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Abstract
Dyslipidemia and imbalance of electrolytes are among the
modifiable risk factors for cardiovascular diseases (CVDs)
which cause morbidity and mortality in hypertensive patients.
Consumption of fruits and their juices has been shown to be
beneficial health wise by lowering risk of coronary artery/cardiovascular diseases, stroke and other degenerative diseases. The lowering effects and protective mechanism of these
fruits are probably due to numerous beneficial nutrients and
extra-nutrients found in these fruits, such as mono- and poly-unsaturated fatty acids, antioxidant vitamins, secondary
plant products, digestive fiber, mineral elements (such as
calcium and magnesium), plant proteins and peptides. This
preliminary study is aimed at determining the effect of Citrullus lanatus fruit and seed juice on some cardiac enzymes,
lipid profile, and electrolytes in normal albino rats. Twenty
rats were divided into four groups of five each; a control and
three experimental groups. The three experimental groups
were given respectively, the doses of 1.7 g, 3.4 g, and 6.8
g per kg of body weight daily for 14 days. Serum Aspartate
Aminotransferase (AST), Creatine kinase (CK), Lactate Dehydrogenase (LDH), total cholesterol (TC), triglyceride (TG),
high-density lipoproteins (HDL-C), low-density lipoproteins
(LDL-C), potassium and sodium were determined. The results showed significant decrease (P < 0.05) in the levels of
Creatine kinase between the test groups (3.4 g/kg and 6.8 g/
kg), triglycerides and LDL-C between the test groups (1.7 g/
kg and 6.8 g/kg) and also sodium between the test groups
(1.7 g/kg and the other two 3.4 g/kg and 6.8 g/kg). Also, significant increase (P < 0.05) was observed in LDH levels between the test groups (3.4 g/kg and 6.8 g/kg), triglycerides
levels between the control and test groups (1.7 g/kg and 3.4
g/kg), LDL-C levels between the control and test group (1.7 g/
kg) and sodium levels between the control and the test group

(1.7 g/kg). Serum AST, TC, HDL-C and potassium levels were
not affected significantly. The significant decreases in CK, TG,
LDL-C, and sodium, suggest that consumption of extract from
a blend of seed and pulp of Citrullus lanatus fruits may have
cardiovascular disease risk decreasing potential at the doses
administered.
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Introduction
Cardiovascular disease (CVD) is a class of diseases
that involve the heart or blood vessels (arteries, capillaries, and veins) and its leading cause of morbidity-mortality in developing and developed countries [1,2]. Cardiovascular diseases are diverse (which includes Coronary Heart Disease (CHD), cerebrovascular disease and
peripheral vascular disease etc.). but atherosclerosis
and hypertension are the most common. Others include chronic heart failure, cardiac arrhythmias, thrombosis and dyslipidaemia [3]. Dyslipidaemia is associated with abnormally high levels of total cholesterol (TC)
and low-density lipoproteins cholesterol (LDL-C) and/
or abnormally low levels of high-density lipoproteins
cholesterol (HDL-C), as well as disorders in the composition of various lipoprotein particles. The parameters
such as LDL-C, TC etc. are of significant importance to
man’s health because they are directly associated with
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the risk of hypertension, which can triple the risk of
heart attacks and which is a well-established risk factor
for CVD [4,5]. Dyslipidemia is one of the major cardiovascular risk factors and may be secondary to disorders
such as obesity, diabetes mellitus, hypothyroidism and
nephrotic syndrome [3]. Hypertension is a sustained
systolic blood pressure of more than 140 mmHg and/or
diastolic blood pressure of more than 90 mmHg. It is a
major risk factor for coronary heart disease and stroke
[6]. Fruits and vegetables are a group of heterogeneous
foods with different level of vitamins, minerals, and other bioactive products. Watermelon (Citrullus lanatus) is
considered one of the high lycopene foods. Lycopene is
a carotenoid phytonutrient that is especially important
for cardiovascular health among others [7,8]. Generally,
lifestyles are the most important determinants of CVD,
among which nutritional habits play an important role.
Higher dietary fiber intake has been recognized to be
inversely associated with coronary heart disease (CHD)
[9] and stroke [10].
Health scientists are becoming more interested in
citrulline content of watermelon. Citrulline is an important amino acid that is commonly converted by the kidneys and another organ system into arginine (another
amino acid). A higher level of arginine can help improve
blood flow and other aspects of the cardiovascular
health. It also helps to prevent excess accumulation of
fat in fat cells due to the blocked activity of an enzyme
called tissue non-specific alkaline phosphatase [11].
Phenolic compounds in watermelon which include
flavonoids, carotenoids and triterpenoids make this
fruit a choice for anti-inflammatory and anti-oxidant
health benefits [12]. Watermelon gets its reddish-pink
shades primarily from lycopene. Lycopene in watermelon is a well-documented inhibitor of many inflammatory processes including the production of pro-inflammatory messaging molecules, the expression of enzymes
like cyclo-oxygenase and lipoxygenase that can lead to
increased inflammatory response and activity of molecular signaling agents like nuclear factor kappa B (NF-kB).
Lycopene is also a well-known antioxidant with the ability to neutralize free radical molecules [13].
An enzyme called nitric oxide synthase (NOS) found
in many of the body cell types is able to take the amino
acid Arginine and use it to produce a very small molecule of gas called nitric oxide, which is a muscle relaxant. For example, when nitric oxide causes the smooth
muscle around the blood vessels to relax, the space inside the blood vessel can expand, allowing blood to follow more freely and creating a drop-in blood pressure
[13]. Assessing and monitoring of modifiable risk factors
can be vital to reducing CVD-associated morbidity and
mortality in developing countries. This study is, therefore, aimed at determining the effect of Citrullus lanatus fruit and seed juice obtained from Nigeria market
on some cardiovascular disease risk markers in normal
albino rats.
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Materials and Methods
Fruit collection and authentication
Fresh ripened watermelon fruit was obtained from
local dealers in a well-known fruit market called ‘Yan
Lemo Na’ibawa in Kano State Nigeria. The fruit was then
authenticated by a botanist in the Department of Plant
Science, Bayero University Kano, Nigeria.

Preparation of juice
The method for juice preparation adopted by Erifeta, et al. [14] was used with little modification. A whole
watermelon was peeled and the red pulp including the
seeds was cut into slices, weighed and homogenized in
a blender to obtain a juice. The juice of the Citrullus lanatus fruit and seed was then administered to the rats
orally.

Experimental animals, design and treatment
A total of twenty albino rats of the Wistar strain (average 110 g each) were obtained from the animal house
of the Department of Zoology Bayero University Kano,
Nigeria. The rats were kept in a clean and dry iron cage
with twelve hours of light and dark cycle at 25 ± 2 °C.
The animals were fed with pellets obtained from Grand
Cereals Nigeria Limited, Jos, Plateau State, Nigeria. Food
and water were given ad libitum [15]. The administration of juice was done using 120 g/70 kg body weight as
standard dose, which is equivalent to 1.7 g/kg for the
rats. The rats were divided into four groups of five rats
each. Group I served as control and were given distilled
water, Group II was given the normal dose of watermelon blend, Group III was given 2 times of the normal
dose of watermelon blend, and group IV were given 4
times normal dose of watermelon blend. The juice was
administered orally daily for two weeks. Rats were sacrificed at the end of the treatment and blood collected
for analysis of CVD risk markers [15].

Determination of serum electrolytes
Serum potassium: The amount of potassium was determined in serum by using sodium tetraphenyl boron
in a specially prepared mixture to produce a colloidal
suspension, the turbidity of which is proportional to potassium concentration in the range 2-7 mEq/L [16].
Serum sodium: Serum sodium was determined by
the modified method of Maruna [17] and Trinder [18]
in which sodium is precipitated as the triple salt, sodium-magnesium uranyl acetate, with the excess uranium then being reacted with ferrocyanide, producing a
chromophore whose absorbance varies inversely as the
concentration of sodium in the test sample.
Serum cholesterol (Enzymatic endpoint method): The
cholesterol was determined after the enzymatic hydrolysis
and oxidation (Enzymatic commercial test Kits obtained
from Randox Company). The indicator quinoneimine was
formed from hydrogen peroxide and 4-amino antipyrine in
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the presence of phenol and peroxidase.


Cholesterolester + Watercholesteol esterase Cholesterol + FattyAcid

Cholesterolester +Oxygen Oxidase Cholesterol - 3 - one + Hydrogenperoxide

2 Hydrogenperoxide + Phenol + 4 - a min oantipyrine Peroxidase Quinonei min e + Water

Serum Triglycerides (GPO-PAP METHOD) [19].
Serum HDL- Cholesterol [20].

Low-density lipoprotein (LDL)
The Concentration of LDL was obtained by LDL Conc.
= T.Chol - HDL + Trig/2.2.

Determination of cardiac enzymes
Serum Aspartate Aminotransferase (AST) was determined by Reitman and Frankel, [21]; Serum Lactate
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Dehydrogenase (LDH) was determined [22] and Serum
Creatine Kinase-MB, was by Abbott, [23] and Gephardt
[24] methods.

Formulation of experimental dosage
The experimental dose of this study was calculated
based on the individual consumption of watermelon
per day and the result was extrapolated to the animals,
based on the average group weight. The doses are 1.7
mg/kg, 3.4 mg/kg, 6.8 mg/kg C. lanatus.

Statistical analysis
Data are presented as mean ± SEM (Standard Error
of the Mean). Comparisons were made between the
groups by the use of Student’s t-test. All data were an-

Figure 1: Serum Potassium Concentration of Albino (Wistar) Rats orally administered with a different dose of C. lanatus
juices. Values are expressed as the mean ± standard error (n = 5). Values with the same later are statistically significant at
P < 0.05.

Figure 2: Serum Sodium Concentration of Albino (Wistar) Rats orally administered with a different dose of C. lanatus juices.
Values are expressed as the mean ± standard error (n = 5). Values with the same later are statistically significant at P < 0.05.
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alyzed using SPSS version 17.0 (Chicago, IL), with values
having P < 0.05 considered significant.

tered 1.7 g/kg and the other two groups administered
3.4 g/kg and 6.8/kg respectively.

Results and discussion

There was also significant (P < 0.05) decrease in Creatine kinase and significant increase of LDH (P < 0.05)
between the test group administered 3.4 g/kg and that
group administered 6.8 g/kg only. Other parameters did
not alter significantly (P > 0.05) (Figure 3).

The hypolipidemic, electrolytes and cardiac enzymatic effect of C. lanatus fruit juice in normal albino rats
was determined and the results were presented in the
figures.
In Figure 1; serum potassium showed no significant
increased between the study groups (P > 0.05).
Figure 2 shows a significant (P < 0.05) increase in
sodium levels between the control and the test group
administered 1.7 g/kg, but there was a significant decrease in the sodium level between the group adminis-

There was a significant (P < 0.05) increase in triglyceride level between the control group and the test groups
administered 1.7 g/kg and 3.4 g/kg while a decreased
level was seen between the group administered 1.7 g/
kg and the one administered 6.8 g/kg (Figure 4).
A significant increase in LDL levels was obtained between the control group and the group administered

Figure 3: Serum Cardiac Enzymes Activity of Albino (Wistar) Rats orally administered with a different dose of C. lanatus juices. Values are expressed as mean ± standard error (n = 5) Values with the same later are statistically significant at P < 0.05.

Figure 4: Serum Total Cholesterol and Triglycerol of Albino (Wistar) Rats orally administered with a different dose of C. lanatus juices. Values are expressed as the mean ± standard error (n = 5). Values with the same later are statistically significant
at P < 0.05.
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Figure 5: Serum HDL and LDL Albino (Wistar) Rats orally administered with a different dose of C. lanatus juices. Values are
expressed as the mean ± standard error (n = 5). Values with the same later are statistically significant at P < 0.05.

1.7 g/kg, while between the group administered 1.7 g/
kg and that group administered 6.8 g/kg there was a significant (P < 0.05) decrease in the LDL levels (Figure 5).
In LDH levels there was a significant (P < 0.05) increase between the above-mentioned groups. The differences in HDL and cholesterol correlate significantly
at P < 0.05 using Pearson’s correlation coefficient. Also,
the differences in cholesterol and LDL and then LDL and
triglycerides showed strong significant correlation at P
< 0.01.

Discussion
Many studies demonstrated that when modifiable
risk factors are treated and managed or corrected, the
chances of CVD occurring can be greatly reduced. Evaluation of blood total cholesterol concentrations and
other lipid abnormalities are part of a number of risk
factors identified for cardiovascular diseases (CVD) [25].
Cardiovascular disease is the dominant single cause of
premature mortality in the world [26]. Antioxidants,
such as vitamin C and beta-carotene, are found in a variety of fruits and vegetables including watermelon and
have been associated with lower levels of inflammation,
oxidative stress, and CVDs markers. The result of this
study shows that consumption of C. lanatus causes significant effects on some CVD risk biochemical markers
in rats as reported elsewhere [27]. The decrease in the
level of Creatine kinase with the higher concentration
of C. lanatus suggests its cardioprotective potential
which is supported by the work of Ahmed, et al. [28]
in which lycopene was demonstrated to contribute to
this effect. There was also the significant decrease in the
levels of both triglycerides and LDL which conforms with
the work of Collins, et al. [12] where the higher level
of arginine from citrulline was shown to prevent excess
accumulation of fat in fat cells due to the blocked acIbrahim et al. J Hypertens Manag 2018, 4:036

tivity of an enzymes called tissue non-specific alkaline
phosphatase.
High serum LDL-C level was the most frequently occurring lipid profile abnormalities among hypertensive
patients, followed by high levels of TC and TG. Low level of LDL-cholesterol is known to correlate with a low
incidence of coronary heart disease, particularly arteriosclerosis. An increase of 1% cholesterol is reported
to have resulted in a 3% increase in coronary heart disease. Equally a reduction in LDL-cholesterol by 2 mg/dl
can result in 1% reduction in the risk for coronary artery
disease [29]. Moreover, the significant decrease in sodium level as the dose of C. lanatus juice was increased
suggests the significant relation between C. lanatus and
blood pressure, since high sodium levels are associated
with elevated blood pressure due to intravascular fluid
retention [30]. Potassium, which is in the intracellular
fluid, has been reported to be among the protective
electrolytes against hypertension [31,32] showed no
significant increase in this study. Lactate dehydrogenase (LDH), alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in addition to cholesterol
and triglyceride concentrations are demonstrated to
be associated with cardiovascular risk factors [33,34]
as has been the case in the current study. The results
also showed that AST, TC, and HDL were not affected
significantly by the consumption of C. lanatus fruit juice.
Possibly, this is could be due to lower doses and short
duration used. Hence larger doses and extended duration might have to be used to confirm these findings. It
might also be due to some phytochemicals that naturally protect the integrity of biological membranes. The
increase in the levels of sodium and LDL obtained at
C. lanatus fruit juice dose of 1.7 g/kg compared to the
control might be due to the salt and then animal and
vegetable protein contained in the diet given to the rats
• Page 5 of 7 •
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during the two weeks period before the investigations
were done.

Conclusion
Numerous modifiable risk factors contribute to the
increased risk for CVDs. These include dyslipidemia,
hyperglycemia, obesity, and insulin resistance, lack of
exercise, depression, and hypertension. In this study,
Citrullus lanatus fruit and seeds juice significantly decreased the levels of triglycerides, serum creatine kinase, and serum sodium. These markers were implicated in CVDs when elevated. Hence the fruit could be said
to have a cardiovascular risk factors reduction potential
in normal albino rats.
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