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INTRODUCTION
Gender differences are biological variations caused 
by hormonal, genetic, and epigenetic factors.1,2 
Elderly males and postmenopausal females have 
higher rates of cardiac disease, kidney disease, 
and hypertension compared to premenopausal 
females.3,4 In addition, the risk of specific types 
of damage has been linked to sex differences in 
mitochondrial bioenergetics in several situations.2,5,6 
Tissue damage could result from mitochondrial 
dysfunction and its related harmful elements, such 
as oxidative stress.7 Several indicators have been 
linked to oxidative stress like malondialdehyde 
(MDA), reduced glutathione (GSH), and total 
anti-oxidant capacity (T-AOC).8-11 Additionally, 
gender differences in oxidative stress responses are 
associated with differences in severity of oxidative 
stress-related disorders. Previous studies suggested 
that hormonal and non-hormonal influences, such 
as sex chromosomal gene expression, are involved 
in sex differences in stress response.12

Dox is a cytotoxic antibiotic drug that belongs to the 
anthracycline family. It is one of the most popular 
and efficient chemotherapeutic medications 
for the treatment of various malignancies, like 
Hodgkin's lymphoma, soft tissue, bladder, thyroid, 
breast, acute lymphoblastic leukaemia, ovarian, 
gastric, pulmonary cancer, bone sarcomas, and 
myeloblastic leukaemia.13,14 However, Dox clinical 
use is limited by its adverse effects, which include 
nephrotoxicity, cardiotoxicity, skin toxicity, and 
hepatotoxicity.15 Although the specific mechanism 
of Dox-induced toxicity is unknown. Several studies 
show that doxorubicin-induced toxicity is caused 
by oxidative stress, which causes intracellular 
thiol cross-linking and oxidation, as well as 
membrane lipid peroxidation.16 Furthermore, 
the increased  free radical generation and lipid 

and protein oxidation can lead to apoptosis.17 As 
a result, adding a concomitant therapy with Dox 
can potentially improve the effectiveness of cancer 
chemotherapy and reduce its adverse effects.18,19 

Coenzyme Q-10 (CoQ10) is an endogenously 
generated lipid-soluble antioxidant and a vitamin-
like molecule that is involved in the mitochondrial 
respiratory chain. Previous studies have shown 
that it possesses antioxidant and anti-inflammatory 
properties.20,21 CoQ10 acts as an acceptor of electrons 
in oxidative phosphorylation and serves to transform 
metabolic products into adenosine triphosphate 
(ATP) during the cellular respiration process for the 
synthesis of ATP.22 As a result, organs with greater 
metabolic activity, like the heart, kidneys, and liver, 
have the greatest concentration of CoQ10 for cellular 
ATP generation.23 CoQ10 may have antioxidative 
properties through rapid protective action against 
lipid peroxidation by lowering malondialdehyde 
(MDA) level, which is an indicator of damage 
caused by free radicals.24 In fact, the associations 
between CoQ10 and the improvement of general 
health has well defined, however, the role of CoQ10 
as a protective agent against drug-induced adverse 
effects, and the extent of protection with regard to 
sex difference has not yet clearly defined.25-28 The 
purpose of this study is to examine the gender 
differences in Dox-induced oxidative stress and 
the possible protective effect of CoQ10 against this 
Dox’s adverse effect.

MATERIALS AND METHODS
In this investigation, 62 adult albino rats of both 
genders were used. They weighed 250–50 g and 
were 10–12 weeks old. They were provided from the 
University of Mosul, college of Veterinary Medicine. 
The rats were kept in a controlled environment with 
a temperature of 25°C ± 2°C, humidity range of 45–
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50%, and housed for a week prior to the experiment 12-h light, 12-h 
dark cycle, lights on at 08:00 h, along with providing a normal amount 
of water and food. Dox (Saba-Turkey) with CoQ10 (21st Century-
USA) were administered to the rats. Tween 80 (schlau-SPAN) in an 
aqueous phase at 1% was employed to dissolve CoQ10.

Rats were divided into four groups for each gender. As controls, 
Groups A was administered a 1% aqueous Tween 80 solution. CoQ10 
(10 mg/kg) was given to groups B for 17 days.29 On day 13, Dox (15 mg/
kg) was administered intraperitoneally once to positive control group 
C.30 Group D was administered CoQ10 (10 mg/kg) for 17 days, while 
Dox (single dose, 15 mg/kg) was administered on day 13 of the trial.

The animals were euthanized via dislocation of their cervical spine. 
Animal euthanasia regulations were followed during this treatment. 
Before sacrifice, blood samples were obtained from the retro-orbital 
venous plexus. These samples were kept at room temperature for 30 
minutes before centrifugation at 3000 rpm for 15 minutes. Isoiated 
serum samples were kept at a temperature of -20°C in a freezer for the 
oxidative stress parameters assay.

Serum samples were used to calculate the amounts of MDA, GSH, and 
T-AOC. ELISA kits supplied by Elabscience USA were used to measure 
both MDA and GSH using the Competitive-ELISA principle strictly 
according to the manufacturers’ instructions. The optical density of 
the final product was monitored spectrophotometrically at 450 nm. 
T-AOC plasma concentration was measured using a colorimetric 
method by an assay Kit supplied by Elabscience USA according to 
the manufacturer’s protocol. The produced colour was determined by 
monitoring absorbance at 520 nm.

Statistical analysis
The GraphPad Prism application was used to analyse the data. The 
data were presented as Mean ± SD. To compare different groups, one-
way analysis of variance (ANOVA) was utilized, with Tukey's multiple 
comparison tests as a post-hoc analysis. To compare data between 
different genders, two-way ANOVA with Tukey's multiple comparison 
tests as a post-hoc analysis was used. P-value of < 0.05 was accepted as 
the significant level.

RESULTS

The effect of gender difference on Dox/CoQ10- induced 
MDA levels 
MDA levels in Dox-treated rats were considerably greater in both 
sexes than in control rats (Males: control, 64.8 ± 4.12 vs. Dox, 88.7 ± 
2.84; Females: control, 63.9 ± 3.70 vs. Dox, 79.6 ± 6.56). Moreover, 
pre-treatment with CoQ10 prevented the rise in MDA levels in rats 
receiving Dox in both males (70.01 ± 4.877) and females (67.80 ± 5.131) 
(Figure 1 A and B). The increase in MDA levels due to Dox treatment 
was significantly higher in males (88.66 ± 2.841) in comparison with 
females (79.61 ± 6.565). (Figure 1C) However, no significant gender 
variation was present regarding CoQ10 protection against the MDA-
inducing effect of Dox (Figure 1D).

The effect of gender difference on Dox/CoQ10-induced 
T-AOC levels 
Dox administration resulted in a significant reduction in T-AOC 
compared to controls in both sexes (Males: control, 14.6 ± 0.6 vs. Dox, 
4.9 ± 1.1; Females: 12.4 ± 2.16 vs. Dox, 4.1 ± 0.99). Serum T-AOC levels 
were significantly raised after pre-treatment with CoQ10 in both males 
(12.4 ± 1.53) and females (10.9 ± 0.79) (Figure 2: A and B). However, there 
is no significant gender difference in T-AOC level after Dox treatment or 
CoQ10 protection (Males: Dox (4.9 ± 1.11), Dox/CoQ10 (12.4 ± 1.53) vs. 
Females: Dox (4.1 ± 0.99), Dox/CoQ10 (10.9 ± 0.79)). (Figure 2: C and D)

The effect of gender difference on Dox/CoQ10- induced 
GSH levels

GSH levels is significantly decreased in Dox-treated rats compared 
to controls in both males (control: 12.2 ± 3.6 vs. Dox: 5.8 ± 1.1) 
and females (control: 13.6 ± 2 vs. Dox: 9.3 ± 1.65). Furthermore, a 
substantial decrease in the Dox-induced rise in GSH levels was seen 
after pretreatment with CoQ10 in both males (10.3 ± 2.50) and females 
(13.4 ± 1.69) of Dox-treated rats (Figure 3: A and B). Comparison 
between genders showed that Dox can significantly decrease GSH levels 
in males (5.76 ± 1.1) more than in females (9.3 ± 1.65) (Figure 3C). 
However, CoQ10 could increase GSH levels much higher in females 
(13.4 ± 1.69) compared to males (10.3 ± 2.50). (Figure 3D) 

DISCUSSION
The present study examined the role of gender difference on the protective 
effect of CoQ10 against Dox-induced oxidative stress in rats. Dox caused 
a significant increase in oxidative stress while pre-treatment with CoQ10 
resulted in significant protection against this effect. In addition, gender 
difference has an impact on the Dox and CoQ10 effects.

In the present study, Dox demonstrated oxidative stress via elevation of 
the oxidative stress marker MDA, a product of lipid peroxidation. This 

Figure 1: Gender difference in the protective effect of CoQ10 against Dox 
effects on serum MDA levels. Following a single dose of Dox (15 mg/kg) or 
a placebo, as well as with the presence or absence of CoQ10 pre-treatment 
with (10mg/kg orally daily), serum MDA levels are assessed. The resulting 
data is represented by mean ± S.D. The symbols **, ***, and **** denote p 
values below 0.01, 0.001, and 0.0001, respectively, one-way ANOVA for A 
and B, and a two-way ANOVA for C and D, followed by a Tukey’s post hoc 
test vs. control values.
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Figure 2: Gender difference in the protective effect of CoQ10 against Dox effects on serum T-AOC levels. Following a single dose of Dox (15 mg/kg) or a 
placebo, as well as with the presence or absence of CoQ10 pre-treatment with (10mg/kg orally daily), serum T-AOC levels are assessed. The resulting data 
is represented by mean ± S.D. **** denotes p < 0.0001. One-way ANOVA for A and B and two-way ANOVA for C and D were used, followed by a Tukey's post 
hoc test against control values.

Figure 3: Gender difference in the protective effect of CoQ10 against Dox effects on serum GSH levels. Following a single dose of Dox (15 mg/kg) or a 
placebo, as well as with the presence or absence of CoQ10 pre-treatment with (10mg/kg orally daily), serum GSH levels are assessed. The data is shown as 
mean ± S.D. * means p < 0.05; ** means p < 0.01; *** means p < 0.001; one-way ANOVA for A and B, and a two-way ANOVA for C and D, followed by a Tukey’s 
post hoc test vs. control values.
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is consistent with recent research by Khan et al., (2020).31 MDA is a key 
indicator of oxidative stress and cellular membrane damage and bodily 
aging.9-11 In the current study, CoQ10 prevented the elevation of Dox-
related MDA. The elimination of these ROS is one of the mechanisms 
through which CoQ10 acts as an antioxidant.32 Interestingly, this study 
showed that the effect of Dox on MDA level is gender dependent as 
Dox increased MDA level in males more than in females. With regard 
to MDA levels, the gender dimorphism was seen in a previous study on 
humans in which the MDA levels were substantially lower in females 
than in males. Females had lower MDA levels because they have 
more oestrogen, which is known to exhibit antioxidant capabilities 
in vitro and is associated with the overexpression of endogenous 
antioxidants.33,34 In addition, this variation in MDA concentration 
could be attributed to gender differences in NADPH-oxidase activity 
which produces MDA, or other yet-to-be-identified processes.35

In addition to the oxidative stress indicators, antioxidants 
measurement is very critical in evaluating oxidative stress. Serum 
T-AOC levels were found to provide an integrated measure rather 
than a simple sum of detectable antioxidants.36 The presented study 
showed that Dox could decrease the antioxidant biomarker T-AOC in 
consistent with a previous study.37 T-AOC marker takes into account 
the synergistic effects of all antioxidants found in biological fluids, 
resulting in an integrative system of these molecules. When compared 
to the activity of a single antioxidant, T-AOC has the better predictive 
ability and biological significance.8 Several pathogenic disorders 
linked to oxidative stress also have been shown to significantly reduce 
T-AOC.38-40 Moreover, the hydroquinone and quinone groups in the 
Dox chemical structure produce semiquinone radical intermediates, 
increasing ROS and depleting antioxidant defences.41 Pre-treatment 
with CoQ10 could significantly reverse the Dox-induced reduction in 
T-AOC. Additionally, CoQ10 could mediate another defence pathway 
that includes reduction of apoptosis and upregulation of glycoprotein 
in doxorubicin-induced toxicity. All of these findings support 
the protective effect of CoQ10 against Dox-induced toxicities.42 
Furthermore, the current study showed that gender difference has no 
impact on either Dox or CoQ10 effects on T-AOC plasma levels. 

According to our findings, Dox therapy resulted in considerable 
depletion of GSH as another antioxidant defence in the body.43 The 
glutathione system, which includes glutathione oxidase, glutathione 
reductase, and glutathione, provides optimal levels of O2

• and H2O2 
for tissue regeneration and immunological defence.44 As a result, 
the balance of oxidized to reduced glutathione (GSH) reveals the 
homeostasis of the cell redox and could be used to detect oxidative 
stress and as a target for drug-based antioxidant therapy.45 The current 
study found that CoQ10 can exert chemo protective activity against 
the Dox-induced GSH reduction. Previous clinical investigations 
have found that taking CoQ10 orally has positive effects on a variety 
of conditions related to low CoQ10 levels and high oxidative stress, 
including neurodegenerative, mitochondrial, and cardiovascular 
diseases.46 Interestingly, the present study showed that both Dox and 
CoQ10 effects are gender-dependent. In males, Dox has reduced GSH 
more than in females. This is in line with previous studies, which found 
that the lower toxicity might be due to the stronger potential of cellular 
defences in female rats against oxidative stress than in male rats.35 In 
addition, female mice were more resistant to anticancer toxic effects 
than male mice.47 CoQ10 could prevent the GSH reduction in females 
more than in males. A previous study on mice showed that females 
have higher GSH content in tissues that are sensitive to oestrogen. The 
authors concluded that this finding could be due to that females have 
significantly higher plasma oestrogen levels than males.48 According 
to Xu et al., (2018), the results showed that CoQ10 pretreatment 
significantly reduced gonadotropin requirements and elevated peak 
levels of estradiol (E2),49 which in turn has protection against oxidative 

stress. This has been shown to protect many organs from experimentally 
induced lipid peroxidation regardless of tissue type. In fact, the ovary 
has a lower baseline of oxidative damage to membrane lipids compared 
to other organs.50

Although our study showed that there is no significant difference in the 
basal level of GSH between genders, CoQ10 could elevate the level of 
GSH more in females compared to males due to also the different sex 
hormonal profiles. 

Moreover, the variation in the results in different genders could be 
due to other causes. According to several studies, males show a greater 
basal metabolic rate than females since their bodies have greater 
energy demands. This requirement accelerates male metabolism at the 
expense of producing more free radicals in the mitochondria during 
oxidative phosphorylation. This makes the male antioxidant system 
more susceptible to free radical-mediated damage than the female 
antioxidant system, despite the fact that both genders' antioxidant and 
detoxifying systems are similarly effective and physiologically strong. 
Furthermore, females are thought to have greater stress resistance due 
to their sex hormones (oestrogen and progesterone), which contain 
antioxidant, anti-aging, and perhaps even anticancer effects.51,52 

CONCLUSIONS
According to the current study, the anticancer drug doxorubicin can 
lead to oxidative stress which can be prevented by pre-treatment with 
CoQ10 in both genders. However, the extent of the Dox/CoQ10 
effects varied in the different genders as females show more 
resistance to the deleterious effect of Dox and more sensitivity 
to the protective effect of CoQ10. Finally, current study suggests 
that supplementing with CoQ10 may be helpful in lowering Dox-
induced oxidative stress in both sexes. 
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