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Features of hemodynamics in the comorbid course of essential
hypertension and type 2 diabetes in men, residents of Podillia,
carriers of polymorphic variants of the brain natriuretic peptide

gene

Antoniuk Ya.O., Pashkova lu.P., Gumeniuk A.F., Sakovych O.0., Zhebel V.M.
National Pirogov Memorial Medical University, Vinnytsia, Ukraine

ARTICLE INFO Essential hypertension (EH) and type 2 diabetes (T2D) are important risk factors for the
Received: 18 June, 2020 development of chronic heart failure (CHF). The early detection of CHF, especially under
Accepted: 21 July, 2020 comorbidity, remains a challenge. To solve it in today's conditions are used not only

instrumental diagnostic methods (Echo-CG), but also the assessment of plasma levels
of biomarker - brain natriuretic peptide (BNP), the expression of which is determined by
the corresponding gene (locus T-381C) and may depend on its structural organization. It
is proved that deregulation of the natriuretic peptide system (NP) is an important factor in
the initiation and progression of myocardial dysfunction and energy imbalance, but the
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CORRESPONDWG AUTHOR role of genetic preconditions for these disorders, including the peculiarities of polymorphic
e-mail: dokto rafp@g mail.com variants of the most physiologically significant gene is still not enough clear. The aim of
Gumeniuk A.F. the work was to investigate the presence of associations between indicators of systemic

and intracardiac hemodynamic and the carrier of polymorphic variants of the BNP gene
(T-381C) in men, residents of Podillia with the comorbid course of EH 2 and type 2
diabetes mellitus. We examined 132 middle-age men: 62 patients with EH 2 and chronic
heart failure (CHF) 0-1 functional classes (FC) according to NYHA Classification and 70
- with EH 2 combined with T2D and CHF FC I-Il. Patients with EH 2 included in the first
group and patients with EH 2 and T2D included in the second group of comparison.
Parameters of intracardiac hemodynamics were determined on the basis of pulsed
Doppler echocardiography. The genomic DNA of the BNP gene (T-381C) for the
determination of its alleles was isolated by PCR. The mathematical processing was
performed using the standard statistical package Statistica 10. We calculated the primary
statistical indicators, identified differences between groups on statistical signs, performed
correlation and discriminant analysis. The calculation of the relative risk with a 95%
confidence interval was performed using an online calculator (https://medstatistic.ru/
calculators/calcrisk.html). Among men living in Podillya with EH, both in the presence
and absence of diabetes mellitus 2, the T381C genotype of the BNP gene (p>0.05)
dominates. In the group of comorbid patients diastolic dysfunction of the left ventricle
(DD LV) was diagnosed in 90% of people (n=63), while in the isolated course of EH it was
found only in 43.55% (n=28). Although among homozygotes T381T BNP gene its symptoms
were 100% (n=24), and among carriers of the C allele - in 84.78% (n=39) of patients.
Carriers of the T381T genotype of the BNP gene dominated among persons with DD
grade Il: 41.66% against 10.87% of carriers of the C allele (p<0.05), while among persons
with DD LV grade | there were more carriers of the C allele. Homozygous T381T genotype
with EH 2 and T2D had a higher level of pulse blood pressure (p<0,01), a higher probability
of developing eccentric left ventricular hypertrophy (p?0.05) and more pronounced diastolic
changes in the myocardium, as compared with carriers of the C allele and can be
allocated to the priority group of observation for the organization of targeted measures
aimed at preventing the development and progression of CHF.

Keywords: essential hypertension, type 2 diabetes, the brain natriuretic peptide gene
polymorphism, diastolic dysfunction.
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Introduction

The combination of essential hypertension (EG) and
type 2 diabetes (T2D) as an additional factor of specific
adverse effects on the myocardium several times increases
the risk of cardiovascular complications due to the mutually
aggravating course of the disease and damage to common
target organs, including blood vessels and heart [13, 22,
24]. The inevitable end and the leading cause of death, as
in almost all cardiovascular diseases and T2D is the
development of chronic heart failure (CHF), the course of
which in comorbid patients is more severe and
characterized by a worse prognosis [12, 13, 16, 23].

In order to improve the individual strategy for the
prevention of CHF, especially in the comorbid course of EG
and T2D, there is an urgent need to use effective diagnostic
biomarkers of myocardial dysfunction at the stage of
reverse changes [33, 36]. Natriuretic peptides (NP) are
considered to be important markers, as well as biological
properties of direct antagonists of RAAS activity and
regulators of heart structure and function [21]. Currently,
the assessment of the informativeness of brain natriuretic
peptide (BNP) remains relevant, the plasma level of which
may depend on hereditary, sexual, age characteristics of
patients and metabolic changes in T2D [5, 10, 15, 32]. Itis
known that the genotype is an important determinant of
BNP levels in the general community and explains some
variability in its plasma concentration [8, 11, 17]. That is
why there is a need to clarify the diagnostic significance of
allelic polymorphism of the BNP gene (locus T-381C-
SNPrs 198389) in left ventricular hypertrophy (LVH) and the
detection of early signs of CHF. This clarification seems
especially important in patients with T2D, because it is
proved that the violation of the regulation of the NP system
is a significant factor not only in the initiation and
progression of myocardial dysfunction, but also energy
imbalance [6, 33, 39].

The growing number of genetic and epidemiological
studies in recent years suggests that BNP involved in
cardiac stress is inversely associated with risk factors for
diabetes - with metabolic syndrome and insulin resistance,
but the expected association remains unclear [3, 7, 19].
Because metabolic processes, in turn, are closely linked
to the development of cardiovascular disease, interest in
the study of humoral agents that combine them has not
abated. That is why the role of BNP in the development of
remodeling and myocardial dysfunction, as well as the
genetic polymorphism of the gene, which may cause its
regulation, requires further evaluation under the conditions
of comorbidity of EG and T2D.

Studies conducted in this area in Ukraine are few. In
previous works, employees of the Department of Internal
Medicine of the Medical Faculty Ne2 National Pirogov
Memorial Medical University, Vinnytsia evaluated the
features of the structural and functional state of the
myocardium in carrying different variants of the BNP gene

in men, residents of Podillya in the isolated course of EG I
with different stages of CHF, but patients with T2D were not
included in the study [2, 25, 26, 27].

Continuing research to improve understanding of
pathogenetic mechanisms as a possible individual basis
for the development of CHF, taking into account genetic,
sex and population differences in the combined course of
EG and T2D may complement existing data and provide
new perspectives for early detection, timely and rational
treatment of these comorbid patients.

Purpose of study: to investigate the presence of
associations between indicators of systemic and
intracardiac hemodynamics and the carrier of polymorphic
variants of the BNP gene (T-381C) in men, residents of
Podillya with the comorbid course of EG Il and T2D.

Materials and methods

The study was approved by the local ethics
commission, as well as the informed consent of all patients.
Surveyed 132 middle-aged men living in the Podillya region
of Ukraine in the third generation, at a distance of more
than 5 km from each other and which are not relatives. A
comprehensive clinical-anamnestic, anthropometric and
laboratory-instrumental examination was performed, on the
basis of which the diagnosis of EG Il and CHF was
established in accordance with the recommendations of
the European and Ukrainian Association of Cardiologists
for the diagnosis and treatment of hypertension and CHF
[29, 31, 37].

Verification of the diagnosis of T2D was performed
according to the WHO criteria and according to the Order of
the Ministry of Health of Ukraine dated 21.12.2012 Ne1118
[9, 34]. The parameters of intracardiac hemodynamics were
determined on the basis of echocardiography. The criterion
of LVH for men was considered to be LV weight/height>">
50 g/m?7 according to the recommendations of the European
Association of Cardiologists for the diagnosis and treatment
of hypertension (2018) [37]. Diastolic LV function was
assessed according to current guidelines using pulsed
Doppler echocardiography [18]. Exclusion criteria were:
symptomatic hypertension, severe CHF (lll-IV FC according
to NYHA) with reduced left ventricle emission fraction (<40%),
T1D, T2D decompensation, insulin therapy, diabetic
nephropathy 4-5 degree, chronic kidney disease of non-
diabetic origin, liver failure, chronic obstructive pulmonary
disease and bronchial asthma, acquired heart disease,
tumors, diseases of the blood system, concomitant
inflammatory and other endocrine diseases, except T2D.

Patients were divided into 2 groups. 62 individuals with
EG Il and CHF 0-1 FC according to NYHA were included in
the first, and 70 men with EG Il in combination with T2D
and CHF I-Il FC - in the second comparison group. The
genomic DNA of the BNP gene for the determination of
alleles of the polymorphic region (T-381C) was isolated by
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PCR in collaboration with the Research Institute of Genetic
and Immunological Basis of Pathology and Pharmaco-
genetics of the Ukrainian Medical Dental Academy, Poltava
(Head of Laboratory - Doctor of Medicine, Professor
|.P.Kaidashev).

Mathematical processing of the results was performed
using the standard statistical package Statistica 10. Primary
statistical indicators were calculated, differences between
groups on statistical features were revealed, correlation
and discriminant analysis was performed. Relative risk
(RR) with a 95% confidence interval is calculated using an
online calculator (https://medstatistic.ru/calculators/
calcrisk.html).

Results

The frequency distribution of polymorphic genes in the
population was checked in accordance with Hardy-
Weinberg equilibrium law. Analysis of the frequency
distribution of genotypes of the BNP gene revealed the
dominance of the T381C variant (p<0.05) in both
comparison groups in the absence of a significant difference
between the number of carriers of individual polymorphic
variants in each group. For greater accuracy of comparative
analysis due to the small number of individuals -
homozygotes C381C they are combined with carriers of
the genotype T381C to one common group - carriers of the
C allele of the BNP gene (Fig. 1). In order to identify hereditary
preconditions for myocardial remodeling and dysfunction

70
60

s 35.48

40
%
30

Allele 381C

Genoivpe
T381T

EH stage 2 (n=62) EH stage 2 with T2DM

(n=70)

B Genotype T3811 DAllele 381C

Fig. 1. Frequency of distribution of alleles of the BNP gene in
comparison groups among men living in Podillya (%). The difference
is significant (p<0.05) when compared with * - carriers of the C
allele within the group.

in men with EG Il in the presence of comorbid T2D, the
parameters of systemic hemodynamics and structural and
functional parameters of the myocardium in comparison
groups depending on the structural organization of the BNP
gene were determined (Table 1).

The Kendall rank correlation method was used to
investigate the possible relationship between the carrier
of polymorphic variants of the BNP gene and the values of

Table 1. Systemic hemodynamic parameters and structural and functional parameters of the myocardiumin men with EG Il, and EG Il in
combination with T2D, carriers of different genotypes of the BNP gene, (M+m).

1. Patients | 2. Patients with [ 3. Patients with | 4. Patients with
Indicator with EG I, EG ||, carriers | EGlland T2D, | EG I_I and T2D, b

homozygotes | of the C allele homozygotes carriers of the

T381T (n=22) (n=40) T381T (n=24) C allele (n=46)
SBP, mm Hg 159.80+1.11 141.60+2.05 173.96+2.32 166.48+1.80 | p,.*; Py #: P,% P,
DBP, mm Hg 91.25+1.39 84.60£1.06 103.25+1.37 100.4620.79 | p,."; Py, PH P,,"
Pulse pressure, mm Hg 68.55+1.23 57.00+1.99 70.71£1.15 66.02+1.29 [T R I
Heart rate, for 1 min. 78.16+0.12 74.37+1.43 83.00+2.74 78.43+1.82 [
Left ventricular posterior wall thickness, cm 1.32+0.02 1.18+0.02 1.36+0.04 1.17+0.03 P, Pas”
Interventricular septal wall thickness, cm 1.36+0.03 1.224+0.02 1.331£0.03 1.26+0.04 P, Put
Relative wall thickness, c.u. 0.54+0.03 0.51+0.01 0.51+0.03 0.52+0.02 [ o I
LVMI, g/m?? 62.35+2.81 60.89+2.32 71.41£3.06 66.22+1.92 Pyt Pyt Py
End diastolic volume index, mL/m? 61.07+£1.67 53.20+0.92 56.29+2.65 55.52+1.97 Pyt Pay P
End systolic volume index, mL/m? 26.28+1.26 21.14£0.80 21.71£1.61 21.36+1.31 [T
Emission fraction, % 60.29+1.24 62.06+1.83 58.34+1.38 62.39+1.43 P.s
Left atrium, cm 3.82+0.10 3.58+0.08 4.00+0.05 3.80+0.08 o™t Pyt Pys
E/A, cu. 0.89£0.07 0.83+0.06 1.09£0.13 0.73+0.05 [ R o J
E/E', c.u. 7.77+0.38 6.25+0.24 10.13+0.50 7.69+0.23 P, P # P P,
DT, ms 249.02+3.43 | 254.07+4.27 194.79+6.37 255.07+5.12 P, i p,
IVRT, ms 95.35+2.09 91.46+2.14 109.15+2.82 119112223 | p,,* P, " P, P, H

Notes: * - difference of indicators is statistically significant at (p<0.05); # - difference of indicators is statistically significant at (p<0.01).

Vol. 26, Ne3, Page 5-13
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91.30

Genotype TT (n=24) Allele C (n=46)

m Concentric LVH O Eccentric LVH

Fig. 2. Types of LV remodeling in men with EG Il in combination with
T2D. Carriers of different genotypes of the BNP gene (%). The
difference was significant (p<0.05) when compared with # -
individuals with eccentric LVH in different study groups.

67.39
70
58.33

60

41.66

%o

20

10

Genotype T381T (n=14)

Allele C (n=46)

@ Undegined type of DD ®DD grade I DD grade IT

Fig. 3. Distribution of variants of transmitral blood flow in men with
EG Il in combination with T2D. Carriers of different variants of the
BNP gene (%). The difference is significant (p<0.05) when
comparing: * - with persons with DD | degree within one genotype/
allele; # - with persons with DD Il degree in carriers of other
genotypes/alleles of the BNP gene.

individual indicators of systemic and intracardiac
hemodynamics. In men with a comorbid course of EG Il
and T2D, the presence of a correlation between the carrier
of polymorphic genotypes of the BNP gene and the level of
DBP (t=-0.53, p<0.05), interventricular septal wall thickness
indicators (t=0.17, p<0.05), size of left atrium (t=0.19,
p<0.05), LVMI (z=0.18, p<0.05), E/A (t=-0.42, p<0.05), DT
(v=0.62, p<0.01), IVRT (t=0.41, p<0.01), E/E' (z=-0.60,
p<0.01) was found. The obtained data indicate that the
carrier of different variants of the BNP gene is to some
extent associated with indicators that characterize systemic
hemodynamics, the degree of myocardial remodeling and
the severity of LV DD.

Analysis of systemic hemodynamic parameters (Table 1)
showed that the level of pulse blood pressure was higher

in T381T homozygotes than in carriers of the 381C allele of
the BNP gene: 70.71+1.15 mm Hg against 66.02+1.29 mm
Hg (p<0.05). In addition, the mean values of systolic blood
pressure (SBP), diastolic blood pressure (DBP) and pulse
pressure among carriers of the T381T genotype were
higher in the group of comorbid patients (p<0.05, p<0.01).

Among men with EG Il and T2D, carriers of the T381T
genotype had higher values of left ventricular posterior wall
thickness, left atrium, LVMI, and E/A and E/E' indices
(p<0.01), while the IVRT was lower than that of C allele
carriers. (p<0.01), which may be a sign of more pronounced
disorders of the structural and functional state of the
myocardium. The emission fraction index in carriers of the
T381T genotype was lower than in carriers of the 381C
allele of the BNP gene (p<0.05).

When analyzing the distribution of individuals by types
of LV remodeling, it was found (Fig. 2) that in the comorbid
course of EG Il and T2D, regardless of the inheritance of a
particular variant of the BNP gene, individuals with
concentric LVH (p<0.05) predominated, but among T381T
homozygotes found more people with eccentric LVH, which
is characterized by a less hemodynamically effective type
of remodeling - 33.33% vs. 8.7% in the group of carriers of
the C allele (p<0.05).

In the group of comorbid patients DD LV was diagnosed
in 90% of people (n=63), while in men with isolated EG Il
only in 43.55% of people (n=28), although among
homozygotes T381T its signs had 100% (n=24), and among
carriers of the C allele - 84.78% of patients (n=39).

The next step was to study the presence of associations
between the polymorphism of the BNP gene and variants
of transmitral blood flow (TBF) among men with a combined
course of EG and T2D (Fig. 3).

It should be noted that among persons with DD of the Il
degree carriers of the T381T genotype of the BNP gene
prevailed: 41.66% against 10.87% of carriers of the C allele
(p<0.05), while among persons with less pronounced
disorders of LV diastolic function carriers predominated
allele C.

In order to assess the significance of the impact of the
studied indicators on the risk of structural and functional
changes of the heart in men, residents of Podillya with EG
Il in combination with T2D relative risk (RR), which also
indicates that the carrier of the T381T genotype higher risk
of formation of eccentric LVH and LV DD than the carrier of
the C allele (Fig. 4).

The obtained results can confirm the presence of
associations between the corresponding genetic
component - the carrier of the T381T genotype of the BNP
gene and the tendency to more pronounced negative
structural and functional changes of the myocardium under
the conditions of comorbidity of EG and T2D.

Thus, among men living in Podillya, carriers of the T381T
genotype of the BNP gene constitute a special cohort with
a high risk of myocardial remodeling and an unfavorable
course of CHF. Such patients with EG and T2D can be

8

ISSN 1818-1295 elSSN 2616-6194 Reports of Morphology



Antoniuk Ya.O., Pashkova lu.P., Gumeniuk A.F., Sakovych O.0., Zhebel V.M.

Relative risk (RR)
I 5 10 15

20 25 30

fully understood [30]. Of great
interest are the population and
sexual characteristics of the

inheritance and expression of BNP,

. . S . | 5 & | g i ¢ . . .
Tastlied yen o IV [ 22980 000t G 140295 which led to the involvement in the
study of persons with comorbid
5 , " | pathology only in males and
E 25 91- n<005- ‘ 63! ) : .

Eccentric LVH 8.49 I]( 5.21; p<0.05; 95% CI 1.13 63.!72 residents of one region of Ukraine.
We did not find a statistically
Development  of  diastolic ; ; ; | significant difference in the distribution

dysfunction in carriers of 23.96 %% =37.73; p<0.001; 95% CI ?.51-163.78 £ tvoi df f allel
geRitpE TT : of genotyping and frequency of alleles
between groups of patients, which
Development  of  diastolic | , coincides with the results of

dysfunction in carriers of allele 8.22 ‘xl =67.76; p<0.001; 95% CI 1.05-64.35 . .
e researchers from Iran in 70 cardiac
patients (acute coronary syndrome,
Development of eccentric LVH =00 | 2 =3l98; p<0.0$; 059 CI?0.93-52.64I etC.) and in the control group of healthy
in carriers of genotype TT C ' [1]. The authors also indicate that the
T-381C polymorphism in the BNP
Development of eccentric LVH e 0.05 gene affects the plasma level of the

o 3 A =), .

in carriers of allele C ‘ P biomarker, where the CC genotype

Fig. 4. Relative risk of development of structural and functional changes of the heart on the
background of EG Il and T2D among men, residents of Podillya (RR=1 - no association. RR>1

- increased risk of pathology. RR<1 - negative association).

assigned to the priority group of observation with the
organization of targeted measures aimed at preventing the
development of CHF and premature mortality.

The above data suggest that taking into account
genotype, in addition to age and sex, when using
biomarkers may improve their test characteristics to detect
LV dysfunction in men with comorbid pathology and
increase the effectiveness of screening among
asymptomatic individuals and in expert cases.

Discussion

For many years, the focus of numerous scientific studies
remains the system of natriuretic peptides, one of which is
the brain natriuretic peptide. In addition to the classic
hemodynamic effects, they have been shown to regulate
many physiological functions that control energy
metabolism: they can activate lipolysis, lipid oxidation and
mitochondrial respiration, darkening of white adipose
tissue, protect against obesity, caused by diet, and insulin
resistance. These metabolic processes, in turn, are closely
linked to the development of cardiovascular disease. Today
it is believed that due to the secretion of NP the heart can
play a central role in regulating the energy balance [20, 35].
Given the above, the scientific interest in terms of studying
the role of BNP in the regulation of cardiohemodynamic
and energetic processes is a cohort of patients with
mutually aggravating comorbid pathology, namely with EG
in combination with T2D. A number of authors note that the
reasons for the increase in the level of circulating BNP in
patients with T2D, even without concomitant heart failure
and clinically significant decrease in renal function, are not

and the C allele are associated with
its higher levels.

The results of our study of
comorbid patients with EG Il and T2D
with signs of LV DD and early stages
of CHF indicate the presence of associations between carriers
of polymorphic variants of the BNP gene and certain
parameters of intracardiac and systemic hemodynamics.
Based on the obtained data, we can predict that the presence
of the T-allele of the T-381C polymorphism of the BNP gene
may adversely affect the course of disease and progression
of HF.

Similar data were obtained by E.N.Berezikova in the
Russian population of patients with coronary heart disease.
It is noted that the T allele and the TT genotype of the T-
381C polymorphic locus of the BNP gene were associated
with a high risk of development, severity and adverse course
of CHF, and the C allele and the CC genotype proved to be
protective factors [4]. In the South Chinese population, it
was also found that the rs198389 polymorphism of the
BNP locus may be an additional additive genetic factor
influencing the progression of LV dysfunction in patients
with coronary heart disease and dyslipidemia [38]. The
association of genetic variations in the NP system with
cardiovascular effects and T2D in the New Zealand
population was studied. Variants of rs198388 and rs198389
of the BNP gene were found to be associated with
decreased blood pressure, decreased remodeling,
improved LV function, and lower incidence of T2D [14].

Interesting but ambiguous correlations have been
obtained in a number of studies on the plasma level of
BNP and associations with the carrier of certain genotypes
of the corresponding gene in individuals living in different
areas. A mixed cohort of North Americans with EG found
that inheritance of BNP genotypes with the presence of the
381C allele was associated with high plasma peptide
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concentrations [11]. However, a large, prospective EPIC-
Norfolk study (USA) in a mixed cohort of individuals found
no significant association between rs198389 genotypes
and the risk of CHF. The mean follow-up was 12.6 years.
The results did not differ significantly in the presence of
hypertension, obesity and coronary heart disease.
According to the authors, a possible explanation may be
that the physiological activation of BNP in conditions of
enhanced mechanical deformation of the heart may block
small genetically determined differences in biomarker
levels. In addition, it is possible that a slight genetic
influence on certain subtypes of heart failure syndrome,
which is associated with polymorphism of the gene, may
not affect the risk of its development as a whole [28].

As the literature data differ markedly, a further study of
the determining role of the BNP gene polymorphism
involved in the coding of the corresponding biomarker and
determining the need to take into account genetic features
in the diagnostic process in EG, including comorbid T2D
is a promising approach.

Continuation of population studies to establish patterns
between the carrier of polymorphic variants of the BNP gene,
the plasma level of the biomarker and the structural and
functional state of the myocardium in different variants of
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OCOBMBOCTI FEMOAUHAMIKU 3A KOMOPBIAHOIO MEPEBINY ECEHUIANBHOI MMNEPTEH3II TA LYKPOBOI'O [IABETY 2
TUMY Y HONOBIKIB, MELLKAHLIB nNoaiunisa, nPU YCNAAKYBAHHI MONIMOP®HUX BAPIAHTIB FTEHA MO3KOBOIO
HATPINYPETUYHOI O NENTUAY

AnmorHiok 51.0., Mawkoea [0.1., 'ymeHrok A.®., Cakosuy O.0., XKebenb B.M.

EcenuianbHa einepmensis (EI) ma yykposuti 0iabem 2 muny (LU 2) € susHaHUMu 8a2oMumu ghakmopamu pu3uKy XpOHi4HOI cepuesoi
HedocmamHocmi (XCH) paHHE eusigrnieHHsi sikoi, 0cobnueo 3a ymos KoMopbidHOCMI, 3anuwaemscsi cknadHum 3as0aHHsIM. CbO200Hi
0ns tioeo supiweHHs1 nopsid 3 iHcmpymeHmanbHUMu memodamu diaeHocmuku (Exo-KT), 3acmocosytomb OUiHKY 11a3mMo8020 pigHs
biomapkepa - M03k08020 HampillypemuyHoeo nenmudy (MHYTI), ekcrnpecisi sikoeo 0emepmiHyembcsi 8i0nogiOHUM 2eHoM (rokyc T-
381C) i moxe 3anexamu 8i0 ioeo cmpyKkmypHOi opeaHisayii. [JoeedeHo, w0 nopyweHHs1 peaynsayii cucmemMu HampilypemuyHuX
nenmudie € aecoMuM hakmopom 8 iHiyiauii, npozpecysaHHi miokapdianbHoi ducyHKUii ma eHepaemu4yHo20 OucbanaHcy, 0OHaK porib
2eHemuYHUX rnepedymMo8 Lux ropyweHb, 8 momMy qucsi ocobrueocmel Hociticmea noniMopghHUX 8apiaHmig Halbinbw @i3iono2iyHo
3Ha4yumoeo eeHa MHYTI, 8o ubo20 Yacy 3anuwaembscs He 00 KiHUs 3po3yminoto. Memotro pobomu 6yno: docnidumu HasigHicmb acouiayit
MiXX roKa3HUKaMu CucmeMHOi i 8HympiwHbocepyesoi eeModuHaMiku ma Hocilicmeom noniMopgbHux eapiaHmie eeHa MHYIT (T-381C)
y dornosikie, mewkaHuie 1odinns, 3a ymos komopbidHozo nepebiey EI Il ma L 2. O6cmexunu 132 yonosiku cepedHb020 8iKy: 62
ocobu 3 El" Il i XCH 0-1OK 3a NYHA cknanu nepwy, a 70 - 3 EI" Il y kom6inauii 3 L] 2 i XCH I-II®K Opyeay epyny nopieHsHHS. [Tapamempu
8HYmMpilWHbOCEPU,e80i 2eMOOUHaMIKU 8U3Havyanu Ha OCHos8i iMmynbcHoi donnep-ExoKrl. eHomHy OHK 2eHa MHYII Onsa eusHa4yeHHs
anenel nonimMopgHoi dinsHku (T-381C) eudinsnu memodom [1JIP. MamemamuyHe onpauyto8aHHs 8UKOHasU, 8UKOPUCMOBYYU
cmaHOapmHuli cmamucmuyHull nakem Statistica 10. Po3paxogaHO Nep8UHHI cmamucmuyHi noKa3HUKU, 8UsI8NIeHO 8iOMIHHOCMI MiX
2pynamu 3a cmamucmuyYyHUMU O3HaKamu, 30ilUCHEHO KopensayitiHul ma OucKpuMiHaHmHul aHania. BioHocHul pusuk 3 95% dosipyum
iHmepeaniom pospaxogaHO 3a OONMOMO20t0 OHNaliH-kanbKyrnamopa (https://medstatistic.ru/calculators/calcrisk.html). BcmaHoeneHo,
wo ceped yonoesikie, mewkaHruyie odinnsa 3 EI sk 3a HaseHocmi, mak i 3a eidcymHocmi L[] 2 domiHye eeHomun T381C eeHa MHYT
(p>0,05). Y epyni komopbiOHUX xgopux GiacmornidyHy ducgyHKU,to nigo2o winyHoudka (A4 JILL) diaeHocmosaHo y 90% oci6 (n=63), modi
5K 3a i3onboeaHo20 nepebicy EI nuwe y 43,55% (n=28) npu momy, wjo ceped eomo3zueom T381T eeHa MHYII ii o3Haku manu 100%
(n=24), a ceped Hociig anento C - 84,78% (n=39) nauienmis. Ceped ocib i3 4/ || cmyneHs nepesaxanu Hocii 2zeHomury T381T 2eHa
MHYTI: 41,66% npomu 10,87% Hociie anemo C (p<0,05), modi sk ceped oci6 3 A JIlll | cmyneHsi 6yno 6inbwe Hociie anemnto C.
YHonosiku, ecomosuzomu T381T eeHa MHYI 3 EI" Il e crionyyeHHi 3 L[] 2, supisHsirombCcs suwum pieHem nynbcogoeo AT (p<0,01),
6inbwor UMO8IpHICMI0 po38UMKY eKkcuyeHmpu4yHoi einepmpodpii J1LL (p<0,05) ma b6inbw eupaxeHumu GiacmosniyHUMuU 3MiHamu &
miokapdi, nopieHsiHO 3 Hociamu anento C i Moxymb 6ymu eudinieHi y npiopumemHy epyrny criocmepexeHHs1 O opaaHizauii Uinboeux
3axodie, cripsMosaHuUX Ha npoghinakmuky po3sumky i npoepecysaHHs XCH.

KnrouoBi cnoBa: eceHujanbHa einepmeHsisi, uykposul diabem 2 muny, nonimopghism 2eHa MO3K08020 HampillypemuyHo20 nernmudy,
diacmorniyHa OucghyHKYs.

OCOBEHHOCTU FrEMOAVWHAMUKN NPU KOMOPEUAHOM TEYEHUM 3CCEHLUUANBHOW FTMNEPTEH3UU U CAXAPHOIO
OWUABETA 2 TUMA Y MY>XUWH, XKUTENEN NOOONbA, MPU HACIEAOBAHUW NONMUMOP®HBLIX BAPUAHTOB 'EHA
MO3rOBOIro HATPUMYPETUYECKOIO NENTUOA

AumoHwk 5.A., MNawkoea K0.11., 'ymeHtok A.®., Cakoeuy E.A., )Ke6enb B.H.

OcceHyuanbHas eunepmersust (OF) u caxapHbili duabem 2 muna (CL 2) Aensomcsi npusHaHHbIMU 8E€COMbIMU (hakmopamMmu pucka
XpoHuyeckou cepdeyHol HeAocmamoyHocmu (XCH), paHHee ebisierieHue Komopou, 0cobeHHO 8 ycriosusix KoMopbudHocmu, ocmaemcsi
crnoxHol 3aladyel. [nsi ee peweHusi 8 COBPEMEHHbIX yCro8usiX, Hapsily ¢ UHCMpyMeHmarnbHbiMu memodamu duazHocmuku (OxoKT),
rpuUMeHsiemcs oyeHKa rnna3mMeHHO20 yposHs1 buoMapkepa - Mo3208020 Hampullypemudeckozo nenmuda (MHYTI), akcrnipeccus Komopoz2o
demepmuHUpyemcsi coomeemcmsytowum 2eHoM (rokyc T-381C) u moxem 3agucemb om €20 cmpyKmypHouU opaaHu3dayuu. [JokasaHo,
4Ymo HapyuweHue pezynsayuu cucmeMbl Hampulypemu4yecKux rnenmudoe se/semcs 8axHbIM (hakmopoMm 8 uHuyuayuu u
rnpoepeccupogaHuu MuokapduanbHoU OUCYHKUUU U IHepaemuyeckoz20 OucbanaHca, 0OHaKO posib eeHemu4Yyeckux npednochbinoK
amux HapyweHul, 8 moM yucrie ocobeHHocmel Hocumenscmea MouMOpPghHbIX 8apuaHmMoe Hauboree u3uoIo2uUYecKU 3Ha4UMO20
2eHa MHYTI do cux nop ocmaemcsi He 00 KoHUa MoHsIMHoU. Lenbto pabombi 6bi10: uccrnedogamb Hanudue accoyuayuti Mexoy
rnokasamernsmu cucmeMHolU u eHympucepdeyHolU eeMoOUHaMUKU U HOCUMEeNbCmeoM nonuMopgHbix eapuaHmos eeHa MHYIT (T-
381C) y myxyuH, xumenel [Modonbsi, 8 ycnosusix komopbudHozo meveHuss O Il u CA 2. Ob6cnedosanu 132 myx4uH cpedHeeo
go3pacma: 62 yenoseka ¢ Ol Il u XCH 0-I®K no NYHA cocmasunu nepsyto, a 70 - ¢ 3" Il 8 couemanuu ¢ C] 2 u XCH I-lI®K emopyto
2pynny cpasHeHus. lNapamempbl eHympucepdeyHol 2emoluHaMuKu onpedensnu Ha ocHose umysbcHoU donmnnep-OxoKI. [eHOMHyo
[AHK eeHa MHYTI ons onpedeneHus annenel nonumopgHozo yyacmka (T-381C) ebidensanu memodom [1LIP. Mamemamuyeckyto
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0bpabomKy 8bIMNOMIHUNU, UCoNb3ys cmaHOapmHbll cmamucmuyeckul rnakem Statistica 10. PaccyumaHbl nepeuyYyHbie
cmamucmuYeckue rokazamesiu, 8bIsi8/lIeHbl pa3fnuyusi Mexoy epynnamu o cmamucmuyYecKuM fpu3Hakam, ocyuwecmerneH
KOppensuyuoHHbIU U QUCKPUMUHaHMHbIU aHanu3. Pacuem omHocumerbHoe2o pucka ¢ 95% dosepumernbHbIiM UHMepP8aniom ocyu,ecmerneH
C nomouwibto oH-nalH Kanbkynsmopa (https://medstatistic.ru/calculators/calcrisk.html). YcmaHoeneHo, 4ymo cpedu Myx4uH, xumeneu
lModonbsi ¢ OI" kak npu Hanu4uu, mak u npu omcymcmeuu C/L] 2 domuHupyem eeHomun T381C eeHa MHYII (p>0,05). B epynne
KOMOP6UOHBbIX 60sbHBIX duacmornudeckas ducyHkyuu negozo xenydouka (44 JIXK) duaeHocmuposaHa y 90% nuy, (n=63), mozda kak
npu usonuposaHHom meveHuu A" monbko y 43,565% (n=28) npu mom, ymo cpedu 2omosuzom T-2eHa MHYT ee npusHaku umenu 100%
(n=24), a cpedu Hocumeneu annenu C - 84,78% (n=39) nayuenmos. Cpedu nuy, ¢ A4 Il cmeneHu npeobnadanu Hocumenu 2eHomuna
T381T eeHa MHYTI: 41,66% npomue 10,87% Hocumeneu annenu C (p<0,05), moeda kak cpedu nuy ¢ 4 JK | cmeneHu 6biro 6onbwe
Hocumenel annenu C. Myx4uHbl, 2omo3ueomsl T381T 2eHa MHYTI ¢ OF Il 8 covemanuu ¢ CH 2, omnudatomcsi 8bICOKUM YpPOBHEM
nynbcosozo ALl (p<0,01), bonbweli sepossmHOCMbIO pa3sumusi akcueHmpudeckol aunepmpoguu JIXK (p<0,05) u 6onee 8bipakeHHbIMU
duacmonuyecKuMu USMEHEeHUsIMU 8 MUuoKapOe o cpagHeHuro ¢ Hocumensamu annenu C u mo2ym 6bimb 8bi0esieHbl 8 NPUOPUMEMmHYto
epynny HabmodeHus Ol opeaHu3ayuu yenesbix Mepornpusmull, HanpasieHHbIX Ha MpoguiakmuKy pa3eumusi U rpoepeccuposaHusi
XCH.

KnioueBble cnoBa: acceHyuanbHas eunepmeH3usi, caxapHbiti Ouabem 2 muna, nonumMopghu3m 2eHa MO3208020 Hampullypemu4ecKkoeo
nenmuda, duacmornuyeckasi OUCYHKUUSI.
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ARTICLE INFO Cystatin C improves the risk stratification among people with diabetic nephropathy, the
Received: 24 June, 2020 risk of mortality, cardiovascular disease, disorders of the visual organ and nervous
Accepted: 22 July, 2020 system in the preclinical and early stages. The aim of the study was to study the

frequency of angio-, retino- and neuropathy, as well as differences in general clinical
and anthropometric parameters in patients with type 1 diabetes (T1D) with different
levels of albumin in the urine depending on cystatin C. The sample was 78 men and 62
women aged 22-26 years, patients with T1D, who were hospitalized in the therapeutic
department Ne1 and Ne2 of the Vinnytsia Regional Highly Specialized Endocrinology
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CORRE.SP'ONDWG AUTHOR Center. The control group consisted of 8 healthy men and 13 healthy women of the
e-mail: JU|'ak3?<@9 mail.com same age. The level of microalbuminuria and cystatin C was determined for all patients
Kryvoviaz Yu.O. by enzyme-linked immunosorbent assay. The frequency of angio-, retino- and neuropathy,

general clinical (systolic, diastolic, pulse) and anthropometric (height, weight, body
surface area, waist circumference, body mass index) was assessed indicators.
Statistical processing of the obtained results was performed in the license package
"Statistica 5.5", using non-parametric evaluation methods. It was found that in the group
of men with cystatin C<0.9, and in women with cystatin C>0.9 with increasing albuminuria,
the percentage of patients with more severe microvascular complications of T1D. In
patients with diabetes mellitus 1 compared with the control group systolic blood pressure
is significantly higher and increases with increasing albumin levels in the urine (with
cystatin C<0.9 - in men with normo-, microalbuminuria and proteinuria by 7.14%, 8.1%
and 10.8%; in women with normo-, microalbuminuria by 7.5% and 10.0%, with cystatin
C>0.9 - in men with normo-, microalbuminuria by 4.9% and 7.2%, in women with
proteinuria by 19.5%). Similar changes were found for diastolic blood pressure (with
cystatin C<0.9 - in men with proteinuria by 13.0%; in women with normo-,
microalbuminuria by 11.4% and 13.4%; with cystatin C>0.9 - in men with
microalbuminuria by 9.0%, in women with normo- and proteinuria by 9.5% and 21.5%)
and heart rate (with cystatin C<0.9 - in men with microalbuminuria and proteinuria by
18.4% and 12.6%, in women with microalbuminuria by 9.13%; with cystatin C>0.9 - in
men with microalbuminuria by 12.0%, in women with normo-, microalbuminuria and
proteinuria by 10.1%, 16.3% and 25.3%). In patients with T1D compared to the control
group, the length of the body is significantly smaller and decreases with increasing
levels of albumin in the urine (with cystatin C<0.9 - in men with normo-, microalbuminuria
and proteinuria by 3.6%, 6.7% and 9.0%, women with microalbuminuria by 1.9%, with
cystatin C>0.9 - in men with normo-, microalbuminuria by 5.2% and 7.3%, in women
with normoalbuminuria and proteinuria by 2.6% and 4.3%). Similar changes were
found in men for body weight (with cystatin C<0.9 - with microalbuminuria and proteinuria
by 13.6% and 30.1%; with cystatin C>0.9 - with normo- and microalbuminuria by 10.2%
and 25.4%) and body surface area (with cystatin C<0.9 - with normo-, microalbuminuria
and proteinuria by 5.8%, 10.8% and 18.9%; with cystatin C>0.9 - with normo- and
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microalbuminuria by 8.2% and 16.2%). The size of the waist circumference in patients
with T1D with normoalbuminuria is significantly higher, and in patients of other groups
significantly less than in healthy subjects (with cystatin C<0.9 - with normo-,
microalbuminuria and proteinuria by 3.8%, 1.2% and 5.2%; cystatin C>0.9 - with
microalbuminuria by 5.1%). Compared to healthy women, the waist circumference was
significantly higher in sick women (with cystatin C<0.9 - with normo- and
microalbuminuria by 11.2% and 10.7%, with cystatin C>0.9 - with normo- and proteinuria
by 9.7% and 6.0%). In patients with T1D men with proteinuria compared with the control
group, the value of the body mass index was significantly lower by 9.7% (cystatin
C<0.9). The value of the body mass index was significantly higher in patients with
normoalbuminuria and microalbuminuria - by 11.8% and 17.7% (cystatin C<0.9),
respectively, and in patients with proteinuria by 7.2% (cystatin C>0.9) compared with
healthy women. Thus, between healthy and patients with T1D with varying degrees of
albuminuria, differences in general clinical and anthropometric parameters were found,
and they are greater the higher the level of cystatin C.

Keywords: type 1 diabetes, cystatin C level, urinary albumin level, angio-, retino- and

neuropathy, general clinical indicators, anthropometric indicators.

Introduction

Today, type 1 diabetes (T1D) occupies one of the first
places in terms of severity of its complications and mortality,
and the scale of the prevalence of this pathology and its
complications is becoming threatening [7].

The study of the relationship between anthropo-
somatotypological features of man and the course of
disease is undoubtedly an important step in the
development of modern medicine. There are numerous
data in the scientific and literature on the course of diseases
of the respiratory system, cardiovascular and nervous
system, gastrointestinal tract, etc., depending on the
characteristics of anthropo-somatotypological indicators
[21]. However, there is virtually no such work on the course
of nephropathy, angiopathy, retinopathy and neuropathy in
T1D. ldentification of these patterns is a valuable
contribution to the early diagnosis of these complications
of T1D [13].

Currently, preclinical markers of structural and functional
changes in the kidneys, retina, blood vessels, nervous
tissue, myocardium, and others are being actively searched
for. As such markers, along with traditional methods of early
biochemical diagnosis, the definition of cystatin C is
proposed. Cystatin C is a low molecular weight protein
with a molecular weight of 13.4 kDa, belongs to the family
of cysteine proteinase inhibitors. An increase in serum
cystatin C is observed with a decrease in renal filtration
function, and an increase in its urinary excretion indicates
dysfunction of proximal tubular cells [11].

Serum cystatin C, an alternative marker of renal function,
both alone and in combination with serum creatinine and/
or albuminuria, has recently been shown to be a better
predictor of adverse effects compared to serum creatinine
[15]. This protein is found in almost all human tissues and
body fluids, which, unlike creatinine, is less susceptible to
age, race or muscle mass. Studies have shown that
elevated levels of cystatin C are associated with the severity
of retino-, angio- and neuropathy and are an independent
risk factor for these complications along with the duration

of diabetes and glycosylated hemoglobin levels [4].

The patterns described above were obtained mainly in
the study of foreign samples. If confirmed in the domestic
population, such an approach may change clinical practice
and serve as a basis for the inclusion of cystatin C as a
marker to improve the stratification of the risk of neuropathy,
angiopathy and retinopathy in people with diabetic
nephropathy. This group of high-risk individuals can benefit
from more careful monitoring and more timely intervention
before irreversible and threatening complications occur.

The aim of the study was to study the frequency of angio-,
retino- and neuropathy, as well as the differences in general
clinical and anthropometric parameters in patients with
T1D with different levels of albumin in the urine depending
on the level of cystatin C.

Materials and methods

The sample consisted of 78 men and 62 women aged
22-26 years, patients with T1D, who underwent inpatient
treatment in the therapeutic departments Ne1 and Ne2 of
the Vinnytsia Regional Highly Specialized Endocrinology
Center. The control group consisted of 8 practically healthy
men and 13 practically healthy women of the same age.

All patients underwent the procedure of determining
the level of microalbuminuria and cystatin C by enzyme-
linked immunosorbent assay using spectrophotometry
(reagents from ORGenTec, Germany). Regulatory values
of microalbumin in the set of reagents used - 0-25 pg/ml.

Diagnosis of vascular lesions of the lower extremities
was performed by determining the pulsation of the vessels
of the lower extremities and the patient's subjective
complaints of intermittent claudication, pain in the legs while
walking, feeling cold in feet.

The condition of the vessels of the fundus was
assessed by an ophthalmologist after medical dilation of
the pupils using direct ophthalmoscopy. In order to
diagnose diabetic retinopathy, the classification of E.
Kohner, M. Porte (1992) was used: Stage | - non-
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proliferative, Stage Il - preproliferative, Stage Ill - proliferative.

Diabetic neuropathy was diagnosed by a neurologist in
the presence of characteristic subjective sensations in
patients, as well as based on the signs of impaired
sensitivity or reduction/loss of tendon reflexes detected as
a result of objective neurological examination.

Blood pressure was measured on the arteria brachialis
according to the method of Korotkov (1905), according to
the recommendations of EHS experts (2007). ECG
recording was performed according to the generally
accepted method in 12 standard leads using a diagnostic
automated system.

Anthropometric research included the determination of
length, weight, body surface area, waist circumference and
calculation of body mass index (the ratio of body weight in
kilograms to height in meters squared). Body length was
determined using a height meter (accuracy - up to 0.01 m)
when the shoes were removed. Body weight was measured
using medical scales (accuracy - up to 0.5 kg) without outer
clothing in the morning. Waist circumference was measured
with a centimeter tape.

Statistical data processing was performed in the license
package "Statistica 5.5" using non-parametric methods of
evaluation of the obtained results.

Results

Among patients with normoalbuminuria and cystatin C
level >0.9, a higher (p=0.059) percentage of men without
angiopathy and a lower (p=0.075) percentage with grade 3
angiopathy were found compared to women (37.5% and
7.7% and 12.5% and 38.5% respectively).

When comparing the frequency of absence or presence
of angiopathy between men with different albumin levels, in
whom the level of cystatin C was <0.9, a lower (p<0.05)
percentage with grade 3 angiopathy in the group with
normoalbuminuria compared with proteinuria (12.5% and
50.0%, respectively) was found.

When comparing the frequency of absence or presence
of angiopathy between men or women with different albumin
levels, in which the level of cystatin C was >0.9, found: in
men - a higher (p=0.056) percentage with no angiopathy in
the group with normoalbuminuria compared with
microalbuminuria (respectively 37.5% and 0%); lower
(p=0.054) percentage with grade 3 angiopathy in the group
with normoalbuminuria compared with microalbuminuria
(12.5% and 38.9%, respectively); in women - a higher
(p=0.065) percentage with grade 2 angiopathy in the group
with microalbuminuria compared with proteinuria (75.0%
and 28.6%, respectively); lower (p<0.05) percentage with
grade 3 angiopathy in the group with microalbuminuria
compared with proteinuria (16.7% and 71.4%, respectively).

Among patients with microalbuminuria and cystatin
C<0.9, a higher (p=0.085) percentage of men with grade 3
retinopathy was found compared to women of the same
group (71.4% and 27.3%, respectively). Among patients with
normoalbuminuria and cystatin C>0.9, a lower (p=0.086)

percentage of men with grade 3 retinopathy was found
compared to women (4.2% and 23.1%, respectively).

Among men with microalbuminuria and retinopathy of
the 3rd degree, a higher (p=0.058) percentage of patients
with cystatin C level <0.9 was found in comparison with
patients with cystatin C level >0.9 (71.4% and 27.8%,
respectively). Among women with normoalbuminuria and
grade 3 retinopathy, a lower (p<0.05) percentage of patients
with cystatin C<0.9 was found compared to patients with
cystatin C>0.9 (0% and 23.1%, respectively). Among women
with microalbuminuria and without retinopathy, a lower
(p=0.062) percentage of patients with cystatin C level <0.9
was found compared to patients with cystatin C level >0.9
(18.2% and 58.3%, respectively).

When comparing the frequency of absence or presence
of retinopathy between men or women with different albumin
levels, in which the level of cystatin C was <0.9, it was found:
in men - a higher (p<0.01-0.001) percentage without
retinopathy in the group with normoalbuminuria compared
with microalbuminuria and protein (respectively 75.0%, 0%
and 0%); a higher (p=0.092) percentage with grade 1
retinopathy in the group with microalbuminuria compared
with proteinuria (28.6% and 0%, respectively); higher
(p<0.001 in both cases) percentage with grade 2 retinopathy
in the group with proteinuria compared with
normoalbuminuria and microalbuminuria (100%, 0% and
0%, respectively); higher (p<0.01 in both cases) percentage
with grade 3 retinopathy in the group with microalbuminuria
compared with normoalbuminuria and proteinuria (71.4%,
12.5% and 0%, respectively); in women - a higher (p<0.05)
percentage without retinopathy in the group with
normoalbuminuria compared with microalbuminuria (61.1%
and 18.2%, respectively); a higher (p<0.05) percentage with
grade 3 retinopathy in the group with microalbuminuria
compared with normoalbuminuria (27.3% and 0%,
respectively).

When comparing the frequency of absence or presence
of retinopathy between men or women with different albumin
levels, in which the level of cystatin C was >0.9, it was found:
in men - a higher (p<0.05) percentage without retinopathy in
the group with normoalbuminuria compared with
microalbuminuria (66.7% and 27.8%); higher (p<0.05)
percentage with grade 3 retinopathy in the group with
microalbuminuria compared with normoalbuminuria (27.8%
and 4.2%, respectively); in women - a higher (p=0.078)
percentage without retinopathy in the group with
microalbuminuria compared with proteinuria (58.3% and
14.3%, respectively); higher (p<0.001) percentage with grade
2 retinopathy in the group with proteinuria compared with
normoalbuminuria and microalbuminuria (85.7%, 0% and
0%, respectively).

When comparing the frequency of absence or presence
of neuropathy between men or women with different albumin
levels, in which the level of cystatin C was <0.9, men found a
higher (p<0.001 in both cases) percentage with grade 2
neuropathy in the group with normoalbuminuria and
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microalbuminuria compared with proteinuria (75.0%, 100%,
and 0%, respectively) and a lower (p<0.001 in both cases)
percentage with grade 3 neuropathy in the group with
normoalbuminuria and microalbuminuria compared with
proteinuria (0%, 0%, and 90.0%, respectively).

When comparing the frequency of absence or presence
of neuropathy between men or women with different albumin
levels in which the level of cystatin C was >0.9, it was found:
in men - a lower (p<0.05) percentage with grade 2
neuropathy in the group with normoalbuminuria compared
with microalbuminuria (respectively 58.3% and 88.9%); in
women - a higher (p<0.01 and p<0.001) percentage with
grade 2 neuropathy in the group with normoalbuminuria
and microalbuminuria compared with proteinuria (76.9%,
91.7% and 14.3%, respectively); lower (p<0.001) percentage
with grade 3 neuropathy in the group with normoalbuminuria
and microalbuminuria compared with proteinuria (0%, 0%
and 71.4%, respectively).

Patients with microalbuminuria and cystatin C level >0.9
had a higher (p<0.05) value of this indicator compared with
women of the same comparison group (119.2+13.0 and
109.6+13.2, respectively).

The average value of systolic blood pressure in healthy
men (110.6+5.6) was lower (p<0.05; p<0.05 and p=0.062)
compared with sick men with normo- (119.1+9.9),
microalbuminuria (120.3%12.7) and proteinuria
(124.0+16.5), in which the level of cystatin C was <0.9. Healthy
women had lower (p<0.05 in both cases) mean systolic
blood pressure (110.4+9.7) compared with sick women with
normoalbuminuria (119.4+11.0) and microalbuminuria
(122.7£12.9), in whom the level of cystatin C was <0.9.

The average value of systolic blood pressure in healthy
men (110.6+5.6) was lower (p<0.05 and p<0.01) in
comparison with sick men with normo- (116.3+7.8) and
microalbuminuria (119.2+13.0), in whom the level of cystatin
C was >0.9. Healthy women had a lower (p<0.001) mean
systolic blood pressure (110.4+9.7) compared to sick women
with proteinuria (137.1+7.0), in whom the level of cystatin C
was >0.9.

In patients with proteinuria in whom the level of cystatin
C was >0.9, found a higher (p<0.01 and p<0.001) average
systolic blood pressure (137.1+7.0) compared with patients
with normoalbuminuria (113.5£11.1) and microalbuminuria
(109.6+13.2).

Women with microalbuminuria with cystatin C<0.9 had
a lower (p<0.05) mean systolic blood pressure compared
to women with microalbuminuria with cystatin C level >0.9
(122.7+£12.9 and 137.1+7.0, respectively).

Patients with microalbuminuria and cystatin C level >0.9
had a higher (p<0.05) value of this indicator compared to
women of the same comparison group (75.56+8.20 and
68.3318.35, respectively).

There was a lower (p<0.01) mean value of diastolic blood
pressure in healthy men (68.75+5.60) compared with sick
men with proteinuria (79.00+£6.99), in whom the level of
cystatin C was <0.9. Patients with proteinuria with cystatin

C<0.9 had a higher (p<0.05) mean diastolic blood pressure
(79.0046.99) compared with patients with normoalbuminuria
(70.6318.14).

Healthy women had lower (p<0.01 in both cases) mean
diastolic blood pressure (66.15+5.83) compared to sick
women with normoalbuminuria (74.44+8.38) and
microalbuminuria (76.36+7.10), in whom the level of cystatin
C was <0.9.

The mean value of diastolic blood pressure in healthy
men (68.75+3.54) was lower (p<0.01) compared with sick
men with normo- (71.67+6.20) and microalbuminuria
(75.56+8.20), in whom the level of cystatin C was >0.9.
Patients with microalbuminuria with cystatin C>0.9 had a
higher (p<0.05) mean diastolic blood pressure (75.56+8.20)
compared with patients with normoalbuminuria
(71.6716.20). In healthy women, the average value of
diastolic blood pressure (66.15+5.83) was lower (p<0.05
and p<0.001) compared with sick women with
normoalbuminuria (73.08+6.93) and proteinuria
(84.2945.35), in whom the level of cystatin C was >0.9.
Patients with proteinuria with cystatin C>0.9 had a higher
(p<0.01 in both cases) mean diastolic blood pressure value
(84.2945.35) compared with patients with normoalbuminuria
(73.08+6.93) and microalbuminuria (68.33+8.35).

Women with microalbuminuria with cystatin C<0.9 had
a lower (p<0.05) mean diastolic blood pressure value
compared to women with microalbuminuria with cystatin
C>0.9 (76.36+7.10 and 84.2915.35, respectively).

Patients with microalbuminuria and cystatin C<0.9 had
a higher (p=0.070) heart rate compared to women in the
same comparison group (88.86+8.20 and 78.73+11.00,
respectively).

There was a lower (p<0.01) mean heart rate in healthy
men (72.50+5.73) compared with sick men with
microalbuminuria (88.86+9.92) and proteinuria (83.0+8.81),
in whom the level of cystatin C was <0.9. Patients with
microalbuminuria with cystatin C>0.9 had a higher (p<0.05)
mean heart rate (88.86+9.92) compared with patients with
normoalbuminuria (76.31+£11.32).

Healthy women had a lower (p=0.052) mean heart rate
(71.5415.50) compared to sick women with microalbuminuria
(78.73+11.00), in whom the level of cystatin C was <0.9.

There was a lower (p<0.05) mean heart rate in healthy
men (72.50+5.73) compared with sick men with
microalbuminuria (82.39+12.10), in whom the level of
cystatin C was >0.9. Patients with microalbuminuria with
cystatin C>0.9 had a higher (p<0.05) mean heart rate
(82.39%12.10) compared with patients with
normoalbuminuria (75.00£9.29). Healthy women had lower
(p=0.065, p<0.01 and p<0.001) mean heart rate
(71.54+5.50) compared to sick women with
normoalbuminuria (79.54+10.90), microalbuminuria
(85.42+13.57) and proteinuria (95.711£4.96), in which the
level of cystatin C was >0.9. In patients with proteinuria, in
whom the level of cystatin C>0.9, found a higher (p<0.01
and p=0.091) mean heart rate (95.71+4.96) compared with
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patients with normoalbuminuria (79.54+10.90) and
microalbuminuria (85.42+13.57).

Men with microalbuminuria with cystatin C level <0.9
had a higher (p<0.05) mean heart rate value compared
with men with microalbuminuria with cystatin C>0.9
(88.86+9.92 and 82.39+12.10, respectively).

Healthy men had higher (p<0.001) body length values
compared to healthy women (183.5+3.0 and 165.7+3.5,
respectively). A higher body length was found in patients
with normoalbuminuria (177.2+7.1; p<0.001) and
microalbuminuria (172.0£11.4; p=0.085) with cystatin C<0.9
compared to women in the same comparison group
(162.7+5.5 and 162.5+6.1, respectively). A greater value of
body length was observed in patients with normoalbuminuria
(174.416.0; p<0.001) and microalbuminuria (171.1£6.1;
p<0.001) with cystatin C level >0.9 compared to women of
the same comparison group (161.5+6.1 and 160.8+7.9,
respectively).

Healthy men had a higher (p<0.05-0.01) mean body
length (183.5+3.0) compared with sick men with
normoalbuminuria (177.2+7.1), microalbuminuria
(172.0£11.4) and proteinuria (168.3+9.6), in whom the level
cystatin C was <0.9. Patients men with proteinuria in whom
the level of cystatin C was <0.9 had a lower (p<0.05) mean
body length (168.3+9.6) compared with patients with
normoalbuminuria (177.2+7.1). Healthy women had a
higher (p=0.056) mean body length (165.7+3.5) compared
with sick women with microalbuminuria (162.5+6.1), in
whom the level of cystatin C was <0.9.

Healthy men had a higher (p<0.001 in both cases) mean
body length (183.5£3.0) compared with sick men with
normoalbuminuria (174.4+6.0) and microalbuminuria
(171.0£6.1), in whom the level of cystatin C was >0.9.
Patients with microalbuminuria with cystatin C>0.9 had a
lower (p<0.05) mean body length (171.0+6.1) compared
with patients with normoalbuminuria (174.416.0). Healthy
women had higher (p=0.055 and p<0.05) mean body length
(165.7+£3.5) compared with sick women with
normoalbuminuria (160.8+7.9) and proteinuria (158.917.6),
in whom the level of cystatin C was <0.9.

Healthy men had higher (p<0.001) body weight values
compared to healthy women (83.13+4.05 and 60.46+3.18,
respectively). A higher body weight was found in patients
with normoalbuminuria (77.41+£9.99; p<0.05) with cystatin
C level <0.9 compared with women in the same comparison
group (66.75+12.85, respectively). A higher value of this
indicator was observed in patients with normoalbuminuria
(75.46+£10.46; p<0.001) and microalbuminuria
(66.31£12.59; p=0.069) with cystatin C>0.9 compared to
women of the same comparison group (60.23+9.75 and
57.75+10.23, respectively).

Healthy men had higher (p<0.05 and p<0.001) mean
body weight (83.13+4.05) compared with sick men with
microalbuminuria (73.21+15.67) and proteinuria
(63.90+7.37), in whom the level of cystatin C was <0.9. In
patients with proteinuria, in whom the level of cystatin C

was <0.9, found a lower (p<0.01) average value of this
indicator (63.90+7.37) compared with patients with
normoalbuminuria (77.41+9.99).

Healthy men had a higher (p<0.05 and p<0.01) mean
body weight (83.13+4.05) compared with sick men with
normoalbuminuria (75.46+10.46) and microalbuminuria
(66.31+£12.59), in whom the level of cystatin C was >0.9.
Patients with microalbuminuria with cystatin C level >0.9
had a lower (p<0.05) mean value (66.31+£12.59) compared
with patients with normoalbuminuria (75.46+£10.46).

Women with microalbuminuria with cystatin C level <0.9
had a higher (p<0.05) mean body weight compared with
women with microalbuminuria with cystatin C level >0.9
(71.18+£16.49 and 57.75+£10.23, respectively).

Healthy men had higher (p<0.001) body surface area
compared to healthy women (2.056+0.048 and 1.671+0.057,
respectively). A larger value of body surface area was found
in patients with normoalbuminuria (1.944+0.137; p<0.001)
with the level of cystatin C<0.9 compared with women of the
same comparison group (respectively 1.712+0.162). Ahigher
value of this indicator was observed in patients with
normoalbuminuria (1.900+0.148; p<0.001) and
microalbuminuria (1.769+0.164; p<0.01) with cystatin C>0.9
compared to women in the same comparison group
(respectively 1.632+0.120 and 1.598+0.159).

In healthy men, higher (p=0.054, p<0.05 and p<0.001)
average body surface area (2.056+0.048) was found
compared with sick men with normoalbuminuria
(1.944+0.137), microalbuminuria (1.856+0.238) and
proteinuria (1.729+0.147), in which the level of cystatin C
was <0.9. Patients with proteinuria in whom the level of
cystatin C was <0.9, had a lower (p<0.01) average value of
this indicator (1.729+0.147) compared with patients with
normoalbuminuria (1.944+0.137).

In healthy men, a higher (p<0.01 and p<0.001) mean
body surface area (2.056+0.048) was found compared with
sick men with normoalbuminuria (1.900+0.148) and
microalbuminuria (1.769+0.164), in whom the level of
cystatin C was >0.9. Patients with microalbuminuria with
cystatin C>0.9 had a lower (p<0.05) mean value
(1.769+£0.164) compared with patients with
normoalbuminuria (1.900£0.148). In healthy women, a
higher (p=0.096) mean value of body surface area
(1.671+0.057) was found in comparison with sick women
with normoalbuminuria (1.632+0.120), in whom the level
of cystatin C was >0.9.

In women with microalbuminuria, in whom the level of
cystatin C was <0.9, the average value was higher (p=0.062)
compared with women with microalbuminuria, in whom
the level of cystatin C was >0.9 (respectively 1.758+0.209
and 1.598+0.159).

Healthy men had higher (p<0.001) waist circumference
values compared to healthy women (78.25+1.39 and
67.69+3.04, respectively). A higher waist circumference was
found in patients with normoalbuminuria (81.31+5.06;
p<0.05) with cystatin C<0.9 compared to women in the
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same comparison group (76.22+8.48, respectively). A
higher value of this indicator was observed in patients with
men with microalbuminuria (74.44+6.23; p<0.05) with a
level of cystatin C>0.9 compared with women in the same
comparison group (respectively 70.42+4.96).

In healthy men, the mean value of waist circumference
(78.25+1.39) was lower (p=0.062) compared with sick men
with normoalbuminuria (81.31+£5.06) and higher (p=0.064
and p=0.051) compared with microalbuminuria
(77.29£10.45) and proteinuria (74.40+4.35), in which the
level of cystatin C was <0.9. In patients with proteinuria, in
whom the level of cystatin C was <0.9, found a lower (p<0.05
and p<0.01) average value of this indicator (74.40+4.35)
compared with patients with normoalbuminuria
(81.31+5.06) and microalbuminuria (77.29£10.45). Healthy
women had a lower (p<0.01 in both cases) average waist
circumference (67.69+3.04) compared to sick women with
normoalbuminuria (76.22+8.48) and microalbuminuria
(75.82+8.05).

In healthy men, a higher (p<0.01) average value of waist
circumference (78.25+1.39) was found in comparison with
sick men with microalbuminuria (74.44+6.23), in whom the
level of cystatin C was >0.9. Patients with microalbuminuria
with cystatin C>0.9 had a lower (p<0.05) mean value
(74.44+6.23) compared with patients with normoalbuminuria
(79.2948.24). Healthy women had a lower (p<0.05 in both
cases) average waist circumference (67.69+3.04) compared
to sick women with normoalbuminuria (74.92+8.34) and
proteinuria (72.00+4.40), in whom the level of cystatin C was
>0.9.

Women with microalbuminuria with cystatin C<0.9 had
a higher (p<0.05) average waist circumference compared
with women with microalbuminuria with cystatin C>0.9
(75.8248.05 and 70.42+4.96, respectively).

Healthy men had higher (p<0.001) body mass index
values compared to healthy women (24.69+1.40 and
22.02+0.96, respectively). A higher value of this indicator
was observed in patients with normoalbuminuria
(24.60+2.51; p=0.095) with a level of cystatin C>0.9
compared with women in the same comparison group
(respectively 23.52+3.99).

Healthy men had higher (p<0.001) body mass index
values compared to healthy women (24.69+1.40 and
22.02+0.96, respectively). A higher value of this indicator
was observed in patients with normoalbuminuria
(24.60+2.51; p=0.095) with a level of cystatin C>0.9
compared with women in the same comparison group
(respectively 23.52+3.99).

In healthy men, a higher (p<0.05) mean value of the
body mass index was found (24.69+1.40) compared with
sick men with proteinuria (22.51+1.62), in whom the level
of cystatin C<0.9. In patients with proteinuria, in whom the
level of cystatin C<0.9, the average value of this indicator
was lower (p=0.087) (22.51+1.62) compared with patients
with normoalbuminuria (24.36+2.76). Healthy women had
a lower (p<0.05 in both cases) mean body mass index

(22.02+0.94) compared with sick women with
normoalbuminuria (24.96+4.02) and microalbuminuria
(26.75+4.93).

Patients men with microalbuminuria with cystatin C>0.9
had a lower (p=0.055) mean value (22.56+4.16) compared
with patients with normoalbuminuria (24.60£2.51). In
healthy women, a lower (p<0.05) mean value of the body
mass index (22.02+0.94) was found in comparison with
sick women with proteinuria (23.73+£2.38), in whom the
level of cystatin C was >0.9.

In women with microalbuminuria, in whom the level of
cystatin C was <0.9, the average value of the body mass
index was higher (p<0.05) compared to women with
microalbuminuria, in whom the level of cystatin C was >0.9
(26.75+4.93 and 22.41+3.07, respectively).

Discussion

Because macro- and microvascular complications of
T1D are better treated in the early stages, the problem of
using markers that are more effective than determining
urinary albumin excretion is very relevant. Such a marker is
thought to be cystatin C. Measurement of serum cystatin C
levels may be useful for screening for mild to moderate
stages of diabetic angio-, retino-, nephro-, and neuropathy.
An increase in its level indicates that the lesions of the
target organs are progressing [2].

In a pairwise comparison of groups of men or women
who took into account the level of cystatin C, with the
corresponding sex groups of subjects, in which this
biochemical indicator was not taken into account, found
similar patterns and trends [12]. Thus, in the group of men
with cystatin C levels <0.9 and in women with cystatin C
levels >0.9, the percentage of patients with severe
microvascular complications of diabetes increased with
increasing albuminuria.

According to scientific studies, an increase in serum
cystatin C in the absence of patients with T1D
microalbuminuria should be regarded as a predictor of the
formation of its complications [19]. Therefore, the focus of
our study was on comparing the percentage of patients in
groups with different degrees of diabetic complications at
a level of less than and greater than 0.9.

There was a significantly lower percentage of patients
with cystatin C level <0.9 compared with patients with
cystatin C level >0.9 among groups of men with
microalbuminuria and retinopathy of the 3rd degree and
women with normoalbuminuria and retinopathy of the 3rd
degree, with microalbuminuria and without retinopathy. In
addition to sex differences, it is noteworthy that only in the
case of retinopathy, the percentage of patients "responds"
to the gradation of cystatin C. According to medical and
epidemiological studies, retinopathy develops (or rather
clinically manifested) earlier than complications such as
neuro- and angiopathy, its initial manifestations are
correlated with the appearance of microalbuminuria [8].
Unfortunately, it was not possible to compare a similar
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picture in the groups with proteinuria, as in women with
cystatin C<0.9 and men with cystatin C>0.9, the number of
observations was only 1 and 3 people, respectively.

Hypertension is an important risk factor for the
development of many serious complications of T1D and
its deterioration, including diabetic retinopathy, nephropathy,
micro- and macroangiopathy [1]. Diabetes mellitus itself is
also a factor in the development of arterial hypertension,
because in this endocrine pathology there is damage to
arteries and, especially, small arteries - arterioles, which
contributes to the deposition of atherosclerotic plaques in
them [3]. When glycemia decompensates, the body
increases the level of contrainsular hormones - adrenaline,
norepinephrine, thyroxine, cortisol. Elevated adrenergic
background is manifested by tachycardia and hypertension
[16]. Another explanation is that the parasympathetic
nervous system in diabetes is affected earlier than the
sympathetic, so the initial sign of autonomic neuropathy
may be resting tachycardia [6].

Examination of the general population revealed that
cystatin C levels were positively associated with hypertension
and pulse. Scientists believe that there are significant
differences between filtration in healthy and T1D and believe
that serum cystatin C reliably reflects the glomerular filtration
rate in these categories of individuals [10].

In our study, in patients with T1D compared with the
control group, the value of systolic blood pressure was
significantly higher (respectively, in men with normo-,
microalbuminuria and proteinuria by 7.14%, 8.1% and
10.8%:; in women with normo-, microalbuminuria - 7.5 and
10.0% (cystatin C<0.9); in men with normo-,
microalbuminuria - by 4.9% and 7.2%; in women with
proteinuria - by 19.5% (cystatin C>0.9) and increases with
increasing albumin levels in the urine.

In patients with T1D compared with the control group,
the value of diastolic blood pressure is also significantly
higher (respectively in men with proteinuria by 13.0%; in
women with normo-, microalbuminuria - by 11.4% and
13.4% (cystatin C<0.9); in men with microalbuminuria - by
9.0%; in women with normo- and proteinuria - by 9.5% and
21.5% (cystatin C>0.9) and increases with increasing
albumin levels in the urine.

Regarding the pulse, a similar pattern was observed -
its value in patients with T1D is significantly higher than in
healthy subjects and increases synchronously with an
increase in urinary albumin levels (respectively in men with
microalbuminuria and proteinuria by 18.4% and 12.6%; in
women with microalbuminuria - by 9.13% (cystatin C<0.9);
in men with microalbuminuria - by 12.0%; in women with
normo-, microalbuminuria and proteinuria by 10.1%, 16.3%
and 25.3% (cystatin C>0.9)).

Diastolic blood pressure in men with microalbuminuria
was 5.2% higher than in men with normoalbuminuria
(cystatin C>0.9). The magnitude of the pulse is also higher
in the first group of sick men compared with other
(respectively by 14.1% (cystatin C<0.9) and 8.9% (cystatin

C>0.9)).

In women, no comparison of similar differences in
blood pressure and heart rate between similar groups was
found. At the same time, between groups of women with
normo-, microalbuminuria (cystatin C>0.9) such differences
are significant. Thus, in women with proteinuria compared
with normo-, microalbuminuria systolic pressure values
are higher by 17.2% and 20.1%, respectively; diastolic
pressure - by 13.3% and 18.9%; heart rate - by 16.9% and
10.6%.

Shulkina S.G. and Smirnova O.M. [19] proved that the
value of blood pressure has direct correlations with the
level of cystatin C. Thus, with increasing systolic and
diastolic pressure, there should be an increase in this
biochemical indicator. Thus, in women with
microalbuminuria and cystatin C level >0.9 systolic
pressure is lower by 12.0%, and diastolic - by 11.8%
compared with patients with cystatin C level <0.9. In men
with microalbuminuria and cystatin C levels >0.9, the pulse
was lower by 7.9% compared with men with cystatin C
levels <0.9.

A sufficient amount of information has been
accumulated on the relationship between the clinical
course and the peculiarities of susceptibility to different
types of diseases of persons of different somatotypes.
Thus, among asthenics, the most common diseases are
varicose veins, gastritis, hypotension, chronic adrenal
insufficiency and T1D in particular [14].

A number of scientists in a study of people with T1D,
found that they are characterized by lower body length,
increased waist circumference and increased
accumulation of abdominal fat. In women, low bone and
muscle mass were found along with high fat mass. Men in
all components had a moderately low weight [5, 17].

According to the results of our study in patients with
T1D compared to the control group, the length of the body
is significantly less (respectively in men with normo-,
microalbuminuria and proteinuria by 3.6%, 6.7% and 9.0%;
in women with microalbuminuria - by 1.9% (cystatin C<0.9);
in men with normo-, microalbuminuria - by 5.2% and 7.3%;
in women with normoalbuminuria and proteinuria - by 2.6%
and 4.3% (cystatin C>0.9)) and decreases with increasing
levels of albumin in the urine.

Compared with the control group, patients with T1D
had significantly lower body weight (13.6% and 30.1%,
respectively, in men with microalbuminuria and proteinuria)
and 10.2% and 25.4% in men with normo- and
microalbuminuria (cystatin C>0.9)) and decreases with
increasing albumin levels in the urine.

In patients with T1D compared to the control group, the
size of the body surface area is also significantly smaller
(respectively in men with normo-, microalbuminuria and
proteinuria by 5.8%, 10.8% and 18.9% (cystatin C<0.9); in
men with normo- and microalbuminuria - by 8.2% and
16.2% (cystatin C>0.9)) and decreases with increasing
albumin levels in the urine.
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Regarding waist circumference, the following pattern
was observed - its value in patients with T1D and
normoalbuminuria was significantly higher, and in patients
of other groups significantly lower compared to healthy
subjects (respectively, in men with normo-,
microalbuminuria and proteinuria by 3.8%, 1.2% and 5.2%
(cystatin C<0.9); in men with microalbuminuria - by 5.1%
(cystatin C>0.9)). Compared to healthy women, the waist
circumference was higher in sick women (11.2% and
10.7%, respectively in women with normo- and
microalbuminuria (cystatin C<0.9); 9.7% and 6.0% in
women with normo- and proteinuria (cystatin C>0.9)).

In men with T1D and proteinuria compared with the
control group, the value of the body mass index was
significantly lower by 9.7% (cystatin C<0.9). The value of
the body mass index was significantly higher in patients
with normoalbuminuria and microalbuminuria - by 11.8%
and 17.7% (cystatin C<0.9), respectively, and in patients
with proteinuria by 7.2% (cystatin C>0.9) compared with
healthy women. In men with microalbuminuria, the value
of the body mass index was 9.0% significantly lower than
in men with normoalbuminuria (cystatin C>0.9).

Summarizing the above-described regularities
concerning the features of anthropometric parameters at
different levels of cystatin C, it should be noted that in the
case when cystatin C<0.9, significant differences were
found only for waist circumference in men with
normoalbuminuria and microalbuminuria. When the level
of cystatin C is >0.9, in this group of men there are
significant differences in all anthropometric parameters.

In early studies, it was concluded that serum cystatin C
does not depend on anthropometric parameters [18].
However, then in a number of other studies found a small
but significant positive correlation between the level of this
biochemical indicator and body mass index, length and
surface area of the body [9]. A similar trend was found for
the general population [10]. When observing the Japanese
sample (596 people aged 30-75 years), it was shown that
the level of cystatin C is positively correlated with the amount
of adipose tissue. More recently, a positive association
between obesity and serum cystatin C levels has also been
established [19]. Moreover, there have been reports that a
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OCOBJ/INBOCTI YACTOTU AHTI0-, PETUHO- TA HEMPOMATII, 3AFTANIbHOKIIHIYHUX TA AHTPOMOMETPUYHUX

MOKA3HUKIB Y XBOPUX HA LIYKPOBWUW OIABET 1 TUMNY 3 PI3HUM PIBHEM ANTbBYMIHY B CEYI B 3ATNIEXXHOCTI BIf} PIBHS
LUUCTATUHY C

Kpueoe'siz 10.0., BepHuzopodchkkuli B.C., [Jseeynbcuka I.B., Llesuyk F0.I"., Ky4eHnko I1.C.

LucmamuH C noninwye cmpamucdpikauyito pusuky ceped ocib6 3 diabemuyHoro Heghporiamieto w000 pu3uKy CMepmHOCMI, cepueeo-
CYyOUHHUX 3axe0oprosaHb, MopyweHb 3 60Ky opeaHy 30py i Hep8oeoi cucmemu Ha OOKMiHIYHIU i moyamkosili cmadii. Mema docnidxeHHs
- 8UBHUMU Yacmomy aHaio-, pemuHo- ma Helipornamil, a8 makox 8iOMIHHOCMI 3a2anibHO-KITIHIYHUX ma aHMmMpPONOMEeMmpPUYHUX MOKa3HUKIG
y x8opux Ha uykposuti diabem 1 muny (44 1) 3 pisHuUMm pisHem anbbymiHy 6 ceyi 8 3anexHocmi 8id pieHs yucmamuHy C. Bubipka
cknana 78 4qonosikie i 62 XiHKU eikom 22-26 pokis, xeopux Ha L[] 1, siki npoxodunu cmauyioHapHe rliKy8aHHs1 8 mepanesmuyHuX
8i0dineHHsix Ne1 i Ne2 BiHHUUbK020 0b11acHO20 8uCOKoCeuiani3aogaHo20 eHOOKPUHOo2i4HO20 yeHmpy. KonmponbHa epyna cknadanack
3 8 npakmuy4Ho 300posuX Horosikie i 13 MpakmuyHO 300POBUX XIHOK aHaroeiqyHo20 8iKy. Ycim nayieHmam iMyHogepMeHmMHUM Memooom
8uU3Hayvarnu pieeHb mikpoanbbymiHypii ma yucmamuHy C. [lpogodunu ouiHKy Yacmomu aH2io-, pemuHo- ma Helponamii, 3a2anbHo-
KniHiYHUX (cucmoniqHul AT, GiacmoniyHul AT, nynbc) ma aHmporoMempuyHUX (3picm, eaza, nnowa rnoeepxHi mina, obxeam martii,
iHOekc macu mina) nokasHukie. Cmamucmuy4Ha obpobka ompumaHux pe3ynbmamie nposedeHa 8 niyeHsiliHomy nakemi "Statistica
5.5", 3 sukopucmaHHaAM HernapaMempuyHUX Memodie ouiHKU. BcmaHosneHo, wo 8 epyni Yonosikie piseHb yucmamuHy C y sikux <0,9,
ma y XiHOK 3 pieHeM yucmamuHy C>0,9 npu HapocmaHHi anbbyMiHypii 3pocmae gidcomkosa Yacmka naujeHmie 3 8axx4um cmyrneHem
MikpocyOuHHUX ycknadHeHb L] 1. Y xeopux Ha L[] 1 nopieHsHO 3 KOHMPO/IBLHOK 2Pyriok 8enuduHa cucmorniyHo2o apmepiarbHO20
mucky docmosipHo binbwa ma 36inbwyembcs Mo Mipi 3pocmaHHs pieHsi anbbymiHy 6 ceyi (npu yucmamuxi C<0,9 - y yomnosikie 3
HOpPMO-, MiKpoanbbymiHypieto ma npomeiHypieto Ha 7,14%, 8,1% ma 10,8%; y xiHOK 3 HOpMO-, MiKpoansbymiHypieto Ha 7,5% ma 10,0%;
npu yucmamuni C>0,9 - y Yorosikie 3 HOpMo-, MikpoanbbymiHypieto Ha 4,9% ma 7,2%;, y XiHOK 3 npomeiHypieto Ha 19,5%). AHanoaiuHi
3MiHU 8cmaHoerneHi 0ns diacmoniyHo20 apmepianbHo20 mucky (npu yucmamuri C<0,9 - y 4onosikie 3 npomeiHypieto Ha 13,0%; y
XKIHOK 3 HOpMO-, MikpoanbbymiHypieto Ha 11,4% ma 13,4%; npu yucmamuni C>0,9 - y Yonosikig 3 MikpoansbymiHypieto Ha 9,0%; y XiHOK
3 HopMmo- ma rpomeiHypieto Ha 9,5% ma 21,5%) ma eenuyuHu nynbcy (npu yucmamuti C<0,9 - y yornosikie 3 MikpoanbbyMiHypieto i
npomeiHypieto Ha 18,4% ma 12,6%, y xiHoK 3 MikpoanbbymiHypieto Ha 9,13%; npu yucmamuri C>0,9 - y yornosikie 3 MikpoanbbyMiHypieto
Ha 12,0%, y XiHOK 3 HOpMO-, MiKkpoanbbyMiHypieto ma npomeiHypieto Ha 10,1%, 16,3% ma 25,3%). Y xeopux Ha L|[] 1 nopigHsiHO i3
KOHMPOIIbHOK 2pyror eenuyuHa GoexuHU mifa 00CmMOoBIpHO MeHWa ma 3MeHWYemMbCs 8 Mipy 3b6inbWeHHs1 pieHs1 anbOyMiHy 8 cedi
(npu yucmamudi C<0,9 - y yornosikie 3 HOpMO-, MikpoanbbymiHypiero ma rnpomeiHypieto Ha 3,6%, 6,7% ma 9,0%; y XiHOK 3
mikpoanbbymiHypieto Ha 1,9%; npu yucmamuri C>0,9 - y 4ornosikie 3 HOpMO-, MikpoanbbymiHypieto Ha 5,2% ma 7,3%; y XiHOK 3
HopmoanbbymiHypieto ma npomeiHypiero Ha 2,6% ma 4,3%). AHanoeidHi 3MiHU 8cmaHoerneHi y 4orosikie Ornsi eenuyuHa Macu mina
(npu yucmamuni C<0,9 - 3 MmikpoanbbymiHypieto ma npomeiHypiero Ha 13,6% i 30,1%, npu yucmamuxi C>0,9 - 3 HoOpmo- |
mikpoanbbymiHypieto Ha 10,2% i 25,4%) ma eenu4uHu nnowi nosepxHi mina (npu yucmamuti C<0,9 - 3 HOpMO-, MiKpoanbbyMiHypieto
ma npomeiHypieto Ha 5,8%, 10,8% i 18,9%, npu yucmamuri C>0,9 - 3 HopMmoO- i MiKpoanbbymiHypieto Ha 8,2% i 16,2%). Benu4uHa
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obxeamy manii y xeopux dorosikie Ha Li[] 1 3 HopmoanbbymiHypieto docmosipHo binbwa, a y Xxeopux iHWuUx epyn 60CMo8ipHO MeHwa
r1opieHsAHO i3 30oposumu docnidxysaHumu (npu yucmamuHi C<0,9 - 3 HopMo-, MikpoanbbyMiHypieto i npomeiHypieto Ha 3,8%, 1,2% ma
5,2%; npu yucmamuni C>0,9 - 3 MikpoansbymiHypieto Ha 5,1%). Y xeopux XiHOK ropieHsiHO i3 30oposumu obxeam manii docmoegipHO
binbwut (npu yucmamuri C<0,9 - 3 HopMmo- | mMikpoanbbymiHypieto Ha 11,2% ma 10,7%; npu yucmamuHi C>0,9 - 3 HOpmo- ma
npomeiHypieto Ha 9,7% ma 6,0%). Y xeopux Ha L[] 1 yonosikie 3 npomeiHypieto MOPi8HSIHO 3 KOHMPOITbHOK 2PYIO0 8eUYUHa iHOeKcy
macu mina docmosipHo MeHwa Ha 9,7% (yucmamuH C<0,9). BenuyuHa iHdekcy macu mina docmosipHO binbuwia y X80pux XIHOK 3
HopmoarnbbymiHypieto ma mikpoansbymiHypieto - 8idrnoegioHo Ha 11,8% ma 17,7% (yucmamuH C<0,9) ma y nauieHmokK 3 npomeiHypieto
Ha 7,2% (yucmamuH C>0,9) nopigHsiHO i3 300po8UMU XiHKamu. Takum YuHOM, MiX 300posumMu ma xeopumu Ha L 1 nauieHmamu 3
pi3HUM cmyrneHeMm anbbyMiHypii ecmaHoeneHi 8iOMIHHOCMI 3a2arnbHOKIIHIYHUX ma aHmpornoMempuYHUX MOKa3HUKI8, Mpu4YoOMYy 80HU
mum 6inbwi, Yum Ginbwul piseHb yucmamuHy C.

KnrouoBi cnoBa: yykposut diabem 1 muny, piseHb yucmamuHy C, pieeHb anbbyMiHy & ceyi, aH2io-, pemuHo- ma Helpornamis,
3a2arnbHO-KIMiHIYHI MOKa3HUKU, aHmpOonoMempuyHi MOKasHUKU.

OCOBEHHOCTU YACTOTbI AHIMO-, PETUHO- U HEMPOMATUW, OBLLEEKITUHUYECKUX U AHTPOMOMETPUYECKUX
MOKA3ATENEN Y BONIbHbIX CAXAPHbIM OUABETOM 1 TUMA C PA3NIMYHBLIM YPOBHEM ANlbBYMUHA B MOYE B
3ABUCUMOCTU OT YPOBHA LLUCTATUHA C

Kpueoes3 10.A., BepHuzopodckuli B.C., [lzesynsckas U.B., Lllesuyk 10.I"., KyueHko [1.C.

LucmamuH C yny4waem cmpamucgbukayuro pucka cpedu nuy, ¢ duabemuyeckol Heghpornamuel OmMHOCUMENIbHO pucka CMepmHocmu,
cepdeyHo-cocyducmbix 3abonesaHull, HapyuweHuUl cO CIMOPOHbI OpeaHa 3PeHUsT U Hep8HoU cucmemMbl Ha OOKIUHUYECKOU U HavyarbHoU
cmaduu. Llenb uccnedogaHus - U3y4umb 4acmomy aHauo-, PemuHo- U Helponamuu, a makxXe pasiuyus 0buweKnuHU4ecKux u
aHmpornoMempu4yeckux rnokasamesiel y 60s5bHbIX caxapHbiM Ouabemom 1 muna (C 1) ¢ pa3nuyHbiM yposHeM anbbyMuHa 8 Moye 8
3asucumocmu om yposHsi yucmamura C. Bbeibopka cocmasuna 78 Myx4uH u 62 xeHuuHb! 8 gospacme 22-26 nem, 6onbHbix CA 1,
Komophbie rnpoxodunu cmayuoHapHoe fnedyeHue 8 mepanesmudyeckux omoeneHussx Ne1 u Ne2 BuHHuukoeo obracmHoe2o
8bIcoKoCeyuanu3upo8aHHo20 3HOOKPUHOM02U4YeCcK020 ueHmpa. KoHmpornbHas epyrnna cocmosna u3 8 npakmu4ecku 300p08bIX MyXYUH
u 13 npakmuyecku 300p08bIX XEeHUWUH aHaro2u4Ho20 go3pacma. Bcem nayueHmam UMMyHOEPMeHMHbIM Memodom ornpedensnu
yposeHb MukpoansbymuHypuu u yucmamuHa C. [Tpoeodusiu oueHKy Yyacmomel aHauo-, PemuHo- U Helpornamuu, 0bWeKmuHUYeCKUX
(cucmonuyeckoe AL, duacmonudeckoe AL, nynbc) u aHMpPornoMempu4yeckux (pocm, gec, nnowadb nosepxHocmu mesa, obxeam
manuu, UHOeKc mMacchl mena) nokazamernel. Cmamucmuyeckas o6pabomka rMosyyeHHbIX pe3ynbmamos npogsedeHa & IUUeH3UOHHOM
nakeme "Statistica 5.5", ¢ ucnonb3oeaHuem Henapamempuyeckux Memodo8 OUEHKU. YCmaHo8/1eHO, YmO 8 2pyrne MYyXYUH ypO8eHb
yucmamuHa C y komopbix <0,9, u y XeHwuH ¢ yposHem yucmamuHa C>0,9 npu HapacmaHuu anbbyMuHypuu pacmem rnpoueHmHas
dons nayueHmos ¢ 6onee msxenol cmerneHblo Mukpococyducmeix ocrioxHeHul CA1. Y 6onbHbix CA1 Mo cpagHeHU ¢ KOHMPObHOU
epynmnoli 8enuyuHa CUCMOIUYeCcKo20 apmepuanbHo2o daeneHusi 00CmosepHO bosbwe U ysenuyueaemcsi o Mepe pocma ypOoBHs
anbbymuHa 8 moue (npu yucmamuHe C<0,9 - y MyX4YUH C HOPMO-, MUKpoaribbymuHypuel u npomeuHypuel Ha 7,14%, 8,1% u 10,8%,
Y XKEHUUH C HOPMO-, MuKpoanbbymuHypuet Ha 7,5% u 10,0%, npu yucmamuHe C>0,9 - y My>4UH C HOPMO-, MUKpOanbbyMuHypuel Ha
4,9% u 7,2%, y xeHwuH ¢ npomeurypueti Ha 19,5%). AHanoz2u4Hble U3MeHeHUs ycmaHo81eHbl Or11 duacmornuyecKo20 apmepuanbHo20
OasneHus (Mpu yucmamure C<0,9 - y MyxX4uH ¢ npomeuHypuel Ha 13,0%, y XeHWUH ¢ HOpMO-, MuKpoanbbymuHypuel Ha 11,4% u
13,4%, npu yucmamuHu C>0,9 - y MyX4uH ¢ MukpoanbbymuHypuel Ha 9,0%, y XeHUWUH ¢ HOpMO- U npomeuHypuel Ha 9,5% u 21,5%)
u eenuyuHel nynsca (npu yucmamuHe C<0,9 - y Myx4uH ¢ MukpoansbymuHypuel u npomeuHypuel Ha 18,4% u 12,6%, y XeHWuH c
mukpoansbymuHypuel Ha 9,13%, npu yucmamuHe C>0,9 - y MyX4uH ¢ MukpoanbbymuHypuel Ha 12,0%, y XeHUWUH ¢ HOpMO-,
MukpoansbymuHypuet u npomeuHypueti Ha 10,1%, 16,3% u 25,3%). Y 6onbHbix CL]1 o cpasHeHuUto ¢ KOHMPOoIbHOU 2pyrnnol 8eluduHa
OnuHbl mena AoCMOBEePHO MEeHbWe U yMeHblaemcsi no mMepe ygsenudyeHuss ypoeHsi anbbymuHa 8 moye (npu yucmamuHe C<0,9 - y
MYXYUH C HOPMO-, MUKpoanbbymuHypuel u npomeuHypuel Ha 3,6%, 6,7% u 9,0%, y XeHWuUH ¢ MukpoanbbymuHypuel Ha 1,9%, npu
yucmamuHe C>0,9 - y MyX4uUH ¢ HOPpMO-, MUKpoanbbymuHypuel Ha 5,2% u 7,3%, y XeHWUH ¢ HopmMoanbbymuHypuel u npomeuHypuel
Ha 2,6% u 4,3%). AHanoau4Hble U3MEeHEeHUS yCMmaHOo8/eHbl ¥ MyX4UH Ons eefuyuHbl Maccbl mena (npu yucmamuHe C<0,9 - ¢
MukpoansbymuHypueti u npomeuHypuel Ha 13,6% u 30,1%, npu yucmamuHe C>0,9 - ¢ HOpMO- U MukpoansbymuHypueli Ha 10,2% u
25,4%) u eenu4uHbl naowadu nogepxHocmu mena (npu yucmamuHe C<0,9 - ¢ HOpMO-, MukpoanbbymuHypuel u npomeuHypuel Ha
5,8%, 10,8% u 18,9%, npu yucmamuxe C>0,9 - ¢ HoOpMo- u MukpoanbbymuHypueli Ha 8,2% u 16,2%). Benu4duHa okpyxHocmu manuu
y 605bHbIX My>x4uH C]1 ¢ HopmoanbbymuHypuel 0ocmosepHo 6ornbuwie, a y 6onbHbIX Opyaux epyrn 00CMO8EepPHO MEHbLIE M0 CPaBHEHUIO
co 30oposbimu ucribimyembimu (fpu yucmamuHe C<0,9 - ¢ HOpMO-, MuKpoansbymuHypuel u rnpomeuHypuel Ha 3,8%, 1,2% u 5,2%,
npu yucmamuHe C>0,9 - ¢ mukpoanbbymuHypuel Ha 5,1%). Y 60nbHbIX XeHWUH M0 cpasHeHuUt co 300posbiMu obxeam manuu
docmosepHo bonbwe (npu yucmamuHe C<0,9 - ¢ Hopmo- u MukpoanbbymuHypuel Ha 11,2% u 10,7%, npu yucmamuHe C>0,9 - ¢
Hopmo u npomeuHypuel Ha 9,7% u 6,0%). Y 6onbHbix CL1 Myx4uH ¢ npomeuHypuel 1o CpasHeHUr C KOHMPOsbHOU 2pynmnol
gesiuquHa uHlekca maccol mena docmosepHo meHbwe Ha 9,7% (yucmamuH C<0,9). BenuyuHa uHdekca macchbl mesa A0CmMoeepHO
bornbwe y 60MbHbIX XEHUWUH C HOpMOansbyMuHypuel u MukpoanbbymuHypuel - coomeemcmeeHHo Ha 11,8% u 17,7% (yucmamuH
C<0,9) u y nayueHmok ¢ npomeuHypuel Ha 7,2% (yucmamuH C>0,9) no cpagHeHuto co 300p08bIMU XeHuWuHamu. Takum obpasom,
mexdy 30oposbimu u 6onbHbiMu CL1 y nayueHmos ¢ pa3Hol cmerneHbto anbbyMUuHypuu yCmaHo81eHb! pa3uyusi 06WeKTUHUYeCKUX
u aHmporiomempuy4eckux rnokasamersned, npuyem oHuU mem b6onbwe, Yyem bonbwe yposeHb yucmamuHa C.

KntoueBble cnoBa: caxapHbilti Ouabem 1 muna, yposeHb yucmamuHa C, ypogeHb anbbyMuHa 8 Moyve, aHeuo-, PemuHo- U Helpornamus,
obweKknuHU4ecKue rokasamernu, aHmpornoMempuyeckue rnokasameru.
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The local and systemic immunodeficiency is the main mechanism for vaginal bacterial
dysbiosis and its extreme manifestation - bacterial vaginosis (BV) development. The
complex immune response study and the establishment of the main mechanisms and
factors, reflecting it and corresponding to the microbiocenosis severity disorder are
relevant. Aim - to develop a neural network model of the severity of vaginal bacterial
dysbiosis based on the assessment of normobiota. Divided into the following groups
according to the Conditionally pathogenic microflora index (CPMI) and normobiota index
(NBI): normocenosis (n=53), dysbiosis | (n=128) and Il degree (n=117) among the latter
83 patients with PNB>1 Ig GE/sample were identified, in whom BV was established.
Molecular genetic studies of the epithelium scraping from the vagina posterolateral wall
were carried out by Polymerase chain reaction ("DNK-Technologiia” LLC, RF). Facultative
and obligate anaerobes, myco- and ureplasmas, and yeast-like fungi were quantified.
The content of immunoglobulins, lysozyme, cytokines, complement, phagocytosis activity
of leukocytes, hormones, the number of lymphocytes and their fractions, as well as the
vaginal discharge pH (a total of 58 indexes) were identified in blood and vaginal discharge.
For statistical and mathematical analysis, the Statistica 10 software (StatSoft, Inc., USA)
was used. Using neural network modeling, it was revealed that among all the factorial
signs for determining the bacterial dysbiosis degree, the complement component C4
and y-INF content in the vaginal discharge and circulating immune complexes (CIC) and
TNFa in the blood were important. A linear neural network model was built on the
selected set of factor signs (the Cohen's kappa coefficient consent index on the training
set was k=0.87 (95% CI 0.82-0.91)), for confirming plurality - k=0.89 (95% CI 0.77-1.00).
With normocenosis, the complement activation PNB was decreased, and y-INF and
TNFa content was increased. The CIC levels blood increase corresponded to the
opportunistic microflora growth and reflected the humoral immune response activation,
which suggests that this indicator is an early dysbiosis marker. With | degree dysbiosis
all factors had positive relationship with NBI, which reflected the immune system stress
state. In case of Il degree dysbiosis, NBl had a negative relationship with y-INF content
in the vaginal discharge, and CIC in the blood, while positive - with C, content in vaginal
discharge, and TNFa in the blood, which proved the immune system dysregulation and
caused its further suppression with the BV-association immunodeficiency development.
The immune system reaction during the BV development evolved from non-specific
resistance reactions to cytokine-induced reactions of specific humoral immunity in
response to the BV-associated microbiota growth, which subsequently experienced
depletion and loss of immune control.

Keywords: bacterial vaginosis, normobiota index, immune system.

Introduction

Vaginal bacterial dysbiosis is a nonspecific infectious in the content or complete absence of normobiota

non-inflammatory syndrome in which
obligate- and facultative-anaerobic
pathogens increases in vaginal discharge

the content of (Lactobacillus spp.) [1, 12, 22]. The extreme severity of
opportunistic  dysbiosis is bacterial vaginosis (BV), which causes
with a decrease  inflammation of the pelvic organs, and during pregnancy
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causes the threat of pregnancy, premature birth and
postpartum infections of mother and child [19, 21]. BV has
been shown to contribute to the incidence of HIV [16] and
papillomavirus infection, as well as associated with cervical
cancer [2].

The causes of BV are disruption of the vaginal
ecosystem due to suppression of natural defense
mechanisms - vaginal microbiocenosis, the formation of
colonial resistance factors, as well as local nonspecific
immune defense (phagocytosis reactions and complement
activation, etc.) [3, 18]. Activated by molecular microbial
pathogens, macrophages of the vaginal mucosa through
the formation of proinflammatory cytokines [15] trigger
cellular and humoral immune responses [11]. At the same
time, against the background of BV and an increase in the
absolute number of BV-associated pathogens (Gardnerella
vaginalis, Mycoplasma hominis, etc.) there is a decrease
in systemic and local inflammatory response, local and
systemic immunodeficiency [4].

The main mechanism of BV development is local
immunodeficiency and reduction of colonization resistance
of vaginal discharge [3, 18], but, in addition to local, systemic
immunodeficiency is also formed [5]. Antigen-presenting
cells of the vagina, primarily macrophages and dendritic
cells, are activated by bacterial antigens, release
proinflammatory cytokines and involve cellular and humoral
links in the immune response [11]. Decreased systemic
and local inflammatory response correlates with the degree
of bacterial dysbiosis [17].

Thus, a comprehensive study of the local and local
immune response, as well as the establishment of the
main mechanisms of BV development and the factors that
reflect them, seems relevant.

The aim of the study was to develop a neural network
model of the severity of vaginal bacterial dysbiosis based
on the assessment of normobiota.

Materials and methods

The study used data from 298 women between the
ages of 16 and 64 who consulted a gynecologist for a
preventive examination or for complaints of discomfort in
the genital area. The exclusion criterion was the presence
of unduly pathogenic microorganisms in the scrapings of
the vaginal epithelium (Trichomonas vaginalis, Neisseria
gonorrhoeae, Chlamydia trachomatis and Herpes Simplex
Virus 1,2). The presence of more than 15-20 leukocytes in
the field of view in vaginal smears, which indicated the
presence of an inflammatory reaction, was also an
exclusion criterion.

During the examination, a scraping of the epithelium
was taken from the posterior lateral wall of the vagina using
a urogenital probe. Molecular genetic studies were
performed by polymerase chain reaction (PCR). DNA was
isolated using a set of reagents "Proba-HS" ("DNA
Technology”, Russia). Amplification of test tubes with the
reaction mixture was performed in the amplifier "DTLite"

("DNA Technology", Russia). To study the state of the vaginal
biocenosis, we used the "Femoflor 16" test system, which
is designed for real-time PCR. The microbiota was
quantified by the following indicators [14]: total bacterial
mass (TBM), normobiota (Lactobacillus spp.), Obligate
anaerobes (Lactobacillus spp.), obniratHi aHaepobu
(Atopobium vaginalis, Eubacterium spp., Gardnerella
vaginalis, Prevotella bivia, Porphyromonas spp.,
Lachnobacterium spp., Clostridium spp., Megasphaera
spp., Veilonella spp., Dialister spp., Mobiluncus spp.,
Corynebacterium spp., Peptostreptococ spp., Sneathia
spp., Leptotrihia spp., Fusobacterium spp.), facultative
anaerobes (Enterobacteriaceae spp., Staphylococcus spp.,
Streptococcus spp.), Mycoplasma and ureaplasma
(Ureaplasma urealiticum + parvum, Mycoplasma hominis
+ genitalium) and yeast-like fungi (Candida spp.).

The criterion for dividing patients into groups was
conditionally pathogenic microflora index (CPMI), which was
calculated as the difference between the sum of all
opportunistic pathogens and the number of lactobacilli (in
Ilg GE/sample). In the normocenosis CPMI was lower than
-3 Ig GE/sample (1 group; n=53), in dysbiosis of the first
degree CPMI was in the range from -3 to -1 Ig GE/sample
(group 2; n=128) and in dysbiosis Il degree CPMI was more
than -1 |g GE/sample (group 3; n=117) [9]. Groups with
dysbiosis were divided into subgroups according to the
normobiota index (NBI), which was calculated as the
difference between the total bacterial mass (TBM) and the
number of lactobacilli (in Ig GE/sample). In group 2 there
are three subgroups: 1 - with NBI<0, Ig GE/sample (n=23),
2 - with NBI from 0.3 to 1.0 Ig GE/sample (n=83) and 3 -
with NBI>1 Ig GE/sample (n=22). In group 3, two subgroups
were distinguished: 1 - with NBI<1 Ig GE/sample (n=34)
and 2 - with NBI>1 Ig GE/sample (n=83). In the last
subgroup, the degree of dysbiosis was maximal and
corresponded to the state of BV [8].

According to standard immunological methods [5, 20],
the content of immunoglobulins A (IgA), M (IgM) and G (IgG)
in blood serum and vaginal discharge was determined
("Granum" test systems, Ukraine); the content of
immunoglobulin G, (IgG,) and secretory IgA (slgA) ("Hema",
Russia); the content of transforming growth factor 1B (TGF-
18) (DRG, USA); immune complexes (IC, in vaginal
discharge) and circulating IC (CIC, in blood) by their
selective precipitation in a solution of polyethylene glycol;
content of interleukins 13 (IL1B), 2 (IL2), 4 (IL4), 6 (IL6), 8
(IL8), 10 (IL10), tumor necrosis factor a (TNFa) and y-
interferon (y-INF) ("Vector-Best", Russia); content of
complement components C3 and C4 ("PLIVA-Lachema
Diagnostica s.r.o", Czech Republic); lysozyme (DRG, USA).
Determination of leukocyte phagocytic activity (PAL) was
performed using a suspension of yeast cells ("Granum",
Ukraine); PAL was calculated as the average number of
particles absorbed by one active neutrophil per 100 cells,
the PAL index (IPAL) was calculated as the percentage of
phagocytes from the number of counted neutrophils. The
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Table 1. Factor features of the indicators primary analysis of
vagina colonial resistance, immune system and hormonal regulation
system.

X1 Age X20 IL10 X39 CD22+
X2 mensDt?u);Io{:ycle x21 | TNFa | x40 PAL
Indicators of VD: X22 TGF-1B X41 loal
X3 IgM X23 pH X42 CiC
X4 igA Indicitlzgsdi:n the X33 c,
X5 9G X24 FSH X44 C,
X6 l9G2 X25 LH X45 v-INF
X7 slgA X26 E2 X46 IL1B
X8 Lysozyme X27 PG X47 L2
X9 PAL X28 TS X48 L4
X10 IPAL X29 CR X49 L6
X11 IC X30 PRL X50 L8
X12 C, X31 fT, X51 IL10
X13 C, X32 fT, X52 TNFa
X14 v-INF X33 Lc X53 TGF-1B
X15 IL1B X34 CD16+ X54 IgM
X16 L2 X35 CD3+ X55 IgA
X17 L4 X36 CD4+ X56 9G
X18 L6 X37 CD8+ X57 IgG2
X19 L8 X38 IPI X58 slgA

Notes: VD - vaginal discharge.

number of lymphocytes in the blood (Lc) was counted [20];
quantitative determination of CD3+, CD4+, CD8+, CD16+
and CD22+ cells was performed with the use of erythrocyte
diagnosticums of "Granum" (Ukraine); calculated the
immunoregulatory index (IRI) as the ratio of CD4+/CD8+.
The pH of vaginal discharge was determined using test
strips "Kolpo-Test pH" manufactured by "Biosensor AN"
(RF). Enzyme-linked immunosorbent assay in the serum
determined the content of hormones: luteotropic (LH),
follicle-stimulating (FSH), prolactin (PRL), cortisol (CR),
progesterone (PG), estradiol (E2), testosterone (TSC), free
triiodothyronine (T3) and free thyroxine (T4) using reagent
kits produced by "Granum" (Ukraine).

Arithmetic mean (M) and mean error (m) were used for
descriptive data statistics. Paired independent data
samples were compared according to the Mann-Whitney
(U) test. The construction of prognostic models was
performed using neural network modeling [10]. The method
of genetic analysis was used to select the most significant
factor traits. In all types of comparative statistical analysis,
the significance of the differences was taken at p<0.05.
The statistical software package Statistica 10 (StatSoft, Inc.,
USA) was used for statistical processing of the obtained
data.

Prediction of the severity of dysbiosis by NBI was

performed by neural network analysis, which used the
results of examination of all 298 patients, 53 of whom were
diagnosed with normocenosis, 128 dysbiosis of | degree
and 117 - dysbiosis of Il degree. At the beginning of the
analysis, all the studied factors (58 indicators in total) were
presented as factor features, which are shown in Table 1.

To check the quality of model prediction, all observations
(using a random number generator) were divided into three
sets: training (used to calculate model parameters, 248
cases), control (used to control model retraining, 20 cases),
confirmatory (used to check adequacy models when
forecasting on new data, 30 cases).

Results

A linear neural network model was built and trained on
a complete set of 58 factor features (see Table 1). Cohen
kappa agreement index for this model on a training set
was k=0.99 (95% CI 0.97-1.00), on the confirmatory set -
x=1.00 (95% CI 0.99-1.00), which testified to the adequacy
of the model that was built.

Significant traits were selected using a genetic
algorithm method to identify the factors most associated
with NBI. As a result, four factor traits were selected: levels
in the vaginal discharge of the complement component C4
(X13) and y-INF (X14), as well as blood levels of CIC (X42)
and TNFa (X52).

A linear neural network model was built and trained on
a separate set of four factor features. Cohen kappa
agreement index for this model on a training set was k=0.87
(95% CI 0.82-0.91), on the confirmatory set k=0.89 (95%
Cl 0.77-1.00), which testified to the adequacy of the
constructed model.

Thus, the model for predicting the severity of dysbiosis
for NBI, based on four factor traits, gave a "very good"
(x>0.81) agreement, which indicated the high significance
of the selected factor traits (content in the vaginal discharge
of C, and y-INF, as well as the content in the blood of CIC
and TNFa) to predict the severity of dysbiosis by NBI.

The constructed model can be expressed by a system
of equations (1):

V0=-0,101 x X13 - 0,091 x X14 + 0,001 x X42 -

0,031 x X52 + 1,726
V1=0,092 x X13 - 0,262 x X14 - 0,010 x X42 + (1),
0,019 x X52 -1,380

V2=0,009 x X13-0,171 x X14 - 0,012 x X42 +

0,012 x X52 + 0,654

where VO corresponds to the diagnosis of
"normocenosis”, V1 corresponds to the diagnosis of "grade
| dysbiosis", V2 corresponds to the diagnosis of "grade Il
dysbiosis"; the decision is made on the maximum value of
the resulting indicator V.

Changes in the content of selected by the results of
neural network modeling of the immune system in dysbiosis
of varying degrees are given in Table 2.

The content of the complement component C, in the
vaginal discharge was increased compared to the norm
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Table 2. Indicators of the immune system, which were selected at a previous stage by the results of neural network modulation (M+m).

Content in VD Blood content
Group, subgroup
C4, ng/ml v-INF, pg/ml CIC, Ex.U. TNFo, pg/ml
1 (normocenosis), n=53 3.532+0.071 1.871+£0,061 46.12+1,32 14.64+0,46
1, n=23 3.642+0.111 1.931+0.051 44 .33+2.41 18.92+0.73*
2 (dysbiosis of the | degree), n=128 2,n=83 4.622+0.081* 2.472+0.041* 54.91+1.03* 31.8940.59*
3, n=22 2.281+0.071* 0.841+0.031* 33.63+1.12* 30.76+1.22*
1, n=34 1.191+0.031* 0.711£0.021* 45.36+1.59 31.29+0.87*
3 (dysbiosis of the Il degree), n=117
2,n=83 0.601+0.011* 0.411+£0.011* 25.23+0.39* 52.62+0.86*

Notes: VD - vaginal discharge; * - probability of discrepancies using the Mann-Whitney U-test compared with the corresponding

indicator in group 1 (p<0.001).

for the normocenosis in grade | dysbiosis (2 subgroups -
in 1.3 times; p<0.001), decreased with the transition to
grade |l dysbiosis (up to 50-66% of the level of
normocenosis) and decreased sharply on the background
of BV (up to 17%; p<0.001). Earlier we showed [6, 7] that
the content of immune complexes in vaginal discharge
also decreased in grade Il dysbiosis and the decrease in
complement content was the reason for such a decrease
in the formation of immune complexes on the background
of BV.

The content of y-INF did not actually change in subgroup
1 in dysbiosis of the first degree, but reached a maximum
in subgroup 2 (increased in 1.3 times; p<0.001). With the
deepening of the level of dysbiosis, the content of y-INF
decreased and in BV and was 21.9% of normocinosis
(p<0.001). The level of complement changed similarly.
y-IFN is an active proinflammatory factor that is associated
with innate and adaptive immunity, along with other
proinflammatory factors (such as IL18 and TNFa), it
activates T-lymphocytes and monocytes to activate the
expression of the chemokine cascade [5]. Therefore, the
activation of humoral immunity, a significant indicator of
which according to the results of studies was the C4
component of complement and the content of y-IFN, which
involves the cell, reflected in the dysbiosis of the first degree
reaction to the local immune response. With the further
development of dysbiosis, significant suppression of both
indicators was noted.

Confirmation of the important regulatory role of y-IFN is
its negative relationship with NBI, detected during
regression analysis (B-regression coefficient was -0.28;
p<0.001) in grade | dysbiosis. The same signs of
dependence were found in the phagocytic activity of
leukocytes (IPAL) and the content of sIgA, which indicates
an active reaction of the nonspecific immune system to the
factors of colonization resistance of vaginal discharge.

CIC contain antigens, antibodies and components of
complement C,, C,, C1q [5]. According to the results of
regression analysis, in dysbiosis of the first degree in blood
content, the CIC had a negative effect on NBI (B-regression
coefficient was -0.138; p=0.027). Therefore, such data
suggest that dysbiosis was a provoking factor for the
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Fig. 1. The interface expert system predicting the severity of
dysbiosis according to NBI.

activation of the humoral part of the immune system.

For the practical use of the model for predicting the
severity of dysbiosis by NBI in the environment of the Excel
spreadsheet implemented an expert system. Figure 1
shows its interface. To work in the program, you must enter
the values of the indicators for a particular patient in the
appropriate cells of the spreadsheet. The expert system
will issue a forecast of the severity of dysbiosis according
to NBI. From the three equations (VO, V1 and V2) the
maximum value of the calculated NBI is chosen.

Thus, patient P., 40 years old, had the following
indicators: levels in vaginal discharge C, - 3.44 yg/ml and
y-INF - 1.94 pg/ml; blood levels of CIC - 42.7 Ex.U. and
TNFa - 13.8 pg/ml. Predicted NBI - "Normocenosis", the
actual value of NBI - 0.05; diagnosis: Normocenosis.

Patient P., 31 years old, had the following indicators:
levels in vaginal discharge C, - 4.38 pg/ml and y-INF -
1.76 pg/ml; blood levels of CIC - 50.7 Ex.U. and TNFa -
35.3 pg/ml. Predicted NBI - "Dysbiosis of the | degree"; the
actual value of NBI - 0.4, diagnosis: Dysbiosis of the first
degree (Fig. 1).

Patient S., 16 years old, had the following indicators: levels
in vaginal discharge C, - 0.53 pg/ml and y-INF - 0.46 pg/ml;
blood levels of CIC - 23.9 Ex.U. and TNFa - 57.5 pg/ml.
Predicted NBI - "Dysbiosis of the Il degree", the actual value of
NBI - 4.6; diagnosis: Dysbiosis of the Il degree.

Discussion
As we showed earlier [6, 7, 8], in the process of
development of vaginal dysbiosis there was a formation of
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a single pathological hormonal-immune system, which
causes and supports the development of BV. Such a
system included the formation of local and systemic
immunodeficiency and a number of hormonal disorders.
In this work, the task was to develop and analyze a
mathematical model of the pathological process and
determine the factors that determine the severity of
dysbiosis. As a result, NBl was considered, which
objectively reflected the degree of increase in pathogenic
microflora and decrease in the number of lactobacilli [8,
14].

Analysis of the system of equations 1 showed some
patterns of progression of dysbiosis. In the normocenosis
(equation V0) the negative signs of the coefficients (ie those
that reduced NBI) had the content in the vaginal discharge
of the complement component C,, y-INF and the content of
TNFa in the blood, and positive (increased in parallel with
NBI) - the content in the blood CIC. In other words, in the
normocenosis, the conditionally pathogenic microflora was
directly controlled by the activation of complement (C,) and
the increase in the level of cytokines - y-INF and TNFa. The
increase in the content of CIC in the blood reflected the
parallel to the growth of opportunistic pathogenic microflora
activation of the humoral immune response. Therefore,
this state of the immune system can be characterized as
controlled in relation to the development of vaginal
dysbiosis, and the accumulation in the blood of CIC in the
normocenosis can be recommended as an early marker
of activation of opportunistic pathogens.

In grade | dysbiosis (equation V1), none of the
coefficients had a negative sign of the coefficients, ie they
all had a positive relationship, and therefore increased
according to the increase in NBI. In other words, all
significant factors responded to the activation of
opportunistic pathogenic microflora, which, under such
conditions, acquired the properties of an uncontrolled
process that had the ability to self-sustain and progressive
self-stimulation [8, 9]. In our opinion, the change of the
sign of all coefficients to positive reflected the maximum
stress of immune mechanisms with the progression of
dysbiosis.

In grade Il dysbiosis (equation V2), negative coefficients
appeared for the content of y-INF in the vaginal discharge
and the CIC content in the blood, and positive for the content
of C, in the vaginal discharge and TNFa in the blood.
Therefore, we can assume that under conditions of
developed vaginal dysbiosis, dysregulation of the immune
system was formed, which changed the state of tension
and preceded the pronounced suppression of reactions of
both local and systemic immunity in BV. In our opinion, in
dysbiosis there is an escape of opportunistic pathogens
(first, anaerobic) from the control of the immune system,
which causes BV-associated immunodeficiency and the
development of BV.

Earlier we showed [8, 9] that against the background of
reduced TBM and LB content sharply increased NBI,

detectability and number of opportunistic pathogens
(especially anaerobes, which did not occur in the
normocenosis - Sneathia spp. + Leptotrihia spp. +
Fusobacterium spp.), as well as uncharacteristic for the
normocenosis mycoplasmas. It is possible that these
antigens activated the response of the immune system,
which in the process of developing BV evolved from
nonspecific resistance to cytokine-induced reactions of
specific humoral immunity. This explains the negative
relationship of NBI with the content in the vaginal discharge
of the activator of the immune system - y-INF and the level
in the blood of the CIC in grade Il dysbiosis.

On the other hand, it also explains the positive
relationship with the NBI content in the vaginal discharge
of the complement component C,. Regarding the positive
relationship of TNFa in the blood with NBI, it should be
noted that according to [4] the growth of BV-associated
microflora corresponds to the activation of cytokine
cascades in vivo, and according to [13] in vitro studies
showed that proinflammatory cytokines in high
concentrations characteristic of BV, stimulate the growth of
opportunistic pathogens. Thus, we can assume that in the
process of BV development, proinflammatory cytokines are
transformed from factors that inhibit the growth of
pathogenic microflora into factors that activate it.

Discussing the results presented in table 2, we can
establish that the correspondence of shifts in the content
of complement C, in vaginal discharge and CIC in the blood
indicates a single mechanism of involvement of these parts
of the immune system in dysbiosis, and mathematical proof
of this connection in neural network analysis indicates the
possibility of the content of CIC in the blood as a prognostic
factor of stress of the humoral part of the immune system
in grade | dysbiosis and its depletion in grade Il dysbiosis
and BV.

In our study, all studied proinflammatory cytokines (IL1(3,
IL6, IL8, TNFa and IL2) had a similar response - a clear
increase according to the degree of bacterial dysbiosis
with a maximum at BV: 3.0-6.0 times (p<0.001) in
comparable for the level of the normocenosis. The leading
position in this list of TNFa confirms its role as an
immediate factor that regulates immune inflammation -
the cytokine of "first stage" [5]. Other interleukins help to
prolong and expand inflammation and recruit
immunocompetent cells into the focus, involving the
endocrine and other body systems in inflammation.

The prospect of further development is to implement
the developed neural network model in health care practice
and conduct an expert evaluation of the effectiveness of the
proposed method for predicting the severity of vaginal
bacterial dysbiosis according to indicator of normobiota.

Conclusions

1. By neural network modeling, it was found that among
all the factor signs for determining the degree of bacterial
dysbiosis were important content in the vaginal discharge:
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complement component C4 and y-INF; in the blood - CIC
and TNFa. A dedicated set factor variable was constructed
linear neural network model (Cohen kappa index for the
training set was «=0.87 (0.82-0.91 CI 95%), to supporting
the set - k=0.89 (95% CI 0.77-1.00).

2. Complement activation, increased content of y-INF
and TNFa reduced the rate of normobiota in the
normocenosis. The increase in the content of CIC in the
blood corresponded to the growth of opportunistic
pathogenic microflora and reflected the activation of the
humoral immune response, which gave reason to consider
this indicator as an early marker of dysbiosis.
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MOAEJIb NPOrHO3YBAHHA CTYNEHA TAXKOCTI BAMNHAJIbHOIO BAKTEPIAJIBHOIO AUCBIO3Y 3A MNOKA3HMKOM

HOPMOBIOTU
Ipy3eecbkuli O.A., MiHyxiH B.B.

OCHOBHUM MeXaHi3MOM po38UMKY 8aziHaribHo20 bakmepianbHo20 ducbiody ma (io2o KpaliHbo20 nposigy - bakmepianbHo20 8a2iHO3y
(BB) - € nokanbHUl ma cucmemHul iMmyHodegiyum. AKmyanbHUM € 8UBYEHHSI KOMIMIEKCHOI iMyHHOI 8i0rnogidi ma ecmaHO8MeHHs
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OCHOBHUX MeXaHi3Mie ma YUHHUKi8, o ii eidobpaxkatomb ma eidnosidatome msxXKocmi nopyweHHs1 MikpobioyeHo3y. Mema 0ocridxeHHs
- po3pobumu Helipomepexeay Moderlb CMyneHsi MsXXKocmi 8aziHaribHo20 bakmepianbHo2o ducbio3dy Ha nidcmasi OUiHKU MOKa3HUKY
Hopmobiomu. Bynu sukopucmaHi 0aHi 298 XiHOK, siKi 3a iIHOeKCoM yMO8HO namoeeHHoi Mikpogbriopu (IYIM) ma nokasHukom Hopmobiomu
(MHB) 6ynu posanodineHi Ha epynu: HopMoueHo3 (n=53), ducbiod | (n=128) i Il cmyneHs (n=117); ceped ocmaHHix 8UOKpemieHo 83
nauienmku 3 MHB>1 Ig E/3pa3ok, e skux 6ye ecmaHoeneHull bB. MoneKkynspHo-eeHemuy4Hi 0ocnioxeHHs1 3ickpibka enimernito 3
3a0HBLOO0KO0B0I CmiHKU nixeu npoeodunnu MmemodoM ronimepasHoi naHyroe2oeoi peakyii ("AHK-mexHonozia", P®). KinbkicHO eu3Ha4anu
akynbmamusHi i obnizamHi aHaepobu, MiKo- i ypernnasmu ma Opix0xonodibHi epubu. Y Kposi ma eaziHarnbHOMY cekpemi gu3Haqyanu
amicm iMyHo2mobyriiHie, f1i304uUMy, UUMOKIHI8, KOMIIeMeHmy, akmueHicme ¢gha2oyumo3sy felikouumie, 20pPMOHI8, Kirnbkocmi nimMgoyumis
ma ix gpakyil, a makox pH eaciHanbHoO20 cekpemy (3azanom - 58 rnokasHukig). [nsg cmamucmu4yHo20 ma MamemMamu4Ho20 aHarnisy
sukopucmosysasu nipoepamy Statistica 10 (StatSoft, Inc., USA). LLinsaxom Helipomepexeso2o modesntogaHHs byro 3'acoeaHo, wio ceped
yCix chakmopHUX O3HaK Orns eu3HadeHHs cmyrneHs1 bakmepianbHo2o Oucbio3y Manu 3HayeHHs eMicm y eaziHarbHOMYy ceKkpemi
KommnoHeHmy komrnemeHmy C4 i y-INF, a y kposi - yupkyntorodux imyHHux komrnekcie (LIK) i TNFa. Ha eudineHomy Habopi chakmopHUX
03Hak byna nobydosaHa niHiliHa HelipoMepexesa Mooesb (Moka3HUK 3200u Kanna KoeHa Ha HasyanbHil MHOXUHI cknas x=0,87 (95%
Bl 0,82-0,91)), Ha nidmeepdxyesanbHil MHOXUHI - k=0,89 (95% Bl 0,77-1,00). Akmusauisi kKomrnnemeHma, nidsuweHHs emicmy y-INF
ma TNFa 3HUXysanu nokasHUK Hopmobiomu rpu HopmoueHo3si. lidsuwieHHs y kposi emicmy L|IK eidnoeidano pocmy yMo8HO namo2eHHOi
Mikpoghriopu ma gidobpaxkano akmusauito 2yMoparbHOI iMyHHOI 8idnosidi, wjo dae nidcmasy egaxkamu uel NoKa3HUK paHHIM MapKkepom
ducbiosy. lNpu ducbiosi | cmyneHs 8ci YUHHUKU Marnu no3umueHi 38'a3ku 3 [MTHB, wo 8idobpaxanio cmaH Harpy>XeHHs iMyHHOI cucmemu.
[pu ducbiosi Il cmynexs [THB mae 8id'eMHull 38'30K 3 eMicmomMm y eaeiHanibHoMy cekpemi y-INF, a y kposi - LIK, modi sik nosumugHut
- 3 emicmom y eaziHanbHoMy cekpemi C,, a y kpoei - TNFa, wo ceidyusio npo Quspeaynsyiio iMyHHOI cucmemu ma o6ymoesosaro i
nodanbwy cynpecito 3 pozgumkom bB-acouitiosaHo2o iMyHodegiyumy. Peakuis iMmyHHOI cucmemu y nipouyeci po3sumky BB
esoryioHysana 8id peakyil HecrieyugiyHoi peaucmeHmHocmi 00 iHOyKo8aHUX UUMOKIiHaMu peakuyili crieyughiyHoeo 2ymopanibHo20
imyHimemy y 8idnoeidb Ha 3picm bB-acouitiogaHoi Mikpobiomu, ujo 32000M 3a3Hasaro 8UCHaXEeHHS1 ma empamy iMyHHO20 KOHMPOJTO.
KnioyoBi cnoBa: 6akmepianbHull 8a2iH03, Moka3HUK Hopmobiomu, iMyHHa cucmema.

MOAENb NPOrHO3UPOBAHUA CTEMNEHU TAXXKECTU BATMHAITIbHOIO BAKTEPUAIIbHOIO AUCBMNO3A MO NOKA3ATENAM
HOPMOBWUOTbI

I'py3eeckuti A.A., MunyxuH B.B.

OCHO8HbIM MexaHU3MOM pa3sumusi eacuHanbHO20 bakmepuanbHo20 ducbuosa u e20 KpaliHe2o rnposisrieHuUss - bakmepuanbHO20
gaeuHo3a (bB) - sensiemcs nokanbHbIl U cucmeMHbIlU uMMyHoOeguyum. AKmyarsnbHbIM I8/1emcs U3yYeHUe KOMIMIIEKCHO20 UMMYHHO20
omeema U yCmaHOB8/IeHUE OCHOBHbIX MexaHU3MO8 U (hakmopos, ompaxaruwux e2o U COOmeememeayoWux msxXecmu HapyweHus
MukpobuoyeHo3sa. Llenb uccnedosaHusi - paspabomams Helipocemesyro MoOerib CmerneHu ms)xecmu ga2uHaibHo20 bakmepuanbHO20
Oucbuo3sa Ha OCHOBaHUU OUEHKU rokasamersisi Hopmobuomsl. bbinu ucnonb3o08aHbl aHHble 298 XeHWUH, Komopble no UHOEeKcy
ycrnoeHornamozaeHHou mukpogpriopbl (UYFIIM) u nokazamensm Hopmobuomsi (IMTHB) 6binu pacnpedeneHbl Ha epynrbl: HOPMOUEHO3
(n=53), ducbuos | (n=128) u Il cmeneHu (n=117); cpedu nocnedHux bbinu ebideneHbl 83 nayueHmku c¢ lMHB>1 Ig 'G/obpaseu, y
Komopbix bbin1 ycmaHosneH bB. MonekynapHo-eeHemuyeckue uccriedogaHusi cockoba anumerusi ¢ 3a0HeboKogol cmeHKuU erazanuua
nposodunu memodom nonumepasHol uenHou peakyuu ("OHK-mexHonozus", P®). KonudecmeeHHo ornpedensnu gakynbmamugHble U
obnuzamHble aHa3pobbl, MUKO- U yperia3Mbl U OpoxKerno0obHbie epubbl. B kposu u 8azuHannbHOM cekpeme onpedernsnnu cooepxaHue
uMMyHoe2ro6ynuHos, u3oyuMa, YumoKUHO8, KOMIIEMEeHmMa, akmusHocmb hazoyumosa nelikoyumos, 20pMOHO8, Koruyecmea
numgoyumos u ux pakyul, a makxe pH easzuHanbHO20 cekpema (sceeo 58 nokasamenel). [Qns cmamucmuy4yeckoeo u
Mamemamu4yecKoe0 aHanusa ucrnonb3oseasnu rnpozpammy Statistica 10 (StatSoft, Inc., USA). [lymem Helipocemego2o modenuposaHusi
bb110 ycrmaHoeneHo, 4mo cpedu 8cex ¢hakmopHbIX pu3HaKos 0r1s orpedenieHuUs cmeneHu bakmepuanbHo20 Oucbuosa uMesnu 3Ha4eHue
codepxxaHue 8 8az2uHarlbHOM cekpeme KomrnoHeHma komnnemeHma C4 u y-INF, a @ kposu - UUPKynupyrowux UMMYHHbIX KOMI1/1€KCO8
(UMK) u TNFa. Ha ebideneHHom Habope ghakmopHbIX Mpu3Hakos bbina nocmpoeHa nuHeliHas Helipocemeegasi MoOesb (Moka3amerib
coenacusi kanna KosHa Ha obyyarouwem MHoxecmee cocmasun x=0,87 (95% BU 0,82-0,91)), Ha noOmeepxdatowiemM MHoxecmese -
x=0,89 (95% BU 0,77-1,00). lNpu HopmoueHose cHuxanu MHBE akmueayusi komnnemeHma, rnosbiweHue codepxaHus y-INF u TNFa.
lNosbiweHue 8 Kposu codepxaHusi LMK coomeemcmeosgano pocmy ycrio8HONamo2eHHOU MUKpOGhriopbl U ompaxaro akmusayuto
2ymMoparibHo20 UMMYHHO20 omeema, 4mo 0aem OCHO8aHUe cHumamb 3mMom rioka3amesib paHHUM MapKkepom ducbuosa. Npu ducbuose
| cmeneHu ece ghakmopb! uMenu rnosnoxumeribHble cesa3u ¢ [MTHB, 4mo ompaxxano cocmosiHUe HarnpskeHUsi uMMyHHoU cucmemsi. [pu
ducbuose Il cmeneru NMHB umen ompuyamernbHyro ces3b ¢ codepxaHueM 8 8acuHanbHoM cekpeme y-INF, a e kposu - UMK, moada kak
rof1oXXuUMmeribHbIl - ¢ codepx)aHuem 6 easuHanbHoM cekpeme C,, a 8 kposu - TNFa, ymo ceudemersibcmeosasno o ducpeaynayuu
UMMYHHOU cucmeMbl U obycriosnueario ee 0arnbHelwyro cyrnpeccuro ¢ pazsumuem bB-accoyuuposaHHo2o ummyHoleguyuma. Peakyus
UMMYHHOU cucmembl 8 ripouecce passumusi BB agonwyuoHuposana om peakyul Hecrieyuguyeckol peaucmeHmHocmu 00
UHOYLUpO8aHHbIX UUMOKUHaMu peakyuli crieyughudeckoeo eymopasibHoeo UMMyHumema 8 omeem Ha pocm bB-accoyuupogaHHoU
MUKpObuombl, 4Ymo srocaedcmeuu npueodUIIo K UCMOWEHUIO U nomepu UMMYHHO20 KOHMPOIIs.

KniouyeBble cnoBa: 6akmepuarbHbil 8a2UHO3, rMokazamersb HOpMObUOMbl, UMMYHHasi cucmema.
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Opioids are potent drugs that are widely used to combat pain in severe wounds and in
cancer patients. The professional literature provides a limited amount of data on the
morphometric analysis of the links of the hemomicrocirculatory bed of the cerebellar
cortex and choroid of the eyeball under the influence of an opioid in the experiment.
The aim of the work was to establish the features and conduct morphometric studies of
the links of the hemomicrocirculatory bed of the cerebellar cortex and choroid in
normal conditions and under conditions of 6-week exposure to an opioid in the experiment.
The experimental study was carried out on 24 male white rats, 3 months old and
weighing 160-180 g. The material for the study is represented by preparations of the
choroid and cerebellum with an injected vascular bed. Compared with the control
group of animals, profound destructive changes in the angioarchitectonics of the choroid
and cerebellar cortex were found under the influence of Nalbuphine. The capillary
component is destroyed, the arterioles are tortuous, sclerosed, their lumen is uneven,
the wall is thickened, the venules are dilated and deformed. A decrease in comparison
with the norm in the diameter of arterioles, the density of the network of exchange
vessels, arterio-venular coefficient, as well as an increase in the diameter of venules
and an indicator of trophic activity of the tissue. Expansion of arterio-venular
anastomoses indicates the discharge of blood from the arterioles into the venous bed,
bypassing the destroyed capillaries. A pronounced relationship was established
between the depth of structural transformations of the hemomicrocirculatory bed of the
cerebellar cortex, choroid of the white rat's eye and morphometric parameters. It has
been confirmed that the triggering mechanism of destructive changes under the influence
of narcotic analgesics is the development of angiopathy.
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Introduction

It is well-recognized that, despite similar pain
characteristics, some people with chronic pain recover,
whereas others do not [1]. Opioids are potent drugs that
are widely used to control cancer pain and are routinely
used analgesics in patients with chronic wounds [17, 21].
Increasing evidence suggest that opioids mediate clinically
relevant effects that go beyond their classical role as
analgesics [5, 16]. However, it is undeniable that the long-
term and systematic use of opioids can cause structural
changes of organs and systems [11, 24].

The significant metabolic and structural changes, early
disability, and mortality in opioid-dependent patients require
the study of pathogenetic mechanisms of the development
and progression of multiple polyorganic comorbid
conditions [9, 10]. Nowadays, a number of unresolved

issues regarding the features of the hemomicrocirculatory
bed of cerebellar cortex and eyeball in norm and after long-
term opioid influence remain, what makes the current study
relevant.

Nalbuphine is a synthetic kappa-receptor (KOR) agonist
opioid and partial mu-receptor (MOR) antagonist which has
been synthesized in an attempt to provide analgesia without
the undesirable side effects of pure agonists. The central
and peripheral analgesic action and the lower risk of
addiction/dependence potential seems to be related to the
agonist action on KOR, while its MOR antagonist action
would be responsible for its lower risk of respiratory
depression [3, 25].

It is used to treat moderate to severe pain and provide
preoperative and postoperative analgesia and sedation

© 2020 National Pirogov Memorial Medical University, Vinnytsya
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[4, 20]. Endothelial cells (human arterial and rat
microvascular) contain a high affinity, saturable opiate
binding site [22].

The aim of the work was to establish the features and
conduct morphometric studies of the links of the
hemomicrocirculatory bed of the cerebellar cortex and
choroid in normal conditions and under conditions of 6-
week exposure to an opioid in the experiment.

Material and methods

The study was carried out on 24 mature white male rats
aged 3.0 months and body weight 160-180 g. The injection
of Nalbuphine hydrochloride (Rusanpharma LTD., India)
was done intramuscularly with a gradual weekly increase
in dosage: from 8 mg/kg to 35 mg/kg. Sampling of the
material was carried out after 6 weeks of drug injection.
The control group consisted of 9 white rats to which saline
solution (Indar, Kyiv, Ukraine) was injected. The
experiments were conducted in compliance with the
provisions of the "Guide for the care and use of laboratory
animals, 8th edition, 2011". Euthanasia was performed by
way of overdosing intraperitoneal anesthesia using
Thiopental sodium (Kyivmedpreparat, Kyiv, Ukraine).

The material is represented by the preparations of
eyeballs and cerebellum of rats with injected vascular way.
An injection mass consisting of a mixture of 20% solution
of collargol and glycerol in a 2 : 1 ratio was used for the
injection of the bloodstream.

For morphometric analysis of the vessels of
hemomicrocirculatory bed of the eyeball and cerebellar
cortex, the following quantitative criteria were used:
microvascular diameter, arteriolar-venular coefficient,
tortuosity coefficient, density of mesh of exchange vessels,
index of trophic tissue activity. Statistical analysis of the
results of the study was performed by a computer program
"InStat" for biomedical and epidemiological studies.

Results

The layer of veins, the layer of arteries, and the capillary
layer are clearly distinguished in the choroid of the rat
(Fig. 1). Arterial branches of the annular arteries of the iris
are included in the cilliary processes, branching into
numerous anastomosing microvessels, which form a thick
mesh of broad capillaries. Capillary nets occupy almost
the entire volume of cilliary processes. Along the edges of
the cilliary processes, veins extend through which the
venous blood drains into the venous plexus which is behind
the cilliary muscle. The blood supply of the cilliary muscle
is provided by the branches of the iris vessels and the
choroid, which anastomoses with each other.

In the iris of the white rat clearly visible are annular
arteries of the iris, which, arcuately arched, go towards
each other and, anastomosing with each other in the anterior
and posterior regions of the iris, form a large arterial circle
of the iris. From the large arterial circle of the iris, many
branches are going both to the cilliary body and the iris.

s

Fig. 1. The angioarchitectonic of the choroid of the controlanimal
(rat) eye ball. Microphoto. x200. Injection of blood vessels by ink
gelatin mass. 1 - arteriole; 2 - capillaries.

Fig. 2. Vascularization of the cerebellar cortex of the white rat in
norm. Microphoto. x160. Injection of blood vessels by ink gelatin
mass. 1 - arteriole; 2 - capillary net; 3 - venules.

Arterioles of the iris go radially to the pupil margin, where a
capillary loop mesh surrounding the pupil is formed.
Capillary loop mesh of the pupillary edge of the iris is gentle,
the loops are thin.

Under morphometric study of angioarchitectonic in norm
- the diameter of arterioles - (21.80+£2.30) um, the diameter
of venules - (27.09+1.44) uym, capillaries of cilliary
processes - (6.40+£0.34) um.

The vascularization of the cerebellum of the white rat is
mainly provided by the right and left nasal and right and left
caudal ventral arteries, which are the branches of the basilar
artery, and the caudal dorsal arteries, which are branches
of the vertebral arteries. The cerebellar arteries, penetrating
into the cerebellum, separate and form in the cerebellar
cortex a hemomicrocirculatory bed containing classically
arterioles, precapillary arterioles, capillaries, postcapillary
venules and venules. Anastomosing capillaries form a
capillary net in the cerebellar cortex (Fig. 2).

According to the results of morphometric studies of the
vessels of the hemomicrocirculatory bed of the cerebellar
cortex of the white rat, the following values of morphometric
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) L3
Fig. 3. Expansion of the arteriolar component of the cerebellar
cortex of the white rat after 6 weeks of injection of Nalbuphine.
Injection of blood vessels by ink gelatin mass. Microphoto. x160. 1
- arteriolar component; 2 - cerebellar artery.

e =
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Fig. 4. Deep destructive changes of the links of the
hemomicrocirculatory bed of the iris of the eyeball of white rat
under conditions of 6-week administration of Nalbuphine.
Microphoto. x100.

parameters were obtained in norm: the diameter of
arterioles - (20.58+0.32) ym, venules - (29.00+0.20) pum,
respectively, arteriolar-venular coefficient is 0.71+£0.01. The
diameter of the capillaries of the cerebellar cortex of the
white rat in norm - (6.81+0.01) um, the density of the mesh
of the exchange vessels is 62.20+2.19, the trophic activity
of the cerebellar cortex tissue is (45.62+0.97) pm.

After 6 weeks of experimental study, deep destructive
changes of vessels of hemomicrocirculatory bed of the
vascular tunic of the eyeball and cerebellar cortex are
observed.

The arteriolar component of the cerebellar cortex is
significantly enlarged (Fig. 3). The diameter of the arterioles
at this time of the experiment is (35.46+2.14) uym, the control

is (20.40+0.68) pym. During this period arteriolar-venular
anastomoses widen in the cerebellar cortex. Vascular loops
of the cerebellar cortex lose a delicate, tortuous pattern,
often breaking off.

The diameter of the cerebellar cortex capillary after 6
weeks of administration of Nalbuphine is (8.25£0.94) um,
control - (5.80+£0.10) um. Increased vascular permeability,
hemorrhage, microaneurysms were detected.

It is quite natural that stagnation and disturbance of
outflow of venous blood cause expansion of the venular
component, which is confirmed by a significant increase in
the diameter of venules to (48.34+2.42) ym, control -
(28.24£0.19) um in morphometric analysis. The change in
the arteriolar-venular coefficient is evident, which at this
stage of the study is 0.74+0.01. There is a change in the
density of vessels, violation of their integrity, which is
confirmed by the following changes in morphometric
parameters. The density of the mesh of the exchanged
vessels decreases sharply, this can be explained by the
development of significant destruction, mainly of the
cerebellar cortex capillaries, and is 33.80+4.42 (control -
62.10+0.36). The index of tissue trophic activity increases
to (67.70£2.34) ym control - (47.64+0.78) ym. Responsive
destructive changes in the vessels of the
hemomicrocirculatory bed are observed in the choroid of
the eyeball after 6 weeks of the experiment (Fig. 4).

According to morphometric parameters: the diameter of
the arterioles is (28.42+0.41) um, control (21.80£2.30) um;
the diameter of the venules increased to (48.74+2.59) um,
the control - (27.09+1.44) ym, which led to a probable
decrease of the arteriolar-venular coefficient to 0.58+0.03,
the control - 0.8+0.07.The density of the mesh of the
exchange vessels was reduced to 64.00+5.82, the control
was 120.40£7.53, and the index of tissue trophic activity
increased to (31.94+2.61) ym, the control - (18.15+0.74).
The diameter of the capillaries of the cilliary processes is
(9.76x0.51) um, control - (6.40+0.34) ym.

In both described organs there is an expansion of
arteriolar-venular anastomoses, which indicates the
discharge of blood from the arterioles into the venous way,
bypassing the destroyed capillaries.

Discussion

The results of the present work are a fragment of the
scientific research project "The structure of organs and
their bloodstream in ontogenesis under the effect of laser
irradiation and pharmaceutical agents in cases of blood
supply disorders, reconstructive surgeries and diabetes
mellitus" (State Registration Number 0110U001854),
being conducted at the Department of Normal Anatomy,
Danylo Halytsky Lviv National Medical University.

The number of people consuming narcotic analgesics
does not decrease, but on the contrary tends to increase
[5, 16]. Nalbuphine is an agonist of k-opioid receptors and
a partial antagonist of y-opioid receptors, which can
stimulate k-receptors and antagonize the acute rewarding

Vol. 26, Ne3, Page 31-36
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effects of morphine, has a short duration of action and
rapid clearance compared with other opioids and is less
likely to cause side effects [15]. It is widely used either as
an analgesic or as an adjuvant with morphine [4, 12, 19].
For this reason, the number of requests for opioids in
Pubmed has traditionally remained the same. The
relevance of the topic of drug use and drug dependence
has led to numerous animal experiments (white Wistar
rats) to study the macro-, micro- and ultrastructure of organs
and systems under the influence of opioids [8, 13]. The
study of microscopic and electron microscopic level
revealed the pattern of primary lesion of the vascular
component. This prompted the study of angioarchitectonics
to evaluate the microcirculatory bed [7, 14].

A number of authors describe that vessels of the
hemomicrocirculatory bed are most likely to respond to the
influence of environmental factors, and therefore one of
the first to undergo structural restructuring, which is the
basis for the development of the pathological process [2,
6, 18, 23]. Since no numerical values of morphometric
indices of white rats of different ages were found in the
analysis of professional literature, a model for comparing
long-term opioid (Nalbuphine) versus control was
selected.

Expansion of arterioles and venules during this study
period, compared to control, is due to the inability of these
vessels to cope with significant blood flow. In our opinion,
the dilation of the veins of the choroid of the eyeball at this
time of the experiment contributes to the increasing in the
capacity of the venular part of the hemomicrocirculatory
bed, tortuosity of arterioles provides a decrease in the force
of the pulse impulse in these vessels, the appearance of
additional arteriolar-venular anastomoses and its activation
leads to increasing of capillar bloodflow. Dilation of
arteriolar-venular anastomoses of the vascular membrane
of the eyeball and cerebellar cortex indicates the discharge
of blood from the arterioles into the venous way, bypassing
the ruptured capillaries. Additional anastomoses are
opened. We consider this as a compensatory mechanism
that enhances the flow and, accordingly, provides the
unloading of the destroyed capillary nets of both us and
other organs [26]. Therefore, the preparations clearly
visualize "empty" areas where there is no capillary

References
[1] Borsook, D., Youssef, M. A., Simons, L., EIman, |., & Eccleston,
C. (2018). When pain gets stuck: the evolution of pain
chronification and treatment resistance. Pain, 159(12), 2421-
2436. https://doi.org/10.1097/j.pain.0000000000001401
[2] Coman, I. C., Paunescu, H., Stamate, A. C., Cherecheanu, A. P.,
Ghita, |., Barac, C., & Fulga, |. (2017). Topical administration of
Metamizole and its implications on vascular reactivity in Wistar
rats-experimental research. Rom. J. Ophthalmol., 61(1), 32-
38. https://doi.org/10.22336/rj0.2017.6
[3] Conter, F. S., Oliveira, A. R., & Weston, A. C. (2019). Nalbuphine
and Addiction: From the Basic Science to Clinical Set. J. Clin.
Res. Pain Anaesthesia, 2(2), 1-5. ISSN 2639-8915.

component. Actually, these changes in angioarchitectonics
determine the nature and features of clinical manifestations
of the pathological process.

The presented experimental study article differs from the
one published in this field in that it describes new data on
the effect of opioids on the features of angioarchitecture of
two organs: the vascular sheath of the eyeball and the
cerebellar cortex of the white rat. Mathematical analysis
allowed to systematize the obtained experimental data and
represent a comparative characteristic of angio-
architectonics of the studied structures in normal and
pathological conditions. It is valuable that morphometric data
from control animals can be used as a norm in future studies.
The findings allow us to broaden our knowledge and address
the conflicting issues of the effects of opioids on the eyeball
and cerebellum. The structure of the hemomicrocirculatory
way creates a morphological basis for understanding the
pathogenesis of ophthalmic and neurological diseases of
drug users and patients who have to take opioids for a long
time and to decide on optimal treatment tactics. The findings
are important for both morphologists and clinicians.

Conclusions

Thus, the morphometric analysis of the vessels of the
hemomicrocirculatory bed of the eyeball and the cerebellar
cortex of the white rat allowed us to estimate the degree of
vascularization in norm and under prolonged exposure to
Nalbuphine. There is a clear relationship between the depth
of structural transformations of the vessels of
hemomicrocirculatory bed of the cerebellar cortex and the
choroid of the eyeball and morphometric parameters in the
experiment.

The deformation of the arterioles and the irregularity of
their lumen, the destruction of the capillary component,
significant dilation and deformation of the venules were
revealed. Reduction, in comparison with control, diameter
of arterioles, density of a net of exchange vessels, arteriolar-
venular coefficient. An increasing of the diameter of venules,
of trophic activity of the tissue testify to the destructive
changes of the hemomicrocirculatory bed of the cerebellar
cortex and the choroid of the eyeball under the influence of
Nalbuphine.

[4] Dmytriev, D. V., Zaletska, O. A., & Bortnik, D. I. (2019). Opioids
in the treatment of non-specific acute and chronic pain. Pain
medicine, 4(1), 22-36. https://doi.org/10.31636/pmjua.v4i1.3

[5] Gong, Y., Zhang, Y., & Tao, S. (2018). Nalbuphine for analgesia
after fracture surgery and its effect on circulating inflammatory
factors. Exp. Ther. Med., 15(1), 859-863. https://doi.org/
10.3892/etm.2017.5452

[6] Harapko, T., & Holovatskyi, A. (2017). Submicroscopic changes
in the structural components of thymus under the action of
nalbuphine on the body. Pathologia, 3, 353-357. https://doi.org/
10.14739/2310-1237.2017.3.118760

[71Heisen, H., & Heisen, Y. (1983). Cerebellar Capillaries. Qualitative

34

ISSN 1818-1295 elSSN 2616-6194 Reports of Morphology



Mateshuk-Vatseba L.R., Pidvalna U.Ye., Bekesevych A.M.

and quantitative observations in young and senile rats. Anat.
Embryol., 168, 101-116.

[8] Hresko, N. I. (2017). Changes of colon angioarchitectonics
under conditions of 2-4-week opioid effect in the experiment.
Deutscher Wissenschaftsherold, 5, 43-48.

[9] Jamison, R. N., Dorado, K., Mei, A., Edwards, R. R., & Martel, M.
0. (2017). Influence of opioid-related side effects on disability,
mood, and opioid misuse risk among patients with chronic
pain in primary care. Pain Reports, 2(2), €589. https://doi.org/
10/1097/PR90000000000000589

[10] Kelty, E., & Hulse, G. K. (2017). Morbidity and mortality in opioid
dependent patients after entering an opioid pharmacotherapy
compared with a cohort of non-dependent controls. Journal
of Public Health in Press, (2), 1-6. https://doi.org/10.1093/
pubmed/fdx063

[11] Logash, M. (2017). The effect of nalbuphine administration on
the rat liver ultrastructure. Ind. J. Basic Applied Med Res.,
6(4), 305-312.

[12] Logash, M., Pokotylo, P., & Zboina, B. (2017). Nalbuphine:
some aspects of research and applications. Medical Studies,
2(2), 146-154. https://doi.org/10.5114/ms.2017.68710

[13] Mateshuk-Vatseba, L. R., & Bekesevych, A. M. (2016).
Peculiarities of cerebellar cortex ultrastructure under the
influence of opioid in experiment. Science and Education a
New Dimension, 91(4), 36-40.

[14] Mateshuk-Vatseba, L., Kost. A., & Pidvalna, U. (2018). Effect
of Narcotic Analgesics on the Ultrastructure of the Eyeball
(Experimental Study). J. Morph. Sci., 35(4), 251-254. https://
doi.org/10.1055/s-0038-1676543

[15] Nallam, S. R., Chiruvella, S., & Reddy, A. (2017). Monitored
anaesthesia care - Comparison of Nalbuphine/
Dexmedetomidine versus Nalbuphine/Propofol for middle ear
surgeries: Adouble-blind randomized trial. Indian J. Anaesth.,
61(1), 61-67. https://doi.org/10.4103/0019-5049.198403

[16] Ondrovics, M., Hoelbl-Kovacic, A., & Fux, D. A. (2017). Opioids:
Modulators of angiogenesis in wound healing and cancer.
Oncotarget, 8, 25783-25796. https://doi.org/10/18632/
oncotarget. 15419

[17] Page, R., & Blanchard, E. (2019). Opioids and cancer pain:
patients' needs and access challenges. Journal of Oncology
Practice, 15(5), 229-232. https://doi.org/10.1200/
JOP.19.00081

[18] Podolyuk, M., Vilkhova, |., & Mateshuk-Vatseba, L. (2020).

Morphometric characteristics of angioarchitectonics of the
normal uterine tube mucous membrane and under the effect
of opioid during the experiment. Proc. Shevchenko Sci. Soc.
Med. Sci., 62(2), 69-78. https://doi.org/10.25040/
ntsh2020.02.07

[19] Raghav, R., Jain, R., Dhawan, A., Roy, T. S., & Kumar, P.
(2018). Chronic co-administration of Nalbuphine attenuates
the development of opioid dependence. Pharmacol. Biochem.
Behav., 175, 130-138. https://doi.org/10.1016/
j-pbb.2018.10.001

[20] Sadafule, N. N., & Karhade, S. S. (2018). Comperative study
of efficacy of preoperative nalbuphine hydrochloride and
pentazocine lactate on hemodynamic response to tracheal
intubation and postoperative analgesia. Anesth. Essays. Res.
12(1), 218-222. https://doi.org/10.4103/aer. AER_168_17

[21] Shanmugam, K. V., Couch, S. K., McNish, S., & Amdur, L. R.
(2017). Relationship between opioid treatment and rate of
healing in chronic wounds. Wound Repair Regen, 25(1), 120-
130. https://doi.org/10.1111/wrr.12496

[22] Stefano, G. B., Hartman, A., Bilfinger, T. V., Magazine, H. I, Liu,
Y., Casares, F., & Goligorsky, M. S. (1995). Presence of the 73
opiate receptor in endothelial cells coupling to nitric oxide
production and vasodilation. J. Biol. Chem., 270(51), 30290-
30293. https://doi.org/10.1074/jbc.270.51.30290

[23] Valko, O., & Holovatsky, A. (2018). Ultrastructural changes in
the vessels of hemomicrocirculatory bed of the iliac lymph
nodes of white rats in the durable action of the opioid
nalbuphine. Galician Medical Journal, 25(1). https://doi.org/
10.21802/gm;j.2018.1.10

[24] Vil'khova, 1. V. (2018). Morphological changes in the tubules of
the nephron in the late stages of chronic opioid influences.
World Med. Sci., 64(2), 131-134. https://doi.org/10.26724/
2079-8334-2018-2-64-134-138

[25] Zhentao, S., Zefei, Z., Guanyu, Y., & Hongyu, Z. (2020). The
95% effective dose of nalbuphine in patient-controlled
intravenous analgesia for patients undergoing laparoscopic
total hysterectomy compared to equivalent sufentanil.
Medicine, 99(22), e20424. https://doi.org/10.1097/
MD.0000000000020424

[26] Zinko, A. V. (2015). Blood supply of the telencephalon radiate
crown of the rat in norm and under the long-term opioid use.
Zaporozhye medical journal, 90(3), 78-81. https://doi.org/
10.14739/2310-1210.2015.3.44493

MOP®OMETPUYHE BUBYEHHSA AHIOAPXITEKTOHIKW MiA BNIMBOM ONIOIAY (EKCNEPUMEHTANBHE OOCIIIXEHHSA)

Mamewyk-Bauye6ba J1.P., lideanbHa Y.€., bekecesuy A.M.

Onioidu - cunbHOOditoYi Npenapamu, Wo WUPOKO 3acmocosytombcsi y 60pombbi 3 6onem rpu 8aXKux NMOPaHEHHsIX ma 8 OHKOX8OPUX.
®axosa nimepamypa HagoOuUMb 0OMeXeHy KirbKicmb 0aHUX MOPEOMempuUYHO20 aHasidy faHoK 2eMOMIKPOUUPKYSIMOPHO20 pycra
Kopu M0o304YKa ma cyOuHHOI 060/10HKU 04YHOZ0 51611yKa nid ernueom onioidy e ekcriepumeHmi. Memoto docnidxeHHs1 byno ecmaHosumu
ocobsiueocmi ma npogsecmu MopghoMempuyHe OOCHIOKEHHS NTaHOK 2eMOMIKPOUUPKYISIMOPHO20 pycria CyOUHHOI 060/I0HKU 0YHO20
s61yKa i Kopu MO304YKa 8 HOPMI 3a yMO8 6-muXXHEe80e20 8riugy ornioidy 8 ekcriepumeHmi. EkcriepumeHmarnbHe 00CiOXeHHs Ipo8edeHo
Ha 24 6inux wypax camusix eikom 3 mic i eazoto 160-180 2. Mamepian 0nsi docnidxeHHs npedcmasneHul npenapamamu CyOUHHOI
060/10HKU OKa i MO304Ka 3 iH'€eKo8aHUM CyOUHHUM PYCIIOM. Y rOpPi8HSIHHI 3 KOHMPOIIbHOK 2pyrno meapuH 8usierieHo 2ruboki
decmpyKmugHi 3MiHU aH2ioapXimeKmOoHiKU cyOUHHOI 060/10HKU O4HO20 sibrlyka ma Kopu Mo304Ka nid ernnueom HanbygiHy. KaninspHul
KOMIMOHeHm 3pyUHoeaHul, apmepionu 38usucmi, Mpocsim ix HepieHOMIpHUU, cmiHKa iX MomosweHa, CKiepo308aHa, 8eHys1Uu PO3WUPEHI
ma de¢hopmosaHi. BcmaHo8meHo 3MeHWeHHs, NopieHsIHO 3 HOpPMOto, diamempa apmepion, WinbHOCMi cimKku OB6MIHHUX CyOuH,
apmepiono-eeHynsipHO20 KoegiyieHma, a makox 36inbweHHs Oiamempa 8eHysn ma Moka3Huka mpoghidHOI akmueHoCmi mKaHUHU.
Po3wupeHHsi apmepiono-8eHynsipHUX aHacmomo3ie c8id4yumpe npo ckudaHHS Kposei 3 apmepios1 00 8€HO3HO20 pycra, MUHar4u
3pylHoeaHi Kaninspu. BuseneHo supaxeHull 38'A30K MK 2rubuHO MOPQOOIO2iYHUX 3MiH fTaHOK 2eMOMIKPOUUPKYISIMOPHO20 pycna
KOpu MO304Ka, cyOuHHOI 06010HKU OKa 6iro2o wypa ma MopghomempuyHUMU rokasHukamu. [1idmeepdxeHo, w0 nycKkosUM MexaHi3MoM
decmpyKmugeHUX 3MiH Mi0 8rnIUEOM HaPKOMUYHUX aHallb2emukig € po3gumoK aHaionamii.

KnroyoBi cnoBa: mMopgomempisi, onioidu, ekcriepuMeHm, OKO, MO30YOK, CyOUHHa 0b0sI0HKa.
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MOP®OMETPUYECKOE U3YYEHUE AHTMOAPXUTEKTOHUKM NOL BO3OEACTBUEM ONMUOUIA (SKCMEPUMEHTAINLHOE
WUCCNEOOBAHME)

Mamewyk-Baueb6ba J1.P., MudeanbHa Y.E., bekecesuy A.M.

Onuoudsi - cunbHodelicmeyrouue npernapamal, WUPOKO npuMmeHsieMble 8 60pbbe ¢ 607bI0 NPU MSHKEsbIX PaHEeHUSIX U y OHKOOOSIbHBIX.
lNpogheccuoHanbHass numepamypa npueooum o2paHU4eHHoe Konu4yecmeo OaHHbIX MOPOMEemMpPUYECKO20 aHalu3a 38eHbes
2eMOMUKPOUUPKYIAMOPHO20 pycria Kopbl MO3Xedyka u cocyducmol obonoyku enas3Hoeo sbnoka nod enusHuem ornuouda 8
akcriepumeHme. Llenbio pabombl 661510 ycmaHo8UMb 0COBEHHOCMU U rpogecmu mMopghomempuyeckue uccriedosaHusi 386eHbe8
2eMOMUKPOUUPKYISMOPHO20 pycria Kopbl MO3Xe4ka u cocyducmol 0b0s104Ku ernasHoeo s16r10ka 8 Hopme U 8 ycriogusix 6-HedeslbHO20
g8o30elicmeus onuouda 8 IKcrepumeHme. SKcrepumeHmarbHoe uccriedogaHue npoesedeHo Ha 24 bersibix Kpbicax-camyax 803pacmom
3 mec u secom 160-180 2. Mamepuan Onsi uccnedosaHusi npedcmasseH rnpenapamamu cocyoucmoul 060/104KuU erla3a U MO3XeyKa C
UHBeUUpo8aHHbIM cocyducmbiM pycriom. [1o cpagHeHUto ¢ KOHMPObHOU epynnol XU8OMHbIX ObHapyxeHb! 2riybokue decmpyKmugHble
U3MeHeHUs1 aHeuoapXxumeKMmOoHUKU cocyducmol 0b0r1oYKu 2rnasHoeo sib6r10Kka U Kopbl Mo3edka rnoo enusiHuem HanbyguHa. KanunnspHeil
KOMIMOHEeHmM pa3pyWweH, apmepuorsibl U38UUCMbIE, CKIIEPO3UPOBaHHbIE, NMPOCBEM UX HEPABHOMEPHbIU, CmeHKa ymonweHa, 8eHyrbl
pacwupeHHble u 0e¢hopMupoBaHHbIe. YCmaHO8MeHO yMeHbWeHUe, M0 CpasHeHur ¢ HopMouU, duamempa apmepuori, MIomHocmu
cemku 0bMeHHbIX cocy008, apmepuosio-8eHyMAPHO20 KOaghhuyueHma, a makxe yesenudeHue uamempa 8eHysn U riokasamerss
mpogbuyeckoli akmueHOCmMuU mkaHu. PacwupeHue apmepuoro-8eHynspHbIX aHacmomMo3os8 ceudemernibcmeyem o cbpoce Kposu u3
apmepuors 8 eHO3HOE PYyCrio, MUHYSI paspyWeHHbIe Kanusnaspbl. YcmaHoeieHa 8blpaxeHHasi Cesi3b Mex0y 2iybuHoU cmpyKmypHbIX
npeobpasogaHuli 2eMOMUKPOYUPKYISIMOPHO20 pycra Kopbl Mo3xXe4yka, cocyducmol obonoyku enasa 6enol KpbiCbl U
mMopghomempuyecKkuMu nokaszamensamu. [lodmeepdxeHO, YmMO MyCKO8bIM MeXaHU3MoM OecmpyKmueHbIX U3MeHeHuUl nod
go3delicmeueM HapKOMUYECKUX aHalb2emuKko8 siefisemcs pa3gumue aHauornamuu.

KnroueBble cnoBa: Mopgomempusi, onuoudsl, 3KCIepuMeHm, ara3, MOXXe4oK, cocyducmasi oboroyKa.
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During the existence of the X-ray method of research, numerous author's methods of
cephalometric examination and analysis using the method of lateral teleroentgenography
(methods by Schwarz, Down's, Steiner, Tweed's, Harvold, Ricketts, McNamara,
Jaraback, Burstone, Bjork, etc.) have been developed. Dentists around the world prefer
certain methods, each of which has its advantages and disadvantages. But there is still
no single unified methodology for such research and doctors and researchers are
constantly trying to improve them and gain new information about their effectiveness.
The aim of the study was to establish cephalometric teleroentgenographic parameters
and determine their features in Ukrainian young men and women with orthognathic
occlusion depending on profiles and facial types according to Schwarz A.M. (hereinafter
orthognathic occlusion), divided into separate groups of studies on different profiles
and different face types according to Schwarz A.M. (3 groups of different profiles and 3
groups of different face types for people of each sex). Cephalometric
teleroentgenographic parameters, which usually do not change during surgery and
orthodontic interventions, were studied. Statistical mathematical processing of the
research results was performed in the licensed package "Statistica 6.0" using non-
parametric methods of evaluation of the obtained results. Numerical reliable and
tendencies of differences in certain indicators between groups of young men or women
with different profiles or face types have been established. The greatest differences,
both in young men and women, were recorded between the indicators determined by
the methods of cephalometry by Schwarz A.M. and Bjork A., and the least - by the
method of Ricketts R.M. The obtained results testify to the expediency of using the
division of young men and women into separate groups by profile and type of face to
adhere to the personalized principle in the morphological assessment of cephalometric
and gnatometric indicators of lateral teleroentgenography.
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face according to Schwarz A.M.
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Introduction

Establishing morphometric parameters of various
organs and structures of the human body has always been
one of the main tasks of human anatomy as a basic science.
This fully applies to craniometry, determination of
morphometric parameters of craniofacial structures,
morphometric parameters of the human dental system, and
so on. Accumulated over hundreds of years of observations
and research, a huge amount of factual material needs

constant updating and detailing to determine the
characteristics of the values of these indicators in the
population of different racial, sex, population, age, ethnic
groups, etc. [17, 22, 28].

Conducting cephalometric examinations and taking into
account cephalometric parameters is extremely important
in practical dental activities, especially in recent decades
due to the widespread introduction in diagnostic practice of

© 2020 National Pirogov Memorial Medical University, Vinnytsya
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radiological methods, one of which is the method of
teleroentgenography of the head - obtaining a survey image
of the head, skull projections by X-ray examination [20, 21].

The use of teleroentgenography allows to obtain a
lifetime image that best corresponds to the actual size of
the head and its bone structures and their location and
allows to obtain not only qualitative but also important
quantitative morphometric parameters. An important
advantage of this research method is the ability to display
not only bone structures but also the contours of the soft
tissues of the face [6, 22, 23].

Lateral teleroentgenography with determination of
cephalometric parameters, indicators of the dental system
are an extremely important diagnostic method in dentistry,
especially in orthodontics, maxillofacial surgery, orthopedic
dentistry to determine the structure of the cerebral and
facial skull, features of jaw structures, assessment of
symmetry determination of congenital or acquired
pathological changes of the dental system, etc. [26, 29].

This method of research and its results are important
at all stages of patient management, starting from planned
or urgent diagnosis and further to plan the nature and extent
of possible intervention and evaluate the effectiveness of
treatment, both early and long-term [7, 12, 25].

During the existence of the X-ray method of research,
numerous author's methods of cephalometric research
and analysis using the method of Ilateral
teleroentgenography have been developed. The most
famous are the methods of Schwarz, Down's, Steiner,
Tweed's, Harvold, Ricketts, McNamara, Jaraback, Burstone,
Bjork, which have found their supporters in different
countries around the world. Each of the author's methods
is important, quite informative, has both its advantages
and disadvantages. But the very existence of such a large
number of methods of cephalometric analysis, instead of
one unified, indicates their certain imperfection, which is
the subject of discussion among scientists and
practitioners and encourages further development and
improvement of the methodological framework in this
direction. It is also important that the author's indicators in
most cases are obtained on certain contingents of the
population of individual countries. At the same time, a
number of studies indicate the presence of significant
differences in the results depending on racial, ethnic,
population, sex and other group characteristics of the
studied patients [1-5, 8, 9, 11, 13].

The aim of the work is to establish cephalometric
teleroentgenographic indicators and determine their
features in Ukrainian young men and young women with
orthognathic occlusion depending on the profiles and face
types according to Schwarz A.M.

Materials and methods

Lateral teleroentgenograms were studied and analyzed
in 49 young men (age group from 17 to 21 years) and 76
young women (age group from 16 to 20 years) with

Table 1. Quantitative distribution of young men and women
depending on the profile of the face or type of face.

Research groups Y;lg:]g \Ig;ngn
1 profile (back face profile by Schwarz A.M.) 23 37
2 profile (straight face profile by Schwarz A.M.) 9 15
3 profile (front face profile by Schwarz A.M.) 17 24
1 type (back face type by Schwarz A.M.) 13 23
2 type (average face type by Schwarz A.M.) 18 24
3 type (front face type by Schwarz A.M.) 18 29

Fig. 1. Cephalometric distances of baseline parameters, which
usually do not change during surgery and orthodontic interventions.
1 - distance N-Se; 2 - distance N-S; 3 - distance S-ar; 4 - distance
S-E; 5 - ar-Go distance; 6 - distance N-CC; 7 - P-PTV distance.

physiological occlusion as close as possible to orthognathic
(hereinafter orthognathic occlusion) (part of primary
cephalometric parameters obtained from the bank data of
the research center of National Pirogov Memorial Medical
University, Vinnytsya). Groups of young men and young
women of different profiles and different types of faces were
formed according to Schwarz A.M. [27, 28] (Table 1).
Teleroentgenography was performed on a dental cone-
beam tomograph Veraviewepocs 3D Morita (Japan).
Cephalometric analysis was performed using licensed
medical software OnyxCeph®*™, version 3DPro (Image
Instruments GmbH, Germany), which is designed for
image management and analysis in dentistry for diagnosis,
treatment and presentation of patients in general dentistry,
orthodontics, orthopedics, implantology, facial surgery, etc.
Cephalometric points were determined in accordance
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Fig. 2. Cephalometric angles of baseline parameters, which usually
do not change during surgery and orthodontic interventions. 10 -
angle H; 11 - angle N-S-Ar; 12 - angle N-S-Ba; 13 - angle POr-NBa.

with the recommendations of Phulari B.S. [24] and
Doroshenko S.I. and Kulginsky E.A. [19].

Figures 1 and 2 show the cephalometric points, lines,
distances and angles that were determined.

Cephalometric points (see Fig. 1):

N (nasion) - the most anterior point of the fronto-nasal
suture (connection of the frontal bone and nasal bone in
the plana sagittalis);

SE (sellia turcica entru) - a constructive point in the
middle of the distance between the posterior and anterior
inclined processes of the sphenoid bone;

E - structural point is located at the intersection of the
perpendicular from the point ppCond (the most dorsally
located point of the mandibular head) to the line S-N;

S (sella) - constructive point in the center of the sella
turcica;

CC (center of cranium according to Ricketts) -
constructive point at the intersection of Ba-N and Pt-Gn
lines;

Pt (pterygomaxillare) - the upper distal point of the
pterygomandibular cleft, located at the intersection of the
round hole with the posterior wall of the pterygomandibular
cleft;

Po (porion) - is located on the upper edge of the external
auditory canal,

Or (orbitale) - the lowest part of the infraorbital margin,
located on the orbital margin of the chin bone;

Ar (articulare) - the intersection of the anterior surface of

the main part of the occipital bone with the posterior surface
of the neck of the mandible;

Ba (basion) - the lowest point of the anterior edge of the
large occipital foramen in the plana sagittalis;

Go (gonion) - the posterior point on the lower contour of
the body of the lower jaw.

In this study, we, according to the author's methods of
cephalometric analysis of lateral teleroentgenograms,
determined a group of basic, key cephalometric parameters
that usually do not change during surgery and orthodontic
interventions and in relation to which during the analysis of
lateral radiographs determine the inclination,
anteroposterior or vertical location (upper and lower jaws,
closing plane, individual teeth) (see Fig. 1, Fig. 2):

- according to Schwarz A.M.: distance N-Se - distance
from point Se to point N, or length of the front part of the
skull base (mm); angle H is the angle formed by the lines
Po-Or (Frankfurt plane (Fp)) and Pn (nasal perpendicular,
perpendicular line from point N '(skin nasion) to line Se-
N)), determines the angle of inclination of the Frankfurt
plane to the base skull (°);

- according to Bjork A.: angle N-S-Ar (saddle angle) - the
angle between the anterior cranial base and the lateral
cranial base, which determines the position of the
temporomandibular joint and glenoid fossae and is formed
by lines N-S and S-ar (°); angle N-S-Ba - the angle formed by
the lines S-N (front of the skull base) and S-Ba (°); N-S index:
S-Ar' - indicator of the ratio of distances ar'-S and N-S;

- by Jarabak J. R.: distance N-S - length of the anterior
cranial base, the distance from point N to point S (mm);
distance S-ar - the length of the lateral cranial base, the
distance from point S to point ar (mm); indicator S-ar:ar-Go
- indicator of the ratio of S-ar and ar-Go distances;

- according to Steiner C. C.: distance S-E - length of the
posterior part of the skull base (according to Steiner),
distance from point S to structural point E (mm);

- by Burstone C. J.: distance ar-Go - the length of the
branch of the mandible, the distance from the point Ar to
the point Go (mm);

- according to Ricketts R.M.: angle POr-NBa - angle of
cranial inclination (deflection), formed by lines Po-Or and
Ba-N (°); distance N-CC - anterior length of the skull base,
distance from point N to point SS (mm); distance P-PTV -
the distance from point Po to point Pt, parallel to the
Frankfurt plane (mm).

Statistical mathematical processing of the research
results was performed in the licensed package "Statistica
6.0" using non-parametric methods of evaluation of the
obtained results. The reliability of the difference between
the values between the independent quantitative values
was determined using the U-test of Mann-Whitney.

Results

When comparing the values of N-Se distance in young
men of different facial profiles, we found statistically
significant differences: higher values of this indicator in
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Table 2. Cephalometric indicators of N-Se, H, S-E and ar-Go in
young men and women with different profiles or with different
face types.

(see Table 2). In young women with the first facial profile,
this figure was higher than in young women with the third
facial profile (p<0.01), and in young women with the first

s Young men Young women type of face - greater than in young women with the second
roups (Mzc) p (Mtc) p and third facial types (p<0.01 in both cases) (see Table 2).
N-Se (mm) The S-E distance in young women with the first and
- second face types is significantly greater than in young
Profile 1 | 67.70+2.18 | p,, | <0.05 | 64.89£6.33| p,, [ Z0090 |\ smen with the third face type (respectively, p<0.01 and
Profile 2 | 69.78+2.28 | p,, | <0,01 [65.532.10| p,, | >0.05 p<0.05) (see Table 2).
Profile 3 | 74.65¢15.46 | p,, | >0,05 | 66.04+5.05 | p,, | >0.05 The ar-Go distance in young men with the third facial
Type 1 68.38£2.96 | p,, | >0,05 | 6527+384 | p,, | >0.05 profile was significantly greater than in young men with the
! ) < . )
Tpe2 | 7256:1524 | p.. | ~005 | 656726.96 | p., | >0.05 flrst.proflle. (p<0.05), and in y.oung men with tlhe secqnd
profile - slightly greater than in young men with the first
Type3 | 69944384 | p,y | 005 |65242479 | by, [ 005 | facial profile (p=0.094). There is only a tendency (p=0.074)
H (%) to higher values of ar-Go distance in young women with
Profile 1 | 95.35¢2.85 | p,, | >0,05 | 95.32¢2.51| p,, [ >0.05 the third facial profile, compared with young women with
Profile 2 | 94.44£2.13 | p,, | <0.01 | 94.13:2.33 | p,, | <001 | the first profile (see Table 2). _
- The values of the angle N-S-Ar, both in young men and
Profile 3 | 91.88+3.30 | p,, | <0,05 | 92.96:3.21( p,, [ >0.05 . ) o
young women with the first profile of the face are significantly
Type 1 | 96314275 | p,, [ <005 | 96174248 | p,, | <0.01 higher than in young men or young women with the third
Type 2 93.44+3.09 | p,, | <0,01 | 93.88+1.75| p,, | <0.01 profile (p<0.05 in both cases); also slightly more important
Type 3 92.83:3.03 | p,, | 0,05 |93.28+327 | p,, | >0.05 in young women with the first facial profile than in young
S-E (mm) women with the second profile (p=0.082) (Table 3). Young
rono 1 | 21 202208 505 | 19432258 505 women with the first type of face have a significantly larger
+ > + > . .
rone — Pro i i Pro i N-S-Ar angle than young women with the second and third
Profile 2 | 20.11+2.93 | p,, | >0,05 | 18.671.59 | p,, [ >0.05
Profile 3 | 21.82¢5.95 | p,, | >0,05 | 18.13£3.86 | p,, | >0.05 Taple 3. Cephalometric |nd|ca_tors_of N-S-Ar, N-S-Ba z_and _N-S:S-
Ar in young men and women with different profiles or with different
Type 1 21624253 | p,, | >0,05 |20.30£2.49| p,, [ >0.05 face types.
Type 2 21.675.77 | p,, | 0,05 | 19.00£2.38 [ p,, | <0.01 . Young men Young women
roups
Type 3 20.50£2.96 | p,, | 0,05 | 17.62£3.18 p,, | <0.05 p (Mzo) o (Mzo) o
ar-Go (mm) N-S-Ar (%)
Profile 1 | 50.92+4.87 | p,, | =0,094 [46.45¢5.55| p,, [ >0.05 Profle 1 | 126951 | p,, | >0.05 | 126.3t49 | p,, | =0.082
Profile 2 | 54.08+3.46 | p,, | <0,05 [48.19+4.06 | p,, | =0.074 Profle2 | 1258166 | p,, | <0.05 | 124.2t42 |p,, | <0.05
Profile 3 | 57.59+12.66 | p,, | >0,05 | 48.585.97 | p,, | >0.05 Profle 3 | 123.3%55 | p,, | 0.05 | 1222472 | p,, | >0.05
Type 1 50.29+4.77 | p,, | >0.05 | 46.90+3.63 | p,, [ >0.05 Type 1 127854 | p,, | >0.05 | 128.3%5.1 | p,, | <0.01
Type 2 | 54.79¢12.93 [ p,, | <0.01 [47.3146.33 | p,, [ >0.05 Type 2 124.6¢4.7 | p,, | >0.05 | 1244240 | p,, | <0.001
Type 3 55.38+4.06 | p,, | <0.05 |48.0746.02| p,, | >0.05 Type 3 124665 | p,, | >0.05 | 121.9¢6.3 | p,, | >0.05
Notes: here and in the following tables, p,,, p,, P,, - the N-S-Ba (°)
significance of differences in relevant indicators between young —
men or women of relevant profiles or face types. Profle 1 | 130246 | p,, | >0.05 | 1312452 | p,, | 0.055
Profle2 | 131.0t58 | p,, | <0.05 | 1285¢3.8 | p,, | <0.05
groups of young men with the second and third facial Profile 3 | 1262457 | p,, | >0.05 | 1276469 | p,, | >0.05
profiles, compared with young men of the first facial profile Type 1 131.2¢40 | p,, | >0.05 | 1322457 [p,, | <0.05
i < < - -
(respectively, p O.QS an.d p 0.01).(Table ?).Amgng groups Type 2 1284161 | p,, | >005 | 1205:37 | p,, | <005
of young women with different facial profiles, this indicator
. . . . +. +
showed only a lower value in persons with the first profile, Type 3 1280256 | by | 005 | 1274464 | p,, | 005
compared with young women with the second profile N-S:S-Ar
(p=0.090) (see Table 2). Profile 1 | 3.422+0.460 | p,, | >0.05 |3.589+0.470 | p,, | >0.05
The values of the angle H in young men with the first Profile 2 | 3.778:0.618 | p,, | >0.05 |3.740:0.307 | p,, | =0.082
and second f_aC|aI prqflles qre S|gr_1|f|cantly hlgher than in Profile 3 | 36040612 | p,, | >0.05 | 41131153 | p,, | >0.05
young men with the third facial profile (respectively, p<0.01
: . ) Type 1 | 3.431:0477 | p,, | >0.05 |3.435+0.473 | p,, | <0.05
and p<0.05), and in young men with the first type of face -
significantly higher than in young men with the second and | ¥WPe 2 [ 3.578+0.544 | p,, | >0.05 | 3.72140461] p,, | <0.01
with the third face type (respectively, p<0.05 and p<0.01) Type 3 | 3.694+0.622 | p,, | >0.05 | 4.114+1.000 | p,, | >0.05
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Table 4. Cephalometric indicators of N-S, S-ar and S-ar:ar-Go in
young men and women with different profiles or with different
face types.

Groups Young men Young women
(Mzc) p (M+o) p
N-S (mm)
Profile 1 | 69.26£2.07 | p,, | <0.05 | 66.46+6.34 | p,, | =0.092
Profile 2 | 71.2241.99 | p,, | <0.01 | 66.93+243 | p,, | >0.05
Profile 3 | 75.65+15.68 | p,, | >0.05 | 67.63+4.89 | p,, | >0.05
Type 1 69.92+2.56 | p,, | >0.05 | 66.87+3.72 | p,, | >0.05
Type 2 73.94+15.38 | p,, | >0.05 | 67.08£7.24 | p,, | >0.05
Type 3 71.11£3.64 | p,, | >0.05 | 66.83+4.58 | p,, | >0.05
S-ar (mm)
Profile 1 | 34.43£2.92 | p,, | >0.05 | 32.00+4.15 | p,, | >0.05
Profile 2 | 33.22#1.30 | p,, | =0.061| 32.20£1.70 | p,, | >0.05
Profile 3 [ 38.59+9.35 | p,, | <0.01 [ 32.83x3.47 | p,, | >0.05
Type 1 33.85+2.34 | p,, [=0.082| 32.00+2.92 | p,, | >0.05
Type 2 37.33x8.98 | p,, | >0.05 | 32.50+4.43 | p,, | >0.05
Type 3 35.28+4.21 | p,, | >0.05 | 32.38+3.30 | p,, | >0.05
S-ar:ar-Go
Profile 1 | 69.48+9.38 | p,, | <0.05 | 69.14%7.34 | p,, | >0.05
Profile 2 | 61.89+5.82 | p,, | >0.05 | 66.00£6.96 | p,, | >0.05
Profile 3 | 67.12£7.95 | p,, | >0.05 | 67.46+8.80 | p,, | >0.05
Type 1 69.69£7.12 [ p,, | >0.05 | 68.70+8.66 | p,, | >0.05
Type 2 68.83x8.16 | p,, | <0.05 | 69.29+6.82 | p,, | >0.05
Type 3 63.9419.48 | p,, | <0.05 | 66.34£7.71 | p,, | >0.05

face types (p<0.01 and p<0.001, respectively) (see
Table 3).

The angle of N-S-Ba in both young men and young
women with the first facial profile is significantly greater
than in the corresponding sex groups with the third profile
(p<0.05 in both cases); there is a pronounced tendency to
a higher value of this indicator in young women with the
first facial profile than in young women with the second
profile (p=0.055) (see Table 3). Young women with the first
type of face have a significantly larger N-S-Ba angle than
young women with the second and third face types (p<0.05
in both cases) (see Table 3).

When comparing the values of the N-S:S-Ar indicator,
no significant differences were found between young men
with different profiles or with different facial types, as well
as between young women with different facial profiles.
Significantly higher values of NS:S-Ar in young women with
the third and second facial types than in young women with
the first type of face (respectively, p<0.01 and p<0.05), as
well as higher values in young women with the second
type of face, than in young women with the first type
(p=0.082) (see Table. 3).

When comparing the values of the distance N-S in young
men of different facial profiles found statistically significant
differences: higher values of this indicator in groups of

young men with the second and third facial profiles,
compared with young men of the first facial profile
(respectively, p<0.05 and p<0.01) (Table 4). Between the
groups of young women with different facial profiles, only a
smaller value of the N-S distance was found in persons
with the first profile, compared with young women with the
second profile (p=0.092) (see Table 4).

The S-ar distance in young men with the third facial
profile is significantly greater than in young men with the
second facial profile (p<0.01); there is also a tendency to
its higher values in young men with the first profile of the
face than in young men with the third profile (p=0.061) (see
Table 4). There was also a slightly higher value of S-ar
distance in young women with the second type of face than
in young women with the first type (p=0.082) (see Table 4).

S-ar:ar-Go values were found to be higher in young
men with the first facial profile compared to young men
with the second profile (p<0.05) and in young men with the
first and second facial types compared to young men with
the third type (p<0.05 in in all cases) (see Table 4).

Values in young men of different groups by profile or
face type did not differ significantly, and in young women
recorded greater values of N-CC distance in persons with
the second facial profile than with the first (p<0.05), and
there were tendencies to higher values in young women

Table 5. Cephalometric indicators of POr-NBa, N-CC and P-PTV in
young men and women with different profiles or with different
face types.

Young men Young women
Groups
(Mto) p (M) p

POr-NBa (°)
Profile 1 | 26.29+3.35 | p,, [ >0.05 | 26.39+2.71 | p,, | >0.05
Profile 2 | 24.84+254 | p,, [ >0.05 | 25.96+2.12 | p,, | >0.05
Profile 3 | 24.84+2.22 | p,, [ >0.05 | 25.39+2.19 | p,, | >0.05
Type 1 26.07+3.07 | p,, | >0.05 | 26.20+2.85 | p,, [ >0.05
Type 2 25.26+3.08 | p,, | >0.05 | 25.42+1.71 [ p,, [ >0.05
Type 3 25.39+2.69 | p,, | >0.05 | 26.30+2.64 | p,, [ >0.05

N-CC (mm)
Profile 1 | 57.82+3.07 | p,, [ >0.05 | 54.36+5.53 | p,, | <0.05
Profile 2 | 57.67+3.24 | p,, [ >0.05 | 55.49+2.46 | p,, | >0.05
Profile 3 | 61.62£13.95 | p,, [ >0.05 | 54.85%4.01 | p,, [ >0.05
Type 1 58.66+2.39 | p,, | >0.05 | 55.47£3.95 | p,, | >0.05
Type 2 61.23x13.66 | p,, | >0.05 | 55.54£6.11 | p,, | =0.071
Type 3 57.32+¢3.33 | p,, | >0.05 | 53.49+3.24 | p,, [ =0.058

P-PTV (mm)
Profile 1 | -39.46x2.87 | p,, [ >0.05 | -37.91£3.81| p,, | >0.05
Profile 2 | -40.59x1.69 | p,, [ >0.05 | -37.09+2.13 | p,, | >0.05
Profile 3 | -42.23+8.85 | p,, [ >0.05 | -36.96x4.06 | p,, | >0.05
Type 1 -39.97£255 | p,, | >0.05 | -37.50£2.72 [ p,, [ >0.05
Type 2 -41.03+8.74 | p,, | >0.05 | -37.63+3.98 [ p,, [ >0.05
Type 3 -40.70£2.94 | p,, | >0.05 | -37.27+4.02 | p,, [ >0.05
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with first and second facial types than young women with
the third facial type (respectively, p=0.071 and p=0.058)
(Table 5).

No significant differences were found between POr-
NBa angle or P-PTV distance in either young men or women
with different facial profiles or with different facial types (see
Table 5).

Discussion

Thus, we have established the following features of the
values of the group of cephalometric indicators, which are
not subject to correction in the implementation of
orthodontic interventions between groups of young men
with different facial profiles according to Schwarz A.M.:

- in young men with the first facial profile significantly
higher values of S-ar: ar-Go (by 12.3%; p<0.05) than in
young men with the second profile and angles H (by 3.8%;
p<0.01), NS-Ar (by 2.9%; p<0.05) and NS-Ba (by 3.2%;
p<0.05) than in young men with the third profile;

- young men with the second facial profile had
significantly higher values of N-Se distance (by 3.1%;
p<0.05) than young men with the first profile and angle H
(by 2.8%; p<0.01) than young men with the third profile;

- in young men with the third facial profile significantly
higher values of distances N-Se (by 10.3%; p<0.01), ar-Go
(by 13.1%; p<0.05) and NS (by 9.2%; p<0.01) and a
tendency to greater values of S-ar distance (by 12.1%;
p=0.061) than in young men with the first profile and
significantly higher values of S-ar distance (by 16.2%;
p<0.01) than in young men with the second facial profile.

The following differences in cephalometric parameters
of this group were found in young women with different
facial profiles:

- young women with the first facial profile had
significantly higher values of angles: H (by 2.5%; p<0.01),
NS-Ar (by 3.4%; p<0.05) and NS-Ba (by 2.8%; p<0.05) than
in young women with a third facial profile. We can also note
a pronounced tendency to higher values of the angle N-S-
Ba (by 2.1%; p=0.055) and higher values of the angle N-S-
Ar (by 1.9%; p=0.082) compared to young women with the
second facial profile;

- young women with the second facial profile had a
significantly higher value of the N-CC distance (by 2.1%;
p<0.05) and a greater value of the N-S distance (by 0.7%;
p=0.092) compared to young women with the first facial
profile;

- young women with the third facial profile had a
significantly higher value of the N-CC distance (by 2.1%;
p<0.05) and a higher value of the N-S distance (by 0.7%;
p=0.092) compared to young women with the first facial
profile.

Summarizing the analysis of the results obtained in
groups of young men and women with different facial
profiles, we can conclude about the more pronounced
variability of the studied indicators in young men than in
young women, as the number of established differences

(11 significant differences and 1 tendency to differences
between groups of boys against 4 significant differences
and 2 tendencies to differences between groups of girls)
and the number of indicators that were different (8 indicators
out of 13 studied in young men - N-Se, H, ar-Go, NS-Ar, NS-
Ba, NS, S- ar, S-ar:ar-Go and 4 indicators out of 13 studied
in young women - H, NS-Ar, NS-Ba, N-CC, ar-Go).

The greatest differences between the groups of different
profiles of young men or young women were recorded
between the indicators determined by the method of
cephalometry according to Schwarz A. M. (3 in young men
and 1 in young women), Bjork A. (2 in young men and 3 in
young women) and Jarabak J. R. (5 in young men). At the
same time, the indicators determined by Ricketts R.M.
revealed only 1 significant difference.

Summarizing and analyzing the features of the values
of the group of cephalometric indicators, which are not
subject to correction in the implementation of orthodontic
interventions between groups of young men with different
facial types according to Schwarz A.M., it was found:

- in young men with the first type of face significantly
higher value of the angle H (by 3.1%; p<0.05) than in young
men with the second type of face and angle H (by 3.7%;
p<0.01) and the indicator S-ar:ar-Go (by 9.0%; p<0.05) than
in young men with the third type;

- in young men with the second type of face significantly
higher values of S-ar: ar-Go (by 7.6%; p<0.05) than in young
men with the third type of face and higher values of S-ar (by
10.3%; p=0.082) than in young men with the first type;

- in young men with the third type of face significantly
higher values of ar-Go (by 10.1%; p<0.01) than in young
men with the first type and significantly higher values of ar-
Go distance (by 1.1%; p<0.05) than in young men with the
second type of face.

In young women with different face types, the following
differences were found in the indicators studied:

- in young women with the first type of face significantly
higher values of the angles H (by 2.4%; p<0.01), NS-Ar (by
3.1%; p<0.01) and NS-Ba (by 2.1%; p<0.05), compared with
young women with the second type of face and significantly
higher values of the angles H (by 2.5%; p<0.01), NS-Ar (by
5.3%; p<0.001) and NS-Ba (by 3.8%; p<0.05) and the distance
SE by 15.2%; p<0.01), as well as the tendency to higher
values of the distance N-CC (by 3.7%; p=0.071), compared
with young women with the third type of face;

- young women with the second type of face had a
significantly higher value of NS: S-Ar (by 8.3%; p<0.05) and
a greater value of the distance S-ar (by 10.3%; p=0.082)
than young women with the first type of face and significantly
higher values of S-ar:ar-Go (by 7.6%; p<0.05), distance S-
E (by 7.8%; p<0.01) and a tendency to higher values of
distance N-CC (by 3.8%; p=0.058) than in young women
with the third type of face;

- young women with the third type of face had significantly
higher values of ar-Go distance (by 10.1%; p<0.01) and N-
S:S-Ar (by 19.8%; p<0.01) than young women with the first
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type of face.

Thus, in the groups of young men and young women
with different facial types, in contrast to the results of
comparison of persons with different facial profiles, more
pronounced variability of the studied indicators in young
women than in young men as the number of established
differences (11 significant differences and 2 tendencies to
differences between groups of young women against 6
significant differences between groups of young men) and
the number of indicators that were different (6 indicators
out of 13 studied in young women - H, SE, NS-Ar, NS-Ba,
NS: S-Ar and P- PTV and 3 indicators from 13 studied at
young men - H, ar-Go, S-ar: ar-Go).

Most differences between the groups of different types of
faces of young men or young women were recorded between
the indicators determined by the method of cephalometry by
Schwarz A.M. (2 in young men and 2 in young women) and
Bjork A. (4 in young women). At the same time, the indicators
determined according to Ricketts R.M. revealed only 2
tendencies to differences in young women.

The following indicators did not have significant
differences between certain groups of people of different
sexes of different profiles or different types of faces: POr-
NBa angle and P-PTV distance according to Ricketts R.M.;
distance N-Se by Shwars A.M.; distance N-S and S-ar and
index S-ar: ar-Go according to Jarabak J.R.; distance S-E
by Steiner C.C.; N-S index: S-Ar and N-S-Ar angle by
Bjork A.; ar-Go distance by Burstone C.J.

A number of researchers have determined
cephalometric parameters in Ukrainian young men and
young women, using various generally accepted methods
of cephalometry [14-18, 20, 21].

Comparing our results for young men or women with
different profiles or different types of faces, with the results
of these authors for young men and young women in
general, without division into groups by types and profiles
of faces, it should be noted that there are a number of
differences in our indicators. Thus, in young men with the
first and second facial profiles and with the third facial type,
the values of N-CC distance (according to the Ricketts R.M.
method) were smaller, and in young men with the third
facial profile, on the contrary, greater than in young men
without division into profiles and types face according to
Chernysh A.V. and others. (2018); and in young women
with the first profile and in young women with the third type
of face - smaller [14]. The P-PTV distance in adolescents
with the third facial profile was greater than in adolescents
without division on the facial profile according to
Chernysh A.V. et al. and approached the author's index of
Ricketts R.M., and in young women with the third profile -
on the contrary, less than the established results for
Ukrainian young women in general [14].

The ar-Go distance (according to the Burstone C.J.
method) according to the results of our research in young
men with first profile and the first type of face is greater than
in young men in general, without division into individual

profiles and face types according to Dmitriev M.O.,
Chernysh A.V. and Chugu T.V. [16]. It should be noted that
both our results (for all profiles and types of faces) and the
results of young people in general [16] the value of this
indicator in Ukrainian young men is greater than those of
Burstone C.J. [10]. At the same time, the results of our
studies did not show differences between the values of
this indicator in young women of different profiles and face
types compared with the results of Dmitriev M.O.,
Chernysh A.V. and Chugu T.V. [16] and Burstone C.J. [10].

Comparing the distance N-Se and the angle H
according to the method of Shwars A.M. with the same
indicators determined by Dmitriev M.O. et al. [18] in young
men and young women of the Podillia region of Ukraine in
general, without division into separate types and profiles
of the face, it should be noted that young women of all
types and profiles of the face, as well as young men with the
second profile or the third type of face coincided with the
values defined for young men and young women in general.
On the other hand, it is smaller in young men with the first
profile or the first type of face, and larger in young men with
the third profile or the second type of face than in young men
without division into types and profiles of the face. The angle
H in young men with the third facial profile is smaller, and in
young men with the first type of face and in young women
with the first type of face - greater than in young men or young
women in general, without division into individual types and
profiles of the face. It should also be noted that the distance
S-E according to the method of Steiner C.C. in young women
with the third type of face have lover values than in Ukrainian
young women in general [15].

Thus, the results indicate that for a more individualized
approach to the determination of cephalometric parameters
in young men and young women, it is advisable to use the
definition of their profile and face type.

Conclusions

1. The values of cephalometric teleroentgenographic
parameters, which usually do not change during surgical
and orthodontic interventions in Ukrainian young men and
young women with orthognathic occlusion with different
profiles and face types according to Schwarz A.M. have been
established.

2. There are differences in certain indicators between
groups of young men or young women with different profiles
or types of faces. The greatest differences, both in young
men and young women, were recorded between the
indicators determined by the methods of cephalometry by
Schwarz A. M. and Bjork A., and the least - by the method of
Ricketts R.M.

3. The obtained results testify to the expediency of using
the division of young men and young women into separate
groups by profile and type of face to adhere to the
personalized principle in the morphological assessment
of cephalometric and gnatometric indicators of lateral
teleroentgenograms.
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OCOBNUBOCTI LE®ANTOMETPUYHUX MOKA3HUKIB, SKI 3A3BUYAIN HE 3MIHIOKOTLCA NI YAC XIPYPIIYHUX TA
OPTOLOOHTUYHUX BTPYYAHb, B YKPAIHCBLKUX FOHAKIB | AIBYAT 3 OPTOTHATUYHMUM MPUKYCOM | PIBHUMU TUMAMU TA
NPO®INAMU OBNNUYYA 3A SCHWARZ A.M.

lpokonernko O.C., Bensiee E.B., [Jmimpiee M.O., Yepkacoea O.B., Ckopyk P.B.

3a yvac icHysaHHs1 peHmeeHon02idyHo20 Memody AociOXeHHS Po3pobrieHi YucerbHi asmopchbKi Memoduku ueganomempuyHo2o
docridxeHHs1 ma aHanidy 3 3acmocysaHHsAM mMemoOdy 6okogoi menepeHmeeHozpadii (Memoduku Schwarz, Down's, Steiner, Tweed's,
Harvold, Ricketts, McNamara, Jaraback, Burstone, Bjork mouwjo). Jlikapi-cmomamorsoau pisHuUx kpaiH ceimy Hadatomb repesazy
rnesHUM oKpemMum MemoOuKaM, KOXHa 3 SKUX Mae sk ceoi nepeeaau, mak i okpemi Hedoriku. Ane doci He icHye eOUHOI yHichikosaHOi
mMemoduku makux AocridxeHb | mMocmilHo rikapi ma 00cAiOHUKU Hamazarombesi iX yO0ocKoHanumu i ompumamu Hogi eidomocmi w000
ix ecbekmusHocmi. Mema QocriOXeHHsT - 8CMaHOBIeHHST uehaloMempuyHUX mernepeHmaeHo2paghiyHUX MOKa3HUKI8 i BUSHAYEHHs ix
ocobrniugocmell 8 yKpaiHCbKUX FOHakie i digdam i3 opmoaHamu4YyHUM MPUKYyCOM 8 3anexHocmi 8i0 npoginie i munie obnuyys 3a
Schwarz A.M. NposedeHo yegharnomempuyHe OOCiOKeHHs i aHani3a boKosUX menepeHmaeHoepam 20508u y 49 oHakie ma 76 digyam
i3 ¢bisionoziYHUM rMPUKYCOM MakcumarbHO HabrnuxeHUM 00 Opmoz2Hamu4YHo20 (8 nodanbWomMy opmogHamuyHUl npukKyc), po30ineHux
Ha oKkpemi epyrnu 0ocioXeHb 3a pisHUMU npoghinamu i pisHumMu munamu obnuyys 3a Schwarz A.M. (no 3 epynu pisHozo npoginto i no
3 epynu pisHo2o0 muny obnuyys 0ns ocib KoxHoi cmami). Jocnidxysanu uyeghanomempuyHi menepeHmaeHoepacbidHi nokasHuKU, sKi
3a3euyall He 3MIHIOMbCS Mi0 Yac nPoe8edeHHsT XipypaiyHUX ma opmoOOHMUYHUX empydYaHb. Cmamucmuy4yHy Mamemamu4yHy o06pobKy
pesynbmamie 0ocnidxeHHs1 rpoeenu 8 rniyeHsitiHoMy nakemi "Statistica 6.0" 3 sukopucmaHHaAM HernapamempuyHUX mMemodie OUiHKU
ompumaHux pe3ynbmamie. BcmaHosneHi YucenbHi docmosipHi ma meHOeHuii 8idMiHHOCmel 3a eu3Ha4YeHUMU MoKa3HUKamu Mix
2pynamu toHakie, abo digyam 3 pisHumu ripogbinsimu, abo munamu obnuyys. Haubinbwe e8iOMiHHOCcmMel, K y toHakie, mak i y diedam
3aghikcogaHO MK MOKa3HUKaMU, 8U3Ha4YeHUMU 3a memodukamu uecghanomempii 3a Schwarz A.M. ma 3a Bjork A., a HaliveHwe - 3a
memodukoro Ricketts R.M. OmpumaHi pesynbmamu cgid4ampb rpo O0UiNbHICMb 8UKOpUCMaHHs1 po3rnodiny roHakie i dig4am Ha OKpemi
2pynu 3a npodgpinem i murnom obnuyys Anss dompuMaHHs NMepcoHai308aHo20 MPUHYUMY y MopghonoeidHil ouiHYi ueghanomempuyHUX
i 2HamoMempuYHUX MoKa3HUKie BOKO8UX meriepeHmeeHo2pam.

KntoyoBi cnoBa: roHaku, digdama, opmozaHamuyHul rpukyc, 6okoea menepeHmaeHoepagis 20m08u, yeganoMmempuyHi MoKa3HUKU,
munu ma nipogpini 0bnu4ysa 3a Schwarz A.M.

OCOBEHHOCTU LE®ANOMETPUYECKUX MOKA3ATENEW, KOTOPLIE OBbIYHO HE U3BMEHAIOTCS BO BPEMA
XUPYPIMYECKUX N OPTOOOHTUYECKUX BMELLATENbLCTB, Y YKPAUHCKUX FOHOLLUEW U OEBYLWEK C OPTOrHATUYECKOM
NMPUKYCOM U PA3NTUYHBLIMU TUNAMU N MPODPUNAMU NTULIA NO SCHWARZ A.M.

lpokoneHko A.C., Bensies 3.B., imumpues H.A., Yepkacoea E.B., Ckopyk P.B.

3a spems cyujecmeosaHusi peHmeaeHonoau4ecko20 memoda uccriedogaHusi padpabomaHbl MHO204UCIIEHHbIE agmopcKkue MemoOuKu
ueghaniomempuyeckozo uccredogaHusi U aHanusa ¢ ripumMeHeHuem memoda 6okosol menepeHmaeHogpaguu (Mmemoduku Schwarz,
Down's, Steiner, Tweed's, Harvold, Ricketts, McNamara, Jaraback, Burstone, Bjork u m.d.). Bpa4u-cmomamorioau pasHbiX cmpaH
mupa omdarom ripedrnoymeHue ornpedenieHHbIM omoesibHbIM MemodukaM, Kaxdasi U3 KomopbIX UMeem Kak Ceou rpeumMyujecmsa, mak
u omdenbHble Hedocmamku. Ho 0o cux rmop He cywecmayem eduHOU yHUGhULUPO8aHHOU MemoOUKU makux uccriedogaHull U mocmosiHHO
gpayu u uccnedosamersnu MbiMaMCcs UX ycogepuieHcmeosamb U MOfy4ums Hogeble ceedeHusi 06 ux aghpekmusHocmu. Lenb
uccriedogaHus - ycmaHoerieHue yegharoMempuyecKux menepeHmaeHoepaghuyeckux rnokasamesel u onpedeneHue ux ocobeHHocmeul
Y YKpauHCKux toHowel u desywek ¢ opmoaHamu4ecKuM fpuKkycom 8 3asucumocmu om npocpunel u munos nuya no Schwarz A.M.
lposedero yeghanomempuyeckoe uccrnedosaHue u aHanu3 6OKOBbIX meniepeHmaeHoepaMmm 205108kl y 49 oHowel u 76 desywek ¢
bu3uoI02U4ECKUM MPUKYCOM MaKcuMarsbHO NpubmiuxXeHHbIM K opmoaHamu4yeckoMy (Oaree opmoeHamu4yeckul rpukyc), pas0esieHHbIX
Ha omoernbHbie epynmbl uccriedosaHuli Mo pa3HbIM NPOQUIIAM U pa3nuyHbiM munam nuya no Schwarz A.M. (no 3 epynnbi pa3Hoz20
npocghuns u no 3 epynrbl pa3Ho20 muna fauya 055 nuy kaxdoeo rona). Miccnedosanu uegharnomempuyeckue menepeHmaeHozpaguyeckue
rnokazamersiu, Komopbie 0bbIYHO HE U3MEHSIIOMCS 80 8PEMsi MPO8eOeHUs] XUpypauyeckux U opmodOHMUYeCcCKUX emMewameribcme.
CmamucmuyecKyto Mamemamu4ecKyto o0bpabomky pe3ynbmamos uccrnedosaHusi nposenu 8 NuUUeH3UoOHHOM rnakeme "Statistica 6.0"
C ucrnonb3ogaHueM Hernapamempuyeckux Memodo8 OUEHKU IMOy4YeHHbIX pe3ynbmamos. YcmaHo8/1eHbl MHO204UCTEHHbIe
0ocmoeepHbIe pa3nuyusi U meHOeHyuU pa3nuyuli rno onpedesieHHbIM rnokasamensam mexoy epynnamu roHowel unu desyuwek ¢ pasHbIMU
npogunamu unu munamu nuya. Haubonbwee Konuyecmeo pasnuyull, Kak y roHowel, mak u y desyweK 3ahukcuposaHO Mexoy
riokazamernsimu, ornpedeneHHbIMU Mo Memodukam yeghanomempuu no Schwarz A.M. u no Bjork A., a MeHbwe 8cezo - 1o memoouke
Ricketts R.M. lNonyyeHHble pe3ynbmambl ceudemesibcmeyom 0 yernecoobpasHocmu Ucronb308aHusi pacrnpedeneHus oHowel u
Oesywek Ha omOesibHble epynrbl 0 NpPogunsam u munam nuya 0s1s1 cobrnodeHUs1 NePCOHaNU3upPo8aHHO20 NPUHYUNa 8 Mopghonoaudyeckol
OUeHKe uegharioMempuyeckux U 2HamoMempu4ecKux rokasamereli 60Ko8bIX mesepeHmaeHoepam.

KnroueBble cnoBa: roHowu, desywKu, opmoaHamu4eckul rnpukyc, bokogass menepeHmaeHoepaghusi 20108bl, uegharnomempudyeckue
rokazamesiu, murbl U npogusu nuya no Schwarz A.M.
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The transition to primary school requires pupils to adapt to new conditions of the
educational environment, accompanied by the use of physiological reserves of the
body. School stress can hinder the academic success of children and adolescents,
creative solutions to complex and new problems, which, in turn, can lead to
underestimation of abilities and underestimation of pupils self-esteem. Chronic exposure
to academic stress can lead to school burnout and the formation of psychosomatic
disorders. The aim of the study was to compare the functional state of autonomic
regulatory systems among pupils with different levels of academic achievement. 60
children (10-13 years old) took part in the longitudinal study. The functional state of the
autonomic regulatory systems was determined by analyzing 5-minute recordings of the
electrocardiogram in a state of quiet wakefulness with eyes closed in a sitting position.
Pupils were divided into 3 groups depending on the level of their academic performance,
which was determined by the average score of 8 basic subjects. Statistical data
processing was performed using the Mann-Whitney, Kraskell-Wallis, Dunnett, Fisher's
@-test. Significant differences in heart rate variability (HRV) parameters depending on
the level of academic achievement were found only in the 5th and 6th years of study,
which reflected the different physiological cost of adaptation to primary school. The
vegetative profile of pupils with academic performance lower than the average in the 5th
year of study indicated overstrain of requlatory systems and fatigue. Among pupils with
academic performance higher than the average in the 6th year of study 2.4 times more
often than pupils with average academic performance, the optimal state of autonomic
regulatory systems was observed (respectively, 46.2% and 19.1%, p<0,05), and in the
7th year of study - 2.5 times compared to pupils with academic performance below
average (respectively, 46.2% and 18.2%, p<0.05), which may indicate a higher
physiological price for adaptation to primary school pupils with academic performance
below average. Fatigue and overexertion of the mechanisms of autonomic regulation
are characteristic of pupils with academic performance below average, while pupils
with academic performance above average had a high level of stress adaptive-
compensatory mechanisms in the 6th year of study. The category of pupils with a level
of academic performance below average should be assigned to the risk group in terms
ofthe development of autonomic dysfunction and psychosomatic diseases.
Keywords: heart rate variability, vegetative profile, academic performance, pupils.

Introduction

School as a place of socialization and development is
of greatimportance in the lives of adolescents [7]. Increased
demands to be successful and productive in modern society
can deplete human resources and can lead to stress in
adolescents [4, 21]. International studies have shown that
adolescents have a significant increase in stress related
to school and stress-related health problems [6, 11, 17]. It

is shown that school stress can hinder pupils' academic
success [10], including due to the negative impact on
memory processes [15, 19]. In addition, stress, by altering
the balance between memory systems, can hinder creative
solutions to complex and/or new problems, which in turn
can lead to underestimation of pupils' abilities and
underestimation of their self-esteem [20].
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Chronic exposure to academic stress can lead to school
burnout, defined as an emotional state of exhaustion,
cynicism, and depersonalization, [21] and the formation of
psychosomatic disorders.

Therefore, the aim of our study was to compare the
functional state of autonomic regulatory systems among
pupils with different levels of academic achievement.

Materials and methods

The study involved 60 middle school pupils (10-13
years). The functional state of vegetative regulatory systems
was determined by analyzing statistical (Mean, Mo, SDNN,
AX, AMo, CVr, pNN50), spectral (TP, VLF, LF, HF, VLF%, LF%,
HF%, LFn, HFn, LF/HF, IC) and autocorrelation groups of
indicators (CC1, CCO0), as well as an integrated indicator of
regulatory system activity (IRSA) [3, 13].

HRV measurement was performed at 5, 6 and 7 years
of study based on the analysis of 5-minute
electrocardiogram recordings in the |l standard lead in a
state of quiet wakefulness with eyes closed in a sitting
position using the hardware-software complex "BrainTest"
("DX-system", Kharkiv, Ukraine). Mathematical analysis of
cardio signals was performed using the "Cardio Tension
Test" module of the application package
"NeuroResearcher® Innovation Suite, V. 17.5" ("Institute of
Medical Informatics and Telemedicine", Kharkiv, Ukraine).

Determining the level of academic performance of pupils
involved copying the data of annual academic performance
from eight basic subjects (Ukrainian language, Ukrainian
literature, algebra, world history, biology, physics, chemistry,
foreign language), based on which we calculated the
average score with further division of pupils into 3 groups:
with a level of academic success below average (up to
7.85 points), with an average level (from 7.85 to 9.19 points
inclusive) and above average level (over 9.19 points).

To test the hypothesis of equality of measures of the
central tendency in pairwise comparisons, the Mann-
Whitney test was used, and for multiple comparisons, the
nonparametric ANOVA by the Crackell-Wallis test was used,
followed by a posteriori comparison by the Dunnett test.
Nominal features were described as a percentage, and
their pairwise comparison was carried out by the @-criterion
of Fisher's angular transformation. Differences at p<0.05
were considered significant.

The study was conducted in accordance with the
bioethical norms of the Declaration of Helsinki (as
amended in 2013) with the informed consent of parents
and approved by the Commission on Bioethics of the Sl
"Institute of Child and Adolescent Health of the National
Academy of Medical Sciences of Ukraine".

Results

It was found that in the fifth year of study, pupils with
higher than average academic performance, compared with
pupils with average academic performance, were
characterized by probably (p<0.05) higher values of SDNN,

¢) 7th year of study

—o— average —— below average -+- above average

Fig. 1. Vegetative profiles of pupils with different levels of academic
achievement.

TP, CVr, HF, pNN50 (Fig. 1a).

The same changes in HRV parameters were observed
among pupils with below-average academic performance.
However, they were also added probably (p<0.05) lower
values of AMo, SI, IARP, VIR, IVB, CC1, LF%, LFn, LF/HF
and probably (p<0.05) higher values of Mean, RMSSD, VLF,
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0 academic performance were
100% 4.8% 9.5% 4.8% .
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. | 28.6% 34.7% 2 364% CCO values compared to pupils with
80% e 45.5% 28.6% B || average academic performance. Pupils
70% 127.3% = B & — = 3850, | With  above-average  academic
60% + - - e - -30.8% 38.1% performance were characterized by
50% - "38.1%‘30-3%_'273.,/" | — | L | probably (p<0.05) higher values of
40% | | ] [ | =7 299 | 45.5% i | RMSSD, pNN50, CC1, CCO. .
o 36.4% At the 7th year of study, the vegetative
30% 71 K ml | 1 B ] ] B " | profiles of pupils with different academic
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20% + —28 60/—34_6%—36_4%—- u ——— B - | performance were similar (Fig. 1c).
10% 4182% ~19.1% —18.2% - A comprehensive assessment of the
0% state of autonomic regulatory systems of
I ’ I ‘ 101 | I | I ‘ I ‘ I | I ‘ TII pupils with different academic
performance according to IRSA (Fig. 2)
Sthograde Gth.grade Tth.grade found that among pupils with academic
norm tension excessive tension exhaustion performance higher than the average in

Fig. 2. Distribution of primary school pupils with lower than average (1), average (II) and
higher than average (Ill) academic performance by levels of activity of regulatory systems.

HF%, HFn, compared with pupils with average academic
performance.

Atthe same time, in the fifth year of study, we did not find
significant differences in the values of HRV between pupils
with academic performance above and below average.

At year 6, pupils with below-average academic
performance were characterized by significantly (p<0.05)
lower IARP, CC1, and probably (p<0.05) higher RMSSD
values compared to pupils with average academic
performance, whereas among pupils with academic
performance higher than the average, only a similar trend
was observed (0.07<p<0.10). At the same time, pupils with
above-average academic performance were characterized
by a significantly (p<0.05) lower heart rate and longer cardio
cycle, compared with pupils with average academic
performance. A similar trend (p=0.06) was observed among
pupils with below-average academic performance. Only
pupils with below-average academic performance were
characterized by probably (p<0.05) lower CCO values
compared to pupils with average academic performance.
Pupils with above-average academic performance were
characterized by probably (p<0.05) higher values of
RMSSD, pNN50, CC1, CCO.

At year 6, pupils with below-average academic
performance were characterized by significantly (p<0.05)
lower IARP, CC1, and probably (p<0.05) higher RMSSD
values compared to pupils with average academic
performance, whereas among pupils with academic
achievement. academic performance was higher than the
average, only a similar trend was observed (0.07<p<0.10).
At the same time, pupils with above-average academic
performance were characterized by a significantly (p<0.05)
lower heart rate and longer cardio cycle, compared with
pupils with average academic performance. A similar trend
(p=0.06) was observed among pupils with below-average
academic performance. Only pupils with below-average

the sixth year of study 2.4 times more
often than pupils with average academic
performance, observed optimal condition
of autonomic regulatory systems (respectively, 46.2% and
19.1%, p<0.05), and at the 7th year of study - 2.5 times
compared to pupils with academic performance below
average (respectively, 46.2% and 18.2%, p<0.05).

Discussion

The transition to primary school requires pupils to adapt
to new conditions of the educational environment,
accompanied by the use of physiological reserves of the
body. The ratio between the achieved level of performance
and spent physiological reserves to achieve them speak
of the physiological "price" of adaptation [22]. As a
performance we used the indicator of academic
performance, and physiological resources were evaluated
by the parameters of heart rate variability. Lower heart rate
variability (HRV) was seen as a sign of limited ability to
regulate emotional state, performance, and social
functioning [5, 12, 14, 18].

According to the results of one-factor dispersion
analysis of Kruskal-Wallis, significant differences in HRV
parameters depending on the level of academic
performance were found only in 5 and 6 years of study
(Fig. 1), which may reflect different physiological costs of
adaptation to primary school depending on academic
performance.

From the above we can conclude that in the 5th year of
study, pupils with above-average academic performance
were characterized by an increase in overall heart rate
variability due to increased absolute activity of the
parasympathetic nervous system, compared with pupils
with average academic performance. This state of
autonomic regulatory systems in pupils with above-average
academic performance can be characterized as a moderate
predominance in the state of quiet wakefulness of the
activity of the autonomous control circuit over the central
while maintaining sympathetic-vagal balance at the level
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of the autonomous control circuit.

In contrast to pupils with above-average academic
performance, among pupils with below-average academic
performance in the 5th year of study, we observed not only
an increase in absolute but also specific activity of the
parasympathetic nervous system against a decrease in
specific activity of the sympathetic nervous system. In
addition, there was an increase in the absolute activity of
the suprasegmental structures of the autonomic nervous
system against the background of a decrease in the
relationship between the central and autonomous circuits
of regulation and the lower stress index of regulatory
systems. This caused a significant shift in the sympathetic-
vagal balance towards vagotonia, which was probably
confirmed (p<0.05) by a lower heart rate and a longer
cardiocycle. Such features of the vegetative profile indicate
a pronounced predominance of the autonomous control
loop and reflect the overstrain of regulatory systems and,
probably, fatigue of pupils.

Itis noteworthy that at the 6th year of study the vegetative
profile of pupils with academic performance above and
below average becomes similar and indicates a
pronounced vagotonia against the background of a
significant reduction in the effects of the central loop of
regulation. Although in both cases of deviation of academic
performance from the average level, we can talk about the
overstrain of the mechanisms of regulation and fatigue of
pupils, but these processes are more pronounced among
pupils with academic performance below average. At the
same time, compensation mechanisms are still included
in pupils with above-average academic performance by
strengthening the relationship between the central and
autonomous control circuits, but there are insufficient
central mobilizing influences. This is probably due to the
fact that the 6th year of study has a sensitive period of
formation of autonomic regulatory systems, which reduces
the adaptive reserves of pupils.

Since in the seventh year of study the vegetative profiles
of pupils with different academic performance in the
conditions of quiet wakefulness are as similar as possible,
we can assume that this is a period of stable adaptation to
the educational environment of primary school. Note that
among pupils with academic performance above the average
2.5 times more often observed the optimal state of
autonomic regulatory systems compared with pupils with
academic performance below average (respectively, 46.2%
and 18.2%, p<0.05) in which stress/overstrain of autonomic
regulation was observed 2.5 times more often (respectively,
53.8% and 81.8%, p<0.05). This gives grounds to claim that
pupils with academic performance below the average pay a
higher physiological price for adaptation to primary school.
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CTAH BEFETATUBHUX PEMNYNIATOPHUX CUCTEM YYHIB 3 PI3HOKO AKAOEMIYHOIO YCMILWHICTIO

ComHikoea-MenewkiHa X.B., Pedbka I.B., Muxanb4yk O.5.

lMepexid do ocHoO8HOI wkKonu eumaeae adanmauii y4Hie 00 HOBUX yMO8 0C8IMHbLO20 cepedosuuia, WO Cynposodxyembcs
8UKOpUCMaHHAM ¢bisionoaiyHux pesepesie opaaHiamy. LLIkinbHUl cmpec Moxe nepewkodxamu akademiyHil ycniwHocmi dimel ma
nidnimkie, M8oPYOMY BUPIWEHHIO CKnadHUX ma Hosux rnpobrem, wo, 8idnogidHo, Moxe npudsecmu 00 HedoouiHku 30ibHocmel ma
3aHUXEeHHs1 CaMOOUIHKU wKonspig. XpoHidHull ernue akademidHO20 crmpecy Moxe npu3gecmu 00 WKinbHO20 8u20paHHs ma hopMyeaHHsI
ricuxocomamuyHux posnadie. Mema AocnidxXeHHs - NopieHAMU hyHKUiOHanbHUl cmaH 8e2emamueHUX pe2yrsimopHUX cucmem
cepel yyHig 3 pi3HUM pigHeM akadeMiyHoI ycriwHocmi. Y noHeimydOuHanbHoMy OocrioxeHHi 83snu ydacmpe 60 dimed (10-13 pokis).
@DyHKUiOHanbHUU cmaH ee2emamugHUX pe2yriioro4ux CUCmeM eu3Haqanu WisixoMm aHanisy 5-xeunuHHUX 3arnucie enekmpokapdiozspamu
Yy cmaHi CriokKitiHo20 HeCMaHHs 3 3aKpumumMu OYUMa 8 MOJIOXKEHHI cudsyu. Y4Hie Byo po3nodineHo Ha 3 epynu y 3anexHocmi 8id pigHs
ix akademiyHOI ycriiwwHoCcMI, W0 eu3Ha4yascsi 3a cepedHim banom i3 8 6azosux npedmemis. CmamucmuyHa obpobka OaHux rposedeHa
i3 sukopucmaHHAM kpumepiie MaHHa-YimHi, Kpackenna-Yonica, JaHHema, @-kpumepis @iwepa. JocmosipHi 8iOMiHHOCMI 3a
napamempamu eapiabenbHocmi cepuesoz2o pummy (BCP) e 3anexHocmi 8i0 pigHsi akadeMiqyHOI ycriwHocmi eusierieHi minbku Ha 5-
My ma 6-My pokax HagyaHHs, W0 8idobpaxaro pi3Hy ¢pisionoziyHy UiHy adanmauii o 0CHOBHOI wkKonu. BeeemamueHuli npoinb y4yHie
3 aka0eMiyHOI YCriWHICMIO HUXYOI0 3a CcepelHIo Ha 5 poui HasyaHHSl 8Ka3yeae Ha MepeHarpyXeHHs peaynsamopHUX cucmeMm ma
nepesmomirieHHs1. Cepeld y4yHi8 3 akaOemiYHOK yCrilWHICMIO 8UWOI0 3a CEPedHI0 Ha WOCMOMY poui Hag4yaHHs y 2,4 pa3u Jacmiwe
OPIBHSIHO 3 yYHAMU 3 CepelHbOI0 akadeMiyHOK yCriWHICMI0 criocmepi2ascs onmumarbHUl CmaH ee2emamueHUX pe2yrnsmopHUX
cucmem (8idrosioHo, 46,2% i 19,1%, p<0,05), a Ha 7-My poui Has4aHHs - y 2,5 pa3u MOpPIiBHSAHO 3 yYHAMU 3 akadeMidyHOK yCriWHICMIo
HUXXYOr0 3a cepeldHio (8i0noeioHo, 46,2% i 18,2%, p<0,05), wo moxe cgiduumu rpo suwly ¢hizionoeiyHy uiHy 3a adanmaujito 00 0OCHO8HOI
WKOMU Y4Hi8 3 akadeMidHOK yCriWHICMIO HUXYOK 3a cepeldHro. [lepeemomreHHsI ma fepeHarpyxeHHs MexaHiamie ee2emamueHoi
peaynayii npumamMaHHO WKOosipaM 3 aka0eMidHOK YCriWHICMI0 HUXYOK 3a cepedHio, modi 5K y y4HIi8 3 akadeMiYHO yCriuHICmio
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8ULLOI0 3a CepedHI0 criocmepiaascsi 8LUCOKUL pigeHb HanpyXeHHs1 adanmauiliHo-KOMIMeHCamopHUX MexaHiamie Ha 6-My poui Hag4yaHHs.
Kameezopis y4Hie 3 pieHeM akaleMidyHOI yCriuHOCmi HUX4Y0K 3a cepedHio mae 6ymu gidHeceHa 00 2pyrnu pu3uKky 3 MOYKU 30py
po38UMKy 8eeemamueHOi OUCEHYHKUII ma rncuxocoMamuyHUX 3axeoprosaHhb.

KnrouoBi cnoBa: sapiabernbHicmb cepyegoeo pummy, geeemamusHUl npoginib, akademiyHa yCrilWHiCmb, y4HI.

COCTOSIHUE BEFETATUBHbIX PEMYNIATOPHbLIX CUCTEM YYALLUXCA C PASHON AKAOLEMUYECKOW YCNEBAEMOCTbIO
ComHukoea-MenewkuHa X.B., Pedbka WN.B., Muxanbyyk O.5.

lMepexod e ocHosHyto wkKony mpebyem adanmayuu y4yaujuxcsi K HO8bIM yCcriogusiM obpa3oeamersibHoU cpedbl, conpogoxoaemcs
ucnonb308aHueM u3uoIo2uU4ecKkUx pe3epeos opeaHudma. LKonbHbIl cmpecc Moxem npensmcmeogamb akademuyeckol
ycrnesaemocmu Oemel U MOOPOCMKO8, MBOPYECKOMY PeWEeHUK C/IOXHbIX U HO8bIX rpobriem, 4Ymo, coomeemcmeeHHO, MoXem
npusecmu K HedooueHKe criocobHocmel U 3aHUXeHUI0 CaMOOUEHKU WKOMbHUKO8. XpoHu4yeckoe so3delicmeue akademu4yecKoz2o
cmpecca Moxem fpueecmu K WKOMTbHOMY 8bl20paHuro U ¢hopMUpO8aHUI0 MCUXOCOMamu4YyecKux paccmpoticms. Llens uccrnedogaHus
- cpasHUMb GhyHKUUOHaIbHOE COCMOSIHUE 8e2emamuBHbIX Pe2ynsimopHbIX cucmemM cpedu yqdaujuxcsi C pa3HbIM ypPOBHEM
akademuyeckol ycniegaemocmu. B noHeaumyduHansHom uccriedogaHuu rpuHsnu ydacmue 60 demed (10-13 nem). @yHKYuOHanbHoe
COCMOSsIHUEe 8e2emamuBHbIX peayiupyruux cucmem onpedensanoch nymem aHanu3a 5-muHymHbix 3anucel OKIT 8 cocmosiHuu
CrioKoliHo20 600pcmeosaHusi C 3aKpbIMbIMU 2/1a3aMu 8 rosioxXeHuu cudst. Yvyawuecsi bbinu pa3derneHbl Ha 3 epynnbl 8 3agucumocmu
om ypoeHsi ux akademuyecKkol ycriegaemMocmu, Komopbll onpedesnssncs rno cpedHemy barnny no eocbMu 6a308biM npedmemam.
Cmamucmuyeckasi obpabomka OaHHbIX rposedeHa C ucronb3oeaHueM kpumepues MaHHa-YumHu, Kpackenna-Yonnuca, [JaHHema,
p-kpumepus @uwepa. [JocmosepHbie pasnuyus no napamempam sapuabenbHocmu cepdeyHoz2o pumma (BCP) e 3asucumocmu om
yposHsi akademuyeckol ycrieeaemMocmu ObHapyXeHbl MofibKo Ha 5-m u 6-M 200ax oby4yeHuUs, YMO ompaxano pasfiuyHyto
gpusuonoaudeckyto ueHy adanmayuu K OCHO8HOU wkKore. BeeemamueHbll rpoghusib yyauuxcsi ¢ akademMuyeckol ycrnesaemocmbto
Huxe cpedHel Ha 5 200y 0byyeHus1 yKasblgasl Ha repeHanpskeHue peaynsmopHbIX cucmeM u rnepeymomeHue. Cpedu yyaujuxcs ¢
akademuyeckol ycriegaeMocmbio 8biuie cpedHeli Ha 6 200y obyyeHusi 8 2,4 pa3a yauwe o cpagHeHU0 CO WKObHUKaMu co cpedHel
ycrneeaemocmbto Habrodanocb ornmuMasbHOe COCMOSIHUE 8e2emamusHbIX peayrnsimopHbIX cucmeM (coomeemcmeeHHo, 46,2% u
19,1%, p<0,05), a Ha 7 200y 0byy4eHusi - 8 2,5 pa3a Mo cpasHeHUo C yHauuMUCs C yCrie8aeMoCmblo HUXe cpedHel (coomeemcmeeHHo,
46,2% u 18,2%, p<0,05), ymo moxem ceudemesnbcmeosamb 0 boree 8bicoKoU hu3uonoeudyeckol uyeHe adanmayuu K OCHO8HOU
wkKose yyauwuxcs ¢ akademudeckol ycrnesaeMocmbio HUXe cpedHezo. [lepeymomneHue u nepeHanpsikeHue MexaHu3mos
geeemamueHoU peaynayuu xapakmepHo 055l WKOIbHUKO8 C akadeMu4ecKol ycrieeaeMoCcmbio HUXe cpedHel, moada KaK y yHaujuxcs
C ycriegaemMocmblo 8biie cpedHel Habrrodarncs 8bICOKUU ypo8eHb HamnpsikeHUsi adarmayuoHHO-KOMIEHCamOpPHbIX MexaHU3Mo8 Ha
wecmom 200y obyveHus. Kamezopusi y4aujuxcs ¢ yposHeM akadeMuyeckol ycriegaeMocmu Huxe cpedHel 0ormkHa bbimb omHeceHa
K epyrnne pucka C moYKU 3peHusi pa3gumusi eeeemamugHoU OUChYHKUUU U rcuxocomamuyeckux 3abonesaHudl.

KnioueBble cnoBa: sapuabenbHocmb cepdeyHo20 pummMa, ee2emamusHbil npogurb, akadeMuyecKkas ycrieeaeMocmb, y4aujuecs.
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The cerebellum is a complexly organized multifunctional component of the brain and
a target in numerous lesions, so the study of its morphofunctional state in various
pathological conditions and burns does not lose its relevance. The aim of our study
was to establish the features of micro- and submicroscopic changes in the structural
components of the cerebellar cortex after 21 days under conditions of experimental
thermal trauma. The experimental study was simulated on white laboratory male rats.
Grade Il burns were applied under thiopental-sodium anesthesia with copper plates
heated in boiled water to a temperature of 97-100°C. The size of the affected area was
18-20% of the epilated surface of the body of rats. Histological changes were studied
for 21 days from the beginning of the experiment. Semi-thin sections for light microscopy
were stained with methylene blue, for electron microscopy the obtained ultra-thin sections
were contrasted with uranyl acetate and lead citrate according to the Reynolds method.
With the help of micro- and submicroscopic studies, significant alternative changes of
both neurons of all layers of the cerebellar cortex and parts of the microcirculatory
tract of the organ were revealed. Neurons are disorganized, their shape is changed,
there is low functional activity, due to a decrease in the area of the chromatophilic
substance. Often there are cell-free areas in the ganglion layer, there is a shift of
Purkinje cells deep into the granular layer, and grain cells are pushed sharply into the
higher molecular layer. Thus, 21 days after the experimental thermal injury, destructive-
degenerative changes of neurons of the cerebellar cortex, paravasal edema and
disorders of transendothelial metabolism were established.

Keywords: cerebellar cortex, micro- and submicroscopic changes, neurons, thermal
trauma.

Introduction

It is known that thermal trauma directly causes
morphofunctional changes in the skin, and indirectly affects
all organs and systems [5, 8, 12, 18]. The burn is a strong
painful stimulus, which leads to a violation of neuro-humoral
mechanisms. It is established that structural and functional
changes can occur in different parts of the central nervous
system: vacuolation, displacement of nuclei, pyknosis,
disorders of intracellular metabolism of neurons [4, 14, 15,
19]. Structural and functional reorganization of the nervous
system under exogenous, stressful influences, in particular,
the cerebellar cortex occurs against the background of
significant vascular disorders and especially microcirculation
disorders, leads to the development of dystrophic and
neurodegenerative changes [1, 7, 11, 13, 16].

The study of the morphofunctional state of the cerebellum
in various conditions and burns, in particular, does not lose

its relevance, because this organ is one of the structures of
the brain that responds quickly to stressors of exogenous
origin. The study of micro- and submicroscopic state of the
structural components of the cerebellar cortex in severe
thermal injuries is an urgent task of theoretical and practical
medicine.

Therefore, the aim of the work was to establish the
histological reorganization of the components of the
cerebellar cortex of laboratory animals 21 days after the
application of experimental thermal trauma.

Materials and methods

The experiment was performed on 15 adult white male
rats, which were kept in standard vivarium conditions on a
balanced diet. Animal care and all manipulations were
carried out in compliance with the rules of the Strasbourg
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"European Convention for the Protection of Vertebrate
Animals Used for Research and Other Scientific Purposes”
and the "General Ethical Principles of Animal
Experimentation” (Kyiv, 2013).

Grade Il burns were applied under thiopental-sodium
anesthesia with two copper plates heated in boiled water
to a temperature of 97-100°C on the epilated surface of the
skin of the animal's back for 30 seconds. The size of the
affected area was 18-20% of the body surface. Experimental
animals were decapitated on day 21 of the experiment.

For histological examination, pieces of cerebellar
tissue were taken and fixed in a 10% solution of neutral
formalin; alcohol, dehydrated and poured into paraffin
blocks. Sections obtained on a rotary microtome AMR 400
were stained with hematoxylin and eosin [9]. To obtain semi-
thin sections (1-2 ym) and for electron microscopic
examination, pieces of cerebellar tissue were fixed in 2.5%
glutaraldehyde solution, post-fixed with 1% Osmium
Tetroxide solution on phosphate buffer. Further processing
was performed according to conventional methods. Semi-
thin sections made on an LKB-3 ultramicrotome were
stained with methylene blue, and ultra-thin sections were
contrasted with uranyl acetate and lead citrate according to
the Reynolds method [9].

Histological specimens were examined using a
MIKROmed SEO SCAN optical microscope and photo-
documented using a Vision CCD Camera with a
histological specimen image output system. Electron
microscopic study was performed in an electron
microscope PEM-125K.

Results

Conducted microscopic examinations of the cerebellar
cortex 21 days after thermal injury revealed a polymorphism
of neuronal changes. The clear histoarchitectonics of layers
of a cerebellar cortex is lost (Fig. 1).

The cells of the molecular layer undergo significant
destructive changes, the shape of stellate and basket
neurons is changed, they become elongated. Their nuclei
are compacted, pyknotically changed. Nucleoli in neurons
are rare. Significant intra- and pericellular edema of
neurons is observed.

The ganglion layer loses its integrity and order. Purkinje
cells are located in separate areas in many rows, or bright,
cell-free, neuron-free zones are found, their migration into
granular and molecular layers is noted. Neurons are
disorganized, have graceful processes. The vast majority
of Purkinje cells are sharply hyperchromic, the neuroplasm
of which has a characteristic rich color. Individual cells have
an elongated shape and are significantly destructively
altered. There are also sharply hypochromic neurons with
total chromatolysis, the disappearance of chromatophilic
matter from the entire neuroplasm of the cell (Fig. 2).

Some Purkinje cells have a spherical shape, there are
cavities, "shadow" cells, which indicates a deep irreversible
malnutrition processes that occur in the cerebellar cortex

Fig. 1. M|croscop|c changes of the cerebellar cortex 21 days after
experimental thermal injury. Disruption of the stratified arrangement
of neurons (1), sharply hyperchromic Purkinje cells (2), loss of cell
density and destruction of the molecular layer (3), destruction of
granular layer neurons (4). Methylene blue x200

Fig. 2. Microscopic changes of the gangllon Iayer of the cerebellar
cortex 21 days after experimental thermal injury. Multi-row
arrangement of sharply hyperchromic Purkinje cells (1), migration
of grain-cells into the ganglion layer (2), alteration of neurons of
the molecular layer (3). Methylene blue. x400.

(Fig. 3). Neurons of the granular layer are also significantly
altered, there are cell-free areas.

Micro- and submicroscopically, significant remodeling
of the components of the microcirculatory tract was also
established during this period of the experiment. The wall
of the arterioles is compacted, homogeneous, fuzzy,
destructively altered. The nuclei of endothelial cells are
osmophilic, pyknotically altered with a predominance of
heterochromatin in the karyoplasm, there are deep
intussusception of the karyolemma. There is a destruction
of organelles, which is accompanied by fragmentation of
the membranes of the granular endoplasmic reticulum and
mitochondria. The basement membrane is uneven, has
indistinctly contoured areas (Fig. 4).

The blood supply to the venules is significant, areas of
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Fig. 3. Histological changes of Purkinje cells of the ganglion layer
of the cerebellar cortex 21 days after experimental thermal trauma.
Sharply hyperchromic Purkinje cell (1) and significant axon
thickening (2), intra- and pericellular neurons edema (3). Methylene

blue. x400.

Fig. 4. Ultrastructural changes in the arterioles of the cerebellar
cortex 21 days after experimental thermal injury. Narrowed lumen
(1), nucleus fragment (2), edema and destruction of the endothelial
cell cytoplasm (3), altered smooth myocyte (4), basement membrane

(5). x9000.

wall thinning and destruction are detected, and endowment
of endothelial cells into the lumen of the vessel is also
detected.

The lumen of hemocapillaries is narrowed both due to
edema of the cytoplasm of endothelial cells and significant
perivascular edema. Their wall undergoes changes: it
becomes thinner, its destruction is observed, there are
blood capillaries, the lumens of which are asleep (Fig. 5).

At the ultrastructural level, the nuclei of endothelial cells
are compacted, pyknotically altered, in the karyoplasm of
which heterochromatin predominates. In the cytoplasm of
cells there is significant destruction and damage to the
membranes of the granular endoplasmic reticulum, Golgi
complex and mitochondria. The tubules of the endoplasmic
reticulum are dilated, fragmented, some of them are

destroyed. The electronic density of the basement
membrane is disturbed, in some areas it is thinned or
unevenly thickened (Fig. 6).

Submicroscopically found signs of destructive changes
of varying degrees in the neurons of all layers of the
cerebellar cortex. There are hypochromic neurons with
intensely bright karyo- and neuroplasm, which
corresponds to total tigrolysis. The vast majority of neurons
(especially Purkinje stem cells) were hyper- and sharply
hyperchromic, which was manifested by an altered nuclear-
cytoplasmic ratio and significant damage to the nucleus
and organelles of the neuroplasm (Fig. 7).

On the membranes of the dilated vacuole-like tubules
of the granular endoplasmic reticulum there are only single
ribosomes, thickened tanks of the Golgi complex, near them
there are few vacuoles and bubbles. Irregularly shaped

layer of the cerebellar cortex 21 days after the experimental thermal
injury. The lumen of the dormant capillary (1), significant perivascular
edema (2), pericellular neurons edema (3). Hematoxylin-eosin. x200.

Fig. 6. Ultrastructural changes in the blood capillary of the cerebellar
cortex 21 days after the experimental thermal injury. Altered nucleus
of endothelial cell (1), erythrocyte in a narrow lumen (2),
homogeneous, fuzzy basement membrane (3), neuropyle
destruction (4). x11000.
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Fig. 7. Ultrastructural changes of the hyperchromic neuron of the
ganglion layer of the cerebellar cortex 21 days after the experimental
thermal injury. The osmophilic nucleus of the Purkinje cell (1), the
fuzzy karyolemma (2), the electron-dense neuroplasm (3), and
the neuropyle (4). x10000.

> &

& v < g g 1%
Fig. 8. Submicroscopic organization of neurons of the granular
layer of the cerebellar cortex 21 days after experimental thermal
trauma. Dark neuron with pyknotic nucleus (1), light neuron (2)
with electron light neuro- (3) and karyoplasm (4), myelin nerve
fiber (5). x9000.

mitochondria with an enlightened matrix are disorganized
and are in the stage of autolysis. Molecular layer neurons
are also disorganized. The cytoplasm of cells is poor in
organelles and they are destructively altered, fragmented,
except for single mitochondria. Nuclei of irregular shape,
have indistinct homogeneous nuclear membranes, the
karyoplasm is dominated by marginally placed
heterochromatin, no nucleoli.

The neurons of the granular layer are also severely
damaged. The shape of the cells is changed. Dark neurons
with high electron density of nucleoplasm and cytoplasm
and light neurons with enlightened organelle-poor karyo-
and neuroplasm are determined. Nuclei of irregular shape,
osmophilic, compacted, no nucleoli. In the electron-dense
neuroplasm of organelle cells there are few, single

mitochondria with reduced cristae and osmophilic matrix
are present, deformed and fragmented tubules of the
endoplasmic reticulum with single ribosomes are found
(Fig. 8).

Discussion

The results of micro- and submicroscopic study of
neurons of the cerebellar cortex in experimental thermal
trauma are to some extent consistent with the available
data from the literature [1, 3, 17].

In the works of the authors [2, 14] it was found that the
action of stressors causes disorganization of
microstructures and angioarchitectonics of the cerebellar
cortex. We found significant neurodegenerative changes
in the neurons of all layers of the cerebellar cortex. 21 days
after the experimental thermal injury, the stellate and basket
cells of the molecular and grain cells of the granular layers
were transformed, the nuclei were pyknotized, and
perivascular edema was observed in most of them. Purkinje
cells of the ganglion layer are diffusely located, their order
is lost, voids are often found in the place of neurons,
degenerating neurons were in the stage of apoptosis and
shadow cells were detected.

The authors of the study [13] believe that the formation
of cell-free gaps in the ganglion layer of the cerebellar cortex
is associated with the elimination of some Purkinje cells
due to the action of a negative factor. Similar results were
also obtained by Yu.E. Morozov with co-authors [14], who
observed a complex of morphological features in neurons
of the cerebellar cortex, which cause profound destructive
changes. Irregularly shaped neurons with blurred contours
were detected, and their processes thinned. The authors
concluded that the main signs of neuronal changes in
thermal trauma to the cerebellum were violations of the
structure of all major elements of the cell.

To some extent, our studies are consistent with the
data of M. Delion and co-authors [6]. It should be noted that
among Purkinje cells there are sharply hyperchromic, which
often had a narrowed shape with slender or thickened
processes, and hypochromic with total dissolution of
chromatophilic substance were detected. In the granular
layer, according to researchers [13, 14], most grain-cells
had an altered shape. Neurons, according to our research,
are relatively dense, but there are areas where cells were
located mosaically. Neurons of the granular layer are
characterized by light and dark forms, different
osmophilicity, which indicates different functional activity of
cells.

Thus, the results of histological studies correlate with
scientific data of other researchers and found that 21 days
after severe thermal injury significantly increases the
destruction of membrane structural components of
neurons of the cerebellar cortex and components of the
microcirculatory tract, accompanied by the development of
dystrophic processes in the body.

In further researches it is planned to establish degree
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of morphological changes of a cerebellum at a thermal
trauma with use of correcting factors.

Conclusions

Thus, micro- and submicroscopic studies 21 days after
the experimental thermal injury, which has a pathogenic
effect on the cerebellum of the affected animals, revealed
significant changes in the structural rearrangement of the
organ. It is established that the neurons of the cerebellar
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MIKPO- TA CYBMIKPOCKOMI4YHI 3MIHN KOPU MO304KA YEPE3 21 AOBY NiCnsd MOAENOBAHHA OMIKOBOIO YPAXEHHA
OziHcbka H.B., He6ecHa 3.M., lemmaHiok I.B.

Mo3so4ok € cknadHo opeaHi308aHo MonighyHKUOHaNbHOK CKIado80k 20/108HO020 MO3KY ma MIWEHHI0 MPU YUCIEHHUX YPaXeHHSIX,
moMy 8UBYEHHS lio20 MOPhOhyHKUIOHaIbHO20 CmaHy Mpu PI3HUX MamoJsio2iyHUX cmaHax ma orikax 30Kpema He empadyae Cceoei
akmyanbHocmi. Memotr Hawoeo docnioxeHHs1 byro ecrmaHosumu ocobniueocmi MIKpo- ma cyOMIKPOCKOMIYHUX 3MiH CmMpYKmypHUX
KOMIMOHeHMmi8 Kopu Mo3o4ka yepes 21 0oby 3a yMo8 ekcriepuMeHmarnbHOi mepmiyHoi mpasemu. EkcriepumeHmarsnbHe A0CiOKeHHS
modernroganu Ha binux nabopamopHux wypax-camysix. Onik Ill cmyneHsi HaHocunu nid mioneHman-HampieguM HapKO30M MIOHUMU
nnacmuHamu, Hagpimumu y Kun'ayeHiti 6odi do memnepamypu 97-100°C. Posmipu OinsHKu ypaxeHHs cknadanu 18-20% eninbosaHor
rnosepxHi mina wypis. icmonoeiyHi 3miHU eus4anu Ha 21 0oby eid noyamky ekcriepumeHmy. HaniemoHki 3pi3u Ons ceimmoegoi
MiKkpockonii 3abaperioganu MemusieHo8UM CUHIM, O ef1eKmMPOHHOI MIKpOCKOMii ompumaHi ynbmpamoHKi 3pi3u KOHmpacmyseanu
ypaHinayemamom ma yumpamom C8UHUt0 3a memodom PeliHonbdca. 3a 00romMozor MiKpo- ma cyOmikpockomnidHux docrioxeHb byro
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8USIBIIEHO 3HaYHi anbmepamusHi 3MiHU SK HeUPOHI8 yCiX wapieé Kopu MO304YKa mak | JlaHOK MIKPOUUPKYISMOPHO20 pycria opaaHy.
HelipoHu Oe3opezaHisosaHi, ¢hopma ix 3miHeHa, 8i03Ha4aembCsi HU3bKa (byHKUIOHarlbHa akmueHiCMb 3a paxyHOK 3HUXEHHS rnaowi
XpoMamoagbinbHoi peyosuHu. Yacmo HasieHi 6e3KnimuHHi QinsHKU y eaHanioHapHOMY wapi, 8i03Ha4aembCsi 3MIUEeHHS KnimuH MypKiHbe
21uboKo 8 3epHUCMUl wap, a KIimuHU 3epHa pi3ko suwmosxytomscsi 00 8ule po3mauio8aHo20 MOMEKYAPHO20 wapy. Takum YUHOM,
4yepes 21 0oby nicrisi ekcriepumeHmarnbHOI mepMiyHOi mpaemu ecmaHosrieHi 0ecmpyKmueHo-0e2eHepamueHi 3MiHU HelUpOHi8 Kopu
MO304Ka, napasasarnbHull Habpsik ma rnopyweHHsi mpaHceHOomeniaibHO20 ObMiHY.

Knio4oBi cnoBa: kopa mMo3oy4ka, MiKpo- ma cyOMiKpOCKomMidHi 3MiHU, HEeUPOHU, mepMiyHa mpasma.

MWUKPO- ¥ CYBMUKPOCKOMUYECKUE NBMEHEHUA KOPbl MO3XKEYKA YEPE3 21 CYTKU NOCNE MOAOENUPOBAHUA
0XXOroBOIro NOPAXEHUA

OzuHckas H.B., He6ecHa 3.M., FlemmaHrok U.B.

Mo3xe4oK s18515emcsi C/I0XKHO Oop2aHu308aHHOU MonugyHKUUOHanbHolU cocmasnsuwel 20/108H020 Mo32a U MUWEHbI Mpu
MHO20YUCIIEHHbIX MOPaXeHUsX, Mo3momy usy4yeHue e2o MopghOpyHKUUOHaTIbHO20 COCMOSHUS MPU PasfuyHbIX 1amoio2u4ecKux
COCMOSAHUAX U 0X02ax 8 yacmHocmu He mepsiem ceoel akmyasnbHocmu. Llenbto Haweeo uccrnedosaHusi 6bl0 ycmaHo8umMb
0COB6EeHHOCMU MUKPO- U CyOMUKPOCKONUYECKUX U3MEHEeHUU CMpyKmypHbIX KOMITOHEHMO8 KOPbl MO3Xe4yka Yepe3 21 OeHb 6 ycriogusix
aKcrnepuMmeHmarnbHol mepMmudYeckol mpasmbl. IKkcriepuMmeHmarbHoe uccriedogaHue modenuposanu Ha besnbix 1abopamopHbIX Kpbicax-
camyax. Oxoe Ill cmeneHu HaHocunu nMod MuoneHmarn-HampueebiM HapKoO30M MeOHbIMU MacmuHamu, HazpembsiMu 8 KunsyeHou
go0e do memrnepamypbl 97-100°C. Pa3mepbl y4acmka rnopaxeHuss cocmasssanu 18-20% snunuposaHHOU nog8epxHocmu mesa Kpbic.
lucmonozuyeckue usmeHeHus usydanu Ha 21 cymku om Hayana akcriepumeHma. [losymoHkue cpesbi 011 ceemogoli MUKPOCKONUU
oKpawueanu MemusieHo8bIM CUHUM, Of1sl 3/1eKMPOHHOU MUKPOCKOMUU MOYyHYEHHbIE YIbMmpPamoHKUe Cpe3bl KOHmpacmuposasnu
ypaHunayemamom U yumpamom ceuHya rno memody PeliHonb0ca. C noMowbro MUKpPO- U CyOMUKPOCKONUYecKux uccredosaHuli bbiiu
8bIsig/IeHbl 3HaYUMesbHble allbmepamueHble USMEHEHUs Kak HelpOHO8 8Cex C/10e8 KOpbl MO3Xeyka, mak u 38eHbes
MUKPOUUPKYISIMOPHO20 pycra op2aHa. HelipoHbl 0e3opeaHusosaHbl, hopma UX U3MEHEeHa, ommMmeyaemcs HU3Kas hyHKUUOHarbHasi
aKkmueHOCmb 3a cyem CHUXeHus naow,adu xpomamogusibHo20 geuwjecmea. HYacmo umeromcsi 6ecknemoyHblie y4acmKku 8
2aHa/IuUOHaPHOM Cr10e, omMeyaemcsi cMeweHue Knemok [ypKuHbe ar1y60Ko 8 3epHUCMbIL /10U, a KemKu 3epeH Pe3ko 8bimalikuearomcsi
8 8bilUEe PacrionoXeHHbIlU MoneKynspHbIt cnol. Takum obpa3om, yepes 21 OeHb rocre IKcrnepuMeHmarnbHOU mepMu4ecKol mpaemabl
ycmaHoereHbl 0ecmpyKmugHo-0e2eHepamueHble U3MeHeHUs] HelipOHO8 KOPbl MO3XedKa, napasasasbHbili OmeK U HapyweHue
mpaHcaHdomernuanbHo20 obMeHa.

KnioueBble cnoBa: Kopa MO3Xeuka, MUKPO- U CyOMUKPOCKOMUYECKUEe U3MEHEeHUSs], HelpOHbl, mepMmuyeckas mpasema.
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Enhancing each other's effects - HIV infection and the changes caused by alcohol
abuse, trigger a chain of pathological reactions that sometimes lead to reversible and
often irreversible pathological processes in the cervix uteri (CU). Local and general
decrease in immunoresistance invariably leads to disturbance of physiological CU
microbiome. Given all the above, the aim of our work was to identify pathological changes
in CU that occur in HIV-infected women on the background of chronic alcoholism. Section
material of 110 women of reproductive age from 20 to 40 years, which were divided into
four groups, was studied. After the manufacture of micropreparations, a morphometric
study was performed. Significant pathological changes in CU were revealed in HIV-
infected women suffering from alcoholism. The maximum thickness of nonkeratinized
stratified squamous epithelium (734.23+61.33 x10°m) was characteristic of a group of
HIV-infected women suffering from chronic alcoholism. In HIV-infected women, this figure
is 3.14% lower and is 711.21+59.28 x10°°m. In women suffering from alcoholism without
concomitant HIV infection, this figure is 697.8+47.88 x10°°m, which is 5% less than in the
group with combined pathology. As expected, the lowest value was in the comparison
group, where it was 527.23+44.37 x10°°m. There was a significant difference between the
comparison group of HIV-infected women with alcoholism and the control group, which is
28.2%. In the studied material of HIV-infected patients, a high degree of distribution of the
severity of cervical dysplasia was determined - 9.1%. Moderate and low degree, respectively,
19.42 and 37.12% in this group of subjects. When studying the degree of infiltration of the
lamina propria mucosa in the study groups, it was found that the largest number of cases
of severe infiltration (44.5%) was found in the group suffering from chronic alcoholism,
and in the HIV groups no such case was detected. On the basis of the conducted
research it is possible to assume the combined influence of the factors promoting
development of pathological processes both in an epithelium, and in a mucous membrane
of CU. Thus, HIV infection and alcohol abuse can exacerbate each other's pathological
effects and lead to pronounced pathomorphological changes in CU, namely: thickening
ofthe mucosal epithelium due to frequent development of various types of warts, mucosal
dysplasia and even severe cellular infiltration of the mucous membrane.

Key words: cervix uteri, HIV, alcoholism, epithelium, histology.

Introduction

Diseases of the cervix uteri (CU) are widespread in the
population, which is associated with low detection rate,
imperfection of the medical system, sometimes with
asymptomatic or poor symptoms of inflammatory and non-
inflammatory processes in this area [3, 8].

Although periodic medical examinations and regular
cytological screenings are designed to reduce morbidity
and mortality rates among women, the problem of CU
pathological processes is extremely acute today [7]. The

prevalence of this group of diseases remains high both in
Ukraine and throughout the world [19].

Special attention of medical personnel in terms of the
complexity of the clinical course, diagnostic features,
individual approach to treatment is occupied by risk groups
[12]. The greatest variability and complexity of the course of
this group of diseases differs in women with
immunosuppression [20, 22]. At the same time, HIV-infected
women and women suffering from alcoholism represent a
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global problem [16, 18].

Strengthening the effects of each other, both HIV infection
and changes caused by alcohol abuse trigger a chain of
pathological reactions leading to reversible and often
irreversible pathological processes in CU [13, 17].

As it is known, ethanol, which is the main component of
all alcoholic beverages, belongs to the 1st category of
carcinogens, which means that there are reliable signs of
its carcinogenicity for humans.

On the other hand, a local and general decrease in
immunoresistance invariably leads to a disruption of the
physiological microbiome of CU, which means that it
increases the risk of infection with pathogenic
microorganisms, fungal flora, viruses, in particular, the
human papillomavirus (HPV) [6, 9]. 99% of all precancerous
diseases occur against the background of HPV infection [1,
4]. To date, there are many studies devoted to changes in
CU due to alcoholism, as well as in HIV infection, however,
there are no data on changes in CU when these pathological
processes are combined, which is very important, since
they are very often combined in this cohort of patients.

Considering all of the above, the purpose of our work
was to identify pathological changes in the cervix that occur
in HIV-infected women against the background of chronic
alcoholism.

Materials and methods

For the study, we took material from 110 women of
reproductive age from 20 to 40 years. All the subjects were
divided into 4 groups. Group 1 (30 women) consisted of
women diagnosed with HIV infection. In this group, both
the anamnestic data (interviewing relatives) and the autopsy
results (the main symptom was the presence of alcoholic
cirrhosis of the liver), alcohol abuse was confirmed. The
second group (25 women) consisted of people with
confirmed HIV infection without any data on concomitant
alcoholism. In patients of the third group, only anamnestic
and postmortem signs of alcohol abuse were identified.
The control group consisted of women (30) who died from
diseases not related to alcohol abuse, pathology of the
reproductive system without concomitant HIV infection
(deaths as a result of accidents).

The collected material was fixed in 10% neutral buffered
formalin and then embedded in paraffin. At the next stage,
sections with a thickness of 5x10*m were made from the
prepared paraffin blocks. Subsequently, the sections were
stained with hematoxylin and eosin. Microscopic
examination was carried out on an "Olympus BX41"
microscope with further morphometric examination in the
"Olympus DP-soft 3.12" software.

The following indicators were determined: the thickness
of the nonkeratinized stratified squamous epithelium
(NSSE) in all groups of patients, the relative volumes of
warts, expressed as a percentage [5], the distribution of
the severity of CIN in the test material as a percentage
among the entire test material. Statistical processing of

the obtained results was performed using methods of
variation statistics. Correspondence of the distribution to
the normal distribution was determined by the Shapiro-
Wilk's test, which showed that the samples are close to
the normal distribution. Statistical indicators are presented
in the format M+o, where M is the arithmetic mean, o is the
standard deviation, Student's t-test. Correlation analysis
was carried out using Spearman's rank correlation
coefficient. The statistical difference between the studied
parameters was considered significant at p<0.05.

All studies were conducted in accordance with the
Declaration of Helsinki, approved by the Ethics
Commission of the Odessa National Medical University
(Protocol 3, dated October 17, 2011).

Results

As aresult of the studies carried out, we obtained results,
indicating the severity of pathological processes in the CU
in HIV-infected women suffering from alcoholism.

At the first stage, the thickness of the epithelial layer of
the cervical mucosa was determined. Table 1 shows the
numerical values obtained when determining the thickness
of the epithelial layer. The maximum thickness of the NSSE
was typical for the group of HIV-infected women suffering
from chronic alcoholism - 734.23+61.33 x10°m. In HIV-
infected women, this indicator is 3.14% less and is
711.21459.28 x10°m. In the group of examined women
who suffered from chronic alcoholism without concomitant
HIV infection, this indicator was 697.8+47.88 x10°m, which
is 5% less than in the group with combined pathology. The
expected minimum indicator was in the comparison group,

Table 1. The thickness of the cervical epitheliumin the examined
groups of women (M+0).

Study groups
Morphological chronic
sign HV chronic alcoholism | comparison
infection alcoholism and HIV group
infection

Thickness of
nonkeratinized
stratified
squamous
epithelium, 10°m
Notes: * - the likelihood of differences between comparison groups
p<0.05.

Table 2. Relative volumes of warts in the surveyed groups of
women (%).

711.2+59.3" | 697.8+47.9* | 734.2+61.3* | 527.2+44 4

Study groups
chronic
Types of HV infecti chronic alcoholism | comparison
genital warts (n|=n2e5<): 191 alcoholism and HV group
(n=25) infection (n=30)
(n=30)
Genital wart 16.00 (4) | 8.00(2) 16,67 (5) | 3.33(1)
Flat wart 12003) | s00@ | 2667(@8) | 3.33(1)
Plantar wart 800@2) | 400(1) | 1000@) | 333(1)
Total 36.009) | 2000) | 53.33(16) | 10.00 (3)
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Table 3. Severity of cervical dysplasia in the studied groups of
women (%).

Study groups
chronic
HV chronic alcoholism | comparison

infection | alcoholism and HIV group

infection
Low degree 23.32* 15.43 37.12* 6.92
Moderate degree 14.21* 8.67 19.42* 5.99
High degree 8.31* 4.61 9.10* 3.23

Notes: * - the likelihood of differences between comparison groups
p<0.05.

Table 4. The degree of infiltration of the lamina propria by
immunocompetent cells in the examined groups of women.

Study groups
. chronic
Infiltration rate HIV chronic | alcoholism | comparison
infection | alcoholism and HIV group
infection
Absence 4.7 0 10.3 0
Weak 60.2 12.9 65.6 87.5
Moderate 35.1 426 34.1 9.1
Expressed 0 445 0 3.4
Total 100 100 100 100

where it was 527.23+44.37 x10°m. There was a significant
difference between the comparison group of HIV-infected
women suffering from alcoholism and the control group,
which is 28.2%.

One of the possible reasons for changes in the
thickness of the epithelium may be a much more frequent
development of condylomatous vegetations in the studied
groups, especially often associated with HIV infection.
During the histological examination of the cervix, three forms
of condylomatous vegetations were morphologically
verified: genital, flat and plantar. The relative volumes of
distribution of such forms are presented in table 2.

In the group of women surveyed with a combination of
HIV infection and alcoholism (see Table 2), attention is
drawn to the presence of a greater number of different types
of warts: genital warts in this group amounted to 16.67%,
flat - 26.67%, plantar - 10%, which in total amounted to
53.33%.

In the group of women with only confirmed HIV infection,
similar indicators were 16, 12 and 8%, which amounted to
36%.

It should be noted that in the group of women who
abused alcohol, there was also an increase in the relative
volume of warts among all selected cases. These figures
were 8%, 8% and 4% (only 20%) for genital warts, flat and
plantar warts, respectively.

Predictably the best results of the studied indicator can
confirm the minimum thickness of the NSSE in the control
group of women. The relative volumes of warts were 3.33%
for each type of warts, which in total amounted to only 10%.

Another possible change in the thickness of the

epithelium is the significantly more frequent cases of CIN.
So, in most cases of the comparison group, no signs of
dysplasia of the cervical epithelium were detected, while in
the studied groups a significant increase in the specific
volume of cases with dysplastic changes was revealed.
Mild dysplasia is characterized by preserved
anisomorphism and stratification of the surface and
intermediate layers, focal basal cell hyperactivity with an
increase in the nuclear-cytoplasmic ratio. At the same time,
the structuring of the nucleoli in the nuclei of the cells of the
basal and parabasal layers, their moderate basophilia are
revealed.

Depending on the severity of dysplasia, the examined
cervix was characterized by normal, weak, moderate or
severely disturbed cytoarchitectonics. The nuclei were of
normal size or slightly enlarged, had the same oval shape,
with predominantly normal polarization and mild
hyperchromicity. Mitotic figures were present in 85% of
cases in all layers, in 10% they were observed only in the
basal layer, in 5% they were few in both the basal and other
layers of the epithelium.

With high CIN, a pronounced violation of
cytoarchitectonics was observed (the size and shape of
the cells varied significantly). Cells with transparent
cytoplasm, as a rule, were absent, or there was a small
number of them in certain areas, the size of the nuclei
varied markedly with a predominance in the direction of
increase, the nuclei had different shapes, polarization in
many was absent, there was a pronounced hyperchromicity
of the nuclei with the presence of even single pathological
mitoses and mitotic figures.

The distribution of the test material depending on the
severity of CIN is presented in Table 3. A high degree of
distribution of the severity of CIN was determined in the
test material of HIV-infected patients, it was 9.1%. Moderate
and low degree, respectively, 19.42 and 37.12% in this
group of persons. The best result according to this indicator
was determined in the comparison group. It was 3.23, 5.99
and 6.92%, respectively, for high, moderate and low
degrees. The group of HIV-infected women without signs
of chronic alcoholism and the group of women with
alcoholism occupy an intermediate position, according to
the indicators between the two previous groups. The values
that were revealed in these studied groups of women were
23.32, 14.21, 8.31%, respectively.

When assessing the degree of infiltration of the lamina
propria by immunocompetent cells (lymphohistiocytes)
using the semi-quantitative method from 0 to 3 points (0 -
absence, 1 - weak, 2 - moderate, 3 - severe infiltration), it
was found that the largest number of cases with weak
infiltration belonged to the group of combined chronic
alcoholism and HIV infection (65.64%). It should be noted
that 10.32% of cases with no infiltration were found in this
group, i.e. almost complete absence of lymphocytes.

When studying the degree of infiltration of the lamina
propria in the study groups, attention is drawn to the fact
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that the largest number of cases of severe infiltration
(44.5%) was found in the group with chronic alcoholism,
and not a single such case was found in the groups with
HIV.

Discussion

On the basis of the study, we can assume the combined
influence of factors contributing to the development of
pathological processes both in the epithelium and in the
mucous membrane of CU [1]. On the one hand, this is due
to the presence of hormonal imbalance, which can be
explained by the presence of sclerotic-degenerative
changes in the ovaries [7], which is manifested by a
progressive decrease in the size of primordial follicles and
a decrease in the number of both primary and secondary,
and tertiary follicles due to the presence of HIV infection
[13] and concomitant chronic alcoholism [2, 14].

An equally important link in the pathogenetic chain of
changes is the effects caused by the influence of confirmed
HIV infection [11]. It can be assumed that the main link
leading to the development of pathological processes of
CU in this case is pronounced immunosuppression, which
leads to an increased risk of HPV infection, the development
of various types of genital warts, and the development of
dysplastic changes in CU [6, 18]. These changes, in turn,
are the substrate for the thickening of the mucous
membrane, which was the maximum thickness in HIV-
infected women suffering from chronic alcoholism [14, 15].
It should also be noted that the thickness index was
significantly less (p<0.05) in women who had clinical and
anamnestic data only on the presence of chronic
alcoholism, compared with the group of HIV-infected
women. Therefore, it can be assumed that the presence of
HIV infection is of greater importance for the emergence of
a cascade of pathological reactions leading to changes in
the mucous membrane of the CU [19, 21]. This assumption
could be confirmed by the data obtained in the study of the
prevalence of various types of warts and data on the severity
of dysplasia [3].

Thus, in the comparison group, the relative volumes of
warts were minimal and equally distributed across all three
types (genital, flat and plantar). In the group of HIV-infected
patients, genital warts prevailed, with a combination of HIV
infection and alcoholism - flat, with alcoholism - genital
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MOP®OMETPIYHI OCOBIMBOCTI LUWNKU MATKWU MPU IMYHOOE®ILMTHUX CTAHAX

JlumeuHeHko M.B., apein B.B.

lMocuntoyu ehekmu 0OuH 00Ho20 BIfI-iHghiKyeaHHS ma 3MiHU, 3YMOBIIEHI 3/108XKUBaHHAM aslko20/1t0, 3arycKaromb NTaHU0XOK
namornoaidyHux peakuyiti, kompi npu3eodsimp iHOOi G0 380POMHUX, @ Yacmo i He380POMHIX Mamosio2iYHUX fpouecie y wuliyi Mamku
(LLIM). JlokanbHe ma 3az2arnbHe 3HUWXEHHS iMyHope3ucmeHmHocmi He3MiHHO eede 00 nopyweHHs1 hizionoeiyHoeo mikpobiomy LLIM. 3
0210y Ha ece 8uKnadeHe suwe, Memoto Hawoi pobomu cmaro 8usi8fieHHs1 namosoaidyHux 3miH LLIM, wo suHukatoms y BlJ1-iHgbikosaHux
JKIHOK Ha mrii XpoHi4HO20 ankozoniamy. [JocnidxeHo cekyiliHul mamepian 110 xiHok penpodykmusHoezo eiKy 6id 20 do 40 pokis, siki 6yrnu
po3sdineHi Ha yomupu epynu. [licasi suzomoeseHHs Mikporpernapamie npoeodusnu MopghomempuyHe OOCiOKEHHS. BusierneHo supaxeHi
namoroeiyHi 3miHu & LLIM y BIJI-iHghikosaHux XiHOK, w0 crmpaxdasu ankoeosniamom. MakcumarnbHa mosuwjuHa bazamouwiapo8oeo MiIocKo20
He3poezosinozo enimenito (734,23+61,33 x10°Mm) xapakmepHa Onsi epynu BlJl-iHghikosaHux XiHOK, siki cmpaxdaomb Ha XPOHIYHUU
ankoeorniam. Y BlJl-iHgbikogaHuX XiHOK uel Mnoka3Huk Ha 3,14% meHwe i cmaHosumb 711,21+£59,28 x10°m. Y XiHOK, siki cmpaxdarome Ha
ankoeoniam 6e3 cynymHboi BlfI-iHgbekyii daHuli noka3Huk cmaHosumes 697,8+47,88 x10°m, wo Ha 5% meHwe, Hix y epyni 3 noedHaHo0
namoroeieto. Oyiky8aHO MiHiManbHUM MOKa3HUK 8USIBUSCSI 8 2pyri MopieHsIHHS, Oe 8iH cmaHosug 527,23+44,37 x10°m. BcmaHoeneHa
docmosipHa pisHUUS MiXX 2pyror nopieHsiHHA BIJI-iHgbikogaHUX XIHOK, W0 cmpaxodaru arnko20/1i3MOM, i KOHMPOIIbLHOK 2pyrioto, sKa
cmaHosumb 28,2%. Y docnidxysaHomy mamepiani Bl/l-iHghikogaHUX nauyieHmMoK eu3HayeHuli 8ucoKul cmyniHb po3nodiny supaxeHocmi
Oucnnasii wutiku mamku - 9,1%. NomipHul i HU3BbKUL cmyniHb 8i0nosioHo 19,42 i 37,12% y daHili epyni docnidxysaHux. [1pu 8ue4YeHHI
cmyreHs1 iHgbinbmpauii 81acHoi MIacmuHKU criu3080i y 2pynax OocniOXeHHs 8US8IEHO, WO Halbinbwa KirbKicmb sunadkie supaxeHol
iHpinbmpauii (44,5%) susisrieHa 8 epyni, Wo cmpaxoanu Ha XPOHiYHUU anko2oniam, a 8 epynax 3 BlJl He 6yno eusineHo X00HO020
mako2o eunadky. Ha ocHosi nposedeHo20 OOCMiOKeHHS MOXHa npurlycmumu noedHaHul 8riue ¢hakmopie, W0 Crpusitomps PO38UMKY
rnamornoaidyHux rpouecie sk 8 enimenii, mak i 8 cnusositi 06onoHyi LLUM. Takum YuHom, BIIT-iHgbikyeaHHSI ma 3/1108)XuU8aHHs arKoaonem
MOXYmb MoCur8amu rnamorsoeiyHi echekmu 0OuH 00HO20 i npu3eodumu 00 8UPaXeHUX namomopgonoziyHux 3miH LLIM, a came:
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momosuweHHs1 enimertito cru3080i 060MOHKU 3a paxyHOK 4Yacmoao po3sumKy pi3Hux eudie KoHOuUIoM, ducrnasii criu3080i 0OOMOHKU i
Hagimb 8UpPa)KeHOoI KNiMUHHOI iHginbmpauii enacHoi nnacmuHKu c/u3080i 0OO0MOHKU.
KntouoBi cnoBa: wutika mamku, BIJ1, ankoeoniam, enimenit, eicmonoaisi.

MOP®OMETPUYECKUE OCOBEEHHOCTW LLEAKU MATKU MPU UMMYHOOE®ULUNTHBIX COCTOAHUSX

JlumeuHeHko M.B., MNapauH B.B.

Ycunueasi agpgpbekmbl Opye Opyza BUY-uHgpuyuposaHue u usmeHeHusi, 0bycriosneHHble 3r10yrompebrieHueM ankoeosis, 3arycKarm
UernoyKy rnamorio2udeckux peakuyud, npugodswux uHozda Kk obpamumMbiM, a 4acmo U K HeobpamumbiM namoso2udyeckuM rpoueccam
8 wetlike Mamku (LLIM). JTokanbHoe u obujee CHUXeHUe UMMYHOPe3UCMeHMHOCMU HeU3MeHHO 8edem K HapyweHUr ¢hu3uoio2u4ecKkoeo
mukpobuoma LLIM. Yyumbigasi 8ce U3noxeHHoe 8blwe, Uenblo Hawel pabombi bbif10 8bi8EHUE Namono2udyeckux usmeHeHud LM,
803HUKarwux y BUY-uHguyuposaHHbIX XeHUWUH Ha poHe XPOHUYEeCcKo20 arkoeonuama. MiccnedosaH ceKUuoHHbIU mamepuan 110
JKeHWUH pernpodykmueHozao gospacma om 20 do 40 nem, komopbie bbiiu pa3deneHbl Ha Yembipe 2pynnbl. [locne uzeomoeneHusi
MUKponpernapamos rpoeoousiu MopghoMempuyeckoe uccredosaHue. BbisigrieHbl 8bipaxeHHble namoroaudyeckue usmeHeHus 8 LLUM y
BUY-uHpuyupoBaHHbIX XEeHWUH, cmpadaswux ankozonusmoMm. MakcumanbHas monuwuHa MHO20C/A0UHO20 M/10CKO20
Heopozosesarowezo anumenusi (734,23+61,33 x10°m) 6bina xapakmepHa 0nsi 2pynnbl BUH-uHguyuposaHHbIX XeHUWUH, cmpadarowjux
XPOHUYeCKUM ankoaonusmom. Y BUY-uHpuyuposaHHbIX XeHWUH 3mom roka3amesnb Ha 3,14% meHbwe u cocmaensem 711,21+59,28
x10°Mm. Y xeHWuUH, komopbkle cmpadarom anko2onusmom 6e3 conymcemeyouweli BUY-uHgekyuu, 0aHHbIU nokaszamesnbs cocmasnsem
697,8+47,88 x10°m, ymo Ha 5% meHble, yeM 8 2pyrre ¢ codemaHHol namosoauell. OxudaeMo MUHUMaIbHbIM fTOKa3amesb oKa3arncs
8 epyrine cpasHeHusi, 20e oH cocmaeun 527,23+44,37 x10°m. BbisieneHa docmosepHasi pasHuua mexoy epynnol cpasHeHuss BUY-
UHQUUUPOBAHHbIX XEeHWUH, cmpadaswux anKo2oiu3mMoM, U KOHMpOosbHoU apyrnol, komopas cocmasnsem 28,2%. B uccnedyemom
mamepuane BUY-uHguyuposaHHbIX nayueHmok ornpedesieHa 8bICOKasi cmerneHb pacrpedenieHus ebipaxeHHocmu oucnnasuu weutku
mamku - 9,1%. YmepeHHasi u Hu3kas cmerneHb coomgemcmeeHHo 19,42 u 37,12% e OaHHol epynne uccnedyembix. [lpu usyyeHuu
cmeneHu UHgunbmpayuu cobcmeeHHOU MmacmuHKU criusucmol 8 epynnax uccnedosaHusi 8bisi8/IeHo, Ymo Haubosbwee Konu4ecmso
criyqaes 8bipaxeHHol uHgunbmpayuu (44,5%) ebiseneHo & epynne ¢ XPOHUYECKUM arnko2onu3moM, a 8 gpyrnnax ¢ BUY He 6bino
8bIs8/1€HO HU 00HO20 makoz2o cry4asi. Ha ocHoge nposedeHHO20 uccredosaHUsi MOXHO rpednoioXume coYemaHHoe 8/UsHUe
ghakmopos, criocobcmeayrouwux pasgumuro namoio2udecKux Npoueccos8 Kak 6 anumesnuu, mak u 8 cnusucmou obonoyke LLIM. Takum
obpasom, BUY-uHgekyus u 3moynompebreHue ankoeonemM Mogym ycurnueamse rnamorsoauyeckue aghgpekmsbi Opya Opyaa u npusooums
K 8blpaXKeHHbIM amomMopghoio2udeckum usmeHeHuUsmM LLIM, a uMeHHO: ymonuwieHuro arnumesusi cru3ucmoul 060/104KU 3a cHem 4acmozao
passumusi pasnu4Hbix eudo8 KOHOUIoOM, ducnaa3uu cauducmol 060/104KU U Qaxe ebipaxKeHHOU Kemoy4HoU uHgunbmpayuu
cobcmeeHHOoU niacmuHKU cnusucmoul 060M04KU.

KnioueBble cnoBa: wetika mamku, BUY, ankozonusm, anumernud, 2ucmooeus.
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The progressive course of diseases of the veins of the lower extremities leads to the
development of complications in more than 80% of patients with post-thrombotic disease.
Purpose of the work: to study the morphometric features of remodeling of the venous
bed of the extremities in experimental trophic ulcer and its correction. A complex of
morphological methods was used to examine the veins of the lover limbs of 18 adult
male Vietnamese pigs, which were divided into 3 groups. 1 group consisted of 6 intact
practically healthy animals, the 2 group - 6 pigs with simulated trophic ulcer, the 3
group - 6 animals with Lidocaine-corrected ulcer. The area of the trophic ulcer was
measured. The trophic ulcer was taken together with the surrounding tissues, from
which histological micropreparations were made, which determined the diameters of
capillary venules, venules, outer and inner diameters of venous vessels, the height of
endothelial cells, the diameter of their nuclei, nuclear-cytoplasmic ratios in these
cells, volume of damaged endotheliocytes. A correlation analysis was performed between
the ulcer area and morphometric parameters. Quantitative values were processed
statistically. Strong positive correlations have been established between nuclear-
cytoplasmic relation in endothelial cells, the relative volume of damaged endotheliocytes,
and the area of the ulcer defect (r=+0,84+0,03), at correction of an ulcer by Lidocaine
they weakened a little. It was found that the correction of trophic ulcers with Lidocaine
led to a decrease in its area by 25.8%. It is established that the experimental trophic
ulcer leads to pronounced remodeling of the venous bed of the lower extremities, which
is characterized by significant dilation of venous vessels, venous plethora complicated
by hypoxia, atrophic, dystrophic, necrobiotic, infiltrative processes and sclerosis. The
use of Lidocaine in experimental trophic ulcer improves the adaptive-compensatory
and regenerative processes of the modeled pathology, reduces the relative volume of
damaged endothelial cells in the venous vessels of the lower extremity by 18.8%
(p<0.001).
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Introduction

Chronic venous insufficiency is a symptom complex that
characterizes a condition caused by venous disease, in
particular, varicose veins, postthrombotic disease or venous
angiodysplasia, caused by the presence of venous
hypertension, the clinical signs of which are heaviness,
fatigue of the lower extremities, edema, edema, flatulence.
pain, telangiectasia, varicose veins, trophic disorders and
ulcers [24].

Trophic ulcers of the lower extremities are found in almost
every fifth patient with CVI, they often recur and cause a
deterioration in quality of life [7]. Trophic ulcers among the
world's population are found in 0.2% of patients with varicose

veins under the age of 50 years and in 2.6% - over 50 years.

Valve failure of the venous system of the lower extremities
leads to the formation of persistent phlebohypertension,
which progresses rapidly, causing pathogenetic and
destructive changes in the soft tissues of the lower
extremities.

Despite significant advances in diagnosis and treatment
in recent years, the choice of pathogenetic treatment in
patients with severe chronic venous insufficiency remains
controversial and unresolved. The development of
irreversible trophic changes in the soft tissues of the lower
extremities in most patients leads to no effect from treatment
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by known methods, and even with a positive result of
treatment there is a high risk of recurrence - 30-80%.

The progressive course of diseases of the veins of the
lower extremities leads to the development of complications
in 15-25% patients with varicose veins and more than 80%
of patients with postthrombotic disease [4, 13, 30]. The
complexity and versatility of pathogenetic mechanisms of
trophic ulcers of the lower extremities requires different and
multifaceted approaches to their treatment. At the same time,
clinicians use various methods of treatment, which take into
account the stage of chronic venous insufficiency, the
presence of complications and the predominant syndrome
[31]. It should be noted that to this day the search for timely,
complete, adequate diagnosis, correction and prevention of
trophic ulcers of the lower extremities [4, 13, 25, 26]. In recent
decades, morphologists have widely used morphometric
research methods that allow to quantify various physiological
and pathological processes and adequately interpret them
[1,9,18].

The aim of the study was morphometric study of the
features of remodeling of the venous bed of the extremities
in experimental trophic ulcer and its correction.

Materials and methods

A set of morphological methods was used to examine
the veins of the hind limbs of 18 adult male Viethamese
pigs, which were divided into 3 groups. The first group
consisted of 6 intact practically healthy animals, the 2nd
group - 6 pigs with simulated trophic ulcer [6], the 3rd group
- 6 animals with trophic ulcer corrected by lidocaine at a
dose of 1.0 mg/kg.

Euthanasia of experimental animals was performed by
bloodletting under conditions of thiopental-sodium
anesthesia [10, 11]. The trophic ulcer was removed together
with the surrounding tissues, which were fixed in 10% neutral
formalin solution, passed through ethyl alcohols of
increasing concentration and placed in paraffin. Microtome
sections 5-7 ym thick after dewaxing were stained with
hematoxylin-eosin, according to Van Gieson, Mallory,
toluidine blue [8]. Venous vascular morphometry was
performed on histological micropreparations. The diameters
of capillary venules (DCV), venules (DV), external (EDVV)
and internal (IDVV) diameters of venous vessels, height of
endotheliocytes (HE), diameter of their nuclei (DN), nuclear-
cytoplasmic relations (NCR) were determined, the relative
volume of damaged endotheliocytes (RVDE) [1, 27]. 50
measurements were performed on each micropreparation.
The area of the trophic ulcer was determined by the
planimetric method [26]. Correlation analysis was performed
between the area of the ulcer defect and the studied
morphometric parameters to determine the correlation
coefficient (r). The strength of correlations was assessed by
four degrees: strong (r=0.7-0.9), significant (r=0.5-0.7),
moderate (r=0.3-0.5), weak (r<0.3) [1].

Quantitative morphological parameters were processed
statistically. Processing of the latter was performed in the

department of system statistical researches of lvan
Horbachevsky Ternopil National Medical University in the
software package STATISTIKA. The difference between
comparative morphometric parameters is determined by
the Student's and Mann-Whitney test [12, 15]. Experiments
and euthanasia of experimental animals were performed in
accordance with the "General Ethical Principles of Animal
Experiments" adopted by the First National Congress on
Bioethics (Kyiv, 2001), in accordance with the "European
Convention for the Protection of Vertebrate Animals for
Research and Other Scientific Purposes”, also according to
the Law of Ukraine "On protection of animals from cruel
treatment" (from 21.02.2006) [23].

Results

Studies have shown that the area of the ulcer defect in
uncorrected trophic ulcer was equal to (22.1+£0.3) mm?2,
and in the 3rd group of observations (corrected ulcer) -
(16.4+£9.2) mm?2. These morphometric parameters were
statistically significant (p<0.001) differed from each other
and the last quantitative morphological index was lower
than the previous one by 25.8%. Therefore, the correction
of trophic ulcers with lidocaine led to a marked reduction in
the area of the ulcer defect. The obtained morphometric
parameters of the venous bed of the lower extremities are
presented in table 1.

A comprehensive analysis of the data in Table 1 showed
that the studied morphometric parameters of groups 2 and
3 of the observation groups differed from similar controls.
Thus, the diameter of the venules in the simulated trophic
ulcer was statistically significantly (p<0.001) increased from
(12.851£0.09) ym to (15.904£0.12) um, ie by 23.7%. With
corrective correction of the simulated pathology, this
quantitative morphological index decreased by 15.1%
compared with the above, but did not reach the level of
control (13.50£0.09) ym (p<0.01). The diameter of venules
in group 2 of experimental animals with a pronounced
statistically significant difference (p<0.001) increased by
21.9%, and in group 3 was reduced by 14.9% (p<0.001)
compared to the same previous parameter.

Table 1. Morphometric characteristics of the venous bed of the
lower extremities of experimental animals (M+m).

ndicator Observation group
1 group 2 group 3 group

DCV, um 12,85+0,09 15,90+0,12** 13,50+0,09**
DV, um 26,97+0,15 32,80+0,18*** 27,90£0,15**
EDVV, um 40,34+0,33 47,76+0,27*** 41,80+0,24**
DVV, um 28,33+0,21 34,62+0,24** 30,10+0,21***
HE, um 4,821+0,031 4,501+0,031*** | 4,661+0,031**
DN, um 3,482+0,021 3,432+0,021 3,442+0,031

NCR 0,52040,003 0,580+0,003*** | 0,545+0,005**
RVDE,% 2,301+0,031 39,2040,48*** 20,40+0,16***

Notes: **-p<0,01; ***-p<0,001 compared to the first group.
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The outer diameter of the venous vessels of the intact
lower extremity was equal to (40.34+0.33) ym, and in the
conditions of trophic ulcer - (47.76+£0.27) ym. A statistically
significant difference (p<0.001) was found between the
given morphometric parameters and the last quantitative
morphological indicator exceeded the previous one by
18.4%. Correction of trophic ulcers led to a decrease in the
outer diameter of the veins of the lower extremity, which
reached (41.80+0.24) uym. The above morphometric
parameter was less than the same indicator in the
conditions of uncorrected trophic ulcer by 12.5% (p<0.01),
and also exceeded the similar control value by 3.6%
(p<0.01).

The inner diameter of the studied vessels in the simulated
experiment was also markedly (p<0.001) increased from
(28.33+0.21) ym to (34.62+0.24) uym, ie by 22.2%. In the 3rd
group of observations (corrected trophic ulcer) the studied
morphometric parameter was statistically significant
(p<0.001) decreased by 17.8%. At the same time, this
quantitative morphological indicator differed from the similar
control by 6.2% (p<0.001).

The simulated pathology (trophic ulcer) led to the
structural rearrangement of endothelial cells of the veins of
the lower extremities, which was confirmed by changes in
their morphometric parameters [19]. Thus, in control
observations, the height of endothelial cells was equal to
(4.821£0.031) uym, and in group 2 animals - (4.501%
0.031) um. Between the given quantitative morphological
indicators the expressed statistically significant (p<0.001)
difference is revealed and the last indicator appeared less
than the previous by 6.6%. The nuclei of these cells under
the conditions of this experiment decreased by only 1.4%
(p>0.05). Uneven disproportionate changes in the spatial
characteristics of the nucleus and cytoplasm led to violations
of the relationship between them, which was determined by
the nuclear-cytoplasmic relationship in the studied cells. In
undamaged venous vessels of the lower extremities, this
morphometric parameter was equal to 0.520+0.003, in the
2nd group of observations - 0.580+0.003. These quantitative
morphological parameters were statistically significant
(p<0.001) differed. The last morphometric parameter
exceeded the previous one by 11.5%.

The height of endothelial cells in the conditions of
corrected trophic ulcer was equal to (4.661+0.031) pm. This
morphometric parameter differed by 2.9% (p<0.01) from the
same control, ie to a lesser extent compared with uncorrected
trophic ulcer. The sizes of nuclei in the studied group of
animals were similarly changed.

The correlation analysis revealed the presence of strong
positive correlations in the 2nd group of observations
between nuclear-cytoplasmic relations in endotheliocytes,
the relative volume of damaged endotheliocytes and the
area of the ulcer defect (r=+0.84+0.03). Slightly lower positive
correlations were found between these quantitative
morphological parameters in group 3 animals, where the
correlation coefficient ranged from 0.53 to 0.65 (significant

correlations).

Discussion

Nuclear-cytoplasmic ratios in endothelial cells in the
conditions of corrected trophic ulcer change to a lesser extent
(4.8%, p<0.01) compared with group 3 [18, 28]. It should be
noted that some researchers believe that changes in nuclear-
cytoplasmic relationships in cells are a violation of structural-
cellular homeostasis and a sign of damage to the studied
structures [1, 27]. It is known that the violation of a significant
number of endothelial cells can lead to endothelial
dysfunction, which exacerbates and worsens the course of
the main pathology [16, 17].

Given the established positive correlation strong
relationships in the second group of observations between
the nuclear-cytoplasmic ratio in endothelial cells, damaged
endothelial relative volume and area of the ulcer and positive
correlation between quantitative morphological parameters
of the third group of experimental animals, we can say that
the size of ulcer defects on the limb depend on the severity
of the structural adjustment of the venous bed. Remodeling
of the latter significantly disrupts the drainage of venous
blood, promotes the development of venous plethora and
hypoxia [2, 27].

In the light microscopy examination of micropreparations
of tissues of the lower extremity in a simulated trophic ulcer,
a pronounced dilation and plethora of venous vessels was
observed. Venous vessels of the hemomicrocirculatory tract
(capillary venules and venules) are dilated, tortuous, with
uneven lumen, varicose and with numerous sacculations
[22]. Stasis, sludges and thrombosis foci, plasmorrhagia of
the walls and paravasal space were observed in these
microvessels. There were foci of diapedetic hemorrhage. In
the tissues of the lower extremity were also found foci with a
decrease in microvessels due to their reduction and
avascular zones [14, 21]. Endothelial cells of venous
vessels were edematous, dystrophically and necrobiotically
altered, acquired a rounded shape with foci of their
desquamation. There were also pronounced structural
changes (dystrophy, necrobiosis, infiltration, sclerosis) in
the cells and tissues of the lower extremity. In the corrected
ulcer, the described morphological changes were similar,
but less pronounced [29].

Less pronounced destructive processes and improved
regeneration in the tissues of the lower extremity in
experimental trophic ulcers corrected by lidocaine can be
explained by the fact that the introduction of this drug limits
the release of inflammatory mediators by neutrophils and
monocytes, reduces the release of interleukins IL-1, IL-8,
tumor necrosis factor, prostaglandins, thromboxanes,
leukotrienes, lysosomal enzymes, free radicals,
degranulation of mast cells with the release of histamine
[3, 5, 20].

Further, a comprehensive study of structural changes
in the venous bed of the lower extremities in trophic ulcers
will take into account its morphological changes by
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clinicians in the diagnosis, correction and prevention of
this pathology.

Conclusions
Experimental trophic ulcer leads to a pronounced
remodeling of the venous bed of the lower extremities, which
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MOP®OMETPUYHA OL|IHKA OCOBJIMBOCTEW PEMOLENIOBAHHSA BEHO3HOIO PYCIA KIHLIBOK NMPU
EKCMEPUMEHTAINBLHIA TPO®IYHIW BUPA3L|I TA T KOPEKLII

Cyxodonsi A.l., THamiwok M.C., Kpenboe K.1O., Konomieyb O.B.

lpoepecyroyuli nepebie 3axeopiosaHb 8eH HUXHIX KiHUi8OK npu3sodums 00 po3sumky ycknadHeHb y noHad 80% xeopux Ha
rnocmmpombomuyHy xeopoby. Mema pobomu: eus4umu MopgomMempuyHi ocobrueocmi pemooesto8aHHsI 8EHO3HOZ0 pycria KiHUi8OK
npu ekcriepumeHmarnbHil mpogiyHiti eupa3ui ma ii kopekyii. Komrnekcom mopghonozidyHux memodie 0ocridxeHi 8eHU 3adHiX KiHUIBOK
18 cmameso3spinux ceuHel-camyig 8'emHamcbKoi nopodu, ki 6ynu posdineHi Ha mpu epynu: 1 epyna Hapaxosysana 6 iHmMaKmHux
npakmu4Ho 300pO8UX MeEapuH, 2 2pyny cmaHosunu 6 ceuHel 3i 3M00efib08aHO MpPOgiyHOK eupaskor, 3 epyna - 6 meapuH i3
8upa3Kor, KopezaosaHoro ridokaiHoM. Bumiprosanu nnowly mpogidHoi aupasku. 3abupanu mpogidHy eupasky pa3oMm 3 OmoyyrYUMU
mKaHUHamu, 3 IKUX 8U20moerisnu 2icmornoaivyHi Mikporpenapamu, 0e su3Hadanu OGiamempu 3akarinsapHux 6eHyrsl, 8eHyrl, 308HIWHIU
ma eHympiwHili diamempu 8eHO3HUX cyOuH, sucomy eHOomesioyumis, diamemp ix s10ep, A0epHO-yumMonnnasMamuyHi 8iOHOWEHHS y
yux KnimuHax, 8iOHOCHUU 06'em rowkodxeHux eHoomenioyumis. [Tpogodunu KopenauiliHul aHai3 M NIouwer eupa3ku ma
MopgpomempuyHUMU napamempamu. KinbkicHi eenuyuHu o6pobnsnu cmamucmuyHo. BcmaHoereHi cunbHi no3umueHi KopensyitHi
83a€M038'A3KU MiX s10epHO-yumonnasMamuyHUMu 8iOHOWEHHAMU 8 eHOomenioyumax, 8iOHOCHUM 06'€MOM MOWKOOXKEHUX
eHOomenioyumie ma rouwjero aupa3skoeoeo deghekmy (r=+0,84+0,03); npu Kopekuyii supasku ridokaiHoM 80HU deuwjo crabwanu. BusieneHo,
Wo KopeKuiss mpogiyHoi supasku ridokaiHom rpuseoduna 00 3MeHWeHHs i nnowi Ha 25,8%. BcmaHOo8MeHo, Wo ekcriepuMeHmaribHa
mpogbidHa gupaska npu3eooums 00 8UPaxeHo20 peModerto8aHHs 8BEHO3HO20 PyCria HUXHIX KiHUIBOK, iKe Xapakmepu3yembCsl 3Ha4HUM
PO3WUPEHHAM 8€HO3HUX CyOUH, 8€HO3HUM MOBHOKPOB'SIM, WO yCKnadHEMbLCS 2irnokcieo, ampogidyHuMu, ducmpoghiyHUMU,
Hekpobiomu4yHUMU, iHGhinbMpamueHUMU ma CKIepomuYHUMU rnpouyecamu. 3acmocyeaHHs1 nidoKaiHy npu ekcriepumeHmarnbHil
mpogbiyHili supa3syi nokpawye adanmauiliHo-KOMIeHcamopHi ma peseHepamopHi npouecu 3mMo0esniboeaHoi namornoeii, 3MeHwWwye
8iOHOCHUU 06'eM MOWKOOXeHUX eHOomernioyumie y 8eHO3HUX CyOUHax HUXHbOI KiHuieku Ha 18,8% (p<0,001).

KnroyoBi cnoBa: mpoghiyHa supaska, 8eHuU, mopghomempis, r1iGOKaiH.

MOP®OMETPUYECKASI OLIEHKA OCOBEHHOCTEN PEMOAEIMPOBAHUA BEHO3HOIO PYCIIA KOHEYHOCTEMN MPU
3KCMEPUMEHTANBHOW TPO®UYECKOW A3BE U EE KOPPEKLIUU

Cyxodons A.U., FTHamiwok M.C., KpeHboe K.FO., Konomuey A.B.

lNpozpeccupyrowee medeHue 3aboriesaHull 8eH HUXHUX KOHeYHocmel npusodum K pa3eumutro ocrioxHeHul y 6onee 80% 605bHbIX
nocmmpombomuydeckol 6onesHbto. Llenb pabomel: usy4yums Mopghomempuyeckue ocobeHHocmu pemModeniuposaHusi eHO3HO20 pyciia
KOHeYyHocmel rpu 3KcrnepumMeHmarsbHOU mpoghuyeckoll si3ee U ee Koppekyuu. KomMnnekcom Mopghorioauyeckux memooos uccriedosaHsbl
8eHbl 3a0HUX KoHedHocmel 18 nonososperbix ceuHel-caMuyo8 8bemHaMcKol nopodkl, Komopbie bbiu pasdeneHsbl Ha mpu epynnbl: 1
2pynna Hacyumsigana 6 UHMaKmMHbIX NPakmuyecku 300p08bIX XUBOMHbLIX, 2 epynny cocmasunu 6 cguHel co cModenuposaHHoOU
mpocgpuyeckol A36ol, 3 epynna - 6 Xu8OMHbIX C 513680U, KOppekmuposaHHOU nudokauHoM. Usmepsinu nnowadb mpoghudeckol s38kbl.
Babupanu mpoguyeckyto 38y 8MeCMeE C OKPYXXatoWUMU MKaHAMU, U3 KOMOPbIX U320massiugasnu 2ucmono2udyeckue Mukporpenapamesl,
20e onpedensanu duamempsbl 3aKarnuasipHbIX 8EHYr, 8eHyr, 8HEWHUU U 8HympeHHUl duamempbl 8€@HO3HbIX cOCyd08, ebicomy
aHOomenuoyumos, duamemp ux sdep, 0epHO-YUMoOnIa3mMamuyecKkue OMHOWEHUs 8 3MUX KiemkKax, OmHOcUmesibHbIl 06bem
rnospex0eHHbIX aHOomenuoyumos. [posodunu KOppesnssyUOHHbIU aHanu3 Mexo0y nnowadblo A38bl U MOpghoMempuyecKuMu
napamempamu. KonudecmeeHHble eenuyuHbl obpabambiganu cmamucmuyecKku. YcmaHoeneHbl CullbHbIe MO0XUMmebHble
KOppensayuoHHble 83aumoces3u Mmexdy s10epHO-yumoniasmMamuyeckumMu OmHOWeHUsIMU 8 aHdomennuoyumax, omHoCUMesIbHbIM
06beMoM ospexdeHHbIX aHOomenuoyumos u rowadsio si38eHHo20 Oeghekma (r=+0,84+0,03); npu KoppeKyuu 5138blI TUOOKaUHOM
OHU He3Ha4yumeribHoO ocrnabesarnu. BbisigrieHo, Ymo KoppeKkyusi mpoghudeckol 36b1 TUOOKauHOM rpueodurna K yMeHbUWeHUto ee nnowadu
Ha 25,8%. YcmaHosneHo, 4mo sKcriepuMeHmarnbHasi mpoguyeckas si3ea npusodum K 8blpaXxeHHOMY pemMoOenupo8aHuo 8eHO3HO20
pycna HUXHUX KOHeyHocmel, Komopoe Xxapakmepu3lyemcsi 3Ha4umesibHbIM pacWupeHUeM 8eHO3HbIX cOCy008, 8E€HO3HbIM
MO/THOKPOBUEM, YMO OCIIOXKHAEMCS 2urokcuel, ampoguyeckumu, OUCMpPOopUYECKUMU, HEKPOOUOMUYECKUMU, UHGUTbMPamueHbiMu
u cknepomuyeckumu rpoueccamu. [pumeHeHue nudokauHa rnpu 3KcrnepuMmeHmarnbHolU mpoguyeckol s3ee yrydwaem adanmayuoHHO-
KOMIeHCamopHble U pe2eHeparmopHbIe Npouecchi CMOOeUpo8aHHOU Mamosoauu, yMeHbuaem OmHOCUMesbHbIU 06beM MospexxOeHHbIX
3HOOMeNuUoOYyumMos 8 8eHO3HbIX cocydax HUXHel KoHeyHocmu Ha 18,8% (p<0,001).

KntoueBble cnoBa: mpoghudeckas si38a, 8€Hbl, MOPGhoMempusi, TUOOKaUH.
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Endothelial dysfunction associated with impaired nitric oxide excretion plays an important
role in the onset and progression of diabetic retinopathy. It has been proven that a
decrease in the activity of endothelial NO-synthase (eNO-S), the inhibitor of which is
asymmetric dimethylarginine (ADMA), plays an important role in this. Objective: to
study the level of asymmetric dimethylarginine and endothelial nitric oxide synthase at
different stages of development of diabetic retinopathy in the experiment. The study was
conducted in Wistar white rats of 180-200 g weight. According to the tasks, the animals
were separated into 2 groups as follows: group 1 - 60 intact animals, group 2 - 60 animals
with simulated diabetic retinopathy without further correction. Type 2 diabetes mellitus
and diabetic retinopathy were simulated through intraperitoneal administration of
Streptozotocin (Sigma, USA) diluted in 0.1M citrate buffer with pH=4.5. Streptozotocin
dose of 556 mg per kg of animal weight was divided into two administrations. The
streptozotocin intake was preceded by a 28-day high-fat diet. Our study showed impaired
endothelial function in diabetic retinopathy, as evidenced by an increased ADMA level
(p<0.001). We have determined a stepwise increase of asymmetric dimethylarginine
level in blood of rats with simulated pathology which is apparent in its highest at phase 3.
Pathogenetic effect of increased ADMA on eNO-S activity was verified at all experimental
stages, Impairment of physiological nitric oxide synthesis in simulated pathology has
been proved as evidenced by reduced activity of endothelial NO-synthase yet on the 30th
day with further negative dynamics up to the 180th day (p<0.001 compared with the intact
group findings).

Keywords: diabetic retinopathy, endothelial dysfunction, asymmetric dimethylarginine,
endothelial NO-synthase, comparative description.

Introduction

Endothelial dysfunction which is associated with
impaired secretion of nitric oxide is an essential link in
pathogenesis of diabetes mellitus and plays the key role
in occurrence and progression of diabetic retinopathies
[14, 39]. Reduction of endothelium-dependent
vasodilatation is also reported in atherosclerosis
progression [23]. Depression of the endothelial nitric oxide
synthase activity has impact both on essential and
secondary hypertensions [26]. Impairments in nitric oxide
metabolism occur both through lack of substrate in the
form of arginine in the endothelial cells and activation of its
inhibitors. Hence, depression of endothelial NO-synthase
activity in many cases is explained by accumulation of
methylated arginine derivatives which are inhibitors to the

above enzyme. Asymmetric dimethylarginine (ADMA) is the
most typical among these inhibitors [11]. It should be also
noted that symmetric dimethylarginine is not an NO-
synthase inhibitor [23, 28, 39]. The major pathophysiologic
effect of ADMA and homocysteine is depression of the
endothelium-dependent vasodilatation. This process
depends on some factors but first of all on reduction of
nitric oxide synthesis in the endothelial cells and restriction
of accessibility to muscular guanylate cyclase for it. It was
firstly proved in 1992 that ADMA, in contrast to other
methylated arginine derivatives, was an endogenous
inhibitor of nitric oxide synthesis [33, 36, 37, 39]. Itis proved
that ADMA injection causes high hypertension [1].
L-arginine-NO transformation occurs with direct
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involvement of endothelial NO-synthase (eNOS). ADMA has
been determined to be an endogenous competitive inhibitor
of the endothelial NO-S [8]. Considering the above, ADMA
level and endothelial nitric oxide synthase in vascular
complications of diabetes mellitus, in particular in diabetic
retinopathies, appear to be relevant for investigators.

Study purpose: to study the level of asymmetric
dimethylarginine and endothelial nitric oxide synthase at
different stages of development of diabetic retinopathy in
the experiment.

Materials and methods

The study was conducted in Wistar white rats of 180-
200 g weight. According to the tasks, the animals were
separated into 2 groups as follows: Group 1 - 60 intact
animals, and Group 2 - 60 animals with simulated diabetic
retinopathy without further correction.

Type 2 diabetes mellitus and diabetic retinopathy were
simulated by means if intraperitoneal administration of
Streptozotocin (Sigma, USA) diluted in 0.1M citrate buffer
with pH 4.5 [22]. Streptozotocin dose of 55 mg per kg of
animal weight was divided into two administrations.
Streptozotocin administration was preceded by a 28-day
diet rich in fats [15].

The animals were withdrawn from the experiment by
means of decapitation under brief ether anaesthesia
according to the Rules to Perform Works with Use of
Experimental Animals approved with Decree of the Ministry
of Health of Ukraine No.249 of 01.03.2012 and the Law of
Ukraine No.3447-1V, About Animal Protection Against Cruelty
(as amended on 15.12.2009 and 16.10.2012).

The animals were withdrawn from the experiment in
three stages: Study stage 1: 30th day after commencement
of diabetes mellitus simulation; Study stage 2: 60th day
after commencement of diabetes mellitus simulation; Study
stage 3: 180th day after commencement of diabetes

T

mellitus simulation. The endothelial synthase
(umol/L/hour) and ADMA level (umol/L) were determined
with spectrofluorometric technique in blood of the
experimental rats.

Prior to application of parametric methods that are
based on normality of statistical distribution, we have verified
the arrays of numeric data being studied for normality with
Shapiro-Wilk's W test. As the numeric data in the samples
were normally distributed, we have used Student's
parametric criterion. The data obtained are presented in
the figures in the form of box diagrams.

Results

In testing ADMA level at the first stage of our study we
have determined its significant (by 65.67%) enhancement
in the group of simulated diabetic retinopathy (p<0.001). The
following findings were obtained at the second stage: an
increased level of the studied endothelial dysfunction marker
was registered: increase by 71.97% versus the intact
animals (p<0.001) and by 18.6% versus the experimental
uncorrected group (p<0.001). On the 180th day, even more
apparent increase in ADMA was revealed in the rats with
simulated diabetic retinopathy: compared with findings of
Group 1, its level was pathologically increased by 75.85%
(p<0.001). Compared with Stage | findings, ADMA level was
higher by 29.85% (p<0.001), and with Stage |l findings, an
increase in concentration of endothelial NO-synthase by

Table 1. Dynamics of ADMA (umol/L) level in the blood of
experimental animals with simulated diabetic retinopathy at various
study stages (Mtm).

Stages
Groups
| Il [l
Group 1 20.81+1.28 20.80+0.86 20.82+1.25
Group 2 60.40+1.16 74.21+1.36 86.13+1.08
C
- o
1004
e — :I

A B

— B0 s o 80+
é 701 : é 70+
I [«
q 0] 2 a0
j 301 g -
d 0 [T o 0
g 101 E 10

ﬂ'. Gn._

a c% q.%‘j g

%, T,

rmmetric dimethylarginine (JmoleL)
e & %.

4 S, T,

Fig. 1. Comparative indicators of the level of ADMA content in the blood of experimental animals of both groups. A- ADMA concentration
(umol/L) after 30 days; B - after 60 days and C - 180 days after the induction of diabetic retinopathy. * - statistically significant difference

between the indicators of the control and experimental groups.
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Fig. 2. Comparative parameters of eNO-S activity (umol/L/hour) in the blood of experimental animals of both groups. A - distribution of
eNO-S level values after 30 days; B - after 60 days and C - 180 days after the induction of diabetic retinopathy. * - statistically significant
difference between the indicators of the control and experimental groups.

Table 2. Dynamics of eNO-S (pmol/L/hour) activity in the blood of
experimental animals with simulated diabetic retinopathy at various
study stages (Mtm).

Stages
Groups
| I [
Group 1 0.752+0.030 0.751+0.023 0.750+0.031
Group 2 0.480+0.021 0.433+0.020 0.401+0.022

13.83% (p<0.001) was revealed (Table 1, Fig. 1).

As to NO-synthase activity, we have determined on the
30th day its notable decrease (by 56.25%) in the blood of
rats with simulated diabetic retinopathy (statistically
distinctions at significance level p<0.001). On the 60th day
(Stage Il), we have found out that activity of endothelial nitric
oxide synthase lowered even more, by 11.63% compared
with findings of the same group at the previous stage
(p<0.05), and by 56.25% than findings of the intact rats
(p<0.001). On the 180th day, eNO-S activity deceased by
87.50% compared with findings of Group 1.

Having reviewed the activity dynamics for the studied
enzyme, we have found that it was lower by 20.0% (p<0.001)
compared with the first stage findings and by 7.5%
compared with the second stage (Table 2, Fig. 2).

To summarize the above, we can affirm that our
experiment has proved the development of endothelial
dysfunction subsequent to investigational diabetic
retinopathy as evidenced by apparent increase in ADMA
level at each of the study stages. Additionally, we have
confirmed the inhibiting effect of asymmetric
dimethylarginine on the endothelial NO-synthase activity.
As mentioned above, eNO-S activity is a marker of the nitric
oxide physiological synthase, and decrease in this appears
to be another indicator of the endothelial functional
condition.

Discussion

The key role in regulation of the endothelial function is
played by nitric oxide the synthesis of which requires for L-
arginine amino acid. As mentioned above, asymmetric
dimethylarginine is deemed to be an important NO-
synthase inhibitor to block connection of L-arginine with
the enzyme. Concentration of this inhibitor in blood is
variable and depends on multiple reactions both on cellular
and tissular levels [13]. Arginine residues in proteins which
are catalysed with S-adenosyl methionine-dependent
methyltransferases undergo post-translational methylation
and are essential for metabolism of the said enzymes.
Since the methylation is irreversible, it can be affected only
through proteolysis, therefore methylated proteins are highly
metabolic [13, 32]. Free ADMA is expressed under
proteolysis being induced by intracellular dimethylarginine
dimethylaminohydrolase affected by a few factors, mainly
the glycated proteins [18].

Inhibition of dimethylarginine dimethylaminohydrolase
occurs with depression of NO synthesis and increase in
ADMA content [13, 19]. Once in the blood, approximately
10% of the total amount of ADMA are partially hydrolysed in
cells and partially excreted by kidneys. ADMA affects cells
negatively contributing to oxidising stress, shortening
telomeres, inhbiting NO release, increasing secretion of
Interleukin-8 and monocyte chemotactic factor 1 [2]. Its effect
involves the entire body: increased blood pressure,
enhanced pulmonary and total peripheral vascular
resistances, decreased cardiac output [13, 16]. Such
atherogenesis processes like expression of inflammatory
and chemotactic cytokines, monocyte adhesion [6, 9, 13],
and accumulation of oxidised low-density lipoproteins
activate ADMA in macrophages [21]. Patients with the
atherosclerosis risk factors such as diabetes mellitus [21,
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34], hypercholesterolemia [5], hyperhomocysteinemia [30,
31], and obesity presented increased ADMA concentrations
in blood plasma. This correlates with initial atherosclerosis
markers, such as carotid intima-media thickness [13, 38].

ADMA which is a structural analogue of L-arginine
depresses activity of all isoforms of NO-synthases thus
inhibiting formation of nitric oxide in tissues and blood
plasma. It has been proved that ADMA significantly
depresses NO synthesis [27, 36]. There is a strong
correlation between the levels of nitric oxide in plasma
under physiologic conditions which, once broken, result in
vascular pathologies [7]. The studies showed that L-
arginine activates vasomotor reactions in vivo [3, 4, 10].
And this is despite that endogenous L-arginine is 30 times
higher in physiologic concentrations in blood plasma than
Michaelis-Menten Constant for L-arginine in a NO-synthase
catalysed reaction [10, 24, 27]. At first, the effect of L-arginine
on vascular tone appeared to be a little paradoxical since
NO-synthase was totally saturated with a substrate, and
additional effect of exogenous arginine could not affect
intensity of the nitric oxide synthesis [3]. A little later, we
have found such endogenous analogues of L-arginine like
N-monomethyl-L-arginine (NMMA), asymmetric N-N-
dimethyl-L-arginine (ADMA), and symmetric N-N-dimethyl-
L-arginine (ADMA) [17, 27]. Two of them, ADMA and NMMA
are able to inhibit NO-synthase activity [12, 25]. This allows
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EKCNEPUMEHTANbHOI AIABETUYHOI PETUHONATII
CipmaH 51.B., Casuuybkuli I.B., lpetic H.I.

Y @UHUKHEHHi ma npoepecysaHHi diabemuyHoi pemuHonamii 8axnuey ponb eidicpac eHOomerianbHa OUCyHKUiA, nos'a3aHa 3
ropyweHHsmM eudineHHs okcudy azomy. [JosedeHo, W0 8axrusy posb fpu Ubomy gidiepac 3HUXEHHS akmugHocmi eHdomersianbHOI
NO-cuHmasu (eNO-S), iHzi6imopom sikoi € acumempuyHul umemunapaiHiH (ADMA). Mema docnidxeHHsi: eug4umu pieeHb
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acumempu4yHo20 dumemuinapeiiHa i eHoomenianbHOI CUHMa3su oKcudy a3omy Ha pi3HUX emarnax po3sumky diabemuyHoi pemuHonamii
8 exkcriepumeHmi. [ocnidxeHHs1 npogodunu Ha 6inux wypax niHii Bicmap macoro 180-200 2. BidnogidHo do 3agdaHHsi O0CNIOKEHHS
meapuHu 6ynu po3dineHi Ha 2 epynu: 1 epyna - 60 iHmakmHux meapuH, 2 epyna - 60 meapuH 3 ModertoeaHHAM diabemuyHoi pemuHonamii
6e3 nodanbwoi kopekuii. Liykposuti Oiabem 2 muny ma diabemuyHy pemuHornamito Modesntogarnu 8HympiluHbOOYepEe8UHHUM 88€0EHHSIM
cmpenmo3omouyuHy (Sigma, CLLIA), pozgedeHozo & 0,1M yumpamHomy 6ychepi 3 pH=4,5. [Josy cmpenmo3somouyuHy 55 me Ha Ke 8asu
meapuHu nodinanu Ha 2 nputiomu. lNputiomy cmpenmo3omouyuHy nepedysana 28-0obosa diema, bacama xupamu. Hawe AocioxeHHs
rokasarso rnopyweHHsi yHKYioHarIbHOo20 cmaHy eHoomenito npu OocnidxyeaHil diabemuyHili pemuHonamii, MPo wo ceid4ums
nidsuwjeHuli piseHb ADMA (p<0,001). Mu eusHa4unu cmyneHese rnid8ULEHHS pigHS acuMempuyHo20 OuMemurnapaiHiHa 8 Kposi wypie
i3 MOQynbO8aHO namoJsio2ieto, MakcumanbHUll NMposie KOmMpoeo criocmepieanock y mpemil asi. [lamozeHemuyHul egekm
nidsuwjeHoeo ADMA Ha akmusHicmb eNO-S nidmeepdxeHull Ha 8cix emarnax ekcriepumeHmy. [TopyweHHs1 isionoeiyHo2o cuHmesy
okcudy azomy rpu namornoeii NidmeepdxXyembCs 3HUXEHHAM akmugHocmi eHOomenianbHoi NO-cuHma3su we Ha 30 006y 3 nodasnbuwor
HeazamugHoto OuHamikoro 00 180 dHs (p<0,001 y nopieHsIHHI 3 daHUMU IHMaKmMHOI epyru).

Knio4oBi cnoBa: diabemuyHa pemuHonamisi, eHOomenianbHa OUCGYHKUYisl, acuMempuyHul oumemunapeivid, eHoomenianbHa NO-
CuUHMa3sa, MopieHsNMbHUL OnuC.

W3MEHEHWE YPOBHS1 ACUMMETPUYHOIO AUMETUNAPIMHUHA N QHOOTENUANBHOW CUHTA3bI OKCUOA A3OTAB
MATOMEHE3E 3KCMEPUMEHTANbHOW OUABETUYECKOM PETUHOMATUN

CupmaH 51.B., Casuuykuti U.B., lNpelc H.N.

B 803HUKHOBEHUU U rpoepeccuposaHuu duabemuyecKkol pemuHonamuu 8aXHyK posb uzpaem 3HOomenuanbHas OUCYHKUUS,
cesidaHHasi C HapyweHueM 8bidernieHusi okcuda azoma. [Joka3aHo, Ymo BaXHYH POIib MPU 3MOM u2paem CHUXEHUE akmueHocmu
aH0omenuansHol NO-cuHmasbl (eNO-S), uHeubumopom Komopou sensemcs acumMmempuyHbll dumemunapeuHuH (ADMA). Uenb
uccnedosaHusi: U3y4umb ypo8eHb acuMMempuyHo20 dumemuriapauHuHa u s3HoomenuanbHOU cuHmasbl okcuda a3oma Ha pasfuyHbIX
amanax pa3sumusi duabemuyeckol pemuHornamuu 8 3KcriepumeHme. ViccriedosaHue npogodunu Ha benbix Kpbicax AuHuu Bucmap
maccol 180-200 e. B coomeemcmeauu ¢ 3adaHuem ucciedo8aHusi XUgomHbie bbiriu pa3deneHb Ha 2 2pynnbi: 1 epynna - 60 UHmaKkmHbIX
JKUBOMHbIX, 2 2pyrnna - 60 xueomHbix ¢ ModesnuposaHHoU duabemuyeckol pemuHonamuel 6e3 OanbHeliwel Koppekyuu. CaxapHbil
Ouabem 2 murna u Quabemu4ecKyto pemuHonamuto Modesnuposasnu eHympubptowHbIM 8eedeHuem cmpernmo3omouyuHa (Sigma, CLLA),
paseedeHHbiM 8 0,1TM yumpamHom 6ychepe ¢ pH=4,5. [Jody cmpenmosomoyuHa 55 mMe Ha Ke eeca XueomHo20 pa3desnsnu Ha 0ea
npuema. lMpuemy cmpenmo3omouyuHa rpedwecmeosana 28-0HesHasi duema, 6oeamas xupamu. Hawe uccnedosaHue riokasasno
HapyweHue hyHKUUOHaIbHO20 COCMOsIHUS 3HOomenus npu duabemuyeckol pemuHonamuu, o Yem ceudemeribCmeosart no8bIWUEeHHbIU
yposeHb ADMA (p<0,001). Mbi onpedenunu cmyneH4amoe rnoebilueHUe YpO8HsI acuMMempUYHo20 dumemuriapauHUHa 8 Kposu KpbiC
¢ modenupyemoli namosioeueli, MakCuMasbHOe MposierieHuUe Komopoeo Habndanock 8 mpemsel ¢hase. [lamozeHemuyeckuli aghghbekm
rnosbiweHHo20 ADMA Ha akmusHocmb eNO-S nodmeepxdeH Ha ecex samanax aKcrnepumeHma. HapyweHue ¢buauonoau4eckoz2o
CuHme3sa okcuda a3oma 8 ModenupyemMol namosoauu noomeepxoaemcs CHUXeHUeM akmueHocmu aHAomernuansHou NO-cuHmasbi
ewe Ha 30-e cymku ¢ ompuyamesnbHol OuHamukol 0o 180 OHs (p<0,001 no cpasHeHuto ¢ OaHHbIMU UHMaKmMHoU epynnbl).
KnioueBble cnoBa: duabemuyeckass pemuHonamus, 3H0omernuanbHas OUCyHKYUS, aCUMMemMpPUYHbIU OuMemurnnapauHUH,
aHOomenuanbHasi NO-cuHmasa, cpasHuUmernbHoe onucaHue.
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