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Violation of amino acids metabolism in the human body is the cause of changes in the
structure and functions of almost all vital organs and systems. During the last tens of
years, significant efforts of scientists have been directed to the in-depth study of such
compound as homocysteine (Hcys), which is a thiol-containing amino acid and is
produced endogenously during the exchange of methionine and cysteine. Under the
conditions of its normal concentration (5-15 umol/l), it does not pose a threat to the life
and health of living organisms. However, in a number of pathological conditions, a
pronounced increase of Hcys in blood plasma and inside cells is registered, which
leads to the appearance or progression of diseases, including damage of liver tissue.
The aim of the research is to study the microscopic and histochemical changes in the
liver of adult rats with hyperhomocysteinemia (HHcys). The experiment was conducted
on 22 white non-linear adult male rats aged 6-8 months. During the study, the animals
were divided into two groups - control and experimental. Chronic resistance to HHcys
was modeled by administering thiolactone Hcys in a dose of 200 mg/kg of body weight
intragastrically for 60 days to the rats of the experimental group. Histological
preparations were studied using a SEO SCAN light microscope and photo-documented
using a Vision CCD Camera with a system of image output from histological preparations.
Succinate dehydrogenase was detected histochemically according to the Nakhlas
method. These studies were carried out on sections made in a cryostat microtome from
unfixed tissue using nitro blue tetrazole. To study the specifics of glycogen accumulation
in hepatocytes, sections were stained using Schiff's reagent, after preliminary treatment
with iodic acid (PAS reaction) in the Shabadash modification. It was established that
the administration of thiolactone Hcys to young rats at a dose of 200 mg/kg led to an
increase in the volume of connective tissue elements around the lobules and in the
portal tracts of the liver. Thus, it was established that in the liver of adult rats with
HHcys, there is a noticeable thickening of the fibrous connective tissue around the
lobules and in the portal tracts, trabeculae dissociation, and the appearance of foci of
necrosis of the parenchyma of the organ. Hypertrophy and hyperplasia of smooth
myocytes in the middle layer and fibrosis of the outer layer of the wall of interlobular
arteries, leukocyte infiltration in the portal tracts are observed. A significant decrease
in succinate dehydrogenase activity was established histochemically.

Keywords: hyperhomocysteinemia, liver, liver plates, fatty dystrophy, succinate
dehydrogenase, rats.

Introduction

Violation of amino acids metabolism in the human body;,
as established, is the cause of changes in the structure
and functions of almost all vital organs and systems. For
tens of years, significant efforts of scientists have been
directed to the in-depth study of such a compound as Hcys,
which is a thiol-containing amino acid and is produced
endogenously during the exchange of methionine and

cysteine. Hcys in blood plasma is able to be in protein-
bound (99 %) and free (1 %) forms. Under the conditions of
its normal concentration (5-15 pymol/l), it does not pose a
threat to the life and health of living organisms. However, in
a number of pathological conditions, a pronounced
increase of Hcys is registered in blood plasma and inside
cells. This condition is called HHcys and is often used as
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a prognostic factor for the risk of cardiovascular diseases,
diseases of the respiratory, excretory, and digestive systems,
as well as screening for congenital defects of methionine
metabolism, miscarriage, vitamin deficiency [4, 8, 9, 18].

The liver and kidneys are the key organs where
processes of Hcys metabolism take place. In the presence
of any structural and functional changes in the specified
organs, deficiency of enzymes of Hcys metabolism
(congenital or acquired) or insufficiency of vitamins that play
the role of cofactors in these biochemical transformations
(B, By B,,), the concentration of Hcys begins to increase
[20, 21]. The negative effects of HHcys are now largely
established. They consist in homocysteinilation of blood
plasma proteins, disruption of methylation processes,
stimulation of NMDA receptors, Toll-like receptors (mainly
TLR,), dysregulation of Ca**-channels, and increased activity
of NADPH oxidase. The latter fact is associated with
excessive production of reactive oxygen species (ROS).
ROS, in turn, trigger signaling pathways and the production
of pro-inflammatory mediators - IL-1, IL-6, TNF-q, etc. In
addition, HHcys leads to impaired synthesis and reduced
bioavailability of NO in endothelial cells of vessel walls [18,
22]. The result of the effect of Hcys on the body is the
development of myocardial infarction, disorders of cerebral
blood circulation, neurodegenerative diseases [6, 10, 12,
13].

Research conducted on animals, as well as clinical
observations, indicate the fact that HHcys serves as the
basis for the development of not only the above-mentioned
diseases, but in one way or another is a trigger of pathological
processes in other body systems. In particular, there is
increasing evidence that Hcys disrupts intracellular lipid
metabolism, leading to their accumulation in hepatocytes
[18]. This leads to the appearance of fatty hepatosis and
changes in the morpho-functional parameters of the organ.
A change in the structure of the liver leads to disturbances in
the mechanisms of utilization of Hcys, and, therefore,
becomes the cause of an even greater increase of it in the
blood plasma and the progression of existing diseases.
Separate literature sources also demonstrate the
participation of the specified amino acid in the occurrence of
cirrhosis and liver fibrosis. Thus, an urgent task is to study
the peculiarities of histological changes in the organ against
the background of a long-term increase in the level of Hcys
in the blood plasma [2, 16, 17, 19].

The aim of the research is to study of microscopic and
histochemical changes in the liver of adult rats with HHcys.

Materials and methods

The study was carried out in compliance with
international recommendations on conducting medical
and biological research using animals (Kyiv, Ukraine, 2001)
and agreed with the provisions of the "European Convention
for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes" (Strasbourg,
France, 1986) [3]. The experiment was conducted on 22

white non-linear adult male rats aged 6-8 months. During
the study, the animals were divided into two groups - control
and experimental. Chronic resistance HHcys was modeled
by administering thiolactone Hcys in a dose of 200 mg/kg
of body weight intragastrically for 60 days to the rats of the
experimental group. Animals were anesthetized by
decapitation using thiopental anesthesia. For histological
examination, pieces of liver were taken from pre-weighed
animals of all groups. The pieces were fixed in a 10 %
formalin solution, not exceeding the exposure duration of
1-2 days. Next, the pieces were dehydrated in alcohols of
increasing concentration and embedded in paraffin blocks.
The prepared sections, 4-5 um thick, were stained with
hematoxylin and eosin and methylene blue [1]. Histological
preparations were studied using a SEO SCAN light
microscope and photo-documented using a Vision CCD
Camera with a system of image output from histological
preparations.

To study the dynamics of compensatory and adaptive
processes of the liver under conditions of HHcys, the study
of the key enzyme of the tricarboxylic acid cycle - succinate
dehydrogenase - is of particular interest. This mitochondrial
enzyme was detected histochemically by the method of
Nakhlas [5]. These studies were carried out on sections
made in a cryostat microtome from unfixed tissue using
nitro blue tetrazole. The sediment in the form of blue
granules of diformazan testified to the presence and
localization of the enzyme.

To study the specifics of glycogen accumulation in
hepatocytes, sections were stained using Schiff's reagent,
after pre-treatment with iodic acid (PAS reaction) in
Shabadash's modification [5].

Results

Studies of the microscopic organization of the liver of
mature animals with hyperhomocysteinemia revealed
more pronounced structural changes in the organ
compared to young animals. A noticeable thickening of the
fibrous connective tissue around the lobules and in the
portal tracts was established. Dyscompletion of liver plates
was revealed. In hepatocytes, the nuclei were
hyperchromic, pyknotically altered. Signs of hydropic and
fatty dystrophy were observed in the cytoplasm of
hepatocytes. In some places, foci of necrosis of the liver
parenchyma were found. Significant changes are also
present in the vascular bed of the liver of mature animals.
In the vast majority of central, sublobular and interlobular
veins, full blood was found, their walls were expanded and
thinned (Fig.1).

The thickness of the wall of interlobular arteries
increased due to hypertrophy and hyperplasia of smooth
myocytes in the tunica media and fibrosis of the tunica
adventitia. There is leukocyte infiltration in the portal tracts.
Significant changes were found in the microcirculatory bed
of the liver. The lumens of the sinusoids were expanded,
often filled with formal elements. Endothelial cells were
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Fig. 1. Histological changes in the liver of mature animal after
simulated hyperhomocysteinemia. 1 - violation of the hepatocyte
plates organization of the organ, 2 - dystrophically changed
hepatocytes, 3 - enlarged central vein. Staining with hematoxylin

and eosin. x200.

Fig. 2. Low activity of succinate dehydrogenase in the liver of a
mature animal under conditions of simulated hyperhomocysteinemia.
1 - in the cytoplasm of most hepatocytes, there were few clumps
of diformazan. Nakhlas method. x 200.
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Fig. 3. The presence of glycogen in the liver of a mature animal
under conditions of simulated hyperhomocysteinemia. 1 - low
content of glycogen lumps in the cytoplasm of hepatocytes.
Shabadash method. x400.

partially damaged, their nuclei were hyperchromic,
pyknotically altered, and the cytoplasm was swollen and
uneven. Perisinusoidal spaces are expanded, infiltrated
by leukocytes and macrophages.

A significant decrease in succinate dehydrogenase
activity was established histochemically. There were few
lumps of diformazan in hepatocytes, they were weakly
basophilic (Fig. 2).

Histochemical study of the presence of glycogen in the
hepatocytes of the liver of mature animals under the
conditions of simulated hyperhomocysteinemia showed a
decrease in the content of the indicated trophic compound
in the cytoplasm of cells, in some cells the cytoplasm is
practically devoid of this trophic compound (Fig. 3).

Discussion

Related studies conducted on experimental animals
accompanied by simulation of chronic HHcys showed a
negative effect of this amino acid on the structural and
functional indicators of various body systems.

It was established that in adult rats with persistent
HHcys, the organs of the respiratory system underwent
changes in the form of the development of dyscirculatory
disorders, remodeling of bronchiole walls, and
inflammatory processes. The lumens of the bronchi were
narrowed, spasmodic, filled with serous-mucous contents.
Desquamation of the epithelial lining in their lumen was
found in some places. The bronchial walls were swollen,
infiltrated with histiocytic cells, neutrophils, and
lymphocytes. Zones of dysatelectases and atelectasis in
the respiratory department were a characteristic finding.
Zones of emphysematous-changed areas of lung tissue
were also detected. Under these conditions, HHcys was
associated with an increase in the activity of fibroblasts
and thickening of the walls of the alveoli, which led to a
violation of normal gas exchange. This process was
complicated by damage of the vessel walls, and, therefore,
to the components of the air-blood barrier [15].

R. F. Kaminsky et al. [7] studying the structure of the
heart of laboratory animals under conditions of HHcys at
the submicroscopic level revealed damage of the organ in
the form of its dystrophic and destructive changes.
Endocardium and myocardium were involved in the
pathological process. The first was characterized by
thickening of collagen fibers and significant swelling of the
components of the main substance. In the myocardium,
cardiomyocytes underwent pronounced changes. They lost
myofibrils, sarcomeres were disorganized. Mitochondria
of the cells were swollen, their matrix was illuminated, and
the crystals showed signs of destruction. The tubules of
smooth ER expanded significantly. The components of the
connective tissue also actively increased their volume in
the myocardium, in particular, the thickening of collagen
fibers was recorded. Violation of the structural organization
of vessels of the microcirculatory bed of the myocardium
was observed.

Vol. 29, Nel, Page 5-9
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Recent studies [14] have shown the presence of a
relationship between biochemical changes in thyroid tissue
and the level of Hcys in the blood plasma of experimental
rats. HHcys in animals was accompanied by the
development of catabolic processes, which were
characterized by the accumulation of low-molecular-weight
compounds in the blood and homogenates of the thyroid
gland. Biochemical studies also revealed the activation of
proteolytic processes in the organ, which was evidenced
by an increase in the levels of matrix metalloproteinases
(MMP-2). Also, proteolysis in the tissue of the thyroid gland
was confirmed by a significant shift in the protein profile.
The accumulation of proteins with a molecular weight <30
kDa and a decrease in high molecular weight proteins
were recorded. The activation of inflammatory processes
was characteristic and confirmed by the increase of the
corresponding cytokines [14].

Ultramicroscopic studies of liver tissue under conditions
of HHcys against the background of hypo- and
hyperthyroidism demonstrated the presence of significant
disturbances in microcirculation and transcapillary
exchange in the organ. At the same time, hepatocytes were
characterized by damage of the nuclei and cytoplasm
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MIKPOCKOMIYHI TA MCTOXIMIYHI 3MIHX NEYIHKXA OOPOCNUX LWYPIB 3 MNMNEPFOMOLUCTEIHEMIEIO

Maeecbkui O. €., lanazan 0. B.

lNopyweHHs1 Memaboniamy amiHOKUC/IOm 8 opeaaHi3Mi /IIOUHU € MPUYUHOK 3MIHU cmpykmypu ma QyHKUil mal>e 8cix eimarnbHUX
opeaaHig i cucmeM. Brnpodoex ocmaHHix Oecsimkie poKie 3Ha4yHi 3ycuris Haykoeuyig cripsmMosaHi Ha roeanubrieHe 8ug8deHHs makoi
crionyku siKk eomoyucmeid (I'y), wo € mionemicHo amiHOKUCIIOMOK ma rnpodyKyembCsi eHO02eHHO 8 X00i 0bMiHy MemioHiHy U yucmeidy.
3a ymos lioeo HopmarnbHOI KoHUeHmpauii (5-15 mMkmonb/n) eiH He cmaHo8umb 3a2po3u O Xummsi ma 300P08'si KUBUX Op2aHi3mis.
OO0Hak, 3a yMOBU BUHUKHEHHST HU3KU 1amosioeidHUX CmaHie peecmpytoms gipoeioHe 3b6inbweHHs1 KoHueHmpaui 'y y nna3smi kposi ma
8cepeduHi KnimuH, wo npu3sodums 00 088U YU MpoepecysaHHs Xgopob, 8 MOMYy YUCI ypaxeHHS MKaHUHU nediHku. Memoto
docnidxeHHs1 cmarno 8CMaHOBMeHHST MIKDOCKOMIYHUX ma 2icmoXiMiYHUX 3MiH rediHKu Aopociux wlypie 3 zinepeomoyucmeiHemiero
(I'Tu). EkcnepumeHm nposedeHuli Ha 22 binux HeniHiliHUX GOPOCAUX wypax-camusix, eikom 6-8 micsauis. Mpu docnidxeHHi meapuH
po3nodinsnu Ha 08i epynu - KOHMPOrbHY i docnioHy. XpoHiyHy cmitiky Ty modentosanu egedeHHsIM wypam O0C/IiOHOT 2pynu mioiakmoHy
'y 8 003i 200 me/ke macu mina iHmpazacmpanbHo 8rnpodoex 60 0i6. icmonoeidHi npenapamu eugyanu 3a 0MOMO20I0 C8imn108020
mikpockorna SEO SCAN ma ¢pomodokymeHmysarnu 3a doriomoeoto gideokamepu Vision CCD Camera 3 cucmemoro 8ugody 306paxeHHs
3 eicmonoeidHux npenapamig. [icmoximiyHo eusiensinu cykyuHamoezidpozeHa3dy 3a memodom Haxnaca. Lli docnidxeHHsi 30iticHiosanu
Ha 3pi3ax, 8u2omoesieHuUx 8 MiKpomoM-Kpiocmami 3 Hegikco8aHOi MKaHUHU 3 8UKOPUCMAaHHSM HIMpO-CUHb020 mempa3somnto. [ns
docnidxeHHs1 ocobnueocmell HaKOMUYEHHS 2/1iko2eHy 8 eenamoyumax npoeoousniu 3abapeneHHsi 3pisie 3a 00IOMO20K peakmusy
Llugpgha, nicnsi nonepedHboi 06pobku tiodHoro kucriomoro (PAS-peakuis) 8 modudpikauji LLlabadawa. BeedeHHsi mionakmoHy 'y, monodum
wypam 8 0o3i 200 me/ke npussodunio 0o 36inbuwieHHs1 06'emy eneMeHmig8 Criofy4YHOI MKaHUHU HaBKOJI0 Yacmo4YoK ma 6 rnopmarbHUX
mpakmax rneyiHku. TakuM YUHOM, 8CMaHOBMEHO, WO y fediHyi dopocux wlypie 3 einepaomouyucmeiHemicto 8idbysaembcsi MoMimHe
1OMOBUWEeHHSI 80/I0OKHUCMOI CMOMYyYHOI MKaHUHU HaBKOJI0 4acmo4YyoK ma y cknadi mopmarnbHUX mpakmig, OUCKOMIIIeKmauisi neviHkogux
barnok, rnosisa ocepedkie HEKPO3y napeHximu opzaHy. Criocmepicalombcsi 2inepmpocbiss ma 2inepnnasis enadkux mioyumie y cepedHil
060710HUi ma ¢hibpo3 308HIWHLOI 0OOIOHKU CMIHKU MiPK4acmoyYkosux apmepit, nelkoyumapHa iHginbsmpauisi 8 nopmarnbHUX mpakmax.
FicmoximiyHO ecmaHoerneHe 3Ha4YHe 3HUXEHHSI akmueHocmi cykyuHamoezidpozeHasu.

KnrouoBi cnoBa: zinepeomoyucmeiHemisi, nediHka, neviHKosi nnacmuHKu, xuposa ducmpodpis, cykuyuHamoeziopoeeHasa, wypu.
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preoperative planning in invasive cardiology and cardiac surgery. Predictive modeling
of indicators can significantly save resources. The purpose of the study: to make
modelling of Valsalva sinuses and coronary artery ostia height parameters depending
on age-anthropometric indicators in healthy men based on computed tomography. The
material is represented by contrast-enhanced computed tomography images of the
aorta and coronary arteries of forty-three men under normal conditions. Methods:
morphometric and statistical analyses. A multifactorial correlation-regression analysis
was conducted to establish the complex influence of age-anthropometric parameters
on sinuses of Valsalva and coronary artery ostia height. The reliability of the obtained
indicators was confirmed by Fisher's test (F). Using the Durbin-Watson autocorrelation
criterion, the correctness of the built model was proved. In healthy men, weight (direct
effect) and body mass index (inverse effect) significantly influenced the height of the
lower edge of the right coronary artery ostia. The regression coefficient is R = +0.632,
with p<0.001, the standard error of estimation (SEE) is 2.951. The obtained linear
equation of the prognostic model: the level of the height of the departure of the lower
edge of the right coronary artery ostia=0.359 x A1-1.099 x A2 + 16.53. The correctness
of the built model was checked using the Durbin-Watson autocorrelation test (2.181).
The prognostic model for calculating the height of the left aortic sinus was formed by
height and weight indicators (strong direct influence): R = +0.759, p<0.001, SEE =
2.208. The adjusted coefficient of multiple determination was R2, e +0.562. The Durbin-
Watson autocorrelation criterion was within the normal range (2.241). The linear
equation of the prognostic model with the obtained B-coefficients: the level of the height
of the left sinus of the aorta = 35.83 x A1 + 0.033 x A2 - 42.22. The work of prognostic
models for individuals with different anthropometric and age parameters was verified.
Thus, a model of the dependence of the indicator of the height of the left sinus of the
aorta on height and weight was created; of the height of the deviation of the lower edge
of the right coronary artery from weight and body mass index in healthy men based on
computed tomography.

Keywords: coronary artery ostia, anatomy, computed tomography, aorta.

Introduction

According to the Global Burden of Disease (GBD),
mortality from cardiovascular diseases in Ukraine is
64.3 % [15, 19]. It is important that the sex aspect is clearly
observed in the structure of morbidity. Men get sick more
often than women. This tendency is typical in the global
and Ukrainian incidence structure. In Ukraine, men have
almost twice the incidence rate. According to the European
society of cardiology (ESC) 772.1 cases per 100,000 men

and 440.9 per 100,000 women) (2017 data) [1, 2].
Computed tomography (CT) is the "gold standard"
modality for diagnosing the state of the cardiovascular
system [10, 18]. Morphometry of the aortic bulb is necessary
for preoperative planning in invasive cardiology and cardiac
surgery [3, 7]. Morphometric data of the aorta differ between
countries, while research on this topic in Ukraine is rather
isolated. However, an increase in the number of performed
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diagnostic procedures will necessitate a quick and, most
importantly, detailed analysis of the cardiovascular system,
measurements of target structures. Modeling is one option
that can significantly save radiologists' time and reduce
overall economic costs.

Using CT images, in previous studies, we performed a
morphometric analysis of the aortic bulb and established
a correlation between the values of the height of the aortic
sinuses, the height of the exit of the coronary arteries and
anthropometric indicators in healthy men [11, 12]. The
results of the research led to the next stage - prognostic
modeling of height indicators, to prove the correctness of
the constructed logical model and to test it by calculating
the predicted values of vascular parameters for two men
with different anthropometric and age parameters without
damage to the cardiovascular system, who were
interpreted as the norm.

The purpose of the study: to make modelling of Valsalva
sinuses and coronary artery ostia height parameters
depending on age-anthropometric indicators in healthy
men based on computed tomography.

Materials and methods

For the purpose of prognostic modeling of Valsalva
sinuses height parameters depending on age and
anthropometric parameters, a multifactor correlation-
regression analysis was performed to establish the
complex influence of age-anthropometric parameters on
the parameters of the studied structures.

This is a single-center, prospective study conducted on
the basis of the Lviv Regional Clinical Hospital and the
Ukrainian-Polish Heart Center "Lviv" from 2019 to 2022.
Inclusion criteria: male subjects (1) who underwent
computed tomography (CT) with coronary contrast arteries
and aorta (2), without structural changes in the heart and
aorta that could potentially affect the measurements (3).
Exclusion criteria: birth defects, structural changes of the
studied structures, history of cardiac surgery, artifacts,
incomplete clinical data. 43 persons included in the study
met the set criteria.

Measurements have been made: sinuses of Valsalva
height (distance from the aortic valve annulus to the
sinotubular junction) and coronary artery ostia height
(distance from the aortic valve annulus to the lower edge of
the coronary artery ostia) were performed at a CT station
with licensed software (General Electric, USA). Diagnostic
modality: tomograph LightSpeed VCT XT, GE (General
Electric, USA). Contrast agent - Ultravist 470 (Bayer
Healthcare, Germany). Data taken into account: age, height,
body weight, body mass index, body surface area
(calculated according to the Mosteller formula).

Primary data were based on morphometric analysis of
the height of the right sinuses of Valsalva (1), left sinuses
of Valsalva (2), posterior sinuses of Valsalva (3), coronary
artery ostia height (4), left coronary artery ostia height (5) in
men without lesions of the heart and ascending aorta

(normal), which underwent a computed tomography (CT)
study with contrast of the aorta, heart, and coronary arteries.
Predictors of influence: age (1), height (2), weight (3), body
mass index (4), body surface area (5).

The study was conducted in accordance with the
Declaration of Helsinki "Ethical principles of medical
research with human participation as a research object"
and was approved at the meeting by the conclusion of the
Bioethics Commission of Danylo Halytsky Lviv National
Medical University (protocol No. 10 of December 20, 2021).

Statistical analysis was performed using R software
version 4.0.5 (R Core Team, 2021) and R Commander
(version 2.7-2, GNU General Public License) based on the
Windows operating system. We calculated the regression
coefficient (R), the adjusted coefficient of multiple
determination R2adj, which would prove the influence of
the specified predictors in X % of cases. The reliability of
the obtained indicators was confirmed by Fisher's test (F).
Using the Durbin-Watson autocorrelation criterion, the
correctness of the built model was proved. The results of
logistic regression calculations for predicting the level of
vascular parameters were presented in the form of tables
and presented graphically. For clarity of operation of the
logistic model, it was tested by calculating the predicted
values of vascular parameters for two individuals from the
research group who differ in anthropometric and age
parameters.

Results

The age and anthropometric characteristics of men
(n = 43) under normal conditions are presented in Table 1. A
multifactorial regression analysis was performed for each
vascular parameter (dependent predictors) of healthy men
with the selection of the most optimal set of independent
predictors of influence (age and anthropometric indicators),
which reliably strongly influenced value of each morphometric
parameter in healthy men. During the study, the most optimal
balanced two forecasting models were selected by stepwise
selection: for the value of the height of the lower edge of the
right coronary artery ostia and for the height of the left sinuses
of Valsalva, which were confirmed by the appropriate reliability
criteria.

It was established that the height of the lower edge of
the right coronary artery ostia was significantly influenced

Table 1. Age and anthropometric characteristics of men without
structural damage to the heart and ascending aorta during a
computed tomography study.

Parameters Men
(n=43)
Age (years) 52.56+13.52
Height (m) 1.756+0.067
Weight (kg) 84.74+14.14
Body mass index (kg/m?) 27.54+4.74
Body surface area (m?) 2.033£0.181
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Table 2. Results of logistic regression calculations for predicting
the level of the height of the lower edge of the right coronary

artery ostia in healthy men.

Indexes (égz\ilg:gggsl b-coefficients p
Constant 16.53 <0.001
Weight Al 0.359 <0.001
Body mass index A2 -1.099 <0.001

by weight (direct influence) and body mass index (inverse
influence). The regression coefficient is R = +0.632, with
p<0.001 (according to Fisher), the standard error of
estimation (SEE) is 2.951. The adjusted coefficient of
multiple determination R2adj = +0.361 indicates that the
complex influence of independent predictors of weight and
body mass index on the value of the height of the lower
edge of the right coronary artery ostia was present in
36.02 % of cases in healthy men. The main data for building
the model are given in Table 2.

By substituting the calculation data from the table, we
get a linear equation of the prognostic model: the height
level of the coronary artery ostia lower right edge = 0.359 x
Al-1.099 xA2 + 16.53.

The correctness of the built model was checked using
the Durbin-Watson autocorrelation criterion, the obtained
value of 2.181 is within the normal range (1.5-2.5).

The calculated average predicted value of the height of
the lower edge of the eye of the right coronary artery is
16.67+2.31 mm (minimum value 11.59 mm, maximum
21.30 mm), which actually completely coincides with the
available average value of healthy men: 16.67+3.69 mm.

A graphic representation of the normal probability of the
influence of the obtained independent anthropometric
predictors on the predicted value of the height of the lower
edge of the right coronary artery ostia in healthy men is
presented in Figure 1.

To practically confirm the work of this prognostic model,
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Fig. 1. The normal probability of influence of predictors of weight
and body mass index on the predicted value of the height of the
lower edge of the right coronary artery ostia in healthy men.

we will consider two real examples of calculations for
different anthropometric and age parameters of the studied
persons.

Example Ne 1. Person No. 10 from the database of
healthy men: man, 65 years old, height 1.81 m, weight
90 kg, body mass index 27.47 kg/m?, body surface area
2.127 m?, height of the lower edge of the right coronary
artery ostia 18.50 mm.

We substitute the necessary weight and body mass
index data into the formula of the linear logistic regression
equation and get the result: height level of the right coronary
artery ostia = 0.359 x 90.00 - 1.099 x 27.47 + 16.53 = 18.62
mm.

Comparing the actual (18.50 mm) and predicted (18.62
mm) value of the height of the lower edge of the right
coronary artery ostia, we get a difference of 0.12 mm, which
does not exceed the permissible 5 % error.

Example Ne 2. Person No. 43 from the database of
healthy men: man, 44 years old, height 1.65 m, weight
85 kg, body mass index 31.22 kg/m?, body surface area
1.974 m?, height of the lower edge of the right coronary
artery ostia 12.60 mm.

Enter the required personal data into the linear logistic
regression equation: height level of the right coronary artery
ostia = 0.359 x 85.00 - 1.099 x 31.22 + 16.53 = 12.71 mm.

Thus, the calculated value of the height of the lower
edge of the right coronary artery ostia of 12.71 mm differs
slightly from the actual value of 12.60 mm obtained during
the CT scan - the difference is 0.11 mm, which confirms
the effectiveness of this prognostic model in practice.

To form a prognostic model for calculating the height of
the left sinus of Valsalva in healthy men, a set of independent
predictors was optimal, which included height and weight
indicators (strong direct influence): R = +0.759, p<0.001,
SEE = 2.208. The adjusted coefficient of multiple
determination was R2adj = +0.562, which confirms the
dependence of the value of the height of the left sinus of
Valsalva in 56.09 % of cases on the age-anthropometric
indicators of healthy men. The Durbin-Watson
autocorrelation criterion was within the normal range -
2.241. The necessary data for building the model are given
in Table 3.

The linear equation of the prognostic model with the
obtained B-coefficients will have the following form: left sinus
of Valsalva height level = 35.83 x A1 + 0.033 x A2 - 42.22.

The calculated average predicted value of the height of
the left sinus of Valsalva is similar to the actual value:
23.49+2.54 mm and 23.49+3.33 mm, respectively. The
minimum prognostic value is 17.41 mm, the maximum is
28.95 mm.

Figure 2 shows a graph of the normal probability of the
influence of the obtained independent anthropometric
predictors on the predicted value of the height of the left
sinuses of Valsalva in healthy men.

We will test the performance of the prognostic model
on two individuals with different anthropometric and age
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Table 3. Results of logistic regression calculations for predicting

the height of the left sinus of Valsalva in healthy men.

Conventional -
Indexes ) - b-coefficients p
designation
Constant -42.22 <0.001
Weight Al 35.83 <0.001
Body mass index A2 0.033 >0.05
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Fig. 2. The normal probability of influence of predictors of height
and weight on the predicted value of the height of the left sinus of
Valsalva in healthy men.

parameters.

Example Ne 3. Person No.13 from the database of
healthy men: male, 49 years old, height 1.65 m, weight
65 kg, body mass index 23.88 kg/m?, body surface area
1.726 m?, left aortic sinus height 19.10 mm.

Enter the height and weight of the person into the formula
and get the result: left sinus of Valsalva height level = 35.83
x 1.65 + 0.033 x 65.00 - 42.22 = 19.04 mm. The obtained
predicted value of the height of the left sinus of Valsalva
(19.04 mm) does not significantly differ from the actual
(19.10 mm) level of the parameter of this vessel (p>0.05).

Example Ne 4. Person No. 41 from the database of
healthy men: male, 53 years old, height 1.84 m, weight
80 kg, body mass index 23.63 kg/m?, body surface area
2.022 m?, left sinus of Valsalva height 26.40 mm.

We substitute the relevant personal data into the linear
regression equation: left sinus of Valsalva height level =
35.83 x1.84 + 0.033 x 80.00 - 42.22 = 26.34 mm.

Therefore, comparing the forecast (26.34 mm) and the
actual value (26.40 mm), we get an insignificant difference
between the indicators of 0.06 mm, which proves the
effectiveness of this forecast model.

Discussion

Modeling of parameters of Valsalva sinuses and
coronary artery ostia height depending on age-
anthropometric parameters in forty-three healthy men was
carried out. It is based on the morphometric analysis of
computed tomography images. The most optimal balanced

two prediction models were selected: for the value of the
height of the lower edge of the right coronary artery ostia
and for the height of the left sinus of Valsalva, which were
confirmed by the appropriate reliability criteria. Testing the
models proved the correctness of the constructed logical
model. Thus, the complex influence of weight (direct) and
body mass index (inverse) on the level of the height of the
lower edge of the right coronary artery ostia and a strong
direct influence of height and weight on the calculations of
the height of the left sinus of Valsalva have been established.

Various age-anthropometric dependences on the
morphometry of the aorta in different groups of subjects
are described. S.Y. Ho describes that the size of the aorta
increases with age [5]. X. Wang et al. conducted a study
among the Chinese population (3018 patients), excluding
individuals with heart valve pathology and probable
coronary heart disease, and found that aortic diameters
correlated with age in men (p<0.05). Scientists decided to
make a correction to the surface area of the body. According
to the results of which the correlation with age was again
confirmed in men [20]. Dividing the 1286 selected patients
into age groups, the researchers found that there was no
gender difference in the diameter of the ascending aorta in
the group of people under 30 years of age and the group of
people over 70 years of age [20].

In the study of T. Plonek et al. [13] describe the lack of
correlation between the maximum and minimum
diameters of the aortic root and height (r=0.115, p=0.115),
weight (r=0.029, p=0.768), body surface area (r=0.079,
p=0.426). The lack of correlation with the size of the aorta
and the surface area of the body does not coincide with the
data of X. Wang et al. [20], P. Nagpal and others. [9], who
described it. Concordance between the works of T. Plonek
et al. [13], X. Wang and others. [20] about the lack of
correlation between the height and the diameter of the
ascending aorta, does not coincide with the statement of P.
Nagpal et al. [9], who established a correlation between
height and the dimensions of the thoracic part of the aorta
by measuring it on CT images.

A wide range of diagnostic possibilities, a different
approach to measurement, and the heterogeneity of groups
in studies lead to the fact that the dimensions and,
accordingly, the correlation will differ between populations
[4, 6, 17]. Modeling is the next stage. That is why numerous
studies are carried out with a focus on the morphometric
requirements of manufacturing companies [16, 21],
approaching the creation of unified protocols [8, 14], which
will make it possible to create models and predict
measurements of the studied parameters.

The obtained results create prospects for the
implementation and involvement of the proposed models
in clinical practice. For Ukraine, radiological research in
the anatomical aspect is somewhat new, which requires
additional study with the involvement of a larger amount of
data.
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Conclusion
A model of the height indicator of the left sinus of Valsalva
based on height and weight was created; the level of the
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Pidvalna U. Ye.

MOLENOBAHHA NOKA3HUKIB BUCOTU MA3YX AOPTU TA BIYOK BIHLEBUX APTEPIA B 3ANIEXXHOCTI Bifl BIKOBO-
AHTPOMOMETPUYHUX NMOKA3HUKIB Y 3[JOPOBUX YONOBIKIB HA OCHOBI KOMIMT'FOTEPHOI TOMOIPA®Ii

lideanbHa Y. €.

Kommn'tomepHa momoepagpis € "3omomum cmaHOapmom" Onsi nposedeHHs1 Mopghomempii aopmu rpu nepedornepauitiHux niaHy8aHHsIX
8 iHeasuseHil kapdionoaii ma kapdioxipypeii. [[poeHocmuyHe MoOento8aHHs1 MOKa3HUKI8 MOXe Cymmego 3eKOHoMumu pecypcu. Mema
docnidxeHHS: nposecmu MOOes8aHHs MOKa3HUKI8 sucomu na3yx aopmu ma 8iOX00XeHHs 8i4OK 8iHUuesuXx apmepill 8 3anexHocmi
8i0 8iKOBO-aHMPONOMEempPUYHUX napamempig y 300po8uUX 4Onoeikie Ha OCHO8I KoM 'tomepHoi momoepaii. Mamepian npedcmasneHuli
Komm'tomepHO-momMoepagidyHUMU 306paxkeHHsIMU aopmu ma 8iHUesux apmepill 3 KOHmpacmye8aHHsIM COpOKa mpbOX 4YOII08iKie 3a
ymo8 Hopmu. Memodu: mopghomempuyHUl ma cmamucmuyHul aHamnisu. MynbmugakmopHul KopensyiliHo-peapeciliHul aHani3
rposedeHo 0719 8CMaHOBIEHHSI KOMIIIEKCHO20 8M1u8y 8iKo8O-aHMPONOMempPUYHUX napamMempie Ha rMoKasHUKU eucomu rasyx aopmu
ma 8i0X00eHHsI 8iYOK 8iHUuesuXx apmepil. [JJocmosipHicmb ompuMaHux rnokasHukie rniomeepdxyesanacb kpumepiem ®@iwepa (F). 3a
Kpumepiem asmokopensyii ypbiHa-YomcoHa 0ogodunu npasurnsbHicme nobydoesaHoi modeni. Y vonosikie 8 Hopmi Ha pieeHb sucomu
8I0X00XKEHHS1 HUXHbO20 Kpalo 8iyka rpaeoi eiHuesoi apmepii cymmeeso ennusanu gaza (npsmull enniue) ma iHOekc macu mina
(3sopommiti ennus). KoegpiuieHm peepecii cmaHosume R = +0,632, npu p<0,001, cmaHdapmHa roxubka ouyiHku (SEE) 2,951. Ompumare
TiHIGHE PIBHSIHHS MPO2HOCMUYHOI MOOei. piseHb sucomu 8IOXOOKEHHS HUXHBbO20 Kparlo 8idka rpaeoi siHuesoi apmepii = 0,359 x Al
- 1,099 x A2 + 16,53. [MpasunbHicmb nobydosaHoi modeni nepesipeHo 3a dornomoezor Kpumepito asmokopensuyii Jyp6iHa-YomcoHa
(2,181). lNpoeHocmuy4Hy mModenb po3paxyHKie pieHs aucomu J1igoi nasyxu aopmu ghopmysasiu MoKasHUKU 3pocmy ma eaau (CurnbHuUl
npsamud ennue): R = +0,759, p<0,001, SEE = 2,208. CkopueosaHuli koegilieHm MHOXUHHOI demepmiHauii cmaHoeus R2,, = +0,562.
Kpumepiti asmokopensuii ypbiHa-YomcoHa 6y8 y mexax Hopmu (2,241). JliHiliHE pi8HSHHSI MPO2HOCMUYHOI MoOesli 3 ompuMaHuMu
B-koegbivienHmamu: piseHb sucomu nigoi nasyxu aopmu = 35,83 x Al + 0,033 x A2 - 42,22. [IpotideHo nepesipky pobomu npoeHOCMUYHUX
modenel Onsa pi3HUX 3a aHMPONOMEMPUYHUMU ma 8ikoguMU napamempamu ocib. Takum YUHOM, CMBOPEHO MOOerlb 3aleXHOCMI
rokasHuka eucomu Jiigoi nasyxu aopmu gi0 3pocmy ma eaau; PigHs1 8UCOMU 8i0XO0XEHHST HUXHBbO20 Kpato 8idyka npaeoi eiHuyeesor
apmepii 8i@ sazu ma iHOekcy macu mina y 300posuX 4YOI08iKie Ha OCHO8I KOM'tomepHOi momozpadbii.

KnrouyoBi cnoBa: siyka siHyesux apmepiti, aHamomisi, kKommn'tomepHa momozpadgis, aopma.
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The study of the parameters of the upper respiratory tract has become one of the leading
directions of medical research, due to the connection of this structure with the occurrence
and course of many diseases of both childhood and adulthood. The study of normative
indicators of this structure and its relationship with craniometric indicators should be the
first step before further research of samples with pathologies. The purpose of the study
is to establish correlations of cephalometric parameters of the upper respiratory tract in
Ukrainian young men and young women with an orthognathic bite, regardless of the type of
face. Primary lateral radiographs of 49 Ukrainian young men (aged 17 to 21 years) and 76
Ukrainian young women (aged 16 to 20 years) with an orthognathic bite and the absence of
upper respiratory tract pathology taken from the database of the research center and the
Department of Pediatric Dentistry age of National Pirogov Memorial Medical University,
Vinnytsia, with the help of the licensed medical software OnyxCeph®™, version 3DPro
(Image Instruments GmbH, Germany) and the diagnostic program "UnigqCeph", a
cephalometric analysis of the upper respiratory tract was performed. In the "Statistica 6.0"
license package, correlations between cephalometric indicators of the upper respiratory
tract were assessed using non-parametric Spearman statistics. In Ukrainian young men,
multiple, mostly direct, medium-strength (r=from 0.32 to 0.48) and strong (r= from 0.65 to
0.83) correlations were established between most of the characteristics of the upper
respiratory tract or tongue; in young women, there are also predominantly direct, medium-
strength (r=from 0.33to 0.57) and strong (r= from 0.62 to 0.85) correlations between most
of the characteristics of the upper respiratory tract or tongue, as well as medium-strength
inverse (r=-0.30 and -0.40) and direct (r= 0.45 and 0.85) correlations between most
characteristics of the soft palate. In addition, in Ukrainian young men, multiple inverse
correlations of mainly medium strength (r= from -0.33 to -0.49) were established between
the value of the PASmin distance and the UAA section with the value of the SPT distance
and the SPA section, and between the value of the NL/PM-U angle and most of the
characteristics the tongue, as well as multiple direct, mostly medium strength (r= from
0.30to 0.55), connections between the characteristics of the upper respiratory tract itself
and the hyoid bone or tongue and between the characteristics of the hyoid bone and the
tongue; in young women, there are mainly straight lines of medium strength (r=from 0.33
to 0.55) between the value of the AH-CV distance and most of the characteristics of the
upper respiratory tract itself, between the value of the AH-FH distance and all
characteristics of the tongue, and between the value of the PM-U distance and by the
distance VT and the section TA. Thus, the most pronounced manifestations of sexual
dimorphism of connections are established between the characteristics of the soft palate,
between the characteristics of the upper respiratory tract itself and the soft palate or
tongue, as well as between the characteristics of the soft palate and the hyoid bone.
Keywords: cephalometry, correlations, upper respiratory tract, soft palate, hyoid bone,
tongue, Ukrainian young men and women, orthognathic bite, sexual dimorphism.

Introduction

The study of both external and internal craniofacial (in
particular, respiratory tract) structures is one of the debatable

issues of clinical medicine. However, as for most clinical
sciences, biomedical anthropology is the primary and
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fundamental beginning that will allow us to understand the
interrelationship of various structures of the human body.

The human face and, in particular, the central craniofacial
structures that form it are the result of many years of
evolutionary processes. At the same time, the influence of
external faciocranial structures on internal ones (and vice
versa) is still a subject of scientific debate. The latest data
indicate that the dimensional indicators of the respiratory tract
are related to the peculiarities of the development of
craniofacial indicators, while the peculiarities of the shape of
the respiratory tract are formed to a greater extent depending
on climatic changes [3]. Indeed, modern genetic studies show
that some features of the morphology of the central part of the
face (nasal, zygomatic parts) are formed under the influence
of environmental temperature, intensity of solar radiation and
atmospheric pressure, which is a vivid manifestation of
compensatory and adaptive mechanisms in response to
certain environmental parameters [7].

At the same time, the internal respiratory tract is a structure
that is "more hidden" from external factors, which significantly
interacts with its surrounding structures, such as the tongue,
hyoid bone, etc. At the same time, such indicators as the
size of the tongue, the length of the pharynx and the length of
the mandibular plane to the hyoid bone are related to the
weight of the human body, and as an example, in the case of
obesity, an increase in their parameters causes an increase
in the critical pressure on the closure of the pharynx, which
is the driver of collapse in case of obstructive sleep apnea
[12, 25].

In general, the study of the parameters of the respiratory
tract has become the key to understanding the causes of
the occurrence, course, and ways of treating various
pathologies [20, 22]. This causes intensification of
researchers' efforts with the aim of in-depth study of the
parameters of these structures and their interaction with
other structures.

No less important for understanding the picture as a
whole is the analysis of the impact of orthognathic surgical
intervention on subsequent changes in airway parameters.
The meta-analysis data of 21 publications prove that,
regardless of facial features or other patient data, respiratory
parameters undergo various changes in their parameters,
which do not return to their original values even 6 years after
the intervention [8].

Thus, an intervention aimed at rapid expansion of the
upper jaw causes an increase in the volume of the nasal
cavity and nasopharynx already by 3 months [19]. At the same
time, no significant differences were found in the change in
the size of the oropharynx when using orthodontic treatment
in adults [21].

However, the interpretation of certain results requires a
correct understanding of the received radiological data, which
requires the use of the correct positioning of the patient,
otherwise it causes a distortion of the obtained indicators
[15]. In addition, there is a need to obtain normative indicators
of cranial indicators and indicators of the respiratory tract,

which would take into account the sex, age and ethnicity of
the person. Such work is already being carried out [14], but
it is also important to conduct research that would also study
the relationships of these elements. The results of such
studies on a healthy population of individuals would allow
deepening the understanding of the interaction of these
structures and thus help medical professionals involved in
their treatment.

The purpose of our study is to establish correlations of
cephalometric parameters of the upper respiratory tract in
Ukrainian young men and young women with an
orthognathic bite, regardless of facial type.

Materials and methods

Primary lateral radiographs of 49 Ukrainian young men
(YM) (aged 17 to 21 years) and 76 Ukrainian young women
(YW) (aged 16 to 20 years) with orthognathic bite and
absence of pathology of the upper respiratory tract. All of
them underwent a teleroentgenographic (effective radiation
dose up to 0.001 mSv) examination using a Veraviewepocs
3D Morita (Japan) dental cone-beam tomograph at the
"Vinintermed" private dental clinic.

Committee on Bioethics of National Pirogov Memorial
Medical University, Vinnytsya (protocol Ne 8 From 30.09.2021)
found that the studies do not contradict the basic bioethical
standards of the Declaration of Helsinki, the Council of
Europe Convention on Human Rights and Biomedicine
(1977), the relevant WHO regulations and laws of Ukraine.

Cephalometric analysis of the upper respiratory tract was
performed using licensed medical software OnyxCeph®™,
version 3DPro (company Image Instruments GmbH,
Germany) and diagnostic program "UnigCeph" (created in
National Pirogov Memorial Medical University, Vinnytsya).

Figure 1 shows lines used in cephalometric examination

Fig. 1. Cephalometric lines used in cephalometric examination of
the upper respiratory tract. CV - cervical plane; FH - Frankfurt
plane; MP - mandibular plane; NL - nasal plane; PM-U - longitudinal
axis of the soft palate; VT - longitudinal axis of the tongue.

Vol. 29, Nel, Page 16-24
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Fig. 2. Cephalometric linear and angular characteristics used in
cephalometric examination of the upper respiratory tract. 1 - distance
PASmMiIn, 2 - distance PM-UPW, 3 - distance U-MPW, 4 - distance V-
LPW, 5 - angle NL/PM-U, 6 - distance PM-U, 7 - distance SPT, 8 -
distance AH-CV, 9 - distance AH-FH, 10 - distance AH-MP, 11 -
distance H-VT, 12 - distance VT.

M ___euPW
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o ®IB
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e 1

i

Fig. 3. Cephalometric characteristics of the area used in the
cephalometric study of the upper respiratory tract. 1 - area UAA
(area of the upper respiratory tract), 2 - area TA (tongue area), 3
- area SPA (soft palate area).

of the upper respiratory tract [23]: plane CV - Cervical plane
- passes through points C2 and C3; plane FH - Frankfort
plane - passes through points Or and Po; plane MP -
Mandibular plane - passes through points Me and tGo;
plane NL -Nasal plane - passes through the ANS and PNS
points; line PM-U - longitudinal axis of the soft palate -
passes through points PM and U; line VT - longitudinal
axis of the tongue - passes through points V and T.
Cephalometric indicators used in the cephalometric
study of the upper respiratory tract are shown in Figures 2

and 3.

Characteristics of the upper respiratory tract itself:

® distance PASmin (also known as Retroglossal
oropharyngeal airway space) - distance between points
TB and TB® (mm);

® distance PM-UPW (also known as Nasopharyngeal
airway space) - distance between points PM and UPW
(mm);

* distance U-MPW (also known as Retropalatal
oropharyngeal airway space) - distance between points U
and MPW (mm);

¢ distance V-LPW (also known as Hypopharyngeal
airway space) - distance between points V and LPW (mm);

® area UAA (also known as Upper airway area) - outlined
by a contour through the points: PM - UPW - MPW - TB" -
LPW -V - PM (mm?).

Characteristics of the soft palate:

¢ angle NL/PM-U (also known as Soft palate inclination
Angle) - the angle formed by the lines PM-U and NL (°);

¢ distance PM-U (also known as Soft palate length) -
distance between points PM and U (mm);

¢ distance SPT (also known as Maximum soft palate
thickness) - the distance between the most distant points
perpendicular to the line PM-U (mm);

® area SPA (also known as Soft palate area) - outlined
by a contour through the points PM and U (mm?).

Characteristics of the hyoid bone:

¢ distance AH-CV (also known as Horizontal position of
the hyoid) - distance between points AH and CV (mm);

¢ distance AH-FH (also known as Vertical position of
the hyoid with respect to the Frankfort plane) - distance
between points AH and FH (mm);

¢ distance AH-MP (also known as Vertical position of
the hyoid with respect to the mandible) - distance between
points AH and MP (mm).

Characteristics of the tongue:

¢ distance H-VT (also known as Height of the tongue) -
distance between points H and VT (mm);

¢ distance VT (also known as Length of the tongue) -
distance between points V and T (mm);

® area TA (also known as Tongue area) - outlined by a
contour through the points T-H -TB - V - Ge - T (mm?).

The assessment of correlations between cephalometric
indicators of the upper respiratory tract was carried out in
the license package "Statistica 6.0" using non-parametric
statistics of Spearman.

Results

Table 1 presents the results of correlations between
cephalometric indicators of the upper respiratory tract of
Ukrainian YM with an orthognathic bite and the absence of
pathology of the upper respiratory tract.

Table 2 presents the results of correlations between
cephalometric indicators of the upper respiratory tract of
Ukrainian YW with an orthognathic bite and the absence of
pathology of the upper respiratory tract.
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Table 1. Correlations between cephalometric indicators of the upper respiratory tract in Ukrainian YM (n=49).
PASmin| PM-UPW | U-MPW | V-LPW | UAA [ NL/PM-U| PM-U [ SPT | SPA |AH-CV | AH-FH | AH-MP | H-VT | VT
PM-UPW 0.32
NL/PM-U -0.22 -0.34 -0.20 -0.24 | -0.12
PM-U 0.04 -0.02 -0.14 0.16 0.06 0.07
SPT -0.43 0.12 -0.23 -0.24 | -0.49 -0.14 0.02
SPA -0.29 0.10 -0.22 -0.13 | -0.37 -0.10 0.46 -
AH-CV 0.52 0.13 0.46 0.55 0.30 -0.29 0.11 -0.01 | 0.05
AH-FH -0.16 -0.23 -0.17 0.02 0.13 0.15 0.15 -0.20 | -015 | -0.21
AH-MP -0.01 -0.17 -0.04 0.01 0.25 0.18 0.12 -0.24 | -014 | -0.21 -
H-VT -0.05 -0.14 -0.25 0.13 0.00 0.13 0.17 -0.16 | -0.18 | -0.21 0.30 -0.13
VT 0.34 0.11 0.33 0.24 0.38 -0.38 0.29 | -0.07 | 0.07 0.31 0.17 0.50 |-0.28
TA 0.22 0.15 0.07 0.40 0.33 -0.33 0.40 | -0.13 | -0.04 [ 0.20 0.18 0.07 0.41 | 0.47

Notes: here and in the following table, yellow background -

reliable weak direct correlations;

brown background - reliable medium-
strength direct correlations; red background - reliable strong direct correlations; green background - reliable weak feedback correlations;
blue background - reliable feedbacks correlations of medium strength.

Table 2. Correlations between cephalometric indicators of the upper respiratory tract in Ukrainian YW (n=76).

PASmin| PM-UPW [ U-MPW | V-LPW | UAA | NL/PM-U| PM-U | SPT | SPA [AH-CV | AH-FH [ AH-MP | H-VT | VT
PM-UPW 0.34
U-MPW 0.57 0.46
NL/PM-U -0.14 -0.42 -0.09 -0.18 | -0.10
PM-U -0.04 0.22 -0.19 0.12 0.21 -0.18
SPT 0.16 0.37 0.17 0.02 0.06 -0.30 0.11
SPA 0.22 0.39 0.06 0.09 0.14 -0.40 0.45 i
AH-CV 0.39 0.17 0.40 0.55 0.37 -0.10 0.08 0.10 | 0.09
AH-FH -0.14 -0.34 -0.20 0.18 0.13 0.19 027 | -028 | -0.12 | 0.12
AH-MP 0.01 -0.19 0.01 0.16 0.22 0.01 0.25 | -0.03 | 0.03 0.01 -
H-VT -0.16 -0.10 -0.23 0.12 0.00 0.19 015 | -0.22 | -0.12 | 0.07 0.42 0.01
VT 0.14 0.15 0.15 0.13 0.28 -0.48 0.38 0.13 | 0.33 | 0.16 0.28 0.45 |-0.17
TA -0.14 0.03 -0.11 0.18 0.08 -0.21 043 | -004 | 014 | 0.20 0.37 0.05 -0.29

In the analysis of reliable correlations between the
cephalometric characteristics of the upper respiratory tract
of Ukrainian YM with an orthognathic bite, multiple direct
correlations of medium strength (r= from 0.32 to 0.48) and
strong (r= from 0.65 to 0.81) correlations of the PASmin
distance and the UAA area with all other cephalometric
indicators of the upper respiratory tract, as well as the
distances PM-UPW, U-MPW and V-LPW with most of the
cephalometric indicators of the upper respiratory tract. The
conducted quantitative analysis of reliable correlations
between cephalometric characteristics of the upper

respiratory tract itself revealed 9 reliable connections out of
10 possible (90.00 %), of which 40.00 % were direct of
medium strength, 50.00 % of direct strong.

In the analysis of reliable correlations between the
cephalometric characteristics of the soft palate of Ukrainian
YM with an orthognathic bite, the multiple nature and direct
correlations were established only between the size of the
SPA area and all distances of the soft palate (r=0.46 and
0.83). The conducted quantitative analysis of reliable
correlations between cephalometric characteristics of the
soft palate revealed 2 connections out of 6 possible
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(33.33 %), of which 16.67 % were direct of medium strength,
16.67 % of direct strong.

When analyzing reliable correlations between the
cephalometric characteristics of the hyoid bone of
Ukrainian YM with an orthognathic bite, only a direct strong
(r=0.68) correlation between the AH-FH and AH-MR
distances was established, which is 33.33 % of the 3
possible relationships.

When analyzing reliable correlations between the
cephalometric characteristics of the tongue of Ukrainian
YM with an orthognathic bite, multiple direct (r=0.41 and
0.47) correlations of the TA area with all tongue distances
were established. The conducted quantitative analysis of
reliable correlations between cephalometric characteristics
of the tongue revealed 3 connections out of 3 possible
(100 %), of which 66.67 % were direct of medium strength,
33.33 % were inverse of weak strength.

In the analysis of reliable correlations between the
cephalometric characteristics of the upper respiratory tract
and the soft palate of Ukrainian YM with an orthognathic
bite, multiple inverse correlations of mostly medium
strength (r= from -0.37 to -0.49) of the PASmin distance
and the UAA area with the SPT distance were established
and SPA areas. The quantitative analysis of reliable
correlations between the cephalometric characteristics of
the proper upper respiratory tract and the soft palate of
Ukrainian YM with an orthognathic bite revealed 5
correlations out of 20 possible (25.00 %), of which 5.00 %
were inverse of weak strength, 20.00 % were inverse of
medium strength.

When analyzing reliable correlations between the
cephalometric characteristics of the upper respiratory tract
proper and the hyoid bone of Ukrainian YM with an
orthognathic bite, multiple straight average strength (r= from
0.30 to 0.55) correlations were established only between
the value of the AH-CV distance and most of the
cephalometric characteristics of the upper proper airway
respiratory tract. The quantitative analysis of reliable
correlations between the cephalometric characteristics of
the proper upper respiratory tract and the hyoid bone of
Ukrainian YM with an orthognathic bite revealed 4
connections out of 15 possible (26.67 %), all of which are
direct of medium strength.

When analyzing reliable correlations between the
cephalometric characteristics of the proper upper
respiratory tract and the tongue of Ukrainian YM with an
orthognathic bite, multiple direct correlations of medium
strength (r= from 0.33 to 0.40) were established only
between the value of the VT distance and more than half of
the cephalometric characteristics of the proper upper
respiratory tract. The quantitative analysis of reliable
correlations between the cephalometric characteristics of
the proper upper respiratory tract and the tongue of
Ukrainian YM with an orthognathic bite revealed 5
relationships out of 15 possible (33.33 %), all of which are
direct of medium strength.

In the analysis of reliable correlations between the
cephalometric characteristics of the soft palate and hyoid
bone of Ukrainian YM with orthognathic bite, no multiple
correlations were established. The quantitative analysis of
reliable correlations between the cephalometric
characteristics of the soft palate and hyoid bone of Ukrainian
YM with an orthognathic bite revealed only 1 inverse weak
strength correlation out of 12 possible (8.33 %).

In the analysis of reliable correlations between the
cephalometric characteristics of the soft palate and the
tongue of Ukrainian YM with an orthognathic bite, multiple
inverse correlations of the average strength (r=-0.33 and -
0.38) of the NL/PM-U angle and most tongue characteristics
were established, as well as direct weak and medium
strength (r=0.29 and 0.40) correlations between the value
of the PM-U distance and most characteristics of the tongue.
The quantitative analysis of reliable correlations between
the cephalometric characteristics of the soft palate and
tongue of Ukrainian YM with an orthognathic bite revealed
4 connections out of 12 possible (33.33 %), of which 8.33
% were direct of weak strength, 8.33 % were direct of
medium strength, and 16.67 % were inverse medium
strength.

In the analysis of reliable correlations between the
cephalometric characteristics of the hyoid bone and the
tongue of Ukrainian YM with an orthognathic bite, multiple
direct correlations of medium strength (r=0.31 and 0.50)
were established only between the value of the VT distance
and most of the cephalometric characteristics of the hyoid
bone. The quantitative analysis of reliable correlations
between the characteristics of the hyoid bone and the
tongue of Ukrainian YM with an orthognathic bite revealed
3 average direct strength correlations out of 9 possible
(33.33 ).

When analyzing reliable correlations between the
cephalometric characteristics of the upper respiratory tract
of Ukrainian YW with an orthognathic bite, multiple direct
relationships of medium strength (r= from 0.34 to 0.57) and
strong (r= from 0.69 to 0.73) correlations between all
cephalometric indicators were established. The conducted
quantitative analysis of reliable correlations between the
cephalometric characteristics of the upper respiratory tract
itself revealed 10 connections out of 10 possible (100 %),
of which 60.00 % were direct of medium strength, 40.00 %
were direct strong.

In the analysis of reliable correlations between the
cephalometric characteristics of the soft palate of Ukrainian
YW with an orthognathic bite, multiple inverse (r=-0.30 and
-0.40) correlations of average strength were established
between the value of the NL/PM-U angle and the value of
the SPT distance and the SPA area, and as well as medium
strength (r=0.45) and strong (r=0.85) direct correlations
between the size of the SPA area and the PM-U and SPT
distances. The conducted quantitative analysis of reliable
correlations between the cephalometric characteristics of
the soft palate revealed 4 connections out of 6 possible
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(66.67 %), of which 16.67 % were direct of average strength,
16.67 % were direct strong, and 33.33 % were inverse of
average strength.

When analyzing reliable correlations between the
cephalometric characteristics of the hyoid bone of
Ukrainian YW with an orthognathic bite, as in young men,
only a direct strong (r=0.62) correlation was established
between the AH-FH and AH-MR distances, which of the 3
possible correlations is 33.33 %.

In the analysis of reliable correlations between the
cephalometric characteristics of the tongue of Ukrainian
YW with an orthognathic bite, straight weak (r=0.29) and
strong (r=0.69) correlations of the size of the TA area with
all tongue distances were established. The conducted
guantitative analysis of reliable correlations between
cephalometric characteristics of the tongue revealed 2
connections out of 3 possible (66.67 %), of which 33.33 %
were direct weak and 33.33 % were direct strong.

When analyzing reliable correlations between the
cephalometric characteristics of the proper upper
respiratory tract and the soft palate of Ukrainian YW with an
orthognathic bite, multiple medium-strength direct (r=0.37
and 0.39) and inverse (r=-0.42) correlations were
established between the value of the PM-UPW distance
and the magnitude of the SPT distance, the SPA section,
and the NL/PM-U angle. The quantitative analysis of reliable
correlations between the cephalometric characteristics of
the upper respiratory tract proper and the soft palate of
Ukrainian YW with an orthognathic bite revealed 3
correlations out of 20 possible (15.00 %), of which 10.00 %
were direct of average strength, 5.00 % were inverse of
average strength.

When analyzing reliable correlations between the
cephalometric characteristics of the upper respiratory tract
proper and the hyoid bone of Ukrainian YW with an
orthognathic bite, multiple straight of average strength (r=
from 0.37 to 0.55) correlations were established only
between the value of the AH-CV distance and most of the
cephalometric characteristics of the upper proper airway
respiratory tract. The quantitative analysis of reliable
correlations between the cephalometric characteristics of
the upper respiratory tract and the hyoid bone of Ukrainian
YW with an orthognathic bite revealed 5 correlations out of
15 possible (33.33 %), of which 26.67 % were direct of
average strength, 6.67 % were inverse of average strength.

When analyzing reliable correlations between the
cephalometric characteristics of the proper upper
respiratory tract and the tongue of Ukrainian YW with
orthognathic bite, no multiple correlations were
established. The conducted quantitative analysis of reliable
correlations between the cephalometric characteristics of
the upper respiratory tract and the tongue of Ukrainian YW
with an orthognathic bite revealed 2 connections out of 15
possible (13.33 %), of which 6.67 % were direct of weak
strength, 6.67 % were reverse of weak strength.

When analyzing reliable correlations between the

cephalometric characteristics of the soft palate and hyoid
bone of Ukrainian YW with an orthognathic bite, multiple
weak direct (r=0.25 and 0.27) correlations were established
between the value of the PM-U distance and the value of
the AH-FH and AH-MP distances. The quantitative analysis
of reliable correlations between the cephalometric
characteristics of the soft palate and hyoid bone of Ukrainian
YW with an orthognathic bite revealed 3 correlations out of
12 possible (25.00 %), of which 16.67 % were direct of
weak strength, 8.33 % were reverse of weak strength.

In the analysis of reliable correlations between the
cephalometric characteristics of the soft palate and tongue
of Ukrainian YW with an orthognathic bite, multiple direct
(r=0.38 and 0.43) correlations between the value of the
PM-U distance and the value of the VT distance and the TA
area, as well as the average strength of direct (r=0.33 and
0.38) and average strength of inverse (r=-0.48) correlations
between the value of the VT distance and most of the
characteristics of the soft palate. The quantitative analysis
of reliable correlations between the cephalometric
characteristics of the soft palate and tongue of Ukrainian
YW with an orthognathic bite revealed 4 relationships out
of 12 possible (33.33 %), of which 25.00 % were direct of
average strength, 8.33 % were inverse of average strength.

When analyzing the reliable correlations between the
cephalometric characteristics of the hyoid bone and the
tongue of Ukrainian YW with an orthognathic bite, multiple
direct (r=0.37 and 0.42) correlations between the AH-FH
distance and all characteristics of the tongue were
established. The quantitative analysis of reliable
correlations between the cephalometric characteristics of
the hyoid bone and the tongue of Ukrainian YW with an
orthognathic bite revealed 4 connections out of 9 possible
(44.44 %), of which 11.11 % were direct of weak strength,
33.33 % were direct of medium strength.

Discussion

Thus, in Ukrainian YM and YW with an orthognathic bite
and the absence of pathology of the upper respiratory tract,
when analyzing reliable correlations between the
cephalometric indicators of the upper respiratory tract itself,
the soft palate, hyoid bone, and the tongue, manifestations
of sexual dimorphism of correlations, which are most
pronounced between the cephalometric characteristics of
the soft palate, between the cephalometric characteristics
of the upper respiratory tract proper and the soft palate,
between the cephalometric characteristics of the upper
respiratory tract proper and the tongue, as well as between
the cephalometric characteristics of the soft palate and the
hyoid bone.

The results of our research fit quite well into the trends
seen in numerous international publications related to the
study of the relationships of the upper respiratory tract and
cephalometric indicators.

Comparison of cephalometric indicators in individuals
of skeletal classes | and Il with normal facial types showed
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that representatives of class Il had smaller values of
pharynx volume, airway area, and MCA (p<0.01, p=0.03,
and p=0.008, respectively) and a shorter distance U-MS
(p<0.001). Airway volume and area have a significant positive
correlation with the U-MS distance (r=0.22, p=0.005 and
r=0.28, p<0.005 respectively) and a negative correlation
with the ANB angle (r=-0.23, p=0.002 and r=-0.21, p=0.007
respectively) [10].

Comparison of data from individuals of all three skeletal
classes shows significant differences in the depth of the
lower pharyngeal and nasopharyngeal airways and the area
of the soft palate. At the same time, both horizontal and vertical
dimensions are larger in men than in women [13].

When evaluating the indicators of the respiratory tract of
patients with Il skeletal malocclusion class divided into
three subgroups, the researchers did not find any
significant differences between the subgroups (p>0.05).
However, after adding the hyoid bone position assessment
parameter, a statistically significant difference between Hy-
PG measurements was found (p<0.05) [4]. Taking into
account the position of the hyoid bone is indeed an
important element in the analysis of respiratory tract
indicators. In the next study, when working with patients
with class Il malocclusion, the authors found significant
differences between the studied subgroups for Hy-A, Hy-S,
Hy-SN and Hy-FH indicators (p<0.05) [5]. The analysis of
the results of our study shows that in individuals with an
orthognathic bite there are reliable correlations between
the respiratory tract and surrounding structures and
cephalometric indicators.

At the same time, the data of some studies show that if
we take into account the type of facial growth and the position
of the hyoid bone, then there is no statistically significant
difference in the studied indicators of the respiratory tract
in the various studied groups, except for the PNS-EP
indicator, which is significantly shorter in individuals with Il
skeletal class and hypodivergent face type (p<0.05) [16].

L. V. Claudino et al. [6] carried out a fundamental study
on the establishment of normative indicators for each of
the departments of the respiratory tract in persons with
different types of facial skeletal class. As a result, it was
found that individuals with class Il had lower minimum and
average values of all sections of the respiratory tract than
representatives of class lll. The most uniform morphology
of the respiratory tract is characteristic of persons with the
I and Il skeletal class of the face.

Consideration of gender is key in the formation of any
research samples. Cephalometric analysis of respiratory
tract indicators shows the existence of significant
differences for T-PPW, ANS-PNS, BA-PNS, APW2-PPW2
and HY-APW?2 indicators (p<0.05) [24].

Taking into account the ethnic component in the study
of the respiratory tract is mandatory, because the existence
of differences in anthropometric indicators within different
populations is a proven fact. On the example of the
Lebanese population, significant differences were found

in 12 out of 19 analyzed cephalometric indicators. In
particular, within the population, manifestations of sexual
dimorphism were found for the size of the uvula and tongue,
the distance from the back pharyngeal wall of the epiglottis
(larger values in men) [9].

It is equally important to take into account the age of the
examined persons. The use of lateral cephalograms to
measure the morphology of the upper respiratory tract is a
fairly sensitive and reliable method, however, at the same
time, it is noted that the evaluation of the parameters of the
tongue and soft palate has limited reliability [23].

From the point of view of various accompanying
pathologies, data on cephalometric indicators of the
respiratory tract are also important information. Analysis of
data in children with different types of breathing showed
that mouth-breathing children had significant differences
from nose-breathing children for SNB (p<0.036), NSGN
(p<0.028) and posterior face height/total anterior face height
ratios (p<0.012) [11].

In the case of obstructive sleep apnea, there is a
pronounced relationship between craniofacial disharmony
and the presence of this disease. Among such parameters,
heterogeneity is particularly evident in relation to ALFH, GO-
H, Gogn-H, Gogng-H, PNS-PHW and pharynx area [17].

Domestic studies on the relationship of cranial and
other surrounding structures depending on the types of
face are single, and so far aimed at studying the
relationship with dental and jaw indicators [18].

At the same time, it is worth paying attention to the
existence of works that show the influence of the type of
face on the parameters of the respiratory tract. In persons
with average faces and skeletal class Il there was reduced
glossopharyngeal airway volume and at the same time
there was found that persons with long faces have higher
values of nasal minimum constricted area[2].

G. Acharya with co-authors [1] using the analysis of 210
lateral cephalograms according to the McNamara method,
they established the average values of the width of the
upper and lower respiratory tracts in persons belonging to
different skeletal classes and facial shapes, namely 12.07
and 9.51 mm in persons of the | class, 11.57 and 9.13 mm
- Il class, 12.34 and 10.03 mm - Ill class and 12.35 and
9.62 mm in mesofacials, 11.83 and 9.34 mm in
dolichofacials and 11.81 and 9.61 mm in brachyfacials.
The average values were higher in men, which confirms
the manifestations of sexual dimorphism that we
discovered.

In this regard, it is necessary to carry out further research
aimed specifically at studying this interaction, but with the
parameters of the respiratory tract and the inclusion of such
a parameter as face types in the sample.

Conclusion

1. In Ukrainian YM with an orthognathic bite and the
absence of pathology of the upper respiratory tract, multiple
mostly direct correlations of medium strength (r = from
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0.32 to 0.48) and strong (r = from 0.65 to 0.83) were
established between most of the cephalometric
characteristics of the upper respiratory tract itself
(90.00 %) or tongue (100 %); in YW, there are also mostly
direct medium-strength (r = from 0.33 to 0.57) and strong (r
= from 0.62 to 0.85) correlations between the majority of
cephalometric characteristics of the upper respiratory tract
itself (100 %) or the tongue (66.67 %), as well as medium
strength inverse (r = -0.30 and -0.40) and direct (r = 0.45
and 0.85) correlations between most cephalometric
characteristics of the soft palate (66.67 %).

2. In Ukrainian YM with an orthognathic bite and the
absence of pathology of the upper respiratory tract, multiple
inverse correlations of mainly medium strength (r = from -
0.33 to -0.49) of the PASmin distance and the UAA area
with the SPT distance and the SPA area were established
(25.00 %) and between the value of the NL/PM-U angle
and most of the characteristics of the tongue (16.67 %), as
well as multiple direct, mostly medium-strength (r = from
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OCOEJ/IMBOCTI KOPENALIA LLIE®AITOMETPUYHUX MAPAMETPIB BEPXHIX OUXATNbHUX LWNAXIB B YKPAIHCbKUX FOHAKIB |
AIBYAT BE3 YPAXYBAHHA TUMY ObNnYy4s

KocmroyeHko-®aiigpop O. C., lyHac I. B., Mnywak A. A., babuy J1. B., Ckopyk P. B.

HocnidxeHHs1 napamempig 8epxHix QuxanbHUX WIIsiXie cmano 00HUM 3 MPOBIOHUX HanpsMKie MeOuYyHUX OOCIOXKEHb, y 38'A3Ky 3
ros'sisaHicmio 0aHoi cmpyKkmypu 3 8UHUKHEHHSIM ma repebizom 6a2ambox 3axeoprosaHb siKk OUMSIH020, mak i dopocoeo eiKy. BugyeHHs
HOpMamueHUX roKa3HukKie aHoi cmpykmypu ma i 38'a3Ky 3 KpaHiOMempu4yHUMU roKasHUKamu mae 6ymu rnepuwum KpoKom reped
nodanbwum 0ocnidxeHHsIM 8ubipok 3 mamosiozismu. Mema OocnidxeHHs - ecmaHo8reHHA ocobnusocmel kKopensyild
ueganomempuyHUX napamempie 8epxHix OuxasbHUX WIIAXi8 8 yKpaiHCbKUX toHakKie i dig4am i3 opmoaHamu4YyHUM MpuKycom 6e3
ypaxyeaHHs mury obrnu4ys. Ha nepesuHHuUx 6okogux menepeHmeeHoepamax 49 ykpaiHcbKux toHakig (eikom 8id 17 0o 21 pokig) i 76
yKpaiHcbkux Oigdam (sikom 8id 16 0o 20 pokig) i3 opmozHamu4YHUM MPUKYCOM i 8iOCyMHIiCmMI0 namoroaii 8epxHix OuxanbHUX wWrisxie,
sKi 839mi 3 6a3u daHux Haykogo-00criOHO20 ueHmpy ma Kaghedpu cmomamorioeii Oumsa4020 8iKy BiHHUUbKO20 HauioHanbHO20
meduyHo20 yHigepcumemy im. M. I. [Mupozoea, 3a 00rnoMo20r0 NiyeH308aHO20 MeAQUYHO20 NpoespaMHo20 3abesnedyeHHss OnyxCeph3™,
gepcii 3DPro (komnanii Image Instruments GmbH, HimewyyuHa) ma diaeHocmu4Hoi npoepamu "UniqCeph" nposedeHul
ueghanomempuyHuUll aHanis 8epxHix OuxanbHux wrsxie. Y niueHsiiHomy nakemi "Statistica 6.0" nposedeHO ouiHKy kopensuil Mix
ueghannomMempuYHUMU MOKa3HUKaMU 8epXHix OuxasbHUX wWiisxie 3a O0MomMo20t0 Henapamempu4yHoi cmamucmuku CnipmeHa. B
YKpaiHCbKUX FOHaKi@ 8CMaH0o8/1eHI MHOXUHHI 1epesaxHo npsmi cepedHboi cunu (r= eid 0,32 0o 0,48) ma cunbHi (r = 6id 0,65 do 0,83)
38'13KU MiX Ginbwicmio xapakmepucmuK 6/1acHO 8epXHiX duxanbHUX wisixie abo s3uka; y digyam - makoxX nepeeaxHo fnpsmi
cepedHboi cunu (r = 8i@ 0,33 do 0,57) ma cunbHi (r = 8id 0,62 do 0,85) 38'a3ku Mix binbWicmi0 xapakmepucmukK 8/1aCHO 8EPXHIX
OuxarnbHuUx wrnsixie abo s3uka, a makox cepedHboi cusu 3eopomHi (r = -0,30 i -0,40) ma npsmi (r = 0,45 i 0,85) 38'a3ku mix binbwicmio
Xxapakmepucmuk m'sasko2o nioHebiHHs1. KpiM moeo, 8 yKpalHCbKUX toHaKie@ 8cmaHO8/1eHi MHOXUHHI 360POMHI NepesaxHO CepedHbOI
cunu (r = 8id -0,33 do -0,49) 38'a3ku eenuyuHU 8idcmaHi PASmMIn i dinaHku UAA 3 genuyuHoto gidcmani SPT i dinsiHku SPA ma mix
genuyuHoto Kyma NL/IPM-U ma 6inbwicmio xapakmepucmuk si3uka, @ makoxX MHOXUHHI rnpsiMi, nepesaxHo cepedHboi cunu (r = 8id
0,30 do 0,55), 38'A3KU MiX xapakmepucmukamMu 8/1acHO 8EpxHIX duxanbHUX wrsxie i nid'a3ukoeoi kicmku abo s13uka ma Mix
Xapakmepucmukamu Mid'a3uKo8oi Kicmku ma si3uka; y digdyam - nepesaxHo npsimi cepedHboi cunu (r = 6id 0,33 do 0,55) 38'A3ku MiX
genuyuHoro eidcmari AH-CV ma 6inbwicmio xapakmepucmuK 8/1aCHO 8epXHiX OuxanbHUX WIIsiXig, M eenuquHoto gidcmani AH-FH
U ycima xapakmepucmukamu si3uka ma Mk eesiuyuHoro eidocmaHi PM-U ma eenuyuHoto eidcmani VT | dinsHku TA. Takum HuHOM,
Halbinbw eupaxeHi nposisu cmameeozo OUMOpPIi3My 38'3Kie 8CmMaHOBNEHI MK xapakmepucmukamu M'SKo20 MiOHeBIHHS, MiX
XapakmepucmuKkaMu 851aCHO 8ePXHiX OuxalslbHUX WIisAXie ma M'aKkoz20 nidHebiHHs1 abo A3uka, a MakoX MK xapakmepucmukamu
M'sik020 niOHebIiHHA ma nid'A3UKo.8oi KiCMmKuU.

KniouoBi cnoBa: yeghanomempis, kopensuii, 8epxHi duxanbHi wrsxu, m'ske niOHebiHHs, nid'a3ukosa Kicmka, S3UK, yKpaiHCbKi IOHaKu
ma digyama, opmoaHamuyHuUl npuKkyc, cmamesut OuMopPi3m.
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The determination of the subsequent comprehensive assessment of the peculiarities
of the course of adaptation processes, which are characteristic of modern student
youth who acquire a certain profession, are closely related to the establishment of the
regularities of the course of numerous adaptive mechanisms in the plane of
implementation of psychophysiological, mental, and socio-psychological adaptation.
The purpose of the work is to carry out a comprehensive hygienic assessment of the
adaptation capabilities of the organism based on the definition of its social and
psychological component and aggressive personality manifestations of modern students
at various stages of education in a higher education institution. Scientific studies were
conducted using questionnaires by Rogers and Diamond and Bass-Darky. 307 students,
including 150 young women and 157 young men, who studied in the first, third and sixth
years of the medical faculty were under supervision during the observation period. The
analysis of the obtained data involved the application of descriptive statistics procedures
based on the application of the statistical analysis program package "Statistica 6.1"
(license number BXXR901E245722FA). It was established that the highest level of
expression of integral indicators of social and psychological adaptation of students,
regardless of the time of study in a higher education institution, is characteristic of the
characteristics of adaptation manifestations regarding the desire to dominate and
accept others; at the same time, the lowest level of expression is for the characteristics
of internality and therefore, determines the presence of pronounced signs of
transformations of the adaptive content, which mark the tense course of the processes
of social and psychological adaptation of students to the conditions of stay in a medical
institution of higher education. It was found that among the overwhelming number of
students who were studied, the indicators of aggressive personality manifestations
exceed the values typical for normative age-sex indicators. This situation determines
the need for the development of methods for a comprehensive assessment of the state
of adaptive resources of the body of young men and women studying and scientific
substantiation of health-preserving technologies, based on which measures of
psychohygienic correction should take the leading place.

Keywords: students, institution of higher education, training, personality traits,
psychophysiological adaptation, mental adaptation, socio-psychological adaptation,
aggressiveness.

Introduction

Determining the peculiarities of the course of adaptation
processes typical for student youth who acquire certain
professions in today's conditions is closely related to the
assessment of the course of a number of adaptive
mechanisms, which are mainly in the plane of
psychophysiological, mental, and socio-psychological

adaptation [3]. Thus, the course of psychophysiological
adaptation is clearly related to ensuring the optimal
organization of numerous psychophysiological
relationships that take place (primarily in the structures of
the central nervous system, visual-sensory and audio-
motor systems, coordination of movements, etc.) and
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determine the course of preservation processes favorable
for the human body somatic and mental health. It should
only be noted that the organization of the relationships of
the leading psychophysiological functions is carried out
thanks to the construction of certain functional systems,
which are characterized by both psychological and
physiological mechanisms of regulation [23, 25]. Mental
adaptation determines the establishment of an optimal
relationship between the individual and the environment
during the performance of either usual or unusual daily
activities, allowing a person to fully satisfy specific needs
and implement related tasks while maintaining a high level
of somatic and mental health [7, 32, 34]. After all, socio-
psychological adaptation is a concrete result of the
individual's direct adaptation to the conditions of the
environment based on the use of a wide variety of social
means through the use of optimal methods of behavior,
which, in fact, determine the social status of the individual
[15, 16, 17, 18].

It should be noted that recently the problems of
psychophysiological and mental adaptation have often
been at the center of a number of scientific studies
conducted, in particular, by representatives of the Vinnytsia
School of Hygiene [30, 31, 32]. On the other hand, questions
of formation and development of socio-psychological
adaptation, features of its course, consequences of the
implementation of individual components have almost
never been the subject of a separate scientific study.

In this context, one cannot fail to note the fact that
aggressive personality manifestations are extremely closely
related to the processes of social and psychological
adaptation [35]. The reason for this phenomenon is quite
simple. Unsatisfactory social living conditions are one of
the leading (even criterion!) factors in the formation of
maladaptive manifestations, dissatisfaction with one's
existence, and the development of adverse reactions in
response. In general, aggressiveness is a certain
situational state, which is characterized by affective
outbursts of anger and manifestations of impulsive
"destructive" behavior directed at the object of frustration,
which is the direct cause of the conflict, realized on a
cognitive (ensures a person's orientation in the situation),
emotional (appears in certain emotional states (anger,
hostility, etc.)) and volitional (ensures the achievement of
his goal, which is set for himself by an aggressive subject)
levels [34].

The purpose of the work is to carry out a comprehensive
hygienic assessment of the adaptation capabilities of the
organism based on the determination of its social and
psychological component and aggressive personality
manifestations of modern students at various stages of
education in a higher education institution.

Materials and methods
Scientific studies, which involved the implementation
of a comprehensive hygienic assessment of the adaptation

capabilities of the body based on the definition of its socio-
psychological component and aggressive personality
manifestations of modern students, were conducted at
various stages of education in a higher education institution.
During the observation period, there were 307 students,
including 150 young women and 157 young men, who were
studying in 1 (50 young women and 56 young men), 3 (50
young women and 51 young men) and 6 (50 young women
and 50 young men) courses, respectively.

In order to objectively determine and hygienically assess
the features of social-psychological adaptation as one of
the most objective indicators of the state of adaptive
capabilities of the students' body and the personal traits
clearly related to it, the Rogers and Diamond personality
guestionnaire was used in the course of the research,
which provided determination of both its individual
correlates and, first of all, established the degree of
expression of such integral indicators as indicators of
adaptation, self-acceptance, acceptance of others,
internality, as well as the desire for dominance [27].

At the same time, in order to determine the level of
distribution among student youth of certain personally
significant manifestations of aggressive content, the Bass-
Darky personal questionnaire was used, which allowed to
determine the most typical forms of aggressive behavior
for the studied persons and to establish the degree of their
expression in the range from moderate to high according
to with such scales as scales of physical, verbal and
indirect aggression, negativism, irritability, suspiciousness,
"feeling of resentment" and "feeling of guilt". The level of
expression of aggressive manifestations was considered
moderate if the level of expression of the achieved indicators
did not reach 55 points, on the other hand, high if the level
of their expression exceeded 55 points [27].

Further analysis of the received data and their
subsequent prognostic assessment required the use of
descriptive statistics procedures by using the licensed
standardized package of statistical analysis application
programs "Statistica  6.1" (license number
BXXR901E245722FA).

The work is a fragment of the planned research work of
the National Pirogov Memorial Medical University, Vinnytsia:
"Physiological and hygienic assessment of the peculiarities
of adaptation of children, adolescents and young people to
the conditions of learning in modern educational
institutions and the scientific basis of university hygiene:
career guidance aspects, problems of introducing health-
preserving technologies and creation of a preventive
educational environment" (state registration number
0116U000038). The conducted research fully complies with
the basic bioethical norms of the Helsinki Declaration, the
Council of Europe Convention on Human Rights and
Biomedicine, the relevant provisions of the WHO and the
Ministry of Health of Ukraine, as well as the ethical
standards established by the Bioethics Committee of the
National Pirogov Memorial Medical University, Vinnytsia
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(protocol No. 10 of 26.11.2020). All authors have read the
text of the manuscript and have given consent for its
publication. There is no conflict of interest.

Results

The key to obtaining informative and valid indicators for
determining the degree of adaptability of students to the
conditions of being in a medical institution of higher education
and, first of all, its social and psychological component, is
the use of the personal questionnaire of Rogers and
Diamond, the work of the researched persons with which
allows you to get a well-founded and quite specific idea of
the main prerequisites for creating favorable conditions for
ensuring the maximum effectiveness of educational and
extracurricular activities of girls and boys under the conditions
of achieving such a degree of functional mobilization of the
personality of individual representatives of student youth that
does not cause overstrain and does not contribute to the
development of premature fatigue [26, 27, 31]. It should also
be noted that the basis of the article is mainly the previously
unpublished data obtained in the research [33], which
require in-depth interdisciplinary and interdisciplinary
professional interpretation and versatile interpretation by
specialists of various directions regarding the prospects for
their further wide use in medical industry in general.

Thus, in this context, during the psychohygienic
assessment of integral indicators of adaptation, which make
it possible to identify the generalized degree of adaptation of
students to the conditions of optimal interaction with their
peers, friends and just those around them in the system of
interpersonal relations that has developed, it was found that
their significance among young men, who studied in the 1st
year, were 0.58710.012 points, among young women who
studied in the 1st year - 0.561+0.013 points, respectively,
among young men who studied in the 3rd year - 0.587+0.011
points, respectively (p>0.05), among young women who
studied in the 3rd year - respectively 0.623+0.009 points
(p<0.01), among young men who studied in the 6th year -
respectively 0.608+0.014 points (p>0.05), among young
women who studied in the 6th year - respectively 0.613+0.013
points (p<0.05). It is interesting that the level of expression
of the studied indicators at the beginning of the training period
was higher among young men, in the middle of it - among
young women, and at the end - completely leveled off.
However, statistically significant differences were observed
when comparing data specific to female students of the 1st
and 3rd years (p<0.01) and 1st and 6th years (p<0.05). There
were no statistically significant sex-related differences
(p>0.05).

The results characterizing the peculiarities of the values
of integral indicators of self-acceptance, determining the
degree of expression of a positive assessment of one's
personal qualities, confidence in one's own attractiveness
and interest for others as a person, testified to the fact that
their level among young men was 0.590+0.014 points in
first-year young men and also 0.587+0.010 points in third-

year young men (p>0.05) and slightly increased to
0.613+0.009 points in graduate young men (p>0.05), among
first-year young women it was the lowest, amounting to
0.563+0.013 points, increasing significantly in the following
period studying at the medical institution up to 0.624+0.012
points (p<0.01) in third-year young women and to a certain
extent decreasing to 0.609+0.013 points (p>0.05) in female
graduates. It is interesting that, as in the previous case, the
level of expression of the investigated indicators at the
beginning of the training period was higher among young
men, in the middle of it - among young women, and at the
end - completely unambiguous values were registered.
Statistically significant discrepancies were observed when
comparing the data characteristic of female students of the
1st and 3rd years (p<0.01). There were no statistically
significant sex-related differences (p>0.05).

The data related to another component of the leading
indicators of social and psychological adaptation of students,
namely, indicators regarding the evaluation of the features
of the integral indicators of acceptance of others, establishing
a certain degree of tolerance to other people, and above all,
to their shortcomings, negative traits and actions, were
characterized by the following characteristics. Thus, their
values among young men who studied in the 1st year were
0.633+0.011 points, among young women who studied in
the 1st year - respectively 0.594+0.009 points, among young
men who studied in the 3rd year - respectively 0.622+0.008
points (p>0.05), among young women who studied in the
3rd year - respectively 0.644+0.011 points (p<0.001), among
young men who studied in the 6th year - respectively
0.658+0.010 points (p>0.05), among young women, who
studied in the 6th year - respectively 0.659+0.008 points
(p>0.05). As in the two previous cases, the level of
expression of the studied indicators at the beginning of the
training period was higher in young men, in the middle of it
- in young women, and at the end - the same level was
registered according to the degree of expression of the value.
However, statistically significant differences were observed
when comparing the data characteristic of female students
of the 1st and 3rd years (p<0.001). Statistically significant
sex-related differences were characteristic only for young
men and young women studying in the 1st year (p<0.05).

Considering the features of the leading personal
adaptation-significant manifestations from the side of
integral indicators of emotional comfort, which, first of all,
determine the degree of emotionally colored feeling of
satisfaction with the surrounding reality, it should be noted
that their level among young men was 0.578+0.012 points
in first-year young men and also 0.590 +0.011 points in third-
year young men (p>0.05) and increased to 0.613+0.013
points in graduate young men (p>0.05), among first-year
young women - 0.558+0.009 points, significantly increasing
during the next period of stay at the medical institution, up to
0.623+0.012 points (p<0.01) in third-year young men and
slightly decreasing to 0.614+0.014 points (p<0.05) in female
graduates. The level of expression of the studied indicators
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at the beginning of the training period was higher among
young men, in the middle of it - among young women, and at
the end - equivalent values were recorded. Statistically
significant discrepancies were observed when comparing
data specific to female students of the 1st and 3rd years
(p<0.01) and 1st and 6th years (p<0.05). There were no
statistically significant sex-related differences (p>0.05).

The results of determining the integral indicators of
internality, which indicate the level of superiority of internal
motivation over external stimuli and exercise control over
one's own actions, testified to the fact that their values among
young men who studied in the 1st year were 0.517+0.011
points, among young women who studied in 1st year -
respectively 0.488+0.010 points, among young men who
studied in the 3rd year - respectively 0.508+0.010 points
(p>0.05), among young women who studied in the 3rd year
- respectively 0.536+0.014 points (p<0.01), among young
men who studied in the 6th year - respectively 0.542+0.012
points (p>0.05), among young women who studied in the
6th year - respectively 0.543+0.012 points (p>0.05). It is
important to note the fact that, as in the two previous cases,
the level of expression of the studied indicators at the
beginning of the training period was higher among young
men, in the middle of it - among young women, and at the
end - the same was recorded according to the degree of
expression of the value. However, no statistically significant
differences were observed, nor were there any statistically
significant sex-related differences (p>0.05).

In the end, the data regarding the assessment of the
features of the integral indicators of the desire for dominance,
which establish the degree of expression of the ability to
influence others, to defend one's own opinion and one's
own position, testified to the fact that their level among young
men was 0.740£0.012 points in 1st year young men and
also 0.740£0.012 points in third-year young men (p>0.05)
and 0.754+0.012 points in young graduates (p>0.05), among
first-year young women it was 0.700+0.012 points,
significantly increasing during the next period of stay in a
medical institution higher education up to 0.763+0.013
points (p<0.01) in third-year young women and slightly
decreasing to 0.762+0.089 points (p<0.05) in graduate young
women. The level of expression of the investigated indicators
at the beginning of the training period was higher among
young men, in the middle and at the end - among young
women. Statistically significant discrepancies were observed
when comparing data specific to female students of the 1st
and 3rd years (p<0.01) and 1st and 6th years (p<0.05).
Statistically significant sex-related differences were
characteristic only for young men and young women studying
in the 1st year (p<0.05).

The high level of sincerity of the answers of young women
and young men was confirmed by the data on the
assessment of the degree of expression of the indicated
indicators among students of different courses, which in the
dominant number of cases corresponded to the level of
average values and was mainly manifested as answers

that should be classified as absolutely frank and frank and
only in 8.5-10.0 % of cases of situational frank answers.

Generalized data on the peculiarities of the expression
of integral indicators of socio-psychological adaptation of
male and female students during the period of obtaining
higher education are shown in Figure 1.

An important place in the structure of personal
manifestations of student youth, which determine their
motivation to carry out certain actions and the implementation
of certain behavioral decisions, is occupied by
aggressiveness, which is a personality trait, the main feature
of which is the presence of pronounced destructive
tendencies, and the main personal manifestations: conflict,
hostility, lack of necessary respect for others, a pronounced
oppositional view of the events taking place, etc. [23, 26, 31].

In the course of research conducted on the basis of the
application of the personal questionnaire of Bass-Darky,
which made it possible to determine the forms of aggressive
behavior typical for modern students of various courses of a
medical institution of higher education and to establish the
degree of their expression in a sufficiently large range from
low and moderate to elevated and high in accordance with 8
basic scales.

In general, and this fact should be noted as the first
when performing a psychohygienic assessment of the
characteristics of aggressive manifestations of personal
genesis, the level of expression of various forms of
aggression that take place in the student environment is
quite high, thereby testifying to a significant degree of spread
of various forms of aggressive in nature behavioral actions
and deeds.

Young men Young women

1st year 3rd year 6th year

points
09 r

0,8
0,7

0,6

0,5
0,4
0,3
0,2
0,1

0

1st year 3rd year 6th year

W adaptation m self-acceptance

accepting others m emotional comfort
M internality desire for dominance

M desire for dominance M desire for dominance

Fig. 1. Integral indicators of social and psychological adaptation of
young men and women studying in the conditions of a modern
institution of higher medical education according to the personal
questionnaire of Rogers and Diamond.
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At the same time, considering the level of development
of individual manifestations of aggressiveness of the studied
students, it was necessary to note that one of the least
developed in comparison with other types of aggressive
manifestations should be considered indicators on the scale
of physical aggression, which reflected the tendency to direct
use of physical force by one person against another during
the resolution of conflict situations. Thus, the level of the
studied indicators among 1st year young men was
43.56+2.68 points, among 1st year young women -
53.82+2.88 points. Somewhat different data were recorded
among third-year young men and third-year young women
- the level of indicators of physical aggression among them
was 55.66+3.41 points (p<0.05) and 47.00+3.22 points
(p>0.05), respectively. Almost similar indicators were
registered among graduate students - the level of
expression of indicators of physical aggression among
them was 57.62+3.15 points (p<0.001) in young men and
49.72+42.45 points (p>0.05) in young women. However,
statistically significant differences were observed only in
case of comparison of data specific to young students of
the 1st and 3rd years (p<0.05) and for young students of
the 1st and 6th years (p<0.001). Significant sex-related
differences were registered only among young men and
young women who studied in the 1st year (p<0.05).

It was necessary to consider the level of development
of aggressive manifestations among modern students on
the scale of verbal aggression to be sufficiently high, which,
first of all, consists in an effort to preferentially reveal
negative feelings not through actions, but through the form
of verbal appeals (quarrels, conversations in raised tones,
etc.) to other people. Thus, among young men and young
women studying in the 1st year, their values were
47.24+2.06 points and 46.28+2.31 points, respectively,
increasing later in both cases to the highest values by the
degree of development and amounting to 62.82+0.37
points, respectively (p<0.001) and 61.45+2.49 points
(p<0.001) among young men and young women studying
in the 3rd year, and slightly decreasing to the level of
55.04+3.08 points (p>0.05) and 45.92+1.86 points (p<0.05)
among young men and young women, who studied in the
6th year. Statistically significant differences between the
determined indicators were typical for female students of
the 1st and 3rd years (p<0.001), as well as for young
students of the 1st, 3rd and 6th years (p<0.001 and p<0.05).
Sex-related differences in the studied indicators were
observed only between the indicators of young men and
young women of 6th year students (p<0.05).

The indicators reflecting the degree of expression of
aggressive manifestations on the scale of indirect
aggression, which attests to the level of spread of negative
feelings of an aggressive content through the
implementation of indirect actions directed against other
persons, should be considered extremely high, and at the
same time having a pronounced upward trend. So, among
first-year young men and first-year young women, the level

of the studied indicators was 56.16+2.58 points and
66.85+2.46 points, respectively, among third-year young men
and third-year young women - it was 66.98+2.69 points
(p<0.01) and 66.90+2.46 points, respectively (p>0.05),
among young men graduates and young women graduates,
it was 64.36+3.12 points (p<0.05) and 60.58+2.79 points
(p>0.05), respectively. Statistically significant differences
were observed only in the case of comparison of data specific
to young students of the 1st and 3rd years (p<0.01) and
young students of the 1st and 6th years (p<0.05). Sex-related
differences in the studied indicators were recorded between
the indicators of young men and young women students of
the 1st year (p<0.01).

The degree of expression of the indicators that
determined the level of spread in the personality structure of
aggressive manifestations on the scale of negativism, the
leading manifestations of which should include oppositional
forms of behavior, should also be considered quite
significant. Among young men and young women who
studied in the 1st year, the values of the indicators of
negativism were 47.20+3.73 points and 54.14+3.05 points,
among young men and young women who studied in the
3rd year - 54.74+3.44 points (p>0.05) and 58.21+3.86,
respectively points (p>0.05), among young men and young
women who studied in the 6th year - 59.72+3.25 points
(p<0.05) and 50.92+1.98 points (p>0.05), respectively.
Statistically significant differences in the values of the
determined indicators were observed only between the
indicators of 1st year and graduates (p<0.05). Sex differences
were registered only among young men and young women
studying in the 6th year (p<0.05).

Indicators that determined the level of spread of
aggressive manifestations on the scale of irritability, i.e. the
tendency to quickly develop irritable reactions in case of the
slightest excitement, initially increased during the
observation period, and then gradually decreased. Thus, its
indicators in first-year young men were 39.90£2.40 points
(p<0.001), in first-year young women - 41.78+2.32 points, in
third-year young men - 49.78+2.57 points (p<0.001), in third-
year young women 49.68+ 2.46 points (p<0.05), in male
graduates - 46.08+2.71 points (p<0.05), in female graduates
- 41.40+£2.53 points (p<0.05). Statistically significant
differences were registered when comparing indicators
among young men who studied in the 1st and 3rd year
(p<0.001) and 1st and 6th year (p<0.05), as well as among
young women who studied in the 1st and 3rd year (p< 0.05)
and 3rd and 6th years (p<0.05). There were no significant
sex differences (p>0.05).

During the psychohygienic assessment of the features
of dynamic changes in indicators that determined the level
of spread of aggressive manifestations on the scale of
suspicion, the distinctive features of which should be
considered a tendency to mistrust in relations with others.
Thus, its values were 45.36+2.83 points and 42.83+1.91
points among young men and young women who studied
in the 1st year, 46.68+2.73 points (p>0.05) and 52.66+3.24
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points (p<0.01) among young men and young women who
studied in the 3rd year, as well as 48.10+2.73 points (p>0.05)
and 44.66+2.27 points (p<0.05) among young men and
young women who studied in the 6th year. Statistically
significant differences were observed when comparing the
indicators of young women who studied in the 1st and 3rd
years (p<0.01), as well as young women who studied in the
3rd and 6th years (p<0.05). On the other hand, there were no
sex-related (p>0.05) differences between the values of the
studied indicators.

Extremely interesting and, in accordance with the content,
completely opposite results were obtained during the study
of indicators of aggressiveness on the scales "feeling of
resentment" and "feeling of guilt". High levels of feelings of
resentment indicate the development of envy of others'
successes and rejection of others, on the other hand, high
levels of "guilt" indicators determine the conscious
judgment of the researched persons that they are the cause
of numerous negative, conflict situations.

Considering the indicators on the "feeling of
resentment" scale, it should be noted that the degree of
their manifestation among young men and young women
who studied in the 1st year was 54.08+2.47 points (p>0.05)
and 46.19+2.68 points (p>0.05), respectively, among young
men and young women who studied in the 3rd year -
increased to 55.26+3.81 points (p>0.05) and 54.01+2.98
points (p>0.05), respectively, among young men and young
women who studied in the 6th year - decreased to 46.66+
3.12 points (p>0.05) and 43.98+3.50 points (p<0.05).
Statistically significant differences were observed only in
the case of comparison of indicators typical for young
students of the 1st and 6th years (p<0.05). Sex-related
differences in the studied indicators were registered
between the indicators of young men and young women of
1st-year students (p<0.05).

Indicators reflecting the degree of expression of
aggressive personality traits on the “feeling of guilt" scale
were significantly higher, with pronounced upward trends
during the first years of study at a medical institution of
higher education. In first-year young men, their level was
62.48+2.48 points, in first-year young women - 48.91+2.59
points, in third-year young men - it increased to 58.26+3.35
points (p>0.05), in third-year young women - to 67.11+2.11
points (p<0.001), in young men graduates it decreased to
56.98+2.80 points (p>0.05), in young women graduates it
decreased to 43.78+2.87 points (p>0.05). Statistically
significant differences in the determined indicators were
observed only in young women who studied in the 1st and
3rd courses (p<0.001). Sex-related differences in the
studied indicators were typical for young men and young
women of all studied groups (p<0.001).

Figures 2 and 3 present the data of a generalized analysis
of the characteristics of indicators of aggressive personality
manifestations of students during their stay in a medical
institution of higher education.

Indicators such as the index of aggressiveness and

the index of hostility are considered integral values of the
degree of expression of aggressive personality traits that
were studied. If the index of aggressiveness provides an
opportunity to carry out a comprehensive assessment of
manifestations of physical and verbal aggression and
irritability, then the index of hostility is a comprehensive
assessment of manifestations of suspicion and "feeling
of resentment”. Considering the peculiarities of their
distribution in the structure of aggressive manifestations
according to the values of the aggressiveness index, it was
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Fig. 2. Indicators of aggressive personality manifestations of young
men during the period of study at a medical institution of higher
education according to the Bass-Darky personality questionnaire.
Notes: 1 - physical aggression; 2 -verbal aggression; 3 - indirect
aggression; 4 - negativism; 5 - irritability; 6 - suspiciousness; 7 -
feeling of resentment; 8 - feeling of guilt.
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Fig. 3. Indicators of aggressive personality manifestations of young
women during the period of study at a medical institution of higher
education according to the Bass-Darky personality questionnaire.
Notes: 1 - physical aggression; 2 -verbal aggression; 3 - indirect
aggression; 4 - negativism; 5 - irritability; 6 - suspiciousness; 7 -
feeling of resentment; 8 - feeling of guilt.
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necessary to note a significant advantage, especially in
the middle and at the end of the period of obtaining higher
education, which are high according to the degree of
expression of the indicators. Their specific weight among
first-year young men and first-year young women was 44.0
% and 57.2 %, among third-year young men and third-year
young women - 76.0 % and 66.7 %, respectively, among
young graduates and female graduates - 72.0 % and 56.0
%, respectively. At the same time, the share of indicators
that indicated a moderate level of development of the
studied indicators was 56.0 % and 42.8 % among young
men and young women who studied in the 1st year, 24.0 %
and 33.3 % among young men and young women who
studied in the 3rd year, as well as 28.0 % and 46.0 %
among young men and young women who studied in the
6th year.

The data of the analysis of the features of the distribution
of indicators of the hostility index both among young women
and among young men also testified to the fact that their
structure was dominated by the specific weight of values
typical for a high level, the value of which was 80.0 % among
1 year young men and 66.1 % among 1 year young women,
76.0 % among third-year young men and 84.3 % among
third-year young women, 68.0 % among male graduates
and 64.0 % among female graduates. The specific weight
of average normative indicators was, respectively, 20.0 %
and 33.9 % among young men and young women who
studied in the 1st year, 24.0 % and 15.7 % among young
men and young women who studied in the 3rd year, and
32.05 and 36.0 % among young men and young women
who studied in the 6th year.

Discussion

In medical and psychological research, socio-
psychological adaptation is usually considered as the result
of a person's adaptation to a certain social environment,
which determines the peculiarities of interaction with it [1,
29]. A practically similar approach is characteristic of
preventive medicine, according to which socio-psychological
adaptation is a concrete result of direct adaptation of an
individual to the conditions of the environment based on the
use of a wide variety of social means by implementing
optimal ways of behavior, which, in fact, determine the social
status of the individual [30, 31, 32].

Therefore, based on these positions, adaptation in
general and socio-psychological adaptation in particular
constitute the process of adaptation of the organism to the
demands of the external environment or changes occurring
in the organism [2, 11, 12, 22]. Moreover, the too wide interest
in the problem of human adaptation indicates the
multifaceted nature of adaptive phenomena, which,
according to their meaning, take place and, therefore, should
be considered from an interdisciplinary perspective as a
multi-level phenomenon of a complex biological,
physiological, mental and social nature [4, 5, 8, 21]. In fact,
adaptation is a complex multifactorial phenomenon that has

its own mechanisms and regularities, which are studied by
representatives of many branches of science [13, 14, 20,
24). Therefore, according to professional interests, scientists
focus on certain types of adaptation: biological, mental,
psychophysiological, social-psychological, pedagogical,
professional, etc. [9, 10, 19]. Moreover, defining the essence
of the concept of "adaptation”, researchers proceed from
the understanding that it (and above all, social-psychological
adaptation) should be considered as a process, state,
property or result of activity that occurs under certain
conditions and lasts for a certain period, as long as dynamic
equilibrium will not be established between systems that
adapt [6, 24, 28].

In the course of the conducted research, it was
established that in the structure of the leading features of
the socio-psychological adaptation of modern students of
medical institutions of higher education, which were
determined, such characteristics as the desire to dominate
(the first place in the rating) and the acceptance of others
(the second place in the rating), on the other hand, internality
characteristics are the lowest (the last sixth place in the
rating). At the same time, the data on integral indicators of
adaptation, self-acceptance and emotional comfort, which
are essential for the successful acquisition of a future
profession, occupied an intermediate position [33]. Such
results to a certain extent coincided with the data typical for
high school students [23]. However, the level of expression
of the first two indicators was somewhat higher. Expressed
sex-specific features were not registered either.

In the end, it was impossible not to note that the
phenomena that were registered testified to a sufficiently
intense course of adaptation processes of a social and
psychological content, which is very important, based on the
fact that social and psychological adaptation is the
adaptation of a specific person to the conditions of existence
in a group and in establishing certain relationships with its
representatives, developing one's own, completely unique
style of behavior. Moreover, this applies to almost all forms
of adaptive transformations characteristic of socio-
psychological adaptation, namely formal (cognitive and
informational adaptation to the new environment, new
requirements and responsibilities), social (the process of
internal integration (unification) of groups and the integration
of these groups as a whole) and didactic (student
preparation for new forms and methods of educational work
of an educational institution) adaptation [3]. Thus, the time
spent in a higher education institution is quite closely related
to the breaking of former stereotypes, can cause low
academic performance and difficulties in communication,
contribute to the formation of a whole range of negative
experiences associated with the lack of mutual help and
moral support, and lead to a significant the expression of
aggressive manifestations of personality and the formation
of a whole series of manifestations of depressive content
[5, 19, 20].

This fact was confirmed by the results of the conducted
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research. Thus, during the assessment of the features of
aggressive personality manifestations, first of all, it should
be noted that the levels of development of various forms of
aggression according to the studied scales exceeded the
values of values typical for the average normative indicators
of representatives of student age and, therefore, for a
significant number of young men and women, typical
sufficiently expressed various personal manifestations of
aggressive content should have been recognized [33]. In
particular, the highest values regarding the degree of
development of aggressive personality manifestations were
characteristic of third-year young men and third-year young
women (it was during this period of student life that the
highest results were recorded on the scales of indirect
and verbal aggression, "feeling of guilt", physical
aggression and "feeling of resentment" in young men,
according to the scales of "guilt", indirect and verbal
aggression, negativism and "feeling of resentment" in
young women. At the same time, among first-year young
men and first-year young women, the maximum results in
terms of expression were characteristic for indicators of
aggressiveness according to the scales "feelings of guilt",
indirect aggression, "feeling of resentment", verbal
aggression and negativism - in the first case, according to
the scales of indirect aggression, negativism, physical
aggression, "guilt" and verbal aggression - in the second,
on the other hand, among young graduates and young
women graduates, the maximum results in terms of the
degree of expression were typical for indicators of
aggressiveness according to the scales of indirect
aggression, negativism, physical aggression, "guilt" and
verbal aggression - in the former, according to the scales
of indirect aggression, negativism, physical aggression,
verbal aggression and suspicion - in the latter.

The fact that, among young men, the lowest level of
expression of indicators regarding the degree of
development of certain forms of aggressive manifestations
was mostly characteristic of first-year students and female
graduate students, i.e. opposite trends in terms of content
were registered as very interesting [33]. In the end, it should
be noted that the lowest indicators in terms of degree of
expression in the vast majority, regardless of the period of
study at a medical institution of higher education, were
registered during the analysis of data that proved the level
of expression and the degree of spread of the leading
characteristics of aggressive manifestations on the scales
of irritability and suspicion.

The data obtained, in the future, on the basis of the
interdisciplinary and interdisciplinary professional
interpretation and versatile interpretation of specialists of
various directions, can be used for the development of
methods for the comprehensive assessment of the state
of adaptive resources of the students' body and the scientific
justification of health-preserving technologies that have
significant prospects for effective application in the practical
activity of medical institutions of higher education.

Conclusion

1. The highest level of expression of integral indicators
of socio-psychological adaptation was characteristic of the
characteristics of striving for dominance (first place in the
rating) and acceptance of others (second place in the
rating), the lowest - for the characteristics of internality (the
last sixth place in the rating). The characteristics of integral
indicators of adaptation, self-acceptance and emotional
comfort occupied an intermediate position. Similar trends
were typical for male and female students of different
courses. The phenomena that were registered testified to
the most intense course of adaptation processes of social
and psychological adaptation of students to the conditions
of stay in medical institutions of higher education.

2. The levels of development of various forms of
aggression according to the studied scales exceeded the
values typical for average normative indicators and,
therefore, a significant number of representatives of student
youth had sufficiently expressed various personal
manifestations of aggressive content.

3. The highest values regarding the degree of
development of aggressive personality manifestations were
typical for young men and young women who studied in
the 3rd year - it was at this time that the highest results
were recorded, first of all, on the scales of indirect and
verbal aggression, "feeling of guilt", physical aggression
and "feeling of resentment" among young men and on the
scales of "feeling of guilt", indirect and verbal aggression,
negativism and "feeling of resentment" among young
women. At the same time, among young men and young
women who studied in the 1st year, the maximum results
in terms of the degree of expression were typical for
indicators of aggressiveness according to the scales of
"guilt", indirect and verbal aggression, "feeling of
resentment” and negativism - among the first, and
according to the scales of indirect aggression, negativism,
physical aggression, "guilt" and verbal aggression - among
others, at the same time, among young men and young
women who studied in the 6th year, the maximum results
in terms of the degree of expression were typical for
indicators of aggressiveness on the scales of indirect
aggression, negativism, physical aggression A, "guilt" and
verbal aggression - among the first, and according to the
scales of indirect aggression, negativism, physical and
verbal aggression and suspicion - among the second.

4. In young men, the lowest level of expression of
indicators regarding the degree of development of individual
forms of aggressive manifestations was mostly
characteristic of first-year students and female graduate
students, i.e. opposite trends in content were registered.
The lowest indicators in terms of the degree of expression
in the vast majority, regardless of the period of study at the
institution of higher education, were registered during the
analysis of data that proved the level of expression of the
leading characteristics of aggressive manifestations. on
the scales of irritability and suspicion.
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OCOEJ/INBOCTI AQANTALIAHUX MOXITUBOCTEN OPTAHI3MY TA ATPECUBHUX MPOSABIB OCOBUCTOCTI CYYACHUX
CTYAEHTIB HA PI3HUX ETANAX HABYAHHS Y 3AKNAAI BULLOI OCBITU
CmosiH H. B., Oyepedbko O. M., Kopo6yaHcbkuii B. O., Bpamkoea O. 0., CepebpeHHikosa O. A.

BusHauyeHHsi koMnneKcHoI ouiHku ocobnueocmel nepebiey adanmayiliHux npouecie, kompi enacmuesi 0551 cy4acHoi cmy0eHmcbKoi
monodi, wo 3006yeae nesHull ¢hax, mMiCHO 08'a3aHi 3i 8CMaHOBMEHHAM 3aKoHOMipHocmel repebiey YUCTIeHHUX MPUCMOCy8anbHUX
MexaHismig y nnowuHi peanisauii ncuxogisionoaidHol, ncuxiyHoi ma coujanbHo-rcuxonozidHoi adanmauji. Memoro pobomu € 30ilicCHeHHs
KOMIITeKCHOI eigieHiyHOI ouiHKU ocobnueocmel adanmauiliHux Moxueocmel opaaHisMy Ha nidcmaei 8u3Ha4yeHHs Ii coyianbHO-
ricuxonoeidHoi cknadoeoi ma aspecusHUX rnposigie ocobucmocmi cy4yacHux cmydeHmig Ha pi3HUX emarnax Has4aHHs1 y 3aknadi euujoi
oceimu. Haykosi docnidxeHHs1 Mpogodusnu 3 sUKOpUcmaHHsIM onumyearnbHukie Podxepca i JalimoHda ma bacca-Hapku. [1id Haznssi0om
8rnpodoex repiody criocmepexeHb 3Haxodunucb 307 cmydeHmis, 8 momy yucni 150 digyam i 157 roHakig, siKi Hag4yanucb Ha Mepuiomy,
mpembOoMy ma wocmomy Kypcax mMedu4yHoz20 ¢hakynnbmemy. AHani3 ompumaHux 0aHux nepedbadyas 3acmocysaHHs1 npoyedyp onucosol
cmamucmuku Ha nidcmasi 3acmocyg8aHHs nakemy fnpoepamM cmamucmu4yHo20 aHanizy "Statistica 6.1" (niyeH3idHult Ne
BXXR901E245722FA). BcmaHoeneHo, wo Halisuuwjull piseHb 8UPaXEHHS iHmeaparbHUX MOKa3HUKIG couianbHO-rcuxonoaiyHoi adanmauii
cmydeHmig, He3anexHo 8i0 Yacy HagyaHHs y 3aknadi euw,oi oceimu, enacmusull Ons xapakmepucmuk adanmauyitiHux rposisie wWodo
npazHeHHs1 0 OOMiHy8aHHA ma nPuUHAMMS (HWUX; pasoM i3 muM, HaUHWKYUU pi8EeHb 8UPa)XXeHHS - ON1s Xxapakmepucmuk
iHmepHanbHOCMI i, oMmXe, 8u3Ha4ae Hasi8HICMb 8UPaXEHUX O03HaK MepemeopeHb MpuUCMOoCcy8anbHO20 3Micmy, sKi 8i03Hayamb
HanpyxeHul nepebie npouecie couianbHO-McuxonoziyHoi adanmauii cmydeHmie 0o ymos nepebysaHHs y MeduyHoMy 3aknadi euwioi
oceimu. BusieneHo, wjo ceped nepesaxHoi Kiibkocmi cmydeHmis, siki O0CioXys8anuch, NoKasHUKU azpecusHUX rnposigie ocobucmocmi
nepesuwyomb 3Ha4eHHs, enacmuei 0ns HOpMamueHUX 8iKOB80-Cmamesux Moka3Hukie. Take cmaHosuuwe eu3Hayae nompeby y
p03p0obrieHHi MeEMOBGUK KOMIMIIEKCHOI OUiHKU cmaHy adanmauiliHux pecypcie opeaHiaMy toHakKig i digdam, w0 Hag4alombCsl, ma HayKo8o2o
06rpyHmyesaHHs1 300po8'a3bepizaodux mexHosoeilt, 8 OCHOBI SIKUX MPO8IOHe Micue Maromb 3aliMamu 3axo0u Mcuxoeiei€HiYHOI KOpeKUyil.
KntouoBi cnoBa: cmydeHmu, 3aknad euwoi oceimu, Hag4yaHHs1, ocobrnusocmi ocobucmocmi, ncuxogpizionoeiyHa adanmauis, ncuxiyHa
adanmauyis, coyianbHO-Mcuxono2iyHa adanmauisi, azpecusHicmo.
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Thermal burns are one of the most traumatic and physically exhausting injuries. Among
the many factors that are decisive for a burn injury, the relationship between the
temperature of the damaging agent and the duration of exposure is important. The term
of exposure and high temperature determine the depth of the lesion. During burns,
hypoxic, hemodynamic and metabolic disorders occur, which lead to changes in the
structures and functions of internal organs. There are various ways of developing the
respiratory system disorders after a burn injury to the skin: direct thermal damage to
the respiratory tract, damage to the lungs by toxins of endogenous origin. After thermal
exposure, there is a reorganization of the airiness of the lung tissue, its increase and
combination with the phenomena of bronchospasm. A complex of morphological
changes develops in the lungs, which includes degenerative changes in the walls of
blood vessels and their permeability, a violation of the typical structure of the alveoli,
the appearance of foci of distelectases and atelectasis, signs of inflammatory reactions,
as well as the detection of areas of clusters of alveolar macrophages in places of
hemorrhages. The aim of our study was to establish changes in the morphometric
parameters of the lungs during experimental thermal injury to the skin. The results of
the morphometric analysis showed that in the early stages (1st, 7th days) after
experimental thermal injury to the skin, there is a reorganization of the structural
components of the lungs with signs of an adaptive and compensatory nature, as well as
destructive changes. It was established that the average values of the area of bronchi,
lymphoid tissue statistically significantly increased from the indicators of the intact
group animals, while the percentage of unchanged lung tissue significantly decreased
in the respiratory portion. It was found that in the late stages of the experiment (14th,
21st days), inflammatory and sclerotic changes in the components of the respiratory
portion occurred, which were manifested by a significant increase in the average
values of dys- and atelectasis and the relative areas of emphysematously changed lung
tissue relative to the indicators of the intact group. The values of the relative fractions
of unchanged lung tissue were significantly reduced, which indicated deep degenerative-
destructive changes in the organ.

Keywords: lungs, thermal injury, burn, morphometry.

Introduction

According to the literature, stress can be a pathogenetic
link in the development of changes in the structure and
function of the cardiovascular system, digestive tract,
psychoneurological disorders, immunodeficiency states
of the body, and oncological pathology. The pathology of
the respiratory system attracts the attention of researchers
due to the high level of lung diseases [4, 6].

Thermal burns are one of the most traumatic and
physically exhausting injuries [11]. Among the many factors
that are decisive in the case of a burn injury, the relationship

between the temperature of the damaging agent and the
duration of exposure, known as the time-temperature
relationship, which determines the depth of the lesion, is
important. The primary reaction of the body to thermal injury
is stress. During burns, hypoxic, hemodynamic and
metabolic disorders occur, which lead to changes in the
structures and functions of internal organs, against the
background of significant exo- and endogenous toxemia
[3, 10, 17, 20].

There are various ways of developing disorders of the
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respiratory system after a burn injury to the skin: direct
thermal damage to the respiratory tract, damage to the
lungs by toxins of endogenous origin. After thermal
exposure, there is a reorganization of the airiness of the
lung tissue, its increase and combination with the
phenomena of bronchospasm [8]. A complex of
morphological changes develops in the lungs, which
includes degenerative changes in the walls of blood
vessels and their permeability, a violation of the typical
structure of the alveoli, as well as the appearance of foci of
dys-, atelectasis and atelectasis, signs of inflammatory
reactions, and fields of accumulation of alveolar
macrophages in the areas of hemorrhages were revealed
[21]. Endotheliocytes and alveolocytes were increased in
size due to protrusion. Hypertrophy of organelles and
fragmentary disruption of membranes were observed.
Expressed signs indicated a violation of gas exchange and
the development of hypoxia [23].

The aim of the study - to establish changes in the
morphometric parameters of the lungs after experimental
thermal injury to the skin.

Materials and methods

Simulation of thermal injury was carried out on mature
male rats with a body weight of 180-250 g. The animals
were kept in standard conditions of the vivarium of the Ivan
Horbachevsky Ternopil National Medical University. Animal
care and all manipulations were carried out in accordance
with the recommendations of the "European Convention
for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes" (Strasbourg,
1986), as well as in accordance with the provisions of the
"General Ethical Principles for Animal Experiments”
adopted by the First National Congress of Bioethics (Kyiv,
2013). The study was approved by the Bioethics
Commission of Ternopil National Medical University,
protocol No 59, 05.06.2020. A skin burn of the IIB degree
was applied under thiopental-sodium anesthesia with
copper plates heated in boiled water to a temperature of
97-100°C on the depilated surface of the skin of the
animal's back, exposition 10-15 seconds. After
decapitation, lungs were collected for morphological
examination on days 1st, 7th, 14th and 21st of the
experiment. After fixation of pieces of tissue in 10 % neutral
formalin solution, dehydration in alcohols of increasing
concentration and embedding in paraffin, histological
sections with a thickness of 5-6 ym were made, which
were stained with hematoxylin-eosin [5].

Morphometric studies were carried out using the system
of visual analysis of histological preparations. Images from
histological preparations were displayed on a computer
monitor from a microscope "MICROmed SEO SCAN" and
with the help of a video camera "Vision CCD Camera" and
the program SEO ImageLAB Bio, and Microsoft Excel,
"STATISTICA 12.0" on a personal computer. The parameters
were measured at the specified times of the experiment in

slides stained with hematoxylin and eosin. The ratio of the
structural components of the lungs was determined: the
relative proportion of bronchi, lymphoid tissue and the
respiratory portion; in which the relative proportion of lung
tissue with unchanged histostructure, atelectasis,
dysatelectasis, and emphysematously changed lung
tissue were measured.

Results

Morphometric studies of the lung components of the
intact animals established that the average value of the
relative area of the bronchiwas 5.125+0.151 %, the average
value of the share of vessels was 4.316+0.132 %, and the
average value of the share of the respiratory portion was
84.52+1.30 %. In the connective tissue, bronchovascular
stroma, and within the wall of the bronchi and vessels,
there was an accumulation of lymphoid tissue, mainly in
the form of follicles, which in some places was infiltrated
the wall on its entire thickness - from the mucosal tunic to
the adventitia. The average value of the relative area of the
lymphoid tissue was 6.051+0.235 % (Fig. 1).

The conducted morphometric studies of the components
of the respiratory department of the lungs showed that the
average value of the relative area of the lung tissue with an
unchanged histostructure was 83.31+2.70 %. The average
value of the area of atelectasis was 2.741+0.113 %, the
relative share of dys-, atelectasis was 4.056+0.170 %, and
the relative share of emphysematously changed lung tissue
was 9.904+0.215 % (Fig. 2, 3).

One day after the experimental thermal injury, a
significant increase in the average value of the proportion
of blood vessels was established to 4.808+0.126 %
(p<0.01), which was 1.11 times greater than that of animals
in the intact group. The relative shares of bronchi and
lymphoid tissue also increased significantly, respectively
5.871+0.162 % and 7.485+0.192 % (in both cases p<0.001)
compared to intact indicators. However, the average value
of the area of the respiratory portion decreased and it was
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m Bronchi Lymphoid tissue Respiratory portion

Fig. 1. Ratio of the lungs structural components of the intact group
animals and animals at different periods of observation after
experimental thermal injury. Notes: * - values that are statistically
significantly different from the indicators of animals of the intact
group (* - p<0.05; ** - p<0.01; *** - p<0.001).
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Fig. 2. Ratio of structural components of the respiratory portion of
the lungs at different times after experimental thermal injury. Notes:
* - values that are statistically significantly different from the
indicators of animals of the intact group (** - p<0.01; *** - p<0.001).
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Fig. 3. Dynamics of changes in the structural components of the
respiratory portion of the lungs at different times after experimental
thermal injury. Notes: * - values that are statistically significantly
different from the indicators of animals of the intact group (** -
p<0.01; *** - p<0.001).

81.85+1.61 %, which is 0.96 of the normal value.
Interalveolar septa were thickened both due to edema and
blood filling of hemocapillaries and due to leukocyte
infiltration. Dis- and atelectasis were found diffusely in the
lung parenchyma, near the terminal bronchioles, in which
the lumens of the alveoli had a slit-like shape, or they were
absent at all. Morphometrically, it was established that their
relative shares were significantly increasing and amount
to 14.70£0.51 % and 5.941+0.175 % (p<0.001), which were
2.17 and 3.63 times more than indicators of intact group of
animals (see Fig. 3). Along with this, undamaged areas of
lung tissue were observed, the average value of their area
was equal to 50.19+1.30 % (p<0.001), which is reliably
1.66 times less than the indicator of animals of the intact
group.

Also, mainly subpleural, significantly refined,
emphysematously enlarged alveoli were found. Their
relative share reliably increased by 2.95 times compared
to the indicator of the intact group of animals and it was
29.17+0.74 % (p<0.001).

After 7 days of the experiment, the relative shares of
bronchi and bronchial-associated lymphoid tissue

increased significantly by 28 % and 49 %, respectively,
relative to the indicators of animals of the intact group and
were equal to 6.546+0.268 % and 9.046+0.301 % (in both
cases p<0.001). Morphometric studies of the respiratory
portion of the lungs during this period showed that the
value of the relative share of lung tissue with unchanged
histoarchitectonics decreased by 2.68 times from the intact
indicator and amounts to 31.07+1.05 % (p<0.001) (see
Fig. 2). However, the relative areas of atelectasis, dis-,
atelectases, and emphysema zones increased
significantly by 3.80; 5.12 and 3.82 times compared to the
values of animals of the intact group and were, respectively,
10.41+40.28 %; 20.72+0.61 % and 37.80+1.07 % (in all cases
p<0.001) (see Fig. 3).

Morphometric studies 14 days after experimental
thermal injury established a significant decrease in the
average value of the relative area of vessels, however, it
exceeded the indicator of the intact group of animals by 51
% and was equal to 6.523+0.245 % (p<0.001). The relative
shares of bronchi and lymphoid tissue in this period of the
experiment were of the greatest importance and reliably
exceed the values of the intact group of animals by 1.31 and
1.54 times, they were 6.704+0.231 % and 9.317+0.356 %
(in both cases p<0.001). The average indicator of the
respiratory portion of the lungs was equal to 77.47+1.40 %
(p<0.001), which was significantly less than the indicator of
animals of the intact group. In the respiratory portion of the
lungs, it was established that the relative shares of dys- and
atelectasis and emphysematously changed areas reliably
increase by 7.84; 9.17 and 3.34 times relative to the indicators
of the intact group of animals and were 31.76+0.97 %,;
25.13+0.74 % and 33.04+0.80 % (in all cases p<0.001) (see
Fig. 3). At the same time, the average value of the relative
area of the unchanged histostructure of the lung tissue
decreases and it was 10.07+0.31 % (p<0.001), which is
8.27 times less than the intact indicator.

After 21 days of the experiment, an increase in the foci
of atelectasis and dys-, atelectasis with their infiltration by
lymphocytes and sprouting of collagen fibers was noted.
The average values of their areas were the highest in this
period of observation and they were 31.04+0.95 % and
35.70+£0.84 % (p<0.001), which is 11.34 and 8.81 times
more than intact indicators (see Fig. 3). Subpleurally, the
size of areas of emphysematously dilated alveoli increased
with damage to their walls and the release of blood formed
elements into their lumen, and their relative share was
26.21+0.69 % (p<0.001), which is 2.65 times higher than
the indicator of intact alveoli groups of animals. The
smallest average value of the relative area occupied by
unchanged lung tissue and it was 7.058+0.245 %
(p<0.001), which is 11.82 times less than the intact indicator
(see Fig. 2).

Discussion
The results of morphometric studies of the structural
components of the lungs in experimental thermal injury
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are to a certain extent consistent with the available data of
literary sources [1, 7, 12]. In the works of the authors [2, 22],
it was established that under the influence of factors of
stressogenic origin, changes of a dystrophic nature were
observed, namely, the cross-sectional area of the alveoli
decreased, and the thickness of the interalveolar partitions
increased. We found that 7 days after thermal damage of
the skin, the relative proportions of bronchi and bronchial-
associated lymphoid tissue in the lung tissue increased
significantly, therefore, the average value of the area of the
respiratory portion progressively decreased.

Scientists [8, 14, 19] note that with exogenous action,
there is a violation of the vessels in the organ, which is
accompanied by bronchospasm or acute expansion of the
bronchi lumen and leads to damage of the integrity of the
lung tissue structural organization. Damage to the respiratory
portion of the lungs is confirmed by a significant increase in
the average values of dys- and atelectasis and zones of
emphysematous expansion of the alveoli, which to some
extent agrees with the data of scientists [9, 16]. Morphometric
studies [15, 18] noted a significant increase in the rate of
fibrosis and hyperplasia of lymphoid tissue under conditions
of chronic chemical exposure, which to some extent agrees
with our studies. Experimental studies [13] indicated the
development of degenerative, inflammatory and sclerotic
changes in the components of the respiratory portion.

According to our obtained experimental data, in the late
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MOP®OMETPUYHUA AHANI3 MAPAMETPIB NIEFEHb 3A YMOB 3MOMENbOBAHOI OMIKOBOI TPABMU

Jluxaybkui 1. I., Ozivcbka H. B., Flemmarrok I. 6., He6ecHa 3. M., Tpay Poconoecbka C. B.

TepmiyHi oniku € 0OHUMU 3 HalUbinbw mpasmamuyHUX ma Qi3UYHO BUCHaX/UBUX ywKoOxeHb. Ceped bacambox thakmopis, SKi €
8U3HayanbHUMU MpU OMiKosIili mpasmi, 8aX/IueuM € 83aEM038'A30K MK memrepamypor NMowKodXy4020 azeHma ma mpusaricmio
eriusy. TepMiH 8nnusy ma eucoka memrepamypa eusHadaroms 2iUbuUHy ypaxeHHsi. [pu ornikax 8UHUKamb 2ilnOoKCUYHi, 2eMOOUHaMIiYHi
i memaboniyHi nopyweHHs, wo npu3eodsime 00 3MiH cmpykmyp i yHKuil 8HympiwHix opaaHie. Bidomi pi3Hi winsaxu po3gumky
rnopyweHb AuxanbHOI cucmemu ricrisi orniKkogoi mpasmu wikipu: 6e3rnocepedHe MepMidHe ypaKeHHST OuXasbHUX WIISXi8, MOWKOOXEHHS
re2eHb MOKCUHaMu eHOO2eHHO20 roxodxeHHs . [licns mepmiyHo20 ensugy 8i0bysaembcsi peopaaHizauis nosimpsHocmi ne2eHesoi
mkaHUuHu, i nideuweHHs1 ma noedHaHHs1 3 sisuuwjamu 6poHxocnasmy. Po3gueaembcsi KOMIMIIEKC MOPQOI02iYHUX 3MiH Yy Ne2eHsIX,
Kompuu ekiroyae 0eeeHepamueHi 3MiHU CMIiHOK cyOuH ma iX MPOHUKHOCMI, nopyweHHs1 muriogoi 6ydoeu anbeeor, rnosisy ocepedkie
ducmernekmasie i amenekmasie, 03HaKu 3anasibHUX peakuill, a maKox eusieneHHs1 OiNSIHOK-CKYMYeHb anb8eOsIsIPHUX Makpogazie y
micusix kpoeosunugie. Memoi Hawoeo docnidxeHHs 6yno ecmaHogumMuU 3MiHU MOPOMempuYyHUX napaMmempis nezeHb npu
ekcriepuMeHmarnbHil mepmidHiti mpasmi Wkipu. Pe3ynbmamu MopghoMempuyHo20 aHaridy rnokasanu, wo y paHHi mepmiHu (1, 7 doba)
nicns ekcrniepuMeHmarnbHoi mepmiyHOi mpasmu wkipu 8i0byeacmbCsi peopaaHizauisi cmpyKmypHUX KOMITOHEHMI8 /1e2eHb 3 O3HaKamMu
rpucmocyeasnbHO20 i KOMIIeHCamopHOo20 xapakmepy, a makox 0ecmpyKmusHUMU 3MiHamu. BcmaHoeneHo, w0 cepelHi 3Ha4eHHsI
row,i 6poHxie, niMgoidHOI mKaHUHU cmamucmu4yHo 00CMOBIPHO 36iMblWyMbCS MOPIBHSIHO 3 aHal02iYHUMU MOKa3HUKaMu meapuH
iHmakmHoi epynu, modi sik y pecnipamopHomy 8iddiri A0CMOBIPHO 3MEHWYEMbCS 8iOCOMOK HEe3MIHeHOI ne2eHe8oi mkaHUHU. Takum
YUHOM, 8usienieHo, wo y eiddaneHi mepmiHu docnidy (14, 21 doba) ei0bysarombCs 3ananbHi ma CKIepPOMuUYHi 3MiHU KOMMOHEHMmI8
pecnipamopHoeao 8iddiny, kompi rnposiensilombcsi 00cmogipHUM 36ifbWeHHAM cepedHix 3HayeHb OUC- ma amernekmasie, a makox
BIOHOCHUX ouw, emgiseMamo3HO 3MIHeHOI 1e2eHe80l MKaHUHU 8IOHOCHO MOKa3HUKI8 iHMaKmHOI epynu. SHa4eHHs1 8iOHOCHUX 4Yacmok
HEe3MiHeHOI rieeeHe80i mKkaHUHU O0CMOBIPHO 3HUXYHMbCSI, WO 8Ka3ye Ha 2nuboki 0eceHepamueHO-0eCmpyKmMuUBHi 3MiHU 8 Ope2aHi.
KnrouyoBi cnoBa: siezeHi, mepmiyHa mpasma, onik, Mopghomempis.
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The increase in global burden of stroke is hard to overestimate. Every year it continues
to be a leading cause of mortality worldwide. Extracranial pathology of the carotid
arteries is a major underlying reason of stroke. Given the role of alimentary factors in
the development of atherosclerosis of the carotid arteries, possible influence of food
additives on the carotid sinus structure is of special interest. Monosodium glutamate is
one of the most common food additives that is allowed for consumption in many countries
due to it being considered relatively safe. Recent scientific research however points
towards the possible adverse effects of monosodium glutamate on the living organism.
The aim of this study was to analyze qualitative and quantitative parameters of carotid
sinus structural organization of white male albino rats under normal conditions, in the
setting of oral monosodium glutamate consumption and after its withdrawal. Carotid
sinuses of 30 white male albino rats that had been daily consuming 10 mg/kg of
monosodium glutamate for 4 or 8 weeks with subsequent withdrawal for 2 weeks were
subjected to qualitative and quantitative analysis at different time-points of the
experiment. The data obtained was compared with the results of morphologic and
morphometric study of carotid sinuses of 9 rats of the control group. For morphometric
analysis, the following parameters were considered: intima thickness, media thickness,
adventitia thickness, diameters of the arterioles, venules and capillaries of the carotid
sinus vasa vasorum. Summarizing the morphometric analysis results, it is worth noting
that, for the duration of 8 weeks of the experiment, steady increase in the thickness of
all layers of the vascular wall, but especially intima and adventitia, was observed in the
study group. At the same time, the diameter of the arterioles located in the carotid sinus
adventitia was decreasing, while venules and capillaries demonstrated invariable
increase of their lumen diameter. After 2 weeks of monosodium glutamate withdrawal,
the thickness of intima and adventitia continued to increase, while media thickness had
somewhat decreased, probably due to fibrosis and dystrophy. The tendency towards
narrowing of the arterioles' lumen and widening of the venules and capillaries persisted
for at least 2 weeks despite discontinuation of monosodium glutamate. Therefore,
systematic consumption of monosodium glutamate may lead to impairment of carotid
sinus structural organization, particularly endothelial proliferation, fibrotic and
dystrophic changes of media, adventitia thickening as well as microcirculatory vessels
damage, that continue to persist despite the food additive withdrawal.

Keywords: monosodium glutamate, carotid sinus, internal carotid artery, intima, media,
adventitia.

Introduction

Cardiovascular diseases, due to their prevalence, as
well as a prominent place in the structure of mortality, are a
significant medical and social problem [1, 9]. Cerebral
stroke ranks 5th among the causes of death and is the
leading cause of disability [26]. The pathogenetic basis for
the occurrence of morphological changes in tissues and

organs is often micro- and macroangiopathy, which cause
tissue trophic disorders and, as a result, their structural
rearrangement [12]. Approximately 85 % of all strokes are
ischemic strokes, about 20 % of which are caused by
extracranial pathology of the internal carotid arteries [21].
Atherosclerotic plaque often occurs in the area of bifurcation
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of the carotid arteries, especially in the area of the carotid
sinus - a small expansion of the internal carotid artery,
which is most often located just cranial to their bifurcation
and is an important structure involved in the regulation of
hemodynamics. Morphological changes in the area of the
carotid sinus can accelerate the formation of atherosclerotic
plague, which, in turn, most often leads to strokes in
patients without other known cardiovascular risks [10].

Among all the factors that influence the development of
carotid artery pathology, food plays a prominent role, and
both the quantitative and qualitative composition of food
are of significant importance. In this context, monosodium
glutamate is of particular interest - a common food additive
that is approved for use in many countries, is considered
relatively safe and is widely used to improve the
organoleptic properties of food for both adults and children.
According to the data of the European Food Safety Authority
(EFSA), the acceptable group daily dose of monosodium
glutamate was set at the level of 30 mg/kg in terms of
glutamic acid, however, in most population groups, the daily
consumption of monosodium glutamate not only
significantly exceeds this level, but in some of them are
even higher than the doses that cause unwanted effects in
humans [11]. At this time, the European Commission plans
to revise the maximum daily doses of monosodium
glutamate allowed for consumption.

Despite the important role of monosodium glutamate
in the development of certain pathological conditions, its
influence on the structure and function of the vascular bed,
in particular the carotid arteries and the carotid sinus, has
not been sufficiently studied. However, the role of
monosodium glutamate in the development of obesity and
hypertension [25], Alzheimer's disease [13], abnormalities
in the development of the nervous system [1] and gastric
erosions [8] is described in the scientific literature. The
relationship  between  monosodium  glutamate
consumption and manifestations of toxic effects in tissues
of lymph nodes [15], colon [16], liver [6] and reproductive
system [20] was also shown. The ability of monosodium
glutamate to cause oxidative stress in myocardial cells
was also reported, which was characterized by an increase
in the levels of marker enzymes [7]. It is also known that
monosodium glutamate is capable of inducing obesity and
an increase in cholesterol levels, which can lead to an
increased risk of cardiovascular events [4]. In view of this,
the study of the ways of influence of monosodium glutamate
on the morphology of the vascular wall, in particular the
wall of the carotid sinus, is important for establishing the
mechanisms of its action, the nature of structural changes,
as well as identifying possible modifying factors that
weaken or modulate this influence.

The purpose of the study: to analyze the qualitative and
guantitative parameters of the structural organization of the
carotid sinus of white male laboratory rats in normal
conditions, under the influence of monosodium glutamate
in the experiment, as well as when it is withdrawn.

Materials and methods

39 male white laboratory rats aged 3.5-5.0 months with
an initial body weight of 180-200 g were involved in the study;,
which were equally divided into experimental groups
(subgroup 1, n=10; subgroup 2, n=10; subgroup 3, n= 10)
and control (n=9) groups. Experimental group animals
received 10 mg/kg/day orally administered monosodium
glutamate for 4 (subgroup 1) or 8 weeks (subgroup 2), while
control group animals received no dietary supplements. After
8 weeks of the experiment, monosodium glutamate
administration was discontinued, instead, the experimental
animals were transferred to a standard vivarium diet with an
assessment of the morphological structure of the wall of
their carotid sinus 2 weeks after withdrawal (subgroup 3).

The animals were kept in cages of 4 individuals each, in
a well-ventilated and lighted room of the vivarium, and had
unlimited access to food that corresponded to the standard
diet of the vivarium. Throughout the experiment, the principles
of the European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes (Strasbourg, 1986), the norms of the Law of
Ukraine No. 3447-1V "On the Protection of Animals from
Cruelty Treatment”, general ethical principles of experiments
on animals, adopted by the First National Congress of
Ukraine on Bioethics (2001), which was confirmed by the
commission on the ethics of scientific research, experimental
developments and scientific works of Danylo Halitskiy Lviv
National Medical University (protocol No. 3 dated 11.3.2022).

4 weeks after the beginning of the study, 10 animals of
the research group (subgroup 1) were removed from the
experiment by overdose of ether anesthesia; another 10
animals of the experimental group were removed from the
experiment at the end of 8 (subgroup 2) and 10 (subgroup
3) weeks, respectively. The research material is represented
by histological preparations of the carotid sinus of white
rats, made by making sections of the tissue of the bifurcation
of the carotid arteries from previously prepared paraffin
blocks. For histological examination, the sections were
stained with methylene blue and hematoxylin-eosin. The
preparations were studied and photographed at
magnifications of the microscope: x200, x400, x1000. The
"Aver Media" computer system was used to photograph
micropreparations. The ImageJ program was used for
morphometric analysis. In order to evaluate the
morphometric indicators, the following parameters were
analyzed: the thickness of the intima of the carotid sinus
wall, the thickness of the media of the carotid sinus wall, the
thickness of the adventitia of the carotid sinus wall, the
diameter of the vessels of the microcirculatory bed (vasa
vasorum) located in the adventitia of the carotid sinus.

Statistical data processing was performed using MS
Excel 2007 software. Experimental data are presented as
the average value of the sample parameter and its standard
deviation (M%0). Since the general variances of the studied
values are unknown, the sample means are subject to the
Student's t-distribution.
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Results

During the morphological study of the studied area of the
carotid sinus of a white rat, it was found that the internal and
external carotid arteries originated from the common carotid
artery, the bifurcation of the common carotid artery was located
behind the posterior angle (large horn) of the hyoid bone, 2-4
mm below the latter in both animals groups The diameter of
the internal carotid artery practically corresponded to that of the
external carotid artery. During histological examination (staining
with methylene blue and hematoxylin-eosin), the wall of both
carotid arteries consisted of clearly defined three layers: inner
- intima, middle - media, and outer - adventitia, in which small
blood vessels, known as vasa vasorum, were visible.

The structural organization of the carotid sinus wall in
animals of the control group was characterized by the
following parameters: intimal thickness 4.362+0.494 pm,
media thickness 47.17+0.99 um, adventitia thickness
75.36+£0.68 pm. As for vasa vasorum, the diameter of
arterioles in the control group was 20.730.71 ym, venules
32.27+0.63 pym, capillaries 6.249+0.391 pm.

At the end of the 4 week of monosodium glutamate use,
moderate swelling of the carotid sinus wall in the area directly
above the bifurcation was observed in the experimental
animals of subgroup 1 when compared with the control
group, as well as fibrosis and hyperemia of the adventitia
capillaries. The wall of individual capillaries was damaged,
isolated diapedesis hemorrhages were also detected
(Fig. 1). The pronounced multiplication and folding of the
intima attracted attention (Fig. 2). Morphological changes at
the end of the 4th week of the experiment were characterized
by the following morphometric parameters: intima thickness
6.87340.668 pym (control 4.322+0.524 pym, p<0.05), media
thickness 60.68+0.91 um (control 46.81+1.12 pym, p<0.05),
adventitia thickness 81.13+1.93 pm (control 75.22+0.71 pym,
p<0.05). Regarding the vasa vasorum, the diameter of the
arteriole in the experimental group was 16.67+0.51 ym
(control 21.21+0.67 pm, p<0.05), venules 42.22+0.78 ym
(control 32.714+0.576 ym, p<0.05), capillary 8.247+0.231
pum (control 6.224+0.324 pm, p<0.05).

After 8 weeks of consumption of monosodium glutamate
by experimental animals of subgroup 2, the wall of their
carotid sinus was disorganized, the intimal layer of
endotheliocytes was deformed, often without clear contours,
in some places interrupted, protrusions of the endothelium,
proliferation of endotheliocytes, and in some places -
exfoliation of endotheliocytes into the lumen of the carotid
sinus were observed (Fig. 3). Bundles of smooth myocytes
of the muscle media were separated by wide layers -
thickened elastic membranes, often deformed. Perivascular
edema, dilatation of vasa vasorum, thickening of arteriole
walls were observed, formation of wall thrombi occurred in
lumens (Fig. 4). At the end of the 8th week of the experiment,
the morphometric parameters were: intima thickness
9.552+0.724 pym (control 4.337+0.564 ym, p<0.05), media
thickness 81.52+2.31 uym (control 46.92+0.98 pym, p<0.05),
adventitia thickness 126.1+0.7 ym (control 74.98+0.64 ym,

3
PR e s e \ g m‘m‘ = -'
Fig. 1. A fragment of the carotid sinus wall of a white rat after 4
weeks of monosodium glutamate consumption. Hematoxylin-eosin

staining. x200.

b

Fig. 2. A fragment of the carotid sinus wall of a white rat after 4
weeks of monosodium glutamate consumption. Staining with
methylene blue. x1000.

Fig. 3. A fragment of fhe wall of the carotid sinus of a Whit rat
after 8 weeks of monosodium glutamate consumption. Staining
with methylene blue. x1000.

p<0.05). Regarding the vasa vasorum, the diameter of the
arteriole in the experimental group was 13.04+0.45 ym
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Filg. 4. A fragmel
after 8 weeks of monosodium glutamate consumption. Hematoxylin-
eosin staining. x400.

| 5 .m A_‘n": |
Fig. 5. A fragment of the carotid sinus wall of a white rat after 8
weeks of monosodium glutamate consumption and 2 weeks of its

withdrawal. Staining with methylene blue. x200.

(control 20.86+0.74 pym, p<0.05), venules 63.26+1.50 ym
(control 32.68+0.62 pm, p<0.05), capillary 9.044+0.338 ym
(control 6.142+0.443 pm, p<0.05).

At the end of the 10 week of the experiment, that is, at the
end of 2 weeks from the moment of discontinuation of
monosodium glutamate, compensatory processes in the
wall of the carotid sinus were practically not observed in
animals of subgroup 3, which previously received it orally for
8 weeks. Thickening of the wall of the carotid sinus due to
adventitia and, to a lesser extent, intima was noted, signs of
exudative-proliferative inflammatory process prevailed,
vacuolar dystrophy of myocytes and fibro-sclerotic changes,
deformation of elastic membranes, which led to a relative
decrease in its thickness, were observed in the media. In
the significantly thickened adventitia, with interspersed fat,
structural changes were detected on the part of all vessels
of the vasa vasorum: hyperemia of capillaries, reduction of
the lumen of arterioles due to thickening and swelling of
their walls, formation of paramural thrombi, expansion and
thinning of venule walls, perivascular edema (Fig. 5). The

morphometric parameters of subgroup 3 were: intimal
thickness 14.71+0.88 um (control 4.352+0.478 ym, p<0.05),
media thickness 57.3311.34 ym (control 46.63+0.96 pym,
p<0.05), adventitia thickness 236.6+1.3 pym (control
75.43+£0.76 um, p<0.05). Regarding the vasa vasorum, the
diameter of the arteriole in the experimental group was
11.12+0.89 pm (control 20.47+0.58 um, p<0.05), venules
102.1+1.3 pym (control 32.35+£0.62 uym, p<0.05), capillary
10.03+0.56 pym (control 6.319+0.442 pym, p<0.05).

The dynamics of changes in the thickness of the layers
of the carotid sinus wall are shown in the graphs (Figs. 6,
7 and 8).

The dynamics of changes in blood vessels of the
hemomicrocirculatory bed (vasa vasorum) are shown in the
graphs (Figs. 9, 10 and 11).

Summarizing the results of the morphometric study, it
should be noted that during the 8 weeks of the experiment in
the experimental group, the thickness of all layers of the
vascular wall, especially the intima and adventitia, decreased,
the diameter of arterioles decreased, and the diameter of
venules and capillaries of the hemomicrocirculatory channel
increased. After withdrawal of sodium glutamate, the
thickness of the adventitia and intima continued to increase,
but the thickness of the media decreased slightly, presumably
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Fig. 6. The thickness of the carotid sinus intima wall of a white
laboratory rat (um).
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Fig. 7. The thickness of the carotid sinus media wall of a white
laboratory rat (um).
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Fig. 8. The thickness of the carotid sinus adventitia wall of a white
laboratory rat (um).
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Fig. 9. The diameter of the carotid sinus arterioles wall of a white
laboratory rat (um).
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Fig. 10. The diameter of the carotid sinus venules wall of a white
laboratory rat (um).

due to fibro-dystrophic changes. The tendency to narrowing
of the lumen of arterioles and expansion of the lumen of
venules and capillaries persisted 2 weeks after withdrawal
of monosodium glutamate.

Discussion
Extracranial pathology of the carotid arteries is an
important risk factor for the development of brain perfusion

=@=-Control group =#=Study group
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Fig. 11. The diameter of the carotid sinus capillaries wall of a white
laboratory rat (um).

disorders, which can be manifested by a wide range of
pathological conditions, from cognitive disorders to cerebral
stroke [18]. In this context, the attention of the scientific
community has been focused on the study of the
mechanisms of influence of the most common food additive
- monosodium glutamate, on the living organism for several
decades. Scientific studies have proven that its long-term
use is associated with the development of a number of
pathological conditions, including metabolic syndrome,
diabetes, dyslipidemia and obesity, hypertension and other
diseases of the cardiovascular system, neuroendocrine
disorders, depression and anxiety [17, 19], disorders of the
urinary and reproductive systems [23], liver diseases [5].

The results of our research indicate that the adverse
effect of monosodium glutamate on the structural
organization of the carotid sinus is noticeable after four weeks
of its consumption and increases in dynamics. These effects
do not diminish with withdrawal of glutamate. Thus, after 4
and 8 weeks of the experiment, histological examination
reveals significant changes in the structure of the wall of the
carotid arteries in the area of the carotid sinus at the
microscopic level, which can be directly related to the harmful
effect of monosodium glutamate. In particular, the changes
we discovered on the part of the endothelium may indicate
the ability of monosodium glutamate to cause its proliferation
with subsequent violations of the structure of the inner layer
of the vascular wall, which may in turn contribute to the
development of atherosclerotic plagues and thrombus
formation in dynamics.

The mechanisms and role of endothelial dysfunction
are actively studied and described in the specialized literature
[24, 28], in particular in the context of the ability of
monosodium glutamate to provoke endothelial damage [2].
In our study, special attention was paid to the progressive
thickening of the carotid sinus wall, especially due to the
adventitia, which can potentially play a significant role in the
development of atherosclerotic lesions of the carotid artery
wall. Our data are confirmed in the professional literature,
where it was reported, in particular, about the thickening of
the adventitia of the carotid arteries and the thickening of
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collagen, which is part of the wall of the carotid artery, in an
experiment under the influence of dietary factors, in particular
under the conditions of consumption of a high-salt diet [14].
In turn, the consumption of monosodium glutamate in
combination with a high-fat diet led to an increase in nitric
oxide levels and, as a result, the development of oxidative
stress, which, in turn, increased the area of damage during
myocardial infarction in the experiment [3].

The structural changes in myocytes of the middle layer of
the carotid sinus wall that we discovered were similar to the
described damage to cardiomyocytes in ischemia or
diabetes [22, 27].

An important pathogenetic factor in the development of
damage to the vascular wall is a violation of its
microcirculation. The changes in the blood vessels of the
hemomicrocirculatory channel that we discovered indicate
the probable ability of monosodium glutamate to lead to
structural disorders of arterioles, venules and capillaries of
the vasa vasorum, and therefore to create conditions for the
development of hypoxic-ischemic and stagnant changes in
the wall of the carotid sinus. Of particular interest is the fact
that the above-described morphological disorders,
presumably related to the influence of monosodium
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MOP®OMETPUYHA XAPAKTEPUCTUKA CTIHKU COHHOI MA3YXU 3A YMOB BIIUBY IMYTAMATY HATPIIO B EKCNEPUMEHTI
Codomopa O. O.

3HayeHHs MO3K0B8020 iHCYIbmy 8aXKO MEepeouiHUmMu: 3 POKy 8 pik 8iH 3anuwaembcsi 0OHUM i3 nidepie 8 cmpyKkmypi cMepmHOCMi.
ExkcmpakpaHianbHa namorsiozisi COHHUX apmepiti, 30kpemMa OifiSIHKU COHHOI na3yxu, € OOHIEt0 3 MPOGIOHUX MPUYUH MO3K08020 iHCYrbmy.
3 0ensly Ha ponb aniMeHmapHUX YUHHUKI8 8 pO38UMKY amepoCK/1epo3y COHHUX apmepiti, ocobnugull iHmepec cmaHo8UMb BUBYEHHS
8riusy rnowupeHux xap4osux 6ob6agok Ha CMPyKMypHy opeaHisauito COHHOI ma3yxu. [ymamam Hampito - o0Ha i3 HalmnowupeHiwux
xapyosux 0obasok, sika esaxkaembcsi 6€3MeyHoK | yacmo 3acmoco8yembCcsi 8 xap4osil npomucriogocmi. OOHaK cy4YacHi HayKosi
Gocnid)eHHsT 8Ka3yomb Ha MOXIIUBUU Hecrpusmiueul erniue erymamMamy Hampito Ha cmpykmypy i ¢QbyHKUii opaaHie i mKaHUH Xugoeo
opeaaHiamy. Memoto docnidxeHHss 6yno npoaHasnidysamu SKICHI i KinbKiCHIi napamempu cmpykmypHOI opaaHizauii OinssHKU COHHOI
na3yxu 6inux nabopamopHux wypie-camuie 8 HOpMi, Mid 8rIueoM asymamamy Hampito 8 eKcriepuMeHmi, a makox rpu to2o 8iOMiHi.
HocnidxeHo OinsiHKy COHHOI nasyxu i auKoHaHoO MopghomempuyHul aHanis i cmiHku y 30 nabopamopHux 6inux wypie camuie, Kompi
e8rnpodoex 4 abo 8 muxHie ompumysasnu aiiymamam Hampito nepopasnbHo 8 003i 10 me/ke/0oby 3 nodanbwol o020 8i0OMiHO0, W0
mpusana 2 muxHi, MOpgonozidHUM i MopgomempuyHUM MemodaMu Ha Makpo- ma MIKpoCmpyKmypHOMYy pigHsix depe3 4, 8 i 10
muxHie ekcriepumeHmy. OmpumaHi daHi MopieHsIHI 3 pesyribmamamu MOopghOIoeidHO20 i MOPpghoMempuUYHO20 OOCIOKEHHST aHanoaidHoi
OinsiHKU y 9 meapuH KOHMPOIbHOI epynu. nsi ouiHKUu MOpghoMempuYHUX MOKa3HUKIG MpoaHarnisogaHo HacmyrHi napamempu: mosuwjuHa
iHMUMU cMIHKU COHHOI Ma3yxu, moswuHa medii CmMiHKU COHHOI na3yxu, moswuHa ad8eHmuuii cmiHKU COHHHOI na3yxu, Giamemp CyOuH
MIKpOUUPKYnsimopHo20 pycrna (vasa vasorum), podmawosaHux 8 adeeHmuuii COHHOI na3yxu. [lidcymosyto4u pedynbmamu
MophoMempuYHO20 aHarisy, Crid 3asHa4umu, Wo npomsicoM 8 muxHie ekcriepumeHmy 8 00cnioHit epyni 36inbuwysanacb mosuwjuHa
8cCix wapig cyOUHHOI cmiHKu, ocobueo iHmumu i adeeHmuuii, 3MeHwyeascsi diamemp apmepion i 36inbwyesascsi diamemp 8eHyn |
Kaninsipie 2eMOMIKpOUUPKYISIMOPHO20 pycrna. Yepe3d 2 muxHi nicnsi 8iOMiHU ennymamamy Hampito moswjuHa adeeHmuuii ma iHmumu
npodoexysana 3pocmamu, o0HaK mosujuHa medii 0ewo 3MeHWuUIacs, iMogipHO 3a paxyHoK ¢hibpo3HO-OuCMPOiyHUX 3MiH. TeHOeHuis
00 38YXKEHHs Mpoceimy apmepion i po3wupeHHsI npoceimy eeHyn i Kaninspie 36epieanacs i yepe3 2 muxHi nicnsi 8iOMiHU erymamamy.
Takum YuHOM, eflymamam Hampio rnpu cucmemamu4yHOMY MepopasibHOMYy 6XueaHHi Moxe npu3godumu G0 MOPYWEHHST CMPyKmMypPHOI
opzaHi3auji cmiHKu COHHOI na3yxu, 3okpema 0o npornighepauii eHoomenito, ibpPo3HO-OUCMpPogiyHUX 3MiH Medii, momosweHHs1 adeeHmuyii
ma MoWKOOKeHHsI cyOUH MIKPOUUPKYISIMOPHO20 pycna, siKi Mpodoexyrmbs Hapocmamu Hagimb rnicnsi io20 6iOMiHU.

Knro4yoBi cnoBa: enymamam Hampito, COHHa nasyxa, 8HympilwHsi COHHa apmepis, iHmuma, medis, adseHmuuis.
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Damage to the body caused by the action of sharp objects is one of the topical topics
of forensic criminology. The variety of existing objects that can potentially be used for
the purpose of committing a crime require a detailed traceological study. Purpose of the
work: to carry out an analysis according to the study of the features of the morphology
of heart stab-cut wounds, inflicted by national Uzbek knives. The material presented
by 30 observations of those who died as a result of inflicting penetrating stab wounds
with damage to the heart, inflicted by national Uzbek knives. Statistical processing of
the obtained results was carried out using the MS Excel 2007 software. It was found that
stab-cut wounds were more common in men, the wounds were mainly in the ventricles
and less often in the atria. Stab-cut wounds inflicted by Uzbek national knives have an
angular, oval, linear shape. The butt ends are [1-, -, T-shaped, the blade ends are
sharp. It was revealed that the walls of the heart, in comparison with skin wounds, have
a higher morphological identification significance. The heart after restoration in
Ratnevsky's solution deformed less than skin wounds, and the length of the stab-cut
wounds of the heart more accurately corresponds to the width of the blade of a stab-cut
weapon. This may be due to the peculiarities of the structure of the epicardium and
myocardium, which are less susceptible to the process of retraction. On the tissues of
the heart, the design features of the butt and blade of knife blades are quite fully
determined, so they can be used for group identification of a traumatic weapon.
Keywords: Uzbek national knife, stab-cut wound, skin, heart.

Introduction

Injuries caused by sharp objects include injuries caused
by stabbing and cutting weapon [3, 15]. Damage to the heart
by stabbing-cutting weapon is more common than other
organs, and the lethality from it exceeds 90 % [17].

The prevalence of cases of the use of sharp objects for
the purpose of murder or suicide is quite heterogeneous in
the world. Thus, an analysis of 30 years of observation data
in the city of Brescia (ltaly) showed that 131 deaths were
committed with the use of such objects, of which 92 were
murders, 28 were suicides, and 11 were accidents. In the
case of murders, wounds were mostly found in the left part
of the front abdominal wall [21].

Monitoring in the city of Melbourne (Australia) from 2001
to 2014 revealed 56 cases of murder. In 45 cases, a cut
wound was found in the chest area. Localization on the left
side also prevailed [2].

In Bexar County, Texas (USA) from 1988 to 2010, 418
deaths were committed with the use of sharp objects, of
which 349 were murders. In most cases, damage to the

heart and lungs was detected. The average number of
wounds was 5.3 [8].

An analysis of data from Denmark for the years 1992-
2016 showed that in 75 % of murders committed with the
use of a sharp object, there was damage to the heart and
lungs (in particular, the pericardium and the occurrence of
hemo- and pneumothorax, respectively). In 18.9 % of cases,
the deceased had one injury in the chest wall. The most
common item was a kitchen knife [19].

Thus, the greatest interest in the case of the use of sharp
objects causes damage to the heart. An interesting fact is
that according to the data of modern research most knife
blade characteristics remain unaltered by heat, except for
floor angle and slope height of cut. Such is the conclusion of
an experimental study conducted by Lukas Waltenberger
and Holger Schutkowski [22].

The study of soft tissue objects is a more difficult task for
conducting experimental research. Compared to bone
objects, which even after exposure to high temperatures
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can fully convey all the details of a sharp object that caused
damage [20], soft tissue objects, such as the heart, can change
their dimensions in the postmortem period and thus deform
the picture of the damage.

However, the morphological pattern of the heart and
peritoneum damage, as well as damage to the parietal pleura
and the specific pattern of a sharp object, have not been
studied enough [6, 13]. Although the size, shape, and defects
of a sharp object are well reflected in the heart, there are no
clear guidelines and recommendations in the literature for
assessing pathomorphological changes in the myocardium
in stab wounds of the chest with a sharp object [7, 9].

Thus, by combining the actualities given by us, it can be
noted that there is a need to determine the features of the
morphological and metric signs of stab wounds of this organ,
caused by the national Uzbek knives "pichak”, from the impact
of which non-fatal and fatal injuries occur in various regions
of the Republic of Uzbekistan, as national Uzbek knives have
their characteristic design features [1].

Purpose of the work: to analyze features of the morphology
of heart stab wounds caused by national Uzbek knives.

Materials and methods

The study included materials from 30 people who died
as a result of trauma caused by stabbing and cutting tools
with damage to the heart, caused by national Uzbek knives.
Of these, 21 of the dead were men, and 9 were women, the
age of the victims was from 18 to 61 years. In 26 cases,
there were single wounds, in 3 cases there were double
wounds of the heart, in one case, a heart injury occurred as
a result of three impacts with a piercing-cutting tool.

The conducted research does not contradict the basic
bioethical norms of the Declaration of Helsinki, the
Convention of the Council of Europe on Human Rights and
Biomedicine (1977), the relevant provisions of the WHO
and the laws of the Republic of Uzbekistan.

All existing lesions were examined in layers on all tissues
along the wound channel: on the skin, on all layers of the
heart (pericardium, epicardium, myocardium). For additional
research, a section of the skin and heart with existing injuries
was removed. The study of damage was carried out visually,
stereomicroscopically, large-scale photography,
measurement and comparison were carried out. A
morphological study was performed after the restoration of
skin flaps and heart walls with existing lesions in the solution
of A. N. Ratnevsky. The study used a ruler with a division
value of 0.1 cm, a caliper with a division value of 0.01 cm, an
MBS-2 stereomicroscope with side illumination and a
magnification of 3.6-12.0 times; digital camera
"NikonD5300"; macrophotography was carried out using an
MBS-2 microscope. Statistical processing of the obtained
results was carried out using MS Excel 2007 software.

Results
In our study, it was found that in 26 (86.6 %) cases, the
wounds were often located in the region of the ventricles, in

four (13.4 %) cases, in the region of the atria. Skin wounds
were 0-1 cm long in one (3.3 %), 1-5 cm in twenty-eight
(93.3 %), 5-8 cm in one (3.3 %), width 0-1 cm in twenty-
seven (90.0 %), 1-5 cm - in three (10.0 %) cases, and heart
wounds: 0-1 cm in five (16.6 %), 1-5 cm - in twenty-one
(70.0 %), 3-5 cm - in four (13.4 %) cases, the width of the
wounds in all thirty (100 %) cases were 0-1 cm.

Skin wounds in eleven (36.7 %) cases most often had a
sickle-linear shape, in four (13.3 %) - angular, in ten (33.3 %)
- arcuate-linear, linear - in five (16.6 %) cases. Heart wounds
in eleven (36.7 %) cases had an angular shape, in twelve
(40.0 %) - oval, in seven (23.3 %) - crescent-linear. When
studying the direction of the wound channel, they were
located perpendicularly, vertically, obliquely or at an angle to
the surface of the heart. In cases where the channel was
located in an oblique direction, the width of the blade was
judged by the size of the cross section of the wound channel.
During a normal examination, the walls of the wound channel
were relatively smooth, and a stereomicroscopic
examination revealed small irregularities due to the structure
of the muscle tissue.

With a penetrating wound of the heart, the following was
noted - the lesions on the skin and cardiac muscle had
smooth, well-matched edges. In a stereomicroscopic study,
the butt ends were lN-shaped in nine (30.0 %) cases, I'-
shaped in four (13.3 %), T-shaped in five (16.6 %), and
rounded lM-shaped in twelve (40.0 %) cases. The blade ends
of the wounds in twenty-eight (93.3 %) cases were sharp, in
five (16.7 %) cases additional injuries were noted in the
form of parallel linear cuts in two (6.7 %) cases and tears in
three (10.0 %) cases. Tears gave the blade end of the wound
an - or T-shape; they differed from incisions in uneven
edges.

The edges of the wound channel from the action of the
blade are sharp, and, according to the action of the butt of
the blade, they are -, T-, M-shaped, sometimes rounded.
On the walls of the wounds, hemorrhages were noted in
twenty-two (73.3 %) cases.

Damage to the heart sac was studied from its inner
surface, since the study of the outer surface was not possible
due to fat deposits. Damage to the heart sac had a slit-like
or fusiform shape. According to the action of the butt of the
blade, the ends of the cut were M-shaped or rounded. As you
know, the collagen fibers of the pericardium are arranged in
two layers. In one of them, the end of the incision was [1-
shaped, in the other, it was rounded or sharp. In this case,
sometimes the tissue fibers of one layer overlap part of the
wound opening in another layer. The ribs of the wound
channel at the blade ends were sheer or gentle, at the butt
ends - sheer or overhanging.

In our study, several features were found in the wall of the
heart, which, compared with skin wounds, have a higher
morphological identification significance. As a result of
morphological studies, the following was revealed that skin
wounds after restoration in Ratnevsky solution No. 1
decrease in length and become shorter by 3-13 mm as a

48

ISSN 1818-1295 elSSN 2616-6194 Reports of Morphology



Boymanov, F. Kh., Kushbakov A. M.

result of elastic fiber contraction. After restoration in
Ratnevsky's solution No. 1, the wall of the heart with damage
deformed less than skin wounds (2-3 mm), this was due to
the thickness and structural features of the myocardium.

The results obtained indicate that the length of stab-cut
wounds of the heart, in comparison with skin wounds, more
accurately corresponds to the width of the blade of a stab-
cutting weapon. This may be due to the peculiarities of the
structure of the epicardium and myocardium, which are less
susceptible to the process of retraction.

Discussion

Thus, stab wounds were more common in men, the
wounds were mainly in the ventricles and less often in the
atria. Stab wounds caused by Uzbek national knives have
an angular, oval, linear shape. The butt ends are -, I'-, T-
shaped, the blade ends are sharp.

The data obtained by us confirm the results of studying
the morphological features of stab wounds, which allow
us to believe that the retraction of lesions on the parietal
pleura, heart sac, epicardium and heart muscle is much
less than the retraction of skin wounds. As a result, they
more accurately reflect the width of the knife blade. In
addition, the design features of the butt and blade of knife
blades are quite fully determined on the tissues of the heart,
so they can be used for group identification of a traumatic
tool [6]. When injured using a serrated knife, grooves can
be found on the wall of the wounds from the points of
notches on the edge of the blade. Evaluation of grooves in
soft tissues is a means of identifying a tool that has a
serrated blade. To do this, the walls of the stab wounds
were exposed, documented by photography and cast using
an impression material used in dentistry. The grooves were
not identified in the wound marks obtained from knives
with a smooth blade [15]. The grooves on the wall of the
wounds were visible in experimental wounds in the liver,
heart and aorta of animals. When studying stab wounds, it
is proposed to open the walls of a stab wound in order to
find the striation of the tissue to identify a tool with a serrated
blade [14].

In general, the problem of describing injuries caused
by sharp objects remains relevant for forensic medicine
even today. Even the use of modern instrumental research
methods does not allow to avoid such simple mistakes as
the use of non-standard damage terminology [11].
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MOP®OJIOIN4YHI OCOBJIMBOCTI MNOWKOMXEHb CEPUA, 3ANOAIAHMX HALUIOHANNIbHUMWM Y3BELIbKUMU HOXAMMU

BolimaHoe ®. X., Kyw6akoe A. M.

YwkodxeHHA mina, crnipuduHeHi dieto eocmpux rnpedmemis, € 00HiE 3 akmyasnbHUX meM Cy0080-MeOUYHOI KpUMIHamiCmuKu.
PisHomMaHimmsi icHyto4ux npedmemig, w0 MomMeHyiliHo Moxymb 6ymu 3acmocosaHi 3 Memo 8YUHEHHS 3/104UHY, 8UMazarmb
demarnibHO20 mpacornoeiyHo2o docnidxeHHs. Mema pobomu: nposecmu aHani3 3a 0aHUMU 8UB4eHHsI ocobriueocmel mopghornoaii
Kormomo-pisaHux paH cepusi, 3ag0aHux HauyioHanbHUMU y36eubkumu Hoxamu. [JocnidxxeHo mamepian, npedcmasneHul 30
criocmepexeHHsIMU 3a2ubrux eHacniook 3amnodisiHHSI MPOHUKHUX KOT0OMO-Pi3aHUX MopaHeHb i3 NMoWwKOOXEHHSIM cepusi, 3asdaHux
HauioHanbHUMU y36eubkumu Hoxamu. Cmamucmu4yHy o6pobKy ompumaHux pe3yribmamig nposedeHo 3a OOMOMO20K MPoepamMHO20
3abesnedeHHs MS Excel 2007. BcmaHoerneHo, w0 Konomo-pi3aHi paHu 3ycmpiyanucsi yacmiwe y 4oso8ikie, paHu 8 OCHOBHOMY
3Haxodunucsi 8 OinsiHYi winyHoukig i pidwe 6 0insiHUi nepedcepdb. Konomo-pisaHi paHu, HaHeceHi y36eubKUMu HayioHanbHUMU Hoxamu,
3a3euyali, KymonoQdibHoi, oeanbHoi abo niHiliHoi ¢hopmu. Obywkosi KiHYi matompb [1-, -, T-nodibHy ¢hopmu, ne308i KiHYi 2ocmpi.
BusieneHo, w0 cmiHKu cepus, NOpPIiGHSIHO 3i WKIPHUMU paHamu, Maiomb 6inbw 8UCOKy MopghonoaiyHy ideHmuikayiliHy 3Hadywicms.
Cepue nicrisi 8iOHOBMEHHsT 8 PO34uUHi PamHescbko2o OeghopmMyeanocsi MeHWe, HiX WKIpHI paHu, i QoeXuHa KO/Iomo-pisaHux paH cepusi
binbw moyHo eidrnoeidae WUPUHI KITUHKa KOMIOYO-pixXy4oi 36poi. Lle moxe 6ymu noe'azaHo 3 ocobrusocmsamu cmpykmypu ernikapda
ma miokapda, ki MeHWw cxurnbHi 0o npouyecy pempakuii. Ha mkaHuHax cepyss 0ocumb MOBHO B8U3HA4YaMbCS KOHCMPYKMUBHI
ocobniueocmi 0byxy i ne3a K/UHKI8 HOXi8, MoMy iX MOXHa eukopucmogyeamu Orisi 2pynoegoi ideHmugikauii 36poi, wo mpasmye.
KnrouyoBi cnoBa: y36eybKkull HayioHanbHUl HK, KO/10mMo-pi3aHa paHa, wkipa, cepue.
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Today, more than 50.000 women serve in the Armed Forces of Ukraine. The number of
people with post-traumatic stress disorder is 27.7 % among military personnel who
took part in active combat operations. Post-traumatic syndrome is a frequent predictor
of various states of proliferative activity of the endometrium in veteran women of
reproductive age with changes in the hormonal background, morphofunctional changes
of the endometrium, which in turn negatively affects the reproductive health of women.
The purpose of the work: to determine the proliferative activity of the endometrium in
patients of reproductive age who took part in hostilities and suffered a concussion. The
selection criteria of the women included in the study were: the presence of contusion in
the anamnesis, normospermia in the husband, the absence of pregnancy within a year
after putting the main disease into remission, and unfulfilled reproductive plans. The
age of the examined women ranged from 20 to 40 years. 457 women who took part in
combat operations and suffered concussions were examined. The criterion for inclusion
in the main group (O) was post-concussive syndrome as a consequence of a concussion
sustained during hostilities. The number of examinees was 211 women. The criterion
for inclusion in the comparison group (P) (n=246 women) was a concussion during
combat operations, but the absence of post-concussion syndrome. The control group
(K) included 30 civilian women without episodes of any trauma in the anamnesis.
Clinical, instrumental and morphological research methods were used during the
research. The most significant differences in the number of immunopositive endometrial
cells in the state of proliferation and apoptosis were noted between groups P and O in
chronic endometritis and simple atypical hyperplasia of the endometrium. Thus, in the
structure of the endometrium of women with reproductive plans who participated in
hostilities with episode of contusion in anamnesis, an increase in the proliferation
processes in the glands and stroma of the endometrium against the background of
intensification of the processes of apoptosis in the stroma and a decrease in the
processes of apoptosis in the glands, which may interfere with the normal course of
adhesion, was characteristic blastocysts and trophaoblast invasions during implantation.
Keywords: reproductive health, female veteran, post-concussion syndrome,
hysteroscopy, immunohistochemistry, endometrial cell apoptosis.

Introduction

Over the past few years, the population of Ukraine has
faced a number of traumatic events: large-scale coups, a
change of power, annexation of territories, and war. All these
events continue to have a negative impact on the daily life
of all Ukrainians, causing constant anxiety, tension and
frustration, as well as an increase in the frequency and
severity of stress disorders [12].

However, the biggest shock was the beginning of the

active phase of the war in February 2022 in Ukraine. By its
actions, the aggressor country provoked an increase in the
numerical and physical strength of the Armed Forces of
Ukraine. Today, more than 50,000 women serve in the
Armed Forces of Ukraine. Today, precisely in connection
with the armed conflict in Ukraine, the psycho-emotional
state of the population has significantly worsened. Military
personnel develop post-traumatic stress disorder (PTSD)
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under the influence of a combination of factors they
encounter on the battlefield [12, 26].

Against the background of stress and post-traumatic
stress disorder, changes in the hormonal background and
morphofunctional changes of the endometrium occur in
female military personnel [3, 7, 8, 9]. Among patients of
reproductive age with infertility, hyperplastic processes of
the endometrium are detected with a frequency of up to 50
% of cases, and they lead to reproductive function disorders
[6, 14, 24, 25]. The mechanism of apoptosis processes
remains relevant for decades and plays a leading role in
the functioning of the female reproductive system; bcl-2
determines the mechanism of cell death, inhibiting
apoptosis [2]. During the menstrual cycle (MC), endometrial
cell death by apoptosis and their regeneration occur in a
strictly regulated sequence and depend on the stage of the
cycle [10, 13, 16, 18].

There is an opinion that disruption of apoptosis
processes is of fundamental importance in
hyperproliferative processes and cancerous regeneration
of cells [12, 17, 19, 21]. Determining the signs that indicate
a violation of cell death at the stage of endometrial
hyperplasia can make it possible to predict the adverse
course of the disease in a timely manner and choose the
optimal individual treatment tactics aimed at preserving
and restoring the generative function in women of
reproductive age and preventing malignancy [7, 11, 19, 20].
Obviously, the need to increase the efficiency of diagnosis
and treatment of endometrial pathology, to study the
proliferative activity of the endometrium during the period
of the implantation window in female military personnel of
reproductive age becomes clear.

The purpose of the work: to determine the proliferative
activity of the endometrium in patients of reproductive age
with a concussion episode in the anamnesis.

Materials and methods

The study was conducted on the basis of the
Department of Obstetrics, Gynecology and Reproductive
Medicine and in the Department of Family Planning and
Assisted Reproductive Technologies (DRT) with the office
of endocrine gynecology and the day hospital of the
Reproductive Technologies Clinic of the Ukrainian State
Institute of Reproductive Medicine of the National University
of Health Protection (NUOZ) of Ukraine named after
P. L. Shupyka. The decision to approve the conduct of this
clinical study was made at a meeting of the commission
on bioethics of the P. L. Shupyka Protocol No. 8 dated June
7, 2021.

They studied the proliferative activity of the endometrium
during the implantation window [1] in 487 women of
reproductive age from 20 to 40 years. Controls were 30
conditionally healthy civilian women of reproductive age
without any trauma episodes in the anamnesis. 457
women with a history of concussion were selected for the
study. All women underwent hysteroscopy followed by

endometrial sampling for histological examination and
scanning electron microscopy on the 21st day of the
menstrual cycle. Thus, 457 women were divided into 2
groups - the main (O) group (211 women) and the
comparison group (P) (246 women). Women of
reproductive age with a history of trauma without post-
concussion syndrome were included in the comparison
group, and those women of reproductive age who had
consequences of concussion in the form of post-
concussion syndrome were separated into the main group.
The average age of the examined was 37.08+4.23 years.
The period of stay in the hot spot was 60.26+42.21 months,
and from the moment of traumatic brain injury was
18.81+9.22 months.

Complaints, gynecological, obstetrical, somatic, allergic
and infectious anamnesis of the examined patients were
studied in detail. The condition of the external and internal
genitals was evaluated during a gynecological bimanual
examination and examination of the cervix in mirrors.

Instrumental examination of women included
hysteroscopy. All women underwent liquid hysteroscopy
according to the standard technique. A 5 % glucose solution
was used as a liquid medium. All the walls of the uterine
cavity, the area of the eyes of the fallopian tubes were
examined in turn, ending with an examination of the cervical
canal. The color and thickness of the endometrium, its
correspondence to the day of the menstrual cycle, the shape
and size of the uterine cavity, the presence of pathological
formations and inclusions, the relief of the walls, the
condition of the mouth of the fallopian tubes were evaluated
[23, 24]. A targeted biopsy of endometrial pathology was
performed, then the rest of the endometrial cavity was
evacuated using the "cold loop" method.

Proliferative activity was studied using the
immunohistochemical (IGH) method of determining Ki-67
[15, 16]. For IGC studies, sections were placed on Super
Frost Plus (Menzel, Germany) glass coated with adhesive.
In order to "unmask" antigens, the sections were previously
rehydrated and thermally treated with Target Retrieval
Solution ("DAKO", Denmark) in a "Samsung CE118KFR"
oven. The protein block affected the binding of non-specific
proteins ("DAKO", Denmark), and the peroxidase block
affected its endogenous activity ("DAKO", Denmark). After
that, primary antibodies were applied. We worked with rabbit
monoclonal antibodies (MAT) to Ki-67 (clone SP6, Thermo
Scientific). The DAKO Advance polymer detection system
visualized the primary antibodies. Horseradish DAB +
(DAKO) was the substrate for peroxidase. As a result, the
nuclei of the proliferation cells turned brown. The material
was stained with Mayer's hematoxylin, followed by mounting
in semi-synthetic Permanent Mounting Medium ("DAKOQO",
Denmark).

The "ApopTag plus Peroxidase In Situ Apoptosis
Detection Kit" manufactured by "Chemicon/Millipore" (USA)
was used to detect cells undergoing apoptosis. This
method is based on the TUNEL method, i.e. detection of
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defragmented sections of DNA of apoptotic cells [17]. These
areas were determined using the enzyme terminal
deoxynucleotidyltransferase, which "stitched" modified
oligonucleotides labeled with horseradish peroxidase to
free 3'OH groups at the sites of DNA fragmentation. As a
result of this interaction, stable complexes of labeled
oligonucleotides with the end regions of fragmented DNA
were formed, which were then visualized with the help of
DAB-chromogen. Thus, the nuclei of cells that were in the
process of apoptosis acquired a brown color. To visualize
the histological structure of the examined tissue, the treated
sections were stained with methyl green. Positively stained
cells were counted in three fields of view and the percentage
of positive cells in relation to all cells was calculated. The
calculation was carried out for a minimum of 1000 cell
elements.

Indicators of the level of bcl-2 expression in the
endometrium were determined by the
immunohistochemical method using monoclonal
antibodies of the "DAKQO" system (Denmark) - according to
the manufacturer's instructions. Deparaffinized and
rehydrated sections were studied. Unmasking of antigens
in sections was performed by thermal induction of epitope
retrieval (HIER) by immersing tissue preparations in Target
Retrieval Solution ("DAKQO", Denmark) reducing buffer and
heating them for 15-20 minutes in the above oven. This
procedure ensured the restoration of the structure of
antigens before immunostaining. After blocking non-
specific binding of proteins with a protein block ("DAKO",
Denmark) and endogenous peroxidase activity with
peroxidase ("DAKO", Denmark), unlabeled primary
antibodies were applied. Mouse monoclonal antibodies to
bcl-2 (clone 124, DAKO) were used. Primary antibodies
were visualized using the DAKO CSA |l Biotin-free Tyramide
Signal Amplification System detection system. DAB +
(DAKO) was used as a substrate for horseradish
peroxidase. To visualize the histological structure of the
examined tissue, the treated immunohistochemical
preparations were stained with Mayer's hematoxylin. Next,
the stained sections were placed in Canadian balsam.
Lymph node tissue was used as a positive control. The
negative control glass was incubated with antibody dilution
fluid ("DAKO", Denmark) without the use of primary
antibodies. Interpretation of the results of
immunohistochemical staining with antibodies to bcl-2 was
carried out taking into account the fact that this marker has
a cytoplasmic nature of staining. Positive reactions were
counted according to the number of cells that reacted
(expressed as a percentage of the total number of cells on
the area of the histological preparation) taking into account
the intensity of staining. The optical intensity of staining
was determined subjectively, it contained 4 gradations: 0 -
no staining, 1 - weak staining, 2 - staining of medium
intensity, 3 - intense staining. The percentage of positively
stained cells varied from 0 to 100. The number of
immunopositive cells under microscopy was counted in

three fields of view at a microscope magnification of x300.
Next, the immunoreactivity index was calculated according
to the formula: Hscore = 1 x (P1) + 2 x (P2) + 3 x (P3), where
Hscore is the immunoreactivity index; P1, P2 and P3 are
the percentages of positively stained cells with the
corresponding staining intensity.

All morphometric studies were performed on an
Olympus AX70 Provis microscope (Olympus, Japan) using
the image analysis program Analysis 3.2 Pro (Soft Imaging,
Germany), following all device recommendations.

The obtained results were processed on an IVM PC
computer using the "Statistica 6.0" and Biostat software
package, as well as analytical statistics methods: using
the sampling method, the parameters of the general
population were estimated based on sample data;
statistical criteria were used to determine the validity of the
proposed hypotheses: the t-test was used to compare the
average values of independent samples and connected
(dependent) samples; x?-criterion - for analyzing the
conjugation of features, comparing event frequencies;
correlation analysis - to study stochastic dependence
between indicators.

Results

In all examined women, the state of apoptosis and
proliferation in the endometrium was studied on the 21st
day of the menstrual cycle. When assessing cell
proliferation in the control group by determining the nuclear
antigen Ki-67, the presence of proliferation was revealed
both in the stroma (0.261+0.072 %) and in the endometrial
glands (0.031+0.022 %, p<0.002) (Fig. 1, Table 1).

Apoptosis processes during the period of the
implantation window in women of the control group
prevailed over proliferation phenomena. The number of
apoptotic cells according to the results of the TUNEL
method in the stroma (4.677+£0.272 %) (see Table 1)

e .
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Fig. 1. Cells immunopositive for Ki-67 in the stroma of the
endometrium on the 21st day of MC in a woman of the control
group. A - cells immunopositive for Ki-67; B - endometrial stroma.

IGH-staining with MAT to Ki-67, x400.
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Table 1. The number of immunopositive endometrial cells in the state of proliferation and apoptosis in all examined groups (M+m, %).

The number of immunopositive | The number of cells in the state
) ) cells with IHC-staining of MAT to | of apoptosis when using the Hscore to
- Morphofunctional state of the endometrium Ki-67 TUNEL method bcl-2 in the
endometrium
Stroma | Glands Stroma | Glands
Control group (n=30)
Endometrium in the middle phase of secretion (n=30) 0.262+0.071 | 0.035+0.021 | 4.677+0.272 | 2.462+0.248 | 76.64+1.55

A group of women with a history of concussion (n=457)

Endometrium with morpho-functional mismatch of the

MC phase (n=65) 4.9930.152° | 16.51+0.63° | 1.409+0.466¢ | 0.472+0.141¢ | 102.1t4.7°
-in the proliferation phase (n=32) 5.302+0.195° | 17.49+1.09¢ | 0.939+0.602¢ | 0.072+0.057¢ | 105.7%5.7¢
- in the phase of early secretion (n=33) 4.704+0.231° 15.55+0.61° 1.864+0.712° | 0.854+0.261°¢ | 98.52+7.52°¢
The endometrium is in the middle phase of secreton, 4.126£0.281° | 0.202+0.091 | 5.437+0.514 | 1.182+0.328° | 93.51+9.95
corresponding to the phase and period of MC (n=30)

Endometrium in the middle phase of secretion + 6.983+0.670° | 2.011:0.654° | 7.12240.861¢ | 0.4230.159° | 114.7+8.8°
chronic endometritis (n=50)

Endometrium in the middle phase of secretion + 5.453+0.471° | 3.527+1.041°¢ | 7.386+1.011°¢ | 0.615+0.183¢ | 97.24+8.28°
simple atypical hyperplasia of the endometrium (n=35)

ﬁg&g’?ﬁgj‘? in the middie phase of secretion + 4.957+0.631° | 7.492+1579° | 8.401+0.632° | 0.914+0.259¢ | 163.4+6.3°

Notes: © - the difference is probable with a similar indicator of the control group (p<0.05).

Y §
Fig. 2. Cells immunopositive for Ki-67 in the endometrial glands in
an endometrial sample corresponding to the 21st day of MC
proliferation phase in a female patient of reproductive age who
participated in combat operations and suffered a contusion. A -
cells immunopositive for Ki-67, B - endometrial stroma; C -
endometrial glands. IGH-staining with MAT to Ki-67, x400.

exceeded that in the glands (2.462+0.248 %) by 1.9 times
(p<0.001). A direct correlation was established between
the number of Ki-67 immunopositive cells and the number
of cells in the state of apoptosis in the endometrial stroma
when using the TUNEL method (r=0.67, p<0.001). The study
of the bcl-2 proto-oncogene, which blocks apoptosis,
showed that the Hscore for bcl-2 in the endometrium was
76.64+1.55 %. IGH staining of MAT cells for bcl-2 was
exclusively cytoplasmic and was observed during the
implantation window in cells of the glandular epithelium,
in fibroblasts of the stroma and, especially, in lymphoid
follicles.

In the patients of the studied groups with a morpho-

functional mismatch of the endometrium phase and day of
the MC, more pronounced proliferation and less
pronounced apoptosis was observed in the glandular
epithelium and stroma of the functional layer of the uterine
mucosa compared to controls. Thus, in endometrial
samples corresponding to the proliferative phase of MC
on the 21st day, the number of Ki-67 immunopositive cells
in the stroma exceeded that in the control by 15.7 times
(p<0.001) (Fig. 2), in the glandular epithelium by 5.8 times
(p<0.001), Hscore to bcl-2 was 1.2 times more (p<0.001),
and the number of cells in the state of apoptosis in the

Fig. 3. Ki-67-immunopositive cells in the endometrial stroma and
glands in an endometrial sample corresponding to the 21st day of
MC in the early phase of secretion in a patient of reproductive age
who participated in combat operations and suffered a contusion.
A - cells immunopositive for Ki-67 in the stroma of the endometrium;
B - cells immunopositive for Ki-67 in the gland. IGH-staining with
MAT to Ki-67, x300.
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Fig. 4. Weakly expressed apoptosis in the endometrium in the
endometrial sample corresponding to the 21st day of MC in the
early phase of secretion in a patient of reproductive age who
participated in combat operations and suffered a contusion. A -
mild apoptosis in the endometrial gland; B - endometrial stroma.
TUNEL method, x150.

N otre

Fig. 5. Apoptosis in the endometrial stromain an endometrial sample
corresponding to the 21st day of MC in the middle phase of
secretion in a patient of reproductive age who took part in combat

operations and suffered a contusion. A - Pronounced apoptosis in
the stroma of the endometrium. TUNEL method, x150.

stroma was 1.2 times less (p<0.001), in the glands - 2.1
times (p< 0.001).

In women of reproductive age who took part in hostilities
and suffered a contusion with endometrial correspondence
on the 21st day of MC phase of early secretion, the number
of immunopositive cells to Ki-67 in the stroma exceeded
that in the control by 17.9 times (p<0.001), in the glands -
44.2 times (p<0.001) (Fig. 3). Hscore to bcl-2 was 1.3 times
higher (p<0.007), and the number of cells in the state of
apoptosis (Fig. 4) was 2.5 times lower in the stroma
(p<0.001), and 2.9 times lower in the glands (p<0.001).

In patients of reproductive age who took part in combat
operations and suffered a contusion with morphofunctional
conformity of the endometrium on the 21st day of MC in the
middle phase of secretion, probable differences from
women of the control group were an increase in the number

of immunopositive cells to Ki-67 in the stroma of the
endometrium by 15.7 times (p<0.001) and a decrease in
the number of cells in the state of apoptosis in the glands
by 2.1 times (p<0.003). The number of immunopositive
cells in the IHC staining of MAT to Ki-67 in the glands, the
number of cells in the state of apoptosis when using the
TUNEL method (Fig. 5) and Hscore to bcl-2 had no
significant differences with the control indicators.

Active proliferation of cells in the stroma (26.8 times
higher than in the control, p<0.001) and in the glands (67.0
times higher than in the control, p<0.004) was found in
women whose endometrium corresponded to the middle
phase of secretion. At the same time, the ratio of proliferating
cells in the stroma exceeded that in the glands by 20.4
times (p<0.001) (Fig. 6). Similarly, the number of cells in
the state of apoptosis in the stroma exceeded that in the
glands by 4.6 times (p<0.001).

Compared to the control, the level of apoptosis in the
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Fig. 6. Cells immunopositive for Ki-67 in the endometrium with
symptoms of chronic endometritis in a sample corresponding to
the 21st day of MC in the middle phase of secretion in a patient of
reproductive age who participated in combat operations and
suffered a contusion. A - cells immunopositive for Ki-67, B -
endometrial stroma, C - endometrial gland. IGH-staining with MAT
to Ki-67, x150.

3 " $Y o e -
.Ib:ia.-7. Increased expression of bcl-2 in lymphohistioplasmacytic
infiltrates in chronic endometritis on the 21st day of MC in a patient
of reproductive age who participated in combat operations and
suffered a contusion. A - expression of bcl-2 in the stroma of the
endometrium, B - endometrial gland. IGH with MAT to bcl-2, x150.
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-
Flg 8. High level of bcl-2 expressmn in glands and endometrial

stroma around a polyp in an endometrial sample corresponding to
the 21st day of MC in the middle phase of secretion in a female
patient of reproductive age who participated in combat operations
and suffered a contusion. A - expression of bcl-2 in the stroma of
the endometrium, B - expression of bcl-2 in the endometrial gland.
IGH with MAT to bcl-2, x190.

Fig. 9. Cells immunopositive for Ki-67 in the stroma and endometrial
gland with PNGE on the 21st day of the menstrual cycle in a female
patient of reproductive age who participated in combat operations
and suffered a contusion. A - cells immunopositive for Ki-67 in the
stroma of the endometrium; B - cells immunopositive for Ki-67 in
the endometrial gland. IGH-staining with MAT to Ki-67, x300.

stroma was 1.5 times higher (p<0.001), and in the glands
- 5.9 times lower (p<0.001). Hscore to bcl-2 in the
endometrium exceeded that in the control by 1.5 times
(p<0.001) (Fig. 7).

The endometrium surrounding the polyps was
characterized by an increase in the number of Ki-67
immunopositive cells in the stroma by 18.9 times, in the
glands by 249.7 times (p<0.001), as well as the number of
cells in a state of apoptosis in the stroma by 1.6 times
(p<0.001).

A distinctive feature of the condition of the endometrial
glands surrounding the polyp was a 2.7-fold decrease in
the number of apoptotic cells compared to the control
(p<0.001). Accordingly, the Hscore for bcl-2 in the

endometrium surrounding the polyp was increased by 2.1
times (p<0.001) (Fig. 8).

In the endometrium in the middle phase of secretion
with PNGE phenomena in the stroma, the number of cells
in the state of apoptosis was 1.6 times (p<0.001) greater
than that in the state of proliferation, and in the glands, on
the contrary, the number of cells in the state of proliferation
was 5.8 times greater than that in the state of apoptosis
(p<0.001). Compared to the control, the number of Ki-67
immunopositive cells in the stroma was 20.7 times higher
(p<0.001), in the glands - 100.7 times (p<0.002) (Fig. 9),
the number of cells in the state of apoptosis in the stroma
was 1.9 times higher times (p<0.01), the Hscore to bcl-2
was 1.3 times higher (p<0.02), and the number of cells in
the state of apoptosis in the glands was 4.0 times less
(p<0.001). A decrease in the processes of apoptosis in the
glands in PNGE was accompanied by an increase in the
expression of bcl-2 in the glands compared to the stroma
(Fig. 10), and in some cases, the presence of bcl-2
expression only in the glands.

Analysis of the number of immunopositive cells of the
endometrium in a state of proliferation and apoptosis in
women of reproductive age who took part in combat
operations and suffered a contusion during the period of
the implantation window, depending on the presence of
post-concussion syndrome (Table 2) showed that in all
investigated morphofunctional states of the endometrium,
the content in endometrial stroma of Ki-67 immunopositive
cells and bcl-2 in the endometrium of women with post-
concussion syndrome was greater than that of patients
without post-concussion syndrome in the endometrium,
which corresponds to the proliferation phase - by 20.2
(p<0.001) and 1.4 times (p<0.001), in the endometrium,
which corresponds to the phase of early secretion, in 17.9
(p<O. 001) and 1.9 times (p<O0. 001) in the endometrium

Fig. 10. Expression of bcl-2 by cells of endometrial glands, stroma,
and lymphoid elements in the stroma of the endometrium with PNGE
on the 21st day of MC in a patient of reproductive age who
participated in combat operations and suffered a contusion. A -
expression of bcl-2 in the stroma of the endometrium, B - expression
of bcl-2 in the endometrial gland. IGH with MAT to bcl-2, x225.
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Table 2. The number of immunopositive cells of the endometrium in the state of proliferation and apoptosis in all groups of women (M+m, %).

The number of immunopositive The number of cells in the state
Morphofunctional state of the o cells with IHC-staining of MAT to | of apoptosis when using the HSCO_fr?tE)ebd'Z
endometrium up Ki-67 TUNEL method i _
endometrium
Stroma Glands Stroma Glands
Control group (n=30)
'(En”:‘?o'?et””m in the middle phase of secretion 026130072 | 0.035:0021 | 4673:0274 | 2.461:0.243 | 76.64+1.556
Women with a history of concussion (n=457)

Endometrium in the phase of 0, n=17 6.001+0.225% | 21.83+1.18°° | 0.722+0.719° |0.000+0.000°| 129.4+5502°
proliferation (n=32) P,n=15 | 4.514+0.143° | 12.58+0.74% | 1.164+1.021° | 0.152+0.101° | 78.94+4.012°
The endometrium corresponds o 0O,n=17 | 5.642+0.285° | 18.53+0.35°® | 1.664+1.003° |0.743+0.331°| 128.2+9.306°"
the phase of early secretion (n=33) P,n=16 | 3.70120.106 °° | 12.39:t0.47° | 2.081+1.034° |0.974+0.413°¢| 67.01+4.801°
Endometrium in the middle phase of | O, n=15 | 5.334x0.312 % | 0.365+0.173° | 7.641+0.523 °* | 0.741+0.335c | 114.1+14.41 *
secretion (n=30) P, n=15 2.901+0.116 °° | 0.041+0.016 | 3.227+0.354°¢° | 1.619+0.554 | 72.91+11.86°
Endometrium in the middle phase of | O, n=25 10.52+0.801 ¢ | 2.509+1.002° | 10.08+1.245 <P | 0.337+0.192° | 169.1+7.17 3¢°»
secretion + chronic endometritis
(n=50) P, n=25 3.441+0.412°° | 1.524+0.847 | 4.178+0.861°° | 0.517+0.254° | 60.24+4.421°°
Endometrium in the middle phase of | o ;18 | 7.689+0.778% | 9.723+2.451¢ | 11.00+0.7%» |0.511+0.278 | 193.5+2.9 06°*
secretion + simple atypical
hyperplasia of the endometrium
(n=35) P, n=17 2.065+0.163°° | 5.127+1.849° | 5.657+0.351°° |1.331+0.413°| 131.6+6.5°°
Endometrium in the middle phase of | ©O» n=17 7.468+0.492°0 | 4.812+1.749° | 11.22+41.19°° | 0.482+0.235° | 136.6+6.7°°
secretion + polyp (n=34) P, n=17 3.433+0.432%° | 2.244+1.101 | 3.534+0.971° |0.744+0.283°¢| 57.88+6.71¢°

Notes: & P - the difference is likely with a similar indicator of groups

corresponding to the middle phase of secretion - in 15.7
(p<0.001) and 1.2 times (p<0.04), in chronic endometritis -
in 26.6 (p<0.0001) and 1.5 times (p<0.001), with simple
atypical endometrial hyperplasia - 20.8 (p<0.001) and 1.3
times (p<0.001), with endometrial polyps - 18.9 (p<0.001)
and 2.1 times (p<0.001). Also, in women with post-
concussion syndrome, Ki-67 immunopositive cells were
significantly more often recorded in the glands of the
endometrium corresponding to the proliferation phase -
6.2 times (p<0.001) and in the endometrium corresponding
to the early secretion phase - 5.3 times (p<0.001).

In the women of the main group, compared to the
patients of the P group, apoptotic cells were found in the
stroma of the endometrium when using the TUNEL
method: in the endometrium in the middle phase of
secretion by 20.4 times, in chronic endometritis by 40.3
times (p<0.001), in simple atypical endometrial hyperplasia
(PNHE) - 2.9 times (p<0.001), with endometrial polyps -
2.9 times (p<0.001).

Discussion

According to data from international studies, the
beginning of apoptosis in the glands and stroma is
preceded by a decrease in the concentration of E2 and P in
blood serum, while the increase in the apoptotic index in
the stroma is delayed by 2 days compared to the
endometrial glands. A decrease in the number of receptors

O, P and control (p<0.05).

for estrogens-? and P in the uterine epithelium correlates
with an increase in the apoptotic index in it. The intensity of
apoptosis processes increases 3-5 days after the P peak
in the middle of the Iuteal phase, then the process gradually
spreads to all cellular components of the functional layer,
reaching the maximum level 2 days before the onset of
menstruation. Cells of the basal layer do not undergo
apoptosis in any of the stages of the menstrual cycle [5,
25].

Over the past 20 years, active research conducted in
high-tech countries of the world has proven the leading
role of apoptosis inhibitors, which are the bcl-2 family of
oncogenes [22], increased production of gonadotropic
hormones (FSH and LH), their disordered secretion,
accumulation of somatic cell mutation factors, aging of the
body, metabolic disorders (oxidative stress), etc. [7]. Also,
according to the data of foreign literature, the opposite effect
of the regulation of apoptosis by the same hormone has
been proven, depending on the stage of cell differentiation.
Thus, estrogens are inhibitors of apoptosis of the uterine
epithelium at the beginning of MC and an inducer at the
end. The inhibitor of apoptosis of the glandular epithelium
of the uterus at the end of the cycle is P [4, 18, 19].

Research conducted in 2019 by the group of authors L.
Craciunas and co-authors noted that the increased
expression of genes that are inhibitors of apoptosis and
inducers of proliferation increases the proliferative activity
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of biologically inappropriate cells, gives them increased
stability, extraordinary survival, and resistance to self-
destruction [5]. During the proliferative and early secretion
phase, apoptosis is low, which has profound physiological
meaning. In the late stage of proliferation, the expression
of the inhibitor of apoptosis (bcl-2 inhibitor gene)
decreases as much as possible, which enhances the
apoptotic self-destruction of virus-infected, damaged,
biologically inappropriate endometrial cells, including those
with high proliferative potential. Apoptosis, as a
physiological process, has a protective nature [9, 18, 21].

Also, attention is drawn to the data published in world
sources that during the period of implantation, the
proliferative and mitotic activity of the cells of the glandular
epithelium increases, which correlates with the increasing
concentration of E2. The secretory activity of the glands
reaches a maximum. Characteristic morphological
changes of the endometrial glands, observed only in the
secretory phase, include the appearance of giant
mitochondria, glycogen deposition, and the formation of
nuclear channel systems [10, 14].

As can be seen from the data we obtained, the most
significant differences in the number of immunopositive
endometrial cells in the state of proliferation and apoptosis
were noted between groups P and O in chronic endometritis
and simple atypical endometrial hyperplasia (PNHE). The
endometrium of women of reproductive age who took part
in hostilities and suffered a contusion during the
implantation window is characterized by increased
proliferation processes in the glands and stroma of the
endometrium against the background of intensification of
apoptosis processes in the stroma and a decrease in
apoptosis processes in the glands, which can interfere
with the normal course of blastocyst adhesion and
trophoblast invasion during implantation. A decrease in the
apoptotic activity of the endometrial glands is carried out
against the background of increased expression of the bcl-
2 inhibitor of apoptosis, mainly in the endometrial glands
and lymphohistioplasmacytic infiltrates. Violation of the
intensity and relationship of the processes of proliferation
and apoptosis leads not only to a violation of the
morphofunctional state of the endometrium, but also to the
formation of polyps and hyperplasia of the endometrium in
women of reproductive age who took part in combat
operations, which must be taken into account during the
pre-gravid preparation of such patients.
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BU3HAYEHHSA NPONI®EPATUBHOI AKTUBHOCTI EHOOMETPISA Y NEPIOA, BIKHA IMMNAHTALYT Y XXIHOK-BETEPAHOK

PEMPOOYKTUBHOIO BIKY 3 KOHTY3IEIO B AHAMHES3I
CepbeHiok A. B.

Ha cbozodHiwHili 0eHb y nasax 36polHux cun YkpaiHu cryxumb noHad 50000 xiHok. Ceped silicbkosocnyxbosuig, kompi 6panu
yyacmb 8 akmueHux bolosux disx, Kinbkicmb 0cCi6 i3 mocmmpasmamu4yHUM cmpecoeum posnadom cmaHogsumb 27,7 %.

lMocmmpasemamuyHuli CUHOPOM € Yyacmum fNpeduKMOpPOM PI3HUX cmaHie rnposighepamusHoi akmugHocmi eHOoOMempisi y XiHOK-
gemepaHoK pernpodyKmueHo20 8iKy 3i 3MiHamMu 20pMOHarbHO20 hOHY, MOPEOPYHKUIOHaNbHUMU 3MiHaMu eHOoMempisi, W0 8 €80l
4yepay HezamueHO erueae Ha perpodykmusHe 300po8’s xiHoK. Mema pobomu: eusHadumu rponighepamusHy akmueHicmb eHoomempisi
y nauieHmoK pernpodyKkmueHo20 8iKy 3 erni3o0oM KOHMYy3ii 8 aHamHesi. Kpumepismu 8i06opy XiHOK, ekrtoyeHux 00 OocnioxeHHs, bynu:
HasiBHiCmMb KOHMYy3ii 8 aHaMHe3si, HopMocnepmisi y 4ososika, 8i0CymHicmb HacmaHHs 8a2imHocmi 8npodo8XK POKY Micrisi 88e0EHHS 8
peMicito OCHOBHO20 3ax80pPIOBaHHS Ma HepearlidoeaHi penpodyKkmueHi rnaHu. Bik obcmexeHux xiHoK by y mexax eid 20 do 40 pokis.
O6cmexunu 457 xiHoK, kompi npulivanu yd4acms y 6oliogux Oisix ma 3a3Hanu koHmya3ii. Kpumepiem ekntouyeHHsi 0o ocHosHoi epynu (O)
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6y8 nocmkoHmy3iliHuli cCuHOPOM sIK HacrniOoK nepeHeceHoi KoHmya3ii nid yac 6oliosux Oili. Kinbkicmb obcmexeHux cmaHosuna 211
XiHoK. Kpumepiem skmtodeHHs1 0o epynu rnopigHsiHHSA (P) (=246 xiHok) b6yrna nepeHeceHa KOHMYy3is rid yac 6ouosux Oill, ane 8idcymHicmb
nocmkoHmya3itiHo2o cuHopomy. o koHmponbHoi epynu (K) ysitiwnu 30 yusinbHUx XiHOK 6e3 eni3odie 6yOdb-sIKOi mpasmMu 8 aHaMHe3i.
[1i0 yac docnidxeHHs1 6ynu eukopucmaHi KiiHivyHi, iHcmpymeHmansHi ma mopghosnoaiyHi memodu docnidxeHHs. Halbinbw cymmesi
8iOMIHHOCMI KimbKOCMI iMyHONO3UumMueHUX KiimuH eHOoMempiss 8 cmaHi nposighepauii ma anonmo3sy eidmidanucs mix epynamu P i O
pu XpoHiyHoMy eHOomempumi i npocmiti Heamunosit 2ineprna3sii eHdomempisi. TakuM YUHOM, y CMPyKmypi eHOoMempisi nayieHmok
penpodyKmueHoe0 8iKy, wo bpanu yyacms y 6olosux disix ma 3asHanu KoHmya3ii, xapakmepHum byrio nidsuwieHHs1 npoyecis nporigepauii
8 3ano3ax i cmpomi eHOomempiss Ha YOHI iHMeHcuikauii npouecie anonmo3ay 8 cmMpoMi | 3HUXXEHHSI Mpoyecie arnonmo3y 8 3aso3ax,
wo Moxe nepewkodxamu HopMmanbHoMy nepebizy adeesii 6nacmoyucmu ma iHeasii mpoghobnacma nid yac iMnnaHmauii.

KniouoBi cnoBa: penpodykmusHe 300po8'sa, XiHka-eemepaHKa, MOCMKOHMY3ilHUlU CUHOPOM, 2iCmepoCKoris, iMyHO2icmoximisi, anornmos
KnimuH eHOomempis.
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Explosions are physical phenomena that lead to a sudden release of energy; they can
be chemical, nuclear or mechanical. This process results in an almost instantaneous
increase in pressure above atmospheric pressure. Damage to the abdominal organs
after the action of explosion factors (shock blast wave, striking elements of the explosive
device, secondary shells, chemical and thermal factors) is a fairly common clinical
situation. The small and large intestines are the most vulnerable to the impact of a
shock blast among the abdominal organs. The aim of the study was a study of the
distant consequences of the influence of barotrauma on the morphometric parameters
of the intestines of white rats and their correlations. The studies were performed on 20
white outbred sexually mature rats weighing 180-200 g. The wall of the small intestine
was stained with hematoxylin and eosin according to the generally accepted method.
The thickness of the entire intestinal wall, mucous, muscular and serous membranes,
the length and width of the villi, the depth and width of the crypts were determined.
Statistical processing of morphometry results was performed using the Statistica 10.0
program. Analysis of histopathological changes in the wall of the small intestine by
light microscopy on the seventh day after the impact of the shock air wave on the
anterior abdominal wall showed a significant thickening of the mucous membrane,
submucosa, muscle membrane compared with the control group of animals. Thickening
of the intestinal wall layers occurred due to intercellular edema and edema of stromal
elements. At the time of the study, an inflammatory reaction with predominantly
neutrophilic infiltration was present in all mucosal, submucosal, and muscular
membranes. From the vascular bed in the vessels of the mucous and submucosal
membranes, circulatory disorders occurred in the form of plethora and stasis in the
vessels of various diameters and affiliations. Thickening of the layers of the intestinal
wall occurred due to intercellular edema, swelling of stromal elements. The analysis of
the morphometric parameters of the wall of the small intestine showed that in
experimental rats after barotrauma simulation, quantitative changes occur at both the
cellular and tissue levels, which correlate with the observation period. The muscular
shell is subject to more pronounced changes under the action of a shock wave, which
is confirmed by morphometric studies and correlation analysis. When conducting a
correlation analysis, it was established that all indicators had strong positive
relationships with each other, except for the parameter of the thickness of the muscle
layer. Changes in the average thickness of the mesenteric layer had a moderate
relationship with all parameters except crypt width and mucosal thickness.
Keywords: digestive tube, morphology, barotrauma, intestinal wall, morphometry,
correlation analysis.

Introduction

Explosions are physical phenomena that lead to a
sudden release of energy; they can be chemical, nuclear
or mechanical. This process results in an almost
instantaneous increase in pressure above atmospheric
pressure. The increase in positive pressure compresses

the environment and leads to the propagation of a blast
wave that spreads radially outward from the explosion site.
As the leading edge of the blast wave expands, after the
positive phase the pressure decreases and a negative
wave develops before further returning to the ascending
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level [3]. Explosions generate blast waves that are not
necessarily caused by explosives. A blast wave consists of
two parts: a shock wave and blast wind [14]. "Primary" blast
injuries are caused by the direct interaction of the blast
wave with the human body, especially with damage to
organs containing air. In the experimental study of the
mechanisms of blast wave action, significant test results
depend on the corresponding simulated conditions [5].

Damage to the organs of the abdominal cavity after the
action of explosion factors (shock blast wave, striking
elements of the explosive device, secondary projectiles,
chemical and thermal factors) is a fairly widespread clinical
situation [1, 8, 16, 18]. Among the organs of the abdominal
cavity, the small and large intestines are the most vulnerable
under the action of a shock blast wave. But closed
explosion-induced traumatic injuries of internal organs are
difficult at the stages of the diagnostic process, which is
the reason for untimely provision of specialized medical
care [15, 19]. The untimely detection of explosion-induced
trauma to the organs of the abdominal cavity, in particular
the intestines, leads to serious consequences, namely
peritonitis, intra-abdominal bleeding, as a result of
traumatic perforations and ruptures of intra-abdominal
vessels [7, 12, 18]. This especially applies to low-intensity
explosions, when a person does not pay due attention to it
and does not consult a doctor.

Various diagnostic algorithms using ultrasound
technology, special medical equipment (diagnostic
laparoscopy), etc. are used to recognize intestinal injuries
[6, 9, 17]. But this list, in the absence of a
pathomorphological picture, does not allow detecting
intestinal damage, which is formed at the ultra-, cellular-
and tissue level. In recent years, various biomarkers of
pathological processes have been actively introduced into
the diagnostic program [6, 15, 18, 19]. But as for explosion-
induced intestinal injuries, such diagnostic panels are not
used.

The aim of the study was to study the long-term effects
of barotrauma on the morphometric parameters of the
intestines of white rats and their correlations.

Materials and methods

The research was carried out within the framework of
the initiative scientific topic of the Department of Clinical
Anatomy, Anatomy and Operative Surgery "Morphofunctional
state of organs and tissues of experimental animals and
humans in ontogenesis in normal and under the influence
of external and internal factors", state registration number
0117U003181.

The research was carried out on 20 white outbred
sexually mature rats weighing 180-200 g. During the entire
period of preparation for the experiment and during its
conduct, the rats were kept in the vivarium of the Dnipro
State Medical University, at a temperature of 20-25°C,
humidity of at least 50 %, in a well-ventilated room and
according to the world day/night mode, in standard plastic

cages, no more than five animals in each with a standard
diet: the daily requirement of an adult animal is on average
30-32 g (25 g of sour cream feed, 5-7 g of vegetables). All
experimental rats were healthy and active. All animals were
divided into three groups (control and two experimental).
Rats of the control group were put under thiopental
anesthesia and fixed. The experimental group included
those rats that simulated abdominal barotrauma under
thiopental anesthesia using a specially developed device
(patent No. 146858 Ukraine, IPC G09B23/28, dated
24.03.2021). Rats were removed from the experiment 7
and 14 days after receiving abdominal barotrauma. The
experiment was carried out in compliance with the rules of
conducting work on experimental animals, with observance
of the principles of humanity laid down in the directives of
the European Community and the Declaration of Helsinki.
All studies have been approved by the Bioethics
Commission of the Dnipro State Medical University (Meeting
Minutes No. 4 dated 24.11.2021).

Morphometry is one of the methods, thanks to which it
is possible to objectify the data of cytological research.
After the animals were removed from the experiment, a
laparotomy was performed, the state of the small intestine
was visually assessed, and its proximal section was
removed for further pathohistological examination. The wall
of the small intestine was stained with hematoxylin and
eosin according to the standard method. The thickness of
the entire intestinal wall, mucous, muscular and serous
membranes, the length and width of the villi, the depth and
width of the crypts were determined. Morphometry was
performed in order to establish differences in
morphometric parameters after barotrauma.

The research results were processed by mathematical
and statistical methods. Differences between groups were
determined by using Student's t-test. Statistical processing
of morphometry results was performed using the Statistica
10.0 program (StatSoft Inc., USA). We used the arithmetic
mean (x) and standard errors (SE) to describe the degree
of general trend of quantitative traits. The conclusion
regarding the strength of the relationship between the
studied parameters was made according to the following
rule: if the correlation coefficient was equal to one, then the
relationship is complete; if it is 0.7-0.9, then the connection
is strong; if it is in the range of 0.5-0.7, then the connection
is average, 0.2-0.5 the connection is weak, and less than
0.2 is very weak [2].

Results

The analysis of the morphometric parameters of the
intestine showed that the experimental rats undergo
changes in the intestinal wall after simulating barotrauma.

The average length of the villi of the small intestine of the
control group was 275.9+1.1 pym, in the first hour after
barotrauma simulation it was 304.5+3.5 uym, so the average
length of the villi increased by 10.39 %. On the seventh day,
the average indicator of the length of the villi was 295.4+
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2.7 um - the average length of the villi increased by 7.09 %.
On the fourteenth day, the average length of the villi was
280.9+1.1 ym - an increase of the studied indicator relative
to the similar indicator of the control group by 1.81 % was
established. Thus, on the seventh day of the experiment, the
average length of the villi of the small intestine relative to the
first hour after barotrauma decreased by 2.99 %, and on the
14th day by 7.77 %.

The average value of the small intestine villi width of the
control group was 75.53+0.69 um, and in the first hour after
barotrauma simulation, this indicator was 82.62+1.67 um,
that is, the average villus width increased by 9.23 %. On the
seventh day, the average width of the villi was 80.65+
1.85 pym - the value of the indicator of the average width of the
villi increased by 6.78 %. On the fourteenth day, the value of
the indicator of the average width of the villi was 77.53+0.57
pum - this indicator increased by 2.65 % compared to the
similar indicator of the control group. Thus, on the seventh
day of the experiment, the value of the indicator of the average
width of the villi relative to the first hour after the barotrauma
decreased by 2.40 %, and on the 14th day by 6.16 %.

The average value of the indicator of the length of the
small intestine crypts of the control group was 258.5+
0.5 um, and in the first hour after barotrauma simulation, it
was 298.2+4.2 ym. Therefore, the average value of the crypt
length indicator increased by 15.34 %. On the seventh day,
the average length of the crypts was 289.2+5.5 ym - the
average length of the crypts of the small intestine increased
by 11.87 %. On the fourteenth day, the average length of the
crypts was 262.5+0.5 ym. Therefore, the studied parameter
increased by 1.55 % compared to the similar indicator of the
control group. On the seventh day, the indicator of the average
length of the crypts of the small intestine compared to the
first hour after barotrauma decreased by 3.00 %, and on the
14th day by 12.00 %.

The average value of the indicator of the width of the
crypts of the small intestine of the control group was
37.22+0.58 pm; in the first hour after simulating barotrauma,
this value was equal to 42.32+2.64 ym. Therefore, an
increase in the average value of the indicator of the width of
the crypts of the small intestine by 13.70 % was established.
On the seventh day, the value of the indicator of the average
width of the crypts was 40.32+3.54 ym, the studied
parameter increased by 8.33 %. On the fourteenth day, the
value of the indicator of the average width of the crypts of the
small intestine was 36.22+0.54 um, the indicator we studied
decreased by 2.69 % compared to the similar indicator of
the control group. Thus, on the seventh day, the average
width of the crypts decreased by 4.73 % compared to the
first hour after barotrauma, and on the 14th day by 14.41 %.

The average value of the indicator of the thickness of
the wall of the small intestine of the control group was
678.4+£0.4 uym, in the first hour after the simulation of
barotrauma it was equal to 705.5+6.5 um, therefore, an
increase of this indicator by 3.98 % was established. On
the seventh day, this indicator was 698.5+7.4 ym, so the

average wall thickness increased by 2.95 %. On the
fourteenth day, the average value of the wall thickness of
the small intestine was 680.4+0.4 um, so it increased by
0.29 % compared to the similar indicator of the control
group. Thus, on the seventh day of the study, the average
thickness of the wall of the small intestine, relative to the
first hour after barotrauma, decreased by 0.99 %, and on
the 14th day by 3.55 %.

The average value of the thickness of the mucous
membrane of the small intestine of the control group was
538.3+4.3 uym, and in the first hour after barotrauma
simulation - 542.1+4.3 ym. The average thickness of the
wall of the small intestine increased by 0.72 %. On the
seventh day, the thickness of the mucous membrane of
the small intestine was 541.1+5.5 um, the average value
of the parameter of the thickness of the mucous membrane
increased by 0.54 %. On the fourteenth day, the average
thickness of the mucous membrane of the small intestine
was 540.3+3.3 um, therefore, the indicator we studied
increased by 0.37 % relative to the similar parameter of the
control group. Thus, on the seventh day of the experiment,
the average thickness of the mucous membrane of the
small intestine relative to the first hour after barotrauma
decreased by 0.18 %, and on the 14th day by 0.35 %.

The average value of the thickness of the muscular layer
of the small intestine of the control group was 147.6+3.6
pm, in the first hour after barotrauma simulation it was
151.3+5.5 ym, so the average value of the thickness of the
muscular layer increased by 2.53 %. On the seventh day,
the studied indicator of the thickness of the muscular layer
of the small intestine was 150.6+4.3 um - therefore, the
average thickness of the muscular layer increased by
2.02 %. On the fourteenth day, the average value of the
thickness of the muscular membrane of the small intestine
was 150.6£3.6 um, an increase of the studied parameter
compared to the similar indicator of the control group by
2.03 % was established. Thus, on the seventh day of the
experiment, the average thickness of the muscular layer of
the small intestine relative to the first hour after barotrauma
decreased by 0.50 %, on the 14th day by 0.49 %.

The average value of the small intestine serous
membrane thickness of the control group was 5.351+
0.650 um, in the first hour after barotrauma simulation, this
value was 8.032+0.541 um, therefore, the average value of
the thickness of the serous membrane increased by
50.09 %. On the seventh day, the average thickness of the
serous membrane of the small intestine was 7.850+
0.441 um. Therefore, the average thickness of the serous
membrane increased by 46.73 %. On the fourteenth day, the
average value of the thickness of the serous membrane of
the small intestine was 5.852+0.651 um, so the studied
indicator increased compared to the similar indicator of
the control group by 9.35 %. Thus, on the seventh day, the
average value of the thickness of the serous membrane of
the small intestine relative to the first hour after barotrauma
decreased by 2.24 %, and on the 14th day by 27.15 %.
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Fig. 1. Correlation relationships between morphometric indicators
of the wall of the small intestine 1 - length of villi; 2 - width of villi;
3 - crypt length; 4 - crypt width; 5 - thickness of the intestinal wall;
6 - thickness of the mucous membrane; 7 - thickness of the
muscular membrane; 8 - the thickness of the serous membrane;
___ - correlation is strong; - - - - correlation of average strength;
--- - correlation is weak.

After obtaining the morphometric indicators, correlation
relationships between them were established (Fig. 1).

Different correlation relationships between the obtained
indicators were established. Thus, the average value of
the villi length indicator had a strong positive relationship
between all parameters, except for the average thickness
of the muscle membrane. Similar relationships were
observed with the width of the villi. It should be noted that
the indicator of the average length of the crypts had strong
correlations with all indicators, except for the muscle
membrane. The indicator of the average value of the width
of the crypts had a strong correlation relationship between
all indicators, except for the average value of the indicator
of the thickness of the muscular membrane and the
thickness of the mucous membrane. The average
thickness of the muscle membrane had medium
correlations with almost all indicators, except for the average
width of the crypts, with which a small weak relationship
was established, while a strong relationship was
established with the parameter of the average thickness of
the mucosal membrane.

Thus, morphometrically, it was established that the
muscular membrane is subject to more pronounced
changes during barotrauma, and this was confirmed by
correlation analysis. The main changes in the intestines
under the condition of the impact of the shock wave occur
in the muscular membrane.

Discussion

To understand the pathogenesis of the changes that
occur after the passage of the front of the shock blast wave,
attention should be paid to the peculiarities of the structure
of the intestines. The relative mobility in the abdominal

cavity, the volume of the organ and the surface area, the
nature of the content in the lumen of the intestines, the
peculiarities of angioarchitectonics - all this determines
the low threshold of resistance to the effects of barotrauma.
This is evidenced by the small but proven nhumber of primary
ruptures of the intestinal wall [4, 13]. The intestinal wall
has its "weak" places, namely the submucosal layer, where
the submucosal microcirculatory vascular plexus is located,
the place where the mesentery is attached.

Many authors [11, 20], as well as our study, testify to the
heterogeneity not only of the intestinal wall, but also of some
areas within one section of the small intestine. During
histological, cytometric and ultramicroscopic studies,
discrepancies in indicators were established, which
indicates a deeper damage to the wall of the small intestine
at the cellular level. Violation of hemodynamics at the level
of the microcirculatory channel was accompanied by a
complex of cellular and tissue changes with the
development of various degrees of inflammatory reaction,
which had a widespread character. Hemodynamic
disturbances and the development of an inflammatory
reaction had all the typical signs and depended on the
term of the post-traumatic period. In the acute period, at the
first stage, against the background of alterative changes,
acute hemodynamic disturbances occurred in the form of
vasodilatation of arterial vessels, venular and capillary
stasis. Hemodynamic disturbances were accompanied by
the growth of the edematous component in the intestinal
wall, which in turn worsened the permeability of the
microvascular channel. In the future, the stage of
inflammation unfolds. The degree of infiltration by
inflammatory cells (leukocytes, macrophages, etc.) is a
marker of the reactivity of the intestinal wall to injury. The
chronology of the appearance and disappearance of
inflammatory cells is a direct indication of the activity of the
reparative process and the antiquity of the traumatic
process.

Therefore, the actual direction of morphological
experimental studies is the detection of the spectrum of
changes in intestinal structures in case of explosive injury.
The changes we observed in the small intestine after the
impact of shock waves explain the changes that occur
clinically during explosions, both in the early stages and in
the late period.

The functional activity of the intestinal villi is related to
the capture of useful substances after their physical and
chemical processing by pancreatic juice, gastric juice and
bile. In the intestinal crypts, the processes of proliferation,
differentiation and migration of cells are actively taking
place. In crypts, as unique biological systems, along with
enterocytes, there are goblet cells that participate in the
production of intestinal mucus, Paneth cells with acidophilic
secretory granules, undifferentiated and endocrine cells
[10].

In the future, it is planned to study the morphological
and morphometric changes of the intestinal wall at the
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ultrastructural level in the dynamics of the post-traumatic
period.

Conclusion

1. Thickening of the intestinal wall layers occurred due
to intercellular swelling and swelling of stromal elements.

2. The analysis of the morphometric parameters of the
wall of the small intestine showed that in experimental rats
after barotrauma simulation, quantitative changes occur
both at the cellular and tissue levels, which correlate with
the observation period.
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KOPENSUIWHI B3BAEMOBIAHOCUMHU NAPAMETPIB KALWEYHOI CTIHKU NICNA YOAPHO-XBUIIbOBOIO BMNNNBY

Kowapnuti B. B., A6dyn-Oanu J1. B., Koznoe C. B., Pymeaiizep B. I'., Pymzaiizep O. A.

Bubyxu - ue ¢isuyHi sseuwa, kompi npu3godssmp 0o panmogoao 8uKudy eHepeii, BOHU MOXymb Bymu XiMidHUMU, I0epHUMU YU
mexaHiHHUMu. BHacnidok subyxy matixe Mummeso nidsullyemsCs MUCK, WO 8Ulull 3a ammocgepHUl. YWKOOKEHHsST op2aHie YepesHoi
nopoxHuHU nicnsi Oii gpakmopie subyxy (ydapHa subyxoea xeurisi, epaxarodi erieMeHmu 8ubyxo8020 npuCMpPo, 8MOPUHHI CHapsiou,
XiMi4Hi ma mepmiyHi ¢hakmopu) - ye docmamHbO pPO3Mo8clodXeHa KiiHiyHa cumyauis. Halbinbw epasnusumu rpu Oii ydapHoi
s8ubyxoeoi xeuni ceped opzaHie 4epesHOI MOPOXHUHU € MOHKUU ma moscmull KuweYHUK. Memor docnidxeHHs1 6yrno 8UBYEHHS
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giddaneHux Hacniokie ernnusy bapompasmMu Ha MOPEOMEeMPUYHI MOKa3HUKU KUWEYHUKY 6inux wypie ma ix KopensuitiHi 83aeM0O38'a3KU.
HocnioxeHHs1 sukoHaHi Ha 20 6inux 6e3rnopodHuUx cmameego3pinux wyypax eazoto 180-200 e. 3abaperneHHsi CMiHKU MOHKO20 KUWEYHUKY
1po8odAUIU 2eMamoKCUITIHOM ma e03UHOM 3a 3a2allbHOMPUUHAMO MemoouKo. BusHavyanu mosuwuHy 8ciei KUWKOBOI CmiHKU, CU3080i,
M's13080i ma cepo3HOi 060/I0HOK, OOBXUHY ma WUPUHY 80PCUHOK, 21ubuHy ma wupuHy Kpunm. Cmamucmuy4Hy obpobKy pe3yrnbmamig
mopghomempii nposodurnu 3a doriomozoto npozpamu Statistica 10.0. AHaniz eicmonamornoaiyHux 3MiH 8 CMIHUi MOHK020 KULWKIBHUKa
wnaxom ceimsnoeoi mikpockonii Ha cbomy 006y micns ennugy ydapHOI Mo8impsiHOI xeursi Ha nepedHi0 YepesHy CMIHKY roKa3ase
docmoeipHe MomMoBWEeHHS CIU3080i, NiOc/1u3080i ma M'a3080i 060/TI0HOK MOPIBHSIHO 3 KOHMPOJILHOK 2pyrno meapuH. [TomosweHHs
wapie CmiHKU KuweYyHUKa e8idbysanocs 3a paxyHOK MDKKIIMUHHO20 Habpsiky U Habpsiky cmpomarnbHux ernemeHmis. Brnpodoex ecix
mepmiHie ekcriepumeHmy 8 cru3oeit, nidcusositi ma m'sa308iti 06ornoHKax y ecix 0ocnidxysaHUX npernapamax HasisHoro 6yna 3anarnbHa
peakuis 3 nepesaxHo HelumpoginbHOwW iHinbmpayieto. B cyduHax pizHo2o Oiamempa, wo Hanexampe 00 €r1u3080i ma nidcnu3osoi
060/I0HOK 8USIBIIEHO MOBHOKPOB'S ma cmasu. AHarniz MopghoMempuUYHUX MOKa3HUKI8 CMIHKU MOHKO020 KUWeYHUKa rokasas, wo y
niddocnioHux wypie nicrisi ModentoeaHHs bapompasmu 8i00yearombCsl KinbKICHI 3MIHU SIK Ha KIIMUHHOMY, makK i MKaHUHHOMY PIi8HSIX,
Kompi Kopenome 3 mepmiHamu criocmepexeHHsi. M'a3oea oboroHka nidnsieae 6inbw supaxeHuMm 3miHam ripu Oii yOapHOI xeuni, wo
niomeepdxxeHO MopghomMempuYHUMU OOCTTIOKEHHSIMU ma KOPessayiiHUM aHanisoM. 3MiHu cepedHbOi moswUHU M'S308020 wapy marsnu
cepeldHili 38'A30K 3 yciMa rnokasHUKamu, OKPIM WUPUHU KPUMmM ma mo8ujUHU C/1u3080i 0OO0MOHKU.

KnrouoBi cnoBa: mpasHa mpybka, Mopghoroeis, bapompasma, cmiHKka KULWEYHUKY, MopghoMempis, KopensauyitiHul aHarnis.
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Chlorpromazine (CPZ) remains a widely used drug in psychiatric practice today. The
drug has a hepatotoxic effect, but the possible mechanisms of this side effect have not
yet been fully elucidated. The aim of the study was to determine morphological changes
in rat liver tissue under chronic toxic effects of chlorpromazine, depending on the dose
and duration of its administration. The study was conducted on 60 sexually mature
male rats. CPP was administered intragastrically at different doses (3.5, 7.0, 14.0 and
21.0 mg/kg) for 30 and 60 days. The material was fixed in a 10 % solution of neutral
formalin (pH 7.2-7.4) for 24-48 hours, then passed through alcohols of increasing
concentration and embedded in paraffin. Serial sections (6-7 um thick) were prepared
from the paraffin blocks and stained with hematoxylin-eosin and picrofuchsin by Van
Gieson to determine the degree of fibrotic changes in liver tissue, as well as with
Giemsa lll to detect fatty degeneration of hepatocytes. The microscopic structure of the
hepatic parenchyma was studied using an OLIMPUS BX41 light microscope at 100, 200
and 400x magnification. Morphometric parameters of structural changes were
determined using an ocular grid and Image Tulsa 3.6 software. The data were statistically
processed by descriptive statistics using the Microsoft Office Excel 2010 spreadsheet
processor. When CPZ was administered in different doses and duration, pathological
changes of varying severity developed in the liver tissue of rats. Inthe liver tissue, signs
of intracellular and intra-tubular cholestasis are found mainly in the central lobes,
accompanied by focal desquamation and proliferation of the biliary epithelium, formation
of small-focal, less frequently zonal necrosis of hepatocytes, inflammatory infiltration
of portal tracts with its spread to the interlobular stroma and parenchyma. Mitotically
active binucleated hepatocytes are the key to the reparative process. Periductal fibrosis
develops in the portal sections, marginal proliferation of the bile ducts, hepatocytes
with signs of granular and/or fatty dystrophy are noted. In the central veins and vessels
of the portal areas, moderate initial sclerotic changes were found, signs of their
capillarisation in sinusoids, and the endothelium of the vessels had focal destructive
changes. In all portal zones, proliferation of bile ducts and formation of bile pseudo-
ducts were observed. Thus, the analysis of the morphometric study data showed that
within 60 days of CPZ administration there is a significant increase in the relative
volume of connective tissue and stromal-parenchymal index due to a significant decrease
in the volume of hepatocytes.

Keywords: chlorpromazine, liver, rats, histological structure, cholestasis, fibrosis.

Introduction

Nowadays, mental illness is quite common and causes
a violation of the quality of life of a significant part of the
working population. According to the National Institutes of
Health (NIH) in 2019, more than 20% of the adult population
has mental disorders, and in most cases, patients with

mental disorders require lifelong use of various drugs with
potentially hepatotoxic effects. Chlorpromazine (CPZ)
remains one of the most commonly used drugs prescribed
for the treatment of psychiatric diseases [11]. The issue of
CPZ toxicity remains relevant in the 21st century [2, 4, 5,
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14]. Thus, in the scientific literature of the last decade, there
are many publications that confirm the fact of the toxic effect
of CPZ on the liver. In particular, significant changes in
biochemical markers (ALT, GGT, ALP) and oxidative stress
indicators (catalase, glutathione peroxidase) have been
recorded, indicating impaired liver function in patients
treated with this drug [3, 12, 21].

CPZ has a rather pronounced side effect on various
organs and systems [11]. Scientists have established that
as a result of systematic use of CPZ by patients,
metabolism and liver function are often disturbed in the
human body [4, 14]. CPZ is a derivative of phenothiazine;
its metabolism and biotransformation occurs in the liver by
sulfoxidation, dimethylation, formation of N-oxide,
hydroxylation, with the formation of a sulfoxide metabolite,
which causes its high hepatotoxicity. CPZ, a member of the
largest class of first-generation antipsychotic agents, is
known to cause hepatotoxicity in the form of cholestasis
and hepatocellular necrosis in some patients [9]. The
mechanism of CPZ hepatotoxicity is unclear, but is thought
to result from reactive metabolite formation. Results
suggest activation of CPZ to reactive metabolites by 2
pathways in hepatocytes: a cytochrome P450s-catalyzed
guinoneimine pathway, and a peroxidase-catalyzed
oxidation of CPZ to CPZ radicals [11].

In an experiment on a model of drug-induced
cholestasis (DIC) in mice, the mechanisms of development
and progression of liver hepatocyte damage under CPZ
exposure were investigated. Studies have shown the
multifactorial nature of cholestasis in response to the
administration of CPZ and other cholestasis-inducing
drugs, according to experimental and clinical data. The
mechanisms of toxicity include, in particular, the
accumulation of biologically active substances, toxic bile
metabolites, activation of Ito cells, Kupffer cells [19] and
other cells [8].

The aim of the work was to establish morphological
changes in the liver tissue of rats under the condition of
chronic toxic effects of chlorpromazine depending on the
dose and duration of its administration.

Materials and methods

The study was conducted on 60 sexually mature female
rats. All experiments were conducted in accordance with
the "General Ethical Principles for Animal Experiments"
approved by the First National Congress on Bioethics (Kyiv,
2001) and harmonized with the provisions of the "European
Convention for the Protection of Vertebrate Animals Used
for Experimental and Other Purposes” (Strasbourg, 1986).
The bioethics committee of the National Pirogov Memorial
Medical University, Vinnytsia approved that the work was
performed in compliance with ethical principles (protocol
No. 8 dated 22.10.2020).

Before the experiment, the animals were quarantined
in a vivarium for 14 days. In general, all animals were evenly
divided and 30 rats were assigned to 2 parts of the

experiment by random sampling, taking into account age
and initial body weight. The first experimental group
included four experimental subgroups (the groups 1.1 -
1.4) and one control (the group 1.0) with an average initial
body weight of 128.19+£17.41 g; they were involved in a 30-
day experiment. The second experimental group also
included four experimental subgroups (the groups 2.1 -
2.4) and one control (the group 2.0) with an average initial
body weight of 125.0+£18.75 g, which was involved in a 60-
day experiment. The drug CPZ (trade name "Aminazin", in
the dose 25 mg/ml) manufactured by "Galichpharm"
(Arterium, Ukraine) was used for the study. CPZ was
administered intragastrically with a metal probe with oil
once daily during 30 days in doses of 3.5 mg/kg (the group
1.1), 7 mg/kg (the group 1.2), 14 mg/kg (the group 1.3), and
21 mg/kg (the group 1.4) and during 60 days in doses of
3.5 mg/kg (the group 2.1), 7 mg/kg (the group 2.2), 14 mg/
kg (the group 2.3), and 21 mg/kg (the group 2.4). The control
groups (1.0 and 2.0) included intact animals. The
calculation of CPZ doses was performed using the
biological activity constant, according to the
recommendations of Rybolovlev Yu. R. and Ryboloviev R.
S. published in 1979 [15].

All rats were euthanized by intraperitoneal injection of
Thiopental solution at the rate of 0.1 mg/g, followed by
decapitation. At the very end of each part of the experiment,
liver tissue were taken from all rats for morphological and
morphometric study. Three liver tissue were taken in each
subgroup. Pieces of 1 x 1 cm were cut from the liver tissue.

The material was fixed in a 10 % solution of neutral
formalin (pH 7.2-7.4) for 24-48 hours, then it was passed
through alcohols of increasing concentration and
embedded in paraffin. Serial sections of 6-7 ym thickness
were prepared from the obtained paraffin blocks, which
were stained with hematoxylin-eosin, picrofuchsin by the
Van Gieson method to determine the degree of fibrous
changes in liver tissue, and with Giemsa lll to detect fatty
degeneration of hepatocytes. The microscopic structure of
the hepatic parenchyma was studied using an OLIMPUS
BX41 light microscope at 100, 200 and 400 times
magnification. The morphometric parameters of structural
changes were determined using an ocular grid containing
49 squares, the area of each square is 3.45 x 10 mm? at
a magnification of 100 and 200 using the Image Tulsa 3.6
program.

The statistical processing of the data was carried out
by descriptive statistics using the Microsoft Office Excel
2010 spreadsheet processor. For quantitative indicators,
the sample mean, standard deviation, and error of the
mean were calculated. In case of normal distribution of
guantitative indicators, the Student's t-test was used to
compare them. Differences between the analyzed indicators
were considered statistically significant at a significance
level of 0.05 (5 % error probability, p<0.05).

To comprehensively take into account the pathological
changes detected in the liver tissue, the following signs
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were determined some parameters: organ structure,
preservation and pathological changes of tissue, condition
of hepatic beams; condition of portal tracts (width, presence
of sclerosis, inflammatory cell infiltration, condition of the
terminal lamina, its preservation and degree of disruption,
presence of periportal necrosis); interlobular ducts (the
presence of proliferation, destruction); condition of vessels
(presence of thrombosis, endothelial condition); presence
of foci of fibrosis and sclerosis(e.g., septa formation,
formation of pseudolobes in the development of cirrhosis,
foci of necrosis, indicating their localization and
characteristics); condition of sinusoids, condition of stellate
reticuloendothelial cells; the state of hepatocytes with the
definition of the type of dystrophy, the presence and
composition of inflammatory cell infiltration; the presence
of cholestasis: intracellular and extracellular, the presence
of bile clots, the presence of pericellular, sinusoidal,
intrahepatic fibrosis.

Results

In experimental group 1.1, macroscopically, the liver
was moderately enlarged in size, with a smooth surface,
fine-grained, pale brown in color with a yellowish-greenish
tint, with full blood vessels.

Morphological changes of the liver in rats of experimental
group 1.1 (with the introduction of CPZ ina dose of 3.5 mg/kg).
The features of the histological structure of the liver were
full blooded sinusoidal capillaries, central veins, portal
veins with dilated lumens, moderate edema of the vascular
walls and flattening of the endothelium. Parenchyma with
indistinct division into lobules. Most of the hepatic beams
with signs of discomplete. Mostly all hepatocytes were
polygonal in shape with clear contours, had a round
basophilic nucleus and moderately eosinophilic cytoplasm,
sometimes with eosinophilic granular inclusions (signs
of granular dystrophy). In the cytoplasm of some
hepatocytes, acidophilic bodies, areas of destruction and
homogenization of liver cells were detected. In some
observations, some liver cells showed signs of small- and
large-droplet obesity. Single binucleated hepatocytes were
detected as a manifestation of regeneration (1-2 cells in
the field of view x100). Along with these changes, dilation,
edema, and distention of the portal tracts were detected.
Fibrous changes in the liver parenchyma were not detected
(Fig. 1, 2).

The relative volume of hepatocytes was 72.30£2.08 %.
The relative volume of connective tissue was 4.511%
0.741 %, vessels - 23.20£1.03 %, stromal-parenchymal
index - 0.381+0.004. Morphometrically, the relative volume
of the bile ducts and tubules was 9.031+1.081 %.

Morphological changes of the liver in rats of experimental
group 1.2 (CPZ in a dose of 7 mg/kg). The histological
examination of the liver tissue of rats showed hemorrhage
of central veins, sinusoidal capillaries, portal veins with
moderate edema of the vascular walls, dystrophic changes
and flattening of the endothelium. The initial phenomena
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of group 1.1. 1 - pronounced granular
and focal small-vacuolar dystrophy of hepatocytes with initial lysis
and partial necrosis; 2 - discomplete hepatic beams; 3 - binucleated
hepatic cells. Hematoxylin-eosin stain. x200.
I T
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Fig. 2. Liver tissue of rat of group 1.1. 1 - pronounced granular
and focal small-vacuolar dystrophy of hepatocytes with initial lysis
and partial necrosis; 2 - discomplete hepatic beams; 3 - binucleated

hepatic cells. Sudan Il staining. x200.

of centrilobular cholestasis were determined, in which the
blockade of stellate reticuloendothelial cells by bile
pigments was observed. Most hepatocytes were in a state
of granular and fatty dystrophy. Some hepatocytes were in
a state of necrosis. In the cytoplasm of most hepatocytes,
acidophilic bodies, areas of destruction and
homogenization of liver cells were determined. Two-
nucleated hepatocytes (3-4 cells in the field of view ?100)
were detected as a sign of regenerative processes.

Morphometrically, the relative volume of hepatocytes was
72.61+2.63 %, connective tissue was 4.911+1.121 %, blood
vessels - 22.51+1.58 %, stromal-parenchymal index -
0.37140.003. In some cases, a small inflammatory cell
infiltrate was detected, consisting of mononuclear cells,
histiocytes, and single segmented leukocytes.
Morphometrically, the relative volume of the bile ducts and
tubules was 9.211+1.111 %.
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Fig. 3. Liver tissue of rat 1.2 group 1 - bile |mb|b|t|0n of many
hepatocytes and stellate reticuloendothelial cells; 2 - significant
granular dystrophy of hepatocytes, moderate nuclear
polymorphism, initial lysis of individual hepatocytes; 3 - inflammatory
cell infiltrate of mononuclear cells, histiocytes. Hematoxylin and
eosin stalnlng x200

Fig. 4. leer tlssue of rat 1.2 group 1- smgle blnucleated
hepatocytes; 2 - fatty degeneration of hepatocytes, moderate
nuclear polymorphism, initial lysis of individual hepatocytes; 3 -
slight inflammatory cell infiltration of mononuclear cells, histiocytes.
Sudan Il staining. x200.

There was also a slight dilation, edema and distention
of the portal tracts (Fig. 3, 4).

Morphological changes of the liver in rats of experimental
group 1.3 (CPZ in a dose of 14 mg/kg). Histologically, the
liver biopsies showed even more pronounced centrilobular
cholestasis compared to previous studies, in which
blockade of stellate reticuloendothelial cells by bile
pigments was observed. Most hepatocytes were in a state
of necrosis. Peripherally, single binuclear hepatocytes were
detected as a manifestation of repair processes (3-4 in the
field of view x100). Acidophilic bodies were also detected
in the cytoplasm of some hepatocytes, and there were areas
of destruction and homogenization of hepatic cells with the
formation of so-called pseudoglandular structures around

bile thrombi. The liver stroma was represented by loose
fibrous tissue with intense fuchsinophilia in the portal tracts
and walls of large vessels.

Morphometrically, the relative volume of hepatocytes was
73.31+2.54 %, connective tissue was 5.111+1.141 %,
vessels - 21.61+1.59 %, stromal-parenchymal index -
0.361+0.002. In some cases, there was a mild inflammatory
cell infiltrate consisting of mononuclear cells, histiocytes,
segmented leukocytes. Morphometrically, the relative
volume of the bile ducts and tubules was 8.611+1.031 %.

Dilation, edema and distention of the portal tracts were
also detected. There was a proliferation of delicate fibrous
tissue around the vessels (Fig. 5).

Morphological changes of the liver in rats of experimental
group 1.4 (CPZ in a dose of 21 mg/kg). At the histological
examination of this group rat liver tissue slices the
morphological features were characterized by a deeper
progression of intraluminal and portal pathological changes.
Groups of hepatic cells were subject to necrosis and lysis,
focal biliary infarcts were formed, around which reactive
inflammation developed in the form of accumulations of
segmented leukocytes and macrophages.

There was a slight collapse of the stroma due to small
foci of fibrosis with moderate infiltration of lymphohistiocytic
elements and focal necrosis. Morphometrically, the relative
volume of hepatocytes was 69.81+2.24 %, connective
tissue was 6.911+1.321 %, vessels - 23.31+1.61 %,
stromal-parenchymal index - 0.421+0.006 (Table 1). The
lumens of some bile ducts were dilated, contained
thickened bile, sometimes with the formation of bile
cylinders.

Morphometrically, the relative volume of the bile ducts
and tubules was 7.611+1.051 %. The largest number of
biliary cylinders was determined in the center of the lobules,

Fig. 5. Ratllvertlssue(experlmental grouplS) 1- bile |mb|b|t|on of
many hepatocytes and stellate reticuloendothelial cells with
formation of bile thrombi; 2 - moderate granular dystrophy of
hepatocytes, significant nuclear polymorphism, lysis of individual
hepatocytes; 3 - focal lymphohistiocytic infiltration. Hematoxylin
and eosin staining. x200.
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Table 1. Relative volumes of structural components of the liver
(Mm) of rats of the first research group.

Stuctural Group 1.1 Group 1.2 Group 1.3 Group 1.4
components

';fpatocytes' 72.31+2.08 | 72.61+2.63 | 73.31+2.54 | 69.81+2.24
Bile ducts, % | 9.031+1.081 | 9.211+1.111 | 8.611+1.031 | 7.611+1.051
Comnective | ;51140741 | 4.911+1.121 | 5.111+1.141 | 6.911+1.321
tissue, %

Vessels, % | 23.21+1.03 | 22514158 | 21.61+1.59 | 23.31+1.61
Stromal-

parenchymal | 0.381+0.004 | 0.371+0.003 | 0.361+0.002 | 0.421+0.006
index

in hepatic cells, and less often in the cytoplasm of stellate
reticuloendothelial cells. Bile droplets and grains were
detected in the cytoplasm. Sometimes bile stained the
entire cytoplasm of cells. As a result of cytotoxic action,

bigh & m!;";,s};gﬁ";@,&

Fig. 6. Rat liver tissue (1.

vacuolar dystrophy of hepatocytes, significant nuclear
polymorphism, lysis of hepatocyte groups. Hematoxylin and eosin
staining. x200.
e e ,'-;-2'
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Fig. 7. Rat liver tissue (1.4 subgroup). 1 - pronounced hepatic
beam discomplexity, dystrophic polymorphism of hepatocytes; 2 -
fatty degeneration of hepatocytes, dystrophic polymorphism of
hepatocytes. Staining with Sudan I11. x200.

degeneration, degeneration, lysis of hepatocytes with their
subsequent necrosis occurred. Two-nucleated
hepatocytes were detected in the amount of 6-8 cells in the
field of view x100 (Fig. 6, 7).

Morphological changes of the liver in the rats of the
second research group after the administration of CPZ for
60 days. In rats of the second experimental group, the liver
was also enlarged in size, compacted, the tissue was
yellow-green in color, the vessels were full of blood. In all
cases of cirrhosis development, the liver was
macroscopically reduced in size, with a fine crumbly surface,
dense consistency. On section, the liver tissue was
yellowish-gray in color, low in blood, represented by multiple
nodules separated from each other by gray layers.

Morphological changes of the liver in rats of experimental
group 2.1 (CPZ in a dose of 3.5 mg/kg). Morphological
changes in the liver of rats were characterized by the deeper
pathomorphological changes, which consisted in further
progression of intra-lobar and portal disorders. Dystrophic
and degenerative changes significantly prevailed over the
manifestations of intracellular hepatocyte regeneration,
which negatively affected the state of the extracellular matrix
and contributed to the formation of fibrous connective tissue
septa with further development of cirrhosis.

As aresponse to the cytotoxic effect of bile components,
desquamation of the bile duct epithelium with partial
proliferation was observed. Deeper alternative changes in
hepatocytes were detected. Most hepatocytes were in a
state of granular and fatty dystrophy. Some hepatocytes
were in a state of necrosis. In the cytoplasm of most
hepatocytes, acidophilic bodies, areas of destruction and
homogenization of liver cells were detected. Binuclear
hepatocytes were detected in the amount of 5-7 cells in the
field of view x100.

Morphometrically, the relative volume of the bile ducts
and tubules was 11.21+1.12 %. The relative volume of
hepatocytes tended to decrease further and amounted to
66.81+2.04 % (Table 2).

In the portal tracts, a focal inflammatory reaction was
determined, which was a response to cholestasis.
Morphometrically, the relative volume of connective tissue
was 6.211+1.361 %, vessels - 16.81+1.84 %, stromal-

Table 2. Relative volumes of structural components of the liver
(Mzm) of rats of the second research group.

Structural Group 2.1 Group 2.2 Group 2.3 Group 2.4
components

;fpatocytes' 66.81+2.04 | 62.41+2.01 | 58.21+1.42 | 47.31+1.23
Bile ducts, % | 11.21+1.12 | 15214112 | 18.41+1.16 | 22.31+1.19
Comnective | 510,11 360 | 7.911+1.381 | 12.61+1.64 | 18.56+1.68
tissue, %

Vessels, % | 16.81+1.84 | 14.61+1.63 | 12.11+41.23 | 10.12+1.27
Stromal-

parenchymal | 0.511+0.080 | 0.611+0.090 | 0.721+0.011 | 1.1210.151
index
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Fig. 8. Rat liver tissue (experimental subgroup 2.1). 1 - hepatic
beam discomplexity, pronounced dystrophic polymorphism of
hepatocytes; 2 - fibrosis of portal tract stroma with infiltration of its
lymphocytes; 3 - hepatocytes with signs of cholestasis.
Hematoxylin and eosin staining. x200.

parenchymal index - 0.511+0.081 (Fig. 8).

Morphological changes of the liver in rats of experimental
group 2.2 (CPZ in a dose of 7 mg/kg). Liver tissue showed
a pronounced granular and small-vacuolar fatty
degeneration of hepatocytes. Also, some animals had fatty
liver hepatosis. Small fatty drops were detected in the
cytoplasm of hepatocytes located mainly in the center of
the liver lobes (centrilobular). There was a pronounced
discomposition of the hepatic beams, widespread foci of
hepatic tissue collapse with significant narrowing of the
sinusoidal spaces, with a complete absence of
regenerative processes in the liver parenchyma. Along with

epatocytes of varying severity,
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Fig. 9. Rat liver tissue (experimental group 2.2). 1 - heteromorphism
of hepatocytes, polymorphism and polychromy of nuclei, in many
cells - the initial phenomena of apoptosis in the form of pyknosis,
compaction of the nucleus, protein dystrophy of a significant part
of hepatocytes, complete disruption of the beam structure of
hepatocytes; 2 - intracellular cholestasis with perifocal
lymphohistiocytic infiltration. Hematoxylin and eosin staining. x100.

proliferation, accumulation and activation of macrophages,
which are designed to capture and destroy damaged and
dead liver structures during the disease, were observed.

In some observations, a combination of hydropic and
fatty dystrophy was detected. The latter was small-droplet
and focal in nature. Heteromorphism of hepatocytes,
polymorphism and polychromy of nuclei were observed,
and in some cells - the initial phenomena of apoptosis in
the form of pyknosis, compaction and deformation of the
nucleus.

The cells of the inflammatory infiltrate were represented
by lymphocytes, which were detected both in the portal tracts
and in the sinusoids in the form of chains of lymphocytes.
There was also infiltration with segmented leukocytes and
macrophages, among which a large number of bile-
containing macrophages were detected. Small
hemorrhages were noted against the background of
lymphohistiocytic infiltration of the portal tracts. In the portal
tracts, a focal inflammatory reaction was determined, which
was a response to cholestasis. Binuclear hepatocytes were
determined in the amount of 6-8 cells in the field of view
x100 (Fig. 9).

Morphometrically, the relative volume of the bile ducts
and tubules was 15.21+1.12 %; the relative volume of
hepatocytes tended to decrease further and amounted to
62.41+2.01 %; the relative volume of connective tissue was
7.911+1.381 %, vessels - 14.61+1.63 %, stromal-
parenchymal index - 0.611+0.091.

Morphological changes of the liver in rats of experimental
group 2.3 (CPZ in a dose of 14 mg/kg). The
pathomorphological features in the rat liver slices were
signs of further development of the periductal sclerotic
process. Bile salts caused further destruction of the bile
duct epithelium. At the same time, the permeability of the
bile duct walls increased, bile pigments leaked into the
surrounding fibrous tissue and blood vessels, which
caused inflammation in the portal fields and periductal
fibrosis. The formation of fibrous septa in combination with
nodular regeneration of the liver parenchyma led to a
violation of the liver histoarchitecture with subsequent
transformation into cirrhosis.

In cases with severe hepatic tissue remodeling, a
pronounced proliferation of perivascular fibrous tissue was
detected with subsequent deformation of the vascular
lumens. The formation of a system of capillarization of
sinusoids of false particles was observed by the
appearance of a connective tissue membrane in the
sinusoids.

Almost all observations revealed hepatocytes in a state
of deep dystrophic changes (close to total vacuolar
dystrophy), which were located mainly in the central parts
of the liver lobes, in a smaller number - in the peripheral
parts. Against the background of severe dystrophic changes
in the liver tissue, sclerotic processes of the stroma were
determined in varying degrees of severity - from the
proliferation of fine fibrous tissue around the central veins
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dystrophy of hepatocytes with complete decomplexation of hepatic
beams. Hematoxylin and eosin staining. x100.

eri

pronounced
discomposition of hepatic beams, dystrophic polymorphism of
hepatocytes in the pseudolobule; 2 - fibrosis of the portal tract
stroma with diffuse infiltration of lymphocytes and histiocytes; 3 -
proliferation of small bile ducts. Hematoxylin and eosin staining.
x200.

with a slight expansion of the portal tracts to severe periportal
and centrilobular perivenular fibrosis, as well as pericellular
sclerosis in some places. Along with these changes,
proliferation of the bile ducts with cholestasis was detected.
In fibrous septa and stroma of dilated sclerotic portal tracts,
focal inflammatory infiltration was determined mainly from
lymphocytes and macrophages with an admixture of
neutrophils. Binuclear hepatocytes were detected in the
amount of 3-4 cells in the field of view ?100 (Fig. 10, 11).

Morphometrically, the relative volume of the bile ducts
and tubules was 18.41+1.16 %; the relative volume of
hepatocytes tended to decrease further and amounted to
58.21+1.42 %; the relative volume of connective tissue was
12.61+1.64 %, vessels - 12.11+ 1.23 %, stromal-
parenchymal index tended to further increase and amounted
to 0.721+ 0.111.

Morphological changes of the liver in rats of experimental
group 2.4 (CPZ in a dose of 21 mg/kg). In most of the
observations, portal cirrhosis was detected in the liver
tissue. There was an insertion of thin fibrous septa into the
liver lobes with subsequent connection of the central veins
with the vessels of the portal tracts with the formation of
small false lobes consisting of proliferating hepatocytes in
a state of fatty and protein dystrophy with the absence of
radial orientation of the hepatic beams.

The analysis of morphometric data revealed a further
increase in the relative volume of connective tissue and
stromal-parenchymal index due to a decrease in the relative
volume of hepatocytes, as well as an increase in the
number of bile ducts due to their proliferation and the
formation of bile pseudo-ducts and a decrease in the
number of vessels.

There was further deeper destruction of the organ
parenchyma with the convergence of neighboring enlarged
portal fields, and small groups of hepatocytes (hepatic cell
islets) that survived fell into the enlarged portal zones. The
binucleated hepatocytes were not detected. Thus,
necroinflammatory changes gradually transform into
fibrosis and later into cirrhosis. Fibrotic changes are
evidence of progression of subhepatic jaundice, they lead
to a gross violation of histoarchitectonics and the steady
development of cirrhosis. Before the features of the former
architectonics are completely destroyed, some areas of
the tissue become nodular, while adjacent areas still retain
a lobular structure. This condition is regarded as
incomplete cirrhosis. In some cases, total liver cirrhosis
was determined (Fig. 12).

Morphometrically, the relative volume of the bile ducts
and tubules was 24.31+1.19 %; the relative volume of
hepatocytes tended to decrease further and amounted to

Fig. 12. Rat liver tissue (experimental group 2.4). 1 - pronounced
discomplexity of hepatic beams, dystrophic polymorphism of
hepatocytes, significant granular and vacuolar dystrophy of
hepatocytes; 2 - widespread fibrosis with diffuse infiltration of
lymphohistiocytic elements; formation of pseudoparticles.
Hematoxylin-eosin stain. x100.
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Fig. 13. Liver of normal histological structure - control group. The
beam structure of hepatocytes is preserved. There are no
dystrophic changes in hepatocytes. Hematoxylin-eosin stain. x100.

47.31£1.23 %; the relative volume of connective tissue was
18.56+1.68 %, vessels - 10.12+1.27 %, stromal-
parenchymal index tended to further increase and amounted
to 1.121+0.151.

Morphological changes of the liver in rats of the control
group. During the histological examination of liver tissue in
rats of the control group, in most cases the tissue of the
organ had a normal histological structure.

The liver parenchyma consisted of liver lobes that had
the shape of high prisms with a flat base and a slightly
convex top. In some places, simple particles merged with
their bases two or more, forming complex larger particles.
Interlobular connective tissue was poorly developed, so the
partial structure is poorly expressed. It forms the stroma of
the organ, blood vessels and excretory ducts pass through
it, morphologically related to the liver lobes. The walls of
interlobular capillaries are formed by special endothelial
cells called stellate endothelial (Kupffer) cells. They have
the ability to absorb substances circulating in the blood,
capture and digest cell debris, bacteria, and fat droplets.

Hepatic lobes consisted of liver cells - hepatocytes,
arranged in the form of strands - liver plates. Intralobular
blood capillaries pass between the liver plates. Hepatic
lobes anastomose with each other and form a mesh.
Between the liver cells that make up the plate, there are
narrow gaps - bile capillaries that do not have their own
wall. There is no direct connection between bile and blood
capillaries, as they are separated by liver cells. Hepatic
plates do not have basement membranes. Inside the liver
lobes, connective tissue is almost completely absent, only
between the walls of the intralobular capillaries between
the liver plates there is a fairly dense network of thin reticular
fibers (Fig. 13).

Discussion
The results of our histological examination of the liver
tissue of rats treated with CPZ at a dose of 3.5 to 21 mg/kg

for one and two months are in line with the literature. It is
known that ender the influence of CPZ, markers of early
liver fibrosis increased significantly (early fibrosis markers
Collal and Hsp47) [8], as cholestasis, according to various
researchers, contributes to the early development and
progression of liver fibrosis [6, 7, 16, 23]. This is due to the
activation of stellate cells due to the hepatotoxicity of
Cholinesterase. It is the toxicity of this drug that can explain
the development of early fibrosis by the mechanism of
cholestasis [20] through participation in the direct and
reverse mechanisms of Bsep and Mrp4 gene expression,
which is confirmed by various scientists [9, 18].

In an in vitro experiment, it was found that perfusion of
the choleretic liver in rats dramatically reduced bile outflow.
This was accompanied by fragmentation and a loss of
canalicular microvilli, dilatation of canaliculi, and thickening
of pericanalicular ectoplasm. Cholestasis is a typical
mechanism in the development of drug damage to the
liver, including a rather high risk with the introduction of
CPZJ8, 17].

Main changes, such as proliferation of bile duct,
expansion of hepatic sinus, necrosis of hepatocyte, and
effusion of inflammation factors, were observed in CPZ-
stimulated hepatotoxicity animal models [22].

Early hepatic effects of CPZ were investigated using
the differentiated human hepatoma HepaRG cells [1].
Among other mechanisms, oxidative stress plays a major
role as both a primary causal and an aggravating factor in
the early CPZ-induced intrahepatic cholestasis in human
hepatocytes.

Also were describe a case of a primary biliary cirrhosis-
like syndrome developed after 2 week of CPZ therapy in
33-yr-old pregnant woman. The pathological substrate of
this severe and prolonged cholestatic reaction was found
to be the vanishing bile duct syndrome with a marked
transient pseudoxanthomatosis [11].

Conclusion

1. The data of a comprehensive morphological study
showed that when CPZ is administered in different doses,
pathological changes of varying severity develop in the liver
tissue, depending on the duration of the drug
administration. In the liver tissue, there are signs of
intracellular and intra-tubular cholestasis mainly in the
central lobes, accompanied by focal desquamation and
proliferation of the biliary epithelium, formation of small-
focal, less often zonal necrosis of hepatocytes,
inflammatory infiltration of portal tracts with its spread to
the interlobular stroma and parenchyma. Along with
inflammatory and destructive processes in the liver, signs
of a reparative process are detected: mitotically active
binuclear hepatocytes are found near the necrosis foci,
mildly expressed, mainly periductal fibrosis develops in
the portal areas, and marginal proliferation of the bile ducts
is noted.

2. In most of the preserved and newly formed
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hepatocytes, signs of granular (protein) and/or fatty
dystrophy are detected.

3. In the central veins and vessels of portal zones, there
are mild initial sclerotic changes, signs of their
capillarization in the sinusoids, and vascular endothelium
with focal destructive changes. In some observations,
periductal fibrosis with a significant number of fibroblasts,
the formation of thin connective tissue septa that invade
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MOP®ONOri4yHI 3MIHM NEYIHKU LLYPIB HA TN BBEAEHHA XNTOPMPOMA3WUHY, 3ANEXHO BIA AO3U TA TPUBAJOCTI
BBEAEHHA

Baino O.B., Pukano H.A.

Xnopnpoma3suH (XI13) 3anuwaembcsi WUPOKO 8XU8aHUM fpenapamom y rcuxiampuyHit npakmuyi cboeo0eHHs. [lpenapam mae
2ernamomokKcuYHuUl 8rnnaug, npome MoXsugi MexaHiamu 0aHo20 rMobiyHo20 eghekmy we OcmamoyHo He 3'acosaHi. Memoto pobomu
byrno ecmaHosumu MOPEHOI02iYHi 3MiHU 8 MKaHUHI NeYiHKU wWypie 3a yMo8U XPOHIYHOI MOKCUYHOI Oii X11oprnpomasuHy 3anexHo eid
8o3u ma mpusanocmi (io2o egedeHHs1. [JocnidxeHHs1 npogedeHo Ha 60 cmameeso3pinux wypax-camysx. X3 esodunu iHmpazacmparnbHO
y pisHuUx dosax (3,5; 7,0; 14,0 ma 21,0 me/ke) enpodoex 30 i 60 4i6. Mamepian ¢pikcysanu 6 10 % posduHi HelimpanbHo20 ¢hopmariHy
(pH 7,2-7,4) snpodoex 24-48 200uH, nomim npogodusiu Yyepes crnupmu 3pocmarqoi KoOHUueHmpauii ma 3anueanu y napagiv. 3
ompumaHux napagiHogux 6s510kie 2omyeanu cepiliHi 3pi3u MoswuHow 6-7 MKM, siki 3abapentosanu 2eMamoKCUliH-€03UHOM ma
nikpoghykcuHom 3a BaH [i30HOM Onsi gu3Ha4eHHsI cmyneHsi QYIOPO3HUX 3MiH y mKaHUHI rnedviHku, a makox 3a [im3oto |l Ons eusieneHHs
JKuposoi ducmpodpii 2enamoyumis. MikpockoniyHy 6ydo8y ne4yiHko8oi napeHximMu eusdyasu 3a G0rOMO20K0 C8imI08020 MIKpOCKona
OLIMPUS BX41 npu 100, 200 i 400-kpamHomy 36inbuweHHi. MopghomempuyHi napamempu cmpyKmypHUX 3MiH 8u3HadYarnu 3a 00roMo20to
OKynsipHOI cimku ma npoepamu Image Tulsa 3.6. Cmamucmuy4Hy 06pobKy daHux npoeoduniu Memodamu OnuUCcCo80i CMamucmuKku 3
sukopucmaHHaM mabnudHoeo npoyecopa Microsoft Office Excel 2010. [1pu esedeHHi XI13 y pisHux 0o3ax i mpusanocmi y mKaHuHi
rneyviHKU wypie po3euearombCs Namosio2iyHi 3MiHU Pi3HO20 CMyrneHss 8upa3HOCMi. Y mkaHuHi rnevyiHKu eusiensilomb O3HaKu
8HYMPIWHBOKTIMUHHO20 ma 8HyMpIiluHbOKaHanbye8o20 xosiecmasy nepesaxHo 8 UeHmparbHUX Yacmkax, Kompi cyrnpogodxyrmbCsi
80o2HUWEe80 Oeckeamauiero ma nponighepauyicto X084HO20 enimenito, ymeopeHHsM OpibHOB02HUWEeBUX, pidlie 30HallbHUX HEeKpPOos3ie
2enamoyumig, 3ananbHOK HINbMpayieo nopmanbHUX mpakmig 3 MOWUPEHHSIM ii Ha MiK4acmo4ykosy CmMpoOMy ma fnapeHXimy.
OsHakamu pernapamugeHO20 fpouecy € Mimomu4yHo akmueHi 08os10epHi eenamoyumu. Y nopmanbHux eiddinax po3susaembcs
nepudykmanbHull ¢ibpo3, sid3HayaembCsi Kpalioga rposnighepauisi X084YHUX MPOMOK, 2ernamoyumu 3 o3HaKkamu 3epHuUcmoi ma/abo
XKupoeoi ducmpodgpii. Y yeHmpanbHUx eeHax i cy0uHax nopmarnbHUX 30H 8CMaHOB/eHI MOMIPHI MoYamkoa8i CKIepomuyHi 3MiHu,
0o3HaKu ix kaninspu3sauii 8 cuHycoidax, eHoomenil cyOuH 6y8 3 8osHUW,e8UMU DeCmpPyKMUBHUMU 3MiHamu. Y 8cix mopmaribHUX 30Hax
crnocmepieaembcs nposnihepauis X084YHUX MPOMOK i hOPMy8aHHS XO0BYHUX r1cesdonpomok. Takum HYUHOM, aHani3 0aHux
MopghomempuyHO20 AOCiOKEeHHS rnokasas, wo 8npodoex 60 0i6 esederHHsi XI13 8idbysaembcsi docmosipHe 36inbWweHHs1 8i0HOCHO20
06'eMy criony4YHoOI mKaHUHU ma cmpoMaribHO-MapeHXiMamo3Ho20 iHOeKCy 3a paxyHOK A0CMO8IpHO20 3MeHWEHHsT 0b'eMy 2enamouyumis.
KnrouoBi cnoBa: xsiopripomasuH, nedviHka, wypu, eicmornoziyHa cmpykmypa, xonecmas, gibpoas.
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