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Diabetes mellitus takes one of the first places in the structure of endocrine diseases.

Among the complications of diabetes are sufficiently described nephro- and retinopathy,

neuropathy, damage to the cardiovascular system. However, changes in the respiratory
system and, in particular, the state of the endothelium of the pulmonary hemocapillaries
and the morphofunctional state of neutrophilic granulocytes remain poorly understood.

The aim of this study was to determine the role of neutrophilic granulocytes in the
pathogenesis of acute lung injury in experimental diabetes mellitus. The experiments
were performed on 88 white male Wistar rats weighing 170-210 g. The animals were
divided into three groups: 1 - intact (n=10); 2 - control (n=40); 3 - experimental (n=38)
with a model of diabetes mellitus, which was reproduced by intraperitoneal administration
of streptozotocin company "Sigma" (USA), diluted in 0.1 M citrate buffer with pH 4.5, at
a rate of 60 mg/kg body weight. An equivalent dose of 0.1 M citrate buffer solution with
a pH of 4.5 was intraperitoneally administered to the control group of animals. Pulmonary
tissue collection for electron microscopic examination was performed under thiopental
anesthesia 14, 28, 42, 70 days after streptozotocin administration. Pieces of lung
tissue were fixed in 2.5% glutaraldehyde solution, followed by fixation in 1% osmium
tetroxide solution. After dehydration, the material was poured into epon-araldite. Sections
obtained on an ultramicrotome "Tesla BS-490" were studied in an electron microscope
"PEM-125K". It was found that in the early stages of diabetes mellitus (14-28 days)
there is a violation of the rheological properties of blood, as evidenced by erythrocyte
aggregates, excessive accumulation of neutrophils, their adhesion and aggregation in
the hemocapillaries of the alveolar wall. With the extension of the experiment (42-70
days) there is a progressive violation of the ultrastructural organization of
hemocapillaries of the alveolar wall and pronounced changes in the rheological
properties of blood. Erythrocyte sludges and leuco-platelet aggregates are determined
in the lumen of microvessels. Increased permeability of hemocapillaries of the alveolar
wall leads to the emigration of neutrophilic granulocytes into the interstitium and the
lumen of the alveoli with the development of interstitial and intraalveolar edema. Thus,

streptozotocin-induced diabetes is accompanied by the development of acute lung
damage in the pathogenesis of which the leading role belongs to neutrophilic
granulocytes. The nature and severity of changes in the lungs depends on the duration
of exposure to hyperglycemia.

Keywords: neutrophilic granulocytes, hemocapillaries, lungs, diabetes mellitus.

Introduction

Today, diabetes mellitus (DM) occupies one of the first
places in the structure of endocrine diseases [4, 18].
According to the scientific literature in recent years, there
has been a steady increase in the number of patients with
diabetes [1, 8, 22, 23, 27]. According to the WHO, by 2030
the number of patients with diabetes will reach 438 million
(6-8% of the adult population), with more than 90% are

people with type 2 diabetes [7, 15]. The severity of this
problem is determined not only by the significant prevalence
of diabetes in the population, but also the rapid
development of complications that lead to reduced quality
of life, early disability and premature death [10, 21, 24].
According to literature sources, among the complications
of diabetes today are sufficiently described nephro- and
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retinopathy, neuropathy, as well as damage to the
cardiovascular system [2, 5, 9, 19, 27]. However, one of the
little-studied aspects of modern diabetology is changes in
the respiratory system. There is now growing evidence that
the lungs are one of the target organs for diabetic
microangiopathy in patients with diabetes, as they have a
huge, well-developed microvascular network [20, 30].

Experimental and clinical studies indicate that the
development of acute lung injury (ALI) due to pathogenic
factors is damage to the endothelium of pulmonary
hemocapillaries, alveolar epithelium and pronounced
changes in the functional state of neutrophilic granulocytes
(NG) [6, 11, 13, 14, 25].

The aim of the study: to determine the role of neutrophilic
granulocytes in the pathogenesis of acute lung injury in
experimental diabetes mellitus.

Materials and methods

The experiments were performed on 88 white male
Wistar rats weighing 170-210 g, which were kept on a
standard diet with free access to water. Animals were
divided into three groups: 1 - intact (n=10); 2 - control (n=40);
3 - experimental (n=38) with a model of diabetes mellitus,
which was reproduced by intraperitoneal administration of
streptozotocin company "Sigma" (USA), diluted in 0.1 M
citrate buffer with pH 4.5, at a rate of 60 mg/kg body weight.
An equivalent dose of 0.1 M citrate buffer solution with a pH
of 4.5 was intraperitoneally administered to the control
group of animals.

Pulmonary tissue collection for electron microscopic
examination was performed under thiopental anesthesia
14, 28, 42, 70 days after streptozotocin administration.
Pieces of lung tissue were fixed in 2.5% glutaraldehyde
solution, followed by fixation in 1% osmium tetroxide
solution. After dehydration, the material was poured into
epon-araldite. Sections obtained on an ultramicrotome
"Tesla BS-490" were studied in an electron microscope
"PEM-125K". All studies were performed under
thiopentalone sodium analgesia at a rate of 60 mg/kg body
weight.

Animal husbandry and research were conducted in
accordance with the provisions of the "European Convention
for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes" (Strasbourg,
1986), the Law of Ukraine on the "Protection of Animals
from Cruelty" (2006) and the "General Ethical Principles of
Experiments on animals" approved by the Fifth National
Congress on Bioethics (Kyiv, 2013). The Commission on
Bioethics of Ivano-Frankivsk National Medical University
believes that the research does not contradict the basic
bioethical standards (Minutes Ne 106/19 of 07.02.2019).

Results

Analysis of the results of ultrastructural studies showed
that 14 days after modeling of streptozotocin diabetes
mellitus in some hemocapillaries of the alveolar wall there

Fig. 1. Adhesion of neutrophilic granulocytes to the endothelium of
the hemocapillary wall of the alveoli 14 days after the start of the
experiment. 1 - neutrophilic granulocyte; 2 - lumen of the alveoli.
Electronic microphotography. x8000.
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Fig. 2. Adhesion and aggregation of neutrophilic granulocytes in
the hemocapillaries of the interalveolar septum 28 days after the
start of the experiment. 1 - peripheral part of the endothelial cell; 2
- neutrophilic granulocyte; 3 - lumen of the alveoli. Electronic
microphotography x6400.

are erythrocyte aggregates and adhesion of NG (Fig. 1).
The nuclei of endothelial cells of such hemocapillaries
with a matrix of low electron-optical density and contain
marginally located chromatin. The perinuclear space is
expanded. Mitochondria are enlarged in size with
disoriented cristae. Tanks and tubules of the Golgi
apparatus (GA) and granular endoplasmic reticulum (GER)
are expanded with weakly osmophilic content inside.
However, it should be noted that at this stage of the
experiment the submicroscopic structure of many
hemocapillaries does not differ from the ultrastructural
organization of hemocapillaries of intact animals. Nuclei
of endothelial cells of oval shape with a matrix of medium
electron-optical density. The nucleolemma has wavy
contours and forms shallow intussusception. In the
cytoplasm of cells are mainly found mitochondria with a
matrix of moderate electron-optical density. In the
perinuclear zone, GA is visualized, represented by flattened
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Fig. 3. Ultrastructural manifestations of adhesion and aggregation
of neutrophilic granulocytes and platelets in hemocapillaries of the
alveolar wall 42 days after the start of the experiment. 1 -
hemocapillary lumen; 2 - peripheral part of the endothelial cell; 3 -
neutrophilic granulocyte; 4 - platelet; 5 - lumen of the alveoli.
Electronic microphotography. x6400.
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Fig. 4. Submicroscopic changes of the respiratory lungs 70 days
after the start of the experiment. 1 - lumen of the alveoli; 2 -
neutrophilic granulocyte; 3 - peripheral part of the endothelial cell;
4 - lumen of the hemocapillary. Electronic microphotography. x6400.

tanks and bubbles. GER channels are slightly expanded.
Well-defined ribosomes are observed on the outer surface
of GER membranes. An increased number of micropinocytic
vesicles is detected in the peripheral parts of
endotheliocytes. In some hemocapillaries on a lumenal
plasmalemma separate microvilli are observed. Basal
membrane in most hemocapillaries without significant
structural changes. interndothelial junctions are preserved.

28 days after the start of the experiment in the lumen of
the hemocapillaries of the alveolar wall there is an
increased amount of NG, their adhesion and aggregation
(Fig. 2).

Nuclei of some endothelial cells with a matrix of low
electron-optical density and marginal localization of
chromatin granules. Mitochondria of various sizes and
shapes with an enlightened matrix and single crystals. The
constituent components of GA and GER are expanded. In

the peripheral parts of endotheliocytes, a large number of
micropinocytic vesicles and vacuoles are detected, which
are localized along both the lumenal and basal edges of
the cytoplasm. The basement membrane is unevenly
thickened.

In 42 days from the beginning of modeling of a diabetes
mellitus in a lumen of hemocapillaries of an alveolar wall
besides adhesion and aggregation of NG thrombo-
leukocyte aggregates are noted (Fig. 3). However, it should
be noted the presence in the hemocapillaries of individual
neutrophils with devastated azurophilic granules. The
nuclei of endothelial cells are enlarged in size with a matrix
of low electron-optical density. Chromatin granules are
placed along the inner surface of the nucleolemma or
grouped into individual lumps. The perinuclear space is
expanded. Destruction of cristae is observed in
mitochondria. GA is represented by expanded tanks and
vacuoles. GER tubules in many endotheliocytes are
vacuolated and fragmented with a reduced number of
ribosomes on the membranes of the latter. The basement
membrane is in most cases of low electron-optical density.
In some endotheliocytes on the lumenal surface of the
plasmalemma its fan-shaped protrusions are observed.

With increasing duration of the study (70 days) there is
a progressive violation of the ultrastructural organization of
hemocapillaries of the alveolar wall. Characteristic of this
stage of the study is the presence in the lumen of
hemocapillaries adhesion and aggregation of leukocytes
and platelets, erythrocyte aggregates and degranulated NG.
As a result of endothelial edema and aggregation of blood
cells, the lumen of some hemocapillaries is closed or
sharply narrowed. In some hemocapillaries there are
violations of the integrity of the lumenal membrane of
endothelial cells, and sometimes their desquamation into
the lumen of microvessels with the exposure of the
basement membrane. The basement membrane of
hemocapillaries is thickened for a long time with fuzzy
contours. Interstitial tissue of interalveolar septa is
expanded due to edema and infiltration of NG. At this stage
of the study there is also a violation of interendothelial
contacts, which leads to the release of NG into the interstitial
tissue and alveoli (Fig. 4) with the development of interstitial
and intraalveolar edema.

Discussion

The results of the study showed that in the early period
of development of streptozotocin diabetes (14-28 days) in
the hemocapillaries of the alveolar wall there is a violation
of the rheological properties of blood, as indicated by
excessive accumulation of NG, their aggregation and
adhesion. According to the literature [14], the increased
number of neutrophils in the pulmonary hemocapillaries
is a key link in the development of inflammation in the lung
tissue. It is proved that the adhesive property of NG
increases under the action of inflammatory mediators [29].
In this case, endothelial cells produce leukocyte adhesion

Vol. 28, Ne1, Page 5-10
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molecules (ELAM, VCAM, ICAM-1), which function as
specific receptors for polymorphonuclear leukocytes.
However, not only has the endothelium promoted increased
cell adhesion, but leukocytes and platelets also show
increased surface expression of proteins such as the
integrin CD11b/CD18, which act as binding proteins for
molecule adhesion [30]. The interaction of ICAM-1 and
CD11b/CD18 has been shown to play an important role in
the accumulation of NG in the lungs. Adhesion of
leukocytes to the endothelium is the cause of the formation
and release of oxygen radicals, secretory degranulation
(proteases, lysosomal polycationic proteins), which have
a direct damaging effect on endothelial cells [9]. The
devastation of NG granules, especially azurophilic, took
place in our studies for 42-70 days of the experiment.
According to electron microscopic studies, a
characteristic feature of neutrophils is the presence of
cytoplasmic granules. According to the literature, there are
three types of granules: primary or azurophilic, secondary
or specific, and tertiary or secretory vesicles [3, 28].
Azurophilic granules are electronically dense and larger in
size. They contain acid hydrolases, cathepsin C,
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POINb HEUTPO®INIbHAX TPAHYNOLIUTIB Y PO3BUTKY FOCTPOIO YLWKOMKEHHSA NEFEHb NMPU EKCMEPUMEHTAIIBHOMY

LYKPOBOMY OIABETI
3asub JI1.M., ®edopyeHko 1O.B.

Llykposuti diabem 3alimae oOHe i3 nepuwux Micub y cmpykmypi eHOOKPUHHUX 3axeoproeaHb. Ceped ycknadHeHb uykpogoeo diabemy
docmamHbOo onucaHi Heghpo- ma pemuHornamii, Helponamii, yuWKoOXeHHs1 cepye8o-cyOuHHoI cucmemu. pome, manoguedeHUMU
3anuwarmbCcsi 3MIHU 3i CMOPOHU pecnipamopHoi cucmeMu i, 30kpema, cmaHy eHOomernio nezeHesux eeMoKaninapis i
MOPOYHKUIOHaNbLHO20 cmaHy HelmpoginbHUX epaHynoyumie. Mema pobomu - 3'scygsamu pornb HelmpogbiribHUX 2paHynoyumie
Kpo8i y namozeHesi 20cmpo2o yWKOOXEHHS fleeeHb MNpu eKcriepuMeHmarsnsHoMy yykpogomy Oiabemi. EkcriepuMeHmu 8UKOHaHi Ha 88
binux wypax-camusix niHii Bicmap macoro 170-210 2. TeapuHu bynu po3dineHi Ha mpu epynu: 1 - iHmakmHa (n=10); 2 - KOHmMporsbHa
(n=40); 3 - ekcnepumeHmarnsHa (n=38) 3 Modeno yykposozo diabemy, Kompuli 8i0meoprosarnu WISXOM 8HYMmpiuHbOOYEPEBUHHOE0
8sedeHHs1 cmpernmo3omouyuHy ¢ipmu "Sigma" (CLLUA), possedeHozo 68 0,1 M yumpamHomy 6ychepi 3 pH 4,5, i3 po3paxyHky 60 me/ke
macu mina. KoHmponbHil 2pyni meapuH 8HympiwHbOOYEPEe8UHHO 8800usnu ekgiganeHmHy 0o3y 0,1 M yumpamHozo b6ygepHo20
po34uHy 3 pH 4,5. 3abip nezeHe8oi mkaHUHU 0151 €[1eKMPOHHO-MIKPOCKOMiYHO20 O0CIO)EHHS npo8oduru nid mioneHmanoeum HapKo3oM
yepes 14, 28, 42, 70 0i6 nicns eeedeHHs1 cmpenmo30mouyuHy. LLImamoyku neeeHegoi mkaHUHU pikcyeanu y 2,5% po3quHi
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enromapaneOeeidy 3 nodanbwor doghikcauyiero 8 1% po3duHi Homupuokucy ocmito. licns deziOpamauii Mmamepian 3anueanu 8 eroH-
apandim. 3pi3u, ompumaHi Ha ynbmpamikpomomi "Tesla BS-490", sus4yanu 8 enekmpoHHoMy mikpockoni "MEM-125K". BcmaHoerneHo,
W0 8xXe y paHHi mepMiHuU po3eumky uykposozo diabemy (14-28 0i6) crnocmepieaembcsi MOpyweHHs1 peosoaidyHux enacmuseocmel
Kposei, Npo wo cei@4ampb epumpouyumapHi azpea2amu, HadMipHa akymynsuis HelmpoginbHUX epaHynoyumis, ix adzesis ma azpeaauis
8 2eMoKaninspax anbeeosisiPHOI CMIHKU. 13 Ipo0oexxeHHAM mepMiHy ekcriepumeHmy (42-70 0i6) sidmidaembcsi pozgpecyroye nopyweHHs
yrbmpacmpykmypHOI opeaaHi3auii e2eMoKaninsapie cmiHKuU anb8eosiu ma supakeHi 3MiHU peosioaidyHux enacmusocmel Kposi. Y npoceimi
MiKpoCyOUH 8U3Ha4yalombCsi epumpoyumapHi crnadxi ma netikompomboyumapHi azpe2amu. 36inbWeHHS MPOHUKHOCMI 2eMoKaninspis
CMIHKU anbeeosnu rnpu3eodums 00 emiepauii HelimpoginbHUX epaHynouyumis o iHmepcmuyito U npoceimy anbeeonu 3 nodanbuium
pPO38UMKOM iIHMEepCcmMuyiliHoeo ma 8HympiwHbOoanbeeoIsipHo20 Habpsikie. TakumM YUHOM, cmpenmo3omouyuHiHOykosaHuli diabem
Cynpo8odXyembCsi PO3BUMKOM 20CMpPO20 YWKOOXKEHHS fIe2eHb y namo2eHe3i Kompoao nposidHa posib Hanexums HelmpoginbHUM
2paHyrnoyumam Kposi. Xapakmep i aupaxeHicmb 3MiH y 51e2eHsIX 3anexump 6i0 mpuseanocmi ennusy einepearikemii.

KnroyoBi cnoBa: HelimpoinbHi epaHynoyumu, eeMokKaninspu, nezeHi, uykposut diabem.
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Eczema is a skin disease with a multifaceted clinical picture, numerous forms of
manifestation and course and, last but not least, a life-modifying pathology that often
requires lifestyle changes and reduces its quality. Identifying prognostic signs to predict
the occurrence and severity of this disease is a priority for modern science. The
purpose of the study is to build and analyze discriminant models of the possibility of
occurrence and features of course of different forms of eczema in Ukrainian men of the
first mature age depending on the characteristics of anthropometric parameters of the
body. For men aged 22 to 35 years with true (n=34, including 16 mild and 18 severe) and
microbial (n=38, including 28 mild and 10 severe) eczema, anthropometric examination
according to the scheme of Bunak V.V. performed. Diagnosis of eczema was performed
according to the nomenclature of ICD-10. The control group according to anthropometric
data consisted of 82 practically healthy men of the same age, who were selected from
the database of the research center of National Pirogov Memorial Medical University,
Vinnytsya. Construction of discriminant models of the possibility of occurrence and
features of the course of different forms of eczema depending on the anthropometric
parameters of the body was carried out in the license package "Statistica 5.5". It was
found that the distribution of sick men on the truth of mild and severe eczema and
microbial eczema of mild and severe course is possible only reliable interpretation of
the obtained classification indicators between healthy and groups of patients (correct
function in 76.0% of cases, statistics Wilks' Lambda = 0.074); when dividing sick men
only into truth and microbial eczema - a reliable interpretation of the obtained
classification indicators both between healthy and sick, and between sick truth and
microbial eczema is possible (function is correct in 87.7% of cases, Wilks' Lambda
statistics = 0.088); in the distribution of sick men only for mild or severe eczema -
possible reliable interpretation of the obtained classification indicators between healthy
and sick men, and between patients with mild or severe eczema only a slight tendency
to interpret the obtained classification indicators (correct function in 84.4% of cases,
statistics Wilks' Lambda = 0.088). In all cases, the constructed discriminant equations
most often include the thickness of skin and fat folds (62.5%, 57.1% and 71.4%,
respectively) and body diameters (37.5%, 42.9% and 28.6%, respectively). The obtained
results confirm the prospects of using anthropometric research methods to predict the
possibilities and features of eczema course and occurrence.

Keywords: eczema, anthropometric body parameters, discriminant analysis, men.

Introduction

Eczema, or atopic dermatitis, is a disease that has
plagued mankind for a long time. From the point of view of
dermatology, it is a chronic inflammatory skin disease that
has a recurrent nature and manifests itself in the form of
various elements of the rash with severe itching. Quite often

this disease is associated with allergic rhinitis and asthma
(known as the atopic triad) [22].

However, despite the seemingly simple clinic, eczema
is the product of a complex of interaction of both genetic
factors inside the person and the action of the environment
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on it from the outside. The skin is a human barrier that
primarily performs a protective function, and according to
genetic studies of biopsy material of the skin, it is a violation
of this, the main function is the key to understanding the
mechanisms of origin and onset of this disease [4].

The immediate cause of such increased attention to
dermatological disease is not only not fully identified
mechanisms of occurrence and treatment, but the
widespread prevalence of this pathology. Deckers I. A. and
co-authors [9] performed a large-scale study of literature
sources in the period 1990-2010 on the epidemiological
situation of atopic dermatitis. 2464 scientific sources were
analyzed, from which 69 studies were selected, covering
countries in Asia, Africa, Europe, the Americas and Oceania.
Disappointing conclusions of this analysis were the data on
the increase, which was heterogeneous on different
continents (a sharp increase in Africa and a slight increase
in Asia), the number of cases of atopic dermatitis among
children.

Data from studies in Italy indicate the prevalence of
eczema at 8.1 % (95 % Cl: 7.6-8.7 %) (more patients
regionally belonged to residents of central and southern
Italy). About 60 % of patients had the onset of the disease in
adulthood; It was also found that the predominance of patients
is female, older people living in the area with nearby industrial
enterprises and heavy traffic [17].

Among the population of Sweden, the prevalence of
eczema is 40.7 %. As in ltaly, the disease was mostly
observed among women and people living in urban
settlements with pollution from dust, automobile gases and
industrial vapors. In addition, the family history and
association of eczema with allergic rhinitis and asthma were
clearly traced [18].

In the United States, the prevalence of eczema varies
from state to state and ranges from 8.7 to 18.1 %, reaching
the highest rates on the East Coast of the United States.
Similarly, to previous studies, living in large cities is a
significant factor in the occurrence of the disease with a
chance factor of 1.67 (95 % confidence interval 1.19-2.35,
P=0.008). There is also a higher prevalence of eczema
among blacks (odds ratio 1.70, P=0.005) [20].

In addition to physical discomfort, patients with eczema
also have psychological health problems. A study by Hon K.
L. and others found that patients with atopic dermatitis had
higher symptoms of stress and depression. Thus,
symptoms of depression were found in 21 % of patients,
symptoms of anxiety in 33 %, and symptoms of stress in
23 % of patients. Statistical analysis of the data showed that
these symptoms correlated with low quality of life in patients
(partial correlations 0.40-0.49; p<0.001). Interestingly,
according to the results of the study, only 6 % of patients
sought help from a psychologist [11].

The same trend is confirmed in another study, where
signs of anxiety were found in 20 % and signs of depression
in 14 % of patients. At the same time, worse indicators were
found in women compared to men [3].

No less important element that indicates the severity of
the problem of this disease is the material cost of the
disease. Given its chronic and recurrent nature, this
component must be considered. According to a German
study, the annual cost of eczema averages 8,799 euros, of
which 70 % are indirect costs [10].

Given all these data, researchers are looking for effective
but simple and cheap methods of early detection, predicting
the occurrence of this disease, predicting the severity and
form of its course. One of the promising areas that is already
being studied by scientists is the constitutional approach to
identifying specific and reliable anthropometric markers of
eczema [8], so it is appropriate to conduct a similar type of
study using the Ukrainian population.

The purpose of the study is to build and analyze
discriminant models of the possibility of occurrence and
features of course of different forms of eczema in Ukrainian
men of the first mature age depending on the characteristics
of anthropometric parameters of the body.

Materials and methods

On the basis of the Military Medical Clinical Center of the
Central Region and the Department of Dermatology and
Venereal Diseases with a course of postgraduate education
National Pirogov Memorial Medical University, Vinnytsya,
men aged 22 to 35 years with the truth (n=34, including 16
with mild and 18 with severe course) and microbial (n=38,
including 28 with mild and 10 with severe course) eczema,
anthropometric examination was performed according to
the scheme of Bunak V. V. [6].

The diagnosis of eczema was performed according to
the nomenclature ICD-10 (https://zakononline.com.ua/
documents/show/116857_531218).

As the control was used anthropometric data of 82
practically healthy men of the same age group, which were
selected from the database of the research center National
Pirogov Memorial Medical University, Vinnytsya.

Construction of discriminant models of the possibility of
occurrence and features of the course of different forms of
eczema depending on the anthropometric parameters of the
body was carried out in the license package "Statistica 5.5".

Results

When dividing sick men into true eczema of mild and
severe course and microbial eczema of mild and severe
course, taking into account the structure and size of the body,
the discriminant function is correct in 76.0% of cases. It was
found that between healthy and sick men discriminant
variables are shoulder width, transverse mid-chest diameter,
skinfold thickness (SFT) on the back of the shoulder, SFT on
the side, SFT on thigh, intercristal distance, SFT on the
forearm and SFT at the lower angle of the shoulder blade,
among whose greatest contribution to discrimination is
shoulder width. In general, the totality of all anthropometric
variables has a pronounced (Wilks' Lambda
statistics=0.074; p<0.001) discrimination between healthy
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and sick men with different forms of eczema.

The determined coefficients of classification discriminant
functions make it possible to determine the classification
index (Df), which allows to classify anthropo-
somatotymphological indicators as "typical" for healthy or
patients with different forms of eczema of different courses
of men. In the form of equations, the definition of the indicator
Df is given, where reference to healthy men is possible at
the value of Df close to 197.7; to men with true eczema of
mild course - at a value of Df close to 177.1; to men with true
eczema of severe course - with a Df value close to 186.7; to
men with mild microbial eczema - at a Df value close to
170.4; to men with severe microbial eczema - with a Df value
close to 174.6:

Df (for healthy men) = shoulder width x 6.122 - transverse
middle thoracic diameter x 1.450 + SFT on the back of the
shoulder x 1.183 - SFT on the side x 1.996 + SFT on the
thigh x 0.302 + intercristal distance x 6.711 + SFT on the
forearm x 0.783 - SFT at the lower angle of the scapula x
1.051-197.7;

Df (for men with true eczema of mild course) = shoulder
width 3.759 - transverse middle thoracic diameter x 0.234 -
SFT on the back of the shoulder x 1.335 - SFT on the side x
1.050 - SFT on the thigh x 0.259 + intercristal distance x
7.986 + SFT on the forearm x 3.308 - SFT at the lower angle
of the scapula x1.719-177.1;

Df (for men with true severe eczema) = shoulder width x
4.017 - transverse middle thoracic diameter x 0.202 - SFT
on the back of the shoulder x 1.186 - SFT on the side x0.885
- SFT on the thigh x 0.446 + intercristal distance x 7.975 +
SFT on the forearm x 3.045 - SFT at the lower angle of the
scapula x 1.782 - 186.7;

Df (for men with microbial eczema of mild course) =
shoulder width x 3.885 - transverse middle thoracic diameter
0.087 - SFT on the back of the shoulder x 1.271 - SFT on the
side x0.820 - SFT on the thigh x0.221 + intercristal distance
X 7.414 + SFT on the forearm x 3.000 - SFT at the lower
angle of the scapula x 1.703 - 170.4;

Df (for men with severe microbial eczema) = shoulder
width x 4.069 - transverse middle thoracic diameter x 0.110
- SFT on the back of the shoulder x 0.989 - SFT on the side
x 0.701 - SFT on the thigh x 0.382 + intercristal distance x
7.336 + SFT on the forearm x 2.273 - SFT at the lower angle
of the scapula x 1.696 - 174.6;

where (here and hereafter), transverse dimensions - in
cm; SFT dimensions - in mm.

The statistical significance of all discriminant functions
was determined using the criterion x2. It is established that
taking into account anthropo-somatotypological indicators,
a reliable interpretation of the obtained classification
indicators is possible only between healthy and sick men.

When sick men are divided only into truth and microbial
eczema, the discriminant function is correct in 87.7 % of
cases. It was found that between healthy and sick men
discriminant variables are shoulder width, transverse mid-
chest diameter, SFT on the back of the shoulder, SFT on the

side, SFT on thigh, intercristal distance and SFT on shin,
among which the greatest contribution to discrimination is
shoulder width. In general, the totality of all anthropometric
variables has a pronounced (Wilks' Lambda
statistics=0.088; p<0.001) discrimination between healthy
and true men and patients with microbial eczema.

In the form of equations, the definition of the indicator Df
is given, where reference to healthy men is possible at the
value of Df close to 192.7; to men with true eczema - with a
Df value close to 170.0; to men with microbial eczema - with
a Df value close to 161.7:

Df (for healthy men) = shoulder width x6.038 - transverse
middle thoracic diameter x 1.668 + SFT on the back of the
shoulder x 1.291 - SFT on the side x 2.779 + SFT on the
thigh x 0.035 + intercristal distance x 6.416 + SFT on the
shin x0.957 - 192.7;

Df (for men with true eczema) = shoulder width x 3.949
- transverse middle thoracic diameter x 0.532 - SFT on the
back of the shoulder x 0.436 - SFT on the side x 2.210-SFT
on the thigh x 1.149 + intercristal distance x 7.310 + SFT on
the shin x2.039 - 170.0;

Df (for men with microbial eczema) = shoulder width x
3.927 - transverse middle thoracic diameter x 0.412 - SFT
on the back of the shoulder x0.425 - SFT on the side x1.994
- SFT on the thigh x 0.945 + intercristal distance x 6.868 +
SFT on the shin x 1.800 - 161.7.

Using the criterion 2, it is established that taking into
account anthropo-somatotypological indicators, a reliable
interpretation of the obtained classification indicators is
possible not only between healthy and sick men, but also
between men with various forms of eczema.

At distribution of sick men only on eczema of mild or
severe course, discriminant function is correct in 84.4 % of
cases. It was found that between healthy and sick men
discriminant variables are shoulder width, transverse mid-
chest diameter, SFT on the back of the shoulder, SFT on the
side, SFT on thigh, SFT on the forearm and SFT at the lower
angle of the shoulder blade, among which the greatest
contribution to discrimination is width shoulders. In general,
the set of all anthropometric variables has a pronounced
(Wilks' Lambda statistics=0.088; p<0.001) discrimination
between healthy and mild to severe eczema patients.

In the form of equations, the definition of the indicator Df
is given, where reference to healthy men is possible at the
value of Df close to 154.4; to men with mild eczema - with a
Df value close to 114.7; to men with severe eczema - with a
Df value close to 122.7:

Df (for healthy men) = shoulder width x 7.040 +
transverse middle thoracic diameter x 0.673 + SFT on the
back of the shoulder x1.917 - SFT on the side x1.110 + SFT
on the thigh x0.453 - SFT on the forearm x2.141 - SFT atthe
lower angle of the scapula x 0.547 - 154 .4;

Df (for men with mild eczema) = shoulder width x 4.817
+ transverse middle thoracic diameter x 2.302 - SFT on the
back of the shoulder x0.513 + SFT on the side x0.105-SFT
on the thigh x 0.062 - SFT on the forearm x0.124 - SFT at the
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lower angle of the scapula x 1.134 - 114.7;

Df (for men with severe eczema) = shoulder width x
5.060 + transverse middle thoracic diameter x 2.294 - SFT
on the back of the shoulder x 0.306 + SFT on the side x
0.227 - SFT on the thigh x 0.254 - SFT on the forearm x 0.579
- SFT at the lower angle of the scapula x 1.185- 122.7.

Using the criterion 2, it is established that taking into
account anthropo-somatotypological indicators it is possible
to reliably interpret the obtained classification indicators
between healthy and sick men, and between men with mild
or severe eczema there is only a slight tendency to interpret
the obtained classification indicators.

Discussion

Thus, when dividing sick men into true eczema of mild
and severe course and microbial eczema of mild and
severe course, it was found that possible reliable (p<0.001)
interpretation of the obtained classification indicators only
between healthy and groups of sick men (discriminant
function is correct in 76.0 % cases, statistics Wilks'
Lambda=0.074); when dividing sick men only into truth and
microbial eczema - a reliable interpretation of the obtained
classification indicators is possible not only between
healthy and sick (p<0.001), but also between patients with
various forms of eczema (p<0.05) men (discriminant
function is correct in 87.7 % cases, statistics Wilks'
Lambda=0.088); in the distribution of sick men only on
eczema of mild or severe course - possible reliable
(p<0.001) interpretation of the obtained classification
indicators between healthy and sick men, and between
patients with eczema of mild or severe course - only a
slight trend (p=0.088) the possibility of interpretation of the
obtained classification indicators (discriminant function is
correctin 84.4 % of cases, Wilks' Lambda statistics=0.088).

Discriminant models in the distribution of patients with
true eczema of mild and severe course and microbial
eczema of mild and severe course include body diameters
(37.5 %) and SFT (62.5 %); in the distribution of sick men
only for truth and microbial eczema - body diameters
(42.9 %) and SFT (57.1 %); in the distribution of sick men
only on eczema of mild or severe course - also body diameters
(28.6 %) and SFT (71.4 %). Moreover, the greatest
contribution to discrimination between groups of healthy and
sick (regardless of the division into groups of patients) men
makes the width of the shoulders. The obtained results
(percentage of inclusion in the models of torso and pelvic
diameters) indicate a higher genetic predisposition [16] of
the form, rather than the course of this multifactorial disease.

Data from foreign studies on the study of constitutional
markers in skin diseases are very encouraging [12]. Egyptian
researchers found a statistically significant difference
between waist circumference and diastolic blood pressure,
which can be used to predict the severity of acne [1].

5249 cases of rosacea in American women were
analyzed. It was found that the higher risk of this pathology
in persons with elevated values of body mass index and

waist circumference and thighs (p,..,<0.0001) [14].

At the same time, Iranian scientists, when examining
adolescents with acne, found no significant correlations with
such indicators as body mass index, waist circumference,
systolic and diastolic pressure, sugar levels, total cholesterol
(P>0.05) [19].

Studies concerning the study of atopic dermatitis strongly
suggest the existence of a relationship between
anthropometric parameters and the risk of disease [12]. Thus,
a massive review of literature sources, covering a total of 90
thousand people, showed that elevated human body mass
index is associated with an increased risk of atopic dermatitis
[2]. In another publication, which analyzed the data of 30
studies, this information is also confirmed, but a significant
correlation was found in studies conducted on populations
in North America and Asia, but not in Europe [23].

Budu-Aggrey A. and co-authors [5] found that an increase
in body mass index increases the risk of eczema (8 % 5
units higher than BMI; OR=1.02 (1.00 to 1.03) per 1 kg/m?;
p=0.09).

Changes in body mass index at the age of 1 to 4 years
and high physical activity in combination with changes in
body weight index at the age of 6-10 years are positively
correlated with the risk of atopic dermatitis at 10.8 years [7].

A group of scientists led by Hu Y. [13] found a relationship
between the risk of atopic dermatitis and the index of body
mass index, waist circumference, the percentage of body
fat. This connection was especially seen in young women.
Another study in the United States also found an association
between obesity and the risk of eczema in children [21].

The study, which covered 266 people from Harbin (PRC),
found that all components of the atopic triad also correlated
positively with elevated body mass index values (OR=3.2,
95 % CI: 1.8, 5.7). For atopic dermatitis in particular OR=2.7,
95 % Cl: 1.2,6.3[15].

The results obtained during our study, as well as data
from the scientific literature, confirm the prospects of using
anthropometric research methods to predict the possibility
and features of various multifactorial diseases, including
eczema.

Conclusion

1. Developed on the basis of anthropometric parameters
of the body reliable discriminant models allow with a high
probability to predict only the possibility of occurrence and
form of eczema in men.

2. The composition of the constructed discriminant
equations in all groups of men (in the distribution of patients
with true eczema of mild and severe course and microbial
eczema of mild and severe course; in the distribution of
patients only for true and microbial eczema; in the distribution
of patients with only eczema of mild or severe course) most
often include SFT (62.5 %, 57.1 % and 71.4 %, respectively)
and body diameters (37.5 %, 42.9 % and 28.6 %, respectively).

3. Shoulder width makes the largest contribution to
discrimination in all groups of men.
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OUCKPUMIHAHTHI MOLESI MOXNMUBOCTI BAHUKHEHHS TA OCOBJIMBOCTEN NEPEBITY PI3HUX ®OPM EK3EMWU Y
YONOBIKIB B 3ANEXHOCTI Bi1 OCOBJIMBOCTEN AHTPOMOMETPUYHUX MOKA3HUKIB

Anb-Omapi Ana'a Ocama Axmad, Badsiok C.H., WikonsHikoe B.C., lpokoneHko C.B., lyHac I.B.

Ek3ema € 3axeoprosaHHsIM WKipu 3 6azamoepaHHO KITIHIYHOK KapmUHO, YUCIIEHHUMU ghopMamu rposisy ma nepebiay i, wo He MeHw
8aXJ/1UBO, MaKo namorsoeieto, kKompa MoOuiKye Xumms AOUHU ma 4acmo euMaza€e 3MIiHU Crocoby XUummsi i3 MOHUXEHHSIM lio20
ssKocmi. BusieneHHs1 Npo2HOCMUYHUX O3HaK Orsi MPO2HO3y8aHHS BUHUKHEHHSI ma msixkocmi nepebicy 0aHO20 3ax80pto8aHHS €
nepwoyepeosoro 3adayero 0718 cyyacHoi Hayku. Mema docnidxeHHs - nobydyeamu ma nposecmu aHania OucKpuMiHaHmMHux modernel
MOoXugocmi BUHUKHEHHS1 ma ocobriugocmet nepebiey pisHUX ¢hopm ex3eMu 8 yKpaiHCbKUX YOrT08iKi8 rnepLioeo 3pifioeo 8iKy 8 3anexHocmi
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8i0 ocobnusocmel aHmMpornoMempu4yHUX napamempie mina. Yonosikam, sikom gid 22 0o 35 pokis, xgopuMm Ha icmuHHy (n=34, ceped
sAKkux 16 i3 neekum nepebicom i 18 i3 msxkkum nepebicom) ma mMikpobHy (n=38, ceped sikux 28 i3 neekum nepebicom i 10 i3 MsKKUM
nepebizom) ek3emy, MposedeHo aHmporomempuyHe obcmexeHHs 8idnosidHo 0o cxemu byHaka B.B. BcmaHoerneHHs1 OiazHO3y ek3emu
npoeodusu 32i0Ho HomeHKknamypu MKX-10. KoHmponbHy (3a aHmpornomempuyHuUMuU daHUMu) 2pyry cmaHo8unu 82 rnpakmu4yHo 300posux
4osiosiKie aHanoeidyHo20 8iKy, kompi 6ynu 8idibpaHi 3 6aHKy daHuUX Hayko8o-00CiOHO20 ueHmpy BiHHUUbKO20 HayioHarbHO20 MeOUYH020
yHigepcumemy im. M.I.[Mupozosa. Nobydosa OuckpumiHaHmMHUX modenel MOXIueocmi 8UHUKHEHHsT ma ocobnueocmeli nepebiey
Pi3HUX ¢hOpM eK3eMu 8 3anexHocmi 8i0 aHmMpPONoMempUYHUX Napamempis mina nposedeHa 8 niyeH3itiHomy nakemi "Statistica 5.5".
BcmaHoerneHo, wo npu po3nodifii X8OpUX HO/08IKI8 Ha iICMUHHY eK3eMy 5ieeko20 i msxko20 nepebicy ma MiKpObHY ek3emy 51e2ko20 i
msikko20 nepebiey moxnusa nuwe 0ocmosipHa iHmeprnpemauis ompumMaHux MokasHuKie Knacugikauii mixx 30oposumu ma epynamu
xeopux (¢pyHkuis kopekmHa 8 76.0% esunadkis, cmamucmuka Wilks' Lambda=0,074); npu po3nodini xgopux 4osos8ikie nuwe Ha
icmuHHy ma MiKpobHy ek3eMy - Moxrnuea docmosipHa iHmeprpemauis ompuMaHUX Moka3HuKie knacudikauyii sk mix 30oposumu ma
X8opuMu, makK i MK X80pUMU Ha iCmMUHHY ma MIKpObHY ek3emy (byHKuis KopekmHa 8 87.7% eunadkie, cmamucmuka Wilks'
Lambda=0.088); npu po3nodini xeopux 4orio8iKie nuwe Ha ek3emy rieekoeo abo msxkoz2o nepebiey - Moxnuea docmosipHa
iHmeprpemauiss ompuMaHuXx MoKasHUKI8 Kracugikauii Mix 300po8uUMU ma X80pUMU YOMOBIKaMu, a MK X80pUMU Ha eK3eMy /1e2Ko20
abo mskkozo nepebicy nuwe He3HadyHa meHOeHUis MoXueocmi iHmeprnpemauii ompumMaHux rokasHukie Knacugikayii (pyHKYis
KkopekmHa y 84.4% eunadkie, cmamucmuka Wilks' Lambda = 0.088). [o cknady nobydosaHux OUCKPUMIHAHMHUX PISHSIHb 8 YCiX
sunadkax Haubinbw 4Yacmo exo0simb MOBUWUHAa WKIPHO-KUPOo8UX CKnadoK (8idnogioHo 62.5%, 57.1% i 71,4%) i diamempu mina
(8i0r108idHO 37.5%, 42.9% i 28.6%). OmpumaHi pe3ynbmamu nidmeepdxyombs nepcrnekmusHiCme 8UKOPUCMaHHSI aHmMPOornoMempu4yHUX
memodie docnioxeHHs1 O POeHO3y8aHHsI MOXugocmel 8UHUKHEHHs1 ma ocobnueocmeli nepebiey ekzemu.

KnroyoBi cnoBa: ek3ema, aHmpornoMempuyHi napamempu mina, OUCKPUMIHaHMHULU aHari3, Yos/108iKu.
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Fractal analysis estimates the metric dimension and complexity of the spatial
configuration of different anatomical structures. This allows the use of this mathematical
method for morphometry in morphology and clinical medicine. Two methods of fractal
analysis are most often used for fractal analysis of linear fractal objects: the Box
counting method (Grid method) and the Caliper method (Richardson's method, Perimeter
stepping method, Ruler method, Divider dimension, Compass dimension, Yard stick
method). The aim of the research is a comparative analysis of two methods of fractal
analysis - Box counting method and author's modification of Caliper method for fractal
analysis of linear contours of anatomical structures. A fractal analysis of three linear
fractals was performed: an artificial fractal - a Koch snowflake and two natural fractals
- the outer contours of the pial surface of the human cerebellar vermis cortex and the
cortex of the cerebral hemispheres. Fractal analysis was performed using the Box
counting method and the author's modification of the Caliper method. The values ofthe
fractal dimension of the artificial linear fractal (Koch snowflakes) obtained by the
Caliper method coincide with the true value of the fractal dimension of this fractal, but
the values of the fractal dimension obtained by the Box counting method do not match
the true value of the fractal dimension. Therefore, fractal analysis of linear fractals
using the Caliper method allows you to get more accurate results than the Box counting
method. The values of the fractal dimension of artificial and natural fractals, calculated
using the Box counting method, decrease with increasing image size and resolution;
when using the Caliper method, fractal dimension values do not depend on these image
parameters. The values of the fractal dimension of linear fractals, calculated using the
Box counting method, increase with increasing width of the linear contour; the values
calculated using the Caliper method do not depend on the contour line width. Thus, for
the fractal analysis of linear fractals, preference should be given to the Caliper method
and its modifications.

Keywords: fractal analysis, morphometry, linear contour, Caliper, Box counting.

Introduction

Fractal analysis has been increasingly used as a
morphometric method in morphology and clinical medicine
for the last few decades [3, 4]. This method of mathematical
analysis provides a quantitative assessment of the metric
dimension and complexity of the spatial configuration of
different anatomical structures [12, 13]. Fractal analysis is
based on fractal geometry, which characterizes the structure
and spatial organization of fractals [12, 13, 14]. Afractal is a
mathematical set or object characterized by self-repetition,
self-similarity and large-scale invariance (part of the object
partially or completely repeats the structure of the object as
a whole, the structure of the object at different scales is
similar) [1, 10, 12, 13, 14].

Fractals based on clear mathematical algorithms are
called mathematical or artificial. Some natural objects
(including the anatomical structures of the human body)
have the properties of fractals, but their structure, unlike
artificial fractals, is not mathematically regulated. Such
structures are called natural fractals or quasi-fractals [12,
13, 14]. Artificial and natural fractals can be different in
structure. Among the structures of the human body are often
linear fractals, most often linear contours of various objects
and structures, which in two-dimensional images are
represented by curved or broken lines of different
configurations (fibers, membrane cross-sections, outer
and inner linear contours of various structures and
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pathological cells, etc.). Fractal analysis of linear contours
of anatomical structures (outer contour characterizing the
surface of the anatomical structure or inner contour
characterizing the inner surface of a hollow organ or cavity
inside the anatomical structure) allows to quantify the
features of their spatial configuration: the more complex
the linear contour of the formation (for example, the contour
has a wavy, twisted, broken configuration, etc.), the more
complex is the spatial configuration of the anatomical
structure as a whole.

Fractal properties of different objects can be quantified
using fractal dimension (FD, fractal index). The fractal
dimension determined on two-dimensional images can
vary from 1to 2[5, 6, 12, 13, 14]. Box counting (Grid Method)
is most often used for fractal analysis of linear objects in
medicine and morphology due to its simplicity and versatility
[2, 7, 8, 18, 21]. In addition, the classic method used for
fractal analysis of linear contours is the Caliper method
(Richardson's method, Perimeter stepping method, Ruler
method, Divider dimension, Compass dimension, Yard
stick method) [5, 6, 11, 17, 19, 20, 23, 24]. However, in
medicine, due to routine and lack of accuracy, this method
is used much less often than the method of counting
squares [11, 23]. In some studies, both methods of fractal
analysis (Box counting and Caliper) were used in different
modifications [17, 19, 20, 24] and a comparative analysis
of Box counting and other methods of fractal analysis was
performed [5, 6].

We developed our own modification of the Caliper
method, adapted for use in morphology as a morphometric
method [15] and used it for fractal analysis of the linear
contour of the cerebellum [16]. In this paper, a comparison
of two methods of fractal analysis for the selection of optimal
techniques for morphometric study of linear contours of
anatomical structures.

The aim of the study is a comparative analysis of two
methods of fractal analysis - Box counting method and the

author's modification of the Caliper method for fractal
analysis of linear contours of anatomical structures.

Materials and methods

The study was conducted in compliance with the basic
bioethical provisions of the Council of Europe Convention
on Human Rights and Biomedicine (April 4, 1997), the
Helsinki Declaration of the World Medical Association on
Ethical Principles for Human Scientific Research (1964-
2008), as well as the order of the Ministry of Health of Ukraine
Ne690 of 23.09.2009. The conclusion of the Commission
on Ethics and Bioethics of Kharkiv National Medical
University confirms that the study was conducted in
compliance with human rights, in accordance with current
legislation in Ukraine, meets international ethical
requirements and does not violate ethical standards in
science and standards for conducting biomedical research
(minutes of the meeting of the Commission on Ethics and
Bioethics of KhNMU Ne10 dated November 7, 2018).

Three linear fractal objects were chosen as objects for
comparative analysis of two methods of fractal analysis
(Fig. 1): artificial (mathematical) fractal - Koch snowflake,
which is a classic example of a linear fractal [1, 10, 12, 13,
14] (the fourth iteration was chosen for the study), and two
natural fractal objects - the outer contours of the pial surface
of the human cerebellar cortex and the cortex of the cerebral
hemispheres. The pial surface of the cerebral cortex and
the surface of the brain are traditionally considered as a
self-similar complex fractal structure [9], and its study is of
great importance for clinical neuroscience [3, 4, 7, 8], so
different areas of the cerebral cortex (namely - its external
linear contours on two-dimensional MR images) were
selected for the study.

For fractal analysis of the external linear contours of the
cerebellar cortex and cerebral hemispheres, magnetic
resonance (MR) tomograms of the brains of persons who
did not have structural changes in the brain were used.

A B

C

Fig. 1. Linear fractal objects used for fractal analysis: A - Koch snowflake, B - outer linear contour of the human cerebellar cortex, C -
outer linear contour of the cortex of the human cerebral hemispheres.
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Magnetic resonance imaging was performed using a
magnetic resonance imaging with a magnetic induction value
of 1.5 T. MR images of the cerebellum in sagittal projection
were used for fractal analysis of the linear contour of the
cerebellar vermis, and MR images in coronal projection were
used to analyze the contour of the cerebral cortex.

Preliminary preparation of digital images for the two
methods of fractal analysis (Caliper and Box counting) was
performed in the same way. Adobe Photoshop CS5 created
images with a resolution of 128 pixels per inch with the
following dimensions: to study the contour of the cerebellum
and Koch's snowflake, the image size was 128x128 pixels,
the contour of large hemispheres - 512x400 pixels. A fragment
of a digital MR image of the brain containing the structure
under study, or a digital image of a Koch snowflake, was
placed in the resulting rectangle. Subsequently, to determine
the effect of scale and resolution on the fractal dimension, the
image resolution was doubled (from 128 to 256 pixels per
inch) and quadrupled (up to 512 pixels per inch), with linear
image sizes varying in proportion to the resolution.

After preliminary preparation, fractal image analysis was
performed. The methods of the two fractal analysis methods
analyzed in this paper were described earlier: the Box
counting method is a classic method used in the vast
majority of studies using fractal analysis [2, 5, 6, 7, 8, 18, 21],
the author's modification of the Caliper method described in
our previous work [15] and used to study the cerebellum
[16]. But we consider it expedient to give a general description
of the two methods of fractal analysis in this paper to better
understand the results.

Different methods of fractal analysis involve the use of
fractal measurement units (fractal measurement units),
which cover the object under study [5, 6, 12, 13, 14, 15, 18,
20, 21, 24]. Fractal measures can be linear segments,
squares, cubes and other geometric shapes. The type of
fractal measure is determined by the peculiarities of the
method and the object under study. Fractal analysis always
includes several stages, in which an iterative (repeated and
uniform) change in the size of the fractal measure (S) is
performed; most often it is a doubling or halving of the linear
size of a fractal measure (for example, doubling or halving
the length of a fractal linear segment or each side of a fractal
square). At each stage of fractal analysis, the value of N is
calculated - the minimum number of fractal measures that
allow you to completely cover (cover, fit) the object under
study. Then the natural logarithms of two numbers are
calculated: N and 1/S - numbers, the inverse of the fractal
measure (Ln (N) and Ln (1/S)). Then calculate the linear
regression equation of the dependence of Ln(N) on Ln (1/
S), the value of the fractal dimension is equal to the slope of
the direct regression relative to the abscissa [5, 6, 12, 13,
14, 15, 16]. The value of the fractal dimension can be
calculated by the formula:

FD = b

2(in) - )

where FD is the fractal dimension, S is the relative
size of the fractal measure, N is the number of fractal
measures covering the structure under study (cited
according to [16] with changes).

But, despite the similarities, the two methods of fractal
analysis have fundamental differences.

Method of counting squares (Box counting). For fractal
analysis with the help of the Box counting method an
additional stage of preliminary image preparation is
performed: with the help of a graphic editor a linear contour
is selected and a line is drawn, which is necessary for
further image analysis. Since the contour is studied, and
not the structure as a whole, it is advisable to use the
outline of the contour with a line of the minimum possible
width, which for digital raster images is 1 pixel (Fig. 2). In
addition, a 2-6 pixel-wide contour outline was used to
determine the effect of linear contour width on fractal
dimension values.

After delineation, the fractal analysis is performed
according to the classical method of Box counting [5, 6]. A
fractal grid is superimposed on the image, which divides
the image into rectangles. In the first stage, the fractal
grid lines divide each side of the image in half, and the
size of the fractal measure (S) at this stage is 1/2. The
size of the sides of the squares of the fractal grid decreases
several times, so the value of S in the second stage is
1/4, the third - 1/8, the fourth - 1/16, the fifth - 1/32 (see Fig.
2). The fractal measure size for the Box counting method
is also called box size (box edge size) [5, 6].

At each stage of fractal analysis, the number of fractal
measures covering the contour (N) is determined by
counting the number of squares containing fragments of
the studied structure (in the study of delineated images -
the contour of the studied structure) (see Fig. 2) [5, 6].

Fractal analysis using the method of Box counting in
this study was performed automatically using the program
Image J [22], the following values of S (box size) were
selected: 1/2, 1/4, 1/8, 1/16, 1/32, 1/64, 1/128.

Caliper method. The classic version of the Caliper
method uses a one-dimensional fractal measure - a
linear segment. A linear object is covered with a broken
line consisting of linear segments of a certain length and
the number of these segments is counted (N). Then their
length is increased or decreased twice and the number
of fractal measures is counted again [5, 6, 12, 13, 14, 15,
20, 21, 24]. This method in the classic version is routine,
because the calculation is done manually.

In our proposed author's modification of the Caliper
method [15, 16], the analysis is performed automatically
using Adobe Photoshop CS5. This technique includes
the following steps. After preliminary preparation on the
investigated image the linear contour by means of the
tool "selection" is allocated. Unlike the method of counting
squares, this method does not require outlining a line.
After selection, the length of the contour in pixels (P) is
measured using the tool "analysis" (Fig. 3) [15, 16].
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Fig. 2. Fractal analysis of the linear contour of the cerebellum using the method of Box counting. A - delineation of the linear contour of
the object under study; B-F - stages of fractal analysis using a fractal grid: B - 1st stage of fractal analysis, S (box size) 1/2; C - 2nd stage
of fractal analysis, S (box size) 1/4; D - 3rd stage of fractal analysis, S (box size) 1/8; E - 4th stage of fractal analysis, S (box size)

1/16; F - 5th stage of fractal analysis, S (box size) 1/32.

The minimum possible length of linear segments that
can cover a linear contour on a digital bitmap image is 1
pixel. In the subsequent stages, as in the classic version
of this method, the length of the linear segment is doubled
several times. The modification developed by us allows
to automate and simplify calculation by smoothing of a
contour. Smoothing removes small bends from the
contour that cannot be fractally covered with a radius larger
than the radius of these bends. In the classical version of
the Caliper method, those curves of the contour that have
a radius less than the length of the fractal measure will
not be covered by such linear segments. For example, if a
contour has curves with a radius of 1 pixel, a fractal
measure 2 pixels long will not cover those curves.
Therefore, smoothing allows you to automatically modify
the contour and get a result comparable to the classic
version of the Caliper method. Gradual smoothing of the
contour is performed starting from the second stage of
fractal analysis using the tool "smoothing", followed by

measuring the length of the contour after each smoothing.
In the second stage, for images with a resolution of 128
pixels per inch, the anti-aliasing radius is 2 pixels, in the
third stage - 4 pixels, in the fourth - 8 pixels, in the fifth - 16
pixels; the absolute length of the fractal segment (Sa)
coincides with the smoothing radius and in the second
stage of fractal analysis is 2 pixels, in the third - 4, in the
fourth - 8 and in the fifth - 16 pixels (see Fig. 3) [15, 16].

When resizing an image, the smoothing radius and
the absolute size of the fractal measure should be scaled
in proportion to the change in resolution and image size.
Fractional values that characterize the relative size of the
fractal measure (S) do not depend on the image resolution
and are in the first stage - 1/16, the second stage - 1/8, the
third - 1/4, the fourth - 1/2, the fifth - 1. The number of
fractal measures covering the studied contour (N) is
defined as the ratio of P - contour length in pixels to S_ -
the absolute size of the fractal measure in pixels: N=P/S_
[15].
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Fig. 3. Fractal analysis of the linear contour of the cerebellum using the Caliper method in the author's modification (described in [15]). A
- selection of the linear contour of the object under study (contour delineation is used for clarity); B - 1st stage of fractal analysis, linear
contour smoothing was not used, S=1; C-F - stages of fractal analysis using contour smoothing: C - 2nd stage of fractal analysis, S=
1/2; D - 3rd stage of fractal analysis, S=1/4; E - 4th stage of fractal analysis, S=1/8; F - 5th stage of fractal analysis, S=1/16. This
modification was used by us for fractal analysis of the linear contour of the cerebellum [16].

Results

Initially, a fractal analysis of images with a resolution of
128 pixels per inch was performed. The values of the fractal
dimension of the studied linear fractals, obtained using
two methods of fractal analysis, did not match. Thus, the
value of FD contour of the cerebellum, obtained using the
method of Box counting, was 1.690, the method of Caliper
- 1.501; the value of FD contour of the cortex of the cerebral
hemispheres, obtained by the method of Box counting, was
1.125, the method of Caliper - 1.403. The values of the
fractal dimension of these natural fractals are not known in
advance, so in addition to these objects to validate the
accuracy of measurements will be studied artificial fractal
- Koch snowflake, the value of the fractal dimension of which
is constant and therefore - known in advance (FD=Ln(4)/
Ln 3)~1.26). The FD value of the Koch snowflake (fourth
iteration) obtained using the Box counting method was
1.188, the Caliper method was 1.266. Therefore, the Caliper

method in the study of images with a resolution of 128
pixels per inch allows to obtain a value of fractal dimension,
which coincides with the true value of FD of the artificial
linear fractal.

However, the resolution and size of the images used
for analysis can vary significantly. Therefore, the influence
of image size and resolution on fractal dimensional values
was also studied. To do this, the same images were
studied, but with three different resolution values: 128 pixels
per inch (scale 1), 256 pixels per inch (scale 2) and 512
pixels per inch (scale 3) (Fig. 4). The dimensions of the
images of the linear contour of the cerebellum and Koch's
snowflake were 128x128 pixels (scale 1, small image size),
256x256 pixels (scale 2, medium size) and 512x512 pixels
(scale 3, large size); the dimensions of the images with
the linear contour of the cortex of the cerebral hemispheres
were 512x400 pixels (scale 1, small image size), 1024x800
pixels (scale 2, medium size) and 2048x1600 pixels (scale
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Fig. 4. Linear contour of the cerebellum in images with different resolutions: A- 128 pixels per inch, B - 256 pixels per inch, C - 512 pixels
per inch. The outline of the line with the smallest possible value of width - 1 pixel is applied.
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Fig. 5. Fractal dimensional (FD) values determined on images with different resolutions and sizes using Caliper and Box counting

methods. Scale 1 - resolution of 128 pixels per inch, scale 2 - resolution of 256 pixels per inch, and scale 3 - resolution of 512 pixels per

inch.

3, large size). The smoothing radius values for the Caliper
method and the absolute dimensions of the fractal
measures for both fractal analysis methods changed in
proportion to the change in the image resolution; the relative
dimensions of fractal measures when scaling the image
remained unchanged.

As can be seen from Figure 5, the FD values of the
three studied fractals determined by the Box counting
method decrease with increasing resolution and image
size, and the FD values determined by the Caliper method

remain virtually unchanged when these image parameters
change. The FD values of the artificial fractal (Koch
snowflakes) determined by the Caliper method on images
of different sizes coincide with the true FD values of this
fractal, in contrast to the FD values determined by the Box
counting method. Therefore, the results obtained using
the Caliper method are virtually independent of image size
and resolution, which allows you to use this method to
analyze linear contours on images of different sizes and
with different resolutions.
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Fig. 6. Linear contour of the cerebellum, outline of the outer contour with a line of different width: A- 1 pixel; B - 2 pixels, C - 3 pixels, D
- 4 pixels, E - 5 pixels, F - 6 pixels. Image resolution - 256 pixels perinch (image size 256x256 pixels).

The difference in fractal dimension values determined
by the Box counting method on images of different sizes
and resolutions is due to the different relative widths of the
contour line. For all three values of the resolution it is
necessary to outline the contour with a line, using the
minimum possible value - 1 pixel. However, for a 128x128
pixel image, 1 pixel will be 1/128 of the square of the image,
for a 256x256 pixel image, 1 pixel will be 1/256 side, and
for a 512x512 pixel image, 1/512 (see Figure 4). Therefore,
under the same absolute width of the contour, the relative
width of the contour decreases with increasing image size,
which causes a difference in the values of the fractal
dimension.

The next step was to study the effect of the absolute
width of the line used to delineate the contour on the value
of the fractal dimension. Because the Caliper method does
not provide contour delineation, the effect of line width on
fractal dimension values has only been studied for the Box
counting method. During the preliminary preparation of the
images, contours were drawn with lines from 1 to 6 pixels

wide (Fig. 6). For the contour of the cerebellum and the
Koch snowflake, the average image size was selected
(256x256 pixels, resolution 256 pixels per inch, scale 2),
for the contour of cerebral hemispheres - small size
(512x400 pixels, resolution 128 pixels per inch, scale 1).
As can be seen from Figure 7, as the contour width
increases, the fractal dimension of the three objects studied
increases. That is, the value of the fractal dimension
determined by the method of Box counting is affected not
only by the complexity of the spatial configuration of the
linear fractal, but also the width of the linear contour.

Discussion

Taking into account the results of comparative analysis
of two methods of fractal analysis of linear contours of
artificial and natural linear fractals, we can conclude that
the FD values determined by Box counting are significantly
influenced by both relative and absolute line widths of the
studied linear fractal. Our conclusions are consistent with
the data of King R.D., etc.: when performing fractal analysis
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Fig. 7. Fractal dimensional (FD) values determined on images with different linear contour widths using the Box counting method. For
comparison, the FD values obtained using the Caliper method on images with identical size and resolution are given.

of the cerebral cortex using the method of Box counting, it
was found that the thickness of the cortex has an effect on
the value of FD, comparable to the effect of girification index,
which characterizes the severity, complexity and number of
convolutions of the cortex [8].

The method of Box counting in the two-dimensional
version involves the use of a two-dimensional fractal
measure - fractal squares. Therefore, the value of the fractal
dimension is influenced not only by the length of the line,
but also its width: the greater the width of the line, the more
squares of the fractal grid this line will fall, the greater the
value of the fractal dimension. Therefore, it is better to use
the Box counting method to study objects that are close in
configuration to the plane, or in cases where not only the
length and complexity of the fractal line configuration but
also its width must be taken into account. For example,
atrophic changes in the cerebral cortex lead not only to
smoothing the surface of the cortex, but also to reducing its
thickness [7, 8].

Unlike the Box counting method, the Caliper method
involves the use of a one-dimensional fractal measure that
takes into account only one linear fractal size, namely its
length. The width of the fractal line is not taken into account,
which eliminates the effect of both the absolute width of the
line and the relative width of the linear contour, which may
differ in images of different sizes. Contour delineation is a
necessary step in the preliminary preparation of images

for the study of contours using the method of Box counting.
But the images studied can have different quality, size and
resolution, so the line width is difficult to standardize. The
Caliper method does not require standardization of the
image pre-algorithm and selection of the optimal line width,
as contour delineation is not used. Therefore, the Caliper
method is optimal for fractal analysis of linear fractals,
especially in cases where you want to assess the complexity
of the spatial configuration of the fractal line, leveling its
width.

The two methods of fractal analysis analyzed in this
work were used in our previous work to study the external
linear contour of the cerebellum [16], fractal dimension
values determined by two methods on 30 MR images of
cerebellar vermis did not differ statistically significantly.

Both methods of fractal analysis in the classical version
(Ruler (Caliper) and Box counting) were used to analyze
the linear contours of benign and malignant breast tumors
to interpret the results of mammography [17, 19], fractal
dimension values obtained by two methods were close,
but differed significantly in the contours of benign and
malignant tumors, so both methods of fractal analysis
allowed to reliably differentiate benign and malignant
tumors.

In neuromorphological studies of the dendritic tree of
neurons, a modified Richardson method (Caliper) was
used in comparison with the Box counting method [20, 24].
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In these studies, the dendritic tree of neurons was divided
into linear segments and the analysis of each of the
segments was performed by manual calculation, the fractal
dimension of the dendritic tree as a whole was determined
by the sum of measurements. The authors demonstrated
that the Box counting method is sensitive to image
orientation and to the presence or absence of
skeletonization, and the Richardson method is independent
of these factors and does not require the use of a grid for
analysis [20]. The analysis of the dendritic tree of superficial
and deep pyramidal neurons of the cerebral cortex of rats
was performed; the fractal dimension of the dendritic tree
of these neurons was statistically significantly different, but
the level of statistical significance of the difference in FD
values obtained by the modified Richardson method
(Caliper) was significantly higher than the level of statistical
significance of the difference in FD values obtained by Box
counting [24].

Thus, taking into account the results of our research
and the research of other scientists, we can conclude that
the Caliper method is an effective method of mathematical
image analysis in medicine, which has significant
advantages in studying the linear contours of anatomical
structures compared to the current Box counting method
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®PAKTAIIbHUA AHANI3 NIIHINHUX KOHTYPIB AHATOMIYHUX CTPYKTYP: ABTOPCbKA MOOU®IKALIIA CNOCOBY CALIPER
NMOPIBHAHO 31 CNOCOBOM BOX COUNTING

Map‘eHko H.l., CmenaHeHko O.I0.

®pakmanbHUll aHania do380718€ OUIHUMU MempuYHy PO3MIpHICMb ma CcKiadHICMb pOCcmopo8oi KOHigypauii pisHUX aHamoMiYHUX
cmpykmyp, wo 00380519€ guKopucmosysamu ueli MamemamuyHuli Memo0 0rns Mopghomempii y Mopghonoeii ma KiHiYHIt MeOUYUHI.
[ns ¢ppakmanbHo20 aHani3dy niHilHUX ghpakmarnbHUX 06'ekmie Halildacmiwe gukopucmosyroms dea criocobu hpakmarbHO20 aHari3y:
crioci6 nidpaxyHKy keadpamie (Box counting, Grid method) ma crioci6 Caliper (crioci6 PidapdcoHa, Perimeter stepping method, Ruler
method, Divider dimension, Compass dimension, Yard stick method). Mema docnidxeHHs1 - nopieHsIbHUU aHarniz d8ox criocobie
pakmarnbHo20 aHanisy - criocoby Box counting ma asmopcbkoi Mmodugikauii criocoby Caliper 0nsi ¢hpakmarnbHo20 aHanidy niHilHUX
KOHmypie aHamomiyHux cmpykmyp. bye nposedeHull chpakmarnbHuli aHani3 mpboX MiHIUHUX hpakmanig: wmy4yHo20 ¢hpakmarsy -
cHiXuHKU Koxa ma 080x npupoOHix ¢hpakmarie - 308HIWHIX KOHMYpI8 niarnbHOI M08ePXHi KOpU MO304YKa /T0OUHU ma KOopu 8esIUKUX
nieKynb 20/108H020 MO3KY. @pakmarnbHull aHani3 rnposoduscs 3a 0onomozor criocoby Box counting ma asmopcbkoi modugpikauii
criocoby Caliper. 3Ha4yeHHs1 chpakmaribHOI PO3MipHOCMI WMYy4YHOR20 fiHIlIHO20 opakmary (CHixuHKU Koxa), ompumaHi 3a 00romMozoro
criocoby Caliper, 3bicatombcs i3 iCMUHHUM 3Ha4eHHSIM GbpakmarsibHOI po3MipHOCMI Ub0o20 thpakmarny, ane 3Ha4eHHs1 ¢hpakmaribHOI
po3mipHocmi, ompumMaHi 3a doromozoro criocoby Box counting, i3 icmMUHHUM 3Ha4eHHAM ¢hpakmarnbHOI po3mipHocmi He criigrnadaome.
Tomy ppakmarnbHul aHani3 niHilHUX gopakmarnie 3a dornomozoto criocoby Caliper do3gornsie ompumamu nipasdusiwi pe3ynbmamu, HiX
crioci6é Box counting. 3Ha4yeHHs1 ghpakmaribHOI po3mMipHOCMIi Wmy4YHo20 ma rnpupoOHUX ghpakmariie, obyuceHi 3a AornoMoeor crocoby
Box counting, 3meHwyombcs npu 36inbWeHHi po3mipy ma po30inbHoi 30amHocmi 306paxkeHHs; npu sukopucmaHHi criocoby Caliper
3Ha4YeHHs1 ghpakmarsbHOI po3MipHOCMI 8i0 yuUX napamempie 306paXxkeHHs1 He 3anexamb. 3Ha4eHHsT hpakmaribHOI PO3MIPHOCMI TTIHIUHUX
¢pakmariie, ob4ucneHi 3a doromMozor criocoby Box counting, 3pocmatomp rpu 36iNbWeHHI WUPUHU MiHIUHO20 KOHMYpPY; 3Ha4eHHS,
ob4ucneHi 3a doromoeoro criocoby Caliper, He 3anexamp 8i0 WUPUHU fiHIl. Takum YuHOM, Onsi hpakmarnbHO20 aHarnisy NiHIuHUX
¢pakmarie nepesaza mae HaBasamucsi criocoby Caliper ma (io2o modudgbikauisim.

KntoyoBi cnoBa: ¢pakmarnbHull aHanis, Mopghomempis, niHiliHut koHmyp, Caliper, Box counting.
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The most common form of cardiovascular disease in Ukraine is coronary heart disease,
which is characterized by damage to the coronary arteries. The height of the aortic
sinuses and the height of the coronary arteries are assessed when planning
interventional procedures and cardiac surgery. Computed tomography can verify
structural changes in the coronary arteries and morphometrically evaluate the
components of the aortic sac. The purpose of the study: to measure the height of the
coronary arteries orifice; height of the aortic sinuses in women with structural changes
of the coronary arteries using computed tomography and assess the interdependence
of measurements with anthropometric indicators (age, height, weight, body mass index,
body surface area). Computed tomography-angiography of the chest of females with
coronary arteries were processed. Statistical analysis: Shapiro-Francia test
(correctness of distribution), Student's t-test (comparison of the height of the coronary
arteries and the height of the aortic sinuses); Pearson's linear correlation; Fisher's
multifactorial regression analysis. The study found a direct correlation between height
and measurability in women with coronary artery disease. The value of the growth rate
was directly correlated with the height of the right aortic sinus (r=0.85, p=0.001), with
the height of the lower edge of the right coronary artery orifice (r=0.74, p=0.01), the
height of the upper edge of the left coronary artery orifice (r=0.67, p=0.03), the height of
the upper edge of the right coronary artery orifice (r=0.67, p=0.03). It is proved that with
increasing body surface area, the parameters of the right aortic sinus decrease: the
inverse strong correlation r=-0.83, p=0.002. Significant direct relationships have been
established between most of the measured components of the aortic root. Multifactor
regression analysis showed a proven strong effect of anthropometric data and age on
the height of the right aortic sinus: R=0.96, at p=0.009 (according to Fisher). This made
it possible to build a model for predicting the height of the right aortic sinus depending
on anthropometric and age parameters. Thus, in women with structural lesions of the
coronary arteries, the increase in height correlates with an increase in the height of the
right aortic sinus, the height of the coronary arteries orifice. An increase in body
surface area correlates with a decrease in the height of the right aortic sinus in women
with structural lesions of the coronary arteries.

Keywords: coronary artery orifice, anatomy, computed tomography, aorta,
measurements, aortic sinuses.

Introduction

According to the World Health Organization,
cardiovascular disease (CVD) is the leading cause of death
worldwide [17]. The most common form of CVD in Ukraine
is coronary heart disease among both men and women
[15]. The quality of life of women in Ukraine due to CVD is

much worse than in neighboring Europe and the United
States [10].

Coronary heart disease (CHD) is characterized by
damage to the coronary arteries. The main cause of
coronary heart disease is atherosclerotic lesions of the

© 2022 National Pirogov Memorial Medical University, Vinnytsya
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coronary arteries, followed by calcium deposition.
Computed tomography allows to determine the density of
deposited calcium and verify structural changes in the
coronary arteries [6]. The right and left coronary arteries
originate from the corresponding aortic sinuses. The height
of the aortic sinuses and the height of the coronary arteries
are important clinically when planning endovascular
interventions [1, 4, 5].

The purpose of the study: to measure the height of the
right and left coronary arteries orifice; height of the right, left
and posterior aortic sinuses in women with structural
changes of the coronary arteries using computed
tomography and to assess the interdependence of
measurements with anthropometric indicators.

Materials and methods

The research was conducted in accordance with the
Declaration of Helsinki and the Bioethics Commission of
the Danylo Halytsky Lviv National Medical University (Ne10 of
2021). All patients or officials provided informed consent to
participate in the study.

The material of the study was computed tomography-
angiography (CT) of the thoracic organs of females with
coronary artery disease. Inclusion criteria: women over 18
years of age; structural changes of coronary arteries (coronary
artery calcification; density measurement according to
Hounsfield units (HU)); no history of coronary artery bypass
grafting and coronary artery stenting. Exclusion criteria:
females with congenital malformations or anomalies of the
cardiovascular system; persons with damage to heart valves
or heart vessels; history of cardiac surgery or endovascular
interventions; artifacts; incomplete clinical data. Of the 143
surveys analyzed, 11 people met these criteria, which were
further divided into 2 groups: 1 group with a height of less
than 1.60 m (n=5), 2 group - with a height of more than 1.61
m (n=6). Clinical data used: age, height, body weight, based
on which the body mass index (BMI) and body surface area
(BSA) were calculated (according to Mosteller's formula).

The study was performed on a LightSpeed 64 VCT XT,
GE (General Electric, USA) CT scanner according to a
standard protocol. Contrast - Ultravist 470 (Bayer Healthcare,
Germany). Analysis of the image and measurement of the
height of the coronary arteries, the height of the aortic sinuses
(Valsalva sinuses) was performed according to the
instructions [2] at the appropriate station with licensed
software (General Electric, USA). Data are given in
millimeters. The measurements were performed
independently by two doctors.

Statistical analysis: software R version 4.0.5 (R Core
Team, 2021) based on the Windows XP operating system
[13]. Correctness of distribution: Shapiro-Francia test.
Comparison of mean values: Student's t-test. Correlation
analysis: Pearson's linear correlation (r). Multifactor
regression analysis: Fisher. Data presented: arithmetic mean
+ standard deviation (M+SD), absolute figures. Significance
level: p<0.05.

Results

According to the results of the analysis of CT of the
chest of women with coronary artery disease, it was found
that the largest value was the height of the posterior aortic
sinus - 19.10+1.65 mm. Indicators of the height of the aortic
sinuses and the height of the coronary arteries in women
with structural lesions of the coronary arteries are presented
in table 1. Visualization of the components of the aortic
bulb and coronary arteries with structural lesions of the
coronary arteries is presented in Figure 1.

A study of the correlation between anthropometric
parameters and measured parameters in women with
structural lesions of the coronary arteries showed a direct
relationship between height and most indicators, indicating
their growth with increasing height. In particular, the value of
the growth rate directly correlated with the height of the right
aortic sinus (r=0.85, p=0.001), with the height of the lower
edge of the right coronary artery orifice (r=0.74, p=0.01), the
height of the upper edge of the left coronary artery orifice
(r=0.67, p=0.03), the height of the upper edge of the right
coronary artery orifice (r=0.67, p=0.03) (Table 2).

It is proved that with the increase of the anthropometric
index of BSA, the parameters of the height of the right aortic
sinus decrease: the strong inverse correlation r=-0.83,
p=0.002. There are also significant direct relationships
between most of the measured components of the aortic
root. In particular, the height of the posterior aortic sinus
increased with increasing height of the left aortic sinus
(r=0.80, p=0.003), the height of the lower edge of the left
coronary artery orifice (r=0.71, p=0.01), the height of the
lower edge of the right coronary artery orifice (r=0.70,
p=0.02), the height of the upper edge of the left coronary
artery orifice (r=0.67, p=0.02), the height of the upper edge
of the right coronary artery orifice (r=0.64, p=0.03). The value
of the height of the left aortic sinus was directly related,
except for the height of the posterior aortic sinus, with the
height of the lower edge of the left coronary artery orifice
(r=0.80, p=0.003), with the height of the lower edge of the
right coronary artery orifice (r=0.62, p=0.04) and with the
height of the upper edge of the left coronary artery orifice
(r=0.78, p=0.005). There is also a direct strong correlation
between the height of the right aortic sinus and the height
of the lower edge of the right coronary artery (r=0.76, p=0.01)
and the medium strength relationship with the height of the
upper edge of the right coronary artery orifice (r=0.63, p=0.04).

Table 1. Indicators of the height of the aortic sinuses and the
height of the coronary arteries orifice in women with structural
lesions of the coronary arteries (m+SD, mm).

Parameters n=11
Height of the posterior aortic sinus 19.10+1.65
Height of the left aortic sinus 17.98+1.71
Height of the right aortic sinus 17.00+1.34
Height of the left coronary artery orifice 11.6912.04
Height of the right coronary artery orifice 12.07+2.17
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anterior
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posterior

Fig. 1. Visualization of the components of the aortic bulb and coronary arteries in structural lesions of the coronary arteries. Image A,
without and B, with the introduction of a contrast agent. Ascending aorta (Ao), right ventricle (RV), auricula atrii (yellow circle), left atrium
(blue circle), right lung (RL), left lung (LL). A - calcium deposits in the projection of the right coronary artery (red arrow) and the left
coronary artery (orange arrow). High calcium density is well visualized on examination without contrast. B - contrasting right coronary
artery (red arrow) and left coronary artery (orange arrow). Chest computed tomography, axial section.

Table 2. Correlations (r) between coronary artery orifice height indicators and other studied parameters in women with coronary artery
disease.

Indexes Posterior AS Left AS Right AS LCAI RCAI LCAu RCAu
A r -0.38 -0.19 -0.08 -0.37 -0.06 -0.40 -0.09
ge
p 0.25 0.58 0.81 0.27 0.86 0.23 0.79
r 0.44 0.56 0.85 0.54 0.74 0.67 0.67
Height
p 0.18 0.07 0.001 0.08 0.01 0.03 0.03
r 0.03 -0.26 -0.58 0.01 -0.26 0.07 -0.01
Weight
p 0.94 0.44 0.06 0.98 0.43 0.84 0.97
r -0.16 -043 -0.83 -0.21 -0.53 -0.21 -0.30
BMI
p 0.64 0.18 0.002 0.54 0.09 0.54 0.38
r 0.13 -0.14 -0.36 0.12 -0.07 0.24 0.17
BSA
p 0.70 0.68 0.28 0.72 0.84 0.49 0.62
r 0.80 0.53 0.80 0.62 0.78 0.57
Left AS
p 0.003 0.10 0.003 0.04 0.005 0.07
r 0.80 0.36 0.71 0.70 0.67 0.64
Posterior AS
p 0.003 0.28 0.01 0.02 0.02 0.03
r 0.36 0.53 042 0.76 0.45 0.63
Right AS
p 0.28 0.10 0.20 0.01 0.16 0.04
r 0.71 0.80 042 0.49 0.77 0.47
LCAI
p 0.01 0.003 0.20 0.13 0.01 0.14
r 0.70 0.62 0.76 0.49 0.45 0.93
RCAI
p 0.02 0.04 0.01 0.13 0.17 0.001
r 0.67 0.78 045 0.77 0.45 0.47
LCAu
p 0.02 0.005 0.16 0.01 0.17 0.15
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Continuation of table 2.

Indexes Posterior AS Left AS Right AS LCAI RCAI LCAu RCAu
r 0.64 0.57 0.63 0.47 0.93 047
RCAu
p 0.03 0.07 0.04 0.14 0.001 0.15

Notes: Posterior AS - posterior aortic sinus; Left AS - left aortic sinus; Right AS - right aortic sinus; LCAI - height of the lower edge of the
left coronary artery orifice; LCAu - the height of the upper edge of the left coronary artery orifice; RCAI - the height of the lower edge of
the right coronary artery orifice; RCAu - height of the upper edge of the right coronary artery orifice, BMI - body mass index; BSA - body

surface area.

<21
<19
<17
=15
Fig. 2. Relationship between growth rates, right aortic sinus height
and lower right margin coronary artery orifice height in women

with coronary artery structural changes.

Table 3. The results of logistic regression calculations for
predicting the size of the height of the right aortic sinus in women
with structural changes of the coronary arteries.

Indicator Symbol Coefficient
Constant -42.63
age A1 -0.011
height A2 11.05
weight A3 -0.830
BMI A4 0.616
BSA A5 47.63

Notes: BMI - body mass index; BSA - body surface area.

The interdependence between the heights of the upper and
lower edges of the coronary arteries is absolutely logical. In
particular, the height of the lower edge of the left coronary
artery orifice, in addition to the above connections, was also
interdependent with the height of the upper edge of the left
coronary artery orifice: strong direct connection (r=0.77,
p=0.01), and the height of the lower edge of the right coronary
artery with the height of the upper edge of the right coronary
artery orifice: direct strong connection (r=0.93, p=0.001). A
graphical representation of the relationship between height
of person and height of the right aortic sinus and the height
of the lower edge of the right coronary artery orifice is shown
in Figure 2.

Multifactor regression analysis between independent
predictors (anthropometric parameters and age) and
dependent (aortic sinus height and coronary artery orifice

height) in women with coronary artery structural changes
showed a proven direct strong effect of anthropometric data
and age on right aortic sinus height: R=0.96, at p=0.009
(according to Fisher) and a standard error of 0.53. The
adjusted coefficient of multiple determination was R?, dj=0.84,
which indicates the proven effect of the complex of these
independent predictors on the height of the right aortic sinus
in 84% of cases. This made it possible to build a model for
predicting the size of the right aortic sinus depending on
anthropometric and age parameters. The necessary
components are given in Table 3.

Taking into account the calculations, the linear equation
of logistic regression relative to the predicted size of the
height of the right aortic sinus in women with coronary artery
disease will look like:

Height size =-0.011 xA1 + 11.05xA2-0.830xA3 + 0.616
x A4 +47.63 xA5-42.63

The average predicted value of the height of the right
aortic sinus is 17.00£1.29 mm (minimum value 14.55 mm,
maximum 18.98 mm), which coincides with the actual
average value of 17.00+1.34 mm. The work of this logistic
model was tested on the studied patients with different
anthropometric and age parameters, which were selected
from the general primary patient base. Below are two practical
examples of the model.

Example Ne1. Patient Ne6 in the database: female, 63
years old, height 1.55 m, weight 110 kg, BMI 45.79 kg/m?,
BSA 2.18 m2. According to the CT of the chest, the height of
the right aortic sinus is 14.6 mm.

Substituting the patient's data, we obtain a linear equation:

Height size =-0.011 x 63 + 11.05 x 1.55 - 0.830 x 110 +
0.616 x45.79 + 47.63 x 2.18 - 42.63 = 14.54 mm

Thus, the predicted value almost coincides with the actual
value obtained by CT diagnosis.

Example Ne2. Patient Ne10 in the database: female, 70
years old, height 1.70 m, weight 85 kg, BMI 29.41 kg/m?, BSA
2.00 m2. According to the CT of the chest, the height of the
right aortic sinus is 18.3 mm. Substituting the patient's data,
we obtain a linear equation:

Height size =-0.011 x 70 + 11.05 x 1.70 - 0.830 x 85 +
0.616 x29.41 + 47.63 x 2.00 - 42.63 = 18.20 mm

In this case, the predicted value is also very close to the
actual value obtained by CT.

Thus, the use of this model may allow the rapid
calculation of the size of the height of the right aortic sinus in
women with structural changes in the coronary arteries when
planning endovascular interventions or cardiac surgery. A
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Fig. 3. Normal probability of influence of predictors on the predicted
value of the height of the right aortic sinus in women with structural
changes of the coronary arteries.

Table 4. Distribution of aortic sinus height and coronary artery
orifice height (according to CT) in groups of women with structural
changes of coronary arteries. Distribution by groups by height
(M£SD, mm).

1 group 2 group
(women with | (women with
Indexes height height more p

smaller than | than 1.61 m),

1.60 m), n=5 n=6
Helght of the posterior aortic 18.06+1.85 | 19.97+087 0.06
sinus
Height of the left aortic sinus 16.68+1.49 | 19.07+0.97 | 0.013
Height of the right aortic sinus 15.78+0.78 | 18.02+0.63 | 0.001
The height of the lower edge of | 4 5.5 39 | 1265:1.15 | 0.1
the left coronary artery orifice
The height of the lower edge of | 44 7,1 51 | 1373:0.96 | 0.0004
the right coronary artery orifice
The height of the upper edge of | 4 56,179 | 16.40+123 | 0.08
the left coronary artery orifice
The height of the upper edge of | 1, g4, 1 35 | 16324102 | 0.001
the right coronary artery orifice

graphical representation of the normal probability of
predictors influencing the predicted value of the right aortic
sinus height is shown in Figure 3.

In comparing the dependence of other measured aortic
parameters on anthropometric and age indicators by
multifactorial regression analysis, no significant relationship
was found between the studied data in women with structural
changes of the coronary arteries: multiple correlation
coefficient R = from 0.66 to 0.87, adjusted coefficient of
multiple determination R?,, = from -0.13 to 0.51, at p>0.05
(according to Fisher).

A comparison of the height of the aortic sinuses and the
height of the coronary arteries in women with structural
changes in the coronary arteries by different growth groups
showed that all studied parameters had a higher height in
the second group (height over 1.61 m) compared to the first

group (women's height less than 1.60 m). The height of the
left aortic sinus was proved to be higher in the second group:
19.07+0.97 mm against 16.68+1.49 mm (p=0.013) in the
first group; indicators of the height of the right aortic sinus:
18.02+0.63 mm against 15.78+0.78 mm (p=0.001);
indicators of height of the lower edge of the right coronary
artery orifice: 13.73£0.96 mm against 10.07£1.21 mm
(p=0.0004), indicators of height of departure of the upper
edge of the right coronary artery orifice: 16.32+1.02 mm
against 12.94+1.36 mm (p=0.001) accordingly (Table 4).
Other studied indicators were higher in the second group
than in the first, but the difference was insignificant (p>0.05).

Discussion

In 2019, about 17.9 million people died from CVD. In
low- and middle-income countries, including Ukraine, the
proportion of CVD deaths is over 75% [17]. Analysis of the
incidence rate from 1990 to 2019 shows a lack of positive
dynamics [10]. Given the disappointing trend, steps are being
taken to reduce the increase in morbidity and mortality due
to CVD. According to the Resolution of the Ministry of Health
and the National Academy of Medical Sciences of Ukraine,
there is the State Program for Prevention, Treatment and
Rehabilitation of Cardiovascular Diseases (2017-2021)
(dated 15.07.2016 Ne711/61). In the Program of Medical
Guarantees of the National Health Service of Ukraine, the
treatment of acute myocardial infarction remains a priority.

Morphometric analysis of the components of the aortic
bulb is taken into account when performing cardiac and
cardiac surgical procedures. It is important to take into
account anthropometric indicators. If the world data is
sufficiently complete [3, 7, 8, 11], the relevant publications
are just beginning to appear in Ukraine [9].

The study measured the height of the coronary arteries
orifice and the height of the aortic sinuses in women with
structural changes of the coronary arteries using computed
tomography and evaluated the interdependence of
measurements with anthropometric indicators. Using the
correlation between anthropometric parameters (age, height,
body weight, body mass index, body surface area) and
measured parameters (height of the coronary arteries orifice
and height of the right, left, posterior aortic sinuses) in women
with structural lesions of the coronary arteries proved the
presence of a direct relationship between growth and most
of the studied indicators of the aortic bulb, which indicates
their growth with increasing of height. In fact, higher height
correlates with a lower risk of morbidity and mortality from
cardiovascular disease [14, 18]. In contrast, an increase in
body surface area correlates with a decrease in the height
of the right aortic sinus (strong inverse correlation).

The use of multifactor regression analysis between
independent predictors (anthropometric indicators and
age) and dependent (aortic sinus height and coronary artery
orifice height) in women with structural changes of coronary
arteries showed a proven strong effect of anthropometric
data and age on right aortic sinus height. Analysis of the
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relationship between age and aortic bulb parameters varies
between different study groups [3, 12, 16].

The proved influence of the complex of independent
predictors on the height of the right aortic sinus made it
possible to build a model for predicting the size of the right
aortic sinus height depending on anthropometric and age
parameters. This model can be used to quickly calculate
the height of the right aortic sinus in women with structural
changes in the coronary arteries when planning
endovascular interventions or cardiac surgery.
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KT OLIHKA BACOTU BIAXOMKXEHHS BIYOK BIHLEEBUX APTEPIV TA BUCOTU MA3YX AOPTU B XXIHOK MPU CTPYKTYPHUX

3MIHAX BIHLIEBUX APTEPIX
MideanbHa Y. €., bewnel . M., Mamewyk-Baye6a J1. P.

HatinowupeHriwor gopmoro cepuyeso-cyOUHHUX 3axgoptosaHb 8 YKpaiHi € iwemiyHa xeopoba cepus, Kompa XxapakmepusyembCs
ypaxeHHsIM 8iHUuesux apmepili. Bucoma na3yx aopmu ma sucoma 8i0X00XeHHs1 8i4OK 8iHUe8uUX apmepill OUIHIEMbLCS MNPU rnnaHy8aHHI
iHmepeseHyitiHux npouyedyp ma kapdioxipypaiyHux onepauit. Kommn'tomepHa momoepacbis 0o3eosnsie sepucbikygamu cmpyKmypHi 3MiHU
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8iHUe8UX apmepili ma Mopghomempu4HO oyiHumu ckradosi yubynuHu aopmu. Mema docnidxeHHs: npoeecmu 8UMIPO8aHHS 8UCOMU
8i0XOOXEHHSI 8IHOK 8iHUe8sUX apmepil; sucomu nasyx aopmu 8 XIHOK npu CMpyKmypHUX 3MiHax eiHuesux apmepili 3a 00roMo20t0
Komm'tomepHoi momoepadii ma oyiHumu 83aemMo3anexxHicmb 3amipie 3 aHmMpPONoMempuUYHUMU roKa3HUKamu (8ik, 3picm, maca, iHOeKkc
macu mina, nnowji nogepxHi mina). bynu obpobrieHi 306paxeHHs1 KOM'tomepHOI momoepadpii-aHzioepadpii opaaHie 2pydHOI Kimku
0cib XiHo4ol cmami 3 ypaxeHHsIM 8iHuesux apmepil. CmamucmuyHul aHaniz: mecm Lllanipo-®paHcia (npasusnbHicmb po3nodiny),
t-kpumepiti CmbrodeHma (opieHsIHHSI sUcomu 8i0XOOXeHHS 8iHUeBUX apmepill ma aucomu nasyx aopmu); niHitiHa kopensayis lNipcoHa;
MynbmugbakmopHull pezpecitiHul aHanis 3a @iwepom. 3a pesynbmamamu 0ocnidxeHHss 0oeedeHull nPsMUll KOpensayitiHul 38'a30K
MK 3p0CMOM ma 8UMIpPH8aHUMU MOKa3HUKaMU Y XIHOK 3i CMPYKMYypPHUM ypaxXeHHsIM 8iHuesux apmepili. 3Ha4eHHs1 rnoka3HukKa
3pocmy npsIMO Kopesnsaso 3 eucomoro rpasoi nasyxu aopmu (r=0,85, p=0,001), 3 suCOMO HUXHbLO20 Kparo 8iyka npasoi eiHYesoi
apmepii (r=0,74, p=0,01), sucomoto 8epxHbO20 Kparto 8idyka nieoi siHUesoi apmepii (r=0,67, p=0,03), sucomor 8epxHbLO20 Kparo 8i4Kka
npasoi siHyesoi apmepii (r=0,67, p=0,03). [JosedeHo, w0 3i 36inbWeHHAM oKa3HUKa Miowji nosepxHi mina, napamempu eucomu
npasoi nasyxu aopmu 3MeHWYyrmbCs: 360pOMHIl cunbHUl KopensayitHul 38'a3ok r=-0,83, p=0,002. BcmaHoeneHo cymmesi npsmi
83aeM038'A3KU MiX binbuwicmio noka3HuKie suMiptosaHux cknadosux KopeHsi aopmu. MynbmucbakmopHul peepecitiHuli aHarni3 rnokasae
0osedeHull NpsAMUl cunbHUU 8MIU8 aHMpPornoMempuyHUX 0aHUX ma eiky Ha eucomy nipaeoi nasyxu aopmu: R=0,96, npu p=0,009 (3a
®iwepom). Lle dano 3moey nobydyeamu modesnb MpoeHO3y8aHHs PO3Mipie eucomu rpaeoi nasyxu aopmu 3asexHo 8id
aHmpornoMempu4YyHUX ma 6iKkosux rapamempie. Takum YUHOM, Y XIHOK 3i CIPYKMYPHUM ypPaxXeHHsM 8iHUe8UX apmepill 36inMbweHHs
3pocmy Koperroe 3i 36irbWeHHSM 8UCOMU Mpasoi nasyxu aopmu, 8UCOMU 8i0X0OKEHHS 8iHOK 8iHUeaUx apmepill. 36irbueHHS noKa3HuKa
oW noeepxHi mina Kopesnte 3i 3MEeHWEeHHSIM 8UCOMU NpPasoi ma3yxu aopmu y XIHOK 3i CMPYKMYpPHUM YypaxXeHHSIM 8iHUe8ux
apmepid.

KnroyoBi cnoBa: giuka siHuesux apmepil, aHamomisi, KoMmr'tomepHa momozpagpisi, aopma, 8UMIPI8aHHS, Nasyxu aopmu.
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Oxidative stress alters cellular homeostasis and elicits a cellular response that
depends on the severity and type of damage: some cells activate defense mechanisms
designed to ensure survival; the other, provided that the defense mechanisms are
inhibited, triggers alternative signaling pathways that lead to apoptosis, necrosis,
pyroptosis, autophagy, and so on. However, the exact cause of such damage and
induction of oxidative stress, including the associated oxidative effects around pigment
epithelial cells in the context of the onset and progression of age-related macular
degeneration - one of the world's most common eye diseases with blindness, remains
unclear. Therefore, in the course of the study we turned to key biogenetic points of
regulation of inflammation and apoptosis, in particular TNF. The aim of the work is to
shed light on the role of TNF as a genetic determinant that can initiate and influence the
course of age-related macular degeneration. For this purpose, the main pathognomonic
markers of the morphological structure of the macula were determined in 291 persons
with age-related macular degeneration and in 105 persons without ophthalmic pathology,
using optical coherence tomography to confirm or exclude the diagnosis of the disease.
To detect polymorphism of the TNF gene, we used the method of real-time PCR
diagnostics on the BioRad CFX 96 amplifier using LiTech reagents. Statistical
processing of the results was performed using Hardy-Weinberg equilibrium, Kruskal-
Wallis method, logistic regression analysis and construction of the ROC curve to
determine the AUC range and sensitivity and specificity values. The study revealed a
significant difference in the distribution of mutant genotypes between patients with both
forms of AMD and the control group. There was also a statistically significant effect of
mutant allele A on the development of both "dry" (OR = 3.40; 95.0 %, Cl = 1.90-6.07,
p<0.001) and "wet" form of AMD (OR =4.78; 95.0 % CI 2.65-8.64, p<0.001), and in the
analysis of mutant genotypes it was found that the GA genotype increases the chances
of "dry" and "wet" forms of the disease by 3.13 and 4.74 times, respectively, while AA -
5 times, regardless of the form of the disease. confirms the influence of TNF gene
polymorphism on the occurrence and progression of age-related macular degeneration.
In the analysis of ROC-curves and AUC regions, it was found that all mutant genotypes
have a significant effect on the occurrence of age-related macular degeneration (p<0.05).
However, the obtained values of sensitivity and specificity, especially in the AA genotype
in both "dry" (17.9 % and 95.8 %, respectively) and "wet" (18.2 % and 95.8 %, respectively)
forms of age-related macular degeneration indicate a low chance of error-free
confirmation of the diagnosis. a disease that may be associated with multifactorial
disease and requires further research.

Keywords: age-related macular degeneration, TNF-a, ROS, NOS, gene.

Introduction

Age-related macular degeneration (AMD) is a common
irreversible eye disease characterized by visual impairment
in the elderly and is a major cause of blindness/vision loss
in developed countries [3, 10]. The vast majority of modern
classifiers agree with the division of AMD nosological units

into "dry" form and "wet" form [4].

According to the European Consortium of Epidemiology
of Eye Diseases, there is an increase in morbidity in the
European population. Mathematical models indicate that if
this rate of eye pathology persists, by 2040 the number of
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people in Europe with early-onset age-related macular
degeneration will range from 14.9 to 21.5 million, and with
late-onset from 3.9 to 4.8 million [3]. The World Health
Organization's World Report on Vision (2019) highlights
the urgency of the problem - at least 2.2 billion people
worldwide have impaired vision, where AMD ranks third in
morbidity with 196 million people suffering from various
forms of it, while yielding only to biopsy and presbyopia
[21].

Numerous factors determine the risk of developing age-
related macular degeneration, including both genetic and
environmental factors. Oxidative stress and aging have a
powerful effect, which resonate in terms of the
pathogenesis of age-related macular degeneration [5].
Retinal pigment epithelial cells are the main target of
pathological changes in age-related macular degeneration
- they involve phagocytosis of photoreceptor outer segments
(POS) and removal of cellular waste under physiological
conditions. Age-related cumulative oxidative stimuli
mediated by reactive oxygen species (ROS) and reactive
nitrogen species (RNS) cause degeneration of pigment
epithelial cells and incomplete POS lysis, leading to
accumulation of cellular wastes [24]. The ubiquitin
proteasome and the lysosomal/autophagic pathway are
the two main proteolytic systems for removing damaged
proteins and organelles, and their disruption due to
deregulation of signaling pathways leads to the
accumulation of lethal mutations or trigger apoptosis [11].

Cytokine tumor necrosis factor a (TNF-a) is one of the
main regulators of the immune system that can affect
apoptosis, cell proliferation and differentiation, local and
systemic inflammation, immune response through its
binding site - TNF receptor 1 type (TNFR1). It is known that
TNFR1 can cause oxidative stress directly by activating
enzymes that produce ROS and active forms of nitrogen
RNS, involving the fundamental signaling pathways
NFE2L2, PGC-1, p62, AMPK i1 PI3K/Akt/mTOR [8, 19, 24].
In addition, the activity of mTNF-a to reactogenic formulation
is regulated by the matrix metalloproteinases MMP and the
associated ADAM17 complex - metalloproteinases of this
family themselves can cause remodeling of the extracellular
matrix, particularly in the Bruch membrane [10]. Ways of
regulation are really branched, but regularly return to the
fight against pathological oxidants [9]. In turn, the TNF-R1
type 1 receptor activates a complex caspase cascade in
the inflammatory cluster of signaling pathways, resulting
in changes in NF-xkB and p55 activity, thus retaining the
ability to modulate proapoptotic effects at the systemic level
via TNF-a. On the other hand, the TNF-R2 type 2 receptor
simultaneously interacts with NF-xB and ROS-sensitive
AP-1, indicating a significant role of oxidative stress in the
development of deregulation of apoptosis, endothelial cell
degeneration, where TNF-R2 is most expressed. Similarly,
the heterodimeric redox transcription factor AP-1 is
activated, which responds to the presence of reactive oxygen
species around [14]. We see this as age-related macular

degeneration, as TNF-a attracts the most likely triggers of
pathology - cell cycle disruption, extracellular matrix
rearrangement, and oxidative stress of cells in
photosensitive cells under the influence of aging [15].

Therefore, the aim of the study was to shed light on the
role of TNF as a genetic determinant capable of initiating
and influencing the course of age-related macular
degeneration.

Materials and methods

The study group included 291 middle-aged and elderly
people with AMD (89 - with "dry" form, 97 - with "wet" form),
the control group - 105 people without ophthalmic pathology
in the anamnesis of the relevant age range.

The work adhered to the ethical principles of the
Declaration of Helsinki of the World Medical Association
(World Medical Association Declaration of Helsinki, 1964)
[22]. Each subject was provided with all the details of
medical procedures, given the opportunity to discuss any
issues with health professionals, and then signed a
detailed form of informed consent for the study. The
scientific work was approved by the Commission on
Biomedical Ethics of VNMU of the Ministry of Health of
Ukraine in accordance with Protocol Ne6 of 17.09.20.

Optical coherence tomography of the macular area of
the retina was used to determine the presence or absence
of pathognomonic markers of the morphological structure
of the macula that was characteristic of AMD. It was
performed using a SOCT Copernicus optocoherent
tomograph "Optopol" with the possibility of angiography
(Poland) in 3D-Scan mode (sequential scanning of the
entire retinal segment). To study the anatomical and
topographic relationship between the layers and the
thickness of the retina in the macular area and the analysis
of the thickness of the macula in different departments, the
parameter - ILM-RPE (internal limiting membrane-retinal
pigmented epithelium; internal boundary membrane-retinal
pigment epithelium) was used. When drusen were found,
the AMD form was verified as "dry", while cystic edema of
the neuroepithelium, transudative detachment of the
pigment epithelium, chorioretinal vascular proliferation, and
subretinal fibrosis were verified, AMD form was verified as
"wet."

DNA was isolated from the buccal scraper using the
Chelex® 100 kit from Bio-Rad according to the
manufacturer's instructions. To detect the rs1800629
polymorphism of the TNF gene, real-time polymerase chain
reaction (PCR) was used using a set of reagents according
to the manufacturer's instructions (Litech, Russia).
Amplification was performed on a Bio-Rad CFX96 thermal
cycler (BioRad, USA).

Statistical processing of the results was performed
using Statistica 10 (StatSoft, Inc., USA) and SPSS 23.0. To
determine the frequencies of distribution of genotypes and
alleles in the studied groups was determined using Hardy-
Weinberg equilibrium. The Kruskal-Wallis ANOVA by Ranks
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and Friedman ANOVA and Kendall Coeff criteria were used
to compare categorical variables (genotypes) and to
determine a significant difference in the distribution of
genotypes between groups. of Concordance. In order to
compare the distribution of values of qualitative features
used H-criterion. The degree of association of mutant
genotypes with the development of AMD was determined
by logistic regression using odds ratios (OR) and 95 %
confidence interval (+95 % CI; Confidence limit for means
Interval - Cl). To assess the adequacy of logistics models
and the predictive ability of the diagnostic test used the
method of analysis of curves of operational characteristics
(ROC - Receiver Operating Characteristic curve analysis).
For this purpose, the area under the ROC curve (AUC -
Area under the ROC curve) was calculated. The model
was considered adequate with a statistically significant
difference in AUC from 0.5. Special formulas using 2x2
tables were also used to calculate the specificity and
sensitivity of mutant genotypes.

Results

In the study, we analyzed the genotype distribution of
the rs1800629 polymorphism of the TNF gene in both
patients with "dry" and "wet" forms of age-related macular
degeneration, as well as in patients of the control group. In
particular, the influence of mutant genotypes and alleles
on the development of the disease was determined.

After genetic testing as a result of statistical calculations
by the Kruskal-Wallis method, high statistical significance
of differences in the distribution of genotypes of rs1800629
polymorphism of the TNF gene in patients with "dry" and
"wet" forms of age-related macular degeneration and
control group (H = 29.57) at p<0.001, which was also found
when comparing the genotype distribution of patients in
the control group with "dry" form of AMD (H = 16.28) and
"wet" (H = 26.42), respectively, at p<0.001 (Table 1).

By evaluating the data, it was found that the wild-type
(GG) polymorphism rs1800629 of the TNF gene
predominated among the control group (23.4 %), while in
patients with "dry" (11.0 %) and "wet" (9.3 %) forms it was
not widely represented. Mutant genotypes were mostly
observed in patients with AMD, which previously indicates
a possible association between pathology and SNP. Thus,
the heterozygous variant was most important among

people with "wet" (22.0 %) and "dry" (17.2 %) forms of the
disease, while in the control group the subjects were
distributed 1.9 and 1.5 times less than patients. Regarding
the mutant AA genotype, the highest number of people was
among the "dry" form of age-related macular degeneration
(2.4 %), followed by the "wet" form (2.1 %), and the lowest
- the control group (1.0 %).

The outlined results, together with the lack of statistical
significance in the difference in the distribution of genotypes
of patients between "dry" and "wet" forms (H=0.77, p>0.05),
may indicate that polymorphism rs1800629 TNF gene
affects both disease development and its further
progression.

The frequency of distribution of genotypes and alleles
of the rs1800629 polymorphism of the TNF gene among
patients with "dry" and "wet" forms of AMD and the control
group was studied using Hardy-Weinberg analysis
(Fig. 1).

As can be seen from the results of the analysis in
Figure 1, the genotype distribution of the rs1800629
polymorphism of the TNF gene had significant differences
between patients with AMD and the control group. The
frequency of homozygous genotype for the main allele in
the control group (GG) was 1.59 times lower compared to
the "dry" form (0.410) and 1.76 times lower compared to
the "wet" (0.370) compared to the control group (0.654). In
contrast to the results of the wild-type distribution studied
with the heterozygous variant, it was the lowest among the
control group (0.309), which was 1.49 times less than
patients with "dry" form (0.461) and 1.5 times less than
patients with wet" form (0.477). The mutant genotype of the
rs1800629 polymorphism of the TNF gene was
represented by a small number of subjects (see Table 1),
so the frequency of distribution changed insignificantly: it
was greatest in the case of "wet" form of AMD (0.154), which
was 4.3 times more than the control group (0.036), and in
the "dry" form was 0.130. When estimating the frequency of
allele distribution (Fig. 1) it was found that the mutant allele
Awas most observed in the "wet" form of AMD (0.39), in the
"dry" - slightly less (0.360), while in the control group found
2 times and 1,88 times less, respectively (0.190).
Regarding the wild-type allele (G), it was most common
among the control group (0.810), while no significant
difference was observed between patients - 0.640 in the

Table 1. Distribution of rs 1800629 TNF gene polymorphism genotypes in patients with "dry" and "wet" forms of age-related macular

degeneration and control group.

GG (n, %) GA (n, %) AA (n, %) H-criterion, p H-criterion, p H-criterion, p
"Dry" form 32 (11.0 %) 50 (17.2 %) 7 (2.4 %) 0.7+ 16.28*
"Wet" form 27 (9.3 %) 64 (22.0 %) 6 (2.1 %) 26.42* 29.577
Control group 68 (23.4 %) 34 (11.7 %) 3 (1.0 %) - -
Total (100 %) 127 (43.6 %) 148 (50.9 %) 16 (5.5 %)

Notes: * - the level of significance of the H-criterion in the comparison of the "dry" form with the "wet" form, p>0.05, ** - the level of
significance of the H-criterion compared to the control, p<0.001, » - the level of significance of the H-criterion in comparison with the

studied groups, p<0.001.

36

ISSN 1818-1295 elSSN 2616-6194 Reports of Morphology



Malachkova N.V., Mohammad Mashhour Mohammad Masa'deh

0.810

GG GA AA G A
EDry AMD mWetAMD ® Comparison group

Fig. 1. Frequency of distribution of genotypes and alleles of
rs 1800629 polymorphism of TNF gene in patients with "dry" and
"wet" forms of age-related macular degeneration and control group.

case of "dry" and 0.610 - "wet". As a result, it can be argued
that mutant variants of the rs1800629 polymorphism of the
TNF gene are associated with the development and
progression of age-related macular degeneration, namely
the AA genotype and the A allele may be associated with the
"wet" form.

To determine the degree of association of genotypes of
the rs1800629 polymorphism of the TNF gene with the
development of "dry" and "wet" forms of AMD, a logistic
regression method was performed, the results of which
are presented in Table 2.

Logistic regression analysis revealed a direct
statistically significant association between the presence
of a heterozygous variant of the rs1800629 polymorphism
of the TNF gene and the occurrence of age-related macular
degeneration regardless of form at p<0.001. A high level of

statistical significance was also found in the case of
association of allele A with age-related macular
degeneration of both "dry" and "wet" forms (p<0.001). A
statistically significant association was found in the study
of the correlation between mutant genotypes and disease
with both forms at p<0.05 (see Table 2).

Table 2 shows that allele A increases the risk of "dry"
form of AMD by 3.4 times (OR = 3.40; 95.0 % CI 1.90-6.07),
and in the case of "wet" form the risk is even higher - 4.8
times (OR = 4.78; 95.0 % CIl 2.65-8.64). When assessing
the degree of association of mutant genotypes of the
rs1800629 polymorphism of the TNF gene with the
development of the disease, it was found that homozygous
variants of the minor allele almost 5 times increase the
risk of "dry" (OR = 4.96; 95.0 % CIl 1.18-20.77) and "wet"
(OR = 5.04; 95.0 % CI 1.15-21.98) forms of age-related
macular degeneration The chances of developing "wet"
AMD in individuals with GA genotype are 4.7 times higher
compared to controls (OR = 4.74; 95.0 % CIl 2.57-8.76),
and for the "dry" form are 3.1 times (OR = 3.13; 95.0 % CI
1.70-5.74).

Therefore, due to the obtained results, it is possible to
assert a significant effect of the rs1800629 polymorphism
of the TNF gene on the development of age-related macular
degeneration. Mutant genotypes show high statistical
significance in heterozygous variants, and genotype AA can
be considered a risk factor for age-related macular
degeneration, regardless of form. Allele A is particularly
closely associated with the "wet" form, which may indicate
its important role in the progression of the pathology.

To further determine the probability of developing age-
related macular degeneration, the Receiver Operating
Characteristic Curve Analysis (ROC) method was used to
determine the area under the ROC curve (AUC).

The prognostic significance of the rs1800629 TNF gene
polymorphism was estimated using Figure 2 and the
calculation of the area under the ROC curve. Thus, the GA
genotype shows high statistical significance for the

Table 2. Results of logistic regression analysis of rs1800629 TNF gene polymorphism in patients with "dry" and "wet" forms of AMD.

Form of nosology Ge_notyp_es / N subjects with | N subjects from the OR X2 b
allelic variants pathology control group value 95 % ClI

GG 32 68

GA 50 34 3.125 1.699 -5.74 14.144 <0.001

"Dry" form AA 7 3 4958 1.18 -20.77 5.4562 <0.05
114 170

A 64 40 34 1.9-6.07 18.138 <0.001
GG 27 68

GA 64 34 474 2.566 - 8.76 26.995 <0.001

"Wet" form AA 6 3 5.037 1.15-21.98 5.0976 <0.05
G 118 170

A 76 40 478 2.65-8.64 29.53 <0.001

Notes: OR - odds ratio; 95 % CI - 95 % confidence interval; x? - chi-square criterion; p - level of significance .
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Fig. 2. ROC curves for "dry" and "wet" forms of age-related macular degeneration.

development of both "dry" (AUC = 0.761+0.044 at 95.0 % Cl
0.67-0.85; p<0.001) and "wet" (AUC = 0.761+0.045 at
95.0 % C10.67-0.85; p<0.001) forms of AMD. In the study of
homozygous genotypes for the minor allele, a reliable
association was not established (p>0.05), which can be
attributed to multifactorial pathology or the distribution of
genotypes, which had a small number of representatives
of the AA genotype among the control group and among
patients (see table. 1).

Patients' results were presented in the form of
categorical data, which did not allow to adequately assess
the cut-off threshold formed by the ROC curve, so the
specificity and sensitivity of the diagnostic test were analyzed
using separate formulas using tables 2x2 (Table 3).

As can be seen from Table 3, in both forms of AMD the
susceptibility of genotype AA, which according to logistic
regression had the best prognostic value, but was
inaccurate in estimating the ROC curve and AUC, was the
worst and was 17.9 % in "dry" disease and 18.2 % - with
"wet", while the specificity of this genotype for the minor
allele was the highest in both forms of age-related macular
degeneration and amounted to 95.8 %. Such ambiguous
results of sensitivity and specificity can be attributed to the
fact that age-related macular degeneration is a
multifactorial disease, making it difficult to claim a single

Table 3. Sensitivity and specificity of rs1800629 TNF gene
polymorphism in the development of "dry" and "wet" AMD.

"Dry" form "Wet" form
GG GA AA GG GA AA
Sensitivity - 610% | 179 % - 703 % | 182 %
Specificity - 66.7 % | 95.8 % - 66.7 % | 95.8 %

effect of this gene on the development and progression of
pathology. Regarding the heterozygous variant of the
rs1800629 polymorphism of the TNF gene, the sensitivity
for it in the "dry" form was 61.0 %, and in the "wet" form -
70.3 %, while the specificity of its detection in both forms of
the disease was 66.7 %.

Thus, the results of the statistical methods indicate the
high significance of the prognostic influence of the
rs1800629 polymorphism of the TNF gene on the
development of both forms of AMD, especially "wet", in the
case of mutant genotypes. Indicators of specificity and
sensitivity of SNP genotypes indicate a complex
predisposition to the development of pathology with the
involvement of other genetic factors, which in the study of
their combination can significantly increase the sensitivity
and specificity of the diagnostic test.

Discussion

The results of our study indicate a high statistical
significance of the prognostic effect of the rs1800629
polymorphism of the TNF gene on the development of both
forms of age-related macular degeneration, especially "wet"
(p<0.05). When determining the distribution of genotypes,
it was found that mutant genotypes are widely represented
among patients from the cohorts of "dry" and "wet" forms of
AMD, compared with the control group: 17.2 % and 22.0 %
in the case of GA gene variant, respectively, and 2.4 % and
2.1 % for genotype AA, respectively. A significant difference
in the distribution of mutant allelic variants between the
two forms of AMD and control was confirmed by the Kruskal-
Wallis method.

In the frequency of distribution of genotypes and alleles
by Hardy-Weinberg equilibrium, the mutant variant AA and
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allele A prevailed among people with "wet" form of the
disease. Thus, the AA genotype was 4.3 times more
common than the control, while the A allele was 2.0 times
more common than the control. According to the results of
logistic regression, it was found that the chances of
developing "dry" form of AMD in patients with GA genotype,
compared with the control group, were 3.1 times higher,
while in the presence of allelic variant AA - 5.0 times. The
same OR values were recorded when assessing the
prognostic effect of this genotype on the development of
the "wet" form of AMD, which indicates the effect of this
allelic variant on both the occurrence and progression of
the pathology. The analysis of the ROC curve and the
determination of the area under it revealed a high statistical
significance of the GA genotype for the development of both
"dry" and "wet" forms of AMD, while no significant
association was found in the study of homozygous genotype
for minor allele. The specificity of determining the mutant
genotype in the case of "wet" form of AMD was 95.8 %. The
best sensitivity index was determined for the heterozygous
genotype in the case of the "wet" form - 70.3 %.

In our work we tried to shed light on the most important
links in the development of age-related macular
degeneration, which can be modulated by modern
pharmacogenetic methods. Numerous studies indicate the
role of TNF-a in the pathogenesis of proliferative diabetic
retinopathy and the wet form of age-related macular
degeneration - such conclusions lead to information about
the increase in the concentration of protein necrosis factor-
alpha in the aqueous fluid of the eye among patients with
such pathologies [20]. The gene expressing this biological
agent contains one of the most studied polymorphisms
that is likely to affect the expression of TNF-a, located in the
promoter region of the gene in front of the transcription
initiator, at 308 nucleotides, and known as G-308A
(rs1800629) [1]. All allelic variations of this polymorphism
have different ability to pathogenic activation, in particular:
the wild genotype GG has a complex effect, without changing
the risk of associated pathological processes.
Heterozygotes (AG) and monozygotes by mutant allele (GG)
increase the risk of compatible nosologies by 2.0 and 2.5
times, respectively. Sometimes in sources the rs1800629
allele (A) is referred to as 308.2 or TNF2, and the more
common allele (G) is referred to as 308.1 or TNF1 [7, 17].

Aging, inflammation, and dysregulation of the
complement system affect the retinal pigment epithelium,
and evidence has been found to involve tumor necrosis
factor alpha and complement component 3 (C3) as one of
the key factors in the development of age-related macular
degeneration [6]. The primary effects of TNF are related to
the cytoplasmic domain TNF-R1, which sequentially
recruits death domains in a number of key signaling
proteins: primarily the death domain associated with the
TNF-a receptor (tumor necrosis factor receptor type 1-
associated via death domain protein, TRADD); Fas
associated death domain (FADD); a starter of caspase-8

apoptosis (also known as FADD-like ICE, Fas-associated
death domain-like IL-1B-converting enzyme, or FLICE),
causing degeneration of numerous proteins [14]. The
effects of TNF-a are not limited to this, the protein exerts
stimulatory and inhibitory effects on signaling pathways
regulating apoptosis, proliferation and differentiation,
immune recognition and inflammatory response, for
example: interaction with antiapoptotic receptor DCR1
(decoy receptor 1, also known as TRAIL receptor 3
(TRAILRRI)), the levels of which are significantly lower in
patients with AMD and almost indistinguishable in patients
with dry and wet forms [2]. Issues of cross-regulation with
VEGF, another potential determinant of AMD, remain
important. The results suggest that VEGF secretion under
inflammatory conditions depends on cell polarization, and
TNF-a-induced VEGF suppression can lead to choroidal
atrophy in polarized physiological cells of the retinal pigment
epithelium. TNF-a-induced upward regulation of VEGF can
cause neovascularization, which is considered a
component of late age-related macular degeneration [16].
This is confirmed by the fact of successful application of
biological agents of targeted action to VEGF and TNF-a in
the context of slowing the progression of age-related
macular degeneration [18]. Another point of application is
considered to be a family of antioxidant systems that protect
the cell from oxidative stress - their regulation also involves
tumor necrosis factor, triggering not only downward effects,
but also receiving feedback on their own expression. It
actively interacts through cellular and molecular markers
of inflammation and oxidative stress (eg, IL-1B8, TGF-q,
ABCG1, ABCA1, reduced glutathione), and almost all of
them alter the metabolism of reactive oxygen species in
retinal pigment epithelial cells, limiting oxidative stress for
physiological functioning [13]. Additional evidence of an
association between TNF and ROS is the ability of caspase
inhibitors and fat-soluble free radical scavengers (eg,
tocopherol) to reduce AMD-induced cytotoxicity, particularly
in the treatment of TNF blockers [12].

In a study that looked at the potential cytoprotective and
anti-inflammatory effects of carbon monoxide-releasing
molecules, they markedly inhibited TNF. Moreover, CORMs
have been shown to exert their inhibitory effects by blocking
nuclear translocation of nuclear factor kB/p65 and IkBa
degradation in retinal pigment epithelial cells under the
influence of TNFa - this also echoes the information above
[23].

Conclusions

1. The results of our study indicate the high statistical
significance of the prognostic effect of the rs1800629
polymorphism of the TNF gene on the development of both
forms of age-related macular degeneration, especially the
wet nosological form.

2. Mutant variant AA and allele A of the rs1800629
polymorphism prevailed among individuals with a wet form
of the disease, which suggests the association of this allele
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with the development of pathology. Thus, the AA genotype
was 4.3 times more common in people with age-related
macular degeneration compared to the control, while the A
allele was 2.0 times more common than the control.
According to the results of logistic regression, it was found

References
[11Ahmed, R., Sharif, D., Jaf, M., & Amin, D.M. (2020). Effect of
TNF-a 308G/A (rs1800629) Promoter Polymorphism on the
Serum Level of TNF-a Among Iraqi Patients with Generalized
Vitiligo. Clin. Cosmet. Investig. Dermatol., 13, 825-835. doi:
10.2147/CCID.S272970
[21Anand, A., Sharma, N.K., Singh, R., Gupta, A., Prabhakar, S.,
Jindal, N. ... Gupta, P.K. (2014). Does DcR1 (TNF-related
apoptosis-inducing-ligand Receptor 3) have any role in human
AMD pathogenesis? Sci. Rep., 4(4114), 1-5. doi: 10.1038/
srep04114
[3] Colijn, J.M., Buitendijk, G.H.S., Prokofyeva, E., Alves, D., Cachulo,
M.L., Khawaja, A.P. ... Klaver, C.C.W. (2017). Prevalence of
age-related macular degeneration in Europe. Ophthalmology,
124(12), 1753-1763. doi: 10.1016/j.ophtha.2017.05.035
[4] Cook, H.L., Patel, P.J., & Tufail, A. (2008). Age-related macular
degeneration: diagnosis and management. British Medical
Bulletin, 85(1), 127-149. doi: 10.1093/bmb/Idn012
[5] Domenech, E.B., & Marfany, G. (2020). The Relevance of
Oxidative Stress in the Pathogenesis and Therapy of Retinal
Dystrophies. Antioxidants (Basel), 9(4), 1-22. doi: 10.3390/
antiox9040347
[6] Efstathiou, N.E., Moustafa, G.A., Maidana, D.E., Konstantinou,
E.K., Notomi, S., Barbisan, P.R.T. ... Vavvas, D.G. (2020).
Acadesine suppresses TNF-a induced complement
component 3 (C3), in retinal pigment epithelial (RPE) cells.
PLoS One, 15(12), e0244307. doi: 10.1371/
journal.pone.0244307
[7]1 El-Tahan, R. R., Ghoneim, A. M., & EI-Mashad, N. (2016). TNF-a
gene polymorphisms and expression. SpringerPlus, 5(1508),
1-7. doi: 10.1186/s40064-016-3197-y
[8] Falvo, J. V., Tsytsykova, A. V., & Goldfeld, A. E. (2010).
Transcriptional Control of the TNF Gene. Curr Dir Autoimmun,
11, 27-60. doi: 10.1159/000289196
[9] Fischer, R., & Maier, O. (2015). Interrelation of Oxidative Stress
and Inflammation in Neurodegenerative Disease: Role of TNF.
Oxid Med Cell Longev, 2015(610813), 1-19. doi: 10.1155/
2015/610813
[10] Garcia-Onrubia, L., Valentin-Bravo, F. J., Coco-Martin, R. M.,
Gonzalez-Sarmiento, R., Pastor, J. C., Usategui-Martin, R., &
Pastor-ldoate, S. (2020). Matrix metalloproteinases in age-
related macular degeneration (AMD). Int J Mol Sci, 21(16), 1-
32. doi: 10.3390/ijms21165934
[11] Kaarniranta, K., Kajdanek, J., Morawiec, J., Pawlowska, E., &
Blasiak, J. (2018). PGC-1a Protects RPE Cells of the Aging
Retina against Oxidative Stress-Induced Degeneration through
the Regulation of Senescence and Mitochondrial Quality
Control. The Significance for AMD Pathogenesis. Int J Mol
Sci, 19(8), 1-20. doi: 10.3390/ijms 19082317
[12] Lu, J., Miyakawa, K., Roth, R.A., & Ganey, P.E. (2013). Tumor
necrosis factor-alpha potentiates the cytotoxicity of
amiodarone in Hepa1c1c7 cells: roles of caspase activation

that the chances of developing dry AMD in patients with GA
genotype, against the control group, were 3.1 times higher,
while in the presence of allelic variant AA - 5.0 times, which
is confirmed by literature data.

and oxidative stress. Toxicol. Sci., 131(1), 164-78. doi:
10.1093/toxsci/kfs289

[13] Promsote, W., Veeranan-Karmegam, R., Ananth, S., Shen, D.,
Chan, C., Lambert, N.A. ... Martin, P.M. (2014). L-2-
oxothiazolidine-4-carboxylic acid attenuates oxidative stress
and inflammation in retinal pigment epithelium. Mol. Vis., 20,
73-88.

[14] Sethi, G., Sung, B., & Aggarwal, B.B. (2008). TNF: Amaster
switch for inflammation to cancer. Front. Biosci., 13, 5094-
5107. doi: 10.2741/3066

[15] Shu, D. Y., Butcher, E., & Saint-Geniez, M. (2020). EMT and
EndMT: Emerging Roles in Age-Related Macular Degeneration.
Int. J. Mol. Sci., 21(12), 1-26. doi: 10.3390/ijms21124271

[16] Terasaki, H., Kase, S., Shirasawa, M., Otsuka, H., Hisatomi, T.,
Sonoda, S., ... & Sakamoto, T. (2013). TNF-a decreases VEGF
secretion in highly polarized RPE cells but increases it in non-
polarized RPE cells related to crosstalk between JNK and NF-
kB pathways. PLoS One, 8(7), €69994. doi: 10.1371/
journal.pone.0069994

[17] rs1800629. (2021, July 4). In SNPedia. https://
www.snpedia.com/index.php/Rs1800629

[18] Wang, X.,Ma, W., Han, S., Meng, Z., Zhao, L., Yin, Y., ... Li, J.
(2017). TGF-a participates choroid neovascularization through
Smad2/3-VEGF/TNF-a signaling in mice with Laser-induced
wet age-related macular degeneration. Sci. Rep., 7(1), 1-13.
doi: 10.1038/s41598-017-10124-4

[19] Wei, X., Chen, Y., Wu, L., Cui, L., Hu, D., & Zeng, X. (2016).
Tumor necrosis factor-a G-308A (rs1800629) polymorphism
and aggressive periodontitis susceptibility: a meta-analysis
of 16 case-control studies. Sci. Rep., 6(19099), 1-8. doi:
10.1038/srep19099

[20] Whitmore, H.A.B., Amarnani, D., O'Hare, M., Delgado-Tirado,
S., Gonzalez-Buendia, L., An, M. ... Kim, L.A. (2021). TNF-a
signaling regulates RUNX1 function in endothelial cells. FASEB
J., 35(2), €21155. doi: 10.1096/fj.202001668R

[21] World Health Organization. (2019). World Report on Vision.
https://www.who.int/publications/i/item/9789241516570

[22] World Medical Association. (2018). Ethical Principles for Medical
Research Involving Human Subjects. WMA Declaration of
Helsinki. https://www.wma.net/policies-post/wma-
declaration-of-helsinki-ethical-principles-for-medical-
research-involving-human-subjects/

[23] Yang, P., Cheng, K., Yuan, S., & Wung, B. (2020). Carbon
monoxide-releasing molecules protect against blue light
exposure and inflammation in retinal pigment epithelial cells.
Int. J. Mol. Med., 46(3), 1096-1106. doi: 10.3892/
ijmm.2020.4656

[24]1Zhang, Z., Bao, X.,ong, Y., Fan, B., & Li, G. (2020). Autophagy
in Age-Related Macular Degeneration: A Regulatory
Mechanism of Oxidative Stress. Oxid. Med. Cell. Longev.,
(2896036), 1-13. doi: 10.1155/2020/2896036

DOCNIMXEHHSA BMNIIUBY TNF-a HA YILKOMXEHHS KMITUH NITMEHTHOIO ENITENIIO CITKIBKA NMPU BIKOBIA

MAKYNOOUCTPO®II

Manaykoea H. B., Moxammad Mawxyp Moxammad Maca'dex

OKucHul cmpec 3MiHIO€E KIIMUHHULU 20Me0cmas3 i BUKIUKAaE KNimMUHHY 8i0roeiob, sika 3anexumb 6i0 msXKocmi ma mury MOWKOOXEeHHS:
rneeHa YacmuHa KIimuH akmueye 3axuCHi MexaHi3Mu, rpu3HadeHi 0nsi 3abe3neqyeHHs1 8UKUBaHHS; iHWa X, 3a yMo8U 2ailbMy8aHHs
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3axXUCHUX MexaHi3mig, 3arycKae anbmepHamueHi cu2HasbHi Wwisaxu, sKi npusgodsme 00 arornmosy, HeKposy, nipornmosy, aymodgaaii
mouwo. OdHaK, mo4yHa rnpu4yuHa makoao MOWKOOXeHHsI ma IHOYKUIi OKUCHO20 cmpecy, 8K/to4aroyu ros's3aHi 3 UuM OKUCo8arlbHi
egheKmu HagsKoso KNimuH rieMeHmHo20 enimenito 8 KOHmMeKcmi 8UHUKHEHHSI ma rpoepecyeaHHs1 8iKo8oi MaKynspHoi OeseHepauii -
00HO20 3 HalnowuUpeHiWux y ceimi 3axeoptosaHb OKa i3 HacniOkamu y euensadi crinomu, 3anuwaromscs HedocmamHbO 3P03yMINuUMU.
Tomy e nipouyeci OocrnidxeHHs MU 38epHynuUcs 00 KTrHo8UX bio2eHemMUYHUX MOYOK pe2ynsauii 3ananeHHs ma anonmosy, 3okpema TNF.
Mema pobomu - oceimneHHs poni TNF sik 2eHemu4Hoi demepmiHaHmMu, 30amHoi iHiyitoeamu ma ennueamu Ha nepebie 8ikosoi
makynspHoi OeeeHepauii. [ns yboeo y 291 ocobu, siki xeopinu Ha sikosy MaKynsipHy OezeHepauito, ma y 105 ocib 6e3 ogpmanbmorioeidHoi
namonoeii 6ynu eu3Ha4yeHi OCHOBHI Mamo2HOMOHIYHI MapKepu MOPEOI02iYHOI cmpyKmypu Makysu, 8UKOpUCMOBYHHU OMNMUYHY
Ko2epeHmHy momozpadpito Onisi nidmeepdxeHHs1 abo 8UKIOYEHHST OiagHO3y 3axeoprosaHHs. [ns euseneHHs nonimopgiamy eeHa TNF
sukopucmosysanu memod [1/IP-OiaeHocmuKku 8 pexumu peanbHO20 Yacy Ha amnnigikamopi BioRad CFX 96, sukopucmosyroyu
peakmusu JluTex. Cmamucmuy4Hy 06pobKy pe3dynbmamig npogodusnu 3a 00roMoeoto pisHosaau Xapoi-BaliH6epea, memody Kpackena-
Yonneca, nocicmu4Ho2o peepecitiHoeo aHanisy ma nobydosu ROC-kpueoi 3 susHadyeHHsIM obrnacmi AUC | 3HadyeHb Yymmueocmi ma
crieyugpiqHocmi. Y pesynbmami GocnidxeHHs1 8usierieHo 00CMOBIPHY Pi3HUU0 y po3nodini MymaHmHux eeHomuriie MiX nayieHmamu
3 oboma popmamu BM/L ma KOHMPOMbHOK epyrok. TakoX 8cmaHOo8eHO Ccmamucmu4YHO 8UCOKO3Hadyuwul eniue MymaHmHo20
anensa A Ha po3sumok sk "cyxoi” (OR = 3,40; 95,0 %; Cl = 1,90-6,07, p<0,001), mak i "eonoeoi” gpopmu BM/L (OR = 4,78; 95,0 % Cl 2,65-
8,64, p<0,001), a npu aHani3i MymaHmHux eeHomurlig 8usiesieHo, wo eeHomurn GA nidgulyye waHcu 8UHUKHEHHS "cyxoi” ma "sonoeoi”
opm 3axeoprosaHHs 8 3,13 i 4,74 pasie sidrnosioHo, modi sik AA - y 5 pasig, He3arnexHo 8i0 ¢chopmu xeopobu, wio nidmeepdxye ernue
nonimopgpiamy eeHa TNF Ha 8UHUKHEHHSI ma ripo2pecysaHHs 8ikogoi MakynspHoi 0ezeHepauil. [pu aHanizi ROC-kpugux ma obnacmel
AUC scmaHoerneHo, w0 eci MymaHmHi eeHomunu marombs 00CMOGIPHUU 8Mnu8 Ha 8UHUKHEHHS 8iKO80I MaKyrnspHoi OeseHepayii
(p<0,05). lMpome, ompumaHi 3Ha4yeHHs1 Yymnusocmi i crieyugiyHocmi, ocobnueo npu 2seHomuni AA sk npu "cyxia" (17,9 % i 95,8 %
8i0rosidHo) mak i npu "sonoait" (18,2 % i 95,8 % eidrnosidHO) chopmax 8ikoeoi MaKynsipHOi Oe2eHepauii cgid4amb PO HU3bKUU WaHC
be3rnomunkogoeo nidmeepdxeHHs1 diazHO3y 3ax80PHO8aHHS, W0 MOXe bymu ros'a3aHo 3 MyrbmucghakmopiasbHICMI0 3aX80PO8aHHS i
nompebye nodanbwux OOCiOKeHb.

KnioyoBi cnoBa: sikosa makynspHa OeeeHepauisi, TNF-a, ROS, NOS, eeH.
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Densitometric methods for determining bone density are increasingly becoming
fundamental in research and a priority in clinical applications in medical practice.
Rehabilitation of patients with bone atrophy becomes impossible without assessing its
density and, at the same time, is an important component in the diagnosis and planning
of reconstructive surgery, in particular, prognosticity in the use of osteoplastic materials
or osteointegration of dental implants. The aim of the study was to conduct a densitometric
assessment to substantiate the rehabilitation of patients with atrophy of the mandible,
on the right side, in the age groups of 25 to 75 years. Computed tomography digital scan
scans obtained using the Vatech PaX-I 3D Green extra-oral radiography system and
processed by the standardized X-ray diagnostic software Ez3D-I Original ver.5.1.9.0.
Using the tools of the horizontal option panel, in particular the keys of the interface
"profile", the density of bone tissue with interpretation in conventional units of grayness
(CUG) in the projection of 4.6, 4.7 teeth was investigated. To obtain qualitatively
homogeneous values, we used nonparametric methods of statistical analysis of
comparison of age groups - using the multidimensional Kruskal-Wallis test as an
alternative intergroup analysis of variance, for simultaneous comparison of three
samples. It is proved that during the statistical analysis of bone density using the
Mann-Whitney U test in the studied areas of the mandible on the right, the total average
number of M experimental (E) groups compared to the average number of the control
group (C), high reliability in vertical (VP) measurements and confirmed p<0.05. Thus,
it is proved that the early loss of the masticatory group of teeth, in the first group of
studies (25-45 years), leads to high rates, with increasing bone density in the direction
of distalization of the final defect of the dentition. Conversely, the lack of functional
action on bone tissue in the second (46-60 years) and third (61-75 years) groups of the
study, leads to a decrease in its density, and, consequently, to the devastation of the
trabecular layer, which contributes to the progression of atrophic processes.
Keywords: mandible, computed tomography, densitometry, bone atrophy.

Introduction

X-ray densitometry is one of the most advanced and
diagnostic-informative method of studying bone density [1,
19, 28]. Widespread use [18, 32] and ranges of
modifications regulate the possibilities in the study of
complex morphological structures [9]. Dynamic observation
is easily accessible thanks to digital methods of X-ray
anatomical CT, which is much broader than conventional
clinical radiology, provide a rapid result of the study of the
dynamic bone system [13], which depends on metabolic
processes and internal and external factors. environment,
causing its pathological and morphological changes,

including taking into account its structural topographic
features. As a result of such implementations, densitometric
determination of bone density, which is a depot of micro-
and macroelements of the body, is becoming fundamental
in various medical fields of clinical practice [5, 27].

The same assessment of bone mineral density can be
performed using ultrasonic densitometry [14], but the difficulty
in obtaining three-dimensional models sometimes limits
its use.

To understand and assess the bone tissue of the jaws
[7], the authors recommend a study of bone density with the
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inclusion of cortical and trabecular layers [26], changes in
which can be valuable indicators of its biomechanical
potential, as described in these works [17, 22].

In direct proportion, the density of bone tissue is reflected
in the success of the plan and subsequent surgical treatment
of atrophy of the bone tissue of the jaws, with the possible
use of osteoplastic materials and, in turn, osteointegration
of dental implants. Therefore, rehabilitation of patients with
bone atrophy becomes impossible without assessing its
density, at the same time, an important component in the
diagnosis and planning of reconstructive surgery and
prediction of the desired results [26, 33].

X-ray densitometry remains an equally important early
diagnostic criterion for detecting the effects of somatic
pathology, in particular, endocrine, which leads to the
devastation of the trabecular layer or, conversely, its
corticalization [4, 23, 29].

The combination of methods for assessing the
relationship between morphology, volume and density of
bone tissue [4] prevents the possible consequences such
as changes in occlusion and facial shape, speech disorders,
difficulty in chewing food and social rehabilitation in general.

The available modern review of the literature provides a
proper statement on the above issues, and has become an
impetus for careful study and a fundamental support for this
research.

The aim of the study was to conduct a densitometric
assessment to substantiate the rehabilitation of patients
with atrophy of the mandible, on the right side, in the age
groups of 25 to 75 years.

Materials and methods

Using the Vatech PaX-I 3D Green extra-oral radiography
system with a scan size range of 16x9 cm, minimizing the
possibility of artifacts caused by patient movement, a 0.5
mm focal spot (IEC60336) on a 14-bit gray scale with a size
of 0.2/0.3 voxel and due to the short scan time, high quality
images are obtained. 68 scans have been selected that
provide the best opportunities for diagnosis and are
informative in achieving the goal of this work. The analysis

Fig. 1. Densitometric determination of bone density. A - distance, in the vertical plane on sagittal sections, from the edge of the pars

of computed tomographic digital scans was performed using
computer technology HEWLETT-SNCPUM1 with 16.0 GB of
RAM, system software 10 Pro for Workstations, 2019: 00391-
70000-00000-AA425 and standardized X-ray diagnostic
software Ez3D-I Original ver.5.1.9.0, used for visualization of
multimodal and multidimensional images. Using the tools
of the horizontal option panel, in particular the keys of the
interface "profile", the density of bone tissue with
interpretation in conventional units of grayness (CUG) in the
projection of 4.6, 4.7 teeth was studied (Fig. 1).

The material was divided according to the age of patients
into four groups, namely: the first group (l) - 25-45 years, the
second group (ll) - 46-60 years, the third group (lllI) 61-75,
the fourth group (IV) - 25-75 years old, persons with
preserved dentition (control group).

All studies were performed after patients were informed
and signed an informed consent to participate in studies in
compliance with the basic provisions of the GSR (1996), the
Council of Europe Convention on Human Rights and
Biomedicine (04.04.1997), the Helsinki Declaration of the
World Medical Association on Ethical Principles of Medical
Research with human participation (1964-2013), orders of
the Ministry of Health of Ukraine Ne 690 of 23.09.2009, Ne
616 of 03.08.2012 and approved by the decision of the
Commission on Biomedical Ethics (Minutes Ne 2 of
21.10.2021).

The work is a fragment of the initiative research work of
the Department of Histology, Cytology and Embryology of
Bukovinian State Medical University "Structural and functional
features of tissues and organs in ontogenesis, patterns of
variant, constitutional, sex-age and comparative morphology
of human", Ne state registration 0121U11012.

Digital statistical analysis was performed in StatSoft
Statistica 10.0 software and presented as M+o (mean and
standard deviation). Using non-parametric methods of
statistical analysis, the comparison of experimental groups
with the control group was performed using the Mann-
Whitney U-test. Comparison of age groups - using the
multidimensional Kruskal-Wallis test as an alternative
intergroup analysis of variance used to compare three or

alveolaris to the edge of the base of the mandible (VP); B - distance, in the horizontal plane on the sagittal sections, from the edge of the

lingual surface to the edge of the buccal surface (HP).
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more samples to test null hypotheses according to which
different samples were taken from the same distribution
with similar medians. Differences between groups were
considered significant at a significance level of p<0.05.

Results

The obtained results of densitometric determination
indicate a decrease in bone density, with the loss of the
masticatory group of teeth, in all study groups. Detailed
analysis shows a decrease in the mean value of M in the
projections of missing 4.6 and 4.7 teeth in vertical (VP) and
horizontal (HP) determinations in the three experimental
groups (Table 1).

Table 1. Quantitative indicators of densitometric determination
(CUG) of mandibular bone on the right side, on sagittal sections in
vertical (VP) and horizontal (HP) planes due to loss of masticatory
teeth in people aged 25-75 years (M+0).

Research
groups,
years VP HP VP HP

1(25-45 p.)
n=14

Il (46-60 p.)
n=20

I (61-75 p.)
n=17

p 0.359

Projection of 4.6 teeth Projection of 4.7 teeth

880.6+x142.9| 1159+176 |980.1+144.4| 1140+206

812.9+242.4 | 1064+148 |891.5+193.6| 1042+148

783.8+205.3 | 947.0£176.0 | 778.8+213.6 | 893.8+148.0

0.002 0.009 0.000
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With increasing of age, bone density decreases in direct
proportion to the loss of masticatory teeth, which is confirmed
by high reliability, at a level of significance p<0.05, intergroup
differences in values obtained, except VP in the projection of
missing 4.6 teeth, where p>0.05 (Fig. 2).

This result is justified by the fact that the cortical layer of
bone tissue of the buccal side is primarily affected by
etiopathological factors, even with preserved dentition [6].

As well as the physiological process - bone remodeling,
primarily occurs on endosteal surfaces, where the most
localized osteoclasts and osteoblasts [10, 24].

By comparing the quantitative indicators of densitometric
determination (CUG) of bone density, using the Mann-
Whitney U-test, in the studied areas of the mandible, the
total average number of M experimental (E) groups to the
average number of control group (C), the reliability of such
results in vertical definitions and is confirmed by p<0.05
(Table 2).

The VP value in projection 4.6 is characterized by a
moderately high density in the experimental groups (E) and
is 822.0+236.7 with a decrease in the control group (C) to
675.5+358.7 (p<0.05). The value of VP in the projection of
missing 4.7 teeth indicates a decrease in bone density, both
in the experimental groups (E) - 878.0+233.2 and in the
control group (C) - 725.1+456.4 (p<0.05).

This analysis of the results of VP and HP, although
confirms the hypothesis of dependence on the constitutional
type of person, but its density is directly proportional to the

VP, 4.7 tooth projection
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400

200

HP, 4.7 tooth projection
1600
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Fig. 2. The level of reliability (p) of the results of densitometric determination: . - | research group (25-45 years), where n=14;

- Il research group (46-60 years), where n=20;

- lll research group (61-75 years), where n=17.
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Table 2. Comparison of quantitative indicators of densitometric
determination (CUG) of mandibular bone tissue on sagittal sections
in vertical (VP) and horizontal (HP) planes due to loss of masticatory
teeth in people aged 25-75 years (n=68).

VP HP
Definition area
Mto p Mto p
Projection of | E | 822082367 | | 1051:214 |
46teeth | ¢ | 75543587 | 977443884 |
Projectionof | E | 8780:2332 | | 10194223 |
47teeth | ¢ | 725144564 | 950.3+446.1 |

Notes: E - experiment; C - control.

The authors [8] point out that the rate of lower jaw bone
remodeling is twice as high as in the upper jaw, and,
hypothetically, may play a role in the development of
osteonecrosis of the jaw, which occurs mainly in the
mandibular pars alveolaris due to the pronounced density
of cortical layers.

Significant densitometric differences are obtained in the
analysis of functional or bone tissue "without activity". Bone
mass is conditionally redistributed from one place to another,
where force acts [2, 3, 12, 16]. Liquid trabeculation of the
mandible (large intertrabecular spaces and thin trabeculae)

Fig. 3. 3D reconstruction models of coronal (frontal) sections of the mandible, with atrophy of bone tissue due to loss of masticatory
teeth. A - the first age group (I, 25-45 years); B - the second age group (I, 46-60 years); C - the third age group (llIl, 61-75 years).

time of tooth loss. After all, we found that the early loss of the
masticatory group of teeth, the first group of studies (25-45
years), leads to high rates, with increasing bone density in
the direction of distalization of the final defect of the dentition.
Conversely, the lack of functional effect on bone tissue, the
second (46-60 years) and third (61-75 years) of the study
group, leads to a decrease in its density, and consequently
the devastation of the trabecular layer, which contributes to
the progression of atrophic processes (Fig. 3).

Discussion

The study of bone density is one of the priority diagnostic
methods in the rehabilitation protocol of patients with
acquired atrophy of bone tissue with secondary defects of
the dentition. After all, bone tissue, in particular lower jaw
pars alveolaris, is characterized by pronounced
morphological variability and has a unique ability to rearrange
in the direction of vertical movement of the teeth [30].

Low bone density is characterized by rapid metabolic
metabolism, which leads to increased manifestations of
pathological changes. Dense trabeculation in the periapical
mandibular molars, with well-mineralized trabeculae and
small intertrabecular spaces, is a reliable sign of normal
skeletal bone density, while sparse trabecular pattern
indicates osteopenic manifestations and difficulty in
selecting treatment.

is a reliable sign of osteopenia [22, 25]. Decreases in
osteoblast-osteocyte-forming cells, which maintain the level
of ionic concentration in the bone interstitial fluid, directly
reflect the osteon structure and its volume.

In our previous studies [20], as well as the authors [31]
focused on the fact that the lack of indirect "constant pressure”
leads bone tissue to a state of relative metabolic rest, but
also to its devastation, which we confirm in the interpretation
of the results Il and Ill experimental groups of this work,
presented above.

Having an understanding of bone density, even with
severe atrophy of the cell process, or even its complete
resorption, the clinical prognosis becomes clear and
receptive to the choice of methods of clinical rehabilitation
[11]. Loss of bone width and depth can affect implantation
success. Directed (controlled) regeneration (DCR)
techniques are often used to restore sufficient bone volume
for dental implants, but correct implementation of a modern
clinical protocol without densitometric analysis becomes
impossible and risky [15]. In previous scientific works, the
clinical results of rehabilitation of a patient with dentition
defects are clearly presented, in particular, on the example
of the mandibular segment [21], which became the basis
for further research and writing a scientific paper.

Of course, we, like every researcher, sought to compare
the results obtained with acquired atrophy of bone tissue
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due to loss of the masticatory group of teeth with age,
however, the search for similar studies was not effective.
Therefore, the prospects for further research include a
detailed analysis of age densitometric assessment of bone
tissue, as an interdependent diagnostic criterion in the
rehabilitation of patients with early loss of the masticatory
group of teeth.

Conclusions
1. The cortical layer of bone tissue on the buccal side is
primarily affected by etiopathological factors, even with
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OEHCUTOMETPUYHA OLIHKA B OBI'PYHTYBAHHI PEABIITAL|IT MALIEHTIB I3 ATPO®IEIO KICTKOBOI TKAHUHU HUXHBOIT

LWENENMW, 3 MPABOI CTOPOHU
Owypko A. TI1.

Memodu deHcumomMempuYHO20 8U3HaYEHHS WiNTbHOCMI KicmKo8oi mkaHuHU dedasti Yacmiwe cmatomp chyHOaMeHmManbHUMU y HayKosux
docnidxeHHsIX ma rnpiopumemHuUMU y KiiHIYHOMY 3acmocyeaHHi 8 MeduyHil npakmuui. Peabinimauis nayieHmie 3 ampogieto KicmKkosoi
MKaHUHU cmae HeMoXiugot 6e3 OyiHKU Ii winbHocmi ma, eodHoYac, € 8aX/ugor CKIadosow npu OGiaezHocmuuyi ma rniaHyeaHHi
PEKOHCMPYKMUBHO20 Xipyp2iYHO20 8mpy4yaHHs, 30Kpema, Mpo2HOCMUYHOCMI Yy 8UKOpUCMaHHI ocmeonnacmu4yHux mamepiarnie 4yu
ocmeoiHmezpauii deHmanbHUXx imMnnaHmamis. Memoro pobomu 6yno nposedeHHs deHcUmMoMempuYHOI oyiHKU Osn1si 0brpyHmMyeaHHs
peabinimauji nauieHmie 3 ampogi€cto KICmKo8oi mKaHUHU HUXHBOI wenenu 3 npasoi CMopoHU y sikosux gpynax ntodeli 6id 25 do 75
pokie. OmpumaHi 3 BUKOpUCMaHHSIM cuCcmeMUu eKkcmpa-oparbHoi peHmaeHoepadii Vatech PaX-1 3D Green kommn'tomepHo-momoepaghidHi
yughposi ckaHysaHHs1 ornpauyboeaHo cmaHOapmu308aHuM peHmaeHoliaeHOCMUYHUM rpoepamMHuUM 3abesnedyeHHsm Ez3D-I Original
ver.5.1.9.0. Bukopucmosytouu iHcmpymeHmu 20pu3oHmaribHOI onyitiHoi naHeni, 30Kkpema knasiwi iHmepgbelicy "npoginb", docnidxeHo
winbHicmb KICmKogoi mKkaHUHU 3 iHmeprpemaujieto 8 yMosHuUx oOuHuUUsix cipocmi (YOC) y npoekuii 4.6 ma 4.7 3ybis. [4na ompumaHHs
SIKICHO OOHOPIOHUX 3Ha4eHb HaMu 3acmoco8aHo HerapamMempuyHi MemoOu cmamucmuy4yHO20 aHarisy ropieHsIHHS epyrl 3a 8iKOM - i3
suKopucmaHHsiM bazamosumipHo20 Kpumepito Kpackena-Yonrica siK anbmepHamueHO20 MiXepyrnogo2o OucrnepcHo20 aHanisy ons
00HOYaCHO20 MOPIBHSIHHSI MPbOX 8UbIpoK. [1i0 Yac cmamucmu4YHO20 aHanizy ompuMaHUX MoKa3HUKI8 WiTbHOCMI KiCmKo8oi mKaHUHU
3 sukopucmarHam U-kpumepito MaHHa-YimHi @ docnidxysaHux OifisiHKax HUXHbLOI wenenu crpaea, 3a 3a2asfibHUM cepedHiM 4ucriom
M docnioHux () epyn y nopieHsHHI i3 cepedHim yucrom epynu koHmposmto (K), ompumaHo sucoky docmosipHicmb pe3ynbmamig y
sepmukanbHux (VP) 3amipax i niomeepdxeHo p<0,05. Takum YuHomM, dogedeHo, WO paHHSI empama xyearsbHoi epyrnu 3ybis, y nepuwil
epyni docnioxeHHs1 (25-45 pokig), npu3eodump 00 BUCOKUX MOKa3HUKI8 3 HapOCMaHHAM WibHOCMIi KicmKo8oi mKkaHUHU 8 biK
Oucmani3auii kiHyesoz2o deghekmy 3ybHuUx psdie. |, Hasnaku, eidcymHicmb OyHKUioHanbHOI Oif Ha Kicmkogy mkaHuHy, y Opyeail (46-60
pokie) ma mpemiti (61-75 pokig) epynax OocnioxeHHs, npu3godums 00 3HUXeHHS ii WinbHocmi, a, 8idrnoegioHo, i 60 crycmoweHHs
mpabeKynspHo20 wapy, Wo Crpusie rnpoepecysaHHo ampogiyHUX Npouecis.

KnrouoBi cnoBa: HuXHs wenerna, KoMn'rtomepHa momoepadpisi, deHcumomempisi, ampoagisi KicCmKo80i mKaHUHU.
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Hyperproliferative processes of the endometrium, remaining one of the most common
gynecological pathologies, still have imperfections in the diagnostic stages, both invasive
and non-invasive. There is still controversy about the need to differentiate between
hyperplasia and endometrial polyps. And the improvement of the method of
pathomorphological research and the invention of immunohistochemical markers for the
endometrium, opened new opportunities for better diagnosis of hyperproliferative
processes of the endometrium. Also, an important component of the diagnosis of
endometrial pathology are invasive methods, namely hysteroscopy, which has eliminated
most of the shortcomings associated with the classic scraping of the uterine cavity. The
definition of markers of chronic endometritis has opened new questions about the origin
of chronic inflammation in the uterine cavity, its course and the relationship with the
biocenosis of the lower genital tract. The aim of this study was to determine the role of
pathomorphological immunohistochemical cytological methods of examination and
microscopy in patients of reproductive age with hyperproliferative processes of the
endometrium. In order to achieve this goal, we analyzed 161 women, of whom 58 women
had verified diagnoses of endometrial hyperproliferative processes, 71 women were
morphologically verified diagnoses of hyperproliferative processes in combination with
chronic endometritis. The control group consisted of 32 women without evidence of
hyperproliferative processes of the endometrium and chronic endometritis. The age of
women ranged from 18 to 53 years. Also, all women underwent cytological examination of
the cervix and microscopy of vaginal swabs. According to the data obtained, the percentage

ratio between the number of diagnosed endometrial polyps and endometrial hyperplasia

was equal, with a slight advantage towards endometrial polyps. Other gynecological
diseases such as uterine fibroids, external endometriosis and cervical polyps accounted
for a total of 0.8 to 3.9 %. Cytological examination of the cervix indicated the predominance

of type 2 cytology in the group of women with chronic endometritis. Analysis of microscopic
data of vaginal secretions indicates an increased level of inflammation in the group of
women with a combination of hyperplastic processes of the endometrium and chronic
endometritis. In conclusion, it is possible to claim a slightly higher level of chronic
endometritis in the group of women with endometrial polyps, compared with endometrial
hyperplasia. There is also a clear link between the diagnosis of chronic endometritis and
inflammatory changes in cytological examination of the cervix and microscopy of vaginal
discharge. Comparison of the results of the above diagnostic methods can improve the

diagnosis of hyperproliferative processes of the endometrium and chronic endometritis,

with the further development of effective treatment methods.

Keywords: endometrial hyperplasia, endometrial polyps, endometrial hyperproliferative
processes, pathomorphological study, immunohistochemical study, cytological
examination.

Introduction

Hyperproliferative diseases of the endometrium (HE)
attract the attention of scientists and practitioners because
they have a high risk of progression to neoproliferative

processes [1, 2]. At the same time, there are many
differences in the interpretation of the etiopathogenetic
aspects of these processes, their classification and
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methods of treatment. The issue of endometrial polyps
(PE) is debatable, most authors consider them a special
form of proliferative process, and distinguish it from
endometrial hyperplasia [2, 3, 5]. At the same time, some
authors believe that endometrial polyps are a local form of
endometrial hyperplasia, and polyps larger than 15 mm in
diameter are generally considered a manifestation of
diffuse endometrial hyperplasia [7, 10]. The WHO has
adopted a classification of proliferative processes -
hyperplasia in two forms: without atypia and with atypia.
Despite the large amount of research on various aspects
of endometrial hyperplastic processes, the role of
inflammatory processes in the pathogenesis of
endometrial hyperplasia and polyps remains controversial,
the possibility of using anti-inflammatory therapy in
conservative treatment of hyperplastic processes and
prevention of malignancy is unclear [10, 12].

In addition to the study of anamnesis, the use of
laboratory and non-invasive methods of endometrial
examination, invasive diagnostic techniques with
subsequent morphological examination have become
widely used [11, 15]. According to endometrial biopsy, we
have the opportunity to obtain sufficiently informative
material for diagnosis, while some authors point to its lack
of information due to possible technical errors, such as
the inability to remove polyps in this way. However, the
combination of this method with hysteroscopy allows for
better diagnosis of hyperproliferative processes of the
endometrium [13, 18, 21].

Hysteroscopy is now considered the most reliable
method for diagnosing hyperproliferative processes of the
endometrium, and the doctor has the opportunity not only
to assess visually pathological changes, but also to
conduct targeted surgery, to assess its effectiveness. The
informativeness of hysteroscopy is estimated by various
authors in 84-96 % [16, 17]. Some authors point out the
disadvantages of this method, the presence of individual
errors caused by the peculiarities of changes in the
endometrium.

Finally, the diagnosis of hyperproliferative processes of
the endometrium can be established as a result of
histological examination of the surgical material [19].
Histological examination makes it possible to assess not
only the form of hyperproliferative processes of the
endometrium, but also the presence of signs of
neoproliferative process in the studied material. The main
question to be answered by histological diagnosis is the
presence or absence of signs of atypia.

Different authors determine the different effectiveness
of hysteroscopy in chronic endometritis (CE), and differences
in estimates are quite polar: from 16 to 93 % of cases [19,
20]. At the same time, the presence of such signs as uneven
endometrial thickness, focal hypertrophy of the mucous
membrane, the presence of polypoid growths, hyperemia
or uneven coloration of the mucous membrane suggest the
presence of chronic endometritis [20].

Immunohistochemical method detects markers
characteristic of chronic endometritis: CD68+, CD45+,
CD56+, CD20+, CD16+, rarely CD4+, CD8+. For
autoimmune chronic endometritis is characterized by an
increase in CD56+ in the amount of 25-60 in the field of
view. Most authors point out that the most important sign of
chronic endometritis is the presence of markers of plasma
CD138+ cells in lymphoid infiltrates of the endometrial
stroma [19, 20, 21].

The final point in the diagnosis of chronic endometritis
makes it possible to put a morphological examination of
the endometrium. In the presence of inflammatory
infiltrates in the endometrium, which consist mainly of
lymphoid elements located around the glands and blood
vessels; especially in the presence of plasma cells in these
infiltrates, the presence of fibrosis of the endometrial
stroma and sclerotic changes in the walls of the spiral
arteries of the uterus, we have the opportunity to diagnose
chronic endometritis.

The aim of the study is to compare the results of
pathomorphological and immunohistochemical methods
of endometrial examination with methods of diagnosing
the biocenosis of the lower parts of the female genital tract.

Materials and methods

According to the conclusion of the Committee on
Bioethics of the National Pirogov Memorial Medical
University, Vinnytsya Ne 2 dated 10.02.2022, the research
methods described in the publication were applied in
compliance with human rights in accordance with current
legislation in Ukraine, meet international ethical
requirements and do not violate ethical norms and
standards. conducting biomedical research.

In connection with the objectives of the study analyzed
the results of laboratory studies of 161 women, of whom
58 had verified diagnoses of endometrial hyperplastic
processes (group 1), and 71 were found morphologically
verified hyperplastic processes in combination with chronic
endometritis registered in 2018 until 2020 (group 2). The
control group consisted of 32 women without signs of
hyperplastic processes and chronic endometritis.

In verifying the diagnosis used common morphological
signs of chronic endometritis [6]:

* the presence in the endometrium of inflammatory
infiltrates, which consist mainly of lymphoid elements with
the inclusion of macrophages and eosinophils and are
located more often around the glands and blood vessels,
rarely diffuse;

¢ the presence of plasma cells in infiltrates;

¢ focal stroma fibrosis;

¢ sclerotic changes in the walls of the spiral arteries of
the endometrium.

In all cases, the so-called "complete symptom complex
of chronic endometritis" was verified, ie the presence of
not one but all morphological signs of the disease from
the above list.
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Vaginal smear microscopy and determination of the
degree of purity of secretions were used to assess the state
of the biocenosis of the lower genital tract of the examined
women.

For the purpose of early diagnosis of oncological
diseases and determination of the condition of the cervical
epithelium, we performed a cytological examination of the
cervix in women.

Statistical data processing was performed on a personal
computer using Microsoft Excel spreadsheets and the
application package Statistica for Windows V.7.0, StatSoft
Inc. (USA). All obtained quantitative data were processed by
the method of variation statistics. Percentages were
determined for each relative parameter. For nonparametric
data, the @-Fisher angular transformation method was used
(for 2 groups) for unrelated sets.

Results

After careful collection of anamnestic data, detection of
clinical manifestations, gynecological examination,
performed pathomorphological and immunohistochemical
examination of endometrial samples. Pathomorphological
examination of the endometrium to verify the diagnosis of
chronic endometritis and hyperplastic processes of the
endometrium was performed in all patients. The results of
the morphological study are presented in table 1.

According to our data, in patients of the studied groups in
44.2 % of cases there was endometrial hyperplasia without
atypia, in 55.8 % local endometrial hyperplasia (polyp), in
55.0 % of women signs of chronic endometritis, in 55.8 % -
CD138 expression, in addition to isolated fibroids cases
(1.6 %), endometrioid cyst (3.1 %), endometrial rejection
disorders (3.9 %), cervical polyps (0.8 %).

The results of cytological examination of the cervix are
presented in table 2 and figure 1.

According to the results of our study, the 2nd grade of

Table 1. The results of morphological examination in patients of
the studied groups.

Group 1 | Group 2 | Fisher's Total
Nosology (n=58) (n=71) ratio (n=129)
n % | n % 10) n %
Endometrial hyperplasia | o | 446 | 31[43.7| 0.125 |57 442
without atypia
Endometrial polyp 32552 ]|40]56.3| 0.124 [72]55.8
Chronic endometritis 0 0 711100 | 17.75** |1 71| 55.0
Progesterone receptor 1171140137 | 2] 16
expression
Expression of CD138 1117 | 71]100| 16.27** | 72 | 55.8
Fibroids 1117 | 1114|0137 | 2| 16
Endometrioid cyst 0 0 4156|2700 ]| 4 | 31
Dllsorfjers of endometrial 1 171 als6! 1222 | 51 30
rejection
Cervical polyp 0 0 1]114] 1340 | 1] 08

Notes: * - p<0.05; ** - p<0.01.

Table 2. The results of cytological examination of the cervix in
patients of the studied groups.

Group 1 | Group 2 | Fisher's Total
Nosology (n=58) (n=71) ratio (n=129)
n % | n % [0) n %
Grade 1 911551 6 | 85| 1229 |15| 116
Grade 2 37 (63.8|58|81.7| 2.300* | 95| 73.6
Grade 3 1212077 | 99| 1.720 | 19| 14.8

Notes: * - p<0.05; ** - p<0.01.
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Fig. 1. Comparative diagrams of the results of cytological
examination of the cervix in women from control and study groups.

cervical cytology prevailed in both study groups (63.8 % in
the group of women with hyperplastic endometrial
processes, and 81.7 % in the group of women with a
combination of endometrial hyperplastic processes and
chronic endometritis, p<0.05). For other grades (1st and
3rd) we did not find statistically significant differences for the
indicators of the studied groups.

In the studied groups, the highest rate was set for grade
2 cytology of the cervix, which indicates the presence of
elements of inflammation. This parameter was statistically
significantly higher than the same indicator of the control
group (73.6 % vs. 46.9 %, respectively, p<0.05). It should be
noted that in the control group the highest was the indicator
of the 1st grade of cytology (corresponding to the norm),
which was significantly higher than the studied groups of
women with pathology (50.0 % vs. 11.6 %, respectively,
p<0.01). The significant advantage of the 3rd grade of cytology
(focal changes without atypia) in the studied women
(14.8 % vs. 3.1 % in the control group, p<0.05) is noteworthy.

We note a tendency for a slightly higher rate of cytology
grade 2 in women with chronic endometritis, compared with
endometrial hyperplastic processes (71.9 vs. 53.8 %,
respectively) and the predominance of cytology grade 3 in
women with HE over PE (34.8 vs. 12.5 %, respectively), but
they are not statistically significant (p>0.05).

The results of determining the degree of purity of
secretions in women of the study groups are presented in
table 3.

In women of the studied groups there is a predominance
of 2 degrees of purity (65.1 %), less (33.3 %) - 3 degrees of
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Table 3. The degree of purity of secretions in women of the study
groups.

Group 1 | Group 2 | Fisher's Total
Nosology (n=58) (n=71) ratio (n=129)
n % | n % [0} n %
1 degree 0 0 1(14] 1340 | 1| 08
2 degree 471 81.0 | 37 [ 52.1] 3.541** | 84 | 65.1
3 degree 11(19.0 |32 |45.1| 3.224** | 43 | 33.3
4 degree 0 0 1(14] 1340 | 1| 08
Notes: * - p<0.05; ** - p<0.01.
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Fig. 2. Comparative diagrams of the microscopy results of vaginal
swabs in women from control and study groups.

purity, with a small amount (0.8 %) of 1 degree and 4 degrees
of purity (Fig. 2).

Comparing the data of studies of discharges between
patients in the study groups, our attention was drawn to the
fact that the group of women with HE significantly dominated
by smears of 2 degrees of purity with leukocytes up to 10, a
large number of lactobacilli, moderate microflora (81.0 %
vs. 52.1 % in women with HE and CE, p<0.01). Also in this
group the indicator of 3 degrees of purity of smears was
significantly lower (19.0 % against 45.1 %, respectively,
p<0.01). Thus, in the 2nd group smears with the number of
leukocytes 10-30, a small number of lactobacilli, moderate
mixed microflora predominates. Thus, the group of women
with HE is dominated by smears typical of healthy women
who are already having sex, and in the group of women with
a combination of HE and CE a high percentage of
respondents at high risk of developing inflammatory
diseases (vulvovaginitis, etc.).

According to our data, the control group is dominated by
women with normal microflora (1 and 2 degrees of purity) -
87.5 % against 65.9 % of women in the study groups (p<0.05).
Among women in the study groups, in particular, respondents
with a combination of HE and CE, indicators with a high risk
of infectious diseases (3-4 degrees of purity) prevail -
34.1 % vs. 12.5 %, respectively.

Discussion
The distribution of the structure of endometrial
hyperproliferative processes into polyps and endometrial

hyperplasia, according to our data, is uniform, with a slight
advantage towards endometrial polyps, which is consistent
with the authors Chen Y. Q. and co-authors [3] and Fang R. L.
and co-authors [8]. In addition, according to Cicinelli E. co-
authors [5] and Cheung W. and Cheung V. [4], the presence
of patients with a confirmed diagnosis of endometrial
hyperproliferative processes does not exclude the presence
of concomitant gynecological diseases such as uterine
fibroids, external endometriosis and cervical polyps. The
presence of pathomorphologically confirmed diagnosis of
hyperproliferative processes of the endometrium
significantly increases the risk of a positive
immunohistochemical marker of chronic endometritis,
especially in the group of endometrial polyps [4, 5].

In turn, chronic endometritis, as a possible risk factor
for hyperproliferative processes of the endometrium
requires both immunohistochemical verification and
pathomorphological confirmation using multiple criteria,
such as the presence of plasma cells, inflammatory
infiliration, stroma fibrosis, sclerotic changes [7, 9, 11]. It
should be noted that patients with hyperproliferative
processes of the endometrium and chronic endometritis
with a higher frequency have type 2 cytological examination
of the cervix with inflammation and increased inflammation
according to microscopy of vaginal discharge [11, 14].
According to Clark T.J. and Stevenson H. [6], endometrial
polyps increase the risk of developing chronic endometritis
compared to other types of endometrial hyperproliferative
processes, which is comparable to the results of our study.
It is an indisputable fact that chronic endometritis may be
the basis for the development of hyperproliferative
processes of the endometrium, which may under certain
conditions progress to atypical endometrial hyperplasia
and endometrial adenocarcinoma.

The attention of scientists is also drawn to the interaction
of the infectious agent with the protective systems of the
female body. Thus, the presence of a large number of
lactobacilli is considered an indicator of normal microflora,
which counteracts the development of other groups of
potentially dangerous microorganisms. Thus, Fang R. L.
and co-authors [8] indicated a fairly high level of lactobacilli
in patients with endometrial polyps (38.6 %). The data of
these authors are slightly lower than ours, but it should be
borne in mind that in this study we took into account only
the degree of bacterial purity. At the same time, these data
are refined by Kimura F. and co-authors [13], who indicate
that the study on CD138 did not reveal statistically significant
differences between women with and without chronic
endometritis. According to researchers, this suggests that
the interaction between the infectious agent and
endometrial immunity is important in the development of
chronic inflammation.

Another topical issue that is widely studied in the context
of endometrial hyperproliferative processes associated
with chronic endometritis is the problem of fertilization of
the ovum and pregnancy, which makes the problem of
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combining hyperproliferative processes of the
endometrium and chronic endometritis multidisciplinary,
relevant for obstetricians and gynecologists, as well as for
oncogynecologists and reproductive specialists [9, 21].
Today, there are a small number of published studies that
describe the relationship between chronic endometritis and
the microflora of the lower female genitalia. Studying such
relationships may be key to discovering the pathogenesis
of chronic endometritis. Authors Cheung W. and Cheung V.
[4] compared the origins of chronic inflammatory processes
of the fallopian tubes and uterine cavity, which in our opinion
is a very promising area. An important aspect in studying
the origin of chronic endometritis is the use of modern
diagnostic techniques. In our opinion, the combination of
classical diagnostic techniques such as microscopy and
cytology with modern immunohistochemical markers is
optimal, which may be the optimal solution to the treatment
of chronic endometritis [16, 18].

The above diagnostic techniques do not allow to decide
on the appointment of etiopathogenetic treatment, but only
to state the fact of diagnosis of chronic endometritis. In this
case, it may be useful to use PCR to determine the
pathogen and bacterial load in the test material. At this
stage, before the invention and widespread implementation
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PE3YNBbTATU MOP®ONOIN4YHOro oOCNIOAXXEHHA Y XKIHOK PENPOAYKTUBHOIO BIKY 3 FNNEPMPONI®EPATUBHUMU
3AXBOPIOBAHHAMU EHOOMETPIA

A60dynnaee B. E.

linepnponichepamusHi npouecu eHOOMempis, 3anuwaroyucsb 00Hiero 3 Haubinbw po3no8cOOKEeHUX 2iHEKOo2iYHUX namosoail, yce
we maromp HedoCKoHariocmi Ha emarnax 0iaeHOCMUKU SIK iH8a3Uu8HOI, mak i HeiHea3ueHoi. [Joci icHytomb cyrnepedyHocmi y HeobxiOHocmi
OughbepeHuiauii Mix einepnnasieto ma noninamu eHoomempisi. YOOCKOHaneHHs1 MemoduKu namomopghosio2iyHo2o A0criOXKeHHsT ma
8UHaliOeHHs1 iMyHO2iCmoXiMiyHUX Mapkepie Onsi eHOoMempis 8i0Kpuro Hoei Moxnueocmi 0ns 6inbw AOocKoHasnol diaeHoCMUKU lio2o
2inepnpornichepamusHux npouecie. Baxnusor cknadogoro GiazHocmuku namosnoeii eHdoMempisi € eicmepockoriisi, kompa 0o3eonusa
ycyHymu binbwicme Hedorikig, Moe'a3aHux i3 Knacu4yHUM SUWKPI6aHHSAM MOPOXHUHU Mamku. BudHayeHHs Mapkepie XpOHiYHO20
eHOomempumy 8iOKpPUIIO HOBI 3arnumaHHsi PO MOXOOXKEHHSI XPOHIHHO20 3araslbHo20 MNpouecy 8 NOPOXHUHI MamKu, Uio2o rnepebie ma
833€M038'130K 3 bioyeHO030M Hux4ux eiddinie cmameso2o mpakmy. Memoto AaHo20 O0CriOXeHHS cmarso MOPIBHSHHA pe3yrnbmamie
namomopgosio2iyHo20 ma iMyHo2icmoxiMidyHo20 docnidxeHHs1 eHOomempisi 3 memodamu OGiaeHOCMUKU 6ioUeHO3y HUXHIX 8iddinie
JKIHOY020 cmamegozo mpakmy. 3 Memor 8UKOHaHHSI 8CmaHoseHoi Memu Hamu Byrio npogedeHo aHaria pe3ynbmamie nabopamopHUX
docnidxeHb y 161 XiHKU, 3 AKUX 58 XIHOK Manu eepugbikosaHi diasHo3u 2inepnporighepamusHux rpouecie eHoomempis, 71 xiHui 6yno
8cmaHo8ieHo Mopghoro2iyHO eepuhikosaHi OiaeHO3U 2ineprportighepamueHUX MPoUecie y NoedHaHHi 3 XPOHIYHUM eHOOMempuImom.
KoHnmpornbHy epyny cmaHosunu 32 XiHku 6e3 o3Hak 2ineprpornighepamusHux npouecie eHdomempisi ma XpoHi4o2o eHOomempumy. Bik
XiHOK cmaHosus 8i0 18 do 53 pokis. Ycim xiHkam 6yno nposedeHo yumornozidHe OOCMIOKEeHHS WUUKU MamKu ma MIKpOCKOrisi
8aziHanbHUX Ma3kKig. 3a ompumaHumu daHUMU 8i0COMKO8e Cri88IOHOWEHHSI MIX Kirnbkicmio GiaeHOcmosaHux noninie eHoomempis
ma einepnnasii eHoomMempisi 8UsiI8UNIOCL OOHAKOBUM i3 HE3HAa4YHOK MePesazoro Kiflbkocmi nosinie. IHWi eiHekonoeiuHi 3axeoproeaHHs
(Mioma mMamku, 308HIWHIU eHOoMempio3 ma noninu wutiku mamku) cmarosunu 6i0 0,8 do 3,9 %. LjumonozaiyHe OocniOKeHHs WulKu
MamKu eKasario Ha repeeaay 2 mury yumosoeii y epyrni XiHOK 3 XpOHIYHUM eHOoMempumomMm. AHani3 daHuUXx MIKpocKonii eagiHanbHUX
8udineHb e8Kka3sye Ha nmidsuweHUl pieeHb 3ananbHUX MOKa3HUKI8 y 2pyri XIiHOK 3 MOEOHaHHAM eineprnnacmu4yHux npouyecie eHdomempito
ma XpoHi4Ho20 eHOomempumy. Takum YUHOM, MOX/UBO CcmeepoXysamu PO He3Ha4YyHO 8UWUU pieeHb XPOHIYHO20 eHOoMempumy y
2pyni XiHOK 3 roninamu eHOoOMempisi MOPIBHSIHO 3 2inepnnasieto eHAoMempisi. BcmaHo8/1eHo npsMull 83aEM038'930K Mix diaeHOCMUKO
XPOHIYHO20 eHOoOMempumy ma 3anajibHUMU 3MiHamu y yumorsoaidHoMy OOCiOXeHHI WUlKU MamKu 3 MIKPOCKOIMIE 8a2iHanbHUX
gudineHb. [NopieHAHHSA pe3ynbmamie suwe rnepenidyeHux diaegHocmu4yHux memodie 00380/758€ nokpawumu OiagzHOCMUKY
2inepriponighepamueHux npouyecie eHOoMempisi ma XpoHiHHO20 eHOomMempumy.

KnroyoBi cnoBa: zineprnnasis eHdomempis, noninu eHOomempis, 2inepnposighepamusHi npouecu eHOoMempisi, MamomMopgosioziyHe
docnidxeHHs, iMyHozicmoxiMiyHe OOCriO)eHHS, YyumoinoaidyHe O0O0CIOKeHHS.
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The main function of the components of the respiratory tract is gas exchange while
maintaining homeostasis in lung, given the pathogenic and non-pathogenic elements
ofthe environment contained in the inhaled air. Morphological changes of the components
of the respiratory part in lung of human and animals of adaptive nature under the
influence of various factors on the body today remain insufficiently studied. The aim of
the study was to investigate the morphological changes of the components of the
respiratory part of guinea pigs lung in the dynamics of experimental ovalbumin-induced
allergic inflammation. We used histological and electron microscopic methods to
study the lungs of 48 male guinea pigs in experimental ovalbumin-induced allergic
inflammation, simulated by subcutaneous sensitization and subsequent intranasal
inhalation with ovalbumin. Morphological changes of the components of the respiratory
tract of the lungs were determined in the early and late phases of allergic inflammatory
process at the optical and submicroscopic levels. The early phase (23rd and 30th days
of the experiment) was characterized by a predominance of alterative and destructive
changes, consisted in the desquamation of the alveolar epithelium with a violation of
the blood-gas barrier and hemomicrocirculatory bed. Type Il alveolar cells had lesions
of varying severity in the form of the absence of lamellar bodies or disturbances in the
formation of their contents, vacuolization of the cytoplasm, mitochondrial damage. In
the late phase of the development of the allergic inflammatory process (36th and 44th
days of the experiment) in the respiratory part of lung were dominated adaptive and
restorative changes. In addition, we observed dilation of the lung alveoli and thinning of
the interalveolar septa, which is a consequence of the cascade of reactions of the local
neuroendocrine and immune systems of lung as a result of allergen action. Thus,
experimental ovalbumin-induced allergic inflammatory process of the respiratory tract
is accompanied by structural and functional changes in the components of the
respiratory part in lung of guinea pigs in stages depending on the duration of the
experiment.

Key words: alveolar epithelium, surfactant, allergic inflammation, ovalbumin, guinea

pig.

Introduction

The components of the respiratory part of lung provide
gas exchange and are important for reducing the surface
tension at the air-liquid interface in the alveoli, as well as
for regulating the local immune response [3, 8, 13]. Type Il
alveolar cells synthesize, store and secrete surfactant,
including lipid and protein molecules (SP). Type Il alveolar
cells, in turn, have unique organelles for storing lipids and
hydrophobic proteins - lamellar bodies (LB), which at the
ultrastructural level correlate with the intracellular surfactant
pool [2]. LB are modified lysosomes surrounded by a
membrane and filled with densely packed membranes of

surfactant lipids and hydrophobic proteins. LB undergo
exocytosis and release surfactant components into the
aqueous hypophase between the alveolar cells and the
gaseous phase [20]. After exocytosis, phospholipids form
a double layer of phospholipids and glycoproteins, filled
the surface of alveolar cells at the air-liquid interface with
surface-active components [4]. SP-B and SP-C are
associated with LB. In contrast, SP-A and SP-D are secreted
by type Il alveolar cells in a LB-independent pathway [20].
SP-A and SP-D are also secreted by bronchiolar exocrine
cells in the distal airways - terminal bronchioles and
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respiratory bronchioles [14]. After reuptake by type Il alveolar
cells, inactive surfactant aggregates are either catabolized
or recycled by re-incorporation into the metabolic pathway
[19]. Asmall part of surfactant is phagocytosed and cleaved
by alveolar macrophages or eliminated through the
respiratory tract using mucociliary clearance.

Soluble SP bind and regulate a number of effector
immune cells in allergic airway inflammation. Both SP-A
and SP-D inhibit the activity of the allergic inflammatory
process, made them interesting molecules for the treatment
of bronchial asthma [10]. The anti-inflammatory properties
of alveolar macrophages are being actively studied
nowadays [8, 19]. However, most of the scientific works,
focused on the study of the components of the respiratory
part of lung in allergic inflammation are immunological
studies [2, 3, 4, 9]. The above indicates the need to clarify
this urgent problem from a morphological point of view in
the early and late phases of the experimental allergic
inflammatory process.

The aim of this work is to study the morphological
changes of the components of the respiratory part of guinea
pig lung in the dynamics of experimental ovalbumin-
induced allergic inflammation.

Materials and methods

Forty-eight sexually mature male guinea pigs (450 -
600 gram) were weighed and kept at vivarium of
Zaporizhzhya State Medical University, with free access to
OVA-free food and water. The experimental protocol was
followed the published guidelines (Strasbourg, 1986; Kiev,
2006).

The study protocol was approved by the institutional
review board of the Bioethics Committee of Zaporizhzhia
State Medical University (Protocol Ne 8 of 11 Juny 2019).

Induction of airway allergic inflammatory process was
performed by subcutaneous sensitization and airway
challenge through nasal inhalation with OVA (0,5 mg/mL
per animal) mixed with aluminum hydroxide (10 mg/mL in
saline per animal) on days 0, 7 and 14. From 21 to 28 days
animals were exposed for 15 min to an aerosol of OVA (10
mg/mL in saline) using a nebulizer (Little Doctor
International, Singapore, LD-211C) attached to a plastic
chamber [14]. Animals were assigned equally into six
experimental groups of 8 guinea pigs each. Group | - IV are
guinea pigs sensitized and challenged with ovalbumin
(OVA) (Sigma Aldrich, USA) with alum as an adjuvant
(AlumVax Hydroxide vaccine adjuvant, OZ Biosciences,
France), dropped out the experiment respectively on the
23rd, 30th, 36th and 44th days after its start. Group V: guinea
pigs sensitized and exposed to saline, served as control.
Group VI: intact animals (norm).

Lungs removed and fixed in 10 % neutral buffered
formalin. Formalin fixed, paraffin wax embedded lung
specimens were selected for histological preparation,
prepared as 5-uym-thick sections and stained with
hematoxylin and eosin. Histological study was carried out

on Carl Zeiss Primo Star microscope equipped with the
Axiocam digital microphoto attachment using the ZEISS
ZEN 2011 software, using the oil immersion technique
(x1000).

Electron microscopy was performed on glutaraldehyde-
fixed 1x1 mm specimens of lung tissue followed by
processing in a 1 % solution of osmium tetroxide.
Subsequently, the pieces were dehydrated in a series of
graded ethanol up to 100 % according to histological
standards, acetone with additional contrasting for two hours
in 2.5 % uranyl acetate at 700°C. Pouring into the block
was carried out by gradual impregnation of the material
with acetone oxide with Eponym (2:1, 1:1, 1:2) and poured
into pure Epon. The resin polymerization was carried out in
two stages at 36°C (12:00) and 56°C (24 hours). Ultra-thin
(55-65 nm) sections were obtained on a "PowerTome RMC
Boeckeler" ultratom and contrasted with Reynolds lead
citrate for 25 minutes at room temperature. Ultrathin
sections viewed on a PEM-100-01 electron microscope.

Results

In the control group of animals in the morphological view
of the respiratory part of lung, we showed that the walls of
the alveoli are lined by flattened type | alveolar cells, among
which type Il alveolar cells are localized. We also found single
alveolar macrophages and eosinophilic granulocytes in the
alveoli lumen. Septal cells, fibroblasts, plasma cells and
eosinophilic granulocytes occupied the pulmonary
interstitium in respiratory portion of lung (fig. 1a).

We have shown short microvilli and a small number of
LB at the apical pole of type Il alveolar cells in the control
group at the submicroscopic level. Alveolar macrophages
had an underdeveloped cytoplasmic membrane, formed
single cell processes. There were rare secondary
lysosomes in their cytoplasm. Type | alveolar cells had a
more expanded nucleus-containing part protruded into the
alveoli lumen and thin peripheral part of the cytoplasm.
There single pinocytic vesicles in the endotheliocytes of
blood capillaries in the peripheral part of their cytoplasm.

We have found local destruction and desquamation of
alveolar epithelium, interalveolar septa, exposure of the
basal membrane of the endothelium in blood capillaries
in the early manifestation of the allergic inflammatory
process on the 23rd day after the experiment in the
respiratory portion of guinea pigs lung. There were
abundant alveolar macrophages in the alveoli lumen with
signs of increased phagocytic activity. The count of
eosinophilic granulocytes was increased. In addition, we
observed some microcirculatory disorders, such as
plethora and stasis of blood capillaries and postcapillary
venules, numerous foci of erythrocyte diapedesis in the
alveoli lumen and in the pulmonary interstitium (fig. 1b).

On the 30th day after the start of the experiment
morphological changes in the respiratory part of lung
became less pronounced, although microcirculatory
disorders in the form of plethora and stasis of blood
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Fig. 1. Microscopic changes in the respiratory portion of the guinea pigs lung after sensitization and aeroallergization with ovalbumin on
days 23 (1b), 30 (1c) and 44 (1d) after the start of the experiment compared with the control group (1a). 1 - alveoli lumen; 2 - type | alveolar
cell; 3 - type Il alveolar cell; 4 - eosinophilic granulocyte; 5 - alveolar macrophage; 6 - plasma cell; 7 - blood capillary; 8 - lumen of the terminal
bronchiole; 9 - smooth myocyte in the wall of the terminal bronchiole; 10 - interalveolar pore. Stain: hematoxylin and eosin. x1000.

Fig. 2. Ultrastructural changes in the respiratory portion of the guinea pigs lung after sensitization and aeroallergization with ovalbumin on
days 23 (2a) and 30 (2b) after the start of the experiment. 2a: 1 - alveoli lumen; 2 - type | alveolar cell; 3 - blood capillary; 4 - type Il alveolar
cell; 5 - alveolar macrophage. 2b: 1 - type Il alveolar cell nucleus; 2 - alveoli lumen; 3 - lamellar body; 4 - mitochondria; 5 - cytoplasm
vacuolization; 6 - fragment of the cytoplasm of alveolar macrophage. Transmission electron microphotos. 2a) x6000. 2b) x6800.
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capillaries persisted (fig. 1c). In some places, the
intercellular septa were thickened due to edema. We
observed a trend towards renewal of the alveolar epithelium.

The morphological changes detected at the optical level
are confirmed by the results of electron microscopic
examination. Swelling and thickening of the peripheral
portion of cytoplasm of type | alveolar cells, stasis, plethora
and deformation of erythrocytes of blood capillaries were
demonstrated (fig. 2a). Type Il alveolar cells had lesions of
varying severity. Absence of LB or disturbances in the
formation of their content, cytoplasm vacuolization,
mitochondria damage. Less frequently we observed
destruction and necrosis of type Il alveolar cells. Abundant
lysosomes and heterophagosomes, residual bodies were
found in the cytoplasm of alveolar macrophages (fig. 2b).

In the late phases of the allergic inflammatory process
on the 36th and 44th days after the start of the experiment
in the respiratory portion of the guinea pigs lung, we have
shown thinning of the interalveolar septa and, at the same
time, alveoli expansion (fig. 1d), correlated with
emphysematous lesions. In local places, plethora and
stasis of blood capillaries were noticeable, although less
pronounced, compared with the early phases of the allergic
inflammatory process.

Discussion

Morphological analysis of the respiratory part of guinea
pigs lung made it possible to identify the phases of the
allergic inflammatory process. The early manifestations
(23rd and 30th days of the experiment) were characterized
by the predominance of destructive changes. We
demonstrated desquamation of the alveolar epithelium with
a violation of the air-blood barrier on the background of a
violation of hemomicrocirculatory bed in the early phases
of the allergic inflammatory process. Similar changes in
the lungs under the influence of various pathological factors
were found by other scientists [6, 7, 11]. The revealed
changes can be explained by the rapid degranulation of
mastocytes with the release of histamine and leukotrienes,
which, in addition to bronchospasm and mucus
hyperproduction, caused alterative-exudative changes in
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MOP®OJOINYHI OCOBNMBOCTI PECNIPATOPHOIO BIAAINY NEFEHb MOPCbKMUX CBUHOK B AMHAMILI
EKCNEPUMEHTAJIbHOIO ANEPIYHOIO 3AMNANBbHOIO NMPOLECY

IMonko C. C.

OcHosHa byHKUis KOMIMOHeHmIg pecripamopHoeo 8i0diny ne2eHb rnonszae 8 ea300bMiHi ma 3abe3neyeHHI0 2oMeocma3sy 8 J1e2eHsix,
8paxosyodU NamozeHHi ma HernamozeHHi efeMeHmu HasKoMuWHbL020 cepedosula, siKi Micmsimbcsl y noeimpi, w0 eduxacmbCs.
MopgbonoeidHi 3MiHU KOMIOHeHmig pecnipamopHo2o 8i0diny neeeHb NIFOUHU | meapuH adanmauiliHo2o xapakmepy npu Oii Ha opaaHiam
Pi3HOMaHIMHUX YUHHUKI8 Ha CbO200HIiWHIlU OeHb 3anuwarombscsi HedocmamHbo docnidxeHumu. Mema pobomu - docnidumu
mopghorioziyHi 3MiHU KOMITOHeHMI8 pecripamopHo20 8id0iny rneeeHb MOPCbKUX C8UHOK 8 OUHaMIyi eKkcriepuMeHmarnbHo20 08asb0yMiH-
iHOyKO8aHO20 arnepeiyHo20 3anasneHHsl. 3a 00rMOMO20K0 2iCmOosio2iYHO20 ma e/1eKmMpPOHHO-MIKPOCKOMIYHO20 Memodie 8uequsiu fie2eHi
48 camuie MOPCbKOI CBUHKU 8 yMOB8ax eKcriepuMeHmasnbHo20 osasibbyMiH-iHOykogaHO20 anepaiyHoeo 3anasneHHs, sike Modesntosanu
wnsaxom nidwkipHoi ceHcubinizayii ma HacmynHoOI iHmpaHa3asbHOI iHeanayii oeanbbymiHom. Ha ceimmoonmuyHoMy ma
CcyOMIKpPOCKOMIHHOMY PiHSIX 8U3Ha4Yaru Mopghosio2iyHi 3MiHU KOMIIOHeHMI8 pecripamopHo20 8iddiny 51e2eHb 8 paHHbOMY ma Mi3HbOMY
nepiodax anepaiyHo20 3ananbHo20 fnpouecy. PaHHi cmadii (23 ma 30 doba ekcriepumeHmy) xapakmepu3ysanuck rnepegaxaHHsIM
anbmepamueHuX i 0ecmpyKmueHUX 3MiH, Kompi nosnsieanu 8 deckeamauii KOMIpKO8020 erimerito 3 MoPyWeHHAM aepo2emMamuyHo20
bap'epy U scemomikpouyupkynauii. Anbeeonoyumu Il muny manu ywKoOXeHHsI pi3HO20 cmyrneHss mskkocmi y euansadi eidcymHocmi
nnacmuHYacmux mineuyb abo nopyweHHs1 y ¢hopMyeaHHi iXx emicmy, eaKyonizauii yumonnasmu, rnowKoOXeHHsT MimoxoHOpit. Y nisHi
cmadii po3sumky anepeiyHo2o 3ananbHo20 fpouyecy (36 i 44 doba ekcriepumeHmy) 8 pecriipamopHomy ei00irni 1eeeHb nepesaxkanu
adanmavyiliHo-8i0HO8HI 3MiHU. KpiM moe2o, mu criocmepieanu PO3WUPEHHST 1€2EHEBUX KOMIPOK ma B8UMOHYEHHST MiXKKOMIPKO8UX
rnepe2opodok, Wo € Hacnidkom Kkackaldy peakuil fokanbHOI HelipoeHOOKPUHHOI ma iMyHHOI cucmem fieeeHb 8 pe3yrnbmami Oii aHmuzeHy.
Takum YuHOM, eKkcriepumeHmarnbHul osanbbyMmiH-iHOyKoeaHul anepeiyHul 3ananbHull rpouec Ccyrnpo8oodxysascsi CMpyKmMypHO-
PyHKUiOHaNbHUMU 3MiHamMu KOMMOHEHMmI8 pecriipamopHo20 8iddiny re2eHb MOPCbKUX CBUHOK, SIKi 8IOPI3HSNIUCS y paHHIU ma ni3Hil
pasax 3ananbHO20 MPOoUecy 3arnexHo 8i0 mpusarocmi eKcriepuMeHmy.

KnroyoBi cnoBa: komipkosuli enimenit, cypghakmaHm, anepaiyHe 3ananeHHs, oganbbyMiH, MOpPCbKa C8UHKa.
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Studies of the nervous systemtoday are quite relevant and important. There are a large
number of methods of studying and researching the brain, among which the histological
method is widely used. Despite the variety of methods, in the possible practical
application of histological examination of the central nervous system and brain in
particular there are problems encountered by researchers: the complexity of the method,
a large number of conventions to consider when working with nerve tissue, methods of
fixation. Among other research methods, there is a group of histological methods,
united by a common feature - in vivo staining of the nervous system, among which there
is also a method of in vivo staining with methylene blue. The aim of the study was to
establish the morphological features of the structure of the intercellular fluid circulation
of the brain in experimental animals. The article describes a new method of injectable
in vivo staining of the brains of laboratory animals with methylene blue. It is relevant for
studying the morphology of the intercellular fluid circulation of the brain and the study
of the structure of the microcirculatory tract. In our work it is offered to combine already
known methods of perfusion fixation and a technique of supravital staining with methylene
blue. Since most scientific studies of the brain use conventional research methods
without a comprehensive study of the entire microcirculatory tract and intercellular fluid
circulation, there is a need for more detailed study of the histological structure and
topography of microcirculatory brain complexes to establish their normal structure.
The results of the study confirm the researchers’ observation that methylene blue has
a high affinity for nerve fibers in the brain. In addition, it is obvious that the additional
use of formalin as a solvent increases the resistance of methylene blue to leaching and
the ability to stain the structures of the microcirculatory tract. In addition, the lifetime
application of this technique allows you to visualize the morphological features of the
microcirculation pathways of the intercellular fluid of the brain, Virchow-Robin space
and capillary walls.

Keywords: nervous system, glymphatic system, methylene blue, in vivo staining
technique.

Introduction

In modern science, the study of the nervous system
has a special place. In recent decades, research on the
brain, nervous tissue, and neurophysiology has advanced
significantly. However, together with progressive studies of
the properties of proteins, gene expression and the effects
of neurotransmitters, morphohistological methods of
studying the nervous system are still relevant.

To study the structure of nervous tissue, there are
methods that are used to satisfy certain tasks set by the
researcher. Despite the variety of methods, in the possible
practical application of histological examination of the
central nervous system in general and the brain in particular,
there are problems encountered by researchers: the

complexity of the method, the large number of conventions
to consider when working with nerve tissue, methods of
fixation [15].

Among the known methods of histological examination,
which are recommended for work with nervous tissue, are:
the method of staining with toluidine blue (blue) according
to Nissl, the "gold standard" of histology - staining with
hematoxylin-eosin and methods of impregnation [15]. The
above techniques have one characteristic feature - they
are associated with long-term fixation with formalin, alcohol
and xylene, which are certainly necessary measures to
preserve the samples. Among other research methods,
there is a group of histological methods, united by a
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common feature - in vivo staining of the nervous system,
among which is a method of in vivo staining with methylene
blue.

The method of using methylene blue in vivo is not new,
its use was described by Ehrlich in 1886, and the method
was improved and refined by Dogiel and Cajal (1896-97)
[14]. The advantages of this technique are the staining of
still living tissues, especially when it comes to a vital way of
staining. According to Ehrlich- Dogiel, a sequence of actions
has been formulated to ensure the optimal staining of cells
of the nervous system, which consists in the lifelong
introduction or shortly after euthanasia into the
bloodstream or directly into the parenchyma of the organ.
The peculiarity is that this method of staining is used not
only in the study of the central nervous system, but more to
detect neurons, neuroglia, nerve endings and axons of the
peripheral nervous system, which is considered the primary
goal of the method and has more advantages than CNS
[14]. In addition, the substance used for staining is
selectively specific in three respects: first, methylene blue
is a specific dye for cells of the nervous system and is
relatively non-toxic to cells of the nervous system; secondly,
as a nitrogen-containing compound, it reacts with nitric
oxide, which leads to a heterogeneous distribution of the
dye in the tissue due to the fact that living cells break down
methylene blue, and non-living - accumulate dye; third,
methylene blue is a substance that crosses the blood-
brain barrier. The above-mentioned phenomena are a
consequence of the chemical structure and properties of
both the substance and the biochemistry of cells [11]. This
question remains open today [14].

At the electron microscopic level in supravital research,
researchers have developed a method of visualization of
dye accumulation sites in neurons. However, their
techniques include complex fixation after brain sampling,
when after sampling the stained organ requires additional
fixation with special chemical compounds (eg ammonium
picrate, osmium compounds, molybdenum). These
compounds are primarily toxic and are used to prevent
methylene blue leaching during fixation in aldehydes or
alcohols [11, 14, 15].

When studying the structure of the brain, scientists widely
use the method of perfusion fixation. Given the size of the
samples, the purpose of fixation is to quickly and evenly
preserve the tissue in an unchanged state [8, 9]. Often,
changes in response to hypoxia begin before the tissue
can be preserved [17]. The advantage of direct fixation
through the circulatory system is that the chemical can
quickly reach all parts of the body through the natural
vascular network. Using this method of fixation, it is
necessary to take into account the parameters of the
circulatory system, such as pressure, pH, temperature,
which significantly improves the result [6]. The main
advantage of this method (compared to volumetric methods)
is that the circulatory system is used most efficiently [4].

In our work it is offered to combine already known

methods of perfusion fixation and a technique of supravital
staining with methylene blue. Since most scientific studies
of the brain use conventional research methods without a
comprehensive study of the entire microcirculatory tract and
intercellular fluid circulation, there is a need for more
detailed study of the histological structure and topography
of microcirculatory brain complexes to establish their
normal structure.

The aim of the study was to establish the morphological
features of the structure of the intercellular fluid circulation
of the brain in experimental animals.

Materials and methods

Humane principles of animal care were applied in the
work, and all procedures complied with the current law on
animal protection.

The following methods were used: methylene blue
(pure for analysis), previously diluted to a concentration of
1 % (1 g per 100 ml) with 10 % formalin solution in
phosphate buffer (pH=7.35) and filtered before use;
heparin; 0.9 % sodium chloride for exsanguination; 5 %
glucose to prevent gliolysis; systems for intra-arterial
infusion; G26 Vasafix catheters; sodium thiopental for
anesthesia; sucrose solutions 15 % and 30 % for
cryoprotection.

5 male Oryctolagus cuniculus rabbits weighing 1 to 1.5
kg were selected. The animals were kept in good condition
with free access to food and water. All conditions of detention
and all procedures with animals were carried out in
compliance with bioethics (Protocol of the Commission on
Bioethics Ne 2 of 09.03.2021) and in compliance with the
ethical principles of the European Convention for the
Protection of Vertebrate Animals.

Animals were anesthetized with sodium thiopental (1
mg/kg administered intraperitoneally), and the common
carotid artery was isolated and catheterized with a Vasafix
G26 catheter. The vascular bed was bled and washed with
0.9 % sodium chloride solution up to 4 ml. To prevent
gliosis, up to 1 ml of 5§ % glucose solution was
administered. After rinsing the vascular bed with a syringe,
a system with a vial of 1 % filtered solution of methylene
blue in 10 % buffer solution of formalin preheated (t =37°C,
pH=7.34-7.45, V=15-20 ml) was connected to common
carotid artery drip (60 drops/min). Adjustment of the solution
injection pressure was provided by raising the vial on a
tripod to a height of 100-120 cm, which corresponded to
the design pressure of 120 mm Hg. Methylene blue was
continued until the animal's skin and mucous membranes
turned blue. Euthanasia of the animal was performed by
overdose of sodium thiopental.

The brain was isolated and removed by decapitation
and dissection of the skull vault. After removal, the brain
sample was immersed in a cooled buffer solution of 10 %
formalin (t =4°C, pH=7.34-7.45) for one day, followed by
cryoprotection in 15 % and 30 % buffer solutions of sucrose
(chemically pure) in each solution at t =0-4°C for two days.
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After pre-fixation and cryoprotection, sections 10-15 ym
thick were made using a freezing microtome (t =-15-20 C).
Subsequently, micropreparations made on slides were
examined under a light microscope (SCOPE S/N
EU1960762). Surveys were performed using a sCMEX
Euromex Microscopen B.V. DC.1359 F100.

Results

Macroscopic examination of brain samples reveals a
change in tissue color from pale pink to blue. Contrast-
filled vessels are well traced: vessels of the circle of Willis,
middle cerebral arteries, ocular artery (Fig. 1). The
meninges have acquired a stable blue color. The stem
tissue of the brain is well stained. In the cross-section of
the brain there is a clear demarcation of gray, white matter,
nuclei and conductive pathways of the brain. With a more
saturated shade of blue, the gray matter is clearly visualized
(Fig. 2, 3).

Capillaries with erythrocytes were well visualized on
micropreparations of cryosection of rabbit brain 10-15 m
in the frontal and horizontal planes. The capillary wall is
painted blue, around which the so-called Virchow-Robin
space is clearly visible, bounded on the outside by a layer
of glia cells, painted in deep blue [1]. The accumulation of
methylene blue contrast accompanies capillaries and
clusters of glia, located in the form of tangentially directed
"strands", presumably along the paraaxonal outflow path
of the intercellular fluid of the brain (see Fig. 2, 3). The
above picture is heterogeneous and depends primarily on
the layer of bark, the direction of axon fibers in the white
matter, the location of the capillary network, radial glia, and
so on. This pattern can be well seen in the direction from
the meninges, where the dye enters the brain parenchyma
with capillaries, accumulates in the gray matter, where the
capillaries, neuroglia accumulation or axon location
spreads to the white matter, reaching the basal nuclei of

Fig. 1. The vessels of the rabbit's basis cerebri are filled with
methylene blue. The change in color of a parenchyma of a brain is
well visible.

the brain. to other structures (Fig. 2, 3, 4, 5).

This type of distribution of methylene blue in brain tissue
can be seen in the comparison of sections of different
thickness and when changing the plane of the sections

Fig. 2. Morphology of paravasal spaces of the cerebral cortex
using light microscopy. Horizontal section of the rabbit brain. Method
of lifelong staining with methylene blue. x10.
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Fig. 3. The structure of the microcirculatory tract, glia cells,
paravasal spaces, cerebral cortex. Method of lifelong staining
with methylene blue. x40, 10-15 pm.

Fig.4. The structure of the microéirculatory trac't, the whiteqrha‘tter.
Method of lifelong staining with methylene blue. x10, 10-15 pm.
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Fig. 5.>The structure of the rhicrocirculétory tract, the white matter.
Method of lifelong staining with methylene blue. x40, 10-15 pm.

from frontal to horizontal (Fig. 4, 5).

In contrast to the well-known Nissl method, in this case
the neurons were not stained, as methylene blue
accumulated only in neuroglia cells, capillary
endotheliocytes and intercellular space. We assume that
this occurs due to the biochemical properties of methylene
blue and the conditions of lifelong staining [11].

Discussion

This method of in vivo injection of intra-arterial staining
and fixation of the brain with methylene blue provides a
better study of the microcirculatory tract and the circulation
of intercellular fluid of the brain [10].

The morphological characteristics of the studied
material primarily describe the distribution of methylene
blue in brain tissue. The latter repeats the path of
intercellular fluid circulation: from the capillaries to the
Virchow-Robin space, then into the intercellular space by
transglial and paraaxonal pathways towards the venous
system [1, 2]. This pathway of intercellular fluid circulation
by some authors, such as Maiken Nedergaard [7, 10], is
defined as a system of purification and regulation of fluid
balance in the brain and is called "glymphatic system" [13].

First of all, it should be noted that the main substance
in this technique, methylene blue, is commonly used as
an inhibitor of cytosolic guanylyl cyclase, a physiological
receptor for nitric oxide [5, 11, 14].

Methylene blue is a thiazide dye that selectively stains
the nuclei of neurons, endothelium, glia, axons, and others.
In addition, due to the interaction with nitric oxide receptors,
blocking them, it does not stain living neurons in the brain,
selectively staining neuroglia, meninges and capillary wall.
Although Cajal (1897) described the ability of methylene blue
to stain perineuronal networks around neurons [3, 14].

In contrast to the above characteristics of the aqueous
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Conclusions

1. The results of the study confirm the observations of
Ehrlich and other researchers that methylene blue has a
high affinity for nerve fibers in the brain. It is obvious that the
additional use of formalin as a solvent increases the
resistance of methylene blue to leaching and the ability to
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of the intercellular fluid of the brain, Virchow-Robin space
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features of the microcirculation pathways of the intercellular
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neuroanatomy.
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FICTONONYHA CTPYKTYPA LUNAXIB LMPKYNALUIT MDKKNITUHHOI PIGUHN

Kondop 10. 10., Tuxona3 B. O., 'ymiHcbkuli 0. QA

HocnidxeHHs1 Hep8os8OI cucmemu Ha CbO200HIWHIl OeHb € documb akmyarnbHUMU | eaxnueumu. ICHye eenuka KirbKicmb mMemodie
8uUB4YeHHs ma O0CiOXEeHHSI 20/108HO20 MO3KY, ceped SKUX WUPOKO 8UKOpucmosyembcsi gicmoroaidyHuti memod. Nornpu pisHomaHimmsi
MemoOuK, y MOX/TUBOMY MPaKmMuU4YHOMY 3acmocy8aHHi 2icmosoeidHo20 0ocnidXXeHHsI UeHmparnbHOi Hepeo8oi cucmeMu ma 205108H020
MO3Ky 30Kpema 8UHUKalomb rpobremu, 3 SKUMuU 3ycmpidatombcsi 00CHIOHUKU: CKnadHiCmb 8UKOHaHHS MemMOOUKU, 8eluKa KiflbKicmb
ymosHocmed, siKi mompibHo epaxosyeamu rpu pobomi 3 HeP8OBOK MKaHUHO, criocobu gikcauii. Ceped iHwux memodie 00CniOXKeHHS
8UOKpeMIemMbCs epyna memodig 2icmosoeiyHo20 0ocidxeHHs, 06'€OHaHUX CriflbHOK PUCOIO - Npuxummese 3abaperieHHs Hep8osoi
cucmemu, ceped sikux 00 mMo20 X € crocibé npuxummegozao 3abapsrieHHs MemureHosuM cuHiM. Memotro docnidxeHHs 6yno
8cmaHo8reHHs1 MopghornoeidHux ocobnusocmel 6y008u wWiisxie YUpKynsauii MDKKITIMUHHOI piOUHU 205108HO20 MO3KY eKCriepuMeHmarsibHUX
meapuH. ¥ cmammi onucaHa Hoga MemooOuKa iH'€KUiliIHO20 NMpuXummego2o 3abapernieHHs1 20/108H020 MO3Ky 1abopamopHUX meapuH
MemusieHo8UM CUHIM. BoHa € akmyarnbHow 011 8U84eHHS Mop@horioaii wisixie YUPKYmsauil MKKIIMUHHOI piOUHU 20/108HO20 MO3KY ma
docridxeHHs cmpyKmypu MIKpOUUPKYSMopHO20 pycra. Y Hawil pobomi npornoHyembcsi noedHamu yxe 8idoMi Memoou rnepgpy3itiHoi
ikcauii ma memoduky cyrnpasimanbHo20 3abapeneHHss memurneHosuM cuHiM. OCKinbKu b6inbwicmb HayKkogux npaub, 8 SIKUX
docnidxyeanu 20/108HUl MO30K, 8UKOPUCMO8YoMb 38udaliHi Mmemodu 00cnioxeHHs1 6e3 KOMMIeKCHo20 O0CiOXKEeHHS 8Cb020
MIKPOUUPKYSIMOPHO20 pycna ma Wisixie YUPKYnsauii MXKKRNIMUHHOI piduHu, mo euHukae nompeba y binbw demasnbHOMYy OOCITIOXEHHI
2icmonoeiyHoi cmpykmypu ma mornozpadii MiKpOUUPKYISIMOPHUX KOMII/IEKCi8 20/108HO020 MO3KYy Orii 6CMaHOBIIEHHST iX HOpMarbHOI
bydosu. OmpumaHi pesyrnbmamu 00CiOKeHHs1 Midmeepoxyromb criocmepexeHHs: 00CniOHUKI8 MPo me, Wo MemurneHos8ul CUHIU mMae
8UCOKY criopiOHeHicmb 00 Hep8OBUX BOJIOKOH 20/108HO20 MO3KY. KpiM moeo, oyesudHo, wjo dodamkose 3acmocysaHHs1 ¢hopmariiHy, K
PO34YUHHUKa, nidsuwye cmilkicmb MemuneHo8020 CUHb020 00 gumMueaHHA ma 30amHicmb 00 3abaperieHHss cmpykmyp
MIKpOYUpKynsimopHo20 pycna. [Jo mo2o X, npuxummese 3acmocysaHHs 0aHOi MemoOuKu 00380/15iE 8idyanidygamu MOpP@OoaiyHi
ocobnusocmi wisixie MIKPOUUPKYRsauii MKKIIMUHHOT piOUuHU 201108H020 MO3KY, rpocmopu Bipxosa-PobiHcoHa ma cmiHKu Karinspis.
KntouoBi cnoBa: Hepgosa cucmema, aniMgbamuyHa cucmema, MemusieHogul CuHil, npuwxkummesa Memoouka 3abaperieHHs.
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Forthe purpose of single-lung ventilation, various methods of lung isolation are used in
the world, which is a prerequisite for many thoracic, cardiac and esophageal surgeries.
Numerous studies have reported various methods for determining the optimal suitability
between the diameter of the tube and the diameter of the left main bronchus for adequate
ventilation and gas exchange during operations on the thoracic cavity. However, there
is no consensus among anesthesiologists on the choice of tube size for effective lung
ventilation and isolation. We have developed a new mathematical formula for determining
the appropriate size of the left bilateral luminal endobronchial tube (LDT). The aim of
the study was to determine the effectiveness of the developed standardized mathematical
formula for determining the appropriate size of LDT for use in thoracic anesthesiology.
The study was performed on 192 patients with diseases of the thoracic cavity
(esophagus, lungs, mediastinum), operated on in the thoracoabdominal department of
the Shalimov National Institute of Surgery and Tranplantology. A retrospective comparison
group - 96 patients after thoracic surgery, which used the choice of LDT size according
to the well-known Slinger method "according to the patient's height". The study group
consisted of 96 patients after thoracic surgery, in which the choice of the size of the
bifurcated endobronchial tube was used according to the developed method (according
to the formula that evaluates morphometric indicators of height, sex and diameter of the
left main bronchus). The application of the proposed method reduces (p = 0.001) the
risk of pulmonary complications, HR = 0.39 (95 % CI 0.22-0.70) compared to traditional
methods. The risk decreased 2.5 times.

Key words: morphometric parameters, formula for determining the size of the bifurcated
endobronchial tube.

Introduction

For the purpose of single-lung ventilation, various
methods of lung isolation are used in the world, which is a
prerequisite for many thoracic, cardiac and esophageal
surgeries. Left dual luminal endobronchial tubes (LDT)
are most often used in thoracic anesthesia for lung isolation
[1]. Numerous studies have reported various methods for
determining the optimal suitability between the diameter
of the tube and the diameter of the left main bronchus for
adequate ventilation and gas exchange during operations
on the thoracic cavity [18, 19]. However, there is no
consensus among anesthesiologists on the choice of tube
size for effective ventilation and lung isolation [2, 3, 16, 20].
Therefore, each thoracic surgery clinic uses different
methods to determine the appropriate tube size (according
to the patient's height, tracheal diameter and diameter of
the left main bronchus) [4, 5, 6, 7]. It is important that these

indicators were not studied or compared together. Thus,
when using formulas and methods based on individual
anthropometric data, many authors (including the authors
of this study) are faced with the possibility of incorrect choice
of left bilateral luminal endobronchial tube, for example,
when tall patients have small bronchial diameters and vice
versa [8, 17, 21]. There is still no standardized approach to
this issue. We have developed a new mathematical formula
for determining the appropriate size of LDT [9].

The aim of the study was to determine the effectiveness
of the developed standardized mathematical formula for
determining the appropriate size of the left bilateral luminal
endobronchial tube for use in thoracic anesthesiology.

Materials and methods
According to the conclusion of the Committee on
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Bioethics of the State Institution "National Institute of Surgery
and Transplantology named after O.O. Shalimov" NAMS of
Ukraine Protocol Ne12 of January 12, 2018, the research
methods described in the publication were applied in
compliance with human rights in accordance with current
legislation in Ukraine, meet international ethical
requirements and do not violate ethical norms in science
and standards of biomedical research. The study was
performed on 192 patients with diseases of the thoracic
cavity (esophagus, lungs, mediastinum), operated on in
the thoracoabdominal department of the Shalimov National
Institute of Surgery and Tranplantology. A retrospective
comparison group - 96 patients after thoracic surgery, which
used the choice of LDT size according to the well-known
Slinger method "according to the patient's height" [2]. The
study group consisted of 96 patients after thoracic surgery,
in which the choice of the size of the bifurcated
endobronchial tube was used according to the developed
method (according to the formula that evaluates
morphometric indicators of growth, sex and diameter of
the left main bronchus (DLMB)).

Inclusion criteria were: a patient assigned to open
thoracic or video-assisted thoracoscopic surgery under
general anesthesia requiring single pulmonary ventilation
(excluding emergency surgery); BMI<35 kg / m?; age>
18 years; planned lung isolation with LDT;

Exclusion criteria were: grade 3 and 4 chronic obstructive
pulmonary disease, pulmonary fibrosis, documented
bullae, severe pulmonary emphysema, pneumothorax;
uncontrolled asthma; grade 3 and 4 heart failure, grade 3

Table 1. Demographic profile of patients in the study and control
groups. Comparison Me (QI - QlIl).

The level of

Indicator Contr(zl group, Researfh group, sigr;i:ig]aence

=96 n=96 difference,

p

Height 1745 (168 - 176) | 172 (168 - 176) 0.406
Weight 76 (69.5 - 82.5) 76 (70 - 86) 0.312
DLMB 1.295(1.2-1.34)| 1.29 (1.2 -1.34) 0.738
Age 60 (56 - 65) 58 (56 - 64) 0.265
Ppeak 26 (24 - 28) 10 (9-11) <0.001
Pplat 23 (20 - 25) 22 (20 - 24) 0.75
Pmean 12 (10 - 12.5) 19 (17 - 22) <0.001
Lung_Compliance 22 (21 -24) 24 (23 - 26.5) <0.001
CVP 40 (40 - 50) 50 (40 - 50) 0.022
PAo2_Fio2 220 (2 - 230) 240 (230 - 260) <0.001
PAco2_kPa_ 43.5 (40 - 45) 38 (36 - 40) <0.001
Po2 130 (114 - 140) | 140 (132.5 - 150) <0.001
FEV1. % 78 (76 - 86) 82 (78 - 86.5) 0.061
toLv 120 (90 - 140) 100 (90 - 120) 0.007
T body 36.1(35.8-36.5)| 36 (36 -36.3) 0.528

Note: The Mann-Whitney test was used in the comparison.

15.05

Agency of Medical Technologies

Fig. 1. The diameter of the left main bronchus on the CT image in
the axial section.

Fig. 2. The diameter of the left main bronchus in the CT image in the
3D model.

and 4 coronary heart disease; previous lung surgery;
documented pulmonary arterial hypertension>40 mm Hg
(ultrasound assessment); bilateral procedures; isolation
of the lungs by a method other than LDT;

Written informed consent was obtained from all patients.

Patients in both groups were comparable in age, sex,
ASA scale, weight, height, duration of surgery (Table 1),
p>0.05 in all indicators.

The diameter of the left main bronchus was measured
by computed tomography (CT) at a distance of 1-2 mm
from the bifurcation of the trachea. To do this, it is better to
use the construction of a 3D model with the help of
computer programs (Horos, Radiant), which allow you to
get clearer images of the airways and accurately measure
their diameters. Here is a clinical example. Figure 1 shows
the measurement of the diameter of the left main bronchus
on the image of the CT in the axial section.

In Fig. 2 shows a 3D model of the same patient where
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you can see that the size of the left main bronchus is larger
than the axial section.

Such differences are noted by many authors [8, 11, 12],
who point to the need to measure several sizes of the left
main bronchus, or compare the diameters of cricket
cartilage, trachea and bronchi to compare these indicators
with the choice of endobronchial tube size.

To study the effectiveness of single lung ventilation, we
investigated the following parameters: the number of
postoperative pulmonary complications, which are reported
to be directly correlated with inadequate single lung
ventilation.

EZR v.1.54 statistical software was used for statistical
calculations (graphical user interface for statistical software
R version 4.0.3, R Foundation for Statistical Computing,
Vienna, Austria) [10].

Results

According to the distribution by number of the left
bilateral luminal endobronchial tube, the patients of the
study and control groups did not differ from each other, p =
0.752 (Table 2).

The main indicator of the effectiveness of using the
developed standardized mathematical formula to
determine the appropriate size of LDT is the number of
pulmonary complications after thoracic surgery. In this

Table 2. Distribution of patients on the left bilateral endobronchial
tube.

Indicator Control Research | The level of significance
group, n=96 | group, n=96 of the difference, p
35 1(21.9) 1(21.9)
37 8(18.8) 20 (20.8)
Ne Tube 0.752
39 | 44 (458) 34 (35.4)
41 13 (13.5) 21 (21.9)

Note: Fisher's exact test or chi-square test is used in the
comparison.

40% |

I0E—

25% J—
20% r

10%
=

Control Research

Fig. 3. The number of postoperative pulmonary complications in
patients of the study group and control group.

study, pulmonary complications developed in 33 (34.4 %)
patients of the control group and in 13 (13.5 %) patients of
the study group, a statistically significant difference was
found at p = 0.001 (Fig. 3).

This is evidence of effective perioperative management
of patients with thoracic diseases and shows that clear
and consistent use of simple, innovative methods of
prevention of postoperative pulmonary complications (such
as accurate selection of LDT by several morphometric
parameters) in thoracic patients significantly reduces these
complications.

Thus, the application of the proposed technique reduces
(p = 0.001) the risk of pulmonary complications, HR = 0.39
(95 % CI 0.22-0.70) compared to traditional methods. The
risk decreased 2.5 times.

Discussion

One of the difficulties most anesthesiologists encounter
in performing lung ventilation is choosing the optimal size
of the left bilateral luminal endobronchial tube for each
patient [22]. At our institute, this selection is usually based
on the method recommended by Slinger [2]. It involves
calculating the required number based on the average
height and sex of patients. However, this recommendation
may not be acceptable to all patients, especially those with
tall stature and narrow airways. Therefore, we decided to
use an assessment methodology that included not only
the sex and height of patients, but also integrated LDT as
an indicator. This allowed us to more accurately predict the
appropriate size for left-sided LDT.

Different research groups have used different methods
to select a bilateral endobronchial tube based on individual
anthropometric parameters (eg, sex and height, DLMB)
[11,12,13, 14, 15]. Based on our review of available sources,
no studies have compared the full range of these indicators,
and there are no standardized formulas for endobronchial
tube selection.

A previous study reported that the use of a method based
on gender and height gives an accuracy of 58.3 % [11].
However, when the transverse diameter of the annular
cartilage was measured by ultrasound and CT, the accuracy
of intubation in the groups of ultrasound and CT was 90.2
% and 94.1 %, respectively (p>0.05). Thus, the authors
concluded that the measurement of the transverse diameter
of the annular cartilage led to much greater accuracy in
choosing the size of LDT than traditional methods. In
addition, they reported that this method can significantly
reduce postoperative complications. Given that there is no
significant difference between the accuracy of ultrasound
and CT, their results showed that both of these methods
for tube selection can be safely used before intubation in
thoracic surgery [23].

A prospective study was conducted to test the
hypothesis that a previously developed formula based on
height (0.25 x 0.916 height) could predict the exact depth of
LDT administration in 66 patients who underwent breast
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surgery. The formula led to optimal LDT positioning without
additional adjustments in 45 patients (70 %) [12].

In our study, we used a new approach to compare the
set of indicators (sex, height, DLMB), which allowed us to
develop a standardized formula for choosing the size of
left-sided LDT. Although we used the sex and height of
patients to choose the size of LDT, not taking into account
DLMB. The advantages of this method are that it is simple
and easy to use. However, it has shortcomings that can
significantly worsen the prognosis of the postoperative
period. These include: the predicted result by this method
is average, and the chosen LDT size is not suitable for all
patients due to the large individual variation in airway size
in patients with the same growth range. Therefore, the
specificity of this method is low, and the positive predictive
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MOP®OMETPUYHI MOKA3HUKW ONA BUBEOPY OBOMNPOCBITHOI EHOOEPOHXIANIBHOI TPYEKU B TOPAKANBHIN
AHECTE3IONorii

YceHko O. KO., Cudrok A. B., Cudrk O. €., Knimac A. C., CaeeHko I'. 1O., Tecnss O. T.

3 memor o0HonezeHe8ol seHMUAYI 8 c8imi suKopucmogytoms pi3HOMaHImHi Memoou i3onsauji nezeHs, sika € nepedymoeor Onsi
bazambox epyOHUX, cepuesux ma cmpasoxiOHUX XipypeiyHux empydaHb. YucrneHHi 0ocnidxeHHs1 MosidoMAsome Mpo pi3Hi memodu
8U3Ha4YeHHs onmumarsnbHOi npudamHocmi mix Oiamempom mpybku ma diamempom 1igo20 205108H020 bpoHxa 051 adekeamHoi
8eHmunAyii ma ea3oo0bmiHy nid yac onepauiti Ha epyoHit nopoxHuHi. O0Hak ceped aHecmesionozie Hemae eOUHOI OyMKU w000 subopy
po3mipy mpybku Ons eghekmueHoi eeHmunsauii ma isonsuii neeeHb. Hamu 6yna pospobneHa Hoga mamemamuyHa ¢hopmyna Ons
8U3Ha4YeHHs 8i0M08iOHO20 PO3MIpy J1I6OCMOPOHHLOI dsorpoceimHoi eHOobpoHxianbHoi mpybku ([I4T). Memoto docnidxeHHS cmano
8U3Ha4Yumu eghekmueHicmpb po3pobrieHoi cmaHAapmu3osaHoOi Mamemamuy4Hoi popmyrnu Os1si 8u3HadyeHHs1 8idnosidHo2o poamipy JIOT
0nsi uKopucmaHHs1 8 mopakarbHil aHecmesionoeii. [JocnidxeHHs1 8UKOHaHO Ha 192 x80pux i3 3ax80pto8aHHSIMU epyOHOI MOPOXHUHU
(cmpaeoxody, nezeHb, cepedoCcmiHHs1), orepogaHUx 8 mopakoabdomiHanbHomy 8iddini HayioHanbHo20 iHCmumymy xipypeil ma
mpaHcnnadmonoeii im. O.0.Lllanimosa. PempocrniekmugHy epymny nopieHsiHHA cmaHosunu 96 nauieHmis ricriss mopakanbHUX onepauid,
y Kompux sukopucmaHut gubip poamipy JIOT 3a 3azanbHogidomoro memodukoto Slinger "3a 3pocmom xeopozo”. 'pyny AocnidxeHHs
cmaHosunu 96 nayieHmis nicnss mopakanbHuUx onepauiu, 0nsa kompux 6ye eukopucmaHul 8ubip po3mipy dgornpoceimHoi
eHA0bpoHXianbHOI mpybKu 3a po3pobrieHo MemoOUKOK (3a ¢hopmyrioto, 3a805KU SIKIU MOXHa OUiHUMU MOPGhOMEMPUYHI MOKa3HUKU
3pocmy, cmami ma Giamempa nigoeo 20/108H020 bpoHxa). 3acmocysaHHs1 3anponoHogaHoi Memoduku do3eorsie 3Husumu (p = 0,001)
PpU3UK po38UMKy rezeHesux ycknadHeHb, BP = 0,39 (95 % Bl 0,22-0,70). Y nopigHsiHHI 3 mpaduuyiliHoro MemodUKOK: pUUK 3HU3UBCS Y
2,5 pasu.

KnrouoBi cnoBa: mMopghomempuyHi nokasHUKU, ¢pbopmyrna euaHadyeHHs po3mipy 080rpoceimHoi eHO0OpOoHXiarnbHOI mpyObKu.
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