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1. Introduction

In women, ovarian torsion is a major cause of severe morbidity.
Early diagnosis and treatment are necessary to preserve the function of
the ovaries and to maintain fertility [1]. The most common symptom of
ovarian torsion (adnexal torsion or turbo-ovarian torsion) is acute ab-
dominal pain [2]. Adnexal torsion leading to ischemia is most common
in sexually mature women [3]. Investigations have showed that it may
also occur in pre-pubertal, post-menopausal and pregnant women [4].
Ovarian torsion is an emergency condition and the surgical intervention
is an effective method to prevent ovarial ischemic stroke [5]. However,
this surgical procedure may cause vascular ovarian damage. Ovary in-
jury begins with hypoxia-ischemia and this is associated with over
generation of reactive oxygen species (ROS) [6].

Propolis is a natural product collected by bees from the poplar and
conifer trees. Bees use propolis as an antibiotic against foreign organ-
isms and also to repair the cracks of their hives [7]. It has vast majority
of biological activities such as anti-inflammatory, anti-fungal, anti-
oxidant, and immune-stimulating activity [8]. Most of these effects
have been related to the remarkable in vitro antioxidant activity and
free radical scavenging ability of propolis [9]. The major components of
propolis are polyphenolics including aldehydes, caffeic acid, and caffeic
acid phenethyl ester which plays a critical role in neurological disorders
[10], cardiovascular diseases [11], pathophysiology of cancer [12], and
diabetes [13]. But effects of propolis on ovarian ischemia-reperfusion
injury (I/RI) were never studied.

Propolis enabled to enrich regulatory T (Treg) cells to exert anti-
inflammatory effects [14]. There is also evidence, indicating that pro-
polis inhibited apoptosis by preventing phosphorylation of proapoptotic
proteins [15]. By considering these investigations propolis can probably
have a protective role against ovary I/RI. Thus, here for the first time,
the protective effects of propolis on ovary torsion-detorsion injury were

evaluated in a rat model. As far as we know, malondialdehyde (MDA) is
the final product of lipid peroxidation and is frequently used to define
oxidative stress; superoxide dismutase (SOD), catalase (CAT), and glu-
tathione (GSH) represent antioxidant potential; caspase-3 reveals
apoptotis; tumour necrosis factor-alpha (TNF-α), interleukin-6 (IL-6)
and myeloperoxidase (MPO) show inflammatory response, and 8-hy-
droxy-2'-deoxyguanosine (8-OHdG) is a significant marker of oxidative
DNA damage. Therefore, in this study we evaluated lipid peroxidation
(LPO), antioxidant status, proapototic protein, DNA damage, and
markers of inflammation. We also histologically evaluated ovarian cell
damages by using hematoxylin and eosin (H&E) staining methods.

2. Materials and methods

2.1. Experimental animals

Adult Sprague-Dawley rats (n = 28), weighing 250–300 g, were
purchased from Atatürk University Experimental Research Center
(Erzurum/Turkey). The rats were kept under standard laboratory con-
ditions, maintained in temperature-(22 ± 2 °C) and humidity- con-
trolled rooms on a 12-h/12-h light/dark cycle, and had free access to
food and water. Experiments were performed according to the Guide for
the Care and Use of Laboratory Animals published by the US National
Institutes of Health (NIH publication No. 85-23, revised 1996). All ex-
perimental procedures in this study were approved by the Atatürk
University Local Ethics Committee for Animal Experiments (No. 129,
11.07.2016).

2.2. Ovarian I/R procedure

I/R injuries were created as described previously [16]. Briefly, each
rat was anesthetized via intraperitoneal injection of a combination of
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ketamine (75 mg/kg, i.p) and xylazine (10 mg/kg, i.p.). And then
ovaries were visualized by a 2–2.5 cm incision in the lower abdomen
under anesthesia. Vascular clips were applied on the lower part of the
ovaries of the rats in I/R and treatment groups. Then, 3 h of ischemia
and following 3 h of reperfusion were created.

2.3. Propolis preparation and experimental design

The water-soluble propolis extract was purchased from Aksuvital
Natural Products Food Industry Trade Inc. (İstanbul, Turkey). Then, the
propolis extract dissolved in 100 ml distilled water and diluted at
200 mg/kg concentrations. The solution was given to rats as 1 cc by
gavage 1 h before ischemia onset. The rats were randomly divided into
4 groups (n = 7 per group): I) Control group (a healthy control group
scheduled for a sham operation), II) I/R group, III) Propolis group
(200 mg/kg propolis alone treatment group), IV) I/R + Propolis group
(protected by previous administrations of 200 mg/kg propolis). The
dose was selected according to the literature data [17] and our pre-
liminary studies.

After above processes, rats were euthanized and their ovaries were
removed for all of the assays.

2.4. Measurement of biochemical parameters

Left ovarian tissues were homogenized, and the supernatants were
used to determine the antioxidant enzyme profile, oxidative status and
cytokine levels. The levels of superoxide SOD, CAT, GSH, LPO, MPO
and IL-6 in the rat ovarian tissue were measured with the Clinical
Automatic Biochemistry Analyzer 7600 (Hitachi, Japan) employing
enzyme-linked immunosorbent assay (ELISA) kits (R&D Systems,
Minneapolis, MN) according to the manufacturer’s instructions. All
experiments were performed with triplicate samples and repeated three
times.

2.5. Immunohistochemical assessments

Caspase-3, TNF-α, and 8-OHdG were detected by specific monoclonal
antibodies. From paraffin-embedded each ovarian tissue were sliced at a
thickness of 4 μm, and the sections were deparaffinized. After
Diaminobenzidine (DAB) was applied as chromogen, slides were coun-
terstained with hematoxylin, dehydrated, and covered by coverslips.
Caspase-3 immunostaining was performed using polyclonal rabbit-anti-
human (rabbit, 1:1000, Cell Signaling Technology, Beverly, MA, USA).
The expression of TNF-α was determined by goat moloclonal anti- TNF-α
(1:300 dilution; Sigma, USA). Immunohistochemical staining of 8-OHdG
was performed using anti–8-hydroxydeoxyguanosine (8-OHdG) antibody
(Santa Cruz; 1:2500 dilution) with a Novolink Polymer Detection kit
(Leica Microsystems Pte Ltd, Taipei, Taiwan), following the manu-
facturer’s instructions. The pathologists continuously observed at least 10
high-power fields (×200) for each slice, counted the number of positive
cells in each high-power field, and calculated the average number of
positive cells to reflect the intensity of positive expression. The sections
were evaluated as none (−), mild (+), moderate (++) and severe (++
+) according to their immunity positivity [18].

2.6. Histopathological examinations and assessments

The ovarian tissues were fixed in 10% neutral buffered formalin
overnight, dehydrated, embedded in paraffin and sectioned at 5 μm. For
histological analysis, sections were stained with H&E and analyzed
using a light microscope (Leica DM 1000, Germany). Ovarian damage,
including congestion, haemorrhage, edema, cell degeneration, necrosis,
and Neutrophil infiltration were scored histologically using a graduated
scale- none (−), mild (+), moderate (++) and severe (+++) [18].
Evaluation was performed by a pathologist who was blind to the study
groups.

2.7. Statistical analysis

The differences in variance were analysed statistically using a
one−way analysis of variance (ANOVA) test by Graphpad prism 5.0
statistics software (GraphPad, La Jolla, CA, USA). Tukey’s test was used
as a post hoc. p < 0.05 was considered as statistically significant. The
superscripts of * and # were used to compare the control and I/R groups
with other studied groups. Thenon-parametric Kruskal-Wallis test was
used to analyze variations among data obtained using the semi-quan-
titative method at histopathological examination. Analyses between
two groups were performed using the Mann-Whitney U test. p < 0.05
was regarded as statistically significant.

3. Results

3.1. Effect of Propolis on antioxidant enzyme profile in ovarian I/R

The activities of antioxidant enzymes SOD, CAT, GSH and the levels
of LPO, MPO and IL-6 in ovary of the control and experimental groups
were shown in Fig. 1. Ovarian I/R caused increases in the LPO, MPO
and IL-6 levels and decreases in the SOD, CAT, and GSH activities in
rats (p < 0.001). The rats pretreated with propolis had significant
decreases in the LPO, MPO and IL-6 levels and significant increases in
the SOD, CAT, and GSH activities in ovary compared with the I/R group
(p < 0.001). Pretreatment with propolis also markedly prevented I/R-
induced elevation of LPO, MPO and IL-6 level in ovary.

3.2. Effect of Propolis on 8-OHdG, TNF-α, and Caspase-3 immunoreactivity
in ovarian I/R

8-OHdG formation was markedly increased in the I/R group ovary
compared with the control group (Fig. 2). Pretreatment with propolis
effectively attenuated expression of 8-OHdG in the ovary with I/R
(Fig. 2D and Table 1). Furthermore, there was no immunoreactive
Caspase-3 and TNF-α in ovary of control and propolis groups, but they
became present in I/R group (respectively, Figs. 3B and 4 B). Never-
theless, ovary in I/R + Propolis group showed mild immunoreactivity
for Caspase-3, and TNF-α (respectively, Figs. 3D and 4 D, and Table 2).

3.3. Histopathological effects of Propolis in ovarian I/R

As shown in the Fig. 5, the ovary of the control and Propolis group
rats revealed normal ovarian structure. H&E staining showed that
vascular congestion, haemorrhage, edema, cell degeneration, necrosis,
and neutrophil infiltration in I/R group. In contrast, Popolis pretreat-
ment markedly ameliorated the ovarian damage induced by I/R
(p < 0.05). Also, there was no haemorrhage and necrosis in I/R +
Propolis group.

4. Discussion

I/RI caused by ovarian torsion-detorsion must be diagnosed and
treated as much early as possible [19]. To date, the treatment strategy
for protecting the ovarian following torsion/detorsion is surgical;
hence, exploring additional options is necessary [20]. On the other
hand, the current practice for treating ovarian damage is based on
unproven, mainly reactive drug interventions [21]. Thus, the present
study investigated whether propolis is useful or not in the prevention of
ovarian damage in I/R conditions in rat ovaries and it was found to
have beneficial effects.

The process of I/R is multifactorial and there are several mechan-
isms involved in the pathogenesis [22]. Accumulating evidence has
strongly implicated that the precise mechanism for ischemia/induced
ovarian damage may involve oxidative stress [23]. We showed that this
complication in ovarian exhibited significantly aggravated oxidative
stress, inflammatory responses, and apoptosis related the cell death
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Fig. 1. The effects of Propolis on ovary SOD,
CAT, GSH, LPO, MPO, and IL-6 levels after I/R.
Data are presented as mean ± Standard Error of
Mean (SEM) (n = 7). * denotes significant dif-
ferences between other studied groups and con-
trol (*: p < 0.05, **: p < 0.01, ***: p < 0.001,
****: p < 0.0001), # denotes significant differ-
ences between other studied groups and I/R
group (#: p < 0.05, ##: p < 0.01, ###:
p < .0.001, ####: p < 0.0001) by Tukey’s
multiple range tests. Abbreviation used: I/R:
Ischaemia/Reperfusion.

Fig. 2. 8-OHdG expression in the rat ovary. A)
Control group: 8-OHdG negative B) I/R group;
severe 8-OHdG expression was detected in
ovarian tissue (inside the circle), C) Propolis
group: 8-OHdG negative D) I/R + Propolis group:
mild 8-OHdG expression was detected in ovarian
tissue (inside the circle) (Immunohistochemistry
(IHC), Bar: 20 μm). Abbreviation used: I/R:
Ischaemia/Reperfusion.
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compared with control rats. We further showed that I/RI increased the
levels of 8-OHdG and LPO, suggesting that oxidative stress induced
during I/R caused oxidative damage in cellular DNA, protein, and lipids
in ovarian cells.

Excessive intracellular ROS generation is thought to trigger ex-
tensive mitochondrial oxidative damage [24]. Tissue cells undergoing
ischemic insult produce excess amounts of ROS, which attack mi-
tochondrial DNA (mtDNA) due to its special structural characteristics,
resulting in aggregation of 8-OHdG, a sensitive marker of oxidative
DNA damage, and excessive intracellular ROS generation is thought to
trigger extensive mitochondrial oxidative damage [25]. The cells un-
dergoing ischemic insult produce excess amounts of ROS, which attack
mtDNA due to its special structural characteristics, resulting in ag-
gregation of 8-OHdG, a sensitive marker of oxidative DNA damage, and
mitochondria dysfunction [26]. Hence, it will be interesting to explore
whether propolis plays a role in alleviating mitochondrial oxidative
damage after ovarian ischemia in rats. In the present study, we found
that ovarian ischemia in rat model significantly increased mitochon-
drial 8-OHdG and ROS generation. However, propolis markedly re-
duced the content of mitochondrial 8-OHdG and ROS in in vivo model,
suggesting that mitochondrial oxidative stress generation may be in-
volved in propolis-induced protection in ischemic ovaries. Turkez et al.
[27] evaluated the effects of treatment with propolis on aluminium-
induced micronucleated hepatocytes and oxidative stress in rat liver. In
another study, Tohamy et al. [28] evaluated the effects of treatment
with propolis against on cisplatin-induced hepatic, renal, testicular

genotoxicity by the bone marrow chromosomal aberration assay in
male albino mice. So, it is clear from these observations that propolis
may act not only as direct antioxidant, inactivating free radicals, but
also as an attractive tool for prevention of DNA-instability.

Recent studies suggest that inflammatory mediators released by
macrophages contribute to tissue damages in experimental models of I/
RI [29]. Our biochemical and immunohistochemical results demon-
strated that this process induced the increases in levels of pro-in-
flammatory cytokines such as TNF-α and IL-6 in ovarian, and this in-
crease was not observed in groups with propolis. A possible mechanism
influenced by ischemia involves TNF-α, which is considered to be a key
regulator of inflammation and apoptosis after ischemic ovarian injury
[30]. Therefore, down-regulation of TNF-α might be another possibility
for activation free radical scavengers of under our present experimental
conditions. In our study, the changes observed with propolis were re-
markable in comparison with those observed with I/R group. Since
anti-inflammatory property of propolis remains unclear, it has received
much attention in recent years for inflammatory disorders [31]. The
treatment with propolis impaired the inflammatory response in vivo, as
indicated by inhibition of proinflammatory mediators. Our histological
observations also supported this conclusion. Treatment with propolis
also reduced ovarian neutrophil recruitment, which was reflected by
decreased inflammatory cell infiltration, MPO levels in the ovarian
tissue and lower white cell counts in stroma. Thus, the present findings
emphasize that ovarian acute inflammatory mediators are associated
with each other, as evidenced by serum levels of neutrophilic enzyme. It
has shown that activated neutrophils secrete enzymes (e.g., MPO,
proteases, and elastase) and liberate oxygen radicals [32,33]. It is
suggested that oxidative stress and inflammation cooperate in the de-
velopment of ovarian damage [34]. Our results showed that propolis
protected ovarian against I/RI by suppressing TNF-α, IL-6 activation
and oxidative stress. More importantly, the levels of cytokines con-
sistently correlated with the generation of ROS and markers of damage.
Previous studies have suggested that ROS derived from polymorpho-
nuclear neutrophils and endothelial cells are involved in the patho-
genesis of ovarian injury [35]. Since the source of ROS could be neu-
trophils sequestered in systemic organs as a result of the inflammatory
reaction, it is possible agents which can inhibit the activation and

Table 1
Immunohistochemical findings and their scores in ovarian tissue.

Groups 8-OhDG Tnf-α Caspase-3

Control – – –
I/R +++ +++ +++
Propolis – – –
I/R + Propolis + + +

I/R: Ischaemia/Reperfusion.
According to immunohistochemical findings: – none (−), mild (+), moderate
(++) and severe (+++).

Fig. 3. Tnf-α expression in the rat ovary. A)
Control group: Tnf-α negative B) I/R group; se-
vere Tnf-α expression was detected in ovarian
tissue (inside the circle), C) Propolis group: Tnf-
α negative D) I/R + Propolis group: mild Tnf-α
expression was detected in ovarian tissue (inside
the circle) (IHC, Bar: 20 μm). Abbreviation used:
I/R: Ischaemia/Reperfusion.
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adherence of neutrophils might exert protective effects against oxidant
tissue injury [36]. Thus, antioxidants appear to be an important com-
ponent of therapeutic agents for treating ovarian I/RI. There have been
many reports indicating that various types of antioxidants such as
curcumin, 2-aminoethoxydiphenyl borate, and dimethylsulfoxide can
attenuate ovarian I/RI [37–39]. We observed that propolis significantly
ameliorated the disturbances in the levels of GSH induced by I/R in
ovarian; in line with our findings, several studies consistently showed
the antioxidant properties of propolis. Jasprica et al. [40] showed that
propolis reduces the disturbances of the redox status in red blood cells
of rats. A study suggested that propolis may be effective in decreasing of
methoxychlor-induced ovarian toxicity in rat [41]. In another study,
Kwon et al. [42] observed that propolis was able to reduce the altera-
tions on the antioxidant enzymes SOD, CAT, and GPx and on the levels
of GSH in skeletal muscle and liver of rat.

In the current study, ovary I/RI caused significant increases in the
LPO and caspase-3 levels in ovarian tissue. During I/RI, the most im-
portant mediator which is released in this process, and contributes as
biomarkers of oxidative stress, is MDA [43]. MDA is a stable end pro-
duct of LPO and is also a significant indicator of ROS-dependent tissue
damage [44]. Our results clearly indicate that pre-treatment with orally
administered propolis significantly attenuated ovarian I/RI in rat. No-
tably, the protective effects of propolis on ovarian I/R injury could be
due to the effective scavenging of TNF-α-induced ROS and the decrease
in LPO production, and thereby has promising anti-inflammatory po-
tencies. The current literature showed that caspase-3, the “executor”

protease that is the key machinery of cellular death and functions at the
terminal stages of apoptosis [45]. Currently, caspase inhibitor drugs are
in clinical trials for liver reperfusion injury with promising results [46].
In our study, the rats treated with propolis had a significant decrease in
caspase-3 level in ovarian compared with I/R group. Our results de-
monstrated that TNF-α trigger the apoptosis pathway by up-regulating
the level of caspase-3 in ischemia/related ovarian damage. In essence,
we believe our findings indicate TNF-α and caspase-3 as a potential
therapeutic target of I/R patients.

I/R-induced ovarian damage was also supported by the histo-
pathological changes observed in the ovary tissue, which revealed
neutrophil infiltration, congestion, haemorrhage, necrosis, apoptosis,
and cell degenerations. Conversely, propolis pretreatment markedly
ameliorated the ovarian damage induced by I/R. We observed lower
histopathological damage scores in propolis group than in other I/R
groups. Zhu et al. [47] have endorsed the inhibitory influence of pro-
polis on histological lesions in diabetic nephropathy. Furthermore, a
previous study demonstrated that propolis reduced hepatotoxicity in a
mice model of diabetes [48]. In accordance with the above mentioned
studies, our current investigation showed that propolis improved I/R-
induced histopathological changes in ovarian tissue.

In conclusion, the above findings demonstrate that propolis exerted
a protective effect against ovarian I/RI in rats, through the inhibition of
oxidative stress, the suppression of inflammatory processes, down-
regulation of 8-OHdG formations and the inhibition of ovarian cell
apoptosis.

Fig. 4. Caspase-3 expression in the rat ovary.
A) Control group: Caspase-3 negative B) I/R
group; severe Caspase-3 expression was de-
tected in ovarian tissue (inside the circle), C)
Propolis group: Caspase-3 negative D) I/
R + Propolis group: mild Caspase-3 expression
was detected in ovarian tissue (inside the
circle) (IHC, Bar: 20 μm). Abbreviation used: I/
R: Ischaemia/Reperfusion.

Table 2
Histopathological findings and their scores in ovarian tissue.

Groups Congestion Hemorrhage Edema Cell degeneration Cell Necrosis Neutrophil infiltration

Control – – – – – –
I/R +++ +++ +++ +++ +++ +++
Propolis – – – – – –
I/R + Propolis ++ – ++ + – +

I/R: Ischaemia/Reperfusion.
According to immunohistochemical findings: – none (−), mild (+), moderate (++) and severe (+++).
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