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Objective(s): We aimed to investigate the levels of transient receptor potential melastatin (TRPM) 
gene expression, and the antioxidant and histopathologic effect of thymoquinone (Tmq) in the 
hepatic I/R rat model.
Materials and Methods: Fifty Wistar rats were divided into 5 groups. Group 1: Control; Group 2: 
Sham; Group 3: Hepatic I/R (45 min/45 min); Group 4: Tmq (50 mg/kg); Group 5: Tmq+I/R (ten days 
before I/R at the dose of 50 mg/kg of Tmq). The hepatic I/R (45min/45min) model was performed at 
the portal vein and the hepatic artery with atraumatic vascular clamp in the ischemia groups. The liver 
tissues and blood samples that were taken at the end of the study were evaluated for histopathologic 
and biochemical analysis. Besides TRPM gene expression levels were determined in liver tissues. It 
was seen that cellular swelling, congestion, PNL, and apoptosis parameters statistically decreased in 
Tmq and Tmq+I/R groups in comparison with the I/R group in histopathological evaluation.
Results: It was observed that biochemical parameters, AST, ALT, GGT, LDH, creatinine, and urea 
levels significantly increased in the I/R group as compared with, sham, Tmq, and Tmq+I/R groups. It 
was found that TRPM2,6,7,8 gene expression decreased significantly in Tmq+I/R groups as compared 
to the I/R group. 
Conclusion: We showed that thymoquinone can inhibit the entry of Ca+2 into the cell by decreasing 
TRPM2,6,7,8 gene expression. Based on our findings, we think that Tmq application in the treatment 
of liver diseases due to I/R damage may be important in terms of both ischemia and apoptosis and 
can also be used in the treatment of liver-related diseases.
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Introduction
Prolonged ischemia due to ischemia-reperfusion 

(I/R) injury, and lack of arterial or venous blood occurs 
when circulation is restored in organs and tissues. This 
greatly affects oxygen-sensitive aerobic cells, which use 
mitochondrial oxidative phosphorylation as an energy 
source. For this reason, I/R damage is more likely to occur 
in organs and tissues that use aerobic metabolism (1). 

I/R injury is a common condition encountered during 
or after hypovolemic shock, chronic liver diseases, major 
tumor resections, surgical intervention to hepatic trauma, 
vascular reconstructions, and hepatic transplantation. 
Ischemia is the most common type of cell injury in clinical 
medicine. Therefore, it causes life-threatening problems 
in many tissues and organs, especially the brain, heart, 
kidneys, and liver. Particularly in hepatic ischemia models, 
many studies have been carried out and many agents have 
been used to minimize the resulting ischemic liver injury 
and subsequent reperfusion injury. However, since liver 

I/R injury has not been clarified yet, it is important to 
understand the pathophysiology of liver I/R-related diseases 
in the clinic and to reveal different treatment modalities for 
these diseases (1, 2).

Thymoquinone (Tmq) is a monoterpene and the major 
compound of Nigella sativa seeds, a promising medicinal 
plant with many therapeutic effects. As a result of the 
investigations, 38.20% fat, 31.94% carbohydrates, 20.85% 
protein, 7.94% fiber, and 4.64% water are the content of 
N. sativa seeds (3, 4). Tmq has also shown antioxidant 
effects. It inhibited inflammation in animal models and 
cell culture systems (5, 6). Despite studies showing that 
Tmq is anticancer, antioxidant, antibacterial, antifungal, 
antiparasitic, and antiasthmatic, its mechanism of action 
has not yet been fully elucidated (3, 7, 8). 

Studies have increased the possibility of Transient 
Receptor Potential (TRP) proteins being a new Ca+2 

permeable cation channel. TRP channels either act directly 
as Ca+2 entry channels in plasma membranes or assist in 
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the change in cytosolic free Ca+2 channels that change the 
membrane potential, which is the driving force for the 
modulation of Ca+2 entry channels (9). TRP channels play 
a role in many important cellular processes such as Ca+2-
Mg+2 transmission, regulation of blood pressure, perception 
of taste, smell, sound, gene expression and secretion, 
apoptosis, and in many important mechanisms such as the 
commonly known secondary messenger mechanism and 
ion entry and exit (10). 

As a result of genetic studies, TRP channels were divided 
into 7 subfamilies according to their amino acid similarities. 
These are TRPC (canonical), TRPM (melastatin), 
TRPV (vanilloid), TRPA (anycrine-rich protein), TRPP 
(polycystin), TRPML (mucolipin), and TRPN (nomic). 
The activation mechanisms of these channels and the 
organs in which they are located are different. For example, 
melastatin is mostly TRP, found in the brain and neuron 
cells (11). A total of 8 sub-members of the TRP Melastatin 
(TRPM) family, defined as TRPM1-TRPM8, have been 
reported. Sub-members of TRPM are classified under 4 
groups according to their sequence similarities: TRPM1,3, 
TRPM2,8, TRPM4,5, and TRPM6,7. TRPM4,5 channels 
are not permeable to Ca+2, while TRPM6 and 7 show high 
permeability to Ca+2 and magnesium. Unlike TRPC and 
TRPV channels, TRPM channels do not contain ankyrin 
repeats. No activator has yet been demonstrated for the 
TRPM1 channel. It has been suggested that the TRPM1 
channel is a constitutively active Ca+2 entry channel (11, 12). 
TRPM3 expression has been demonstrated in the kidney, 
brain, testis, and spinal cord (11, 12).

In our study, we planned to investigate the effects of 
thymoquinone on ischemia/reperfusion and TRPM 2,6,7,8 
ion channels in liver tissues by creating an I/R model in the 
liver. Considering the important role of TRPM channels in 
ischemia and apoptosis, the clarification of this issue and 
therefore the relationship between the expression of TRPM 
2,6,7,8 channels and thymoquinone will allow evaluating its 
potential in the diagnosis and treatment of both ischemia 
and apoptosis and liver-related diseases. Considering 
the important role of TRPM channels in ischemia and 
apoptosis in the presented study; it is aimed to contribute 
to the evaluation of both the relationship of TRPM channel 
expressions with Tmq and the potential of Tmq in the 
diagnosis and treatment of ischemia, apoptosis, and liver-
related diseases.

Materials and Methods 
This experimental study was carried out in the laboratory 

of Mustafa Kemal University, Faculty of Medicine 
Experimental Animals Research Center (protocol number 
2014-5/9, Mustafa Kemal University Animal Experiments 
Ethics Committee). The histopathological and biochemical 
analysis of our study was carried out in the laboratories 
of Mustafa Kemal University Research and Application 
Hospital, Department of Pathology, and Department 
of Biochemistry. Molecular and genetic analyses of our 
study were performed in the laboratory of Mustafa Kemal 
University Faculty of Medicine, Department of Medical 
Biology and Molecular Genetics. The study was planned 
by forming 5 groups of 50 adult male Wistar Albino rats 
weighing 300-400 g (Table 1). During the experiment, rats 
were kept in wire cages in rooms with regular light-dark 
treatment (12:12), 20-24 °C temperature, and standard 

humidity. Standard pellet feed and tap water were used to 
feed the animals.

Experimental study model
Anesthesia of the subjects was provided by giving 80 

mg/kg ketamine and 12 mg/kg xylazine, and maintenance 
doses were administered when necessary. Fifteen minutes 
after drug injection, the hairs on the anterior abdominal 
wall were shaved and the abdominal skin was wiped with 
povidone-iodine, and skin antisepsis was applied.

A laparotomy was performed with an incision of 
approximately 3-4 cm from the midline. After the organs 
in the abdomen became visible, the blood flow to the left 
and middle lobes of the liver was cut off by exploring the 
portal vein and hepatic artery in groups other than the 
control group and by an atraumatic vascular clamp. Thus, 
segmental (70%) and non-lethal hepatic ischemia were 
created. Ischemia was applied for 45 min with the help of 
an atraumatic vascular clamp. A color change on the liver 
surface was observed with ischemia.

To prevent thrombosis that may occur in the vein due 
to tightening of the suture, heparin at a dose of 600 IU/
kg was administered intravenously before the initiation of 
ischemia. Meanwhile, the exposed abdomen was covered 
with a sponge soaked in warm saline, clamps were removed 
at the end of 45 min, and the ischemia was terminated. 
The laparotomy incision of the rats, which started the 
reperfusion phase (45 min), was closed with 3/0 atraumatic 
silk suture, 5 ml blood samples were taken intracardiac at 
the end of 45 min, and then the subjects were euthanized by 
cervical dislocation (14).

As a result of the study, some of the liver tissues were 
taken into cryo tubes to be stored at -80 °C for gene 
expression studies. Then, tissue samples were taken from 
the left lobe of the liver and taken into 10% formol solution 
to be sent for histopathological examination. Some of them 
were placed in cryo tubes to be stored at -80 °C for gene 
expression studies. Samples were blocked according to the 
histological methods. Sections were cut from paraffin blocks 
and stained with Hematoxylin-Eosin (H&E). The prepared 
preparations were examined under a research microscope 
(Olympus CX31-Japan) and their photographs were taken 
at 40 X magnification. Then, the severity of the damage was 
evaluated according to the Suzuki Score (15).

Aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) lactate dehydrogenase (LDH) 
levels were determined in the micro-ELISA device in order 
to detect liver damage. Tumor necrotizing factor alpha 
(TNF-a) and interleukin 6 (IL-6) levels in plasma were 
determined by mouse TNF-a ELISA kit and mouse IL-6 

Table 1. Experimental groups and application doses used in the study (13)
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ELISA kit purchased from BD BioSciences. Thiol level was 
measured with the spectrophotometric method defined by 
Erel and Neselioglu (16). Total antioxidant status (TAS) and 
total oxidant status (TOS) levels in serum were measured 
spectrophotometrically according to Erel’s method (17, 
18). Additionally, the OSI value of each participant was 
calculated by proportioning TOS to TAS (19).

Molecular analysis evaluations were performed to 
demonstrate the expression of TRPM channels. mRNA 
expression in tissues, RNA isolation, cDNA extraction, and 
Quantitative real-time Reverse Transcriptase PCR were 
examined. The results of PCR were compared with each 
other and it was decided which gene expression increased 
or decreased.

Quantitative real-time PCR (qRT-PCR)
TRPM2,6,7,8 and ‘housekeeping’, b-Actin (Ella Biotech, 

Deutschland) gene transcription levels were determined 
by quantitative RT-PCR method (QIAGEN Rotor-Gene Q, 
Germany)(Table 2). Quantitative values were determined 
according to the normalization coefficient. 

Statistical analysis
Statistical evaluations of biochemical and 

histopathological results were performed using v. 5.0 
statistical package program. Data are presented as 
Mean±standard error. In statistical analysis, One-way 
ANOVA test (post hoc Bonferroni and Student’s t-test) was 
used to compare groups with regular distribution according 

to Kolmogorov-Smirnov distribution analysis, and Kruskal-
Wallis test (post hoc Dunn’s test) was used to compare groups 
with uneven distribution. P<0.05 values were considered 
statistically significant.

Results 
A comparison of liver function test parameters between 

groups is shown in Table 3. A statistically significant increase 
was found in the I/R group when compared to the control, 
Tmq, and Tmq+I/R groups in the levels of biochemical 
parameters AST, ALT, GGT, and LDH (P<0.05). A 
statistically significant increase was found in the I/R group 
when compared to the control, Tmq, and Tmq+I/R groups 
in the levels of biochemical parameters AST, ALT, GGT, and 
LDH (P<0.05). When compared to the control group, there 
was a significant increase in AST, ALT, GGT, and LDH levels 
in the I/R group (P<0.001). There was a significant increase 
in ALT level in the Tmq group when compared with I/R and 
Tmq+I/R groups (P<0.001). There was a significant increase 
in GGT level in the Tmq group when compared with I/R 
and Control groups (P<0.01). When compared with I/R and 
Control groups, there was a significant decrease in AST and 
LDH levels in the Tmq group (P<0.001). When compared 
with the I/R group, there was a significant decrease in AST 
and ALT levels in the Tmq+I/R group (P<0.01). When 
compared with the I/R group, there was a significant increase 
in GGT and LDH levels in the Tmq+I/R group (P<0.001). 
When compared with the Tmq+I/R group, there was a 
significant decrease in AST and ALT levels in the control 
group (P<0.001). When compared with the Tmq+I/R group, 
there was a significant decrease in GGT and LDH levels in 
the control group (P<0.01)(Table 3).

Findings related to plasma TNF-a and IL-6 levels 
In our study, the plasma levels of proinflammatory 

cytokines TNFa and IL-6 were determined in the groups, 
and the effect of Tmq administration on these cytokine levels 
and therefore on early reperfusion injury was investigated. 
Plasma TNF-a and IL-6 levels of the I/R group were found 
to be statistically significantly higher than the levels of the 
control and sham groups (P<0.001); In the Tmq+I/R group, 
in which Tmq was applied 10 days before the I/R protocol, 
this level decreased compared to the values of the I/R group 
(P<0.001). It was observed that plasma cytokine levels in 
the Tmq group were applied 10 days before the I/R protocol 
approached the levels in the control and sham groups (Table 
4).

Table 2. Primer sequences used in quantitative real-time PCR (qRT-PCR) 
analysis of the study groups

Table 3. Comparison of liver function test parameters of the study groups (Mean±SD)

I/R: Ischemia/Reperfusion; Tmq: Thymoquinone. AST: Aspartate Aminotransferase; ALT: Alanine Aminotransferase; GGT: Gamma Glutamyl Transferase; LDH: Lactate 
Dehydrogenase, * P<0.05; ** P<0.01; *** P<0.001; a vs Control; b vs I/R; ° vs Tmq+I/R
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Kidney function tests
A comparison of renal function test parameters between 

groups is shown in Table 5. A statistically significant increase 
was found in the I/R group when compared with the control, 
Tmq, and Tmq+I/R groups in the creatine and urea levels of 
biochemical parameters (P<0.05). When compared to the 
control group, there was a significant increase in creatinine 
and urea levels in the I/R group (P<0.01). A significant 
decrease in creatinine and urea levels was found in the 
Tmq group when compared with the I/R group (P<0.01). 
When compared with the I/R group, there was a significant 
decrease in creatinine levels in the Tmq+I/R group (P<0.05). 
When compared with the Tmq+I/R group, there was a 

significant decrease in creatinine levels in the Tmq group 
(P<0.01). When compared with the Tmq+I/R group, there 
was a significant decrease in creatinine levels in the control 
group (P<0.01)(Table 5).

Evaluation of oxidative stress parameters
Comparison of oxidative stress parameters between 

groups is shown in Table 6. The I/R group showed 
a statistically significant increase in oxidative stress 
parameters compared to the control group. However, Tmq 
and Tmq+I/R groups showed a statistically significant 
decrease in oxidative stress parameters compared to the I/R 
group (P<0.001)(Table 6).

Table 4. Comparison of the parameters of plasma TNF-and IL-6 levels of the study groups (Mean±SD)

I/R: Ischemia/Reperfusion; Tmq: Thymoquinone. TNF-α: Tumor Necrotizing Factor Alpha; IL-6: Interleukin-6; ** P<0.01; *** P<0.001; a vs Control; b vs I/R; ° vs Tmq+I/R

Table 5. Comparison of renal function test parameters of the study groups (Mean±SD)

I/R: Ischemia/Reperfusion; Tmq: Thymoquinone. a vs Control; b vs I/R; ° vs Tmq+I/R. ** P<0.01; *** P<0.001

Table 6. Comparison of oxidative stress parameters of the study groups (Mean±SD)

I/R: Ischemia/Reperfusion; Tmq: Thymoquinone. TAS: Total Antioxidant Level; TOS: Total Oxidant Level; OSI: Oxidative Stress Index. a vs Control; b vs I/R; ° vs Tmq+I/R. ** 
P<0.01; *** P<0.001

Table 7. Comparison of histopathological results of the study groups (Mean±SD)

I/R: Ischemia/Reperfusion; Tmq: Thymoquinone. ** P<0.01; a vs Control; b vs I/R; ° vs Tmq+I/R
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Histopathological results
Various cellular changes were observed between the 

groups by examining the sections of liver tissue stained with 
H&E staining. In the histopathological evaluation, cellular 
swelling, congestion, polymorphonuclear leukocytes 
(PMN), and apoptosis values were significantly increased 
in the I/R group compared to the control and sham groups 
(P<0.01). Statistically significant decreases were observed in 
cellular swelling, congestion, PMN, and apoptosis values in 
the Tmq and Tmq+I/R groups when compared to the I/R 
group (P<0.01)(Table 7, Figure 1).

Gene results
As a result of real-time PCR, the ratios of genes present 

on the agarose gel were examined to evaluate which 
genes increased or decreased. Numerical data indicating 
decreases, normal levels, and increases were extracted. 
TRPM2, 6, 7, and 8 gene expression levels are shown in the 
table, and the expression levels of each gene in the individual 
groups are shown graphically (Figure 2). TRPM2, 6, 7, and 
8 expressions were found to be statistically significantly 
decreased in the Tmq+I/R group when compared to the I/R 
group (P<0.01, P<0.001, respectively)(Table 8).

Discussion
Experimental studies have been carried out using 

many different agents to prevent or minimize ischemic 
liver injury and subsequent reperfusion injury in hepatic 

ischemia models. These studies were largely prepared to 
examine the effects of antioxidant and anti-inflammatory 
substances. This shows that the damage can be reduced 
by using antioxidant and anti-inflammatory substances. 
For this purpose, the protective effects of enzymatic and 
plant-derived antioxidants against oxidative damage were 
investigated by experimental studies. A study showed 
that pentoxifylline and L-arginine may have a protective 
effect on liver I/R damage (9). Tolba et al. investigated the 
protective effect of vitamin E and caffeic acid phenethyl 
ester (Cape) on liver I/R damage and determined that 
they reduced the damage by protecting the integrity of 
the glucose and pentose phosphate pathway in the tissue, 
keeping the citric acid cycle active and supporting energy 
production (20). Research revealed that a dose of 5000 
mg. kg of Sumac has a protective effect on the liver when 
administered intraperitoneally before liver I/R damage 
(21). Another study found that grape seed extract treatment 
reduced hepatic I/R injury in rats.  It has been determined 
that grape seed extract reduces HI-induced organ damage 
by inhibiting neutrophil infiltration and regulating the 
release of inflammatory mediators with its effect on oxidant-
antioxidant balance (22). Researchers examined the effect of 
papaverine on liver I/R injury in rats, and it was determined 
that the rats in the study group had significantly reduced 
I/R injury in all other criteria, except for focal necrosis and 
hydropic swelling in the parenchyma (23). Abuzinadah and 
Ahmad showed in their study that thymoquinone has a 
strong antioxidant effect and this effect is due to its ability 
to scavenge free radicals (24). Therefore, in our study, we 

Figure 1. Histopathological appearance of rat livers
a, b) Normal liver histological appearance in control (a) and sham group (b)
(H&E, x100). c, d) Ischemic changes, sinusoidal congestion, cellular swelling, and 
histopathological appearance of inflammatory cell infiltration in the I/R (c) group 
and Tmq+I/R (d) group (H&E, x100)

Table 8. Comparison of gene expressions of the study groups (Mean±SD)

I/R: Ischemia Reperfusion,* P<0.05; ** P<0.01; *** P<0.001 a: Sham vs I/R, b: Tmq vs Tmq+I/R, c: I/R vs Tmq+I/R

Figure 2. Comparison of gene results of the study groups
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investigated the effectiveness of thymoquinone, which has 
proven antioxidant activity in the liver I/R injury model. 

Thymoquinone has been used in a wide variety of dose 
ranges and dose numbers in many experimental studies 
in rats. Abd El-Ghany et al. preferred 45 min of ischemia 
and 60 min of reperfusion time during the experiment 
to create hepatic I/R injury. They also determined the 
antiapoptotic effect of thymoquinone by giving 5, 20, and 
50 mg/kg doses to the subjects for 10 days (25). Another 
study found that thymoquinone had a significant effect on 
I/R damage by giving 5, 20, 50, and 100 mg/kg doses, while 
high doses (50 and 100 mg/kg) significantly decreased the 
GSH content after reperfusion (26). We also showed that 
oral administration of 50 mg/kg thymoquinone for 10 days 
before the administration can prevent hepatic I/R damage. 
We think that this effect is probably due to the oxidative 
stress-reducing effect of thymoquinone, as well as reducing 
TNF-a and IL-6 levels, and TRPM gene expression levels in 
the liver. 

Although the duration of ischemia varies according to 
personal preference, experimental models have different 
applications in terms of applied ischemia and reperfusion 
times. Bayramoglu et al. stated that the time required for 
liver damage is one hour of reperfusion after 45 min of 
ischemia (27). Researchers showed that 60 min of ischemia 
and 45 min of reperfusion showed the effect of propofol 
in the liver ischemia-reperfusion model they created with 
reperfusion (28). In our study, based on these data, 45 min 
of ischemia and 45 min of reperfusion were planned upon 
the determination of hepatic IRH formation biochemically 
and histopathologically, and gene expression and the 
experimental model was applied within this framework. 
Different techniques have been used to evaluate liver 
functions after I/R injury. Currently, the most commonly 
used determinations are AST, ALT, and LDH. 

Researchers showed that they created experimental liver 
IR damage, and claimed that serum AST and ALT values 
increased and the damage caused by free radicals in the 
tissue after I/R may cause these values to increase (29). A 
study found that serum AST and ALT values increased in 
the IR study on the liver. In addition, necrosis, sinusoidal 
enlargement, and PMNL infiltration were observed in 
hepatocytes (30).

Yildirim et al. observed an increase in serum AST and 
ALT values after KC IR in rats (31). In our study, creatinine 
and urea levels, which are indicators of the effects of AST, 
ALT, GGT, LDH, and liver IR on the distant organ kidney, 
which are biochemical parameters that are indicators of 
liver damage, were examined. When AST, ALT, GGT, LDH, 
creatinine, and urea levels were compared with the control, 
pseudo surgery, Tmq, and Tmq+I/R groups, a statistically 
significant increase was found in the I/R group (P<0.05). 
Plasma TNF-a and IL-6 levels of the I/R group were found 
to be statistically significantly higher than the levels of 
the control and sham groups (P<0.001); In the Tmq+I/R 
group, in which Tmq was applied 10 days before the I/R 
protocol, this level decreased compared to the values of the 
I/R group (P<0.001). It was observed that plasma cytokine 
levels in the Tmq group were applied 10 days before the 
I/R protocol approached the levels in the control and sham 
groups. This suggests that Tmq can significantly reduce liver 
tissue damage. It has been shown that Ca+2 concentration 
increases in cells exposed to I/R. The abnormal increase in 

the intracellular Ca+2 concentration causes a cytotoxic effect, 
the mechanism of which is not fully explained. 

One of the structures that play a role in determining 
the amount of intracellular Ca+2 is TRPM channels. It has 
been determined that TRPM channels are involved in the 
functioning of many mechanisms such as apoptosis. It has 
been understood that this is achieved thanks to the active 
role of some TRPM channels in cell division (32). There 
are some hypotheses regarding the increase in Ca+2 during 
ischemia. After ischemic damage, the cell has to divide and 
the old cell that will go to apoptosis or autophagy will need 
Ca+2 and Mg+2 for this division. In addition, the increase in 
Ca+2 triggers the formation of microfibrils. As a result of 
this situation, Ca+2 migrates from the trauma environment; 
it is necessary for the destruction and regeneration of 
microfibrils. In this case, the primary molecular change in 
the cell is the increase in the number of TRPM channels. 
The main reason for the decrease in the amount of TRPM 
during reperfusion is to ensure the intake of Ca+2 into the 
cell, which is necessary for the reactions in the cells during 
ischemia. TRPM expression is decreased due to changes 
in reperfusion showing the disappearance of ischemia. 
If a Ca+2 channel blocker is given before this picture in 
tissues that have been damaged by I/R, it will ensure that 
the negative picture that will be caused by I/R is eliminated 
(32, 33). In our study, it was observed that thymoquinone, 
which we administered for treatment, could act through 
TRPM channels in I/R injury. TRPM 2,6,7,8 expressions 
were found to be statistically significantly decreased in the 
thymoquinone+I/R group compared to the I/R group. 

Conclusion
Administration of thymoquinone in the treatment of 

diseases causing I/R in the liver (hypovolemic shock, chronic 
liver diseases, large tumor resections, surgical intervention 
in hepatic trauma, vascular reconstructions, and hepatic 
transplantation, etc.). Our results need to be confirmed 
by clinical studies in order to be used in the treatment of 
ischemia and apoptosis as well as liver-related diseases. 
In addition, in our study, we showed that thymoquinone 
reduces the TRPM 2,6,7,8 gene expression level and inhibits 
the entry of Ca2+ into the cell.  This situation recalls the 
idea that thymoquinone has a decreasing effect on cellular 
damage due to I/R. We think that the damage in the liver 
ischemia-reperfusion model improved biochemically and 
histopathologically with thymoquinone treatment, and 
that the decrease in oxidative stress parameters and TRPM 
channels may be the mediator of this situation. Our results 
need to be confirmed by supporting clinical studies.
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