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The scientific literature presents quite a large number of works, in which the priority
role of mathematical modeling in providing high-quality medical care, health and active
longevity of a person is determined. The purpose of the work is to construct and analyze
the regression models of individual sonographic sizes of kidneys in practically healthy
women of the middle intermediate somatotype, depending on the features of the
anthropometric and somatotypological indicators. Within the framework of the agreement
on scientific cooperation from the database of National Pirogov Memorial Medical
University, Vinnytsya primary sonographic parameters (length, width, anterior-posterior
dimension, area of longitudinal and cross-section of the kidneys and their sinuses, as
well as volume of the right and left kidneys) and anthropometric indices (obtained by
the method of V.V. Bunak in the modification of P.P. Shaparenko) of 17 practically
healthy women of the first mature age of the middle intermediate somatotype, who in the
third generation live in the Podillya region of Ukraine. The construction of regression
models of individual sonographic sizes of the kidneys, depending on the features of
anthropo-somatotypological parameters of the body of women of the middle intermediate
somatotype, was carried out in the licensed package "Statistica 6.1". In women of the
middle intermediate somatotype all 16 possible reliable regression models of
sonographic parameters of the kidneys were constructed depending on the anthropo-
somatotypological parameters with the determination coefficient R? from 0.891 to 0.978.
The analysis of reliable regression models (with a coefficient of determination greater
than 0.6), the sonographic parameters of the kidneys in practically healthy women of
the middle intermediate somatotype revealed that most often models of both kidneys,
as well as separately of the right and left kidneys, include the circumferential dimensions
ofthe body (respectively, 35.9 - 33.3 - 38.5% of the total number of indicators included
in the models). In addition, models of both kidneys most often include cephalometric
indices (12.6%), thickness of skin-fat folds and body diameters (by 11.7%),; models of
the right kidney - body diameters (15.7%), cephalometric indices and width of distal
epiphyses of long tubular bones of extremities (by 11.8%); models of the right kidney
- the thickness of skin and fat folds (17.3%) and cephalometric indices (13.5%).
Afttention is drawn to the lack of entry into models of sonographic sizes of kidneys total
body sizes.

Keywords: regression analysis, sonographic parameters of the kidneys, indicators of
body structure and body sizes, practically healthy women, middle intermediate somatotype.

Introduction

Huge factual material collected during the century of  forecasting [11, 13, 19]. A fairly large number of works in
observation by practicing doctors and enriched with modern ~ which the fundamental scientific component comes to the
hardware researches of the kidneys, requires careful fore, defining in the future the priority role of mathematical
attention of specialists in the field of mathematical modeling in providing high-quality health care, health and
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active longevity of man [20, 29].

For today, sufficiently effective approaches have been
developed to quantitatively model the various properties of
the kidneys [21, 29]. Let's consider only one very important
aspect of scientific research concerning the problem of
predicting the size of the kidneys, since their increase or
decrease serves as an important indicator of renal and extra-
renal disorders [2, 14, 22]. Moreover, mathematical prediction
of their size may be one of the most affordable tools for
testing effectiveness and the possibility of implementing
such new ideas as the use of miniature endoscopic camera
designed for diagnostic studies and minimally invasive
surgical interventions unattainable for traditional
technologies [5]. Such studies are carried out on the basis
of regression equations with the reproduction of real
parameters of the kidneys, which are matched with
experimental and sectional data [6].

The basis for mathematical modeling is proved
association of parameters of kidneys with features of a
structure of a human body [7, 10-12]. The results of a number
of scientific studies indicate the possibility of situations where
a significant reduction or increase in one or several
parameters of physical development correlates with the
corresponding dimensional variations of the organ [8, 9, 18,
21, 23].

Thus, mathematical modeling, in direct conjunction with
the revolution in the field of instrumental and diagnostic
equipment, can provide penetration to fundamentally new
levels of understanding of medical and biological processes
[17, 20, 21, 24].

The purpose of the work is to construct and analyze the
regression models of individual sonographic sizes of
kidneys in practically healthy women of the middle
intermediate somatotype, depending on the features of the
anthropometric and somatotypological indicators.

Materials and methods

Within the framework of the agreement on scientific
cooperation between the Department of Human Anatomy of
the Bogomolets National Medical University, Kyiv and the
research center of the National Pirogov Memorial Medical
University, Vinnytsya from the database of the latter taken
the primary sonographic parameters and anthropometric
indices of practically healthy men and women of the first
mature age, who in the third generation live in the Podillia
region of Ukraine.

With the help of the ultrasound diagnostic system
"CAPASEE" SSA-220A (Toshiba, Japan), a convective sensor
with a working frequency of 3.75 MHz and a diagnostic
ultrasound system Voluson 730 Pro (Austria), a convective
sensor of 4-10 MHz, a sonographic study of kidneys was
performed [16], which included determination of length, width,
anterior-posterior size, longitudinal and cross-sectional area
of the kidneys and their sinuses. According to the generally
accepted formula: V = 0.524 x L x W x AP, where, V is the
volume of the kidney, L is the length of the kidney, W is the

width of the kidney, S - the anterior-posterior size of the kidney,
the volume of the right and left kidneys is counted.

Anthropometric survey was conducted by V. V. Bunak
method in the modification of P.P. Shaparenko [25];
estimation of the somatotype - according to the mathematical
scheme J. Carter and B. Heath [3]; indicators of the body
composition (fat, bone and muscle) according to the formulas
of J. Matiegka [15], as well as the muscular component of
the body mass according to the formulas of the American
Institute of Nutrition [26].

The construction of regression models of individual
sonographic sizes of the kidneys, depending on the features
of anthropo-somatotypological parameters of the body of
women of the middle intermediate somatotype, was carried
out in the licensed package "Statistica 6.1". In the direct
stepwise regression analysis, we determined the following
conditions: the final version of the model should have a
determination coefficient (R?) of at least 0.60, the F-criterion
value of not less than 3.0, and the number of free members
included in the model must be minimal.

Results

In practically healthy women of the middle intermediate
somatotype (n=17), the following reliable models of
sonographic parameters of the kidneys were constructed
depending on the features of the anthropometric and
somatotypological parameters:

RE_R_DL (length of the right kidney in the longitudinal
section, mm) = 70.73 + 1.423 x ACR + 3.573 x OBPL1 -
1.377 xATP - 1.467 x OBPR, - 7.351 X EPPR + 3.694 x EPG
+1.539 x OBPR, (R?=0.976; F , ,=51.33; p<0.001; St. Error
of estimate=1.322),

(7.9

where (here and thereafter), R? - determination factor;
F =111 -critical (1.!I) and received (!1.I!) values of Fisher's
criterion; St. Error of estimate - standard error of
standardized regression coefficient; ACR - shoulder width
(cm); OBPL1 - shoulder girth in a tense state (cm); ATP is
the height of the finger point (cm); OBPR, - the forearm
circumference in the upper third (cm); EPPR - the width of
the distal epiphysis of the forearm (cm); EPG - width of the
distal epiphysis of the shin (cm); OBPR, - the forearm's
girth in the lower third (cm).

RE_L_DL (the length of the left kidney in the longitudinal
section, mm)=117.5 + 1.484 x ACR + 20.70 x EPPL - 10.66
x OBPR, - 10.23 x LX - 3.364 x GGR + 0.974 x CRIS
(R?2=0.953; F( )=33.51; p<0.001; St. Error of estimate =
2.640),

6.10

where (here and thereafter), EPPL - the width of the
distal epiphysis of the shoulder (cm); LX - ectomorphic
component of somatotype for Heath-Carter (score); GGR -
thickness of skin and fat folds on the chest (mm); CRIS -
interspinous pelvis size (cm).
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RE_R_PO (width of the right kidney in the longitudinal
section, mm) =111.4 - 4.885 x OBPR, + 0.843 x OBT - 0.821
x ATP + 3.707 x EPPL - 0.619 x SAG_DUG + 0.226 x GB
(R?=0.961; F,,,=40.82; p<0.001; St. Error of
estimate=0.978),

where (here and in the future), OBT - waist circumference
(cm); SAG_DUG - sagittal arch of the head (cm);

RE_L_PO (width of the left kidney in the longitudinal
section, mm) =163.8 - 6.903 x OBPR, + 3.116 x GPR - 2.387
XxGGR-4.649xLX +1.685 x OBK - 0.995 x OBPL, (R*=0.891;
F 6.10=13.60; p<0.001; St. Error of estimate=2.205),

where (here and thereafter), GPR - thickness of skin
and fat folds on the forearm (mm); OBK - hands brush
circumference (cm); OBPL, - shoulder girth in a calm
condition (cm);

RE_R_TO (anterior-posterior size of the right kidney on
a cross-section, mm) = 61.13 + 2.221 x ATL - 3.017 x OBG,
-2.673xB_SH_GL-6.882xLX-2.126 x SGK-0.478 x GB
- 0.644 x OBB (R?=0.969; F )=40.47; p<0.001; St. Error of
estimate=1.255),

(7.9

where (here and in the future), ATL - height of the pubic
point (cm); OBG, - girth of the shin in the lower third (cm);
B_SH_GL - maximum head width (cm); SGK - anterior-
posterior size of the chest (cm); GB - thickness of skin-fat
fold on the side (mm); OBB - hip circumference (cm);

RE_L_TO (anterior-posterior size of the left kidney on
the cross-section, mm) = 60.79 - 3.693 x OBPR, + 0.954 x
ATL-0.496 x GB +0.442x GPR-0.881x OBG, +0.458 x GL
-0.544xB_DL_GL (R%=0.957; F( =28.49; p<0.001; St. Error
of estimate=1.008),

7.9)

where (here and thereafter), OBG, - girth of the shin in
the upper third (cm); GL - thickness of skin and fat folds
under the shoulder blade (mm); B_DL_GL - the largest
length of the head (cm);

RE_R1SRE (area of the longitudinal section of the right
kidney, cm?) =-115.9 + 4.521 x OBPL, - 1.195 x ATP - 1.646
xMM +3.460 x OB_GL -6.465 x EPPL -0.695xB_DL_GL +
2.284 x EPG (R%=0.972; F( =45.31; p<0.001; St. Error of
estimate=0.861),

7.9)

where (here and thereafter), MM - muscle component
of the body mass, by Matiegka (kg); OB_GL - head girth
(cm);

RE_R2SRE (square cross-section of the right kidney,
cm?) =7.650 - 0.734 x ACR + 0.599 x PSG - 4.236 x OBPR,
+ 0.403 x OBT + 1.727 x OBK + 0.335 x ATV (R?=0.926;
F...=20.82; p<0.001; St. Error of estimate=1.273),

(6.10)

where (here and thereafter), PSG - transverse middle-
thoracic size (cm); ATV - height of the trochanteric point
(cm);

RE_L1SRE (area of the longitudinal section of the left
kidney, cm?) = 135.1 + 2.595 x GPPL - 6.421 x LX - 6.239 x
OBPR, - 3.284 x GGR +3.672x OM - 1.315 xACR + 0.820 x
OBB (R?=0.942; F__=20.85; p<0.001; St. Error of
estimate=1.867),

(7.9)

where (here and thereafter), GPPL - the thickness of
the skin-fat fold on the front surface of the shoulder (mm);
OM - bone component of body weight by Matiegka (kg);

RE_L2SRE (square cross-section of the left kidney, cm?)
=-18.93 + 0.358 x ATL - 2.898 x OBPR, + 1.332 x OBK -
0.281 x OBGK, + 0.930 x SH_LICA + 0.667 x OB_GL
(R?=0.938; F(6.10)=25.11; p<0.001; St. Error of
estimate=0.727),

where (here and in the future), OBGK, - the girth of the
chest on the exhalation (cm); SH_LICA - face width (cm);

RE_R1SSI (area of the longitudinal section of the sinus
of the right kidney, cm?) = 11.95 - 3.243 x OBPR, + 5.816 x
EPPL +0.307 x OBT - 0.352 x OBG, + 0.334 x ACR - 1.101
x FX (R?=0.895; F =14.14; p<0.001; St. Error of
estimate=0.919),

(6.10)

where (here and in the future), FX is the endomorphic
component of the somatotype by Heath-Carter (score);

RE_R2SSI (square cross section of the sinus of the right
kidney, cm?) = 987.6 - 55.04 x CRIS + 76.44 x PSG - 33.31 x
PNG + 28.05 x OBK - 28.21 x SGK - 72.22 x LX (R?=0.918;
F 610=18.74; p<0.001; St. Error of estimate=48.31),

where (here and thereafter), PNG - transverse lower-
thoracic size (cm);

RE_L1SSI (area of longitudinal section of the sinus of
the left kidney, cm?) = 0.366 + 4.079 x OM + 0.667 x
B_SH_GL-1.248x OBPR,-2.225 x SH_LICA +0.221 x GG
+1.537 x SH_N_CH (R?*=0.961; F .., =40.53; p<0.001; St.
Error of estimate=0.684),

(6.10)

where (here and thereafter), GG - thickness of skin and
fat folds on the abdomen (mm); SH_N_CH - width of the
lower jaw (cm);

RE_L2SSI (square cross-section of the sinus of the left
kidney, cm?) = -4003 + 69.22 x ATPL - 99.40 x OBPR, +
18.02 x OBS + 201.6 x EPPL - 45.20 x OBPL, - 34.52 x ATL
-17.54 x OBB (R?=0.978; F , . =56.39; p<0.001; St. Error of
estimate=18.46),

(7.9)
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where (here and in the future), ATPL - height of the
shoulder point (cm); OBS - foot girth (cm);

RE_R_VRE (volume of the right kidney, cm®) = -304.3 -
16.98 x OBPR, + 9.919 x GPPL + 14.78 x OB_GL - 27.17 x
OM - 6.252 x N_SH_GL + 1.191 x OBGK, (R?=0.966;
F(6'10)=47.55; p<0.001; St. Error of estimate=5.548),

where (here and in the future), N_SH_GL - the smallest
width of the head (cm); OBGK, - girth of the chest on the
inspiration (cm);

RE_L_VRE (volume of the left kidney, cm?®) = -53.17 -
32.56 x OBPR, +4.207 x OBBB + 3.148 x ATV + 5.879 x OBS
-7.411 xSH_LICA+7.072 x SGK - 4.605 x OBSH (R?=0.934;
F(7'9)=18.19; p<0.001; St. Error of estimate=8.429).

where, OBBB - hips girth (cm); OBSH - neck
circumference (cm).

Discussion

The problems associated with an adequate description
of the dimensional characteristics of the kidneys in
individuals with different somatotypes are still open for
research. Let's start from the fact that the values of the model
parameters should be determined as basal, that is, they
correspond to the normal state of a healthy organism. The
"weak place" of these models may also be that the calculation
of the sizes in most works is based on the introduction of a
small number of constitutional parameters (height, weight
and surface area of the body) into a model based on
averaged anthropometric measurements without taking into
account the ethnic and age factors [1, 5, 21, 23].

In practically healthy women of the middle intermediate
somatotype all 16 possible reliable regression models of
sonographic parameters of the right and left kidneys, based
on the anthropometric and somatotypological parameters
with determination coefficient R? from 0.891 to 0.978 (for
right kidney R? from 0.895 to 0.976, for left kidney R? from
0.891 to 0.978) were constructed.

The constructed regression models of sonographic
parameters of both kidneys in practically healthy women of
the middle intermediate somatotype most often include the
circumferential dimensions of the body (35.9% of the total
number of indicators included in the models), cephalometric
indices (12.6%), thickness of skin and fat folds and body
diameters (by 11.7%). Among the individual anthropometric
and somatotypological indicators, models most often
include the forearm circumcision in the lower third (up to 13
models), the width of the distal epiphysis, the shoulder width
and the ectomorphic component of the somatotype (up to 5
models), the height of the pubic point and the hands brush
circumference (up to 4 models).

The regression models of sonographic parameters of
the right kidney in women of the middle intermediate
somatotype most often include the circumferential

dimensions of the body (33.3% of the total number of indices
included in the right kidney models), body diameters (15.7%),
and cephalometric indices and width of distal epiphyses of
long tubular limb bones (by 11.8%). Among the individual
anthropo-somatotypological parameters of the body models
of the right kidney most often include the forearm girth in the
lower third (up to 5 models), the height of the finger point, the
width of the distal epiphysis of the shoulder, the waist
circumference and the shoulder width (up to 3 models).

The regression models of the sonographic parameters
of the left kidney in women of the middle intermediate
somatotype most often include the circumferential
dimensions of the body (38.5% of the total number of
indicators included in the models of the left kidney), the
thickness of skin and fat folds (17.3%) and cephalometric
indices (13.5%). Among the individual anthropo-
somatotypological parameters of the body models of the left
kidney most often include the circumference of the forearm
in the lower third (up to 8 models), the width of the face, the
height of the pubic point, the thickness of the skin-fat fold on
the chest and the magnitude of the ectomorphic component
of the somatotype, according to Heath-Carter (up to 3
models).

Attention is drawn to the lack of entry into models of
sonographic sizes of the kidneys in women of the middle
intermediate somatotype of total body sizes.

In previous studies [4, 27, 28] we determined that from
16 possible sonographic parameters of the kidneys, based
on the anthropometric and somatotypological indices in
practically healthy women of the mesomorphic somatotype,
7 reliable models with a determination coefficient from 0.607
to 0.641 were constructed; in women of ectomorphic
somatotype - all 16 models with a determination coefficient
from 0.607 to 0.973; in women endo-mesomorphic
somatotype - 14 models with a determination coefficient
from 0.672 to 0.912. The most frequently constructed models
included: women with mesomorphic somatotype -
circumferential body dimensions (29.8%) and cephalometric
indexes (19.1%); in women with ectomorphic somatotype
body diameters (24.2%), body girth sizes (20.9%),
cephalometric indices (19.8%) and thickness of skin and fat
folds (14.3%); in women of the endo-mesomorphic
somatotype, the cephalometric indexes (to the right kidney
24.2%, to the left kidney 15.6%), body diameters (to the right
kidney 24.2%, to the left kidney 17.8%) and the
circumferential body size (to the right kidney 24.2%, to left
kidney 22.2%), and also only to the left kidney thickness of
skin and fat folds (17.8%).

The construction of the regression equations of the
kidneys sizes according to the constitutional parameters of
a healthy organism becomes rapid and is considered to be
an exceptional tool for the study of biomedical problems.

Conclusions
1. In practically healthy women of the middle intermediate
somatotype of 16 possible sonographic parameters of the
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right and left kidneys, depending on the anthropometric and
somatotypological parameters, all 16 valid models with a
determination coefficient from 0.895 to 0.976 and from 0.891
to 0.978, respectively, were constructed.

2. Constructed models in women of the middle
intermediate somatotype most often include: for the right
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MOAENOBAHHA COHOIMPA®IYHUX NAPAMETPIB HUPOK Y MPAKTUYHO 3A40POBUX XIHOK CEPEAHbLOIO MPOMIKHOIO
COMATOTUNY B 3ANEXHOCTI Bl KOHCTUTYLIOHANBHUX NMAPAMETPIB TINA

Yepkacoe B. I, YcmumeHko O. C., llark A. B., llpokoneHko C. B., yHac I. B.

B Haykosili nimepamypi npedcmaeneHo documb eefiuke Yucrio pobim, 8 SKUX eu3Ha4aembCs npiopumemHa porib MamemMamu4yHo20
modentosaHHs 8 3abe3rneyeHHi sucokoeghekmugHo2o MeduyHo20 0bcily2o8yeaHHs, 300p08's ma akmugHo20 00820/immsi fIH0OUHU.
Mema pobomu - y npakmu4HO 300p08UX XiHOK cepeOHb020 MPOMIXXHO20 coMamomunry nobydysamu ma npo8ecmu aHarniz peepeciliHux
modenel iHOuUgiIOyanibHUX COHO2pagiYHUX PO3Mipie HUPOK 8 3anexHocmi 8i0 ocobrusocmel aHMPONOMEMPUYHUX i
coMamomurornoeiyHUX MoKasHuKie. Y pamkax dozoeopy npo Haykose crigpobimHuymeo i3 6a3u daHux BiHHULbKO20 HauyioHarbHO20
meduyHoe2o yHigepcumemy im. M.I. [upozosa 839mi nepe8uHHi CoHozpaghiyHi napamempu (doexuHa, WupuHa, nepedHbo-3adHili po3mip,
nowa no3do8xHb020 ma MonepeyHo20 Mepepisy HUPOK ma iX CuHycie, a makox ob'em rpaeoi i n1igoi HUPOK) i aHMpPonoMempuyYHi
roKa3HuKkuU (ompumani 3a memoodukoro B.B. ByHaka y modudpikauii .11. LLlanapeHka) 17 npakmu4HO 300pOBUX XIHOK nepuio2o 3pirno2o
8iKy cepedHb020 MPOMIXHO20 comamomurly, SKi Yy mpembOoMy MOKOMIHHI Mpoxusaome Ha mepumopii [ModinbcbKko020 pezioHy YkpaiHu.
[Nobydosa peepeciliHux modeneli iHOugidyanbHUX COHO2pagiyHUX PO3Mipie HUPOK 8 3anexHocmi 8i0 ocobnusocmeli aHMpPOMno-
coMamomurosioeiyHUX rnapamempie mina XiHOK cepedHb0o20 MPOMIXHO20 coMamomury rposedeHa 8 niyeHsiliHomy rnakemi "Statistica
6.1". Y XiHOK cepedHbO20 rnpomixHo2o0 comamomurly nobydoeaHi yci 16 moxnusux docmosipHuUx pezpecitiHux modesiel coHoepahidHUX
rnapamempie HUPOK 8 3ariexHocmi 8i0 aHmMpPOIMNo-coMamomuriosio2iYHUX MoKasHUKie i3 koegbiyieHmom demepminauii R? eid 0,891 do
0,978. lNpu aHanisi docmosipHux pezpeciliHux modenel (3 koegiuieHmom demepmiHauii binbwum 0,6) coHoepaghiyHUX napamempie
HUPOK y Npakmu4HoO 300p0o8UX XIHOK cepedHb020 MPOMIXKHO20 COMamomuily 8CmaHoe/eHo, Wo Haltdacmiwe 0o moderieli 060X HUPOK,
a makoxX OKpeMO rpaeoi i s1igoi HUPOK, 8xo0smb 0bxeamHi po3mipu mina (8idrnosidHo 35,9 - 33,3 - 38,6% 6id 3azanbHOI Kinbkocmi
rokasHukie, ujo exodsme 00 modenel). Kpim moeo, do modeneli 060X HUPOK Hal4acmiwe 8xo05imb KegharloMempuyHi MoKasHUKU
(12,6%), mosuwjuHa wWKipHO-Xuposux cknadok i diamempu mina (no 11,7%); do modenel npasoi HUpkKU - Giamempu mina (15,7%) ma
KegharmoMempuyHi MoKasHUKU U wupuHa oucmarnbHux enigizie doseux mpybyacmux Kicmok KiHyieok (mo 11,8%); 0o modenel npaesoi
HUPKU - mosuuHa WKipHo-xuposux cknadok (17,3%) ma keganomempuyHi nokasHuku (13,5%). lNMpusepmae ysazy sidcymHicmsb
8x00XKeHHs1 00 Molerneli COHoz2paghiYHUX PO3MIpi8 HUPOK momarsbHUX po3mipie mina.

KnrouoBi cnoBa: pezpeciliHuli aHani3, coHogpacbidHi napamempu HUPOK, MoKasHUKU 6ydosu ma po3mipie mina, npakmu4yHo 300posi
XKIHKU, cepeldHill MpoMiXHUlU comMamomuri.

MOOENNPOBAHUE COHOMPA®UYECKMX MAPAMETPOB NOYEK Y NMPAKTUYECKU 3AOPOBbIX XXEHLLUWH CPEAHEIO
NMPOMEXXYTOYHOIO COMATOTUMNA B 3ABUCUMOCTU OT KOHCTUTYLIMOHANDBbHbLIX NAPAMETPOB TENA

Yepkacoe B. I, YemumeHko E. C., lllatok A. B., lpokoneHko C. B., NyHac WU. B.

B HayyHolU numepamype rnpedcmaesneHo docmamoyHo bornbwoe 4ucno pabom, 8 Komopbix onpedensiemcs npuopumemdasi posib
Mamemamuyecko2o ModenupoeaHusi 8 obecredeHUU 8bICOKOIPEKMUBHO20 MEOUUUHCKO20 0bCyxusaHusi, 300p08bsi U aKmueHO20
Oonezonemus 4esnoseka. Llenb pabomel - y npakmuyecKku 300p08bIX XEeHWUH cpedHe20 MpoMeXymo4YyHo2o coMamomura nocmpoums
U Ipo8ecmu aHasu3 peepeccuoHHbIX Modereli UHOUBUOYarbHbIX COHOZPaghuYeCKUX pa3mMepos noyex 8 3agucumocmu om ocobeHHocmet
aHmpornoMempu4yeckux U coMamomuriosio2udecKux rnokazamesed. B pamkax 0ozoeopa 0 Hay4HOM compyOHuU4Yecmee u3 ba3bl daHHbIX
BuHHUUKO20 HayuoHanbHo20 MeduUyUHCKO20 yHUsepcumema um. H.U. [upocosa 839mbi nepsudHbie coHogpaghudeckue napamempsi
(OnuHa, wupuHa, nepedHe-3adHul pasmep, naowadb nPodobHO20 U MONEPEYHO20 CEYEeHUs MOYEeK U UX CUHYCcO8, a makxe obbem
rpasou u 51e8oli MoYeK) u aHmpornoMempuyeckue rnokasamesnu (nony4eHs! no memoduke B.B. byHaka e modugpukayuu 1. ®. LLlanapeHko)
17 npakmuy4ecku 300p08bIX XEeHU,UH Nepeo20 3pesio2o so3pacma cpedHe20 MPOMEXYymOoYHO20 coMamomura, Komopble 8 mpemsem
roKoieHUU fpoxuearom Ha meppumopuu [1odonbckoeo peeuoHa YKkpauHbl. [TocmpoeHue peepeccuoHHbIX Modernel uHOUBUOyasnbHbIX
COHO2paghuvecKkux pa3mepos roYeK 8 3asucuMocmu om ocobeHHocmel aHMPONo-coMamomuriono2u4Yeckux napamempos merna
KeHWUH cpedHea20 MPOMEXymo4YHoe0 comamomura npoesedeHo 8 /TuyeH3UOHHOM nakeme "Statistica 6.1". Y xeHwuH cpedHeeo
POMEXymoYHO20 comMamomura nocmpoeHbl ace 16 803MOXHbIX OOCMOBEPHbIX pPeepeCcCUOHHbIX Modeseli CoHoepaghuyecKux
rnapamempos royeKk 8 3agucuMOCmU OmM aHMPOMNo-CoOMamomuriono2udyeckux nokasamernel ¢ KoagguyueHmom demepmuHayuu R?
om 0,891 do 0,978. lNpu aHanu3e G0CMOBEPHbIX peepeccuoHHbIX mModenel (c koaghgpuyueHmom demepmuHayuu 6onbwum 0,6)
COHO2paghuyecKUX napamMempos noyeK y npakmu4yecku 300p08bIX XeHWUH cpedHe2o MPOMEeXYmOoYHO20 COMamomuna ycmaHO8/eHo,
4ymo 4qauje ecezo K modesnsim obeux royek, a makxe omoenibHO npasol u siegol rnovyek, 8xo0sm obxeamHble pa3mepbl mena
(coomeemcmeeHHo 35,9 - 33,3 - 38,56% om obujezo konuvyecmea rokazameneu, exodawux 8 modenu). Kpome mozo, 8 moderiu obeux
rnoyek yauje ece2o 8xo0sim Kehanomempuyeckue rnokasamenu (12,6%), monujuHa KOXHO-XKUposbix cknadok u duamempbl mena (1o
11,7%); 8 modenu npasoli rnoyku - uamempsni mena (15,7%), kegharmomempuyeckue rokasameru U wWupuHa oucmarnbHbIX 3Mugu308
OnuHHbIX mpyb4yamsix Kocmeli koHeyHocmel (o 11,8%); & molenu npasol MoYKU - MOUUHa KOXHO-XUposbix cknadok (17,3%) u
kegbanomempuyeckue nokazamenu (13,5%). lNpuenekaem eHumMaHue omcymcmeue 8XoxX0eHUs1 8 MOOesIU COHoepaghuHeCKUX pa3mepos
ro4YeK momaribHbIX pasmepos mena.

KnioyeBble crnoBa: peepecCUuOHHbIU aHanu3, coHogpaghuyecKkue napamempsl MoYeK, rnokasamesu CmpoeHUsl U pasMepos merna,
npakmu4yecku 300p08ble XeHWUHbI, CPeOHULl MPOMeXymOYHbIli comamomurl.
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Currently, Helicobacter pylori infection (H. pylori) is recognized as one of the most
important risk factors for gastrocarcinogenesis. It is known that this infection does not
directly cause neoplastic changes in the gastric mucosa, and this is due to a number
of consecutive events due to the long persistence of the pathogen in the human body.
The initial stage of this cascade, of course, is the inflammatory response, due to the
body's ability to adapt to extraneous infection, which is the inevitable result of the
interaction of H. pylori with cells of the gastric epithelium. This direct damaging effect
is enhanced by the production of vacuolating cytotoxin and the release of products of
the cytotoxin-associated CagA gene, which, at a pathomorphological level, is manifested
by inflammatory infiltration of the gastric mucosa (GM) to some extent. On the
relationship between the degree of contamination and the activity of the inflammation of
the GM in people infected with the CagA strain, today there are different, often conflicting
opinions, which is why in this work we set the goal of establishing the relationship
between the nature of the inflammatory response and the presence of the CagA gene in
H. pylori- infected patients. The purpose of the study is to determinate the relationship
between the nature of the inflammatory response and the genetic features of the H.
pylori strain (CagA genotype). We examined 365 patients, among whom 40 people were
included in the control group (18 women and 22 men, whose average age was
45,33+15,46 and 42,82+ 12,31, respectively) without any gastroenterological pathology
in the anamnesis , patients with chronic non-atrophic gastritis (188 people) and chronic
atrophic gastritis (137 people). A close relationship was established between the
presence of the CagA gene, activity and the degree of contamination for chronic non-
atrophic gastritis (CNG): for a low degree of contamination, Fisher's exact test was =
0.002, p<0.05, for a moderate degree - 0.012, p<0.05, for a high degree - 0,012, p<0.05.
Accordingly, in chronic atrophic gastritis (CAG): for a low degree of contamination
Fisher's exact test = 0.011, p<0.05, for a moderate degree - 0.003, p<0.05, for a high
degree - 0.001, p<0.05. There is also a close relationship between the degree of
contamination and the activity of chronic gastritis (CG): in patients with a high degree
of contamination, CG activity was determined, as a rule, for stage 2-3. In our study, the
inflammatory response depended on the presence or absence of the H. pylori strain in
the patient, which contains the CagA genotype, which, in our opinion, plays a key role in
triggering a cascade of inflammatory changes in the GM and progression of chronic
gastritis.

Keywords: Helicobacter pylori, CagA, chronic gastritis, morphological changes.

Introduction

The correlation of chronic inflammation with gastric ~ infectious agent as a specific cause of CG, peptic ulcers
cancer was established in 1863 by the famous German and stomach cancer. The International Kyoto Consensus
pathologist R. Virchow [27]. The discovery of Helicobacter  first proposed an etiological classification of gastritis and
pylori has revolutionized previous perceptions of the nature ~ recommended that H. pylori-induced CG should be
of gastroduodenal pathology and noted this unique considered as an infectious disease requiring treatment
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not so much to alleviate symptoms as to prevent
complications such as peptic ulcer and gastric cancer [7,
32, 36]. The property of H. pylori to induce the development
of inflammatory, dysplastic, metastatic and neoplastic
changes depends on factors related to the microorganism
itself, the organism of the host and the environment. The
main pathogenicity genes include: CagA (cytotoxin-
associated gene A); VacA (vacuolating cytotoxin); IceA
(induced by contact with epithelium); BabA (blood group
antigen-binding adhesin). H. pylori genes in the so-called
"pathogenicity island" cag (cagA pathogenicity island, cag
PAl) due to the activation of NF-kB (nucleic factor kappa-B)
are involved in the development of an inflammatory response
by initiating a cascade of signal transduction, leading to
interleukin IL-8 production. As a result, proinflammatory
cytokines and cellular (Th-1-mediated) immune response
lead to further progression of inflammatory response [4, 17,
18, 28, 22].

The high frequency of peptic ulcer disease and the onset
of MALT-lymph in Europe is due to the presence of CagA.
CagA strains of H. pylori are also associated with pronounced
epithelial cell proliferation and GM metaplasia [6]. In western
countries, there have also been reports that individuals
infected with CagA-positive strains are more likely to develop
stomach ulcer and cancers than those infected with H. pylori
CagA-negative strains. However, there was no such
dependence on the inhabitants of East Asia [40]. Most authors
argue that there is a close correlation [9, 10, 11, 14, 24, 26],
others believe that CagA-positive / negative strains of H.pylori
are not related to the development of severe gastroduodenal
pathology and do not find any significant differences in the
activity of inflammation and colonization in different types of
H. pylori infection [4, 13, 19].

That is why the purpose of our study was to establish the
relationship between the nature of the inflammatory
response and the genetic features of the H. pylori strain
(presence of CagA genotype).

Materials and methods

The study group consisted of 325 people with CG
diagnosis: 111 women (mean age 49.85+13.41) and 214
men (mean age 48.81+£13.61). The control group included
40 persons (18 female and 22 male, mean age 45.33+15.46
and 42.82+12.31, respectively) without gastrointestinal
pathology in history (Table 1). Among patients with CG, the
following groups were isolated: chronic non-atrophic
gastritis (188 persons) and chronic atrophic gastritis (137
people). In the survey, the ethical principles of the Helsinki
Declaration of the World Medical Association (World Medical
Association Declaration Helsinki, 1964) were followed. All
patients were informed and signed informed consent,
confirming their voluntary participation in the study.

In the course of fibroesophagogastroduodenoscopy,
multiple biopsies were performed - 2 biopsies from the body
and antrum of the stomach and 1 from the angle of the
stomach. Pathologist examination of biopsies for the

Table 1. Distribution of patients according to nosology depending
on age.

ge lvears)| | oo 25| 2644 45-59 60 and
Nosology (mA) | (i (mA) | >(mi)
Normal GM 4@2) | 19 (11/8) 11 (7/14) 6 (2/4)
CNG without
dysplasia 10 (7/3) | 27 (1819) 14 (9/5) 5 (312)
CNG with
dysplasia: 431 | 42 913) | 56 (36/20) | 30 (20/10)
Mild 3@M) | 29@00) | 33@21/12) | 17 (11/6)
Severe 1¢10) | 13(94) | 23¢158) | 13(9/4)
CAG without
dysplasia - 8(5/3) 106/4) | 22 (14/8)
CAG with
dysplasia: 2(11) | 19.(14/5) | 43 (28/15) | 33 (21/12)
Mild 2(11) | 15(123) | 31 (19/12) | 19 (13/6)
Severe - 4 (212) 12(93) | 14 (8/6)
Total 20 (13/7) | 115 (77/38) | 134 (86/48) | 96 (60/36)

diagnosis was performed in accordance with the
requirements of the morphological section of the modified
Sydney-Houston system [5, 23]. Determination of the
persistence of H. pylori in GM was performed using urease
test [20], cytologically by Pappenheimer [21] and histologically
- colored by Giemsa and toluidine blue by B. Slater [31]. The
genotyping of helicobacter infection was performed using a
polymerase chain reaction. For further comparative analysis
with the results of genotyping H. pylori we used own data
obtained from the inspection of 40 practically healthy
persons, among which 17 were infected with H. pylori. To
determine the degree of dysplasia, the criteria proposed by
WHO experts [3], and developed on the basis of the Vienna
classification of neoplasia of the gastrointestinal epithelium
[30] were used. In the presence of H. pylori infection, all
cases of observations were divided into two groups: H. pylori-
positive and H. pylori-negative.

Statistical processing was performed using Microsoft
Office Excel 2007 and "Statistica 5.0". Calculated the average
arithmetic value M, its error m. The reliability of the difference
between the average values was estimated by the Students
criterion, the difference was considered to be valid at p<0.05.
In order to check the statistical hypotheses of absolute and
relative frequencies in independent samples, the chi square
(x?) criterion was used, with the frequency of the investigated
event less than 5 observations for the analysis of frequency
differences in the two independent groups used Fisher's
exact criterion, the confidence intervals given in the work,
were constructed for confidence probability p=95%. In all
statistical analysis procedures, the achieved level of
significance (p) was calculated, with the critical level of
significance taken equal to 0.05.

Results

In the control group, both in H. pylori-negative patients
(-) and in H. pylori-positive (+), GM maintained its
histoarchitectonics, regardless of the presence of CagA +.
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The cytological smear is usually clean. In the two H. pylori
(+) individuals, focal degenerative changes in the pyloric
glands were established. At the same time, according to
anamnesis, they also had signs of dyspepsia. In histological
analysis, GM in practically healthy individuals consisted of a
subepithelial layer which width was determined by the depth
of the pits and glands, the ratio of which was approximately
1:3. Gastric pits were located close to each other. Surface
epithelium cells, as a rule, had a highly prism form and a
clear polar differentiation.

At morphological analysis of GM of patients with CNG
CagA negative (CagA-) helicobacter infection without
dysplasia it was established that in the group of inactive
CNG surface and pit epithelium cells, exocrinocytes of fundal
and pyloric glands in histological sections and smears-
imprints retained their structure, were located predominantly
in layers and groups, looked monomorphic, the nuclei were
pushed to the periphery of cells, round-oval, their contour
was equal. Chromatin homogeneous coarse-grained,
intensely colored. The cytoplasm is weakly basophilic.
Exocrinocytes of the glandular epithelium of the antral
department of GM were located in groups and palisade-like
structures, had larger sizes in comparison with superficial
ones. The nuclei in them were located eccentrically, more
oval, some of them containing single small correct form of
the nucleolus.

In 15 (55.56%) patients with acute H. pylori (CagA-) CNG
without dysplasia and 8 with mild dysplasia (29.63%)
epithelial cells had a similar look, but dystrophic changes
were accompanied by the appearance of dysregeneration
in the form of hyperchromatosis, a violation of the location of
nuclei and a nuclear-cytoplasmic ratio, as well as a
basophilia of the cytoplasm of individual epithelial cells, more
often present a few neutrophils and lymphocytes that were
mainly infiltrated in GM lamina propria with its slight
perivascular edema (Fig. 1), indicating weak activity and
corresponded to the first stage according to L.Y. Aruina et al.
(1998) [1].

The division of gastritis in the stage of activity was
determined by the degree of neutrophilic infiltration of GM
lamina propria. At the first stage of activity there was a slight
leukocyte infiltration of GM lamina propria, while in the second
occurred infiltration of the surface and pit epithelium with
enhanced leukodiapedesis and the inflow of inflammatory
cells to the lumen of the stomach. In the third stage, along
with the pronounced infiltration of GM lamina propria and
the epithelial layer, there were so-called "intra-pit
abscesses", similar to "crypt-abscesses" in inflammatory
diseases of the colon [1, 2, 16]. Their formation was through
massive leukodiapedesis through the thickness of the
epithelium to the lumen of the pits, and also accompanied
by a powerful destruction of the epithelial layer.

At moderate and high levels of contamination, which
corresponded to the 2nd and 3rd stages of CNG activity,
both in CagA- and CagA+ H. pylori-infected patients, the
above features increased significantly. At the same time,

lamina propria with admixture of segmental neutrophils and
dystrophic changes of surface and pit epithelium. Chronic non-
atrophic active (stage 1) gastritis without dysplasia. CagA-. The
arrows show the areas of lymphoplasmacytic infiltration of the
mucous membrane lamina propria. Hematoxylin-eosin. x100.
———rg. .

- ] .
Fig. 2. Moderate degree of contamination of GM, more than 20 H.
pylori bacteria in the field of vision (x1000) in a patient with CNG
(CagA+). The arrows show the areas of the H. pylori
conglomeration. Bacterioscopy by Pappenheimer. x1000.

among and intraepithelial localization of microorganisms in
comparison with the low degree of contamination and the
first stage of activity prevailed in the cytoplasm of the
superficial and pit epithelium with a high degree of
contamination and 3 stages of activity in 76% of H. pylori
CagA+ patients.

At the same time, in patients with CNG with CagA-
negative (CagA-) among and intraepithelial localization of
microorganisms was observed in 10% of patients with high
degree of contamination and 3 stages of activity compared
with low and 1 stage. However, in patients with CAG CagA+,
among and intraepithelial localization of microorganisms
was observed only in 35% of cases with a high degree of
contamination and 3 stages of activity, and CagA- in 5%.
With a low degree of contamination and 1 stage of activity in
both groups of CG H. pylori was determined predominantly
in the adjacent to the surface epithelium mucus.

For CNG (CagA+) with moderate and high contamination
in smears-imprints, an increase in the number of layer and
groups of epithelial cells, as well as in the glandular
structures, was likely to be attributed to the weakening of
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intercellular connections (associated with both the activity of
inflammation - leukopedesis and with the persistence of
helicobacter infection) and easier getting into the imprint
(Fig. 2).

Part of the epithelial structures was characterized by signs
of dystrophy, manifested by the flattening of cellular forms,
vacuolation of the cytoplasm, weakening of the contours of
the membranes, loosening of the chromatin structure. The
cells of the glandular epithelium were also represented in a
greater number, among them observed moderate
polymorphism. Along with the epithelial cells producing
mucus, the presence of groups and glandular structures of
proliferating cells with basophilic cytoplasm and absence
of signs of secretion in the part of cells, a small increase in
the nuclear-cytoplasmic ratio, starting with the generative
zone of the gland, was confirmed. Such a picture created the
impression of some polymorphism of epithelial cells. The
intensity of mononuclear infiltration (degree of inflammation)
in patients with CNG and CAG showed mild, moderate and
severe degree of inflammation. At a significant degree of
inflammation, along with the increase in the density of
infiltration, formed clusters, which pushed the glands with
the spread of it deep into the mucous membrane, up to the
basal part. The accumulation of lymphocytes in mucous
membrane lamina propria was diverse in terms of volume,
cell density, structure and depth of occurrence. At a minimal
and moderate extent, the formation of small groups of
lymphocytes in the basal parts of the mucous membrane
was observed. An increase in the volume of mononuclear
inflammatory infiltrates in mucous membrane lamina propria
occurred due to the formation of follicles. They were observed
as bundles of oval or round shape, which consisted of tightly
adjacent small lymphocytes. In a number of follicles there
were light centers - reproduction, indicating a sufficient
immune response of the body. The level of colonization of
the mucosal by CagA (+) strains of H. pylori directly correlated
with activity and degree of inflammation, both patients with
CNG and CAG.

Dysplastic changes in the gastric epithelium in patients
with CNG were detected in 43 H. pylori-, among which light
dysplasia was observed in 28 (65.12%), and severe in 15
(34.88%). While GM dysplasia was registered at 89 H. pylori
+ patients with CNG, among which in CagA- 12 patients with
dysplasia - 8 cases were with mild dysplasia (66.67 %), while
the severity was twice as low - 4 (33.33%). In the
morphological analysis of dysplastic changes in GM of
patients with CNG CagA+ H. pylori strains, it was found that
among 77 patients with dysplasia, it was mild in 46 (59.74%)
and severe in 31 (40.26%) (Table 2).

The activity of CAG, as well as CNG, irrespective of the
presence of dysplasia, correlated positively with the bacterial
colonization of GM: cases with severe (+++) infection
respectively was mainly second or third stage of CAG activity
(Table 3).

CAG with the first stage of activity in cytological
preparations and on histological sections, painted with

Table 2. Characteristics of the examined patients depending on
the presence of the gene CagA H. pylori.

Nosology CagA ()N, m/f CagA (+)N, mf
Normal GM 12 (6/6) 5 (3/2)
CNG without dysplasia 15 (8/7) 11 (7/4)*
CNG with dysplasia 12 77
Mild 8 (5/3) 46 (30/16)*
Severe 4 (2/2) 31 (21110)*
CAG without dysplasia 12 (7/5) 9 (6/3)
CAG with dysplasia 16 48*
Mild 12 (8/4) 31 (22/9)*
Severe 4 (2/2) 17 (11/6)*
Total: 67 (38/29) 150 (100/50)

Notes: * p < 0,05- in comparison with the norm.

Table 3. Characteristics of the examined patients depending on
the stage of contamination, the stage of activity and the presence
of CagA.

CagA(-) CagA(+)
Nosology

+ ++ +++ + ++ +++
CNG inactive 1 5 4 7 5 0
CNG active 3 2 2 20 23 33
1 stage 2 1 1 9 6 3
2 stage 1 1 1 8 10 13
3 stage 0 0 0 3 7 17
CAG inactive 7 6 5 3 0 1
CAG active 3 3 4 15 10 28
1 stage 1 2 1 8 2 3
2 stage 2 1 3 6 7 8
3 stage 0 0 0 1 1 17
Total 24 16 15 45 38 62

toluidine blue, heliobacteria were well visualized in the form
of curved sticks. At a weak degree colonization - single (up to
20 in the field of view with an increase of 1000 times) bacterial
bodies were found in the pit mucus, more often outside the
epithelium in some fields of view.

For moderate colonization of GM by heliobacteria, the
location of microbes, in the mucus, and in the lumen of the
pits near the epithelium, was typically, where we observed
from 20 to 50 bacteria in the field of view, which coincides
with the data of Aruin, 1998 [1]. In cases of severe
contamination along with epithelial cells and glandular
structures, more than 50 microbial bodies were found as in
the pits in the form of bacterial accumulation in many fields
of vision and in adjacent to the surface epithelium of the
mucus, gastric pits, and sometimes in the lumen of the
glands.

Histological analysis of GM of patients with CAG for 2
stages of activity was characterized by diffuse leukocyte
infiltration both in the surface and in the pit epithelium, and
segmental leukocytes sometimes destroy the neck of the
glands (Fig. 3). In the 3 stages of CAG activity, neutrophils
were detected in both the surface and pit epithelium and in
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Fig. 3. Chronic atrophic active (stage 2) gastritis CagA+. Leukocyte
infiltration of the mucous membrane lamina propria of the antral
part of the stomach. The arrows show segmented neutrophils in
mucous membrane lamina propria. Hematoxylin-eosin. x1000.
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Fig. 4. Chronic atrophic active (stage 3) gastritis. CagA+.
Leukodiapedesis with the formation of "intra-pit abscess". The
arrows show the accumulation of segmental leukocytes inside
the stomach pits. Hematoxylin-eosin. x1000.

the lumen of the glands with the formation of intrapit and
glandular abscesses (Fig. 4).

In some sites, micro-erosions were observed as a small
surface defect of the epithelial layer. Also, areas of epithelium
of regenerative type with basophilic nuclei with high activity
of inflammation were observed. Most often erosions were
combined with the 2nd and 3rd stage of inflammation activity,
as well as with the strong H. pylori contamination.

The parameters for CAG patients were follow: 31 (64%)
of 48 patients had mild dysplasia and 17 (36%) with severe
(see Table 2). At a severe degree of dysplasia, the severity of
cellular atypia increased in patients both with CAG and CNG.

In the comparative pathomorphological analysis of GM
in H. pylori+ and H. pylori-patients with CAG with dysplastic
changes, it should be noted that 1 stage of atrophy was
positively correlated with the degree of infectivity (x* = 0.046,
p <0.05), while for 2, 3, 4 stages of atrophy (x*> = 0,2773, p>
0,05; x* = 0,382, p> 0,05; x* = 0,555; p> 0,05 respectively),
such dependence has not been established. In our opinion,
this is due to the key role of helicobacter infection, which
triggers a cascade of pathological changes in GM. With

further progression of atrophic changes in the gastric
epithelium, GM loses the ability to synthesize mucin, which
leads to the reduction of adhesive properties and the inability
of H. pylori to bind to glycoproteins of gastric mucus.

Thus, conducted studies indicate that the presence of
CagA positive genotype of helicobacter infection in patients
with CG complicates the prognosis of the underlying
disease, causing a cascade of pathological changes in GM.

Histologic and molecular genetic comparisons
conducted in the studied groups of patients showed that the
lowest degree of chronic gastritis activity was observed in
GM of body and anthrax in uninfected patients and infected
with H. pylori CagA (-) strains, and the minimum bacterial
insemination rates - in the body of the stomach in patients
infected with the strains of CagA (-) H. pylori.

Study of the activity of inflammation (neutrophil infiltration)
of GM in chronic gastritis confirmed the association with
helicobacter infection (see Table 3). The statistical analysis
revealed a high reliability between inflammation activity and
the presence of helicobacter infection (CagA+), and with
CNG: for a low degree of contamination, the exact Fisher
criterion = 0.002, p <0.05, for moderate degree - 0.012, p
<0.05, for high degree - 0.012, p <0.05. Accordingly, for CAG:
for a low degree of contamination, the exact Fisher criterion
=0,011, p <0,05, for a moderate degree - 0,003, p <0,05, for
a high degree - 0,001, p <0,05. The highest values of gastric
activity rates were noted for the antrum department in patients
with CNG infected with CagA (+) H. pylori strains and in
patients with the third stage of CAG activity infected with H.
pylori (+) strains. The highest degree of bacterial
insemination was recorded by us in the antral department
of the stomach in patients with CNG of the third stage of
activity infected with the strains of CagA (+) H. pylori.

Discussion

The main role in the mechanism of neutrophilic
chemotaxis plays an epithelium, in which the expression of
cytokines, leukotriene B4 and complement activation
products occurs with adhesion [15, 28, 42]. The protein that
activates neutrophils stimulates the adhesion of leukocytes
to endothelial cells, which in turn changes microcirculation,
leads to degranulation of tissue basophil granulocytes (mast
cells), leukocytes and platelet aggregation and transudation.
The leading role in chemotaxis belongs to interleukin-8, the
main source of which is the gastric epithelium. Adhesion
causes in epitheliocytes reorganization of actin cytoskeleton
and increases the expression of the gene encoding
interleukin-8, and then triggers the inflammatory cascade
with the secretion of various cytokines [33, 39, 41]. In addition
to direct bacterial stimulation of the epithelial production of
interleukin-8, its expression is enhanced by the factor of
tumor necrosis and interleukin-1, which are produced by
macrophages and leukocytes, which migrate to the sites of
colonization [25, 29]. Avicious circle with a long active process
is created. The data we receive are in agreement with the
data of N. Tegtmeyer et al. [34], which also revealed the
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association of CagA + strains infection of the H. pylori with
CG activity, due to the ability to directly stimulate the secretion
of the epithelium of interleukin-8, with almost exclusively
strains of type 1 (CagA +, VacA +) [34] and do not coincide
with the data given by Y. Yamaoka in 1999 [40], which did not
establish a significant difference in the relationship between
the activity of inflammation with the colonization in different
types of H. pylori infection.

It should be noted that most studies have shown that
with the presence of H. pylori in the cytotoxin-associated
gene, the relative risk of these diseases increases by 2-3
times, and some authors point to an increased risk of
developing gastric cancer in CagA + H. pylori infection in
28.4 times [35, 37, 38]. The cellular composition of
inflammatory infiltrates of GM is undergoing significant
changes in the H. pylori infection, which are more non-specific,
and in terms of prediction regarding the risk of pre-cancerous
development, should be interpreted in conjunction with other
factors and indicators involved in the pathogenesis of
dysplastic changes in SOS. In our study, the degree of
colonization, as a rule, corresponded to the stage of activity,
as in cases of CNG, and in patients with CAG, which
coincides with the data [8, 12].

By initiating damage, H. pylori causes chronic
inflammation in GM. This inflammation is mediated by
multitude pro- and anti-inflammatory cytokines. Genetic
polymorphism directly influences changes in the intensity of
the cytokine response, which causes definitive clinical effects
in humans [35]. Clinical and morphological manifestations
of helicobacter infection depend on genetic factors of
pathogenicity of the microorganism and genetic
predisposition of the infected organism.
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POIb CagA 'EHA Y BUHUKHEHHI 3AMANBbHOI BIANOBIAI CTM30BOI OEONTOHKU LLUMYHKY Y XBOPUX HA XPOHIYHUIA

HELICOBACTER PYLORI-ACOLIINOBAHU TACTPUT
BepHuzopodcbkkuli C.B., Cyxanb [.C.

B menepiwHiti yac iHgbekuis Helicobacter pylori (H. pylori) ausHaHa 0OHUM i3 Haligaxxnuesilux ¢hakmopie pu3uKy 2acmpoKkaHUuepo2eHesy.
Bidomo, wo OaHa iHgpeKuyisi He suknukae be3rnocepedHbO HeonnacmuyHi 3MiHU 8 crlu308ili 060MOHYi WiyHKY, a 8i0bysaembcs ue
8Hacridok psidy nocnidosHux rnodili 3a paxyHoK mpuearsioi nepcucmeHuii 36ydHuka 8 opaaHismi noduHu. lNoyamkosum emarnom daHO20
Kackaly, be3ymMosHoO, € 3arnanbHa 6i0rnosiob, sika obymoeneHa 30amHicmio opaaHiaMy adanmysamucsi 00 CIMOPOHHLOI iHGheKyii ma €
HeMUHy4umM pe3syrnbmamom 83aemolii H. pylori 3 knimuHamu wityHKo8020 erimenito. Lled nowkodxyoduli npsamull eghekm rnocumoemscsi
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npodyKuieto 8aKyoi3yrn4020 UUMOMOKCUHY U 8U8ibHeHHSIM MPpodyKmie UumomoKCcUH-acouiliogaHozo 2eHa CagA, wo Ha
namomop@hor102iYHOMY pieHi MPOsIBIAEMbCS 3arnanbHoro iHginbmpauieto criuzoeoi obomnoHku wiyHKy (COLL) moeo Yu iHwoao cmyneHs.
Lljodo 38'A3Ky Mix cmyrneHeM obciMeHiHHSI (KoHmMamiHauii) ma akmusHocmi 3ananeHHss COLL y noded, iHgikosaHux wmamom CagA,
Ha cb0200HI iCHyromb Pi3Hi, Yacmo cyrnepednusi OyMKuU, 0OCb YOMY 8 OaHili pobomi Mu nocmasusnu 3a Memy 6CmMaHO81eHHs1 83aEMO038'A3KYy
MK Xxapakmepom 3arnasnbHoi 8idnoeidi ma HasisHocmi 2eHy CagA y H. pylori-iHgbikogsaHux xeopux. Mema docridxeHHs - 8CmaHO8eHHS
83aEMO38'A3Ky M xapakmepoM 3arnarnbHoi 8idnoeidi ma eeHemuyHUXmMu ocobrueocmamu wmamy H. pylori (HaseHocmi eeHomuny
CagA). Hamu 6yno obcmexeHo 365 nauieHmis, ceped sikux 00 KOHMPOsbHOI epynu yeitwnu 40 ocib (18 xiHo4yoi ma 22 4onosidorl
cmami, cepedHil 8ik sKux cmaHosus 45,33+15,46 ma 42,82+12,31 pokis, 8idrnoeioHo) be3 HasisHocmi 6yOb-sKoi 2acmpoeHmepoioaidHol
rnamorogii 8 aHaMHe3l, X80pux Ha XPOHIYHUL HeampoghiyHUl eacmpum (188 ocib) ma xpoHidyHulti ampogpiyHult eacmpum (137 ocib).
BcmaHoeneHut, micHul 38'a30K Mix HasigeHicmio eeHy CagA, akmusHIicmio ma cmyrneHeM KoHmamiHauii 01151 XpoHiHHO020 HeampogiyHO20
2acmpumy: 051 HU3bKO20 cmyrneHsi KoHmamiHauii moyHul kpumepiti @iwepa cmaHosus =0,002, p<0,05, 0ns1 NOMipHO20 cMymneHs -
0,012, p<0,05, dns1 sucokozo cmyneHrs - 0,012, p<0,05. BidnoeidHo, npu xpoHiHHOMY ampoghidHOMY 2acmpumi: 071 HU3bKO20 CMYneHsi
KoHmamiHaujii moyHut kpumepit @iwepa =0,011, p<0,05, dns nomipHozo cmyneHs - 0,003, p<0,05, dnsa sucokoeo cmyneHsi - 0,001,
p<0,05. 3apeecmposaHuli makox micHUl 38'A30K MiX cmyrneHeM KoHmamiHauil ma akmueHicmio xpoHiyHoeo 2acmpumy (XI): y
X80PUX 3 BUCOKUM cmyreHeM KOHmamiHauii eusiensinu, sik rnpasusno, 2-3 cmadito akmueHocmi XI. Y Hawomy OocridxeHHi 3ananbHa
8i0rosiob 3anexana eid HasseHocmi, abo eidcymHocmi y nayieHma wmamy H. pylori, wio micmue 2eHomun CagA, kompul, Ha Hawy
OyMKy, 3aliMae KIro4o8y porsib y 3arycKy kackada 3ananbHux 3miH COLL ma npoepecysaHHi XpOHiHHO20 2acmpumy.

KntouoBi cnoBa: Helicobacter pylori, CagA, xpoHidHul 2acmpum, MOp@OIo2iyHi 3MiHU.

POJb CagA FrEHA B BO3HUKHOBEHUU BOCMANUTENBHOIO OTBETA CITU3UCTON OBONTOYKU XXENYOKA Y BOJNbHbIX
XPOHUYECKUM HELICOBACTER PYLORI-ACCOLIMUPOBAHHbLIM TACTPUTOM

BepHuzopodckutii C.B., CyxaHb [.C.

B Hacmosuwjee spemsi uHgbekyusi Helicobacter pylori (H. pylori) npusHaHa 00HUM U3 8axHelwux ¢hakmopos pucka eacmpoKaHyepozeHesa.
U3eecmHo, Ymo OaHHasi UHGheKUUsI He 8bl3bleaem HernocpedCcmeeHHO Heornnacmudyeckue UusMeHeHuUs1 8 criu3ucmoli oboroyke xernyoka,
a rpoucxodum smo ecrnedcmeue psida nocredosameribHbix cObbimuli 3a c4em 0numersibHoU nepcucmeHyuu 8036youmersi 8 op2aHu3me
yenoeeka. HayanbHbiM amarnom daHHO20 Kackada, 6e3yCcriogHO, sierisemcsi gocrnanumeribHbili omeem, Komopbil obycrosneH
CrocobHoCmMbIo opeaHu3Ma adarnmupo8ambCsi K MOCMOPOHHeU UHGheKUUU U 51851iemcesi Heu3bexHbIM pe3yibmamom e3aumodelicmeust
H. pylori c knemkamu xesrydo4yHo20 anumernus. 3mom rnospexdarowuli MpsiMoul aghghekm ycunueaemcsi npodykyuel 8aKyonusupyrueao
UUMOMOKCUHa U 8b1c8000XAeHUeM rpodyKmos LUMmMomOKCUH-accoyuuposaHHo20 eeHa CagA, 4mo Ha nramomMopghorio2u4ecKoM yposHe
nposiensemcsi gocranumesnbHoOU uHgubmpayuel crusucmot obonoyku xenydka (COXX) mod unu uHolu cmeneHu. 1o ces3u mMexoy
cmeneHbio obcemeHeHuUs1 (KoHmMaMmuHauyuu) u akmusHocmu eocnaneHuss COXX y nwodel, uHguyuposaHHbix wmammom CagA, Ha
cee00HsAAWHUL OeHb cyuwjecmeyrom pasfuyHble, 4acmo npomueopeyusble MHEHUS, 8om rnoYyemy 8 OaHHolU pabome Mbl nocmasusnu
uenb ycmaHO8/IeHUs1 83aUMOCB8S3U Mex0y XxapakmepoMm eocrnanumenibHo20 omeema u Hanuduem eeHa CagA y H. Pylori-
UHGUUUpo8aHHbIX 60nbHbIX. Llenb uccnedosaHusi - ycmaHoeeHue 83auMoces3u Mex0y XapakmepoMm eocranumesibHo20 omeema u
2eHemu4yeckumu ocobeHHocmsaumu wmamma H. pylori (Hanu4usi zeHomuna CagA). Hamu 6biri0 ob6cnedosaHo 365 nayueHmos, cpedu
KOmMOpbIX 8 KOHMPOIbHY0 2pyriny eowsnu 40 yenosek (18 xeHckoeo u 22 My>CcKoz20 rnosna, cpedHUl 803pacm KOmMOopbIX COCMassisis
45,33+15,46 u 42,82+12,31 nem coomeemcmeeHHO0) 6e3 Hanu4usi Kakol-nubo eacmposHmeporioeudeckol namosoauu 8 aHamHese,
6011bHBIX XPOHUYECKUM Heampoguyeckum eacmpumom (188 yenoeek) u xpoHuvyeckum ampogpuyeckum eacmpumom (137 yenoeek).
YcmaHoeneHa mecHasi c8si3b Mex0y Hanu4dyuem 2eHa CagA, akmueHOCMbIO U CmereHb KOHmaMuHauuu Os XpOHUYECKO20
Heampoguyecko2o 2acmpuma: Ot HU3KOU cmerneHu KOHmamuHayuu moYHbIil kpumepul ®@uwepa cocmaensn 0,002, p<0,05, dns
ymepeHHol cmeneHu - 0,012, p<0,05, dns1 ebicokoli cmeneHu - 0,012, p<0,05. CoomeemcmeeHHO, npu XpOHUYECKOM ampoguyecKkom
eacmpume: 01 HU3KolU cmerneHu obceMeHeHUs moYHbIl Kpumepul @uwepa 6bin paseH 0,011, p<0,05, 0ns ymepeHHOU cmerneHu -
0,003, p<0,05, dns ebicokoli cmeneHu - 0,001, p<0,05. 3apeaucmpupogaHa makxxe mecHasi c8s3b MEX0y CMeneHb KOHMamuHauyuu
U aKmugsHOCMbI0 XpoHuYeckoz2o eacmpuma (XI): mak y 605bHbIX C 8bICOKOU CmMeneHbo KOHmMaMuHauyuu ornpedessanu, KaK rnpasuso, 2-
3 cmaduro akmusHocmu XI. B Hawem uccnedosaHuu gocrnanumesibHbIl 0meem 3agucesl 0m Hanauyusi unu omecymemeus y nayueHma
wmamma H. pylori, codepxawuli eeHomun CagA, Komopblil, 1o HaweMy MHEeHUI, 3aHUMaem KI1o4yeayro posib 8 3arycke Kackada
socranumernbHbix usdmeHeHul COXX u npozspeccuposaHUU XpOHUYECKO20 2acmpuma.

KnioueBble cnoBa: Helicobacter pylori, CagA, xpoHudyeckuli eacmpum, MOpghoIoeu4ecKUe U3MEHEHUS.
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Ethnic, sexual and age features of the incisors positions point to the need for the
development of techniques that allow to determine their individual characteristics,
since commonly accepted standards recommended for optimal positioning of incisors
can only be used as indicative. The purpose of the study - by studying
teleroentgenographic indices and conducting direct stepwise regression analysis in
young men and young women of Ukraine with orthognathic bite, to develop and analyze
the mathematical models of individual characteristics of the position of the lower medial
incisors. With the Veraviewepocs 3D device, Morita (Japan) in 38 young men (17 to 21
years of age) and 55 young women (aged from 16 to 20 years) with occlusion close to
orthognathic bite and balanced faces received side teleroentgenograms. Cephalometric
analysis was performed using OnyxCeph®™ software. Cephalometric points and
measurements were performed according to the recommendations of A.M. Schwarz,
J. McNamara, W.B. Downs, R.A. Holdway, P.F. Schmuth, C.C. Steiner and C.H. Tweed.
According to the above methods, in the licensed package "Statistica 6.0" using direct
straight line regression analysis, the teleroentgenographic characteristics of the position
of the lower medial incisors (distance 1|_NB, distance 1/_APog, angle 1_DOP, IMPA
angle, Mand1_NB angle, FMIA angle and Mand1_Melm angle) were performed. In
young men with orthognathic bite of 7 possible models of teleroentgenographic
characteristics of the lower medial incisors, 5 were constructed with determination
coefficient R? from 0.694 to 0.849, and in young women, all 7 possible models with
determination coefficient R? from 0.595 to 0.794. In young men most often the regression
equations included - the angle ANB and facial vertical index GL_SN_S (by 11.5%);
lower face height ANS_ME, face angle NBA_PTGN and distance S_E (by 7.7%). In
young women most often the regression equations included - the angle of N_POG
(16.7%); Wits indicator (13.9%); inclination angle 1 (8.3%),; H-angle, maxillo-mandibular
angle MM and angle of facial axis NBA_PTGN (by 5.6%). Thus, in the work with the
help of the method of stepwise regression with inclusion, among Ukrainians of juvenileage,
on the basis of features teleroentgenographic indicators, the analysis of reliable models
of individual teleroentgenographic characteristics of the position of the lower medial
incisors was developed and carried out.

Keywords: lower medial incisors position, teleroentgenographic, regression analysis,
orthognathic bite, young men, young women.

Introduction

Determination of the position of the lower incisors in
the sagittal plane is one of the key positions in the
diagnosis, planning and control of treatment of dental
ankles [9, 25]. First of all, because together with the upper
incisors, in addition to the function of biting, they also play
an aesthetic function. Their position provides the formation

of a soft profile of the lower third of the face. The position of
the incisors in the sagittal plane (inclination), the position
of the lips and the chin morphology play a key role in the
evaluation and perception of the results of orthodontic
treatment from the position of aesthetics, both doctors and
patients themselves [16].

© 2018 National Pirogov Memorial Medical University, Vinnytsya
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To objectivize the determination of the position of the
lower incisors, the researchers studied the location of the
central axes and the position of the cutting edge and the
vestibular (lip) surface to different cephalometric planes [8,
24, 26-28, 30]. But the use of unified standards is criticized
by many researchers, proving the variability of these
indicators. So E. Hernandez-Sayago et al. [14] determined
the presence of a statistically significant difference in the
inclination of the lower incisors in relation to the length of the
anterior base of the skull, the angle of McHorris, the closure
and mandibular planes, and offer a differentiated approach
that determines the inclination of incisors, depending on
the nature of the bite and the face type.

R. MoraHurtado, M.E. VeraSerna and E. Uribe-Querol
[25] point to the importance of choosing an orthodontic device
that affects the position of the lower incisors, depending on
the type of patient's face. Namely, their study in individuals
with normognatic type of closure of molars (class 1 by Engle)
revealed statistically significant differences in the
characteristics of the lower incisors between the
mesocephalic and brachiocephalic types and the increase
in the inclusions of the latter in dolichocephalic compared
with brachycephalic.

A number of studies have found that the position of the
lower incisors is not only closely related to the morphology
of the chin symphysis and the direction of face growth [23],
but also with the features of the closing plane itself [20], as
well as the position of the lower incisors affects the nature of
the closure and the nature of the movement of the dentition
relative to each other [10]. Moreover, M.M. Alabdullah et al. [1]
found a direct linear relationship between the force of
chewing muscles and the angular characteristics of the
incisors.

In addition to its aesthetic and functional significance,
the literature constantly poses questions about the influence
of the position of the lower incisors on the state of periodontal
tissues, that is, the structures that hold and allow the tooth
function to function properly. It is the emergence of a gum
recession and is the most undesirable and potentially
dangerous complication in the orthodontic displacement of
incisors, which is indicated by the study of D. Ciavarella et al.
[2], D.T. Garlock et al. [11], M. Tepedino et al. [29].

The purpose of the study - by studying tele-
roentgenographic indices and conducting direct stepwise
regression analysis in young men and women of Ukraine
with orthognathic bite, to develop and analyze the
mathematical models of individual characteristics of the
position of the lower medial incisors.

Materials and methods

With the Veraviewepocs 3D device, Morita (Japan) in 38
young men (17 to 21 years of age) and 55 young women
(aged from 16 to 20 years) with occlusion close to
orthognathic bite and balanced faces received side
teleroentgenograms. Cephalometric analysis was
performed using OnyxCeph®™ software. Cephalometric

Fig. 1. Teleroentgenographic characteristics position of the lower
medial incisors. 1 -NB_1I (distance 1I_NB), distance from the point
Li1L to the line N-B (determines the anterior-posterior location of
the crown part of the lower medial incisor to the line N-B); 2 -
DOP_1I (angle 11_DOP), formed by the Ap1L-Is1L (center axis of
the lower medial incisor) and ADP-PDP lines (occlusion plane by
Downs, OcPD), measure of deviation from a straight angle with a
positive value in the clockwise direction, with a negative against
the course of the latter; 3 - IMPA (IMPA angle, Incisor Mandibular
Plane Angle) - is formed by lines Ap1L-Is1L (center axis of the
lower medial incisor) and tGo-Me (mandibular plane Mp)
(characterizes the inclination of the lower medial incisor to the
mandibular plane). By Downs method, this indicator for
convenience and more clinical practicality is used at a reduced
size of 90° and can take both negative and positive values, and is
called MEGO_1L; in Schwarz method this figure is called
MAND1_ML (angle Mand1_ML); 4 -MAND1_NB (angle Mand1_NB),
formed by lines Ap1L-Is1L (tilt central axis of the lower medial
incisor) and N-B.
points and measurements were performed according to
the recommendations of A.M. Schwarz [27], J. McNamara
[24], W.B. Downs [8], R.A. Holdway [15], P.F. Schmuth [26],
C.C. Steiner [28] and C.H. Tweed [30]. The analysis of
teleroentgenograms and the results of their researches
for Ukrainian young men and young women is described
in detail and set out in a number of articles [4-7, 12, 13].

We, in accordance with the above-mentioned methods,
simulated the teleroentgenographic characteristics of the
position of the lower medial incisors (Fig. 1, 2).

The statistical processing of the obtained results was
carried out in the license package "Statistica 6.0" using a
direct stepwise regression analysis.

Results

As a result of modeling teleroentgenographic
characteristics of the position of the lower medial incisors
in young men and women with orthognathic bite, depending
on the metric parameters of the skull, we have constructed
linear equations for the following indices.
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Fig. 2. Teleroentgenographic characteristics position of the lower
medial incisors. 1 - APOG_1L (distance 1I_APog) - the distance
from the point Is1L to the line A-Pog (if the distance is medial, that
is, the cutting edge of the incisor is in the front with respect to the
line position, then the indicator takes a positive value, and if the
distance is distal, that is the cutting edge of the incisor is in the
posterior with respect to the line position, then the indicator takes
a negative value); 2 - FMIA (angle FMIA, Frankfort Mandibular
Incisor Angle), formed by the lines Is1L-Ap1L (center axis of the
lower medial incisor) and Po-Or (Frankfurter plane, Fp) (angle of
inclination of the lower median incisor to the Frankfurter plane,
Fp); 3 - MAND1_ME (angle Mand1_Melm) - is formed by lines
Ap1L-Is1L (inclination of the central axis of the lower medial
incisor) and Im-Me (mandibular plane by Schwarz, MPS).

For young men:

FMIA =153.1-1.931 xANB + 0.714 x PN_POG - 0.829 x
NBA_PTGN-0.362xS_E (R?=0.804; F , ., =31.87; p<0.001;
Error of estimate=3.263);

IMPA =108.2-0.518 xARGOME + 0.828 x WITS + 0.893
xS E+0.316 xF +0.564 x N_POG_ +0.213 xAFH_PFH -
0.181 x GL_SN_S (R?=0.848; F )=22.31; p<0.001; Error
of estimate=3.462);

MAND1_ME =175.2 + 0.989 xB - 1.271 x MM - 0.546 x
MAND + 0.243 x GL_SN_S + 0.424 x ANS_ME (R?=0.849;
F(5v30)=33.67; p<0.001; Error of estimate=3.351);

MAND1_NB =30.38 + 1.872xANB-0.221x GL_SN_S +
0.463x COND_A-0.424 xANS_ME (R?=0.694; F , .. =17.58;
p<0.001; Error of estimate=3.295);

NB_1L = 10.56 + 0.792 x ANB - 0.049 x N_SP_SP -
0.350 x MAX + 0.136 x NBA_PTGN + 0.122 x N_SE - 0.082
x H (R2?=0.729; F( )=13.44; p<0.001; Error of
estimate=0.798).

For young women:

APOG_1L =-21.09 + 0.349 x N_POG_ + 0.279 x AFH -
0.144 x GL_SNPOG - 0.242 x S_L + 0.342 x NBA_PTGN -
0.122 x NSBA (R?=0.614; F .,.=12.48; p<0.001; Error of
estimate=1.222);

DOP_1L =95.29 + 1.822 x WITS + 0.838 x N_POG_ +
0.716 x MAX_MAND - 0.964 x SND - 0.396 x POR_GNS

(@.31)

(7.28

(4.31)

6.30

(6.47)

(R?=0.641; F(6_47)=14.00; p<0.001; Error of estimate=4.011);
FMIA =98.34 - 0.351 x MM - 0.279 x N_POG_ + 0.775 x

PN_POG - 0.986 x WITS - 0.815 x PN_A (R?=0.794;

F(5.45)=34.62; p<0.001; Error of estimate=3.652);

IMPA =-48.78 + 1.484 x WITS + 0.599 x NAPOG + 1.390
x1-0.565xP_OR_N+1.010xH-0.727 x ML_NL (R?=0.771;
F(6.44)=24.76; p<0.001; Error of estimate=3.658);

MAND1_ME = 144.2 - 1.677 x WITS + 0.456 x FMA -
0.395 x MM - 0.500 x N_POG_ - 0.326 x | (R?=0.742;
F 545=25.90; p<0.001; Error of estimate=3.679);

MAND1_NB =-76.80 + 0.597 x NAPOG + 1.085 x WITS +
0.669 x| + 0.504 x H + 0.362 x N_POG_ - 0.333 x S_E
(R?2=0.736; F(6_44)=20.50; p<0.001; Error of estimate=3.608);

NB_1L=-7.468 + 0.183 xN_POG_ + 0.157 xANS_ME +
0.163 xA_N_PO (R?=0.595; F , . =24.47; p<0.001; Error of
estimate=1.097).

In these models:

R? - coefficient of determination;

F(!‘”)=!!,!! - critical and got (!,!!) value of Fisher's
criterion;

St. Error of estimate - standard error of the standardized
regression coefficient;

A_N_Po (distance A_N_Pog) - distance from the point
Ato the line N-Pog (the face plane, characterizes the degree
of convexity of the face);

AFH (distance AFH or front height of the face) - distance
from the point Me to the line ANS-PNS;

AFH_PFH (ratio AFH_PFH) - distance ratio from the point
Me to the line ANS-PNS and from the point Ar to the point
tGo (the ratio between the front (AFH) and rear (PFH) face
height);

ANB (angle ANB) - is formed by lines A-N and N-B
(indicates an angular interstitial relation in the anterior-
posterior direction; angle ANB is considered positive if point
A is in front of NB; if the lines NA and NB overlap, then the
ANB angle is 0°; if point A is behind the NB line, then the
angle is considered negative);

ANS_ME (lower face height) - distance from the point
ANS to the point Me;

ARGOME (angle Ar-Go-Me, or the angle of the mandible)
- is formed by lines Ar-tGo and tGo-Me;

B (basal angle) - formed by lines ANS-PNS (palatine
plane SpP) and Im-Me (mandibular plane MPS by Schwarz)
(indicates the angle between the upper and lower jaws);

COND_A (effective length of the upper jaw) - distance
from the point Cond to the point A;

F (face angle or angle F) - formed by lines Se-N and N-
A (determines the location of the anterior contour of the
upper jaw in the jet plane to the base of the skull);

FMA (POr_MeGo) (angle FMA, Frankfort Mandibular
Angle) - formed by lines tGo-Me (mandibular plane Mp)
and Po-Or (Frankfurt plane Ep);

GL_SN_S (index GI'_Sn_Sn_Gn' or facial vertical index)
- distance ratio of GI'-Sn and Sn-Gn' (defines vertical
relationships in the face profile);

GL_SNPOG (angle GI'SnPog' or indicator of convexity

(3.50)

o)

Vol. 24, Ne3, Page 19-25

21



Determination of individual teleroentgenographic characteristics of the lower medial incisors position in Ukrainian...

of the soft tissue profile) - formed by lines GI'-Sn and Sn-
Pog’;

H (H-angle) - formed by lines Po-Or (Frankfurt plane
Fp) and Pn (nasal perpendicular, perpendicular to the line
from the point N' to the line Se-N), defines the angle of the
inclination of the Frankfurt plane to the base of the skull;

| (angle |, inclination angle) - angle formed by line ANS-
PNS and Pn (nasal perpendicular, perpendicular to the
line from the point N' to the line Se-N), angle of inclination
of the upper jaw (spinal plane) to the nasal perpendicular;

MAND (length of the lower jaw) - distance from the
constructive point t{GoS to the constructive point apMandS;

MAX (length of the upper jaw) - distance from the
constructive point apMax to the point PNS;

MAX_MAND (maxillo-mandibular difference) - difference
between distances Cond-A and Cond-Gn;

ML_NL (SpP_GoMe, base angle) - formed by lines ANS-
PNS and tGo-Me (the angle between the palatal SpP and
the mandibular MP planes);

MM (maxillo-mandibular angle) - is formed by lines A-B
and ANS-PNS (defines the angle below which the upper
jaw is located in relation to the lower jaw in the jet plane);

N_POG_ (angle N'Hold_Pog' Hline) - angle between
lines Ls-Pog' (H line, Holdway line) and N'Hold-Pog";

N_SE (distance Se_N or the length of the front of the
skull base by Steiner) - distance from the point Se to the
point N;

N_SP_SP (coefficient N_Sp'_Sp' _Me) - distance ratio
N-Sp' and Sp'-Me (the ratio of the upper and lower height of
the face);

NAPOG (angle of the skeletal face obliquity, or angle
NaPog) - formed by lines N-A and A-Pog;

NBA_PTGN (angle NBa-PtGn or the angle of the front
axle) - formed by lines N-Ba and Pt-Gn (determines the
direction of development of the mandible);

NSBA (angle NSBA) - formed by lines S-N (the front part
of the skull base) and S-Ba;

P_OR_N (soft tissue angle, or angle
P_Or_N'Hold_Pog') - formed by lines Po-Or and N'Hold-
Pog’;

PN_A (distance PN_A) - distance from the point A to the
point PNm (perpendicular line from the point N to the line
Po-Or). If the point A is distal from the nasal perpendicular,
then the indicator takes a negative value, and if the medial
than a positive value;

PN_POG (distance PN_Pog) - distance from the point
Pog to the nose perpendicular PN (perpendicular line from
the point N to the line Po-Or);

POR_GNS (Y-axis or angle POr_GnS) - angle formed
by lines Po-Or and S-Gn (angle of inclination Y-axis relative
to the Frankfurt horizontal);

S_E (distance S_E or the length of the back of the skull
base by Steiner) - distance from the point S to a constructive
point E, which is located at an intersection of the
perpendicular carried out from the point ppCond to the line
S-N;

S_L (distance S_L or the front length of the skull base
by Steiner) - from the point S to a constructive point L, which
is formed at the intersection of the perpendicular carried
out from the point Pog to the line Se-N;

SND (angle SND) - formed by lines S-N and N-D
(indicates the anterior-posterior location of the symphysis
(D - the center of the symphysis ossification) of the lower
jaw to the base of the skull);

WITS (indicator Wits) - distance between constructive
points AOcIP and BOcIP - projections of the corresponding
points A and B on the line apOcP-ppOcP (OcPSt, closing
plane by Steiner), indicates a linear interjaw ratio in the
anterior-posterior direction (if the projection of point A lies
ahead of the projection of point B then the indicator takes a
positive value; if the projection of point A lies behind the
projection of point B then the indicator takes a negative
value).

Discussion

One of the important indicators of the quality of orthodontic
treatment is the stability of the results. Unfortunately, to date,
the search for its solution is still ongoing, as relapses of
tooth-jaw disease in one degree or another occur according
to M.M. Khalil', E.V. Filimonova and M.V. Vologina data in 20%
of cases [17]. Investigation of A. Koniarova et al. [18] indicate
that the number of stable cases is only 16% higher than the
number of relapses with which the statistically proven
connections of some indices of the incisors positions.

Ethnic [19, 22], sexual and age [21] features of the incisors
positions point to the need for the development of techniques
that allow to determine their individual characteristics, since
commonly accepted standards recommended for optimal
positioning of incisors can only be used as indicative [3].

With the help of the step regression method, for Ukrainian
young men and women with orthognathic bite, taking into
account peculiarities of teleroentgenographic indices,
developed reliable models (with a determination coefficient
greater than 0.50) of individual teleroentgenographic
characteristics of the position of the lower medial incisors. It
was found that in young men from 7 possible models, 5
were constructed with determination coefficient R? from 0.694
to 0.849, and in young women - all 7 possible models with
determination coefficient R? from 0.595 to 0.794.

In the analysis of constructed models with a
determination coefficient of greater than 0.50, it was found
that in young men with orthognathic bite most often the
regression equations included - an angle ANB,
parameters of which indicate the angular interjaw ratio in
the anterior-posterior direction and the vertical facial index
GL_SN_S, whose parameters are determined by vertical
correlations in the face profile (by 11.5%); lower face height
ANS_ME, face angle NBA_PTGN, whose parameters
determine the direction of development of the mandible
and the distance S_E, or the length of the back part of the
skull base by Steiner (by 7.7%). In young women with
orthognathic bite most often the models included - the
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angle N_POG (16.7%); the Wits indicator, whose
parameters are determined by the linear interjaw ratio in
the anterior-posterior direction (13.9%); inclination angle
I, whose parameters determine the angle of inclination of
the upper jaw to the nasal perpendicular (8.3%); the H-
angle, whose parameters determine the angle of the
Frankfurt plane to the base of skull, the maxillo-mandibular
angle MM, whose parameters determine the angle at
which the upper jaw is located in relation to the lower jaw
in the sagittal plane, as well as the angle of the face axis
NBA_PTGN, whose parameters determine the direction
development of the mandible (by 5.6%).

The models developed by us allow to develop a computer
program that can automatically calculate the individual
teleroentgenographic characteristics of the position of the
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Class | patients. Inclinacion del incisivo inferior respecto al

BU3HAYEHHA IHOUBIAYANIbHUX TENEPEHTIEHOMPA®IYHUX XAPAKTEPUCTUK MONOXEHHA HUXXHIX NPUCEPEAHIX PI3LIB
Y YKPATHCbKUX IOHAKIB | AIIBYAT I3 OPTOFHATUYHUM MPUKYCOM

Amimpiee M.O., lNyHac I.B., [J3esynbcbka I.B., Mnywak A.A.

Emmniyni, cmamesi ma sikogi ocobriugocmi nonoxeHHs1 pi3yie ekasyombs Ha HeobxiOHicmb po3pobku MemoduK, wo 00380/1S10Mb
8uU3Ha4Yumu ix iHOugiOyarbHi xapakmepucmuKu, OCKIfIbKU 3a2alfibHO npuliHami cmaHlapmu, pekoMeHAo8aHi dnsi onmumarnbHO20
no3uyioHyeaHHs pi3yie, Moxyms 6ymu gukopucmaHi nuwe K opieHmoeHi. Mema 0o0cCniOXeHHS - WIISIXOM 8UBYEHHS
menepeHmaeHoepaghiyHUX NOKa3HUKI8 i npoeedeHHsI MpsiMo20 MOKPOKOBO20 pezpeciliHo2o aHari3dy 8 toHakie i disyam YkpaiHu 3
opmoeHamuy4yHUM MPUKycoM po3pobumu ma nposecmu aHarniz Mamemamu4yHux moodernel iHOugidyarnbHUX XapakKmepuCmUK rOIOXEHHS
HUWXHIX rpucepedHix pisuie. 3a dormomoeoro npucmporo Veraviewepocs 3D, Mopima (SnoHis) y 38 toHakie (gikom 6id 17 0o 21 poky) ma
55 diguam (sikom 8id0 16 0o 20 pokie) 3 okrnto3ieto, HabnuxxeHo 00 opmMoeHamuU4YHo20 MPUKycy ma 3banaHcosaHumu obnuyysmu, 6ynu
ompumaHi 6okosi menepeHmeeHoepamu. LlechanomempuyHul aHania rnpogodunu 3a 00MOMO20t0 MpoepamMHO20 3abe3rnedyeHHs
OnyxCeph®™. LlegharomempuyHi moyku ma eumipu nposodunu 32i0Ho pekomeHdauiti A.M. Schwarz, J. McNamara, W.B. Downs, R.A.
Holdway, P.F. Schmuth, C.C. Steiner ma C.H. Tweed. 32idH0 suujeHasedeHuUx memoduk, 8 niyeH3iliHomy nakemi "Statistica 6,0" 3
8UKOPUCMaHHSM MPSIMO20 MOKPOKOBO20 Pe2peciliHo2o aHarsisy nposedeHo MoOernto8aHHs menepeHmaeHo2papiyHUX Xxapakmepucmuk
MOMIOXEHHST HUXHIX rpucepedHix pisuie (8idcmaHb 11_NB, eidcmarb 11_APog, kym 1I_DOP, kym IMPA, kym Mand1_NB, kym FMIA ma
Kym Mand1_Melm). B roHakie i3 opmoeHamu4yHUM MPUKYycoM i3 7 MOoxnueux modernel meriepeHmeeHoepapiyHUX xapakmepucmuk
MONOXEHHS HUXHIX npucepedHix pisuie mobydosaHo 5 3 koegbiyieHmom demepmiHayii R? 6id 0,694 do 0,849, a y disyam - yci 7
Moxnueux modesnel 3 koedpiuieHmom demepmiHauii R? 6id 0,595 0o 0,794. B roHakie Halibinbw Yyacmo 00 pezpeciliHux pieHSHb
exodunu - Kym ANB ma nuyesuti sepmukanbHuli iHoekc GL_SN_S (o 11,5%); HuxHsi sucoma obnuyyss ANS_ME, kym nuyesoi sici
NBA_PTGN ma sidcmaHb S_E (no 7,7%). Y disyuam Haubinsw yacmo 6o modenel exodunu - kym N_POG (16,7%); noka3zHuk Wits
(13,9%); iHkniHauitiHut kym | (8,3%); H-kym, sepxHbowenenHo-HuxHbowenenHut kym MM ma kym nuyesoi sici NBA_PTGN (o
5,6%). Takum yuHoM, 3a GorromMoeoto MemoOdy MOKPOKOBOI peepecii 3 8KITOYEHHSIM, 8 YKpaiHUie toHaubKo20 8iKy Ha 0CHosi ocobriugocmeli
menepeHmeaeHozpagiyHUX noka3Hukie po3pobreHi ma npoeedeHull aHaniz docmosgipHux modenel iHOugidyanbHUX
mesiepeHmeaeHo2paiyHUX XxapakmepucmuK rOSIOKEeHHST HUXHIX npucepedHix pisuis.

Knro4oBi cnoBa: r1or10xeHHs HUXHIX rpucepeOdHix pisuie, menepeHmeeHoepachisi, peepeciliHuli aHais, opmoaHamu4yHuUl fpuKyc,
toHaKu, dig4ama.

ONPEAENEHUE UHOUBUAYAIbHbIX TENEPEHTIEHOMPA®UYECKUX XAPAKTEPUCTUK NONOXXEHUA HUXKHUX
LLEHTPANbHBbIX PE3LIOB Y YKPAUHCKUX FOHOLUEW U OEBYLLEK C OPTOFHATUYECKUM MPUKYCOM

Amumpuee H.A., lN'yHac U.B., []3esynbckas U.B., Mywak A.A.

OmHuyeckue, nososbie U 803pacmHblie 0COOEHHOCMU OI0XeHUsI pe3yo8 ykasbieaom Ha Heobxodumocmb pa3pabomKku Memoouk,
rnossonsowux onpedenums ux UHOUBUOyasibHble XapakKmepucmuKku, NMOCKObKY obuwenpuHsimele cmaHdapmbl, peKOMeHAO08aHHbIe
Ons1 omuMaribHO20 MO3ULUUOHUPOBaHUS pe3yos, Mo2ym Obimb UCMOIb308aHbI MOMbKO KaKk OpUeHmuUposoYHble. Llenb uccrnedosaHusi
- ymeM u3yyeHusi menepeHmeeHoepaghuveckux rnokasamersnel U nposedeHusi nNPsIMoO2o Nowazo8020 PeepecCcUOHHO20 aHanu3a y
toHowel u OesyweK YKpauHbl C OpmogHamu4yeckuM Mpukycom paspabomamb U rpogecmu aHanu3 mamemamu4yeckux moodenel
UHOUBUOYasbHbIX XapakmepucmuK MOMOXEeHUsT HUXHUX UeHmparbHbix pe3yos. C nomowbto ycmpoticmea Veraviewepocs 3D, Mopuma
(AnonHus) y 38 roHowel (8 so3pacme om 17 0o 21 eoda) u 55 desywek (8 sospacme om 16 do 20 nem) ¢ okkmo3ued, npubnuxeHHoOU
K opmoz2Hamu4eckoMmy rpukycy u cbamaHcupo8aHHbIMU nuyamu, 6binu nony4YeHbl 60Ko8ble menepeHmeeHo2paMmel.
Llecbarnomempuyeckuli aHanu3 npoeodusu ¢ noMowbio rnpospammHo2o obecriedeHusi OnyxCeph®™. Lleghanomempuyeckue moyku u
usmepeHusi npogodunu coenacHo pekomeHOauusm A.M. Schwarz, J. McNamara, W.B. Downs, R.A. Holdway, P.F. Schmuth, C.C.
Steiner u C.H. Tweed. CoenacHo ebiwenpueedeHHbIXx MemoOuK, 8 JIUUEeH3UOHHOM rnakeme "Statistica 6.0" ¢ ucnonb3o8aHueM npsiMo2o
rowaeo8020 peepeccUOHHO20 aHanu3a nposedeHo ModesiuposaHuUe menepeHmaeHoepaghuUYeCcKUX XxapakmepUCMUK MOOXEHUST HUXHUX
ueHmparnbHbiX pe3yos (paccmosiHue 1/_NB, paccmosHue 1/_APog, yeon 1I_DOP, yzon IMPA, yeon Mand1_NB, yeon FMIA u yzon
Mand1_Melm). Y roHowel ¢ opmozaHamu4eCcKuM rpuKycoMm u3 7 803MOXHbIX Moderiell menepeHmaeHoepaghudeckux xapakmepucmuk
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MONIOXEHUST HUXHUX UEHmpParibHbIX Pe3y08 nocmpoeHo 5 ¢ koaghghuyueHmom demepmurHayuu R? om 0,694 do 0,849, a y desywexk - sce
7 803MOXHbIX Modenel ¢ KoaghguyueHmom demepmuHayuu R? om 0,595 0o 0,794. Y roHowel Hauboree yacmo 8 Pe2pecCUOHHbIe
ypasHeHus1 exodunu - yzorn ANB u nuueeol eepmukanbsHbili uHOekc GL_SN_S (no 11,5%); HuxHsAa ebicoma nuuya ANS_ME, yeon
nuyesoli ocu NBA_PTGN u paccmosiHue S_E (no 7,7%). Y desywek Haubonee yacmo 8 modenu exodunu - yeon N_POG (16,7%);
rnokaszamenb Wits (13,9%), uHknuHayuoHHsIl yeon | (8,3%); H-yeon, eepxHeyentocmHol-HUxXHedemocmHoul y2orn MM u yzon nuyesol
ocu NBA_PTGN (no 5,6%). Takum obpa3om, ¢ nomMouwbro Memooda rnowazoeoli pe2peccuu C 8KIMIOYEHUEM, y YKpauHUe8 IoOHOWEeCK020
go3pacma Ha O0CcHoge ocobeHHocmeli menepeHmeaeHoepaghudeckux rnokasamenel paspabomaHbl u rpogedeH aHanu3 00CMOBEPHbIX
moderneli uHOuUBUOyarbHbIX MmesiepeHmaeHoepaghUIecKUxX xapakmepucmuk MOSIOXEeHUS] HUXHUX UeHmparbHbIX pe3yos.

KnioueBble cnoBa: r1o/10)xeHue HUXHUX UeHmparbHbIX pe3yos, menepeHmeaeHoepaghusi, peepeccuoHHbIl aHanu3, opmozHamuyeckul
MPUKYC, toHOWU, Oe8ywKu.
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Nowadays, scientists often define dysbiosis as a condition of a microbial ecological
system, in which there is a simultaneous abnormality of the functions and interaction
mechanisms of its key components: macroorganism and indigenous microbiota
associated with the mucous membranes of cavities and skin. At the same time, obviously,
the basis of all these processes is changes of structural intestinal components that are
caused by qualitative and quantitative changes in the normal microflora. Purpose: to
study the ultrastructural organization of the mucous membrane of the small intestine of
mice after the formation of dysbiosis of the intestine. Outbred white mice in the number
of 40 units (20 - experimental and 20 control) was served as an experimental model.
Antibacterial drugs (ampicillin, metronidazole and gentamicin) are used to form
dysbiosis. The conducted experiments are allowed to establish that the using of
antibacterial drugs in the above-mentioned doses contributes to shortening the length
ofthe microvillus and their reduction (disappearance) in some places, destruction with
subsequent disintegration. According to the results of electronograms analysis, the
assumption was made about stimulating the secretory function of the small intestine
enterocytes by powerful doses of antibacterial drugs. In addition, it was found that the
formation of dysbiotic disorders is accompanied by a defect of the connection between
epithelial cells due to the expansion of the intercellular space and the disappearance
of the dense plate. Research results also indicate that antibiotics that were used in the
experiment can cause development of apoptosis. In addition, it has been shown that, on
the background of the dysbiotic disorders formation, the activation ofimmune processes
is taking place, as evidenced by the appearance of a significant number of Paneth
cells, plasma cells with enlarged tubules, apparently due to their filling with
immunoglobulins, as well as the growth of numbers of luminalis eosinophils and
basophils. The ability of antibiotics to form dysbiotic states with pronounced
cytodestructive disorders in the epithelium of the small intestine with the development
of apoptosis was substantiated; the argument about the immune stimulating effect of
antibiotic induced dysbiosis is argued.

Keywords: antibiotics, dysbiosis, intestine, microbiota, electron microscopy.

Introduction

According to the latest data human intestine contains
about 100 trillion bacteria, 70-80% of which today cannot be
cultivated yet [2, 8, 13]. Nowadays, scientists often consider
the intestinal microbiota as a kind of extracorporeal organ,
which provides vital aspects of human vital activity [2, 6, 22,
23]. Every man is considered to have several hundred of
bacterial species. Among them there are predominantly
Gram-positive Firmicutes (first of all Clostridium,
Enterococcus, Lactobacillus) and Gram-negative ones

Bacteroides. In general, the human microbe is characterized
by pronounced multifunctional activity that provides the vital
functions of the macroorganism. But, at the same time,
according to scientists view the normal microflora differs
and expressed susceptibility, and even, may be a kind of
indicator of adverse effects on the body [25]. The composition
of a normal microflora can be influenced by a number of
factors such as inflammatory bowel disease, psycho-
emotional overload, unfavorable ecological picture, etc. [14,
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24]. However, the effect of chemotherapeutic drugs, especially
with the oral mechanism of administration is thought among
the prior ones. Earlier, a violation of the quantitative and
qualitative composition of the normal intestinal microflora
was called dysbiosis. Although, the term "dysbiosis", was
proposed was proposed by A. Nissle in 1916, and was
associated with fungal and fermentative intestinal dyspepsia,
had been caused by a decrease in the concentration of the
Escherichia coli in the intestine. For sure, this term does not
correspond to modern postulates about the nature of
violations in human microbiocenosis, because it is limited
to the statement of changes exclusively to the bacterial
component of the intestinal consortium [21].

Because of this, the term "dysbiosis" is more often used
today. This one more in detail characterizes the microbial
ecology and, in particular, indicates that in the case of
dysbiosis disturbances, the ratio between different
representatives of microbial world (bacteria, fungi, viruses,
protozoa) changed, the latter is accompanied changes in
their biological properties and mechanisms of interaction
with macroorganism [15, 17].

Nowadays, scientists most often identify dysbiosis as a
condition of a microbial ecological system, in which there is
a simultaneous violation of the functions and mechanisms
of interaction of its key components: macroorganism and
indigenous microbiota associated with the mucous
membranes of the cavities and skin [4, 11, 17].

At the same time, obviously, changes in the structural
components of the intestine, which are caused by qualitative
and quantitative changes of normobiota are the basis of all
these processes. It is important that the intestinal microflora
of a person does not differ much from the intestinal microflora
of other mammals, which facilitates the methodology of its
study. [11, 12].

The aim - to study the ultrastructural organization of the
mucous membrane of the small intestine of mice after the
formation of dysbiosis of the intestine.

Materials and methods

As experimental model there were used 40 laboratory
white mice (20 - experimental and 20 - control ones). These
animals were kept in accordance with "Standard rules on
the ordering, equipping and maintenance of experimental
biological clinics (vivarium)". All animal experiments
complied with the ARRIVE guidelines and were carried out
in accordance with the general ethical principles of
experiments on animals, adopted by the First National
Congress of Ukraine on Bioethics (Kyiv, 2001), Law of
Ukraine No. 3447-1V of February 21, 2006 "On the Protection
of Animals from Cruel Treatment" and associated guidelines,
EU Directive 2010/63/EU for animal experiments, certified
by the Ethics Commission of Bogomolets National Medical
University (protocol No. 65 of October 3, 2012) [1].

For the formation of dysbiotic states there were used
antibacterial drugs, daily doses of which were for ampicillin
and metronidazole 10 mg, for gentamicin 2.9 mg [3]. Animals

were injected intragastrically using a tuberculin syringe with
a needle with thickening at the end. Simultaneously with the
drinking water, the specified antibiotics were added (1 g of
ampicillin, 1 g of metronidazole and 290 mg of gentamicin
per 1000 ml of water). The selection of feces and the
administration of antibiotic solutions to animals were
repeated for 5 days, with a daily determination of the total
number of fecal microflora and its individual representatives
(Escherichia, Bifidobacteria, Lactobacilli).

The animals were killed on the six day of the experiment
for the purpose of pathology section examination. For the
electron microscopic examination small pieces of small
intestine of 1 mm3 in size were prepared. The specimens of
intestine were prior fixed with a buffer solution of
glutaraldehyde fixation for 1 hour, and then, after washing
with a buffer, they were finished with 1% osmium tetroxide
solution for 1 hour.

After dehydration in ethanol of increasing concentration
and acetone, the material was poured into a mixture of epoxy
resins (epon and araldite) and polymerized at +60°C for 36
hours. Cutting-up the samples were obtained using glass
knives on ultra-microcrystal "LKB Ill, Sweden" and
investigated in electron microscopes Jeol JEM 100 CX I
(Japan) and PEM-125 (Ukraine). Before microscopy, the
sections were contrasted with uranyl acetate and lead citrate
according to the standard procedure [9, 20].

Results

The method used to simulate dysbiosis allowed us to
obtain qualitative and quantitative disturbances in the
composition of normal intestinal microflora of animals, which
were confirmed bacteriologically. In a result of our experiments
there was found that after the use of antibacterial drugs at the
above doses, a visual shortening of the length of the microvilli
was observed, and in places reduction (disappearance) or
degradation with subsequent disintegration (Fig. 1, 2)
compared with the control (Fig. 3). In this case, the total
desquamation of microvilli was also often noted; in such
cells, the brush border was absent, the plasma membrane

J 3 4 ‘&\b f..-. 2 ..;
Fig. 1. Electronic microphotography. Local reduction of the brush

border of enterocytes of the small intestine of the mouse with
antibiotic induced dysbiosis. x4200.
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Fig. 2. Eletrnic microhotograp. Desqamatd microvilli. x20.
1 - autophagosome; 2 - microvilli; 3 - mitochondria.
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Fig. 3. Electronic microphotoraphy. Brush border of enterocytes
of the small intestine of the mouse. Control. x4200.

Fig. 4. Electronic microphotography: a) the onset of apoptosis of
enterocytes of the small intestine (1); b) prolonged apoptosis of
enterocytes of the small intestine. The death of enterocytes (1);
lymphocytes between enterocytes (2); enterocytes (3). x4200.

" VIS e el 23
Fi. 6. Electronic n;ich)pHotoraphy. Lamina propria of mucous
membrane. Plasmocytes (1). Expanded tubules of plasmocytes
(2). x4200.

was smoothed, and in the enterocytes the edema of the
mitochondria and the formation of autophagosoms were
noted.

The clarification of the matrix of the cytoplasm, which
indicated an insignificant edema was determined. At the
same time, the locking lamina of the contacts was
considerably thinned - as a result of which the expansion of
contacts between the cells was observed.

We have found that the formation of dysbiotic disorders
is accompanied by a violation of the relationship between
epithelial cells due to the expansion of the intercellular space.
The results of the studies also indicate the ability of the
antibiotics, have been used in the experiment, to induce
apoptosis: the cells were displaced to the basement
membrane, they were densified, especially in the cytoplasm,
there were no nuclei already visualized in electronogram, all
organelles and predecessors of apoptosis were condensed
and displaced to the basement membrane with subsequent
exclusion from a number of epithelial cells (Figures 4a-b).
The conducted experiments also allowed to establish, that
activation of immune processes took place against the
background of the formation of dysbiotic disorders, as
evidenced by the appearance of a significant number of
Paneth cells (Fig. 5). A significant response from the immune
system was also proved by the presence of a significant
number of plasma cells. In some electronic micro-
photographs, the expansion of the tubule cells of the plasma
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capillary (1) with characteristic longitudinal beads with core (2). x42

: -

Fig. 8. Electronic microphotography. Lamina propria of the mucous
membrane of the small intestine. Enlightenment of the capillary (1),
which contains B-lymphocyte (2). x4200.

cells was clearly traceable, apparently due to their filling with
immunoglobulins (Fig. 6). In addition, the analysis of
electronic microphotographs showed that in the case of
antibiotic induced dysbiosis, the number of educational
eosinophils and basophils increased (Fig. 7).

These cells were like indicators of allergic reactions
because of their direct involvement in the protective allergic
and anaphylactic reactions of the body. An increase in the
number of B-lymphocytes between enterocytes and in the
lumen of capillaries was evidenced by the formation of the
immune response (Fig. 8).

Discussion

Normal microflora of the human body is represented by
an extraordinary qualitative and quantitative diversity of
microorganisms. The microbiota of the intestine, as one of
the most numerous biotops in the body, is the consortium of
microorganisms, been very sensitive to many factors [2, 7,
10, 23]. There is an assumption that dysbiosis, or a violation
of the quantitative and qualitative composition of the normal
intestinal microflora, leads to violations of the microbial
ecological system, functions, mechanisms of interaction of
the macroorganism and indigenous microbiota, and
changes in the structural components of the intestine. The

scientific interest is the in-depth study of the ultrastructural
organization of the mucous membrane of the small intestine
under conditions of dysbiotic changes [4, 16].

According to the data of bacteriological analysis there
was proved, that modeling of dysbiosis allowed to obtain
qualitative and quantitative violations of the composition of
normal intestinal microflora of experimental animals.
Obviously, the oral administration of antibacterial drugs can
contribute to the development of functional disorders in the
intestine, which are already manifested at the ultrastructure
level. According to the researchers' reports the effect of
dysbiotic disturbances on the suction and secretory activity
of the small intestine with destructive changes in columnar
enterocytes with a rim was known [18]. The cytoplasmic
matrix, which was registered in the study, showed a slight
edema. At the same time, there was observed the
considerably thinned locking lamina gut, that resulted in the
expansion of the contacts between the enterocytes.

According to a various studies, the ability of some drugs,
including acetaminophen, has been shown to cause
dysbiotic disturbances in animals. Electronic microscopy
picture characterises these violations as one accompanied
by structural changes in stem cells, namely, hypertrophy of
mitochondria, which manifests itself as a clarification of the
matrix and reduction of crypt [5]. In the formation of antibiotic
induced dysbiosis in mice such changes were not registered.
The formation of dysbiotic disorders was established to be
accompanied by a violation of the relationship between
epithelial cells due to the expansion of the intercellular space.
In our study, the emergence of a significant number of Paneth
cells in the background of the formation of dysbiotic violations
was found to indicate the activation of immune processes.
Recent studies have proved the important role of these cells
in the regulation of intestinal homeostasis, and identified
Paneth cells as an important component of the protective
mechanisms of congenital immunity [5, 6].

The prospect of further research is the in-depth study of
mechanisms stimulating the influence of antibiotic-induced
dysbiosis on local immune reactivity.

Conclusions

1. The ability of antibacterial drugs to form dysbiotic states
in animals accompanied by marked cytodestructive disorders
in the small intestine epithelium, namely, the shortening and
desquamation of microvilli, edema of mitochondria,
cytoplasmic matrix enlightenment, the violation of the
relationship between epithelial cells and the development of
apoptosis, have been substantiated experimentally.

2. An argumentative assumption has been made about
the stimulating effect of antibiotic induced dysbiosis on the
activation of immune defense reactions. This has been
confirmed by the growth in the number of Paneth cells,
plasma cells filled with immunoglobulins, educational
eosinophils and basophils, as well as an increase in the
number of B-lymphocytes that are recorded between
enterocytes and the lumen of the capillaries.
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OCOBNMNBOCTI CTPYKTYPHO-MOP®OJIOIN4YHUX 3MIH NPU EKCNEPUMEHTAJTIbHOMY AHTUBIOTUKOIHOAYKOBAHOMY

AONCBIO3I KALWKIBHUKA

Bo6up B.B., MoHssmoecbkkuii B.A., Yo6omap A.[l., CmeuyeHko J1.0., Kpueoweeea O.l., Hazap4yyk O.A., KoeaneHko O.0.

Cb0200Hi 84eHi Hallyacmiwe su3Hadatomb OUCbio3u K makuli cmaH MIKPOOHOI eKornoziyHoi cucmemu, npu sIKOMy criocmepieacmbscsi
o0HoyacHe nopyweHHs1 hyHKUil ma mexaHiamie 83aemodil ii Kroyo8ux KOMMOHEHMIB: MakKpoopaaHiaMy ma iHOu2eHHOI Mikpobiomu,
acoujitiogaHoi 3i ciu3o08uMu 060/10HKaMu MOPOXHUH ma WKIPHUX roKpueie. Pa3om i3 mum, o4e8udHO, 8 OCHO8I 8CIX UUX rpouyecis
niexams 3MiHU CMPYKMYPHUX KOMIOHEHMI8 KUWKIBHUKA, SKi 8UK/IUKaHI SKICHUMU ma KifbKiCHUMU 3MiHamu Hopmogropu. Mema
pobomu - susduMU ynbmpacmpyKmypHy opaaHi3auito ¢/iu3080i 060/10HKU MOHKOI KUWKU muwed nicrss ¢hopMyeaHHs1 OucbiomuyHUX
cmaHie KuwkigHuka. ExcrniepumermarnsHor modennto cryaysanu 6e3nopodHi 6ini muwi y kinbkocmi 40 oduHuyp (20 docnidHux ma 20
KOHmponbHux). Ansi ¢popmyeaHHs OucbiomuyHux cmaHie sukopucmaHo aHmubakmepianbHi npenapamu (amniyunid, MempoHidason
ma 2eHmamiyuH). lNposedeHi ekcriepumeHmu 00380/UIU 8CMAHOBUMU, WO BUKOPUCMAaHHS aHmubakmepianbHUX npenapamie y
suuje3asHadyeHux 003ax Cripusie 8KOPOYEHHIO OOBXKUHU MIKPOBOPCUHOK ma Micusimu ix pedykuii (3HUKHEeHHS1), decmpyKuii i3 modanbuium
posnadom. 3a pe3ynbmamamu aHari3y efiekmpoHozpam 3pobrieHo npuMyueHHs Mpo CMUMYyrsuio cekpemopHoi hyHKUiT eHmepoyumis
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MOHKOI KUWKU nomyxHuUmu dosamu aHmubakmepianbHUX fpenapamie. BcmaHoeneHo, wo opmysaHHs OucbiomuyHUX MopyueHb
Cyrnpo8oOXyembCS MOPYWEHHAM 38'A3Ky MiX enimernianbHUMU KimMuHaMmu 3a paxyHOK PO3WUPEHHS MKKITIMUHHO20 rnpocmopy i
3HUKHEHHSIM WifbHOI nnacmuHku. Pe3ynbmamu docnidxeHb makox ceid4amb rpo 30amHicmb 8UKOpUCMaHUX 8 eKcriepuMeHmi
aHmubiomukig sukmukamu po3gumok arnonmo3y. [TokasaHo, wjo Ha ¢hoHi ghopMmysaHHs ducbiomuyHUX MopyweHb 8idbysaembcs
akmuseisauisi iMyHHUX fipouecis, npo wWo ceid4umsb rosiea 3Ha4HoI Kirlbkocmi KrimuH lNaHema, nnasmamuyHuX KAimuH 3 po3wupeHuMu
KaHanbUysmMu, 04egUOHO, 3a paxyHOK iIX Haro8HeHHSI iMyHo2mobyniHaMu, a makoX 3pOCmaHHs KirlbKOcmi npoceimHuUx eo3uHoinig i
6asoqinie. Takum YuHOM, obrpyHmoeaHa 30amHicmb aHmubiomukie ¢popmysamu OucbioMuUYHi cmaHu 3 gupaxXxeHuUmu
yumMoOecCmpPyKMUBHUMU OPYWEHHAMU 8 ernimenii MOHKOI KUWKU 3 pO38UMKOM arornmosy; ap2yMeHmo8aHo MpumnyuweHHs rnpo
iMyHOCmuMmy-noro4ul 8nue aHmMubiomukoiHOyKkoeaHo20 Oucbiosy.

KnrouoBi cnoBa: aHmubiomuku, Oucbio3, KUWKI8HUK, MiKkpobioma, eneKmpoHHO-MIKPOCKOMIYHE OOCITIOXEHHS.

OCOBEHHOCTU CTPYKTYPHO-MOP®OJTIOMMYECKUX USMEHEHU MPU 9KCMEPUMEHTANIBHOM
AHTMBMOTUKONHAYLIMPOBAHHOM AUCBUO3E KULLEYHUKA

Bobups B.B., MMoHnssmoeckutii B.A., Yo6omap A.fl., CmeyeHko JI.A., Kpueoweeea O.U., Hazapuyk A.A., KoeaneHko A.O.
Cez200Hs y4yeHble Yauwe ecez2o onpedesnsitom Aucbuo3bl Kak makoe COCmosiHUe MUKPOBHOU 3Konoa2u4eckol cucmeMsbl, rpu Komopom
Habntodaemcsi 00HO8PEMEHHOE HapyueHUe ByHKUUU U MexaHU3MOo8 83auMo0eliCmeausi ee KIto4YesbiX KOMIOHEeHMO8. MakpoopaaHu3Ma
u uHOU2eHHoOU MUKpobuomsbl, accoyuuposaHHol co cnuaucmsiMu 0b0s104YKamu nosocmeli U KOXHbIX MMOKpogos. Bmecme ¢ mew,
04e8UBGHO, 8 OCHOBE 8CEX IMUX MPOUECCO8 SIeXam USMEHEeHUs1 CMPYyKMYpPHbIX KOMIOHEHIMO08 KUWeEeYHUKa, 8bI38aHHbIe Ka4eCmeeHHbIMU
U KO/TU4eCmMeEeHHbIMU U3MEHEHUSIMU HOpMOghriopbl. Liers pabomsl - usy4ums yiibmpacmpyKmypHyo op2aHu3ayuro crnu3ucmou ob0o104ku
MOHKOU KUWKU Mbiwel rnocrie ¢opmMuposaHuss ducbuomuyeckux COCMOSIHUL KUWeYyHUKa. JKcrepumMeHmarnsHOU MOOerbio CriyXumu
6ecriopodHbie b6enble mbiwu 8 Konuyecmee 40 eduHuy, (20 uccredosamernbckux u 20 KOHMPOsbHbIX). Ons ¢popmuposaHus
ducbuomuyecKux cocmosiHUli Ucrosb308aHbl aHmubakmepuasbHble rnpenapamsbl (aMnuyuIIuH, MempoHU0asoa U 2eHmamuyuH,).
lNposedeHHble aKcrepuMeHmbl MO38OMUMU yCMaHO8UMb, YMO UCMOb308aHUe aHmubakmepuarnbHbIX penapamos 8 ebilueyKa3aHHbIX
do3ax criocobcmeyem yKopoYeHUto OUHbI MUKPOBOPCUHOK U Mecmamu ux pedyKyuu (UcHe3HO8eHUIo), 0ecmpyKuyuu ¢ rnocriedyouum
pacnadom. Mo pe3aynbmamam aHanu3a 371eKMPOHHHbLIX MUKpoghomoepachuli cdennaHo npedrnonoxeHue 0 CmuMynsayuu cekpemopHoU
YHKUUU 3HMepOoyumos8 MOHKO20 KUWeYHUKa MOWHbIMU 003aMu aHmubakmepuarnbHbix rnpenapamos. Kpome moego, ycmaHOoeseHo,
4mo popmuposaHue Oucbuomuyeckux HapyuleHul cornpogoxoaemcsi HapyuweHUeM c8s3u MexOy arumenuanbHbIMU Kriemkamu 3a
cyem paclupeHuUsi MeXKIIemoYHo20 npocmpaHcmea U Uucye3HoseHUeM naomHol niacmuHKu. Pe3ynbmamsi uccrnedosaHuli makxe
ceudemeribcmayrom O crocobHOCMU UCOb308aHHbIX 8 IKCIEpUMEHMe aHmMubUOmMuUKo8 8bi3gamb pa3sumue arnonmosa. [lokasaHo,
4mo Ha ¢hoHe hopmuposaHusi dUCOUOMUYECKUX HapyweHuUU Mpoucxo0um akmusayus UMMYHHBIX IPOYeccos, 0 Yem caudemenscmayem
rosierieHuUe 3Ha4umesibHo20 Konnudecmsa knemok [MaHema, nnasmMamuyecKux KemoK ¢ pacWUpeHHbIMU KaHarmbyamu, 04e8udHo, 3a
cyem ux HarofHeHUs UMMYHO2M106ynuHamu, a makxe ysefnuyeHue Konuyecmea npoceemumeribHbIX 303UHoguios u basogurios.
Takum obpasom, obocHogaHa crnocobHocmb aHmMubuomukoe ¢hopmuposams ducbuomuyeckue COCMOSHUS C 8blPaXeHHbIMU
yumodecmpyKmMUBHbIMU HapyWeHUsIMU 8 3rUMmesnuu MoHKO20 KUWEYHUKa C pasgumueM arornmo3a; ap2yMeHmuposaHo npedrnonoxeHue
06 UMMYHOCMUMYUPYOWEeM 8UsIHUU aHMUbUuomuK-uHOyyuposaHHo20 ducbuosa.

KntoueBble cnoBa: aHmubuomuku, Aucbuos, KUWEYHUK, MUKpobuoma, 311eKmpOHHO-MUKPOCKOMUYecKoe uccredoeaHue.
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Determination of constitutional parameters that are inherent in highly skilled athletes of
a particular sport can serve as reliable predictive markers during sport selection. But
the last time an indisputable fact is the somatotypological conditionality of individual
sizes that characterize the external structure of the body, and the visceral structures of
the organism. The purpose of the work is to establish differences in the anthropometric
dimensions between young women volleyball players of high level of athletic skill and
non-sports young women belonging to the mesomorphic somatotype. On the base of the
research center of the National Pirogov Memorial Medical University, we conducted an
anthropo-somatotypological study of 127 female volleyball players of youth age (from 16
to 20 years) with a high level of athletic skill. Sports experience in all cases was greater
than 3 years. From the database of research center of the National Pirogov Memorial
Medical University was selected 140 practically healthy young women of the same age
who were not engaged in sports. Anthropometric measurements were carried out using
the method of V.V. Bunak (1941), somatotypological research - according to the estimated
modification of the Heath-Carter method (1990). After the conducted somatotyping, it was
found that 29 volleyball players and 33 non-sports young women belonged to the
mesomorphic type of constitution. The analysis of the obtained results is carried out in
the licensed package of Statistica 5.5 using nonparametric methods of evaluation of
indicators. In the volleyball players of the mesomorphic somatotype, compared to young
women who are not engaged in sports of the same constitutional type, we have found a
significantly larger length of the body, the mass and area of the body surface, the height
of the suprasternal, pubic, shoulder anthropometric points, chest cords, transverse mid
and lower chest and sagittal middle-thigh diameters, intervertebral distance of the pelvis
and its external conjugates. Relatively smaller in female volleyball players of mesomorphic
type of physique was the thickness of the skin-fat folds under the shoulder blade. One
can conclude that within the same somatotype there are significant changes in the
anthropometric parameters, in particular total body and longitudinal, transverse, front
and rear body dimensions, which is affected by the body of modern young womenvolleyball
players with mesomorphic somatotype, under the influence of intensive loads.
Keywords: anthropometry, mesomorphic somatotype, female volleyball players, juvenile
age.

Introduction

Sports specialization is based on the adequacy of the
biological capabilities of a person to the demands of their
professional activities [13, 15, 22]. Reserves of the human
body, which determine the possibility of achieving high results
in sports, are far from exhausted. The question of the timely
detection of children and adolescents susceptibility to certain
types of motor activity has become relevant, as a result of
their development and the growth of professional skills, they
also have a sports individuality [12]. Therefore, rational

system of sports selection creates favorable conditions for
full disclosure of the potential of a young athlete and their
improvement [3]. Early diagnostics of the features of the
development of morphological characteristics and motor
abilities of children in the process of sports selection is
possible with the use of genetic markers [4, 8, 11]. The current
practice of selecting young athletes takes into account their
morphological and functional parameters [7, 9], which have
a high degree of genetic determination. It is proved that
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athletes with a certain set of constitutional traits have
advantages in a separate sport[1, 2,16-18, 21, 23]. Therefore,
the definition of constitutional parameters that are inherent
to highly skilled athletes of a particular sport can serve as
reliable prognostic markers during sports selection. But it is
known that the representatives of the elite of a particular
sport have a significant variability in the size of total and
partial body sizes. This is especially true for representatives
of sports games, whose anthropometric parameters are
marked by a large variety.

In previous studies, we revealed the marked differences
in many anthropometric body sizes and body mass
components in volleyball players, compared to non-athletes
[23], a significant difference was found in the parameters of
the external structure of the body of volleyball players of different
sporting roles [19]. These studies confirm the shape-forming
effect of volleyball sports activities on the body of athletes.
Reserves of the human body, which determine the possibility
of achieving high results in sports, are far from exhausted [14,
20]. Therefore, from our point of view, it was interesting to get
an answer to the question of whether the somatometric
dimensions vary from the representatives of certain
constitutional types under the influence of sports activities.

The purpose of the work is to establish differences in the
anthropometric dimensions between young women volley-
ball players of high level of athletic skill and non-sports young
women belonging to the mesomorphic somatotype.

Materials and methods

On the base of the research center of the National Pirogov
Memorial Medical University, we conducted an anthropo-
somatotypological study of 127 young women volleyball
players of youth age (from 16 to 20 years) with a high level of
athletic skill. Sports experience in all cases was greater
than 3 years. From the database of research center of the
National Pirogov Memorial Medical University was selected
140 practically healthy young women of the same age who
were not engaged in sports. Anthropometric measurements
were carried out using the method of V.V. Bunak [5]. All
surveyed girls had a somatotypological study on the estimated
maodification of the Heath-Carter method [6]. After the conducted
somatotyping, it was found that 29 young women volleyball
players and 33 non-sports young women belonged to the
mesomorphic type of constitution. A control group was created
from persons not engaged in sports and belonging to the
mesomorphic somatotype, from the volleyball players with
mesomorphic somatotype the main group was created. The
analysis of the obtained results is carried out in the licensed
package of Statistica 5.5 using nonparametric methods of
evaluation of indicators. The reliability of the difference between
independent quantitative indicators was determined using
the Man-Whitney U-criterion.

Results
We found that volleyball players of the mesomorphic
somatotype have significantly higher body mass, body

Table 1. Anthropometric total body dimensions in persons with
mesomorphic somatotype (M+ O).

Anthropometric Female
dimensions Control group volleyball p
players
Body weight (kg) 57.96+7.48 65.89+7.36 <0.001
Body length (cm) 160.416.6 169.3+5.7 <0.001
Body surface area (m?) 1.601+0.131 1.757+0.120 | <0.001
Table 2. Anthropometric sizes of the body in persons with
mesomorphic somatotype (M+0).
Control Female
Anthropometric dimensions volleyball p
group
players
Height of the suprasternal point 130.5+6.2 1395465 | <0.001
(cm)
Height of the pubic point (cm) | 81.38+5.36 | 87.91+4.71 | <0.001
Height of the shoulder point 133.0+6.9 1417465 | <0.001
(cm)
Waist circumference (cm) 67.83+5.28 | 70.22+5.01 | <0.05
Girth of the chest on the 86.4747.14 | 9505599 | <0.001
inspiration (cm)
Girth of the chestonthe | 79 41,637 | 85.95:6.34 | <0.001
exhalation (cm)
Girth of the chest at rest (cm) | 82.07+6.60 | 89.95+6.29 | <0.001
Transverse mid-chest (cm) 25.54+2.96 | 26.61+1.55 | <0.001
Transverse lower chest (cm) 21.15+3.38 | 23.68+2.31 | <0.001
Sagittal mid-chest (cm) 16.96+£1.20 | 18.17£2.02 | <0.05
Shoulder width (cm) 35.87+2.66 | 36.62+2.16 | =0.092
Interspinous distance (cm) 24.84+1.77 | 25.03+2.06 | >0.05
Intercristal distance (cm) 27.58+1.65 | 28.59+2.64 |=0.067
Intertrochanteric distance (cm) | 31.55+1.65 | 32.50+2.02 | <0.05
External conjugate (cm) 18.55+£1.05 | 19.60+£1.76 | <0.05
Thickness of the fold under the 1039:3.25 | 8.838+2.268 | <005
shoulder blade (mm)
Thickness of the fold on the 1047+4.08 | 10764355 | 005
abdomen (mm)
Thlcknessl of the fold on the 8.619+4.180 | 10.14+347 | =0.081
side (mm)

length, and body surface area than young women of the
same constitutional type that are not involved in sports (in all
cases p<0.001) (tabl. 1).

It was found that young women volleyball players have
significantly higher hematopoietic, pubic and shoulder points
(in all cases p<0.001) than their peers of mesomorphic
somatotype who are not involved in sports (tabl. 2). In young
women volleyball players with a mesomorphic somatotype,
the waist circumference (p<0.05) and thorax at inhalation,
exhalation and rest (in all cases p<0.001) are higher than in
the control group of young women. Transverse mid-chest
and lower chest sizes of the chest in athletes are statistically
significantly higher than in non-sportsmen (p<0.001). The
front and rear middle-thigh diameter also has significantly
higher values in comparison with the control (p<0.05). At
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that time, we found that the acromial diameter of the chest,
indicating the width of the shoulders, has a large mean
value in the sample of volleyball players, although the
difference in the comparison of athletes and young women
who are not engaged in sports with a mesomorphic
somatotype is unreliable.

Analyzing the anthropometric size of the ace, it was found
that the intraosseous distance in the mesomorphic
somatotype, engaged in and not engaged in sports, has no
significant differences. At that time, the values of the
intervertebral distance and external conjugates in volleyball
players are significantly higher than in the control group young
women (p<0.05). A tendency towards higher values
(p=0.067) of the intervertebral distance in a group of volleyball
players with a mesomorphic somatotype was established
(tabl. 2).

It was established that volleyball players have a
significantly lower thickness of skin and fat folds under the
shoulder blade than young women in the control group,
which also belong to the mesomorphic type of constitution
(p<0.05) (tabl. 2). The thickness of the fold on the abdomen
has no significant differences between the comparison
groups. It should be noted that at volleyball players thickness
of skin and fat folds on the side has higher average values
than in the control, but we did not find statistically significant
differences in the value of this indicator when comparing
volleyball players and non-athletes.

Discussion

The high level of modern sports requires specific
knowledge in the field of morphological and functional
characteristics of the organism. The somatotypological
approach was used in the study of the indicators of central
[24] and peripheral [10] hemodynamics, and it was proved
that representatives of a separate somatotype, engaged in
a particular sport of high level of athletic skill, have significant
differences in the parameters of the cardiovascular system
compared with non-athletes of the same constitutional type.

After comparing external somatometric parameters,
despite the fact that young women of adolescence of both
studied groups belonged to a mesomorphic constitutional
type, we found significant differences. In volleyball players
the body is more massive, as evidenced by the significantly
higher values of all of their total body size. Length, weight
and surface area of the body are signs that must be taken
into account when carrying out a prognostic and signing
sporting selection in volleyball [19]. In previous studies,
without division into somatotypes, it has also been proven
that volleyball players have significantly higher total body
sizes. It was found that the average body length in the general
group of volleyball players was 9,4 cm larger than that of
non-sportsmen, body weight - by 8,5 kg, body surface area -
by 0,2 m? [23]. Approximately, the same tendency for the
predominance of individual total body sizes in volleyball
players persists in considering this problem from the
standpoint of belonging to the mesomorphic somatotype.

We have found that volleyball players of mesomorphic
somatotype have longitudinal trunk sizes, which can be
judged by the height of anthropometric points, are
significantly higher compared to young women of the same
constitutional type who were not engaged in sports. And the
volleyball players of the general group did not have a
significant difference in the height of the pubic, shoulder
and trochanteric points when compared with non-sportsmen
[19]. We found that volleyball players of mesomorphic
somatotype all the enveloping dimensions of the chest are
significantly larger (p<0.001) than in the control. In volleyball
players of the general group, compared with non-athletes,
reliable differences were detected only for the girth of the
chest on the inspiration (p<0.05) [23]. In addition, we found
that most of the body diameters in athletes are statistically
significantly higher than that of young women who are not
engaged in sports. This refers to the transverse mid and
lower dimensions of the chest, the anterior-posterior mid-
thigh, the intervertebral distance and the anterior-posterior
size of the pelvis, as evidenced by the value of the external
conjugate. In volleyball players of the general group, the
reliable differences (p<0.05) were characteristic only for
indicators that characterized the transverse dimensions of
the chest [23]. Regarding indicators of hypodermic fat
delivery, it should be noted that volleyball players of the
mesomorphic somatotype compared with the control group,
the thickness of the fold under the shoulder blade is
significantly lower, the abdomen has no significant
differences, and on the side has larger mean values at p>
0,05. Volleyball players of the general group had less
subcutaneous fat removal on the body than young women
who were not engaged in sports, as evidenced by a
significantly lower value of all skin and fat folds (p<0.001)
[25]. Thus, we have found that within the same somatotype
there are more significant changes in the anthropometric
indices of the body, in particular the body, under the influence
of intensive loads, which is undergoing the organism of
modern volleyball players of the mesomorphic somatotype.

Using the somatotypological approach in the analysis of
external parameters of the body will enable more accurate
prediction of changes in the anthropometric parameters of
volleyball players under the influence of training and
competitive activities.

Conclusions

1. It has been established that volleyball players of
mesomorphic somatotype, compared to girls who are not
engaged in sports of the same constitutional type, have a
significantly higher magnitude of length, mass and surface
area of the body.

2. The vast majority of the anthropometric dimensions of
the trunk (longitudinal, transverse, anterior and posterior) in
young women volleyball players of the mesomorphic body
type are significantly greater than that of the control group
young women.
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OCOB/MBOCTI TOTANbHUX PO3MIPIB TINTA 1 AHTPOMOMETPUYHUX PO3MIPIB TYNYEA Y BONEWBONICTOK

ME3OMOP®HOI0O COMATOTUNY

Capadgpunrok J1.A., ®omiHa J1.B., Xaemyp B.O., ®edoHrok J1.5., Xaniybka O.I1., CmechaHeHko I.C.

BusHa4yeHHs1 KOHCmMUMYyUuioHanbHUX fapamempis, siKi npumamaHHi 8UCOKOK8arli¢hikoeaHuM CriopmcMeHaMm OKpemMo20 eudy criopmy,
Moxe sucmynamu HadilIHUMU MPO2HOCMUYHUM MapKepoM rpu rnposedeHHi criopmueHo20 8idbopy. Arle 8 ocmaHHil Yac He3arnepe4yusum
ghakmom € comamomuriosio2iyHa 0b6ymMoerieHiCmb OKpeMux po3mipie, siKi xapakmepu3ytoms 308HIWHIO 6ydosy mina, ma eicuepasbHUX
cmpykmyp opaaHiamy. Mema pobomu - ecrmaHosumu 8iOMIHHOCMI aHMPOMNOMeMmpPUYHUX PO3Mipie MiX eonelibonicmKkamu 8UCOKO20
pieHs cnopmugHoi MalicmepHOCMi ma HecriopmcMeHKaMmu, siKi Hanexams 00 Me30MOopgHo20 comamomury. Ha 6a3i Haykoeo-
docnidHoz20 yeHmpy BiHHUUBbKO20 HayioHanbHOo20 MeduyHoeo yHisepcumemy im. M.Il. lMupozosa Hamu 6yno nposedeHe aHMPOIIO-
comamomurionogiyHe docridxeHHs1 127 8onelibonicmok 8UCOKO20 pieHSi CrIOPMUEHOI MallcmepHocmi roHaubkoz2o 8iky (8id 16 0o 20
pokis). CriopmusHuli cmax y ecix eunadkax 6ye b6inbwum 3 pokig. I3 6a3u OaHux Haykogo-00c/iOHOo20 yeHmpy BiHHuuybKk020
HauioHanbHo20 Medu4Hoeo yHisepcumemy im. M.1. [Tupozoea 6yro gidibpaHo 140 npakmu4HO 300po8ux dig4am aHaroe2iyHo20 8iKy, sKi
He 3almarnucsi criopmoM. AHMPONoMempuYHe 8uMiptosaHHsI npoeodunu 3a memodom B.B. byHaka (1941), comamomunonozidyHe
docnidxeHHs - 3a po3paxyHkosoro modugbikauieto memoda Heath-Carter (1990). [icns nposedeHo20 comamomurily8aHHsI 8CmaHo8usu,
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wo 29 eonetibonicmok ma 33 dig4uHu, siKi He 3aliManucsi criopmom, Hanexanu 60 Me30MopghHO20 muny KoHcmumyuii. AHari3
ompumaHux pe3ynbmamis npoeedeHull y niyeHsiliHomy nakemi Statistica 5.5 3 aukopucmaHHAM Herapamempu4yHUX Memodie OUiHKU
rokasHuKige. BusisrieHo y eonelbonicmok Me3oMopghHO20 comamomurly ropieHsiHo 3 digdamamu, siki He 3aliMatombCsi CrIOPMOM Mo20
XK KOHCmumyujoHarbHo20 murly, 0ocmosipHO binbwy eenuyuHy OO8XUHU, Macu ma Mrow,i rnosepxHi mina, eucomu Had2pyOHUHHOI,
1106K080I, 1/1e4080i aHMPONOMEemMPUYHUX MOYOK, 0bxeamig 2pyOHOI KITiMKU, NonepeyHux cepedHbo- i HUXHbO2PyOHO20, cazimarnbHo20
cepeOHbO2pyOHUHHO20 Oiamempis, Mixeepmiioeo8oi eidcmaHi masa ma (020 308HIWHbLOI KOH'toeamu. [JocmogipHO MeHWor y
gorneliboricmok Me3oMopghHO20 mury cmamypu byna mosuwuHa WKipHO-xupoeoi cknadku nid nonamkoro. MoxHa 3pobumu 8UCHOBOK,
wo y Mexax o0Hoeo comamomurly 8i0byearombCsi 3Ha4yHi 3MiHU aHMmMPONOMEempPUYHUX MOKa3HUKIG, 30Kpema momarbHUX po3Mipie
mina ma ro3008xHiX, NornepeyHux, nepedHbo-3adHix po3mipie mynyba nid ennuU8OM iIHMEHCUBHUX HaBaHMaXeHb, KUX 3a3Hae opaaHiam
cyyacHux eornelibosicmoK Me30MopghHO20 coMamomury.

KnrouyoBi cnoBa: aHmpornomempis, me3omopghHUl comamomuri, 801elbonicmku, toHaubKul 8iK.

OCOBEHHOCTM TOTANbHbIX PASMEPOB TEJTA U AHTPOMOMETPUYECKUX PASMEPOB TYJTIOBULLIA Y BOJIEUBOSIUCTOK
ME3OMOP®HOIO COMATOTUMNA

Capacgpunrok J1.A., domuHa J1.B., Xaemyp B.O., ®edoHrok J1.51., Xanuuykas O.I1., CmedpaHeHko U.C.

OnipedeneHue KOHCMUMYUUOHabHbIX napaMempos, NpUCyujux 8bICOKOK8anupuyuposaHHbIM CropmcemMeHam omoensHo2o euda
criopma, Moxem 8bicCmynamb HaleXHbIM PO2HOCMUYECKUM MapKepoM rpu rnposedeHuu criopmueHo2o ombopa. Ho e nocrnedHee
8pemMsi HeoCropuUMbIM hakmom S8Iiemcs comamomurionoaudeckasi 0bycrnoeneHHocms omoerbHbIX Pa3Mepos, Xapakmepusyrouwux
8HEWHee CmpoeHuUe merna, U sucyepasbHbiX CMPYKmyp op2aHuama. Llerb pabomsl - ycmaHo8umb pa3nuyusi aHmpornoMempu4yecKux
pasmepos mexdy goneliborucmkamu 8bICOKO20 yPOBHSI CrIOPMUBHO20 Macmepcmea U HeCcriopmeMeHKamu, OMHOCAWUXMUCS K
me3omopgpHoMmy comamomury. Ha 6a3e Hay4yHo-uccrnedosamernibCKo20 yeHmpa BUHHUUKO20 HauuoHasibHO20 MeOUUUHCKO20
yHusepcumema umeHu H.U. [Nupozosa Hamu bb1r10 npogedeHo aHMpPoro-comamomuriosio2udeckoe uccredogaHue 127 sonelibonucmok
8bICOKO20 YPOBHS CITIOPMUBHO20 Macmepcmeaa toHouweckoeo so3pacma (om 16 o 20 nem). CropmueHbili cmax 80 8cex criyqasix bbin
bonee 3 nem. U3 6a3bl 0aHHbIX Hay4YyHO-uccredo8ameribCKko20 yeHmpa BuHHUUKO20 HayuoHanbHo20 MeOUUUHCKO20 yHU8epcumema
um. M.U. MMupoeosa 6b110 omobpaHo 140 npakmuyecku 300po8bix degyuleK aHa/i02u4Ho20 8o3pacma, Komopble He 3aHUMarnuch
criopmom. AHmporiomempuyeckoe usmepeHue npoesodunu no memody B.B. byHaka (1941), comamomuronoau4eckue uccriedo8aHusi
- 1o pacdyemHol modugpukayuu memoda Heath-Carter (1990). lNocne nposedeHHO20 coOMamomunuposaHusi ycmaHoeusnu, 4ymo 29
gorneliboriucmok u 33 desywKu, KOmopble He 3aHUMaruCk CrIOPMOM, NMpuHadnexasnu K Me3oMopghHOMY murly KOHCmumyuuu. AHanus
roly4eHHbIX pe3ynbmamos rnposedeH 8 NUUeH3UOHHOM nakeme Statistica 5.5 ¢ ucrnonb3oeaHueM HernapamempuyecKkux mMemooos
OUeHKU rokasamerel. BbisigneHo y eonelibonucmok Me3oMopghHO20 comamomura o CpasHeHulo ¢ 0esywKamu, KOmopble He
3aHuUMaromcsi CriopmoM moeo Xe KOHCMmuUmyUuoHaibHo20 murna, 0ocmogepHO 60onblWyo 8enuYuHy OfuHbl, Macchl U naowaou
rnosepxHocmu merna, 8bicombl Ha02pyOuHHOU, 5106K080U, rnedegoli aHMpPONoMempuYeCKUX moyek, obxeamoe epyOHOU KremkKu,
ronepeyHbIX cpedHe- U HUXHeepyOHO20, cazummarbHo20 cpedHezspyOUHHO20 uamempos, MexeepmerbHoU ducmaHyuu masa u e2o
8HeWwHel KoHblo2ambl. [JocmogepHO MeHbuwe y 8051eliboucmoK Me30MOPpHO20 murna meJsoc/ioxeHuUs bbila mMoaujuHa KOXHO-
Xupoeol cknadku rnod nonamkol. MoxHo cdenampb 8b1800, ymo 8 rpedenax 00HO20 comamomurna fpPoucxo0sm 3Ha4yumersibHble
U3MeHeHUs1 aHmpOrnoMempu4YecKUX rnokasameriet, 8 YaCmMHOCMU mMomarsibHbIX pasmepos mersa U rnpodoribHbIX, MOMepeyHbIX, nepeoHe-
3a0Hux pasmepos mynosuuja rnod enusHUEM UHMEHCUBHbIX Hagpy30K, KOMOopble UCTbIMmbigaem op2aHUu3M CO8PEMEHHbIX 801eli60IUCMOoK
Me30MopghHO20 comamomuna.

KnroueBble cnoBa: aHmpornomempusi, ME30MOPhHLIU coMamomurl, 80nelbonucmKu, HHOWeCKUU so3pacm.
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Thermal injury causes severe structural and metabolic disturbances not only of the
skin itself, but also of all organs and systems of the affected organism, is a manifestation
of a complex symptom complex - a burn disease. Of particular importance in patients
with burns are changes in the endocrine system. The aim of the study was to establish
the microscopic and electron-microscopic reorganization of the components of the
thyroid gland of animals after thermal damage on 14 day after experimental thermal
injury. A lll degree burn was applied under ketamine anesthesia with copper plates
heated in boiled water to a temperature of 97-100°C. The size of the lesion area was 18-
20% of the epilated surface of the body of rats. An experimental study of the structural
components of the thyroid gland after a burn injury was performed on laboratory white
male rats weighing 160-180 g. Rats euthanasia was performed after ketamine anesthesia
by decapitation. In the experiment, the study of the microscopic and submicroscopic
state of the follicles and hemocapillaries of the thyroid gland after thermal injury of the
Il degree. It has been established that in the toxemia stage after the application of the
burn injury on 14 day (late toxemia stage), significant destructive and degenerative
changes are found in the thyrocytes of the wall of the follicles and hemocapillaries, the
organ acquires a macrofollicular structure. The height of thyrocytes decreases, the
nuclei and organelles of cytoplasm are significantly damaged, the number and height
of microvilli on their apical surface decreases, which negatively affects the cell's
secretory cycle and transcapillary organ metabolic processes. The established
destructive changes in the blood capillaries and thyrocytes of the follicles are the
morphological manifestation of the suppression of the secretory activity of the thyroid
gland during thermal injury and corresponds to the hypofunctional state of the organ.
Keywords: thyroid gland, microscopic and submicroscopic changes, thermal skin
injury.

Introduction

The study of the pathogenesis of organs in the

one of the main places has endogenous intoxication, which

composition of the body systems after severe thermal trauma
is an urgent problem of combustiology [12, 15, 21]. Today,
the frequency of burns in developed countries is 1: 1000 per
year, and the mortality, despite the use of modern treatments,
remains fairly high and ranges from 5.9% to 21.2% [12, 13,
15,17, 21, 24, 25, 26]. In the case of severe thermal trauma,
there are a number of factors that lead to sepsis and multiple
organ failure: microcirculation disorder, presence of necrotic
tissues inhabited by wounds, endogenous intoxication,
activation of lipid peroxidation, development of syndrome of
systemic inflammatory response, DIC, etc. [2, 3, 5, 6, 7, 10,
13, 14, 20]. It has been established that in the complicated
and inadequately studied pathogenesis of burn disease

is the result of proteolysis of damaged tissues and alteration
of histo-hematological barriers. Hormonal changes are
involved not only in triggering mechanisms of the
pathogenesis of burn disease, but also in the development
of compensatory-adaptive responses and the mobilization
of protective functions of the organism [4, 11, 16, 19, 23].
Particularly important role in this complex process belongs
to the systems of the pituitary gland - adrenal cortex, the
pituitary gland - thyroid gland. They represent not only an
intermediate link in the efferent pathways of the nerve
regulation, but also are peripheral endocrine effector that
provides a balance of metabolic and regenerative processes.

Today, we know about the ability of the thyroid gland to

© 2018 National Pirogov Memorial Medical University, Vinnytsya
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morphofunctional reorganization under the influence of
endo- and exogenous factors [1, 18, 19]. However, the status
of this organ in the process of adaptation processes remains
poorly understood.

The aim of the work was to establish microscopic and
electron microscopic reorganization of the components of
the thyroid gland of animals after thermal lesions in the stage
of toxemia after an experimental thermal trauma.

Materials and methods

Experiments were conducted on 20 sexually mature
white male rats. The animals were kept on a standard diet
by the vivarium of the State Higher Educational Institution "I.
Horbachevsky Ternopil State Medical University Ministry of
Health of Ukraine". Animal care and all manipulations were
conducted in accordance with the provisions of the
"European Convention for the Protection of Vertebrate
Animals Used for Experiments and for Other Scientific
Purposes" (Strasbourg, 1986), as well as in accordance
with the provisions of the "General Ethical Principles of
Experiments on animals", adopted by the First National
Congress on Bioethics (Kyiv, 2001).

Burns of the third degree were applied under ketamine
anesthesia with copper plates heated in boiled water to a
temperature of 97-100°C [7, 22]. The size of the lesions was
18-20% of the shaved surface of the body of rats. At daily
inspection, we monitored their overall condition, the degree
of manifestation of local changes in the area of burn wound,
body weight and mortality. The object of the study was thyroid
gland. To study micro and submicroscopic changes,
animals were decapitated under ketamine anesthesia at
14 day, which, according to presentations, corresponds to
the stage of late toxemia of burn disease [21].

Material for microscopic research was taken according
to the generally accepted method [8]. Sections of the thyroid
gland were fixed in a 10% neutral formalin solution,
dehydrated in alcohols of increasing concentration, poured
in paraffin blocks. The cut-offs of 5-6 microns thickness were
stained with hematoxylin-eosin and methylene blue [8]. The
histological preparations were studied using MIKROmed
SEO SCAN light microscope and photo-documented with a
Vision CCD Camera with a histologic image display system.
For electron microscopic studies, we took pieces of the
thyroid gland, fixed them in a 2.5% solution of glutaraldehyde,
fixed with a 1% solution of osmium tetroxide on phosphate
buffer. Further processing was carried out in accordance
with the generally accepted method [8]. Ultra-thin sections
made on ultramicrotome UMPT-7 were contrasted with uranyl
acetate, lead citrate according to the Reynolds method and
studied in an electron microscope of PEM-125K.

Results

According to conducted histological studies of
experimental animals, after an experimental thermal trauma
in the organ, there are heterogeneous in shape and size
follicle. Prevailing large over-stretched with a dense, oxyphilic

ys after the
experimental thermal trauma. Large, over-stretched follicles (1),
colloid (2), perifollicular edema of the connective tissue (3) of the
vessel (4). Hematoxylin-eosin. x 200.

Fig. 2. Microscopic changes of the thyroid gland 14 days after the
experimental thermal trauma. Large, over-stretched follicles (1)
with flat thyrocytes in the wall (2), colloid (3), desquamated
thyrocytes in the lumen of the follicle (4). Methylene blue. x200.

colloid, in which vacuole resorption is absent. Thyrocytes of
such follicles have a flattened form and hyperchromic,
picnotically altered nuclei. Desquamation of the thyroid gland
epithelium is also revealed in the lumen of the follicle (Fig. 1,
Fig. 2).

In the central parts of the lobules, also observed single
deformed, medium and small follicles, in which the
thyrocytes have cubic or prismatic form, light cytoplasm,
normochromic, centrally located nuclei. The colloid in such
follicles was not much, it was loose and acquired a disperse
form, numerous and large vacuoles of resorption, which
sometimes merged into illuminated strips, were found. Inter-
follicular, interstitial of connective tissue is moderately
swollen.

During this period of the experiment, changes in the organ
vascular and microcirculatory system, manifested by
plethora, stasis, are detected. The expansion capillaries are
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Fig. 3. Submicroscopic organiza
the thyroid gland 14 days after the experimental thermal trauma.
Enlargement of the follicle with dense colloid (1), flat nucleus (2)
and cytoplasm of thyrocyte (3), single microvilli on the apical
surface of the cell (4), branching of the basal surface of the
thyrocyte (5), basement membrane (6). x9000.

. | wii? SN ol
Fig. 4. Submicroscopic organization of the thyroid gland 14 days
after the experimental thermal trauma. Enlargement of the follicle
with colloid (1), osmophilic, fused nucleus (2) and cytoplasm (3)
of the thyrocyte, large vacuolic structures (4), endothelial cell (5),
erythrocyte in the lumen of the capillary (6). x7000.

densely surrounded by follicles and has expanded and
narrowed areas of their lumens. In their wall there are
hypertrophied, edematous endothelial cells, as well as
densified, picnotic. Around the hemocapillaries there is
significant perivascular space.

Submicroscopically in enlarged follicles, thyrocytes have
a flattened form, poorly contoured borders between the cells.
There are no microvilli on their luminal surface. In the
swollen, enlightened cytoplasm, organelles are numb and
significantly destructively altered. In the flat form of nuclei
there is an electron-transparent karyoplasm, which includes
small ectopic nucleoli. The outer membrane of nuclear
membrane sometimes expands, increasing perinuclear
space. Observed areas of a condensed osmophilic
karyoplasm, which reduces the clarity of the nuclear

membrane. Also decreases the number of nuclear pores.
On the surface of the fragmented and thickened tubules, the
granular endoplasmic net has little ribosomes, as well as
free ribosomes and polysomes in the cell cytoplasm.
Expansion and deformation of the granulosa endoplasmic
mesh channels lead to the formation of large cavities of
irregular shape, limited by unclearly contoured membranes
(Fig. 3).

Circular vesicles of the Golgi complex sometimes
expanding or vice versa considerably narrowing, their length
extends. Available, primary and secondary lysosomes, which
are freely located in the cytoplasm and near the Golgi
complex. Damage to the mitochondria is accompanied by
significant illumination of the matrix. A small number of cristae
is contained in swollen electron-transparent mitochondria.
Also, an irregular shape of the mitochondria with uneven
contours of the outer membranes, which may be partially
destroyed, is observed. Separate mitochondria have the
appearance of large vacuoles. In the cytoplasm of the cells,
an insignificant amount of apical grains is detected and
large, irregularly shaped, vacuolic structures are filled with
colloid (Fig. 4).

The need to intensify the metabolic processes of the
affected organism causes the activation of the work of the
synthetic apparatus of the thyrocytes: the tubules and circular
vesicles of the granular endoplasmic net, which are
concentrated at the basal pole, numerical polysomes, and
the mitochondria have clearly contoured cristae, are
expanding. The membranes of the basal part of the thyrocytes
form a kind of labyrinth of branches, which are compensatory
adapted changes to ensure the withdrawal of the hormone
(Fig. 4).

It has been established that at separate sites in the
follicles, the thyrocytes do not adhere tightly to the wall of the

» s -1 - i « 4
Fig. 5. Submicroscopic organization of the wall of the thyroid
gland 14 days after the experimental thermal trauma. Enlargement
of the capillary with erythrocytes (1), endothelial cell (2), capillary
basement membrane (3), flat form of thyrocyte cytoplasm (4),
primary and secondary lysosomes (5), microvilli on the apical
surface of the cells (6), branching of the basal surface of the
thyrocytes (7). x12000.
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hemocapillaries, and separate from them by layers of
connective tissue. Connective tissue strip looks edematous,
has an electronically bright amorphous component and
separate collagen fibrils.

The ultrastructure of blood capillaries is changing. Most
of them have extensive erosions filled with erythrocytes.
Endothelial cells are significantly altered, their nuclei are
picnotically altered, they have elongated shape and deep
invaginations of nuclear membrane. The perinuclear space
between the membranes of the nuclear membrane is poorly
expressed. The content of condensed heterochromatin
increases, it forms large osmophilic clusters. In the
cytoplasm there are few organelles and foamy cystic
bubbles, their plasmalemma of the luminal surface is
uneven and microvilli are single. In the cytoplasmic subtle
areas, there is little fenestra. Such hemocapillaries are limited
by narrow basal membranes (Fig. 4, Fig. 5).

Discussion

Histological studies have shown that changes in the
structural components of the thyroid gland follicles during the
experimental thermal trauma develop in the background of
microcirculation disturbance, which is to some extent
consistent with the studies [1, 7, 11, 21]. Significantly disturbed
ultrastructure of the walls of perifollicular blood capillaries.
Dystonia of blood vessels, which is detected on a burn injury
on light optic and especially on submicroscopic levels, is
manifested by enlargement, plethora, stasis and significant
destructive changes in the walls of blood capillaries.

Activation of free-oxidation of lipids leads to the destruction
of phospholipids of cell membranes. Such a statement about
the mechanism of cellular membrane damage is consistent
with the results of our research and [20, 21], which
established a high level of toxic substances of lipid
peroxidation in blood plasma of animals under investigation
during thermal trauma. In this connection, it can be assumed
that being in the blood, peroxides and free radicals primarily
cause damage to the membranes of endothelial cells of the
capillaries, and in the future, when they reach the
bloodstream in the tissues, they lead to the destruction of
the plasmalemma and organelles of the membranes of all
organs of the affected organism, including thyroid gland.

Itis known that the mechanisms of adaptation to hypoxia
are realized on the principle of stress reactions with the
participation of the hypothalamic-pituitary-adrenal system,
the least explored is the role of the hypothalamic-pituitary-
thyroid system [2, 3, 4, 10, 11, 23]. In the scientific literature,
there is virtually no data on the participation of hormones in
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OCOBJIMBOCTI PEMOLENOBAHHA CTPYKTYPHUX KOMMOHEHTIB LUUTONOAIEHOI 3AN03U B CTALII TOKCEMII nicna

EKCMNEPUMEHTAJIbHOI TEPMIYHOI TPABMU
Kopuusbkuti B.I., He6ecHa 3.M.

TepMmiyHa mpasma Cripu4uHSIE MSKKI CmMpyKmMypHO-mMemaboniyHi nopyweHHs He minbKu 6e3nocepedHbOo WKipHO20 roKpusy, ane U
yCix op2aHie ma cucmeM ypaxeHo20 opaaHi3My, W0 € Mposi8OM CKIaOHO20 CUMIMMOMOKOMIIIEKCY - orikogoi xeopobu. Ocobruge
3Ha4YeHHs1 y X80pux 3 onikamu eidieparomb 3MiHU op2aHie eHOOKpUHHOI cucmemu. Memoto docnidxeHHs1 6yrno 8cmaHO8MEeHHS
MIKPOCKOMIYHOI ma esieKmpoHHO-MIKPOCKOIMIYHOI peopaaHi3auil KomrnoHeHmie wumonodibHOI 3a5103U meapuH ricsisi mepMiyHo20
ypaxeHHs1 Ha 14 006y nicnsi ekcriepumeHmarsnbHOi mepmiyHoi mpaemu. Onik Il cmyneHss HaHocunu ni®@ KemamiHo8UM HapKO30M
MIOHUMU riacmuHamu, Haspimumu y kunnsdii eodi 0o memnepamypu 97-100°C. Po3mipu OinsiHKu ypaxeHHsi cmaHosunu 18-20%
enifnboeaHoI nosepxHi mina wypie. EkcriepumeHmarnbHe 8UBYEHHST CMPYKMYPHUX KOMIOHeHmI8 wumonodibHOI 3ano3u ricrs onikoeoi
mpasmu 6yrio uKoHaHo Ha nabopamopHux binux wypax-camysix macoro 160-180 2. EsmaHasito wypie npogodusu nicnsi kKemamiHo8o20
Hapko3y winsxom Oekanimauii. B ekcriepumeHmi gugyunu MiKpockoniyHUl ma cybmikpockonidyHull cmaH ¢orikynie ma aemokarinspis
wumonodibHoi 3ano3u nicrigs mepmidHoi mpasmu Il cmyneHs. BcmaHoeneHo, wjo 8 cmadii mokcemii nicnsi HaHeCeHHs1 orniKkogor
mpasmu - 14 doba (cmadis ni3HbLOI mokcemii) 8 mupoyumax cmiHku ¢borikyrie ma eeMokarinspax 8usienIstombCs 3Ha4Hi 0ecmpyKmugHi
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ma OezeHepamusHi 3MiHU, opeaH Habysae MakpoghoriKynsapHoi 6ydosu. SHUXYyemMbCs sucoma mupouyumis, 3Ha4HO MOWKOOXKYHMbCS
s0pa i opeaHenu yumonnasmu, 3MeHWyembCs KiflbKicmb | ucoma MiKpO8OPCUHOK Ha iX anikarbHili Mo8epxHi, Wo He2amueHO 8riueae
Ha cekpemopHUU YUK KAIMUuH ma mpaHckaninapHi 0OMiHHI npouecu opeaaHy. Takum YUHOM, 8CmaHOo8r1eHi decmpyKmueHi 3MiHU
KPOBOHOCHUX Kaninsipie ma mupouumie ¢bosikynie € MopghoroeiHHUM MPOSI8OM MPUSHIYeHHSI CeKPemopHOI akmugHocmi ujumonodibHol
3as103u npu mepmMidHitl mpaemi ma 8idrnosidae 2inoyHKUioHarIbHOMYy cmaHy opaaHy.

KnioyoBi cnoBa: wumonodibHa 3ano3a, MiKpOCKOMiYHi ma cybMIKpOCKOMiYHI 3MiHU, mepMiyHa mpasma WKipu.

OCOBEHHOCTU PEMOLOETMPOBAHUSA CTPYKTYPHBIX KOMMNOHEHTOB LUUTOBMAOHOW XEJE3bl B CTAOUM TOKCEMUU
MOCIE 3KCMEPUMEHTANIbHOW TEPMUYECKON TPABMbI

Kopuuykuti B.l., He6ecHas 3.M.

Tepmuyeckasi mpasma 6bi3blgaem Mmsixesnble CmpyKmypHO-Memabonudeckue HapyweHUs He MOJfbKO HernocpedCmeeHHO KOXHO20
MOKpoBa, HO U 8CeX opa2aHo8 U CUCMeM MOopaXeHHO20 opzaHu3ma, S6/11emcsl Posi8/IeHUeM CII0XHO20 CUMIMIMOMOKOMIIIeKca -
oxoz2080l 6onesHu. Ocoboe 3HadyeHue y 60MbHbIX C OXO02aMu ugparom U3MeHeHUsI op2aHo8 3HOOKPUHHOU cucmemsl. Llenbio
uccnedogaHusi b6b110 ycmaHo8eHUe MUKPOCKOMNUYECKOU U 3/1eKMPOHHO-MUKPOCKOMUYEeCKOoU peopaaHu3ayuu KOMIOHEHMO8
wWumouOHOU Xere3bl KUBOMHbIX 0C/Ie€ MEPMUYECKO20 NMopaXxeHusi Ha 14 cymku nocre aKcrepuMeHmarnbHOU mepmMuYecKol mpasmei.
Oxo2 Ill cmeneHu HaHocunU NOO KeMaMUHOBbLIM HapPKO30M MeOHbIMU naacmuHamu, HazpembiMu 8 Kurnsujel eo0e 00 memnepamypsb!
97-100°C. Pasmepsbi y4acmka ropaxeHusi cocmaensnu 18-20% asnunuposaHHOU MO8EepXHOCMU mersia Kpbic. SKCrepuMeHmarnbHoe
usy4eHue CmpyKmypHbIX KOMIOHEHIMO8 WUMmoeUOHOU Xese3bl Nocsie 0020800 mpasMbi Obllu 8bIMOMHEHb! Ha TabopamopHbIX 6erbix
Kpbicax-camyax maccol 160-180 2. BemaHa3uto Kpbic poeodusau rocrie KemaMuHO8020 HapKo3a nymem Oekanumauyuu. B
SKCrepuUMeHme U3y4usu MUKPOCKOMUYecKoe U CybOMUKPOCKOMNUYECKOe COCMOSHUS (DOMIUKYI08 U 2eMOKanusiisapos wumosudHol
XKenesbl rnocre mepmudyeckol mpasmbi Il cmeneHu. YcmaHoerneHo, Ymo 8 cmaduu MoKCeMuu rocie HaHeCeHUs1 0XXK02080U mpasmb|
Ha 14 cymku (cmadus no3dHell MoKcemuu) 8 mupoyumax cmeHKU ¢boruKy1o8 u 2eMoKanusisapax obHapyXueaomcsi 3HaqyumeribHble
decmpykmueHble U deceHepamugHble U3MEHEeHUs, op2aH npuobpemaem MakpogonnukynsapHoe cmpoeHe. CHuUxXaemcs ebicoma
mupoyumos, 3Ha4yumeribHO nospexoaromces sidpa U opaaHessibl YUMmorniasmbl, yMeHbWaemes Konu4ecmso U 8bicoma MUKpO8OPCUHOK
Ha ux arnukanbHOU o8epxHOCMuU, Ymo ompuyameribHO 8/lUssiem Ha CeKpemopHbIU YUK KIIemoK U mpaHCKanuispHble 0bMeHHble
rpoueccsl op2aHa. Takum 0b6pa3om, ycmaHo8eHHble 0ecmpyKmueHble U3MEeHEHUsI KPOBEHOCHbIX Kamnusasgpos U mupouyumos
¢poInIuUKYyno8 S68nsrmesi Mopgon02u4eckuM nposigneHuem nodasreHuss CeKpemopHoU akmueHOCMU WUmogudHoU Xxenesbl npu
mepmuyeckol mpasme U coomsemcmeyem 2unopyHKUUOHaIbHOMY COCMOSIHUIO Op2aHa.

KnioueBble cnoBa: wumosudHas xerne3a, MUKPOCKONUYECcKUe U CyOMUKPOCKONUYECKUe U3MeHEHUs, mepMuyeckas mpasma Koxu.
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ARTICLEINFO The formation of mechanical gastrointestinal anastomosis after esophagectomy is
Received: 19 July, 2018 often accompanied by the development in patients various degrees of reflux esophagitis.
Accepted: 14 August, 2018 The aim of the study - to evaluate the pathogistological changes of the esophagus

mucosa associated with gastro-esophageal reflux in patients with esophageal cancer
and gastroesophageal, junction cancer after surgical treatment, depending on the
technique of forming the esophagus-gastric anastomosis. The study included 30 patients
who developed a mechanical invagination of the esophagus-gastric anastomosis

UDC: 616.329:611.018.73:616-089.86

CORRESP_OND'NG AUTHOR ) developed by the Ukrainian patent (study group) and 30 patients who formed the end-to-
e-mail: k|.' mas.andrew@gmail.com end mechanical circulatory esophagus-gastric anastomosis (comparison group). At
Klimas A.S. 12 months of observation all patients were given fibroesophagogastroduodenoscopy.

Endoscopic diagnosis of esophagitis was performed according to a modified Los Angeles
classification. To assess the morphological state of the esophageal mucosa, the
esophageal mucosal biopsy was performed on the site of anastomosis and
morphologically evaluated the severity of the reflux esophagitis. Reflux-associated
changes in squamous epithelium of the esophagus were evaluated according to the
consensus recommendations of the Esohisto Project. Statistical data analysis was
performed using the EZR v statistical analysis package. 1.35 (Saitama Medical Center,
Jichi Medical University, Saitama, Japan), a graphical interface to R (The R Foundation
for Statistical Computing, Vienna, Austria). In a comparative analysis of frequency
characteristics between different groups of patients, the 2 criterion was used; for
tables 2 2 (in the case of a small number of patients (<5 cases), in the study subgroups)
Fisher's exact test was used. The differences in the results obtained were considered
statistically significant at p<0.05, which ensures a 95% level of probability. It has been
established that the frequency with which the microscopic signs of reflux esophagitis
are fixed are almost 2 times lower in the group of patients who were formed mechanical
invagination esophagus-gastric anastomosis in comparison with the mechanical circular
(46.7% vs. 83.3%, p<0.05), since invagination simulates the reproduction of antireflux
properties of the lost gastrointestinal transition. Endoscopically diagnosed cases of
reflux esophagitis are additionally supplemented by microscopically detected from
5.9% of subjects in the study group to 28.6% of subjects (p<0.05) in the comparison
group, which indicates a higher sensitivity histological diagnosis. The signs that are
consistently associated with post-resection reflux esophagitis include hyperplasia of
the basal layer at both the frequency (86.7% vs. 100%) and the severity of the severity
(6.7% vs. 23.3%, p<0.05), as well as moderate prolongation of papillae (30.0% vs.
66,6%, p<0.01), according to which the best results were obtained in the group of
patients that formed the invagination mechanical esophagus-gastric anastomosis.
According to the Esohisto Project criteria, the frequency of both "mild" and "severe"
esophagitis in the group of patients that formed the invagination mechanical esophagus-
gastric anastomosis was lower compared to the group with mechanical circulatory
esophagus-gastric anastomosis (36.7% and 10.0% vs. 63.3% and 20.0%, p<0.01,
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respectively).

Keywords: proximal gastrectomy with esophageal resection, esophagus-gastric
anastomosis, post-resection reflux esophagitis, Esohisto Project criteria, Histology;

Histopathology.

Introduction

Analysis of the literature on these issues suggests that
that most surgeons around the world use mechanical
techniques to form thoracic anastomosis [3, 4, 21].

However, along with convincing benefits, the use of
stapling devices somewhat impairs the functional results of
operations due to the high level of development of late
complications from anastomoses: inflammatory
complications (anastomositis, reflux esophagitis) and
benign strictures [7, 10, 15, 17, 22]. Therefore, the key to
success, as S.Y. Law [16] notes, is not only a thorough
formation of anastomosis, but also the development of new
methods aimed at improving the quality of intrathoracic
anastomosis after esophagectomy in terms of reducing the
level of development of late complications from the
anastomosis [21].

Despite the fact that clinical symptoms, endoscopy and
pH monitoring are the most important diagnostic tools for
diagnosing reflux esophagitis, however, these tests may
give controversial conclusions [1]. Diagnostic difficulties are
greatest when symptoms of reflux occur without apparent
damage to the esophageal mucosa during normal
endoscopy [8]. Recent studies suggest that esophageal
biopsy in such cases may play an additional role [27].
Currently published several reports on histological findings
in patients with reflux esophagitis, but similar changes were
found in patients without signs of reflux esophagitis [12].
That is, individual histological markers showed low
diagnostic value, which led to the application of histological
scores in the diagnosis of reflux esophagitis. Estimates that
take into account the combination of histological parameters
associated with extensive acid reflux revealed new
perspectives on the role of the esophagus biopsy [27]. That
is why research is promising to establish a correlation
between endoscopic findings and histological changes in
the esophagus [12].

The aim of the study - to evaluate the pathogistological
changes of the esophagus mucosa associated with gastro-
esophageal reflux in patients with esophageal cancer and
gastroesophageal, junction cancer after surgical treatment,
depending on the technique of forming the esophagus-
gastric anastomosis.

Materials and methods

Under observation were 60 patients with esophageal
cancer and gastroesophageal junction cancer who were on
examination and in-patient treatment at the department of
gastrointestinal surgery of the Shalimov's National Institute
of Surgery and Transplantation for the period from 2015 to
2018 with overall survival not less than a year. All patients
underwent proximal gastrectomy with subtotal

esophagectomy by accesses of Lewis, or Osawa-Garlock.
The study included 30 patients who were formed mechanical
invagination esophagus-gastric anastomosis that was
developed and protected by the Ukrainian patent [28] (study
group) and 30 patients who formed the circular mechanical
esophagus-gastric anastomosis end-to-side (comparison
group).

At 12 months of observation all patients performed
esophagogastroscopy. Endoscopic examination was
performed by video gastroscope Olympus GIF-H180. In
doubtful cases, the virtual chromoscopy of NBI was used.
Endoscopic diagnosis of esophagitis was performed
according to a modified Los Angeles classification. All
patients performed a biopsy of the mucous membrane of
the esophagus over the place of anastomosis. For
histological analysis of biopsy material after routine
placement, the dyes were stained with hematoxylin-eosin.
The preparations were studied on a light microscope of
Olympus BH-2 (lens x10, eyepiece x10; lens x40, eyepiece
x10). The photos were taken using the DIGITAL Camera for
Microscope ScienseLab DCM520 (USB 2.0) digital camera.

Esophageal mucus preparations of the study group and
the comparison group were analyzed for the presence of
histological signs of reflux esophagitis: hyperplasia of the
basal cell layer, papillary prolongation, expansion of
intercellular spaces and the presence of intraepithelial
eosinophils, neutrophils and mononuclear cells, since these
four features are considered the most informative elemental
lesions [23]. The combined assessment of microscopic
lesions in patients conducted under standardized criteria
established Esohisto project, introducing assessment of
severity for each parameter in the range of 0 to 2 [8, 26, 31].
In this case:

- basal layer thickness (basal cell layer in ym, expressed
as a fraction of the total thickness of the epithelium (x10) - 0
(absent)<15%, 1 - 15-30%, 2 - >30%;

- the length of the papillae (the length of the papillae in
pum, expressed as the percentage (%) of the thickness of the
general epithelium (x10) - 0 (absent)<50%, 1 - 50-75%, 2 -
>75%;

- expansion of intercellular spaces (Identify as irregular
round dilations or diffuse widening of intercellular space
(x40), small intercellular space = diameter <1 lymphocyte,
large intercellular space = diameter >1 lymphocyte): 0
(absent or <5 small intercellular spaces), 1 (1 lymphocyte or
>6 small and <5 large intercellular spaces), 2 (>1 lymphocyte
or >6 large intercellular spaces);

- intraepithelial eosinophils (count the cells in the most
damaged field (x40)): 0 (absent) 1 - (1-2 cells), 2 (>2 cells);

- intraepithelial neutrophils (count the cells in the most

44

ISSN 1818-1295 elSSN 2616-6194 Reports of Morphology



Usenko O.U., Sidyuk A.V., Klimas A.S., Sidyuk O.E., Savenko G.U.

damaged field (x40)): 0 (absent) 1 - (1-2 cells), 2 (>2 cells);

- intraepithelial mononuclear cells (count the cells in the
most damaged field (x40)): 0 (0-9 cells), 1 (10-30 cells), 2
(>30 cells).

The total figure severity estimates calculated by
summing the severity of lesions divided by the estimated
lesion types (exclude intraepithelial mononuclear cells and
neutrophils, erosion/erosion healed). Scores 0-0.25 were
considered normal, values >0.35 were positive for
microscopic esophagitis, scores 0.5-0.75 were qualified for
the diagnosis of "mild" esophagitis, and scores >1 for the
diagnosis of "severe" esophagitis respectively [23, 31].

Statistical analysis of the data was performed using the
statistical analysis package EZR v.1.35 (Saitama Medical
Center, Jichi Medical University, Saitama, Japan), Graphic
interface to R (The R Fund for Statistical Computing, Vienna,
Austria). A comparative analysis of the frequency
characteristics between different groups of patients using
the criterion x?, for tables 2x2 (in the case of a small number
of patients (<5 cases) in the study subgroups) used the
Fisher exact test [9, 13]. Differences in the results obtained
were statistically significant at p<0.05, which provides 95%
probability level.

Results

At 12 months of follow up of operated patients, endoscopic
changes in the esophagus mucosa were not detected in 24
(40%) patients: in 17 (56.7%) - in the study group and in 7
(23.3%) - in comparison groups; morphological confirmation
of absence of signs of reflux esophagitis was obtained in 21
(35%) patients: in 16 (53.3%) and 5 (16.7%) patients
respectively (Table 1).

Figure 1 illustrates the absence of signs of postreaction
reflux esophagitis: the papillary length is less than half
(<50%) of the total thickness of the epithelium, the basal
layer is only a small percentage (<15%) of the total thickness
of the epithelium, intercellular spaces are not significantly
dilated (<5 small). Intraepithelial eosinophils are absent.

Endoscopic signs of reflux esophagitis detected in 36
(60.0%) patients, 13 (43.3%) patients in the study group and
23 (76.7%) patients comparison groups. In addition to
endoscopically identified patients with symptoms of reflux
esophagitis identified individuals with histological changes
and the lack of visible lesions endoscopically: the study
group - 1 in the comparison group - 2 patients. Thus,
morphologically confirmed reflux esophagitis was detected
in 39 (65.0%) patients: in 14 (46.67%) patients in the study
group and 25 (83.33%) patients in the comparison group
(Table 1).

For histological characteristics of patients found
violations of the esophageal mucosa varying degrees
regardless of the method of forming esophagus-gastric
anastomosis.

Postresection reflux-associated microscopic changes
in the esophageal epithelium are given in Table 2.

Multilayer epithelium was detected in 26 (86.7%) persons

Fig. 1. Afragment of the esophageal mucosa over the place of
esophago-gastric anastomosis with no pathological changes. 1 -
basal layer; 2 - papillae; 3 - intercellular spaces. Hematoxylin-
eosin. Lens x10. Ocular x10.

Table 1. Frequency of endoscopic and morphologically confirmed
manifestation of reflux esophagitis after 12 months of follow up.

Research group, Comparison Level of
Reflux (n=30) (%) Group, (n=30) (%) S;QU'ffgcance
esophagitis Not Not of difference
Ol | Detected © Detected between
found found groups, p
Endoscopically 17 13 7 23 <0.05
detected (56.7) | (43.3) | (23.3)| (76.7) ’
Morphologically 16 14 5 25 <0.01
verified (53.3)| (46.7) | (16.7) | (83.3) '

in the study group and in 30 (100%) persons - groups of
comparison, extension of the papillae - respectively in 14
(46.7%) and 25 (83.3%) persons, enlargement intercellular
spaces and intraepithelial eosinophils were detected in 3
(10.0%) persons in the study group and in 6 (20.0%) persons
in the comparison group (Table 2). That is, the most common
reflux-associated histological signs, according to Table 2,
include an increase in the thickness of the basal layer, which
is 15-30% relative to the total thickness of the epithelium (1)
and papilla extension, which is 50-75% relative to the total
thickness of the epithelium (1). Less dilatation of small
intercellular spaces (1) and the presence of intraepithelial
eosinophil in one field (1) are observed. However, the degree
of histological changes in the mucous membrane of the
esophagus, according to which the study groups differed 3
times, ranged as 2 - were inherent in only hyperplasia of the
basal layer. In assessing the degree of change as 1 -
elongation of the papillae, according to which the study
groups differed 2 times, as well as - dilatation of intercellular
spaces and the presence of intraepithelial eosinophils,
however, in the last two cases, the number of persons having
such changes was insignificant (Table 2). Figure 2 illustrates
the signs of postreaction reflux esophagitis, which is
accompanied by an increase in the thickness of the basal
layer, prolongation of the papillae (<75%), and the dilatation
of the intercellular spaces.

Vol. 24, Ne3, Page 43-51
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Table 2. Degree of severity of reflux esophagitis by microscopic
diagnosis of Esohisto Project.

Level of
Research Comparison significance
Criterion Severity grc();p;, n Grou:)) n (%) of difference
o ’ between
groups, p
) 0 4 (13.3) 0 (0.0)
t':;’psarzzslfy;f 1 |2400)| 23767 <0.05
2 2(6.7) 7 (23.3)
16
Papillary 0 (53.3)9 5(16.7)
, 1 20 (66.6) <0.01
elongation 2 (30.0)5 5 (16.7)
(16.7) .
Expansion of 0 27 (90.0) | 24 (80.0)
intercellular 1 2(6.7) 5(16.7) >0.05
spaces 2 1(3.3) 1(3.3)
- 0 27 (90.0) [ 24 (80.0)
I:;Z?E:hﬁl;sl 1 267) | 5016.7) >0.05
P 2 1(3.3) 1(3.3)

Fig. 2. A fragment of the esophageal mucosa over the place of
esophago-gastric anastomosis with pathological changes. 1 - basal

layer; 2 - elongated papillae; 3 - dilated intercellular spaces.
Hematoxylin-eosin. Lens x10. Ocular x10.

Table 3. Distribution of ballroom characteristics of patients and
aggregate indicator of severity of histological changes of the
mucous membrane.

Severity | Score Resear((:oh/csroup_ n Compari?;’g Group. n
Norm <05 16 (53.4) 5(16.7)
"Mild" 0.5 7 (23.3) 12 (40.0)
esophagitis | .75 4 (13.4) 7 (23.3)
1 1(3.3) 1(3.3)
esiﬁﬁiif.t.s 125 1(3.3) 4(13.4)
2 1(3.3) 1(3.3)

Based on detected reflux-associated microscopic
changes in the epithelium of the esophagus, the distribution
of patients according to the degree of severity of histological
changes in the mucous membrane was further analyzed
(Table 3).

In the group in which patients were formed invagination
mechanical esophagus-gastric anastomosis, reflux
esophagitis was detected in 14 (46.7%) patients versus 25
(83.3%) in patients who had circular mechanical esophagus-
gastric anastomosis (Table 1, 3). Histological "mild"
esophagitis was found in 11 patients (36.7%) in the study
group and in 19 patients (63.3%) of the comparison group,
"severe" esophagitis - in 3 (10%) and 6 (20%) of patients
respectively, the difference between the groups is statistically
significant (p=0.03 according to the 2 criterion) (Table 3). At
the same time, the vast majority of patients whose
esophagitis were classified as "mild", were scored by 0.5
points in both groups. Among patients with esophagitis are
classified as "severe", attracts comparison group in which
the majority of patients met the 1.25 point scale
characterization, while in the comparison group points evenly
distributed (Table. 3).

The results of the comparison of the severity of the reflux
esophagitis associated with the endoscopic diagnosis of
esophagitis, evaluated according to the Los Angeles
classification and evaluated according to the histological
criteria of Esohisto Project, are presented in Table 4.

The reflux esophagitis according to the Los Angeles
Classification of Grade A was found in 10 (33.3%) patients,
grade B - in 3 (10.0%) patients in the study group and
accordingly in 18 (60.0%) and 5 (16.7%) of the patients in the
comparison group. At the same time, according to the
histological criteria, Esohisto's "mild" esophagitis was
detected in 11 (36.7%) patients, and severe in 3 (10.0%)
patients in the study group and 19 (63.3%), respectively, and
6 (20.0%) patients in the comparison group (Table 4). That is,
endoscopically diagnosed cases of reflux esophagitis were

Table 4. Compliance with the severity of the reflux esophagitis
associated with the endoscopic diagnosis of esophagitis. evaluated
according to the Los Angeles classification and evaluated
according to the histological criteria of the Esohisto Project.

Level of
Cateqo Research | Comparison | significance of
gory group, n (%) | Group, n (%) difference
between groups
Los Angeles Classification
N 17 (56.7) 7(23.3)
LA-A 10 (33.3) 18 (60.0)
<0.05
LA-B 3(10.0) 5(16.7)
LA-C 0(0.0) 0(0.0)
Detected changes in| 14 433) | 23 (767) <0.05
general
Esohisto Project
Mucus without 16 (53.3) 5(16.7)
changes
"Mild" esophagitis 11 (36.7) 19 (63.3) <0.01
"Severe"
esophagitis 3(10.0) 6 (20.0)
Detected changes in 14 (46.7) 25 (83.3) <0.01
general
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Fig. 3. A fragment of the esophageal mucosa over the place of
esophago-gastric anastomosis with pathological changes that
correspond to the "mild" reflux esophagitis. 1 - basal layer; 2 -
elongated papillae; 3 - slightly enlarged intercellular spaces.
Hematoxylin-eosin. Lens x10. Ocular x10.

- 1 v 2

Fig. 4. A fragment of the esophageal mucosa over the place of
esophago-gastric anastomosis with pathological changes that
correspond to "severe" reflux esophagitis. 1 - elongated papillae;
2 - thickened basal layer; 3 - extended intercellular spaces; 4 -
intraepithelial eosinophils. Hematoxylin-eosin. Lens x10. Ocular
x10.

additionally supplemented by microscopically detected from
5.9% of the subjects in the study group to 28.6% of the subjects
in the comparison group with the normal mucous membrane
of the esophagus in the category N classification of Los
Angeles (Table 4). It should be noted that in the invagination
mechanical method of forming the esophagus-gastric
anastomosis, the ratio of "mild"/"severe" esophagitis in the
group was almost 4/1, and at the circular - 3/1. That is,
regardless of the method of forming the esophagus-gastric
anastomosis, the "mild" esophagitis was more often
compared to "severe" (Table 4). At the same time, the
combined evaluation of microscopic lesions Esohisto Project,
the frequency of reflux esophagitis generally in the study group
was significantly lower compared to the comparison group
(14 (46.7%) compared to 25 (83.3%), p<0.01). In this case,

the frequency of both "mild" and "severe" esophagitis in the
group of patients who formed the invagination mechanical
esophagus-gastric anastomosis, was lower compared to
the group with circular mechanical esophagus-gastric
anastomosis (36.7% and 10.0% vs. 63.3% and 20.0%, p<0.01
respectively). Histology esophageal mucosa, corresponding
to the degree of reflux esophagitis A is characterized by
increased length of papillae, representing 50-75% of the total
thickness of the epithelium. Basal layer is increased in
thickness and is 15-30% of the total thickness of the
epithelium. Intercellular spaces are slightly extended. There
are no intra-epithelial eosinophils (Fig. 3).

Histology esophageal mucosa of patients that meets
reflux esophagitis stage B, characterized by elongation of
papillae, representing >75% of the total thickness of the
epithelium, increased basal layer in thickness, representing
>30% of the total thickness of the epithelium, intercellular
spaces greatly expanded. Presence of intraepithelial
eosinophils (Fig. 4).

Discussion

In normal esophageal lumen lays out a squamous
epithelium, consisting of four layers: basal, parabasal,
intermediate and superficial. Epitheliocytes are connected
by adhesive, slit, dense and desmosomic contacts, that are
located in the intermediate layer [24]. Reactive squamous
epithelium changes in response to the action of acid, form
the basis of histological diagnostics of reflux esophagitis.

Analyzing the obtained data, it should be noted that the
endoscopically normal mucosa of the esophagus of patients
after esophagectomy for 12 months of observation was
almost 2.5 times more frequent (56.7% vs. 23.3%, p<0.05),
and the frequency with which fixed the microscopic signs of
reflux esophagitis, was almost 2 times lower (46,67% vs.
83,33%, p<0,05) in patients who were formed by invagination
mechanical esophagus-gastric anastomosis in comparison
with the circular mechanical esophagus-gastric
anastomosis, since the invagination modeled the
reproduction of antireflux properties of the lost of
gastroesophageal junction (see Table. 1, 4).

It should be noted that in addition to endoscopically
diagnosed, microscopic changes with signs of reflux
esophagitis were found in 1 out of 17 (5.9%) subjects in the
study group and in 2 out of 7 (28.6%) persons in the
comparison group with normal mucous membrane
esophagus according to the Los Angeles Class N
classification, which indicates a higher (p<0.05) sensitivity
to the histological diagnosis (see Table 4). About the absence
of endoscopic visible lesions, but the presence of histological
changes of squamous epithelium in non-aerosive reflux
disease is reported by a number of researchers [8, 19, 29].

According to the histological study conducted by us,
hyperplasia of the basal layer can be considered a feature
that is consistently associated with post-resection reflux
esophagitis both in frequency and severity. Normally, the
basal layer of the esophagus consists of 2-6 layers of basal
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cells, which is<15% of the total thickness of the epithelium
[2, 8, 26, 31]. The multilayer squamous epithelium was
detected in the vast majority of patients in the study group
(86.67%) and in all patients in the comparison group (100%).
However, the number of patients with more severe severity
(2) was 3 times less (p<0.05) among patients who were
formed by invagination mechanical esophagus-gastric
anastomosis in comparison with the circular mechanical
esophagus-gastric anastomosis (Table 2). In healthy
individuals, the papilla's length is less than 50% of the total
thickness of the epithelium [23, 26, 31]. Papillary elongation,
accounting for 50-75% and 75% relative to the total thickness
of the epithelium was found in 14 (46.7%) patients in group
study and 25 (83.3%) patients comparison group (difference
between groups is statistically significant, p<0.01). In
addition, the number of patients with a more moderate
degree of severity (1) was 2 times lower (p<0.05) among
patients who were formed by invagination mechanical
esophagus-gastric anastomosis in comparison with the
circular mechanical esophagus-gastric anastomosis,
indicating its benefits (Table 2). The good diagnostic value
of these two parameters in the GERD is indicated by M.
Vieth [30]. According to some researchers, hyperplasia of
the basal layer and extension of the stromal papillae
represent a regenerative reaction to damage to the mucous
membrane caused by reflux ("hyperregeneration”) [6, 11,
18, 26]. However, for normal esophageal epithelium
characterized by low regenerative property: moving cells from
the basal layer to the surface proceeds 30 days [20].
Expansion of intercellular spaces and the presence of
intraepithelial eosinophils occurred occasionally: 10.0% in
the study group and 20.0% in the comparison group
(p>0.05), with the number of patients with a more moderate
degree of severity (1) was almost 2 times less (but did not
achieve a significant difference) among patients who were
formed by invagination mechanical esophagus-gastric
anastomosis (Table 2). According to literature in the
epithelium of the esophagus in patients with non-erosive
reflux disease, expanded intercellular spaces are detected,
the mean diameter of which in the distal esophagus is three
times higher compared to control [5].

We found that the ratio of the frequency of "mild" and
"severe" esophagitis does not depend on the method of
forming esophagus-gastric anastomosis: the histologically
"mild" esophagitis is found in 3 times more often than in the
"severe". However, the frequency of both "mild" and "severe"
esophagitis according to the criteria of Esohisto Project in
the study group was 2 times lower compared with the
comparison group (36.7% and 10.0% vs. 63.3% and 20.0%,
respectively. p<0.01) (Table 4). In conclusion, it should be
noted that recent studies have shown that histological
evaluation based on a combination of histological
parameters may be largely due to patient symptoms and
esophageal acid exposure and thus can contribute not only
to the diagnosis of non-erosive reflux disease, but and
differential diagnosis between patients with non-erosive

reflux disease and patients with functional heartburn [14,
25] and play a role in the comparative evaluation of various
therapies [23]. Thus, the results of the study indicate that the
formation invagination mechanical esophagus-gastric
anastomosis significantly reduces histological signs of reflux
esophagitis compared to the mechanical method of forming
a circular mechanical esophagus-gastric anastomosis, and
the use of histological severity ratings showed promising
results when assessing the quality of new ways of forming
esophagus-gastric anastomosis.

Conclusions

1. Histologically normal mucosa of the esophagus of
patients after esophagectomy for 12 months of follow up
was found more than 2 times more often in the group of
patients who were formed mechanical invagination
esophagus-gastric anastomosis compared with circular
mechanical esophagus-gastric anastomosis (53.3% vs.
16.7%, p<0.05 in accordance).

2. According to the histological study, the frequency of
reflux esophagitis is almost 2 times lower in the group of
patients who were formed mechanical invagination
esophagus-gastric anastomosis compared with circular
mechanical esophagus-gastric anastomosis (46.7% vs.
83.3%, p<0.05), since invasion models the reproduction of
antireflux properties of lost gastroesophageal junction.

3. The combination of histological parameters in patients
with morphologically confirmed post-resection reflux
esophagitis appears to be in the vast majority of cases,
such as hyperplasia of the basal layer and elongation of the
papillae of predominantly moderate severity, occasionally
supplemented by the dilation of small intercellular spaces
and single intraepithelial eosinophils.

4. Among patients with mechanical invagination
esophagus-gastric anastomosis, the number of patients with
hyperplasia of the basal layer of severe severity (2) was 3
times smaller (6.7% vs. 23.3%, p<0.05), and the number of
patients with papillary elongation ( 30.0% vs. 66.6%, p<0.01),
the expansion of intercellular spaces and the presence of
intraepithelial eosinophils of moderate severity (1) (6.7%
versus 16.7%, p>0.05) was in 2 times less, compared with
patients who formed a circular mechanical esophagogastro-
anastomosis, which confirms the advantages of mechanical
invagination esophagus-gastric anastomosis.

5. The degree of severity of esophagitis evaluated
according to the Esohisto Project criteria, the frequency of
both "mild" and "severe" esophagitis in the group of patients
who was formed mechanical invagination esophagus-gastric
anastomosis was 2 times lower compared with the group
with circular mechanical esophagus-gastric anastomosis
(36,7% and 10.0% vs. 63.3% and 20.0%, p<0.01 respectively).

6. The histological diagnosis of reflux esophagitis in post-
resection patients is more sensitive than endoscopic, since
it allows individuals with a lack of endoscopic visible lesions
of the esophagus mucosa to detect individuals with
microscopic signs of reflux esophagitis.
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MOP®OJTOMNYHUA CTAH CITU30BOI OBEOJNTOHKU CTPABOXOAY XBOPUX 3 MOCTPE3EKLIMHUMU NPOABAMU PE®DIIOKC-
E30®ArITY 3ANEXHO Bl CNOCOBY ®OPMYBAHHA MEXAHIYHOIO CTPABOXIOAHO-LWWITYHKOBOIO AHACTOMO3Y

Ycernko O.FO., Cudrk A.B., Knimac A.C., Cudrwok O.€., CaeeHko I".FO.

DopMyBaHHs MexaHiHHUX CmpasoXiOHO-WITYHKOBUX aHacmoMo3ie mnicnsi e3oghazekmomii HepidKo Cyrnpo8odXyembCs PO3BUMKOM Y
nauieHmie pegrrokc-e3oghazimy pisHo2o cmyneHsi. Mema pobomu - ouiHumu namoeicmosiogidHi 3MiHU ciu3080i 060/I0HKU cmMpagoxooy,
rnos'si3aHi 3 WIyHKOBO-CmMpasoxiOHUM PeghritoKCOM, X80PUX Ha pak cmpasoxody ma kapodioe3oghazianbHull pak nicnsi padukanbHO20
ornepamugHo20 8mpydYaHHs 3a/exHo 8i0 eapiaHmy cghopmosaHozo e3oghazoeacmpoaHacmomosy. [Jo docnidxeHHs ekmodeHi 30
nayieHmia, kompum 6yno cgpopmMogaHo po3pobneHul i 3axuweHuld nameHmMom YKpaiHu mexaHidyHuUl iHeaziHayilHuUU
e3oghaczoeacmpoaHacmomo3s (epyna 0ocnioxeHHs) i 30 xeopux, kompum 6yno cchopMO8aHO MexaHiYHUU YUPKynsapHuUU
e3oghazozacmpoaHacmomos KiHeUb 8 bik (epyna rnopieHsHHS). Ha 12 micauyb criocmepexeHHs yciM xeopum nposedeHa
¢ibpoesoghazoeacmpodyodeHockonis. EHdockoniyHy OiaeHocmuKky e3oghazimy npoeodusnu gidnogidHo Ao ModughikogaHor
Jloc-AHOxenechkoi knacugikauii. ns ouiHKU MopghoroeiyHo20 cmaHy cru3080i 06010HKU cmpasoxody 8uKoHysanu 6iorcito crnu308oi
060/10HKU cmpagoxody Had MicuyeM aHacmomo3y ma MOPghOsI02i4HO OUiHIO8arNU eupaxeHicmb pecbritokc-e3oghazimy. Pecprirokc-
acouitiogaHi 3MiHU MIOCKO20 enimernito cmpagoxody ouiHoeasnu 32i0HO i3 KOHCeHCYyCHUMU pekomeHOauismu Esohisto Project.
CmamucmuyHul aHania 0aHux rnpoeedeHull 3 8UKOPUCMAaHHAM nakemy cmamucmu4Hoeo aHanizy EZR v.1.35 (Saitama Medical
Center, Jichi Medical University, Saitama, Japan), epaghiyHull iHmepgbetlic do R (The R Foundation for Statistical Computing, Vienna,
Austria). [pu nopigHsANbHOMY aHari3i HaCMmomHUX XxapakmepucmuKk MK Pi3HUMU 2pyrnamu rayieHmie gukopucmosyeasnu Kpumepid 2,
0na mabnuub 2 2 (y eunadky maroi Kinbkocmi nauieHmie (<5 eunadkie) y nidzpynax O0CiG)eHHs]) 8UKOpUCMaHO MOYHUU Kpumepil
Qiwepa. Po3bixHocmi ompumaHux pesyfbmamis egaxasnu cmamucmu4yHo 3Hadyuwumu ripu p<0,05, wo 3abesnedye 95% pieeHb
timosipHocmi. BcmaHoerieHo, wo, 4acmoma, 3 sIKoto (hiKCytombCsi MIKPOCKOIMIYHI 03HaKuU peghritokc-e3oghazimy, malixe y 2 pa3u Hux4ya
y epyni xeopux, skum 6yno cgpopmMosaHO MexaHiyHuUl iHeaeiHauyiliHuli e3oghazoeacmpoaHacmomMo3 MOPI8HAHO 3 MeXaHiYHUM
uupkynsapHum (46,7% npomu 83,3%, p<0,05), ockinbKku iHeaziHauis mModenoe 8idMmeopeHHs1 aHmupegIoKCHUX 8racmusocmeli
8mpayeHo20 cmpagoxiOHO-WyHK0802o nepexody. EHOockomniyHo diaeHocmosaHi sunadku pegriokc-e3ogazimy 0o0amkKoso
A0r08HIOIOMbLCSI MIKPOCKOMIYHO 8usieneHuMu 8id 5,9% ocib y epyni docnidxeHHs 0o 28,6% ocib (p<0,05) y epyni MopieHsaHHS, W0
ceidyump npo binbw BUCOKY Yymmueicmp 2icmosnoeiyHo20 OiaeHosy. [Jo o3Hak, siki cmiliko roe'sidaHi 3 nocmpe3ekyitiHuUM pegbritoKc-
e3oghazimom eidHeceHo 2inepnnasito 6azanbHo20 wapy sk 3a yacmomoro (86,7% npomu 100%), mak i 3a birbW MSXKXKUM cmyrieHem
supaxeHocmi (6,7% npomu 23,3%, p<0,05), a makox romipHe sudosxeHHs1 cocoykis (30,0% npomu 66,6%, p<0,01), 3a skumu Kpawi
pe3ynbmamu ompumMaHi 8 2pyrni Xeopux, KOmpum cghopmosaru iHeaziHayitiHul MexaHiYHUl e3oghazo2acmpoaHacmomo3s. 3a Kpumepisimu
Esohisto Project yacmoma sik "M'siko20", mak i "saxko20" e3oghazimy & epyrii xgopux, Kompum cghopmosaHull iHeaziHayitiHUl MexaHiYHul
e3ohazozacmpoaHacmomos, byna HUXYOK MOPIBHSIHO 3 2PyroK 3 MexaHiYHUM UUPKYISpHUM e3oghazoz2acmpoaHacmomo3om (36,7%
i 10,0% npomu 63,3% i 20,0%, p<0,01 eidnoegioHo). Takum 4YuHOM, ¢hopMy8aHHS iH8aziHauyiliIHoeo MeXxaHi4H020
e3oghazozacmpoaHacmomosy 003801155€ AOCMOBIPHO 3MeHWUMU Yacmomy 2iCmosio2iyHUX rposigie peghbritokc-e3oghazimy nopieHsIHO
3i criocobom ¢hopMysaHHsI UUPKYISIPHOZ0 MeXaHiYHO20 aHacrmoMo3sy.

KnrouoBi cnoBa: npokcumarbHa peseKuyisi WilyHKy 3 pe3eKuicto cmpagoxody, e3oghazoeacmpoaHacmomos, nocmpe3eKkyitiHuli peghriroKc-
esoghbaeim, kpumepii Esohisto Project, sicmonoeisi, 2icmonamoroais.

MOP®OJIOr'MYECKOE COCTOSAHUE CNTU3UCTOM OBOJTOYKU MULLEBOOA BEOJIbHbLIX C MOCTPE3EKLIMOHHLIMU
NPOABNEHUAMU PEPIIOKC-330PAI'MTA B 3BABUCUMOCTUN OT CNOCOBA ®OPMUPOBAHUA MEXAHUYECKOIO
NMULLEBOOHO-XENYOOYHOIO AHACTOMO3A

Ycerko A.FO., Cudrk A.B., Knumac A.C., Cudrwk E.E., CaeeHko I".IO.

DopmuposaHue MexaHu4eCcKUX NUuU,e800HO-XeryO0YHbIX aHacmoMO308 r10C/1e 330¢ha2aKmomMuu HepedKo conposoxdaemcs pasgumuem
y nayueHmos pechrirokc-a3oghacuma pasHol cmeneHu. Llens pabombi - oyeHUMb Mamoaucmornogudyeckue U3MeHeHUs1 cnu3ucmou
oboroyku nuuiesoda, cesidaHHbIe C XenyOOoYHO-MUWEB800HbIM pPeghritoKCOM, 60MbHbIX pakoM nuujesoda u kapduoszoghazuasribHbIM
pakom, rocrie padukaribHO20 OrepamugHO20 eMelamesibcmea 8 3agucuMocmu Oom eapuaHma CEOpPMUPO8aHHOZ0
a30¢haczozacmpoaHacmomosa. B uccnedosaHue ekmodeHbl 30 nayueHmos, komopbiM Obisl cchopmMuposaH paspabomaHHbIl U
3aWUWeHHbIl nameHmMoM YKpauHbl MexaHu4yecKull UHea2uHaUUOHHBbIU 330ghacoeacmpoaHacmomo3s (epynna uccredosaHus) u 30
6011bHbIX, KOMOPbIM bbliT CCHOPMUPOBaAH MexaHUHYeCKUU UUPKYNsipHbIL 330¢hacoeacmpoaHacmomMos KoOHel, 8 60K (epyrnna cpagHeHUsl).
Ha 12 mecsiy HabnwodeHus ecem 6osnbHbIM rpogedeHa ¢hubpoazoghacoeacmpodyodeHocKomnusi. IHOOCKONUYECKY0 duazHOCMUKY
pechbnokc-33oghasuma rpoeodusu 8 coomeememeauu ¢ moduguyuposaHHoU Jloc-AHOxenecckol Knaccugpukayuel. [ns oyeHKu
MOpghor102U4ECK020 COCMOSIHUS cau3ucmoul 0b0104KuU nuwesoda 8bInonHsAIU buorcuro cruducmoul 060m04Ku nuujesoda Had Mecmom
aHacmomo3sa U Mopghorio2u4ecKU OUeHUB8aru ebipaxxeHHoCmb pehritokc-330¢hazuma. Pegbritokc-accoyuupo8aHHbIe U3MEeHEHUS M10CKO20
anumenus nuwesoda oueHusasu Coe/laCHO KOHCEHCYCHbIM pekomeHOauyusm Esohisto Project. Cmamucmuyeckul aHanu3 O0aHHbIX
nposedeH C ucrnonb308aHUeM rnakema cmamucmuyeckoeo aHanusa EZR v.1.35 (Saitama Medical Center, Jichi Medical University,
Saitama, Japan), epachuqeckuti uHmepdgpetic k R (The R Foundation for Statistical Computing, Vienna, Austria). lpu cpagHumensHom
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aHanuse 4acmomHbIX Xapakmepucmuk Mex0y pasfuyHbIMU epyrnnamu nayueHmos ucrnonb3oeanu kpumepud 2, 0na mabnuy 2 2 (8
criydae maroeo Konudecmea nauyueHmos (<5 cryyaes) e nodepynnax uccriedosaHusi) UCMob308aH MOYHbIU Kpumepul @uwepa.
Pasnuyus nonyyeHHbIX pe3ynbmamos cyumanu cmamucmuyecku 3Hadumbimu npu p<0,05, ymo obecneyusaem 95% yposeHb
8eposimHocmu. YcmaHo8/IeHo, Ymo Yacmoma, ¢ KomopoU GhUKCUPYIOMCS MUKPOCKOMUYECKUe npu3Haku peghrmiokc-a3othacuma, noymu
8 2 pasa Huxe 8 2pynne 60sbHbIX, KOmOopbIM bbls1 ChOPMUPO8aH MexaHUHYeCKUl UH8a2UHaUUOHHbIU 330¢haco2acmpoaHacmomos o
CPasHeHUI C MexaHU4eCKUM YUPKYspHbIM (46,7% npomus 83,3%, p<0,05), nockonbKy uHeacuHayusi Modesiupyem gocrpousgedeHue
aHmupegIIoKCHbIX ce8olicme ympaqyeHHO20 Nuu,e800HO-Xely004Ho20 repexoda. SHOOCKONUYecKU duazHOCmMUpPOBaHHbIe crydau
pegprrokc-azoghazuma AornormHUMenbHO OOMOTHAMCS MUKPOCKOMUYecKU obHapyxeHHbiMu om 5,9% nuy e epynne uccredogaHusi 00
28,6% nuy (p<0,05) e epynne cpasHeHusi, Ymo ceudemesnbcmayem o 6osiee 8bICOKOU Yy8CM8UMETbHOCMU 2UCMO102u4ecKo20
duazHo3a. K npusHakam, Komopble yCmoUu4yugo c8si3aHbl C MOCMPE3eKUUOHHbIM PerliioKC-330hacumomM OMHEeCeHO 2urnepnnasuio
6a3arnbHo20 cr1os Kak rno yacmome (86,7% npomus 100%), mak u rno 6onee msxenol cmeneHu ssbipaxeHHocmu (6,7% npomus 23,3%,
p<0,05), a makxe ymepeHHoe ydnuHeHue coco4kos (30,0% npomus 66,6%, p<0,01), no komopbiM fyqwiue pedyribmambl Mof1y4YeHbl 8
epyrne 6071bHbIX, KOMOPbIM CGhopMUPO8anU UHB8a2UHaUUOHHbIU MexaHu4YecKuli a3o¢ghazozacmpoaHacmomos. [1o kpumepusim Esohisto
Project, yacmoma kak "msizkoeo", mak u "msixenoeo” a3oghazuma 8 2pyrine 60sbHbIX, KOmMOPbIM CEhOPMUPOBaH UHBa2UHAUUOHHbIU
MexaHu4yeckul 33octhazoeacmpoaHacmomosd, bbina HUXe 0 CPpaBHEHUK C 2pynnol C MexaHU4ecKUuM UUPKYsspHbIM
930¢hazoeacmpoaHacmomosom (36,7% u 10,0% npomue 63,3% u 20,0%, p<0,01 coomeemcmeeHHo). Takum obpa3om, chopmuposaHue
UHBa2UHaUUOHHO20 MexaHU4eckoeo 330¢hazoaacmpoaHacmomo3a 1o3eossiem 00CMo8epPHO yMEHbWUMb Yacmomy 2ucmoioau4deckux
rposisneHull peghrioKkc-33oghacuma Mo cpasHeHUto co Crocobom hopMuUpoBaHUs YUPKYNSPHO20 MexaHU4ecko2o aHacmomo3sa.
KnroueBble cnoBa: npokcumarbHasi pe3eKkuyusi xenyodka ¢ pesekyuel nuujesoda, 33oghacoeacmpoaHacmomos, nocmpe3eKkyUoHHbIU
pecgprirokc-azoghazum, Kpumepuu Esohisto Project, aucmornoausi, 2ucmonamosnoausi.
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The evaluation of renal measurements such as length, width and thickness, volume is
important in the diagnosis and treatment of many renal disorders, since there is a close
relationship between the sizes of the kidneys and its function. The purpose of the study
was to establish and compare during the postoperative period changes in the mass and
sizes of the kidney left after nephrectomy in the sexually mature male rats. An
experimental study was carried out on 84 sexually mature white male rats weighing 178-
194 grams. Animals were divided into two groups: control (42 rats) and experimental (42
rats). In the control group, the animals under ketamine anesthesia were followed by an
abdominal cavity dilution, after which the abdominal wall was applied in a row. All animals
of the experimental group performed surgical intervention - nephrectomy of the left kidney.
The animals were withdrawn from the trial by intra-pleural administration of thiopental-
sodium 50 mg/kg after 7, 14, 21, 30, 90 days after nephrectomy. Macroscopic evaluation
and description of the kidneys of animals was performed after their removal. Their weight
was determined on the laboratory scale of HLR-200 up to 0.1 mg, and the length, width
and thickness of the organ were measured with the help of a caliper to an accuracy of 0.05
mm. Calculated the volume of the kidney. The statistical analysis of the obtained results
was carried out using the program STATISTICA 5.5 using parametric methods for evaluating
the results. It was established that the mass, length, width, thickness and volume of the
kidney of animals in the experimental group, as compared with the control group, were
statistically significantly higher in all terms of observation. The fraction of the growth of
the width and thickness of the single kidney of animals in the experimental group compared
with the control animals in the animals was statistically significantly greater than the
proportion of kidney growth during the postoperative period. It was found that the largest
increase in the mass and thickness of the kidney, as compared with the control group,
was observed after 30 days of the postoperative period, and the greatest increase in the
length and width of the kidney, as compared with the control group, was observed after 14
days of the postoperative period.

Keywords: single kidney, nephrectomy, kidney sizes, experiment, sexually grown rats.

Introduction

Despite recent developments in systemic therapy,
nephrectomy is still considered the only reliable treatment
for kidney cancer, and as a result, the number of performed
nephrectomies will increase [25, 28].

The question of the compensation of structure and
function in the loss of one of the paired organs is of interest
to clinical practice, in this connection, the attention of
researchers to the experimental study of the kidneys
remaining after the removal of contralateral.

Several studies have found that body weight and body
mass index are independent predictors of the development
of chronic kidney disease after nephrectomy [23, 29]. The

risk of chronic kidney disease following nephrectomy with
regard to kidney cancer has been confirmed in several
retrospective studies of populations [5, 24]. The risk of
terminal renal dysfunction in renal donor increases with age
[17]. Itis established that the larger the mass of the kidneys,
the greater the predictability of survival after nephrectomy in
the elderly [26].

The evaluation of renal measurements, such as length,
width and thickness, is important in the diagnosis and
treatment of many renal disorders, since there is a close
relationship between the size of the kidney and its function
[22]. According to researchers after nephrectomy, renal
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function of the contralateral kidney decreases in patients
regardless of the choice of access (open, laparoscopic) [11]
and depends on the volume of loss of renal parenchyma [2].
The volume of kidneys is considered to be the most accurate
indicator of the size of the kidneys. Recent studies have
shown that kidney volume is an optimal parameter for
predicting renal function [8, 12]. Changing the size of the
kidneys from one survey to another can be an important
indicator of the presence or progression of the disease. The
increase in the volume of the kidneys was observed to a
greater extent after nephrectomy than after renal resection
[19].

We have established the patterns of possible
displacements of a single kidney with an increase in its
mass after the removal of contralateral using mathematical
modeling [13]. The study of the angles of inclination of a
single kidney remaining after contralateral nephrectomy, in
the frontal, sagittal, and horizontal planes, reveals certain
patterns with magnetic resonance imaging depending on
somatotypes [21].

According to scientists, the mean values of length, width
and thickness of the kidneys should be determined for each
population [1, 16]. It is especially important to know the
volume of the kidney, the accuracy of which depends on the
technique of morphometry, the use of magnetic resonance
imaging [15].

Changes in the size of kidney after nephrectomy, direction,
size, speed and duration are of value for predicting the
change of position, function and possible pathology of the
kidney.

The aim of the study - to establish and compare changes
in organometric parameters of the kidney left after
nephrectomy in sexually mature male rats during the
postoperative period.

Materials and methods

Experimental study was performed on 84 sexually mature
white male rats weighing 178-194 grams, which were kept
on the standard diet in vivarium of National Pirogov Memorial
Medical University.

Animal retention and manipulation were conducted in
accordance with the "General Ethical Principles of Animal
Experiments" adopted by the First National Congress on
Bioethics (Kyiv, 2001), and were guided by the
recommendations of the "European Convention for the
Protection of Vertebrate Animals Used for Experimental and
Other Scientific Purposes" (Strasbourg, 1985) and the
provisions of the "Rules for Preclinical Safety Assessment
of Pharmacological Products (GLP)".

All animals were divided into two groups: control (42
rats) and experimental (42 rats). In the control group all
animals were performed abdominal section, followed by
sewn up of abdominal wall layers under anesthesia by
ketamine.

All animals of the experimental group were performed
surgical intervention - nephrectomy of the left kidney. Rats

under general intra-muscle anesthesia (aminazine 10 mg/
kg and ketamine 20 mg/kg) were treated with left-sided
nephrectomy by crossing the renal leg between two ligatures
and then removing the organ. The operation was carried out
as follows. The animal was inserted and fixed with soft straps
for the limbs in the position on the back to the operating
table. Pararectal incision was done in the length up to 3-5
cm in layers for opening an abdominal cavity. The small
intestine with a gauze napkin was pulled down and medially.
Left kidney and its vessels were isolated from the
surrounding tissues. The kidney was molded into the wound
and isolated from the fatty tissue of the upper third of the
ureter. A clamping device was applied to the ureter, under
which it was tied with a catgut ligation and then crossed
under a clamp. In a droop way, they isolated the renal artery
and vein and imposed two clips, between which they were
crossed. The kidney was removed, and the stump of the
blood vessels were tied together by catgut ligatures. The
layer of the wound was tightly sewn.

The animals were withdrawn from the trial by intra-pleural
administration of thiopental-sodium 50 mg/kg after 7, 14,
21, 30, 90 days after nephrectomy.

Macroscopic evaluation and description of the kidneys of
animals was performed after their removal. Their weight
was determined on the laboratory scale of HLR-200 up to
0.1 mg, and the length, width and thickness of the organ
were measured with the help of a caliper to an accuracy of
0.05 mm. The volume of the kidney [4] was calculated
according to the formula: V=0.5237a?b?c, where a is length,
b is width, c is the thickness of the kidney. It is believed that
the method for assessing the volume of the kidney after its
hypertrophy using the ellipsoid volume formula is the most
accurate and useful for predicting the functional status of
the kidney [18].

The kidney mass index was calculated by obtaining a
percentage relationship between the weight of the kidney
and the weight of the body of the rat being examined. In the
investigated animals of the experimental group, the index of
hypertrophy of the kidney was calculated. It was calculated
by obtaining a percentage correlation between the weight of
a single kidney and the weight of the two kidneys of the
control group rats at the given time of the study.

Statistical analysis of the obtained results was carried
out using the program STATISTICA 5.5 using parametric and
non-parametric methods for evaluating the obtained results.

Results

First of all, it is necessary to note changes in the body
weight of the animals of the control and experimental groups.
At the beginning of the study, no statistically significant
change in body mass was detected. After 7 days, the body
weight of the experimental group animal was 4.01% lower
than the control group animal. Subsequently, the comparison
of body mass data showed a lower body weight of
experimental group animals in 14 days by 3.67%, in 21 days
- by 4.36%, after 30 days - by 5.02%, after 60 days - by 3.18%,
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Table 1. Weight of the body and the right kidney of the mature rat of the control and experimental groups.

The term of the Control group (n=42) Experimental group (n=42)

postoperative . . . Kidne . . . Kidne
period Animal weight (g) | Kidney mass (g) Mass Inde}:( (%) Animal weight (g) | Kidney mass (g) Mass Inde}:( %)

1 day 184.8+2.9 0.892+0.028 0.483+0.007 185.6+3.2

7 days 202.4+4 6% 0.975+0.008* 0.493+0.005 194.3+3.2*# 1.027+0.026# 0.532+0.013#
14 days 218.5+3.5* 1.077+0.017* 0.501+0.003 210.5+3.6"# 1.250+0.020%# 0.596+0.011*#
21 days 231.0+4.9* 1.165+0.037* 0.505+0.008 220.9+4 9*# 1.662+0.072*# 0.656+0.031*#
30 days 245.6+4.7* 1.268+0.026* 0.510+0.008 233.315.9*# 1.710£0.060# 0.721+0.018*#
60 days 262.4+3.7* 1.352+0.022* 0.510+0.002 254 1+3.8*# 1.757+0.010*# 0.700+0.005#
90 days 274.7+4.7* 1.497+0.023* 0.545+0.002* 265.5+3.7# 1.858+0.013*# 0.700+0.013#

Note: * - statistically significant differences (p<0.05) according to the Mana-Whitney criterion between the corresponding indicators in
comparison with the indicators of the previous term of research; # Are statistically significant differences (p <0.05) according to the
Mana-Whitney criterion between the respective indices compared with the control animals.
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Fig. 1. Volume of the right kidney of the sexually mature rats in
different terms after the operation of the control and experimental
groups.

after 90 days - by 3.34% compared with similar terms in the
control animals. The weight of the kidney increased both in
the control and in the experimental groups. However, in the
experimental group, the mass of the right kidney was greater
compared to the weight of the kidney of the control group in
the similar term: after 7 days - 4.85%, 14 days - by 13.6%, in
21 days - by 25.52%, through 30 days - by 25.73%, 60 days
- by 24.58%, after 90 days - by 19.35%. Thus, the peak growth
rate of the kidney mass in the experimental group relative to
the control group data was observed after 30 days (Table 1).

The kidney mass index of the experimental group
significantly differed from that of the control group. Thus, in
the control group it ranged from 0,49% to 0,54%, and in the
experimental group - from 0,53% to 0,72%. The peak in the
control group in the 90th day of the experiment, in the
experimental group - at 30 days.

The integral index of kidney size - volume, compared
with the data at the beginning of the experiment, changed as
follows: after 7 days, it increased by 12.43% in the control

group and by 19.87% in the experimental group, after 14
days, itincreased by 24.78% and by 47.69%, respectively, in
21 days - by 39.90% and 55.48% respectively, after 30 days
- by 42.22% and 58.33% respectively, after 60 days - by 44.54
% and 60.23% respectively, after 90 days - by 48.40% and
62.39% respectively (Fig. 1).

The length of the right kidney compared with the same
indicator of animals in the control group was greater after 7
days after nephrectomy by 2.87%, after 14 days - by 6.21%,
21 days - by 3.86%, 30 days later - by 2, 65%, after 60 days -
by 4.62%, after 90 days - by 5.34%. The width of the right
kidney was greater after 7 days after nephrectomy by 3.38%,
after 14 days - by 13.99%, after 21 days - by 12.16%, after 30
days - by 13.24%, after 60 days - by 12,88%, after 90 days -
by 11,69%. The thickness of the right kidney was greater
after 7 days after nephrectomy by 2.51%, after 14 days - by
13.76%, in 21 days - by 12.32%, after 30 days - by 14.57%,
after 60 days - by 13,68%, after 90 days - by 12,74% (Fig. 2).

Discussion

Compensatory and adaptive reactions of a single kidney
after removal from the body of the contralateral form part of
the general system of adaptation of the body in cases of its
damage. We have established an increase in the mass of
the right kidney of rats after the removal of the left kidney,
which reached its peak after 30 days, consistent with the
data of other authors [7]. By comparing the mass of a single
kidney remaining after contralateral nephrectomy, with the
weight of two kidneys of the control group in a given
experiment period, we found that the index of hypertrophy of
the kidney during the postoperative period ranged from
52.35% to 65.22The maximum index of kidney hypertrophy
was observed in the period of 30 days. In the future there
was a decrease in the index. Several authors note that the
maximum hypertrophy of a single kidney, after removal of
contralateral, is 77% of the sum of volumes of two kidneys in
the control group [10].

The fraction of the growth of the width and thickness of
the single kidney of animals in the experimental group
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Fig. 2. Length. width and thickness of the right kidney of the
control and experimental groups during the experiment.

compared with the control animals in the animals was
statistically significantly greater than the proportion of kidney
growth during the postoperative period. According to scientific
literature, the length of the kidneys directly correlates with
the clearance of creatinine [6], and the width of the kidneys
better reflects the influence of environmental factors than
the length of the kidneys. The results of the research show
that the width of the kidney, and not the length, is a predictor
of renal insufficiency [27].
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3MIHU PO3MIPIB HUPKU MICNSA HEGPEKTOMII KOHTPANATEPAIIbHOI B EKCNIEPUMEHTI

MoHacmupcbkuli B.M.

OuiHka HupKosuUX euMiprogaHb, makux K 008XUHa, WupuHa i moswuHa, ob'em saxiruea rpu OiaecHocmuyi i fiKyeaHHi bazambox
HUPKOBUX po3niadie, OCKINbKU iCHye MICHUU 38'A30K MiX PO3MIpOM HUPOK i ix gyHKuyiero. Mema docnidxeHHs - ecmaHosumu ma
ropigHaAMuU npomsizoMm nicnsonepauyitiHo2o nepiody 3MiHU Macu ma PO3Mipie HUPKU, WO 3asuwurnack nicis Hegppekmomii, y
cmameeo3pinux wypie-camuie. EkcnepumeHmarnsHe 00CniOXeHHS BUKOHaHO Ha 84 cmameego3pinux b6inux wypax-caMysix mMacor
178-194 epamis. TeapuH po3nodinunu Ha dei epynu: KOHMPOIrbHY (42 wypu) ma AociOHy (42 wypu). Y KOHMPOobHil epyni meapuHam
nié kemamiHo8UM 3HebOrIeHHSIM PO8OOUIU PO3MUH YEePe8HOI MOPOXHUHU, MIiC/IA Y020 rowaposeo ywueanu YepesHy CMiHKY. Ycim
meapuHam O0CiOHOI epynu 8UKOHy8asu orepamugHe empyvyaHHs - HeGhPEeKmMOMIto 11ieoi HUPKU. TeapuH eugodunu 3 0ocnidy wissxom
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B8HYMpIilWHbOMNIe8panbHo20 8gedeHHs1 mioneHmary-Hampito 50 me/ke yepes 7, 14, 21, 30, 90 di6 nicria Hegppekmomii. MakpockoniyHy
OUIHKY ma orucaHHsi HUPOK meapuH rpoeodusu nicns ix euny4YeHHs. Macy Hupok eusHadyanu Ha nabopamopHux eazax BJIP-200 3
moyHicmio 9o 0,1 me, G08XKUHY, WUPUHY | MOBUWUHY - 3a AOMOMO_20I0 WimaHaeHUUPKYrsi 3 moyHicmio o 0,05 mm. Pospaxosysarnu 06'em
Hupku. CmamucmuyHul aHania ompumMaHux pesynbmamie rnpogedeHul i3 3acmocysaHHaM npoepamu "STATISTICA 5.5" 3
8UKOpUCMaHHAM napamempuyHuUxX memodie ouiHKU ompumaHux pesyrnsmamie. BcmaHoeneHo, wo maca, 0oexuHa, wupuHa, mosujuHa
ma 06'eM HUpKU meapuH GOCITIOHOI 2pyru, MOPIBHSIHO 3 KOHMPOJIBLHOK 2pyror, Byu cmamucmuYyHO 3Hadywe binbwumu y 8ci mepMiHuU
criocmepexeHHs. Yacmka 3pocmaHHs WUupuHU ma moeuuHU €OUHOI HUPKU meapuH OOCriOHOI 2pynu y MOPISHSIHHI 3 NOKa3HUKamu y
meapuH KOHMPOJIbHOI 2pynu 6yna cmamucmuyHo 3Hadyule binbue, HiXk Yacmka 3pocmaHHs1 O08XUHU HUPKU Mid Yyac ricrissonepayitiHo2o
nepiody. BcmaHoeneHo, wo Halbinbwa eefuyuHa npupocmy Macu ma Mmo8WUHU HUPKU, MOPIBHSIHO i3 MOKa3HUKaMu KOHMPOIIbHOI
epynu, crnocmepizanacs yepe3 30 0i6 nicnsonepauiliHoeo nepiody, a Halbinbwa eenuyuHa rnpupocmy OO08XUHU ma WUPUHU HUPKU,
MOPIBHSAHO 3 MOKa3HUKaMu KOHMPOIbHOI epynu, criocmepicanacs dyepes 14 0i6 nicnsionepayitiHo2o repiody.

KnioyoBi cnoBa: e0uHa Hupka, HehpeKmomis, po3mMipu HUPKU, eKCcriepuMeHm, crmameso3piri wypu.

U3MEHEHUA PASMEPOB MOYKU MOCIE HE®P3KTOMUU KOHTPATIATEPANTbLHON B SKCNEPUMEHTE

Monacmbipckuti B.H.

OueHka noyeyHbIx uaMmepeHull, makux Kkak OnuHa, wupuHa u monwuHa, obbem eaxHa rnpu OuasHOCMUKe U f1e4eHUU MHO_2UX MOYEYHbIX
paccmpolicms, nocKobKy cyujecmeyem mecHasi ces3b MexX0y pa3mepamu rnoyvek u ux gyHkyul. Llenb uccnedosaHus - ycrmaHog8uUmb
U cpasHUMb 8 MeYyeHue NocreonepayUoHHoO20 rnepuoda USMEHEHUsT Macchl U pasMepos MoYKu, ocmaswelcsi nocse Heghpakmomuu, y
10/10803peribIX KpbiC-camyos. JKcriepuMmeHmarbHoe uccriedogaHue 8bIrnoIHeHO Ha 84 nonoeo3persbix benbix Kpbicax-camyax maccol
178-194 epammos. XKusomHbix pa3denunu Ha dee epynrbl: KOHMPOIIbHYH (42 KpbICbl) U ONbIMHYI0 (42 Kpbicbkl). B KOHMpPObHOU epyrne
JKUBOMHbBIM 1100 KemamuHo8bIM 0be360o1ueaHuUeM rpoeoduriu 8CKpbimue 6proWwHOU MoIocmu, rnocsie 4e2o nocIoUHO yuusanu 6prowHy
CMeHKY. Bcem Xu8omHbIM 0rfbIMHOU 2pyriibl 8bIMNOMHANU OrlepamueHoe eMelwamerbcmeo - HeGhPIKMOMUIO 1180l MoYKu. KU8omHbIX
8b1800USTU U3 OMbima rymemM 8HympuriespanbHo2o egedeHuss muorneHmarna Hampus 50 me/ke depes 7, 14, 21, 30, 90 cymok nocne
Heghpakmomuu. MaKpOoCKOnuUYecKy OUEeHKY U ornucaHue roYyeK XueomHblx npogodusnu noce ux ydaneHus. Onpedenisnu ux maccy Ha
nabopamopHbix eecax BJIP-200 ¢ moyHocmbto 0o 0,1 me, uamepsnu OnUHY, WUPUHY U MOAWUHY C MOMOWbI0 WMmaHeeHUUPKYs ¢
moy4yHocmbto 0o 0,05 mm. Paccyumsbiganu obbem rnoyku. Cmamucmuyeckul aHanu3 rnosyqyeHHbiX pe3yrnbmamos nposedeH ¢
npumeHeHuem ripoepammbl "STATISTICA 5.5" ¢ ucrionb3oeaHueM napamempuyecKux Memodo8 OUeHKU MOMyYeHHbIX pe3ysibmainos.
YcmaHoeneHo, Ymo macca, OnuHa, WupuHa, monawuHa u o6bem MoYKU XUBOMHbIX OfbIMHOU 2pyrrbl 10 CPAaBHEHUK C KOHMPOsIbHOU
epynnod, 6blnu cmamucmu4YecKku 3Ha4umo bosbwe Ha e8cex cpokax HabmodeHus. [ons pocma WwupuHbl U MOAWUHbI €0UHCMBEeHHOU
MOYKU XKUBOMHbIX OMbIMHOU 2pyrbl M0 CPABHEHUIO C oKasamessiMu y XUBOMHbLIX KOHMPOILHOU epynrbl bbila cmamucmuyecku
3Ha4umo bonbwe, yem 0oss pocma OfUHbI MOYKU 8 meYeHuUe rocieonepayuoHHo20 nepuoda. YcmaHoeneHo, Yymo Haubornbwas
g8esfuyuHa rnpupocma macchl U MOJAWUHbI MOYKU 0 CPaBHEHUK C nokasamesnsamMu KOHMpOsbHOU 2pynnbl, Habnodanack yepes 30
CYmOK rocrieornepayuoHHO20 rnepuoda, a Haubosnbwas eenuyuHa npupocma OnuUHbl U WUPUHbI MOYKU 10 CPaBHEHUIo C rokasamesnsamu
KOHmpornbHoU epynnbl, Habmodanack Yepes 14 OHel rnocneonepayuoHHO20 nepuooda.

KntoueBble cnoBa: eduHcmeeHHasi oyka, HegbpaKMOMUs, pa3Mepbl MOYKU, SKCIIePUMEHM, 0/10803Perbie KPbICh.
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The stroke-causing problems are extremely important in Ukraine. This makes a heavy
burden not only on the health care system, but also on the whole society as a whole.
That's why we've studied structural and ultrastructural changes of cortical neurons and
striatum of the brain and the development of delayed death of nerve cells after the
modeling of the middle cerebral artery occlusion (MCAO) and post ischemic period in
rats. We've analyzed the data at different terms after modeling of MCAO. The purpose
of the study was to investigate the changes in the nervous tissue in the modeling of focal
cerebral ischemia by monofilament occlusion of MCAOQ in rats at different periods of
reperfusion. The statistical processing of primary digital experimental data was carried
out using the software Statistica 6.0. It was confirmed that the 60-minute occlusion of
the MCAOQ is an adequate model of focal ischemic brain damage in rats. Changes of
locomotor activity and a tactile sensitivity were determined in rats after occlusion and
after reperfusion during the post-period period. It was found that in the experimental
group with a reperfusion period of 72 hours, a clear increase of the volume of the
ischemic area of the brain, accompanied by significant neurological deficiency, was
observed. Reduced research activity of the rats was revealed, which was shown in the
decrease of the number of squares they crossed, the number of racks, the increase of
acts of grooming and the duration of acts of frizings. Following ischemic brain damage,
there was also a disbalance of somato-sensory functions, as evidenced by an increase
in the time during which the animal took a test stimulus ("Sticky tape") from both the
anterior paws when tested for tactile sensitivity (adhesive removal test). An electron
microscopic study of the cortex showed that dark wrinkled neurons and enlightened
swollen neurons were observed at 72 hours of post-occlusion period, indicating different
ways of death of these cells. Changes in striatum were similar to changes in the cortex,
which progressed with an increase in the post-occlusion period. The protocol of the
serial evaluation of neurological disorders used after MCAO modeling allowed detecting
long-term stable functional disorders in laboratory rats. The obtained data indicate
significant changes in the structure of the cortex and striatum in the post-ischemic
period and the progressive nature of these changes.

Key words: ischemic stroke, focal cerebral ischemia, monofilament occlusion.

Introduction

Ischemic stroke (IS) is one of the most important
causes of morbidity, disability and mortality in developed
countries.

According to indicators of morbidity and mortality
caused by stroke Ukraine occupies one of the first places
in Europe. Every year from 100 to 110 thousand Ukrainians
first get ill with cerebral stroke [5]. Every third stroke affects
people of working age. From 40 to 43 thousand inhabitants
die after stroke in Ukraine annually. According to the World
Health Organization (WHO), stroke is the second only

among world death factors, and the third is in developed
countries and is a major factor in disabling the population
[3, 23].

Modeling of ischemic brain damage is an
indispensable step for approbation of treatment methods
for patients with IS. The models of IS are the basis for
determining the mechanisms of cell death in neuronal
repair in vivo.

The disclosure of the pathophysiological mechanisms
underlying the cell death in the area of brain infarction is a
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prerequisite for the development of new methods and
therapeutic methods for IS.

The aim of the study was to analyze neural tissue
changes after the modeling of focal cerebral ischemia by
monofilament occlusion of MCA in rats at different periods
of reperfusion and behavioral responses.

Materials and methods

Experimental studies were performed on 63 males of
the Wistar line with body weight 280-320 g in age from 4 to
6 months.

Animals received from the vivarium of Bohomoletz
Institute of Physiology National Academy of Sciences of
Ukraine, where they were kept on a standard diet and in
general were in similar conditions. All experiments were
conducted in accordance with the "Rules for the
implementation of works using experimental animals",
approved by the Ministry of Health of Ukraine. Experimental
procedures were carried out in the cytology department of
Bohomoletz Institute of Physiology in the first half of the
day, which coincided with the circadian rhythms of animals.

Animals were divided into 3 experimental groups
("Sham-operated" - an operating control in which all
surgical manipulations were performed, except for the
introduction of monofilament (n = 21), animals of the two
following groups were modeled focal cerebral ischemia
by monofilament occlusion of the middle cerebral artery by
the method of J. Koizumi et al. (1986) using monofilaments
with a silicone coating: "Short-term MCAQ" - lasting 2
minutes (n=21) , "Long-term MCAQ" - lasting 60 minutes
(n=21)[8, 17, 18].

To assess the presence of ischemic brain damage
before the ischemia was simulated, and after 6, 24 and 72
hours of reperfusion, an "open field" test was performed
that evaluated locomotor activity and a tactile sensitivity test
[2, 13, 21].

Sticky tape test is one of the most sensitive tests for
identifying sensory disorders in rats with OCMA [9, 15]. For
this, the animal was removed from the cage and labeled
with a 3x1 cm Leofix adhesive tape on the distal part of the
front paw, deprived of wool, in a circle of 360°, so that both
ends of the tape protruded and glued together, and the
front paw protruded somewhat forward of the formed cuffs
Immediately after the adhesion of the tape, the animal was
placed back into the cage and began observation. The rats
use their teeth and, to a lesser extent, the opposite limb to
remove the tape. Before the start of the observation, two
timers were triggered: one timer was switched on
constantly, and the other one - during the attempts of the
animal to remove the tape. Each attempt lasted 30
seconds. The desired ratio is the number of seconds the
animal responds to the stimulus, divided by 30 seconds.
This test was repeated with an opposite limb. Each session
consisted of 5 attempts at each end. Of the 5 attempts, two
best results were chosen. After each test, the tape was
removed using warm water and soap.

The final result was expressed in a formula:

x=[(x1+x2)/30)]-2/[(y1+y2)/30)]-2

where x - is the end result, x1 and x2 - are the number of
seconds spent by the animal to remove the tape from the
affected (left) extremity in the best attempts; in 1 and 2 - the
number of seconds spent by the animal on removing the
tape from the intact (right) limb, 30 - duration of the attempt
(30s), 2 - two attempts with the best result.

When properly executed, this test clearly reflects the
focal nature of the damage, demonstrating the pronounced
difference in the score of the affected and intact limbs
throughout the observation time.

The improved experimental model of ischemic stroke
with the help of monofilament occlusion of the middle
cerebral artery in rats allowed to reproduce the focal point
of focal ischemic brain damage mainly in the cortex and
striped body of rats, to a lesser extent, in adjacent brain
structures, which was accompanied by the emergence of
a stable and long-term neurological deficiency in the
experimental animals.

To determine the ischemic volume, we calculated the
area of the infarct area and multiplied it by the thickness of
the sections (Fig. 1).

To determine the size of the cerebral infarction, in vivo
experiments, we chose a commonly used method that
allows the macroscopic level to separate the damaged
(necrotized) region of the brain from the brain tissue that
retained viability and was substantiated by the staining of
TTC brain sections. The slices of the brain were placed in
a 2% solution of TTC, which paints a viable tissue in a
bright red color. Incubation sections were performed for 15
minutes at 37°C.

According to the literature, on the 3rd day after MCAO
there is a clearly defined zone of ischemic injury, with the
area of perifocal edema less pronounced than on 1st - 2nd
day [1, 6, 16, 22]. In these studies, we conducted a
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Fig. 1. Volume of the area (mm?) of ischemic damage in animals at
different periods of reperfusion after MCAO. 1 - 6 hour reperfusion
group of short-term MCAQO; 2 - 6 hour reperfusion of long-term
MCAQO; 3 - 24 hour reperfusion group of short-term MCAOQ; 4 - 24
hour reperfusion group of long-term MCAOQ; 5 - 72 hour reperfusion
of short-term MCAO; 6 - 72 hour reperfusion group of long-term
MCAQO; * - p<0.05.
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morphometric evaluation of lesions within 6 hours, 24
hours and 72 hours from the time of occlusion.

It is known that after ischemic brain damage there are
changes of neurological functions in experimental animals
[3, 10]. Therefore, in addition to the study of morphological
changes occurring in the ischemic brain, we determined
locomotor activity and conducted a test for tactile sensitivity
in rats before occlusion and after reperfusion during the
post-ischemic period. We conducted behavioral reactions
in animals of different groups in 6, 24 and 72 hours after
the modeling of focal ischemia. The main indicators were
evaluated: motor activity, research activity and degree of
anxiety, which was evaluated by grooming (all varieties of
this reaction, which manifested themselves in licking and
scratching), frizings (fading).

Another indicator, which was analyzed during the "open
field" test, was the measurement of the number of racks
(vertical motor activity) that demonstrated the research
activity.

Structural characteristics of cortical nerve cells and
striatum of the brain in the post-lateral period were
investigated using light and electron microscopy methods.

Analysis and statistical processing of the results were
carried out using the following software: ImagedJ, Exel,
Origin 8.0, SPSS ver.,, 20.0.

Results

In the sham-operated animals, histological damage to
the brain was not observed.

In the group of animals of short-term occlusion of MCA
after 6, 24, 72 hours the amount of damage was 5.110+1.250
mm?; 5.520+£1.470 mm?; 10.01+2.340 mm?3, respectively, and
in animals of the group of long-term occlusion of MCA in the
similar terms of the experiment - 9.180+£1.430 mm?,
11.4715.41 mm?3, 21.27+2.07 mm?3, (p<0.05).

It was found that in the experimental group with a
reperfusion period of 72 hours, a clear increase in the volume
of the ischemia of the brain. This indicates that the process
of damaging the brain is dynamic with a gradual increase in
the area of damage with an increase in the period of
reperfusion.

6 hours after the carotid occlusion of the carotid artery in
rats there was a weakened locomotor activity, which gradually
increased with the duration of the post-ischemic period;
single spontaneous movements were rotational.

A group of pseudo-operated animals showed a high
percentage of research activity and averaged 86% of the
total number of racks. Rats with ischemic brain damage, in
the first day after occlusion, this percentage was significantly
lower (19%) than in control animals and gradually decreased
during the post occlusive period.

After the operation, all animals had a reduction in
research activity, which was manifested in the reduction of
the number of squares they crossed (Table 1), the number
of racks, the increase in the acts of grooming and the duration
of acts of frizings (Table 2).

Table 1. Counting the number of squares (N), crossed by the rats
when testing locomotor activity ("open field" test): in the control
group (Pseudo-operated animals) and after 6, 24 and 72 hours
after ischemia. (* - p<0.01).

Time o_f N Pseudo_-operated Short-term Long-term
reperfusion animals MCAO MCAO

6 hours 7 41.20+6.94 22.60+1.20* 16.01+1.73*

24 hours | 7 43.80+1.32 23.50+1.05* 19.80+2.85*

72 hours | 7 45.20+1.90 28.20+3.44* 24.40+1.86*

Table 2. Indicator of increased level of stress and freezing by the
open field test: in the control group (Pseudo-operated animals),
and after 6, 24 and 72 hours after ischemia with an occlusion
duration of 2 minutes (Short-term MCAO) and 60 minutes (Long-
term MCAQ) expressed in seconds (* - p<0.01).

Time of Pseudo-operated Short-term Long-term
reperfusion animals MCAO MCAO
6 hours 5.001+2.110 9.001+1.490* 18.80+4 .49*
24 hours 6.000+2.490 18.00+4.81* 28.60+5.79*
72 hours 7.810+2.040 19.80+3.49* 31.20+5.30*
60
24 hours
- * 24 hours
- 72 hours 2hours
o 30 +
@
Jn 6 hours
-]
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&
Control Control
0

Short-term MCAO Long-term MCAO

Fig. 2. Duration of rats removing the test stimulus when tested for
adhesion removal to ischemia (Control) and after 6, 24 and 72
hours after ischemia. * - p<0.01.

There was also a violation of somatosensory functions
following an ischemic injury in the brain, as evidenced by an
increase in the time during which the animal took a test
stimulus ("Sticks") from both front paws when tested for tactile
sensitivity (adhesive removal test) (Fig. 2).

In a microscopic study, it was found that the zone of
ischemic lesion anatomically covers areas of the
somatosensory (parietal region) and, in part, the motor cortex
(the frontal and prefrontal areas), the corpus callosum, the
lateral and, partially, the medial parts of the striped body, and
reaches the wall of the right side Ventricle, which corresponds
to the basin of the blood supply of the right MCA.

In the cortex of the contralateral hemisphere (control) we
observed the normal structure of the neuropile, the synapses
had clearly defined presynaptic vesicles, synaptic cleft and
postsynaptic density (Fig. 3A).

Microglial cells, microglia and astrocytes, were the first
to respond to ischemic injury. Already after 6 hours we
observed edema of astrocyte processes (Fig. 3B).

With the increase of the post-occlusion period, destructive
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Fig. 3. Electronic microphotography of cortex after ischemic injury in animals at different reperfusion periods after MCAO: A - control; B
- after 6 hours the structural changes of the neuropile are expressed in a vague way; C - after 24 hours there are more pronounced
destructive changes, swelling of not only appendages, but also somas of astrocytes (indicated by a star); D - after 72 hours there were
clear signs of degenerative changes of neuropile, manifested in the devastation and edema of dendrites and astrocytes (indicated by a

P ek

star), pathological changes in myelin fibers (indicated by an arrow). The large line A, B, D - 0.4 microns, C - 0.8 microns.

changes in the cortex were increasing. After 24 hours we
observed a swelling of not only astrocyte processes, but
also of astrocytes (indicated by an asterisk, Fig. 3C).

An electron microscopic study of the cortex showed that
72 hours of post-occlusion period were observed as dark
wrinkled neurons and enlightened swollen, indicating
different ways of death of these cells. At this period of
reperfusion, we showed clear signs of degenerative
neuropile changes, manifested in the devastation and
edema of dendrites and astrocytes (indicated by asterisks),
pathological changes in myelin fibers (indicated by an arrow,
Fig. 3D).

In the group of animals with ischemia for 72 hours post-

occlusion period, both necrotic and apoptotic altered neurons
were observed, neuropile of the cortex was strongly vacuated.

In the microvessels of the cortex there was a progressive,
perivascular edema of the structures over time, of which the
blood-brain barrier, mainly astrocytic processes, is formed.

Changes in striatum were similar to changes in the cortex,
which progressed with an increase in the post-occlusion
period. On the electronogram of the striatum site, we
observed bundles of the myelin sheath, the destruction of
microtubules in dendrites, and the presence of degenerative
changes in synaptic terminals.

In the striatum of the contralateral hemisphere (control),
the neuron bodies had a large, light rounded nucleus with
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Fig. 4. Electron micrographs of striatum after ischemic injury in animals at different periods of reperfusion after MCAO: A - control; B -
after 6 hours there are minor changes of neuropile, which are manifested in the enlightenment of astrocyte processes; C - after 24 hours
destructive changes became more pronounced, destruction of mitochondria (indicated by a star), violation of the structure of synapses
(indicated by an arrow); D - after 72 hours, swelling of the sprouts (indicated by a star), myelin bundle (indicated by the arrows) is

observed. The large ruler is 0.4 microns.

well-differentiated one or two nucleoli and a narrow strip of
slightly darker cytoplasm around the nucleus. In the control
group, synapses can be visualized with well-defined
presynaptic vesicles, synaptic cleft and postsynaptic density
(Fig. 4A).

MCAOQ after 6 hours of reperfusion led to minor structural
changes in neuropile, which manifested in enlightened
astrocyte processes (Fig. 4B).

After 24 hours destructive changes became more
pronounced, destruction of mitochondria (indicated by
asterisks), destruction of the structure of synapses (indicated
by an arrow, figure 4C).

The most striking were changes in striatum for 72 hours

after occlusion of the carotid artery. Significant destructive
changes in neuropile are observed, edema of the processes
(indicated by an asterisk), myelin bundle (indicated by the
arrowheads, Fig. 4D).

Discussion

A detailed assessment of neurological functions and
behavioral reactions may require a large set of tests, each
of which meets a certain aspect of animal behavior. The
optimal set of tests should meet the requirements and
objectives of a particular experiment and be sensitive to the
type and severity of the deficit predicted after simulation of
neurological damage. Since the effects of ischemic stroke
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in humans are mainly sensory, motor and cognitive
impairments, experimental post- MCAO tests in animals
should be aimed at quantifying these violations and
independent of compensatory behavior, due to repeated
repetition of the procedure and training [7, 20].

Behavioral testing also allows to monitor changes in the
neurological functions under the influence of new
regenerative technologies (cell and gene therapy, growth
factors, etc.). The need for statistically significant results
requires the availability of an experimental model that can
reproduce the mechanisms of the IS observed in humans
[14].

In the majority of cases, as a result of MCAO, the centers
of ischemic damage are formed in large sizes and the
volume of the area of the damage in the acute period of the
stroke (24 hours) is used as the final value for assessing
the effectiveness of therapy [6, 13]. However, according to
some researchers, the area of the damage after a 60-minute
MCAO gradually increases for 6 weeks to its stabilization
[13]. Expert recommendations and protocols of preclinical
studies indicate the need to evaluate the effectiveness of
new treatment methods IS based on behavioral responses
and functional changes in experimental animals for a long
observation time (11 months) [12].

The one-way MCAO leads to contralateral neurological
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XAPAKTEPUCTUKA HEPBOBOI TKAHUHW NMPU MOOENIOBAHHI ®OKANbHOI LLEPEBPAIIBHOI ILLEMITY LLYPIB Y PI3HI
MEPIOOAN PENEP®Y3II

Caeuyk O.l., Ckubo I'.T".

lMpobnemu, siki cnpuquHsie iHcynbm, € Had38u4yalHO akmyarnbHUMU 8 YKpaiHi, momy Hamu 6ynu eus4yeHi cmpyKmypHi ma
ynbmpacmpyKmypHi 3MiHU HeUpPOHIi8 Kopu ma cmpiamyma 20/108H020 MO3KY pu MOOernto8aHHi NopyUWEeHHs] Kpo8ornocmaqaHHs 8 Pi3Hi
cmpoKu okmto3ii cepedHboi mo3kosoi apmepii (OCMA) ma nocmiwemidyHozo nepiody y wypie. Mema OocnidxeHHs - aHani3 3MiH
Hepso8oi mKaHUHU npu mModesntoeaHHIi ¢hokanbHOI uepebpanbHoI iwemii wsxom MoHoginameHmHoi okmo3ii CMA y wypie y pisHi
nepiodu penepgysii ma 3miHu rnosediHkosux peakuyiti. CmamucmuyHy 0b6pobKy nepeuHHUX Uugposux eKcriepuMeHmarnbHUX O0aHux
30ilicHio8anu 3a O0rMomMoz20t0 npoepamMHo20 3abesnedyeHHsi Statistica 6.0. [1lidmeepdxeHo, wo 60-xeunuHHa OCMA € adekgsamHoO
Modennto hoKarbHOZ0 iWeMiYHO20 MOWKOOXEHHSI 20/108HO20 MO3KY Wypis. Bukopucmosytodu nosediHkosi mecmu, 8uUsi8reHO 3MiHU
JTOKOMOMOPHOI akKmueHOCMIi ma makmusibHOI Yymueocmi y wypie nicis okm3ii ma nicrs penepgysii npomsieoM nocmiwemMiyHo20
nepiody. BusisneHo, wjo 8 docnidHil epyni 3 nepiodom penepabysii 72 200uHU criocmepizacmbcs Yimke 36inbuweHHs1 06'eMy iuemizosaHol
OinsIHKU MO3KY, W0 CynpoBOOXKYeEMbCS 3Ha4YHUM HeaporiozidyHuM Oegbiumom. BuseneHo 3HuxeHHs1 00CniOHUUbKOI akmusHocmi wypis,
W0 Nposeisiyiocb 8 3MEHWEHHI KinbKocmi Keadpamise, SKi 80HU nepemuHaru, Kimbkocmi cmilioK, 36inbweHHi akmie epymiHey ma
mpusasniocmi akmie ¢ppusiHey. licris iwemidyHo20 yuKOGKeHHS MO3KY Criocmepiaasiocb maKkoX MopyuweHHs COMamo-CeHCOPHUX QOyHKUIU,
npo wo ceidyusno 36inbWeHHS1 Yacy, npPoms20M K020 meapuHa 3Himana mecmosuli cmumyn ("nunyyky”) 3 obox nepedHix nan npu
mecmyeaHHi Ha makmusbHy dYymnusicme (adhesive removal test). EnekmpoHHO-MiKpockomniyHe AocridxKeHHs Kopu roka3sarso, Wo Ha
72 200uHy MOCMOKIMI03itiHO20 nepiody criocmepizanucs K meMHi 3MopuwieHi HelipoHU, mak i npoceimneHi HabyxJi, wo ceid4uso rnpo
Pi3Hi wnsxu 3azubeni yux KaimuH. 3miHU 8 cmpiamymi 6ynu aHanoz2idyHuUMu 3MiHaMm 8 Kopi, siKi npozpecysanu 3i 36ibuWeHHIM
rnocmoksto3itiHoeo nepiody. 3anpornoHo8aHuUll Hamu MPOMOKOI CepiliHOI OUiHKU HesporioeiyHUX rnopyweHb npu modenosaHHi OCMA
0o3sonus susisumu dogzompusarsi cmiliki pyHKUIOHanbHI MopyweHHs1 y nabopamopHux wypie. OmpumaHi OaHi ceid4ame po cymmesi
3MIHU CmMpYKmMypu Kopu ma cmpiamyma 8 rocmiwemiyHoMy nepiodi i Mpo rnpoepecyroqull xapakmep Yyux 3MiH.

KnrouoBi cnoBa: iwemidHull iHCynbm, ¢hokanbHa uyepebparbHa iuemisi, MOHobinaMmeHmHa OKIIH3isl.

XAPAKTEPUCTUKA HEPBHOW TKAHU NPU MOLENTMPOBAHUN ®OKANIbHOW LIEPEEPAJIbHOM ULLEMUU Y KPbIC B PA3HbIE
NEPUOAbI PENEP®Y3UN

Caeuyk E.N., Cku6o I'.I".

lMpobriembi, KOmopsblie 8bi3bigaem UHCY/bM, ASSIOMCS Ype3eblyalHO akmyarbHbIMU 8 YKpauHe, nosmomy Hamu Obiiu u3y4YeHbl
CMpyKmMypHble U yrbmpacmpyKmypHble U3MeHeHUs1 HelipOHO8 KOpbl U cmpuamyma mMo32a fpu MooesuposaHuu HapyuweHus
KpoBoCHabeHUs1 8 pasHble CPOKU OKK/To3uu cpedHeli mo3zoeol apmepuu (OCMA) u e nocmuwemudeckom repuode y Kpbic. Llenb
uccriedogaHus - aHanu3 U3MeHeHUl HepeHOoU mkKaHu npu mModenuposaHuu ¢hokanbHoOU yepebpanbHol uweMuu nymem
MOoHohunameHmHoU okkmo3uu CMA y Kpbic 8 pa3Hble nepuodbi periepy3uu U UsmMeHeHUU nogedeH4yecKux peakyul. Cmamucmu4yecKyto
0b6pabomkKy nepsuYHbIX UUGpPOB8bIX IKCrnepuMeHmarnbHbIX OaHHbIX OCYWecmernsu ¢ MoMOoWbHo fpoepammHo20 obecrieyeHus Statistica
6.0. [NodmeepxdeHo, ymo 60-muHymHas okkrro3usi CMA sensemcsi adekgamHol MoOeribio hoKarbHO20 ULLEeMUHECKO20 08pexX0eHus
20/108H020 M032a KpbIC. Vcrionb3ysi mogedeH4YecKue mecmnbl, 8blsi8/1eHbI USMEHEHUS JIOKOMOMOPHOU akmueHoCcmu U makmusibHOU
4y8cmeumennlbHoCMu y KpbIC 110C/1e OKKo3uU U rocse pernepgy3uu 8 medyeHue nocmuweMmuyeckoeo nepuoda. BbisierneHo, 4mo 8
aKcrnepumeHmarnbHoU epynne ¢ rnepuodom periepghy3uu 72 4aca Habnodaemcsi yemkoe ygserniudyeHue obbema uWemu3upo8aHHO20
y4yacmka mo32a, COrnpogoxoarowesocs 3HaqyumerbHbIM Heapornocuyeckum Oegbuyumom. BeisieneHo cHuxeHue uccriedoeameribcKol
aKmueHOCMU KPbIC, YMO MPOS8NANOC, 8 YMEeHbWEHUU Korudecmea Kkeadpamos, Komopble OHU fepecekaru, Konuyecmea Cmoex,
yeesu4eHuUU akmos 2pymuHaa u rnpodormkumernsHocmu akmoe gpusuHaa. [locne uwemu4eckozo nospexoeHuss mo3ea Habnodanocs
makxe HapyweHue coMamo-CeHCOPHbIX hyHKYUU, O Yem caudemeribCmeosaro yeeuyeHuUe 8peMeHuU, 8 meyeHUe KoOmopozo XU8omHoe
cHUMarsio mecmosbit cmumyn ("nurnyyky”) ¢ obeux nepedHux nan npu MecmuposaHuU Ha MakmuIribHyto YyecmeumernsHocms (adhesive
removal test). 3nekmpoHHO-MUKPOCKONUYecKoe uccriefogaHue Kopbl riokasaso, Ymo Ha 72 4Yacy MOCMOKKIIH3UOHHO20 repuoda
Habnodanucb KaKk meMHble CMOPWEHHbIe HeUpPOHbl, makK U rnpoceemiseHHble Habyxwue, ymo ceudemesibcmeosano O PasudyHbIX
nymsix aubesnu amux Krnemok. MameHeHuss 8 cmpuamyme 6biiu aHano2uYHbIMU U3MEeHEeHUSIM 8 Kope, Komopble rpozpeccuposaru ¢
yeesu4eHueM MocmOKKIII03UOHHO20 nepuoda. [1pednoxeHHbIl HaMu NPOMOKON CepUliHOU OUEeHKU He8pOor102uvecKux HapyweHut npu
modenuposaHuu OCMA nosgonun 8bisisumb 00/1208PEMEHHbIE yCmMOUYUBblIe (QYHKUUOHAlbHbIE HapyWweHUs1 y nabopamopHbIX KpbiC.
lMonyyeHHble 0aHHbIE ceudemesnbCmeaylom O CyUeCMEEHHbIX U3MEeHEeHUSIX CMPYKMypbl KOpbl U cmpuamyma 8 MocmuieMuyeckom
rnepuode U 0 po2peccupyrowem xapakmepe 3mux U3MeHeHUU.

KntoueBble cnoBa: uwemuyeckull UHCysibm, ¢hokanbHasi uepebparnbHas uwemMusi, MOHOUIaMEHMHas OKKITHO3US.
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Anaplastic astrocytoma and glioblastoma are malignant brain tumors with a poor
prognosis. The aim of our study was the complex investigation of the factors, those
influence their aggressive behavior and proliferation (Ki-67, EGFR, MMP-9, PR, p53,
vascular network formation), and the evaluation of their prognostic impact. These data
could be used for optimization of target therapy in different groups of patients with
diffuse astrocytic tumors Grade IlI-IV. Our study included 30 patients who were put
through brain surgery for the first time and were divided into two equal groups: 15
patients who experienced a recurrence within 1 year after the surgery (15 group) and 15
patients without recurrence within 1 year after the surgery (2" group). Postoperative
tumor materials were obtained in formalin-fixed, paraffin-embedded blocks. In addition,
we investigated the case histories of these patients. The expression of Ki-67, EGFR,
MMP-9, PR, p53, VEGF, and CD34 was evaluated with immunohistochemical testing.
Chi-squared test, Mann-Whitney U and Kruskal-Wallis H tests were performed for
comparison of quantitative parameters between groups. Spearman's rank correlation
coefficient was used for the measure of rank correlation between quantitative variables.
Results of our study showed, that there was a tendency (| U,,,=75, 00; p>0.05) to higher
proliferative index in the 1 group (18,29+3,44) compared to the 2 group (16,57+3,09).
EGFR expression was significantly higher in the 1st group ( Uemp=70. 50; p<0.05).
Moreover, the higher EGFR expression was associated with higher MMP-9 expression
(Uemp=7. 500; p<0.01) and lower p53 expression (r,=-0.62, p<0.001). The higher MMP-
9 expression was also associated with higher vascularization index (MVD(VEGF)/
MVD(CD34)) (r;=0.43; p<0.05). Our data confirm the close connections of different
factors of tumor aggressiveness and the presence of molecule-biological discrepancy
in homogenous histologically, but heterogenous prognostically groups of tumors. This
evidence may be used in future for better-personalized therapy of patients with diffuse
astrocytic tumors Grade IlI-1V.

Keywords: glioblastoma, anaplastic astrocytoma, proliferation, tumor aggressiveness,
prognosis, EGFR.

Introduction

Diffuse astrocytic tumors Grade IlI-IV is the most common
malignant neoplasms of the brain [15, 17]. Glioblastoma
accounted for 46,6% of all malignant tumors of the central
nervous system (CNS) [17]. Due to a numerous mutations
in anaplastic astrocytomas and glioblastomas the individual
prognosis of relapse-free survival and overall survival for
different patients can vary significantly and the study of these
mutations will allow selecting the most effective targeted
therapy for each patient [24]. According to the 2016 WHO
classification of tumors of the CNS, it was proved, that
patients with IDH1 mutant glioblastomas have better overall

survival than patients with glioblastoma IDH-wild type (31
and 15 months respectively) [14, 17]. The
immunohistochemical markers, that give information about
activity of oncogenesis, are promising in terms of prognosis
and open up broad possibilities for the selection of targeted
therapy. The family of tyrosine kinase receptors (RTKs) is a
good example of such promising markers. The most
important members of this family are the epidermal growth
factor receptor (EGFR) and the vascular endothelial growth
factor receptor (VEGF) [19, 20]. EGFR belongs to the crucial
receptors influencing to the tumor progression [3, 18]. VEGF
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is an angiogenic protein and malignant transformation has
been shown to induce its expression [5, 6, 19, 22]. According
to some scientific reports the VEGF expression in tumor
cells of diffuse astrocytic neoplasms is a poor prognostic
factor [6, 9, 13]. Glial tumor cells rarely show the progesterone
receptor (RP) expression in cytoplasm, nuclei and also in
endothelium of blood vessels [11, 25]. But the causes of this
phenomenon are still unclear and insufficiently studied.

There is data, that RP can increase EGFR and VEGF
expression in tumor cells [8]. On the other hand, the tumor
with no or low EGFR expression show the higher levels of
p53 tumor protein, that respond of apoptosis [6, 13]. The
numerous reports show that anaplastic astrocytomas and
glioblastomas with p53 expression grow slower and give a
good response to temozolomide and as a result the patients
with such tumors have better overall survival prognosis [13,
16].

Matrix metalloproteinase-9 (MMP-9) expression plays an
important role in facilitating cancer invasion. According to
different research reports, the high MMP-9 expression is a
sign of aggressive tumor behavior [1, 4, 6], so the level of
MMP-9 expression theoretically can be an important predictive
factor of tumor progression.

The gold standard in investigation of proliferative activity
of any tumor is the evaluation of Ki-67 proliferative index (PI).
Nevertheless, there are no exact levels of Ki-67 PI, those
can definitely confirm the worse prognosis for patients with
anaplastic astrocytoma or glioblastoma [13, 23].

Contemporary data about the role of expression of each
of above-mentioned markers in glioblastomas are
inconsistent and need to be specified [10, 21, 27, 28]. There
is no complex investigation of the role of Ki-67, EGFR, MMP-
9, p53, PR expression and the vascular network development
in diffuse astrocytic tumors Grade IlI-1V, which would be aimed
to find the optimal criteria for prognosis. It is caused the
short lifespan the patients with diffuse astrocytic tumors
Grade llI-1V and numerous difficulties due to selection good-
quality observation groups.

The aim of our study is the clarification the correlations
between expression a number of markers, that describe the
oncogenesis (Ki-67, EGFR, MMP-9, p53) and the
development of tumor vascular network (VEGF, CD34) in
anaplastic astrocytomas and glioblastomas. Moreover, we
are tried to find the prognostic value of the expression of
these markers by the patients with high-grade diffuse
astrocytomas.

Materials and methods

We formed two groups of patients to investigate the
proliferative features, aggressive behavior of diffuse astrocytic
tumors Grade llI-IV and also to find predictive criteria of long-
term survival of patients with these tumors. The first group
included 15 tumor samples collected from 15 patients, who
were primarily diagnosed with a high-grade astrocytic tumor,
were treated with surgery and had a recurrence for a year after
surgery. The second group included 15 tumor samples

collected from 15 patients, who were primarily diagnosed
with a high-grade astrocytic tumor, were treated with surgery
and did not have a recurrence for a year after surgery.
Postoperative tumor material was obtained from pathology
departments of Kharkiv Regional Clinical Hospital and Kharkiv
City Clinical Hospital Ne7. All surgical resections were
performed between 2011 and 2016. Parts of the tumors were
formalin fixed and paraffin embedded (FFPE). All tumors had
the supratentorial location and were resected as much as
possible (at least 95% of tumor tissue were resected). All
patients had a standard course of chemo and radiotherapy.
Eligibility criteria included the availability of follow-up data at
least for a year after surgical resection, good quality and
sufficient quantity of tumor material for immunohistochemical
analysis. The details are presented in Table 1.

The histological investigation performed with the light
microscope Primo Star (Carl Zeiss), magnification x40, 100,
400, 1000. Results were photographed with ZEISS Axiocam
ERc5. The immunohistochemical study was performed with
7 primary antibodies, those are presented in Table 2.

We used a semiquantitative approach for assessment
of the results. The expression of EGFR, VEGF, RP scored in
such a scale:

"-" - no expression;

"+" - low expression;

Table 1. The clinical and morphological features of observed tumor
samples in two groups.

Group
Feature
1 2
M 9 (60%) 9 (60%)
Sex
F 6 (40%) 6 (40%)
Age (Mxm) 50.13+10,86 | 56.20+12.29
Frontal lobe 5 (33%) 9 (60%)
Tumor -
location Otherlsuprf_:)tentorlal 10 (67%) 6 (40%)
ocation
[l 1 (7%) 3 (20%)
Grade > 2
\% 14 (93%) 12 (80%)
Table 2. The primary antibodies panel.
Name Clon Dilution Manufacturer
. ThermoScentific,
EGFR SP84 1:100 USA
. ThermoScentific,
MMP-9 Ab-1 GE-213 | 1:200 USA
. . ThermoScentific,
Ki-67 SP6 1:400 USA
. ThermoScentific,
P53 SP5 1:200 USA
. ThermoScentific,
VEGF JH121 1:20 USA
ant-CD34 antibody | - ogeng 19 | 1550 | Dako, Denmark
Class Il
progesterone receptor . ThermoScientific,
(RP) antibody polycion 1:200 USA
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++" - moderate expression;

"+++" - high expression.

For MMP-9 evaluation we counted the percentage of
tumor cells that show positive expression. The evaluation
was performed in hot spot areas (the foci, where the MMP-9
expression was very prominent).

The proliferative index was evaluated due to the count of
the percentage of tumor cells that show positive Ki-67
expression. We considered such levels as 0-4%, under 15%
and more than 15% of tumor cells [13].

The index of p53 expression was counted as the ratio of
tumor cells with p53 expression multiplied by 100% to the
total number of tumor cells in field of view.

The vascularization features were studied due to
evaluation of CD34 expression in endothelial cells. VEGF
expression helped to value the neoangiogenesis. For the
complex investigation of the vascular network in studied
tumors, we used such a term as a vascularization index,
that can be defined as a ratio of microvascular density (MVD)
by VEGF to MVD by CD34.

Vascularization index = MVD(VEGF)/MVD(CD34).

All statistical analyses were performed with the "Microsoft
Exel 2010" and the "Statistica 10.0". The significant result
was p<0.05. We were used methods of parametric and non-
parametric statistics for analysis of immunohistochemical
data. In our study we used such criteria as Mann-Whitney U-
test, Kruskal-Wallis test, Pearson's chi-squared test (x?).
The correlation was evaluated with Spearman's rank
correlation coefficient. Cheddok scale correlation was also
used.

Results

We had evaluated proliferative activity of tumors that
relapsed during a year and tumors that didn't. In order to do
this, we determined Pl based on evaluation of a nuclear
expression of Ki-67 in tumor tissue (an example of
expression of a marker is shown on figure 1). The average
value of Pl was higher in a group of tumors which have
relapsed during a year (18,29+3,44), against a group of
tumors that didn't relapse (16,57+3,09). Observations reveal
that average IP of a first group was higher than second's
even if anaplastic astrocytomas are excluded from
comparison (18,79+2,94) versus (18,00+0,98), although
evaluating significance of this difference by Mann-Whitney
test did not show reliable difference of IP value between two
groups (Uemp=75,00; p>0.05).

We had also evaluated expression of p53 marker in a
group of tumors that relapsed during a year after the surgery
and in a group without such relapse. An average percentage
of tumor cells that expressed p53 was insignificantly higher
in a second group (13,85+4,08) than in a first one
(12,73+3,84). Verifying significance of observed results by
Mann-Whitney test did not reveal reliable difference in p53
expression values between the tested groups (U, =88,50;
p=0,336). Some scientists say about direct link between IP
and p53 expression by tumor cells but in our research such

; M g, A
Fig. 1. Ki-67 expression in glioblastoma. 1 - tumor cells with

hyperchromic nuclei, different shape of tumor cells, 2 - nuclear Ki-
67 expression (the cells with brown nuclei), 3 - vessels. The
additional staining with Mayer's hematoxylin, magnification x400.
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Fig. 2. The comparison of EGFR expression in the group with a
recurrence within 1 year (group 1) and in the group without a
recurrence (group 2).

link was not observed (r,=0,08, p>0.05).

Expression of EGFR was also evaluated. For this
evaluation tumors were classified by 2 groups: 1) ones that
have no or have weak expression of EGFR by tumor tissue;
2) ones that have moderate or high expression. 46,7% of
patients that had relapse during a year appeared in a group
with moderate or high expression of EGFR against only 20%
of patients that had no relapse. Mann-Whitney test confirms
statistically significant difference of EGFR expression
between the groups (Uemp=70,50; p<0.05) (see fig. 2).

Data from literature suggests that EGFR marker is one
of the main markers that point to aggressive potential of a
tumor so it was important to establish if there is a connection
of this marker with clinical and morphological characteristics
of tumors being researched. As can be seen from table 3,
statistically significant connections were only established
with MMP-9 and p53 markers as well as with vascularization
index. Further in our study we researched these connections
in deeper detail.

Evaluating expression of MMP-9 as a possible
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Table 3. The correlation of main immunohistochemical features with the level of EGFR expression.

Number of cases EGFR (-) EGFR (+) EGFR (++/+++)
Fealre N % N % N % N % P

The total number of patients 30 100 1" 36,70 9 30 10 33,30
MMP-9 <0,01
<33% 24 80 1" 100 9 100 4 40
>33% 6 20 0 0 0 0 6 60
Ki 67 >0,05
<174 12 40 6 54,50 5 55,60 1 10
>17,4 18 60 5 45,50 4 44,40 9 90
Vascularization index <0,05
<0,67 18 60 9 81,800 6 66,70 3 30
>0,67 12 40 2 18,20 3 33,30 7 70
P53 <0,05
<13,29 14 46,70 2 18,20 55,60 7 70
>13,29 16 53,30 9 81,80 4 44,40 3 30

100%

90%

80%

70% -

60% -
0
0%  MMP9 (>33%)

0% - & MMP-9 (<33%)

30% -
¥ MMP-9 (-)
20% -

10% -

0% -

Group 1 Group 2

Fig. 3. The comparison of MMP-9 expression in the group with a
recurrence within 1 year (group 1) and in the group without a
recurrence (group 2).

1.20

o tumor cells with
MMP9 expression
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tumor cells with
MMPY expression)

Vascularization index

L
040 4 Y= 00041x 06133

0.20 -+
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Yo tumor cells with MMP9 expression

Fig. 4. The field of correlation and the regression analysis between
the levels of MMP-9 expression and vascularization index.

independent factor that affects prognosis did not reveal
statistically significant differences between groups (p>0.05),

although tumors that didn't relapse during a year have in
general shown a tendency towards lower MMP-9 that those
that did relapse (see fig. 3).

It was revealed that in many cases when expression of
EGFR was absent an expression of MMP 9 was also absent.
Comparing groups with low and moderate or high EGFR
expression had revealed that higher MMP-9 expression is
more common for the latter group (Mann-Whitney test:
U,,,=7,500; U =16; p<0.01).

A connection has been revealed between EGFR
expression level and vascularization index (Kruskal-Wallis
test H (3, N=30) = 10,66 p<0.05) and a moderately strong
link between MMP-9 expression and vascularization index
(r,=0,43; p<0.05) (see fig. 4).

In addition we have verified a theory about presence of
an inverse relationship between expression level of EGFR
and expression of p53. It is believed that EGFR expression
is often related with more aggressive tumors and is more
common among primary glioblastomas while p53
expression is more common in secondary glioblastomas
and is related to slower development of a tumor. Kruskal-
Wallis test in our research shows significance of p53
expression in groups with various EGFR expression
indicators (neg, +, ++, +++). The result of a testis H (3, N=30)
=12.46 p<0.01. In order to find presence of a correlation we
have computed a Spearman rank correlation coefficient
which appeared to be r = -0,62, p<0,001, which points to
moderately strong inverse relationship between expression
level of EGFR and expression of p53 by tumor cells: higher
the expression of EGFR, the lower is the expression of p53
(see fig. 5).

In three cases of tumors that have relapsed during a
year there was an expression of progesterone in tissues of
a tumor (fig. 6). Cells that expressed progesterone were
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Fig. 5. The field of correlation and the regression analysis between
the levels of p53 expression and EGFR expression.

predominantly built of small cells. 1 - nuclear and cytoplasmic
expression (brown color), 2 - big vessels. The additional staining
with Mayer's hematoxylin, magnification x400.

located close to necrosis zones. All three tumors had quite
high vascularization index (1,170+0,610). It should be noted
that these tumors had moderate or high expression of EGFR
and a high expression of MMP-9 (the number of tumor cells
that express MMP-9, was 41% and higher). This
phenomenon was not statistically analyzed due to low
number of observations. In biopsies taken from peripheral
areas of some tumors with high expression of EGFR there
was a clearly observed expression of MMP-9 and VEGF
markers in tumor cells.

Discussion

The levels of proliferative index by Ki-67 in high grade
astrocytic tumors are the same to WHO data for these tumor
histotypes [13,14]. It was not found any influence of Pl to the
prognosis (p>0.05). Although, there was found a tendency
to higher Pl in a group with a recurrence within 1 year after
the surgery in comparison to group without a recurrence.

The investigation of aggressive behavior of tumors
showed that tumors with a recurrence within 1year after the
surgery had moderate or high EGFR expression in 46.7% of

cases compared to 20% of cases in group of tumors without
arecurrence. Mann-Whitney U-test confirmed the significant
difference between EGFR expression in these two groups
(U=70.50; p<0.05). Our data about the prevalence of tumors
with high EGFR expression in the group with adverse
prognosis are similar to data of meta-analysis, that was
based on 17 research reports and included 1458 tumor
samples. According to the data of meta-analysis, the high
EGFR expression in the tumor tissue can be used as a
significant predictive factor of adverse prognosis and shorter
relapse-free survival for patients [12].

There are a lot of data about the presence of some
associations between different features of aggressive tumor
behavior. The immunohistochemical study presents the
activity of different oncogenetical processes due to several
criteria, for instance, the level of EGFR expression, the
number of MMP-9-positive tumor cells and the level of
angiogenesis activity (vascularization index (MVD(VEGF)/
MVD(CD34); VEGF expression in tumor cells. It was caused
the fact of the stimulating effect of EGFR to the MMP-9 and
VEGF synthesis [6, 13, 19, 20]. Our research also confirmed
the presence of such association. We found the significant
correlation between EGFR expression (++/+++) and the
higher percentage of MMP9-positive tumor cells (Uemp=7,50;
U critical=16; p<0.01), and the correlation between EGFR
expression (++/+++) and higher value of vascularization index
(Kruskal-Wallis H-test (2, N=45)=34.19 (p<0.0001)). There
is also a direct moderate correlation between vascularization
index and the percentage of MMP9-positive tumor cells
(rs=0.43; p<0.05).

It should be also mentioned the VEGF and MMP9
expression in the samples obtained from the peripheral
tumor regions. The high EGFR expression was also
observed in these areas. According to the data of WHO and
numerous studies, the VEGF expression in tumor cells is a
sign of adverse prognosis [6, 9, 13]. The fact that this
expression was better observed in the peripheral tumor
regions pointed out the active tumor growth, so pathologists
should carefully investigate besides central tumor regions
also its peripheral zones to understand totally the level of
tumor aggressive potential [5, 6, 9]. The high VEGF
expression in tumor cells may serve as a direct indication
for bevacizumab prescription [5, 7].

It was found the significant difference among p53
expression in groups with different levels of EGFR expression
(neg, +, ++, +++) (Kruskal-Wallis H-test (3, N=30) = 12.46,
p<0.01) and the presence of the moderate inverse correlation
between EGFR expression and p53 expression (r.= -0.62,
p<0.001). Our data are similar to scientific data, that confirmed
that the level of EGFR expression was opposite to the level
of p53 expression. It is explained by the fact that tumors with
high EGFR expression usually belong to primary
glioblastomas and tend to progress faster than the tumors
with high p53 expression that grow slower and usually
associated with secondary glioblastomas [2, 6, 13, 26].

Worth to be mentioned also such an observation as 3
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cases of PR expression in tumors with a recurrence within 1
year after the surgery. These observations were not
statistically analyzed, because the number of cases was
insufficient, but some researchers mentioned, that RP was
able to influence to the proliferation due to increasing the
EGFR and VEGF synthesis in tumor cells. This mechanism
is caused by Ser345-phosphorylation of RP-B, that in its turn
is associated with Sp-1 transcription factor, that regulated
EGFR expression [8].

In the future, it will be planned to investigate the
proliferative features of high grade diffuse astrocytic tumors
and their aggressive potential in larger groups of patients
with not only immunohystochemical, but also molecule-
genetical methods. In addition, it will be tracked the 3-year
and 5-year survival among groups of patients with initially
different prognosis and to figure out if the trends that we
found in this research are constant with the length of time.
We are also going to deeply investigate the molecular
features of early and remote relapses of high grade diffuse
astrocytic tumors. The obtained result may be used for
development of the more effective chemotherapy and may
be interesting for oncologists when they choosing the most
effective treatment strategy for patients.
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MPONI®EPATUBHI OCOBNMUBOCTI AU®Y3HUX ACTPOLIMTAPHUX MYXINUH llI-IV CTYNEHA 3NOAKICHOCTI TA IX BNNIMB HA
NPOrHO3

Slkoeyoea I. 1., Maspunok A. O., YepmeHko T. M.

AHannacmuy4Hi acmpouyumomu ma 21i0bnacmomMu € 8UCOKO 3/105KICHUMU MyXJlUHaMmu 3 ro2aHum rpoeHo3omM. Memoto Hawozo
docnidxeHHs Byno KOMI/IeKCHe 8UBYEHHSI ¢hakmopis, W0 Crpusiiomb hOpMy8aHHIO azpecusHo20 MomeHuyiany yux fnyxauH ma
srnusarome Ha ix nponigpepamusHy akmusHicms (Ki-67, EGFR, MMP-9, PR, p53, po3suHeHicmb cyOUHHO20 pycna), @ makox 8U3Ha4YeHHsI
8ip02iOHO20 MPO2HOCMUYHOZ0 3HaYEHHS UUX (haKmopie ma 83a€M038's3Kie M HUMU, W0 8 MalibymHboMy mozrio 6 6ymu KopucHo 0nsi
onmumisauii mapaemHoi mepanii xgopux Ha Ougpy3Hi acmpouumapHi nyxnuHu -1V cmyneHs 3nosikicHocmi. [ns docnidxeHHs1 6ys
8idibpaHull nicrsionepauitiHuti Mamepian 8id 30 enepwe MpooneposaHux 3 nMpugody MyxXfuHU navjieHmis, wo 6ynu po3nodineHi Ha 2
pieHi epynu: 15 nauieHmis, siki manu peyudus npomsi2oM PoKy ricrs onepauii ma 15 nauieHmie 6e3 peyudugy nMPomMsi2oOM POKY.
licnsionepauitiHuti mamepian Augy3Hux acmpoyumapHux ryxmuH IlI-IV cmyneHs 3nosikicHocmi 6ye npedcmasneHuli napagiHosumu
6rokamu, makox Aodamkoeo susdarnucsi icmopii xeopobu docnidxysaHux nauyieHmie. Memodom imyHozicmoximil eusyanacsi ekcrpecisi
HacmynHux mapkepis: Ki-67, EGFR, MMP-9, PR, p53, VEGF ma CD34. [lns ouiHKU cmamucmuy4HO 3Ha4yyuux eioMiHHocmel Mix
epynamu sukopucmosyseasnu HacmyrHi nokasHuku: x2 lipcoHa, kpumepiti MaHHa-YimHi, kpumepiti Kpackepa-Yonnuca. KopensauitHut
36'A30K MK KiNIbKICHUMU rTOKa3HUKamu ouiHioearnu 3a 0ornomozoio koegiuieHma kopensauii Cnipmera. BusHadeHa meHOeHuis (U, =75,00;
p>0,05) do binbw sucokozo iHOekcy npornichepauii 8 epyni NyxnuH, wo Ganu peyudus nPomsi2oM poky nicns onepauii (18,29+3,44)
ropigHsIHO 3 epynor 6e3 peyudusie (16,57+3,09). Ekcnipecis EGFR 6yna 0ocmosipHO 8uwor y epyri MyxnuH, wo manu peyuous
npomsizom poky (U, =70,50; p<0,05). binbw sucoka excrpecis EGFR 6yna nos'sisaHa 3 6inbw gucokoro excripecieio MMP-9 (U, =7,500;
p<0,01) ma 6inbw Husbkoio ekcnpecieio pd3 (r,= -0,62, p<0,001). binbw eucoka exkcrpecis MMP-9 makox 6yna noe'sisaHa 3 Ginbw
8UCOKUMU 3Ha4YeHHAMU iHOekcy sackynspusauii (LUMP(VEGF/LLUMP(CD34)) (r.=0,43; p<0,05). OmpumaHi 0aHi ceid4ame rpo HasieHicmb
MiCHO20 83aEMO38'A3KY MiX Pi3HUMU thakmopamu azpecusHO20 MomeHuyiarny nyxiuH, 8 MakoX eKa3ylmb Ha Hasi8HICIMb MOMEKYISIPHO-
bionoaiyHux eiOmiHHocmeul Mix 0OHOPIOHUMU 3a 2icmosiozieto, ane Pi3HUMU 3a MPO2HO30M epyrnamu Ougy3HUX acmpouyumapHuUx
nyxnuH IlI-1V cmyneHrig 3nosikicHocmi, wo & nodanbuwomy Moxe 6ymu sukopucmaro 0711 onmumisayii cmpameeii nikyeaHHs1 X8opux Ha
ui nyxmnuHu.

KnrouoBi cnoBa: zniobnacmoma, aHannacmuyHa acmpouyumoma, ocobsiueocmi nposnighepauii, agpecusHuli nomeHuyiarsn, npoeHo3,
EGFR.

MPONMU®EPATUBHLIE OCOBEHHOCTU AN®®Y3HbIX ACTPOLIMTAPHbLIX OMYXOJEM llI-IV CTENEHU 3NTOKAYECTBEHHOCTHU
N X BMIUAHUE HANPOIHO3

Slkoesyoea U. U., Maepuntok A. A., Hepmenko T. H.

AHannacmuyeckue acmpoyumoms! U 2riuobnacmombl S6/S0mces 8bICOKO 3/10Ka4€CmMBEeHHbIMU Oy XONsIMU C M/I0XUM PO2HO30M.
Lenbio Hawel pabombl 6b1510 KOMIIEKCHOE U3y4YeHue hakmopos, eUsIioWUX Ha UX agpeccusHbill MomeHyuasn u npoaugpepamusHyto
akmueHocmb (Ki-67, EGFR, MMP-9, PR, p53, passumocmb cocyducmoeo pycna) Onsi 8bisi8/IeHUs1 8€POSIMHO20 MNPO2HOCMUYECKO20
3Ha4yeHus1 amux ¢hakmopos U 83aumocesseli Mexoy HUMU, Yymo & bydyuiem nomoano bbl oIMUMU3UpPo8ams mapaemHyto mepanuto 0115
pasHbIX epynn nayueHmos ¢ Oughghy3HbIMU acmpoyumapHbimu onyxonsamu Grade lI-1V. UccnedosaHue ekmoyano 30 nayueHmos,
rpoorepuposaHHbIX 8repsbie no noesody oughgbysHol acmpoyumapHou onyxonu llI-IV cmeneHu 3nokadsecmeeHHocmu, Komopble 6biiu
pasdeneHbl Ha 2 pasHble epynnbl: 15 nayueHmMos ¢ onyxonsmu, komopble Oanu peyudus 8 mevyeHue 1 2oda rocne onepauyuu u 15
nayueHmos 6e3 peyuduea e mevyeHue 200a nocse onepayuu. U3yqyunu MeduyuHCcKUe Kapmbl cmayuoHapHbIX 60bHbIX U
rocreonepayuoHHbIU Mamepuan, npedcmasseHHbll 8 napaguHosbix brokax. Memodom ummyHozucmoxumuu bbina usydyeHa
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akcripeccusi makux mapkepos: Ki-67, EGFR, MMP-9, PR, p53, VEGF u CD34. [ina oueHKU cmamucmu4ecku 3Ha4yuMbix pasnu4uli
mex0Oy epynnamu ucrionb3osanu credyruwue Kkpumepuu: x? lupcoHa, kpumepuli MaHHa-YumHu, kpumepuli Kpackepa-Yonnuca.
KoppernsayuoHHas cesidb Mex0y Ko/Iu4ecmeeHHbIMU rokasamesnsmMu OUeHUsannu ¢ noMowbio KoaghguuueHma koppensayuu CrupmeHa.
BeisienieHa meHOeHyus (U, =75,00; p>0,05) k Gosiee ebicokoMy UHOeKcy rnposughepayuu € epyre ornyxosed, daswux peyudus e
meyeHue 200a (18,29+3,44) no cpasHeHuto ¢ epynnoli 6e3 peyudusos (16,57+3,09). Okcnpeccuss EGFR bbina 0ocmosepHO ebiwie 8
epynne onyxoneli ¢ peyudusamu 6 meyeHue eoda (U, =70,50; p<0,05). bonee ebicokas akcripeccusi EGFR 6bina cessaHa ¢ 6osee
ebIcokoli akcrnipeccuet MMP-9 (U, =7,500; p<0,01) u 6onee Huskol skcripeccuel pd3 (r;=-0,62, p<0,001). bonee sbicokas akcripeccus
MMP-9 makxe 6bina cesizaHa ¢ 6osee ebicokuM uHdexkcom eackynspusauyuu (NMMP(VEGF/NIMP(CD34)) (r.=0,43; p<0,05). lNony4eHHbie
pe3ynbmamsl ceudemesibCmeyom 0 MeCcHOU 83aUMOC8sI3U Pa3fuYHbIX NPosieneHull aepeccusHo20 nomeHyuana oryxonau, a makxe
Hannuyuu MoneKynsapHo-6uomo2udecKux pasnuyuli Mexdy oOHOPOOHLIMU O 2UCMOJI02UU, HO PasuYHbIMU 10 MPOSHO3Y 2pyrnamu
onyxonedl, 4mo 8 danbHelwem Moxem bbimb UCMOMAb308aHO Ofs1 oNMUMU3ayuU cmpameauu fie4eHuUs1 nayueHmos ¢ Ouggy3HbIMuU
acmpouyumapHbiMu oryxonamu IlI-1IV cmeneHu 3mokayecmeeHHoCmU.

KnroueBble cnoBa: enuobnacmoma, aHannacmuyeckass acmpoyumoma, ocobeHHocmu nponughepayuu, azpeccusHblli nomeHyuar,
npozHo3, EGFR.
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