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Abstract: In our study, oxidant-antioxidant and inflammation markers of 

ovarian tissue were evaluated in order to determine whether thymoquinone 

has a protective effect against experimentally induced ischemia/reperfusion 

in rat ovaries. Oxidant-antioxidant and inflammation markers in ovarian 

tissue were evaluated in order to determine whether thymoquinone has a 

protective effect against damage in rat ovaries in which ischemia/reperfusion 

was created. The rats, which randomly divided into 5 groups and were 

experimentally induced ischemia/reperfusion in their ovaries, were 

administered thymoquinone at the determined doses. The markers such as 

TAS, TOS and MDA from ovarian tissues were determined as 

spectrophotometrically obtained by experimental procedure. Tissues 

examined histopathologically were evaluated for immunopositivity after 

immunohistochemical staining with NF-kβ antibodies. While MDA, TOS, 

OSI levels in tissue were significantly higher in ischemia/reperfusion groups 

and TQ, MDA, TOS, OSI levels were significantly lower rather than the 

control group (p<0.05). TAS levels in tissue were significantly lower in the 

I/R group but after treatment they increased significantly (p<0.05). NFKβ1 

immunopositivity could not be detected in Sham and experimental groups 

(p> 0.05). It was concluded that thymoquinone protected the tissues from 

ischemic damage by causing significant increase in TAS levels that were 

decreased by I/R injury and significant decrease in elevated levels of MDA 

and TOS that were increased by I/R injury. © 2021 NTMS. 
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1. Introduction 

Ovarian torsion in women is a gynecological syndrome 

that results in oophorectomy (removal of the ovaries) 

by blocking blood circulation in the ovaries both in 

childhood and adolescence (1). In case of early 

detection of torsion, infarction departure can be 

prevented. In this case, ovarian detorsion is performed  

 

to restore blood flow (2,3). Although blood flow has 

been fixed, ischemia/reperfusion (I/R) injury may 

occur in ovarian torsion. In this case, various problems 

may arise in the organism (4).   However the 

mechanism causing the damage has not been fully 

elucidated, studies have shown that reactive oxygen 
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species (ROS) produced by polymorph core leukocytes 

(PMNL), cytokines and complement activation have 

impact on I/R damage (5, 6). Anti-inflammatory and 

antioxidant defense systems generally play an active 

role in preventing I/R damage in tissues (7). 

'Nigella sativa (NS)', in other words black cumin, is an 

important plant species that has been used for the 

treatment of many diseases in the Middle and Near East 

countries for over 2000 years. Thymoquinone (TQ), 

one of the main components of its seeds of NS, is a 

monoterpene. Many studies have shown the 

antibacterial, antitumor, antioxidant, antineoplastic, 

antifungal, anti-inflammatory, reactive oxygen positive 

effects of TQ on the central nervous system (CNS). In 

addition to all these, it is known that TQ has important 

effects on cell cycle, immune system and apoptosis (8, 

9).  

Oxidative stress results from the disruption of the 

balance between the formation of ROS and antioxidant 

defense capacity. ROS cause serious damage to 

macromolecules such as cellular membrane lipids, 

proteins and DNA and lead to more toxic products such 

as MDA (10).  

Antioxidant means that any substance prevents or 

delays oxidative damage on the target molecule. There 

are many substances that act as antioxidants. Although 

the basic system of protection from ROS damage is 

enzymatic systems that prevent oxidation, there are also 

non-enzymatic antioxidant compounds. ROS can cause 

many diseases such as cataract, skin aging, 

Alzheimer's, asthma, Parkinson's, and it is the first 

among the causes of I/R damage (11). 

No studies have been found on whether TQ, known for 

its anti-inflammatory and antioxidant properties, has an 

effect on ovarian I/R damage or not. According to the 

this litarature findings, in this study we aimed to 

investigate that whether there is an effectiveness of TQ 

in the prevention of experimentally I/R-induced 

damage to rat ovaries or not. For this reason, oxidative 

stress such as malonyldialdehyde (MDA), total oxidant 

status (TAS), total antioxidant status (TOS) in ovarian 

tissue samples after ovarian I/R parameters were 

measured.  

After these measurements, the oxidative stress index 

(OSI), which is expressed as a percentage of the ratio 

of TOS levels to TAS levels, was calculated. In addition 

to this, it was evaluated histopathologically whether TQ 

had an effect on post-I/R inflammatory activity in 

ovarian tissue samples immunohistochemically stained 

with NFKβ1 antibodies for Nuclear Factor Kappa B 

(NFKβ1), which is known to have a role in events such 

as cell proliferation, cell differentiation, apoptosis and 

inflammation. 

 

2. Material and Methods  
2.1. Study Animals 

'Wistar albino' female rats (12-16 weeks, with an 

average weight of 200 to 250 grams), which were  

obtained from Atatürk University Medical 

Experimental Application and Research Center 

(ATADEM), were included in our study which was 

approved by Atatürk University Rectorate, Animal 

Experiments Local Ethics Committee with the decision 

dated 23.02.2018 and numbered 2018-29. 

 

2.2. Chemicals 

TOS and TAS of tissue homogenates were determined 

using kits (Reel Assay Diagnostics, Turkey). Sodium 

Dodecyl Sulfate (SDS) was obtained from Merck, 

Acetic acid (CH3COOH) from SigmaThiobarbuturic 

acid (TBA) from Sigma Tetraethoxypropane 

(C11H24O4) from Sigma for the measurement of 

malondialdehyde. Anti-NF-kβ 1 antibody Abcam (Cat. 

No. ab7971) kit was used for immunochemical analysis 

NF-kB. 

 

2.3. Experimental Procedure 

Wistar albino rats were fasted the night before for 

ischemia and reperfusion experiments and were 

provided free access to water. Rats were randomly 

separated into 5 groups with 8 animals in each group. 

Rats were anesthetized with intraperitoneal ketamine 

(75 mg/kg) and Xylazine (8 mg/kg). Thymoquinone 

was applied to the rats with ischemia/reperfusion at 

determined doses. Animals have been underwent the 

following experimental procedures after 8 days. 

Group 1 (Sham Control). Peritoneum were reached by 

making 1-2 cm incision in the lower abdomen of the 

experimental animals in this group and closed back 

without any other procedure. 

Group 2  (3 Hours Ovarian Ischemia). Peritoneum was 

reached by making 1-2 cm incision in the lower 

abdomen of the experimental animals. The ovarian 

tissue was exposed to ischemia with the help of a clamp 

for 3 hours, and at the end of ischemia, the clamp was 

removed and reperfusion was started. Meanwhile, the 

incision was closed with a 3-0 surgical silk suture and 

3 hours of reperfusion was achieved. After the 

reperfusion was completed, the ovarian tissues of the 

rats were removed. 

Group 3  (3 Hour Ovarian Ischemia+Thymoquinone 4 

mg/kg (intraperitoneal)). Experimental procedures in 

Group 2 were performed. 4 mg/kg thymoquinone was 

applied intraperitoneally 30 minutes before 

reperfusion. 

Group 4 (3 Hour Ovarian Ischemia+Thymoquinone 8 

mg/kg (intraperitoneal)). Experimental procedures in 

Group 2 were performed. 8 mg/kg thymoquinone was 

applied intraperitoneally 30 minutes before 

reperfusion. 

Group 5 (3 Hour Ovarian Ischemia+Thymoquinone 25 

mg/kg (intraperitoneal)). Experimental procedures in 

Group 2 were performed. 25 mg/kg thymoquinone was 

applied intraperitoneally 30 minutes before 

reperfusion. After the reperfusion was completed, the 

ovarian tissues of the rats were removed. 

 

2.4. Biochemical Analysis 

50 Mm, pH: 7.2, KH2PO4/ K2HPO4 buffer was used for 

tissue homogenization. Ovarian tissues weighing 0.1 g 
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were placed in glass tubes and homogenized in ice with 

2 mL of phosphate buffer. The homogenized tissues 

were centrifuged at 5000 rpm for 20 minutes at +4 oC 

and the supernatants was carefully separated. The 

separated supernatants were used for analysis of MDA, 

TAS, TOS and protein. The protein concentration of the 

supernatant was measured using the method described 

by Bradford MM (12). Biochemical results were 

expressed on the basis of protein for per gram. 

   

2.5. Determination of Malondialdehyde (MDA) 

In the measurement principle of MDA formed as a 

result of lipid peroxidation, the absorbance of the pink 

colored complex formed as a result of the reaction of 

MDA and thiobarbutyric acid (TBA) is measured at 

532 nm (13). Results are expressed in µmol/L. Tissue 

MDA concentration was calculated as µmol/g protein 

using the formula below. Tissue MDA (µmol/g protein) 

= MDA (µmol/L) /Tissue protein (g/L). 

 

2.6. Determination of TAS and TOS  

Rel Assay kit was used for the TAS analysis method. 

The principle used in the analysis method of this kit is 

based on the reduction of the colored complex ABTS 

(Ethylbenzathiazoline Sulfonic Acid) cationic radical 

by all antioxidant molecules in the samples and the 

decolorization of the colored radical in proportion to 

the total concentrations of antioxidant molecules (14).   

Results are measured in a spectrophotometer 

microplate reader at a wavelength of 660 nm and 

expressed as mmol Trolox Equiv./L. For tissue 

samples, the result was divided by protein and reported 

as µmol Trolox Equivalent/mg protein. The 

measurement principle of the kit (Rel Assay 

Diagnostics, Turkey) used for TOS analysis is based on 

the conversion of oxidants in the samples into ferric ion 

chelator complexes (15).   

In an acidic environment, ferric ions form a colored 

complex with the help of chromogen. The intensity of 

the color measured spectrophotometrically at 530 nm. 

wavelength is related to the total amount of oxidant 

molecules in the samples. Results are expressed in 

(µmol H2O2 equiv/L). For tissue samples, the result was 

divided by protein and reported as μmol H2O2 equiv/g 

protein. The percentage ratio of TOS to TAS was used 

as the OSI. OSI was calculated as TOS divided by 

10xTAS. 

 

2.7. Histopathological Assessments 

The removed ovarian tissues were determined in 10% 

neutral formalin solution. After washing, the tissues 

passed through routine alcohol xylol series were placed 

in paraffin blocks and 5 µm parts were taken. After 

deparaffinization, the parts were kept in microwave  

 

 

oven for 15 minutes with 400 watts of antigen retrieval 

solution (pH 6.0). Parts washed with PBS were 

incubated with NFKβ1 (cat no. ab7971, dilution ratio 

1/200, Abcam) antibodies for 15 minutes at room 

temperature for inflammatory activity. Parts washed 

with PBS were stained with Expose mouse and rabbit 

specific HRP/DAB detection IHC kit. 3,3′ 

diaminobenzidine (DAP) was used as a chromogen. 

After counterstaining with hematoxylin, parts passed 

through alcohol xylol series were examined under a 

light microscope. The immunopositivity was evaluated 

as no (0), mild (1), moderate (2), and severe (3). 

 

2.8. Statistical analysis 

Statistical Package for Social Sciences (SPSS) for 

Windows 23.0 program was used for statistical 

analysis. Biochemical results were given as 

mean±standard deviation (X±SD), and P values below 

0.05 were considered statistically significant. The 

normality test of the data was evaluated with 

Kolmogorov Smirnov. As the data fit the normal 

distribution, the groups were compared with the 

parametric test, one-way ANOVA. The significance of 

the difference between the groups was determined by 

the Post Hoc Tests Tukey HSD test. Kruskal Wallis, 

one of the non-parametric tests, and MannWhitney U 

test were used to determine the differences between the 

groups for histopathological data (p<0.05). 

 

3. Results 
3.1. Biochemical Results 

Tissue MDA, TAS and TOS analysis X±SD and p 

values of all results are shown in Table 1.  

When the MDA levels in Table 1 were compared, it was 

observed that the MDA level in the I/R damaged groups 

(8.99±1.14) increased significantly compared to the 

sham group (5.17±1.07) (p=0.001). It was observed 

that MDA levels in the groups treated with TQ 

approached the sham group after I/R (Figure 1). 

When the mean of MDA levels was compared in the 

study groups, statistically significant difference were 

found between the groups (p<0.05).  The amount of  

MDA in the IR+4 mg/kg TQ (p=0.000) and IR+8 

mg/kg TQ  (p=0.001) groups were statistically 

significantly decreased compared to the IR group. But 

there is no significant difference compared to the IR+25 

mg/kg TQ group (p=0.114).  

When the mean of OSI levels was compared in the 

study groups, there was a statistically significant 

difference among the groups (p<0.05).  The amount of 

OSI in the IR+4 mg/kg TQ (p=0.000) and IR+8 mg/kg 

TQ (p=0.000)and IR+25 mg/kg TQ (p=0.001) groups 

were statistically and significantly decreased compared 

to the IR group. (Table 1). 

 

 



 Turkeri ON et al.    139 

 

 

Figure 1: Ovarian Tissue MDA levels in Groups.                

 

 
Figure 2. Ovarian Tissue OSI levels in Groups. 

 

In Figure 2, Oxidative Stress Index (OSI) levels, known 

as the percentile of the ratio of TOS levels to TAS 

levels, are given. When the OSI levels in Table 1 were 

compared, it was observed that the OSI level was 

significantly higher in the groups with I/R injury 

(1.97±0.41) compared to the sham (0.56±0.14) group 

(p=0.001). OSI levels were significantly decreased 

after I/R injury in groups treated with TQ (p=0.001). 

 

3.2. Histopathological Results 

NF-Kβ 1 immunopositivity in ovaries could not be 

detected in Sham and experimental groups (Figure 3, 

Table 2). 
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Figure 3: Immunnegativity in NFKB1 staining. (a) sham group, (b) I/R group, (c) I/R+4 mg/kg TQ group, (d) I/R+8 mg/kg TQ group, (e) 
I/R+25mg/kg TQ. 

 

Table 1: Analyte levels in ovarian tissue. 

  

SHAM 

X±SD* 

(N:8) 

 

IR 

X±SD* 

(N:8) 

IR+4 

mg/kg TQ 

X±SD* 

(N:8) 

IR+8 

mg/kg TQ 

X±SD* 

(N:8) 

IR+25 

mg/kg TQ 

X±SD* 

(N:8) 

 

p 

MDA 

µmol/g 

protein 

 

5.17±1.07b 

 

8.99±1.14a,b,c,d 

 

6.24±0.99b 

 

6.22±0.97a,b 

 

7.70±1.31 

 

 

0.000** 

TAS 

mmol 

Trolox 

Equiv/mg 

protein 

 

 

11.92±1.08a,b 

 

 

7.10±1.09b,c 

 

 

10.06±0.94 

 

 

9.77±1.01 

 

 

8.92±1.08 

 

 

0.000** 

TOS 

µmol H2O2 

Equiv/mg 

protein 

 

6.66±1.42 

 

13.76±1.9c 

 

8.46±1.34b 

 

9.52±1.85 

 

12.03±1.26 

 

0.000** 

 

OSI 

 

0.56±0.14b 

 

1.97±0.41a,c,d,e 

 

0.84±0.13b 

 

0.97±0.16b 

 

1.35±0.13b 

 

0.000** 

 
SHAM: Control, IR: Ischemia-reperfusion, IR+4 mg/kg TQ: Ischemia-reperfusion+4 mg/kg Thymoquinone group. IR+8 mg/kg TQ: Ischemia-

reperfusion+8 mg/kg Thymoquinone group. IR+25 mg/kg TQ: Ischemia-reperfusion+25 mg/kg Thymoquinone group. MDA: 

Malondialdehyde, tGSH: total glutathione, TAS: Total antioxidant status, TOS: Total oxidative status. OSI: oxidative stress index. a: 
statistically significantly different compared with SHAM, b: statistically significantly different compared with IR, c:statistically significantly 

different compared with IR+4 mg/kg TQ. d: statistically significantly different compared with IR+8mg/kg TQ. e: statistically significantly 
different compared with IR+25 mg/kg.  *x±SD: Mean±STD. ** p<0.05. 
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Table 2: Data Obtained from Staining with NF-kB1 Antibodies. 

 Sham I/R IR+4mg/kg TQ IR+8mg/kg TQ IR+25mg/kg TQ 

NFKB1 0.25±0.46 0.37±0.51 0.50±0.53 0.12±0.35 0.25±0.46 

4. Discussion 

Ischemia is defined as the inability to oxygenate and 

feed the organs or tissues as a result of a clot that occurs 

in the vessels that provide blood flow or a mechanical 

factor. Some structural and metabolic changes occur in 

cells with ischemia (16). 

Reperfusion is defined as the increase in the amount of 

oxygen in the tissue with the mechanisms developed by 

the tissue after ischemia in order to prevent ischemia 

and restore blood flow. However, the reperfusion of 

tissues exposed to ischemia and the initiation of the 

inflammatory process with activated mechanisms cause 

more tissue damage than ischemia (17, 18).  

Hesperetin (19), aprotinin (20), tacrolimus (21), 

ursodeoxycholic acid (22), N-acetyl cysteine and 

resveratrol (23), erythropoietin (24), curcumin (25) and 

sildenafil (26) were used in studies to reduce 

reperfusion damage in the ovaries and the studies 

showed that ovarian damage was reduced to a certain 

extent. 

Studies showed that oxidative stress is primarily 

responsible for the formation of I/R damage (27). 

MDA, the end product of lipid peroxidation, is used as 

an indicator of oxidative stress in tissues (28). Kılıç et 

al. examined the effects of N-Acetyl Cysteine and 

Resveratrol on I/R damage in rat ovaries and showed 

that MDA levels increased significantly in I/R groups 

compared to the control group (23). On the other hand, 

Yuan et al. showed that MDA levels increased in the 

I/R group in their animal experiment studies in which 

they investigated hepatic I/R damage and MDA levels 

decreased significantly after treatment (29). In a study 

conducted by Beheshtian et al. shown that MDA levels 

increased in the I/R group compared to the control 

group in ovarian tissue and MDA levels were 

significantly decreased in the groups treated with 

sildenafil (30). In another study investigating the 

protection of atorvastatin in the ovarian I/R model, it 

was reported that MDA levels increased significantly 

in the I/R group, whereas MDA levels decreased 

significantly in the atorvastatin applied groups and 

approached the control group (31). In our study, as the 

other studies in the literature, tissue MDA levels were 

found to be significantly higher in the I/R group than in 

the sham group. In recent years, it has been determined 

that MDA levels have decreased significantly in the 

treatment groups in which TQ has been applied, which 

has focused on many properties such as antioxidant, 

antitumoral, antineoplastic, anticarcinogenic, 

antifungal and anti-inflammatory. 

Considering recent studies, TOS parameter is used to 

analyze lipid peroxidation activities. Protective 

enzymes such as SOD, GSH, CAT react against 

damage caused by ROS, and these protective enzymes 

form TAS (30). Oxidative stress parameters such as 

TOS and TAS are important markers used to determine 

the effectiveness of I/R damage and treatment 

modalities. In studies conducted, TAS levels were 

found to be significantly lower in I/R injury compared 

to control groups, while TOS levels were found to be 

higher (32, 33). Avni et al. while TOS and OSI levels 

were higher in I/R formed rat ovaries compared to the 

control group, it was reported that there was a 

significant decrease in oxidative stress levels after 

treatment with resveratrol and N-acetyl cysteine (18). 

In our study, while TOS and OSI levels were increased 

as markers of damage, TAS levels decreased in groups 

with I/R in ovarian tissue. While TOS and OSI values 

decreased significantly in TQ applied groups, it was 

determined that TAS levels increased and approached 

the sham group. 

The immunopositivity of NF-Kβ1, which is known as 

one of the important indicators of oxidative stress in 

histopathological evaluations, could not be detected in 

the sham and experimental groups in the 

immunohistochemical sections. When the studies have 

been examined in the literature, it has been seen that the 

activation of NF-Kβ increases during ischemia, and it 

shows excessive reactivity in I/R damage in 

immunohistochemistry sections (34). 

 

5. Conclusions 
In our study, it is aimed to research the effectiveness of 

TQ, which is known for its anti-inflammatory and 

antioxidant properties, in the prevention of 

experimentally I/R-induced damage in rat ovaries, and 

we showed the protective effect of TQ in line with our 

findings. TQ showed these effects by reducing the 

oxidative stress parameters that occur in I/R damage. It 

was observed that MDA, TOS, OSI levels in particular 

increased in I/R injury and approached the control 

group with TQ application. In our current study, in 

addition to biochemical parameters, NF-Kβ 1 

immunopositivity was examined histopathologically, 

but immunopositivity could not be detected in Sham 

and experimental groups. 
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