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5-2F Y F U2/ VENVER Y (ENB) &, CHL/IU MM (F¥ 4 ==X NARY —,
) RO AREEFR Lol

ENB @ CHL/IU Ml 238 3 % S0%IEREIPH IRAE ik, EATALE (GBF S ¢ 2405 A0
) Tt 0.07mgml TH oz F o, HIFMLED SO mix FET (SO FIGHEF T 685G
IS 18R D EEIER) B X UIEFEET (S RSO b Yo MEM Biib % /) <
i, ZR 1 0.1 mg/ml B & UF0.06 mgml TH o 72,

SO EDLREERRERR TR, EHAE Q4 B &0 4SIGELI) B LU IER
LI S9 mix FEFE T I BV T, 50 %IEFEINFIIREE DX 21E IR TH 5 0.20 mg/ml.
ERMABEOSI mix FEFAETICBW T, 010 mg/ml = HEQIMEEE L, Rlb2TFh
FHESIBERRE Lo RERSITHS T iR REIER, EELMES X UTER ML
BWT, FREN0.050mg/ml B LT 0.10mgml DIRE L B olzizdd, ThEDREEE
HTLT 3% REEMR L LTz,

ENB it W TR OMBEATICBV T, REAoiERTE S L EREIRLFR L%
oz,
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LB EORIZHN L FHET 2 -0 0 THIRERO—2 & LT, WMALEBHEEAR %M
VAHRBKEERBRNH D, CLFWHEICL o THERBEIN D REERE I, K5I L THEE
BE (Fy v 7, O, k) CBMRE EBREME. REMEMKR) 250, Fidid
DNAE, HEBRMBEOSEBRORELREERBL TwW5, ARKERTH /7 CHL/IU M
faid, BEaAlr Al {, —BEIAEDE Y L TOREARTORIEEIF B V20,
REERERRICLCAVLRS,

OECD ML F W R LM M AE 2 BHFEE RO —R L LT, ENB O{Il&(EEH
FELFMT A28, CHLIU Ma %t AV 2 BBk R E R Z ML /2. & BRRKERIL,
IHCEWR R RBOFEC oV T) (A 624 3A 318, BiRks 2378, %5 @
#3068, 2EBE3038) BLU [OECD HMRBA M FI 4 ¥ 1473] el [k
FHWE GLP &% | (BEF0 594 38 318, BRIR¥EN 395, HREHE 2295, 59%RE 855,
CUATHEAN 634E 111 18H . R 2335, WAL 385, 63EF/HE 8235) KHE I TH
L7
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1 Mk

CHL/U M2 (JCRB Mlla/N> 2 & h AF) . £KRBMFE (Fluwon, o v +FHS
55301) % 10% &t 4 — 7V MEM&EH (BARE) 2HV, Cof rFa—5— (5%
COx 37C) WTHRL 2o & 72, MERBMA 10 TRBRICH iz (R OB
19884E 2 A IC AF L= T 4, BFE 124%0) o

2 HWEBWE B L OB R

YERYE TdH B ENB (CAS No. 16219-75-3) O¥IALEER RS 1 Appendix 1 IZ7RL 72,0
ENB % PHRMIN 2B, BEYV-VEF- TSREEL,
DoL7E by (FRMIETE, oy MRS I KCI7945) IKEFE L THRIRL /2,

B E e L CAVWA2Y 270k A 77 3 F (CPA, Sigma Chemical, @ v F& S :
73H0846) BLU< A b~ A4 C (MC, HAMBEETLE, oy %5 [ 118AFG) . &
BHZREAK (RIRSEETH. oy MEF 1 K6G92) WEH» L. AMRAEL AV,

3 S9 RSl

SO (¥va—<v, By bS5 I RAA-355, 19964F 11 BE) k. 78 DMt Sprague-
Dawley 2T v MZ7 2/ NVEZ =Wk 56-_VYV 7 7RV &R5 LTS HFAEL
b0 EMAL. FHAKET-80CKRE LA, FIVa— 2 6-) YBR (G-6-P, Sigma
Chemical) « P-=IF Y73 F7F=v VX2 UFF FY) v (BLE, B-NADP', #V
T VER) BLUKC2EFXKCEDN,L, BEWE LT-CIKRE L., FARKRIRC
i< 89, MgCl, #3 X UF HEPES %#fllX. S9mix & L 720 S9 mix FF#E T CHERF LI T 5 45
4. S9mix. 2fEiEE MEMEH# (ST SImix & %E) B LU MEMEH#H (MERE)
ZEML TS B E L7z (5% S9, 0.83 mMG-6-P, 0.67mM B-NADP*, 0.83 mM MgCl,
5.5 mMKCL, 0.67 mMHEPES) , —77. S9 mix 3EfFAET CLEM LI T 25HA1. SOK
RO D DI MEM BB Z MR Lz,




4 MR HEEIG SER
REAREHARICAVIERDEOLBRELYRET /-0, ERWE MK B
LIZTHBER o CHLIUMBL % 0.25% + ) 7Y v 2V CHEEL 7278, 4X10° f/ml
OHIFRBEE L L, 20 5ml QX10YE) #F 53X 7522 (T25cnd, #AE(L) (iEfE
LTCIHMERL . 28, HBRYEIERLLT, BB ELRNT 2L 75 X
FyIBRBEEMTEIE0L, FRBTRA IR 7T 2372, |
EFAAETIE, FEEH Sml EFEHARL 2%, R ERME L 250 TommL
24BFHIMER L /2,

S9 mix FET I BT 2 HFRLE TIX, SO RKIGHE 3 ml L EHIAM L 224, BBRWER
B 1Sp T2l ML 6BRRAEL 2, ) YEREIEERE (C¥ BrU Mg 26T)
THEE., FREEH Sml (CHBL ., 86 ISEMEEL 2, —F, S9mix FEFE TR
HECBWVTIR, S9 RIGBEOAD Y I MEM L & AV - DN Rk, SO mix FET D
SLBREE & [EIARICAT o 120

EHAAEE I RALET, 5120038 ~12mgm (10mM) DEEHETREL
Tzo BEEE T, 0.02% EDTABA) VEREHEERAE G BIUrM 263 h
V) Kk MR R R Lz, FoMBREE t ml 2 FREORGERAFRE (T4 VLY
®IL, (#k) HRHE) Oml iz, 2— V¥ —H %~ % — (Model D, Coulter Electronics Ltd.)
RFRAVC75 234 hoMBEEFHLZ 17923420 2EEHIL, 206 DFY
EEMBREE L) ZLTABREOBEMBRCH T 779 X342 )0l D L%
k¥, ENB iZ & 2 MBHEMPEIERORERE Lz, 1BESH/-0 277 X%V,

5 REAREHEAR
ENB & CHL/IU AR o> 3858 % 0 U 72 (Fig. 1) o SO%IEREEDHIME BE1X, 248500 EH
B Ti% 0.07 mg/ml, 5 BWAAED S9 mix F1E T Tik 0.1 mg/mb, FEFET T 0.06 mg/ml
Eolz,

CHT EhOREARERBICBVTIE, S0% 2B 5 MBHEMGI 2 EEICZD 720
WS BB B L UMERE A O S9 mix FFE T T3 50% 3 FHINH Ik E 0 # 25BE TDH
% 020 mg/ml % B MBBE L L, A2 T5EE (0.013, 0.025. 0.050, 0.10, 0.20
mg/ml) %*EEL /2. EREMAED SO mix EFAT Tid 0.10 mg/ml = BELBBE L L,
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A2 ¢ 5IBE (0.0063, 0.013, 0.025, 0.050, 0.10 mg/ml) %#RE Lo F/2, Yfa
FAESRBICBWTHIBES D275 Ak w, I—Vs—Ay vy — 2L 540
BB SE & PR EAROERE 1T o 720 BV, M B FE I BUBR & 13 12 FE A%
AT o J2o BRI T 24 & 48T R O R R SR BE % 3R VT, SERF R T W, B
ERYE % SO mix FAE T & JEFAET C 6IFRIMIL L 7o 4B, BERWE LI M, Bt
BaRE, P RIS & IR BREE (IS M) 2RV 2, B, AETHTE
BLUBMTREICOWTRI— VI —F Y vy — 2 XA HJaERNERITh Ld o 72
Fatxd BREE IS D Tk, MC % Pttt 5 ml I BRARIRBEAT 0.05 pg/ml & %2 % & 5 12FEM
L. 372 CPA % 89 IGH B £ U MEM 55H 3 ml IR IRES S pg/mle % 5 & 5 15
L7o

BT O 2BEC, IV 3 FERKIBESN 0.1 pg/ml & %2 L YIS L 7z, 3%
RTH, BHEBRE, 0.02% EDTASF Y YBRBIHEHER (CBLUM> 28
FW) KL OMEEEASL, 15Sm OBEEFICED /2, WIRE: & BET BRI OV T,
Z DM PAIFET 0.5 ml ¥ IRMMEREEAF TR Oml IKMR . a~NF—HD V5%
A THIREAEEROME 1T o 120 &Y OMREERIE, REFERERO 20 ITET L
7= (1000~ 1200 rpm, 55 LIEEIET 12tk IR L-M12iC 0.075 MKCIK A 3 ml %
MA. 305 BMEIRLIM 24T o /2o ERIRLIME, BERWE (X5 =)V KEER =3 1 viv)
¥ 6mlfilR &k Lz, HiE*Rs, BUWMR2ESHENA TRILLZ. BEHOR
WR BT 1tk PEDECHE R ERBL, 20PEBEEATAFITZ (oL
B0 A MEACHRBERHBNES. a—- FEFBLURAI S FHEFEERA) LIKHETL,
FOEEIMF L. 175 23H72h) 6D T A FIEREESRL 120

3% X LAY (pH6.8 @ 1/15M V) Y EREM R THINFRE) TR 74 FERL Bk,
KCTTOWTRIE Uiz HBETTURGTE &L CEAMEROBA 2R L2AF 4 For— i,
254 FIERE I~ FEFMIC AR THREF L 72

Fet ARSI o T AIBIEEERNE DR L PRIBEIC L D, BENRET 5 30
FEBE R WIE L 720 20% 2L E ORI HFEIR 2R L 72 b DT D W THABBIERE/ER L, 2D
27920 EBIT0SBULEDFEIRHMERL AT OB VIRES, HESRORRIEEN L
L7z
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MBMEROMERER L FTRIBE (Tables 1 BRU2) 2 &Y., POt
LRRBRER. ERVE T 0.050 my/ml, EREHAETIISOmMXFET. HHFEETLD
0.10mgml DWE L B o/ze TRLOWBEHBIENROBHBERL L, UTI38ELH
Bk L,

AN, BRARMERRESS  MABDRARTES MMS) ¥ K X s EEIcE
SVTiFolze IEHY, PORBESEREL TWRWHFEPRGLTRE L2, EBC
i, BIEARE. BB IURGSBENHERTOBR L K. HEMMBOKE
REAKICEA L, 79 A2 P LELNA AT 4 FERME, AAOBBRENEN
FThRBEGHSBT P LR VIRBTOITL 2, HERE I 15 200/, FHEM%EMREI 15 300
EoSRPAMRESH L 720

WA L B R AR B LU REBNT, 71 v Yy - OEBREREY KLY,
BEEERE (p<001) 2 FEMiL 7o $£72, 225 ¥ - T—3 7y VoBEAERE"

(p<0.01) 1KXD, ABREFHOEELRIF L. CROLDKRERREEZEL L., &
R BLA A O DX L bk L CREBERREFRYOFEMLIT - 72
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AT S & U HALIRIC BV C, ENB B AoiiERE B & OB 2 KR
L7zdo7 (Tables1 BLU2) o

—~F. BBy E L L TR 2 MC . ERLE B TR EoMERELHERL

(Table 1)  CPA S ERFRIMELD SO mix FAT B W THEROEERELFRL -

(Table2) o T o DEGUNBYEOKRL Y, RERROEILI TR S iz,

[ E]

ARBROERIZH 70, RROEFECERE 2 REZTRVOH2FHLEL ) o B
BB X OREREHIE A & D i - 720

[Z%3CHk]

1) BARBZEREZS - WANYWHBRIHEF: [MbFEYWEC L 256 RkRET P A],
BARESE, B (1988)

2) HH TR [HM - 37— s oMEHEAT. BRI L T Sa—F] , ALY
7 4 A bk, BE(1987)

3) HA By, KA [FM B 14, FWRRT — & OMEHEIT] | #AEEE,
A (1992)
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Fig. 1 Growth inhibition of CHL/IU cells treated with
5- ethylidene- 2- norbornene




Table 1 Chromosome analysis of Chinese hamster cells (CHL/IU) continuously treated with 5-ethylidene-2-norbornene (ENB)** without S9 mix

Concen- Timeof No.of No. of structural aberrations 3 No. of cells ) 5y Concurrent 6)  Mitotic”)
Group tration exposure cells ) Others with aberrations Polyploid1 Trend test _ cytotoxicity index
{mg/ml) (h)  analysed gap ctb cte csb cse muI2 total TAG (%) TA (%) (%) SA NA (%) (%)
Control 200 1 0 1 0 0 O 2 0 2 (C10) 1 05) 050 S E—
Solvent * 0 24 200 1 0 1.1 0 O 3 0 3 1L5) 2 ( 10) 038~ 100.0 Ema—
ENB 0.013 24 20 0 0 1 0 0 O 1 0 1 ¢ 05) 1C05) 000 135.0 —_—
ENB 0.025 24 200 0 0 0 0 0 0 0 0 0 (¢ 00) 0 00) 013 - - 115.3 E—
ENB 0.050 24 200 0 0 0 0 0 O 0 0 0 (C00) 0CO00) 025 124.1 4.7
ENB 0.10 ¥+ 24 — — 7.2 —
ENB 0.20 %+ 24 — — 6.3
MC 0.00005 24 20 0 4 27 1 0 0 32 0 24*(12.0) 24*120) 0.13
Solvent! 0 48 20 0 1t 1 0 0 O 2 0 2 (10) 2 ( 1.0) 0.00 100.0 —
ENB 0.013 48 20 0 3 0 0 0 O 3 0 2 (10) 2 ( 1.0) 038 90.8
ENB 0.025 48 20 0 0 0 0 0 O 0 0 0 C00) 0(C 00) 025 - - 105.8 E—
ENB 0.050 48 20 0 0 0 0 0 O 0 0 0(C00) 0 00) 013 97.2 1.2
ENB 0.10 %%+ 48 — I 5.3 -
ENB 0.20 *+* 48 — — 84 —

MC 0.00005 48 200 S 17 37 0 4 0 63 1 483 *( 24.0) 46*( 23.0) 0.50

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, SA : structural aberration, NA : numerical aberration, MC : mitomycin C.

1) Acetone 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 number, representing cytotoxicity, was measured with a Coulter Counter®.
7) Number of metaphases per 500 cells was scored in each flask in order to select the highest dose enable to analyse chromosomes.

* : Significantly different from solvent control at p<0.01 by Fisher's exact test. ** : Purity was 99.4%. Vinylbicycloheptene

(0.3 wt%) and unidentified compounds (0.3 wt%) were contained as impurities. *** : Chromosome analysis was not performed because of
severe cytotoxicity.




Table2 Chromosome analysis of Chinese hamster celts (CHL/IU) treated with S-ethylidene-2-norbornene (ENB)** with and without S9 mix

Concen- S9 Timeof No.of No. of structural aberrations 3) No. of cells ) 5 Concurrent 6)
Group tration mix exposure cells 2) Others with aberrations Polyploid‘ Trend test ~ cytotoxicity

(mg/ml) (h)  analysed gap ctb cte csb cse mul total TAG (%) TA (%) (%) SA NA (%)
Control 200 0 0 0 0 0 O 0 0 0(C00) O0(CO00) 013 —_ —_
Solvent " 0 — 6-(18 200 1 1 0 0 0 O 2 1 2 (C10) 1(05) 013 100.0 —_—
ENB 0.025 - 6-(18) 200 0 0 0 0 0 O 0 0 0 (00) 0(00) 000 101.6 -_—
ENB 0.050 — 6-(18) 200 0 1 0 O 0 O 1 2 1 (05) 1 (05) 038 - - 98.4 —_—
ENB 0.10 - 6-(18) 200 0 1 0 0 0 O i 0 1 (05) 1(C05) 025 48.8 5.1
CPA 0.005 - 6-(18) 200 0 2 0 0 0 -0 2 0 2 (10) 2 (10) 000 _— B
Solvent! 0- + 6-(18) 200 2 0 0 O O O 2 0 2(10) O0( 00) 050 100.0 _—
ENB 0.025 + 6-(18) 200 0 0 0 0 O O 0 0 0(00) O (CO00) 000 108.3 —_—
ENB 0.050 + 6-(18) 200 0 2 0 0 0 O 2 0 2(10) 2(1L0) 013 - - 109.0 _—
ENB 0.10 + 6-(18) 200 0 0 0 O O O 0 0 0(C00) 0 (C00) 038 433 45
ENB 0.20*** + 6-(18) — —_— 10.7 -_—
CPA  0.005 + 6-(18) 200 8 22 6 0 0 0 95 1 61*( 305 ) 58*290) 0.38 —_— I

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, SA : structural aberration, NA : numerical aberration, CPA : cyclophosphamide.

1) Acetone 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 number, representing cytotoxicity, was measured with a Coulter Counter®.,
7) Number of metaphases per 500 cells was scored in each flask in order to select the highest dose enable to analyse chromosomes.

* ; Significantly different from solvent control at p<0.01 by Fisher's exact test. ** : Purity was 99.4%. Vinylbicycloheptene

(0.3 wi%) and unidentified compounds (0.3 wi%) were contained as impurities. *** : Chromosome analysis was not performed because of
b severe Cytotoxicity.
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