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FUHIC

ChYETHHEAROR Y / e L ERBEN
N BREE X D13, 1967 SFIC—O MR AR
THIEERAMRIEE IR T2 TH B, 2O
RUETIE, A, U, BAPAE 2 E 0BT
BHEas X N RBIZBIL T, BRI (Y
BEODRFIISAT, PRI, BB &8
gk b, EERSOEN, 9 EERR, 1K
MERA EDREMN XS — b L7, 208, RHUAR
DB TOBIZHREED TR 2 h b 5 IR D
HRER—BICRR S NBED B LS 5D
W0 HERIZASTHSETH D, BFNRRTIE,
1977 4 & 0 HEa R SIS U TG, S EENIRE, St
k& O RaenEETERRERB LY,
ZOHPIZIE, BETEEEOBHMEMNEZL,5
s oo Bl & D AEAHE U v okt CERANE
NOE) ~OM R MRS BSOS
Lo kBB EEh TV, HEARCX
BRI EIZMLT, 20k R LRORRTE
i IRVATAE (7 s I o (el 8 -T2 N1y P ) KA BB 3
M2 A RZVNZENS, WL OLDUIEIERE
HAEFLDIZIZHNT B,
IZTREIN-ARIOLNE, BHEKLLR
LTWAREREIVRRAMIARTHD, ROA
BEE» S RME U TIEIREBRMIZREMNER ST
WB3EDTH 2, BIENREWEBRDIE, Wl
ELTHOBIERHRLDBFERIEE DB %3

2, ERHOBRFDOEDIZENTEEE R
RO ENIL, 58, REOEE, 588K,
WEMLINT VAL EThhe RREELES . EIRE
HRER T, e -ThE L a8 LAk
ORISR OBEHRHRE R & 3 #IE0 e HEE
DOREMIZ DWW THEI T 5 8IZh 5,

1. BEREMRREE?

HEEME L, TR, B¥, B, REEY
WHE L Y OEER, BatE, S5k Smmit
M WENZ & D DNA 2 S 42 5 2 BIZBH
AL EAHE T, DNAAE, RS pEk
REFITEEETS (GF EREY (Mutagenicity)
ORER—BIZHV SN TE LN, HE, FEEMIC
FTRDHA R T4 VIIBWTEIAROEKRTHE
(@M (Genotoxicity) #MEbLNh TV 3), HEHIZFE
ELTDNATHBA, DNAIZIRG T 2 v oso ik &
MBRiENDZHITL D, R E L TRGHROUINe
B BMRELEELEL AL S5, 20L&
5 7% DNA R @ hDHET, Rl TiErADE
RERE LD, FHEAMBRTECETRMNZHE ST L
3 LML, B, U CEEREE T 2E
EHTAMEENES RSN B,

2. BHEKOBEHNREMEANIRICERL -
HE
BEHFMORNIZFOLY F4 v MIZEDRE

FIHATH 5, £ LIZRBROMEE ML &0k
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KAR U7, 1977 45 5 1981 4121 TET Hig
EREMRTHRRIN-BRE, 43 %, a4,
ALE, I Vv F—V—t—D, hEIFT, IHY
Vx4 EOTRET, k2 1CRABREE & EREY
ERL Iz, ,
WME, MEHE A OV 5 8Z FRRERRER L
LT3, M4V 218RERRERS V79 iz~
AN YT x -2 HlgE RS EBEY IS < —
H-ETHREANDHHH, HHRR TR B
SIEMERABRE VIOHINE 2 V2 R Em & h
oo BERATREEMERFEY 2R THEORIC
BL T, Rt »it-5 o PR, 5
BoNIFRED 32— b & B RBEMELRERR
FERE XTS5, YF3EERdES Fbhs:,
ZORBIIRIEE Ty 2B L, 2o%EEMN:
ABRFR A A L TE L, 2ORRER A
HARBHFETH D, WENMELBEVEIRBRE LT
i, VIO ik F O 28R T RREHEAR, Fv 4

e AVAY S e ) R R N IR 0 3 s R ¥ <]
ARERAES TR, BWEEEV3R% &
LT, v92BLUFv A 2—X - nbR8—0
EDEME R TROEERRAR, MR, B
BOURER 4 EAKIEE N/, BUBSERBR TR, &
H30FHDHE~ o 2 & Hv, SR 1 TEDHEIZKH L 258
Dlfvy 2L TRIL Zhe 8HEBST 3L, BEE
480FHDIHIRM - 2B o h 5, 135 T 1 JEHL
B, 2WRHATE, LiAGETHERY, 1 PRV R MR 4 5 B
MR THEZ 5, (304 480) X 58T 2550 U
DYy A% Lz s, KIRTIL, 2o
IR THIET 5 7 VEMBERR L, RikE E
L LRl A 1 AR Auzhid 5 ko o0
HikTHiEL - (33),

APAFE, AV, DaHA4E, TLEROENE
BIULAB T s BMMHERR DO T LF X b %
fEl 7. SEMEDENIZHA » THAT 2
i3, v XDBEE, MTORMNE (stem cell) T&

& 1 BIEENRBROME L AR

BROZA{ TS ARERMH 4 =
DNA O¥REE Hika TEH DNA &5
i) DNAGHUIM, 249 b7 v A
ERER PLEXTH v AFT Bk
TR T x—-<Hille RN (TK)
V79 Hila A (HGPRT)
Ye kR CHL #ija HOERER, BIWER
B by voSER dile Mt BmReE
<y ABHE, BRI INETEK
<7 v 24 TN [EMEBGE (i, TBRED)
AZT IR g k) T4 — 5 AWK
#2. BHASORBRED & 2iEEN
s IR Bl
gmb BETF BE O RE T REH LGk IRy B
RAER Bl ERER R % OB W * £5¢77
LA ¥ 77 77 78 77 77 — 77
= 78 78 78 78 78 - 78
A 79 78 79 79 79
T4V 80 80 80 80 80
MEIFZ 80 80 80 '80 80
IHv 81 81 81 '81
x4 E 81 81
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BRIk 2 REAROBIRMNEEMRER

3% 3. BMBIUREROADRHE 58 & BT E

o . A

53 i k5 A% pree roses
g 3% (FD) B0 1A /day, 58 2 JT / week, 83ER
ax VRAR 8 EE 2 G / week, 138
=S AT 8 AR 2 I / week, 1 3R
%4 v ¥~ (FD) WA 8 1L / 4days, 8 HI#l
MEITZ (FD) VRAT . 8 JEH 1[G / 4days, 8 HH
IhY (BEY2—R) #2010 21@ /day, 5H 1 DL / 4days, 83/
Uy J 4% (EOH M) #0208 /day, 7H 10/ 4days, 8>ERM

FD : BUSHEY

DRHME OB FII L ETORTHERER
(spermatogenesis) ¥k L7 6B »» b & H
5, MHBZOREEHFHLOEBR L Billzs
7 B FEtHA RO MEIC SR & B THRNABILE
Wb TR L7, 72 23RN T
fffﬁil/, ERF—-2053 BDFi v (C57BL &
DBA DA RMERAL R w7 2) &R,
FFHBERAUIEN/ET Lizth, 198605
1991 2T, BATA YV b —7WHE - ARHEH
FES TR, YEERMIZGRMRE Lo Tn#on
OWEICEL TR AT > 72, 4 ¥ FTEE?Y &
N-EBMMROBER+HET 20, 7 vHR
HUINEREF A= NLAE-ETy }
1A 80 U BRI C (S5 HIRREE R & SRR AR M
HRCDNMERE ABRBRAEEL -, /2, HIE
AEDEREMBE A4 AL TIE, Hv -l
Bk 284 2O ERERFRWH AV 518
RERARBREROTREL -,

3. BELERENLE
FRER L 7 WG ) & B EF O AR D IRRE,

WSHRR e E OB AR 4 IR L 22, HBIFIE 3
K DBTRBEHERE, §XTINNDP60ILS
y RIS L o7,

(1) avx¥

22 3 FERFHILOBNTH 54, EH RO
RETH S 0.15kGy THISHE, 5 » AR, 5C O
BT CREEL 7= O & Fv e,

ME %AV 3 ERERRREUEFRHHAE TR
TA1535, TA100, TA1537, TA98 D HEi bk 4 v 7=, HH
HEv I EXORBE v I EEIFY—-TV 212
ICLTARLUSE, WITREL, — 20C T iR

7 U7z, invitro e fh BA B TIRRAIMRIC L THE

BUL 7= BSR4 BV 72, in vivo DFRERIZEB W
T, REEFEBEHOY 2 —%—, E612hETL
VH—THIEL, ZOFEY - b EHBERLT
AEEL-,

9 BDF v 2 2 Ml s kR il e
EBHEBIERER T, RS LEGRRARHc A%
MATRML, W23 ¥REPW TR 1IHSHD
2g/kg (RAFERERBROAR), 4g/kg, BLUS
g/kg, FEBAR & < X F 5T TIT 8 g/kg, FRMEXTR

. R4, BEHOMHEEFLE

it Ehio) i BR W CRIFGM

g2 x¥  RIHL FoEEx a0 b 60 015kGy  5C

a 3z ok Al & 05kGy 5C

aLF Bl o .k 05kGy 5C

vy vF— B 0¥ [FLE 6 kGy SR, 5°C
MEIFZ M zH¥E RALE 6 kGy HALEEHE, 5°C

Ihv 3] FOEE BIMHEEE 15kGy WY 21— A, —20C
Uy di4® REMIE FoEF 2960 015kGy 24h, EtOH fii %S5
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TR, 5 HIN, ¥ F & o CRER S
L7z, B BRI MMS( A FI A 22 AT o F—
F), 100 mg/kg % 1 ENENERS- U=, PeaikRe
RERTIIEBSTHOME v X A BV, BRSO 20
R 2 A RO e A R IR 2 R L 72, SR
FEARBR TIE A 16 — 19VEDOHEY v 2 2 HV, %
5% 8@ichr-0, HH1EHDOH>Y X H0 2
GADOMEw 2 L RE L 7z, REMRE, ey 2
MR I3 HICEMT 5Ty — O CHRE L7, i
% 13 B BB U TR (PRI O HEE) B R
¥, BETEIR, FERRA £ &N,

(2) ax

2 ADHEHIRHROHN TS B, BhkaEEH LR
DMETH 5 05kGy HHHL 7=, MiF=BW5{8m
BERERER Tid TA100 #5 & U8 TA9S DMk % BV 7,
IRLOFEBKTII 2 F Y L ERM D & IR R
OEREREBEL LTHRSL D, k2F0 0%
BET A ABTORBIINEL 52 Hh 6, RER
T2 80% A 4/ — LB O BT BEEHz o
WTT I /BN A L7z, TORB100g 0Lk S
DT I BOERIZ 4275, FDI b AFY
Vi3 0.06mg LIEFIZAECVEBTH T DB 7
DB &L 7,
BERHRB T, 155D~y 24w, 1H
1A, EEEORP0.5mL 4 3 HREGEO#RSE L7,
IEH DS & AR CME TR ImL % BRI 5
L, 3 BEfRIC MBS, 2P A 3EK ImL & BRI
AN U TR O MR R & B U ¢ 2R R
WAz, VIORIEE Vv B ERERRR TR
100% F 7213 80% D A % 7 — L, F 3K THEL
7= b D ARG L THER®RE Lz, 2hooit
AR 16 BERFEM X 4, 144 BRI O RBIIERI T
EIREROEF & T/, in vitro PEARBRERC
{Z CHL/IU Hifa% 7=, 80% A %/ — L EHNT
R U=k 22 M4 OBE T, 24 RV 48
WP L THREARERIL -, Fr 4 ==X - AR
4 —FHIOWBRMD in vivo PR ABEBRB T, 1
I 508 (8, Tk 33G, HE) s My,
HEAEROEHBEBETFTIZ T A MK 1g #K 1.5ml,
KMERTIZ 1g 2K 3ml B LEMGE (o) &
720 005 mL &8V Y FEWCREONIC 1[5
Uiz, —7, RIS ORERTIL, HERE 40%2
B4 AEHER % 5 DAz BR 27,

v 7 A& PO B EMEOERER TIE . 1 30 T M
v XAV, HBEK 40% & A AN 4 6 B A
514BMETOSHEIIhEY RS, BEIT,
£e5.1% 1 WE OO S ORI, 1RO
LT 20DME~ 2 & 5EA/IL 72,

(3) OL¥

KE#E (Dark Northern Spring) ® 3 4 (2, #H
TIROBEBETH 5 05kGy # B4 LB 4 ELIL
Too MW AMVARARERZRABR B4 E%
70% * & J — 12 100mg/mL O 8 G120 &
FRUS 4 RERBR AR IS IO 2o B IR MR EAER
EEANERER TIZ, 2 4% 2kg & 6L D 70%D A
g7 =T L, BRI BER, SR LEED
ARGV (ST L% kg B0 O IZEWEEZ
58.2g TH %),

W& HO B3 RAKRBERBR T, v v 24 H0
AR A RRBRR L UTHMEL -, SAridms
2L E M E 05% CMC-Na iilicwm L, v 2
WHEb-DENFIT25, 145, 290mg/kg % 1 H 1
B, s HEiZh7 > TEOBE Lz, FHEt 24X
13 283mg/kg, PEMESTIBIIMTX (4 b L& v —
M), 25mg/kg # T FN S AREER L2, BHER
FERAER T, O A DOHA L RBRICIRANC X D 8381
BRI, MRk o B5% 1 EBEEEL 72,
) 1o F—Y—t—-IBLUDPEEF

TAVF ===V ELUDEIFIRIOTE
DIRETEER RO 2 5125 72 5 6kGy W4
L, BB LAZL0EF2TORRIZAHVE, n
vitro YA KR BB TIIHRw RO A 52 ) -0
WE e + ) v SlREB LU F v A =2 —X - AR
4 — B L 7= in vivo TO v 7 ZFE#ITaO
IGERER & B MEBOTARERARR T s &
W HERIZ K DERER L 72,

(5) 3H>

I A VL L5KGy THFHME L, By -2
(5 1i5) OIKMET — 20°C 1Z{RTE LARERIZ N /=,
VBT, BHEY 2 — X BTG D, 0.5mL
B LU 10mL B L TARBIZ Iz, v 2R
BRTid, BSOS 1 — A% 112
B, 5 HEEDRE L, RFRS5 O 20 %I/
BARZERU -, BBV TR L300~
URIZRERY - 2% 1 H 20\, 5 BREIRORSE L.
FOH AR IE, 8EMIZHA) 1THOM~ Y X
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Az i1t 5 I R R OBIRI L SRR

EREL T,
(6) ¥vA1E
Uy A4 RETS S - EROCTERRE
FHEL 7= Uy A4 €, bAENIBWTRIEME
DEHMT0.15kGy LUF O y GUHS 23] & h/-iff—
DRBTH B, 19724 Kuzin 5V 12k H LD +
HAEDLE 7 — LR 7 220 TERER
HAEFBRT S LOREMN L e s, AR
I ZOmLIIAEHYE, BY 24 FHELE -0
v L, et E 1 H 20, 7 BEEOHRS L 72,
ZO0%k, 4FIZ1E, ZhFh 1EOMvY 2 &%
AOL . 5% 8 BRNZH - DR AHET /2. BT 30
JHDHE Y 2 & vz,
(7) BEILERIC L 355 mEER
HEst T 2 ¥R A S RIS A 5 & oA
AEHRT B ES Renner ® DO, F -0 EAH
OTHICHH 2 X% 5 X 5 LEEMHIENEL &
% &) Bhaskaram 5 DHEY BB D5 Ln b,
HEGt o 2 P & AT RIS L 238 8 &, R
BELZBAOMIEENEEIZDNT, Fx 4
S NLRE - Ty PEROTHNX,
i) Fr4=o—X NbhAXE—
Fy4Z—X - NA©AE—ERVBERTIE,
HEA o 4 E RO BS54 M3 Renner O R 44 i 4 &
BogMizimyy, 75kGy, 15kGy, 30kGy % HE 4t
L7, BEHEOS O ALEFIZLWEARS -
BE, BILTEEHZIIERUABLERLE
WHART -, NARF—AOKBIE, STE6THE
DINL AR -1, HAG 8 IFMIRICH KA & LT
8 — T2 BRILINIC B A 7=, GEIBRLG 72 BER1R1C

FEARER U B R o 5 S Mo S Hric Ao
7mo E£70, 48 ERB I LU 72 BRI OO SRAY ML A
R 6 RMm L, #oDHE? 12k o RRRIMER
DPAHRER AL 72, RGBT IV VALY
UREIZ L o7,

i) 79 b

T P ERWAEETIE, T4FBOMRENT

Vijayalaxmi 5 208 (2 & Ht, 0.75kGy & L 7=,
WA A RG22 BRICH SRR E LT, &8
9FED T v MZ6EMB LU 12 BBBEL, 20
A RENINE S & B R AL TR L 72, KA
SR ERIL 72,

(8) BEANA AOEREM

3ER I3, TA100, TA98 ¥ L UV TA102 O 3 Hikk %
MOV B ERERRBR AL 2, 254 RIZE
Yaw, FEOAITY, FURAS, 8T A EFD
7z, WAHHEEIT 1kGy & 10kGy TS L, BERRK
Rz kot Ak L7z, Bad g vicon
Tid, 50%mitdé ofd TrERL 72,

5. RBEREESE

T ER AR TRIEL 22 7 B O &
IZDOWTOBIEHEHRBRERERS IR L. RER
LEZ2TOWSHRMHICEWT, EORBRRIZENT
L TREOKENEB N, ThFhDF—2IC
DTN G,

(1) a=x¥

MR 2 HO S ERARGRE T, RBRICHV-4
B2 TIiohs T, Hgh, JEHgEE dic, R0
WHLDOFEIRS T, BRIu=—-DOHNIERS

&5, 7 Moo GO R AR B

o) FEERI LEZT[IEN

Bt Hin 7 mE O O# K e FAZEREN N Rt

BAREH &/ ERER H OB z B = ot

g2 i F F& 4k =S¢ =3 fe 2t - it
a4 a4t ek fei: =3k fait — =i
A &1 fatt - Fat - =4¢3 =3¢
IV B it PatE — =3k =4 =3¢
MEIFZ =43 f& - =2 - (=33 =1k
IhY fa - — fatk - pa 21
R e fa — — — — _ 2
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Naxhot, £/, BERHRBRICBTE, Fk
IKETOHRIZEVTHEB LD IR WY,
HEHOERTRBH v 2 XOERERIIHD S
e 7,

BEMlaE HORaRERRRTIZ, L MR
HISRHINE (HE2144) & F v 4 ==X - NARE —H
& (Don-6) #ifa% FvyC, PEERYE L SCE R
INNEDERBFANL N, FORER, BEs v &
IR ZOHFMIKI, b MBI L THEES LU
FEHEB & $ 12 2mg/ml TE L WA R 6 h
oo NAZR X —HilETi, BT 4mg/ml, 3
B BE TS 2mg/ml TR O 2 S4HI M H 5 h -,
FEBRYMIZEL TR, Fy4=—X - NLX 42—
TIIREEDETOMMB R 6 h b, BENE DT
LABAHTOREL BELBRENL, v Ml
HETIIFRA BB E D 570, IEOHERICE LT
LR REmA RS-, o k323060
Ah ot SCEDZFERICEUL Tid, BE, JEms:
LIZSCERFR & hly, WHIck 321 Rh
L oain,

v Z (BDF) % FHV )7 in vivo Jufath B3 ER
DIERER6ITR L, 273 XOWEEIMERIC
KIZHEE L A BHEREREODThOBIZE N T
&, WHEBE R TREREROTEIHEMIIR S
N o7z, BT, 8000mg/kg % 5 B RIHEHR T
5 (hES50kg D& F 25 v XX kg % 5 HEE
HENZEIZHY) +5L 0S5 8BE& 8k T
b, BB KB8BG8, —F, T
b (Long-Evans ;&) OBAEHINEA BV - ek Ry
MR T, RORS LERNRSORBRE B k-
Zeh, WTNORERTH ST A TEE L

REGBREIR WAL o7, BUSTERBROEES
R LSRR LA, M s K UJEHS & & 10, &,
HRE, £, B E I, BELEIEA
S5, MLk 3BUERTEOBERIBED L
ﬁ‘of:o_
(2) ax

A % F O B R REBR T, TA100, TA98 @
PRIl - JEES AR DT ER oo = -0y
MERGNEr o7, £, BERHRR LM
G- EBHIIBOLTERBZRIED O hk» -7,
V79 Hithe & Flv 2 AT REE R AR T2, 100%,
80%, KD 3 HOLKMHHIZ OV TR, JEidst
B X URBEMIOFRIZ»2b 6 FEREROA
BEMmMBBED o b 7K, Fv{=—X-
IO #—D CHL/IU flilfa % v 5 fufath B i ER
UL, BES - JEHEAT O 24 Bl 46 & OF 48 B 0D
HhOERBIIEWTYE, RAEKEROZEREIEAD S
Nih -7,

Fr 4 Z=X - NARI—IZTAREEH S VT
AHOTROMIZ 1EESE U - in vivo LEEREER
BTk, GHE, THERLICEM B LUK
TORRAPFAEREOMMIR O Wt h 57, —
T K 0% EEOEREMN 2 5 BEa M Ee
XHRERSHICBNTY, AR REEHEEES
RISFBHONED 572, 79 A% BB EEBIER
BRTIL, BEXO%EHEMHERE 6 H I, 6 14
HiE To8EICh DAY, B5% RIS
1FHOMICH LT 25O~ X LRI L 7= 4551,
Matle K ORISR & & DB RS, HIRRL, AETEAR
B, FERRS a ot L 2 a o iy, Befick
LHIEMBSEOBRRILED A, 5 (E8),

&6, WA A v A XDy AHMEHINGIC 1T B E AR RIRRE R

#5558 aH L7 MEERR Bt

¥ omgke UE T ) (%)

*fHe 5 500 14 ( 2.8) 20 (4.0)
He i 2000 5 500 12 ( 2.4) 18 (3.6)
HE gt 4000 5 500 9 (18 9 (1.8)
Bt 8000 5 500 10 ( 2.0) 19 (3.8)
JEURET 8000 5 500 6 (12) 18 (3.6)
MMS 100 5 500 51 (10.2) 23 (4.6)

*FEUREE LT, MMS (A FAAZ VAL T 43— ) 2R,
* % GUERCIRMOKER Y % 5 B BN 01T 5. 20 BRI R ER
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—

o

[w]
T

=t JEBST (8g/kex5)
-@- B4 (4g/kexb)
-2 BT (8g/kex5)
-8~ MMS (100mg/kgx1)

~3
(9,1

BT (%)
% g

f

B 1, s < ok F O BUBGEARER

%7, W2 £ A0 V79 LA I B AL RS L
R A AR U AR AL

(ul/mL) Sty (/dish) (x 10%
X$Hi 2x10° 2.0 63.7 1.57
(FEHRSE 2 )

0.1 2x10° 1.8 52.9 1.66
0.5 2x10° 1.6 61.7 1.21
1.0 2 x 109 2.5 58.2 2.15
2.0 2 x 10° 2.3 66.5 1.69
(W42 4)

0.1 2x 10° 1.5 63.8 1.18
0.2 2 x 10° 2.3 65.4 1.72
1.0 2x 10° 3.7 69.3 2.65
2.0 2x 10° 1.8 58.6 1.49

* 80% A & / — L TH L, BEBEL -,

7 8. TG A OEMEOTARGR

B B GEARIER / Wit 720 D BHEBRIER

RECHER RS BHERB BRI CEY) (%)

XFHE 30 55/60 94 9.2 8.7 —

Jenst

o I 30 58/60 9.6 9.0 8.7 —0.2

gt

ax 27 50/54 9.5 9.0 8.8 — 0.8

MMS* 15 28/30 9.5 7.7 51 40.9

*EEMNMBEE LT, MMS (A FU X &Y A7 + % — b, 100mg/kg x 14) &,
* % TORWR & SRHT 40% 0 4 , 8 MERGATH%, 1 ILOREICX L 2 Lo 1 ERIREIL /2,
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Ay 39 % W1,

2 5y (2004)

(3) aALF

M % AV ERERRE T, HBRICHV6
BHkeTITB W, BN - JRlast & BlbFRRe R
DHERFAONLE D >, v U ABELEHRRT
%, 1H 6D~ ¥ 212 1% CMC-Na KiEiKiIZ 3 4
FLFAEMBELT, 3 HERORE LA, i
PO ENR U 7= B BRI B O T RS - RSt L &
AR U —DBERIIRED 5Nk b o, WM
g (CHL/IU) # s aikBEARTIL, 24
Fhnt ¥ % 0.8mg/mL, 1.0mg/mL, 1.5mg/mL @ 3
G E 24 BeRHs X OV 48 REIBRLBI L 7208, g - 9F
HUATF L B IS @R O TR ABREAD S h
o, v A ERMOL/NERERTIE T 4 £l
% 72.5mg/kg, 145mg/kg, 290mg/kg, 5 H RO
BEL, Bt/ MiEBIER Lz, v 2D
5.8 290mg/kg 13, KEES0kg D FDOBE, 2 4
F250g IS THRTH B, IMEEHET 5 S5
ARIERD W B RE iLRa g, JRlst e s E s LR

BB oML 72 (k9), MHILEE 0BET
B2 EIR 2 8 BIE 5 A -4 - JElHMIc B0 TE
ARLREMBUEERBIRD o ha» -7 (£ 10),
Bhaskaram 5 © {3, SRFELFO AR 0 4 X
2EZREBTIE, )V SEROBE RN 68 E
ICE—212kh, ZOFERELT, IFET 5 & 00
THEI BN EF VROMEMNAT v v HEEHC &
DNAERENITEENEZHTTHD, RIZFOHEZLH
ELWERETS L, IMMERBRCEEBTERRICH
WTEMEPOERINBRONTERVEEZ 58,
I DRER S EVEORR L % - 7=

@) YA F === HBLUPEFD

AV =V -t - E LU FITTITEBEE
FIROF 2 H /B 6kGy B L, 4 % 7 — il
HPO AL A 872, W & T B R FLER
B, v ALK AR, k) vosERb &
CF v 4 == A2 4 —Hila% B in vitro
PEkEERR CRALLRYO/EREAE I,

9. AT A XD 7 NGBS R

BEE " , . IRE HRRUY
w (mg/kg) e orbirdiieR Mg (1000 ffH7-H)

paficl x5 5 7500 13 1.73
(0.5% CMC Na) _
120 A 725%x 5 5 7500 14 1.86
i) e AR 145 x5 5 7500 18 2.4
i) AR 290 x5 5 7500 19 2.53
JEHESt T 4 283 x5 5 7500 20 2.66
MTX * 25%5 5 7500 9 12.13

*PEMEAMIE LT, MTX (A YV bLFt—1) 20,
* % 70% A 2/ — LA A SR L T L -,

#10. W53 2 X OBEMERFERBRER

o e, EURMERR / e & 72 O B BOE %

L T ERB EFBRREOLY) (%)
pogit 30 55/60 104 10.0 95 -
JEgt
VA3 30 53/60 10.3 9.8 9.3 — 2.2
gt '
o VA 30 50/60 10.5 9.9 94 — 0.8
MC * 10 15/20 9.3 7.3 6.5 22.6

#BHEXIRE LT, MC (¥4 bv4 > C, 0.5mg/kg x 14) & Hv7,
* xByRAFRHONA , 8 MENARE, 1 ILOHEIZ L 2 )Nt & 1 BRI L 7=,
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AR B 2 WA R MO BRI R AR

$ 70, @A RO ZE RO/ NMGABIC B
WTEREME ok, YAV T =Y -t =T B LUV

7 RO BIEEEI E F NE NI NA T 8 -

TG L M EUER BRI DT, AR e
12, RS L B IEVERGEDERNIZRD b h ki - 7-
(#11, 12),

(5) 3H>

HIT & O 2 SRR SBR TI 6 bk & HT
AM,89 (=), SO () DWFNOLRETIZENT
CERDERTAD LM o7, 72771, TAL00
IZEWTZBEH O FH BIZ 2 b & FRIRLE LN
PR B2 {BREE) Lizd, ZHFIaVicgs
N3O MIEIOERIFERENDD LN
HmohTWaZens, WHHIKETLEDOTIE L
WEI L2, BE b RERBR ST iRt
o, v AMEIRER, BMERULARRTIE, 34
VB 2 — 2 (51%) & 108 2, 5 HERIIES
L7z, R dRERIC T & 1 - JEIRUETE L &
CHELSERIROh A -7 (K2),

(8) YvHAE

FHEL -2 T OB TRRAORRMAE/ S iz, H
RSO T TIBEO RS ST 5 BHEUE
KBTI, WY v 4 TOT 2 —LHhild©WH
B - JERRSTIRE S, KT ERBGRRRO 2REII B
THEORRERT &) a@mEIRohkdr ik
(X3), Kuzin 59 (3, HAIY v 4 £DT L/ —
AR T 2020 U CEMBOtA SR T S & W
£ U7z, ThHBES ARG CHRIZEMN & fEkRi: & 185
Lifi—DMiEch s, Btk bam (794 b
FLV) NTEDZEBEFNEREL, 1 S0
Dy 2 5L DL GBFEIZ, 15~ 305),
$/2, VOADORMEEELTRVENS, RO H
BMI-BEL D - HBEL OGN D, TO®REDS
i, MBMTEEPIZ T DA bRV VIRHEKT 2 AR
Bl &7, AL ENAZFETERETE L
Mo tz, %O, IFIP (International Project in the
Field of Food Irradiation, Karlsruhe, Germany) #'%
F & @ Bio-Research Laboratories Ltd. {Z {R#{ L <

FAL WD £ ¥ F = =t — D DEPEIEAR
. ey, RIS/ Aetat & 7- ) © BrEEER
¥ e 5-HE¥ Tt L N 0
RS Sk BERE ETRARCEY) (%)
Eoplist 30 56/60 10.9 9.8 9.1 -
JENIf
V-t -7 30 60/60 11.1 10.6 10.2 —12.1
It
VAR 30 54/60 11.Q 104 10.0 — 99
MMS * 10 17/20 8.7 6.6 4.0 56.0

#PEMERHEE LT, MMS (A FA X8V AT 4 2 — b, 125mg/kg x 14) &Nl 7z,
* SRS & FDRHI N A, 8 G ., 8 HI#, LICOAEIZH L 2 PLoffe Rl 72,

X 12, Wi 13 2 O EVEBIERERE R

RENRIMER /

¥ BrhHE R

X IR 30 56/60 10.9
I

MEIFT 30 58/60 11.2
HA g

MEIFZ 30 57/60 113
MMS * 10 17/20 8.7

dEtRME S 7= D B EEOE=
RS Hik BRE EERREB ) (%)
9.8 9.1 —
10.5 10.1 —11.0
10.3 9.8 - 77
6.6 40 56.0

*EEMERME LT, MMS (A FA X2V ZANLT+ 32— b, 12.5mg/kg x 14) &7z,
* QUG & ARSI A, 8 WMIARHE, 8 A, 1IUORHII L 2 TRoMEs AL 7=,
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100
[ gEmatsn
75 Bl ) B '
—~ |8 cP (s pa7427735) |
9 = CP(vyn742073F )
@50
B
s
e
O  S—
-25 Il\] .19\( }) é‘j‘ ‘}6’ 97 9
7 ] \e \2 ~ \gq \5
XZEeH
Xl 2. BRES I 7 v OBMBIERBREE S
75
-";Esaﬁa’%%%‘#%‘}
60 =B UeH E |
S E-pMBA
=45
B30 |
H
15
i
0

g
3. BB v 3 4 T OEMBIERBAS

TTo7HBR® THRMOEEAB O THE Y, 7 U CRBIE#EOTREM s v e BB L 7,
ORBIZEOTS IHSHOBEY R LAHOWTE (7) BHIAFRCL D EEMEROSR

< BRSBRORAENIMIL 5 W &+ 5 7 fe b Tid i 1) Fy4==2 b2y —

Mot =%, AR THENL 2BEBIERR T WG 3 4 E R OAS IR BHAG 48 BRI o & OF 72 0[]
B BIERICLE LS ROB S5 0B BDF v Y RO KM O/ TIRTHOHSTZ 550
2 (C57BL & DBA D% A% Fi v v 2) 4 H TENBDORRLEIMEA S Wk o7, MR
W, LEES0BHDMICH L, 4 B 1], ik 8 A FOERABIHIT 2 BIOTHERESHA 25
DRFEET-> T 0, HEROBHE L BO TEL LABFL Bt L 0B h 2 sk, JEsgt

LB, ULEORREY, RiCEE s hBEo# HEOMTREDEDELICKSSEMEEE L
HICHT2AERMEBRO N, WA v H 4 T2l T Fischer DL B HIBRIC K O RE LT 718
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Az 1) 2 Ui R G OMIZAVR 2R R

R, COUREI BT BRI EE L
me, BEKENLEEEAROFERIR L
Mot (%13, 14),

i) 7y b

HASE 7 2 E WO ATHRAS 63 & 12 1814 O R R
POPLIZONTE, ThORMFIZEBWTLERE
ARIMER o o7, /2, 128EDF 5 b
BHEHRI B0 B EEEMRRIZ D W T FEIB G
EOMIZEEABIMNER S Wi h 7,
AERBRCEHWMEROBRERREL AL TH S
30kGy % &4, 7.5kGy, 15kGy, 30kGy DEET
HAS U7z 2 8%, M4t 8 PR IcAlRhic i A
T3IHMNLZ S~ L, L2Lads,
BRI B T S i (EREIIO S RIZR
Ehilsidr o7 (F15, 16), F7/, AEEREFK

iZTesh 65 (1977) &, fSMEMAa L RIS
BLCHAIZEAHEBEI VLI EABEYLTH
%, Renner ¥ {3, BB 3 HEUAICBESHEIR & 5-
A58 JEREBITIEC M TS B e A3
L, BAS 6 BRHRTE L -l A B 2 41
BEDHENREWIEARELTWDE, ZOZ L
3, BEHICI L - To CHAMER SR, (EHMH
NadFERT LS aMNDELE X LTS
BeMEAURIE X, F I TCEERTIL, v
BN & 5 H0, 7 DO BB ER O 4R R 4 11
A5BEMT, BHEHFO D AXTROERFEERIC
BRUABEERLZVWHELRT TERLIT-
77 L LAMS, @AhOLHETIIENTEEYK
MDA KIZSHE £ 2 2R e 1T, SR
CHEERITT &) afibizaohhr o7z,

13, BT L XROROREIZLEF v 4 ==X - "AXKML TOPMMEEESR

HaHE R (kGy) R (hrs) BWIK

SFTHINER AEERT AR %

FEHE 4F 48 6
72 —

7.5in N2 48 6
72 -

15in N2 48 6
72 -

30 in N2 48 6
72 —

7.5 in air 48 6
. 72 —

15 in air 48 6
72 -

30 in air 48 6
72 —

6000 8 0.13
6000 21 0.35
6000 14 0.23
6000 16 0.25
6000 14 0.23
6000 15 0.25
6000 14 0.23
6000 15 0.25
6000 14 0.23
6000 15 0.25
6000 14 0.23
6000 15 0.25
6000 14 0.23
6000 15 0.25

F 14, WH I AEHMOROR/EIZLEF v 12— 2 N AR 2 —@BHiflETORY 7u

Siifag EERT MR %

1 FEER
MghgE (kGy) GHIM (hrs) @95
FERa S 72 6
7.5in N2 72 6
15in N2 72 6
30in N, 72 6
7.5 in air 72 6
15 in air 72 6
30 in air 72 6

13200 10 0.076
13200 5 0.038
13200 20 0.152
13200 21 0.159
13200 7 0.053
13200 24 0.182
13200 20 0.152
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SRR W 39 4%
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(2004)

15, WS A XBORIEG5I2L 2 5 o b KR O/NEETE

MR (KGy)  GEUNR GBSl el METTT A %
0.00 6 9 9000 10 0.1
0.75 6 8 8000 10 0.13
0.00 12 -9 9000 . 14 0.16
0.75 12 8 8000 5 0.06

#* 16, WA A XBORIMWEEIZE 2 5 o P FHiHlacOR) a1 K%

MGHARE (kGy)  feNHIE) GH) Bl Sl MR ET 4 %
0.00 12 9 10800 5 0.05
0.75 12 8 9479 9 0.09

£ 17. TA98, TAL00, TAI02 HIZH513 5 7 ¥ v #UE 2 U T3 5% 50% T 2/ — LA o0 28 FURIE 35 576

it B TA98 T AIOQ TA102
(y«L/plate) S9 0kGy 1kGy 10kGy 0kGy 1kGy 10kGy O0kGy 1kGy 10kGy
0 - 21 26 26 121 129 128 316 256 256
5 — 20 19 19 145 81 85 181 150 115
10 — 11 20 20 142 100 93 168 142 84
20 — 11 20 20 103 102 94 79* 63* 40
50 — 16 23 23 121 101 77 30* 7* 5
100 b 12 26 36 120* 82* 67* 4* 0* 0
0 + 20 29 29 137 98 98 358 273 273
5 + 47 55 58 119 124 121 326 252 220
10 + 68 48 54 128 116 115 304 215 194
20 + 69 46 49 107 95 124 251 176 125*
50 + 19 43 33 114 97 109 71* 32% 26*
100 + 11 25 20 105 106 102 18* 0* 0*

R A AL

Vijayalaxmi & 2 1%, 0.75kGy DiSHE 4 g L
LaLXEEGUEHEYY R, Ty b, YLEE
ICRHIEG 2 5 S BB L RT3 L 0S5 H
EHELTWD, 2ZTCRERTIE, 79 MlZ12
BB, BREHIRO IS BE e R &, Ry
AR O/ NEREE AW NIz, TO/RE, 12:8%
D7y PEMTEFBEMAEOFER IR W,
6381 & 12 i 12 FA AR IER DMz D 1
TEHEERLEMBAD s hah -7 (F16),
PLEOKREY, b0l 7 Hiehais ok

FEU 7 TREE 2 4 X OBIE M AR ST X Tha
THLHFELERL, Ei el ch T 3080

PRSI Y990 DT TBIESE 6 40, g
DLFBHI X DBIZHBUENE A EDEEZ 5,
(8) BEANAS ZANERRM

Bar o T, T4/ - nhhit & BBk
i kA OB T E A B RO LA L
22 A, WThOMtHTE TABIZEWTO MR
{CHEME LT, SR & IV E R oo
Z—HORMARS SN h, WEHD k- TR
528134 (17, £-MRIC XA LD
Shkirotz, Kb o H 7o TId, JEHEGO TAIS
DORFHEMALE TN T, WO 2 EREOER
O = —SIINA YD S ALk, BB DWW TIEE
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£ 18. TA98, TAI00, TAIO2 BRIz 24 Y v #HB4t s n 3L 3 90 SFE (BEERFEMED) tka%

i E TA98 TA100 TA102
(uL/plate) 59 0kGy 1kGy 10kGy O0kGy 1kGy 10kGy O0OkGy 1kGy 10kGy
0 - 24 24 24 148 148 148 395 395 395
0.01 — 23 14 28 117 104 112 344 304 292
0.03 — 22 17 30 129 108 113 389 320 317
0.1 - 23 15 24 115 123 97 389 357 315
0.3 — 25 19 20 123 115 115 351 345 335
1 - 23 15 28 122 122 122 313 312 339
3 — 13 10% 16* 51% 46* 89* 253 207 301
0 + 29 29 29 145 145 145 406 406 406
0.1 + 26 33 29 112 123 105 369 351 344
0.3 + 42 35 32 114 110 117 382 365 400
1 + 59 54 59 117 121 125 437 422 433
3 + 52 58 60 110 136 118 477 356 390
10 + 37 45 40 110 143 137 293 291 408
30 + 26% 51% 26% 93 85 79 208 215 330

L HFHERALN,

7 19. TA98, TA100, TAL02 BkiZs() 5 7 v <M b o # 7 VO SFE (BERR AL 1tk 3%

RIFMFHR
Tt E TA98 TA100 TA102
(u L/plate) S9 0kGy 1kGy 10kGy O0kGy 1kGy 10kGy OkGy 1kGy 10 kGy
0 — 24 24 24 148 148 148 395 395 395
0.01 — 26 24 24 146 138 155 402 413 401
0.03 - 30 27 26 136 135 152 398 389 351
0.1 — 25 23 24 147 134 135 365 423 349
0.3 — 21 30 27 163 125 129 411 451 368
1 — 17 24 22 158 148 139 357 435 322
3 -~ 23 26 19 56 86* 73 123+ 106 127+
0 + 32 32 32 145 145 145 406 406 406
0.1 -+ 40 47 46 129 117 138 396 424 394
0.3 + 32 42 43 159 126 125 361 376 394
1 + 38 35 41 174 138 130 397 432 369
3 + 53 39 44 172 140 144 381 433 381
10 + 64 53 45 172 158 165 397 504 459
30 + 15* 20 19* 73* 85* 56% 353*  368* 331*

EBHENALS N,
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Rovu=—-0BmaE» s ks -7 (%18, 19),
FUXT 2T IO TIE, BB, RSO
ThoMit¥ s &2 TORRTER I 0= - DM
BEvohlhhol, Bal bk yHso08
WERD O -FERICOWTUE, I avidany
AEHEETSET 7T PV THERINIELS
5Z&n6, SHOWMEMIZEALT, 775 b+Y
VOFHERERB IO NS T 9T 4 —IZEk DL
RN TOFEERTIERTEE b o7, TOT L
Do, FNVERITZ—DFERIE I 3 vRS D
MEILLBEDEHBLI oY,

A4 AW TERE TS B, MEDPH
W, RURHORMED TH A4 bFvick
BEREZIIROTL, R&EEE LS 20 FEIZ X
DRETELES DD, IhETEOREWELS
BRish, BILAFN, EOH2RERMOES
R THbITER, UL, BILAFAIEEN
W<, F VBN T 2005 ISR E N B
FRETHY, —F, EO #F A3 BIZEEWE T
HHEZEPHEYEIEVE TV, FEHELTON
MER) TS BRETH AL LT, KatgmEsg
L BREMREESE Sh, HHAROHRTE
2134 ZOBHEMAE L OFEL THREEA TS, L
BT, BMOKRS 5B 6OBAICHH-> T
5bMBETIE, BADHMS LI BIZELTWAH
BELERTELENI LS, REAEIZ L AE9E
HEL LD, 23 ZFHLEL, T0O04E
HUERIZ OO THEHE ORENH 5 -5 T, HHR
N ZORERCET A WE b s, KFETR
WM AROLHRERRBRO T — 2 AR LA, B
EMI a2 BEEERR IR bR T
B57, VAVEMOBMAY» S, BREORRRZD
T2 RRBELENIRR[TH S,

BhyC

FETIE, BEWEM CERL -BHEASOBIE
BT T — 2430, @RISR L,
YR UL R 0BR A RREF S 22 b b
T, RRLAMEHAEROSE TICTREOERENES
h, BBELEL LS apidhoharZh
5, RREREMT T, MHAROBEREEZ AL
EDEELSD,

RAeDEER, AL TS HRRRZSLFRENY

LEWTHBIEHEATRT RIS H 5. AP
ROBETET TRION D T S MBFEET 52 LT
IR RBAMENERI NI LR T &
2, TOROMEBICE DERICHEREANL T L
TERIZFMEHSER - HET2EC, RYAED
FOMBERREVETEOHEERLEHT 2 LS
Il ->T&:, AREMNIRARREPREEEOHE
PEBDTHENTH Y, Boh s R L
HERERTIE, BRMRLZDATERERFOEL LD
WEEDA) y b BB ELE, HELOFETAS
LS EhTCh3, —FE#RTR, yra—-20
LS EREORBESOENIZE > CERFE YWY
BEL, TR LRBETORD TRELL X SH
LHIHGAN TS 2O, Tk iz, WHHZ k- T
NS 5HEEND S 5 EMORBECLERYIC
TAEWERIZBEL TR, 2S84 AT vt 412koT
AR RO B FN L L 2IME R L HIE AL
DUTABRENS &) AREN LT — 5 218t 2
BHEBTH 3,
B

HH RO / REMFMIZOVWTEL LS
ZTOEENABLA 6N, AWRIZTHET E 7442
MR LI ESEBPL LT Ed., tbABE, =
FPAT A IR S IO 2 fE 5 h Z DR 0
BN () BREEMELE, REIRLO A
Y= U BB L Tk ud, Yk
HEFRE LTI ET -7, &80EL, &
Bt SEESBHELE, gEsEEt g
X4, HAR RN st 248 OilE) AZEFO
BRIZE X0,

X M
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Abstract

Cell transformation assay using BALB/c 3T3 cells, C3H10T1/2 cells and others, can simulate the two-stage carcinogenesis
utilized for formation of transformed foci. A sensitive cell transformation assay for tumor initiators as well as promoters has
been developed using a v-Ha-ras-transfected BALB/c 3T3 cell line, Bhas 42; these cells are regarded as initiated in the two-
stage paradigm of carcinogenesis. To distinguish between initiation and promotion, the initiation assay involves a 2-day treatment
of low-density cells, obtained one day after plating, with a test chemical, and the promotion assay involves treatment of near-
confluent cells with a test chemical for a period of 12 days (Day 3~14). When Bhas 42 cells were treated with tumor initiators,
N-methyl-N’-nitro-N-nitrosoguanidine and 3-methylcholanthrene, transformed foci were induced in the initiation assay but not
in the promotion assay. In contrast, tumor promoters, 12-O-tetradecanoylphorbol-13-acetate, lithocholic acid and okadaic acid,
gave negative responses in the initiation assay but positive responses in the promotion assay. The results were reproducible with
various treatment protocols. Sixteen polycyclic aromatic hydrocarbons were examined using both assays. Benzo[alpyrene and
7.12-dimethylbenz[a]anthracene induced focus formation only in the initiation assay. Increase of focus formation was observed in
the promotion assay with benzo[e]pyrene, benzo[ghi]perylene, 1-nitropyrene and pyrene. Benz{alanthracene, benz[b]anthracene,
chrysene and perylene showed positive responses in both initiation and promotion assays. Results of initiation and promotion assays
of acenaphthylene, anthracene, coronene, 9,10-diphenylanthracene, naphthalene and phenanthrene were negative or equivocal.
The present Bhas assays for the detection of either/both initiating and promoting activities of chemicals are sensitive and of high
performance compared with other cell transformation assays.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

—_— . Chemical carcinogens can be divided into two cate-
* Corresponding author. Present address: 729-5 Ochiai, Hadano,

Kanagawa 257-8523, Japan. Tel.: +81 463 82 0773; gories, i.e., initiators and promoters, based on the two-
fax: +81 463 82 0773, stage model of carcinogenesis [1,2]. Most initiators can
E-muil address: tanaka.n@fdsc.or.jp (N. Tanaka). be detected by various genotoxicity tests, the results
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of which are used for carcinogenicity prediction and
for regulatory purposes by authorities [3,4]. In the case
of tumor promoters, several methods have been pro-
posed [5}, but none of them have been routinely used
for regulatory purposes. Therefore, to develop a method
for detection of non-genotoxic carcinogens with vari-
ous mechanisms of action is a major challenge for the
safety evaluation of chemicals [5,6]. The utilization of
additional screening tests covering a wide range of car-
cinogenic processes has advantage before contemplating
in vivo long-term carcinogenicity experiments for chem-
ical safety assessment.

The cell transformation assays using BALB/c 3T3
cells [7,8] and C3H10T1/2 cells [9,10] can simulate the
process of two-stage animal carcinogenesis [11,12]. For-
mation of transformed foci is the consequence of the
complex process of transforming cells to a malignant
state, Since these assays can detect both initiating and
promoting activities [13,14], their inclusion as screen-
ing tools is anticipated to be useful for detection of not
only tumor initiators but also tumor promoters such as
non-genotoxic carcinogens. In spite of this expectation,
cell transformation assays have not been accepted as a
routine screening method, because of the laborious and
time-consuming procedure compared with the routine
genotoxicity assays [15].

We have developed a sensitive cell transformation
assay for detecting tumor promoters using Bhas 42 cells
[16] that was established by Sasaki et al. [17]. The cells,
v-Ha-ras-transfected BALB/c 3T3 cells, are considered
as initiated in the two-stage transformation paradigm
[18]. The assay method has many advantages, e.g., high
sensitivity, short experimental period, use of smaller
amounts of materials, and simplicity of the procedure.

After establishing the promotion assay using Bhas
cells, various chemicals including tumor initiators were
examined for their potency of tumor-promoting activ-
ity. Some initiators are known to have tumor promo-
tion capacity in animal experiments (complete carcino-
gens). However, N-Methyl-N'-nitro-N-nitrosoguanidine
(MNNG) and 3-methyicholanthrene (MCA), as exam-
ples of initiators, did not show clear positive response in
our preliminary study. In the promotion assay, Bhas cells
were treated with these chemicals when the cells were
near confluence. Since initiators need several cell divi-
sions for fixation of gene mutation [19-21}, we designed
a new treatment protocol in which cells were seeded at
a lower density and allowed to divide several times in
culture dishes after treatment with test chemicals.

In the present work, tumor initiators and promoters
were examined in the newly developed protocol with
various treatment schedules in order to define the most

effective protocol for detection of initiators and promot-
ers. The effect of repeated treatment with MCA at initiat-
ing and/or promoting period with several time Schedules
was compared with that of 12-O-tetradecanoylphorbol-
13-acetate (TPA) as a model promoter. In addition,
several polycyclic aromatic hydrocarbons (PAHs) were
tested with the novel protocol to validate the assay.

2. Materials and methods
2.1. Cell cultures

Minimum essential medium (MEM) was obtained from
Nissui Pharmaceutical, Tokyo, Japan. Dulbecco’s modified
Eagle’s medium/Ham’s F12 (DMEM/F12) was purchased from
GIBCO Laboratories, Grand Island, NY. Fetal bovine serum
(FBS) was obtained from Moregate, Bulimba, Australia.

Bhas 42 cells were routinely cultured in MEM supple-
mented with 10% FBS (M10F) in a humidified 5% CO,
incubator at 37°C. The cells were subcultured using 0.25%
trypsin (GIBCO) before reaching confluence. For transfor-
mation assays, Bhas 42 cells were cultured in DMEM/F12
supplemented with 5% FBS (DF5F).

2.2, Chemicals

Acenaphthylene, benzo[a]pyrene (B[a]P), benzo[ghi]pery-
lene (B[ghi]P), coronene, 7,12-dimethylbenz[a]anthracene
(DMBA), lithocholic acid (LCA), MCA, naphthalene, okadaic
acid, perylene, phenanthrene and pyrene were obtained from
Wako Pure Chemical Industries (Osaka, Japan). Anthracene,
benz[alanthracene (B[a]A), benz[b)anthracene (B[b]A) and
MNNG were obtained from Kanto Chemical (Tokyo, Japan).
Aflatoxin B; (AFB,), benzo[e]pyrene (B[e]P) and TPA were
obtained from Sigma Chemical Co. (St. Louis, MO). Chry-
sene was obtained from Avocado Research Chemicals (Lan-
cashire, UK), 1-nitropyrene (1-NP) from Aldrich (St. Louis,
MO), and 9,10-diphenylanthracene (9,10-DPhA) from Merck
(Rahway, NJ). These chemicals except for coronene were dis-
solved in dimethyl sulfoxide (DMSQO; Wako Pure Chemical
Industries); coronene was suspended in 0.5% carboxymethyl-
cellulose sodium salt solution (CMC-Na; Wako Pure Chemical
Industries). Final concentrations of these solvents in experi-
mental medium were adjusted to less than 0.1% in the case of
DMSO or less than 1% in the case of CMC-Na,

2.3. Cell growth assay

Cell growth assays, using the standard crystal violet absorp-
tion method [22], were applied to dose range finding for initia-
tion and promotion assays. Additionally, the cell growth assay
was performed concurrently with every transformation assay.
In the case of initiation assay, cell numbers were adjusted to
2 x 10% cells/mL in M10F and the cell suspension was seeded
onto 24-well microplates at 0.5 mL per well (Day 0). Three
wells were prepared for each test concentration. After a 24h
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Table {
Results of initiation and promotion assays for initiators and promoters
Chemical Concentration S9 mix Initiation assay Promotion assay
Number of foci/well Cell viability Number of foci/well Cell viability
MNNG 0 pg/mL - 53+ 1.8 100.0 1.5£05 100.0
0.002 pg/mL - N.E. 154+ 1.2 96.4
0.005 pg/mL - N.E. 1.2+ 1.0 96.1
0.01 pg/mL - N.E. 13+ 15 95.8
0.02 pg/mL - 40+ 1.8 90.6 1.2 £ 04 98.4
0.05 pg/mL - 58+29 90.8 10+ 13 97.4
0.1 pg/mL - 55+ 1.9 88.7 1.7+£12 93.1
0.2 pg/mL - 67429 62.1 tox.
0.5 pg/mL - 10.0 + 2.6 69.6 tOX.
1 pg/mL - 120+ 1.5 57.0 tox.
MCA 0 jrg/mL - 3.0+ 11 100.0 15405 100.0
0.002 pg/mL - N.E. 1.0 £ 0.9 93.6
0.005 ng/mL - N.E. 1.3£05 89.7
0.01 pg/mL — N.E. 12404 855
0.02 jug/mL - 27+20 61.6 1.8+ 08 88.7
0.05 pg/mL - 37420 65.6 1.5+ 1.0 84.7
0.1 pg/mL - 62+26 62.7 204+ 1.3 69.2
0.2 pg/mL - 82+19 796 tox.
0.5 pg/mL - 9.7+ 2.1 452 tox.
1 wg/mL - 11.8 = 4.0 358 tox.
AFB{ 0 pg/mL - 3.0+ 1.1 100.0 1.5+ 05 100.0
0.02 pg/mL - N.E. 1.5+08 95.9
0.05 pg/mL - 25+ 1.5 64.2 0.7+ 1.2 91.5
0.1 pg/mL - 1.8 412 48.8 07+05 852
0.2 pg/mL - 3.0& 1.7 49.3 05+08 874
0.5 pg/mL - 35+ 15 44.7 07+05 86.0
| wg/mL - 25+ 05 245 13+£08 734
2 pg/mL - 08+ 1.0 12.5 tox.
AFBI 0 pg/mL + 32+ 1.5 N.E. N.E.
0.05 pg/mL + 37+ 16 N.E. N.E.
0.1 pg/mL + 42+ 15 N.E. N.E.
0.2 pg/mbL + 48 £33 N.E. N.E.
0.5 pg/mL + 47+ 1.8 N.E. N.E.
I ng/mL + 143 £+ 24 N.E. N.E.
2 pg/mL + 1.7 2.8 N.E. N.E.
TPA 0ng/mL 43+ 1.0 100.0 28+ 04 100.0
2ng/mL - 23%05 97.5 9.0+ 1.3 100.0
5ng/mL - 27+ 12 92.8 127+ 1.0 92.7
10 ng/mL, - 25+ 1.0 93.8 17.2 422 95.9
20 ng/mL - 1.3+ 08 97.6 26,0 £ 3.0 105.5
50 ng/mL - 22408 96.8 28.7+ 33 1.1
100 ng/mL - 08+ 1.3 90.0 273429 112.2
LCA 0 pg/mL - 30+ 1.1 100.0 42+ 0.8 100.0
0.5 pg/mL - 25422 91.2 65+ 1.9 99.3
| pg/mL - 32416 84.1 78+ 1.0 94.7
2 ng/mL - 22413 89.4 72+£22 94.0
5 ug/mL - 20+ 1.3 125.7 1.7+ 1.4 101.1
10 pg/mL - 28+ 1.2 117.7 165+ 1.0 91.0
20 pg/mL - 38+ 1.9 109.7 31.8 &+ 3.1 79.7
Okadaic acid 0 ng/mL - 434+ 14 100.0 42+ 08 100.0
0.2 ng/mL - 20+ L1 875 N.E.
0.5 ng/mL - 30+ 06 96.0 N.E.
I ng/mL - 33+£22 105.5 48 £25 97.1
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Table 1 (Continued )

Chemical Concentration 89 mix Initiation assay Promotion assay
Number of foci/well Cell viability Number of foci/well Cell viability

2 ng/mL - 35+12 114.5 58+ 16 90.1
4ng/mL - N.E. 43+ 19 70.7
5 ng/mL - 30+ 14 89.0 N.E.

6ng/mL - N.E. 7.0 £3.1 56.8
8ng/mL - N.E. 17+ 15 40.3
10 ng/mL - 35+£24 98.0 125+ 14 37.0

N.E., not experimented; tox.: toxic.

cultivation, cells were treated with a fresh medium contain-
ing a test chemical. The cells were fixed with a 10% formalin
on Day 3 and stained with a 0.1% crystal violet (CV) solu-
tion. CV was extracted from stained cells in each well with
0.5 mL of a solution containing 0.02 mol/L, hydrochloric acid
in 50% ethanol. Optical density of CV extracted from stained
cells was measured at 540 nm, and the results were expressed
as percentage of absorbance compared to the solvent control
culture.

In the growth testing for the promotion assay, cell numbers
were adjusted to 2 x 10* cells/mL in DF5F and seeded onto 24-
well microplates at 0.5 mL per well. After a 3-day cultivation,
medium was replaced with the one containing a test chemi-
cal. Cells were then fixed and stained on Day 7, and optical
density of CV extracted from stained cells was measured as
above.

2.4. Transformation assay for initiating activity (Bhas
initiation assay)

The procedure for the initiation assay using BALB/c 3T3
cells [23] was adopted for the present Bhas initiation assay.
Cell numbers were adjusted to 2 x 10° cells/mL in M10F and
the cells were seeded onto each well of six-well microplates in
2 mL amounts (Day 0). Six wells were prepared for each test
concentration. After a 24 h cultivation, cells were treated with a
fresh medium containing a test chemical. Culture medium was
replaced with DFSF without test chemical on Day 3; there-
after, culture medium was changed twice a week with fresh
DFSF without test chemical. On Day 24, the cells were fixed
with methanol and stained with a 5% Giemsa solution. Trans-
formed foci were judged from morphological characteristics:
deep basophilicity, dense multilayering of cells, and random
orientation of cells at the edge of foci.

2.5. Transformation assay for promoting activity (Bhas
promotion assay)

Bhas promotion assay was conducted according to the pro-
cedure reported by Ohmori et al. [16]. Cell numbers were
adjusted to 2 x 10* cells/mL in DF5F and seeded onto each
well of six-well microplates in 2mL amounts (six wells

per test concentration) (Day 0). Medium was replaced with
fresh medium containing a test chemical on Day 3, Day 7
and Day 10, and then with fresh medium without the test
chemical on Day 14. On Day 21, the cells were fixed with
methanol and stained with a 5% Giemsa solution for focus
counting.

2.6. Metabolic activation in initiation assay

In the case of metabolic activation of AFB,, cultures of
Bhas 42 cells were started under the same conditions as those
of the initiation assay. Three wells were prepared for each
test concentration. After a 24 h incubation, cells were treated
with AFB, together with 89 mix which contained 5% rat S9
(Kikkoman, Chiba, Japan), 2mM HEPES (Sigma Chemical
Co.), 5 mM MgCly, 33 mM KCl, 5 mM glucose-6-phosphatase
(Sigma Chemical Co.) and 4 mM B-NADP* (Oriental Yeast,
Osaka, Japan). After a 3h treatment, all plates were washed
with phosphate-buffered saline and provided fresh M10F. The
culturing was continued until Day 24 and the cells were fixed
and stained for focus counting.

2.7. Transformation assay with various schedule of
treaiments

Cells were seeded onto six-well microplates as with the ini-
tiation assay. MCA (100 ng/mL} or TPA (50 ng/mL) was added
at various time schedules during cell-growth phase (initiation
stage) and/or stationary phase (promotion stage). Three wells
were prepared for each set of conditions. Cells were cultivated
until Day 24, and then fixed and stained for focus counting.

2.8. Siatistical analysis and criteria of judgment

Results of initiation and promotion assays were evaluated
as follows. After t-test analysis, chemicals showing significant
increase (p < 0.05) of focus number at more than two consecu-
tive concentrations were judged positive. Chemicals showing
statistically significant effect at only one concentration were
considered equivocal. Negatives were those which induced no
statistically significant increase of transformed foci at any con-
centrations tested.
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