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ABSTRACT

The study focuses on redox processes in the development of vascular complications in coronary heart disease
The data showed the formation of active oxygen radicals, inducing the process of lipid peroxidation. The
development of oxidative stress occurred with a decrease in the activity of the antioxidant protection enzymes
of the cells. Inhibition of superoxidecismutase, catalase, and ceruloplasmin occurred. Under these conditions,
there was a decrease in the content of total metabolites of nitric oxide, the main vasodilating factor. In
violation of the bioavailability of the substrate L-arginine for the NO-forming enzyme, a violation of
cholesterol metabolism played a role: an increase in total cholesterol, LDL, and a decrease of HDL
cholesterol. In ischemic patients, these metabolic changes were accompanied by hypertension, impaired
cardiac activity, which was manifested by ECG changes and anginal attacks. The obtained fundamental data
served as the basis for the development and application of therapy, including atorvastatin and Q10, an
inhibitor of cholesterol synthesis. Combined therapy with an HMG-CoA reductase inhibitor and coenzyme
Q10 had an antioxidant effect and reduced the content of total cholesterol, LDL cholesterol, and such HDL
cholesterol increase. These changes served as the basis for increasing the content of nitric oxide, vasodilation,
and improving the clinical condition.
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patients was 50.1 + 10 years, the duration of the disease
from 1-5 years or more. The analysis included the clinical

status and results of biochemical methods carried out in
the department of pathobiochemistry.

1. INTRODUCTION

Over the past decade, researchers have been particularly
interested in studying the mechanisms of endothelial
dysfunction and its role in the development of vascular

complications in many pathologies, including coronary heart
disease. Metabolic disorders that occur during myocardial
ischemia are a leading link in the pathogenesis of coronary
heart disease, its clinical manifestations. Developing lipid
peroxidation is a pathogenetic link in endothelial
dysfunction and a decrease in the concentration of NO-
vasodilating factors. Current data presented in the literature
indicate the critical role of endothelial dysfunction in the
development of vascular complications [1-3].

The article aimed to study the role of redox processes,
NO-producing endothelial function, and cholesterol
metabolism in the development of endothelial dysfunction
in patients with coronary heart disease. To achieve this
goal, 75 patients with coronary heart disease of the I
functional class and 30 healthy individuals were examined,
who made up the control group on the basis of the Federal
State  Budgetary Institution  "North  Caucasian
Multidisciplinary Medical Center of the Russian
Federation" and the Department of Pathobiochemistry of
IBMI in accordance with the contract. The average age in

2. METHODSAND MATERIALS

The studies were conducted in a clinic and based on the
Department of Pathobiochemistry, IBMI VSC RAS.
Clinical material was analyzed in patients with coronary
heart disease of functional class Il. The intensity of lipid
peroxidation was determined by the concentration of
malondialdehyde in the erythrocyte hemolysate [4]. The
state of the antioxidant system: superoxide dismutase [5],
catalase [6], the concentration of ceruloplasmin [7]. The
concentration of total metabolites of nitric oxide (NOx) —
express method in the modification of V.A. Metelskaya
[8]. Violation of cholesterol metabolism was judged by
total cholesterol, LDL, cholesterol in high-density
lipoproteins, TAG. An ECG study was performed, daily
monitoring with the help of an ECG logger using
MicrovitMT-101 halter, blood pressure to verify the
diagnosis of coronary heart disease.

The following were evaluated: ECG review, ST trend,
mean blood pressure, hypertension time index, the daily
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rhythm of blood pressure, morning rise in bloodspree,
variability. Used bicycle ergometry-ECG using dosed
physical activity. Using Microsoft Excel 2006, sttital
processing of the results was carried out, which were
presented as mean values (Mean) and meant erieks) (S
The Student's t-test helps to investigate the ssii
significance of differences between groups of piievas
checked, p <0.05 was considered the level of dtatist
significance. The correlation analysis is carried o

3.RESULTS

In patients with coronary heart disease, there is an
intensification of oxidative processes, an increms¢he
concentration of malondialdehyde in red blood cells
Analysis of the antioxidant system activity resdt®wed

a decrease in catalase superoxide dismutase wachini
ceruloplasmin concentration in patients with corgnar
heart disease. Oxidative stress develops, which is
accompanied by a decrease in the concentratiotaf t
NO metabolites. An important mechanism limiting the
damaging effect of CPP products is the antioxidgstem,
which is found to be insolvent. Therefore, oxidatbtress
assumes a systemic character. Our studies have thahd
developing oxidative stress leads to disruptiothef NO-
producing function of the endothelium and a de@edas
the content of nitric oxide (NO) [9, 10]. It is forchérom
L-arginine with the participation of the enzyme thase
nitric oxide (NO synthase), with the formation of an
oxygen molecule and L-citrulline [11-13]. A manifatibn

of endothelial dysfunction is a violation of blopdessure

— hypertension — a risk factor for myocardial isoiee
Another critical factor in the development of ischem
heart disease was impaired cholesterol metabolism,
hypercholesterolemia, as well as the oxidative
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modification of atherogenic lipoproteins during ithe
formation and disturbance in the bloodstream urttler
influence of lipid peroxidation products [14—16]e®des,
inadequate utilization by tissues of cells suppdtts
increased content in the blood. An increase in treent

of lipid peroxidation products leads to inhibitioof
prostacyclin synthesis and the induction of smoottscle
cell proliferation. Collagen synthesis occurs; lip&l stain

is covered with connective tissue and atheroscteroti
plague forms. The described disorders of cholektero
metabolism in atherosclerosis occur against the
background of the development of a deficiency synuy

of vital antioxidant enzymes [17, 18]. When studyitme
lipid spectrum of blood in patients with coronaryatte
disease of the Il functional class, an increag@éncontent

of total cholesterol and cholesterol of lipoproteiwas
revealed, while lowering HDL cholesterol (Table 1).
Impaired cholesterol metabolism causes atherogenic
changes in the endothelium of the vessel. Perhzgusges

in this plan are involved in reducing the bioavailigy of
L-arginine for the NO-forming enzyme.

Therefore, our data showing violations in choledtero
metabolism indicate hypercholesterolemia and hyper-
lipoproteinemia. We draw attention to the possipilif
peroxidation of lipoproteins under conditions ofidative
stress. Based on this possibility, it can be asslutimat the
atherogenicity of lipoproteins compared with natisges
is increasing. In standard therapy, drugs did renise
significant inhibition of the intensity of lipid pexidation
according to malondialdehyde in patients with corgna
heart disease of functional class Il with anginatqrs.
Some positive dynamics of the clinical picture wased,
but metabolic indices did not come close to thea dzt
control individuals.

Table 1 The dynamics of blood lipid profile in patients kvitoronary heart disease of the Il functional class

against the background of complex therapy.

Study group 35 INDICATORSOF LIPID SPECTRA OF BLOOD
'% -§ General Common HDL cholesterol LDL cholesterol Atherogenic
= cholesterol Triglycerides coefficient
Group 1 (n=30) M 4.30 1.23 1.46 2.68 3.3
m 0.11 0.05 0.02 0.17 0.11
p< 0.001 0.001 0.001 0.001 0.001
Group 2 (n=25) M 6.54 3.05 0.75 5.50 554
m 0.10 0.11 0.01 0.12 0.09
p< 0.001 0.001 0.001 0.001 0.001
Group 3 (n=25) M 5.02 2.1 1.14 3.32 2.96
m 0.05 0.02 0.02 0.06 0.05
p< 0.001 0.001 0.001 0.001 0.001
Group 4 (n=25) M 4.87 1.94 1.21 2.97 3.87
m 0.05 0.02 0.01 0.02 0.53
p< 0.001 0.001 0.001 0.001 0.001
p <*— compared with the control group

Note:

1111) — p<0.001; 111) — p<0.001; 11) — p<0.02; H¥B.05, the reliability of the 1st group relatieethe control.
2222) — p<0.001; 222) — p <0.01; 22) — p<0.002; px0.05, the reliability of the 1st group relatieethe 2nd group.
3333) — p<0.001; 333) — p<0.01; 33) — p<0.02; BxO.05, the reliability of the 2nd group relatieethe 3rd group.
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The positive dynamics of the clinical condition of
patients with coronary heart disease with functianass
Il angina was manifested after 3 months of tradilon
treatment. The activity of the antioxidant protenti
enzymes of the cells (superoxide dismutase andasaja
as well as the concentration of Ceruloplasmin, did n
change enough during therapy. Therefore, the data
characterizing the state of the lipid peroxidatgystem,
the antioxidant protection of cells in this grouppatients
with coronary heart disease, remained above the .norm
Our results are presented in Table 2.

Thus, the results obtained were the basis for the
development and use of a new methodological approach
for the correction of endothelial dysfunction byeth
cholesterol metabolism regulator. The use of arbitdr
of the critical reaction for the synthesis of clstézol
HMG-CoA reductase atorvastatin in combination with
standard drugs helped to reduce total cholesterol,
lipoprotein cholesterol, and increase HDL choledtei®
the same time, it had a stimulating effect on ttieviy of
the antioxidant system: superoxide dismutase, aseal
Ceruloplasmin. Consequently, combination therapyh wit
hemodynamic drugs and an atoris inhibitor of HMG-CoA
reductase contributed to a significant decreagbentotal
cholesterol of atherogenic fractions and an in@eis
antiatherogenic fractions.

These changes occur with inhibition of lipid
peroxidation. Inhibition of lipid peroxidation asresult of
therapy has become possible due to a specific ip®sit
effect on the antioxidant defense system of cdits.
particular, this effect on its enzymatic componean be
observed, which is expressed in a significant irszeia
the activity of the antioxidant protection enzynué<ells:
superoxide dismutase by 34.27 %, catalase by 4,16
Ceruloplasmin by 12.99 % (p <0.001). However, it $tiou
be noted that the enzyme activity indicators levkethe
antioxidant system in specific values was lower.

The use of atoris in combination with Coenzyme Q10
against the background of standard therapy led e
pronounced decrease in the concentration
malondialdehyde compared with indicators and agdivest
background of the complex with the inhibitor of HMG-
CoA reductase atoris. The system of antioxidant cell

of
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protection has also undergone significant chaniges she
absolute values of the activity of superoxide ditasa,
catalase, the concentration of Ceruloplasmin, NO have
become significantly higher. It can be noted thase
values approached the control values. Coenzyme Q10
showed its pronounced antioxidant properties inepadi
with coronary artery disease. Inhibition of lipid
peroxidation due to the activation of antioxidagstem
enzymes contributed to an increase in nitric oxidetent

to control values.

Thus, the reduced activity of enzymes of the
antioxidant system almost wholly recovered to cdntro
parameters in patients with complex treatment witrigt
and coenzyme Q10. Under conditions of balance in the
system of “lipid peroxidation — antioxidant systérthe
content of nitric oxide, the primary vasodilatarcieased.
Based on the data obtained, it should be noted that
coenzyme Q10 is a critical electron carrier in the
respiratory chain, takes electrons from differentirses,
and provides adequate biological oxidation, as aglthe
conjugation of oxidation with oxidative phosphoridat
The conjugation of these processes generates an
electrochemical gradient on the inner mitochondrial
membrane, which is a factor in restoring the ensigply
and the functional ability of the myocardium. Bigically
active vitamin E, which is essential for lipoprotgins
maintained in a reduced state, also with the ppetmn of
coenzyme Q10.

The effect of complex therapy with atoris and
coenzyme Q10 on the activity of antioxidant enzyrimes
red blood cells and blood plasma in patients wittocary
heart disease is analyzed. In general, this asakmsows
not only the approximation of parameters to theelleof
indicators of healthy volunteers but even excedusnt
compared to the action of one atoris. These resuftport
the effectiveness of the healing effect of combamat
therapy, including the antioxidant system in pasewith
coronary heart disease. The effect of action deezlo
throughout therapy. It should be assumed that the
inhibition of lipid peroxidation and the reductioof
atherogenic lipoproteins helps restore the compieaniy
of apo-B-100 LDL to its receptors, which improve th
affinity of their interaction (Table 2).

Table 2 Indicators of pro-and antioxidant systems in patiavith coronary heart disease of functional class

during treatment.

Study group Indicators of lipid peroxidation and antioxidant system before and after 3 months of treatment
malondialdehyde, superoxide NO, pmol Ceruloplasmin Catalase,
nmol/ml dismutase, u/mg min, mg/l nmol/g/Nv
Control group (n=30) 17.3+0.23 67.4+0.52 68.4+0.59 262.5+£3.99 228.8+2.33
Group 1 (n=25) 31.7+0.157) 35.6+0.79') 38.90.73+1) 149.3+3.1311) 160.4+1.531)
Group 2 (n=25) 25.60.6%) 47.8+0.54%%) 54.2+0.8%%%) 194.0+0.89%) 183.1+0.66%%)
Group 3 (n=25) 20.10+0.68) 61.2+0.93%%) 60.2+0.76%%) 239.7+1.08%%) 201.7+0.98%%)

Note:
Group 1 — Control — healthy individuals.
Group 2 — patients with coronary heart diseasemission.

Group 3 — patients with coronary heart disease igbeived standard therapy + atorvastatin.

Group 4 — patients with coronary heart disease igbeived complex therapy with coenzyme Q10.

118 _ p<0.001; 111) — p<0.001; 11) — p<0.02; 1) —.p50the reliability of the 1st group relative hetcontrol.
2223 _ p<0.001; 222) — p<0.01; 22) — p <0.002; 2) 0.05, the reliability of the 1st group relativetbe 2nd group.
3339 _ p<0.001; 333) — p<0.01; 33) — p<0.02; 3) — PSOthe reliability of the 2nd group relative tetBrd group.
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As can be seen from Table 2, statistically significantly
changed indicators of blood cholesterol metabolism during
treatment (p <0.001, p <0.01), and approached the control
figures after a month of taking complex therapy.
Moreover, indicators such as total cholesterol decreased by
16 %, HDL cholesterol reached the control figures, which
indicates a pronounced antiatherogeniceffect of this
combination.

4. CONCLUSION

The obtained results demonstratethe development of
oxidative stresson the backgroundof combinedtreatment
in patients with coronary heart disease of the Il functional
class. There was a significant increase in lipid peroxidation
productsand inhibition of the activity of enzymesof the
antioxidant system: superoxidiésmutasefor intoxication
syndrome and superoxide dismutase, catalase, and
ceruloplasmin concentrationin coronary heart disease.
Changesin redox processe$aveled to a decreasén the
concentrationof total metabolitesof nitric oxide, the
pathogenetidink of endothelialdysfunction.Cholesterol
metabolism:  hypercholesterolemia and  hyper$-
lipoproteinemia contributed to endothelial dysfunction.
LDL becomesevenmore atherogeniainderconditionsof
oxidative stress.The affinity of lipoprotein particles to
their receptorsis disrupted,and phagocytesabsorbthem.
There is an accumulationof lipids in the endothelium,
which leadsto atherogenesi€Changesn the structureof
the endotheliumdisrupt the bioavailability of L-arginine
for eNOS and causea decreasdn the contentof nitric
oxide. The use of an inhibitor of the synthesis of
cholesteroB-HMG-CoA reductase (atorvastatin and
coenzymeQ10) hasan antioxidanteffectin combination
with standardtherapy and reducesthe content of total
cholesterol andits atherogenicfraction. Such a plan,
metabolic changes contribute to the restoration of
endothelial functiorandincreasenitric oxide,the primary
vasodilator, which indicates the effectivenessof the
treatment of patients with coronary heart disease Il
functional class.
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