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1-20un 7y ORBEREFRERT. Fr42—X - A RY - EEMAK(CHLAU,
LLUFCHL & B&$)y % BV TiRET L 72,

1. MRS RE NG AER

EHEE, RBHEE RS Do, WTNOMEREHE (0.03~0.93 mg/nl) 2BV T H50%
% C X AHYEREMEIVE RO ok o 72,

feoT, HBARRERBICBWT, BEE BIURBIERILEL B 093 mg/nt (10
mM) DRIEEFFNFNBEEL L, FO IR DRE® DR, 1/4 DEEHRiEE
LTHw,

2. REBAEERERER

BEFEICLD, CHLAR % 24605 L US43 RFRIALEE L 725 R, W oMEEICE W
TH, FOAOHEERECEBEMBOFRIERIAD LR LD o7, _

T, ABHEHLEIC BT S SOmix FE T B LUFEFETOVTNOBERICE VT,
SBEEOEERECEBUMBOFRIERIRO LNk o7,

3. #5am

EHEEICL Y, CHL MIE% 2450 (0.23~093 mg/nl ) B L UF48BFRILE (0.23~
093 mg/ml ) LR, TRTOLEHIIBWT, ko RE MM osFs
ERRED Nz h oz,

F 7, BENILEIZB TS SOmix FHET (0.23~093 mg/nl ) BLUIEFELET (0.23
~093 mg/ml ) DWTNOEEFIIBWTYH, HEAOKERE R X VBB OF5
YERIZEO 5N o 72,

oT, 1-7uursy i, LRLORREGT TREEND CHL il REARE %

HELEVERG L,



]
Sl

[##

OECD ATt #FME R EM SRR LENRAEERO—RE LT, 17007y o%k
BRI TR IZFOEELFMT 5720, Fr 4 =—X - NARY —KEi

(CHL) AV THRRENRCAERERBRE EHEL 7

EiEoRBRIE, [HHAFEWRICRLIABRDO FEIZ2WT] (EA624E3H31H, R/IR
452375, HEBE 3065, 62%FHHE303%5) BLUOBCD 1 FJ 14 14731 H# L,
LF M E GLP (BBF0594E3A31H, RIRESE 395, ERE 2295, SOXF/E 855, HETH
HIG3ELL 180 . BATHE 233% . 4% 385, GRBH823E) ICETTEHL 7.
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1. A L7-#k

JH—F 1)V —ZNr27 (JCRB) 26 AF (198842H . AFR . A 48) L7
FrA=—X - NAAY—HED CHL Mg % . fFHEEAEA 100 THRBUCH 7,
Z @ CHL MHfatkid. —#BIILFWHE IO L TRBBRENSVAOEH I Tn b,

2. BEEWOHAR

B, FHRIEME (FCS : JRH BIOSCIENCES, U v F&%E : 1C2073) % 10% i#0
L7zA — 27 MEM ¥l % FiV7co MEMBEEERIZ, /A — 2V MEMEEH [=v 24 ] @
MR (BAKREEGRR) 94g% 1 ¢ DEFZKIZEBHEL, 121 C TI1575H., SEERRBEL
7eDH, L-FVE I v (BEES. BAKBREGRR)) 300mg & 10% NaHCO, B’ 12.5 nf %
MA TR 7. 2MEiRED MEMBEERIZ, IR0 94 g% 500 nt DIBKIZEMR
L. BUF MEM REEEH & RARICHAR L 72,

3. RS
2X10ME D CHL Mifla % . KEEH| 5 ol 2 AN/ 7 9 A 2 (EHK2S of. Comning) i X,

37CTD CO, 1 vFan—¥%—(5%CO, ) JTHEL 7z,

4. BEBWE S L UHBERYE

(BB ] ( KRBT -5 £ 1)
(% ) 1-ovo7yy Bl&  n-7FArnIAF)
(W& %) CB
(CAS No.) 109-69-3

(o v +» & %)
(5 ¥ x) CHQ

(5 T £) 9257
€ BE) 99.5%LLE (FAME L Tsec- TF N2 T4 F0.3%LUT)
(M H) BESHOBKT, KICO8W BT TIE, 7T VBLU

TAFNVANKFF D FIZE, Bis—123.1T, #578.4C,
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5IkE—6.7C, ZZR/E80.9 mmHg (20C) DHWETH 5,
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(% y ) REHICHET A ERZ L.

(B ToREN) COWERIEBATH LD, BAEERL TV ORISR
FELHBEMTCI. BRILLBTF - DONT I FIRkEL
it 2 ) AEREBATENTERVEHEL, ZEHK
RBIIERL 22> 72,
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2) LB EHILEORBRICHV 2K

,\
st
N
-

3

(fk % &%) YrUFAT7IF
(& %) CPA

(g v b F 5) 67F-0155

(3 & #) Sigma Chemical Co.
R F &£ ) GSEARE

5. BERME ORHE

BB EOTE L, FHODETT 7. $72, FEBLIVPLHIIH2o TiE, Fr v 7
DEDHBEYFEATLE, BRI LMBFHORASD L Vv E ) ICEE L TIRIEL .
BT MY (ROGMETE@). 9y FES I DCKI899) * H\ ize Bik% B
i U TR (SR PIMIERER. RAARERRE DiZ186mg/nt) ZHRRL. DWTRHEY
BETIERARL THEQREOHBMER RBAZER L 7-. #BRYERRKET, £To
RERICBWTHEREBD 0.5% (W 22D X5 ITMA. REARERBRICBVWTIR, B



EBIURBEH RIS I LBEEREB L CRIEEH ICOWT, #RDERETOSS
E % BEMEFH AL EMEZIIB VT o7z, ZOHER, REEOEREIL, TXTHF
BHHEN (FHEENRMEDSS% L) DETH -7z (Appendix 1) o

6. AERSM

EEE TR, Hifgx 3EMBEELAOLEERETIET. 77 AT ER Sl & KR
DEBPERBRE 25 n ¢ TIZ, 2405/ 3 L 48RRI L 7,

RBHEHALE T, W% 3HMER L0 LIEEREIE T, MEM S35 . 245igE0
MEM ¥, BLUSImixz ZNFN4:1.1 DEETRELIERI %75 A2
MR 7ze £72, SOmix FEFAETOMBEEICBWTIE, MEMEE®R 3L 277 AWM
2o ZDH., 5121500 OBBRWEFBRRZ IR T cUFHME L7, MBER T %, Ftf
RIERBICRH L, B2 18EEMEE L, SOmixDRET FTELROHMTIT- 720

S9*
20 mM HEPES (pH 7.2)
50 mM MgCl,

330 mM KCI

50 mM G-6-P

40 mM NADP

Pt e e e e DN

A5 10t

* §9 . Sprague-Dawley 2T v M7 £ )NV EF =Lk 56-_RVITT TRV 2HE
LTCHELA-Fyva—<r#H)DS9 (Ty FES | RAA-281, 1992FE88EB LUy
&5 : RAA-285. 19924E11 H8&) WAL, #HHET T—80CHOBEREMIEAEL
YA

7. Ml REEH] AR
G RERRICBV LR E OMBERE «RET 5720, WRIDE O I KX
TR RNT

7.1 LERSt
BIEETIZ48E LB Ic oW T, FAHENESE LS TIX, SOmix FET B L UFEHFLE
T OMBEIZ DOV THINIBERINHI R Efs L 72 MEREIX, BEERP TORKERED
_5_.



EEE ., RBEEILEE S 0.03~093 mg/ DB DOBE S H\, 752213 1IEEIC
2WT 2RV,

72 BEAVERLE
BRR TR, RBOREFREARERE L AROHE CTREFERZER L

73 HEREHIGIOFE L FOMR

WERYE > CHL JIf2 2443 % saFEib/E R X, &la (8004EHE) 124 552 P
RROEE. TabbaRBEZEHL., HBRYWELEROBRESRIIOTT 250 B EROK
Zzbo THEEL L7

ZOMR, EEE. RFEELEE DI, WTHOLERERH (0.03~093 mg/nl ) I
BWTH50% % = 2 HHFEIEIVER L300 SN o7, (Table 1. 2. 3 B LU Fig.l) o

8. FAABROHHEMK

FIRLIEFE P RBR OB R L V. FEARTRBETHV BRI E ORRER . BEEE,
RBEMALEL 3093 mg/ne & L, FRENZFREHED 12 ORERPIEE. 1/4 DBE
PIRBE LY L7, BUBWE L L THWAMC 8 X U CPA ZESNAK (RESMETE
(k). v FEE I KIGT0) KEHEMRLTREL, TP PREERELHERT LI LS
MONTWHRELYEAL .

8.1 [HEE
HEETIT, 3B OBBENRERER I, WBELZEOTRD 1B, £H2
P75 XAa%x BN,
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Fied 1R BE (mg/ m) SLPERF [ (hours)

13
1) LIS — —
2)  BEXEE 0 24
3) CB 0.23 24
4) CB 0.47 24
5) CB 0.93 24
6) FE¥EXEE (MC) 0.00005 24
7) BN 0 48
8) CB 0.23 48
9) CB 0.47 48
10) CB 0.93 48
11)  FatEXER (MC) 0.00005 48

8.2 EHEMALE
RBEEIETIE, 3RO EMHERAERFIC, L LT S9mix N2 Wi
EWD, TRONFLRT, EH2BO 77 A% Hwvwi,

2 B (mg/n8) SOmixDAHE  ALIEREM (hours)

1)  ENPEx}RE — — —

2) AR 0 - 6-(18)
3) CB 0.23 — 6-(18)
4) CB 0.47 - 6-(18)
5) CB 0.93 — 6-(18)
6) FETEXTER (CPA) 0.005 - 6-(18)
7)) IR 0 + 6-(18)
8) CB 0.23 + 6-(18)
9) CB 0.47 + 6-(18)
10) CB 0.93 + 6-(18)
11) BT (CPA) 0.005 + 6-(18)

9. Pt REEARMERE
1) BEFERTOWEHATIC, IVEI FERBIBEDHOL pg/md 1275 &9 ICHEFERIC
Mz, EERTH, SHOMIEE ) VEEEWR (Ca". Mg"x &% %) T,
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0.25% M) T VBB ERCTIRATL, 10 0t DEILEIEDT,

2) 1,000~1200 rpm TS MEE L, HEXE 05, (R L7ZMZIC 3 ne 00.075M
KCLKBHBEMAZ A L2 L) #3050 MERAE %175 72,

3) (RARMEEME, ERIEOLRBIZAN T OKEEER : A%/ —NV=1:3 vv) $6ul%k
MR, FTHPLEPICERY T4 7 L0 RMLTEEL. £D% 1,000~1,200
pm T 575 BIEL L7z

4) EEBLFLRE, BUFELR AN THEMZ THREERY T4 V0L ) B
&, 1,000~1,200 rpm T SHRBEL L7z S OREZTHEFRDIERL T,

5) Eik L TH-HEOMBIIZ, 0.2~05 sl DI N THEMA . THICBE 7,

6) HMZHEBERDOVEEL, HOPLOHWHFLTBWIIATIANITALRIZETFL, #0%
F EEL L7z,

7 A7A FEBERIEIZETIAICOE oER L7,

8) AFGA NI IAD 70X MFFIRET, REBRBINES, BESBIURAIA FE
FEEA L,

9) EIRLAATA Fiz, FAFEB (Merck) 4.5 nl % M/15 1) VERIEE W (pH 6.8)
150 mé (XA L - BB TH 8o BRBR, BEKRTELTTWTRE L,

10) e L7z A 54 FERIZ, BESIEICATA Fr—Rc A, 77— RITRER#RI
HF5, BREROBNF IR L TREL 72

10. FeARo 47 ‘
FRL725 4 FEADI b, 1907 I RaDLBONLREDATA FE, BEDO
BBEIFF N EFNWABEEHDG 0 2V &S 12— FELARECHIT Lz & {IRDTh,
POFBEEFEEL TR VWSEBHGZEL, BELETMEICOWTE, A4 F
rOFONBEEMBEOAT—VONE CREFAKIZEEFE L7,

FEEOSHIL. AAREEREES. WLBWRAE (MMS) SR L A58ER
EoSWTITW, READ 2 WIIERESRBOX v v 7, I, KL COBERTOR

I L EBAEMRE (polyploid) DAMEICOWTEHE LA, F-HBEREICOWTIE 13 200

8., MOV TIE 18 80018 3L R ARMIRL % 4 L 72,



11. FesRe e

HALE AR, WD X UM BRE & BRI E LB (I OWTOSMRERIE, BB L
Miad. MEERFEOHE L. FEMMEOBIIOWTESTL, EHOE T REAMKICE
A L7

PEAEREFAT HMBOHRBSEEIZDOWT, 714 v ¥ —0 Exact probability test 712
LV, BEREE RSB ELEERL L OB ENEE L GUNBEOREERETITo
726

WBRME OREBAREEFERC OV TONEL., AR LD EEEICE Y, FEHR
BEETHMILOBBEED 5% K x BME. 5% LLE 10% ki & 8EfpiE. 10% LLEZ R
& L7z,



[HRBILIUEZEE

BEHEEI LB REAITOERE Table 4 (R L7,

CB% M2 T24K5MH B X O 48fefi LB L - FiREH T, REEOHERT L L UFHHK
MO W BRI BRI SNk oi,

UBHTE LRI & 5 Rt R AT DR % Table S IZR L7,

CB# 11 T S9mix FFE T B & UFAEAE T C GRERIATR L 2 BB CIZ, W ILb et
HOBEREE B L UHEHEMLOMBBREICABRLENERD bk o7,

FatExtiE & UCRW /- EEETO MC ABEEE, B XU SOmix F£7E T T D CPA AL T
13 AT (cte) R PR REDNT (ctb) 2 OB RE 2 L oMIBTEEEICSH RS
VA

[#5 i

EEBICL ), CHL Mg % 24F5H (0.23~093 mg/mé ) B & U 48RFRALE (0.23~
093 mg/ml) L7=5%, T_THOMBHEIZBEWT, REKAOHERE CHEREMROFR
TERIZRBD SN Lo 7,

¥ 7o, AEHEE L IC BT 5 SOmix FHET (0.23~093 mg/né ) BLUFHFET (0.23
~093 mg/nl ) DWTNOREHEIZIBVTH, FBEOBEREB L UHEEREMROBR
ERRED SN LD o7,

> T, CBiX, LEEOARBREGHT CRIREAND CHLAIRICERBARELFE L 20t
iEam L7z
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FRROEBIH7h . REROBEALEZE LT RITREVOLLTFH LG Lo 2E
RERUREBRATEE D S DRB %272,

[ #k]
1) HERBREERRFS - MABYWRRIBEE  UFWRC L REHEET 7 R,

HHAEIE 1988
2) AfE X OB (ME]D) REAEERRT—SE, TV - T4 - —3%, 1987



Table 1 Mitotic indices of CHL cells treated with 1-chlorobutane ( CB )
for 48 hours by direct method

Concentration Mitotic indices (% of control)
of CB
(mg/ml) Average
0.00 100.0, 100.0 100.0
0.03 156.5, 112.9 134.7
0.06 1347, 774 106.0
0.12 117.3, 112.9 115.1
0.23 130.4, 935 111.9
0.47 121.7, 129.0 125.3

0.93 82.6, 935 88.1




Table 2 Mitotic indices of CHL cells treated with 1-chlorobutane ( CB )
for 6 hours with S9 mix by metabolic activation method

Concentration Mitotic indices (% of control)
of CB
(mg/ml) Average
0.00 100.0, 100.0 100.0
0.03 78.6, 100.0 89.3
0.06 57.1, 63.6 60.4
0.12 66.7, 84.8 75.8
0.23 95.2, 90.9 93.1
0.47 35.7, 758 55.7

0.93 52.4, 69.7 61.0




Table 3 Mitotic indices of CHL cells treated with 1-chlorobutane ( CB )
for 6 hours without S9 mix by metabolic activation method

Concentration Mitotic indices (% of control)
of CB
(mg/ml) Average
0.00 100.0, 100.0 ‘ 100.0
0.03 86.2, 93.9 90.0
0.06 112.0, 118.3 115.1
0.12 108.6, 118.3 113.4
0.23 89.7, 79.6 84.6
0.43 101.7, 85.7 93.7

0.93 776, 8l1.6 79.6




Table 4 Results of chromosome analysis of Chinese hamster cells (CHL) treated with 1-chlorobutane (CB)** by direct method

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
Controll) 200 0O 0 0 0 O 06 ¢ 0 0 0 ¢ 00) 0O (¢ 0.0) 0.00
Soivent™ 0 24 200 0 0 0 0o 0o 0 O 0 1 0 C 00) 0O ( 0.0) 0.25
CB 0.23 24 200 1 0 0 0 0 0 O 1 0 1 C05) 0 (¢ 0.0) 000 — -
CB 0.47 24 200 60 0 0 2 0 O O 2 0 1 ( 65) 1 (C 05) 050 - —
CB 0.93 24 200 0 0 0 0 0 0 O 0 0 0 (C 00) O (C 00) 013 - -
MC 0.00005 24 200 4 40107 1 1 2 0 155 4 90 *( 45.0) 88*(44.0) 0.13 + -
Solvent® 0 48 200 0 0 0 1 0 0 0O 1 0 1 ( 05) 1(05) 000
CB 0.23 48 200 6 0 0 0 0 0 ¢ 0 0 0 C 00) 0O (¢ 00) 0.00 - -
CB 0.47 48 200 0O 0 0 0 0 0 O 0 0 0 (C 0.0) O (C 0.0) 025 - -
CB 0.93 48 200 0o 0 0 2 0 1 O 3 1 2 (1.0) 2 ( 1.0) 025 - -
MC 0.00005 48 200 4 52142 5 1 5 80 289 26 99 *( 49.5) 98*(49.0) 0.88* + =

Abbreviations : gap : chromatid gap and chromosome gap, ctb : chromatid break, cte: chromatid exchange, csb : chromosome
break, cse : chromosome exchange (dicentric and ring etc.), f : fragment (deletion), 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 ten aberrations in a cell were scored as 10.

3) Others, such as attenuation and premature chromosome condensation, were excluded from the no. of strctural aberrations.

4) Eight hundred cells were analyzed 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 sec-butyichloride (less than 3%)
was contained as impurity.
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Table 5 Results of chromosome analysis of Chinese hamster cells (CHL) treated with 1-chlorobutane (CB)**
by metabolic activation method

Concent- S9 Time of No. of No. of structural aberrations No. of cells

Group ration mix exposure cells 2 Others3) with aberrations Polyploid4) J udgernent5 :
(mg/ml) (hr) analysed gap ctb cte csb cse f mul " total TAG (%) TA (%) (%) SA NA

Controll) 200 0O 0 0 0 0 0 O 0 1 0 (00) 0 (C00) 0.50

Solvent” 0 — 6-(18) 200 0O 0 0 0 0 0 O 0 0 0 (00) 0 (0.0) 075

CB 0.23 — 6-(18) 200 0 0 00 0 1 O 1 1 1 (05) 1 (05) 1.50 - -

CB 0.47 — 6-(18) 200 0o 0 0 0 0 0 O 0 0 0 (00) 0 (00) 0.88 - -

CB 0.93 — 6-(18) 200 6 6 0 0 0 0 O 0 0 0 (00) O (C00) 063 - =

CPA 0.005 — 6-(18) 200 0 1.0 2 0 0 O 3 0 3(15) 3 (15) 050 - =

Solvent” 0 + 6-(18 200 0 0 1 0 0 0 0 1 1 1(05) 1(05) 0.13

CB 0.23 + 6-(18) 200 0 1. 0 0 0 0 O I 0 1 (05) 1 (05) 0.38 - =

CB 0.47 + 6-(18) 200 0 0 0 0 0 0 O 0 0 0 (00) O (0.0) 0.38 - =

CB 0.93 + 6-(18) 200 1 0 0 0 0 0 O 1 0 1 (05) 0 (C00) 013 - -

CPA 0.005 + 6-(18) 200 3 2859 0 1 4 0 95 1 56*%(28.0) 54*%(27.0) 0.00 + =

Abbreviations : gap : chromatid gap and chromosome gap, ctb : chromatid break, cte: chromatid exchange, csb : chromosome
break, cse : chromosome exchange (dicentric and ring etc.), f: fragment (deletion), 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 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 analyzed 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 sec-butylchloride (less than 3%)
was contained as impurity.
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Fig. 1 Mitotic indices of CHL cells treated with 1-chlorobutane
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