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Abstract
Background and Objective: The use of Doxorubicin® (Doxo) in the treatment of different tumours is restricted due to its cardiotoxicity.
The objective of this study was to determine the protective effect of Balanites aegyptiaca extract against cardiotoxicity induced by
Doxorubicin® in male rats. Materials and Methods: Adult male rats (140-160) were parted into 6 groups (10 animals each) as follows: 
Group (1) Normal rats the control, group (2) Rats were administered BAE (200 mg kgG1) orally for 4 weeks, group (3) Rats were treated IP
with the anticancer drug (Doxorubicin®) at the dose of (0.5 mg kgG1) for 4 weeks, group (4) Administrated orally with BAE in combination
with Doxo injection for 4 weeks, group (5) Rats orally with BAE before intoxication with Doxo for 4 weeks and finally group (6) Animals
post-administration of BAE for 4 weeks after intoxication with Doxo. After 4 weeks of injections. Results: Revealed that BAE succeeded
to decline the Doxorubicin cardiotoxicity, this was evidenced by the significant reduction of serum LDH, CK-MB, total cholesterol,
triglycerides,  HDL,  TNF-",  IL-1$  and  IL-6  as  well as cardiac MDA and nitric oxide levels coupled with marked improvement in serum
LDL,  PON1  as  well  as  cardiac  GSH,  SOD  and CAT. Moreover, the BAE induced prominent regeneration of the cardiac muscle.
Conclusion: Balanites aegyptiaca  extract may be a promising cardio-protector against Doxorubicin® toxicity mediated through their
antioxidant and radical scavenging activities.
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INTRODUCTION

Anthracyclines are a group of widely used potent
chemotherapeutic agents for the treatment of multiple solid
and hematologic malignancies. Cardiomyocyte is the main
cellular  target  of anthracycline, as its destruction results in
the progressive development of cardiac dysfunction1,2.
Doxorubicin (Adriamycin) is one of the anthracyclines that can
induce cardiotoxicity in both acute and chronic forms. Acute
cardiotoxicity  has  been  described as arrhythmia and
transient left  ventricular  dysfunction  but  these  are  rare  as
compared  to  chronic  cardiotoxicity. High cumulative doses
of anthracyclines can lead to left ventricular systolic
dysfunction and heart failure1,2.

Many  scientists  explained Doxorubicin cardiotoxicity,
one of them was that Doxo-induced DNA double-strand
breaks. It causes dysfunction and apoptosis of mitochondria
by disrupting the neuregulin/ErbB signalling1,2. The most
reliable one is oxidative stress induced by reactive oxygen
species resulting in cardiac dysfunction1,2.

Also, Doxorubicin-induced mitochondrial dysfunction via
inhibition of protein expression of electron transport chain
resulting in energy depletion of cardiac muscle and then cell
death3-5.

Medicinal plants are of great importance to health
worldwide. They have many effects such as, antibacterial,
antifungal, antiviral, anti-helminthic, anti-allergic, anti-
carcinogenic  and larvicidal6. These medicinal values are due
to the presence of chemical substances with therapeutic
activity such as tannins, oils, gums. In addition the knowledge
of the chemical constituents of plants. Pharmacologists,
microbiologists, botanists and natural products chemists are
combing the earth for phytochemicals that could be
developed for the treatment of various diseases. Many
modern drugs have been derived from plants7. 

Balanites aegyptiaca (BA) is an Egyptian wild plant from
the family Zygophyllaceae. This plant is native to Africa and
Middle East, it has many synonyms,  such as the desert date in
English and lalob, hidjihi and heglig in Arabic8,9.

Many articles, reported that the fruit mesocarp of BA has
high amounts of the antioxidants such as saponins and
moderate concentrations of tannins, flavonoids and cardiac
glycosides3,7.

Some of the identified anti-diabetic bioactive compounds
are steroidal saponins, phenolic compounds like vanillic and
syringic acids as well as flavonoids  (rutin)  and isorhamnetin
in fruit9,10,  Isorhamnetin, rutinoside and glycine quercetin
from plant seed extracts have been recorded.

Reports revealed that leaves are rich in coumarins and
quercetin, while the stem bark has alkaloids and coumarins.
On the contrary, the fruit contains rutins and seed kernel
among others11.

This  study  aims  to  investigate the ameliorative effects
of Balanites aegyptiaca (BA) aqueous extract against
cardiotoxicity induced by Doxorubicin®.

MATERIALS AND METHODS

Study area: This study was carried out from January-July, 2020
at the Department of Medical physiology and animal colony,
National Research Centre, Egypt.

Aqueous extraction: The dry fruits of Balanites aegyptiaca
were purchased from the stores of Abd El-Rahman Harraz (Bab
El-Khalk zone, Cairo, Egypt). Balanites aegyptiaca Aqueous
Extract (BAE) was carried out according to the previous
method10, the dry extract was stored in a dark bottle at -20EC
until usage.

In   vitro  determinations  of  the  extract:  The  percentage 
of extracts'  yield  was  calculated  according  to 
Abdel-Wahhab  et al.11, total phenolics content (TPC) of the
extract was estimated as catechin equivalents according to
the method of Jayaprakasha and Rao12, the extract radical
scavenging activity (RSA) to quench DPPH radical was
determined using the method of Nogala-Kalucka et al.13,
Phytochemical analysis of the extract was evaluated as
described by Rajasekar and Elango14.

Chemical composition identification of the aqueous extract:
LC/MS/MS,4000 Qtrap Applied Biosystems, (Quadrupole/linear
ion trap mass spectrometer) and the liquid chromatography
(Agilent Technologies, Palo Alto, CA, USA) system coupled
with an Electrospray Ionization Mass Spectrometer (ESI-
MS/MS) detector were employed to identify the chemical
composition of the aqueous extract15.

Study design: Adult male 60 rats (140-160 g) from animal
colony, National Research  Centre, Cairo, Egypt. All animals
received human care in compliance with the standard
institutional criteria for the care and use of experimental
animals according to the NRC ethical committee (FWA
00014747). The animals were randomly parted into 6 groups
(10 animals each), group (1) Control normal rats daily
administrated  (0.4  mL  kgG1)  saline  via  oral  intubation  for
4 weeks, group (2) Animals subjected to daily oral
Administration  of  BAE  (200  mg  kgG1)  for  4  weeks, group (3)
Animals  received  an intraperitoneal  injection with 
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Doxorubicin®  at  a  dose  of  0.5 mg kgG1 for 4 weeks, group (4)
Administrated orally with BAE  together  with  Doxorubicin® 
injection  for  4  weeks, group (5) Rats orally with BAE before
intoxication  with  Doxorubicin®  for  4  weeks and finally
group (6) Animals treated with BAE for 4 weeks after
intoxication with Doxorubicin® for 4 weeks.

Blood and tissue sampling: At the end treatment, the animals
were  sacrificed, the sera were separated and stored at -80EC
till biochemical measurements were carried out. The heart of
each  animal  was  dissected out and divided longitudinally,
the first half was stored at -80EC for determinations for
biochemical analysis, the second half was kept in formalin-
saline (10%) buffer for histopathological processing.  

Serum biochemical determinations: Biochemical
measurements were carried out spectrophotometrically as
serum CK-MB and LDH activities were determined according
to the Pepato et al.16, using reagent kits purchased from
Spectrum Diagnostic System MDSS GmbH, Egypt. Serum total
cholesterol, triglycerides, LDL and HDL levels were determined
colourimetrically,  using  reagent  kits  purchased from
Diagnostic System GmbH, Germany. Cardiac GSH and NO
levels as well as SOD and CAT activities were estimated using
kits obtained from Biodiagnostic, Dokki, Giza, Egypt. Serum
paraoxonase-1 (PON-1) activity was determined according to
the kinetic spectrophotometric chemical method described by
Charlton-Menys et al.17. Using ELISA (Dynatech Microplate
Reader Model MR 5000, 478 Bay Street, Suite A213 Midland,
ON, Canada), serum TNF-", IL-1$ and IL-6 concentrations were
measured using rats ELISA reagent kits (SG-10057, SG-10179
and SG-10127, respectively) purchased from Sino Gene Clon
Biotech Co., Ltd, Hang Zhou and China.

Cardiac oxidative stress markers: Cardiac MDA level was
determined chemically as described by Ruiz-Larrea et al.18.
Cardiac nitric oxide (NO) and reduced glutathione (GSH), as
well as superoxide dismutase (SOD) and catalase (CAT), were
estimated spectrophotometrically using reagent kits obtained
from Biodiagnostic, Giza, Egypt.

Histopathology: Cardiac samples with 5 µm thickness were
stained with Hematoxylin and Eosin.

Statistical analysis: One way analysis of variance followed by
Duncan   post   hoc   test   was   performed   on   data  using  a

Statistical Analysis System (SAS) program software, copyright
(c) 1998 by SAS Institute Inc., Cary, NC, USA.

RESULTS 

The yield amount, total phenolic content and radical
scavenging activity of the aqueous extract of Balanites
aegyptiaca are shown in Fig. 1. The aqueous extract of
Balanites  aegyptiaca  contained 8 saponin compounds, 6 of
which were with molecular weights of 1.196, 1.064, 1.210,
1.224, 1.078 and 1.046 KDa, the third one (1.210 KDa) was the
main  saponin (36%). Also, the extract was found containing
6 diosgenin glucosides (di-, tri-and tetra-glucosides), 25D-
spirosta-3, 5-diene and 3$-chloro-25D-spirost-5-ene and
balanitin-1-8 (Table 1).

Doxorubicin  treatment  intraperitoneally  at  a  dose  of
0.5 mg for 4 weeks resulted in a significant elevation in LDH
and CK-MB activity as compared to the values of the control
group.  While the co-administration of BAE with Doxorubicin-
induced significant protection against Doxorubicin-induced
deteriorations in the mentioned parameters (LDH and CK-MB
activity) than  that resulted  from  its   administration  in
groups 5 and 6 (Table 2).

Doxorubicin®  injection resulted in a significant rise in the
levels of serum total cholesterol, triglycerides, LDL-cholesterol
coupled  with  a  significant  decline  in  the  level of serum
HDL-cholesterol when compared with the control group.
Interestingly, the administration of BAE either as co-treatment
with Doxo or as a protector (before Doxo-treatment) or as a
treatment (after Doxo-treatment) succeeded to improve all
lipid profile levels compared to that of the Doxorubicin-
injected group but the most prominent effect in the lipid
profile resulted from co-treatment of BAE-Doxo (Table 3).

Doxorubicin  treatment  revealed  a  significant increase
in the  levels  of  cardiac  MDA and NO and  a  significant
decline in the levels of  cardiac  GSH,  activities  of SOD and
CAT  when compared with results of the control group. The
co-administration of  BAE-DOX  showed  a significant
improvement in the levels of cardiac MDA, NO, GSH and
activities of cardiac SOD and CAT than results from its
administration before Doxo (protector) or after Doxo-
treatments (treatment) (Table 4).

Doxorubicin-treatment intraperitoneally showed a
significant  increase  in  the  inflammatory  cytokines  TNF-",
IL-1$, IL-6 and a significant decline in the levels of serum PON1
activity when compared with results of the Doxo-treated
group. Interestingly, the co-administration of  Doxo with BAE 
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Balanitine-1

Balanitine-2

Balanitine-3

Balanitine-4

Fig. 1: Continue
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Balanitine-5

Balanitine-6

Balanitine-7

Balanitoside

Fig. 1: Major saponin compounds were identified in BAE
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Table 1: Phytochemical analysis of constituents found in Balanites aegyptiaca  aqueous extract
Protein 
Sugars 
Inorganic acids
3-rutinoside
3-rhamnogalactoside
Diosgenin
23/22S epimers 
(26-(O-$-D-glucopyranosyl)-3-$-[4-O-($-D-glucopyranosyl)-2-O-("-L-rhamnopyranosyl)-$-D-glucopyranosyloxy]-22,26-dihydroxyfurost-5-ene)
Saponin (xylopyranosyl derivative)
Balanitoside (furostanol glycoside)
6-methyldiosgenin
Balanitin1-8 (mostly 3 is spirostanol glycoside)
Balanitin-6 and -7
Diosgenyl saponins
Pregnane glycosides
(pregn-5-ene-3$,16$,20(R)-triol3-O-(2,6-di-O-"-l-rhamnopyranosyl)-$-d-glucopyranoside (balagyptin)
pregn-5-ene-3$,16$,20(R)-triol 3-O-$-d-glucopyranoside

Table 2: Serum LDH and CK-MB activity of control, doxorubicin®-intoxicated and BAE-treated male Albino rats 
(U LG1)

Control 1145±56b 729±73c

BAE 1102±50b 718±72c

Doxo 1665±53a 1172±99ab

BAE+Doxo 1196±55b 737±89c

BAE6Doxo 1332±61b 1002±93a

Doxo6BAE 1270±34b 846±87b

Data are presented as Mean±Standard error, within the same column, means with superscript different letters are significantly different at p<0.05 using one way
ANOVA followed by Duncan  post hoc  test, BAE: Balanites aegyptiaca  aqueous extract and Doxo: Doxorubicin®

Table 3: Serum cholesterol, triglycerides, HDL-C and LDL-C levels of control, doxorubicin®-intoxicated and BAE-treated male Albino rats
Groups Cholesterol (mg dLG1) Triglycerides (mg dLG1) HDL (mg dLG1) LDL (mg dLG1)
Control 93±3.4e 121±13c 29±1.6a 28±3.3d

BAE 92±6.6de 110±18c 29±2.7a 26±2.6d

Doxo 207±7.1a 224±11a 21±1.7c 68±2.5a

BAE+Doxo 118±2.6c 134±8.7c 27±1.2a 41±1.7c

BAE6Doxo 146±8.7b 198±21ab 23±0.8a 60±2.9ab

Doxo6BAE 128±8.8cd 177±13b 24±1.1a 52±1.6b

Data are presented as Mean±Standard error, within the same column, means with superscript different letters are significantly different at p<0.05 using one way
ANOVA followed by Duncan  post hoc  test, BAE: Balanites aegyptiaca  aqueous extract and Doxo: Doxorubicin®

Table 4: Oxidative stress of cardiac muscle of control, doxorubicin®-intoxicated and BAE-treated male Albino rats 
Groups MDA (mmol gG1 tissue) NO (mmol gG1 tissue) GSH (mg gG1 tissue) SOD (U gG1 tissue) CAT (U gG1 tissue)
Control 61.4±2.8e 28.34±0.9d 3.7±0.5a 47904±365a 45.8± 0.8a

BAE 59.33±2.6e 27.22±0.9d 3.9±0.5a 49820±246a 44.1±0.8a

Doxo 104.1±4.8a 71.17±2.2a 1.9±0.6c 21928±1774c 21.2±0.7c

BAE+Doxo 74.1±2.67d 40.11±1.2c 3.1±0.5a 39430±223a 34.1±0.7b

BAE6Doxo 97.0±4.4b 68.83±1.9a 2.1±0.4c 28119±188b 23.9±0.7c

Doxo6BAE 86.0±4.0c 51.19±1.7b 2.6±0.5b 30286±195b 31.1±0.8b

Data are presented as Mean±Standard error, within the same column, means with superscript different letters are significantly different at p<0.05 using one way
ANOVA followed by Duncan  post hoc  test, BAE: Balanites aegyptiaca  aqueous extract and Doxo: Doxorubicin®

Table 5: Serum levels of TNF-", IL-1$, IL-6 and PON1 activity of control, doxorubicin®-intoxicated and BAE-treated male Albino rats
Groups IL-6 (pg mLG1) IL-1$ (pg mLG1) TNF-" (pg mLG1) PON1 (IU LG1)
Control 305±14d 451±15.4c 32.1±4.1d 647±19a

BAE 297±11d 441±14.5c 29.4±2.9d 656±21a

Doxo 635±17a 930±21.7a 88.2±3.8a 362±14d

BAE+Doxo 399±15a 738±23.4b 43.4±4.1c 521±23b

BAE6Doxo 522±11b 771±25.1b 58.4±3.8b 402±14c

Doxo6BAE 454±20c 763±17.9b 67.8±2.5b 444±18c

Data are presented as Mean±Standard error, within the same column, means with superscript different letters are significantly different at p<0.05 using one way
ANOVA followed by Duncan post hoc  test, BAE: Balanites aegyptiaca  aqueous extract and Doxo: Doxorubicin®
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Fig. 2: Yield (%), total phenolic content (mg gG1) and radical scavenging activity (%) of BAE

Fig. 3(a-b): Histological assessment of cardiac tissue of rats, (a) Micrograph of control group cardiac muscle cells which are
roughly  rectangular, with a single central nucleus with a preserved structure and (b) Micrograph of BAE cardiac
muscle cells with normal appearance (H and E, ×200)

Fig. 4(a-b): Histological assessment of cardiac tissue of rats of Doxo-treated group, (a) Micrograph of Doxo group cardiac muscle
cells with cytoplasmic vacuolization and (b) Micrograph of Doxo group cardiac muscle cells showed muscle
degeneration (H and E, ×200)
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Fig. 5(a-b): Histological assessment of cardiac tissue of rats of (a) Doxo with BAE and (b) BAE then Doxo  group (a) Micrograph
of Doxo with BAE cardiac muscle cells with normal appearance and (b) Micrograph of BAE then Doxo cardiac muscle
cells with normal appearance (H and E, ×200)

Fig. 6: Histological assessment of cardiac tissue of rats of Doxo
then BAE group
Micrograph of Doxo then BAE cardiac muscle cells with cytoplasmic
vacuolization (H and E, ×200)

showed a highly significant improvement in the levels of
serum inflammatory cytokines TNF-", IL-1$, IL-6 and serum
PON1 activity when compared to results of BAE6Doxo-treated
animals or Doxo6BAE-treated animals (Table 5).

Histopathological   investigation:  Histopathological
assessment  of  cardiac  tissues  of rats of the different groups
showed that control rats exhibited normal architecture and
histology of cardiac tissues (Fig. 3a), similarly, BAE-
administrated  animals  showed  normal  cardiomyocytes  that
were  similar to those of the control group (Fig. 3b). In
contrast,  Doxo-administrated  animals  showed  cytoplasmic
vacuolization and marked degeneration (Fig. 4a-b).
Interestingly,  treatment  of  rats  with  Doxo  combines  with 

BAE or those administrated with BAE before Doxo showed
cardiac muscle cells with normal appearance (Fig. 5a-b), while
the animal's group that intoxicated with  Doxo before being
treated with BAE still performing a cytoplasmic  vacuolization 
in cardiac muscle cells (Fig. 6).

DISCUSSION

Although chemotherapy showed great beneficial effects
in the treatment of numerous types of tumours, it may induce
severe toxic side effects. There are many kinds of anticancer
drugs such as Doxorubicin® (Doxo), which is used in the
treatment of solid and hematologic tumours19. Doxo is a
quinone compound that was reduced by oxidoreductases
within  the cell including NADPH oxidase, xanthine oxidase
and mitochondrial electron transport chain enzymes,
especially  complex  I.  Reduction  and  oxidation reaction
produced  semiquinone  compound that interacts with
oxygen to form the superoxide anion. Doxo has a great affinity
towards cardiolipin, a negatively charged phospholipid that is
located much in the inner mitochondrial membrane of cardiac
cells. On the molecular level, Doxo interacted with DNA is the
main cause of the cytostatic effect of anthracyclines, DNA
binding and cross-linking, inhibition of topoisomerase II and
induction of apoptosis are the mechanisms of Doxo-induced
toxicity. Doxorubicin inhibited mitochondrial respiration and
induced mitochondrial bioenergetics failure20. Another cause
of oxidative stress and production of ROS is the ability of
Doxorubicin to chelate free iron forming Doxorubicin-iron
complexes which promotes oxidative stress21.

A large number of plants worldwide have revealed strong
antioxidant activity and strong scavenger activity against free
radicals6,21,22. Flavonoids are a group of polyphenolic
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compounds with known free radical scavenging, hydrolytic
and oxidative enzyme inhibition and anti-inflammatory
properties7,22,23. 

Doxorubicin treatment 0.5 mg kgG1 b.wt., intraperitoneally
into adult male Albino rats induced significant elevations in
LDH and CK-MB activities, these findings correlate with the
previous reports which suggest that Doxo-induced oxidative
stress can lead to lipid peroxidation which is accompanied by
the release of these enzymes into serum1,24.

The administration of Doxo resulted in a significant
elevation in the levels of cardiac NO and MDA coupled with
decreased cardiac GSH, SOD and CAT compared to the control
group, these results are in line with those of1,25,26, these results
may be due to oxidative damage in heart tissue that resulted
in lipid peroxidation with the concomitant production of MDA
and reduction in GSH content. The increase in NO level can be
explained by the ability of Doxo to mediate the induction of
expression of nitric oxide synthase (NOS) and thus, NO release
in the heart26. Previous studies have suggested that
endothelial cell stimulation with calcium mobilizing agents
stimulates and dissociates the eNOS bound membrane. 
Because  Doxo-induced toxicity is mediated by intracellular 
H2O2 as well as calcium influx, Doxo treatment causes an
increase in eNOS transcription and protein activity in aortic
endothelial cells and thus NO synthesis. 

The overproduction of  ROS,  caused by  Doxo-injection, 
accounted for this decline in GSH content, as these species are
detoxified by endogenous antioxidants mainly GSH causing
their cellular stores to be depleted1-3,6,7,27,28. The observed
decrease in cardiac GSH content could also be due to the
enhanced  activities  in GSH metabolizing enzymes and SOD
as shown in the present study. 

BAE  showed potent free radical scavenging activity. This
potent antioxidant activity was attributed to the presence of
phytochemical compounds such as, furanocoumarins,
quercetins, coumarins, glycosides, saponins, alkaloids and
flavonoids, which are responsible for its29 treatment with
Balanites  aegyptiaca  extract showed a reduction in
circulating CK-MB levels with a simultaneous increase in
endogenous antioxidant components (SOD, GSH and CAT).
Concomitantly a decrease in the extent of lipid peroxidation
was also observed6.

High  blood  lipid  levels   accelerate   atherosclerosis and 
are  thought  to  be an important risk factor for myocardial 
infarction6,10,29.  Doxorubicin®  injection  resulted in a
significant elevation of the lipids level in blood and induced 
hyperlipidemia. Experimental hypertriglyceridemia in
Doxorubicin®-injected rats might be due to a decline in the

lipoprotein lipase activity in the myocardium leading to lesser
uptake of triglycerides from the blood circulation. These
results are in agreement with the report of29,30. 

Doxo-treatment resulted in an elevation of CK-MB activity
due to damaged membranes of cardiomyocytes indicating
cardiotoxicity. Balanites aegyptiaca extract was found to
inhibit the Doxo-induced CK-MB  release in the serum of rats.
The following study has revealed that Balanites aegyptiaca
extract treatment led to inhibition of CK-MB release  in  a 
dose-dependent manner. This inhibition of serum CK-MB
activity with Balanites  aegyptiaca  extract is splendidly
correlated  with  histopathological  studies  of  rat
myocardium30,31.

Cardioprotective activity of Balanites  aegyptiaca  extract
was further supported by increased myocardial antioxidant
enzyme activity and decreased extent of lipid peroxidation32. 

Administration of Balanites aegyptiaca extract in
combination with Doxorubicin® reduced the elevation in the
levels of total cholesterol, triglycerides and LDL-Cholesterol
induced and prominently raised the HDL-Cholesterol level.
The probable mechanism responsible for this action may be
due to the decrease in the biosynthesis of cholesterol in the
liver and heart  or  by  inhibiting  enzymes  responsible  for  the
synthesis of cholesterol under the influence of the
hypolipidemic constituents of Balanites aegyptiaca. The
reduction of total lipids, cholesterol and triglycerides in the
present study may be attributed to the increased clearance
and decreased production of the major transporters of
endogenously synthesized total cholesterol and triglycerides. 
All these observations indicated the hypolipidemic effect of 
Balanites  aegyptiaca   extract32.

The obtained data showed that treatment of adult male
albino rats with aqueous extract Balanites  aegyptiaca 
reduced the proinflammatory cytokines and chemokines,
including   tumour   necrosis factor-(TNF-"), Interleukin-1$ (IL-
1$) and Interleukin-6 (IL-6) levels coupled with increased
PON1 compared to the control group, evidencing the
biological safety of extract. These findings are in agonist with
the finding of Zhang et al.33. In contrast, the present study
pointed that IP injection of Doxorubicin® only induced a
significant elevation in TNF-", IL-1$ and IL-6 matched with a
significant reduction in the PON1. These findings are in
constituent with the reports of Zhang et al.33.

Moreover, the present study revealed that administration
of the rats with the aqueous extract of Balanites aegyptiaca
before, after and with companied Doxorubicin® resulted in a
significant decrease in TNF-", IL-1$ and IL-6 levels  matched
with a  significant  enhancement  of   PON1  compared  to  the
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Doxorubicin®-intoxicated group. These findings are
concomitant with the reports of previous studies6,34.

The mechanisms of Doxorubicin® mediated cell death
include oxidative stress, apoptosis, intracellular calcium
dysregulation, topoisomerase II poisoning, DNA adducts
formation and ceramide overproduction29,30. Over-production
of reactive oxygen can result in not only direct organ injury
but also exacerbation of the inflammatory reaction
simultaneously. The release of pro-inflammatory cytokines and
chemokines, including Tumour Necrosis Factor-(TNF-"),
Interleukin-1$ (IL-1$) and Interleukin-6 (IL-6), the most
important cytokines mediating the inflammatory response,
normally triggers beneficial host innate immune response to
confining tissue damage6,33. 

Doxo-derived ROS could act as intrinsic stress that
activates Mitogen-Activated Protein Kinases (MAPK), p38, JNK
and NF-B pathways as well as intracellular p53 accumulation,
leading to an increase in pro-inflammatory cytokines (TNF-"
and IL-1$) and alteration in the ratio of pro-apoptotic proteins
to  anti-apoptotic  proteins  (e.g.,  Bax  to  Bcl-2),  cytochrome
C (Cyto C) release and Caspase-3 (C3) activation33.

Animals  treated with the B. aegyptiaca  accompanied
with   Doxo   showed   significantly    lower    levels    of   these
inflammatory    markers     compared       with      Doxo    only.
B. aegyptiaca  inhibit  inflammatory  markers like TNF-", IL-1$
and  IL-6 attributable to its inhibitory effect on the release of
the   inflammatory  mediators  TNF-"  and  IL-1$  but  also  its
antioxidant properties. In other words, the mechanism of the
inhibitory effects, by which B. aegyptiaca protects against
toxicity, may involve radical scavenging. The antioxidant
activity of B. aegyptiaca may be due to its high content of
vanillic acid, syringic acid and $-sitosterol which act as a free
radical scavenger and enhance antioxidant activity34.

This  histopathological change  in  heart  that  intoxication
of rats with Doxorubicin® showed high value of  focal
rarefactions and myocyte  degeneration with cytoplasmic
vacuoles and loss of myofibrils are in agreement with27,34.
Doxorubicin®-administered cardiotoxicity shows myocardial
necrosis with an accumulation of inflammatory cells,
vacuolization and overall enlargement of the myocardium.
The production of Reactive Oxygen Species (ROS) is
considered to be a major factor in oxidative cell injury.
Balanites  aegyptiaca  inhibited and ameliorated, in a duration
dependant manner, the Doxorubicin®-induced cardiotoxicity
in rats, possibly by blocking the formation of free radicals
generated during Doxorubicin® metabolism or by the
scavenging action of the free radicals, these results are
following previous reports34,35.  Histopathological

investigations are in good agreement with biochemical
changes, findings of the present study  indicated that
traditional plants extract showed a significant cardioprotective
and curative activity against Doxo-induced cardiac injury. 

CONCLUSION

The present study concluded Balanites aegyptiaca  extract
may be as promising as cardioprotection against Doxorubicin®

in cardiotoxicity through their antioxidant and radical
scavenging activities as they normalize lipid peroxidation
mechanism and its related biochemical changes. The aqueous
extract of  Balanites  aegyptiaca  has an anti-inflammatory 
effect  by improving the levels of interleukins to normal levels.

SIGNIFICANCE STATEMENT

This study discovered the effect of aqueous extract of
Balanites  aegyptiaca   against cardiotoxicity, the extract can
be useful for protection against Doxorubicin cardiotoxicity in
male rats. This study will help researchers to uncover the
critical areas of using an aqueous extract that many
researchers were not able to explore.
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