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ABSTRACT

The aim: To study the dynamics of markers of angiogenesis based on insulin-like growth factor-1 (IGF-1) and endostatin, as well as to determine 6-month survival in patients
taking zofenopril from the first day of AMI with and without obesity.

Materials and methods: using enzyme immunoassay, we determined the level of endostatin and IGF-11in serum on days 1and 12 in patients with AMI with the presence and
absence of obesity, and a statistical processing of the data obtained.

Results: The relationship between obesity and angiogenesis indicators, both activators and inhibitors, was determined, and a significant relationship was found between
zofenopril therapy and angiogenesis activator IGF-1. Differences in the survival of patients with complicated AMI were determined depending on the choice of ACE inhibitor in
favor of a higher survival rate of patients who took zofenopril.

Conclusions: patients who underwent complicated AMI, taking zofenopril, have a higher survival rate during the 6-month follow-up period. Zofenopril stimulated angiogenesis
in the examined patients, which was expressed in patients with and without obesity.
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INTRODUCTION

Despite all the modern advances in medicine and tech-
nology, cardiovascular diseases currently occupy a leading
place in the world in mortality [1].

Everyone knows such factors as: hyperlipidemia, dyslip-
idemia, diabetes, metabolic syndrome, smoking, sedentary
lifestyle, hypertension, which play a very important role in the
development and progression of atherosclerosis [2]. In recent
years, more and more attention has been paid to the issues of en-
dothelial dysfunction and angiogenesis of plaques as factors for
the development and progression of coronary heart disease [3].

Today, metabolic syndrome is a serious public health
problem. The main danger is associated with an increased
risk of cardiovascular diseases, stroke, type 2 diabetes
mellitus and a growing risk of mortality. Metabolic syn-
drome stimulates the occurrence of early atherosclerosis,
its progress and accelerates the frequency of cardiovascular
complications associated with atherosclerosis and diabetes
mellitus [4]. More and more patients with obesity and
overweight are registered worldwide. Obesity, as one of
the indicators of metabolic syndrome, is a risk factor for
the development of many diseases, such as: coronary heart
disease, hypertension, diabetes mellitus [5].

In healthy people, the vascular endothelium plays a key
role in maintaining homeostasis, since its functions include
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inhibition of blood coagulation in the vessel lumen, vaso-
dilation of the vascular wall, regulation of the coagulation
processes, thrombosis and fibrinolysis, immune and in-
flammatory reactions, neovasculogenesis and prevention of
proliferation of smooth muscles, [6]. However, endothelial
function may be impaired, due to which an imbalance of
angiogenesis factors occurs, leading to a state in which
vasoconstriction, thrombosis, proliferation of vascular
smooth muscle cells and the formation of atherosclerotic
plaques occur [7].

When establishing endothelial dysfunction, an imbal-
ance between pro- and anti-angiogenic factors contributes
to the occurrence of hemorrhagic, immature capillaries
inside the vessel wall or inside nascent plaques. Thus, the
regulation of angiogenesis appears to be a key factor in
the spread of coronary artery disease and atherosclerotic
plaque rupture [3].

In this study, angiogenesis factors such as insulin-like
growth factor-1 (IGF-1) and endostatin were considered.
IGF-1 is a product of the IGF-1 gene, which is located on
chromosome 12 [8]. On the first and second exons, there
are two sites for running transcripts showing the results
in two different carboxyl terminal domains for IGF-1 (Ea
and Eb). Eb transcripts are mainly expressed in the liver.
In addition, IGF-1 is also synthesized in the kidneys, car-
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diomyocytes, smooth muscle vascular cells, fibroblasts, etc.
IGF-1 was identified as a valuable indicator of impaired
glucose tolerance, and therefore its association with the
presence of coronary atherosclerosis was suggested. Several
studies have evaluated the relationship between the level
of IGF-1 and the severity of atherosclerosis [9]. It has now
been established that endothelial dysfunction is an early
event in atherogenesis that precedes intimal thickening
and the formation of atherosclerotic plaques. A feature
of endothelial dysfunction is the reduced bioavailability
of the anti-atherosclerotic nitric oxide molecule (NO).
In the course of research, there is evidence that IGF-1 is
a powerful vasodilator [10]. In endothelial cells, IGF-1,
interacting with its receptor, stimulates the formation of
NO, contributing to the regulation of vascular tone [11].

Endostatin is a fragment of the C-terminal region of col-
lagen XVIII [12]. Endostatin is found in the walls of blood
vessels (elastic fibers) and membranes with a strong effect
of modulating angiogenesis and is a component of almost
all epithelial and endothelial membranes in the human
body [13]. According to known data, endostatin induces
apoptosis of endothelial cells [14], plays an important role
in the adhesion of endothelial cells [15] and impairs the
maturation of blood vessels during wound healing, which
leads to a decrease in angiogenesis [16].

Obesity, low physical activity, diabetes mellitus can
affect the level of endostatin in serum [17, 18]. Disrupted
endostatin levels in the blood serum are associated with
cerebrovascular diseases, organ damage in hypertension
[19]. Due to the serum level of endostatin, mortality from
cardiovascular diseases in people with ischemic heart
disease can be predicted [20].

According to international recommendations, angioten-
sin-converting enzyme (ACE) inhibitors are considered to
be one of the most important drugs for treating patients
with a high risk of developing cardiovascular diseases, as
well as necessary drugs for the prevention of complications
after acute myocardial infarction (AMI). Zofenopril is a
highly lipophilic ACE inhibitor that is characterized by
sustained inhibition of the progression of heart failure. As
was shown in preclinical studies, zofenopril has cardiopro-
tective properties and affects left ventricular remodeling
in myocardial damage [21]. It is known that therapy with
zofenopril may be an important support for ensuring a
favorable prognosis for patients with a high risk of cardio-
vascular diseases after AMI [22].

THE AIM

Objective: to study the dynamics of angiogenesis inhibitors
and activators based on IGF-1 and endostatin, as well as
6-month survival in patients with and without obesity after
AMI under the influence of treatment with zofenopril.

MATERIALS AND METHODS
The study involved 105 patients with AMI and concomitant
obesity who were treated in the infarction department of
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Kharkiv City Clinical Hospital No. 27 (mean age 64.6 + 7.4
years). 55 patients had AMI and concomitant obesity, and
50 patients with AMI without obesity. The studied groups
were comparable by sex and age. The control group consist-
ed of 20 healthy individuals of appropriate age and gender.

AMI was diagnosed in accordance with the recommen-
dations (recommendations of the ESC for the treatment of
acute myocardial infarction in patients with ST-segment
elevation 2017).

The anthropometric indices were determined: height
(cm), body weight (kg), body mass index (BMI), which
was calculated by the formula: BMI = body weight, kg
/ height, m?. Obesity was diagnosed as recommended
(American Association of Clinical Endocrinologists and
American College of Endocrinological Clinical Practice for
Comprehensive Medical Care for Obese Patients, 2016).
With a BMI of 18.5 to 24.9 kg/m? normal weight, from
25.0 to 29.9 kg/m?, increased body weight, and from 30
kg/m? and more, obesity.

There were 44 patients with complicated AMI: post-in-
farction angina (n = 15), atrial fibrillation (n = 12),
ventricular fibrillation (n = 2), atrioventricular blockade
(n =4), pulmonary edema (n = 4), cardiac asthma (n =2),
thromboembolism of pulmonary artery (n = 3), repeated
myocardial infarction (n = 2).

To determine the levels of IGF-1 (MEDIAGNOST, Ger-
many), endostatin (BIOMEDICA, Austria), an enzyme
immunoassay was used. Indicators of IGF-1 and endostatin
were determined on the first and twelfth days of AMI.

Standard therapy was used for treatment of patients with
AMTI: percutanieus intervention, thrombolytic therapy,
anticoagulants, antiplatelets, B-blockers, and also ACE
inhibitors (zofenopril or enalapril). Zofenopril was used
according to the scheme: 1-2 days of AMI, 7.5 mg 2 times
a day, 3-4 days 15 mg 2 times a day, after 5 days 30 mg 2
times a day. Enalapril was used according to the scheme
10 mg 2 times a day.

Statistical processing was carried out using the program
STATISTICA 10.0. Data are given as M + m, where M is the
mean and m is the standard error of the mean. The risk ratio
(HR) and 95% confidence intervals (CI) were calculated
using the Cox proportional risk regression model. Consid-
ering the different periods of observation for the patients
examined, the relative risk of mortality from cardiovascular
diseases was assessed using a time-dependent regression
model and corresponding survival curves. Statistically
significant differences were considered at p <0.05.

RESULTS AND DISCUSSION

As a result of a 6-month follow-up in a group of patients
with complicated AMI who received the recommended
therapy with zofenopril, compared with another, similar
in all parameters, group of patients who received therapy
with enalapril, the HR risk ratio was 0.81 (0.61-0.95, P =
0.041). As can be seen, comparing the data of Figure 1 and
Figure 2, the 6-month survival in patients with complicated
AMI who received zofenopril was significantly higher than
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Fig. 1. Survival in patients with
complicated AMI without obesity
who received therapy with enalapril

Time (month)
1
0,95
0,3
3
E —
0,85
: 1

Time (month)

Fig. 2. Survival in patients with
complicated AMI without obesity
who received therapy with zofenopril.

Table 1. Dynamics of indicators of angiogenesis in patients with complicated acute myocardial infarction in patients without obesity

Drug Endostatin in 1 day, pmol/l  Endostatinin 12 day, pmol/l IGF-1in 1 day, ng/ml IGF-1in 12 day, ng/ml
Zofenopril 152,49+5,75 131,1945,31% 135,07+8,04 159,07+8,57*
Enalapril 157,11+6,53 160,91+5,84 139,19+7,88 119,66+5,92*

*-p<0,05, as compared with 1 day of AMI.

Table II. Dynamics of indicators of angiogenesis in patients with complicated acute myocardial infarction in patients with obesity

Drug Endostatin in 1 day, pmol/l  Endostatin in 12 day, pmol/l  IGF-1in 1 day, ng/ml  IGF-1in 12 day, ng/ml
Zofenopril 142,78+5,12 138,37+5,66 174,07+11,15 202,07+12,22*
Enalapril 149,11+5,84 144,11+5,68 171,81+£10,48 182,66+7,32

*-p<0,05, as compared with 1 day of AMI.

in the group of patients who received enalapril. These fig-
ures show that the greatest number of deaths when using
zofenopril occurred in the first month of AMI (30.77% of
the total), and in the treatment with enalapril - in the sec-
ond month after the coronary event (28.12% of the total).
In the future, mortality rates decreased to a minimum in
the last 6th month of observation.

A dynamic change in the indices of the activator and
angiogenesis inhibitor in patients with complicated AMI
under the influence of zofenopril and enalapril therapy
depending on the presence of obesity was also determined.

From Table I it is seen that in patients with complicated
AMI without obesity who received therapy with zofenopril,
there was a statistically significant decrease in the level of
endostatin (152.49 + 5.75 pmol / l and 136.19 £ 5.31 pmol
/1, respectively, p <0.05), as well as an increase in the level
of IGF-1 (135.07 + 8.04 ng / ml and 169.07 + 8.57 ng / ml,
respectively, p <0.05) . The dynamics of endostatin in pa-
tients who received enalapril therapy was not statistically
significant, however, there was a decrease in the level of

IGF-1 (139.19 + 7.88 ng / ml and 119.66 + 3.92 ng / ml,
respectively, p <0.05).

In Table II, the data of patients with complicated AMI and
concomitant obesity are presented, there is a statistically sig-
nificant increase in the level of IGF-1 in patients who received
zofenopril (174.07 + 11.15 ng/ mland 202.07 + 12.22 ng / ml,
respectively, p <0.05). There is also a significant difference
between the indices of IGF-1level in patients with obesity and
without obesity at all stages of observation (135.07 + 8.04 ng
/ ml and 174.07 + 11.15 on the first day of acute MI, as well
as 159, 07 £ 8,57 ng / ml and 202,07 £ 12,22 ng / ml for 12
days of acute M1, respectively, p <0.05), compared to patients
receiving therapy with zofenopril. The difference of the other
indicators was not statistically significant.

In Ukraine, as well as throughout the world, cardiovas-
cular diseases are the most common pathology and the
leading cause of death among patients [1]. The combina-
tion of pathology of the cardiovascular system and obesity
further aggravates the patient’s condition and increases the
risk of complications and mortality in such patients [23].
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Studies of markers of angiogenesis in patients with AMI
and the data obtained give us a reason to talk about their
effect on the progression of cardiovascular diseases. The
diagnostic role of endostatin and IGF-1 in AMI is beyond
doubt [24, 25].

Scientists have conducted studies where it was reported
that the level of IGF-1 may increase with obesity [26, 27].
Other studies [28] show that the level of IGF-1 does not
increase or may even be decreased [29]. In our study, it is
clearly seen that the level of IGF-1 in patients with AMI and
obesity was increased in comparison with a comparable
group of patients without obesity.

Many scientists have noted the beneficial effect of ACE
inhibitors for the further survival of patients with AMI
[30, 31]. We studied the member of this group of drugs
- zofenopril. The beneficial effect of zofenopril on angio-
genesis was revealed: an increase in the level of IGF-1 in
all categories of patients, as well as a decrease in endostatin
in patients without obesity. Occurrence a higher survival
rate was also registered in patients who took zofenopril
since the AMI, which is consistent with the results of other
studies [22, 32].

CONCLUSIONS

1. The level of IGF-1 in patients with AMI and obesity is
significantly higher than the level of IGF-1 in patients
with AMI without obesity.

2. Treatment with zofenopril compared to the use of enal-
april has a positive effect on the activation of angiogen-
esis in the form of an increase in the level of IGF-1 in
all categories of patients.

3. In patients who were under the treatment of zofenopril
from the first day of AMI, there are higher rates of sur-
vival in the 6-month follow-up period.
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