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Abstract

Background: Women are sensitized to stress-related psychiatric disorders, such
as depression and anxiety. Several studies have shown that follicular development
and ovarian reserve are reduced after chronic stress.

Objectives: In this experimental study, the effect of oral consumption of pistachio
oil was evaluated on mice models undergoing chronic unprintable mild stress.
Material and Methods: 6-8-week-old female C57BL/6J mice were randomly
divided into 4 groups: one control and three experimental groups (h= 8). Animals
in experimental groups (I, I1, and 111 groups) were exposed to a variety of chronic
unpredictable stress for 4 weeks. Then, the mice in | and 11 groups were fed orally
1 and 4 ml/kg/day pistachio oil for 4 weeks, respectively. Animals in the Ill and
control groups received tab water. Forced swimming test (FST), sucrose
preference test (SPT), and tail suspension test (TST) were performed to evaluate
behavioral despair and hedonic level in mice. Their ovaries were analyzed for the
number and diameter of primordial, primary, secondary, and antral follicles.
Results: FST showed depressive-like behavior to be increased in stress groups
compared with the control. According to SPT, greater data deviation was observed
in the control mice compared to the experimental groups (P = 0.036). Follicle cell
numbers showed a significant decrease in the | and 11l groups compared to the
control (p = 0.034). In addition, there was a remarkable decreasing trend in the
diameter of secondary and antral follicles in the I and 111 groups (p = 0.039).
Conclusion: This study demonstrates that pistachio has protective impacts on
unpredictable chronic mild stress in the mice model. Therefore, pistachio could be
a potential medical supplement for improving follicular development and ovarian
reserve.
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1. Introduction

Women in the fertility age are susceptible to
stress-related psychiatric disorders, such as
depression and anxiety [1] . The prevalence of
these disorders in women is approximately 2 to
3 times higher than in men [2]. Studies have
shown important relationships between sex
hormones and stress [3, 4] . Some researchers
have reported that the changes in reproductive
hormone levels are associated with the
pathophysiology of stress and depression
disorders [5, 6] . Moreover, chronic stress affects
specifically women's reproductive functions,
leading to ovulation disorders and infertility; for
example, repeated stress can damage oocyte
maturation. [7] . Chronic stress may also alter
follicular growth and lead to a decrease in antral
follicles by activating the sympathetic nerves in
the ovary[8]. In animals, different stress models
have been developed to better clarify stress.
Unpredictable chronic mild stress (UCMS) is
defined as exposure to some mild stress in
experimental animals[9]. Studies have shown
that UCMS is a condition in rats similar to
human depression [10, 11]. Xu et al. (2020)
report that unpredictable chronic stress not only
prevents the development of secondary follicles
and antral follicles in mice but also increases
follicular atresia [12].

The follicles are the basic units of the ovary,
being able to produce oocytes and secrete steroid
hormones. In mammalian ovaries, primary
follicles are arranged during the embryonic
stage. Existing follicles may eventually lead to
ovulation or atresia. Therefore, the growth and
development of follicles play a vital role in
female reproduction. This process is not only
influenced by various growth hormones,
endocrine, exocrine, and paracrine factors, such
as brain-derived neurotrophic factor (BDNF) but

also is regulated by a variety of signaling
pathways [13] . Although BDNF is primarily
produced by the brain and affects the growth and
survival of nerve cells, it may be associated with
depression; also, it is expressed in the ovaries
[14] . BDNF activates its downstream protein
kinase signaling pathway, rapamycin (PI3K-
AKT-mTOR) phosphoinositide-3 kinase, after
binding to its specific receptor. The PI3K-AKT-
mTOR signaling pathway plays a key role in cell
proliferation, differentiation, apoptosis, as well
as activation of primary follicles and oocyte
meiosis [15] . Furthermore, Liu (2019) has
reported PI3K-AKT-mTOR signaling pathway
activated by BDNF in polycystic ovary
syndrome (PCOS) and premature ovarian failure
(POF) [16].

Pistachio nuts (Pistacia vera) are unique
sources of wvarious compounds, such as
unsaturated  fatty acids, [-carotene, a-
tocopherol, flavonoids, and lutein [17]. Further,
pistachios have been shown to have antioxidant
and anti-inflammatory factors [18]. Unsaturated
essential fatty acids in pistachio oil (oleic,
linoleic, and linolenic acid) can prevent
cardiovascular disease and elevated cholesterol
in the human body. The oil contains mineral
elements, including selenium, zinc, calcium,
potassium, iron, and magnesium [19].
According to some studies, compounds in
pistachio oil inhibit the production of nitric
oxide (NO). Since this compound can inhibit
steroidogenesis, pistachio and its oil is used as
herbal medicine to treat sexual-related diseases,
such as sexual impotency [20, 21]. There is
much evidence that shows the effect of
phytosterols on the sexual cycle and sex
hormones [22]. Beta-sitosterol is one of the main
phytosterol in the nuts. Further, it has been
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reported that pistachios have high levels of beta-
sitosterol, campesterol, and stigmasterol [23].
Since the effect of pistachio oil (pistacia vera)
on the ovary is not clear, this study aims to
investigate its effect on the development of
follicles in the stress model on female mice.

2. Materials and methods

2.1. Plant material collection and oil
extraction

Fresh fruits of Akbari pistachio were
approved by an expert in the Department of
Botany, Rafsanjan Valiasr University, Iran
(genetic code: M30). Oil extraction was
conducted after drying and using the cold press
method, and the filtered oil (centrifuged at 5000
rpm for 10 min) was stored in the refrigerator
[24].

2.2. Animals and ethics

In this experimental study, thirty-two 6-
8weeks old female C57BL/6J mice (28.32+3.2
g) were obtained from Yazd Reproduction
Sciences Institute, Shahid Sadoughi University
of Medical Sciences, Yazd, Iran. The animals
were housed in individual cages in a climate-
controlled room and under conditions of 12 h
light/dark and 50 % relative humidity. Animal
treatment methods were reviewed and approved
by the Ethics Committee of Yazd Reproduction
Sciences Institute, Shahid Sadoughi University
of Medical Sciences, Yazd, Iran.

The mice were randomly assigned to control
or experimental groups (I, Il, and Il groups).
Animals in the control group received water
intragastrically (n=28). Experimental groups (I,
I1, and 111) were exposed to a variety of chronic
unpredictable stress for 4 weeks (n=eight in each
group) [25]. To have the stress-induced model,
animals were exposed to sequential stressors,
including electric foot shock (20 secs, 0.6 mA,
1-s duration, average 1 shock/10s), food
deprivation (24 h), crowding (10 hours, 5-6

mice cage), water deprivation (24 hours), wet
bedding (15 hours), an elevated open platform (2
hours, 10 cm x 10 cm, 160 cm in height), and
restraint stress )2 h) [25] . After 4 weeks, stress-
induced mice in | and Il groups were fed orally
1 and 4 ml/kg/day pistachio oil for 4 weeks,
respectively. Animals in the Il group received
tab water as a vehicle gavage after sequential
stressors.

2.3. Behavioral tests

At the end of the treatment, forced swimming
test (FST), sucrose preference test (SPT), and
tail suspension test (TST) were performed to
evaluate behavioral despair and anhedonia level
in mice, respectively [26]. For FST, the mice
were forced to swim in a water cylinder (21 cm
diameter x 46 cm high containing 30 cm depth
of water 25 °C), and the immobility time was
assessed using a SMART video-tracking system
in each mouse (Panlab, Spain). For SPT, there
were two bottles of 1.5% sucrose for 24 h, one
of which was replaced with water for the next 24
h. Later, the mice were allowed to 18 h of food
and water deprivation, followed by the weight of
sucrose; water were masured after 1 h. The
weight ratio of sucrose solution to that of total
fluid intake was calculated [27]. TST is used to
measure stress affecting depression; thus, the
mice were individually suspended by their tail
from the tip using adhesive scotch tape in a box,
and their behavior was recorded over a 6-min
period. At first, suspended mice trended to
escape and then adopted an immobile posture;
the immobile time was measured. The weight
gain of each mouse was measured weekly. In the
end, the mice were euthanized by cervical
dislocation on the morning of metestrus, and
their ovaries were analyzed for primordial,
primary, secondary, and antral follicles.

2.4. Histological analysis
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Ovaries were fixed in 10 % formaldehyde at
4 °C. Tissues were dehydrated in a graded
alcohol series, followed by clearing in xylene
and embedding in paraffin wax. Ovaries were
cut serially in 7 pm thickness from each ovary
along the long axis of the entire ovary. Finally,
glass slides were stained with hematoxylin and
eosin. Next, the stained sections were evaluated
by an expert unaware of the treatments. The

follicles were categorized as primordial,
primary, secondary, and antral follicles.
Primordial follicles contained an oocyte

surrounded by a single layer of flattened
follicular cells. When granulosa cells became
squamous or cuboidal shapes, follicles were
classified as primary. Oocyte surrounded by 2 or
3 layers of granulosa cells were classified as
secondary. Follicles with a markedly enlarged
antrum and a visible follicular antrum were
classified as antral follicles. The number and
diameter of each follicle (primordial, primary,
secondary, and Antral ) were evaluated and
finally compared among groups [28].

2.5. Statistical analysis

Data analysis was performed using the
statistical software SPSS 20.0. Differences
between body weight, behavioral tests, as well
as the number and diameter of follicles, in the
control and experimental groups were compared
using a two-sample Student t-test or one-way
analysis of variance (ANOVA), followed by a
Tukey post hoc test. A P < 0.05 was considered
statistically significant, and data were presented
as mean + SEM. All graphs were performed with
GraphPad Prism 8.0 software.

3. Results

As observed in Fig. 1A, the mean of the body
weight of the control and treated groups was
significantly different (p <0.05). The results
showed that body weight gain in the stress
groups was persistently lower than the control

group after being exposed to stressors for 4
weeks. This was first evident by the end of week
3.

According to Fig. 1B, after 4 weeks of
stimulation, the duration of immobility in FST
depressive-like behaviors in stress-induced
groups was increased in comparison with the
control group (p = 0.034). The percentage of
sucrose preference in control mice showed
greater data deviation compared to the I, I, and
1l groups (p = 0.036) (Figure 1C). The
immobility results in TST showed mice in the I,
I, and Ill groups to have significantly lower
mobility than those in the control group (p =
0.016) (Fig. 1D).

Histopathological results are shown in Fig. 2.
According to the obtained results of the stress-
induced model, the follicle number was different
in experimental groups compared to the control.
Primordial follicle number showed a significant
decrease in the I and Il groups compared to the
control (p = 0.034). The I and Il groups
displayed fewer primary numbers compared to
mice in the control group after 4 weeks (p =
0.02). Also, there was a significant decrease in
the number of secondary follicles in the I and 11l
mice (p <0.001). In the I and Ill groups, the
number of antral follicles was significantly
decreased compared to the control (p =0.041).
Furthermore, no significant difference was
observed in the number of primordial, primary,
secondary, and antral follicles in the Il group
after stress-induced depression (Fig. 2A). In
addition, there was a remarkable decreasing
trend in the diameter of secondary and antral
follicles after 4 weeks in the I and Il groups (p
= 0.039); however, the diameter of primordial
and primary follicles was not varied (Fig. 2B).
Also, no significant alteration was observed in
the diameter of the primordial, primary,
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secondary, and antral follicles in the Il group
compared to the control (Fig. 2B).
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Fig.1 Oral administration of pistachio oil (Pistacia vera) to the mice model undergoing chronic unpredictable
mild stress: A) Weight changes, B) Immobility time (in seconds) in the forced swim test, C) Percentage of sucrose
preference, D) Immobility time in tail suspension test; The mice in experimental groups (1, 11, and Il groups) were
exposed to a variety of chronic unpredictable stress for 4 weeks. The mice in | and Il groups were fed orally 1 and
4 ml/kg/day pistachio oil for 4 weeks, respectively. Animals in the Il group received tap water. Animals in the
control group received water intragastrically (n=8 animals in each group). p values < 0.05 as compared to control
animals.
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Fig. 2 Oral administration of pistachio oil (Pistacia vera) to the mice model undergoing chronic unpredictable
mild stress: A) The number of primordial, primary, secondary, and antral follicles, B) The diameter of primordial,
primary, secondary, and antral follicles; The mice in experimental groups (I, Il, and I11 groups) were exposed to a
variety of chronic unpredictable stress for 4 weeks. The mice in the | and Il groups were fed orally 1 and 4
ml/kg/day pistachio oil for 4 weeks, respectively. Animals in the 111 group received tap water. Animals in the
control group received water intragastrically (n=8 animals in each group). p values < 0.05 as compared to control
animals.
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Fig. 3 Histopathological results after oral administration of pistachio oil (Pistacia vera) to the mice model
undergoing chronic unpredictable mild stress (:A) The control group received water intragastrically, B) the
I group was fed orally 1 ml/kg/day pistachio in a variety of chronic unpredictable stress for 4 weeks, C)
The Il group was fed orally 4 ml/kg/day pistachio oil in a variety of chronic unpredictable stress for 4 weeks,
D) The Il group was exposed to a variety of chronic unpredictable stress for 4 weeks and received tap
water. An: antral follicle, Pri: primary follicle, Pm: primordial follicle, Sec: secondary follicle; Scale bar =

100um.

3. Discussion

In this study, we evaluated the effects of
pistachio oil (Pistacia vera) on follicle
development in 57BL/6J mice models
undergoing chronic unpredictable mild
stress. The results of body weight showed
that weight significantly decreased in
stressed animals compared to the control
group. Several studies have indicated that

stress has a negative effect on body weight
[29, 30]. Further, some studies have
discussed that stress negatively affects food
intake, which is the main factor for weight
reduction. However, to date, the mechanism
of body weight changes in stress remains
unidentified [31, 32].

Pistachio and Health Journal/ Vol. 4, No. 2, Spring 2021, 40-51
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Stress is one of the most common
problems related to reduced life happiness
and decreased functional reaction [33]. The
present study showed the pistachio oil to have
a positive effect on immobility in FST in
mice stress model. There was a significant
difference between FST in stress-induced
groups and the control. Also, there was no
significant  difference  between  the
experimental group that received 4 mg/kg
pistachio oil and the control group in FST.
Previous reports have demonstrated that
immobility in FST is higher in stress model
animals than those normal [34, 35]; this is in
line with our findings. Hakimizadeh et al. (
2019) have evaluated the effect of pistachio
on behaviors in the mice menopause model.
They report that 10 and 100 mg/kg pistachio
could reduce anxiety-like behavior in
menopause model animals [36].

In a study, researchers demonstrate the
effect of pistachio on anxiety in Wistar rats.
Their results show that tannin and flavonoids
in pistachio hydroalcoholic extract can
decrease the level of anxiety in animals [37].
The results of another study (2014) indicate
that pistachio can play an essential role in
depression control; according to the research
results, the level of omega 3 in pistachio is
possibly the effective factor in depression
control [38].

The results of the present study showed
TST in stress model groups to be
significantly higher than the control group.
Pistachio oil (4 mg/kg) could significantly
decrease TST compared to other groups
under chronic stress.

Studies have shown that stress can
increase TST in experimental animals. Rabiei
et al. (2017) evaluate the effect of grapeseed
oil on behavioral factors in depressed mice.
Their results show TST to be lower in the
control group than the stress model mice; this
is consistent with our findings. They indicate
that grapeseed oil (60 mg/kg) decreases TST
in depressed mice; they further conclude that
depression and stress increase the level of
inflammatory factors, including interleukin-6
and tumor necrosis alpha (TNFa). Several
fatty acids in grapeseed can decrease these
inflammatory factors in stress model mice
[39]. Some of its fatty acids and compounds
are similar to pistachio, being possibly
responsible for the similarity in results.

Histologic evaluation in the present study
showed that primordial, primary, secondary,
and antral follicles in stressed animals
decreased, and when animals were treated
with pistachio oil (4 mg/kg), the number of
follicular cells increased.

In the human body, elevation in reactive
oxygen species (ROS) is related to decreased
antioxidant  defense,  thus  affecting
physiological functions negatively [40]. It
has been established that stress and
depression can increase the level of ROS in
the body. ROS affects all tissues and systems,
including the brain, heart, endocrine, and
reproductive system [41].

Previous research has shown that
compounds in pistachio oil inhibit the
production of nitric oxide (NO). NO is the
main factor that can decrease the secretion of
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hormones and prevent the steroidogenesis
pathway [20].

Recently, Behmanesh et al. ( 2021 ) have
shown that P. atlantica pistachio can be used
to treat streptozotocin-induced diabetic rats
in order to reduce ovarian complications.
They conclude that the oxidative stress (OS)
pathways are activated in diabetic cases,
affecting ovarian function negatively. Also,
they state that P. atlantica pistachio possibly
increases antioxidant activity, which reduces
OS levels. Therefore, the reduction of OS is
effective in ovaries function [42].

In another study, Mohammadi-Nasab et
al. evaluate the effects of pistachio oil on
depression and similar anxiety behaviors in
female rats with letrozole-induced PCOS.
The FST test shows that PCOS conditions
lead to increased immobilization time in the
FST. PCOS animals show significant anxiety
behaviors. Pistachio oil of 1 and 4 ml/kg
completely decreases behavioral parameters;
it can decrease depression and anxiety in
mice[43].

Shariati et al. (2013) evaluate the effects
of pistachio oil on the pituitary-gonadal axis
and testicular tissue changes in adult male
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