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INTRODUCTION

Recently, several studies have shown that some
chemicals that are released into the environment
without direct toxicologic risks have the ability to
disrupt the development and function of endocrine
systems of wild animals and humans.1) These so-
called endocrine-disrupting chemicals (EDCs) dis-
turb normal endocrine feedback mechanisms either
by mimicking a hormone,2) or by blocking hormonal

effects. Synthetic and natural chemical substances
may have disrupting effects acting as estrogens,
antiestrogens, antiandrogens, and thyroactive
agents.1) The outcomes on male reproductive health
include sperm counts and semen quality, testicular
cancer, sex ratio at birth, hypostasis, and unde-
scended testes. Recent studies have identified anti-
androgenic activity in environmental chemicals such
as vinclozolin,3) and 1,1′-(dichloroethylidene)bis[4-
chlorobenzene] (p,p′-DDE).2,4,5) It has been hypoth-
esized that increased exposure to environmental en-
docrine disrupters during fetal or early postnatal life
may affect the development of the male reproduc-
tive tract through estrogenic or antiandrogenic
mechanisms.6–8) Although estrogen is critical for the
masculinization of many behaviors in the rat, some
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chemicals are organized specifically by androgens.
The US Environmental Protection Agency (EPA)

has proposed that in vitro assays for estrogen recep-
tor (ER)- and androgen receptor (AR)-mediated ac-
tions are included in a tier-1 screening battery to
detect hormonally active chemicals (EPA, 1998).
Tier-1 screening systems, for example, those using
yeast cells, have serious drawbacks, such as the poor
transport of many substances across the cell wall and
membrane (Interagency Coordinating Committee on
the Validation of Alternative Method, 2003). In con-
trast, a system measuring endocrine reporter-medi-
ated transcription in a stable cell line is more likely
to have high sensitivity and specificity so that ago-
nistic and antagonistic actions can be distinguished.
We have reported the AR-reporter gene assay using
two different types of stably transfected Chinese
hamster ovary (CHO) cells (CHO-K1 cells do not
metabolize steroid hormones and do not express
endogenous steroid hormone receptors), AR-
EcoScreen, which expresses androgen-inducible lu-
ciferase, and c-luc, which expresses it without the
need for hormonal induction.9,10) This method en-
abled us to detect simultaneously the hormonal ef-
fects and cell toxicity of the test chemicals. This re-
porter gene assay is useful for high-throughput
screening of androgen agonists and antagonists be-
cause of the high reproducibility and sensitivity.
Wilson et al.11) reported that the MDA-kb2 stable
cell line is an efficient and accurate tool for the de-
termination of androgen agonists and antagonists
and, as such, fills the need for an effective screening
tool. MDA-kb2 cells are derived from MDA-MD-
453 human breast cancer cells, which stably express
luciferase through both the AR and glucocorticoid
receptor (GR).11) We examined the effects of chemi-
cals using the AR-EcoScreen system and MDA-kb2
cells.

4-Nonylphenol (NP) and 4-octylphenol (OP) are
used as antioxidants or stabilizers in plastics and
were detected in food packaged with plastic wrap-
ping material. Furthermore, these chemicals are
materials for the formation of nonionic detergents
such as nonylphenol ethoxylate (NPEO) and
octylphenol ethoxylate (OPEO). NPEO and OPEO
are used for industrial and domestic cleaning, tex-
tile and leather processes, metal working, and cos-
metics. Also, each alkylphenolethoxylate is decom-
posed to the corresponding alkylphenol in the envi-
ronment. In Japan, NP and OP were produced in
amounts of about 16500 and 10000 t in 2000, re-
spectively. Evidence that NP and OP have estrogen-

like activity in the study of fish and mammalians
has accumulated.12–16) The Ministry of the Environ-
ment, Government of Japan, confirmed that NP and
OP were endocrine disrupters in 2001 and 2002, re-
spectively. We previously reported that NP and OP
bind not only to ER but also to AR,17,18) and OP had
slight antiandrogen activity.19)

Parabens are widely used as preservatives or sta-
bilizers in food, cosmetics, and medicines. The ac-
ceptable daily intake (ADI) prescribed by the Joint
FAO/WHO Food Standard Program for parabens is
0–10 mg/kg/day. Some parabens were reported to
have estrogenic activity in vitro.20–23) Subsequently,
it was reported that adverse effects occurred in the
reproductive system of male rats and mice fed with
food containing butyl- and propyl-parabens at a dose
lower than or at the same level as the ADI.24–26)

The androgenicities of alkylphenols and
parabens in in vitro assays have not been systemati-
cally reported. In this report, we examined the
androgenic or antiandrogenic effects of some
alkylphenols and parabens using the AR-EcoScreen
system, and these results were compared with those
using MDA-kb2 cells.

MATERIALS AND METHODS

Reagents —–—  The chemicals were used of the
highest grade commercially available or used for
environmental analysis. The source, purity, and ab-
breviations of the alkylphenols and parabens are
listed in Tables 1 and 2, respectively. Testosterone,
dexamethasone (DEX), and cyproterone acetate
(CTA) were purchased from Sigma (St. Louis, MO,
U.S.A.). 5α-Dihydrotestosterone (DHT), 1,1′-(2,2,2-
trichloroethylidene)bis[4-chlorobezene] (p,p′-DDT),
1,1,1-trichloro-2-(p-chlorophenyl)-2-(o-chloro-
phenyl)ethane (o,p′-DDT), p,p′-DDE, 1,1′-(2,2-
dichloroethylidene)bis[4-chlorobenzene] (p,p′-
DDD), and the luciferase reagent Pica Gene (LT 2.0
HS), were purchased from Wako Pure Chemical In-
dustries. (Osaka, Japan). Hydroxyflutamide (OHF)
was purchased from Tront Research Chemicals (NY,
Canada). These chemicals were dissolved in dim-
ethyl sulfoxide (DMSO) for the luciferase reporter
gene assay and competitive binding assay.
Reporter Gene Assay with the AR-EcoScreen
System —–—  The AR-reporter gene assay was car-
ried out using two different types of stably trans-
fected CHO-K1 cells, the AR-EcoScreen and c-luc.
These cell lines (AR-EcoScreen system) were
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provided by Otsuka Pharmaceutical Co. Ltd.
(Tokushima, Japan). AR-EcoScreen cells are derived
from a CHO cell line that is stably transformed with
a plasmid containing an androgen receptor-response
element (derived from the rat prostate C3 gene) fused
to a luciferase gene, and plasmid encoding the an-
drogen receptor cDNA sequence.9,10) c-luc Cells are
luciferase genes stably transfected into CHO-K1
cells and stably expressed luciferase without the need
for androgen induction.9,10)

The AR-EcoScreen was maintained in
Dulbecco’s modified Eagle’s medium (DMEM)/F12
(Gibco BRL, Invitrogen, CA, U.S.A.) supplemented
with penicillin 100 U/ml, streptomycin 100 µg/ml,
zeocin 200 µg/ml, hygromycin 200 µg/ml, and 10%
fetal bovine serum (FBS) at 37°C under a humidi-
fied atmosphere of 5% CO2/air. 1st day: For the ex-
periments, the cells were trypsinized and prepared
at a density of 1.1 × 105 cells/ml in phenol red free
DMEM/F12 containing 5% charcoal-dextran treated
FBS (CDFBS, Hyclone, Logan, UT, U.S.A.), and
then seeded at 90 µl of culture medium/well in 96-
well white clear-bottomed plates (#3610, Corning,

NY, U.S.A.) and incubated for 24 hr at 37°C. 2nd
day: After 24 hr culture, various concentrations of
chemicals dissolved in 1% DMSO (10 µl) were
added to each well in the absence of DHT for the
agonist or in the presence of DHT (1.7 × 10–10 M)
for the antagonist detection assays. The final con-
centration of DMSO was 0.1% in the medium. 3rd
day: Following 16–24 hr of culture, 100 µl of Pica
Gene was added to each well. After shaking the plate
at room temperature for 5 min, the chemilumines-
cence intensity was measured with a microplate-
luminometer (Berthold, LB 96V), and the luciferase
activity was determined.

The measurement of cell toxicity was carried out
using c-luc. The maintenance of c-luc, reaction with
the chemicals, and detection of luciferase activity
were carried out using a method similar to that for
AR-EcoScreen. We also determined the cell toxic-
ity of chemicals for AR-EcoScreen. After the reac-
tions of AR-EcoScreen and the various chemicals,
the cells were fixed with 10% tricloroacetic acid and
stained them with sulfordamine-B (SRB, Kanto
Chemical, Tokyo, Japan) (SRB method).27,28) The de-

Table 1. Data on Alkylphenols

Chemical Abbreviation R Supplier Purity (%)

4-n-Dodecylphenol DP n-C12H25- Kanto Chemical 70–80

4-n-Nonylphenol NP n-C9H19- Kanto Chemical 99.5

4-t-Octylphenol t-OP (CH3)3CCH2C(CH3)2- Tokyo Kasei > 93

n-Octylphenol OP n-C8H17- Kanto Chemical 98.6

4-n-Hexylphenol HP n-C6H13- Kanto Chemical 99.6

4-n-Pentylphenol PeP n-C5H11- Kanto Chemical 99.0

4-n-Propylphenol PrP n-C3H7- Kanto Chemical 98.6

4-Ethylphenol EP C2H5- Kanto Chemical > 97.0

4-Methylphenol MP CH3- Tokyo Kasei > 99

Table 2. Data on Alkyl Parahydroxybenzoate (Parabens)

Chemical Abbreviation R Supplier Purity (%)

Isobutyl p-hydroxybenzoate PB-iBu -CH2CH(CH3)2 Tokyo Kasei > 99.0
(Isobutyl paraben)

Butyl p-hydroxybenzoate PB-nBu -(CH2)3CH3 Tokyo Kasei > 99.0
(Butyl paraben)

Isopropyl p-hydroxybenzoate PB-iPr -CH(CH3)2 Tokyo Kasei > 99.0
(Isopropyl paraben)

Propyl p-hydroxybenzoate PB-nPr -(CH2)2CH3 Tokyo Kasei > 99.0
(Propyl paraben)

Ethyl p-hydroxybenzoate PB-Et -C2H5 Tokyo Kasei > 99.0
(Ethyl paraben)

Methyl p-hydroxybenzoate PB-Me -CH3 Tokyo Kasei > 99.0
(Methyl paraben)
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veloped color was read at 492 nm on a microtiter
spectrophotometer. Alternatively, the ATP contents
in these cells were measured using a luminescent
viability assay kit (Promega, Wisconsin, U.S.A.)
after the reaction (ATP method).
Reporter Gene Assay with MDA-kb2 —–—  The
MDA-kb2 cell line was kindly provided by V. S.
Wilson (Reproductive Toxicology Division, US
EPA, and Research Triangle Park, NC, U.S.A.). The
assay using this cell line was carried out essentially
according to the method of Wilson et al.11) Briefly,
the MDA-kb2 cell line was maintained in L-15 me-
dia (Gibco BRL) supplemented with penicillin
100 U/ml, streptomycin 100 µg/ml, amphotericin B
0.25 µg/ml and 10% CDFBS at 37°C under a hu-
midified atmosphere, without CO2. 1st day: For the
experiments, the cells were trypsinized and prepared
at a density of 1.1 × 105 cells/ml in the medium, and
then seeded at 90 µl of culture medium/well in 96-
well white clear-bottomed plates (#3610, Corning)
and incubated for 4–6 hr at 37°C. When the cells
were attached, the medium was removed and vari-
ous concentrations of chemicals dissolved in 1%
DMSO (10 µl) were added to each well in the ab-
sence of DHT for the agonist or in the presence of
DHT (6.0 × 10–10 M) for the antagonist detection
assay. The final concentration of DMSO was 0.1%
in the reaction medium. 2nd day: After overnight
culture, the culture medium was removed by aspi-
rating, and then 100 µl of Pica Gene was added to
each well. After shaking the plate at room tempera-
ture for 30 min, the chemiluminescence intensity was
measured.

To evaluate cell toxicity, reactions between
MDA-kb2 and the various chemicals were carried
out using the SRB and ATP methods like those for

the reporter gene assay with the AR-EcoScreen.
Competitive Binding Assays for AR —–—  The
competitive binding assay for AR was carried out
according to the method previously reported.17) The
assay was determined using a Ligand Screening
System-Androgen Receptor kit (Toyobo Co., Ltd.,
Osaka, Japan).

RESULTS

Response to Known Androgens DHT and Test-
osterone

After culturing in the presence of various con-
centrations of DHT, the luciferase activities of AR-
EcoScreen and MDA-kb2 were determined with Pica
Gene following the removal of the culture media.
The right vertical scales in both Fig. 1A and 1B show
the actual luminescence intensity (luciferase activ-
ity), and the left express the ratio of the luciferase
activity in the presence of DHT to that in the ve-
hicle control (0.1% DMSO). The activity of AR-
EcoScreen significantly increased at 1.0 × 10–11 M,
and reached almost the maximal level, which was
about 12-fold that of the vehicle control. The 50%
effective concentration (EC50 value, the concentra-
tion required for half-maximal activation of lu-
ciferase) was 1.7 × 10–10 M. The activity of MDA-
kb2 was also increased by DHT, and the EC50 value
was 6.0 × 10–10 M. However, the actual luciferase
activity of AR-EcoScreen was extremely high com-
pared with that of MDA-kb2.

When Pica Gene was added to the wells imme-
diately after culturing the AR-EcoScreen in the test
chemicals for 24 hr, the intensity of chemilumines-
cence was decreased to about 30% of the intensity

Fig. 1. Response of AR-EcoScreen and MDA-kb2 to DHT
AR-EcoScreen (A) and MDA-kb2 (B) were treated with various concentrations of DHT, and the luminescence intensity of each cell was measured.

Right axes in both figures show actual luminescence intensity (luciferase activity), and left axes present the fold induction, which was the ratio of the
luciferase activity in the presence of DHT to that in the vehicle control. The luciferase activity in 0.1% DMSO was the same as in the absence of DMSO.
The S.D. was less than 2.5% (n = 6).
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after eliminating the culture medium, but the fold
induction was the same regardless of whether the
culture medium was removed. Therefore we mea-
sured the luciferase activity without eliminating the
AR-EcoScreen’s culture medium. As for MDA-kb2
cells, the intensity of chemiluminescence was de-
creased so that it was not possible to measure it. Ac-
cordingly, Pica Gene was added to the wells after
eliminating the MDA-kb2 culture medium.

Testosterone also induced the luciferase activi-
ties of both cells in a concentration-dependent man-
ner (Fig. 2A and 2B). The EC50 value was 4.0 × 10–10

with AR-EcoScreen. OHF (1.0 × 10–6 M), an AR-
antagonist, reduced the induction of luciferase ac-
tivity by testosterone, and the EC50 value was 1.0 ×
10–8 M. However, the maximum activity was the
same in both the presence and absence of OHF. On
MDA-kb2, the EC50 values were 1.2 × 10–7 and 1.3
× 10–9 M in the presence and absence of OHF, re-
spectively.

Response to the Known GR Agonist DEX
The luciferase activity of AR-EcoScreen showed

Fig. 2. Response of AR-EcoScreen and MDA-kb2 to Testosterone
AR-EcoScreen (A) and MDA-kb2 (B) were treated with various concentrations of testosterone in the presence (�) or absence (�) of OHF 1.0 ×

10–6 M. The vertical axes show the luciferase activity. The S.D. was less than 1.9% (n = 6).

 

Fig. 3. Response of AR-EcoScreen and MDA-kb2 to DEX
AR-EcoScreen (A) and MDA-kb2 (B) were treated with various concentrations of DEX in the presence (�) or absence (�) of OHF 1.0 × 10–6 M.

Vertical axes show the luciferase activity. The S.D. was less than 1.8% (n = 6).

little effect due to DEX, which is a GR agonist
(Fig. 3A). On the other hand, the activity of MDA-
kb2 was increased by DEX in a concentration-de-
pendent manner from 10–9 to 10–6 M, and the maxi-
mum activity (more than 25-fold induction) was
obtained at DEX 1.0 × 10–6 M (Fig. 3B). OHF did
not affect the DEX-inducing activity.

Response to Known AR Antagonists CTA, OHF,
and DDT and Related Compounds

The response of AR-EcoScreen and c-luc to
antiandrogens was examined (Fig. 4). The AR an-
tagonists CTA and OHF were coadministered with
DHT 1.7 × 10–10 M, which produces 50% of the
maximal AR-mediated signal, in the media. The lu-
ciferase activity in the presence of DHT alone was
expressed as 1.0-fold. The DHT-induced luciferase
activity of AR-EcoScreen was decreased by CTA.
The half-maximal inhibition value (IC50) was 3.0 ×
10–7 M, though that of c-luc, which stably expresses
luciferase without the need for induction, was not
affected. OHF also decreased the DHT-induced lu-
ciferase activity of AR-EcoScreen, and the IC50 value
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activity was only slightly decreased and only by high
concentrations of o,p′-DDT, p,p′-DDE and p,p′-
DDD, except for the obvious decrease due to p,p′-
DDT, which has cell toxicity.

AR Antagonist Activity of Alkylphenols
We studied the androgenic and antiandrogenic

activities of alkylphenols using the AR-EcoScreen
system (Table 3 and Fig. 7A–7G). All tested
alkylphenols had no AR agonist activity, because
they had no increasing effect on the luciferase ac-
tivity of AR-EcoScreen. In the assay of AR antago-
nist activity of alkylphenols, various concentrations
of each alkylphenol were coadministered with DHT
in the AR-EcoScreen and c-luc medium. The DHT-
induced luciferase activity of AR-EcoScreen was
decreased with 4-n-dodecylphenol (DP) in a con-
centration dependently, and the IC50 value was low
at 6.0 × 10–6 M. On the other hand, the luciferase
activity of c-luc was not affected by DP 2 × 10–5 M
or less, but was decreased to 60 and 35% at 5.0 ×
10–5 and 1.0 × 10–4 M DP, respectively. The cell tox-
icity of DP was relatively weak. These results sug-
gest that DP has high AR antagonist activity. NP and
4-t-octylphenol (t-OP) also inhibited the DHT-in-
duced luciferase activity of AR-EcoScreen, and the
IC50 values were 9.0 × 10–6 and 2.2 × 10–6 M, respec-
tively. The luciferase activity of c-luc was not af-

Fig. 5. Response of MDA-kb2 to Androgen Antagonists, CTA,
and OHF

MDA-kb2 was treated with various concentrations of CTA or OHF
in the presence of DHT 6.0 × 10–10 M. The luciferase activity (�) and
relative cell numbers (�) in the presence of DHT alone are shown as
1.0-fold. The S.D. was less than 1.9% (n = 6).

was 7.0 × 10–7 M. The luciferase activity of c-luc
was not decreased at OHF 7.0 × 10–7 M and was only
40% at a high concentration of OHF (1.0 × 10–4 M).
The antagonist activity of OHF was detected with
the AR-EcoScreen system. The cytotoxicity of
chemicals was also examined by measuring the con-
tent of intracellular ATP (ATP method) or the amount
of protein fixed on microplates (SRB method). These
results corresponded to those determined based on
the cell proliferation rate of c-luc (data not shown).
It was clarified that the cytotoxicity could be mea-
sured using c-luc.

With MDA-kb2, the DHT (6.0 × 10–10 M, which
produces 50% of the maximal AR-mediated signal)-
induced activity was reduced by CTA, but an IC50

value was not obtained (Fig. 5A). Cell death was
not caused by CTA at 1.0 × 10–6 M or less. OHF also
decreased the luciferase activity, and the IC50 value
was 2.4 × 10–5 M. Cell death began to occur at more
than 1.0 × 10–5 M OHF (Fig. 5B).

The antagonistic activity of p,p′-DDT, o,p′-DDT,
p,p′-DDE, and p,p′-DDD were examined using the
AR-EcoScreen system (Fig. 6). p,p′-DDT, o,p′-DDT,
p,p′-DDE, and p,p′-DDD decreased the DHT-in-
duced luciferase activity concentration dependently,
with IC50 values of 3.2 × 10–5, 3.2 × 10–5, 3.0 × 10–5,
and 3.3 × 10–5 M, respectively. The effects on the
luciferase activity of c-luc were also examined. The

Fig. 4. Response of the AR-EcoScreen System (AR-EcoScreen
and c-luc) to Androgen Antagonists, CTA and OHF

AR-EcoScreen (�) and c-luc (�) were treated, respectively, with
various concentrations of CTA (A) or OHF (B) in the presence of DHT
1.7 × 10–10 M. Luciferase activity in the presence of DHT alone is shown
as 1.0-fold. The S.D. was less than 1.6% (n = 6).
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Fig. 6. AR Antagonist Assay of DDT and Related Compounds
with the AR-EcoScreen System

AR-EcoScreen and c-luc were treated, respectively, with various
concentrations of DDT or related compounds in the presence of DHT
1.7 × 10–10 M. The luciferase activity in the presence of DHT alone is
shown as 1.0-fold. A, p,p′-DDT; B, o,p′-DDT; C, p,p′-DDE; D, p,p′-
DDD. The S.D. was less than 1.6% (n = 6).

fected by NP 2.0 × 10–5 M or less, or t-OP 1 × 10–5 M
or less, and was only decreased at a high concentra-
tion. These compounds apprared to be AR antago-
nists and to have relatively low cell toxicity. OP, 4-
n-hexylphenol (HP), 4-n-pentylphenol (PeP), and 4-
n-propylphenol (PrP) reduced the DHT-induced lu-
ciferase activity of AR-EcoScreen, and the IC50 val-
ues were 4.6 × 10–5, 2.0 × 10–5, 2.4 × 10–5, and 6.6 ×
10–5 M, respectively. They had relatively weak in-
hibitory effects on the luciferase activity of c-luc.
These compounds also have AR antagonist activity.
MP and EP 1.0 × 10–4 M did not affect the luciferase
activities of either AR-EcoScreen or c-luc (Table 3).

The effects of alkylphenols on the DHT-induced
luciferase activity and the cell viability of MDA-
kb2 are shown in Fig. 8A–8G. The DHT-induced

luciferase activity was decreased by alkylphenols at
a relatively high concentration. However, they also
exerted cell toxicity toward MDA-kb2 at the same
concentrations that resulted in a decrease in the ac-
tivity. We were unable to clarify the AR antagonist
activity of the alkylphenols.

AR Antagonist Activity of Parabens
We studied on the AR agonist and antagonist

activities of parabens using the AR-EcoScreen sys-
tem (Fig. 9 and Table 3). No AR agonist activity of
these compounds was observed. On the other hand,
isobutyl p-hydroxybenzoate (PB-iBu), butyl p-
hydroxybenzoate (PB-nBu), isopropyl p-hydroxy-
benzoate (PB-iPr), and propyl p-hydroxybenzoate
(PB-nPr) inhibited the DHT-induced luciferase ac-
tivity. The IC50 values were 7.6 × 10–5, 6.8 × 10–5,
4.2 × 10–5 and 8.6 × 10–5 M, respectively. These com-
pounds had no effect on the luciferase activity of c-
luc. They were suggested to have AR antagonist ac-
tivity, although the activity was not very high. ethyl
p-hydroxybenzoate (PB-Et) and methyl p-hydroxy-
benzoate (PB-Me) hardly affected the luciferase ac-
tivities either AR-EcoScreen or c-luc.

Binding Affinity of Alkylphenols and Parabens
to AR

Various doses of alkylphenols and parabens were
reacted with human AR in the presence of testoster-
one. The IC50 values for AR (concentration of chemi-
cal required to reduce the specific testosterone bind-
ing by 50%) are listed in Table 3.

DP and NP had the most potent binding affinity
for AR among the alkylphenols tested, and the IC50

values were the same (1.3 × 10–5 M). The AR-bind-
ing affinity of t-OP was the second strongest, and
the IC50 value was 7.4 × 10–5 M. OP did not com-
pletely inhibit the testosterone binding to AR, and
only about 48% inhibition was obtained at 1.9 ×
10–4 M. HP, PeP, PrP, EP, and MP 1.9 × 10–4 M bound
to AR weakly. EP and MP did not bind to AR.

We also examined the AR-binding affinity of
parabens. PB-iBu, PB-nBu, PB-iPr, and PB-nPr par-
tially inhibited the testosterone binding, and the in-
hibition percentages were about 40% at 1.9 × 10–4 M.
PB-Et and PB-Me had no AR-binding affinity.

DISCUSSION

We carried out an AR-reporter gene assay of
chemicals using AR-EcoScreen system (AR-
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EcoScreen and c-luc cells) or MDA-kb2.11) The lu-
ciferase activities of the two reporter gene assays
are induced by androgens and the EC50 values for
DHT or testosterone in each cell line were almost
the same. However, the net luciferase activity was
extremely high with the AR-EcoScreen. The expres-
sion levels of AR and/or luciferase in the AR-
EcoScreen were higher than those in MDA-kb2. The
activity of AR-EcoScreen can be measured more
easily than that of MDA-Kb2. Furthermore, it is
possible to measure the signal from only the trans-
fected androgen receptor with AR-EcoScreen sys-
tem. However, MDA-kb2 has a GR in addition to
the AR, unlike AR-EcoScreen, and the luciferase of
MDA-kb2 is also highly expressed by GR agonists
such as corticosterone, aldosterone, and DEX.11)

When using MDA-kb2, it is necessary to clarify
whether the luciferase activity was induced by the
AR agonist or GR agonist. AR-EcoScreen stably

expresses human androgen receptor, and inducible
expresses the luciferase based reporter gene. C-luc
cell stably expresses luciferase without the need for
induction and was used to assess the cell toxicity of
the test chemicals. AR-EcoScreen system is useful
for a high throughput screening of androgen ago-
nists and androgen antagonists, because it is pos-
sible to simultaneously detect both the hormonal
effects and cell toxicity of the chemicals. The an-
drogen-induced luciferase activity of AR-EcoScreen
was about 100-fold more sensitive to the antagonist
than MDA-kb2 when considering the differences in
the IC50 values of CTA, OHF, and alkylphenols. This
was considered to be because the expression level
of AR in AR-EcoScreen is extremely high compared
with that in MDA-kb2.

DDT and its metabolites have been reported to
have androgen antagonist activity.2,4,5) It was shown
in the reporter gene assay, using the AR-EcoScreen,

Table 3. Androgen-Disruptive Effects of Alkylphenols and Parabens

Chemical Reporter gene assay with AR-EcoScreen AR-binding assay

Agonist activity Antagonist activity

EC50
a) (M) IC50

b) (M) IC50
c) (M)

DP NE 6.0×10−6 1.3×10−5

NP NE 9.0×10−6 1.3×10−5

t-OP NE 2.2×10−6 7.4×10−5

OP NE 4.6×10−5 > 1.9×10−4 e)

HP NE 2.0×10−5 > 1.9×10−4 f )

PeP NE 2.4×10−5 > 1.9×10−4 f )

PrP NE 6.6×10−5 > 1.9×10−4 f )

EP NE NE NE

MP NE NE NE

PB-iBu NE 7.6×10−5 > 1.9×10−4 g)

PB-nBu NE 6.8×10−5 > 1.9×10−4 g)

PB-iPr NE 4.2×10−5 > 1.9×10−4 g)

PB-nPr NE 8.6×10−5 > 1.9×10−4 g)

PB-Et NE > 1.0×10−4 NE

PB-Me NE > 1.0×10−4 NE

Bisphenol A NE 2.5×10−6 7.9×10−6

DHT 1.7×10−10 — —

Testosterone 4.0×10−10 — —

Cyproterone acetate NE 3.0×10−7 —

Hydroxy fulutamide — 7.0×10−7 —

Miboleroned) — — 1.7×10−8

NE: No effect at 1.0×10−4 M (reporter gene assay) or 1.9×10−4 M (AR-binding assay). a) Concen-
tration of the chemicals producing 50% of maximum luciferase activity. b) Concentration of the test chem-
icals required for reducing 50% of luciferase activity at 1.7× 10−10 M 5α-dihydrotestosterone (DHT). c)
Concentration of the chemicals required to reduce the specific testosterone binding by 50%. d) Synthetic
androgen, attachment with Ligand Screening System-Androgen Receptor kit. e–g) Inhibition rates of the
testosterone binding at 1.9×10−4 M chemicals were 48, 8 and 40%, respectively.
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Fig. 8. AR Antagonist Assay of Alkylphenols with MDA-kb2
MDA-kb2 was treated with various concentrations of each

alkylphenol in the presence of DHT 6.0 × 10–10 M. Left axes show the
luciferase activity (�) and the right show the relative cell numbers (�).
Chemicals (A–G) are the same as listed in Fig. 7. The S.D. was less than
2.0% (n = 4).

Fig. 7. AR Antagonist Assay of Alkylphenols with AR-
EcoScreen System

AR-EcoScreen (�) and c-luc (�) were, respectively, treated with
various concentrations of each alkylphenol in the presence of DHT 1.7
× 10–10 M. A, DP; B, NP; C, 4-t-octylphenol (t-OP); D, OP; E, 4-n-
hexylphenol (HP); F, 4-n-pentylphenol (PeP); G, 4-n-propylphenol (PrP).
The S.D. was less than 1.8% (n = 6).
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that p,p′-DDT, o,p′-DDT, p,p′-DDE, and p,p′-DDD
are androgen antagonists.

The reporter gene assay using the AR-EcoScreen
system clarified that alkylphenols such as DP, NP, t-
OP, OP, HP, PeP, and PrP have androgen antagonist
activity. On the other hand, they were not detected
by MDA-kb2. This was because the luciferase ac-
tivity of MDA-kb2 is less sensitive to AR antago-
nists as described above, and the decreasing DHT-
induced luciferase activity and cell death were
caused by alkylphenols at about the same concen-
tration. DP, NP, t-OP, and OP have a relatively high
binding affinity for AR. We considered that the AR
antagonist activity of these alkylphenols was caused
by the binding to AR. HP, PeP, and PrP also have
AR antagonist activity, though they have weak bind-
ing affinity for AR. Alkylphenols, such as NP and
OP, were detected in the water of many rivers in Ja-
pan, Europe, the U.S.A., and other countrie29–33) and
they are believed to feminize fish due to their estro-
gen-like activity. However, our results demonstrated
that NP and/or OP may exert AR antagonist activity
on fish. There is the possibility that the AR antago-
nist activity, independently of the ER agonist activ-
ity, takes part in the endocrine-disrupting effects of
alkylphenols in vivo.

Parabens, which are widely used in food, cos-
metics, and medicines, have been reported to exert
estrogen-like activity in vitro and in vivo.20–23) In this
report, the parabens (PB-iBu, -nBu, -iPr, -nPr) were
shown to have AR antagonist activity and binding
affinity for AR. The exposure level at which these
effects were observed was lower than the upper limit
of the ADI (10 mg/kg/day) of parabens (PB-nPr, -Et,
-Me) in the European Community [Scientific Com-
mittee for Food (SCF), 1996].20) The SCF consid-
ered that PB-nPr should not be included in the full
group ADI of 0–10 mg/kg body weight for the sum
of PB-Et and PB-Me and their sodium salts in April
2004. PB-nPr, contrary to PB-Et and PB-Me, has
effects on sex hormones and the male reproductive
organs in juvenile rats.25) Recently, Darbre et al.34)

reported that parabens were detected in tissue from
human breast tumors, and they suspected the influ-
ence of parabens on breast cancer. It is probably
necessary to refrain from the use of parabens, and
the ADI value (0–10 mg/kg body weight for the sum
of PB-iBu, -nBu, -iPr, -nPr, and -Et and their so-
dium salts) may have to be lowered in Japan.

To explore the hypothesis that EDCs might have
played a role in the deterioration in the quantity and
quality of human semen over the last 50 years, as

Fig. 9. AR Antagonist Assay of Parabens with the AR-
EcoScreen System

AR-EcoScreen (�) and c-luc (�) were treated, respectively, with
various concentrations of each paraben in the presence of DHT 1.7 ×
10–10 M. A, isobutyl p-hydroxybenzoate (PB-iBu); B, butyl p-
hydroxybenzoate (PB-nBu); C, isopropyl p-hydroxybenzoate (PB-iPr);
D; propyl p-hydroxybenzoate (PB-nPr); E, ethyl p-hydroxybenzoate (PB-
Et); F, methyl p-hydroxybenzoate (PB-Me). The S.D. was less than 1.6%
(n = 6).
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well as in the increased incidence of testicular and
prostate cancer and cryptorchidism in males and the
incidence of breast cancer in both males and females
in the industrialized world, it is necessary to iden-
tify putative causal agents by the systematic screen-
ing of environmental chemicals and chemicals
present in human foods to assess their ability to dis-
rupt the endocrine system.2) Sonnenschein and Soto
proposed that it is necessary to develop methods to
measure cumulative exposure to estrogen mimics,
antiandrogens, and other disruptors.2) In this report,
we established that the AR-EcoScreen system is a
useful method for examining chemical androgenicity
and clarified that some chemicals (alkylphenols and
parabens) have both estrogenicity and antiandro-
genicity.
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