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ABSTRACT

Objective: This work was designed to investigate the effect of Vitamin E and the coenzyme Q10(CoQ10) supplementation on neurotoxicity induced 
by doxorubicin (Dox) in rats.

Methods: Forty-nine adult Albino rats of both sexes were utilized in this study; animals were randomly enrolled into seven groups of seven animals 
each. Group  I: Control (rats administered corn oil); Group  II: Vitamin E at a dose of 100  mg/kg/day for 3  weeks; Group  III: CoQ10 at a dose of 
50 mg/kg/day for 3 weeks; Group IV: DOX (2.5 mg/kg) intraperitoneally (IP) injected every other day for 2 weeks; Group V: Vitamin E (100 mg/kg/day) 
orally administered for 3 weeks prior to a DOX 2.5 mg/kg IP injected every other day for 2 weeks; Group VI: Co Q10 (50mg/kg/day) for 3 weeks 
orally-administered prior to a IP dose of Dox 2.5 mg/kg every other day for 2 weeks. Group VII: Co Q10 (50mg/kg/day), Vitamin E (100mg/kg) for 3 
weeks orally-administered prior to a IP dose of  Dox 2.5 mg/kg every other day for 2 weeks. Twenty-four hour after the end of the treatment duration, 
brain of each animal was excised and part of it to be utilized to prepare homogenate for the estimation of caspase-3 (CASP-3), and the remaining part 
is used for immunohistochemistry examination and to estimate the percent of apoptotic index by terminal deoxynucleotidyl transferase-mediated 
deoxyuridine triphosphate nick end labeling (TUNEL) assay.

Results: Vitamin E and CoQ10 significantly (p<0.05) reduced CASP-3, reduced the percent apoptotic index of TUNEL-assay, and there was an 
improvement in the immunohistochemistry of rats’ brain in Groups V, Group VI, and group VII by reducing number of apoptotic cells compared to 
Group IV.

Conclusion: Both Vitamin E and CoQ10 may have a protective effect against Dox-induced neurotoxicity in rats.

Keywords: Vitamin E, Coenzyme Q10, Doxorubicin, Neurotoxicity, TUNEL-assay, caspase-3.

INTRODUCTION

Cancer is considered as a serious global health problem that is 
expected to grow rapidly in the next few years, due mainly to 
unhealthy lifestyles and environmental carcinogens [1]. According to 
the International Agency for Research on Cancer in 2002, an estimated 
11 million people were diagnosed with cancer and 7 million died from 
malignant disease [2].

Early diagnosis, health care, and developments of various therapies 
have resulted in a significant improvement of cancer survival, being 
estimated that up to two-third of cancer has been eventually cured, 
with striking differences among tumors [3]. For almost a century, 
systemic therapy of cancer has been dominated by the use of cytotoxic 
chemotherapeutics. Most of these drugs are DNA-damaging agents 
that were designed to damage or inhibit rapidly dividing cells [4].

Anthracyclines, including doxorubicin (DOX), are the most efficacious 
anticancer drugs available; their use has extended over three decades 
despite numerous adverse effects [5]; where it is widely used for 
the treatment of human’s solid tumors by blocking the process of 
replication in the malignant cells [6].

The clinical use of DOX can be compromised by the development of 
life-threatening adverse effects, such as myelosuppression, fatigue, 
and cognitive impairments [7]. In addition, it has been revealed that 
chemotherapeutic agents, including DOX, are responsible for brain 
tissue injury. The neurobehavioral changes induced by DOX have been 
indicated by authors through the utilization of rodent models [8].

Nowadays, it is well documented that the central nervous system (CNS) 
and the immune system (IS) are intimately linked through bidirectional 
chemical messengers [9]. Importantly, it has been implicated in 
neurodegenerative diseases that accompany CNS injuries  [10]. The 
authors reported that patients undergoing chemotherapy for breast 
cancer have consistently shown their depressed mood and decreased 
interest in surroundings [11].

Vitamin E is the major chain-breaking antioxidant in the body 
tissues and is the first line of defense against lipid peroxidation, 
protecting cell membranes from free radical attacks through its 
free radical quenching activity. It can protect polyunsaturated fats 
in cell membranes that are important for membrane structure and 
function, and increased intake of Vitamin E was reported to enhance 
immune response [12]. Furthermore, Vitamin E may regulate platelet 
aggregation by inhibiting the platelet cyclooxygenase (COX) activity, 
and thus it may decrease the production of prostaglandin. It also has a 
role in the regulation of protein kinase C activation [13].

Coenzyme Q10 (CoQ10) in the reduced state is an excellent 
antioxidant, being able to donate its electrons to free radicals such as 
the hydroxyl radical thereby breaking the free radical cascade [14]. 
While in its oxidized state, it can accept electrons from free radicals 
such as the superoxide radical [15].

The unique free radical scavenging properties of CoQ10 have been 
led to a variety of clinical studies to assess its efficacy in ameliorating 
various disease states. A  considerable amount of published data 
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existed on the effects of oral administration of CoQ10 in improving or 
preventing various medical conditions as atherosclerosis [16], loss of 
heart muscle contractility [17,18].

The aim of this study is to investigate the effect of Vitamin E and CoQ10 
on DOX-induced neurotoxicity in rats.

METHODS

Chemicals
DOX as hydrochloride (50  mg vial) was purchased from EBEWE 
Pharma, AUSTRIA. Vitamin E (soft gelatin capsule 400  mg) was 
purchased from Geltec Private Limited, India, and CoQ10 (soft gelatin 
capsule 30 mg) was purchased from Basic nutrition, United Kingdom.

Animals
Forty-nine healthy adult albino rats of both sexes, 3 months old, weighing 
160–250  g were utilized in this study; they were obtained from and 
maintained in the Animal House of the College of Pharmacy, Baghdad 
University, under conditions of controlled temperature. The animals 
were fed commercial pellets and tap water ad libitum throughout the 
experiment period. The study was approved by the Scientific and the 
Ethical Committees of the College of Pharmacy/University of Baghdad.

Experimental protocol
The healthy rats were randomly divided into seven groups (7 animals/
group) as follows:
	 Group I - Rats orally administered corn oil (1 ml/kg/day) alone for 

3 weeks. This group served as control [19].
	 Group  II  -  Rats orally administered Vitamin E alone at a dose of 

100 mg/kg/day alone for 3 weeks [19].
	 Group III - Rats orally administered CoQ10 at a dose of 50 mg/kg/

day alone for 3 weeks [20].
	 Group IV - Rats intraperitoneally (IP) injected with DOX every other 

day at a dose of 2.5 mg/kg for 2 weeks [21].
	 Group V - Rats orally administered 100 mg/kg/day Vitamin E for 

7  days before starting DOX injection and continued for 2  weeks; 
where, it administered 1 h prior to DOX IP injected every other day 
at a dose of 2.5 mg/kg [20].

	 Group VI - Rats orally administered 50 mg/kg/day CoQ10 for 7 days 
before starting DOX injection and continued for 2 weeks; where, it 
administered 1 h prior to DOX IP injected every other day at a dose 
of 2.5 mg/kg [19].

	 Group VII - Rats orally administered 100 mg/kg/day Vitamin E and 
50 mg/kg/day CoQ10 for 7 days before starting Dox injection and 
continued for 2 weeks; where, they were orally administered 1 h 
prior to DOX IP injected every other day at a dose of 2.5 mg/kg [20].

Twenty-four hour after the end of the treatment duration, each animal 
was euthanized by diethyl ether. After that, the skull of each animal was 
broke by surgical scissor then the brain was excised for homogenate 
preparation and part of the brain for immunohistochemistry 

examination by terminal deoxynucleotidyl transferase-mediated 
deoxyuridine triphosphate nick end labeling (TUNEL) assay.

Estimation of caspase-3 (CASP-3) in brain homogenate
Rats’ brain homogenate was used for the estimation of CASP-3 enzyme 
activity by using ELISA kit (Elabscience, USA).

Immunohistochemistry examination
Neurocyte apoptosis was investigated by TUNEL assay. The TUNEL 
method, which detects fragmentation of DNA in the nucleus during 
apoptotic cell death in situ, was employed using an apoptosis detection 
kit (Novus, Biological, USA). The average ratio of the total TUNEL-
positive neurocyte number was calculated from randomly selected 10 
microscopic high-power fields for each rat in all of the groups. This ratio 
represented the apoptotic index of the sample and it was compared 
between groups.

Statistical analysis
Data were expressed as the mean±standard error of the mean (SEM). 
Unpaired Student t-test was used for testing the significant difference 
between two groups. The statistical significance of the differences 
among various groups was determined by one-way analysis of 
variance. Differences were considered statistically significant for 
p<0.05.

RESULTS

Effect of Vitamin E and CoQ10  against Dox on Caspase-3 (CASP-3) 
rats’ brain homogenate
Table  1 showed that there were non-significant differences (p>0.05) 
in CASP-3 activity level in brain tissue homogenate in group of rats 
orally administered Vitamin E (100  mg/kg/day alone for 3  weeks) 
(Group II) compared to control group (Group I). Mean±SEM of CASP-3 
levels in brain tissue homogenate were, respectively, 4.9±0.528 versus 
6.1±0.794. In similar fashion, there were non-significant differences 
(p>0.05) in CASP-3 activity level in brain tissue homogenate in group 
of rats orally administered CoQ10 (50 mg/kg/day alone for 3 weeks) 
(Group III) compared to control group (Group I). Mean±SEM of CASP-3 
levels in brain tissue homogenate were, respectively, 5.5±0.582 versus 
6.1±0.794.

Furthermore, rats IP injected with DOX every other day at a dose 
of 2.5  mg/kg for 2  weeks (Group  IV) produced significant elevation 
(p<0.05) in the level of CASP-3 activity in brain tissue homogenate 
compared to control group (Group  I). Mean±SEM of CASP-3 levels 
in brain tissue homogenate were, respectively, 17.5±0.601 versus 
6.1±0.794 Table 1.

Moreover, there were significant reduction (p<0.05) in CASP-3 activity 
level in brain tissue homogenate in groups of rats treated with either 
100  mg/kg/day Vitamin E prior to 2.5  mg/kg of DOX (Group  V), 
50  mg/kg/day CoQ10 prior to 2.5  mg/kg of DOX (Group  VI), or 

Table 1: Effects of various treatments on CASP‑3 activity levels in rats’ brain homogenate and percent (%) of apoptotic index of TUNEL 
assay of rats’ brain after IP injection of DOX for rat (number of rats=7)

Group/Treatment CASP‑3 (pg ̸ml) for homogenate 
of rats’ brain (Mean±SEM)

Percent (%) of apoptotic index 
in rats’ brain (Mean±SEM)

Group I/Control/Corn oil 6.1±0.794 5.7±1.6
Group II/Vitamin E (100 mg/kg/day) 4.9±0.528 6±1
Group III/Coenzyme Q10 (50 mg/kg/day) 5.5± 0.582 5.4±1.06
Group IV/Doxorubicin (Dox) (2.5 mg/kg) 17.5±0.601*a 62.8±6.5*a

Group V/Vitamin E (100 mg/kg/day) prior to doxorubicin (2.5 mg/kg) 11.8±0.877bA 26.4±5bA

Group VI/Coenzyme Q10 (50 mg/kg/day) prior to doxorubicin 
(2.5 mg/kg)

12.6±0.986cA 32±5cA

Group VII/Vitamin E (100 mg/kg/day) and Coenzyme Q10 
(50 mg/kg/day) prior to doxorubicin (2.5 mg/kg)

11.3± 0.714dA 35.2±5.4dA

Each value represents mean±SEM. *Significantly different (p<0.05) with respect to the control group. Values with non‑identical small letters superscripts (a, b, c, and d) 
are significantly different (p<0.05) using unpaired Student’s t‑test. Values with an identical capital letter superscript (A) are non‑significantly different (p>0.05) 
among (V, VI, and VII) groups using ANOVA. SEM: Standard error of means, CASP‑3: Caspase‑3, DOX: Doxorubicin, CoQ10: Coenzyme Q10
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100  mg/kg/day of Vitamin E and 50  mg/kg/day of CoQ10 prior to 
2.5  mg/kg of DOX (Group  VII) compared to group of rats IP injected 
with DOX every other day at a dose of 2.5  mg/kg for 2  weeks 
(Group  IV). Mean±SEM of CASP-3 levels in brain tissue homogenate 
were, respectively, 11.8±0.877 versus 17.5±0.601, 12.6±0.986 versus 
17.5±0.601, and 11.3± 0.714 versus 17.5±0.601 [Table 1].

Furthermore, Table 1 showed that there were non-significant differences 
(p>0.05) in CASP-3 activity level in brain tissue homogenate among groups 
of rats treated with 100 mg/kg/day Vitamin E prior to 2.5 mg/kg of DOX 
(Group V), 50 mg/kg/day CoQ10 prior to 2.5 mg/kg of DOX (Group VI), 
and 100 mg/kg/day of Vitamin E and 50 mg/kg/day of CoQ10 prior to 
2.5 mg/kg of DOX (Group VII) compared among each other’s.

Effect of Vitamin E and CoQ10 against Dox on percent (%) apoptotic 
index TUNEL-assay of rats’ brain 
Moreover, Table 1 showed that there were non-significant differences 
(p>0.05) in the percent (%) of apoptotic cells in brain tissue in group of 
rats orally administered Vitamin E (100 mg/kg/day alone for 3 weeks) 
(Group II) compared to control group (Group I). Mean±SEM of the % of 
apoptotic cells in brain tissue were, respectively, 6±1 versus 5.7±1.6. 
Similarly, there were non-significant differences (p>0.05) in the % 
of apoptotic cells in brain tissue in group of rats orally administered 
CoQ10  (50  mg/kg/day alone for 3  weeks) (Group  III) compared to 
control group (Group I). Mean±SEM of the % of apoptotic cells in the 
brain tissue were, respectively, 5.4±1.06 versus 5.7±1.6.

Besides, a single IP injection of DOX to rats (2.5 mg/kg) (Group IV) was 
able to elevate significantly (p<0.05) the % of apoptotic cells in rats’ 
brain tissue compared to control/corn oil (Group I) rats. Mean±SEM of 
the % of apoptotic cells in brain tissue were, respectively, 62.8±6.5 and 
5.7±1.6 [Table 1].

Moreover, there were significant reduction (p<0.05) in the % of apoptotic 
cells in brain tissue in groups of rats treated with either 100 mg/kg/day 
Vitamin E prior to 2.5 mg/kg of DOX (Group V), 50 mg/kg/day CoQ10 
prior to 2.5 mg/kg of DOX (Group VI), or 100 mg/kg/day Vitamin E and 
50 mg/kg/day CoQ10 prior to 2.5 mg/kg of DOX (Group VII) compared 
to group of rats IP injected with DOX every other day at a dose of 
2.5  mg/kg for 2  weeks (Group  IV). Mean±SEM of the % of apoptotic 
cells in brain tissue were, respectively, 26.4±5 versus 62.8±6.5; 32±5 
versus 62.8±6.5; and 35.2±5.4 versus 62.8±6.5 [Table 1].

Furthermore, Table  1 showed that there were non-significant 
differences (p>0.05) in the % of apoptotic cells in brain tissue among 
groups of rats treated with 100 mg/kg/day Vitamin E prior to 2.5 mg/kg 
of DOX (Group  V), 50  mg/kg/day CoQ10 prior to 2.5  mg/kg of DOX 
(Group VI), and 100 mg/kg/day Vitamin E and 50 mg/kg/day CoQ10 
prior to 2.5 mg/kg of DOX (Group VII) compared among each other’s.

Immunohistochemistry examination (TUNEL assay) in rats’ brain 
tissue
In sections of brain tissues of rats orally administered corn oil 
(1  ml/kg/day) (Group  I), Vitamin E (100  mg/kg/day) (Group  II), 
and  -CoQ10  (50  mg/kg/day) (Group  III) each for 3  week showed 
normal neurocytes (not apoptotic, green-colored cells) as shown in 
Fig. 1a-c, respectively.

Immunohistochemistry changes in the brain of rats IP injected with 
DOX (2.5  mg/kg) every other days for 2  weeks (Group  IV) were 
characterized by the presence of apoptotic cells (brown-colored cells) 
as shown in Fig. 1d.

Sections of rats’ brain orally administered 100 mg/kg/day of Vitamin E 
for 3  weeks prior to IP dose of DOX (2.5  mg/kg) for every other day 
for 2 weeks (Group V) showed low number of apoptotic cells (brown-
colored cells) and increased number of normal neurocyte cells (green-
colored cells) Fig. 1e.

Besides, brain section of animals orally administered CoQ10 at a dose of 
50 mg/kg/day for 3 weeks prior to IP injection of DOX (2.5 mg/kg) every 
other day for 2  weeks (Group  VI) revealed low number of apoptotic 
cells (brown-colored cells) and increased number of normal neurocyte 
cells (green-colored cells) Fig. 1f.

As well as, brain section of animals orally administered combination 
of Vitamin E (100  mg/kg/day) and CoQ10  (50  mg/kg/day) for 
3  weeks prior to IP injection of DOX every other day for 2  weeks at 
dose (2.5 mg/kg) (Group VII) observed low number of apoptotic cells 
(brown-colored cells) and increased number of normal neurocyte cells 
(green-colored cells) as shown in Fig. 1g.

DISCUSSION

Toxicity is the major factor hindering DOX treatment. The impairment 
of neurogenesis and increased neural apoptosis in brain regions was 
demonstrated by authors [22]. It was found that administration of DOX 
can induce a peripheral increase in the cytokine tumor necrosis factor-
alpha (TNF-α), which may migrate cross the blood–brain barrier and 
may, in turn, induce several inflammatory pathways, including glial 
cell activation that can result in more TNF-α production which can 
cause mitochondrial impairment. The TNF-α-induced mitochondrial 
dysfunction by its downstream consequences, resulting in further 
increase in oxidative stress cytochrome c release, CASP-3 activity, and 
TUNEL-positive cell death of all which are suggestive of apoptotic of 
brain cells following DOX treatment [21].

The current study revealed that DOX-induced neurotoxicity with 
statistically significant (p<0.05) elevation in homogenate activity 

Fig. 1: Immunohistochemistry section of the brain in various experimental rats’ groups; (TUNEL assay; ×40). (a) Group I (control 
(corn oil); (b) Group II (Vitamin E 100 mg/kg); (c) Group III (CoQ10 50 mg/kg); (d) Group IV (doxorubicin [DOX] 2.5 mg/kg); (e) Group V 
(Vitamin E 100 mg/kg/day prior to a intraperitoneally [IP] dose of DOX 2.5 mg/kg; (f) Group VI (CoQ10 50 mg/kg/day prior to IP dose of 

DOX 2.5 mg/kg); (g) Group VII (Vitamin E 100 mg/kg/day and CoQ10 50 mg/kg/day prior to IP dose of DOX 2.5 mg/kg). Normal neurocyte 
cells had green color referred by red arrow and apoptotic cells had brown color referred by black arrow

a b c d

e f g
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levels of CASP-3 (Table  1) and significant (p<0.05) increase in 
the % of apoptotic index with respect to negative control group 
as shown in Table 1.

Investigators demonstrated that mechanisms underlying Vitamin E 
amelioration neurotoxicity appeared to be related to modulation of 
aspects of the apoptosis cascade, including reversal of drug-induced 
increased expression of tumor-suppression factor p53, and the 
attenuation of neurotoxicity-mediated dysregulation of the critical 
ratio of Bax to Bcl-2 and Bcl-xl [23]. Moreover, evidence suggested 
that the alterations in apoptosis-related proteins detected following 
antioxidant treatment may involve an effect on protein degradation 
rather than transcription, since in at least one study, while Bcl-2-
related protein levels were altered following antioxidant treatment 
[24]; furthermore, it has been demonstrated that Vitamin E 
(tocopherol) may exert the protective effects that may relate at least 
in part to the antioxidant capacity of this molecule and its capacity 
to protect membrane integrity. Furthermore, in cerebellar granule 
cells grown in vitro, such vitamin may inhibit neurotoxicity-mediated 
activation of CASP-3 and may diminish the cellular membrane 
disruption [25].

In the present study, Vitamin E administered at a dose of 
100  mg/kg/day, prior to IP dose of DOX 2.5  mg/kg (Group  V), 
significantly (p<0.05) lowered activity level of CASP-3 compared to 
DOX-treated rats (Group  IV) as shown in Table  1; at the same time, 
Vitamin E administered at a dose of 100 mg/kg/day, prior to IP dose of 
DOX 2.5 mg/kg (Group V); there was statistically significant (p<0.05) 
reduction in the % of apoptotic index of TUNEL assay as showed in 
Table 1 when compared with rats IP injected with DOX (Group IV).

Authors reported that treatment with CoQ10 reduced necrotic 
neuronal cells, and it has significant neuroprotection properties against 
neuronal damage in neurodegenerative disorders [26]. Furthermore, 
others showed that CoQ10 may prevent the accumulation reactive 
oxygen species, improve the mitochondrial membrane potential, 
inhibit apoptosis-induced factors, and reduce cell death [27]. Besides, 
pretreatment with CoQ10 in a model of spinal cord contusion improved 
neurological functions and retention of normal motor neurons [28].

Moreover, in the present study, CoQ10 orally administered at a dose 
of 50  mg/kg/day prior to IP dose of DOX 2.5  mg/kg (Group  VI), 
significantly (p<0.05) lowered the activity level of CASP-3 and the 
percent (%) of apoptotic index of TUNEL assay compared to DOX-
treated rats (Group IV) (Table 1).

Furthermore, in the current study, combination of Vitamin E and 
CoQ10 administered at a dose of 100 mg/kg/day and 50 mg/kg/day, 
respectively, prior to IP dose of DOX 2.5 mg/kg (Group VII), significantly 
(p<0.05) lowered the activity level of CASP-3 and the percent (%) 
of apoptotic index of TUNEL assay compared to DOX-treated rats 
(Group IV) (Table 1).

Moreover, it can be observed from this study that there was an 
improvement in the immunohistochemistry of TUNEL assay in group of 
rats treated with Vitamin E alone (Group V), CoQ10 alone (Group VI), or 
in combination(Group VII) (Fig. 1e-g, respectively); where, reduction in 
apoptotic cells which had brown-colored and increase number of non-
apoptotic cells that had green color when compared to DOX-treated rats 
(Group IV) (Fig. 1d).

CONCLUSION

Vitamin E and CoQ10 may have protective effect against DOX-
induced neurotoxicity in rats. To the best of our knowledge, this is 
the first study that examines the effects of Vitamin E and CoQ10 at 
doses 100  mg/kg/day, and 50  mg/kg/day, respectively each, and in 
combination prior to DOX on rats’ brain. Therefore, we did not have a 
thorough chance to compare the results of this study with other reports.
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