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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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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 II 
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 

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. 

2. METHODS AND 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 II. 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 blood pressure, 
variability. Used bicycle ergometry-ECG using dosed 
physical activity. Using Microsoft Excel 2006, statistical 
processing of the results was carried out, which were 
presented as mean values (Mean) and meant errors (SEM). 
The Student's t-test helps to investigate the statistical 
significance of differences between groups of patients was 
checked, p <0.05 was considered the level of statistical 
significance. The correlation analysis is carried out. 

3. RESULTS 

In patients with coronary heart disease, there is an 
intensification of oxidative processes, an increase in the 
concentration of malondialdehyde in red blood cells. 
Analysis of the antioxidant system activity results showed 
a decrease in catalase superoxide dismutase activity and 
ceruloplasmin concentration in patients with coronary 
heart disease. Oxidative stress develops, which is 
accompanied by a decrease in the concentration of total 
NO metabolites. An important mechanism limiting the 
damaging effect of CPP products is the antioxidant system, 
which is found to be insolvent. Therefore, oxidative stress 
assumes a systemic character. Our studies have found that 
developing oxidative stress leads to disruption of the NO-
producing function of the endothelium and a decrease in 
the content of nitric oxide (NO) [9, 10]. It is formed from 
L-arginine with the participation of the enzyme synthase 
nitric oxide (NO synthase), with the formation of an 
oxygen molecule and L-citrulline [11–13]. A manifestation 
of endothelial dysfunction is a violation of blood pressure 
– hypertension – a risk factor for myocardial ischemia. 
Another critical factor in the development of ischemic 
heart disease was impaired cholesterol metabolism, 
hypercholesterolemia, as well as the oxidative 

modification of atherogenic lipoproteins during their 
formation and disturbance in the bloodstream under the 
influence of lipid peroxidation products [14–16]. Besides, 
inadequate utilization by tissues of cells supports its 
increased content in the blood. An increase in the content 
of lipid peroxidation products leads to inhibition of 
prostacyclin synthesis and the induction of smooth muscle 
cell proliferation. Collagen synthesis occurs; the lipid stain 
is covered with connective tissue and atherosclerotic 
plaque forms. The described disorders of cholesterol 
metabolism in atherosclerosis occur against the 
background of the development of a deficiency syndrome 
of vital antioxidant enzymes [17, 18]. When studying the 
lipid spectrum of blood in patients with coronary heart 
disease of the II functional class, an increase in the content 
of total cholesterol and cholesterol of lipoproteins was 
revealed, while lowering HDL cholesterol (Table 1). 
Impaired cholesterol metabolism causes atherogenic 
changes in the endothelium of the vessel. Perhaps changes 
in this plan are involved in reducing the bioavailability of 
L-arginine for the NO-forming enzyme. 

Therefore, our data showing violations in cholesterol 
metabolism indicate hypercholesterolemia and hyper-β-
lipoproteinemia. We draw attention to the possibility of 
peroxidation of lipoproteins under conditions of oxidative 
stress. Based on this possibility, it can be assumed that the 
atherogenicity of lipoproteins compared with native ones 
is increasing. In standard therapy, drugs did not cause 
significant inhibition of the intensity of lipid peroxidation 
according to malondialdehyde in patients with coronary 
heart disease of functional class II with angina pectoris. 
Some positive dynamics of the clinical picture was noted, 
but metabolic indices did not come close to the data of 
control individuals. 

Table 1 The dynamics of blood lipid profile in patients with coronary heart disease of the II functional class 
against the background of complex therapy. 

Study group 

St
at

is
ti

ca
l 

in
di

ca
to

r INDICATORS OF LIPID SPECTRA OF BLOOD 

General 
cholesterol 

Common 
Triglycerides 

HDL cholesterol LDL cholesterol Atherogenic 
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) М 6.54 3.05 0.75 5.50 5.54 
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; 1) – p<0.05, the reliability of the 1st group relative to the control. 
2222) – p<0.001; 222) – p <0.01; 22) – p<0.002; 2) – p<0.05, the reliability of the 1st group relative to the 2nd group. 
3333) – p<0.001; 333) – p<0.01; 33) – p<0.02; 3) – p<0.05, the reliability of the 2nd group relative to the 3rd group. 
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The positive dynamics of the clinical condition of 
patients with coronary heart disease with functional class 
II angina was manifested after 3 months of traditional 
treatment. The activity of the antioxidant protection 
enzymes of the cells (superoxide dismutase and catalase), 
as well as the concentration of Ceruloplasmin, did not 
change enough during therapy. Therefore, the data 
characterizing the state of the lipid peroxidation system, 
the antioxidant protection of cells in this group of patients 
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 by the 
cholesterol metabolism regulator. The use of an inhibitor 
of the critical reaction for the synthesis of cholesterol 
HMG-CoA reductase atorvastatin in combination with 
standard drugs helped to reduce total cholesterol, 
lipoprotein cholesterol, and increase HDL cholesterol. At 
the same time, it had a stimulating effect on the activity of 
the antioxidant system: superoxide dismutase, catalase, 
Ceruloplasmin. Consequently, combination therapy with 
hemodynamic drugs and an atoris inhibitor of HMG-CoA 
reductase contributed to a significant decrease in the total 
cholesterol of atherogenic fractions and an increase in 
antiatherogenic fractions.  

These changes occur with inhibition of lipid 
peroxidation. Inhibition of lipid peroxidation as a result of 
therapy has become possible due to a specific positive 
effect on the antioxidant defense system of cells. In 
particular, this effect on its enzymatic component can be 
observed, which is expressed in a significant increase in 
the activity of the antioxidant protection enzymes of cells: 
superoxide dismutase by 34.27 %, catalase by 11.16 %, 
Ceruloplasmin by 12.99 % (p <0.001). However, it should 
be noted that the enzyme activity indicators level of the 
antioxidant system in specific values was lower.  

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

protection has also undergone significant changes since the 
absolute values of the activity of superoxide dismutase, 
catalase, the concentration of Ceruloplasmin, NO have 
become significantly higher. It can be noted that these 
values approached the control values. Coenzyme Q10 
showed its pronounced antioxidant properties in patients 
with coronary artery disease. Inhibition of lipid 
peroxidation due to the activation of antioxidant system 
enzymes contributed to an increase in nitric oxide content 
to control values. 

Thus, the reduced activity of enzymes of the 
antioxidant system almost wholly recovered to control 
parameters in patients with complex treatment with atoris 
and coenzyme Q10. Under conditions of balance in the 
system of “lipid peroxidation – antioxidant system,” the 
content of nitric oxide, the primary vasodilator, increased. 
Based on the data obtained, it should be noted that 
coenzyme Q10 is a critical electron carrier in the 
respiratory chain, takes electrons from different sources, 
and provides adequate biological oxidation, as well as the 
conjugation of oxidation with oxidative phosphorylation. 
The conjugation of these processes generates an 
electrochemical gradient on the inner mitochondrial 
membrane, which is a factor in restoring the energy supply 
and the functional ability of the myocardium. Biologically 
active vitamin E, which is essential for lipoproteins, is 
maintained in a reduced state, also with the participation of 
coenzyme Q10. 

The effect of complex therapy with atoris and 
coenzyme Q10 on the activity of antioxidant enzymes in 
red blood cells and blood plasma in patients with coronary 
heart disease is analyzed. In general, this analysis shows 
not only the approximation of parameters to the level of 
indicators of healthy volunteers but even exceeds them 
compared to the action of one atoris. These results support 
the effectiveness of the healing effect of combination 
therapy, including the antioxidant system in patients with 
coronary heart disease. The effect of action developed 
throughout therapy. It should be assumed that the 
inhibition of lipid peroxidation and the reduction of 
atherogenic lipoproteins helps restore the complementarity 
of apo-B-100 LDL to its receptors, which improves the 
affinity of their interaction (Table 2). 

Table 2 Indicators of pro-and antioxidant systems in patients with coronary heart disease of functional class II 
during treatment. 

Study  group Indicators of lipid peroxidation and antioxidant system before and after 3 months of treatment 

malondialdehyde, 
nmol/ml 

superoxide 
dismutase, u/mg 

NO, μmol Ceruloplasmin 
min, mg/l 

Catalase, 
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±0.151111) 35.6±0.791111) 38.90.73±1111) 149.3±3.121111) 160.4±1.531111) 

Group 2 (n=25) 25.6±0.092222) 47.8±0.542222) 54.2±0.812222) 194.0±0.892222) 183.1±0.662222) 

Group 3 (n=25) 20.10±0.083333) 61.2±0.933333) 60.2±0.703333) 239.7±1.043333) 201.7±0.903333) 
Note: 
Group 1 – Control – healthy individuals. 
Group 2 – patients with coronary heart disease at admission. 
Group 3 – patients with coronary heart disease who received standard therapy + atorvastatin. 
Group 4 – patients with coronary heart disease who received complex therapy with coenzyme Q10. 
1111) – p<0.001; 111) – p<0.001; 11) – p<0.02; 1) – p<0.05, the reliability of the 1st group relative to the control. 
2222) – p<0.001; 222) – p<0.01; 22) – p <0.002; 2) – p<0.05, the reliability of the 1st group relative to the 2nd group. 
3333) – p<0.001; 333) – p<0.01; 33) – p<0.02; 3) – p<0.05, the reliability of the 2nd group relative to the 3rd 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 antiatherogenic effect of this 
combination. 

4. CONCLUSION

The obtained results demonstrate the development of 
oxidative stress on the background of combined treatment 
in patients with coronary heart disease of the II functional 
class. There was a significant increase in lipid peroxidation 
products and inhibition of the activity of enzymes of the 
antioxidant system: superoxide dismutase for intoxication 
syndrome and superoxide dismutase, catalase, and 
ceruloplasmin concentration in coronary heart disease. 
Changes in redox processes have led to a decrease in the 
concentration of total metabolites of nitric oxide, the 
pathogenetic link of endothelial dysfunction. Cholesterol 
metabolism: hypercholesterolemia and hyper-β-
lipoproteinemia contributed to endothelial dysfunction. 
LDL becomes even more atherogenic under conditions of 
oxidative stress. The affinity of lipoprotein particles to 
their receptors is disrupted, and phagocytes absorb them. 
There is an accumulation of lipids in the endothelium, 
which leads to atherogenesis. Changes in the structure of 
the endothelium disrupt the bioavailability of L-arginine 
for eNOS and cause a decrease in the content of nitric 
oxide.  The use of an inhibitor of the synthesis of 
cholesterol-β-HMG-CoA reductase (atorvastatin and 
coenzyme Q10) has an antioxidant effect in combination 
with standard therapy and reduces the content of total 
cholesterol and its atherogenic fraction.  Such a plan, 
metabolic changes contribute to the restoration of 
endothelial function and increase nitric oxide, the primary 
vasodilator, which indicates the effectiveness of the 
treatment of patients with coronary heart disease II 
functional class. 
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