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[% #1

1- 73727 7% o invito FBAEBREFRELELZ, FYA=—X - NARY —HE
R (CHL/IU) % v CHRET L, BT 21872,
EHETORELEIRE ., 50% ORIEHHIEELZHEL 2B 2iRE (H60% DHEJHE
PHRE) . T%bb 13mg/nd DRELRESLERE & Lz —F. AEHEHLETIE,
MIHEIE RO ON L o/l & 8D, 22mg/nd (10mM) DR E & &5 LEREE
EL7, ERAMEBBERED IR BLUVARENFRARRE., KBEEL LTEEL:. BEEE
ELT, SOmix FEFAETICHBIT 524850 58 & 48RS R E o8 | (CEM b & L TS89
mix FE T8 L UL T Comf (18K Mo E M) WEE, EXE/ERL, RET
BT UL R EERERRE R L7

BEREIC L), CHL/AU M % 24K ] 8 & U48FF LERAA B L 72 THOLEFFIZB W
TH, REAOBEEEOFRIEMEIBOON o2, T 72, ASHERLERALIE L 72h %
EE (07mg/nd) BLUBEBEN (1.3 mg/nl) THEBMMIEOMETFIICE BN
R BN A, FOHEEIESB AR T, AYFEIIIRRME & e L. AEHEHILE TR,
SOmix FATHE SUEFET CORHMLAEL 2T ORBEEIZBVT D, REAOHE
BRERLEEMMBEOFIRIEABRD b Nk o7,



[# =1

OECDBEAALEEMEZ P 65 BUBEFHO —BRE LT, L7 I/ 72 b 9%
J v DREMIEICRIZ T EEENEERFMT A0, FrA=2—X - NLRY —
&M (CHUIU) %Ay CHBREARGAREXBRLERL 2,

FEROKEBRE., THHNMEDE R IZRD FEC>wT] (BE624E3A31H, RE
5 2375, EHEEI065, 62&FE3035) BLU [ OECD HBHHMEBRA M F74 ~ 1 473]
WCHERL L, [MLFWE GLPEH¥E] (MHFISOE3IH31H . TIRFES 395, BHEHE 2295, 59
FHFH%E 855, WETHME3IFE11A18H ., TR 2335, #4385, 63K[E 8235)
FETWTERL 72,



[ME S & UHE]

1. R LMk

DY —F - Yy —A3r 27 (JCRB) »HAF (1988428 . AFh : # 4X0, BER
f£) LiFryA=—X - NHAY—HED CHL/IU (LTFCHLEBEY) Mgz, fREE R
10K BLA CERERIC AV 720

Z o CHL MIfaAk iz, —MBICIEZEDE I L TREBBRESEV20ER STV 5,

2. BEROFAR

B3, 4RIRMI% (FCS . JRH BIOSCIENCES, O v k%% : 1C2073) % 10% ¥kl
L7zA =7 )V MEM BB % flv:72o MEMEERIZ, 1 — 7V MEMEH#H [=v X4 ] ©
K (BARBUIRER) 94 g% 1 ¢ OEZEAICEMSE L, 121°C T 1598, SERKHHE L
1206, L-ZIVE 2 (BEFEA, BRRIEEMRR)) 300mg & 10% NaHCO, . #712.5 nt
EMATHBML 720 2EBRED MEMBEEE X, Lo 94g % 500 ol DEBKICHE
L. LUT MEM 538 & RIS L 72,

3. KEEEM
2X 108> CHLAMIRE %, 3W Sl x AN/257 4 v ¥ 2 (#F6cem. Coming) I2H &,

37°C D CO, 4 ¥Fa~—48— (5%C0, ) ATHIEL,

4. BHEWE B L UM BRYE

(BB E ] ( RKREEF—5 L Y)
(% %) 1-73/7vbh 53XV
(m& ) AAQ
(CAS No.) 82-45-1

(% F &) CLH,NO,

(5 F ) 2232

(F E) 98.7% (AL LT, T 7%/ Y %213%ET)

(% R)  FREOMET, K, TEMVBLIUIAFVANVEFY FIZ
3



(32 fit %)
R &
(% T )
(R o REN)

TR, BEH%252~253C, Wb A45305C/40 mmHg, QLD
ImmHg T OWETH 5,

iR - ERF
KIZEKE, 250C & 0 73 1%
BTV LR TERM L 2 8ET (0.5% 7 VRF

YAFNENT—-ZF MY Y AKEE, LLT0.5% CMCNak
BKT) TOREMRERTIE, 3.25~22.0mg/nd D EH
B CA4R IR E TH o 72 (Appendix 1) o

(R xs B ]

1) EEEORBRAV2WE
(1t % %) <A rwA4vvC
(g %) MC
(o v b+ F 5) 926ACE
(B & ) BAEREE LGN
R F & M BEFRF

2) AAHHEMALEORKEBICAV 2 WE
(1t * %) YraFRAT773IF
(W& %) CPA
(m v b+ F 5) 70H0948
(%2 & %)  Sigma Chemical Co.
R F & #H) BEARE

5. BERME O

HERWRE ORBE, FROD L7572, EMREL T0.5%CMCNa (FA47 47 227 (R),
Oy FEE I MIGS0S3) KB EA V. FEARRHEARICEE L THEBR (EEAHRET
& 2 mg/ml, B RRERRTIE Bmg/nl BLU 2mg/nl) #FABEL, DVWTRBELHE
HETIERFIRL THEDREDHRY ERBR 2 (ER L 72 HBRYWEREEE., 3T
HERIC BV TEERED 10% (VW) KD ECMA k. REaEREABFICBY Tk, E#

._4_



EB I UUHEM IR AW - SRER LERBER S VT, R ERAMEOEENE
* BHMRFAOWMICEH R B TTo e FOKR, FARBOBRER., T XTHA
FHHEA (AP TCORHEEVSTRMED 85.0~115%) DETH - 72 (Appendix 2) o

6. AERFM

EREETE, MRz 30HEEL -0 REE T, T4y V2 IUEBHEIS L & &
REOHERY ERABIE 0.5 % M A, 24FR B L V48R MERLIE L 720

OBEEMACETIE, Mt 3HMEEL-OLBEB LB T, MEMEER . 2BEED
MEM B30 B L USY mix%x #NZFN14 .8 .5 DEASTRAELALBHE 2T 274 v ¥ 2
WA 720 72, SOmix FFAETOLEEICB W Tid, MEMEEE S L UMEBED
MEM¥EH#E % ZNEFN G 1 DEATRE LB 27l % 74 v ¥ 21MA, 51
0.3 méDBER EA S 2 N2 T 6BFRIALER L /2o WMEIR T, Hied S AH L,
B 5T 18HFMEEE L 720 SO mix D FHEE T LM TIT - 726

S9*

20mM HEPES (pH 7.2)
50 mM MgClL,

330 mM KCl

50 mM G-6-P

40 mM NADP

AKX

e T \® I 9N ]

A8 10 s

* S9 . Sprague-Dawley A7 v MI7 = //N)VES =)L & 56-NXV V75K %2KES
LTHBILA-Fy - #0)D S9 (v FES  RAA-297, 19934E8 S EB L U v
FEE P RAA-302, 19934E 12 545) #HA L. AT T—80CHBEIEBMANIIRSE L
720

7. XRasEsE s EER
R ARERRCACZHRYEOUBREZRET 5720, HWRYWEOMHEEIC &
TTREE AN

7.1 LRt
BCHEE THI4SHE M AL IC D W T, & 72, AUEHIE MEALIE TlESOmix 578 F 8 L UIEHFE

_5_



T OMIREEZ D THIFLEFEIIHIABR % M U 72 IR, BB L ABTEHAL
HEH0.07 ~220mg/né (10mM) QHBEOBETHV 2, 74 v vald 1IREIC>2VT
2BAV 7z,

7.2 EARVESLE
BT IR, BREEAECAOL, 10% k=) VEBEEMA, HEEF 4 v ¥ a2l
EFELEZRETEE L. BEER. 01% 2V RAI WALy PHTHRAB LT,

7.3 BIEHIHIORIE L 2 ORR
BRI E O CHL M3 9 2 WIEHIGWER 13, BRI EET (Monocellater™,
AN UNARFELER) 2R TEHOMEIE LT L. KR E LB O AT BT
AT AMIBRBSE O b o TR L L7,

DR, EREIIBIT 5 50% OHBIEMNGRE L H O 2 IR A HiRE (F60% 0 HhE )
FHRRE) %, 60%DWEIHMNGIRE? IS C2RENELVERLAZLI A, 13 mg/nlT
bote —H. RNBNEWALED SOmix FAETBLUHEFLET TR, WELAZTXTOR
FEHRIRT60% ik x. 5 BSEHIGIHER 380 S5 e 2o /2 (Table 1, 2, 3 BL U Fig.l) o

8. AHBRDEAERK

IR HIEIIRIHEBRO R L 0 | REARERBRCTHC I HBRWEOSRER . BEE
Tt 1.3 mg/ml . ABEMILETIZ 22 mg/ne (10 mM) & L. FRENEZREHD 12
DREEPRE, AORELXKIBEEE L, BHXBEYWE L LTHW/MC B LU CPA
L, EHAAK (KRESETH®ER). oy FES  KIH7S) CHRBL TR L, #nFh
FBEARELFRTAEPHNORA TV IRESEA L7,



8.1 HEER
EEECIE, 3EROWBRWE BRI, BB O Tl 11EL2%, &2
MOF4 v akfnt,

# B (mg/ mb) ALPRF R (hours)
1) EAExTER - —
2)  fRpRxER 0 24
3) AAQ 0.3 24
4) AAQ 0.7 24
5)  AAQ 1.3 24
6) BEMEXTEE (MC) 0.00005 24
7)  EARSTER 0 48
8) AAQ 0.3 48
9) AAQ 0.7 48
10)  AAQ 1.3 48
11)  FEMExTHE (MC) 0.00005 48

8.2 MREHEM bE
REEHALETIE, 3REOWERYEMIIBER O, 3B L LT S9mix = 11z % 3
W, Tied 1EEZHRT., FH 20T 4 v ax v,

pitc B (mg/ml)  SOmix DA ALIEEFR (hours)

1) EALENTER — — —

2)  EARTER 0 - 6-(18)
3)  AAQ 0.6 — 6-(18)
4)  AAQ 1.1 - 6-(18)
5)  AAQ 2.2 . - 6-(18)
6) [HMEXTHR (CPA) 0.005 - 6-(18)
7)) EARATER 0 + 6-(18)
8) AAQ 0.6 + 6-(18)
9) AAQ 1.1 + 6-(18)
10) AAQ 2.2 + 6-(18)
11)  FBiEssER (CPA) 0.005 + 6-(18)




9. Yt RAEAREILL

1) BEETOMEMANC, INEI FERKEESH 0.l ug/nl [T 5 &) ITHEERIC
Mz, BEETHR, SEEOMBEL ) YERBEH® (Ca™". Mg” &%) T,
KRy T4 V70 DHBEEAL, 10 nf DELEICED I,

2) 1,000~1,200 rpm T 5 EhEL L, LE®ETL0S, (hBE L 72MA8IC 3 nf ©0.075M
KCLKBEHWEMA D & LT & ) #3055 BRI %47 - 72,

3) (EERAERE, EREEO LB ANV T OKEEER: 2%/ — V=13 vv) #6nl%k
MR, THPOEMIERY T4 V7 L HELRMLUTCEZEL, £D% 1,000~1,200
pm T 57 &L L 720

4) ERBLELERS, BUHBEL ALV THENMZ THBEEY Xy 74 V728 ) BE
E3 &, 1,000~1,200 rpm T SMEL L 72e COBIEL RN EL 72,

5) ELL CTHBAZABOMBMIIZ, 02~05 DAL/ THEEMAZ, THBEHS €7

6) MIRFHEEOLEL®, HOLPLOHELTBVARAIA FZIALIHETL, 20 %
F BEZ L 72,

7)) AFA4 FERZET 4 v ailo% 6MIEHL 7

8) ATA KNI/ IAD 7R MRFICHET, HRREBHNES, - FEFBLIURAT A
FEEERLAL,

9) WIEL/XT 4 Fid, FAHFEMW (Merck) 4.5 ol % M/15 ") ~ BRIRE W (pH 6.8)
150 mé (AR L 72 Geto il TH 8o Mg tath, RBAKTREL T TVTRE L /2,

10) L7225 4 FERIZ, - FEFIEICAS4 FIr— A AR, & — 23R R
BAES . BAERO B2 PR L TREL 72,

10. RBARDH

EBRLIZA T4 FEADI L, 120F 1 v v adhbBon-BebA54 Kk, ¥
DRBREZ VN ENETNRAEMESF PO WL Il T— FILLZREETON L7ze & <L 2
D, PORGBEFEREL T L2WSRAGEEHEL, RELETIMBICOVTIE, 25
A FEDEFDNBLEWFEDO X 7 — VDI CRRBHMICELE L 770

Ratkootiiz, BARREERFEZES, WMABYHR (MMS) SREY & 258k
EOVTITV, JBEANS 2 IZRESERMO Xy v 7, IR, KR EOBERED A
I & RSB MG (polyploid) DA MEIC DO W THIE L2 F7-REERE I oW TId 13 200

—g—



8, BRI D Tk 13 800H D & il # AT+ 5 2 & & L7

11. Foék& ¥z

EAAEXE, S L OBV B & BRI B MEEE I O W TOSTAERIZ, BIEEL /-
M. MEREOBE L. BEHAROKII W TER L, FEOELEHFAKICE
AL7z

REKRELETHMBOHBIREICOWT, 7 4 v ¥ —® Exact probability test %<
L0 BOATEREE E B B LM B L UERT IREE LR B R BERE £ 1T o
720 '

BB EORBEREFREIC OV TORKRYE ., AL OHIE LI, Tt
HRELXEFTAMBOEEL 5% KM EtE. 5% Ll L 10% R4 EEMm M. 10% L%
e L7z AL, BBMOBREEONGA I, REEREFTHARS L /MR
&, BEN, BERTFHSELRE LERHIELIT) & & L



[ 533 & U 42

EEEC L 2LOEGT O R % Table 4 B L U Fig. 2 IZ/R L7z,

AAQ#EHNA T 24B5R B & U4SKERERAE L 2w TR o MBI BT, REfoH
BREOFRIDBOON Do Tzo T72, ASFHERME L2 iBEN (07 mg/nl) B
JUBBREHN (13mg/nd) TREEMEMBOFEZEM (PEE : p=0.0192. BEE :
p=4.65X10") 2SR SN 7=25, FOHEEIRXSBRIM T, EWFRIIREHE & HW L 72,
RENEEACEIC L A REBEGHTOER% Table5 8 £ U Fig. 3 1IZ/RL 72,

AAQ% NN X T S9mix FAE T B & UFEFFLE T TORLIEL 72 T ROMBEEEICB VT H,
Bt kOB RE B L U HRENROFRERIRO SN2 o 72,

R & L TR WAEEETO MC AR B & U° S9mix fF7E T TD CPA ALEHE T I
Yty SRATHR (cte) R Yot 0 RLINT (ctb) 72 & DRBE R E % b MBI EEBICER E N2,

L7377V hoF 7, EEEICLY, 240 8 & U488 i E B L L 7260%
DA BRE* ST TR OMNEE (03~13mg/nl) KB THREBEOHEERE
ABFBL LD ole 72, ASKERLERALI L il EH s L UERER CEHIMNEO S
BRSO o0, ZOEBESBRBETH Y . EWFENI Y & HIH L 72,
G HALE B Th, SOmix FAET B L UIHEFALT CoRFMAEL 7210 mM
REZECVTAOMEE (0.6~22mg/nl) 1ZH T RBKOMEER T LGN
BEFEFE LD 7,

WoT, 1.7 T TF ) g, LRORBREMA T, HBRENO CHL Ml 3
BERRELFRT LR EER L,

[4F 5 F H]

KFBROERICH), RBROERMICEXEL RIZTRVOHLTFHLEL 125
REROVSERSTZ 2 & Dl 2 5 o 770



[X k]
1) BARRARRESS - MADWRRIB M  LEDE L 2 RBHREET +J X,

A &S, 1988
2) AfE X B (HED REEREREHERT-—s4E, TV T4 - —3E, 1987



Table 1 Growth inhibition of CHL cells continuously treated with
1-aminoanthraquinone (AAQ) for 48 hours without S9 mix

Concentration Cell growth (% of control)
of AAQ
(mg/ml) Average

0 100, 100 100.0
0.07 95, 100 97.5
0.14 94 , 93 93.5
0.28 85, 87 86.0
0.55 67 , 71 69.0
1.10 43 , 44 43.5
2.20 25, 23 24.0

Cell growth was measured by Monocellater ™ (OLYMPUS)

Table 2 Growth inhibition of CHL cells treated with 1-aminoanthraquinone
(AAQ) for 6 hours with S9 mix

Concentration Cell growth (% of control)
of AAQ
(mg/ml) Average

0 100 , 100 100.0
0.07 100 , 107 103.5
0.14 100 , 100 100.0
0.28 96 , %96 96.0
0.55 87, 92 89.5
1.10 82, 88 85.0
2.20 75, 77 76.0

Cell growth was measured by Monocellater ™ (OLYMPUS)



Table 3 Growth inhibition of CHL cells treated with 1-aminoanthraquinone
(AAQ) for 6 hours without S9 mix

Concentration Cell growth (% of control)
of AAQ
(mg/ml) Average

0 100, 100 100.0
0.07 99 , 100 99.5
0.14 95, 100 97.5
0.28 87, 86 86.5
0.55 71, 72 71.5
1.10 50, 60 55.0
2.20 41, 47 44.0

Cell growth was measured by Monocellater ™ (OLYMPUS)



Table 4 Chromosome analysis of Chinese hamster cells (CHL) continuously treated with 1-aminoanthraquinone (AAQ)** without S9 mix

Concent- Time of No. of No. of structural aberrations 5 No. of cells 4) 5)
Group ration  exposure cells 2) Others with aberrations Polyploid Judgement
(mg/ml) (hr) analysed gap ctb cte csb cse f mul’ total TAG (%) TA (%) (%) SA NA
Control | 200 0O 0 0 0 1 0 O 1 0 1 05) 1 (C 05) 0.13
Vehicle " 0 24 200 60 0 0 0 0 0 O 0 2 0 C 00) 0C(C 00) 025
AAQ 0.3 24 200 0 0 2 0 0 0 O 2 0 2 (1.0) 2 ( 10) 050 - -
AAQ 0.7 24 200 0 0 0 0 0 1 O 1 0 1 ¢ 05) 1 (C 05) 025 - -
AAQ 1.3 24 200 1 2 2 0 1 0 O 6 0 4 (1 20) 3 (C 15) 050 - -
MC 0.00005 24 200 3 5190 2 0 2 10 158 0 88 *( 440 ) 88*( 440 ) 0.00 + =
Vehicle" 0 48 200 0O 0 0 0 0 1 O 1 0 1 ( 05) 1 ( 05) 013
AAQ 03 48 200 0 1 0 0 0 0 O 1 0 1 (05) 1 (C 05) 000 -
AAQ 0.7 48 200 0 0 01 1 0 O 2 2 2 (10) 2 (C 10) 100* — —
AAQ 13 48 200 0 0 0 2 0 0 O 2 2 1 (05) 1 (C05) 15 —  —
MC 0.00005 48 200 0 29 78 8 9 5 30 159 15 80 *( 40.0 ) 80*( 40.0 ) 0.38 + -

Abbreviations : gap : chromatid gap and chromosome gap, ctb : chromatid break, cte: chromatid exchange, csb : chromosome

break, cse : chromosome exchange (dicentric and ring etc.), f : acentric fragment (chromotid type), mul : multiple aberrations,

TAG : total no. of cells with aberrations, TA : total no. of cells with aberrations except gap, SA : structural aberration, NA : numerical
aberration, MC : mitomycin C. 1) 0.5% carboxymethyl cellulose sodium solution was used as vehicle. 2) More than ten aberrations
in a cell were scored as 10.  3) Others, such as attenuation and premature chromosome condensation, were excluded from the no. of
structural aberrations.  4) Eight hundred cells were analysed in each group. 5) Judgement was done on the basis of the criteria of
Ishidate et al. (1987). * : Significantly different from solvent control at p<0.05. ** : Purity was 98.7% and anthraquinone(1.3%)

was containd as impurity.



Table 5 Chromosome analysis of Chinese hamster cells (CHL) treated with 1-aminoanthraquinone (AAQ)** with and without S9 mix

Concent- S9 Time of No. of No. of structural aberrations 3) No. of cells 4) 5)
Group ration mix exposure cells 2) Others with aberrations Polyploid _Judgement
(mg/ml) (hr) analysed gap ctb cte csb cse f mul total TAG (%) TA (%) (%) SA NA
Controll) 200 6 0 0 1 0 0 O 1 1 1 05) 1 (¢ 05) 0.13
Vehicle " 0 - 6-(138) 200 1 0 0 0 0 0 0 1 1 1 05) O ( 00) 0.25
AAQ 0.6 - 6-(18) 200 0 1 0 0 O 0 O 1 0 1 ( 05) 1 (¢ 05) 0.50 - —
AAQ 1.1 - 6-(18) 200 6 1 1 1 O O O 3 0 3 (15) 3 (C 15) 0.88 — —
AAQ 2.2 — 6-(18) 200 0 1 1 1t 1 O O 4 1 4 ( 20) 4 ( 20) 0.88 — -
CPA 0.005 — 6-(18) 200 o 1 0 0 0 o0 o 1 0 1 C05) 1 ( 05) 0.13 - —
Vehicle! 0 + 6-(18) 200 0 0 ©0 2 1 0 O 3 0 3 (15) 3( 15) 025
AAQ 0.6 + 6-(18) 200 0o 01 1 0 0O O 2 0 1 ( 05) 1 ( 05) 0.00 — —
AAQ 1.1 +  6-(18) 200 o 0 0 8 0 0O O 8 0 1 ¢ 05) 1 ( 05) 0.13 - —
AAQ 2.2 +  6-(18) 200 O 01 0 0o 0 O 1 0 1 ¢ 05)Y 1 ( 05) 0.50 — —
CPA 0.005 + 6-(18) 200 0 32 8 3 1 3 0 124 2 T2*( 360 ) 72* 360 ) 0.13 + —

Abbreviations : gap : chromatid gap and chromosome gap, ctb : chromatid break, cte: chromatid exchange, csb : chromosome

break, cse : chromosome exchange (dicentric and ring etc.), f : acentric fragment (chromatid type), mul : multiple aberrations,

TAG : total no. of cells with aberrations, TA : total no. of cells with aberrations except gap, SA : structural aberration, NA : numerical
aberration, CPA : cyclophosphamide. 1) 0.5% carboxymethyl cellulose sodium solution was used as vehicle. 2) More than ten aberrations
in a cell were scored as 10.  3) Others, such as attenuation and premature chromosome condensation, were excluded from the no. of
structural aberrations.  4) Eight hundred cells were analysed in each group. 5) Judgement was done on the basis of the criteria of

Ishidate et al. (1987).  *: Significantly different from solvent control at p<0.05. ** : Purity was 98.7% and anthraquinone(1.3%)

was containd as impurity.
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Fig.1 Growth inhibition of CHL cells treated with 1-aminoanthraquinone
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Fig. 2 Induction of chromosome aberrations in CHL cells continuously
treated with 1-aminoanthraquinone without S9 mix
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Fig. 3  Induction of chromosome aberrations in CHL cells treated with
1-aminoanthraquinone with and without S8 mix
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