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Introduction 

Estrogen receptors (ERs) have been detected in the calf uteri indicate that binding of estradiol by uterus 

is influenced by the age and hormonal stage of the animal (Sanborn et al. 1971), During development, 

estrogen may have a direct effect on cells that express ERs, but may not affect cells that are devoid of 

such receptors (Tasende et al. 1996). It is generally accepted that there exist two different ER subtypes, 

namely estrogen receptor-alpha (ERα) and estrogen receptor-beta (ERβ). The presence of ERs in the 

ovaries of sheep (Tomanek et al. 1997), cows (Berisha et al. 2002; Van den Broeck et al 2002) and pigs 

(Slomczynska et al. 2001; Siomczynska and Womiak 2001) has already been shown. Presence of ERs in 

the ovaries plays an important rote in the maintenance of fertility. ERa knockout mice are acyclic, 

infertile and possess hyperemic ovaries devoid of corpora lutea. Female ERβ knockout mice have small 

ovaries and show arrested follicular development (Drummond et at. 2002). Bovine ER[3 mRNA 

expression in granulosa celts decreases with increase in follicular size (Van den Broeck et al. 2002). In 

contrast, mRNA expression of ERa in theca interna increases continuously during the final growth of 

bovine follicles, in which it does not increase in granulosa cells (Manikkam et al. 2001). A relatively 

high expression of ERα is found in the thecal and stromal cells in comparison with that in granulosa cells 

(Van den Broeck et al. 2002). ERα are present in developing DF on Day 7, early regressing DF on Day 

10 and preovulatory DF on Day 18, especially i n  the TI, and a few were localized in the mGC (Amrozi 

et al. 2004). However, information is limited concerning the specific distribution of ERα in preovulatory 

dominant follicles (DF). The aim of this study was to determine the distribution o f  ERα in the 

preovulatory DF after a GnRH administration by means of immunohis-tochemistry. 

 

Materials and methods 

Animals and Experimental Design 

Six Japanese black cows (year olds) with BCS about 3,1±0,4 were used in this study. Cows were 

subjected to receive a progesterone CIDR-B device during mid-luteal phase (CDIR in = Day 0 am) and 

a PGF2α injection (25 mg, i,m,, Pronalgon
®

F, Pharmacia, Japan) on Day 7 am. CIDR was removed on 

Day 8 am. They received a GnRH (100 µg, i.m., Supolnen
®
, Denka,Japan) injection just before 

ovariectomy on Day 10 pm as Control Group (pregonadotrophin stimulation, n=3). The other cows 

received same treatments and were ovariectomized on Day 11 am, 12 hrs after GnRH injection as 

Treatment Group (early preovulatory period, n=3). Development of the DF and the largest subordinate 

follicle (SF) were monitored twice daily at 07:00 and 19:00 by means of ultrasonography from the day 

of CIDR in until the day o f  ovariectomy tomy by the same operator to maintain a similar evaluating 

condition. 
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A real time B-mode ultrasound scanner (EUB-405, Hitachi-Medical Co., Tokyo) equipped with a 7.5 

MHz transducer (EUP-033J, Hitachi-Medical Co., Tokyo) was used. Appropriate images of follicles 

were arrested on the screen and maximum diameters of follicles were measured by means of built-in 

calipers. Ovariectomy was performed by flank laparotomy under epidural anesthesia. 

 

Hormone Determinations 

Blood from the jugular vein was collected twice daily from CIDR in until the day of ovariectomy at the 

same time as ultrasonography. Double antibody RIA was used to determine the concentrations of 

progesterone by using antisera to progesterone (GDN # 337) (Taya et a!. 1985). 

 

Processing of Ovaries 

After ovariectomy, the ovaries were immediately placed in physiological saline. Follicular walls were 

immediately put into 10% phosphate- buffered formalin. Follicular tissues were processed for histology, 

and embedded in paraffin wax. 

 

Immunohistochemistryfor ERa 

The follicular and luteal tissues were cut to a thickness of 5 urn and mounted on 

3-aminopropyl-triethoxysi lane-coated slides (Dako Cytomation, Kyoto, Japan). Expressions of ERa in 

the follicular tissues were detected following method which described in our previous study [1], Stained 

cells (brown staining) were observed using a light microscope (Eclipse E800, Nikon, Tokyo, Japan) 

equipped with a digital camera (Digital Camera DXM1200, Nikon, Tokyo, Japan) at x 100 

magnification. 

 

Data Analysis 

Expression of ERa in antral granulosa cells (aGC), mural granulosa cells (mGC), theca interna cells (Tl) 

and theca externa cells (TE) were analyzed according to the method described by Ing and Tomesi 

(1997). Immunohistological investigation of ERa in each section was located randomly. Intensity of 

immunohistological staining was graded as 0 (no staining), 1 (weak staining), 2 (moderate staining) or 3 

(strong staining). The tissue sample was scored at ten fields over one follicle for each cow by the same 

observer, who was unknown to which group of the tissue originated from. 

 

Results and discussion 

Expression of ERa represented by immunohistological staining intensity in cells was determined using a 

light microscope equipped with a digital camera. Expression of ERa in antral granulosa cells (aGC), 

mural granulosa cells (mGC), theca interna cells (TI) and theca externa cells (TE) in Control group were 

0.I8±0.11, 0.12±0.09. 0.77±0.10 and 0.46±0,06, respectively, and in Treatment group were 0.28±0.18, 

0.21±0.15, 1.01±0.14 and 0.48±0.19, respectively. A higher expression of ERa was found in TI than in 

aGC, mGC and TE within group of cows (p<0.05). A moderate expression of ERa was found in TE 

which significantly higher than in aGC and mGC within group of cows (P<0.05). Lower expression was 

found in aGC and mGC than other follicular cells within group of cows. A tendency of increasing ERa 

expression after a GnRH injection was found in TI (P=0.06, between Control and Treatment group). The 

results indicate that GnRH was tend to induce ERa expression in Tl and no effects of a GnRH injection 

on ERa expression in TE, aGC and mGC in bovine preovulatory DF in cows. ERa was observed in 

bovine preovulatory DF before and after a GnRH injection with a varying degree of staining intensity.
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ERa was observed in bovine preovulatory DF before and after a GnRH injection with a varying degree 

of staining intensity. A higher ERa expression was observed in TI in both group cows. It has been 

known that intermediate to high ERa expression is present in thecal cells bovine ovary (Van den Broeck 

et al. 2002), theca cells rat ovary (Pelletier et al. 2000) and in large porcine preovulatory follicle 

(Stomcynska and Wozniak. 2001). Expression of ERa in theca interna tissue increases continuously and 

significantly higher during the final follicle growth (Berisha et al. 2002). ERa expression has found 

intensively in the TI preovulatory DF on Day 18 of bovine es-trou5 cycle (Amrozi et al. 2004). In the 

present study, a tendency of increasing ERa expression was found in TI after a GnRH injection. It has 

been known that FSH and hCG stimulated ERa mRNA in hypophysectomized hamsters ovary (Yang et 

at. 2002). 

ERa mRNA is presence in the granulosa cells of porcine preovulatory follicles (Slomczynska et at. 

2001) and in bovine granulosa cells (Berisha et al. 2002). Expression of ERa is localized in the mural 

granulosa cells in bovine preovulatory DF (Amrozi et al. 2004). In the present study, the expression of 

ERa in GC was not difference before and after 12 hrs of a GnRH injection. Injection of cows with GnRH 

induced an LH surge within 2 h (Kaneko et al. 1991). It has been known that ovulatory hCG unable to 

change ERa mRNA expression in macaque granulosa cells after 12-36 h administration (Chaffin et al. 

1999). In contras, a treatment of hCG or GnRH agonist to the culture of human granulosa-luteal cells 

induces down-regulation of ERa gene expression (Chiang et al. 2000). Moreover, ERa mRNA levels are 

observed during the estrous cycle without an apparent modulation (Byers et al. 1997) and ERa 

transcriptional activity is modulated by ERP (Hall and McDonnell. 1999; Lindberg et al. 2003). 

Estradiol decrease immunostaining for ERa at 48 h in culture rat granulosa cells (Sharma et al. 1999). 

The results indicate thai GnRH was tend to induce ERa expression in TI and no effects of a GnRH 

injection on ERa expression in TE, aGC and mGC of preovulatory DF in cows. 

Acknowledgements. The authors would like to thank to Dr. G. D. Niswender, Animal Reproduction and 

Biotechnology Laboratory, Colorado State University, Fort Collins, CO, U.S.A. for providing antisera to 

progesterone (GDN # 337). This work was supported by a Grant-in-Aid for Scientific Research (No. 

11836008) to S. Kamimura from the Ministry of Education, Science, Sports, and Culture, Japan. 

 

References 

Amrozi, Kamimura, S., Ando, T. and Hamana, K. 2004. Distribution of estrogen receptor alpha in the 

dominant follicles and corpus luteum at the three stages of estrous cycle in Japanese black cows. 

J. Vet. Med. Sci. 66(l):47-52,2004. 

Berisha, B., Pfaffl, M.W. and Schams, D. 2002. Expression of estrogen and progesterone receptors in the 

bovine ovary during estrous cycle and pregnancy. Endocrine. 17: 207-214. 

Byers, M., Kuiper, G. G. J. M., Gustafsson J. A. and Park-Sarge O. K. 1997. Estrogen receptor-P mRNA 

expression in rat ovary: down regulation by gonadotropins. Mol. Endo. 11: 172182. 

 

Chaffin, C.L., Stouffer, R.L. and Duffy, D.M. 1999. Gonadotropin and steroid regulation of steroid 

receptor and aryl hydrocarbon receptor messenger ribonucleic acidin macaque granulose cells 

during the periovulatory interval. Endocrinol. 140: 4753-4760. 

Chiang, C.H., Cheng, K.W., Igarashi, S., Nathwani, P.S. and Leung, P.C. 2000. Hormonal 

regulation of estrogen receptor alpha and beta gene expression in human granulosa-luteal 

cells in vitro. J. Clin. Endocrinol. Metab. 85: 3828-3839. Drummond, A.E., Britt, K.L., Dyson, 

M., Jones, M.E., Kerr, J.B., O'Donnell, L., Simpson, E.R. 

and Findlay, J.K. 2002. Ovarian steroid receptors and their role in ovarian function. Mol. 

Cell. Endocrinol. 191:27-33. 



International Asia Link Symposium "Reproductive Biotechnology for Improved Animal Breeding in Southeast Asia" 

4 

Hall, J. M. and McDonnell, D. P. 1999. The estrogen receptor β-isoform (ERβ) of thehuman estrogen 

receptor modulates ERa transcriptional activity and is key regulator of the cellular response to 

estrogen and antiestrogens. Endocrinol. 140: 5566-5578. 

Ing, N.H. and Tornesi, M B. 1997. Estradiol up-regulates estrogen receptor and progesterone re- 

ceptor gene expression in specific ovine uterine cells. Biol Reprod.  56: 1205-1215. 

Kaneko, H., Terada, T., Taya, K., Watanabe, G.., Sasamoto, S., Hasegawa, Y. and Igarashi, M 1991. 

Ovarian follicular dynamics and concentrations of oestradiol-17, progesterone, luteinizing 

hormone and follicle stimulating hormone during the periovulatory phase of the oestrous cycle in 

the cow. Reprod. Fenil. Dev. 3: 529-535. 

Lindberg. M. K., Moverare, S., Skrtic, S., Gao, H., Dahlman-Wright, K., Gustafsson, J. A. and Ohlsson, 

C. 2003. Estrogen receptor (ER)-β reduces ERa-regulated gene transcription, supporting a "ying 

yang" relationship between ERα and ERβ in mice. Mol Endocrinol. 17:203-208, 

Pelletier. G., Labrie. C. and Labrie, R. 2000. Localization of oestrogen receptor alpha, oestrogen 

receptor beta and androgen receptors in the rat reproductive organs. J. Endocrinol. 165: 359-370. 

Sanborn, B. M., Rao, B. R. and Korenman, S. G. 1971. Interaction of 17 -estradiol and its specific uterine 

receptor. Evidence for complex kinetic and equilibrium behavior. Biochemistry. 10:4955-4962. 

Sharma, S. C, Clemens, J. W., Pisarska, M. D. and Richards, J. S. 1999. Expression and function of 

estrogen receptor subtypes in granulose cells: regulation by estradiol and froskolin. Endocrinol. 

140:4320-4334. 

Slomczynska, M., Duda, M. and Galas, J. 2001. Estrogen receptor alpha and beta expression in the 

porcine ovary. Folia Hislochem Cytobiol 39: 137-138. 

Slomczynska. M. and Wozniak, J. 2001. Differential distribution of estrogen receptor-beta and estrogen 

receptor-alpha in the porcine ovary. Exp. Clin. Endocrinol. Diabetes. 109: 238244. 

Tasende, C, Meikle, A., Rubianes, E. and Garofalo, E.G. 1996 Restoration of estrogen and progesterone 

receptors uterine during the ovine postpartum period. Theriogenology 45:15451551. 



iMernational Ana Link Symposium "Reproductive Biotechnology for Improved Animal Breeding in Southeast Asia" 

5 

Taya, K., Watanabe, G. and Sasamoto, S. 1985. Radioimmunoassay for progesterone, testosterone and 
estradiol-17beta using '"l-iodohistamine radioligands. Jpn. J. Anm Reprod. 31: 186-197 (In 
Japanese). 

Tomanek, M., Pisselet, C., Monget, P., Madigou, T., Thieulant, M.L. and Monniaux D. 1997. Estrogen 

receptor protein and mRNA expression in the ovary of sheep. Mol. Reprod. Dev. 48: 53-62. 

Van Den Broeck, W., Coryn, M., Sintoens, P. and Lauwers, H. 2002. Cell-specific distribution of 

oestrogen receptor-alpha in the bovine ovary. Reprod. Dom. Anm. 37: 291-293 

Yang, P., Kriatchko, A. and Roy, S.K. 2002. Expression of ERa and ERp in the hamster ovary: 

differential regulation by gonadotropins and ovarian steroid hormones. Endocrinology 143: 

2385-2398. 

Manikkam, M., Bao, B., Rosenfeld, C.S., Yuan, X., Salfen, B.E., Calder, M.D., Youngquist, R..S., 

Keisler, D.H., Lubahn, D.B. and Garverick, H.A. 2001. Expression of the bovine oestrogen 

receptor-beta (bERbeta) messenger ribonucleic acid (mRNA) during the first ovarian follicular 

wave and lack of change in the expression of bERbeta mRNA of second wave follicles after LH 

infusion into cows.   Anim Reprod Sci. 67(3-4): 159-69. 


