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Abstract

Background & Aims: Adult neurogenesis occurs in the two main areas of the brain of most mammalian species in; sub ventricular
zone, and the dentate gyrus of the hippocampus. Many factors such as 17- estradiol affect neurogenesis in the hippocampus. The aim
of this study was to investigate the effect of exogenous 17-f estradiol on neurogenesis in the ovariectomized (OVX) mice.

Materials & Methods: NMRI mice were divided into five experimental groups: 1- Sham, 2- Control, 3- Treated with single dose of
17-P estradiol two weeks after ovariectomy and euthanized 24 hours later, 4- Treated with single dose of 17-f estradiol two weeks after
OVX and euthanized 48 hours later, 5- Treated with single dose of Sesame Oil (vehicle) 2 weeks after OVX and euthanized after 24
hours. Animals were perfused transcardially with paraformaldehyde. Brains were removed and its sections for cresyl fast violet staining
and Glial fibrillary acidic protein (GFAP) and BrdU immunohistochemistry were prepared. Cells were counted and investigated using
light and fluorescent microscopy.

Results: Neuronal density and Proliferation of hippocampal progenitor cells in the CA1 region of 17-f estradiol -treated mice were
significantly increased up to 24 hours. The density of astrocytes in different region of the hippocampus was significantly increased
after treatment by 17-f estradiol.

Conclusion: Cell shape and density of hippocampal CA1 neurons are influenced by 17- estradiol. In addition, density and morphology
of glial cells, especially astrocytes in different regions of the hippocampus are affected by 17-f estradiol. Thus, 17-f estradiol can
improve neurogenesis in the CA1 region of the hippocampus.

Keywords: 17-p estradiol, Ovariectomy, Neurogenesis, Hippocampus, Dentate Gyrus

Address: Damghan University. Damghan, Iran. P.O. Box 3671641167
Tel: +98-23-35220112

Email: ghorbanian@du.ac.ir

Introduction neural stem cells (NSCs) and are termed neurogenic

Neurogenesis in the adult mammalian is a process, zones. Neural stem cells are multipotent and self-
which includes both cell proliferation and survival. The renewal, producing neurons, astrocytes, and
continuous ability of neuron formation was discovered oligodendrocytes in the central nervous system (1). In
at different areas of the adult brain that accommodate normal condition, neurogenesis mainly occurs in two
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distinct areas of the brain called the sub ventricular zone
(SVZ) in the anterior part of the brain ventricle and the
subgranular zone (SGZ) in the dentate gyrus (DG) in the
hippocampus (2-8). In some species, it might occur in
other regions, as in CA1 of the hippocampus, neocortex,
amygdala, striatum and substantia nigra (9, 10).
Previous study has demonstrated that astrocytes
function as the progenitors of these new neurons (11).
The interaction between astrocytes and NSCs has an
important role in neurogenesis (11, 12). Astrocytes in
hippocampus produce signals that promote proliferation
and differentiation of NSCs. Moreover, factors derived
from astrocytes may stimulate synaptogenesis in newly
formed neurons (12, 13). Astrocytes play an important
role in the generation, migration, integration, and
survival of new neurons (14). Many researchers have
shown the hippocampal neurogenesis is also modulated
by the steroid hormones like testosterone, estrogen,
adrenal steroids, and peptide hormones like prolactin.
The evidence indicates that fluctuations of ovarian
hormones are powerful modulators of neurogenesis in
the adult hypocampus (5, 15). Among the factors
regulating neurogenesis, estrogen further attention has
been paid (3). Estrogen has a direct effect on areas
associated with memory and cognition in the brain
including dorsal part of the hippocampus, where
episodic and spatial memory is formed (14, 15). On the
basis of its neuroprotective and neurotrophic effects on
neurons in vivo and in vitro, estradiol may affect
proliferation and survival of new cells formed in SGZ
and DG. Neurogenesis can be regulated either by
estrogen produced in ovaries or other hippocampal
neurons (16). In adult female, estrogen, progesterone,
and glucocorticoids fluctuate during the estrous cycle,
pregnancy and lactation. Exogenous and endogenous
estradiol affects cell death in DG. High levels of
estradiol has been shown to decrease cell death in the

hippocampus of virgin OVX female rats (6).
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Estrogen influences neurogenesis, anti-apoptotic
activities, reproduction, cell proliferation and survival of
newly formed neurons in DG of the hippocampus. These
effects depend on time period, dose, and density of
estrogen receptors in cells. Alterations in physiological
conditions of the body especially hormonal changes
following aging deficiencies in learning and memory,
changes in neurotransmitters and steroid receptors
occurs within the hippocampus (17). As there is much
document that estrogen loss induced by menopause can
deteriorate the effects of aging on cognitive functions,
the clinical trials of hormone substitution therapies and
their effectiveness on cognitive symptoms experienced
by women (18). Replacement of steroid hormones
especially estradiol may minimize these degenerative
changes and might be a candidate as a treatment. In this
study, we examined the effects of 17-f estradiol on the

neurogenesis in OVX mouse to evaluate this hypothesis.

Materials and Methods
Experimental Animals:

In this study thirty-five female NMRI mice aged 6-8
months were housed four per cage under conditions of
constant temperature (23+£10C) and humidity (50%) in a
12:12 hr light-dark cycle with ad libitum access to food
and water. Five groups of OVX female mice were used
in our experiment: (1) Control group, OVX with no
treatment (control); (2) sham-operated mice with no
treatment (sham); (3) OVX with 17-f estradiol
treatment, euthanized 24 hours later (24h-treatment); (4)
OVX with 17- estradiol treatment, euthanized 48 hours
later (48h-treatment); (5) OVX with vehicle treatment
(vehicle) (19). All procedures were conducted by the
Guidelines on Animal Care and approved beforehand by
the Institutional Animal Care and Use Committee of
Biology Department of Damghan University.

Mice were bilaterally OVX under ketamine (100

mg/kg) and xylazine (10 mg/kg) anesthesia and aseptic
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conditions. Briefly, a single midline incision was made
in the low abdominal area to expose the ovary; oviducts
were bilaterally ligated and ovaries removed. After
suturing their muscles and skin, the animals were
returned to their home cages to recover for two weeks.
The hormone therapy began two weeks after surgery.
17-B estradiol (Sigma; 10 pg) was dissolved in 0.1 mL
of sesame oil and 0.0lmL ethanol and administered
subcutaneously (19). Two hours after 17-p estradiol
treatment all groups received 50 pg of BrdU intra
peritoneally. The mice were perfused transcardially with
4% Paraformaldehyde (PFA) in Phosphate-buffered
saline (PBS), and brains were postfixed overnight and
embedded in paraffin.

Nissl staining and Immunohistochemistry:

After fixation and paraffin embedding, five um
coronal sections were prepared with use of the rotary
microtome. According to the Paxinos atlas, SN was
located at a distance 2.8 to 4.52 mm of bregma. Sections
were stained with cresyl fast violet 0.5% and cells were
counted under light microscope. Primary antibodies
were monoclonal anti-BrdU (Immunohistology Grade)
mouse ascites fluid (mouse IgGl isotype) (1:200;
Sigma-Aldrich) 30 pL per each sample, for BrdU
staining, and monoclonal Anti-Glial Fibrillary Acidic
Protein (GFAP) (mouse IgG1 isotype) (1:200; Sigma-
Aldrich) 30 pL per each sample, for GFAP staining;
secondary antibodies were Anti-Mouse IgG(Fab
specific) Peroxidase conjugate (1:200 Sigma- A2304)
30 pL per each sample, for BrdU staining, and Goat
Anti-Mouse IgG affinity purified, Rhodamine conjugate
(1:200; Cat No: AP 124 R) 30 uL per each sample, for

GFAP staining. Fluorescent sections were examined
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with a JapanE600 (Nikon Eclipse) fluorescent
microscope. Controls included omitting the primary and
secondary antibodies.

Cell counting:

GFAP-positive cells in DG and nissl stained cells in
DG, CA1 and CA3 were counted in three 5 um coronal
sections per animal (n=5 per group), spaced 100 pum
apart, by an observer blind to the experimental condition
using a Nikon microscope in bright field mode and a
40X objective and Nikon fluorescent microscope for
GFAP immunohistochemistry. For the DG, all stained
cells, with exception of apoptotic-like cells, within two
cell diameters from the inner edge of the granule cell
layer (GCL) of the DG were included in the analysis.
For CAl and CA3, cells were counted in five fields,
every 400 um?. Results were expressed as the average
number of cells per section.

Statistical analysis:

All quantitative data were expressed as mean +
SEM. The data were analyzed by a repeated
measurement analysis of variance (ANOVA). Cell
counting data were analyzed by one-way ANOVA
followed by Tukey’s post hoc test. P values < 0.05 were

considered statistically significant.

Results

To determine whether 17-p estradiol administration
could enhance neurogenesis in the DG of the
hippocampus, mice were treated with BrdU, which
labels cells that undergo DNA replication in S-phase and
therefore reflects the current rate of cell division. As

shown in Fig. 1, BrdU -positive cells in the DG in 17-f

estradiol-treated mice, approved cell division in DG.
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Fig 1. BrdU immunohistochemistry showed the presence of labeled cells in the hippocampus. BrdU labeled cells in
DG in Sham (A), Control (B), Vehicle (C), 24h-treatment (D), 48h-treatment (E). Inmunohistochemistry and detection
of proliferating cells by BrdU. Positive cells were shown with arrow.

Nissl staining showed a higher number of neurons in DG of a sham with respect to the control group (* P<0.05).
Treatment with 17- estradiol did not affect the number of cells in DG after 24 or 48 hours (Fig. 2 A).On the other hand,
the number of neurons in CA1 increased significantly 24 hours after 17- estradiol treatment (* P<0.05) with respect to

the control group (Fig. 2 B).
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Fig 2. A. Number of neurons in DG among different groups. Treatment with 17-f estradiol did not affect the number
of neurons in DG. However, there was a significant increase in the number of neurons in the Sham-operated group, B.
Number of neurons in CA1 among different groups. Treatment with 17-f estradiol significantly increased a number of
neurons in CA1 in the 24h-treatment group, C. Number of neurons in CA3 among different groups. Treatment with 17-f
estradiol significantly decreased the number of neurons in CA3 of both 24h-treatment and 48h-treatment groups. There
was a significant increase in the number of neurons in the Sham-operated group, D. Number of GFAP-positive cells in
DG among different groups. Treatment with 17-f estradiol significantly decreased the number of GFAP-positive cells in
DG of 48h-treatment group. Also, a significant decrease was seen in the sham-operated group (*P<0.05) with respect to
the control group.

Interestingly, in CA3, the number of neurons significantly decreased 24 and 48 hours after 17-f estradiol treatment (*
P<0.05) with respect to the control group. However, cell counts in CA3 of the sham group revealed a higher number of
neurons (* P<0.05) with respect to the control group (Fig. 2 C). GFAP immunohistochemistry showed a increase in
GFAP-positive cells in DG 24 hours after 17-f estradiol treatment in compared with 48 hours group (* P<0.05) with
respect to the control group (Fig. 2 D). Morphologically, astrocytes in DG were star-shaped with short extensions
traversing into granular cell layer. These cells were more granular and had more extensions in CA1l of 17-f estradiol-

treated mice (Fig. 3 & 4).
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Fig 3. GFAP Immunohistochemistry of DG in different groups. DAB staining of nuclei (left column) and GFAP-
positive cell morphology in DG (right column) are shown in the Sham (A, A'), Control (B, B'"), Vehicle (C, C'"), 24h-
treatment (D, D') and 48h-treatment (E, E") groups.

Studying the histology of the hippocampus revealed that hilus diameter might decrease upon ovariectomy. Apparently,
according to the results obtained from Nissl staining, vessel diameter in the hippocampus of 17-f estradiol-treated mice

might increase (Fig. 8).
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Fig 4. GFAP Immunohistochemistry of CAl in different groups. DAB staining of nuclei (left column) and GFAP-

positive cell morphology in CA1 (right column) are shown in the Sham (A, A'), Control (B, B'), 24h-treatment (C, C'),
48h-treatment (D, D") and Vehicle (E, E') groups.
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Fig 5. Blood vessels in the molecular layer of the hippocampus in Sham (A), Control (B), Vehicle (C), 24h-treatment

(D) and 48h-treatment (E). It indicates changes in blood vessels in the hippocampus.

Discussion

This study shows that 17-B estradiol treatment
mainly affects neurogenesis in CAl after 24 hours,
while it does not influence this process in CA3 or DG.
In this study the OVX mice was treated with single dose
of 17-f estradiol two weeks after that.

A single injection of 0.3 pg or 10 pg of estradiol
restores the ovariectomy-induced reduction in cell
proliferation, while doses of 1 pg or 50 pg are
ineffective at restoring cell proliferation levels. The

length of hormone exposure is also critical as it
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influences the outcome of estrogen exposure on cell
proliferation in the dentate gyrus of female rodents (20).

Many factors change neurogenesis in the
hippocampus, however the focus of this study will be on
17-B estradiol that affect hippocampal neurogenesis, in
the OVX mice. Many neurons undergo cell death
approximately two weeks after differentiation, although
estradiol treatment may either increase or inhibit their
survival (6). Treatment with 17-f estradiol significantly
increased a number of neurons in CAl in the 24h-

treatment. In rats, CA1 is the main responder to estrogen
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and in mice its effects are seen throughout the
hippocampus, with more morphological changes in CA1
(15). Therefore, estrogen treatment response may vary
among species. Treatment with acute dose of estradiol
increases cell division 4 hours after administration, but
due to hypothalamic-pituitary axis activation and
secretion of adrenal steroids, this effect will disappear
after 48 hours (6). We observed that a short-term
treatment (24 hours) with estradiol has significant
effects on neurogenesis. Estradiol has rapid actions
through receptors that in many cases are
posttranslationally modified forms of the classical
estrogen receptors (21). Recent evidence suggests that
aging perhaps accompanied by a loss of estrogen
sensitivity in the rat hippocampus (15). The menopausal
transition is accompanied by changes in ovarian
hormonal levels. Women undergoing the menopausal
transmission often report memory problems, among
different symptoms (22). These results indicated a
increase in GFAP-positive cells in hippocampus, 24
hours after 17- estradiol treatment in compared with 48
hours group. The primary precursors in the neurogenic
region of the adult brain have been identified recently as
having the characteristics of astrocytes and expressing
GFAP (23). Adult NSCs located in these specific niches
and astrocytes promote neuronal fate commitment and
proliferation of SGZ NSCs (24). Following damage, cell
division was increased and administration of estradiol
increased progenitor cell division after 24 hours.
Number of GFAP-positive cells in hippocampus of
female mice fluctuates during estrous cycle. In
proestrous, in which estrogen concentration is high,
GFAP-positive cells are more abundant (25). Astrocytes
possess estrogen receptors and their response is mainly
seen through their morphological alterations. These
changes may affect synaptic communication regulation
(26, 27). Estrogen receptors are present in smooth
muscles of vessels. By stimulation of prostacyclin and
inhibition of

nitric oxide production, and also
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vasoconstrictor formation, estradiol acts as a vasodilator
in human and laboratory animals (28). Estrogens are
powerful regulators of vasomotor tone, that stimulates
formation of the vasodilator nitric oxide (NO) in
endothelial cells and 17B-estradiol-dependent activation
of endothelial nitric oxide formation and subsequent
vasodilation_(29).

In summary, exogenous 17-f estradiol treatment
increases the number of neurons in CA1 and progenitor
cell division in the hippocampus after 24 hours. GFAP-
positive cells also increase in the hippocampus of OVX
female mice following 17-f estradiol treatment.
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