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[% #91

VTFNT A7 22— bOREBEKRTFEREE, Fr4=—X - NARY—BEHFAB
(CHLY% AV THRET L 720

1. #RaBREEHIRER

EFEIC BT HH50% MM %R T RER 024 mg/nl THo f2o /2, AFEH
{LEED SOmix FFE T B L UIEFETICBIT 5 #50% DML TR TRER, Zh¥h
0.54mg/ml BLU 0.4l mg/nl Th o720

o T, BBERERBRICBVW T, EEETIZ 024 mg/nt, ABHEMILEDSImix FF7E
TTI 0.54mg/nl, S9mix IEFTET T3 0.4] mg/nl DRI BEE FNENFREL L,
FDIRDRELPRE, V4 DRELERBEE LTHV 2,

2. BB EREEHER

BEFEEIC L) CHLAE % 24053 & S 48 MARER L 7= R, TRTCOMIMBIT B W
T, READOHERT LEEENIROFEIERZROO N5 72,

T, NBHHEEED SOmix FEFETORSLIERE (041 mg/nl) Tld, FRIH
DIz DY BRI T E 2 o 72 H5, FOMOMRERE B L FSOmix FFET O FWIMEE T,
P RO RE CHEBEMB OB RO Sk b o/,

3. #&:

TTFNT 4 A7 x— ik, EEECET 52405 (0.06~0.24 mg/ul) B L U 43851
SLEE (0.06~0.24 mg/ml) DEMILIEIZ BT, CHL Mgz eetb i E RE R 5 5%
xR LE o,

% 7o, RRENEMALE® SOmix FF7ETF (0.14~0.54 mg/nl) B &L UIEFEET (0.10~0.21
mg/nl) DVTADRIMEMIZBVTH, REKROMETE LEBUMMBOFEEA R
oY% (R3O

WHoT, V7FNT74+RA7 22— M, ERORBREMNT CROKRELFF R L2V ESE

w7

=10
g
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L

OECD At F YR LU SRR HFBUFEFEO—REL T, V7FNV T4+ X7
— P OEFMMIC RIZTHABZFENER L FMT 5720, FrA=—X - NLARY -5
#FAIf2 (CHL) % v THBRENRERRERRLERKL 720

ERORE., [HHEEDE LR FEiconwc] (IBfM62E3A318, RE
%% 2375, ERE 06T, 62&F/HHE3035) BLUOECDF A4 F74 ¥ 1 473CHERRL |
1L%9KE GLP (IHFS9E3A31H, TRHESE 395, JERE 2295, S9EFE 855, XETH
FM63E11H18H, WY 2338, WAL 385, 3XBHE8235) KETVWTERKL .



[#E 8 & O FHE]

I A L7-HillE

Y¥—F -y V—RNrs (JCRB) » 6 AF (1988428 . AFM @R 4) L7
FrA4=—X - NaX5—HEDCHL M@ %, MEZLEL 10U TERICH 72,

C @ CHL Mgtk L, —BEC EFEY R M L TREREN GV 20 EH s Tw b,

2. BEBWOFH

BRIk, HFIERIEE (FCS : JRH BIOSCIENCES. © v M&H : 1C2073) % 10% ¥/
LicA — 7 v MEM BB L AV 720 MEM BERBHIZ, 41—V MEMER [=v X 4] O
BR (AKBEEGRR) 9.4g% 1 ¢ OHEFAKCHEML, 121C T 1590, BEEKKEL
b, L-7Vvg 3y (BEEA. BAREIE®E) 300mg & 10% NaHCO, & 12.5 ol %
A THRBL 720 2EBRED MEM H538HIX. LicosEH#h 9.4 g% 500 ot D EFKICERE
L. BUF MEM B3B8 & FIERICFRBL 72,

3. WEREMN
2X10*MED CHLMIla %, BEEE Sl F ANTT 4 v ¥ 2 (%6 em, Coming) (23 &,

37T D CO, 1 ¥ Fa~r—5— (5% CO, ) ITHAEL 7z,

4. HWEME B L UM B E

(R H ]
(% ) TTFVNTAATz—b QAT TVIFARIEY)
(B %) DBP
(CAS No.) 107-66-4

(g v » & %)
(% F &) HOPOXOCH,),
(5 F ®) 210

(%6 E) 62.6%
(Z0MDMHELTE) T ZAFIVISI%., FD119.1%)
(tE K) REBEWERKRT, KRB, VAFVAVT XV E T
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X b, HEL.076 (20C) . FIAE187C., BIFX
1.427 (25TC) . &EAS-SOCLUT TH %,

€7 it %)
"’ F % M) &R
(&£ E %) BEHEOTEWCHETHERZL
(BEPCcoOLEN) FOWRFIFMCFENRBECTERML 21— A ARBR (BEBRET
WHFE - M-92-201) KB ABEHPTORENRER T,
0.04882~108 mg/ ¢ N REFI TIRFMIKETH o 72,
(Rt BE )
1) EREEORRICHVIYE
(1t ¥ £) <TArRAVVC
(& ) MC
(g v b F 5) B8l14ABB
(8 & #)  GRBREEEIEW®R)
(R & #) SHEFRE

2) REHEMbEOREBRCHYW A WE

(1t ¥ %) YsukIX773IF
(n& ) CPA

(w v + & B) 67F-0155

(& & %)  Sigma Chemical Co.
R F & ) GEFRSF

5. HBRWEORAR

WERMEORBIL, FROOEITo /oo BHERT 2 M (FIXMELREERR)., oy M F
5 . DCK1899) # v, EFEHIC 0.5% (viv) BIRML 720 k%, 7T+ ¥ ICHBHELT
JRH (BT HPHIBER T 13420 mg/ ml. HBARFEHIRTIE 82mg/nl & 108 mg/nl) %
BLL, DO TCREXBETIERGR L TS0 BREOHRMERBEEER L7, BB
BT, ETORBRICBVTHEIRBD 05% (W) Kb LI CMAlz, REEARER
BRICBVW T, EEEB L URABEELECHC - HBENE L EEEE I VT, HRY
KRB OSENE * RUMEA AT EFENERICB VW TiTo 2o ZOFKE, FEHOR
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i, §XTHEGRHEA (FHERIRMED 85% LLE) OfiTsh o7 ( Appendix 1) ,
B, BEOLRICOVTIE, MERBBITLEL, -7,

6. HEREM

EEETE, M2 3BMBERL-OLERWEE T, 74 v V2 ICHERES ol ERE
EOREBMEFMEN 250 ¢ #MZ ., 24K 8 £ V48RRI L /2,

RBEMEILE TR, HE% SHMERL -0 L ERELE T, MEMERE . 2MEBED
MEM ¥, BLUSImixkx FNFh4. 1. 1 OWETREL-BEI L EF14 v ¥
WA 720 72, SO mix FEFEETOMIAFEIC BV TIZ, MEMEBRBEI X274 v ¥ 212
MR 72e 20, S5 15pu e OEERM AR L INZ T MMM L 7z, AR THE,
FREL BRI L . BT 18RRI L 720 SO mixDRBUL T RCOHMA TIT o 720

S9*

20 mM HEPES (pH 7.2)
50 mM MgCl,

330 mM KCl

50 mM G-6-P

40 mM NADP

AEX

— e e = BN W

E&F 10 m¢

* S9 . Sprague-Dawley BT v M7 x //SVEZ =Vt SRV TTRV2HKE
LTHREL-Fya—<v#)D S9 (T v FFES I RAA-281, 19924E8 A &) %A L.
fFEARE T T—80CHBEBAMITRTEL 7=

7. AR RGHEHNEI LR
PEAREREICAV AR E ONIRELIRET 5 720, HEDE 0K EHEHRIC R
T RE LA,

7.1 LERGH

EHEE TR AL IRIE I D W T, & 72 AUBHEMALE TRSImix A2 T 6 & UIEFIE
T OMILEE T DV CTHIREIERE IR % EME L /- BRI E, EIEE. RBEEIEE
HATEE IR P TORKIRE A 0.07~2.10 mg/ ol DFWHADREE*Fv7z, 74 v ¥ aid 1
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BEICOWT 28,

72 BERVES
BB TH, BRBELBT-OL, 10% AV VERRENA THBST 4 v o 2144
EHELIEKRETEE L, BEH. 1% 2V AINALF Ly bTHRE L 72,

73 I OIRIE L F O R

BWERYE © CHL M8 9 A A ElvE A, BB RMMEREET (Monocellater,
£ YNAKETLEGRR)) FHCCEHOMME 2T L. HE KL O BB
AT A MM O % b o TR L L

ZOER, FJTFNT 4 AT 2— FDH50% ORI LRI RES . 0%tz (
BESMELWVEHRLAZELSA, HEETIZ024mg/nl Tholz, T, RRBHEMEIED
SOmix FFET B £ UIEFETIC BT 2450% DM % /RTBE R, £h¥h 0.54
mg/ml BLU 041 mg/ml THolz, (Table 1. 2. 3 BLU Figl) o

8. ARFRERDBEARAL

MM REROLR L 0, RBEARETARTHC I UBRPDEOFBRER Y, EEE
TiZ 0.24 mg/ml, CHHETEILEDSImix FFIET Tid 0.54 mg/ml « S9mix IEFET Tk
04lmg/md & L, FNFNHBEND 1R OWE*FBRE, /4 OBEFEREEL L7,
Rt BB & LTV /-MC 8 X U CPA ITESTRIK (FOFBIETHGE)., Ty &S
K1G70) KBMELTHABL. TR ERPEBRRAELERTHLEIALONA TV R REL
WAL~

8.1 HEHEE
E#FETE, 3EBOEBRYEVIIRERFIC, JEELEDTED LIBEXRT, 882
BHOF4 v a®kBni,



i =& (mg/ nl) SLERRE R (hours)

1) EEMIExE - -
2) BEdRE 0 24
3) DBP 0.06 24
4) DBP 0.12 24
S) DBP 0.24 24
6) RetExt® (MC) 0.00005 24
7)) BHExTE 0 48
8) DBP 0.06 48
9) DBP 0.12 48
10) DBP ' 0.24 48
11) BEHExd®B (MC) 0.00005 48

8.2 fEHEYE LE:
REEEICE T, 3R OBERY G MEEIRAETEC, JBIEL LT S9mix % N2 % Wi
*EO, TERDNNFELERT, £ 2074 v 22 Hwi,

bii BIE (mg/mf)  SOmixDAME  ALEREERT (hours)

1) AR - — —

2) B 0 - 6-(18)
3) DBP 0.10 - 6-(18)
4) DBP 0.21 _ - 6-(18)
5) DBP 0.41 — 6-(18)
6) FRetExtEE (CPA) 0.005 - 6-(18)
7))  BEME 0 + 6-(18)
8) DBP 0.14 + 6-(18)
9) DBP 0.27 + 6-(18)
10) DBP 0.54 + 6-(18)
11)  FE¥ETER (CPA) 0.005 + 6-(18)

9. BERIER{ESE
1) BEFET O 2MANC, It 3 FERKEESY 0.1 ng/nl 2% 5 & 5 ITHEFERHIC
Iz, BELRTH, SHEOHNNEE Y VAR (Ca", Mg, & 72\w) Tk, 0.25

_7__



% FYTYVEEREHACTEAL, 10 0 DELEICED 2,

2) 1,000~1,200 rpm T 57-M#L L. LiE*HE oL, B LMK 3 o @0.075M
KCIKBWEMR S T &1 & 09305 F{KRLE %47 o 7=,

3) RAIRE., BREOLEBICAN ) T OKEER . 25/ -V =1:3vw) ¥H6nt%
Mz, THEIOHEMIERYF4 7 LEFOREMLUTEZEL. £0% 1,000~1,200
pm T SAHLEL L 72,

4) BibELHE*BRE, BUFHKEL AN ) THEMA THIREERY 74 YT LD EE
FESE, 1,000~1,200 pm T 55 MEIL L72e CORELHDLEDEL 72,

5) EL L THB-BEOMBIEIIC, 02~05alDH NV THEME, THCBHS €,

6) HIBBEENLELX, DO LOHEGFLTBVARAS A FFXIALIETL, 20 F
TR L 720

7 AFA4 FERKRZEFA vy V2il0& 6BHIER LT,

8) AFAFFIANTUR MRGFICHET, RBRRMBINTFST, BETBLUXIA FF
FrxicAL,

9) BIELAZATA Fid, FAFEBE (Merck) 4.5 md  M/15 Y YRR (pH 6.8)
150 m¢ (SR L 7= BBl THY 8 MR i, ABAKTEL T TV THE L 72,

10) BB LARATA FERIL, BHESMEICASA Fr— AN, & — A ERBREBR
o, BAEROBGFEHRL TRF L

10. HemEoHT

VEBLIATA FEEERD )L, 12D F 4 v ah oo /i-Re2254 V¥, B
DPBEEREFNENRAEUENT PO L H T — FILLZRETHN Lo L LA
D PORBEPFEL TV LRWIRPIUZEERL, REEZFTHARIO>VTIR, X7
A VEDZOMNBRBMFED A7 — Vi CREBFAMKIITE L,

B kO SMTIE. BABHEAREYS, MAWRE (MMS) SB4Y (0 & 248
ETOTITY, REEESZVEEESAROF v v 7, Y, XRL EORERFEVE
4B EAEH MM (polyploid) DAEEIZOWTHE L2, I 2HERFIC oW TIE 18 200
. FEEMEMIZI 2w Tid 15 80018 o0 - 2 MG % 5347 L 726



11. fLERE e

EAATIE, BB L RS R & PR ELRIEC DLW T O RE, BIEL:
M. WMEREOME &, BEEMROBIC>WTES L, &ML LGAKICE
AL7

P kREEXHFTAHMBEOHBEEIICOWT, 74 v ¥ ¥ —0 Exact probability test 42
L0, BEXTEE LSRR ELIENS L OBEBE LY BREOEEERELIT-
pARS

BBRDEORBHRREFRECOVTONER., AL DR ERIECE Y, REFER
BEATHMBEOHEELS% Kt EFEME. 5% LLE 10% K% M. 10% LLEXGH
L7



[ERB L UEE]

BB L 2 RBERSITOER % Table 4 IR L 72,

DBP% I 2 T 2405 8 & UF 48RFFIALID L 7- K BEH T, REROMERE B L UK
AR O HBEE CHELYIMTEED O n oz,

ARBNEEILE IS X B BB IT DA R % Table 5 /R L 72

DBP% 1 2. T S9mix JEFFFE T T 6HFMIALER L 7- RSN IBEH (0.41mg/nl) CBWVWT,
T D 12O RBEFITATE Lo 72205, TOMOBEEES L UF S9mix FIET OEL
HECBO T, wFnd RedofifEiE s L USEEIROAE L MMIIRO S 0T,
ETOMABETHRYETH o 12,

Retixt BB e L THW-E#EETO MC I, B L U SImix FFET TD CPA MEH T
S Yu e RIS (cte) R BB RYINT (ctb) 2 EOMERE 2 b MR EHECERSh
7zo

o

[+

b1}
ek

VT7FNT A7 x— M, EEECBT B2 (0.06~0.24 mg/nl) B & U 488
SLEL (0.06~0.24 mg/m¢) DFUWIIEIZ BV T, CHL M Rt Rk RE 2 1S M4
FEFRE LD o

¥ 72, RBHEMILED S9mix FHET (0.14~0.54 mg/ml) B L UIEFAET (0.10~0.21
mg/ml) DVWTNDVIMEMHFITB VT, RBROfERE LEMEAR O FRIER L
ool
HoT, VT7FNT7r 272~ bt LRORBREUHT CROBERELFRLEVER

JwmLI



[FF 7C 3% ]

‘_11_{.

Ut

ERABEOERICH /-, REBROERAMICEZEB LR TR O T LE2»o025F
RREUHERETME» S 0T % 2o 720

[ fik]

1) BAREZREZS - MALDWEBRISB SR  (CEDEICL2RB6REET F 7 X,

HaElE 1988
2) AfE % EE o (MED REAREART-s4E V- T4 - T —3, 1987



Table 1 Inhibition of cell growth treated with dibutyl phosphate ( DBP )
for 48 hours by direct method in CHL cells

Concentration Cell growth (% of control)
of DBP
(mg/ml) Average
0.00 100, 100 100.0
0.07 9%, 95 94.5
0.13 - 89, 89 89.0
0.26 43, 41 42.0
0.53 5, 7 6.0
1.05 0, 0 0.0
2.10 0, 0 0.0

Cell growth was measured by Monocellater™ (OLYMPUS)



Table 2 Inhibition of cell growth treated with dibutyl phosphate ( DBP )
for 6 hours with S9 mix by metabolic activation method in

CHL cells

Concentration Cell growth (% of control)

of DBP

(mg/ml) Average

0.00 100, 100 100.0
0.07 %, 92 94.0
0.13 99, 93 96.0 -
0.26 83, 77 80.0
0.53 54, 48 51.0
1.05 19, 22 20.5
2.10 48 , 38 43.0

Cell growth was measured by Monocellater™ (OLYMPUS)



Table 3 Inhibition of cell growth treated with dibutyl phosphate ( DBP )
for 6 hours without S9 mix by metabolic activation method

in CHL cells

Concentration Cell growth (% of control)

of DBP

(mg/ml) Average

0.00 100, 100 100.0
0.07 102, 96 99.0
0.13 . 100, 103 101.5
0.26 87, 85 86.0
0.53 20, 24 22.0
1.05 23, 20 21.5
2.10 26, 24 25.0

Cell growth was measured by Monocellater™ (OLYMPUS)



Table 4 Results of chromosome analysis of Chinese hamster cells (CHL) treated with dibutyl phosphate (DBP)** by direct method

Concent- Time of No. of No. of structural aberrations 3 No. of cells

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

Controll) 200 o 0 0 2 0 O O 2 0 1 ( 05) 1 ( 0.S5) 0.13

Solvent™ 0 24 200 1 0 0 0 0 O O 1 0 1 ( 05) O ¢( 0.0) 025

DBP 0.06 24 200 1 0 0 2 0 O O 3 1 3(C15) 2 ( 1.0) 025 — -

DBP 0.12 24 200 1 1.0 0 0 0 O 2 0 2 ( 1.0) 1 (C 05) 025 — -

DBP 0.24 24 200 0 1 2 2 0 0 O 5 0 3 ( 15) 3 ( 15) 025 — —

MC 0.00005 24 200 16 80 158 2 1 9 20 286 1 138 *( 69.0) 132*(66.0) 0.25 + —

Solvent” 0 48 200 O 1 0 3 0 1 10 15 1 2 ( 1.0) 2 ( 1.0) 013

DBP 0.06 48 200 0O 01 00 O O 1 0 1 ( 05) 1 ( 05) 013 - —

DBP 0.12 48 200 0o 0 0 2 O 1 O 3 1 2 ( 1.0) 2 ( 1.0) 050 - —

DBP 0.24 48 200 1 4 0 3 0 0 O 8 0 8 ( 40) 7 ( 3.5) 0.3 - —

MC 0.00005 48 200 7 83 213 13 12 28 90 446 39 145*( 72.5) 145*(72.5) 0.63 + —

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 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 62.6%, and monoester (18.3%) and triester (19.1%)
were contained as impurities,
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Table 5 Results of chromosome analysié of Chinese hamster cells (CHL) treated with dibutyl phosphate (DBP)**
by metabolic activation method

Concent- S9 Time of No. of No. of structural aberrations 3 No. of cells " 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
Controll) 200 0O 0 0 0 0 0 O 0 0 0 (00) 0 (00 0.38
Solvent™” 0 — 6-(18) 200 0O 3 0 2 0 O O 5 0 4 (20) 4 (20) 013
DBP 0.10 — 6-(18) 200 0O 2 0 0 0 0 O 2 0 2 (1.0) 2 ( 1.0) 0.13 - =
DBP 0.21 - 6-(18) 200 1 3 01 0 O O 5 0 5(25) 4 (20) 0.00 - -
DBP 0.41 — 6-(18) 0 Tox Tox
CPA 0.005 - 6-(18) 200 2 0 0 0 0 2 O 4 0 3 (15) 2 (10) 0.13 - -
Solvent 0 + 6-(18) 200 2 0 1 0 0 0 O 3 0 3(15) 1¢(05) 063
DBP 0.14 + 6-(18) 200 2 2 0 6 0 2 O 12 0 5 (25) 3 (15) 175 - =
DBP 0.27 + 6-(18) 200 37 5 0 0 0 O 15 1 9 (45) 6 ( 3.0) 1.00 - -
DBP 0.54 +  6-(18) 200 33 2 0 2 0 0 10 0 9 (45) 6 ( 3.0) 0.63 - -
CPA 0.005 + 6-(18) 200 18 134282 2 7 15 460 918 4 182 *%(91.0) 181 *(90.5) 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: 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,

Tox : toxicity was observed. 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 62.6%, and monoester (18.3%) and triester (19.1%)

were contained as impurities.
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