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1. Introduction
Ovarian torsion is a serious gynecologic emergency 
condition. Although it might affect all women, it is usually 
seen in women of reproductive age (1). Ovarian ischemia 
is the result of torsion and leads to cell death because of 
insufficient perfusion of the tissue (2,3). Ischemic tissues 
need to recover blood supply for regeneration of cells and 
disposal of toxic metabolites. However, reperfusion of the 
ischemic tissue paradoxically leads to much more serious 
damage to the tissue than the damage caused by ischemia 
(4). The ischemia and reperfusion injuries are related to the 
production of reactive oxygen species (ROS) (5). Ischemia–
reperfusion (I/R) injury increases the production of free 
radicals such as ROS and malondialdehyde (MDA). Activities 
of superoxide dismutase (SOD), glutathione peroxidase 
(GPx), and catalase (CAT) increase to protect the ischemic 
tissue from the harmful effects of toxic metabolites (3).

Free oxygen species result in oxidative injury via 
different mechanisms, such as metabolic dysfunction or 
impairment of calcium intracellular homeostasis. They 
may lead to cell injury or cell death by themselves or by 

deactivating various enzymes (6). Extreme production 
of ROS causes alterations in subcellular structures. These 
changes are modifications of protein and DNA, lipid 
peroxidation (LPO) of polyunsaturated fatty acids in 
membranes (7), apoptosis (8), and depression of cellular 
antioxidant system (9). MDA is the end product of LPO, 
and thus increased MDA content is an important indicator 
of LPO (10). Cells have different mechanisms against 
oxidative damage. These mechanisms involve enzymatic 
and nonenzymatic defense systems. SOD, CAT, and GPx 
are included in enzymatic defense systems (11). If the cells 
do not have enough antioxidant enzymatic activity, ROS 
levels increase. 

Apoptosis protease-activating factor 1 (Apaf-1), an 
important part of apoptosome, is a protein that plays a 
central role in apoptosis (12). When apoptosis is stimulated, 
Apaf-1 binds cytochrome c and procaspase 9, and then 
caspase-3 and -7 become activated. This complex is called 
apoptosome and results in the loss of the cell (13). Cellular 
stresses, such as hypoxia, lead to caspase activation. This 
process results in apoptotic cell death (12). 

Aim: To investigate the effect of vardenafil on ischemia–reperfusion (I/R) injury in rat ovary. 

Materials and methods: A total of 21 Wistar rats were divided into 3 groups. In group 1, ovary torsion was not performed and no drug 
was administered. In group 2, 1 h of ischemia and 2 h of reperfusion were performed and no drug was given. In group 3, 1 h of ischemia 
and 2 h of reperfusion were performed and 1 mg/kg vardenafil was administered after 30 min of ischemia. Right ovaries were surgically 
removed in all groups. Malondialdehyde (MDA) levels and activities of superoxide dismutase (SOD), catalase (CAT), and glutathione 
peroxidase (GPx) were measured. Apoptosis protease-activating factor 1 (Apaf-1) was measured by using immunohistochemistry. 

Results: MDA level was significantly increased and SOD, CAT, and GPx activities were significantly decreased in group 2 compared 
to the other groups (P < 0.05). In light microscopic investigations, severe vascular congestion, edema, hemorrhage, and follicular 
degeneration were assessed in the ovary tissue. Ovarian tissue damage was higher in group 2 than group 3. Apaf-1 expression was 
stronger in group 2 than group 3.

Conclusion: Vardenafil treatment seems to reduce microscopic histopathological changes, decrease Apaf-1 response, and alter oxidative 
stress in I/R injury in rat ovaries. 
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Vardenafil is a vasoactive drug developed for treatment 
of erectile dysfunction. It inhibits the phosphodiesterase 
type-5 (PDE-5) enzyme, which changes cyclical guanosine 
monophosphate (cGMP) into inactive GMP. The increased 
levels of cGMP lead to smooth muscle relaxation and 
vasodilation (14). Furthermore, these drugs are found to be 
effective in the treatment of injuries in other organs, such 
as the liver and brain (15). As discussed above, vardenafil 
would be a useful drug in the short-term treatment of I/R 
damage of the ovary due to torsion. 

Therefore, in this study, we planned to give a drug 
decreasing oxidative damage and reversing harmful 
histopathological changes in the early phase of torsion/
detorsion. To our best knowledge, there is no information 
about the effects of vardenafil on I/R damage of the ovary. 
We aimed to investigate the effect of vardenafil against I/R 
condition in the ovary of rat. 

2. Materials and methods
2.1. Animals 
Çukurova University’s Experimental Animal Laboratory 
TIBDAM Institute supplied 21 healthy adult female 
Wistar rats, weighing between 240 and 260 g. The rats 
were selected according to their estrous cycle. All the rats 
were acclimated to the environment 10 days before the 
beginning of treatment. The rats were housed in plastic rat 
cages at 26 ± 2 °C and they were exposed to 10–12 h of 
daylight. Animals were fed a standard laboratory diet and 
tap water ad libitum. All rats were handled in compliance 
with the guidelines for the use and care of laboratory 
animals. 
2.2. Treatment period
Animals were randomized into 1 control group and 2 
treatment groups (I/R and vardenafil + I/R groups). 
Each group consisted of 7 animals. All rats were initially 
randomly numbered. In the control group, right ovaries 
of the rats were removed without any treatment. Ovary 
ischemia of the rats in treatment groups were made 
according to the method described by Hascalik et al. (16). 
In the I/R group no drug was given and 1 h of ischemia 
and 2 h of reperfusion were performed. In the vardenafil 
+ I/R group, 1 h of ischemia and 2 h of reperfusion were 
performed. Vardenafil, in quantities of 1 mg/kg, was 
administered intraperitoneally 30 min after ischemia. 
After reperfusion, all the rats were sacrificed and their 
right ovaries were surgically extirpated. 
Surgical procedures were performed under general 
anesthesia 2 times. Rats were anesthetized by an 
intraperitoneal injection of ketamine hydrochloride (60 
mg/kg, Ketalar, Eczacıbaşı, İstanbul, Turkey) and xylazine 
hydrochloride (10 mg/kg, Rompun, Bayer, Leverkusen, 
Germany). The operation was performed under sterile 
conditions by using a 2-cm laparotomic incision. The right 

ovaries were exteriorized and atraumatic vascular clamps 
were used to produce ovarian ischemia. Ischemia was 
terminated after 1 h, and then the skin closed with 3/0 silk 
sutures. Relaparotomy was performed in former operation 
areas. Reperfusion was provided for 2 h and the ovary was 
resected at the end of this time. The animals were sacrificed 
via cervical dislocation by forceps.
 2.3. Biochemical evaluation
The ovaries were washed in a sodium phosphate buffer 
(pH 7.2) and samples were stored at –80 °C until the 
analysis. CAT enzyme activity was measured according to 
the method described by Aebi (17). Data were expressed 
as nmol/mg protein. GPx activity was measured according 
to the method of Paglia and Valentine (18) at absorbance 
of 340 nm. Activity was given as nmol/mg protein. The 
method of Marklund and Marklund (19) was used to 
determine total SOD activity. Data were expressed as 
U/mg protein. MDA content was assayed by using the 
thiobarbituric acid test as described by Ohkawa et al. 
(20). Specific activity was presented as nmol/mg protein. 
MDA levels and SOD, CAT, and GPx activities were 
determined by measuring the absorbance of the samples in 
a spectrophotometer (Shimadzu UV 1800, Kyoto, Japan). 
Protein concentration was determined according to the 
method described by Lowry et al. (21). 
2.4. Immunohistochemistry
Immunohistochemistry was used to determine the Apaf-1 
expression. Samples were fixed in formalin then embedded 
in paraffin. Tissue sections were cut at 5-µm thickness 
and then dried at 37 °C. Immunostaining was performed 
with a Leica Bond-Max automatic immunostainer (Leica, 
Bannockburn, IL, USA).
2.5. Histopathological examination
For histopathological examinations, ovary samples were 
fixed for 24 h in a 10% formalin solution. The tissues 
were then dehydrated and embedded in paraffin. The 
tissues were cut at thicknesses of 5–6 µm. The sections 
were stained by utilizing hematoxylin and eosin dye. The 
sections were analyzed and photographed with a Olympus 
BX 51 light microscope (Olympus Corp., Tokyo, Japan). 
Histopathological damage was evaluated by using ovarian 
tissue damage scores. The degrees of vascular congestion, 
interstitial edema, follicular degeneration, and hemorrhage 
were detected. Each ovary slide was examined and the 
severity of the changes observed was scored by using a 
scale of no (_), moderate (+), and severe (++) damage. 
2.6. Statistical analysis
Data were expressed using SPSS 11.0 (SPSS Inc., Chicago, 
IL, USA). The experimental groups were compared using 
an analysis of variance (ANOVA) test and Tukey’s post 
hoc comparison. P < 0.05 was assigned as statistically 
significant. 
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3. Results
At the end of the study, MDA levels were significantly 
higher in the I/R group than in the vardenafil + I/R group 
(P < 0.05) (Figure 1A). SOD, CAT, and GPx activities were 
higher in the vardenafil + I/R group than the I/R group and 
the differences were found to be statistically significant (P 
< 0.05) (Figures 1B–1D). 

The morphologic characteristics of the ovary tissues 
were normal in the control group. The follicles had normal 
appearances with their cellular components (Figure 2A). 
The histopathologic alterations in the I/R group were 
intensive. Severe vascular congestion, interstitial edema, 
hemorrhage, and follicular degeneration were detected in 
the ovary tissues. The follicles were degenerated (Figures 
2B and 2C). The histological features were partly damaged 
in the vardenafil + I/R group, although despite edema and 
hemorrhage, the follicles were preserved well (Figure 2D). 

Ovarian tissue damage was scored according to 
edema, hemorrhage, vascular congestion, and follicular 
degeneration (Table). Weak Apaf-1 expression was 
observed in the control group (Figure 3A). A strong Apaf-
1 expression was determined in the I/R group (Figures 3B 
and 3C). Apaf-1 expression was defined as moderate in the 
vardenafil + I/R group (Figure 3D).

4. Discussion
Ovarian torsion leads to reduction in arterial and 
venous blood flow. Toxic metabolites such as MDA and 

ROS are increased due to ovarian torsion. This ischemic 
process is dangerous for cells because of increasing toxic 
molecules (4). Ischemic tissue responds by raising the 
activities of SOD, CAT, and GPx to avoid the harmful 
effects of toxic substances (3,11). In this prospective study, 
vardenafil administration significantly decreased MDA 
levels and significantly increased SOD, CAT, and GPx 
activities compared to the other 2 groups. MDA levels 
were significantly higher in the I/R group than in the 
vardenafil + I/R group. SOD, CAT, and GPx activities were 
significantly lower in I/R group than in the vardenafil + 
I/R group.

There are many studies reporting the protective effects 
of numerous agents against ovarian I/R injuries. Halici et 
al. (2) reported that amlodipine preserved the ovary from 
injury due to I/R. Radical scavengers  were studied for 
protection by Kara et al. (3) in the ovarian torsion model 
of rats. They reported that edaravone was useful in the 
early treatment of ovarian I/R injuries. There is limited 
information about the effect of vardenafil on I/R injury. 
We therefore studied the effect of vardenafil on ovarian I/R 
injury in rats for the first time. Most of the prior studies 
performed ischemia and reperfusion for 1 h and 2 h, 
respectively (22). Therefore, we determined the duration 
of ischemia and reperfusion as 1 h and 2 h, respectively. 

Numerous theories have been suggested about 
vardenafil’s mechanism of action. These mechanisms are 
the activation of mitochondrial KATP channels, smooth 
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Figure 1. MDA level(A) and SOD (B), CAT (C), and GPx (D) activities in ovaries of control and experimental groups.
*: Comparison of control and other groups. **: Comparison of I/R and vardenafil + I/R groups. Values are mean ± SD of 
7 rats in each group. Significance at P < 0.05.
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Figure 2. Light microscopic findings. (A) Control ovary group. Many different stages of 
developing follicles. A = Antrum, GC = granular cell, PF = primary follicle, ZP = zona 
pellucida, GEp = germinal epithelial, TA = tunica albuginea, CL = corpus luteum, SF = 
secondary follicle. (B and C) Severe damage can be seen in torsion/detorsion group as 
✶ = edema, ⇈ = hemorrhage,  = vascular congestion, and ⇧ = follicular degeneration. 
(D) Vardenafil + I/R group shows decreased/moderate damage.

Figure 3. Immunohistochemical analysis of Apaf-1 protein expression. (A) Weak 
expression in control ovary group. (B and C) Strong expression in I/R group shows 
multiple apoptotic cells (↑). (D) Mild expression in vardenafil + I/R group.
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muscle relaxation, and vasodilation (14,15). Vardenafil is 
also a potent PDE-5 enzyme inhibitor and is mainly used 
in the treatment of erectile dysfunction (14). Soydan et 
al. reported that there are many protection mechanisms 
against I/R-induced injury and they still have not been 
completely understood (23). The effect of vardenafil (1 
mg/kg) was investigated on testicular torsion/detorsion 
injury. Vardenafil treatment reduced testicular damage 
due to I/R (24). Because of this, we thought that vardenafil 
utilization would be useful for the treatment of ovarian I/R 
damage. As a potent PDE-5 enzyme inhibitor, vardenafil 
was assessed as a conservative factor in the rat ovary 
I/R injury. According to our findings, vardenafil seems 
to reduce the I/R damage due to ovarian torsion. The 
possible mechanisms for the protective effect of vardenafil 
were vascular dilatation, PDE-5 enzyme inhibition, and 
electrolyte alteration such as K. However, more studies are 
required to evaluate the effect of vardenafil on ovarian I/R 
injury. 

Many studies have shown that the effects of some 
chemical substances on I/R injury in rat ovaries (25–
29). In our study, the histopathological changes such as 
vascular congestion, edema, hemorrhage, and follicular 
degeneration were found to be decreased in the vardenafil 
+ I/R group.

Apoptosis is a form of cell death and provides tissue 
development and homeostasis. There are many signals 

in animal cells, such as hypoxia, DNA damage, and 
oncogene activation. These signals lead to the activation 
of mitochondrial pathways and generate apoptotic protein 
(12). Robles et al. showed that apoptosis led to increased 
Apaf-1 expression in the granulosa cells of mouse ovary 
(30). Erol et al. evaluated germ cell apoptosis by using 
the Apaf-1 antibody (24). They reported that vardenafil 
administration reduced the I/R damage in testis tissue. To 
date, the expression of the Apaf-1 antibody and vardenafil 
treatment has not been evaluated in ovarian I/R injury. In 
our study, the expression of the signal protein of apoptosis, 
Apaf-1, was lower in the vardenafil+ I/R group than the 
I/R group.

In this randomized controlled study, vardenafil 
was studied as a protective agent to avoid I/R injury 
of the ovary. Our results have shown that MDA levels 
were increased and SOD, CAT, and GPx activities were 
decreased in ovarian torsion. Furthermore, ischemic 
changes such as vascular congestion, edema, hemorrhage, 
and follicular degeneration were much higher in the I/R 
group. Vardenafil administration decreased these harmful 
changes. Vardenafil seems to be useful in reducing the 
biochemical and histopathological damage.
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Table. Grading of the histopathological changes in ovary sections of rats exposed to torsion/detorsion. 

Groups Edema Hemorrhage Vascular congestion Follicular degeneration

Control - - - -

I/R ++ ++ ++ ++

Vardenafil + I/R + + + _

The features were scored as follows: no damage (_), moderate damage (+), and severe damage (++).
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