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1,2V ¥V I HNVARZ PV (BCN) i&. CHLAU MK (Fr 4 =—X - N2 R T — il
) [CREARE R 2 FRL

S9 mix FEAE T CARE LT L 72356 (SO IUIG W T 6RE R JLBEH: 18RERT O [OE3E %) B
& U 89 mix JEAFFET CHER M LE L 72356 (SO B Ub 1 i MEM 55 i % 6 /).
1.3 mg/mL (10 mM) D EICB VT H50% % Bz HEMGIERH IR b olz, —
75\ G RS Hhrh T 24B5 R ALEE) L7354, BCN @ CHLAU MLIC A9 5 50%H8
FEPIHIERE I 0.39 mg/mL & 72572,

DO EhOREARERBE TR, FRALET 254131.3 mg/mL (10 mM) DIREZ &
FALENREEE L, DT RAK2 TEREREN AREEBRE L7 E7o. ERUET 258,
50% 184 S S ok BE DAY FFIREE R W EALEIREE L L, DT A2 TRESIBEEZRE L 72
BRI TR R IR 2. SO mix FFIE T8 X UFFFFTE T CRRRMLE L 7235813,
EDIT 13 mgmL DL 2 )| 24 HEE L 72354108V Tt 0.80 mg/L & %o
72729, TRODOBRELEDTUT JBELBRIRYL L1z,

BRI ORER. BON I3 T RTOLBEEGTICBWT, FHEEMBEFERE L



[#&

mj

L EWE OEEHEEZFHE T 5 720 OFHRBEO—2 & LT, WLBYREEMRLH
WBRAERERBID D, (EFWEICL o THER SN A RAAREICIE, KA L THE
BE (Frvy 7, W T8 CRORE @R, BEEMER) 5 ). §i#E i DNA
BE. BEGRROSEBEORE R LEE KB Tn5, ARHERTH V2 CHL/IU A1,
Y RBH D% . —REICILEW R I3 L CREAET ORIBBENR W0, Rffk
RERBCI{HVLNRG,
EREWHOMBEAORE ONA 7213856k 2 &) T 2EH . BERERT 25
A&, RAERIL SN TERFEEESBENI BAICKIEND, LPLENFL, RBREN
DEREHABRICH VI MAeDCEEME . ABEELEPEVDPD 2 0iddo T
EEMEVNZ 26, —HICIE T Y OFEL SR LFAEY R — b 9000Xg £iE
(89) Z tFWEORBEWERIBT E0ICHAVE, REARFRBICBVTL, B
BER 2 RIT 2720 0MBERFI L LT, S9 mix EFAT T OEF LIS X O L
S, 2 TRENEHAVER 2 A2 220 OMILRF) & LT S mix FF4E T TOERH
IR D % o |

OECD B LM E L&t m R IiR 5 BEUAEER OB E LT, BCN OAlREZFW
B % SEA T 5 720, CHLAU MM % BV B Rt RRE B 2 £ L 720 % BARBRIE,
[ BALZE W B H AR 2 RO JTE IO WTL CPEL 9% 108 318, BRIFKE 2875, &
A 1275, P09 - 10 - 31 EFHE 25) B LU [OECD FEHRBF A F54 >~ 1 473] I
PR L. (L2 " GLP 2] (BEA0 594 37 31H. IRMRESE 395, FHE 2295, 59%
JO5E 855, CLATHRMI 634F 117 18H. WA 2335, HAES 385, 63EFE 823%) I
EOWTERL =,

BB & ]

1 HEBRWEB X BT EYE
¥ Bx¥1 B T3 % BCN (CAS No. 91-15-6) O WAL ZHIEIRF X Appendix 1 IZR L7,
BCN i3 POREINLB, BRTEEL 2. ATy MTOWTIE, &E
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BRI EETH D I MR E NI,

RECELTIE, BERYEZEAODOEYVAFVANFFY F FINMETLHE, T b
%5 . TPG6T38 B & UF ACL5008) 1B L. AL THW,

i By EE LCHWZY 70k A 77 3 F (CPA. Sigma Chemical, Ty ME% !
73H0846) B X U'YA b~ A4 ¥ CMC, BHHMEELE. vy MFF [ 24AGL) ik, Al
ABLE L, BAESAA CKRREETYE, 0y M5 I K8HT73) KB L THW,

2 Ak

CHL/IU M2 JCRB Mifa/ N> 7 X ) AF) id, H4FIi#E (Cansera International, & v ME% !
2608311) % 10% & &4 — 7V MEM 853 (HKS3E) 2H W, CO, 1 ¥ Fax—5F— (5%
COx 37TC) NTHEE L 720 T 7o, MREREHAR 10D CREBVCH W2 R OMARIE,
19884F 2 H ICAF L7z 2 T 40, BRI 2140,

3 S9 RIS

SO(Fv a—~r, oy FES . RAA-389, 19984E8H ##E) X, 7= /S VE S —
5, 6-NVVT 5Ky RS L 78K O Sprague- Dawley 27 v F O JFREA» HH
WMLA-bO%BAL, HHEBEIT-80CKEE L, VI —R6" VB (G-6-P, Sigma
Chemical), p-=IF YT I KT7F=U I X7 VL AFF) VB @RILE, B-NADP', + V.
YHNERTE)BIXTKC 2REAICHEHEL., BREWE LT-80CKREL ., HHEIZ
T 89, MgCl, $ & U HEPES Z /M. S9 mix & L 720 S9 mix A4E T CTHEFM QAT
534, SO mix, 2f5RE MEM ¥ # (MLEAET . S9mix £ F &) B & UF MEM ¥t (L&
AEY ZRBRML T SO KIBHW 5% S9. 0.83 mM G-6-P, 0.67 mM B-NADP’, 0.83 mM
MgClL,. 5.5 mM KCl, 0.67 mM HEPES) & L 7z, —7 ., SO mix 3F7F 7 T CHEKHELET
DA, S9 KIS D D IC MEM B3 %A L7z,

4 MRS BEFEINHIAER

FREAEFTARICHC L WBWE ONIBE 2 RET 5720, HWERYE OMil HEC B
FIZTEELHA, CHLIUMMZ 0.25% M) 7Y V2 AW TEA L7228, 4X10° 8/mL
ORifEBEBEBE L, 2D 5mLQX104E) 2 75 A F v 7 74 v ¥ 2 (EfE 6cm, Coming)
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CHRE L C3RMEEL

SO mix FFE T CHEFHLES 256, SO T 3 mL & REHiAc# L 7=, HERME AR
WE 0L FORML 6RRLIE L 720 ) Y BREIEHB R 7 BIU M 2 &E) T
TR, FEEEH SmL IC3S L, S5IC 1I8RMIEE L 2o —7H. S9 mix FFHAT CHE
MALES 2356, SO RSO D D IZ MEM §#b & F V72 DAL O#BEIZ, SO mix FET D
MERE & FRRICAT 0 720 T /2, ERAEICBWTIE, FHEE s mL &M HE L2,
WERY R B Z S0uL 3oL 24N L 72,

ETORERFNUT BT, 0.041 ~ 1.3 mg/mL (10 mM) DIEEFEFH TR L 72, HERT
By 10%ENVTY) VHRTESE L, 0.1%27 VAZ WS4 4Ly METYHE L 72, BER
EME BREEET Monocellater ™, 4 V) YSARZETE)ZHV, BESEBEE L LEL 2&
BREE OMAEERZEHAI L 720 HRES ) 2BOT 1 v a2 HWwi,

5 BefhEEHRER

e 28 FEEDHIRER IS BV T, BON id S9 mix fF7E T 8 & OFEFET CHERFHQE L7235
A, B X U4 G LR L 72354, CHL/IU M o B85 % ##) L 7= (Fig. 1), H M
ML 72354, 1.3 mg/mL (10 mM) DIEEEIC BT H50% %8k 2 5 MR sl e 1L RR
BDONBH ok, —, 24BREFME L -84 050 % BRI HIEE . 0.39 mgmL &
ol

DI EPLEEREFEARICBVWT, ERMALET %5513 1.3 mg/mL (10 mM) D
IRETRESLEREL L, DTAKL 2 TEH4BEZHEE L. EHLET 5356121350% 1
FEIIEIRRE O 25 R EME # RS NIEEEL L, LTAK 2 TRl sBELZBEL. Rt
L7, REARFERBRIBCTE IBES ) AMOF1 v T2z flv, 20550
BTGB AERZER L, HO 2T OWTIT BB M RERHIC X ) fifesgsE=s 2 Jl
SE U7z, RBRREI, MR s e & 13 1ZRCAT o 7o AR RLE Tk, BBRWE
% SOmix FHE T LIFAET T ORHREL -, EHLETIE 4RBHLELZ, 2B, &L
HEEFOM., SEFRE, BT RES X OCEREN R (TSRO s) 2RIT 2, Tz,
HAENBEDS X UHRES BECOWTI, 2O 74 v ¥ aDht AnTRafER:
YEBLL 7=,

Y BEEIC OV TIE, SO mix FEFFE T CERHLET 5354, MC 28 3 mL KRR
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IRED 0.l pg/mL & 7% 2 X D ICEML., EfLET 2541 MC 25H# SmL ICREIRE
‘ﬁﬂ%umﬁk&élﬁﬁﬁmbtoit\WmﬁﬁETfﬁﬁ%%ﬂT%%%\@A
Z SO FUBHE 3 mL IS RABEDS SugmL & 2% X 9 ISHsinL 7=,

FROFEAMERBO T4 v V20w Tik, BERT O 2RFENC, IV F 2Rk
R0 pgmL & %2 % X ) WCHRMLA, BERTHR, BT kE, 002% EDTAEAY
VERBEIEEAR (G BIXUMS ST oW 2 MATHBEEIEATL, 10mL OELE
D EIE L 72 1000 ~ 1200 pm., 557) FiEF 2 T2k, TR L - #f2iC 0.075 MKCl
KB 3mL 2R, 305 FHEKRILEEZ 4T o 72, RIRAIEEE, BER (X 7/ —V @ kEEB
=3 1vv) Z 6mL Nz &k Lk, LEzkRE, BUOFSLZEERZ MR TELL
B EBMORH % JIOAT o 721, PEROBEEH CHRLBEL, TOLEEAFAFITFX
(BHPLH 70X MRFICRBRBNES. - FESBIURIA FESEEA) RIT
WFL, €OFFRE L7z, 174 v adl) 6DAT A FERZERLZ,

3% F AW (PH 6.8 D /ISM Y VBEE B CHRFAR) TAIFA FERKZLMEHE, KT
TIWTREL 72, RBRIEES. RBRHBINFSS L CEAGEOBR 2HRLAEZXT
A Fr =i, A5 FEEER%Z I— FEFMHICANTRE L2,

6 FeapkoAr

PRGN - T, BIENRL TORBIRELRE L. ThbH, 20%K i OM
RasFEE 2 7R L 7ZIREEIC O W TR BB AREAR L RS 3. 20% L L oM R R L/
REED DB, REOBEY LT 4 v ¥ 2 BOSR ML M BBHE (528850 2Rk0,
274 v T adiZ0.5% L L& 2 B RD BVIREE & R BAROATN BE B IR SN L 7,
IEIER (Table 1, 2) I & D, EREMED SO mix FATH L PFEEETICB VT,
& BT 1.3 mg/mL PEEEDT OWHELZEKFHBEE TH o722 Lhb, ThE DEBELED
TUTAK 2 TR 3RE 2B R E Uiz, BEHLIIC B\ T 0.80 mg/ml 254 fafksy
MOTELZERBBRETH o2 Eh b, ZOREEZED TUTAL 2 Tot 3 BB BB
Rello T, RBAGHIE, BAREERESZS - WABYRBRFES JEMS -
MMS) ¥ I & B SEEICESWTTo 7, 2L, Frv v FIoWTE., RESEIREL D
DIRVIER MM L R L. BEREFEROHACICEED VI L L Lz, X RS
D, PORBEFHEL TV RVARFEBEEEL -, SFTLIC, BSMREK. 0
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PRl L OB SRRl BE O E 1. B0 K Sl BRICEEA L 72 71 v
VAP ORONIEATA FER T, AINOFEE BENENNBEBE 55 5 2w
LW a— MU THW Uiz HERIEIT 15F 200/, HHEHINRIE 15 80018 0 4 2 rhitf
MM % 4 L7z,

ot R SR LR B L OB BEMT, 71 v Yy —OEEREEY 12
FOHEEERBRE p<0.0) 2ER L, I72, 225> - 7—35 v VoMEAMKE
(p<00D) IC&k by, HEEKFHEOFELZRI L7z, ChboRERRESE L L. £P%
B2 R R & 2 HIB % DR U CREBARRE FREOFEMEAT o 72,

[#RB L UEE]

BCN id, WTFNDMERTNICBWTHRBEROEEREZFREL 2o 7z (Table 1. 2)o

—7%7. S9mix FFET S L OHFE T THEE LR L7254, RERFENICEREMEZ
FFE L. S9 mix FHFE TICBT 5 HBHEIX1.13~9.50% . S9 mix FFFE FICTB 1T 2 KB
BEi35.13~26.13% & 72 o7z (Table 1)o ¥ 72, SO mix FFHFFE T T 24k EHLE L 7256
BT 0.25~4.13% DERBEMRZFRE L 72 (Table 2) » BHEEAMROFIEVRD LN
PR RFICDOWT, DyflE? 2RO 72L 25, SO mix EELET B X AR T OEH L
TIEZENZEN 2.5 mgmL B £ U7 0.72 mg/mL . EHEAE T 3.8 mgmL & %o 72,

—7. BHERYWE L L THWZMC B, ERELED SO mix FEFET B L UEHTLE
CBWTRERDEERTEZFRL Table 1. 2) . CPAIZERHUED S9 mix HFAETICB
WTHRBKROBEREZ2FR L Table 1) o TRLOHEMNBYWEORER LD, RERR
DEEALFRER S 7z,

BREL L2007 I EEBETIRVEYDI L, 1,3-IV T INVEYBIY
L4V 7T I/RVEVEIRBEOBEREB I UEBHEMREZFE L2V EFHESN
TWVzY 9 —F . AMEBEL1, 2V T/ RyEN Ik, BEBAREFR L
o, VT EBOKENEY, FEAERFEOERLEDo TWAWREIRFRSINIZ,
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—@=— treated for 6 h with S9 mix
=== treated for 6 h without S9 mix
-=={1-= treated for 24 h without S9 mix
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Fig.1 Growth inhibition of CHL/IU cells treated with 1,2-benzenedicarbonitrile



Table I Chromosome analysis of Chinese hamster cells (CHL/IU) treated with 1,2-benzenedicarbonitrile (BCN)** with and without S9 mix

Concen- S9 Timeof No. of No. of aberrations No. of cells Concurrenté) Mitotic )
Group tration mix exposure cells ) Others® with aberrations POLY  Trend test” cytotoxicity index
(mg/mL) ¢(h) analysed gap ctb cte csb cse mul total TAG (%) TA (%) (%) TA POL (%) (%)
Non-treatment 200 1 0t 0 0 O 2 0 2 ( 1L0)Y 1 ¢ 05) 0.00 —_— —
Solventl) 0 — 6-(18) 200 0 2 2 1 0 O 5 0 5 25) 5 ( 25) 0.00 100.0 -
BCN 0.33 — 6-(18) 200 60 6 0 0 0 O 0 1 0 060)Y 0 (¢ 00) 1.13 * 87.5 -
BCN 0.65 — 6-(18) 200 o 1 0 1 0 0 2 0 2 (10) 2 ( 10) 8.63* — 4+ 74.0 —
BCN 1.3 — 6-(18) 200 0 0 2 1 0 O 3 0 3 (15) 3 (15) 9.50 * 62.5 8.0, 10.0
MC 0.1ug/ml. — 6-(18) 200 7 56 131 2 0 10 206 0 104*(520 ) 99*%(49.5 ) 0.00 E—
Solvent1> 0 + 6-(18) 200 0 1. 0 1 0 ¢ 2 1 2 ( 1.0) 2 ¢ 1.0) 0.00 100.0 —
BCN 0.33 + 6-(18) 200 i 1 0 2 1 0 5 1 4 ( 20) 3 ( 15) 5.13 * 88.0 E—
BCN 0.65 + 6-(18) 200 1 5 1 1 0 O 8 0 7( 35) 6 ( 30) 2613 — + 68.0 —
BCN 1.3 + 6-(18) 200 2 1 0 1 1 0 5 1 S (25) 3 ( 15) 2438¢% 69.0 7.0,9.2
CPA 5 pg/ml. + 6-(18) 200 0 30 886 3 0 0 119 0 78 *( 39.0 ) 78 *( 39.0 ) 0.00 —

Abbreviations : gap : chromatid gap and chromosome gap, ctb : chromatid break, cte: chromatid exchange, csb : chromosome break, cse : chromosome exchange
(dicentric and ring), mul : multiple aberrations, TAG : total no. of cells with aberrations, TA : total no. of cells with aberrations except gap, POL : polyploid,

MC : mitomycin C, CPA : cyclophosphamide.

1) Dimethy! sulfoxide was used as solvent. 2) More than nine 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<0.01. 6) Cell confluency, representing cytotoxicity, was measured with a Monocellater™. 7) Metaphase frequency,mitotic index, was calculated by counting
500 cells in each dish.

* ;. Significantly different from solvent control by Fisher's exact probability test (p<0.01).

** . Purity was 98.7wt%. Benzonitrile (0.1%), 0 -tolunitrile (0.9%) and TPN/IPN (0.3%) were contained as impurities



Table 2 Chromosome analysis of Chinese hamster cells (CHL/IU) continuously treated with 1,2-benzenedicarbonitrile (BCN)** without S9 mix

Concen- Time of No. of No. of aberrations No. of cells Concurrenté) Mitotic )
Group tration exposure cells 2) Others®) with aberrations POLY  Trend test® cytotoxicity  index
(mg/mL) (h) analysed gap ctb cte csb cse mul " total TAG (%) TA (%) (%) TA POL (%) (%)
Solventl) 0 24 200 0O 0 0 0 0 O 0 0 0 (C00) 0 (¢ 00) 000 100.0 —
BCN 0.20 24 200 0 1 1 0 0 O 2 0 2 (C10) 2 (C 1.0) 025 79.0
BCN 0.40 24 200 0O 0 2 5 ¢ O 7 0 3 (15) 3 (15) 163 — + 69.5 E—
BCN 0.80 24 200 3 1 1 1 0 O 6 0 4 ( 20) 3 ( 15) 413+* 43.5 52,90
MC 0.05 ug/mL 24 200 2 41 97 2 0 O 142 1 81*(40.5) 80*( 400 ) 0.00 —

Abbreviations : gap : chromatid gap and chromosome gap, ctb : chromatid break, cte: chromatid exchange, csb: chromosome break, cse : chromosome
exchange (dicentric and ring), mul : multiple aberrations, TAG : total no. of cells with aberrations, TA : total no. of cells with aberrations except gap,
POL. : polyploid, MC : mitomycin C. N

1) Dimethyl sulfoxide was used as solvent. 2) More than nine 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<0.01. 6) Cell confluency, representing cytotoxicity, was measured with a Monocellater™, 7) Metaphase frequency,
mitotic index, was calculated by counting 500 cells in each dish.

* . Significantly different from solvent control by Fisher's exact probability test (p<0.01).
** . Purity was 98.7wt%. Benzonitrile (0.1%), 0 -tolunitrile (0.9%) and TPN/IPN (0.3%) were contained as impurities.
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