
www.SID.ir

Arc
hive

 of
 S

ID

 

 

 

 

 

 

 
   
 

       

Iranian Journal of Basic Medical Sciences 
 

ijbms.mums.ac.ir 

Bilateral ovarian ischemia/reperfusion injury and treatment 
options in rats with an induced model of diabetes 
 

Omer Erkan Yapca ¹, Mehmet Ibrahim Turan ²*, Bunyamin Borekci ³, Fatih Akcay 4, Halis 
Suleyman 5 

 
1 Sorgun State Hospital, Obstetric and Gynecology, Yozgat, Turkey    
2 Research and Educational Hospital, Department of Pediatrics, Diyarbakir, Turkey 
3 Ataturk University, Department of Obstetrics and Gynecology, Erzurum, Turkey  
4 Ataturk University, Department of Biochemistry, Erzurum, Turkey 
5 Recep Tayyip Erdogan University, Department of Pharmacology, Rize, Turkey 
 

A R T I C L E   I N F O  A B S T R A C T 
 

Article type: 
Original article 
 

 
Objective(s): This study investigated the effects of melatonin, famotidine, mirtazapine, and 
thiamine pyrophosphate on ischemia/reperfusion (I/R) injury in diabetic rats and evaluated 
oxidant and antioxidant marker measurement results. It also examined the effects of the drugs 
aimed at preventing infertility that may result from I/R injury. 
Materials and Methods: Diabetic rats were divided into a control group (IRC) to be exposed to I/R, 
an ovarian I/R + 2.2 mg/kg melatonin (IRML) group, an ovarian I/R + famotidine (IRFA) group, 
an ovarian I/R + 20 mg/kg mirtazapine (IRMR) group, an ovarian I/R + 20 mg/kg thiamine 
pyrophosphate (IRTP) group, and a sham operation (SO) group. 
Results: In the control group exposed to I/R, the levels of the oxidant parameters 
Malondialdehyde (MDA) and Myeloperoxidase (MPO) were significantly higher compared with 
the SO group, while the levels of the antioxidant parameters glutathione (GSH), Glutathione 
peroxidase (GPO), Glutathione reductase (GSHRd), Glutathione S - transferase (GST), and  
Superoxide dismutase (SOD) were significantly lower. Melatonin, famotidine, mirtazapine, and 
thiamin pyrophosphate prevented a rise in oxidant parameters and a decrease in antioxidants in 
ovarian tissue exposed to I/R. However, apart from thiamin pyrophosphate, none of the drugs 
were able to prevent infertility caused by I/R injury.   
Conclusion: Prevention of ovarian I/R injury-related infertility in rats with induced diabetes is 
not through antioxidant activity. Thiamine pyrophosphate prevents infertility through an as yet 
unknown mechanism. This study suggests that thiamine pyrophosphate may be useful in the 
prevention of I/R-related infertility in diabetics. 
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Introduction 
Diabetes mellitus is a pathology associated with 

various metabolic diseases with an elevated blood 
glucose level developing in association with insulin 
deficiency (1). Diabetes can lead to adverse long and 
short-term effects in several systems in the body (2). 
Macro and microvascular complications are known 
to be more frequent in diabetic patients compared 
with the normal population (3, 4). Delayed ovulation, 
delayed menarche, menstrual cycle irregularities, 
amenorrhea, and infertility are frequently seen in 
diabetic women (5, 6).  

Previous studies have reported lower birth rates 
among insulin-dependent diabetic women (7). 
Similarly, a decrease in reproductive functions 
associated with ovarian function disorders has been 
shown in female rats with insulin deficiency in an 
induced diabetic model (8). Compensatory hyper-

 
insulemia developing in association with insulin 
resistance is a significant risk factor for diabetes (9). 
It  has also been reported that ovarian torsion is 
frequently seen, particularly in early ages, in 
polycystic ovary syndrome, shown to be associated 
with insulin resistance (10). Investigation of such 
ovarian diseases is recommended in ovarian torsions 
of unexplained cause, particularly in adolescent girls 
(10, 11). Ovarian ischemia develops if ovarian 
torsion is not treated, and this leads to infertility. 
Early diagnosis and treatment therefore plays an 
important role in the protection of ovarian functions 
(12). Treatment of ovarian torsion consists of re-
establishment of ovarian blood flow, primarily by 
surgical methods (13). Ischemia developing in 
tissues and subsequent reperfusion leads to a rise in 
the formation of free oxygen radicals. Rising oxygen
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radicals cause oxidative damage (14). Several 
experimental studies have investigated the adverse 
effects of ischemia/reperfusion (I/R) on the ovaries, 
and different therapeutic agents have been used for 
the purpose of preventing adverse effects. Thiamin 
pyrophosphate, melatonin, carnitine, mirtazapine, 
and famotidine have been reported to prevent 
oxidative damage induced by I/R in rat ovaries (15–
19). However, the effect of these drugs in preventing 
I/R injury-related infertility in diabetic rats have not 
been investigated. Oxidative stress plays an 
important role in the pathogenesis of early and late 
stage complications associated with diabetes. In 
diabetes, free radicals lead to complications resulting 
from an increase in I/R injury (20, 21) 

However, studies have reported that antioxidant 
therapy has not been shown to have a positive effect 
on reproductive functions in diabetic rats (22). 
Antioxidant therapy has been reported to be 
incapable of preventing infertility arising from 
ovarian I/R injury (23, 24). This information from 
the literature shows that antioxidant activity is 
unimportant in the treatment of infertility occurring 
in diabetics, ovarian I/R, and pathologies in which 
both are seen together. It is therefore the most 
successful therapy in preventing infertility in 
diabetic or non-diabetic I/R injury.  

The purpose of this study was to investigate 
whether melatonin, famotidine, mirtazapine, and 
thiamine pyrophosphate (MFMTP) affect ovarian I/R 
injury induced in diabetic rats and whether these 
effects prevent infertility arising in association with 
that injury. Another aim was to determine whether 
or not antioxidant activity is useful in preventing 
infertility. 
 

Materials and Methods 
Animals 

All experiments were carried out at the Atatürk 
University, Faculty of Medicine, Department of 
Pharmacology. Ninety-six female albino Wistar rats 
weighing between 190 g and 200 g were used. Rats 
were obtained from the Atatürk University Medical 
Experimental Practice and Research Center and 
housed in randomly selected groups at normal room 
temperature (22 °C). All studies were performed in 
accordance with the ethical guidelines set out by the 
local ethical committee that are fully compatible with 
the NIH Guide for the Care and Use of Laboratory 
Animals. 
 
Chemical materials  

Thiopental sodium used in the experiment was 
obtained from IE Ulagay, Turkey; melatonin from 
Przedsiebiorstwo Farmaceutczne, Poland; famoti-
dine from Mustafa Nevzat, Turkey; mirtazapine from 
Organon Pharmaceuticals, NJ, USA; and thiamine 
pyrophosphate from Biopharma, Russia. 

Diabetic model induction in rats  
In order to adapt to their environment, animals 

were fed in appropriate conditions and at normal 
room temperature (22°C) in the pharmacology 
laboratory for a week prior to the experiment. A 
diabetic model was established using alloxan, which 
was dissolved in distilled water and injected 
intraperitoneally for three days consecutively at a 
dosage of 120 mg/kg. Three days after 
administration of alloxan, fasting blood sugar was 
measured from blood samples collected from the tail 
vein. A commercially available device was used for 
blood sugar measurement. Animals with blood sugar 
levels of 250 mg/dL and above were included. 
Individuals with blood sugar levels above 250 mg/dl 
were regarded as diabetic (25). 
 

General procedure 
Six experimental groups consisting of 16 diabetic 

rats were established. Basal weights and blood sugar 
levels of all animals in the study were similar. The 
groups consisted of a control group to be exposed to 
I/R (IRC, n : 16) and ovarian I/R + melatonin (IRML, 
n : 16), ovarian I/R  + famotidine (IRFA, n : 16), 
ovarian I/R + mirtazapine  (IRMR, n : 16), ovarian 
I/R  + thiamin pyrophosphate  (IRTP, n : 16), and 
healthy sham operation (SO, n : 16) groups. The 
procedures were all performed in daytime. Surgical 
procedures were performed under infertile 
conditions, in a suitable laboratory environment 
with intraperitoneal (IP) thiopental sodium 
anesthesia at 25 mg/kg.  
 

Surgical and Pharmacological Procedures on Rats    
Following anesthesia, ovaries in all rats were 

accessed through a vertical incision, 2-2.5 cm in 
length, in the lower abdomen. Ischemia was 
subsequently established with the attachment of 
arterial clamps for 3 hr to the inferior parts (where 
the ovary joins the uterus) of the right and left 
ovaries of the rats in the IRC, IRML, IRFA, IRMR, and 
IRTP groups. No ischemia was applied to SO group 
ovaries. Reperfusion was established by releasing 
the clamps at the end of that period, and the inferior 
part of the abdomen was closed with sutures. The 
IRML group was injected with melatonin at 2.5 
mg/kg, the IRFA group with famotidine at 20 mg/kg,  
the IRMR group with mirtazapine at 20 mg/kg and 
the IRTP group with thiamine pyrophosphate at 20 
mg/kg, once a day IP for 10 days before anesthesia 
and after the I/R procedure. The IRC and SO group 
rats were administered distilled water in equal 
volumes by the same route. At the end of the 
treatment (after 10 days), six rats from all groups 
were sacrificed with high-dose anesthesia, their 
ovaries extracted and biochemical examinations 
performed. Blood sugar levels were measured again 
before sacrifice. The remaining rats (IRC n : 10,  IRML 
n : 10,  IRFA n : 10, IRMR  n : 10, IRTP  n : 10,  SO n : 
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Figure 1. Comparison of the IRC, IRML, IRFA, IRMR, IRTP and SO 
groups in terms of MDA levels. Differences among groups were 
obtained using ANOVA post-hoc with the least significant 
difference option. Bars are means ± SD. MDA levels defined in 
µmol/g protein. IRC, control group; IRML, ovarian ischemia 
reperfusion + melatonin; IRFA, ovarian ischemia reperfusion + 
famotidine; IRMR, ovarian ischemia reperfusion + mirtazapine; 
IRTP, ovarian ischemia reperfusion + thiamin pyrophosphate 
groups and SO, healthy sham operation groups. 
* P ≤ 0.01 was significant 

 
10) were kept in appropriate laboratory conditions 
for 3 months in order to breed. Blood sugar levels 
were measured again at the end of this period; rats 
that did not become pregnant during this time were 
regarded as infertile.  
 
Biochemical Analysis 
Biochemical analysis of ovarian tissue in rats 

In this part, 0.2 mg of whole ovarian tissue was 
weighed for each ovary. The samples were 
homogenized in ice with 2-ml buffers (consisting of 
0.5% HDTMAB [0.5% hexa desil tri methyl 
ammonium bromide]) pH: 6 potassium phosphate 
buffer for myeloperoxidase analyze, consisting of 
1.15% potassium chloride solution for thiobarbituric 
acid reactions (TBARS) analysis and pH: 7.5 
phosphate buffer for the superoxide dismutase total 
glutathione analysis. They were then centrifuged at 4 
°C, 10,000 rpm for 15 min. The supernatant part was 
used as the analysis sample. 
 
Malondialdehyde (MDA) analysis 

Concentrations of ovarian lipid peroxidation 
were determined by estimating MDA using the 
thiobarbituric acid test (26). The rat ovaries were 
rinsed with cold saline. The corpus mucosa was 
scraped, weighed, and homogenized in 10 ml of 100 
g/l KCl. The homogenate (0.5 ml) was added to a 
solution containing 2-thiobarbiturate (1.5 ml of 8 
g/l), acetic acid (1.5 ml of 200 g/l), sodium lauryl 
sulfate (0.2 ml of 80 g/l), and distilled water (0.3 ml). 
The mixture was incubated at 98°C for 1 hr. n-
butanol:pyridine 5 ml (ratio:15:l) was then added. 
The mixture was vortexed for 1 min and centrifuged 
for 30 min at 4000 rpm. The absorbance of the 
supernatant was measured at 532 nm using a 

 
Figure 2. Comparison of the IRC, IRML, IRFA, IRMR, IRTP and SO 
groups in terms of MPO levels. Differences among groups were 
obtained using ANOVA post-hoc with the least significant 
difference option. Bars are means ± SD. MPO levels defined in u/g 
protein. IRC, control group; IRML, ovarian ischemia reperfusion + 
melatonin; IRFA, ovarian ischemia reperfusion + famotidine; 
IRMR, ovarian ischemia reperfusion + mirtazapine; IRTP, ovarian 
ischemia reperfusion + thiamin pyrophosphate groups and SO, 
healthy sham operation groups. 
* P ≤ 0.01 was significant 
 

spectrophotometer. The standard curve was 
obtained by using 1,1,3,3- tetramethoxypropane.  
 
Myeloperoxidase (MPO) analysis 

The activity of MPO in the total homogenate was 
measured according to previously described 
methods (27). The sample was weighed and 
homogenized in 2 ml of 50 mmol/l phosphate buffer 
containing 0.5% hexadecyltrimethyl ammonium 
bromide (HDTMAB) and centrifuged at 3500 rpm for 
60 min at 4°C. The supernatant was used to 
determine MPO activity using 1.3 ml 4-
aminoantipyrine-2% phenol (25 mM) solution. 25 
mmol/l 4-aminoantipyrine–2% phenol solution and 
0.0005% 1.5 ml H2O2 were added and equilibrated 
for 3–4 min. After establishing the basal rate, a 
sample suspension (0.2 ml) was added and mixed. 
Increases in absorbance at 510 nm for 4 min at 0.1-
min intervals were recorded. Absorbance was 
measured at 412 nm. 
 
Total glutathione (tGSH) analysis 

The amount of GSH in the total homogenate was 
measured according to the previously described 
methods with some modifications (28). The sample 
was homogenized at pH 7.5, in Tris–HCl buffer (2 ml 
of 50 mmol/l). The homogenate was precipitated 
with trichloroacetic acid (0.1 ml of 25%), and the 
precipitate was removed after centrifugation at 4200 
rpm at 4°C for 40 min, and the supernatant was used 
to measure GSH level. A total of 1500 μl of 
measurement buffer (200 mmol/l Tris–HCl buffer 
containing 0.2 mmol/L EDTA at pH 7.5), 500 μl 
supernatant, 100 μl DTNB (10 mmol/l) and 7900 μl 
methanol were added to a tube and vortexed and 
incubated for 30 min in 37 °C. 5,5-Dithiobis (2- 
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Figure 3. Comparison of the IRC, IRML, IRFA, IRMR, IRTP and SO 
groups in terms of GSH levels. Differences among groups were 
obtained using ANOVA post hoc with the least significant 
difference option. Bars are means ± SD. GSH levels defined in 
nmol/g protein. IRC, control group; IRML, ovarian ischemia 
reperfusion + melatonin; IRFA, ovarian ischemia reperfusion + 
famotidine; IRMR, ovarian ischemia reperfusion + mirtazapine; 
IRTP, ovarian ischemia reperfusion + thiamin pyrophosphate 
groups and SO, healthy sham operation groups 
* P ≤ 0.01 was significant 

 
nitrobenzoic acid) (DTNB) was used as a chromogen; 
it formed a yellow-colored complex with sulfhydryl 
groups. The absorbance was measured at 412 nm 
using a spectrophotometer (Beckman DU 500, USA). 
The standard curve was obtained by using reduced 
glutathione. 
 
Glutathione peroxidase (GPO) analysis  

GPO activity was determined according to the 
method of Lawrence and Burk (29). After tissue 
homogenization, supernatant was used for GPO 
measurement. Following the addition of KH2PO4, 
EDTA, GSH, B-NADPH, NaN3, and GR, the mixture was 
incubated. As soon as H2O2 was added, chronometer 
was on, and the absorbance at 340 nm was recorded 
for 5 min every 15 sec. 

 
Glutathione reductase (GSHRd) analysis  

GR activity was determined spectrophotometri-
cally by measuring the rate of NADPH oxidation              
at 340 nm according to Carlberg and Mannervik 
method (30).      After tissue homogenization, supernatant 
was used for GR measurement. After the NADPH and 
GSSG addition, chronometer was on and absorbance 
was measured for 5 min in 30 min intervals at 340 nm 
spectrophotometrically. 
 
Glutathione S - transferase (GST) activity  

GST activity was determined by Habig and 
Jakoby (31). Enzyme activity was determined in a 4-
ml cuvette containing 30 mM GSH, 30 mM 1-chloro-
2,6-dinitrobenzene, 0.1 M PBS (pH: 6.5), and tissue 
homogenate at 340 nm using a spectrophotometer. 
 
Superoxide dismutase (SOD) analysis 

Measurements were performed according to the 

method described by Sun et al (32); when xanthine is 
converted into uric acid by xanthine oxidase, SOD 
forms. If nitro blue tetrazolium (NBT) is added to this 
reaction, SOD reacts with NBT and a purple-colored 
formazan dye appears. The sample was weighed and 
homogenized in 2 ml of 20 mmol/l phosphate buffer 
containing 10 mmol/l EDTA at pH 7.8. The sample 
was centrifuged at 6000 rpm for 10 min, and the 
resulting brilliant supernatant was used as assay 
sample. The measurement mixture containing 2450 
μL measurement mixture (0.3 mmol/l xanthine, 0.6 
mmol/l EDTA, 150 μmol/l NBT, 0.4 mol/l Na2CO3, 1 
g/l bovine serum albumin), 500 μL supernatant, and 
50 μl xanthine oxidase (167 U/l) was vortexed. It 
was then incubated for 10 min. At the end of the 
reaction, formazan appeared. The absorbance of the 
purple-colored formazan was measured at 560 nm. 
The more enzyme present, the less O2− radical that 
reacts with NBT appears. 
 
Statistical Analyses 

Experiment results are expressed as “mean ± 
standard deviation” (x ± SD). All data were subjected 
to one-way analysis of variance using Statistical 
Package for Social Sciences 18.0 (Armonk, NY, USA) 
software. Differences among groups were obtained 
using the least significant difference option, and 
significance was set at P ≤ 0.01. 

 

Results 
Blood sugar measurement results  

Mean blood sugar levels in the IRC, IRML, IRFA, 
IRMR, IRTP, and SO groups with a diabetic model 
induced with alloxan were 275.7 ± 13.5, 278.7 ± 13.5, 
286.5 ± 13.9, 268.6 ± 11.2, 274.1 ± 15.4, and 279 ± 
13.9 mg/dl, respectively. 

Blood sugar levels after 10-day therapy in the 
IRC, IRML, IRFA, IRMR, IRTP, and SO groups were 
279.6 ± 11.6, 284.7 ± 14.2, 289.5 ± 12.9, 271.6 ± 13.3, 
281.1 ± 12.8, and 280 ± 12.3 mg/dl, respectively. 
Blood sugar levels at the end of 3 months were 252.1 
± 12.2, 244.4 ± 12.2, 254.8 ± 11.7, 252.9 ± 12.4, 246.1 
± 10.3, and 249 ± 13.7 mg/dl, respectively.  
 
MDA, MPO, GSH, GPO, GSHRd, GST, and SOD 
measurement results  

Our results showed an MDA concentration of 
15.1 ± 1.3 µmol/g protein in ovarian tissue in the I/R 
control (IRC) group. MDA levels in the IRML, IRFA, 
IRMR, IRTP, and SO groups were 3.4 ± 0.4, 6.3 ± 0.9, 
5.2 ± 0.9, 6.5 ± 1, and 3.2 ± 0.5 µmol/g protein, 
respectively (Figure 1). The difference between these 
groups’ MDA levels and that of the IRC group was 
significant (P<0.01). MPO activity in IRC, IRML, IRFA, 
IRMR, IRTP, and SO ovarian tissues was 10.5 ± 0.9, 
2.4 ± 0.8, 5.2 ± 0.9, 3.9 ± 0.8, 5.6 ± 0.7, and 2.3 ± 0.5 
u/g protein, respectively (Figure 2). The difference 
between these groups’ MPO activities and that of the 
IRC group was statistically significant (P < 0.01). GSH 
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Figure 4. Comparison of the IRC, IRML, IRFA, IRMR, IRTP and SO 
groups in terms of GPO levels. Differences among groups were 
obtained using ANOVA post hoc with the least significant 
difference option. Bars are means ± SD. GPO levels defined in u/g 
protein. IRC, control group; IRML, ovarian ischemia reperfusion + 
melatonin; IRFA, ovarian ischemia reperfusion + famotidine; 
IRMR, ovarian ischemia reperfusion + mirtazapine; IRTP, ovarian 
ischemia reperfusion + thiamin pyrophosphate groups and SO, 
healthy sham operation groups 
* P ≤ 0.01 was significant 

 
values for these groups were 1.5 ± 0.4, 11.9 ± 1, 5.3 ± 
1, 6.9 ± 2, 5.1 ± 0.7, and 13 ± 1.3 nmol/g protein, 
respectively (Figure 3), while GPO activity values 
were 14.1 ± 0.8, 50.9 ± 1.7, 26.1 ± 1.5, 36.8 ± 2.3, 25.5 
± 1.8, and 56.7 ± 1.9 u/g protein (Figure 4). The 
differences between the groups’ GSH levels and GPO 
activities and those of the IRC group were again 
statistically significant (P < 0.01).  

As shown in Figure 5, GSHRd activities in ovarian 
tissue in the IRC, IRML, IRFA, IRMR, IRTP, and SO 
group rats were 11.1 ± 0.4, 47.8 ± 0.4, 22.9 ± 3.6, 32.8 
± 1.7, 20.1 ± 1.7, and 50.7 ± 1.6 u/g protein, 
respectively. The differences between these groups’ 
GSHRd activities and those of the IRC group were 
statistically significant (P < 0.01). 

 
Figure 5. Comparison of the IRC, IRML, IRFA, IRMR, IRTP and SO 
groups in terms of GSHRd levels. Differences among groups were 
obtained using ANOVA post hoc with the least significant 
difference option. Bars are means ± SD. GSHRd levels defined in 
u/g protein. IRC, control group; IRML, ovarian ischemia 
reperfusion + melatonin; IRFA, ovarian ischemia reperfusion + 
famotidine; IRMR, ovarian ischemia reperfusion + mirtazapine; 
IRTP, ovarian ischemia reperfusion + thiamin pyrophosphate 
groups and SO, healthy sham operation groups 

 
Figure 6. Comparison of the IRC, IRML, IRFA, IRMR, IRTP and SO 
groups in terms of GST levels. Differences among groups were 
obtained using ANOVA post hoc with the least significant 
difference option. Bars are means ± SD. GST levels defined in u/g 
protein. IRC, control group; IRML, ovarian ischemia reperfusion + 
melatonin; IRFA, ovarian ischemia reperfusion + famotidine; 
IRMR, ovarian ischemia reperfusion + mirtazapine; IRTP, ovarian 
ischemia reperfusion + thiamin pyrophosphate groups and SO, 
healthy sham operation groups 
* P ≤ 0.01 was significant 

 
GST activity in the groups listed was 8.0 ± 1.4, 

27.5 ± 1.9, 15.3 ± 2.5, 19.1 ± 2.8, 13.3 ± 2.6, and 31.8 
± 2.6 u/g protein (Figure 6), and SOD activity was 22 
± 2.2, 63.4 ± 3, 35.8 ± 3.2, 48 ± 4.5, 36.5 ± 3.4, and 
66.2 ± 2.6 u/g (Figure 7). There were significant 
differences between the groups’ GST and SOD 
activities and the IRC group values (P < 0.01). 

While IRML group MDA and GSH concentrations 
and MPO, GSHRd, GST, and SOD activities did not 
differ significantly from those of the SO group (P > 
0.01); the differences between the IRFA, IRMR, and 
IRTP groups were significant (P < 0.01). A significant 
difference was determined between the IRML group 
and the other groups in terms of GPO activity (P < 
0.01). According to ANOVA, the differences between 
groups in terms of all oxidant and antioxidant 
parameters were significant (P < 0.01). 

 

 
Figure 7. Comparison of the IRC, IRML, IRFA, IRMR, IRTP and SO 
groups in terms of SOD levels. Differences among groups were 
obtained using ANOVA post hoc with the least significant 
difference option. Bars are means ± SD. SOD levels defined in u/g 
protein. IRC, control group; IRML, ovarian ischemia reperfusion + 
melatonin; IRFA, ovarian ischemia reperfusion + famotidine; 
IRMR, ovarian ischemia reperfusion + mirtazapine; IRTP, ovarian 
ischemia reperfusion + thiamin pyrophosphate groups and SO, 
healthy sham operation groups 
* P ≤ 0.01 was significant 
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Table. Reproduction results for rat groups used in the experiment  
 

Animal 
groups 

Number of animals taken for 
reproduction 

Number of animals giving birth 
N        % 

Number of infertile animals 
N        % 

IRC 10 0         0 10       100 
IRML 10 2         20 8         80 
IRFA 10 1         10 9         90 
IRMR 10 2         30 8         80 
IRTP 10 8         80 2         20 
SO 10 4         40 6         60 

Notes: N, number of animals; IRC, control group; IRML, ovarian ischemia reperfusion + melatonin; IRFA, ovarian ischemia reperfusion + 
famotidine; IRMR, ovarian ischemia reperfusion + mirtazapine; IRTP, ovarian ischemia reperfusion + thiamin pyrophosphate  groups and 
SO, healthy sham operation groups. 
 

Reproduction results 
Reproduction took place in 8 of the 10 animals 

set aside for that purpose in the IRTP group, 
compared with 4 out of 10 in the SO group. 
Reproduction results for the rats in the other groups 
are given in the Table. 
 

Discussion 
This study investigated the effects on I/R injury 

in diabetic rats of MFMTPs which were tested and 
found to be efficacious in ovarian I/R injury. It also 
examined their effects in terms of preventing 
infertility caused by ovarian I/R injury in diabetic 
rats. As the study results show, MDA concentration 
in the IRC group diabetic rat ovarian tissue was 
significantly higher compared with that in the SO 
group. MDA is the final product of lipid peroxidation. 
Free oxygen radicals whose production rises 
excessively for various reasons, affect membrane 
lipids containing unsaturated fatty acids more than 
other biomolecules. Interaction with membrane 
lipids leads to a rise in membrane permeability and 
severe cell damage (33, 34). The elevated MDA 
concentration in the IRC group shows that oxidative 
stress developed. Ingec M et al reported that more 
I/R tissue MDA formed compared with healthy tissue 
(35). Oxidative stress was more pronounced in rats 
with an induced diabetic model (33, 36). Greater 
oxidative damage would therefore be expected to 
develop in a diabetic rat after ovarian I/R (37). The 
melatonin tested in our study prevented a rise in 
MDA concentration in ovarian tissue in rats with 
diabetes induced with I/R in a more statistically 
significant manner than famotidine, mirtazapine, or 
thiamine pyrophosphate. Melatonin also suppressed 
a rise in MPO activity, an oxidant parameter, 
significantly better than famotidine, mirtazapine, or 
thiamine pyrophosphate. Production of MPO by 
neutrophils and macrophages rises in areas of 
damage established with various agents. MPO 
catalyzes the reaction between hydrogen peroxide 
and chlorine, and gives rise to the toxic compound 
hypochlorous acid. Hypochlorous acid is involved in 
the formation of the hydroxyl radical (OH) (38, 39). 
Studies have shown that MPO activity increases 
more in damaged ovarian tissue with induced I/R 
compared with healthy tissue (40). These data from 
the literature are compatible with our own results.   

Ovarian tissue GSH levels in the IRC group were 
statistically significantly lower, compared with those 
in the SO group. Melatonin best prevented a fall in 
GSH levels in ovarian tissue injured with induced I/R. 
GSH is a tripeptide consisting of L-glutamate, 
cysteine, and glycine. It is also a powerful antioxidant 
with known involvement in the establishment of cell 
redox balance (41). A high level of GSH in cells shows 
cell vitality, while a fall in GSH levels shows 
weakening of and damage to the cellular defense 
system (42). In addition to GSH, a significant 
decrease in GPO activity was observed in IRC group 
ovarian tissue. There are studies showing that GPO 
activity decreases significantly in tissue with 
oxidative stress-related injury compared with 
healthy tissue (43). GPO detoxifies the hydrogen 
peroxide radical that forms in the cell by converting 
it to water and prevents the formation of more toxic 
products from hydrogen peroxide radical (44). GSH 
is oxidized during the detoxification of hydrogen 
peroxide radical. In order for the antioxidant 
effectiveness of GSH to be maintained, oxidized 
glutathione (GSSG) must again be converted to 
reduced (GSH) glutathione. This process is carried 
out by GSHRd, a NADPH-dependent enzyme (45). 
GSHRd is known to exhibit higher activity in healthy 
tissue compared with damaged tissue. GSHRd 
activity has been shown to decrease in parallel with 
tissue damage (46). 

In our study, GST activity in ovarian tissue 
exposed to IR was significantly lower than those in 
the melatonin, famotidine, mirtazapine, thiamine 
pyrophosphate, and healthy groups. GST binds 
foreign substances to the –SH group of cysteine in 
glutathione, thus neutralizing their electrophilic 
regions and protecting the cells from the harmful 
effects of foreign substance regions (47). GST activity 
has been shown to decrease in oxidative tissue injury 
induced by ischemia (48). 

SOD activity in the IRC group subjected to I/R, 
decreased markedly compared with the control 
group. SOD is an important enzyme that catalyzes the 
conversion of superoxide radical into hydrogen 
peroxide (49). SOD activity in uterine tissue has been 
reported to decrease in parallel with a rise in DNA 
injury (50). These data from the literature are 
compatible with our own results. 

The fact that GSH, GPO, GST, GSHRd, and SOD 
levels in IRML group ovarian tissues were 
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significantly higher compared with the IURC group 
shows that melatonin possesses powerful 
antioxidant activity. Melatonin is thought to prevent 
I/R injury by scavenging hydroxyl, superoxide anion, 
and peroxyl radicals, directly neutralizing singlet 
oxygen and raising the levels of the antioxidant 
parameters GSH, GST, SOD, GPO, and GSHRd (16, 51, 
52). Famotidine has been reported to protect against 
oxidative damage by preventing rising leukocyte 
infiltration in ovarian tissue with induced I/R  (19). 
Polymorph nuclear leukocytes in the damaged region 
synthesize toxic oxygen derivatives  (53). 
Mirtazapine has also been shown to alter the 
oxidant/antioxidant balance in damaged tissue 
against oxidants (18). Thiamine pyrophosphate has 
been reported to prevent an increase in MDA 
concentrations and a decrease in GSH caused by I/R 
damage in ovarian tissue (54). Our study results and 
the findings in the literature show that MFMTPs are 
effective antioxidant agents in the prevention of I/R-
associated oxidative damage. However, as discussed 
above, there are also studies in which antioxidant 
therapy in diabetic rats has not been shown to have a 
positive effect on reproductive functions (22). 
Melatonin can be used for the stimulation of 
follicular development in animals, to improve oocyte 
quality, or against damage caused by oxidative stress 
during pregnancy (54). The inability of the melatonin 
used in our study and other drugs shown to exhibit 
antioxidant activities (famotidine, mirtazapine), to 
prevent ovarian I/R injury-associated infertility in 
rats with induced diabetes, shows that antioxidant 
therapy does not have a positive effect on 
reproductive functions and that our findings are 
compatible with those in the literature. 

 

Conclusion 
The I/R procedure performed in rats with 

induced diabetes led to oxidative stress in the 
ovaries and to infertility. The melatonin, famotidine, 
and mirtazapine prevented I/R damage-related 
oxidative stress, but not infertility. Although 
thiamine pyrophosphate exhibited lower antioxidant 
activity than melatonin and mirtazapine, it 
prevented infertility caused by oxidative damage. 
This indicates that the prevention of I/R-related 
infertility in diabetics is not the result of antioxidant 
activity and reveals that thiamine pyrophosphate 
prevents infertility through an as yet unknown 
mechanism. This study shows that thiamine 
pyrophosphate may be useful in the prevention of 
ovarian I/R-related infertility in diabetics. We think 
that thiamine pyrophosphate should be 
administered for at least 10 days for that purpose. 
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