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INTRODUCTION
Systemic endothelial dysfunction (ED) is a risk factor of 
cardiovascular complications in various diseases. "ere is a 
stable relationship between indicators of endothelial dam-
age and coagulation disorders, atherogenesis, and the level 
of proin#ammatory cytokines [1-4]. Arterial hypertension 
is one of the most important factors of atherosclerosis, the 
inalienable conditions of which are oxidative stress, endo-
thelial dysfunction, and low-grade in#ammation, which 
remains a leading cause of death all over the world [5].

ED is considered as the main mechanism of formation 
of hypertension and its complications [6]; it is involved 
in the pathological process in the earliest stages of hyper-
tension [7]. "e term “endothelial dysfunction” should 
primarily be understood as changes in the functional state 
of the endothelium, which is a response to external stimuli 
and have protective functions [8]. However, prolonged 
exposure to pathogenic factors leads to a gradual devel-
opment of endothelial dysfunction, which is expressed in 
an imbalance between mediators, which normally provide 
the optimal course of all endothelium-dependent pro-
cesses [9] between hypertension and atherothrombotic 
cardiovascular complications.

"e endothelium is one of the systemic “target organs” 
in hypertension, damage to which plays an important 
role in the development of cardiovascular complications. 
"e mechanism of endothelial involvement in the onset 
and development of various pathological conditions is 
many-sided and associated not only with the regulation 
of vascular tone but also with participation in the process 
of atherogenesis, thrombosis, protection of the vascular 
wall integrity. "e endothelium performs a barrier func-
tion to maintain homeostasis by maintaining a dynamic 
balance among several multidirectional processes of 
vascular tone regulation (vasodilation/vasoconstriction), 
anatomical structure and remodeling of blood vessels 
(synthesis/inhibition of proliferation factors), local in-
#ammation (production of anti-in#ammatory factors, 
regulation of vascular permeability, leukocyte adhesion 
processes), hemostatic and thrombolytic processes (syn-
thesis and inhibition of platelet aggregation factors and 
!brinolysis) [10].

Depletion and changes in endothelial function occur 
with prolonged exposure to various factors (hemody-
namic overload, hypoxia, intoxication, in#ammation). 
Decreased nitric oxide concentration causes vasocon-
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The aim: To improve the e'ectiveness of treatment of patients with hypertension using metabolic therapy based on the evaluation of endothelial dysfunction indicators, 
markers of in&ammation, and blood lipid spectrum.
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The TNF-a level decreased by 22.2±1.13 (p<0.01) with the use of basic therapy. IL-1 decreased signi%cantly in the two groups, but it was more pronounced in group I, by 
40.68±1.67 (p<0.01) and 21.4±2.1 in group II (p<0.05). There is a positive change in the blood lipid spectrum, but the changes were more pronounced in the group of patients 
receiving metabolic therapy.
Conclusions: The use of quercetin (Corvitin, Quertin) in combination therapy with the combined antihypertensive drug containing ramipril/amlodipine (Egis-Hungary) signi%cantly 
reduces the levels of nitric oxide, CRP, IL-1, and blood lipid spectrum, which reduces the incidence of complications and progression of hypertension.
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striction, stimulation of platelet aggregation, adhesion 
of platelets and leukocytes, growth and proliferation of 
smooth muscle cells [11]. In this case, the intensive pro-
duction of peroxide radicals disturbs the balance between 
protective and damaging e$ects on the vessel wall, which 
realize their harmful e$ects due to the intensi!cation of 
oxidative stress processes. "e formation of superoxide 
anion and endothelin-1 is the consequence of this [12]. 
All these changes provoke the development of local and 
systemic complications that contribute to the accumula-
tion of lipids in the subendothelial space, where chemical 
modi!cation of low-density lipoprotein (LDL) can occur.

Modi!ed LDL attract monocytes into the vascular wall, 
where they turn into macrophages, absorb modi!ed li-
poproteins. Unregulated uptake of modi!ed LDL leads 
to the formation of large foam cells characteristic of fatty 
streaks, which subsequently lead to the progression of 
atherosclerosis [13].
"e failure of the hemostasis system plays a certain 

role in a complex system of mechanisms that contribute 
to the development of atherosclerotic changes in blood 
vessels [10]. Atherosclerotic and associated in#ammatory 
vascular lesions increase platelet activity, their readiness 
for aggregation and adhesion, activate plasma coagulation 
factors such as !brinogen, and inhibit the anticoagulant 
system and !brinolysis [14].

NO de!ciency is one of the de!ning elements of endo-
thelial dysfunction. NO is a signaling molecule involved 
in the regulation of several physiological processes, such 
as vasodilation, transmission of nerve impulses, and the 
immune response. NO a$ects vascular tone, prolifer-
ation and apoptosis, regulation of oxidative processes. 
NO has angioprotective properties [15], is responsible 
for anti-in#ammatory e$ects, such as inhibition of the 
expression of cell adhesion molecules ICAM-1 (intercel-
lular adhesion molecules-1), VCAM-1 (vascular cellular 
adhesion molecules-1), and tissue factor; inhibition of 
the chemokine release, such as MCP-1 (monocyte che-
moattractant protein-1). NO blocks platelet aggregation 
and has a !brinolytic e$ect [16].
"e substrate for NO synthesis is a #avonoid – quer-

cetin, which can reduce the activation and adhesion of 
leukocytes and platelets to the vascular endothelium, 
inhibits the synthesis of VCAM-1 and MCP-1 adhesion 
proteins, thus preventing the formation and develop-
ment of atherosclerotic plaques, inhibits the synthesis of 
endothelin-1, which is a powerful vasoconstrictor and 
stimulator of proliferation and migration of smooth myo-
cytes of the vascular wall. It has pronounced antioxidant, 
antiradical, membrane-stabilizing properties, antiplatelet 
e$ect, prevents an increase of potassium level in cells, 
has a vasoprotective e$ect, inhibits protein kinase, has a 
pronounced cardioprotective activity [17].

THE AIM
 To improve the e$ectiveness of treatment of patients with 
stage 2 arterial hypertension, 2-3 degrees using metabolic 

therapy based on the evaluation of endothelial dysfunction 
indicators, in#ammatory activity, and lipid metabolism.

MATERIALS AND METHODS
A clinical study was performed with 72 patients with 
stage 2 arterial hypertension of 2-3 degrees, admitted to 
the cardiology department of the municipal non-pro!t 
enterprise “Lviv Emergency Clinical Hospital”. Random-
ization was performed using random numbers. "e results 
of NO concentration, CRP, seromucoid, IL-1, IL-6, TNF-α 
levels, and lipid spectrum in blood and serum of patients 
with stage 2 hypertension of 2-3 degrees are presented. 72 
patients (34 male and 38 female) were examined. "e mean 
age of patients was 44.8±8.5 years. "e study groups did 
not di$er in age composition, severity of disease and other 
outcomes that could a$ect the !nal results of the study. "e 
study did not include patients with severe cardiac, hepatic, 
and renal failure, cancer, alcoholism, or drug addiction. 
"e study was approved by the local bioethics committee 
and conducted in accordance with the principles of the 
Declaration of Helsinki. "e patients were given general 
clinical and instrumental examination methods, they were 
determined the indicators of proin#ammatory cytokines 
(interleukin-1β (IL-1β), interleukin-6 (IL-6), necrosis fac-
tor of alpha tumors (TNF- α)), C-reactive protein (CRP), 
nitrogen oxide (NO) and seromucoid. Examination of 
patients was performed on entry to the hospital. 

Hypertensive patients received basic combination 
antihypertensive therapy using ramipril/amlodipine in 
individually adjusted doses: 5/5; 5/10; 10/5; 10/10, in 
combination with metabolic therapy with quercetin – 
corvitin at a dose of 0.5 g dissolved in 50 ml of isotonic 
sodium chloride solution IV b.i.d. a'er 12 hours for 5 
days; the following 30 days of outpatient treatment, pa-
tients received quertin 40 mg t.i.d. orally.

Patients were divided into 2 groups: Group I (study) 
including 39 patients with stage 2 hypertension of 2-3 de-
gree taking quercetin in addition to basic therapy; Group 
II (comparison) including 33 hypertensive patients who 
received basic therapy following existing standards. "e 
study was performed three times: 1st time – on admission; 
2nd time – on the day of discharge (on 10th – 12th day 
of inpatient treatment), 3rd time – on 30th day a'er the 
end of treatment with quertin.

Evaluation of total cholesterol and lipid fractions was 
performed using the enzyme-linked immunosorbent 
assay (ELISA) on the FP-900 analyzer (Finland), latex 
turbidimetric immunoassay was used in the laboratory 
of MNE “LECH” to study the CRP, seromucoid levels. A 
set of BMS810F reagents, manufactured by MedSystems 
GmbH – Austria, was used for ELISA of the IL-1; IL-6, 
TNF-a levels.

Statistical processing of the results was performed 
using Microso' O(ce Excel 2007 and “Statistica 10.0”. 
"e reliability of the results was assessed using nonpara-
metric and Student’s t-test. "e di$erence was considered 
signi!cant (p<0.05).
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RESULTS 
According to the study, patients receiving metabolic ther-
apy have decreased TNF-a level by 31.27±2.13 (p<0.01), 
while the TNF-a level decreased by 22.2±1.13 using basic 
therapy (p<0.01). IL-1 decreased signi!cantly in the two 
groups but it is more pronounced in group I, by 40.68±1.67 
(p<0.01) and 21.4±2.1 (p<0.05), respectively. "ere was a 
signi!cant decrease in CRP and NO levels, (Tabl. I, !g. 1).

Positive changes were detected in lipid profile after 
treatment of patients with hypertension, but they were 
more pronounced in the group of patients who received 
additional metabolic therapy: the total cholesterol level 
decreased during treatment by 21.6% (5.29±0.85 a'er 
treatment), vs. 13.6% (5.81±0.89) and 15.8% (5.66±0.73) 
in patients receiving only basic therapy. "e LDL level in 

both groups decreased; in group I, it decreased by 23.6% 
(3.41±0.56), in group II – by 15.6% (3.59±0.31).

LDL rates decreased signi!cantly by 30.9% (0.67±0.088) 
compared with the results before treatment in group I, in 
contrast to group II, where the value decreased by only 
10.5% (0.85±0.089).
"e triglyceride level tended to decrease in the group of 

patients who were prescribed metabolic therapy by 33.5% 
(1.92±0.41); the decrease in triglycerides was less pronounced 
in the comparison group (group II) – 29.4% (2.04±0.39).

In the evaluation of HDL – signi!cant di$erences be-
tween the indicators of both groups of patients were not 
observed; HDL increased by 2.5% (1.18±0.28) in the study 
group of patients taking quercetin, and the HDL level was 
1.11±0.32 in the group with basic therapy.

Table I. Dynamics of changes in TNF-α, IL-1, IL-6, CRP, NO, and seromucoid in patients with hypertension.

Indicator 
Patients receiving basic and metabolic therapy, n=39 Patients receiving basic therapy, n=33

Before treatment After treatment Before treatment After treatment

TNF-α, pg/ml 52.56±1.23 36.41±1.17 ** 51.72±1.21 40.35±1.18*

IL-1, pg/ml 76.14±3.93 45.16±2.78 * 75.6±3.2 59.40±3.5

IL-6, pg/ml 19.41±1.35 14.03±1.2 19.67±1.4 17.31±1.3

CRP, mg/L 8.2±0.21 5.1±0.18 * 9.3±0.34 7.4±0.326*

Seromucoid, g/L 0.48±0.12 0.36±0.08 0.54±0.15 0.47±0.04

NO 50.04±15.1 34.51±13.75 * 48.97±29.84 33.79 ± 11.12

Note: * — p<0.05, ** p<0.01

Table II. Changes in blood lipid spectrum in patients with hypertension

Indicators, mol/L
Patients receiving basic and metabolic therapy, n=39 Patients receiving basic therapy, n=33

Before treatment After treatment Before treatment After treatment

Total cholesterol 6.89±0.82 5.39±0.85 6.73±0.73 5.66±0.73

HDL 1.15±0.34 1.12±0.41 1.18±0.4 1.16±0.31

LDL 4.43±0.63 3.4±0.64 4.24±0.29 3.58±0.43

VLDL 0.97±0.081 0.67±0.088 * 0.95±0.079 0.85±0.089*

Triglycerides 2.89±0.38 1.92±0.41 2.89±0.42 2.04±0.39

AI 4.99±0.95 3.81±0.84 4.70±0.30 3.87±0.38

Note: * — p<0.05, ** p<0.01

Fig. 1. Dynamics of changes in TNF-α. 
NO in patients  with hypertension
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A'er the course of treatment, the atherogenic index (AI) 
decreased by 23.6% (3.81±0.84) and 17.6% (3.87±0.38) in 
the comparison group, but the level of atherogenic index re-
mained elevated in both groups of patients, (Tabl. II, !g. 2).

DISCUSSION
Endothelial dysfunction is characterized by inadequate 
(increased or decreased) formation in the endothelium of 
various biologically active substances. One of the methods 
of assessing the severity of endothelial dysfunction is to 
determine blood factors that damage the endothelium, the 
level of which correlates with endothelial dysfunction. Such 
factors include hypercholesterolemia, cytokines (interleu-
kins, tumour necrosis factor (TNF). [18].

ED is the initial stage in the pathogenesis of atherosclero-
sis. In vitro, a decrease in the N0 production in endothelial 
cells in hypercholesterolemia. Insu(cient N0 synthesis 
contributes to free radical damage of cell membranes. Ox-
idized LDL enhance the expression of adhesion molecules 
on the surface of endothelial cells, promoting monocytic 
in!ltration of the subendothelium. In turn, adequate N0 
synthesis inhibits processes in the nucleus of atheroscle-
rotic lesions, including platelet aggregation, monocyte 
adhesion and migration, vascular smooth muscle cell 
proliferation, and vasoconstriction [19].

It has been found experimentally that quercetin can di-
rectly inhibit major in#ammatory mediators by inhibiting 
histamine secretion and the activity of alloantigen-speci!c 
cytotoxic T lymphocytes, IL-8 interleukin, and tumour 
necrosis factor (TNF-α). High antihistaminic quercetin ac-
tivity has been clinically con!rmed. Quercetin may interact 
with the calcium-mobilizing polyphosphoinositide system 
and other elements of this signalling cascade. It modulates 
many intracellular responses, including the formation 
and secretion of in#ammatory mediators, blood clotting 
processes, smooth muscle contraction, some immune 
responses etc.. In preclinical in vitro studies, quercetin 
showed a signi!cant decrease in the level of in#ammatory 
markers (NO-synthase, COX-2 and C-reactive protein in 
human hepatocyte cell culture) [20]. 

Studies have shown that quercetin can act as an arterial 
vasodilator, particularly in the coronary arteries, by increas-
ing cAMP levels in endothelial cells and inhibiting platelet 
aggregation [20]. 

Interest in quercetin as a means of prevention and treatment 
of COVID-19 has already found a response from many experts 
taking into account the urgency of the problem. In particular, 
Dr P. Marik recommends an updated (April 15, 2020) treat-
ment protocol for COVID-19 patients called “Critical Care 
COVID-19 Management Protocol” (evmc.edu/covidcare) [21].
"e use of quercetin in the treatment of patients with hyper-

tension helps to restore the functional state of the endothelium, 
as it has antihypoxic, membrane-stabilizing, antioxidant prop-
erties. Its positive e$ects are shown in patients with coronary 
artery disease, hypertension, metabolic syndrome, and associ-
ated cardiac conditions, as well as in almost all components of 
the cardiovascular continuum [2, 4, 6, 7].

CONCLUSIONS
1.  "e use of quercetin (corvitin, quertin) in combina-

tion therapy with the combined antihypertensive drug 
containing ramipril/amlodipine signi!cantly reduces 
the level of nitric oxide, CRP, IL-1, and blood lipid 
spectrum, which reduces the incidence of complications 
and progression of hypertension.

2.  Quercetin in therapeutic doses has proven e(cacy, 
high safety, and good tolerability, with the absence of 
severe side e$ects, which enhances the e$ectiveness of 
combination antihypertensive therapy.

3.  "e use of quercetin (corvitin, quertin) in combination 
with conventional antihypertensive therapy improves 
the performance of the endothelium and its NO-syn-
thesizing ability.
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