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Abstract
Background: The current study aimed to evaluate the mechanisms involved in protection against doxorubicin-induced cardiac and 
renal toxicities upon treatment with eicosapentaenoic acid and vitamin E. 
Methods: Rats were randomly assigned to 4 groups: normal control, doxorubicin inducted control, eicosapentaenoic acid treated 
group and a final group pretreated with vitamin E. Lipid peroxidation, reduced glutathione (GSH) and tumor necrosis factor-alpha 
(TNF-α) contents as well as glutathione peroxidase (GPx), superoxide dismutase (SOD) and myeloperoxidase (MPO) activities were 
assessed. Moreover, hearts were used for immunohistochemical detection of the pro-apoptotic protein cytochrome c expression, 
while the kidneys were used for detection of inducible nitric oxide synthase (iNOS) expression. 
Results: Eicosapentaenoic acid and vitamin E produced significant protection from doxorubicin-induced cardiac and renal 
toxicities. The suggested mechanisms for protection included decreased cytochrome c and iNOS expression as well as markedly 
decreased lipid peroxides and TNF-α contents accompanied with increased GSH content as compared to the doxorubicin control 
group. Moreover, there was marked increase in GPx and SOD activities accompanied by significant suppression of MPO activity. 
Conclusion: The present study demonstrated the potent protective effects of eicosapentaenoic acid and vitamin E from doxorubicin 
induced cardiac and renal toxicities through their potent anti-oxidant, anti-inflammatory and anti-apoptotic properties. Hence, 
eicosapentaenoic acid and vitamin E could be promising protective agents against doxorubicintoxicity. 
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Introduction
Use of doxorubicin as an effective broad spectrum 
anthracycline chemotherapeutic drug has been hindered by its 
dose-dependent cardiac and renal toxicities.1 The mechanisms 
underlying doxorubicin-induced cardiomyopathy and 
nephrotoxicity are not completely understood but may 
include increased oxidative stress and free radical formation.2,3 

Doxorubicin induces disruption of the catalytic cycle of 
topoisomerase 2β resulting in DNA double strand breaks and 
contributing to the generation of reactive oxygen species (ROS) 
and to mitochondrial dysfunction and apoptosis.4 Despite 
the remarkable and extensive research about doxorubicin, 
the clinical usefulness of doxorubicin is restricted by specific 
toxicities to cardiac and renal tissues.

Omega-3 polyunsaturated fatty acids exhibit many 
beneficial effects against cardiovascular diseases. 
Eicosapentaenoic acid is the major omega-3 polyunsaturated 
fatty acid in fish oil that has various pharmacological effects.5 
Intake of eicosapentaenoic acid can attenuate pathological 
cardiac remodeling in response to pressure overload and can 
affect cardiac mitochondrial function through alteration of 
membrane phospholipids.4 In addition, eicosapentaenoic 
acid promotes the production of adiponectin, which protects 

against diabetes and atherosclerosis.6 Another study has 
demonstrated that omega-3 poly-unsaturated fatty acids can 
both enhance the toxicity of drugs to tumor cells at low doses, 
offer protection to the non-target tissue, and, therefore, they 
can augment the therapeutic index of anticancer drugs and 
reduce the possible side effects of various chemotherapeutic 
treatments.7 

Vitamin E is the collective name for a group of fat-
soluble compounds that is found naturally in some foods 
and available as a dietary supplement. The main function 
of vitamin E in the body is to act as an antioxidant and get 
rid of free radicals that can damage cells.8 In addition, it 
was suggested to have anti-inflammatory potential through 
inhibition of pro-inflammatory cytokines expression.9

Hence, the current study aimed to evaluate the efficacy of 
eicosapentaenoic acid and vitamin E against doxorubicin-
induced cardiac and renal toxicities in addition to studying 
their possible mechanisms of action.

Materials and Methods
Animals
Male Wistar albino rats, weighing 150–200 g, were used in 
the present study. They were purchased from the Egyptian 
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Company for Production of Vaccines, Sera and Drugs 
(EGYVAC; Cairo, Egypt) and allowed free access to water 
and standard pellet chow. Rats were kept under constant 
conditions (temperature 25 ± 3°C and humidity 50%) 
with 12/12 h light/dark cycles. The study was carried out 
according to the guidelines of the Ethics Committee, Faculty 
of Pharmacy, October University for Modern Sciences and 
Arts.

Drugs and Chemicals
Eicosapentaenoic acid and vitamin E were purchased 
from Sigma-Aldrich (MO, USA); whereas doxorubicin 
Hydrochloride was obtained from Pfizer (Cairo, Egypt). All 
other chemicals used were of analytical grade.

Experimental Design
Rats were randomly allocated into 4 groups (n = 8) using a 
simple randomization technique. The first 2 groups served 
as normal and doxorubicin control groups, respectively. The 
remaining 2 groups received eicosapentaenoic acid (300 mg/
kg/d; p.o) and vitamin E (200 mg/kg/d; p.o.), respectively, 
for 14 days. All groups, except the normal one, received a 
single high dose of doxorubicin HCl (15 mg/kg; i.p.) in the 
last day of treatment.1

After 24 hours from the last treatment, the animals were 
anesthetized with ether. Blood samples were collected from 
the retro-orbital plexus for serum separation and estimation 
of creatine kinase-MB (CK-MB) activity. Then, rats were 
sacrificed by cervical dislocation and their hearts and kidneys 
were rapidly isolatedand washed with ice-cold saline. The 
hearts were cut into 2 equal halves. One half was homogenized 
in phosphate buffer to prepare 10% (w/v) homogenate 
that was used for the estimation of cardiac lipid peroxides, 
reduced glutathione (GSH), glutathione peroxidase (GPx) 
and tumor necrosis factor-α (TNF-α) contents. While, the 
other half was preserved in 10% formalin for histologic 
examination and the immunohistochemical detection of 
cytochrome c expression. Regarding isolated kidneys, one 
kidney from each rat was homogenized in phosphate buffer 
to prepare 10% (w/v) homogenate that was used for the 
estimation of renal lipid peroxides, GSH, TNF-α contents 
as well as superoxide dismutase (SOD) and myeloperoxidase 
(MPO) activities. Finally, the other kidney was preserved 
in 10% formalin for immunohistochemical detection of 
inducible nitric oxide synthase (iNOS) and histological 
examination.

Biochemical Investigations
Activity of CK-MB in serum was determined using the 
Stanbio CK-MB diagnostic kit (USA). Lipid peroxidation in 
cardiac and renal tissues was estimated by the determination 
of thiobarbituric acid reactive substances content that 
was evaluated as malondialdehyde (MDA) in heart and 
kidney homogenates using a standard kit purchased from 
Biodiagnostic (Egypt). Cardiac and renal GSH contents 
were determined using a commercial kit (Biodiagnostic, 
Egypt). 

Cardiac and renal contents of TNF-α were determined by 

ELISA technique using standard kits (MyBioSource, Inc., 
USA). While the cardiac GPx was measured using specific 
an immunoassay kit (Elabscience, USA). Finally, SOD 
and MPO activities in renal tissue were estimated using a 
commercial kit (Biodiagnostic, Egypt).

Immunohistochemical Expression of Cytochrome c and 
iNOS
Paraffin embedded tissue sections of 3 µm thickness were 
rehydrated in xylene and then in graded ethanol solutions. 
The slides were then blocked with 5% bovine serum 
albumin (BSA) in Tris buffered saline (TBS) for 2 hours. 
The sections were then immunostained with primary 
antibody polyclonal immunoglobulin-G (IgG) to rat iNOS 
or rat cytochrome c at a concentration of 1 μg/mL with 5% 
BSA in TBS and incubated overnight at 4°C. After washing 
the slides with TBS, the sections were incubated with 
secondary antibody, diluted 1:2000 with 5% BSA in TBS 
and incubated for 2 hours at room temperature. Finally, 
sections were washed with TBS and incubated for 5–10 min 
in a solution of 0.02% diaminobenzidine containing 0.01% 
hydrogen peroxide. Counter staining was performed using 
hematoxylin, and the slides were visualized under a light 
microscope.10 

Histopathologic Assessment of Heart and Kidney Tissue 
Damage
Autopsy samples were taken from the hearts and kidneys 
of rats in different groups and fixed in 10% formal saline 
for twenty-four hours. These tissues were prepared for 
histological preparation as prescribed by Banchroft, 
Stevens.11 The severity of changes was quantitated from 
none (-) to severe (+++) based on the degree of necrosis, 
tissue degeneration and inflammatory cells infiltration. The 
scoring system was as follows: (-) no damage, (+) mild, (++) 
moderate, and (+++) severe negative features.

Statistical Analysis
Data were expressed as mean ± SD. Comparisons between 
means of different groups were carried out using one-way 
analysis of variance (ANOVA) followed by Tukey-Kramer 
multiple comparisons test.12 The level of significance was 
taken as P ˂ 0.05. GraphPad Prism software package, 
version 5 (GraphPad Software, Inc., USA) was used to carry 
out all statistical tests.

Results
Biochemical Investigations
Doxorubicin resulted in significant increase in the serum 
CK-MB activity as compared to the normal rats. The rats 
pretreated with eicosapentaenoic acid and vitamin E showed 
a significant suppression of CK-MB activity as compared to 
the doxorubicin control rats (Table 1).

The current study showed a significant increase in cardiac 
MDA content combined with marked decrease in GSH 
content and GPx activity in the heart tissue upon doxorubicin 
treatment. While, pretreatment with eicosapentaenoic acid 
and vitamin E resulted in a significant decrease in cardiac 
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MDA content with a parallel marked increase in cardiac GSH 
content and GPx activity. In addition, eicosapentaenoic acid 
and vitamin E were effectively able to decrease the cardiac 
TNF-α content as compared to the doxorubicin control 
group (Table 1).

Moreover, doxorubicin produced significant increase in 
the oxidative stress and inflammatory biomarkers in kidney 
tissues as revealed by significant increase in renal MDA 
(mean difference: 91.75; 95% CI: 87.38 to 96.11) and 
TNF-α contents (mean difference: 16.94; 95% CI: 14.96 
to 18.91) as well as MPO activity (mean difference: 16.11; 
95% CI: 13.42 to 18.80). These were accompanied by 
significant decrease in renal GSH content (mean difference: 
80.85; 95% CI: 67.91 to 93.79) and SOD activity (mean 
difference: 34.43; 95% CI: 30.74 to 38.12) (Table 2).

Eicosapentaenoic acid also resulted in significant 
suppression in the renal MDA (mean difference: 64.06; 
95% CI: 59.69 to 68.42) and TNF-α contents (mean 
difference: 10.56; 95% CI: 8.582 to 12.54) when compared 
to the doxorubicin control group. The MPO activity was 
also decreased with eicosapentaenoic acid pretreatment 
(mean difference: 11.35; 95% CI: 8.661 to 14.04). Renal 
GSH content and SOD activity increased significantly in 
the eicosapentaenoic acid group when compared to the 
doxorubicin control (Table 2).

In addition, pretreatment with vitamin E produced 
marked suppression in renal MDA (mean difference: 78.86; 
95% CI: 74.50 to 83.22) and TNF-α contents (mean 
difference: 11.54; 95% CI: 9.562 to 13.52) when compared 
to treatment with doxorubicin alone. Renal MPO activity 

decreased markedly upon pretreatment with vitamin E 
as compared to the doxorubicin control group (mean 
difference: 12.32; 95% CI: 9.631 to 15.01). Moreover, 
renal GSH content and SOD activity obviously increased 
upon pretreatment with vitamin E as compared to the 
doxorubicin control rats (Table 2).

Expression of Cytochrome c in the Heart
Heart sections from normal control rats showed very weak 
positive expression of cytochrome c in heart tissue (Figure 1A). 
On the other hand, doxorubicin treated rats showed strong 
positive expression of cytochrome c in their heart tissue as 
shown in Figure 1B. The heart sections of eicosapentaenoic 
acid group revealed weak positive expression of cytochrome 
c as compared to that of doxorubicin control group (Figure 
1C). Pretreatment with vitamin E showed moderate positive 
expression of cytochrome c in heart tissue (Figure 1D). 
Comparative quantification of cytochrome c staining from 
all groups is presented in Figure 1E.

Expression of iNOS in the Kidneys
Kidneys of normal control rats showed small degree of 
immunostaining for iNOS (Figure 2A). On the other 
hand, doxorubicin produced severe increase in the 
immunohistochemical expression of iNOS in the kidneys as 
shown in Figure 2B.

While, the kidneys of eicosapentaenoic acid pretreated 
rats showed moderate immunohisochemical expression of 
iNOS (Figure 2C). Finally, pretreatment with vitamin E 
produced mild immunohisochemical expression of iNOS 

Table 1. Effect of Eicosapentaenoic Acid and Vitamin E Treatment on Serum Creatine Kinase-MB (CK-MB) Activity as well as Cardiac Contents of 
TNF-α, MDA, reduced GSH and GPX

Parameter Normal Control Doxorubicin Control Eicosapentaenoic Acid Vitamin E

CK-MB (ng/mL) 1.50 ± 0.16 9.10a ± 0.88 4.75ab ± 0.56 3.05 ab ± 0.24

TNF-α (pg/g tissue) 7.35 ± 1.28 29.92a ± 2.92 19.05ab ± 2.60 13.00 ab ± 3.36

MDA (μmol/mL tissue) 11.58 ± 2.04 37.90a ± 6.48 25.40ab ± 5.20 18.60ab ± 4.12

GSH (pg/g tissue) 24.60 ± 5.48 3.84a ± 2.56 12.35ab ± 3.28 17.53ab ± 3.48

GPx (pg/g tissue) 13.15 ± 3.28 7.45a ± 1.56 17.45ab ± 3.72 18.51ab ± 3.92

Abbreviations: TNF-α tumor necrosis factor-alpha; MDA, malondialdehyde; GSH, glutathione; GPx, glutathione peroxidase; CK-Mb, creatine kinase-
MB. 
Each value represents mean ± SD (n = 6)
a Significantly different from normal control group at P ˂ 0.05
b Significantly different from doxorubicin control group at P ˂ 0.05
c Significantly different from eicosapentaenoic acid group at P ˂ 0.05

Table 2. Effect of Eicosapentaenoic Acid and Vitamin E Treatment on Renal Contents of Reduced GSH, MDA, SOD, TNF-α and MPO

Parameter Normal Control Doxorubicin Control Eicosapentaenoic Acid Vitamin E

GSH (mg/g tissue) 152.10 ± 15.6 71.28a ± 2.56 120.10ab ± 2.21 128.00ab ± 1.29

MDA (nmol/g tissue) 52.53 ± 3.07 144.30a ± 3.19 80.22ab ± 2.35 65.41abc ± 1.89

SOD (U/mg tissue) 45.43 ± 2.94 11.00a ± 1.45 29.47ab ± 2.13 38.11abc ± 2.33

TNF-α (pg/mg tissue) 11.32 ± 1.26 28.26a ± 1.18 17.70ab ± 1.67 16.72ab ± 1.29

MPO (U/mg tissue) 21.94 ± 1.87 38.05a ± 2.08 26.70ab ± 1.66 25.73ab ± 0.68

Abbreviations: TNF-α tumor necrosis factor-alpha; MDA, malondialdehyde; GSH, glutathione; SOD, superoxide dismutase; MPO, myeloperoxidase. 
Each value represents mean ± SD (n = 6)
a Significantly different from normal control group at P ˂ 0.05
b Significantly different from doxorubicin control group at P ˂ 0.05
c Significantly different from eicosapentaenoic acid group at P ˂ 0.05
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in the kidneys (Figure 2D). Comparative quantification of 
iNOS staining from all groups is presented in Figure 2E.

Histological Examination of the Heart and Kidneys
Hearts from the doxorubicin control rats showed multiple 
focal areas of myocardial cell degeneration with edema and 
inflammatory cell infiltration combined with congestion in 
the myocardial blood vessels. On the other hand, marked 
improvement was noticed in rats pretreated with either 
eicosapentaenoic acid or vitamin E (Figure 3).
In addition, the histological examination of the kidneys 
reflected that doxorubicin caused marked swelling of 
the tubular lining epithelium at the cortex of the kidney 
tissue. This was associated with congestion in the 
intertubular blood vessels and the glomerular tufts. The 
corticomedullary portion showed severe congestion in the 
blood vessels associated with focal hemorrhage in between 
the degenerated tubules. On the other hand, pretreatment 
with either eicosapentaenoic acid or vitamin E showed 
almost normal histological structure of the kidneys (Figure 
4). Severity of histopathological alterations in the hearts and 
kidneys of the different experimental groups are illustrated 
in Table 3 and Table 4.	

Discussion
The present study showed a marked decrease in the cardiac 

antioxidant GSH content combined with a significant 
increase in the cardiac lipid peroxides following doxorubicin 
treatment. These results are in harmony with previous 
studies that demonstrated the ability of doxorubicin to 
intercalate DNA and generate reactive oxygen species such as 
superoxide anion, hydrogen peroxide, and hydroxyl radicals 
which result in the conversion of membrane unsaturated 
fatty acids into lipid peroxides leading to disturbed integrity 
of cell membrane and consequently to tissue injury.13, 14 
In addition, Cardiac GPx activity decreased significantly 
in the current study. As GSH is the substrate for GPx, the 
decrease in GSH content produced this suppression of 
GPx activity in heart tissue.15 In addition, kidney tissue of 
rats injected with doxorubicin alone, in the current study, 
showed a significant increase in MDA content accompanied 
by a significant increase in GSH content. Moreover, the 
renal SOD activity declined significantly as an indication 
of the potent oxidative potential of the doxorubicin on the 
kidneys. Regarding the pro-inflammatory mediator TNF-α, 
both cardiac and renal tissue showed significant elevation in 
TNF-α content upon doxorubicin treatment in the current 
study. These results are in agreement with a previous study.16 
Moreover, the MPO activity elevated significantly with 
doxorubicin injection as compared to the normal rats in the 
present study. MPO is an enzyme expressed in neutrophils 

Figure 1. Effect of Eicosapentaenoic Acid and Vitamin E Treatment 
on the Immunohistochemical Expression Of Cytochrome c in 
Heart Tissue (×16): (A) The normal control group: small degree of 
immunostaining of cytochrome c as illustrated by the brown color, 
(B) The doxorubicin control group: severe increased expression of 
cytochrome c, (C) Eicosapentaenoic acid treated group: weak positive 
expression of cytochrome c, (D) Vitamin E treated group: moderate 
positive expression of cytochrome c, (E) Quantification of cytochrome 
c staining represents the number of stained (positive) cells per (×16) 
field was averaged across 6 fields for each rat section. 
Each value represents mean ± SD (n = 6), a significantly different 
from normal control group at P < 0.05, b significantly different from 
doxorubicin control group at P < 0.05, c significantly different from 
eicosapentaenoic acid group at P < 0.05.

Figure 2. Effect of Eicosapentaenoic Acid and Vitamin E Treatment 
on the Immunohistochemical Expression of Inducible Nitric Oxide 
Synthase (iNOS) in Kidney Tissue (×16): (A) The normal control group 
showed a small degree of immunostaining of iNOS as illustrated by the 
brown color (×16), (B) The doxorubicin control group showed severe 
increased expression of iNOS in kidney tissues, (C) Eicosapentaenoic 
acid treated group showed moderate positive immunoreaction of 
iNOS in kidney tissue, (D) Vitamin E treated group showed mild 
positive immunoreaction of iNOS, (E) Quantification of iNOS staining 
represents the number of stained (positive) cells per (16×) field was 
averaged across 6 fields for each rat section. 
Each value represents mean ± SD (n = 6), a significantly different 
from normal control group at P < 0.05, b significantly different from 
doxorubicin control group at P < 0.05
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and monocytes. This enzyme generates ROS that contribute 
to the destruction and killing of the engulfed pathogens. 
It has been demonstrated that MPO is involved in cellular 
homeostasis and plays an important role in the initiation 
and progression of acute and chronic inflammatory 
diseases.17 MPO enzyme was reported to be involved in the 
modulation of immune responses and inflammation and 
inhibition of nitric oxide production.18 

The present work demonstrated that doxorubicin can 
cause marked tissue injury through the increased expression 
of iNOS. The toxic effects of iNOS are due to the induction 
of peroxynitrites that are generated when nitric oxide 
reacts with O2

-.19 Peroxy-nitrites are known to damage 
DNA, activating poly-polymerase, leading to an energetic 
imbalance and eventual cell death.20 Furthermore, the 
present study showed the apoptotic potential of doxorubicin 

Figure 3. Effect of Eicosapentaenoic Acid and Vitamin E Treatment on 
the Histological Structure of the Heart Tissue in Rats With Doxorubicin 
Toxicity: Hematoxylin and Eosin Staining (H&E×16): (A) Section of a 
heart from a normal rat showed normal histological structure of heart 
tissue, being composed of muscle cells, cardiomyocytes, with one 
centrally placed nucleus; (B) Section of heart of a rat in doxorubicin 
control group showed degenerative changes in the myocardial muscle 
bundles associated with congestion in the myocardial blood vessel; 
(C) Section of  heart of a rat in eicosapentaenoic acid pretreated 
group showed a marked protection from the deleterious effects of 
doxorubicin with almost normal histological structure; (D) Section 
of heart of a rat in vitamin E pretreated group showed a noticeable 
preservation from the doxorubicin effects with marked decrease in 
inflammatory cells infiltration.

Figure 4. Effect of eicosapentaenoic acid and vitamin E treatment on 
the histological structure of the kidney in rats with doxorubicin toxicity: 
(A) normal rats: normal histological structure of kidney tissue, being 
composed of glomeruli and tubules at the cortex; (B) Doxorubicin 
control rats: showed swelling of the tubular lining epithelium at the 
cortex with degenerative changes. The corticomedullary portion 
showed severe congestion in the blood vessels associated with focal 
hemorrhage in between the degenerated tubules; (C) Eicosapentaenoic 
acid treated rats: showed a marked protection from the deleterious 
effects of doxorubicin with marked suppression of the inflammatory 
cells infiltration; (D) Vitamin E treated rats: showed a noticeable 
preservation from the doxorubicin effects with no histological 
alterations. (H&E×16).

Table 3. Severity of Histopathological Alterations in the Hearts of Different Experimental Groups Showing Histological Scoring Analysis

Histopathological Findings Normal Control Doxorubicin control Eicosapentaenoic acid Vitamin E

Degenerated myocardial cells - +++ - -

Focal inflammatory cells infiltration - +++ - +

Edema in the hyalinized myocardium - +++ - +

(-) no damage, (+) mild, (++) moderate, and (+++) severe negative features

Table 4. Severity of Histopathological Alterations in The Kidneys of Different Experimental Groups Showing Histological Scoring Analysis

Histopathological Findings Normal Control Doxorubicin Control Eicosapentaenoic acid Vitamin E

Degenerated tubular lining epithelium - +++ - -

Focal inflammatory cells infiltration in between the tubules - +++ + +

Swelling and vacuolization of the endothelial cells lining the 
glomeruli tufts

- +++ - -

(-) no damage, (+) mild, (++) moderate, and (+++) severe negative features

through the massively increased production of the pro-
apoptotic cytochrome c protein in the heart tissue. These 
results coincided with another study reporting the apoptotic 
potential of doxorubicin which could be attributed to the 
free radicals generated within the mitochondria during 
doxorubicin metabolism that attack the mitochondrial 
membrane phospholipids resulting in loss of mitochondrial 
membrane potential and consequently release of cytochrome 
c into the cytosol. Released cytochrome c forms a complex 
with apoptosis protease activation factor-1 recruiting and 
activating the initiator caspase-9 and resulting in apoptosis.21 
The present work also revealed the doxorubicin cardiac and 
renal toxicities through the obvious histological alterations 
as the marked tissue degeneration and necrosis combined 
with focal inflammatory cells infiltration. 

Interestingly, pretreatment with either eicosapentaenoic 
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acid or vitamin E produced significant protection from 
the deleterious effects of doxorubicin on cardiac and renal 
tissues. Eicosapentaenoic acid significantly increased the 
GSH content and GPx activity in heart tissue. These were 
accompanied by a marked suppression in the cardiac MDA 
content. These results are in line with a previous study that 
reported the potent antioxidant potential of all the omega-3 
poly unsaturated fatty acids.7 Moreover, eicosapentaenoic 
acid pretreatment in the current study produced a potent 
anti-inflammatory effect that was reflected through the 
significant decrease in cardiac TNF-α content and hence 
it can aid in cardiac tissue protection. Previous studies 
suggested the cardio-protective effects of fish oil omega-3 
poly-unsaturated fatty acids through their anti-inflammatory 
potential.22, 23 The current study suggested that the cardio-
protective effects of fish oil omega-3 poly-unsaturated 
fatty acids can be attributed to eicosapentaenoic acid in 
particular. Furthermore, pretreatment with eicosapentaenoic 
acid in the present work significantly normalized the pro-
apoptotic protein cytochrome c production in heart tissue 
which suggested another mechanism of eicosapentaenoic 
acid-induced cardio-protective effect. Eicosapentaenoic 
acid was previously reported to protect from the diabetic 
tubular injury through its anti-apoptotic potential that 
was demonstrated through significant decrease in grades of 
immunostaining for caspase-3, caspase-9, and cytochrome 
c.24 All these mentioned antioxidant, anti-inflammatory and 
anti-apoptotic properties can predict a powerful protection 
from the doxorubicin cardiotoxicity upon eicosapentaenoic 
acid pretreatment and this was demonstrated in the current 
study through the significant decrease in cardiac CK-MB 
content and the normalized histological structure of heart 
tissue. 

Examination of the kidneys in the current study revealed 
the potent antioxidant effect of eicosapentaenoic acid that 
was significantly able to increase the GSH content and the 
antioxidant SOD activity in the kidneys accompanied by a 
marked decrease in the renal lipid peroxides as compared 
to the doxorubicin control group. Regarding the anti-
inflammatory effect on the kidney, the eicosapentaenoic acid 
pretreatment produced a significant decrease in the renal 
TNF-α content beside the marked suppression in the MPO 
activity in the kidneys when compared to the doxorubicin 
control group. Moreover, pretreatment with eicosapentaenoic 
acid showed a significant decrease in iNOS expression in 
the kidneys which offered another mechanism for renal 
protection. The renal protective effect eicosapentaenoic acid 
was obvious upon histological examination of the kidneys 
in the current study that reflected a marked protection 
from the deleterious effects of doxorubicin with just mild 
degenerative changes in the tubular lining epithelium. These 
results are in agreement with another study which reported 
that administration of fish oil containing omega-3 fatty acids 
can produce renal protective effects and could significantly 
suppress the tacrolimus-induced nephrotoxicity in rats.25 In 
addition, another study demonstrated that fish oil rich in 
eicosapentaenoic acid can protect against oxidative stress-
related renal dysfunction induced by the organic pollutants 

TCDD in Wistar rats.26

In the current study, the group pretreated with vitamin 
E showed significant increase in cardiac and renal GSH 
contents combined with a significant decrease in cardiac 
and renal lipid peroxides. In addition, it showed a marked 
increase in cardiac GPx activity and renal SOD activity. 
These results reflected the potent antioxidant properties 
of vitamin E and are in line with previous studies that 
showed the ability of vitamin E to decrease lipid peroxides 
and increase the antioxidant enzymes, and therefore could 
protect from nephrotoxicity in rats treated with cisplatin27 
alongside its cardiac protective effects against isoproterenol 
induced cardiac infarction in rats.28 

The vitamin E pretreated group also showed a significant 
decrease in the cardiac and renal TNF-α contents with a 
significant suppression of the MPO activity in the kidneys 
when compared to the doxorubicin control group. These 
results suggested the potent anti-inflammatory properties 
of vitamin E which aided in the cardiac and renal tissues 
protection from the deleterious effects of doxorubicin. 
Another study reported the suppression of TNF-α 
expression upon treatment with vitamin E in amikacin-
induced renal injury in rats and that reflected the vitamin 
E anti-inflammatory properties.29 In addition, the study of 
Huwait and Al-Ghamdi28 reported the significant decrease 
of the cardiac TNF-α contents upon vitamin E treatment in 
infarcted rat model.

Moreover, the group pretreated with vitamin E showed 
a marked decrease in cytochrome c expression in the heart 
with obvious suppression in iNOS expression in the kidney 
as compared to the doxorubicin control group. These 
results demonstrated ROS scavenging properties and the 
anti-apoptotic potential of vitamin E. A previous study 
has reported the possible anti-apoptotic effect of vitamin 
E through suppression of caspase-3 expression in rats with 
arsenic acid toxicity.30 The beneficial effects of vitamin E were 
reflected in the current study by the significantly decreased 
CK-MB activity and the histological examination of heart 
and kidney tissues that showed a noticeable preservation 
from the doxorubicin effects with no histological alterations.

In conclusion, both eicosapentaenoic acid and vitamin 
E are potent anti-oxidants and anti-inflammatory agents 
which can be considered as hopeful anti-apoptotic agents. 
They are promising agents to be used for protection against 
the deleterious effects of doxorubicin chemotherapy.
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