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Summary

The aim of the study was to trace the ERc immunoreactivity in the hippocampal astrocytes of ovariectomized
rabbits with and without the application of 173-estradiol. The study comprised sexually mature female rabbits
that had undergone ovariectomy. The animals were divided into two experimental groups. Group I comprised of
the ovariectomized rabbits and group II — the ovariectomized animals treated with 173-estradiol. The immuno-
cytochemical reaction was conducted with the application of two antibodies against estrogen receptors «. In
the ovariectomized rabbits which did not receive 175-estradiol the astrocytes were characterized by ER«a
immunoreactivity. Similarly in group II expression of ERc was found in the hippocampus astrocytes following
the application of 173-estradiol. In astrocytes, these receptors are located in the cell body and initial processes
and rarely in cell nuclei. The results suggest that astrocytes are the target cells for estrogens, changing their

function and modulating hippocampal neuron activity.
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Not only neurons but also astrocytes are the targed
cells affected by estrogen. In adult individuals they are
involved in balancing the homeostasis of the central
nervous system (cns), remodeling synapses and neuro-
protection (12, 18-20). Estrogen stimulates these glia
cells to secrete neurotrophic factors preventing neuron
death (6, 7). Similarly to neurons, astrocytes point to
the presence of estrogen receptors (ERs) especially in
regions responsible for neuroendocrine mechanisms (2,
11, 18, 21). Other glia cells: oligodendrocytes and
microglia do not display ERs immunoreactivity (15).
The study revealed through using immunocytochemi-
cal methods in the hypothalamus that about half of the
astrocytes in vitro express ERs. Just as in the case of the
neurons, the presence of estrogen receptors & (ERa) and
estrogen receptors B (ERp) in astrocytes was revealed
in different areas of the brain, including the hippocam-
pus, using in vitro auto radiographic and immunocyto-
chemical methods (10, 11). In hippocampus, in cerebral
cortex there occur fewer ERa as well as the dominant
ones ERf (1). Similarly as in neurons, also in astrocytes
ERa are localized in the body, nucleus and in initial
processes (10, 11). Other authors have discovered ERa
only in astrocyte nuclei (22). Much research has been
done in different areas on many animal species: guinea
pig (8), rat (24, 25), mouse (13), hamster (17), sheep
(16), pig (26), cat (23).

The available literature contains a scarcity of data
pertaining to ER« in rabbit brains, and mainly concerns
neuronal ERa immunoreactivity in the forebrain, inclu-
ding the hippocampus — in which, with the exception of
subiculum, no traces of the above have been noted (4,
6). Rabbits as poliestral animals are a very interesting
research subject since their oestrus cycle is not typical
of other animal species. Mature females are in a state of
more or less permanent oestrus. A very characteristic
aspect is the induced ovulation which occurs following
copulation. Rabbit females have mature ovarian vesicles
in their ovaries, which release estrogens. If fertilization
does not occur, the vesicles undergo atresion (9). The
aim of the study was to trace the ERa immunoreactivity
in the hippocampal astrocytes of the ovariectomized
rabbits with and without the application of 1743 estra-
diol.

Material and methods

Fourteen sexually mature female rabbits of the Medium
White Polish breed, 3-4 kg body weight, and 1,5-3 years of age
were used for the study. All experiments were conduced with
the approval of the Ethics Board, and consistent with regula-
tions concerning animal experiments. The rabbits were subjec-
ted to bilateral ovariectomy (OVX) under full general anesthe-
sia. 2 mg/kg of body weight of xylazyne and 0.05 mg/kg i.m.
of body weight of atropine was applied as premedication.
General anesthesia was conduced with 5% ketamine at a dose
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Fig. 1. In OVX rabbits, ERc immu-
noreactivity in astrocytes (|) very
intense, localized in nucleus, cell
cytoplasm and the intitial astrocyte
processes, and in other — very weak
or absent in CAl

of 30 mg/kg of body weight. The animals were divided into
two experimental groups and kept in controlled conditions with
access to water and food ad libitum.

The rabbits were divided into two experimental groups.
Group I consisted of 6 females OVX which did not receive 178
estradiol (E2) and from which material was taken 4 weeks fol-
lowing OVX. Group II comprised of 8 ovariectomized females
which, 4 weeks following OVX, were given E2 (Masalin by
Polfa) for 7 days at a daily dose of 5 pg/rabbit i.v. (OVX+E2).
24 h after the last dose of E2 the rabbits underwent euthanasia
using morbital. The hippocampus was cut into paraffin slices
4 um thick, which were deparaffined and then incubated in 3%
H,O, at room temperature for 10 minutes in order to block
endogen peroxidase. The preparations were rinsed in distilled
water and 0.5 M TBS (Tris Buffered Saline). The immuno-
cytochemical reaction to ascertain ER¢ in astrocytes was con-
ducted using the DAKO LSAB-+Kit Peroxidase method. Anti-
bodies were diluted in 0.5 M TBS of pH = 7.6, and the prepa-
rations were washed in this following the application of anti-
bodies. The slices were incubated with two monoclonal mouse
antibodies anti-ERa: NCL-L-ER-6F11 and NCL-ER-LH2
(Novocastra 1 : 40) for 48 hours at a temperature of 4°C. Next,
secondary monoclonal biotylinated anti-mouse IgG (Bioty-
nyled Link IgG, DAKO) was applied for 1 hour at room tem-
perature and then the slices were incubated for 1 hour at room
temperature with ready streptovidine-peroxidase comlex deve-
loped on rabbit (DAKO). DAB (3,3’-diaminobenzidine tetra
hydrochloride, DAKO) was used as the chromogen at room
temperature for 10 minutes. Additionally, the slices were
stained using Mayer hematoxyline. A final non-soluble pro-
duct was obtained of varied intensity of brown. The control of
the reaction was carried out, omitting the primary antibodies
for the antigen or it was replaced by normal rabbit serum. No
reaction product was observed. ERa immunoreactive astro-
cytes were observed and photographed under a Jenaval optic
microscope (Zeiss).

tes (| ) in subiculum

Results and discussion

Applying two primary monoclonal antibodies ER-
-6F11 and ER-LH2 against ERa did not point to any
differences in cell distribution, intensity and immuno-
staining of the receptors and their inner location. In OVX
females from group I of the experimental animals, which
did not receive E2, the astrocytes were characterized by
intense ERa immunoreactivity and only some astro-

Fig. 2. In OVX rabbits, the very intensi-
ve of ERc immunoreactivity in astrocy-

reactivity in astrocytes (| ) very intesne,
localized in nucleus, cell cytoplasm and the
initial astrocyte processes, and in other —
very weak or absent in area CA3

cytes were stained with Mayer hematoxyline (fig. 1 and
fig. 2). The results were similar in the second experi-
mental group of OVX + E2 rabbits. A different inten-
sity of colour on ERa of brown astrocytes in CA1, CA3
areas and the hippocampus subiculum region was also
observed. The astrocytes were smaller than the neurons,
having a star-like shape with a varied intensity of brown
colour. The intracellular localization of ERa in astro-
cytes was described through using immunostaining. Im-
munoreactivity in all the areas of hippocampus was
mainly localized in the cytoplasm of the body cells and
in some processes as well as in nuclei of the cell astro-
cytes. Small astrocytes of intense immunostaining and
immunonegative cells were observed in CAl, among
intensely immunoreactive ERa neurons. Most of the
astrocytes, similarly to neurons in the CA3 area indica-
ted ERa expression. Some astrocytes, however, were
immunonegative (fig. 3). In the subiculum, some astro-
cytes of intense immunocytochemic reaction were spot-
ted as well as other astrocytes not displaying immuno-
staining.

The results revealed that in OVX rabbit females in all
the examined hippocampus areas astrocytes ERa
showed immunoreactivity as it was described in rat and
rabbit. Intense ERa immunostaining in neurons was dis-
played in some areas of the forebrain (4, 24). ERx and
ERJ exist in both the neurons and astrocytes in vitro in
different cns areas including the hippocampus of rat (10,
11). ERs were confirmed immunocytochemically in vivo
in about 50% of the astrocytes of the preoptic area and
median eminence in guinea pigs (15). Other authors
suggest that ERa do not occur in all parts of the brain,
but only in some of its specific areas, including the hip-
pocampus (1). Some studies of ERx in hippocampus
neurons of OVX+E2 rabbits showed their absence, and
in other areas of the cns exogen estrogen causes the de-
crease in ERa immunoreactivity (4).

The varied results obtain in this study of intense ERa
immunoreactivity in astrocytes and neurons of the hip-
pocampus are difficult to interpret. It is probable that
the application of different experimental procedures and
of other ER« antibodies (H222 and Zymed) might have
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triggered the quite varied results (4). Our studies poin-
ted to the ERa immunoexpression in astrocytes and neu-
rons of rabbit hippocampus. Intracellular localization,
on the basis of the ERa immunostaining intensity
encompasses the cellular body and the initial processes
of the astrocytes and some cell nuclei. This location is
similar to the cultured astrocytes of the rat hippocam-
pus described on the basis of immunocytochemic and
auto radiographic studies (10, 11). Other authors have
also presented nuclear ERa in astrocytes (22). In the
astrocytes, just as in the neurons, ERa may show direct
influence of the estrogen on glia cells for their proper
functioning and they may also regulate neuron-astro-
cyte interactions. Neurons are as well able to change
the ERa expression in astrocytes in vivo, since immu-
noreative astrocytes for ERa are located in neurons and
nerve endings (21).

The mechanism of estrogen reaction with neurons is
well known and in these cells ERs are located in the
cell nucleus. Neuronally uptake E2 joins some specific
nuclear receptors and DNA for transcription and an
increase of proteins production, follows which in con-
sequence modulates their functions (8, 13, 16, 17, 23,
26). Intense ERa immunostaining has also been descri-
bed in the cytoplasm of the neurons of the hippocam-
pus (21). Cytoplasmic ERa localization points at their
synthesis in the plasmatic reticulum and from there, their
transport to cell nucleus. Recently, these receptors were
also localized in the cell membrane, connected with
G proteins. These findings suggest that cytoplasmic ER«x
may also be transported to the cell membrane. Further
studies, however, are needed to be able to find an expla-
nation for this (4, 5). In the neurons, E2 binding with
ERs influences the creation of axodendric synapses of
the hippocampus and the release of neurotransmitters.
It has been suggested that cytoplasmic ERa may be
activated not only with the ligand — estrogen but also
with neurotransmitters or growth factors with the aim
of nonspecific action of the cytoplasm and transcrip-
tion in the nucleus (3). As many different studies have
shown, estrogen influences the disconnection of axo-
somatic synapses of the hypothalamus. This process is
participated by the active processes of the astrocytes (12).
Applying E2 to the median raphe of the OVX rats
causes a 47% increase of dendrite endings at the 16%
decrease of GFAP density of the astrocytes of CA3 and
CA1 area of the hippocampus. The results of these stu-
dies suggest that estrogen administered to the other area
of cns exerts a substantial influence on hippocampus
structures. In culturing of neurons of this area, the addi-
tion of E2 causes a decrease in y-amino butyric acid
(GABA). As aresult of the transient inhibition of GABA
synthesis, an increase in the number of axodendric sy-
napses occurs in the hippocampus (24). During proestrus
and estrus in rats, the hippocampus indicated a 25%va-
lue of marked astrocytes for ERa location in the vicini-
ty of neurons and synapses. (21). Not all astrocytes may
be directly influenced by estrogens. The results of the
study proved that ERs may influence glia cells, despite
the fact that the rabbits do not have typical estral cycles.
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