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Estradiol-induced changes in TSH-like immunoreactivity of pituitary cells in female rats
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Abstract. Beta-thyrotropin (TSH)-producing cells in the pituitary pars distalis of female rats were studied using
rabbit anti-rat beta-thyrotropin (TSH) serum and a peroxidase-antiperoxidase (PAP) immunohistochemical
procedure. Animals were neonatally treated with 1 mg estradiol-dipropionate (EDP) and sacrificed at different
stages of development up to adulthood. Intact females of the corresponding age served as the controls. Morphome-
try and stereology were used to evaluate the changes in TSH-cell number and volume densities of the cells and
nuclei. All morphometric parameters examined in estradiol-treated animals showed a significant decrease in
comparison with immunoreactive TSH cells of age-matched controls. The most prominent EDP-induced changes
were evident in peripubertal 38-day-old rats, the number and volumetric densities of both TSH cells and their
nuclei being reduced by about 90% compared to intact pituitary. This decrease in the number and volume densities
of TSH cells in EDP-treated rats explicitly demonstrated that this hormone, applied neonatally, has an inhibitory
effect on TSH-immunoreactive cells up to adulthood, in accordance with our earlier data obtained by light and

electron microscopy.
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Gonadotropic cells have been shown to be sensitive to
neonatally- and perinatally-administered estradiol in
both male and female rats. A subsequent defect in
follicle-stimulating hormone (FSH) and luteinizing hor-
mone (LH) regulation within the pituitary during the
juvenile and peripubertal periods of life was evident' .
Subcellular organization of TSH cells from the same
experimental group (neonatally and perinatally EDP-
treated rats) suggested that immature TSH cells post-
poned differentiation up to maturity*>. The immuno-
histochemically reactive FSH- and LH-containing cells
were smaller in number and size after the neonatal
treatment with EDP, appearing to accumulate but not
release the hormone content®. The latter authors ob-
served no quantitative changes in TSH immunoreactive
cells. The existence of cytoplasmic estrogen receptor
immunoreactivity in the rat brain has been reported,
using three different antibodies directed at three inde-
pendent sites of the estradiol molecule’. Neonatal rat
pituitary contains only a small portion of the adult
complement of estrogen receptors which are found in a
number of cell types®. In the rat pars distalis, nuclear
concentration of estradiol was observed in all cell types,
including acidophils, basophils and chromophobes.
More specifically, estradiol localization is not confined
to gonadotropes, but occurs also with decreasing inten-
sity in somatotropes, lactotropes and thyrotropes®.
Estradiol was reported to have a biphasic dose-depen-
dent effect on TSH release, as well'®~'3, This hormone
seems to be a significant factor in cell proliferation in
the pituitary gland. The highest density in every cell
type was seen in females at estrus'®.

The aim of the present investigations, using immunohis-
tochemical and morphometric studies, was to examine
whether a high EDP dose administered neonatally
would have long term effects on TSH cells of female
rats.

Materials and methods

Newborn Wistar female rats were used. On the 3rd day
of life each animal received s.c. 1 mg of estradiol dipro-
pionate dissolved in sterile olive oil (a product of ICN-
Galenika Pharmaceutical Works, Belgrade, Yugo-
slavia). Controls were injected with the vehicle. Animals
were sacrificed on days 16, 38 and 80 of life. Each group
consisted of five rats.

Immunohistochemistry. Animals were anesthesized by
ether and decapitated. Immediately after death pituitary
glands were removed in Bouin’s fluid for 2 days and
embedded in paraffin. Serial 4 pm thick sections were
deparaffinized in xylene and graded ethanol. For local-
ization of TSH the peroxidase-antiperoxidase complex
(PAP) method was used'>. Slides bearing pituitary sec-
tions were placed in a solution of 0.3% hydrogen perox-
ide in absolute methanol for 15min to block
endogenous peroxidase. After thorough washing with
0.1 M phosphate-buffered saline (PBS) pH 7.4, the sec-
tions were incubated with normal swine serum (1:10)
for 45 min to reduce nonspecific staining. The following
sequence of antisera was applied: rabbit anti-rat TSH
beta (kindly provided by Dr A. F. Parlow, Torrance,
CA, USA) 1:10,000 for 45 min; swine anti-rabbit IgG
(Dakopatts) 1:100 for 45 min. After each step the
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preparations were rinsed with PBS for 5 min. Binding
sites were visualized by applying 3,3-diaminobenzidine
(Serva) in Tris buffer containing 0.03% hydrogen perox-
ide for Smin. The sections were counterstained with
hematoxylin, dehydrated and mounted. For controls
the primary antibody was replaced by PBS.

Morphometry. Immunocytochemically-stained sections
of control and EDP-treated rat pituitary glands cut
through three tissue levels of the pars distalis were used
for morphometric examinations of anti-TSH-beta reac-
tive cells with visible nuclei. TSH-beta-immunoreactive
cells were stereologically analyzed by simple point
counting. The volume densities of TSH-immunoreactive
cells (V. /um?®) and nuclei (V,,/pm?) and numerical
density of nuclear profiles of TSH cells were determined
using 50 test-areas, at a magnification of 1000 x, with
multipurpose test-system M,,. Numerical density of
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Figure 1. 4) TSH-immunoreactive cells in pituitary pars distalis
of control 38-day-old female rat ( x 716);

B) A few small TSH-immunoreactive cells in the pituitary of
38-day-old rat neonatally treated with EDP ( x 716).
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Figure 2. Graph A4) the number (No) of immunoreactive TSH
cells per unit area (mm?);

Graph B) The cellular (V,.) volume (um®) of TSH-immunoreac-
tive cells;

Graph C) The nuclear (V,,) volume (pm?®) of TSH-immunoreac-
tive cells in control (C) and estradiol-treated females (EDP) from
16th to 80th day of life. All values are presented as mean + SEM.
*p < 0.01; ***p < 0.001.

TSH nuclei per mm? (and thus of the cells) was esti-
mated according to the formula of Weibel and
Gomez'®. The shape coefficient beta was assumed to be
1.382 for TSH nuclei'®. At the same time, the number of
immunoreactive TSH cells per unit area (mm?) in each
section was analyzed'. The data obtained for each rat
were averaged per group and standard error of the
mean (SEM) was calculated and statistically evaluated
using Student’s ¢-test.
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Results

TSH cells of control females. TSH-immunoreactive cells
were preferentially localized in the medioventral portion
of the pituitary pars distalis of control vehicle-treated
animals. They were round to oval and angular in shape,
occuring singly or in clusters and strongly stained. The
nuclei were round, vesicular and mostly eccentric (fig.
1A). The number and volume density of TSH cells
decreased with age up to the 80th day of life. The
decrease in number of TSH cells was accompanied by a
reduction in the volume density and the nuclear volume
(by 57%, 51% and 34%, respectively), in 80-day-old
rats, as compared with 16-day-old animals (figs 2A-
20).

TSH cells of EDP-treated rats. Only a few small weakly
stained TSH-immunoreactive cells could be detected in
all age groups up to adulthood in rats neonatally
treated with EDP (fig. 1B), suggesting a reduced rate of
hormone release. A significant decrease in number, vol-
ume densities of nuclei and perikarya of TSH cells was
noted in treated animals in all examined groups (figs
2A-2C). The most statistically significant (p < 0.001)
changes were evident in 38-day-old rats neonatally
treated with EDP. All these morphometric parameters
were about 90% smaller than in control immunoreactive
TSH cells (figs 2A-2C).

Discussion

There are only sparse data in the available literature on
the influence of estradiol on TSH cell structure and
function. It was previously shown that neonatal treat-
ment of the rat with EDP inhibits the ability of go-
nadotropic cells to synthesise, store and release
gonadotropins' 3. Also, after neonatal and perinatal
treatment of rats with EDP, abnormal TSH cells with
unspecific GER and osmiophobic cytoplasm were ob-
served up to adulthood*”.

We have found it of interest to examine immunobhisto-
chemical and morphometric characteristics of TSH cells
up to aduithood after neonatal application of a high
EDP dose to female rats, since the pituitary-thyroid axis
is not a target for sex steroids. The neonatal period of
life is critical for rat development and administration of
estrogens during this period has a permanent effect on
the hypothalamus, altering development of the nervous
system and interneuronal connections'’. Application of
a single EDP dose to neonatal animals provides a
convenient model system for further elucidation of the
mechanism of its action on the adenohypophyseal cells.
It was previously shown that near-physiological estra-
diol doses given to the rat did not exert an inhibitory
effect on FSH cells until the age of 15-20 days'’. So, it
could be supposed that like FSH cells, TSH cells would
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not be suppressed by low EDP doses. For this reason,
high concentrations of this synthetic hormone were
applied throughout the present study.

The greatest inhibitory effect of estradiol on TSH-im-
munoreactive cells was noted in 38-day-old females,
neonatally treated with a single EDP injection. The
number and volumetric densities of TSH cells and their
nuclei in this group were 90% lower than in the control
pituitary. In contrast, Vigh et al.® observed no effects on
TSH cell immunoreactivity after neonatal extradiol ap-
plication, probably because they used human TSH-beta
subunit which did not recognize rat TSH antigens. At
the same time, the stimulatory EDP effect was seen as a
hyperplasia of chromophobes and LTH cells with an
increased rate of synthesis and secretory capacity for
prolactin!.

Complex mechanisms are involved in the developmental
regulation of neuroendocrine cells, and gonadal steroids
can be applied as modulators in order to control
growth, reproduction and behaviour. The characteris-
tics of neuroendocrine cells response to gonadal steroids
depends on the dose, as well as on the sensitivity of the
cells to a hormone at different stages of differentiation’.
The general model of estradiol interaction with target
cells is also applicable to several types of differentiated
cells found in the pituitary. Keefer et al.® reported
nuclear concentration of estradiol in all cell types of the
rat pars distalis, including acidophils, basophils and
chromophobes. It was also found that estradiol 17-beta
produced a five-fold increase in TSH secretion and a
two-fold increase in intracellular TSH concentration in
cell cultures''. It was suggested that estradiol 17-beta
might stimulate TSH secretion by causing proliferation
of TSH-producing cells'' and increasing the density of
T, and TRH receptors in the rat anterior pituitary
gland'®,

On the other hand, D’Angelo'® reported that increasing
doses of estradiol given to female rats produced a
progressive decline in TSH concentration both in the
pituitary and in the blood plasma, so that TSH level
was reduced by 40-90%. This author suggested that
suppression of TSH secretion in females given large
doses of estradiol probably results from a disturbance in
the feedback relationship between thyroid and hypoph-
ysis'®. However, it was demonstrated that estradiol in-
Jection to the rats produced a significant decrease in
pituitary TSH content, without affecting the release of
TSH into the circulation?®. Zaninovich et al.*' consider
that pharmacological doses of estrogens can acutely
depress thyroidal iodine release in healthy subjects and
suggested that such an estrogen action could be associ-
ated with elevated serum TSH levels. Rutlin et al.??,
however, claimed that estrogens do not affect pituitary
TSH secretion.

The data on the presence of estrogen receptors in the
hypothalamus’, pituitary® or thyroid gland®*** suggest
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that this hormone controls thyrotropic function, but the
site(s) of its action have not been clearly identified. It
should also be mentioned that EDP was shown to
inhibit thyroid follicular cells, thus decreasing the level
of thyroid hormones™ 2,

The data obtained throughout the present work corrob-
orate and extend our previous findings demonstrating
the long term inhibitory action of neonatally applied
high EDP dose on TSH cells of the rat pars distalis up
to adulthood. It is obvious that the changes in develope-
ment of both reproductive organs? and thyroid gland>*
were achieved by a single EDP injection in a dose far
beyond physiological concentrations. This modulatory
inhibitory effect of EDP on pituitary cells synthesizing
glycoprotein hormones has both fundamental and prac-
tical significance, especially for veterinary medicine.
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