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ABSTRACT

Background: Ovarian torsion, a critical gynecological emergency, leads to blockage of the
ovarian artery and vein, ultimately causing ischemia in the ovary.

Objectives: This study aims to investigate the potential antioxidative effects of ghrelin in the
context of ischemia-reperfusion (IR) injury in the rat ovary.

Methods: Twenty-one female adult Wistar rats (250-300 g) were divided into three groups: Sham-
operated group (n=7); ischemia-saline group, 100 pL saline was administered intraperitoneally
30 min prior to a 2-h of ischemia and simultaneously with the beginning of 2-h reperfusion
(n=7); ischemia-ghrelin group, 10 nmol ghrelin was administered intraperitoneally 30 min prior
to the 2-h of ischemia and simultaneously with the beginning of 2-h reperfusion (n=7). The
right ovaries were excised in each group and underwent biochemical analysis. Malondialdehyde
(MDA), superoxide dismutase (SOD), glutathione peroxidase (GPx), total antioxidant capacity
(TAC), and catalase (CAT) were assessed as biochemical parameters.

Results: There were no significant differences among groups in SOD and GPx levels (P>0.05).
MDA level was higher in the ischemia-saline group compared to the sham group. However, it
was significantly lower in the ischemia-ghrelin group compared to the ischemia-saline group
(P<0.05). CAT and TAC levels were significantly lower in the saline group compared to the
sham-operated group and increased significantly in the ghrelin-treated group compared to the

li P<0.05).
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Introduction

varian torsion, a critical gynecological
emergency, refers to the rotation of the
ovary around its central line ligaments
(infundibulopelvic and tubo-ovarian)
(Omar & Al-Hendy, 2020; um Tumor
& do Ovario, 2022). Reports indicate
that the incidence of ovarian torsion is
5.9 per 100000 women, and the highest incidence is in
premenopausal women (Vu & Goh, 2022). Ovarian tor-
sion leads to blockage of the ovarian artery and vein,
ultimately causing ischemia in the ovary. Ovarian isch-
emia, characterized by reduced energy production with-
out oxygen, triggers oxidative stress, potentially leading
to cell apoptosis. Upon detection of ovarian torsion, the
twisted ovary’s detorsion and tissue reperfusion evalu-
ation is recommended to prevent future infertility (He
et al., 2022; Omar & Al-Hendy, 2020). It is noteworthy
that the process of restoring the ovary to its normal state,
such as ovarian torsion, is accompanied by the produc-
tion of reactive oxygen species (ROS) that results in
oxidative damage to the ovary, known as ischemia-re-
perfusion (IR) injury (Celik et al., 2004). ROS, includ-
ing superoxide anion, hydrogen peroxide, and hydroxyl
radical, are byproducts of oxidative metabolism in mito-
chondria that can interact with biomolecules and harm
cellular components such as DNA, RNA, and proteins
(Juan et al., 2021; Ghotbitabar et al., 2022; Elahinia et
al., 2023). These mediators also impact cell membrane
lipids, producing toxic products like malondialdehyde
(MDA). Additionally, ROS diminishes the levels of nat-
ural antioxidants such as glutathione peroxidase (GPx),
superoxide dismutase (SOD), and catalase (CAT) while
increasing oxidant molecules (Tok et al., 2012).

Cells employ several methods to safeguard themselves
against damage from ROS. One approach involves scav-
enging enzyme systems, such as CAT, which converts
hydrogen peroxide into water, and SOD. SOD plays a
role in breaking down the superoxide radical (O,’) into
either ordinary molecular oxygen (O,) or hydrogen per-
oxide (H,0,) (Ighodaro and Akinloye, 2018).

Various antioxidant agents have been employed in pre-
vious studies to prevent tissue damage in ovaries result-
ing from the IR process. Numerous studies have provid-
ed data to identify the antioxidant effects of vardenafil,
propolis, lycopene, eugenol, and dexamethasone (Yurtcu
etal., 2015; Koc et al., 2019; Kirmizi et al., 2021; Barghi
et al., 2021; Omairi et al., 2022; Parham et al., 2022).
Although antioxidants effectively reduce damage caused
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by ovarian torsion/detorsion, the most effective drug has
not been found yet.

Ghrelin, the natural ligand for the growth hormone se-
cretagogue receptor (GHS-R), is a recently discovered
28-amino acid peptide mainly produced in the stomach
and hypothalamus (Dar et al., 2020, Ketaby & Moham-
mad-Sadegh, 2023; Emadi et al., 2022). Moreover, the
ghrelin gene is expressed in different tissues, including
the small intestine, brain, adrenal glands, ovaries, and
testes, with the highest expression found in the stom-
ach (Motta et al., 2016). The functional ghrelin recep-
tor (GHS-R1a) has been identified in oocytes, follicular
cells, and luteal cells in the rat ovary, indicating a poten-
tial direct influence of ghrelin on ovarian function (Pan
et al., 2020). Recent evidence suggests that ghrelin may
act as an antioxidant. Numerous studies have shown that
ghrelin can prevent lipid peroxidation and the reduction
of antioxidant enzyme activities and glutathione levels,
particularly in response to oxidative stress induced by
pentylenetetrazole in rat erythrocytes (Bademci et al.,
2021). Another research conducted by Alirezaei et al.
(2015) has confirmed that ghrelin significantly increases
the activity of antioxidant enzymes like GPx, SOD, and
CAT in renal cells in lipopolysaccharide-mediated renal
failure in rats.

As mentioned earlier, numerous studies have explored
the role of ghrelin in IR injury. While most studies favor
the daily administration of ghrelin before the surgical
procedure, our objective was to investigate the potential
protective effect of ghrelin on oxidative stress param-
eters, including SOD, GPx, CAT, and total antioxidant
capacity (TAC) following ovarian ischemia/reperfusion,
leading us to administer ghrelin prior to the procedure
(Kheradmand et al., 2010). Several pharmacological
agents exist for preventing reperfusion injury, but unfor-
tunately, many of them are impractical for clinical use
in cases of ovarian torsion. However, ghrelin stands out
in this regard. Notably, the parenteral administration of
ghrelin is advantageous, especially in emergencies.

Materials and Methods
Drugs and chemicals

Rat lyophilized acylated ghrelin (n-octanoylated re-
search grade) was obtained from Tocris Cookson Ltd.
(Bristol, UK). Ghrelin was dissolved in a sterile physi-
ologic saline solution before injection. The kits used to
measure antioxidant enzyme activities were provided
by the Kiazist commercial assay kit (Kiazist, Hamedan,
Iran). Unless specified otherwise, all other chemicals
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were procured from the Sigma-Aldrich Company in St.
Louis, MO, USA.

Animals

The experiment was conducted on 21 adult female
Wistar rats (age: 10 weeks; weight: 250-300 g). The
animals were obtained from the Razi Research Institute
in Kermanshah City, Iran. The rats were housed (seven
rats per cage) in the animal room under controlled light-
ing (14 h light: 10 h darkness, lights from 06:00 h) and
temperature (21-24 °C) conditions. The rats were fed
with standard rodent chow and had access to water ad
libitum. All experimental procedures were carried out
between 1.00 PM and 5.00 PM. All investigations were
conducted in accordance with the guiding principles for
the care and use of research animals. All animals were
treated in compliance with the recommendations of the
Animal Care Committee for the Vet College of Lorestan
University (Khorram Abad, Iran). This study was carried
out in compliance with standard guidelines.

Experimental design

Animals were randomly separated into three groups
(n=21): The control (sham operation, n=7), the IR (tor-
sion-detorsion, n=7), and the IR-G (torsion/detorsion
plus ghrelin, n=7). The rats were anesthetized with 75
mg/kg ketamine hydrochloride (Ketalar, Eczacibasi,
Turkey) and injection of xylazine hydrochloride (10 mg/
kg, Rompun, Bayer, Leverkusen, Germany) intraperito-
neally (Taheri et al., 2021; Raisi et al., 2020). In the con-
trol group or sham, after anesthesia, the abdominal area
was shaved and scrapped as usual. Then, it was opened
through the midline, and the ovaries were slightly ma-
nipulated and then closed with 3/0 silk sutures. A 2.5-3
cm incision was made from the midline in the IR group.
The ovaries were twisted around the axis of the tubo-
ovarian ligaments, and the vascular pedicle of the ovary
was taken 1 cm above and below the ovary with hemo-
static forceps. A tampon was placed on it, and it remained
in this state for 2 hours; ischemic conditions were cre-
ated for the animal, and then the forceps were removed
from the vascular pedicle for 2 h, and then it remained
in reperfusion mode for 2 h. Next, the right ovaries were
removed to measure the biochemical parameters. Thirty
minutes before ischemia and at the same time as the
ovaries were restored to normal, 100 pL of saline was
injected into the rats of the ischemia-saline group. In the
group treated with ghrelin, the same procedure was per-
formed, but 100 uL of ghrelin (10 nmol) was injected 30
minutes prior to ischemia and at the same time as reper-
fusion (Demir et al., 2021; Kalyoncu et al., 2020). The
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choice of a 10 nmol of ghrelin and the ovarian ischemia
and reperfusion periods were chosen following a review
of previously published studies, but we noted that there
was a lack of data in the literature about the dose-related
effects of ghrelin in animal studies (seri et al., 2005). At
the end of the experiment and after removing the right
ovaries, rats were euthanized under deep anesthesia with
intracardiac injection of magnesium sulfate (Magnesi-
ject 40%, Maki Dam, Tehran, Iran) (Underwood & An-
thony, 2020), and the ovaries were frozen at -70 “C for
antioxidant enzymes assays.

Sampling and tissue preparation for enzyme as-
say

Immediately after sacrificing the rats, the right ovaries
were taken, carefully separated from fat and surround-
ing tissue, and processed immediately. To perform enzy-
matic and lipid peroxidation assays, frozen ovaries were
quickly homogenized manually in cold phosphate buffer
(pH 7.2), and the residues were removed by centrifuga-
tion at 4500xg for 15 min. The clear supernatants were
recovered and stored at -70 ‘C for subsequent enzyme
and protein assays (Davoodi et al., 2020).

Protein measurement

The total protein concentration in the tissue samples
was determined according to Bradford’s method using
bovine serum albumin as a standard, and measures were
provided as mg protein (Bradford, 1976).

Measurement of tissue lipid peroxidation

Lipid peroxidation in each tissue sample was evaluated
by measuring the level of MDA as a thiobarbituric acid-
reactive substance (TBARS). Briefly, Cayman’s TBARS
(TCA method) assay kit provides a simple, reproducible,
and standardized tool for assaying lipid peroxidation in
the ovary. The MDA-thiobarbituric acid (TBA) adduct
formed by the reaction of MDA and TBA under high
temperature (90-100 ‘C) and acidic conditions were
measured calorimetrically at 530-540 nm MDA levels
were calculated from a standard calibration curve using
tetracthoxypropane and expressed as nmol/mg protein.

SOD assay

SOD catalyzes superoxide anion to molecular oxygen
and hydrogen peroxide because it supplies the essential
part of the antioxidant defense mechanism. In brief, a
test volume sample and chloroform and ethanol mixture
(3.5 V/V) were mixed in a centrifuge tube. The pre-
cipitate was removed by centrifuge at 3000 rpm for 40
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minutes. The assay solution contains sodium carbonate
buffer (400 mM), xanthine 0.3 mM, 150 mmol/L nitro
blue tetrazolium (NBT), 0.6 mmol/L Na,EDTA, 1 g/L
cattle serum albumin, xanthine oxidase 167 U/L and the
sample were mixed in a cuvette. The activity was mea-
sured using xanthine and xanthine oxidase to produce
superoxide radicals, which react with NBT. One unit of
SOD was defined as the amount of protein that inhibited
the rate of NBT reduction by 50%. As described by Sun
et al. (1988), SOD level was reported as U/mg protein.

CAT assay

Cayman’s CAT assay kit utilizes the peroxidic func-
tion of CAT to determine enzyme activity. The method
is based on the enzyme’s reaction with methanol in the
presence of an optimal concentration of H,O,. The form-
aldehyde produced is measured calorimetrically with
4-amino-3-hydrazino-5-mercapto-1,2,4-triazole ~ (Pur-
pald) as the chromogen. 1,2 Purpald forms explicitly a
bicyclic heterocycle with aldehydes, which, upon oxida-
tion, changes from colorless to a purple color. The CAT
activity was expressed as the unit defined as pmol of
H,0, consumed per min per gram of wet tissue (Johans-
son & Borg, 1988).

GPx assay

Cayman’s GPx assay measures GPx activity indirectly
by a coupled reaction with glutathione reductase (GR).
Oxidized glutathione (GSSG), produced upon reduction
of hydroperoxide by GPx, is recycled to its reduced state
by GR and nicotinamide adenine dinucleotide phosphate
(NADPH) (Paglia & Valentine, 1967) (Equation 1):

1.

The oxidation of NADPH to NADP+ is accompanied
by a decrease in absorbance at 340 nm. Under conditions
where the GPx activity is rate-limiting, the decrease in
the A340 is directly proportional to the GPx activity in
the sample.

TAC assay

TAC levels were measured using commercially avail-
able kits (Relassay, Turkey). Erel previously described
TAS values against free radicals with a fully automatic
method (Erel, 2005). This assay kit has a very low error
rate of <3%. The results were presented as nmol/mg.

IRANIAN JOURNAL OF VETERINARY MEDICINE

Statistical analysis

Data analyses were performed using SPSS software,
version 16 for Windows. All quantitative data were
tested for normality, followed by Levene’s static test for
homogeneity of variance. When the variance was ho-
mogenous, the results were analyzed separately using a
one-way analysis of variance (ANOVA) and Tukey test
as post hoc to determine group differences. The results
are presented as Mean+SEM; P<0.05 were considered
statistically significant.

Results

The mean values of antioxidants (SOD, CAT, GPx, and
TAC) and oxidant (MDA) parameters in the rat ovaries
among different groups are presented in 5 figures.

There were no significant differences among the groups
for GPx and SOD levels (P>0.05). The Mean+SD levels
of GPx (in the sham, ischemia-saline, and ischemia-
ghrelin groups were 3.03+0.7, 3.63+0.8 and 3.07+0.83
u/mg protein, respectively (Figure 1).

The amount of SOD changes among different groups
is shown in Figure 1. The Mean+SD levels of this en-
zyme in the sham, ischemia-saline, and ischemia-ghrelin
groups were 5.6+£2.95, 12.66+6.27 and 5.73+2.25 u/mg
protein, respectively.

The level of CAT decreased significantly in the IR
groups. However, intraperitoneal administration of
ghrelin inverted the process and increased the activ-
ity of CAT in the ovarian tissue in the treated group.
The value of the CAT level in the IRG group was sig-
nificantly higher than those of the other experimental
groups (P<0.05). The Mean£SD levels of this enzyme in
the sham, ischemia-saline, and ischemia-ghrelin groups
were 2.01£0.8, 1.46+0.13 and 2.08+0.13 u/mg protein,
respectively (Figure 2).

TAC content was significantly lower in the ischemia-
saline group compared to the sham and ischemia-ghrelin
groups (P<0.05). Administration of ghrelin could en-
hance TAC level up to 1414.42+129.12 nmol/mg. The
average values of this enzyme in the sham and ischemia-
saline groups were 1381.86+£118.6 and 928.01+79.53
nmol/mg protein, respectively (Figure 3).

MDA levels were significantly higher in the I/R
group than in the sham + ischemia-ghrelin sham groups
(P<0.05). The Mean+SD levels of this enzyme in the
sham, ischemia-saline, and ischemia-ghrelin groups
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Figure 1. No significant differences among groups for SOD (u/mg protein) and GPx (u/mg protein)

SOD: Superoxide dismutase; GPx: Glutathione peroxidase.

Notes: IRS=Ischemia-saline group; IRG=Ischemia-ghrelin group.

were 972.81+98.42, 1388.46+125.99 and 811.36+103.68
nmol/mg protein, respectively (Figure 4).

Discussion

In this research, we investigated the protective capa-
bilities of ghrelin against oxidative damage caused by
ovarian IR injury in a rat model. The findings of our
study demonstrated that the administered dose of ghre-
lin effectively mitigated biochemical damage associated
with oxidative stress in ovarian IR injury.

Adnexal torsion occurs when the ovarian vascular ped-
icle twists, disrupting blood flow and causing ovarian
ischemia (Ghosh & Mukharjee, 2022). This condition
leads to elevated levels of lactic acid, hypoxanthine, and
lipid peroxides in the blood. While detorsion is a com-

C

>

T

mon treatment, it can trigger oxidative stress, character-
ized by an imbalance between free oxygen radicals and
antioxidants (Deger & Cavus, 2020; Sengul et al., 2013;
Park et al., 2013; Engwa et al., 2022).

After ovarian detorsion, increased oxygen levels inter-
act with hypoxanthine and xanthine, generating ROS.
These species, including superoxide, cause tissue dam-
age by promoting cell membrane peroxidation and af-
fecting mitochondrial lipids. This process, known as IR
injury, exacerbates damage caused by ischemia (Sengul
etal., 2013; Park et al., 2013; Soares et al., 2019). MDA,
an indicator of oxidative damage, increases, leading to
cell membrane disruption, disturbance in the ion trans-
port system, reduced enzyme activity, and dysfunction
in cell organelles (Liu et al., 2016; Akdemir et al., 2014).

sham

Figure 2. Ovarian CAT levels (u/mg protein) in three groups

IRS

IRG

"Significant changes compared to the sham group, *Significant changes compared to the saline group.

Notes: Values represent the Mean+SEM levels of CAT in each group. IRS=Ischemia-saline group; IRG=Ischemia-ghrelin group.
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Figure 3. TAC level (nmol/mg protein) in the IRS, IRG, and sham groups (P<0.05)

"Significant changes compared to the sham group, *Significant changes compared to the saline group.

Notes: IRS=Ischemia-saline group; IRG=Ischemia-ghrelin group.

Several studies demonstrate the impact of antioxidant
molecules on the IR injury of the rat ovary. These stud-
ies motivated us to explore the influence of ghrelin on
rat ovarian IR. Our findings indicate that administering
ghrelin before IR positively affects oxidative damage in
the ovaries. In our study, the level of MDA significantly
decreased in the ghrelin group compared to the isch-
emia-saline rats, suggesting that ghrelin can reduce lipid
peroxidation. Similarly, a report observed that agomela-
tine significantly decreased the ischemia/reperfusion-
associated rise in MDA in ovarian tissue compared to
the IR group (Gutteridge, 1995). Additionally, oxytocin

M
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administration decreased MDA levels significantly in
rats treated with ovarian torsion (Lee et al., 2002).

The body maintains a balance between antioxidant
and oxidant systems. Antioxidant systems, comprising
enzymatic and non-enzymatic antioxidants, actively
scavenge ROS to protect tissues from oxidative damage.
However, if, for any reason, the oxidant mechanisms
overpower this balance, it results in lipid peroxidation
and tissue damage (Lee et al., 2002). One crucial antioxi-
dant enzyme is SOD. It plays a significant role in rapidly
converting superoxide into a less harmful component,
namely hydrogen peroxide. Additionally, GPx and CAT

MW\

sham
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Figure 4. MDA levels (nmol/mg protein) in the IRS, IRG, and sham groups (P<0.05)

Notes: IRS=Ischemia-saline group; IRG=Ischemia-ghrelin group.
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further convert this hydrogen peroxide into water (An-
jum et al., 2016).

In our study, SOD showed an increase in the IR group
compared to the sham group and a decrease compared to
the treated group, although these changes were not sta-
tistically significant. In contrast, Ozlem et al. (2018) ob-
served statistically significant differences among SOD
groups in rat ovaries (Ozlem et al., 2018). This discrep-
ancy could be attributed to variations in the interval be-
tween the tests, IR duration, and other factors. Changes
in SOD activity might be linked to fluctuations in the
levels of its substrate, the superoxide radical (Cigsar et
al., 2015). An increase in enzyme activity is often associ-
ated with a rise in the production of its substrate during
metabolic processes.

On the other hand, the decrease in antioxidant enzyme
activity in the treatment group could be explained by a
reduction in the levels of ROS or their substrates (Cigsar
etal., 2015). Consistent with our findings, a recent study
investigating the antioxidant effects of osajin on IR in-
jury in rat ovaries reported a decrease in SOD activity in
the treatment group, along with a decrease in the level of
MDA compared to the ischemia-saline group. This out-
come suggests that similar to osajin, ghrelin can reduce
lipid peroxidation of the cell membrane and the specific
substrate of the SOD enzyme (superoxide) through path-
ways independent of antioxidant enzyme activity (Cig-
sar et al., 2015).

In our study, GPx increased in the IR-saline group
compared to sham and decreased in the IR-ghrelin group
compared to the ischemia-saline rats, and none of these
changes were significant. One of the reasons for this
finding is probably due to the presence of non-enzymatic
antioxidants in the follicular fluid or the lack of changes
in hydrogen peroxide concentration. In contrast to our
study, in which the antioxidant effect of vardenafil on
IR ovary had been investigated, a significant increase in
GPx was observed in the treated group (Ugurel et al.,
2017).

Another biochemical parameter in our study was CAT.
CAT is a vital component of the cellular antioxidant
system, converting hydrogen peroxide into water and
molecular oxygen. This enzymatic process protects the
cell from oxidative damage (Nandi et al., 2019). We ob-
served a significant decrease in the saline group com-
pared to the sham group, and a notable increase in CAT
enzyme activity was observed in the ghrelin group com-
pared to the saline group. This significant variation in
CAT enzyme activity between the ischemia-saline and
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ischemia-ghrelin groups indicates a respective increase
and decrease in the substrate of this enzyme (H,0,).
Similar to our findings, in an investigation of erdosteine
in ischemic-reperfusion ovary, CAT was significantly
decreased in the saline group compared to the sham
group and significantly increased in the ghrelin group
compared to the saline group (Yao et al., 2007).

In the normal state, cells possess a biochemical defense
system that includes low-weight molecules and reac-
tive free radicals, such as vitamin C, along with enzyme
components like GPx, SOD, and CAT, collectively con-
tributing to the TAC (Yurtcu et al., 2015). In our study,
we observed a significant decrease in the saline group
compared to the sham group, and a noteworthy increase
in TAC) was observed in the ghrelin group compared to
the saline group. Similarly, Yurtcu et al. observed a sig-
nificant change in total antioxidant capacity. Addition-
ally, the antioxidative effects of the Nigella sativa plant
on ischemic-reperfusion ovaries were investigated, and
a significant increase in TAC in the treatment group was
found (Yurtcu et al., 2015; Atasever & Bakacak, 2017).
Consistent with our results, Demir et al. (2021) also re-
ported a significant difference in TAC levels between
groups. Although in our study, SOD and GPx parameters
did not show a significant increase in the group treated
with ghrelin, the substantial increase in CAT enzyme
activity in the treatment group alone resulted in a sig-
nificant enhancement of total antioxidant capacity. This
finding underscores the crucial role of the CAT enzyme
in managing oxidant parameters.

Ghrelin expression has been identified in interstitial
and luteal hilus cells within the ovary, with its receptors
in the oocyte and ovarian follicle. These observations
suggest a potential role for ghrelin in directly regulating
the function of follicular and luteal cells. Furthermore,
studies have demonstrated the consistent expression of
the ghrelin gene in the rat ovary throughout the estrus
cycle, with the lowest expression in proestrus and the
highest in diestrus. The presence of both the ghrelin li-
gand and receptor within the ovary indicates a regula-
tory pathway for this novel molecule in the physiological
functions of the ovary (Caminos et al., 2003; Gaytan et
al., 2003). One limitation of the present study was that
only a single dose of ghrelin was evaluated. Further re-
search is also needed to determine the different dosage
effects of ghrelin on ovarian torsion/detorsion.

In our earlier study investigating the antioxidant effect
of ghrelin on healthy rat ovaries, we noted a significant
increase in the antioxidant enzymes CAT, SOD, and
GPx, along with a significant decrease in the MDA index
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in the ghrelin group (Kheradmand et al., 2010). How-
ever, in contrast to our findings, Iseri et al. (2005) ex-
plored the antioxidative effects of ghrelin on the stomach
and reported a significant increase in GPx in the treated
group. The probable reason for this may be the differ-
ence in tissues in which evaluations were performed.

Conclusion

This investigation aimed to assess the protective ef-
fects of ghrelin in ischemia/reperfusion damage caused
by ovarian torsion/detorsion. The current study suggests
that ghrelin is a potent antioxidant that can reduce oxida-
tive stress. This result aligns with recent reports high-
lighting the antioxidative properties of ghrelin in vari-
ous other tissues. One limitation of this study was that
the precise timing of the administration of the ghrelin
and the appropriate dose to achieve the best effect of the
ghrelin were not precisely known, and the dose and time
of injection in our study were based on previous docu-
mentation. Further research is required to understand the
suitable dose and administration time to achieve the best
treatment efficiency.

Ethical Considerations
Compliance with ethical guidelines

All ethical principles are considered in this article.
Funding

The paper was extracted from the DVM thesis of Ma-
hyar Nazari, approved by the Department of Clinical Sci-
ences, Faculty of Veterinary Medicine, Lorestan Univer-
sity, Khorram Abad, Iran.

Authors' contributions

Conceptualization and supervision: Arash Kheradmand,;
Methodology: Masoud Alirezaei and Abbas Raeisi; In-
vestigation and writing the original draft: Mahyar Nazari;
Review and editing: All authors.

Conflict of interest
The authors declared no conflict of interest.
Acknowledgments

The authors would like to thank the Research Deputy
of Lorestan University, Khorram Abad, Iran for support-
ing this study financially.

IRANIAN JOURNAL OF VETERINARY MEDICINE

References

Akdemir, A., Erbas, O., Ergenoglu, M., Ozgtir Yeniel, A., Oltulu,
F., & Yavasoglu, A., et al. (2014). Montelukast prevents ischae-
mia/reperfusion-induced ovarian damage in rats. European
Journal of Obstetrics, Gynecology, and Reproductive Biology, 173,
71-76. [DOI:10.1016/j.€jogrb.2013.11.021] [PMID]

Alhilali, M. J., Parham, A., Attaranzadeh, A., Amirian, M., &
Azizzadeh, M. (2022). Polycystic ovary syndrome develops
the complications of assisted reproductive technologies. Ar-
chives of Razi Institute, 77(4), 1459-1464. [PMID]

Alirezaei, M., Dezfoulian, O., & Kheradmand, A. (2015). Nov-
el antioxidant properties of ghrelin and oleuropein versus
lipopolysaccharide-mediated renal failure in rats. Inferna-
tional Journal of Peptide Research and Therapeutics. 21, 411-421.
[DOI:10.1007 /s10989-015-9470-z]

Anjum, N. A, Sharma, P, Gill, S. S., Hasanuzzaman, M., Khan,
E. A., & Kachhap, K, et al. (2016). Catalase and ascorbate
peroxidase-representative H202-detoxifying heme enzymes
in plants. Environmental Science and Pollution Research Interna-
tional, 23(19), 19002-19029. [DOI:10.1007/s11356-016-7309-6]
[PMID]

Atasever, M., & Bakacak, Z. (2017). Nigella Sativa oil protects the
rat ovary from oxidative injury due to ischemia-reperfusion.
Medical science Monitor: International Medical Journal of Experi-
mental and Clinical Research, 23, 5027-5033. [DOI:10.12659/
MSM.905356] [PMID]

Bademci, R.,, Erdogan, M. A,, Eroglu, E., Meral, A., Erdogan,
A., & Atasoy, O, et al. (2021). Demonstration of the protec-
tive effect of ghrelin in the livers of rats with cisplatin tox-
icity. Human & Experimental Toxicology, 40(12), 2178-2187.
[DOI:10.1177/09603271211026722] [PMID]

Barghi, B., Shokoohi, M., Khaki, A. A., Khaki, A., Moghimian,
M., & Soltani, M. (2021). Eugenol improves tissue damage
and oxidative stress in adult female rats after ovarian torsion/
detorsion. Journal of Obstetrics and Gynaecology, 41(6), 933-938.
[DOI:10.1080,/01443615.2020.1816938] [PMID]

Bradford, M. M. (1976). A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Analytical Biochemistry, 72,
248-254. [DOI:10.1016,/0003-2697(76)90527-3] [PMID]

Caminos, J. E., Tena-Sempere, M., Gaytén, F., Sanchez-Criado,
J. E., Barreiro, M. L., & Nogueiras, R., et al. (2003). Expression
of ghrelin in the cyclic and pregnant rat ovary. Endocrinology,
144(4), 1594-1602. [DOI:10.1210/ en.2002-221058] [PMID]

Celik, O., Turkoz, Y., Hascalik, S., Hascalik, M., Cigremis, Y., &
Mizrak, B., et al. (2004). The protective effect of caffeic acid
phenethyl ester on ischemia-reperfusion injury in rat ovary.
European Journal of Obstetrics & Gynecology and Reproductive
Biology, 117(2), 183-188. [DOI:10.1016/j.ejogrb.2004.05.007]
[PMID]

Cigsar, G., Keles, O., Can, S., Karaca, M., Can, I, & Erol, H,, et al.
(2015). The protective effects of osajin on ischemia/reperfu-
sion injury to rat ovaries: Biochemical and histopathological
evaluation. Kafkas Universitesi Veteriner Fakultesi Dergisi, 21(5),
753-760. [Link]

Nazari., et al. (2025). Ghrelin Ovarian Ischemia-reperfusion. fran J Vet Med, 19(1):157-168.



https://ijvm.ut.ac.ir/
https://en.lu.ac.ir/
https://en.lu.ac.ir/
https://en.lu.ac.ir/
https://doi.org/10.1016/j.ejogrb.2013.11.021
https://www.ncbi.nlm.nih.gov/pubmed/24360058
https://pubmed.ncbi.nlm.nih.gov/36883162/
https://doi.org/10.1007/s10989-015-9470-z
https://doi.org/10.1007/s11356-016-7309-6
https://www.ncbi.nlm.nih.gov/pubmed/27549233
https://doi.org/10.12659/MSM.905356
https://doi.org/10.12659/MSM.905356
https://www.ncbi.nlm.nih.gov/pubmed/29055179
https://doi.org/10.1177/09603271211026722
https://www.ncbi.nlm.nih.gov/pubmed/34151639
https://doi.org/10.1080/01443615.2020.1816938
https://www.ncbi.nlm.nih.gov/pubmed/33538613
https://doi.org/10.1016/0003-2697(76)90527-3
https://www.ncbi.nlm.nih.gov/pubmed/942051
https://doi.org/10.1210/en.2002-221058
https://www.ncbi.nlm.nih.gov/pubmed/12639944
https://doi.org/10.1016/j.ejogrb.2004.05.007
https://www.ncbi.nlm.nih.gov/pubmed/15541855
https://www.researchgate.net/publication/280702492_The_protective_effects_of_osajin_on_ischemiareperfusion_injury_to_rat_ovaries_biochemical_and_histopathological_evaluation

IRANIAN JOURNAL OF VETERINARY MEDICINE

Dar, S. A, Srivastava, P. P., Rather, M. A., Varghese, T., Ra-
sool, S. I, & Gupta, S. (2020). Molecular and computational
analysis of Ghrelin, growth hormone Secretagogues recep-
tor and mRNA expression of Growth-related genes after
exogenous administered ghrelin peptide in Labeo rohita.
International Journal of Biological Macromolecules, 142, 756-768.
[DOI:10.1016/j.ijbiomac.2019.10.016] [PMID]

Davoodi, F., Taheri, S., Raisi, A., Rajabzadeh, A., Ahmadvand,
H., & Hablolvarid, M. H,, et al. (2020). Investigating the sperm
parameters, oxidative stress and histopathological effects of
salvia miltiorrhiza hydroalcoholic extract in the prevention
of testicular ischemia reperfusion damage in rats. Theriogenol-
ogy, 144, 98-106. [DOI:10.1016/j.theriogenology.2020.01.002]
[PMID]

Deger, U., & Cavus, Y. (2020). Investigation of the role of ros-
marinic acid treatment in regulating inflammation, cell
damage, and angiogenesis in rat ovarian torsion and detor-
sion models. Acta Cirurgica Brasileira, 35(3), €202000304.
[DOI:10.1590/50102-865020200030000004] [PMID]

Demir, M., Yilmaz, B., Kalyoncu, S., Tuncer, M., Bozdag, Z., &
Ince, O., et al. (2021). Metformin reduces ovarian ischemia
reperfusion injury in rats by improving oxidative/nitrosa-
tive stress. Taiwanese Journal of Obstetrics & Gynecology, 60(1),
45-50. [DOI:10.1016/j.tjog.2020.10.004] [PMID]

Elahinia, A., Hassanpour, S., Asghari, A., & Khaksar, E. (2023).
Effects of a-pinene administration during pregnancy on
depressive-like behavior following delivery in mice. Iranian
Journal of Veterinary Medicine, 17(3), 253-262. [DOI:10.32598 /
IJVM.17.3.1005263]

Emadi, L., Jonaidi, H., Nazifi, S., Khasti, H., Rohani, E., & Kaiya,
H. (2022). The effects of central ghrelin on serum parameters
related to energy metabolism in neonatal chicks. Iranian Jour-
nal of Veterinary Medicine, 16(2), 110-118. [Link]

Engwa, G. A., EnNwekegwa, F. N., & Nkeh-Chungag, B. N.
(2022). Free radicals, oxidative stress-related diseases and an-
tioxidant supplementation. Alternative Therapies in Health and
Medicine, 28(1), 114-128. [PMID]

Erel O. (2005). A new automated colorimetric method for meas-
uring total oxidant status. Clinical Biochemistry, 38(12), 1103-
1111. [DOI:10.1016/j.clinbiochem.2005.08.008] [PMID]

Gaytan, F., Barreiro, M. L., Chopin, L. K., Herington, A. C,,
Morales, C., Pinilla, L., et al. (2003). Immunolocalization of
ghrelin and its functional receptor, the type 1la growth hor-
mone secretagogue receptor, in the cyclic human ovary. The
Journal of Clinical Endocrinology & Metabolism, 88(2), 879-887.
[DOI:10.1210/jc.2002-021196] [PMID]

Ghosh, D., & Mukharjee, S. (2022). Review article on the study
of artificially induced ovarian torsion and its effects in rat
model. International Journal Of Research In Cancer Therapy,
1(1), 1-7. [Link]

Ghotbitabar, Z., Asghari, A., Hassanpour, S., & Jahandideh,
A. (2022). Effects of quebracho tannin extract on testicular
ischemia-/reperfusion. Iranian Journal of Veterinary Medicine,
16(4), 423-431. [Link]

Gutteridge J. M. (1995). Lipid peroxidation and antioxidants as
biomarkers of tissue damage. Clinical Chemistry, 41(12 Pt 2),
1819-1828. [DOI:10.1093/ clinchem/41.12.1819] [PMID]

January 2025. Volume 19. Number 1

He, Y., Ji, C, Shen, X. C,, Zhang, K. X.,, Wu, Y. M., & Wang, Y.
(2022). Rethinking ovary preservation by adnexal torsion
reversal in adolescents: A case of delayed diagnosis. BMC
Women's Health, 22(1), 421. [DOI:10.1186/512905-022-02013-4]
[PMID]

Ighodaro, O. M., & Akinloye, O. A. (2018). First line defence an-
tioxidants-superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GPX): Their fundamental role in the
entire antioxidant defence grid. Alexandria Journal of Medicine,
54(4), 287-293. [Link]

Iseri, S. O., Sener, G., Yiiksel, M., Contuk, G., Cetinel, S., & Ge-
dik, N., et al. (2005). Ghrelin against alendronate-induced
gastric damage in rats. The Journal of Endocrinology, 187(3),
399-406. [DOI:10.1677 /joe.1.06432] [PMID]

Johansson, L. H.,, & Borg, L. A. (1988). A spectrophotomet-
ric method for determination of catalase activity in small
tissue samples. Analytical Biochemistry, 174(1), 331-336.
[DOI:10.1016/0003-2697(88)90554-4] [PMID]

Juan, C. A., Pérez de la Lastra, J. M., Plou, F. ], & Pérez-Lebena,
E. (2021). The chemistry of reactive oxygen species (ROS)
revisited: Outlining their role in biological macromolecules
(DNA, lipids and proteins) and induced pathologies. Interna-
tional Journal of Molecular Sciences, 22(9), 4642. [DOI:10.3390/
{jms22094642] [PMID]

Kalyoncu, $., Yilmaz, B., Demir, M., Tuncer, M., Bozdag, Z., &
Ince, O., et al. (2020). Melatonin attenuates ovarian ischemia
reperfusion injury in rats by decreasing oxidative stress index
and peroxynitrite. Turkish Journal of Medical Sciences, 50(6),
1513-1522. [DOI:10.3906/ sag-2004-135] [PMID]

Ketaby, M., & Mohammad-Sadegh, M. (2023). Pre-and Post-
partum serum concentration of adiponectin, leptin, and ghre-
lin and their ability to predict the reproductive performance
and milk production indexes in holstein dairy cows. Iranian
Journal of Veterinary Medicine, 17(3), 217-230. [DOI:10.32598/
IJVM.17.3.1005266]

Kheradmand, A., Alirezaei, M., & Birjandi, M. (2010). Ghrelin
promotes antioxidant enzyme activity and reduces lipid per-
oxidation in the rat ovary. Regulatory Peptides, 162(1-3), 84-89.
[DOI:10.1016/j.regpep.2010.02.008] [PMID]

Kirmizi, D. A., Baser, E., Okan, A., Kara, M., Yalvac, E. S., &
Doganyigit, Z. (2021). The effect of a natural molecule in
ovary ischemia reperfusion damage: Does lycopene protect
ovary? Experimental Animals, 70(1), 37-44. [DOI:10.1538/ ex-
panim.20-0080] [PMID]

Koc, K., Erol, H. S,, Colak, S., Cerig, S., Yildirim, S., & Geyiko-
glu, F. (2019). The protective effect of propolis on rat ovary
against ischemia-reperfusion injury: Immunohistochemi-
cal, biochemical and histopathological evaluations. Bio-
medicine & Pharmacotherapy, 111, 631-637. [DOI:10.1016/].bi-
opha.2018.12.113] [PMID]

Lee, D. M., Hoffman, W. H., Carl, G. F., Khichi, M., & Cornwell,
P. E. (2002). Lipid peroxidation and antioxidant vitamins
prior to, during, and after correction of diabetic ketoacido-
sis. Journal of Diabetes and its Complications, 16(4), 294-300.
[DOI:10.1016/S1056-8727(01)00215-X] [PMID]

Leary, S., Underwood, W., Anthony, R., Cartner, S., Grandin, T.,
& Greenacre, C. (2020). AVMA guidelines for the euthanasia of
animals: 2020 Edition. Chicago: American Veterinary Medical
Association. [Link]

Nazari., et al. (2025). Ghrelin Ovarian Ischemia-reperfusion. fran J Vet Med, 19(1):157-168.



https://ijvm.ut.ac.ir/
https://doi.org/10.1016/j.ijbiomac.2019.10.016
https://www.ncbi.nlm.nih.gov/pubmed/31622719
https://doi.org/10.1016/j.theriogenology.2020.01.002
https://www.ncbi.nlm.nih.gov/pubmed/31927420
https://doi.org/10.1590/s0102-865020200030000004
https://www.ncbi.nlm.nih.gov/pubmed/32692796
https://doi.org/10.1016/j.tjog.2020.10.004
https://www.ncbi.nlm.nih.gov/pubmed/33495007
https://doi.org/10.32598/IJVM.17.3.1005263
https://doi.org/10.32598/IJVM.17.3.1005263
https://journals.ut.ac.ir/article_84050_67f2382f897dbb0618dee6a244d5f82d.pdf
https://pubmed.ncbi.nlm.nih.gov/32827401/
https://doi.org/10.1016/j.clinbiochem.2005.08.008
https://www.ncbi.nlm.nih.gov/pubmed/16214125
https://doi.org/10.1210/jc.2002-021196
https://www.ncbi.nlm.nih.gov/pubmed/12574228
https://core.ac.uk/works/78392680/
https://journals.ut.ac.ir/article_85860_5c9e9b59425ce6ea78bbb7c6a633fe10.pdf
https://doi.org/10.1093/clinchem/41.12.1819
https://www.ncbi.nlm.nih.gov/pubmed/7497639
https://doi.org/10.1186/s12905-022-02013-4
https://www.ncbi.nlm.nih.gov/pubmed/36280816
https://www.ajol.info/index.php/bafm/article/view/182149
https://doi.org/10.1677/joe.1.06432
https://www.ncbi.nlm.nih.gov/pubmed/16423819
https://doi.org/10.1016/0003-2697(88)90554-4
https://www.ncbi.nlm.nih.gov/pubmed/3064653
https://doi.org/10.3390/ijms22094642
https://doi.org/10.3390/ijms22094642
https://www.ncbi.nlm.nih.gov/pubmed/33924958
https://doi.org/10.3906/sag-2004-135
https://www.ncbi.nlm.nih.gov/pubmed/32927928
https://doi.org/10.32598/IJVM.17.3.1005266
https://doi.org/10.32598/IJVM.17.3.1005266
https://doi.org/10.1016/j.regpep.2010.02.008
https://www.ncbi.nlm.nih.gov/pubmed/20171996
https://doi.org/10.1538/expanim.20-0080
https://doi.org/10.1538/expanim.20-0080
https://www.ncbi.nlm.nih.gov/pubmed/32921696
https://doi.org/10.1016/j.biopha.2018.12.113
https://doi.org/10.1016/j.biopha.2018.12.113
https://www.ncbi.nlm.nih.gov/pubmed/30611987
https://doi.org/10.1016/S1056-8727(01)00215-X
https://www.ncbi.nlm.nih.gov/pubmed/12126788
https://www.avma.org/sites/default/files/2020-02/Guidelines-on-Euthanasia-2020.pdf

January 2025. Volume 19. Number 1

Liu, G., Zhang, S, Yang, K., Zhu, L., & Lin, D. (2016). Toxic-
ity of perfluorooctane sulfonate and perfluorooctanoic acid
to Escherichia coli: Membrane disruption, oxidative stress,
and DNA damage induced cell inactivation and/or death.
Environmental Pollution (Barking, Essex: 1987), 214, 806-815.
[DOI:10.1016/j.envpol.2016.04.089] [PMID]

Motta, G., Allasia, S., Ghigo, E., & Lanfranco, F. (2016). Ghrelin
actions on somatotropic and gonadotropic function in hu-
mans. Progress in Molecular Biology and Translational Science,
138, 3-25. [DOI:10.1016/ bs.pmbts.2015.11.001] [PMID]

Nandi, A, Yan, L. J., Jana, C. K., & Das, N. (2019). Role of cata-
lase in oxidative stress-and age-associated degenerative dis-
eases. Oxidative Medicine and Cellular Longevity, 2019, 9613090.
[DOI:10.1155/2019/9613090] [PMID]

Omairi, S., Alyodawi, K., & Al Qaisi, T. (2022). Histological
changes in ovary treated with dexamethasone and cefotaxime
sodium. Archives of Razi Institute, 77(3), 999-1005. [PMID]

Omar, M., & Al-Hendy, A. (2020). Adnexal/ovarian torsion. In:
B. Rizk, M. A. Borahay & A. M. Ramzy (Eds.), Clinical diag-
nosis and management of gynecologic emergencies (pp. 135-150).
Florida: CRC Press. [Link]

Ozlem, K., Birkan, Y., Mustafa, K., & Emin, K. (2018). Protective
effect of Vaccinium myrtillus on ischemia-reperfusion injury
in rat ovary. Taiwanese Journal of Obstetrics and Gynecology,
57(6), 836-841. [DOI:10.1016/j.tjog.2018.10.012] [PMID]

Paglia, D. E., & Valentine, W. N. (1967). Studies on the quan-
titative and qualitative characterization of erythrocyte glu-
tathione peroxidase. The Journal of Laboratory and clinical Medi-
cine, 70(1), 158-169. [Link]

Pan, D., Wang, K., Cao, G, Fan, K,, Liu, H., & Li, P, et al. (2020).
Inhibitory effect of central ghrelin on steroid synthesis affect-
ing reproductive health in female mice. The Journal of Steroid
Biochemistry and Molecular Biology, 204, 105750. [DOI:10.1016/j.
jsbmb.2020.105750] [PMID]

Park, E. S., Kim, J., Ha, T. U., Choi, J. S., Soo Hong, K., & Rho,
J. (2013). TDAGS51 deficiency promotes oxidative stress-in-
duced apoptosis through the generation of reactive oxygen
species in mouse embryonic fibroblasts. Experimental & Molec-
ular Medicine, 45(8), €35. [DOI:10.1038/emm.2013.67] [PMID]

Raisi, A., Kheradmand, A., Farjanikish, G., Davoodi, F. & Taheri,
S. (2020). Nitroglycerin ameliorates sperm parameters, oxida-
tive stress and testicular injury following by testicular tor-
sion/ detorsion in male rats. Experimental and Molecular Pathol-
ogy, 117, 104563. [DOI:10.1016/j.yexmp.2020.104563] [PMID]

Sengul, O., Ferah, L, Polat, B., Halici, Z., Bayir, Y., & Yilmaz, M.,
et al. (2013). Blockade of endothelin receptors with bosentan
limits ischaemia/reperfusion-induced injury in rat ovaries.
European Journal of Obstetrics & Gynecology and Reproductive
Biology, 170(2), 458-463. [DOI:10.1016/j.ejogrb.2013.06.040]
[PMID]

Soares, R. O. S., Losada, D. M., Jordani, M. C,, Evora, P., & Cas-
tro-E-Silva, O. (2019). Ischemia/reperfusion injury revisited:
An overview of the latest pharmacological strategies. Interna-
tional Journal of Molecular Sciences, 20(20), 5034. [DOI:10.3390/
{jms20205034] [PMID]

Sousa, F. A., & Cunha, T. M. (2022). Ovarian torsion mimicking a
malignant ovarian tumour. Acta Radioldgica Portuguesa, 34(2),
31-33. [Link]

IRANIAN JOURNAL OF VETERINARY MEDICINE

Sun, Y., Oberley, L. W., & Li, Y. (1988). A simple method for clin-
ical assay of superoxide dismutase. Clinical Chemistry, 34(3),
497-500. [DOI:10.1093/ clinchem/ 34.3.497] [PMID]

Taheri, S., Davoodi, F., Raisi, A., Zakian, A., Rajabzadeh, A., &
Hablolvarid, M. H., et al. (2021) Co-administration of Salvia
miltiorrhiza and verapamil inhibits detrimental effects of tor-
sion/detorsion on testicular tissue in rats. Andrologia, 53(6),
€14049. [DOI:10.1111/ and.14049] [PMID]

Tok, A., Sener, E., Albayrak, A., Cetin, N., Polat, B., & Suley-
man, B., et al. (2012). Effect of mirtazapine on oxidative stress
created in rat kidneys by ischemia-reperfusion. Renal Failure,
34(1), 103-110.[DOI:10.3109/ 0886022X.2011.623499] [PMID]

Ugurel, V., Cicek, A. C,, Cemek, M., Demirtas, S., Kocaman, A.
T., & Karaca, T. (2017). Antioxidant and antiapoptotic effects
of erdosteine in a rat model of ovarian ischemia-reperfusion
injury. Iranian Journal of Basic Medical Sciences, 20(1), 53-58.
[PMID]

Vu, A. D., & Goh, A. Z. (2022). Clinical factors and surgical de-
cision-making when managing premenopausal women with
adnexal torsion. Archives of Gynecology and Obstetrics, 306(4),
1077-1084. [DOI:10.1007/500404-022-06580-7] [PMID]

Yao, P, Li, K, Song, F., Zhou, S., Sun, X,, & Zhang, X,, et al.
(2007). Heme oxygenase-1 upregulated by Ginkgo biloba ex-
tract: potential protection against ethanol-induced oxidative
liver damage. Food and Chemical Toxicology, 45(8), 1333-1342.
[DOI:10.1016/j.fct.2007.01.016] [PMID]

Yurtcu, E., Togrul, C., Ozyer, S, Uzunlar, O., Karatas, Y. H.,
& Seckin, K. D, et al. (2015). Dose dependent protective ef-
fects of vardenafil on ischemia-reperfusion injury with bio-
chemical and histopathologic evaluation in rat ovary. Journal
of Pediatric Surgery, 50(7), 1205-1209. [DOI:10.1016/jjped-
surg.2014.12.013] [PMID]

Nazari., et al. (2025). Ghrelin Ovarian Ischemia-reperfusion. fran J Vet Med, 19(1):157-168.



https://ijvm.ut.ac.ir/
https://doi.org/10.1016/j.envpol.2016.04.089
https://pubmed.ncbi.nlm.nih.gov/27155098/
https://doi.org/10.1016/bs.pmbts.2015.11.001
https://www.ncbi.nlm.nih.gov/pubmed/26940384
https://doi.org/10.1155/2019/9613090
https://www.ncbi.nlm.nih.gov/pubmed/31827713
https://pubmed.ncbi.nlm.nih.gov/36618313/
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003008910-13/adnexal-ovarian-torsion-takala-mona-omar-ayman-al-hendy
https://doi.org/10.1016/j.tjog.2018.10.012
https://www.ncbi.nlm.nih.gov/pubmed/30545537
https://www.translationalres.com/article/0022-2143(67)90076-5/abstract
https://doi.org/10.1016/j.jsbmb.2020.105750
https://doi.org/10.1016/j.jsbmb.2020.105750
https://www.ncbi.nlm.nih.gov/pubmed/32920127
https://doi.org/10.1038/emm.2013.67
https://www.ncbi.nlm.nih.gov/pubmed/23928855
https://doi.org/10.1016/j.yexmp.2020.104563
https://www.ncbi.nlm.nih.gov/pubmed/33147433
https://doi.org/10.1016/j.ejogrb.2013.06.040
https://www.ncbi.nlm.nih.gov/pubmed/23880599
https://doi.org/10.3390/ijms20205034
https://doi.org/10.3390/ijms20205034
https://www.ncbi.nlm.nih.gov/pubmed/31614478
https://www.researchgate.net/publication/363174216_Ovarian_Torsion_Mimicking_a_Malignant_Ovarian_Tumour
https://doi.org/10.1093/clinchem/34.3.497
https://www.ncbi.nlm.nih.gov/pubmed/3349599
https://doi.org/10.1111/and.14049
https://www.ncbi.nlm.nih.gov/pubmed/33733509
https://doi.org/10.3109/0886022X.2011.623499
https://www.ncbi.nlm.nih.gov/pubmed/22032749
https://pubmed.ncbi.nlm.nih.gov/28133525/
https://doi.org/10.1007/s00404-022-06580-7
https://www.ncbi.nlm.nih.gov/pubmed/35462595
https://doi.org/10.1016/j.fct.2007.01.016
https://www.ncbi.nlm.nih.gov/pubmed/17467134
https://doi.org/10.1016/j.jpedsurg.2014.12.013
https://doi.org/10.1016/j.jpedsurg.2014.12.013
https://www.ncbi.nlm.nih.gov/pubmed/25783344

IRANIAN JOURNAL OF VETERINARY MEDICINE

R L

(21200 (P90 (65T 13 (2,50 (45988 iy soSumn] Ble (3 5 (190 )90 (Hadlone I 51
"y ol 0T J e gm0 Tated S ) 40 gl e

oot ] 3 i At Szl ot

Oyl bl 3 lias o oStk ¢ S ks 0uSitils o alKiLo yo pole 09,5 ¥
Oyl bl 3 qlins ) olRtils o S el 0aSLtils cdsly pgle 09,5 Y

Use your device to scan

and read the rtile online EEVATX S R EE Nazari, M., Kheradmand, A., Alirezaei, M., & Raisi, A. (2025). Protective Effects of Ghrelin
E s E Following Experimentally Induced Ischemia-reperfusion in the Rat Ovary. Iranian Journal of Veterinary Medicine, 19(1), 157-
b : 168. http://dx.doi.org/10.32598/ijvm.19.1.1005503

http://dx.doi.org/10.32598/ijvm.19.1.1005503

0 S

% S0

Olese 18 soSiun] Eacly Cules 58 g las 3y 9 9 (3l pb Sl e 5 (Sl el y9l G oS o g5 tar) s dino
S5

b o] gl bigm (SHAaS (08 1 gl ] 3 5 09l ST 3 gty by sl ol ician

09,5 =¥ o) 09,5 = :ad sl (25 Y) 09,5 duw &y (YO+-Y+ f)f) Sy ol55 &l osle ‘5\"):’:.9 Sige YV 15 o,
518 90 4 521 ¥ i3, 0, L a3 oSl Sl ¥ 1 I B0 ¥l il Sn 1+ sl g
¥ O3mdny Erb b layes g (soSmsl el ¥ 51 8 4880 Yo ()5 Jpagili Vsl S oSl 09, ¥ 900 Slao
Olle 58 5 13 oobiordion 50T o g il 09,8 12 18 sy oo (5l oo A 39205 Blho B & 900 4y el
(CAT) IS 5 «TAS) o5 loanST T s s AGPX) 5lsanST 3 39456985 (SOD) 55 g0minss SanSTy3 900 (MDA) sfl (50
Q8,5 155 )0 8)90 (stleondign (sl el s (fgie 4

Cosd i 508yl 09,5 18 MDA gl (P> +/+ B) colas 5l sime iglis alzzeo slrog,S oy GPX 3 SOD collad sl
(510 Sl (P 1+ 09 3y 55 513 g sl 4l S 05 4y o ol - gl a5 353 53 L5 o5
09,5 s Conmad el )T b oy S 095 )3 9 Sy (a5 (5 aine ol 4y i 095 s dliio 3 (pallus 09,5 3 TAC 5 CAT

e VP ¥ rcil s
)5 Cablovs (59085 5= oSl 51 (o2 copusl 511 g0 (Sl aZT ¢ Jgagili N+ 595 L hadsS o S sobo i e (5 5 oS DT YA i s
O3l g8 or 8 o il (Bge (Joast ((yfoud i coSuml (pad S i 0lodST T IRY g ST lasi 5

B overeernrneenenentataetteraeaaerattaeeaenehehth s eareaaeeaeeatheheaehaeaae s s e aaeaeaeaea e aenaehae et ereeaeneneaeaea e arehaetaeereereenenentaeaerrenneanetntereerteneneneanernes u

s ok

ases 5 iyl 28

(A3l y5 pole 09,5 ¢ K saals 008zl ¢ylin J olKitils o] o 3 1 SLkS
+AA QYY) Y-0-9-F rdls

kheradmand.a@lu.ac.ir; arashkheradmand@yahoo.com :aak!

Copyright © 2025 The Author(s);
This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en),
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

—
167



https://ijvm.ut.ac.ir/
http://dx.doi.org/10.32598/ijvm.19.1.1005503
mailto:kheradmand.a%40lu.ac.ir?subject=
mailto:arashkheradmand%40yahoo.com?subject=
https://orcid.org/0000-0001-8769-4284
https://orcid.org/0000-0003-1022-8896
https://orcid.org/0000-0003-2472-0910
https://orcid.org/0009-0009-8991-2551

This Page Intentionally Left Blank



