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No stausucaﬂ; sxgmﬁmnt trend was reponed for the blood chenustry parameters.

Organ wcxght

Threc monLh sacnﬁce.
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Parameler Gr1L,M | Grl, Gr2,M. - | Gr2, Gt3 M | Gt3, | Gra, Gr4, | Grs, Grs,
: L - F b F s F: M F - M. F
Albumia (g/d1) 3.95 17 38R NEXD 3.87. 390 . [ 382 3.75 3.92 3.78
Alk Phosphatase | 37.) 26.16 - 26.20 . | 29.57 3442 3583 [ 3442 34.50 | 317 $2.85
UL . i : R L : : .
ALT (U/L) 29.66 28.33 32.20 3042 3428 [ 2650 34.42 2533 ] 2728 31.42
AST(UL) 12.83 10.33 15.80 12.57 14.85 10.00 17.14 11.66 | 12.00 11.14
Total Bilirubin 0.27 021 0.27 0.22 0.22 0.23 0.23 0.24 0.24 0.22
(me’dL) ; ‘ y
Calcium (me/dL) | 15.56 14.68 15.40 14,80 15.4] 15.40 15.31 15.01 | 1612 14.93
Cholesterol 23.00 32.66 25.60 33.85 22.14 40.8) 22.14 325 | 23.00 34388
(mg'dL) .
CPK (UL) 492 191 535 227 593 211 549 340 343 242
Creatinine 118 130 1.28 130 1.28 143 . 131 k) 1.25 1.37
‘mg/dL) . R
BUN/Creatinine 15.61 14.66 12.12° 13.61 1215 1 1395 | 11.75% 1285 | 1415 12.21
GGT (UL) 6.0 716 6.4 6.71 6.85 7.66 7.14 6.0 6.5 .14
Glotulin (e/dL) 2.30 2.11 2,14 2.20 2.30 231 231 233 | 230 2.18
Glucose (mg/dL) | 143 136 144 143 143 147 150 141 137 146
LDH (ul) 46.66 7433 93.40- 25.71 106.28 | 19.00 3357 3883 [ 2129 18.71
Phosphorus 36} EXY) 3.60 3.04 3.64 318 371 308 360 37
me’dL) N T T
Powssium 526 461 s 2 465 521 4.83% 494 440 532 4.50
{mmol’L)
Sodium {mmolLl) | 145 142 146 144 148 145° 146 144° | 146 144
Total Protein 6.25 5.85 6.0 59 6.1 6.2 6.1 60 6.2 59, B
e-dl)y -
TG (medl) 159 85 121 91 110 103. 82° 111 134 13
Urea nitrogen 18.3 19.0 15.2¢ 17.7 18.4% 19.8 154 173 {177 16.5
{me‘dl) .
Unic and (mn/dL) 0.3 0.28 0.32 0.27 0.31 0.26 0.27 0.23 0.27 0.24
'Staumcanv sxgmﬁcanl i e

Da(a on thc crgan wmght rclauve to the body wcxght are shown bclow (Percent organ/final body wexght)

Plnmcl:r Grl, M GrLF | Gr2a M GfZF Gr3M Gr3.F Gr4. M Gr4. F GrS. M GrSF
Adrenals 0.0089 0.01 0.0087 0.0086 0.0093 0.0091 0.0098 0.0078 0.0099 0.0023
Brain 0.0062 0.0069 . | 0.0049 0.0046* 0.0057 0.0049¢ 0.0059 0.0057 0.0059 0.0048"
Gonads 0.20 0.0083 0.14 0.0093 0.17 0.0069 0.16 0.0075- 0.15 0.0066
Heant 0.24 0.24 0.20° 0.21 0.22 0.21 0.24 0.23 0.22 0.21
Nidnev — { 0.39 0.53 0.33 0.52- 0.5 0.52 0.57 0.52 0.36 0.49
Liver 3.7 3.0 3.7 3.0 35 2.9 3] 3.2 34 29

*Suatistically sngniﬁmnt -

The relative weight of the bram shcmed sagmﬁmm differences from the untreated control as shown in thc
ab0\ ¢ table. The absolutc organ wcxghl ® data for brain is presented in the follomng table.

Paramerer Grl. Grl GI'J.M Grl. Gr3 M 01'3 Gr4.M Gr4, GrS,M | Grs,
M F F F . "kF F
3nin 10.24 10.57 10.42 5.8 . 9.68 -9.88 10.80 10.63 10.24 - 9.67°
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The absolute data suggest that only ‘the high dos¢ animals (female) showed a decrease in the weight of the
brain compared to the untreated control. Individual data for the weight of brain and body weight for the
untreated control (female) and group 5A (female) are presented below. ; -

Animal | Gr1, BW (kg) ‘| Gr 1, Brain Wt (g) | Animal | Gr 5, B.W (Kg) Gr 5, Brain Wt (p)
L6376F . | 36 11.26 L6369F | 4.8 9.17
L6346F | 4.8 e L637TF | 4.9 10,40
[L6362F [ 4.0 1029 L6403F | 4.2 10.09
© [ L6389F. |35 1059 | L6366F | 4.3 1977
“|L6400F |42 10.43 ; L639IF | 42 8.9

: Three out of 5 animals showed lower weight of the brain. The data need to be compared to the long-term
" exposure data following one-year treatment. The lower weight of the brain at2.5% S (-) betaxolol treated

- female rats compared to the control was considered to be incidental because the extended treatment for 12
- months did not show similar changes in the absolute weight of the brain in male and female animals.

- One year data: -

 Relative organ weight data (G/BW X 100) are shown in the following table.

|Parn 1Gr), TGr), TGr2, [Gr2, [Gr3, [Gra, |Gid, Jora oo Tos

»

Meter | M-~ | F M - |F M | F. M F M F
Adre "1 0.017 | 0.0090 | 0.013 | 00094 | 0.013 . 0.01 0.015 | 0.0095 | 0.015 | 0.0085
Nats | _ _ _ ‘ _ _ .

Brain_| 0.0040 ] 0.0045 | 0.0050 | 0.0039 | 0.0042 | 0.0038 | 0.0051 | 0.0030 0.0050 | 0.0042
Gonad 1012 10013 015 [001l |014 |003 0.15 0.011 |o0.16 0.010
o Heat {020 J020 J022 [019 [o02r o022 0.22 0.18 1023 0.20
[ Kidrey:| 0,50 J040 | o0.51 0.41 048 | 041 0.48 0.40 0.46 0.40
Liver | 2.86 188 (273 2.03 248 f212 242|201 [269 2.05

‘ Abqvc data suggest that § - bctaxolol‘trmtmcm did not affect the organ weight relative to the body
~ weight for above organs, - ‘ LT S

- Gross patbology:
‘ Ifﬂuec-mdnth sacn'ﬁee:

There wérc DO £I0SS changes related 1o the treatment except iuéidental changes that are shown in the

following table. T
‘Group *. Animal # ‘Remarks
Group 2 .. 16399 (F) Small ovary and uterus
: L L 6367 (F) Kidneys pitted (holes)
: 116282 (M) Lungs appeared motiled
| Group 3 L6347 (F) Fluid filled nodules on upper left uterine horn
Group 4. L6332 (F) Fluid filled cyst in right ovary °

GroupS - | L6300(M) | Small testes

v ;
s



|

NDA 21-114
Page #33
Twelve-month sacn‘ﬁoc:‘: :
Group Anima} # . Remarks v »
Group 1 L6383 (F) Hairball in the Stomach, Nodule in the Jeft uterine horn.

L 6361 (F) Kidneys appeared discolored, small arcas of satellite spleen tissue
adjacent to the spleen, IR

L63i5s7(F) Liver mottled and discolored, large intestine appeared dark; stomach
- _| filled with hairball ang lining of stomach wus sloughing. S

Group 2 >, L6271 (M) _ | Enlarged gall bladder, mollfed liver, large hairball in stomach, red ness
e L int.bestomachandmammlining. o o

L6368 (F) | Kidneys appeared discolored =

L6371 (F)- - ~Satellite area of Splenic tissue

L 6312 (M) - . | Pitteg lidneys; stomach and intestine appeared red.

Group 3. L6335 F) | Swollen submandibular salivary gland, dark area in the anterior Iooe of

16402 Mottled kidneys:

Group4. . | L640) (F) Hair ball in stomach,
‘ : L6395 (F) Small gall bladder and right kidney. -

L 6288 (M) - Hemorrhagic ares in stomach -

L 6378 (F) -Nodules on right side of oviduct, dirk appearance in left lung and liver,
__ Iholein diaphragm and stomach.

Group 5 [ L6317 (M) | Enlarged pall bladder, hair ball in Stomach, hemorrhage in stomach
, - linirg. g

L 6307- (M) Furin storaach, fluid filled colon.

16344 (F)- Small péiechiae (hemorthage) in the stomach lining.

L6322 M) | Pired lGdneys, .

. Histopathology:
' Three-month sacrifice:

Organ Group 1 : Group2 - Group 5 -

Lung edems | 1 (mod sev=1) - 2 (slight=1, mod=1) - |3 (slight=2, mod=1)
Thymus (slight=1) - .-~ .2 (minimal=3) | 4 (minimal=3, moderate=1)
involntion: e L : , ; -

Animal # 6367 (F) in the group 2 and # 6403 (F) in-group 5 showed meningoencephalitis. The sponsor
. Stated that thie effect in the brain could be due to Encephalitozoon cuniculi infection. The changes in the
lung and thymus could be incidental and similar changes were not obscryed after twelve months of the
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' Twelve-month sacrifice:

i mﬁopamologiml dﬁtﬁ?&—&;‘t—iﬁs'shc; Sf both schaduled andunschedulcd sacrifice are presented.

Tissue . - Grl.R Grl, Gr2,R: [ Gr2,L | Gr3,R | Gr3,L | Or4,R Gr4, Grs, Grs,
o : - L . : L L R L
Malignant - . . : . : 11 :
Jymphoma in' : s o
. comes - .
Kenatius - . 1 (mod)
. Malipnant . ; 1
] lymphoma i
‘evelid S b : . T
Malignant - ; - 1 1
hvmphoma in : : R e _
R lacrimal tissue SN BETRe . B : . )
- g o [Muiisoca 4 6 13 TR O R 12 9 9 - |9
dilatation in Minimal. | (Minim | (Minimal | (Slight (Minio - | (Minim. | (rainicw! | (minim | (oinimal (mini
© 0 | 1aerimal tissue =3, al=3, =3, =3) aled, al=2, =4, al=2, =5, mal=4
slight=1) | ‘slight= | slight<2) |- ) slight= | slight= | slight= slight= | slight=4) |,
3) 3) 5 8) ) slight=
Malignant 1 1
lymphoma in L R
.} muctiating . v C N -
miembrane L L [ :
Malignant B H 1
Ivmphoma in B - - v -
sclera’chorond -

* " Minimal to slight dilatation of the glandular elements of the lacrimal tissue was observed in right and left
‘treated and untreated eyes, respectively. The change could be due to the aging process. However, increase
incidences of dilatation of the lacrimal gland in the S betaxolol treated eyes could be due to blockade of
beta-adrenergic receptors in the lacrimal gland, The effect in the untreated left eyes could be due to
bioavailability of the drug in the untreated eye following the treatment to the contralateral eyes. Female
rabbit # 6335 showed gencralized maligtiant conditions unrelated to the drug treatment. Histopathology
data did not show drug-related changes ia other organs after twelve months of the treatment.

: V'VT'oxjcokinetics‘:

 Plasma § (-) betaxolol levels (ag/ialy are $hown in the following table.

Group Month' 1. Month3- - Month 6 Month 12
N I e M ™ F M £
R P X & A O 79 163 46 3.8 41
R = T 56 . TTO U115 7 88 103 98 169 5.6
5. B 228 - 167 1137 . 119 [193* 93% |94 7.4
i *Samples lost during analysis. -

* Data suggest that § (-) bétaxolol given as ophthalmic drops are bicavailable dose dependently. However,
- the increase in the levels was not dose proportionate. The.sponsor provided on Dec 2, 1999 the

information on the drop sizes in the animal stidies and clinical studies. Accordingly, the drop sizes of the .

preclinical sivdies were 47 + 5.5, The drop sizes for the clinical supplies were 25.7 +3.5uL. :

Reviewer’s key study observations:

" A12.5% dosc of § (-) betaxolol, there was an increased incidences of constipation in rabbits in the twelve
mcath study. Also minimal conjunctival discharge was noted during several observation periods at 0.5-
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Sponsor’s si'x.mmxy‘and conclusions:-

o ... Daily observations for health and phaﬁmbotpxjc‘ signs were gencrally limited 1o sporadic and trancisnt -
- T instances of nasal-and ocular discharge, diarrhea and little or 0o stool. Treatment with various test and .
- control articles elicited no adverss effect on the growth of the animals for the duration of the study. A
- Biomicroscopic evaluations revealed ouly minimal-moderate conjunctival congestion and a few sporadic
instances of transient conjuhctjval’dischargc. No treatment related changes were observed during gross
* observations at necropsy, No treatment related histological changes were observed L

v - Based on the results ofthc bhc ycér evaluation, it is concluded that 0.5-2.5% S (=) betaxolol ophthalmjc v
e suspension does fiot possass a'cumulative ocular irritation potential and does not demonstrate any
o apparent systemic toxicity in rabbits, S o : Sl

Toxicological study #2: . -

. A Hsing dose lo]eﬁmcé toxicity snid); of § (O] 'be!axolol (levobetaxolol) and RS Bclaxolol administered
orally by gavage to rats. Page 5-02420, vol 7. Protocol # N-98-140. T

CondUCUnngabOraloryrw‘j‘_ff*km“f‘“ T R I
Date of study initiation: JunTS, 1598 T
Date of necropsy: June 30, 1998

'GLP'compl'l;‘ancc: yés b
QAreport: Yes - -
Methods: . B

B '_Spingue Dawléy Ctl:CD rats were used in the - study. Total of 24 male and 24 female rats were used. L
Animals were 6-7 weeks of age and weighed 171-284 GM atthe time of dosing. Dosing groups are skiown' -

- Inthe following table, =~ -
[ Growp  T# Amimal . - — _Dng T Dose, mp/kg/oral ‘]
o M, 2F, IM MU I0IF TO2F — Levobetixalol ~1asg — — - == ]
C L 2M, 2F; 3M, 4M, 103F, 104F . . ] RS-betaxolol - [ 250 . ,
Sl IM. 2F; SM.6M,105F, 106F Levobetaxolol | 500
[2. 2M, 2F; 7M, 8M, 107F, 108F _| RS- betaxolol 500
13 1.2M, 2F; 9M, 10M, 109F. 110F .| Levobetaxolol 750
N 2M, 2F; 11M, 12M, 111F, 112F RS- betaxolol 750
14 2M, 2F; 13M, 14M. 113F. 114F Levobetaxolol 1000
ey 2M, 2F; 15M, 16M, 115F, 116F RS-betaxolol [ 1000
- IT 2M. 2F; 17M, 18M, 117F, 118F Levobetaxolol 1250
s 2M. 2F; 19M, 20M, 119F, 120F RS- betaxolol: 1250
TR IM, 2F; 21M, 22M, 12F, 122F Levobetaxolol 1500
L6 2M, 2F; 23M, 24F, 123F, 124F . RS-betaxolol 1500

_study for the animal. Animals wzre evaluatad for clinical changes, general appearance, behavior and

- monality. Animals were observed at least once daily prior to the dosig, Animals were observed

The drugs were administered opce 6rally' by gavage. The day of dosing was qgsidersd to be day 1 of the
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~All survival animals were sacrificed by injecting sodium pcntobafbi'tal"and discarded without necropsy.
“Animals that found dead or sacrificad in moribund conditions were necropsied for gross pathological
examinations. ' ' A : A

~ The body weight of the animal was recorded atarrival and on day 1 before dosing. -
- Thelot# of levobetaxolol used in-the study was 7231020 and that of betaxalol was 9704471]___ _
U ' Drug substance was dissolved in deionized water at 25, 50, 75, 100, 125 and
7150 mg/ml concentrations, L . DR

Mdﬁality and moribund eonditions:

-y Animal Drug . Dose, mg/kg/oral | Day. .| Observation and necropsy findings

" |'Malc #22 | Levobetaxolol- | 1500 : 1 | Salivation, tremors, reduced activity and

T S : | dyspnea and discoloration of glandular
- ‘ S . | stomach.

Male #23 - | RS-betaxolol | 1500 o 2 - | Salivation reduced activity and tremors, red

: B ~ . | foci in lungs and stight dilatation of pelvis of

left kidney. - Lo

Highest dose tolerated without mortality was 1250 mg/kg. The no effect dose in the study js 250 mg/kg. '

: 'Clim'ceil signs were reduced acﬁvity, tremors, ataxia, reduced breathing and excessive salivation. Most of
the clinical signs were started within 30 minutes after dosing. :

Itis conclﬁded that fevobetaxolol single dosé was tolcrated up to 1250 mg/kg in rats. Clinical Signs of
overdose toxicity were salivation, tremor, reduced activity and dyspnea. : .

Sponsor’s summary and conclusions: -

- There wiere no clinical signs of systemic toxicity observed in both the 250 mg/kg S (<) betaxolo] and RS- :
betaxolol dose groups. All animals treated 4t 500, 750, 1000, 1250 and 1500 mg/kg for both test materials
- exhibited adverse systemic effects. One or more of the following clinical signs of toxicity were observed in
- these treatment groups and included tremors, difficulty'in breathing, reduced activity, excess salivation,
© ataia, prostration, reduced breathing rate, plosis, dyspnea, piloerection, hypothermia, hunched stance,
morbidity and mortality. Morbidity and mortality were noted at 1500 mg/kg S (-) betaxolol and RS

betaxolol dose groups.:

-~ Based upori the results, maximum tolerated dose for both S () betaxolol and RS betaxolol was considered |
-+ tobe 1250 mg/kg,
- Toxicolagy stady #3

S G

. Sponsor’s Original Title: - v : ‘
A t}ueé-moﬁth to:déity study of § - &&xo]ol (levobetaxolol) admmstcred orally by gavage to rats,
Vol 8, page 502464 - o S = o5
| Conduct_ujsm ratory("' T e e e e e e i s v e i N




'NDA 21-114
Page #37
 Date of study initiation: May 27, 1998 )
QAReport: Yes (X),No O
Methods: »

- Dosing infoxﬁaﬁoﬁ_‘: -
Species o = #/éex/group TT1Ape ) Weight (g)
Sprague-Dawley, crl:CD rats {15 ‘ ‘| 8 Weeks (approx) 181-375 (rnale)

‘ i . : . 174-250 (female)
r ' o o
: Satellite groups used for toxicokinetics: -
Group | #lsex . Test Article | Dose (mg/kg) | Concentration (me/m)
1 4 Vehicle 0 |o L :
2 4 S(-) Betaxolol - - 10 - o 41 : : -
3 4 - S(-) Betaxolol : 300 13 :
4 4 S (-) Betaxolo} e 100 < |10
5 4 RS-Betaxolol 100 ' 10
* Dosage groups in administered units: :
Group #fsex - .. | Test Article Concentration Dose (ml/kg)
: 5 . L (mg/hkg) - | (mg/ml) :
bl 15 : 0 (vehicle) ‘ 0 _ 10
2 15 |10, S(-)Betaxolol | 1. 10
3 15. ~ | 30, S(-) Betaxalol - { 3 : 10
4 15 : - 1100, S(-) Betaxolol | 10 10
5 15 1100, RS Betixolol | 10 10
Route and form:* S W | it
Animals were treated by oral gavage daily for 90 consecutive days. The test article was dissolved in
distilled water. The test article concentration was expressed as the free base. The dose volume for each
‘animal was detcrmined from the most recent body weight record. Lo
Drug lot # and percent purity; - s
"G(j)_‘gq!axolol, Lot #723 1:020, The cq_?'ﬁme of analysis is provided in page $-02654, vol. 8 _ — ]

RS-Betaxolol, Lot # 97-0447[3,'a certificate of analysis was provided on page 502655, vol. 8. The

* certificate stated that the Aloon code of the lof was 7231035/ 1The

concentration and the homogeneity of the solution were confirmed by theana]yuml method. -
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Formulation and vehicle:
The test article was digsolved i RMEd water to achieve the required conceritrations. The concentration
- of § (-) betaxolol or RS Betaxolol was determined prior to first day of dosing and monthly thereafter,

* " Clinical signs:

v ' *Animals were observed once daily prior to the dosing. During the dosing period, each animal was :
- observed morning and afternoon for changes in the appearance and behavior, - c

: Body weight: .

" Body ﬁ'eights of the animals were recorded at prestudy, on day 1 bﬁor to dosing, once weekly and before
the necropsy. Body weights were recorded on following days: Prestudy;, days 1, 8,'16, 22,29, 36, 43, 50,
57,64, 71,78, 85 and 90. S , -

Food consumption:

Th'e food consumption was recorded at brcsﬁ;dy, days 8, 18, 22, 29, 36, 43, 50, 57, 64, 71, 78, 85 and 90.

o Obﬁﬂﬂmomp}:‘ | B o < |
Indirect ophthalmoscopic cm@ﬁom were conducted prior to the first dose and before thg sacrifice.
He‘métblogy: '

- Blood samples were collected from the dorsal aorta at necropsy for hematology and serum chemistry,
- ~Animals were fasted overnight before blood collection. About 2 mi of the blood was collected from each
- animal. Following parameters were determined, ' :

g RBC cbuhvs, WBC counts and diﬂ'c::htjaf oduh_u, hemoglobin, hematocrit; mean corpuscular volume
{(MCV) and hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC) and platelet
" counts: , : s C

Chn‘ca_lchemjsuy' — e e R et

by Blvoo‘d samples were collected before necrepsy: for serum chcmisiry;~ Following parameters were analyzed.

Sodium, potassium, chloride, total bilirubin, alkaline phosphatase, LDH, AST, ALT, GGT, CPK,
creaunine, calcium, phospborus, glucose; urea nitrogen, total protein, albumin, globulin, albumin and
~ globulin ratio, cholesterol and triglycerides.

Urine analysis:
"Uﬁnc'analy’sis‘ was not conducted.
Animals were fasted overnighit before terminal sacrifice, -Animals were sacrificéd by exsainguingtion under -
© sodium pentobarbital anesthesia Gross changes were noted at necropsy. Gross pathological changes were
also conducted for animals that were killed before the scheduled termination.
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Organ weights:

Organ weights were not recorded féf animals found dead. Wcights of folowing organs were recorded at
scheduled sacrifice. - RRRTEEE , ' B »

Adsenals, epididymides, kidneys, lungs, pituitary (post fixation), testes, thyroid and parathyroid (post

- f>xation), brain, heart, liver, ovaries, spleen and thymus, :

Histopathology: A _

Foi]owipg tissues from animals that died prematurely or sacrificed at the end of the dasing period were
fixed in neutral-buffered 10% formalin. Eyes and testes were fixed in 3% giutaraldehyde and Bouin's
solution, respectively. SRR e . , SR »

Aonta; heart, salivary gland,vtongu:c',.ésopham. stomach; duodenum, jejunum, HJeum, cecum, colon,
rectum, pancreas, liver, trachea, lung, bons marrow (sternum), thymus, spleen, mandibular lymiph node,

i m:senperic lymph node, kidncys, urinary tladder, testes, epididymides, prostate, semina) vesicles, ovaries,

© Uterus, cervix, vagina, adrenals; pitujtary, thyroid and parathyroid, skin/mammary gland, bone skeletal
.- muscle, eyes with optic nerve, brain and spinal cord, ) . '

"+ Toxicokinetics:

On days 1, 30 and 90 blood samples were collected from the satellite animals in-groups 2-5. Blood
samples were collected prior to'dosing and 30 min after dosing from the orbital Pplexus under light
~Anesthesia induced by carbon dioxide, Plasra samples were scparated for the analysis of the drug.
& analyzed plasma samples. All animals from the toxicokinetic groups

_were exsanguinated undef pento ital anesthesia and discarded .wi!hout‘ necropsy.
; “The concentrations of betaxoi@)l ena’nﬁ'qméﬁ werr; dcteﬁni#&i usmg(t’- - — ZnethodS. .
Cimelsgs P A

Three animals from the mam study group 5 on RS« betaxolol tréatment died or sacrificed during the study
-ds shown in the following table. _ 7 L ' ,

Animal #. roup | Sex Remarks . TR

504,35 ‘male- Died on day 22 due (o gavage error | - _ .
508, . I'male Unscheduled sacrifice on day 34, inflammation of kidney reported. -
550,°5. 1 female . | Founddead on day 66, Pulmonary edema reported

" 'Some of the clinical signs 6b'scrved'during the treatment period in the main study group are shown in the
- following table. .. : o ' P .
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Obscrvauon Control . 10 mg/kg, S () | 30 mg/kg, S(-) | 100 mg/kg ,S(-) | 100 mp/kg, RS
,,,,, Mo FoebN R M F LM F M . F
Chromo 12 0 |1 b2 oy R 0 1. . 2
dacryorthea ‘ . Sl . - : . -
Enthema/ 4 5 |5 -1 5 1 10 5 5 1n
scab/torn - o : : .
Chromo | 6 3 |6 -3 | 2 |7 3 |7 7
thinorrhia . | - O I RN :
Inﬁ'cqucn( S SN S _ 1 BN ‘ 1. 1 -

b8 »:'lncreascd incidences of chromorhmonlna (dlscharge of pxgmenwd secretion from nose) and

o chromodacryorrhea (shedding of bloody tears) from cycs and the nosc were noted in female animals that
" “‘were treated at 100mg/kg racemic betaxolo). Chromodacryorrhez could be due to excessive secredon from

_ harderian gland under the influence of the beta-blocker. Increased incidences in the pinna (erythema, torn
and scab) were observed at 100 mg/kg S () betaxolol treated male animals and 100 mg/kg mccxmc
betaxolol treated female ammals : R _ , , )

e Morta]ity or unscheduled s'acriﬁcc in (bc toxicokinetic groups is=$hown in the following table.

.Group . : : No. of animal, sex - Remarks
2 _ ' ‘ 226 M ' Accidental death

14 : ' 471 F ) S " { Unscheduled sacrifice
s 572, F ... . ) Accidental death
Body vcights

Th: groups mean body weight (2) on days x and 90 are shown in the rOUmeg table.

Scx | Group 1, Day~ Group 2, Day Gmup 3 Day Group 4, Day . | Group 5, Day
. R e ¢ 9% 11 90 o980 110 90 |1 %0 :
Male ~ 1295 - .- 567 | 292 624 |1 301 524 1294 519 | 293 517
Female ;209 3071212 316 205 - 308 1211 307 | 203 292

‘ The welght gain (g) bctwccn day 1 and da}' 90 is Sbc’“'“ m th: fol]owmg table.

-Sex - - T Gmup J— i Gro.ipa ~Group3 -~ | Group 4 <= | Group 5

Male © 272 v 332. 223 225 224
‘ .Fema]c T .98" """ o 104‘“"" o 100 96 —- | 89

The sponsor stated that thcrc was no stansumlly significant changes in the S (-) betaxolol or RS-

betaxoiol treated animals compared to the control. However, male animals in-groups 3-5 showed about
18% seduction in the weight gain between days 1 and 90 compared to the control. Female animals in the

group 5 showed abom 9% reducuon in the weight gain during the same pcnod.

Food consumpuon

T'hc mzan daily focd consumpuon (g/day) chd oot show treatmcnt-related chmgs betwecn the pm:st and
’day 90-observation penod. The data are shown in the followmg table. -
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Sex Group 1 Group 2 . | Group3 - Group 4 Group 5 j
, Pretest day 90 | Pretast day 90 | Pretest day 90 | Pretest day 90 Pretest Day 90
Male 127 30 264 279 28:1 27.5 | 259 27.2 27.3 27.9
| _Female 20 2031206 20.6 19.4 188 {203 . 195 19.4 20.8

Ophthalm.ologivc examinations: :

"+ Indirect oPhMmosmpeAexammaﬁohs did not sho'w'an} compound related changes. Howﬁcr. animal #
'358F (30 mg/kg) showed retinal linear atrophy which was considered to be incidental, K

Hematology: -~ y - o i

 Some of the hematological parameters are shows in the following table.

Parameter Group 1 Group 2 Group 3 Group 4 - | Group 5. 3
; M- ' F M F M. F M F M- _F
WBC (10°uL) | 5.0 4.7 181 42 |71+ 4.9 70" 46 | 7.3* 4.4

Hemoglobin 15.3 148 1151 148 1150 -~ 146 [128% 149 15.2 14.7
(e/dL) ’ o : ’ ‘

Lymphocyte 76.6 816|742 814 | 798 8121757 779 [ 766 804
%) . S FA i

Lymphocyte (689 383 [6.0 34 56 39 |52 45 | s> 35
Monocvte (%) | 3.5 26. 133 22 (27 30 |31 50% |34 4.2¢

*=Statistizally significant
The monocyte (%) was increased at 100 mg/kg dose in S (-)-and RS betaxolol-treated rats. However, 2-6%
rats in-groups 3-5 showed statistically significant differerices in the WBC counts compared to the control.

Individual data for WBC counts for abnortial findings (counts that were-not observed in gr 1 and gr2
animals) are shown‘ in the following table. - R o ‘

Animal # Group -~ Dose (mg/kg) -] WBC (10°/l) )
304M. - B ] o . . 30 ¢~ 3.29
414M L 4. . . 1100 . 4.77
S05M 5 i 100 (RS) 3.98
S14M 5 — 100 ®S) 471

Histology data for above animals did not show any changes in the bone marrow that would contribute to
~lower WBE tounts. The changes in the WBC counts were considered to be incidenta]. :

_Clinical chemistry:

Some of the changes in the sefum cbemjsﬁy paramcters are shown in the following table.
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Parameter _.Grbi:pl : T Group2 . Group 3 Group 4 “| Group 5
M F M- F - iM = F M _F M F

BUN (mg/dL) -] 16 16 | 14 14 115 16 16 25% 1 15 23+

Alk Phos (U/L)-|: 50 _ - .23 |55 48 128 48 124 51 | 32* 47

CPK (UL) 469 287 | 405 256 | 308 217 271 - 294 | 329 297

Phosphorus 57 . 54167 66|65 55167 6.4% [ 64 6.7*
(mg/dL) _

TowlProeln |63 7.2 |62 68 |68 69 |62 67°|63 66

*=Staustically sngmﬁmnt o

. Changes in AP, CPK and total protein were considered to be incidental since the individual data in the
¢ treated animals were within the range of the untreated rats: However; female rats at 100-mg/kg dose of
8 (-) or RS betaxolol sbowed changes in the scrum BUN and phosphorus levels that were statistically
significant. The individual data for BUN (mg/dL) and hdncy hxslology findings in gmup 1,4 and S female
rats arc shown in the following table, . - - - -
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BUN (female):
Group 1 Group 4 Group 5
150 F, 15, Min, focal . 450F, 21, normal S50F, 21, Min, focal subacute
mineralization of S inflammation
_corticomedullary junction SRR -
151F, 16, Min, multifocal 451F, 25, Min, focal 551F, 23, Mild, focal subacute
mineralization of . mineralization in inflammation
-corticomedullary junction corticomedullary junction
152F, 14, normal 452F, 21, Min, focal basophxhc '} 552F, 24, normal
: : tubules -
153F, 17, normal 453F, 21, Mild, focal - 553F, 23, normal
e mineralization in - L
corticomedullary junction

154F, 17 normal

454F, 16, Min, foml basoplnhc
tubules :

554F, 21, normal

155F, 16 Mx]d, multifocal o
mineralization of transitional :
epithelium '

455F, 55, Mdd, transitional
epithelial hyperplasia, mod,

‘multifocal basophilic tubules,

pelvic dilatation, marked
multifocal pyclonephritis

S55F, 31, Mild, focal basophilic
tubules; mild, focal suba"utc
mﬂammauon '

156F, 18, Mild, pelvic dilation;
mod, subacute pelvic
inflartnmation

456F, 23, Mild, multifocal
transitional cell hyperplasia

556F,18, normal ‘

157F, 15, normal 457F, 23, Min, multifocal " 557F, 28, Min, focal basophilic
e basophilic tubules _tubules
158F, 15, Min, multifocal 458F, 22; Mild comoomedullm'y 558F, 23, Min, focal
. inflammation in corticomedullary mncrahzzuon mineralization of
junction corticomedullary junction
159F, 17; Min, focal 4S9F 49 Markcd. mulufoml 539F, 27, normal

_ mu:crahm!mnm _ pyelonephritis; mod, multifocal
corticomedullary junction transitional cell hyperplasia
_160F, 19, Min, focal basophilic 460F, 21, normal . 561F, 21, normal
tubules; mild, fonl pclvxc SR R
necrosis : : :
161F, 13, Min, focal basophilic | 461F, 20, pormal . 562F, 16, Mild, multifocal
tubnles; min; focal . ‘ ‘ basophilic tubules; mild, ,
-mineralization in multifocal proteinaceous tubular
corticomedullary junction _ , . filtrate -
- 162F, 13, mormal ' 462F, 21, Min, multifocal 563F, 19, Min, focal, subacute

corticomedullary mineralizaton

inflammation

163F, 15, normal

463F, 22, normal

564F, 22 normal

16417. 14, normal

464F, 15, Min, multifocal
corticomedullary mineralization
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Phosphorus (femalc)
Group 1 Group 4 Group 5
150F, 6,2 450F, 5.0 SS0F, 6.1
151F, 4.0 451F, 7.4 551F, 6.2
“152F, 5.1 452F, 7.7 552F, 7.2
153F; 6.5 453F, 1.2 553F, 7.0
154F, 6.1 454F, 7.0 554F, 8.5
155F, 5.3 455F, 7.4 555F, 5.4
-156F, 49 . 456F, 6.2 556F, 5.3
157F, 4.7 457F, 5.5. 557F. 65 =
158F, 5.2 458F, 6.1 558F, 7.2
159F, 5.7 459F. 6.8 - 559F, 6.8
1 160F, 6.0 460F, 5.4 - S61F, 6.4
‘161F, 5.5 461F, 5.4 - 562F, 6.7
162F 4 4 462F, 6.7 563F. 6.9
163F, 5.0 463F, 7.0 564F, 6.3
164F, 5.9 464F, 5.9

The sponsor stated that the changes in the BUN and phosphbms were related to the morphological

" changesiin the kidney. However, comparisons with the clinical chemistry data with histopathology data of

kidney suggest that changes in the BUN for animals # 455F and #459F could be related to the _
‘pathological changes in the kidney attributed to the treatment with S (-) betaxolol at 100 mg/kg.

‘Organ iveight:‘ .

* Statistically significant changes in the relative organ weight (g%), organ wibody wt X100) data arc

presented in the following table.

Group 5

*= Statistically significant’

The weights of the brain in individual male animals at 10m
~ the control and treated rats at 30 and 100 m,
brain at 10 mg/kg are incidental.

Crgan Group 1 Group 2. Group 3 Group 4

- M - F M - -F Mo FooIM F |[M F

- Brain 4.05 704 14.52¢% 6.73 4.37 701 '|4.38 7.09 | 442 7.25
Heart 3.05 324 |3.08 3.07 3.08 3.40 |3.06 3.29 1311 . 360*
Liver 2.59 257 252 252 2.61 266 12.79* 297* | 284+ 3.10
Parathyroid/ 0.042 . 0.078 | 0.051 0.072 | 0.059* 0.089 | 0.055* 0.082- 0.058* 0.086
-Thyroid: ‘ : ; . ‘
Testes 6.47 7.10 6.87: 7.30%* 7.06

&/kg dose were within the range observed in
g/kg doses. Therefore, changes in the relative weight of the
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The weight of heart of fetnale amma]s in the control and RS‘-beta'xblol treated groups are shown below,

Group 1, Control K o Group 5, RS betaxolol
0.81 . 0.94 : ’
0.92 : 1.91

1.07 . ‘ 111

0.91 S v -0.97.

0.88 . 5 0.94.

0.93 . . 1.23
058 : 0.97

1.15 ’ , . 0.89 .
0.91 - 0.86

088 . . : 0.89

0.90 s ' : 0.86

0.80. - o - 1092

099 e : .1 122

1.04 - Lo 087 -

0.84

= Data suggest that animal # 555F and 563F had slightly higher weighi of heart commpared to the higﬁest

individual weight of heart observed in the control group: The changes in the weight of heart relative to the
body weight at: 100 mg/kg RS betaxolol treated animals wgré consiciered to unrelated to the treatment,

The individual data for the liver wei ghts for animals in-groups 1, 4 and 5 are shown below.

Control. M Control, F Group 4, M Group 4, F Group 5, M Group 5, F
15.0 1793 . - ] 13:49 8,08 16.67 8.33
1169 7.29 v 18.65 - - -~ 17.99 14.77 8.09
12.85 8.71 13.65 921 - 16 46 . 897
16.53 7.70 L1210 1834 1 13.72 8.53
15.32 6.23 .| 15.27 9.41 11.99 8.49
13.72 7.63 1161 1928 ;. 15.73 8.50
11218 ] 5.92 - 15.51 8:42 10.94 9.38
1623 11018 11.21 8.49° 15.46 8.49
13.70 6.91 .. 14.89 : 3.97 . . 10.53 -} 7.58
13.68 1703 - 11.73 9.01 16.13 7.84
15.25 5.99. 13.58 7.69 . 14.45 8.53:
12.24 . 1537 - 16.38 8.53. 12.74 7.73
1 14.55 } 7.99 . 14.43 8.98 12.72 9.03
L2y T T1m 10.83 » 8.17 - 7.87
-12.39 1760 14.55 1.77 :

Above data suggest that most of the treated animals except M 402 in-group 4 had liver weights
~ comparable to the control. Therefore, it is unlikely that the change in the relative weight of the liver in
- groups 4 and 5 animals was related to the treatment effect. Also there were no histological changes
observed in the liver that could suggest possible cffect of the drug on the weight of the liver,

<
—
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The individual data for thyroid/parathyroid in male rats are shown in the following table.
Group I, M Group 2, M Group 3, M Group 4, M Group 5, M
0.030 0.028 0.40 0.025 0.029
0.026 0.025 0.024 0.029 0.027 .
. 0.025 . 0.30 0.028 0.023 0.028
0.029: 0.20 .0.021. 0.025 -0.037
0.02§" 0.031 0.022 - - 1.0.024 0.023
10.020 0.024 0.036 0.021 0.033
0.015 0.021 0.024 0.027 0.016
0.017 0.026 0.022 0.030 :0.023
- :1.0.029 - 0.019 0.025 0.028 0.032
1.0.025 0.019 0.026 0.019 .0.032.
0.016: 0.023 0.020 0.028 0.036
0.015 0.025 -0.033 0.027 0.026
0.024 0.030 0.03] 0.034 . 0.030
0.020 0.024 0.041 0.030..- :
0.024 0.031 0.032 0.029 -

At 30me/kg dose, the weight of thyroid/parathyroid for animal # 301 and #314 was 0,040 and 0,04 2

- respectively. A comparative increase ip the individual w;ighl of myroid/pmth)-mid was not noted in.
_.’animals for. groups 4 and 5. The effect of § (-) and RS bcla,\_'oml on the thyroid/pamthyroid weight relative
1o the body weight was due to incidenta! changes that occurred to few treated animals, :
- The individual data for testas show
_animals were comparable,

that the weight Qf testes between the untreated control and group 4

Gross patholog}'}» R -

Fi 6llo“ing gross cliahgcs_ were reported for animals that found dead

-Animal; Sex Group Remark :
504M 3. ... Esophageal perforation, fluid in thoracic cavity, reported death due to gavage
D accident .. . . - -
. 508M - 5 Small spleen and thymus, wite foci in the kidacy cortex, firm prostate and red
RSN o color in GI tract. Page 5-02537 indicated unscheduled sacrifice. However, page
. ) 302666 reported that the animal found dead.
S560M 5 Red discoloration of thymus and lungs,

Mac_roscopimj chéngés in male and female animals are attached in the attachment for Pages 5-02669 and
502670, vol 8. As indicated in the table, the prevalence of microscopic changes were considered to be
incidental in pature, ~ . R N .
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* Individual data listing showed 4 animals out of 15
** Individual data listing showed 8 animals out of 15
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Histological changes:.
Some of the histological changes in male animals are shown below.
Lesion Group 1 Group-2 Group.3 Group 4 . Grqup 5
Hearn, chronic | 4/15 515 ins 3/15 "6/15
active . mild=3,mod=1 | mip=3, mild=2 | min=1, mild=2 | min=1,mild=1, | min=2,mild=4
inflammation : min=1
Mesenteric - - 0/15 3/15 0/14
Iymph node, : min=2,mild=1" |
hemorthage . | L
Lungs, ectopic | 0/15 0/15 215
bonc ' s min=1,mild=1
Kidneys, ‘0/15 0/15 2/15
twbular © ‘ min=1,mod=1
dilatation R
: Mlcroscopxc changes in thc fcma]e rats
Lesion Group 1 GrouP 2. Group 3 Group 4 Group 5.
Hearn, subacute | 5/15* 6/15 - _ | 6/15, min 12/15 - 11/15%*
inflammation | min=3,mild=1 { min=5, mild=1 ‘ min=5,mild=6, | min=4, = :
- ' ' oo o mod=1 mild=3,
mod=1
Lung, alveolar | 6/15 : 10/15 5/15
histiocitosis min=35, mild=1 min=8 mild=2 | min=5
Kidneys, 2/15, min 4/15 3/15
basophilic - o min=3, mild=1 | min=1, mild=2
tubules : Lo
Kidneys:; 1/}5, min - - 1/15, min 515
subacute - - : . ' ‘ min=3, mild=2
“inflammation ﬂ. S
Kidneys, | 0/15 3/i5 0/15°
transitional B mild=2,mod=1 :
epithelial
hvperplasia- -

“Increased incidences of subacute inflammation in the heart in female rats in-groups 4 and 5 were
observed. Subacute mﬂammatoxy changes in beart were mostly focal origin with minimal severity in-
groups 1-3. However, scverity in-groups 4 and § were minimal to mild. Most of the lesions were

“multifocal. Data suggest that S (-) and RS betaxolol showed inflammatory changes in the heart at 100
mg/kg dosc At lowcr doses of S (-) betaxolol. the mcxdcnws were oomparablc to the controL

In ma]c rats, subacute mﬂammanon of the heart at 100 mykg doses of S (<) and RS beta.xolol was

comparable to the control, 10 and 30 mg/kg dos&c of SO bctaxolol

It is concluded that the mﬂammatory changes in the heart in female rats at 100 mg/kg dose of S (-)

bemolol was related to the tmatment.




Increased incidences of mostly minirial alveolar histiocytosis in the lung were observed in female animals

at 100 mg/kg dose of S () betaxolol, . - . o :

Female fats- at-100 xhg/kg dose df S (Q) bethxolol showed kidney lesions e.g. hyperplicia of transitional -
epithelial cells and basophilic tubules. RS betaxolol treated rats showed subacute inflammation in the

kidney, T : ’ . ,

Toxicokinetics:
Page 504350, vol 12. S o o ST N R

, __Predbsel (trough) levobetaxolol or beé&olol levéls-:ti SD(ng/ml) in the plasma are shown in the foﬂowihg

r Grqﬁp . B Day 1 . ]

Day 30 Day96

M T F S M. F ‘ M . 3
2, Levobelaxalol | BLQ BLQ - . | BLO 1.1820.50 BLQ BLQ
IOmr.-'kg R B : . ) : RN . )
3. Levobetaxolol - | 1664232 191343 BLQ T 33%:338 BLQ T 1.902750
0 mpke - : L - L ) -
4, Levobetaxolol 3.1823.37 33423 82 182+13.3 70.8482.1 25.6+16.7 4592164
100 mekp : ) R o S
S, Betaxolo} 100 3.36 £5.11 142+ 097 . . 1352115 93.4161.5 23.1£255 7124116

Lmeke . : : S i -

BLQ= Below limit of quantitation of 1 ng/ml

The post dose pcak j)lasma levels (QESD) of levobetaxolol and betaxolol are shown in the foﬂéwihg table.
The sponsor referred the level as the peak level. .

Group. . Dayl .- B - | Day30 Day 90 j
: R M F. S M F M “F

2 Levobetaxolol )0 mp/kg 343+ 1303 691127 . 288+134 3$70+100 6641590 670+14]

3. Levobetavélo) 30 mekg 9694656 - 1750+420 878 2219 12202530 963103 17702490

4, Levodetaxolol 100 meks 15204455 1680+280- 15304500 244046380 22604230 29704690

3. betavolol 100 mekg 12202420 26004860 14804870 25201060 3290+1220 409041050

Female rats showed higher exposure than male rats,
, Réw;c‘wcr"sb key st'ﬁdy bbsémﬁohs: . y

3 () betaxolol was tolerated in rats up to 100 wg/kg/oral dose without mortality, Racemic betaxolol
showed montality at 100 mgkg. - , ‘ R ‘

" Both Iéx‘obetaquol and racemic bctaxolol'showgd cardiac inflammation in'fem.a'lc’ rats at 100 mg/kg.
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S () betaxolol at 100 mp/kg showedvin‘crcascd incidences of transitional epithelial byperplasia and
basophilic tubules in the kidney in female rats: : :

Raccmic bétaxolol' (100 mg/kg) showed subacutc inﬂa.th’ation of the kidoey m female rats and tubular
.- dilatation in male rats. ' ' L :

Male and female rats up to 30 mg/kg doses of lcv'obe‘mxclol"did pot show treatment related pathological
" changes. . , . o S

. Female rats showed higher plasma levels of levobetaxclol and racemic betaxolo! than male rats -
: lsponsors summax; and conclusions: v '

) ¢ - There were no significant adverse effects on mortality, clinical signs, body weight, food consumption and
o eyes observed in the study. Hematology data showed higher values for differcntial counts of monocyte in

females at 100 mg/kg'S (-) betaxolol and betaxolol dose groups and large unstained cell values for high
dose' S (+) betaxolol. These higher values weré most likely associated-with the subacute myocardial -
inflanimation in these groups and were considered biologically relevant. Clinical chemistry effects -
(clevated blood urea nitrogen.and phosphorus) were rioted for.both female high dose. groups. These effects’ -
primarily confined to the kidney function. These effects were considered not a direct toxic effect of the lest
or reference substance. Microscopic evaluation of the tissues revealed an increase in ipcidence and
severity of subacute myocardial inflammation of both female high dosc groups: Based on the results,

- Lreatment related effects of both test articles were confined 10 the high dose groups. In general both the

- test and reference articles were comparable. The no observed effect was determined to be 30 mg/kg of

S (-) betaxolol. : o _

Systemic exposure to levobetaxolol in plasma was demonstrated in rats dosed orally with leyobetaxolol for
3 months. A sex related difference was demonstrated with femalc animals having somewhat higher post
- dose plasma drug concentrations than males. Steady. state was achieved within first month of the
- treatment for levobetaxolol at all dose levels as well as for racemate. Mean steady state plasma drug levels

for the 100-mg/kg-racemate-treatment group were not significantly different from the corresponding

. values for the 100 mg/kg per day levobetaxolol group. e
~ Overall toxicology summarv by the reviewer:

Rabbit study: R, .

. Male and female albino rabbits were treated at 0.5, 1.0 and 2.5% S (-) betaxolol ophihalmic suspensions.
Rabbits were treatzd twice a day in the Fight eye with two drops of the suspension. Sham control ‘and
vehicle cantrol groups were employed in the study. The duration of the treatment was 12 months. Separate -
groups of animals were treated for 3 months. . ’ :

Treatment related mortality was not noted following 12 mouths of the treatment. Rabbits at 2.5% dose for
12 months showed sign of constipation. Conjunctival discharge of minimal severity was observed from the ' -
treated cyes at 0.5:2.5% dose: Lo m e

Indirect ophthhhnoscopic examinations did ot shdw ﬁtéimtnt related cb._ing’es in the eyes following 12
. months of the treatmeént at 0.5 to 2.5% S (=) betaxolol. B B P "
~ Histopathology report after 3 months of the treatment show that there was incidental changc-s in the fung
. and thymus in group $ female rabbits. However, there were no histological changes in the eyes after three:
. months of the treatment. ‘ ' SR v

s



' circulation.

NDA 21-114
Page #50

Treatment for twelve months showed minimal to slight dilatation of léc‘rima] gland in both eyes at'1-2.5%
. S (-) betaxolol. There were no other drug-relatad changes in the eye or other organs reported. .

- It is concluded that chronic treatment with S (-) betaxolol oﬁh:halnﬂc suspensions showed an increase
- conjunctival discharge at 0.5-2.5% dose two drops twice a day. At2.5% S (-) betaxolol, dilatation of
- lacrimal tissues and constipation were observed. Ophthalmic doses were bioavailable in the Systemic

_ Oral Rat study:

- Oral single dose toxicity of levobetaxolol and racemic betaxolol were studied in Spmgyg—Dawlq' rats, -
Both Ievobetaxolo! and racemic betaxolol were tolerated up to 1250 mg/kg dose. Clinical signs of
overdose toxicity were salivation, reduced activity; tremors and difficulty in breathing: .

Oral toxicity to levobetaxolol and racemic betaxolol was evaluated in Sprague Dawley rats. The sponsor
has not mentioned any other oral toxicity study of S (-) betaxolol for the support of dose seléction in the:

. three-month study.

~ Rats were treated with levobetaxolol at 10, 30 and 100 mg/kg and, with betaxolol at 100 mg/kg doses.

* - Mortality and moribund conditions were observed at 100mg/kg dose of RS-betaxolol. Increased incidences

of chromodacryorrhea in the eyes and chromorhinorrhia in the nose were observed from female rats

© treated at 100mp/kg dose of RS-betaxolol, Indirect ophthalmolagical examinatioas did-not show drug:

related ophthalmic changes. Blood chemistry data showed increase in BUN in female rats at 100 mg/kg
dose of § () betaxolol and RS betaxolol. The changes could be due 1o the effect of the drug in kidneys in
at least two female rats (455F and 459F) treated with 100 mg/kg S (-) betaxolol.

Male and female rats tolerated up to 100 mg/kg oral doses of levobetaxolol, At 100 mg/kg dose, female -
r3ts showed inflammation in the heart, lung, hyperplasia of transitional epithelium and basophilic tubules o
of kidney. Female rats showed greater toxicity than male rats. N : : ‘
* Racemic betaxolol at 100mg/kg doss showed mortality. Malé rais showed tubular dilatation in kidneys -
and female rats showed inflammation in heart iﬁdvkidncy. o

. Subacute in_ﬂamm.'ation in lhc kjdnéy was obséfved in' racemic bet.ixolol treated rats at 100 mg/kg. Similar
changes were not observed in levobetaxolol treated rats at 100 mg/kg. The R ¢nantiomer of betaxolol
could contribute 1o the inflamimation™6f kidney "~ —=—"==- o : s

vBod\' S and racemic betaxolo] treated animals showed higher iﬁﬂéxnmamry changes of the heart in _
fernales than malcms:Poss_ibly the difference-is due to higher exposure of the female rats at similar oral -
doses. - ' : )

The no effect dose of: levobetaxolol is not cstablished in the study. Histopathology data in organs other

than heart at low and mid doses were not cvaluated. _ :

- APPEARS THIS WAY
. ONCRIGINAL

- -
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Reproductive Toxicology:: | o
Key words: RTX, ICH a13, And_TéRAr :
Page 502932 vol 9, Protocol }3-97-1'35' . |
Title: Dcvelopmemal to)ucxty study of S (-) betaxolol admm:st:red b) gavage to rabbits.
R .: B Tcstmgfacxlnf, S Mﬂﬁwm'h_w L B “'\

GLP: ch, rcpon audited:

Protocol: not reviewed by me Division

TR D P

= Lotand batch numberofproduct 5.€) betaxolol ot #AG-86L
e - betaxolol lot # 16007{ ‘

Y

Formulation:

e .

Formulation # for S (-) betaxolol: A859970 1, AB599703 and A8599706

Formulation # for RS belakolol' A85 9970‘ A8599704 and A8599705

Species: A]bmc SPF-NZ mbblts (HEA: NZ-SPF). The agc of S was approximately 22 weéks and -
weighed 34 kg. Time mated ammals were obtmncd frod i ‘sand the supplier provided the. - -
. inscmination dates. : : e [

“ . First day of dosing, Scpt 14 1997
Terminal cesarcan sectwns were conducted bctween Oct?-lo 1997,

Doses cmployed and route of administration:

Study design:

- * Eachanimalyeceived the test or contral substance orally once a day b} gavage fmm gestation days 6
«. through 19. The day of mating (inszmination) was considered as day 0.
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The dose groups are shown below.
Group1 [ #0of | Testarcis Dose Dose volume, | Drug Number |
| Animals. - L wg/kg/day [ mbkg - - Concentration, | Terminateq
Y ‘ mg/ml on gestation
. day 29 -
1 20 . Vehicle 0 1 0 20
2 20 S (-) Betaxolol | 4 1 4 20
| 3 20 S () Betaxolol | 12 41 12 20
4 20 - S () Betaxolol - | 36 11 36 20
5 20 — .| RS-betaxolo] 36 1 36 20.

~ Parameters and end pomtsevaluated s

it was opened and placed in 2 10% ammonium sulfide solution and examined for very early resorptions.
- Each placenta was examined for. gross changes < . R e

- Each fetus was wﬁgheﬂ and examined for external changes. External abnormalities in the eyes, palate,
- shape of the head, trunk and extremitjes wererecorded. . L R

v AA’JI Live fetuses were euthanizad by ap i.p injection of sodium pentobarbital and examioed for visceral
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_ Statistical evaluations:

The incidences or means and standard deviations of maternal and fetal observations were calculated,

- Statistical analysis of fetal parameters was performed using the litter as the unit of analysis. The number
of corpora lutea, implantation, live, and dead fetuses, resorptions, fetal sex ratios and gravid uterine
weights were calculated as the total number for each group divided by the number of litters evaluated.

Individual fetal weights were used to determine the mean fetal weight for each litter. The litler means
were used to determine the mean for each group. ' ‘

Following parameters were calculated as follows: :
Preimplantation loss %= [knumber of eorponr lutea — pusber of implutations)l#Cnrf i;uL X100
| b Postimplantauon loss % = ((#i!x.ipiantagibps-# hvc fem;&sy#imélanuﬁohs] X100 i

| 'Tbtalv-vimplanvtation'loss % = [#cor. m_-;mw; rgmse;)[# corpora lutea] X 100

: S‘tau;su‘caj cbmpm'sods»fbr matema! body wengh(s gravid-uterus weights, food aon.mmpu'én were made by
onc way analysis of variance and by pair-wise comparisons of significant trend by Dunnett’s test.
The number of corpora lutca, implaniations, resorpions, live or dead fetuses, the percent preimplantation

. loss, percent post implantation loss and total implantation loss were compared by Kryskal-Wallis test and
by pair-wisc comparison using Mann-Whitney U test. Male to female sex ratios was analyzed by Chi- T
squarc test. - : : .

- Incidénces of malformations and va;iations'”vverc compared by Fisher’s exact test with litter as the
experimental unit. S , ’

‘_ Data for animals that delivered early were not included in the statistical analysis,
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Results:
Erequently observed clinical signs, stain on the cage bedding, premature ‘delivery and abortion are shown
i _inthefouowing(ablé. L R :
| Observation Group 1l Group 2 Group3
“Alopecia/thin hair 5 2 5
“Infrequent stool 2 3 3
Red/Brown stain | 2. 3 8
on pad : o
Loose slool 2. 7
Fetal/placenta 0 0 16, 9, :
tissuc on the pad, 461 Day 23*, #83.day27",
# day : 463 day28*; #84,day24*:
’ H64,day22%, #89,day22%;
‘ #65 .day26*, #90,day25*,
: #66,d2y26%, #91,day27%,
: #67,d2y24%; 494.day24*%,
#68 day24*. 495 day22*, -
#69.d4ay27*, 496.dav24*.
470, day23*; 498 dav23*,
H#71,day29%;
#73,day26*,
#74,day23*%,
#75,d2y26%;.
#78 dayl6*.
#79,day23%; !
#80,day22%; i

o ‘Unschcduled sacrifice

Above data suggest that at 36-mp/kg dose of levobetaxolol of raccmic betaxolol, there were increased
incidences of spontancous abortion/preruature delivery asevident with increased incidences of = - . -
" fetal/placental tissues in the padding of the cage. A stmilar observation was made in 0De animal at 12
. mg/kpdose of S () betaxolol. The sponsor qated that abortion was defined as delivering fetal/placental
. matenal before gestation day 25 whereas premature delivery, was defined as delivering fetal/placental
" material from gestation days 25-29. All other animals survived to the ccheduled cesarean section o1
gestation day 29. ST : . L
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Monﬁﬁty: _
All animals other than that sacrificed due to abortion or premature delivery survived through the end of
the study. . R D : L

The summary of the pregnancy status is shown in the following table.

Observation Gr 1, control | Gr2, S () Gr3, 8 () Gr4,S() Gr 5, RS-
R } betaxolol, 4 betaxolol, 12 betaxolol, 36 betaxolol, 36
L _ |mpke mp/k | mg/kg | mp/ke
#animals - - 120 - : 20 ) 20 2. .. -= |20
Dead/euthanized - | 0 - ‘ 0 . Y% 16 (80%) 9 (45%)
for premature. ' : ‘ ~

delivery and

abortion v : S

Examined at 20 20 - 19 14 ‘ 11
cesarean section L U :
Non-gravid 1(5%) 0. 1(5%) P 1(5%) : 1(5%)
uterus -] ' i , S

#animals with | 0 0 —Jo  Jo |0

total resorption - |- B R

“at cesarean - -

section. T | oF

4animals with. | 19 20 |18 3 10

live fetuseg at =~~~ ' ' s ' :
cesarean saction : : ‘ . ' :

4 pregrant (%) | 19 (95)° 20 (100) | 19(95) 19 (95) 19 (95)

Above data suggest that there was embryo-fetal toxicity in animals that belonged to grdups 3,4and 5. The
* sign of the toxicity was abortion and prematurc delivery. The non-gravid uterus did not show any sign of
- implantation after ammonium sulfide weatment : : :

- Body weight ke):

Observation - | Grl : Gr2 ) Gr3 Grd : Grs

L Predosc D29 | Predose D29 | Predose D29 | Predose: D29 | Predose . D29
BW. - . 3.6 41 |35 40 |35 40 135 = 38 [35 38
B.W.: gain _ oS 05 0.5 0.3 0.3

- Abovc data suggest that the weight gain of animals was aﬂ‘ected at 36 mg/kg dose of S (-) betaxclol or RS
“betaxolol by about 40% compared 1o the untreated control. _

‘ Food consumption (g/day): .
Grl oo Gr2 .. . Gr3 ‘| Gr4 GrS5
Day2 ~  .Day28 |2 28 |2 28 2 28 2 28
1242 123.3° 11191 108.4 | M82 116.9 | 115.1 126.2 | 119.2 126.2

: Abovc data suggest that ihe tn:anné.nt did not have an adverse effect on the-dgod consmﬁptiqn,,of the

 Toxicokinetics in parental animals: No data attached to the report
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No gross abnormahty was rcponed for animals that underwent cesarean secnon on day 29..

Findings for animals sacrificed before the schedule necropsies on day 29 an_e.shown in the following table.

Aniral | Group Dose . mg/kg Day sacrificed ' | Findings in the uterus and cage bedding
56 3. 12 (S-betaxolal) |26 | 2 late resorptions and 1 earlv resorption
61 4 36 (S-betaxolol) | 23 - -:}- 4 Jate resorptions and 2 early resorptions
63 4 36 (S-betaxolol) - | 28 4 fétal/placental resorptions
64 4 36 (S-betaxolol) | 22 3 early resorptions = -
65 4 36 (S-betaxolol) | 26 1 early resorption. 4 late resorptions
66 14 36 (S-betaxolol) |26 -1 late resorption
68 - 4 36 (S-betaxolol) . | 24 .7 carly resorptions
69 4 36 (S-bctaxolol) | 27 " |. 4 resorptions
70 - 4 36 (S-betaxolol | 23 Bilateral multiple black Toci in ovary
- o b 4 early resorptions, 3 late resorption
71 4 36 (S-betaxolol 29 (Before 4 carly resorptions and 2 late resorptions
e scheduled ' . I
. ; - . | 'necropsy) , : -
73 4 36 (S-betaxolol 26 7 late resorptions -
74 4 36 (S-betaxolol) | 23 6 late resorptions
75 4 36 (S-betaxolol) | 26 7 late resorptions
78 4 -36 (S-betaxolal) |.16 No abnormality but fetal/placental tissues
' . : found in the cape
79 4 36 (S-betaxolol) | 23 Small amount of clear fluid present; 5
' . o L : early resorptions and 2 late resorptions
80 4 36 (S-betaxolol) |22 -9 early resorptions
83 5 36 (Rsbetaxolol) - | 27 6 late resorptions
84 . 5. 36 (Rsbetaxolol): | 24 Sign .. :
89 5 36 (Rsbetaxolol) |-22 8 ecarly resorptions -
90 5 . 36(Rsbetaxolol) . |25 Scab on right pinna; 8 early rcsorpuons
91 5 36(Rsbetaxolol) ~ | 27 Premature delivery, otherwise no
S N - |- abnormalities reported
94 5 36(Rsbetaxolol) . | 24 S early and 5 late resorptions
95 5 36(Fsbetaxolol) 22 Single black focus in right kidney,4 early
o : resorptions and one late resorption .
196 5.0 ) _.36(Rsbctaxolol)”_j 24 ! 5 Fetal/placental tissues found in'the
N 2 cage
98 5 36(Rsbetaxolo)) | 25 8 late resorptions

Above data’ suggest that fetal/placental tissues found in females that abortad or delivered premamrc]y
shcm ed carl) and latc msorpuons
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Summary of data on sex and fetal weights at cesarean section:

The table rcpréscnts data on the pre and post implantatior changés in rabbits, _

Observations . | Gr 1, control Gr2,4mg/kg | Gr3, 12 mg/kg | Gr4,36 mg/kg | Grs, 36 mg/kg
R | S-betaxolol Shetaxolol. | S-betaxolol © - | RS betaxolo]
#Gravid . 9 20 ST 3 10
Females B R o . i .
# corporalutea | 9.4 S 9.9 By 10.0 10.00 9.5
# Implantation | 9.1 95 03 9.0 90 .
Sepre 30 36 €8 9.9 == {89 ..
implantation .- | : e R :
# Live fetuses | 8.9 8.9 : ~5.8* ) 2.3%. C ] 2.9*
#dead fetuses 0 0 0 5 0 , 0
#early. . lo1 04 | rae 57 33%
Tesorptions - : ‘ ] : Sy
#late:. 0.1 03 1.8* : 1.0* S| 2.8
resorptions ' e _ ' Lo
#Total = - - 0.2.. e L0 36 6.7* .60t
resorptions - | . o - i , _
Yopost. S 1.8 | 7.4% 36.1* 75.1* | 65.6*
implantation - : : o L ‘ :
loss - - , S R :
%total - 4.8 1106 417 76.8* 72.7%
implantation ¢ |- '
loss - . . Ll ) '
Sex MF . [4.743. 3.9.5.0 . 3.2,26 - 1.7,0.7 : 14,15
Fcla]\Wﬁgl,M 43.79 14141 4568 45.56 | 49.40*
Fetal Wr'(g), F | 4247 39.83 | 4438 - . 4565 . . . -] 4589 .
Fetal Wt (g), - | 43.26 e 40.5G - 45.39 45.44 48.19*
litter mean . L L v ‘ ‘
Wt gravid . - 154837 517.85 - 411:90* 234.56* 266.01*
utenis (g) ‘ s . - :
*Statistically significant -

Increased % post implantation loss was observed at 12, 36 mg/kg doses of S (-) betaxolo] and 36 mg/kg
dose of racemic betaxolol. The Sponsor stated that percent post implantation loss at 4 mg/kg dose was
 comparable to the historical‘control of 7.2%. Similarly, total resorptions at émg/kg dose were comparable
10 the historical control of 0.6. Above historical control data wers obtained from the Mid Atlantic
Reproduction and Teratology Association and Midwest Teratology Association. Data gathered in NZ
rabbits during 1992-1994ars presented. , »

Live fem§e§ were also decreased at 12, 26 mp/kg doses of S (—) betaxolol and 35 mg/kg dose RS-betaxolal.
The data reflected in the reduced weight of gravid uterus at 12,36 mg/kg doses of S (-) betaxolo! and 35
mg/kg dose of RS betaxolsl. - S R » o :

-
———
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Absolute data on fctal obscrvauons for malformatmn that show hxgher prevaleucc than the conu'ol are
presemcd in tbc following tzble

Observation

Gr1l,
Fqnmcs/Lincm )

Gr2,

Fetuses/Litters

Gr3;

Fetuses/Litters

Gr4, ‘
'Fetuse;!Liners

Grs,
Fetuses/Litters

# examined »i
externally

170/19

17120

9718

7/3>

29/10

Number
examined -

skelctally and .

17019

177/20

104/18

_ ﬁ‘7/3' -

290

viscerally - . s B (RS :
Vestigial | 1/1 0/0 0/0 o 0/0
| pulmonary . 3 '

" trunk/Bulbous
aoriic arch. : . i
Fused 0/0 10/4 0/0 0/0. 0/0
‘Sternebrae - S o S :
Malaligned 0/0 %8 0/0 0/0 00
and fused. ) S )
sternebrae - : B
Costal 1/1 7 0/0 0/0 1 0/0
cartilage " -
anomaly : .
Ventebrae . - | 2/2. 0/0 0/0 0/0 0/0
anomaty = | o
Total with: 4/4 12/5 . 0/0 0/0 0/0
malformation o :

APPEARS THIS WAY

0N DRIGIHAL
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Absolute numbers of variations are shown in the following table. IR
Observation Grl, ... 1Gr2- Gr3, ' 1 Grd, Grs, - ,
: Fetuses/Litters | Fetuses/Litters | Fetusew/Litters | Fetuses/Litters | Fetuses/Litters
. #¥Examined 170719 . - 171720 - 97/18 17113 _ 29/10
externally ‘ o : e ’
#Exammed 1 170/19 177720 104/18 . A3 - 12910
viscerally and ’ P TN PR "
skeletally L e f » o
Gall bladder . | 13/6 L ers 413 21000 -1 0/0
| Vasiatisn St Pt SR DR R :
“Small'spleen 0/0 - 171 0 00 0/0 0/0 .. .
-Retrocaval /1 11 ' 1/1 B 0/0 : 0/0: .
| Uterus © : g
Hemorrhagic 0/0 S 1/1 0/0 : 1/1
“ring around v . SRR S
ins . R R . e
Major blood 6/4 ) 514 0/0 0/0- ) 2/1
~ 1 vessel variation BRI SRR I : L i
13" Full b, 93/19 74/18 40/14 202 17/8:
13% o 125n2 | 40n19* 1813 00 ]33
Rudimentary - {77 I D T B T - _
b BRI T
Thickened rib 1/1 S 0/0 0/0 0/0 1 0/6 -
Hvoid arches 9/6 . 4/3 4/3 - 1 1/1 . 171
‘Slight to- .20/13 I B /) ( e B /7 10 S 100 4/3+
.moderate TS RS R
’v lnal:’_ljgnﬁ and S e ,._‘,T_A._._,_._,,,,:_.,_““; NN e
ﬁm . v .. .. .‘ . . A et e v L e L
sternebrae f T B — Co e
‘| Unossified (5= - | 21/13 |24ttt ————}8f6- — ———F 0/ 514
~6) sternebrae R ST e o :
25 Presacral 0/0 1/1 0/0 . 0/0 . 0/0
vertebrae . ’ : . : :
27 Presacral | 36/13 - --— 4 16/t - Pl B &/ A8 010 e 10/5
. vcrtcbrae' : e [N T G [ U RN )
Total. - “135/19 13120 716 3z 22/9-
femses/hﬂers— BRI (I VA N el EEEEITRCS ORI ee Y (N ST S L
withvanations. |- ..o bl Sl .

© *Statistically significant... . ...

- Other than incidental changes, there were Do txﬁtment-'r‘clamd malformaﬁdm that were observed in S (S)

. betaxolol and RS-betaxolol treated animals. - -

Statistically significant increast in number of litters that showed 13% rudimcntary rib was reported at 4
mg/kg dose of S () betaxolol. Percent of l3"‘mdimcnt:uy rib was 14.7, 22.6, 17.3, 0, 10.3% at control, 4,
12 and 36 mg/kg doses of S (-) betaxolol, and 36 mg/kg dese of RS-betaxolol, Tespectively. The sponsor
stated that the incidence of 13” rudimentary rib at 4 mg/kg dosc of S (-) betaxolol was not treatment

. related due to absence of such incidences at higher doses of S (-) betaxolol. However, number of fetuses

~ and litters examined at higher dosas (12-36 mg/kg) were lower than that ia the groups 1 and 2, which
confounded the results, T ERARE PR
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"Revicwer's summaxy and cvaluauon

. The cﬂ‘ect of § () bcmolol and RS-betaonol on dcvelopmcntal toxxcny (scgment II) was cvaluawd in
rabbits. Maternal toxicity characterized by a reduction in'the weight gain was observed at 36 mg/kg dose
of § (+) betaxolol and RS-betaxolol. Embryo-fetal toxicity with increased resorptions were observed at 12,
and 36 mg/kg doses of S (-) betaxolol and 36 mg/kg dose RS-betaxolol: At the schedule necropsy, a -

* decrease in live fetuses was noted at 12, 36 mg/kg doses of S (-) betaxolol and RS-betaxalol. Data suggest
that S (-) betaxolol showed increased resorption and postimplantation loss at 12mg/kg and above doses.
The comparator RS-betaxolol also showed similar toxicity at-36 mg/kg. No treatment related =~ -
malformation was observed at cesarean section. However, at 4mg/kg dose, variation in the fetal =~
development e.g. rudimentary 13® rib was noted. Malaligned sternebrae were observed at 12-36 mg/kg

. doses of § (-) betaxolol and 36 mg/kg dose of RS-betaxolol e

* The doses selected for the scgmcm o stud) showed that maternal toxmty, cmbxyo—fctal toxxcxt} and

skeletal variationis during the developmént of the fetus. Results of the previous study reported in thc

" package insent for RS-betaxolol ophmahmc suspensions showed increase post implantation loss at -

. 12mg/kg dose in rabbits similar to that observed in the presant stady with S (-) betaxolol. Considering the
: similarity, it is considered that the effect of betaxolol and its S (-) isomer in the presem study 15 )
_ reproducxble whcn compared to the prenous study with bctaxolol in t.hc mbblt mo-del

s concluded that S (-) betaxolol is temtogcmc in mbbus at4 mg/kg/oral and abow: doscs in NZ rabbns
. Labeling Recommcndatxom Prcgnancy mtcgory C ‘

'S (-) betaxolol has been shown to be tcmmgemc at oral doses of 4 mg/kg, cmbryocndal atl12 mg/kg and
. higher doses in Néw-Zealand mbblts :

Sponsor § summary and conclusmus

: Spomaneous abomon/prematun: dchvcry was mcluded in the high dosc @36 mg/kg) test amclc and
reference article (36 mg/kg) groups. Embryotoxicity, as characterized by an increasc in the number of
early and late resorptions occurred in the mid (12 mp/kg), high dosc¢ test article and reference article

2 groups. No evidence of teratogenicity was observed. Although-a staﬂsucally si gmﬁmm increase in total :

- resorptions was indicated for the low dose (4mg/kg) test article group, this number was within the
historical rarige reported for control data. Therefore, the finding was not considered to be biologically
meaningful. Accordingly, the no observable adverse effect level (NOAEL) for S (- )bctaxolol

" ~developmeéntal toxicity was oonsldcred to bc 4 mg/‘kg/day

- Gcnct:c Toxtoologr gﬂ“’?% 25 Tf S WA
G ‘% ”‘R Gi‘ie\l -

s Study Evaluanon

Title: Mntagcmaty test wnh levobetaxolol in thc Salmonelia-E. coli/mammalian mu:msome reverse
mutauon assay.
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