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RGBT R M e (RS OL M E L HEET )
AR &

TG 7 v FZ HU 5 in vivo j BRI BE4 D PSR

Bt

ofEbgEE g B ) BLBERLZEMRHMhE 4 — BNRRER

WAMEE BHEH (M) ARLBERLZEMFEY 2 — BURR=E
T (M) BEaBREERZEMIFHEt 2 — FURRE

AWGEIS, RIROEFECETH LT W AXBFEDT v MBI 2 £ EPRE

BEEOFELRET DL t%a%ktﬁ_%W%¢% & A MERBRIZ B
TT AFARITENE L ORERH DN, BoLOWFRERND, 7 v hOBE
DIAON CHW’EwTiﬁféﬁ%Té&%z%ﬂfwé-% ThIVRAY
I%/ﬁCm)7/%<&ym€Mm0%%wfﬁ%W%T@ BAR 758
Eﬁﬁ%@%@%Lﬁ;ﬁﬁ%Li628H%wﬁﬁﬁﬁﬁuﬁlﬁh%h/
¥ MR T B — ED ol BIGF) ORREREMEH Lic. T AXBEREIC

DB REAEREEL, R CRrRME, BRTEBEEOBR/ELRT
BO, Z0HIZOWTHEBEICRESN TS, SR, 7 rABICEER
BSNTWDHEILED S B, /WM (+FM) IOV TIRBROMHT & FEhi L
To. FOFER, 7 A RARIZL D+ I COBR T IR RIEE 1A
R PRl LRI A B e BRI b o7

A. WIZEEHY

ANERBRCCRME Y, Ty MEA

7 h 37 (Madder color) X, 74
ABOVWEET X ORLLHEBEND
BHR T, HRE L TIIREEHE TK,
T a—VICERR L, B, Selowt L CIE
BICEERWETHS.

T J 3 EFEOBEEMICE LT in vitro
B Ames BB CHME Y, Rec-assay (&
BWTHIWEM 2, in vivo REEO~ 17

We DNA FHIMEREBRIZ W T, B,
JFNE, VLB R CHMERE T & DR
iﬁ%é”.ﬁﬁ%ﬁhﬁlﬁbf

F344 % & Ave 16 HERAE B G-
®§W%¢%%#hﬁﬁﬁﬂﬁwf,ﬁ
BOFHRMRLEFFRD Tk oR
ERHD V. L LR n, &ir 780 H
MO RAE BT 23D AR Tl
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HEMICEE TIZ W b O ORTiE & B
WHEBEOHEMA R vz & OMERH D
9 DNA fIMERELTNDZ &, EE
DlFigs CHIEORAPEML TnDH 2 &
M, AH=XLE LU TCEEEEICER
ERAYAYR | TR RN et
v 7 7 v b (BigBlue™ Rat) %\ &S
FRIRERFREOFE/EMBE LT,

F oA 2=

B. Wtk
1. WY
[ N7 15 3R R LA AR R SE T N D ik A
St T 1 2% (LotNo. : 040723, &

& : Ruberythric acid #%.C 16.85%) Iz
T H A MY CARBRICHW, Bits
N7 B FREFEL T FA MY IE
Hlsd CEIRCRE LT-.

2. BERE

4 BB 6 HEEORE Big Blue™ Rat
[F344]% Taconic fI: (Germantown, NY :
KE) XVEAL, 1 @R O - Bk
ODL, 5 HDHWE T HEOT v hER
BRICH Uz,

3. i E S

EIEE 24.542.5°C, JBE 55+20%,
FRHA 12 KRR (7:00 AT, 19:00 YHAT), #A
KEE 1 EEEH- §ENCERE LT v
MABEE (X DNA EBRfEE ; B
5448 A 27 HNBEMELREIRE, AL 3
9 F 24 BELETIC L WA E LiADIC

R HHizk) CTEHE L.
Micro-Isolator™ System (Lab Products
Inc.) 7 v 7 BERL, 8E— VI8
Z 1 BT OINE Uiz, Brokfarh (GErEf
B B HRIRE SR NIH AT v b, <=
o AR A = ZOVEER TS
) FHBERSEE. e, KEKE
BEifEaAK AL BRERS Y.

4. BB E MR OFER

Wesr G RN R RN T
BRI UBRIRMT 22 LI2dY
FARIL T, 72720, AREBREITH AR
WZERDTEDIZ 30%DEETT FA Y
DEMENTND Z Enb, 1%RARE
DOFEETIT 12%DF F A2 b U V&
U7z, BESR B NETEHTOE 1 EFR
L, |IRIZCHRELE.

5. B IRR KOS

LIRSS P RN AERBR CO AR
50 BLU25%ThHdHZE, EHITIEFAR
WBRMENBESERNY TH D Z L EER
LIRS, 5.0%a@mHEes L, LIF 1.0%
DOFt 2 HEE R AR L U TRIE
Lz, £, PRV ==y 78S
V2 8722 BB T o 5
(2 B8 L CiL Thybaud 2543 28 H O RAEHR
HEWRERLTWD V. LER-T, TH
FEFE 1.0 BLU5.0%0 2 AREIZONT
1 BHO6IED N T AV 2=y Ty b
Ry 28 AR G- 21T > 7o, ki
B3 HRRICAERD HER, s L O
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FTIRBARH L, EICERERT
HRE LT, —80°C CIRTFELT-.
Bt FRBE I 134 U T ICIEfR LT 7,
R-DAFNRUX [a] TV FTBY
(DMBA) 20 mg/kg % 1 B G Lz, #&
51% 14 BICHAERE 2/t L7,

6. /7.7 I DNA OffiH

By AR S A I+
OBEFEHIE A (20~30 mg) % 35 L OV
R ETR A2 AR E VA X LT,
HHEMNLH 0.5 mol/l ¥ a FERIRE AN
TS LTRWIZELE I _LFE oMk
Wi 28I L, 1900 x G T 10 47/
=0 L7, RNase BH X U AEEK IS
J O Proteinase K ¥R 2 M2 CTHEMIZIR
FOEREE L, 3 RERFREE 50°C THRiE LiE(L
w7 HEovc /) —N /S 7okl
LRE (FEK1:1) 2z 10 2=
—F —F — %AW ChHERERM L%,
1100xG T 10 /yfiEL Lz, EEoKE
ZEUL, RNEEL 2EEVIERL. [
LA ESEBED I ks A
TINT N a—)VRE (B 240 1)
A RIERIC — T — & — & W ElER
JBFN L7=%%, 1100xG T 100 MiES LTz,
EREOKBIZ S )=V ERLIIMZ D
ZEWICED A L DNA EHTH & E .
Frit L7= %"/ & DNA 28 80 TE FEEK
Nz, —BREIRICHE LS.

7. REBRE R O YR
Ny TNAF=ZA7 7 A3 30 mL ©

LB B#&W, ~ /b b—RKEHK (200
mg/mL) 72 5 TNZ 1 mol/L Bilig~ 27 %+ 7
LKIER & FNF 4 300 pl $o8MmL
b, KBE bk (G1225) BB
50 L & FERE L 7=, 30°C, 120 (8], /O
BTN L, iSRS L.
HIeH LWy T NAT =7 5 A 05
fiE 72 LB SR 100 mL B L Q=L h—2A
KR 72 HTONT 1 mol/L Wit~ 7/ v
LAREIREZNEN I mL 20 L, &
THEOBIEREZ | mL AR L2, R4k
W24 RERIREE AR . BRI TR, H
BT % 10 sr .58 (1000 r/min)
L7z, FiEZEET, 10 mmol/L DffifE~
XU LEET LB BEREAVTH
e L7k, RBRICERAT2ETAC T
RE Lz,

8. 7/ LDNA DNy lr— 0

6. CTHBM LS A DNA BIR%
Transpack (Stratagene) % FV>T in vitro
R lr—V TRISEIT> 7.

H O UOHER L TBWEKIGE RS
WERT 77— BIHH (A4 2—M) 2
HONCEERERFHA (ELv 2y va V)
OB LTz, Ny = TIRIRO 2R
vl va AT a—TImATE,
EIRIC 30 BB LT 7 — Y%K
B 7. AR E 30 ul &0 10
mmol/L DFREE~ 7 v 7 Aegie LBR:
FET 10 EHIR U7, AR 30 ul & &
AL —RF a—TICMAHER L%, LB
HREHIC2BETERB L. L7 e
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VHF 2 =TI o T bR LB #XR
BHICERB L., B s VAT L—
Mk 24.5°C, A4 ¥ —H7L— ML 37°C
TENET 48 BRI & L7otk, HBLLC
T B L., HERLEEERS
T—0¥ (v va AL —F) &
W=t (A2 —HFL—hk) T
BrL7=b 00, MM CcoZRERM
L 72% (Mutant frequency) .

e

9. HLatITik

FIRBRIE D o/l AR DIIRE FMHENT
Gt & ZH M E (Kastenbaum and
Bowman OEFHEFE Y FEAEL
f10.05) #HWTHEEZHELL.

10. HERKUE

PR B AR S B\ R R EN 7
BENRD DIVEHE, Btk & HE L.
=L, R EEITRBREM T TO
EFER e FUESBR L TITo 7.

(R OEE) AR CIEEREY
LTIy bERAWTHED, B
BB LORY BN EEY & ER T 58
LT, #os#ERVERICETD
A (BRFD 48 4F 10 A 1 HIERES 105 %,
SRR 11 46 12 H 22 BEKIE) |, [EEREY
O ORE SR 5 5 (BEF0 55
3 A 27 HREFERE 6 &, ik 14
£ 5 4 28 H—#&IE) )] BLW TEHE
B EIES NI 4 — BE
BRIZBET S CERRISE 12 A1 R))
ZIESFLCR Y, S EE LoBREN+
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BEEO+ BT D clBRF D2

SRIEBAFPE I Z DV T F DOFAFE % Table 1
(\Z, {E{RBIE % Table 2 127”7,
e RBE ISRV TR Y 7 — 27 3
1,916,100 DN, ZEERFT— 2 7 18 HH
L, FOZERERBEEIL 9.4x10°, &
5> 5 3R b 7o ZEIRAE B PE DO FEHE Tid
10.0x10° CTH - 7=,
T A R FRALERRE T DR B
LO%EET 12.3x10° (BRI — 78/
7T — 7 ¥ 1 23/1,876,500) , 5.0%#f T
15.4x107° ([F : 28/1,823,400) TH Y, [&
PEXTRERE & IR L TP oBEREE §
R A B EINIRD o
Tz BB &R D T 298K BIEE O
YIEIE 1.0 BL O 5.0%EECTEREI 14.0
2 HNT 15.7x10° TH - 7.
—75, BEPEXTIREEORFIRIC 51T 2 2BARE
BAEEL, 78.2x10° (R @ 115/1,469,700)
WML TR Y, A B bR
FHEFEENCAE (p<0.01) ZHEMARRD 5
iz, FEKEOEEIERL 78.6x10° Th o
7-.
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B % 7 DNA B85 (Rec assay) T
FEtEd DUVMTEMESE, SV R DFERD
WESNTWED D invitro DEIGTENE
HER L U CRERIICITG M L Hlr S T
W5, In vivo REBRDOEE, ~ U7 A/NMERR
BRCBRETH-7=0 Y, 7y FEFAVE
DNA FIMARREBRIZIWT, BiE, ATHE,
HILE R CTHMERE LT L OHRERD
5,

Fle, BVAMECBE LTI F344 527 »
AW 16 BRI G KD SR
BHFMBEIAERBRTET VAR D
2.5 WOUZ 5.0%D VT DRIV T
38

DADREFERIIFE O N R o7 &
DHENH D Y. ACUSegHsd 7 v k&
VN7 780 B RIDR M AMERBRIZ BV TIX
At 2B REETIR LR WS DDOJF
figids L OB IRICIEZE OB 780 6T

HODOT I I ARNBBEEE RTEDN
AEEOFREME b RB ST, £ T
], ZRlEE T OBERTIERE R R AT
RER R T AV ==y 7@ (Big Blue™
Rat) % T C OB G T 529R8 % R
EEFR. HEIRMSAERBECHWS
T2 1.0 BLONS5.0%IEMZES & L 28 B
¥ 5% 3 BRIOKRERIK 3% 7.
TAXCBRIIEERESNDIEEZZD
NDMEEED D B AT+ 2RI OV
TN EZEmMLZ., RARD 5% T
JIRTE B DS e IRFEIZ EL i L TN
EH LT (p=0.067, Table 1 HR) |

MR AR ARZTRO b7 2
EIND, HAMHNTITBIEROS & 1T L.

NG IEFE DS A DEERINEES Tlde v 2 & e
b ARERIIEPAERBREHREL TWD
bDEEZ DN

W5 9,

LL_E DRSS B B e 7R AR L 1T B

Table 1. Mutant frequency of ¢/l gene in transgenic rats after Madder color treatment

Dose Number Number of Number of Mutant
Compound (%) Organ of laques mutants Frequency | p-value
° animals piaq x10%)
0 5 1916100 18 9.4 -
Nii‘]’dfr i instgls':‘ilie 5 1876500 23 123 0.2448
© 5 5 1823400 28 154 0.0672
DMBA® 20 (mg/kg) Liver 5 1469700 115 78.2% 0.0000

* :p<0.035, significant difference from control (Kastenbaum and Bowman method, upper-tailed)
a):Positive control (7,12-dimethylbenz[a]anthracene). A single dose samples were prepared at 14-days after the dose.

E OB FCHELRBEINIGEO b T
Wi (REA TS BF e R B &0

F72, FIBIZOWTE, 1.0 5085.0%
HOWTRIZHBW T LB 2R ALRIA
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Table 2.  Induction of mutation by Madder color in individual rats
Dose Animal Number of Number Mutant
Compound (O/S) Organ ID-No plaque of frequency Mean=+S.D.
0 ’ forming units mutants (X 10

1001 506,700 3 5.9
1002 168,300 1 5.9
Small 1003 665,100 7 10.5

O | intestine | 1004 171,900 3 17.5 10.0£47
1005 404,100 4 9.9
1101 498,600 5 10.0
1102 666,900 6 9.0
Madder Small 1103 252,000 4 159

color 1 intestine 1104 219,600 5 22.8 14.0£5.6
1105 239,400 3 12.5
1201 488,700 10 20.5
1202 405,000 8 19.8
Small 1203 410,400 4 9.8

> | intestine | 1204 105,300 2 19.0 I5.7%5.5
1205 414,000 4 9.7
20 1301 408,600 36 88.1

DMBA a) (mg/ke) Liver 1302 585,900 47 80.2 78.6+10.5
& 1303 475,200 32 67.3

a): Positive control (7,12-Dimethylbenz [a) anthracene); a single dose

Sample was prepared at 14-day after the dose.

Table 3. Mutant frequency of cll gene in transgenic rats after Madder color treatment on liver

and kidney
Dose Number Number of Number of Mutant
Compound %) Organ of laques mutants Frequency | p-value
° animals paq (x10)
0 5 2779200 50 18.0 -
1 Liver 5 2461500 50 20.3 0.3056
Madder 5 5 2668500 49 18.4 0.4993
color 0 5 4040100 102 252 -
1 Kidney 3 2946600 113 38.3*% 0.0014
5 5 3036600 115 37.9% 0.0018
* : p<0.05, significant difference from control (Kastenbaum and Bowman method, upper-tailed)
B 16 FEEESY AR RS S . IRANIR ST DS AR T 2 BREEICET D

sSIANE] - RACNIY " Aidliit) R A
T ENHEFR I N T AN, AAERD O TR
TOREPVTEEFEICGERLTHD &
DOF — 213G 7o 72 (Table 35 ) .
—J7, BAEFEREAEE M4
AR SRR O T LAY
2=y Ty FERWET I XREFEDIHE

M%(iﬁm%%:mﬁ%w(EﬁE%
S B LB AERTIEET) ) KBV T, ARIET
FERALET v hOBIBIZOWTREDORE
2SR B O & FEf Lo, B
SUNTEE R 28 %%&@%%i%ﬁﬁ
BB L, FENA L ORE
RSN TVD Y (Table 3 B/R).
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F7o, A, IHEDPALE, ZIREFICIH
M AMEE RS DMBA LEREE TR, FFIRIC
BWTISREMHRIE (p<0.0000) 2345
BILVTWD Z &b, BB ILEIEIC
FEh Sl b o &l L.

T
RRERE

Al

o
GREHTHIBICN L ORET
BRL720bO LHIT L .
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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[a]pyrene 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{ghilperylene, 1-nitropyrene and pyrene. Benz[a]anthracene, 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.

Keywords: Transformation; Bhas 42 cells; Complete carcinogen; Initiation and promotion

1. Introduction

_ . Chemical carcinogens can be divided into two cate-
* Corresponding author. Present address: 729-5 Ochiai, Hadano, . . .o
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-methylcholanthrene (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
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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[ghilpery-
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[blanthracene (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 (DMSO; 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 103 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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Chemical Concentration S9 mix Initiation assay Promotion assay
Number of foci/well Cell viability Number of foci/well Cell viability
MNNG 0 pwg/mL - 53+ 1.8 100.0 1.5+ 05 100.0
0.002 pg/mL - N.E. 1.5+ 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 - 40X 1.8 90.6 1.2+ 04 98.4
0.05 pg/mL - 58 +£29 90.8 1.0+ 1.3 974
0.1 pg/mL - 55+ 1.9 88.7 1.7 1.2 93.1
0.2 pg/mL - 6.7+ 29 62.1 toX.
0.5 pg/mL - 10.0 £ 2.6 69.6 tox.
1 pg/mL - 120+ 15 57.0 toX.
MCA 0 pg/mL - 30+ 1.1 100.0 1.5% 0.5 100.0
0.002 pug/mL - N.E. 1.0+ 09 93.6
0.005 p.g/mL - N.E. 1.3+ 05 89.7
0.0] pg/mL - N.E. 1.2+ 04 85.5
0.02 pug/mlL - 2.7 +20 61.6 1.8 £ 0.8 88.7
0.05 pg/mL - 3.74+20 65.6 1.5+10 84.7
0.1 pg/mL - 6.2 £ 26 62.7 20£13 69.2
0.2 pg/mL - 82+ 1.9 79.6 tox.
0.5 pg/mL - 9.7+ 21 452 tox.
I pg/mL - 11.8 £ 4.0 35.8 tox.
AFB1 0 pg/mL - 30 1.1 100.0 1.54+05 100.0
0.02 pg/mL - N.E. 1.5+£08 95.9
0.05 pg/mL - 25+ 15 64.2 07x12 91.5
0.1 pg/mL - 18+12 48.8 0.7+05 85.2
0.2 pg/mL - 3.0£ 1.7 49.3 05+08 87.4
0.5 pg/mL - 354+ L5 44.7 0.7+£05 86.0
| pg/mL - 25405 24.5 [.3+038 73.4
2 pg/mL 08+ 1.0 12.5 toX.
AFBI 0 pg/mL + 32+15 N.E. N.E.
0.05 pg/mL + 374 1.6 N.E. N.E.
0.1 pg/mL + 42+ 15 N.E. N.E.
0.2 pg/mL + 48 + 33 N.E. N.E.
0.5 pg/mL + 47+ 1.8 N.E. N.E.
1 pg/mL + 143 + 24 N.E. N.E.
2 pg/mL + 11.7+ 28 N.E. N.E.
TPA 0 ng/mL - 434+ 1.0 100.0 28+ 04 100.0
2 ng/mL 23405 97.5 9.0+ 13 100.0
5ng/mL - 274+ 1.2 92.8 127+ 10 92.7
10 ng/mL - 25+ 1.0 93.8 172 £22 95.9
20 ng/mL - 1.3+ 08 97.6 26.0 £+ 3.0 105.5
50 ng/mL - 22+08 96.8 287433 11t
100 ng/mL - 08+ 13 90.0 273 4£29 112.2
LCA 0 pg/mL - 3.0+ 11 100.0 42408 100.0
0.5 pg/mL - 25422 91.2 65+ 19 99.3
| pg/mL - 32+ 16 84.1 78 £ 1.0 94.7
2 pg/mL — 22418 89.4 72422 94.0
5 pg/mL - 20+ 13 125.7 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 Ong/mL - 43 £ 14 100.0 42+08 100.0
0.2ng/mL - 20+ 11 87.5 N.E.
0.5ng/mL - 30+ 06 96.0 N.E.
I ng/mL - 33+22 105.5 484125 97.1
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Table 1 (Continued)

Chemical Concentration S9 mix Initiation assay Promotion assay
Number of foci/well Cell viability Number of foci/well Cell viability

2ng/mL - 35+1.2 114.5 58+£1.6 90.1
4ng/mL - N.E. 43419 70.7
5ng/mL — 30£ 14 89.0 N.E.

6 ng/mL - N.E. 7.0+ 3.1 56.8
8 ng/mL — N.E. 77+ 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 103 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 S9 mix which contained 5% rat S9
(Kikkoman, Chiba, Japan), 2mM HEPES (Sigma Chemical
Co.), 5mM MgCl,, 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
treatments

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. Statistical 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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3. Results
3.1. Establishment of initiation assay
Preliminary examination with MNNG and MCA in

the Bhas promotion assay revealed little response in the
formation of transformed foci. Then, an experimental

procedure was designed in which Bhas 42 cells were
seeded at one-tenth lower cell density (2 x 103 cells/mL)
than in the promotion assay (2 x 10* cells/mL), a proce-
dure that will permit cells to divide several times after
the treatment with test chemicals. With the protocol
described in Section 2.4, MNNG and MCA induced a
significant number of foci (Fig. 1A and C).
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Fig. 1. Results of transformation assays of initiators. A, C and E show results of initiation assay and B, D and F show results of promotion assay. G
shows result of metabolic activation in AFB initiation assay. *1) <0.05, compared with solvent control. **p <0.01, compared with solvent control.
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Fig. 2. Results of transformation assays of promoters. A, C and E show results of initiation assay and B, D and F show results of promotion assay.
*p <0.05, compared with solvent control. ™ p <0.01, compared with solvent control.
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Fig. 3. Result of transformation assay under various time schedules. In treatment schedule, solid blocks represent treatment with 100 ng/mL MCA
and diagonal blocks represent treatment with 50 ng/mL TPA.
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