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Polyphenols are secondary metabolites found in vegetables, fruits, and grains. These compounds exhibit several

health benefits such as immune modulators, vasodilators, and antioxidants.
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1. Introduction

Cardiovascular disease (CVD), encompassing conditions such as atherosclerosis, hypertension, myocardial

infarction, cardiomyopathy, arrhythmia, and heart failure (HF), is a major contributor to global mortality. The

incidence of CVD has experienced a notable increase . Despite the wide range of pharmaceuticals

currently utilized for the management of CVD, such as statins, angiotensin-converting enzyme inhibitors (ACEIs),

angiotensin receptor blockers (ARBs), calcium channel blockers (CCBs), fibrates, and β-blockers, it is important to

acknowledge that a significant number of these medications are associated with adverse effects in the human

population . Hence, there exists a significant clinical requirement to discover and cultivate innovative therapeutic

strategies for CVD . The transport of oxygen and nutrients in the human body is carried out via blood circulation

along with the removal of metabolic by-products and carbon dioxide through the cardiovascular system (CVS).

Coronary artery disease (CAD), cerebrovascular disease (CVD), peripheral artery disease (PAD), congenital heart

disease (CHD), hypertension, heart failure, and stroke are all disorders that affect the heart and blood arteries .

Within this context, cardiovascular diseases (CVDs) are among the leading causes of mortality throughout the

world, claiming 17.9 million individual lives worldwide in 2019, which is approximately 32% of total fatalities.

Approximately, 85% of these mortality rates were due to heart attacks and strokes (WHO site). Strokes kill 6.7

million people each year, and coronary heart disease claims 7.4 million lives .

Several pathologies can affect the cardiovascular system. Some of these pathologies include primary heart

ailments, including cardiomyopathy and cardiac malignancies. Infectious and infectious-allergic damage to heart

tissue, metabolic and systemic disorders, and diseases of other organs are also covered in this category . CHD

starts with inflammation of the blood artery walls, which narrows and causes angina pectoris . In this respect,

blood clots restrict arteries later in the disease’s progression, resulting in severe myocardial ischemia and

myocardial infarction (heart attack). Heart failure can occur in severe cases of CHD when the heart muscle’s ability

to pump blood around the body deteriorates . Because these disorders are generally caused by arterial injury,

symptoms and treatments vary depending on which arteries are afflicted .
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Age and gender are among the most reported non-modifiable cardiovascular risk factors. Cardiovascular disorders

become more common as people become older due to a rise in plasma cholesterol on one hand and the

augmentation of arterial rigidity and peripheral vascular resistance on the other hand . Although the risk of

cardiovascular disorder varies with gender and age, the incidence is three to five times greater in men < 50 years

of age compared to women. On the other hand, a considerable increase in the occurrence of CVD has been

observed in women over the age of 50 years. Genetic factors, inactivity, hypertension, obesity, diabetes, smoking,

and dyslipidemia are the prominent risk factors for cardiovascular disorders, as described in published reports 

.

Polyphenols have also been found useful in enhancing endothelial function, preventing aberrant platelet

aggregation, decreasing inflammation, and improving plasma lipid profile, all of which benefit cardiovascular health.

Because the processes by which these chemicals exert cardioprotective activities are not entirely known, although

not conclusively shown, there may be a connection between the cardiovascular advantages of some diets and their

polyphenol levels . Depicted in Figure 1 is a sketch that shows how nutrition can help in preventing

atherosclerosis, which contributes to CVD.

Figure 1. Nutrition can help prevent atherosclerosis, which is a pathophysiological process that contributes to the

development of cardiovascular disease (CVD).

2. Polyphenols
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Polyphenols are phytochemicals or secondary plant compounds that are considered non-essential nutrients in

plants . They are a rich collection of chemicals present in plants and algae, where their natural role is to defend

the organism against UV radiation, infection, and herbivore ingestion. Polyphenols come in a variety of structural

forms, from basic monomers to complex polymerized structures. Seaweed polyphenols may help lower

hyperglycemia, hyperlipidemia, oxidative stress, chronic inflammation, metabolic abnormalities linked to CVDs, and

diabetes sequelae. On the other hand, polyphenols from plants have been related to improved health in terms of

obesity, diabetes, and CVD. A recent study has focused on marine macroalgae, presumably because of

epidemiological evidence from Asian nations that suggests a diet high in seaweed lowers the occurrence of CVD,

cancer, and other chronic disorders .

Polyphenols are also outstanding plant-derived secondary metabolites that exhibit anticancer, anti-cardiovascular,

antidiabetic, and anti-neurodegenerative properties. Compounds like phenicic acid, stilbenes, flavonoids,

coumarins, tannins, and lignins are present in numerous plants, including tonka bean (Dipteryx odorata), sweet

grass (Hierochloe odorata), sweet woodruff (Galium odoratum), deer-tongue grass (Dichanthelium clandestinum),

sweet clover (Verbascum spp.), and vanilla grass (Anthoxanthum odoratum). In addition to its antioxidant

characteristics, resveratrol also exerts ameliorating effects against inflammation, cancer, aging, obesity, and

diabetes, along with cardioprotective and neurological benefits .

Phenolic compounds are the most copious non-energetic components in plant-based meals. The aptitude of

polyphenols to alter enzymatic activity and, consequently, the signal-transmitting mechanisms of several processes

occurring in cells may be attributed to their physicochemical properties, which allow polyphenols to participate in

numerous metabolic cellular redox processes. Thus, the antioxidant scavenging properties of polyphenols make

them advantageous. These are the most predominant antioxidants in the diet; they are 20 times more prevalent

than vitamin E and carotenoids and 10 times more prevalent than vitamin C. Nicotinamide-adenine-dinucleotide

phosphate (NADP) oxidase and xanthine oxidase are two ROS-producing enzymes that polyphenols can inhibit

. Listed in Table 1 are polyphenol-rich plant foods.

Table 1. Polyphenol-rich plant foods.
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Plant Food Latin Name Edible Part

Concentration

mg/100 g

Major Polyphenols References

Apple Malus

domestica
Peel 50–120 Phlorizin, quercetin, phenolic

acids (chlorogenic acid)

Flesh 0.2–0.9

y
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Plant Food Latin Name Edible Part

Concentration

mg/100 g

Major Polyphenols References

Total 5–50

Blackberry
Rubus

fruticosus
Whole 130–405

Anthocyanins, flavanols (EC),

phenolic acid (ellagic acid)

Blueberry
Vaccinium

corymbosum
Whole 160–480

Anthocyanins, flavonols

(quercetin), phenolic acids

(chlorogenic acid)

Coffee Coffea arabica
Beverage,

filtered
90

Phenolic acids (chlorogenic

acid)

Chestnut (raw)
Castanea

sativa
Whole nut 547–1960

Hydroxybenzoic acids (gallic

acid, ellagic acid), tannins

Cacao
Theabroma

cacao

Beans,

powder
300–1100

Flavanols (EC)

Green tea
Camellia

sinensis
Extract 29–103 Flavanols (EC, EGCG)

Grapefruit
Citrus x

paradisi
Flesh 15–115 Flavonoids, phenolic acids

Olive oil, extra

virgin
Olea europaea Whole oil 4–200

Tyrosols, lignans (pinoresinol),

phenolic acids, hydrolyzable

tannins

Potato Solanum

tuberosum

Peel 180–5000 Phenolic acids (chlorogenic

acid)
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Abbreviations: EC = epicatechin; EGCG = epigallocatechin gallate.  = In juices, wine, and other beverages:

mg/100 mL.  = Concentration in mg/cm . Note that the polyphenol content in purple potatoes is approximately five

times higher than that in other varieties.

3. Classification of Polyphenols

Polyphenols are divided into several categories, including phenolic acids (hydroxybenzoic and hydroxycinnamic

acids), flavonoids (flavones, flavonols, isoflavones, flavanones, and anthocyanins), stilbenes (resveratrol,

piceatannol), lignans (sesamol, pinoresinol, sinol, enterodiol), and others, including tannins (hydrolyzable, non-

hydrolyzable, and condensed tannins), lignins, xanthones, chromones, and anthraquinones, as shown in Figure 2A

.

Plant Food Latin Name Edible Part

Concentration

mg/100 g

Major Polyphenols References

Flesh 1–1000

Total 10–50

Plum
Prunus

domestica
Total 130–240

Phenolic acids (chlorogenic

acid), procyanidins,

anthocyanins

Pomegranate
Punica

granatum
Juice 240 Punicalagin (and ellagitannin)

Grapes, Red

wine
Vitis vinifera

Final

product
25–300 

Phenolic acids, anthocyanins,

tannins, stilbenes (resveratrol)

Wheat
Triticum

aestivum
Whole grain 85–220

Phenolic acids (hydroxybenzoic

acids, hydroxycinnamic acids)

Spinach
Spinacia

oleracea
Leaf 30–290 Flavonols
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Figure 2. (A) Classification of polyphenols. (B) Classification and food sources of phenolic acids.

4. Bioavailability of Polyphenols

The bioavailability of phenolic compounds in our food is critical because only the most bioavailable phenolic

compounds in our diet will have the most beneficial effects on the human body . These will be different for each

person depending on their relationship with food, how cell walls are made, and where glycosides are found. Many

epidemiological studies have shown that phenolic compounds have a lot of health benefits, such as protecting

against the buildup of fat, preventing microorganisms from decaying, lowering cardiovascular diseases, preventing

diabetes, stroke, and cancer, and exerting anti-inflammatory effects .

Recent research has placed a strong emphasis on identifying the processes governing polyphenol metabolism and

bioavailability in humans . A wide array of fruits and vegetables contain compounds known as phenolics. Some

plants contain as much as 750 mg/100 g of fruit, which is a significant amount . The highest dietary sources

of polyphenols are dark-colored fruits (especially small berries), chocolate, cereals made entirely of whole grains,

coffee, and red wine, with the latter three accounting for the lion’s share of overall dietary polyphenol consumption

. Among the food groups consumed, polyphenols are primarily associated with carbohydrates, organic acids,

and other food groups. They combine with arabinose to generate ester linkages in hemicellulose or core lignin,

which allows them to form covalent connections with polysaccharides in the cell wall of the plant. While flavonoids

can be found in the cytosol and endoplasmic reticulum, where they are formed, they are mostly found in free form

in the cytosol and endoplasmic reticulum. Cell barriers and intracellular compartments must be damaged for the

drug to be bioavailable . Flavonoids found in nature are housed within plants as glycoside and non-glycosylated
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conjugate compounds, and as a result, the moiety’s type might affect their subsequent human bioavailability .

A summary of the comparative bioavailability of different polyphenols is shown in Figure 3 .

Figure 3. Comparative bioavailability of some common dietary polyphenols.

5. Role of Vascular Endothelium in the Regulation of
Vascular Homeostasis

A monolayer of cells produces the endothelium, which makes up the interior of blood vessels. Vascular

endothelium regulates the tone and homeostasis of the vasculature, as well as the morphological changes that

occur in pathological circumstances. The endothelium regulates the balance of opposing processes such as

vasodilation and constriction, pro-coagulant and antithrombotic actions, and cell proliferation and apoptosis .

Endothelial cells minimize the interaction of the bloodstream with the basal prothrombotic arterial wall due to their

selective position . The primary function of Endothelial cells is to regulate vascular tone by producing vasodilator

and vasoconstrictor chemicals. The endothelial NO synthase (eNOS) enzyme produces NO from L-arginine,

exerting a vasodilatory effect. NO can easily diffuse into the cells of vascular smooth muscle, where it triggers

guanyl cyclase, thus accumulating cyclic guanosine monophosphate (cGMP), which ultimately activates the protein

kinase G and causes endothelial vasorelaxation (Figure 4). The endothelium-derived hyperpolarizing factor

(EDHF) plays its role in vasodilation by targeting the K+ channels in the blood vessels. Furthermore, prostacyclin

(PGI2) produced during the cyclooxygenase (COX) pathway has vasodilatory effects. Some other factors can be

produced by the endothelium having vasoconstrictive effects on blood vessels such as angiotensin II (Ang II),

endothelin-1 (ET-1), and thromboxane A2 (TXA2) .
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Figure 4. Normal regulation of vascular homeostasis. Vascular homeostasis is regulated in part by

endothelium-derived NO. The endothelial NO synthase (eNOS) enzyme produces NO from L-arginine, exerting a

vasodilatory effect. NO can easily diffuse into the cells of vascular smooth muscle, where it triggers guanyl cyclase,

thus accumulating cyclic guanosine monophosphate (cGMP), which ultimately activates the protein kinase G and

causes vasorelaxation in endothelial.

Regarding blood–tissue contact, the endothelium does play a crucial role, interacting directly with a variety of

circulating substances, including antioxidants, oxidized LDLs, and pro-inflammatory cytokines such as tumor

necrosis factor (TNF) and interleukins (IL) . These variables can cause vasomotricity or the manufacturing of

endothelial agents like nitric oxide (NO). Their role in a variety of physiological processes has been reported to

influence biological processes such as the apoptosis, proliferation, and migration of endothelial cells .

Thus, endothelial dysfunction can have several detrimental effects on vascular cells and surrounding tissue,

resulting in the development of cardiovascular disorders such as atherosclerosis and hypertension .

Diets like the Mediterranean diet have been linked to better cardiovascular health , which might be due to the

high consumption of polyphenol-rich drinks and foods, as well as fruits and vegetables. Polyphenol-rich foods,

including red wine, chocolate, green tea, and berries, also help to promote cardiovascular health .

Polyphenols have been linked to improving cardiovascular health in various ways. Their advantages include an

improvement in lipid profiles. They also have direct effects on endothelial cells and have anti-atherosclerotic, anti-

hypertensive, and anti-inflammatory properties (Figure 5).
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Figure 5. Numerous physiological activators on the endothelium surface can boost endothelial NO production to

produce vascular protection. Also, polyphenol-rich dietary items, including chocolate, berries, red wine, and green

tea, can enhance endothelial NO production. The endothelial NO synthase (eNOS) enzyme produces NO from L-

arginine, exerting a vasodilatory effect. NO can easily diffuse into the cells of vascular smooth muscle, where it

triggers guanyl cyclase, thus accumulating cyclic guanosine monophosphate (cGMP), which ultimately activates

the protein kinase G and causes vasorelaxation in endothelial.

6. Pathophysiology: Oxidative Stress and CVD

In healthy cells, antioxidant defense systems such as superoxide dismutase (SOD), catalase (CAT), and

glutathione reductase (GSR) limit the generation of radicals during various physiological activities such as

metabolism and cellular respiration . Long-term exposure to stress , pollution , smoking, and

excessive drinking , as well as aging , can cause an imbalance of oxidative species (also known as

reactive oxygen species; ROS) in comparison to endogenous defenses, resulting in oxidative stress . ROS

can bind to proteins, lipids, and DNA, thus oxidizing them and changing a healthy state into a diseased one. An

increase in the level of ROS results in oxidative stress, and the cell’s antioxidant system may become

overburdened, endangering the health and integrity of the cell .

A similar pathological mechanism, atherosclerosis, underpins cardiovascular illnesses such as coronary artery

disease, ischemic stroke, and peripheral artery disease . Atherosclerosis is a multifactorial, degenerative ailment

of the medium and great conduit arteries that is fueled by lipid buildup in the artery wall . The risk factors of

this disease include old age, chronic smoking, hyperlipidemia, hypertension, and a history of diabetes. The

atherogenic process is tightly linked to inflammation and endothelial dysfunction . Endothelial damage due to

ROS leads to the development of atherosclerosis, which may result in myocardial infarction and ischemic

[1][43][44] [45] [46]
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reperfusion . Oxidative stress and ROS target all body cells, especially smooth muscle cells and

endothelial cells, with the help of neutrophils, macrophages, and platelets .

ROS has an impact on a variety of endothelium-related processes . The most well-known is endothelium-

dependent vasorelaxation, which has long been marked as a key component in the prognosis of cardiovascular

health, which is harmed by a decrease in NO bioactivity and/or bioavailability . There are some mechanisms

responsible for reduced NO bioavailability. This can either be caused by a decreased expression of the enzyme

responsible for the NO production in endothelial cells, i.e., endothelial NOS (eNOS), or a decrease in the existing

NO owing to ROS destruction, among other things . NO is a powerful vasodilator that also inhibits the activation

and adherence of inflammatory cells .

In the vasculature, there are several sources of ROS, including mitochondrial enzymes such as NADH/NADPH

oxidase and xanthine oxidase . Endothelium-derived NO reacts quickly with the superoxide radical (O ) to

create peroxynitrite (ONOO), a potent oxidant that is equally damaging to endothelial cells . In this respect,

studies have shown that the continued contact of endothelial cells with oxygen and different oxidants like hydrogen

peroxide, ONOO, and/or oxidized LDL (ox-LDL) causes epithelial damage by promoting apoptosis, leading to cell

damage and endothelial cell dysfunction, which has been reported as a critical early step in atherogenesis.

Atherosclerotic lesions can arise from leaky and dysfunctional endothelium .

LDL normally diffuses easily in both directions across the compromised endothelium. Oxidative stress converts

LDL to ox-LDL by peroxidation, which has cytotoxic effects and can cause inflammation . The first step in the

formation of atherosclerotic plaques is the oxidation of LDL and its subsequent passage through the endothelial

barrier. Furthermore, the interaction of hypercholesterolemia, oxidative stress radicals, and inflammatory molecules

creates an environment conducive to severe endothelial damage, which is a characteristic of atherosclerosis

development .

A particular adhesion molecule called VCAM-1, which is crucial for binding monocytes and T cells before they

transmigrate into the arterial wall, is produced by wounded or activated endothelial cells . Reportedly VCAM-1,

ICAM-1, and E-selectin enhance the adherence of leukocytes to the vascular endothelium at the sites of

atherosclerotic lesions, consequently boosting signal transduction cascades . These monocytes develop into

macrophages after activation, which then become puffy with the uptake of ox LDL by scavenger receptor-mediated

phagocytosis, resulting in fatty bands in the artery wall . Furthermore, lipid-engorged macrophages (foam

cells) eventually die in situ because of necrotic cell death, resulting in the creation of a tender and unstable core

inside the atherosclerotic plaques, which has a high consistency of lipids . This plaque is stabilized by a

protective cap secreted by smooth muscle cells. It consists of a collagen-rich matrix comprising fibroblasts, which

can stop the disease from progressing. Prolonged inflammation, on the other hand, might result in plaques that are

unstable and prone to rupture . Such ruptured plaques cause a fast thrombotic reaction, resulting in arterial

blockage and, depending on the location of the atherosclerotic lesion, potentially causing heart attacks, ischemic

strokes, or peripheral ischemia . Research findings have linked the plaques in the walls of coronary arteries to

chronic atherosclerotic lesions, which can limit the channel lumen. The current preferred hypothesis is that acute
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coronary syndrome (ACS) is caused by a rupture of the fibrous cap of an atherosclerotic plaque, which facilitates

blood contact with extracellular matrix collagen and tissue factors previously deposited in the plaque, resulting in

the formation of a thrombus . On the other hand, increased platelet activation, including the adhesion,

secretion, and aggregation at the site of arterial injury or in atherosclerotic arteries, plays a key part in the etiology

of CVD . When an atherosclerotic plaque ruptures, activated platelets can bind to the endothelium, causing

fastening, aggregation, and thrombus development, which leads to embolism and the constriction of vessels, two

features of myocardial infarction .

Physiological hemostasis is a natural defense against excessive blood loss that is based on the creation of a

regulated thrombus at the site of the blood vessel injury. Platelets, the smallest (2–4 m) blood corpuscles, are

formed at a rate of 40 × 10 /mL/day in the bone marrow from megakaryocytes and play a key role in hemostasis.

Platelets play a function in hemostasis that extends beyond forming the platelet plug, which also serves as the site

of fibrin production (at the site of the vessel wall injury), to include a beneficial influence on vessel wall contraction

and participation in clotting responses . Collagen and tissue factor (TF) located in the sub-endothelial matrix

come into contact with the lowing blood when the endothelium is injured, causing a clot to develop . Denuded

collagen directly promotes platelet pooling and activation, and the denuded tissue factor starts the synthesis of

thrombin, which not only transforms fibrinogen to fibrin but also activates platelets . The presence of collagen

receptors (including integrin a2b1 and glycoprotein complex GPIb/IX/V) on the platelet surface allows platelets to

connect with the subendothelial layer. Platelet attachment leads them to change shape from discoid to spherical,

resulting in the creation of pseudopodia and the release of chemicals held in granules (e.g., ADP, P-selectin, von

Willebrand factor [vWF], thrombospondin) and, as a result, platelet aggregation .

7. Beneficial Effects of Polyphenols on Cardiovascular
Disorders

7.1. Polyphenols as Antioxidant Therapy

Antioxidant therapy is becoming better recognized as a strategy for reducing ROS in the vasculature and, as a

result, reducing their harmful effects . Blockers of the angiotensin-converting enzyme (ACE) that lower

circulatory Ang II detoxify in addition to exhibiting their antihypertensive attributes. In this regard, statins

(cholesterol-lowering drugs) are used for the same intent in addition to their cholesterol-lowering properties by

regulating HMG CoA reductase. Similarly, vitamins E and C are widely used as dietary supplements in combination

with other drugs to reduce oxidative stress . Polyphenols, on the other hand, are gaining attention as possible

therapeutic agents for reducing oxidative stress and thereby protecting people from heart diseases . In the

diet, polyphenols are the most prevalent antioxidants, and their consumption is ten times that of water-soluble

vitamin C and one hundred times that of lipid-soluble vitamin E and carotenoids .

7.2. Polyphenols and Vascular Tone
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The significance of endothelium-produced nitric oxide (NO) in controlling vascular tone and blood pressure is well

understood. The central mechanism of NO action is the activation of the cGMP-protein kinase G cascade in artery

smooth muscle cells. The potassium channels are triggered when the cascade is activated, resulting in membrane

hyperpolarization and preventing intracellular calcium influx, which induces vasodilation. On the other hand, protein

kinase G reduces smooth muscle vasoconstriction in arteries by phosphorylating myosin light chains . NO

generation is primarily responsible for the polyphenols’ effect on the endothelium .

After ingesting red wine or polyphenols (1 g/kg body weight) circulating NO concentrations reach 30 and 40 nM

after 30 min in adults. A decrease in blood pressure (11 mmHg) and an increase in heart rate have also been

observed . Research findings have shown that olive oil can help hypertensive people lower their blood pressure

, whereas red wine polyphenolic compounds (RWPC) can produce the endothelium-dependent relaxation of

isolated arteries such as the rat’s mesenteric artery or aorta . In addition, red wine polyphenols, polyphenols

from grape skin, and quercetin exhibit antihypertensive effects. In this respect, short-term oral treatment with

RWPC lowers blood pressure in normotensive rats. This hemodynamic effect was correlated with enhanced

endothelium-dependent relaxation and the induction of the genes responsible for inducible NO synthase and COX-

2 inside the artery wall, thus contributing to the maintenance of agonist-induced contractility . The higher

synthesis of NO in consequence to the impact of polyphenols found in wine extract is linked to the calcium ion-

dependent pathway, among several other things . Resveratrol and quercetin cause an increase in the

intracellular ion concentration of (Ca ) ions through the opening of potassium channels or the inhibition of Ca

ATP-ase within the endoplasmic reticulum of endothelial cells . Similarly, delphinidin, an anthocyanin present

in natural foods like red wine, can activate endothelial cells. This anthocyanin raises intracellular protein-Ca  and

tyrosin phosphorylation, which controls eNOS. Tyrosine kinases and phospholipase C are both involved in Ca

signaling . Furthermore, RWPC might even enhance endothelial NO production via the redox-responsive PI3/Akt

channel, according to another report .

In addition, the effect of polyphenolic compounds on endothelial cells in preventing cardiovascular diseases is not

limited to the stimulation of NO production. Because of the increased production of PGI2, the vasodilating effect is

also boosted. In vitro studies on human endothelial cells exposed to the action of cocoa extract rich in procyanidins

at a concentration of 2 mg/L and in vivo studies on procyanidins contained in chocolate administered to healthy

volunteers showed that the ratio of cysteinyl leukotrienes (LTC4, LTD4, LTE4) to PGI2 can be reduced by 58 and

52%, respectively . In contrast, isolavonoids, particularly genistein, limit the procoagulant action of vascular

endothelium by, for example, lowering ET-1 expression . Finally, polyphenols can affect endothelial cells’ NO

levels by affecting PDE-2 and PDE-4, two phosphodiesterases . Taken together, plant polyphenols may have

complex effects on the circulatory system’s NO balance, which could account for their antihypertensive effects .

7.3. Polyphenols and Atherosclerosis

Atherosclerosis is the hardening and narrowing of the arteries, which is triggered by the buildup of lipids,

cholesterol, and other substances in and on the artery walls over time. This then progresses into the endothelium,

where they are oxidized by endothelial smooth muscle cells and activated macrophages . ROS and reactive
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nitrogen species (RNS) production can enhance LDL oxidation. This causes a buildup of macrophages in this area,

which clear oxidized LDL and transform them into foam cells. Endothelial dysfunction, as well as the concentration

of monocytes/macrophages in the vascular intima under the influence of chemokines and adhesion molecules,

foam cell development, and vascular smooth muscle proliferation, are all linked to the inflammatory backdrop of

atherosclerotic lesions . There is also a rise in extracellular matrix buildup surrounding the spot of inflammation,

leading to plaque development which blocks the vessel, resulting in the loss of the blood artery’s natural capacity to

relax .

7.4. Polyphenols and Anti-Platelet Action

The excessive activation of platelets is linked to several long-term vascular diseases. This is due to the many

adhesion proteins in the granules that, when highly activated, can lead to different types of thrombotic diseases

. In this respect, numerous important things happen in the process of platelet activation. One of them is the

conversion of arachidonic acid to thromboxane A2, an arachidonate metabolite, through the cyclooxygenase

pathway . In this context, polyphenols are valuable from the perspective of platelet activation, which includes

the adhesion and aggregation of platelets, due to the antioxidant effect of polyphenols. The first step in platelet

activation involves platelets sticking to the collagen in the body; as a result, the platelets become activated. In this

respect, proteins like fibrinogen and thrombospondin act as adhesion proteins, and platelet receptors work together

to help platelets stick together, leading to the start of a signaling process inside cells and the activation of platelets

. However, it has not been fully explained how polyphenols make platelets less likely to stick together. It turns

out that extracts rich in polyphenolic compounds, like grape seed and Yucca schidigera extracts, can help stop

platelets from sticking to collagen. These extracts contain resveratrol and its derivatives, which make platelets less

likely to stick together when they are stimulated by thrombin .

Thromboxane A2 (TXA2) is the key compound that is formed from the breakdown of arachidonic acid (ARA). It has

some surface receptors that make platelets clump together. Evidence from the literature has indicated that the anti-

aggregative effect of polyphenols is linked to numerous complicated molecular processes . The capacity of

polyphenols to hinder the enzymes involved in the formation of TXA2, COX, and LOX is the primary method by

which they exert their anti-platelet aggregate effects on platelets . However, they are also antagonists of the

thromboxane A2 receptor, which suggests that flavonoids, through their indirectly suppressive effect on COX1, can

lower TXA2 levels in the blood . In an in vivo dog model, researchers investigated the effects of grape juice and

red and white wine on platelet aggregation activity. The results revealed the antiplatelet effects of red wine and

grape juice, while white wine does not yet have this impact .

Flavonoids have been shown to lower platelet aggregation because collagen metabolism is altered by these

compounds, in addition to their interference in arachidonic acid metabolism. This is expressed as the antiplatelet

action of collagen in the early stages of the aggregation of platelets. Moreover, the oxidative stress results in the

aggregation of platelet in response to collagen via the activation of the inositol pathway, boosting intracellular

calcium levels in the process. Flavonoids such as quercetin, catechin, and kaempferol, among others, have been

shown to decrease oxidative stress by impeding the enzyme NADPH-oxidase .
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7.5. Polyphenols as Anti-Inflammatory Agents

Inflammatory response to injury is a complicated biotic process that happens in response to a damaging stimulus.

Different enzymes, including cyclooxygenase (COX), lipoxygenase (LOX), tyrosine kinase (TK), phospholipase A2

(PLA2s), and protein kinase C), are responsible for the proper function of an inflammatory response. Certain

flavonoids have been demonstrated to act directly on several such enzymes, blocking them and therefore directly

affecting inflammation . One of the most important elements in preventing and treating chronic

inflammation, according to epidemiological research, is nutrition. Through ex vivo and in vivo models, researchers

have discovered that some flavonoids exert anti-inflammatory effects. One of the key bodily functions that

flavonoids have an impact on is the synthesis of prostaglandins. Hesperidin and diosmin can reduce the generation

of prostaglandins, according to several in vivo studies .

The mobilization of leukocytes is known as a critical stage in the progression of inflammation that occurs in

cardiovascular illnesses and other conditions. The production of arachidonic acid ultimately results in the

generation of cytokines (IL-1) and chemokines (IL-8) by neutrophils, which is mediated by both COX and LOX. In

this regard, quercetin, a polyphenol, is especially effective in suppressing the formation of prostaglandins (PGs),

leukotrienes (LT), and thromboxanes (TXA) by preventing the enzymes COX and LOX, respectively .

Evidence from numerous ex vivo experiments shows that some flavonoids, for example, bilobetine, morelloflavone,

amentoflavone, and those found in Sophora flavescens, exert their effect by inhibiting the production of arachidonic

acid . Furthermore, resveratrol is regarded as a molecule with anti-inflammatory properties, as it inhibits the

production of PGs .
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