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protects against doxorubicin-induced
myocardial injury in male albino rats
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Abstract

Background: Cardiovascular diseases have continued to be the leading cause of death globally. In addition, some
of the drugs used in the treatment of the diseases present some adverse effects which limit the usefulness of such
drugs. Thus, there is a need for novel drugs whose side effect is either minimal or non-existent. The presence of
bioactive compounds in Cola hispida leaf is of great significance in the treatment and management of
cardiovascular conditions. This study investigated the cardio-protective potential against doxorubicin (Dox)-induced
cardiac infarction in rats.

Results: Dox induction resulted to muscle fiber degeneration in Dox-treated rats hence revealed significant (p <
0.05) elevation in the serum level of cardio biomarker enzymes and lipid peroxidation profile while significant (p <
0.05) fall in cardiac enzymatic antioxidant levels were observed relative to the normal control. Pre-treatment with
ethyl acetate fraction of Cola hispida leaf expressed cardio-protective potentials against Dox-induced cardiotoxicity
by significantly (p < 0.05) lowering the levels of cardiac biomarker enzymes towards normal, building up the
activities of subdued antioxidant enzymes and depleting its malondialdehyde level. Histopathology
photomicrograph of the heart tissues expressed myxomatous degeneration but was ameliorated through the
administration of the fraction.

Conclusion: In accordance with the findings from this study, the administration of ethyl acetate fraction of Cola
hispida leaf is effective against Dox-induced redox imbalance due to its enriched antioxidant phytoconstituents.
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Background
Cardiovascular diseases (CVD) are a class of disease con-
ditions and structural problems that disrupt the cardio-
vascular system targeting the heart as well as the blood
vessels of the heart and brain [1]. The sequential events
leading to this CVD includes endothelial dysfunction,
atherosclerosis plaque formation, and rupture of athero-
sclerotic lesion [2]. Cardiovascular diseases still maintain
the principle reason of long-term morbidity and death
among Western population [3]. Coronary artery disease
(CAD) being the most prevalent cardiovascular disease

condition involves the reduction of blood flow to the
heart muscles as a result of plaque build-up in the heart
[4]. Early detection of cardiotoxicity is measured by
changes in the regional function of the heart using stress
testing [5]. Several strategies adopted in the prevention
of cardiotoxicity include dexrazoxane, beta blockers,
angiotensin inhibitors (ACE), and probucol although
their adverse effects limited their wider acceptance [6].
Doxorubicin (Dox), an anti-neoplastic drug, belonging to
the anthracycline family expresses strong binding coop-
erativity to a phospholipid, cardiolipin resulting in an irre-
versible complex in the inner mitochondrial membrane.
This disrupts the cardiolipin protein interface giving rise
in the formation of superoxide anion radical, increasing
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the reactive oxygen species (ROS) level in the body
system, hence induces different form of tissue toxicity and
cardiomyocyte death [7–10]. The principle mechanism by
which doxorubicin induces cardiotoxicity (DIC) varies de-
pending on the diseases although mostly results from
increased oxidative stress [7–9], iron metabolism [11],
nitric oxide syntheses [8] and calcium homeostasis
dysregulation [12].
However, there is rise in demand for alternative treat-

ment of cardiotoxicity since nature’s chemical diversity
and complexity has provided mankind with a wide range
of molecules consisting diverse therapeutic benefits [13].
Cola hispida belongs to the family of Sterculiaceae,
which is native to Sierra Leone, Ivory Coast, Ghana, and
Nigeria. Although a lowland tree, it is also found in
fertile areas, with altitudes of about 200 m [14]. Its
make-up comprises of long, ovoid leaves of leathery
texture bearing yellow flowers as well as a star-shaped
fruit. The nuts have an after bitter taste and are enriched
with 2–4% caffeine and some alkaloids. They serve as
host gift to guest during bride price negotiation [15].
Traditionally, the nuts ease tiredness, hunger pangs,
inhibits sleep, enhances mental activity, and as well used
as dye while the pods are used in the production of
fertilizers and soap and serve as a substitute in poultry
feeds. In traditional medicine, the nuts when grounded
and mixed with honey aids digestion and are used to
relieve cough [16]. Since this species of cola seem quite
rare and has not been clinically investigated, this paper
seeks to investigate the cardio-protective effect of ethyl
acetate fraction of Cola hispida leaf in doxorubicin-
induced myocardial injury in rats.

Methods
Ethical approval
This research was approved by the ethical committee of
our institution. The rats were handled according to the
guidelines of the National Institute of Health (NIH) on
the care and use of laboratory animals.

Drug and chemicals
All the chemicals, reagents, and drug used for the re-
search were of analytical grade.

Collection of sample
The leaves of Cola hispida plant were freshly obtained
from Ajuona Nsukka Local Government Area of Enugu
State, without causing any damage to the plant. The
leaves were identified by Ozioko Alfred, a taxonomist at
Bioresources Development and Conservation Programme,
Nsukka, Enugu State, Nigeria. The plant leaves were de-
posited in the herbarium of Bioresources Development and
Conservation Programme, Nsukka, Enugu State, Nigeria,
with a voucher number: InterCEDD/16304.

Plant material preparation
Cola hispida leaves were thoroughly washed using dis-
tilled water, kept at room temperature to dry, then
grounded into a fine powder for extraction. A known
quantity of the sample (750 g) was softened in 3.75 L
methanol and kept for 48 h at room temperature. The
mixture was filtered using Whatman No. 1 filter paper
and then concentrated using the rotary evaporator to
obtain chocolate-like semi-solid extract.

Solvent-solvent partitioning (fractionation) of Cola hispida
methanol leaf extract
A quantity (20 g) of the crude extract was further re-
extracted by the process of partitioning using 20%
methanol, ethyl-acetate, and n-hexane in order of in-
creasing polarity. This quantity (20 g) of the crude
methanol extract was re-dissolved into 250 ml of 20% of
the solvent followed by addition of n-hexane in the same
proportion, stirred to mix and then allowed to settle on
standing for 20 min for complete separation into two
partitions; then, the n-hexane partition was collected in
a flat bottom flask. The above process was repeated
three times with the remaining 250 ml of 20% methanol
until the n-hexane partition is colorless. Then, 250 ml of
ethyl-acetate was added to the remaining partition of the
250 ml of 20% methanol; the ethyl-acetate partition was
collected into flask. The process was repeated three
times until the ethyl-acetate partition became colorless.
The different solvent partitions were collected and con-
centrated, and the solvent (ethyl-acetate) which showed
a better result in the pilot study was selected for further
studies.

Screening of secondary metabolites
Phytochemical screening of the Cola hispida leaf constit-
uents was in accordance with the method of Harborne
[17] and Trease and Evans [18]. Quantitative analyses
were done as described by Harborne [19] and Soni and
Sosa [20].

Determination of cardioprotective and antioxidant
properties of Cola hispida leaf fraction
A total of thirty (30) experimental albino rats (187–224
g) were purchased from Department of Zoology and En-
vironmental Biology and kept in aluminum cages in an
animal house with temperatures steadied at 25 °C and
55% relative humidity. All the experimental animals were
allowed for 7 days of acclimatization with daily access to
their feed and water all through the experiment. The ad-
visory notes of the National Institute of Health on the
management of research animals were maintained.
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Treatment procedures
The thirty experimental albino rats were separated into
six experimental groups (A, B, C, D, E, and F) in a ran-
dom manner, each consisting of five experimental albino
rats. A 100 mg kg−1 b.wt of vitamin E and varied oral ad-
ministration of the fraction was given to groups C and
D–F respectively while groups A and B received only
distilled water and were also fed for 21 days after
acclimatization.

Induction of myocardial injury
On the 21st day, after 2 h of fraction and vitamin E ad-
ministration, group B–F were intraperitoneally treated
with equal doses of 2.5 mg kg−1 b.wt of Dox while group
A was administered only distilled water.
Group A: distilled water only
Group B: 2.5 mg kg−1 b.wt Dox only
Group C: 100 mg kg−1 b.wt vitamin E + 2.5 mg kg−1

b.wt Dox
Group D: 100 mg kg−1 b.wt, fraction + 2.5 mg kg−1

b.wt Dox
Group E: 200 mg kg−1 b.wt, fraction + 2.5 mg kg−1

b.wt Dox
Group F: 400 mg kg−1 b.wt, fraction + 2.5 mg kg−1

b.wt Dox

Collection of blood sample
This followed the procedure described by Agbafor et al.
[21] which after an overnight fast, blood was collected
through cardiac puncture after the rats were euthanized
using chloroform. The blood samples were stored in a
plain specimen container with no anticoagulant. The rats
were humanely sacrificed, and the hearts were immedi-
ately surgically cut out, perfused with cold normal saline
and homogenized using 0.25 M sucrose in 0.2 M phos-
phate buffer at pH 7.4.

Determination of cardioprotective property of Cola hispida
The Randox kits were used to determine the serum level
of creatine kinase (CK), lactate dehydrogenase (LDH),
and aspartate aminotransferase (AST) following manu-
facturer’s guidelines.

Heart homogenate preparation
The heart tissue was homogenized in 1.5% KCl with 10
mM phosphate buffer, pH 7.4 in ethylenediaminetetra-
acetic acid (EDTA), and centrifuged at 12,000 rpm for
20 min. An aliquot of the supernatants’ prepared tissue
homogenate was drawn for each biochemical analysis.

Determination of antioxidant property
The concentration of malondialdehyde (MDA) of the
tissue homogenate was measured following the method
described by Wallin et al. [22]. Myocardial activities of

the antioxidant enzymes: catalase (CAT), superoxide dis-
mutase (SOD), and glutathione peroxidase (GPx) were
assayed respectively by methods described by Fridovich
[23], Aebi [24], and Paglia and Valentine [25].

Estimation of nutrient constituents of Cola hispida fraction
The method described by AOAC [26] and Pearson [27]
was used to determine the vitamin and mineral presence
respectively.

Preparation of tissue
The tissue samples were trimmed, washed, and dehy-
drated using ethanol in increasing percentage (60, 70,
80, and 90% proportions). The tissue samples were
cleaned in xylene, immersed in paraffin, and broken up
into sections at about 5-μ thickness. They were then
treated with hematoxylin and eosin (H and E stain) and
viewed at ×400 magnifications [28].

Data analysis
Analysis of data was done using SPSS version 21.0 on
the test statistic, one-way analysis of variance (ANOVA),
and Duncan Multiple Range Test to ascertain the statis-
tical difference among the mean and the interaction be-
tween the variables. The statistical differences obtained
were adjudged statistically significant at p<0.05.

Results
Preliminary phytochemical profiling of Cola hispida leaf
extract
The phytochemical evaluation of methanol extract of
Cola hispida leaves expressed the active ingredients,
terpenoids, saponins, flavonoids, alkaloids, tannins, and
glycosides in different proportions as shown in Table 1

Preliminary mineral and vitamin content profiling of Cola
hispida leaf extract
The results showed the presence of the mineral elements
potassium, iron, zinc, and copper, and the vitamins (A,
C, and E). The concentration of potassium ions was
higher than iron, zinc, and copper. At the same time,
vitamin C showed highest concentration of non-

Table 1 Phytochemical composition of Cola hispida leaf extract

Phytoconstituents Amount (mg/g)

Terpenoids 1.20 ± 0.21

Saponins 1.09 ± 0.20

Flavonoids 0.99 ± 0.50

Alkaloids 0.87 ± 0.20

Tannins 0.85 ± 0.13

Glycosides 0.37 ± 0.16

Results are expressed as mean ± SD. n = 3
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enzymatic antioxidant level followed by vitamins E and
A as presented in Table 2.

Effects of Cola hispida leaf ethyl acetate fraction on
cardiac biomarker enzymes of albino rats
After the intraperitoneal administration of Dox to
groups B–F, a significant (p<0.05) increase in the serum
level of CK, LDH, and AST were observed in the Dox
untreated group when compared with the control while
pre-treatment with the graded doses of Cola hispida leaf
fraction significantly reversed and ameliorated the cardi-
otoxicity of Dox-induced in albino rats as shown in
Table 3. Moreover, pre-treatment with 100 mg kg−1 b.wt
of vitamin E expressed a significant (p<0.05) decrease in
the serum levels of the cardiac biomarker enzymes when
compared with the control. However, a decrease in the
serum level of CK, LDH, and AST was observed as the
doses increased although at the highest dose of 400 mg
kg−1 b.wt, the fraction significantly suppressed the toxic
effect of Dox on LDH and AST more than the standard
drug.

Effects of Cola hispida leaf ethyl acetate fraction on
cardiac biomarker enzymes of albino rats
After the intraperitoneal administration of Dox to
groups B–F, a significant (p<0.05) increase in the serum
level of CK, LDH, and AST were observed in the Dox
untreated group relative to the control while pre-
treatment with the graded doses of Cola hispida leaf

fraction significantly reversed and ameliorated the cardi-
otoxicity of Dox induced in albino rats as shown in
Table 3. Moreover, pre-treatment with 100 mg kg−1 b.wt
of vitamin E expressed a significant (p<0.05) decrease in
the serum levels of the cardiac biomarker enzymes rela-
tive to the control (Table 3). However, a decline in the
serum level of CK, LDH, and AST was noted as the
doses increased. Although at the highest dose of 400 mg
kg−1 b.wt, the fraction significantly suppressed the toxic
effect of Dox on LDH and AST more than the standard
drug.

Histopathological study of heart tissues
The photomicrograph of the heart tissue expresses vari-
able degree of degeneration as represented in Fig. 1a–f.
Group A having three tunics (intima, media, and adven-
titia) joined end to end revealed passive occlusion.
Group B that received Dox only showed multifocal area
with severe hyperemic condition, and degeneration of
muscle fibre muscle fiber when compared to groups A,
C, D, E and F. Plate C expresses mixed cellular infiltrates
while plate D revealed minor loss of myofibrils with
slender threads of muscle fiber. More so, plate E shows
a myxomatous degeneration accompanied with thick-
ened ventricular surface of mitral valves and F observed
with homogenous mononuclear cells not associated with
cardiomyopathy. Meanwhile, the group treated with 400
mg kg−1 b.wt fraction and 100 mg kg−1 b.wt vitamin E
expressed some similarity with the normal control.

Discussion
This study focused on protective effects of ethyl acetate
fraction of Cola hispida leaf in Dox-induced cardio-toxic
rats. The phytochemistry of ethyl acetate fraction of
Cola hispida leaf showed the presence of flavonoids, ter-
penoids, alkaloids, saponins, tannins, and glycosides.
Dox being a cationic drug causes tissue (heart) toxicity
and as such triggers lipid peroxidation through the gen-
eration of certain free radicals that harm the cells if not
in control by the system [29]. This could damage the
myocardial cells leading to decrease in CK, AST, and
LDH serum level concentration or impairment in their

Table 2 Preliminary mineral and vitamin contents of Cola
hispida leaf extract

Nutrients Amount

Vitamin C (mg/100 g) 26.10± 0.03

Vitamin E (mg/100 g) 3.87 ± 0.15

Vitamin A (IU) 0.08 ± 0.01

Potassium (mmol/L) 0.85± 0.01

Iron (mg/100g) 0.49± 0.00

Zinc (mg/100g) 0.14 ± 0.00

Copper (mg/100g) 0.03± 0.02

Results are expressed as mean ± SD. n = 3

Table 3 Serum level of cardiac biomarker enzymes

Groups CK (U L−1) LDH (U L−1) AST (IU L−1)

Normal control 6.87 ± 0.70b 15.72 ± 1.71b 105.09 ±1.98b

Dox only 9.36 ± 0.83c 26.31 ± 1.17d 117.30 ±3.55c

100 mg kg−1 bw, vit E+ Dox 5.01 ± 0.52a 20.22 ± 2.09c 108.90 ±5.52b

100 mg kg−1 bw, fraction+ Dox 7.51 ± 0.88b 17.83 ± 2.31b 105.97 ±3.76b

200 mg kg−1 bw, fraction + Dox 7.47 ± 1.17b 16.25 ± 2.07b 105.8 ± 3.37b

400 mg kg−1 bw, fraction+ Dox 7.39 ± 1.20b 12.96 ± 1.13a 94.25 ± 6.42a

Results are expressed as mean ± SD. n = 5. Values in the same column having different superscripts differ significantly (p<0.05)
CK creatine kinase, LDH lactate dehydrogenase, AST aspartate aminotransferase
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activities and biological functions of the heart because
these enzymes leak into the extracellular fluids. How-
ever, the leak can be avoided by preserving the myocar-
dium membrane [30].
The present study showed significant (p < 0.05) in-

crease of CK, AST, and LDH serum level relative to the
normal control after Dox administration. This could be
attributed to the enzymes leaking into the extracellular
fluid as a result of myocardial cell membrane. Pretreat-
ment of the albino rats with Cola hispida leaf fraction
(100, 200, and 400 mg kg−1 b.wt) significantly (p<0.05)
altered and reversed further increase in the serum level
of CK, AST, and LDH brought about by Dox-induced
toxicity. Moreover, Cola hispida leaf fraction showed
protective capacity of the cell membranes from damage
by preventing the leak of the cardiac biomarkers. This
may give credit to the potency of Cola hispida leaves in
cardio-protection of myocardial membrane. Vitamin E
also helps in maintaining the integrity of the cardiac
cells by its capacity to effectively break chain reaction of
free radicals, hence exhibiting antioxidant properties to
ameliorate lipid peroxidation while vitamin C which is

crucial in regenerating vitamin E, beta-carotene, and
other carotenoids also produce antioxidant capacity to
lipid-rich tissues, hence provide a robust cell membrane
[31, 32]. The significant (p<0.05) reduction in the
cardiac MDA concentrations after the administration of
different doses of the fraction indicate cardio-protective
potency of Cola hispida leaf fraction against the Dox-
induced lipid peroxidation [33]. This protective effect of
Cola hispida leaf could be attributed to its antioxidant
property, thus ethyl acetate fraction of Cola hispida leaf
could be used to restore affected biochemical profiles
induced by Dox exposure or any other cardiotoxic
substance to enhance membrane stabilization [34]. Also,
the presence of phytochemicals and secondary metabo-
lites could be responsible for the antioxidant activity of
the fraction [26, 35] (Table 4).
The decrease in SOD, CAT, and GPx serum levels in

the heart tissues of rats treated with Dox only may be
due to Dox metabolite overload hence impairing the
antioxidant activity of these enzymes since heart tissue is
especially prone to free radical damages due to its low
amounts of detoxifying enzymes [36]. Pre-treatment with

Table 4 Effect of Cola hispida leaf ethyl acetate fraction on MDA, CAT, SOD, and GPx in heart tissues of rats

Groups MDA (nmols g−1 protein) CAT (Umg−1 protein) SOD (Umg−1 protein) GPx (Umg−1 protein)

Normal control 2.35±0.32a 3.71 ± 0.19ab 11.38 ± 0.03b 227.48 ± 21.67a

Dox only 3.89±0.37c 3.09 ± 1.13a 10.87 ± 0.54a 174.90 ± 16.98c

100 mg kg−1 bw Vit. E + Dox 2.85±0.51b 4.57 ± 0.34c 11.39 ± 0.04b 195.75 ± 10.41b

100 mg kg−1 bw fraction + Dox 3.78±0.44b 3.70 ± 0.59ab 11.36 ± 0.16b 174.95 ± 3.93a

200 mg kg−1 bw, fraction + Dox 3.10±0.75ab 4.39 ± 0.43bc 11.39 ± 0.05b 181.57 ± 7.01ab

400 mg kg−1 bw, fraction + Dox 2.62±1.10a 4.83 ± 0.19c 11.40 ± 0.18b 196.67 ± 6.12b

Results are expressed as mean ± SD. n=5. Values in the same column having different superscripts differ significantly (p<0.05)
MDA malondialdehyde, CAT catalase, SOD superoxide dismutase, GPx glutathione peroxidase

Fig. 1 a–f Histoarchitectural structure of the heart tissue as shown in the pre-treatment groups. a Normal control, b Dox only (positive control),
c 100 mg kg−1 b.wt Vit E+ Dox, d 100 mg kg−1 b.wt fraction + Dox., e 200 mg kg−1 b. wt fraction + Dox, f 400 mg kg−1 fraction + Dox
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varying doses of the fraction prior to Dox significantly
(p<0.05) reversed the Dox-induced reduction in activity
of the antioxidant enzymes. Administration of vitamin E
and the graded fraction showed significantly (p˂0.05)
expressed increase in these antioxidant enzyme activities
suggesting protective attributes of Cola hispida leaves
phytoconstituents [37]. Meanwhile, the presence of vita-
mins C and E in Cola hispida leaf extract could have en-
hanced the enzymatic antioxidant activities. The iron,
copper, zinc, and magnesium ions present in the Cola
hispida extract are co-factors to some of these enzymes
hence may have enhanced the antioxidant activity. The
dose-dependent reversal activity of the fraction on myo-
cardial necrosis to normal histoarchitectural structure of
the heart may suggest membrane stabilization and cyto-
protective attributes of Cola hispida leaf fraction.

Conclusion
The decrease in glutathione peroxidase, superoxide
dismutase, and catalase as well as increased AST, LDH,
and CK of experimental albino rats treated with Dox
only showed cardiovascular impairment resulting from
damage to the cardiac cell membrane. However, the
increase in activities of these enzymes when vitamin E
and Cola hispida leaf fraction were administered suggests
the restoration of the cell membrane integrity and antioxi-
dant property by Cola hispida leaves and could therefore
serve as a robust drug to enhance cardioprotective
potency of the heart.
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