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‘Summary. Treatment 2nd secondary prevention of cardiovascular diseases (the basis of which is coronary
heast disease) remains one of the most topical challenges of modern cardiology. It is evident that the possibility fo
improve the nowadays existing hemodynamically active antianginal funds has nearly been exhausted despite all the
successfol treatment of coronary heart disease. A new trend in the treatment of fschemic diseases named myoeardial
cytoprotection is of special inferest in this respect. In particular, cardiocytoprotector quercetia defects a wide range of
biological activities: antioxidant, cardioprotective, vasoprotecive, antihyposic, immunostimulator, inhibitory effect
on the enzyme 5- liposygenase and suchlike. This objectively improves the condition of patients which allows i fo be

secommended as a necessary adjunct o standard therapy.
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Introduction. Cardiovascular diseases occupy
a leading position in the structure of morbidity and
mortality of the population: moreover, mostly people
of working age suffer from them.According to the
World Health Organization. 17 million people die of
cardiovascular diseases per year, out ofwhich 7.2 million
cases of deaths are related to coronary heart disease.
‘The use of conventional drug therapy that includes
antianginal drugs, in particular B-blockers, antiplatelet
means. statins and, if necessary. anticoagulants, does
not give the expected results in separate cases. For
example, one should reduce the progressing damage to
cardiomyocytes, metabolic disorder that occurs within
the first seconds of myocardial ischemia in order to
preventcomplications ofacute coronary syndrome[1,2
‘Atthe damaged membrane structures of cardiomyocytes
during ischemia and reperfusion there are invoived
such pathological processes in the heart as: an increase:
in the formation of free radicals, peroxide oxidation
of lipids, calcium overload, inflammation. cellular
acidosis, inhibition of antioxidant systems. For this
reason, cardiologists have been intensively developing
methods of metabolic corrections of conditions caused
by ischemia / reperfusion during the treatment of acute
and chronic forms of coronary heart disease, including
methods myocardial cytoprotection [5]. Previously.
efforts of the researchers were focused on studying
the metabolic properties of hemodynamically active
medications. Recently more and more attention has
been paid to the drugs that have antioxidant properties
and cardio cytoprotectors [9]. Among them there can be:
found quercetin - an inhibitor of 2 mumber of oxidase
enzymes, particularly lipoxygenase [1, 3, 7.

The aim of the study. The aim of the given
study was to investigate the possibility to optimize the
treatment of patients with acute and chronic forms of
coronary heart disease with the help of quercetin. Par-
ticular attention is paid to the question of the role of
quercetin in prevention and prophylaxis of cardiovas-
cular diseases

Materials and methods. The experimental and
clinical studies of the action of bioftavonoid quercetin
have been analyzed.

Results and discussion. Quercetin (3, 5, 7, 3",
4 - pentaoxsifiavon) — one of the commonest aglicone
‘compounds of the flavonoid glycosides in medicinal
plants which can be found in omions, apples, blueberries,
black and green tea, red wine, green leafy vegetables
‘and legumes. Tt is produced for pharmaceutical needs
through hydrolysis of rutin isolated from Sophora
Tapanese or buckwheat

Quercetin is a strong antioxidant [§] and, as it
has been established recently, 2 drug that increases
the content of nitric oxide in ischemic myocardium
[12). The data of experimental studies and clinical
observations suggest that _atherosclerotic _vascular
lesions are accompanied by the accumulation of
excessive amounts of products of lipid peroxidation
‘The processes of enhancing the free radical oxidation
are observed at different stages of atherosclerosis
[9). We also know that circulatory failure leads to
inhibition of defense antioxidant system cells, reduction
of the activity of superoxide dismutase, catalases,
elutathione peroxidase, etc. Excessive activation of
lipid_peroxidation in_atherosclerosis may cause 2
negative effect on cardiomyocytes and contribute to
hyperlipidemia, ahythmia, heart failure, disruption
of coronary blood flow, increase of the number of
damaged cells of the intima of blood vessels, inhibition
of prostacyclin synthesis in the arterial wall and increase
of platelet ageregation, development of endothelial
dysfunction [9]. Quercetin prevents the damaging
effects of free radicals, inhibits lipid peroxidation of
cell membranes and lipoproteins of blood serum. In
addition, the antioxidant effect of quercetin s caused by
its ability to activate the enzymes of ts own antioxidant
defense ofthe organism (catalases, etc ) [5, §]. Quercetin
is one ofthe most powerful antioxidants not only among
flavonoids, but also among other groups of compounds
Tt has been shown that quercetin prevents disruption of
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oxidative homeostasis of the organismm, which underlies
the pathogenesis of hypoxic syndrome and protects the
‘myocardium and lipid layer of its cell membranes from
damage during ischemia and, therefore, exhibits ani-
‘yposic effect

Flavonoidquercetinisaninhibitoroftheenzyme -
lipoxygenase, which provides asynthesis of leukotrienes
from arachidonic acid, i e. antiinfiammatory protein
‘mediators. Leukotrienes have the ability to reduce the
flow of blood, myocardial contractilty, increase lipid
peroxidation and leukocyte infitration of the ischemic
areas. They cause an increase in permeability of blood
vessels, which ultimately causes their inflammatory
propertes. Leukotrienes also have coronary constrictor
and arthythmogenic activity [15, 16]. Having the ability
to_inhibit the activity of S-lipoxygenase, quercetin
exhibits anti-inflammatory properties and synergy with
‘nonsteroidal anti-inflammatory drugs [14]

The antioxidant effect of quercetin and its
ability to_inhibit the synthesis of leukotrienes cause
cardioprotective effect of quercetin [4, 6. 8]. Tt was
shown in the experiment that quercefin protects
the transport system of the sarcoplasmic reticulum
in myocardial ischemia resulting m an increase in
resistance of cell membranes to peroxidation processes,
decrease in the rate of accumulation of peroxidation
products, maintaining the content of unsaturated
fatty acids, slowing the development of ireversible
reamangements. During the development of acute
‘myocardial infarction the activation of the enzyme 5
- lipoxygenase stimulates neutrophilic granulocytes
and platelets of blood. As a result, a large amount of
free radicals is produced, as well as the increase of
the thrombogenic potential of blood and progressing
injury of ischemic cells. Therefore, quercetin-induced
reduction in the activity of 5 - lipoxygenase may have
cardioprotective effects [6]

‘Adequate doses of quercetin in myocardial
ischemia are also able to improve the work of the
calcium pump and reduce excess concentration of
calcium in cardiomyocytes. Animal studies have shown
the ability of the drug to reduce the cases of ischemic
and reperfusion injury of myocard, limit the scale of
‘myocardial infarction, prevent the development of
serious ventriculararrhythmias[10, 11, 12]. Animportant
factor that regulates cardioprotective properties of
quercetin is is abiliy to increase the content of nitric
oxide i the tissues of the heart. This phenomenon was
confirmed in experiments on the culture of endothelial
cells of the human umbilical vein and in ‘in vivo'
experiments with the direct determination of the content
0f NO in the myocardium and in the vascular wall of the
rabbit [12]

The combination of antioxidant and membrane
stabilizing properties of quercetin heips to reduce
permeability and stabilize capillary wall. improves
‘microcirculation. Tn particular this flavonoid is anaural
inhibitor of hyaluronidase. .e.an enzyme that increases
the penetration of the vascular wall

a7

Vaso-protective effect of quercetin is also linked
to its antioxidant properties in relation to membrane
cellular elements of blood vessels. What should be
‘mentioned is the fact that the application of quercetin
is accompanied by vasodilator effect, which 15 based
on several mechanisms. Thus, quercetin blocks the
entry of calcium into the cell on the level of a smooth
muscle vascular wall. This prevents vasoconstriction
‘and obstructs the formation and release of vasoacive
substances (histamine). Besides, due to the inactivation
ofthe adenosine deaminase by quercetin, the content of
endogenous adenosine rises in endothelial cells, which
also leads to vasodilation. Quercetin also increases the
production of nitric oxide by endothelium, which is 2
potent vasorelaxant mediator

‘Quercetin acts on different pathogenetic sections
of atherogenesis [1, 6, 9]. In particular, the given
flavonoid is able to prevent peroxidation of LDL and.
block their acquired atherogenic properties. However,
quercetin affects the local vascular mechanisms of
atherogenesis, eliminating the retraction of endothelium
and intimal edema and reducing the production of
adhesion molecules by endothelium. The ability of
quercetin to block the production of adhesion molecules
by endotheliumand s protective properties with respect
10 the endothelium of coronary vessels can reduce the
adhesion and aggregation of blood cells in the lumen
of the vessel and prevent intravascular thrombosis
Antiplatelet effect of quercetin is also associated with
the inhibition of leukotriene synthesis and entry of
calcium into platelets, blockade of D phospholipase.
Anticoagulant effect of quercetin is shown in inhibiting
of the catalytic activity of thrombin through the
reaction of binding fibrinogen. It is clinically proved
that quercetin is able to increase the time of plasma
recalcification and normalize some other indicators of
hemocoagulase in patients with coronary heart disease.

A special importance is given to the need
for active myocardial cytoprotection. including the
phammacological one, during the acute violation of
the coronary circulation, especially the syndrome of
ischemia and reperfusion. Results of experimental
investigations show that the formulations of quercetin
reduce reperfusion breach of collateral circulation in the
heart, prevent the phenomenon of non-reconstruction
of blood fiow in the coronary arteries, improve
hemodynamics, reduce the amount of necrotizing
infarction and exhibit antiarrhythmic effect. According
10 the results of clinical application of soluble forms of
quercetin in patients with acute myocardial infarction,
there was established a high efficiency of quercetin
in combination with modem methods of treatment,
ie. thrombolysis, percutanous transluminal coronary
‘angioplasty. as well as heparin, aspirin, blockers of
p-adrenoreceptor, nitrates, infibitors of angiotensin-
converting enzyme. Thus, it was established that
the use of quercetin improves the clinical course, it
reduces the incidence of arthythmias, acute failure of
left ventricular, recurrence of pain syndrome, reduces
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the need to use narcotic analgesics. Antiarrhythmic
effect of quercetin may be due fo the manifestation of
its protective action of membranes and improvement of
intracardiac. hemodynamics, reduction of myocardial
stress under the infivence of the drug. On the other
‘hand, the posiive effect of the soluble form of flavonoid
quercetin is due to its influence on biologically active
regulatory substances (nitric oxide,  leukotrienes),
reduction of oxidative stress.

Tt was also established that quercetin regulates
cerebral hemodynamics in ischemic damage, reduces
the coefficient of asymmetry of cerebral blood fiow in
ischemic stroke. The use of quercetin in patients with
‘moderate and severe acute ischemic stroke within the
first 12 hours afer first symptoms significantly increases
the likelihood of full recovery of neurological functions
during 3 months of observation

Tn some studies it was also established that
the level of overall mortality and mortalty from
cardiovascular disease i in inverse proportion to the
level of consumption of quercetin from food. Among
the mechanisms that explain this effect, we should
‘mention the effect of quercetin on the metabolism of
lipids, oxidative stress and inflammation. Thus, in
animl experiments it was shown that quercetin while
increasing the excretion of cholesterol and bile acids
through the faeces, reduces cholesterol, triglycerides
and fatty acids in the serum of rats fed food high in
cholesterol. Recent studies involving people showed
that consumption of dietary quercetin supplements
positively affected the lipid profile [13].

Some other effects of quercein should also be
‘mentioned [5, 7). Along with cardioprotection there
have also been experimentally determined the diuretic
and antispasmodic properties of quercetin

‘Quercetin s able to normalize the blood pressure
and stimulate the release of insulin.

Regenerative properties of quercetin are 10
accelerate wound healing

The drug can affect the process of bone
remodeling, it shows a stable immunomodulatory
activity

‘Quercetin  shows  anti-ulcerogenic effect
associated with the use of anti-inflammatory drugs, and
has radioprotective activity (after X-ray and gamma-
iradiation)

At stimulating activity of detoxification enzyme
systems, quercetin shows an antitoxic effect

‘The ability of quercetin to block the cell division
causes its use as an anticancer drug 2nd a5 a cancer
prevention

Tmmunomodulatory properties of quercetin are
implemented in enhancing nonspecific resistance of the
body by increasing the phagocytic activity of peritoneal
‘macrophages. Thus, there i a stimulation of the activity
of Killr cells. Another important aspect of the use of
quercetin isits safety and tolerance.

“Thus, the abovementioned effects of quercetin
established experimenrally, testify the prospect of the
drug and the feasibity of its wider usage in clinical
conditions. The abilfy of quercetin to block the
production of adhesion molecules by endothelium and
s protective properties with respect to the endothelium
of coronary vessels can reduce the adhesion and
ageregation of blood cells in the humen of the vessel to
prevent intravascular thrombosis, contributes to ischemic
endothelial ultrastructure and its normal functioning

Tncreasing energy supply. a5 a result of
the antioxidant action of cardio myocytes and
the improvement of blood circulation. causes the
cardioprotective effect of quercetin Particular attention
should be paid to 2 number of studies that point t0 the
role of quercetin in the development of cardiovascular
disease. Quercetin acts on different pathogenetic links
of atherogenesis, therefore nowadays quercetin can be
viewed as a potential means of both the treatment and.
the prevention of coronary heart disease. Tnjectable
form of quercetin has well reputed itself in the complex
phamacotherapy of myocardial infarction. The drug
improves the blood flow to the heart muscle, reduces the
size of necrosis, prevents dilatation of the left ventricle
of the heart, the incidence of ventricular arrhythmias
improves the contractile activity of the myocardium.

Conclusions,

1. The main positive influence of quercetin
in lesions of the cardiovascular system can be its
antioidant effect, inhibition of the formation of
pathogenic metabolites of arachidonic acid, ie
levkotrienes, activation of enzymes producing nitric
oxide and regulating the calcium uptake of sarcoplasmic
reticulum

2. The polyfunctioning of quercetin onthe
cardiovascular, nervous, immune and other body
systems has caused the feasibility of its use in the
treatment of acute and chronic diseases of vascular
origin (coronary heart disease, hypertension. stroke,
etc)

3. Nowadays the question of the possibility of
using quercetin at the stage of primary prevention of
cardiovascular disease is extremely topical especially
in patients who have significant risk factors of their
developmen.
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