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Does ischemia reperfusion affect fecundability  
in a rat model?
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1. INTRODUCTION

Adnexal torsion entails twisting vascular supply to the ovary and 
constitutes 2.7% of all gynecological emergencies.1–3 The strat-
egy for treatment depends on several conditions such as intra-
operative macroscopic appearance of the twisted ovary, desire 
for further childbearing, and presence of accompanying ovarian 
mass, if any.4,5 In this context, once the affected side is dark and 
black bluish in color, oophorectomy is generally preferred due to 
lack of any expectation for viability and functionality.

The management of adnexal torsion has been challenged in 
recent years. Because normal follicular growth has been dem-
onstrated after examination of surgical specimens retrieved 
from oophorectomies,6 organ-sparing strategy has gained 
more popularity irrespective of the appearance of the ovary.7–9 
Nevertheless, there are a few data about the influence of free 

radicals on ovarian reserve originated from reperfusion injury 
during untwisting the gonad.10 In addition to the conventional 
approach, oophoropexy is also suggested in high-risk popula-
tion. On this issue, recently, comparable number of follicles 
after 16 hours of torsion in a rat model was documented but 
with a less viability on the affected side established by immuno-
histochemical staining with Proliferating cell nuclear antigen.11 
However, resulting fecundability rates in these cases have never 
been investigated either in human subjects or in an experimental 
animal model.

The primary aim of this study was to evaluate whether 
fecundability is altered after torsion and detorsion of the ovary 
due to ischemia-reperfusion injury when compared with that of 
controls in an animal model.

2. METHODS

A total of 30 female, fertile adult Wistar albino rats, 15 weeks 
old, weighing 200 to 220 g, were used in this study. All animals 
were obtained from the Hacettepe University, Animal Research 
Center; kept in a standardized temperature and humidity envi-
ronment and 12-hour day/night cycle; and were fed ad libitum. 
All experimental procedures were performed following the 
approval of institutional ethical committee on animal research 
(Approval No: 2015 06/07).

Surgery was performed under general anesthesia with intra-
peritoneal administration of ketamine hydrochloride (50 mg/kg  
Ketalar; Eczacibasi, Istanbul, Turkey) and xylazine hydrochlo-
ride (10 mg/kg Rompun; Bayer Türk Ilac Ltd., Istanbul, Turkey). 
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Abstract
Background: Adnexal torsion constitutes 2.7% of all gynecological emergencies. Because normal follicular growth has been 
demonstrated after examination of surgical specimens retrieved from oophorectomies, organ-sparing strategy has gained more 
popularity irrespective of the appearance of the ovary. However, the functionality of the remaining follicles has not been known. The 
aim of the study was to evaluate the effect of ischemia-reperfusion on fecundability in a rat model with adnexal torsion.
Methods: A total of 30 female adult Wistar albino rats were assessed. In the first laparotomy, right ovaries were twisted for 8 
(Group I, n = 10) or 24 (Group II, n = 10) hours. Second laparotomy was performed to untwist the torsion side and oophorectomy 
to the other side. In the control group (Group III, n = 10), left ovaries were removed and right ovaries were kept without any inter-
vention. After 30 days from the last operation, female rats were mated for 10 days and euthanized 4 days later. Fecundability was 
calculated using beta-human chorionic gonadotropin (hCG) levels for detection of pregnancy rates.
Results: The mean beta-hCG values in control, 8-hour, and 24-hour groups between pregnant rats were 19.8 ± 26.02, 11.7 ± 
0.17, and 22.97 ± 11.87 mIU/mL, respectively. Whereas two out of 10 rats (20%) conceived in the 8-hour group, three out of 10 
rats (30%) got pregnant in the 24-hour group. In total, whereas five out of the 20 rats got pregnant in the experimental groups, in 
the control group, seven out of 10 subjects conceived (25% vs 70 %, p = 0.018).
Conclusion: Although there was a statistical difference between experimental and control groups, statistical significance was not 
reached among 8-hour and 24-hour torsion subgroups. In this context, patients with torsion but treated with detorsion should be 
further investigated for their fecundability potency and be informed accordingly.
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After cleaning the operation site with antiseptic solution 
(Baticon, Drogsan, Turkey), laparotomies were performed via a 
25-mm midline-vertical incision.

In the experimental groups (Groups I and II), right ovaries were 
twisted at 720° in counter clockwise with microsurgical forceps 
and fixed to the peritoneum using a 4-0 vicryl suture (Johnson 
& Johnson, Neenah, WI, USA) for a duration of 8 (Group I,  
n = 10) or 24 (Group II, n = 10) hours. A second laparotomy 
was performed to untwist the torsion sides and relieve the vas-
cular compromise after either 8 or 24 hours depending on the 
assignment of the experimental group (Fig. 1). In all animals, the 
contralateral unaffected ovaries were totally removed to exclude 
the possibility of ovulation from the healthy side in all groups. 
In the control group (Group III, n = 10), first laparotomy was 
performed without doing any intervention to adnexa and sub-
sequently second laparotomy to perform oophorectomy to the 
left side.

After 30 days from the second operation, female rats were 
mated for 10 days and euthanized 4 days later. At the end of 
the study duration, all animals were euthanized with high-dose 
anesthetic administration after obtaining intracardiac blood for 
detection of serum beta-hCG levels. All blood samples were cen-
trifuged at 3000g for 15 minutes, and serum samples were kept 
at −20°C until biochemical assessment. All serum specimens 
were analyzed with the Enzyme-linked immunosorbent   assay 
(ELISA) method (rat hyperglycosylated free-beta chorionic gon-
adotropin; MyBioSource, San Diego, CA, USA) to quantify beta-
hCG concentration. The intra-assay and interassay precision 
rates were ≤8% and ≤12, respectively. Detection range was 7.8 
to 500 mIU/mL for the exposed assay. Fecundability was defined 
by the percentage of animals conceived according to beta-hCG 
concentration exceeding 1 mIU/L, as reported previously.12

2.1. Statistical analysis
Descriptive statistical data were expressed as mean ± standard 
deviation, median, and minimum and maximum values. The 
chi-square and Fisher’s exact tests were used to analyze nomi-
nal variables in the form of frequency tables using Statistical 
Package for the Social Sciences (ver. 21.0; SPSS Inc., Chicago, 
IL). If expected values were <5 in a cell, we preferred to use 
Fisher’s exact test instead of chi-square test. p value of <0.05 
was considered as statistically significant.

3. RESULTS
For the Groups I, II, and III, the mean free beta-hCG levels were 
19.8 ± 26.02, 11.7 ± 0.17, and 22.97 ± 11.87 mIU/mL, respec-
tively. The mean duration of the first laparotomy (torsion proce-
dure) was 8.2 ± 3.4 minutes. The mean duration for the second 
laparotomy (detorsion and oophorectomy procedures) was 11.3 
± 4.6 minutes. The pregnancy rates of the groups are demon-
strated in Figure 2. The average pregnancy rates were found to 

be 20.0 % and 30.0 % for the 8 and 24 hours of torsion group, 
respectively, whereas the average pregnancy rate was found to 
be highest in the control group (70.0 %). The pregnancy rates 
between the two groups that experienced ovarian torsion were 
found to be comparable (p > 0.005). The difference between 
pregnancy rates was not statistically significant when 8-hour 
and 24-hour groups were compared with control individually  
(p = 0.07 and p = 0.18, respectively). When the total pregnancy 
rates of the experimental groups (Groups I and II) were com-
pared with those of the control group (Group III), the difference 
was found to be significantly different (p = 0.018).

4. DISCUSSION
In the current study, it was aimed to evaluate whether fecund-
ability is affected after torsion and detorsion of the ovary due to 
ischemia-reperfusion injury. The resulting findings suggest that 
although there was follicular growth, for follicle functionality, 
ovarian torsion might impair fecundability as depicted in a rat 
model, when treated with detorsion.

To best of our knowledge, there is no study evaluating the 
fecundability when ovarian torsion was treated with detorsion 
in a rat model. The previous study of our group had revealed 
that ovarian reserve reflected by primordial and primary follicle 
count did not change in a rat model, when torsion side and con-
tralateral ovaries were compared,11 but there were subtle histo-
logical changes under microscopic examination and diminished 
viability of the observed follicles, particularly after duration of 
16 hours of torsion. These former findings had induced us to 
design the current experimental model to detect the viability of 
remained follicles as will be reflected by fecundability after detor-
sion of the twisted side. If the study groups were compared with 
the control group, there was a lower fecundability as defined 
by the percentage of animals conceived in study groups. One 
may expect that fecundability should be lower in the 24-hour 
group when compared withthat of the 8-hour group. In this con-
text, the lack of any statistical difference might be related to two 
points. First, small sample size in each arm might limit the abil-
ity to find statistical difference. However, to observe a statistical 
difference among groups that have fecundability rates of 20% 
and 30%, we need a total of 137 subjects in these two groups, 
when the power is set to 80%. Second, because we do not know 
the minimum duration of torsion requiring any impairment 
on fecundability, it might be speculated that 8 hours might be 
enough to make any potential damage on oocyte compatibility 
and hence implantation.

The interpolation of experience from animal studies to 
human needs caution. In this respect, in a previous study con-
ducted with humans,13 ovarian reserve had been also evaluated 
by counting antral follicles and estimating the ovarian volume 
with ultrasonography among 18 women with a previous history 
of adnexal torsion. Notably, both mean antral follicle count and 

Fig. 1 Macroscopic appearance of control group and twisted ovaries (8 and 24 h) in the second laparotomy. Black-bluish and dark appearance was present in 
both experimental groups
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ovarian volume were comparable among the operated and con-
tralateral ovaries in these patients when they were treated with 
untwisting the ovary solely. However, although ovarian reserve 
markers are highly predictive of ovarian response in assisted 
reproduction treatments, one should keep in mind that none 
of them add significant information to the limited capacity of 
female age to predict ongoing pregnancy chance after in vitro 
fertilization treatment.14 From this standpoint, beyond status 
of ovarian reserve, ovarian reserve does not represent the total 
fecundability potential and there is lack of data whether patients 
complicated with ovarian torsion experience altered fecundabil-
ity after saving their ovaries. This study is a pioneer one evaluat-
ing the fecundability potential when ovarian torsion was treated 
with detorsion in a rat model.

The observed significant decrease in fecundability might 
be related not only to ischemia itself but also to reperfusion 
injury. Whereas ischemia increases blood levels of lactic acid, 
hypoxanthine, and lipid peroxidation products,15,16 detorsion 
and reperfusion cause excessive release of reactive oxygen 
species and free radicals that are related to DNA and cellular 
damage,17,18 which in turn cause damage to the functionality of 
the existing follicles. These mechanisms might alter granulosa 
cell functions or directly affect oocyte. Notably, there might be 
different durations of thresholds for primordial follicle count, 
viability of follicles, and fecundability before a significant 
alteration could be apparent. As reported in a previous study,11 
although there was a similar primordial and primary follicle 
count between torsioned and contralateral ovaries, the viability 
of the remaining follicles as reflected by immunohistochemical 
staining (PCNA) was impaired in the 16-hour group but not 
in 2- or 4-hour group. Therefore, one may claim that fecund-
ability might be impaired after 8 hours of torsion, whereas his-
tological findings might be determined after a longer period of 
ischemia.

One of the major limitations of the study might be setting the 
trial on an animal model with their inherent disadvantages.11 
Although the preliminary results obtained from this animal 
study, we believe would be basis of upcoming clinical trials. 
Moreover, future studies should prospectively follow women 
complicated with ovarian torsion and evaluate their long-term 
outcome with regard to their fecundability. Unfortunately, it 

would not be feasible to evaluate the relationship between 
duration of torsion and fecundability, because the early symp-
toms might be insignificant to detect the onset of ischemia 
precisely.19 In this regard, the findings on animal model might 
be useful to speculate and discuss with patients about their 
fecundability. Finally, because the contralateral ovary has been 
removed in the current study to observe the fecundability of 
the operated side, the contribution of the contralateral healthy 
ovary on reproduction capacity in real life cannot be excluded. 
However, there are a few groups of patients who had experi-
enced ovarian torsion in both sides during different time peri-
ods of their lifespan,20 and consultation might be given for their 
potential fertility problems under the view of these findings.

As a conclusion, patients with torsion but treated with 
detorsion should be further investigated for their fecundability 
potency and be informed accordingly. To confirm these findings, 
further prospective studies on humans with long-term follow-up 
are required to observe fecundability capacity of women who 
had experienced ovarian torsion.
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