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Abstract: Two in vivo bioassay methods, a rat medium-term liver bioassay and a rat multi-
organ bioassay, can be used for detecting carcinogenic or modifying potentials of endocrine
active substances (EASs) on endocrine disruption (ED). The first bioassay, the rat medium-
term liver bioassay, is fundamentally based on the two-step hypothesis of liver carcinogene-
sis; initiation with diethylnitrosamine (DEN, 200 mg/kg b.w., ip) is followed by test chemi-
cal administrations during the second stage, in combination with 2/3 partial hepatectomy. It
requires only eight weeks for animal experimental treatment and a further few weeks for
quantitative analysis of immunohistochemically demonstrated gluthathione-S-transeferase
placental form positive hepatic foci. A total of 313 chemicals/substances have already been
analyzed, and the efficacy of the system for hepatocarcinogenesis has thereby been well es-
tablished. This bioassay also provides information concerning dose responses and inhibitory
potentials of test chemicals. Several possible EASs, most of them categorized as pesticides,
have already been examined in this bioassay, and dose–response studies of nonylphenol,
bisphenol A, and styrene have also been tested. Another bioassay, a medium-term, multi-
organ bioassay system, using five different chemical carcinogens—DEN, MNU, BBN,
DMH, and DHPN—has also been established for rapid detection of not only hepatocarcino-
gens, but also other organ-targeted carcinogens. These medium-term bioassays are particu-
larly useful and reliable methods for detecting carcinogenic or modifying potentials of low
doses of test chemicals, such as EASs, and these methods can be used for the effects of chem-
ical mixtures of EASs.

INTRODUCTION

The risk of carcinogenic or modifying potentials of endocrine active substances (EASs) on endocrine
disruption (ED) to humans is of great concern. It is urgently necessary to establish practical and reli-
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able bioassay methods for detecting carcinogenic and modifying potentials of EASs, which are effec-
tive at very low doses. Two in vivo bioassay methods, a rat medium-term liver bioassay and a rat multi-
organ bioassay, can be used for detecting those risks from EASs.

RAT MEDIUM-TERM LIVER BIOASSAY FOR CARCINOGENS

Male 6-week-old F344 rats were initially given a single ip injection of diethylnitrosamine (DEN,
200 mg/kg body weight, b.w.) dissolved in saline to initiate hepatocarcinogenesis (Fig. 1). Two weeks
later, animals received test chemicals and were subjected to two-thirds partial hepatectomy (PH) at
week 3. The animals were sacrificed for quantitative analysis of glutathione-S-transferase placental
form (GST-P) positive liver foci at week 8. Carcinogenic or modifying potentials of test chemicals are
scored by comparing the numbers and areas per cm2 of induced GST-P-positive foci in the livers of test
chemical-treated groups with those of corresponding control groups given DEN alone. A positive re-
sponse is defined as a single increase in the quantitative values of GST-P-positive foci, a negative re-
sponse is defined as no change or a decrease. The results obtained have been compared with reported
Salmonella/microsome and long-term carcinogenicity test findings for the same compounds.

Results of 313 chemicals in the medium-term liver bioassay

Of a total of 313 chemicals examined, 60 out of 65 known hepatocarcinogens (92 %) gave positive re-
sults (Table 1). Five hepatocarcinogens that proved negative all belonged to the peroxizome prolifera-
tor group that depresses GST-P expression. Carcinogens targeting organs other than liver gave fewer
positive results (10 out of 43, 23 %). One of the 48 chemicals reported as noncarcinogenic was found
to be positive in this assay, but this might suggest that the chemical is a liver tumor promoter rather than
the finding being a false-positive.
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Fig. 1 Rat medium-term liver bioassay for carcinogens.



Table 1 Positive rates for 313 compounds of different categories (%).

Test Ames test
compound + – Unknown Total

Hepatocarcinogen 30/31 (97) 29/33 (88) 1/1 (1000) 60/65a (92)
Nonhepatocarcinogen 7/26 (27) 2/15 (13) 1/2 (50) 10/43 (23)
Noncarcinogen 0/6 (0) 1/40 (3) 0/2 (0) 1/48b (2)
Unknown 4/14 (29) 30/86 (36) 14/57 (24) 48/157 (31)
Total 41/77 (53) 62/174 (35) 16/62 (25) 119/313 (38)

aNegative; 5 peroxisomal proliferators, such as clofibrate, and DEHP, etc.
bPositive; malathione.

Results of possible EASs, which have been tested in the rat medium-term bioassay 

Table 2 showed the results of possible EAS compounds, which have already been examined in the
bioassay. Most of all chemicals are categorized as pesticides, but some other chemicals, such as hor-
mone-related medicines, have also been examined. Eight chemicals have been showed positive, and two
chemicals showed negative in this bioassay. 

Table 2 Results of possible EASs analyzed in rat medium-term liver bioassay.

Dose GST-P positive foci

EAS (ppm) Route Number (cm2) Area (mm2/cm2) Results

Alachlor 2000 D 10.49*** (6.98) 1.33** (0.69) ↑
Aldrin 50 D 8.46*** (4.35) 0.83*** (0.33) ↑
Atrazine 500 D 7.72 (6.98) 0.79 (0.67) –
Benomyl 5000 D 6.86 (6.46) 0.46 (0.44) –
Chlordane 500 D 3.59 (3.25) 0.49** (0.25) ↑
DDT 10 D 12.17*** (7.09) 0.88** (0.52) ↑
Dieldrin 100 D 14.41*** (9.09) 1.41*** (0.77) ↑
Permethrin 4000 D 11.51** (8.86) 1.03 (0.80) ↑
Trifluralin 5000 D 14.36*** (6.82) 1.26* (0.52) ↑
Vinclozolin 2000 D 16.08*** (8.32) 1.48*** (0.72) ↑

*P < 0.05
**P < 0.01
*** P < 0.001
( ): Respective control values

Dose–response study of nonylphenol in the medium-term liver bioassay

Dose–response studies of nonylphenol have been completed in this medium-term liver bioassay. Male
F344 rats were given a single ip injection of DEN at a dose of 200 mg/kg b.w., and starting two weeks
later, received nonylphenol at doses of 2000, 250, and 25 ppm in the basal diet. Quantitative data (num-
bers and areas) for GST-P-positive liver foci in each treated group and the control group were 4.7, 4.2,
6.1, and 6.1/cm2; and 0.31, 0.30, 0.41, and 0.44 mm2/cm2, respectively. These results indicate that
nonylphenol did not show clear dose response on induction of GST-P-positive foci, preneoplastic liver
lesions, at the doses examined.
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Dose–response study of bisphenol A and styrene in the medium-term liver bioassay

Male F344 rats were given DEN, ip, and then animals received bisphenol A at doses of 40 and 160
mg/kg b.w., ig, or styrene at doses of 250 and 1000 mg/kg b.w., ig, six times per week, for six weeks.
Quantitative values of GST-P-positive liver foci in bisphenol A created groups and in the control group
were 4.9, 5.2, and 6.0/cm2 and 0.39, 0.42, and 0.42 mm2/cm2, respectively. Those values are not statis-
tically different between groups. The GST-P values in styrene-treated and the control groups were 3.3,
1.5, and 6.0/cm2 and 0.37, 0.10, and 0.42 mm2/cm2, respectively, and these values are statistically dif-
ferent between groups. Therefore, the results indicate that styrene showed dose–response inhibitory ef-
fects on induction of GST-P-positive liver foci at doses examined.

Since styrene showed inhibitory effects in the previous study, further low-dose studies were con-
ducted in the same bioassay. After injection of DEN, animals received styrene at doses of 0.0006, 0.006,
and 0.6 mg/kg b.w., ig, six times per week, for six weeks. The lowest dose of styrene examined was the
almost same level found in our environment. The GST-P values in styrene-treated and the control
groups were 8.3, 8.7, 9.0, and 8.4/cm2 and 0.80, 0.67, 0.84, and 0.74 mm2/cm2, respectively. These val-
ues were not statistically different, and indicate that at the levels found in our environment, styrene did
not show any modifying effect on the induction of GST-P liver foci.

RAT MEDIUM-TERM MULTIORGAN BIOASSAY

Male 6-week-old F344 rats were treated sequentially with five carcinogens (DEN, 100 mg/kg b.w. in
saline, ip, single dose at the commencement; N-methyl-N-nitrosourea, 20 mg/kg b.w. in citrated-
buffered solution, ip, four doses on days 2, 5, 8, 11; dihydroxy-di-N-propylnitrosamine, 0.1 % in drink-
ing water during weeks 3 and 4, N-butyl-N-(4-hydroxybutyl)nitrosamine, 0.05 % in drinking water dur-
ing weeks 1 and 2; 1,2-dimethylhydrazine, 40 mg/kg b.w. in saline, sc, four doses on days 14, 17, 20,
23 (DMBDD treatment) (Fig. 2). After those treatment, the animals were given test substances for 24
weeks from week 5. All animals were sacrificed and subjected to complete necropsy, and all organs/tis-
sues were histopathologically and immunohistochemically examined.

Results of 63 chemicals in the medium-term multiorgan bioassay

Sixty-three chemicals have been tested in this bioassay (Table 3). All 17 hepatocarcinogens (100 %) and
19/22 (86 %) of the nonhepatocarcinogens were positive in the bioassay. Five noncarcinogens were neg-
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Fig. 2 Rat multi-organ bioassay (DMBDD methods).



ative. For chemicals with unknown carcinogenicity, the positive rate was 9/19 (47 %). This bioassay is
useful for analysis of carcinogenic or modifying potential of test chemicals when their target organs are
other than liver. This bioassay system can also be useful for dose–response studies, including at very
low doses, and can be used for analyzing risk of carcinogenic potentials of EDCs at low doses.

Table 3 Results of 63 test compounds in a rat multiorgan bioassay for car-
cinogens.

Category of Ames’ test (%)
chemicals Positive Negative Unknown Total

Hepatocarcinogen 12/12 (100) 5/5 (100) 0/0 (0) 17/17 (100)
Nonhepatocarcinogen 10/11 (91) 8/10 (80) 1/1 (100) 19/22 (86)
Noncarcinogen 0/1 (0) 0/4 (0) 0/0 (0) 0/5 (0)
Unknown 0/1 (0) 6/11 (55) 3/7 (43) 9/19 (47)
Total 22/25 (88) 19/30 (63) 4/8 (50) 45/63 (71)

CONCLUSIONS 

These medium-term liver and multiorgan bioassay systems are very useful tools for detection of not
only genotoxic but also nongenotoxic carcinogens. Positive results obtained in a relatively short period
closely correlate with the long-term carcinogenicity test. The bioassays are particularly useful and reli-
able methods for detecting carcinogenic or modifying potentials of low doses of test chemicals, such as
EASs, and these methods can also be used for the effects of chemical mixtures of EASs. 
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