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Abstract 

Thymoquinone is known to alleviate cardiotoxic effects of doxorubicin. This study was conducted 

to investigate the effects of thymoquinone on biochemical parameter changes in cardiotoxicity 

caused by doxorubicin (DOX). 18 Wistar albino male rats were used in our study. The rats were 

divided into three groups as control, doxorubicin, and doxorubicin + thymoquinone (DOX + TQ) 

group. The control group received one-time saline from the tail vein on the 5th day of the 

experiment. On the 5th day of the experiment, the DOX group received a single dose of 45 mg / kg 

DOX from the tail vein. The DOX + TQ group received 50 mg / kg thymoquinone by gavage for 

seven days and a single dose of 45 mg / kg DOX from the tail vein on the 5th day of the experiment. 

Rats were sacrificed under ketamine-xylazine anaesthesia and total blood samples were taken and 

biochemical parameters were evaluated on the last day of the experiment. According to the 

biochemical data, in DOX group in while the creatine kinase myocardial band (CK-MB), 

interleukin-6 (IL-6) interleukin-18 (IL-18), total oxidant status (TOS) and malondialdehyde (MDA) 

levels increased, the total antioxidant status (TAS) decreased compared to the control group. 

Compared to the DOX group, while the value of CK-MB, IL-6, IL-18, TOS, and MDA decreased, 

TAS increased in the DOX + TQ group. Results of our study shows that the deteriorative effects of 

doxorubicin on blood parameters can be corrected by thymoquinone. 
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Introduction 

Doxorubicin (DOX or Adriamycin) was 

isolated for the first time in the 1960s and is 

among the most effective anticancer agents 

developed so far. It is classified in the 

cytotoxic antibiotics used in the treatment of 

many child and adult cancers such as 

haematological cancers, solid tumours, breast 

cancer, soft tissue sarcomas and lymphoma 

(1). However, acute, and chronic side effects 
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can occur in patients with cancer receiving 

DOX treatment. Acute side effects such as 

myelosuppression, nausea, vomiting, and 

arrhythmias are reversible and can be 

clinically controlled. Although DOX 

provides successful results in many cancer 

treatments, it causes irreversible 

cardiomyopathy as a chronic side effect and 

consequently heart failure. These chronic side 

effects have poor prognosis (2). Although it 

has good therapeutic potentials, the main 

limitation of DOX is due to its cardiotoxic 

side effects (3). 

The mechanism of action of doxorubicin on 

tumour cells differs from the mechanisms that 

cause cardiotoxicity. The anti-malignant 

effects on tumour cells occur through the 

inhibition of the enzyme topoisomerase II, 

formation of reactive oxygen species and, 

consequently, DNA damage. In the 

mechanism that causes cardiotoxicity, it 

increases the reactive oxygen species (ROS) 

and triggers oxidative stress and lipid 

peroxidation and causes a decrease in the 

level of sulfhydryl groups and antioxidants 

(3). 

There are many mechanisms that are thought 

to be responsible for the damage caused by 

DOX in the heart. Among them, various 

mechanisms have been proposed such as 

oxidative stress, myofibrillary disruption, 

intracellular calcium regulation disruption, 

apoptosis (1, 4). Decrease in antioxidant and 

sulfhydryl groups and increase in reactive 

oxygen species and lipid peroxidation shows 

that oxidative stress is crucial in DOX- 

induced cardiotoxicity (5-7). We used 

thymoquinone (TQ), an antioxidant 

substance that can be effective in preventing 

DOX cardiotoxicity, in this study. 

Although many antioxidant substances have 

been used to prevent DOX cardiotoxicity, 

studies are ongoing to find the most ideal 

substance. In this study, thymoquinone, a 

phytochemical compound found in the oil of 

the plant nigella sativa was used to prevent 

DOX cardiotoxicity. Many properties of TQ 

(2-isopropyl-5-methyl-1,4-benzoquinone), 

the most important bioactive component 

found in the essential oil of nigella sativa 

seed, have been reported. It has been reported 

in conducted studies that nigella sativa and its 

components have anti-carcinogenic, anti- 

tumour, anti-ulcerogenic, anti-bacterial, anti- 

inflammatory   and  analgesic,  antioxidant, 

hypoglycaemic and immune-enhancing 

effects (8). The protective effects of TQ have 

been reported as a “protective agent” by 

examining the  toxicity caused by 

cyclosporine A (9), isoproterenol (10, 11), 

cyclophosphamide (12), and in ischemia- 

reperfusion models (13-15). 

The fact that DOX has exceptionally good 

therapeutic potential makes it indispensable 

in cancer treatments. However, the use of this 

drug has been limited because of its most 

important side effect, cardiotoxicity. In this 

study, we investigated the effects of 

thymoquinone, which has an antioxidant 

feature, on blood parameters to reduce the 

toxic effects of DOX. In this way, it is aimed 

to use DOX, which is restricted in use, with 

less side effects in chemotherapy. 

 
Materials and Methods 

Experimental Animals 

This study was approved by Celâl Bayar 

University (CBU) Faculty of Medicine Local 

Ethics Committee of Experimental Animal 

use with the decision dated 09/06/2015 and 

numbered 77.637.435-51. 18 adult Wistar 

albino rats of 200-300 grams of each were 
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used in the study. Experimental animals were 

obtained from CBU Experimental Animals 

Practice and Research Centre and kept in the 

same laboratory conditions during the study. 

During the experiment, they were kept in a 

12-hour  light-12-hour dark cycle  and 

provided access to standard water and food 

(ad libitum nutrition). The rats were housed 

in the laboratory, which averaged 22 ± 2 °C 

room temperature  and  40  ±  20% 

humidification. All experiments were carried 

out in accordance with the rules of Animal 

Ethics Committee and  Welfare  of   the 

Experimental Animals. 

18 rats were divided into 3 groups. There 

were 6 rats in each group. The DOX + TQ 

group received 50 mg / kg TQ with gavage 

for seven days and a single dose of 45 mg / kg 

DOX from the tail vein on the 5th day of the 

experiment. The control group received 

saline from tail vein on the 5th day of the 

experiment. The DOX group received a 

single dose of 45 mg / kg DOX (6, 7) from the 

tail vein on the 5th day of the experiment. 

Rats were sacrificed on the last day of the 

experiment, their total blood was collected 

and processed for the biochemical 

parameters. The experiment schedule is 

shown in figure 1. 

 

 
 

1st day 2nd day 3rd day 4th day 5th day 6th day 7th day 8th day 
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DOX +   TQ 
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    DOX 
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  Received TQ for seven days    

Figure 1: Experiment Schedule. TQ; thymoquinone, DOX; doxorubicin. 

 

Chemicals 

Thymoquinone and doxorubicin 

hydrochloride were obtained from Sigma- 

Aldrich, 0.9% NaCl from pharmacy, 

ketamine and xylazine from CBU 

Experimental Animal Research and Practice 

Centre. 

Anaesthesia and Sampling 

Ketamine (100 mg / kg) and xylazine (10 mg 

/ kg) anaesthesia was applied to the rats on the 

last day of the experiment (8th day). 

Anaesthesia depth was evaluated with a foot 

pedal reflex. After deep anaesthesia, the 

thorax was opened with an abdominal 

incision and total blood was taken from their 

hearts. While plasma samples were obtained 

from the collected blood, erythrocytes were 

separated and stored at –20 °C until analysis 

was performed. Superoxide dismutase (SOD) 

glutathione peroxidase (GPx) and catalase 

(CAT) antioxidant enzyme activities and 

MDA analyses were performed in erythrocyte 

hemolysate, while other parameters were 

measured in serum. 

Biochemical Parameters 

Nitric oxide (NO), hypoxia-induced factor-1 

α (HIF-1α), CK-MB, IL-1, IL-6, and IL-18 

levels were measured by ELISA tests. 

Analysis of total oxidant and antioxidant 

status were measured by TAS and TOS 
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technique developed by Erel (16) (17). MDA 

analysis, on the other hand, determined with 

the method reported by Yoshioka et al. (18), 

Erythrocyte CAT, SOD and GPx activities 

were determined by the method described by 

Nadif et al. (19). 

 
Statistical analysis 

SPSS 22.0 (Statistical Package for Social 

Sciences) statistics program was used for 

statistical evaluations. The evaluation of the 

data was determined by one-way analysis of 

variance (ANOVA). Tukey test, which is one 

of the multiple comparison (post hoc) tests, 

was used to determine which groups were 

statistically different. Mean and standard 

deviations of the measurements obtained 

from all subjects and calculated variables 

were found. p <0.05, p <0.01 were accepted 

as statistically significant. 

 
Results 

The results of the biochemical parameters and 

statistical evaluations measured in the blood 

samples taken from the groups are shown in 

Table 1. 
 

Table 1: Serum biochemical parameters (mean ± SD: mean ± standard deviation). 

 Control 

(n=6) 

Mean ± SD 

DOX 

(n=6) 

Mean ± SD 

DOX+TQ 

(n=6) 

Mean ± SD 

HIF 1α 

(ng/ml) 

3.51 ± 0.17 3.81 ± 0.63 3.22 ± 0.64 

IL-1 

(pg/ml) 

72.18 ± 11.08 81.08 ± 13.76 69.78 ± 10.02 

SOD 

(U/mg Hb) 

1.86 ± 0.82 1.22 ± 0.37 1.79 ± 0.54 

GPx 

(U/mg Hb) 

1.80 ± 0.95 1.45 ± 0.33 1.83 ± 0.65 

NO 

(µmol/L) 

61.42 ± 11.56 75.71 ± 18.07 64.50 ± 6.86 

CAT 

(k/g Hb) 

45.70 ± 29.32 35.66 ± 8.04 44.22 ± 22.84 

 

Effect of Thymoquinone on Myocyte 

Damage Marker 

As shown in Figure 2 (a), the serum level of 

CK-MB, an important marker of myocardial 

damage, increased significantly in the DOX 

group compared to the control group (p 

<0.05). However, when compared to the 

DOX group, the CK-MB level of the DOX + 

TQ group decreased significantly (p <0.05). 

Effects of Thymoquinone on Pro- 

inflammatory Cytokines 

Serum levels of pro-inflammatory cytokines 

IL-6 and IL-18 are shown in Figure 2 (b) and 

(c). Compared with the control group, there 

was a significant increase in both IL-6 (p 

<0.05) and IL-18 (p <0.01) levels in the DOX 

group. On the other hand, in the DOX + TQ 

group, there was a decrease in both IL-6 and 

IL-18 levels compared to the group given 

only DOX (p <0.05). 
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Figure 2: The effect of thymoquinone on serum CK-MB, IL-6, and IL-18 levels. *: Significant compared to the control 

group (p <0.05), $: Significant compared to the control group (p <0.01), #: Significant compared to the DOX group (p 

<0.05). 

 

Effect of Thymoquinone on Total 

Antioxidant and Total Oxidant Levels 

TAS and TOS were analysed in serum from 

all experimental groups. As shown in Figure 

3 (a) and (b), while the TAS decreased 

significantly (p <0.01), the TOS increased 

significantly (p <0.05) in the DOX group 

compared to the control group. While the 

TOS decreased (p <0.05), the TAS increased 

(p <0.05), when the DOX + TQ group 

compared to the DOX group. 

A significant increase in the level of MDA, 

the end product of lipid peroxidation, was 

observed in the DOX group compared to 

control group (p <0.01). The serum MDA 

levels decreased in the DOX + TQ group 

compared to the DOX group (p <0.05), 

[Figure 3 (c)]. 
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Figure 3: Effect of thymoquinone on serum TOS, TAS and MDA levels. *: Significant compared to the control group 

(p <0.05), $: Significant compared to the control group (p <0.01), #: Significant compared to the DOX group (p <0.05). 

 

 

Discussion 

This study set out with the aim of assessing 

the       importance       of       thymoquinone 

in preventing the crucial side effects of 

doxorubicin. Doxorubicin is a broad– 

spectrum anticancer agent used in many 

cancer treatments such as Hodgkin 

lymphoma, bladder, breast, stomach, lung, 

ovary, thyroid cancers, and soft tissue 

sarcomas. It has long been known that the 

most important side effect is cardiotoxicity, 

and its use has been limited due to this side 

effect. CK-MB, which is one of the enzymes 

that leak into the bloodstream when cardiac 

tissue damage occurs, is used as a cardiac 

marker in the diagnosis of cardiotoxicity (3). 

CK-MB is a plasma cardiac biomarker that 

helps in the laboratory diagnosis of heart 

attack as well. 

DOX administration causes damage to the 

myocardial cell membrane or increase in 

permeability of the cell membrane resulting 

in CK-MB leakage into the blood (3). In our 

study, we revealed that CK-MB, an important 
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cardiac marker and showing cardiac damage 

in the acute period, increased significantly 

only in the group receiving DOX. Compared 

to the DOX group, we found that the level of 

this marker in the DOX + TQ group 

significantly decreased in serum and 

approached the control group. Previous 

studies confirm our study results. It has been 

reported that CK-MB increase due to DOX 

(3), cyclophosphamide (12), ischemia 

reperfusion (14) and streptozotocin-induced 

diabetes (20) decreased significantly with 

TQ. This might be due to the high antioxidant 

property of TQ, which reduces the heart 

muscle myofibril damage caused by DOX 

and consequently preventing CK-MB iso- 

enzyme leakage from cardiac tissue to blood. 

IL-18, a cytokine synthesized by Kupffer 

cells, has been reported to activate 

macrophages. In patients with acute 

myocardial infarction (MI) it has been 

reported to be activated the T cells and 

macrophages. It is assumed that IL-18 attend 

in the development of myocardial 

dysfunction via activation of immune cells. In 

one study, plasma IL-18 concentrations were 

found to be significantly higher in acute MI 

patients than in control patients. According to 

the results of the study, it was commented that 

high IL-18 concentration may be a new 

indicator of heart damage in the development 

of acute MI (21). 

Production of reactive oxygen species (ROS) 

originating from doxorubicin usage causes 

oxidative stress and consequently 

cardiomyopathy (22). ROS activates pro- 

inflammatory cytokines. Compared to the 

control group, we found that the levels of IL- 

6 and IL-18, which are pro-inflammatory 

cytokines, increased significantly in the DOX 

group. We showed that the levels of IL-6 and 

IL-18 cytokines decreased in the DOX + TQ 

group. It was reported in previous studies that 

increase in the level of DOX-induced IL-2 (3) 

and the increase in the level of IL-6 in 

diabetes-induced cardiomyopathy (20) were 

prevented by TQ. We think that TQ prevents 

the increase in pro-inflammatory cytokine 

levels by preventing the increase in ROS level 

(by neutralizing ROS). 

Increased reactive oxygen species from DOX 

usage cause oxidative stress and consequently 

lipid peroxidation. MDA occurs because of 

lipid peroxidation and is an important 

indicator of damage caused by free radicals. 

Free radicals result in peroxidation of 

membrane phospholipids, causing changes in 

membrane permeability. DOX disrupts 

membrane functions by increasing free 

radicals and causes cardiotoxicity. In this 

study, a significant increase in the level of 

MDA occurred in the group receiving DOX. 

MDA levels decreased in the group receiving 

thymoquinone. In previous studies, it was 

reported that the increase of MDA in 

cardiotoxicity caused by DOX (3), 

isoproterenol (11), ethanol (23), carbon 

tetrachloride (24), and diabetes (20) 

decreased by TQ. TQ may reduce oxidative 

stress and peroxidation of lipid membranes 

by neutralizing reactive oxygen species with 

its antioxidant properties. 

DOX administration leads to increased ROS 

production in the body, cell dysfunction and 

impairment of cell membrane integrity. There 

are several antioxidant mechanisms in living 

organisms. The antioxidant system contains 

antioxidant enzymes and non-enzymatic 

antioxidants. Oxidant and antioxidant system 

balance is meticulously protected in the 

organism. When oxidants increase and 

antioxidants decrease, oxidative damage 
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occurs in biological structures. The term 

“oxidative stress” refers to the deterioration 

of the pro-oxidant/pro-antioxidant balance in 

the body in favour of pro-oxidants. Since 

individual measurement of antioxidant levels 

is time consuming and expensive, all 

antioxidant levels should be measured in the 

evaluation of the oxidant status in vivo. Total 

oxidant status and total antioxidant status are 

particularly important in terms of evaluating 

the stress of the body. TOS and TAS 

parameters are a combination of all oxidant 

and antioxidant parameters such as MDA, 

glutathione peroxidase and catalase (25). In 

this study, we used the TAS and TOS 

technique developed by Erel to determine 

oxidant and antioxidant levels (17). 

Compared to the control group, we found that 

TOS increased significantly and TAS 

decreased only in the group receiving DOX. 

While TAS was statistically increased in the 

group receiving TQ, TOS decreased. The 

balance deteriorated in favour of oxidants 

because of DOX administration was reversed 

by TQ. Our study results show that TQ is an 

important bioactive component that can play 

a role in maintaining the DOX-induced 

deteriorating oxidant-antioxidant balance. 

Our cells have various adaptation 

mechanisms to protect itself against oxygen 

deprivation. Cellular responses to hypoxia are 

mediated by hypoxia-induced factor-1 (HIF- 

1). HIF-1α provides transcription of proteins 

that respond cellularly to hypoxia (26). HIF- 

1α activation plays an important role in 

cellular protection and metabolic changes 

from the outcomes of oxygen deprivation 

during myocardial ischemia. An increase in 

HIF-lα level has been reported to be one of 

the first adaptive responses at the molecular 

level in myocardial ischemia (27). The 

expression of HIF-1α was also previously 

report to increase with the progression of 

heart failure  in   rats  with  myocardial 

infarction or hamsters with cardiomyopathy. 

The level of transcription factor HIF-lα has 

been showed to increase significantly in the 

group receiving DOX compared to the 

control group (28). In other study have been 

reported no to  be change in HIF-1α 

expression in DOX-treated mouse heart (29). 

In our study, the HIF-1α level measured in rat 

blood sample increased in the group treated 

with DOX. Compared to the DOX group, the 

level of HIF-1α decreased in the group 

receiving  DOX  + TQ. However, these 

differences were not statistically significant. 

NO is a free radical that has been play role in 

the aetiology of doxorubicin cardiotoxicity. 

In one study, DOX therapy has been shown to 

significantly   increase   plasma  NO 

concentration. According to the results of the 

study, there was a relationship between 

plasmatic NO levels and histopathological 

myocardial damage. Therefore, it has been 

suggested that plasmatic NO levels can be 

used   as   a   biomarker  for DOX-induced 

myocardial damage (30). Fogli et al. had 

suggested that there is a decrease in cardiac 

contractility due to overproduction of reactive 

oxygen radicals and NO, and the disruption in 

NO synthesis due to anthracyclines plays an 

important role in cardiotoxicity (31). In our 

study, serum NO concentrations of rats 

treated with DOX increased compared to the 

control group. The serum NO level of the rats 

receiving TQ decreased compared to the 

DOX group. However, these findings were 

not statistically significant. 

In conclusion, the present study has gone 

some way towards enhancing our 

understanding of the effects of thymoquinone 



D. Yıldız Pehlivan and G. Durdağı 

15 

 

 

 

in the prevention of DOX-induced 

cardiotoxicity in rats. Further research is 

needed to determine the effectiveness of 

thymoquinone more clearly. 
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