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ABSTRACT — The Bhas 42 cell transformation assay is a sensitive and effective mutation assay, and 
it has been widely used to detect and evaluate potential carcinogenic risks, including initiation assay and 
promotion assay. In this transformation assay, the number of transformed foci is the only criterion. How-
ever, it is nonquantitative because the shape is irregular. Nevertheless, a high-throughput Bhas 42 cell 
transformation assay was developed, which includes the usage of hydrogen peroxide in 96-well plates. 
In this way, transformed foci are quantitatively analysed in proportion to the optical density value (OD 
value). In this study, the Bhas 42 cell transformation assay was established using the criterion of the OD 
value. As a result, 3-methylcholanthrene (3-MCA) presented strong tumour initiation activity, whereas 
the 12-O-tetradecanoylphorbol-13-acetate (TPA) showed strong tumour promotion activity. Lowdaphne 
Stringbush Flower and Leaf (LSFL, also named as Wikstroemia chamaedaphne (Bunge) Meissn) and Rhu-
barb (Rheum palmatum L.) showed strong tumour promotion activity, but the tumour promotion activity 
of Lilac Daphne Flower Bud (LDFB, also named as Daphne genkwa Siebold & Zucc) was equivocal. Sur-
prisingly, the OD value displayed a strong correlation with the number of transformed foci. In conclusion, 
the high-throughput Bhas 42 cell transformation assay was feasible.
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INTRODUCTION

The cell transformation concept was first addressed 
(Earle et al., 1943), who observed that fibroblast cells 
from strain C3H mice were changed progressively and 
gradually after first exposure to methylcholanthrene 
(MCA), and the morphologic change showed a gradu-
al diminution in the length, amoeboid appearance, coher-
ence, and characteristic of epithelial sheets. Berwald  
and Sachs (1963) indicated that 3,4-benzpyrene (BP) 
and 3-methylcholanthrene (3-MCA) induced in vitro cell 
transformation after treatment of hamster embryo cells 
and mouse embryo cells, and they certified that the trans-
formed clones were the action of a carcinogen, for exam-
ple, the clones could pile up and grow on several lay-

ers without contact inhibition. DiPaolo et al. (1971b) 
studied that the transformed colonies demonstrated a 
wide variety of morphological characteristics, includ-
ing large, multinucleated, fibroblast-like, stellate or fusi-
form cells. Moreover, the transformation rate was dose-
dependent because the lack of transformed colonies in the 
absence of carcinogen was definitive evidence that the 
transformation observed was due to induction (DiPaolo  
et al., 1971a). Naturally, an in vitro model was available 
in studying carcinogenesis. 

The two-stage mechanism of carcinogenesis was the 
key frame of the transformation assay; its discovery was 
generally attributed to Berenblum (Berenblum, 1954;  
Berenblum and Haran, 1955), who had found that the 
croton oil treated before BP could act synergistically to 
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give rise to a higher incidence of skin tumours than in the 
reverse sequence, and the promotion stage was complete-
ly distinguished from the initiation stage in the carcino-
genic process. Afterward, the initiation action was ver-
ified as being irreversible by Boutwell et al. (1964), in 
which the process of promotion was also studied by iso-
lating the active components, and 12-O-tetradecanoyl-
phorbol-13-acetate (TPA) showed the highest promotion 
activity. Subsequently, the two-stage process was applied 
to study the initiation of hydrocarbons by Mondal et al. 
(1976), adopting TPA as the promoter. 

A large amount of research on the cell transforma-
tion mechanism has been conducted. Dhar et al. (1982) 
sequenced the P21 transforming protein of Harvey Murine 
Sarcoma Virus and found three potential translational ini-
tiation codons in the v-has sequence, which could explain 
the abundance of P21 in promoting cell transformation. 
The ras oncogene of the Harvey murine sarcoma virus 
(v-Ha-ras) was first transfected into the normal human 
cell by Yoakum et al. (1985). Then, one cell line was iso-
lated, which contained v-Ha-ras DNA (TBE-1), and it 
was hybridized five to eight times with v-Ha-ras structur-
al gene fragment probes. TBE-1 reduced the demand for 
growth-factor supplements and revealed the phenotypic 
transformation. Subsequently, an activated v-Ha-ras onco-
gene was transfected into the mouse Balb/c 3T3 cells, and 
a cell clone (Bhas42) was isolated and showed contact 
inhibition, similar to in normal cells. The large amount of 
spindle-shaped and transformed cells by TPA disclosed 
its future application for short-term carcinogenicity test-
ing (Sasaki et al., 1988).

To screen carcinogens more reliably, a standard pro-
tocol was recommended for the Balb/c 3T3 cell transfor-
mation assay in 1985 (Group2, 1985,05). Then, Dunkel 
et al. (1991) enriched the protocol, relying on a labora-
tory practice in genotoxicity testing. Sasaki et al. (2010) 
improved the recommended protocol for the Balb/c 3T3 
cell transformation assay (CTA), which allows for a more 
thorough assessment of carcinogenicity. Subsequently, the 
international validation study was extensively implement-
ed to predict the chemical carcinogenicity by Bhas 42 
CTA (Sakai et al., 2011). Sakai et al. (2010) also proved 
that the Bhas 42 CTA detected most of the Ames-negative 
and Ames-discordant carcinogens with a positive predic-
tivity of 86%. More importantly, it could detect the pro-
moting activity of the inorganic arsenicals, whereas the 
Ames assay could not (Tsuchiya et al., 2005), and inor-
ganic arsenicals were a typical carcinogen (Germolec et 
al., 1997; Ishinishi et al., 1983).

Little research on the carcinogenicity of herbal extracts 
has been performed except for croton. In this study, three 

types of Chinese herbal extract were examined by the 
Bhas 42 cell transformation assay, to detect the initia-
tors and promoters at the same time. All of the trials were 
launched with TPA repeatedly treated as the positive pro-
moter, and MCA was treated as the positive initiator.

MATERIALS AND METHODS

Reagents and extracts of Chinese herb
The reagents and extracts that were used were the fol-

lowing: 3-MCA (213942, 100 mg, Sigma, Shanghai,  
China); TPA (P1585, 10 mg, Sigma); Dulbecco’s modi-
fied Eagle’s medium (DMEM, Gibco, New Zealand);  
Dulbecco’s modified Eagle’s medium/Ham’s F12 
(DMEM/F12, Gibco); Fetal bovine serum (737443, 
Gibco); CCK-8 (KGA317, Nanjing KeyGEN Biotech.  
CO., Nanjing, Jiangsu Province, China); Trypsin 
(0.1% EDTA, Nanjing KeyGEN Biotech. CO); Dime-
thyl sulfoxide (DMSO, 1001296417, Sigma); Glu-
taraldehyde (DWF0786, WAKO, Japan); Crystal  
violet (CV, 020627); Giemsa (057K4347); 30% Hydro-
gen peroxide (Sinopharm, Beijing, China); Penicillin-
streptomycin (KGY0023, Nanjing KeyGEN Biotech. 
CO).

And extracts of Chinese herbs were obtained from 
Chinese Herbs Research Institute, National Institutes 
for Food and Drug Control (Beijing, China), includ-
ing extracts from the Lowdaphne Stringbush Flow-
er and Leaf (LSFL, also named as Wikstroemia chamae-
daphne (Bunge) Meissn), extracts from the Lilac Daphne 
Flower Bud (LDFB, also named as Daphne genkwa Sie-
bold & Zucc) and extracts from Rhubarb (Rheum palma-
tum L.).

Cells 
A type of v-Ha-ras gene had been planted into the 

BALB/c 3T3 cells to create the Bhas 42 cells by Sasaki  
et al., in the National Institute of Health Sciences, Japan. 
The Bhas 42 cells have been acknowledged consistent-
ly to have high quality and genetic stability; they were 
free of mycoplasma and suitable for transformation 
assay. Currently, Bhas 42 cells have propagated to lab-
oratories worldwide, and our laboratory was very fortu-
nate to have access to Bhas 42 cells via a gift present-
ed by Sasaki (Japan Health Sciences Foundation, Health  
Science Research Resources Bank, Lot: JCRB0149). In 
this study, frozen Bhas 42 cells were passed for six gener-
ations in culture from the same cell pool.

Cell culture
The seeding cells were cultivated and expanded in 
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Dulbecco’s modified Eagle’s medium (DMEM) in a 
humidified 5% CO2 Thermo incubator at 37°C. The cul-
ture medium was dissolved with 100 units/mL penicillin 
and 80 units/mL streptomycin, supplemented with 15% 
foetal bovine serum (D15F). Bhas 42 cells were cryopre-
served in several aliquots, to guarantee a large batch from 
the same cell pool for use in the transformation assay. 
With appropriate attention, excessive confluence would 
increase the spontaneous transformation rate. When the 
cultures reached approximately 60-70% confluence, Bhas 
42 cells should be passed using 0.25% trypsin (Gibco). 
Additionally, Bhas 42 cells would maintain a sub-conflu-
ent state. After six passages, the cultured cells were sus-
pended at 5.0 × 105 cells/mL in fresh culture medium; 
premixed with 5% DMSO; frozen slowly at a volume of 
0.5 mL, 4°C for 1 hr, -20°C for 2 hr, -80°C for one night; 
and, finally, stored in liquid nitrogen. Dulbecco’s modi-
fied Eagle’s medium/Ham’s F12 (DMEM/F12) supple-
mented with 5% FBS (DF5F) was used in the transforma-
tion assays.

Cell growth assay
For the cell growth assay, the Bhas 42 cells were 

stained with crystal violet. Frozen Bhas 42 cells were 
resuscitated and grown in DF5F. Culture medium was 
premixed with 100 IU/mL penicillin and 80 IU/mL strep-
tomycin. After the subculturing, the passage cells were 
cultivated in DF5F. 

For the cell growth assay that corresponds to the initi-
ation assay, the Bhas 42 cells were suspended at 4.0 × 103 
cells/mL in DF5F and then were planted into the 96-well 
plates at 200 cells·well-1. Chinese herbal extract was dis-
solved in DF5F at a double concentration compared with 
the target. Then, 50 μL of the Chinese herbal extract 
DF5F was added to each well. Eight wells were admin-
istered for each treatment group 24 hr after planting. On 
day 4, the culture medium was replaced with fresh DF5F. 
On day 7, Bhas 42 cells were fixed with 100 μL meth-
anol solution for 30 min. After discarding the methanol 
solution, the Bhas 42 cells were stained with a 1% CV 
solution. CV was extracted from the stained Bhas 42 cells 
with a 50% ethanol solution containing 0.03 M sodium 
citrate and 0.02 M hydrochloric acid. At the same time, 
the extracting solution was measured at 570 nm. The rel-
ative cell viability of the Bhas 42 cells treated with a Chi-
nese herbal extract was calculated as a relative percentage 
of the vehicle control cells.

For the cell growth assay that corresponds to the pro-
motion assay, the Bhas 42 cells were planted into the 
96-well plates at 400 cells·well-1. Eight wells were admin-
istered for each treatment group on day 4 after planting. 

The Chinese herbal extract was prepared in DMSO at a 
concentration of 10 times, and then, it was dissolved in 
DF5F. The culture medium was replaced with 100 μL 
fresh DF5F that contained the Chinese herbal extracting 
solution for each well. The other operations were in the 
same manner as in the initiation assay.

Dose setting for transformation assays
Five consecutive concentrations were selected on the 

basis of cell growth assays. 
In the initiation assay, five consecutive concentrations 

should be set from little or no toxicity to a toxicity level 
at which the cell viability was below 20% compared with 
the vehicle control. In practical terms, two consecutive 
high concentrations should be used generally between the 
IC50 and IC90; two medium concentrations should be set 
between the IC50 and the no-effect level (NOEL); and a 
low concentration should be employed below the NOEL. 

For the promotion assay, the test concentrations were 
selected to cover a range from a small effect on cell 
growth to growth enhancement. To be specific, one low 
concentration should be employed below the NOEL; 
three consecutive medium concentrations should show 
growth enhancement; and a high concentration should 
produce weak growth inhibition. If the test concentrations 
did not induce marked growth enhancement, then the test 
concentrations should be selected in the range of a dose 
of two or three levels lower than the no-effect concentra-
tion to that showing a cell viability of less than 50%.

 
Transformation assays
Initiation assay to examine the initiating activity of 
Chinese Herbal extracts

Frozen sixth passage Bhas 42 cells were resuscitat-
ed rapidly, grown in D15F. Once the cells spread sub-
stantially more and obtained a 60-70% confluence, sub-
culturing was performed in DF5F. When approximately 
60-70% confluence was reached again, the cells were 
trypsinized and suspended at 4.0 × 103 cells/mL in DF5F, 
and then, they were planted into the 96-well plates at 200 
cells·well-1. A 96-well plate was administered per concen-
tration at 24 hr after planting, The Chinese herbal extract 
was dissolved in DF5F at a double concentration com-
pared with a target, and to each well, 50 μL culture medi-
um was added, which contained the test Chinese herb-
al extracting solution. On day 4, the culture medium was 
replaced with the fresh DF5F. The treatment in the initia-
tion phase was continued for 72 hr. After the stimulative 
phase, the cells were cultured in the normal medium until 
Day 19, and the medium was exchanged on days 7, 11 
and 14. Then, to each well, we added 50 μL medium that 
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contained 0.0016% H2O2 for 24 hr. On day 20, each well 
was supplemented with 50 μL DF5F that contained 20% 
CCK-8 solution. Subsequently, the cells were incubated in 
200 μL DF5F that contained CCK-8 with a final concen-
tration of 5% for 4 hr. Afterward, each well was detected 
at 450 nm. Finally, the cells were fixed with 0.25% glu-
taraldehyde and stained with 5% Giemsa’s solution. On 
day 21, the 96-well plates were rapidly imaged at ELIS-
POT.

Promotion assay to examine the promoting activity of 
chemicals

The promotion assay treatments were the same as in 
the initiation assay except for the following steps: The 
cells were planted at 400 cells·well-1 and cultivated for 
four days. All of the test concentrations were treated by 
replacing 100 μL of fresh DF5F that contained the test 
Chinese herbal extracting solution on days 4, 7 and 11. 
On day 14, all of the wells were exchanged with normal 
fresh medium. 

Counting of transformed foci and statistical analysis
The transformed foci were judged on the basis of their 

morphological characteristics: (a) more than 100 cells, (b) 
spindle-shaped cells whose morphologies were distinctly 
different from the contact-inhibited monolayer cells, (c) 
deep basophilic staining, (d) random orientation of cells, 
especially at the edges of foci, (e) dense multilayering of 
cells, and (f) invasive growth into the monolayer of sur-
rounding contact-inhibited cells. The number of trans-
formed wells per 96-well plate was counted and judged 
on the basis of professional criteria. A statistical analy-
sis for the increasing OD value of testing Chinese herbal 
extracts was performed by Multiple Comparison using the 
one-sided Dunnett test (P < 0.05). The statistically signif-
icant difference was evaluated between the groups by a 
T-test (P < 0.05).

Judgment
The results in the Bhas 42 cell transformation assays 

were judged to be positive when there were two or more 
sequential doses that induced statistically significant 
increases in the OD value as well as having a number of 
transformed foci that were more than 20 wells per 96-well 
plate. The results were judged to be negative when there 
was no dose that showed statistically significant increased 
OD values or when the number of transformed foci was 
less than 20 wells. When the statistically significant 
increase was at only one dose, the OD value increased 
significantly while the number of transformed foci was 
less than 20 wells or the number of transformed foci 

increased significantly while the OD value did not change 
significantly, the assay result was regarded as equivo-
cal, and then, the initiation or promotion assay together 
with the concomitant cell growth assay was repeated and 
included the positive dose in the first assay. The chem-
ical was judged to be positive if a statistically signifi-
cant increase in the number of transformed wells result-
ed at one or more concentrations in the second assay. The 
judgment was mainly based on the statistically significant 
increase in the number of transformed wells.

RESULTS

Establishment of initiation transformation assay 
and promotion transformation assay

A pilot experiment was performed to obtain the opti-
mal test condition, including an appropriate cell density 
and optimum concentrations of the positive compounds. 
The results are pictured in Fig. 1. Fig. 1A shows that the 
cell viability went down with the increasing concentration 
of 3-MCA, which inhibited the cell growth maximally at 
the concentration of 1.0 μg/mL. In addition, the cell suf-
fered the lightest inhibition from the cell-cell interaction 
when the cell was cultured at a density of 200 cells /well. 
As shown in Table 1, for the initiation assay, 40 foci wells 
were initiated clearly transformed per 96-well plate, and 
there were 12 such wells for the DMSO vehicle control 
group. The CCK-8 method was utilized to detect the cell 
viability of the Bhas 42 cells, and the mean OD value of 
3-MCA in the initiation assay was 0.609, and that of the 
DMSO vehicle control wells was 0.267.

For the TPA in Fig. 1B, the cell viability increased first 
and then decreased, and it peaked at 0.5 μg/mL. In con-
trast to the cell-cell interaction inhibition in the initia-
tion assay, it played the highest promotion at a density of  
200 cells per well. As shown for the promotion assay, 
50 wells were promoted and transformed obviously per 
96-well plate compared with 15 foci wells for the DMSO 
vehicle control group. The mean OD value of TPA in the 
promotion assay was 0.704, whereas the mean OD value 
of the DMSO vehicle control wells was 0.218.

As shown in Fig. 2, the results described above show 
that the 3-MCA initiated and induced foci and, in addi-
tion, the TPA promoted and induced foci, which essential-
ly proved that Bhas 42 cells had the capacity to identify 
the carcinogenic compound, even though it was able to 
separate the genotoxic carcinogens from the non-genotox-
ic. The results described below demonstrated the applica-
tions of Bhas 42 cells in detecting the carcinogenicity of 
Chinese herbal extracts. Eight concentrations were deter-
mined for each compound, which covered most of the cell 
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growth inhibition or promotion concentrations.

Initiation and promotion assays for extracts 
from the Lowdaphne Stringbush flower and leaf

Fig. 3A showed the cell viability behaviour (dashed 
line) and transformation situation (solid line) after treat-
ment with LSFL. The dashed line that exhibited the cell 
viability decreased with increasing concentrations of 
LSFL. Inhibition started at approximately 1 to 10 μg/mL. 
The cell viability decreased to 19.5% at 100 μg/mL com-
pared with the DMSO vehicle control group. The solid 
line in Fig. 3A demonstrates that LSFL showed no pos-
itive response in the initiation assay. Fig. 3B depicts the 
promotion assay of LSFL, and the promotion began to 
decline at 0.1 to 1 μg/mL; it converted to inhibition at 
approximately 100 μg/mL, and the cell viability decreased 
to 40.5%. The solid line in Fig. 3B showed the results of 
the LSFL appearing to have positive responses in the pro-
motion assay. Obvious foci were induced at four consec-
utive concentrations for the LSFL. In reference to previ-

ous Chinese periodicals in which LSFL was reported to 
be a tumour promoter, it was beyond doubt that the LSFL 
was a potential tumour promoter (Sun Yu et al., 1985). 

Initiation and promotion assays of extracts from 
the Lilac Daphne flower bud

The results of the initiation and promotion assays 
for LDFB were shown in Fig. 3C and D. In the initia-
tion assay, the cell viability of LDFB began to decline at 
approximately 0.1 to 0.3 μg/mL, and the cell viability was 
dropped to 18.1% at 30 μg/mL compared with the DMSO 
vehicle control group. The solid line in Fig. 3C indicat-
ed that LDFB did not induce a significant increase in the 
transformed foci in the initiation assay. For the promotion 
assay, the cell viability of LDFB increased from 0.1 to  
0.3 μg/mL in Fig. 3D, and the promotion transformed 
to inhibition at 100 μg/mL while the cell viability was 
reduced to 56.2%. The dashed line in Fig. 3D indicated 
that the LDFB induced significant transformation foci at 
1 μg/mL and 3 μg/mL, which demonstrated that LDFB 

Fig. 1. Determine the optimal concentration and appropriate cell density for the transformation assay. Fig. 1A, 1.0 μg/mL 3-MCA 
inhibited the cell growth; and for Fig. 1B, 0.5 μg/mL ng/mL TPA promoted the cell growth.

Table 1.   Number of foci wells and its OD values following 3-MCA treatment and TPA treatment
Groups compound concentration Number of foci well / 96-well plate OD Value (450 nm)

Initiation assay
3-MCA 1.0 μg·mL-1 40a 0.609 ± 0.396b

DMSO 0.1% 12 0.267 ± 0.324

Promotion assay
TPA 50 ng·mL-1 50a 0.704 ± 0.550b

DMSO 0.1% 15 0.218 ± 0.356
Note: the OD value was expressed as the Mean ± STDEV, and a means that the number of foci wells was considered to be positive 
according to the judgement criteria; b means that the OD values were statistically significant compared with the vehicle control group, 
P < 0.01.

Vol. 3 No. 4

161

The carcinogenicity of procarbazine hydrochloride 



was a suspicious tumour promoter.

Initiation and promotion assays of extracts from 
Rhubarb

Fig. 3E and F show the results of Rhubarb. In the ini-
tiation assay, the cell viability began falling at 0.03 to 
0.3 μg/mL in the dashed line in Fig. 3E, and it declined 
the most to 49.9% at 30 μg/mL. No marked increasing 
number of transformation foci was observed for Rhubarb, 
as shown by the solid line in Fig. 3E. For the promotion 
assay, the cell viability was promoted and elevated at 0.1 
to 0.3 μg/mL in Fig. 3F (dashed line), and the promotion 
was converted to inhibition at 30 μg/mL while the cell 
viability dropped to 81.2%. The number of transformed 
foci under the Rhubarb treatment increased from 0.3 to 
10 μg/mL, and the increasing difference was significant, 
which demonstrated that Rhubarb was a potential tumour 
promoter.

Correlation between the OD value and the 
number of foci well per 96-well plate

A typical mark of transformed cells, foci have been 
widely considered to be the criterion for detecting the car-
cinogenicity of potential risks. However, a number of foci 

could not quantitatively determine the degree of transfor-
mation because a large transformed foci might consist of 
several small transformed foci. Sasaki has already stud-
ied the influence on Bhas 42 cells from H2O2 in a 96-well 
plate, in which H2O2 killed the untransformed cell while 
leaving the transformed cells alive. On this basis, the 
transformed cells could be quantitatively detected via a 
CCK-8 assay. Thus, further experiments were conducted 
to detect the OD value of the transformed cells though the 
CCK-8 assay. As shown in Fig. 4, the correlation coef-
ficients had also been calculated between the OD value 
and the number of foci wells per 96-well plate. The cor-
relation coefficient of LSFL was 0.975 in the initiation 
assay and 0.980 in the promotion assay. For LDFB, it was 
0.978 in the initiation assay and 0.999 in the promotion 
assay. For Rhubarb, it was 0.991 in the initiation assay 
and 0.980 in the promotion assay. Together, these find-
ings all fully showed good correlations to the OD value 
of the transformed cells and the number of foci wells per 
96-well plate.

 
DISCUSSION

The Balb/c 3T3 lines were aneuploid and were devel-

Fig. 2. Positive foci induced by 3-MCA in the initiation transformation and TPA in the promotion transformation assay; all of the 
pictures were imaged from the ELISPOT.
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oped from Balb/c mouse embryo cultures (Aaronson and 
Todaro, 1968). They were extremely sensitive to a varie-
ty of known chemical carcinogens (DiPaolo et al., 1971a) 
and remained diploid for at least 20 passages (DiPaolo et 
al., 1971b). The Balb/c 3T3 lines retained the main prop-
erties of the original hamster cells, and two or three pas-
sages of Balb/c 3T3 could be used for the transformation 

assay. Then, the cloned lines derived from Balb/c 3T3 
cells were capable of undergoing quantitative transforma-
tion under conditions that did not result in spontaneous 
transformation, and the transformation rate increased and 
the cloning efficiency decreased while the concentration 
of carcinogens stayed within a certain range (DiPaolo et 
al., 1972). 

Fig. 3. The results of the transformation assays of three traditional Chinese medicine extracts. The dashed lines in A, C and E show 
the results from the initiation cell growth assay, and the dashed lines in B, D and F show the results from the promotion cell 
growth assay. The solid lines in A, C and E show the results from the initiation transformation assay, and the solid lines in 
B, D and F show the results from the promotion transformation assay.
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The Bhas42 cells were developed from Balb/c 3T3 
cells through transfection of the v-Ha-ras gene. For this 
case, the Bhas 42 cells were easily induced and trans-
formed in the promotion assay due to accumulating muta-
tions from the v-Ha-ras gene, which hinted that the Bhas 

42 cells could be used not only in the initiation assay but 
also in the promotion assay. However, it is important to 
note that the initiation assay had nothing to do with the 
v-ha-ras gene. Mutations from some other oncogene(s) 
were induced and initiated rather than the v-ha-ras gene 

Fig. 4. Correlation coefficient calculation between the OD value and the foci wells of three traditional Chinese medicine extracts. 
The A, C and E dashed lines show the results of the OD values from the initiation transformation assay, and the B, D and F 
dashed lines shown the results of OD values from the promotion transformation assay. The A, C and E solid lines show the 
results of the foci wells from the initiation transformation assay, and the B, D and F solid lines show the results of the foci 
wells from the promotion transformation assay. *P < 0.05, compared with the vehicle control group; **P < 0.05, compared 
with the vehicle control group. 
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in Bhas 42 cells. 
Carcinogenic substances can be classified into four cat-

egories. Category I substances were initiative and positive 
in the initiation assay but negative in the promotion assay. 
Category II substances were promoting and positive in 
the promotion assay but negative in the initiation assay. 
Category III substances were positive in both the initia-
tion assay and promotion assay. Category IV substanc-
es were equivocal or had a negative response in both the 
initiation assay and promotion assay. Traditional Chinese 
Medicine has seen limited use because its uncertain tox-
icity was controversial until now. Recent Chinese Period-
icals reported the carcinogenicity of some traditional Chi-
nese herbs; however, no carcinogenicity detection method 
was capable of separating genotoxicity from nongenotox-
icity, except for the Bhas 42 cell assay.

In this study, we successfully established a two-stage 
transformation assay via Bhas 42 cells, in which 3-MCA 
was positive in the initiation assay and TPA was posi-
tive in the promotion assay. In Chinese periodicals, LSFL 
and Rhubarb have always been reported as carcinogenic 
herbs, and consistent with this report, the extract of LSFL 
and Rhubarb has shown strong tumour-promoter activity 
in experiments; thus, these should be classified as catego-
ry II. For extract of LDFB, tumour promoter activity was 
shown at only two consecutive concentrations, which was 
temporally attributed to category IV; more work must be 
performed to prove its tumour promoter activity. 

Improvements were made to enrich and optimize the 
Bhas 42 cell assay. Previous studies mainly counted the 
number of foci in a six-well plate. However, some small 
foci together could be counted as a single large foci. If 
the Bhas 42 cell assay had been conducted on a 96-well 
plate via the CCK-8 assay, such mistakes would have 
been avoided. Furthermore, a thorough quantitative analy-
sis of the foci was investigated and tested. Hydrogen per-
oxide solution could promote the cell aging process, and 
on this basis, hydrogen peroxide solution with a certain 
concentration was used to kill the untransformed cells; 
however, the transformed cells could survive a long time, 
and thus, the transformed cells could be analysed quanti-
tatively. We also contrasted the OD value of the CCK-8 
assay with the number of foci, and the correlation coef-
ficients approached 1, which all showed that the CCK-8 
assay was reliable at detecting the carcinogenicity of the 
potential risk.

The Bhas 42 cell transformation assay was used wide-
ly to monitor the carcinogenicity for potential risk, and 
it was sensitive and easy to use. Moreover, it was highly 
complementary with the Ames assay in detecting poten-
tial carcinogenic substances. However, every method 

before acceptance will have a long way to go, and the 
Bhas 42 cell transformation assay also needs to be per-
fected, which would include a large amount of validation 
and screening.
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