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ABSTRACT

Phytoestrogens, plant-derived oestrogen-like compounds exert numerous effects on the 
reproductive functions of animals. The present study was designed to demonstrate if exogenous 
genistein infused during the breeding season into the third ventricle of the brain of ovariectomized 
(OVX) ewes could affect the follicle stimulating hormone (FSH) release from the pituitary 
cells. Two year old OVX ewes (n=8) were infused with vehicle (control, n=3) or genistein 
(10 µg/100 µl/h, n=5) into the third ventricle. The infusions were done from 10.00 to 14.00 h and 
blood samples collection was performed this day from 8.00 up to 20.00 h and next day from 8.00 to 
10.00 h. The animals were slaughtered thereafter. FSH cells in the adenohypophysis were localized 
by immunohistochemistry. Plasma FSH concentrations were measured by radioimmunoassay. 
Immunohistochemical analysis revealed that the number of immunoreactive (IR) FSH cells in 
the adenohypophysis and IR material stored in these cells increased in genistein-infused animals, 
microscopic observations were confirmed by statistical analysis (P<0.001). The concentrations of 
FSH was significantly lower 20 h after genistein infusions, as compared to the values noted in 
vehicle infused ewes (34.18±1.36 vs 40.62±2.69; P<0,05), respectively. The presented results 
demonstrated that genistein could affect the FSH release in the OVX ewes.
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INTRODUCTION

Phytoestrogens, plant-derived oestrogen-like compounds, affect the development 
and physiology of mammals, and especially their reproductive functions (Whitten 
and Patisaul, 2001). The main source of phytoestrogens are important pasture 
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and forage plants, e.g., clover, soya bean or lucerne. Although phytoestrogens 
are partially metabolized by ruminal microorganisms after ingestion, they have 
been detected in constitutional fluids, i.e. blood plasma and milk, as well as in 
numerous animal tissues, including the reproductive organs and brain (King et 
al., 1998). The chemical structure of phytoestrogens is similar to the structure of 
synthetic oestrogens and it enables to activate α and β oestrogen receptors (ER) 
(Kuiper et al., 1998). Some studies have shown that several isoflavonoids act as 
oestrogen agonist via ER (e.g., Kuiper et al., 1998). Moreover, genistein, the most 
important isoflavons, has been shown to have oestrogen-like effects in the female 
reproductive system of rats (Santell et al., 1997).

Studies performed on ewes have been showed that the phytoestrogens can bind 
to oestradiol receptors in both the pituitary gland and hypothalamus (Mathieson 
and Kitts, 1980). In this way, they may interfere with the oestrogen feedback 
mechanism involved in the regulation of the gonadotrophins release. 

Follicle - stimulating hormone (FSH) is primary hormone that regulates follicle 
development in the female ovaries and spermatogenesis in the male gonads 
(Padmanabhan and Sharma, 2001). Regulation of FSH synthesis and release is 
still less recognized than our knowledge concerning luteinizing hormone (LH) 
secretion. Moreover, in several physiological paradigms secretion of FSH and LH 
are not regulated coordinally. Oestradiol, in different manner modify expression 
of the genes encoding LH and FSH subunits and the release of these hormones 
(Rozell and Keisler, 1990; Padmanabhan and Sharma, 2001). Recently, it has been 
demonstrated that oestradiol in opposite way alters secretion of FSH and LH from 
cultured ovine pituitary cells: it inhibited basal secretion of FSH but stimulated 
basal secretion of LH (Baratta et al., 2002). 

As a result of feeding the sheep of diets rich in phytoestrogens, numerous 
disturbances in reproductive activity were described (Nwannenna et al., 1994, 1995). 
However, very little is known about the mechanisms causing these disturbances, 
especially with reference to interactions between phytoestrogens and gonadotrophins 
secretion on the central nervous system (CNS) level. The studies of Kuiper et al. (1997, 
1998) has been shown that genistein effectively competes for both ERα and ERβ 
receptors on the level of the CNS. Moreover, our previous works demonstrated the 
oestrogen-like effect of exogenous genistein on the LH secretion in ovariectomized 
ewes during both the seasonal anoestrous and breeding season (Romanowicz et al., 
2004; Wójcik-Gładysz et al., 2005). On the basis of these observations, we focused 
our interest on effect of genistein on the release of second gonadotrophin - the FSH. 
Therefore, using as a model of ovariectomized ewes during the breeding season, 
the following aspects were considered in response to genistein infused into the third 
ventricle of the brain: 1. the immunoreactivity of FSH-producing cells, 2. FSH 
concentration in the peripheral blood plasma before , during and after this infusion. 
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MATERIAL AND METHODS

Animals and management

The experiment was performed on two years old ovariectomized female sheep 
(Polish Lowland, n=8). The intracerebroventricular (icv) infusions of genistein were 
done during the breeding season - two months after ovariectomy. The animals were 
maintained indoor under natural lighting conditions (52°N, 2°E) and fed a diet of 
commercial concentrates, with hay and water available ad libitum. 

Stainless steel guide cannulae (1.2 mm OD) were implanted into the third 
ventricle of the brain under general anaesthesia, following the stereotaxic procedure 
described by Traczyk and Przekop (1963). The guide cannula was fixed to the skull 
with stainless steel screws and dental cement. The external opening to the canal was 
closed with a stainless steel cap. The placement of guide cannula was confirmed 
by the outflow of a small amount of cerebro-spinal fluid during the surgery and 
after slaughtering by the infusion of a small volume of blue ink. One day before 
the infusion a jugular venous catheter was inserted into each sheep and kept with 
heparinized saline (50 units heparin/ml in 0.9% w/v NaCl). 

Infusion procedure and blood sampling

Animals were randomly divided into two groups: 1. the control group (n=3) - 
infused icv with Ringer-Lock’e solution (100 µl/h) and 2. the experimental group 
(n=5) - infused icv with genistein (Sigma) 10 µg/100 µl/h. This dose was selected 
according to our previous study (Wójcik-Gładysz et al., 2005). Genistein was 
dissolved in ethanol (1 mg/0.5 ml) and stored at -20°C as a stock solution. On the 
day of infusion, it was diluted in 2 ml of saline. Immediately before each infusion, 
the stilette was removed from the guide cannula. The injector needle, connected to 
a length of tubing (Hythe, Kent, England) containing the test solution, was lowered 
to a depth of approximately 2.5 mm above the base of the brain at the level of the 
medial basal hypothalamus. Infusions were applied from 10.00 to 14.00 h, at a flow 
rate of 1.67 µl/min, using calibrated 1.0 ml gas-tight syringes and a microinjection 
pump CMA/100 (CMA/Microdialysis AB, Stockholm, Sweden). Blood samples 
were collected on the day of infusion at 10 min intervals, from 8.00 to 20.00 h 
(Day 1). Sampling was continued also on the next morning from 8.00 to 10.00 h 
(Day 2). Samples were centrifuged and plasma was stored at -20°C until analysis. 
Sheep were slaughtered 24 h after beginning of the infusion by decapitation under 
pentobarbital anaesthesia in the local abattoir. During serious of sampling and 
infusion animals were kept in comfortable cages where they could lie down and 
had unrestrained access to hay. All described procedures were approved by the 
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Local Ethics Committee at the Warsaw Agriculture University (opinion number 
-31/2001).

Immunohistochemistry

Immediately after decapitation, each brain was perfused via both carotid arteries 
with 1500 ml 0.1 M phosphate buffered saline (PBS) and subsequently with 
2000 ml 0.1 M PBS containing 4% (w/v) paraformaldehyde and 15% saturated 
picric acid solution (w/v), pH 7.4. The pituitaries were dissected 20 min after the 
beginning of perfusion and postfixed for 48 h by immersion in the same fixative. 
All pituitaries were washed with 0.01 M PBS (pH 7.4), dehydrated in graded 
alcohols, embedded in paraplast and then cut in the sagittal plane at 3 µm and 
processed for immunohistochemistry. All sections were washed in 0.01 M PBS 
and then incubated for 30 min in 0.1% hydrogen peroxide in 0.01 M PBS and 30 
min in 2% preimmune lamb serum in 0.01 M PBS. The sections were incubated 
with primary antisera: anti-oFSHβ no. P5 diluted 1:200 for 48 h at 4°C (Hurbain-
Kosmath et al., 1990). The sections were rinsed in PBS and incubated for 2 h at 
room temperature with secondary antibody (sheep anti-rabbit Ig [H + L] labelled 
with peroxidase; Institute Pasteur, Paris, France), at a dilution 1: 40 in 0.1% normal 
lamb serum in PBS. The colour reaction was developed by incubating sections 
with 0.05% 3’3-diaminobenzidine tetrachloride chromogen (Sigma) and 0.001% 
hydrogen peroxide in 0.05 M Tris buffer. As a control reaction, the inhibition of 
anti-hormone serum with its homologous antigen was used. Preincubation of the 
FSH antisera with 4 µg/ml synthetic rFSH32V02 (National Hormone and Peptide 
Program, Torrance, California, USA) blocked the immunostaining. Antigens and 
antisera were mixed and pre-incubated for 24 h at 4°C before being used. Both 
control staining did not exhibit any specific staining (data not shown). 

Image and statistical analyses

A projection microscope Nikon type 104 (Nikon Corporation, Yokohama, 
Japan) was used to analyse pituitary sections. Staining was analysed using image 
analysis computer system „Lucia” version 3.51ab (Laboratory Imaging Ltd., 
Prague, Czech Republic). Immunostained sections were projected by camera 
(Panasonic KR222, Matsushita Electric Industrial Co., Osaka, Japan) to a colour 
monitor. Pictures were adjusted for optimal contrast, fixed at the same brightness 
levels and saved in buffering system. The analyses for statistical purposes were 
performed for the pituitary sections with an × 40 objective. Two parameters, 1. area 
fraction (percentage of total area that exhibited positive staining, indicates percent 
of stained cells), and 2. integral density (the sum of individual optical densities of 
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each pixel in the area being measured, indicates the amount of substance in tissue 
sections, expressed in relative units) were analysed for adenohypophyseal cells 
expressing immunoreactive FSHβ subunits. Quantitative analysis was performed 
for each pituitary gland in the subarea of adenohypophysis using threshold 
function to select a range of gray values that was identified as positive staining. 
All other values were referred to as nonstaining. Before measurements, the images 
were processed by substraction of background and removal of artefacts. Frame 
size was kept constant for the duration of the image analysis. The analyses of 
immunoreacted cells were made in the 4 sections of each adenohypophysis, using 
every 40th mounted and stained sections (16 fields of 0.05595 mm2 measured in 
each section). The data from sections were averaged to obtain a mean estimate for 
each adenohypophysis within each animal. Then, the mean data were pooled to 
represent genistein - or vehicle solution-treatment groups. The data were analysed 
by non-parametric Walda-Wolfowitz test using Statistica TMPL computer program 
(StatSoft ® Kraków, Poland). The data are reported as the mean percentage ± SD 
of the total area that exhibited positive staining and mean relative units ± SD of 
integral density. Significance was defined at the P<0.001 levels.

Determination of FSH in peripheral blood plasma and statistical analyses

The concentration of FSH was determined by routine double antibody 
radioimmunoassay (RIA), using anti ovine-FSH (teri. anti-oFSH) and anti rabbit-
gammaglobulin antisera. The anti-FSH, as well as the FSH standard (teri. oFSH-and 
teri. FSH ig) was kindly supplied by Dr. L.E. Reichert Jr. (Tucker Endocrine Research 
Institute LLC, Atlanta, Georgia, USA). The assay sensitivity was 1.56 ng/ml and 
the intra- and inter assay coefficients of variation were 3.3±1.5 and 11.3±2.2%, 
respectively. The effect of treatments on FSH concentrations was analysed by the 
one-way analysis of variation (ANOVA) followed by the least significant differences 
test using Stastistica TM PL computer program (StatSoft ®Kraków, Poland). Data 
are presented as mean ± SEM.

RESULTS

Immunoreactivity of FSH-cells

The number of cells stained positively for the presence of FSHβ and the 
intensity of the immunostaining increased in sheep infused with genistein 
comparing to those infused with vehicle solution (Figure 1 a,b). This was
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reflected by the significant increase (P<0.001) in the percentage of area occupied 
by FSH-producing cells and the density of immunoreactive material within the 
adenohypophysis of genistein-infused ewes compared to the vehicle infused ones 
(Figure 2 a,b).

Hormonal measurements

No significant difference in the plasma concentration of FSH was observed 
during two h before infusions between the experimental and control group 

Figure 1. Immunoreactive (IR) FSH-cells a,b in the adenohypophysis of a representative OVX ewes 
from vehicle a. and genistein b. infused groups. Scale bars, 50 µm. Note: The increase in the number 
of labelled FSH-cells and content of IR FSHβ material after genistein infusions

Figure 2. Integral density (relative units) for IR FSHβ in the pituitary cells (a) and percentage of 
total area exhibiting positive staining (area fraction - %) for IR FSH (b) of ewes after vehicle and 
genistein infusions to the third ventricle of the brain means ± SD with typescripts (1,2) differ at 
P<0.001
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(36.94±1.88 vs 37.64±3.18 ng/ml). Infusion of genistein caused visible but not 
significant decrease in FSH concentration in the experimental group compared 
to the values observed in control one. Plasma FSH concentration reached 
significantly lower level in genistein treated ewes 24 h after the infusion, 
compared to the controls (Day 2): 34.18±1.36 vs 40.62±2.69 ng/ml (P<0.05). 
The representative pattern of FSH secretion in two OVX ewes infused with 
vehicle or genistein during the entire experimental period is shown on the 
Figure 3.

DISCUSSION

The results of the present study show that genistein affects the release of FSH 
in ovariectomized ewes, following infusion into the third ventricle of the brain. 
The increase in the number of FSH cells and the increased contents of IR FSH 
material in these cells after genistein infusions can be explained by restraining 
of release of this hormone into the peripheral circulation. This is supported by a 
lowering FSH plasma level in genistein-treated ewes, sustained until the second 
day of the experiment. 

This effect of genistein on FSH secretion in sheep is similar to the action of 
oestradiol shown in in vivo and in vitro studies (Henderson et al., 1989). Oestradiol 
infusions in OVX ewes (Rozzel and Keisler, 1990) or in non-operated ewes 

Figure 3. Patterns of FSH secretion in two representative OVX ewes at Day 1 and Day 2 of the 
experiment following vehicle or genistein infusion
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during the breeding season (Baird et al., 1981) caused the decrease in FSH basal 
secretion. The decrease in the basal FSH secretion from ovine pituitary cells was 
also observed when pituitary cell cultures were exposed to oestradiol in study 
performed in vitro by Huang and Miller (1980).

The effect of genistein infusion on the FSH release observed in the present 
study seems to be opposite to that exerted by this phytoestrogen on the LH release, 
described earlier by Wójcik-Gładysz et al. (2005). ICV infusion of genistein in 
OVX ewes elicited enhancement of LH release to the blood circulation. Taking 
together, these data agree with the results of Rozzell and Keisler (1990), who 
showed an opposite pattern of the secretion of FSH and LH in the ovariectomized 
ewes in response to the injection of oestradiol. Other investigators also found 
suppression of FSH concurrent with stimulation of LH in long-term ovariectomized 
ewes given an injection (Elssaser et al., 1983) or implants (Clarke et al., 1989) of 
oestradiol. On the basis of above information, it seems that genistein, elicits the 
oestrogen-like effect on the FSH secretion processes (Kuiper et al., 1998; Skynner 
et al., 1999; Hrabovszky et al., 2000).

The early study of Padmanabhan et al. (1997) clearly demonstrated the existence 
of a dual mode of FSH secretion: tonic (basal secretion) and episodic, which includes 
both GnRH-associated and non-GnRH-associated episodes of FSH secretion. The 
cited authors suggested that unlike LH, which is secreted primarily in pulses, the 
predominant mode of FSH secretion is basal. It is however difficult to decipher 
secretory patterns of FSH from peripheral hormone measurements, because of the 
molecular heterogeneity and the long half-life of FSH in the peripheral circulation 
(Padmanabhan et al., 1999). The presented central effect of genistein on FSH 
secretion in ewes could indeed include the action of this phytoestrogen at the 
CNS level. Such effect could be exerted indirectly via neurotransmitters that 
control GnRH release (Caraty et al., 1989) and /or directly on the GnRH neurons. 
The latest study of Skinner and Dufourny (2005) demonstrated the localization 
of ERβ on the GnRH neurons in the hypothalamus of this species. Over 50% 
of the GnRH neurons were found to express immunoreactive ERβ, although the 
functional significance of these ERβ remains to be determined. It is worthy to 
note that genistein poses a high binding affinity for ERβ (Kuiper et al., 1998; 
Skynner et al., 1999; Hrabovszky et al., 2000). However, the other modulatory 
action of this phytoestrogen, especially at the level of the pituitary gland, can not 
be excluded.

Some studies demonstrated that in the regulation of the FSH synthesis and 
release are involved the intrapituitary, paracrine-acting factors (Padmanabhan 
and Sharma, 2001; Nett et al., 2002). Key candidates for such endocrine or 
local paracrine action are inhibin and activin, members of the TGFβ family, and 
follistatin, a binding neutralizer of activin (Roberts et al., 1989; Mather et al., 
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1993). These regulators modulate FSH synthesis and consequently affects basal 
FSH release. Inhibin and follistatin inhibit FSH, and activin stimulates FSH 
production (Ying, 1988). Contrary to early beliefs that activins, inhibins and 
follistatins are produced only at the gonadal level and act in an endocrine manner, 
more recent studies have shown that these regulatory proteins are also expressed 
at the pituitary level and can act in an autocrine/paracrine manner to regulate FSH 
secretion (see review by Padmanabhan and Sharma, 2001). Nett et al. (2002), 
utilizing cultured pituitary cells, demonstrated that oestradiol induced increase in 
secretion of LH but resulted in decrease in the secretion of FSH. The cited authors 
(Nett et al., 2002) indicated, that inhibitory effect of oestradiol on secretion of 
FSH appears to be mediated by its ability to suppress the expression of the gene 
encoding activin thus by inhibiting production of activin. Although we did not 
studied the changes in expression of the steroid hormone-related proteins (activin, 
inhibin), the presented, long-lasting effect of genistein on FSH secretion seems to 
be exerted indirectly at the pituitary gland level.

Summarizing, genistein, a phytoestrogen, could interfere with the normal 
oestrogen feedback mechanism with reference to the release of gonadotropins 
in the ewe but the exact mechanism of its action on the GnRH neurons and/or 
the pituitary gonadotrophs cannot be fully accounted for and needs further 
investigations. In case of FSH secretion, the present results demonstrated that 
genistein could exert the oestrogen-like effect in the OVX ewes.
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