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Abstract

Background: Bisphenol-A (BPA) is one of the widespread industrial compounds, which has adverse effects on animal and human health. The
study was aimed to explore the effects of Crassostrea gigas extracts (CGE) in aleviating ovarian functional disorders of female rats with
exposure to BPA and the underlying possible mechanism.

Materials and methods: Eighteen four-week-old female Sprague-Dawley (SD) rats were randomly divided into BPA group (50mg/kg BPA),
BPA+CGE group (50mg/kg BPA+50mg/kg CGE), and control group (equivalent dosage of vehicle) with 6 rats in each group. After a 6-week
treatment ended, the serum levels of estradiol (E,), follicle stimulating hormone (FSH), luteinizing hormone (LH) were measured by using
commercial standard assay kits. The expression levels of FSH receptor (FSHR) in the rat ovarian tissues were respectively detected by
immunohistochemistry and Real-time PCR.

Results: CGE treatment markedly increased E, levels and decreased FSH levels in the serum (P<0.05), however, the alterations of serum LH
levels were not significant (P>0.05). The protein and mRNA expression levels of FSHR were the lowest in the ovaries of control rats and the
highest in BPA rats (P<0.05). CGE treatment markedly decreased the expression levels of FSHR in the ovarian tissues (P<0.05).

Conclusions: Crassostrea gigas successfully alleviates ovarian functional disorders of female rats with exposure to BPA partly through

decreasing FSHR expression levelsin the ovarian tissues.
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I ntroduction

Bisphenol-A (BPA) is one of the widespread industrial compounds, which is commonly used in the production of food and drink packaging,
plastic consumer products, and dental materials (Biedermann et al., 2010; Ozaki et al., 2004), consequently, the exposure of human beings to
BPA is widespread and continuous (Borrell, 2010; Diamanti-Kandarakis et al., 2010; Vandenberg et al., 2007). BPA metabolites were found in
the urine of approximately 93% of the U.S. general population according to a National Health and Nutrition Examination Survey (Calafat et al.,
2008). As BPA can bind to severa hormone receptors, including estrogen and thyroid receptors, it is classified as an endocrine disruptor
(Moriyama et a., 2002; Zodller et d., 2005). BPA has adverse effects on animal and human health (Vandenberg et a., 2012; Welshons et al.,
2006). It has been found that BPA has negative effects on ovarian steroidogenesis, folliculogenesis, as well as ovarian morphology and the female
gonad is a particularly sensitive target of BPA disruption (Markey et al., 2003; Newbold et al., 2007; Schonfelder et a., 2002). However, little
therapeutic intervention has found to alleviate the ovarian functional disorders induced by exposure to BPA.

The Pecific oyster (Crassostrea gigas) is one of the most economically important bivalves, which is distributed worldwide (Yamaura et al.,
2008). Pacific oyster (Crassostrea gigas) has been used as traditional complementary and alternative medicine with long history {Yang, 2012
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#773} {Han, 2007 #779} . The scope of the commercial fishery for Crassostrea gigas has markedly increased since 1993, when Crassostrea gigas

was introduced to the west coast of the United States from Japan. Rapid progresses have been made on the improvement of economic traits for
Crassostrea gigas, including devel opment, growth and pathogen-resistance (Huhtaniemi and Themmen, 2005; Peluso and Steger, 1978). In 2007,
the production has reached 4.2 million tons worldwide(FAO, 2009). As Crassostrea gigas extracts (CGE) can significantly increase the levels of
glutathione and activity of glutathione S-transferase (GST) (Gate et a., 1999; Gate et al., 1998), a key factor of improving steroid hormone
metabolism in ovaries (Sesh et al., 2001), the present study was designed to explore the effects of CGE in aleviating ovarian functional disorders
of female rats with exposure to BPA and the possible underlying mechanism.

M aterials and methods
Materials

The specimens of Crassostrea gigas were collected from the waters around Zhoushan, Zhejiang Province, China. The specimens were stored at
—20°C after the fresh whole bodies were taken away from the shell. The shelled Crassostrea gigas (2.5kg) were chopped and homogenized,
which were then extracted with hot water (75°C) for 3.5 hours. After cool to room temperature, they were filtered with Celite powder and filter
paper. Thefiltrate was used as CGE in the present study. BPA were provided by Sigma-Aldrich Co., U.S.A.

Animals and groups

Eighteen four-week-old female Sprague-Dawley (SD) rats were provided by Experimental Animal Centre, School of Medicine, Zhgjiang
University (Hangzhou, China). The animals were housed in a temperature-controlled room with a 12-hour light/dark cycle and maintained at a
constant temperature of 25°C and humidity of 55%. The rats were fed with standard pelleted food and plain tap water ad libitum for 1 week. The
present study was performed according to the National Research Council's protocol for the care and use of laboratory animals and was approved
by the ethics committee. All of the rats presented at least two classic estrous cycles before the individua treatments below. They were randomized
with the use of a randomization chart constructed in Microsoft Excel that randomized numbers into three groups. The rats were then randomly
divided into BPA group, BPA+CGE group, and control group with 6 ratsin each group. The ratsin BPA group were orally administrated BPA at
50 mg/kg once daily for 6 consecutive weeks. The rats in BPA+CGE group were orally administrated BPA at 50 mg/kg and CGE at 50mg/kg
once daily for 6 consecutive weeks. The rats in control group were oraly administrated the equivalent dosage of vehicle once daily for 6
consecutive weeks. All the compounds were first dissolved in 100% ethanol (EtOH, Pharmaco), and then sesame ail at aratio of 10% EtOH and
90% oil (Patisaul et a., 2006). The vehicle was a mixture of 10% EtOH and sesame oil. The dose of BPA used in the present study is equivalent
to the lowest level of observed adverse effects from oral administration (FAO/WHO, 2011).

Samples collection and measur ement

During the above treatment period, none of the rats died. On the next day following the above 6-week treatment, the rats were anaesthetized
with urethane (1.2 g/kg, intra-peritonealy) after fasting for 12 h. The blood samples were then drawn from the hepatic portal vein into
heparinized injectors. The collected samples were centrifuged at 3000 rpm in 4°C for 12 min. The supernatant serums were then transferred to
clean EP tubes and stored at —80°C until assay. The rats were sacrificed after the blood samples were collected. The ovaries were rapidly removed
and washed with physiologica saline. The left ovary was diced and the tissue slices were fixed in 10% buffered-neutral formalin for 24 hr for
histological examinations. The other ovary were frozen and stored at —80°C until the time of the assay. The serum levels of estradiol (Ey), follicle
stimulating hormone (FSH) and luteinizing hormone (LH) were measured by using commercial standard assay kits (Wuhan Boster
Bio-Engineering Limited Company, Wuhan, China). All the measurements were performed in duplicate and were conducted according to the
manufacturer’s instruction. Both intra- and inter-assay coefficients of variation were less than 10%. FSHR mRNA expression level in the ovary
was measured by Real-time PCR.
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Immunohistochemistry

The fixed ovary tissue slices were embedded in paraffin, sectioned, de-paraffinized, rehydrated, and then were cut into sections and mounted on
slides. The sections were incubated with the polyclonal FSHR antibody (1:100 dilution; Sigma, St Louis, MO, USA) a 4°C overnight. The
biotinylated secondary antibody and horseradish peroxidase (HRP) conjugated streptavidin were added onto the ovary section after the slides
were washed twice with TBS. The expression was visualized with 3,3-diaminobenzidine (DAB) substrate and observed under Eclipse E400
microscopy (Nikon, Tokyo, Japan), which were then analyzed using Image-Pro Plus 6.0.

Detection of FSHR mRNA expression in ovarian tissues with Real-time PCR

Total RNA was isolated with the RNAiso™ Reagent (TAKARA, Dalian, China) according to the instructions of the manufacturer. The purity
and concentration of RNA were detected by NanoDrop®ND-100 Spectrophotometer (Thermo Fisher Scientific Inc, USA). The cDNA was
prepared from 500ng of total RNA by reverse transcription with the PrimeScript™ RT reagent Kit (Perfect Real Time, TAKARA, Dalian, China).
The samples of cDNA were then diluted in DNase- and RNase-free water at a proportion of 1:3 before further analysis. Quantitative real-time
PCR was performed by using the iCycler iQ Rea-Time Detection System (Bio-Rad). The rat FSHR gene specific primers were provided by
Sangon, Shanghai, China. The sequences of the primers are as follows. FSHR Forward: TTTACTTGCCTGGAAGCGACTAA, Reverse:
CCCAGGCTCCTCCACACA; GAPDH Forward: GCAAGTTCAACGGCACAG, Reverses CGCCAGTAGACTCCACGAC. PCR reactions
were performed using 2uL of cDNA, 10 pM of each primer, and 2xSYBR® Premix Ex Tag™ (TAKARA) in 20-uL reactions. Thermal cycling
conditions were 95°C for 10 seconds, followed by 40 cycles of 95°C for 5 seconds and 60.0°C for 30 seconds. Gene starting quantity was based
on the cycle threshold (Ct) method. Each value was normalized to GAPDH to control for the amount of the input cDNA. The threshold cycle
value for GAPDH mRNA was subtracted from that of FSHR gene, and the mRNA levels of FSHR gene were expressed as 272,

Statistical analysis

The data were analyzed with Statistical Package for Social Sciences (SPSS 15.0 for Windows). Analysis of variance (ANOVA) was employed
for analyzing all the data. A 5% significance level (P<0.05) and two-tailed tests were used for all hypothesis tests.

Results
Serum levelsof E,, FSH and LH

Asshown in Figure 1 A and B, the serum E, levels of control group were significantly higher, and the serum FSH levels were markedly lower
than BPA group and BPA+CGE group (P<0.05). The serum LH levels of control group were significantly higher than BPA group (P<0.05),
however, there were no significant differences between BPA+CGE and BPA groups (P>0.05). When comparing with BPA group, the serum
levels of E, in BPA+CGE group were significantly increased and the serum levels of FSH were significantly decreased (P<0.05), indicating that
CGE has positive effectsin aleviating ovarian functional disorders of female rats with exposure to BPA.

FSHR protein expression in rat ovaries detected by immunohistochemistry

As shown in Figure 2, the protein expression levels of FSHR were the lowest in the rat ovaries of control group and the highest in the ovaries
of BPA rats (P<0.05). CGE treatment significantly decreased the expression levels of FSHR in the ovarian tissues (P<0.05).
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FSHR mRNA expression in rat ovaries detected by Real-time PCR

As shown in Figure 3, the expression levels of FSHR mRNA in the rat ovaries from Control group were significantly lower than those of BPA
group and BPA+CGE group (P<0.05). Moreover, the FSHR mRNA expression levelsin the ovaries of ratsin BPA+CGE group were significantly
lower than BPA group (P<0.05).

Discussion

According to aresearch from Japan, the mean BPA level detected in the follicular fluid was 2.4+0.8 ng/ml (Ikezuki et a., 2002). The levels of
BPA in polycystic ovary syndrome (PCOS) women were found to be higher than the BMI-matched healthy women and the BPA levels were
positively and strongly associated with hormonal and metabolic abnormalities (Diamanti-Kandarakis et al., 2009).The women suffered from
ovarian functional disordersinduced by BPA exposure would undoubted benefitted if effective extracts from natural products can be devel oped.
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Figure 1: Serum levels of sex hormones. (A) Estradiol (E,). (B) Follicle stimulating hormone (FSH). (C) Luteinizing hormone (LH). Bisphenol A
(BPA) group (50mg/kg BPA); BPA+Crassostrea gigas extracts (CGE) group (50mg/kg BPA+50mg/kg CGE); Control group (equivalent dosage
of vehicle). Data were shown as mean + SD. (n=6 in each group). The significant difference was set at * P<0.05 (ANOVA).
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Figure 2: Alterations of expression levels of FSH receptor (FSHR) in rat ovaries detected by immunohistochemistry (A) the representative
photomicrographs (200x). (B) FSHR expression levels. |OD: Integrated optical density. BPA group (50mg/kg BPA); BPA+CGE group (50mg/kg
BPA+50mg/kg CGE); Control group (equivalent dosage of vehicle). Data were shown as mean + SD. (n=6 in each group). The significant
difference was set at * P<0.05 (ANOVA).

*

7.00

6.00 -

5.00 -

4.00 -

3.00 -

2.00 -

1.00 - i
0.00

BPA+CGE Control

rat ovaries(Normalized))

FSHR mRNA expression levels in

Figure 3:. FSHR mRNA expression levels in rat ovaries detected by Real-time PCR. BPA group (50mg/kg BPA); BPA+CGE group (50mg/kg
BPA+50mg/kg CGE); Control group (equivalent dosage of vehicle). Data were shown as mean + SD. (n=6 in each group). The significant
difference was set at * P<0.05 (ANOVA).

CGE was found to protect human epithelial cells against oxidative stress and increase GST activity in organs of rats (Gate et a., 1999; Gate et
a., 1998). The activity of GST increased with the increase in size of the follicles from small to large follicles of follicular phase ovary and from
small to medium follicles of luteal phase ovary in goat and sheep, thereafter it decreased in large follicles of luteal phase ovary, indicating GST
plays afunctional role in the steroid hormone metabolism in the ovaries (Sesh et a., 2001).GST class pi has dual protective rolein therat ovaries,
including inhibition of JNK-initiated apoptosis and metabolism of 4-vinylcyclohexene diepoxide, an occupational chemical that selectively
destroys ovarian small pre-antral follicles in rats and mice via apoptosis (Keating et a., 2010). A significant decrease in glutathione level and
increased DNA damage as well as susceptibility of DNA to oxidative stress were found in PCOS women (Dinger et a., 2005). We found in the
present study that CGE treatment markedly increased E, levels and decreased FSH levels in the serum.

FSHR/FSHR transcripts were firstly discovered in embryonic gonads around Embryonic Day 20.5 in females (Dankbar et al., 1995; Rannikki
et d., 1995). In the ovarian granulosa cells, temporal changes in FSH signaling regulate the main transcriptional, metabolic and hormonal
activities, which are important for the proliferation and differentiation events required for follicular growth and oocyte maturation (Dunkel et al .,
1994; Simoni et a., 1997). Although confirmatory studies with independent samples are needed, FSHR has been found to be closely associated
with the increased genetic susceptibility to PCOS (Du et a., 2010). In the rodent ovary, the expression of FSHR was found to coincide with
formation of primary follicles and follicular development through the preantral stage, and the initial full-length transcripts as well as the hormone
binding were observed around Postnatal Day 3, which then continued to increase through Postnatal Day 21  (O'Shaughnessy et al., 1994; Sokka
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and Huhtaniemi, 1990). In goose, FSHR was aso found to mediate the response of the goose ovary to FSH during the developmental and egg

laying stages, and especialy during the latter (Kang et al., 2010). FSHR is directly regulated by a combination of transcriptional and
posttranscriptiona mechanisms induced by FSH and activin in the ovary (Nakamuraet al., 1993; Nakatani et al., 1991; Woodruff et al., 1988). We
found that CGE treatment markedly decreased the expression levels of FSHR in the ovarian tissues.

It is then concluded that Crassostrea gigas successfully aleviates ovarian functional disorders of female rats with exposure to BPA partly
through decreasing FSHR expression in the ovarian tissues. More studies should be performed to explore other possible mechanism underlying

Crassostrea gigas aleviating ovarian functional disorders of female rats with exposure to BPA in the near future.

Acknowledgements

The study was supported by International Science & Technology Cooperation Program of Zhejiang Province (No: 2012C24017), Grant of
Education Department of Zhejiang Province (No: Y201223353), Population and Family Planning Technology Project of Zhgjiang Province (No:
JSW2013-A039), Scientific Research Foundation for the Returned Overseas Chinese Scholars, Zhejiang Province (No: 2011-443) and Y oung
Scientist Grant of Zhegjiang Gongshang University (No: QY 11-20).

References

1. Biedermann, S, Tschudin, P, and Grob, K. (2010). Transfer of bisphenol A from thermal printer paper to the skin. Anal Bioanal Chem 398:571-576.

2. Borréll, B. (2010). Toxicology: The big test for bisphenol A. Nature 464:1122-1124.

3. Cdafat, AM., Ye X., Wong, L.Y., Reidy, JA., and Needham, L.L. (2008). Exposure of the U.S. population to bisphenol A and 4-tertiary-octylphenol:
2003-2004. Environ Health Perspect 116:39-44.

4. Dankbar, B., Brinkworth, M.H., Schlatt, S., Weinbauer, GF., Nieschlag, E., and Gromall, J. (1995). Ubiquitous expression of the androgen receptor and
testis-specific expression of the FSH receptor in the cynomolgus monkey (Macaca fascicularis) revealed by a ribonuclease protection assay. J Steroid Biochem
Mol Biol 55:35-41.

5. Diamanti-Kandarakis, E., Bourguignon, J.P, Giudice, L.C., Hauser, R., Prins, GS., Soto, A.M., Zodller, R.T., and Gore, A.C. (2009). Endocrine-disrupting
chemicals: an Endocrine Society scientific statement. Endocr Rev 30:293-342.

6. Diamanti-Kandarakis, E., Pdioura, E., Kandarakis, S.A., and Koutsilieris, M. (2010). The impact of endocrine disruptors on endocrine targets. Horm Metab
Res 42:543-552.

7. Dinger, Y., Akcay, T., Erdem, T., llker Saygili, E., and Gundogdu, S. (2005). DNA damage, DNA susceptibility to oxidation and glutathione level in women
with polycystic ovary syndrome. Scand J Clin Lab Invest 65:721-728.

8. Du, J, Zhang, W., Guo, L., Zhang, Z., Shi, H., Wang, J., Zhang, H., Gao, L., Feng, G, and He, L. (2010). Two FSHR variants, haplotypes and meta-analysisin
Chinese women with premature ovarian failure and polycystic ovary syndrome. Mol Genet Metab 100:292-295.

9. Dunkd, L., Tilly, JL., Shikone, T., Nishimori, K., and Hsueh, A.J. (1994). Follicle-stimulating hormone receptor expression in the rat ovary: increases during
prepubertal development and regulation by the opposing actions of transforming growth factors beta and alpha. Biol Reprod 50:940-948.

10. FAO. (2009). Fishery and Aquaculture Statistics 2007. Food and Agriculture Organization of the United Nations, Rome.

11. FAO/WHO. (2011). Toxicological and Health Aspects of Bisphenol A: Report of Joint FAO/WHO Expert Meeting and Report of Stakeholder Meeting on
Bisphenol A.

12. Gate, L., Paul, J, Ba, GN., Tew, K.D., and Tapiero, H. (1999). Oxidative stress induced in pathologies: the role of antioxidants. Biomed Pharmacother
53:169-180.

13. Gate, L., Schultz, M., Walsh, E., Dhalluin, S., Nguyen Ba, G, Tapiero, H., and Tew, K.D. (1998). Impact of dietary supplement of Crassostrea gigas extract
(JCOE) on glutathione levels and glutathione S-transferase activity in rat tissues. In vivo 12:299-303.

14. Huhtaniemi, |.T., and Themmen, A.P. (2005). Mutations in human gonadotropin and gonadotropin-receptor genes. Endocrine 26:207-217.

15. lkezuki, Y., Tsutsumi, O., Takai, Y., Kame, Y., and Taketani, Y. (2002). Determination of bisphenol A concentrations in human biological fluids reveals
significant early prenatal exposure. Hum Reprod 17:2839-2841.



Zhou et al., Afr J Tradit Complement Altern Med. (2014) 11(5):1-7 7

http://dx.doi.org/10.4314/aitcam.v11i5.1

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31

32.

33.

35.

36.

37.

Kang, B., Jiang, D.M., Zhou, R.J., and Yang, H.M. (2010). Expression of follicle-stimulating hormone receptor (FSHR) mRNA in the ovary of Zi geese during
developmental and egg laying stages. Folia Biol (Krakow) 58:61-66.

Keating, A.F,, Sen, N., Sipes, |.G, and Hoyer, PB. (2010). Dual protective role for glutathione S-transferase class pi against VCD-induced ovotoxicity in the rat
ovary. Toxicol Appl Pharmacol 247:71-75.

Markey, C.M., Coombs, M.A., Sonnenschein, C., and Soto, A.M. (2003). Mammalian development in a changing environment: exposure to endocrine
disruptors reveals the developmental plasticity of steroid-hormone target organs. Evol Dev 5:67-75.

Moriyama, K., Tagami, T., Akamizu, T., Usui, T., Saijo, M., Kanamoto, N., Hataya, Y., Shimatsu, A., Kuzuya, H., and Nakao, K. (2002). Thyroid hormone
action is disrupted by bisphenol A as an antagonist. J Clin Endocrinol Metab 87:5185-5190.

Nakamura, M., Minegishi, T., Hasegawa, Y., Nakamura, K., Igarashi, S, Ito, I., Shinozaki, H., Miyamoto, K., Eto, Y., and Ibuki, Y. (1993). Effect of an activin
A on follicle-stimulating hormone (FSH) receptor messenger ribonucleic acid levels and FSH receptor expressions in cultured rat granulosa cells.
Endocrinology 133:538-544.

Nakatani, A., Shimasaki, S., Depaolo, L.V., Erickson, GF,, and Ling, N. (1991). Cyclic changes in follistatin messenger ribonucleic acid and its protein in the
rat ovary during the estrous cycle. Endocrinology 129:603-611.

Newbold, R.R., Jefferson, W.N., and Padilla-Banks, E. (2007). Long-term adverse effects of neonatal exposure to bisphenol A on the murine female
reproductive tract. Reprod Toxicol 24:253-258.

O'Shaughnessy, PJ., Marsh, P, and Dudley, K. (1994). Follicle-stimulating hormone receptor mRNA in the mouse ovary during post-natal development in the
normal mouse and in the adult hypogonadal (hpg) mouse: structure of alternate transcripts. Mol Cell Endocrinol 101:197-201.

Ozaki, A., Yamaguchi, Y., Fujita, T., Kuroda, K., and Endo, G (2004). Chemical analysis and genotoxicological safety assessment of paper and paperboard used
for food packaging. Food Chem Toxicol 42:1323-1337.

Patisaul, H.B., Fortino, A.E., and Polston, E.K. (2006). Neonatal genistein or bisphenol-A exposure alters sexual differentiation of the AVPV. Neurotoxicol
Teratol 28:111-118.

Peluso, J.J., and Steger, R.W. (1978). Role of FSH in regulating granulosa cell division and follicular atresiain rats. J Reprod Fertil 54:275-278.

Rannikki, A.S., Zhang, F.P, and Huhtaniemi, I.T. (1995). Ontogeny of follicle-stimulating hormone receptor gene expression in the rat testis and ovary. Mol
Cell Endocrinol 107:199-208.

Schonfelder, G, Flick, B., Mayr, E., Talsness, C., Paul, M., and Chahoud, I. (2002). In utero exposure to low doses of bisphenol A lead to long-term deleterious
effectsin the vagina. Neoplasia 4:98-102.

Sesh, PS,, Singh, D., Sharma, M K., and Pandey, R.S. (2001). Activity of glutathione related enzymes and ovarian steroid hormones in different sizes of
follicles from goat and sheep ovary of different reproductive stages. Indian J Exp Biol 39:1156-1159.

Simoni, M., Gromoll, J, and Nieschlag, E. (1997). The follicle-stimulating hormone receptor: biochemistry, molecular biology, physiology, and
pathophysiology. Endocr Rev 18:739-773.

Sokka, T., and Huhtaniemi, 1. (1990). Ontogeny of gonadotrophin receptors and gonadotrophin-stimulated cyclic AMP production in the neonatal rat ovary. J
Endocrinol 127:297-303.

Vandenberg, L.N., Colborn, T., Hayes, T.B., Heinddl, J.J., Jacobs, D.R., Jr., Lee, D.H., Shioda, T., Soto, A.M., vom Saal, F.S., Welshons, W.V., Zodller, R.T.,
and Myers, J.P. (2012). Hormones and endocrine-disrupting chemicals: low-dose effects and nonmonotonic dose responses. Endocr Rev 33:378-455.

Vandenberg, L.N., Hauser, R., Marcus, M., Olea, N., and Welshons, W.V. (2007). Human exposure to bisphenol A (BPA). Reprod Toxicol 24:139-177.

. Welshons, W.V., Nagel, S.C., and vom Saal, F.S. (2006). Large effects from small exposures. 111. Endocrine mechanisms mediating effects of bisphenol A at

levels of human exposure. Endocrinology 147: S56-69.

Woodruff, T.K., D'Agostino, J., Schwartz, N.B., and Mayo, K.E. (1988). Dynamic changes in inhibin messenger RNAs in rat ovarian follicles during the
reproductive cycle. Science 239:1296-1299.

Yamaura, K., Takahashi, K.G, and Suzuki, T. (2008). Identification and tissue expression analysis of C-type lectin and galectin in the Pacific oyster, Crassostrea
gigas. Comp Biochem Physiol B Biochem Mol Biol 149:168-175.

Zodler, R.T., Bansa, R., and Parris, C. (2005). Bisphenol-A, an environmental contaminant that acts as a thyroid hormone receptor antagonist in vitro,

increases serum thyroxine, and alters RC3/neurogranin expression in the developing rat brain. Endocrinology 146:607-612.



