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Abstract

Background
To investigate the protective effect of vitamin E on mice adrenal glands in immobilization stress and to
examine post-stress behavioral changes. Twenty-eight male, 10-week-old, BALB/C mice weighing 30
grams were divided into four groups. Mice were placed in a cage where no movement was allowed 6
hours/day for 7 days for immobilization stress. 0.1ml saline was administered to the control group and
the stress group for 7 days, whereas 30 mg/kg/day vitamin E was administered orogastrically 1 hour
before immobilization stress in the vitamin E and stress + vitamin E group. At the end of the 7th day, all
animals were subjected to open �eld, elevated-plus maze (anxiety) and forced swimming (depression)
tests. Left adrenal glands were dissected for routine para�n tissue protocol. Sections were stained with
hematoxylin-eosin and Azan. Malonaldehyde (MDA) levels were also measured in the adrenal tissues.

Results
Anxiety symptoms were not signi�cant between groups (0.582). Depression level (p = 0.024) and MDA
values (p = 0.01) were the highest in the stress group, which was signi�cantly higher than that of the
vitamin E group. In the hematoxylin-eosin sections of the stress group, cortical atrophy, medullary
hypertrophy, dilated capillaries, and hemorrhage were observed. Azan staining revealed a thinned capsule,
cortical �brosis, and intense �brosis in the stress group. Histological structure was protected in the stress 
+ vitamin E group, but dilatation and interstitial �brosis were also detected.

Conclusion
Immobilization stress may cause some psychopharmacological, morphometric, and histopathologic
changes in mouse adrenal glands, and vitamin E may largely protect the gland from these effects.

Introduction
Stress is the reaction of the organism to all types of stressogenic stimulants that disrupt its physiological
homeostasis. [1] Common stressogenic stimulants used in animal models are heat, coldness, physical
restrictions, crowds, noise, immobilization, or isolation. [2] Human beings always experience stressful
conditions and the human body copes with these conditions in two ways: i. pumping adrenaline and
noradrenaline into the body via the sympathetic nervous system; and ii. activating the hypothalamic-
pituitary-adrenal (HPA) axis and increasing corticosteroid levels. Both systems �ght against stress in the
body. [3] The HPA and sympathoadrenomedullary systems are involved in maintaining the stability of the
organism during stress, and the adrenal gland is the �nal decision-making center in both systems. [4]
Vitamin E is a general term for fat-soluble compounds and is found in foods containing fat. It was �rst
discovered by Evans and Bishop in 1922. [5] Vitamin E is classi�ed into two groups by saturated or
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unsaturated side chains. Saturated forms are called tocopherols, and unsaturated form is tocotrienol.
Each subgroup has four isoforms: α, β, γ, δ tocopherols, and α, β, γ, δ tocotrienols. The biologically most
active form is α-tocopherols. [6, 7] Vitamin E has been used as an antioxidant for many years. [8, 9]
Burton and Traber stated that tocopherols are well recognized for their effective inhibition of lipid
peroxidation in foods and living cells.[10] The different forms of tocopherols scavenges free radicals of
unsaturated lipids by their antioxidative activity.[11–13]

The aim of this study is to investigate the protective effect of vitamin E against stress-induced changes in
mice adrenal glands.

Materials And Methods

A) Experimental Design
The study was conducted in accordance with the Basic & Clinical Pharmacology & Toxicology policy for
experimental and clinical studies [14]. The study was conducted at the Dicle University Animal Research
Center. All procedures were approved by the Dicle University Animal Care and Use Local Committee with
protocol number 2017/13. Twenty-eight male, 10-week-old, BALB/C mice weighing 30 grams were
housed in an air-conditioned room, with 12-hour light/dark, at 25oC temperature and 65–70% humidity.
Mice were assigned to 4 groups (7 mice per group) as the control group, stress group, vitamin E group,
and stress + vitamin E group. Using the formulation (30 mg/kg/day dose) [15], 10 grams of 0.1 ml volume
of vitamin E (cat# T325-25G, Sigma, St. Louis, Missouri, USA) was dissolved in olive oil and administered
to mice through the orogastric route for 7 days. Only 0.1 ml of saline was given daily through the
orogastric route to the control and stress groups. The weights of all mice were recorded before the
experiments.

The mice were placed in a space as small as their size to prevent their movement. This procedure was
performed 6 hours/day for 7 days [16]. In the stress + vitamin E group, the medication was given one hour
before the experiment protocol.

B) Psychopharmacological Tests
At the end of the 7th day, all groups were subjected to open �eld [17], elevated-plus maze [18] and forced
swimming tests [19] to measure anxiety and depression levels in mice.

Open �eld test
This test was performed to assess locomotor activity and anxiety-like behavior in mice. Brie�y, a
40x40x20 cm, upside open, white wooden box with black walls was used. Mice were initially placed in the
center and spontaneous ambulatory locomotion of each mouse was recorded with EthoVision® XT 11.0
(Noldus Inf. Tech, Netherlands) for 5 minutes. Time spent in the center (index of anxiety) and total
movement distance were recorded.
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Elevated-Plus maze
The mice were observed with the EthoVision® digital software for 5 minutes in a maze 50 cm high from
ground. The maze had four 75 cm long arms, two open and two closed ends. The mice were placed in the
intersection of ends and their movements toward the closed/open ends were recorded to evaluate their
anxiety and motor function.

Forced Swimming Test
This test was performed to assess the depression levels of mice. The mice were marked with a digital
camera and swam in a cylinder with a radius of 20 cm, a height of 50 cm, and 2/3 of water (25oC) for 6
minutes. To calculate depression level, the motion and motionless time periods in animal behaviors were
recorded for the last 4 minutes by the EthoVision® XT 11.0 (Noldus Inf. Tech, Netherlands) software.

C) Malonaldehyde (MDA) Level Analysis
At the end of the experimental protocols, the mice were weighed and then sacri�ced by cervical
decapitation under ether anesthesia. All adrenal gland tissues were dissected and stored in -80oC for
Malonaldehyde (MDA) analysis.

D) Morphometric Measurements
Total body weights of all mice in all groups were recorded before and after the experiment. The diameters
of the capsules and cortices were measured by ZEN lite for Windows (ZEISS Microscopy, Carl Zeiss
Promenade, Germany).

E) Tissue Processing for Histopathology
The left adrenal glands were also dissected and �xed in 10% formalin solution. Routine para�n wax
embedding procedure was followed and 5-µm sections were stained with hematoxylin-eosin (H-E) (cat #
W01030708, Bioptica, Milano, Italy) and Mallory Azan (cat # 04-020802, Bioptica, Milano, Italy). The
slides were evaluated under Zeiss Axio imager A2 (Carl Zeiss Microscopy, LLC, USA) light microscope and
photomicrographed.

F) Statistical Analysis
All data were analyzed using IBM SPSS Statistics 25 (SPSS Co., Chicago, IL, USA). Results were shown in
mean ± standard deviation (SD). Comparisons between groups were calculated by one-way analysis of
variance (ANOVA) and then further analyzed by post-Hoc Tukey test. A p value < 0.05 was considered as
statistically signi�cant. All raw data of psychopharmacological test, morphometric measurements and
MDA values was supplied as Supplemental data �le.

Results

Psychopharmacological Findings
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Open Field Test
The difference between groups was not statistically signi�cant in terms of total covered distance (p = 
0.295) and time spent in the center (p = 0.582, index of anxiety) (Fig. 1).

Elevated Plus Maze
When compared with the control group, a decrease in the time consumed in the open ends was observed
in the stress group (p = 0.023, index of anxiety). Time spent in the open ends was shown in Fig. 2 for each
group.

Forced Swimming Test
Regarding immobilized time of mice passed in the forced swimming test is shown in Fig. 3. The highest
immobilized time was in the stress + vitamin E group. The decreased time in the vitamin E group was
statistically signi�cant compared to the stress group. The immobilized time in the stress group was
statistically higher than in that of the control group (p = 0.04).

C) MDA Analysis
Tissue MDA value of the stress group was signi�cantly higher than that of the control group. The vitamin
E and the stress + vitamin E showed lower MDA value than stress group and the results were statistically
signi�cant (p = 0.01 and p = 0.034) (Fig. 4).

D) Morphometric Findings
All groups showed no statistically signi�cant changes in total body weight before and after the
experiment (p > 0.05) (Fig. 5).

E) Histopathological Findings
Capsule thickness was signi�cantly lower in the stress group compared to the vitamin E and control
groups (p = 0.016 and p = 0.048, respectively). However, the difference between vitamin E and stress
groups was relatively less than that of the vitamin E and control groups. There was no signi�cant
difference between the stress group and the stress + vitamin E group (p > 0.05) (Fig. 6a).

Cortex thickness of both vitamin E and control groups was signi�cantly higher than that of the stress
group (p = 0.003 and p = 0.016, respectively). However, cortex thickness between stress and stress + 
vitamin E groups was not signi�cant (p > 0.05) (Fig. 6b).

Hematoxylin-Eosin staining
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The adrenal gland was histologically normal with a �brous capsule in the control group. The zones of
glomerulosa, fasciculata, and reticularis were evident. (Fig. 7a). In sections of the stress group, cortical
atrophy and medullary hypertrophy were observed. The size of all three cortical zones reduced, but the
zone most atrophied was the zona glomerulosa. Vascular dilatation and hemorrhage were seen in the
medulla (Fig. 7b). Adrenal sections of the vitamin E group showed normal histological structure with the
capsule, cortical layers, and medulla. The �brous capsule, cortex, and medulla were histologically similar
to the control group (Fig. 7c). In the stress + vitamin E group, histopathological �ndings (size of cortex,
hemorrhage, vascular dilation, apoptosis) were mostly recovered compared to the stress group. The
appearance of zones of glomerulosa, fasciculata, and reticularis and medulla seemed closer to that of
the control group (Fig. 7d).

AZAN staining
In the sections of the control group stained with AZAN, the adrenal gland was histologically normal.
Capsule was normal, and zona glomerulosa beneath the capsule was observed with dense nuclei and
mitotic activities (Fig. 8a). In the sections of the stress group, the capsule diameter decreased, and the
medulla size increased. Some regions of medulla had minimal interstitial �brosis, while dense �brosis
was observed in the corticomedullary region (Fig. 8b). In the sections of the vitamin E group, normal
adrenal gland histology was observed. Capsule, cortical zones, and medulla were structurally similar to
the control group (Fig. 8c). In the stress + vitamin E group, decreased interstitial �brosis and vascular
dilatation were observed. The histological structure of the adrenal cortex and medulla were similar to the
control group (Fig. 8d).

Discussion
In this study, the effects of vitamin E on the adrenal gland were investigated in the immobilization stress
model. Mice were subjected to immobilization stress six hours a day for one week. Our results revealed
that stress-induced structural changes such as cortical atrophy, medullary hypertrophy, dilated capillaries,
�brosis, and hemorrhage were observed in the adrenal gland, con�rming the �ndings of previous studies.
[4, 20, 21] Moreover, we have demonstrated that vitamin E has a protective effect on these stress-induced
changes.

Stress is a process that plays an active role in the pathogenesis of various diseases in rodents by
deteriorating the physical, biochemical, and psychological parameters. [22] A study showed that stress
has the potential to increase symptoms of anxiety and depression. [23] In this study, immobilization
stress also caused severe anxiety-like behavior and depression as compared with unstressed animals.
Experimental studies demonstrated that vitamin E has antidepressant-like effects. [24, 25] The depression
level of the mice in the stress group increased signi�cantly in the forced swimming test, while the
depression level of the vitamin E group was decreased (Figs. 1,2 and 3).



Page 7/16

Exposure to stress may elevate the production of free radicals and impair the antioxidant defense system,
leading to oxidative damage and imbalance between oxidant and antioxidant factors. [26–28] We
measured MDA (a biomarker of lipid peroxidation) levels, which was the highest in the stress group. MDA
levels in the vitamin E treated groups were signi�cantly lower than that of the stress group (Fig. 4). These
results con�rmed that vitamin E has antioxidant effects that can protect the adrenal gland tissue from
stress-induced oxidative stress.

Exposure to immobilization stress also causes histopathological changes in the stomach, intestine, testis,
and adrenal gland in male rats. [29–31] Morphometric measurements revealed that capsule and cortex
thickness signi�cantly decreased in the stress group (Fig. 3). Studies have shown that the zona
glomerulosa is the major zone of mitosis and that the zona reticularis is the region with most cell deaths.
[32–34] The histochemical observations in the present work showed that the control and vitamin E
groups indicated similar histological appearances (Fig. 7a, c). Cortical atrophy was observed in the stress
and stress + vitamin E groups. This was because of the balance between mitosis and cell death. In our
case the balance was in favor of cell death. However, atrophy in the stress + vitamin E group was lower
than in the stress group, suggesting vitamin E induces cortical cells to drive mitosis.[33] Vascular
dilatation, congestion, and hemorrhage were also seen in this group. Generally, the stress + vitamin E
group showed histology similar to the control group (Fig. 7b,d).

El-Refaiy [35] and Rai et al [36, 37] showed that exposure to stress increased �broblasts and collagen
�ber synthesis, leading to the thickening of the testis basement membrane. Furthermore, increased
�brosis in the colon mucosa of rats exposed to stress due to collagen synthesis has also been
documented. [38] El-Desouki et al. [25] stated that immobilized stress ultrastructurally caused elevated
levels of collagen �bers in the rat adrenal cortex. In the AZAN-stained sections, the control group and the
vitamin E group showed no �brosis (Fig. 8a, c). Interstitial �brosis through the adrenal cortex was seen in
the stress group, but dense �brosis was observed in the corticomedullary region. Excessive vascular
dilatation, congestion, and hemorrhage were also observed in the stress group. In the stress + vitamin E
group, those symptoms were mostly recovered, but signs of �brosis were still evident (Fig. 8b, d).

In conclusion, immobilization stress may be responsible for the psychopharmacological, morphometric,
and histochemical changes in the immobilization stress-induced mouse adrenal gland, and vitamin E
may be protective against these alterations.
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Figures

Figure 1

shows open �eld test parameters (distance covered and time spent in the center) for all groups.

Figure 2

shows elevated plus maze results (time spent in the open ends) for all groups. * shows signi�cance of
the stress vs control group.
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Figure 3

shows the immobilized time passed in the forced swimming test for all groups. * shows signi�cance of
stress vs. control group, ** vitamin E vs. stress groups.
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Figure 4

shows the tissue MDA values of all groups.* shows signi�cance of the stress vs control group, ** Vitamin
E treated groups vs stress groups.

Figure 5
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Difference in total body weights before and after the experimental protocols for all groups.

Figure 6

a) Adrenal capsule thickness of all groups. b) adrenal cortex thickness of all groups. * control vs. stress
group, ** vitamin E vs. stress group.
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Figure 7

a) Normal histological view of the adrenal cortex and a medulla in the control group. Zona glomerulosa
(ZG), zona fasciculata (ZF), zona reticularis (ZR), medulla (M), cortex (C), and capsule (cap) with
surrounding adipose tissue are seen. (H-E, Scale Bar: 50 μm). b) cortical atrophy, zona fasciculata with
pyknotic nuclei (double-tailed arrow), and medullary hypertrophy with vascular dilatation (asterisk) in the
stress group section. C: cortex, M: medulla, Cap: capsule. (H. E, Scale Bar: 50 μm). c) Adrenal section of
the vitamin E group. The capsule (cap), adrenal cortex (C), and medulla (M) were seen in normal
histological structure (he, Scale Bar: 50 μm). d) Cross-section of the adrenal gland with surrounding
adipose tissue in the stress+vitamin E group. The gland seems to be histologically normal except for
medullary vascular dilatation. C: cortex, M: medulla. (H. E, Scale Bar: 50 μm).
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Figure 8

a) Azan-stained control group sections with capsule (cap), cortex (C), and partially medulla (M). (AZAN,
Scale Bar: 20 μm). b) Increased interstitial �brosis (arrowhead) in the corticomedullary border and
hypertrophic medulla with vascular dilatation and hemorrhage (asterisk) in the stress group. C: cortex, M:
medulla, Cap: capsule. (Azan, Scale Bar: 50 µm). c) Adrenal section of the vitamin E group. The normal
histological appearance of capsule (Cap) cortex (C) with cortical sinusoid (arrowhead) and medulla (M)
(Azan, Scale Bar: 20 µm). d) Normal histological view of an adrenal section with decreased interstitial
�brosis (arrowhead) in corticomedullary border and vascular dilatation (asterisk) in the medulla in the
stress+vitamin E group. C: cortex, M: medulla, Cap: Capsule. (Azan, Scale Bar: 50 µm).
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