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Abstract

Background: Momordica. charantia is popularly used as a medicinal herb in ethnomedicine for the management of
cardiovascular diseases. In this study, we evaluated the beneficial effects of the ethanolic extract of M. charantia
(Linn.) in experimentally induced cardiovascular disorders using cholesterol-fed Wistar rat.

Methods: Seventy-two experimental rats were randomly assigned into nine 9 groups of 8 rats each and treated as
follows: Rats in group A (control) were given distilled water only; Rats in group B were given 30mg/kg of cholesterol
dissolved in coco-nut oil (cholesterol solution); Rats in group C were given cholesterol solution and 100mg/kg
Atorvastatin; Rats in group D were given 250mg/kg of M. charantia and cholesterol solution; Rats in group E were
given 500mg/kg of M. charantia and cholesterol solution; Rats in group F were given 250mg/kg. M. charantia; Rats in
group G were given 500mg/kgM. charantia; Rats in group H were given 1ml of coconut oil; Rats in group I were
given 100mg/kg of Atorvastatin.

Results: Mean LDL-cholesterol was significantly (P < 0.05) lower in groups F, E and H as compared with the
control groups. Histological analysis of the heart and aortic branch of the experimental rats show that
cholesterol administration induced myocardial degeneration, vascular ulceration and stenosis in the aorta and
heavy perivascular infiltrates of inflammatory cells. However, these deleterious effects were ameliorated upon
treatment with Momordica charantia and Atorvastatin as compared with the control groups.

Conclusion: Our findings indicate the possible cardiovascular benefits of M. charantia.
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Introduction
Cardiovascular diseases result from the death of cardiac
tissues due to prolonged and severe ischemia [1]. The oc-
currence also correlates with genetic and behavioral dispo-
sitions to atherosclerosis [2]. Significant increase in
morbidity and mortality due to cardiovascular diseases are
often associated with aortic and carotid atherosclerotic
disease and stroke [2]. Conventionally, cardiovascular dis-
eases such as myocardial infarction and atherosclerosis are
treated or managed with the administration of orthodox
drugs or by surgical intervention. These conventional pro-
cedures are often associated with unpleasant side-effects

and complications. In a view to mitigating these side ef-
fects, the search for alternative and safer remedy have be-
come the focus of many researchers. Medicinal plants
have been acclaimed to be safe as an alternative form of
therapy. They have been harnessed as phyto-remedy since
the dawn of civilization and some herbs have emerged as
a mainstay of man’s pharmacotherapy.
The World Health Organization in 2013 [3] estimated

that 80% of inhabitants of developing countries rely on
plant-based drugs because they are natural and sup-
posedly innocuous with little or no side effects. In eth-
nomedicine, M. charantia has been acclaimed to have a
broad spectrum of activities in the management and
treatment of cardiovascular disorders, diabetes, inflam-
mation, etc [4] Commonly called bitter gourd or Balsam
pear, M. charantia belongs to the Cucurbitaceae family
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and grows in the tropical area. It is native to tropical
and subtropical Africa. It is popularly consumed as vege-
table and has been acclaimed to possess high medicinal
values. M. charantia has been reported to contain active
phytochemicals which are responsible for its therapeutic
activities. An example is the protection against athero-
sclerosis by regulating blood cholesterol. It has been pro-
posed that the crude extract of Momordica charantia, as
well as Momordicatin (which is obtained from the fruits
of Momordica charantia) may be considered as potential
sources of new chemotherapeutics [4]. However, there is
dearth of scientific information about the determination
of the safe dose and possible cardiovascular benefits of
this plant. In this study, we investigated the possible car-
diovascular benefits of M. charantia using standard sci-
entific methods.

Methods
Chemicals and reagents
HDL-Cholesterol Kit, LDL-Cholesterol Kit, Triglycer-
ide (TG) kit, cholesterol powder, coconut oil, 50%
ethanol, phosphate buffer (pH 7.4), 6 M H2SO4, 0.01
M KMnO4, EDTA, formalin, alcohol, xylene, paraffin
wax, haematoxylin and eosin dyes, 1% acid alcohol,
phosphotungstic acid haematoxylin (PTAH) stain. All
chemicals and reagents are of analytical grades from
Sigma-Aldrich, Germany. The standard drug used was
Atorvastatin (Lipitor) from Pfizer Pharmaceuticals,
Great Britain.

Plant materials and preparation of ethanol extract
Fresh leaves and stem of M. charantia were collected
from Ovbiogie community in Ovia North-East Local
Government Area of Edo State, Nigeria. They were iden-
tified and authenticated in the Department of Plant Biol-
ogy and Biotechnology, Faculty of Life Sciences,
University of Benin, Nigeria. The plant was assigned
Herbarium Number: UBHc0294 and a sample of the
plant material was deposited in the Herbarium. The
fresh leaf and stem were air dried and ground into fine
powder using an electric blender (pyeUnicam, Cam-
bridge, England). The powdered plant material was sub-
jected to extraction using 50% ethanol and intermittent
maceration. Dried ethanol extracts were obtained after
removing the solvent by evaporation under reduced
pressure using Rotary evaporator. The extract was stored
in an air-tight container and kept in the refrigerator at
4 °C for further use.
Percentage yield of the extracts was determined using

the formula.

%yield ¼ weight of dry extract
weight of sample

x100

Phytochemical analysis of extract
The extract was subjected to preliminary phytochemical
screening for tentative identification of carbohydrates,
cardiac glycosides, saponins, steroidal nucleus, alkaloids,
tannins, flavonoids using standard established methods.

Animals, experimental design and procedure
Adult Wistar rats weighing between 160 g and 180 g
were used for this study. The animals were bred in the
animal facility of the Department of Anatomy, School of
Basic Medical Sciences, University of Benin. Food and
water were provided ad libitum. The experimental pro-
cedures and care of the animals were in accordance with
the institution’s (School of Basic Medical Sciences, Uni-
versity of Benin, Nigeria) animal and ethics guidelines. A
total of 72 healthy Wistar rats of either sexes weighing
between 160 g and 180 g were randomly assigned into
nine groups (A to I) of eight rats each, as follows:

� Group A: (Control) received 1 ml distilled water
orally daily for a period of sixty (60) days.

� Group B: Received freshly prepared cholesterol
powder dissolved in coconut oil at a dose of 30 mg/
kg body weight orally for a period of sixty (60) days.

� Group C: (Standard) received the standard drug
Atorvastatin (Lipitor) at a dose of 100 mg/kg body
weight orally for a period of sixty (60) days and
freshly prepared cholesterol at a dose of 30 mg/kg
body weight.

� Group D: Received 250 mg/kg orally, ethanol extract
of M. charantia (LDMC) for a period of sixty (60)
days and freshly prepared cholesterol at a dose of 30
mg/kg body weight.

� Group E: Received 500 mg/kg orally, ethanol extract
of M. charantia (HDMC) for a period of sixty (60)
days and freshly prepared cholesterol at a dose of 30
mg/kg body weight.

� Group F: Received 250 mg/kg orally, ethanol extract
of M. charantia (LDMC) only for a period of 60
days.

� Group G: Received 500 mg/kg orally, ethanol extract
of M. charantia (HDMC) only for a period of 60
days.

� Group H: Received 1 ml of coconut oil only for 60
days.

� Group I: Received 100 mg/kg of Atorvastatin
(Lipitor) only for 60 days.

Acute toxicity study of extract
Acute oral toxicity (AOT) of M. charantia was deter-
mined using 42 Wistar rats by the method described by
Lorke in 1983 [5]. The animals were fasted overnight
prior to the commencement of the experiment. They
were divided into seven groups of six animals each and
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were administered with single dose of the extract orally.
The different groups received different doses of the ex-
tract (1, 2, 4, 8 and 12 g/kg body weight). The animals
were observed for mortality up to 48 h (acute toxicity)
and for another 14 days for signs of sub-acute toxicities.

Induction of cholesterol-induced myocardial infarction and
atherosclerosis
Cholesterol powder was made into solution in pure
coconut oil (vehicle) and administered to the treated
groups (B – E) at a dose of 30 mg/kg body weight for 60
days to induce myocardial infarction on the heart and
atherosclerosis in the aorta.

Sample collection
After 60 days of administration, the rats were weighed,
anesthetized and cut open (sacrificed). Blood samples
were collected by cardiac and aortic puncture from the
heart and aorta of each rat using sterile syringes. The
samples were kept in plane sample bottles. The heart
and aorta were excised from the rats and promptly
transferred into 10% formal saline for fixation.

Determination of serum lipid profile
The blood samples were centrifuged using Hettich Cen-
trifuge (Rototix 32A, Germany) at 4000rmp for 10 min.
The sera were separated and used for determination of
total cholesterol (TC), triglycerides (TG), low density li-
poproteins (LDL) and high-density lipoproteins (HDL)
using standard diagnostic test kits (Randox laboratories,

UK) on Automated Clinical System (VIS-7220G, Biotech
Engineering Management Company Limited, UK) fol-
lowing the manufacturer’s instructions.

Histological procedure
The fixed tissues were completely dehydrated by passing
them through ascending grades of alcohol solutions
(70% for 2 h, 90% for 18 h and 100% for 4 h). The tissues
were immersed in xylene for 5 h for complete removal of
the alcohol solution. The tissues were infiltrated in an
oven using molten paraffin wax at a temperature range
of 56 °C to 60 °C. The molten paraffin wax was poured
into an embedding mound and the infiltrated tissues
were placed in it. The tissues were oriented as to allow
the cutting of longitudinal and transverse sections. The
molten paraffin wax was allowed to cool and form the
tissue block. Prior to sectioning, the tissue blocks were
trimmed and mounted on a wooden block holder. The
tissues were clipped to the microtome (Leica RM 2235,
UK) and sectioned at 4 μm thickness. Sections came out
as ribbons and were placed in 20% alcohol for spreading.
The ribbons were cut and allowed to float in a water
bath at a temperature of 30 °C. The sectioned tissues
were placed in xylene for 5 min to allow the removal of
paraffin wax. Hydration was carried out by passing the
tissues through descending grades of alcohol solutions
(100%, 90% and 70%) and water for 5 min each. The tis-
sues were stained in haematoxylin for 10 min and
washed in water for 2 min. They were briefly differenti-
ated in 1% acid alcohol and subsequently washed in

Table 1 Some phytochemical content of Momordica charantia
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water. The tissues were further counterstained in eosin
for 5 min and rinsed in 90% alcohol solution [6]. Stained
slides were viewed using an optical photomicroscope
(Leica MC170 HD, Leica Bio systems, Germany) at ×
100 and × 400 magnifications. Special stains used are
Elastic stain (ES) technique for elastic fibers [7]; Phos-
photungstic acid haematoxylin (PTAH) for smooth
muscle fibres [8].

Statistical analysis
Statistical analysis was by One Way Analysis of Variance
(ANOVA) using IBM-SPSS statistics version 23 followed
by Duncan’s comparison test for significance (P < 0.05).

Results
The effects of ethanol extract of Momordica charantia
on the body and organ weight, lipid profile and the
histological sections of the heart and aortic branch of
the experimental rats are as described below;
In Table 1, the phytochemical screening of Momordica

charantia shows the presence of some phytochemicals

such as alkaloids, flavonoids, saponins, steriods, terpo-
noids, tanins and anthroquines and cardiac glycosides.
The results also indicate comparatively, the highest con-
centration of alkaloids in the plant extract.

Comparison of body weight and the organ weight
There were no significant (P > 0.05) differences between
the body weight and the organ (heart) weight of the ex-
perimental animals across the different groups (Table 2,
Figs. 1, 2 and 3).

Discussion
Myocardial infarction and atherosclerosis are major
manifestations of cardiovascular diseases with high rate
of morbidity and mortality globally. Nature has made
available certain therapeutic agents of plant origin cap-
able of protecting or improving cardiovascular health.
This may provide an avenue to reduce cholesterol with-
out recourse to synthetic drugs and their undesirable
side-effects. Due to the long historical utilization of eth-
nomedicinal plants by humans, useful data on the acute

Table 2 Correlation coefficient between the body weight and the organ weight of the test rats

Parameters Body weight

Control LDMC HDMC Atorvastatin Cholesterol
Only

Cholesterol
+ LDMC

Cholesterol
+ HDMC

Cholesterol +
Atorvastatin

Coconut
oil

Organ
Weight
(Heart)

Control r =
0.629

P > 0.05

LDMC r =
0.786

P >
0.05

HDMC r =
0.087

P >
0.05

Atorvastatin r = 0.891

P > 0.05

Cholesterol
Only

r = 0.927

P > 0.05

Cholesterol +
LDMC

r = 0.657

P > 0.05

Cholesterol +
HDMC

r = 0.398

P > 0.05

Cholesterol +
Atorvastatin

r = 0.988

P > 0.05

Coconut oil r =
−0.601

P > 0.05

KEY: Horizontal axis represents body weight across the groups; Vertical axis represents organ weight across the groups
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and sub-acute toxicity evaluations of medicinal plants or
extracts derived from them should be accessed. This is
necessary to ensure the certainty of their safety to
humans and also set the criteria for choosing a safe dose
in humans [9]. Preliminary analysis of some phytochem-
ical constituent of the extract of M. charantia revealed
the presence of high amounts of alkaloids, flavonoids
and cardiac glycosides. Other phytochemicals of bio-
chemical importance and cardiovascular relevance found
include saponins, steroids, terpenoids tannins and an-
thraquinones. As observed in our study, we infer that
the presence of saponins, tannins and other hypolipid-
emic phytocomponents such as flavonoids in the extract
could account for its bioactivity.
Our preliminary toxicity (acute and chronic) study of

M. charantia (although not published) revealed that; the
oral administration of the plant extract at different doses
(up to 12,000 mg/kg body weight) for 14 days did not
cause any signs of toxicity, morbidity or mortality in the

experimental rats. Toxicological evaluation involving
sub-acute, acute and chronic studies are often employed
for the evaluation of the undesirable side effects of ex-
posure to medicinal plants over a period of time [10].
These investigations provide useful information on tar-
get organ toxicity and can be used to determine appro-
priate dose regimens for longer term investigations in
humans [11]. It has been reported that significant
changes in body weight gain and internal organ weights
are direct and sensitive indices of toxicity after exposure
to a toxic substance [12–14]. We did not observe any
significant changes in the behavior of the test animals, as
well as their food consumption habits. The body weight
changes as well as relative organ weights of the experi-
mental rats (both male and female) did not differ signifi-
cantly from those of the control rats. It may therefore be
appropriate to infer that M. charantia is relatively safe
with respect to its use in ethnomedicine. M. charantia is
widely used in ethnomedicine; however, studies

Fig. 1 Lipid profile of the experimental animals. Our results of the lipid profile of the experimental animals (fig) show that the mean total cholesterol,
triglyceride and high-density lipoproteins (HDL) were not significantly different (P > 0.05) in all the test groups as compared to the control group.
However, the mean low-density lipoproteins was significantly (P < 0.05) lower in the groups given LDMC, cholesterol plus HDMC and coconut oil only
as compared with the control group
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investigating its biological properties and mechanisms of
action are still insufficient. Different therapeutic indica-
tions of the plant in ethnomedicine are found in litera-
ture, especially its pharmacological activities in the
control of diabetes, viral infections and cancer [15]. M.
charantia is a medicinal herb which possesses various
bioactive compounds with health benefits [16].
Li et al. in 1994 and Verschuren et al. in 1995 [17, 18]

reported a linear correlation between dietary cholesterol
intake and mortality from coronary heart disease (CHD).
It has also been shown that the administration of dietary
cholesterol speeds up the formation of aortic plaques in
the apolipoprotein E null mutant mouse [19]. Results of
our present study, which focused on the cardiovascular
benefits of the plant (M. charantia), shows that the
mean total cholesterol, triglyceride and high-density li-
poproteins (HDL) of the experimental rats were not sig-
nificantly affected in all the test groups as compared to
the control. It can therefore be inferred that the

administration of the extracts and the standard drug
(atorvastatin) had similar effect with respect to the re-
duction of the lipids in the test animals. Previous studies
have shown that in mice fed high fat diet (HFD), admin-
istration of freeze-dried M. charantia juice was found to
reduce adiposity and it was reported that extracts from
this plant may reduce visceral obesity [20, 21]. Our find-
ings also show that the mean low-density lipoproteins
were significantly lower in the groups given LDMC,
cholesterol plus HDMC and coconut oil only as com-
pared with the control group. Low-density lipoprotein is
the most important risk factor for development of ath-
erosclerosis and cardiovascular diseases in humans and
animals [22–24]. Our results portend the cardiovascular
benefit of the extract as reduction in low-density lipo-
proteins correlates with decreased risk of cardiovascular
diseases. Willeck et al. in 2015 [22] reported observable
increases in total cholesterol, triglyceride and LDL-
cholesterol, with corresponding decrease in HDL-

Fig. 2 Histological sections of the heart of the experimental rats (H&E X 100). Figure 2 shows; 1. Control rat heart composed of bundles of myocardiac fibres
(A), coronary artery (B) and interstitial space (C). 2. Rat given low dose extract only showing, moderate interstitial congestion (A) and mild vascular dilatation (B).
3. Rat given high dose extract only showing, normal myocardiac fibres (A) and mild vascular dilatation (B). 4. Rat given Atorvastatin only showing, normal
myocardiac fibres (A) and normal vascular architecture (B). 5. Rat given cholesterol diet only showing, focal myocardiac degeneration (A), vascular ulceration,
stenosis and heavy perivascular infiltrates of inflammatory cells (B). 6. Rat given cholesterol and low dose extract showing, normal myocardiac fibres (A) and
asymmetric media hypertrophy (B). 7. Rat given cholesterol and high dose extract showing, normal myocardiac fibres (A) and mild vascular dilatation and
congestion (B). 8. Rat given cholesterol and Atorvastatin showing, normal myocardiac fibres (A) and normal vascular architecture (B). 9. Rat given coconut oil
only showing, normal myocardiac fibres (A) and normal vascular architecture (B)
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cholesterol in cholesterol-induced hyperlipidemic rats as
compared to the control rats. Pre-treatment with M.
charantia resulted in reduced LDL-cholesterol with con-
comitant increase in HDL-cholesterol. Decrease in LDL-
cholesterol and increase in HDL-cholesterol in M. char-
antia–treated group may be due to inhibition of hepatic
cholesterol biosynthesis, increased fecal bile acid secre-
tion, stimulation of receptor-mediated catabolism of
LDL-cholesterol, or increase in uptake of LDL-
cholesterol from the blood by the liver [25]. These activ-
ities may be due to the presence of active phytochemi-
cals with lipid lowering properties in M. charantia. This
may also be true since chronic administration of the ex-
tract did not significantly alter the total food intake of
the treated animals. This suggests that the anti-
hyperlipidaemic effects of the extract were not mediated
through inhibition of appetite.
Histological examination has been described as the

golden standard for evaluating treatments related to
pathological changes in tissues and organs [26]. Histo-
logical analysis of the heart and aortic branch of the

experimental rats show that cholesterol administration
induced myocardial degeneration, vascular ulceration
and stenosis in the aorta and heavy perivascular infil-
trates of inflammatory cells. However, there was ameli-
oration of these deleterious effects to a very appreciable
degree or a near normal condition relatively, upon treat-
ment with Atorvastatin and M. charantia, as compared
with the control groups. These, among others, also sug-
gest a similar activity between the extract and the stand-
ard drug. Our results also support the report that dietary
cholesterol contributes significantly to elevation of
plasma cholesterol. This has been demonstrated to in-
crease serum and aortic tissue cholesterol and as such
predisposes to aortic atherosclerosis or cardiovascular
diseases [27, 28].

Conclusion
Our study shows that the extract of M. charantia exhib-
ited hypolipidemic properties, as well as restored and
maintained the functional and structural integrity of the
tissues of the heart and aorta. It ameliorated the

Fig. 3 Histological sections of the aortic branch of the experimental rats (H&E X 100). Figure 3 shows; 1. Control rat aortic branch composed of
tunica, intima (A), media (B) and adventitia (C). 2. Rat given low dose extract only showing, normal vascular wall (A). 3. Rat given high dose
extract only showing, normal vascular wall (A) and mild dilatation (B). 4. Rat given Atorvastatin only showing, normal vascular wall (A). 5. Rat
aortic branch given high cholesterol diet only showing, moderate vascular stenosis (A) and ulceration (B). 6. Rat given high cholesterol diet and
low dose extract showing, normal vascular wall (A). 7. Rat given high cholesterol diet and high dose extract showing, normal vascular wall (A). 8.
Rat given cholesterol diet and Atorvastatin showing, normal vascular wall (A). 9. Rat given coconut oil only showing, normal vascular wall (A)
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degenerative changes in the myocardium and aortic tis-
sues. The lowering of LDL-cholesterol level and im-
provement in the histological features of the aorta
portend the cardio-protective effect or cardiovascular
benefits of M. charantia. However, more detailed and
relevant studies are required to give scientific justifica-
tion to these benefits.
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