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Date of study initiation: Oct 27, 1998

Date of study completion: Dec 11, 1998

GLP Compliapce: Yes .

Drug Lot #7231:040 - . = . SR L
Study end point; Bacterial revérse mutation in vitro (Ames test) Lo v :
Strains: Salmonella typhimurium strains TA 98, TA 100, TA 1535, TA 1537 and E coli strain WP2uvrA.
Dose selection criteria: Highest dose was selected on the basis of the toxicity and precipitates of the test
article. The condition of the background lawn was evaluated for the evidence of toxicity using a light
microscope. Following criteria were used for the toxicity and degree of precipitation of the test material.

Description L : Characteristics’ . ,
Normal ‘ . ’ Distinguished by a healthy microcolony lawn

- Slightly reduced Distinguished by a noticeable thinning of the
S : S : microcolony lawn and possibly a slight increase in

the size of the microcolonies compared to the.

vehicle control plate. '

Moderately reduced . - o ' Distinguished by a marked thinning of the-

R o ' S ’ microcolony lawn resulting in a pronounced
increase in the size of the microcolonies compared
to the vehicle contral plate .~ - - '

Severely reduced . . . : Distinguished by an extreme thinning of the .

. SRR L : microcolony lawn resulting in an increase in the
size of the microcolonies compared to the vehicle -
control plate such that the microcolony lawn is
visible to the unaided eye as isolated colonies.

Absent-~ - Distinguished by a complete lack of any
o : microcolony lawn over >90% of the plate.
‘Obscured by precipitate: T "The background bacterial lawn cannot be
e ' -accurately evaluated due 10 microscopic test article
: L \ , precipitate. : . DR :
- |'Non-interfering precipitate . . F Distinguished by precipitate on the plate that is

visible to the naked eyc but any precipitate particles
detected by the automated colony counter total less
than:10%. of the revertant colony count.

Interféning precipitate - - v Distinguished by precipitate on the plate that is
S o ' * | visible to the naked eye but any precipitate particles
‘detected by the automated colony counter exceed
10% of the revertant colony count. o

In the preliminary mxiciij' assay maximum dose tested was 5000-y:g per plate for TA 98, TA 100, TA
1535, TA'T537 and WP2 uvrA in the absence and presence of S -9 fractions of the liver homogenates. No

e ‘precipitate or toxicity was observed at 5000pg dose. The highest dose employed in the assay was

~ 5000pg/plate. The solubility limit of the test substance is 500mg/ml. The stock solution used for achieving
the maximums amount per plate was 100 mg/ml. Generally the highest dose chosen for the Ames assay is

- about 50001g-1000pg as the limit dose, if no toxicity is detected in the preliminary assay. Using that

- approach, the sponsor chosen a limit dose as the maximum dose for the mutagenicity assay.

, Test agent stability consideration: Not mentiohed in the report. However, a certificate of analysis of the
 test article is provided in the report. The test article dilutions were prepared imimediately before use.. -

Metabolic activation system: Aroclor- tmated‘ male Sprague-Dawley rat liver hombgcnatu w;re used as
" the source of metabolic activation system. Each assay plate contained 0.5 ml of S-9 or sham mixtures. The
- compositions of the S-9 mixtures were liver homogenates (10% protein), SmM glucose-6-phosphats, 4
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mM NADP, 8 mM MgCl and 33 mMKCl i a 100 mM phosphate buffer at pH 7.4. The sham 5.9
mixtures contained’100-mM phosphate buffer. o ’ :

Controls: - = | IR S : S _ i
Vchicl‘c' used in the assay was sggm; distilled water.

- Appropriate positive controls were used. The positive controls are shown m the following table,

Straip .~ = , S+9 activation Positive control Concentration/plate (ug/plate) -
Al S. typhimurium, Eccoli | + .. 2-aminoanthracene | . typhimurium (1.0) )
: e L e : ST E coli (10) i :
"TAS98 . . : ben - 2-nitrofluorene. . | 10 . .
- TA 100, TA 1535 - . Sodium azide 10
) t [ TAIS3T = | 9-amincacridine |75
© | WP2uvrA = I Meyl | 1000
D SR ___| methanesufonate .
Exposure conditions: © - -

Agar media supplemented by L-histidine, D-biotin angd L-tryptophan to a final concemtration of 50 pL -

were used. 0.5 ml Of S-9 mixtures or phosphate buffer, 100 pL of the tester strain (0.3X10° celis/ml); 50
~ uL of vehicle or test article or the positive control were added to 2 ml molten selective agar at 45C. After

mixing, the medium was plated on the surface of the agar plate. The plate was incubated for 48-72 hours

at37 and counted thereafter for nuinber of revertan colony, '
Doses used in the definite study were 100, 333, 1000, 3333 and 5000pg.
Analysiss » ' » '

“Three plates for each concentration were used in the assay. Number »o.f calonies was counted by automatic ,
colony unter of by hand unless the assay was the preliminary toxicity assay or the plate showed toxicity.

Mean and standard deviation of the mean for the number of revertant colony was determined. |

 Criteria for a positive rsults” DR

The mean of each positive oontrol'shmxld exhibit at leact three-fold increase in the pumber of revertants of
 the vehicle control, . : ‘ '

At anyi;oncentmﬁon,‘ a xedu_cﬁon of more than 50% in the reverent colony compared to the vehicle

control was considered to be a toxic response. Yoo s ‘ .

——

s
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Results:

Prehmmary toxicity study at maximum 5000pug per plate (howed no precipitate and tox:cxty to tcster

.- strains TA 98, TA 100, TA 1535, TA 1537 and WP2 uvri. Thc sponsor selected 5000 Mg as the highest
 amount m the mutagemcxty usay '

~ T'he data for the mutagcmcxty assay m thc abscoce of S-9 mixtures are shown in the following table.

Dose (pg) _TA 98 " TTA 100 TA 1535 TA 1537 WP2 uvrA
100 138 8 B 5 13

100 10 153 9 3 .. | 10

333 e B S BT 3 |2 9 -

1000 11 147 < 4 9

3333 8. 155 . il 4 4

5000 » 11 | 151 6 5 4 -

Positive control |-409 534 : 412 5158 178

. The data in the presence of S-9 mixtures are shown below, -

Dose (ug) TA9 - TA 100 TA 1535 -] TA 1537 WP2 uvtA
0. - R b C 0 o 180 7 ) 3 16

100 : 11 158 7 6 10

333 ) 17 178 9 5 9.

1000 - - 15 ) 153 9 5 7

3333 115 176 5 4 ‘5

5000 16 iy 167 . - 7 . - 5 |4

Positive control | 531 - 48 AR 29 273

‘ Abme data suggest that levobetaxolal is not mutagemc in Ames assay
- Second Smdy

 The sponsor attachcd anothcr rgp_on for Ames assay Protocol # N-86-46 submitted on page 5-03179 vo] 9.
The assay was conducted af’ ‘gaccordmg to the GLP. The study was initiated on Sept 5,
1986 and completed on Dec 7 wce the procedures of the assay were similar to that descnbetl o
above. The study was conducwd accordmgto the GLP. , :
. Method ,__ s N% ,.,..___._.;_.‘__._.__' B R .

. The batcb#mr S betaxolol uscd was ERM. 1740:080 was dissolved in sterile deionized water. Thc
‘experiment was conducted using TA 1535, TA 1537, TA 1538, TA 98 and TA 100 strains of ,
S ryphxmunum The positive controls were sodium azide (water was used as the solvent), 2-nitrofluorens

and quinacrine mustard (DMSO was used as the solvent) in the absence of the activating system. In the
- presence of §-9 acuvauon, 2-amhramme was used as a positive control and DMSO was used to dissolve it. -

- Prchmmary assay was oonducwd usmg lcvobetaxolol ranging from 1.22ug per plate to 10000 pg per platc

- using TA 100, Results of the preliminary assay suggest that 10,000 pg was. toxic to the plate as evident
from the reduction of the number of revertant colonies and appearance of thin microcolonies.
Mutagenicity test was conducted at 8 doses nmgmg from 1- 10 OOOpg/plam. Ihre assay was conduct:d
using three plates per dose level, v




" The positive 'cont'x"o‘l's‘ are shown in the following table.

. Positive contro] Strain .
| Sodium azide _1 TA 1535 TA 100
2-Nitrofluorene. , . TA 1538, TA 98
inacrine mustarg ‘ - | TA 1537
2-Anthramine (in the presence of |- All straing
S m"'i:m:rcs) IEEER T : L

- Data sets were evaluated as positives for Stains TA 1535, TA 1537 and TA 1538 if a dose response was
observed over'a minimum of 3 test concentrations and the increase ig Tevertants were equal to or greater’
than three times the solvept ; L RS

The results of the experiment without §.9 lmxmms are shown in the following table.

Test System TA 1535 [ TA 1537 | TA 1538 | TA 100
1147 Jo3 10.0 130.
Poxitive control. 669 202 837, 560
Lo 1193 |03 120 149 , S
177 12.3 137 . [1333 : WA ’
233 - |13.0 113 . 1453 Ol T
*122.7;111.3 15 . 149.7 ] o
25 [9 130 1433 ]
223 [123 13.0 170.7 ]

287 - |100. 250 [1623
18.7 8.0 273 | 1373
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The results in the presence of tbc actxvauon system are shown i in th: foljomug tablc
Test svstem TA l535 - TA 1537 j 'TA 1538 . TA 100
Solvent control 110 - 1100 ' 193 S 1423
Positive control 287.7 o1 1087 . " 961.7 832.0
1.0ug 13.7- . - . 116.0 21.7 146 -~
S 10pg o A : 15.0 20.3 152.7
100ug . 150 . . 1177 - 17.3 154.0
-500pg 9 . 13.7 15.3 149.0
1000pg : 1.3 . . 17 23.7 = 1543 -
© 1-25004g - 1.7 - 110 -24.0 164.7°
5000pg 12.0 1133 ' 29.0 1:169.3
,1000041@ 10 13.0 - ['42.3 173.7

The sol\ ent system was stenle dexomzcd water.

e _Rcsults showed that S (-) bctaxolol had an increase in rcvcnans at 5000 and 10000ug in strain TA 1538
Alsa the sponsor stated that due to contariination, the test was not conducted in the first experiment using
TA 98. Therefore, the assay was repeated using TA 1538 and TA 98 stmns Thc result of the n:pcat assay
in the absence of S-9 mxxmres is shown below. _ ;

Concemranon/ svstem TA 1538 S L TA98
Solvent cositrol - - 143 - 23.3
Positive control - 1645.3 1157.7 .
1.0 pg 133 : 27.7
10.0ug » . 143 23.0
100ug - 153 23.7
-50Qup - - o 16.0 ' : : 21.7
1000pg B 153 . ' 22.7
2500pg ‘ 13.3 : : o :20.3
5000ug ) . . 1217 . e 22.7
10000pg L , 113 : S 16.7

‘ The data with the activation system ars shown below.

Conc=niration/system [ TA1Ss | TA

Solvent : 1297 ) Lo -} 29.7
Positive control : S 11550 ORI 1752
| 1.0ug - 1273 : 36.7
Aopg . 1313 43.7
100pg. L 283 B 453
500pug : 42.3 39.0
1000pg: ' 38.3 - 373
2500ug - - L 8S 8.9
5000pg - o | 88T 52.7
.IOOCOpg : - 1 86.7 51 3

" Above data suggest that in Lhe presence of S~9 mixtures, TA 1535 and TA 98 strains increased number of
r2vertant colonies at $000 and 10000ug although the increase was not similar-io that is qualified under -
the criteria for a positive response. Therefore the experiment was repeated at 2500, 5000 and lOOOOug
doses in the presence of 8- 9 mixtures. Results are shown bclow :
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Concentration/systers TA 1538 T TAss l
Solvent .23 29
Positive contro) 1751 1941
25008 39.3. 40.3 =
5000ug - 43.7 593
10,000ug 257 ‘1347
Above data suggest that th increase in revertant colonics at 2500ug and higher doses was not
reprodu;:iblc. o s o C .
Reviewer's conclusion; It was concluded that § () betaxolo! was Dcgative in the Amesascay, The Positive

~ Sponsor's summary and mnclusion'; .:‘ '

Under the conditions of this study

test article levobetaxolol hydrochloride mas concluded to be negativein

the bacterial reverse mutation asgay:. - - -

Cytogenetic study:
In vitro cytogenetic assay measurin

(CHO) using § (

S?ud;' dates: »
Initiated: July 29, 1986 '
Comﬁlctqd: Sepl 12, 1986
GLP cc;rﬁplianc’:c: Yes

Drug Lot #: ERM 1740-080 .

 Study end point: In vitro cléstogenatis. .

- ca Line: Chinese hamster ovasy cells (CHO) in culture, -

" Dos¢ selection criterja: .

The test material is soluble a_tv,SOO mg/ml McCoy's culture medium. Toxici
were used for the selection of dosas.

‘At 500pp/ml to'5'm

g éhromosqmc aberration frequencies in Chinese hamster ovary cells .

-) betaxolol hydrochloride.

Page 5-03213, vol 9, Protocol: N-86-50

ty and cell cycle kinetics data
test substance inhibited cel] mitosis
showed that therc'wa; adclay in the cel] cycle at

adose range between 37.5 #g/ml through 50011g/m] was
resence of S-9 mixtitres, dose range of 37.5 pg/ml to 500

Preliminary study showed that the
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harvest time was possible, Accordingly mitotic cells were harvested after 20-hours. The concentrations
chosen for the experiment with 20-hour harvest time without S-9 mixtures were between 45 and 600 N
hg/ml. The concentrations in the presence of §-9 xmxmres w:mvb_et‘w»ecn 70-pg/ml to 700 jig/ml.

~ Metabolic activation system: | B
Following mixtures were usad for metabolic generating system:

1. S-9 liver homogenates, 15pl/ml.

* 2.NADP. 1.5 mg/ml.

3. Isocitric acid, 2.7 mg/ml.

~ The liver lomogenates were prepared from male S-D rats previously treated with Aroclor 1254 for the"' :
. induction of hepatic enzymes. L : '
. Controls: MeCoy’s 5a medium at 10 uL/m! of the reaction mixture was used as the solvent and negative '
control. : SRR . ' , .

- Positive controls:
*" Mitomycin C was used as a positive control in the absence of S-9 mixtures, The conceatrations used for -
.- the 10-hour harvest time were 500 ng/ml and Ing/ml The concentrations used for 20-hour harvest time -

- were 40 and 80 ng/ml. , S Co : ‘ S :

B Q'clophosphamidc was used as a pdsitive_ control in the prescnbc of §-9 mixtures, The conoc'ntréﬁons’
“ used for 10-hour harvest time were 25 and 50 pg/mi. The concentrations used for 20-hour harvest titie
- were 12.5and 17.5 pg/ml. These positive controls are appropriate for the test system.: :

. The sponsor stated that only 615; dose was'acnmuy analyzed in each of the abénatipn assay.
Expaosure conditions: ‘

' The culture was initiated by seeding 1.2 t0 1.5 million cells per fask. The culture was treated with the test
. arlicle one day after the initiation of the culture. . : : ' ‘

+ . Cells were exposed to the test article continuously until about 2.5 hours before the harvest time for the
~non-activation system, for exampie 7.25 or 17.25 bours for 10 and 20-hour harvest time, respectively.

- Following the treatrent, the test substance was washed from tbe cells and Coleemid (0. Ing/ml) was added
for arresting cells at metaphase, The metaphase cells were harvested afier 2 and half-hours after Colcemid ;

_addition. --— -

‘Cells were treated with test substance for two hours at 37C in the presence of $-9 mixtures for the
metabolic activation assay. At the end of the treatment period with the test substance, cells were washed
with the fresh medium and reincubated with the culture medium for the remaining period (7.25 or 17.8
hours). Colcernid was added 2.5 hours before the harvest time for the arrest of the cells in the metaphase.
Cells at metaphase were treated with bypotonic KCI solution (0.075M), fixed with methanol: glacial
azetic acid (3:1) mixtures before preparing slides for the determination of the chromosomal aberrations;

The harvest time mentioned above was appréi;imétc.. The harvest time refenad in the result for the 20~
hour assay was 20.1 hours. . e R ;

The slides were stained with 5% Giemsa solution at pH 6.8,
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Dases of S (- )betaxolol uscd in the dcﬁnmvc stud)

In the absence of §-9 mxxmm Ooncentranous used were 175, 250 375 and 500 ug/ml for lo-hour
harvest time. Conccntmtmns used for 20-hour harvest time were 150, 300 and 450 pg/ml. - T

In the pres.enoe of S-9 mixtures: Thc concentrations used for 10 hour harvest time were 175, 250, 375 and - ,
500 pg/ml. Concentrations used for the 20 hou: harvest time were 70, 175 and 350 pg/mi. At 525 and 700
jg/ml oomplete loxxcnty ‘wasnoted.” Thereforc ‘results up to 350 pg/ml have been reported.

. Analysis:
100 cells at mctaphascfor c.ach duplicate culture were scored for each dose of the test Substance. Smg]e

" culture (100 cells) was used for the n:gauve or solvent cultures. About 2550 cells were scored for thé
. pasitive coptrols. For the cxpe.nmem without S-9 mixtures at 20-hour harvest time, 150 and 50 cells were _»

-~ scored at 450 pg/ml. Cultures were analyzed for the chromosomal aberration. All slides except the: -~
* - positive controls were blinded for the analysis of the chmmosomcs Following changes were recorded.

O\crall chmmosomal aberration frequcncxes ;

" The % of cells with any aberrations. '
% Of cells with more than one aberration. -+ - v 0 -
Evidence of dose dcpendem damage. R -
Number of breaks o :

SolR ol e

Chromatid and isochromaﬁd gaps were noted but not considered for chromosomal aberrations. o
C\1otouc cndpomts

Visual observations of lo:acuy was madc by the assessment of the % confluence of the cell monolavcr and
presence of dead cclls ﬂoaung in thc madium Prior to the harvest of the cultures. :

‘Statistical methods:

_ Fisher’s exact test with an ad_;ust.mcnl for multxplc comgansons was conducted. Data for the trcatcd
groups were compared with the results of pooled solvent control for % of cells with aberrations. The
statistical significance was established at p>0.05.

~ Criteria for positive results: The sponsor did not mention the criteria for a positive response in the report. -
However, analysis of statistical si gmﬁcanoc has been given in the report for determining statistically .
- significant 1 response :

Rcsults

-~ Number of aberratsom per ceu at 10 hours harvest time in the absence of 5-9 mixture is shown in the
g follomng table.. " .
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Treatment Cells scored . #of % cells with % cells with >1
L aberrations/cell aberration aberration -
Negative'and 200 10.06 ' 55 0.5
solvent control - o . AR
“Mitomyein C - 25 .- 048 280 - 8.0*
1.0pg/ml R : ’ '
| S(-) betaxolol, 200 0,04 3.0 0.5
' %1752ng o .
- [ 250 pg/ml 200 <0.06 4.5 2.0
- L3785 pg/ml 200 T 10,03 2.5 0.5
+ 500 pg/m) 200 <0.03 25 - 0.5

- * Significantly greater than poolcd negative and solvera controls, p<0.01

© . Cytotoxicity c.g, a reduction in monolayer confluence 3nd visually observable mitotic cells was present at

375 and 500 pg/ml: However no significant increase in the aberrations was observed at 10-hour harvest .-

" time in the abscnockof $-9 mixtures, :

Data for ,‘ZO-hour:hari'cstA‘mhc in the aﬁscﬁc; of S-9 mxxtnmsaxt shown below.,

* St.;u'éu'dally siéniﬁtam than poolexi‘hég'ativc and solvent domrols, p<0.01

Treatment Cells scored - #of : % cclls with % cell with more
RRERY i mrlvaberrations/éell  [Caberrations T~ than 1 aberrations
Negative and 200 0.01 0.5 10

solventcontrol .~ |- .- R

Mitomycin C, 80 | 25 0.44 28.0¢ 12.0*

ng/ml ; . .

S¢-) betaxolol, 200 0 0. 0

150 pp/ml o . L

300 ug/ml . | 200 0.01 0.5 . 0

450 pp/ml - 1200 -0.02 1.5 0

The dafa,su'ggcst that t.hcrcWas 00 drug-induced aberration affer 20 hours harvest of cells. The sponsor

" stated that cytotoxicity was noted at 450- 500pg/ml.

tion assay in the presence of S-9 mixtures at 10-hour harvest ;iﬁie are

: ~ Results of the chromosomal aberra
- shown below, . ‘
Treatment Cells scored - - . | # of aberrations - _ | %-cells with % cells with >1-
R - Lo per cell aberrations aberrations
Negative and 200 <0.05 5.0 0.5
solvent controls S
Cyclophosphamide, |50 0.14 14.0* 0
- 50 ng/ml S
§ () betaxolol, 175 . | 200 0.02 LS 0
pg/ml L < =
250 pg/mi 200 <0.05 4.5 0.5
375 pp/ml 200 0.04 3.5 05
. 500 pe/ml 200 - . <0.03 285 U7 1.0

*Suatistically significant compared to pooled negative and sdlvcnt control data, p<0.01




Above data suggest that lhcrc_
- .. hour harvest time.

- DataTor e 20-bour barvest tme are Shown ia the following abls”
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was no treatment-related abemuonmt.hcprtscnoe of §-9 mixtures at 10-

Treatment Cells scored. #of aberrations % cells with % cells with>1
S . v aberrations aberrations.
Negativeand | 200 [oor 10 0
solvent control ‘
'| Cytlophiosphamide | 25 0.60 40* 12+ -
175 pp/ml : 3
S (-) betaxolol 70 - | 200 1°0.02 1.0 -4-0.5
175 pe/m! 200 0.02 1.5 0
© L350 ug/mi 200 . 0.02 1.5 0

- *Statistically significant than
 Complete toxicity was nioted at 525 and 700 pg/ml. The result did not show Lreatment

- Reviewer’s mn@lusion: It was concluded that § (~) betaxol
~ CHO cells in the presence or absence of 5-9 mixtures, .

Sponsor’s conclusion:

The test article, S (-) betaxolol hy

ol did not induce clastogenic property

pooled data from the pegative and solvent '.contrbl, p<0.bl

-related aberrations. - -

in vitro in

drochloride, is considered negative for inducing chromosomal

. aberrations in Chinese hamster ovary cells under both the metabolic activation and nonactivation

conditions of this assay. -
Sister chromatid exchange: -

. Title: Mutagenicity evaluation of § (-) betaxolol hydsochloride in an
sister chromatid exchange in Chinesé Hamster Ovary (CHO).

- Page $-03253, Vol: 9.

N

Date of@ﬁjﬂﬁaddn: July 29;' 1986

 Date of study completion: September 3, 1986

"GLP compliance: Yes

' Drug Lot # ERM 1740:080

in vitro Cytogenelc assay measuring

. Study end point: Chromosomal mutation characterized by exchange of chromosomal materials between

_sister chromatids. CHO cells in culture we
cycles. Sister chromatid exchange frequencies wers

re exposed

to the test article for two approximately two-czll
determined from metaphase cells (My). B
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Methods: B
Cell Line: CHO cell line in culture. -
Dose selection criteria:
Cellular toxj'city'due 10 S () betaxolol was determized in the preliminary assay. The concentrations that
showed two cycles of mitosis in the presence of the test compound were used for the SEC assay. The
highest dose was chosén to avoid cytotoxicity. The cytotoxicity was examined on the basis of percent

- confluence of the cell monolayer in the culture flask and on thie basis of the presence of dead cells.
Doses used in the prchmmary assay were betwecn l67pg/ml and S'mg/ml.

 Test agcnt stabnlm The test article was dissolved in McCoy’s 5a culture medium to obfain a stock
" solution at 500-mg/ml concentration. The sponsor has not prcmded any stability data of the test substancc
under the experimental condmons :

Mcmbohc acuvauon systcm:__'
~ The composiu'on of the metabolic activation system is shown bclow:
I 15 p]/ml of 5-9 ﬁ-act.\on of thc liver homogcna(cs prcpared from Aroclor treated male §-D rats.

2. NADP L5 mg/ml. - : : _
3. Isoditric acxd 2.7 mgjml : , ;

Controls: i _

- Vehicle: Mié:'Coy's 5a culture medium.

Negative c»ohvtrols': McCoy's 5a culture medivm.

Positive cbmrqls:

1  Mitomvcixi C was 'uscd mthc absence of 5-9 mxxmres as the positive control at S ng/ml and IO ng/mj

: C\clophosphamxde was used as a positive contml in the presence of S-9 mixtures at IR S pgjmj and 20
sug/mlo : ‘

» ‘However, the énalysis was performed ononedosconly. T L .

Conccmmuons used in definitive study in the abscnce ‘of §-9 mixtures: 5 16.7, 50 and 167 ug/ml in thc

o first trial. Dossusedmthcsecondmalwcrc 150, 200 znd 300 pg/ml

: »Con:enuauons used in the definitive smdy in the pn:scncc of §-9. mixtures:

16.7, 50, 167.0 and 500 pg/ml in the first trial. Concentrations analyzed in the second trial were 400, 500,
600 and 700 pg/ml. Dvue 1o increase cytotoxicity at 700 ug/ml the SCE was analyzed up to 600pg/ml
conccntrauon.

Expoéurc conditions: \

Mn acuvaton system s B

The CHO cells were grown for 24 hours before the treatment by seeding about 1.0X10* cclls per 75-cm
ﬂask in 10 ml of oomplc(c McCoy s Sa medium. Mutagenic r.ﬂ'cct was examined by incubating the cell
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with the test substance or positive control. 5-Bromo-2°-deoxyuridine (BrdUrd) was added at 10uM final
concentration approximately 2 hours after adding the test asticle or positive control to the cell. The cells
were reincubated for another 23 hours after adding BrdUrd: The cells were washed with phosphate
buffered saline. Cells were further incubated with the medium containing BrdUrd (10puM) and Coleemid
(0.1 ug/ml) for another 2.5 hours. The total period of the incubation was about 27.5 howrs. =

The sponsor stated that there was a delay i the cell cycle kinetics at 300 pg/mi of S (-) betaxoloL
Therefore, an additional harvest was performed after incubating the cells for additional 9 hours,

Metabolic activation assay:

Cells were exposed to the test substance and §-9 mixtures for two hours at 37C for the metabolic
activation, The test material and the activation system were washed from the cell with buffered saline at
the end of two hours. Cells were recultured in the media containing 10 uM BrdUrd for 23 hours. At the
end of the incubation period, Colcemid (0.1 pg/ml) was added. Cells were harvested about 2.5 hours after
addition of Colcemid. Due to delay in the eell cycle kinetics, an additional harvest was carried out at 600-
rg/ml dose of the test substance afler a further incubation for 9 hours. R

Analysis: -

e i S _M_,*\

Mﬁéghasc cells (M) were collacted fixed aﬁd v'\'yrc}{f '
C B _}Sh‘des were air dried and examined undeq ) I

i\
;

Cultures that showed cell cycle delay were further incubate'djso that enough cells at xﬁetaphase (M,) could

Fifty cells at metaphicc (M) per concentration were analyzed for SCE from each of the top four
concentrations. Fifty cells were read from each of the solvent and negative controls. At least 20 cells were
read from one dose level of the positive control. All slides except positive control were coded for analysis,

Slides were also examined for the presence of delay of cell cycle. One hundred metﬁphase cells were
examined if they were in M, or M+ M, cycle for estimating cell cycle inhibition.

Cells were scored for total SCE, SCE per chroinosdxﬁ_e andSCE per cell.
Cvtatoxic endpoints: ' ‘
Toxj'c;'ty 10 the test compound was deterinined by assessing the percent of confluence of the cell monblaycr :
in the flask and on the basis of the dead cells in the culture. In the preliminary, concentrations of § )
betaxolol above 500 pg/ml showed cytotoxicity in the absence of 5-9 mixtures, Cytotoxicity was observed
~ - at 1.67'mg/ml concentration of § (-) betaxolol in the presence of -9 mixtures, Therefore, results were
" analyzed at Iower than the toxic doses. However, cytotoxicity was monitored for individual test,
 Statistical analysis: |
Statistical sigxﬁﬁﬁncc was determined using Student t-test for comparing SCE frequencies with the

negative and solvent control.

Criteria for a positive response;

If an increase in SCE is observed, on¢ of the foll_osing_cﬁicria must be metdar a pssitive r:sponsc

1. Two-fold increase in SCE frequency at one dose o more compared to the solvent and negative
control, : o R : :
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2. A positive assessment is made in-the absence of doubling the SCE if there was statistically
significant increase ut 3 minimum of three concentrations and if there was an evidence of positive
 dose response. R T : :
3. In somic cases, statistically significant increase with neither doubling nor a presence of dose
(concentration) response observed These results were assessed on the basis of the reproducibility,
magnitude of the responss and from the proportion of the concentration level. S

Results: s _
In the absence of $-9 mixtures:

Data for the sister chromatid exchange (SCE) in the absence of §-9 mixtures are shown in the following =
able. = e SR - R

Treatment: | Cells : #of # of SCE SCE/Chro | SCE&/Cell | Time in % increase
-+, { scored : | chromoso . ‘mosome ‘BrdU (hr) | over
o mes B o solvent .
‘ ‘ ' S - | contral

Negative::* |- 50 -] 1038 426 041 - |82 25.5 ST
contro) - M : : B : S - S
MeCoy’s o _ ,
Pt . ; SR P

Solvent, . |50 | 1044 382 037 .. " '7.64 255
McCoy’s " IR o L ’

Sa,
10pl/mi

Mitomycin | 50 | 1033 381|134 276 255|262
C(5.0 - | | e

" | ng/ml) - B £ . 5 .
IS 50 . 1037 - 397 : 0.38 :7.94 255 4
betaxolol, - ‘ B ' ,

5.0pg/ml

S() .:1.50 : 1047 © - 1353 . . 034 - |70 255
betaxolol, - " ‘ '
16.71g/ml

SO 50 [103¢ 37 [037.  |7s8 255
| betaxolol, | - I T S E - : :
50ug/ml

SO %0 [ e T Toas [ess [ms o
bela.\'olﬁl' 1. - BERR et SHRICEACTIRRY RN e . N S ‘. .
167ue/'ml

.- The percent of metaphase cells (M;) were 95, 94, 95, 92, 94, 90 and 38 for negative control, solvent -
control, positive control, S (-) betaxolol $, 16.7, 50 and 167 pg/ml, respectively. Data suggest that there
was a delay in the cell cycle at 167 Hg/ml concentration of S (-) betaxolol. There was an increase in the
SCE at 167 abovt the solvent control. However, it was not statistically significant, o »

. The sponsor decided to conduct another experiment at doses from 50 to 400pg/ml of S (+) betaxolol in the
.. absence of $-9 mixtures bacause there was an increase in the SCEs /cell at 167 pg/ml. The sponsor.
- analyzed SCE at 150, 200 and 300 ug/ml. No mitotic ccll was obsarved at 400yg/ml due to cytotoxicity.
* There was 25% decrease in the monol yer confluence at 300pg/ml. The datafor the repeat experiment are
shown below. S S
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Treatment | Tota) cells | # of , # of SCE SCEs/chro | SCEs/cell | Time in % increase
: -scored - chromeso. |- mosome . | : “BrdU, br over
mes e solvent

: ‘ L : : - ‘ contro]
Control, | 50 1039 1374 o036 [748 | 254 o
negative AR ‘ ‘ : :

McCoy's .
Sa

‘Solvent, | 50 . 1041|406 lo39 — [81z  [254
Meeays | . : °e . | | ‘
10p/ml e

Mitomycin [ 50—~ 1048” 1349 (125 | 7638 25 232
C. 50 : : » o ' :
ng/ml

SO - |50 Twoa a3 Joar 8.46 253 4
betaxolol, . B -' ]
150pg/mi -

S . [s0 1045 1ae6 (045|932 e D
betaxolol, - | - o ¥ T o .
-200pg/ml |-

gl ETEEEE N TTT R TR XD R Y T 46
T o B SR S KL (RN Y ¥

300pg/ml. -

The percent of gcvtapharsg c_clls_lat Mzwcrc86,82,84, 42,12 and 19 for negative control, solvent control,

mitomycix_: C, S(-) betaxolol at 150, 200 and 300pg/ml, respectively. S (=) betaxolol treated cultures

~ug/ml was increased to 34.4 hours due to non-availability of enough M; cells at the end of 25 hour.

. The results suggest that S (-) betaxolol was Dot mutagenic in the assay due to lack of a statistically v
significant mutation at 150 and 200pg/ml. Also the response at 300 pg/ml was not considered to be
mutagenic due to c'yto'wxicity. L ST T T o e e S

B
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In the presence of § -9 mxxmres

The experiment was oonduﬁted at doses between 16.7ug/mil and 5!0 mg/ml. Cytotoxicity was observed at
500pg/ml and above concentrations of S (-) betaxolol, Results were ana! yzed at 16.7 to 500 pg/ml and
data are presented in the following table. B ‘ G

Treatment | Total cells | #of | #ofSCE T SCETms SCEs/cell | Timein | % increase
. scored chromoso . - mosome BrdU, hr | over
mes ) ’ solvent

Negative | 50 - |.1048 418 - 1040 836 25.5 2
control, ‘ N S T
McCoy's . ' BORERE ) . ‘ Lo

Solvent - 1 50 1. 1046 1411 L1 0.39 8.22 255 .
control, . i a5 5 : o I 5 e
McCoy’s
5a, 10 - : R R
‘ul/ml B ‘ R

Cyclophos | 50 1043 1463 1140 12926 255 2%
phamide X R , e
1.5 ng/ml

50) 50 | 1o0de 427 041 |55 255 |4
betaxolel, . B : ‘ ’ . o :
16.7ug/ml

S . 50 1045 370 0.35 - 1740 255
betaxolol, . s ' b SRR :
30 yg/ml

IR I T T N P ¥ TR 7> W - e
betaxolol, R : T
167 pg/mi

[ 500 pgmt |

SO s 1042|503 067 | 1406 255 . [91
betaxolol, - | - : . o .

-~ Statistically significant increase in the SCE was noted at 500 pg/ml. The percent of M; (mitotic) cells -
. were 94, 92,91, 95, 97, 84 and 36 at n_egaﬁ_vc\qqn;rdl‘,sqlvem_conggxx cyclophosphamide 1.5 pg/ml S (-)
betaxolol at 16.7, 50, 167 and 500 Hg/ml, respectively, The sponsor stated that cytotoxicity characterized
~ by reduction in monolayer confluency, floating cellular debris and a decrease in the M, cells were ’
B observed. Since the mutation was observed at a toxic dose, the sponsor repeated the study to examine the
S reproducibility of cﬁ‘ed of the drug for SCE at comparable doses. Accordingly, the test.was répeated at
- doses from 200pg/ml to 700 pg/ml. o . i o

: Cvtotexicity, for example 90% reduction of monolayer confluency and cell debris were observed at 600
! kg/ml concentration of S (-) betaxolol. Results were analyzed at 400, 500 and 600 pg/m! as shown in the
following table. o ; '
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Treatment

Total cells |

scored

#of

chromoso |-

mes O

SCEs/chro

- mosome

Time in

-1 BrdU, hr

% increase |
oveér
solvent .

Negative
control,
| McCoy’s
52
medium

50

1050

0.37

254

> | Solvent
- control,

| MeCoy’s
i 5a,

| 10p/mi

50

1050

0. |

0.35

7.40

254

(}yclophos.

| phamide
1.5 pg/ml

25

526

710"

135

284

5.(¢)
betaxolol,
400 pp/mi

50

1047

41

042

254

19

5¢)
- betaxolol,
500ug/ml

50

1047

730

0.70

14.60

254

97

S
betaxolol,

50

1049

1576

1.50

1314

344

326

600 pg/ml

The percent of M; (mitotic cells) was 84, 92, 84, 72, 55 and 66 for the negativ

‘cyclophosphamide, S (-) betaxolol at 400, 500 and 600 ug/ml,‘rcspecﬁvely.

The harvest time afier adding BrdU at 600 ng/ml was increased t6 34.4 hours due to the
delay of the cell replication. The increase in SCE at 600g/ml was statistically significant.
The response at 500 pg/ml was considered to be
observed at 500 pg/ml concentration of S (=) be
‘significant, almost double in the SCE
observed in the experiment,

" The ICH guidelines for cytotoxici
‘proliferation ang culture conflue
these criteria of cytotoxicity were not metat 500ug/ml concen:
Therefore, § (=) betaxolal is considered to be mutagenic in th

ncy should be higher than 50%

non-Cytotoxic concentration in the repeat assay.

. Reviewer’s conclusion: It is concluded that S ()
*+ SCE assay,

~ Sponsor’s conclusion:

~ Under the conditions and evaluation criteria for this study,

- negative far inducing sister chromatid exchange in Chin
" metabolic nonactivation. Howeve
~* metabolic activation.

e control, solvent control, -
drug induced

positive for mutation. Although cell cycle deiay was
taxolol, the effect of the drug on mutation was statistically
frequency and reproducible. A positive dose response trend 'was also

ty in the mutagenicity assay suggest that the inhibition of the cell

for considering cytotoxicity. However,
tration of S (-) betaxolol in the repeat assay.
¢ assay in the presence of S-9 mixtiires at a

beui.xolol is muﬁgcm’c in the presence of S-9 mixture in
S (-) betaxolol hydrochloride is considersd

es¢ hamster ovarian cells under conditions of »
1, S (-) betaxolo! hydrochloride is considered positive under conditions of ‘
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- Mouse lymphoma assay:

. Title: Mouse lymphoma forward mutation assay with § () betaxolol.

| Pages03302,voly

R L SERRLL

. Date of study initiation: Aug 1, 1986 L o L
. Date of study completion: Sept 29, 1886 - v . h

GLP compliance: Yes L
- . Drug Jot number: ERM 1740-080
L Methods: '

Dose selection criteria; -

Ccl_l line: Mouse lymphoma cells in quturé, L5178Y, TK ** Forward mutation assay.

Five or six concentrations were selected 1o cover a range of toxicity to cellular growth. The concentrations
for the mutagenicity assay were chosen (S or 6 concentrations) to cover the cell growth from 80-]00% of
the control to almost 10-20% survival compared to the control. s :

Stability and solubility of test agent:

" S () betaxolol is sol'ublc in water at 100 mg/ml. Stock solution was prepared prior to the éssay_v The stock
solution was diluted in water to the appropriate concentrations. Final dilution of the stock solution was
conducted in the culture medium. The test material is soluble in the culture medium up to 5000 pg/ml.

* Metabolic activation system:

% 8-9 fraction of rat Liver homogcnates was vbtained from a commercial source. It was prepared by treating
. - male¢ rats with Aroclor-1254. Liver tissues were homogenized and 9000g supernatants were separated.
-~ Each batch of S-9 homogenates was ¢hecked ’for’st‘eﬁ'lity.; aryl hydroxylase activity and protein content.
- NADP and isocitric acid (the concentration is ot specified in the report) were added inthe §-9.°
bomogenates for the metabolic activation. R . T

COﬂU'OlS-~ = : ‘ o -
' Sol\;ént cx_n'itrol:' L _
. Wateris used as the solvent control for § () betaxolol. The sponsor has not mentioned specific solvent
- used for 3-Methylcholanthrens. However, the methods statad that if organic solvent is necessary for
- dissvlving compounds used in the assa » either DMSO or ethanol or acetone is used. The sponsor stated
- thatat least two solvent controls were included in each assay, - " :

=

- Negative control: ERERHEE S S AL Eee s

. j Water used in the assay is considered to be the ﬁeg_a’ﬁié oontml _
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Positive oontrols:v

Ethﬂméthan: sulfonate (EMS) is used as the posiii'\"'e‘édn‘&&l in the xion-aédvat.ion assay at0.25-0 5 wl/ml
.. final concentration. 3-Methylcholanthrege i used in the metabolic activation assay at 14 pp/ml as the - .
. positive contro]. : S T S

: Expohxfeéondiﬁons: RIS

Noz-activation assay: s

The cells were seeded at 6x10° cells per tube, Cells were grown in RPMT 1640 mwﬁp;“mc‘dos&‘mﬁeS’ '
were incubated at 37C for 4 hours. The cells were washed twice and reincubated for tWo days for the
expression of TK-/< Phenotype cells, Cel counts were adjusted to 3x10°/m] by dilution afler 24 hoursof
the lreatment with the test substance for maintaining optimal growth of cells. Cells were again counted og .
- day 2 At'the end of the expression period, cells (3x10°) from each tube for mutagenicity test was sampled
“ - and distributed tg three 100-1m dishes so that each dish contains 1X10° celis Cells were exposed to the
* selective miediym containing 3ug/m| of S-trifluorothymidine ( TFT) for 10-14 days, The mutation
- frequency was dc|qnnined._ _ A L . o R
‘ The éldning efficiency wag deterim‘ne’d Ey grovs{ng cells in x_:on-sclectjyc medium, The Samplc_s _'Werc =
distributed 1o 3 dishes each containing 1x10 celjs. The cloning cfficiency is dcterminc_d by diluting the
sample and seeding each of three dishes with 200 cells in cloning medium (non-selectjve medium). All
period. :
Activation assay:
This assa_\; is similar to that described for the non-activation assay. However, liver S-9 homog’c.natcs and
cofactors were added during the four-hour Pretreatment period with the tast Or appropriate. positive.
control, .~ . L 3 Lo
 Doses iused in the definitive study: o
Npmacﬁv'aﬁoq wsteni: .
S betavolol concentrations in he absence of $-9 metabolic mixtures were 75, 100, 150, 200,250 and .~
300 pg/ml in the first assay. The conceatrations used in the second assay were 100, 150 200 and 250
peml [ -
Aétj\-atjpix atsqy:

- The concentrationg used in the activation assay were 75, 150, 200, 250, 300 and 400u‘g/m1. The
- experiment was repeated at 150, 200, 250, 300, 350 and 400 ug/ml; :

Analysis:

‘ ’Auto:‘or manual counting: The colonies were counted with an electronic colony counter

v

. Cytotoxic end points:
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hours. Cytotoxicity was determined by counting cells, The concentration that shows a reduction in the call
growth compared 10 the solvent control was de!cnniped.

Lite or no survival was consndercd 1o be cytotoxic,

Percent relative growth:

. This parameter provides the effectiveness of the treatment and toxicity to each treatment during the

b ‘_ Cloning efficiency = Mean colonies per piatc in the absence of selective media /Total cells per plate X 100

) expression time, The percent relative growth was determined by growth of cells over two-day of
. expression time of the cells multiplied by the average cloning efficiency (%) of the solvent control.

Tme

- Genetic toxicity cbd'points/xmms; v
NonQaétjvaxjo'h system:

_ To determine actual pumber of cells mpabic of forming colonies, the cloning efficiency was examined by
. the following equation: Do e E : B R

" Mutant frequency/10° cells was caleutated by dividing the total number of colonies in each of 3dishesby = -
lqmcquntin‘thesetofthmcdishe;andmultipliedbnylO". o R B LT T

Rcl’atjvc' growth (%) of mutants compﬁféd_ ta the solvent contfol was monitored as méinmmﬁon of
- tytotoxicity. The highest dose was chosen $0 as to show cytotoxicity compared to the solvent contrél (see
cytotoxic end points), All assays below 50% cloning efficiency were considered to be unacceptable.

Critcn'é for positive results:

The sponsor set following criteria for a positive response.

1. Minimal criterion necessary for considering a mutagenic response to be one hundred fifty percent of
. the concurrent solvent control mutant frequency plus 10x10°,. .
2. Adose related or toxicity-related increase in mutant frequency in at least three doses,

3. Han increasc of about two timnes the minimal criteria or greater is observed for a single dose near the -
: highest testable toxicity, the test material will be considered mutagenic. A smaller increase at'a single
+ concentration near highest testable toxicity will require 2 confirmatory test. e e
4. An apparent increase in mutagenic activity as a function of decreasing toxicity is not an acceptable
- .. evidence of toxicity. : ’ S ‘

5. Treatments that induce less than ten- percent relative growth is included in the assay but are not used
.as primary evidence for mutagenicity. o -

- 'The report does not include any statistical methods,
" Results:
Non activation system;

The test substance was examined at 25 to 700 pg/m! for the mutation assay. However, the test substance
was jethal at 400pg/m. Therefore, mutant induction was examined at 6 concentrations ranging from 75 to

500py/ml. According to the criteria of the assay, mutation frequency of 81X10:* and above is considerad
-to be a positive response for the assay. S (-) betaxolol did not show mutagenicity. The highest- -
- " concentration used to examine mutation showed about 22% growth of the colony compared to the solvent _




control. ’I‘he'posmvc control showed increase
study at concentrations Lhat show lowcr cellul

The data for the ﬁrst assay xs sbown in thc follomng table
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mutanon 4t 0.25 and 0.40 wWml. The sponsor repeated the
ar gmwth, for cxamplc about 10-20% of the solvent control,

Tr:anncnt Su:pensnon gmwth Clomng eﬁmcncy Relative gxowth Mutant frequency
: (%) (10 units) -
Solvent»comml . 17 4 87 8. 100 50.5
Solvent control 15.1 91.3 100 445
Solvert control 12,2 90.2 . - 100 46.9
EMS (0.25pUml) | 108 885 71.3° 339.0
EMS (0.4ul/m1) 8.6 L _58.5 37.6 . 385.7
BRI Average solvent Average solvent
control=14.9 - _control=89.8
Relative to solvent. | Relative to solvent
e control (%) control ( %) :
| S () betaxolol, 9.8 . 1114 1078 45.0
754ig/mi i s ~
. §.(+) betaxolol, 100.9 98.6 99.5 44,4
100pg/ml _ v '
SEbeaxolol, - {1002 |1166 - ] 1180 - 395
150u8/mi o :
S (-} betaxolol, . 77.6 105.0. 815 T141.0
200pg/mi - e
S (-) betaxolo], 537 100.0 53,7 46.4
250ug/mi e :
S () belaxolol, 4289 SRS 19§ SR ..;___._‘; vy 2280 591
300pg/ml , : ‘ '
' Thcre Was no mumgcmcﬂy observed in thcﬁmamy asshnwn in the above table. ..
The data for t.hc second experiment is showa i in the fol]omng table.
Tn:atmenl Suspension growth Clomng eﬁcnc‘nq Relative growth Mutant frequcncy
e : L (%) (10 units)
Solvem comrol 20.4 69.3 100 68.3
Solvent control 16.6 80.7 100 59.1
Solvent control . 19.5 1743 100 56.0
EMS 0.25p0/ml |91 T 522 33.6 422.4
EMS, 0.40u/ml - 9.7 46.2 31.7 584.1
SRR, Average solvent ‘Average solvent
control, 18.8 control, 74.8
Relative to solvent | Relative to solvent
' S control (%) control (%)
S(-) betaxolol, . - [ 98.3" 115.2 113.2 45.6
100pg/mb - ' ’
S(-) betaxolol, 69.6 101.6 70.7 526
150pg/ml ~ : : ,
St-) betaxolol, 552 76.6 42.7 o 89.5
200p2/ml : o~ 5
S(-) betaxolol, 25 79.1 198 76.0

- |250pg/ml




S () betaxolol at 400 pg/mlco
250pg/ml concentration. Mita
criteria set for a positive respo

the $-9 metabolic activation system.

Mctabolik; activation system:-

- data are shown in the following table.

ncentration showed Icthal vcymitoﬁd
tion frequesicy above 101.7%10-6 is considered to be a po
nse. Results showed tha_t S (-) betaxolol'is not mutagenic in the absence of

w}
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City. The mutation was analyzed up to

sitive as one of the

Treatment - Suspension growth Cloning efficiency | Relative growth Mutant frequency
IR A TR S (%) (102 units) - -
Solvent conitrol -~ .| 15.9. 81.5 100 45 .
Solvent control 13.4 96.8 100 49.6
Solvent control 13.7. = 96.7 100 47.6
MCA. 2.5ug/ml 7.6 418 24.2 359.4
MCA, 4.00p/ml 8.7 '58.7 38 & 321.0
Average solvent Average solvent
cantrol, 14.3 contro}, 91.7 ]
Relative to solvent | Relative 1o solvent
, B contiol (%) - control (%)
S (+) betaxolol, 999 _} 1063 106.2 45.8
| TSug/ml ’ o . ' :
S (-) betaxolol, 98.0." 93.6 91.7 423
150pg/ml L ' 1 : ' :
S:(+) betaxolol; -81.1. -108.7 88.2 40.5.
| 200pp/m) 1 ' R
S:(=) betaxolol, 71.2 92.0 65.5 51.4
250 pg/mi ‘ L : L
] S:(-) betaxolo), .~ | 54.5 . 916 499 54.0
1,300 pg/mi R _ L
S (-) betaxolol, 29.2 83.1 243 63.9
| 400 g/t ST ; ¥

 The experiment was repeated at 150, 200, 250, 300,
repeal experiment are shown in the following table,

tation in the assay. There
400 pg/ml concentration of § (-) betaxolol. However,
- 400pg/ml. The sponsor repeated
concentrations that are more

Was no increase in the mutation frequency up to.
the percent relative growth was about 24%at .

the assay 50 as 16 analyze the mutageaicity of S (-) betaxolol at
cytotoxic to the cell. . .. -

350 and 400pg/ml concentrations. The data for the
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- Treatment Suspension growth Cloning efficiency [ Relative growth Mutant frequency
L S (%) (10 units) -
Solvent control - . 16.2 S 75.8 100 , 45.3
Solvent contrp] 15.6 - n 76,7 - ' 100 1874 : :
_Solvent contro)] . 14.2 . ] 69.8 - 1100 61.1 -
MCA 2.3 pg/ml 99 . - , 50.2 ) 1439 3322 -
MCA;4-.0_ngmJ 68 . 513 - ‘30.8 Lo 3279
S -Average solvent - .Average solvent. . - :
control, 15.3 ‘control, 74.1 - ]
» Relative to solvent | Relative to solvent .
| : ocontrol (%) - control (%) N ‘ . =
- 1150 pg/ml 110.7 £9.3 ~ 98.9 [ 70.5 '
1. 200pg/ml- 59.8 , 103.5 : 61.9 ; . 56.1.
250up/ml 66.8 ) 82.6 55.2 ) .76.8
- [ 300ug/ml 49.9 doig. 45.8 |676
T 1 350ug/ml _ 34.9 704 24.6 | 850
o 300pp/ml - . [go - - 69.5 62 376

: . Results of the repéat cxperixbenl Sho’w’a;d that l.here was 1o increase in the mutant frédu:nq" above
- 91x10” (a Limit set as one of the critena for a positive response) at a concentration that inhibited cellular
- growth substantially compared to the solvent control (6.2%). The positive control showed mutation of the

ceell - » -
Revicw:f_s smnmary for the L5178Y mouse l;_.'mpbom'bémy:,
- Results of thie assay showed cloning eﬂiciency of the solvent control above 50%. The aSSay was
acceptable. It is concluded that S'(-) betaxolol is not mutagenic in the forward mutation assay in CHO
-+ cells in the absence and presence of §-9 liver homogenates and cofactors, The positive controls showed
- mutation of the cell, - " : i : ' '
» Sponsor’s conclusion:

. Thetest material, § () betaxolol hydrochloride was inactive in the mouse ymphoma forward mutation -
. assay with and without metabolic activation, gt .

g o c.eu transformation assay:

oo

" Descriptive title: Evaluation of § ) betaxolol in the in vitrg transformation of BALB/C-373 e assay;
 Page 503376, vol 9, : e » -

“\ ” s S L e
Date o'fst‘udy initiation: August 1, 1986 -

Date of study completion: September 12, 1986 - -

GLP compliance; Yes

. Drug Lot Number: ERM 1740:030




Study end point:
The assay evaluated morphological transformation potential of mouse BALB/c-3T3cell line in culture s
that a dense piled colonies are formed on top of monolayer of normal cells, - SRR

Cell line: BALB/-3T3 mouse cell line.

transformation assay, :

" Test ag»ent‘ stablhty and solubiﬁty: | j - o v o
S@) bew;qxoi is soluble in the culture medium Up 10 20,000 pg/ml. Stock solution of § ) betaxolol was
' prepavredia’tv 15.08 mg/ml and diluted»ser‘ialvly 1o a range of 9.977 to 16,000ug/ml. - . ;

""Covnunls:'- | » v | . L _ '

Vehicle: Culrurc medium was used as the sql\;'ent for‘S O beiaxpiol. S _ |

Negative control: Culture media was used as the negative control. Whep organic solvent was used to

- used to dissolve it. The maximum amount of the organic solvent was 0.5%. S (-) betaxolof is soluble in the
. medium, However, the sponsar has ot specified which solvent was used to dissolve the positive control.

Positive éouttols: 3-Méthylcholantherene MCA) was used at 2.510 5 pg/ml used as 2 positive control.

‘Exposure oondjtidns:’ ‘
' Doses used in the déﬁnfu’v: smdy o
, Fpnoﬁug' doses of § (;) be:a;(olo_‘l wereused ro_} the transformation assay.
B 75 3v, 50, sd, 110yg/ml, R

| Aﬁalysi’s: o _ | v »
Aut‘o or magual counlii;g: Manual counung ) ‘_ - -
C)i_o:oxjc‘ mdpgmu:, . | B | , ‘
e Cnol_pxjcity was dctcrmihéd‘by obsening the survival of colonies. The growth and roxmatjoﬁ of éolom'u |
of BALB/¢-3T3 cells after 72 hours of treatment were examined. Each dose was applied to the cultire
vessel seeded with approximately 200 cells per vessel. There was no survival of colonies at 250 ug/ml and

above concentrations, Only 1 % survival relative to control culture medium was noted at 125 ug/ml,
Oytotoxicity data are shown in the following table. ‘ '

~——
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Treatment. v _ Average colonies/culture | % relative-cell survival ]
Culture miedium control c | 84.7: ; R 1 ‘
250 pg/ml- , S K P Lo i e i
125ug/ml - o foz __Jos . ‘
62.5 ug/ml" 1263 : Lo f31.1 S -
313 pp/ml. 66.3 . 78.3. . )
15.6 pe/ml - - - 683 - : 0.7
7.81 pg/ml N 78.7 ) 92.9 -
3.91 Eg{ml R : 77.0 : | 90.9
1.95 pg/ml - . . 84.7 .- R 100 L .
0.977 pg/ml ‘ 1833 - : 984 . =

- The best response for transformation assay is obtained if the assay is carried out at concentrations of test
substance that provide 10-50% survival, Five-concentrations ranging 7.5-110- pg/ml were sclected for the
assay based on the Ccytotoxicity data $o as to cover non-cytoloxic 1o cytotexic concentrations. e

Genetic toxicity end points: ‘
Appro)&métely 200 cells per vésécl were exposed for 72 hours with the test substance. Cells 'ivém washed
- and allowed to grow for 3-5 days for colony formation. Sux_viva_] calonies were stained and counted. -

_ inlheqoldn}fformingability._ ‘ TR -

For the transformation assay, culture vesséls were seeded with 1x10" to 3x10* BALB/CIT3 celis per- ,
vessel: After 24 hours of cellular growth in culture; cultures were treated with appropriale concentrations

were washed with the medium and reincubated for four weeks with refeeding twice a week. The assay was
lerminated by fixing the cell monolayer with 100%, methanol and stained with 102 Giemsa stain. The
stained culture vessels were examined under the microscope to determine number of foci of transformed
cels. .~ .- -0 0 o : . .

Evaluation of transformed Joci:

Transformed cells were idcdﬁﬁé&_a; dense fnass of focx"'i.ba't‘vstained deeply and superimposed on the

surrounding monolayer of cells, The foci are variable msm and morpbological features as described

1. A dense pile of cells that exhibit criss-cross orientation of fibroblastic cells at the periphery of the
‘ focus and further invasion into the monolayer. : o

2 Otber foci are rounded cells with pecrosis at the center. v

3. Foxi without necrotic center and presence of large number of cel] exhibiting eriss-cross pattern of

overlapping cells throughoiit most of the colony.
Foci were scored according 1o the size as described below: '

L. Foci exceed 4 mm in diametéf weré scored 4+ Cl
2 Fodzmmméfdiamct:rwkcmscomdﬁ, : ;
In contrast to the transformed cells, the normal phcnotype ccils's_howed uniformly stained monolayer of - -
round contact inhibited calls, L = o - S '
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. Criteria for a valid test; .
- Following criteria were used for a valid test: S _
1 Negan\e control to have macroscopimlly visible BALB/c-3T3 cell cloning with coiony cfficiency -
S hi'gherthanls.i S NE TR v . .
2. Higher than 50% cell survival in one of the concentrations of the test materia)
R ~Prcscncc‘qfamotoxicdoscusponsc. o oo S
"4, Presence of continuous monolayer of cell in the Degative, positive and solvent controls as well as
Sl '-th;a_ssa‘ywithso)betaxolol; o SRR : , .
5T Spontaneous frequencies of transformed cell in the negative control should not exceed 2 foci. -

Statistical methods:

* - pattern. Signif ant differences from the solvent contr:
Smdent’st-te_.r;t SRS

Criteria for pbsiﬁvé results:
I Atleastonc of the positive
* confidence leve] (p<o.ol). . » ’ Do Tien
2. At least twelve cultire vessels PXT assay condition available for analysis.

I\ least three treatment levels of the test material should be available for analysis.
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Treatment | Relative [ Total | Total Foci Average | Transforming Pvahr’ '
- | Survival | Cultures: | Foct/Culture | Activity .

: : (%) ] . ‘ . o o :

Negatve. 1100 T40 e 0.15 0.09°. .

control. .- EEEEY IR S [0

Culture

Positive -~ | 2209 | 20 s - F67s - - [e1n <0.01

_,ébxi'trol, 3 RRETERE ST CnealToh e e o RS Bt .

MC SRS EEESAREEES :'.»_i'.‘;L SOOI B »‘.‘,_",_

2.5ug/mt o L . - SR :

SC)° |98 |20 4. 1020 - T Toa3 <0.7

betaxolol, [ . ' R o S

2.S5ug/m’ | Ny . ‘ o .

SO . e Mo pes e | <0.05

betaxolol; SRS R T L o :

30pg/ml . S : . . :

S [eso T 2o 5 0.25 - 0.19 204

betaxolol, . -

50ug/mi v L

SO |aas 20 3 0.25 0.17 | <o0s

betaxolol, |- | N

80pg/ml o 4

e 113 29 L. Toos 0.04 <0.5

betaxolol, | . ’ ]

110ug/ml-

The data show that bthé positive control induced an increase in the transformed cells. S (-) betaxolol at.30

showed lower cell survival (cytotoxicity). Therefore, the Tesponse at 30pg/ml is considered to be
“incidental, - » ’ .

» Rcﬁ' ewer’s conclusioﬁ: The assay results are acceptable. It is concluded that § (-) betaxolol is not
" _mutagcm'c»in the cell transformation assay, : :
Sponsor’s Conclusion: ‘
Results of the study showed that under the conditions and cvaluation criteria of the study, S (~) betaxolol
hydrochloride was evaluated as inactive in the BALB/C 3T3 cell transformation, '

Reviewer's summary of the mutagesicity studies:

Invi tro gerotoxicity studies were conducted i Ames assay, chromosomal aberration, sister chromatid

exchange, mouse lympboma cells and cell transformation assay in the mouse BALB/c-373 cell line. § (-).
“betaxolol is ot mutagenic in above assays except sister chromatid exchangeassay in which an increase in

mutation was noted at 500 and 600 pg/ml concentrations of (S-) betaxolol in the presence of 8-9 liver
homogenates, S S c
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- ICH fequirements and accordingly completion of in.vive micronucleus 'xcst‘m.s recommended. However,
the medical team leader (HFD-550) suggested in his response to the review that repetition of micronucleus

study is not required. The reviewer reconsidered the earlier recommend
between betaxolol and levobetaxolol for mutagenicity assays. The findi

ition and comipared the results

Igs are summarized as follows.

Test NDA 19270 (Betaxoiol)

. NDA2].114 (Levobetaxolol) ]
Ames Test o Up 10 2000 pg/plate nat mitagenic in Not mutagenic up ta 10000 Hg/plate in
o S adtivated and non-activatid systams, Adtivatzd and nos-sctivated systems,
Mouse lymphoma . - s Not mutagenic in non-activaled system up No effect up 10 400 pg'ml in the presence
. IR loSOOpz’nilmdinlnivuads}umuplo and absence of §(5) mixtures,
Ry : 1500 pug/mi ) ‘ 5 L
SCE . ... ) - | No efiect on pon-activated system. Pasitive at 500 pg/ml in the presence of 5-
P S AP L R Simﬁmlmmenlbwug/nlin (9) mixtures. . e :
R R activation systen . : o S
: Chromosomal Aberration in CHO cell line No effect up 10 1000 pg/ml No eflect up 10 500 je/ml
[ Invivo cell transformation assay- _Not mutagenic ar 1.20 HE/ml Noeflectup to 110 pgml
In vive micronucleus test in mice Upto 500 mg/ke/dav had no effact Not done with levobetazolol :}

_From the similarity of lhc data between racemic and lévobet.uolol, it is concluded that the in vivo :
micronutlgus study with levobetaxolol would not provide further insight into the mutagenic potential of

e drug. However, it is recommended that the positive findings in the
mclabo];'c activation systems should be included in the package insert.

' Sponsor’s summary of “mmagcnicity‘stu'dies:

SCE assay in the presence of

Levobetaxolol was evaluated in a series of five in vitro genotoxicity assays. Under the conditions of
metabolic activation, levobetaxolol HCI was considered positive inthe Sister Chromatid Exchange (SCE)
assav in Chinese Hamstor Ovary Cells. This finding was not substantiated in additional more sensitive
assays including the mouse lymphoma mutation assay..in vitro transformation of BALB/C-3T3 cells,

* invitro chromosomie aberration in CHO cclls, and the Ames Salmonclla E. Coli/ microsome reverse

mutation assay. - - '

 Labeling considerations:

- be’addressed in the'package insert.

Special toxicological studies:

The reviewing chemist for the NDA requested to discuss the toxicity profiles of N-lauroylsarcosine
(SNLS) that will be used at 0.03% in the 5 () betaxolol ophthalmic suspensions. N-lawoylsarcosine is 3
surfactant that has not been used in an approved ophthalmic formulation ia the US, However, jtis
approved.in UK as in 0.25%, Betoptic suspensions at 0.03%, Considering the drop sizz of 30uL and one-
drop BID Jose in each-eye, maximum amount of N-lauroylsaressine that will be used for both eyes will be

about 36 pg. - -

The sponsor has submitted a summary of safety studies conducted for N

-la‘ufoylszlroosinc in page 5-03360

vol 9 of the NDA. The sponsor concluded that SNLS is used in toothpaste. Therefore, safety of the
rlactant when in contact of the ora) Imucosa is known. The amount of SNLS in the toothpaste is not

mentioned in the summary report.

The actite dose of SNLS for 50% mortality in male albino ratsis 2175 mghgeral. The sponsor

summarized a two-year study in Wistar rats treated with 0.1 and 0.2%

NLSA-‘ in the diet. Results of the
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study suggest that at the ead of twp year of c‘lo:sing, hyperplasia of the stmuﬁed squamous epithelium of -
.. cardiac mucosa of the stomach was observed. However, similar change was not present at the end of six

SNLS'is not a primary irritant to the Skin'thn applied at 20% aqueous solution for tws weeks in the -
* rabbit skin. SNLS also did not show allergic reactions to the guinea pig skin. : ~
 Albino rabbits at 0.1 m1 5% w/v aqueous solution of SNLS showed minimal conjunctival irritation up o
24 hours without any damage to the cornea. SR L T o
: ‘Rc\iewei:'s conclusion: Based on the pmc_liniml data itis un.hkelythal SNLS would cause safety eonogrh : .
_.to the eye when used acutely. However, there is no preclinical data on the safety of SNLS in eye after . S
chronic uses, Therefore, the safety of SNLS needs to be examined from the clinical safety data if any. :

. The review chemist also asked for the opinion of pharmacologist regarding the use of 0.75% polystyrene

p di\ihylbenzcn: sulfonic acid in the S (-) betaxolol formulation. The approved racemic betaxolol B

-~ ophthalmic formulation contains about 0.25% of polystyrene divinylbenzene sulfonic. Therefore, safety of
. the inactive ingredient neads to be examined from the safcty database for the Clinical use, . - :

B Rcvi:‘wer’spi'crausummmyandna)uaﬁon& : . : B T ' :

' hyperiension, The sponsor submitted data for review of the effect of jts levo-isomer (levobetaxolol) for the
same indications. Levobetaxolal is a potent cardioselective By-adrenoceptor antagonist. It is about 37 times

~Mmore potent than the R (+) enantiomer. Levobetaxolol is effective at 150-pg single dose for reducing -
experimentally elevated intraocular pressure in the monkey model. : ‘

- Inyitro experiments suggest that levobetaxolol inhibits calcium influx (by blocking calcium channels) in
* some of the smooth muscle preparations. The effect is independerit of its B-adrenoceptor activity due to 3
lack of specificity 1o stereo isomers of betaxolol. The sponsor suggested that in addition to 8-adrenoceptor
- blockade, blockade of calcium channels contribute to the mechanism of action in glaucoma. However, a
definite conclusion on the contribution of levobetaxolol in glaucoma as a calcium channel inhibitor can
not be made due to following reasons: R Tt o

L. Lack of specificity of its effect it all tissue tested for blockade of calcium channéls,

2. Lack of direct evidence o support that calcium channel blockade contributes to the efficacy in

- glaucoma. - ST
B Therefore, the reviewer recommends (hat only B-adrenergic activity needs to be mentioned as one of the
* mechanisms of its pharmacodynamic cffect in glaucoma, s :

- TV doses_ Levobetaxolol increased the hypertensive effects of epinephurine in anesthetizad dogs without
L shoging-anﬁchoﬁn;rgic or antihistaminic effect at 0, 1-mg/kg dose. Levobetaxolol did not show changes
in the blood pressure, heart rate and ECG up 10 1-mg/kg LV doses. However, left ventricular dp/dt and
“end diastolic Pressure was reduced at 0.3 and. 1.0 mg/kg LV doses in anesthetizad beagle dogs. Data
Suggest that levobetaxolol reduced the force of contractions of the heart at 0,3 mg/kg and above doses,

 Levobetaxolol is bicavailable in the systemic circulation when given as ophthalmic drops at 2 drops of 2
0.5% ophthalmic preparation two times 4 day in the right eye in rabbits. It is alsq dictributad to the

. anterior and posterior chambers of the €ye following ophthalmic delivery in rabbits. In addition to its
efficacy in the Larget organ (eye), levobetaxolol may show untoward effects in the beart. Therefore,
precaution needs to be taken for recommending levobetaxolol in glaucoma patients who has been

L ———
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s were noted as side effects at 0-5'2-5%7 Animals at 2.5% 4 drops/day dose also showed increased :
. incidences of constipation in the rabbit study although single dose pharmacodynamic study did not show a
. decrease in the GI motility up to 10 mg/kg SC dose in mice. o

: Considering 50wl drop size for the rabbit study; daily doses were 0.33,0.66 and 1.65 mg/kg (3.96, 7.9 and

19.8 mg/m ?) in rabbits. Thé maximum human dose for 70-kg paticnt will be 8.6 ug/kg (318 pg/m?).

<. surface area. The plasma concentration data bétween rabbits and human at 0.5% ophthalmic suspensions
- showed a plasma concentration ratio of 14. It js possible that human Subjects may show conjunctival

The information on the possibility of conjunctival discharge and constipation is shared with the medical
- Teviewer to examine whether similar changes (conjunctival discharge and constipation) were observed in
the patients. The medical reviewer informed the pharmacology reviewer that conjunctival discharge was -
~ observed in the clinical studies and the information is included in he package insert. However, :
constipation is not reported in the adverse reaction profiles in the clinical study.

The pfoposed recommended human dosé s two drops of 0.5% levobetaxolol per day in each eye. |
" Considering the drop size of 30 pl, daily dose for both €yes in 70-kg subject wil be about 8.6 pg/kg. The
* no effect dose in the oral toxicity in rats (30 mg/kg) is about 3500 times more than the recommended

. Segmeant O reproductive safety study was conducted at oral doses of 4, 12 and ’56 mg/kg doses &un'ng
. Organogenesis in rabbits. Maternal toxicity was observed at 36-mg/kg dos¢. Fetal toxicity for example
- increased incidences of md@cntary 13th rib were observed at 4 mp/kg (48 mg/m %). Increased resorptions




NDA 21:114
Page #90

of the fetuses, postimplantation loss, a decrease in the number of live fetuses and mal-aligned stemnebrae
were noted at 12 mg/kg (144 mg/m ?). The ratio of rabbit (4 mg/kg) to human (8.6 pg/kg) dose ratio is -
about 465. The ratio of rabbit (48-mg/ m?) to human doszs (318 ug/m ?) when equal surface area is -
considered will be about 150, The reviewsr recommends pregnancy category C for the Jabel,

In vitro mutagenicity studies were conducted in Ames assay, chromosomal aberration assay in Chiness.
Hamster Ovarian (CHO) cell line, sister chromatid exchange in CHO cell line, mouse lymphoma assay in
L5178Y cell line and cell transformation assay in mouse BALB/C-373 cell line, Levobetaxolol showed

E mutagenicity ini the presepce of metaboiic activation mixtures in the sister chromatid exchange assay. The

information needs to be indicated in the package xmert.

Sponsor’s summaxy and conclusions of non-clinical pharmacology and toxicology (Page 300034, vol 1): :

Levobetaxolol reduces intraocular pressure; it is a ncuioprolécmn( and enhances blood ﬂo{v in ocular- -

- vessels; Levobetaxolol will be effective against chronic glaucoma degengmux'e processes. Experimental

- demonstrating Deuroprotective activity of betaxolol, because the concomitant reduction of intraocular.

pressure by betaxolol complicates the interpretation of prescrvation of ocular function. Therefore; the
demonstrated ability of betaxolol to function as a neuroprotectant must be extrapolated from experimental

1. Levobetaxolol is a potent and highly selective B-adrenoceptor ligand with relative selectivity for B;
receptors and also possesses some affinity for L-type calcium channel. R
2. - Levobetaxolol will retain the desirable safety profile and relative freedom from respiratory side effects”
- experienced with betaxolol, - o .
3. No effects were noted in general pharmacology screening with levobetaxolol up t0 0.3 mg/kg, 30 fold
- the anticipated daily maximum clinical dose of 0.01 mg/kg (two 25l drops of 0.5% twice dailyina .
50 kg person. : ’ ‘ -

4. - Minimal and transient decrease in blood pmsmt and cardiac contractility were noted at 1 mg/kg

5. At1 mg/kg dose, levobetaxolol modified the cardiovascular responses to isoproterenol, histarmine and
_ acetylcholine, : Cne ' o

6. No bronchoconstriction was notsd with levobetaxolol up to 3 mg/kg in guinea pigs. Two animals died "

at 10-mg/kg IV infusion.

7. Cardioselectivity of levobetaxolol is preserved in vivo,

The degree of B-adrenergic blockade in § ~timolol is stronger than levobetaxolol. ;

9. Under the condition of metabolic activation, levobetaxolol showed positive mutagenicity response in
Sister Chromatid Exchange assay in CHO eell line. This finding is not substantiated in additional
Invitro mutagenicity assays. : o

oo

10. The maximum tolerated oral dose in rats is 1250 mg/kg. . . ,
- 11. A three-month oral gavage study in Sprague-Dawley rats showed no toxic effect at 30 mg/kg/day. An

. - increase in subacute inflammation in the beart was noted at 100-mg/kg dose of levobetaxolol and
. betaxolol in femalc rats, ‘

12. One year topical ocular safety stady _wi!h,a three month interim evaluation was conducted with 0.5,

1.0-and 2.5% S (+) betaxolol ophthalmic suspensions (BID) in New Zealand white rabbits, This study
dcmonstratcd’lha; 0.5%-2.5% §$ (-) betaxolo] ophthalmic suspensions do not posscss a cumulative
oculas irritation potential and do not demoastrate any apparent systemic toxicity in rabbits,

13. Noevidence of teratogenicity was observed in New Zealand rabbits treated up to 36 mg/kg/day of .

_ levobetaxolol HCL. Similarly no teratogenicity was observed in this study with rabbits treated with 36
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. mg/kg/day of betaxolol HCL. Both levobetaxolol HC! and betaxolo] HCI at 36 mg/kg/day induced
- Spontancous abortion/premature delivery. An increase in the number of early and late resorptions
occurred with 12 and 36 mg/kg/day levobetaxolol and 36-mg/kg/day betaxolol HCL. -
14. The safety of n-lauroyl sarcosine has been substantiated by is status as a cosmetic ingredient and food

- 15. The toxicology safety profile for levobetaxslol HCI appears to mirror that of racemate. 2.5%
levobetaxolo] ophthalmjc suspension is safe in topical ocular studies in rabbits. The sponsor
. calculated the safety factor as 125 fold on'the basis of the dose (mg/kg) ratio between the dose in
: mbbitsmmaximumhumandosef : ST

. Reviewer's conclusion: . Lo : e ' R

Levobetaxolol upto25%at 4 drops per day is safe for the chronic use in rabbits. The dose is about 1.65

" mg/kg or 19.8 mg/m 2 The proposed clinical dose is 0.5% two drops per eye. The buman dose is about 8.6
Hg/Ke (318 pg/m ?) for both eyes. The highest dose used in the rabbits was about 62 times the proposed

R maximum human dose when compared as mg/m * basis. The side effects in the rabbit study were

' Reviewer’s recomméndations: - S - o 35 ‘  S _' . -
Internal; - ,
The pharmacology reviewer informed the medical reviewer regarding conjunctival discharge and
constipation as the side effects of the drug for long-term use for reducing intraocular pressure in

- glaucoma. The medical review suggests that conjunctiva) discharge is reported in the clinical study and :
finding will be incorporated in the label. No action is necessary in this regard. ‘

* External tecbmmendat@on 1o the sponsor; No suggestions made at this time

* Labeling review, reviewer's recommendations:

et g

|

g-’ o
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. Addendum to Review:

 Appendix attachment: Pages 502669 and 502670 of vol 8,
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