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DYBRNIAF VD invito BB RFEFEMEL, Fr 4 =—X - NA X5 -5l
(CHL/IU)% A\ THRET L, REOREREE .,

EiEE, RBEEbEL 12, 1.4mg/nl (10mM) DBEREIZB T b BIFE & BEFEEIHI/E
APRBOLN Lo/l dh, l4mg/nt (10mM) DBREL*RSULEREL Lz, &
BABREDO 12 BLIUTIARENEARRE, KREL LTRE L ERELLT. S9
mix JEFETIC BT 5240 8 & V48R LI, AHEM LE L LTSI mix FET B
iU#ﬁET%%%ﬁ(m%@@@@%@)%ﬂ&\%K%W%L\ﬁﬁiéctulh
RERREFREERET L 72

BRI X Y, CHL/IU I HE % 2405 3 & UM48F5 BB ALER L 72w $© RO B IZ B »
Th, FEEROEERECHEBMNROFREIER IR SNk d o7z, MABNEHLE T,
SOmix FFAET B & UFIRMFEAT COHREMAE L 2V Fh MBI BT H, kol
RELHEEMAROFREAIRED O Lh o 1,



[#4 &1

OECDERTHLF W AR &M AR 2 ZHRAAFHRO—RELT, VBRI AF VO
BRI R TR BEFNRELFMT 2720, FrA=—X - a2y —5EEM
fa (CHL/IU) % A THEBEALRERETHBRE EBL 2,

LRRORKERE, [FHHRMCEYWE R IERD FEIowT] (IBF624E3A31H., R
#56 2375. EBREHE3065. 62EFEE3035) B LU [ OFCD EUHEBRA M FF4 ¥ [ 473]
CHEELL . (MEFWE GLPEHE | (BMS9E3H31H . RIRXE 395, BHRE 2295, 59
ZRE 85% . MATIEAN634F11 A 18H ., RAAIEE 2335, #4%E 385, 63FF/E 8235) &
FEOWTEBL 720
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1. 6/ LAk

DH—F - )Y =237 (JCRB) »6H AF (1988428 . AFH : #L #X, HELR2
R) LizFrA=—X - NAXY—HKDO CHLAU (L FCHLEBET) KM %, ML K
IR EAR CHBRIC A v 72,

C @ CHL MifatRid, — e bZEME I L TREBESTEV2OFHA I TWw b,

2. BEEBOFH

Bz, FBIEMmE (FCS : JRH BIOSCIENCES, T v F &% [ 1C2073) % 10% #:/0
LA — 27 )V MEMBER T V720 MEMBEEE#RIZ, 1 -7 )V MEMEH [=v 24 ] ©
WE (HARBEEGRR)) 94g%2 1 ¢ OXZKITEHL, 121C T 150, BEZREE L
Db, L7V I (BEEA. HAREGRK)) 300mg & 10% NaHCO, i #. # 125
n¢ ZMA THBL 720 2ERED MEM BERBEZ, ERLOHH 9.4g % 500 nf DEFKIC
B L. LT MEM BEEEH & FARICERE L 720

3. BEEEM
2X10"8 > CHL flifg %, 558 S x AN/z74 v ¥ 2 (#E6cm, Coming) IIHF &,

37C D CO, 4 ¥ ¥ a~_~%—(5%C0O,) ATHEEL,

4. WEWE B L OB BYE

(#ERmE] ( FRBT—5 L D)
(% ) VVBFIAFL
(& =) TMP
(CAS No.) 512-56-1
(m v + &F 5)
(5 F &) C,H,PO,
(5 F E) 140
(¥ ) 99.9%
(% K EEBHBAET, K TEMYBLIUIXFVANEFVFR
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(DMSO) (C W, MLEA —70C, #ma25180~195C, LE
#%1.217 (20/20C) DHWETH 5o

(& it %)

R HF & ) B ELERREA

(& E ) BEOPRTRIEE

(B coREl) REFEHIOTCEFREZCEBLLBED (TEhY) T
DEEWRERTIX, 70.0~280 mg/ né i K #iFH T4 M
IR E TH o7 (Appendix 1) o

(B txs Ba W &
1) BEEORBRICH2ME
(1t = &) <A bwA4YrC

(R F) MC
(g v + F B) 926ACE
(B & %) AEREE T EERR)

BT & #) BEIRE
2) RRENEHLEORERICH Y 2 WE
(1t = Z) YrukAI773IFR

(B& %) CPA
(m v b+ F 5) 70H0948
(% 15 %)  Sigma Chemical Co.

Bk F & ) WHEERE

5. HERE RS

BEMEORBE, MHAODE T foo BERT 2 b (FIGHMEIE®D, oy &
5 : DCK18998 & U'TWF2156) % Fiv:rzo AR HIEM U CIRE (B85 Hn il 308R
e AREERERE HIC280mg/nd) AL, DV THEZBE CIERARL CTHED R
BEOBHBRY BRI EERL /oo HRYERBE, TR TORBRIIB W TEEED 0.5
% (VIV) 127 B £ TR 720 Bt RREHERICB VT, EEE B & CRHENILE
v 7- SR ERE L RBEREIC OV T, HRYEREE O ENE * BEMRFT L F 0T
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RBEIZBWTTo 720 ZOKHE, ARBOBREE., IXTHEWMAN (BEFTOF
BEVPRMED 90.0~110%) DIETH o 7z (Appendix 2) o

6. MERGM

EEETIE, MRZ3HMEELZOLERREET, 74 v V2 UHEEES ol L £ig
EDHEBRMEREE 25 u L 202, 240H B & V48R HIERMLE L 72,

RBETEM CETIE, M % 3AMSEL-OLIERE 24T, MEMIEER . 2E5EED
MEM BB B L U'SImixk FNEFN4 . 1. 1 DEETEELZBHEI L 271 v ¥ 2l
MZ7zo T/, SOmix FEFATORIEEHICBVTIE, MEMEER 3l 274 v ¥ 21240
v &6 15ul DHHWE FABMEE M T RFMMIRL 72, WERTH, FiEriEEi
AR L, & 510 ISHFRIRSEE L72o SO mix DI TR0 M T4T - 770

ul

S9*

20 mM HEPES (pH 7.2)
50 mM MgCL

330 mM KCl

50 mM G-6-P

40 mM NADP

FRE K

L e e i A R S ]

&8 10 ot

* SO : Sprague-Dawley 2T v MIT7 =/ /W ES =V E 56XV T7IK VRS
LTHBIL-Fya—<E#)D S9 (T vy FEF I RAA-297, 19934F8 H Bilxk) #EEA L.
FEHEEE T —80C OBIEIERAMAN IR L 725

7. HURLBEFE NI ELER
BAEKERTRBRCHCAIERYEOUIBE Y RET A 720, HEWE OMBHEIEIC X
T REL RN,

7.1 LIRS

EEE T4 AMBEIC oW T, /2, ABNEMALE TIESImix FE T B L USEFEL
T OMBEEE D v TR RS S FD I BUBR 2 EhE L 72, %ﬂi;%ff%biv\ BE#EL L R BNEHEL
HEEH0.04 ~1.40 mg/mé (10 mM) DHPDBE S H\vr7z20 T4 v V2 HEEICOWT
2B 72,



7.2 AEARVEZNE
BEFEIR T, BEEWEAET-0L, 10% "< ) Ve A . HIEET 1y ¥ 2t
ELI-RETEEL. BEHE. 0.1% 2 VA WNAF Ly PETHEE L,

7.3 WREMEIOIEE L ZORER

WERYE O CHL MBI 33 2 BTEENGIWEA 13, BRBHEMEEE (Monocellater™,
) VS AKFETHEGB) *HCEBOMIEE LI L. HERW R B OB R
X B MIRRHIE Ot E b o THRIEE L7,

FORER, EEE, RBHEMH bR DIC, RBLATXTOREFHET0% MR 2 H
FEPIRIZEED SNz b o7z (Table 1, 2, 3B LU Figl) o

8. AREERDEEHERK

MRS TR R ORE R £ 0, REARERBRTH 2B EoEiRERZ, BRI,
REEHALELE D 14mg/ne (10 mMAEY) L L. TN ENGRERD 12 0REE PR
B, V4 DBELRIBEL Lz, BHETRYE L L THW/AMC 8 XU CPA i, 1ESTHK

(REHETH @), Oy VEF (KIHTS) WHEBLCREL 72, T FhEahRE %
FRTHILESFHMON TV L EBELEH L2,

8.1 HEIEE
EEETIE, ROy E UIBEEHIC, XIBEL SO TR 11ELERIT. &5 2
BT v awfei,

# 2B (mg/ mb) RWLEREE ) (hours)
1) SALIExTER - —
2)  BExtEE 0 24
3) TMP 0.4 24
4) TMP 0.7 24
5) TMP 1.4 24
6) PBEMEXTER (MO) 0.00005 24
CREWCH L)



iz 2 % (mg/ mf) ALEREF R (hours)

7)) BER 0 48
8) TMP 0.4 48
9) TMP 0.7 48
10) TMP 1.4 48
11) BB (MO 0.00005 48

8.2 UANEMALEE
RBEEHALE T, SERBOBBRY RN RERC , 3 REL LT S9mix 1z 2 E#
&0, TRO NBLRT, & MO7+ v V2t vt

itd B (mg/ml)  SOmixDAIE  ALIREFR (hours)

1)  EAIEXTER — — —

2)  BEASR 0 — : 6-(18)
3) TMP 0.4 - 6-(18)
4) TMP 0.7 - 6-(18)
5) TMP 1.4 - 6-(18)
6) FREMExTHR (CPA) 0.005 — 6-(18)
7)) BT 0 + 6-(18)
8) TMP 0.4 + 6-(18)
9) TMP 0.7 + 6-(18)
10) TMP 1.4 + 6-(18)
11)  BpiExd B (CPA) 0.005 + 6-(18)

9. FeBARIEARVERE:

1) BEERTO2BEMENIC. 2 VeI FERBEESH Ol ugnl 2% 5 & ) TR
Mz, BERETHR, SHOMEE ) VEBBEHR (Ca'. Mg"283%\v) THWL,
¥Ry FA V7L DMBERIL, 10 DERLEICED 2,

2) 1,000~1,200rpm T SHMEL L, LEXHE 0L, R LZMEIC 3 ol D0.075M
KCI KB E A5 Z Lz & b #9305 SRR E 247 - 72,

3) EFRAMLERSE, IREW O LB AN T OKERBR . X4/ — )V =1:3 vv) #6nl%
Mz, THALBEMMIERY 74 7 LANLEMLTEZE L, £0% 1,000~1,200
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pm T 5743 L 726

4) BULHBLEBELRE, BUFEE 2 V) THEMA TR ERy 74 Y7008 ) HF
&, 1,000~1,2001pm T S5 REN L7ze T OEAELREEHRE DR L /2

5) EikLCTEZABEOMIBIIIC, 02~05nl DAV THEMA, THITBESE 2,

6) MBREROLEL, oL LOEBFLTBNAEATIASIFIIALIGETL, 20X
FJEZ L 72,

7) A5 4 FERRET 1 vV alloE 6BIERL 7

8) AFA FF/IF AN 7UX MRS ICHET, REBERBNET, - FFEFBLIUATA
FHEFEZRRAL,

9) EAEL72ZXTF4 Flid, Fo¥E# (Merck) 4.5 o % M/15 ") V ERIBIE W (pH 6.8)
150 mé WA L 72 Bl TR s RIgER, BEKTES STV TR L 72

10) B L7225 4 FERE, a— FEBIEIKAT A Fr—ACAR, 7 — AEEER
BT, EARER OB EBR L TRIF L 72,

10. Bt fkor#r

VEBIL 72 A 54 FEEADI L, 10DF 4 v ahrbiBbh R bA54 Vi, HH#
DBBZEWNFNFNUBEG TSI - FMELAZKRRBTHIT Lz LD
N, PORGBESBEL TV LRWSRPHELEREL, REZ2ET MBIV TIR, A7
A FLEOFONEZFMED X 7 — YV OME CRREAMICTLERL 720

REAOSH IR, BAREEZREYS, MLBWEER (MMS) SRE" I L 258k
EoOWTTv, FaED 2 VIS REOX v v 7, YT, XBRLLEOBERENER
M & fE R MM (polyploid) DA MEIZDOWTHIZE L7z, F2HEREIC OV T 1HE 200
8, AR v T L3 SO0 o A AR R 2 T § 5 2 & & L7z

11. FieR&HE

EALEEXSER, BB & RS ERRE L R BB IO W T OSHRRIE, BIEL /-

Mifa e, MERFOMRA LK, B oBucowTEE L, EROELLHEAMICE

AL7,

SRR EAETANBEOBBEE IOV T, 74 v ¥ v —® Exact probability test ¥ 2

0 I HRAE & R AL R B X OV B & Bt BRI 0B BERE 2T o
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W E O REAREFBMC OV TORBHER, ALY oLy, e
HEEEHT HASOEED 5% K& Bt 5% LAL 10% RifzREE . 10% L%
e Lizo EL. BBRHOGERVELONGE IR, REARERARS LMK
LD, BRE, HFEERFEF R LERAERZITI C L e L
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EHIEIC L YRS T O R % Table 4 8 & UF Fig. 2 1Z/R L7

TMP% Bl 2 T 2485 36 & 48RS RERLIE L 2w FRoLBEHICB T, FakotE
EREL L UBEEMIROFERIRO LR o7,

RETEMEALIE I & 2 Rk T DR % Table 5 B L U Fig. 3 IR L7,

TMP%A1X T SOmix FAE T 8 & U T ToRMAEL 72 SO LEBEICE T H,
Lo ERE B L OBEENROFRER IR o/,

Rt B & LCTHWAERETO MCRIEEE, B X U S9mix 12 T T? CPA LEH T
TRt P RATHE (cte) R Bty ARETUT (ctb) % &K DREERE £ oMl EHEICHFRS 1
720

[ i 1

DU M) AFNVE, BEEEICLD, 24RHB L 048 MER LI L 7210 mM O
BE*ECVWTNOMEE (04~14mg/nl) BT RBEORERF M5
BEFBELEDP o,

REE L CBYTH, SOmix FETE LUFEFET CoRMMITEL 7210 mM D
BREZECCTNONEE (04~14mg/nl) 2BV T GREEomER g
BEFRBLLEDP o2,

WoTo VBN AF VR, EROBEBRERT T, SEBREN O CHL Ml o fifk R

WEHFELZV LR L,
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L ¥ H]

ARBROEBCH720), BEROCEMCELELREZTRVOHLTFH LEBL -1~ F
RER OB E D S OB 225 770



[ ikl
1) BAREAREFS - WADYRKROB &M  ALEDE L 2 RBERET M T A,

HEEE. 1988
2) AfE X BB (KED) RERRERRFT-SE, V- TA - U —%, 1987



Table 1 Growth inhibition of CHL cells continuously treated with
trimethylphosphate (TMP) for 48 hours without S9 mix

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

0 100 , 100 100.0
0.04 97, 99 98.0
0.09 98 , 100 99.0
0.18 98 , 97 97.5
0.35 97, 94 95.5
0.70 94 | 92 93.0
1.40 86 , 81 83.5

Cell growth was measured by Monocellater ™ (OLYMPUS)

Table 2 Growth inhibition of CHL cells treated with trimethylphosphate
(TMP) for 6 hours with S9 mix

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

0 100 , 100 100.0
0.04 105, 95 100.0
0.09 112, 100 106.0
0.18 112, 109 110.5
0.35 116, 93 104.5
0.70 98, 96 97.0
1.40 105, 100 102.5

Cell growth was measured by Monocellater '™ (OLYMPUS)



Table 3 Growth inhibition of CHL cells treated with trimethylphosphate
(TMP) for 6 hours without S9 mix

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

0 100 , 100 100.0
0.04 100 , 109 104.5
0.09 96 , 106 101.0
0.18 99, 109 104.0
0.35 94, 101 97.5
0.70 100 , 111 105.5
1.40 100, 100 100.0

Cell growth was measured by Monocellater ™ (OLYMPUS)



Table 4 Chromosome analysis of Chinese hamster cells (CHL) continuously treated with trimethylphosphate (TMP)** without S9 mix

Concent- Time of No. of No. of structural aberrations 3 No. of cells 4) 5)
Group ration exposure cells Others with aberrations Polyploid Judgement
(mg/ml) (hr) analysed gap ctb cte csb cse f mul  total TAG (%) TA (%) (%) SA NA
Contr011> 200 0 0 0 0 0 0 O 0 0 0 C00) O0(C 00) 025
Solvent * 0 24 200 0 0o 1 2 0 0 O 3 0 2 (1.0) 2 ( 1.0) 0.00
T™P 04 24 200 1 0 06 0 0 O O 1 0 1 (05) 0 (¢ 00) 000 - =
TMP 0.7 24 200 60 2 2 1 0 0 0 5 0 S (25) 5 (¢ 25) 0.00 - -
TMP 14 24 200 0 01 0 0 O O 1 0 1 ( 05) 1 (C 05) 000 - -
MC 0.00005 24 200 S 34 8 4 1 2 0 126 0 81*(405) 79*%(395) 013 + -
Solvent” 0 48 200 0 01 2 0 1 O 4 0 2 (10) 2 (¢ 1.0) 013
TMP 0.4 48 200 0O 0 06 0 0 0 O 0 0 0(C00) 0 00) 013 - =
TMP 0.7 48 200 3 1.0 0 O 0 O 4 0 4 (1 20) 1 (C 05) 000 - =
TMP 14 48 200 0 2 2 2 0 0 O 6 1 4 (20) 4 (C 20) 013 - -
MC 0.00005 48 200 8 39 76 11 6 4 10 154 17 83*( 415 ) 81*( 405 ) 0325 + -

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. 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 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 99.9%.



Table 5 Chromosome analysis of Chinese hamster cells (CHL) treated with trimethylphosphate (TMP)** with and without S9 mix

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

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

Control 20 0 0 O O O 1 O 1 0 1 ¢ 05) 1 (C 05) 013

Solvent * 0 - 6-(18) 200 0 0 0 0 O 0 O 0 0 0 ( 66) O0C(CO00) 013

TMP 0.4 - 6-(18) 200 0 0 1 O O 0 O 1 2 1 05) 1 (C 05) 013 - -

TMP 0.7 - 6-(18 200 0 0 O0 2 0 0 O 2 0 1 ( 05) 1 (C05) 025 - =

TMP 1.4 — 6-(18) 200 1 0 0 0 0 0 O 1 1 1 05) O0(C00) 013 - -

CPA 0.005 — 6-(18) 200 1 2 0 0 0 1 O 4 0 4 (1 20) 3 ( 15) 000 - -

Solvent” 0 + 6-(18) 200 O 2 O O O O O 2 0 2 (1.0) 2 ( 10) 1.88

TMP 0.4 + 6-(18) 200 2 O 1 2 1 1 O 7 0 6 ( 30) 4 ( 20) 1.00 - -

TMP 0.7 + 6-(18) 200 1 3 0 0 0 1 O 5 0 5(25) 4 (C20) 0388 - -

TMP 1.4 + 6-(18) 200 1 0 0 0 0 0 O 1 3 1 ( 05) 0 ( 00) 1.38 - -

CPA 0.005 + 6-(18) 200 18 102234 10 5 2 60 431 0 139*C 695 ) 138*69.0 ) 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: 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) 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 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 99.9%.
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Fig. 2 Induction of chromosome aberrations in CHL cells continuously
treated with trimethylphosphate without S9 mix
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Fig. 3  Induction of chromosome aberrations in CHL cells treated with
trimethylphosphate with and without S9 mix
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