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Abstract

Functional foods and nutraceuticals are potentially healthy foods that play major roles in maintaining a
healthy state of well-being by protecting and preventing against various diseases. No doubt about it,
Atherosclerosis remains one of the leading causes of death in developed and underprivileged countries as a
result of high intake of western-styled diets. Despite advancement in clinical treatments, cases of
atherosclerosis still remain high worldwide. We briefly review the prospect of bioactive compounds naturally
found in foods and as functional ingredients not limited to omega-3 fatty acids, fibers, polyphenols,
carotenoids, quercetin etc needed for the prevention and treatment of Atherosclerotic vascular disease.

1. INTRODUCTION

Cardiovascular diseases (CVD), of which atherosclerotic vascular disease is by far the largest
component, remain the leading cause of morbidity and mortality worldwide (Massaro et al., 2010).
Although genetic factors and aging are important in determining the overall risk, a substantial
proportion of CVD occur in conjunction with a series of modifiable risk factors, such as
hypercholesterolemia, hypertension, obesity, insulin resistance, and diabetes, susceptible to lifestyle
modifications, which include diet and physical exercise (Galimanis et al., 2009). Risk factors are
manifold, but inflammation and elevated low-density lipoprotein (LDL) cholesterol are thought to be
among the most important contributors (Alenghat and Davis, 2019). Failure to prevent and treat
hypercholesterolemia is the main threat for cardiovascular illness, adversely affecting the myocardium
itself and promoting atherosclerosis (Csonka et al., 2016). Although, the marketplace offers numerous
kinds of medications of CVD that may be given alone or with other treatments, these medications
have disagreeable side effects, we need an extensive investigation into natural treatments of functional
food or medicinal plant as complementary or alternative therapies (Laudadio et al., 2015; Tufarelli et
al., 2016).

Nutritional interventions are effective and — in theory — easy to implement primary and secondary
prevention strategies that reduce several risk factors of atherosclerosis and CVD (Visioli and Poli
2019; Visioli et al. 2008). The interest in phytochemicals found in plant foods as bioactive
components of the diet have gotten much attention in recent years. Various epidemiological and
clinical studies have shown that the risk of CVD is reduced by diet rich in vegetables, fruits,
unrefined grains, fish and low-fat dairy products, and foods like brans, nuts, which are low in
saturated fats and sodium are helpful. Furthermore, foods containing mono- and polyunsaturated fats,
plant sterols and soy proteins have all been documented to have a helpful effect on lipid profile and
the overall CV health. Functional foods and nutraceuticals, thus, play vital roles in the functioning of
various body organs, important in maintaining health and reducing the risk of various diseases. On
this background, this review will focus on the mechanism and prospect of functional foods and
nutraceuticals that are labeled as cardioprotective towards managing Atherosclerotic cardiovascular
disease.
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2. THE PATHOGENESIS OF ATHEROSCLEROTIC VASCULAR DISEASE

A description of the cellular and molecular events underlying atherosclerosis is important for
understanding the mode of action of cardioprotective functional foods and nutraceuticals. A brief
review of current concepts of inflammation and atherosclerosis gives the proper background to place
their effects in context. In its initial stages, atherosclerosis is characterized by the intimal recruitment
of selected populations of white blood cells, especially monocytes, and by the gradual accumulation
of lipids and extracellular matrix. The endothelium and the underlying collagen layers overlying the
enlarged intima—the so-called fibrous cap—for a long time during atherosclerosis progression
prevent the contact of the highly thrombogenic lipid core of the plaque with the circulating blood. The
sudden rupture of the eventually thin fibrous cap, from the outside or from the inside (in the latter case
due to the rupture of vasa vasorum penetrating the intima), transforms this slow process into an acute
event, with the sudden development of thrombosis (Ross, 1999). When this occurs in a coronary
artery, the consequent myocardial ischemia, in appropriate conditions, may precipitate an acute
coronary syndrome, that is, acute myocardial infarction or unstable angina. In the cerebral circulation
or in the cerebro-afferent arteries this may lead to an acute stroke.

The recruitment of monocytes reflects specific molecular changes in the adhesive properties of the
endothelial surface, due to the surface expression of specific endothelium-leukocyte adhesion
molecules (ELAMs) (“athero-ELAMSs”). One of the most relevant such proteins is vascular cell
adhesion molecule-1 (VCAM-1). Pathophysiologically, relevant stimuli for VCAM-1 expression
include several causes of increased oxidative stress, such as oxidized low density lipoproteins (LDL),
many cytokines, the advanced glycation end-products (AGESs) associated with diabetes, and possibly
also high glucose and high insulin (Madonna and De Caterina, 2009) . Once adhered, monocytes
transmigrate, through the action of chemotactic stimuli also deriving from the activated endothelium,
from the blood into the subendothelial intima, where, upon internalization of modified lipoproteins,
they become macrophages able to secrete proinflammatory cytokines. These contribute to maintaining
a state of vascular inflammation, further augmenting the expression of adhesion molecules,
chemoattractants, and macrophage-activating factors, thus initiating a vicious circle leading to lesion
progression.

Later on, the production of matrix metalloproteinases (MMPs)—by the same macrophages as well as
by endothelial cells—may promote the erosion of the collagen layers of the fibrous cap and ultimately
lead to plaque rupture (Libby, 2003). The stability of the atherosclerotic plaque is indeed thought to
reflect the balance and interplay of various dynamic factors, including endothelial dysfunction, the
proliferation of smooth muscle cells (which are mainly responsible for the synthesis of collagen), and
the degradation of collagen and other elements of the extracellular matrix by MMPs, mostly produced
by activated macrophages. The much sought-after prevention of acute vascular events therefore
requires interventions that affect such mechanisms leading on the one hand to the slow formation of
atherosclerotic lesions and on the other to the sudden precipitation of plaque rupture.

3. FUNCTIONAL FOODS AND NUTRACEUTICALS

The notion that foods not only provide basic nutrition but can also prevent diseases and ensure good
health and longevity is now attained greater prominence (Ferrari, 2004). Various terms have been
used interchangeably to designate foods for disease prevention and health promotion. The term
Nutraceuticals was introduced in 1989 by the US Foundation for Innovation in Medicine and referred
to “any substance that is a food or a part of a food and provides medical or health benefits, including
the prevention and treatment of disease” (De Felice, 1994). In 1994, the US Institute of Medicine’s
Food and Nutrition Board defined functional foods as “any food or food ingredient that may provide a
health benefit beyond the traditional nutrients it contains” (Bjelakovic and Gluud, 2007).

Functional foods, containing physiologically active components either from plant or animal sources,
marketed with the claim of their ability to reduce heart disease risk focusing primarily on established
risk factors, that is, blood cholesterol, diabetes, and hypertension. Functional foods are suspected to
exert their cardioprotective effects mainly through lipid lowering effects, antioxidant actions, and/or
decreased homocysteine levels. The table below shows some cardio-protective functional foods and
nutraceuticals with their bioactive compounds;
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Tablel. Cardio-protective functional foods and nutraceuticals with their respective bioactive compounds and

mechanism of action

Functional foods

Bioactive compounds

Potential mechanism

References

-Nuts

-Legumes
-Fruits and vegetables
-Dark chocolate

-Soy proteins

-Tocopherols, omega-3fatty
acids

-Fiber and polyphenols
-Fiber (pectin)
-Flavonoid

-Genistein and daidzein

Lowering blood
cholesterol

Sabate and Ang, 2009

Erkkila and Lichtenstein, 2006
Liu et al., 2002
Grassi et al., 2005

Lutsey et al., 2007
Anderson et al., 1995

-Green leafy
vegetables, fruits

-Citrus fruits
-Tomato
-Pomegranate

-Fish

-Carotenoids

-Vitamin C
-Lycopene
-Polyphenols

-Omega-3 fatty acids

Inhibition of LDL-C
oxidation

Chopra et al., 2000

Sesso et al., 2008
Aguirre and May, 2008
Davidson et al., 2009

Lee and Wander, 2005

-Onion and garlic
-Green & black teas

-Ginseng

-Quercetin
-Tea polyphenols

-Ginsenosides

Decreasing blood
pressure

Hooper et al., 2008

-Fruits and vegetables

-Folate and phytochemicals

Lowering blood

Samman et al., 2003

-Whole grains -Fiber and phytochemicals  [homocysteine Appel et al., 2000
-Nuts, seeds, and oils |-Vitamin E Broekmans et al., 2000
-Tomatoes -Lycopene Engelhard et al., 2006

-Green leafy
vegetables, fruits

-Vegetable oils

-Grapes and red wines

-Carotenoids

-Tocopherol, tocotrienols

-Anthocyanins, catechins,
flavonols, myricetin

Antioxidant action

Krinsky and Johnson, 2005

Sesso et al., 2008

Perez-Jimenez and Saura-Calixto,
2008

-Nuts, seeds, and oil
-Fish
-Legumes

-Grapes and red wines

-Vitamin E
-Omega-3 fatty acids
-Polyphenols

-Anthocyanins, catechins,
flavonols, myricetin

Anti-inflammatory
action

Singh et al., 2005
Kushi et al., 1996
Lutsey et al., 2007

Perez-Jimenez and Saura-Calixto,
2008

-Fish

-Nuts
-Citrus fruits

-Grapes and red wines

-Dark chocolate

-Omega-3 fatty acids

-Polyphenols

-Vitamin C
-Anthocyanins, catechins,
flavonols, myricetin

-Flavonoid

Endothelial function

Ueedal et al., 2008

Ros et al., 2004
Aguirre and May, 2008

Perez-Jimenez and Saura-Calixto,
2008

Grassi et al., 2005
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Potential mechanisms for the cardio-protective effects of n-3 fatty acids are suggested to be;
antiinflammatory, antithrombotic (reduced platelet aggregability), and antiarrhythmic (reducing the
risk of potentially fatal cardiac arrhythmias), lowering of heart rate and blood

pressure, hypotriglyceridemic, and improved endothelial function (Mozaffarian, 2008). N-3 fatty
acids suppress the production of interleukin-2, the acute phase reactants and modify the production of
eicosanoids, such as thromboxane A2, leukotriene B4, leading to reduced inflammation. The
mechanisms by which fruit and vegetables exert their protective effects are not entirely clear but
likely include antioxidant and anti-inflammatory effects. Among the possible explanations for this
beneficial effect, fruits and vegetables have been found to decrease susceptibility of LDL particles to
oxidation (Chopra et al., 2000). Several bioactive components in fruits and vegetables such as
carotenoids, vitamin C, fiber, magnesium, and potassium act synergistically or antagonistically to
promote a holistic beneficial effect. The totality of the evidence supports current dietary guidelines to
increase fruit and vegetable consumption to at least five. Soluble fibres including pectins from apples
and citrus fruits, g-glucan from oats and barley, and fibres from flaxseed and psyllium are known to
lower LDL-C (Erkkil"a and Lichtenstein, 2006). The mechanisms of their cholesterol-lowering effects
are suggested to be the binding of bile acids and inhibition of cholesterol synthesis.

4. CONCLUSION

The management, prevention and treatment of atherosclerotic vascular disease are based on lifestyle,
hereditary factors and physical activity. Nutrition represents a possible strategy for management and
prevention of this disease.

It is now evident, based on the extensive scientific evidence, that functional foods and nutraceuticals
have broad ranging physiologic effects in vivo that lessen inflammatory cascades and vascular
reactivity. These effects are as powerful as pharmaceutical interventions, yet much safer. Although
many of these functional foods and nutraceuticals have been found to have high therapeutic potential,
future studies should include a well-designed clinical trial assessing different combinations of these
nutrients to realize possible additive and/or synergistic effects on health outcomes. Many functional
foods have antioxidant and anti-inflammatory activities, by mechanisms that may require further
investigation. Therefore, these functional foods should be incorporated into a healthy diet to provide
cardio-protective benefits and hence lower atherosclerotic vascular diseases risk.
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