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ABSTRACT
OBJECTIVES: This study aims to investigate the protective effects of thymoquinone and melatonin on the 
heart against doxorubicin-induced cardiotoxicity in rats.
BACKGROUND: Melatonin and thymoquinone may play an important role in cardiotoxicity.
METHODS: The subjects were divided into four groups: Control (physiological serum on 5th day), 
Doxorubicin (DXR), Doxorubicin+Melatonin (DXR+MEL, 10 mg/kg melatonin, intraperitoneally), and 
Doxorubicin+Thymoquinone (DXR+TQ, 50 mg/kg thymoquinone, orally). On the 5th day of the experiment, all 
groups were injected with 45 mg/kg DXR into the tail vein. On the 8th day of the experiment, ECG recordings 
were performed under anaesthesia.
RESULTS: Thymoquinone reduced the PR, QRS and QTc intervals, which were increased by DXR, while 
melatonin only reduced the QTc interval. Melatonin had a protective effect against the histopathological 
changes induced by DXR, while TQ did not demonstrate such an effect. DXR increased CK-MB, IL-6, MDA, 
IL-1, IL-18 levels and decreased SOD in the cardiac tissue. MEL reduced the levels of CK-MB, MDA, NO, 
SOD, IL-1, IL-6, IL-18. Meanwhile, TQ only reduced CK-MB, IL-1 and IL-18.
CONCLUSION: Our study showed that DXR induces cardiac injury and that melatonin improves biochemical 
parameters and offers histological protection; while thymoquinone improves ECG parameters and causes 
partial recovery of biochemical parameters (Tab. 4, Fig. 2, Ref. 41). Text in PDF www.elis.sk
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Introduction

Doxorubicin is an anthracycline antibiotic that is used in the 
treatment of various cancers including haematological cancers, 
solid tumours, and soft tissue sarcomas. The most prominent side 
effect of DXR is heart failure and cardiac injury.

Certain mechanisms such as oxidative stress, impairment of 
mitochondrial functions, apoptosis, myofi brillary disarray, disrup-
tion of intracellular calcium regulation, suppression of nucleic acid 
and protein synthesis, and reduced expression of heart-specifi c 
genes have been implicated in its toxic effects on the heart muscle 
(1) (2). However, oxidative stress, impairment of mitochondrial 
functions and apoptosis are the most prominent factors (3). The 
notion that oxidative stress plays a key role in the development of 
DXR-induced cardiomyopathy is corroborated by the increase in 
reactive oxygen species (ROS), decrease in antioxidant and sulf-
hydryl groups and increase in lipid peroxidation (4).

Certain antioxidant substances are being investigated with 
regard to the prevention of DXR-induced cardiotoxicity. One of the 
antioxidants that have been tested is melatonin which is secreted 
by the pineal gland. Besides its strong antioxidant effect, it was 
also reported to have a regulatory effect on the mitochondrial ener-
gy metabolism (3) and anti-apoptotic effects (5).

One of the substances that are considered to have a poten-
tially favourable effect in the prevention of DXR cardiomyopathy 
is thymoquinone. TQ is the most important bioactive ingredient 
found in black cumin oil (Nigella sativa). Black cumin and TQ 
were reported to have anticancerogenic, antiulcerogenic, anti-
infl ammatory and antioxidant effects (6). Their favourable ef-
fects on cardiac injury induced by certain medications (7) (8) and 
ischemia-reperfusion (9) have been previously reported; however, 
very few studies have reported the protective effects of TQ on the 
heart against DXR-induced toxicity (10, 11). 

DXR is an indispensable medication in the treatment of can-
cers. However, its toxic effect must be attenuated as it damages 
vital organs such as the heart. This study aims to investigate the 
effects of TQ against DXR-induced cardiotoxicity and to com-
pare this with the preventive effect of melatonin against cardiac 
injury. Thus, it will allow safer and more effective utilization of 
DXR, the use of which is restricted due to its serious side effects, 
in cancer treatment.
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Materials and methods

Experimental animals
This study was approved by the Celal Bayar University (CBU) 

Faculty of Medicine Experimental Research Local Ethics Com-
mittee (Approval number: 77.637.435-51, Date: 09/06/2015).

This study included 32 male Wistar albino rats weighing 230–
350 g. Rats were obtained from the CBU Experimental Animal 
Research and Application Centre and maintained under uniform 
laboratory conditions throughout the experiment. They were kept in 
a laboratory where a temperature of 22 ± 2 °C, a 12-hour light:12-
hour dark cycle, and a humidity of 40 ± 20 % were maintained. All 
rats were provided with tap water to drink and a standard pellet diet.

These 32 animals were divided into 4 groups, each composed 
of 8 rats. Some of the animals died during the experiment (because 
DXR is toxic) and were excluded from the study. Medications 
were administered over a 7-day period and the rats were sacri-
fi ced on the 8th day.
Control group

Injected intravenously (iv) with a single dose of physiological 
serum through the tail vein on the 5th day.
Doxorubicin group

Injected iv with a single dose of 45 mg/kg/day DXR through 
the tail vein on the 5th day (12).
Doxorubicin+Melatonin group

Injected intraperitoneally (ip) with 10 mg/kg/day melatonin 
for 7 days. Injected iv with a single dose of 45 mg/kg/day DXR 
on the 5th day.
Doxorubicin+Thymoquinone group

50 mg/kg/day TQ solution dissolved in ethanol and buffered 
with phosphate buffered saline (PBS) was mixed into pellet diet 
and administered orally for 7 days. Injected iv with a single dose 
of 45 mg/kg/day DXR on the 5th day.
Administered Chemicals

Doxorubicin hydrochloride, Melatonin, Thymoquinone, and 
Sodium pentobarbital were acquired from the Sigma-Aldrich 
Company and physiological serum was obtained from a pharmacy.

Analysis methods
Anaesthesia and collection of samples

Rats were injected ip with 50 mg/kg Sodium pentobarbital on 
the 8th day of the experiment. ECG recordings were performed 

under anaesthesia, after which the rats were sacrifi ced, and their 
cardiac tissues were extracted.
Evaluation of ECG Recordings

ECG (DII derivation) was recorded while the rats were under 
anaesthesia. The recordings were performed using the “PowerLab/
SP8” bioelectric recording device and the Lab Chart 7 computer 
software (ADInstruments, Australia). Durations of the QRS com-
plex, QT interval, PR interval and QTc (Corrected QT; Bazett’s 
Formula: QTc = QT / √RR) were measured. Statistical analyses 
were conducted by computing the mean of fi ve consecutive heart-
beats on ECG.

Histological evaluation
Left ventricular tissue samples collected from the rats were 

stained with haematoxylin-eosin (H&E) and examined using an 
Olympus Bx43 light microscope with an attached camera (Olym-
pus SC100).

The samples were evaluated with regard to the disorganiza-
tion of muscle fi bres, interstitial oedema, interstitial haemorrhage, 
nuclear degeneration, perinuclear vacuolization, infl ammatory 
cells, and fi brosis; and histopathological changes were scored. 
Each histopathological change was given a score of “1”, while 
no change was scored as “0”. The severity of histopathological 
damage was evaluated based on the total score of the parameters 
(0–2 points: No damage; 3–4 points: Mild damage; 5–7 points: 
Damage) (13).

Evaluation of biochemical parameters
Total oxidant and antioxidant levels (TOS (14) and TAS (15) 

(Rel Assay Diagnostics)), glutathione peroxidase (GPx (Randox 
Ransel)) (16) and superoxide dismutase (SOD (Randox Ransod)) 
(17) tissue protein hemolysate, haemoglobin levels were deter-
mined with the spectrophotometric method using an autoanalyzer; 
malondialdehyde (MDA) (18) and catalase (CAT) (19) were as-
sessed with the manual spectrophotometric method.

Nitric oxide (NO (Yehua Biological Technology)), hypoxia-
inducible factor (HIF-1α (YH-Biosearch)), creatine kinase myo-
cardial band (CK-MB (Shangai LZ Biotech Co)), tumour necrosis 
factor alpha (TNF-α (YH-Biosearch)), interleukin-1 (IL-1 (YH-
Biosearch)), interleukin-6 (IL-6 (YH-Biosearch)), interleukin-18 
(IL-18 (YH-Biosearch)) levels were measured with the ELISA 
assay.

Groups RR (sec)
Mean±SD

QRS (sec)
Mean±SD

PR (sec)
Mean±SD

QT (sec)
Mean±SD

QTc (sec)
Mean±SD

Control  0.237±0.018  0.016±0.001  0.043±0.004  0.077±0.010  0.158±0.019
DXR  0.269±0.054b  0.026±0.007c  0.063±0.013c 0.129±0.021c  0.250±0.037c

DXR+MEL  0.307±0.093c  0.023±0.002c  0.065±0.018c 0.120±0.029c  0.217±0.027c.d

DXR+TQ  0.352±0.076c.f.g  0.022±0.005c.d.g  0.057±0.013c.d.g 0.124±0.035c  0.207± 0.044c.d

p <0.001 <0.001 <0.001 <0.001 <0.001
SD: Standard Deviation, DXR: Doxorubicin, MEL: Melatonin, TQ: Thymoquinone a: Signifi cant difference from the control group (p < 0.05), b: Signifi cant difference from 
the control group (p < 0.01), c: Signifi cant difference from the control group (p < 0.001), d: Signifi cant difference from the DXR group (p < 0.05), e: Signifi cant difference 
from the DXR group (p < 0.01), f: Signifi cant difference from the DXR group (p < 0.001), g: Signifi cant difference from the DXR+MEL group (p < 0.05), h: Signifi cant 
difference from the DXR+MEL group (p < 0.01), ı: Signifi cant difference from the DXR+MEL group (p < 0.001).

Tab. 1. Values of ECG parameters of the groups.



Yildiz Pehlivan D et al. The effects of melatonin and thymoquinone on doxorubicin-induced cardiotoxicity in rats 

xx

755

Statistical analysis
All statistical analyses were conducted using the SPSS 22.0 

(Statistical Package for Social Sciences) statistics software. Cross-
group differences were analysed using the Kruskal-Wallis variance 
analysis and the Mann–Whitney U test. In the statistical analyses 
of histological fi ndings, the chi-square test was applied. Mean and 
standard deviation values were computed and cases associated with 
a p-value below 0.05 were considered signifi cant.

Results

ECG results
Table 1 present results and statistical analyses of ECG pa-

rameters. When ECG parameters of rats in DXR, DXR+MEL, 
DXR+TQ groups were compared with the control groups, RR, 
PR, QRS, QT and QTc intervals were revealed longer (Tab. 1).

Compared with the DXR group, the DXR+MEL group dem-
onstrated a shorter QTc time (p < 0.05). Compared with the DXR 
group, the DXR+TQ group demonstrated shorter PR, QRS and QTc 
times (p < 0.05) and a longer RR interval (p < 0.001). Compared 
with the DXR+MEL group, the DXR+TQ group showed shorter 
PR and QRS intervals and a longer RR interval (p < 0.05) (Fig. 1). 

Histological fi ndings
Mean damage scores obtained by the examination of the tissues 

under a light microscope are presented in Tables 2 and 3. The mean 
score of the control group was lower than those of the DXR and 

DXR+TQ groups with statistical signifi cance (p < 0.01). The mean 
score of the DXR+MEL group was signifi cantly different than that 
of the DXR group (p < 0.01). The mean score of the DXR+TQ group 
was lower than that of the DXR group, however this difference was 
not statistically signifi cant. Compared with the DXR+MEL group, 
the DXR+TQ group showed a signifi cant increase (p < 0.01) (Fig. 2).

Biochemical fi ndings
Results of the biochemical parameters measured in the experi-

mental groups and statistical analyses are presented in Table 4.
CK-MB levels were found to be signifi cantly higher in the 

DXR group compared with the control group (p < 0.05). Com-
pared with the DXR group, both the DXR+MEL and DXR+TQ 
groups showed signifi cantly lower levels (p < 0.05). However, the 
DXR+MEL and DXR+TQ groups were not signifi cantly different 
in terms of the amount of decrease in CK-MB levels.

When evaluated with regard to interleukin-1 levels, the DXR 
group showed higher levels than the control group (p < 0.01). Com-
pared with the DXR group, both the DXR+MEL and DXR+TQ 
groups demonstrated signifi cantly lower levels (p < 0.01). On the
other hand there was not a signifi cant difference between the 
DXR+MEL and DXR+TQ groups in terms of the amount of de-
crease in IL-1 levels.

A B

C D

Fig. 1. ECG (DII derivation) recording obtained in the experiment (A) Control group; (B) DXR group; (C) DXR+MEL group; (D) DXR+TQ group.

 Groups No damage
n (%)

Mild damage
n (%)

Damage
n (%)

Total
n (%)

Control 6 (85.7) 1 (14.3) 0 (0.0) 7 (100)
DXR 0 (0.0) 0 (0.0) 6 (100) 6 (100)
DXR + MEL 4 (57.1) 2 (28.6) 1 (14.3) 7 (100)
DXR + TQ 0 (0.0) 0 (0.0) 6 (100) 6 (100)

Tab. 2. Distribution of the animals according to the severity of histo-
pathological left ventricular injury.

Groups n Mean±SD
Control 7 1.0±1.29
DXR 6 6.16±0.75b

DXR + MEL 7 2.42±1.71e

DXR + TQ 6 5.83±0.98b.h

SD: Standard Deviation, DXR: Doxorubicin, Mel: Melatonin, TQ: Thymoquinone 
a: Signifi cant difference from the control group (p < 0.05), b: Signifi cant difference 
from the control group (p < 0.01), c: Signifi cant difference from the control group 
(p < 0.001), d: Signifi cant difference from the DXR group (p < 0.05), e: Signifi cant 
difference from the DXR group (p < 0.01), f: Signifi cant difference from the DXR 
group (p < 0.001), g: Signifi cant difference from the DXR+MEL group (p < 0.05), 
h: Signifi cant difference from the DXR+MEL group (p < 0.01), ı: Signifi cant dif-
ference from the DXR+MEL group (p < 0.001).

Tab. 3. Mean histopathological left ventricular injury scores.
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Compared with the control group, the 
DXR group showed signifi cantly higher 
IL-6 levels (p < 0.05). In comparison to the 
DXR group, the DXR+MEL group showed 
a signifi cant decrease (p < 0.01). When com-
pared with regard to the amount of decrease 
in IL-6, a statistically signifi cant difference 
was determined between the DXR+MEL 
and DXR+TQ groups (p < 0.05).

When evaluated with regard to the levels
of IL-18, which is a proinfl ammatory cyto-
kine, the DXR group showed a signifi cant 
increase (p < 0.01); the DXR+MEL group 
a signifi cant decrease (p < 0.01); and the 
DXR+TQ group a non-signifi cant decrease 
compared to the control group. Compared 
with the DXR group, both the DXR+MEL 
and DXR+TQ groups demonstrated marked-
ly lower levels (p < 0.01). The decrease de-
termined in the DXR+MEL group was more 
pronounced than that in the DXR+TQ group, 
and this difference was signifi cant (p<0.05).

Levels of MDA, which is an end pro-
duct of lipid peroxidation, showed a sta-
tistically signifi cant increase in the DXR 
group compared to the control group (p < 
0.05). Compared with the DXR group, the 
DXR+MEL group showed a signifi cant de-
crease (p < 0.05), while the decrease ob-
served in the DXR+TQ group did not reach 
statistical signifi cance.

NO levels demonstrated a non-signifi -
cant increase in the DXR group compared to 
the control group. Compared with both, con-
trol and DXR group, the DXR+MEL group 
showed a signifi cant decrease (p < 0.05).

When levels of the SOD enzyme, which 
is an endogenous antioxidant and converts 
superoxide to hydrogen peroxide, were 
compared with the control group, a signifi -
cant decrease was found in the DXR (p < 
0.05) and DXR+MEL group (p < 0.01) and 
a non-signifi cant increase was observed in 
the DXR+TQ group. When compare with 
DXR+MEL group, DXR+TQ group showed 
a signifi cant increase (p < 0.05).

Discussion

Evaluation of Electrocardiography Results

Electrocardiographic effects of doxorubi-
cin-induced cardiotoxicity

Compared with the control group, the 
DXR group demonstrated signifi cantly lon-

Control
(n=7)

Mean±SD

DXR
(n=6)

Mean±SD

DXR+MEL
(n=7)

Mean±SD

DXR+TQ
(n=6)

Mean±SD
CK-MB
(ng/mg protein) 7.29±1.77 12.40±2.57a 6.73±2.11d 6.23±2.21d

HIF-1α
(ng/mg protein) 2.27±0.28 2.56±1.35 1.62±0.59 2.19±0.90

TNF-α
(pg/mg protein) 101.18±20.84 131.50±45.49 103.35±3.97 105.73±4.63

IL1
(pg/mg protein) 30.09±6.47 64.03±18.68b 22.30±5.12e 22.12±8.57e

IL6
(ng/g protein) 3.64±1.05 8.48±2.83a 2.55±0.84e 4.94±1.84g

IL18
(pg/mg protein) 136.83±9.29 231.96±52.08b 62.96±11.59b.e 107.84±34.31e.g

MDA
(nmol/mg protein) 242.33±32.77 315.57±63.57a 177.85±97.45d 267.16±109.41

NO
(μmol/g protein) 62.86±8.94 91.54±23.99 31.83±4.38a.d 60.28±26.13

SOD
(U/mg protein) 8.90±1.22 6.93±1.41a 5.87±1.70b 9.28±2.58g

GPx
(U/mg protein) 1.66±0.83 1.57±0.39 1.06±0.40 1.20±0.24

CAT
(k/g protein) 10.72±8.25 5.80±4.18 3.95±1.29 3.63±1.23

TAS
(mmol/g protein) 0.11±0.03 0.12±0.03 0.08±0.04 0.15±0.07

TOS
(μmol/g protein) 0.47±0.15 0.68±0.39 0.59±0.45 0.85±0.82

SD: Standard Deviation, DXR: Doxorubicin, Mel: Melatonin, TQ: Thymoquinone a: Signifi cant difference from 
the control group (p < 0.05), b: Signifi cant difference from the control group (p < 0.01), c: Signifi cant difference 
from the control group (p < 0.001), d: Signifi cant difference from the DXR group (p < 0.05), e: Signifi cant dif-
ference from the DXR group (p < 0.01), f: Signifi cant difference from the DXR group (p < 0.001), g: Signifi cant 
difference from the DXR+MEL group (p < 0.05), h: Signifi cant difference from the DXR+MEL group (p < 0.01), 
ı: Signifi cant difference from the DXR+MEL group (p < 0.001).

Tab. 4. Values of biochemical parameters.

A B

C D

Fig. 2. Images of the left ventricle obtained from the (A) Control group; (B) DXR group; (C) 
DXR+MEL group; (D) DXR+TQ group. Haematoxylin&Eosin staining, bar: 20 μm.

: perinuclear vacuolization,  : nuclear degeneration,  : interstitial haemorrhage,
: disorganization of fi bres,  : infi ltration,  : fi brosis,  : interstitial edema
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ger PR, QRS, QT and QTc intervals. Further, the increase deter-
mined in the RR interval indicates that DXR slows down the heart 
rate. There are many studies in the literature that support our re-
sults. Rats (20) (21) (22) and mice (23) (24) injected with DXR 
were reported to show signifi cantly lower heart rates. Again, QRS 
(20), PR (21) and QT (20) (21) (22) intervals in rats, and QRS 
(24) and QT (23) intervals in mice were reported to be extended. 
Mantawy and colleagues (25) reported that doxorubicin application 
induced a signifi cant decrease in the heart rate and an increase in 
QRS, PR, QTc intervals in comparison to controls.

The increase in the RR interval reveals that the sinoatrial node 
function is impacted. The DXR-induced increases in PR and QRS 
intervals indicate that, both, atrioventricular and intraventricular 
conduction are delayed. A longer QT interval suggests an increase 
in the repolarization time and may indicate a delay in the outfl ow 
of K+ ions from the cell.
Electrocardiographic Effects of Melatonin

In our study the melatonin group showed a signifi cantly shorter 
QTc interval than the DXR group. These results suggest that 
melatonin decreases repolarization time. In parallel to our results, 
Ashgari and colleagues (26) reported that when melatonin was 
administered against aluminium phosphide-induced cardiotoxi-
city, caused a dose-dependent decrease in QRS and QTc intervals.

According to our results, the DXR+MEL group showed a 
longer RR interval compared to the controls. Certain studies have 
reported melatonin to decrease heart rate (27) (28). Dose-depen-
dent intravenous injections of melatonin were reported to cause 
bradycardia via sympathetic inhibition or parasympathetic stimu-
lation (29). Another study stated that melatonin decreases the 
heart rate by modulating the baroreceptor refl ex that regulates 
the heart rate and that this effect was mediated by the melatonin 
receptors found in the area postrema located outside of the blood-
brain barrier (30).
Electrocardiographic effects of thymoquinone

The QRS, PR, QT and QTc intervals of the DXR+TQ group 
were longer compared to the control group and shorter compared 
to the DXR group. QRS and PR results suggest that TQ shortens 
atrioventricular and intraventricular conduction times in the heart. 
The alleviation of the DXR-induced increase in the QTc interval 
by TQ indicates that TQ infl uences repolarization. The DXR+TQ 
group showed a signifi cantly longer RR interval than both, the con-
trol and the DXR groups. There is data in the literature suggesting 
that Nigella Sativa oil decreases heart rate (31). The results of our 
study show that TQ can prevent the DXR-induced impairment of 
ECG parameters (except for the RR interval).

Evaluation of histological fi ndings
When compared with the control group, DXR was found to 

have caused tissue damage in all experimental groups. The his-
topathological changes induced by DXR were signifi cantly im-
proved by melatonin, whereas the improvement caused by TQ 
was not pronounced enough to reach statistical signifi cance. In 
the literature, melatonin has been reported to reduce the cardiac 
injury induced by DXR (32) (33) and 2,3,7,8-Tetrachlorodibenzo-
-p-dioxin (27).

Evaluation of biochemical fi ndings
CK-MB is an isoenzyme that refl ects cardiac damage in the 

acute phase. The CK-MB levels of the DXR group were determined 
to be higher than those of the control group. The administration of 
melatonin or thymoquinone with DXR prevented the DXR-induced 
increase in CK-MB. These results are in accordance with the litera-
ture. Isoproterenol-induced infarction (28), Adriamycin (34) and 
aluminum phosphide- induced cardiotoxicity (26) have reported 
that melatonin causes a dose-dependent decrease in CK-MB le-
vels. Elevated CK-MB levels that arise from cyclophosphamide- (8)
and DXR-induced (35) cardiotoxicity and ischemia-reperfusion 
(36) were reported to be signifi cantly reduced by TQ. Similarly, 
the administration of Nigella Sativa oil against acetate-induced 
cardiotoxicity was reported to lower CK-MB levels (31).

Superoxide radical is a reactive oxygen species. Elevated ROS 
production leads to oxidative stress. ROS activate proinfl amma-
tory mediators. Compared with the control group, the DXR group 
showed signifi cantly higher levels of proinfl ammatory cytokines 
(IL-1, IL-6 and IL-18). We found that the administration of mela-
tonin and TQ prevented DXR-induced elevated cytokine levels. 
These results are in congruence with the literature. Melatonin was 
reported in one study to supress cytokines and the expression of in-
fl ammatory mediators (37). Studies have reported thymoquinone to 
reduce oxidative stress and infl ammation (38) and IL-2 levels (35).

MDA is a product of lipid peroxidation and is an important 
indicator of free radical-induced damage. DXR disrupts membrane 
functions by increasing free radicals and leads to cardiotoxic ef-
fects. In the present study, the DXR group was found to have a 
signifi cantly higher MDA value than the control group. Melato-
nin prevented the DXR-induced elevated MDA levels. There are 
studies in the literature that have reported melatonin to decrease 
MDA levels (26, 27, 28, 33). In the present study, the fact that TQ 
was not able to generate a signifi cant difference in MDA levels 
despite causing a decrease towards control levels can be explained 
by the large standard deviation values. In the literature, elevated 
MDA levels induced by DXR (35), ischemia-reperfusion (36) and 
isoproterenol (38) were reported to be reduced by TQ; and high 
MDA levels induced by cyclosporin A (7) and acetate (31) were 
reported to be reduced by Nigella sativa applications.

NO is a reactive radical. Physiological concentrations of reac-
tive NO are thought to suppress the apoptotic process. Elevated 
NO levels can have pro-apoptotic effects as the mentioned protec-
tive effect is eliminated. Compared with the control group, DXR 
caused an increase in NO. However, this difference was not sta-
tistically signifi cant. Melatonin and thymoquinone are expected to 
inhibit NO production via their antioxidant effects. The administra-
tion of melatonin with DXR caused a signifi cant decrease in NO 
compared to the DXR group. In one study, melatonin was shown 
to have a NO scavenging effect (39). Compared with the group 
injected with DXR, we determined a decrease in the NO values 
of the group treated with thymoquinone, however this difference 
was not statistically signifi cant.

Levels of the SOD enzyme were signifi cantly lower in both, 
the DXR and the DXR+MEL groups when compared to the control 
group. DXR causes an increase in superoxide radical production by 
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suppressing the activity of SOD (40). The decrease in SOD levels 
induced by melatonin can be linked to no need for SOD activity 
due to the free radical scavenging effect of melatonin (41). The 
group treated with TQ demonstrated an increase in SOD levels, 
albeit not signifi cant. The literature contains evidence supporting 
the notion that TQ increases SOD levels (35, 36). 

General review

In this study the electrocardiographic, biochemical and histo-
logical data obtained reveal a damaging effect of DXR on the heart.

According to the results of our study, while melatonin is 
more successful in improving the biochemical parameters and 
histopathological changes; thymoquinone is more successful in 
improving ECG parameters. The protective effects of melatonin 
on the heart have previously been reported by various researchers
(13, 32, 33). Literature data on thymoquinone is quite limited 
and studies have reported thymoquinone to be a cardioprotective 
agent against DXR (10, 11). We conclude that further studies are 
needed to investigate the cardioprotective effect of thymoquinone 
with regard to dosages and treatment durations. 
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