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Abstract: Cardiovascular diseases (CVDs) are one of the leading causes of morbidity and 
mortality in both developed and developing countries, affecting millions of individuals each 
year. Despite the fact that successful therapeutic drugs for the management and treatment of 
CVDs are available on the market, nutritional fruits appear to offer the greatest benefits to the 
heart and have been proved to alleviate CVDs. Experimental studies have also demonstrated 
that nutritional fruits have potential protective effects against CVDs. The aim of the review was 
to provide a comprehensive summary of scientific evidence on the effect of 10 of the most 
commonly available nutritional fruits reported against CVDs and describe the associated 
mechanisms of action. Relevant literatures were searched and collected from several scientific 
databases including PubMed, ScienceDirect, Google Scholar and Scopus. In the context of 
CVDs, 10 commonly consumed nutritious fruits including apple, avocado, grapes, mango, 
orange, kiwi, pomegranate, papaya, pineapple, and watermelon were analysed and addressed. 
The cardioprotective mechanisms of the 10 nutritional fruits were also compiled and high-
lighted. Overall, the present review found that the nutritious fruits and their constituents have 
significant benefits for the management and treatment of CVDs such as myocardial infarction, 
hypertension, peripheral artery disease, coronary artery disease, cardiomyopathies, dyslipide-
mias, ischemic stroke, aortic aneurysm, atherosclerosis, cardiac hypertrophy and heart failure, 
diabetic cardiovascular complications, drug-induced cardiotoxicity and cardiomyopathy. 
Among the 10 nutritional fruits, pomegranate and grapes have been well explored, and the 
mechanisms of action are well documented against CVDs. All of the nutritional fruits men-
tioned are edible and readily accessible on the market. Consuming these fruits, which may 
contain varying amounts of active constituents depending on the food source and season, the 
development of nutritious fruits-based health supplements would be more realistic for con-
sistent CVD protection. 
Keywords: nutritional fruits, cardiovascular diseases, heart disease, antioxidant, 
hypertension, nutraceuticals

Introduction
In recent years, cardiovascular diseases (CVDs) have contributed to millions of cases 
worldwide and is becoming one of the leading causes of morbidity and mortality in 
both developed and poor countries.1 Generally, CVDs encompass blood vessel and 
heart diseases, cerebrovascular disease (stroke), coronary heart disease (heart attacks), 
raised blood pressure (hypertension), rheumatic heart disease, heart failure, peripheral 
artery disease and congenital heart disease. CVDs are mainly contributed by sedentary 
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lifestyles, such as lack of physical activity, cigarette smoking 
and unhealthy eating habits, causing increasing prevalence 
across the world.2

The heart is a muscular pump that collects blood from 
the body’s tissues and pumps it into the lungs, as well as 
collecting blood from the lungs and pumping it to the rest 
of the body’s tissues. The human heart is supported by the 
superior surface of the diaphragm and is located in the 
protective thorax, posterior to the sternum and costal 
cartilages.3 The heart is a thick and muscular organ of 
the vascular system contracts in a rhythmic manner. It 
has four chambers: a right atrium, a left atrium, and right 
and left ventricles (Figure 1). Left and right chambers are 
not connected directly, but have one common wall called 
septum, which is the midline component of each chamber. 
There will be changes in blood pressure within the cham-
bers as the valves open and close. The pressure in the 
ventricles increases higher than in the atria, and the valves 

close to prevent blood from flowing backward. The chor-
dae tendineae, which extend from the inferior surface of 
the valve cusps to the ventricle wall, restrict the valves 
from opening upwards.4

Cardiovascular system involved vasculature and heart. 
The cardiac system generates heartbeats based on auto-
nomic nerve conditions, and the vascular system transports 
blood throughout the body via a vascular network. Both 
systems interact with one another in the body.5 The cardiac 
vasculature and heart tissue can be affected by radiation 
exposure. The vasculature shows a typical blood vessel 
with endothelium and smooth muscle cells (SMCs), which 
may play a role in pathophysiological processes following 
radiation exposure. SMCs are not found in capillaries, 
however endothelium damage can influence them. This 
can lead to coronary artery disease (CAD), also known 
as ischemic heart disease (IHD), stroke, and other vascular 
diseases, as well as congestive heart failure (CHF).6

Graphical Abstract
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Biological factors such as lower levels of HDL choles-
terol and high levels of LDL cholesterol can cause an 
increased trend in the congenital heart disease (CHD) 
risk. The rise in triglyceride levels also increases the risk 
of CVDs. The study by Rehan et al7 found that abnormal 
blood lipid levels are the largest and most important factor 
that can cause myocardial infarction (MI). Reducing the 
intake of saturated fat and careful monitoring and treat-
ment of cholesterol can reduce the risk of getting CVDs. 
The high blood pressure can also be the factor that kills 6 
million people each year and represents 13.5% of the 
world’s deaths annually. Moreover,few studies reported 
that decreasing physical activity levels can be the factor 
affecting the cardiovascular system. These can be sup-
ported by a study carried out in China that estimates that 
adults have much less movement while working with 
better transportation and high-technology house appliance. 
Besides, a decline of 32% on the average weekly physical 
exercise has been observed in the same study. Sitting 
behaviours have also dramatically increased. This issue 
has been taken action by specialists in health and 

researchers proposed physical activity to reduce the global 
burden of chronic diseases, especially CVDs.8 Ultimately, 
remaining physically inactive results in obesity, which can 
significantly enhance the risk of CVDs.9

Diet can also affect the cardiovascular system. In this 
matter, Amine et al10 conducted an epidemiological study 
on the relationship between CVDs and diets. Although 
individual food group intake has given big impacts on 
CVDs based on the nutritional research, various dietary 
patterns and their impact on CVDs risk were investigated 
in recent years. As example, reducing the intake of satu-
rated fat, keeping the intake of fish, linoleic acid and 
potassium, taking the whole grains, seeds, nuts and drinks, 
can help in declining the risk of developing CVDs. Stress, 
anxiety, depression, coldness and the absence of peer 
assistance can also affect the cardiovascular system. 
Psychological factors have promoted some unhealthy 
behaviours, such as smoking, frequent consumption of 
alcohol, physical inactivity, poor diet and medicines that 
can contribute to indirect growth in the risk of CVDs.11 

Thus, preventive measures are needed in both early 

Figure 1 Parts of the cardiovascular system and their functions. The upper two (or atria) chambers operate mainly as chambers for collection, while the lower two 
chambers (ventricles) are considerably stronger and are used to provide blood. The right atrium and ventricle are responsible for collecting blood from the body and 
pumping it to the lungs. Blood is collected from the lungs and pumped throughout the body by the left atrium and ventricle. The heart has a one-way flow of blood, which is 
maintained by a series of four valves. The tricuspid and bicuspid atrioventricular valves allow blood to pass only from the atria to the ventricles. Only blood from the 
ventricles can flow out of the heart through the semilunar valves (pulmonary and semilunar).3 In other side, it should be noted that in addition to pumping oxygen-rich blood 
into body tissues, the blood also circulates many other important substances for oxygen exchange for carbon dioxide. As example, digestive nutrients are collected from the 
small intestine and pumped into all the cells in the body by the circulatory system. The circulatory system transports waste materials from cells into the kidneys, extracted 
and transmitted into the bladder. An important function of the heart in this matter is the pumping of interstitial blood fluid into the extracellular space. The circulatory 
system then returns excess interstitial fluid through the lymphatic system.3 The heart is a rhythmic electromechanical pump as its performance is dependent on the 
formation and propagation of action potentials, followed by relaxation and a period of refractoriness before the next impulse is created. The inward of Na+ current and 
outward of K+ current carrying ion channels are sequentially activated and inactivated in myocardial action potentials. Due to variances in Na+, Ca2+, and K+ channel 
expression in different parts of the heart, action potential waveforms are diverse, and these differences contribute to the normal, unidirectional transmission of activity and 
the formation of normal cardiac rhythms.154
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Table 1 List of CVDs and Their Pathophysiology

Disorder/Disease Causative Factor Pathophysiology Reference

Cerebrovascular 
disease (stroke)

Cerebral haemorrhage and ischemia The narrowing of veins due to atherosclerosis 
causes thrombosis, which reduces blood flow. 

Plaque build-up gradually narrows the vascular 

chamber, causing clots and thrombotic stroke. 
Haemorrhagic stroke is the most common type 

of stroke, accounting for 10–15% of all strokes 

and having a high fatality rate. Blood vessels 
break due to tension in the tissue and internal 

harm in this illness. It has harmful effects on the 

vascular system, which can lead to infarction.

Kuriakose and 
Xiao,144 Markus145

Heart attacks Smoking and coronary artery disease (CAD) Plaque, a waxy substance that accumulates 

inside the lining of major coronary arteries, can 
block blood flow in the heart’s large arteries 

partially or entirely. An illness or injury that 

changes the way the heart’s arteries function 
might cause some types of this illness. Ischemia 

and subsequent myocardial infarction occur 
when a cardiac artery is fully blocked, resulting 

in a lack of oxygen and nutrients.

Libby and 

Theroux146

Raised blood 
pressure 
(hypertension)

Elevated serum cholesterol, salt intake, glucose 

intolerance, obesity, and stress.

Systemic vascular resistance, vascular stiffness, 

and vascular response to stimuli are all 

elevated.

Foëx and Sear147

Rheumatic heart 
disease

Congenital heart disease (CHD), mitral valve 

prolapse (MVP), acquired valve disease and 
changes in the valve of heart.

Cross-activation of antibodies and/or T cells 

directed against human proteins is caused by 
structural similarities between the infectious 

agent and human proteins. This cross-reactive 

immune response in acute rheumatic fever 
(ARF) causes rheumatic fever-like symptoms. It 

can affect many connective tissues in the heart 

that leads to inflammation.

Carapetis et al,148 

Cunningham,149 

Kumar and 

Tandon150

Heart failure Valvular heart disease, hypertension, viral 

myocarditis, atrial fibrillation, alcohol, coronary 
artery disease, arrhythmias and pericardial disease.

This is characterized by the heart’s inability to 

pump enough blood into the circulation during 
systole, which is known as left ventricular 

systolic dysfunction. The most common test 

for left ventricular systolic function is 
echocardiography, with an ejection fraction of 

40% suggesting compromised left ventricular 

systolic function. Furthermore, heart failure 
with preserved left ventricular ejection fraction 

(PLVEF) or “diastolic” heart failure can arise in 

patients with adequate left ventricular systolic 
function who require higher filling pressures to 

achieve a normal end-diastolic volume of the 

left ventricle.

Mosterd and 

Hoes151

(Continued)
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childhood and medium age population to control and 
manage heart disease better. Table 1 summarizes the list 
of CVDs and their pathophysiology.

Plant-based diets, such as fruits, have thus far displayed 
positive effects in both the prevention and control of CVDs.12 

Observational studies and clinical research have shown that 
fruit consumption lowers the risk of CVDs, which is contrib-
uted by the presence of bioactive compounds.12 Willett13 also 
stated that an appropriate dietary approach having more plant- 
based foods played a key role in preventing chronic diseases, 
including heart disease. It has been reported that a proper diet 
can keep human healthy.14,15 Women with Type 2 diabetes are 
more likely to be assigned a lower CVD risk category and to 
receive lifestyle counseling as well as less intensive CVD 
therapy compared with men.16 However, CVD continues to 
be the primary cause of morbidity and mortality in women 
around the world.17 Fruits and vegetables are considered a 
heart-healthy diet that can help avoid heart disease. 
According to Mattioli et al,18 women and especially pre-meno-
pausal women who ate a lot of fruits and vegetables had a 
lower risk of developing preclinical peripheral atherosclerosis. 
In fact, CVDs can be avoided by consuming a diet high in 
fruits, vegetables and low-fat dairy products, as well as focus-
ing on a diet low in fat, red meat, sweets and sugary beverages. 
Additionally, soda and sodium chloride consumption should be 
reduced, and potassium, calcium, magnesium, vitamin C and 
omega-3 fatty acids increased. Of note, plant-food bioactive 
molecules, such as polyphenolic compounds, peptides, oligo-
saccharides, vitamins and fatty acids, are examples of diverse 
chemical structures with cardioprotective properties.19,20

This review focuses on the CVDs protective potentials 
of 10 commonly consumed nutritional fruits, including 

apple, avocado, grape, mango, orange, kiwifruit, pomegra-
nate, papaya, pineapple and watermelon (Figure 2), to 
increase public awareness regarding the importance of 
nutritious fruits’ consumption, especially for those with 
cardiovascular risk factors, with the aim in determining 
their effectiveness in CVDs prevention. This review will 
also provide recommendations for reducing CVDs to 
national and international government bodies, health pro-
fessionals and people in the community.

Methods
Relevant literature was searched from several reliable scientific 
databases, including PubMed, ScienceDirect, Google Scholar 
and Scopus website to complete this review. Search strategy 
was performed using several keywords: “Apple” or “Malus 
domestica”, “Avocado” or “Persea americana”, “Grapes” or 
“Vitis vinifera”, “Mango” or “Mangifera indica”, “Orange” or 
“Citrus sinensis”, “Kiwi” or “Actinidia deliciosa”, 
“Pomegranate” or “Punica granatum”, “Papaya” or “Carica 
papaya”, “Pineapple” or “Ananas comosus”, “Watermelon” or 
“Citrullus lanatus”, in combination with “Heart Disease”, 
“Cardiovascular Disease”, “Heart Failure” or “Heart Injury”. 
Following the completion of the screening, the obtained infor-
mation was summarised and included in the current review.

Nutritional Fruits Conferring 
Protection Against CVDs in 
Experimental Models
Apple (Malus domestica)
Apples are among the most devoured nutritional fruit 
belongs to the family of Rosaceae. Apple trees are the 

Table 1 (Continued). 

Disorder/Disease Causative Factor Pathophysiology Reference

Congenital heart 
disease

Maternal rubella infection, maternal systemic lupus 

erythematosus (SLE), maternal diabetes, Down’s 

Syndrome and Turner’s Syndrome.

This mechanism of damage results in 

pulmonary vascular endothelial damage and the 

destruction of endothelial barrier function. This 
activates vascular elastase and matrix 

metalloproteinases, causing extracellular matrix 

degradation and fibroblast growth factor (FGF) 
and transforming growth factor β1 (TGF-β1) 

release. Smooth muscle cell hypertrophy and 

proliferation, as well as the creation of neo- 
intima, are all caused by such release. Overall 

incidence increases asymmetrical septal 

hypertrophy.

Pascall and 

Tulloh152
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most commonly grown species in the Malus genus and are 
grown worldwide. Sandoval-Ramírez et al21 established 
that the admission of the entire apple was related to a 
decreased danger of CVDs’ mortality, ischemic heart dis-
ease mortality, stroke mortality and serious stomach aortic 
calcification, with lower C-reactive protein (CRP) level in 
body. This claim is because apple could decrease choles-
terol level, low-density lipoprotein cholesterol (LDL-c), 
pulse rate, systolic blood pressure and perceptibly dimin-
ished CRP, as well as helping with increasing high-density 
lipoprotein (HDL) level and endothelial function. Besides, 

the results also demonstrated that apples were able to 
reduce plasma lipids, particularly total cholesterol (TC) 
values but depending on the amount consumed 
(Figure 3). These findings suggested that if we consume 
at least one whole apple (100–150 g) per day in order to 
significantly reduce all-cause mortality risk associated 
with CVDs.22

Moreover, a study by Bondonno et al23 demonstrated 
that the cardioprotective effects of apples are mainly due 
to the presence of flavonoids that are highly abundant in 
the apple skin. An investigation with the observational 

Figure 2 Nutritional fruits conferring protection against CVDs.
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study was conducted among 30 volunteers in 4 weeks to 
determine if consuming apple with its skin could improve 
endothelial function, blood pressure and arterial stiffness 
in individuals at higher risk for CVDs. A comparison was 
made between the intake of apple with skin (flavonoid-rich 
content) and only apple flesh (less flavonoid content). The 
outcome met the hypothesis that an increase in apple 
consumption could lower the risk of CVDs, either acute 
or chronic heart disease, which is mediated by the protec-
tive effect of apple skin. Scientific research has shown that 
apples are rich in polyphenols and pectin, which are 
known to be bioactive elements. However, the intake of 
apple juice in a clear form will not have any therapeutic 
effects on CVDs.24 Ravn-Haren et al25 reported that apple 
contains polyphenols and pectin but that the clear form of 
apple juice lacks pectin and other cell wall components. 
Since the fibre components in apples are essential for 
healthy humans to lower cholesterol, clear apple juice 

might not be a good substitute for the whole fruit in 
nutritional recommendations.

In addition to CVDs, polyphenols in apples have other 
therapeutic benefits, such as preventing degenerative dis-
eases. Apple polyphenols reduce the risk of CVDs by 
having a beneficial effect on the intestinal microflora.26 

Besides, multiple studies have reported that the polyphenol 
percentage in the overall phenolic and flavonoid content of 
apple peel extract is substantially higher than apple 
fleshes. Interestingly, Tian et al27 showed that mice admi-
nistered with 250 mg/kg apple peel and apple flesh 
extracts for 28 days had lower blood pressure,28 improved 
endothelial function, improved lipid homeostasis and 
reduced insulin resistance. The results further indicated 
that apple peel extract possessed greater cardioprotective 
effects against atherosclerosis in mice than apple flesh 
extract.27 Furthermore, it was shown that the presence of 
major compounds in apple varieties, such as catechin, 

Figure 3 Bioactive compounds present in apple (Malus domestica) and its cardioprotective effects. Apple polyphenols are abundant in the flesh and peel of the fruit and 
contribute to the improvement of blood pressure, endothelial function, and arterial stiffness in those at increased risk of cardiovascular disease (CVDs). A healthy heart 
permits blood to be pumped out via a network of blood channels known as arteries. The left side of the heart takes oxygen-rich blood from the lungs and pumps it out via a 
big artery called the aorta, while deoxygenated blood returns to the heart via blood vessels called veins. However, atherosclerosis, a buildup of plaque inside the arterial 
walls, may cause the arteries to narrow, making blood circulation more difficult. The combination of hypertension and atherosclerosis will eventually result in more 
significant issues such as myocardial infection, more often referred to as a heart attack.
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epicatechin and procyanidin B1 polyphenols, demon-
strated a cardiovascular protective effect on rats by redu-
cing blood cholesterol levels.29 Another study found that 
apple peel reduced glycemia, TC, HDL-cholesterol (HDL- 
c), LDL-c, triglycerides (TG), ureic nitrogen, insulin, and 
asymmetric dimethylarginine in CF-1 mice with metabolic 
syndrome, reduced cholesterol accumulation region, and 
reverted atherogenesis progression in ApoE−/− mice.30 

Besides, apple peel extracts also contain flavonoids that 
have been beneficial in treating hypertension and other 
CVDs.31 Therefore, daily intake of apple is one of the 
initiative steps to prevent any CVDs mortality. It is also 
advisable for people, especially patients with CVDs, to 
increase the intake of the whole apple, as it can improve 
TC, reduce blood pressure, LDL levels, as well as prevent 
inflammation. Besides, it is encouraged to eat an apple 
together with its skin, as it facilitates high chances of 
getting cardioprotection.

Avocado (Persea americana)
Persea americana belongs to the family of Lauraceae, 
which is originated in south-central Mexico. Avocado is 
a large berry with a single large seed that is the fruit of the 
P. americana tree. Few studies have evaluated the effects 
of avocado intake on lipid and cholesterol levels that are 
implicated in the development of heart diseases. Avocado 
fruit intake not only decreases serum TC, LDL-c and TG 
concentrations but also increases serum HDL-c concentra-
tions, with significant heterogeneity (Figure 4).32

In a rat model of sucrose-induced metabolic changes, 
cardiovascular risk profile markers were assessed after 
avocado oil treatment,33 The avocado oil treatment signif-
icantly decreased TG, very low-density lipoprotein 
(VLDL) and LDL levels but had no effect on HDL levels. 
It also markedly reduced high-sensitivity CRP levels, 
which is an inflammatory marker. The findings revealed 
that consuming avocado oil can reduce inflammatory pro-
cesses and positively change biomarkers linked to meta-
bolic syndrome progression.33 A natural remedy has been 
used as part of complementary therapies in cardiac disor-
ders. For instance, an investigation has evaluated the effect 
of acute avocado pulp intake on cardiovascular and auto-
nomic recovery after moderate exercise.34 Besides, avo-
cado seeds have found to contain phenolic acids and 
flavonoids, which are well known to have protective activ-
ity against cardiovascular health.35 Some earlier studies 
have also shown that avocado oil and avocado pulp 
extracts have beneficial effects on improving 

cardiovascular measures in rats. The intake of avocado 
oil has claimed to reduce TG, CRP, LDL and VLDL levels 
in rats. Besides, avocado pulp is used as anti-platelet and 
anti-thrombotic agents, while the avocado fruit itself is 
recommended to be taken one per day in order to achieve 
good improvement of cholesterol levels.36

The treatment of methanolic seed extracts of avocado 
(200, 400, 800 and 1600 mg/kg/day for 4 weeks) in mice 
prolonged prothrombin time (PT) and activated partial 
thromboplastin time (APTT) in a dose-dependent manner.37 

According to the findings, this impact may be attributed to 
avocado seeds' high potassium content, which is recom-
mended in anticoagulant therapy.37 Therefore, avocado 
pulp was studied for its in vitro and in vivo antiplatelet and 
antithrombotic properties. The results showed that antiplate-
let activity was contributed by the presence of persenone-C, 
the most active antiplatelet acetogenin and persenone-A.38 

Increased coagulation times and reduced thrombus formation 
were seen as the protective effects against arterial thrombosis 
with the treatment of persenone-A (25 mg/kg) in-vivo throm-
bosis model. Avocado inhibited platelet aggregation due to 
the presence of acetogenin compounds, which these com-
pounds had a possible anti-thrombotic activity and were 
effective in ischaemic diseases.38 Apart from these, 
Gouegni and Abubakar39 investigated the phytochemical, 
toxicological, biochemical and haematological profiles of 
avocado fruit extracts. The extract treatment reduced TC, 
VLDL and LDL, while HDL levels increased. The study 
further found that PT and APTT were reduced by kaolin in 
the fruit extracts. Because of its preventive and possibly 
curative properties, the avocado fruit extracts may be con-
sidered a potential inhibitor of CVDs. Vitamin K has often 
been considered essential for the synthesis of prothrombin 
and other clotting factors. The crude extract of P. americana 
also had high vitamin K content; thus, they can play a role in 
regulating blood clotting time.39 Furthermore, avocado seeds 
improved hypercholesterolemia and assisted in preventing 
and treating hypertension, inflammatory disorders, and 
diabetes.40 All the above findings indicated that avocado 
fruit has similar cardiovascular effects with its pulp and 
seed oil. Taken together, avocado fruit could improve cardi-
ovascular recovery after exercise by preventing the risk of 
cardiovascular problem. It has proved to control cholesterol 
levels and treat CVDs.

Grapes (Vitis vinifera)
Vitis vinifera, known as grapes, is a member of the 
Vitaceae family, native to the Mediterranean, Central 
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Figure 4 Bioactive compounds found in avocados (Persea americana) and their influence on lipid and cholesterol levels. Avocados have a wide range of anticancer, 
antioxidant, and cardioprotective properties, including reducing cholesterol levels, due to the compounds contained in the seed (endocarp), the pulp (mesocarp), and peel 
(exocarp). Increased lipid and cholesterol levels contributed to the development of heart disease by clogging the arteries with fatty streaks. Avocado fruit and oil 
consumption reduces blood TG, LDL, VLDL levels. The mechanism of action involves inhibition of cholesterol synthesis. Avocado bioactive components such as quercetin 
may have the ability to decrease cholesterol levels via modulating HMG-CoA and SREBP. 
Abbreviations: TG, triglycerides; LDL, low-density lipoprotein; VLDL, very low-density lipoprotein; HMG-CoA, 3-hydroxy-3-methylglutaryl coenzyme A; SREBP, sterol 
regulatory element-binding protein-2.
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Europe and southwestern Asia. Among other fruits, the 
grape is one of the richest sources of polyphenols.41 The 
clinical and observational studies have demonstrated that 
flavonoids, particularly flavanols, are the most abundant in 
grapes and other berries.42 As such, they also possess more 
health benefits, especially in CVDs.43 For example, the 
intake of flavonoids clearly shows an inverse relationship 
with the risks of getting CVDs in which the higher the 
amount of flavanols taken, the lower the risk of getting 
CVDs.

Furthermore, grape extracts mitigated cardiac and cer-
ebral ischemia damages caused by ischemia/reperfusion (I/ 
R), which resulted in a significant increase in oxidative 
stress.44 Furthermore, a study looked into the connection 
between grape seed and skin extract in ischemic stroke. 
The findings revealed that the extracts reduced the size and 
histology of brain damage caused by I/R and inhibited 
oxidative stress and enhanced transition metal-related 
enzyme activities.44 It has been demonstrated that poly-
galloyl-polyflavan-3-ols are highly abundant in grape skin 
and are a potent inhibitor of human platelet aggregation 
and LDL-oxidation.45

According to the study by MacMahon et al,46 high 
levels of TC could lead to ischemic heart disease and 
atherosclerosis, particularly among the eldest. Other para-
meters, such as an increase in LDL-c and low levels of 
HDL-c concentrations could also lead to CVDs.47 An 
investigation has been done on grapes to prove their 
cardioprotection.48 The results showed that grapes pre-
vented oxidative stress, conferred a positive effect on 
blood lipids, reduced LDL-oxidation (LDL-ox) and 
improved endothelial function effectively. Besides, the 
observation also indicated that grapes could minimise 
inflammation, inhibit platelet aggregation and decrease 
blood pressure. Apart from these, multiple clinical studies 
have been done on the cardioprotective benefits of grapes 
and berries. Thus, results suggested that any product 
derived from grapes and other berries is recommended 
for a cardiovascular prevention diet. Research on rats 
with metabolic syndrome looked into the anti-hypertensive 
effect and function of red grape berry powder. According 
to the findings, grape berry powder lowers blood pressure 
by inhibiting ET-1 secretion and rising endothelial nitric 
oxide synthase (eNOS) levels in a concentration-depen-
dent manner (Figure 5).49 Furthermore, because of the 
direct impact of its polyphenol content on human umbili-
cal vein endothelial cells, a study in vitro found that 1 g/ 

mL grape seed extract decreased platelet reactivity by 
about 10%.50

Resende et al51 evaluated whether adult male rats, fed 
with a high-fat diet (24% fat), could protect by grape skin 
extract (100 mg/kg) from hypertension later in life. The 
results showed that adiposity, plasma TG levels, glucose 
levels, insulin resistance and oxidative stress were 
reversed by grape skin extract.51 Grapes’ extract (375 
mg/kg) had an antihypertensive effect in spontaneously 
hypertensive rats, which was very similar to captopril (50 
mg/kg), a very common antihypertensive medication in 
clinical practice.52 Another research found that one of 
the active constituents in grapes (myricetin, 100 and 300 
mg/kg, P.O. for 6 weeks) significantly decreased systolic 
blood pressure and vascular reactivity changes to catecho-
lamines, as well as reversed the metabolic changes caused 
by fructose (serum glucose, cholesterol, TG, insulin and 
insulin resistance index). Besides, grape skin extract also 
possessed antihypertensive and antioxidant effects, which 
was confirmed in deoxycorticosterone acetate (DOCA)– 
salt induced model in rats.53,54

The cardioprotective effect of grape extracts rich in 
malvidin, an anthocyanin extracted from red grape skin, 
was investigated on isolated and Langendorff perfused rat 
heart. Malvidin activated the PI3K/NO/cyclic guanosine 
monophosphate (cGMP)/protein kinase-G (PKG) pathway, 
increasing intracellular cGMP and phosphorylation of 
eNOS, PI3K-AKT, extracellular regulated kinase 1/2 
(ERK1/2), and glycogen synthase kinase-3β (GSK-3β) 
pathways, resulting in cardioprotective effects.55 It has 
been suggested by Dohadwala and Vita,56 the consumption 
of grape wine could also decrease the risk of CVDs, where 
it confers more health benefits than other alcoholic bev-
erages. Similarly, Leifert and Abeywardena57 have also 
revealed that either grape or grape extracts, including 
grape juice, grape seeds and its skin, possess positive 
results in preventing some inflammatory-mediated dis-
eases, including CVDs.

Mango (Mangifera indica)
Mangifera indica is an important plant of the world’s indi-
genous medical systems. It is also known as Mango and 
distributed across the globe. Mango is one of the very well- 
known tropical fruits with high amounts of nutrients.58 A 
broad range of mango cultivars show variations in colour, 
size, shape and composition in fruit peel worldwide. In 
addition to being eaten fresh, mango is also used to make 
juices, desserts, pickles and jam production.59 Numerous 
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Figure 5 Bioactive compounds present in grapes (Vitis vinifera) and its mechanisms of action in cardioprotection. Grape extracts significantly reduced cardiac and brain 
ischemia-induced oxidative stress. Grapes contain compounds that assist avoid oxidative stress, thus resulted in a significant impact on blood lipids such as decreasing LDL- 
oxidation (LDL-ox) and substantially enhance endothelial function. Additionally, it contributes to platelet aggregation inhibition, inflammation, and blood pressure reduction 
by decreasing endothelin-1 (ET-1) secretion and increasing endothelial nitric oxide synthase (eNOS) levels. 
Abbreviations: IL-10, interleukin-10; TGF-ß, transforming growth factor beta; M-CSF, macrophage-colony stimulating factor; COX, cyclooxygenase; LOX, lipoxygenase; NFkB, nuclear 
factor kappa B, IL-35, Interleukin 35; VCAM-1, vascular cell adhesion protein 1; IL-6, Interleukin 6; IL-12, Interleukin 12; IL-1 β, Interleukin 1 beta; PI3K/NO/cGMP/PKG, phosphoinositide 
3-kinases/nitric oxide/cyclic guanosine monophosphate/protein kinase-G; PI3K-AKT, phosphoinositide 3-kinases/protein kinase B; ERK1/2, extracellular regulated kinase 1/2; GSK-3β, 
glycogen synthase kinase-3β.
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Figure 6 Bioactive compounds and cardioprotective effects of Mango (Mangifera indica). Mango has a high concentration of well-known bioactive components, such as 
vitamin C, carotenoids, and polyphenols. The strong oxidative impacts of reactive oxygen species (ROS) have been demonstrated to cause damage to biological molecules 
(eg, proteins, lipids, and nucleic acids) via structural and functional alterations. One of the phenolic compound present, Mangiferin which is highly abundant in Mango, have 
claimed to be important nutritional antioxidants in preventing and treating several chronic disorders, specifically CVDs by blocking the activation of pro-apoptotic signals, 
AGE, TNF-α, ROS and lipid peroxidation. 
Abbreviations: AGE, advanced glycation end products; TNF-α, tumour necrosis factor α; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-associated X protein; t-Bid truncated Bid; 
Cyto C, cytochrome complex; poly (ADP-ribose) polymerase (PARP); PKCs, protein kinase C isoforms; MAPKs, mitogen-activated protein kinases; NF-kB, nuclear factor 
kappa B.
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studies have identified the pharmacological properties of 
mango, including the cardioprotective effect.

Mango contains a huge amount of well-known bioactive 
compounds, including vitamin C, carotenoids and polypheno-
lic compounds,60 which could reduce the risk factors of these 
CVDs, such as high-fat (HF) diet, dyslipidaemia and visceral 
adiposity. Besides, myocardial infarction is an acute condition 
caused by an imbalance between the coronary artery and the 
myocardium. Mangiferin, which is highly abundant in the 
peel, seeds and kernel parts of mango, shows a protective 
effect against myocardial infarction in rats. It was found that 
pretreatment with mangiferin (10 mg/100 g body weight for 
28 days) reduced the effect of isoproterenol-induced patholo-
gical changes, reduced lipid peroxide formation and kept 
myocardial marker enzyme activities near normal. The 
above findings suggest that mangiferin has a cardioprotective 
function in rats.61 Strong oxidation effects of reactive oxygen 
species (ROS) have shown to cause damage to biological 
molecules (eg, proteins, lipids and nucleic acids) associated 
with their structural and functional changes (Figure 6). 
Vitamin E, vitamin C and β-carotene, which are highly abun-
dant in mango, have claimed to be important nutritional anti-
oxidants in preventing and treating several chronic disorders, 
specifically CVDs.62

Orange (Citrus sinensis)
Citrus sinensis is known as orange belongs to Rutaceae 
family. It has been widely used traditionally for the pre-
vention and treatment of CVDs. The intake of orange juice 
has been shown in multiple studies to alleviate the inci-
dence of CVDs risk factors, such as hyperglycaemia, oxi-
dative or inflammatory stress, dyslipidaemia, hypertension, 
endothelial dysfunction and obesity.63 Recently, a study 
has been done to investigate the effects of orange juice 
on the activities of monoamine oxidase (MAO), phospho-
diesterase (PDE) and angiotensin-converting enzyme 
(ACE) in the rat heart.64 From the observations, orange 
juice significantly inhibited PDE, MAO and ACE activ-
ities in the rat heart homogenate (Figure 7). Orange juice 
also reduced the production of Fe2+-induced malondialde-
hyde in a concentration-dependent manner. The findings 
indicated that orange could be used as a treatment regimen 
to prevent and control CVDs by inhibiting the enzymes 
and preventing oxidative damage.64

Interestingly, Asgary and Keshvari65 reported that the 
healthy volunteers fed with 500 mL of commercial orange 
juice twice a day for 4 weeks reduced their diastolic and 
systolic blood pressure. In contrast, natural orange juice, 

on the other hand, had no significant effects on diastolic or 
systolic blood pressure after 4 weeks of administration.65 

Castello et al66 have also been conducted fermentation 
phase using orange juices. Bioactive compounds and mod-
erate alcohol consumption reduce the risk of CVDs. These 
effects could be combined in a beverage made from orange 
juice that has undergone a regulated alcoholic fermenta-
tion. Escudero-López et al67 investigated the impact of 
regulated alcoholic fermentation on the bioactive com-
pound profile of orange juice. In fact, fermentation pro-
cesses have been proved in helping to retain bioactive 
components that have been degraded as a result of specific 
thermal treatments used in the juice industry, or to alter the 
phytochemical profile for a given food matrix. Thus, the 
obtained results are due to the higher concentration of 
bioactive compounds.

In addition, the impact of controlled alcoholic fermenta-
tion on the composition of orange juice can significantly 
increase the content of flavanones, carotenoids and melato-
nin, as well as antioxidant capacity. It has been reported that 
most of the bioactive effects of orange juice, particularly 
those with fermentation, are due to the presence of flava-
nones, which are broadly associated with the reduced risk of 
chronic disease, specifically cardiovascular problem.68 

Flavanones are a subgroup of flavonoids and mainly 
found in the peel and fleshy segment.69 Castello et al66 

compared the bioavailability of orange flavanones and 
other phenolic compounds contained in a fermented orange 
juice beverage to the bioavailability of the corresponding 
orange juice substrate in humans. They observed that poly-
phenols were rapidly absorbed with the fermented orange 
juice as compared to after consumption of orange juice.

It is noted that cardiovascular drugs are prescribed for 
and/or used to treat a wide range of illnesses, conditions 
and diseases that affect the cardiovascular system, but they 
may also have harmful levels, side effects and/or adverse 
effects in certain cases. Collectively, the above studies 
indicated that oranges could be used to therapeutically 
treat CVDs and are potentially healthy. Thus, it is sug-
gested to consume orange juice or fermented products as 
the cardioprotective mechanisms still remain by prevent-
ing oxidative stress and maintaining lipid profile.

Kiwifruit (Actinidia deliciosa)
Kiwifruit or Actinidia deliciosa belongs to the 
Actinidiaceae family and it is a native plant in Eastern 
Asia. It possess a high quantity of vitamin C, vitamin E, 
folic acid and other phytochemicals, such as flavonols and 
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anthocyanidins.70 Besides, Ru et al71 also determined that 
kiwifruit was high in antioxidant compounds, such as 
vitamin C, flavonoids, carotenoids and phenolic compo-
nents. The soluble fiber in Kiwifruit can also improve 
dietary lipid absorptions and reabsorptions. In comparison 
to gold kiwifruit, green kiwifruit is more commonly used 
to study the therapeutic effects on CVDs.72

The study by Duttaroy and Jørgensen73 found that 
eating kiwifruit could reduce platelet reactivity to col-
lagen and adenosine diphosphate (ADP) in human 
volunteers. The results also showed that kiwifruit was 
able to improve the efficacy of thrombosis prophylaxis. 
Intriguingly, regular consumption of green and gold 
kiwifruit may also positively impact on certain 

Figure 7 Bioactive compounds and protective effects of orange (Citrus sinensis) in on the monoamine oxidase (MAO) activity, phosphodiesterase (PDE) activity, and 
angiotensin-converting enzyme (ACE) activity in the heart. Orange extract/juice contains compounds that helps in modulation of the renin-angiotensin-aldosterone system 
(RAAS) thus helps in lowering the diastolic and systolic blood pressure.
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physiological biomarkers, particularly in people with 
metabolic disorders linked to CVDs.74 For instance, in 
a randomised controlled trial of 85 normotensive and 
pre-hypertensive hypercholesterolemia men, Gammon 
et al75 discovered that eating two green kiwifruits per 
day for 4 weeks significantly improved plasma lipid 
profile as compared to eating a balanced diet alone. 
Atherosclerosis is often considered as a heart disease, 
where it refers to build-up of fats, oxidised cholesterol 
and other substances in and on the artery walls. The 
accumulation of these substances form plaque gradually, 
leading to blood flow restriction. The plaque can then be 
burst to trigger a blood clot that causes CVDs. Jung 
et al76 reported that kiwifruit can help to prevent CVDs, 
as it acts as antioxidants and shows fibrinolysis activity 
with inhibitory action against ACE and HMG-CoA 
reductase.76

Svendsen et al77 found that adding three kiwifruits to 
the regular diet was correlated with lower systolic and 
diastolic 24-hour blood pressure in men and women aged 
35 to 69 years with moderately elevated blood pressure as 
compared to one apple per day. ACE is essential in con-
trolling blood pressure via renin–angiotensin system. As 
hypertension is a well-known risk factor for atherosclero-
sis, there is a growing interest in identifying food sources 
that act as ACE inhibitors. Besides, as reported in the 
observational study, it was interesting to note that eating 
fruits every day, particularly kiwifruit, could enhance the 
fibrinolytic system, which may result in a lower risk of 
thromboembolic and CVDs. Besides, Padmanabhan and 
Paliyath78 discovered the health-promoting benefits of 
kiwifruit by comparing a healthy control diet with the 
consumption of two green kiwifruits every day for 4 
weeks. It was observed that kiwifruit could regulate apo-
lipoprotein B/apolipoprotein A1 ratio and plasma HDL-c 
TC/HDL-c ratio in hypercholesteraemic men. Meanwhile, 
another researcher group also found that male smokers had 
a drastic lower diastolic and systolic blood pressure than 
the control group after eating three green kiwifruits per 
day for 8 weeks.79 This study further discovered that kiwi-
fruit reduced TG levels in the blood, indicating its poten-
tial in preventing atherosclerosis.

Consumption of high-fibre fruits has long been linked to 
the reduced risk of chronic diseases in humans, including 
CVDs.80 Green and gold kiwifruit are extremely rich in 
vitamins C, E, K, folate, carotenoids, potassium, fibre and 
phytochemicals, which work together to provide many 
health benefits. As part of a healthy diet, kiwifruit can 

help in raise HDL-c while lowering TG, platelet aggrega-
tion and blood pressure.74 Vitamin C, vitamin E, 
polyphenols,81 a favourable Na+/K+ ratio82 and other bioac-
tive components in kiwifruit can justify their physiological 
benefits.74

Pomegranate (Punica granatum)
Punica granatum, also known as pomegranate, is a com-
mon plant that belongs to the Punicacceae family. 
Pomegranates are widely cultivated throughout the world. 
In a study conducted by Mohan et al83 using streptozoto-
cin-induced diabetic Wistar rats with angiotensin II– 
induced hypertension, it was interested to note that a 
prolonged administration of pomegranate juice (100 mg/ 
kg and 300 mg/kg, P.O. for 4 weeks) significantly 
decreased ACE activity mean arrhythmia, indicating that 
it has antihypertensive action. These results can further 
contribute to an antioxidant environment and reduce the 
risk of atherosclerosis.83 Additionally, the effect of pome-
granate extract on coronary artery atherosclerosis in SR- 
BI/apoE double knockout mice was also evaluated. The 
treatment of pomegranate extract reduced aortic sinus and 
coronary artery atherosclerosis. Despite unmodified sys-
temic markers of inflammation and increased lipoprotein 
cholesterol in the treated mice; however, pomegranate 
extract treatment was able to exert atheroprotective effects 
by reducing oxidative stress and inflammatory effects on 
the blood vessel wall.84

Pomegranate was reported to have abundant antioxi-
dants and strong anti-hypertonic properties, either in peel, 
seed, or juice.85 Interestingly, punicalagina, the main 
bioactive component of pomegranate, has been shown to 
have cardiovascular protection via its potent antioxidant 
activity.86 Pomegranate seed extract also enhanced motor 
and cognitive deficits caused by chronic cerebral hypoper-
fusion ischemia, which was most likely due to its antiox-
idant and free radical scavenging properties.87 In fact, high 
levels of oxidative stress in the hypothalamic paraventri-
cular nucleus play a role in the pathogenesis of 
hypertension.88 In line with these, Sun et al, (2016), 
found that pomegranate extracts could relieve the health 
condition of spontaneously hypertensive rats by lowering 
oxidative stress, decreasing inflammation, increasing anti-
oxidant defences and improving mitochondrial function in 
the paraventricular nucleus and also AMPK-nuclear fac-
tor-erythroid 2 p45-related factor 2 (Nrf2) pathway is thus 
activated in the paraventricular nucleus.89
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The protective effects of pomegranate fruit extracts 
against cardiac toxicity caused by drugs or smoking were 
also investigated. For instance, pretreatment of pomegra-
nate juice for 30 days in isoproterenol-induced cardiac 
necrosis rats diminished the cardiotoxicity of 
isoproterenol.90 Additionally, pomegranate juice signifi-
cantly suppressed the increased heart weight, infarction 
size, plasma marker enzymes, lipid peroxidation levels 
and Ca2+ adenosine triphosphatase (ATPase) levels.90 

The prevalence of CVDs is associated with a higher inci-
dence of obesity as well.85 Previous research has shown 
that excessive fat build-up might boost ROS generation 
and develop oxidative stress, as well as morphological 
changes that ultimately cause heart damage.91 In addition, 
the accumulation of fats in obese people might cause 
several other risk factors, including mitochondrial 
dysfunction.92 Thus, it is crucial for obese people to 
improve their obesity-associated cardiac dysfunction. The 
cardioprotective effect of pomegranate extract against obe-
sity-induced cardiac dysfunction has been evaluated. In a 
rodent obesity model, Shao et al93 demonstrated that 
pomegranate extract activated AMP-activated protein 
kinase (AMPK) by reducing the cellular ATP/ADP ratio 
in cardiomyocytes.93 The activation of AMPK pathway 
has contributed to the prevention of mitochondrial loss 
by improving mitochondrial biogenesis and ameliorating 
oxidative stress through increased Phase II enzyme activ-
ity in high-fibre diet-induced CVDs.93

In an animal model, cigarette smoking is linked to 
major cardiovascular pathology including cardiac hyper-
trophy, inflammation, pro-fibrotic and atherogenic markers 
and aortic calcification. A study reported that pomegranate 
juice administration exhibited protection against cigarette 
smoke-induced cardiac hypertrophy in a rat model.84 

Furthermore, a pomegranate peel hydroalcoholic extract 
was shown to decrease cardiovascular risk factors in 
obese women with dyslipidaemia in a double-blind, ran-
domised and placebo-controlled pilot trial.94 Overall, the 
reviewed studies showed that using pomegranate fruit and 
its constituents as dietary supplements or adjuvants in the 
treatment of vascular diseases, including hypertension, 
coronary artery disease and peripheral artery disease, 
may have significant benefits.

Papaya (Carica papaya)
Papaya or Carica papaya belongs to the family of 
Caricaceae. It is one of the largest fruit productions located 
in tropical and subtropical regions. It has been reported to 

possess various pharmacological properties contributed by 
different parts. For example, the pulp contains vitamins A, 
B complex, E complex and vitamin C, such as pantothenic 
acid, folic acid, and minerals like magnesium and potas-
sium. These compounds are significant antioxidants that 
are present in papaya.95 The nutrients found in papaya 
have shown beneficial effects, including a substantial 
improvement in the cardiovascular system, protecting 
against CVDs, heart attacks and strokes.96 Beneficial 
effects have been noted, with a noticeable improvement 
in the cardiovascular system, protecting against cardiovas-
cular diseases, heart attacks and strokes, due to the nutri-
ents found in papaya composition.96 Papaya fruit-seed has 
been shown to contain phenolic compounds, such as car-
otenoids and β-carotene, while the leaves have a high 
amount of food fibre, flavonoids and polyphenolic com-
pounds. As papaya has a high fibre content, it has been 
reported to reduce fat absorption and prevent free radicals- 
induced damages. The vascular effects of papaya seed 
extracts at high concentrations are consistent with the 
notion that benzyl isothiocyanate is the main bio-active 
ingredient.96

Gayosso-García et al97 and Hiraga et al98 assessed the 
antioxidant content of papaya fruits with different maturity. 
The whole papaya fruit was chosen based on their visual 
maturity and classified into four stages of maturity from 
green to light yellowish. Interestingly, the result demon-
strated that the green papaya fruit, which is at the lowest 
maturity stage, exhibited extremely high antioxidant activ-
ity, as it had relatively higher phenol content as compared to 
other maturity stages. Given antioxidant has cardioprotec-
tive effects, it is recommended for CVD patients to take the 
unripe green papaya fruits. It has been known that predia-
betic people are at risk for CVDs. Subsequently, papaya is 
also said to have antihypertensive effects, as hypertension is 
closely related to CVD as well. In a normotensive, renal and 
DOCA-salt hypertensive animal model, the ethanolic 
extract of papaya unripe fruit (20 mg/kg, i.v.) significantly 
reduced arterial blood pressure, indicating its unripe fruits 
have potent anti-hypertensive properties.99

Moreover, the antihypertensive effects of a standar-
dised papaya methanolic extract were investigated in spon-
taneously hypertensive rats. Brasil et al100 showed that the 
ACE-inhibitory effect of papaya on the plasma reduced the 
cardiac hypertrophy to the levels as similar to the treat-
ment group receiving enalapril, which is used as ACE 
inhibitor drug to treat high blood pressure. These findings 
may be contributed by the chemical properties of papaya 
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methanolic extract containing flavonoids, such as querce-
tin, nicotiflorin, clitorin and manghaslin, which has been 
reported as bioactive components in papaya extracts to 
treat hypertension.100 Thus, this research represents in 
developing a new phytotherapy agent from papaya speci-
fically for hypertension treatment.

Pineapple (Ananas comosus)
Ananas comosus is a tropical plant that bears pineapple 
fruit and is well known worldwide. It is a member of the 
Bromeliaceae family. They are widely consumed around 
the world and are easy to incorporate into everyday diets. 
It is high in dietary fibre as well as phytochemicals like 
bromelain, gallic acid, catechin, epicatechin and ferulic 
acid.101 Pineapple has been studied biologically and is 
found to be highly effective against CVDs due to several 
therapeutic properties. Pineapple contains many biological 
constituents, such as bromelain, that are responsible for 
health benefits.102 Bromelain was discovered in the late 
nineteenth century as the main component in pineapple, 
which is a protein extract that can be found in the pine-
apple fruit.103 Seenak et al101 reported that the pineapple 
has antioxidant and lipid-lowering effects, so regular 
intake will minimize hypercholesterolemia-induced car-
diac lipid peroxidation and pro-inflammation in an in 
vivo model. Pineapple has been shown to be a possible 
candidate for cardioprotection against hypercholesterole-
mia in this study. According to Saxena and Panjwani,104 

hydro-alcoholic fruit extract of pineapple has high antiox-
idant activity and can protect cell membrane integrity 
while also improving cardiac systolic/diastolic dysfunction 
caused by isoproterenol. It was also found that pineapple 
was more efficient in reducing the degree of myocardial 
damage and substantially counteracting oxidative stress in 
the rat model of isoproterenol-induced myocardial 
infarction.104

Angina pectoris and ischemic attacks are life-threaten-
ing symptoms caused by thrombus formation in the heart’s 
blood supply. A blood clot blocks the blood flow of one or 
more veins in thrombophlebitis. Bromelain’s effect in 
these situations has been studied and found to be success-
ful at breaking up clots by interacting with fibrinogen, 
allowing blood to circulate freely through the blood 
vessels.105 Cardiac dysfunction can always relate to the 
massive formation of a thrombus that causes damage to 
the blood supply, resulting in lethal complications, such as 
Ischemic Heart Disease (IHD) and Angina pectoris. 
Likewise, blood clot blocks blood supply in one or more 

veins in thrombophlebitis. Interestingly, the therapeutic 
potentials of bromelain has been studied in cardiac dys-
functions. When bromelain (400 mg to 1 g) given orally to 
14 patients with angina pectoris, it was found to eliminate 
all symptoms that contribute to diabetic and cardiovascular 
complications. Bromelain was reported to be involved in 
the reperfusion of skeletal muscles following ischemic 
disease.106,107 Similarly, Juhasz et al108 also found that 
Bromelain exerted cardio protection against ischemia- 
reperfusion injury in rat myocardium. For instance, Go 
et al109 reported that approximately 65% of the diabetic 
patients die from stroke or heart disease, as they are the 
main cause of death. Moreover, on the basis of National 
Health and Nutrition Examination Survey (NHANES), 
2003–2006 data showed that a group of obesity, over-
weight and insulin resistance are predominantly associated 
with cardiovascular risk factors.109

Thus, Bromelain was found to be very effective in 
inhibiting the blood platelet aggregation, which minimises 
the risk of getting arterial thrombosis and embolism and 
plays a big role in treating of CVDs. Daily pineapple con-
sumption reduced the atherogenic coefficient and cardiac 
risk ratio in the same way that simvastatin treatment. As a 
result, pineapple is an excellent addition to a daily diet 
because it has an additional lipid-lowering effect that may 
enable the medication to be reduced while also serving as 
potential functional food for cardiovascular health.101

Watermelon (Citrullus lanatus)
Watermelon is a member of the Cucurbitaceae family and 
distributed all over the world. It is called a “pepo” by 
botanists, which is a fruit with a thick rind and fleshy 
center. It is widely consumed as a refreshing summer 
fruit and its refreshing ability, attractive color, delicate 
taste and high water content to quench summer thirst are 
highly valued by consumers.110 It has been reported that 
watermelon has a high amount of fibre, vitamins, minerals 
and bioactive constituents, including L-citrulline, lycopene 
and alpha, which are crucial in preventing CVDs.111 

Multiple studies have evaluated the effects of watermelon, 
either in the form of juice or extract, on diminishing CVD 
risk factors. For instance, Connolly et al111 found that 
fresh watermelon fruit had good cardioprotective effects 
by reducing CVD risk factors in overweight and obese 
adults. Fresh watermelon fruit consumption significantly 
decreased body weight, body mass index (BMI), systolic 
blood pressure and waist-to-hip ratio. It also could normal-
ise the lipid profile by reducing increased levels of 
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triglyceride, LDL cholesterol and thiobarbituric acid reac-
tive substances (TBARS) while increasing HDL-c and 
total antioxidant capacity. These observations indicated 
that fresh watermelon fruit taken daily could improve 
lipid profiles and biochemical parameters, lower blood 
pressure and enhance antioxidant capacity, all of which 
are important to treat and prevent CVDs.

Another study by Shanely et al112 also supported that 
daily intake of watermelon reduced the risk of getting 
CVD in overweight and obese individuals. In this study, 
100% pure and fresh watermelon was given 6 weeks to 
obese and overweight postmenopausal women whose are 
high-risk CVD people. Postmenopausal women have been 
reported to have relatively high amount of fats and prone 
to develop atherosclerosis. The results showed that water-
melon could reduce the fat deposition and plaque forma-
tion, which are causes of promoting atherosclerosis and 
cardiac problem.112 Besides, watermelon consumption has 
also been related to be cholesterol-free and fat-free and 
increased levels of minerals and phytochemicals with low 
amount of sodium.113 It has antioxidant properties and 
possess good amount of vitamins, carbohydrates and 
fibre all of which possess are beneficial to protect cardio-
vascular system. Besides, watermelon has recently 
received recognition due to its low fat content as compared 
to other fruits and vegetables.110

Other than these, watermelon juice has also been 
reported to improve vascular health in hypertensive 
patients. According to the World Health Organization 
(WHO) reports, the vitamin content in watermelon juice 
is responsible for cholesterol management. The WHO has 
suggested that since everyone should consume low-fat and 
fibre-rich meals as part of their optimal diet, watermelon 
will be the best option. Watermelon juice and pulp have 
been shown to have a high fibre content, which can reg-
ulate blood cholesterol levels and prevent its associated 
cardiac problems.114

Overview of the Mechanism of 
Nutritional Fruits Against CVDs
Several studies have shown that nutritious fruits such as 
apple, avocado, grape, mango, orange, kiwifruit, pomegra-
nate, papaya, pineapple, watermelon and their phytoconsti-
tuents have significant cardioprotective effects, as 
summarized in this review. Overall, the possible underlying 
mechanisms of action of nutritional fruits in protecting heart 
from CVDs are associated with 1) vascular protection, 2) 
blood pressure modulation, 3) reduction of cholesterol levels, 
4) platelet-inhibiting function, 5) lipid-metabolism regula-
tion, 6) oxidative stress reduction, and 7) ischemic or reper-
fusion reduction (Figure 8 and Table 2).

Figure 8 Possible mechanisms of action of nutritional fruits in protecting heart from CVDs.
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Table 2 Mechanism of Action of Nutritional Fruits Against CVDs

Nutritional 
Fruits

Mechanism of Action Reference

Apple Protection of Vascular Endothelial Function 

•By improving endothelial function 

Blood Pressure Modulation 
•By maintaining pulse rate and systolic blood pressure 

Inflammation Reduction 
•By lowering CRP level in the body 

•By decreasing stroke mortality 

•By decreasing serious stomach aortic calcification 

Reduction of Cholesterol Levels 
•By decreasing TC and LDL levels 

•By increasing HDL levels

Bondonno et al,23 Hodgson et al,22 Ravn-Haren et al,25 Sandoval-Ramírez et al,21 Serra 

et al,29 Gonzalez et al30

Avocado Platelet-Inhibiting Functions 
•By acting as anti-platelet and anti-thrombotic agents 

Thrombosis Suppression 
•By increasing coagulation times 

•By reducing thrombus formation 

Blood Pressure Modulation 
•By inducing bradycardia, vasorelaxation and hypotension 

Inflammation Reduction 
•By decreasing the levels of high-sensitivity CRP 

•By preventing the development of metabolic syndrome 

Reduce Cholesterol Level 
•By increasing serum HDL-c concentrations 

•By decreasing TG, VLDL and LDL levels

Carvajal-Zarrabal et al,33 Gouegni and Abubakar,39 Mahmassani et al,32 Park et al,36 

Rodriguez-Sanchez et al,38 Dabas et al40

Grapes Lipid-Metabolism Regulation 
•By exerting a positive effect on blood lipids 

•By inhibiting LDL oxidation 

Protection of Vascular Endothelial Function 
•By improving endothelial function 

Platelet-Inhibiting Functions 
•By inhibiting human platelet aggregation 

Blood Pressure Modulation 
•By preventing the production of high blood pressure 

•By protecting from hypertension 

Oxidative Stress Reduction 
•By increasing antioxidant levels 

Inflammation Reduction 
•By preventing some inflammatory-mediated diseases

Borde et al,53 Godse et al,54 Leifert and Abeywardena,57 Resende et al,51 

Shanmuganayagam et al,45 Quiñones et al,52 Leibowitz et al,49 Luzak et al,50 Quintieri 

et al,55 Safwen et al44

Mango Lipid-Metabolism Regulation 
•By reducing lipid levels in the induced dyslipidaemia model 

•By reducing the risk factors of hyperglycaemia, HF diet, 

dyslipidaemia and visceral adiposity 

•By increasing serum HDL-c in the hyperlipidaemic model 

Oxidative Stress Reduction 
•By enhancing antioxidant activity 

Reduce Cholesterol Level 
•By preventing the rapid onset of the atherosclerotic 

process

Fidrianny et al,60 Prabhu et al;61 Lobo et al62

(Continued)
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Table 2 (Continued). 

Nutritional 
Fruits

Mechanism of Action Reference

Orange Lipid-Metabolism Regulation 
• By inhibiting the production of Fe2+-induced 

malondialdehyde in a concentration-dependent manner 

• By enhancing the lipid profile and peroxidation 

Blood Pressure Modulation 
• By reducing diastolic and systolic blood pressures 

Oxidative Stress Reduction 

• By enhancing antioxidant activity 

• By preventing oxidative damage 

Inflammation Reduction 
• By inhibiting MAO, PDE and ACE activities

Ademosun and Oboh,64 Asgary and Keshvari,65 Castello et al66

Kiwi Lipid-Metabolism Regulation 
• By improving plasma lipid levels 

• By reducing TG levels in the blood 

• By improving dietary lipid absorptions and reabsorptions, 

as it also contains soluble fibre 

Platelet-Inhibiting Functions 
• By reducing platelet reactivity to collagen and ADP 

• By inhibiting fibrinolysis activity 

Blood Pressure Modulation 
• By inhibiting ACE activity 

• By decreasing diastolic and systolic blood pressures 

Thrombosis Suppression 
• By improving the efficacy of thrombosis prophylaxis 

Reduction of Cholesterol Levels 
• By inhibiting HMG-CoA reductase 

• By improving apolipoprotein B/apolipoprotein A1 ratio 

• By improving plasma HDL-c and TC/HDL-c ratio 

• By preventing atherosclerosis

Duttaroy and Jørgensen,73 Iwasawa et al,72 Jung et al,76 Karlsen et al,79 Padmanabhan 

and Paliyath,78 Stonehouse et al74

Pomegranate Lipid-Metabolism Regulation 
• By reducing aortic sinus and coronary artery 

atherosclerosis 

• By reducing lipid peroxidation levels 

Protection of Vascular Endothelial Function 
• By reducing hypertension, coronary artery disease and 

peripheral artery disease 

Blood Pressure Modulation 
• By reducing ACE activity 

• By relieving hypertension 

Ischemic or Reperfusion Reduction 
• Reducing cellular ATP/ADP ratio in cardiomyocytes 

Oxidative Stress Reduction 
• By enhancing phase II enzyme activity in high-fibre diet- 

induced cardiovascular disorders 

• By giving strong antioxidant effects 

• By increasing antioxidant defences 

Inflammation Reduction 
• Reducing arrhythmia 

• By improving mitochondrial function in the 

paraventricular nucleus 

• By reducing Ca2+ ATPase levels 

Reduce Cholesterol Level 
• By acting as atheroprotective

Al-Jarallah et al,116 Cao et al,85 Haghighian et al,94 Jadeja et al,90 Mohan et al,83 Shao 

et al,93 Sun et al,89 Hajipour et al87

(Continued)
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Table 2 (Continued). 

Nutritional 
Fruits

Mechanism of Action Reference

Papaya Lipid-Metabolism Regulation 
• By reducing fat absorption 

• By treating lipid abnormalities at the prediabetic stage 

• By preventing prediabetes patients from getting diabetes 

mellitus type 2 

• By improving lipid profile 

• By reducing triglyceride levels 

Blood Pressure Modulation 
• By reducing arterial blood pressure 

• By having potent anti-hypertensive properties 

• By inhibiting ACE activity 

• By reducing cardiac hypertrophy 

Oxidative Stress Reduction 
• By ameliorating free radicals-induced damage 

Inflammation Reduction 
• By preventing heart attacks and strokes as well as 

decreasing cholesterol levels 

• By preventing morbidity and death

Brasil et al,100 Gayosso-García et al,97 Hiraga et al,98 Santana et al,95 Wilson et al96

Pineapple Platelet-Inhibiting Functions 
• By performing fibrinolytic activity 

Ischemic or Reperfusion Reduction 
• Reducing ischemic conditions in the reperfusion of the 

skeletal muscles. 

Oxidative Stress Reduction 
• By increasing antioxidant activity 

Thrombosis Suppression 
• By inhibiting blood platelet aggregation, minimising the 

risks from having arterial thrombosis and embolism 

• By reducing coagulation via the interference of fibrinogen 

and facilitation of a good blood flow through the vessels 

Inflammation Reduction 
• By protecting cell membrane integrity 

• By improving isoproterenol-induced cardiac systolic/ 

diastolic dysfunction 

• By reducing the degree of myocardial damage 

Reduce Cholesterol Level 
• By breaking down cholesterol plaques

Juhasz et al,108 Neumayer et al,153 Saxena and Panjwani,104 Wali102

Watermelon Lipid-Metabolism Regulation 
• By reducing body weight, BMI and waist-to-hip ratio 

Blood Pressure Modulation 
• By reducing systolic blood pressure 

• By improving vascular health in hypertensive patients 

Oxidative Stress Reduction 
• By increasing total antioxidant capacity 

Reduce Cholesterol Level 
• By reducing the levels of TG, LDL and TBARS 

• By increasing HDL levels

Jumde and Shukla,113 Connolly et al,111 Shanely et al,112 WHO114

Notes: All the abbreviations are available in the main text.
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Aortic aneurysm is a potentially deadly disorder that can 
result in death, especially if it ruptures. Overall, chronic 
inflammation, disruptive connective tissue remodeling and 
the loss of smooth muscle cells in the aortic wall are impor-
tant factors in the development of aortic aneurysms.115 

Studies have indicated that the development of aortic aneur-
ysm is ameliorated by apple and pomegranate fruits.21,84,116

Atherosclerosis is a chronic and progressive artery 
disease caused by inflammatory responses, oxidative 
stress, lipid dysregulation and epigenetic disorders.117,118 

The pathology of the disease is linked to other types of 
CVDs, including coronary artery disease, ischemic stroke, 
hypertension and peripheral arterial disease, which 
account for the majority of CVD-related deaths.119 

Hyperlipidemia causes an increase in and deposition of 
ox-LDL in the sub-endothelial layer, promoting athero-
sclerosis progression.120 Apple, grapes, kiwi, pomegranate 
and watermelon fruits have high antioxidant potential, 
which decrease lipid peroxidation and the production of 
ox-LDL, as well as the inflammatory response and the 
progression of atherosclerosis.27,47,75,77,79,83,112,116

When the heart is exposed to a range of pro-hype-
trophic stimuli, cardiac hypertrophy is recognized as an 
adaptive mechanism.121 Cardiac hypertrophy is character-
ized by increased in cardiomyocyte size and sarcomere 
intensity. On the other hand, sustained hypertrophy causes 
cardiac decompensation, contractile dysfunction and, as a 
result, heart failure.122 In cardiac hypertrophy and heart 
failure, papaya and pomegranate fruits have suppressive 
effects.84,100 Unlike chemotherapeutic drugs, isoproterenol 
is a non-selective β-adreno receptor agonist used in the 
treatment of bradycardia, heart block and asthma, with 
serious cardiac side effects. Isoproterenol causes ischemic 
damage to the heart as demonstrated by the increased heart 
rate, decreased R amplitude and ST elevation, as well as 
dysfunction in contractility.123 Mitochondrial damage, 
depletion of endogenous antioxidants and lysosomal activ-
ity all played important roles in conferring these effects.-
123,124 Pretreatments with mango, pineapple and 
pomegranate fruits increased antioxidant enzymes and 
protect against isoproterenol cardiotoxicity and 
cardiomyopathy.61,90,104

Cardiovascular problems such as diabetic cardiomyo-
pathy, myocardial infarction and stroke, are the leading 
cause of diabetic-related death.125 In diabetic-induced ani-
mals, pomegranate, papaya and pineapple fruits decreased 
biomarkers of carbohydrate and lipid disturbances, 

implying a defensive function against diabetic complica-
tions and cardiovascular disorders.83,99,106,107

Myocardial infarction is more common in people who 
have an underlying atherosclerotic disorder involving 
hypertension, diabetes and dyslipidemia as risk factors. 
Rapid reperfusion and conventional medicine, such as β- 
blockers, mineralocorticoid receptor blockers, angiotensin- 
converting enzyme (ACE) inhibitors and statins, are com-
monly used to treat acute myocardial infarction.126 

Additional medication is required to reduce infarct size, 
prevent arrhythmia and prevent progressive left ventricular 
(LV) remodeling, leading to heart failure.127 The anti- 
inflammatory effects of mango and pineapple fruits can 
protect the heart from developing an infarct by reducing 
oxidative damage, which prevented reperfusion injury.61,104

Stroke, like myocardial infarction, is caused by vascu-
lar or microvascular disorders that cause an interruption of 
cerebral blood flow and, as a result, brain dysfunction.128 

Apple, grapes and pineapple extracts have been shown to 
minimize the risk for stroke and neurobehavioral deficits 
by inhibiting the downregulation of antioxidant enzymes, 
which results in less development of ROS and oxidative 
stress, inhibition of lipid peroxidation, increased nitric 
oxide production and improved endothelial function in 
arteries.21,96,109 All these evidences indicated that nutri-
tional fruits are multi-targeted with multiple therapeutic 
applications in CVDs (Figure 9).

Based on the literatures, the 10 selected nutritional 
fruits can regulate oxidative stress and exert positive influ-
ences on macrophage, endothelial cells, platelet function, 
lipid oxidation, blood glucose levels, lipid metabolism, 
vasodilatory effects and blood pressure through the inhibi-
tion of ACE activity, all of which are crucial in protecting 
the cardiovascular system. However, further pharmacolo-
gical studies are required to determine the pharmacologi-
cal potentials of these nutritional fruits. In the future, 
clinical trials will be needed to refine the nutritional fruits 
and their phytoconstituents into various pharmaceutical 
formulations while maintaining the quality and activity 
of bioactive constituents.

Challenges and Opportunities of 
Nutritional Fruits-Based 
Formulations and Drug Delivery 
Methods for the Treatment of CVDs
Natural products and their derivatives have been shown to 
confer significant therapeutic benefits where they account 
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for approximately one-third of the top-selling 
pharmaceuticals.129 Such products are favoured due to 
their unique characteristics, such as improved therapeutic 
efficacy, low/no adverse effects and relatively lower cost as 
compared to modern medicines.129 The favourable effects 
of natural product on cardiovascular risk have consistently 

been confirmed by a large piece of evidence where the 
opposite (insufficient intake of nutritious fruits) has been 
linked to an increased risk of CVD. The beneficial effects of 
consumption of nutritious fruits are dose-dependent.130

To date, fruits including apple, avocado, grape, mango, 
orange, kiwifruit, pomegranate, papaya, pineapple and 

Figure 9 Bioactive compounds and protective effects of kiwifruit (Actinidia deliciosa), pomegranate (Punica granatum), papaya (Carica papaya), pineapple (Ananas comosus) and 
watermelon (Citrullus lanatus). The mechanism of action involves reduction of thrombosis, atherosclerosis and blood pressure via lowering platelets’ responsiveness to 
collagen and ADP, reducing ACE activity, oxidative stress, inflammation and regulation of blood cholesterol levels. 
Abbreviations: ADP, adenosine diphosphate; ACE, angiotensin-converting enzyme.
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watermelon have been extensively investigated and have 
been shown to confer protective effects on CVDs. 
Bioactive compounds obtained from fruits can help pre-
vent CVDs or ameliorate the morphology and functions of 
blood vessels as well as the heart following an injury. 
Among the mechanisms involved are regulation of lipid 
metabolism, protection of vascular endothelial function, 
modulation of blood pressure, relief of ischemia/reperfu-
sion injury, inhibition of platelet function, suppression of 
thrombosis, attenuation of inflammation and reduction of 
oxidative stress.131

Various formulations including freeze-dried powder, 
extracts, juices, tablets and capsules have been designed 
and have shown to be effective against several CVDs. 
Grapes in various forms, including whole-grape powder,132 

grape seed extract48,50 and tablet133 have shown good effi-
cacy against various CVDs in experimental models including 
conferring vascular benefits, preventing atherosclerosis, 
reducing platelet reactivity and acting as antihypertensive.

However, due to biocompatibility and toxicity issues, it 
remains a challenge for many natural products to pass 
clinical studies129 due to 1) the development of insoluble 
complexes with other components present in the gastro-
intestinal tract (GIT), 2) low permeability across the 
epithelium cells or mucus layer, 3) limited release from 
the food matrix, 4) molecular transformations in the GIT, 
and 5) relatively low and/or variable oral bioavailability. 
The latter contributes to an incomplete absorption in the 
GIT as well as first-pass metabolism, which is the key 
research focus to date.

Vitamins, minerals, nutrients, and phenolic compounds 
are present in varying concentrations in almost all the 
nutritional fruits, and they are primarily responsible for 
preventing CVDs. However, key substances such as puni-
calagin from pomegranate, mangiferin from mango, vola-
tile compounds from orange, procyanidin from kiwifruit, 
and lycopene from watermelon may also play a role in 
CVD protection. A compound that has good cardiovascu-
lar potential is punicalagin, a key component in 
pomegranate.85 Nevertheless, punicalagin has poor phar-
macokinetic parameters including 1) low bioavailability, 
2) ineffective absorption, 3) high metabolism, and 4) high 
systemic elimination.134,135 Therefore, designing a novel 
molecule for the treatment of CVDs such as punicalagin is 
advantageous.

Several therapeutic targets exist in the cardiovascular 
system, including ameliorating ischemic/reperfusion 
injury, myocardial infarction and atherosclerosis. Some 

novel technologies including chemicals and biologicals 
have been created for both targeted and prolonged delivery 
of novel therapeutics, making the field of specifically 
targeted drug delivery to the cardiovascular system a 
great potential. Nanomedicine is the way forward to bridge 
the gap between pharmaceutical constraints and natural 
phytochemical therapeutic potentials by enhancing com-
pound targeting, pharmacokinetics, efficacy and cellular 
uptake.125,136–142

The use of nanoparticles in drug delivery such as 
polylactic-co-glycolic acid (PLGA), polyethylene glycol 
(PEG), liposomal delivery systems and RNA-based deliv-
ery offers several advantages including 1) improving ease 
of adsorption, 2) selective targeting, 3) simple encapsula-
tion, 4) enhanced bioavailability, and 5) reduced adverse 
effects and 6) improved stability for CVDs.143 These new 
delivery systems offer many options for achieving tissue 
selectivity and reduced system exposure required to 
deploy new pharmacological compounds derived from 
nutritional fruits for better treatment of CVDs (Figure 10).

Conclusion and Future Perspectives
Overall, the present comprehensive review indicated that 
nutritional fruits have good cardioprotective properties. 
Additionally, several viewpoints on the use of nutritional 
fruits for cardioprotective potential, prevention and treatment 
have been proposed in this review. Furthermore, conducting 
additional research to understand the effect of nutritional 
fruits in the treatment of myocardial infarction, hypertension, 
peripheral artery disease, coronary artery disease, cardio-
myopathies, dyslipidemias, ischemic stroke, aortic aneur-
ysm, atherosclerosis, cardiac hypertrophy and heart failure, 
diabetic cardiovascular complications, drug-induced cardio-
toxicity and cardiomyopathy are also required. Although 
nutritional fruits have many therapeutic potentials against 
CVDs, the majority are still in the phase of preclinical 
research in which randomised controlled trials can help sup-
port the preclinical findings. As the pathology and risk fac-
tors that lead to the onset of CVDs are broad, determining 
new effective drugs become a challenge. However, further 
pathways and targets of each active ingredient either when 
used singly or in various combinations must be investigated 
in order to elucidate the mechanism of action of nutritional 
fruits. It is also important to determine a good starting point 
for the development of a pharmacological model based on 
multiple omics studies including genomics, proteomics and 
metabolomics.

https://doi.org/10.2147/VHRM.S328096                                                                                                                                                                                                                               

DovePress                                                                                                                                         

Vascular Health and Risk Management 2021:17 762

Zuraini et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


This review discovered a link between eating nutri-
tional fruits and having a healthier heart. Include at 
least 1 of the 10 nutritional fruits listed in this review 

as your daily diet to lower your risk of CVDs. 
Pomegranate and grapes have been well explored and 
the mechanism of action is well documented against 

Figure 10 Drug delivery strategies use in cardiovascular diseases (CVDs) and proposed future perspectives of liposomes-based drug delivery. Atherosclerosis began as a 
lesion before a lipid layer or fatty streak formed within the intima. Leukocytes and smooth muscle cells migrate into the arterial wall, causing plague and extracellular matrix 
degradation. Liposomes can be loaded with hydrophilic and lipophilic bioactive substances, which may help decrease plague development. Injured endothelium secretes 
adhesion molecules during atherosclerosis, thus liposomes can be modified to conjugate with E-selectin-binding peptide (eg, E-selectin, and P-selectin). This combination of 
bioactive molecules and targeted ligands will further aid in decreasing atherosclerosis.

Vascular Health and Risk Management 2021:17                                                                                https://doi.org/10.2147/VHRM.S328096                                                                                                                                                                                                                       

DovePress                                                                                                                         
763

Dovepress                                                                                                                                                          Zuraini et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


CVDs, compared to other nutritional fruits. All of the 
fruits mentioned are edible and readily accessible on 
the market. Consuming these fruits, which may contain 
varying amounts of active constituents depending on the 
food source and season, the development of nutritious 
fruits-based health supplements would be more realistic 
for consistent CVD protection. However, studies on 
other nutritional fruits are advocated to be used as a 
dietary supplement for the prevention and treatment of 
CVDs, thereby representing a complementary non-phar-
macological therapy for CVDs, based on the overall 
positive results of various preclinical and clinical trials. 
Determining the exact mechanism of action for the 
active constituents can help understand not only how 
the different ingredients in nutritional fruits work singly 
or in combination but also lead to the discovery of new 
pathways or synergistic effects. Thus, future perspec-
tives will be refocusing on the development of new 
drugs capable of treating various aspects of CVD, as 
well as making nutritional fruits as a crucial source of 
pharmaceuticals.
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