JBRA Assisted Reproduction 2021;25(1):28-33
doi: 10.5935/1518-0557.20200044

Original article

Pistacia atlantica’s effect on ovary damage and oxidative stress in
streptozotocin-induced diabetic rats

Mohammad Amin Behmanesh!, Seyedeh Mahsa Poormoosavi?, Yousef pareidar?, Behnam ghorbanzadeh?,

Ahmad Mahmoodi-kouhi®, Hossein Najafzadehvarzi®

Department of Histology, School of Medicine, Dezful University of Medical Sciences, Dezful, Iran
2Department of Histology, School of Medicine, Research and Clinical Center for Infertility Dezful University of

Medical Sciences, Dezful, Iran

3Department of Gastroenterology, School of Medicine, Dezful University of Medical Sciences, Dezful, Iran
“Department of pharmacology, School of Medicine, Dezful University of Medical Sciences, Dezful, Iran
5Student Research Committee, Dezful University of Medical Sciences, Dezful, Iran

6Cellular and Molecular Biology Research Center, Health Research Institute, Babol University of Medical Sciences,

Babol, Iran

ABSTRACT

Objective: Diabetes mellitus (DM) is associated with
numerous complications, including gonadal dysfunction.
There are specific traditional medicine remedies for DM,
including medicinal herbs. Our study aimed to evaluate the
role of Pistacia atlantica’s extract in the protection against
ovary damage by streptozotocin (STZ)-induced DM in rats.

Methods: We ran this experimental study on 40
adult female Wistar rats. We divided the animals into five
groups, control (A); DM (STZ by 60 mg/kg- intraperitone-
ally) (B); DM + hexane extract of P. atlantica (200 mg/
kg -orally) (C); P. atlantica extract (D) and DM + glib-
enclamide (200 mg/kg -orally) (F). The experiment con-
tinued for four weeks, and we administered the extract
daily. After slaughtering the rats, we removed the ovaries.
We assessed parameters, such as blood glucose and levels
of oxidative stress markers as well as histological ovary
structure.

Results: Blood glucose, malondialdehyde (MDA) lev-
els, and the number of atretic follicles were elevated; cat-
alase (CAT), superoxide dismutase (SOD) levels and the
number of corpora lutea were significantly decreased in the
untreated diabetic rats. These changes returned to normal
or diminished with P. atlantica extract and glibenclamide in
the treated rats.

Conclusions: The extract of P. atlantica has antihy-
perglycemic and antioxidative properties, and it decreased
ovarian complications in experimental diabetes mellitus.
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INTRODUCTION

Diabetes mellitus (DM) is a pathological condition,
which is associated with numerous complications, such as
metabolic disorders and tissue alterations. The etiology of
DM involves oxidative stress (Coskun et al., 2005), which
stems from poor antioxidant defense mechanisms and the
production of reactive oxygen species (ROS) (Rajasekaran
et al., 2005). In addition, DM causes some disorders in the
function and structure of ovaries such as changes in the
estrous cycle, decreasing number of luteal cell, disruption
of ovarian steroidogenesis and follicle growth and ovulation
(Garris et al., 1985).

Antioxidant defense mechanisms are physiological pro-
tective processes against free radical production and its
subsequent complications (Halliwell & Gutteridge, 1984).
These mechanisms change in patients with DM, which in
turn diminishes the scavenging effects against free radicals
to examine the level of tissue damage (Wohaieb & Godin,
1987).

In the studies on animal models with DM, such as the
diabetic rats induced by alloxan or streptozotocin (STZ),
high levels of oxidative stress have been reported, which
could be caused by chronic hyperglycemia. Such condi-
tions lead to the depletion of antioxidant defense, thereby
increasing the risk of free radical production (Coskun et al.,
2005; Rajasekaran et al., 2005). In addition to diabetes
type I, STZ causes oxidative stress, hyperglycemia, and
subsequent complexities in pathology and etiology.

Insulin is released from pancreatic B-cells through
stimulation by sulfonylureas (e.g., glibenclamide), which
are among the agents commonly used in the treatment of
type I diabetes. Glibenclamide is also the drug of choice
for the treatment of the models with moderate STZ-in-
duced DM (Ivorra et al., 1988). However, sulfonylureas
have limited application due to the high rate of secondary
failure, various side effects, and pharmacokinetic features
(Kameswara Rao et al., 1997). Consequently, researchers
have been concerned with the discovery of new medicines
for the treatment of DM. Some herbal medicines were
evaluated for their anti-diabetic effects in experimental or
clinical studies. Moreover, these plants have fewer toxic
and side effects when compared to synthetic drugs (Pari
& Umamaheswari, 2000). Medicinal herbs are abundant
sources of antioxidants, such as vitamin C and E, tannins,
flavonoids, and carotenoids. Another prominent feature of
plant-based drugs is the ability in scavenging and prevent-
ing oxidative stress (Rajasekaran et al., 2005).

Alternative treatments for DM involve the use of medic-
inal herbs; such example is Pistacia plants known by the
English common name Mt. Atlas mastic tree and the local
name in Iran is Baneh, which belongs to the Anacardiaceae
family and grow in the Zagross region (Iran) (Hashemnia
et al., 2015). The plant epidermis contains variable lev-
els of phenolic substances, which significantly lower the
oxidation process pace (Saeb et al., 2005). In addition,
the Pistacia herbal extract has antioxidant, antimicrobial,
antiatherogenic, anti-inflammatory, hypoglycemic, and
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anti-insect effects (Hamdan & Afifi, 2004). In addition, it
has diuretic and stimulant effects, as well as urinary and
respiratory antiseptic properties (Ghalem & Mohamed,
2009). Eftekharafzali et al. (2018) reported tha P. atlan-
tica is significantly effective without severe side effects in
dyspepsia, in a clinical trial. Pistacia atlantica is used for
multiple purposes, such as in some stomach diseases, re-
nal disorders, wounds and coughs (Mahjoub et al., 2018).

The present study aimed to investigate the effects
of P. atlantica herbal extract via oral administration on
blood glucose levels and oxidative/antioxidant status and
histomorphological changes in the ovaries of the rats with
STZ-induced DM.

MATERIALS AND METHODS

Animal Housing and Animal Grouping

For this experimental study, we obtained forty adult
female Wistar rats (10-14 weeks old, 200+£20g) from the
Dezful University of Medical Sciences Animal house (Dez-
ful, Iran) and used them in a completely randomized de-
sign. We randomly distributed the animals, which had the
same strain, color and age into groups. During the study,
all the rats were kept under controlled light and dark con-
dition (12-hour light/12-hour dark cycles) at room tem-
perature (25+2°C), and had free access to food and water.
The Ethics Committee of Dezful University approved the
study, and all the experiments were performed in accor-
dance with the guidelines for the safe handling of animals
(Smith et al., 2018).

We randomly divided the animals into five equal groups
(n=8/group): Group (A) served as the control group and
received a daily oral gavage of normal saline; Group
(B) diabetic rats, received streptozotocin (STZ). Group
(C), diabetic rats received P. atlantica extract (200 mg/
kg) (Hashemnia et al., 2015) daily by gavage. Group (D)
non-diabetic rats received similar doses of P. atlantica ex-
tract alone. Group (E) diabetic rats received glibenclamide
(200 mg/kg) daily by gavage. All treatments were given
daily by an oral gavage, for 4 weeks (Hosseinifar et al.,
2011; Behmanesh et al., 2018). At the end of the experi-
ment, the rats were anaesthetized with sodium thiopental
(30 mg/kg) and slaughtered. Then the ovaries were har-
vested.

We induced the diabetes in the rats through a single
intraperitoneal injection of 60 mg/kg (Hosseinifar et al.,
2011) of STZ (CAS No. 18883-66-4) Solarbio Company
(China). Then, we fasted the rats for 12h before the STZ
injection (ABD El-Kader et al., 2019). We selected those
rats with blood glucose levels higher than 250 mg/dl, and
with polydipsia and polyuria, for at least 3 days. During
the course of the experiment, we measured their blood
glucose once every two weeks (The first day of diabetes,
15 days after diabetes and 30 days after diabetes) (Beh-
manesh et al., 2017). We collected the blood from the tail
of the animals after 12h fasting (James et al., 2016), using
an Easy On-Call Extra Gluco glucometer (ACON, USA).

P. atlantica preparation

We obtained the P. atlantica fruits from the local mar-
ket and dried them using the bin drying method. We sepa-
rated the P. atlantica seeds manually, from the pulp of the
dried fruits and grounded it into powder. We extracted the
powder using N-hexane (1:4, w/v) for 48 h in the dark. We
pooled and concentrated the filtrates under vacuum at a
temperature, not exceeding 60°C. We stored the extracts
at —20°C until time to use it. We selected this protocol ac-
cording to the Hashemnia et al. (2015) study.
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Biochemical and histological evaluation

We homogenized the weighed amounts of ovary tissues
(20mg) (Ugochukwu et al., 2003), and the supernatant of
homogenized ovary tissues was used for the activity of:

e superoxide dismutase (SOD), assayed by the Misra

& Fridovich (1972) method.

e (Catalase (CAT) was assayed by the Takahara et al.
(1960) method.

e lipid peroxidation using malondialdehyde (MDA)
levels was assayed by the Sunderman et al. (1985)
method.

We fixed the ovary samples from each rat in 10% for-
malin. We prepared the 5-6u sections, with 20y intervals,
using the paraffin embedding techniques with a rotary mi-
crotome (RM2235, Leica Company from USA). We used
hematoxylin-eosin to stain the ovary for structural and
histopathological examination. For the histomorphometric
study, we used photomicrographs taken from sections us-
ing an Olympus optical microscope equipped with a dino
lit camera, at a magnification of 4x, 10x and 40x and
used the dino lit software to extract the data. We counted
the numbers of primordial, primary and secondary follicles
under a 40x magnification; we counted the antral and ar-
tesian follicle under a 10x microscopic magnification. In
addition, we measured the diameter of follicles containing
oocytes with germinal vesicles in each animal, three sec-
tions from one animal in each group, and three randomly
chosen areas in each section. The sections were quanti-
tatively (morphometric) and qualitatively (morphologic)
evaluated. Base on the literatures and related research;
ovarian dysfunction in diabetic rats is associated with de-
creasing number of follicles and follicular atrophy as well
as changes in lipid peroxidation and antioxidant defense
(Nayki et al., 2017; Erbas et al., 2014).

Statistical Analysis

We ran all the analyses using the SPSS version 16. We
analyzed the group’s variance using the one-way Analysis
of variance (ANOVA), and the Fisher’s least significant dif-
ference test (LSD) to evaluate significant differences be-
tween the groups. A p<0.05 was considered statistically
significant.

RESULTS

Table 1 depicts the effects of oral administration of the
P. atlantica extracts and glibenclamide on the blood glu-
cose in the diabetic rats. Blood glucose concentrations in
the untreated diabetic rats were significantly higher than
those of the other groups (p<0.05). There were no signifi-
cant differences in blood glucose between treated diabetic
groups (p<0.05). The control group did not show any sig-
nificant alterations in blood glucose level during the course
of the study.

Table 2 shows the biomarkers associated with the an-
tioxidative status in the various groups. In the course of
diabetes, there was a significant (p<0.05) reduction in
SOD and CAT activities. Treatment of diabetic rats with P.
atlantica extract and glibenclamide increased SOD and CAT
activities. There was no difference (p<0.05) in SOD and
CAT levels among normal rats. There was a significantly
(p<0.05) elevated level of MDA in diabetic control rats,
compared with diabetic rats treated with P. atlantica and
glibenclamide. There was no difference (p<0.05) in the
levels of MDA among normal rats.

Table 3 shows the number of corpora lutea, antral
follicles, atretic follicles, and preovulatory follicles, of all
groups. The mean number of atretic follicles increased
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Table 1. Mean £+ SD of the blood glucose levels of rats
in different groups
Groups Parameter
Blood glucose (mg/dl)
Group A 111.3+3.12
Group B 379.1+4 23becd
Group C 132.7+2.4°
Group D 110.2+2.3¢
Group E 124.5+3.3¢

Same superscript in each column indicate significant dif-
ferences at p<0.05.

Group (A) which served as the control group and received
a daily oral gavage normal saline

Group (B) diabetic rats, which received streptozotocin.
Group (C) diabetic rats were administered P. atlantica ex-
tract (200 mg/kg) daily by gavage.

Group (D) non-diabetic rats received similar doses of P.
atlantica extract alone.

Group (E) diabetic rats were administered glibenclamide
(200 mg/kg) daily by gavage.

Table 2. Mean = SD of the malondialdehyde (MDA),
Catalase (CAT) and superoxide dismutase (SOD) levels
of rats in different groups
Groups Parameter
MDA CAT SOD

(nmol/ml-?t) (U/mi?) (U/mli?)
Group A 3.74+2.12 9.45+0.9 8.27+0.5%bc
Group B 8.52+1.43bcd 3.34£0.72b 2.2+2.32d
Group C 3.32+£0.9° 5.65+1.2° 4.68+1.3b¢
Group D 4.05+1.1¢ 9.5+1.1 7.88+0.69¢f
Group E 4.44+0.74 5.11+£2.2° 4.56+0.8¢<f

Same superscript in each column indicate significant dif-
ferences at p<0.05.

Group (A) which served as the control group and received
a daily oral gavage normal saline

Group (B) diabetic rats, which received streptozotocin.
Group (C) diabetic rats were administered P. atlantica ex-
tract (200 mg/kg) daily by gavage.

Group (D) non-diabetic rats received similar doses of P.
atlantica extract alone.

Group (E) diabetic rats were administered glibenclamide
(200 mg/kg) daily by gavage.

while the mean number of secondary follicles and antral
follicles reduced in untreated diabetic rats, when compared
to the control group. Figure 1 (p<0.05). In addition, un-
treated diabetic rats had a lower number of corpora lu-
tea (Fig. 2) (p<0.05). While the number of corpora lutea
did not differ in normal and treated diabetic rats (Fig. 3).
The mean total number of primordial and primary folli-
cles showed no significant difference among the groups
(p>0.05).

Table 4 depicts the diameter (u) of corpora lutea, antral
follicles, atretic follicles, and preovulatory follicles, of all
groups. The diameter of antral follicles and corpora lutea
in untreated diabetic rats were decreased compared to the
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control group (p<0.05). There were no significant differ-
ences between the diameter of the primordial, primary,
secondary and atretic follicles in other groups (p>0.05). In
diabetic rats treated with P. atlantica, all of the alterations
were compensated to the Control’s level (p<0.05).

DISCUSSION

According to the literature, P. atlantica has antioxidant,
antimicrobial, antiatherogenic, anti-inflammatory, hypo-
glycemic, and anti-insect properties (Giner-Larza et al.,
2000; Dedoussis et al., 2004). However, no studies have
investigated the effects of P. atlantica on improving ovarian
function in the rats with DM. No serious side effects have
been reported for this plant, but like other herbal plants,
it can cause complications and poisoning if not properly
identified or improperly prepared, or even used correctly.

According to the findings of the current study, the level
of blood glucose was higher in the diabetic rats with no
treatment than in healthy animals. STZ induced an exper-
imental model of diabetes type I along with several com-
plications, including the effects of oxidative stress of the
reproductive system (Eddouks et al., 2004). Furthermore,
P. atlantica herbal extract could significantly reduce blood
glucose levels in rats with STZ-induced DM, which could
be attributed to the inhibitory in-vitro effects of a-glucosi-
dase and a-amylase (Hamdan & Afifi, 2004; Kasabri et al.,
2011). These findings are in congruence with the study by
Hashemnia et al. (2015).

The mechanism of P. atlantica in decreasing hypergly-
cemia remains unclear, although previous findings in these
regards suggested mechanisms such as insulin-like func-
tion, facilitation of insulin activity, inhibition of insulinase
activity, interference of the fiber content of plants with car-
bohydrate absorption, inhibiting the production of hepatic
glucose and stimulating glucose use by the peripheral tis-
sues (Giner-Larza et al., 2000; Oryan et al., 2014).

Contrary to these findings, Hamdan & Afifi (2004) re-
jected the hypoglycemic effects of P. atlantica. In the pres-
ent study, oral administration of P. atlantica to diabetic rats
exerted hypoglycemic effects, thereby enhancing oxidative
stress. Additionally, the herbal treatment was observed to
significantly increase the MDA concentration in the body
tissues of the diabetic rats, while decreasing the antioxi-
dant effects of SOD and CAT. This is in line with the study
by Farhoosh et al. (2009). According to the aforemen-
tioned studies, using the leaves P. atlantica exerted similar
or more significant antioxidant effects when compared to
conventional antioxidant agents, in-vitro (Bahmani et al.,
2015).

The kernel oil found in P. atlantica has remarkable an-
tioxidant properties (Nayki et al., 2017). Histological eval-
uations in the current research indicated increased atretic
follicles and reduced antral follicles, while the diabetic an-
imals had corpus luteum and secondary follicles as well.
Moreover, there was induced apoptosis in the granulosa
cells, decreasing the diameter of corpora lutea and antral
follicles in diabetic rats (Tatewaki et al., 1989).

Rats with DM demonstrated ovarian dysfunction due to
imbalanced glucose deployment, impaired steroidogene-
sis, and follicular atrophy. In our study, treatment with P.
atlantica resulted in the compensation of these changes in
diabetic rats, when compared to the control group, which
could be attributed to increased antioxidant activity and
decreased lipid peroxidation (Nayki et al., 2017). More-
over, the compounds found in P. atlantica allow remarkable
significant protective antioxidant effects on the ovaries of
diabetic rats. The hypothesis has been examined in several
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Table 3. Mean = SD of the number of primordial, primary, secondary, antral, atretic follicles and corpus luteum of rats in
different groups
Groups Parameter

Primordial Primary Secondary Antral Atretic Corpus luteum
Group A 1.35+2.4 2.24+1.6 4.45+£0.7° 0.38+1.72 1.45+0.5° 8.4%x1.12
Group B 1.12+2.0 2.11+1.4 2.61+£2.0° 0.11£2.1° 2.87£0.7° 5.22+1.13bcd
Group C 1.14+1.1 2.12+1.2 4.32+2.1 0.25+0.9 1.90£1.2 7.71+£2.1°
Group D 1.27+0.6 2.17£1.5 4.5+0.3 0.29+1.3 0.98+1.3 7.98£0.9¢
Group E 1.20+1.5 2.16+0.5 4.37+2.1 0.30+0.7 1.39+1.4 8.05+0.7¢

Same superscript in each column indicate significant differences at p<0.05.

Group (A) which served as the control group and received a daily oral gavage normal saline
Group (B) diabetic rats, which received streptozotocin.

Group (C) diabetic rats were administered P. atlantica extract (200 mg/kg) daily by gavage.
Group (D) non-diabetic rats received similar doses of P. atlantica extract alone.

Group (E) diabetic rats were administered glibenclamide (200 mg/kg) daily by gavage.

Table 4. Mean = SD of the diameter (p) of primordial, primary, secondary, antral, atretic follicles and corpus luteum of
rats in different groups
Groups Parameter

Primordial Primary Secondary Antral Atretic Corpus luteum
Group A 32.2+0.4 42.1+0.5 209.1+2.1 1087.2+1.62 921.0+1.1 995.3+0.92
Group B 25.5+1.7 36.9+£0.9 171+£2.1 623.1+1.92 897.1+1.5 557.9+1.5°
Group C 28.7+2.2 40.7+0.9 175+1.8 981.2+1.4 906.5+1.3 898+0.7
Group D 30.6+0.5 43.1+2.2 199+0.4 998.0+0.9 935.5+0.8 1025.4+1.1
Group E 27.9+0.9 37.1+0.7 201+0.9 995.9+1.2 911.0+1.7 1001.2+0.7

Same superscript in each column indicate significant differences at p<0.05.
Group (A) which served as the control group and received a daily oral gavage normal saline

Group (B) diabetic rats, which received streptozotocin.

Group (C) diabetic rats were administered P. atlantica extract (200 mg/kg) daily by gavage.
Group (D) non-diabetic rats received similar doses of P. atlantica extract alone.
Group (E) diabetic rats were administered glibenclamide (200 mg/kg) daily by gavage.

Figure 1. Light photomicrographs of an ovary in the control group. A. The structure of the ovarian tissue
is normal with healthy growing follicles (H&E, x40) and B. (H&E, x100). Arrow: secondry follicle.

other studies using medicinal herbs with known antioxi-
dant properties. According to the current research, treat-
ment of DM with P. atlantica was associated with the ef-
fective inhibition of lipid peroxidation, as well as increased
antioxidant capacity in the rats with STZ-induced diabetes.

Limitation of present study: induction diabetes mellitus
in rats and access to biochemical kits limited our study.

CONCLUSION

According to our results, P. atlantica could be used in
the treatment of rats with STZ-induced diabetes, in order
to diminish ovarian complications. It is notable that oxida-
tive stress pathways may also be involved in the diabetic
complications affecting the ovaries. P. atlantica reduced
the oxidative stress through improving the antioxidant
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Figure 2. Light photomicrographs of an ovary in the diabetic group. A. Several atresian follicle (H&E, x40)
and B. (H&E, x100). arrow: atresian follicle with dense and picnotic nuclei and segregation in granulosa

cells.

Figure 3. Light photomicrographs of the disease treatment group. A. The structure of the ovarian tissue
is normal and there are various follicles along with corpus luteum (H&E, x40) and B. (H&E, x100). Arrow:

secondary follicle. Star: corpus luteum.

activities in rat ovaries. However, we recommend further
experimental and clinical research on infertile women be-
fore using this herbal treatment as a routine procedure.
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