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Abstract 
Aim: To investigate the effect of melatonin on ischemia–reperfusion (I/R) injury in rat ovary. Ma-
terial and Method: A total of 24 Wistar rats were divided into four groups. The rats were first 
numbered randomly and then randomly divided into four equal groups: sham, torsion, detorsion 
and melatonin groups. In group I (n = 6) sham, as well as in group II ovary torsion was not per-
formed and no drug was administered. In group III, 1 hour of ischemia and 2 hours of reperfusion 
were performed and no drug was given. In group IV, melatonin was dissolved in 1% ethanol just 
before use. Melatonin was injected 1 hour before torsion to the torsion plus melatonin group. 
Right ovaries were surgically removed in all groups. Result: Malondialdehyde (MDA) levels were 
measured. We suggested that administration of melatonin would be in treating ovaries from tor-
sion/detorsion induced damage in humans. The histopathological changes such as vascular con-
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gestion, edema, hemorrhage, and follicular degeneration were found to be decreased in the mela-
tonin + ischemia-reperfusion group. Ischemia-reperfusion group: PECAM-I expression is positive 
in vessel of the stromal area. The follicles and interfolicular area infiltrated with CD68 positive 
cells were increased in a time of ischemia-reperfusion exposure dependent manner. Conclusions: 
Melatonin after ischemia-reperfusion CD31 and CD68 expressions is weak, due to the reduction of 
the inflammatory effects and hemorrhage is thought that melatonin is effective. 
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1. Introduction 
Ovarian ischemia is the result of torsion and leads to cell death because of insufficient perfusion of the tissue [1] 
[2]. Ischemic tissues need to recover blood supply for regeneration of cells reperfusion of the ischemic tissue, 
leading to more serious damage to the tissue than the damage caused by ischemia [3]. Maintaining the circula-
tion of the ovary after detorsion worsens the tissue injury and leads to a pathologic process called ischaemia/re- 
perfusion [4]. During adnexal (ovary, tube, or both) torsion, venous flow is the first to be impaired, followed by the 
compromised arterial blood flow [5]. Complete arterial obstruction does not usually occur [6]. This pathophysiol-
ogy leads to congestion, adnexal edema, discoloration, ischemia, and necrosis. Melatonin is a free radical scaven-
ger antioxidant which protects cells against the damage induced by several oxidative agents [7] [8]. CD31 antigen 
(PECAM-1) is a single chain transmembrane glycoprotein with a molecular weight of 130 to 140 kD. The CD31 
molecule is expressed on the surface of platelets, monocytes, and granulocytes. The properties of CD31 antigen 
suggest that it is involved in interactive events during angiogenesis, thrombosis and wound healing [9]. Macro-
phages are major secretory cells capable of releasing cytokines, chemokines and growth factors that function in 
normal, inflammatory and disease processes of most tissues [10]. CD68 positive cells are localized in human ova-
ries primarily to the vascular connective tissue and theca-lutein areas of the corpus luteum, although some are 
found in the granulose-lutein cell layer [11]. After ischemia reperfusion, impaired ovarian tissue melatonin effect 
was characterized by vascular injury and inflammation and the prevention of CD31 and CD68 markers.  

2. Material and Method 
The permission for the animal tests and experiments was given by the Animal Ethical Board of Dicle University 
Medical Faculty. Dicle University’s Experimental Animal Laboratory Institute supplied 24 healthy adult female 
Wistar rats, weighing between 180 and 210 g. The rats were selected according to their estrous cycle. The rats 
were housed in plastic rat cages at 26˚C ± 2˚C and they were exposed to 10 - 12 h of day light. Animals were fed 
a standard laboratory diet and tap water ad libitum. A total of 24 Wistar rats were divided into four groups The 
rats were first numbered randomly and then randomly divided into 4 equal groups: sham, torsion, detorsion and 
melatonin groups In group I (n = 6) sham, In group II ovary torsion was not performed and no drug was admi-
nistered. In group III h of ischemia and 2 h of reperfusion were performed and no drug was given. In group IV, 
Melatonin was dissolved in 1% ethanol just before use. Melatonin was injected 1h before torsion to the torsion 
plus melatonin group. Each rat was administered intramuscular ketamine hydrochloride (50 mg/kg ketamine hy-
droxide) and xylazine hydrochloride (10 mg/kg Rompun, Bayer Istanbul, Turkey) for anesthesia. The rats, ex-
cept for in the sham-operated group, were subjected to right unilateral adnexial torsion which induced ischemia 
by occlusion of the tuba-ovarian vessels for 2 hr. Rats in sham group were subjected to laparatomy only. In the 
torsion group, ovaries were surgically removed after 2 hr of torsion. Right ovaries were surgically removed in all 
groups. The ovarian tissues were fixed in 10% neutral buffered formalin solution for 24 hours, dehydrated, 
cleared, and embedded in paraffin as usual. Serial tissue sections at a thickness of 4 - 5 μm were cut using the 
microtome and stained with hematoxylin and eosin (H&E) and Trichrom masson. 

2.1. Immunohistochemistry  
Formaldehyde-fixed tissue was embedded in paraffin wax for further immunohistochemical examination. Sections 
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were deparaffinized in absolute alcohol. Endogenous peroxidase activity was blocked with absolute methanol 
containing 0.4% hydrochloric acid (1 M) and 0.5% hydrogen peroxide (100 volumes) for 40 min at room After 
washing in water followed by 0.05 M Tris-buffered saline, the sections were incubated in 1% trypsin. After 
washing in cold water, staining was carried out as above, using Ki67 (clone MIB1, Dako, 1/100) and CD68 as 
primary antibodies, slides were incubated with ultra V-block and subsequently either with PECAM-1 (CD31) 
primary antibody used at a dilution of 1/100. A biotinylated secondary antibody was applied for one hour. Slides 
were then exposed to streptovidin peroxidase and chromogen. After each treatment, the slides were washed in 
PBS. The slides, having been counter stained with Mayer’s haematoxylin. 

2.2. Statistical Analysis 
Statistical analysis was performed using commercially available soft ware (SPSS v. 10.0, SPSS Inc., Chicago, IL, 
USA).The difference between the groups for non-parametric data with the Kruskal-Wallis test, two group 
comparisons Bonferonn correction was made after using the Mann-Whitney U test. 

3. Result 
All of these parameters were observed to be significantly decreased (p < 0.05) in the ovariectomized group 
compared to the control group (Table 1). 

The morphologic characteristics of the ovary tissues were normal in the control group. The ovaries from sham 
operation group were normal in histopathological appearance. Histological examination of ovaries after 
ischemia showed diffuse hemorrhage. The histopathologic appearance of apoptotic cells was characterized by 
the presence of pyknotic nucleus, and vacuolar appearance of the cells Melatonin treated group, the dilation of 
blood vessels and hemorrhage was observed slight granular appearance was near normal in cells and stromal cells. 
Structural integrity was achieved significantly ovary. In another section of the same group, the positive reaction 
in the small blood vessels in the stromal region of CD31 expression was observed. Preantral and antral follicles 
in the control group were surrounded with a network of blood vessels within the theca layer. Endothelial cells in 
these vessels were stained with CD31 (PECAM-I) (Figures 1-3). 

Ischemia and ischemia reperfusion group ; Immunohistochemical labeling of anti-CD68 antibody, which is a 
specific for monocytes and macrophages, revealed the presence of macrophages infiltrating arround the stromal 
vessels and the granulosa cells in follicles that had histomorphologic characteristics of degeneration. The follicles 
and interfolicular area infiltrated with CD68 positive cells were increased in a time of ischemia-reperfusion 
exposure dependent manner. 

4. Discussion 
Ovarian torsion occurs due to the rotation of the adnexa. The degree of rotation and duration of torsion 
determine the severity of the injury [12]. Some authors concluded that ischemic-necrotic appearance of adnexa 
was the result of ovarian engorgement secondary to venous stasis, which did not produce a complete arterial  
 

Table 1. Comparisons of MDA value in groups.                            

Comparisons MDAof group Tissue p value Plazma p value 

Group 1 - 2 0.001 0.001 

Group 1 - 3 0.001 0.001 
Group 1 - 4 0.001 0.001 
Group 1 - 5 0.001 0.001 
Group 2 - 3 0.001 0.001 
Group 2 - 4 0.001 0.001 
Group 2 - 5 0.001 0.001 

Group 3 - 4 0.001 0.001 

Group 3 - 5 0.001 0.001 

Group 4 - 5 0.001 0.001 
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(a)                                                (b) 

  
(c)                                                (d) 

Figure 1. (a) Sham group Normal appreance of ovarian tissue, H-E staning Bar 100 µm; (b) Ischemia group Several 
follicles demonstrated coagulation necrosis, and the granulosa and luteinic cells showed vacuolar degeneration (yellow 
arrow) H-E staning Bar 100 µm; (c) Ischemia-reperfusion group, Follicular between vessels congestion, increased stromal 
tissue fibrosis and degeneration of follicular cells. Trichrom-Masson staning Bar 100 µm; (d) Significant decrease in the 
dilation of blood vessels and hemorhagie in the follicular cells of the structure in the regular disposition, H-E staning Bar 
100 µm.                                                                                             

 
obstruction in most cases [13] [14]. Ovarian tissue contains angiogenic factors that stimulate endothelial cell 
migration [15] [16]. In the present study, vascular congestion, hemorrhage, inflammatory cell infiltration, and 
follicular cell degeneration were detected in the ovaries in the torsion group. The histopathological changes such 
as vascular congestion, edema, hemorrhage, and follicular degeneration were found to be decreased in the 
melatonin + torsion/detorsion group. According to our findings, melatonin seems to reduce the I/R damage due 
to ovarian torsion. The possible mechanisms for the protective effect of melatonin were vascular dilatation and 
hemorrhagie. 

Melatonin is a powerful antioxidant with an influence on the endogenous antioxidant system. Concurrently, 
melatonin administration decreases lipid peroxidation and increases the levels of antioxidants [17]. MDA is a 
secondary product of oxidative stress formed during lipid peroxidation and is significantly increased by ische-
mia-reperfusion injury. Our studies, the levels of ovarian MDA were increased by ischemia-reperfusion injury.  

PECAM-1 immunoreactivity was stronger in the endothelium of blood vessels, the corpus luteum, and the stroma 
in the hyperstimulated group than that in the control group. 
Macrophages are able to regulate cellular proliferation, differentiation and apoptosis, as well as influence steroid  
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(a)                                                (b) 

  
(a)                                                (b) 

Figure 2. (a) Control group Preantral and antral follicles in the control group were surrounded with a network of blood 
vessels within the theca layer. PECAM-I immuno-staining Bar 100 µm; (b) Ischemia group Endothelial cells in the 
expanded vessel wall, the positive expression of PECAM-1 PECAM-I immuno-staining Bar 50 µm; (c) Ischemia- 
reperfusion group: PECAM-I expression is positive in vessel of the stromal area (red arrow), PECAM-I immuno-staining 
Bar 100 µm; (d) Ischemia-reperfusion + Melatonin group, CD31 positive expression in small vessels in the stromal area 
PECAM-I immuno-staining Bar 100 µm.                                                                 

 

   
(a)                                               (b) 
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(c)                                                (d) 

Figure 3. (a) Sham group, macrophage cells in interfollicular areas and weak CD68 expression, CD68 immun 
staining Bar 100 µm; (b) Ischemia group Follicles and interfolicular area with infiltrated macrophages positively 
immunolabeled with anti-CD68 antibody (red arrow). CD68 immun staining Bar 100 µm; (c) Ischemia- 
reperfusion group around blood vessels in stromal areas, positive CD68 expression in granular cells, CD68 
immun staining Bar 100 µm; (d) Ischemia-reperfusion + Melatonin group, Depending on the reduction of 
macrophage activity, follicular and stromal area weak CD68 expression. Bar 100 µm.                        

 
production, vascularization and tissue remodelling during follicle growth, ovulation and luteinization. It is im-
portant to consider that the marker used to identify macrophages reveals specific information about the changing 
functional characteristics of the cells; for instance, in the rabbit, luteolysis is associated with an initial increase in 
scavenger receptor positive macrophages followed by recruitment of CD68 positive macrophages [18]. In our 
study, in ischemia and ischemia reperfusion group, the expression of CD68 follicles of granular cells, and 
stromal vascular cells in the corpus luteum around has been shown to be positively marked. Melatonin after 
ischemia reperfusion CD68 expression is weak, due to the reduction of the inflammatory effects and hemorrhage 
is thought that melatonin is effective. Macrophage cell proliferation and apoptosis are important tools of follicu-
lar development, regulating the balance between angiogenesis. 
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