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Route of administration: Ophthalmic drops

 Proposed clinical use: Betaxolol ophthalmic suspensions 0.5% will be used for the treatment of increased
intraocular pressure at'one drop twice a day in the affected eye, : o

Previous clinical :xp'eﬁence:“_"": "
Page 3-00011, vol 1-

Betaxolol is a cardiosclective béta-adrépefgic (B1) blocking agent. 0.25% ophthalmic suspension is

-already approved for the treatment of increased intraocular pressure of the ¢ye. Betaxolol is also appxjoi'ed

sponsor stated that racemic betaxolol preserved visual function and improve ocular blood flow in the

©. previous clinical studies. However, indications and usage section of the label for Betoptic-S indicate that

- racemic betaxolol is effective in lowering intraocular pressure in-patients with glaucoma and ocular
hypertension. o : o : o : ‘

* Disclaimer: Pages 5-02669 and 5-02670 vol 8 are attached in the appendix.
Letter of Authorization: To cross-refer to NDA 19-845 on Betoptic §, 0.25% ophthalmic suspension.
Inroduction and Drug History: = ’

Betaxolol ophthalmic solution 0.5% and betaxolol ophthalmic suspensions 0.25% are already approved
for the treatment of increased intraocular pressure in glaucomia and ocular hypertension. The present
NDA is submitted on the active isomer of betaxolol for blocking adrenergic 8, receptor that may be
responsible for the pharmacodynamic effect. It is conceived that the effect-of B-adrenergic blocking agents
excrts its pharmacodynamic effect by blocking B-adrenergic receptors. On the basis of the preclinical in.
vitrg and in vivo data, the Sponsor stated that betaxolol also contributes its efficacy in glancoma due to jis
effect on the calcium channels, However, the clinical implication of preclinical data needs to be

- established in the clinical trials for such claim, , : :

: Smdics ieviewed within the étxbmission':

1" Perspective in adrenergic 8-receptor blockade. Page 5-00040, vol 2. N

In vitro and in vitro pharmacological evaluation of betaxolol, a new potent and selective B, -
oh adrenoceptor antagonist. Page 500085, vol 2. _ .. ... . ‘

3. Determination of 8, and B adrenoceptor antagonist potencies of R and S-betaxolol i isolated guinea

' pigauiz and tracheal chain preparations. Page 5-00067, vol 2. .

4. * Inhibitory action of betaxolol, a B, selective adrenergic receptor antagonist, on voltage dependent
_ calcium channels in guinea pig artery and vein, Page 500078, vol 2. :
- 5. Effect of levobetaxolol and or racemic betaxolol on sodium and calcium conductance and elevations
of intracellular calcium of retinal ganglion cells: Page.5-00083, vol 2.

6. Invitro pharmacological studies on racemic betaxolol, levobetaxolol and dextrobetaxolol. Page 5-

- 00098, vol 2. v :
7. Betaxolol, a B, adrenoceptor antagonist, has an affinity for L-type calcium channels. Page 5-00115,
Coivel 2 . Lo e . . .
8. Eflect of 150 S-Betoptic formulation on intraocular prcssxzre in ocular hypertensive monkey
following a single topical acular instillation. Page 500138, vol 2, y v -
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9. Effect of topical instillation of RS-betaxolol and its R and S-enantiomers op intraocular pressure jn
laser-induced ocular hypertensive monkeys. Page 500148, v 2 S _
10" The relaxant action of betaxolol on jsolated bovine retinal microarteies. Page 5-00165, vol 2.
11. Calcium channe] blocking activity of propranolo] and betaxolol in isolated bovine retinal microartery,
- Page 500170, vol2. - .- L ‘ ' g TR Z
12.- The relaxant action of the betaxolol isomers in isolated bovine retinyJ microartery. Page 500177, vol

13. Effect of b-blockers and calcium entry blockers on the ocular vessels. Page 5-00185, vol 3. - o
14. Effect of betaxolol; timolol ang nimodipine on buman and Pig retinal arterioles. Page 500197, vol 2.
'15. " Assessment of the vasoactive properties of the L- and D-isvmers of betaxolol in jsolated petfused -
-~ fetinal arterjes, Page 5200206, vol 2. P '
. 16.. Vasodilating effects of racemic betaxolo] and jts R rnd S-isomers in bovige retinal vessels. Page s-
00232, vol 2. RN P I ' : a IR
17, The effect of intracarotid administration of betaxolol on optic nerve head blood flow. Systemic blood

00266, vol 2. S . o R : R
LSS 18. Neuropharmaco| gical profiler in mice administered AL-1577A, AL-1401A or AL2509B-01. Page s-
PR 00524, vol 3 - Lo o : C ' SR
- 18.”G¥ propulsion assay in mice administered AL-1577A, AL-140]1A or AL-2509B-0]. Page 500563, vol :
-20. Barbiturate sleep time potentiation in mice adxm‘nistcrcd AL-15772, AL-140]A or AL2509B0].
, Page 500602, Vor3. -~ .~ - . o ’ -
21, Spontaneous motor activity in mice adminjstereq AL-1577A, AL-1401A or AL-2509B-01. Page 5-

2. Submaximal electroshock seizure in mice administered AL-15774, ALZ{4014 5 AL-2509B0],
- Page 500683, vol 3, - ‘ _ _ : : e :
23. Phenylquinone writhing assay in mice acministered AL-1 577A, AL-14014, AL-2509B. Page 5-.
00722, vol 3. TR o ‘ :
24. Antipyretic evaluation of AL-1577A, AL-14014A or AL-2509B-01 in the rat Page 500759, voi 3.

. exposed 1o AL-1577A,; AL-14014 or AL-2509B. Page 5-00835, vol 4, SR
25. Airway resistance and dynamic iung compliance determination jn guinea pig administered AL--
- 1577A, AL-14014, AL-2509B-01 or AL-1239 Page 500886, vol 4. ' ;
26 Pharmacod}mmic assay of AL-15774, AL-1401, AL-25098 or AL (239 in dogs. Page 5003 9, volq: . .
27. Cardiovascular evaluation of AL-15774, AL-1401A, AL-2509B or AL~1239 in dogs. Page 5- - RO
T 01023,vol 4. , S _ L _ ‘ _ -
28. One-year chronjc topical ocular toxicity evaluation of § (-).betaxolo] ophthalmic suspension in
rabbits. Page 5-01695, vol 6. i o : R : :
29 A rising dose tolérance toxicity study of § (=) betaxolol (Ievobetaxolol) and RS betaxolo] administered
orally by Eavage to rats. Page 502420, vol 7. e
- 30. -A thres-month toxicity study of § (-) betaxolol (Tevobetaxolol) administered oraliy by gavage to rats.
’ “Page 5.02464, vol 8. . o K
31. Developmental toxicity study of § (-) betaxolol adminjstered by gavage to.rabbits. Page 5-02932; vel .
: 9. . Lo
32, Mutagenicity test with levobetaxolo! in the Salmonella, E.coli, mammajjan microsome-revarse
mutations assay. Page 503125 and page 563179, vol 9. : .
33. In vitro cytogenetiz assay measuring chromosome aberration frequencies in Chinese Hamster Ovary
- (CHO) cells using ALO1577A Page 503213, vol 9, ' : ’
34, Mouse lymphoma forward mutation assay with AL-01577A S (+) betaxolol, Page 503290, vol 9.
35. Evaluation of AL-01577A (S - betaxolol) in the in vitro transformation assay of BALB/C 3T3 cell
 assay, Page 503326, vo19. . - « v . Loy
- 36. The toxicology of sodium N-Laurcy] sarcosinate, Page 503360, vol 9.7
37. Ocular tissue distributio '




38
" levobetaxolol to male Dutch belted rabbits. . Page 504042, vol 11.
39.
. S § 0N
g 40.
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Ocular tissue dzstnbuuon of xadmacuv:ty following a smgle topml oc_ular dose of 0.5% *H-
Metabohc inversion study of cnannomcrs R and S) of betaxolol in the rabbit c)c Page 5-04084 vol

In vm‘o protein binding of 3H-l obetaxolol and ’H-betzxo]ol 1o rat, rabblt, monkey and hnman » -
plasma proteins. Page 5-04316, vol 12, - -

Levobetaxolol and racemic bctaxolol plasma concentrations from tox:oology study N-98-13 9: A thres-

month toxicity study of S-bctaxolol (levobctaxolol) admunsu-atad orally by gavage 1o rats. Page 5-

04349, vol 12.

B L

]me(hod for the detzrmination of levobetaxolol or raocmié
578 vol 13.
) method for the detcnmnauon of lc\ obetaxolol OF racemic

vol 13

betaxolol in the rabbit plasma Pa ‘e
. Validation of ‘ o
bet_axolol 1n rat plasma. Page

———
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 The sponsor submitted several sty
"~ levobetaxolol and betaxolol in vol

: Bpuxo!oi is a potent B

Phimlacology:

In vitro studies:

1 Selective antagonist with Jow

and 6.18 in tracheal Preparations in guinea P

dy reports and publications on
umes 2-3 of the NDA Some o

the pharmacodynamic activities of ‘ -
f the findings are summarized as follows: = oo

membrane stabilizing property and without intrinsic
" activity. Betaxolo} €ompetitively blocks B-adrenergic réceptor. pA, for antagonism is 8.57 in right atria
i 1gs. The isomeric activity for antagonism of b, receptor and

B: receptor in hean and trachea of guinea pigs are shown below,
Ky, heart [ DK, heart DKy trachea [ PKp, trachea
S (-) betaxolol - R(+)-betaxolo] S (<) betaxolo] R () betaxalo]
I B] L Bz 5 B?
. 7.08 6.79 - 5.53
Affinity (k,, nM) u’fbetaxolol tsomers for bmding to hum.ygrgcombmam B, and B, adrcnergié i'éocpton_s
expressed in Chinese hamster oy & im3

affinity to B, adrenergic reccptor

using radioligand binding studies jn vitro. The
Was examined using membranes of bumap heuroblastoma cells in vitrp,

Data représénted in the following table (Page 5-00100, vol 2).
. Compound - _ Cloned human B8, Cloned human B, Constimutive humag B,
RS Betaxolol . 29.0 141 | 60,200
.| Levobetaxelol 15.7 98.2 95000
i Dextrobetaxolo] 5720 14400 ND
L-timolol 3.6 1.5 ND

-~ ND not determined. -‘ -

‘compared to human b; and By adrenoceptor sites.

In ac itor: o B-adresoceptor activy, betaxolol inhibited cal
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The sponsor presented data in Page 500079, vol 2 for the inhibition of calcium channel current in arteria)
and portal venous celis in fuinea Pigs in vitro The IC s0 Tor inhibition for betaxolol is 45-46 uM.
Propranolol did not inhibit the calcium Current in the similar study. However, betaxolol 1s about 4 Jog

' adrencrgic receptors. Therefore, the inhibitory effect of bétaxolol and levobetaxolo] on potassium induced
contractions may possibly be dye to blockade of the calcium channel i this system. Both betaxolol and
A propmnol‘dl"were effective in inhibiling the contractility of the tissue due to potassium in boyina retinal
Mmicroartenal preparations. Levobetaxolol and dextrobetaxalo] did not show any difference in the
- Pharmacological effect in bovine retinal microanery in vitrg. The PD: values were 4.9 ang 4.92 for
- levobetaxolol and dextrobetaxolol, respectively. ... . - o ' b

Sponsor's comment: ST

- On the bais oT e W, the speisch Taticarag- LhaCTeVOBRUXOIOT al50 shares calcium channel blocking

- Actvity that cari contribute to the vasodilatory activity in the bovine retnal microvasculatyres -
- However, the reviewer suggests that tha calcium channe| blocking property of betaxolo! and levobetaxolol
- in the system js much weaker (almost 1000-10,000 times or 3-4log units) than js B-adrencrgic activity in »
the heart and lung tissues. Therefore, the effect of betaxolol and levobetaxolol on the calcium channe] jg of -
‘ “me signiﬁmw. ‘,._‘_'.v.‘.. ‘...__ R N _._.'_._5“__m~... s . emn L, . . o

" also presented for Pig retinal arterioles. W il

Timolol did not show significant vasodilatation jn buman reting| aneri'olu in these experiments,




" betaxolol on intraocular pressure in the Jaser-induced ocular hypertensive monkeys was investigated. § (-)

| |
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T The sponsor mmmentéd‘mat:mc Vésodﬂataﬁon induced by bc_téxélbl'is‘duc to calcium influx becanse .
" these tissues‘ar: unlikely to be responsive to _B-adr:nwcptors.i ‘ ; s

“Page 5-00489; vol 3 proxi‘dés’in’m‘tro data for the effect of levobetaxolol on the viability of cultured
. transformed photoreceptor cells from rats. There was no effect of levobetaxolo] on the viability of celis up
~to 1mM concentrations. N R TR : , ’

~ Inxivo studies:

 The sponsor conducted several experiments on the effect of levobetaxolol, betaxolof and R (+) betaxolol
- ophthalmic drops on the intraocular pressure jn experimental model of ocular hypentenision in the -
- monkey. R ‘ i o
- Page 500138 vol 2 of the submission provides a répory !ha[ single dose of 150 Hg (3011 0.5%)
» levobetavolol reduced laser induced intraocular pressure (IOP) in the monkey by about 46% within 3 ;
hours. The vehicle reduced the IOP by about 18% : B '

A second study is reported on page 5-00148, vol 2. The effect of betaxolcl, § (-) betaxolol and R (+)

~ betaxolol a1 10 Hlof 0.5% ophthalmic prcpérau‘on showed 16.3% inhibition Oof IOP at 3 hours. The contro}
* animals showed 2.8% inhibition of IOP, - o : :

The R (+) betaxolol up to 50 wl'of 0.5% Shéwéd only 6.8% inhjbin‘on of IOP in the eye that undergone

laser surgery. Corresponding control animals showag only 2% inhibition, _

Betavolol at VSOm of 0.5% 6bﬁmlmj(; preparation showed '34’.5%‘inhi'biﬁoh of JOP at 3 hours. The control _ . S
animals showed 5.4% inhibition, - ' . o : : : :

nerve head at 1-10'jig/kg

Page'5-00489, vol 3 showed in vivg




NDA 21-114
Page #9

“In vi\"oanalgesic activity of levobetaxolo] in pbenylquinone induced writhing test in CD-1 mice was
Investigated. At 10 mg/kg dose of levobetaxolo) did not show significant change in the number of Writhes
compared to the saline contral. It is concluded that levobetaxolol did not show analgesic effect in the
‘mouse model, (Page 5-00723, vol 3), Levobetaxolol also did not show artipyretic effect in rats at |o. _
mg/kg dosc given subcutaneously in the yeast induced fever model. (Page 5-00759, vol 3). -

Spbi\sbr’; Summary and conclusions of ph'arma'bqlogy: 5

The sporisor presented the summary and conclusion of pharmacology data in Page 500005, vol 2 of the

subniission: Levobetaxolol possesses hi gher affinity and Ereater potency than R (+) betaxolol jn binding
- Studies and functional studies jn vitro and in vivo, Betaxolol, levobetaxolol and R (+) betaxolol alsp - -
" showed wdio-sclecﬁvi(y (By adrenergic selectivity). It passesses some affinity for L type of calcium

Levobetaxolol or betaxolol induces vasorelaxation in ocular and non-ocular blood vessels in several

species, Mechanism studies- suggest that betaxolol and levobetaxolol exen jis vasorelaxing effect probably

due 10 calcium channe] blocking action and reduction of entry of excessive calcium into anteries. Based on
“the relaxation of arterioles of retina and increased blood flow in optic nerve head in experimental studies; -
it is anticipated that therapeutic effect of levobetaxolol js due 1o increaes retinal and oplic nerve blood C

flow.

- in'vive was observed at substantially kigher doses. However, the sponsor considered that levobetaxolol -
will be effective against chronic glavcoma degenerative processes, The Sponsor also indicated that the
experimental glauconia model used in the submission is not suitabe for dcmonsu-aﬁng beuroprotective

- effect of the drug because the concomitant reduction of intraocular pressire. Levobetaxolol did not show
analgesic, antipyretic and diuretic effects. I : ,

Reviewer’s Suvmmary‘a'nd conclusions of phah-naoblogy:, o S R o
* Levobetaxolol isa steredselective B, adrenergic antégdnist on the basis of jts adrenoceptor blocking
activity in the heart and lung (trachea) preparations of guinea pigin yivtrq.\l,e__\pt‘)c(a;qlo_lu also showed -

several pvjbliatipris, both the isomers should have been equally potznt for lowering IOP. In the absznce of
such dats, the reviewer concludes that B-adreioceptor blockads contributes mest for the reduction of
. intraocular pressure, : L S _ 0 :




_ _

The prop(:scd clinical dose is abom. 25l ‘(125 HE) two times 2 day for 0.5% ophthalmic suspensions The
total dajly dose per eye will be about 250 ug. A decreace in the IOP was observed at 15042 single dose in
the monkey model. Levobétaxolol did not show analgesic and antipyretic effects in rodents. ;

 Safety Pharmacology;
Sc\?cral safety pharmacology studies were reported in the submission These reports are surmari zsd —

(Pige 5-00615, vol 3). _ - : R : ' ‘
4. Spontaneous motor activity: CD-1 mice were treated with levobetaxolol at 10-mg/kg S.C. doses,
* . Thinty minutes after the dose, animals were observed for Spontaneous motor activi ty at 0-5,5-10, 10-
15 and 15-20 minute intervals, The motor activity was recorded using photocells. Levobetaxolo] did
not show changes in the Spontaneous motor activity when ‘ompared to the saline control. (Page 5-
100642, vol 3), - S T SRR _ o
5. Electroshock seizures: CD-1 mice were injected Subcutaneously with Jevobetaxolo] at 10-mg/kg dose. ,
" Seizures were induced by electroshock techniques at 5-]p mA. Percent changes in the intensity of R
' tonic seizures within 60 saconds were cqmpared to the saline contro] animals; Mice pretreated with E :

0f 0.02 mg/kg had np e. ect on'the cardiovascylar Tesponses of epinephrine, Dorepinephrine, o

acetylcholine, histamine and'isoproterenolo} However, a1 01 mg/kg IV dose of levobetaxolol, the -

cardiovascular Tesponse to epinephrine was increased without'changl_'ng the hemodynamic effectsof -~ )
. acetylcheline and histamine, It is possible that the effect of a!pha-adrenerg:‘c receptors were enhanced '

in the presence of the betasadr_cn'ergiémceptorblochdc‘indum'd by levobetaxolol. Page 500939, vol

4. Another experiment is reportad in page 5-00986, vol 4. Effect of levobetaxolol at 0.1,03and 1.0

mg/kg I'V doses were examined on the cardiovascular responsas of epinephrine, Dorepinephrine,

acetylclioline, hisramine and jgg, roterenol in anesthetized dogs, Levobetasolol up 10 0.3 mg/kg did -

not show any effect og epinephrine, acetylcholine, hjsiaminc and isoprotereno] pp mean arterial :

Pressure. Significant inhibition of mean artenal pressure indpced by norepinephrine was observed at
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0.1'and 0.3 mg/kg‘dosc"'s: of levobetaxolol. Levobetaxolo] inhibited mean arterial pressure to- S

Above experiment wis repested at 40 and 160 g/kg doses of § (-) betaxolol and S (-) timolol, e s
respectively, administered intraocularly, Within 10 minutes of dosing, § (*) betaxolol reduced the - ’
isoproterenol induced changes in the cart rate at 40 and 160 ug/kg doses. Timols] showed greater -
inhibition of hcart rate than § (9) bétaxolol. S'(-) timolol also showed greater effect on the mean ’
arterial pressure than § (-) betaxalol. Data suggest that intraocular § (-) betaxolol showed systemic
pharmacodynamic response in blocking cardiovascular responses of isoproterenol. However, -

- compared 10 S () timolol, the effect of S () betaxolol is weaker. Page 5-00515, vol 3. ,

. eflect on GI propulsion in the models examined. _ RO SRR B
Sponsor's summaq ém_i conclusions:

" Page 5-00033, vol 2:

pulmonary effect. Levobetaxolol up 10 0.3 mg/kg (30 fold higher than maximum clinical dose) did not

- show an effect in any- experimental model, At | mg/kg (100 fold higher than clinjea] dose) produced

- Minimal transient decrease in blood pressure and cardiac contractility. The effect is consistent with weak
calcium chanpel blocking activity. Levobetaxolol at | mg/kg dose modified cardiovascular responses of -
isoprotercnol, histamine and acetylcholine. In contrast, the cardiovascular Iesponsas 1o epineplirine and
isoproterenol weré significantly modified by timolol at 0.003 mg/kg. ‘ . ,

In umscio'us rabbits, ocular insﬁl]aﬁon of 40 ng/kz and 160 ug/kg doses of l;vabcuxolol and S (-) timolol
showed effect of the drug in systemic circulation after ocular administration. § () timolol blocks both the
tachycardia and the vasopressor responscs 10 isoproterenol wh;rem‘ lqvob'c‘tax_olpl blocks only the former.
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_ Fﬁrthermorc, the degres of B-blbckadc is stronger afler the admihi‘stm’tion of S (-) ﬁmolo! cdmbéred io
“ levobetaxolol. Thesa Teports support the safety of levobetaxolol for topical antiglaucoma therapy.

Phaxrna_ooki-n_cvticsfl‘oxicoldhcﬁc’:sv:» :

Ocular L‘is‘sue' distribution data are presented as follows,
"+ Ocular bj o:;vailnbility of § (-) betaxolol,

. Protocol E-88-30, Page 504075, and vol 11 %

New: Zealand albino rabbits were used in the sndy. Bioavailability of S (-) betaxolol in the aqueous bumor™ :
“was investigated afler topical administration. Twelve rabbits per group were allotted. Each rabbit was : -
.~ treated with single dose of formulations in 30p] volume in each eye, right eye was treated first. Four

- animals from each Eroup were sacrificed at 20; 40 and 60 minutes afler dosing, Animals were sacrificed

by ani.v. injection of pentobarbitat-and aqueous hunior was removed from the eye. Betaxolol levels were

*analyzed b)( L 1S (=) betaxolol in polystyrene sulfonic acid (PSSA) and ‘m‘ ‘ . Mwere

used in the Goncentrations shown in the following table.

Formulation'. - . . .20 min post dose .| 40 min post dose 60 min post dose

| 0.25% (-) betaxolol in 3% PSSA 113 0.73 0.40 .

0.5% (<) betaxolol in 3% PSSA 2.07 ‘ 137 0.76

1.0% () betaxolol in 3% PSSA . 226 - 1.71 0.86 -

0.25% (S) betaxolol i) . PAEEIE 116 042

0.5% (S)betaxololing .~ ¢+ [223 1.68 115 _
0.5% Betoptic (R/S betaxolol) .~ | 1.5 ' 0.83 0.42 BN AR

0.25% S (-) betaxolol ig Betoptic vehicle [ 0.49. 0.45 0.28

dose in the eve,

Ocular tissue djstn'buu’oﬁ of radioactivity of ?H-chobqgaxolol following single dose of 0.5%°H-
Levobetaxolol to male Duteh belted rabbits. :

- Protocol N-98-187, Page 504042, and vol 11-

P e e e e e e »Q—-~--—-_-~-‘~-\._, RS N

Levobetaxolol was prepared. Other ingredients were mannitol, EDTA, boric acid, benzalksnim chloride, -
carbomer 974P, N-_!am_'oylsamosinc. tromethamine and \ o »




collected from both g‘ es and radioactivity was

. untreated animals were co

Uected for background ra

counted in liquid
dicactivity.:
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scintillation counter. Tissues from

Concentration in g equivalents of levobetaxolol per GM of tissue at:several houss in the treated eye is
shown'in the following table, ™~ =~ CITRT T e L S
Tissue Sbe (St [1h Job i Ton Shr J12br T2 [ 46k | 7 TS60y
Aq. Humor 393 16 T1ov o028 o006 Too3 0.02 [.001 T .0064 | 0655 | 0035 1 o043
Choroid 136 1144 1230 199 205 735 203 118 055 |38 | & 244
Conjunttva 130 1418 T405 1007 (194 T332 232 | 47 86 1.0 94 22
Comes 337 1107 (982 388 [iss 1101 96 | 39 31 23 12 0%
Ins-ciliary 24 1200 T2t T171 795 1100 772 1327 1455 1337 | 196 |56
Lens A8 15 23 1 07 |06 08 -03 02 01 006 | 003
tic nerve: 004 1003 J004 fo02 1oz blg | big blg Blq Blg _[blg_ | big
Reting 027 [ 02 0.2 013 Jo006 ]003 004 Jooz To0] -801 | 0003 | 0.005
Whole blood 0.018 0.03 0.03 0.03. 0.02 ~0.01 0.008 0.004 Big Blg blgq Blg
Plasma - . 0.02 0.0) . 0.03 0.03 0.02 0.008 0.007 0.004 0.002 0.002 0.002. | 0.001
Vitreous humor, | 0.007 | 0.003 | 0.004 0.005. 1 0.005 1'0.005" [ 0.004 | 0.005 | 0.003 0003 | 0.002 | 0.002
dosed eve T b o )

 Blq = below the limit of detection,

.. The concentrations of radioa
:::shown in the following table,

ctivity as pg equival

ent of levobetaxolol/g of tissue in the undoscd eve are

.6 hr

2hr

48 hr

72 hr

56 hr

e [ 3 The. s Shr S hr 12k [ 240r
A9 Humor | 0.001 10002 | 0003 {00061 0008 0004 10003 10003 |-0362 | o007 5505 0.002
Choroid 0637 10762 [ 0958 | 0998 | 0ass 0603 10623 J0SIT [0414 [ o206 o715 0.050 ]
Coniunctva | 0.0274_ | 50305 | 0.0364 | 0.0385 160757 00116 100086 [ 0.0086 | 0.0084 | 0.0026 | v0.0013 Big
[ Comea 0.007) ] 0.0111 00121 | 00lo+ | 00136 16005t 0.0050 | big biq big blg Big
lnscliary 10611 [ 0977 1101 1.00 123 978 107 10897 [071T [0335 [ 020 o155
o | boedy : . o f : . ;
| Lens . [ 00001 ] 0.0004 | 6.0007 ] coors 0.0018 | 00022 | 0.0024 | 00620 | 00027 | 5057¢ €.0014 | 00010 ]
tcnerve 10041 00375 [ 0.0400 | 0.0384 blg big blg “blg big blg . blg Bl
Retina 025 10204 10199 10.043 ] 00751 | o0i5c 00870 | 00175 | 00174 | 0.0063 ] ¥iq 0.0035
Vieeous™ 170001 | 0.002 ] 0.003 0004 10.003 10003 [ 6003 | 0002 ] 5003 0.002 | 0.002 | 0001
humor, oo . : ) .
“undosed eve
The pharmacokinetic parameters él‘cul"atad from above data are shown in the following table,
Tissue Ddscd cye _ . » Undosed eye
| Cour (4/60/R) T () T 1p(h) Cone Toee T,
Conjunctiva | 150 - 033 ... s)15% 0.0364 1 37.2
Comea 33.7 0.33 395 0.0126 q 5.51
Aq. Humor 3.93 0.35 J01 0.0056 2 148
: ln's-ciliaxy" 294 0.33 32,1 1.23 4 = 334
bodv L :
Lens 0.226 . 1.00 27.4 0.0024 8 73.6
Vitrqous 0.0072 -0.33 . 77.9 0.0040 2 103
Humor . iy v o ' ’
Retina, 0.269 0.33 36.4 0.29 0.33 337
Choroid 220 1.00 ., 33.8 0.958 . 1 36.5
tic Nerve | 0.0447 0.33 2.80 0.0411 0.33 3.18
N Body fluids . : <
Plasma 0.0346 1.00 128
Whole blood | 0.0283 1.00 3.97
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- djsui‘bmed‘inosuy‘ip the anterior chamber of the eye. Lower level of radioactivity was detected jn the
- blood and u‘ndosed eye. However, due to high potency of the antagonist, the systemic organs and undosed
~ cye may show blockade of beta~receptor as a co'nchuc_ncg to the ophthalmic delivery of the drug. :

The levels of the drug in the retina and optic nerve were similar for dosed and undosed eyes. Data suggest
© 1 that levobetaxolo) was distributed to the retina and Optic nerve through the systemic circulation. Higher
concentration of the drug was observed ip the ciliary body and aqueous burnor cormpared to posterior -
chamber of the eye. The drug is available quickly at the sita within about 30-min, .

Distribution of the drug after multiple doses intheeye: - -

Page 503913, vol 11, Protocol” N-98-25].

‘ Lc\"obet‘x'\;ol ol ophthalmic¢ susi)ensiohﬁ at 0.5% was formulated ity Mﬁw\} Other
" inactive ingredients were carbopol 0.35%, mannitol 4.0%, boric acid 0.3%, disodium EDTA 0.01%,

_ benmlkqm’um chloride 0.019%, N-iéuroylsa:_msine 0.03% and, hydrochloric acid, tromethamine (o adjust.
- PH. Purificd water was added to adjust the volume, S -

time of the dosing. Rabbits wzre divided into two groups each comprised of 28 animals. Animals in-group
one received Betoptic § at 0.25%. Animals for group 2 were given 30 jul 0f 0.5% levobetaxolol in the right

P eve. Animals were dosed twice daily for 7 days. Each drop delivered 150ug of levebetaxolol, Four animals:
© per time point were sacrificed at 0.5, 1, 2, 4. 8, 12 and 24 bours. About 6 mi of bloog samples were -

.. undosed) animals, - - - v L . e
Tissue levobetaxolo! levels were determined by )}

| Tissue kinetics in the dosed Tigt eye for 0.5% levobetaxolol i shown ia (e following table,

coliected prior to sacrifice. Eyc u'sspcs and fluids were collc&:tad_ _frbm' lhéin’ght (dqsed) and the left (- '

Tissue Comlvge) Too@n [T, @-12h) [T, @2400) AUCO-12

ol . o _ - : (ng.hr/p)

| Aqueouys. 1420 0.5 : 16.7 ] 7.2 2060 -
msciliary 46800 [o5 . 101 313 355000
Anterior sclera | 4610 N .| ND | 596 27300
Vitreous 422 0.5 13 257 29.4

- | humor . ' .

| Retina [ 305 1 53 20.6 1296
Choroid . 4320 12 ND B 622 = 47400

| Optic Nerve | 603 0.5 1 EA R T 242
Optic nerve | 274 2 ‘ 51 IND 1820 7
‘head - : . L r

T ——
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Ocular tissye Kinetics of the undosed eye and Plasma kinetics ara shown in the following
Tissue. ' C ous (ng/g) | T e (B1) Twv (120 [T, @240 | AUuCo-12”
. : I R E (ng.hr/g) -
|_Anterior sclera | 31.0 11 113 ND 245
Vitreous - - 2.53 o 0.5 135 14.4 8.84
| Humor B BRI : ' ] .
Retina 336 1 51 - 12.2 1080
Choroid 1980 -: 0.5 11.5. 71:1 16900 ) :
ticnerve | 680 0.5 9.8 196 - 1 S
Opuencxve 212 1 58 15.5 e 11740
Plasma 47 . 0.5 16 IND . Ti04

Tissue kinetics in the doscd cyc for Belopu\.—s is shovmin the following table.

AUC0-12
{ng hr/g)

T s () Tin@-12bn) TT, 324 hr)

e h . . .
jes T Tea .
05 Ti4s
0.5 22.2
05 R 18.3.
, -] Lo 9.5
Choroid 3880 : 24 22.4 .
Optic Nerve - 357 . 0.5 ... 11,8 . 38.1
Opti¢ nerve - 1119» . 24 13.9 nd
o REEN SRS RN i N |

' The USSDC Lmencs in thc undoscd cyc and plasma lcmeu«:s for Bctopnc Sis shown in the foﬂdﬁing table,

szsuc e (g/g) ’ o () Tz (1200 T4 (824hr) | AUC O3
: o o | (sg.herp)
Anterior sclera | 18,1 | 24 - | ND. ND - 1133

Lo 0.5 - Is2 | 17.4 4.63
1134 . 05 - . 3.2 39.3 464
= [ 900. 2. 133 ND - | 7490
tic nerve 28.6.- 0.5 6.9 66.8 91.9
Opticoerve [ 99,0 124 : ND ND 509
head . o - e v .
| Plasma 305 . 05 1.3 ND 5.22
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: The ratio of levobetaxolol and racemic betaxolol in lhcmeated and untreated e_yes‘ arc shown in the

following table.
Tissue = - L C iy, Treated eye ™ : AUC o5, Treated eye -
. Aqueous hamor : : 18- . : 1.8
Iris-ciliary body o 14 ' |14
Anterior sclera n s B N ' 1.0
Vitreous humor L 116 ‘ 1.6 _ ,
Retina L NSRRI WA L 2.0 Lo
Choroid . - INA T o I NA ' ' ‘
tic nerve ees 3 S ‘ 1.8 o
tc nerve head . 2.3 o L 2.8
. L : . . CM.,. Untreated ye AUC o2 Untreated eye .
e | Anterior sclera g 1.7 5 o cf1 .
Vitreous humor 1.3 ‘ 1.9
Retina ) 2.5 i 2.3
Choroid . 1 2.2 . 2.3 S .
Oplicnerve 124 1.8 , :
_Optic nerve head ' 2.1 » 3.4 o o

" ND = Not determined, NA = Cémpaxéﬁve values are not appropriate due 1o analytical error.
~ Following conclusions can be made from the data presented above,

1" Levobetaxolol and betaxolol were distributed to anterior and posterior chambers of the eye. However,
. levels in the anterior chamber were higher than the posterior chamber,
2, - The drugs were distributed to the untreated €yes via systemic circulation.
- 3. Both levobetaxolol and betaxolol were bicavailable into the systemic circulation;
4. Similarity in'the levels of levobetaxolol in the retina, optic nerve and optic nerve heads between
. treated and untreated eyes suggest that the systemic bioavailability of the drug contribute to the
bicavailability in these tissues. S S .

Mctaﬁolic invcfsiqn sudy: .
Metabslic inversion study of enantiomers (R and §) of Betaxolol in the rabbit eye:
- Page 504084, val 11, Protocol PKDM $6:

. Betoptic (Lot # 2K1AA 056:30:0987) and levobetaxolol (lot AHI 099-056:29:0987) were formulated as
'0.5% ophtRilmic s__c)!ution;. Doses were given to NZ albino rabbits according to the folowing schedule, -

: v S Group 1 Group 2 Group 3
.1 Nurber of animals 3 . 3 - 3 k
‘Dose volume -30ul xS times within 30ul'x 5-times within 30ul x 5 times within
v [ 100 minutes ¢ - - 100 minutes 100 minutes
“Concentration - 0.5% - L 105% : 0.5%
Drug RS- betaxolol S () betaxolol . S (=) betaxolol
Treatment - Botheyes. - Both eyes : " ;]| Right eye

Aqueous humor, cornea and iris-ciliary body samples were coﬂe?:teq t}_’g_n_tz_lm_mncs after the last dose.
‘Tissue levels of R and S- isomers of betaxolol were determinedby - . - ) '

0t ——————
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Levels of R and § betaxolol following 5 topical doses of cithér 0.5% RS or S-betaxolol ig rabbit eyes,
Results represent application of the drug in both eyes (groups 1 and 2), - S

S-betaxolol levels, given as

-Tissues ; Re-betaxolol levels, given as g
‘ | RS-form __Sform | RS-form S-form
“1 ‘Aqueons humor (pg/ml) 233 ND 2.4) 4.62
© | Lis=ciliary body (ug/e) 2.56 ND 2.31 5.96
- |_Cornea (upg/ml) . 11.08 ND 13.38 23,75 .
ND = not detacted

~'Above data suggest that thcn-. was no inversion of isomers in the ocular tissues during the treatment

period.

Data on the concentrations (ng/g 6( tissue) of R and S betaxolo] given as _D.S% S-betaxolol in the right eye
are shown in the following table: Samples were collected 20 minutes afler the last dose.

" Tissue .- Righteye v e Lefieye ‘I :
: R betaxolo] Sbetaxolol  JR betaxolol S betaxolo} )
Aqueous humor ND . '5.70 ND ND
: S ND - 5.10 | ND h ND .-
Iris<ciliary body ND - -5.98 ND ND
L ’ ND - 7.56 ‘ND ND
Cornea ND 4837 ND ND
: ND. - 26.16 ND ND
ND 23.53 ND ND
-ND not detected.

At there was rip invérsion

from 'S enantiomer to R enantiomer of betaxolol. Also the -

Data suggest v _ L
untreated eve did not show Presence of betaxolo] by systemic exposure. The sponsor stated that the level in

the untreated eye was lower than thie level of detec

Otber studies:-

tion at 0.2pg/ml.

. Page 5:04316, vol 12, Protoce] N-99-158.

: ’._.‘Mmcquof’nmoxolwmme study was 147uCiug o WA RS
: , ?9:951!!,ptgxgm.gm@ggtfaflw&wh&gnbbm monkey and buman plasma or 1500xg-plasma
- . were spiked with "H-levobetaxolol to obtain 10, 100

and 1000 ng/=n! final @nmnmﬁonﬁ. Ségzﬁcs wer¥ incubated for 3 hours gt- e-ml aliquots of
Plasma sample-levobetaxolo} incubation m\x@rs and 0.5-ml aliquots oﬁ slcvobctaxolol

 FHelevobetaxolol sed ip the study had specific activity of.wsucuui

~ incubation MiXOWes were taken fof jRadioactivity of the 100 aliquot of incubation
mixtures and 100! aliquot of R ’Wre"dé!terminedbytht""'"‘""‘W""f‘.f“‘mmflm R

3
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Percent protein binding of ’H"—Bemdol: The procedures used for the plasma protein binding of >H-
betaxolol were similar to that foF’H-le-vobetaxolol.-? i

i Yo 10:ng/m} ﬁnalfconccgmt\ion and incubated at 37C for 3.

protein samp eor 0.5 ml of plasma *’“““ w‘,ampl e was centrifuged for)
radioactivity of the 100! aliquots of

. The B
: "the ation mixture and 100y aliqororih o Wwere
©determined by the ) , v R

Percent protein binding of a 1:1 mixture of ’H

-lcvobexaxolol and R-betaxolol:

T (contains protein less thay G-
o )contax‘ns protein Jess thag

/il The

from the incubation mixtures were 2} I radioactivity. The residual filtrates wers also
taken for the determination of radioactivity, | - ' - :

The optimal equilibration time for the incubation mixtures betw
dg(g_:nnjngd in a preliminary experiment,

the following table
Drug - "TRa. Rabbit Monkey —_['Human
" | H-levobetaxolol 421 . 1686 - Ts3e 49.8
"H-levobetaxolol | 44.0 70.5 -~ |s544 516 ]
.. [ Rebetaxolel (1:1) S Co o ,
[ ’Hbetaxolol 39.4 580 ‘ 527 467 ]

+Above data suggest that levobetaxolol is ot highly bound to plasma proteins in rats, rabbits monkey and
" human plasma. Protein binding for racemic and levobetaxolol was similar:

o Reviewer's comments and conclusions of pharmacokinetic studies; .

mic delivery of the drug to one eye, the drug is distribyted
. to the undosed eye through thcasysgggx__igg;ggahggjg_p‘__@ plasma protein binding of the drug in rat,

. Sponsors Summaxy ando'o;clusnonsof phannaookmcua studies:
Page 503844, vol 11: e -
Follbv.ing a single dose of *H-levobetaxolol (0.5%) in Dutch belted rabbits, radioactivity was absorbed ‘

. rapidly into the eye. Maximum concentrations were measured at (he first sampling time of 20 min. Half R
life of Jevobetaxolol was relatively long. Radioactivity was detected in the plasma, Local absorption of the IR :

- drug directly from the topical dose and redistribution of radioactivity in the Systemic circulation were .

- observed Among the tissues of posteri ! i the dosed eye

: Retina and optic netve bead did not show higher levels of levobetaxolo] in

it was concluded that after a single dose drug
bution, e .
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- Unlabeled 0.5% levobetaxolo] nag given twice a day unilaterally for7 days. In contrast to the single dosa -

= study, repeated administration of levobetaxolol in the eye increased bicavailability of the drug in the retina
.-and optic nerve head. Fro’m“4 hours through 24 hours post dose, concentrations in the retina of the dosed

- R-enantiomer and levobetaxolol did not undergo interconversion in vivo in the rabbit-ocular tissues.
- Interconversions were not observed following I'v dosing to rats also. Moderate degree of binding to
.. ... proiein over a 1000-fold concentration range indicates that drug interactions due to plasma protein
- 7 binding are unlikely for levobetaxolol: , - . L T

o Tofdcdlog& study #1:
. Sponsor’s ID: Protocol # N-89-14

' :SponSOffs Original Title: One-year chronic topical toxicity evaluation of S (-) Betaxolol Ophthalmic
suspension in rabbits. : ' e -

Page 501695, vol 6 - e R T
Conducting Laboratory: Alcon Laboratories Inc., Fort Worth, Texas
-Date of study initiation: March 1, 1989 to Mar 8, 1990 -
. GLPcompliance: Yes - -~
QA Report:-Yes (X) no 0

Methods:

‘Dosing information:

‘Species: New Zealand albino rabbits
Age: Not mentionad ' o
Body weight: 2.2162.9 kg -

* Satellite grbups: Five male and five female rabbits in each group were designated for three-month interim
study. See the study design below. - T ‘ ,
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"Group . | Test article Sub Gr | S(-) Betaxolol Animals/Gr. :Drops/ Treatment . | Treated
' o . : % . M. F . Treatment /MDay | Days
L . : s M F
l Unireated | A - P 5.5 - 2 94 94
control B - N 7 | 2 366 367 |
2 8¢ A 0 I 5 |2 2 94 - 94 R
Betaxolo. | S : - o '
Vehicle |B o 77 {2 2 366 367
3 S - A oS 5 5 |2 2 94 - 94
Betaxolol L ' I ; .
Suspension | B 0.5 7. 7 |2 2 ‘366 367
1T Ts0 A L0 s 5 |2 2 53 93
= Betaxolol | .. [ S ' ; . o ’
Suspension { B . 1.0 7 T2 2 - 1366 367_ : E
5180 A 2.5 5.0 s {2 2 94 94 | ‘
Betaxolo] O EESE : - ‘
Suspension | B 2.5 - 7712 2 .~ 366 - 367
- . *Eyes were phjsimlly manipulated to simulate dosing prooedure sham treated animals,
. B Group A; Animals in the group were désighatéd as the three-month treatment group.,
. Group B; Animals in the 8TOUp were designated as the one-year treatment group.
Althou gh the table op pagcr 501 720-vol-6referred thal animals Were treated for 94 days (subgroup A) or "
.- °366-367 da‘ys‘(’mbgroupB), the-body weight -data-suggm~tha&lhelast~-record was made immediately
- before sacrifice on da)'s~93—b_nd~366for~subgroups A and B, respectively. ‘ ' :
Route, forrh, and S/olume Animals were treated topically. by ophthalmic drops. Each animaj received two -
drops of thé vehicle or Fespective test article twice a day in the right eye. The lefi cye of each animal
served as the untreated control. Animals were treated at 8:30 AM and 3:00 PM daily.
Drug lot#: ““M“'"“‘“Tffff":f""' L T ’
Fol lovﬁng table provides the lo‘t'.nnmbe‘ er of the drﬁ‘g:
[Conurol ortest amtiage | S() Betaxolol base (%) | Lot Namier
S(-) Betaxolol vehicle 0 ALL-}184
S{-) Betaxolol Ophthalmic Su@cpsiom 0.5 ALL-18] .
Bﬂ. Betaxolol Ophthalmic Shspensions 1.0 ALL-139 : .

_S(2) Betaxolo} Ophthalmic Suspensions 25 ALL-~240
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‘FonnuléﬁonNchicle:’AH "conoentm'ﬁqns are’rexpfes.sed.as % wiw, :
Ingredient Lot ALL 184 | Lot ALL-I5I Lot ALL-139 Lot ALL-240
"|_S() Betaxolol HCI - R 0.56 + 5% excess | 1.12 + 5% excess | 2.80 + 594 '
Y ¢ AE&J
DTA disodium 10.01 [0 . 001 [ 0.01
\“‘ S T e . e A L .
.| Mannitel - ) 4,25 1428 4.00 1.50 . L=
'| Benzalkeonjum Chloride | 0.01+5% excess 0.01+5% sxcess 0.01+ 10% excess-.{ 0.01+ 25% R
- |- Sodium hydroxide . TopH=76 . pH 76 o pH 7.6 | pH 7.6
| Purified water: Qs100 Tost00. Q5100 | Qs 100

" Priorto the initiation of the treatrment, and after about 1, 3, 6, 9 and 12 moniths of ueatment, § (-)
. betaxolol and benzatkonium chioride concentrations from betaxolol 0.5%, 1:0% and 2. 5% formulations
~were determined. Benzalkonium chloride concentrations were also determined from the vehicle.
 “Times at which observations were made: ST e e
~ Clinical signs: Mortality and clinical Signs were tionitored daily. General health check was also
performed on pretreatment days ‘bc‘fo're‘day 0. ‘ o .

Body: weight: All rabbits were weighed on day -5, day 0 prior to the treatment Body weights were also -
recorded on'davs that were scheduled for biomicroscopic examinations. Body weights were also Tecorded
immediately before the necropsy. Data in the appendix J, addendurm I showed that the final body weight
was taken on day 93 for the subgroups 1A, 2A, 3A, 4A and 5A Final body weights were recorded on day
366 for groups 1B, 2B, 3B 4Band 5B, respectively. R S o

Food cénmmpﬁon: Not recorded

Eve examinations:

and inis were examined. Both eyes were examined by biomicroscope. The result showedd that the
biomicroscopic examinations were conducted on following days:

Days_' -5, 0, 4,9, 16, 23, 32, 44, 58,74, 93, 128; 163, 184, 212, 254, 27s, 317, 345 and 366,

Fundus of eyes [of each animal was examined for changes in optic nerve head, retinal, choroidal vascular
pattern and pigmenuﬁon. 1% Mydriacyl was used for the dilatation of pupils prior to indirect -
‘ophthalmoscopic exanunations. Results of the indirect ophthalmoscopic examinations were indicated as

within norm.al limits (WNL) or abnormal (AB).
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- Hematology:

Blood samples were collected from rabbits in the group A after approximataly three months of the
treatment. Blood samples were collected from rabbits from group B at approximatcly twelve months of the
treatment. The sponsor has not indicated bow they collected the blood samples. Following parimeters

- were analyzed. I _ . ' . ‘

- Hematocrit, bemoglobin, RBC counts, WBC counts, MCHC, MCV, MCH, platelet counts, Jeukocyte

. differential counts, - ' ST o :

- Serum chemistry: aE T AR [ T
After the collection of blood Mplek'fdi hematological examinations, serum samples were collected fromi ;

.. the serum chemistry analyses. Following parameters were determined. C ' S

“ Albumin, albumin globulin, alkaline phosphatase, amylase (for gr B), bilirubin indirect for grB,

‘BUN/creatinine ratio, calcium, cholesterol, CPK, creatinine; GGT (gr B), globulin, glucose, LDH,
phasphorus, potassium, SGOT, SGPT, sodium; total protein, triglycerides, BUN, uric acid. - -

Handling of moribund and déad anjmals.
Animals in the moribund condition was sacrificed and necropsied. The sponsor stated that animals died
during the study were necropsied immediately or within 16 hours if refrigerated. e

' Gross pathology: -

Animals wére sacrificed by L.V injections of commercial eythanasia solution T-61 at the end of three
- months of treatment (for subgroup  A) of twelve months of the treatment (for subgroup B). Following

tissues were examined for gross changes and preserved in 10% neutral, buffered formalin. Eyes and

adnexa were fixed in Zenker's fixative and preserved in'10% neutral; buffered formalin, :

“igland, loné bone, bone marrow, smal} intésting, large intestine, colon, caccum, stomach, nasal-lacrimal
~ Ussue, spinal cord and salivary glands. -

\VOr'ganwcights:' . e ER Sl i L PO
- Following organs were weighed at necropsy: i ~_~%MA

' i Liver; kidneys, adrenals, gon;d.g brain and heart
. Histopathology: Slides were Stained by hematoxylin and eosin

Subgraup A (Treated for 3-months) Histological examinations were conducted on following tissues fom
all rabbits: T S R - :
_ ‘Ng__s_')-lém'mm uisuc, éhy gros's lé:ién; cycﬁ; cyclids, nictiuitibg mcmbranes,_}{arder's gland and Jacrimal

- tissue, Following non-ccular tissues were prepared fom each rabbit ip the untreatsd &roup (gr1), vehicle
coaurol (gr 2) and 2.5% betaxolol (gr §). - - FURE R ) S

. Adrenals, aorta, femur bone; sternum bone marrow, cerebrum, oérébeuum,'pons, medulla, cecum, S
escnhagus, gallbladder, beart, kidneys, large intestine, larynx, liver, lung, lymph nodes, mammary gland,




, "year of the treatment,
Eyes, eyelids, niéﬁhiting membvranes', Harder’s gland and lacrimal tissues. All other tissues and organs
were fixed and retained for the future examination if needed, B S

quimkihctit:s:

3 s () Betaxolol Plasma levels:

.+ (both subgroups A and B) that received betaxolol velu'clc.‘,__ S -

For0.5%5 () betaxolol treated animats:

samples at the end of 6 months were collected from 6 male and $ female animals
from subgroup B, Blood samples were collected from 4 male and 4 female rabbits from the subgroup B at
. ;hc-cndqfnmpmhs.. ' . SRR S R

Blood san’iples were taken from $ male and S female animals from subgroups A and B at the end of one
and three months. Blood

For 1.0% S (-) betaxolol treatad animals: .

For 2.5% S (-) betaxolol treateq animals:

of 12 monm;. _
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Mortality:

- Animal #L6378 (F) fromo group 4;"subgroup B was found dead on day 109. Loss of hair under the chin _ahd
- ocular discharge (OD) was observed before death. The cause of dcath was not determined. ,

Moribund animals: - .

- S - Moribund animals were sacrificed as shown.in the following table,
Animal Group . . Subgroup RemarkS’ . » :
L6357(F) 1 . B | Apparenty not eating between days 343-354, no sto0l

on days: 344 and 351, hair ball observed in-stomach at
o e o - | _Decropsy, sacrificed on dav 357 T
L6286 (M) - |1 B [ Noteating on day 273, no stool day-268, ocular
: Tl ' - | discharge OD on day 154, hair ball-observed in ,
S . _ B Stomach at necropsy, sacrificed between dav 254-275
Le27iev - |2 ‘B No stool between 304-317, hair ball observed in

3 _ | Stomach at necropsy, sacrificed befora day 345
L 6312 (M) 2 . . |B : Head tilted on day'1 12; torticollis, sacrificed on day
. N R 115 . - s i
L633s® - |3 B . | Ocular discharge, OD between days 87-206 and nasal

| discharge between days 204-206, ot eating between
o] 203-206,unacmed, hairball observed in stomach at
necropsy, sacrificed on'day 206

L6317V 5 B ... | Not eating, feels cool to the touch, lethargic, sacrificed
: | | onday276 - g .

Lexwi |5 - |IB Ocular discharge, OD, on day 92, apparently not

T <~ | cating between days 283-289, no stool, sacrificed on
o » day 289 ’ v

L 6325 (65%)) 5 . B.... . ] Ocuar discharge, OD between days.86-302, mucus in
L stool, sacrificed on day 317 '

Above incidences occurred in the treated ang untreated animals for the animals allotted to the one year

treatment groups. - R L : N :

Clinica! signs;

Following chmca]sngns were observed in the untn:ated control, vehicle control and S (-) betaxolol treated
- Cammals. -0 . S
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Group | Subgroup | Ocular discharge - | Nasal - | Constipation/ | Loss of hair
_ i eet v Ldiseharge | po stool Y :
1 - A E v l/lO ] N 1/10
1 B 3/14 (OD=3) 1114 - 12/14
2 A 3/10 (OD=3) ‘ nE -
2 B 7/14 (6=0D, 1=Both eyes) 1/14 13714 4/14
-3 A 4/10, OD=4 s v 1/10
3 B 10/14, OD=6, O8=1, - 2/14: 1/14 3/14
’ L Both eyes =3 ' ; .
4 A 6/10 ( OD=5, O8= l) i 1/10
4 IB '5/14 (OD=5) s 3/14 -+ [ 2714
5 A - -3/10 (OD=2, 0S=1) - 1/10- o 41100
5 B 11/14 (OD=11) ' 5/14 ~Tuna

Number of animals that showed that an increase in the ocular dxschargc from the right cye at 2. 5% dose
(group B) that was higher compared to untreaied and (he vehicle treated animals, S

Body migm

* The body wexght (kg) of rabbns on day 0 and dav 93 for animals that were treated for 3 mbnth.;'arc shown .
below, & - T

Group S . Day 0 ‘) Day 93 ‘
L M F M _F
1A ; ) 2.58 264 4.08 4.06
2A : - 1284 262 - 4.66 4.64
| 3A S 2.62 . 272 4.24 4.60.
4A . . 2.70 L 2.54 4.40 4.36
| SA : 268 L2770 4.20 -4.56

The “elght gain for male mbbns was l 42 1. 82 1.62, 1 70 and 1. 52 kg for groups 1A, 2A, 3A, 4A and
A, respectively. The percent increase in the w weight gain'compared to the untreaied comml was 28%,;
14% 19% and 7% for gmups ZA, 3A.4A and 5A, respectively. ;

Thé wi exght gain for female rabbns was 1. 42,2 02 1.88,'1.82 and 1.86 kg for groups 1A, ZA, 3A, 4A and ’
- 5A, respectively. The percent increase in the weight gain oompared to the untreated control was 42%, o
32"/., 28% and 30% for groups 2A, 3A, 4A and 5A, rcspecmely :
_Nale and fcmale rabbﬁs shoyed weight gain in the vehicle and S (-) betaxolol Crca&ii amma]s compared
10 the untreated animals, . There were no statisticaily significant time-group interactions. Data suggest that

s )bctamlnldndnnthavcsxgmﬁcanteﬂ‘eamthcbodywexghtgmnmmbbns

‘ The body welght (kg) of rabbits treated for one yw is shown in the followmg table,

Group e Da)O ol T Day 366

R o Male .~ - Female [ Male Female
1B B L 268 . 72,60 -5.20 4.75
2B g 264 - 270 478 5.11
3B ' - 275 - 266 5.0t -5.25
4B \ 273 - 266 466 5.15
.5B 264 - 259 . - | 465 4,98
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The weight gain for male rabbits was 2.52, 2 14, 2.26, 1.93, and 2.01 kg for groups 1B, 2B, 3B. 4B and
5B, respectively. The percent of weight £ain compared to the uatreated control was 85%, 90%, 76% and
80% for groups 2B, 3B, 4B and 5B, respectively,- o oo

5B, respectively, The percent of weight gain compared to the untreated contro] was 112%, 121.8%,
120.5%, 111.16% for groups 2B, 3B, 4B and 3B, respectively, There was ho statistically significant
change in the body weight gain in'male and female rabbits between untreated and vehicle or S (-) -
betaxolo) treatment. - , : DR
- These data suggest that treatment with 0.5, 1.0 and 2.5% S (-) betaxolol for one year did not affect
©. - statistically significant change in the body weight gain compared to the vehicle controFin male and female

~Food consumption: not recorded -

Eyc“exanﬁnaudns:
Slii lamp cxaininaﬁon score are reported on the'basis of the avéragc of both male and fermale rabbits. Datg
- 'Were combined for both three and twelve months of obscrvations. : o

Conjunctival congestion:

The a\;cragc data for each g'rou‘b aré shown in the fouovﬁxig' table,

Group/ Day -5 Dayo Day4 Day 32 Day 93 Day 184 Day 273- Day 366

| Eve | e : 275 ‘

1, Right {083 183 1235 2.25 AT5 T sy 200 . 1183
Llet loo9) 166 118 T1e1  |133 1.57 2.00 2

2, Right | 1.16 183 - 1208 |27 15 1.53 1.63 1.66
2Left . | 136|175 2 - 1225 133 1.34 1.69 1.66

3. Right_| 116 L5 25 1233 1133 129 1.38 LRB4 |
.left {075 1.4] 233|200 1.5 1.42 0.75 - 1.84

4, Right | 083 1.33 25 233 |15 1.53 138 . [184
4Lt 1075 - | 141 2.25 208 . J133 1.53 338 184"
S.Right 1091 " [175 1233 291 | 166 2 171 2

S.Let  [o.9] 183 . | 225 208  |1ss L71 171 j2- ]

+ Slit lamp examinations showed conjunctival congestion (hypercmia) in the 5 (2) betaxolo] treated, vehicle
~ and unitreated control cyes. The effect Wwas considered to be unrelated to any treatment. Co

" Conjunctival swelling:

The av‘:rége score for conjunctival swelling for all Broups was 0 except following differences Listed in the
table. o S — -
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Group Eye. . .| Average Score Day
1 Right 0.08 93
2 Right Co 7018 : ) 275 .
2 | Left 0.08 WSl Baw-16
L4 Lleft . 0.15 ' 254 .
5 Right N 0.08 16
5 Right 0.08 93
5 Right : 0.14 254 .

The data suggest that there was o trend for the dciw:lopmcnt of conjunctiva) swelling in the § )
. betaxolol or vehicle treated animals. ST I e LA

Conjunctival discharge:

Conjuricﬁv'a] discharge scores are shown in the following vtablc.

Day Gr : Grl, Gr2, Gr2, Gr3, Gr3, Gr 4, Gr4, GrS, | Grs,
~ 1 1.0D [0S | oD OS. 10D OS . 10D O3 JoD. - |os

-5 40 1o 1o 0 0 0 ¢ 0 0 0

0 0 0 O 0 0 Oy 0- 0 0

4 0 0.08:- -0 0 0,08 10~ .15 0 - 0.15- {0

9 0 0 .. 10 0 008 |0 RS ST o L 0.75 0
16 0 0 0.08 0 0 0 3.08 0 0.50 0.08
23 0. . 0 0 0 0 0 0.08 0 0.41 0
32 0 0 0.08 0 008 0.08 0 0 041 0
44 0 0 0 0 0 -0 0.15 0 0.15 0
58 0 0 0 0 0.25 0 015 10 . 0.5 0.08
74 0 0 016 |0 0.08 0 0.25 0 0.33 0
93 0 0 0 - |o 71 0.08 o tozs - To 041 0
128 0 0 0 10 0 0 o 0 014" 0
163 0 0 0 0 0 '} 0 0 0 0
184 0 0 0 0 0 10 0 0 028 . Jo
212 Q. 0 0 0 0 0.46 0 0 0.28 - | 0.28
254 0. 014 . |0 0 103 0.30 0 0 042 0.28
278 0 0 0.15 0 0 (4] 0 0 0 0.28
317 0 0 0 0 0.30 0.30 0 0 0.16 0
345 0 0 0 0 0.15 0.45 0 0 0 0
366 0 0 0 - 0 0 0.30 0 0.15 0.36 0

- Above data suggest that conjunctival discharge was observed at most of the observation points in the

- treated cye at 2.5% dose. The sponsor stated that the severity was minimal. A low incidences of minimal
-conjunctival discharge was also observed in 1% S (=) betaxolol treated eyes during days 4 10 93. Rabbit

eves treated at 0.5% S (-) betaxclol also showed minimal conjunctival discharge intermittently, Untreated v

animals did not show conjunctival discharge. The vehicle treated animals showed conjunctival discharge

only four times during the observation period - - .

Vehicle and S (-) betéxolol treated animals showed occasional changes in the light reflex in treated eyes
- turing the observation period. However, the incidences were minimal. Sl .
o Treatment related flare, iritis and corneal cloudiness were not observed in any animals. Similarly
fluorescein dye staining technique did not reveal treatment-related damage to the cornea in rabbit eyes.
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No lenticular changes were ot;sewed except following isolated iﬂc_:widc'nccs._.lt'i‘s concluded that S (-).
betaxolol treatment did not affect the Jens. Co : o

(%)

Group . # Animal -] Observation
1 ' 16283 - T - | Bilateral anterior and posterior
j L : ‘ ' ' " cataract; OD, days 93-366
2 : . L6271 - Lenticular opacity, OD, days 44-
3 B v L6389 .. ... | Fibrin strand adhered to anterior
‘ " = ‘ lens capsule, OD, days 9-93 -

" No neovascularization w4s observed in any animals in the control, vehicle and S (-) betaxolol treated
. groups. S ’ : o

' Indirect ophthalmoscopic examinations: L
‘, “:. No changes in the untreated con’troi, vehicle control and § (-) betavolol treatéd animals were reporied. :

. Observations on the optic ncrvé_ head, retinal and choroidal vessels did not show any abnormality. :

- Hematology:

- There were no treatment-related cHanges observed fh the aiizaalé diifing the study. - ~
k "mree'—‘month sacri_ﬁoc: '

. Data for some of the parameters are sbown below.

‘Pammeter — [Grl, [Grl, |Grz, |Gz, [Gr3, [Gi3, [Gra G TGr Grs,

S M F. M F M. |F M F 5M |F
Basophil (%) [ 0.2 0oz 02 02 08 [10* |08 (02 |os
Eosinophil [ 2.8 22 122 (10 [24 f16 |8 |26 |28 |24

L S A , »
‘Lymphocyte. 550 | 572 | 536 {534 524 - |.57.2 566 542 | 664 | 528

Nevwophil - 1388|356 [412- [414 |414 |358 [394 388|276 |46

- Monoovte (%) | 2.8 40 J2.4 13877328 4.0 220 124 |30 |22
WBC10uL | 8.9 87 6.9 B.8 7.9 7.6 7.1 . 6.3 7.5 |16
LRBC10%uL | 6.5 6.2 64 {59 |64 58 6.0 56 66 |58
“Platelet — " | 3.24 3.7 38 36 |41 29 31 29 3.2 |33
10%7ul B ' L ) ‘ ‘
Hematocrit -~ [ 456 426 .| 443 39.9 {436 |395 (402 377 | 464 | 403
%) , . " _ :
Hemoglobin {142 [ 133 [139 1320 1140|128 |129 125 {146 | 13.1
¢ 'L) - L NEPITUENT TR :

~* Sutstically sigificant B
There were 0> statistically sxgmﬁmt éhahges exoéét isolated changes in the basophil (%) in-group 4
malc rabbits. The change in the basophil differential count in group 4 male vabbits was considered 1o be
incidental. : : L
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‘Twelve month sacrifice: :
-Paraméter Grl, Gr 1, Gr 2, Gr2, | Gr3, Gr3,: | Gr4, Gr4, TGr 5, | Grs,
‘ M " |F " IM- F. M F M F M |F
Basophil 0. 0 0. 0 0.14 0 0 033 (025 |0
(%) . S S g X . :
Eosinophil -~ | 0.83 15.. |10 20 0.7V | L0 20 0.66 1.5 3.42

) (%) . - . IR
- Lymphocyte - | 62.5 63.6 | 760 67.1 | 654 | 646 [692 648 |697 |63.7
(%) . RS IR . - R B
Neuwrophil = [-35.6 341 224 ‘30.0 33.1 335 | 282 33.6 | 270 327
(%) : ’ , ’ ’

Monocyte 1.0 .66 6 85 .57 833 | .42 .50 175 | .4

"1 WBC 18 6.7 |15 7.4 1.7 6.6 7.5 7.0 8.3 6.6
- 10%7uL : ’ . S . .

RBC 10%uL. | 6.2 5.8 6.5 6.0 6.1 6.0 6.6 5.6 66 . |57
Ela(clct 3.7 37 2.7 34 33 38 . v3_.6 3.1 4.1 .- 137

{10%uL N O : R | : »

' ,Hc‘moglobini 143 . 13.1. 14.6 13.3 14.0 134 15.0 12.7 149 12.6
) : M . - ,
Hematocrit 42.0 385 429 1396 41.5 39.5 44.4 372 441 37.6
(%) . : .

Above data suggest that there were no treatment-refated changes in the hematology parameters.
Clinical chemistry:.
- . Three-month sacrifice:

Data on some of the blood chemistry parameters are shown below,
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Parameter | Gr Grl, [ Gra, -Gr2,. Gr3, 1'Gr3, [ Gr 4, Grd4, | Gr,s Gr, 5
ILMI|F Mo R Mool F o M F M I|F
| Albumin - [ 3.8 3.7 38 3.7 38 3s |36 38. 40 - |36
‘[ AlkPhos |70 . | 872 101~ 622 834|680 742 622 852. | 724
UL . T o . » » . A
ALTUZL 1304 [352 334|286 T3a% 324 1290 276|298 [313
AST UL 138 1154 14.2 12.8 12,0 15.8 12,6 10.8 116 11.4
‘Total 0.05 [ 0.016 {006 0.01 0.02 0.012 0.036 0.018 | 0.07 0.01
Bilirubin | ] _ 2
meg/dL o L _ o ’ el | .
CPK U/L 555 277 738 - | 870 788 784 604 475 649 412 '
- | Creatinine [ 1.0 | 1.3 1.0 13 10 |13 1.0 1.2 1.0] 13 |
g |[mgdl . : ' : : o
o0 Globulin |21 "T19 |23z 21 |20 [21 2.0 2.1 22 |22
Glucose 137 133 139 123 139 139 139 144 140 143
LDH 69 62.4 107 70 91.2 98.4. 57 74 504 [474
LU 1 i ' . - B
“Phospho - | 4.8+ 45~ +50 46 149 . |ax 4.6 5.5 - 54 4.5
| s mp/dr : : :
Potassium | 4.7 4.8 54 4.7 5.0, 4.5 5.0 438 57 4.4
mmolL . | L ' N -
Sodium 142 1142 145 141 143 143 . 144 144 146 . | 142
~Total 39157 el |58 Isz 9. |57 59 62 [s9
protein ’ RN , o j
TG 6L 1674 12724 [798 1384 706 11200 [750 |2094 [cse
‘&ng/d!) 4 ' R R R b :
Urea 182 {228 .. 16.2 . 23.0: 186° |238 " 16.0 21.0 19.2 226
Nitrogen -~ | = - BRI a ‘ ‘ ' s e
me/dL - . ; - . , .
Uric Acid | 0.4 0.26 042 1032 -0.38- .1 0.38* 0.36 0.32 038 . [032
~ |'mp/dL : : ,
I Calcium * 1194 [208 [210 192 1196 [781 176 (230 (202 17212
Choleste - 222 | 554 56.6* B6.4 272 70.6 26.8 . 60.6 412 59.4
e R 1 ’ -
- *Statistically significant .

- Data suggest that there were no lr&uﬁen'brelatcd chaxiges in thé‘ blood chemistry parameters.
' One year sacrifjcs: _ ‘

Some of the blooad chemistry parameters are shown below. -




