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Effect of protection of enoxaparin against experimental 
ischemia/reperfusion injury in the rat ovary on in vitro 
fertilization outcomes
Mehmet Suhha Bostancı1* , Ozcan Budak2 , Hüseyin Çakiroğlu3 , Osman Köse4 , Özkan Durmaz5 , 
Erdem Cokluk6

INTRODUCTION
Adnexal torsion is a surgical emergency resulting from partial 
or complete rotation of the ovary, fallopian tube, or both1. It 
has an annual prevalence of approximately 2–6%, commonly 
in women of reproductive age2. 

It may occur in normal ovaries, with the conditions such as 
ovarian and/or paratubal cysts, hyperlaxity of the utero-ovarian 
or infundibulopelvic ligaments, as well as ovulation induction3. 
Timely diagnosis and subsequent surgical intervention for detor-
sion are crucial to preserving ovarian function and future fertil-
ity3. The most successful strategy for preserving ovarian tissue 
is detorsion of the twisted tissues with early surgical interven-
tion4. While the ischemic injury is the possible cause of adnexal 
damage that occurs as the initial result of torsion, ischemia/

reperfusion (I/R) injury5. Oxidative stress causes tissue dam-
age due to the imbalance between the free radicals formed and 
the antioxidant defense mechanisms6. For this reason, it was 
determined that the treatment performed as detorsion alone 
was insufficient, and it was stated that an effective antioxidant 
and anti-inflammatory treatment could be effective7. 

Enoxaparin (E) sodium, a low-molecular-weight heparin 
(LMWH), is an anticoagulant agent and has been shown to 
protect ovarian reserve against ovarian I/R injury by evaluating 
histopathological damage scores in a rat ovarian torsion model8.

The protective effects of many agents against I- and I/R-
related damage to the ovarian tissue due to ovarian torsion 
have been demonstrated by histopathological or serum bio-
chemical markers6,8. 
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SUMMARY
OBJECTIVE: The study aimed to investigate the protection of enoxaparin (E) against experimental ischemic (I) and ischemic-reperfusion (I/R) injury 

in rat ovaries on in vitro fertilization outcomes.

METHODS: In total, 56 adult female Sprague-Dawley albino rats were randomly assigned to 6 groups of 8 animals each: Sham, Ischemia, I/R, Sham+E, 

I+E, and I/R+E. Ischemia groups were subjected to bilateral adnexal torsion for 3 h. In contrast, I/R and I/R+E groups received subsequent detorsion 

for 3 h. Enoxaparin (0.5 mg/kg s.c.) was administered 30 min prior to ischemia (I+platelet-rich plasma) or reperfusion (I/R+I+platelet-rich plasma). 

Ovaries were stimulated through intraperitoneal injection of 150–300 internal units IU/kg pregnant mare serum gonadotropin. Anti-Müllerian 

hormone levels were measured before and after surgery in all groups.

RESULTS: When the number of metaphase II oocytes was evaluated, statistically significant differences were observed between the I and I+E (p=0.001) 

and I/R and I/R+E (p=0.000) groups. When both I and I+E groups and I/R and I/R+E groups were compared, it was found that E application increased 

the number of fertilized oocytes. The number of embryos on the second day was higher in the I/R+E group than that in the I/R group. Statistically 

significant differences were found in the number of grade 1 embryos between the I/R and I/R+E groups (p=0.003). In comparing anti-Müllerian 

hormone values within the group, the highest decrease was observed in the I and I/R groups.

CONCLUSION: Enoxaparin effectively minimizes ovarian damage and preserves ovarian reserve following ovarian torsion.
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Although histopathological and biochemical results were 
obtained in these studies, they do not provide sufficient infor-
mation about the number of oocytes, embryo number, and 
quality that result in reproductive physiology.

Therefore, we planned to evaluate the number and qual-
ity of embryos obtained by oocyte retrieval and in vitro fertil-
ization (IVF) to predict reproductive outcomes. We aimed to 
support the situation by evaluating the serum anti-Müllerian 
hormone (AMH) level.

METHODS

Ethics and animals
The study was conducted in Sakarya University’s SÜDETAM 
laboratory under the authority of Sakarya University’s exper-
imental animal ethics committee on 05/05/2021 under deci-
sion No. 25. Applications for all research animals were carried 
out according to the “The European Commission Directive 
86/609/ECC guideline” protocol.

The study consisted of a total of 36 virgin Sprague-Dawley 
albino rats (weighing 220–260 g) and 1 male Sprague-Dawley 
albino rat (weighing 300 g). Animals were fed ad libitum and tap 
water in 13 separate cages, using controlled ambient conditions 
of 20–24°C and 50–60% humidity, with a 12-h light/dark cycle.

Surgical procedures and experimental protocol
The rats were arbitrarily categorized into six groups of six ani-
mals each: Sham (S) operation, Ischemia (I) (3 h), I/R (3 h 

ischemia plus 3 h reperfusion), S+E (0.5 mg/kg enoxaparin s.c. 
30 min before surgery), I+E (0.5 mg/kg enoxaparin s.c. 30 min 
before surgery, 3 h ischemia), and I/R+E (3 h ischemia and 3 h 
reperfusion with 0.5 mg/kg enoxaparin s.c. before reperfusion). 

Ketamine hydrochloride (30 mg/kg Ketalar; Eczacıbaşı, 
İstanbul, Turkey) and xylazine hydrochloride (15 mg/kg 
Rompun; Bayer Türk_Ilaç Ltd., İstanbul, Turkey) were used 
for anesthesia applied to rats9. A preoperative blood sample 
(AMH1) was taken from each rat. Uterine horns and adnexa 
were observed after a 2-cm longitudinal midline incision. The 
abdominal wall was closed with 3/0 silk sutures in the S group 
after 2 min observation. In group I, the ovarian pedicles were 
rotated 360° clockwise and fixed to the abdominal wall. In the 
I/R group, the 3 h ischemia period. In the S+E group, enoxa-
parin 0.5 mg/kg (s.c.) was administered intraperitoneally (i.p.) 
30 min before the sham operation. In the I+E group, adnexal 
torsion was performed, as described, 30 min after 0.5 mg/kg 
enoxaparin (s.c.) administration. In the I/R+E group, 0.5 mg/
kg enoxaparin (s.c.) was followed 30 min later by sequential 
bilateral adnexal torsion and detorsion.

Rats were prepared for ovulation induction and IVF after 
waiting for three consecutive estrous cycles. On the day of 
stimulation, female rats were sacrificed, and their oocytes 
were collected (Figure 1). Oocytes were classified as germi-
nal vesicle, metaphase I (MI), and metaphase II (MII) stages. 
To compare the meiotic progression in the maturation pro-
cess of oocytes in different systems, the mean times taken by 
each stage of nuclear progression as previously described by 
Sirard et al. were used10.

Figure 1. Oocytes and second-day embryos of the groups are seen; 100× magnification. The second-day embryo counts, oocytes maturation and 
embryo quality in the S and S+E groups were quite good compared to the other groups. It is seen that the quality and number of oocytes and 
embryos on the second day are significantly better in the I+E and I/R+E groups compared to the I and I/R groups, respectively. S: Sham operation; 
I: Ischemia; I/R: Ischemia and reperfusion; S+E: Sham+Enoxaparin; I+E: Ischemia+Enoxaparin; I/R+E: Ischemia and reperfusion+Enoxaparin.
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Stimulation and collection of oocytes
For ovarian stimulation, 150–300 IU/kg pregnant mare serum 
gonadotropin (Chronogest/PMSG, Intervet, Istanbul, Turkey) 
was administered using i.p. injection, followed by 150–300 
IU/kg human chorionic gonadotropin (hCG; Gonatropin, 
Chorulon ® Intervet, Istanbul, Turkey) approximately 48 h later. 
Notably, 15 IU Pregnant Mare Serum Gonadotropin (PMSG) 
was administered 17–19 h after hCG administration11. After 
anesthesia was applied to all rats, they were immobilized on a 
standard operating board, blood samples (AMH2) were taken, 
ovaries were removed, and the oocytes to be used in the study 
were collected from the ovaries. A human tubal fluid medium 
(Cat. No. 90166, Irvine Scientific, USA) was used for sperm 
pre-incubation, fertilization, and embryo transfer. After fertil-
ization control, fertilized embryos were washed and transferred 
to culture drops, and the resulting embryos were followed up 
to the two-cell stage11. Before the oocyte collection, male rat 
testicles were excised under appropriate anesthesia. The epi-
didymis was carefully peeled off using forceps, and the sperm 
were transferred into petri dishes and incubated at 37°C for 30 
min before IVF12. After pre-incubating the sperm for 15–60 
min, the final sperm concentration was found to be approxi-
mately 4.5 to 6×105 mL. 

After transferring them to culture medium containing sperm 
in cumulus-oocyte complexes, they were incubated in culture 
medium at 37°C and 5% CO2 for 10 h. Oocytes with two pro-
nuclei (2PN) and at least one sperm tail in the ooplasm under 
the inverted microscope used for fertilization control were con-
sidered fertilized13. Total cell count was counted as described by 
Ahumada as an embryo evaluation criterion14. Embryo grade 
assessment was performed based on Veeck’s cleavage-stage embryo 
score using blastomere symmetry and fragmentation rate15. 

Hormonal assays
Serum concentrations of AMH were quantified using enzyme-
linked immunosorbent assay (ELISA) AMH kit according to 
the manufacturer’s instructions (BT LAB Biotech Co. Ltd., 
Shanghai, Cat. No. E0456Ra). The sensitivity of the AMH 
ELISA was 0.1–40 ng/mL.

Statistical analysis
Statistical analyses were performed using the SPSS version 24.0 
package program (SPSS Inc. and Lead Tech. Inc., Chicago, 
USA). The Shapiro-Wilk test was used for the normal distri-
bution of the data. The Kruskal-Wallis test compared more 
than two variables that did not show normal distribution. The 
Kruskal-Wallis comparison was performed using the Mann-
Whitney U test for pairwise comparisons between groups in 

the parameters that differed. Since AMH1 and AMH2 values 
showed normal distribution, dependent groups were com-
pared using the paired-sample t-test. All results are presented 
as mean±SD. Results with p<0.05 were considered significant.

RESULTS
The group with the highest oocyte collection had an average 
of 10.13±0.64 in the S group, while the lowest number of 
oocytes was seen in the I/R group with 2.38±0.51. With the 
effect of enoxaparin, it was observed that the number of col-
lected oocytes increased in the I and I+E (p=0.000) and I/R 
and I/R+E (p=0.001) groups (Figure 2). 

When the number of MII oocytes was evaluated, statisti-
cally significant differences were observed between the I and 
I+E (p=0.001) and I/R and I/R+E (p=0.000) groups (Figure 2). 
When we compared the I and I+E and I/R and I/R+E groups, 
statistically significant differences were observed between the 
fertilized oocytes numbers. The order of p-values was 0.021 
when I and I+E groups were compared and 0.011 when I/R 
and I/R+E groups were compared. Statistically significant dif-
ferences were also observed between the groups in the num-
ber of two-cell embryos (p=0.000). While the number of two-
cell embryos did not show statistically significant differences 
between S and S+E and I and I+E groups (p>0.05), the number 
of embryos on the second day was higher in the I/R+E group 
than in the I/R group (Figure 2).

While there was no statistically significant difference between 
the number of grade 2, grade 3, and grade 4 embryos between 
the I and I+E groups (p>0.05), there was a significant difference 
between the number of grade 1 embryos (p=0.003). Statistically 
significant differences were found in the number of grade 1 embryos 
between the I/R and I/R+E groups (p=0.003). When the num-
ber of grade 2, grade 3, and grade 4 embryos of the same groups 
were compared, no significant differences were observed (p>0.05).

To compare the effects of E application on AMH values, 
we examined the correlation between AMH1 and AMH2 val-
ues of the S+E, I+E, and I/R+E groups. It was observed that 
E application had positive effects on AMH concentration in 
the S+E, I+E, and I/R+E groups. A high degree of correlation 
was observed between AMH1 and AMH2 values in all three 
groups. The p-values were the same in all three groups (p=0.000 
for both groups) (Figure 3).

DISCUSSION
The current management of ovarian torsion is to perform a 
surgical detorsion procedure to preserve ovarian reserve for 
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the continuation of fertility4. Reperfusion injury, called I/R 
injury, that occurs after surgical correction provided by detor-
sion can also cause serious problems on ovarian reserve. After 
detorsion, the reestablishment of oxygen in the ischemic cel-
lular environment can trigger tissue injury by the activation of 
the proapoptotic signaling cascade and complement systems16. 
There are also studies on LMWHs and other molecules, in 
which the protective effect against oxidative stress in ovarian 
torsion is demonstrated by changes in histopathological and 
serum AMH levels8,17,18.

In earlier tissue I/R studies, such as in cerebral I/R injury, 
and cardiac and hepatic toxicity models, LMWHs helped pre-
vent cellular damage19,20. Enoxaparin has an anti-inflammatory 
effect in addition to acting as an anticoagulant21. This effect is 
mainly due to its ability to bind proteins such as chemokines, 
growth factors, enzymes, and adhesion molecules involved in 
the inflammatory process21. 

In the literature, it has been shown by vascular conges-
tion and hemorrhage scores and histopathological and serum 
biochemical markers that LMWHs have a protective effect 

Figure 2. Comparison of the study groups’ total oocyte count, metaphase II, fertilized oocyte counts, two-cell embryo, and embryo grade score. 
Statistical analysis between all groups was performed with the Kruskal-Wallis test. Pairwise comparisons were made with the Mann-Whitney U test 
(p<0.05 was considered statistically significant). All parameters were statistically significant between groups (p=0.000). No significant difference 
was observed in all parameters in pairwise comparisons between S and S+E groups. While the embryo Grade 1 score showed statistical differences 
between I-I/E and I/R-I/R+E groups, there was no statistical difference between grade 2, grade 3, and grade 4 embryos. S: Sham operation; I: Ischemia; 
I/R: Ischemia and reperfusion; S+E: Sham+Enoxaparin; I+E: Ischemia+Enoxaparin; I/R+E: Ischemia and reperfusion+Enoxaparin; M2: metaphase II. 

Figure 3. Anti-Müllerian hormone correlation graph between 
S+E, I+E, and I/R+E groups. There was no correlation between 
AMH1 and AMH2 values in the S+E group (p>0.05). A high 
level of correlation was observed between AMH1 and AMH2 
concentrations in the I+E and I/R+E groups. AMH: anti-Müllerian 
hormone (ng/mL). Analysis was performed with the paired 
sample test (p<0.05 was considered statistically significant). S+E: 
Sham+Enoxaparin; I+E: Ischemia+Enoxaparin; I/R+E: Ischemia 
and reperfusion+Enoxaparin; AMH1: preoperative serum anti-
Müllerian hormone level; AMH2: postoperative serum anti-
Müllerian hormone level.
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in ovarian torsion cases8,22. These results do not include the 
number of oocytes obtained later and the number and status 
of embryos after fertilization. In our study, it is seen that 
the number of MII oocytes is lower in the I and I/R groups 
when compared to the I+E and I/R+E groups. It shows that 
E effectively prevents the effects of torsion and detorsion. 

In our study, when I and I/R groups and I+E and I/
R+E groups are compared, the number of grade 1 embryos 
is higher in E group. It shows that E treatment is protec-
tive against ovarian reserve damage, and this situation also 
affects the embryo quality. Evaluating the number of oocytes, 
the number of fertilized embryos, and their quality instead 
of histopathological evaluation in predicting fertility is the 
strength of our study. However, the most critical limitation 
of the study is that it does not show implantation rates and 
birth rates after embryo transfer, and there is no human study, 
although it is an animal study that provides usefulness in pre-
dicting clinical outcomes.

The decline of AMH concentrations in experimental ovar-
ian torsion/detorsion injury has been reported in previous stud-
ies8,23. In our study, the decrease in AMH values was signifi-
cantly higher in the I and I/R groups than in the I+E and I/
R+E groups. To the best of our knowledge, this study reveals 
more meaningful results in terms of long-term effects, as it 
includes ovulation induction and IVF with three estrus cycles, 

rather than the early results provided by the histopathological 
evaluation performed in other torsion.

CONCLUSION
This is the first experimental study investigating the effects 
of enoxaparin therapy on ovarian reserve with IVF results. 
Enoxaparin has a protective effect against ovarian reserve dam-
age caused by torsion and subsequent detorsion.

AUTHORS’ CONTRIBUTIONS
MSB: Conceptualization (lead), Data curation (equal), Formal 
Analysis (equal), Funding acquisition (equal), Investigation (lead), 
Methodology (lead), Project administration (lead), Resources 
(equal), Software (equal), Supervision (equal), Validation 
(lead), Writing – original draft (lead), Writing – review & 
editing (lead). ÖB: Conceptualization (equal), Investigation 
(equal), Methodology (equal), Writing – original draft (equal), 
Writing – review & editing (equal). HÇ: Investigation (equal), 
Methodology (equal), Resources (equal). OK: Methodology 
(equal), Software (equal), Supervision (equal), Validation 
(equal), Visualization (equal). ÖD: Investigation (equal), 
Software (equal). EÇ: Methodology (equal), Software (equal), 
Supervision (equal), Validation (equal).

REFERENCES
1.	 Vijayalakshmi K, Reddy GM, Subbiah VN, Sathiya S, Arjun 

B. Clinico-pathological profile of adnexal torsion cases: a 
retrospective analysis from a tertiary care teaching hospital. 
J Clin Diagn Res. 2014;8(6):Oc04-7. https://doi.org/10.7860/
JCDR/2014/8167.4456

2.	 Houry D, Abbott JT. Ovarian torsion: a fifteen-year review. 
Ann Emerg Med. 2001;38(2):156-9. https://doi.org/10.1067/
mem.2001.114303

3.	 Bar-On S, Mashiach R, Stockheim D, Soriano D, Goldenberg M, Schiff 
E, et al. Emergency laparoscopy for suspected ovarian torsion: are 
we too hasty to operate? Fertil Steril. 2010;93(6):2012-5. https://
doi.org/10.1016/j.fertnstert.2008.12.022

4.	 Taskin O, Birincioglu M, Aydin A, Buhur A, Burak F, Yilmaz I, et al. 
The effects of twisted ischaemic adnexa managed by detorsion on 
ovarian viability and histology: an ischaemia-reperfusion rodent 
model. Hum Reprod. 1998;13(1O):2823-7. https://doi.org/10.1093/
humrep/13.10.2823

5.	 Jennings RB, Murry CE, Steenbergen C Jr, Reimer KA. Development 
of cell injury in sustained acute ischemia. Circulation. 1990;82(3 
Suppl):Ii2-12. PMID: 2394018

6.	 Bostancı MS, Bakacak M, İnanc F, Yaylalı A, Serin S, Attar R, et al. The 
protective effect of G-CSF on experimental ischemia/reperfusion 
injury in rat ovary. Arch Gynecol Obstet. 2016;293(4):789-95. 
https://doi.org/10.1007/s00404-015-3878-8

7.	 Ozler A, Turgut A, Soydinç HE, Sak ME, Evsen MS, Alabalik U, et al. 
The biochemical and histologic effects of adnexal torsion and early 
surgical intervention to unwind detorsion on ovarian reserve: an 
experimental study. Reprod Sci. 2013;20(11):1349-55. https://
doi.org/10.1177/1933719113485300

8.	 Kaya C, Turgut H, Cengiz H, Turan A, Ekin M, Yaşar L. Effect of 
detorsion alone and in combination with enoxaparin therapy on 
ovarian reserve and serum antimüllerian hormone levels in a rat 
ovarian torsion model. Fertil Steril. 2014;102(3):878-84.e1. https://
doi.org/10.1016/j.fertnstert.2014.06.007

9.	 Dair EL, Simoes RS, Simões MJ, Romeu LR, Oliveira-Filho RM, Haidar 
MA, et al. Effects of melatonin on the endometrial morphology and 
embryo implantation in rats. Fertil Steril. 2008;89(5 Suppl):1299-
305. https://doi.org/10.1016/j.fertnstert.2007.03.050

10.	 Sirard MA, Florman HM, Leibfried-Rutledge ML, Barnes FL, Sims 
ML, First NL. Timing of nuclear progression and protein synthesis 
necessary for meiotic maturation of bovine oocytes. Biol Reprod. 
1989;40(6):1257-63. https://doi.org/10.1095/biolreprod40.6.1257

11.	 Agca Y, Critser JK. Chapter 7 - Assisted reproductive technologies 
and genetic modifications in rats. In: Suckow MA, Weisbroth 
SH, Franklin CL, editors. The laboratory rat. 2nd ed. Burlington: 
Academic Press; 2006. p. 165-89. 

12.	 Seed J, Chapin RE, Clegg ED, Dostal LA, Foote RH, Hurtt ME, et al. 
Methods for assessing sperm motility, morphology, and counts in the rat, 
rabbit, and dog: a consensus report. ILSI Risk Science Institute Expert 
Working Group on Sperm Evaluation. Reprod Toxicol. 1996;10(3):237-
44. https://doi.org/10.1016/0890-6238(96)00028-7

https://doi.org/10.7860/JCDR/2014/8167.4456
https://doi.org/10.7860/JCDR/2014/8167.4456
https://doi.org/10.1067/mem.2001.114303
https://doi.org/10.1067/mem.2001.114303
https://doi.org/10.1016/j.fertnstert.2008.12.022
https://doi.org/10.1016/j.fertnstert.2008.12.022
https://doi.org/10.1093/humrep/13.10.2823
https://doi.org/10.1093/humrep/13.10.2823
https://doi.org/10.1007/s00404-015-3878-8
https://doi.org/10.1177/1933719113485300
https://doi.org/10.1177/1933719113485300
https://doi.org/10.1016/j.fertnstert.2014.06.007
https://doi.org/10.1016/j.fertnstert.2014.06.007
https://doi.org/10.1016/j.fertnstert.2007.03.050
https://doi.org/10.1095/biolreprod40.6.1257
https://doi.org/10.1016/0890-6238(96)00028-7


Bostancı, M. S. et al.

385

Rev Assoc Med Bras 2023;69(3):380-385

13.	 Seita Y, Sugio S, Ito J, Kashiwazaki N. Generation of live rats produced 
by in vitro fertilization using cryopreserved spermatozoa. Biol Reprod. 
2009;80(3):503-10. https://doi.org/10.1095/biolreprod.108.072918

14.	 Ahumada A, Olmedo SB, Liebermann J, Mauri AL, Medina R, 
Posada MN, et al. Manual de procedimentos. Laboratório de 
Reprodução Assistida. In: Franco Junior JG, editor. São Paulo: Red 
Latinoamericana de Reproducción Asistida; 2006.

15.	 Hsu MI, Mayer J, Aronshon M, Lanzendorf S, Muasher S, Kolm P, et al. 
Embryo implantation in in vitro fertilization and intracytoplasmic 
sperm injection: impact of cleavage status, morphology grade, and 
number of embryos transferred. Fertil Steril. 1999;72(4):679-85. 
https://doi.org/10.1016/s0015-0282(99)00320-9

16.	 Maneechote C, Palee S, Chattipakorn SC, Chattipakorn N. Roles 
of mitochondrial dynamics modulators in cardiac ischaemia/
reperfusion injury J Cell Mol Med. 2017;21(11):2643-53. https://
doi.org/10.1111/jcmm.13330

17.	 Karakaş S, Kaya C, Güraslan H, Sakiz D, Süzen Çaypinar S, Cengiz H, et al. 
Effect of metformin and detorsion treatment on serum anti-Müllerian 
hormonelevels and ovarian histopathology in a rat ovarian torsion model. 
Turk J Med Sci. 2020;50(2):455-63. https://doi.org/10.3906/sag-1803-196

18.	 Güney G, Kaya C, Yildirim S, Oto G, Ekin S, Özdemir H. Investigation 
of allium sativum’s protective effect on ovarian reserve in an 
experimental ovarian injury model. Int J Morphol. 2018;36(2):395-
401. https://doi.org/10.4067/S0717-95022018000200395

19.	 Deepa PR, Varalakshmi P. Protective effect of low molecular 
weight heparin on oxidative injury and cellular abnormalities 
in adriamycin-induced cardiac and hepatic toxicity. Chem Biol 
Interact. 2003;146(2):201-10. https://doi.org/10.1016/j.
cbi.2003.08.003

20.	 Zhang ZG, Zhang QZ, Cheng YN, Ji SL, Du GH. Antagonistic 
effects of ultra-low-molecular-weight heparin against 
cerebral ischemia/reperfusion injury in rats. Pharmacol 
R e s .  2 0 0 7 ; 5 6 ( 4 ) : 3 5 0 - 5 .  h t t p s : //d o i . o r g / 1 0 . 1 0 1 6 / j .
phrs.2007.08.004

21.	 Manduteanu I, Dragomir E, Voinea M, Capraru M, Simionescu M. 
Enoxaparin reduces H2O2-induced activation of human endothelial 
cells by a mechanism involving cell adhesion molecules and nuclear 
transcription factors. Pharmacology. 2007;79(3):154-62. https://
doi.org/10.1159/000098952

22.	 Sahin Ersoy G, Eken M, Tal R, Oztekin D, Devranoglu B, Isik Kaygusuz 
E, et al. N-acetylcysteine leads to greater ovarian protection 
than enoxaparin sodium in a rat ovarian torsion model. Reprod 
Biomed Online. 2016;33(1):93-101. https://doi.org/10.1016/j.
rbmo.2016.03.009

23.	 Dasgupta R, Renaud E, Goldin AB, Baird R, Cameron DB, Arnold 
MA, et al. Ovarian torsion in pediatric and adolescent patients: a 
systematic review. J Pediatr Surg. 2018;53(7):1387-91. https://
doi.org/10.1016/j.jpedsurg.2017.10.053

https://doi.org/10.1095/biolreprod.108.072918
https://doi.org/10.1016/s0015-0282(99)00320-9
https://doi.org/10.1111/jcmm.13330
https://doi.org/10.1111/jcmm.13330
https://doi.org/10.3906/sag-1803-196
https://doi.org/10.4067/S0717-95022018000200395
https://doi.org/10.1016/j.cbi.2003.08.003
https://doi.org/10.1016/j.cbi.2003.08.003
https://doi.org/10.1016/j.phrs.2007.08.004
https://doi.org/10.1016/j.phrs.2007.08.004
https://doi.org/10.1159/000098952
https://doi.org/10.1159/000098952
https://doi.org/10.1016/j.rbmo.2016.03.009
https://doi.org/10.1016/j.rbmo.2016.03.009
https://doi.org/10.1016/j.jpedsurg.2017.10.053
https://doi.org/10.1016/j.jpedsurg.2017.10.053

