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penis exhibited the least sensitive end point,
based on benchmark dose estimates (OECD
2001). When the overall dose~response
curves for agonistic TP were compared, the
glans penis was the most sensitive and the
seminal vesicle was the least sensitive (OECD
2001). In the present study, it was difficult to
select a particularly sensitive organ from
among the five tissues examined in the andro-
gen agonistic MT and antagonistic VCZ and
2,0 -DDE assays. In the Hershberger assay
using MT, the CV for the glans penis was
smaller than that of the other organs, but the
TRT of the ventral prostate was the highest
among the values measured in the study. On
the other hand, the LAB values of the ventral
prostate and Cowper’s glands were smaller
than the values of the other organs, and the
percentage weight change relative to the con-
trol value at the highest dose was the greatest
in the ventral prostate. These findings
demonstrate that the ventral prostate was par-
ticularly sensitive based on the TRT, LAB,
and increasing percentage of organ weighr,
whereas the glans penis was sensitive based on
the CV values. Similarly, the seminal vesicle

was sensitive based on the TRT, LAB, and
decreasing percentage of organ weight,
whereas the glans penis was sensitive based on
the CV values in the assays using antagonistic
VCZ and p,p’-DDE.

The CV values for the ventral prostate,
seminal vesicle, and Cowper’s gland were
higher than those for the glans penis and
BC/LA in the assays for all three chemicals.
These organs contain fluid, and the dissection
of these organs is technically difficult, com-
pared with that of the glans penis and
BC/LA. These technical issues may have
influenced the varied CV values obtained for
these organs. Furthermore, we did not con-
firm whether preputial separation had
occurred in the rats before castration.
Preputial separation has been reported to
occur between days 39 and 44 in SD rats
(Yamasaki et al. 2001); in this study, the cas-
tration was performed between days 40 and
46, Thus, the rats used in this study were
likely a mixture of animals with or without
preputial separation, The castration times
may also have influenced the variation in the

"CV values for each organ.

Table 8. Overall mean organ weights, R, and CV in rats given 0.2 mg/kg/day TP and p,p’-DDE: data and

log-transformed data.

p.p-DDE {mg/kg/day)
R (%) 0 3 10 30 100

Overall means TRT  LAB  CV{%) (n=30) {n=30) {n=30) (n=30) {n=30)
Overall

Ventral prostate (mg) 36 32 20 1206 1109 117.2 94.3 573

Seminal vesicles (mg) 45 31 19 3008 2780 296.5 227.0 109.2

BC/LA {mg) 37 42 10 480.0 465.8 4429 #1123 283.0

Glans penis (mg) 30 ¥ 7 728 79 715 74 59.8

Cowper's glands (mg) 33 29 19 217 264 264 244 15.6
Log-transformed

Ventral prostate (mg) 48 23 4.4 21 20 21 20 1.7

Seminal vesicles (mg) 59 20 37 25 24 25 23 20

BC/LA {mg) 40 43 17 27 27 28 26 24

Glans penis (mg) 31 35 1.8 1.9 19 1.9 1.9 18

Cowper's glands (mg) 40 25 6.3 14 14 14 1.4 1.2

Abbreviations: TRT, R2values for effects of treatments; LAB, R values fer effects among laboratories.
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In the assay using the androgen antagonistic
chemicals, slight differences in the normalized
response curves for fow doses in the p,p"-DDE
assay were observed among the laboratories, .
but the response curves for each organ in the
VCZ assay were similar. The fact that the per-
centages of organ weight relative to the control
at high doses in the p,p"-DDE assay were lower
than those in the VCZ assay suggests that the
androgen antagonistic affinity of p,p"-DDE is
weaker than that of VCZ. On the othier hand,
the organ weights of the rats given only TP
varied among the laboratories. The slight varia-
tion in responses among the laboratories for
the low dose in the ,p"-DDE assay may have
been affected by the relationship between the
agonistic affinity of TP and the weak antago-
nistic affinity of p,p’-DDE.

In the phase 1 validation study using TP, .
the OECD reported that no essential differ-
ences were observed when the weights of the
fresh and fixed organs were compared
(OECD 2001). Lab 4 weighed the prostate,
seminal vesicle, and Cowper’s glands after fix-
ation, whereas the other laboratories mea-
sured the weights of fresh organs; the changes
in organ weight among the laboratories were
essentially similar. Therefore, the difference in
the weighing method (fresh vs. fixed organs)
did not appear to affect the results of the
assay. Although the terminal body weights
were different between SD and Wistar rats,
the responsiveness of these rats to VCZ and
p.p"-DDE did not differ in this study. This
finding demonstrates that no significant dif-
ferences exist regarding the use of SD and
Wistar rats in the Hershberger assay for the
detection of androgen antagoniss.

Among the optional organs measured in
this study, the weight of the adrenal glands
increased significantly in rats given 100
mg/kg/day of VCZ and decreased in rats given
50 mg/kg/day MT. The decrease in adrenal
weight may be suppressed by a high dose of
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Figure 3. Weights of accessory sex organs
from rats given p,p’-DDE plus 0.2 mg/kg/day
of TP, {A} Ventral prostate. (B) Seminal vesi-
cle. (C) BC/LA. {D) Glans penis. (£) Cowper's
glands. Values from each laboratory were
normalized to the control value set equal to
100%. Toxic doses are 30 and 100 mg/kg/day.
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androgen in the form of MT, and the adrenal
glands may be hypertrophied in response to a
high level of antagonist. Increased kidney
weights in rats given 50 mg/kg/day of MT
and increased liver weights in rats given-30
and 100 mg/kg/day of p,p’-DDE suggested
toxic effects. On the other hand, a significant
decrease or a tendency to decrease of the body
weights in the p,p’-DDE assay was observed
by two out of five laboratories; this response
was also considered to be a toxic effect of

p.p’-DDE.
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Abstract

We performed an immature rat uterotrophic assay of 18 chemicals and Hershberger assay of 30 chemicals to assess
the relationship between the results of two assays. The chemicals tested by the uterotopic assay were 4-n-amylphenol, p-
dodecyl-phenol, p-(tert-pentyl)phenol, 4-cyclohexylphenol, 4-(1-adamantyl)phenol, 4,4’-thiobis-phenol, diphenyl-p-
phenylenediamine, 4-hydroxyazobenzene, 4-(phenylmethyl)phenol, 4,4'-(hexafluoroisopropylidene)diphenol, 2,2-bis(4-
hydroxyphenyl)-4-methyl-n-pentane, 4,4’-(octahydro-4,7-methano-5H-inden-5-ylidene)bisphenol, 4,4’-dihydroxyben-
zophenone, 2,2,4,4'-tetrahydroxybenzophenone, 4-hydroxybenzophenone, 2,4,4'-trihydroxybenzophenone, testoster-
one enanthate, and methyltestosterone. The chemicals tested by the Hershberger assay were the 18 chemicals tested in
the uterotrophic assay plus the following: 17alpha estradiol, estrone, equilin, norethindrone, norgestrel, ethynyl
estradiol, bisphenol A, bisphenol B, bisphenol F, 4-tert-octylphenol, p-cumyl phenol, and nonylphenol. All chemicals
examined in this study were positive in a reporter gene assay for ER-alpha. In the immature rat uterotrophic assay, all
chemicals induced uterotrophy and p-(tert-pentyl)phenol, 4,4'-thiobis-phenol, 4-(phenylmethyl)phenol, 4,4’-(hexafluor-
oisopropylidene)diphenol, 2,2-bis(4-hydroxyphenyl)-4-methyl-n-pentane, 4,4'-(octahydro-4,7-methano-5H-inden-5-yli-
dene)bisphenol, 4,4’-dihydroxybenzophenone, 2,2’,4,4'-tetrahydroxybenzophenone, 4-hydroxybenzophenone, and
2,4,4'-trihydroxybenzophenone exerted both estrogen agonistic effect and reduced the estrogenic effect of ethynyl-
estradiol. In the Hershberger assay, a clear androgen agonistic effect was detected in the androgen derivatives
testosterone enanthate and methyltestosterone. '
© 2002 Elsevier Science Ireland Lt(i. All rights reserved.

Kepwords: Androgenic. effect; Endocrine; Estrogenic effect; Hershberger assay; Rat; Uterotrophic assay

1. Introduction

There is concern that certain chemicals may
have the potential to interfere with normal sexual
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Cooperation and Development (OECD) has pro-
posed the uterotrophic assay and the Hershberger
assay as screening tests to -detect estrogenic and
androgenic properties of potentially endocrine
disrupting chemicals (OECD, 2001). In the utero-
trophic assay, the test method that chemical
compounds are injected subcutaneously to imma-
ture female rats for 3 consecutive days is one of
option among four standardized protocols, and
validation studies were already finished. In the
Hershberger assay, on the other hand, chemicals
are orally administration to castrated rats for 10
days, and validation studies have been performed.
Although there have been reports of estrogenic
compounds displaying androgenic effects in tox-
icological studies (Atanassova et al., 1999; Yama-
saki et al., 2002a), the relationship between the
agonistic and antagonistic effects of the same
estrogenic chemical or between the estrogenic
and androgenic effects of the same chemical have
never been adequately studied. We, therefore,
performed uterotrophic assays and the Hershber-
ger assay of 18 chemicals and Hershberger assay of
12 chemicals identified as having estrogenic prop-
erties in our previous study (Yamasaki et al.,
2002b).

2. Materials and methods

The studies were performed under Good La-
boratory Practice guidelines.

2.1. Uterotrophic assay

2.1.1. Chemicals

The chemicals tested in the uterotrophic assay
are listed in Table 1, and chemical structures of
test compounds are shown in Fig. 1. All chemicals
were dissolved in olive oil (Fujimi Pharmaceutical,
Osaka, Japan) before use. All of chemicals tested
in the uterotrophic assay in this study were
positive in the reporter gene assay for ER-alpha
based on their PC10 values. Chemicals tested in
this assay were selected based on the list of
suspected endocrine disrupters published by the
EU (Commission -of the European Communities,
2001).

-1346-

2.1.2. Animals

Crj:CD (SD) rats, dams and their 10-day-old
pups, were purchased from Charles River Japan
(Shiga, Japan). The dams and pups were housed in
polycarbonate pens until weaning. All pups were
weaned at 17 days of age and subsequently
individually housed in stainless steel wire-mesh
cages throughout the study. The immature rats
were weighed, weight-ranked, and assigned ran-
domly to each of the experimental and control
groups. Body weight and clinical signs were
recorded daily throughout the study. Rats were
provided with tap water and a commercial diet
(CRF-1, Oriental Yeast, Tokyo, Japan) ad libitum
before weaning, and with water automatically and
a commercial diet (MF, Oriental Yeast) ad libitum
after weaning. The animal room was maintained at
a temperature of 2342 °C and a relative humidity
of 55+5%, and it was artificially illuminated with
fluorescent light on a 12-h light/dark cycle (06:00—
18:00 h). All animals were cared for according to
the principles outlined in the guide for animal
experimentation prepared by the Japanese Asso-
ciation for Laboratory Animal Science.

2.1.3. Study design

Each chemical was subcutaneously injected on 3
consecutive days into the back of 19-day-old rats.
The doses of each chemical are shown in Table 4.
In some rats, ethynyl estradiol (EE, CAS No. 57-
63-6, 98% purity, Sigma Chemical) in olive oil was
also subcutaneously injected into the back at a
dose of 0.6 ug/kg per day on 3 consecutive days
after the administration of each chemical at the
same doses. A vehicle control group was injected
with olive oil alone, and a positive control group
was injected with EE after administration of olive
oil. A group injected with the estrogen antagonist
chemical tamoxifen at a dose of 1 mg/kg per day
plus EE was also established to confirm the
reliability of this study. Each group consisted of
six rats. The doses of each chemical were based on
the results of a preliminary study. The volume of
the olive oil solution containing the chemical or
EE for subcutaneous injections was 2 ml/kg. The
animals were killed by bleeding from the abdom-
inal vein under deep ether anesthesia approxi-
mately 24 h after the final dose. At necropsy, the
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Table 1
Chemicals tested in the uterotrophic assay

Chemicals CAS no. Source Purity (%)

4-n-Amylphenol 14938-35-3  Tokyo Kasei Kogyo, Co. 99.2
p-Dodecyl-phenol 104-43-8 Kanto Chemical Co. Unknown

p-(Tert-pentyl)phenol 80-46-6 Wako Pure Chemicals 100.0
4-Cyclohexylphenol 1131-60-8 Tokyo Kasei Kogyo Co. 99.7
4-(1-Adamantyl)phenol 29799-07-3  Aldrich Co. 97

4,4'-Thiobis-phenol 2664-63-3 Tokyo Kasei Kogyo Co. 99.8
Diphenyl-p-phenylenediamine 74-31-7 Wako Pure Chemicals 97.2
4-Hydroxyazobenzene 1689-82-3 Wako Pure Chemicals 96

4-(Phenylmethyl)phenol 101-53-1 Tokyo Kasei Kogyo, Co. 99.8
4,4’-(Hexafluoroisopropylidene)diphenol 1478-61-1 Aldrich Co. 98.8
2,2-Bis(4-hydroxyphenyl)-4-methyl-n-pentane 6807-17-6 Wako Pure Chemicals 100.0
4,4'<(Octahydro-4,7-methano-5H-inden-5-ylidene)bisphenol 1943-97-1 Across Organics 99.5
4,4’-Dihydroxybenzophenone 611-99-4 Wako Pure Chemicals 98.5
2,2',4,4'-Tetrahydroxybenzophenone 131-55-5 Wako Pure Chemicals 98.2
4-Hydroxybenzophenone 1137424 Sigma Chemical Co., 98.0
2,4,4’-Trihydroxybenzophenone 1470-79-7 Aldrich Co. 95

Testosterone enanthate 315-37-7 Wako Pure Chemicals 99.6
Methyltestosterone 58-18-4 Wako Pure Chemicals 100.0

uteri were carefully dissected free of adhering fat
and mesentery and weighed.

2.1.4. Statistical analysis

Differences in body weight and organ weight
between the vehicle group and each of the
chemical groups and between the vehicle-plus-EE
group and each of the chemical plus EE groups
were assessed. for statistical significance by the
two-tailed Student’s ¢-test.

2.2. Hershberger assay

2.2.1. Chemicals

The chemicals tested in the Hershberger assay
are listed in Table 2, and chemical structures of
test compounds are shown in Fig. 1. All chemicals
were dissolved in olive oil (Fujimi Pharmaceutical,
Osaka, Japan) before use. Chemicals tested in this
assay were selected based on the list of suspected
endocrine disrupters published by the EU (Com-
mission of the European Communities, 2001).

2.2.2. Animals

Seven-week-old castrated male Brl Han: WIST
Jcl (GALAS) rats were purchased from Clea Japan
(Shizuoka, Japan) and housed three per cage in

-1347-

stainless steel wire-mesh cages throughout the
study. After allowing 14 days to recover from the
operation, the rats were weighed, weight-ranked,
and assigned randomly to each of the experimental
and control groups. Other housing conditions
were essentially the same as in the uterotrophic
assay.

2.2.3. Study design

Each chemical was orally administered via a
stomach tube for 10 consecutive days beginning on
postnatal day 56. A vehicle control group given
only olive oil was also established. Testosterone
propionate (TP, CAS No. 57-63-6, 98% purity,
Sigma), 0.2 mg/kg per day, was also administered
to some rats by subcutaneous injection into the
back after oral administration of each chemical,
and a positive control injected with TP was also
established. A group given the androgen antago-
nist chemical flutamide, 10 mg/kg per day, plus TP
was established to confirm the reliability of this
study. Each group consisted of six rats. The doses
of each chemical were selected based on the results
of a preliminary study. In the preliminary study,
each chemical was orally administered to non-
castrated rats for 7 days beginning on postnatal
day 56. The volume of the olive oil solution
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Fig. 1. Chemical structures of test compounds.

containing TP was 1 ml/kg, and the volume of the
olive oil solution containing the chemical was 5 ml/
kg. The animals were killed by bleeding from the
abdominal vein under deep ether anesthesia ap-
proximately 24 h after the final dose. The ventral
prostate with fluid, seminal vesicle with ‘fluid,
bulbocavernosus/levator ani muscle (BC/LA),
glans penis, and Cowper’s gland were carefully
dissected free of adhering fat and weighed.
Because toxic signs, including death and/or
decrease in body weight gain, were observed
when animals were administered in this study
with the high doses of 4-n-amylphenol, p-(tert-
pentyl)phenol, 4-cyclohexylphenol, 4-(phenyl-
methyl)phenol, 4,4'-(hexafluoroisopropylidene)di-
phenol, 2,2-bis(4-hydroxyphenyl)-4-methyl-n-
pentane, 2,2',4,4'-tetrahydroxybenzophenone, es-
trone, equilin, and 4-tert-octylphenol, the max-
imum dose of these compounds were reduced.

2.2.4. Statistical analysis
The analytical method was essentially the same
as in study 1.

3. Results
3.1. Uterotrophic assay

3.1.1. Clinical signs and body weight

Body weights are shown in Table 4. No clinical
abnormalities were observed in any of the groups,
and body weight increased normally in all groups.

3.1.2. Uterine weight

Uterine blotted weights are shown in Table 4.
Watery uterine contents were grossly detected in
all rats given EE, 800 mg/kg 4-n-amylphenol, 200
mg/kg p-dodecyl-phenol, 40 and 200 mg/kg 4-(1-

-1348-
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Fig. 1 (Continued)

adamantyl)phenol, 100 mg/kg 4,4’-(hexafluoroiso-
propylidene)diphenol, 10 and 40 mg/kg 2,2-bis (4-
hydroxyphenyl)-4-methyl-n-pentane, 10 and 40
mg/kg 4,4'-(octahydro-4,7-methano-5H-inden-5-
ylidene)bisphenol, 200 and 800 mg/kg 2,2°,4,4'-
tetrahydroxybenzophenone, 40 mg/kg testosterone
enanthate, and 40 mg/kg methyltestosterone.

In this study, the uterine weight of rats given EE
was higher than in rats given vehicle alone, and the
uterine weight of rats given tamoxifen plus EE was
lower than in rats given EE, confirming the
reliability of this study. Uterine blotted weight
increased significantly in rats given 2, 10, and 40
mg/kg 2,2-bis(4-hydroxyphenyl)-4-methyl-n-pen-
tane, 4,4’-(octahydro-4,7-methano-5H-inden-5-yli-
dene)bisphenol and testosterone enanthate, 8, 40,
and 100 mg/kg 4,4’-(hexafluoroisopropylidene)di-
phenol, 8, 40, and 200 mg/kg 4-(1-adamantyl)phe-
nol, 10 and 40 mg/kg 4,4'-thiobis-phenol and
methyltestosterone, 40 and 200 mg/kg p-dodecyl-
phenol, 4-hydroxyazobenzene and 2,4,4'-trihy-

-1349-

droxybenzophenone, 100, 400, and 800 mg/kg
diphenyl-p-phenylenediamine, 200 and 800 mg/kg
2,2 4,4'-tetrahydroxybenzophenone and 4-hydro-
xybenzophenone, 200 mg/kg p-(tert-pentyl)phenol,
4-cyclohexylphenol, 4-(phenylmethyl)phenol and
4,4'-dihydroxybenzophenone, and 800 mg/kg 4-n-
amylphenol. Uterine blotted weight decreased
significantly in rats given 2 and 10 mg/kg 2,2-
bis(4-hydroxyphenyl)-4-methyl-n-pentane plus EE
and 4,4’-(octahydro-4,7-methano-5H-inden-5-yli-
dene)bisphenol plus EE, 10 and 40 mg/kg 4,4’
thiobis-phenol plus EE, 40 and 200 mgkg
2,2’ 4.4'-tetrahydroxybenzophenone plus EE and
2,4.4'-trihydroxybenzophenone plus EE, 40 mg/kg
4,4'-(hexafluoroisopropylidene)diphenol plus EE,
and 200 mg/kg p-(tert-pentyl)phenol plus EE, 4-
(phenylmethyl)-phenol plus EE, 4,4’-dihydroxy-
benzophenone plus EE and 4-hydroxybenzophe-
none plus EE. With these chemicals, the wet
absolute and relative weight changes were essen-
tially the same as the blotted weight changes.
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Fig. 1 (Continued)

3.2. Hershberger assay

3.2.1. Clinical signs and body weights

Summary of general toxic signs in rats given
chemicals and body weights are shown in Tables 3
and 5, respectively. Decreased spontaneous loco-
motion was seen in rats given 600 mg/kg 4-n-
amylphenol, 200 and 600 mg/kg p-(tert-pen-
tyDphenol, 600 mg/kg 4-cyclohexylphenol, 200
and 600 mg/kg 4,4’-(hexafluoroisopropylidene)di-
phenol, 200 mg/kg 2,2-bis(4-hydroxyphenyl)-4-
methyl-n-pentane, 600 mg/kg 2,2',4,4'-tetrahy-
droxybenzophenone, 600 mg/kg 4-hydroxybenzo-

phenone, 600 mg/kg bisphenol B, 1000 mg/kg
bisphenol F, 200 and 600 mg/kg 4-tert-octylphe-
nol, 200 and 600 mg/kg p-cumyl phenol, and 200
mg/kg nonylphenol. This sign was also detected in
rats given the above chemicals plus TP. In addi-
tion, one rat given 600 mg/kg 4-n-amylphenol plus
TP, two rats given 600 mg/kg 4,4’-(hexafluoroiso-
propylidene)diphenol plus TP, one rat given 600
mg/kg 2,2’ ,4,4'-tetrahydroxybenzophenone, and
all rats given 600 mg/kg 4-tert-octylphenol and
600 mg/kg 4-tert-octylphenol plus TP died during
the administration period. Significant decrease in
body weight gain was observed in rats given 600
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Table 2
Chemicals tested in the Hershberger assay

Chemicals

CAS no. Source Purity (%)

4-n-Amylphenot

p-Dodecyl-phenol

p-(Tert-pentyl)phenol
4-Cyclohexylphenol
4-(1-Adamantyl)phenol
4,4’-Thiobis-phenol
diphenyl-p-phenylenediamine
4-Hydroxyazobenzene
4-(Phenylmethyl)phenol
4,4’-(Hexafluoroisopropylidene)diphenol
2,2-bis(4-Hydroxyphenyl)-4-methyl-n-pentane
4,4’-(Octahydro-4,7-methano-5H-inden-5-ylidene)bisphenol
4,4'-Dihydroxybenzophenone

2,2’ 4.4’-Tetrahydroxybenzophenone

_ 4-Hydroxybenzophenone
2,4.4'-Trihydroxybenzophenone
Testosterone enanthate
Methyltestosterone

17 Alpha estradiol

Estrone

Equilin

Norethindrone

Norgestrel

Ethynyl estradiol

Bisphenol A

Bisphenol B

Bisphenol F

4-Tert-octylphenol

p-Cumyl! phenol

Nonylphenol

14938-35-3  Tokyo Kasei Kogyo, Co. 99.2
104-43-8 Kanto Chemical Co. Unknown

80-46-6 Wako Pure Chemicals 100.0
1131-60-8 Tokyo Kasei Kogyo Co. 99.7
29799-07-3  Aldrich Co. 97

2664-63-3 Tokyo Kasei Kogyo Co. 99.8
74-31-7 Wako Pure Chemicals 97.2
1689-82-3 Wako Pure Chemicals 96

101-53-1 Tokyo Kasei Kogyo, Co. 99.8
1478-61-1 Aldrich Co. 98.8
6807-17-6 Wako Pure Chemicals 100.0
1943-97-1 Across Organics 99.5
611-99-4 Wako Pure Chemicals 98.5
131-55-5 Wako Pure Chemicals 98.2
1137-42-4 Sigma Chemical Co. 98.0
1470-79-7 Aldrich Co. 95

315-37-7 Wako Pure Chemicals 99.6
58-18-4 Wako Pure Chemicals 100.0
57-91-0 Wako Pure Chemicals 100

53-16-7 Wako Pure Chemicals 100

474-86-2 ° Sigma Chemical Co. 99.5
68-22-4 Wako Pure Chemicals 100.7
797-63-7 Sigma Chemical Co. 99

57-63-6 Sigma Chemical Co. 98

80-05-7 Kanto Chemical Co. 99.9
77-40-7 Tokyo Kasei Kogyo, Co. 99.8
620-92-8 Kanto Chemical Co. 99.9
140-66-9 Wako Pure Chemicals 98.5
599-64-4 Wako Pure Chemicals 99.9
25154-52-3  Kanto Chemical Co. 96.7

mg/kg 4-n-amylphenol and 4-n-amylphenol plus
TP, 600 mg/kg 4-cyclohexylphenol, 200 mg/kg 4-
(1-adamantyl)phenol and 4-(1-adamantyl)phenol
plus TP, 200 mg/kg 4,4’-thiobis-phenol, 600 mg/
kg 4-(phenylmethyl)-phenol, 200 and 600 mg/kg
4,4’-(hexafluoroisopropylidene)diphenol and 4,4'-
(hexafluoroisopropylidene)diphenol plus TP, 50
and 200 mg/kg 2,2-bis(4-hydroxyphenyl)-4-meth-
yl-n-pentane and 200 mg/kg 2,2-bis(4-hydroxyphe-
nyl)-4-methyl-n-pentane plus TP, 10 and 50 mg/kg
4,4’<(octahydro-4,7-methano-5SH-inden-5-ylide-

ne)bisphenol plus TP, 600 mg/kg 4,4’-dihydroxy-
benzophenone plus TP, 200 and 600 mg/kg
2,2’ 4,4 -tetrahydroxybenzophenone and 600 mg/
kg 2,2',4,4'-tetrahydroxybenzophenone plus TP,
600 mg/kg 2,4,4'-trihydroxybenzophenone, 2 and
10 mg/kg 17alpha-estradiol plus TP, 2 and 10 mg/
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kg estrone and 10 mg/kg estroen plus TP, in all
rats given equilin and equilin plus TP, in rats given
10 mg/kg norethindrone and norethindrone plus
TP, 100 mg/kg norgestrel and norgestrel plus TP,
50 and 200 pg/kg EE and 200 pg/kg EE plus TP,
600 mg/kg bisphenol B and bisphenol B plus TP,
1000 mg/kg bisphenol F and 200 and 1000 mg/kg
bisphenol F plus TP, 200 mg/day 4-tert-octylphe-
nol, 600 mg/kg p-cumyl phenol and p-cumyl
phenol plus TP, and 200 mg/kg nonylphenol.

3.2.2. Organ weights

Relative accessory sex organ weights are shown
in Table 5. The accessory sex organ weights of rats
given TP were higher than in rats given the vehicle
alone, and the organ weights of rats given fluta-
mide plus TP were lower than those of rats given
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Table 3
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General toxic signs in rats given each chemical without
testosterone propionate in the Hershberger assay

Chemicals

Toxic signs

4-n-Amylphenol

p-Dodecyl-phenol
p-(Tert-pentyl)phenol

4-Cyclohexylphenol

4-(1-Adamantyl)phenol
4,4’-Thiobis-phenol

Diphenyl-p-phenylenedia-
mine
4-Hydroxyazobenzene
4-(Phenylmethyl)phenol

4,4'<(Hexafluoroisopropy-
lidene)diphenol

2,2-Bis(4-hydroxyphenyl)-
4-methyl-n-pentane

4.4’-(Octahydro-4,7-
methano-5H-inden-5-yli-
dene)bisphenol
4,4’-Dihydroxybenzophe-
none

2,2’ 4,4 -Tetrahydroxy-
benzophenone

4-Hydroxybenzophenone

2,4,4’-Trihydroxybenzo-
phenone :
Testosterone enanthate
Methyltestosterone

17 Alpha estradiol
Estrone

Equilin
Norethindrone

Norgestrel

Decreased body weight gain and
decreased spontaneous locomotion
in 600 mg/kg group

No abnormalies detected
Decreased spontaneous locomo-
tion in 200 and 600 mg/kg groups
Decreased body weight gain and
decreased spontaneous locomotion
in 600 mg/kg group

Decreased body weight gain in 200
mg/kg group

Decreased body weight gain in 200
mg/kg group

No abnormalies detected

No abnormalies detected
Decreased body weight gain in 600
mg/kg group

Decreased body weight gain and
decreased spontaneous locomotion
in 200 and 600 mg/kg groups
Decreased body weight gain in 50
and 200 mg/kg groups and de-
creased spontaneous locomotion in
200 mg/kg group

No abnormalies detected

No abnormalies detected

Decreased body weight gain in 200
and 600 mg/kg groups, and de-
creased spontaneous locomotion
and a dead animal in 600 mg/kg
group

Decreased spontaneous locomo-
tion in 600 mg/kg group
Decreased body weight gain in 600
mg/kg group

No abnormalies detected

No abnormalies detected

No abnormalies detected
Decreased body weight gain in 2
and 10 mg/kg groups

Decreased body weight gain in 0.5,
2 and 10 mg/kg groups

Decreased body weight gain in 10
mg/kg group

Decreased body weight gain in 100

mg/kg group

Table 3 (Continued)

Chemicals Toxic signs

Decreased body weight gain in 50
and 200 mg/kg groups

"~ No abnormalies detected
Decreased body weight gain and
decreased spontaneous locomotion
in 600 mg/kg group
Decreased body weight gain and
decreased spontaneous locomotion
in 1000 mg/kg group
Decreased body weight gain in 200
mg/kg group, decreased sponta-
neous locomotion in 200 and 600
mg/kg groups and dead animals in
600 mg/kg group
Decreased body weight gain in 600
mg/kg group and decreased spon-
taneous locomotion in 200 and 600
mg/kg groups
Decreased body weight gain and
decreased spontaneous locomotion
in 200 mg/kg group

Ethynyl estradiol
Bisphenol A
Bisphenol B

Bisphenol F

4-Tert-octylphenol

p-Cumy! phenol

Nonylphenol

TP confirming the reliability of this study. Since
body weight gain decreased in the high or middle
and high dose groups of many chemicals in this
study, we mainly used the relative organ weight
changes to assess the effect of each chemical.
Relative accessory sex organ weights increased
significantly in rats given testosterone enanthate
and methyltestosterone. Relative ventral prostate,
seminal vesicle, and glans penis weights increased
significantly in rats given 2 and 10 mg/kg equilin.
Relative ventral and seminal vesicle weights in-
creased in rats given 30 and 100 mg/kg norgestrel,
and relative glans penis weights increased in rats
given 100 mg/kg norgestrel. The absolute weight
changes with these chemicals were essentially the
same, and some organ weights also increased. in
rats given each chemical plus TP. Relative ventral
prostate weights increased significantly in rats
given 10 mg/kg estrone and 50 pg/kg EE. In
addition, relative ventral prostate weights de-
creased significantly in rats given 50 and 600 mg/
kg 4-hydroxybenzophenone, and relative seminal
vesicle weights increased significantly in rats given
800 mg/kg diphenyl-p-phenylenediamine, 10 mg/
kg estrone, 50 pg/kg EE and 50 mg/kg 4-tert-
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octylphenol. Relative BC/LA weights decreased in
rats given 100 mg/kg p-dodecyl-phenol, 30 mg/kg
4-hydroxyazobenzene, 200 mg/kg 4,4’-(hexafluor-
oisopropylidene)diphenol, 200 mg/kg 4,4’-dihy-
droxybenzophenone and 200 and 600 mg/kg
bisphenol B. Relative glans penis weight increased
significantly in rats given 50 mg/kg diphenyl-p-
phenylenediamine, 50 and 200 mg/kg 4-(phenyl-
methyl)phenol, 600 mg/kg 4,4’-(hexafluoroisopro-
pylidene)diphenol, 50 and 200 pg/kg EE and 600
mg/kg bisphenol A. On the other hand, the relative
ventral prostate weight increased significantly in
rats given 10 and 200 mg/kg 4,4’-thiobis-phenol
plus TP, 50 and 800 mg/kg diphenyl-p-phenylene-
diamine plus TP, 10 and 200 mg/kg 2,2-bis(4-
hydroxyphenyl)-4-methyl-n-pentane plus TP and
* 200 and 600 mg/kg bisphenol B plus TP, whereas
its weight decreased in rats given 200 mg/kg 4,4'-
dihydroxybenzophenone plus TP. Relative seminal
vesicle weight increased significantly in rats given
50 mg/kg p-(tert-pentyl)phenol plus TP, 200 mg/kg
4-(1-adamantyl)phenol plus TP, 10 and 200 mg/kg
4 4’-thiobis-phenol plus TP, 50 mg/kg 4-(phenyl-
methyl)phenol plus TP, 50 and 600 mg/kg 4,4’-
(hexafluoroisopropylidene)diphenol plus TP, in all
rats given estrone plus TP, in rats given 50 and 200
ng/kg BE plus TP, and 600 mg/kg bisphenol B plus
TP, but its weight decreased in rats given 200 mg/
kg nonylphenol plus TP. Relative BC/LA weight
increased significantly in rats given 600 mg/kg
bisphenol B plus TP, but it decreased in rats given
600 mg/kg 4-n-amylphenol plus TP and 200 mg/kg
4,4 -dihydroxybenzophenone plus TP. Relative
glans penis weight increased significantly in rats
given 10 mg/kg 4-hydroxyazobenzene plus TP, 50
and 600 mg/kg 4,4'~(hexafluoroisopropylidene)di-
phenol plus TP, 10 and 50 mg/kg 4,4’-(octahydro-
4,7-methano-5H-inden-5-ylidene)bisphenol  plus
TP, 600 mg/kg 4,4'-dihydroxybenzophenone plus
TP, 2 and 10 mg/kg estrone plus TP, 10 mg/kg
norethindrone plus TP, 200 pg/kg EE plus TP, and
600 mg/kg bisphenol B plus TP. Relative Cowper’s
gland increased significantly in rats given 200 mg/
kg 4-(1-adamantyl)phenol plus TP, 600 mg/kg
4,4’-(hexafluoroisopropylidene)diphenol plus TP,
600 mg/kg bisphenol B plus TP, 200 mg/kg
bisphenol F plus TP, and 200 mg/kg 4-tert-
octylphenol plus TP.
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4, Discussion

The OECD proposed the rat uterotrophic assay
and the Hershberger assay as screening methods to
detect the estrogenic and androgenic properties of
endocrine disrupting chemicals, and these assays
have been reported to be useful in this regard
(OECD, 2001). In the present study, we performed
uterotrophic assays and Hershberger assays of 18
chemicals and Hershberger assays alone on 12
chemicals that showed an estrogen agonistic effect
in our previous study (Yamasaki et al., 2002b).

All of the chemicals tested were positive in the
uterotrophic assay, and thus they have estrogen
agonistic properties. Androgen derivatives, such as
testosterone enanthate and methyltestosterone,
also tested positive in the uterotrophic assay.
These androgen chemicals may be aromatized to
estradiol. A decrease in uterine weight was ob-
served in the high-dose group receiving p-(tert-
pentyl)phenol plus EE, 4-(phenylmethyl)phenol
plus EE, and 4,4’-dihydroxybenzophenone plus
EE and also in the middle- and high-dose groups
receiving 4,4'-thiobis-phenol plus EE and 2,4,4'-
trihydroxybenzophenone plus EE. These findings
clearly demonstrate that the above chemicals have
partial agonistic properties and that they also
reduce the agonistic effect of EE. In addition, a
decrease in uterine weight was detected in the
middle-dose groups receiving 4,4'-(hexafluoroiso-
propylidene)diphenol plus EE and 4-hydroxyben-
zophenone plus EE and also in the low- and
middle-dose groups receiving 2,2-bis(4-hydroxy-
phenyl)-4-methyl-n-pentane plus EE, 4,4"-(octahy-
dro-4,7-methano-5H-inden-5-ylidene)bisphenol
and 2,2',4,4'-tetrahydroxybenzophenone plus EE.
These chemicals are also thought to reduce the
agonistic effect of EE as well as the agonistic
effects of the high dose. Interestingly, ten of the 18
chemicals examined in this study exhibited both
estrogen agonistic properties and reduced the
agonistic effect of EE. All of the (di and tri)
phenyl methanes and benzophenone derivatives
displayed both agonistic properties and reduced
the agonistic effect of EE. In the benzophenone
derivatives, the position of hydroxyl groups may
be related to the uterotrophic affinity. Moreover,
the observation that the agonistic effect of 4-(1-
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Table 4
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Body weight and uterine blotted weight in the uterotrophic assays of 18 chemicals with and without ethynyl estradiol (EE)

Chemicals PCI10 values for ~ Groups Body weight (g)  Uterus blotted weight
ER alpha (mg/kg per day)
Absolute (mg) Relative (mg/100 g)
Para-alkylphenols
4-n-Amylphenol 177639 Vehicle control 57.8+4.8 29.743.8 51.24+4.7
100 56.54-2.7 25.8+42.3 458438
400 56.442.6 37.249.5 65.9+16.1
800 51.24+3.9 64.5+9.9™ 126.1418.0""
Vehicle + EE 57.142.0 1022475 179.24+13.8
100+EE 57.443.0 83.2425.1 143.74+37.1
400+EE 56.842.7 93.1+194 163.4+30.0
800+EE 54.7+3.5 100.3+17.7 182.6+24.1
Tamoxifen+EE  55.742.5 83.246.17 149.34+7.0™
p-Dodecyl-phenol 23645 Vehicle control ~ 59.04:2.6 27.4+3.0 46.3+3.2
8 57.7+1.7 28.942.9 50.0+4.9
40 58.4+3.6 37.6+7.2 64.5+11.8
200 56.743.4 97.3415.17 171.5+23.8"
Vehicle +EE 56.342.6 100.34:25.6 177.1437.9
8+EE 56.0+2.8 99.6+10.8 177.7+154
40+EE 572416 100.6+11.5 175.6+17.6
200+EE 58.243.3 . 116.1+11.7 199.5+15.9
Tamoxifen+EE  55.6+2.6 76.0+4.7 137.14+12.7
p-(Tert-pentyl)phenol 401969 Vehicle control ~ 57.443.1 29.4+3.6 51.2+4.9
8 57.3+2.7 27.842.1 48.6+3.5
40 57.9+1.9 33.8+7.8 58.4+13.6
200 53.6+2.1 7224717 134.5+9.7°
Vehicle +EE 58.3+1.9 110.8:£6.2 190.4+13.8
8+EE 57.242.9 103.2417.4 180.8431.1
40+EE 58.04+2.1 108.24+12.6 186.5+204
200+EE 56.6+3.9 91.2+9.0" 161.04-10.9™
Tamoxifen+EE  56.4+0.9 85.14+2.6™ 151.144.9"
Phenol derivatives
4-Cyclohexylphenol 64256 Vehicle 56.6+2.4 279+1.1 49.542.6
8 552422 279429 50.6+5.2
40 55.6+1.5 29.7+4.5 53.448.6
200 552425 60.24+7.9" 108.9+11.8™
Vehicle +EE 56.1+1.3 96.8+5.9 172.7+11.5
8+EE 54.4+3.3 100.449.6 184.8+17.4
40+EE 54.9+1.9 103.3418.3 188.3+34.1
200+EE 552+3.0 92.14+12.6 166.8+19.9
Tamoxifen+EE  54.643.1 81.2+4.2" 149.4+14.1°
4-(1-Adamantyl)phenol 1248 Vehicle 59.0+3.7 314433 53.1+4.0
: 8 574+3.1 52.04+14.0" 90.54+23.7"
40 57.542.9 102.34+15.5™ 178.1+27.8™
200 54.9+4.2 138.44+7.9" 252.84+17.0™
Vehicle +EE 59.3+3.2 112.9+18.6 191.0433.0
8+EE 58.6+3.6 119.6+18.0 204.34+27.1
40+EE 58.6+3.5 112.7420.7 192.0+28.0
200+EE 58.0+5.1 132.74+7.7 230.6+26.7
Tamoxifen+EE  57.8+3.2 85.5+10.2" 148.4+19.4"
4,4’-Thiobis-phenol 20087 Vehicle 55.242.0 28.6+1.5 51.8+2.9
2 55.843.7 33.7+4.9 60.2+6.7"
10 55.542.2 36.5+3.2" 66.0+6.6"
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Table 4 (Continued)
Chemicals PC10 values for ~ Groups Body weight (g)  Uterus blotted weight
ER alpha (mg/kg per day)
Absolute (mg) Relative (mg/100 g)

40 55.042.9 42.1+2.6™ 76.5+4.7"
Vehicle+EE 56.4+43.0 111.0+74 197.0+12.1
2+EE 55.241.9 112.1+11.3 203.5+23.7
10+EE 56.8+3.6 100.0+8.8" 176.3+17.9
40+EE 56.1+2.8 77.1+15.8" 136.8+23.8""
Tamoxifen+EE  54.9+2.1 79.846.5" 145.4+11.5"

Non-condensed polycyclic compounds

Diphenyl-p-phenylenediamine 2300407 Vehicle 52.8+34 24.6+2.8 46.6+5.5
100 55.2+4.6 29.8+4.9" 53.9+7.6
400 52.8+1.3 334447 63.4+9.3"
800 52.0+2.9 48.9+6.9” 94.2+12.9"
Vehicle+EE 54.2+3.0 98.247.5 181.8+18.4
100+EE 543+41.3 113.6+13.7 209.5+27.4
400 +EE 53.942.4 104.24+14.6 194.1431.7
800 +EE 50.847.2 " 106.1417.5 209.8+25.6
Tamoxifen-++EE  53.2+24 822467 154.54+12.7

4-Hydroxyazobenzene 164424 Vehicle 57.8+3.7 27.542.6 479469
8 57.0+4.0 29.54+4.2 51.847.0
40 56.842.7 43.2+6.9" 76.1+11.97
200 56.4+2.4 56.24+6.0" 99.6+9.6™
Vehicle +EE 57.842.6 104.2+13.5 180.8426.7
8+EE 58.043.1 112.5+19.1 194.4+32.8
40+EE 57.6+3.5 108.8+4.3 189.3+7.2
200+EE 57.0+2.1 93.4+3.7 164.4+11.8
Tamoxifen+EE  56.1+4.3 31.1+7.17 145.5+19.9

(Di or tri) phenyl methanes

4-(Phenylmethyl) phenol 1198024 Vehicle 61.1+4.8 33.2+8.1 54.14+10.7
8 62.544.2 32.9+45.3 52.446.3
40 60.9+3.2 36.0+4.9 59.1+7.9
200 60.4+4.5 58.3+5.6" 96.8+9.2"
Vehicle+EE 629429 1194+11.8 190.0+17.6
8-+EE 62.1+3.3 130.74+8.7 210.6+12.6"
40+EE 62.843.5 120.6+9.1 192.3+13.6
200+EE 62.3+3.3 101.24-14.0° 163.6+28.4"
Tamoxifen+EE  60.3+3.3 81.6+8.0" 135.5+11.9™

(Di or tri) phenyl methanes
4,4’-(Hexafluoro isopropyli- 6906 Vehicle 56.14+4.3 28.6+4.9 50.9+74

dene) diphenol

8 55.0+4.5 472499 85.14+11.9"
40 56.6+4.0 65.949.8" o 116041177
100 54.74+4.2 96.4+9.0" 177.2+£22.2
Vehicle+EE 56.54+3.8 110.3+15.7 195.4425.0
8+EE 56.7+3.8 95.1+6.1 168.0+9.4°
40 +EE 55.542.1 7454917 134241547
100+EE 55.9+3.2 99.3+11.9 177.8+18.9
Tamoxifen +EE  54.7+3.4 79.545.2°" 145.94-14.4"
2,2-Bis (4-hydroxyphenyl)-4- 1892 Vehicle 58.34+2.8 28.842.6 494430
methyl-n-pentane
2 58.0+2.7 58.4+8.8" 100.5+14.2"
10 59.2+3.3 84.0+11.97 141.6+153"
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Table 4 (Continued)
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Chemicals - PCI10 values for ~ Groups Body weight (g)  Uterus blotted weight
ER alpha (mg/kg per day)
Absolute (mg) Relative (mg/100 g)
40 574432 115.1+16.6™ 200.3+25.3™
Vehicle +EE 59.74+2.7 107.6+7.1 180.44+11.8
24+EE 58.0-+3.8 96.2410.3" 165.7+13.3
10+EE 59.0+3.0 92.54+7.9™ 157.34+17.1°
40-+EE 57.943.1 11234159 193.84-23.9
Tamoxifen+EE  58.1+2.4 87.5+5.5" 151.0414.17"
4,4’-(Octahydro-4,7-methano- 37162 Vehicle 549432 28.3+44 51.64+7.1
5H-inden-5-ylidene)bisphenol ‘
2 56.2+3.1 63.44+52" 112.9+7.8"
10 532438 86.2+6.5" 162.5+13.7"
40 54.6+1.7 92.54+7.17 169.34+10.3""
Vehicle+EE 55.743.0 97.4+8.3 174.9412.6
2+4+EE 54.842.6 787484 143.94-16.7""
10+EE 5594223 82.34+9.4" 147.44-15.3"
40+EE 53.0+4.2 93.548.3 176.8+16.6
Tamoxifen+EE  52.4+2.6 79.7+3.6" 15224477
Benzophenone derivatives .
4,4’-Dihydroxybenzophenone = 124213 Vehicle 56.3+4.2 31.046.6 55.0+9.7
8 543+6.1 28.943.9 53.84+8.9
40 53.74+4.2 28.344.5 54.5+6.8
200 56.14+3.9 45.0+5.0" 80.4+7.5"
Vehicle+EE 54.942.9 95.0+54 173.149.2
8+EE 55.845.2 110.14+17.4 197.84+30.1
40+EE 55.7+5.1 106.9+17.8 192.3429.0
200+EE 54.4+4.4 69.84+14.8"" 128.34+23.5"
Tamoxifen+EE  54.2+4.5 84.7+7.8" 157.04+17.0
2,2’ 4 4"-Tetrahydroxybenzo- 106427 Vehicle 58.1+3.3 34.24+4.2 58.9+6.8
phenone
40 57.9+3.3 37.6+2.6 65.14+5.7
200 574415 7724104 134.2+15.3™
800 54.843.9 119.7+12.1™ 218.94+20.27
Vehicle+EE 57.643.5 117.84+11.3 205.34+25.0
40+EE 574429 00.54+15.3" 175.14£27.6
200+EE 56.843.4 67.04£10.3™ 134.24+15.3"
800+EE 53.0+2.4 124349.2 218.9420.2"
Tamoxifen+EE  56.5+4.4 87.84+4.6™ 156.14+12.6™
4-Hydroxybenzophenone 1096217 Vehicle 59.6+3.5 349+46.1 58.7+10.1
40 57.64+2.8 39.6+3.7 68.845.3
200 55.949.1 4834+6.3" 88.7+19.2"
800 559425 86.1+12.7" 154.1422.3%
Vehicle+EE 57.542.5 108.34-11.5 188.4+19.6
40 +EE 59.542.4 115.14+12.2 . 194.2+26.9
200+EE 572429 84.7+15.1" 148.7429.2"
800+EE 574422 95.5+12.1 166.4+20.0
Tamoxifen+EE  57.7+3.3 85.2+8.9" 1429412.2™
Benzophenone derivatives
2,4 4'-Trihydroxybenzophe- 43765 Vehicle 59.2+4.5 34.9+2.1 59.144.5
none
8 59.943.7 378435 63.14+3.4
. 40 58.244.3 4514427 77.849.0
200 58.24+5.9 728+102" 125.1412.07
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Table 4 (Continued)

Chemicals PC10 values for ~ Groups Body weight (g)  Uterus blotted weight
ER alpha (mg/kg per day)
Absolute (mg) Relative (mg/100 g)
Vehicle+EE 58.2+3.5 116.5+12.6 199.7+12.1
8+EE 58.2+3.2 109.5+15.0 187.5+17.8
40+EE 58.1+2.8 94.54+10.4" 163.1+20.07
200+EE 55.2+3.3 67.7+11.6~ 123.44+25.0™
Tamoxifen+EE  58.8+3.3 84.2+3.8" 143.448.7"
Androgen derivatives
Testosterone enanthate 17140 Vehicle 59.743.0 36.6+3.0 61.34+4.2
2 61.142.9 30.8+3.27 50.5+6.3"
10 61.942.3 60.54+9.6" 98,1 +17.3"
40 60.5+4.0 89.0+6.7"" 147.3+£10.0"
Vehicle+EE 60.045.2 121.44+18.2 201.6416.7
2+EE 59.74+3.3 108.8+6.3 182.5+12.4"
10+EE 60.943.0 121.7+12.6 199.9+19.0
40+EE 61.0+24 129.6+16.8 211.94204
‘ Tamoxifen+EE  58.1+2.8 86.7+6.3" 149.34+11.8"
Methyltestosterone 173235 Vehicle 62.742.5 34.9+7.0 55.74+10.9
2 63.14+4.3 35.543.1 56.44+4.4
10 62.743.9 60.9+9.7" 97.6+18.0"
40 63.3+3.2 . 96.1+17.4" 151.8+264™
Vehicle-+EE 61.94+2.2 115.8+16.1 187.2425.8
2+EE 63.6+3.4 103.34-7.7 162.4+7.0
10+EE 64.442.9 118.3+7.1 184.0+11.8
40+EE 62.2+1.1 129.6+7.8 208.5+13.3
Tamoxifen+EE  61.6+3.3 86.8+9.6" 140.8+11.5"

* Significantly different from vehicle control or vehicle control plus EE at P <0.05.
*% Significantly different from vehicle control or vehicle control plus EE at P <0.01.

adamantyl)phenol was enhanced by EE was quite
interesting.

In the previous study, we performed a reporter
gene assay for ER alpha-mediated transcriptional
activation and an immature rat uterotrophic assay
of 23 chemicals (Yamasaki et al., 2002b). In the
reporter gene assay, the transcriptional activity of
each chemical was tested over concentrations
ranging from 10 pM to 10 uM. The EC50, PC50,
and PCI10 values were then calculated, and the
results showed that the PC10 values were superior
to the EC50 and PC50 values for predicting the
estrogenic activity of chemicals. The PC50 and
PC10 values defined as the test chemical concen-
trations estimated to show 50 and 10%, respec-
tively, of the transcriptional activity of positive
control wells treated with natural ligands (1 nM of
17B-estradiol) were calculated in our own made
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software. We selected all of the chemicals for the
uterotrophic assay in this study based on their
PC10 values in the reporter gene assay and found
that all had estrogen agonistic effects. This de-
monstrates that the PC10 value is superior as a
parameter for predicting estrogen agonistic activ-
ity of chemicals with a wide range of estrogenic
potency and that the reporter gene assay is a
potentially useful method for prioritizing chemi-
cals to be tested in subsequent screening tests.

In the Hershberger assay, a clear androgen
agonistic effect was detected in two androgen
derivatives: testosterone enanthate and methyltes-
tosterone. The weights of some accessory sex
organs also increased in rats given estrogen
equilin, norgestrel or estrone. However, whether
these chemicals have an androgenic effect remains
uncertain because these accessory sex organs may
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