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Background: Genistein, a naturally occurring soy isoflavone, attracts interest as
an effective and safe alternative to hormone replacement therapy for menopausal
problems. The aim of the current study was to compare between the effect of
genistein and oestradiol on the adrenal cortex of the ovariectomised adult female
albino rats.
Materials and methods: Twenty rats were used in the current study and divided
into four groups, 5 rats in each group; group 1 (control non-ovariectomised),
group 2 (ovariectomised), group 3 (ovariectomised + genistein) and group 4
(ovariectomised + oestradiol). The rats were sacrificed after 4 weeks. Both adrenal
glands were removed for light microscope using haematoxylin and eosin stain,
ultrastructural study and immunohistochemical examination using proliferating
cell nuclear antigen, caspase-3, and oestrogen receptor-b.
Results: Ovariectomised rats showed signs of degeneration in all zones of adrenal
cortex. On the other hand, treatment with genistein showed restoration of the
adrenal cortex with less proliferative effect than oestradiol.
Conclusions: So, genistein can be used as effective therapy to decrease the
symptoms of menopause without fear of cancer development. (Folia Morphol
2021; 80, 2: 380–391)
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INTRODUCTION

is uniquely formed of three major layers organised into
concentric zones. The cells of the different zones are
generally distinguished by their characteristic cellular
arrangement, their ultrastructure as well as their position within the gland. The three zones of the adrenal
cortex are the outermost zona glomerulosa (ZG), the
middle zona fasciculata (ZF) and the innermost zona
reticularis (ZR). These zones are named according to

The adrenal glands are paired organs lying near the
superior poles of both kidneys. They are embedded in
the perirenal adipose tissue and their weight and size
vary with the age and physiological conditions [20].
Each gland has two distinct components: a yellowish
peripheral cortex (80% to 90% of the gland) and a reddish brown central medulla [6, 32]. The adrenal cortex
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the arrangement of their secretory cells. In human, the
limits of these cortical zones are usually not sharply
defined [8]. The adrenal cortical hormones play vital
roles in different physiological processes, including:
fluid and electrolyte balance, cardiovascular homeostasis, carbohydrate, lipid and protein metabolism,
immune and inflammatory reactions, reproductive
function and sexual development [10].
Menopause is the period in a woman’s life when
hormonal alterations cause menstruation to stop permanently and may be followed by psychological and
physical symptoms. This is due to ovarian failure and
oestrogen deficiency which will influence the quality
of life. Thus, although menopause appears to be
a natural process, it is a period that must be followed
and treated. The menopause experiences vary greatly
from one female to another [22]. Menopause can
occur spontaneously on average around 51 years
of age or may be induced by medical intervention
(surgery, pelvic radiation therapy or chemotherapy)
[18]. It has been reported that bilateral ovariectomy
can result in a decrease in the adrenal cortical activity,
and oestradiol is used for treatment of this condition [25]. Gaete et al. [9] reported that hormonal
therapy with oestrogen was related to the induction
of proliferation in the uterus and mammary gland
cells, increasing the hazard of cancer development.
To prevent these adverse effects, isoflavones are being
investigated as alternatives to hormone replacement
therapy for menopausal women [19].
Isoflavones are a type of isoflavonoids, which
act as phyto-oestrogens in mammals. Genistein,
a phyto-oestrogen that belongs to isoflavones, is
structurally similar to 17β-oestradiol, and selective
oestrogen receptor modulator. On that account, there
has been intense interest in the isoflavones as substitutes for oestrogen for postmenopausal women and
as preventive therapy for premenopausal women [19].

out the drug administration, rats were acclimatised in
the laboratory for 2 weeks. All the ethical protocols
and guidelines for animal handling and treatment
were followed and supervised by the animal facilities,
Faculty of Veterinary Medicine, Beni-Suef University in
compliance with the national standards published in
the Guide for the Care and Use of Laboratory Animals.
Rats were divided into four groups; 5 rats each;
group 1 — the control group received standard diet
only; group 2 — the ovariectomised group (OVX), rats
were subjected to ovariectomy operation; group 3
— ovariectomised and treated with genistein group
(OVX + genistein); group 4 — ovariectomised and
treated with oestradiol group (OVX + oestradiol).
Ovariectomy operation

Rats were anaesthetised with intraperitoneal injection of ketamine (15 mg/kg body weight). The
lower abdomen of the rats was shaved and incised to
identify the Fallopian tubes and ovaries. The Fallopian
tubes below the ovaries were tied using absorbable
vicryl sutures. Then, the ovaries were removed [26].
Drugs

Genistein: was obtained from Sigma Chemical
Company (St. Louis, Missouri, USA). Each 100 mg
of genistein was dissolved in 10 mL distilled water
(10 mg/mL) and given orally by gastric tube. The dose
was adjusted on the basis of a previous work [31].
Oestradiol: Cyclo-Progynova (oestradiol valerate
2 mg, Bayer Weimar Pharma, AG, Germany), 1 mg/kg/
/day, orally [29].
Drugs were daily ingested by gastric intubation
and by the end of application; the gavage tube was
left for seconds to avoid regurgitation and to assure
supplying the calculated dose completely. All the
medications were supplied at a fixed time for the
whole period of the experiment.
By the end of the experimental period after
4 weeks, rats were sacrificed by CO2 narcosis. Both
adrenal glands of each rat were collected and used for
the following methods. One was used for haematoxylin and eosin (H&E) stain and immunohistochemistry
study. The other gland was fixed in glutaraldehyde
solution for electron microscopic examination.

MATERIALS AND METHODS
Animals and experimental protocols
Twenty adult female albino rats (Sprague-Dawley)

weighing 180–200 g were used in the present work.
Rats were provided by Faculty of Veterinary Medicine,
Beni-Suef University Animal House and bred in specific
pathogen free condition. Rats were housed and maintained in an air-conditioned animal house under standard laboratory and environmental conditions, and were
subjected to a 12:12 hours daylight/darkness and allowed free access to food and water. Before carrying

Haematoxylin and eosin [7]

Specimens were fixed in 10% neutral buffered
formalin for 48 h and were processed to prepare
5 µm thick paraffin sections.
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Immunohistochemical stains using

Leica AG ultramicrotome and contrasted in uranyl
acetate and lead citrate, as usual. Examination was
performed by JEM 100 CXII electron microscope at
80 KV and photographed by CCD digital camera
Model XR-41.

Proliferating cell nuclear antigen (PCNA) [24]:
using PCNA antibody (Clone PC-10). It is a mouse
anti-rat monoclonal antibody (Santa Cruz Biotechnology, catalogue number sc-56). It was supplied as
(7.0 mL) of antibody (200 µg/mL) prediluted 1:2000
using phosphate buffered saline (PBS) based antibody
diluent, PH: 7.4 to reduce background and unspecific
staining. It was stored at 2–8°C. No special pretreatment was required for immunohistochemical staining
of formalin-fixed tissues
Caspase-3 [2]: using caspase-3 (CPP 32) Ab-4. It is
a rabbit polyclonal antibody (Lab Vision Corporation
Laboratories, USA, RB-1197-R7). It was supplied as
prediluted ready-to-use antibody for staining formalin fixed paraffin-embedded tissues. It was stored at
2–8°C.
Oestrogen receptors (ER-β) [3]: it is a rabbit
polyclonal antibody; catalogue number RB-10658-R7
(ready to use for immunohistochemical staining). This
antibody labels oestrogen which is detected in human
thymus, spleen, ovary and testis and in rat ovary and
prostate. It reacts in human and rat and is characterised by nuclear cellular localisation. It was supplied
as antibody fraction purified from rabbit anti-serum.
Prepared as prediluted antibody which is ready to use
for staining of formalin-fixed and paraffin embedded
tissues. It’s stored at 4oC. When stored at 2–8oC, this
antibody is stable for 24 months. Staining of formalin-fixed tissues requires boiling tissue sections in
10 mM citrate buffer, pH 6.0 for 10–20 min followed
by cooling at room temperature for 20 min.

Morphometric study

Measurements of the width of the 3 cortical
zones in all groups were performed using image J
programme at the Faculty of Medicine, Beni-Suef
University.
Statistical analysis

Analysis of variance (ANOVA) was used to compare between the different groups in morphometric
results and followed by post hoc Tukey test. The
results were expressed as means ± standard deviation. The differences were considered statistically
significant when p-value was < 0.05.

RESULTS
Light microscopy with H&E stain

The control group showed the normal histological architecture. The adrenal cortex is covered with
thin capsule and an outer layer of adipose connective tissue. It consists of three main zones; the first,
ZG is a narrow zone just under the capsule formed
of columnar cells with vacuolated cytoplasm and
rounded vesicular nuclei. The cells are arranged in
arched groups (Fig. 1A). The second, ZF is the widest zone formed of polyhedral cells having clear cell
membranes, vacuolated cytoplasm with lipid droplets
and large rounded nuclei. The cells are arranged in
narrow straight cords (fascicles) separated by straight
capillaries (Fig. 2A). The last one, ZR is the deepest
zone and is formed of polyhedral cells in branching
and anastomosing cords separated by blood sinusoids (Fig. 3A).
In the OVX group, most of the cells in ZG are
comparable to control with vesicular nuclei and vacuolated cytoplasm. Few cells have hypochromatic
or ghost nuclei (Fig. 1B). The nuclei of the affected
cells in both ZF and ZR showed different degrees of
pathologic lesions, pyknotic with shrunken and darkly
stained nuclei, hypochromatic or had ghost figures.
The blood capillaries and sinusoids in between the
cortical cells were dilated (Figs. 2B, 3B).
In the OVX + genistein group, a marked amelioration of the degenerative effects were seen in

Electron microscopy [4]

After dissecting the rats, 5–10 small pieces 1 × 1 mm
in size were taken from each specimen and then
fixed in 5% cold glutaraldehyde for 24–48 h. Then,
the specimens were washed in cacodylate buffer (pH
7.2) 3–4 times for 20 min every time and post fixed
in 1% osmium tetroxide (O4S4) for 2 hours. After
that, specimens were washed in the same buffer four
times. Ascending grades of alcohol (30–50–70–90
and 100%) were used dehydrate the sections (2 h
each) and then they were embedded in epon-araldite
mixture according to the protocol of E.M. unit, Assiut
University. Semi thin sections by LKB ultramicrotome
in thickness of 0.5–1 micron were prepared from the
embedded blocks for orientation of the tissue and
photographed by sc30 Olympus camera. Ultrathin
section in thickness of 500–700 A were made using
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Figure 1. Haematoxylin and eosin-stained sections of zona glomerulosa (ZG) of different studied groups; A. Control group; B. Ovariectomised
group (OVX); C. OVX + genistein group; D. OVX + oestradiol group; A. The ZG is covered by capsule (C) and the cells are columnar with
vesicular nuclei (arrows) and vacuolated cytoplasm (arrow heads); B. Glomerulosa cells have vesicular nuclei (arrows) and vacuolated
cytoplasm (arrow head) and some cells have hypochromatic (h) or ghost (g) nuclei; C. The cells became comparable to control with vesicular
nuclei (arrows) and vacuolated cytoplasm (arrow heads); D. Glomerulosa cells have vesicular nuclei (arrow) and vacuolated cytoplasm (arrow
head) and some cells are pyknotic (p) and others are binucleated (bi). Scale bar = 20 μm.

Figure 2. Haematoxylin and eosin-stained sections of zona fasciculata (ZF) of different studied groups; A. Control group; B. Ovariectomised
group (OVX); C. OVX + genistein group; D. OVX + oestradiol group; A. The cells in this zone are polyhedral with vesicular nuclei (arrows)
and the cytoplasm has few vacuolations (arrow heads). The cells are separated by blood capillaries (B); B. The cells have vesicular nuclei
(arrows) and vacuolated cytoplasm (arrow heads) and some cells have pyknotic (p), hypochromatic (h) or ghost (g) nuclei. Fasciculata cells
are separated by dilated blood capillaries (B); C. Fasciculata cells became comparable to control with vesicular nuclei (arrows) and few cells
have hypochromatic nuclei (h). The blood capillaries between the cells are mildly congested (arrow heads); D. Fasciculata cells are pleomorphic having vacuolated cytoplasm (arrow head). Some cells have ghost figures (g) and others are binucleated (bi). Scale bar = 20 μm.
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Figure 3. Haematoxylin and eosin-stained sections of zona reticularis (ZR) of different studied groups; A. Control group; B. Ovariectomised
group (OVX); C. OVX + genistein group; D. OVX + oestradiol group; A. The cells in this zone are polyhedral with vesicular nuclei (arrows)
and the cytoplasm has few vacuolations (arrow heads); B. The cells have vesicular nuclei (arrow) and vacuolated cytoplasm (arrow head)
and some cells have hypochromatic (h) or ghost (g) nuclei. Reticularis sells are separated by dilated blood sinusoids (S); C. The cells became
comparable to control with vesicular nuclei (arrows) and the blood sinusoids between the cells are mildly congested (S); D. Reticularis cells
are pleomorphic and binucleated (arrows). They are separated by congested blood sinusoids. Scale bar = 20 μm.

Immunohistochemical staining with ER-β

the majority of rats in the three zones with only few
degenerated cells having hypochromatic nuclei and
few congested blood capillaries were detected (Figs.
1C, 2C, 3C).
In the OVX + oestradiol group, there was generalised hyperplasia. The cells were pleomorphic with
high mitotic activity. Numerous cells were binucleated
and others had pyknotic or ghost nuclei. The blood
sinusoids in between the cortical cells were dilated
and congested (Figs. 1D, 2D, 3D).

Oestrogen receptor-β stained sections of group 1
(control), group 3 (OVX + genistein) and group 4
(OVX + oestradiol) revealed positive immunoreaction
(Fig. 6A, C, D), while group 2 (OVX) revealed negative
immunoreaction (Fig. 6B).
Ultrastructural study of the adrenal cortex

In the control group, ZG cells had rounded or
oval nuclei with finely dispersed euchromatin and
the nuclear envelope and nuclear pores were easily
discerned. The cytoplasm had variable sized numerous lipid globules, medium-sized, rounded or
oval mitochondria (Fig. 7A). The fasciculata cells
appeared with rounded or oval euchromatic nuclei
with clear nuclear envelop rounded mitochondria
and variable amount of lipid globules (Fig. 8A). Cells
of ZR had vesicular nucleus and abundant cytoplasm
which contains few lipid globules and mitochondria
(Fig. 9A).
In the OVX group, the adrenal cortical cells showed
signs of degeneration. The ZG cells contained vesicular nucleus and the cytoplasm showed few lipid
globules which vary in size and electron density. The
cytoplasm of the cells also revealed numerous vacu-

Immunohistochemical staining with PCNA

Proliferating cell nuclear antigen stained sections
of group 1 (control) and group 2 (OVX) revealed
negative immunoreaction (Fig. 4A, B). While, group 3
(OVX + genistein) revealed positive immunoreaction
(Fig. 4C). Group 4 (OVX + oestradiol) revealed strong
positive immunoreaction (Fig. 4D).
Immunohistochemical staining with caspase-3

Caspase-3 stained sections of group 1 (control), group 3 (OVX + genistein) and group 4 (OVX
+ oestradiol) revealed negative immunoreaction
(Fig. 5A, C, D), while group 2 (OVX) revealed positive
immunoreaction (Fig. 5B).
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Figure 4. Proliferating cell nuclear antigen-stained sections of different studied groups; A. Control group; B. Ovariectomised group (OVX) are
showing negative immunoreaction; C. OVX + genistein group is revealing positive immune reaction; D. OVX + oestradiol group showing
strong positive immune reaction (arrow). Scale bar = 100 μm.

Figure 5. Caspase-3-stained sections of different studied groups; A. Control group; B. Ovariectomised (OVX) group showing strong positive immune reaction; C. OVX + genistein group; D. OVX + oestradiol group showing negative immunoreaction. Scale bar = 100 μm.

oles and small electron dens lysosomes (Fig. 7B). The
ZF cells showed irregular nucleus with thick and irregular nuclear envelope and indistinguishable pores and
the cytoplasm contained numerous vacuoles (Fig. 8B).
The ZR cells showed irregular nucleus with thick and
irregular nuclear envelope and indistinguishable pores
and the cytoplasm contained vacuoles and lipofuscin
granules (Fig. 9B).

The OVX + genistein group almost regained the
normal ultrastructure of cells. The ZG cells showed
large amount of electron dens lipid globules, mitochondria, less vacuoles and the nucleus showed
normal and regular nuclear membrane, well discerned
nuclear pores and finely dispersed euchromatin. Few
nuclei became small and condensed (Fig. 7C). The ZF
cells showed rounded or oval euchromatic nucleus
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Figure 6. Oestrogen receptor-β-stained sections of different studied groups; A. Control group; B. Ovariectomised (OVX) group is showing
negative immune reaction; C. OVX + genistein group; D. OVX + oestradiol group showing positive immunoreaction (arrows).
Scale bar = 100 μm.

Figure 7. Electron micrographs of the zona glomerulosa
(ZG) of the adrenal cortex of different studied groups;
A. Control group; B. Ovariectomised (OVX) group; C. OVX
+ genistein group; D. OVX + oestradiol group; A. Glomerulosa cells have rounded or oval nuclei (N) with finely dispersed euchromatin and the nuclear envelope and nuclear
pores are easily discerned (arrow) and the cytoplasm contains spherical or rounded mitochondria (m) and lipid globules (L). The cells are separated by blood capillaries (B);
B. The nuclei of the glomerulosa cells are rounded or oval
(N) and the cytoplasm contains rounded mitochondria
(m), less lipid globules compared to the control group (L),
numerous vacuoles (V) and small electron dens lysosomes
(arrow); C. The nuclei (N), lipid globules (L) and mitochondria (m) are comparable to control. Few vacuoles (V) are
detected and few nuclei became small and condensed (X);
D. Glomerulosa cells have condensed nuclei (N) and the
cytoplasm contains vacuoles (V) with dispersion of the
cell organelles (X). Scale bars: E = 2 µm.

and the cytoplasm contained variable amount of lipid
globules, mitochondria and few lysosomes (Fig. 8C).
The cells of ZR appeared of normal structure containing euchromatic nucleus and few lipid globules.
Apoptotic cell was seen with loss of its architecture.

Some cells showed condensation of the nucleus chromatin (Fig. 9C).
In the OVX + oestradiol group, the cells forming
the ZG had condensed nuclei and the cytoplasm
contained large amount of vacuoles with dispersion
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Figure 8. Electron micrographs of the zona fasciculata
(ZF) of the adrenal cortex of different studied groups;
A. Control group; B. Ovariectomised (OVX) group; C. OVX
+ genistein group; D. OVX + oestradiol group; A. Fasciculata cells have rounded or oval euchromatic nuclei
(N) with regular nuclear envelope and nuclear pores are
easily discerned (arrow head) and the cytoplasm contains
spherical or rounded mitochondria (m) and lipid globules
(L). The cells are separated by blood capillaries (B); B. The
cells contain irregular nucleus (N (with thick and irregular
nuclear envelope and indistinguishable pores (arrow head)
and the cytoplasm contains vacuoles (V); C. The cells
show rounded or oval euchromatic nuclei (N) and the cytoplasm contains variable amount of lipid globules (L) and
rounded mitochondria (m); D. The nuclei of the fasciculata
cells (N) are condensed with thick and irregular nuclear
envelope and indistinguishable pores (arrow head) and
the cytoplasm has large amount vacuoles communicating
with each other (V). Scale bars: E = 2 µm.

Figure 9. Electron micrographs of the zona reticularis
(ZR) of the adrenal cortex of different studied groups;
A. Control group; B. Ovariectomised (OVX) group; C. OVX
+ genistein group; D. OVX + oestradiol group; A. The ZR
cells have rounded or oval euchromatic nuclei (N) with
regular nuclear envelope and nuclear pores are easily
discerned (arrow head) and the cytoplasm contains few
lipid globules (L); B. Reticularis cells contain irregular
nucleus (N (with thick and irregular nuclear envelope and
indistinguishable pores (arrow head) and the cytoplasm
of the cells contains vacuoles (V), lysosomes (arrow) and
lipofuscin granules (Lf). The cells are separated by blood
sinusoids (S); C. In this zone, the cells contain variable
amount of lipid globules (L) and euchromatic nuclei (N).
Some cells show condensation of the nucleus chromatin
(X) Apoptotic cell (A) is seen with loss of its architecture;
D. The cells show dispersion of the cytoplasmic cell organelles (X).The nuclei of the cells (N) are small and electron
dens. Apoptotic cell appear electron dens and compressed
in between the cells (XX). Scale bars: A = 10 µm; B, C,
D = 2 µm.

of the cell organelles (Fig. 7D). The ZF cells had
large amount of vacuoles communicating with each
other and their nuclei were condensed (Fig. 8D).

The ZR cells showed dispersion of the cytoplasmic organelles. The nuclei of the cells were small
and electron dens. Also, electron dens apoptotic
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Table 1. Morphometric data of zona glomerulosa thickness in all groups
Groups

Mean ± standard deviation

Pairwise comparison between groups
This group

Other groups

P-value (significance)

Group 1

104.45 ± 12.68

1

2
3
4

0.0083
0.4344
0.528

Group 2

83.80 ± 3.86

2

1
3
4

0.0083
0.0144
0.006

Group 3

98.53 ± 9.86

3

1
2
4

0.4344
0.0144
0.192

Group 4

110.45 ± 15.91

4

1
2
3

0.528
0.006
0.192

P < 0.05 is considered significant

Table 2. Morphometric data of zona fasciculata thickness in all groups
Groups

Mean ± standard deviation

Pairwise comparison between groups
This group

Other groups

P-value (significance)

Group 1

685.09 ± 41.52

1

2
3
4

0.0001
0.0886
0.0001

Group 2

371.69 ± 28.30

2

1
3
4

0.0001
0.0001
0.0001

Group 3

752.15 ± 65.27

3

1
2
4

0.0886
0.0001
0.0003

Group 4

959.52 ± 39.61

4

1
2
3

0.0001
0.0001
0.0003

P < 0.05 is considered significant

cells were seen compressed between the cells
(Fig. 9D).

oestradiol on the adrenal cortex of ovariectomised
adult female albino rats were compared. In this experimental study, adult female albino rats aged 3 months
old were chosen to be in the reproductive period of
life. According to Suckow et al. [27], female rats reach
sexual maturity at 2 months of age, their reproductive
system is fully functioning and their maximum fertility
is reached between 3 and 10 months of age.
In the present study, specimens taken from rats
subjected to ovariectomy operation and stained with
H&E showed signs of degeneration in the form of
irregular ZF cells and degenerated cortical cells in the
form of pyknotic, hypochromatic and ghost nuclei.
These findings were in agreement with the findings of
Saruhan and Ozdemir [25]. The dilated blood capillaries and sinusoids were also detected. These findings
usually accompany the vacuolated cells as reported
by Laast et al. [15].

Morphometric results

The ZG thickness was significantly decreased after
ovariectomy operation (p < 0.05) and became comparable to control after treatment with both genistein
and oestradiol (Table 1). The thicknesses of ZF (Table 2)
as well as ZR (Table 3) were significantly decreased after ovariectomy operation and they were comparable
to control after treatment with genistein. In contrast,
oestradiol treatment significantly increased ZF and ZR
thicknesses compared to group 1, 2 and 3.

DISCUSSION
In the present study, we examined the effect of
ovariectomy on the adult rat adrenal cortex. Additionally, the therapeutic effects of genistein and
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Table 3. Morphometric data of zona reticularis thickness in all groups
Groups

Mean ± standard deviation

Pairwise comparison between groups
This group

Other groups

P-value (significance)

Group 1

317.98 ± 24.97

1

2
3
4

0.0001
0.0510
0.0001

Group 2

178.15 ± 13.74

2

1
3
4

0.0001
0.0001
0.0001

Group 3

366.14 ± 39.76

3

1
2
4

0.0510
0.0001
0.0022

Group 4

481.50 ± 42.55

4

1
2
3

0.0001
0.0001
0.0022

P < 0.05 is considered significant

proliferation-related genes. VEGF is an important
regulated angiogenic molecule and is considered
a prognostic factor for various tumours. Thus, these
results indicate that genistein may cause less stimulation of VEGF expression than does oestrogen. In
fact, some authors have shown that isoflavone may
have a weaker effect on tumour induction compared
to oestrogen [12, 13, 21].
In the present study, there was a significant decrease in the thickness of the three adrenal cortical
zones in group 2 compared to the control group.
These changes may be explained by decreased adrenal cortical activity as reported by Saruhan and
Ozdemir [25]. In contrast, non-significant changes
were observed in group 3 compared to the control
group. This could be explained by the improvement
noticed in the adrenal cortical cells after treatment
with genistein. Moreover, treatment with oestradiol
caused significant increase in the thickness of the
adrenal cortical zones compared to group 1, 2 and 3.
These findings were going well with the results
obtained by Marinho et al. [19] who reported that
treatment with soy isoflavone extract induces fewer
changes in the thickness of all zones of the adrenal
cortex than treatment with oestrogen compared to
ovariectomised rats.
In the current work, immunohistochemistry using
caspase-3 revealed that +ve reaction appeared only
with the group 2 but were –ve in group 3 and 4.
Marinho et al. [19] analysed the expression of
caspase-3 gene in order to verify the protective potential of isoflavones. Animals treated with isoflavones
showed an expression of caspase-3 more than the

Marked improvement was noticed after treatment
with genistein in the degeneration of the cortical
cells as they were comparable to control with only
few degenerated cells having pyknotic nuclei. On
the other hand, treatment with oestradiol showed
trophic changes in the form of marked increase in
the thickness of the cortical adrenal gland layers
with proliferation of the cells compared to ovariectomised rats and rats treated with genistein. This was
in agreement with previous findings in the uterus
[5, 16]. Saruhan and Ozdemir [25] determined that
ovariectomy resulted in a decrease in the activity of
the adrenal cortex. In contrast, they found that oestrogen supplementation caused a significant increase
in the activity of the adrenal cortex and medulla. Lo
et al. [17] indicated that oestrogens may enhance
corticosterone feedback by stimulating corticosterone production at the adrenal gland or by reducing
corticosterone metabolism.
In the current study, immunohistochemistry using
PCNA revealed moderate proliferation in group 3,
while group 4 showed marked +ve immunoreaction.
These findings were in agreement with Marinho et
al. [19] who used vascular endothelial growth factor
(VEGF) and Ki67 gene expression in the adrenal tissue
as proliferative markers and stated that oestrogen
induced an increase in the expression of both the
VEGF and the Ki67 in rat adrenal glands. On the
other hand, the results of the current study showed
that treatment with genistein was less effective than
with 17β-oestradiol. They emphasized that genistein
has an antagonistic effect, thus supporting the decreased gene expression of VEGF and Ki67 and of
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group treated with oestradiol. This may be related
to the proliferative potential of oestradiol, which
to some extent can prevent cell death by apoptosis.
Data from many experiments indicate that gonadal hormones have a direct effect on the physiology of
the adrenal tissue. ER expression had been demonstrated in the adrenal glands of several species such
as rodents [14] and monkeys [11]. In the present
study, group 1 exhibited +ve ER-β immuno-staining.
On the other hand, group 2 showed down-regulation
of ER-β expression, with –ve ER-β immuno-reactivity.
After treatment with genistein and oestradiol, many
cells exhibited strong +ve ER-β immuno-reactivity.
Such down regulation of ER-β in group 2 probably
explains the degenerative changes induced in the
cortical cells. Then, the up-regulation of ER-β in the
groups treated with genistein and oestradiol clearly
indicates that ER-β expressed by the adrenal cortical
cells mediate oestrogen-induced cell proliferation in
these cells. These findings postulate that ER-β isoform plays an essential role in modifying the effect
of oestrogen and thus, further improvement of the
adrenal cortex. This was matching with Teng et al. [28]
who suggested that ER-β isoform plays an important
role in modulating the urinary bladder urothelial
proliferation.
In the reviewed literature there were no electron
microscopic studies observing the ultrastructure of
the adrenal cortex in OVX rats and their treatment
with either genistein or oestradiol.
Comparable to L.M. examination, the E.M. examination of the adrenal cortex of group 2 showed
marked signs of degeneration. The lipofuscin pigments were the most obvious finding in ZR. These
results were in agreement with the demonstration
carried by Rebuffat et al. [23] and Almeida et al. [1]
who observed these findings in aged rats.
Lipofuscin pigments are common structures found
in aged ZF and ZR cells and are frequently observed as
a classic marker of ageing. Ward and Reznik-Schuller
[30] stated that lipofuscin pigments may have originated from degradation of lipid droplets of epithelial
cells. Almeida et al. [1] demonstrated that lipofuscin
does not exert any noticeable damaging effect on
cells but it is possible that, at a certain moment, this
accumulation may interfere with cellular function.
The genistein treated group almost regained the
normal ultrastructure. While, the oestradiol treated
group showed dispersion of the cytoplasmic orga-

nelles and apoptotic cells were detected. Similar data
have not been reported in the reviewed literature.

CONCLUSIONS
It could be concluded that ovariectomy decreases
the adrenal gland activity due to decreased oestrogen
levels in blood. On the other hand, administration of
genistein ameliorates the adrenal gland injury without producing trophic effect. Moreover, oestradiol
treatment induces an intense cell proliferation as
proved histologically, immunohistochemically and
ultrastructurally. So, genistein found naturally in soy
may have less effect on cell proliferation and cancer
risk than oestradiol.
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