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Introduction 

Ovarian torsion is defined as the complete or partial loss of 

arterial and/or venous blood flow of the adnexa which hap-

pens as a result of ovarian vascular pedicle twisting. It consti-

tutes 2.7% of gynecologic emergencies (1). Its treatment is 

rapid detorsion of the twisted pedicle to restore blood flow. A 

delay in diagnosis leads to damage in ovarian tissue that is as-

sociated with oocyte loss. As a result, infertility may be con-

fronted. Delay in diagnosis is frequent because it presents with 

many vague symptoms such as abdominal pain and distension, 

nausea, vomiting, low-degree fever, tachycardia, and leukocy-

tosis which are common for many diseases. So the diagnosis 

mainly depends on a high degree of clinical suspicion (1,2). 

Although deteriorating the ovary restores the vasculariza-

tion of the ovary, it inevitably may result in the risk of is-

chemia-reperfusion injury. Ischemia-reperfusion injury di-

minishes the oocyte pool via increased oxygen radicals in the 

ovarian tissue (3-6).  Any substance to reverse the effects of 
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ABSTRACT 

OBJECTIVE: In this study, we aimed to investigate the effect of sildenafil, acting as an anti-oxidant on 

the ischemic rat ovarian torsion model by pointing out ovarian reserve via AMH levels which is the best 

marker for oocyte pool. 

STUDY DESIGN: This study is an experimental animal study conducted according to the principles of 

the Declaration of Helsinki. Twenty-seven rats were assigned into three groups, each consisting of nine 

individuals. Group 1: Sham operation (laparotomy only) was performed. Group 2: The torsion group had 

bilateral torsion and detorsion of the ovaries. Group 3: In Sildenafil and torsion group the rats received 

0.7 mg/kg sildenafil (Viagra, Pfizer, New York, ABD) intraperitoneally one hour before torsion and detor-

sion operation. One month after the initial operation, blood was drawn via the intra-cardiac route, and 

serum antimullerian hormone (AMH) concentrations were studied. 

RESULTS: The mean weights of the rats were similar 224 g, 229 g, and 222 g for groups 1, 2, and 3 

respectively. Only one rat from Group 2(T/D) died during the experiment leaving eight rats for analysis. 

The mean value for AMH was 24.9227±12.19124 ng/ml and the mean value for weight was 

226.22±19.200. The differences in AMH groups were not statistically significant (p=0.873) 

CONCLUSIONS: As a result, as is shown in our study, the ovarian reserve may not be influenced by is-

chemia developed by ovarian torsion or any influences could not change AMH levels. Sildenafil which 

was given to the rats before detorsion to protect against reperfusion ischemia was found to be ineffec-

tive on ovary reserve according to AMH assessment.  
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ischemia-reperfusion would be a great contribution to inhibit-

ing the loss of ovarian reserve. Researchers have studied many 

substances including montelukast, growth hormone, atorvas-

tatin, enoxaparin, dehydroepiandrosterone (DHEA), proan-

thocyanidin, curcumin, and selenium in preventing ischemia-

reperfusion injury (3,7-13). 

Sildenafil is a phosphodiesterase type-5 (PDE5) inhibitor. 

It was first developed in 1989 for coronary artery disease and 

received approval from the Food and Drug Administration of 

the USA in 1998 for the treatment of erectile dysfunction. 

This PDE5 inhibitor is a vasoactive drug that causes smooth 

muscle relaxation on the artery wall. It has been used for erec-

tile dysfunction, pulmonary artery disease, coronary syn-

drome, and endothelial dysfunction until today (14). Anti-ox-

idant effect of sildenafil was shown in ischemia of the lung, 

liver, testis, and ovary histopathologically (5,15-17). 

Many parameters have been proposed as a marker of di-

minished oocyte pool. Anti-mullerian hormone (AMH) is the 

best parameter showing primordial follicle pool (18). It is a 

glycopeptide from the transforming growth factor beta 

(TGFβ) family and is excreted from preantral and small antral 

follicles (18). Its level is minimally affected by intra-cycle, 

inter-cycle, pregnancy, and hormone supplementation. 

In this study, we aimed to investigate the effect of silde-

nafil, acting as an anti-oxidant on the ischemic rat ovarian tor-

sion model by pointing out ovarian reserve via AMH levels 

which is the best marker for oocyte pool. 

Material and Method 

This study was conducted in The Animal Research 

Laboratory of Baskent University, Ankara, Turkey. Twenty-

seven Wistar albino rats (6 months old, 180-250 g) were kept 

at 20-24°C temperature and 50-60% humidity, 12 hours of 

light, and 12 hours of dark for one week. Rats were fed with 

water and pellet food ad libitum. On the day of the surgical op-

eration, rats were arbitrarily assigned into three groups, each 

consisting of nine individuals. All rats were weighed on the 

day of the surgery before starting the experiment. 

Group 1: Sham operation (laparotomy only) was per-

formed 

Group 2: The torsion group had bilateral torsion and detor-

sion of the ovaries 

Group 3: In the Sildenafil and torsion group the rats re-

ceived 0,7 mg/kg sildenafil (Viagra, Pfizer, New York, ABD) 

intraperitoneally one hour prior to torsion and detorsion oper-

ation 

Rats were anesthetized with ketamine (60 mg/kg, Ketasol, 

Richter Pharma, Wels, Austria), and xylazine hydrochloride 

(7 mg/kg, Rompun, Bayer, Leverkusen, Germany) adminis-

tered intraperitoneally. After anesthesia, rats were placed sur-

gically in a supine position; the surgical site was shaved and 

disinfected. In the first group; a sham operation; a 2.5 cm mid-

line incision exposing uterine horns and adnexa was made and 

the abdominal layers and skin were covered with 3/0 polysorb 

(Covidien®) suture material. 

The second group was the torsion-detorsion group. After 

the 2.5 cm midline incision, the ovarian pedicles were twisted 

twice in a clockwise direction and fixed to the abdominal wall 

with a 4/0 silk suture. Then, abdominal layers and skin were 

closed with a 3/0 polysorb suture and rats were anesthetized 

for three hours. Throughout this period one rat from the tor-

sion-detorsion group died. Eight remaining rats had re-laparo-

tomy after three hours, sutures of torsioned adnexa were 

taken, adnexa was detorsioned and the abdomen was closed 

with a 3/0 polysorb suture. In the third group, 0.7 mg/kg of 

sildenafil was administered intraperitoneally (17,19) one hour 

prior to surgery and the rats had a similar surgical procedure 

as those in the second group. Fentanyl (0.02 mg/kg) was ad-

ministered as an analgesic for three days after the operations. 

Recovery time was set as one month (20,21). One month after 

the initial operation the rats were anesthetized again with ceta-

min and xylazine hydrochloride (7 mg/kg). Blood was drawn 

via the intra-cardiac route. Rats were sacrificed with cervical 

dislocation under anesthesia. 

Blood samples were centrifuged for 10 minutes with 5000 

revolutions in the NF 415 device and serum was collected. 

Serum samples were preserved at -80 °C. Serum AMH con-

centrations were studied by Cusabio commercial kit (Wuhan 

P.R.) (Catalogue no: CSB-E11162r) by ELISA technique. 

AMH levels were presented as ng/mL. The sensitivity of the 

method is less than 0.1 ng/mL. Data were analyzed with 

Statistical Package for Social Sciences, version 17.0 (SPSS 

Inc., Chicago, IL, USA). Since the sample size is less than 

thirty Kruskal-Wallis Test was used for the analysis. 

Statistical significance level p below 0.05 was accepted as sig-

nificant. 

This study was approved by the Baskent University 

Medical Faculty Ethical Committee of Animal Experiments 

(Project laboratory No: DA 15/33) and supported by the 

Baskent University Fund. This study is an experimental ani-

mal study conducted according to the principles of the 

Declaration of Helsinki. 

Results 

The mean weights of the rats were similar and 224 g, 229 

g, and 222 g for groups 1, 2, and 3 respectively.  Only one rat 

from Group 2 (T/D) died during the experiment leaving eight 

rats for analysis. The mean value for AMH was 24.9227± 

12.19124 ng/mL and the mean value for weight was 226.22± 

19.200. The differences in AMH groups were not statistically 

significant (p=0.873) (Table I).  
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Discussion  

Initially, we hypothesized that the oxidative stress created 

by ischemia-reperfusion injury would damage ovarian reserve 

and diminish the oocyte pool, which would probably be re-

flected in serum AMH levels. In our study which is an ovar-

ian torsion model of rats, sildenafil prior to the ovarian detor-

sion has not been found to affect ovarian reserve measured by 

AMH.  

Many antioxidant agents have been tested for the treatment 

of oxidative damage in different tissues. Sildenafil was shown 

to have some protective effect against oxidative damage in 

different tissues and organs. In the rat model of ovarian tor-

sion, sildenafil was found to reduce the damage to the tissues 

and reduce the blood levels of oxidative stress markers signif-

icantly without a dose-dependent manner. In the intestinal is-

chemia, sildenafil was found to protect liver functions from is-

chemia. In lung ischemia, sildenafil caused a significant de-

crease in caspase, TNF-alfa, IL-6, and p53 levels, which are 

responsible for cell death. In testicular torsion, malondialde-

hyde (MDA) lipid peroxidation levels were found to be lower 

in those treated with sildenafil (5,15-17). 

In another experimental animal model of ovary torsion as-

sessing the effect of a different PDE inhibitor vardenafil, 

ovary tissue was excised after surgery, and edema, vascular 

congestion, and follicular cell degeneration were checked 

histopathologically and the total status of oxidant and antiox-

idant of the tissue was calculated. In the group of animals 

those vardenafil was applied has been found to have signifi-

cantly better histopathological parameters (p<0.05). Follicular 

damage was reduced with the use of vardenafil in a dose-de-

pendent manner. However, there was no significant change in 

the antioxidant status of the tissue with vardenafil medication 

(22). In the rat models conducted by Kalyoncu et al., unlike 

vardenafil, the use of melatonin, octreotide, and lanreotide in 

ovarian tissue was observed to reduce oxidative damage 

scores and increase antioxidant status. From a histopathologi-

cal perspective, the use of these agents also led to a decrease 

in follicular degeneration, vascular congestion, hemorrhage, 

and inflammation. Similar studies with different medical 

agents, such as metformin, which show the same effects, have 

also been presented in the literature (23-25). 

However, these studies are related to histopathological ox-

idative damage and do not indicate the direct effect of silde-

nafil on ovarian reserve. Therefore AMH, accepted as the best 

indicator of ovarian reserve, was used in our study (18). 

Unlike the other studies, no significant difference was de-

tected between the groups in terms of AMH levels (26). 

In another AHM study, where Kaya and his friends used 

enoxaparin against ischemia-reperfusion injury on ovarian tis-

sue, it was observed that vascular congestion and hemorrhage 

scores were increased in the enoxaparin group (9). This situa-

tion can be explained by the anticoagulant effect of enoxaparin. 

There were no differences between groups in terms of follicu-

lar cell degeneration and inflammatory score. Post-operative 

AMH levels were lower in all groups compared to pre-opera-

tive levels, but, this reduction was more apparent in the detor-

sion group.  Thus, enoxaparin medication in addition to detor-

sion can be practiced in the treatment of ovarian torsion (9). 

Current studies in the literature show that histopathologi-

cal and biochemical injuries take place in the ovary with tor-

sion detorsion (5,9,22). Nevertheless, our study did not point 

to any change in AMH levels due to torsion detorsion. We 

performed AMH blood level tests one month after the torsion 

detorsion operation. In Soyman’s study, AMH levels were 

checked 3 hours after detorsion and AMH levels in the tor-

sioned group were found to be lower than those of the control 

group (27). In the study of Sahin Ersoy et al, preoperative lev-

els of AMH decrease at the end of 24 hours after detorsion 

compared to the control group (28). In the study of Çalış et al., 

rat ovaries were torsioned on the 2nd, 4th, and 16th hours. 

They found that the primary and primordial follicle numbers 

were similar within the groups after 28 days. From this point 

of view, as AMH is secreted from primary and primordial fol-

licle cells, as usual, we demonstrated that AMH levels were 

found to be similar after 28 days in parallel with this study 

(29). The prolonged time (one month) of checking AMH lev-

els after surgery may lead the ovarian tissue to ameliorate 

which may be the fact to equalize two group values. 

Group/N Mean Rank Minimum Maximum Mean Median SD p

AMH (ng/m 1. Sham 9 14.56 1.31 43.25 24.9227 27.2850 12.19124 0.873

2.T/D 8 12.75 

3.T/D+Sildenafil 9 13.11 

Rat weight 

(gram)

1. Sham 9 13.33 182 262 226.22 226.00 19.200 0.554

2.T/D 9 16.28 

3.T/D+Sildenafil 9 12.39 

Table I: Kruskal-Wallis test for rat weights and AMH levels 

SD: Standart deviation, T/D: Torsion – Detorsion 
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In the study of Sugita A et al., after cystectomy of the 

human ovary, AMH levels were followed for one year. 

Although the AMH levels dropped after the first month, they 

rose to the initial levels after the first year following surgery 

(30). Therefore, recovery of ovarian tissue after a one-month 

interval can explain the equality of AMH levels of the two 

groups in our study. 

In our study, the duration of torsion was parallel with the 

other studies (27,28) and was considered to be sufficient since 

it was 3 hours. However, there are also studies suggesting that 

the torsion process does not affect the reserve. The study of 

Oelsner et al. suggests that the ovarium reserve does not dete-

riorate with torsion, as it is preserved in 91% (31). In Pena’s 

Doppler study, there was no significant difference between 

patients with normal or abnormal Doppler findings for 

necrotic adnexa in terms of ovary reserve (32). In this case, it 

can be considered that the blood flow of the ovary is supplied 

from different arteries, the blood flow does not deteriorate in 

the torsion, the edema and congestion may be related to ve-

nous and lymphatic stasis and this may not affect the viability 

of the ovary. 

Limitations of our research are that histopathological in-

jury was not shown after torsion and detorsion and AMH 

blood levels were not checked before the operation. One of the 

limitations of the study is that oxidant and antioxidant status 

was not evaluated in the study. 

As a result, as is shown in our study, ovarian reserve may 

not be influenced by ischemia developed by ovarian torsion or 

any influences could not change AMH levels. Sildenafil 

which was given to the rats prior to detorsion to protect 

against reperfusion ischemia was found to be ineffective on 

ovary reserve according to AMH assessment. The decrease in 

ovarian follicular numbers and AMH levels after torsion and 

detorsion rat models in other studies may recover after enough 

intervals of time to restore the number of primordial and pri-

mary follicles. To identify changes in ovary reserve, homoge-

nous groups of more subjects with specific demographic prop-

erties and shown ischemia-reperfusion injury are needed. 

Animal experiments in this context are going to shed light on 

human research in the future. 
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