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Abstract

Aim: To study the effects of co-administration of selenium and sildenafil 
citrate against damage induced by ovarian torsion in rats.

Materials and Methods: A total of forty- two sexually mature, virgin, 
female rat were divided randomly into six groups of seven each: sham group 
(C), ischemia group (I), ischemia reperfusion group (I/R), ischemia-reperfusion 
plus 0.2mg/kg selenium (I/R+Se) group, ischemia-reperfusion plus 1.4mg/kg 
sildenafil citrate (I/R+S) group, and ischemia-reperfusion plus combination of 
selenium and sildenafil citrate (I/R+S+Se). In ischemia group (I), rats exposed 
to ischemia for 3 hour (h). In ischemia-reperfusion group (I/R), rats exposed to 
ischemia for 3h followed by 6h of reperfusion. Treated groups received 0.2mg/
kg selenium or 1.4mg/kg sildenafil citrate or both 30min before reperfusion. 
Both ovaries were surgically removed carefully for all groups. One ovary 
was examined for histopathological changes and the other was subject to 
biochemical analysis including Malondialdehyde (MDA), Catalase (CAT) and 
Glutathione Peroxidase (GPx).

Results: Assessment of ovarian tissue damage using the score system 
showed marked vascular congestion, interstitial edema, leukocyte infiltration, 
hemorrhage, and follicular degeneration in ischemia and ischemia-reperfusion 
groups. Tissue damage score for I, IR and all treated groups were significantly 
higher than those of the sham group (p<0.001), tissue damage score decreased 
significantly in I/R+Se and I/R+S groups compared to I/R group (p<0.05), and 
notably the difference was quite significant in I/R+S+Se group (p<0.001). There 
was significant increase in MDA levels and reduction in activities of CAT and 
GPx in I/R group compared to the sham group (P < 0.05). In I/R+Se and I/R+S 
groups, MDA was significantly decreased compared to the I/R group (p<0.05) 
and the difference was highly significant with co-administration of selenium and 
sildenafil (p<0.001). CAT and GPx were higher in all treated groups compared 
to I/R group (p<0.05). 

Conclusion: The co-administration of selenium and sildenafil citrate is 
highly protective against damage induced by ovarian torsion in rats. 
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Introduction
Ovarian torsion is the fifth most common gynecologic surgical 

emergency condition; it represents about 2.7%. Young females 
constitute approximately 70-75% [1]. Ovarian torsion often leads to 
infarction and requires urgent intervention. The ovarian recovery 
rate was less than 10% in adults and increase up to 27% in children 
[2]. Reperfusion injury is physiopathological process causes several 
degrees of tissue damage and occurs after restoration of circulation, 
so the prognosis of treatment is affected by this process [3]. 

Ischemia-Reperfusion (I/R) injury increases the production of 
free radicals as Reactive Oxygen Species (ROS) and Malondialdehyde 
(MDA). ROS are the main inducer of IR injury. The reduction 
of cellular Adenosine Triphosphate (ATP) stores is associated by 
conversion of ATP to hypoxanthine during ischemia. The injury is 
associated with increased production of ROS which results during the 
conversion of hypoxanthine to uric acid by Xanthine Oxidase (XO) 

following reoxygenation of the hypoxic tissue [4]. 

Selenium (Se) is an essential element and participates in 
maintenance of the various physiological processes. Se is incorporated 
into the catalytic site of antioxidant enzymes, such as glutathione 
peroxidase (GPx), and is involved in cell growth and development 
[5]. It protects cell membranes against the toxic and damaging effects 
caused by free radicals [6].

Phosphodiesterase type-5 (PDE5) inhibitors are vasoactive drugs 
that have been used in erectile dysfunction [7]. They inhibit the PDE5 
enzyme resulting in increased cyclic GMP (cGMP) levels and smooth 
muscle relaxation [7]. These drugs are useful in the treatment of 
injuries in different organs, as brain [8] and heart [9]. To the best 
of our knowledge, the effects of co-administration of selenium and 
sildenafil in I/R injury on ovarian tissue has not been evaluated so 
our aim is to evaluate the possible effects of this novel combination 
against ovarian damage in rats.
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Materials and Methods
Animals

This is an experimental study, where 42 sexually mature, virgin, 
female rats (8 weeks old) weighing 230-260 g were used throughout; 
they were obtained from the Laboratory Animal of Faculty of 
Pharmacy, Suez Canal University. All procedures were in accordance 
with the Guiding Principles for the Care of animals. They were 
housed individually for a 2-week acclimatization period prior to the 
experiment. Rats were fed ad libitum by standard laboratory pellet 
and tap water. A 12hr light: 12hr dark cycle was maintained. Room 
temperature was at 23 ± 2°C with a relative humidity of 45-55%. Rats 
were randomly divided equally into six groups.

Sham group (C): Sham operation rats were exposed to a surgical 
procedure as in the other groups, without any intervention to the 
adnexa.

Ischemia group (I): Both ovaries were torsioned 720 clockwise 
and fixed to the abdominal wall. After a 3h period of ischemia, ovaries 
were surgically removed [10]. 

 Ischemia- reperfusion group (I/R): Ischemia for 3h followed by 
ovarian detorsion and reperfusion for 6h [10]. 

Group (I/R+Se): Ischemia 3h/reperfusion 6h plus 0.2mg/kg of 
selenium (Gedco, Egypt) was given ip, 30min before reperfusion [11]. 

Group (I/R+S): Ischemia for 3h/reperfusion for 6h plus 1.4mg/
kg of sildenafil (El-Nile, Egypt) was injected ip, 30min before 
reperfusion [12]. 

Group (I/R_S+Se): Ischemia 3h/reperfusion 6h plus co-
administration of 0.2mg/kg of selenium and 1.4mg/kg sildenafil ip 
30min before reperfusion. 

Selenium was obtained from JEDCO, Egypt, sodium selenite 
(98% powder), diluted in 0.9% NaCl (0.2mg/kg), was injected IP, 30 
minutes before the reperfusion phase [11-13]. Sildenafil was obtained 
from Nile company, Egypt, sildenafil citrate powder was dissolved in 
0.9% sodium chloride (NaCl) and was administered ip as a single dose 
(1.4mg/kg) 30min before reperfusion [12]. 

Surgical procedure
All surgical procedures were performed under sterile conditions. 

Rats were anesthetized with 25mg/kg, ip sodium thiopental and were 
placed in the supine position. A vertical midline incision (2cm) was 
made, and the abdomen was then closed with interrupted, size 0 
vicryl sutures without any intervention to the adnexa for sham group. 
Torsion-detorsion model Rats underwent laparotomy procedure, 
both ovaries were torsioned 720 clockwise and fixed to the abdominal 
wall with a size 00 silk suture [14,15] and the abdomen was closed. 
After three hours, the suture was cut and both ovaries were 
detorsioned and the abdomen was closed with size 0 vicryl sutures. 
By the end of reperfusion period 6h, the abdomen was reopened and 
both ovaries were removed carefully [14,15]. The right ovaries were 
transferred into 10% formaldehyde solution for histopathological 
examination; the left ovaries were washed with 0.9% NaCl and 
prepared for biochemical analysis. All the surgical procedures for all 
rat groups were done by the gynecologist. 

Histological analysis
The excised ovaries were fixed in 10% neutral buffered formalin 

solution and embedded in paraffin. The sections were cut at 5-µm 
thickness and stained with hematoxylin and eosin (H&E). Whole 
ovarian section was examined for each slide. The scoring system 

Figure 1(A): Normal ovary of a sham rat showing cellular spindle ovarian 
stroma entangling few primordial follicles (black arrow) and growing maturing 
follicles (green arrow) and normal blood vessels (red arrowhead).

Figure 1(B): The Ovary of a rat in ischemia group showed marked hemorrhage 
and extravasated red cells (green arrow) within the collapsed ovarian stroma 
due to ischemia resulting in marked congestion of vessels (red arrowhead) 
with ischemic ovarian stroma breakdown. There are degenerated primordial 
follicles and edema (asterisk) and neutrophil infiltration (yellow arrow).

Figure 1(C): Ovary of a rat in ischemia/perfusion group showed marked 
hemorrhage and extravasated red cells (green arrow) within the collapsed 
ovarian stroma due to post ischemia injury resulting in marked congestion of 
vessels (red arrowhead) with ischemic ovarian stroma breakdown. There are 
edema (asterisk) and neutrophil infiltration (yellow arrow). Next to the green 
arrow there is degenerated mature follicle.
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used for histopathologic evaluation of ovarian tissues was as 
previously described by Kara et al. [16]. Interstitial edema, congestion 

(vascular dilatation), hemorrhage, leukocyte infiltration and follicle 
degeneration were scored from 0 to 3 for each parameter. Scores 
represented the severity of the pathological finding; 0 represented no 
pathological finding, 1 represented pathological finding less than 33%, 
2 for 33-66%, and finally 3 when pathological finding more than 66% 
of the ovarian section. The total tissue damage score was calculated by 
adding the score of each parameter. The sections were blindly observed 
under a light microscope to evaluate histopathological changes by 
one pathologist. All Images captured using calibrated standard digital 
microscope camera (Tucsen® ISH1000 digital microscope camera) 
using Olympus® CX21 microscope, all H&E slides captured using 
100x magnification, UIS optical system (Universal Infinity System, 
Olympus®, Japan).

Biochemical analysis
The ovaries were washed with 0.9% NaCl, and samples were 

stored at -80°C until the Analysis. The frozen tissue samples were 
homogenized in 50mm phosphate buffer (10% W/V), pH 7.4, 
using Glas-Col tissue homogenizing system (Cole-Parmer, Vernon 
Hills, USA). Spectrophotometric measurement was performed to 
determine the activity of CAT, GPx and MDA [17-19]. Commercially 
available kits were obtained from Bio-Diagnostic, Egypt. 

Statistical analysis
Data were processed using SPSS version 15 (SPSS Inc., Chicago, 

IL, USA). Quantitative data were expressed as mean ± SD, the 
experimental groups were compared using one-way Analysis of 
Variance (ANOVA) test and Tukey’s post hoc test. A probability 
value (p value) <0.05 was considered statistically significant.

Results
Examination of the ovarian tissue in sham operation group 

revealed normal cortical architecture, ovarian stroma entangling 
primordial follicles and normal growing mature follicles. There was 
no change in the appearance of interstitial cells, no infiltration or signs 
of hemorrhage (Figure 1A). Assessment of ovarian tissue damage 
using the score system of Kara et al. [16] showed marked vascular 
congestion, interstitial edema, hemorrhage, neutrophil infiltration 
and follicular degeneration in ischemia and ischemic reperfusion 
groups (Figure 1B, 1C). 

Figure 1(D): The ovary of a rat in (IR+S) group showing cellular spindle 
ovarian stroma entangling few primordial follicles (black arrow) and growing 
maturing follicles with minimal residual vacuoles and degenerative changes 
of granulosa cells (green arrow), stromal thick walled vessels showed 
average caliber with slight congestion (red arrowhead). There is no evidence 
of ischemia of post ischemic reperfusion injury.

Figure 1 (E): The ovary of a rat in (IR +Se) group showing cellular spindle 
ovarian stroma entangling few primordial follicles and growing maturing 
follicles with minimal residual vacuoles and degenerative changes of 
granulosa cells (black arrow), there are dilated thick walled vessels with mild 
congestion (red arrowhead) and residual stromal hemorrhage in very few 
peripheral foci (green arrow).

Figure 1 (F): The ovary of a rat in (IR+S+Se) showing cellular spindle ovarian 
stroma entangling few primordial follicles (black arrow), growing maturing 
follicles with foci of epithelium regeneration (green arrow) and stromal 
thick walled vessels showed average caliber with slight congestion (red 
arrowhead). There is no evidence of ischemia of post ischemic reperfusion 
injury.

Figure 2: Total tissue damage scores of the studied groups. °p < 0.001 vs. 
sham group, *p < 0.05 vs. I/R group, **p < 0.001 vs. I/R group and # p <0.05 
vs. S and Se groups.
Group C=Sham group; I=Ischemia; I/R=Ischemia/reperfusion; I/
R+S=Ischemia/reperfusion + Sildenafil; I/R+Se=Ischemia/reperfusion + 
Selenium; I/R+S+Se=Ischemia/reperfusion + Sildenafil + Selenium.
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These changes were less marked in ischemic/reperfusion groups 
pretreated with sildenafil or selenium, the ovarian tissue showed 
stromal thick walled vessels showed average caliber with mild 
congestion and growing mature follicles with minimal residual 
vacuoles and degenerative changes of granulosa cells. There is residual 

stromal hemorrhage in a very few peripheral foci in rat treated with 
selenium (Figure 1D, 1E). Stromal thick walled vessels showed 
average caliber with slight congestion and growing maturing follicles 
with absence of degeneration were observed in IR+S+Se group. There 
is no evidence of ischemia of post ischemic reperfusion injury (Figure 
1F).

Total tissue damage score for ischemia, ischemia/reperfusion and 
all treated groups were significantly higher than those of the sham 
group (p<0.001). Pretreatment with sildenafil, selenium or both 
significantly decreased the ovarian tissue damage scores in I/R+S, 
I/R+Se and IR+S+Se groups compared with those in I/R group, the 
difference was significant in I/R+S and I/R+Se groups (p<0.05) and 
highly significant in I/R+S+Se group (Figure 2) (p<0.001). The total 
tissue damage score was significantly lower in the I/R+S+Se group 
when compared to the I/R+S and I/R+Se groups (p<0.05).

Biochemical studies showed significant increase in MDA levels 
and reduction in activities of CAT and GPx in I/R group compared 
to the sham group (p<0.05). Treatment significantly lowered tissue 
MDA and increased CAT and GPx activities in all treated groups 
compared with those in IR group. In the I/R+S and I/R+Se groups, 
MDA was significantly decreased compared to the I/R group (p<0.05) 
and the difference was highly significant with the co-administration 
of selenium and sildenafil (p<0.001) (Figure 3A). Catalase and 
glutathione peroxidase activities were higher in all treated groups 
compared to the I/R group, and the difference was statistically 
significant (p<0.05) (Figure 3B, 3C).

Discussion
In the present study, the use of selenium (antioxidant), sildenafil 

(PDE5), and the novel combination of both protects against ovarian 
tissue damage induced by the ischemia-reperfusion process. The 
combination of both drugs proved to be more protective when 
compared to each alone.

Ovarian torsion is an emergency condition that usually occurs in 
women of reproductive age [20]. Decreased perfusion, tissue hypoxia 
and cell death are possible consequences of ovarian ischemia [3,21]. 
Early management is important to preserve the ovarian function and 
fertility, especially in young women [16]. 

In the present study, severe damage was reported in the ischemia 
and ischemia/reperfusion groups. Pathological

changes included marked hemorrhage, vascular congestion, 
edema, leukocyte infiltration and follicular degeneration. These 
histopathological changes decreased significantly in all treated groups 
and especially with the co-administration of selenium and sildenafil.

Previous studies showed that the animals exposed to ovarian 
torsion for 3h followed by 3h reperfusion had follicular degeneration, 
edema, congestion and hemorrhage [10-12]. In the current study, 
tissue damage score was more prominent in the I/R group compared 
to the I group. Our findings were in accordance with the previous 
study of Incebiyik et al. (2015) who demonstrated that tissue damage 
in I/R group was higher than I group [12]. 

Reperfusion injury usually ensues following ovarian detorsion. 
The generation of toxic oxygen free radicals with the return of 

Figure 3(A): Distribution of Ovarian malondialdehyde (MDA) among 
the experimental groups. *p < 0.05 vs. I/R group and ** p < 0.001 vs. I/R 
group. Group C=Sham group; I=Ischemia; I/R=Ischemia/perfusion; I/
R+S=Ischemia/perfusion+Sildenafil; I/R+Se=Ischemia/perfusion+Selenium; 
IR+S+Se=Ischemia/perfusion + Sildenafil+Selenium. MDA=Malondialdehyde.

Figure 3(B): Distribution of Ovarian glutathione peroxide (GPx) among 
the experimental groups. *p < 0.05 vs. I/R group. Group C=Sham group; 
I=Ischemia; I/R=Ischemia/perfusion; I/R+S=Ischemia/perfusion + Sildenafil; 
I/R+Se=Ischemia/perfusion + Selenium; I/R+S+Se=Ischemia/perfusion + 
Sildenafil + Selenium. GPx=Glutathione Peroxide.

Figure 3(C): Distribution of Ovarian catalase (CAT) among the experimental 
groups. *p < 0.05 vs. I/R group. Group C=Sham group; I=Ischemia; I/
R=Ischemia/perfusion; I/R+S=Ischemia/perfusion + Sildenafil; I/
R+Se=Ischemia/perfusion + Selenium; I/R+S+Se=Ischemia/perfusion + 
Sildenafil + Selenium. CAT=Catalase.
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blood flow following ischemia is responsible for that condition. The 
pathogenesis of tissue injury involves the activation of neutrophils 
and the release of ROS resulting in lipid peroxidation in the cell 
membranes which leads to the reperfusion injury [3].

In the current study, ovarian MDA levels were higher, while CAT, 
and GPx enzyme activities decreased significantly in I/R groups, 
compared to sham group. Pretreatment with sildenafil, showed 
reduction in MDA and increase in both CAT and GPx significantly. 
Similar findings were reported with that of Celik, et al. (2014), who 
evaluated the effects of sildenafil on ovarian rat tissue undergoing 
I/R injury. They found an increase in MDA and myeloperoxidase 
activities and a decrease in ovarian tissue damage, GPx and superoxide 
dismutase activities [22].

Sildenafil used in the treatment of tissue ischemia through 
vasodilatation and regulation of blood flow by increasing nitric oxide 
production [23] and decrease free oxygen radicals by inhibiting 
leukocyte infiltration and adhesion [24]. The protective effect of 
sildenafil against the ischemic/reperfusion damage results from 
nitric oxide production and its antioxidant properties [23-25] and its 
effectiveness has been shown in testicular torsion as well [26].

Our study demonstrated that selenium increased the level of 
CAT, and GPx, and decreased MDA which confirms the results of 
Bozkurt et al. [11]. An earlier study found that selenium significantly 
decreased MDA levels and increased the Superoxide Dismutase 
(SOD) activities in a rat model of testicular torsion/detorsion [13]. 
Selenium increased the activity and function of antioxidant enzymes, 
such as SOD, CAT, and GPx, so protect tissues against oxidative 
damage [27-30]. 

The novelty of the study is in the combined use of selenium 
and sildenafil which proved effective against ovarian tissue damage. 
Each act by a different mechanism; selenium through its antioxidant 
activity and PDE5 through vasodilation. The synergistic effect 
proved beneficial. In addition, sildenafil was shown to increase the 
serum (and brain) levels of selenium in male albino rats [31] further 
enhancing the synergistic effects.

Conclusion
In conclusion, co-administration of selenium and sildenafil is a 

novel combination which proved protective effect against damage 
induced by ovarian ischemia/reperfusion in rats. It might play an 
important role in avoiding ovariectomy and preservation of fertility 
in humans. However, large studies are required to elucidate the 
effectiveness of this new combination to protect the ovaries from the 
damage caused by ischemia and reperfusion injury process.
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