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lAyﬁﬂU%:}UNVEVbMMm%@W§ﬁ%%ﬁ%\%V4:~X-AA19
— MM (CHLAD R B\ TREF L 720 ZORER, 14-V 7 0o = buxy ¥y, M
REWEIRY &) 2 miRE ., BRMLEIC L - Tld, REBREANO CHL/IU M I R ok R
BEFRTHURENSS LR L
EHHEETOS0%DHAEMEIBELBES 2 TR 5 BE (H60% D FEMEIBE) 1L,
0.15mg/m TH o720 —H. BEMIE DS mix FE TH &L USImix FEFETTBIT
550% DHEBEAHBEELHOP BRI PBER. 2N 0.092mg/nt B & UF 0.094 mg/
m THolzo o T, HEETH 0.15mg/nl DEE %, { BEM/LE T120.094 mg/ nt
DREEZEZNENRSLEREL L2, RELBRED 12 BL /4 2 ETNHBRE
KIBE L LT L7z EHEEE LT, SOmix FEFELE T IS BT 22485 B X UM 48RE [ 85
LB, ARBNSMALE L LTS mix FAE T B & OIEGEA T Tolef (18R o EERER) &
B, ERRERL, METHZ LI L Y RBKREEFRE LRI L,

EEEIC LY, CHL/IU MfE 2 245F BB L - &R EH (0.15mg/nl) T, M
FEUOLOT LMK E ST TE L o205, FOMOREEIZ BV T, REAEDHE
EEEREHUMBOFRIERITDONL D o 72, —F7, ASHFRIEHALE L 7~ o i B
(0.15mg/m¢) Tix, HMIEEHEIROONZb 0D, B LM (104/8) ©10.6%i
REEROEBEEEVLFERIN. FOMDOMERE T, REAOHEERE P EHMNR O
FRIEAERD bl r o 7o AHHHEEILE TI>. SImix FEFFE T B & S9mix FETF T
CHFRILE L 72 W TN OMEEIC B W T d PR ERE RSB0 FE BER LR
HHONL Do T,



B tEYE L M ARR D EHABRATEE RV —REL T, 14-Y 7022 b0
NV E VORI R THREREEFH BB LTS 20, Fy4=—X - NAZX
& —¥EME (CHL/IU) #Hv CHRERENREARERBREE®L 72, »

LROFKBRT, [FHHCEWE IR LERD FEICOWT] (BM62E3A31H, T’IR
%55 2375, ERE 3065, 62FE[KE3035) BL U [OECD EHHERYT 1 F 71~ : 473]
WCHERL L, [MLEWE GLPE#E |  (EAI594E3A31H ., TIRESE 395, ERE 2295, 59
FR%E 855, WETIHMGE34EIIA18H .. REME 2335, #HESE 385, 63FEFHE 8235) I
FETWTERL 72,
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1. A L7-#ik

VH—F - YV —AN s (JCRB) HHAF (1988528 . ATFH : 4L 4R, BHER
) LEFryA ==X - NARA5 —HROCHLIU (D\TCHLEBSY) Mfa% ., SEGEBHK
IR THRERIC AV 720

Z o CHL Mifakkiz, —MEILFHR I L CIRIHEESR V2 0BA S ATVW 5,

2. BEBEOFAR

B, 48520 (FCS : JRH BIOSCIENCES, U v F &% : 1C2073) % 10% ¥ein
L7zA — 7 )V MEMBER = A\v7c MEMEERIZ, 1 — 7V MEMEH [y X1 ] 0
BE (BARBER) 94g% 1 ¢ 0XEKCHERL, 121C T 159, BEXRTESF L
FeDb, L7 VS I Y (BEES . BAREEMRR)) 300mg & 10% NaHCO, B, # 125
ml R INZ THREL 720 2FRED MEM EERIZ, LR 94g % 500 nt DEHKIC
B L. LT MEM S5 & [AARICRS L 720

3. BEE&M
2X108 > CHLMIfL %, B#EW Sl # AN 7T4 v V2 (B 6cn. Coming) I2# &

37CH CO, 1 vFar—4%—(5%CO, ) NTHEEL,

4. BEBRME B L UHEGBEYE

(#E5mE] ( ARERT—5 L D)
(% R 14-Yrup2=-huoKRvEY
(u& %) DCN
(CAS No.) 89-61-2

& F &) CLCH,NO,
) 1920
(¥t BE) 995%LLE (A#fpe LTy ruou= boRyE¥¥rnRiE
(0.5%Kifl) %= &)
3



(H W) ABEEART. KRB, YAFVAVEFYF (DMSO)
T, MASST, BR267TCOMETH b,

#F® o ft %)
R’ . & ) GEF EXRET
( g ) KR

£ |

(B TOREN) BEFEROILERRE CER L 2B D (DMSO) TH
REMRERTIZ, 0.7813~50.00 mg/mé O i@ fE % T4
it EE TH o7 (Appendix 1) o

[ Ry P BR A & )
1) EEEORERICHVIWE
(t 2 %) <A bRAL4TYC

(B& 5) MC
(g v + F 5) 926ACE
(3 ey &) AR T EMRE)

B F £ ) BEARSF
2) RBHEH LEORERICH 2 WE
(fk = %) Vvr/ukA773IF

(& ) CPA
(o v + F 5) 7T0H0948
(B & %)  Sigma Chemical Co.

(R #F & ) GEHARAE

5. BERME OHRB

PERMEORBE, FRHDOD EfT o7, WBEEIEDMSO (SigmaChemical Co.. T v M &% |
12H0658 8 X UM EMIET ¥4k, 0y MES | APHAL6S) x w7z, EERLBECERL
TEH (HEEHIER T 380 mg/nd . FEFEEHERTIZ18.8 mg/nl BL U 30mg/nl)
AREL, DV THEBEBECTIAGTRL THEDBE OB ERMB L ER L 72, #
B E R, £ TORBRICBVTEEED 0.5% (vv) KRB L) ICMA 72, FBkR
FREICBV T, BEEES L OCRENEH B CHY - RRER LEBEFC VT, &

g



BYEANBOSEIE s BRI EMERICB Y TTo 2, FOEE, ALK
DEEE, TRTCHEFHHEN (?éﬁ%qﬂ?@ﬂ%i@@%ﬁ%mim 90.0~110%) D1E
Td o 72 (Appendix 2) »

6. HEREM |

EHETI, ML 3HMERELAOLERELIET, T4 v V2 lEERS ol LR
BEOHBRMERABMB2S p £ 2MNZ . 24FH 8 & V48R MLERLE L 72,

REVEMLETIE, MY SEMERL/-OLERBR2HE T, MEMERNR . 25BEF O
MEM¥ER B L USOmixk F 4. 1 1 DEATRELABRIL 271 v all
Mz 720 72, SOmix FEFAET OMBEICBVTit, MEMEER Il 274 v ¥ 21
Zy 5 15 uf OWBRME RS L INA T BRI L 72, MBRTH, TR LR8N
AR L, S 5T ISEFRISEEL 720 SOmxDFEIE TRROMKTIT - 720

S9*

20 mM HEPES (pH 7.2)
50 mM MgCL,

330 mM KClI

50 mM G-6-P

40 mM NADP

[ O " & I ]

A&t 10 ot

* S9 . Sprague-Dawley 2T v MIT7 2/ /NVES =& 56-XYITITRVEES
LTHREL-Fy a—<#R)D S9 (0 v bFEF I RAA-297, 199348 BlE) #MEAL.
FREEE T—80CHBEIEMEANIREL 720

7. HFaETEENGIAER
REEREARBRCHVAIKBDEONEEELRET A0, BERYWEOMBMIE X
T EE AR,

7.1 LEEM

ERE T4 M AL I DT, 72, BEMLETIISImix F/ T8 L UHAFE
T OMBEEZ OV CHIFSIEIFEIRERE £l L /oo LERE L, EEEL L CREEE
HEH0.06 ~1.90 mg/nd (10 mM) OEFHDEE* A/, T4 v Y 2 BBV T

_5_



2BV 72,

7.2 REAREELE
KRR T, BREEBTLOL, 10% AV< ) VEEEML, BRET 4y ¥ 212
ELARETEE L. BEH, 01% 2V XI VN4 F Ly METHRE L2,

7.3 WEIMH OIRIEL FOER

WERE @ CHL MIBICx ¢ » HREMEWER 1k, BEBREMBAEEST (Monocellater™,
F) YNANFTRERE) tAVTEROMBELFRIL. HRYELENOBETRE
xS A MIBREIE O E b o TIIEL L7

FOKER. BEEEICBIT550% 0HEMEIRELHL 2 IR X 5 RE (¥60% O HEHE #
) %, 60% DG« Ry BEL2 RS 2BEOEL VEHLALZLI A, 0.15
mg/mdTdH o 2o %7, RBEMILED SOmix H1E T B & UFEFELTICBIT5H60% D
HFEIH L R TIBEE . FRE10.092 mg/néB & U70.094 mg/nld o 72 (Table 1. 2. 3
BLU Fig.l) o

8. ARHERDBERERK

M EFEME RO R L) . REARESRTHC HBRYEOSBRER . EEE
TiE0.15 mg/ml, BHEMEALETIZ 0094 mg/l & L, ZRENFEEHD 12 DEE
PRE. 14DREEFEREE Lz, BHTRYWE & L THY/-MC B L U CPA &, T4t
FA (KREBIE @R, oy &S KIHTS) WKHBHE L TABL. FhFNRakE
BEFRTAHAIENMONT 2 BERXERAL 2



8.1 E#EE
EHEIETH, SREOBBRWHAEBENC, EELFZOTEO BRI, &5 2
BOTF4 v vakHwvr

Fis3 B (mg/ nl) SLPEIF ] (hours)
1)  ERER - -
2)  WETR 0 24
3) DCN 0.04 24
4) DCN 0.08 24
5) DCN 0.15 24
6) BtEXTEE (MCO) 0.00005 24
7)) EBETR 0 48
8) DCN 0.04 48
9) DCN 0.08 48
10) DCN 0.15 48
11) BHsTE MC) 0.00005 48

8.2 fEEMILE:
RBEEILETE, SKBROHBRYWENIBREREIC, xJHBEL LT Smix 2 A2V
EYH, T 1IBEEERT, S 2071 v Va2 Hwi,

2 B (mg/nf)  SOmixDAE  ALIREER (hours)

1) EALEER — — —

2)  BEIER 0 — 6-(18)
3) DCN 0.024 — 6-(18)
4) DCN 4 0.047 — 6-(18)
5) DCN 0.094 - 6-(18)
6) BYEXTER (CPA) 0.005 - 6-(18)
7)) WX 0 + 6-(18)
8) DCN 0.024 - 6-(18)
9) DCN 0.047 + 6-(18)
10) DCN 0.094 + 6-(18)
11)  FEMxfBR (CPA) 0.005 + 6-(18)




9. But RAEAVERE

1) HBETOMMANC, 0L FERRRENSH 0l ugnl B 5 ) ITHEREUC
z, BEXRTH, FHOMRL) YERBRE® (Ca", Mg@ e & Ekw) T,
KRy 74 7L DR E AL, 10 ot DFILE IO 720

2) 1,000~1,200rpm T 55L& L, LEXHE T, B LAMEIC3 ol #0.075M
KCIAKBHZ A B T &I & #9307 HIERLE 24T o 720

3) RIRALEE, KERO LB ANV TH OKBEERR . A5 /- =1:3 vv) #H6nl%
Mz, THIOEMIERYyF 4 7 LR MLTEEL. £0% 1,000~1,200
rpm T 54 FEE L 720

4) EEBLEEERRE, BUHEL LV THENZ THRRE XY 74 Y708 ) B#
&, 1,000~1,200 rpm T SR L7ze S OFAEL DR DKL 720

5) Wit L THB-EAOMBEIRIC, 02~05n DNV THEHEMLZ, TO BB S €72,

6) MEREROLEL, HOLLOEBELTBVZAIA FFIALIHETL, 20 F
FREL L 72

7 A5A4 FEARRZET 1 v 220 68IERL 72,

8) ASA K ZAD 70 A MRFICHET, RERENES, 2 - FFEZBITXIF A
FESEZELAL M,

9) FIELAATA Fid, FLHFEE (Merck) 4.5 nl % M/15 ) ~ BR#R1E K (pH 6.8)
150 ml IZHR L -Gt TH 8D Mgt th, BB AKTECTTTRAE L 72,

10) e L7z AT 4 FEERIZ, - FEBIEICZAT A Fr— 2 AN, &— 2T HER
BMAF T, BRSO EHR L TRET L7

10. ZEA5H

EBLIZA 54 FEAD IS, 120F 1y vahbBohz®usX54 Mo, BH
DBBREVNEFNEFNLBEGESF PO LWL I T = FIELAZRETHN L7z L AR
N, PORBEIEEL TR VARFHEEEL, BEEET LMo VT, 23
A FPLOEFDNEBELHEMBEO AT — VDN E CRoSFHARICEFHL 72,

AN, BRBREEREZES, BLEBYHABR (MMS) S84 10X 308
HEITVUTV, FEEESH L I RASERROX Y v 7 N, KRG EOMERENE
L AERCEMIRE  (polyploid) DA MEIIDWTHEIE L1z, $7-8EREIC oW Tt 13 200

—g—



i, BRIV T 18 800D P HiMila s o T5 2 L & L7

11. kL HE

AR, WEL L OB R CERYE BRI D TOSHERE, BIEL
M. BEREOEE L SRR OV TEE L, FEOBEEFGHAKCE
AL7z

P hBE AT AMBROMBEEICOWT, 74 v ¥ ¥ — D Exact probability test 2
L0, BETREE GERYENERES L BT RE LR B oS EEREL T
726
BEMEORBEREFREEC OV TORKHEIE., AELY OHE LB, b
HWREZET HAHMBEOEES 5% RMEEM. 5% UL 10% K% &M, 10% Lk %
Rt & L7ze BL., BEMOKENE L NHAIE, SEkRERERD L C/MEAR
k., BEY, AEETESLRF LEREERITIC L E L,



[ERB L UEE]

EFEEIC & 5%@%6}%@%%%} Table 4 3 & U Fig. 2 IZ/R L 72,

DCN%E A T 2455 TSR E L 2o R B (0.15 mg/nl) Tit. MIRHEMICL D +57%
MBEEESTTEL Do /225, TOMOREFE TR, REFOEERE S L CHEMMAE
DHERIBOON L P olze —F., ASKHERLE L -FBES (0.15mg/nl) Tk, M
fEkrRoonzdbon, BEL MR (1044) 910.6% CREENHEERTEVFH
Bahi, BEMMEIICOVTIE, BEME (149008) 2L FETE kol £
DALDRIEEE TR, FBEEADHEERELHEEMEMROFRIEH RO O L 2 - 712

RANEMEALE S & 5 BB ESIT O R % Table 5 B & U Fig. 3 IR L 72,

DCN% 1% T SOmix FFfE T B L UFEFTET T 6 MMLE L 20 T h BB BN TH,
REEOBERELEHRMEMRBOFIREAIRD S 2o 12,

HEXTH & L TH W EEETO MC AR B & O SOmix f£7E T T CPA ML HH T ik
Gef S RATHR (cte) 2 YL ELTHT (ctb) 7% EOBERE %+ b oM S EHEEBCER S L,

L5 i 1

14-7002-2 b uRYEY R, EEEICEID, 24 M EH A L7250%0HE5E
HHBREZHOPCBRIIBE*ELVTAOMNEHE (0.04~008mg/n) BT
b, REFEOEERE S L UBHHMROBRIEH RO O ko2, —F, 48FHE
BEALER L 72 iRERE (0.15mg/md) Tk, BIEEL 74108 (104M) 10.6% 12 Qetatfkntl
BEREFFRIN,

RABEHEACE BT, SImix FAET B & UIEHFEET To LS L 7-50% o 8
HNHREZBAOPICRZZ2BEYECVTAOLERE (0.024~0.094 mg/nl) 28\
Th, REAOBERFRLEREMBROBRIEAITD Sk o 7,

HoT, 14-Yr7um2=buxRv¥rid, LEORBEHET T, HIBEESERT LD
RERE, REMLEIC L > CHREBENO CHL B CREERELHRT 2 TS
B EFETR LT,
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ARBOERIC D) . RROBEECEYEERZTREVCOSEFHLEL o1
R URBF T E D 5 ORI %2 5 72

[ k]
1) BARBEERRZS - WABWEBRIBEE  (LFDE L 2 RBERET 7 X,

HEEE. 1988
2) AfE X B (UE) ReaKREERBRT-sE£. VT4 - v —#, 1987



Table 1 Growth inhibition of CHL cells continuously treated with 1,4-dichloro-
2-nitrobenzene (DCN) for 48 hours without S9 mix

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

0 100, 100 100.0
0.06 89, 76 82.5
0.12 53, 58 55.5
0.24 0, 0 0.0
0.48 1, 3 2.0
0.95 19, 21 20.0
1.90 9, 21 15.0

Cell growth was measured by Monocellater ™ (OLYMPUS)

Table 2 Growth inhibition of CHL cells treated with 1,4-dichloro-2-nitrobenzene
(DCN) for 6 hours with S9 mix

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

0 100, 100 100.0
0.06 92, 79 85.5
0.12 2, 2 2.0
0.24 6, 2 4.0
0.48 14, 9 11.5
0.95 19, 23 210
1.90 19, 17 18.0

Cell growth was measured by Monocellater ™ (OLYMPUS)



Table 3 Growth inhibition of CHL cells treated with 1,4-dichloro-2-nitrobenzene
(DCN) for 6 hours without S9 mix

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

0 100, 100 100.0
0.06 93, 78 85.5
0.12 15, 0 7.5
0.24 0, 0 0.0
0.48 6, 5 5.5
0.95 9, 6 7.5
1.90 9, 11 10.0

Cell growth was measured by Monocellater ™ (OLYMPUS)



Table 4 Chromosome analysis of Chinese hamster cells (CHL) continuously treated with 1,4-dichloro-2-nitrobenzene(DCN)** 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 0 O 1 0 1 C05) 0(¢ 00) 013
Solvent * 0 24 200 1 1.0 0 0 0 O 2 0 2 (10) 1 ( 05) 063
DCN 0.04 24 200 1 2 0 0 0 0 O 3 0 3 (C15) 2 (¢ 1.0) 075 - =
DCN 0.08 24 200 1 1.0 0 0 O O 2 0 2 (10) 1 (C 05) 125 - -
DCN 0.15 24 6 0 0 1 0 0 O O 1 0 1 (167) 1 (167) 0005 Tox Tox
MC 0.00005 24 200 9 34 98 5 1 4 10 161 1 97 *( 485 ) 95* 475 ) 038 + -
Solvent” 0 48 200 6 0 0 0 0 0 O 6 0 5 (25) 0 00) 013
DCN 0.04 48 200 3 1.1 0 0 1 O 6 0 5 (25) 2 ( 1.0) 038 - -
DCN 0.08 48 200 1 0 0 0 0 0 0 1 0 1 (05) 0 00) 050 - =
DCN 0.15 48 104 4 7 8 1 1 1 0 22 0 11*%( 106 ) 8* 7.7) 470*) + Tox
MC 0.00005 48 200 18 44 106 2 4 6 50 230 0 93 *( 465 ) 87*(435 ) 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 : 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,

MC : mitomycin C, Tox : toxic. 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) Fifteen cells were analysed. 7) One hundred and forty-nine cells were analysed.  * : Significantly different from solvent control at p<0.05.

** . Purity was more than 99.5% and isomer of dichloronitrobenzene(less than 0.5%) was contained as impurity.



Table 5 Chromosome analysis of Chinese hamster cells (CHL) treated with 1,4-dichloro-2-nitrobenzene(DCN)** 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
Control 200 1 0 6 6 0 0 O 1 0 1 (05) 0 00) 050
Solvent ~ 0 — 6-(18 200 2 0 O O O O O 2 0 2 (10) 0 (C 00) 025
DCN 0.024 — 6-(18 200 2 0 0 0 O O O 2 0 2 (10) O (C 00) 025 - -
DCN 0.047 — 6-(18 200 3 1 0 O O O O 4 1 4 (20) 1 (05) 025 - =
DCN 0.094 — 6-(18 200 4 0 1 0 O O O 5 0 S (C25) 1 (C05) 1.00 - -
CPA 0.005 — 6-(18 200 1 1 0 0 O O O 2 0 1 (05) 1 (C05) 050 - -
Solvent” 0 + 6-(18 200 1 1 0 0 O O O 2 0 2 (10) 1 (05) 025
DCN 0.024 + 6-(18 200 3 1 0 0 O O O 4 2 4 (20) 1 ( 05) 050 - =
DCN 0.047 + 6-(18 200 3 3 0 0 O 1 O 7 0 4 (20) 4 ( 20) 050 - -
DCN 0.094 + 6-(18) 200 4 2 4 0 0 0O O 10 1 7 (35) 4 ( 20) 1.00 - -
CPA 0.005 + 6-(18) 200 15 96 327 0 O 11 190 639 0 170*( 85.0 ) 168*( 8.0 ) 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: 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) 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).

* : Significantly different from solvent control at p<0.05. ** : Purity was more than 99.5% and isomer of dichloronitrobenzene

(less than 0.5%) was contained as impurity.
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Fig.1 Growth inhibition\ of CHL cells treated with 1,4-dichloro-
2-nitrobenzene
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Fig. 2 Induction of chromosome aberrations in CHL cells continuously
treated with 1,4-dichloro-2-nitrobenzene without S9 mix
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Fig. 3  Induction of chromosome aberrations in CHL cells treated with
1,4-dichloro-2-nitrobenzene with and without S9 mix
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