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1,3-V 3 7/ RYEY Dinvitro FeBARRFRFIEMZ, Fr A4 =—X - NAR Y —E3EH
fa (CHLMU) % AW TG L. BRI R 2R 72,

FERALER (480%W) B & ORI (6MFRT) BT, 0.041~1.3 mg/n¢ (10mM )
DIMEFEINT50% % 2 2 HGIHAS A SN h oz, o T, ROERTFERRICBIF 2
TR LB I & e LR 4B ITALER & B2 1.3 mg /nl (1I0mM ) & L., REMILEE D
I2BLTVADREL, FAFRTREL L OIKIEIE L L TRE L 72, M MEITIX, S9
mix FEAFAET TN B & U48IG RPLERARAR 2 ER U, RBETHT 21T o 720 HRFIIL
T S9mix FAET S L OIFAET T WML, FrifRaEE T S O T8 MIBE1E
LOREEAREER L, BEAnir&4T» 720 ‘

F OFE R, AHALIE B & CEIFIIALEE OV TR ORITEIC BT H, R fRkofiERw
RE BN O FIAEH TR L 0l h o 72



BEFFALSE MR R S MR AR 5 BURAIEO—RME LT, 13-V 7 ) XY ¥V 0
TR R TMEEEENEELTFMMTA2 72D Fry A= —X - NAR 7 -5

(CHL/U) % v TREAE BRI E SR e EIE L 72,

ARBR G, [HREDH R 2 RB0OHECowT]  (M629E3A31H, BRKSR
2375, HEIEE 3065, 623LJFE 3035) B LU [OECD FHMURMA A F54 > 1 473) 12
gL, [fb2%/E cLpitie] (WEFISOE3R31H. IRIRFESD 395, FE3EHM 2295, 594
J3%5 85%5 . SKETMANG34E11 H18H ., IRANILE 2335, #7426 387, 632L/R% 8235) &
TWTEML 72
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1. AL 7=l

VY —=F - Yy —ANYSs (JCRB) 7 b ATF (1988%F2H. AT 1 #4 4, BifE12
) L7cFr A4 ==X - NAAF—HFD CHLAUMINLZ . Ao i10/8 UM TR
Bz,

Z O CHLAU Mllfafkid, —RO9IT b2 i xt L CTHAnRSTR DR EE AT v 728,
FHINTWV5D,

2. KAEWER O PR

BeRITIE, HRIBIMTY (FCS : Biocell, v M5 [ 4001776) % 10%RIML 724 — 7
MEM 53838 & v 720 MEM 853801, 4 — 7V MEM B (= v 24 ] QK (HAR
T HR)) 94g % 1 ¢ OIEPATHEML, 121CT154 M, BEXEKHEE L0, L-ZV
53 (BHEHA. HARBIZE (BR) 300mg £10% NaHCO, . #112.5 n¢ & TR
L7zo 2 f5IBFED MEM BEEd. LRRodsii 94 g % 500 ¢ OZEGAKICEML, DT
MEM R & MAELIC gL L 72,

3. HrARSA
2X10* D CHLAU Mlffe % . B3R5 e & A7z 4 v ¥ 2 (8 6cm. Corning) X X,
37C D CO, A4 VFar—%— (5% C0,) WTHIEL 7,

4. #ERE B L Ol R
(B 5 H)
1,3-V3 7/ R_Ry¥y (LF DCB &9, CAS No. 626-17-5) 1, 47 Fi&128.130 H
Bt IRERTH 5, WIMLFMMARS L Appendix 1 1C/R L 720 FIV 72850 13
oy %S #E99.9% (ALY @ k53 0.03 %) THH,
oS Ens, WERYIE I, EE T TERTRE L 72
DCB @ 0.5% A NWVEFTY AF)Vta—AF ) 75 (CMCNa) KIEHEP TOREM
HER A RIIFEIT B W TIME L7z IRRIE (325 my/ we) B & ORI (13.0 mg/ nl)
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OB E D ICHERR TR 72 b DIcoV T, FIRENLSMT T, F% 4T T
DREME T2 ZOFER. T ARFMR B 2 FREOFHERE, Th WY
fti (OFFR) DIFEHMITHF LT, 105SB L UV96.4% Th o 1oo 0D DHIXSIFZEHT THE
LTwa ke CEYERIWUIMED0.0% ) iz L Tw/: (Appendix2) o

[RaMExT R ]
1) SERELEL O RER I TV B 4K
(1t ¥ %) vA{ rvA4Y Y C
(W& ) MC
(o v + F 2) 978 ADH
(% & %) 1B ANMERE L3 (kK)
R B & ) R RE

bt

2) HEi R BRI Vv 2 H

(1t &2 %) Yy uakRA773IF
(g ) CPA

(v v F K &) 70H0948

(82 15 #) Sigma Chemical Co.
Bk & £ R E

5. BIERWE DR
WERME OBLE, T DD E4T o 72 IE4KIZ0.5% CMC Na KISHL(F 7 T 4 7 X 2 (#F).
oy FEE D MOGR053) % V7, FAAZEAICBMLTA X7y 72 & ) B (e
B S & URGATVEBUERE 12 B3mg/n) ZHE L, 2V TREE G TIRRAR
U CHIRE DU O #IRW KRR & VR U 7o BIRWITARHIE, $RTOMBRICB T
HEREHL D10% (Vv) 1% B &S CHE 720 BAORIL SRERIC B W Tid, AL B L O
S AL 2 v 7= RS ENE & G RE DR SRS 5 T, GRS 2 U
FEATILEIISEE IS BV THT o 720 £ DR, T OIRIEIR, Wh & SRR OME
LTWa i (WK o EEERFRMNENE5.0~115%) DOFFHN TH » 72

(Appendix 3) o
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6. AERSA:

HEESLELCE, Mgz 3B L 20 B 882 C, 74 v ¥ 2 KR 45 ¢ &
IR EE DR E B 0.5 ¢ BUNZ . 241 B £ U48IEITALIL L 72,

SREFIAEL ¢, Mlle% 30N L -0 L BB IE T, MEM 33, MERED
MEM B8 B L U SOmix 2FnFN14.8:5 DHATRAELLBH 2T W 274 v Y
2T AR 720 T 720 SYmix FEFEF OUIIEIZB VT, MEM BRI E £ O G RIED
MEM H:#Hx 20+ 8.1 OFESTRELZBH 27 ol 274 v 72l 86K
0.3 mé DEYE T ZINA T 6FEMALEL L 72, IR T H., il REuic 3L,
B 5 ITISHEMIESE L 720 SO mix DFRLENUI T EOHUK TIT » 720

S9*

20 mM HEPES (pH 7.2)
S0mM MgCl,

330 mM KClI

50 mM G-6-P

40 mM NADP

FEAIK

— s e e N W

A%t 10w

*S9 . Sprague-Dawley ;87 v MI7 2 /) NNV EF =)Lk 56XV ITIFTR 2G5 L

THBL 2%y 3—2Y#)D S9 (T v FHS I RAA-314,1094 4E8 A #15% 5 L (FRAA-320
19944 12 B35) & A L. I T —80°C D IBILIANPIZARTT L 720

7. AMEAARI R
et (RS H AR v B IR L O BLRIT & RRE T & 7200, B T DMK K

TR RN,

7.1 ALERGAM:
AL I T UL 48IF PALBITE IS DWW T, F 72, FIFHALEE T SO mix FFAET B & UFEFF
FET D 6WERIALBLIEZ D v THUBH AT R & JEht L 720 ALELBRIE X, SEHTLEL S L U

FIRERTALER & H 12 0.041~13 mg/m¢ (10mM ) DOWEIADREZFAV7/20 74 v ¥ 2id 1
FEZ oW T 28 2,



7.2 BEARVERL
REER T, BB ECh0b, 10% Ry VI EINZ. BT 4 v > 2124
HELWRETHEL. BEH, 0.1% 2 VAT IVAL ALy METHAB L 72,

7.3 ARG O FEHE & F DR

WERYWE @ CHL/IU Milfisxd3 8 asflfe A&, BB IEa g ERE (Monocellater™,
A Y YXANFETIE RR) & A CETEORIRE © 51l U, BB B ALT0TE o R vt e
AT BANRMA O E b > T E L7z,

F DG, AR B L U IALEL E b1 0.041~1.3mg/ n¢ (10mM) DHEFERT
50% % #E %2 AT A S Nz o /2 (Table 1, 2, 3 B L U Fig.1) o

8. ABEROIEHELK

ARG EN TR DR A & 0 | Betifd SR B3UR T v 2 4R O TR i AL BRI TS %
MHTALTE 3 & OVEIERTALEL E $ 02 13 mg/me (10mM) & L, £D12 BLUY4 DREE
FNENPRE L L OMRIRIE & REL 700 BHIIRWE & LTHW/AMC 8L 07 CPA i3,
EEAA () KREIET S, 0y MG D KAHT3) KERL TR L. 2hehlds

REREEZFRTLENTMON T WA BEELHAL 72,

8.1 WHALER (S9 mix FEFAET)
MAEAEL T IL, 246 & 4805 FIALIE 0) 3BE B DHIRY LTV IS EERE 12, MBI E ST
EONBLZER T 2. S 2BDT4 v a2 Hvni,

b8 IIE (mg/me) ALEEIEI (h)
1) AEALE[ T I — —
2)  BEdExd i 0 24
3) DCB 0.33 24
4) DCB 0.65- 24
5) DCB 1.3 24
6) Bty MO 0.00005 24
(RE~H:L)



i WESE (mg/ml) SBR[ (h)
7)  BEaig 0 48
8) DCB 0.33 48
9) DCB 0.65 48
10) DCB 1.3 48
11)  FMExd i oMo) 0.00005 48

8.2 GMERIALIN (SO mix FFAET B &L UFEFEAET)

SRR CIE. SO mix 71 F B & UIETFELET @ 35BS OBERY B AL SRR, 3]

EEEH, TRROUIEEHR G 2o ERE 2T 1 v v a e/,

HE I (mg/ml) S9 mix DA ALEREER [T (h)
1) AEALE R — — —
2)  FEPExTER 0 — 6-(18)
3) DCB 0.33 — 6-(18)
4) DCB 0.65 — 6-(18)
5) DCB 1.3 - 6-(18)
6) BEVEXTIR (CPA) 0.005 - 6-(18)
7) BRI 0 + 6-(18)
g8) DCB 0.33 + 6-(18)
9) DCB 0.65 + 6-(18)
10) DCB 1.3 + 6-(18)
11) B3t B (CPA) 0.005 + 6-(18)

0. B AREEALEIIL

1) BREEET O 2MNHC, TvE 3 F &R

JEDSHK 0.1 pg/me 1% B & 9 WCHEIE

CINA . BEER T . SO E ) AR A BN (Carr, Mg e B %
W) T, ¥Ry F 4 L DA AL, 10 nd OFEKIE gD,
2) 1000~1200rpm T S&rHlmb L, BI%2EC/-0b, KL 22HIIZ 3 ne @ 0.075

MKCIAKERE A S 2 £12 & Y #3050 MARIRALEL %2 47 » 77,

3) RIBALEIE ., RIBT O LG ICTE® Ok A% /- =1:3vwv) #6 nt 20
P THERLHPIIENRyF 4 7L BBHIRIML THEZE L, % D7%1000~1200



rpm T 57 RTEE L 720

4) BLBEFLHRES, MUOFHMEL2ESREMEATHIRZ Ry 74 Y70 & h Bk
&, 1000~1200 rpm T SHMEL L 7zo S OBIEE B EL 720

5) EELTHALBGOMEIIC, 0.2~0.5 nd DEGEEMA . FIBE 387,

6) MRPEROLVEEZ, DO LOEGFLTEVIZATA FFIXLICHETL, 0
F FMz L7z,

7)) A4 FHEERREFA v 2205 VERL 72,

8) AIA4FIIAD TR MIERET, RRRMBINES., 73— FHFEBLURT
4 FHFexit AL,

9) WEMEL7ZZATA Fiz, FAYFEH (Merck) 4.5 nt & M/15 ") Y IRIREHE (pH 6.8)
150 m¢ WAL 7= Beta il TH 85 MR, BUK TR T TWTRIZ L 720

10) L7254 FEEARIE, 2—-FHFFMICAT A Fr—XICAR, 7 — R CERR
RATE . EAREHO A 2R L TRE L 72,

10. Brfufks4r

VEBIL 72254 FERDI B, 12DF 4 v ahbBonREuebRI54 P&, B
DPBE D NP MHEASDP LBV E T T— FIELZRBTHNTL 720 & (A
D, PORBAEITHEL T VORWPHHEE L, RELFTIHAMIIO VTR, X7
A4 FEnZ gz HMG0 A7 — TV OfiE Cresk USRS L 720

Stk OHTIE, HARBIZRESFES, MATYHRE (MMS) FRKD 1K & 2 S8
DT, Beolklld 2 VRS R D F ¥ v 70 LI, e & OREESE
RN (polyploid) DA IEIZDW THEEL 720 /2B & U THEGERE IZD W Tt
FE200M8, fEECHAII oW TR IRF00H d Z p il 54T T 5 2 L & L7z,

11. FesR &yl

MEALENXFBR, FEYE B & OB TEA IR & BEER B ALEIE D F L F iz o v TEIEMNR L.
G ORI & 8. HEVEAINL O R E ootk R 2K L. BlEofiti % SRR
AL7,

gett (ARH 2 BHoMBOHBEIEIC oW Tk, 2 OFEEBZ LT, BROWE
7= LRI T 7 4y Yy — DB EHEREY L), S EEEEE L,
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familywise DA FKUELE ShE L TREREM L7z 74 v Vv — OEEMRETHEE
DRADOLNHE T, AREFHCHELTIZ I v - 7— 3 7 v Yo MEmRE
(p<0.05) #4F o720 L 2MOMRETE D ICHBEFAD LN GE LR E L. 1
MHEIRE THEEITRED b e WA IR & Lo BIEMMas, fiERwicow
T 100K, FEEEAIRIC D v TIX 400K O 554 % MAZFHED 22 DM EARTE L L 72,
% B, 0.5% CMCNa KB 10% (vv) TINML 7258 D, gapx &R (TAG)
EHBIRFE T HRPIEMIBT L E T — % (1989~19944F) LT DMl TH 5,

HE & %O B ®E
iZ AN G 1 | g S - ({2 .3 i o £ I = 6 AR o -
M M xSD Ma¥k  AMa%k  *SD
(EHEaLan)
24FF 19 3800 25 1.3+x1.2 19 15200 58  3.1%3.3
48H% [ 19 3800 43 2.3+1.9 19 15200 23  1.2%1.1
(4g g P e ) .
S9 mix FEFILT 10 2000 12 1.2+£1.0 10 8000 22  2.2%1.7
S9 mix fF1EF 10 2000 22 2.2+1.4 10 8000 21 2.1x1.4

* 5 20043 72 Y DL ST I EK
** 2 Q00NN D 72 1 DI 1E BRI



WHALTRIT & B JeafRHT D& R % Tabled B & U Fig. 2 ISR L 726

DCB %N 24 35 & O8I LI L 72 W R D AUHITFE IS B T H | Fefafhk ol SLH
B L URREHAROBEIEIRO LN LD o 72,

SERE AL & 2 Bt RO T OF5 R % Table 5 B8 & U Fig. 3 WW/RL 72,

DCB %N x T SO mix fAAET B L VIEFAET T 6 WAL 72w Fh DLMBREIC BT
b BERORERE B L OBEANEOFREMERD Sk h o 12,

FatExtHR & U TH W 72l e AL C 0 MC MBI 38 & UF S9 mix FFFE T T CPA JLILFET

S,

13 BRI (cte) RGO EINT (ctb) 72 & DRGSR & b DAl AFEE S Nz,

—
Shiv
O
=ult
b
Cd

13-V 7 /Ry E G, EHAENIT & G, 24N B X U4 ALER L 72854, 10mM
(13 mg/mé) DWEE%EL WTROMINE (0.33~13mg/nl) KBV T b, Fetifhniik
TR SRR % T3 L% b 72,

FRERIALEIC 3T, SO mix FFAET B & UIEAFFEF C 6IRFIALEE L 7854, 10mM D
ErxEt TR OWERE (0.33~1.3mg/nl) 128V T b YOG SRR a5 2
FRL Do,

WoT, 13-V 7/ RyEV/iE, ERORBREUT . RREAND CHLAIU Mgz H
BEEREEFR L 2V ERHRL 72,

I u1)

-

il
c

4

ARBOFEMIH 72 0, RROBHECEHEE LI TR 05 5T L% o 725
AER ORIRTH IR & I 7% 40 o 726
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Table 1 Growth inhibition of CHL/IU cells continuously treated with
1,3-dicyanobenzene (DCB) for 48 h without S9 mix

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

0 100, 100 100.0
0.041 128 , 130 129.0
0.081 140, 139 139.5
0.16 148 , 134 141.0
0.33 128 , 129 128.5
0.65 119, 111 115.0
1.3 107 , 107 107.0

Cell growth was measured by Monocellater ™ (OLYMPUS)

Table 2 Growth inhibition of CHL/IU cells treated with 1,3-
dicyanobenzene (DCB) for 6 h with S9 mix

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

0 100, 100 100.0
0.041 92, 91 91.5
0.081 83, 88 85.5
0.16 86, 85 85.5
0.33 83, 82 82.5
0.65 80, 85 82.5
1.3 80, 85 82.5

Cell growth was measured by Monocellater ™ (OLYMPUS)



Table 3 Growth inhibition of CHL/IU cells treated with 1,3-
dicyanobenzene (DCB) for 6 h without S9 mix

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

0 100, 100 100.0
0.041 103, 91 97.0
0.081 9, 96 95.0
0.16 103, 94 98.5
0.33 102, 89 95.5
0.65 98 , 87 92.5
1.3 9, 93 93.5

Cell growth was measured by Monocellater ™ (OLYMPUS)



Table 4 Chromosome analysis of Chinese hamster cells (CHL/IU) continuously treated with 1,3- dicyanobenzene (DCB)* without S9 mix

Concent- Time of No. of No. of structural aberrations 3 No. of cells ) 5)
Group ration  exposure cells 2) Others with aberrations Polyploid1 Trend test
(mg/ml) (h)  analysed gap ctb cte csb cse mul * total TAG (%) TA (%) (%) SA NA
Control 200 0O 0 0 0 0 O 0 0 0 (C00) 0 (C 00) 025
Vehicle " 0 24 200 0O 0 0 0 0 O 0 0 0(C 060) O ( 00) 000
DCB 0.33 24 200 0O 0 0 0 0 O 0 1 0 ( 00) O (C 00) 025
DCB 0.65 24 200 0 0 0 0 0 O 0 0 0 (C 60) O ( 00) 025 NT NT
DCB 13 24 200 6 0 1 0 0 O 1 0 1 (05) 1 (C 05) 000
MC 0.00005 24 200 1 22 66 0 0 O 89 0 67 (335) 66 (33.0) 013
Vehiclel) 0 48 200 1 2 0 0 0 O 3 0 3 (15) 2 (C 1.0) 013
DCB 0.33 48 200 0O 0 0 0 0 O 0 0 0(C 00) 0 (C 00) 013
DCB 0.65 48 200 1 1.1 0 0 O 3 0 2 (10) 1 (C 05) 038 NT NT
DCB 1.3 48 200 0 0 0 0 0 O 0 2 0 (C 00) 0 (C 00) 050
MC 0.00005 48 200 6 33 75 0 4 30 148 14 83 (415) 78 (39.0) 050

Abbreviations : gap : chromatid gap and chromosome gap, ctb : chromatid break, cte: chromatid exchange, csb : chromosome break,
cse : chromosome exchange (dicentric and ring etc.), 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, NT: not tested. 1) 0.5 %
carboxymethylcellulose 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) Cochran - Armitage's trend test was done at p<0.05 when the incidence of TAG or polyploid in the
treatment groups was significantly different from historical data of negative control (vehicle) at p<0.05 by Fisher's exact test.

* : Purity was 99.9 %. Water (0.03 %) was contained as impurity.



Table 5 Chromosome analysis of Chinese hamster cells (CHL/IU) treated with 1,3- dicyanobenzene (DCB)* with and without S9 mix

Concent- S9 Time of No.of No. of structural aberrations 3 No. of cells A
Group ration mix exposure cells Others with aberrations Polyploid * Trend test 5)
(mg/ml) (h)  analysed gap ctb cte csb cse mul  total TAG (%) TA (%) (%) SA NA
Controll) 200 o 1 1 2 0 O 4 0 2 ( 1.0) 2 ( 1.0) 0.13
Vehicle " 0 — 6-(18) 200 0O 1 1 0 0 O 2 0 2 ( 1.0) 2 ( LO) 0.13
DCB 033 - 6-(18) 200 0O 1 0 0 0 O 1 0 1 ( 05) 1 ( 05) 0.25
DCB 0.65 — 6-(18) 200 1 0 0 5 0 O 6 0 4 (1 20) 3 ( 15) 0.13 NT NT
DCB 1.3 - 6-(18) 200 ¢ 0 0 0 0 O 0 0 0O (C 6O)Y O (¢ 00) 0.13
CPA 0.005 — 6-(18) 200 0O 2 0 0 1 O 3 0 3(C15) 3 ( 15) 0.00
Vehiclcl) 0 + 6-(Q18) 200 1 1.1 0 0 O 3 0 3 15) 2 ( 10) 0.38
DCB 0.33 + 6-(18) 200 3 3 2 0 0 O 8 0 5(25) 3 ( 15) 0.13
DCB 0.65 + 6-(18) 200 0o 1 0 0 0 O 1 2 1 05s) 1 (¢ 05) 0.25 NT NT
DCB 1.3 + 6-(18) 200 0 0 0 0 0 O 0 1 0(C 00) 0 (¢ 00) 0.13
CPA 0.005 + 6-(18) 200 5 2060 0 0 O 85 1 61 (305 ) 58 (290) 0.00

Abbreviations : gap : chromatid gap and chromosome gap, ctb : chromatid break, cte: chromatid exchange, csb : chromosome break,
cse : chromosome exchange (dicentric and ring etc.), 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, NT: not tested.
1) 0.5 % carboxymethylcellulose 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) Cochran - Ammitage's trend test was done at p<0.05 when the incidence of
TAG or polyploid in the treatment groups was significantly different from historical data of negative control (vehicle) at p<0.05 by
Fisher's exact test.  * : Purity was 99.9 %. Water (0.03 %) was contained as impurity.
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Fig.1 Growth inhibition of CHL/IU cells treated with 1,3-
dicyanobenzene
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Fig.2 Induction of chromosome aberrations in CHL/IU cells continuously
treated with 1,3-dicyanobenzene without S9 mix
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Fig.3 Induction of chromosome aberrations in CHL/U cells treated with
1,3-dicyanobenzene for 6 h with and without S9 mix
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