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About the OECD 
 
 

The Organisation for Economic Co-operation and Development (OECD) is an intergovernmental 
organisation in which representatives of 34 industrialised countries in North and South America, Europe 
and the Asia and Pacific region, as well as the European Commission, meet to co-ordinate and harmonise 
policies, discuss issues of mutual concern, and work together to respond to international problems. Most of 
the OECD’s work is carried out by more than 200 specialised committees and working groups composed 
of member country delegates. Observers from several countries with special status at the OECD, and from 
interested international organisations, attend many of the OECD’s workshops and other meetings. 
Committees and working groups are served by the OECD Secretariat, located in Paris, France, which is 
organised into directorates and divisions. 
 
The Environment, Health and Safety Division publishes free-of-charge documents in eleven different 
series: Testing and Assessment; Good Laboratory Practice and Compliance Monitoring; Pesticides; 
Biocides; Risk Management; Harmonisation of Regulatory Oversight in Biotechnology; Safety of 
Novel Foods and Feeds; Chemical Accidents; Pollutant Release and Transfer Registers; Emission 
Scenario Documents; and Safety of Manufactured Nanomaterials. More information about the 
Environment, Health and Safety Programme and EHS publications is available on the OECD’s World 
Wide Web site (http://www.oecd.org/chemicalsafety/). 
 
 
 
This publication was developed in the IOMC context. The contents do not necessarily reflect the views or 
stated policies of individual IOMC Participating Organisations. 
 
The Inter-Organisation Programme for the Sound Management of Chemicals (IOMC) was established in 
1995 following recommendations made by the 1992 UN Conference on Environment and Development to 
strengthen co-operation and increase international co-ordination in the field of chemical safety. The 
Participating Organisations are FAO, ILO, UNDP, UNEP, UNIDO, UNITAR, WHO, World Bank and 
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FOREWORD 

The project for developing a validation report and a Test Guideline for the Bhas 42 Cell 
Transformation Assay (CTA) was proposed by Japan and included in the Test Guideline work plan in 
2010, after completion of international validation studies. The validation report was subsequently 
developed and peer-reviewed by the EU Reference Laboratory for Alternatives to Animal Testing (EURL 
ECVAM) Scientific Advisory Committee (ESAC). The ESAC peer review served as a basis for the 
development of the EURL ECVAM Recommendation on the Cell Transformation Assay based on the 
Bhas 42 cell line, publicly available on the EURL ECVAM website. 

The validation report of the Bhas CTA was circulated for comments to the Working group of the 
National Coordinators for the Test Guidelines Programme (WNT) in October 2013. It was discussed by the 
expert group on cell transformation assays in a meeting held in Paris in January 2014 and subsequently 
endorsed by the WNT at its 26th meeting in April 2014.  The Joint Meeting of the Chemicals Committee 
and the Working Party on Chemicals, Pesticides and Biotechnology agreed to its declassification on 
7th July, 2014. 

This document is published under the responsibility of the Joint Meeting of the Chemicals Committee 
and the Working Party on Chemicals, Pesticides and Biotechnology. 

 

 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































Annex 12 

Recommended Protocol for the Bhas 42 Cell Transformation Assay 

1. Introduction 

ras

2. Materials and preparation 

2.1 Equipment 

Bhas 42 cell transformation assay

Initiation assay Promotion assay

Cell growth assay
for dose setting

Cell growth assay
for dose setting

Transformation 
assay
Concurrent cell
growth assay

Transformation 
assay
Concurrent cell
growth assay

Bhas 42 cell transformation assay

Initiation assay Promotion assay

Cell growth assay
for dose setting

Cell growth assay
for dose setting

Transformation 
assay
Concurrent cell
growth assay

Transformation 
assay
Concurrent cell
growth assay



2.2 Culture media  

2.3 Culture 

2.4 Reagents and solutions 

2.5 Chemicals 

2.5.1 Test chemicals and solvent/vehicle 



2.5.2 Test chemical concentrations 

2.5.3 Negative and Positive controls 

O

2.6 Stock cells 

2.7 Checking of the Bhas 42 cells 



2.8  Selection of FBS 

3. Procedures of 6-well method 

3.1 Initiation assay 

3.1.1 Cell growth assay 



3.1.2 Dose setting for the transformation assay 

3.1.3 Transformation assay  



3.2  Promotion assay  

3.2.1 Cell growth assay 

3.2.2 Dose setting for the transformation assay 



3.2.3 Transformation assay 

4. Evaluation of the results in the 6-well method 

4.1 Record of transformation frequency 



4.2 Statistical analysis 

4.3 Assay acceptance criteria 

4.3.1 Concurrent cell growth assay 

4.3.2 Transformation assay

4.3.2.1 Initiation assay and promotion assay 

4.3.2.2 Initiation assay 

our valid test chemical concentrations are necessary, at a minimum, to 
accept the transformation assay for evaluating a chemical. Those concentrations should 
include at least one concentration near the NOEL and three concentrations in the range 
between the NOEL and the IC90 in the concurrent cell growth assay. 



4.3.2.3 Promotion assay 

  
our valid test chemical concentrations are necessary, at a minimum, to 

accept the transformation assay for evaluating a chemical. Those concentrations should 
include at least one concentration near the NOEL and two concentrations in the range of 
growth enhancement when the chemical enhances cell growth (increases cell density in 
the cell growth assay). When the chemical does not induce growth enhancement but 
induces cytotoxicity, the cytotoxicity observed in the concurrent cell growth assay may 
not be similar to that observed in the transformation assay, since the durations of 
chemical exposure to the cells are different between the cell growth assay (3 days) and 
the transformation assay (10 days). Consequently, chemical toxicity is sometimes 
accumulated over the 10 day duration of the transformation promotion assay and the 
valid plates may be lost because of chemical toxicity. In such cases, four valid plates are 
also necessary in the concentration range where cells are not killed and are confluent at 
the end of the transformation assay. If excessive toxicity is encountered, it may be 
necessary to repeat the assay in a lower concentration range. 

4.4 Assessment criteria 

The assay results are judged as follows: 
 

The results in the initiation and promotion assays are judged positive if there exist two 
or more sequential doses that induce statistically significant increases in the number of 
transformed foci per well relative to the corresponding vehicle control (multiple 
comparison using one-sided Dunnett test, p<0.05). 
The results in the initiation and promotion assays are judged negative if there is no dose 
showing a statistically significant increase in the number of transformed foci per well.  
If the statistically significant increase is at only one or non-sequential doses, the assay 
result is regarded as equivocal, and then the initiation or promotion assay is repeated 
together with the concomitant cell growth assay, including the dose that caused the 
statistically significant increase of transformation frequency in the first assay. The 
chemical is judged to be positive if a statistically significant increase in the number of 
transformed foci per well is induced at one or more concentrations in the second assay; 
otherwise, the chemical is judged to be negative. 
A test chemical is positive in the Bhas 42 CTA, if it is positive in either the initiation or 
promotion assay. 

5. Procedures of 96-well method 

5.1 Medium change 



5.2 Initiation assay 

5.2.1 Cell growth assay 

5.2.2 Dose setting for the transformation assay 

5.2.3 Transformation assay 

5.3. Promotion assay  

5.3.1 Cell growth assay 

5.3.2 Dose setting for the transformation assay 



5.3.3 Transformation assay 

6. Evaluation of the results in the 96-well method 

6.1 Record of transformation frequency

6.2 Statistical analysis 

6.3 Assay acceptance criteria  

6.3.1 Concurrent cell growth assay

6.3.2 Transformation assay 

6.3.2.1 Initiation assay and promotion assay 



6.3.2.2 Initiation assay 

6.3.2.3 Promotion assay 

6.4 Assessment criteria 

7. References 
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a b s t r a c t

The Bhas 42 cell transformation assay is a short-term system using a clone of the BALB/c 3T3 cells trans-

fected with an oncogenic murine ras gene (v-Ha-ras). The assay has previously been reported to be capable

of detecting the tumor-initiating and tumor-promoting activities of chemical carcinogens according to

the different protocols, an initiation assay and a promotion assay, respectively. We applied this short-term

assay to 98 chemicals to characterize the assay and evaluate its performance for the detection of chemical

carcinogenicity. When the assay results were compared with the existing genotoxicity data, the Bhas 42

cell transformation assay could detect a considerable number of Ames-negative and Ames-discordant

carcinogens: and the promotion assay detected most of those Ames-negative and -discordant carcino-

gens. This fact suggested that the Bhas 42 cells behaved as initiated cells in the transformation assay. The

performance indices were calculated from the assay results of 52 carcinogens and 37 non-carcinogens.

The concordance was 78%, sensitivity 73%, specificity 84%, positive predictivity 86%, negative predictivity

69%, false negative 27% and false positive 16%. Of these values, the concordance, specificity, negative

predictivity and false positive were superior and the other performance indices were equivalent to those

of conventional genotoxicity tests. From overall results, we concluded that the accuracy of prediction of

chemical carcinogenicity would be improved by introducing the Bhas 42 cell transformation assay into

the battery of in vitro assays.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The carcinogenicity of chemicals has been predicted with geno-

toxicity assays. In vitro cell transformation assays can detect

chemical carcinogens but are classified into a category different

from genotoxicity assays [1–4]. The cell transformation assays

attract attention as an additional in vitro method to predict the

carcinogenicity of chemicals, since there are concerns about the

carcinogens to which conventional genotoxicity assays are insen-

sitive [5]. An analysis estimated non-genotoxic carcinogens to be

present in 12% of carcinogens classified into Group 1, 2A and 2B by

the International Agency for Research on Cancer (IARC) [6].

BALB/c 3T3 cells and C3H 10T1/2 cells have been used for the cell

transformation assays [7]. The assays using these cell lines require

longer period compared with the conventional genotoxicity assays,

but achieve production of visible transformed foci. Also, in the assay

there are initiation and promotion stages that mimic the two stages

in the carcinogenicity tests in experimental animals, and most of

∗ Corresponding author. Tel.: +81 463 82 4751; fax: +81 463 82 9627.

E-mail address: sakai.a@fdsc.or.jp (A. Sakai).

the non-genotoxic carcinogens can be detected as promoters of cell

transformation in the two-stage cell transformation assay, where

the target cells are initiated with a known tumor initiator prior to

treatment with a test chemical [8–10].

Recently a short-term cell transformation assay has been devel-

oped [11], using the Bhas 42 cells which were established from the

BALB/c 3T3 cells through the transfection with a plasmid pBR322

containing Ha-MuSV-DNA, clone H1 (v-Ha-ras) [12–14]. The Bhas

42 cells are transformed by known tumor promoters, includ-

ing 12-O-tetradecanoylphorbol-13-acetate (TPA), okadaic acid and

lithocholic acid, without initiating treatment with a known tumor

initiator such as 3-methylcholanthrene (MCA) [11], and are pre-

sumed to be initiated toward transformation by the introduced

viral ras sequence [15]. Thus the Bhas 42 cell transformation assay

does not require pretreatment to detect tumor-promoting activity,

and the assay period is 3 weeks instead of 6 weeks in the BALB/c

3T3 cell transformation assay. Because of the increased sensitivity

of cells to transformation, the assay scales such as the dish size,

the dish number, the medium volume, the serum concentration

in the cultures and the number of medium exchange have been

diminished, so that the cost performance is improved. The Bhas

42 cell transformation assay has been proved by Asada et al. to

1383-5718/$ – see front matter © 2010 Elsevier B.V. All rights reserved.

doi:10.1016/j.mrgentox.2010.07.007
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Fig. 1. Illustration of the Bhas 42 cell transformation assay.

be capable of detecting tumor-initiating activity as well as tumor-

promoting activity of chemicals depending on a change between

the two protocols, the initiation assay and the promotion assay [16].

The protocols are illustrated in Fig. 1. In the initiation assay, the

cells are inoculated at a low density and treated with a test chem-

ical in the beginning of the assay period so that the target cells

can undergo cell division several times before contact inhibition of

growth at confluence, and thus DNA damage is fixed as mutations

in the genes. In the promotion assay, the cells are seeded more

densely than in the initiation assay, and the treatment with a test

chemical is started just before confluence (at sub-confluence) and

continued longer than in the initiation assay.

Employing arsenic compounds, Muramatsu et al. verified that

the sensitivity of Bhas 42 cell transformation assay for the detec-

tion of initiating activity is similar to that of the conventional BALB/c

3T3 cell transformation assay, and the sensitivity for the detection

of promoting activity is equivalent to that of the two-stage BALB/c

3T3 cell transformation assay where the target cells are initiated

with a sub-threshold dose of MCA [17]. Tanaka et al. conducted an

interlaboratory collaborative study on the Bhas 42 cell transforma-

tion assay by 6 laboratories, and demonstrated that the assay on 9

chemicals is reproducible and applicable to the detection of both

initiating activity and promoting activity of carcinogens [18].

We applied the Bhas 42 cell transformation assay to 98 chemi-

cals including known carcinogens and non-carcinogens to evaluate

its performance for predicting the carcinogenicity of chemical sub-

stances under a project financed by New Energy and Industrial

Technology Development Organization (NEDO) in Japan. In this

paper, we present the assay results of individual chemicals and the

performance indices calculated from the results. We also compared

the assay results and performances with existing genotoxicity data

to characterize this assay.

2. Materials and methods

2.1. Cell culture

Bhas 42 cells were expanded and cryopreserved in a large batch prior to trans-

formation assays. The cells were proliferated in Eagle’s minimum essential medium

(Nissui Pharmaceutical, Tokyo, Japan) supplemented with 10% fetal bovine serum

(FBS; Moregate Biotech, Bulimba, Australia, and GIBCOTM, Invitrogen, Carlsbad, CA,

USA) (M10F) in a humidified 5% CO2 incubator at 37 ◦C, and subcultured using 0.25%

trypsin (Invitrogen) when the cultures reached about 70% confluence. The multi-

plied cells were suspended at 5 × 105 cells/mL in fresh M10F containing 5% dimethyl

sulfoxide (DMSO; Wako Pure Chemical Industries, Osaka, Japan), frozen in 0.5 mL

volumes at −80 ◦C and stored in liquid nitrogen. The transformation assays were

always started from this frozen stock. Dulbecco’s modified Eagle’s medium/Ham’s

F12 (Invitrogen) supplemented with 5% FBS (DF5F) was used for the transforma-

tion assays. The two batches of FBS, which were prescreened to produce a minimal

number of transformed foci in the Bhas 42 cells treated with DMSO alone and an

appropriate number of foci in the cells treated with 1 �g/mL of MCA or 0.05 �g/mL

of TPA in the transformation assay, were used [2,7].

2.2. Chemicals

Benz[a]anthracene [56-55-3], 5-azacytidine [320-67-2], barium chromate

[10294-40-3], benzo[a]pyrene [50-32-8], cyclophosphamide [50-18-0], cyclosporin

A [59865-13-3], 2,4-diaminotoluene [95-80-7], melphalan [148-82-3], MCA [56-

49-5], mitomycin C [50-07-7], sterigmatocystin [10048-13-2], thio-TEPA [52-24-4],

chenodeoxycholic acid [474-25-9], 4-chloro-o-toluidine hydrochloride [3165-

93-3], cholic acid [81-25-4], deoxycholic acid [83-44-3], dichlorvos [62-73-7],

epichlorohydrin [106-89-8], d-limonene [5989-27-5], methapyrilene hydrochlo-

ride [135-23-9], mezerein [34807-41-5], phorbol 12,13-didecanoate [24928-17-4],

sodium arsenate, [10048-95-0], styrene oxide [96-09-3], TPA [16561-29-8], o-

toluidine [95-53-4], zinc chloride [7646-85-7], o-anisidine [90-04-0], benzene

[71-43-2], cobalt sulfate heptahydrate [10026-24-1], diethylstilbestrol [56-53-1],

1,4-dioxane [123-91-1], urethane (ethyl carbamate) [51-79-6], methyl carbamate

[598-55-0], nickel monooxide [1313-99-1], 4-acetylaminofluorene [28322-02-3],

chromotrope FB (acid red 14) [3567-69-9], ampicillin sodium salt [69-52-3],

anthracene [120-12-7], l-ascorbic acid [50-81-7], benzoin [119-53-9], caffeine

[58-08-2], caprolactam [105-60-2], 2-chloroethanol [107-07-3], chromium(III)

chloride, anhydrous [10025-73-7], diazepam [439-14-5], N,N-dimethylformamide

[68-12-2], eugenol [97-53-0], HC blue no. 2 [33229-34-4], hydrocortisone

[50-23-7], phenanthrene [85-01-8], phenol [108-95-2], p-phenylenediamine dihy-

drochloride [624-18-0], rotenone [83-79-4], sodium chloride [7647-14-5], sodium

nitrite [7632-00-0], sunset yellow FCF [2783-94-0], thiabendazole [148-79-8],

triphenyltin hydroxide [76-87-9], barium chloride dihydrate [10326-27-9], tert-

butylhydroquinone [1948-33-0], 8-hydroxyquinoline [148-24-3], propyl gallate

[121-79-9], tetracycline hydrochloride [64-75-5], sodium valproate [1069-66-5]

and sodium orthovanadate [13721-39-6] were purchased from Sigma–Aldrich (St.

Louis, MO, USA). 2-Acetylaminofluorene [53-96-3], 2-amino-3-methylimidazo[4,5-

f]quinoline (IQ) [76180-96-6], dibenz[a,h]anthracene [53-70-3], cadmium chloride

[10108-64-2], lithocholic acid [434-13-9], methylarsonic acid [124-58-3], dimethy-

larsinic acid [75-60-5], formaldehyde [50-00-0], nickel (II) chloride [7718-54-9],

p-toluidine [106-49-0], aspartame [22839-47-0], 2,6-diaminotoluene [823-40-

5], d-mannitol [69-65-8], methotrexate [59-05-2], phthalic anhydride [85-44-9],

m-toluidine [108-44-1], sodium fluoride [7681-49-4], valproic acid [99-66-1],

2,3-diaminotoluene [2687-25-4], 2,5-diaminotoluene dihydrochloride [615-45-2],

3,4-diaminotoluene [496-72-0], capsaicin [404-86-4] and salicylic acid [69-72-7]

were obtained from Wako Pure Chemical Industries. Quercetin [117-39-5], sodium

saccharin [128-44-9], phenobarbital sodium salt [57-30-7] and 1-naphthylamine

[134-32-7] were from Tokyo Chemical Industry (Tokyo, Japan). N-Methyl-N′-nitro-

N-nitrosoguanidine (MNNG) [70-25-7] and ethidium bromide [1239-45-8] were

from Kanto Chemical (Tokyo, Japan). Sodium arsenite [7784-46-5] solution (0.05 M)

was from Merck KGaA (Darmstadt, Germany). 2-Naphthylamine [91-59-8] solution

(1001 �g/mL) was from Ultra Scientific (North Kingstown, RI, USA). Furylfuramide

[3688-53-7] was from Ueno Fine Chemicals Industry (Tokyo, Japan).

Test chemicals were dissolved in sterile distilled water, DMSO, methanol (Wako)

or acetone (Wako) as indicated in the parenthesis following “0” of the concentration

columns in Table 1. MCA and TPA were in DMSO. The final concentration of distilled

water was 5% in the culture medium, that of methanol was 0.5%, that of acetone was

0.5% and that of DMSO was 0.1 or 0.5% depending on the solubility of test chemicals

in DMSO.

2.3. Transformation assays

The transformation assays were conducted according to the procedures reported

by Asada et al. with a slight modification [16].

2.3.1. Initiation assay to examine initiating activity of chemicals

One tube of the frozen Bhas 42 cells was rapidly thawed and proliferated once in

M10F up to about 70% confluence and then subcultured in DF5F to reach about 70%

confluence again. Thereafter cells were cultured in DF5F. The cells were trypsinized

and suspended at a density of 2000 cells/mL and seeded onto each well of 6-well

microplates in 2 mL volumes (4000 cells/well, day 0). Six wells were prepared for

each treatment group. At 24 h after seeding, the cells were treated by the addition

of a test chemical solution or the vehicle alone to the cultures, and the treatment

in the initiation phase was continued for 72 h. Following the exposure period, all

treatment media were removed and the cells were refed with medium without the

test chemical (day 4) and subsequently cultured in the normal medium until day

21, receiving medium exchanges on day 7, day 11 and day 14 (Fig. 1). The cells were

fixed with methanol and stained with Giemsa’s solution. Each assay was performed

including MCA (1 �g/mL) as the positive control and 0.1% DMSO as its negative

control.

2.3.2. Promotion assay to examine promoting activity of chemicals

The promotion assay was carried out in the same manner as the initiation

assay except for the following procedures. The cells were seeded at a density of

7000 cells/mL (14,000 cells/well, day 0) and cultured for 4 days without a medium

exchange. On day 4, day 7, and day 11, the culture medium was replaced with a

fresh medium containing a test chemical or vehicle alone and the treatment in the

promotion phase was continued until day 14 (for a total of 10 days). The cells were

then subsequently cultured in the normal medium without the test chemical for 1
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Table 1
Results of Bhas 42 cell transformation assay of 92 chemicals.

Chemicala Initiation assay Promotion assay

Concentration

(�g/mL)

CGb Foci/wellc Judgmentd Concentration

(�g/mL)

CG Foci/well Judgment

Carcinogens

2-Acetylaminofluorene (53-96-3) + +

0e (0.1% DMSO) 100 3.3 ± 1.5 0 (0.1% DMSO) 100 7.0 ± 2.4

10 99 6.2 ± 3.3 1 103 8.7 ± 2.3

20 62 9.0 ± 3.8* 5 100 13.0 ± 1.9*

25 19 9.5 ± 2.6* 10 82 21.7 ± 6.3*

30 13 7.7 ± 1.9 15 71 16.0 ± 4.6*

40 9 6.7 ± 2.6 20 62 8.8 ± 2.5

50 9 7.5 ± 3.3 25 61 4.0 ± 2.2

MCAf 1 58 37.2 ± 5.8# TPAg 0.05 146 20.8 ± 3.5#

Benz[a]anthracene (56-55-3) + +

0 (0.1% DMSO) 100 1.0 ± 1.1 0 (0.1% DMSO) 100 3.0 ± 1.3

0.25 84 2.7 ± 1.6 0.25 79 4.7 ± 2.1

0.5 73 3.7 ± 2.0 0.5 70 6.3 ± 2.7

1 71 8.5 ± 2.3* 1 68 9.3 ± 2.7*

2.5 67 8.0 ± 3.2* 2.5 64 12.2 ± 2.7*

5 63 11.2 ± 2.6* 5 65 8.5 ± 3.2*

10 60 13.2 ± 2.8* 10 69 9.7 ± 3.7*

MCA 1 30 15.0 ± 3.8# TPA 0.05 151 16.5 ± 4.8#

2-Amino-3-methylimidazo

[4,5-f]quinoline (IQ)

(76180-96-6)

+ −

0 (0.5% DMSO) 100 4.2 ± 0.8 0 (0.5% DMSO) 100 2.2 ± 1.9

20 73 7.2 ± 2.3 3.2 95 2.7 ± 0.5

40 63 11.3 ± 3.2* 5.6 72 3.2 ± 1.8

60 56 13.2 ± 4.4* 10 92 1.0 ± 0.9

70 55 15.8 ± 2.3* 18 66 0.8 ± 1.2

80 48 10.8 ± 1.2* 32 65 1.0 ± 0.9

90 42 7.5 ± 2.8 56 51 0.5 ± 0.5

100 37 8.0 ± 3.0 TPA 0.05 131 17.5 ± 5.9#

MCA 1 56 14.2 ± 1.6#

5-Azacytidine (320-67-2) + −
0 (5% Water) 100 2.0 ± 0.9 0 (5% Water) 100 5.7 ± 1.2

0.1 40 2.7 ± 1.8 0.01 104 6.0 ± 2.6

0.13 35 4.2 ± 1.0 0.018 103 8.2 ± 4.0

0.18 26 8.3 ± 1.5* 0.032 101 6.5 ± 1.9

0.25 18 7.0 ± 4.5* 0.056 104 6.2 ± 1.2

0.3 12 7.8 ± 3.5* 0.1 105 6.8 ± 1.3

0.5 2 Toxic 0.18 100 6.3 ± 2.1

0h (0.1% DMSO) 100 1.5 ± 1.0 0.32 99 4.2 ± 0.8

MCA 1 47 18.7 ± 3.2# 0j (0.1% DMSO) 100 7.7 ± 2.1

TPA 0.05 149 33.7 ± 5.0#

Barium chromate (10294-40-3) + −
0 (5% Water) 100 1.0 ± 0.6 0 (5% Water) 100 2.7 ± 1.4

1 101 0.7 ± 0.8 0.5 95 2.7 ± 1.6

2 95 2.7 ± 0.8 1 105 1.7 ± 1.2

3 77 2.0 ± 0.0 2 100 2.3 ± 1.4

4 58 3.7 ± 1.5* 3.5 106 2.3 ± 1.9

5 66 4.3 ± 1.2* 5 105 2.0 ± 0.9

7 24 4.5 ± 2.2* 7 109 1.8 ± 1.2

10 15 4.5 ± 2.4* 10 108 1.8 ± 1.5

15 10 3.5 ± 1.8* 15 99 2.3 ± 2.6

0 (0.1% DMSO) 100 2.2 ± 1.5 0 (0.1% DMSO) 100 2.5 ± 1.6

MCA 1 47 27.5 ± 3.4# TPA 0.05 176 20.5 ± 1.6#

Benzo[a]pyrene (50-32-8) + -

0 (0.1% DMSO) 100 1.8 ± 1.2 0 (0.1% DMSO) 100 2.5 ± 0.8

0.01 75 4.3 ± 2.0* 0.01 85 1.0 ± 0.9

0.025 35 7.5 ± 2.7* 0.025 79 1.8 ± 1.3

0.05 26 4.3 ± 1.5* 0.05 70 1.3 ± 1.5

0.1 12 4.5 ± 2.1* 0.1 57 1.3 ± 1.5

0.25 4 Toxic 0.25 43 0.5 ± 0.8

MCA 1 27 14.0 ± 3.2# TPA 0.05 152 14.5 ± 3.9#

Cyclophosphamide (50-18-0) + −
0 (5% Water) 100 3.3 ± 2.2 0 (5% Water) 100 4.5 ± 1.6

100 103 5.2 ± 1.2 160 100 3.7 ± 1.9

500 101 10.8 ± 1.0* 250 105 2.8 ± 1.6

1100 55 14.8 ± 3.6* 390 108 4.2 ± 2.5

1300 37 9.7 ± 4.3* 620 97 3.5 ± 1.0

1500 26 9.8 ± 3.3* 1000 95 1.8 ± 1.7
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Table 1 (Continued )

Chemicala Initiation assay Promotion assay

Concentration

(�g/mL)

CGb Foci/wellc Judgmentd Concentration

(�g/mL)

CG Foci/well Judgment

2000 16 1.2 ± 0.8 1600 87 0.0 ± 0.0

2200 13 Toxic 2500 81 0.0 ± 0.0

2400 10 Toxic 0 (0.1% DMSO) 100 3.7 ± 1.9

0 (0.1% DMSO) 100 6.5 ± 3.1 TPA 0.05 154 18.5 ± 4.1#

MCA 1 63 44.5 ± 2.1#

Cyclosporin A (59865-13-3) + −
First experiment ± −

0 (0.1% DMSO) 100 1.7 ± 0.5 0 (0.1% DMSO) 100 4.5 ± 1.8

2 95 4.0 ± 1.7 0.0625 100 7.5 ± 3.3

2.5 89 4.7 ± 2.6* 0.125 98 6.0 ± 4.1

3 89 2.5 ± 2.2 0.25 99 6.8 ± 2.1

3.5 86 2.7 ± 1.2 0.5 93 6.3 ± 3.4

4 89 1.0 ± 1.1 1 90 3.5 ± 3.2

4.5 79 1.0 ± 1.1 2 83 1.8 ± 1.8

5 78 1.3 ± 1.0 4 79 2.3 ± 1.8

MCA 1 45 21.7 ± 2.3# 6 74 1.2 ± 1.0

TPA 0.05 140 37.8 ± 6.6#

Second experiment +

0 (0.1% DMSO) 100 2.8 ± 0.8

0.5 104 4.3 ± 1.5

1 107 4.7 ± 1.0

1.6 106 5.5 ± 2.4

2.5 108 7.0 ± 3.2*

4 99 4.8 ± 2.4

6 86 5.8 ± 1.0

10 40 6.2 ± 1.9*

15 31 4.0 ± 1.3

MCA 1 35 33.0 ± 3.0#

2,4-Diaminotoluene (95-80-7) + −
0 (0.1% DMSO) 100 5.2 ± 1.0 0 (0.1% DMSO) 100 6.7 ± 1.4

10 90 8.0 ± 2.2 1 92 7.3 ± 1.8

15 98 7.5 ± 2.3 3 92 8.5 ± 2.2

20 92 10.2 ± 4.2* 5 89 7.2 ± 1.5

25 90 10.5 ± 3.8* 7.5 78 7.5 ± 3.9

30 80 9.3 ± 2.9 10 75 5.2 ± 1.9

35 67 12.3 ± 4.4* 15 75 3.0 ± 1.1

40 52 12.2 ± 3.1* 20 67 0.7 ± 1.2

45 45 12.7 ± 2.1* TPA 0.05 138 38.0 ± 5.9#

50 33 8.0 ± 2.4

MCA 1 42 45.8 ± 3.8#

Dibenz[a,h]anthracene (53-70-3) + −
0 (0.1% DMSO) 100 1.0 ± 1.3 0 (0.1% DMSO) 100 3.0 ± 1.1

0.003 109 2.8 ± 1.2 0.0003 85 1.0 ± 1.1

0.01 86 2.2 ± 1.2 0.001 78 3.0 ± 1.8

0.03 65 6.5 ± 1.9* 0.003 79 2.8 ± 0.8

0.1 36 13.5 ± 3.1* 0.01 79 4.2 ± 2.6

0.3 22 13.8 ± 2.5* 0.03 70 2.0 ± 2.2

1 24 12.0 ± 2.2* 0.1 62 2.3 ± 1.2

3 20 10.5 ± 3.6* 0.3 56 2.7 ± 1.9

10 26 Toxic 1 63 1.0 ± 1.1

MCA 1 43 11.7 ± 5.3# TPA 0.05 227 10.8 ± 2.6#

Melphalan (148-82-3) + −
0 (5% Water) 100 3.2 ± 1.0 0 (5% Water) 100 8.2 ± 4.0

0.1 99 2.3 ± 1.8 0.05 93 5.0 ± 2.8

0.25 107 5.5 ± 3.3 0.1 98 8.2 ± 4.3

0.5 105 6.2 ± 1.6 0.25 93 4.0 ± 1.5

0.75 109 8.7 ± 2.3* 0.5 94 0.7 ± 0.8

1 80 9.5 ± 2.9* 0.75 87 Toxic

1.5 48 15.3 ± 4.1* 1 90 Toxic

2 20 8.5 ± 3.4* 0 (0.1% DMSO) 100 4.8 ± 1.5

0 (0.1% DMSO) 100 2.2 ± 1.0 TPA 0.05 131 33.3 ± 3.1#

MCA 1 61 29.7 ± 3.4#

3-Methylcholanthrene (MCA)

(56-49-5)

+ −

0 (0.1% DMSO) 100 2.2 ± 1.5 0 (0.1% DMSO) 100 2.3 ± 1.0

0.001 96 1.0 ± 1.5 0.001 95 0.8 ± 1.0

0.008 97 1.0 ± 0.9 0.008 93 0.5 ± 0.8

0.016 92 2.5 ± 1.0 0.016 90 0.5 ± 0.5

0.031 93 4.0 ± 1.8 0.031 87 1.0 ± 0.9

0.063 81 4.8 ± 1.6 0.063 83 1.5 ± 1.5

0.125 77 7.7 ± 2.2* 0.125 81 2.7 ± 1.6
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Table 1 (Continued )

Chemicala Initiation assay Promotion assay

Concentration

(�g/mL)

CGb Foci/wellc Judgmentd Concentration

(�g/mL)

CG Foci/well Judgment

0.25 66 12.7 ± 2.7* 0.25 73 1.3 ± 1.2

0.5 53 18.8 ± 3.9* 0.5 70 0.3 ± 0.8

1 42 24.8 ± 3.4* 1 68 0.5 ± 0.5

2 35 28.7 ± 5.1* 2 69 0.5 ± 0.5

MCA 1 45 21.2 ± 3.6# TPA 0.05 148 10.2 ± 3.4#

Mitomycin C (50-07-7) + −
0 (0.1% DMSO) 100 2.0 ± 1.8 0 (0.1% DMSO) 100 3.2 ± 2.1

0.006 84 1.2 ± 1.2 0.004 94 2.8 ± 1.8

0.01 64 3.7 ± 1.6 0.006 98 3.0 ± 1.7

0.016 37 5.3 ± 1.0* 0.01 94 1.0 ± 0.6

0.025 8 5.2 ± 2.8* 0.016 95 0.5 ± 0.5

0.039 3 Toxic 0.025 90 0.2 ± 0.4

0.062 2 Toxic 0.039 86 0.0 ± 0.0

0.1 2 Toxic 0.062 88 0.0 ± 0.0

MCA 1 36 14.7 ± 3.0# 0.1 84 0.0 ± 0.0

TPA 0.05 123 19.5 ± 3.6#

N-Methyl-N′-nitro-N-

nitrosoguanidine (MNNG)

(70-25-7)

+ −

0 (0.1% DMSO) 100 1.7 ± 1.2 0 (0.1% DMSO) 100 2.2 ± 1.3

0.01 92 0.5 ± 0.5 0.01 92 1.0 ± 1.3

0.05 94 0.5 ± 0.5 0.05 97 2.2 ± 1.6

0.1 99 1.7 ± 0.8 0.1 101 2.3 ± 1.2

0.15 94 2.2 ± 1.5 0.15 108 1.8 ± 1.0

0.22 93 3.0 ± 1.3 0.22 103 1.0 ± 0.6

0.32 80 5.0 ± 1.8 0.32 117 1.7 ± 1.2

0.47 47 6.0 ± 1.8* 0.47 103 2.5 ± 1.5

0.7 15 9.7 ± 4.8* 0.7 116 2.0 ± 1.5

1 6 3.8 ± 3.3 1 112 0.7 ± 0.8

2 2 Toxic 2 109 0.0 ± 0.0

MCA 1 36 27.7 ± 3.8# TPA 0.05 143 13.8 ± 5.9#

Sterigmatocystin (10048-13-2) + −
0 (0.1% DMSO) 100 1.2 ± 1.5 0 (0.1% DMSO) 100 7.8 ± 3.0

0.005 118 5.8 ± 3.3 0.00003 100 7.3 ± 2.4

0.01 112 9.5 ± 2.5* 0.0001 100 7.2 ± 3.5

0.02 82 13.8 ± 5.5* 0.0003 95 7.2 ± 1.9

0.03 56 18.0 ± 4.1* 0.001 95 8.5 ± 3.4

0.04 37 23.5 ± 7.3* 0.003 102 5.2 ± 1.6

0.05 36 19.8 ± 4.4* 0.01 99 1.7 ± 0.5

0.1 11 Toxic 0.03 89 0.0 ± 0.0

MCA 1 62 30.0 ± 5.8# TPA 0.05 142 35.8 ± 6.0#

Thio-TEPA (52-24-4) + −
0 (5% Water) 100 1.0 ± 1.1 0 (5% Water) 100 1.2 ± 0.8

0.06 98 0.7 ± 0.8 0.02 96 1.2 ± 1.0

0.1 82 1.7 ± 1.9 0.04 95 0.7 ± 0.8

0.16 79 1.7 ± 1.0 0.06 93 1.5 ± 1.0

0.25 67 5.2 ± 2.3* 0.08 88 1.5 ± 1.5

0.4 43 8.8 ± 2.6* 0.1 84 0.3 ± 0.5

0.6 16 3.5 ± 2.8 0 (0.1% DMSO) 100 2.7 ± 1.4

1 3 Toxic TPA 0.05 114 12.0 ± 5.0#

0 (0.1% DMSO) 100 1.0 ± 1.5

MCA 1 42 15.2 ± 5.3#

Cadmium chloride (10108-64-2) − +

0 (5% Water) 100 2.3 ± 1.8 0 (5% Water) 100 2.8 ± 1.8

0.5 86 3.2 ± 2.3 0.05 106 1.7 ± 1.0

0.63 87 2.8 ± 2.1 0.07 103 2.0 ± 1.9

0.8 76 1.8 ± 2.6 0.1 106 3.7 ± 2.1

1 76 2.8 ± 1.7 0.2 106 7.0 ± 2.0*

1.3 40 1.2 ± 1.9 0.3 109 7.3 ± 2.2*

1.6 14 0.7 ± 0.8 0.4 113 12.5 ± 3.1*

2 0 Toxic 0.5 119 19.2 ± 4.0*

0 (0.1% DMSO) 100 3.3 ± 2.3 0 (0.1% DMSO) 100 3.8 ± 1.2

MCA 1 36 16.5 ± 6.4# TPA 0.05 119 21.5 ± 4.8#

Chenodeoxycholic acid (474-25-9) − +

0 (0.1% DMSO) 100 0.5 ± 0.5 0 (0.1% DMSO) 100 2.7 ± 0.8

10 94 1.2 ± 1.2 10 74 3.0 ± 0.9

12 90 1.2 ± 1.0 12 87 6.8 ± 3.8*

14 100 2.0 ± 0.6 14 99 5.2 ± 2.0

16 105 1.2 ± 0.4 16 100 5.3 ± 1.4

19 103 1.0 ± 1.3 19 101 6.7 ± 2.6

23 103 1.5 ± 1.5 23 101 10.7 ± 4.0*
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Table 1 (Continued )

Chemicala Initiation assay Promotion assay

Concentration

(�g/mL)

CGb Foci/wellc Judgmentd Concentration

(�g/mL)

CG Foci/well Judgment

27 109 1.0 ± 1.5 27 112 14.3 ± 2.7*

32 122 1.0 ± 0.9 32 115 18.3 ± 3.9*

37 72 2.2 ± 1.2 37 139 0.2 ± 0.4

MCA 1 48 27.8 ± 6.7# TPA 0.05 126 22.2 ± 4.2#

4-Chloro-o-toluidine

hydrochloride (3165-93-3)

− +

0 (5% Water) 100 1.0 ± 1.1 0 (5% Water) 100 1.7 ± 0.8

3 72 0.7 ± 0.8 1.8 87 5.2 ± 1.0

6 76 0.0 ± 0.0 3 80 4.8 ± 2.1

10 90 1.7 ± 1.6 6 78 4.8 ± 2.9

18 84 1.0 ± 1.3 10 72 6.7 ± 3.1*

30 71 1.5 ± 1.8 18 61 6.7 ± 1.9*

60 57 1.7 ± 1.2 30 62 6.0 ± 1.5*

100 42 0.3 ± 0.5 60 43 8.3 ± 3.4*

180 50 0.2 ± 0.4 100 39 9.8 ± 1.9*

0 (0.1% DMSO) 100 1.0 ± 1.5 0 (0.1% DMSO) 100 2.2 ± 1.6

MCA 1 42 15.2 ± 5.3# TPA 0.05 227 11.8 ± 2.8#

Cholic acid (81-25-4) − +

0 (0.1% DMSO) 100 2.0 ± 0.9 0 (0.1% DMSO) 100 4.3 ± 1.2

10 64 0.3 ± 0.5 18 74 5.5 ± 2.4

18 80 0.7 ± 0.8 24 87 5.0 ± 1.7

32 90 0.7 ± 0.8 32 99 7.7 ± 2.4

56 96 1.2 ± 0.8 42 100 10.2 ± 2.8*

100 100 1.2 ± 1.2 56 101 10.2 ± 3.9*

180 109 2.0 ± 1.1 75 101 10.2 ± 2.8*

320 23 2.0 ± 1.4 100 112 12.7 ± 3.6*

MCA 1 48 33.3 ± 3.8# 130 115 14.5 ± 4.8*

180 139 20.5 ± 2.1*

TPA 0.05 152 24.5 ± 3.4#

Deoxycholic acid (83-44-3) − +

0 (0.1% DMSO) 100 2.3 ± 1.4 0 (0.1% DMSO) 100 2.7 ± 0.8

6 100 0.7 ± 0.8 19 94 3.8 ± 2.0

10 97 1.2 ± 1.5 23 94 6.8 ± 2.8

15 109 1.3 ± 1.4 27 112 14.0 ± 6.2*

22 82 2.0 ± 1.3 32 125 18.0 ± 4.2*

32 46 2.0 ± 1.7 37 141 14.0 ± 4.6*

47 24 2.2 ± 1.5 44 100 0.0 ± 0.0

MCA 1 48 25.2 ± 8.0# 52 41 0.0 ± 0.0

61 9 Toxic

TPA 0.05 152 27.2 ± 6.7#

Dichlorvos (62-73-7) − +

First experiment − ±
0 (0.1% DMSO) 100 1.7 ± 1.0 0 (0.1% DMSO) 100 4.5 ± 1.4

5.5 92 1.2 ± 1.2 5.5 100 3.7 ± 1.0

7 88 2.0 ± 1.3 7 100 5.5 ± 2.7

10 32 1.8 ± 1.2 10 104 4.8 ± 2.6

13 16 0.8 ± 0.8 13 105 6.3 ± 2.7

16 5 0.3 ± 0.8 16 105 6.3 ± 1.8

20 2 0.2 ± 0.4 20 116 8.2 ± 3.3

24 1 0.5 ± 1.2 24 123 8.5 ± 2.0*

30 0 Toxic 30 123 4.2 ± 2.7

MCA 1 36 14.5 ± 3.7# TPA 0.05 116 22.8 ± 4.5#

Second experiment ±
0 (0.1% DMSO) 100 4.7 ± 1.0

4 93 3.3 ± 3.3

7 95 4.2 ± 2.2

10 102 4.3 ± 2.5

13 106 6.8 ± 1.0

16 101 5.2 ± 2.9

20 109 4.5 ± 2.3

24 124 5.5 ± 2.3

30 126 8.7 ± 2.4*

TPA 0.05 147 21.8 ± 3.2#

Epichlorohydrin (106-89-8) − +

0 (0.1% DMSO) 100 1.8 ± 1.3 0 (0.1% DMSO) 100 4.7 ± 1.4

20 121 2.7 ± 0.5 10 108 7.0 ± 4.0

40 103 2.0 ± 1.3 20 99 7.7 ± 1.5

60 116 1.5 ± 1.5 30 116 15.0 ± 5.1*

80 42 2.8 ± 1.8 40 113 19.2 ± 7.5*

100 3 Toxic 50 115 Toxic

MCA 1 56 21.5 ± 1.5# 60 145 Toxic

70 117 Toxic
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Chemicala Initiation assay Promotion assay

Concentration

(�g/mL)

CGb Foci/wellc Judgmentd Concentration

(�g/mL)

CG Foci/well Judgment

TPA 0.05 163 35.0 ± 5.0#

d-Limonene (5989-27-5) − +

0 (0.5% DMSO) 100 6.2 ± 2.0 0 (0.5% DMSO) 100 4.5 ± 2.0

10 104 9.2 ± 3.1 10 98 3.8 ± 2.1

20.5 48 6.2 ± 2.8 25 92 6.3 ± 3.5

21.5 35 6.3 ± 2.3 26 99 3.5 ± 2.2

22.5 12 2.2 ± 1.2 27 95 5.0 ± 3.9

23.5 18 2.2 ± 1.3 28 102 10.7 ± 2.3*

24.5 6 1.3 ± 1.0 29 81 14.2 ± 8.3*

25 11 1.2 ± 1.9 30 83 9.8 ± 3.7

26 3 0.7 ± 1.0 32 57 2.2 ± 2.4

MCA 1 66 35.3 ± 7.3# 34 22 Toxic

TPA 0.05 132 17.8 ± 4.2#

Lithocholic acid (434-13-9) − +

0 (0.1% DMSO) 100 1.0 ± 0.6 0 (0.1% DMSO) 100 1.8 ± 1.5

12 109 1.0 ± 0.9 12 94 15.8 ± 3.3*

14 108 0.7 ± 0.8 14 88 17.7 ± 3.6*

16 119 0.8 ± 0.8 16 89 18.5 ± 3.0*

19 120 0.2 ± 0.4 19 92 24.5 ± 4.5*

23 129 0.8 ± 0.8 23 139 9.0 ± 1.7*

27 63 1.5 ± 1.4 27 34 0.0 ± 0.0

MCA 1 48 23.7 ± 3.6# TPA 0.05 152 22.8 ± 3.7#

Methapyrilene hydrochloride

(135-23-9)

− +

0 (5% Water) 100 2.3 ± 2.5 0 (5% Water) 100 2.5 ± 2.0

100 105 2.3 ± 1.8 10 114 7.0 ± 3.0

150 88 2.2 ± 1.5 25 127 8.5 ± 1.9*

200 67 2.7 ± 1.0 50 155 18.5 ± 6.3*

250 30 0.8 ± 0.8 75 165 9.5 ± 3.9*

300 5 0.5 ± 0.8 100 162 7.8 ± 1.8*

350 1 1.0 ± 1.3 150 143 2.0 ± 0.9

400 1 Toxic 200 125 0.5 ± 0.5

0 (0.1% DMSO) 100 2.5 ± 2.0 250 109 1.0 ± 0.6

MCA 1 29 17.2 ± 3.2# 0 (0.1% DMSO) 100 2.7 ± 1.5

TPA 0.05 150 17.3 ± 3.4#

Methylarsonic acid (124-58-3) − +

0 (5% Water) 100 2.5 ± 2.3 0 (5% Water) 100 5.8 ± 2.6

700 103 1.7 ± 1.2 1 101 5.3 ± 3.2

900 100 2.7 ± 2.3 3 94 8.3 ± 2.2

1000 96 1.8 ± 0.8 7 100 14.3 ± 4.8*

1100 80 2.8 ± 1.9 10 97 19.2 ± 1.7*

1200 60 2.3 ± 2.2 30 107 43.3 ± 3.6*

1300 41 0.5 ± 0.8 70 107 55.0 ± 3.3*

1400 (10.0 mM) 23 1.7 ± 1.4 100 115 60.8 ± 3.3*

0 (0.1% DMSO) 100 3.2 ± 1.6 140 119 56.3 ± 3.5*

MCA 1 54 24.5 ± 2.4# 280 124 36.3 ± 3.0*

400 123 Toxic

500 111 Toxic

0 (0.1% DMSO) 100 8.2 ± 1.0

TPA 0.05 140 30.0 ± 3.7#

Mezerein (34807-41-5) − +

0 (0.1% DMSO) 100 2.2 ± 1.3 0 (0.1% DMSO) 100 4.3 ± 2.0

0.00001 86 3.0 ± 1.4 0.00001 98 4.2 ± 2.1

0.00003 89 0.3 ± 0.5 0.00003 96 5.2 ± 3.2

0.00005 87 2.3 ± 0.5 0.00005 99 7.0 ± 2.2

0.0001 86 0.7 ± 1.2 0.0001 99 9.3 ± 2.9*

0.0003 84 1.7 ± 1.6 0.0003 123 19.5 ± 4.2*

0.0005 81 1.5 ± 0.5 0.0005 152 33.7 ± 3.3*

0.001 83 1.5 ± 1.4 0.001 191 40.2 ± 3.1*

0.003 114 3.0 ± 1.9 0.003 163 Toxic

MCA 1 31 17.2 ± 3.5# TPA 0.05 150 20.0 ± 3.3#

2-Naphthylamine (91-59-8) ± +

0 (0.5% Methanol) 100 2.2 ± 1.5 0 (0.5% Methanol) 100 0.7 ± 1.2

0.01 111 1.8 ± 1.8 0.01 71 1.2 ± 0.8

0.03 113 1.8 ± 1.8 0.03 74 0.8 ± 0.4

0.1 116 4.2 ± 2.4 0.1 72 0.5 ± 0.8

0.3 106 2.2 ± 1.0 0.3 81 0.8 ± 0.8

1 99 2.2 ± 0.8 1 84 2.0 ± 1.3

3 76 4.2 ± 1.0 3 81 6.0 ± 2.6*

5 72 5.0 ± 2.4* 5 72 10.2 ± 2.5*
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Chemicala Initiation assay Promotion assay

Concentration

(�g/mL)

CGb Foci/wellc Judgmentd Concentration

(�g/mL)

CG Foci/well Judgment

0 (0.1% DMSO) 100 2.3 ± 2.1 0 (0.1% DMSO) 100 2.0 ± 1.9

MCA 1 36 12.7 ± 4.1# TPA 0.05 104 4.7 ± 1.8#

Phorbol 12,13-didecanoate

(24928-17-4)

+ +

0 (0.1% DMSO) 100 3.2 ± 1.8 0 (0.1% DMSO) 100 5.5 ± 2.3

0.01 124 1.8 ± 1.2 0.01 156 63.2 ± 10.7*

0.03 99 3.0 ± 1.4 0.03 178 65.0 ± 10.3*

0.1 97 7.5 ± 1.9 0.1 180 53.2 ± 5.4*

0.18 104 8.5 ± 2.3* 0.18 189 51.3 ± 2.9*

0.3 110 12.7 ± 3.5* 0.3 176 52.3 ± 1.6*

1 133 29.8 ± 7.2* 1 184 45.5 ± 4.3*

MCA 1 59 32.7 ± 4.8# TPA 0.05 125 22.7 ± 3.1#

Quercetin (117-39-5) − +

0 (0.1% DMSO) 100 3.5 ± 2.2 0 (0.1% DMSO) 100 7.3 ± 1.0

2 98 4.5 ± 2.0 0.5 98 8.5 ± 2.1

3 98 3.3 ± 2.3 1 93 9.5 ± 3.7

4 77 1.8 ± 1.2 2 84 13.5 ± 3.1*

5 27 3.3 ± 2.7 3 70 16.8 ± 4.2*

6 11 2.0 ± 1.3 5 32 40.8 ± 6.9*

7 3 1.8 ± 0.8 7 25 Toxic

8 1 2.0 ± 1.7 10 26 Toxic

MCA 1 42 27.8 ± 2.6# TPA 0.05 120 35.2 ± 5.6#

Sodium arsenate (10048-95-0) − +

0 (5% Water) 100 1.5 ± 1.4 0 (5% Water) 100 4.5 ± 2.0

0.5 102 1.5 ± 1.0 0.5 103 6.0 ± 2.2

0.7 97 1.0 ± 1.3 0.7 110 5.8 ± 1.9

1 86 1.5 ± 0.5 1 106 9.7 ± 3.7*

1.5 52 2.3 ± 2.0 1.5 103 17.0 ± 4.4*

2.2 31 1.7 ± 0.8 1.7 111 13.2 ± 3.1*

3.2 12 1.0 ± 0.9 2.2 102 11.0 ± 1.8*

5 6 0.8 ± 1.6 3.2 108 8.3 ± 2.5

0 (0.1% DMSO) 100 1.2 ± 1.5 5 102 1.7 ± 1.2

MCA 1 49 27.7 ± 1.9# 0 (0.1% DMSO) 100 3.8 ± 1.7

TPA 0.05 117 26.7 ± 2.9#

Sodium arsenite (7784-46-5) ± +

0 (5% Water) 100 0.5 ± 0.5 0 (5% Water) 100 4.7 ± 1.9

0.056 117 0.5 ± 0.5 0.01 92 3.3 ± 1.4

0.1 109 1.2 ± 0.8 0.056 100 6.3 ± 1.0

0.18 76 2.2 ± 1.2 0.1 94 10.2 ± 4.5*

0.32 33 2.8 ± 2.0* 0.16 100 17.0 ± 5.0*

0.56 10 1.3 ± 1.2 0.18 93 23.3 ± 5.7*

1 0 Toxic 0.25 93 12.0 ± 3.3*

0 (0.1% DMSO) 100 1.3 ± 1.4 0.32 97 5.3 ± 2.3

MCA 1 48 21.0 ± 4.0# 0.39 98 2.2 ± 2.3

0.56 94 0.2 ± 0.4

0.62 98 0.2 ± 0.4

1 85 Toxic

0 (0.1% DMSO) 100 3.7 ± 1.5

TPA 0.05 121 23.5 ± 3.3#

Sodium saccharin (128-44-9) − +

0 (5% Water) 100 3.7 ± 1.9 0 (5% Water) 100 4.7 ± 1.4

410 100 3.2 ± 1.2 410 95 4.5 ± 0.8

821 100 3.3 ± 1.2 821 85 4.0 ± 1.4

1231 107 3.2 ± 1.8 1231 75 6.0 ± 2.8

1641 108 2.8 ± 1.3 1641 71 11.3 ± 2.7*

1847 109 2.3 ± 1.2 1847 70 15.2 ± 4.6*

2052 (10 mM) 108 3.8 ± 2.0 2052 (10 mM) 70 18.3 ± 6.6*

0 (0.1% DMSO) 100 3.2 ± 2.5 0 (0.1% DMSO) 100 6.0 ± 2.8

MCA 1 57 49.2 ± 5.5# TPA 0.05 146 41.3 ± 3.9#

Styrene oxide (96-09-3) − +

0 (0.1% DMSO) 100 1.3 ± 0.8 0 (0.1% DMSO) 100 4.5 ± 2.6

10 107 1.3 ± 1.5 10 94 5.8 ± 3.3

15 111 0.8 ± 1.2 20 97 5.8 ± 1.0

20 111 3.2 ± 2.3 30 95 12.7 ± 4.2*

25 104 3.2 ± 2.5 40 91 13.7 ± 5.6*

30 102 3.5 ± 1.9 50 88 11.8 ± 7.3*

40 104 4.0 ± 3.6 70 85 Toxic

50 96 3.7 ± 3.1 TPA 0.05 121 19.5 ± 3.9#
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Table 1 (Continued )

Chemicala Initiation assay Promotion assay

Concentration

(�g/mL)

CGb Foci/wellc Judgmentd Concentration

(�g/mL)

CG Foci/well Judgment

MCA 1 49 32.5 ± 5.0#

12-O-Tetradecanoylphorbol-13-

acetate (TPA)

(16561-29-8)

± +

0 (0.1% DMSO) 100 0.8 ± 1.2 0 (0.1% DMSO) 100 1.3 ± 1.4

0.0003 97 1.8 ± 1.2 0.0003 102 1.8 ± 0.8

0.001 81 1.3 ± 1.5 0.001 112 2.7 ± 1.0

0.003 83 0.7 ± 0.5 0.003 117 3.7 ± 2.9

0.01 84 0.2 ± 0.4 0.01 139 8.2 ± 3.7*

0.03 86 0.5 ± 0.5 0.03 143 13.0 ± 2.5*

0.05 76 0.3 ± 0.8 0.05 164 13.8 ± 2.3*

0.1 81 0.5 ± 0.8 0.1 194 12.7 ± 4.9*

0.3 75 0.5 ± 0.5 0.3 212 20.8 ± 5.5*

0.5 85 1.3 ± 1.2 0.5 220 24.3 ± 2.3*

1 88 1.5 ± 1.0 1 231 34.8 ± 5.5*

3 88 2.8 ± 2.2* 3 211 47.5 ± 5.2*

MCA 1 36 19.8 ± 2.5# TPA 0.05 158 10.3 ± 2.7#

o-Toluidine (95-53-4) − +

0 (0.5% DMSO) 100 1.8 ± 1.7 0 (0.5% DMSO) 100 4.8 ± 1.5

100 99 1.7 ± 1.6 100 82 5.3 ± 1.6

200 92 3.5 ± 2.3 200 69 2.5 ± 2.9

300 87 1.5 ± 1.2 300 63 8.3 ± 1.9*

400 76 4.5 ± 2.0 400 54 8.0 ± 1.3*

600 50 3.3 ± 2.6 600 39 1.8 ± 1.5

800 36 2.7 ± 2.0 800 40 0.7 ± 0.8

0 (0.1% DMSO) 100 4.2 ± 1.3 0 (0.1% DMSO) 100 7.0 ± 2.6

MCA 1 59 17.5 ± 2.3# TPA 0.05 142 15.3 ± 4.4#

Zinc chloride (7646-85-7) − +

0 (5% Water) 100 0.8 ± 0.8 0 (5% Water) 100 1.3 ± 1.0

7 94 0.7 ± 0.5 1 112 1.3 ± 1.2

10 104 0.0 ± 0.0 3 126 2.2 ± 1.5

11 98 0.7 ± 0.8 7 131 4.0 ± 2.0

12 73 0.2 ± 0.4 10 162 14.0 ± 3.7*

13 21 0.5 ± 0.8 11 162 15.3 ± 2.5*

14 3 0.0 ± 0.0 13 175 19.8 ± 4.4*

15 1 Toxic 15 100 8.5 ± 3.2*

0 (0.1% DMSO) 100 1.3 ± 1.5 0 (0.1% DMSO) 100 2.5 ± 1.5

MCA 1 47 25.0 ± 6.2# TPA 0.05 47 11.2 ± 2.9#

o-Anisidine (90-04-0) − −
0 (0.1% DMSO) 100 2.0 ± 0.9 0 (0.1% DMSO) 100 3.5 ± 2.2

60 100 2.0 ± 1.8 10 91 2.7 ± 0.5

80 97 3.8 ± 2.8 30 89 1.3 ± 1.9

100 79 2.7 ± 0.8 70 88 1.0 ± 1.1

130 58 3.0 ± 2.0 130 60 1.7 ± 1.2

170 32 4.2 ± 1.8 170 67 4.3 ± 3.1

220 10 4.0 ± 1.3 220 53 4.3 ± 3.1

260 8 4.3 ± 2.2 TPA 0.05 169 25.7 ± 2.3#

MCA 1 49 29.5 ± 4.2#

Benzene (71-43-2) − −
0 (0.5% DMSO) 100 2.3 ± 2.5 0 (0.5% DMSO) 100 2.7 ± 1.4

31.25 94 3.7 ± 3.3 31.25 95 2.3 ± 2.1

62.5 97 1.0 ± 1.3 62.5 104 3.8 ± 2.5

125 106 0.8 ± 1.6 125 111 3.8 ± 3.1

250 100 1.5 ± 1.4 250 107 5.0 ± 3.2

500 104 1.8 ± 1.5 500 89 3.3 ± 2.0

750 98 2.3 ± 2.0 750 104 1.7 ± 1.2

1000 (12.8 mM) 109 2.2 ± 0.8 1000 (12.8 mM) 100 2.3 ± 1.2

MCA 1 34 19.7 ± 6.4# TPA 0.05 106 15.8 ± 4.5#

Cobalt sulfate heptahydrate

(10026-24-1)

− −

0 (5% Water) 100 4.8 ± 1.8 0 (5% Water) 100 7.5 ± 3.1

1 101 4.3 ± 2.2 1 105 6.0 ± 3.0

3 113 2.8 ± 1.7 3 101 6.8 ± 1.5

10 125 2.3 ± 1.9 10 99 6.0 ± 1.1

15 133 3.0 ± 1.3 15 104 8.3 ± 3.6

20 126 3.0 ± 1.4 20 98 6.3 ± 0.8

30 118 3.5 ± 1.5 30 96 4.7 ± 1.9

40 84 3.7 ± 1.4 40 95 0.7 ± 0.8

0 (0.1% DMSO) 100 3.8 ± 1.3 0 (0.1% DMSO) 100 5.2 ± 1.2

MCA 1 60 39.8 ± 4.8# TPA 0.05 131 34.2 ± 6.5#

Diethylstilbestrol (56-53-1) − −
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Table 1 (Continued )

Chemicala Initiation assay Promotion assay

Concentration

(�g/mL)

CGb Foci/wellc Judgmentd Concentration

(�g/mL)

CG Foci/well Judgment

0 (0.1% DMSO) 100 2.3 ± 2.6 0 (0.1% DMSO) 100 7.2 ± 3.5

0.7 94 2.8 ± 1.6 0.01 94 4.5 ± 1.9

1 94 1.8 ± 1.9 0.022 95 3.8 ± 1.3

1.3 67 4.8 ± 3.3 0.046 94 5.0 ± 1.7

1.5 39 4.2 ± 2.6 0.1 95 3.3 ± 1.4

1.7 16 3.3 ± 1.9 0.22 90 3.8 ± 2.9

2 11 3.0 ± 1.9 0.46 84 2.3 ± 2.2

3 20 3.2 ± 2.4 1 68 0.0 ± 0.0

MCA 1 48 42.8 ± 5.2# TPA 0.05 136 20.0 ± 2.5#

Dimethylarsinic acid (75-60-5) − −
0 (5% Water) 100 3.3 ± 1.6 0 (5% Water) 100 2.8 ± 1.2

140 119 2.3 ± 2.1 0.3 98 1.8 ± 1.2

200 88 2.3 ± 1.2 0.7 94 2.7 ± 2.0

280 60 2.0 ± 1.3 1 93 2.7 ± 2.3

400 35 1.8 ± 1.0 3 94 0.8 ± 1.2

630 21 2.0 ± 1.3 7 92 0.8 ± 0.4

1000 13 1.3 ± 1.6 10 94 0.8 ± 0.4

1380 9 0.5 ± 0.5 30 94 0.0 ± 0.0

0 (0.1% DMSO) 100 3.3 ± 2.0 0 (0.1% DMSO) 100 1.8 ± 1.8

MCA 1 60 23.3 ± 4.2# TPA 0.05 118 17.0 ± 3.2#

1,4-Dioxane (123-91-1) − −
0 (5% Water) 100 1.2 ± 0.4 0 (5% Water) 100 3.7 ± 1.5

150 102 1.7 ± 1.6 150 100 2.7 ± 1.5

300 91 1.7 ± 1.4 300 101 2.7 ± 2.0

625 97 1.7 ± 1.9 625 99 3.2 ± 1.0

1250 (14.2 mM) 95 1.8 ± 1.5 1250 (14.2 mM) 94 3.0 ± 1.4

0 (0.1% DMSO) 100 1.8 ± 0.8 0 (0.1% DMSO) 100 2.8 ± 1.3

MCA 1 36 12.0 ± 3.9# TPA 0.05 119 23.8 ± 3.6#

Ethyl carbamate (Urethane)

(51-79-6)

− −

0 (5% Water) 100 1.3 ± 1.9 0 (5% Water) 100 1.2 ± 1.2

89 104 1.0 ± 1.3 89 100 1.8 ± 0.8

151 102 0.7 ± 0.5 151 99 1.7 ± 1.0

294 97 0.7 ± 0.8 294 95 1.3 ± 0.8

445 96 0.7 ± 0.8 445 94 1.5 ± 1.4

597 90 1.5 ± 1.5 597 90 1.2 ± 1.0

739 95 0.7 ± 0.8 739 93 0.8 ± 0.8

891 (10 mM) 92 1.3 ± 0.8 891 (10 mM) 89 1.5 ± 1.6

0 (0.1% DMSO) 100 1.5 ± 1.5 0 (0.1% DMSO) 100 3.0 ± 1.5

MCA 1 40 23.8 ± 7.5# TPA 0.05 114 13.7 ± 3.4#

Formaldehyde (50-00-0) − −
0 (5% Water) 100 1.3 ± 0.5 0 (5% Water) 100 2.3 ± 1.9

0.5 102 1.7 ± 0.8 0.1 98 1.0 ± 0.6

0.7 103 0.3 ± 0.5 0.15 97 0.7 ± 0.8

0.8 104 1.0 ± 1.3 0.2 98 2.0 ± 1.4

1 90 1.7 ± 0.8 0.3 105 1.8 ± 1.2

1.2 70 1.3 ± 1.0 0.5 90 0.8 ± 0.8

1.4 25 1.3 ± 1.0 0.7 95 1.7 ± 0.8

1.6 11 1.5 ± 1.0 1 99 0.7 ± 0.8

1.8 6 1.0 ± 1.5 1.4 97 1.2 ± 0.8

2 6 0.8 ± 1.2 2 96 1.0 ± 1.3

0 (0.1% DMSO) 100 1.0 ± 0.9 3 99 1.0 ± 0.9

MCA 1 53 19.2 ± 1.3# 5 96 0.0 ± 0.0

7 47 Toxic

10 13 Toxic

0 (0.1% DMSO) 100 2.3 ± 2.0

TPA 0.05 134 12.2 ± 4.1#

Furylfuramide (AF-2) (3688-53-7) − −
0 (0.1% DMSO) 100 2.3 ± 2.3 0 (0.1% DMSO) 100 6.5 ± 1.9

1 88 2.8 ± 1.7 0.6 95 7.7 ± 3.7

1.25 90 2.8 ± 1.5 1.25 94 3.2 ± 1.6

1.5 75 3.7 ± 2.9 2 92 2.7 ± 1.6

1.75 61 3.8 ± 1.2 3 88 1.2 ± 1.0

2 52 3.0 ± 0.9 5 100 0.5 ± 0.5

2.25 24 3.2 ± 1.9 7.5 104 0.2 ± 0.4

2.5 12 1.5 ± 0.5 10 94 Toxic

MCA 1 43 28.7 ± 3.1# 20 21 Toxic

TPA 0.05 151 33.0 ± 6.2#

Methyl carbamate (Methyl

urethane) (598-55-0)

− −

0 (5% Water) 100 1.2 ± 0.8 0 (5% Water) 100 3.2 ± 2.0
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Table 1 (Continued )

Chemicala Initiation assay Promotion assay

Concentration

(�g/mL)

CGb Foci/wellc Judgmentd Concentration

(�g/mL)

CG Foci/well Judgment

100 79 1.3 ± 0.8 100 101 3.2 ± 2.1

200 74 3.0 ± 1.8 200 94 3.0 ± 2.8

500 81 1.2 ± 1.5 500 104 3.0 ± 2.1

1000 (13.3 mM) 78 2.2 ± 1.3 1000 (13.3 mM) 99 2.2 ± 1.7

0 (0.1% DMSO) 100 1.3 ± 0.5 0 (0.1% DMSO) 100 3.2 ± 2.2

MCA 1 48 37.3 ± 6.2# TPA 0.05 152 28.5 ± 3.1#

Nickel (II) chloride (7718-54-9) − −
0 (5% Water) 100 1.5 ± 1.2 0 (5% Water) 100 0.8 ± 1.2

0.69 114 2.3 ± 1.5 0.4 114 1.8 ± 1.3

1 102 0.5 ± 0.5 0.6 116 1.5 ± 1.0

1.5 114 1.0 ± 1.3 1 121 1.0 ± 2.3

2.2 109 1.2 ± 1.0 1.5 119 1.2 ± 1.2

3.2 104 1.2 ± 1.2 2.5 126 0.8 ± 0.8

4.7 87 1.8 ± 1.5 4 126 Toxic

6.9 53 1.5 ± 1.9 6 126 Toxic

10 14 0.7 ± 0.8 0 (0.1% DMSO) 100 1.2 ± 0.8

16 0 Toxic TPA 0.05 138 10.2 ± 1.5#

25 0 Toxic

0 (0.1% DMSO) 100 1.2 ± 1.5

MCA 1 14 17.8 ± 5.6#

Nickel monooxide (1313-99-1) − −
0 (5% Water) 100 3.0 ± 0.9 0 (5% Water) 100 3.5 ± 2.1

1.875 104 2.5 ± 1.6 1.875 104 2.0 ± 1.7

3.75 105 1.3 ± 1.4 3.75 108 2.5 ± 1.9

7.5 115 3.0 ± 1.9 7.5 100 1.2 ± 1.5

10 107 2.5 ± 1.9 10 98 0.8 ± 0.8

15 117 1.3 ± 1.4 15 87 0.8 ± 0.8

20 105 2.3 ± 1.9 20 93 Toxic

30 63 1.0 ± 1.1 30 87 Toxic

60 34 0.5 ± 0.8 0 (0.1% DMSO) 100 3.8 ± 1.0

0 (0.1% DMSO) 100 4.3 ± 2.3 TPA 0.05 112 28.5 ± 4.1#

MCA 1 60 40.3 ± 4.8#

Phenobarbital sodium salt

(57-30-7)

− −

0 (5% Water) 100 3.3 ± 2.7 0 (5% Water) 100 2.8 ± 1.5

100 106 3.8 ± 1.2 100 94 1.0 ± 1.1

300 109 3.0 ± 1.3 300 85 1.3 ± 0.8

500 104 2.7 ± 1.0 500 81 0.7 ± 0.8

700 79 1.7 ± 1.9 700 77 1.0 ± 1.3

1000 49 1.5 ± 1.0 1000 77 0.2 ± 0.4

1500 15 0.8 ± 1.2 1500 60 0.8 ± 0.8

2000 3 0.0 ± 0.0 2000 31 Toxic

0 (0.1% DMSO) 100 3.2 ± 1.6 0 (0.1% DMSO) 100 2.3 ± 2.0

MCA 1 62 29.2 ± 3.7# TPA 0.05 131 14.8 ± 3.2#

p-Toluidine (106-49-0) − −
0 (0.1% DMSO) 100 2.7 ± 0.8 0 (0.1% DMSO) 100 2.8 ± 2.6

10 101 1.8 ± 2.2 5 89 3.0 ± 0.6

25 92 3.0 ± 0.9 10 97 2.5 ± 1.8

50 88 3.0 ± 0.9 25 87 2.5 ± 2.3

75 84 2.7 ± 2.3 50 84 1.8 ± 1.3

100 81 3.0 ± 2.3 75 82 1.7 ± 0.5

150 65 2.3 ± 1.6 150 80 1.0 ± 0.9

200 32 4.5 ± 2.3 300 62 3.5 ± 1.8

300 13 5.2 ± 3.5 TPA 0.05 117 17.8 ± 2.2#

MCA 1 42 42.0 ± 8.2#

Non-carcinogens

4-Acetylaminofluorene

(28322-02-3)

− −

0 (0.1% DMSO) 100 0.8 ± 1.2 0 (0.1% DMSO) 100 1.5 ± 0.8

50 115 1.3 ± 1.0 5 85 1.3 ± 1.2

75 106 1.7 ± 1.0 10 78 1.0 ± 0.9

100 92 1.7 ± 1.2 25 70 1.3 ± 1.4

120 87 2.0 ± 1.7 50 59 0.2 ± 0.4

135 73 2.2 ± 2.0 100 54 0.0 ± 0.0

150 76 2.5 ± 1.4 150 60 0.0 ± 0.0

MCA 1 44 19.5 ± 4.1# TPA 0.05 129 13.8 ± 2.6#

Acid red 14 (Chromotrope FB)

(3567-69-9)

− −

0 (5% Water) 100 4.2 ± 3.8 0 (5% Water) 100 4.8 ± 2.1

30 94 5.8 ± 3.7 30 105 3.7 ± 1.8

50 98 4.5 ± 3.2 70 110 2.7 ± 1.4
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Table 1 (Continued )

Chemicala Initiation assay Promotion assay

Concentration

(�g/mL)

CGb Foci/wellc Judgmentd Concentration

(�g/mL)

CG Foci/well Judgment

100 105 4.2 ± 1.7 100 100 2.0 ± 2.1

300 150 4.5 ± 2.4 300 97 4.7 ± 3.1

500 104 7.3 ± 2.7 700 97 4.3 ± 1.0

700 82 6.5 ± 1.4 1000 106 5.2 ± 3.4

1000 24 2.2 ± 1.6 1500 110 5.3 ± 1.9

0 (0.1% DMSO) 100 2.3 ± 1.5 0 (0.1% DMSO) 100 5.3 ± 2.7

MCA 1 62 35.7 ± 2.1# TPA 0.05 122 27.2 ± 4.1#

Ampicillin sodium salt (69-52-3) − −
0 (5% Water) 100 1.5 ± 0.8 0 (5% Water) 100 5.0 ± 1.9

300 102 2.2 ± 1.6 700 102 7.2 ± 1.3

700 99 1.5 ± 1.8 1000 95 3.5 ± 2.3

1000 67 1.7 ± 1.2 1500 98 4.8 ± 2.3

1200 29 1.0 ± 0.9 3000 90 4.2 ± 3.1

1250 27 1.3 ± 1.2 5000 87 Toxic

1300 17 2.3 ± 1.0 0 (0.1% DMSO) 100 8.8 ± 4.2

1500 6 3.5 ± 1.8 TPA 0.05 120 28.5 ± 5.0#

1750 2 1.8 ± 1.0

0 (0.1% DMSO) 100 1.7 ± 1.9

MCA 1 42 32.7 ± 8.4#

Anthracene (120-12-7) − −
0 (0.5% DMSO) 100 5.3 ± 1.5 0 (0.5% DMSO) 100 6.3 ± 1.0

2.5 96 7.7 ± 2.7 2.5 116 6.7 ± 2.2

5 89 7.3 ± 1.5 5 106 6.3 ± 2.1

10 108 7.3 ± 3.8 10 111 6.8 ± 2.4

25 99 6.8 ± 1.5 25 121 6.0 ± 1.8

50 105 8.2 ± 1.5 50 115 7.2 ± 3.3

100 100 7.3 ± 1.8 100 114 6.2 ± 2.1

0 (0.1% DMSO) 100 5.7 ± 2.0 0 (0.1% DMSO) 100 8.8 ± 3.5

MCA 1 37 23.8 ± 3.9# TPA 0.05 141 27.2 ± 2.1#

l-Ascorbic acid (50-81-7) − −
0 (5% Water) 100 3.0 ± 3.2 0 (5% Water) 100 3.0 ± 1.3

80 94 2.5 ± 1.0 100 104 1.0 ± 0.9

100 88 2.0 ± 1.3 140 107 0.5 ± 0.5

130 79 1.5 ± 1.0 190 106 0.5 ± 0.5

170 64 3.8 ± 1.7 260 103 0.2 ± 0.4

220 33 3.0 ± 1.3 370 101 0.8 ± 1.0

280 20 4.0 ± 2.4 520 97 Toxic

370 4 3.2 ± 1.5 720 45 Toxic

0 (0.1% DMSO) 100 1.2 ± 1.2 0 (0.1% DMSO) 100 3.5 ± 1.6

MCA 1 49 26.5 ± 7.3# TPA 0.05 119 22.5 ± 2.4#

Aspartame (22839-47-0) − −
0 (5% Water) 100 1.0 ± 0.6 0 (5% Water) 100 2.3 ± 1.2

80 97 1.3 ± 0.8 80 107 2.3 ± 1.2

100 107 1.7 ± 2.0 100 120 1.8 ± 1.8

200 100 0.3 ± 0.5 200 106 2.8 ± 1.8

500 109 1.3 ± 1.2 500 108 2.3 ± 1.0

1000 103 1.3 ± 1.0 1000 101 1.5 ± 1.0

2000 111 1.8 ± 1.2 2000 94 0.0 ± 0.0

3000 (10.2 mM) 99 1.3 ± 0.8 3000 (10.2 mM) 79 0.2 ± 0.4

0 (0.1% DMSO) 100 0.8 ± 0.8 0 (0.1% DMSO) 100 1.3 ± 0.8

MCA 1 49 27.7 ± 4.6# TPA 0.05 150 21.7 ± 2.9#

Benzoin (119-53-9) − −
0 (0.1% DMSO) 100 8.8 ± 1.0 0 (0.1% DMSO) 100 3.8 ± 1.9

1 94 9.8 ± 4.4 12.5 92 4.3 ± 2.0

10 98 9.3 ± 2.5 25 86 4.5 ± 1.9

30 102 11.2 ± 4.0 50 85 4.2 ± 2.0

50 109 7.7 ± 2.7 100 83 1.5 ± 0.8

70 106 10.0 ± 1.8 200 84 0.0 ± 0.0

100 105 8.3 ± 4.6 400 87 0.2 ± 0.4

200 67 10.2 ± 2.3 800 82 0.8 ± 1.0

MCA 1 66 42.2 ± 3.5# TPA 0.05 158 14.5 ± 2.9#

Caffeine (58-08-2) − −
0 (5% Water) 100 0.5 ± 0.5 0 (5% Water) 100 3.5 ± 2.2

50 108 1.7 ± 2.1 30 105 2.7 ± 0.8

75 89 1.5 ± 0.8 50 95 1.5 ± 1.4

100 95 1.2 ± 0.8 75 94 1.5 ± 1.4

150 79 1.2 ± 1.5 100 83 1.2 ± 1.5

200 68 0.7 ± 1.2 150 77 1.0 ± 1.1

300 48 1.0 ± 0.6 200 70 0.0 ± 0.0

400 13 1.5 ± 1.4 300 60 0.0 ± 0.0

500 3 Toxic 400 52 0.0 ± 0.0
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Chemicala Initiation assay Promotion assay

Concentration

(�g/mL)

CGb Foci/wellc Judgmentd Concentration

(�g/mL)

CG Foci/well Judgment

0 (0.1% DMSO) 100 0.5 ± 0.5 0 (0.1% DMSO) 100 4.3 ± 1.4

MCA 1 36 18.5 ± 6.1# TPA 0.05 119 24.3 ± 4.4#

Caprolactam (105-60-2) − −
0 (5% Water) 100 1.2 ± 1.2 0 (5% Water) 100 3.3 ± 2.0

300 120 1.8 ± 1.7 300 93 4.2 ± 1.5

500 115 3.5 ± 2.7 500 89 2.8 ± 1.5

1000 125 1.2 ± 1.5 1000 82 4.8 ± 1.3

2000 (17.7 mM) 128 1.8 ± 1.0 2000 (17.7 mM) 67 4.8 ± 2.3

0 (0.1% DMSO) 100 1.5 ± 1.8 0 (0.1% DMSO) 100 4.3 ± 1.2

MCA 1 49 17.7 ± 3.3# TPA 0.05 144 14.7 ± 1.9#

2-Chloroethanol (107-07-3) − −
0 (5% Water) 100 5.3 ± 1.5 0 (5% Water) 100 5.8 ± 3.4

10 100 6.0 ± 3.5 300 93 6.8 ± 1.8

30 99 5.0 ± 2.3 500 92 7.8 ± 4.7

100 102 5.2 ± 2.6 1000 (12.4 mM) 94 7.7 ± 2.6

300 98 5.7 ± 2.1 2000 (24.8 mM) 86 6.3 ± 3.6

1000 (12.4 mM) 100 4.3 ± 2.2 3000 (37.3 mM) 86 7.0 ± 3.3

0 (0.1% DMSO) 100 5.0 ± 1.4 0 (0.1% DMSO) 100 8.3 ± 3.9

MCA 1 70 40.2 ± 3.5# TPA 0.05 139 41.7 ± 3.5#

Chromium(III) chloride

(10025-73-7)

− −

0 (5% Water) 100 6.8 ± 1.2 0 (5% Water) 100 7.8 ± 2.4

100 106 6.8 ± 1.6 100 102 6.0 ± 1.8

300 100 8.8 ± 1.9 300 97 6.3 ± 1.5

700 118 6.2 ± 2.1 700 101 5.7 ± 1.0

1000 105 7.8 ± 2.1 1000 99 3.7 ± 1.5

2000 (12.6 mM) 111 6.2 ± 3.8 2000 (12.6 mM) 104 4.0 ± 2.6

0 (0.1% DMSO) 100 7.5 ± 2.1 0 (0.1% DMSO) 100 9.5 ± 1.9

MCA 1 74 40.2 ± 5.9# TPA 0.05 116 36.3 ± 2.9#

2,6-Diaminotoluene (823-40-5) − −
0 (5% Water) 100 1.2 ± 1.5 0 (5% Water) 100 4.8 ± 1.5

100 54 4.0 ± 2.0 2.5 94 3.8 ± 0.8

125 37 3.2 ± 2.5 5 87 6.0 ± 2.0

150 25 3.8 ± 2.7 10 85 6.7 ± 2.1

175 14 3.0 ± 1.8 25 81 5.7 ± 0.8

200 9 3.8 ± 1.2 50 72 4.2 ± 1.5

250 2 1.8 ± 1.7 100 60 1.3 ± 1.2

300 1 1.2 ± 0.8 200 54 0.3 ± 0.5

0 (0.1% DMSO) 100 1.8 ± 1.2 0 (0.1% DMSO) 100 5.5 ± 1.8

MCA 1 51 26.3 ± 3.5# TPA 0.05 120 26.5 ± 4.0#

Diazepam (439-14-5) − −
0 (0.1% DMSO) 100 1.8 ± 1.6 0 (0.1% DMSO) 100 7.8 ± 2.4

10 86 1.8 ± 0.8 1 93 10.3 ± 2.7

15 67 1.2 ± 0.8 2 101 11.8 ± 2.4

20 56 2.2 ± 1.5 3 92 10.8 ± 2.9

30 18 1.0 ± 0.6 4 102 9.5 ± 4.2

70 8 1.8 ± 1.2 5 90 9.8 ± 2.9

100 6 0.5 ± 0.5 7 89 7.0 ± 3.3

150 1 1.0 ± 1.5 10 72 5.8 ± 1.6

MCA 1 36 20.0 ± 5.8# TPA 0.05 147 27.8 ± 4.7#

N,N-Dimethylformamide (68-12-2) − −
0 (5% Water) 100 0.8 ± 0.8 0 (5% Water) 100 3.2 ± 1.9

100 72 1.7 ± 1.2 100 83 2.8 ± 1.5

200 73 2.5 ± 1.8 200 80 2.2 ± 1.7

500 71 0.8 ± 1.2 500 75 3.5 ± 2.1

1000 (13.7 mM) 70 1.7 ± 0.8 1000 (13.7 mM) 70 2.3 ± 1.9

0 (0.1% DMSO) 100 1.0 ± 1.1 0 (0.1% DMSO) 100 2.5 ± 0.8

MCA 1 48 32.3 ± 4.3# TPA 0.05 152 27.5 ± 4.0#

Eugenol (97-53-0) − −
0 (0.1% DMSO) 100 2.3 ± 0.8 0 (0.1% DMSO) 100 5.0 ± 2.5

20 103 2.3 ± 1.2 5 107 5.5 ± 0.8

25 112 1.8 ± 0.8 10 100 5.3 ± 1.5

32 80 3.0 ± 0.6 25 88 2.8 ± 1.8

40 56 3.3 ± 1.9 35 90 1.5 ± 1.0

50 41 3.5 ± 2.6 50 75 1.3 ± 0.5

60 33 3.7 ± 1.9 100 60 0.5 ± 0.8

80 23 3.3 ± 1.8 TPA 0.05 142 21.3 ± 6.0#

MCA 1 37 23.5 ± 4.1#

HC Blue no. 2 (33229-34-4) − −
0 (5% Water) 100 3.2 ± 1.2 0 (5% Water) 100 9.2 ± 3.2



Author's personal copy

A. Sakai et al. / Mutation Research 702 (2010) 100–122 113

Table 1 (Continued )

Chemicala Initiation assay Promotion assay

Concentration

(�g/mL)

CGb Foci/wellc Judgmentd Concentration

(�g/mL)

CG Foci/well Judgment

30 90 4.3 ± 1.4 75 91 7.8 ± 3.9

70 92 3.2 ± 1.6 150 88 7.8 ± 2.1

100 87 2.7 ± 1.8 300 84 4.7 ± 1.9

200 84 4.0 ± 2.1 500 77 2.3 ± 1.5

400 81 4.3 ± 1.8 750 73 0.2 ± 0.4

700 87 3.8 ± 1.5 1000 78 Toxic

1000 44 Toxic 1250 78 Toxic

0 (0.1% DMSO) 100 3.7 ± 2.6 1500 76 Toxic

MCA 1 49 32.2 ± 4.4# 0 (0.1% DMSO) 100 9.3 ± 2.3

TPA 0.05 143 39.0 ± 5.8#

Hydrocortisone (50-23-7) − −
0 (0.5% DMSO) 100 6.5 ± 1.6 0 (0.5% DMSO) 100 0.8 ± 0.4

1 84 6.8 ± 2.3 3 81 2.8 ± 1.8

10 75 7.0 ± 2.8 10 85 2.5 ± 2.1

50 79 7.2 ± 1.6 25 79 2.7 ± 2.3

100 75 6.5 ± 2.4 50 109 1.7 ± 1.4

150 68 4.3 ± 2.2 100 90 1.2 ± 1.5

300 25 4.2 ± 1.6 250 96 1.0 ± 0.9

500 7 4.2 ± 1.9 500 45 Toxic

0 (0.1% DMSO) 100 3.5 ± 2.1 0 (0.1% DMSO) 100 1.0 ± 0.9

MCA 1 74 30.0 ± 7.5# TPA 0.05 152 10.8 ± 2.8#

d-Mannitol (69-65-8) − −
0 (5% Water) 100 0.5 ± 0.5 0 (5% Water) 100 2.5 ± 1.2

100 105 0.5 ± 0.8 100 112 2.8 ± 1.2

200 101 1.8 ± 1.2 200 107 1.7 ± 1.4

500 101 0.3 ± 0.5 500 108 3.5 ± 1.4

1000 102 0.7 ± 0.5 1000 102 4.0 ± 2.7

2000 (11.0 mM) 103 0.8 ± 0.8 2000 (11.0 mM) 116 2.7 ± 1.2

0 (0.1% DMSO) 100 1.5 ± 0.5 0 (0.1% DMSO) 100 2.8 ± 1.8

MCA 1 42 13.2 ± 3.3# TPA 0.05 227 17.3 ± 3.4#

Methotrexate (59-05-2) − −
0 (5% Water) 100 1.5 ± 2.1 0 (5% Water) 100 2.3 ± 2.3

0.01 88 1.5 ± 1.2 0.0003 96 1.5 ± 1.0

0.03 105 1.5 ± 1.4 0.001 98 0.8 ± 0.8

0.1 94 0.8 ± 0.8 0.003 91 2.5 ± 1.9

0.2 102 0.8 ± 0.8 0.01 102 1.2 ± 1.2

0.5 105 0.7 ± 0.8 0.03 94 1.0 ± 1.5

1 40 0.2 ± 0.4 0.1 84 0.0 ± 0.0

3 44 Toxic 0.3 77 0.0 ± 0.0

0 (0.1% DMSO) 100 1.0 ± 0.6 0 (0.1% DMSO) 100 2.5 ± 1.0

MCA 1 50 17.2 ± 2.9# TPA 0.05 122 12.2 ± 3.3#

1-Naphthylamine (134-32-7) − −
0 (0.1% DMSO) 100 5.5 ± 2.4 0 (0.1% DMSO) 100 5.0 ± 4.1

2.5 100 6.5 ± 2.4 2.5 90 6.0 ± 3.1

5 96 5.7 ± 2.4 5 94 6.3 ± 1.5

10 93 3.8 ± 1.5 10 83 5.2 ± 2.3

20 79 6.8 ± 3.3 20 80 3.5 ± 1.9

30 64 8.5 ± 1.5 30 77 1.0 ± 0.9

50 34 4.5 ± 2.1 50 60 2.2 ± 2.0

70 15 3.0 ± 2.1 100 43 Toxic

100 17 2.8 ± 2.5 TPA 0.05 118 21.8 ± 6.2#

MCA 1 56 34.7 ± 3.5#

Phenanthrene (85-01-8) − −
0 (0.1% DMSO) 100 4.0 ± 3.0 0 (0.1% DMSO) 100 6.2 ± 1.8

10 97 4.5 ± 2.7 2.5 99 5.7 ± 2.8

20 87 4.8 ± 1.9 5 101 7.2 ± 1.9

40 70 4.3 ± 2.0 10 90 8.7 ± 1.9

60 77 4.5 ± 2.9 20 84 8.8 ± 2.9

100 103 5.8 ± 2.4 40 83 7.8 ± 2.7

150 98 4.7 ± 2.4 60 85 2.7 ± 1.5

MCA 1 44 27.8 ± 5.0# TPA 0.05 91 29.7 ± 4.2#

Phenol (108-95-2) − −
0 (5% Water) 100 1.8 ± 1.8 0 (5% Water) 100 3.5 ± 1.4

50 89 2.2 ± 1.6 5 98 2.3 ± 1.2

75 88 1.3 ± 2.0 10 99 1.8 ± 1.5

100 71 1.0 ± 1.5 25 93 1.0 ± 0.6

125 61 3.2 ± 1.3 50 84 0.8 ± 0.8

150 48 1.5 ± 1.0 100 75 1.3 ± 1.0

175 18 1.8 ± 1.0 200 51 0.2 ± 0.4

200 20 1.3 ± 1.2 300 45 Toxic

300 4 2.8 ± 1.2 500 38 Toxic
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Table 1 (Continued )

Chemicala Initiation assay Promotion assay

Concentration

(�g/mL)

CGb Foci/wellc Judgmentd Concentration

(�g/mL)

CG Foci/well Judgment

0 (0.1% DMSO) 100 1.8 ± 1.8 0 (0.1% DMSO) 100 3.2 ± 1.3

MCA 1 42 21.8 ± 3.5# TPA 0.05 120 18.2 ± 3.0#

p-Phenylenediamine

dihydrochloride (624-18-0)

− −

0 (5% Water) 100 2.7 ± 1.6 0 (5% Water) 100 3.8 ± 1.6

1 93 1.2 ± 0.8 0.1 98 4.2 ± 1.7

2.5 95 3.0 ± 1.7 0.25 101 3.7 ± 2.3

5 81 3.8 ± 1.5 0.5 97 3.3 ± 1.4

6 78 2.7 ± 1.5 1 99 5.8 ± 1.5

7 63 2.0 ± 1.3 2.5 89 4.2 ± 2.2

8 49 3.5 ± 1.4 5 77 3.3 ± 1.9

10 26 2.7 ± 2.0 0 (0.1% DMSO) 100 4.2 ± 2.5

20 12 Toxic TPA 0.05 148 26.0 ± 2.1#

0 (0.1% DMSO) 100 5.0 ± 2.3

MCA 1 69 30.3 ± 3.2#

Phthalic anhydride (85-44-9) − −
0 (0.5% Acetone) 100 1.7 ± 1.5 0 (0.5% Acetone) 100 8.8 ± 3.1

100 105 1.5 ± 1.4 1 108 7.8 ± 2.6

150 99 2.8 ± 1.7 2.5 107 6.0 ± 2.9

225 90 1.7 ± 1.0 5 102 9.0 ± 3.9

240 90 1.8 ± 1.0 10 135 7.7 ± 2.6

500 68 1.8 ± 1.5 30 133 6.8 ± 2.2

750 6 0.7 ± 0.8 100 100 7.2 ± 3.4

1200 6 Toxic 300 84 2.8 ± 1.8

0 (0.1% DMSO) 100 3.7 ± 2.4 600 70 0.5 ± 0.5

MCA 1 77 26.0 ± 2.6# 0 (0.1% DMSO) 100 6.5 ± 2.2

TPA 0.05 44 29.3 ± 5.0#

Rotenone (83-79-4) − −
0 (0.1% DMSO) 100 3.2 ± 1.8 0 (0.1% DMSO) 100 5.8 ± 1.5

0.01 96 3.7 ± 2.3 0.0001 110 4.3 ± 3.3

0.03 75 2.7 ± 1.6 0.00025 113 6.7 ± 1.8

0.05 59 3.0 ± 2.5 0.0005 111 3.5 ± 2.1

0.1 22 2.7 ± 1.8 0.001 113 4.8 ± 1.7

0.3 6 Toxic 0.0025 123 2.3 ± 1.0

1 4 Toxic 0.005 130 0.0 ± 0.0

3 0 Toxic 0.01 133 0.0 ± 0.0

MCA 1 51 17.2 ± 4.8# TPA 0.05 147 20.8 ± 2.9#

Sodium chloride (7647-14-5) − −
0 (5% Water) 100 1.3 ± 0.8 0 (5% Water) 100 2.8 ± 1.3

156.3 98 1.3 ± 0.8 156.3 100 2.0 ± 1.1

312.5 100 1.2 ± 1.0 312.5 93 1.7 ± 1.6

625(10.7 mM) 101 2.2 ± 1.5 625 (10.7 mM) 92 2.0 ± 1.9

1250 (21.4 mM) 106 2.0 ± 2.4 1250 (21.4 mM) 90 5.2 ± 1.5

0 (0.1% DMSO) 100 1.7 ± 2.7 0 (0.1% DMSO) 100 3.8 ± 1.8

MCA 1 43 25.2 ± 2.8# TPA 0.05 140 17.5 ± 4.1#

Sodium nitrite (7632-00-0) − −
0 (5% Water) 100 1.5 ± 1.0 0 (5% Water) 100 2.7 ± 1.0

200 91 3.2 ± 1.6 25 98 4.2 ± 1.5

300 96 2.5 ± 1.9 50 108 3.0 ± 1.5

500 76 2.8 ± 1.5 100 105 2.2 ± 2.1

700 (10.1 mM) 46 3.5 ± 1.0 150 108 2.5 ± 1.0

1000 (14.5 mM) 20 2.3 ± 0.8 200 120 1.5 ± 1.2

0 (0.1% DMSO) 100 1.3 ± 1.0 300 93 0.5 ± 0.8

MCA 1 49 32.5 ± 2.5# 500 95 0.2 ± 0.4

0 (0.1% DMSO) 100 2.8 ± 1.5

TPA 0.05 144 13.7 ± 2.4#

Sunset yellow FCF (2783-94-0) − −
0 (5% Water) 100 2.5 ± 0.8 0 (5% Water) 100 3.3 ± 2.8

100 91 2.7 ± 1.2 250 98 4.5 ± 1.9

160 95 2.5 ± 1.6 400 93 4.0 ± 2.2

250 91 1.7 ± 1.4 630 93 3.3 ± 3.3

400 98 1.2 ± 1.2 1000 89 3.5 ± 2.6

630 109 0.8 ± 0.4 2000 82 3.7 ± 1.8

1000 109 1.3 ± 1.4 3000 85 2.2 ± 1.3

2000 51 3.2 ± 1.3 5000 (11.1 mM) 75 1.5 ± 1.4

0 (0.1% DMSO) 100 3.0 ± 1.5 0 (0.1% DMSO) 100 3.8 ± 2.5

MCA 1 60 24.7 ± 7.0# TPA 0.05 131 19.2 ± 2.6#

Thiabendazole (148-79-8) − −
0 (0.1% DMSO) 100 1.2 ± 1.2 0 (0.1% DMSO) 100 5.0 ± 1.3

10 107 1.8 ± 1.2 1 109 2.8 ± 2.8

14 81 1.3 ± 0.5 3 102 3.5 ± 2.5
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Table 1 (Continued )

Chemicala Initiation assay Promotion assay

Concentration

(�g/mL)

CGb Foci/wellc Judgmentd Concentration

(�g/mL)

CG Foci/well Judgment

19 83 2.2 ± 1.9 5 101 5.5 ± 2.6

27 82 2.8 ± 2.9 10 98 2.8 ± 1.5

37 82 1.3 ± 2.0 50 83 0.0 ± 0.0

50 76 3.8 ± 2.6 100 72 Toxic

75 36 3.7 ± 2.3 500 73 Toxic

MCA 1 68 18.7 ± 3.9# TPA 0.05 139 19.5 ± 6.0#

m-Toluidine (108-44-1) − −
0 (0.1% DMSO) 100 2.0 ± 1.3 0 (0.1% DMSO) 100 7.0 ± 2.2

100 104 2.7 ± 1.4 100 74 5.3 ± 2.3

200 96 2.3 ± 2.0 200 67 3.0 ± 2.8

300 87 2.8 ± 1.6 300 54 5.0 ± 2.1

400 54 2.2 ± 1.5 400 60 5.2 ± 2.1

500 63 2.8 ± 1.2 500 44 2.8 ± 0.4

600 40 2.7 ± 1.6 600 60 5.0 ± 1.7

800 33 2.0 ± 1.4 700 63 2.2 ± 2.0

MCA 1 45 25.3 ± 4.0# TPA 0.05 107 22.5 ± 4.7#

Triphenyltin hydroxide (76-87-9) − −
0 (0.1% DMSO) 100 4.2 ± 1.9 0 (0.1% DMSO) 100 5.7 ± 2.4

0.01 88 2.2 ± 1.6 0.001 138 6.2 ± 1.9

0.015 88 2.0 ± 1.8 0.003 131 3.5 ± 1.6

0.017 82 3.0 ± 1.3 0.005 137 4.5 ± 1.9

0.02 72 1.7 ± 1.5 0.01 131 4.3 ± 0.8

0.023 49 1.2 ± 1.2 0.03 119 5.3 ± 2.2

0.025 10 1.7 ± 1.9 0.07 117 Toxic

0.03 5 0.8 ± 1.2 0.08 64 Toxic

0.04 5 Toxic TPA 0.05 153 31.8 ± 3.3#

MCA 1 43 32.8 ± 6.5#

Barium chloride dihydrate

(10326-27-9)

− +

0 (5% Water) 100 5.3 ± 1.9 0 (5% Water) 100 3.5 ± 2.2

500 45 5.7 ± 3.6 100 114 4.7 ± 2.1

600 37 6.5 ± 2.1 300 132 9.8 ± 0.8*

700 42 2.8 ± 2.7 500 144 10.0 ± 2.4*

1000 27 4.3 ± 1.0 1000 120 6.3 ± 2.7

1500 25 3.2 ± 1.9 2000 83 11.7 ± 3.7*

3000 (12.3 mM) 12 5.8 ± 3.7 2500 (10.2 mM) 67 11.8 ± 2.9*

0 (0.1% DMSO) 100 5.3 ± 3.2 0 (0.1% DMSO) 100 3.3 ± 1.8

MCA 1 72 32.0 ± 2.4# TPA 0.05 144 32.7 ± 4.8#

tert-Butylhydroquinone

(1948-33-0)

− +

0 (0.1% DMSO) 100 1.2 ± 1.0 0 (0.1% DMSO) 100 8.3 ± 2.4

0.1 96 0.8 ± 0.8 1 102 12.0 ± 2.8

0.3 92 1.5 ± 0.8 2 95 24.5 ± 5.0*

0.7 91 1.8 ± 1.2 3 104 38.7 ± 2.7*

1 95 0.5 ± 0.5 4 130 49.7 ± 5.2*

1.3 91 1.0 ± 1.3 5 138 33.0 ± 4.1*

1.7 66 0.5 ± 0.5 6 130 17.8 ± 3.9*

2 26 0.5 ± 0.5 8 79 Toxic

MCA 1 46 17.8 ± 4.4# TPA 0.05 140 27.3 ± 4.0#

8-Hydroxyquinoline (148-24-3) − +

0 (0.1% DMSO) 100 6.3 ± 3.3 0 (0.1% DMSO) 100 7.2 ± 1.8

0.03 100 6.5 ± 1.5 0.3 98 5.3 ± 2.7

0.06 101 6.8 ± 2.6 1 105 10.2 ± 2.5

0.09 103 7.8 ± 3.9 2 106 17.2 ± 2.3*

0.12 104 5.3 ± 3.0 3 123 20.7 ± 3.4*

0.15 102 4.5 ± 2.0 5 131 21.3 ± 3.6*

0.18 112 4.3 ± 1.2 7 67 Toxic

0.21 113 4.3 ± 1.6 9 85 Toxic

0.24 49 2.8 ± 1.2 11 55 Toxic

0.28 72 8.3 ± 3.6 13 35 Toxic

MCA 1 76 41.5 ± 2.8# TPA 0.05 136 23.0 ± 3.4#

Propyl gallate (121-79-9) + +

0 (0.1% DMSO) 100 0.8 ± 1.3 0 (0.1% DMSO) 100 6.2 ± 2.2

1 71 3.2 ± 1.5* 0.5 98 7.5 ± 1.9

1.25 32 3.3 ± 1.4* 0.8 98 9.0 ± 3.6

1.5 17 3.5 ± 1.4* 1.3 91 9.3 ± 2.7

1.75 7 2.3 ± 1.2 2 83 13.8 ± 6.1*

2 5 3.0 ± 1.7 3 80 13.8 ± 2.4*

2.25 3 1.5 ± 1.8 5 64 19.0 ± 7.0*

2.5 2 1.2 ± 1.0 7.5 26 Toxic

MCA 1 50 11.0 ± 0.6# 10 16 Toxic
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Chemicala Initiation assay Promotion assay

Concentration

(�g/mL)

CGb Foci/wellc Judgmentd Concentration

(�g/mL)

CG Foci/well Judgment

TPA 0.05 120 25.0 ± 3.6#

Sodium fluoride (7681-49-4) − +

0 (5% Water) 100 1.8 ± 2.8 0 (5% Water) 100 5.0 ± 2.2

4 107 1.8 ± 1.6 18 120 7.5 ± 1.2

6.2 105 0.7 ± 0.5 24 149 10.8 ± 2.6*

10 112 1.0 ± 0.9 32 221 13.3 ± 1.5*

16 98 1.3 ± 1.2 42 223 8.5 ± 2.3*

25 92 2.0 ± 1.4 56 128 0.8 ± 0.8

40 13 1.2 ± 1.6 75 76 Toxic

62 0 0.5 ± 0.8 100 47 Toxic

100 0 0.0 ± 0.0 0 (0.1% DMSO) 100 4.0 ± 1.7

0 (0.1% DMSO) 100 3.2 ± 1.5 TPA 0.05 143 14.7 ± 1.9#

MCA 1 42 25.5 ± 2.6#

Tetracycline hydrochloride

(64-75-5)

− +

0 (5% Water) 100 1.5 ± 2.3 0 (5% Water) 100 3.7 ± 2.1

5 107 1.3 ± 1.4 5 101 8.2 ± 2.0*

10 104 2.5 ± 1.9 10 117 11.3 ± 4.5*

15 113 1.3 ± 1.0 15 121 5.7 ± 1.2

20 110 2.3 ± 1.2 20 130 3.3 ± 1.5

25 101 3.3 ± 2.6 25 129 8.3 ± 2.1*

40 29 2.3 ± 2.1 40 107 25.3 ± 4.0*

50 7 3.0 ± 1.5 50 61 1.0 ± 1.3

60 3 3.2 ± 1.2 60 36 0.0 ± 0.0

0 (0.1% DMSO) 100 1.5 ± 1.4 0 (0.1% DMSO) 100 5.7 ± 1.8

MCA 1 49 26.3 ± 3.3# TPA 0.05 145 32.2 ± 3.1#

Chemicals of unknown carcinogenicity

Sodium valproate (1069-66-5) + +

0 (5% Water) 100 2.2 ± 0.8 0 (5% Water) 100 2.8 ± 2.5

50 123 2.5 ± 1.4 6 141 12.8 ± 5.5*

100 102 5.0 ± 2.5 10 161 23.0 ± 4.6*

150 62 6.2 ± 1.7* 25 183 29.5 ± 2.0*

200 37 5.5 ± 2.4* 50 228 9.7 ± 2.1*

250 22 5.3 ± 1.2* 100 206 0.8 ± 0.8

300 12 5.2 ± 2.4* 200 164 0.0 ± 0.0

400 7 3.8 ± 1.6 500 83 Toxic

0 (0.1% DMSO) 100 2.5 ± 2.4 0 (0.1% DMSO) 100 5.7 ± 1.6

MCA 1 55 18.8 ± 2.6# TPA 0.05 138 20.3 ± 5.5#

Valproic acid (99-66-1) + +

0 (0.1% DMSO) 100 2.3 ± 1.9 0 (0.1% DMSO) 100 4.8 ± 1.5

25 118 3.7 ± 0.5 3.125 107 10.3 ± 4.9*

50 119 5.0 ± 2.3 6.25 119 15.7 ± 2.7*

75 104 6.8 ± 1.5* 12.5 138 28.7 ± 1.6*

100 80 6.0 ± 1.7* 25 169 24.8 ± 4.1*

140 47 5.7 ± 2.9* 50 193 9.5 ± 2.1*

200 21 5.5 ± 2.7 100 161 0.2 ± 0.4

300 11 3.3 ± 2.2 200 125 0.0 ± 0.0

MCA 1 43 20.3 ± 3.1# TPA 0.05 146 22.7 ± 2.3#

2,3-Diaminotoluene (2687-25-4) − +

0 (0.1% DMSO) 100 1.8 ± 1.3 0 (0.1% DMSO) 100 3.8 ± 2.7

3 83 3.3 ± 1.8 5 90 14.0 ± 2.6*

5 78 3.5 ± 2.5 7 98 12.2 ± 1.9*

7 75 4.7 ± 1.0 15 133 11.5 ± 4.8*

15 58 4.2 ± 2.4 20 133 9.5 ± 2.9*

20 47 3.8 ± 1.8 30 134 2.5 ± 3.0

30 34 4.2 ± 2.1 50 118 Toxic

50 4 0.8 ± 0.8 100 64 Toxic

MCA 1 47 11.2 ± 1.9# TPA 0.05 153 12.7 ± 3.6#

2,5-Diaminotoluene

dihydrochloride (615-45-2)

− +

0 (5% Water) 100 2.7 ± 1.0 0 (5% Water) 100 1.3 ± 1.0

1 98 3.5 ± 1.6 1 92 3.7 ± 2.2

2.5 96 2.7 ± 2.0 5 79 4.8 ± 2.8

4 100 3.7 ± 0.8 10 77 10.2 ± 2.1*

5.5 90 3.8 ± 4.3 15 76 15.0 ± 0.9*

7 95 2.7 ± 2.3 20 77 16.7 ± 3.5*

8.5 86 4.2 ± 0.8 25 81 16.2 ± 4.5*

10 79 3.2 ± 2.0 30 80 17.2 ± 2.8*

11.5 84 4.0 ± 1.1 35 87 17.3 ± 4.4*

13 76 3.7 ± 1.4 40 87 15.2 ± 3.5*

0 (0.1% DMSO) 100 3.2 ± 1.8 0 (0.1% DMSO) 100 4.5 ± 1.9
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Table 1 (Continued )

Chemicala Initiation assay Promotion assay

Concentration

(�g/mL)

CGb Foci/wellc Judgmentd Concentration

(�g/mL)

CG Foci/well Judgment

MCA 1 50 25.5 ± 3.8# TPA 0.05 152 10.3 ± 2.4#

3,4-Diaminotoluene (496-72-0) − +

0 (5% Water) 100 0.7 ± 0.5 0 (5% Water) 100 4.0 ± 2.0

1 88 1.2 ± 1.3 0.3 91 3.5 ± 2.9

2.5 88 0.8 ± 0.8 1 80 5.3 ± 2.7

7.5 65 1.7 ± 1.2 2.5 73 11.7 ± 4.8*

10 46 1.8 ± 1.2 5 61 15.0 ± 4.4*

13.5 30 0.5 ± 0.8 10 49 19.7 ± 1.4*

15 25 1.5 ± 0.5 20 38 1.3 ± 1.4

17.5 17 1.7 ± 1.6 30 32 Toxic

20 14 0.8 ± 1.2 0 (0.1% DMSO) 100 3.7 ± 2.0

0 (0.1% DMSO) 100 1.5 ± 1.6 TPA 0.05 120 25.7 ± 5.0#

MCA 1 47 21.7 ± 4.5#

Sodium orthovanadate

(13721-39-6)

− +

0 (5% Water) 100 1.8 ± 2.8 0 (5% Water) 100 1.5 ± 0.8

0.01 95 1.0 ± 0.9 0.022 95 2.0 ± 2.3

0.022 95 1.3 ± 0.5 0.046 96 2.5 ± 1.6

0.046 92 0.8 ± 1.2 0.1 106 2.0 ± 1.3

0.1 92 0.5 ± 0.5 0.22 138 3.3 ± 0.8

0.22 110 0.8 ± 0.8 0.46 226 12.0 ± 4.7*

0.46 107 0.5 ± 0.5 1 403 15.5 ± 4.3*

1 40 0.2 ± 0.4 2.2 473 7.8 ± 2.9*

2.2 0 0.2 ± 0.4 4.6 249 Toxic

0 (0.1% DMSO) 100 3.2 ± 1.5 0 (0.1% DMSO) 100 2.3 ± 1.8

MCA 1 42 25.5 ± 2.6# TPA 0.05 227 9.2 ± 3.3#

Capsaicin (404-86-4) − −
0 (0.1% DMSO) 100 0.5 ± 0.5 0 (0.1% DMSO) 100 2.0 ± 1.7

10 108 0.3 ± 0.8 1 82 1.8 ± 0.8

30 103 1.2 ± 1.2 5 95 2.7 ± 1.0

50 76 0.7 ± 0.8 10 109 2.2 ± 1.2

53 68 0.7 ± 1.0 20 100 2.0 ± 1.1

57 67 0.8 ± 0.8 25 95 2.0 ± 1.7

60 38 0.7 ± 0.8 30 90 1.2 ± 1.2

MCA 1 45 13.8 ± 3.5# TPA 0.05 131 10.0 ± 2.2#

Ethidium bromide (1239-45-8) − −
0 (5% Water) 100 2.8 ± 1.5 0 (5% Water) 100 3.5 ± 1.8

0.01 97 1.0 ± 1.1 0.0001 92 3.2 ± 2.0

0.03 103 1.2 ± 1.2 0.0003 101 4.0 ± 3.0

0.1 112 1.2 ± 1.0 0.001 101 3.7 ± 1.2

0.3 96 2.3 ± 1.2 0.003 106 1.8 ± 0.8

1 83 1.0 ± 0.6 0.01 100 0.0 ± 0.0

3 73 Toxic 0.03 113 0.0 ± 0.0

10 36 Toxic 0.1 104 Toxic

15 13 Toxic 0 (0.1% DMSO) 100 3.2 ± 1.8

30 1 Toxic TPA 0.05 176 26.5 ± 3.9#

0 (0.1% DMSO) 100 2.2 ± 1.3

MCA 1 60 27.5 ± 2.4#

Salicylic acid (69-72-7) − −
0 (0.1% DMSO) 100 3.5 ± 1.4 0 (0.1% DMSO) 100 6.7 ± 1.5

100 117 3.2 ± 2.6 50 96 5.3 ± 2.3

200 119 1.0 ± 1.3 100 94 7.7 ± 2.3

250 120 1.8 ± 1.3 200 86 7.5 ± 2.1

300 128 0.5 ± 0.5 300 85 6.0 ± 2.4

400 103 2.2 ± 0.8 400 75 4.5 ± 1.5

600 67 1.3 ± 1.4 600 83 6.8 ± 2.1

800 27 0.3 ± 0.5 800 80 3.3 ± 2.2

MCA 1 63 30.5 ± 7.6# TPA 0.05 211 28.7 ± 6.0#

a CAS registry number in parentheses.
b % of cell growth compared to that of solvent control.
c Average number of transformed foci/well ± SD.
d Positive or negative call for the test chemical based on the assay data presented.
e Solvent control: final solvent concentration of the working culture media in parentheses.
f Positive control in the initiation assay.
g Positive control in the promotion assay.
h Solvent control for the positive control (MCA in the initiation assay or TPA in the promotion assay).
* p < 0.05; Dunnett test, vs solvent control.
# p < 0.05; t-test, vs DMSO (the solvent of MCA and TPA).
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Table 2
The performance of Bhas 42 cell transformation assay for the prediction of chemical carcinogenicity.

In vivo carcinogenicity Total

Carcinogen Non-carcinogen

(a) Contingency table of the results in the Bhas 42 cell transformation assay (b) Performance

Bhas 42 cell transformation assay + 38 6 44 Concordance 78%

− 14 31 45 Sensitivity 73

Total 52 37 89 Specificity 84

Positive predictivity 86

Negative predictivity 69

False negative 27

False positive 16

week till day 21 (Fig. 1). Each assay was conducted including TPA (0.05 �g/mL) as

the positive control and 0.1% DMSO as its negative control.

2.3.3. Counting of transformed foci and statistical analysis

The transformed foci were judged on the basis of the morphological char-

acteristics: (a) more than 100 cells, (b) spindle-shaped cells different from the

contact-inhibited monolayer cells, (c) deep basophilic staining, (d) random orien-

tation of cells at the edge of foci, (e) dense multilayering of cells and (f) invasive

growth into the monolayer of surrounding contact-inhibited cells. The number of

transformed foci in every well was recorded and a statistical analysis for the increase

of the transformed foci was performed by multiple comparison using the Dunnett

method (p < 0.05).

2.4. Cell growth assay

The cell growth assays, using a crystal violet (CV) staining method, were per-

formed prior to the transformation assays to determine the doses applicable to the

Bhas 42 cell transformation, and also concurrently with every transformation assay

(every initiation and promotion assay) to estimate the effect of each treatment on

the cell growth and survival. The cells were seeded and treated with a chemical in

the same manner as in the initiation assay or in the promotion assay. Three wells

were prepared for each test concentration. The cultures were fixed with 10% forma-

lin on day 7 and stained with a 0.1% CV solution. CV was extracted from the stained

cells with 50% ethanol containing 0.03 M sodium citrate and 0.02 M hydrochloric

acid. The optical density of extract was measured at 540 nm. The survival rate of

cells treated with a chemical was expressed as a percentage of the control cells.

2.5. Dose setting for transformation assays

Five or more concentrations were set up based on the results of cell growth

assays.

In the initiation assay, the concentrations were determined to cover a range

from little or no toxicity to the highest toxicity (less than 20% survival compared to

the control cultures). In practice, one dose below NOEL, two doses between NOEL

and IC50 and two doses between IC50 and IC90 were arranged, at least.

In the promotion assay, the test concentrations were selected to cover a range

from little effect on cell growth to growth enhancement, for the chemicals that

exhibited marked growth enhancement. In practice, one dose below NOEL, three

doses in the range of growth enhancement and one dose in the range of weak growth

inhibition were arranged, at least. For the chemicals that did not induce marked

growth enhancement, the test concentrations were selected to range from a dose

two or three levels lower than the no-effect concentration to that showing a survival

less than 50%. In practice, two doses below NOEL, two doses between NOEL and IC50

and one dose above IC50 were arranged, at least.

For a chemical which caused a sharp decline of cell growth within a narrow

concentration range, one or two more doses outside the predicted concentration

range were set up as a precaution against the fluctuation of cell response among

experiments. For compounds with little cytotoxicity, the highest concentration was

5 mg/mL or 10 mM, whichever was the lowest.

3. Results

The individual results of 98 chemicals in the Bhas 42 cell trans-

formation assay are presented in Table 1. The tested chemicals are

listed being classified into carcinogens, non-carcinogens and chem-

icals of unknown carcinogenicity according to the existing data of

rodent in vivo carcinogenicity and human epidemiology. Tumor

promoters are assorted into carcinogens. The bases of classifica-

tion are shown in the footnote of Table 3. The results in the Bhas 42

cell transformation assays were judged positive when there existed

two or more doses that induced statistically significant increases

of transformed foci, and negative when there was no dose showing

statistically significant increase of foci. When the statistically sig-

nificant increase was at only one dose, the assay result was regarded

as equivocal, and then the initiation or promotion assay together

with the concomitant cell growth assay was repeated including the

positive dose in the first assay. The chemical was judged to be pos-

itive, when the chemical again statistically significantly increased

the number of transformed foci at one or more concentrations in the

second assay (Cyclosporin A and Dichlorvos). As a rule, the assays

were carried out at the concentrations less than 5 mg/mL or 10 mM,

whichever was the lowest, when the test chemical did not cause cell

growth inhibition or enhancement. In Table 1 the molar concentra-

tions are indicated in the parentheses for the concentrations that

are equal to 10 mM or exceptionally exceed 10 mM.

Among the 52 tested carcinogens, 2-acetylaminofluorene,

benz[a]anthracene and phorbol 12,13-didecanoate were judged

positive both in the initiation assay and in the promotion

assay. IQ, 5-azacytidine, barium chromate, benzo[a]pyrene,

cyclophosphamide, cyclosporin A, 2,4-diaminotoluene,

dibenz[a,h]anthracene, melphalan, MCA, mitomycin C, MNNG,

sterigmatocystin and thio-TEPA were called positive in the

initiation assay. Cadmium chloride, chenodeoxycholic acid,

4-chloro-o-toluidine hydrochloride, cholic acid, deoxycholic

acid, dichlorvos, epichlorohydrin, d-limonene, lithocholic acid,

methapyrilene hydrochloride, methylarsonic acid, mezerein,

2-naphthylamine, quercetin, sodium arsenate, sodium arsen-

ite, sodium saccharin, styrene oxide, TPA, o-toluidine and zinc

chloride were positive in the promotion assay. However, o-

anisidine, benzene, cobalt sulfate heptahydrate, diethylstilbestrol,

dimethylarsinic acid, 1,4-dioxane, ethyl carbamate, formaldehyde,

furylfuramide, methyl carbamate, nickel (II) chloride, nickel

monooxide, phenobarbital sodium salt and p-toluidine were

negative in either assay.

Out of the 37 non-carcinogens, 4-acetylaminofluorene, acid red

14, ampicillin sodium salt, anthracene, l-ascorbic acid, aspartame,

benzoin, caffeine, caprolactam, 2-chloroethanol, chromium (III)

chloride, 2,6-diaminotoluene, diazepam, N,N-dimethylformamide,

eugenol, HC blue no. 2, hydrocortisone, d-mannitol, methotrex-

ate, 1-naphthylamine, phenanthrene, phenol, p-phenylenediamine

dihydrochloride, phthalic anhydride, rotenone, sodium chloride,

sodium nitrite, sunset yellow FCF, thiabendazole, m-toluidine and

triphenyltin hydroxide were judged negative both in the initia-

tion assay and in the promotion assay. However, barium chloride

dihydrate, tert-butylhydroquinone, 8-hydroxyquinoline, sodium

fluoride and tetracycline hydrochloride were positive in the pro-

motion assay, and propyl gallate was positive both in the initiation

and in the promotion assay.

The number of chemicals of unknown carcinogenicity was

9. Valproic acid and sodium valproate were positive in both

assays. 2,3-Diaminotoluene, 2,5-diaminotoluene dihydrochloride,
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Table 3
Comparison of results in the Bhas 42 cell transformation assay with those in genotoxicity assays.

Chemical Bases of classificationa Bhas 42 CTAb Amesc,d MLc,e Chrom. Ab.c, f MNc,g

Initiation Promotion In vitro In vivo

Carcinogens

2-Acetylaminofluorene TA#31h + + + +,+,+ + + +

Benz[a]anthracene TA#31 + + +,+,+ +,+,+,+/− +/− +/− +

IQ TA#31 + − + −(CCRISi)

5-Azacytidine TA#31 + − +,+/− +,+,+,+ +,+/− +

Barium chromate TA#31 + − −
Benzo[a]pyrene TA#31 + − +,+ +,+,+ + + +

Cyclophosphamide TA#31 + − +,+/−,+/− +,+,+,+ +,+ +,+/− +,+,+

Cyclosporin A TA#31 + − − −
2,4-Diaminotoluene TA#31 + − +,+ + + −
Dibenz[a,h]anthracene TA#31 + − +,+/−,+ +,+ +

Melphalan TA#31 + − +,+,+,+/− + +,+ + +

MCA TA#31 + − +,+ + −,−
Mitomycin C TA#31 + − +(CCRIS) +,+ +,+ +,+,+ +,+,+

MNNG TA#31 + − +,+ +,+ +/− +

Sterigmatocystin IARCj + − +(CCRIS) +(CCRIS)

Thio-TEPA TA#31 + − + + + +

Cadmium chloride TA#31 − + −,− + +,− −
Chenodeoxycholic acid Origk, TPl,m − + −/+(CCRIS)

4-Chloro-o-toluidine HCl TA#31 − + − + +wn

Cholic acid TA#31, TP − + +/−
Deoxycholic acid CCRIS, TP − + −/+(CCRIS)

Dichlorvos TA#31 − +w +,+ +,+,+ + −,− −
Epichlorohydrin TA#31 − + +,+,+/− +,+ +,+/− +,+/− −
d-Limonene NTP(347)o − + −,− −,+ −
Lithocholic acid Orig., TPp − + −,− +/−,+/− −
Methapyrilene HCl TA#31 − + − −,+,+/− +

Methylarsonic acid Review, TPq − + −(Orig.r) +(CCRIS) + (Orig.r) +(CCRIS)

Mezerein TA#31, TP − + −,−
2-Naphthylamine TA#31 ± + +,+,+/−,+,+/− +,+,+ +,+ −,+,−,+

Phorbol 12,13-didecanoate CCRIS, TP + +

Quercetin TA#31 − + +,+,+/−,+/− + +,+ + +,+

Sodium arsenate TA#31 − + −(CCRIS) −(CCRIS) −
Sodium arsenite TA#31 ± + − +,+ +

Sodium saccharin TA#31 − + −,−
Styrene oxide TA#31 − + +,+,+/−,+/− +,+,+ + +/− −
TPA TA#31, TP ± + −
o-Toluidine TA#31 − + +,− +,−,+/−,+/− +,+/− +/−,−
Zinc chloride TA#31, TP − + + −
o-Anisidine TA#31 − − + +,+,+ +

Benzene TA#31 − − − −,+,+/−,+/− −,+,+ +,+ +,+

Cobalt sulfate TA#31 − − +w

Diethylstilbestrol TA#31 − − −,−,−,− +,+,+/−,+/− +,+/− + +/−,+,−
Dimethylarsinic acid CCRIS − − −(CCRIS) +(CCRIS) +(Orig.r) +(Reviwq) +/−(CCRIS)

1,4-Dioxane TA#31 − − −,− −,− − −
Ethyl carbamate TA#31 − − +/−,−,− − −,+ +,+

Formaldehyde TA#31 − − +,+/−,+/− + +,+ +/− +/−
Furylfuramide TA#31 − − +,+,+ +,+ +

Methyl carbamate TA#31 − − −,−,− −,− − −
Nickel (II) chloride TA#31 − − − + + + −
Nickel monooxide TA#31 − − − −
Phenobarbital sodium TA#31 − − −,+/−
p-Toluidine Orig.s − − −(CCRIS)

Non-carcinogens

4-Acetylaminofluorene TA#31 − − + +/−,+,+/− − −
Acid red 14 TA#31 − − −,− −,− − −
Ampicillin TA#31 − − −,− −,− −
Anthracene TA#31 − − +w, −,+/− +,+,+,+/− −
l-Ascorbic acid TA#31 − − +w/−,− − + +

Aspartame CCRIS − − −(NTP)t −(NTP)t

Benzoin TA#31 − − +w/−,+/− +,−,+/− − − −
Caffeine TA#31 − − −,−,− + +

Caprolactam TA#31 − − −,− −,−,−,− − − −,−
2-Chloroethanol TA#31 − − +,+,+/− +,+ + − −
Chromium(III) Chloride TA#31 − − − + −
2,6-Diaminotoluene TA#31 − − +

Diazepam TA#31 − − −,− −
N,N-Dimethylformamide TA#31 − − −,− +/−,−,−,+/− −
Eugenol TA#31 − − − +,+,+ + −,+

HC Blue 2 TA#31 − − + +,+ − −
Hydrocortisone TA#31 − − +

d-Mannitol TA#31 − − −,− −,− − − −
Methotrexate TA#31 − − − +,+ + + +
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tive or discordant in the Ames test. They are barium chromate,

cyclosporin A, cadmium chloride, chenodeoxycholic acid, 4-

chloro-o-toluidine hydrochloride, cholic acid, deoxycholic acid, d-

limonene, lithocholic acid, methapyrilene hydrochloride, methyl-

arsonic acid, mezerein, sodium arsenate, sodium arsenite, sodium

saccharin, TPA and o-toluidine. The Ames-negative and Ames-

discordant carcinogens except barium chromate and cyclosporin

A were judged positive in the promotion assay. They included

TPA and mezerein which are typical tumor promoters in mouse

skin [19,20], bile acids which are regarded as endogenous tumor

promoters [21–23] and sodium saccharin which has been demon-

strated to be a promoter of bladder carcinogenesis in rats [24].

Phorbol 12,13-didecanoate that was positive in the promotion

assay is also a tumor promoter in mouse skin [25,26]. However,

we did not underline it in Table 3 because of the absence of pub-

lished data in the Ames test and the other genotoxicity tests. In

the previous papers, other tumor promoters such as okadaic acid

[11,16,27], o,p′-dichlorodiphenyltrichloroethane (o,p′-DDT) [11],

p,p′-dichlorodiphenyl trichloroethane (p,p′-DDT) [11], fumonisin

B1 [28] and T-2 toxin [28] were also reported to be positive in

the promotion assay of Bhas 42 cell transformation. These facts

indicated that the promotion assay of Bhas 42 cell transformation

detected known tumor promoters and suggested that the Bhas 42

cells behaved as initiated cells in the transformation assay. In this

paper, arsenate and arsenite were judged positive in the promo-

tion assay. Inorganic arsenics have epidemiologically been defined

to be carcinogenic in the bladder, lung and skin of human and

found to increase cancer incidence in various experimental animal

models [29]. However, their mutagenicity is negative in bacteria

and weekly positive in mammalian cells in vitro, though they have

been reported to induce chromosomal aberrations, aneuploidy and

micronuclei formation [29–31]. Thus, the Bhas 42 cell transforma-

tion assay can detect a considerable number of the carcinogens

that are negative or difficult to be detected in the conventional

genotoxicity assays. The carcinogens escaping scrutiny from in vitro

screening would be diminished in number if the Bhas 42 cell trans-

formation assay is performed in addition to genotoxicity assays

to predict chemical carcinogenicity. Incidentally, we have demon-

strated that the Bhas 42 cells retain the transfected v-Ha-ras gene

and express its mRNA at the same level as c-Ha-ras mRNA (in prepa-

ration for publication). Our presumption is that the expression of

transfected active oncogene is involved in the high sensitivity of

Bhas 42 cells to the non-genotoxic carcinogens in transformation.

According to a review paper [5], the performance indices of

the Ames, mouse lymphoma, in vitro and in vivo chromosomal

aberration and micronucleus assays to predict rodent carcinogenic-

ity of chemicals are as follows: concordance, 52–72%; sensitivity,

39.5–86%; specificity, 26–79%; positive predictivity, 76.5–83%; neg-

ative predictivity, 27–45%; false negative, 14–60.5%; false positive,

21–74%. As compared to those values, the concordance, specificity,

negative predictivity and false positive of Bhas 42 cell transfor-

mation assay were superior and the other performances were

equivalent to those of genotoxicity assays. It must be mentioned,

however, that the chemical sets used for the calculation of per-

formances are different between the Bhas 42 cell transformation

assay in the present paper and the genotoxicity assays in the review

paper.

The inorganic compounds tested in this study were 13 in all.

This number may not be enough to evaluate the performance of

Bhas 42 cell transformation assay for the prediction of carcino-

genicity of inorganic compounds. When we dared to calculate the

performances for inorganic chemicals, the concordance, sensitivity,

specificity, positive predictivity, negative predictivity, false neg-

ative and false positive were 62%, 63%, 60%, 71%, 50%, 38% and

40%, respectively (the contingency and performance tables are not

shown). The organic carcinogens and non-carcinogens tested were

76 in total. For the organic chemicals, the concordance, sensitivity,

specificity, positive predictivity, negative predictivity, false neg-

ative and false positive were 80%, 75%, 88%, 89%, 72%, 25% and

13%, respectively (the contingency and performance tables are not

shown). The Bhas 42 cell transformation assay may predict the car-

cinogenicity of inorganic chemicals with a little lower probability

than that of organic chemicals.

The Bhas 42 cell transformation assay judged diethylstilbestrol

negative in the present study, and also called estradiol and zear-

alenone as negative in the previous reports [11,27,28]. This assay

may be insensitive to carcinogenicity of female sex hormones.

Progesterone, a corpus luteum hormone, has been reported to be

positive in the promotion assay [11].

The Bhas 42 cell transformation could detect a considerable

number of Ames-negative or Ames-discordant carcinogens. Its per-

formances to predict the carcinogenicity of chemicals are superior

or equivalent to those of genotoxicity assays. As shown in Table 3,

any of the genotoxicity assays is not perfect to predict the carcino-

genicity of chemicals. We consider that the carcinogens escaping

from in vitro screening would be reduced in number and the accu-

racy of prediction for chemical carcinogenicity would be improved

by introducing the Bhas 42 cell transformation into the battery of

in vitro assays.
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Table 3 (Continued )

Chemical Bases of classificationa Bhas 42 CTAb Amesc,d MLc,e Chrom. Ab.c, f MNc,g

Initiation Promotion In vitro In vivo

1-Naphthylamine TA#31 − − +,+,+/− +,+/− +,+

Phenanthrene TA#31 − − +w,−,+/− −
Phenol TA#31 − − − +,+,+ +,+ + +

p-Phenylenediamine 2HCl TA#31 − − + +,eq.u,+ +

Phthalic anhydride TA#31 − − −,− + −
Rotenone TA#31 − − − + + +

Sodium chloride TA#31 − − − +/−
Sodium nitrite Orig.v,NTP(495) − − +,+ + + + −,+,+

Sunset yellow FCF TA#31 − − − +,− − − −
Thiabendazole TA#31 − − + +

m-Toluidine Orig.s − − −(CCRIS)

Triphenyltin hydroxide TA#31 − − −,− + −
Barium chloride TA#31 − + −,− + −
tert-Butylhydroquinone TA#31 − + −,− + − −
8-Hydroxyquinoline TA#31 − + +,+ +,+ +w − −
Propyl gallate TA#31 + + −,− +,+ + + +/−
Sodium fluoride TA#31 − + −,− +,+,+ +/− − −,+

Tetracycline HCl TA#31 − + −,− −,+/− −
Chemicals of unknown carcinogenicity

Sodium valproate + +

Valproic acid + + +/−(human)Orig.w

2,3-Diaminotoluene − + +(CCRIS)

2,5-Diaminotoluene 2HCl − +

3,4-Diaminotoluene − + +(CCRIS)

Sodium orthovanadate − + −(CCRIS)

Capsaicin − − +/−(CCRIS) +(CCRIS) −(CCRIS) −(CCRIS)

Ethidium bromide − − +(CCRIS) +/−(CCRIS) −(CCRIS)

Salicylic acid − − +/−(CCRIS)

The underline shows the carcinogens that were positive in the Bhas 42 cell transformation assay but are negative or discordant in the Ames test.
a The databases, or review and original papers referred to for the in vivo carcinogenic potency of chemicals.
b The assay results obtained in the present study.
c Assay results obtained from existing databases, or review and original papers. Most results are taken from a review paper, TA#31h. In TA#31, several databases are

consulted for each chemical. The results listed in TA#31 are arranged in this table so that “+” means “positive in one database”, “+,+” means “positive in two deferent

databases”, “+,+,+” means “positive in three deferent databases”, “+,−,−” means “positive in a database and negative in two other databases”, “+/−” means that there are

diverging results inside a database and so on. The assay results which do not exist in TA#31 are based on CCRISi, or review and original papers, and the sources of those data

are indicated in the parentheses.
d Ames test.
e Mouse lymphoma test.
f Chromosomal aberration test.
g Micronucleus test.
h “OECD Environment, Health and Safety Publications, Series on Testing and Assessment No. 31: Detailed Review Paper on Cell transformation Assays for Detection of

Chemical Carcinogens” [5].
i The Chemical Carcinogenesis Research Information System.
j IARC Monographs.
k Original paper.
l In vivo tumor promoter.

m Ref. [22].
n Weakly positive.
o The United State National Toxicology Program. The NTP technical report number was indicated in the parenthesis.
p Ref. [21].
q Ref. [30].
r Ref. [32].
s Ref. [33].
t Studies in Genetically Modified Models, GMM-01.
u Equivocal.
v Ref. [34].

w Ref. [35].

3,4-diaminotoluene and sodium orthovanadate were positive in

the promotion assay. Capsaicin and ethidium bromide were nega-

tive in either assay.

The performance indices of Bhas 42 cell transformation assay for

predicting the carcinogenicity of chemicals were calculated from

the assay results of known carcinogens and non-carcinogens. As

shown in Table 2, we applied the Bhas 42 cell transformation assay

to 52 in vivo carcinogens and obtained positive judgments from 38

carcinogens and negative judgments from 14. We tested 37 in vivo

non-carcinogens and 6 were positive and 31 were negative. Con-

sequently, concordance was 78%, sensitivity 73%, specificity 84%,

positive predictivity 86%, negative predictivity 69%, false negative

27% and false positive 16%.

4. Discussion

The results of 98 chemicals tested in the present study were

summarized and compared with existing data for genotoxicity in

Table 3. Among genotoxicity assays, the Ames test is the most

popular and has been applied to the largest number of chemicals

including carcinogens and non-carcinogens. Of the 52 carcino-

gens tested in this assay, about half are negative or discordant

in the Ames test from our consulting of databases or review of

original papers. In the Bhas 42 cell transformation assay, 17 of

the Ames-negative or Ames-discordant carcinogens were judged

positive. In Table 3, we underline the carcinogens that were

positive in the Bhas 42 cell transformation assay but are nega-
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