Light and electron microscopic study on the effect of immobilization
stress on adrenal cortex of adult rats and possible ameliorative role
of vitamin E.
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ABSTRACT

Background: Modern society is full of stress. Immobilization stress is a model used in animals to study its effects. Vitamin E
is an antioxidant that protects biological membranes from oxidative stress.

Objectives: This study aimed to investigate the effects of immobilization stress on the adrenal cortex of rats and the ameliorative
effect of vitamin E.

Materials and Methods: Forty adult male rats were used in this study and were divided equally into 4 groups. Group I:
were divided equally into negative and positive controls. Group II: rats received vitamin E at a dose of 40 1.U/kg by gastric
tube for 30 days. Group III: rats subjected to immobilization stress 2 hours /day for 30 days. Group IV: rats subjected to
immobilization stress 2 hours /day and received 40 1.U/kg of vitamin E for 30 days. Adrenal sections were histologically
prepared and examined.

Results: Group II was comparable to group IA. Group III revealed zona glomerulosa (ZG) with loss of normal architecture,
zona fasciculata (ZF) with multiple cells containing cytoplasmic vacuolations and darkly stained nuclei. By EM ZG cells
appeared with accumulations of lipid droplets and lysosomes, irregular nuclear envelopes and chromatin condensation. ZF
cells showed numerous lipid droplets and irregular nuclear envelopes. There were significant increases in the mean area of
collagen fibers and mean serum cortisol level. Group IV revealed regression of these changes and increase in the mean count
of CD44 +ve cells.

Conclusions: Immobilization stress exerted deleterious suprarenal cortical changes and vitamin E had an ameliorative effect.
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INTRODUCTION

Stress has become an increasingly discussed topic
nowadays in the world. This topic is discussed extensively
in the health care fields, economics, finance, political
science, education and business. The physiologic response
to stress is involved as a contributor to a variety of
individual physical and mental challenges and societal
problems. Current stressors for examples include economy,
paying bills, maintaining health care and keeping a job ',
The term stress as used in biology has been defined as any
change in the environment that changes an existing optimal
steady state. Most of these stresses activate processes at the
molecular, cellular, or systemic level that help to restore
the previous state, that is to say, they are homeostatic
reactions. Some of the stresses stimulate ACTH secretion.
The rise in adrenocorticotropic hormone (ACTH) secretion
is essential for survival when the stress is severe!?.
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In such condition, it is important to maintain blood
pressure, to provide extra energy sources in the blood, and
to temporarily shut down non essential functions. Cortisol
is the most important hormone that carries out these
activities®. Immobilization stress has been commonly
used as acute and chronic $tress inducer in rats* . Under
immobilization stress, the histological changes were
elucidated in mammary glands!” and colonic mucosal®.
Gabry et al.®) also demonstrated many histological changes
in the gastric mucosa of rats under immobilization stress
for different durations.

El-Refaiy!'” stated that the immobilization stress
of rats for 2 hours daily for different durations caused
marked reduction of spermatogenesis, degeneration of
germinal epithelium, thickening of basement membrane,
haemorrhage and marked rise of collagen fibres. Mazroa
and Asker!"! found ultrastructural changes in zona
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fasciculata cells of rat adrenal cortex after exposure to high
temperature stress.

Vitamin E is a natural major lipid soluble antioxidant
that is known to protect biological membranes and
lipoproteins from oxidative stresst'?. The main biological
function of vitamin E is its direct influence on cellular
responses to oxidative stress through modulation of signal
transduction pathways!'*l. One of the protective roles of
vitamin E is prevention of lipid peroxidation and inhibition
of superoxide dismutase and catalase activities in livert'*.

AIM OF THE WORK

Therefore, this study aimed to investigate the effect
of immobilization stress on adrenal cortex of adult rats
and possible ameliorative role of vitamin E using light,
ultrastructural, morphometric and serological studies.

MATERIALS AND METHODS

Drug:

Vitamin E capsules were obtained from Pharco
Pharmaceuticals, Alexandria, Egypt. Each capsule contains
400 international units (I.U).

Animals:

The present study was carried out on 40 normal adult
male albino rats, aged 3 -4 months and their body weight
ranged between 190 and 210 gms. They were obtained
from the Animal House of Moshtohor Faculty of Veterinary
Medicine, Benha University and acclimatized to the
laboratory conditions. They were housed in plastic cages
with mesh wire covers under the prevailing atmospheric
conditions and were given food and water ad libitum. The
rats were sacrificed according to the Ethics Committee
Recommendations of Benha University.

The animals were randomly divided into 4 groups, each
group contained ten rats:

Group I (Control group): 10 rats were divided into two
subgroups each containing five animals:

Subgroup [A: kept as a negative control, they were left
without intervention.

Subgroup IB: kept as a positive control each animal
was given 0.5 ml of corn oil (the vehicle of vitamin E) once
daily by gastric tube for 30 consecutive days.

Group II: rats received vitamin E at a dose of 40 .U/
kg body weight dissolved in 0.5 ml corn oil once daily by
gastric tube for 30 consecutive days.

Group III: rats subjected to immobilization stress 2
hours /day at 10 a.m. -12 p.m. for 30 consecutive days.

Group IV: rats subjected to immobilization stress 2
hours /day at 10 a.m. -12 p.m. and received 40 I.U/kg body
weight of vitamin E dissolved in 0.5 ml corn oil once daily
by gastric tube for 30 consecutive days. Twenty four hours
after the end of experiment, animals in all groups were
sacrificed by cervical dislocation under anaesthesial',
then dissected and blood samples were obtained from the
left ventricle by canula.

Immobilization stress:

Rats were exposed to stress for 2 hours daily between
10:00 a.m. to 12:00 p.m. The animals were individually
placed in wire stainless mesh restrainers (5x7x12 cm in
dimensions) as described by Soliman!”. This procedure
effectively restricted movement of the animals. Control
group were housed in normal stainless cages (20 x 35 x
60) cm!®,

A- Light microscopic study:

The specimens of each animal were collected from right
gland and divided in the sagittal plane into two halves. The
first halves were fixed in 10% formal saline, dehydrated,
cleared and embedded in paraffin wax. Sections of 5
um thick were cut and stained with haematoxylin and
eosin (H&E) to verify histological details and Masson’s
trichrome to assess collagen fibers!'®.

Immunohistochemical study:

CD44 immunostaining: primary (Iry) antibody (Ab)
was used to detect the endogenous mesenchymal stem
cells (MSCs)"". 7 ml prediluted rabbit monoclonal 1ry Ab
(IW-PA1021) (IHC World, Ellicott City, USA) stored at
2~8°C. The lry Ab was applied to the sections, incubation
took place in humidity chamber for 60 minutes at room
temperature. The +ve tissue control was a specimen
of human tonsil. CD44 +ve cells showed membranous
reaction. The —ve tissue control was processed in the same
way, but omitting the step of 1ry Ab.

B- Electron microscopic study:

The second halves of right adrenal glands were prepared
for electron microscopic (EM) examination as follow:
Four to five small pieces were taken from the right gland
of each rat and were fixed in glutaraldehyde and osmium
tetroxide. The fixed parts were dehydrated and embedded
in Epon 812. Semithin sections, 1 um thick were cut and
stained with toluidine blue and examined by LM to choose
the selected areas for proper orientation. Ultrathin sections
were stained by uranyl acetate and lead citrate!'®l. The
EM study was performed with a Jeol 1010 Transmission
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Electron Microscope (Japan) at the Regional Center for
Mycology and Biotechnology, Al-Azhar University.

C- Morphometric study:

The morphometric study was done by using computer
assisted image analysis using Olympus camera connected
to Olympus microscope. The area (u?) of darkly stained
nuclei, that of cytoplasmic vacuolations and of collagen
fibers, in addition to the count of CD44 +ve cells were
measured. The measurements were done in 10 high power
fields using interactive measurements menu.

D- Serological study:

The blood collected from the left ventricle of each rat
was placed in tubes and the serum was obtained and frozen
for measuring the level of cortisol. Serum cortisol was
determined using a radioimmunoassay kit (Biochemicals,
Costa Mesa, CA, USA) and the values expressed as ng
cortisol / ml serum.

Statistical analysis'™!:

Statistical evaluation of the morphometric results was
performed by using SPSS software (version 20; SPSS
Inc., Chicago, Illinois, USA). Values were expressed as
means + SD and compared using one way analysis of
variance (ANOVA). For hormonal results, differences
were assessed using Student’s t-test. Values of P <0.05
were considered statistically significant.

RESULTS

Group I.
LM results:

H&E examination: revealed the normal architecture
of suprarenal gland which is surrounded by a thin
capsule formed of fibrous connective tissue, a cortex
showing the normal zonation formed of outer most zona
glumerulosa (ZG), middle zona fasciculata (ZF) and
inner most zona reticularis (ZR). The medulla is present
in the center of the gland (Fig. 1-A). The ZG is formed
of clusters of rounded or arched groups of columnar cells
with stainable cytoplasm. The ZF which is formed of
polyhedral vacuolated cells with acidophilic cytoplasm
form radial cords one or two cells thick, perpendicular
to the capsule of the gland and directed to the center,
separated by fine trabeculae contain multiple blood
capillaries. The cells of the ZF have a lightly staining
spherical nucleus (Fig. 1-B). The ZR cells are small,
closely packed and deeply stained polyhedral cells
arranged in irregular network of intermingled cords
separated by blood sinusoids. The adrenal medulla

consists of closely packed cells arranged in irregular
clusters of secretory chromaffin cells (Fig. 1-C).

Masson’s trichrome stain: showed fine collagen fibers
throughout the suprarenal cortex (Fig. 2-A).

Immunohistochemical  reaction for CD44:
demonstrated negative immunoexpression (Fig. 2-B).

EM results: showed ZG cells with abundant lipid
droplets, oval nuclei surrounded by nuclear envelopes,
having prominent nucleoli. The nuclei had abundant
euchromatin and few heterochromatin (Fig. 3-A). ZF
cells showed lipid droplets, nuclei surrounded by nuclear
envelopes, having large amount of euchromatin and few
heterochromatin (Fig. 3-B). The ZR cells illustrated lipid
droplets, lysosomes, and round to oval nuclei possessing
euchromatin and peripheral heterochromatin (Fig. 3-C).

Group II: H&E, Masson’s trichrome,
immunohistochemical and electron microscopic results
of this group were comparable to the control group.

Group I11:
LM results:

H&E examination: revealed ZG with loss of normal
architecture, obviously vacuolated cells and multiple
darkly stained nuclei. ZF showed obviously vacuolated
cells and multiple darkly stained nuclei. Other cells
exhibited dark acidophilic cytoplasm and darkly
stained nuclei (Fig. 4-A and 4-B) in addition to multiple
congested blood capillaries and vessels (Fig. 4-C). ZR
showed cells with multiple dark nuclei and adrenal
medulla chromaffin cells (Fig. 4-D).

Masson’s trichrome stain: showed an apparent
increase of collagen fibers among the cortex that were
seen dense (Fig. 5-A).

Immunohisochemical reaction for CD44:
showed few CD44 +ve cells among the cortex of the
gland (Fig. 5-B).

EM results: showed ZG cells with accumulations of
lipid droplets, nuclei with indented nuclear envelope and
bodies with electron dense and electron lucent areas and
irregular outlines (Fig. 6-A). Lysosomes, some nuclei
with chromatin condensation and irregular shape were
seen (Fig. 6-B). ZF cells showed numerous lipid droplets
with irregular outlines and lysosomes. Some nuclei
appeared with indentation of their nuclear envelopes
(Fig. 7-A). Cells of ZF appeared with multiple
lysosomes and mitochondria (Fig. 7-B). ZR cells showed
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accumulation of lipid droplets of variable sizes, nuclei
with nuclear envelope indentation, heterogeneous bodies
surrounded by clear areas, lysosomes and mitochondria
(Fig. 7-C).

Group IV:
LM results:

H&E examination: revealed ZG with few obviously
vacuolated cells, ZF with fine trabeculac and some
obviously vacuolated cells, in addition to few darkly
stained nuclei and less congested capillaries (Fig. 8-A).
ZR appeared with multiple congested blood sinusoids
and apparent normal cells (Fig. 8-B).

Masson’s trichrome stain: showed fine collagen fibers
among the cortex (Fig. 9-A).

Immunohisotchemical reaction for CD44: showed
multiple CD44 +ve cells near blood vessels, among the
cortex, at the capsule and in the adjacent adipose tissue
(Fig. 9-B and 9-C).

EM results: showed ZG cell had spherical nuclei
surrounded by nuclear envelope with marginated
heterochromatin, euchromatin, and lipid droplets
(Fig. 10-A). ZF cells showed multiple accumulations of

some lipid droplets with irregular shapes, mitochondria,
few lysosomes and euchromatic nuclei (Fig. 10-B). ZR
cells showed multiple lipid droplets, euchromatic nuclei,
prominent nucleolus and bodies with electron dense and
electron lucent areas and irregular outlines (Fig. 10-C).

C) Morphometric results:

A significant increase was found in the mean areas of
darkly stained nuclei, that of cytoplasmic vacuolations
and that of collagen fibers in group III compared to the
other groups. In addion, a significant increase in the
mean area of cytoplasmic vacuolations was found in
group IV compared to groups I and II.

Concerning mean count of CD44 +ve cells a
significant increase was detected in group IV compared
to group III (Table 1).

D) Serological results:

Animals of group III showed a highly significant
increase in mean serum level of cortisol as compared to
negative control rats.

Animals of group IV showed significant increase in
mean serum level of cortisol as compared to negative
control rats (p < 0.05) and significant decrease compared
to group III (Table 2 and Histogram 1).

Table 1: Mean + SD area of darkly stained nuclei, area of cytoplasmic vacuolations and area of collagen fibers and count of CD44 +ve cells:

Mean area of darkly Mean area of Mean area of Mean count of
Group stained nuclei cytoplasmic vacuolations collagen fibers CD44+ve cells
Groupl - 1.3+0.2 -
Groupll - 1.6+ 0.3 -
GrouplII 20.6 + 3.8%* 29.3+3.9% 6.3 +1.8* 33+0.6
GrouplV 6.4+0.9 9.7 £2.1%* 22405 82+2.1*%

*Significant increase compared to the other groups
** Significant increase compared to groups I and II
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Table 2: Mean of cortisol serum levels in all groups and their significances as compared to negative control subgroup

Groups (Cortisol level (ng/ml
Negative X+SD 207.2+13.4
X+ SD 215.1+£10.6
Group I
Positive P >0.05
Sig. Non significant.
X +SD 205.7+14.1
Group 1T P >0.05
Sig. Non significant.
X+ SD 397.3+37.5
Group II1 P <0.001
Sig. Highly significant.
X +SD 279.5+41.7
Group IV P <0.05
Sig. Significant.

X = Mean values.
SD = Standard Deviation.
Highly significant increase in group III.

Significant decrease (p <0.05) between group IV in comparison with group III.
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Histogram 1: showing means of serum cortisol levels (ng/ml) in
all groups

Fig. 1: Photomicrographs of sections in the rat adrenal gland

(H&E) from group I showing: A: the capsule (arrow head)
with underlying ZG (bent arrow), parallel cell cords of ZF (F),
ZR (R) and part of the medulla (M). (X 100). B: the capsule
which is formed of connective tissue (arrow head), ZG cells (G)
is formed of arched group of cells with pale cytoplasm, ZF cells
(F) which form radial cords of cells with vacuolated cytoplasm,
separated by fine trabeculae (1) contain multiple blood capillaries
(bent arrows). (X 400). C: ZR (R) with small closely packed
and deeply stained cells arranged in intermingled cords. The
adrenal medulla (M) consists of closely packed chromaffin cells
arranged in irregular clusters (arrow head) and blood sinusoids in
between (1) (X'400).

P o T ARG g A .' B %‘Qﬂ“‘:&
Fig. 2: Photomicrographs of sections in the adrenal gland of a
rat from group I showing: A: demonstrating fine collagen fibers,
ZG (G), ZF (F), ZR (R) and part of the medulla (M). (Masson’s

trichrome X 100). B: negative immunoexpression in the cortex.
(CD44 immunostaining X 400)

g

Fig. 3: Electron micrographs of group I showing: A: two
neighboring cells in ZG with abundant lipid droplets (bent
arrows), oval nuclei (N) surrounded by nuclear envelope (thick
arrow), having prominent nucleolus (1), heterochromatin (black
arrow head) and euchromatin (white arrow head). (X 10000).

B: a cell in ZF demonstrating multiple lipid droplets (bent
arrows), nucleus (N) surrounded by nuclear envelope (arrow
head) and a lysosome (7). (X 8000). C: ZR cells illustrating lipid
droplets (bent arrows), lysosomes (black arrow heads) and round
to oval nuclei (N) possessing peripheral heterochromatin (1),
euchromatin (E) and nucleolus (white arrow head). (X 8000)
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from group III (H&E X 400) showing: A: ZG (G) with loss of
architecture and ZF cells showing obvious vacuolation and
multiple darkly stained nuclei (1). B: capsule (white arrow head),
an artery (thick arrow), ZG with loss of architecture obviously
vacuolated cells and darkly stained nuclei (bent arrow), ZF with
some obviously vacuolated cells and darkly stained nuclei (7).
Other cells exhibit dark acidophilic cytoplasm and darkly stained
nuclei (black arrow head). C: ZG (G) with loss of architecture
and multiple congested blood capillaries (bent arrow), ZF with
obviously vacuolated cells (1) and congested blood capillaries
(bent arrows). Note congested arteriole (thick arrow). D: ZR (R)
cells with multiple dark nuclei (7). Note adrenal medulla (M) and
chromaffin cells (arrow head).

e
Fig. 5: Photomicrographs of sections in the rat adrenal gland from
group III showing: A: ZG (G), ZF (F), ZR(R) and medulla (M)

demonstrating dense collagen fibers (1). (Masson’s trichrome
X 100). B: few +ve spindle cells at the capsule and in the cortex

M- (CD44 immunostaining, X 400)

Fig. 6: Electron micrographs of group III (X 8000) showing:

A:two adjacent cells in ZG in suprarenal cortex with accumulations
of lipid droplets (bent arrows), a body with electron dense and
electron lucent areas and irregular outline (7). Two nuclei (N) one

of them with indented nuclear envelope (arrow head) were seen.
B: ZG cells, one showing nuclear chromatin condensation and
irregular shape (arrow head). Note the other apparently normal
nuclei (N), numerous accumulated lipid droplets (bent arrow) and
lysosomes (7).
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Fig. 7: Electron micrographs of group III showing: A: two
adjacent cells in ZF loaded with numerous lipid droplets with
irregular outlines (bent arrows), lysosomes (1) and a nucleus
(N) with indentation of its nuclear envelope. (X 8000). B: a
cell in ZF illustrating multiple accumulated lipid droplets (bent
arrow), mitochondria (arrow head), multiple lysosomes (black
(X 25000). C: ZR cells with
accumulation of lipid droplets of variable sizes (bent arrow),

arrow head) and a nucleus (N).

nuclei (N), one with indentation of its nuclear envelope (thick

arrow), heterogeneous body surrounded by a clear area (white
(X 10000).

arrow head) and multiple lysosomes (1)

Fig. 8: Photomicrographs of sections in the rat adrenal gland from
group IV (H&E X 400) showing: A: ZG (G) with few obviously
vacuolated cells (black arrow head) and few darkly stained nuclei
(black 1), ZF (F) with few darkly stained nuclei (white arrow
head), some obviously vacuolated cells (black bent arrow), fine
trabeculae (whitet) and less congested capillaries (white bent
arrow). B: ZR (R) with multiple congested sinusoids (1) and
apparently normal cells. Note adrenal medulla (M).

Fig. 9: Photomicrographs of sections in the rat adrenal gland
from group IV showing: A: ZG (G), ZF (F), ZR (R) and part
of the medulla (M) demonstrating fine collagen fibers.(Masson’s
trichrome X 100). B: multiple positive spindle cells (1) near a
blood vessel among the cortex and in the adjacent adipose tissue.
(CD44 immunostaining X 400). C: multiple +ve spindle cells (1)
among the cortex and at the capsule.

(CD44 immunostaining X 400).

Fig. 10: Electron micrographs of group IV showing:A: cells of ZG
having some lipid droplets (bent arrows), euchromatic nuclei (N)
and nucleolus (1). (X 8000). B: cells of ZF having accumulation
of some lipid droplets with irregular shapes (bent arrow),
mitochondria (1) and few lysosomes (arrow head). Euchromatic

nuclei (N) are observed. (X 10000). C: two adjacent cells in
ZR with multiple lipid droplets (bent arrow), euchromatic nuclei
(N) and a body with electron dense and electron lucent areas and
irregular outline (arrow head). (X 12000).
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DISCUSSION

Modern society is obviously full of stress. Stressful
experiences include daily problems, major life events
abuse, trauma, work-life balance, and many other events.
When added to other stressors such as financial problems,
the result may be potential suffering from the so called
$tress related disorders”.

Therefore, this study was performed to evaluate the
effect of immobilization stress on the adrenal cortex. The
rats subjected to immobilization (group III) showed cells
with obvious cytoplasmic vacuolations and darkly stained
nuclei in ZF and ZG. The previous findings were confirmed
by a significant increase in the mean area of darkly stained
nuclei and cytoplasmic vacuolations in group III. These
results can be referred to degenerative changes in the
cortical cells. The previous results were confirmed by
Liu et al.®Y who reported that excessive oxidative $tress
alters the expression levels of apoptosis-related genes
and triggers cell apoptosis and degeneration through bcl-
2, bax and caspase-3 signaling pathways. This occurs in
response to increased secretion of ACTH due to stress
as this hormone stimulates both ZF and ZR to produce
cortisol. Also, ACTH stimulates ZG, but to a lesser extent,
to produce aldosterone hormone as the main stimulus for
aldosterone secretion is angiotensin 11122,

Hall™®! gtated that almost any type of physical or
mental Stress can lead to greatly enhanced secretion of
ACTH and consequently cortisol as well. This effect
was demonstrated by the strong adrenocortical secretory
responses after trauma. Pain stimuli caused by physical
stress or tissue damage are transmitted to the brain stem
then to the hypothalamus. Corticotrophin releasing factor
is secreted into the hypophysial portal system. This leads
to large quantities of cortisol in the blood. Mental stress
causes a rapid increase in ACTH secretion.

The adrenal cortical cells of rats in group III showed
cytoplasmic vacuolization at light microscope and increase
lipid droplets at EM level this is due to increase demand for
lipids which form the corner stone for cortisol synthesis due
to immobilization stress. This is in accordance with other
investigators?* who stated that long-lasting experimental
hypodynamy results in increased number of lipid droplets
in the cytoplasm of cortical cells that showed tendency
to coalesce. Cholesterol, which accumulates in lipid
globules as a reserve material is the principal precursor
in the synthesis of steroid hormones. Accumulation of
lipid globules may indicate a decreased transformation of
cholesterol to corticosteroids.

However, other authors stated that the exposure to
stress resulted in a significant exhaustion of lipid droplets
in the adreno-corticocytes of all adreno-cortical zones,
particularly in the ZF cells?!.

In the present study some nuclear envelopes of
adrenocortical cells showed irregularities and indentations

these may not be pathological, simply may be due to
compression of condensed lipid droplets on them. In
accordance Pawlinal®? stated that fat globule in late
lipoblast compresses the nucleus and makes it flat and thin,
moreover, it pushes the nucleus from its original central
position to peripheral one.

The present study showed irregular nuclei with
condensed chromatin and increased lysosomes that can
be related to increased digestion of the accumulated lipids
or the developing degeneration. These findings are in
accordance with other investigators®” who found indented
nuclei and occasional shrunken ones as well as increase
lipid droplets in stressed animals.

The ZF cells of the rats of group III in the present
study exhibited the presence of dark nuclei with highly
acidophilic cytoplasm. Similar observations were reported
by other researchers?”! who stated that the stressed adrenal
glands were characterized by the presence of plump of
cells with greatly increased eosinophilia of the cytoplasm
instead of the usual pale staining foamy cytoplasm of ZF
cells. These changes correlate well with adrenocortical
over stimulation and /or degeneration.

In the present study, the heterogeneous bodies with
electron dense and electron lucent areas and irregular
outlines revealed in ZG and ZR in group III are lipofusin
bodies. Gilissen and Bobrovski®® stated that the important
causal factor of lipofuscinogenesis involves free radical-
induced lipid peroxidation and oxidative enzymatic
activity. A high rate of cellular activity may also cause
an increased turnover of cellular products resulting in
lipofuscin accumulation.

Many researchersi?”! stated that exposure to stress
stimulates various pathways leading to increased
production of free radicals that contribute to the occurrence
of pathological conditions. Immobilization stress may also
impair the antioxidant defense system, leading to oxidative
damage, by disturbing the balance between oxidant and
antioxidant factors.

In the present investigation, the adrenal cortex of
III showed capillary and sinusoidal congestion. This
congestion was attributed to an increase in ACTH, which
stimulated the formation of prostaglandins leading to
congestion®”!,

In the current study, collagen fibres increased in
suprarenal cortex, confirmed by morphometry after
exposure to stress. In agreement with the present results,
many investigators found similar results. El-Refaiy!!”
found that fibroblasts and collagen fibers in stressed
rats were increased and this leads to the thickening
of testis basement membrane. Moreover, El-Drieny
and MousalB! reported that the colonic mucosa of rats
exposed to stress showed features indicating fibrosis as
a result of increased collagen synthesis by fibroblasts.
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El-Desouki et al.** reported that the immobilized stressed
rats showed increment of collagen fibers in the adrenal
cortex.

Rats in group IV revealed amelioration of these
morphological changes and this is consistent with other
authorst% who stated that vitamin E plays an important
role in DNA repair, and other metabolic processes.
Antioxidants such as vitamin E act to protect the cells
against the effects of free radicals, which are the cause of
oxidative damage to cell membranes.

Moreover Zhu et al.*® étated that vitamin E has several
health benefits, such as antioxidant, anti-inflammatory
and neuroprotective properties. In recent years, the use
of vitamin E supplements as antioxidants has become
common. Several studies have demonstrated that other
micronutrients such as vitamin E and antioxidants play
preventive roles in carcinogenesis.

The present study revealed presence of few CD44 +ve
spindle cells at the capsule and among the cortex in group
[T and multiple cells among the cortex, at the capsule, near
blood vessels and in the adjacent adipose tissue in group
IV, confirmed by morphometry. It can be commented that
sources of endogenous stem cells from the bone marrow or
adipose tissue (which are rich in mesenchymal stem cells)
reach the damaged organ through the circulation. The
CD44 immunostaining is characteristic for mesenchymal
stem cells. The presence of stem cells revealed in this
study is in accordance with other investigators who
discovered pools of stem/progenitor cells in the adrenal
capsule, subcapsular and juxtamedullary regions that can
differentiate to repopulate zones. They become activated
only during specific developmental stages or in response to
extreme physiological demand. Senescent cells can also be
renewed through direct lineage conversion; for example,
cells in the ZG can transform into cells of the ZFE7- 381,

Serum cortisol level in group III revealed highly
significant increase as compared to negative control,
this is in accordance with many investigators. Gesi et
al P! reported a marked increase of the cortisol levels in
response to stressful stimuli such as noise or high ambient
temperature that activated the hypothalamic pituitary
adrenal axis leading to a release of ACTH. Similarly,
other researchers [ 49 gtated that immobilization stress
response-related disorders resulted in the hypersecretion
of both ACTH and corticosterone to a subsequent stressor.

On the other hand serum cortisol level in group IV
revealed significant decrease as compared to group III but
still high as compared to negative control. This reflects the
partial protective role of vitamin E that can be related to its
antioxidant effect.

CONCLUSION

From the forgoing discussion, one can conclude that
prolonged immobilization stress has deleterious effects on

the suprarenal cortex and vitamin E has an ameliorative
effect that may be mediated through antioxidant effect and
stimulation of tissue regeneration by endogenous stem
cells.
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