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ABSTRACT

Background: Hypothalamus-pituitary- adrenal and sympathetic adreno-medullary axes are the systems
mainly implicated in preserving body homeostasis during the stress and the adrenal gland is an important
organ to both systems. Stress either subacute or chronic is usually linked with adrenal alterations.
Omega-3 fatty acid (O3FAs) which is present in dietary fish oil is known to have beneficial effects on
cardiovascular disease, autoimmune diseases and cancer. Also omega-3 fatty acids were mentioned to be
considered as anti-apoptotic and anti-oxidant agent.

Aim of the work: Evaluation of the role of Omega-3 supplementation on adrenal cortical cells during
exposure to stress.

Material and Methods: 3 groups of adult male albino rats were used (10 rats each): group 1 (control),
group 2 (stressed for 6 weeks) and group 3 (stressed + Omega -3-treated; 300 mg/kg Omega-3 plus once
daily 5 days/week for 6 weeks). Then the rats were sacrificed and the adrenal glands were extracted and
processed for light, electron microscopic, immunohistochemical and morphometric studies.

Results: Group Il revealed signs of degeneration in adrenal cortical cells; disturbed arrangement, pyknotic
nuclei, vacuolated cytoplasm and destructed organelles. There was reduction in ZF thickness with weak
immunoexpression of Bcl-2. Omega-3 induced relative improvement of adrenal cortex in group III. This
was evidenced by light, electron microscope and confirmed by morphometric and statistical results.
Conclusion: Omega-3 FA supplementation influences sensitivity to stress and has strong anti-stress
effects.
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INTRODUCTION Stress can be stated as physical and

psychological modifications that alter the

The adrenal cortex is composed of three layers:
the zona glomerulosa, the zona fasciculata, and the
zona reticularis, which have different structural
and functional properties. Zona glomerulosa is
responsible for production of aldosterone while,
zona fasciculata/ reticularis synthesize cortisol in
human, and corticosterone in rodents!!.

The hormones of adrenal cortex play
important roles in many physiologic processes
which include; electrolyte and fluid balance,
cardiovascular homeostasis”, immune and
inflammatory responses, sexual development and
reproductive function. They also play a major
role in regulating the metabolic pathways in the
body, and acute response to stress!.
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homeostasis and the balance of organismst.
The organism existence depends on its ability
to respond and acclimate to the physical and
emotional threats or stressorsl®. Various stress
types have been associated with enhanced free
radical generation and altered antioxidant enzyme
activitiesl.

Hypothalamus-pituitary - adrenal and
sympathetic adreno-medullary axes are the
systems mainly involved in preserving body
homeostasis during the stress and the adrenal
gland is an important organ to both systems!’.
Both subacute or chronic stress, as major surgery
or chronic infections and chronic autoimmune
diseases are wusually linked with adrenal
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alterations®. Also it can modify many factors and
mechanisms that maintain the body homeostasis.
Most of these processes are associated with
alterations on the adrenal-pituitary-hypothalamus
axis (HPA)®. In addition, the gland is subjected
to dynamic structural changes including cellular
proliferation and death. These two processes must
be balanced to guarantee integrity of the adrenal
gland!.

Immobilization is one of the most common
performed stresses on animals that has been
used and accepted widely for studying the
relation between stress and pathophysiological
alterations!'”),

Dietary oilsand fatare knownas macronutrients
and are considered as a valuable source of
energy necessary for the metabolic processes.
Furthermore they contain fat —soluble vitamins!''l.
Dietary fish oil, which contains omega-3 fatty
acids (O3FAs) is known to have beneficial
effects on cardiovascular disease!'?!, autoimmune
diseases!'*! and cancer!'¥. Also omega-3 fatty acids
were suggested to be considered as anti-apoptotic
and anti-oxidant agents!'*.

The benefit of the fish oil is due to the high
content of omega-3 polyunsaturated fatty acids
(PUFAs) such as eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA). Mackerel, salmon
and sardines are rich sources of EPA and DHA!®.,
In animal model the brain physiology can be
affected by chronic stress and/or diet, however
this correlation is poorly understood!'”..

Thus, this study was prepared to assess the
possible beneficial effects of concurrent omega-3
fatty acids administration on the adrenal cortex
after immobilization induced stress in adult male
albino rats.

MATERIAL AND METHODS

Animals:

30 adult male albino rats weighing 200-250
gm were used in this study. Rats were obtained
from Animal House, Faculty of Medicine,
Assiut University. They were kept under suitable
conditions for 1 week for adaptation. They had
free access to food and water and maintained
under 12/12 hours light/dark cycle with suitable
room temperature 23+ 5 C° in accordance with
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the international guidelines for the care and use of
laboratory animals.

Chemicals

(1 Bel-2 (B-cell lymphoma 2) was purchased
from US Biological Company, United States.

[J Omega-3 Plus (SEDICO, 6 October City,
Egypt).

Experimental protocol

I The rats were divided randomly into three
groups (10 rats each):

[l Group I (Control group): The rats in
this group were kept undisturbed and served as
control group. They were sacrificed at the end of
the experiment.

* Group II (Stressed group): The rats in this
group were subjected to stress as following: rats
were placed on a wooden plate with their trunks
wrapped for 90 min 5 days/week for 6 weeks.
They were able to move their limbs and heads but
not their trunks!®,

* Group III (stressed + Omega -3-treated
group): The rats in this group were exposed to
stress as in group Il and concurrently given Omega
-3. Omega -3 plus was used as gelatinous capsules,
each had 1000 mg fish oil; docosahexaenoic acid
(DHA) and eicosapentaenoic acid (EPA) 30%.
The capsules were carefully evacuated by using
syringes. The content of the capsules was given
orally by the use of oro-gastric tube in a dose of
300 mg/kg once daily 5 days/week for 6 weeks!'..

* At the end of the experiment, the animals in
the studied groups were sacrificed and the adrenal
glands were extracted and processed for light,
electron microscopic, immunohistochemical and
morphometric studies.

Histological study

For light microscopic study, specimens were
immersed into 10% formaldehyde solution then
processed and embedded in paraffin. Sections
were cut serially (Spum-thickness) to be stained
with Hematoxylin and eosin (H&E) and Masson’s
trichrome stains®”.,
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For ultrastructural study, small pieces (1mm)
of adrenal gland were excised and fixed in 2.5%
phosphate buffered gluteraldehyde then processed
for semithin sections (0.5-1um) and stained with
toluidine blue. Ultrathin sections (80-90 nm)
were cut with ultramicrotome, stained with uranyl
acetate and lead citrate?!, and then examined and
photographed using the transmission electron
microscope (Jeol-JEM-100 CXII Jeol, Tokyo,
Japan) in electron microscopic unit, Assiut
University.

Immunohistochemical study

Immunohistochemical staining for detection
of Bcl-2, the primary antibody used was rabbit
polyclonal antibody. Immunohistochemical study
was conducted using the avidin—biotin peroxidase
method. Paraffin sections were deparaffinized,
rehydrated in descending grades of alcohol, and
incubated over night with the primary antibody
(diluted 1:100) at 4°C. Sections were rinsed three
times with phosphate-buffered saline (PBS), then
incubated for 1h with peroxidase-conjugated
secondary antibody and washed three times with
PBS. Visualization of the immunoreactivity was
done by using 3,3'-diaminobenzidine hydrogen
peroxide as a chromogen. Finally slides were
counterstained with Mayer’s hematoxylin.
Negative controls were performed by either
replacing primary antibody with buffer or non
immune serum. The positive control was tonsil.
The protein product of Bcl-2 is associated with
mitochondria and located on outer mitochondrial
membranes, the endoplasmic reticulum, and
the nuclear envelope®. Immunohistochemical
staining was done at Faculty of Medicine, Assiut
University.

Morphometric measurements and statistical
analysis

Using image J software at Faculty of medicine,
Assiut University, the following parameters were
measured:

(1) Thickness of zona fasciculata.

(2) Area% of Bcl-2 immunoexpression.

For different subgroups, 10 values were
obtained from each slide at 400 magnifications>.

All measurements were done per area of the
view field. Data in all groups were statistically
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analyzed using SPSS (versionl3) statistical
package. Mann-Whitney test was used and the
resulting data expressed as mean + standard
deviation. P value was considered significant
when it is less than 0.05. P value of less than 0.001
was considered highly significant.

RESULTS

A. Histological results:
L. Light microscopic results:

1- Hematoxylin and Eosin stain (H&E):

The stained sections of group I (control) reveal
the normal arrangement of adrenal cortical layers;
outer connective tissue capsule, zona glomerulosa
(ZG), zona fasciculate (ZF), and zona reticularis.
Zona glomerulosa cells (ZG) are arranged in
groups with rounded deeply stained nucleus and
pale vacuolated cytoplasm. The cells of zona
fasciculata(ZF) appear as cords, polyhydral in
shape with rounded nucleus and tiny cytoplasmic
vacuoles. Blood sinusoids are seen between the
cells (Fig. 1). In group II (stressed), the sections
of adrenal cortex show that the cells of (ZG)
appear with disturbed arrangement, swollen
with vacuolated cytoplasm. In addition, (ZF)
cells appear swollen with disorganization in
arrangement and increased thickness of this layer.
Pyknotic nuclei in some cells and karyolytic in
others are noticed. Dilated sinusoids are clearly
visible (Fig. 2). Stained sections in group III
(stressed + Omega -3), the cells of (ZG) are
nearly similar to control. Moreover, the cells of
(ZF) show improvement in their arrangement.
Although; some cells appear with normal nuclei,
others still have karyolytic nucleus (Fig. 3).

2- Masson's trichrome stain:

By Masson’s trichrome stain, sections of
group I show green colored collagen fibers in the
capsule and in between the cords of cells (Fig. 4).
While, in group II there is an increase of greenish
colored collagen fibers (Fig. 5). The green colored
collagen fibers are nearly similar to control in
group III (Fig. 6).

3- Immunohistochemical stain:
In group I, strong positive immunoreactivity

for Bcl-2 is detected in adrenal cortical cells as
brown nuclear reaction (Fig. 7); while it shows
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weak immunoexpression in group II (Fig. 8).
Meanwhile, in group III the immunoexpression is
mild in the cells of adrenal cortex (Fig. 9).

4- Toluidine blue stain:

The zona fasciculata cells in group I, appear
with rounded vesicular nucleus and one or more
nucleoli. Clear vacuolated cytoplasm with lipid
droplets and blood sinusoids are seen (Fig. 10).
in group II, the cells of zona fasciculata appear
destructed and disorganized. The cytoplasm
shows foamy appearance and multiple vacuoles.
Some cells appear with irregular nuclei while
others loss their nuclei (Fig. 11). Zona fasciculata
cells in group III restore their arrangement to great
extent. The foamy cytoplasm and vacuoles can be
still seen in some cells while other cells have dark
stained nuclei. Blood sinusoids can be also seen in
between the cells (Fig. 12).

II. Ultrastructural results:

Ultra structurally, zona fasciculata cells in
group I appear with normal euchromatic nucleus,
many rounded mitochondria, lipid droplets as
well as smooth endoplasmic reticulum in the
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cytoplasm (Figs. 13a & b). In group II, the cells
show shrunken pyknotic nuclei with irregular
nuclear membrane. The cytoplasm has vacuoles,
lipid droplets and destructed mitochondria
(Figs. 14a & b). Meanwhile in group III there is
partial restoration of the normal architecture of
zona fasciculata cells. The nucleus preserves its
shape to great extent, some mitochondria appear
normal, while others are still damaged. Vacuoles
and lipid droplets are seen in the cytoplasm
(Figs. 15a & b).

B- Morphometric and statistical results:

The mean values of ZF thickness in the
studied groups show significant increase in group
IT (179.20) as compared with group I (159.19).
The thickness improves in group III (163.22), but
the increase is still significant in comparison to
group I (Table 1 & Histogram 1).

Meanwhile, the area% of  Bcl-2
immunoexpression shows significant decrease
in group II (9.40) when compared to group I
(13.34). While the difference is not significant
in group III (12.50) comparing to group I
(Table 2 & Histogram 2).

Fig. 1: A photomicrograph of adrenal cortex section of adult rat (group I, control) showing: outer connective tissue
capsule (C), zona glomerulosa (ZG), zona fasciculata (ZF), and zona reticularis(ZR). The cells of (ZG) are arranged in
groups and appeared large with rounded deeply stained nucleus and pale vacuolated cytoplasm (thin arrow).The cells of
(ZF) arranged in cords, polyhydral in shape with rounded nucleus and tiny cytoplasmic vacuoles (thick arrows). Blood

sinusoids (S) could be seen between the cells.

H&E X 400
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Fig. 2: A photomicrograph of adrenal cortex section of adult rat (group II, stressed) showing: the cells of (ZG) appeared
disturbed in arrangement, swollen with vacuolated cytoplasm (thin arrows). ZF cells appeared swollen with disorganization

in arrangement (thick arrows). Some cells showed pyknotic (arrow heads) while others karyolytic (double arrow) nuclei.
Dilated sinusoids are clearly seen (S). H&E X 400
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Fig. 3: A photomicrograph of adrenal cortex section of adult rat (group III, stressed + Omega -3) showing: The cells of

(ZG) are nearly similar to control. In (ZF) the cells restored their normal arrangement. Some cells appeared with normal
nuclei (arrows), while others with karyolytic nucleus (double arrow). H&E X 400
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Fig. 5: A photomicrograph of adrenal cortex section of adult rat (group II, stressed) showing: an increase of greenish
colored collagen fibers in the capsule (C) and between cell cords (arrows). Masson's Trichrome X 400
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Fig. 6: A photomicrograph of adrenal cortex section of adult rat (group III, stressed + Omega -3) showing:
the green colored collagen fibers is nearly similar to control in the capsule (C) and between the cells (arrows).

Masson's Trichrome X 400

:.- : X x
Fig. 7: A photomicrograph of adrenal gland cortex section f adult rat (group I, control) showing: strong positive
immunoexpression of Bcl-2 in cortical cells (arrows). Bcl-2 X400
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Fig. 8: A photomicrograph of adrenal cortex section of adult rat (group II, stressed) showing: weak positive
immunoexpression of Bel-2 in cortical cells (arrows). Bcl-2 X400
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Fig. 9: A photomicrograph of adrenal cortex section of adult rat (group III, stressed + Omega -3) showing: mild positive
immunoexpression of Bcl-2 in cortical cells (arrows). Bcl-2 X400
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Fig. 10: A photomicrograph of adrenal cortex section of adult rat (group I, cbntrol) showing: the cells of (ZF) with
rounded vesicular nucleus and one or more nucleoli (arrow heads). Note the lipid droplets in the cytoplasm (arrows) and
blood sinusoids (S). Toluidine blueX1000
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Fig. 11: A photomicrograph of adrenal cortex section of adult rat (group 11, stressed) showing: destructed and disorganized
cells of (ZF) with foamy cytoplasm (arrows) and vacuoles (V). Some cells appeared with irregular nuclei (arrow heads)
while others lost their nuclei (stars). Toluidine blueX1000
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Fig. 12: A photomicrograph of adrenal cortex section of adult rat (group III, stressed + Omega -3) showing: the cells of
(ZF) restored its arrangement to great extent. The foamy cytoplasm (arrows) and vacuoles (V) could be seen in some cells.
Some cells had dark stained nuclei (arrow heads). Blood sinusoids could be seen (S). Toluidine blueX1000
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Direct Mag: 4800x Ditect Mag: 7200x

Figs. 13 a & b: Electron micrographs of ultrathin section in adrenal cortex (ZF) of adult rat (group I, control) showing:
zona fasciculata cell with euchromatic nucleus (N), many rounded mitochondria (M), lipid droplets (L) and smooth
endoplasmic reticulum (sER). aX4800&bX7200
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Figs. 14 a & b: Electron micrographs of ultrathin section in adrenal cortex (ZF) of adult rat (group II, stressed) showing:
zona fasciculata cell with shrunken pyknotic nucleus (N) and irregular nuclear membrane (arrows). Vacuoles (V), lipid
droplets (L) and destructed mitochondria (M) could be seen in the cytoplasm. aX4800&bX7200

—

Print Mag: 4810x @ 86 mm 2 microns Print Mag: 7210x @ 86 mm 2 micrens

10:16 031318 HV=80.0kV 10:17 031318 HV=80.0kV
Direct Mag: 4800x Direct Mag: 7200x

Figs. 15 a & b: Electron micrographs of ultrathin section in adrenal cortex (ZF) of adult rat (group III, stressed +
Omega -3) showing: the nucleus (N) of zona fasciculata cell preserved its shape to great extent. Some mitochondria (M)
appeared normal to some extent, while others still damaged (arrow heads). Vacuoles (V) and lipid droplets (L) could be
seen in the cytoplasm. aX4800&bX7200
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Table 1: Mean values of ZF thickness (um) in the studied groups

Group 1 Group 11 Group IIT P-value!  P-value’ P-valué’
Mean + SD 159.19£1.27 179.20+1.24  163.22+1.70 <0.001" <0.001" <0.001"
Range 157.2-161.4  177.3-181.2 160.8-165.8
SD: standard deviation
* Statistical significant difference (P< 0.05)
1: Comparison between groups 1&2
2: Comparison between groups 1&3
3: Comparison between group 2 &3
185 B
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=
w
T165
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160 T
135
150 A
145 A
L Group | Groupll Group Il y
Histogram 1
Table 2: Mean values of area % of BCL-2 in the studied groups
Group 1 Group II Group 11T P-value! P-value? P-valué’
Mean + SD 13.34 £ 0.57 9.40£0.71 12.50 £ 1.46 <0.001" 0.109 <0.001"
Range 12.6-14.3 8.0-10.3 10.6 - 14.9

SD: standard deviation

* Statistical significant difference (P< 0.05)
1: Comparison between groups 1&2

2: Comparison between groups 1&3

3: Comparison between group 2&3
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Histogram 2
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DISCUSSION

The adrenal gland reacts constantly to
recurrent and/or transient stimuli, such as stress®l.
Stress can be described to alter the body balance
and homeostasis®. As a result of Immobilization
stress, Y neuropeptide (NPY) concentration
increases in adrenal gland with higher proportions
in fascicular and reticular zones!".

The present study showed changes in the cells
of adrenal gland cortex after exposure to stress
such as; disorganization of cells, vacuolated
cytoplasm, pyknotic nuclei and dilated sinusoids.
Moreover, there was an increase of the greenish
colored collagen fibers in the capsule and between
cell cords seen by Masson's trichrome stain.
Ultrastructurally, cells of zona fasciculata showed
many signs of degeneration as shrunken irregular
nuclei, many lipid droplets and vacuoles in the
cytoplasm and destructed mitochondria. These
results were in agreement with Koko et al.?* who
reported that ACTH secretion increased with
stress and this will exert tropic (short-term) and
trophic (long-term) effects on the adrenocortical
zona fasciculata (ZF) and zona reticularis (ZR).
At the same time, Kamal®! declared that, the
various types of stress have been associated with
intensified free radical generation and disrupted
antioxidant enzyme activities. Meanwhile, they
found that immobilization stress may promote
the generation of reactive oxygen species (ROS)
which are engaged in the pathogenesis of many
diseases and pathologic processes and play a
chief role in the complex physiological processes
such apoptosis. In addition, cell growth arrest
is supposed to be mediated by ROS which also
activate proteins that dampen the cell cycle!*).

Pérez et all'! stated that the release of
corticotrophin releasing factor (CRF) from the
hypothalamus is augmented by stressors, which in
turn will promote the release of adrenocorticotropic
hormone from the anterior pituitary, and induces
the secretion of adrenal corticosterone.

The increased greenish color of collagen fibers
observed in this study under stress supported by
the findings of Koko et al.? who stated that,
there is a collagen-binding glucoprotein (47°kDa
heat shock protein, HSP 47) involved in collagen
formation under normal conditions. HSP 47
synthesis is increased under stress conditions,
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which correlates with collagen synthesis in
several cell lines. However, some authors did
not detect signs of fibrosis, this could favor the
idea that adrenal gland react by different ways to
the various stress factors, regardless of the same
reaction in the hypothalamic—pituitary axis??®.

The morphometric results of this study
revealed significant increase in ZF thickness
in group II when compared with control. These
results are in concurrent with Kocaman et al.?”
who found that there was increase in adrenal
gland volume and in cortical thickness observed
in the Electromagnetic fields (EMF) exposed
groups; principally, ZF and medulla. The possible
explanations for the volume increase; may be
hyperplasia and hypertrophy that occurred in this
zone.

In addition, the immunohistochemical
results in this study revealed strong positive
immunoreactivity for Bcl-2 in control adrenal
cortical cells. These results were in agreement
with Attia et al.l'! who noticed prominent Bcl-2
staining in the adrenal cortex. However, weak
immunoreactivity for Bcl-2 was detected in
adrenal gland cells exposed to stress. These
results were evidenced by the morphometric
and statistical results which showed significant
decrease in area% of Bcl-2 immunoexpression
in group II as compared to group I which was
improved in group III.

The apoptotic process is regulated at several
checkpoints. One of them is mainly controlled
by members of the Bcl-2 family?®. The
Bcl-2 protein is a regulator of the apoptotic process
(programmed cell death), and elevated levels can
assist cell resistance to death so it supports cell
survival®-%, Their relative abundance may impact
the cellular vulnerability to undergo apoptosis
as result to stimulus exposure. In young aged
buffalo’s adrenal cortical cells, the expression
of Bcl-2 was more prominent (incidence of
apoptosis was lower) than in the adrenal cortical
cells of the old ages (incidence of apoptosis was
higher). This may point to that stress may promote
aging changes!".

Dietary fish oil, which contains omega-3
fatty acids (O3FAs) is known to have valuable
effects on cardiovascular disease!'?, autoimmune
diseases!" and cancer!'l.
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As Omga-3 is an important component of cell
membrane structure, therefore it plays a crucial
role in cell movement, receptor placement and
preserving cell membrane cohesion and fluidity?'l.

The results of this study showed that the
adrenal gland cells after receiving Omega-3
restored their arrangement. In addition there
was amelioration in cellular structure, collagen
fibers content and Bcl-2 expression as shown
by light and electron microscope. Also these
results were confirmed by morphometric results
which revealed improvement in area% of Bcl-2
immunoexpression in group II1I.

These findings agreed with El Kalawy et al.l*?
who stated that these effects may be due to that
Omega-3 FAs have been pointed to act as anti-
oxidant and anti-apoptotic agents. It enhances
antioxidant enzymes actions through regulating
expression of genes and has a significant role
in stabilizing oxidative stress in the cell; it also
affect the molecular mechanism of cells exposed
to stress and thus diminish oxidative stresst".

Liu et alP reported that, activation of
the HPA axis during stress is due to release of
pro inflammatory cytokines which participate
as mediators. So, dietary fish oil (FO)
supplementation may have beneficial effects
in decreasing this pro inflammatory cytokines
expression. The association of stress and a lack
of omega-3 FA could be a powerful stimulus
disturbing cognition and mood®*. Moreover,
Larrieu et al.’¥ revealed that dietary n-3PUFA
(polyunsaturated fatty acid) supplementation
for long periods inhibit chronic stress-induced
emotional and neuronal deterioration by disrupting
HPA axis hyperactivity.

CONCLUSIONS

In conclusion, it was found that a diet
enriched in omega-3FA attenuates some of the
deleterious effects of chronic stress. This suggests
that omega-3 FA supplementation influences
sensitivity to stress and has strong anti-stress
effects.
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