***p<0.001
Appears This Way

OTHER
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A telecon was held with the sponsor 10/22/02. The minutes of that telecon can be found in a
separate memo. The substance of the discussion was that it was apparent that nebivolol causes
an endocrine disruption as manifested by the reproductive and developmental toxicity studies,
effects of decreased testicular weight in dogs in the 12 month study, Leydig cell tumors in mice,
decreased absolute and normalized gonad weight in female mice and various poorly described -

- effects on the female reproductive tracts (“a more resting appearance”). Amendment 097 was
submitted subsequent to the telecon and among other things contained the studies N109053 and
N106654, conducted to explore the endocrine effects. The material as it was submitted then was
un-interpretable. The sponsor was requested to submit the results as tables of numbers for the
reviewer to analyze.

3.4.7 Local tolerance
3.4.8 Special toxicology studies
Study title: Primary dermal irritation study in albino rabbits

Key study findings: Half a gram of R67555 applied to the backs of male albino rabbits for 3
days in an undescribed vehicle did not produce any reported skin effects.

Study no.: N84431

‘Conducting laboratory and location: Janssen, Beerse, Belgium

Date of study initiation: September 24, 1991

GLP compliance: statement included

QA reports: yes(x) no( )

Drug, lot #, and % purity: R67555 no batch number was provided and the formulatlon of the
material was not described.

Formulation/vehicle:

Methods An area was shaved on the backs of 3 male =—===—= " albino rabbits. For each
rabbit, 0.5 g of test article was applied to the skin under an occlusive dressing for 4 hours. The
rabbits were then observed for 3 days. Dermal effects were scored according to the Draize
system. Body weight was also monitored.

Results: No skin effects were reporfed for any of the observation periods.
All rabbits gained weight during the 3 days of the study.
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Study title: Primary eye irritation study in albino rabbits

Key study findings: When 0.1g R67555 in an unspecified vehicle was applied to the
conjunctiva of rabbits, one hour after conjunctival application the cornea of all rabbits became
opaque and the iris showed congestion. Slight erythema and moderate chemosis were present in
all rabbits. By 24 hours, severe discharge made further evaluation of some parameters
impossible. Because of extreme eye irritation the rabbits were euthanized on day 1 to avoid
further suffering.

Study no.:N84222/1

Conducting laboratory and location: Janssen, Beerse, Belgium

Date of study initiation: September 25, 1991

GLP compliance: statement included

QA reports: yes(x) no( )

Drug, lot #, and % purity: R67555, batch PFA141, vehicle not specified

Methods: R67555 (0.1 g) in an undescribed vehicle was administered once in the left eye
conjunctival sac of 3 male ~————— albino rabbits. All animals were observed and scored
for ocular reactions of the treated eye at 1 hour and 1 day after instillation with the untreated eye
serving as control. Effects were scored by the Draize method.

Results: The sponsor’s table of results is reproduced below.

| Score after 1 hour | Score after 24 hours

Rabbit 1

Corneal opacity

2 discernible translucent areas,
details of irts slightly obscured

3 opalescent areas, no details
of iris visible, size of pupil
barely discernible

Corneal opacity area 4 from %~ whole cornea 4
involved

iris 1 folds above normal, 1
congestion, swelling,
circumcorneal injection,
sluggish to normal reactivity
to light

Conjunctiva

Redness I definitely injected greater nd -

than normal

Chemosis 2 obvious swelling with partial | 3
eversion of lids

discharge 0 3 moistening of lids and hairs

and considerable area around
the eye
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Rabbit 2
Comeal opacity 2 2
Corneal opacity area 4
Iris 1 1
Conjunctiva
Redness 1 n.d.
Chemosis 2 2
discharge 0 3
Rabbit 3
Corneal opacity 1 2
Corneal opacity area 4 4
iris 1 1
Conjunctiva
Redness 1 n.d.
Chemosis 2 2
discharge 0 3

n.d. = scoring impossible

As described by the sponsor, one hour after conjunctival application the cornea of all rabbits
became opaque and the iris showed congestion. Slight erythema and moderate chemosis were
present in all rabbits. By 24 hours, severe discharge made further evaluation of some parameters
impossible. Because of extreme eye irritation the rabbits were euthanized on day 1 to avoid
further suffering. '

N109053 Effects of daily oral administration of nebivolol and its enantiomers, R085547 and
R085549 for 1 month on testicular and adrenal steroid biosynthesis in male and female mice.

Nebivolol and its enantiomers were admixed in the food of SPF Swiss mice at 20 and 40
mg/kg/day and administered for a period of 1 month. At the end of the treatment period,
testicular cells of individual male mice were dispersed in cell culture medium and incubated in
the presence of vehicle, ACTH and HCG. Plasma testosterone and corticosterone were
determined by RIA. Ex vivo production of testosterone was determined by adding HCG or
ACTH to the cell suspension. Testosterone was measured from the supernatant.

Results: There were no effects on body weight and no clinical signs reported except for some
food wastage.

Serum corticosterone was decreased - with R67555 and R85548 and increased with R85547.
Corticosterone in males was increased at the HD with R67555 and R85548 and unchanged with

R85547. Serum testosterone was increased both with the racemate and the enantiomers.

Summary of serum results

| Testosterone nmoV/l | Corticosterone nmol/l
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| R67555 | R85547 | R85548 |R67555 | R85547 | R85548

Female

Control 9561201 406+87 602144

20 mg/kg 602**+144 | 6711450 522+121
p=0.004

40 mg/kg 7094290 5054132 388**+107

 p=0.002

Summary of male results

Control 7.917.6 3.6434 6.414.0 5551126 313483 207110

20 mg/kg | 7.9+6.8 6.0x11 26148 578+122 3471102 | 291166

40 mg/kg | 1219 82413 | 21423 7344286 | 276+143 | 339*+76
p=0.038

Serum testosterone levels increased in both racemate-treated animals and those treated with
R85548 with a smaller increase in the R85547 group. In females, corticosterone values were
decreased with the racemate and R85548. The opposite, an increase in corticosterone was seen in
males treated with those two compounds.

There was no difference in the in vitro testosterone levels without stimulation and with ACTH.
HCG stimulation caused an increase in ex vivo testosterone production but without statistically
significant differences between the treatment groups. Results were expressed as mean +SEM,
indicating the variability of the system.

nmotil Na stimulation
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N109054 Effects of daily oral administration of nebivolol and its enantiomers, R085547 and
85548 for 1 month on ACTH- and LHRH-stimulated steroid biosynthesis in male mice.

ACTH stimulation

Nebivolol and its enantiomers were given to male Swiss mice admixed in the food to give doses
of 20 and 40 mg/kg per day for 1 month.
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Al the end of the T-month dosing peried, mice were weighed and injected
intramuscularly with LHRH agonist buserelin (Receptal®, Hoechst, Germany)
{40 ng/mouse) and tetrocosactidum (ACTH 4.24, Bynacthen®, Ciba, Groot-
Bijgaarden, Belgium) (25 pg/mouse) in a randomized way. Approximately 60
minutes later, the mice were sacrificed (while anaesthetized intraperitoneally
with 40 mg pentobarbital/ kg body weight) by exsanguination via the carotid
arterv. Blood was collected on beparin. Plasma was obtained after

Plasma testosterone was determined by RIA.

Results
Plasma testosterone increased with R67555 and R85547 (p<0.001) and decreased with R85548

(p=0.012). Plasma corticosterone increased non-significantly with the racemate and decreased
with each enantiomer.

Appears This Way
On Origindl
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NDA21742
END 93/06 : NEBIVOLOL {Exp.nr : 2934-2063-2964)
MB93/41 | MB93/41 | MB03/41 | MBO3/42 | MBO3/42 | MBDa/42
YTreatment RE67555 | R85547 | RB5548 | R67555 | RB5547 | RBS548
Testo Testo Toslo | Cortlco | Corlico | Cortico
nmol/l nmo¥i | nimol/l nmob/l nmol/| nmol/l
Control : BB '
1 149 119 61 777 1288 1584
2] 104 106 48 5387 16892 889
3 102 120 B84 728 1382 730
4] 74 75 |- 102 594 | 1248 1005
. B] 138 886 89 680 1216 1126
S8 NS a7 87 NS 1403 615
e 71 81 107 89 867 1029 941
" MEAN |~ 108 100 80 641 1323 984
spi 29 17 19 75 205 314
. - SEM 12 6.6 7.1 34 77 119
20mg/kg/day ,
211 178 241 96 831 1482 786
22{ 125 148 103 686 1362 733
23] 121 113 99 720 1112 889
241 138 179 68 808 1003 715
25/ 109 118 106 722 931 776
26] 159 162 86 582 1280 669
271 177 183 69 633 3411 740
MEAN | 144 163 920 656 1228 760
s 28 44 16 585 212 70
SEMi 10 17 5.9 21 30 27
p versus control i. 0,05 0.006* 0.32 _0.84 0.62 0.16
40mg/kg/day | '
.41l 188 157 46 734 1454 352
421 188 174 38 887 1395 532
_ 431 249 | 147 22 588 1131 as58
44] - 102 -1 - 198 52 6804 1034 438
45] 138 210 80 773 1126 361
481 - 117 121 83 1554 1139 738
471 128 1819 40 1115 1102 321
MEAN| 181 170 52 865 1210 443
sp 51 3 22 351 155 149
SEM 19 12 8.5 133 58 56
P versus control 0.14 <0.001** | p.012** 0,29 0.32 g.002"
D : standard deviation; SEM : standard error of the mean
| Significance computed by Mann-Whitnay U-Test
* ps0.05; ** p<0.005 ! [
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N106654 Effects of daily oral administration of nebivolol and its enantiomers, R85547 and
85548 for 1 month on gluco- and mineralocorticoid function.

Nebivolol or the enantiomers were given via the diet to Wistar rats, 10/sex/group for 1 month at
doses of 20 and 40 mg/kg.

Individuat saz{ipies {max. 1 mi/rat) for determination of corticosterone and

aldosterone levels, were drawn by puncture of the orbital venous plexusondays 1,7

and 26 of the study. On day 26, 25 ug of AUTH .24 (Tetracosactidum,
Synachten®, Ciba, Groot-Bijgaarden, Belgium) was administered subcutaneously,
immediately after blood sampling, A second bload sample was obtained exactly 30
min, later. Blood was allowed to clot, centrifuged (10 min,, 1850/ g} and serum was
stored at 20°C.
All rats were euthanized at the end of the 28-day dosing period.

Swollen adrenals were reported for the racemate (both doses in females), the group treated with
R85548 (LD f, HD f, HD m) and R85547 (HD f).

This is one of the studies for which a table of numbers was provided. Th
of results is shown below.

R67555: Corticosterone nmol/l

Males Day 1 Day 14 Day 25 pre | Day 25 post

Control 4561154 798+102 6724129 2227+125

20 mg/kg | 407£127 713+£107 889+114 23624129

40 mg/kg | 336+127 6341138 361+70 1766+119* (p=0.048)
Females

Control 11451256 12744246 14714300 3168+100

20 mg/kg | 10854203 1058£109 1694+191 2581+137* (p=0.009)
40 mg/kg | 903+240 788190 850+129 1531**+149 (p=0.0019)
** *p vs control by Mann-Whitney U test :

R85547: Corticosterone nmol/l

Males Day 1 Day 14 Day 25 pre | Day 25 post

Control 271469 644192 808+113 1930+74

20 mg/kg | 239481 480469 564+121 1865+124

40 mg/kg | 306+81 505168 6124101 1772473

e reviewer’s summary
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Females

Control 889+189 11741248 13971275 2637449

20 mg/kg | 693178 1077£153 13294244 2511132 (p=0.059)
40 mg/kg | 14374265 1176217 13134236 2314*166 (p=0.0028)
** *p vs control by Mann-Whitney U test

R*5548: Corticosterone nmol/l

Males Day 1 Day 14 Day 25 pre | Day 25 post

Control 222+103 538181 491£72 1800+109

20 mg/kg | 2924125 5824119 572+77 2028+161

40 mg/kg | Not given 522443 594187 1648+109

Females

Control 6431206 13301262 1615+294 2987164

20 mg/kg | 824+145 9914201 12114131 2117**+113 (p=0008)

40 mg/kg | 10244201 740118 947+116 1243**+150 (p=0.0002)

**, *p vs control by Mann-Whitney U test

R67555: Aldosterone nmol/l

Males Day 1 | Day 14 | Day 25 pre | Day 25 post

Control Values not provided

20 mg/kg '

40 mg/kg | 162*+28 8494313 345175 2295**1+249
(p=0.03) (p=0.003)

Females

Control Values not provided

20 mg/kg .

40 mg/kg | 660+150 318%*+55 421+107 1230**£240

(p=0.0012) (p=0.0001)

** *p vs control by Mann-Whitney U test

R85547: Aldosterone nmol/l

Males Day 1 Day 14 Day 25 pre | Day 25 post

Control 313453 6611106 40077 3147£71

20 mg/kg | 312484 220+37 360194 - 2905+147

40 mg/kg | 260 £56 369189 346196 27401298

Females

Control | 406+78 | 8574218 | 6461229 | 330040
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20 mg/kg | 296162 631178 7961212 330010
40 mg/kg | 563+£122 526+133 424193 3201£56
** %p ys control by Mann-Whitney U test
Appears This Way
On Original
R85548: Aldosterone pmol/l
Males Day 1 Day 14 Day 25 pre | Day 25 post
Control 283441 478+168 | 392477 3089+£135
20 mg/kg | 255443 3471131 301457 2015**+151 (p=0.0006)
40 mg/kg | 249+31 336150 367153 1770**+213(p=0.0007)
Females
Control | 5824123 11254273 779+183 3205463
20 mg/kg | 430170 448*+96 548+123 1682**+213 (p=0.0003)
40 mg/kg | 641+101 4811132 419493 1480**+239(p=0.0002)

** *p vs control by Mann-Whitney U test

Within the variability of the assays, a statistically significant effect on aldosterone and
corticosterone levels was seen with both enantiomers and the racemate in both males and

females.

Animals treated with both racemate and enantiomers showed an increase in corticosterone
following stimulation. However, the degree of increase was less than that of the control group,
significantly so in most cases. Control and LD aldosterone values were not provided for the
racemate. Treatment with R85547 did not affect the day 25 post-stimulation aldosterone results.
A dose-dependent statistically significant decrease in day 25 post-stimulation aldosterone values
was seen in both males and females treated with R85548. A decrease in plasma rennin was
shown that is consistent with a beta adrenergic antagonist.

This single species, limited examination of the apparent endocrine effects indicates that there is indeed some
endocrine effect but provides little in the way of characterization.
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3.6 OVERALL CONCLUSIONS AND RECOMMENDATIONS

Conclusions: There are a number of consistent features in the toxicology studies. First, the level
of detail provided is sub-optimal particularly with regard to histopathology resuits. In the
majority of reports summary incidence tables are lacking. Instead, a scoring system is used
which to some extent makes interpretation difficult. Detailed verbal descriptions of
histopathology findings are almost entirely lacking. Similar comments may be made about some
of the safety pharmacology studies where raw or interpretable results were not presented.
Involved scoring systems were used making independent interpretation difficult.

Unresolved toxicology issues (if any):

b. N122168 Micronucleus test in mice: single oral dose. Single oral doses of
nebivolol in male and female mice showed significant (p<0.05-0.001) and dose-
related reduction in bone marrow proliferation at the 24 hour sampling time. This
bone marrow toxicity was not examined or at least there was no information in the
toxicology reports characterizing or further exploring this finding. Decreases in
HCT, Hb and RBC were seen in the hematology results of most toxicology
studies. Enlarged spleens with increased RBC in the pulp were reported for most
studies, even in situations where hematology changes were not apparent. The
findings are more consistent with a hemolytic anemia rather than bone marrow
depression. Was the original observation a random fluke?One would think that if
the observation was real, that there might have been some clinical evidence to
corroborate this finding by now. The points which should have been characterized
include: '

a. Did the original effect repeat?
b. A NOAEL for the bone marrow toxicity
c. Isthe effect reversible, progressive or self-limiting?

c. QTc prolongation. This appeared inconsistently. A consistent feature of the QTc
evaluation was the lack of detail as to the determination of ECG collection
relative to dosing. Also, Bazett’s formula appeared to be the only method of
correction used even though it was inappropriate given the heart rates of the dogs.

In the acute cardiovascular safety study there were no apparent effects on QTc. A 2 week
repeat dose study in dogs also showed no QTc effects. A one month oral dosing study
showed QTec increased in all groups including controls. One month of intravenous dosing
showed a decrease in QTc values. A 3-month oral study showed inconsistent QTc
increases from week 4 onward. A HERG assay indicated that nebivolol inhibits the IKr
channel with an ICsp =3x10”"M compared to astemizole, ICs;=2X10M in the same assay

d. Endocrine disruption

This conclusion of endocrine disruption is due to several points of data:
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a. a dose-related increase in Leydig cell tumors in mice. The LCT were assessed
by the Executive CAC to be drug-related. LCT in mice are typically due to an
estrogen receptor mechanism.

b. Several toxicology studies report weight effects in the reproductive organs of
both sexes. Gross and histologic changes were also noted in report texts but
detailed descriptions and incidences were not provided. For the female
reproductive tract the sponsor notes “ a more resting aspect in the female genital
tract” as well as fewer corpora lutea and more atretic follicles. Changes in the
male reproductive organs were noted in the 3 month study in mice and included
Leydig cell hyperplasia(160 mg/kg), large nucleated tubular cells and testicular
atrophy due to delayed maturation. Rat studies showed increased gonad weight (
no detail as to the specifics). The 6-month rat study reported a decrease in gonad
weight and testicular degenerative changes with low numbers of spermatozoa and
“possible cellular debris in the epididymus.” The one month dog study showed an
increase in male prostate weight and no histopath information. The 3 month dog
study showed increased goand weight at 2.5, 10 and 40 mg/kg with urolithiasis at
the LD and prostatitis at the MD.

4) Reproductive toxicology was apparent.
Certain points from the reproductive and developmental toxicology studies are summarized

below.

Reviewer’s Summary of Findings

Study Dosages (mg/kg) Sponsor’s statement of results

Seg I 0, 10, 40 and 160 40 mg/kg: NOEL for fertility for both sexes according
premating, mating, | to sponsor, but not conclusive from the data presented.

: to GD6
Segll |0,2.5,10 and 40 40 mg/kg: Maternal toxicity characterized by decreased
GD6-GDI16 food consumption, decreased litter size, increased
embryonal resorption, decreased pup weight
Segll |0,2.5, 10,40 2.5 mg/kg: Decreased pup birth weight and decreased
GD18-PN21 pup survival

10 mg/kg: Decreased food consumption during lactation
as well as decreased pup weight and survival

40 mg/kg: Maternal toxicity characterized by mortality,
ptosis, decreased body weight gain + food consumption,
increased duration of gestation, decreased nursing
behavior. No pups survived in this dosage group

Current | 0, 1.25, 5 and 20 >1.25 mg/kg decreased pup birth weight and decreased

Seg 111

pup survival
No surviving pups at the HD.
Fertility was decreased in the F1 pups as shown by
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decreased number of implantations(>1.25 mg/kg) and
decreased number of corpora lutea per female (=1.25
mg/kg).

Matemal toxicity at 20 mg/kg as decreased weight

Study reports indicate cannabalism and dystocia but do not give specifics. The excerpt from
N65774 is shown below as an example.

Dams

Clinical obsgryatiogng

Ho adwversge effects at 10 and 40 mg!kg.. Bad general ggudition and
ptosis at 160 mg/kg. At the moment of parturition, dystocia and
cannibalism were cbserved ia some rats of the 10 mg/kg group and in

saveral rats of the 40 and 160 mg/kg groups,

Comparison of species exposure: Surface area

Rat dose (mg/kg) | Human equivalent dose | HED mg/m’ Ratio of rat
(mg/kg) exposure/human(mg/m’)
1.25 0.20 7.46 1.41
2.5 0.40 14.92 2.82
5 0.81 29.84 5.64
10 1.61 59.68 11.28
20 3.23 119.35 22.56
40 6.45 238.71 45.12
160 25.80 954.84 180.50

Human equivalent dose (HED) was calculated by dividing the rat dose by 6.2. The HED mg/kg
was then multiplied by a Km of 37 to calculate the HED in mg/m”.

Comparing exposure across species based upon plasma levels and AUC is more difficult due to
the sponsor’s contention that the data generated at the time of the studies underestimated the
exposure. Single oral dose (gavage) studies in both rats and mice were conducted at 20 mg/kg.
These were followed by 14 day dietary studies using 10 mg/kg. It is difficult to say from the
data presented whether there is accumulation of drug, induction of metabolism and linear vs non-
linear kinetics. We also have no data regarding differences, if any, in pregnant versus non-
pregnant animals.
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In normotensive rats, nebivolol did not lower blood pressure at an oral dose of 10 mg/kg.
Therefore, reproductive effects seen at doses of <10 mg/kg would not be associated with
profound alterations in blood pressure. A dose of 1-30 mg/kg i.p. will produce a lowering of the
blood pressure in spontaneously hypertensive rats (SHR). Oral administration of 10 mg/kg
nebivolol for 7 days will cause 1 adrenergic antagonism . However, the sponsor notes that in
one strain of hypertensive rats the lowest orally effective dose was 10-20 mg/kg.

The sponsor also notes that doses of nebivolol up to 40 mg/kg i.p. “... failed to affect overt
behavior (cornea-, pinna-, and tail withdrawal reflexes), or body functions (palpebral opening,
pupil diameter, body temperature), apart from a slight decrease in body temperature and muscle
tone; these latter effects were virtually absent after s.c. administration.” This is suggestive that at
oral doses <40 mg/kg, there should be little veterinary concern. However, maternal toxicity
manifested by decreased food consumption was noted down to doses of 10 mg/kg p.o.

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

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

Recommendations: At this point in development there may be enough human data to answer the
various unresolved issues without the need for further animal studies.

Suggested labeling: See attached
Signatures (optional):

Reviewer Signature

Supervisor Signature ) : Concurrence Yes No
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3.7. APPENDIX/ATTACHMENTS

APPENDIX I: RECEPTOR BINDING PROFILE
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Table 2: Inhibitan constants of N-dealkylated rebivolol dervatives for MCYP binding 1o HuBi1AR and HuAR expressed in £, cof,
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NOVA Screen Results for Nebivolol compared to atenolol (1% column) and carvedilol(last
column)

Adrenergle, Alpha 1A * 2420 152
Adrenergic, Alpha 18 * 389 4.79
Adrenergic, Alpha 2, Non-selective M 948 557
Adrenergic, Alpha 2A (Muman) * ) 1540 10,8
Adrenergic, Alpha 28 * 2140 128
Adrensrgic, Alpha 2C * 766 0.32
Adranergic, Alpha 2C (Human Recombinant} * 7266 3.42
Adrenergic, Beta 1 _ 57 o841 B.31
Adrenergic, Befa 1 {(Human) 442 0.12 .16
Adrenergic, Bela2 7330 _ 702 . 0.76
Adrenergic, Beta 2 (Human Recombinant) 1610 4.5 6.05
Adrenergic, Beta 3 (Human) * 620 579
Adrenergic, Beta, Non-selective _ 1940 19.8 137
Bopamine Transporter . * 4880 1360
Dopamine Transporter (Human Recombinant) * 2850 403
Dopaming, Dt * * .

Dopamine, D1 (Humen Recombinant) * 4520 563
Dopaming, D2 * 1230 93.3
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Reviewer: E.A. Hausner, D.V.M.

Dopamine, D2s (Humarn Resombinant) _ 844 34.7
Dopamine, D3 {Rat Recombinant) _ M 874 365
Doparine, D4.2(Human Recombinant) * 108 043
Dopamine, D4.4 (Human Recombinant) ' 56.2 0.56
Dopamine, D5 (Human Recombinant) Not Avaliable | NotAvallable | Mot Available
Dopaming, Non-selective * 30980 175
Dopamine, Non-selective (Clozapine) * * 3810
Serotonin Transporter * 1310 1600
Serclonin Transporter (Human) * 386 436
Serotonin, SHT1 * 1180 .7
Serotonin, SHT1A * 172 374
Serctonin, SHT1A (Human Recombinant) * 151 1.06
Serotonin, SHTIB * 178 10.0
Serotonin, BHT1D . N M 278
Serctonin, SHT1D (Human) N * 855
Serotonin, SHT2A ~ . 2170 251
Serotonin, SHTZA (Human) ¥ 5380 578
Sergtonin, SHT2C * * 100
Serotonin, 54713 * * 1046
Serctonin, 5HT4 * * 114
Serotonin, SHT5A (Human Recombisent) M M 184
Serotonin, SHT6 {Human Retombinant) * 881 422
Seralonin, SHT7 (Human Recombinant) v 1480 3.7
Serotonin, Non-selective * * 304
Estrogen “ * *
Glucosorticod * * *
Progesterone v * ’
Testosterone {cylosolic) * * *
Potassium Channel, ATP-Sensttive " > *
Corticotropin Releasing Factor, Non-selective * * *
Oxyiocin * * *
[Thyrofropin Releasing Hormone, TRH * * *

Table L. Test articlss and summarized assay data. Ki values In i Units, “Denotes Ki valuaes >

10,000nM,
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The Receptor Binding Profile of the New Antihypertensive Agent
Nebivolol and Its Sterecisomers Compared With Various $-

Adrenergic Blockers

PETRUS J. PAUWELS, WALTER GOMMEREN, GUY VAN LD‘I‘»MEN PAUL A J. JANSSEN, JOSEE B, LEYSEN
rsevd £af BoChniarl PHsrsseoiogy (PP, WG, PALL JE L)m-ua!wcs;«rms fE.VL, PSS Jungses Sedeeres Foundariar,

Dapert
T-2540 Gearse, Belghaw
Recevad Jure 2, 1988 Accapted Auigiint 23, 1888

SUMMARY

Rebivolol {the {S.A,AR} + (R85 8yracemic mixtura), the 10
steretisomers, and known f-adrenergic biotkars ware investi-
gated ir vitro for binding 1o 8- and 3.-adrenargis recemor sites.
ard vanous neurctransmitter, peptide, 23 jon channe! binding
sites and for inhibition of peurotresramitier upmke. Scectve
Ixbeéng of 3~ and Sradrenergic recaptor sites v rabbit and rat
lung, rBspectively, was obtspad with {RCGRALTTY and PH]
dihyemsprenmm in the prasenTe Of Sn ARIFOSHAIR CONDentration
of the Sradranergic biocker IC1 F18-851 o the selective
Headrenpege Wer QOGP 207124, Nepivoiol revesied gk
aflinity and seietivity ior £-arenengic receplor sites In the rebbi
WP MEMDIENS PIEpABGs (£, valus = 0.5 rd e 8,05 alin =
50). The drug dissociated tlowly fom hese retenttr 51es. The
oaotivily resiged in the (S.RAR enantiomer (R 67 138 the

{R,8,8,Srenanticmer [R 67 143) reverind 375 Emes owss Fe

1webivoinl and K 67 138 showed the best combination of high
afficity arut sefectivity. AmOng the BIRIaNGe SORMECIRES, orly
TGP 26"12~A shared trase propedies. Mebiveloi bousd 1% 8.
Jinging sltes with a X valug of 20 n. The tere0apetitis raguire.
s for interantion wiih these sites wers wifleren i thiose
‘o the Feadrensrgic secaptor site. .. binding site affintly wos
g0 obgerved with e polent Bul nunstieciive S-adreaergic
HOCKENS CRIVeATo!, PIOK, B0 Srapranoith, n thi various other
svegiigated cedicligond binding sod ssurolransimitter uptaks
23588, NEDIVOINE B NS HErRuisOINes shawed a¢livity oily at
NICEHMOIAY CONIOARTIONS OF Wars: inadtive. Clinital stuties bave
stiQwn g0 nlenzgling heaodyrainic profile of nsbivolol, ofisetting
he fogative elficis On Bl weatnear perictmance generaily
Faservad with chassital S-adrensegic Diockers. Several hy-
dotheses regarding the meshanise of aclicn of rebivolol ars

wiirengrgic Dinding affidry, Wakis the seties of sisre

4y ed,

Nebivolod (R 66 834} (nebivolok-hydrochloride is R 67 555).
[:HR"{S‘%S‘-£$‘}§§*o,sr'~1‘mﬁnci:és§muhﬁ¢n¢?}%zia§(i-,ﬁuam~
A4-dikydro-2H- Lbenwopyran- 2 methanol), Is o pstudosyms
metricsl nn}ecu}e with Swr axymmetrie cﬁr}:-:m atoms {Pig L)
Ten D 5 Spur enanti pairs and two
esaforms, were synth d ang iviated’ Nebivolol, the oa-
cezsic mivuse of the {S.REB)- and { B,,”.&,S]@:x&miamm. 1%
Laling veatizated o5 & vew ancihypertonsive agent. In cllpienl
swmdier with hypertensive patients, tebivninl was found
Tedwes Zonry Tete and blood pressure tet it abse improved left
vemrieuiar functing 11-3%. In animel pharmeenioginet stadies,
Tmerediate reduction {o Mond pressurs wes olaarvad with pes
eolol, after it imisteation {0 epnard iRl
hypertensive sats No sueh 2ffect was ohaesyed " B

Py of this: wes& wax uwmm! by mm ﬁmm mx Mum was Adng

adrexergic blockers such sy atenelol. proprinclo, oz pindelel.
A Dorther unusal festbure cbearsed 2t how doses of nebivelol
wis i1 spporent lock of nepetive vardine ootropie affeet in
anesthetized dogs, in somparison with propeanciol Nebivolol
ectunod ie vascular datanve and increswed cardise
aurpt szl stroke volnrae, At equivaleni doeses. praprancint
seduced cardise output and siroke velume., Phasmseciogical
nveshgatm& asing xeu.&ied tissues bsve revesled s potent
ant By meblvwded of i slime-bmbuved effecix me.
disted by 3-adrenergic recepiors in the guires pig atripm.
However, the cumpm.:&d was Seb~fnlc lena sctive in imtr.gm;..*'v
ing B 3 elfects i the puinea piy
seathes. A helective action of nebivolel ot 8- atlrenergic Teveps
28 £ ko bs sppaseat from the greater inhibicion of dsagren-
aling-iraluord changes of lef} vantricular congrapt ity wadinied

atiging wiks het W ih &5 Rderrd Fra-
ek, Prigiomi
ik Leiimieh ¢k, Sedfiascein Dy ianiiio,
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Fig. 1. Strutture of nebinalal wityindisutioe:
(" of s four asgrmmatnie Trrhon 2o,

A

Fiem- wivge phizes] n. ssitiloskon winks and radicivdivity was extrasned
try v teabiing in 8 mbof Instuged I (Packard, Warnssilel. The

upteke ishibition properties of nebivolol were @ ol
Specific radiotiprod binding medels have heen developed for
selective lobeling of 3.- and Seedrenergic Teeepior sitise This
was achioved using {{} sé}mwe tiaguns, Lo, rebhit and s Jung
for 8- and Gend plar sites, respectively, (Y the
selective ,(Svmrmtgw m:r:pmf blacker OGP 207124 {3 and
Beudrepangic reoepiur blosker I01 138-56% 4%, 6}, and (b (H]
COP-13077 and PHIdhrdmalprenclsl as wadicligends. The
Mereme&ecnvm af ghe B aémnexg:; rovepioy Intevactivn with

reddinactivity wes cobed. i o Puekard Trixarh 4390 Sequsd seiniia-
sion pounter,

To binding o Sead Ge bimding sites Sn sabbin !.mg
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WP IRA T mensate Bindig 10 S-atrenergic binding sives in m lung
enmmhranes, 30 o OGP S0110-A wos added with PHICEP-1211T or
P Ml pdrond St Fest tom af & o binsiing sates, Non~

the nekivol wis sgated. The di intion
rate of sniabeled drags from the Fo and ,&r&dzme'gm TecRploTs
way mesxuned hy modification of & prévisusly deseribed tierus-
adsorbed-w-fiver method {7, B The intesuction of nebdvolol
stersobsomers with various poureizansmaitter reciplork, jon
chamnels, pid peptids binding sites was § sd. The po-

i aimdmg was defined in the ssidarhmni pwsum af ¥ e W03
Nﬁwﬁ’v}

To mewsre potencie of deags e idibition of binding, 1 ou PH]
SEP1255T or PHidhedradiprenslol was used. The dmgs were widert
o the inepbation mixtures in wt Jeast six Cunoentratinng, apLnning 3
atdets ot vangnitede, The speeific PRICGE-18177 or PHilhpded -

woney of these compounds 1o hibit :ine dpiake by rar
brain svmapbesomex was wated, The deadrensrgic ae.emvﬁy
andl profile of nebdvolol and Ry stereoi T4 WeDE Comp

preniol binding in kbe]nesmce uf dreg wan cadeidotid 92 din peressts
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with those of kaown S-admmergic blockerms. The blochemical
profile of nelivolol is discossed in hight of the meparted phse-
mneclogical properiies and Gndings in. clindeal studies,

Materials and Mothods

ieane preparetion. Laogs frous wnsle New Zenland rabbits (~2
) and fomale s (350 23 were disseciad wnd tmaaferred in 0.0%
NaCL Tiooe was hemogenized In 10 wolumes (v oluamios por wet weight
sismmg, xiw) of Duller (0.95 M macrone, 6,15 8 N, - O, 8 o
BEDTA, and 25 g Imnicdumal, pFE 747 with » Plviron mizee 43 X 10
anz, 1506 end. Fhe homograote was centsifuged st 845 % @ foe iain
1 preeipinats onl nenlel wnd debin. The nellet woas mbomogosised and
atmilarly cemirifuped. ‘The aup werE tined, sod Bltamd
avar cheeascdoth, and hother dituted ug to 40 velanes pby wek waight
with 51 e Trie-HOS, ¢ 1.3 This suapension wed cemaifuped o
23,600 x ¢ for 2D min, o precipitote e cefl The pelier
wan wovhed tenes by smpﬁmhm i Tris- B braffer aud centritugnd.
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velumes od 50 s "Prise HICGL pH 8 Duging the eatise bwwmwh
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Por saviation binding eusves, [MHICGP-12177 o FHlEkpdrosl-
presudiol wes teod ot concectentlona betweon .08 and 3 aa M andd
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8 and Se-adrenurgle mooeptor sies wese memsurad wiing o tisae
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No® b Wik d witls retenphanyd
viowsly dessribed {134

Materdals, [3-PHICOP. 1277 134 O ;immn wea from Amersham
and Fpenped-1,2%. )‘I*]x.i!*yrmu!,;mﬂu;ﬂ} HC (48 Clammid was ob-
sxined froan Mew England Nusieas (Dmiskel, Unrainn ), Nelsiewivl and
stsppaisantes were ofigiont sukatanots from Jeusten Phusmasedica
{Beneen, Balgmral Othar draps waere genssously suppiind By the com-
parniies oF prigin,

ihaepivonivm bons as gre-

Results

Divelop t of recepror binding moedefs for selestive
{aboling of 8.- and f,-afrenerpie recontors, Inhibition of
FRICCGP-1227 binding by 1he selsctive §,- snd S-sdrenergic
hisckers OGP 207T12-A oad K1 318831, resprotively, was
wmeasured in sabii and o8t Jong membrane preparmtions; inhis
hition surves are shows in Fig. 2 In rabdi lung, S0P 27134
showed 2 monophese inbibition purve and inkibited 50% of
tobal PEICGP 12877 binding, The inkibiton corve of $0f 183
551 wos biphasic; it was nobed that less than 15% of tozal bound
PHICGP- 12177 wos inhibited n the nanonsdar renge, I con-
trast, ICT 138-53) inhitited, a8 nanomolar concensoations, 80%
of total FIICGP12177 hinding in the st huog moembrans
preperation, In this prepssstios, CGP 20712-A showed a bi-
phasic inkibision curve; only 25'% of the torsl PFHICCP-12177
binding wos inkibited in the nensmolar rge. These fudings
indicated that rebbit ond rof hung membrane preparations wees
entiched in & and de-sdrensrgic reu’apmz sies, reeretiv e;;,
In suheagment experiorents, she miner populstion of B sod #
stlrensrgic recepior sites in rabbit and ral fnng wag Miﬁé”ﬁ
by adddivion of 10 nas 301 L18-551 and 360 rwa TGP $0ML-A to
abbit and sut lung membrans proparetions, tespecsively. Figs.
3 ol 4 show the saturation binding curves of PHICOP-121%7
in mabbiv and rat hing membeane preparations uuder such
copditions. Seatchard analyveis revented a single poputation of
binding sites in each of the dsyuesy, mepresenting §,-sdrensrgie
reseptor aites in the radbit lung and 3.-sdrenergic reeeptars
sibes in the et ung. Similar Sadings were olaised with Q‘H}
dibwdrealprenolol. K, end B,,.. valees for PHICGPA2177 and
FHdbpdroalprenalol binding sre wammarized in Cakle 1. §H)
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Fig. 2. Iehbton of otel PHICAP-12177 binding b abail ane rat lung
FREMEIBRNG DURORIRTOns oy COP LT 128 and i0 118551, Blading was
parderned with 1 oske FHGGP-12177 88 deses i Matenigs and
fethoss In rsDNL UG, total a5 rOnaDecils Bindng 2n B prasencs of
% v TOR 2072 2-p tepvedunt 15,690 = 2,980 com urd 3713 « BRG
A, respestivily. Rat kg, IDWE ara nofapetilis bitding in tha sressrise
of 1 ke W00 !1&&51} sgprasent T7, 811 = 202 gpew end 2,547 = 387
deen, regpsctvpty. PHIDGRIZITT binding & exgrossod o8 poregmtage
ef wotel M [ Lhe ahaeote of unishbekes dugs. 4., FrBERENRIGIC
veuepioe il Ay, de-atrenengio recestor sity. Surves werg oonstrusted
LSFIS RRE eRuRs & SR Rfrer af s AR axponmnes
perfarned i dugicate.
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Becepior Binding Profos of Nebiveiol 845

CGP-12177 bound with high affinity tn 8, wnd Aeadranergic
recaptor sites, the affinity for the ¥ -ndrenergic receptor Iuing
slightly higher, PHIDikydroibsrenolol baund with higher aifin.
ity B Yhan Z-adrencrgie reeepror sitea. Is S-adrenerple
receptor affinity was similsy 1o thae of PHICGP-12177, The
dengiey of 2o ndsenarge resepter £ites in the mbbil Jung men-
hrane prepacative wos equid to the density of Sy-adrenergic
reciptor sites in the et lung membrane preparation. The
recepior densities obtained wish ["Hidikydroalpranclol binding
were in the ssme range.

Interaction of nehivolol, its stersoisomers, and varions
B-adeenergic blockers with 25 xod Sradrensrgic reeaps
tor siten, Fig 5 shows the inhilition eurves of nebivolol, #s ¢-
ehgntiomer N &7 138 (A RANY, and its benantiomer R 57 145
{18,887 on PHIOGE 12177 binding {0 3y snd L-adrenetpic
reeeptor sites iy rabbis and rat hang mersbrane preparatiuas,
mpemvely Hebivoloel snd B #7 138 were 83 potesst ax OGP
WHL-A in the jabibithors of FHICGE- 12177 binding to rabbit
Tustg mesrbirkne prepacation. K 67 145 wous 100 tioves Inss active
shisn B &7 138. In contrast, PHICGP 12177 binding to 186 lung
membirane preparation was anly weekly inhibited by nebivols]
and i tws ensmdiemers. Nebivolol and K 67 128 ware 10
simes less podent than IO T18-551 wheeeas B 67 143 wae stili
16 times less active, The eight zemaining sterecisomess of
aehivale? were stenifnely investigated; the binding sffinities for
e and dradrenergic receplor sikes mesured with PHICGP-
24157 sud ["Hiithydrostprencial are summarized in Table &
Nebivoled and B 87 1398 showed the bighest affinity for 8-
edrenusgie receptors and they peverled & 51/8, receptor selec-
tivity of 40 t0 58-fuld. The most prosonnced F-adrenergic
sehpetivity (70-100-I0id) was found with R #4 718 (RR.B.H),
bt its S-adrenergic affinity was 12-foid Jess than that of R §7
128,

The S-aderecerye raceptor hinding sffinity and seloctivity of
various known Sadrevergic blockers is shown in Table &
Curvedibol, pindolol, and propranslot potently bound to - and
Srndrenprgic receptor rives and locked selectivity, Levantoll
and lghetolnl were Jese potert sad slse nonselective. OGP
FTI-A wes potent and highly sedective for 3.-adrenergic re-
cepuy sites wheress FCT 118-551 was o welective comprund for
Bendesnmeghe roeepior sites. Atenolol shawed fow affinite for
Bi- und S-adrenergic receptor sives and only mederate seboctie-
ity

The disseriation mtes of the compoands from the & - and 4,
adrensrgic reoeptor sites. were meuzured. using the tissge-ad-
sorbado-filler tochnigue. The half-times of dissocistion ure
presemtad in’ Teble 4, Labetolol pindolol, propranclel, and
Jewnirolol diesociared within & !ew soirutes from both the 3«
and the Sradrenergle recepior sites. By contrast, nebivalol,
R &7 138 {(S.RB R ICT 118.551, and capvedijo) dissoriated
slowly from the B snd B adrenergio recoptor site.

Intersetion of nebivolo], s stereaisomers, and various
Fadrenergic blockers with nenrotransmiiter reseptors,
ion chanoals, snd peptide blndiny sites, snd senrotrane.
mitter wptnke, The binding afiinity i citw of the nebivolel
sterendsomers wan measured In radiclipand binding assaps for
APUFOsTANSMEGRr Teceptar sites, ion ehurnels eod poptide hind-
ing sites. The binding affinities of the stercoisomers exprrssed
ai wlog 1C,, valees and X walues zre shoown in fabde 5 The
potencien of the drags [~iog 10,0 to inhibit the wprake of
seRstunin, nozepinephrine, dopaming, and v-aminobusyic avid
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Figg. 3. Satumition birdng cumn esat) srd Bealchand
plot ot FRIGERRTIY Rading 1 &-arbensigic reoep-
bor slles I 12 BOY king mesThrane propasatian. Bindieg
&S CEEed ouf o the presonce of 0 fw 801 118651
1 Pk SreQrEnRGR Mleptor siées. Nouapadiic
ting was tsliaed in e preserce of 1 uw CGF
287 122 42 i binding: %, spseific bindng). Curves
WEN SORFIFCRY LB mean values of bindng datw
fam four separals SspaimEnts. 58, specifis PHICED
12177 tivwgng, b bourd PHIGGRIZITT? in the

t 4
40 31

- 6F 43 te 101 $18-551 minus nonspecificaliy
1 boutd F, fes PHICGP-12177 conceningtion. addes

G2~ 3 “32% N oreanatien o1 PHICER-12177 mirus the tatpl cone
i { Hj CEpP-A2i77 { M} IRl bmr&d.&&, vae wis Given by 1he redprocel
vtk of the SR8 Of B8 100%: Bew. ¥alus was guen
0.1+ by the wlersection pODL with e sbhscasd Gn procl!
] iy Lnes ware cEcUsten ueng the mthod of Wost
sepinres. Valies am peesented i Yabe 1.
00 B e a T 7
aen eXiyd D.0L 0.08 ong
Specific |3H]CBP - 12177 binding Ipmetfent ]
Fat Labig REABEE pu LS 341 4
- ~ atd %
D4 | :
o £ : H
£ ; -
4.3 ol u,osé 3
= H -
3 S G
b a8 3
& 20 e
wr . . o
] R a5 0 3+ — o
Bui CB7 - 12177 ¢ ns L S B 87 R
11 - TR COMCEMIRATTN L. Wy N
Figs. 5. mmnition of PHIOESA2ITT svdng © & 0 Seadmmmrge
I TOCROIOr SHTE I PabELt Ardd rat lang mamditane SYEpsTAtOn, FRspRctivey,
Pxy . by setvoiol [0, B $F 108 pB) B AT 145 {x} OGP 20712-4 (), and oSt
Wa R é T gty 115557 25 Raviit hung hinding was I6 e preesnts of W e 10 118
- B2 R0 008 BEE 010 551; tosal bincting, 13674 3 1537 opw and norsgiciic hnding, 2455 &

Spesitic [PH} COP- 12177 binging fomol fenl ]

Ein. 4. Saaration bivding cures Ssety and Sesichard piok of PHICEP-
I binding o Sc-edenergs reopmer sites B rat fung mertbrang
eparation. Bidng was carisd cut 35 desaited in the legerd o
Fig. A ecapt ikt 300 i COP 207 1244 wias wsad inased of 10 nu Xt
118551, to ook p-aienergc mopptar stes. 1, Tofal bnding:
SpRoibi ningrg. Dervee K, 2053 B, values sre presenlad iy Tabie T

TABLE T

A0S By e yeilpns of PROGP-12271 and PRIgihydeneiprenois
BIRnG 1 8¢ and Sy-adrenergic teeapbor S5 I ARt and me iuig
THSMARENE prRpArating.

B anc Jien vEhA 0 Ih2 00RS = mtancand rier OF vLES DDlE00T i Tour
BEILATAIA HRMDORCLR.

Axsorieg & EERTEN
- Y Busx Re B
£ o of Jever A frring R
RGP ITT L2 P81 BIaQY 024408 ¢ n?
Pribhypboxpanne; 884888 B3 atd Sz TP 204

0GR dpm. Rat Lng binding was i e presinte of J00 re COP
PIT {24 toiel Dloding, T38EE 2 2199 dpen 30 ronspecilc hndrg,
1881 326 dpen. PHICEPIZITT sixdng i3 axprassad as perentage
of tetg tinging in the presenm of 10 rw 30t 116-551 sns 300 nw 4P
DOTE2-A KF caODY ang rat hupg, resphrlivsly. CLives warg oonsircieg
Ly PR & BIANGETT BITOF veLes o! thies saparghy expertments in
PzE.

in erude svneptossnal pxeparstions nre shown i Table 6
Boveral of the nebivaiol stereoismmers bound te 8., bindizg
sites lobeled with PHB- bydtogy- 8- {di-n-propelamineieseralio;
nehivolod, 1 85 825, R &7 235, R 8% 250, B 74 718, B 74 828,
and B 67 142 showsd X, wclucs botwesn 20 and 43 nat In the
varisus pther investigated cadbeligand binding and nevrotrans-
mitzer upsake assays, melivelol snd i1y ssereodstanars showed
onlv artivity ot micromolés concetitrations o7 were inactive.

T order to better visualire the profile of the nshivolol sterca-
Jaceasrs, pie charts have tess constracted for nebivoiel, R 67
138, amsl R §7 148 using the seciprocal of the K, vahms dnr
tecaptnr binding wnd o »alues for inkibition of monoamine
wptadee {Feg. 8 The pie cuart shows whe selative contribution
of each astivity in the sum of activitles of the drug presenust
in Tobles 2, 5. and B, Por seblvoiod, Ji-adrenergiec mrrepror
hincing seonants for 99%, doadtenegic secepion hingiog for
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TABLE 2
Binding wtiinity of sebiveiol Ser0isomars 10f 2 and Bead g
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Recepinr Sngding Profis of Nebivate; 847

ET 2 with Iwo ligands

s, 5o ¥ Q05 Mvmxwwﬁm«uﬁmwhnmmm Pt es v 1

of sagaprimets. in Ko vsloss jonds. Bedng g e prtonmed a5 descrbod i Maraly

o Mathods In the praseros ot 300 aw iGH ¢ '&551 Wil ¢edt ondg ernbrase poeparEton s 1§ mw G JEHEA win ay b repareton 1o
#p-and doad | piok Silns, reag i
PREGRIET? trong [ b P bekt )
Rardar, s -~
Dorigeatn Fnit e, E— ;:fgf A0 e Fal e ;:;;:
Nubitois & B33+ 008 (3 E,E i<k 8I2L0A54) 657 £ (L5 {4
BARR+ASES b 3,85 &5 .91 44 48
R &5 82! B 753 20643 5,35 2 0,9? t] T2 = {06 44} Bi3 203
SA85+ASRA =% 35 144 4% 57 283 49
BGT 128 3 Ba7 & G0E R 876 + G055 BA5 & 8.7 {& RAG =+ 0.15 (B
SAAR [ 13 34 A2 0.54 9 23
B & 4% N 5,98 0‘13;31 555 x 20542 553 2 C.05 983 588 2 0.31 (B
554858 B 23 3 338 87 2&
R 55 260 & z 55 9 g ed] B0 & 414 {2) &2@2} §.40 % Q,u 2
ERAL =N 27 33 15 23
B8 Tin N 8IS0 & 588 = 0.2 2% E 8{2} 585 & B(XF 12
RESH t. B4 433 §.18 5
776 829 k- 6.5 127 620 x 3144 708 .L E 07 {25 8 15«& &2 2
BREH & =8 22 a2 43 25 25
ATE7EY B B0 = 034 ¢2) &85« J.0% {2} P25 4 GOT 2 8002
SRS ki A 34 217 T2 6 e [R]
A BT 142 8. B2 E10 300 2y TOD w0340 296
A8R8 & 8 B3 Lt ] 165 Fi]
R4 721 a. 595 = 0.07 € 818 4 0.0F 23 840 £ Q07 2 S8z
RALS o 33 137 1 183 a%F &8
R T23 4. B 3D = 03U 8404 0185 518 2 007 &
858 3 84 a7 1 1535 1187 DE
R74 718 a. 705 Q87 2} 52 2% T.85 % QY R L3852 00T @)
RARS &, 1 222 111 11 V44 &8
TARLEZ
Bindkoyj atilnity of vanons g (1 108 G A0SE Fyenlens nROGIC FOCEpAoT oiten el with tw ligand
by ;&9& Koew M) s vl e f\mm @ nusvnEe o B8 . X valiir Fonk BINGIng Wi pETEERG 43 Gettriped it the spme
] 2
PCERIET fenrg 5 1w EIER RO Rty 3t oy
. A » Ras
Pt den: M Enirg b Bt Asst g fyneg, ey
CERF2GTA 8. 786 & 00543 52 83548 53 &
& EEH 1222 783 P 835 a7
Atemgtid &, 585::007:;2} 4.5 {21 825 4 DOT ¢ 25 QT Y 11
# 6 83 19 265 20850
Layantokil ED ERD = 9.07 {2} B.60 * .14 42} TE L 5,51}-: 214 4
[ 1S 48 32 i% 35
Lpoemol &, &7 425 F04 TARE 0145 8. 79 & N}I 12}
52 ] 14 0.4 1% 30 1.58
Carvagint - BS5 = 0.07 (2 8042 42+ S8 4 81 3 22 §3)
8 24 0.19 0.79 43 3.58
Fincoiot 8, 81532 0.%1 (8 B30 =013 8. &5 Qﬂ’? tR o 8. Qa 3 548
b A4 k] 0.7 0.8 36
Progeanosn & T/ 0.06 (3 85 6 6 & 8752
b. 28 0. .22 9.9 .24
G 11855 & B850 D362 8.80 4 G.07 i3 732 t (}043{#; 343 = DR 1S)
b, 48 49 .01 nE2 002

L%, sndd 8y, hinding aive birding for 4.1%. The contribution
of the other activities lsted in Tables § and 6 Is nagligible, The
relative contribulion of eack setivity of R 67 138 {8 R85 ) was
simiéax. Hm’mmn the clm» of B 3: 3.‘5{‘!. e 188&,6;@4&%—

c;mw]ewiy mfiﬁwr.z, For thin mmpnurd binding i-z} Sua a.més
secemnty for 2%, 5 -adreprrgic recopror binding for 22%, and
He-abrenetpic recepior binding, the veratridine sits of the Na®
ahonned, mnd the upsake of sesntonineg sud dopamine hetwesn
¥ and 10%.

The prefile of various Sadrenergic blockers is shown in
Tanles 7 and 8 I revesl tha carvedilol, pindolol, and pre-
prunedol alss potently bind to §. hinding sites with X, values
o 3, 15, and B4 i, respectively. It wdidition, carvedilnl snd
tuttedulol inhibited [SH{WE 407 binding W -ndrenergic tecep-
oy gites with 8 K, velur of & and 42 w, reapectivaly.

acussion
Epeeificity of the §,- nnd J-ndrenergic receptor hind-
ing model. I sgreeimens with previvas teporic fvpe Waf, 12
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TABLE %

Haii-Gone of dissoiation of nebivsis] sietesisomens and
d-gdrenorgic Woskars rom Gy ond Fradrenurgie reraping siiss
Vrues 508 nwat B SR dRaain Numiers o eewRiages. famier of
SXPRCRTEN

1,

Rt g e B35GBy
£

wairheaial &1 £ 1910 32 x50
R &7 13K W £ 35 @ 2T UG
A 47 345 a8 {5 T2 &
W1 148851 B x3 # &7 = 228 ¢
Dacvediod 37 %18 S &% & 2849
COP 207128 215 (B
Leanteiol 1125 o5 T3 3
] 0x3 (4
Proprenates S£1 5 1325 {3
Pincialai ThT (B Fa1
Labsaed 622 # 322 {3

wo found thit rebbil Jung wes meinly enriche. in g:-adrenergic
reoephor sites s rar Tong in Seedremergic reeeptor sites. We
ohtpined salective lakweling of i~ and Seadsensrgic receptor
vites in thess tasaes, respactivaly, with the nonsletive radio-
Hpwreds [PHINGP-27T and Piidibydronlprenclel {Table 1L
in the presenee of a8 SSROPTIAS canewniration of the selective
Srerdrenargic blacker 3CT 135-581 or she selestive 8. adrenargi
plosker OGP 2T12-A. Using theze conditions. Searckasd analy-
»ip0f she hinding duta of the radiofigands indiestad the presence
of oriy ane binding st In the tsmes, respeetvely Figs J and
45 The uee of selsobee F- and Je-pdoonprgie Wockers for
jun of the otor slten, respectively, was repently also
appiied by Nunbif o al. (13) for selevsive labekog of & xod S
adrenergic receptor siles in vas cardise micrommes.
Beloctivity of nebivolel for £~ and Fy-ndrencrgic re-

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

cepror sives sompared with its slerpoigomerns and othur
Fendremergic Mookers, Nabivolad wia a potent bbackes of 8-

adrenergic resoptor sites in rabbli lung B showed a sabasag. -

raciar K, vahe o 08 nM, meanuned with PRICGP-123T7 a
well 85 [Hidihpdroalprenniol. Its d-enantiomoer R 87 138 was
equiputent whereas its Lenantimer B 87 145 was 175-Told leax
potent. The least active sterepizomer, R 74 728 (K845,
stmowed 3 K velue of 945 na CGP WTI2-A, pindelol, proprin.
olal, and earvadilod showad fe-sdretergle alfinicy In the seme
range s sebbvolol, In contrast, levantalol, Indetolel, and sten-
alal wete 15 29-, and 450-fold Jess angive than nebivolel

In sddition, nelivolol showed a pronvented Sendrensrgic
splectivity innsmuch os it was 582 thoes less polerd at fe-
adeanexgic recoptor sites in the sat luny mutnbrane peeparation.
in the sénes of stevesisomers, the R 67 138 (3B & Bf-enan-
siomrer showed the ts;.pizmal wmhmaauu of high potency and
sdeciivity Toz Feadvenegic i Nighivolol, which is &
racemsie mintuze of the (SHARY and QRS 5.5 -snantipmersy,
shared thess properties, The inactive (85,85 -enartiomer
spparently bud Hittle effect an the petivity. The prosence of this
compound can only teduce the eonderieation of the aciive
ensntiores: b bl Usiog PHdbpdrorlyrenalol, the K, value
of nebivelol was Indeed twn mes higher than that of B 67 138,
This difference in K value was not abserved with {HICGP-
19177, predably hecauas the potency differanie wag within the
sxperimentsl woration. Within the presenily bnvestigated
sertes of Fadrensegic blockens, anly twe wompounds showed
commixned high affinisy and sslestivity for 8 -edreseegic weoep-
tore; these were mebieolsl god OGP 207124, Phe lituer had »
2-fold Jower affinity but was still 30 vinses more solective than
mebivolol. Atenolol, penerslly solvrred to ge a selestive Ji-
admnorge blpaker, was 300 to 408 times legs potint énd 240 4
Yimes lose anloctive thun neldvolol Suiking differences weee

THBLES
Recoptoe Hirtding profie of m&wm sm:mismm
a, =18 W (WR TR VAR & H081 ;. kot b, & vakies vy, Expfamasl s an n
md mmms. Tewied up Lk Wa‘m 40w, e mwm sipg gt sm—w sk with e % # i ']’Hf&ﬁ RE354, owt ST
| B GRS, W rat < O LR
Suzamnne P Rarg oS ;x'*itmnsfm P, 548 s2 R, OF DRGICINCZ I:wwnq um &’Hyianmm\ AR, pig Tarelaind, In HRHH MMJ& i) 1§ gy o
e et §3 (oor ¢ ) 30F $he basgees A and e s wbe [ i, el
i of Shigad ey
" Olynganeon Heeazidng nm
3 ? Burenly ERNR By Bapesive s o iy
Reowoks % 558 & &.’5? 1EH =53 TS £02548) % é& SR 5B BT 35 8082 QLT 538
Y 23 P 4 % 812
RESERS & 555 :k C\Q’? & <58 pac=E N RET I %3 S18r 50BN 50 5420240 SALOTHE
&, & a0 REHE W S agne
fE7 88 a 551‘;071:. SO0 AN TECLOSEIM STOOU ) G972 O8N S DOUR S 100G AEDLOINY
2. el 4879 3 B33 25380 123 o0 6319
MET WS p 4352059 1 6§90 « DDA EFO QPR <58 A7 & QO3@E 6902 0 RARs 0TI
[N a3ty a5 ] 1650 [ I
DNES MG 8 DESXOMTE AN 400NN TaE EF £ @ SN RGN SES LI H30 = G344
b- o 5000 38 43080 24 8013
AT4T8 a0 452 0@ L3 FRT = DO ¥ u & G 5 wRE <D 5.9 1%
£ Annd & 182
s 2 5322 003R & 735 ‘:HS 1% 552«317&4 <50 <58 6%;—3,;*4 &
. ST DR
AT A 568 =5 Eﬁz & i SET = a 14 5.6 325 BT B QAR
& 13 i 2088 4366 -
BB § S/ AGTEA & ..ng_«—g-m;z;— 53242 A« Q0%
[ Ei=] 78 4002 <366
RILTXT 2 SATZ VB AW AWM AT LW -3 4% BAR =
& 122 44 £ & 1) 48
BETATZY A 59 S35 GOF R %=l 5158 BI85 = DIF I BT a_ Relinyi
o & 2823 2788 ®_0
RILTS 2 ST&dMNE 58 585 2 QOTH 8552 QLT ; <53 S35 = 0ARIR) <%0
n 673 ] 88 % =1
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TABLEB

Heurotranzmittor uptake profiis o nablnslol siercolaaecs

8, 905 Wog 4V, Miiah wiiten 3 Sl g v - PRRGT
i epenmecds. b, Wy fed i) el e T Mntals and

Molfods Teuted i 10 & comominban af 307 v, 12y !»ngzxw EUROSEINNN
oD 1D SRS v PHY e rmbaiutyis a0 stk i 31 vorine,

TR 1 AR A

AETI4R 8 B2AS 02 BN LOITE BETsAIM
562 1103 538

A7 247 = QU3(2) 547 = D001 BT 631
kN 334 508

BFME VI SHT O GER OO
[4:74 : L 758

% 1wt
BIBAVITYS SN DITI L2+ 00345
445 Tige s5d

RT4723
R74 718

Nebivobed A, $AX £ 032 SB5E QTR S0 £ 007
B, 3B 1] 430
RESRIB m 657 =D142) 620 22080 5.85 12
b, 265 B3 223
HETEE p 5V D084 SO wOITEN B3I
b 578 G 5
AAT 145 B 5.5 {2} 505w 007 ¢ A3 : ,s 12
& 316 RO
REE2B) 3 BO2 0032y Ba% & 0373 uas+92r2§
D 4 {04 73
R¥eTw a £ISx007 3 5 {"" 845 2 0.2{2)
b 72 0
B74359 a 4.15= 038 62‘31: &‘4421 BEZAD.14Y
b et ey
ATATI4 & BT D2 623 x 6,17}2‘; g4
. 231 &0 208
8.
a8
E3
8.
_\B.
o.

observed with the compounds in the halftimes of dissocistion
frome the 8- sod Readrenergic receptor sites. Nebivoin! ern be
considersd a sbowly dissocinting deog From the § s well as
the 8-edrenprgic receptor sites. A slow drog reeeptor dissocin-
tiom sy Invreese the Guradion of sericn of the drug, withough
pharmasokinetic snd metsholie provesses ey play e major
. eole (7). The biggest advantage of siaw receptor Sissociation is
the erhisvement of & stable tecapior hlodmée, which is relg-
tively insensitive to sudder; vaBstions a frer capeentrations of

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

Hoanyp % Profit of Nebivalot 849

high Mading alfinity for 3-ndrenergic recepmz sites, rehivoiol
Bownd to 5. hinding sxw. with g K, vadue oF 20 om, ie,, abowt
0-feld higher than it K, value 52 the 3 .adzenergic secrptor
zite, Bevarat of the netswa.u. sereoisomess bound 30 thi S,
hinding sites with 4 similir potency; henee, the stercospecific
requizemonts far ineraciion with thess sites apseared o le
cistinet frorm show for the 2, -sdrenergic secepior site {Takle 5).
Ax 2 eosull, some of the stercoienmers bousd moze potently (o
the 8., binding sites than to ihe & -adreneegie receptox sites,
This war the casa for the lenantiomer of nebivolel, B 47 146
{R.E,8,5% (e Fig. 63 and Rr R T 716 IRA5.85 R 24 529
{SHEBY and R 74 923 ¢8,8.5.5) Carvedilol, pindslol and
progranciod alsy bound to 8., Binding sites, althongh thielr g«
sdrenprgic seceptor affinity waw of lesst 3G-%ald higher thug
their 8., binding xize affinity. &t the same thua, carvedilol
showed oy -adrenergic weegior wffinity; B was i4-fold lower
thaw its S~ wir affinisy. Lobetolod showad ,;»ad"energxc
afiziaty in the same renge 48 ¥t J-wlrenergie afniy. FHenos,
it anpesred that enly OGP 205124, T 115-581, fevantols),
and slensied are eharestenzed by G-adrenergie affinjey free
Frown othier tesded binding afficitios.

ede of netion of nebivolol as 3ﬁﬁh§'peftaa,siwag‘ent.
Chrdeal st In oive pharmaceiogicsl studies with nebioial
revealed an interesting hewwdvnamic profile, different fam
thgr of einssiend Soadrennrgic Mockers fuee introductions. Db.
served rechuctions in heart rate can probably he «'kﬂbmed 10
Seenchreraegic receptor blockade. However, improved left ven-
tricalar function, redisction in systemic vasoular vesistanie, ang
telated tacreewed vuodine owlpul seva with nebively awe nog
propesties of clagsion] 2-sdreneegic blockens. Alwo, U imme-
dinte reduction in blead pressuze, obained sfter sdimindesration
of nelivalul o conscious sportansous hypertensive rats, has
ok Been observed with kaows: Z-adreneegle Slockery, Mecent
whacrvatings hive reveaind that the perthenlar hemodymamic
profile s spocifically obteined with nebivolel, whereas $he 7.
adrenergic active enantiomer B §7 158 {8.8,2.8) shewed the
acsivities of & typleal fadrenergic blocker, Hence, the proper-

mdugw(eias aponist or w Disotustions i che frée ey Son
wf the drug. This was aleo chsprved with H &7 138, 101 118-553,
el crrvediiol vhersas the vtler refensnce compinds Sisao-
cinted within minudses Trom the #-mdresecgic receprar sines.
Biochemical profile of nebdvolol compared with s
serpcivomers and other S-ud Wi Bloskers, Besid

ties of nebivolel apparently resulted from the combined aptiv-
ities of the two spamtiomers. The presertly investizated. bio-
chomical properties 80 nod provide » ditect cloe fnr the sxple-
nation of the beneficial effects.
Tirag properties regoried wo he related to decressed vamouinr
lstanes such ns appcdrenergie or serotonin § entapanise,

Hadivoio! §6F 108

£ &7 148

N Eot

Fige 8. e ehitis of the recapior bRwding and Hiswo.
Tansmither uplake profip of rodivalol, A B7 138, s
R BT 143, Pie chafts weém constructed wsing the
reviproceis of K, viives in Tepie £ and 5 and 0w
vakies v Tatte 8. The tabie shows e per cerd
Q0 of wach aotheay 100 sum o’ feindicaed

“n e P F Dy PR faves TEeTy

U

R

b | R

EgFIm [

S5Ties [RI VR f«w\)i‘.x}ia-‘!‘,?u: S S
3 3

$roii 1 & nebiveio; DHP, ciftrydros

Dypane binding win, vre, varaSes m;:ing site of

0 &% ‘hﬁ Ka' eraroel; 54T, S sycronytrypiesning Na, noe

H i A, Sopwrmng.

Shs P Ky
B3 1020
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. vt ik BIaing wats puriperoR s cencries 7 e eperd
it &, 7onep

w0 Tabis 5, Tosted uploa a8 . 199 S-RORRTIRACES DRICHOTS SRrw YO W & el RITHC rik stristumy, WFokaense
FRTIG 1 . 1553 4TS R RRan rensrors CHTL R epom, 2, R TRt PR Fevbaniand, bt orese, sbaisnon
2 bindg ks s Pk i, OF PRI DIcing shes {5} 5N, GURSL DG 7
FHss O "HAe bediag
Sovewiis,  Anmegowg  SuRS. e g, sosprereh Cogamee Uy oiissaaat
CERUTRA 8 <88 <Bg SI0F8IE <5.8 <§D 5528 sk
b @5 Mz
Hlenoict . i <50 oRE <HB < <55 5
2
RE B3 ES8<30F <50 £33 R4 20718 B3 ~ER 8.4
. X k2 1367
fatiekolas & B8 LTHIIY <s8 5.4 2 0.67 183 «553 <88 <5103 = %
B i
Canwedind & SM=0WE 53 = 0I5 BIOLTE BIrL A9 S =QEP I SPB R DS SH & 22
9. 35 & 34 25 3,034 a3 s
2168
Rirkipol e 5583 <53 THI QD <5 . P ¥ o] 5.0 R %]
b, 1,825 * )
Sropraniol % - Xul <58 £35 = CHT Y 5142 =58 5.5
& H4 £.488
Eeg il %1 ] <5E A5 s B0 =58 = <5
B 18,845 3820
TRBLE § with coution. Severad hypothenes separding the mechaniom of

Neurstranemitzer uptahie srotie of various -sdrenergic blotka
2,55 Lo {ash, MR AR 2 SUBAIAC SHNESGI. FRITDRTS 12 P A0S, 7 DX
3t wRTAS, b [Dhe (01, Listaioe wiss AviseTac 08 denrbet B W wgand W

Taze s, B o Wrva, the Fic Dok en showed
20 A Wit 1) FRIGIRS™IC MG LR Ht 632 corie.
Pnatos s AT W kie
Semann Sexgfaning DoRruen
COP 20T12A 4 BBD % 0.34{8 B35+ 0.07{D =58
» 2577 4458
Aaenoot a «3:0 <B4 <58

*
Levarico! & BAI2DLIER 656 wGID SERx 0L
2358 288 2374

& 37

Lapstobf B 875 = D87 [31] v 5525 %1
. b, 1763 1,000 3009

Carvedic a A4 DI518) SAE R 014 S23=D28%

=% 528 208 s
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b #6000 2477 7943
Prepanokd R 585 5.50 % 0.07 &3 39

o, 1,322 3360 743
ICH13B551 o S722 BO313) 5463007 (K 5852007

n 1,850 3350 4460

C&'* entey blockade, or & tne D ar iain were nut

cheerved with nebivolol or ke sterecissmers. In this sudy,
aebivolal and beihi spreased enantiomers shoved 8:, tinding
oite aibmity: however, thix aifinity wes alsp oleerved with
corvediiol, pindnind, and poopranoiol 8, hunding sites bave
Yean proposed 1o have 5wl in cardiovascuise fusetion My~
potension and bradyeandia bave beor ssureed with S-hydroy
1.6 prasgrylaing et rmliz, soasideved o3 the prototyp of Bia
agonists, in wury paricular experivnental conditions (14, 154
Hiswover, the reported cardisvizcelar slfects Hia agonists
s unlike the hamodvnamic effects of nebivelol. Neither Jid
carvortiinl, madolol, and praprenciel shire the hemodyramic
eftocts of nabivelol, In the nixénce of & suffichent warber of
drugs thar speeifieally ant 5 egorials and @RIgenIAs o the
8., binding sites in the cbsence of controded yiinical dals,
hyputheses on the roe o thie S binding sies st be regarded

sdrenargic nenronss [16). Dthepsise, emorging molecislar bio-
logical dats ox the amino st sequencs of elnnesd recepurg
have reveated dissimilerisies In the sequence of the Radressegic
raceptor ohistaed from wsrious tssues. andd species {15, 185
Thetefore, i ssema pot enlikely shat different, ox yet ualden
sifiest, soneprot subiypes exist, whick may have partieular hine-
tions. Ruch possibilities coold be exploved with nelbivelol
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NDA21742 Reviewer: E.A. Hausner, D.V.M.

APPENDIX II ICSAS J. F. Contrera Consult for Elizabeth Hausner
Nibivolol [sic] Pharmaceuticals Similarity Search (Cosine Method)
Full Battery of MDL-QSAR 2D Descriptors. (Top 5)

OH

OH

Nibivolol Test Compound = 100%

Travoprost: Similarity = 86%

OH ’
£
i OH
P
@ - Ezetimbe: Similarity = 81%
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OH

QLo T h

Levobetaxolol: Similarity = 80%

OH

O\/I\/N ‘
@O \r Oxprenolol: Similarity = 79%

Metoprolol: Similarity = 79%

/\g\u/k
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PHARMACOLOGY/TOXICOLOGY REVIEW

31 INTRODUCTION AND DRUG HISTORY

NDA number: 21742

Review number: 1

Sequence number/date/type of submission: 0/November 12, 2004/

Information to sponsor: Yes () No ()

Sponsor and/or agent: Bertek

Manufacturer for drug substance: Mylan Pharmaceuticals Inc, 781 Chestnut Ridge Road,
Morgantown, WV 26505. e T

Reviewer name: Elizabeth Hausner, D.V.M.
Division name: Cardio-Renal Drug Products
HFD #: 110

Review completion date: December 1, 2004

Drug:

Generie Nsmme:  Nebblol Tablets
Chemical Name Nebivolol hwidrochiosde is identified chemically az (83«
[ZR¥|R*[R¥S*H]1- e o fimninobis{ methylene)bis{ 6-Buore-3 J-dibwidro-
28 F-Benzopyran-2-vethanol} hvdrochioride
Code Numbers  ROSTSSS
RO6T138 {d-Nebivolol)
RO67145 {I-Nebivolol)
CAS Registry No.152520-56-4
Trade Nasme:  To Be Established

Figure 3.2-01 Chemicsl Structure of Nebivolol

H
H
N
» %
% #*
F
7 = ST EOQERES Sehins

Empirical Formuly Crblas FaNOW-HCE
Moleenlar Weight 44190 gfmol

Due to 4 chiral carbons, there are 10 different stereoisomers possible. The drug substance is the
racemate of the enantiomeric pair SRRR-nebivolol (d-nebivolol) and RSSS-nebivolol (l-
nebivolol).
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NDA 21742 Reviewer: E.A.Hausner. D.V.M.

Studies submitted

XBL study number 02852, XBL report number RPT00830 Isolation and Structural
Determination of [14C]-Nebivolol Glucuronides from Human Urine

XBL study # 03825, XBL Report # RPT01030 Identification of Nebivolol Metabolites
Generated from Human Liver Microsomes

XBL study # 03829, XB: report # RPT01075 Isolation, Purification, and Identification of
Nebivolol Metabolites from Human Feces

XBL study # 04683, XBL report # RPT01128 In vitro Metabolism of [“C]-Nebivolol in Liver
Microsomes, and Liver S9 Fraction from Mouse, Rat, Dog, and Human

XBL study # 04684, XBL report # RPT01132 In vitro Glucuronidation of [“C]-Nebivolol Using
Human Liver and Kidney Microsomes and UDP-Glucuronosyl Transferases (UGT)

XBLStudy # 04685, XBL report # RPT01174Search and Investigation of Nebivolol Metabolites
in Plasma Samples from Human, Rat, Mouse, and Dog Using Liquid Chromatography-Tandem
Mass Spectrometry (LC/MS/MS) techniques

Studies Reviewed

XBL study # 04683, XBL report # RPT01128 In vitro Metabolism of [*C]-Nebivolol in Liver
Microsomes, and Liver S9 Fraction from Mouse, Rat, Dog, and Human

~ XBLStudy # 04685, XBL report # RPT01174Search and Investigation of Nebivolol Metabolites
in Plasma Samples from Human, Rat, Mouse, and Dog Using Liquid Chromatography-Tandem
Mass Spectrometry (LC/MS/MS) techniques

Appears This Way
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NDA 21742 Reviewer: E.A.Hausner. D.V. M.

XBL study # 04683, XBL report # RPT01128 In vitro Metabolism of [“C]-Nebivolol in Liver
Microsomes, and Liver S9 Fraction from Mouse, Rat, Dog, and Human

Study location: . ~— —
Study dates: initiated June 2004
GLP: no
QA:no
Test article:
Compound Name Lot Number Purity
d-nebivolol S4673071
Fnebivolal: 84673171
(C)-d-nebivolal. X1505:19A
{C)-nebivolol. X1505: 195

['*C1-d and ["*C]-I-nebivolol were separately incubated with 1) liver microsomes from male and
female mice, rats, dogs and humans and 2) liver S9 fractions from male mice, rats, dogs and
humans. Incubations were carried out for 37°C, 2 hours at a concentration of 10uM. Incubation
mixtures were extracted with methanol and centrifuged. The methanolic extracts were profiled
by HPLC. “Prominent” metabolites were characterized by LC/MS. Levels of radioactivity were
determined by liquid scintillation counting.

Results

Overall, the in vitro metabolic profiles of [*C]-d and ['*C]-I-nebivolol were qualitatively similar.
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NDA 21742 Reviewer: E.A Hausner. D.V.M.

As may be seen in the sponsor’s summary below, there were quantitative differences in the
degree of metabolism reported for the systems used for the different species.

The mouse tissues showed the least degree of metabolism with 34-75% unchanged parent drug
present. Rats tissues showed 9-40% unchanged drug present. Dog tissues showed the greatest
degree of metabolism with 0-20% unchanged drug remaining. Quantitatively, the human tissues
were closest to the rat and mouse with 15-80% unchanged drug remaining. Mouse and rat
microsomes showed quantitative differences in the amount of d- and 1-nebivolol remaining.
Qualitatively, these metabolites are represented across the species.

Percent Distribution of Radioactivity of the Pronusient Metabolites i Methanol Extiracts
from 2-Four Liver Miceosomal and Liver §9 Fraction Incubations with
10 uM of [PC)d-, and {1 Chi-Nebivelols

Test Merabolifc Code
System | S T T s | a0 | Ao | A | e
T 4 720 | 225 | 2683 | 309 | 4850 | 459 | 3398
f ; 608 | 333 | 2750 | 260 | 282 | 786 | o278
i d 966 | 238 | 2884 | 318 | 547 | 678 | 4146

7R3 4. 26.57 222 3.63 Tav 4508

. F 051 | o2s | 207 | -« ND | u3d | 7S
' 66 | 534 | 1994 | 184 | ND | 147 | es2e

B 1 d 1802 | 531 | w40 | 271 | 747 | 491 | o
I 135 | 267 | 4584 | 438 | 332 | 663 | 2313

B d 467 | o043 | st |+ | 038 | 196 | 3o
: 519 | ND | 4582 | 348 | o | 170 | 4ns7

B d 647 | 195 | s2m2 | = | 09 | 129 | 2
; 521 | 208 | 4004 | $74 | 10s | 203 | 3984

B d 120 | 4486 | 1949 | 160 | 118 | s41 | 1330
! ; | 318 | 2545 | 147 | sa8 | 1268 | 15m

B F; 4ot | s | 637 | 1e2 | a7 | o | o
7 230 | 236 | 520 | + | 891 | 1697 | 397

B d v | asat | was | oror | 23 | sen | ten
7 284 | 557 | 1287 | o | siz | 119 | o4s

[ i se6 | 780 | 2242 | 38t | 797 | 1959 | 213
[ 7 1268 | 1281 | 2826 | 238 | 126 | tusv | 200%

B i 653 | 692 | 1905 | 238 | 972 | tso1 | 1723
7 636 | 1645 | 2483 | 299 | 568 | 1351 | tse

B d 349 | 1060 | 2720 | 426 | 200 | cos | 3587
7 L3 | 2240 | sams |+ | 082 | 35t | 1547

2 present, but can't b integrated due 1o overlapping: NI Not Deteotable. 04t [C)--Nebsvolol and
& 1103 Nabivolol.
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NDA 21742

Metabolites Identified ot Characterized foliowing Incubation of {*Cl-d-Nebivolol
with Liver Microsomes from Male Mice, Rats, Dogs, and Humang

Mot abpnlis, Test System
Code j !
J————
3 Figure 37 & Figure 37 &
A ND ND Figure 41 Figwre 41
. . - Figure 37 & Figure 37 &
A3 Figare 31 Figure 4% Figre 41 Figure 41
A3 ND ND NB ND
AS Figure 37 & Figurc 37 & Figarc 32 & Figure 37 &
B Figare 43 Figure 43 Pigurc 43 Figure 43
. , g A Figwg 20 & Figure 20 &
A6 Figure 20 Figuee 24} Figure 24 Figure 24
A7 ND ND ND Figare 48
A Fipgure Hi & Figun: W& Figurs 20 & ﬁg_um &
Pigarc 24 Figure 24 Fignre 24 Figurc 24
AD Figare 30 Figure 30 Figure 30 Figure 59
A-19) Figare 30 Figurc 30 Figure 86 Figure 56
A4t ND Figure 34 Figure 54 Figure 34
A-12 Figore % ND Figure 37 ND

NI Not Ditectable

Metabolites 1dentified or Charseterized following Incubation of {VCJ--Nebivolod
with Liver Microsomes from Male Mice, Ratg, Dogs, and Hareans

Megahnlit Test Sysiem
Code ! )
o =
4 " Figure 38, & Figure 38, &
At ND XD Figurc 42 Figare 42
A3 Figure 38, & Figurc 38, & Fignre 38, & Figure 38, &
o Figurc 42 Figure 42 Figure 42 Figure 42
A Figarc 3 ND ND ND
A-S Figure 38, & Fig‘um 38, & Figun: 3 & Figmc-lﬂi‘t &
Figure 44 Figure 44 Figure 44 Fipure 44
. Figure 21, & . Figure 21, & Figure 2§ &
Ab Figare 27 Figuro 21 Figure 27 Figure 27
AT Figure 46 Figurc 46 ND Figure 46
A8 Figure 21, & Figure 21, & Figure 21, & Figure 21, &
‘ Figure 27 Figure 27 Figure 27 Figure 27
A9 Figure 51 Figure 31 Figurs 34 Figure 31
A-10 Figure 51 Figure 51 Figure 34 Figure 51
A1 Figore §3 Figure 55 Figure 3% Figure $3
A-12 Figure 5% ND ND ND

NI Net Devectaide

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

The sponsor’s comparative summary of
metabolites is shown below.
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NDA 21742

Meubolites Identified or Characrerized following Incubation of {7Chd-Nebivolal

with Liver §2 Fraction from Male Mice, Rats, Dogs, and Hamans

M fite Test System
Code T . T
A-f ND ND Figore 3¢ Figure 39
A-3 ND Figure 39 Figuse 29 Figers 39
A4 ND ND ND ND
A3 Figure 39 Figure 59 Figarc 39 Figurc 39
. . Figore 23 & Figure 22, &
A6 Figee 22 Figure 22 Figarc 26 Figurc 26
A-7 ND Figure 47 ND ND
A8 Figure 22, & Figure 22. & Fignre 23, & Figero 22, &
Figure 26 Fizure 26 Figuze 26 Figure 26
Ad Figure 32 Figure 32 Figure 32 Figure 32
A-1D NA NA NaA NA
A-11 NA NA NA NA
A-12 ND ND NB ND

Na: Not Applicabte,
NEJ: Not Derecrsbie

Metabolites Idemified or Characterized following Incubation of {C-INebivolol
with Liver $9 Fraction from Male Mice, Rats, Dogs, and Homans

Setabinlid Test Sysiem
Code w______.'_\ !
A-f ND ND Figure 40 Figure 44
A3 ND ND Fagure 40 Figurs 40
A4 Figure 33 ND ND ND
A5 Figure 40 Figurc 40} Figurc 30 Figure 40
Fignre 23, & . " Figure 23, &
A Figure 29 Figoro 23 Figure 23 Figure 29
A-7 ND Figurc 48 B ND
AR Figure 23, & Figure 23, & Figure 23, & Figure 23, &
Figure 29 Fapure 29 Figure 39 Figure 29
A Figure 33 Figure 33 Figure 33 Figure 33
A-i MNA NA NA Na
A-11 NA NA NA Na
A-12 ND ND ND NP

W Not Detectable
N Mot Applicable

Reviewer: E.A .Hausner. D.V.M.
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NDA 21742

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

Metabelstes Identified or Charactetizad following Incubation of a mixture of [7'€ s and
{1 Nebivolols vath Eiver Microsomes from Female Mice, Rats, Dogs, and Humans

Test System Substrale Al A-R
o ND Figune 2%
I Figurg 28 Figure 28
o cd ND Figure 23
) ND Figure 24
o d Figurs 25 Figure 2%
i Figure 28 Figure 28
T I Figure 25 Figurs 2%
§ Figurc 28 Figurg 28

W Nat Degoctable

Nebwvolod and it Metabolites Characterized or Idestified 1n the in vitro Systems
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NDA 21742 - Reviewer: E.A.Hausner. D.V.M.

XBLStudy # 04685, XBL report # RPT01174Search and Investigation of Nebivolol
Metabolites in Plasma Samples from Human, Rat, Mouse, and Dog Using Liquid
Chromatography-Tandem Mass Spectrometry (LC/MS/MS) techniques

Study location: T

Study date: initiated August 2004

GLP: no

QA:no

Test article:
Compound Lot Number Purity
{!*C3-d-nebivolol: X1505:19A : N
{**C}-i-nebivolol: X1505:19B
d-nebivolol: 54673041 )
{-nebivolol: 84673171 )

Plasma samples from the more recent pharmacokinetic studies were used for this analysis as
detailed in the sponsor’s table below. The samples were extracted i
followed by centrifugation. The extract was concentrated and analyzed by LC/MS or
LC/MS/MS. The following metabolite groups were investigated :

4-OH nebivolols (A-8)

monophenolic nebivolols (A-6)

phenolic 4-OH nebivolols (A-3)

4-keto nebivolols (A-9)

diphenolic nebivolols(A-1)

N-dealkylated hydroxyl carboxylic acid (A-10)

Nebivolol (UD)

Glucuronic nebviolols (G-UD)
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NDA 21742 Reviewer: E.A.Hausner. D.V.M.

The 2 studies reviewed in this addendum are in vitro versus in vivo determinations of nebivolol
metabolites. The results of the 2 studies are compared in the reviewer’s table below:

Comparison of the in vitro and in vivo nebivolol metabolite determinations

In vitro In vivo

Predominant metabolites: Predominant metabolites in all tested species:
Monohydroxy nebivolols (A8) Nebivolol glucuronides (G-UDs)
Monophenols (A-6) except in rodents Monophenol nebivolol glucuronides (G-6)
Phenolic monohydroxy nebivolols(A-3) Monohydroxy nebivolols (A-8)
Diol nebivolols (A-5) Monohydroxy nebivolol glucuronides (G-8)
Monoketo nebivolols (A-9) N-dealkylated carboxylic acid (A-10)

Next most predominant:
Diol nebivolol glicuronides (G-5)
Keto hydroxyl nebivolol glucuronides
@
monoketo nebivolol glucuronides (G-9)
N-dealkylated diol (A-11)
N-dealkylated hydroxylamine (A-12)

Minor in all species:
N-dealkylated carboxylic acid (A-10)
N-dealkylated diol (A-11)

Only in mouse and dog
N-dealkylated hydroxyl amine (A-12)

Unchanged drug which was a major component of the in vitro systems was not mentioned in the
overall summary. As might be expected, there are differences between in vitro and in vivo
results. The in vivo glucuronides of the in vitro hydroxyls and phenols are an expected
modification.

This study was initiated several months into the NDA review and completed late in the NDA
review cycle. The nature of the work is something that would have been of greater value at a
much earlier stage in the development process. A glaring omission in the recent attempts to
clarify PK and metabolites by application of LC/MS/MS is the lack of any studies examining PK
and metabolism in gravid animals.

The material submitted does not substantially alter the overall non-clinical picture of nebivolol.

Appears This Way
On Original

10




This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Elizabeth Hausner
12/21/04 12:59:56 PM
PHARMACOLOGIST
Elizabeth Hausner

Albert Defelice
1/4/05 12:19:23 PM
PHARMACOLOGIST



PHARMACOLOGY/TOXICOLOGY REVIEW

3.1 INTRODUCTION AND DRUG HISTORY

NDA number: 21742

Review number: 1

Sequence number/date/type of submission: 0/November 23, 2004/

Information to sponsor: Yes ( ) No ()

Sponsor and/or agent: Bertek

Manufacturer for drug substance: Mylan Pharmaceuticals Inc, 781 Chestnut Rldge Road,

Morgantown, WV 26505. —
\\________________

Reviewer name: Elizabeth Hausner, D.V.M.
Division name: Cardio-Renal Drug Products
HFD #: 110 _

Review completion date: November 29, 2004

Drug:

Generic Nz Nebivolod Tablets

Chemical Name Nebivolol hydrochloride is idetified chemically gs (#)-
[ZR*[R¥[R*{S*)]][-tx.0r firminobis(mathylene)ibis|6-fuoro-3,4-dibydro-
2H-F-benzopyran-2omethanol] hydrochloride

Code Numbers  RO57555
RO67138 {d-Nebivolol}
RO6T145 {-Nebivolot)

CAS Registry No.152520-56-4

Trade Name:  To Be Established

Figmre 3.2-81 Chemical Structure of Nebivolol

=1

+ HCE

¥ F

? IR uRG SeRiens

Empirical Formula Tl FaNOGHCE

Molegular Weight 451,90 gimnl

Due to 4 chiral carbons, there are 10 different stereoisomers possible. The drug substance is the

racemate of the enantiomeric pair SRRR-nebivolol (d-nebivolol) and RSSS-nebivolol (I-
nebivolol).

s



NDA 21742 Reviewer: E.A. Hausner, D.V.M.

The present submission was presented in response to a telecom September, 2004. The sponsor
was informed that the Exec CAC had determined the Leydig cell tumors in mice to be drug
related. The sponsor was asked to make a case to show that this finding was not clinically
relevant. Some weeks later the sponsor announced their intention of having the slides from the
mouse carcinogenicity study re-evaluated. The Division in turn asked the sponsor to put into
writing the rationale for re-evaluating the slides and to provide in writing the protocol that was
proposed for the endeavor.

The sponsor did not provide the rationale nor a protocol. The sponsor presented the present
material as a fait accompli. The slides were re-evaluated in a “blinded” fashion then a Pathology
Working Group was assembled. In the PWG, all testes slides from all 62 animals originally
identified as having an interstitial cell proliferative lesion were re-evaluated. Additional slides
were randomly selected from 30 mice originally diagnosed as having no proliferative lesion.
The testes slides for these 30 mice were used to provide the basis of the “normal” comparison.

The sponsor’s results are shown below.

EXPERIMENT NO. 1987
CARCINOGENICITY STUDY IN SWISS MICE

Table 2
Incidence of Histomorphologic Observations in the Testes
Dose Group: 1 2 3 4 5
Dosages?: Cc \ L M H
Sex: M M M M M
Number of Mice/Group:; 50 50 50 50 50
TESTES:
NO. EXAMINED 50 50 50 . 50 50
-negative for hyperplasia or neoplasia 44 43 46 44 23
-neoplasia, interstitial-cell, present 1 2 0 3 17
-adenoma, interstitial-celt, unilateral, single 1 2 o] 2 [*]
-atienoma, intesstitial-cell, unilateral, multipie 0 0 0 1 1
-adenoma, interstitial-cell, bilateral, multiple 0 0 ¢} 0 7
~carcinoma, interstitial-cell, unilateral, single 0 0 0 o] 2
~hyperplasia, interstitial-cell, present 5 6 4 3 16
“-hyperplasia, interstitial-cell, unilateral, focal 0 0 2 4] 11
-hyperplasia, interstitial-cell, unilateral, multifocat 1 1 4] V] 1
-hyperplasia, interstitial-cell, unilateral, diffuse 0 2 o] 0 [
-hyperplasia, interstitial-cell, bilateral, muitifocal 1 1 1 Q 2
-hyperplasia, interstitial-cell, bilateral, diffuse 3 2 1 3 2
“Dosages:  C:Control  non-medicated diet
V:Vehicle  B-gyclodextrin (8-CD) {440 markg body weight/day)
L Low 2.5 mg R 87558/kg body weight/day and 27.5 mg B-CD/kg body weight/day
M: Mid 10 mg R 67555/kg body weight/day and 110 mg B-CD#kg body weight/day

\ H: High 40 mg R 67555/kg bady weight/day and 440 mg B-CD/kg body weight/day
Neoplasia was observed in 17 mice of the high dose group, but there were 19 individual tumors.
Two mice (#233 and #238) had both interstitial-cell adenoma and interstitial-cell carcinoma.

From the above table and the next table, it is unclear how many carcinomas are actually present.
Is it 2 alone, or 2 alone and 2 in combination or 2 in combination? The text of the report states
that there was a reclassification of 1 adenoma to a carcinoma. While there were a few re-
classifications ( in both directions), the overall interpretation did not change.



NDA 21742 Reviewer: E.A. Hausner, D.V.M.

Table 2. Summary of Interstitial {Leydig) Cell Proliferafive Lesions
Incidence in 82 Mice Based on PWG Consensus Diagnhoses

25 10 40
Control Vehicle mg/kgrdsy | mglkg/day | mg/kgiday

Number of mice in group 50 50 50 50 50
Mice with hyperplasia only 4 4 5 4 9
Mice with adenoma only i 1 ¢} i) 11
Mice with adenoma and 0 0 0 0 1
carcinoma
Mice with hyperplasia and 0 1 1] 1 4
adenoma
Mice with adenoma or 1 2 - o 1 16
carcinoma
Mice with hyperplasia, 5 & 5 5 25
adenoma or carcinbma

The sponsor also provided reprints of a number of published references:

R.F. McConnell et al.(1992).Proliferative lesions of the testes in rats with selected
examples from mice, URG-3 In :Guides for Toxicologic Pathology. STP/ARP/AFIP,
Washington, D.C.

K. Mitsumori and M.R. Elwell (1988). Proliferative lesions in the male reproductive
system of F344 rats and B6C3F1 mice: incidence and classification. Environ Health Pers.
Vol77, pp.11-21.

F.K. Mostofi and V.M. Bresler. Tumors of the testis. Year and location of publication
unknown.

S. Rehm et. al. Male Genital System. Year and location of publication unknown.

The reprints were descriptions of the histologic features of hyperplasia and various tumor types
that may be found in the testes and reproductive tract of male mice and rats.

The overall result of this effort did not change the conclusion of the tumorigenic potential of the
drug. The material presented does not address the Division’s question as to the relevance or lack
of relevance for humans.

Elizabeth Hausner, DVM
Pharmacologist

Al DeFelice, PhD
Supervisory Pharmacologist

Appears This Way
On Original



This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Elizabeth Hausner
12/21/04 01:02:20 PM
PHARMACOLOGIST
Elizabeth Hausner

Albert Defelice
12/30/04 10:57:05 AM
PHARMACOLOGIST





