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Abstract
Gene expression levels of choriogenin, vitellogenin
and estrogen receptor were determined using Rever-
se transcription (RT)-PCR technique after exposure
to estrogenic chemical bisphenol A in the Korean
wild medaka (Oryzias sinensis). These genes have
been known to be induced in male test fish when the
fish are exposed to estrogenic chemicals. Therefore
they can be suggested as a possible biomarker of
endocrine disruption in fish, however, relatively little
has been known about these genes expression by
estrogenic chemicals in Korean wild fish. Mature
male Oryzias sinensis were treated with bisphenol A
at nominal concentrations of 0.02, 0.2 and 2 mg/L for
6 days and total RNA was extracted from the livers
of treated fish for RT-PCR. When the five biomarker
genes were amplified by RT-PCR in the same condi-
tion, mRNA induction level of each gene was elevat-
ed with different sensitivities. Conclusively, the re-
sults of this work indicated that measurement of
vitellogenin and choriogenin using RT-PCR is effec-
tive as a simple tool for the screening of estrogenic
chemicals and suggested that O. sinensis would be
a suitable model fish for the environmental risk as-
sessment of potential endocrine disruptors. 
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The endocrine system plays an essential role in the
development, growth, reproduction and behavior of
human beings and animals1. Endocrine disruptors are
mainly synthetic chemicals that when absorbed into
the body either mimics or blocks hormones and dis-
rupts the body’s normal functions. There is increasing

concern about endocrine disruptors, especially envi-
ronmental estrogens or estrogen mimics, which have
been suspected of modulating the endocrine system
due to their ability to mimic natural hormones and to
influence vital reproductive functions in humans and
wildlife2,3. Among these endocrine disruptors, bis-
phenol A (BPA) began to attract considerable interest
as a suspected endocrine disrupting chemical around
1996. Its current uses are as a primary monomer in
polycarbonate plastic and epoxy resins. BPA is also
used as an antioxidant in plasticizers and as a poly-
merization inhibitor in PVC. BPA is known to be an
estrogen receptor agonist which can bind estrogen
receptors leading to similar physiological effects as
the internal estrogens4. It was found to be estrogenic
in the MCF-7 human breast cancer cell culture assay5.

In 1996, the OECD established a special activity on
endocrine disruptors testing and assessment (EDTA)
with the objectives of developing new and revised
existing test guidelines to detect endocrine disrupting
chemicals and harmonizing hazard and risk assess-
ment approaches6. OECD EDTA is made up of nation-
al experts nominated by the national coordinators of
the test guidelines program. The actual work on endo-
crine disruptors is carried out by the contributions of
many scientists from member countries, industry and
non-governmental organizations. They agreed to de-
fine the endpoints of endocrine disruption in fish as
gross morphology, gonad histology and biological
markers such as vitellogenin in the 2nd OECD expert
consultation meeting on endocrine disruptors testing
in fish, held in Tokyo, 15th-16th March, 20007. Regard-
ing the biomarkers of endocrine disruption in fish,
recent researches have focused on vitellogenin, chori-
ogenin, estrogen receptor and p450-aromatase, but
the screening and testing methods using the biomark-
ers have not been fully validated yet. Recently, it was
reported that choriogenin was more responsive to
environmental estrogens than vitellogenin in atlantic
salmon determined by ELISA system8. However, little
study has been tried to compare the responsiveness to
estrogenic chemicals with gene expression of specific
subunits of the biomarkers in wild fish.

There are two species of wild medaka in Korean
peninsula. One is Oryzias sinensis (called Chinese
medaka) which inhabits the western Korea and the
streams flowing into the west sea, while the other is
Oryzias latipes (called medaka) which inhabits all
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over the Korean peninsula and has been known to be
identical with Japanese medaka (Oryzias latipes)9,10

(Figure 1). Japanese medaka has come to be widely
used as a laboratory animal in various fields in bio-
logy, genetics and ecological toxicology because there
are various mutants of this species11. The purpose of
this study was to determine the effects of bisphenol A
which was known to have estrogenic activity, on the
estrogenicity of Korean wild medaka (Oryzias sinen-
sis). The mRNA induction levels of choriogenin H
and choriogenin L, vitellogenin I and vitellogenin II,
and estrogen receptor in the Oryzias sinensis exposed
to chemical were compared. To establish a rapid
screening tool for endocrine disrupting chemicals by
measuring mRNA expression in male medaka, Rever-
se transcription (RT)-PCR technique was used in this
study. To measure the induction levels of the estrogen
-responsive genes expression, male O. sinensis were
exposed to bisphenol A ranging from 0.02 to 2 mg/L
for 6 days. After the exposure to chemical for 6 days,
amplified cDNA products of choriogenin H, chorio-
genin L, vitelllogenin I, vitellogenin II and estrogen
receptor were observed. The estimated sizes of the
amplified RT-PCR products of the biomarker genes

were as follows; 900 bp of choriogenin H, 860 bp of
choriogenin L, 870 bp of vitellogenin I, 740 bp of
vitellogenin II and 850 bp of estrogen receptor, respec-
tively. A pair of primers that could eliminate the amp-
lification of contaminant genomic DNA and amplify
critical single bands of each mRNA was selected. 

Choriogenin L and H cDNA bands were started to
be markedly induced at a concentration of 0.2 mg/L
(Figure 2). 2 mg/L of bisphenol A was observed at
which vitellogenin I and II genes expression was
induced in the treated-males for 6 days as the lowest
concentration (Figure 3). At a concentration of 0.2
mg/L, the bands were so fainted on the agarose gel
that this concentration seemed hardly to induce vitel-
logenin expression. Amplified cDNA fragments of
choriogenin and vitellogenin were not detected in non
-treated group. However, β-actin cDNA fragments
used as an internal standard were approximately
equally expressed in treated and control groups. Tran-
scriptional induction of the estrogen receptor seemed
to be very weak by bisphenol A because its amplified
cDNA fragments were not detected in this test con-
dition (Figure 3). The sensitivity of estrogen receptor
in O. sinensis could not be assured because this study
did not cover various concentrations. However, mRNA
of the estrogen receptor may be induced in a higher
concentration of bisphenol A than that used in this
test. As these results, choriogenin appeared to be
more responsive than vitellogenin or estrogen recep-
tor in RT-PCR method. Consequently, the induction
of choriogenin and vitellogenin mRNA expression by
bisphenol A showed a dose-dependent pattern, how-
ever, differential sensitivity of these genes in response
to bisphenol A was observed. 
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Figure 1. Wild medaka, Oryzias sinensis (upper) and Japan-
ese medaka orange-red type, Oryzias latipes (lower).

Figure 2. Choriogenin expression in the liver of male O.
sinensis exposed to bisphenol A. RT-PCR was performed for
25 cycles. (A) Choriogenin L, (B) Choriogenin H, M: mark-
ers, 1: 0.02 mg/L, 2: 0.2 mg/L, 3: 2 mg/L, F: Spawning female. 

Figure 3. Vitellogenin, estrogen receptor and β-actin expres-
sion in the liver of male O. sinensis exposed to bisphenol A.
RT-PCR was performed for 30 cycles. M: markers, 1: 0.02
mg/L, 2: 0.2 mg/L, 3: 2 mg/L, F: Spawning female.
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Discussion

Relationships between chemical contaminant expo-
sure and alterations in several biochemical processes
in fish may allow the use of certain biochemical para-
meters as biomarkers of exposure and early responses
to chemical contaminants12. RT-PCR method was
used for the detection of these genes expression. RT-
PCR represents sensitive technique, which allows
analysis of gene expression in the various tissues of
individual fishes at the transcription level13. Therefore,
in our study we tried to investigate induction of the
estrogen-responsive genes, vitellogenin I (VTGI),
vitellogenin II (VTG II), choriogenin H (ChgH), cho-
riogenin L (ChgL) and estrogen receptor (ER), in the
wild male medaka (Oryzias sinensis), which inhabits
Korean peninsula, exposed to estrogenic compound
bisphenol A. Treatment of mature O. sinensis males
with this chemical resulted in pronounced elevation
of choriogenin and vitellogenin mRNA levels in the
liver. However, the estrogen receptor mRNA level
was significantly lower than choriogenin and vitel-
logenin.

Vitellogenin and choriogenin (also called egg enve-
lope proteins) have been widely used as a biomarker
for screening estrogenic endocrine disruptors in the
aquatic environment14-17. Various experiments or
surveys have been performed with wild fishes for the
assessing of estrogenic activity by using vitellogenin
as a biomarker in male fishes. The Japanese common
goby (Acanthogobius flavimanus) was experimented
using estradiol, nonylphenol and bisphenol A for the
coastal water monitoring18. The carp (Cyprinus car-
pio) also was used for the test of bisphenol A effects
on estrogen receptor-mediated vitellogenin produc-
tion19. Vitellogenin induction in rainbow trout (On-
corhynchus mykiss) was investigated for comparison
of the group of environmental estrogens20. However,
most experiments have been performed in the protein
levels such as western blotting, RIA or ELISA experi-
ments21,22. On the other hand, little is known about
the expression patterns of estrogen-responsive genes
in the wild fishes exposed to environmental estrogens,
although the measurement of specific mRNA levels
for these biomarkers provides a particularly sensitive
monitor of endocrine status in fish. It is proposed that
O. sinensis is a suitable in vivo test model for the
assessing the endocrine disrupting effects in the tran-
scriptional level due to its small size, capacity to re-
produce, ease of acclimation and breeding in the lab-
oratory. Despite the widespread use of the Japanese
medaka (Oryzias latipes) for various research fields
including developmental science and toxicology, no

study using wild medaka has been carried out with
purpose of screening and testing of the hazardous
chemicals23-25. In the present study, when the sensitiv-
ities of estrogen-responsive genes in the O. sinensis
were compared at the same concentration of bisphenol
A by performing RT-PCR, Chg was more responsive
to bisphenol A than VTG. Regarding the comparative
sensitivity among the biomarkers in the previous
studies, egg envelop proteins were reported to be
more responsive to environmental estrogens than
vitellogenin in atlantic salmon26-28. However, in our
study VTG subtype genes as well as Chg were ex-
pressed by bisphenol A in a dose-dependent pattern.
Consequently, our results indicated that O. sinensis
Chg and VTG can be a possible biomarker for screen-
ing of estrogenic endocrine disruptors. In addition,
wild medaka O. sinensis would be a suitable model
fish for the environmental risk assessment of poten-
tial endocrine disruptors. 

Methods

Fish
The adult fish of the Korean wild medaka (Oryzias

sinensis) were collected from canal of Gunsan, Chol-
labukdo and maintained at the Environmental Toxi-
cology Laboratory, National Institute of Environmen-
tal Research in Korea. They were raised under con-
stant light/dark cycles of 18/6 h and a temperature of
25±1�C. They were fed the artemia daily. Oryzias
sinensis used in this study were both mature males
and spawning females. 

Preparation of Total RNA 
Total RNA was carefully extracted from the livers

of treated males and spawning females. For tissue
disruption and preparation of total RNA, QIA-Shred-
der and RNeasy mini-kits (QIAgene Corp., Hilden,
FRG) were used according to the manufacture’s instrc-
tions. Purified RNA samples were diluted at about 1
µg/µL for RT-PCR or stored at -80�C until further
use. 

Revere Transcription-PCR
Reverse transcription (RT)-PCR was performed

using 1 µg RNA, 1 µL of AMV reverse transcriptase
(34 units/µL), 1 µL of ribonuclease inhibitor (40 units/
µL), 4 µL of 10 mM dNTPs and 1 µL of oligo dT pri-
mers in 20 µL total volume at 42�C for 30 min and 98
�C for 5 min, and then 1 µL aliquots from the reverse
transcription reaction mixture was added to 19 µL
PCR reaction mixture. Twenty-five cycles or thirty
cycles were then performed at 94�C for 30 sec, 60�C
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for 30 sec and 72�C for 1 min. RT-PCR reactions
were carried out using a program temperature control
system (Perkin Elmer 2400). The primers used for
RT-PCR of choriogenin subunits (L: low molecular
subunit and H: high molecular subunit), estrogen
receptor, and β-actin and vitellogenin were synthesiz-
ed based on the previously known sequence. The sets
of primers for RT-PCR are shown in Table 1. The
housekeeping gene β-actin of medaka was used as an
internal standard. Aliquots of each amplified cDNA
fragment from total 20 µL PCR reaction volume were
separated on the 1.0% agarose gel.

Expression of the Estrogen-responsive
Genes

For the induction of the mRNA expression, the
mature males with a mean weight of 250 mg/fish were
exposed to bisphenol A (Sigma Corp.) at nominal
concentrations of 0, 0.02, 0.2, 2 mg/L for 6 days. Bis-
phenol A was dissolved in ethyl alcohol and the con-
trol group fish were exposed to vehicle alone. Semi-
static condition was applied for the exposure and the
test solution was changed every 24 hours. After the
exposure was ended, total RNA was isolated from the
liver of males and amplified by RT-PCR method des-
cribed above. Total RNA was also isolated from the
liver of spawning female as a positive control. 
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