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Abstract

The aim of this research was to study the relationship between the indices of oxidative stress, endothelial dysfunction and
chaperone activity of proteins with the severity of coronary atherosclerosis. In patients with coronary heart disease, we found
gender-related differences in the severity of coronary atherosclerosis. Significant differences in the indices of oxidative stress,
endothelial dysfunction and chaperone activity were revealed depending on the severity of coronary atherosclerosis and the type
of atherosclerotic lesion. The determination of studied parameters can serve as a good indicator of the severity of coronary

atherosclerosis.(International Journal of Biomedicine. 2018;8(3):182-185.)
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Introduction

Although the complex mechanisms of the development
of coronary atherosclerosis are not completely understood,
recent advances have established a fundamental role for
inflammation and oxidative stress in this process.!* Oxidative
modification of low-density lipoprotein has a central role in the
initial phase of the atherosclerotic process. In CHD, a decrease
in intracellular protection against reactive oxygen species,
primarily due to a decrease in the level of SOD—the key
enzyme of the antioxidant system—has been demonstrated by
anumber of researchers.® The imbalance between pro-oxidants
and antioxidants leads to oxidative damage of proteins—an
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early indicator of the cell damage.“” Oxidants induce the post-
translational modification of proteins.® Peroxide treatment of
rat cardiac myocytes rapidly induces phosphorylation of Hsp27,
which increases the activity of Hsp27.®) The activation of
Hsp70 may play a role in protecting the cells against oxidative
stress and inflammatory damage.!” In addition, homocysteine
(Hcy) is an established biomarker for endothelial dysfunction
and vascular disease, and is linked to increased OS.("

The aim of this research was to study the relationship
between the indices of oxidative stress, endothelial dysfunction
and chaperone activity of proteins with the severity of coronary
atherosclerosis.

Materials and Methods

We examined 93 CHD patients (33 women and 60 men,
mean age of 61.8+8.1) who had coronary atherosclerosis of
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varying degrees, according to coronary angiography (CAG).

Exclusion criteria were myocardial infarction within
previous 3 months, diabetes mellitus requiring insulin
treatment, arterial hypertension (BP>159/99 mmHg),
hypotension (blood pressure <100/60 mmHg), atrial fibrillation
and life-threatening ventricular arrhythmias, valvular heart
disease, long time treatment with lipid-lowering drugs and
ACE inhibitors, chronic heart failure (NYHA FC>II), chronic
renal and hepatic failure.

All patients underwent the following examinations:
assessment of traditional risk factors (high blood pressure,
smoking, body mass index, diabetes), physical examination,
clinical and biochemical laboratory methods, 12-lead ECG,
echocardiography, Holter ECG monitoring, treadmill test,
and coronary angiography. Blood samples were obtained
in the morning after a 12h overnight fast. Total cholesterol
(TC), low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), triglycerides (TG),
ALT, AST, CFK, apolipoprotein A (ApoA), apolipoprotein
B (ApoB), high-sensitivity C-reactive protein (hsCRP),
fibrinogen, ESR, WBC were determined in plasma using
“Daytona» analyzer (RANDOX, Ireland).

CAG was performed by the Judkins technique using
General Electric Innova 3100 (GE Healthcare, USA). In
collegial analysis of CAG data, we determined the type of
coronary blood supply and noted the number of affected
coronary arteries, localization, and type of stenotic narrowing.
To assess the degree of narrowing of vessels, a visual assessment
was used with the following characteristics: normal coronary
artery, changing contours of artery without determining
the degree of stenosis, luminal stenosis as minimal (<25%
stenosis), mild (25% to 49% stenosis), moderate (50% to 69%
stenosis), severe (70% to 100% stenosis).!" Finding a >70%,
“severe” stenosis, was an indicator for revascularization.
According to the degree of stenosis, 3 groups were formed:
Group I included 22 patients with minimal-mild stenosis;
Group II included 50 patients with moderate stenosis; Group
IIT included 21 patients with severe stenosis. Morphologic
characteristics of the lesion were evaluated by applying ACC/
AHA morphology criteria: Type A in 15 patients, Type
B —in 57 patients, and Type C — in 21 patients. All patients
were divided also into 3 groups according to the number of
affected vessels: Group 1 included 22 patients (3 men and 19
women) with insignificant stenotic lesions; Group 2 included
41 patients (30 men and 11 women) with single- or two-vessel
lesions; Group 3 included 30 patients (26 men and 4 women)
with three-vessel or more multivessel lesions.

OMP was identified by PCC. Carbonyl groups formed
from oxidation with 2.4-dinitrophenylhydrazine (DNPH)
were estimated using the methods by Levine et al.'¥ with
modifications by Dubinina et al.'® The assay is based on
the spectrophotometric detection of the reaction between
DNPH with protein carbonyl to form protein hydrazone. The
optical density of 2,4-dinitrophenylhydrazones derivates was
recorded on an SF-36 spectrophotometer. The optical density
of aldehyde- and ketone derivatives of a neutral character
was recorded at 356nm and 370nm, respectively (ADPHn
and KDPHn). The optical density of aldehyde- and ketone

derivatives of a basic character was recorded at 430nm and
530nm, respectively (ADPHb and KDPHD). The SOD activity
was determined by the spectrophotometric method.

The serum level of L-Hcy was determined by EIA using
«Axis-Shield» test kit. Chaperone activity was measured by
monitoring the DTT-induced aggregation of insulin in the
absence and presence of Hsp27.19

Statistical analysis was performed using statistical
software package SPSS version 20.0 (SPSS Inc, Chicago, IL).
Quantitative parameters are presented as Median (Me) and
25" and 75" percentiles as Inter Quartile Range (IQR). The
Kruskal-Wallis H test was used to compare medians among
3 comparison groups. Spearman’s correlation coefficient (r,)
was used to determine the strength and direction of association
between two variables. A probability value of P<0.05 was
considered statistically significant.

The study was approved by the Voronezh State Medical
University Ethics Committee. Written informed consent was
obtained from all patients.

Results and Discussion

A statistical relationship between the sex and the number
of affected vessels was determined: an insignificant lesion was
more common in women, two-vessel lesions - in men (72.7%);
the three-vessel or multivessel lesions were predominant in men
(87.5%) (Figure 1). Comparison of the indices in the three groups
revealed significant differences in the L-Hcy level (P=0.000),
SOD activity (P=0.015), chaperone activity (P=0.011), blood
levels of ADPHn (P=0.003) and KDPHn (P=0.028) (Table 1).
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Fig. 1. Statistical relationship between the sex
and the number of affected vessels.

The level of shaper activity was 78.8% [60.6%; 82.5%],
72.4% [67.4%; 75.3%)] and 68.3% [60%; 68.3%] in Groups I,
II, and III, respectively. At the same time, the level of L-Hey
was 9.6pumol/ml [8.1umol/ml; 9.9umol/ml], 10.2umol/ml
[9.8umol/ml; 10.7umol/ml] and 11.4 mol/ml [10.4umol/ml;
12umol/ml] in Groups I, 11, and III, respectively. The highest
SOD activity was found in Group I: 41.7% [39.1%; 47.3%].
We revealed a significant difference in this indicator among
Groups I, II, and III (P=0.003). When evaluating PCC, a
significant difference was established between these groups in
levels of ADPHn (P=0.001) and KDPHn (P=0.025). The levels
of ADPHb and KDPHb were without significant differences.



Table 1.

Biomarkers of CHD and the number of affected vessels
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Variable Group 1 (n=22) Group 2 (n=41) Group 3 (n=30) P-value
L-Hcy, umol/ml 9.58 8.11; 9.97] 10.43 [10.10; 11.39] 12.3[11.61; 12.49] 0.000
SOD acivity, % 41.7[39.0; 47.4] 35.2 [32.8; 36.0] 32.3[30.7; 39.2] 0.015
Chaperone activity, % 78.8 [60.6; 82.5] 68.3 [66.7; 76.9] 60.0 [55.4; 68.2] 0.011
ADPHn, IU/mg 22.3[21.5;23.3] 24.8 [23.5;25.7] 27.0 [24.8;27.9] 0.003
KDPHn, IU/mg 19.9 [18.3; 20.8] 21.0 [20.3; 22.3] 23.5[20.8; 25.0] 0.028
ADPHb, IU/mg 10.7[9.2; 11.8] 11.3[10.9; 11.8] 10.8 [9.6; 12.1] 0.493
KDPHb, IU/mg 6.2 [2.4;9.2] 6.8 [6.6; 8.8] 8.8[7.2;9.5] 0.234
Chaperone activity depended on the type of morphologic References

characteristics of the lesion (P=0.002). Thus, the lowest
activity was observed in patients with Type C. Similar changes
were detected for SOD activity; a significant difference
(P=0.004) was also revealed between the groups with Type
A, B, and C. When assessing the level of L-Hcy and PCC,
the opposite tendency was identified: the more complicated
the atherosclerotic plaque, the higher the studied parameter
levels. At the same time, significant differences were found in
the level of L-Hcy (P=0.000), ADPHn (P=0.05) and KDPHn
(P=0.001).

Correlation analysis revealed the relationships between
the number of affected arteries and the blood levels of L-Hcy
(r=0.843, P=0.000), ADPHn (r=0.671, P=0.002), KDPHn
(r=0.544, P=0.005), SOD activity (r=-0.545, P=0.005), and
chaperone activity (r=-0.616, P=0.001); the correlations with
the levels of ADPHb and KDPHb were weak and not significant
(r=-0.076, P=0.717 and r=0.309, P=0.132, respectively). The
same patterns were found in the group of patients with severe
stenosis (Group III).

Conclusion

In CHD patients, we found gender-related differences
in the severity of coronary atherosclerosis. Significant
differences in the indices of OS, endothelial dysfunction and
chaperone activity were revealed depending on the severity of
coronary atherosclerosis and the type of atherosclerotic lesion.
The determination of studied parameters can serve as a good
indicator of the severity of coronary atherosclerosis.
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