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Objective: To evaluate the impact of Olea (O.) europaea extract on markers of oxidative stress and 
apoptosis of ovarian tissues in a rat model of torsion/detorsion-induced ovarian damage. 

Methods: A total of 28 Wistar female rats were randomly assigned into 4 groups, with 7 rats in 
each group. The sham group received a 2.5 cm longitudinal incision in the midline part of the 
abdomen which was then sutured with 5-0 nylon thread; the torsion/detorsion group underwent 
torsion induction for 3 h followed by reperfusion for 10 days; the torsion/detorsion+O. europaea 
group received 300 mg/kg hydro-alcoholic extract of O. europaea 30 min before detorsion, followed 
by reperfusion for 10 days; and the O. europaea group only received 300 mg/kg hydro-alcoholic 
extract of O. europaea for 10 days. After the treatment period, blood samples were taken; the levels 
of estrogen, glutathione peroxidase, superoxide dismutase, and malondialdehyde were assayed. 
The histological changes, as well as the rate of apoptosis in ovarian tissues, were also carried out by 
histomorphometric analysis at day 10 post-procedure. 

Results: Histological comparisons demonstrated a significant detrimental change in the torsion/
detorsion group as compared with other groups. The number of pre-antral and antral follicles 
and corpus luteum was significantly decreased in the torsion/detorsion group compared with 
the sham group, while treatment with O. europaea could enhance their numbers (P<0.05). The 
index of apoptosis and the number of atretic body in the ovarian tissue were significantly higher 
in the torsion/detorsion group compared with the sham group (P<0.05). The concentrations of 
glutathione peroxidase, estrogen, and superoxide dismutase as well as the mRNA expression of 

Bcl-2 were considerably diminished in the torsion/detorsion group while they were elevated in the 
torsion/detorsion+O. europaea group (P<0.05) compared with the torsion/detorsion group. The 
serum malondialdehyde level and the mRNA expression of Bax were markedly increased during 
ischemia, while treatment with O. europaea significantly diminished the increased concentrations 
of malondialdehyde and Bax level in the torsion/detorsion+O. europaea group (P<0.05).

Conclusions: O. europaea extract can reduce the degree of tissue damage induced by oxidative 
stress and apoptosis in the ovary following ovarian ischemia/reperfusion.  
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1. Introduction

  Ovarian torsion, as one of the most prevalent gynecologic 

disorders, is defined when the adnexal vessels (such as ovarian and 

utero-ovarian ligaments) are twisted around their axis, leading to 

venous, arterial, or vascular occlusion[1]. This condition may result 

in necrosis, accompanied by gangrene, arterial incompetence, and 

hemorrhagic infarction, which is induced by venous and lymphatic 

blockage[2]. To date, no consensus exists on the minimum number 

of rotations required to create torsion, as well as the necessary time 

to induce necrosis after torsion induction[3]. Torsion is diagnosed 

via clinical manifestations and sonographic findings, but a definite 

diagnosis is only established in the case of surgery[1]. Oophorectomy 

of doubtful and/or the necrotic ovaries (exhibiting some degrees 

of vasodilation) after occlusion or torsion is the best surgical 

therapeutic option among clinical approaches. However, prior to the 

puberty period, the preservation of gonads has a more significant 

superiority over their destruction in the following period of life. Also, 

asynchronous contralateral torsion accounts for 2% to 5% of female 

reproductive diseases, so it is considered a clinical catastrophe. 

About one-fourth of pediatric ovarian torsion is characterized by 

abnormal ovaries; thus, the protection of gonads in children would 

be of great importance[2,3]. Considering the ovary plays a critical 

role in fertility and secretion of sexual hormones, the torsioned 

ovaries could cause detrimental effects on the reproductive system[3].

  Torsion/detorsion (T/D)-induced ischemia/reperfusion (I/R) injury 

is a pathophysiologic event that causes histological damage to the 

female reproductive tract[4-6]. Torsion is associated with a marked 

reduction in perfusion of the ovary, followed by a lack of oxygen 

supply (ischemia) in a particular organ. Ovarian I/R is capable of 

initiating inflammatory cascades that could cause microcirculation 

disorders and induce damages to vascular endothelial cells that are 

mainly in charge of ovarian tissue injury. The overproduction of 

reactive oxygen species (ROS), namely hydroxyl radicals, hydrogen 

peroxide, and superoxide radicals is one of the I/R complications 

which are able to cause severe damages to reproductive tissues[4-9]. 

The elevated levels of ROS result in DNA damage, endothelial 

destruction, and apoptosis of granulosa cells[10,11]. Hence, oxidative 

stress has deleterious effects on ovarian tissue, and the use of 

antioxidant substances could neutralize the harmful impacts of free 

radical agents on reproductive tissues. Natural products such as 

herbal extracts are considered bona fide alternative treatments for the 

alleviation of oxidative stress-induced ovarian tissue damage[12]. 

  The leaves extracts of Olea (O.) europaea have been widely used in 

traditional medicine in European and Mediterranean countries such 

as Greece, Spain, Italy, France, Turkey, and Tunisia. The herb extract 

is usually applied in human foods, and it contains numerous bioactive 

compounds with antioxidant, antihypertensive, anti-atherogenic, 

anti-inflammatory, anti-diabetic, and anti-hypercholesterolemia 

properties. One of the essential bioactive compounds in O. europaea 

extract is secoiridoid oleuropein, which is a potent antioxidant with 

anti-inflammatory potentials, constituting 6%–9% of dry matter 

weight of the leaves. Other bioactive components found in O. 
europaea include secoiridoids, flavonoids, and triterpenes which have 

beneficial impacts on metabolism when used as a supplementary 

compound. The primary sources of polyphenols in olive are olive 

leaves and the industrial waste of olive oil, known as alperujo. 

Alperujo is an inexpensive source of natural antioxidants in which 

the concentrations of such compounds are up to 100 times higher 

than olive oil. Olive leaves possess the most potent antioxidant 

components compared with other parts of the plant[13,14].

  Hence, concerning the antioxidant and anti-inflammatory potential 

of O. europaea, the current study aimed to assess the effect of this 

herb extract on the reduction of oxidative stress and tissue damages 

in the ovary of adult female rats induced by T/D.

2. Materials and methods

2.1. Plant collection process

  In April 2018, the leaves of O. europaea were collected in the rural 

regions of Khorramabad, located in the western part of Iran (Lorestan 

province). The identification and characterization of gathered samples 

were performed by an expert botanist. The voucher specimens were 

deposited at Razi Herbal Medicine Research Center affiliated with 

Lorestan University of Medical Sciences (RH 1165)[15].

2.2. Extraction of hydroalcoholic mixture

  For the preparation of the extraction from whole leaves of O. 
europaea, 500 g of O. europaea was air dried at room temperature. To 

continue the extraction procedures, the dried herb was grounded into 

a fine powder and dissolved in 2 L of 96% alcohol, then kept at 25 曟 

for 48 h. Next, the mixture was frequently agitated, and the solution 

was filtered and then centrifuged at 3 000 rpm for 5 min. Finally, the 

resulting solution was transferred into an open-top container and 

then evaporated. 100 g of the semisolid extraction was achieved 

from whole leaves of O. europaea. The resultant extraction was 

dissolved in normal saline to gain appropriate concentrations of O. 
europaea extract[16]. It was shown that the main phenolic contents of 

the hydroalcoholic extract of the O. europaea leaves were oleuropein 

(356 mg/g), tyrosol (3.73 mg/g), hydroxytyrosol (4.89 mg/g) 

and caffeic acid (49.41 mg/g) when the components of the herb 

were analyzed by the high-performance liquid chromatography 

technique[17].

2.3.  Study design

  For this experimental study, 28 adult female Wistar rats weighing 

200-250 g were purchased from the Razi Institute of Mashhad 

city, and they were maintained in standard conditions. During the 

experimental period, all of the animals had free access to food and 

tap water. The rats were randomly assigned into four groups, with 7 

rats in each group: 1) the sham group received a 2.5-cm longitudinal 

incision in the midline part of the abdomen which was then sutured 

with 5-0 nylon thread; 2) the T/D group underwent ovarian torsion 

for 3 h while the animals received normal saline by oral gavage 

30 min before detorsion and then daily received normal saline until 

the end of the treatment period (day 10); 3) the T/D+O. europaea 
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group underwent ovarian torsion for 3 h and the animals were 

treated with 300 mg/kg hydro-alcoholic extract of O. europaea by 

oral gavage 30 min before detorsion[18]. And the animals daily 

received the O. europaea extract until the end of the treatment 

period (day 10)[2]; 4) the O. europaea group did not undergo 

operation and they only received 300 mg/kg hydro-alcoholic 

extract of O. europaea orally for 10 days. After day 10, the left ovary 

was resected for histopathological analyses.

2.4. Ethics

  All experimental processes of the present research were conducted 

in accordance with the Guidelines of the Gonabad University 

of Medical Science, Gonabad, Razavi Khorasan Province (Iran) 

specified for the care and use of laboratory animals (ethical code: 

IR.GMU.REC.1394.10).

2.5. Surgical operations and sampling

  When the experimental period was finished, the animals were 

anesthetized by intraperitoneal injection of ketamine (50 mg/kg) and 

xylazine (10 mg/kg). Animals were placed in a supine posture, 

and then a longitudinal incision was made in the midline of rats’ 

abdomen, and the left horn of uterine, as well as adnexa,  was 

exposed. After that, the left ovary of each animal was twisted 720 

degrees around its axis in a counterclockwise direction. Next, the 

rotated ovary was fixed to the abdominal wall using 0.6 nylon 

sutures to avoid detorsion. The incision was sutured with 6/0 nylon 

suture. The rotated ovary was left in this situation for 3 h. Next, the 

O. europaea extract was administered by oral gavage 30 min before 

the release of torsion. After 3 h, the torsioned ovary was returned to 

the normal condition to complete the detorsion process. Next, the 

reperfusion procedure was accomplished, and the ovary was left for 

seven days in this status. At the end of the reperfusion period, all of 

the animals were anesthetized by ketamine (50 mg/kg), and xylazine 

(10 mg/kg) and then the blood samples were taken from the heart 

of each animal to evaluate oxidative stress indices and sex hormone 

levels. Also, ovarian tissues were removed to assess the histological 

alteration as described previously[2]. Ovarian tissues were fixed in 

10% formalin for 72 h, then dehydrated and paraffin embedded. 

The samples were sectioned at the thickness of 5 µm by a rotary 

microtome, and then tissue sections were stained with hematoxylin-

eosin. Blood specimens collected from the animals were centrifuged 

at 4 000 rpm for 5 min. The isolated serum samples were collected 

and aliquoted into three microtubes (500 µL), and finally kept at -70 曟 

until the analysis.

2.6. Histological analysis

  The histological and histomorphometric studies of tissue sections 

obtained from each ovary of the animals were carried out. Tissue 

sections were evaluated spirally in clockwise directions from the 

cortex to the medulla region. In each tissue section, the number 

of atretic and yellow bodies, as well as the frequency of pre-

antral, antral, and corpus luteum cells were counted under a light 

microscope at 伊100 magnification (Carl Zeiss, Germany).

2.7. Apoptotic cell detection

  The rate of apoptosis in follicles was evaluated by the terminal-

deoxynucleoitidyl transferase mediated nick end labeling (TUNEL) 

assay using the In Situ Cell Death Detection Kit, POD TUNEL 

assay (Boehringer Mannheim, Germany) according to the 

recommendations provided by the manufacturer. All procedures 

were implemented in accordance with the protocols provided by 

the commercial kit as follows: 1) ovarian sectioned tissues were 

deparaffinized and rehydrated in descending gradient of ethanol; 2) 

samples were incubated with 20 mg/mL proteinase K for 20 min 

in humid room temperature; 3) endogenous peroxidase activity 

was blocked by the incubation with 3% hydrogen peroxide in 

methanol for 10 min; 4) ovary sections were incubated with the 

TUNEL solution containing deoxy-nucleotide mixture and terminal 

deoxynucleotidyl transferase enzyme at 4 曟 overnight; 5) tissue 

specimens were then incubated with the anti-fluorescein antibody-

peroxidase solution at room temperature for 30 min; 6) finally, tissue 

sections were treated with diaminobenzidine for 15 min. All steps 

mentioned earlier were conducted separately by rinsing the samples 

in phosphate-buffered saline after each stage. Finally, tissue sections 

were stained with hematoxylin for 1 min. Then, tissue samples 

were dehydrated, cleared, and mounted with Entellan (Merck, 

Darmstadt, Germany). Apoptotic cells appeared in dark brown and 

were homogeneous[19]. For calculation the apoptotic index in each 

type of follicles, the number of TUNEL-positive cells was counted, 

then divided into the total number of granulosa cells and expressed 

as the percentage. Next, the mean apoptotic index of each group was 

calculated and analyzed by the ImageJ software.

2.8. RNA isolation, cDNA synthesis, and real-time 
polymerase chain reaction (RT-PCR)

  The left ovaries of all animals in each group were collected in three 

replicates on day 10 of the treatment period to analyze the expression 

of apoptosis-related genes. In each group, the total RNA content was 

extracted utilizing the TRIzol reagent (Invitrogen, CA, USA) based 

on the manufacturer’s instructions. Then, the RNA concentration 

was determined by using the spectrophotometry method, and it was 

adjusted to a concentration of 500 ng/mL. Using oligo dT, total 

isolated RNA was reverse-transcribed into cDNA by the Moloney 

murine leukemia virus reverse transcriptase. The primer sequences 

of each gene were listed in the below:

Forward primer (Bax): GGCGAATTGGAGATGAACTG; 

Reverse primer (Bax): TTCTTCCAGATGGTGAGCGA; 

Forward primer (Bcl-2): CTTTGCAGAGATGTCCAGTCAG; 

Reverse primer (Bcl-2):  GAACTCAAAGAAGGCCACAATC; 

Forward primer [glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH)]: ATGGAGAAGGCTGGGGCTCACCT; 

Reverse primer (GAPDH): AGCCCTTCCACGATGCCAAAGTTGT. 

The GAPDH gene was applied as an internal control[20].
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2.9. RT-PCR

  RT-PCR was performed on the Applied Biosystems (UK, Lot 

No. 1201416) and the relative gene expression was conducted 

with SYBR green-based RT-PCR. The thermal cycling conditions 

were as follows; initial denaturation at 95 曟 for 10 min to inhibit 

the reverse transcriptase, followed by 40 cycles of 15-second 

denaturation at 95 曟, annealing for 30 s at 58 曟, 30-second 

elongation at 72 曟, and the extension step of 95 曟 for 15 s, 60 曟 

for 1 min, and 95 曟 for 15 s. Next, the relative expression analysis 

of target genes mentioned above was carried out by the Pfaffl 

method (2−ΔΔCt, ΔΔCt =ΔCt sample-ΔCt control)[21].

2.10. Evaluation of serum biochemical parameters 

2.10.1. Determination of malondialdehyde (MDA)
  The level of MDA was determined by pouring 0.20 cm3 of serum 

samples into microtubes containing 3.0 cm3 of glacial acetic acid, 

to which 3.0 cm3 of 1% thiobarbituric acid was added to 2% NaOH. 

The microtubes comprising the mixture solution earlier mentioned 

was placed in the boiling water for 15 min. The pink-colored product 

exhibited maximum absorbance at the wavelength of 532 nm when 

the cooling-down process was performed. Tetra-butyl-ammonium 

salt was employed for the preparation of a standard solution to obtain 

the calibration curve, as previously described[20].

2.10.2. Determination of activities of glutathione peroxidase 
(GPx) and superoxide dismutase (SOD)
  The measurements of activities of GPx and SOD were conducted 

in serum samples of rats according to the protocols recommended 

by the commercial kits (Randox, UK). Briefly, GPx, by oxidizing 

glutathione, could reduce H2O2 to H2O. Then, glutathione reductase 

catalyzed re-reduction of the oxidized form of glutathione. The GPx 

activity was measured in absorbance at 320 nm[22]. On the other 

hand, the reaction of superoxide radical and 2-(4-iodophenyl)-3-

(4-nitrophenol)-5-phenyltetrazolium chloride forms red formazan, 

which was the base of measuring the activity of SOD at 505 nm[23].

2.10.3. Measurement of estrogen level
  The concentrations of serum estrogen hormone were determined 

by the enzyme-linked immuno sorbent assay method using the 

commercial kit (Demeditec Diagnostics, Kiel, Germany).

2.11. Statistical analysis

  The statistical analysis was performed by the SPSS software version 

20 (IBM, USA). All of the obtained values were expressed as mean 

and standard deviation of the mean (mean ± SD). The comparison of 

the values between the experimental group was determined by one-

way analysis of variance followed by Tukey’s post hoc test. The level 

of statistical significance was set at P<0.5.

3. Results 

3.1. Histological parameters of ovarian tissues

  The histological analysis demonstrated a significant (P<0.05) 

decrease in the number of pre-antral follicles in the T/D group as 

compared with the sham group (Figure 1). Moreover, a significant 

(P<0.05) difference was found between the T/D group and other 

experimental groups when the frequency of the above cells was 

compared. Accordingly, a statistically significant reduction was 

observed in the number of antral follicles in the T/D group in 

comparison with the sham group (P<0.05). Also, the number of 

antral follicles were considerably increased in groups treated with 

the O. europaea extract (T/D+O. europaea group and O. europaea 

group), compared with T/D group (P both <0.05). The results 

indicated that the number of corpus luteum cells was considerably 

(P<0.05) lower in the T/D group when compared with the sham 

group. On the other hand, the percentage of corpus luteum cells 

was elevated in the T/D+O. europaea and O. europaea groups 

compared with the T/D group (P both <0.05). A significant increase 

was found in the frequency of atretic bodies in the T/D group when 

compared with the sham group (P<0.05). According to Table 1 and 

Figure 1, our findings indicated that the number of atretic bodies was 

markedly diminished in the T/D+O. europaea and O. europaea groups 

in comparison with the T/D group (P<0.05). 

 3.2. Apoptosis index

  As depicted in Figure 2, the evaluation of the apoptosis index in 

ovarian tissues in the T/D group showed a significant increment 

in the percentage of apoptotic cells when compared with the sham 

group (P<0.05). The index of apoptosis in ovarian tissues of the 

groups treated with the O. europaea extract was significantly lower 

than the T/D group (P<0.05).

Table 1. Mean number of pre-antral follicles, antral, and corpus luteum along with atretic body in ovaries of female rats in all groups.

Parameters      Sham       T/D                T/D+O. europaea                    O. europaea
Pre-antral follicles 5.82 ± 1.12 1.45 ± 1.04* 4.60 ± 0.98# 5.97 ± 1.14#

Antral follicles 6.50 ± 1.03 2.14 ± 1.25* 5.42 ± 1.11# 6.60 ± 1.73#

Corpus luteum 5.52 ± 1.64 1.12 ± 1.07* 4.32 ± 1.24# 5.72 ± 1.94#

Atretic bodies 2.14 ±1.44 6.50 ± 1.23* 2.80 ± 1.01# 2.30 ± 1.36#

Data are expressed as mean ± SD. The asterisk sign (*) indicates a significant difference versus the sham group and the symbol (#) denotes a statistically 
significant difference versus the T/D group (P<0.05). TD: torsion-detorsion.
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3.3. Analysis of gene expression 

  The expression ratio of Bcl-2 and Bax to GAPDH was illustrated 

in Figures 3 and 4. The expression ratio of Bax gene to the GAPDH 

gene was substantially (P<0.001) elevated in the T/D group 

compared with the sham group; however, the expression of Bax was 

diminished in both T/D+O. europaea group and O. europaea group 

comparing with the T/D group. Although the ratio expression of 

Bcl-2 to GAPDH was significantly (P<0.001) decreased in the 

T/D group in comparison with the sham group, it was dramatically 

increased in both T/D+O. europaea and O. europaea groups compared 

with the T/D group (P<0.001).

3.4. Serum parameters

  The level of serum estrogen was significantly (P<0.05) reduced 

in the T/D group in comparison with the sham group. Moreover, as 

shown in Table 2, serum concentrations of estrogen were significantly 

(P<0.05) different between the T/D and other experimental groups. 

The activity of the SOD enzyme in serum samples of the T/D group 

was significantly lowered compared with the sham group (P<0.05). 

Also, as shown in Table 2, the serum activity of the SOD enzyme 

was elevated considerably (P<0.05) in the T/D+O. europaea and O. 
europaea groups when compared with the T/D group. The analysis 

of serum concentrations of the GPx enzyme indicated a significant 

decrease in the T/D group when compared with the sham group 

(P<0.05). According to Table 2, a marked difference was found 

between the T/D and other therapeutic groups regarding the levels of 

the GPx enzyme (P<0.05). The serum concentrations of MDA were 

statistically higher in the T/D group compared with that of the sham 

group (P<0.05). Conversely, as shown in Table 2, the serum levels of 

MDA were significantly diminished in the T/D+O. europaea  group 

compared with the T/D group (P<0.05).

A B

C D

Figure 1. Histological analysis of sham group (A), T/D group (B), T/D+O. europaea group (C), and O. europaea group (D) 10 days post-surgery 
(hematoxylin-eosin staining). White and black arrows display the antral and pre-antral follicles, respectively. Green arrows show atretic bodies, and yellow 
arrows indicate corpus luteum cells. Scale bar: 100伊. TD: torsion-detorsion.
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Table 2. Serum concentrations of superoxide dismutase, glutathione peroxidase, malondialdehyde and estrogen in different experimental groups. 

Biochemical parameters         Sham         T/D    T/D+O. europaea     O. europaea 

SOD (U/mL)     2.62 ± 0.26   1.12 ± 0.06*       2.05 ± 0.58#     2.74 ± 0.98#

GPx (U/mL) 208.45 ± 7.01 89.34 ± 9.32*   179.24 ± 4.64# 215.76 ± 4.13#

MDA (nM)     1.28 ± 0.06   2.57 ± 0.64*       1.53 ± 0.32#     1.21 ± 0.84#

Estrogen (pg/mL)   44.71 ± 6.94 24.83 ± 5.90*     32.95 ± 4.81#   45.07 ± 5.64#

Data are expressed as mean ± SD. The asterisk sign (*) indicates a significant difference versus the sham group and the symbol (#) denotes a statistically 
significant difference versus the T/D group (P<0.05). TD: torsion-detorsion; SOD: Superoxide dismutase; GPx: Glutathione peroxidase; MDA: 
Malondialdehyde.

Figure 2. Apoptotic cells in ovarian tissue in the sham group (A), T/D group (B), T/D+Olea europaea group (C), and Olea europaea group (D) 10 days after 
surgery (hematoxylin-eosin staining; scale bar: 100伊). All data are expressed as mean±SD. The asterisk (*)  shows significant difference with sham group 
and the symbol (#) means a considerable difference with T/D group (P<0.05). TD: torsion-detorsion; OE: Olea europaea.
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4. Discussion

  In the human body, the level of ROS and antioxidant compounds 

are in equilibrium as the over-production of ROS results in oxidative 

stress. Studies have indicated that the reproductive system of women 

could be affected by oxidative stress during pre-puberty, puberty, or 

even menopause periods. Oxidative stress could be originated from 

the perturbation in the balance of pro-oxidant and antioxidant agents 

in which the human body would not be capable of eliminating the 

excessive amount of ROS from the body. The generation of ROS 

is regarded as a double-edged sword, implying that a particular 

amount of these radical and pro-oxidant chemicals is pre-requisite 

for the proper function of some biological phenomena such as the 

eradication of pathogens and so on; however, the elevated levels of 

ROS could cause some damages to vital macromolecules including 

DNA, protein, and lipids and they play a significant role in the 

development of some pathological events such as I/R-induced 

ovarian injury. It has been indicated that ROS play roles in some 

biological processes ranging from the maturity of the oocyte 

to fertilization, as well as the development of the embryo and 

gestation[2,24]. It has been shown that oxidative stress has a critical 

effect on the reduction of age-related fertility decline. Also, it has a 

significant impact on gestation, normal parturition, and the onset of 

preterm delivery[25]. Oxidative stress is the primary culprit of DNA 

damage in the ovulation process and ovarian epithelial cells while 

it could be prevented by the administration of antioxidant agents 

to individuals who are at risk of developing I/R-induced ovarian 

damage. Several lines of evidence have indicated that oxidative stress 

plays an essential role in the pathophysiology of infertility[24,25]. This 

fact was supported by similar reports demonstrating that oxidative 

stress contributes to the development of endometriosis, as well 

as tubal and peritoneal infertility[24,25]. It is thought that multiple 

mechanisms participate in I/R-induced tissue damage, including 

the increased production of ROS, elevation of proinflammatory 

mediators, and the initiation of pro-apoptotic factors in different 

tissues[26-29]. 

  Antioxidant compounds have vital roles in the prevention of 

ROS overproduction and oxidative stress-induced infertility 

problems[7, 20,30-35]. Several reports have highlighted that ovarian 

I/R could be caused by the excessive generation of ROS, followed 

by the damages induced by oxidative stress[2,6]. Oxidative stress, 

induced by ovarian T/D may lead to the detrimental changes in 

ovarian tissues, along with hormonal alterations such as a decrease in 

the levels of GPx, SOD, MDA, and estrogen, as well as a reduction 

in the number of follicles in ovaries[2,36]. 

  In the current research, ovarian torsion resulted in oxidative stress 

injuries, including histological damages and biochemical alterations. 

Such deleterious effects might be represented as a decrease in the 

number of follicles (pre-antral, and antral), as well as an increase 

in the number of atretic bodies and apoptosis of granulosa cells 

in follicles. Therefore, TD can stimulate the apoptosis process in 

ovarian tissue of rat, thereby leading to an increase in the production 

of ROS. The Bax (pro-apoptotic) and Bcl-2 (anti-apoptotic) proteins 

are two members of the Bcl-2 family, controlling the initiation of 

caspase activity[37-39]. Our findings revealed that the mRNA expression 

of Bax was significantly upregulated in ovarian tissue of the T/D group 

compared with other experimental groups. It has been reported that the 

overexpression of Bax finally leads to apoptosis[37, 38]. Contrariwise, 

the ratio of the Bcl-2 gene to the housekeeping gene expression, i.e., 

GAPDH was significantly decreased in the TD group in comparison 

with other groups. Similar to our findings, Agarwal et al[24] showed 

that the production of ROS led to a decrease in the number of pre-

antral, antral, and corpus luteum cells.

  Moreover, Sapmaz-Metin et al[10] indicated that ovarian T/D causes 

apoptosis in follicular cells. Gencer et al[40] reported that ovarian 

T/D results in apoptosis and increases the activity of caspase-3, as 

well as the number of TUNEL-positive cells in the ovarian surface 

epithelium, follicular epithelial cells, and stromal cells. The results 

demonstrated that ovarian T/D caused some biochemical changes, 

such as the reduction in the levels of estrogen. In a study performed 

by Agarwal et al, they revealed that oxidative stress could lead 

to a reduction in the level of estrogen[24]. Moreover, our results 

highlighted that T/D-induced oxidative stress could reduce the 

activity of the SOD and GPx enzymes. Inversely, it also declined 
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Figure 3. Comparison of expression ratio of Bax gene. All of the obtained 

values are expressed as mean ± SD. The asterisk (*) implies a significant 

difference compared with the sham group and the symbol (#) denotes a 

significant difference compared with the T/D group (P< 0.05). TD: torsion-

detorsion; OE: Olea europaea.

Figure 4. Comparison of expression ratio of Bcl-2 gene. All values are 

expressed as the mean ± SD. The asterisk (*) implies a significant difference 

versus the sham group and the symbol (#) denotes a significant difference 

versus the T/D group (P<0.05). TD: torsion-detorsion; OE: Olea europaea.
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the concentrations of MDA levels in serum samples of female 

rats. These findings demonstrate a decline in the potency of the 

antioxidant defense system. In line with our results, Agarwal et al 
showed that ROS induction resulted in a reduction in levels of GPx 

and SOD enzymes[24]. Notably, our previous study indicated that the 

induction of ovarian torsion for three hours, followed by detorsion 

diminished the concentration of both SOD and GPx enzymes while 

the level of MDA was markedly increased[2]. The O. europaea extract 

has multiple active compounds such as secoiridoids, flavonoids, 

and triterpenes[13]. According to previous reports, the O. europaea 

extract has antioxidant, antihypertensive, anti-atherogenic, and anti-

inflammatory activities[13]. The O. europaea extract is an influential 

antioxidant agent as it contains considerable amounts of flavonoid 

and alperujo compounds which could neutralize ROS and prevent 

the formation of free radicals and lipid peroxidation[13]. 

  In this context, we decided to use the O. europaea extract to 

decrease oxidative damage and apoptosis caused by ovarian I/

R. Our results indicated that the O. europaea extract increased the 

percentage of follicles, while it reduced the frequency of atretic 

bodies, thereby preventing the overproduction of ROS and oxidative 

stress. Furthermore, the O. europaea extract protected ovarian tissue 

against apoptosis, and degenerative damage thought to be mediated 

by the antioxidant properties. It has been reported that the excessive 

generation of ROS results in apoptosis and subsequently increased 

expression of the Bax gene along with the decreased expression of 

the Bcl-2 gene[38]. The O. europaea extract diminished apoptosis 

index and down-regulated Bax expression and prevented apoptosis in 

ovarian tissue via the inhibition of the Bcl-2 activity. In line with our 

findings, Kaeidi et al[18] reported that treatment with the O. europaea 

extraction could protect testicular tissues against cell death and it is 

also capable of decreasing the expression of Bax and increasing the 

Bcl2 expression. We demonstrated that the O. europaea extraction 

elevated the level of serum estrogen in female rats induced by 

ovarian torsion. This might stem from the presence of alperujo and 

antioxidant compounds in the O. europaea extract, which protects 

ovarian tissue against oxidative damages. A study performed by 

Rodríguez-Gutiérrez et al[41] revealed that alperujo can increase the 

serum level of antioxidant enzymes and decrease oxidative stress. 

As similar to our results, it has been reported that the extraction of 

O. europaea possesses estrogenic components[42]. The presence of 

that antioxidant compounds in the O. europaea extract has enabled 

this herb to elevate the SOD and GPx enzymes and decrease the rate 

of lipid peroxidation as confirmed in a study conducted by Proietti 

et al[43]. Other reports also demonstrated that the extraction of O. 
europaea could decrease oxidative stress and increase the activity of 

antioxidant enzymes[13].

  In conclusion, regarding the findings of the current investigation, 

the extraction of O. europaea increases the activity of antioxidant 

enzyme and serum levels of estrogen, and it protects against 

apoptosis of ovarian tissue. The herb extract is also capable of 

regulating the expression of the Bax and Bcl-2 genes and preventing 

T/D-induced oxidative stress in ovarian tissues.

Conflict of interest statement

  The authors state no conflict of interest.

Foundation project

  This study was supported by the Student Research Committee of 

Gonabad University of Medical Sciences (Grant No. 94/7).

References

 [1]  Navve D, Hershkovitz R, Zetounie E, Klein Z, Tepper R. Medial 

or lateral location of the whirlpool sign in adnexal torsion: Clinical 

importance. J Ultrasound Med 2013; 32(9): 1631-1634.

[2]  Soltani M, Moghimian M, Abtahi H, Shokoohi M. The protective effect 

of Matricaria chamomilla extract on histological damage and oxidative 

stress induced by torsion/detorsion in adult rat ovary. Int J Womens Health 

Reprod Sci 2017; 5(3): 187-192.

[3]  Kazez A, Ozel S, Akpolat N, Goksu M. The efficacy of conservative 

treatment for late term ovarian torsion. Eur J Pediatr Surg 2007; 17(02): 

110-114.

[4]  Zimmerman BJ, Granger DN, Mechanisms of reperfusion injury. Am J 

Med Sci 1994; 307(4): 284-292.

[5]  Kumtepe Y, Odabasoglu F, Karaca M, Polat B, Halici MB, Keles ON, et 

al. Protective effects of telmisartan on ischemia/reperfusion injury of rat 

ovary: Biochemical and histopathologic evaluation. Fertil Steril 2010; 

93(4): 1299-1307.

[6]  Yuk JS,  Kim LY, Shin JY, Kim TY, Lee JH. A national population-based 

study of the incidence of adnexal torsion in the Republic of Korea. Int J 

Gynaecol Obstet 2015; 129(2): 169-170.

[7]  Shokoohi M, Shoorei H, Soltani M, Abtahi-Eivari SH, Salimnejad R, 

Moghimian M. Protective effects of the hydroalcoholic extract of Fumaria 

parviflora on testicular injury induced by torsion/detorsion in adult rats. 

Andrologia 2018; 50(7): 1-9.

[8]  Soltani M, Moghimian M, Eivari SHA, Shoorei H, Khaki A, Shokoohi M. 

Protective effects of matricaria chamomilla extract on torsion/detorsion-

induced tissue damage and oxidative stress in adult rat testis. Int J Fertil 

Steril 2018; 12(3): 242-248.

[9]  Roshangar L, Hamdi B, Khaki AA, Rad JS, Soleimani-Rad S. Effect of 

low-frequency electromagnetic field exposure on oocyte differentiation 

and follicular development. Adv Biomed Res 2014; 3: 76.

[10] Sapmaz-Metin M, Topcu-Tarladacalisir Y, Uz YH, Inan M, Omurlu 

IK, Cerkezkayabekir A, et al. Vitamin E modulates apoptosis and c-jun 

N-terminal kinase activation in ovarian torsion–detorsion injury. Exp Mol 

Pathol 2013; 95(2): 213-219.

[11] Gharamaleki H, Parivar K, Rad JS, Roushangar L, Shariati M. Effects 

of extremely low-frequency electromagnetic field exposure during 

the prenatal period on biomarkers of oxidative stress and pathology of 

ovarian tissue in F1 generation. Int J Curr Res Rev 2013; 5(21): 23-27.



156 Majid Shokoohi et al./ Asian Pacific Journal of Reproduction (2019)148-156

[12] Komaki E, Yamaguchi S, Maru I, Kinoshita M, Kakehi K, Ohta Y, et al. 

Identification of anti-amylase components from olive leaf extracts. Food 

Sci Technol Res 2003; 9(1): 35-39.

[13] El SN, Karakaya S. Olive tree (Olea europaea) leaves: Potential beneficial 

effects on human health. Nutr Rev 2009; 67(11): 632-638.

[14] Amani H, Ajami M, Maleki SN, Pazoki-Toroudi H, Daglia M, Sokeng 

AJT, et al. Targeting signal transducers and activators of transcription 

(STAT) in human cancer by dietary polyphenolic antioxidants. Biochimie 

2017; 142: 63-79.

[15] Niazi M, Saki M, Sepahvand M, Jahanbakhsh S, Khatami M, Beyranvand 

M. In vitro and ex vivo scolicidal effects of Olea europaea L. to inactivate 

the protoscolecs during hydatid cyst surgery. Ann Med Surg (Lond) 2019; 

42: 7-10.

[16] Dorostghoal M, Seyyednejad SM, Khajehpour L, Jabari A. Effects of 

Fumaria parviflora leaves extract on reproductive parameters in adult 

male rats. Iran J Reprod Med 2013; 11(11): 891.

[17] Sarbishegi M, Gorgich EAC, Khajavi O, Komeili G, Salimi S. The 

neuroprotective effects of hydro-alcoholic extract of olive (Olea europaea 

L.) leaf on rotenone-induced Parkinson’s disease in rat. Metab Brain Dis 

2018; 33(1): 79-88.

[18] Kaeidi A, Esmaeili-Mahani S, Sheibani V, Abbasnejad M, Rasoulian 

B, Hajializadeh Z, et al. Olive (Olea europaea L.) leaf extract attenuates 

early diabetic neuropathic pain through prevention of high glucose-

induced apoptosis: In vitro and in vivo studies. J Ethnopharmacol 2011; 

136(1): 188-196.

[19] Lee JW, Kim JI, Lee YA, Lee DH, Song CS, Cho YJ, et al. Inhaled 

hydrogen gas therapy for prevention of testicular ischemia/reperfusion 

injury in rats. J Pediatr Surg 2012; 47(4): 736-742.

[20] Shoorei H, Khaki A, Khaki AA, Hemmati AA, Moghimian M, Shokoohi 

M. The ameliorative effect of carvacrol on oxidative stress and germ cell 

apoptosis in testicular tissue of adult diabetic rats. Biomed Pharmacother 

2019; 111: 568-578.

[21] Pfaffl MW. A new mathematical model for relative quantification in real-

time RT–PCR. Nucleic Acids Res 2001; 29(9): e45-e45.

[22] Sundaram M, Saghayam S, Priya B, Venkatesh KK, Balakrishnan P, 

Shankar EM, et al. Changes in antioxidant profile among HIV-infected 

individuals on generic highly active antiretroviral therapy in southern 

India. Int J Infect Dis 2008; 12(6): e61-e66.

[23] Netto CB, Siqueira IR, Fochesatto CN, Portela LV, da Purificação Tavares 

M, Souza DO, et al. S100B content and SOD activity in amniotic fluid of 

pregnancies with Down syndrome. Clin Biochem 2004; 37(2): 134-137.

[24] Agarwal A, Gupta S, Sharma RK. Role of oxidative stress in female 

reproduction. Reprod Biol Endocrinol 2005; 3(1): 28.

[25] Agarwal A, Aponte-Mellado A, Premkumar BJ, Shaman A, Gupta S. The 

effects of oxidative stress on female reproduction: A review. Reprod Biol 

Endocrinol 2012; 10(1): 49.

[26] Arabian M, Aboutaleb N, Soleimani M, Mehrjerdi FZ, Ajami M, Pazoki-

Toroudi H. Role of morphine preconditioning and nitric oxide following 

brain ischemia reperfusion injury in mice. Iran J Basic Med Sci 2015; 

18(1): 14.

[27] Banimohammad M, Farrokhi M, Varshoei B, Ayatollahi SA. Effects of 

saffron oral gavage on protection of skin flaps against tissue necrosis and 

oxidative stress in rats. Koomesh 2019; 21(2): 347-353.

[28] Banimohammad M, Javdan G, Samavat Ekbatan S, Safe M,  Hajheydari 

Z. Protective effect of oral extract of Stevia rebaudiana on skin flap 

survival in male rats. J Mazandaran Univ Med Sci 2018; 28(166): 1-9.

[29] Yulu E, Türedi S, Karagüzel E, Kutlu Ö, MenteşA, Alver A. The short 

term effects of resveratrol on ischemia–reperfusion injury in rat testis. J 

Pediatr Surg 2014; 49(3): 484-489.

[30] Razaz JM, Ebadi Fard Fzar AA, Naziri M, Banimohammad M, Majdi 

Seghinsara A, Javdan G. Effects of oral gavage treatment of eupatilin on 

protection of skin flaps in rats. Koomesh 2019; 21(2): 318-323.

[31] Shokoohi M, Madarek EOS, Khaki A, Shoorei H, Khaki AA, Soltani 

M, et al. Investigating the effects of onion juice on male fertility factors 

and pregnancy rate after testicular torsion/detorsion by intrauterine 

insemination method. Int J Womens Health Reprod Sci 2018; 6: 499-505.

[32] Shoorei H, Khaki A, Ainehchi N, Taheri MMH, Tahmasebi M, 

Seyedghiasi G, et al. Effects of Matricaria chamomilla extract on growth 

and maturation of isolated mouse ovarian follicles in a three-dimensional 

culture system. Chin Med J (Engl) 2018; 131(2): 218.

[33] Seghinsara AM, Shoorei H, Taheri MMH, Khaki A, Shokoohi M, 

Tahmasebi M, et al. Panax ginseng extract improves follicular 

development after mouse preantral follicle 3D culture. Cell J 2019; 21(2): 

210-219.

[34] Shoorei H, Banimohammad M, Kebria MM, Afshar M, Taheri MM, 

Shokoohi M, et al. Hesperidin improves the follicular development in 

3D culture of isolated preantral ovarian follicles of mice. Exp Biol Med 

(Maywood) 2019; 244(5): 1-10.

[35] Abtahi-Eivari SH, Moghimian M, Soltani M, Shoorei H, Asghari R, 

Hajizadeh H, et al. The effect of Galega officinalis on hormonal and 

metabolic profile in a rat model of polycystic ovary syndrome. Int J 

Womens Health Reprod Sci 2018; 6(3): 276-282.

[36] Seghinsara AM, Banimohammad M. New facts about ovarian stem cells: 

The origin and the fate. Int J Womens Health Reprod Sci 2018; 6(2): 127-133.

[37] Jin Z, El-Deiry WS. Overview of cell death signaling pathways. Cancer 

Biol Ther 2005; 4(2): 147-171.

[38] Vandaele L, Goossens K, Peelman L,  Van Soom A. mRNA expression of 

Bcl-2, Bax, caspase-3 and-7 cannot be used as a marker for apoptosis in 

bovine blastocysts. Anim Reprod Sci 2008; 106(1-2): 168-173.

[39] Hassanzadeh-Taheri M, Hosseini M, Hassanpour-Fard M, Ghiravani Z, 

Vazifeshenas-Darmiyan K, Yousefi S, et al. Effect of turnip leaf and root 

extracts on renal function in diabetic rats. Orient Pharm Exp Med 2016; 

16(4): 279-286.

[40] Gencer M, Karaca T, Güngör AN, Hacıvelioğlu SÖ, Demirtaş S, Turkon 

H, et al. The protective effect of quercetin on IMA levels and apoptosis 

in experimental ovarian ischemia-reperfusion injury. Eur J Obstet Gynecol 

Reprod Biol 2014; 177: 135-140.

[41] Rodríguez-Gutiérrez G, Duthie GG, Wood S, Morrice P, Nicol F, Reid M, 

et al. Alperujo extract, hydroxytyrosol, and 3, 4-dihydroxyphenylglycol 

are bioavailable and have antioxidant properties in vitamin E-deficient 

rats: A proteomics and network analysis approach. Mol Nutr Food Res 

2012; 56(7): 1131-1147.

[42] Janeczko A, Skoczowski A. Mammalian sex hormones in plants. Folia 

Histochem Cytobiol 2005; 43(2): 71-79.

[43] Proietti P, Nasini L, Del Buono D, D’Amato R, Tedeschini E, Businelli 

D. Selenium protects olive (Olea europaea L.) from drought stress. Sci 

Hortic 2013; 164: 165-171.


