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ABSTRACT : To evaluate the genotoxicity of CKD-602, an anticancer agent, the in vitro reverse mutation
assay using Salmonella typhimurium, the Chromosome aberration assay using Chinese hamster lung (CHL)
cells and the in vivo micronucleus assay using bone marrow cells of ddY mice were performed. In the reverse
mutation assay, CKD-602 did not induced mutagenicity in Salmonella typhimurium TA 98, TA 100, TA 1535,
and TA 1537 strains with and without metabolic activation. In the chromosome aberration test using CHL
cells, there was an increased incidence of structural aberrations induced by CKD-602 without metabolic
activation during 24 and 48 hours, but CKD-602 did not induce chromosome aberration with metabolic
activation. The in vivo induction of micronuclei was measured in polychromatic erythrocytes of bone marrow
of male ddY mice. At 24 hours after treatment with CKD-602 by i.p. once, there was an increased incidence
of micronucleated polychromatic erythrocytes in bone marrow of ddY male mice.

Key words : CKD-602, Anticancer agent, Reverse mutation assay, Chromosome aberration assay,
Micronucleus assay
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A. Bacteria

A&l AV238t Salmonella typhimurium TA98, TA100, TA
1535, TA1537%8= u)= Ag¥olthd B. N. Amesu2
By 24 43819tk 2t #5F= Maron and Ames(1983)0)
AAE wo] wah, B Age] 9 @ histidine 274 @
crystal violet 74 @ UV 7244 (@ ampicilln £
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B. Mammalian cells

A28l £4EE A EZ= Chinese hamster lung fibroblast

(CHL) AjE2 o ZHYAAF29 Sofuni HAZHEH £
oF ko] A}-4-3}93th. Modal chromosome numbery 250] 9, Al
L37)= 15X 7b0|Ch(Ishidate et al, 1977). Hjokele 10%
fetal bovine serum(FBS)2} 1%2] penicillin-streptomycin& E3
3} Eagle's minimal essential medium(EMEM)S- Al-8-3}91 0.0,
%3 &% sloA 5% COS FFshe 37°Co | %7](Dual
CO2 incubator, Shel-lab 1845 TC, U.S. Ayl ] ufokatsict. uj
kgl N = 2-39 wlt} 0,.25% trypsin-EDTA-&-4-&- o3}
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In vitro YAEA) 31E 9)8te] Maron and Ames(1983)9] 1
Wo w2}, 59 B8 the3} go| TAlse] AHgah. A
FojokEqaRIA A 2 AHST SPF Sprague-Dawley)
(@A, 738, AF < 200 g)ol] com oil 2 54 A]7] Aroclor
1254(200 mg/m)Z 13) E7}50(500 mgkg)dt F 5ol 7+
< &gt 3 £39] 015 M KCl 948 o] #23
3t YAE(9,000 g, 102)3 F A5 NS F3 S-9 £
< Aol EAEAHo| AN 89 mixd] FAL 89
fraction 2.0 ml(4%), 0.4 M MgCL-1.65 M KCl 1.0ml, 1 M
glucose-6-phosphate 0.25ml, 0.1 M NADP 2.0ml, 02M
phosphate buffer, pH 7.4 25.0 ml, DW 19.75 ml ]3], HA
A o)A E oA ALE3EF S-9 mixe] 242 S9 fraction 1.48 ml
(30%), MgCL-KCl salt solution 0.144ml, 1M glucose-6-
phosphate 0.018 ml, 0.1 M NADP (.144 ml, 0.2 M phosphate
buffer(pH 7.4) 1.8 ml, DW 1.42 mle]%it}.
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M phosphate buffer)e]] 3027t GAsIAT G4 & 54 ¢
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Table 1. Reverse mutation test of CKD-602 in S. typhimurium

o8l e MR- £5H - B

AEE - NE - FHY - WEA

3}

Age FAH o e ol gl EA
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S. typhimuriums ©]43 EFHo|AF|A CKD-602=
S. typhimurium TA98, TA100, TA1535, TA1537% 459 A)g
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Compound® Dose S9 No. of revertant colonies per plate (Mean+S.D.)
(ug/plate) Mix TA98 TA100 TA1535 TA1537
DMSO - 24.0+2.6 183.0+6.6 20.0+0.0 8.0+2.0
CKD-602 10000 - 143+15 161.3+2.1 19755 4.7£15
5000 - 20.7+4.7 163.7+17.2 17.3+4.0 11.0+2.0
2500 - 20.0+1.7 182.3x£7.1 18.3+6.0 77125
1300 - 21.0£2.0 1743142 21.3+4.0 93+15
600 - 20.7+4.2 181.7+10.0 20.7+4.7 10.3+2.5
300 - 20.7+5.0 164.7+8.5 18.7+4.0 8315
2NF 10 - 246.0£23.5
SAZ 1.5 - 1212.04+32.0 863.7+49.7
ICR-191 1.0 - 471.3+39.3
DMSO + 247+ 6.1 182.7+2.3 16.0+3.5 11.0+2.0
CKD-602 10000 + 19.0+ 2.6 201.7+26.6 12.3+£15 15.0+2.0
5000 + 20.3£5.0 191.0+11.5 16.7x+1.5 11.7+4.0
2500 + 20.0+44 187.3+21.7 16.0£6.6 10.3£3.8
1300 + 24.0£3.6 184.7+4.2 123425 9.0+1.0
600 + 237132 199.7+£22.0 12725 83+3.2
300 + 26.0+4.6 181.3+9.3 153+3.2 93+1.5
2AF 10 + 471.0+77.0 901.0+109.3 26.7+3.2 33.0+6.6

*DMSO, dimethyl sulfoxide; 2NF, 2-nitrofluorene; SAZ, sodium azide,; 2AF, 2-aminofluorene.
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Table 2. Chromosome aberration Test of CKD-602 in CHL Cells

Aoy frge] 712 U

Compound* Dose 89 Time No. of No. of aberrationc (mean+S.D.) No. of
M@M) mix (hr)> metaphase gap ctb cte csb cse normal cells’
DMSO 100 23+£13 07+09 97.0+1.4
CKD-602  0.250 100 143£7.0 127+£79 71.3%82 03+05 1.0+08 1831261
0.125 100 90+3.6 103+83 37.0+186 0.7£09 13+13 57311341
0.063 - 24 100 40+14 23+05 17.3+68 1.0£0.8 79.7+ 7.0t**
0.031 100 33421 1.0x£0.8 27+13 93.74 211
MMC 0.1pg/ml 100 19.7£54 11.0£29 36.7+85 1.0£08 07x£09 427+ 6.1
DMSO 100 23409 97.7+0.9
CKD-602  0.250 100 13+£13  0.3%£05 98.3+1.3
0.125 100 2.0+08 98.0+0.8
0.063 100 23%x13 97.7+1.3
0.031 + 6418 100 1.3£0.9 98.7+0.9
B(a)P 50 pg/ml 100 6.3£13 23405 3.0£0.8 03+£05 0.7+0.9 87.7£0.9
DMSO 100 1.3+1.3 0.3£0.5 0.3+0.5 98.0+0.8
CKD-602  0.050 100 137453  47x25 2474113 0.9x05 60.0+5.11*
0.025 100 7.3£05 27+21 37x25 03£05 86.313.97%*
0.013 — 48 100 57+31 0.7£0.5 20+16 03405 91.3+4.5t
0.006 100 3.3+0.5 1.0+0.8 1.3+1.3 0.7£0.9 93,74 1.7"**
MMC 0.1 pg/ml 100 137413 137426 593+66 0.7£09 03x0.5 29.0+6.2
DMSO 100 1.7+0.5 0.3£05 98.0%£0.8
CKD-602  0.050 100 2.7+1.7 0305 97.0x14
0.025 100 20+14 0.3+05 97.7+1.9
0.013 + 6442 100 20+08  03x0S5 97.7+0.9
0.006 100 2008 . 98.0+£0.8
B(a)P 50 pg/ml 100 6.7+1.7  3.0£038 1.3+09 03£05 0.7+£05 88.7£1.3

*‘MMC, mitomycin C; B[a]P, benzo[a]pyrene.
*Treatment time - expression time.
‘gap, chromatid and chromosome gap; ctb, chromosome break; cte, chromatid exchange; csb, chromosome break; cse, chromosome
exchange; num, numerical aberration. mean = S.D.; mean =+ standard deviation (n=3)

'p<0.01, Anova test

*p<0.01, t-te

st

**p <C0.05, t-test

Table 3. Micronucleus test of CKD-602 in ddY male mice

Compound* Route Dose No. of Time MNPCE’ PCE/(PCE+NCEY
(mg/kg) mice (hr) (%, Mean+S.D.) (%, Mean+S.D.)
S.C. ip. 5 24 0.08+0.10 56.1+£1.6
CKD-602 i.p. 100 5 24 0.60+0.14* 484+23
ip. 50 5 24 0.274:0.14* 482+29
i.p. 25 5 24 0.10+0.13* 57.2%35
MMC i.p. 2 5 24 5.02+0.77 48.9+3.2

*S.C., solvent control (Saline); MMC, mitomycin C

"The number of micronucleated polychromatic erythrocytes (MNPCE) was calculated from 1000 PCEs per animal.

“The percentage of PCE in 1000 erythrocytes per animal. NCE, normochromatic erythrocytes
*P <0.01, Cochran Armitage test
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WQom, s 0.25 pMojA p<0.01, 0.125 uM 2 0.063
pMol A p<0.058) G4 Q= FauA ol g Z/1E
Uehgich S9 mixg ol§3 tAHEAgshEelME CKD-
6022 2477t A3IAE wol= oF 3% w|Tke] G o4
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0.05 pMoll Al p<0.01, 0.025 M 2 0.006 pMo| A p<o.054
% 2718 JehiQnh 2ed gARASEdAE o
3% o3t FGAAold FriE&S YehiATh & gz
A Sujolz+e] DMSO X 2#& 3% o|ate] G| o]} &

We-e ez, AFE e MMC 0.1 pg/mldlA] 50% o] 4
o e QA FR&L, AR B@P S0 g

mlo] A} 10% o]/de] FAA o)} &S
29 A 4, 38 WA GAAY FEES Fste] A
go] AAaA ol FolAL L FAY & UT). ol 4B
B2 2 o, AP EA CKD-602% S-9 mixd] o3 thAkeA]
A7 54 fuss R no, AWA0E AT A
= o2 A7, 39, CKD-6025 2447k H2ls 2ol v]
o) 48212 AlZE A3k e o) ATEAL o 2 vehlol,
48N A Aell= 24M 7S] AR SR v FEd
A QARSI AFe] 5% HoZ wol, CKD-
6025 Ao AYH OB Aol FUAYE F2A7I0,
A Azhol 242 AXEQTHE ADTh5 AHRET

&, Schmid(1975)0) 93] NLE FES o] &3 L8 E
& e ATE Falo] $2 A4, A (Sutou, 1986, 1988), %
o7 2 2}o|(Hayashi ef al., 19890 w2 MW =850 B
so} Qlom, A Ty, AFAL B FAEe] A
7 e "AE G AF A7 ASH S
(Vanparys et al., 1992; Hayashi et al., 1991; Hayashi et al,
1984). 2 Ao A 433t ddY w}$-AE o] &3 in vivo 28
Alglol A CKD-602¢ A2Agsg &ul= 3te] 100, 50, 25
mgked) 35EE AU W FE AEHo2 F94 9

A A 0} Fits} A th(p <0.01) (Table 3).
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