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ABSTRACT
Introduction: Atherosclerosis is a trigger in the development ol cardiovascular disease Complications of atherosclerosis give reason to search for new criteria, diagno
concepts, treatment methods and active preventive measures.

The aim of our work is to study of the structural changes in the intima-media complex of the common carotid artery, pro-mllammatory cytokines (INI-a, 11-6) secietec
mononuclear cells; the level ofthe intercellular adhesion molecule (according to SICAM-1), the level of the C-peptide of the blood as well as the study of the relationship Detw
these (actors affecting the development of atherosclerosis.

Materials and methods: In the group of 110 patients are studied the levels of secretion ol TNI-a, 11-6, the soluble intercellular adhesion molecule-1, the le
of blood C-peptide, performed of duplex scanning of the brachiocephalic vessels, studied of biopsy of the skin.

Results and conclusions: In the group of patients with atherosclerosis and the accompanying metabolic syndrome, endothelial a<tivation is noted undet the influence of
factors (hyperinsulinemia, arterial hypertension, hypercholesterolemia), accompanied with the activation ol mononuclear cells! with marked hyperprodudion ol prninilaium<ii

cytokines (IL-6) and thickening of the intima-media complex ol the common carotid artery with an increase in body weight. Patients with metabolu syndrome devt

microangiopathy (edema of endothelial cells, thickening and reduplication of the basement membranes, focal reaction ol the pericytes)

KEY WORDS: atherosclerosis cytokines, C-peptide, intima-media, microangiopathy, metabolic syndrome

INTRODUCTION

Atherosclerosis (AS) is a trigger in the development of
cardiovascular disease. The literature data indicate that
atherosclerotic changes in the main arteries are more
and more common at a young age, thereby justifying
the need to identify these changes in the early stages of
development. Complications of atherosclerosis, leading
to disability of the working population, give reason to
search for new criteria, diagnostic concepts, treatment
methods and active preventive measures. In this regard,
the development .and implejneotation of effective pre-
vention to identify risk factors'for atherosclerosis, the
implementation of preventive and therapeutic measures
is quite relevant [1, 2, 3, 4, 5, 6j.

One of the conditions causing a high risk of atheroscle-
rosis is metabolic syndrome (MS). The components of this
syndrome, on the one hand, are arterial hypertension (A 11)
and coronary heart disease (CHD), on the other -diabetes
mellitus (DM) and obesity [1, 7, 8, 9],

The initiating moment of the development of MS is
hyperinsulinemia and insulin resistance of tissues. In
clinical practice, along with standard methods for eval-
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uating hyperinsulinemia, the determination ol the Ic
of C-peptide in the blood plasma is used. C-peptide i
stable fragment ol endogenously produced promsul
which is cleaved from the proinsulin molecule to loi
insulin Increasing the level ol C peptide (hyper-C-pt
lidemia) on an empty stomach or after glucose loadi
may be evidence of insulin hypersecretion by the pa
creas. The content of insulin in serum depends on |
clearance of insulin by the liver. Unlike insulin, C-peptii
having become detached from the proinMilin moltxu
is not extracted from Iht- blood plasma b\ the liver a
reflects the “true" insulin secretion by the pancreas
10, 1I. 12. 13. 141

In the pathological chain ol formation of endotht
al dvsfunction, the first reaction is the reaction of t
endothelium with the altering factors the lactors
activation and prolongation of endothelial dysfuncti
can be hyperglycemia, reactive tree radicals, oxidiz
low-densilv lipoproteins, hypercholesterolemia, high 1
drostatic pressure arising from arterial hypertension. |
is accompanied by an increase in the permeability ol |
endothelium for immunocompetent cells (lymphoiyt
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monocytes, neutrophils), their metabolic products, the
expression of adhesive molecules (EIAM-1, 1CAM-1,
VCAM-1). There is a subsequent active proliferation of
smooth muscle cells and the production of connective
tissue, which forms the basis of the fibrous capsule, which
in turn contributes to the progression of atherogenesis,
which ultimately leads to the development of vascular
thrombosis [3, 13, 15, 16).

The immunological markers of atherosclerosis, the clini-
cal significance of which is the subject of the most intensive
studies, include pro-inflammatory cytokines (interleukins
1L-1,1L-6; tumor necrosis factor - TNI-, etc.), affecting the
nature, depth and duration of the immune-inflammatory
process.

The nature of the atherosclerotic process in clinical prac-
tice is judged by studying the structure of the intima-media
complex (IMG) of the common carotid artery [8, 17, 18J.
Structural changes in the vascular wall of the common
carotid artery are extrapolated to the vascular regions of
the body, which indicates the presence of amorphological
reorganization of the vascular wall.

A complex of interrelated changes (structural changes
in the vascular wall, the formation and development of
an immunoinflammatory reaction, hyperinsulinemia,
obesity, morphogenesis of angiopathy) in MS and became
the subject of our study.

THE AIM

The aim oi our work is to study the structural changes in
the intima-media complex of the common carotid artery;
pro-inflammatory cytokines (TNF-a, 1L-6) secreted by
mononuclear cells; the level of the intercellular adhesion
molecule (according to sICAM -1); the level of the ("-pep-
tide of the blood, as well as the study of the relationship
between these factors affecting the development of ath-
erosclerosis.

MATERIALS AND METHODS

The study was based on 110 patients who were divided
into 3groups. The first group -40 patients with MS (mean
age 53.2 + 4.0 years); the second - 40 patients with cor-
onary artery disease (stable angina 11-1Il FC (functional
class) in combination with hypertension (GB) 1l degree
and MS (average age 55.0 = 1.5 years); the third group -
30 patients with GB |l degrees in combination wiih MS
(mean age 45.4 t 4.1 years). Ttare control group consisted
of 20 healthy individuals matched by age and sex with
the main group.

All patients gave written consent to participate in the
study, in accordance with the requirements of the WHO
Ethics Committee.

The diagnosis of coronary heart disease (C1I1D), hyper-
tensive heart disease (HD), metabolic syndrome (MS) was
established on the basis of history, physical examination,
laboratory and instrumental (ECG-electrocardiography,
VEM-cycle ergometry) methods, in accordance with the

recommendations of the expert group WHO and t
Ukrainian Cardiology Association.

Duplex scanning of the brachiocephalic vessels was pt
formed using a 7.5 mm linear transducer using an Alol
3500 apparatus using a standard technique

To establish the functional ability oi immune cel
(monocytes, lymphocytes) that participate and initia
immuno-inflammatory reactions, the levels ol secretie
of TNF-a, interleukin 6 (l1.-6) in serum were determint
using enzyme immunoassay PgoCon. The presence ol
soluble intercellular adhesion molecule-1(sIAM-1) in tl
serum was also sludied using the enzyme immunoass.
test system Diaclone (France)

The determination of the level ol blood C-peptide w;
carried out by immunoradiometric method using reagen
of the company IMMUNOTECH (Czech Republic).

For histological examination, pieces ol organs wei
removed, which were fixed in 10% formalin solution an
embedded in paraffin Subsequently, paraffin sections i
5-7 pm thick were stained with hematoxylin and eosn
with picroluchsin according to Van Gieson, Sudan blacl
on Weigerl elastic, with silver impregnation along | oo

Statistical data processing was performed using standar
techniques. The calculation ol the degree of deviation froi
the norm (DDN) of each indicator was estimated usm
the formula: DDN (n / N-1) xI0O0O% (n indicators c
results in the group ol subjects, N indicators ol results i
the group ol donors).

DDN was assessed by the following indicators:
stage-a deviation hum O to 33%, |l stage-34-66%, 1l
stage-67-100%, IV stage > 100%, V Art. >150%, VI Art
200%. Correlation analysis was perlormed by the Fearsoi
method.

RESULTS AND DISCUSSION

Our studies showed that the level ol C-peplide in the tula
group of patients with atherosclerosis was 1301 =0 pM
which is significantly higher than the results in thecontro
group (Table 1).

Given the diversity, heterogeneity and wide variation ol
indicators characterizing the amount ol C peptide, this
became the basis to analyze what characteristics were found
in patients with hyperinsulinemia (high levels ol C peptide
in the blood) and without the presence ol such {(.'-peptide
is normal). In this regard, we divided all the studied patients
with atherosclerosis into two groups: patients with elevated
levels of (.-peptide (14 group) and patients with normal
levels of C-peptide (2™1group>

We found that the first group consisted ol patients with
clinical manifestations of atherosclerosis and MS, who
had a high level ol 11-6 in vitro (VI DDN), a significant
inhibition ol the complex intima-media carotid complex
with a high level of 11-6 arteries (IIl DDN) at normal
levels of TNF-a. In this group, patients with obesity grade
11 predominate (70%). In patients ol this group, the level
ol sICAM-1was moderately elevated, which can be con
sidered as depletion ol the secretory ability of endothelial
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Table |. The distribution of patients in groups depending on the level blood peptide

Increased blood

C-peptlde
TNF-a, in vitro 141,2+23,8
IL-6 In vitro, pg/ml 906,2+35,0*(VI!

IL-6 in vivo, pg/ml 4,8+0,4

sICAM-1, pg/mg 768,4+41,5*0)

C-peptide, pmol 1802,1 +40,9*(V)

Disease duration, years 9,4+1,5 (Il)
. 70% Il st.,
Obesity,%
30% Il st
IMC, mm 0,7+0,14 on;
Body weight, kg 116,8+25.2

Note. * significant differences between groups (p <O 05)

cells relative to adhesive molecules, due to the long course
of the disease (the disease is 5-10 years old).

In the second group of patients, we observed a statisti-
cally significant increase in the level ol IL-6 in-vitro (111)
and sICAM (l1) at the normal thickness of the intima-me
dia complex and the level of TNF-a. This group included
patients with clinical manifestations of atherosclerosis,
coronary heart disease, as well as atherosclerosis and
hypertension. The duration of the disease in the group of
these patients was up to 5 years.

To establish the relationship between the studied param-
eters characterizing the secretory ability ol mononuclear
cells (IL-6 and TNF-a), the degree of endothelial activation
(sICAM -1) with the clinical manifestations of alheroscle
rosis (IMG, disease duration, C-peptide level, degree of
obesity), we conducted acorrelation analysis in the group
of patients with AS.

Direct correlations were established between the num-
ber of intercellular adhesion molecules and the common
carotid artery intima-media complex (IMC) (r =0.5), the
level of blood C-peptide and IMC (r= 0.8), C-peptide and
disease duration (r =0.41), IMC and the duration of the
disease (r =0.57) only in the group of patients with met-
abolic syndrome.

Thus, according to the literature and according to our
data, in the group of patients with atherosclerosis and the
accompanying metabolic syndrome, endothelial activation
is noted under the influence of risk factors (hyperinsulin-
emia, hypertension, hypercholesterolemia), accompanied
by activation of mononuclear'CeHs. with pronounced hv
perproduction of proinflammatory cytokines (1l. 6). These
changes are accompanied by a thickening of the intima-me-
dia complex of the common carotid artery and an increase
in body weight corresponding to the 111 degree of obesity
The established relationships between proinflammatory
interleukin-6, blood C-peptide level, degree of obesity and
IM C indicate not only the participation of these factors in
the development of the pathological process, but also the
possibility of using them as reliable markers for the de-
velopment and progression of the atherosclerotic process.

586

Normal level

blood peptide Control
115,6+76,1 122,3 *11.93
573,2+41,9*011) 293,2+13,49
4,8+ 13 55+0,39
870,2+95.2*01: 647,5+19,29
675,8+92.3 601.7+86.6
7,7+1,96 00
25%, 1st., _
Il st., 30%, 45%
0,5+0,22 0.37+0,02
80,2+22,4 69''24

These pathogenetic links in the pathogenesis of the met
abolic syndrome with concomitant pathology can cans
morphological, structural changes in various organs am
systems, including ihe skin, which is the first to ensur
communication ol the organism with the environment
Therefore, morphological studies were aimed at idenlilym
changes in skin vessels during MS

Considering the important role ol angiopathy as
pathogenetic component ol MS, an in vivo hislologica
examination of skin biopsy specimens was performed u
10 patients with this syndrome Examples ol skin biopsie
are presented in figures l1and 2

One can see swelling ol the endothelial cells ul the der
mis, local proliferation ol pericytes around the vessels u
the microvasculature, the beginning ol the developmen
ol focal sclerosis

It has been found thal the skm ol the skin has a thicknes
of about 10 cm (Fig. 1). Significant changes have beei
developed, which has swelled, prolobiet into ihe lurnei
of the blood vessels ol the microcircular channel , oftei
almost completely closed it

Established significant thickening and branching layer
ol the basement membrane and proliferation ol pericytes
Edema was observed in the surrounding connective tissu>
vessels. A microscopic examination revealed that sclcrosi
was attached to the above-described changes, which wa
noted in many vessels and had a local character.

Histological examination in the capillaries ol thi
dermis observed thickening and reduplication ol thi
vascular wall basal membranes (fig. 2), which are tin
result ol ihe long term influence of the pathologica
effects ol hyperinsulinemia, oxidized 1.1)1, activation o
lipid peroxidation (LFO), as well as the reaction ol thi
microcirculation

One can see a thickening and reduplication ol the base
ment membranes of the capillaries of the skin.

Thus, the formation ol microangiopathy in patients witf
MS begins already at the initial stages of development o
ihe pathological process and is mamlrsled bv ihe presenct
of changes in the lorm of moderate proliferation of tht
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Fig. 1 Biopsy of the skin of the patient 55 years old with MS (light
microscopy, ChA00, color by Van Gieson).

Fig. 2. Biopsy of the skin of the patient 45 years old with MS (light
microscopy Ch 400, impregnation with silver on Foot).

endothelium, plasma impregnation of the vascular wall,
thickening and branching of the basal membrane layers,
and pericyte proliferation.

CONCLUSIONS

1 In the group of patients with atherosclerosis and the
accompanying metabolic syndrome, endothelial ac
tivation is noted under the influence of risk factors
(hyperinsulinemia, arterial Hypertension, hypercho-
lesterolemia), accompanied with the activation of
mononuclear cells (with marked hyperproduction
of proinflammatory cytokines (1L-6) and thickening
of the intima-media complex of the common carotid
artery with an increase in body weight (corresponding
to grade 11l obesity).

2. Patients with metabolic syndrome develop microan-
giopathy, which manifests as edema of endothelial
cells, thickening and reduplication of the basement

membranes and local reaction ol the pericy tes ol th
vascular wall as a result ol the action ol alleratin
factor agents.
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