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Abstract

Introduction: The widespread prevalence and high mortality rate from coronary heart disease
(CHD), despite the accepted treatment standards, aim at finding the most rational drug
combinations, expanding the range of drugs, and developing personalized approaches to
their use.

Research tasks: determination of the cytoprotective properties of the antioxidant drug
ethoxidol in patients with CHD.

Material and Methods: We examined 30 patients with CHD: stable angina pectoris of I-lll
functional classes. To determine the cytoprotective properties of ethoxidol, blood leukocytes
of patients were studied in vitro by fluorescence microscopy using an Eclipse Ti-U inverted
fluorescence microscope (Nikon, Japan). By staining leukocytes with fluorescent dyes
(MitoTracker ™ Red CMXRos, Calcein AM, Ethidium bromide), living and dead cells were
determined, mitochondrial fluorescence, and the cell viability index (Vlces) was calculated. The
materials were processed statistically.

Results: with the introduction of ethoxidol into a sample with a leukocyte suspension, a
significant increase in Vles by 21% (from 41% to 62%, p <0.001) was observed, which
indicates the presence of a cytoprotective property in this drug. A more detailed analysis of
the dynamics of the Vles index showed two variants of changes in cell viability: in 80% of
patients Vleels was increased, on average, by 28% (from 36% to 64%, p <0.001) and in 20% of
patients VI s was decreased, on average, by 10% (from 68% to 58%, p <0.05). The groups
significantly differed in the initial level of cell viability (36% versus 68%, p <0.01), and in the
initial level of mitochondrial fluorescence intensity: in the group of increasing cell viability
under the influence of ethoxidol, the initial value of mitochondrial fluorescence was
significantly lower (114.17 = 3.63 relative units) in comparison with a group of decreased
viability (144.14 + 10.81 relative units, p<0.01). The value of mitochondrial fluorescence
changed in both cases upward, but without achieving the reliability of differences.
Conclusion: the antioxidant drug ethoxidol has cytoprotective properties in patients with
CHD. At the same time, there is some variability in changes in the viability of blood cells of
patients under the influence of ethoxidol in the form of an increase (in 80% of cases) or a
decrease (in 20% of cases) of this indicator, which indicates the need to develop a
personalized approach to prescribing this drug to patients with CHD.
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microscopy, in vitro study, personalized pharmacotherapy.

INTRODUCTION

The relevance of this study is due to the
widespread prevalence, mortality and high social
significance of coronary heart disease (CHD)

. The search for rational
combinations of drugs is of great importance in
clinical  medicine

. The accepted standards for the treatment
of angina pectoris with drugs from the groups of
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antiplatelet agents, anticoagulants, beta-blockers,
statins, angiotensin-converting enzyme inhibitors,
nitrates, calcium antagonists have a high level of
evidence, but do not fully ensure the effectiveness
of treatment . Currently, the
standard of treatment for stable exertional angina
includes a number of metabolic drugs that
provide a cardiocytoprotective effect

The direction of cytoprotective
pharmacotherapy is traditionally considered to be
of secondary importance in the treatment of
hypoxic  conditions associated with tissue
ischemia, including angina pectoris

The ambiguous efficacy of
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cytoprotectors discovered by a number of authors
may indicate the need for a personalized
approach to prescribing this group of drugs
(Novikov, Levchenkova, & Ivantsova, 2020;
OlesyaV Romaschenko et al., 2021;
3). Currently, a whole area of
personalized ~ pharmacotherapy is  actively
developing (Petrov, Shishimorov, Magnitskaya, &
Tokachev, 2016).

The use of an antioxidant drug in the complex
pharmacotherapy of CHD can increase the
effectiveness of treatment (O. Romaschenko et
al., 2020), since myocardial ischemia is assomated
with coronary atherosclerosis and activation of
lipid peroxidation (Heusch, 2019). The antioxidant
property of the drug pathogenetically can lead to
cytoprotective and energy-saving effects (Kukes,
Gorbach, Romashchenko, & Rumbest, 2014),
which would be important in case of myocardial
ischemia. In this regard, it is of particular interest
to study the effect of the antioxidant drug
etoxidol on cell viability and the energy state of
cell mitochondria in patients with CHD.

The experimental model for studying the viability
of cells was the blood leukocytes of patients,
since they can reflect the internal state of the
human body and are readily available material
for research. These immune cells are considered
as a kind of "mirror of homeostasis", which can
be used to determine the nature of the process
underlying the disease, its severity, progn05|s
and effectiveness of therapy (Uzenb:e
Kizhina, llyukha, Belkin, & Khizhkin, 4u 9).

Moreover, W. Jin, G. Deng-Feng, W. Hao et a|
based on a number of their own studies, argue
that the nature of mitochondrial damage in
cardiomyocytes and peripheral blood leukocytes
is identical, leukocytes reflect changes in
cardiomyocytes, as in a mirror (\Wei et al., 2014).
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PURPOSE

The aim of this study was to determine the
cytoprotective properties of the antioxidant drug
ethoxidol on the basis of an in vitro study of
blood cells viability in patients with CHD.

MATERIALS AND METHODS

We examined 30 patients with coronary heart
disease: stable angina pectoris of I-lll functional
classes (acute coronary syndrome was excluded
from the study), who were admitted to the
Department of Cardiology No. 1 of the Belgorod
Regional Clinical Hospital of St. Joasaph from
January to June 2019. The study group included
20 women and 10 men aged from 49 to 81 years,
the average age of patients was 66.0 = 2.0 years
old.

Blood sampling was performed in the morning on
an empty stomach in a vacuum tube with
ethylenediamine tetraacetic acid (EDTA). A
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prerequisite for the selection of patients for the
study was the absence of X-rays for at least 21
days before blood sampling due to the well-
known destructive effect of X-rays on human
leukocytes and the ability of white blood cells to
completely renew the composition within 21 days
with an average life expectancy of |eukocytes of
7-9 days (Brubaker, Le Ro Mengel, 1977).

To determme the V|ab|||ty of blood cells,
leukocytes (0.5 ml) were collected manually with a
micropipette under aseptic conditions, mixed with
2 ml of RPMI-1640 culture medium with glutamine
(PanEko, Russia), then placed into the wells of a
24-well plate, 20 pl of leukocyte suspension in
each well. The culture medium and the drug were
added in an amount necessary to create a
therapeutic concentration of ethoxidol in the well
of 0.68 pg / ml. We were guided by the official
instructions for the medical use of ethoxidol. Then
the samples were incubated for 3 hours (time
sufficient for the drug to interact with cells) in an
incubator with 5% CO, content at a temperature
of 37°C (conditions of the human internal
environment). After 3 hours of incubation, 500 pl
of the supernatant was taken from each well and
fluorescent dyes were added to the remaining
500 ul at a final concentration of 1nM/ul for
MitoTracker ™ Red CMXRos (Invitrogen, USA),
which allows to evaluate the mitochondrial
membrane potential and Calcein AM (Invitrogen ,
USA), which stains only viable cells and at a final
concentration of 2nM/pL for Ethidium bromide
(Sigma-Aldrich, USA), which stains only dead cells
(Larionov, Malov, Mandrik, Maslov, & Orishich,
2003). The samples were again placed in a
thermostat under the same conditions for another
30 minutes (time sufficient for staining the cells).
When developing the scheme of the experiment,
we were guided by the tutorial of (Mitroshina,
Mishchenko, & Vedunova, 20

The results were evaluated by fluorescence
microscopy using an Eclipse Ti-U inverted
microscope (Nikon, Japan). The data were
processed using the specialized software EZ-C1
FreeViewer Ver3.90 (Nikon), the fluorescence
intensity in 100 cells in 10 fields of view for each
well was determined, expressed in relative units.
The number of living and dead cells was counted,
the cells viability index was calculated using the
formula:

VI cells = (Z living cells ~ z dead cells) / (Z dead cells) * 100,
(1)

where VI s is the cells viability index (in %),

Z lving cells - the number of living cells in 10 fields of
view

Z desd cells - the number of dead cells in 10 fields of
view

By the nature of the change in the cells viability
index under the influence of the drug
administered in vitro, the presence of the
cytoprotective properties of ethoxidol was judged
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according to the method we developed

A total of 12,000 cells were analyzed. The
materials were processed statistically with the
calculation of the arithmetic mean, error of the
mean, assessment of the significance of
differences by Student's t-test. Correlation
analysis was also performed.

The study was carried out on the basis of the
laboratory of cell technologies of the Research
Institute of Pharmacology of Living Systems,
Belgorod State University.

RESULTS AND DISCUSSION
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In the control wells (without adding the drug),
when analyzing the fluorescence of the
mitochondria of blood leukocytes stained by Mito
Tracker Red, clearly glowing cells, round and
shaped, were found, which indicates normally
functioning mitochondria (Fig. 1, A.). The average
mitochondria fluorescence value in the group was
120.20 = 4.18 rel.units. Simultaneous staining of
samples by Calcein AM showed that all luminous
cells with functioning mitochondria are alive (Fig.
1, B.). The number of dead cells in relation to the
total number of analyzed cells was 30%. (Fig. 1,
C.). The index of viability of leukocytes in patients
with CHD, on average for the group (without the
introduction of ethoxidol), was 41%.

without ethoxidol

Luminescence of blood
leukocytes mitochondria
(dye - Mito Tracker Red).
Fluorescence
microscopy,
magnification X200.

Figure 1.A.

Luminescence of
membrane structures of
living white blood cells
(dye - Calcein AM).
Fluorescence
microscopy,
magnification X200.

with ethoxidol (0.68 pg / ml)

Figure 2.A.

Figure 2.B.

Luminescence of dead

leukocytes (dye -
Ethidium bromide).
Fluorescence
microscopy,

magnification X200

Figure 1.C.

Figure 2.C.

Fluorescence microscopy of blood leukocytes of
patients with CHD in the wells, which were
supplemented with etoxidol at a therapeutic
concentration and the dye Mito Tracker Red,
revealed clearly glowing cells, round and shaped,
which indicates normally functioning mitochondria
(Fig. 2, A) The wvalue of mitochondrial
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fluorescence the average for the group was
127.64 = 5.41 relative units, which is higher in
comparison with the control (120.20 = 4.18
relative units), but without reaching the level of
significance of differences (p> 0.05).

The staining of the same Calcein AM samples
showed that all luminous cells with functioning
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mitochondria are alive (Fig. 2, B.). The number of
dead cells in relation to the total number of
analyzed cells was 28% (Fig. 2.C) The leukocyte
viability index in patients with CHD, on average in
the group, after the introduction of ethoxidol
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increased by 21% (from 41% to 62%, p <0.001),
which indicates the presence of cytoprotective
properties in this drug (O. V. Romaschenko et al.,
2022).

p<0.05

initial va_/

after the introduction of
ethoxidol in vitro

decreased vitality

Figure 3. Influence of ethoxidol on the index of viability of peripheral blood leukocytes in patients with CHD (therapeutic
concentration 0.68 ug / ml, 3 hours of incubation, in vitro).

A more detailed analysis of the dynamics of the VI
cls index showed two variants of changes in cell
viability: in 80% of patients, VI s was increased,
on average, by 28% (from 36% to 64%, p <0.001)
and in 20% of patients, VI s was decreased, on
average, by 10% (from 68% to 58%, p <0.05), at
the same time, the groups significantly differed in
the initial level of cell viability (p<0.01) (Fig.3.).

The value of mitochondrial fluorescence changed
in both cases upward, but without achieving the
reliability of differences (Table 1.). At the same
time, the groups significantly differed in the initial
level of mitochondrial fluorescence: in the group
with an increase in cell vitality under the influence
of ethoxidol, administered in vitro, an initially
lower value of mitochondrial fluorescence
intensity was noted (Table 1.)

Table 1.Mitochondrial fluorescence intensity in patients with CHD during in vitro introduction of ethoxidol

Decreased vitality

Increased vitality

Indicator

Initial value After the | Initial value After the
introduction of introduction of
ethoxidol ethoxidol

Mitochondrial

fluorescence
intensity,
relative units

144.14+10.81**

149.84+16.55*

114.17+3.63** 123.33+5.06*

Note. **Significant differences between the
comparison  groups at baseline (p<0.01);
*Significant differences between the comparison
groups after in vitro introduction of ethoxidol (p
<0.05).

Correlation analysis showed no dependence of
cell viability on the fluorescence intensity of their
mitochondria in the case of positive dynamics
from the introduction of ethoxidol: the correlation
coefficient (CC) was 0.12 (p> 0.05) both in the
initial state and after in vitro introduction of

ethoxidol. In the case of negative dynamics from
the introduction of ethoxidol, a highly significant
negative correlation relationship was found
between the indicators of cell viability and the
intensity of fluorescence of their mitochondria
both in the initial state (the CC was -0.65 (p <0.01)
and after in vitro introduction of ethoxidol (the CC
was -0.97 (p <0.01)), and, as can be seen from the
values of the correlation coefficients, the strength
of the relationship increased from moderate to
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strong after the introduction of ethoxidol into the
wells in vitro.

The pathogenetic substantiation of the validity of
our results and conclusions are the following
theoretical provisions The main cause of
myocardial ischemia is atherosclerosis of the
coronary vessels (Rocha, Rocha, Succi, & Brito
Junior,  2020). At the initial stages of
atherosclerosis, atherogenic hyper||poprote|nem|a
is observed (Ference, Graham, Tokgozoglu, &
Catapano, 2018). In the presence of vascular
endothelial dysfunction (increased endothelial
permeability due to activation of lipid
peroxidation), atherogenic low density
lipoproteins enter the vascular wall. An excess of
lipids in the cell promotes further activation of
lipid peroxidation, as a result of which cholesterol
becomes foreign to the cell and immune
mechanisms of atherosclerosis progression are
triggered (Wu, Li, Hou, & Chu, 2017).

Lipid peroxidation is a branched chain reaction
involving reactive oxygen species (free radicals). A
free radical is a highly reactive molecular particle
that has an unpaired electron in its outer orbital.
Lipid peroxidation of membranes leads to
disruption of cellular homeostasis: a decrease in
the synthesis of ATP, DNA, RNA, activation of
proteolytic enzymes, cytolysis, and, ultimately, cell
death (Gaschler & Stockwell, 2017).

An antioxidant, due to the presence of unpaired
electrons in its molecule, is able to capture
electrons of reactive oxygen species and
neutralize them, thus preventing damage to cell
membranes and other structures - mitochondria,
DNA molecules, RNA, maintaining normal ATP
production and cell viability (Shivakumar &
Yogendra Kumar, 2018).

According to the official instructions for medical
use and literature data, ethoxidol has a number of
pleiotropic  effects, including hypolipidemic,
antiplatelet, antiischemic, membrane stab|l|2|ng,
endothelioprotective, etc. (Kukes et al., 2014; O
Romaschenko et al., 2020). Many research works
are devoted to the pharmacological correction of
endothelial dysfunction; endothelioprotection is
an important pharmacodynamic target [(M
Korokin et al., 2019; M. Korokin et al., 2020; M
Korokin et al., ZCW;\; \ V. Korokin et al., 2019;
Stepchenko et al., 2020) ). Apparently, all these
pleiotropic effects are a consequence of the direct
antioxidant action of ethoxidol.

The ability of ethoxidol to influence on cell
viability in different ways, depending on the initial
level of their viability and the intensity of
mitochondrial fluorescence, discovered by us, is
new, requires further study and indicates the need
to develop personalized approaches to
prescribing this drug to patients with coronary
heart disease.

CONCLUSION
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Thus, according to the results of our in vitro study,
the antioxidant drug ethoxidol reliably possesses
cytoprotective properties when used in patients
with coronary heart disease; however, there is
some variability in the change in the viability of
cells in patients with CHD for in vitro
administration of ethoxidol in the form of an
increase (by 80% cases) or a decrease (in 20% of
cases) of their viability, which indicates the need
for a personalized approach to prescribing this
drug to patients with CHD.

1. With the introduction of ethoxidol into a
sample with a leukocyte suspension, a significant
increase in the viability index (VI is) by 21% (from
41% to 62%, p <0.001) was observed, which
indicates  the presence of cytoprotective
properties in this drug.

2. A more detailed analysis of the dynamics
of the Vleis index showed two variants of changes
in cell viability: in 80% of patients Vleis was
increased, on average, by 28% (from 36% to 64%,
p <0.001) and in 20% of patients VI s was
decreased, on average, by 10% (from 68% to
58%, p <0.05). The groups significantly differed in
the initial level of cell viability (36% versus 68%, p
<0.01), and in the initial level of mitochondrial
fluorescence intensity: in the group of increasing
cell viability under the influence of ethoxidol, the
initial value of mitochondrial fluorescence was
significantly lower (114.17 + 3.63) in comparison
with a group of decreased viability (144.14 =
10.81, p<0.01).

3. The value of mitochondrial fluorescence
after the introduction of ethoxidol, changed in
both cases upward, but without achieving the
reliability of differences. No clear relationship was
found between the indicators of cell viability and
the value of fluorescence of their mitochondria in
the case of positive dynamics from ethoxidol (the
correlation coefficient (CC) was 0.12; p> 0.05)
and, at the same time, in the case of negative
dynamics from the introduction of ethoxidol, a
highly significant negative correlation relationship
was found between the indicators of cell viability
and the fluorescence intensity of their
mitochondria as in the initial state (the CC was -
0.65 (p <0.01), and after in vitro introduction of
ethoxidol (the CC was -0.97 (p <0.01)), moreover,
the strength of the relationship increased from
moderate to strong after the introduction of
ethoxidol into the wells in vitro.
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