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ABSTRACT. To evaluate the genotoxicity of CJ-11555, an anti-cirrhotic agent, the reverse mutation
test, chromosomal aberration test and in vivo micronucleus test in rats were performed. in the reverse
mutation test, the treatment of CJ-11555 at doses of 33.3, 100, 333, 1000, 3330 and 5000 pg/plate
with and without S9 did not induce mutagenicity in Salmonella typhimurium TA98, TA100, TA1535,
TA1537, and Escherichia coli (E. coli) WP2uvrA. In chromosomal aberration test, CJ-11555 did not
induce structural a chromosomal aberration in Chinese hamster ovary (CHO) cells with and without
metabolic activation at all doses. In micronucleus test, CJ-11555 did not induce any statistically signifi-
cant increases in micronucleated polychromatic erythrocyte (MNPCE) at doses of 500, 1000, and
2000 mg/kg. These results suggest that CJ-11555 might not have a mutagenic potential under the

conditions in this study.
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and Berkow, 1997).

CJ-11555¢ oltiprazZ  [5-(2-pyrazinyl)-4-methyl-1,2-
dithiol-3-thione] 1980 t] Xyt oln] FHFSHZF
(schistosomiasis) XE&A|ZA Ngd® EZoltiAnsher,
1985). ©]& w20 benzolalpyrene(BlalP)ol| 2]3]
FaEe A9 H 4] WS dRlgke AFS Ve
o (Wattenberg and Bueding, 1986) o)A =, 7|2
A, &%, i 35, T, gl EAS gAIske
S(Kensler and Helzisouer, 1995) ¥¢F o|¥lA](chem-
opreventive agent)2A AFFE I dAoA g8 L
Hzkg o] Hrlglof(Kensler et af, 2002) Algofjxje] Qb
ZAdo] o= Ax dFHo] Ut FHo| T+ I EE
o] 23t AlE 2 dimethylnitrosamine2 & F=¥ 7H33}
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Pe 2o A3JA transforming growth factor-p134
tumor necrosis factor-a2] T8 A, ECM(extracellular
matrix, i.e., collagen84 <A, hepatocyte growth
factor/c-Met WHg-A 57, HARRIA CCAAT/enhancer
binding protein E43kE B3t 7Haske} 7F M x| &
A dAE T ZHHEE ARAITE A2 o 28
o] &3t AxA st HREEHAHKang er g/, 2002). o]
3 AFE vlElo 2 CJF) AldtaoA= CJ-11555
£ 7VHF ARAR 7H‘:1J 171 fske] E AlgolM /4
=45 Hrtskelnt
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CIFE) AATAN Bty Foalol Buky CJ-
11555(Lot No. CJO121A, &5 100.97%)S =12 A
Z YR A Y.

0

SHSHHO|AHE

AE 2.

Salmonella typhimurium TA98, TA100, TA1535,
TA15373% Escherichia coli WP2uviAZ California ™}
2] Bruce Ames A9} G=+2] The National Collection
of Industrial Bacteria®lA] z}zt l|-g Wo} ARE-3}3ITH

ASEE ¥ i=EF

CJE) AFATFAoNA A2 CJ-11555 dimethyl-
sulfoxide(DMSOM =of AMEERTH R tZEZE
S9 7ol TA98 o+l Bla]P(Sigma, PI=) 2.5 ug/
plate, TA100, TA1635 ® TA1537 &5 2-aminoan-
thracene(2-AA, Sigma, W) 2.5pug/plate 3L
WP2uvA @39l 2-AA 25 pg/plateE ARE-sATE S9
HA7Ee TA98 @0 2-nitrofluorene(2-NF, Aldrich,
ul=) 1.0 pg/plate, TA1002+ TA1635 #5320 sodium
azide(Sigma, ©|=) 2.0 ug/plate, TA1537 @5l ICR-
191(Sigma, |l=) 2.0 pg/plate 221322 WPuvA d52¢]]
4-nitroquinoline-N-oxide(dNQO, Sigma, 71=) 1.0 ug/
plateZ AH&at. 4 tI2EHLE sodium azide?t
ZRpol o AL g B2 ES DMSOd 5¢
AT

Algaty

Ames et al/{1975)7 Green and Muriet (1976)2] H
29} OECD Guideline 471(1997)01 &A3}e] A& sl5
th Alde] AEAS Fol7] 3] 12 Alg} ERINE S

AT WE B #FolA] A& master platedlA
2UE Az5l 2.5% Oxoid Nutrient Broth No. 2
H7F8+ Vogel-Bonner salt soultionol| ] uljeyate] 4
o ARgEIRTE S9 FA7F & AlE 45 100 Wit Al
&4 200 uE top agar 2.5 miel] TR S9 H7t
& AY FF 100 ul, AEEZ 200 W 23 S9 mix
500 uiE top agar 2 miel &3k} minimal bottom
agar plate(1.5%¢] agar®} 0.2% glucoseE X33
Vogel-Bonner minimal medium Epll o] 37 + 2°C¢]
wjek7|olA 52 + 4xZF Bt el B v & EE
Y F2 243l TAI8, TA100, WP2uvA #5+ H=E
o Bt} 2v) o)A, TA1535, TA1637 45 38 ol &
7¥etag wl g oE ekt

uS& tj ru}ﬂ m*

MK O &tAIE

M= 3 djek =4,

Chinese hamster ovary(CHO) cell& California t&}
o] S, Wolff H}2HE FoF ol ARgsltt. CHO
cell& Meccoy's bBa culture mediume] 10% fetal
bovine serum(FBS), 2 mM L-glutamine, 100 units/ml
penicillin G, 100 pg/ml streptomycing A7Fste] Wik
El5=

AEEE Y f==F
CJ-11555% DMSOe) o vl 1%9} vl&= 3
7}8}@1 A3t Mytomycin C(MMC, Sigma, =)
= S9 B#7} #9lA, Cyclophosphamide(CP Sigma,
uln‘#y_— S9 H7RZA ¥4 REFE AMEsReH
MMCe} CPe BF SH5 =4 A3ttt MMCe
S9 12} AlFoA 0.75 pg/ml, Bl AlFelA 0.2 pg/ml
o] FEE At CPe 13 € R AgeA =5
7.5 ug/mle] =2 Ae)ste] AR

Al Y

2 A¥& OECD guideline 473(1997)e1 A st 4
g3tk Alde ZE8AE Fol7] Hstd 1A AP &
ANFGL AN BE AEL 75cm® EH23 7
0.9x 1019 cells ©]&3t4 duplicate® "‘/\]3}&’1‘4. 1
} AFoME S9 FH7F 3 FvkE = 1"‘7L uj

3l Zalado] 28 387F EoF A g sL % 20.5A17F
4011 FAsIA o gl AlgA S9 FH 7}4 17.75
A7F, S9 H7F & AT B AlE EEE A s
20577 Holl A Aol AMgsith. e Aldol
A 7 A 2 £ 0527 F<¢F 0.1 ug/mig]l Colcemid®E
A7yt wldet & AT o 76 mM2] KCE: o83t
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& methanol : glacial acetic acid
(3 : 1)94 ﬂé%‘—% olgst] IASIUTt AME FHAE
ol Ax3 § Giemsa FA&

3}04 = o] =% aﬂr*s}aau} Aste) B 100749 5

st b‘H 74” ‘Rlﬂl ~7}
Fhog A _D% P<0.019) §943
Armitage test for

linear

RASE
ZolA Cochran-
trend?} Fisher's Exact

test(Thakur er a/, 19856}5 o]&-35td EAIxE] sk}

28AIE

HESE % MNSEE.

ZF# o] 7 Crl : CD®SD) IGS BR #=
River Laboratories, {Raleigh, NC, ©]=
ol ARg-31Tt.
£ o] &3}
0‘:)-

?c_]ﬂ

ABEER H o=

SEjste] £ A
Al Aol
30~70%, e

el A <

= Charles

slo] 5

%%~ ZH| 1 &
2E 19~26°C, §%
12/7ve) 7oA AFS-Ehac).

NEEZL 05% carboxymethylcellquse(CMC, Sigma,
u)=) g fesle] A3 Fosgen Az =
29 CPE 6 mg/mle] FE2 Z7Sol 43l 10 ml/
kge] Ao AT Tty

Table 1. Initial mutagenicity test results of CJ-11555

AlEey

2 Alg-& OECD Guideline 474(1997)1 A5k A
Pt AlEEES 5o F 34 2T CJ-11555
2000 mg/kg FATL 24Xk 48AIZHRICl], 2 €]€] A]
HdAe 24X E78 AHst Egoled] &
Bt 3 AZAA acridine orangeZ A T TESIA
t}. 200072] ©FdAd ¥ (polychromatic erythrocyte,
PCEE #atsld 43 oA AT {micronucleated
polychromatic erythrocyte, MNPCE)?] 28 RIS &
Zaek. Bl FFAEe] F24 AAREZ 5007
AYLE Bzt oFdA Aol g A HET
(normochromatic erythrocytes, NCE)Q] S8 E +
sttt dAel #4e P<0.01 %14 Dunnett's t-
test® ARt o] Hlsled foFog Ado] F
7t A& Fdez Adsiint

ZE 9 g

SAHSHHOIAE

ANARIM 6.675E 5000 ng/plate7tA el v% 3
1070¢] =& A3 &F ARAES A 8T 2
Az, BE AlgACNA w7 73S AEA &tk 1
2k AN@olM SO Hrkrd F3vRE 25 33.3, 100,

Mean revertants per plate with standard deviation

Compound Dose (ug/plate) S9 mix
TA98 TA100 TA1535 TA1537 WP2uvrA
Vehicle control 0 + 29+4 75+ 10 123 11£2 18+3
CJ-11555 33.3 + 33x9 97 £4 16+4 142 19+1
100 + 277 112+ 16 22+2 112 146
333 + 22+4 110+ 28 245 1043 22+5
1000 + 22+5 96 +6 19+4 92 232
3330 + 215 103 £ 21 25+3 8x1 17+8
5000 + 155 94 £ 14 15+3 6x3 20£3
BiajP 2.5 + 301 =14
2-AA 25 + 807 £70 247 +18 16113 665 + 86%
Vehicle control 0 - 16+2 74 +19 13+3 101 18+3
CJ-11555 33.3 - 12+3 59+6 14+4 84 165
100 - 123 58+9 153 9+3 14+2
333 - 112 567 13+2 74 17 £1
1000 - 9+1 59+10 15+1 5x1 12+4
3330 - 105 4313 18+ 6 6+3 9+2
5000 - 112 49+7 16+3 5x2 11+£3
2-NF 1.0 - 265 + 11
Sodium azide 2.0 - 1407 + 229 1038 + 150
ICR-191 2.0 - 1618 £ 344
4NQO 1.0 - 292 +24

Each value represents mean + S.D.
2-AA, 2-Aminoanthracene; 2-NF, 2-Nitrofluorene; ICR-191, 2- Methyoxy-6-ch|oro -9-{3-(2-chloroethyl)-aminopropylamino]acridine -
HCI; 4NQO, 4-nitroquinoline-N-oxide.
a’The concentration of 2-AA at the WP2uvrA strain: 25.0 pg/ml
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tlo

333, 1000, 3330 % 5000 pug/plated] XA Ad
AANEAT AEEDS ARg BE oA A7
AR Fkor 4 e vasie] AIHEE A
ge] F2Y F9| F7F 2 AFEZ 93 TE Y=
Al #2Y 49 FrPF BFEEHA &tk S9 A
°] TA1535 @304 333 2 3330 pg/plate #z)tol]
Atz Bls] 224 Ut 2.09F 2,195 247 el
oy smelES Bolx] ¢rom TA1535 @54
3% 24 F7t 3] o) UK E W e E dw
k= bl ole 249 W &3ke WHIE AL
(Table 1).

12 AES 21 &) 98l 2 20E ERINEE
3 A3t 12} A FFH v R BE ZollA Z2EY 4}
4tz viE) o4 UA 18R] etk S9 A
7~ TA1635 @7¢] 3330 ug/plate e+ S9 ¥-347}
& TA1537 &7¢] 33.3 ug/plate AgJollA &4 ti=x
ol Bls] F2Y b 22 ) 2 2.7 FEia e
ol FEOEAL HolA| egton TA1535 © TA1537
w52 A F2Y 57t 3 ol SIS | FHe
2 gl v ol 94 R W e XFHE F
2 49 stz AZEAHTable 2). watA 12F Al
o] TA1535 w9} ERIAE e TA15356 H TA1637 #5
oAA eRzke] FRY Fo] ke AddAF R ol

—

Table 2. Confirmatory mutagenicity test results of CJ-11555

B o3 LAE Zoz AL F AlFAA ¥
3, 24 xR F2EY a4 HAd o] A1E e
AL A & Ui

A8AoT CJ116655 Salmonella typhimuriurms}
Escherichia coli& o443t BAEAH] AlgelA {4
=& Hr1e A3 ol o] gle A= A=

A O|AAIE

3.3904 500 ug/m7HAl 15709 EEol &% AAA
AS AAst SO F37REF SO ARl b MR
BES 50% JASHE =8 1 v dAse] 4
< AABEITE 12 AlZellA S9 FHIEES 9.89, 14.1,
202 2 288ug/mlel ETolx, S9 HrEEe 6.92,
9.89, 14.1 ¥ 28.8 ug/mie] FEoA FGAA| o] FAIHE
AN A3} FAACZ Fg GAA Q) L2 o) B
<2 o]AHpolyploidy2} endoreduplicationje] #2E|A]
2 tHTable 3).

12 AgE Belsly] YsiA SO FH7FES 0.625004
30 ug/miel =72 10709 FxellA, S9 H7kEe 5.0
oA 30.0 ug/miel =744 579 FEoA &% AF
NEE AN ZzE AZEES 50% JAshe FES
Hi =g At Ade AABIATE S9 T 7 +
2 75, 10.0, 15.0 @ 225ug/mlelr, S9 Hrkte-

59 mix

Mean revertants per plate with standard deviation

Compound Dose (ug/plate)

TA98 TA100 TA1535 TA1537 WP2uvrA
Vehicle control 0 + 21+9 73+£9 14 +5 63 205
CJ-11555 33.3 + 28+4 94+9 21+4 7+3 21+6
100 + 26+ 8 114 +3 19+8 9x2 22+6
333 + 194 103 +10 26+7 70 177
1000 + 16 +4 97 +8 27+6 72 131
3330 + 182 86+5 28+4 61 111
5000 + 102 89 +16 204 4+1 4+0
Bla]P 25 + 469 + 44
2-AA 25 + 411 +64 1128 76 £24 788 £ 719
Vehicle control 0 - 12+5 67+5 11+5 8+3 10+3
CJ-11555 33.3 - 75 64+5 132 23+8 17 +8
100 - 13+1 64 £12 15+8 8+3 126
333 - 81 609 15+3 11x4 163
1000 - 5+3 53+9 13+2 9+6 8x2
3330 - 5+£2 413 169 6x2 61
5000 - 5x2 432 11+4 3x2 4+0
2-NF 1.0 - 267 + 21
Sodium azide 2.0 - 978 + 46 597 + 86
ICR-191 2.0 - 1488 + 199
4NQO 1.0 - 230+ 16

Each value represents mean + S.D.

2-AA, 2-Aminoanthracene; 2-NF, 2-Nitrofluorene; ICR-191, 2-Methyoxy-6-chloro-9-[3-(2-chloroethyl)-aminopropylaminolacridine -

HCI; 4NQO, 4-nitroquinoline-N-oxide.
4The concentration of 2-AA at the WP2uvrA strain: 25.0 ug/ml.
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No. of structural aberration?

Aberrated cells (%)

Compound (Eﬂ;?"e') r:;?( -(I;:r:;ﬁ Endorioétljlrsjhcated Po(':g’llsmd Gaps Simple breaks chte chre mab TA TA
: . (-9) (+9)

Vehicle control 0 + 0.0 0.0 0.5 0.0 0.5
CJ-11555 692  + 0.5 0.0 2.0 0.0 2.0
989 + 1.0 0.0 1.0 0.5 0.5 15

141 + 3 0.0 00 40 1.0 1.0 5.0

288  + 0.0 0.0 1.0 0.0 1.0

cP 75 4+ 0.5 0.0 3.0 30.0 12.0 40 4200 44.0°
Vehicle control - 0.0 0.0 1.0 0.0 1.0
CJ-11555 989 - 0.0 0.0 1.0 0.5 05 1.0
141 - 0.0 2.0 1.0 0.0 1.0

202 - 3 05 00 20 0.0 20

288 - 0.0 0.0 1.0 0.0 1.0

MMC 0750 - 0.0 0.5 3.0 34.0 200 30 70 530 55.0*

100 metaphases were analyzed for each dose.

MMC, Mytomycin C; CP, Cyclophosphamide.

"Treatment time.

Bchte: chromatid exchange, chre: chromosome exchange, mab: multiple aberrations, greater than 4 aberrations.
9.g, number or % of cells with chromosome aberrations; +g, number or % of cells with chromosome aberrations + number or %

of cells with gaps.

*Significantly greater than the corresponding vehicle control, p <0.01.

Table 4. Confirmatory chromosome aberrations test results of CJ-11555

No. of structural aberration?

Aberrated cells (%)

Compound (Eg;)/;el) rif:( -(';r:)]ﬁ Endoritil:lps)llcated Pocl:)éﬁ)l:"d Gaps Simple breaks chte chre mab TA TA
{-9) (+9)

Vehicle control + 0.5 3.0 1.0 0.5 15 15
CJ-11555 5.00 + 0.0 2.0 0.5 1.0 1.0 1.5
10.0 + 3 0.5 3.0 1.5 0.0 1.5

15.0 + 0.0 3.0 15 15 0.5 2.0 3.5

CP 75 + 0.5 2.0 5.0 38.0 41.0 40 20 62.0* 63.0*
Vehicle control - 0.5 3.5 0.0 0.0
CJ-11555 75 - 0.0 1.5 0.0 0.0
10.0 0.0 1.5 05 0.0 0.5

15.0 17.75 05 20 15 1.0 1.0 25

22.5 - 0.0 2.0 1.0 05 05 1.0 2.0

MMC 0.20 - 0.0 3.0 6.0 34.0 34.0 2.0 55.0" 60.0*

100 metaphases were analyzed for each dose.

MMC, Mytomycin C; CP, Cyclophosphamide.

"Treatment time.

Zchte: chromatid exchange, chre: chromosome exchange, mab: multiple aberrations, greater than 4 aberrations.
3)-g, number or % of cells with chromosome aberrations; +g, number or % of cells with chromosome aberrations + number or %

of cells with gaps.

*Significantly greater than the corresponding vehicle control, p <0.01.

5.00, 10.0 2 15.0 ug/mi¢] =

=AM gol AEE A4

=2

o Ax BE FoLolM FAZHSE o3 dAA e
27 o] g 4 o] {polyploide}t endoreduplication)

o] H&|A| sttHTable 4).

AEAHo=2 CJ116656=

ol d Aol A

At

oVEE

CHO cell& 9]
FakA]

b

SAE

| 24 AlgelA 2000 mgkgs Hx &

geto] Al Az AP ARAZE vERA] 01—0}

< 500, 1000 ¥ 2000 mg/kge] &FA X
&tk CJ-116655 B Tl f2lA

o] AR ko 554
AEEAS o7z okt Table 5).

AE Ao

o7 A

i At riz

_\}L i& 1:191,

it

A%

A) /\]

o}

B

ol
lo &
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Table 5. In vivo rat micronucleus test results of CJ-11555
MNPCE PCE/(PCE + NCE)

Dose  Harvest

Compound (mgkg) time (hr) Mear(L/x)S.E. Mean = S.E.
Vehicle CMC 24 0.08+0.04 1.00 +0.08
48 0.05+0.02 0.94+0.12

CcP 60 24 4.49 + 0.33* 1.03+0.13
CJ-11555 500 24 0.07 £0.03 0.99 +0.07
1000 24 0.05+£0.02 0.80 +0.11

2000 24 0.05+£0.08 0.92 +0.20

48 0.03 +0.02 0.98+0.10

CP, cyclophosphamide; CMC, 0.5% aqueous carboxymethyl-
cellulose; PCE, polychromatic erythrocyte; NCE, normochro-
matic erythrocyte.

*Significantly greater than the corresponding vehicle control,
p <0.01.

AEAOR CJ11556e B AgAlA AHe fust

2 esrt.
ARl 2
B AT BARAE B/ SAEARe] Lo
=

25l o]FoiR Ao g (A T HHT: 02-PJ2-PG4-PTO1-
0027) olol ZAk=g .

o
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