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Chemical contamination continues to be postulated as & contributing factor in the
global decline of amphibians (Renner 2002). To date, a number of studies have
assessed endocrine disruption by these chemicals in amphibians. Evidence for
abnormalities such as feminization of wildlife animals implies contamination by
estrogenic compounds at concentrations high enough to be of concern (Purdom et
al. 1994; Palmar and Palmar 1995; Hayes and Menendez 1999; Kloas et al. 1999;
Mann and Bidwell 2000; Hayes et al. 2002; Hurter et al. 2002; Mosconi et al,
2002; Bevan et al. 2003; Mackenzie et al. 2003; Gye 2004; Kohno et al. 2004). Of
these chemicals, bisphenol A (BPA) is among the most widely used placticizers
worldwide and has been found in sewage effluents, rivers, estuaries, sediments and
animal tissues, including humans and may already be ubiquitous (Khim et al.
2001; Ikezuki et al. 2002). BPA can act at very low detected doses in the
environment (Shechan 2000). Accordingly, BPA in the aquatic environment could
induce toxic effects by coming into direct contact with aquatic animals. Moreover,
amphibian embryos may be exposed to BPA maternally during oogenesis,
Therefore, BPA has the potential to cause direct harm during embryonic as well as
larval life in amphibians inhabiting a contaminated aquatic environment. Because
of its structural similarity to estrogen, BPA can induce the estrogen-responsive
transcription of genes and is associated with adverse effects in amphibian
development (Kloas et al, 1999; Lutz and Kloas 1999; Pickford et al. 2003).

In oviparous vertebrate species, vitellogenin (Vg), an egg yolk precursor protein is
physiologically synthesized in female liver by estrogen. In the male frog, several
xenoestrogens, as well as natural estrogen, stimulate synthesis of estrogen
responsive proteins, including liver Vg (Wangh and Knowland 1975; Carnevali
and Mosconi 1992; Carnevali et al. 1995; Bogi et al. 2003; van Wyk et al. 2003;
Gye 2004). Therefore, an established method to characterize the estrogenic
potential of media is the use of induction of the plasma Vg protein or hepatic Vg
mRNA as a biomarker in the male (Rotchell and Ostrander 2003). Vg genes occur
as a multigene family. In the frog Xenopus, four Vg genes are actively expressed
and grouped as A and B genes. Of these, genes Al and A2 have a 95 percent
sequence homology in their messenger RNA (Wahli et al. 1981). Recently, in an
effort to develop a molecular biomarker for testing estrogen mimicking chemicals,
we characterized the Vg A2 ¢cDNA fragment in Bombina orientalis, one of the
most common amphibians in the world and comprising a large proportion of their
total number in Korea (Lee and Gye 2004). This species lives in lakes, ponds,
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swamps, and streams, and spawns in the rice field and ponds from March to April
in Korea. Therefore contamination of their aquatic habitats by xenoestrogens
including BPA, may threaten this species. To date, however little has been known
about the impact of BPA on this species. In the present study we examined the
effect of BPA on the expression of hepatic Vg mRNA in adult male B. orientalis.

MATERIALS AND METHODS

Frogs (B. orientalis) were collected from Hongcheon-Gun, Kangwon-Do in Korea
during April 2004. Frogs were put in aquaria maintained at a diurnal 14:10h light:
dark cycle at 20-22C and fed mealworm three times a week. Adult males with a
mean body weight (BW) of 10.0 + 0.5g were selected and given an intraperitoneal
injection of 173 estradiol (1 mg/kg BW) or BPA (1, 10 and 100 mgkg BW)
dissolved in 100 pL of sesame oil. Vehicle control males were given sesame oil
only. Frogs were returned to the aquaria, and sampled at the appropriate time after
the injection.

Frogs were anesthetized by inhalation of ether to minimize pain, and livers were
dissected. Liver total RNA was isolated using TRI reagent (Moleular Research
Center, Inc., Cincinati, Ohio) as directed by the manufacturers. Amounts of RNA
were determined and then stored at —85C until use. 1 pg of RNA sample was
reverse transcribed for 60 min at 42°C in a 20 pL reaction with 50 units of MuLV
reverse transcriptase and 2.5 uM oligo d(T)¢ primer by the standard protocol from
the supplier (Applied Biosystems, Foster City, CA). 25 L of a PCR mixture
containing 0.5 uL of the RT product, 1.25 units of Ex Taq™ polymerase (Takara,
Japan), 1X Ex PCR™ Buffer II (Mg**-free), 2.5 mM MgCly, 0.4 mM of each
dNTP mixture, and 0.4 puM of each primer. Based on the partial cDNA sequence
of Vg in B. orientalis (Lee and Gye 2004), a pair of specific primers for Vg were
designated 5'- TGC TGA TCC ATC TGT CCT GA-3' (forward) and 5'- AAC
AGG CTG TGT GAG CTT GA-3' (reverse). For semi-quantitative RT-PCR
analysis of Vg mRNA expression, the B actin mRNA was amplified as an internal
control. A set of primers spanning the highly conserved region of the 3 actin gene
from Xenopus were designated 5'-GAG AGG TAT CCT GAC CCT GAA GTA-3'
(forward) and 5'-ATA ACC TTC ATA GAT GGG CAC AGT-3' (reverse). These
primer sets gave rise to Vg and B actin diagnostic fragments of 512 and 325 bp,
respectively. To determine the optimal annealing temperature for PCR of Vg
mRNA and 8 actin 30 cycles of PCR were performed with temperature gradient
mode using i-Cyler (BioRad, CA). 20 — 40 cycles of PCR amplifications were
performed to determine the optimal number of PCR cycles for quantitative
analysis. Each cycle consisted of the following: 95°C, 30s; 56°C, 30s; 72T, 45s.
PCR products (20 pL) were run on 2 % agarose gels containing 0.5 ug/uL
ethidium bromide and photographed under UV light. The amounts of RT-PCR
products were quantified by analyzing the band intensity with Scion Images
software (Scion Corporation, Frederick, MD). The Vg mRNA level was expressed
as arbitrary units relative to the density of the B actin mRNA level, Statistical
significance was analyzed by the Student’s r-test and accepted at p < 0.05.



RESULTS AND DISCUSSION

PCR annealing temperature was optimized at 56C for both Vg and B actin
primers sets (Fig. 1A). At this condition, PCR product for Vg was first detected at
32 cycles of amplification and linearly increased up to 40 cycles in control male
liver, suggesting scarcity of Vg mRNA in male liver. On the contrary, B actin was
linearly amplified between 24 and 34 cycles of amplification (Fig. 1B). Thereafter
RT-PCR was conducted at 32 and 26 cycle for Vg and B actin, respectively.

The BPA dosing at 100 mg/kg evoked neither death nor narcosis at 5 days after
injection, suggesting that the dose of BPA examined in this study did not result in
a systemic acute toxic effect on B. orientalis. Five days after drug treatment, BPA
(100 mg/kg) as well as 178 estradiol (1 mg/kg) apparently induced hepatic Vg
mRNA in male frogs, and which was not largely different from the expression
level in female liver (Fig. 2). This suggests that BPA has an estrogen mimicking
effect on adult male B. orientalis. Five days after drug treatment, BPA induced
hepatic Vg mRNA in a dose-dependent manner. At 1 mg/kg the Vg mRNA level
slightly increased but was not statistically significant. At 10 mg/kg, there was a
significant increase in Vg mRNA level compared to the vehicle control. In 100
mg/kg dosing group, there was a large induction of Vg mRNA (Fig. 3A).
Therefore it is suggested that the single lowest effective dose level for BPA to
induce Vg mRNA is between 1-10 mg/kg in male B. orientalis. According to the
guideline from the National Toxicology Program (NTP), it can be calculated from
our result that an acceptable exposure value for BPA lacking overt toxic effects on
the frogs is 1-10 pg/kg/day which is much higher than the environmentally
relevant conceniration of BPA (< 2 pg/kg). However, a second injection of BPA at
1 mg/kg BW with a 5 day interval resulted in a marked increase in Vg mRNA (Fig.
3B). This suggests that the primary injection of BPA did not evoke observable Vg
expression but it may sensitize the transcriptional machinery required for hepatic
Vg expression, allowing for a response to second injection of BPA in male frogs.
Repeated exposure of frogs to BPA is most likely unavoidable to frogs in the
contaminated habitat. BPA is frequently found in environmental media together
with other xenoestrogens, such as alkylphenols. Therefore it should be emphasized
that BPA even at a no observable effect concentration (NOEC) may elicit
endocrine disruption in this frog species when other xenoestrogens are also present
in environment.

Previously it was reported that Vg synthesis in male hepatocytes is less sensitive to
estrogen during the refractory period in Rana esculenta (Carnevali and Mosconi
1992). Because our experiment was carried out using frogs adapted in animal
husbandry for several months, the sensitivity of Vg mRNA induction to BPA
might be altered compared to that of a natural population. Therefore, for the
analysis of field samples using this method, seasonal differences in the sensitivity
of Vg mRNA induction by an estrogenic compound should be considered. The
present study may provide additional clues on factors responsible for the decline in
the amphibian populations and may explain the increased incidence of
abnormalities in situ for some frog species. Furthermore, an optimized protocol for
semiquantitative RT-PCR analysis of hepatic Vg mRNA levels in B. orientalis
males will be useful for the monitoring xenoestrogen contamination in the Korean
freshwater environment.
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Figure 1. Optimization of semiquantitative RT-PCR of Vg mRNA in male liver
from B, orientalis. Optimization of annealing temperature (A) and PCR cycle (B).
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Figure 2. Effects of bisphenol A and estrogen on Vg mRNA level in liver from B.

orientalis. RT-PCR of Vg and B actin mRNA following a single injection of BPA
(100 mg/kg) or 1703 estradiol (Ez, 1 mg/kg). M, male; F, female.
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Figure 3. Effects of bisphenol A on the expression of Vg mRNA in male liver
from B. orientalis. (A) RT-PCR of Vg and B actin mRNA following a single
injection of BPA (1, 10, 100 mg/kg). {B) RT-PCR of Vg and 3 actin mRNA
following two injections of BPA (1 mg/kg) with a 5 day interval, Error bar = SD
(n >3}, *, significantly different from vehicle control by Student’s ¢ test.
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