Zdravotnicke listy, Ro¢nik 11, Cislo 2, 2023

ISSN 2644-4909

IMPACT ASSESSMENT OF PHYSICAL EXERCISE ON THE FACTORS FOR PROGRESSION
OF ATHEROSCLEROSIS IN PATIENTS AFTER SUSTAINED MYOCARDIAL INFARCTION:
A THREE-YEAR FOLLOW-UP
HODNOTENIE VPLYVU POHYBOVYCH CVICENI NA PROGRESNE FAKTORY ATEROSKLE-
ROTICKEHO PROCESU U PACIENTOV PO PREKONANI INFARKTU MYOKARDU:
3-ROCNY VYSKUM

KUCHMENKO Olena?, TERESHCHENKO Nataliial, MALYNOVSKA Iryna!, BABII Lianal,
SHUMAKOV Valentyn!, SHEIKO Vitalii?, DEREKA Tetiana®

! Department of Myocardial Infarction and Cardiorehabilitation, “National Scientific Center "Institute of
Cardiology, Clinical and Regenerative Medicine named after Academician M.D. Strazheska of the Na-
tional Academy of Medical Sciences of Ukraine”, Kyiv, Ukraine

2 Department of Biology, Nizhyn Gogol State University, Nizhyn, Ukraine

® Faculty of Healthcare, Alexander Dubcek University of Trencin, Trencin, Slovak republic

ABSTRACT

Theoretical background: Cardiac rehabilitation is important in
the treatment of patients who have suffered from an acute my-
ocardial infarction.

Objective: To verify the dynamics of changes in protein and li-
pid factors progression of atherosclerosis in patients who sus-
tained acute myocardial infarction (AMI) and were included in
a physical exercise program for 3 years of follow-up.

Research sample and method: A total of 91 patients with AMI
hospitalized within the “therapeutic window” for revasculariza-
tion were included in the study. In the first group there were 47
patients who worked out for three months starting at an early
post-hospital stage; the second group 44 patients who did not
exercise. In year one, two and three coronary angiography was
performed to assess the atherosclerotic process activity. Subse-
quently, the first and second group of patients were rearranged
according to the data obtained.

Results: The PON-1 activity was significantly reduced after
AMI and during the three-year period, its growth was observed.
After AMI the MPO activity was significantly increased and
during the three-year period its decrease was observed. The dy-
namics of changes in the PCG content in serum, and the LDL +
VLDL and HDL fraction is consistent with the dynamics of
changes in the PON-1 activity. The lack of progression of ath-
erosclerotic plaques on the background of statin therapy was not
accompanied by the achievement of LDL-C target level, as in
patients with progression of the atherosclerotic process.
Conclusions: Reduce oxidative stress and increase antioxidant
activity in the group without the signs of the atherosclerotic pro-
gression makes assume that qualitative changes in lipoprotein
particles are as important as their quantitative properties.

Key words: Physical exercise. Myocardial infarction. Athero-
sclerosis progression. Lipoproteins. Oxidative stress.

ABSTRAKT

Vychodiskad: Osobitné miesto v liecbe pacientov, ktori preko-
nali akutny infarkt myokardu zaujima kardiorehabilitacia

Ciel: Skimat’ dynamiku zmien proteinovych a lipidovych fak-
torov progresie aterosklerotického procesu u pacientov, ktori
prekonali akutny infarkt myokardu a zucastnili sa 3-rocného
kardiorehabilitaéného programu (vykonavali fyzické cvicenia).
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Materialy a metody: Do stadie bolo celkovo zaradenych 91 pa-
cientov s akiitnym infarktom myokardu, ktori boli hospitalizo-
vani pocas ,terapeutického okna“ s naslednou revaskulariza-
ciou. Prvu skupinu tvorilo 47 pacientov, ktori sa zaoberali kom-
plexom fyzickych cvi€eni pocas troch mesiacov zacinajuc od
skorého ponemocni¢ného obdobia; druhu skupinu tvorilo 44
pacientov, ktori vobec necviéili. Po prvom, druhom a tretom
roku pozorovania sa vsetci pacienti podrobili koronarnej angi-
ografii na posidenie aktivity aterosklerotického procesu. Potom
bola prva a druha skupina pacientov reorganizovana podl'a zis-
kanych vysledkov stidie.

Vysledky: Aktivita paraoxonazy-1 vyrazne klesa po akiitnom
infarkte myokardu a jej rast je pozorovany pocas 3-roéného
obdobia. Po aktnom infarkte myokardu sa aktivita
myeloperoxidazy pocas 3-ro¢ného obdobia pozorovania
zvySuje a znizuje. Dynamika zmien obsahu karbonylovych
produktov oxidacie proteinov v krvnom sére, frakcii LNH (li-
poproteiny s nizkou hustotou)+LPVNH (lipoproteiny s vel'mi
nizkou hustotou) a LVH (lipoproteiny s vysokou hustotou)
koreluje s dynamikou zmien aktivity paraoxonazy-1. Absencia
progresie aterosklerotického procesu na pozadi lieby statinmi
nebola sprevadzana dosiahnutim ciel'ovej hladiny cholesterolu
v LNH, ako u pacientov s progresiou aterosklerotického
procesu.

Zaver: Pokles intenzity oxidacného stresu a zvySenie antioxi-
dacnej aktivity u pacientov v skupine bez progresie
aterosklerotického procesu naznacuje, ze kvalitativne zmeny v
lipoproteinovych frakciach su ovela ddlezitejsie v porovnani S
kvantitativnymi zmenami.

KPacové slova: Fyzické cviCenia. Infarkt myokardu. Progresia
aterosklerotického procesu. Lipoproteiny. Oxida¢ny stres.

INTRODUCTION

Despite the considerable progress in the treat-
ment of acute coronary syndrome (ACS), coronary
heart disease (CHD) remains the main cause of
death worldwide. Cardiac rehabilitation has a spe-
cial place in treating patients who have suffered
from an acute myocardial infarction (AMI) (Cowie
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et al., 2019). Among the versatile and multidiscipli-
nary cardiac rehabilitation programs for this cate-
gory of patients, physical rehabilitation is largely
perceived as the most important one (Winnige et al.,
2021). The authors maintain that in the early post-
infarction period, the most prominent ro le should
be long to physical training amongst multifarious
treatment components (Al Quait et al., 2018) Exer-
cise lays the groundwork for patients in re-evaluat-
ing their lifestyle, helps comprehend the chronicity
of their disease; it is conducive to making patients
take care of weight control, break bad habits that in-
clude smoking, control blood pressure and LDL lev-
els. As well as it is contributive to patients’ adher-
ence to treatment diets and regular physical activity
(The BACPR Standards, 2017). Patients with MI,
coronary artery bypass grafting or percutaneous in-
tervention with stable angina or chronic heart failure
should exercise at a medium-intensity aerobic
workout for 30 minutes at least three times a week
(Benjamin et al., 2017). All these factors determine
the possibility of widespread physical training in
cardiac rehabilitation programs at the post-hospital
stage.

Today, lipoprotein particles that role in athero-
genesis processes are well-documented, whereas
the HDL has not been studied sufficiently when
compared with VLDL and LDL. According to cur-
rent studies, the qualitative characteristics of HDL
that are attributed to their associated protein and li-
pid molecules are much more critical than their cir-
culation numbers. Among the HDL -associated en-
zymes, an essential role is played by paraoxonase-1
(PON-1) (Gordon et al., 2017). Also, in inflamma-
tory vascular diseases, a significant contribution is

made to the enzyme myelo-peroxidase (MPO) to
leukocyte-mediated tissue damage that interacts
with the vascular wall by binding and penetrating
through endothelial cells, and strong oxidants are
produced (Kargapolova et al., 2021).

The modern medical care, owing to the timely
non-invasive diagnosis of the structure of the ather-
osclerotic plague which considers the bioche-mical
components of atherogenesis, establishes substan-
tial grounds to believe that the above-mentioned de-
velopments will allow for preventing recurrent cor-
onary catastrophes and will improve the quality of
life of patients with different conditions.

OBJECTIVE

To investigate the dynamics of changes in pro-
tein and lipid factors of atherosclerosis progression
in patients who sustained AMI and were enrolled in
a physical exercise program for 3 years of follow-

up.

RESEARCH SAMPLE

The verification included 91 patients (the mean
age 52.8 + 6.7 years) with AMI, hospitalized within
the “therapeutic window” for revascularization (Ta-
ble 1).

An occlusion of the infarction-related coronary
artery was revealed on angiography in all patients.
When included in the study, patients underwent 4
examinations at discharge from the hospital (12-15
days after the development of AMI), 4, 6, and 12
months after AMI. In addition, a test for bicycle er-
gometry test was performed during the examination
2.5 months after the AMI (the period that corre-
sponded to the half-course of physical therapy).

Table 1 Baseline characteristics of patients included in the study

Indexes 18t group (n = 47) 2" group (n = 44) p
Age, years (Me (IQR)) (44_%?'50_0) (46.23;.30.0) 0.98
Size of myocardial infarction:

Q-IM (%) 44 (93.6) 41 (93.2) 0.98
Non Q-1M (%) 3(6.4) 3(6.8) 0.99
Localization of myocardial infarction:

- front (%) 24 (51.1) 22 (50.0) 0.97
- back (%) 23 (48.9) 22 (50.0) 0.98
Hypertension (%) 31 (65.9) 32 (72.7) 0.99
Diabetes mellitus (%) 9(19.1) 6 (13.6) 0.99
Heart Failure: stage 1 (%) 24 (51.1) 28 (63.6) 0.96
stage IIA (%) 23 (48.9) 16 (36.3) 0.90
Smoking (%) 30 (63.8) 33 (75.0 0.97
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Over time, the patients were consistently exam-
ined one, two and three years after the AMI onset.
All patients received basic therapy according to the
existing guidelines, protocols and recommenda-
tions. The patients were assigned to two groups de-
pending on the type of cardiac rehabilitation. The
first group consisted of 47 patients who worked out
for three months starting at an early post-hospital
stage. Patients of the 1% group (cardiac rehabilita-
tion program), in addition to distance walking and
physical therapy classes, did physical training on a
cycle ergometer three times a week for 30 sessions
(3 months). The training regime was calculated
based on the results of bicycle ergometry, individu-
ally and was 75% of the threshold load. After
15 classes, an additional test on bicycle ergometry
was conducted with an increase in the level of the
training regimen for the next 15classes and other.
The second group consisted of 44 patients. In pa-
tients of the 2" group, the rehabilitation program
consisted of long-distance walking and physical ex-
ercises according to the Myocardial Infarction term
and was carried out without the supervision of a
doctor and correction of loads, completely inde-
pendently. They were examined at the same time as
the first group. They received all the drug treatment,
were given recommendations for exercise therapy
and were advised to increase their movements the
same way as the patients of the first group. In year
one, two and three coronary angiography was per-
formed to assess the atherosclerotic process activity.
Subsequently, the first and second group of patients
were rearranged according to the data obtained. The
group without progression of the atherosclerotic
process consisted predominantly of patients who
performed physical exercises and complied with the
drug treatment. The rehabilitation exclusion criteria
were the following: heart failure above stage IIA,
large left ventricular aneurysm, intracavitary throm-
bosis, reduced ejection fraction to less than 45 %,
severe ventricular arrhythmias, and severe disorders
of the musculoskeletal system interfering with bicy-
cle ergometry exercise. All patients underwent gen-
eral clinical and instrumental evaluation; including
echocardiography and bicycle ergometry with
a thorough study of the clinical course of the dis-
ease.

METHODOLOGY

Biochemical blood tests were performed accord-
ing to the generally accepted methods. The content

POVODNE PRACE / ORIGINAL WORKS

70

of low-density lipoprotein cholesterol (Ch-LDL),
high-density lipoprotein cholesterol (Ch-HDL), tri-
glycerides (TG), total cholesterol (Ch), and athero-
genic coefficient (CA) were determined with an au-
tomatic biochemical analyzer A-25 (Spain) using
appropriate kits. Blood biochemistry assays were
performed in all subjects. The protein carbonyl
groups (PCG) content in blood serum, HDL and
LDL + VLDL fractions, the serum TBARP content
and MPO activity were determined by
(Vasylchenko et al., 2020). The catalase activity in
serum was examined spectrophotometrically (Aebi,
1984). The PON-1 activity was determined by (Ma-
nolescu et al., 2013). Leukocyte elastase (LE) and
macrophage elastase activity in blood serum was
evaluated by (Kubyshkin et al., 2008). The Kolmo-
gorov-Smirnov test for normality distri-bution and
Student’s t-test, nonparametric Mann-Whitney (U-
test) and Pearson rank correlation test were used in
the statistical analysis. Different values were con-
sidered statistically significant at p<0.05. The re-
sults were expressed as the mean and standard devi-
ation of the mean (M*SD).

RESULTS

In our research, no significant differences were
identified in lipid indices between the groups. More-
over, neither group was able to achieve the target
Ch-LDL nor total cholesterol levels.

It was found that in the 2" group, the PON-1 ac-
tivity after AMI tended to decrease as compared
with the patients of 1 group. A year later, the same
trend persisted. The patients in the 1% group mani-
fested a higher level of PON1 activity than those in
the 2" group. But in three-year time, the patients of
2" group showed an intensive increase in the PON1
activity which became significantly higher when
compared to the patients of 1% group. The PON-1
activity trend was the same in both groups. One year
after the AMI onset, in both groups the TBARP con-
tent was the same, with a slight decrease after three
years of observation. The changes in TBARP con-
tent in both groups were statistically insignificant.
The TBARP content trend was almost the same in
both groups. After three years, there was an increase
in the catalase activity in the 1 and 2" groups. In
the 2" group, catalase activity was higher than in
the 1% group. Three years after AMI, the 1% group
showed an increased catalase activity, and in the
2nd group the progression was comparable (Table
2).
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Table 2 PONL1 activity, TBARP content and catalase activity in patients of both groups in the dynamics of three years

(Med; Q1-Q3)
£ group =with ati;eizgﬁscleross progres- 2 group - without atherosclerosis progression
Parameter 1qr-
Med | pl3 | QL | Q2 | Q3 | Med | p1-3 | Q1 | Q2 | Q3 %Z%r
PONZafter AMI, kUl | 3.33 0.86 | 333 | 537 | 2.35 163 | 2.35 | 299 | 085
PONL, 1year after AMI | 218 | .. | 146 | 218 | 619 | 149 | . | 126|149 | 218 | 023
Z?A’\I'l’ 3 years after 2.03 046 | 293 | - | 621 204 | 6.21 12'3 0.00
TBARP, after AMI, U/l | 1092 8,97 | 1092 139 10.92 13'1 1%9 1%)'5 0.85
TBARP, 1 year after 112 101 | 109 | 117
ol 1014 | 018 | 936 | 1014 | 57| 1092 | 020 | O |1 0 0.18
TAE\‘AAIRP' 3 years after 8.97 780 | 897 | - | 936 9.04 | 9.36 12'9 0.51
Catalase, after AMILU/I | 545 448 | 5485 | 7.90 | 571 526 | 571 | 939 | 043
Catalase, 1 year after
o 621 | . | 548 | 6215 [858 | 844 | .o | 7.02| 544|850 | 060
im'ase' Syearsafter | ;45 640 | 7350 | - | 1045 8.75 | 745 | 929 | 003

Legend: * - p <0.05 compared to the values after AMI, # -p <0.05 compared between groups.

Table 3 The content of the protein carbonyl groups (PCG) in blood serum, HDL and LDL + VVLDL fractions in patients

of both groups in the dynamics of three years (Med; Q1-Q3)

1 group 2 group

Parameter - with atherosclerosis progression - without atherosclerosis progression

Med pis | Q1 Q2 Q3 | Med | pi3 | Q1 | Q2 | Q3 | pigr-pagr
PCG in blood serum, af-
ter AMI, U/ml 5.25 4.58 5.25 5.93 5.00 473 | 5.00 | 5.53 0.76
PCG in blood serum, 1
year after AMI 4.75 0.18 3.90 | 4.75 5.75 5.40 0.31 | 470 | 5.40 | 5.60 0.36
PCG in blood serum, 3| g 55 320 | 375 | - | 375 453 | 500 | 525 | 0.00#
years after AMI
PCGin LDL + VLDL
fraction, after AMI, 0.87 0.66 0.87 0.98 0.70 0.58 | 0.70 | 0.80 0.10
U/mg of lipids
PCGin LDL +VLDL 081 | 018 | 060 | 071 | 096 | 090 | 037 | 0.70 | 090 | 1.00 | 0.6
fraction,1 year after AMI
PCGin LDL + VLDL
fraction, 3 years after 0.86 0.45 0.68 - 0.68 0.55 0.85| 1.00 0.002#
AMI
PCG in HDL fraction,
after AMI. U/ml 2.55 1.78 2.55 3.48 2.70 1.80 | 2.70 | 3.28 0.95
PCGin HDL fraction1 | 525 | 065 | 213 | 275 | 353 | 210 | 047 | 210 | 3.10 | 340 | 0.90
year after AMI
PCG in HDL fraction, 3 | »g 185 | 2.18 - 2.01 176 | 2.25 | 2.75 | 0.05#
years after AMI

Legend: * - p <0.05 compared to the values after AMI, # -p <0.05 compared between groups.

During the three-year follow-up, in the 1% group
the PCG content in blood serum decreased. An in-
creased PCG content was observed in the lipopro-
tein fractions. There were multidirectional shifts in
the 2" group; a year after AMI, the PCG content in
blood serum was higher than the group's initial data.
In a three-year time, the PCG content in
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LDL+VLDL fraction almost approached the refer-
ence values. Three years after the AMI onset, the
PCG content in HDL fraction of the patients of 1%
group differed slightly from the first examination
results (after AMI). In three years, the PCG content
in the HDL fraction of the 2" group fluctuated in
different directions. The patients of 2" group
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Table 4 The myeloperoxidase, macrophage elastase and leukocyte elastase activity in patients of both groups in the

dynamics of three years (Med; Q1-Q3)

Parameter 15t group — with atherosclerotic progression | 2" group - without atherosclerotic progression
Med pi3 QL [ Q2 [ Q3 [ Med [ Piz | Q1 | Q2 [ Q3 [ pigrpagr
MPO, after AMI, U/min | 0.009 0.004 | 0.009 | 0.013 | 0.004 0.002 | 0.004 | 0.005 | 0.090
MPO, 1 year after AMI | 0.002 | 0.180 | 0.001 | 0.002 | 0.003 | 0.003 | 0.590 | 0.001 | 0.003 | 0.007 | 0.513
MPO, 3 years after AMI | 0.001 0.000 | 0.001 0.001 0.000 | 0.001 | 0.003 | 0.591
r':"mEc;lf/’:l‘ff nﬁl':/“' 0.109 0.109 | 0.109 0.109 0.109 | 0.109 | 0.218 | 1.000
ME, 1 year after AMI | 0.034 | 9180 | 0004 | 0.034 | 0.096 | 0.055 | 0120 | 0.055 | 0.055 | 0.109 | 0.215
ME,3 years after AMI | 0.158 0.157 | 0.158 0.214 0.138 | 0.214 | 0.258 | 0.667
LE, after AMI, 0.546 0.491 | 0.546 0.519 0.396 | 0.519 | 0.587 | 0.342
LE,1 year after AMI 0491 | 9180 | 0410 | 0491 | 0.614 | 0.328 | 0114 | 0218 | 0.328 | 0.491 | 0.055
LE, 1 year after AMI 0.316 0.314 | 0.316 0.428 0.276 | 0.428 | 0.516 | 0.667

showed a decreased PCG content in the DL fraction
that became significantly lower than in the patients
of 1% group (Table 3).

In a 3-year time, the MPO significantly de-
creased in patients who had sustained AMI in both
groups. One year after AMI, the LE activity de-
creased by 10% and 37 %, respectively, in the both
groups. Three years after Ml, the LE activity in the
1%t group decreased by 42 % when compared with
the results obtained immediately after the AMI on-
set. Three years after AMI, the LE activity slightly
increased, but it was 18% lower than the values after
AMI in the 2" group. One year after AMI, the ME
activity in both groups decreased by 50 — 70 % as
compared with the values after AMI, to increase
later on, in three-year time after the onset of AMI
(Table 4).

DISCUSSION

Under normal conditions, the intracellular con-
tent of reactive oxygen species (ROS) is maintained
at a low level by various enzyme systems involved
in the redox homeostasis. Oxidative stress is one of
the crucial factors in developing cardiovascular pa-
thologies (Senoner et al., 2019).

One of the aims of our study is to improve the
early and delayed course of the 3-year post infarc-
tion period through the comprehensive assessment
of individual biochemical enzymes in the course of
time. These enzymes characterize both the stability
of the atheromatous process (PON-1, metallopro-
teinase) protection, and exercise tolerance against
the background of the analysis of the progression of
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Legend: * - p <0.05 compared to the values after AMI, # -p <0.05 compared between groups

atherosclerotic lesions of the coronary arteries de-
fined according to coronary angiography.

As an enzyme, PON-1 is closely associated with
the HDL complex. In case-control studies, it was
found that patients with familial hypercholesterole-
mia and patients with MI had a reduced PON-1 level
in blood plasma when compared with healthy indi-
viduals (Ayub et al., 1999). Many authors believe
that HDL's antiatherogenic properties depend in
part on the antioxidant activity of PON-1 associated
with HDL apoproteins (apo A-I and apo J) (Aviram
et al., 2000). The dynamics of PON-1 in patients of
the 1% group differs from that in patients of 2"
group.

A study (Henein et al., 2022) found that lower
levels of PON-1 in patients who had survived AMI
were associated with an increased risk of recurrent
cardiovascular events. PON-1 activity is typically
reduced in several atherosclerosis-associated pa-
thologies. There is an inverse relationship between
the level of PON-1 activity and the risk of cardio-
vascular disease (Li et al., 2005), which indicates to
the clinical significance of the enzyme.

In terms of TBARP, its augmented blood level
indicates to an increased supply of H.O. and
lipoperoxides in the blood, which is confirmed by
an increase in catalase activity.

The post-infarction period was characterized by
activation of free radical oxidation of protein mole-
cules, as evidenced by the growth of carbonyl prod-
ucts of free radical oxidation of proteins in the se-
rum.

The obtained results testified to the peroxidized
state of lipoprotein particles. Together with the
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TBARP accumulation in lipoprotein particles, these
changes underlie the increased blood atherogenic-
ity. These changes are observed in parallel with
a long-term change in enzyme activity of the anti-
oxidant defense system.

Qualitative changes in LDL, HDL, and individ-
ual enzyme activity were studied to determine the
proatherogenic component at different stages of the
post-infarction period. According to contemporary
ideas, these are the qualitative characteristics of
HDL associated with their protein molecules (apo-
proteins, enzymes, etc.) that are much more im-
portant than their numbers in the bloodstream and
the amount of cholesterol in them (Al Quait et al.,
2018). Some studies testify to the positive effect of
exercise on atherogenic lipoprotein levels in pa-
tients with CHD (Winnige et al., 2021). The studies
have shown that despite high-tech interventions and
advanced drug therapy from the first hours of the
disease onset, AMI development is characterized by
oxidative stress formation. This condition is associ-
ated with an increased content of lipid peroxidation
products, particularly TBARP products, and
a marked activation of free radical oxidation of pro-
tein molecules. As evidenced by a higher content of
carbonyl products of free radical oxidation of pro-
teins in serum. The increased content of these prod-
ucts in lipoprotein fractions also attract attention.
Thus, the dynamics of changes in the content of car-
bonyl products of free radical oxidation of proteins
in the fraction of LDL + VVLDL is similar to that for
these products content in the serum. An even greater
accumulation of carbonyl products of free radical
oxidation of proteins is observed in the HDL frac-
tion. The results obtained may indicate to a perox-
idized state of lipoprotein particles due to the accu-
mulation in them of lipid oxidation products, which
may be the basis of the increased atherogenic poten-
tial of the blood. This is confirmed by the index of
peroxide modification of atherogenic lipoproteins.

These changes occur against the background of
a long-term decrease in the enzyme unit activity of
the antioxidant defense system. The established
changes are indicative of the oxidative stress for-
mation and inhibition of antioxidant defense mech-
anisms which can reduce the level of ROS and prod-
ucts of free radical oxidation of macromolecules.

To date, there is more evidence of the important
role leukocytes play in vascular damage. It is
suggested that leukocyte activation may be an alter-
native risk factor for atherosclerosis (Henein et al.,
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2022). The demonstrated increase in MPO activity
in patients after the AMI onset is attributed to the
stimulation of leukocyte functional activity and in-
creased infiltration of neutrophils and ischemic my-
ocardial tissue. In the bloodstream, MPO forms
a complex with HDL-associated enzyme PON-1.
PON-1 partially inhibits the activity of MPO, while
the latter can inactivate PON-1, oxidizing the tyro-
sine-71 residue, which leads to a violation of the
binding of the enzyme molecule to HDL. As a result
of the MPO activation, several ROS are formed that
can damage macromolecules and lipoproteins. In
the case of binding MPO to the endothelium and its
activation, local exacerbation of vascular inflamma-
tion is possible (Golwala et al., 2015). Several stud-
ies have shown that in patients with acute coronary
syndrome there is an increase in the MPO/PON-1ra-
tio, which can be used as a predictor of the develop-
ment of this pathological condition (Kargapolova et
al., 2021). As a result of our own research, we have
shown a 4 to 6-fold elevated ratio of MPO to PON-
1 after AMI. During the three-year follow-up the
MPO/PON-1 ratio decreased. After the 3" year of
observation, it remains higher than at the beginning
by 50-70%. The MPO enzyme role in the destabili-
zation of atherosclerotic plaque is well-known:
a key part in this process is the thinning and rupture
of the fibrous cap due to activation of metallopro-
teinases, which can occur due to hypochlorite
formed by activated MPO (Kargapolova et al.,
2021; Vasylchenko et al., 2020).

Analyzing the results, it is worthwhile mention-
ing that in terms of the lipid metabolism which is
within physiologically acceptable range for healthy
individuals but slightly higher than the values for
patients at very high cardiovascular risk, the quality
of lipoproteins is altered, as evidenced by the de-
crease in PON-1 activity. The increased MPO activ-
ity and the content of products of free radical oxida-
tion of proteins and lipids are very likely to contrib-
ute to the progression of the atherosclerotic process.

The above metabolic changes can exacerbate
atherosclerotic vascular damage and affect the con-
tractile function of the heart muscle. The MPO acti-
vation indicates high cytotoxicity of polymorphonu-
clear leukocytes. Together with a decreased activity
of PON-1 and enzymes of antioxidant protection
(catalase), these changes can help maintain a high
level of oxidation of lipoproteins, primarily their
protein components. In turn, oxidized lipoproteins
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can enhance cell adhesion to the endothelium, in-
duce the expression of growth factors in smooth
muscle cells, inhibit NO synthase expression, and
reduce vascular relaxation.

CONCLUSIONS

During the first year of the study, the PON-1 ac-
tivity was significantly reduced in both groups. Dur-
ing the three-year period, its growth was observed.
The activity of the enzyme unit components of anti-
oxidant protection, catalase, during the entire obser-
vation period in both groups kept going down. Still,
a relative increase in catalase activity was observed
until the third year of the follow-up in the patients
of 2" group. Such changes may indicate that the in-
tensity of oxidative stress remains at the appropriate
level, but the antioxidant link is also activated. The
decreased MPO activity is probably due to the de-
pletion of the depot of azurophilic granules against
the background of chronic inflammation. The dy-
namics of changes in the PCG content in serum, and
the LDL+VLDL and HDL fraction is consistent
with the dynamics of changes in the PON-1 activity,
which is associated with lipoproteins. Thereby indi-
cating an improvement in the functional properties
of lipoprotein particles. The lack of progression of
atherosclerotic plaques against the background of
statin therapy was not accompanied by the achieve-
ment of LDL-C target level, as in patients of 1%
group. Failure to achieve the LDL targets, reduce
oxidative stress and increase antioxidant activity in
the group without signs of the atherosclerotic pro-
gression makes one assume that qualitative changes
in lipoprotein particles are as important as their
guantitative properties.
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