
513

ORIGINAL PAPER /  G y ne  colog   y

Ginekologia Polska
2019, vol. 90, no. 9, 513–519

Copyright © 2019 Via Medica
ISSN 0017–0011

DOI: 10.5603/GP.2019.0089

Corresponding author:
Onder Sakin
Kartal Dr Lutfi Kirdar Training and Research Hospital, Kartal, 34890 Istanbul, Turkey
e-mail: sakin-onder@hotmail.com

Comparison of the protective effects of sildenafil, 
vardenafil and tadalafil treatments in ischemia-

reperfusion injury in rat ovary
Onder Sakin, Ali Doğukan Anğın, Emine Eda Akalın, Muzaffer Seyhan Cikman,  

Kayhan Basak, Asuman Orcun Kaptanagasi

Kartal Dr Lutfi Kirdar Training and Research Hospital, Kartal, Istanbul, Turkey

ABSTRACT
Objectives: The aim of this study was to compare the effects of sildenafil, vardenafil and tadalafil in treatment for is-
chemia/reperfusion injury which is created experimentally in rat ovaries.

Material and methods: For this study, 30 female Wistar albino rats were used, and the rats were separated randomly into 
five groups consisting of six rats each: normal, torsion-detorsion, torsion-detorsion + sildenafil 1.4 mg/kg, torsion-detor-
sion + vardenafil 1.7 mg/kg and torsion-detorsion + tadalafil 5.0 mg/kg. The agents were given intraperitoneally 30 minutes 
before detorsion. An ovarian torsion procedure was implemented in all other groups for 3 hours with the exception of the 
normal group. Then, a detorsion procedure was implemented to the groups for 3 hours. 

Results: The sildenafil and vardenafil treatments showed protective effect by preventing significant increase in inflamma-
tion parameters. (p = 0.058, 0.138). The tadalafil treatment was only protective for cellular degeneration (p = 0.140). The 
vardenafil treatment was protective for edema (p = 0.238), vascular congestion (p = 0.111), inflammation (p = 0.138) and 
cellular degeneration (p = 0.532). Sildenafil, vardenafil and tadalafil inhibited the increase of atretic follicle. AMH levels were 
statistically different between torsion and detorsion and vardenafil group (p = 0.004, 0.004), whereas tadalafil and sildenafil 
groups were similar to normal group (p = 0.108, 0.108). 

Conclusions: PDE inhibitors were found to be effective in reducing ovarian ischemia/reperfusion injury. Sildenafil and 
tadalafil seem to be more effective than the vardenafil in protecting the ovarian reserve.

Key words: adnexal torsion; ischemia-reperfusion injury; sildenafil; vardenafil; tadalafil; rat model

Ginekologia Polska 2019; 90, 9: 513–519

INTRODUCTION
Ovarian torsion refers to a complete or partial rotation of 

the infundibulopelvic or utero ovarian ligament, resulting in 
ischemic changes in the ovary. Ovarian torsion accounts for 
2.7% of all the gynecologic emergencies [1]. Ovarian torsion 
could occur at all ages but it is more common in reproduc-
tive ages, especially early 20 s and mid 30 s [2]. 

Early diagnosis and treatment is essential for protecting 
ovarian injury and fertility [3]. In case of delayed diagnosis 
and intervention, it may cause to impairment or loss of 
fertility [4]. When ovarian damage occurs; follicular reserves 
decrease, infertility and early menopause risk increases [5]. 
Ovarian reserves can be assessed by serum markers or fol-
licle counts [6].

This course of ovarian torsion/detorsion is called as is-
chemia/reperfusion (I/R) damage [7]. Reperfusion of the 

ischemic tissue may cause more serious damage to the 
tissue than ischemia-induced damage [8]. Reperfusion ex-
acerbates ischemic injury at cellular level through reactive 
oxygen radicals [9]. The release of inflammatory mediators 
and free oxygen radicals from plasma, leukocytes and vas-
cular cells results in response to inflammatory agents [10]. 

Nitric oxide (NO), a powerful vasodilator, is an important 
source of free radical production in I/R injury and NO levels 
decreases in case of endothelial dysfunction. Neutrophil and 
platelet adhesion, collection and activation are limited to NO. 
NO also inhibits lipid peroxidation chain reactions via second 
precursor cyclic guanosine monophosphate (cGMP) that is 
cleaved by the phosphodiesterase (PDE) enzyme [11, 12]. 

The PDE-5 enzyme regulates cGMP catabolism in vas-
cular beds. Sildenafil has been shown to increase the effect 
of NO by increasing cellular cGMP levels. Increase in cGMP 
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levels provides smooth muscle relaxation and an increase 
in tissue blood flow [13]. 

Due to all these effects, phosphodiesterase inhibitors 
have been used widely in many areas. In the literature, 
sildenafil, vardenafil and tadalafil have been shown to be 
effective in prevention of I/R damage in many different 
tissues. Sildenafil has protective effects on I/R damage in 
tissues such as heart, liver, lung, kidney, colon and testis 
[14–18]. Vardenafil has also been reported to be effective 
in the treatment of liver, brain and ovarian injuries in I/R 
injury [19]. 

There are a few recent trials published that investigated 
the effectiveness of PDE inhibitors in the prevention/treat-
ment of ovarian I/R damage and these trials suggested that 
PDE inhibitors are effective at these kinds of injuries. How-
ever, there are no studies investigating the effects of these 
drugs on ovarian follicles and their effects on AMH levels.  
In addition, there is no research evaluating the differences 
between efficacy and success among these agents.

Our aim in this study is to evaluate the success of PDE 
inhibitors in ovarian I/R injury and to compare the differ-
ences between agents.

MATERIAL AND METHODS
This study was conducted at the Animal Testing Labo-

ratory of Marmara University after the approval of the Eth-
ics Committee (dated on November 5, 2018; protocol No. 
102.2018.mar).

Laboratory animals and the care of animals in 
research

Ten-twelve weeks old, female Wistar Albino (Rattus 
Norvegicus species) rats weighting 200 to 250 grams were 
used in this study. Rats received light exposure 12 hours 
a day (from 08:00 to 20:00) and had access to food (stand-
ard rodent pellet) and drinking water (tap water) without 
restriction and kept at room temperature of 21 to 23⁰C and 
a humidity of 40 to 50% and were housed 4 or 5 per cage. 
The number of rats was chosen in in the light of previous 
studies. Rats were randomly assigned to four groups of 6.  
Considering bowel transit time, rats were not fed within 
6 hours before laparotomy to empty the gut and allow 
surgery, but they had access to drinking water.

Groups
For this study, 30 female Wistar albino rats were used, and 

the rats were separated randomly into five groups consisting 
of six rats each: normal, torsion-detorsion, torsion-detor-
sion + sildenafil 1.4 mg/kg, torsion-detorsion + vardenafil 
1.7 mg/kg and torsion-detorsion + tadalafil 5.0 mg/kg. 

Group 1 (normal ovary group — Group N): this group of 
rats underwent laparotomy once. During the laparotomy, 

one of the ovaries was removed and fixed in 10% formal-
dehyde. And at least 1 mL of blood sample was taken for 
AMH test.

Group 2 (torsion ovary group — Group O): Laparotomy 
was performed and one of the ovaries was twisted 720 de-
grees and untwisted 3 hours later and the surgical wound 
was closed without administering any medicine. A second 
surgery was performed 3 hours later and both ovaries were 
removed. And at least 1 mL of blood sample was taken for 
AMH test.

Group 3 (sildenafil group — Group S): At the first lapa-
rotomy one of the ovaries was twisted 720 degrees. Sildena-
fil 1.4 mg/kg (Degra® film tablet, Deva Ilac, Istanbul, Turkey) 
was administered intraperitoneally 30 minutes before detor-
sion. At the second laparotomy, the ovaries were detor-
sioned and reperfusion was maintained for 3 hours. At the 
third laparotomy rats were sacrificed and at least 1 mL of 
blood was taken for AMH testing and both ovaries were 
removed by laparotomy.

Group 4 (vardenafil group — Group V): At the first lapa-
rotomy one of the ovaries was twisted 720 degrees. Varde-
nafil 1.7 mg/kg (Levitra® film tablet, Bayer, Istanbul, Turkey) 
was administered intraperitoneally 30 minutes before the 
second laparotomy. At the second laparotomy, the ova-
ries were detorsioned and reperfusion was maintained for 
3 hours. At the third laparotomy rats were sacrificed and 
at least 1 mL of blood was taken for AMH testing and both 
ovaries were removed by laparotomy.

Group 5 (tadalafil group — Group T): At the first lapa-
rotomy one of the ovaries was twisted 720 degrees. Tadalafil 
5.0 mg/kg (Cialis® film tablet, Lilly ilac, Istanbul, Turkey) was 
administered intraperitoneally 30 minutes before the sec-
ond laparotomy. At the second laparotomy, the ovaries were 
detorsioned and reperfusion was maintained for 3 hours. At 
the third laparotomy rats were sacrificed and at least 1 mL 
of blood was taken for AMH testing and both ovaries were 
removed by laparotomy.

Surgical procedures
Sterile, powder-free, latex gloves were used during all 

surgical procedures. Every rat underwent a laparotomy pro-
cedure under anesthesia using 10% ketamine hydrochloride 
(Ketalar; Eczacıbaşı¸ Warner Lambert, Istanbul, Turkey) at 
a dose of 80 mg/kg and 2% xylazine hydrochloride (Rompun; 
Bayer Health Care LCC, Kansas, KS) at a dose of 15 mg/kg. The 
procedure was performed while rats were lying in supine po-
sition. Abdominal area was shaved before the procedure and 
the surgical site was prepared using 10% Povidone-iodine 
solution (Batticon; Adeka Laboratories, Istanbul, Turkey). 
A 5 cm median (on the line between the xiphoid process 
and pubis) incision was made to enter into the abdominal 
cavity and the right ovary was twisted 720 degrees along 
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Figure 1. Torsion of ovaries

Figure 2. Degenerated oocyte (arrow) in degenerated tertiary follicle; 
(hematoxylin eosin, ×400)

with tubo-ovarian blood vessels (Fig. 1). The twisted ovary 
was fixed to the abdominal muscles with 5/0 silk sutures 
and the abdominal wall (peritoneum, fascia and skin) was 
closed in two layers using running locking sutures with 
2/0 polyglactin 910, following bleeding control. Each surgi-
cal procedure lasted 15 to 20 minutes to protect the drying 
effect of the room air and the rats were allowed to wake up. 

Histopathological examinations
Surgically excised ovaries were fixed in 10% formalin. Par-

affin blocks were prepared 24 hours after the oophorectomy 
procedure. Tissue sections of 5 micrometers were taken and 
follicular activity was assessed in 5 randomly selected samples 

from each ovary. Slides were stained with hematoxylin eosin 
and examined under the light microscope. The paraffin blocks 
were sectioned using a microtome blade (Leica, Nussloch, 
Germany). Every slide was blindly assessed by the same pa-
thologist. A light microscope (Olympus Clinical Microscope, 
Tokyo, Japan) was used to analyze the sections. 

Edema, vascular Congestion, inflammation, cellular de-
generation and hemorrhage were examined as histopatho-
logical injury scores. The scores were evaluated as described 
by Celik et al. [13]. Pathological findings were rated. Grade 0  
indicated normal alterations, no abnormal findings; Grade 1  
indicated mild edema, mild vascular congestion, absence 
of hemorrhage or leukocyte infiltration; Grade 2 indicated 
moderate edema, moderate vascular congestion, absence 
of hemorrhage or leukocyte infiltration; Grade 3 indicated 
severe edema, severe vascular occlusion, minimal hemor-
rhage and minimal leukocyte infiltration, Grade 4 indicated 
severe edema, severe vascular occlusion, hemorrhage and 
leukocyte infiltration (Fig. 2–4). 

Figure 3. Degenerated secondary follicle and degenerated oocyte in 
the area of hemorrhage and edema (arrow); (hematoxylin eosin, ×400)

Figure 4. Multiple primordial, primary, secondary and antral follicles 
in the ovarian cortical region; (hematoxylin eosin, ×200)
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All follicles were counted to assess ovarian reserve. Pri-
mordial, primary, secondary (pre-antral) and tertiary (antral) 
follicles were counted.

Follicles were evaluated as described by Parlakgumus 
et al. [20]. Primordial, primary, secondary (pre-antral) and 
tertiary (antral) follicles were counted. Primordial follicle 
is described as an oosit with surrounded only one layer 
of epithelial cell layer, primer follicle is surrounded with 
one or more layer of cuboidal granulosa cells. Secondary 
(pre-antral) follicle is surrounded with more than two cell 
layers and consists of antrum folliculi and zona pellucida. 
Tertiary (antral) follicle is defined if there are antrum, stratum 
granulosum and surrounding cumulus oophorus layers.

Statistical analysis
Statistical analyses were performed using the SSPS 

Version 15.0. The Kolmogorov-Smirnov test and histo-
grams were used to assess the normality of the distribu-
tion of variables. The mean ± standard deviation or median  
(interquartile range) were used to present descriptive analy-
ses. One-way ANOVA test was used to analyze normally 
distributed numerical data and the Kruskal-Wallis test was 
used to analyze non-normally distributed numerical data. 
The limit of statistical significance was set at p-values < 0.05.

RESULTS
Histopathological damage scores

According to the histopathological damage scores, mini-
mum damage was seen in the normal group and maximum 
damage was seen in the torsion-detorsion group. There was 

an increase in all histopathological damage scores (edema, 
vascular congestion, inflammation, cellular degeneration, 
hemorrhage) in the torsion group which was not given 
any drug. (p scores respectively; < 0.001, < 0.001, < 0.001, 
0.006, < 0.001).

Hemorrhage were statistically different between normal 
and torsion group (p < 0.001) and PDE inhibitors were not 
useful for decreasing hemorrhage (S, V, T group; p = 0.002, 
0.002, 0.001).

Sildenafil and vardenafil treatments showed protective 
effect by preventing significant increase in inflammation 
parameters. (p = 0.058, 0.138) (Tab. 1). Tadalafil treatment 
was only protective for cellular degeneration (p = 0.140). 
Vardenafil treatment was protective for edema (p = 0.238), 
vascular congestion (p = 0.111), inflammation (p = 0.138) 
and cellular degeneration (p = 0.532). Vardenafil treatment 
were effective for 4/5 parameters in histologic examination.

Ovarian follicle counts and AMH levels
Primiordial, primary, secondary (pre-antral) and ter-

tiary (antral) follicles counts were similar between all the 
groups. After three hours of ischemia and reperfusion there 
was not significantly decrease in the study groups than the 
normal group. Atresic follicle counts and AMH levels were 
statistically different between normal and the torsion group. 
Atresic follicles were significantly increased (p < 0.001) and 
AMH levels were significantly decreased in the torsion group 
(p = 0.004). The increase in atresic follicles was prevented in 
all groups using PDE inhibitors. In the vardenafil group the 
increase in the number of atresic follicles was prevented 

Table 1. Comparison of histopathologic damage scores between study groups

Normal Detortion p* Detortion + 
Sildenafil p** Detortion + 

Vardenafil P*** Detortion + 
Tadalafil p****

Edema

Mean SD 0.93 ± 0.69 2.25 ± 0.79
< 0.001

2.33 ± 0.52
0.003

1.50 ± 1.05
0.238

2.67 ± 0.52
0.005

Median- IQR 1.00 (0.00–1.00) 2.00 (2.00–3.00) 2.00 (2.00–3.00) 1.50 (1.00–2.00) 3.00 (2.00–3.00)

Vascular congestion

Mean SD 0.80 ± 0.85 2.13 ± 0.95
< 0.001

2.83 ± 0.41
0.002

1.83 ± 0.75
0.111

2.50 ± 0.84
0.028

Median 1.00 (0.00–1.00) 2.00(1.00–3.00) 3.00 (3.00–3.00) 2.00 (1.00–2.00) 3.00 (2.00–3.00)

Inflammation

Mean SD 0.10 ± 0.31 0.67 ± 0.56
< 0.001

0.67 ± 0.82
0.058

0.33 ± 0.52
0.138

0.67 ± 0.52
0.019

Median 0.00 (0.00–0.00) 1.00 (0.00–1.00) 0.50 (0.00–1.00) 0.00 (0.00–1.00) 1.00 (0.00–1.00)

Cellular degeneration

Mean SD 0.17 ± 0.38 0.75 ± 0.94
0.006

0.33 ± 0.52
0.138

0.33 ± 0.52
0.523

0.50 ± 0.84
0.140

Median 0.00 (0.00–0.00) 0.50 (0.00–1.00) 0.00 (0.00–1.00) 0.00 (0.00–1.00) 0.00 (0.00–1.00)

Hemorrhage

Mean SD 0.13 ± 0.35 2.46 ± 0.78
< 0.001

2.33 ± 1.03
0.002

2.17 ± 0.98
0.002

2.83 ± 0.41
0.001

Median 0.00 (0.00–0.00) 3.00 (2.00–3.00) 3.00 (1.00–3.00) 2.50 (1.00–3.00) 3.00 (3.00–3.00)

p*; p**; p***; p**** (Mann Whitney U Test)
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(p = 0.461), but the decrease in the AMH level could not 
be prevented (p = 0.004). Sildenafil and tadalafil groups 
were similar with the normal group regarding athretic fol-
licle count (p = 0.138, 0,108 respectively) and AMH levels 
(p = 0.140, 0.108 respectively). They prevented the increase in 
atresic follicle count and the decrease in AMH levels (Tab. 2).

DISCUSSION
Histopathological examination of the ovary reveals the 

ischemia/reperfusion injury of the ovary. I/R is associated 
with edema, vascular congestion, inflammation, cellular 
degeneration and hemorrhage. I/R injury were studied in 
the literature and histologic examination score results varied 
between the trials.. Also several agents were used to prevent 
I/R injury and their efficiency varied widely in the trials lead-
ing to conflicting findings.

Sildenafil was shown to reduce histopathologic injury 
after two-hour torsion procedure. Sildenafil doses were 
compared between groups and were not significantly dif-
ferent when applied 0.7 mg/kg and 1.4 mg/kg. Congestion, 
hemorrhage and edema were reduced similar to our study. 
Further they have assessed oxidative stress index [total anti-
oxidant status (TAS), total oxidant status (TOS) and oxidative 
stress index (OSI)] and showed that these scores were also 
reduced [21]. But there were no data about the differences 
of follicle count and AMH levels between groups. 

In another study, sildenafil was found to be effective in 
I/R damage by providing reduction in antioxidant enzymes 
(superoxide dismutase, glutathione peroxidase), hemor-
rhage, degenerative cells and atresic follicles. In this study, 
AMH examinations were not tested [13]. 

As a result of two studies investigating the effects of 
vardenafil on ovarian I/R injury; edema, vascular conges-
tion, hemorrhage and the number of atresic follicles were 
decreased. In these studies, oxidative stress markers were 
examined. Pre-antral + antral follicle’s and AMH examina-
tions were not performed [19, 22]. In our study, vardenafil 
showed an effective improvement in all histopathological 
damage scores. Pre-antral + antral follicles remained similar 
and the increase of atresic follicles was prevented. However, 
it was observed that AMH values decreased.

The results of a study investigating the protective effects 
of tadalafil on I/R injury resulted in a significant reduction 
in damage scores such as edema, vascular congestion and 
hemorrhage after 3 hours of ischemia 12 hours of reperfu-
sion and in another group after 24 hours of reperfusion. 
However, in this study, there is no AMH examination and 
follicular examinations [23]. In our study, we determined 
that tadalafil provided similar reduction in edema, vascular 
congestion, inflammation and hemorrhage scores.

Although these agents are in the same drug class, their 
success in treatment of I/R damage is different. We think that 

Table 2. Comparison of ovarian follicle counts and AMH levels between groups

Normal Detortion p* Detortion + 
Sildenafil p** Detortion + 

Vardenafil p*** Detortion + 
Tadalafil p****

Primordial follicle

Mean SD 6.07 ± 5.46 3.38 ± 2.55
0.153

3.17 ± 1.47
0.403

3.00 ± 1.67
0.285

1.83 ± 0.75
0.930

Median- IQR 3.50 (2.00–11.00) 2.50 (2.00–4.00) 3.00 (2.00–3.00) 2.50 (2.00–5.00) 2.00 (1.00–2.00)

Primer follicle

Mean SD 10.30 ± 4.99 8.71 ± 3.18
0.451

9.67 ± 3.27
0.104

7.50 ± 2.66
0.106

8.33 ± 3.83
0.417

Median 8.00 (7.00–13.00) 8.00 (6.00–11.50) 9.00 (7.00–13.00) 7.50 (6.00–8.00) 10.00 (4.00–11.00)

Secondary (pre-antral) follicle

Mean SD 5.50 ± 3.18 5.29 ± 3.11
0.642

3.50 ± 0??.84
0.680

3.33 ± 1.63
0.466

5.17 ± 2.48
0.373

Median 5.00 (3.00–7.00) 4.00 (3.00–7.50) 4.00 (3.00–4.00) 3.00 (2.00–4.00) 5.50 (3.00–7.00)

Tersier (antral) follicle

Mean SD 4.80 ± 2.34 4.79 ± 2.08
0.923

5.17 ± 1.94
0.738

5.00 ± 2.53
0.371

4.33 ± 2.16
0.564

Median 5.00 (3.00–7.00) 5.00 (3.00–6.50) 5.00 (5.00–6.00) 4.00 (3.00–7.00) 3.50 (3.00–7.00)

Athresic follicle

Mean SD 0.03 ± 0.18 0.96 ± 1.12
< 0.001

0.33 ± 0.52
0.138

0.50 ± 0.84
0.461

0.50 ± 0.84
0.140

Median IQR 0.00 (0.00–0.00) 0.50 (0.00–2.00) 0.00 (0.00–1.00) 0.00 (0.00–1.00) 0.00 (0.00–1.00)

AMH

Mean SD 2.641 ± 0.95 1.372 ± 0.66
0.004

1.753 ± 0.79
0.108

1.090 ± 0.47
0.004

1.801 ± 0.55
0.108

Median 2.591 (1.64–3.70) 1.211 (0.95–1.66) 1.596 (1.16–2.01) 1.070 (0.64–1.60) 1.659 (1.37–2.30)

p*; p**; p***; p**** (Mann Whitney U Test)
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this can be related with the difference in ischemia/reperfu-
sion duration, chemical success and/or half-life of agents.

Tadalafil is effective 36 hours after the dose, its half-life 
is 17.5 hours [24] and it is about 4.5 hours longer than silde-
nafil [23]. 

Vardenafil is more sensitive to PDE-5 than sildenafil and 
has similar pharmacokinetic parameters [25–27]. 

In a study conducted by Yeral et al. [6], it was determined 
that there was no significant difference in the number of 
pre-antral + antral and total follicles between the groups 
with and without albumin treatment after 3 hours of is-
chemia and 7 days of reperfusion. 

In these cases, some questions come to mind. Is it im-
portant whether different durations are effective in changes 
in follicle damage? Does short-term ischemia or short-term 
reperfusion provide a full effect in the creation of follicular 
damage? As a result of this important study, 2 hours, 4 hours 
and 16 hours ischemia was performed. Then reperfusion 
for 28 days was performed. They reported that the number 
of follicles does not differ between the torsion ovary and 
contralateral ovary, but this condition cannot guarantee 
the survival of the ovarian follicles [28]. 

In our study, no significant difference was observed 
between the groups in the number of pre-antral + antral 
follicles after 3 hours of ischemia and 3 hours of reperfusion. 

In another study, 3 hours of ischemia and then 7 days 
of reperfusion decreased ovarian follicles. Atorvastatin 
has been shown to help with follicular healing but not 
AMH. They also pointed out that they did not know 
whether this follicular recovery was permanent and 
whether the primordial follicles would turn into func-
tional mature follicles [20]. 

AMH is a dimeric glycoprotein released from granulosa 
cells of the antral follicles. Therefore, evaluation of the ovar-
ian reserve with AMH test after iatrogenic events such as 
pelvic radiotherapy, chemotherapy, uterine artery emboliza-
tion or ovarian surgery may be helpful in maintaining fertility 
at an early stage. AMH expression begins in the primordial 
follicles, whereas the levels of pre-antral and small antral 
follicles are highest. According to the literature, AMH level is 
thought to be a better indicator of ovarian reserve compared 
to age, FSH, LH, E2 and inhibited B levels [29–31]. 

When follicles show signs of atresia, anti-mullerian hor-
mone (AMH) decreases. Some cells probably show a higher 
AMH expression than proliferative capacity and others that 
reflect differences in steroidogenic activity. In our study, 
in the vardenafil group even though the increase in the 
number of atresic follicles was prevented, AMH levels re-
mained low compared to the normal ovarian group. It is 
seen that the number of atresic follicles and AMH levels are 
not in direct relationship with ovarian damage scores and 
pre-antral + antral follicles [32, 33]. 

When the literature is examined, it is seen that there are 
decreases in the AMH levels ​​after 3 or 6 hours of ovarian tor-
sion followed by 3 hours, 24 hours or 7 days of reperfusion. 
It is seen that short-term or long-term I/R events affect AMH 
levels [20, 31, 34, 35]. 

As a result of our study, 4/5 of the histopathological 
damage scores improved with vardenafil treatment, there 
was no decrease in pre-antral + antral follicles, undesired 
increase in atresic follicles was prevented but the decrease 
of AMH value could not be prevented.

Sildenafil and tadalafil showed partial improvement in 
histopathological damage scores, no decrease in pre-an-
tral + antral follicles, increased atresic follicles, and AMH 
values ​​remained within normal ranges.

CONCLUSIONS
PDE inhibitors were found to be effective in reducing 

ovarian ischemia/reperfusion injury. The sildenafil and 
tadalafil seem to be more effective than the vardenafil in 
protecting the ovarian reserve.

Statement of ethics 
This study was conducted at the Animal Testing Laboratory of 
Marmara University after the approval of the Ethics Commit-
tee (dated on November 5, 2018; protocol No. 102.2018.mar).
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