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The role of polyphenols in causing cardiovascular disease
Yenny and Elly Herwana

ABSTRACT
Research on flavonoids has increased since the discovery of the French Paradox,
the low cardiovascular mortality rate observed in Mediterranean population in
association with red wine consumption and a high saturated fat intake. Plant
polyphenol (flavonoid) occurs naturally in fruits, vegetables, and beverages such
as tea and wine. Epidemiologic studies suggest that higher polyphenol intake
from fruits and vegetables is associated with decreased risk for cardiovascular
disease. The mechanisms explaining this observation remain unclear. The vascular
endothelium is a critical regulator of vascular homeostasis, and endothelial
dysfunction contributes to the pathogenesis and clinical expression of coronary
artery disease. Platelet aggregation is a central mechanism in the pathogenesis of
acute coronary syndromes, including myocardial infarction and unstable angina.
There are numerous reports suggesting that plant polyphenols improve endothelial
function and inhibit platelet aggregation in humans.
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INTRODUCTION
Cardiovascular disease, especially
ischemic heart disease, is the main cause of
morbidity and mortality in many countries. (1)
This disease is a multifactorial of complex
etiology. A number of risk factors have been
extensively studied and documented, as in the
case of serum lipids and lipoproteins,(2) which
are the cause of at least one-half the incidence
of ischemic heart disease in Europe. Subsequent
research has shown that cases of atherosclerosis
may occur in spite of normal serum lipid and
lipoprotein concentrations. (3) Other factors of
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interest to be discussed as causes of ischemic
heart disease are endothelial dysfunction and
platelet aggregation. The relationship between
flavonoid intake and the risk for a number of
chronic diseases has been investigated by Knekt
et al. (4) This study shows that flavonoid intake
is beneficial in decreasing the risk of chronic
disease, such as ischemic heart disease.
Flavonoids reputedly have a number of
beneficial effects in controlling endothelial
thrombosis, inflammatory processes, and
vascular tone, i.e. factors which may cause
occlusion of the arterial lumen, thus leading to
acute coronary syndromes.
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Pathogenesis of cardiovascular disease
Atherosclerosis is a chronic inflammatory
disorder occurring at prone regions in mediumsized arteries. Atherosclerotic lesions may
develop asymptomatically for a number of
decades before becoming active and causing
clinical conditions such as acute myocardial
infarction, unstable angina, or sudden death.
Above-mentioned events are in general
frequently caused by acute rupture or erosion
of a susceptible plaque causing exposure of the
strongly thrombogenic subendothelium to the
blood. The resulting disorder is an acute one,
where platelet accumulation cause mural
thrombus formation, leading to a total or partial
occlusion of the arterial lumen, and thus
influencing the occurrence of infarction or
ischemia. To date the mechanisms explaining
plaque susceptibility and rupture, are still
incompletely understood, but available data
point to local inflammation within the plaque and
thinning of fibrotic peaks, while accumulation
of fatty plaques may be a contributing factor.
Once rupture of a plaque takes place, the extent
of thrombus formation and the occurrence of
acute changes in vascular tone will play a role
in determining the extent of ischemia or
infarction. (5)
The xanthine oxidase pathway also is
implicated as an important pathway in the
process of injury due to oxidation within the
tissues. Both types of xanthine, i.e. xanthine
dehydrogenase and xanthine oxidase, are
involved in xanthine metabolism into uric acid.
Xanthine dehydrogenase is the enzymic form
present in physiological conditions, but in
ischemic conditions the dehydrogenase will
undergo configurational change into the oxidase.
Xanthine oxidase is a source of oxygen free
radicals. In the reperfusion phase, e.g. after
reoxygenation, xanthine oxidase will react with
molecular oxygen, releasing free radicals in the
form of superoxide anions, (5) which may attract
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various mediators of inflammation, leading to
inflammation and tissue damage.
Leukocyte immobilization and adhesion to
the endothelial cell wall is another major
mechanism responsible not only for the
generation of reactive oxygen from free radicals,
but also for the release of cytotoxic oxidants and
mediators of inflammation, and the subsequent
activation of the complement system. In normal
conditions the leucocytes can freely pass through
the endothelial cell wall. However, in ischemia
and inflammation, various mediators,
particularly those originating from the
endothelium, and complement factors, may cause
adhesion of leucocytes to the endothelial wall,
thereby causing immobilisation and stimulation
of neutrophil degranulation, resulting in tissue
injury. (5)
Numerous studies undertaken recently, with
a focus on vascular biology, provide the basis
for a productive approach to developing the
latest management programs and prevalence
strategies for cardiovascular diseases. This
strong interest is particularly aimed at antithrombotic and other therapies for improving
endothelial cell fucntion as the key factor in cell
regulation within the vascular wall.
The vascular endothelium is an important
key factor in the regulation of vascular
homeostasis. There is evidence indicating that
functional changes of the endothelium contribute
to the pathogenesis and expression of clinical
cardiovascular disease. (6) The endothelial cells
regulate vascular homeostasis by producing
factors acting locally in the vascular lumen and
vascular wall, through formation of nitric oxide
(NO). Originally NO was known as endotheliumderived vasodilator, but at present it is apparent
that NO also regulates other important aspects
of vascular homeostasis. For example, NO
prevents leucocyte adhesion to the endothelial
surface and inhibits expression of adherent
leukocytes. NO also prevents platelet adhesion

Universa Medicina

and aggregation. Additionally, NO inhibits
proliferation of vascular smooth muscle fibers
and alters expression of noncellular components
of the vascular wall matrix. These features of
NO result in a correlation between NO and lesion
formation, vascular wall hypertrophy, and
vascular compliance. In other words, there is an
interrelationship between endothelium-derived
NO and all stages of the atherosclerotic process,
due to its important properties as vasodilator,
anti-inflammatory and anti-thrombotic agent,
and supressor of vascular smooth muscle
proliferation.(7)
Being endothelium-derived is not only a
feature of NO, but also that of other products
having the same characteristics in regulating
vascular homeostasis, such as substances
influencing the vascular tone (prostacyclins and
endothelins), fibrinolytic factors (tissue
plasminogen activator and plasminogen
activator inhibitor-1), coagulation factors
(tissue factors, heparan, and von Willebrand
factor), and pro-inflammation factors (adhesion
molecules and inflammatory cytokines). (8) In
general, loss of NO in parallel with changes in
the regulatory system mechanism, results in the
development of a pathological endothelial
phenotype. This observation shows that
endothelial condition may be an indicator of
vascular health, and that examination of
endothelial vasomotor function may yield
clinical benefits. Cardiovascular risk factors
which may adversely affect the endothelium are
such as dyslipidemias, hypertension, diabetes
mellitus, smoking, ageing, physical inactivity,
systemic inflammation, infection, and
hyperchromocysteinemia; the postmenopausal
condition is also linked to endothelial
dysfunction. Genetic and environmental factors
may influence the effect of risk factors on
endothelial function. Here genetic variation
influences the synthesis of NO and the activity
of antioxidant enzymes, such as superoxide
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dismutase, catalase, and glutathione
peroxidase. (10) Food may also influence the
effect of risk factors on endothelial function,
thus polyphenol intake may be important in
determining the risk for cardiovascular
events. (5)
POLYPHENOLS
Polyphenols are a major constituent of
vegetables and comprise the majority of
antioxidants found in our food. Polyphenols have
various properties, depending on the molecular
structure. These substances are abundant in
fruits, vegetables, nuts, barks, roots, stems,
flowers, tea, and wine.(10) Most polyphenols are
important in imparting attractive colors and
flavors to plant foods and beverages, which is
termed their organoleptic qualities. (11) The
major pigment in plant polyphenols is
anthocyanin, detectable by its red, violet, or
blue color, while the less numerous yellow
colors are due to flavonols and flavones. Some
polyphenols, such as vanillin and eugenol
(imparting the typical fragrance to cloves),
have volatile properties, but the main
characteristic of polyphenols is their bitter
taste. (11)
Plant polyphenols are broadly divided into
two main groups, i.e. flavonoids and
nonflavonoids. Nonflavonoids have a simpler
structure; examples of nonflavonoids are
phenolic acids (subdivided into benzoic acid and
hydroxycinnamic acid, based on the C1-C6 and
C3-C6 chains, respectively), stilbene and
derivatives, (such as stilbene oligomers,
gallotannins, ellagitannins, and lignins). The
flavonoids possess a core consisting of two
phenolic rings and an oxygenated heterocyclic
pyrane ring. They are the most important group,
and are further subdivided into 13 classes
(Figure 1), based on differences in oxidation
state of the heterocyclic pyrane ring. (12)
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Quercetin is one of the flavonoids found
abundantly in onions, apples, broccoli, and
berries. The second group are the flavanones,
mainly found in citrus fruits. An example of
flavonoids in this group is narigin. Catechincontaining flavonoids are mainly found in green
and black tea, and in red wine. Anthocyanins are
encountered in strawberries and other kinds of
berry, grapes, red wine, and tea.(9) Flavonoids are
thought to contribute to the potential protective
effect against cardiovascular disease through their
antioxidant,(14) anti-thrombogenic, (15) and antiinflammatory properties. The most recent
research results indicate that flavonoids may also
improve vascular function.(16)
Numerous epidemiological studies are in
existence, (17,18) indicating a decreased risk for
cardiovascular disease in subjects consuming
large amounts of flavonoids in tea or other food
sources. One of these is the meta-analysis study
by Peter at al, (17) showing a decrease in risk for
cardiovascular disease of approximately 11% on
daily consumption of three cups of tea. The
results are supported by the study of Geleijnse
et al, (15) indicating a lower relative risk (RR) for
incidence of myocardial infarction in the group
of subjects ingesting more than 375 ml of tea
daily (RR: 0.57;95% CI: 0.33 - 0.98), as
compared to non-users.

Figure 1. Group classes of flavonoid

To date, more than 4000 flavonoid variants
have been successfully identified from plants.(13)
The four main flavonoid groups together with
their constituents and food sources are listed in
Table 1. Flavones are described as planar
structures marked by the presence of flavonoid
double bonds at the center of the aromatic ring.
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Mechanism of action of flavonoids
The cells of the body and various tissues
are continually subject to injury due to free
radicals and reactive oxygen produced during
oxygen metabolism. The mechanisms and events
by which free radicals disrupt cellular function
are not fully understood. One of the events which
appears to be most important in membrane
damage is lipid peroxidation. The membrane
damage caused may induce a shift in net electric
charge of the cells and changes in osmotic
pressure, leading to swelling of the cells and even
cell death. The formation of free radicals may
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Table 1. Main flavonoid groups, components, and food source (9)

also attract various mediators of inflammation,
which play a role in systemic inflammatory
responses and tissue damage. The living
organism is capable of protecting itself from
reactive oxygen through a number of defense
mechanisms. One of these is antioxidant
formation, either through enzymatic activity,
such as of superoxide dismutase, catalase, and
glutathione peroxidase, or through the
nonenzymatic activity of supplementary
glutathione, ascorbic acid, and α-tocopherol. (9)
Nearly all flavonoid groups have the capability
of functioning as antioxidants. Flavones and
catechins appear to be the flavonoids with the
strongest effect in protecting the body against
reactive oxygen.(9)

Flavonoids are also able to prevent injury
caused by a number of free radicals. Oxidation
of flavonoids by free radicals will result in more
stable and less reactive radicals. In other words,
flavonoids stabilize reactive oxygen by reacting
with this component. The high hydroxyl group
reactivity of flavonoids inactivates free radicals
through the following reaction equation:
Flavonoid (OH) + R* > flavonoid (O*) +RH,
where R* is a free radical and O* is an oxygen
free radical. Some flavonoids can scavenge
highly reactive oxygen originating from radicals
called peroxynitrites. Some flavonoid types such
as epicatechin and rutin are potent radical
scavengers. This scavenging ability is due to
inhibition of xanthine oxidase activity. The
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ability of flavonoids for scavenging free radicals
causes flavonoids to be able to inhibit oxidation
of low density lipoproteins (LDL). Oxidation of
LDL by oxygen radicals will cause endothelial
wall injury, thus increasing atherosclerotic
changes. The ability of flavonoids for protecting
the endothelial wall against injury due to LDL
particles, has led to the statement that they have
a preventive effect against atherosclerosis. (9)
This was proven in a study conducted by Arai
et al. ( 1 9 ) in Japan, reporting an inverse
relationship between flavonoid intake and total
plasma cholesterol concentration.
The anti-atherosclerotic effect of flavonoids
takes place through synthesis of NO, which
functions in maintaining vascular dilatation. The
higher NO concentration, as a result of its
synthesis in macrophages, apparently will cause
oxidative damage. This is presumably linked to
simultaneous activation of macrophages, which
increases NO production concurrently with
enhanced large-scale synthesis of superoxide
anions. NO is produced by various cell types,
including endothelial cells and macrophages. NO
reacting with free radicals may possibly produce
the strongly deleterious peroxynitrites. Injury
arising from NO through peroxynitrites plays
the main role, as peroxynitrites can directly react
with oxidized LDL, resulting in irreversible
membrane damage. The use of flavonoids as
antioxidants leads to scavenging of free radicals,
because these indirectly react with NO, such that
the resulting damage is reduced. Interestingly,
NO itself can behave as a radical, and it is
reported that the NO molecule is directly
scavenged by flavonoids. (9)
Cyclo-oxygenase and 5-lipoxygenase play
an important role as mediators of inflammation.
Involvement of both substances is preceded by
arachidonic acid release, as the starting point
for a systemic inflammatory response.
Neutrophils produced by the lipoxygenase
pathway synthesize chemotactic components
34
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from arachidonic acid, and also provoke
cytokine release. Some phenolic components,
particularly quercetin, may down-regulate both
cyclooxygenase and 5-lipoxygenase pathways,
thus inhibiting the formation of inflammatory
metabolites, with resultant arachidonic acid
release. The precise mechanism of enzyme
inhibition by flavonoids is still unclear. The
anti-inflammatory effects are also caused by
the ability of flavonoids for inhibiting the
biosynthesis of eicosanoids. Eicosanoids, such
as prostaglandins, are involved in various
immunological responses and are the end
products of cyclooxygenase and 5lipoxygenase. Flavonoids also inhibit tyrosine
kinases in the cytosol and cell membrane.
Integral membrane proteins, such as tyrosine
3-monooxygenase kinase, are involved in
various functions, such as enzyme catalysis,
cross-membrane transport, signal transduction
for hormone receptors and growth factors, and
energy transfer in adenosine triphosphate (ATP)
synthesis. This protein-to-protein inhibition
causes down-regulation of uncontrolled cell
growth and proliferation. Tyrosine kinase is an
important key factor in the signal pathway
regulating cell proliferation. The antii n f l a m m a t o r y e ff e c t s o f f l a v o n o i d s a r e
demonstrated by the capability of flavonoids
for inhibiting neutrophil degranulation. This is
a direct effect of flavonoids in decreasing
arachidonic acid release by neutrophils and
other immune cells. (9)
Some flavonoids are actively involved in
inhibiting platelet aggregation. Certain flavonols
have an antithrombotic effect because they
directly scavenge free radicals and thereby
maintain endothelial prostacyclin and NO
concentrations. Flavonoids show antithrombotic
effects in vitro and in vivo, due to their capability
in inhibiting cyclooxygenase and 5-lipoxygenase
activation. Currently it is well known that
arachidonic acid released in inflammation is
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metabolized by platelets to form prostaglandins,
endoperoxides, and thromboxane A2, causing
platelet activation and aggregation. The antiaggregation effect of flavonoids is thought to
take place through inhibition of thromboxane A2
formation. The effects of flavonoids on other
enzyme systems is through inhibition of
arachidonic acid metabolism, thus conferring
anti-inflammatory and antithrombogenic
properties on flavonoids. (9)
Effects of polyphenols on endothelial
function
Endothelial dysfunction is an early
pathophysiologic abnormality occurring in
atherosclerosis and is an independent predictor
of adverse prognosis in nearly all cardiovascular
diseases. Most studies on the effects of tea
(Camellia sinensis L) on endothelial function
utilize the noninvasive ultrasound method, which
tests endothelium-dependent flow-mediated
dilation in the brachial artery. A study conducted
by Modena et al.(20) succeeded in proving that
impaired flow-mediated dilation in the brachial
artery can identify patients at high risk for
cardiovascular disease.
Preliminary studies on the effects of the
water-soluble antioxidant, ascorbic acid, and its
relationship to increased endothelial NO
synthesis, has promoted research on tea in
connection with endothelial function, as tea also
contains water-soluble flavonoid antioxidants.(21)
Tea is very rich in polyphenols; with a
concentration in dry tea leaves of 30%. Tea
contains various water-soluble flavonoid
antioxidants, including catechin, quercetin,
kaempferol, and other polyphenols. The majority
of flavanols are subsequently converted into a
number of products, including thearubigin and
theaflavin, which impart a black or dark brown
color to tea, and a smaller number is converted
into theaflavic acid and bisflavanol, also known
as theasinensis. (11)
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A number of studies (16,22) have been
undertaken to search for a correlation between
tea consumption and endothelial function. A
cross-sectional placebo-controlled study on 50
subjects with coronary artery disease (confirmed
by angiography), was conducted by Duffy et
al. (16) with the objective of detecting an effect of
short- and long-term tea consumption on flowmediated dilation of the brachial artery. The
results of this study indicate that both short-term
and long-term tea consumption has been proven
to be able to enhance endothelial function. These
results are also corroborated by the finding that
tea consumption has no effect on nitroglycerinemediated vascular dilatation, basal arterial
diameter, or extent of reactive hyperemia. This
further strengthens the belief that tea
consumption influences endothelial function . A
study done by Hodgson et al.(22) has investigated
the effect of consumption of 5 cups of black tea
daily for 5 weeks in healthy subjects with
moderate hypercholesterolemia, and this also
showed improvement in flow-mediated dilation
of the brachial artery. Interestingly, tea
consumption was also associated with enhanced
nitroglycerine-mediated vascular dilation,
indicating that tea improves the bioactivity of
endothelium-derived NO or that tea also has an
effect on vascular smooth muscle function.
Other flavonoid-containing beverages are
mainly derived from wine products. Products
derived from purple grapes, including red wine
and purple grape juice, contain flavonoids. The
flavonoid content of red wine is approximately
10 times greater than that of white wine.
Consumption of moderate amounts of red wine
(5ml/kg or 1-2 glasses a day), or of 5-10 ml of
purple grape juice, may reduce the incidence of
cardiovascular disease. This decrease in
cardiovascular disease incidence is due to the
ability of this substance to protect LDL against
oxidative processes. (23) Red wine contains
flavonoids in the form of resveratrol. Because
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red wine also contains alcohol, there is some
question as to whether its cardioprotective effect
might be due to interaction of alcohol and
resveratrol. A study comparing the effects of red
wine, dealcoholized red wine, and resveratrol,
indicated that atherosclerotic plaque size and
thickening of the tunica intima decrease on
administration of those three substances. The
results of this study show that dealcoholized red
wine has a cardioprotective effect comparable
to that in subjects given resveratrol only. (24) The
study by Guarda et al. (25) attempted to find an
association between red wine consumption in
moderate doses with endothelial function and
oxidative stress in patients with acute coronary
syndrome. Twenty individuals who had
undergone percutaneous coronary intervention
subsequent to acute coronary syndrome, were
divided at random into two groups. For two
months, the group on red wine (n=9) ingested
Cabernet Sauvignon 250 ml daily, while the
control group (n=11) was free from alcoholic
beverages. The results of the study indicate that
red wine is effective in improving endothelial
function and in reducing oxidative stress in
patients with acute coronary syndromes.
Numerous studies have also been conducted
on chocolate, one of the food sources rich in
flavonoids, in relation to endothelial function.
One of such studies is that undertaken by PerezViscaino et al. (26) Intake of chocolate and
chocolate-based foodstuffs in high doses (176
mg/dL) for two weeks may improve endothelial
function. (27) Other studies were conducted on
postmenopausal women at high risk for
cardiovascular disease, yielding a correlation
with endothelial dysfunction. The subjects in this
study were 32 postmenopausal women with
hypercholesterolemia, who were randomly
assigned to a group on high-dose chocolate (440
mg total flavanols) and a group on low-dose
chocolate (43 mg total flavanols) for six weeks.
In both groups there was a significant increase
36
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in flow-mediated dilation of the brachial artery,
amounting to 76% in the high-dose group and
32% in the group on low-dose chocolate. The
results of this study show that chronic
consumption of chocolate may improve
endothelial function and decrease vascular cell
adhesion in postmenopausal women with hypercholesterolemia.(28)
Polyphenols and platelet function
Platelet aggregation contributes to formation
of atherosclerosis and acute platelet thrombi,
followed by embolization of the stenotic arteries.
Activation of platelets adhering to the vascular
endothelium induces the formation of lipid
peroxidation and oxygen free radicals, which will
inhibit synthesis of endothelial prostacyclins and
NO. It is apparent here that platelet aggregation
plays a critical role in the pathogenesis of acute
coronary syndromes. This is supported by
extensive evidence that antiplatelet therapy can
reduce the risk of cardiovascular disease.(29) The
effect of polyphenols in decreasing platelet
activity has a strong impact on cardiovascular
disease and can explain the epidemiological data
on polyphenol function in cardiovascular disease.
Based on the potential mechanism of flavonoids
on platelet function, Freedman et al (30)
investigated the effect of purple grape juice on
platelet function. The observational results
indicate that the addition of purple grape juice to
platelets ex vivo causes a decrease in platelet
aggregation and superoxide anion generation, and
an increase in nitric oxide production by platelets.
These beneficial effects appear to be related to
the ability of purple grape juice for inhibiting
protein-C kinase activity. This study is important
due to the reproducibility of its results, when
repeated with platelets isolated from healthy
volunteers consuming purple grape juice for two
weeks.(5)
There are numerous data on the effect of
tea consumption on platelet function. Among
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these are those from a study undertaken by Duffy
et al, (31) on the effect of short-term and longterm tea consumption on platelet aggregation ex
vivo in response to ADP (adenosine diphosphate)
or thrombin-related activated peptides in patients
with coronary artery disease. This study did not
show any effects of tea consumption on platelet
function, although when the tea was administered
concurrently with aspirin therapy, it did have
an influence on the research results. Other
studies indicate that tea consumption may
decrease the plasma concentration of P-selectin,
an in vivo platelet aggregation marker. (32)
Although polyphenols show many beneficial
effects, especially in improving endothelial
function and inhibiting platelet aggregation,
further study is required on the ability of
polyphenols in preventing cardiovascular disease.
CONCLUSIONS
Consumption of food rich in polyphenols,
such as fruits and vegetables, and beverages
derived from plants, such as tea, red wine and
chocolate, has a protective effect on the risks
for cardiovascular disease. Most acute coronary
syndromes are due to adhesion, aggregation, and
thrombus formation in ruptured atheromatous
plaques. Here flavonoids will demonstrate their
ability for reducing platelet aggregation,
enhancing platelet NO release and decreasing
superoxide anion production. Although these
findings should not be interpreted as
recommending flavonoid consumption in the
prevention or treatment of cardiovascular
disease, nevertheless the beneficial effects of
flavonoid consumption are apparent.
Furthermore, the results of these studies are in
accord with the American Heart Association
recommendation for increased consumption of
vegetables and fruits, including plant-derived
beverages, such as tea, for prevention of
cardiovascular disease.
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