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Indirect immunoperoxidase technique in combination with cytophotometry showed that pro- 
iactin imbalance in the periovulatory period is characterized by considerable changes in the 
expression of prolactin receptors in uterine glands and endometrial stroma (but not in the 
myometrium) and in the pituitary gland and hypothalamus, while receptor compartmental- 
ization pattern remaines unchanged. 
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Transient periovulatory imbalance of  prolactin (PL) is 
a pathogenetic factor of idiopathic infertility [3]. This 
imbalance responsible for inadequate response of the 
follicular apparatus to the hormone modulates the re- 
sponsiveness of uterine endometrium and hypothalam- 
ic neurons and impairs secretory function of  the pitu- 
itary gland [5,7,8,15]. 

PL is a powerful regulator of PL receptors, and its 
regulatory effects are tissue-specific [4,6,9]. Prolactin 
receptor (PLR) and PLR mRNA were found in the 
majority of tissues including the ovaries, uterine, pi- 
tuitary gland, and hypothalamus of  different animal 
species [10]. PER is a membrane receptor, however, 
in some tissues and under specific conditions it can be 
localized to the nucleus, which modifies the spectrum 
of its effects [2]. 

The aim of the present study was to identify cells 
and tissues where the expression and compartmental- 
ization of  PLR are most affected by periovulatory PL 
imbalance. To this end, PLR expression in rat uterine, 
pituitary gland, and hypothalamus was analyzed by 
immunocytochemical and cytophotometrieal technique 
alter preovulatory administration of PL or bromocryp- 
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tine (BC), an inhibitor of PL secretion. The data were 
compared with our previous findings in ovaries [1]. 

MATERIALS AND METHODS 

The study was carried out on outbred female rats with 
regular cycles. Ovine PL dissolved in 0.1 M saline 
buffered with 0.01 M sodium hydrocarbonate was in- 
tramuscularly injected to experimental rats during pro- 
estrus at 18.00, 19.00 and 20.00 (100 ~tg each). BC 
(Sandoz) dissolved in 50% ethanol in buffered saline 
and administered subcutaneously in 3 doses (1 mg 
each) at 18.00 on day 2 of diestrus and at 10.00 and 
18.00 during proestrus. The control group received 
solvent according to the same schedule. The rats were 
decapitated at 10.00 during the estrus phase. Each 
group consisted of 4-6 animals. 

Blood concentration of PL was determined with 
a NIDDK rat PRL-RP-3 kit, the concentration of ad- 
ministered PL with a NIDDK ovine/bovine PRL kit, 
estradiol and progesterone were measured with IM- 
MULITE Estradiol and IMMULITE Progesterone kits, 
respectively (Diagnostic Products Corporation). Tissue 
PL was visualized by indirect immunoperoxidase tech- 
nique as described elsewhere [12]. 

Cytophotometry was performed in two experi- 
mental (treated with anti-PLR antibodies) and two 
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control (untreated) sections from each animal. Light 
transmission was measured on a LUMAM I-3 lumin- 
escent microscope at X=520 nm and x40 using a 2.5-1a 
light probe. The intensity of  PLR-specific staining 
was evaluated by optical density (D) calculated as 
D=Ig(Tc/T), where T and Tc are light transmission in 
the experimental and control sections, respectively. 

In the ovaries, mature postovulatory follicles were 
analyzed. The granulosa was divided into 3 equal lay- 
ers (internal, adjacent to the antrum and including the 
cells of  ovum tuberculum, intermediate, and external, 
adjacent to the theca) and 20 cells in each layer were 
assayed by cytophotometry. In the uterine, endometri- 
al (glands and stroma) and myometrial cells were as- 
sayed separately (20 cells of  each type per section). 
Preliminary analysis of frontal sections of the anteri- 
or pituitary and horizontal sections of the hypothala- 
mus revealed a relatively weak homogenous PLR-spe- 
cific staining in these structures, therefore in each sec- 
tion we analyzed 20 randomly chosen cells. 

The data were processed statistically using Statis- 
tica software. Statistical significance of differences 
was assessed using the nonparametric Mann--Whit- 
ney U test. 

R E S U L T S  

After administration of ovine PL, its blood concentra- 
tion in the early postovulatory period 1.5-fold exceed- 
ed the endogenous PL concentration, which remained 
unchanged (p>0.1, Table 1). BC administered at this 
stage o f  the estrous cycle 10-fold decreased blood PL 
concentration (p<0.05, Table 1). Administration of 
exogenous PL significantly reduced blood concentra- 
tion o f  estradiol (p<0.05), while BC only slightly de- 
creased this index compared to the control. Blood pro- 
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Fig. 1. Expression of prolactin receptors in rat reproductive tissues 
in early estrus. Internal (1), intermediate (2); and external (3) 
granulosa layers after ovulation; endometrial glands (4) and stroma 
(5), myometrium(6), cells of the anterior pituitary (7), hypothalamic 
neurons (8). 

gesterone increased after PL administration (p<0.05) 
and tended to decrease after BC. 

In control rats, expression of PLR in the early 
postovulatory period was maximum in ovarian cells, 
less intensive in the uterine, and weak in pituitary and 
hypothalamic cells (Fig. l). The expression of  PLR in 
ovarian cells depended on their location, while in the 
uterus it depended on the cell type (Fig. 1). 

In the control group, PLR expression in the uter- 
ine was maximum in endometrial glands, less inten- 
sive in stromal cells of the endometrium and minimum 
in the myometrium (Fig. 2). The response of endome- 
trial glands and stroma to PL and BC differed from 
that of the myometrium. In the endometrium, PL sig- 
nificantly increased, while BC significantly decreased 
PLR expression, while in the myometrium BC slight- 

TABLE 1. Blood Concentr]tion of Sex Hormones in Experimental and Control Animals (M+m, n=4-6) 

Hormone Control (PL solvent) PL Control (BC solvent) BC 

Rat PL, ng/ml 

Ovine PL, ng/ml 

Estradiol, pg/ml 

Progesterone, ng/ml 

22.4-+1.5 

42.8-+4.8 

3.2-+0.3 

23.9-+2.0 

35.8-+2.4 

14.7-+4.7" 

4.9-+0.1 * 

19.7-+1.7 

31.8-+3.0 

3.5-+0.2 

1.9-+0.2" 

23.5-+6.9 

2.8-+0.3 

Note. Here and in Table 2:*p<0.05 in comparison with the corresponding control. 

TABLE 2. Effect of Periovulatory PL Imbalance on PLR Expression (Optical Density Units) in Rat Pituitary Gland and 
Hypothalamus (M+m) 

Tissue Control (PL solvent) PL Control (BC solvent) BC 

Hypothalam us 0.068-+0.004 0.082"-+0.006* 0.080-+0.004 0.066-+0.004* 

Pituitary gland 0.081-+0.003 0.070-+0.002* 0.058-+0.003 0.094-+0.003 * 
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Fig. 2. Immunoperoxidase identification of prolactin receptors in different cell types of rat uterine in early estrus. Positive staining of prolactin 
receptors: a) with U5 monoclonal antibodies to rat prolactin receptors; b) without antibodies, G: cells of endometrial glands; S: cells of 
endometrial stroma; M: cells of myometrium. 

ly, but significantly enhanced PLR expression and PL 
had no effects of this process (Fig. 3). 

In hypothalamic neurons, PL significantly stimu- 
lated, while BC significantly inhibited PLR expres- 
sion. In contrast to other reproductive tissues, expres- 
sion of PLR in pituitary cells decreased after admi- 
nistration of PL and increased after injections of BC 
(Table 2). 

None of the studied groups showed changes in 
receptor compartmentalization. 

Thus, in the early postovulatory period the inten- 
sity of PLR expression decreased in the following or- 
der: ovaries--uterine--pituitary gland--hypothala- 
mus. Heterogeneity of PLR expression in the pituitary 
gland and hypothalamus was not definitely revealed, 
because of its relatively low intensity, however in the 
ovaries and uterine PLR expression varied in differ- 
ent cells. In different layers of the ovarian granulosa 
this heterogeneity was associated with the presence of 
two cell subpopulations depending on oocytes and 
theca [ 1 ]. In the uterine PLR were most intensely ex- 
pressed in the endometrial glands and stroma and less 

intensely in the myometrium cells, which is associa- 
ted with endometrium activation during the secretory 
phase of estrous cycle and agrees with the data ob- 
tained on other animal species [6,14]. 

It was found that periovulatory imbalance of PL 
is not associated with the appearance of PLR in the 
nuclei of reproductive tissue cells, i.e., did not modi- 
fy signal transduction type, but changes the intensity 
of PLR expression in these tissues [2]. 

We have previously shown that in postovulatory 
follicles, PLR are sensitive to PL only in the granu- 
losa layer adjacent to the theca. On the contrary, uno- 
vulated follicles in the early estrus show sensitivity to 
PL in all layers of the granulosa [1]. 

Normally, PLR expression in glandular and stro- 
real cells of the endometrium increases during the sec- 
ond half of the secretory phase due to stimulation by 
high PL concentrations produced by decidual cells and 
by elevated progesterone [6]. In our study, the perio- 
vulatory PL imbalance and resulting shifts in pro- 
gesterone concentration (Table l) induced much ear- 
lier changes in PLR expression, which can desynchro- 
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Fig. 3. Effect of prolactin (a) and bromocryptine (b) on the expression of prolactin receptors in the early postovulatory period in cells of 
endometrial glands (1), stroma (2) and myometrium (3). Open bars: control; filled bars: prolactin; shaded bars: bromocryptine. *p<O.05 
compared to the control. 
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nize functional changes in endometrial glands and 
stroma and the time of implantation. Our findings 
show that the level of PLR in the myometrium is not 
modulated by PL and, therefore, is less sensitive to 
periovulatory PL imbalance. 

This up-regulation of PLR in the hypothalamus 
induced by PL was described in previous studies [9]. 
Down-regulation of PLR observed in the pituitary gland 
was previously reported for other tissues and for the 
pituitary gland under different conditions [4,10]. It is 
known that these regulatory shifts depend on PL dose 
[14]. PL regulates secretion of luteinizing and follicle- 
stimulating hormone by modulating PLR density in 
the hypothalamus and pituitary gland [11,13]. Perio- 
vulatory PL imbalance induces opposite changes in 
PLR expression in these tissues and modifies secretion 
of gonadotropins, thus affecting the rate and degree of  
luteinization of granulosa cells and disturbing proges- 
terone secretion. 

It can be concluded that periovulatory PL imba- 
lance is associated with changes in the sensitivity to 
this hormone not only in the ovarian follicular appa- 
ratus, but also in the uterine endometrium, pituitary 
gland, and hypothalamus. Therefore, the negative ef- 
fect of PL imbalance on fertility is aggravated by au- 
toregulation of PLR expression in reproductive organs. 
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