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22ANHT IRV A I = VDinviro FEREEFEEL, FrA=—X - NA2R
5 — MM (CHLIU) ® AV TRE L, OB R 2B 7,

EHE TH50% D HMIAEMEEEL B2 10 2 % BE (H60% 0 FEMEIBE) 1.
0.39mg/mé TH oo —F., LBFEHALEDSI mix FAET B & U5S9 mix FFHFEET TiE 1.5
mg/mé (10mM) DBEEICBNTH0%EH 1 5 HHEMHIEDO S N ho iz, HEo T,
EHETI3039mg/nl DRFELRELBREL Lz, £/, ABHEMHILETIZLS mg/nt
DR E BEMEBE L L, BEAERED 125 L U14%, 2R ehhilEs & 0
REL LTEE L2 EEETE., SImix IFFET I BT 52401 B & 485 i EHe L H
%, AAEHEMLE TI3S9 mix FFE T B & UFETAET T ok M AL HE 1% 5512 18K ] o [m148 B 1)
Dk, EAREZERL, BETHI LITL ) RBEREEFRMELRET L,

EHEEIC & D CHL/IU AifE % 24 RLEFLEE L 72V Fh o ABEEICB W TH, Fbaik
DEERFEREHMMEOFRIEA RFEOONE Do re —F ., 4SHERLEL 72
HEERE (039mg/nl) KBWT, BB LAHBEN7.0% (gap 2 &) KHBAOEE
REVBIZI N, BHEHOBEIEONT, £OMOREEE T, REENEERERME
BHMBEOFRIERAITED LN LS o 7,

RBEEBALE TR, SO mix FEFET CORFHAE L 223 R TOMBEEITB W T, Feafl
DHEEEE LB HMAEOFRERIROON L 572, —H. SOmx FETDTRTH
WEHECREAOEEREO AR LEMFRD LN, £ HBFEEIZ4.0~125% T, &
WORRPEONT, T72, SOmix FET DTN TONEE CIEEMMROEE RN
R bz ps, 0 HBBHEIZ4.00~4.75% Tdh - 72,
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B CEMEREURRICBRIFEURBRAEREEO —REL T, 2-ANVH T IRV YA
IV Vo ENRCRZTHREEZNEZE2FET 5720, FyA=—X - NA
A & —#EMAK (CHL/IU) 2B TREREARBRRERBREEM/L 2

EREOHERE, [FHHRMEWRE R LIEBRO FEIcowT] (BM62E3A31H, &RIR
¥4 2375, HRE065. 62EBE3035) BLU [ OECD BUREBRT A F54 1 473]
WCHERL L, [MLFWE GLPEHE]  (IBFIS9E3A31H. TIRESE 395, FERESE 2295, 59
B4 855, WETHM63FE11H18H . TS 2335, HEKE 385, 6345 823%) 2
FEOVWTERL 72,



1. LMk

VH—=F - )V =27 (JCRB) o AF (1988F2H . AFkK @ # 4, BHELR
) LizFyA4=—=X  NAXH—HED CHL/IU (LLTCHLEBT) Hifa% ., fREHTL MK
R 10 BAR THRERIZ V™ 726

C @ CHL Mifg#kid, —MAICIEEDE I L TREBRENEVW 2OERAS AT 5,

(fl

2. HEBOFH

B, FMRRIM¥E (FCS : JRH BIOSCIENCES, T v M &% : 1C2073) # 10% &N
L7z4 — 2 )v MEM BB % v 720 MEMBSEWIZ, 1 — 7V MEMEH [=v X4 ] ©
MAE (ARBEEGR) 94g% 1 L OEFKCHEML, 121 T T 155H,. SEZEKRE L
DL, -7V Iy (BREEA. HAREIERE)) 300mg & 10% NaHCO, ., # 12.5
né Z M THREL 720 2MFRED MEM BB IZ, LELOREH 9.4g % 500 ol DAEZKIC
B L. LUT MEM RE3EH & RARICRAR L 72,
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2X10°E® CHL AN %, H5#W Sml # ANz 74 v ¥ 2 (B 6cem Coming) (1T X,
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TNE, DAFNVANVEFYF (DMSO) TV (66.7wt%llL) |
Al ASHI304COMETH 5,

R F & ) =ZE-EURF
(& E ) EE
(B ToREN) BENERSLENRE CEM L BEES (DMSO) TO
LEMRER T, 3.125~300 mg/ né & B & T4 H
WEE TH oz (Appendix 1, 2) o
[BatExs B & |
1) EEEORBRCHCIYWE
(1t ¥ %) <RALRA4VVC

(RE 5) MC
(m v b+ #F %) 814ABB
(84 & ) IRANEREE TSGR

R F & %) BEHARE
2) REHEHLEORBRICHV 2K
(1t ¥ %) YrukA773IF
(W& %) CPA
b % %)  70H0948
(8 Pt %)  Sigma Chemical Co.
B F & ) BEARE

5. HERME DR

PERMEORBE, R DD L4727z, BIFEIIDMSO (SigmaChemical Co.. T v FEF .
12H0658 38 & UHINEHMIET ¥, vy FES | APHAI65) RV 7z BT BEICHBHBELT
JFH (HEFEEIHIRER T3 300 mg/nd . R AR E KR TIE 78 mg/nd B & UF 300 mg/mt )
RREL, DLW TREEBECIERFR L CHEDBREOHRY LA ER L2 &
R E B, $XTOFEBRICB OV THEREED 0.5% (vv) 1% 5 L ) IR 72, Fik
RERBRIC BT, EEES L UABERLECHV - HRER LEBEROBBD K
ABHEIZ OV T, FRINE X BEMEHMATLEMERIC BV TTo e TORER, AR
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WMOBER, T XTCHERFHEEN (BEHPTOFEHEENRMNED 90.0~110%) O
fET % o 7= (Appendix 3) o

6. BERGMF

ERETIE, MIRLHMERL-OLERBEEET, P4y V2 0BRSS o L KB
BEOWERYERBE 25 n £ 204, 248/ B & U4SHF R ERLTER L 72,

RBHEHLE TR, Ml 3EMSEL-20LERE 235, MEMEEE | 2EEED
MEM¥EBHB L SO mixk ZNEFN4 . 1. 1 DEETREL BRI 2714 v all
MA e F72, SImix AT OLEEICBVTIE, MEMEER I 274 v ¥ 212
Z. &5 15p L DRERME RS A INZ T RFHME L 72, MK TR, FeEiEiR
ICACHE L, S5 18RRI L /20 SO mix DB TR OMBL TAT - 720

S9*

20mM HEPES (pH 7.2)
50 mM MgCl,

330 mM KCl

50mM G-6-P

40 mM NADP

FEH K

— e e ke = DN WD

A8 10w

* S9 . Sprague-Dawley 2T v MZ7 2/ /S EF =)L & 56XV T7IRVERS
LCHBLAXy 3—< @)D S9 (T v FEE  RAA-297, 19934E8 H BUE) %#IEA L.
FHREE C—80CHBEKEMANITREL 20

7. MIRHESEINGIER
B RBEERRICHV IR EONBBEE*RET 5720, HERYE OB &
2T EEERANR,

7.1 SLERGAF

EHE T4 HAIE ICoWT, 72, AABNEMHLE TSI mix FET 8 &L UFEFE
T OMIREE I O v TR ER A M L 2. AMERRE . EHEE S L RENEMRAL
#E50.05~1.50mg/m¢ (10 mM) DFEEFADOEEY vz, 74 v ¥ a2l IBEICOWT
2BV 72



7.2 REARYEEL:
R TH, BEBEYECZOL, 10% "V ) YEREMA, M7 14y ¥ 224
ELPRETEEL:. BEHE. 0.1% 2 ) AZ VAL F Ly METHERMAL

7.3 HIEHIGIORE L £ DR

WERYE © CHL MR $ 4 5 HTEHIGIER 3. BBREMBTEST (Monocellater™,
) VSANFETEGBR)) AV CEBOBIMEE 2 EH L. R E LR OB E R
WXE T AMIMIEDOE D o THIEE L7

FORER., EEECBITB50%DOHEIEIFIRELEL 2 ITBRAARE ($960% 0 HEHEH
HIERE) 3, 60% DEIHINGIEE 2 X3 0RENELIVEHLAZLET S, 039mg/nlT
Hotre —H. RHEEMALED SOmix FET BLUHFET Tt RELAFTTOR
FE#HETS0% %O ML AHEMGH RZED bk o s (Table 1. 2, 3BLV
Fig.l) o

8. RAERDIERERK

AR O R L Y | aRRERR AV 2B E oS RER Y, ERE
Tl 0.39 mg/ml, RBFHEMALETIE 1.5 mg/ne (10 mM) & L. TRAETNFRESHD 12
DEEXPIRE., VAOBREHRBEL L. BENSBRYWE L L THYZZMC B8 &L UF CPA
. EHAAK EEETH@). oy MEST CK2L74) WHEH L TREL 2. £hfh
REARRELFRBTHILIHNOATHABELHEA L7

8.1 HEHE
EEETIE, 3EBoBEBRYE NI BERC, IBHELSOTRn NELRY, &5 2
&0)7}4 v o %}ﬂ\l‘f:o

it R (mg/ nk) ALFRAE R (hours)
1)  EALEXTER — —
2)  WBExTE 0 24
3) MBI 0.10 24
4) MBI 0.20 24
5) MBI 0.39 24
6) [HiExTER (MO) 0.00005 24
(RE~HEL)



it 1B (mg/ nf) SRR (hours)

7)) BEERTER 0 48
8) MBI 0.10 48
9) MBI 0.20 48
10) MBI 0.39 48
11)  RRHETEE (MO) 0.00005 48

8.2 MEHHEMALE
RBEHEEALE T, 3RO BAEBERIC, x3BHEL LT SOmix 22 2WE
e, T 11ELRY, SH 2071 v Va2 Hni,

Ficd B (mg/ml)  SImxDAE  SLFREER] (hours)

1) s — — —

2) BT 0 — 6-(18)
3) MBI 0.4 — 6-(18)
4) MBI 0.8 - 6-(18)
5) MBI 1.5 — 6-(18)
6)  FMEXTH (CPA) 0.005 — 6-(18)
7)) BT 0 + 6-(18)
8) MBI 0.4 + 6-(18)
9) MBI 0.8 + 6-(18)
10) MBI 1.5 + 6-(18)
11) BEMEXTHE (CPA) 0.005 + 6-(18)

9. Bt REEAVE B
1) HEERTOEMENIIC, 2Nt FERRBEISHO.Lug/nl 12745 & ) ITHEERIC
Mz, BEKTH, SHEOMIE ) VERBHE (Ca™", Mg" 2 &I %\w) THEW,
¥Ry F4 7S DR EA L, 10 ol DELEICED
2) 1,000~1,200rpm T 53 FLEE L, EEEHE TR0, R LRI 3 ot ©0.075M
KCIKBHWEMA A &12 & 0305 BRI 21T o 72,



3) BRI, BRI LBV T OKBERR: x4/ — N =1:3 vv) #6 nt¥%
Mz, THPOEPICERYy F4 V7 LEXLEMLTEZEL., £0% 1,000~1,200
pm T SAREL L 72,

4) BikBLEeRE, BUFEEL V) THEMA CHIlRE ERy 74 V70X ) 7
&, 1,000~1,200pm T S5 MEL L72e COBREEZKEIREDEL 720

5) FELTEB-OROMBELRIC, 02~05 DAV THEREMA, THCRES €/,

6) MMFEEROLER, HOPLORELTBV/AATA FISIALICHETL, £0E
FREL 72

7 AFA4 FERIZET 4 vV 2ilo& 6BUIERL 72,

8) A4 FZ/ I AN 7uR MFFITHET, HERBIUNES, - FEFBLIURATA
FHFESEZILA LT,

9) HHBRLARAT A Fiz, FAYFEE (Merck) 4.5 nf % M/15") ¥ BR#EE W (pH 6.8)
150 mé IZAIR L 22 P B TH 8T Mk, REXTESTTWTHREL 2,

10) o L7254 FEKRIE, 92— FESIEICAT A4 Fr— R ARh, &F—RTRER
MAES ., EAERO B EFBHRL TREF L 2.

10. Beaikair

WEBLLIZ T4 FEAD b, 1o0F 49y anbBbhiRre 254 Fi, B
DEEENEFNETNUIEM ST O R VL I IlT— FELARBETHN Lize L ED
D, POREBEFHEL T REPBEERL, BEEZE T MRICO>VWTIE, A7
A FEDZDNEXFEMIEDO A T — YV OALE TELEFHAMMICEERL 72,

RAROSHTE., BAREEREYS, WABWRR (MMS) 5847 KL 258
EIVTTY, FEEHD L VIIRESEREO XYy v 7, YU, XBLREOBERTEDOA
4 LB MM (polyploid) DB EICOVWTEE L, 2B EREIC OV TIE 18 200
18, REEBMEMIRZIC 2V TIE 1 00N S RPEME L ST & & L

11, FoskeHE
HALIST R, BB L OB X BREE & HERM EALIIEE I o W T OSITRER I, B L &
Afedk, MEREOFHE L, FEMNBoKIZoWTHER L, FHOELLHFHARKICE



A L7

R RREEETAMBORBEEICOWT, 74 v ¥ ¥ —® Exact probability test i (2
£ 0 WS EREE & BERY) B ALIRRE R B & OA ST IR B BB R BERE R 1T o
2o

BBMEORBRREFRMIC OV CORKYEIR, AELY OHFEEREIHEY, R
BRELXET HHIEOEEL S% Rz, 5% DL 10% Rz 52, 10% L%
fEiEE Lics fEL, BRHOERPELNHEIIE, REFREHERD L /R
W&, BRE, FEEREESLRE LERHERZITI S L & L,



[KRB L UEE]

BEEEIC L 28R DITOER% Table 4 B £ U Fig. 2 IZ/R L7,

MBI% X T 24MMERMIE L 72 TR COBFET, FEROBERE B L UCHFHEMRED
FREBOOAL P o720, —H., ASFREFLE L -HREH (039mg/nl) 2BV T,
BEL-MlR0N7.0% (gt &) CREKDOEERESROLNL, REHOBERIFL
Nizo ZOMONIEE CRIREAOBERE B L UCHEEMMROFELENIED L
Mo,

RENEYE LR & B R KD DR % Table 5 8 & U Fig. 3 IZ/R L7,

MBI% B2 T S9 mix IEAFEAE T T 6FFMMIL L 72 § X TOMEBH T, JEAOHERES
S UEBHMBEOFERER RO LN o 20 —H. SImix FFET DT TOMIEEC
BOTHRBEOEBEREOAELHMAFTED LN, TOHIBEE 134.0~125% (gapk &
tr) ThY, HERIBEHETH o2 72, SImix FHET DT TN CEHKEMEO
BHEREMHRRD b rzds, 2O HBHEE 34.00~4.75%TH o 72,

FetExdB & U CHWAEEETO MCLHEES L U SO mix FETF T? CPA MLEBHETIX
Pett RASHE (cte) R Be B REINT (ctb) 7 EOMEERE # b oM EHEEICER S L,

R i 1

22ANVAT IRV VAITV— VIS, EREEIICEID, 24 ERLE L 7250% 03
JERHRIRELH S PRI BEELEC TN TOLER (0.10~039mg/nl) 2BV
THREROEE RELHEEUNROBRIEA RO SN kb oz, —F7. 485 H AL
BLAZHRER (039mg/nl) KBTI, BELAMENT.0% (gapkatr) [CHfk
DBEREVFERSN2H, ZOMONILEE CRIEHBEMBOFRERIE DL N2 L
A

RBTEERAE CBY TR, SOmix EFAET CORMAEL 210 mMD BE:2 &t ¢
NXTOMFEFE (0.4~1.5mg/nl) BV THEBAEOHERE LEHEMBOFZRER TR
DONLPole —F, SIMXFETFT T, 10 mMOBE*ELTXTOMEE (04
~15mg/ml) BV TREEOBERFEOFELBNGR D LR, 20 HEEEIX4.0~
125% (gapt &) Thote F72, SImix FEET D TR CONIEECTREBEEMBOE

—10—



BRMWENFED SN, FOHBEEEI4.00~4.75% Th - 776
o T, 22 ANATIRYYAL IFYS—)ViE, LEROREBREET T, REESHN® CHL
AR B E R FRT A ERH L 72

[4F 52 & #H]

RABROERICH), BROEBEBCELELEREZ TR VDL TFH LB r o8
BRUHBREIRED> > OB %22 o 72,

[3C #ik]
1) BABREEREZS - MARDRBRIB SR  (CFWE L 2 RBHREET F I X,

HEENE. 1988
2) AfE # B (D RERRERRT—-s4E, V- T A - —3k, 1987



Table 1 Growth inhibition of CHL cells continuously treated with
2-mercaptobenz-imidazole (MBI) for 48 hours without S9 mix

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

0 100, 100 100.0
0.05 97, 96 96.5
0.09 93, 90 91.5
0.19 81, 79 80.0
0.38 44 | 39 41.5
0.75 0, 0 0.0
1.50 0, 0 0.0

Cell growth was measured by Monocellater ™ (OLYMPUS)

Table 2 Growth inhibition of CHL cells treated with 2-mercaptobenz-
imidazole (MBI) for 6 hours with S9 mix

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

0 100 , 100 100.0
0.05 102, 104 103.0
0.09 73, 80 76.5
0.19 93, 97 95.0
0.38 91, 97 94.0
0.75 89, 95 92.0
1.50 91, 80 85.5

Cell growth was measured by Monocellater ™ (OLYMPUS)



Table 3 Growth inhibition of CHL cells treated with 2-mercaptobenz-
imidazole (MBI) for 6 hours without S9 mix

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

0 100, 100 100.0
0.05 100, 100 100.0
0.09 104, 102 103.0
0.19 100, 95 97.5
0.38 97, 97 97.0
0.75 102, 100 101.0
1.50 93, 97 95.0

Cell growth was measured by Monocellater ™ (OLYMPUS)



Table 4 Chromosome analysis of Chinese hamster cells (CHL) continuously treated with 2-mercaptobenzimidazole (MBI)** without S9 mix

Concent- Time of No. of No. of structural aberrations 3 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 1 0 0 0 0 O O 1 0 1 (05) 0( 00) 013
Solvent " 0 24 200 2 1 0 0 O O O 3 1 3 (15) 1 (C05) 038
MBI 0.10 24 200 1 0 0 0 0 2 O 3 0 3(15) 2 ( 1.0) 000 - =
MBI 0.20 24 200 1 2 2 0 1 0 O 6 0 S (25) 4 ( 20) 013 - -
MBI 0.39 24 200 0 1.0 0 0 1 10 12 0 3 (15) 3 ( 15) 000 - =
MC 0.00005 24 200 7 98 1386 3 4 0 256 3 123*( 61.5)120*( 60.0 ) 0.00 + -
Solvent” 0 48 200 1 1. 01 0 1 O 4 0 4 (20) 3 ( 15) 013
MBI 0.10 48 200 0 0 0 0 0 0 O 0 1 0 C 060) 0 (C 00) 025 - =
MBI 0.20 48 200 0 2 2 0 0 0 O 4 0 1 C05) 1 (¢ 05) 013 - -
MBI 0.39 48 200 0 20 5 2 0 1 10 38 0 14% 70) 14* 70) 0859 =+ —
MC 0.00005 48 200 4 76 154 6 3 1 70 314 28 119*%( 595 ) 118*(59.0 ) 038 + -

Abbreviations : gap : chromatid gap and chromosome gap, ctb : chromatid break, cte: chromatid exchange, csb : chromosome break,
cse : chromosome exchange (dicentric and ring etc.), f: acectric 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,

MC : mitomycin C. 1) Dimethyl sulfoxide was used as solvent.  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).

6) Seven hundred and seven cells were analysed. * : Significantly different from solvent control at p<0.05. ** : Purity was 98.5%
and Na,SO,4 was contained as impurity.



Table 5 Chromosome analysis of Chinese hamster cells (CHL) treated with 2-mercaptobenzimidazole (MBI)** with and without S9 mix

Concent- S 9 Time of No. of No. of structural aberrations 3) No. of cells

Group ration mix exposure cells 2) Others with aberrations Polyploid4) Judgements)
(mg/ml) (hr) analysed gap ctb cte csb cse f mul total TAG (%) TA (%) (%) SA NA

Controll) 200 1 0 0 0 0 0 O 1 0 1 C 05) 0 ( 00) 0.00

Solvent * 0 — 6-(18 200 O O O O O 1 O 1 0 1 C05) 1 (¢ 05) 0.13

MBI 0.4 — 6-(18 200 0 1 4 O O O 10 15 0 2 (1.0) 2 ( 10) 0.38 - -

MBI 0.8 — 6-(18 200 0 0 1 5 O 1 O 7 0 1 (05) 1 (¢ 05) 0.25 - -

MBI 1.5 — 6-(18) 200 0 0 0 0 O 0 O 0 0 0 (C 060) 0 ( 00) 0.13 - =

CPA 0.005 — 6-(18) 200 O 0 O O O 1 O 1 1 1 05) 1 (C 05) 0.00 - =

Solvent" 0 + 6-(18 200 0 0 1 0 O O O 1 0 1 ( 05) 1 (C 05) 0.25

MBI 0.4 + 6-(18) 200 2 3 14 1 0 0 O 20 0 8*( 40 ) T* 35) 425* - -

MBI 0.8 + 6-(18) 200 2 11 28 1 O O 10 52 1 23 *( 11.5 ) 22*( 110 ) 400* + -

MBI 1.5 + 6-(18 200 3 21 24 0 O O O 48 0 25*( 125 ) 23*( 115 ) 475 + -

CPA 0.005 + 6-(18) 200 5 158267 12 2 3 200 647 2 159*( 79.5 ) 158 *( 79.0 ) 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: acectric 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) Dimethy! sulfoxide was used as solvent. ~ 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 98.5% and Na2SO4 was contained as impurity.
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Fig.1 Growth inhibition of CHL cells treated with 2-mercapto-
benzimidazole
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Fig. 2 Induction of chromosome aberrations in CHL cells continuously
treated with 2-mercaptobenzimidazole without S9 mix
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Fig. 3  Induction of chromosome aberrations in CHL cells treated with
2-mercaptobenzimidazole with and without S9 mix
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