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The damage of the muscular system is one of the frequent complications in thyroid
diseases, but today there is no unanimous view on the morphofunctional changes in
masticatory muscules in hypothyroidism. The purpose of this study was to determine the
peculiarities of the structural organization of the masseter and lateral pterygoid muscles
of mature rats in various stages of experimentally modeled hypothyroidism. The study
was performed on the masticatory muscles of mature male rats during the 14", 21, 28"
days of the development of mercazolilum-induced hypothyroidism. The following research
methods were used: injection method of study of the circulatory bed of the masticatory
muscles; histological examination of blood vessels and tissue elements of the masticatory
muscles; electron microscopic examination;, morphometric analysis (mean value of blood
vessels' lumen and thickness of their walls; number of capillaries in 1 ?m? of cross
section of muscular fiber; the quantity of the capillaries at one muscular fiber, the
percentage of oxidative (OMF), oxidative-glycolytic (OGMF), glycolytic (GMF) muscular
fibers, average muscular fiber area, biochemical methods, and statistical analysis
was conducted out using the software RV.3.0. The development of hypothyroidism is
indicated by the reduction of hormones of the thyroid gland in the blood. During the 14"
day of the experiment in the arterial bed in the injection of Parisian blue in the masticatory
muscles there is a deformation of the vascular pattern. The number of hemocapillaries
decreases. The edema of the cytoplasm of endothelial cells is submicroscopically
marked. In muscular fibers, the cross-striation is broken, the area of their cross-
section is enlarged, the dilation and vacuolization are observed in the endomysium. A
change was determined in the quantitative distribution of all types of fibers (the number
of OGMF and OMF decreased, and the amount of GMF increased). At the
ultramicroscopic level, there were observed pronounced changes in all types of
muscular fibers, especially in the GMF and OMF of the masseter muscle. On the 21
day, a significant deformation of the vascular pattern was observed, with a decrease of
the arterial lumen and an increase of the vein lumen. The number of hemocapillaries
continues to decrease. Ultra-structurally, in the endothelial cells of the hemocapillaries
of the masticatory muscles, edema changes progress. In muscular fibers there is a
loss of cross-striation and observed swelling. There is a tendency to decrease of the
number of OGMF and OMF and increase of the amount of GMF. At the ultramicroscopic
level, there are pronounced changes in all types of fibers, especially in the masseter
muscle. During the 28" day of mercazolilum-induced hypothyroidism changes in the
vessels and muscle fibers are progressing. Described morphological changes are
associated with the dynamics of the trace substances’ composition. Thus, in mercazolilum-
induced hypothyroidism in the masticatory muscles there are edematous changes both
inthe vascular bed and in muscular fibers. Moreover, the changes are deepened depending
on the duration of the experiment.

Keywords: hypothyroidism, muscular fiber, ontogenesis, hemomicrocirculatory bed.

Introduction

The study of the morphology of masticatory muscles  scholars [8, 16, 17, 21, 22, 23, 29]. However, there is no
was performed for a long time by many native and foreign  clear and unanimous point of view of the morphology of
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these muscles. The study of masticatory muscles under
the influence of various factors, including the changes of
the thyroid status are of particular relevance. Damage of
the muscular system is one of the most frequent
complications in diseases of the thyroid gland. An overview
of scientific literature showed that 5% of all myopathies are
associated with pathology of the thyroid gland [9, 14, 15,
20, 24, 29, 30]. Deficiency of thyroid hormones results in a
violation of the expression of the heavy chain myosin
genome, redistribution of its isoforms, inhibition of protein
synthesis and, consequently, muscular growth. Besides,
in the deficiency of hormones of the thyroid gland, the
mobilization of free fatty acids from adipose tissue is
disturbed, which leads to the insufficient lipid delivery to
the skeletal muscles and is a possible cause of muscular
weakness and reduced ability to work [1, 6, 31].

Taking into account the topicality of this issue and the
constant increase and spread of morbidity (in Ukraine, as
of January 1, 2012, there were registered 90.884 thousand
patients with hypothyroidism (in 1999 - 53 thousand); the
incidence rate in 2011 was 22.1 per 100.000), the study of
the morphofunctional state of masticatory muscles in
hypothyroidism requires further study.

Thus, the aim of our study is to establish the
peculiarities of the structural organization of the masseter
and lateral pterygoid muscles of the mature rats at various
stages of experimentally modeled hypothyroidism.

Materials and methods

The material for the study was masseter and lateral
pterygoid muscles of the 48 white outbred mature male
rats. The material was taken in clearly defined symmetrical
places of the masseter and lateral pterygoid muscles
during the 14t 21t 28" days of experimentally modeled
hypothyroidism. Animals were divided into groups: group |
- intact (12 animals), which were kept under normal
conditions of vivarium using natural for rodent feeding;
group Il - under the conditions of mercazolilum-induced
hypothyroidism (36 animals).

Maintenance of animals, their nutrition and
manipulations with them were performed in compliance
with ethical and legislative norms and requirements during
the implementation of scientific and morphological studies,
in accordance with the provisions of the "European
Convention for the Protection of Vertebrate Animals used
for the experiments and other scientific purposes”
(Strasbourg, 1986), Appendix 4 to the "Rules for the
performance of the works using experimental animals",
approved by the Order of the Ministry of Health of Ukraine
Ne755 of 12.08.1997, the Helsinki Declaration of the World
Medical Association (2000), "On Measures as to Further
Improvement of the Organization of Forms of Work with the
Use of Experimental Animals" and the provisions of the
"General Principles of Animal Experiments" taken by the
First National Congress on Bioethics (Kyiv, 2001); in
accordance with the Law of Ukraine Ne3447-IV "On the

Protection of Animals from Cruel Treatment" of 21.02.2006
(Expert Opinion of the Bioethics Commission of lvano-
Frankivsk National Medical University, Protocol Ne104/18
dated October 25, 2018).

Euthanasia of animals was performed by intraperitoneal
administration of sodium thiopental (2% solution of sodium
thiopental in a dose of 25 mg/kg).

The following research methods were used: modeling
of mercazolilum-induced hypothyroidism [19, 7]; injection
method of study of the circulatory bed of the masticatory
muscles (“Parisian blue”); histological examination of blood
vessels and tissue elements of the masticatory muscles
(coloring with hematoxylin and eosin, fuchsin according to
Hart, trichrome staining according to Masson, hematoxylin-
main fuchsin-picric acid according to Van Gieson; the
histochemical method of masticatory muscles studying
(succinate dehydrogenase (SDG) according to M. Nachlas
method); electron microscopic examination; morphometric
analysis (mean value of blood vessels' lumen and
thickness of their walls; number of capillaries in 1 ym? of
cross section of muscular fiber; the quantity of the
capillaries at one muscular fiber, the percentage of oxidative
(OMF), oxidative-glycolytic (OGMF), glycolytic (GMF)
muscular fibers, average muscular fiber area, biochemical
methods, and statistical analysis.

Variational-statistical processing was carried out using
the software RV.3.0. The data of the descriptive statistics is
given as M + m (selective average + standard deviation).

Results

Thyroid homeostasis in the dynamics of the induced
hypothyroidism during the 14th day was: T, - 2.68 + 0.23
nM/I (p<0.01), T, - 26.86 + 2.80 (p<0.01) nM/I. During the
21t day: TSH-0.08 £ 0.01 ulU/mL (p<0.01), T, - 2.56 £ 0.26
nM/l (p<0.01), T, - 19.89 £ 2.00 (p<0.01) nM/I. During the
28" day of induced hypothyroidism: TSH - 0.07 £ 0.01 ulU/
mL (p<0.01), T, -2.61+£0.25 nM/l (p<0.01), T, - 24.41 £ 3.00
(p<0.01) nM/I.

masseter (a, b) and lateral pterygoid (c, d) muscles of mature rats
during the 14" day of mercazolilum-induced hypothyroidism.
Staining: a, ¢ - injection with Parisian blue with additional coloring
of hematoxylin and eosin; b, d - injection with Parisian blue.
Microphotograph. ocular lens x10, field lens x20.
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Fig. 2. Reduction of the number of hemocapillaries in 1 um? (a) and the amount of hemocapillaries pertaining to one muscular fiber (b) in
the masticatory muscles of mature animals at various stages of the development of mercazolilum-induced hypothyroidism.

During the 14th day of the experiment in the arterial bed
of the mature rats in the injection of Parisian blue both in
the masseter and lateral pterygoid muscles, a change of
the vascular pattern (Fig. 1) is observed. The number of
hemocapillaries decreases in comparison with the norm
(Fig. 2).

In a submicroscopic study, there is observed the edema
of the endothelial cells of the cytoplasm, which leads to the
narrowing of the lumen and, subsequently, to the formation
of erythrocytic sludges (Fig. 3). Hemocapillaries are
surrounded by an electron-transparent basic substance.

In muscular fibers, cross-striation is much disordered.
The nuclei of muscular fibers are enlarged and slightly
lumenized. There is an expansion and vacuolization of
endomysium between muscular fibers. Visually the
perimysium is thickened and loose.

In the study of SDG activity, we have determined a change
in the quantitative distribution of all types of fibers (the
number of OGMF and OMF decreased and the amount of
GMF increased (Fig. 4)). In addition, muscular fibers have
been altered and deformed. SDG was unevenly distributed.

Morphometric study reveals a certain increase in the
cross-sectional area of all types of fibers in comparison
with the norm (Fig. 5). At the ultramicroscopic level, the
pronounced changes were observed in all types of
muscular fibers, especially in the GMF and OMF of the
masseter muscle. A focal loss of cross-striation was noted,
since isotropic disks (strip 1) and anisotropic disks (strip
A), Z-lines are deformed and disorganized. Mitochondria
are enlarged, have a bright matrix and ruined crests (Fig.
6).

During the 21st day of the mercazolilum-induced
hypothyroidism, there were determined a significant uneven
filling of the vessels of the masseter and lateral pterygoid
muscles with the injectable mass, resulting in the vascular
pattern being deformed and mosaic (Fig. 7).

During histological examination, unevenness and
deformation of vascular lumen are observed. The arterial

Fig. 3. The ultrastructural organization of the masseter (a) and
lateral pterygoid (b) muscles of the mature rat during the 14th day
of the development of mercazolilum-induced hypothyroidism.
Electronic Microphotograph. 1 - deformed lumen of the
hemocapillary, 2 - nucleus of the endothelial cell hemocapillary
with marginally located heterochromatin and invaginations of the
nuclear membrane, 3 - delaminatability of the basal membrane of
the endothelial cell hemocapillary, 4 - cytoplasmic excrescences
into the hemocapillary lumen, 5 - dilated and vacuolated perivascular
space, 6 - destroyed mitochondria, 7 - violation of cross-striation,
8 - platelet. Magnification: x8000.

Vol. 24, Ne4, Page 5-14
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Fig. 4. Change of the quantitative composition of muscular fibers in the masseter (a) and lateral pterygoid (b) muscles of mature animals

in different periods of experimental hypothyroidism.
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Fig. 5. Change of the cross-sectional area of muscular fibers in the masseter (a) and lateral pterygoid (b) muscles of mature animals at

different terms of experimental hypothyroidism.

lumen decreases, compared with control, the venous
lumen increases. The number of hemocapillaries in 1 ym?
of the cross-section of muscular fibers continues to
decrease. One muscular fiber also has a smaller amount
of hemocapillaries, compared with the norm. Ultra-
structurally it is found that there are edematous changes in
endothelial cells of hemocapillaries of masticatory
muscles. One can observe cytoplasmic excrescences into
the lumen of the hemocapillary, indicating the development
of hypoxia and disorder of the transcapillary exchange.

In muscular fibers there is a loss of cross-striation,
edema of their nuclei, dilation, rupture and edematous
changes of endomysium and perimysium with the
formation of vacuoles (Fig. 8). During the morphometric
study, an increase of the cross-sectional area of all types
of fibers is observed (see Fig. 5). During the study of SDG-
activity, there was determined some redistribution in the
number of different types of muscular fibers, as well as
their edematous changes and deformity (see Fig. 4).

At the ultramicroscopic level in the mature animals,
there were marked changes in all types of fibers, especially
in the masseter muscle, which were characterized by the
loss of cross-striation, the destruction of isotropic (strip 1)

and anisotropic (strip A) discs, Z-lines. The nuclei in every
muscular fiber are large, of lowered electron density, and
their membrane forms profound invaginations.
Mitochondria are of a sack-shaped form, have a bright matrix
and destroyed crests (Fig. 9).

During the 28th day of mercazolilum-induced
hypothyroidism in the arterial bed of the masseter and lateral
pterygoid muscles of mature animals, one can observe
the disorders and deformation of the vascular pattern, as a
result of which it looks multiglomerular. In the injection with
Parisian blue, the areas which are well and poorly filled
with staining, are alternating (Fig. 10).

Among the intramuscular small arteries and arterioles
one can find the closed ones, in which the paint does not
fall. Morphometric study shows a significant narrowing of
the arteries and thickening of the arterial wall, as well as
the enlargement of the lumen and thinness of the venous
wall, compared with the control. Significantly decreases
the number of hemocapillaries in 1 pym? of the transverse
section of muscular fiber (see Fig. 2).

During the ultramicroscopic examination of endothelial
cells, an increase of edematous changes is observed. In
muscular fibers, there was observed light-optically cross-

8
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Fig. 6. Ultramicroscopic changes in the structure of the masseter

: : 2 Wawg
a, b, ¢) and lateral pterygoid (d, e, f) muscles of mature rat during the

14th day of the mercazolilum-induced hypothyroidism. Electronic Microphotography. 1 - loss of cross-striation of muscular fiber, 2 -
expanded and destroyed mitochondria, 3 expanded and destroyed Z-line, 4 - swollen endomysium, 5 - nucleus of the muscular fiber.

Magnification: a - x4800; b, e - x8000; c, f - x6400, d - x12000.

N

Fig. 7. Angioarchitectonics of the masseter (a, b) and lateral
pterygoid (c, d) muscles of mature rats during the 21%t day of
mercazolilum-induced hypothyroidism. Staining: a, ¢ - injection with
Parisian blue; b, d - injection with Parisian blue with additional
coloration of hematoxylin and eosin. Microphotograph. Ocular lens
x10, field lens x20.

Fig. 8. Histostructure of the masseter (a) and lateral pterygoid (b)
muscles of mature rats during the 21st day of experimental
hypothyroidism. Staining: a, b - hematoxylin and eosin; ¢, d -
hematoxylin-main fuchsin-picric acid according to Van Gieson.
Microphotograph. 1 - loss of cross-striation of muscular fibers, 2
- edema of muscular fibers, 3 - nuclei of muscular fibers, 4 -
dilation and edema of the intermuscular layers. Magnification: ocular
lens x10, field lens x40.

Vol. 24, Ne4, Page 5-14
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Fig. 9. Sub-microscopic changes in the structure of the masseter
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(a, b, c) and lateral pterygoid (d, e, f) muscles of mature rat during the

21stday of mercazolilum-induced hypothyroidism. Electronic Microphotograph. 1 - nucleus of the muscular fiber with marginally placed
heterochromatin, 2 - expanded and destroyed mitochondria, 3 - vacuolization of muscular fibers, 4 - swollen and disorganized connective
tissue elements, 5 - hemocapillary. Magnification: a, ¢ - x8000; b, e, f - 6400; d - x9600.

striation loss, their vacuolization, dilation and vacuolization
of endomysium and perimysium with the formation of
vacuoles. In the morphometric study, an increase of the
cross-sectional area of all types of fibers compared with
the norm is noted (see Fig. 5).

In the study of SDG-activity, we have found that the
number of OGMF and OMF decreases with the
simultaneous increase of the amount of GMF (see Fig, 4).
In this case, the fibers appear enlarged and deformed, the
enzyme accumulates unevenly. At the ultramicroscopic level,
marked edematous changes and destruction of structures,
especially mitochondria, were observed in all types of fibers
(Fig. 11).

Thus, in mercazolilum-induced hypothyroidism, in
muscular fibers there are significant edematous changes

both in the histological and ultrastructural levels. In the
morphometric study, an increase of the diameter of all types
of fibers was determined. Patients mostly suffer from GMF.
Swelling and vacuolation of the connective tissue of the
endomysium and perimysium are also noted. Moreover,
the changes are deepened depending on the duration of
the experiment. During study of the succinate
dehydrogenase activity of muscular fibers, we've
determined that there is a redistribution in the amount of
muscular fibers. There is a tendency to decrease of OGMF
and a significant increase of GMF.

Such morphological changes are associated with the
dynamics of the microelement composition. Thus, the
content of Ca, P, Mg, during the 14" day of the experiment
was 1.94 + 0.19 mM/I (p<0.01); 29.97 £ 3.07 mM/I (p<0.01),

10
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Fig. 10. Desolation and mosaicity of the vascular pattern of the
masseter (a, b) and lateral pterygoid (c, d) muscles of mature rats
during the 28" day of mercazolilum-induced hypothyroidism.
Staining: a, ¢ - injection with Parisian blue with the addition of
hematoxylin and eosin; b, d - injection with Parisian blue.
Microphotograph. Magnification: ocular lens x10, field lens x20.

1.42 + 0.17 mM/I (p<0.01) respectively. During the 21t day

- 1.82 + 0.19 mM/l (p<0.01); 1.39 + 0.18 mM/I (p<0.01);
during the 28" day - 1.75 + 0.16 mM/I (p<0.01); 22.70 + 2.49

mM/I'1 (p<0.01), 1.37 £ 0.18 mM/I (p<001), respectively.

Discussion

In hypothyroidism in the vascular bed of masticatory
muscles during the 14th day there are significant changes.
Our results are consistent with studies of the vascular bed
in hypothyroidism [2, 3], where it was found that in patients
with hypothyroidism there are sharply expressed violations
in the system of terminal blood flow with the predominance
of intravascular and vascular changes in the form of foci of
microcongestion due to the increased blood viscosity,
hematocrit, perivascular hemorrhages, perivascular edema,
tortuosity of microvessels of all links of the microcirculatory
bed, and "sludge" - a phenomenon in the capillaries. Further
during the 21%t and 28" day of the mercazolilum-induced
hypothyroidism we observe the deepening of changes in
the circulatory bed, which corresponds to studies [28], in
which morphological changes in the circulatory bed of
experimental animals become more significant, with the
prolongation of experiment time.

d -..-
AN,

it i

Fig. 11. Submicroscopic organization of the masseter muscle of mature rat during the 28th day of mercazolilum-induced hypothyroidism.
Electronic Microphotography. 1 - nucleus of muscular fiber; 2 - mitochondria with uncomplemented crests, 3 - disorganized striation, 4 -
vacuoles, 5 - hemocapillary, 6 - mastocyte. Magnification: a - x9600; b, c, d, e, f - x8000.

Vol. 24, Ne4, Page 5-14
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Multiple studies are devoted to the study of the causes of
changes in the vascular bed in hypothyroidism. Thyroid
hormones have been found to induce 3-hydroxy-3-
methylglutaryl-coenzyme-A-reductase, which is the first step
in the synthesis of cholesterol. Triiodothyronine also
regulates the activity of receptors of low density lipoprotein,
controlling the activity of their responsible genes and protects
them from oxidation [11]. T, regulates the activity of
cholesterol-7a-hydroxylase - key enzyme in the synthesis of
bile acids, which in hypothyroidism conditions slows down
the cholesterol, contributing to its increase in blood [25, 26].
It has been found that in hypothyroidism the concentration
and activity of HDLLp-PLA2, which is associated with the
anti-atherogenic effect of low density lipoprotein, decreases.
Thus, in hypothyroidism, the level of cholesterol increases
and there is a dyslipidemia that has an atherogenic nature
and increases the risk of atherosclerosis [12, 10]. Perhaps,
the development of atherosclerosis leads to further vascular
damage.

Also, the disorders in the vascular bed of masticatory
muscles in hypothyroidism could be attributed to the
development of endothelial dysfunction and violation of
relaxation of smooth muscular cells in vessels, which leads
to an increase in peripheral vascular resistance. Some
studies have described thickening of the intima-media
complex in people with hypothyroidism [16].

In the study of muscular fibers during the 14™, 21t and
especially 28" days of experimental mercazolilum-induced
hypothyroidism, one can note the increasing edematous
changes in all types of muscular fibers, and especially in
glycolytic ones, which confirms the opinion that the severity
of morphological changes in somatic muscles depends on
the duration of hypothyroidism, not on the severity and depth
of the process [28]. Our studies are consistent with others,
which determined that fast muscular fibers are much more
likely to be damaged than slow ones [27]. They believe, that
this is due to the thinner Z- and M-discs. Biochemically, it
was found that in the case of muscular damage, the
concentration of "fast" myosin in the blood is twice that of
"slow" one, which indicates more violations of the structure
of the corresponding muscular fibers [13]. Significant edema
can be observed in the connective tissue components of the
endo- and perimysium, the diffuse accumulation of
glycoproteins, which is the determining factor of exudation.
Initial manifestations of experimental hypothyroidism were
detected during the 14" day, the full picture - during the 28",
and during the 60" day - the day when in studied structure
the severe structural changes with necrosis were
determined. The acuteness of inflammation was
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MOP®O®YHKUIOHAIIbHI 3MIHU CTPYKTYPHUX KOMIMOHEHTIB XKYBAJIbHUX M'A3IB CTATEBO3PUTUX TBAPUH NPU

MEPKA3OMNINIHOYKOBAHOMY TMOTUPEO3I
CazaH H.T.

YpaxkeHHs1 M'A30801 cucmemu € 00HUM 3 Yacmux ycknaOHeHb Mpu 3axeopto8aHHSIX wumornodibHoI 3ano3u, 00HaK Ha Cb0200Hi HeMae
o0HocmatiHoeo noensdy Ha MopghOohyHKUIOHaNbHI 3MiHU XyeanbHUX M'a3ie npu eginomupeosi. Memor O0aHoz20 docnioxeHHs1 6yno
8cmaHosumu ocobrnueocmi cmpyKkmypHOI opeaHi3auii enacHe XyeanbHo20 ma b6i4H020 KpusonodibHo20 M'A3ie cmamego3pinux wypis
Ha pi3HUX emanax eKcriepuMmeHmarbHO 3M00efIb08aHOZ0 2inomupeosy. [JocnidxeHHs1 BUKOHy8anu Ha Xye8anbHUX M'a3ax crmameeo3pinux
wypie-camujie Ha 14, 21, 28 doby po3sumky mepka3osiniHOykosaHo20 ainomupeoady. Bukopucmosysanu HacmyrHi Memodu G0CiOKeHHS:
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iH'ekyitiHUtG mMemod OocrideHHsI KPOBOHOCHO20 pycira XyealbHUX M'3ig; 2icmonozidyHe 00CMiOXEeHHs KPOBOHOCHUX CyOUH ma
MKaHUHHUX e/1eMeHMmi8 XyearbHUX M'A3i8; efeKmpOHHO-MIKPOCKOMiYHe O0CiOXeHHS; MOPGhOMEMPUYHUU aHasi3: cepedHE 3HaYeHHs
rpoceimy KpoBOHOCHUX CyOUH ma moswjuHa ix cmiHKu, Kifbkicmb kaninspie 8 1 MKM? rnonepeyHoeo repepizy M'si308020 80/I0KHA,
KinbKicmb Kaninspie, siki npunadaromb Ha 0OHe M'S308€ B0J/I0KHO, MPOUEHMHE Crig8iOHOWEHHSI OKUCHUX M'a308ux eosiokoH (OMB),
oKucHo-enikonimu4yHux (OFMB), enikonimuyHux (FTMB), cepedHsi niowa M'i308020 80710KHa; 6ioXiMiY4HI Memodu; cmamucmuyHuUl
aHania nposodunu 3a AoromMoeoto npozpamHozo 3abesneqyeHHs RV.3.0. [lpo po3sumok 2inomupeosy ceiduump 3MEeHWEHHS 20PMOHI8
wumonodibHoi 3ano3u 8 kposi. Ha 14 doby ekcriepumeHmy 8 apmepianbHOMy PYyCrli npu iH'€KUii Mapu3bKOoK CUHBOK Y Xy8arbHUX
m'azax eiOMivaembcsi Oechopmayisi cyOuHHo20 pucyHka. Kinbkicmb 2emokaninspie 3ameHwyembcs. CyOMiKpOCKOMiyHO eiOMiYyaembcsi
Habpsik yumonnasmu eHoomernioyumis. Y M'A308UX 80/I0KHax MornepeyHa rnocmyaoeaHicms nopyuweHa, 36inbwyeanack naowa ix
rornepe4yHo20 rnepepisy, 8 eHOOMI3ii crrocmepieaembcsi PO3WUPEHHS ma 8aKyornisauyisi. byno ecmaHoerneHo 3MiHy 8 KinbKicHoMy po3rnodini
8Cix muriie 80/10KOH (3MeHwysanacs Kinbkicmb OFMB i OMB ma 36inbwysanacs kinbkicms TMB). Ha ynbmpamikpocKoniyHoMy pigHi
criocmepieanucs supaxeHi 3MiHU 8 yCix murnax M'308UX 80/10KOH, ocobnueo 8 TMB ma OMB enacHe xXysanbHoeo m's3a. Ha 21 doby
8cmaHoer1eHo 3Ha4dHy 0eghopmauito CyOUHHO20 PUCYHKY 3i BMEHWEeHHSIM rpocsimy apmepili ma 36inbweHHsM rpocesimy eeH. [podoexye
3MeHWys8amucs KiflbKicmb 2eMoKaninsapie. YnbmpacmpykmypHo 8 eHOomerioyumax 2eMOKanifnspie XyeanbHuUx M'sa3ie rnpoepecyoms
Habpsikosi 3MiHU. Y M'A308UX B0/10KHax criocmepieaembCsi empama nonepeqyHoli nocMyaoeaHocmi ma ix Habpsik. 36epicaembcsi
meHOeHyiss 0o 3meHweHHs Kinbkocmi OFMB i OMB ma 36inbweHHs kinbkocmi TMB. Ha ynbmpamikpocKomniqHOMYy pieHi supaxeHi
3MIHU 8 yCiX murax 80II0KOH, 0CObnugo y enacHe XysanbHOMy M'ssi. Ha 28 006y mepka3oniniHOykogaHo20 2irnomupeo3y 3MiHU 8
cyOUHHOMY pycili ma y M'A308uUX 80510KHax rnpoepecytoms. OnucaHi MopghoroziyHi 3MiHU acouyitoroms i3 QUHaMIKOK MIKpoeneMeHmHo20
cknady. Takum YUHOM, rpu MepKa3osiniHOyKoeaHoOMy 2iromupeosi y xyealbHUX M'A3ax criocmepiealombcsi HabpsKosi 3MiHU 5K 8
cyOuUHHOMY pycni mak i 8 M'308ux 80510KHax. [lpuyoMy 3MiHU Mo2nubMbCs 8 3anexXHOCmi 8i0 MepMiHy eKcriepuMeHmy.
KnroyoBi cnoBa: 2inomupeos, M'a308e 805I0KHO, OHIMO2EeHE3, 2eMOMIKPOUUPKYISIMOPHE PYyCrio.

MOP®O®YHKLUUOHAJbHbLIE U3BMEHEHUA CTPYKTYPHBLIX KOMNOHEHTOB XXEBATEJIbHbIX MbILLL, MOJIOBO3PENbIX
XUBOTHbLIX NPU MEPKA3ONUITUHAYLUUPOBAHHOM N’MNOTUPEO3E

CazaH H.T.

lMopaxeHusi MblweYHoU cucmeMbl A8MAMCA 00HUM U3 YacmbiX OCIOXHEeHUU npu 3abonesaHusix WumogudHOU xenesbl, 00HaKo
ce200HA Hem eduHOOywHo20 83ensida Ha MopOYHKUUOHaNbHbIE U3MEHEHUSs xesamesbHbIX MbIWY, rpu sunomupeose. Llenbio
daHHo20 uccredosaHusi bbl0 ycmaHo8UMbL 0COBEHHOCMU CMPYKMypHOU opaaHu3ayuu cobcmeeHHO xegamenbHoU U 6okoeol
Kpb1r108UGHOU MbIUUbI [10510803PESIbIX KPbIC Ha PasHbIX amarax 3KcrepumMeHmarnbHO cModerupos8aHHO20 euriomupeosa. MccriedosaHue
8bIMOIHANU Ha XesamerlbHbIX MbllWyax rosi0803perbiX Kpbic-camuyos Ha 14, 21, 28 cymku passumusi MepKa3onunuHOyyupos8aHHO20
euriomupeo3sa. Ucnonb3osanu crnedyrouue memoods! ucciedosaHusi: UHbEKYUOHHbIU Memod uccriefosaHusi KPOBEHOCHO20 pycna
)KeesamesbHbIX MbIUWU, 2UCmO102U4ecKoe uccriedogaHue KpOBEHOCHLIX COCy008 U MKaHEeebiX 3/1eMEeHMO8 XeeamesibHbIX MbIUWU;
371eKMPOHHO-MUKPOCKONuUYeckoe uccredogaHue; MopghomempuyecKkuli aHanu3: cpedHee 3HayeHue npoceema KpOBEHOCHbIX CcOCyd08
U monwuHa Ux CMeHKU, KOIu4ecmeo Kanusnispos 8 1 MKM? MonepeqHo20 CeYeHUs MbILEYHO20 80JI0KHA, KOUYEeCmeo Kanusispos,
npuxodsawuxcsi Ha 00HO MbIWEYHOE B80J/I0KHO, MPOUEHMHOE COOMHOWEHUE OKUCIUMEerbHbIX MblueYHbiXx 80510k0H (OMB),
okucnumenbHo-anukonumu4yeckux (OFMB) u enukonumudeckux (FMB), cpedHuli paamep Mbile4YHO20 80/I0KHA; BuOXUMUYECKUe
mMemoObl; cmamucmudecKkull aHanu3 npoeodunu ¢ MOMoWbio rnpoepammHoz2o obecrieyeHuss RV.3.0. O pazsumuu eunomupeo3a
ceudemernibcmsyem ymeHbWeHUe 20PMOHO8 WUmosUOHOU Xesnesbl 8 Kposu. Ha 14 cymku akcriepumeHma 6 apmepuarnbHOM pycrie
pu UHBbEKUUU napuxckol cuHel 8 XeeameJslbHbIX Mbilyax ommedyaemcsi decpopmauyusi cocyducmoao pucyHka. Konudecmeo
2emMoKanunnapoe ymeHbwaemcs. CybMUKpPOCKOMUYEeCKU ommeqaemces omeK yumoniasmbl 3HOOMenuoyumos. B MbiweyHbIX 80/10KHaxX
rornepeyHasi UCYepYeHHOCMb HapyweHa, ysenuqueanachb nnowadb UX MornepeyHo20 cedeHusi, Habrmodaemces pacwupeHue u
8aKyonu3ayusi 3H0oMuU3Us. Bbino ycmaHo8neHo USMEHeHUe 8 KOIUYecmeeHHOM pacrpedenieHuu 8Cex muroe 80/10KOH (YMeHbWanoch
konuyecmeo OFMB u OMB u ysenuyusanock konudecmso 'MB). Ha ynbmpamMukpocKonu4eckom yposHe Habrodanuch ebipaxKeHHbIe
U3SMEeHEeHUs 60 6Cex murax MbiWeYyHbIX 80/I0OKOH, 0CObeHHO 8 cobcmeeHHO xeeamenbHolU Mblwuye. Ha 28 cymku
MepKa301unuHOYUpPO8aHHO20 2urnomupeo3a UMEeHeHUs1 8 COCyOUCMOM Pycrie U 8 MbIWEYHbIX 80MI0KHax npoepeccupyrom. OnucaHHble
Mopghosioeudeckue U3IMeHeHUs accoyuupyrom ¢ OUHaMuKkolU MUKPO3SIeMeHmMHo20 cocmasa. Takum obpasom, npu
MepKa30nunuHAyLyupos8aHOM 2Urnomupeo3e 8 XxeeamesbHbIX Mbiliyax Habnodaomesi OmeyHble USMEHEHUs Kak 8 cocyducmom pycrie,
mak U 8 MblWeYHbIX 80M10KHax. [puyem usmeHeHus ycyaybnsomcs 8 3a8UCUMOCMU Om CPoKa 3KCrepumeHma.

KnioueBble cnoBa: 2urnomupeos, MbILEYHOE B0MTOKHO, OHIMO2EHE3, 2eMOMUKPOUUPKYIISIMOPHOE PYCrIo.
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Taking into account the importance of determining the teleroentgenographic indicators
of the spatial position of central incisors, arises a scientific and clinical interest in
conducting such studies. The purpose of the study is to develop mathematical models
of individual characteristics of the position of upper central incisors in young men and
women of Ukraine with orthognathic bite by studying the cephalometric indices and
conducting direct stepwise regression analysis. With the help of Veraviewepocs 3D
device, Morita (Japan) 38 young men (aged 17 to 21 years) and 55 young women (aged
16 to 20 years) with occlusion close to orthognathic bite and balanced faces received
side teleroentgenograms. Cephalometric analysis was performed using OnyxCeph®™
software. Cephalometric points and measurements were performed according to the
recommendations of A.M. Schwarz, J. McNamara, W.B. Downs, R.A. Holdway, P.F.
Schmuth, C.C. Steiner and C.H. Tweed. In the licensed statistical package "Statistica
6.0", using the direct stepwise regression analysis, the following teleroentgenographic
characteristics of the position of the upper central incisors were performed: distance
1u_APog, distance 1u_Avert, distance 1u_NA, angle Max1_NA, angle Max1_SN and
angle Max1_SpP. In young men and women with occlusion close to orthognathic bite
and balanced face, reliable regression models of individual teleroentgenographic
characteristics of the position of upper central incisors with a determination coefficient
of greater than 0.50 have been developed, depending on the peculiarities of the metric
characteristics of the craniofacial complex: in young men of 6 possible models, have
been constructed 5 with coefficients of determination R? from 0.672 to 0.928, and for
young women - all 6 possible models with determination coefficient R? from 0.508 to
0.663. In the analysis of models with a determination coefficient higher than 0.50, it was
found that in young men most often the regression equations include - the angle
AB_NPOG (12.0%), distance COND_GN, inclination angle I, MAX maxillary length,
Se_N distance, Nap angle, NBa-PtGn angle, SND angle and Wits indicator (by 8.0%).
In young women most often models include - the angle AB_NPOG and the Wits indicator
(by 15.4%); angle N_POG (11.5%); the angle GI'SnPog’ and the distance LPALAT (by
7.7%).

Keywords: upper central incisors position, cephalometry, regression analysis, young
men and women, orthognathic bite.

Introduction

One of the most common reasons for appeals to an
orthodontist doctor is to improve your smile and not only
change the color of the teeth but also position of the frontal
group of teeth. After all, in a society successful, prospective,
position in society is often associated with beauty and a
beautiful smile [36].

The rapid development of computed technology and the

use of digital tools offers a new perspective for daily clinical
activity. They allow the physician to visualize the ultimate
goal of treatment, taking into account the basic laws of
aesthetics and harmony, as well as the patient's own wishes,
creating an effective communication tool between the dentist
and the patient.

When assessing the smile and facial expression in a

© 2018 National Pirogov Memorial Medical University, Vinnytsya
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non-stressed condition, which is usually evaluated in three
projections [30], the physician pays attention to the shape,
size and position of the front teeth. The use of digital smile
design tools - DSD (digital smile design) [16, 25, 29, 31, 38]
helps to determine if there is a need to change the shape
and size of the teeth themselves by direct or indirect
restorations. But if you need to change your face profile, you
often need orthodontic treatment. After all, orthodontists,
having the ability to change the position of the frontal group
of teeth, can also significantly affect the patient's profile. Many
studies are devoted to this issue and changes that occur
with the face during and after orthodontic treatment are
described and continue to be studied by many authors [4,
15, 23, 37, 45, 46].

But the doctor who plans to change the person's face
needs to have a clear idea not only about the average standard
values of the corresponding facial and dental indices, but
also to take into account the ethnic peculiarities of the
perception of the true meaning of "beauty" [42], face type [32],
and also taking into account aesthetic preference of the patient
when creating an individual treatment plan [5, 7].

Taking into account the importance of determining the
teleroentgenographic indices of the spatial position of central
incisors and the diversity of the proposed methods [14, 28,
40, 43], as well as the lack of the possibility of identifying the
individual normal values of these indicators, there is a
scientific and clinical interest in conducting research on these
issues. And the use of modern mathematical techniques
allows us to develop tools for determining the individual
normal values of the position of central incisors, taking into
account their ethnic [24, 27], sexual, age [26] and anatomical
[6] features of man.

The purpose of the study is to develop mathematical
models of individual characteristics of the position of upper
central incisors in young men and women of Ukraine with
orthognathic bite by studying the cephalometric indices and
conducting direct stepwise regression analysis.

Materials and methods

With the help of Veraviewepocs 3D device, Morita (Japan)
in 38 young men (17 to 21 years of age) and 55 young women
(aged 16 to 20 years) with occlusion close to the orthognathic
bite and balanced face received side teleroentgenograms.
Cephalometric analysis was performed using OnyxCeph®™
software. Cephalometric points and measurements were
performed according to the recommendations of A.M.
Schwarz, J. McNamara, W.B. Downs, R.A. Holdway, P.F.
Schmuth, C.C. Steiner and C.H. Tweed [14, 20, 21, 28, 33,
40, 41, 43]. The analysis of teleroentgenograms and the
results of their researches for Ukrainian young men and
women is described in detail and set out in a number of
articles [8-11, 18, 19, 44].

We, in accordance with the above-mentioned methods,
simulated the following teleroentgenographic characteristics
of the position of the upper central incisors (Fig. 1): APOG_1U
(distance 1u_APog) - the distance from the point Is1u (the

@t
Lo-0p

-
-F
-

= |
-'-Pa.;:-

"IG’I

\m

"I '.n
/ i
Fig. 1. Teleroentgenographic linear and angular characteristics of
the position of upper central incisors. 1 - APOG_1U (distance
1u_APog ); 2-AVERT_1U (distance 1u_Avert); 3-NA_1U (distance

1u_NA); 4 - MAX1_NA (angle Max1_NA); 5 - MAX1_SN (angle
Max1_SN); 6 - MAX1_SPP (angle Max1_SpP).

incisal edge of the upper central incisor) to the line A-Pog;
AVERT_1U (distance 1u_Avert) is the distance from the point
of Is1u (the incisal edge of the upper central incisor) to the
perpendicular to the Frankfurt plane (Po-Or) through the point
A (if the distance located medially, that is, the incisal edge of
the incisor is in the front with respect to the line position,
then the indicator takes a positive value, and if the distance
is distal, that is, the incisal edge of the incisor is in the
posterior with respect to the line position, then the figure
takes a negative value); NA_1U (distance 1u_NA) - distance
from the point Ls1u to the line N-A (defines the anterior-
posterior arrangement of the crown part of the upper central
incisor to the line N-A); MAX1_NA (angle Max1_NA) -
formed by the lines Ap1u-Is1u (inclination of the central axis
of the upper central incisor) and N-A; MAX1_SN (angle
Max1_SN) - formed by the lines Ap1u-Is1u (inclination of the
central axis of the upper central incisor) and S-N; MAX1_SPP
(angle Max1_SpP) - is formed by lines Ap1u-Is1u (inclination
of the central axis of the upper central incisor) and ANS-PNS
(palatal plane SpP).

Construction of models of linear and angular
characteristics of the position of upper central incisors,
depending on the peculiarities of the metric parameters of
the skull, is carried out in the statistical package "Statistica
6.0" using straight-line regression analysis.

Results

As a result of modeling teleroentgenographic
characteristics of the position of upper central incisors in
young men and women with occlusion close to orthognathic
bite and balanced faces, depending on the metric parameters
of the skull, we have constructed linear equations for the
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following indices.

For young men:

AVERT_1U = -22.96 + 0.271 x AB_NPOG + 0.222 x | +
0.278 x PN_A+0.177 x NBA_PTGN - 0.317 x MAX + 0.073 x
COND_GN (R?=0.748; F . =14.85; p<0.001; Error of
estimate=1.077),

(6.30)

NA_1U=-18.55+0.265 xAB_NPOG + 0.137 x LPALAT +
0.166 xN_SE-0.369 x MAX +0.149 x| +0.117 x NBA_PTGN
(R?=0.729; F(6_30)=13.48; p<0.001; Error of estimate=0.943),

MAX1_NA = 14.28 - 0.774 x NAPOG + 0.172 x S_L
(R?=0.672; F(2_33)=33.73; p<0.001; Error of estimate=3.241),

MAX1_SN =-73.09 + 1.863 x SND + 1.992 xAB_NPOG +
1.611 x WITS + 0.502 x NAPOG + 0.224 x NSBA + 0.209 x
N_SE (R?=0.929; F =62.98; p<0.001; Error of
estimate=2.218),

(6.29)

MAX1_SPP =164.0 + 0.550 x SND - 1.165 x MM + 1.411
x WITS +0.113 x COND_GN + 0.184 x ML_NSL (R?=0.819;
F s.50=27-24; p<0.001; Error of estimate=2.612).

The regression model of the distance of 1u_APog in
young men with orthognathic bite has a determination
coefficient of less than 0.5 (R2 = 0.483) and therefore has
no practical significance for orthodontists.

For young women:

APOG_1U =-2.900 + 0.376 x N_POG_ + 0.128 x AFH -
0.152 x GL_SNPOG - 0.028 x GL_SN_S (R?=0.508;
F(4.49)=12.66; p<0.001; Error of estimate=1.323),

AVERT_1U = -30.08 + 0.264 x P_OR_N + 0.342 x
AB_NPOG + 0.283 x N_POG_ + 0.085 x COND_GN - 0.092
x GL_SNPOG (R2=0.663; F( )=18.87; p<0.001; Error of
estimate=1.244),

5.48,

NA_1U=0.248 + 0.505 xAB_NPOG +0.165xN_POG_ +
0.198 x MAX_MAND +0.212 x WITS (R?=0.662; F( )=24.0‘I ;
p<0.001; Error of estimate=1.056),

4.49

MAX1_NA = 36.62 + 1.258 x AB_NPOG - 1.301 x
SN_GOGN + 1.017 x ML_NSL + 0.591 x WITS (R?=0.561;
F(4.46)=14.67; p<0.001; Error of estimate=3.710),

MAX1_SN=-36.70 + 1.806 x SND + 0.832 xAB_NPOG +
1.010 x WITS + 0.423 x LPALAT - 0.297 x S_L (R?=0.649;
F 5.45=16.65; p<0.001; Error of estimate=3.553),

MAX1_SPP=210,9- 1,211 xMM + 0,628 xANB + 0,698 x
WITS + 0,349 x LPALAT (R?=0,575; F ,,.=15,54; p<0,001;
Error of estimate=3,817).

(4,46)

In these models: R? - coefficient of determination; F(!'”) !
- critical o and got (!!,!!) value of Fisher's criterion; St. Error
of estimate - standard error of the standardized regression

coefficient; AB_NPOG - angle formed by lines A-B and N-

Pog (defines the position of the plane AB in relation to the N-
poq); AFH (distance AFH or front height of the face) - distance
from the point Me to the line ANS-PNS; ANB (angle ANB) - is
formed by lines A-N and N-B (indicates an angular interstitial
relation in the anterior-posterior direction; angle ANB is
considered positive if point A is in front of NB; if the lines NA
and NB overlap, then the ANB angle is 0°; if point A is behind
the NB line, then the angle is considered negative);
COND_GN (effective length of mandible, or distance
COND_GN) - distance from the point Cond to the point Gn;
GL_SN_S (index GI'_Sn_Sn_Gn' or facial vertical index) -
distance ratio of GI'-Sn and Sn-Gn' (defines vertical
relationships in the face profile); GL_SNPOG (angle
GI'SnPog' or indicator of convexity of the soft tissue profile) -
formed by lines GI-Sn and Sn-Pod'; | (angle |, inclination
angle) - angle formed by line ANS-PNS and Pn (nasal
perpendicular, perpendicular to the line from the point N' to
the line Se-N), angle of inclination of the upper jaw (spinal
plane) to the nasal perpendicular; LPALAT (the value of the
base of the upper jaw, CT-indicator) - distance between points
ANS and PNS; MAX (length of the upper jaw) - distance from
the constructive point apMax to the point PNS; MAX_MAND
(maxillo-mandibular difference) - difference between
distances Cond-A and Cond-Gn; ML_NSL (angle ML_NSL,
or angle SN_GoMe) - is formed by lines {Go-Me and S-N
(angle of inclination of the mandibular plane to the base of
the skull); MM (maxillo-mandibular angle) - is formed by lines
A-B and ANS-PNS (defines the angle below which the upper
jaw is located in relation to the lower jaw in the jet plane);
N_POG_ (angle N'Hold_Pog' Hline) - angle between lines
Ls-Pog' (H line, Holdway line) and N'Hold-Pog'; N_SE
(distance Se_N or the length of the front of the skull base by
Steiner) - distance from the point Se to the point N; NAPOG
(angle of the skeletal face obliquity, or angle NaPog) - formed
by lines N-A and A-Pog; NBA_PTGN (angle NBa-PtGn or the
angle of the front axle) - formed by lines N-Ba and Pt-Gn
(determines the direction of development of the mandible);
NSBA (angle NSBA) - formed by lines S-N (the front part of
the skull base) and S-Ba; P_OR_N (soft tissue angle, or
angle P_Or_N'Hold_Pog') - formed by lines Po-Or and
N'Hold-Pog'; PN_A (distance PN_A) - distance from the point
Ato the point PNm (perpendicular line from the point N to the
line Po-Or). If the point A is distal from the nasal perpendicular,
then the indicator takes a negative value, and if the medial
than a positive value; S_L (distance S_L or the front length of
the skull base by Steiner) - from the point S to a constructive
point L, which is formed at the intersection of the perpendicular
carried out from the point Pog to the line Se-N; SN_GOGN
(angle SN_GoGn) - is formed by lines Go-Gn and S-N (angle
of inclination (MpSt) mandibular plane by Steiner, to the base
of the skull); SND (angle SND) - formed by lines S-N and N-
D (indicates the anterior-posterior location of the symphysis
(D - the center of the symphysis ossification) of the lower
jaw to the base of the skull); WITS (indicator Wits) - distance
between constructive points AOcIP and BOcIP - projections
of the corresponding points A and B on the line apOcP-
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ppOcP (OcP$St, closing plane by Steiner), indicates a linear
interjaw ratio in the anterior-posterior direction (if the
projection of point A lies ahead of the projection of point B
then the indicator takes a positive value; if the projection of
point A lies behind the projection of point B then the indicator
takes a negative value).

Discussion

To evaluate the position of the frontal group of teeth,
several methods can be used by orthodontists. The most
ancient method is to measure the inclination of the crown
part on the gypsum diagnostic models with the help of a
protractor (tooth inclination protractor) TIP [17] - rather cheap
and simple method whose significance is significantly
different from the teleroentgenographic data and allows only
to assess the position of the vestibular-oral and mesiodistal
inclinations relative to the occlusion plane, the definition of
which is often complicated especially in persons with
pronounced closure curves. The most promising and
informative method is to use a dental computed tomography,
which allows three-dimensional reproductions of bone
tissues to be obtained and it is enough to accurately measure
linear and angular parameters [2, 13]. Despite the gradual
decrease in the price of equipment, an increase in the size
of the matrix and an increase in the detail of the image, the
method is not yet included in the protocol of orthodontic
patient research. It should also be noted that at present,
normative bases concerning three-dimensional
characteristics of the tooth-jaw system are not presented.

The most accessible and used method is
teleroentgenographic research that allows you to determine
the position of the central axis of central incisors in relation
to different anatomical structures. Different researchers have
proposed different methods of determination, each of which
has its drawbacks and advantages. So Stainer S. [43] used
the angle S-N-A and determined the angular positions of the
central axis of the upper central incisor to the lines of this
angle, as well as the distance of the vestibular surface of the
latter to the line N-A. Downs W. [14] used a inter-incisor
angle and a line connecting the upper and lower jaws A-Pog
to determine the position of the upper central incisors. Mc
Namara [28] determined the distance of the vestibular
surface of the central incisor to the perpendicular in relation
to the Frankfurt horizontal, conducted through the point A.
G. Schmuth [40] used the angle value to the palatal plane
ANS-PNS and the angle and distance to the line N-A.

The mathematical analysis of the metric characteristics
of the craniofacial complex allows us to create a valuable
diagnostic tool for modeling the individual tooth-jaw norm of
the patient, identifying the actual pathological abnormalities
and methods of treatment [20, 33]. Mathematically analyzed
data of cephalometric studies allow to study evolutionary
changes, genetic interconnection of ethnic groups, and to
establish the influence of different morphological structures
on the formation of craniofacial structures [1, 22]. Many
studies point to the presence of various dependencies found

by regression and correlation analyzes between different
anatomical head structures and tooth-jaw system
parameters [3, 34, 35, 39].

For Ukrainian young men and women with orthognathic
bite we developed reliable regression models of individual
teleroentgenographic characteristics of the position of upper
central incisors with a determination coefficient greater than
0.50, depending on the peculiarities of the metric
characteristics of the craniofacial complex. It was established
that in young men from 6 possible models, 5 were
constructed with determination coefficient R? from 0.672 to
0.928, and in young women - all 6 possible models with
determination coefficient R? from 0.508 to 0.663.

In the analysis of models with a determination coefficient
higher than 0.50, it was found that in young men most often
the regression equations include - the angle AB_NPOG
(12.0%); distance COND_GN, inclination angle |, MAX
maxillary length, Se_N distance, Nap angle, NBa-PtGn
angle, SND angle and Wits indicator (by 8.0%). In young
women, most often the regression equations include - the
angle AB_NPOG and the Wits indicator (by 15.4%); angle
N_POG (11.5%); angle GI'SnPog' and the distance LPALAT
(by 7.7%).

In the previous study [12], in the simulation of individual
teleroentgenographic characteristics of position of the lower
central incisors in young women with orthognathic bite of 7
possible regression models was constructed with 5 with a
determination coefficient from 0.694 to 0.849, the most
frequent (from 7.7 to 11.5%) included were the angle ANB,
facial vertical index, lower face height ANS_ME, NBA_PTGN
face angle and distance S_E. In young women, all 7 possible
models with a determination coefficient from 0.595 to 0.794
(which is also lower than in the models of the position of the
upper central incisors) were constructed, which most often
(from 5.6 to 16.7%) included the angle N_POG, the Wits
indicator, the inclinational angle |, and the H angle, the angle
of the MM and the angle of NBa-PtGn (by 5.6%)

The models we have developed will allow orthodontists
to more correctly and effectively change the position of the
frontal group of teeth and achieve in the treatment maximum
physiological and aesthetic results.

Conclusions

In young men of 6 possible models idividual
teleroentgenographic characteristics of the position of
upper central incisors, have been constructed 5 with
coefficients of determination from 0.672 to 0.928, and for
young women - all 6 possible models with determination
coefficient from 0.508 to 0.663. In young men most often
the regression equations include - the angle AB_NPOG
(12.0%); distance COND_GN, inclination angle I, MAX
maxillary length, Se_N distance, NaPog angle, NBa-PtGn
angle, SND angle and Wits indicator (by 8.0%); and in young
women - the angle AB_NPOG and the Wits indicator (by
15.4%); angle N_POG (11.5%); the angle GI'SnPog' and
the distance LPALAT (by 7.7%).
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BU3HAYEHHA IHOMBIOYANBbHUX NMIHIMHUX TA KYTOBUX XAPAKTEPUCTUK NONMOXEHHA BEPXHIX MPUCEPEQHIX PI3LIB B
YKPATHCbKUX IOHAKIB | IBYAT 3 OPTOMHATUYHUM NPUKYCOM

Amimpiee M.O., lNyHac I.B., lHeHHa B.O., Cmonko H.M.

Bpaxosytouu gaxnugicmb 8U3Ha4YeHHs1 mesiepeHmeeHo2pahidHUX MOKa3HUKIG MpoCmMOopO80e0 MOMOXEHHS MPUCePeOHiX pi3uyie 8UHUKaE
Haykoea ma KiliHiYHa 3auikaeneHicme y rnpoeedeHHi nodibHuUx docnidxeHb. Mema 0ocnidx)eHHs - WISIXOM 8UBHEHHS UegharloMempuUYHUX
MOKa3HUKig | nposedeHHs1 NMpsiMo20 MOKPOKOBO2O Pe2peciliHo2o aHanidy po3pobumu y toHakie ma digdam YKpaiHu 3 opmoeHamu4yHUM
MPUKYCOM MamemamuyHi modeni iHOugiOyanbHUX Xapakmepucmuk rOfIOKEeHHsI 8epPXHIX rnpucepedHix pisuie. 3a 0ornomoeor npucmpoto
Veraviewepocs 3D, Mopima (SnoHus) y 38 roHakie (sikom ei0 17 do 21 poky) ma 55 disdam (sikom 6id 16 do 20 pokig) 3 OKI3ieto,
HabnuxeHo 00 opmozHamu4yHo20 MpuKycy, ma 3banaHcosaHumu obnuy4ysmu 6ynu ompumaHi 60K08i menepeHmeeHozpamu.
LeganomempuyHull aHani3 npogodusnu 3a 00rMoMozor npospamHozo 3abesnedeHHsi OnyxCeph®*™. LlechannomempuyHi moyku ma
8uUMiprosaHHs rpoeodusnu 32i0Ho pekomeHdauiti A.M. Schwarz, J. McNamara, W.B. Downs, R.A. Holdway, P.F. Schmuth, C.C. Steiner ma
C.H. Tweed. Y niyeHsitiHomMy cmamucmuy4HoMy rakemi "Statistica 6.0" 3 eukopucmaHHsIM NPSIMO20 MOKPOKOBO20 pPe2peciliHo2o aHarnisy
rposedeHo Moderir8aHHsI HacmynHUX mesiepeHmaeHo2pagiyHUX XapakmepucmuK rOSIOKeHHS 8ePpXHIX npucepedHix piauig: sidcmaHi
1u_APog, eidcmani 1u_Avert, eidcmari 1u_NA, kyma Max1_NA, kyma Max1_SN i kyma Max1_SpP. B roHakie i 0igs4am i3 OK/to3i€ro,
HabruxeHo A0 Opmo2HamuU4HO20 MNPUKycy, ma 3banaHcosaHuMm obnu4ysiM po3pobrieHi 0ocmosipHi pespeciliHi modeni iHOU8IdyanbHUX
menepeHmeaeHozpaghiyHUX xapakmepucmuk MONIOXEHHsT 8epxHixX npucepedHix pisuie 3 koegiuicHmom demepmiHauii 6inbwum 0,50 6
3anexHocmi 8id ocobnusocmeli MEMPUYHUX Xapakmepucmuk KpaHioghauianbHO20 KOMIIEKCY: 8 HHakKig i3 6 moxusux modenel
rnobydosaHo 5 3 koegpiyieHmom demepmiHauii R? eid 0,672 do 0,928, a y dig4am - yci 6 moxnusux modeneli 3 KoeghiuieHmom OemepmiHauii
R2 6id 0,508 do 0,663. lNpu aHanisi modenel 3 koegiuieHmom demepmiHauii 6inbwum 0,50 ecmaHosneHo, Wo 8 roHakie Halbinbw Y4acmo
0o peepeciliHux pigHsiHb 8x005imb - kym AB_NPOG (12,0%); sidcmaHb COND_GN, iHkniHauitiHul Kym |, doexuHa eepxHboi wenenu
MAX, siocmaHb Se_N, kym NaPog, kym NBa-PtGn, kym SND ma nokasHuk Wits (no 8,0%). Y Oisdam Hatibinbw Yacmo Ao modernel
8xo00smb - Kym AB_NPOG i nokasHuk Wits (no 15,4%); kym N_POG (11,5%); kym GI'SnPog' i gidcmaHb LPALAT (o 7,7%).

KnrouoBi cnoBa: rmosoxeHHs1 8epxHixX npucepedHix pisuis, ueghanomempis, peaspeciliHuli aHarni3, oHaku ma dig4ama, opmoaHamu4yHul
MPUKYC.

ONMPEOENEHUE MHOUBUAYANBbHbIX IMHEAHBIX U YTTNIOBbIX XAPAKTEPUCTUK MONOXEHUA BEPXHUX LLEHTPAJTbHbBIX
PE3LIOB Y YKPAUHCKUX IOHOLUEW U OEBYLLEK C OPTOFHATUYECKUM MPUKYCOM

Amumpuee H.A., l'yHac WU.B., lHeHHasi B.O., Cmosnko H.H.

Yyumsbigasi 8axxHoCmb ornpedenieHusi menepeHmaeHoepahuyeckux rnokazamersnel npocmpaHCmMeeHHO20 M00XeHUs MeduarbHbIX
pe3uyos 803HUKaem Hay4Has U KITUHUYecKas 3auHmepecosaHHOCMb 8 nposedeHuu nodobHkIx uccnedosaHud. Llenb uccrnedosaHus -
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mymem usyyeHus yeganomMempu4yeckux nokasamenedl u nposedeHust MpsMo20 nowazo8020 peepeccloHHO20 aHanusa pa3pabomams
y toHowel u desgyweKk YKpauHbl C OpmMO2Hamu4yecKuM MpuKycoM MamemMamudeckue mMooesnu UHOUBUOyarlbHbIX Xapakmepucmuk
r1010XKeHUs1 8epxHUX MeduasbHbiX pe3uyos. C nomouwibto ycmpoticmea Veraviewepocs 3D, Mopuma (SinoHusi) y 38 roHoweli (8 eo3pacme
om 17 do 21 200a) u 55 desouek (8 so3pacme om 16 do 20 niem) ¢ okkmo3uel, nPUbUXeHHOU K Opmo2Hamu4eckomy fpuKycy, u
cbanaHcuposaHHbIMU nuyamu 6biu nonyyYeHbl 6oKkosble mesnepeHmaeHoepammsl. Leghanomempuyeckul aHau3 npogodusiu ¢ noMOoWwbio
npoepammbl OnyxCeph®™. Llechanomempuyeckue moyku U u3MepeHusi npoeodusnu coanacHo pekomeHoayusm A.M. Schwarz, J.
McNamara, W.B. Downs, R.A. Holdway, P.F. Schmuth, C.C. Steiner u C.H. Tweed. B nuyeH3uoOHHOM cmamucmu4ecKoM rakeme
"Statistica 6.0" ¢ ucnonb3o8aHUeM MPsIMO20 MOWa208020 Pe2pPeCcCUOHHO20 aHanu3a rnpogedeHo mModenuposaHue credyuwux
mernepeHmeaeHoepahu4decKux xapakmepucmuK MOIOXEeHUs1 8epXHUX MedualbHbiX pe3yos: paccmosiHus 1u_APog, paccmosiHusi
1u_Avert, paccmosiHus 1u_NA, yena Max1_NA, yana Max1_SN u yana Max1_SpP. Y roHowel u desywek ¢ okkto3uel, npubnuxeHHou
K Opmo2Hamu4eckoMy fpuKycy, u cbanaHcuposaHHbIM NUUOM pa3pabomatbl 00CMOBePHbIE pe2pecCUOHHbIE Modernu UHOUBUOYarbHbIX
mesniepeHmaeHo2papuUYecKux xapakmepucmuK OSI0KEeHUS 8epXHUX MeduasbHbIX pe3yos ¢ KoaghguuueHmom demepMuHayuu
6onbwum, yem 0,50 8 3agucumocmu om ocobeHHocmel Mempu4YeCcKUX Xxapakmepucmuk KpaHuoghayuanbHO20 KOMIIeKca: y tHoweu
u3 6 803MOXHbIX MoOesiell mocmpoeHo 5 ¢ koaghgpuyueHmom demepmuHayuu R? om 0,672 0o 0,928, a y desywek - ece 6 803MOXHbIX
modenel ¢ koagguyueHmom demepmuHayuu R? om 0,508 do 0,663. lNpu aHanuse modenel ¢ KoaghghuyueHmMom demepmMuHayuu
6onbwum 0,50 ycmaHosneHo, Ymo y oHowel Hauboree Yacmo K peepecCUOHHbIM ypasHeHusiM 8xodsm - yeon AB_NPOG (12,0%);
paccmosiHue COND_GN, uHKknuHauyuoHHbIl yeon I, dnuHa eepxHel Yenrocmu MAX, paccmosiHue Se_N, yeon NaPog, yeon NBa-PtGn,
yeon SND u nokazamenb Wits (no 8,0%). ¥ desywek Haubonee 4acmo k modensam exodsm - yzorn AB_NPOG u nokazamenb Wits (ro
15,4%), yeon N_POG (11,5%); yeon GI'SnPog "u paccmosHue LPALAT (o 7,7%).

KniouyeBble crnoBa: ros10xeHuUe 8epxHUX UeHmparsbHbIX pe3uos, ueganomempusi, peepeccUOHHbIU aHaus, IHOWU U 0esywKu,
opmoaHamu4ecKull fpukKyc.
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According to WHO, burns rank third place among other injuries, and in some countries,
the second, after traffic injuries. One of the promising tools for treating burn wounds is
the use of lyophilized xenograft skin substrate. The purpose of this work was to determine
the morphometric parameters of the affected by burns area of the skin in the dynamics
after an experimental thermal trauma and in the case of correction by crushed lyophilized
xenograft skin substrate. Burning of third degree on the shaved skin of the back of the
guinea pig was applied to the vapor under general anesthetic. Morphometrically, at 7,
14, and 21 days of the experiment, the thickness of the epidermis (thin skin without a
layer of scales), the number of fibroblast cells per unit area, the outer and inner
diameter of the capillaries were determined in the boundary and central areas of the
wound. Morphometric studies were carried out using programs VideoTest-5.0, KAAPA
Image Base and Microsoft Excel on a personal computer. Statistical processing of the
obtained quantitative data was carried out using methods of variation statistics with the
determination of the mean arithmetic and its error (M+m), Student's criterion (t) and
reliability index (p). Differences are considered valid at p<0.05. It has been established
that already in the 7 day of the experiment, under conditions of wound closure by
xenograft skin substrate marked a significant thickening of the epidermis on the
periphery of the wound appear. Activation of the process of boundary epithelization
contributes to the renewal of components of the microcirculatory bed, the formation of
granulation tissue. It was found that on the 14 day of application of the corrective factor
in the peripheral zone of the wound, the number of cells of the fibroblast row and the
mean value of the thickness of the epidermis reach their peak value, significantly
(p<0.001) exceeding such indices of animals in intact group and group of animals
without correction. The morphometric parameters of capillaries in this period of the
experiment indicate a good development of the microcirculation, which improves regional
epithelization. On the 21 day of the experiment, under the condition of correction, the
border between the regional and central parts of the wound is almost lost. Thus, the
results of morphometric studies indicate that the use of cryo-lyophilized xenograft skin
substrate after a thermal trauma of the skin contributes to the healing of the wound
defect with the formation of connective tissue of the dermis, angiogenesis, and complete
epithelization of the surface of the affected epidermis layer.

Keywords: skin, thermal trauma, cryoliophilized xenodermal substrate, morphometric
studies.

Introduction

Burns are one of the widespread skin damages. The patients, high disability and mortality. In Ukraine, this figure
urgency of the problem of thermal damages is determined is about 100,000 patients annually [4, 8, 11].
by the relatively high frequency of their occurrence in The term recovery of the burned skin determines the
everyday life and in the workplace, the severity of the burn  course of burn disease, the formation of complications,
disease, the complexity and duration of treatment of such  the cosmetic effect. It is known that deep and large thermal
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burns are not limited only to local damages of tissues, but
also cause significant violations of all systems and organs,
metabolic processes in the body [1, 2, 4, 6]. The primary
link in the pathogenesis of burn disease is the destruction
of the skin, significant hemodynamic disorders and violation
of neuroendocrine regulation [6, 12, 14].

In the case of wounds occurrence, the main task is to
eliminate the defect in order to restore the integrity of
tissues, through reparative regeneration [5]. In recent years,
one of the new directions in the treatment of wound process
is the creation and application of biologically active covers
that can release biologically active substances that affect
the reparative processes [5, 10, 18, 21].

A number of scientific studies have shown [4, 8, 11, 19]
that the use of lyophilized xenograft skin is promising in the
treatment of the burned organism, but studies on the use
of its crushed substrate, after the early necrectomy of the
affected areas, are still insufficient. It is established that it
possesses high sorption-antitoxic, metabolic, plastic and
oxidative-reduction potentials, and is available as a tablet
formulation containing biologically active compounds rich
in amino acids and trace elements [9]. However, the
morphological features of healing of thermal wounds during
its use remain little studied.

Taking into account the above, the purpose of this work
was to establish the morphometric parameters of the
affected by burns area of the skin in the dynamics after an
experimental thermal trauma and under conditions of
correction by crushed lyophilized xenograft skin substrate.

Materials and methods

Experimental studies were performed on 42 sexually
mature guinea pigs. In conducting research, the
international rules and principles of the "European
Convention for the Protection of Vertebrate Animals used
for Experiments and for Other Scientific Purposes”
(Strasbourg, 1986) and "General Ethical Principles of
Animal Experiments" (Kyiv, 2001) have been respected.

Experimental animals were divided into three groups:
intact guinea pigs; animals with severe thermal trauma;
animals with burn injury, which, after the early necrectomy
of damaged tissues, were covered with crushed cryo-
lyophilized xenograft skin substrate.

The burning of the third degree on the shaved surface
of the skin of the animal's back was applied by water vapor
at a temperature of 96-97°C for 60 seconds under general
anesthetic. The size of the damages was 18-20% of the
body surface.

To investigate the features of morphometric changes in
the skin after burn injury, the animals were decapitated
using a guillotine under general, etheric anesthesia at 7,
14 and 21 days of the experiment, which corresponds to
the stages of early and late toxemia and septicotoxemia of
the burn disease [4]. Animals of the third experimental
group after a thermal trauma after 1 day of the experiment
performed an early necrectomy of damaged tissue followed

by wound closure by the cryo-lyophilized xenograft skin
substrate. Therefore, the removal of animals from the
experiment and the study of the morphometric state of the
skin in the central and marginal areas of the wound was
carried out at 7, 14 and 21 days after burning.

The material was collected for microscopic studies in
accordance with the generally accepted method [7, 16].
Sections of the skin from the central and marginal part of
the wound were fixed in 10% formalin solution. Dehydration
of the material was carried out in alcohols of increasing
concentration in a machine for histological processing of
tissues AT-4, poured in paraffin blocks. The received on the
snuff-microtome MS-2 sections of 5-6 microns thickness
were stained with hematoxylin and eosin.

Morphometric studies were performed using a system
of visual analysis of histological preparations. The images
were taken to a computer monitor using microscope
MICROmed SEO SASAN with Vision CCD Camera.
Morphometric studies were carried out using programs
VideoTest-5.0, KAAPA Image Base and Microsoft Excel on
a personal computer. The research was carried out at
definite dates of the experiment on preparations painted
with hematoxylin and eosin. Morphometrically in the
boundary and central areas of the wound, the thickness of
the epidermis (thin skin without a layer of scales), the
number of fibroblast cells per unit area, the outer and inner
diameter of the capillaries were determined.

The number of fibroblast cells per unit area was
determined by the formula:

N=Z/S,

where N, - number of fibroblasts per unit area (1 mm?),
Z, - total number of fibroblasts, S, - area of the dermis.

Statistical processing of the obtained quantitative data
was carried out using methods of variation statistics with
the determination of the mean arithmetic and its error
(Mtm), Student's criterion (t) and reliability index (p).
Differences are considered valid at p<0.05.

Results

The healing of a wound defect after a thermal injury to
the skin is accompanied by compensatory restoration of
its undamaged sites, especially the perifocal zone,
therefore the morphometric changes of not only the center
of the defeat, but also its periphery were investigated.

Table 1 shows the quantitative parameters of the studied
parameters in all terms of the experiment.

It has been established that at application of lyophilized
xenograft skin substrate on 7 day of the experiment in the
marginal zone of the wound marked significant thickening
of the epidermis. Morphometrically it was found that the
average value of its thickness is (83.23+2.86) um, which
significantly (p<0.01) exceeds the data of group Il of animals
in 1.16 times, and the index of intact group of animals in
1.58 times (p<0.001) (see Table 1). The number of cells of
the fibroblast row in this zone is significantly growing
(p<0.001), with an average value of (2107+27) cells/mm?,
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Table 1. Morphometric parameters of the structural components of the skin of animals at different terms after a thermal trauma and under

conditions of use of lyophilized xenograft skin substrate.

Parameters (M+m)
The terms of the experiment Thickness of the The number of External diameter of Diameter of
epidermis, fibroblastic series cells, hemocapillars, hemocapillaries lumen,
pum cells/mm? pm pum
Intact 52.54+2.03 1432431 8.022+0.391 6.052+0.373
74 MAW 71.69+2.48 *** 103526 *** 11.97+£0.31 *** 8.353+£0.261 ***
a
Y CAW - 268.3+18.1 *** 14.46+0.24 *** 11.84+0.16 ***
MAW 80.45+3.07 *** 1607+34 *** 10.75+0.34 *** 7.81120.211 ***
Burn 14 day
CAW 18.5242.33 *** 439.2421.1 *** 6.163+0.172 *** 5.051+£0.140 *
214 MAW 85.38+2.69 *** 1750£34 *** 10.56+0.13 *** 7.833+£0.172 ***
ay
CAW 25.45+2.08 *** 610.2423.2 *** 6.751+£0.132 ** 5.011+0.143 *
74 MAW 83.23+2.86 ***/## 210727 ***[### 10.840.11 ***/## 8.094+0.092 ***
ay
CAW - 568.3+31.3 ***/### 11.04+0.16 ***/### 8.564+0.123 ***/###
MAW 141.324.6 “**/HH# 3209+48 ***[# 10.650.13 *** 7.831£0.151 ***
Correction | 14 day
CAW 48.74+1.53 #i# 1876437 ***/### 8.322+0.121 ### 6.893+0.114 */###
214 MAW 97.63+1.97 ***/#t# 2487+33 ***[## 8.931+0.111 */#H# 7.27240.142 **1#
ay
CAW 71.25+2.07 ***/### 1761119 **/HH# 8.542+0.113 ### 6.321+0.093 ###

Notes: * - values that are statistically significantly different from those of an intact group of animals (* - p<0.05; ** - p<0.01; *** - p<0.001);
# - values that are statistically significantly different from those of a group of animals with a burn (# - p<0.05; ## - p<0.01; ### - p<0.001);
MAW - marginal area of the wound; CAW - central area of the wound.

which is 1.47 and 2.04 times, respectively, exceeds the |
and Il experimental groups of animals.

The morphometric investigations of the area of the
damage in this period of the experiment have established
that the average value of the number of cells of the fibroblast
row per unit area is (568.3+31.3) cells/mm?, which is
significantly (p<0.001) higher than the group of animals
without correction in 2.12 times, but significantly (p<0.001)
is less than that data of animals of group | - in 2.52 times
(see Table 1). The mean value of the diameter of the blood
capillaries in this zone is (11.04+0.16) um and the average
diameter of their lumen is (8.564+0.123) um, which is
significantly (p<0.001) lower than Il groups of animals in
1.31 and 1.38 times respectively. However, these indices
are significantly higher (p<0.001) in comparison with the
intact group of animals, because parameters of not only
newly created hemocapillars, but also of stored vasodilated
vessels in the central zone of the wound are measured
morphometrically.

Morphometrically, it was found that on the 14 day of the
experiment, using the corrective factor in the peripheral
regions of the wound, the epidermis was thickened, its
average value was (141.314.6) uym, which significantly
(p<0.001) exceeds the intact group of animals and animals
with burning injury and without correction is 2.69 and 1.76
times respectively (see Table 1).

In the dermis of the perifocal area there is an intensive
increase in the number of cells of the fibroblastic row,
whose average value is (3209+48) cells/mm? and
significantly (p<0.001) exceeds such an indicator of

animals of the | and Il experimental groups at 2.24 and
2.00 times respectively (see Table 1).

In the peripheral zones, wounds on the 14 day after a
thermal trauma under conditions of correction
microscopically marked expanded vessels of the
microcirculatory bed, the morphometric parameters of
which are: the outer diameter - (10.65£0.13) um, the
diameter of the lumen - (7,831+£0,151) ym and with a
confidence p<0.001 exceed these parameters of animals
of the intact group. While in the healing zone of the wound,
the average values of the outer and inner diameters of the
blood capillaries are respectively (8,322+0,121) ym and
(6,893+0,114) um. At the same time, the average value of
the outer diameter does not significantly differ from the
indicator of the group of intact animals, and the internal
one - exceeds the norm index by 1.14 times (p<0.05) (see
Table 1).

Microscopically, during this experiment period, a young
granulation tissue that is rich in cells of the fibroblastic
series with a mean density of (1876+37) cells/mm?, which
significantly (p<0.001) exceeds such an indicator of groups
I and I, is well expressed in the area of burn wound.
respectively 1.31 and 4.27 times. At 14 day of the experiment
under conditions of crushed cryo-lyophilized xenograft skin
substrate, the mean value of the thickness of the epidermal
regenerate over the granulation tissue is (48.74+1.53) ym
and significantly (p<0.001) exceeds the Il experimental
group of animals at 2.63 times (see Table 1).

On the 21 day of the application of the corrective factor,
it was morphometrically determined that the mean value of
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the thickness of the epidermis in the healing area is
(71.25£2.07) ym, which is significantly (p<0.001) higher
than the values of the | and |l experimental groups of animals
at 1.36 and 2.80 times respectively. In the perifocal zone of
the wound, in comparison with the previous term of the
experiment, the thickness of the epidermis from which the
epidermal regenerate starts are reduced by 1.45 times,
but it remains significantly (p<0.001) greater in 1.86 and
1.14 times than the corresponding indices of the intact
group animals and animals with a burn injury and without
the use of corrective factors (see Table 1).

According to the results of morphometric studies, the
average value of the number of fibroblasts in the border
zone of the healing zone is reduced by 1.29 times compared
with the previous trial, however, it remains significantly
(p<0.001) greater in 1.74 and 1.42 times than for the
corresponding values of this parameter of the group intact
animals and animals with burn injury and without correction
(see Table 1). In the central zone of the wound, the average
value of the number of these cells per unit areais (1761+19)
cells/mm?, which significantly (p<0.001) exceeds the
indicators of groups | and Il in animals at 1.23 and 2.89
times respectively (see Table 1).

At the periphery of the healing area according to the
morphometric studies, the average value of the outer
diameter of the capillaries is equal to (8,931+0,111) um
and the inner - (7,272+0,142) ym, which is significantly
lower than the animals' of experimental group, respectively,
in 1.18 (p<0.001) and 1.07 (p<0.05) times (see Table 1).

In the center of the damaged area at 21 day of
application of the corrective factor, there is a presence in
the papillary region of the dermis of newly formed
hemocapillaries, whose endothelial cells have large nuclei
and an enlarged cytoplasmic zone. The average value of
the outer diameter of these vessels is (8,542+0,113) ym,
and the average value of the diameter of the lumen is
(6,321+0,093) um, which does not significantly differ from
the corresponding morphometric indices of animals intact
group (see Table 1).

The dynamics of changes in the thickness of the
epidermis and the density of fibroblasts per unit area is
illustrated in Figures 1 and 2, respectively.

Discussion

Morphometric and quantitative research methods,
which give an opportunity to more objectively evaluate the
morphofunctional state of histological structures in the
normal way, as well as to detect patterns of compensatory,
adaptive, destructive and regenerative processes [3], take
an important place among morphological investigations.

It is known that healing of the wound defect is
accompanied by compensatory reconstruction of the
preserved areas of the skin, especially of perifocal zone [6,
13, 20]. However, for today the features of remodeling of
structural components of the skin of the marginal region of
the wound have not been sufficiently studied, therefore

mkm
LRSS
.t**

| Termal injury Correction

Fig. 1. Dynamics of thickness changes in the epidermis of the
marginal and central zones of the animals skin after thermal injury
and under correction conditions. * - values that statistically
significantly differ from the indicators of the intact group of animals
(*** - p<0.01); # - values that statistically significantly differ from
the indicators of the group of animals with a burn (## - p<0.01; ###

I i JJ i

B Termal imjury |
Fig. 2. Dynamics of changes in the number of fibroblasts of the
marginal and central zones of the animals skin after thermal injury
and under correction conditions. * - values that statistically
significantly differ from the indicators of the intact group of animals
(*** - p<0.001); # - values that statistically significantly differ from
the indicators of the group of animals with a burn (## - p<0.01; ###
- p<0.001).

cells/mm?

Correction

morphometric changes not only of the center of the damage,
but also of its periphery were not investigated.

The performed morphometric studies have found that
already in the early term of the experiment (7 day), under
conditions of wound closure by xenodermal substrate
marked a significant thickening of the epidermis on the
periphery of the wound due to an increase in the mitotic
activity of the cells of the germ layer (see Fig. 1). Activation
of the boundary epithelization process promotes the
renewal of the components of the microcirculatory bed, the
formation of granulation tissue [18, 20].

It is common knowledge that the largest population of
cells of the connective tissue base of the skin are fibroblasts
that produce, renew the components of the intercellular
substance, participate in wound healing, regulate
inflammation, differentiate keratinocytes, processes of
cellular interactions, and stimulate angiogenesis [15, 21,
23]. Some authors have already established [17, 20, 21,
22, 23] that they are involved in the formation of granulation
tissue with a burn injury; migrate to the site of defeat and
synthesize the components of the intercellular matrix, which
promotes the involvement of macrophages, neutrophils in
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the wound process; produce metal proteases, a number
of cytokines, growth factors that stimulate other cells prior
to migration and proliferation. Therefore, at day 7 of the
experiment, under the conditions of correction in the
peripheral area of the wound, the number of fibroblasts
per unit area increased by 1.47 times compared to the rate
of intact animals and by 2.04 times compared with the
animals of the second group (see Fig. 2). The established
morphometric indices of structural components of the skin
indicate the activation of reparative processes already in
the early term of the experiment.

According to morphometric studies, at 14 day of
application of the corrective factor in the peripheral zone of
the wound, the number of cells of the fibroblast number
and the mean thickness of the epidermis reach their peak
value, significantly (p<0.001) exceeding such indices of
animals of the intact group and group of animals without
correction (see Fig. 1, 2). The morphometric parameters of
the capillaries in this period of the experiment indicate good
development of the microcirculatory bed, which, in turn,
improves regional epithelization (see Table 1) [15, 24].

At the 21 day of the experiment in animals of the third
group, the border between the regional and central parts of
the wound is almost lost. In the perifocal region of the
damage, in comparison with the previous trial, the mean
thickness of the epidermis from which the epidermal
regenerate starts are reduced by 1.45 times, due to the
moderate mitotic activity of the keratinocytes and the healing
of the wound defect at that time (see Fig. 1). In the central
area, the number of fibroblast cells per unit area is
significantly (p<0.001) higher than the intact group of
animals in 1.23 times and 2.89 times the rate of animals
with thermal trauma without correction (see Fig. 2).
Morphometric parameters of hemocapillaries are not
significantly different from those of intact animals. the
amount per unit area is significantly (p<0.001) higher than
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MOP®OMETPUYHI LOCNIIKEHHA YLLKOMKEHOI AINAHKU LLKIPU MICNA EKCMNEPUMEHTAJIbHOI TEPMIYHOI TPABMU TA
3A YMOB KOPEKL|IT KPIONIO®INTI3OBAHUM KCEHOOEPMAJIbHUM CYBECTPATOM

Kpamap C.b., Bonkoe K.C., He6ecHa 3.M.

3a daHumu BOOS3 oniku nocidaromb mpeme micuye ceped iHWuUx mpaem, a 8 0esKux KpaiHax - dpyese, nocmynar4ucb nuwe
mpaHcriopm+Homy mpasmamusmy. OOHUM (3 nepcriekmusHUX 3acobig y fikyeaHHI Orikogoi paHU € 8UKOpUCMaHHS JioghinizogaHo20
KkceHoOepmarbHO20 cybecmpamy. Memoto uiei pobomu 6yrno ecmaHo8eHHsI MOPGOMEmMPUYHUX rnapamempig ypaxeHoi onikom OinsiHKu
WKipu 8 OuHamiyi nicrisi ekcriepuMeHmarnbHOI mepMiyHOi mpaemu ma 3a yMo8 Kopekuii modpibHeHum cybcmpamom niogbinizoeaHor
kceHowkipu. Onik Il cmyneHsi HaHOcunu 8005IHOKO Mapoto nid 3a2anbHUM eipHUM HapKO30M Ha erliflbo8aHy MOBEPXHIO WKIpU CrUHU
MopcbKoi ceuHku. MopghomempuyHo Ha 7, 14 ma 21 obu docnidy y Kpautosili ma yeHmparnbHil OinsgHKax paHu eusHadyarnu mosujuHy
enidepmicy (MOHKOI Wkipu 6e3 wapy po2o8uUX YyCOYOK), KiflbKicmb KNimuH ¢hibpobrnacmuyHo2o psdy Ha OOUHUUIO NAOWi, 308HIWHIU
ma eHympiwHit diamempu Kaninspie. MopgomempuyHi docnidxeHHs nposodunu 3a dornomozor npozpam BudeoTecm-5.0, KAAPA
Image Base ma Microsoft Excel Ha nepcoHanbHoMy komri'tomepi. CmamucmuyHy o6pobKy ompuMaHUX KirbKicHUX daHUX rpoeoousu
3a doromozor Memoodie eapiauiliHOi cmamucmuKku 3 8u3Ha4eHHsIM cepedHbOI apugpmMemuyHoi eenuyuHU ma ii noxubku (M+m),
kpumepito CmbtodeHma (1) ma nokasHuka docmosipHocmi (p). JocmosipHumu 88axkatombcsi 8idmiHHocmi npu p<0,05. BcmaHoesrieHo,
wo exe Ha 7 0oby docnidy 8 ymoeax 3akpumms paHu KceHodepmarbHUM cybcmpamom 8iOMiHaembCsi Cymmese romo8u,eHHS
enidepmicy Ha nepucgpepii paHu. Akmueauii npouecy Kpaliogoi enimenisauyii cripusie OHOBMNEHHSI KOMIOHEHMI8 MIKPOUUPKYISMOPHO20
pycna, ymeopeHHsI epaHynsayitiHoi mkaHuHu. 3'scoeaHo, wo Ha 14 0oby 3acmocye8aHHs KOpuayryo20 YUHHUKa y rnepuchbepiliHit 30Hi
paHu KinbKicmb KrimuH ¢ibpobrnacmu4Hoz2o pssdy ma cepeldHe 3Ha4YeHHs mMOSWUHU enidepMicy cs2aromb C8020 MiKOB020 3Ha4YEHHS,
docmosipHo (p<0,001) nepesuuwyroyu maki MOKa3HUKU mMeapuH iHMaKkmHoi epynu ma epynu meapuH be3 kopekuii. MopgomempuyHi
napamempu kKaninspie y uel mepmiH 0ocnidy ceidyamb npo 006py PO3BUHEHICMb MIKPOUUPKYISMOPHO20 pycna, Wo rnokpawye
Kpatiosy enimeni3ayito. Ha 21 doby docnidy 3a yMo8 KopeKuii Malixxe empadqacmbCsi Mexa MiX Kpalogot ma yeHmparnbHUMu OinsHkamu
paHu. Takum 4uHOM, pe3dynbmamu MopgomMempuyHux GocnidxeHb cgid4amb, W0 8UKOPpUCMAaHHSA KpionioginisogaHoz2o
KceHoOepmarnbHO20 cybcmpamy nicsiss mepMidHOI mpasmu WKIPU Crpusie 3a20EHHI0 paHeeo2o Oeghekmy 3 ymeOPEHHSIM Crlosy4HOI
mkaHUHU depMu, aHeio2eHe30M ma rO08HOI erimerii3ayicto MOBEPXHI ypaxeHHs1 enidepmMasibHUM 71acmom.

KnioyoBi cnoBa: wekipa, mepmivHa mpasma, KpionioginizosaHuli kceHodepmarbHUl cybcmpam, MopgomMempuyHi OOCITIOKEHHS.

MOP®OMETPUYECKUE UCCINEQOBAHUSA NOBPEXOEHHOIO YYACTKA KOXXU MOCIE 3KCMEPUMEHTAINIbHOW
TEPMUYECKOW TPABMbI U MPU KOPPEKLIW KPUONTMODUITU3UPOBAHHbLIM KCEHOOEPMAJIbHBIM CYECTPATOM
Kpamap C.b., Bosnikoe K.C., He6ecHasi 3.M.

Mo daHHbIM BO3 oxoz2u 3aHUMarom mpembe mecmo cpedu Opyaux mpasM, a 8 HeKOmopbIX cmpaHax - emopoe, ycmynas nulib
mpaHcrnopm+Homy mpasmamuamy. OOHUM U3 MepcrekKmueHbIX cpedcme 8 JleYeHUU 0X02080U paHbl A8/151emcsi UCMonb308aHue
nuogunu3uposaHHo20 KceHodepmaribHo20 cybecmpama. Liernbio amoti pabomsi 6b110 ycmaHoeneHue MopghoMempuyeCcKUx napamempos
yyacmka KOXu, Mospexx0eHHO20 0XX020M, 8 OUHaMUKe r0C1e 3KCrnepuMeHmarnbHOU mepMu4ecKkol mpasmbl U 8 yCriosusix Koppekyuu
u3Merib4eHHbIM cybcmpamom nuoguau3uposaHHol KceHokoxu. Oxoe Il cmeneHu Ha anunupoe8aHHy M0B8epXHOCMb KOXU CUHbI
MOPCKOU C8UHKU HaHocusu 800siHbIM napom rnod obwum 3gupHbiM Hapko3om. Mopghomempudecku Ha 7, 14 u 21 cymku onbima 8
Kpaeeom u ueHmparbHOM yHacmkax paHbl orpedensnu monuuHy anudepmuca (MmOoHKoU KOXU 6e3 Cr10s1 po208bix Yewyek), Koru4ecmeao
Kriemok ¢hubpobracmuyeckoeo psida Ha eGuHUUy rnowadu, 8HEWHUU U 8HympeHHUU Ouamempbl Kanunasapos. Mopgomempuyeckue
uccredosaHusi nposodunu ¢ nomowbto rnpozpamm BudeoTecm-5.0, Kaape Image Base u Microsoft Excel Ha nepcoHanbHOM
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Kommnbromepe. Cmamucmudeckyro 06pabomky nosyYeHHbIX Kornu4ecmeeHHbIX 0aHHbIX Npo8odusiu ¢ MOMOWb0 Memodo8 8apualyuoHHOU
cmamucmuku ¢ onpedeneHueM cpedHel apughmemuyeckol 8enuyvuHbl U ee noepewHocmu (M+m), kpumepuss CmbrodeHma (t) u
rnokaszameriss docmosepHocmu (p). JocmoegepHbimu cyumaromcesi pasnuyusi npu p<0,05. YcmaHo8r1eHo, Ymo yxe Ha 7 cymku ofbima
8 YCr108USIX 3aKPbIMUS paHbl KCeHoOepMarbHbIM Cybcmpamom ommedaemcs cyuecmeeHHoe ymonujeHue snudepmuca Ha rnepugepuu
paHbl. AKmusayuu rpoyecca kpaesol anumenu3ayuu crocobcmayem o6HO8MeHUE KOMITOHEHMO8 MUKPOUUPKYISIMOPHO20 pycna,
obpa3sosaHue 2paHynAayuUoOHHOU mKaHU. BbigcHeHo, Ymo Ha 14 cymKu npumMeHeHUs1 KoppeKkmupyoweao gakmopa 6 nepugepuyeckoli
30H€e paHbl Koru4yecmeo kKremok ¢ubpobnacmuyeckozo psida u cpedHee 3HadYeHUEe MOAWUHbI anudepmuca docmuzam ce0ezo
MuKo8020 3Ha4eHusi, docmosepHo (p<0,001) npeeabiwas makue nokasameriu XUSOMHbIX UHMAaKMHOU epyrrbl U epyrbl XUOMHbIX be3
Koppekyuu. Mopgomempuydeckue napamemps! Kanumiispoe 8 3mom CPOK ofbima ceudemernibcmayom o xopowel pa3gumocmu
MUKPOUUPKYISIMOPHO20 pycra, Ymo yrydwaem Kpaesyro snumenusayuto. Ha 21 cymku ornbima 8 ycrioeusix KOppeKuuu npakmu4yecku
cmupaemcsi epaHb Mex0y KpaeebiM U UeHmpasnbHbIM ydacmkamu paHbl. Takum obpa3om, pe3yrnbmambl MOPHOMempuqeckux
uccnedosaHuli cgudemesnibCmayom, 4Ymo UCMIO/Ib308aHUe Kpuosuogpuiu3oeaHHo20 KceHo0epmarnbHo20 cybcmpama rnocre
mepmuyeckoli mpasmbl KOXU criocobcmeyem 3axuernieHuro paHeeoz2o deghekma ¢ obpaszogaHueM coeduHUMenbHOU mKaHU OepMel,
aHauo2eHe30M U rofIHoU anumenu3ayuel Mo8epxHOCMU MopaxeHusi 3nudepmarbHbIM M1acmoM.

KnroueBble cnoBa: Koxa, mepmudyeckass mpasma, KpuonuogunuaupogaHHbIl KceHodepmarbHbIl cybecmpam, Mmopghomempuyeckue
uccredosaHus.
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Many scientific studies have shown the superiority of the Harvold method when performing
linear measurements for both the upper and lower jaw. The purpose of the work is to
construct and analyze the regression models of teleroentgenographic indices used in
the method of E.P. Harvold young men and women with normal occlusion close to
orthognathic bite and harmonic face. The analysis of lateral teleroentgenograms of 38
young men (aged from 17 to 21) and 55 young women (aged from 16 to 20 years) with
normal occlusion close to orthognathic bite and harmonic face, obtained using the
Veraviewepocs 3D device, Morita (Japan), was performed according to the techniques
of R.M. Ricketts, C.J. Burstone, E.P. Harvold. In the course of the study, all the indicators
of the above methods, were divided into three groups: 1 - metric characteristics of the
skull, which usually do not change during surgical and orthodontic treatment; 2 - indicators
of the tooth-jaw system that allow people with already formed bone skeleton to change the
width, length, angles and position of the bones of the upper and lower jaws; 3 - indicators
that characterize the position of each individual tooth relative to each other, to the bony
cranial structures and face profile. In the licensed package "Statistica 6.0", regression
models were constructed for the following parameters included in the second group,
depending on the parameters of the first group: ANS-Cond (maxillary length in the Harvold
method described as TM-ANS), Pog-Cond (mandibular length in the E.P. Harvold method
is indicated as TM-PGN), Max-Mand - (difference in jaw lengths); as well as the index
included in the third group, depending on the indicators of the first and second groups -
Ap1uAp1I-DOP (angle Ap1uAp1I-DOP). In the young men, all three possible reliable
models of teleroentgenographic parameters were constructed using the E.P. Harvold
method, which were included in the second group, depending on the indicators of the first
group (R?=from 0.616 to 0.940), and in young women only the length of the upper and
lower jaws (R?=0.857 and 0.792). In both young men and women, all models of the second
group of models built according to the indicators of the first group included the distance
P-PTV. Up to two models for young men and one model for young women included the
distance Pt-N. Also, one model for young men and women included the angle of the
cranial tilt (POr-NBa). Only young women have models for the front length of the skull
base (N-CC). As for young men and women, we also built a reliable model of the third
group indicator, depending on the indicators of the first and second groups (the angle
Ap1uAp1l-DOP) (respectively, R?=0.626 and R?=0.584). And in young men and women,
the size of the distance A-B is included to the constructed regression equations. In
addition, in young men, the regression equation includes the value of the distance P-PTV;
while in young women - the angles of the ANS-Xi-PM, MeGo-NPog and N-CF-A, as well
as the difference in jaw lengths Max-Mand.

Keywords: regression analysis, cephalometry, Harvold analysis, young men and
women, orthognathic bite.

Introduction

One way of forming a correct and beautiful smile is to  applying cephalometry. The basis of this analysis is the
use a cephalometric analysis, which is the clinical point of = determination of the relationship between the dental and
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skeletal facial structures, which is possible when performing
the X-ray method of investigation, in the majority of cases -
lateral teleroentgenograms [4, 17].

During the 19th century, orthodontists offered many
techniques, each of which has its own specifics, advantages
and disadvantages and, depending on this, has been
recognized or practically not used in practice. It should be
noted that a significant widely used have cephalometric
analysis by McNamara [1, 16], Legan-Burstone [2, 7, 20, 22],
Steiner [12], Tweed [5, 18], Ricketts [6], Schwartz [13], Jarabak
Bjork [19] and Harvold [15].

In our opinion, the last author and his technique deserves
special attention. Thus, Egil Peter Harvold, before becoming
a well-known American scientist, worked as an orthodontist
in Norway, and defended his doctorate dissertation on
anatomy in Oslo in 1954. It was during this period that he
began to be interested in the topic of congenital defects of
the face (cheiloschisis, etc.), which became the basis of the
research topic for the next decades, and already in 1963 he
became director of the Center of Cranio-Facial anomalies
in San- Francisco In 1974, he first published work, the basis
of his own method of cephalometric analysis [15].

The main feature of the Harvold technique was the
creation of standards for the length of the upper and lower
jaws. Particular attention is drawn to the ratio of the size of
the upper and lower jaw. At the same time - the location of
teeth for this technique is not important [14].

The method of analysis has not lost its relevance yet and
is the subject of many foreign authors' work. Thus, Singh A.K.
with co-authors [21] compared the effectiveness of using
different methods of cephalometric analysis in order to fix
the maxillary-mandibular ratio. The study was attended by
50 people (25 girls and 25 boys) aged 18 to 26 years old,
without orthodontic or dental treatment in history with
orthognathic facial features. After statistical data processing,
it was discovered that the Harvold method is a method of
choice if it is impossible to conduct a teleroentgenographic
study in the natural state of the head.

Wu B.W., Kaban L.B., and Peacock Z.S. [23] compared
the effectiveness of Harvold and Steiner's methods for
orthogonathic surgery. A retrospective study was conducted
at Massachusetts Hospital between 2012 and 2016 and
covered 388 patients, of which 289 were included in the
study. The study showed the superiority of the E.P. Harvold
method when performing linear measurements for both the
upper and lower jaw - they were more likely with clinical
assessments.

The purpose of the work is to construct and analyze the
regression models of teleroentgenographic indices used
in the method of E.P. Harvold in young men and women with
normal occlusion close to orthognathic bite and harmonic
face.

Materials and methods
Primary lateral teleroentgenograms of 38 young men
(aged 17-21 years) and 55 young women (aged 16-20 years)

with normal occlusion close to orthognathic bite and
harmonic face, obtained from the Veraviewepocs 3D device,
Morita (Japan), taken from the bank data of research center
of National Pirogov Memorial Medical University, Vinnytsya.

The analysis of lateral teleroentgenograms was carried
out according to the methods of R.M. Ricketts, C.J. Burstone,
E.P. Harvold, described in detail in previous studies [8, 9,
11].

In the course of the study, all the indicators of the above
methods, we were divided into three groups. The first group
included metric characteristics of the skull, which usually do
not change during surgical and orthodontic treatment. Most
of these indicators are basic in modern cephalometric
analyzes. In relation to them, lateral teleroentgenograms
determine the inclination, anterior-posterior or vertical
position of the bone structures (upper and lower jaw, occlusal
plane, individual teeth). The second group includes
indicators of the tooth-jaw system, the definitions of which
most often need to be guided by the orthodontic treatment of
growing patients and orthodontic surgery, which allows
people with already formed bone skeleton to change the
width, length, angles and position of the bones of the upper
and lower jaws. The third group includes indicators that
actually characterize the position of each individual tooth
relative to each other, to the bony cranial structures and face
profile.

According to the cephalometric method of E.P. Harvold
[15], we carried out the simulation of the following indicators
included in the second group, depending on the indicators
of the first group (Fig. 1):

Fig. 1. Teleroentgenographic indicators used in the method of E.P.
Harvold. 1 - angle Ap1uAp11-DOP; 2 - distance ANS-Cond (TM-
ANS); 3 - distance Pog-Cond (TM-PGN).
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ANS-Cond (maxillary length, in the method E.P. Harvold
is marked as TM-ANS) - distance from point TM to point ANS
(anterior nasal spine), determining the maxillary length
(mm);

Pog-Cond (mandibular length, in the method E.P. Harvold
is marked as TM-PGN) - distance from point TM to point
PGN, determining the mandibular length (mm);

Max-Mand - (Difference in Jaw Lengths) - difference of
the lengths of the lines TM-ANS and TM- PGN (mm).

The modeling of E.P. Harvold, which was included in the
third group, depending on the indicators of the first and
second groups (see Fig. 1), was also conducted:

Ap1uAp11-DOP - (angle Ap1uAp11-DOP) - angle between
Occlusal Plane and the connecting line between the root
tips of the central upper and lower incisor (°).

The construction of regression models of individual
teleroentgenographic indicators used in the method of
E.P. Harvold was carried out in the licensed package
"Statistica 6.0". In the direct stepwise regression analysis,
we determined the following conditions: 1 - the final version
of the regression equation should have a determination
coefficient of not less than 0.50; 2 - the value of the F-criterion
is not less than 3.0; 3 - the number of free members included
in the regression equation should be as low as possible.

Results

The results of modeling of teleroentgenographic
indices by the method of E.P. Harvold, which belonged to
the second group, depending on the indicators of the first
group, have the form of the following linear equations.

For young men:

ANS-Cond = 7.934 + 0.988 x Pt-N - 0.716 x P-PTV
(R?=0.931; F<2_35)=236.0; p<0.001; Error of estimate=3.515),
Pog-Cond = -1.318 + 1.088 x Pt-N - 1.450 x P-PTV
(R?=0.940; F<2_35)=272.1 ; p<0.001; Error of estimate=4.617),
Max-Mand =-19.55-0.869 x P-PTV + 0.396 x POR-NBA
(R?=0.616; F(2.35)=28.12; p<0.001; Error of estimate=4.354),
where here and in the future, R? - coefficient of
determination; F(!'”)=!!,!! - critical o and got (!1,!!) value of
Fisher's criterion; St. Error of estimate - standard error of
the standardized regression coefficient; POr-NBa - the
angle of the cranial tilt (deflection), the angle formed by the
lines Po-Or and Ba-N (°); P-PTV - distance from the point
Po to the point Pt, parallel to the Frankfurt plane (mm); Pt-N
- the front part of the base of the skull, the distance from the
point Pt to the point N, determines the length of the front of
the skull base (mm).
For young women:

ANS-Cond = -5.672 - 1.060 x P-PTV + 0.812 x Pt-N +
0.290 x POr-NBa (R?=0.857; F , ., =102.2; p<0.001; Error of
estimate=2.801),

(3.51)

Pog-Cond = -0.847 + 1.209 x N-CC - 1.095 x P-PTV
(R?=0.792; F(2_52)=98.73; p<0.001; Error of estimate=4.656),

where here and in the future, N-CC - front length of the
skull base, distance from the point N to the point CC (mm).

The determination coefficient of the regression equation
of the difference in jaw lengths (Max-Mand) in young women
with orthognathic bite is 0.328 and therefore has no practical
significance for orthodontists.

The results of simulation of teleroentgenographic
indices by the method of E.P. Harvold included in the third
group, depending on the indicators of the first and second
groups, have the form of the following linear equations.

For young men:

AP1UAP1L = 96.28 - 1.131 x A-B + 0.140 x P-PTV
(R?=0.626; F(2v35)=29.24; p<0.001; Error of estimate=2.550),
where here and in the future, A-B - distance from the
point A to the point B on the occlusal plane (apOcP-ppOcP)
(mm).
For young women:

AP1UAP1L = 110.0- 1.062 xA-B - 0.297 x MeGo-NPog -
0.320 x ANS-Xi-PM + 0.180 x Max-Mand + 0.193 x N-CF-A
(R?=0.584; F(5_49)=13.74; p<0.001; Error of estimate=2.849),

where, ANS-Xi-PM - angle of the lower height of the
face, the angle is formed by lines ANS-Xi and Xi-Pm (°);
Max-Mand - difference in jaw lengths, difference between
length TM-ANS and TM-PGN (mm); MeGo-NPog - facial
cone, angle formed by lines Me-Go and N-Pog (°); N-CF-A
- angle of the upper jaw, angle formed by lines N-CF and
CF-A(°).

Discussion

In a number of studies, the study of ethnic, regional,
age and sexual characteristics of the Harvold method has
been studied. Alam M. K. and co-authors [3] identified
features of cephalometric indices for Bangladesh. In the
analysis of 100 lateral teleroentgenograms from ethnic
Bangladesh, 50 men and women aged 18-24 years old, it
has been found that practically all indicators, except position
of the incisors, are in accordance with the Harvold
methodology. Also, signs of sexual dimorphism were
revealed.

Daer A.A. and Abuaffan A.H. [10] in 2016 set normative
indicators for the population of Yemen. For this purpose, a
group of volunteers from 105 women and 89 men aged
18-25 who had a symmetrical face and no dental or
orthodontic interventions in history were formed. After
statistical analysis, there were significant differences for
such skeletal indices as SNB, ANB, SNPg and SNBa
angles, and distances ML-NL, NL-NSL, ML-NSL and Gn-
tgo-Ar.

However, the work of domestic scientists in the study of
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the method of E.P. Harvold remains small [8], which has
negative consequences for the full use of this technique in
order to provide orthodontic care to the Ukrainian people.

In young men with orthognathic bite and harmonious
face we have constructed all three possible reliable models
(length of the upper and lower jaw and difference in jaw
lengths) of teleroentgenographic indices using the E.P.
Harvold method with a determination coefficient of greater
than 0.5 which are included in the second group depending
on the indicators of the first group, and in young women -
only the length of the upper and lower jaws. It is established
that in similar models in young men, the determination
coefficient in models is higher than in young women (in
young men R?=0.931 and 0.940, and in young women -
0.857 and 0.792). In both young men and women, all
models of the second group of models built according to
the indicators of the first group included the distance P-
PTV. Two models for young men and one model for young
women included the distance Pt-N, which defines the length
of the anterior part of the base of the skull. Also, entered
one model for young men and women - angle of the cranial
tilt (POr-NBa). Only in young women the models of
teleroentgenographic indices by the method of E.P. Harvold
which entered the second group, depending on the
indicators of the first group includes the front length of the
base of the skull (N-CC).

In both young men and women also constructed a
reliable model of the angle Ap1uAp1I-DOP (the third group
indicator, depending on the indicators of the first and second
groups) (respectively, R?=0.626 and R?=0.584). And in young
men and women, the size of the distance A-B included in
the constructed regression equations. In addition, in young
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PEMPECIAHI MOLENI IHOUBIAYANbHUX LE®ANOMETPUYHUX MOKA3HUKIB, LLIO BAKOPUCTOBYHOTLCS B METOOMLI

E.P. HARVOLD

YepHuw A.B., lacrk I.A., Acbko B.B., Cmonko A.I.

Y 6acambox Haykosux O0CIOXKeHHSIX Npu MPoe8edeHHI NiHIHUX 8uMiprosaHb sIK O 8ePXHbOI, maK i Onsi HWXHbOI wesner, 008edeHo
nepesacy memoduku Harvold. Mema pobomu - nobydysamu ma nposecmu aHasi3 peepecitiHux modenel merepeHmeaeHo2pagiyHuUX
roKasHUKi8, Wo sukopucmosyrombscsi y memoduyi E.P. Harvold, 8 toHakie i digdam 3 HOpMasibHOK OKIMt03i€to, HabnuxeHo A0
OpmoegHamu4HO_20 MPUKYCY, ma 2apMOHItHUM obru44ysm. AHaniz 6okosux menepeHmeaeHozpam 38 roHakie (eikom &id 17 Ao 21 poky) ma
55 diguam (sikom 8id 16 do 20 pokig) 3 HOpMarbHO OKIIH3iErD, HabruXeHor 00 OpMo2HamuU4YHO20 NPUKYCy ma 2apMOHIUHUM 06rIUYYSM,
ompumaHi 3a doriomoeoto rpucmporo Veraviewepocs 3D, Mopima (5inoHusi), nposodunu 3a memodukamu R.M. Ricketts, C.J. Burstone,
E.P. Harvold. lpu nposedeHHi docnidxeHHs1 yCi MOKasHUKU esuujeskasaHux memoduk 6ynu po3dineHi Ha mpu epynu: 1 - MempuyHi
Xapakmepucmuku 4Yepena, 5iKi, 3a3guyall, He 3MiHIMbCS Mid Yac XipypaidHo2o ma opmoOOHMUYHOZ0 JliKy8aHHS; 2 - MOKa3HUKU
3ybowenenHoi cucmemu, kKompi o380715110Mb 8 0CIb 3i 8Xe cchopMO8aHUM KICMKOBUM CKeslemom 3MiHeamu WUpUHY, 008XUHY, Kymu
ma rnonoXeHHs KicCmoK 8epXHbOI ma HUXHBOI weser; 3 - Moka3HUKU, Kompi eiacHe Xxapakmepu3syomsb 0/I0XKeHHS KOXHO20 OKPemMo20
3yba o 8idHOWeHH 00uH 00 00HO20, G0 KICMKOBUX YeperHuUX cmpykmyp ma npoginto obnuyys. B niyeHsitiHomy nakemi "Statistica
6.0" 6ydysanu pezpeciliHi Modesni HacmyrnHUX MOKa3HUKi8, wo ysitwnu 6o Opyeoi epynu & 3anexHocmi 8i0 NMoKasHUKie nepwoi epynu:
ANS-Cond (doexuHa sepxHboi wenenu, y memoouui E.P. Harvold 3asHadaembcs sik TM-ANS), Pog-Cond (doexuHa HUXHbOI wenenu,
8 memoduyj E.P. Harvold 3asHadaembcs sk TM-PGN), Max-Mand - (miXwenenHa pi3HUUsi); a makox rnokasHuka, wo yseitiuios 0o
mpemboi 2pynu 8 3anexHocmi 8i0 noka3Hukie nepwoi ma opyzoi epyn - ApT1uAp11-DOP (kym Ap1uAp1I-DOP). B toHakie nobydosaHi yci
3 moxnuei docmosipHi Moderii menepeHmeeHoepaghiyHUX rnoka3Hukie 3a memodukoto E.P. Harvold, ski ysitiwnu 0o dpyeoi epynu 8
3anexHocmi ei0 nokasHukie nepwoi epynu (R?= 8id 0,616 do 0,940), a y disdam - nuwe O08XUHa 8EPXHLOI Ma HWXHbLOI wenen (R? =
0,857 i 0,792). Sk e toHakie, mak i y digdam 0o ycix nobydosaHux moldeneli nokasHukie Opyeoi epynu 8 3anexHocmi 8i0 MokasHUKie
nepwoi epynu ysitiwna gidcmaHb P-PTV. [Jo dsox modeneli 8 toHakig i 00 o0Hoi modeni y digdam ysilwna sidcmaHb Pt-N. Takox do
o0Hiei moOeni 8 toHakKie i dig4am ysiliwios Kym KpaHianbHoeo Haxusy (POr-NBa). /luwe y digdam do moldenel 8xodumb nepedHs
dosexuHa ocHosu 4Yepena (N-CC). 5k e roHakie, mak i y disdam Hamu makox rnobydosaHa moxruea docmosipHa MoOerib noKa3HUKa
mpemboi epynu 8 3anexHocmi 8id noka3Hukie nepwoi ma Opyeoi epyn (kyma Ap1uAp1l-DOP) (sidnosioHo R?=0,626 ma R?=0,584). | e
toHakis, i y digdam Ao nobydosaHux peepeciliHux pigHsHb 8xo0umb eenu4uHa eidcmaHi A-B. Kpim mozo, e roHakie do pezpeciliHo20
pigHsIHHSA 8x00umb geniuyuHa eidcmani P-PTV; a y disyam - geenuduHa Kymie ANS-Xi-PM, MeGo-NPog i N-CF-A, a makox mixuienenHa
pisHUYsi Max-Mand.

Knio4voBi cnoBa: pezpecitiHuli aHani3, ueganomempis, aHania Harvold, oHaki ma digsama, opmoeHamu4HUl MPUKyc.

PErPECCUOHHbIE MOAENN UHANBUAYANbHbIX LE®ANOMETPUYECKUX MOKA3ATENEW, UCMONb3YEMbIX B METOOUKE

E.P. HARVOLD

YepHuw A.B., lacrk IN.A., Scbko B.B., Cmonko A.I.

Bo mMHoeux Hay4HbIx uccriedogaHusix 0oka3aHo npeumywecmeo MmemoOuku Harvold npu nposedeHuu nuHelHbIX usMepeHul, Kak ons
gepxHel, mak u 0na HuxHel 4Yemocmeld. Lenb pabombl - mocmpoums U ApPO8ECMU aHasau3 peepecCuoHHbIXx modenel
meniepeHmeeHo2paghuyeckux rnokasamesned, ucnonb3yembix 8 Memoduke E.P. Harvold, y oHowel u esywek ¢ HopmarbHOU OKKto3ued,
npubnuxeHHoOU K OpmoaHamu4ecKoMy MpuKycy, U 2apMOHUYHbIM fuyoM. AHanu3 60kosbix menepeHmzeHoepamm 38 roHowel (8
go3pacme om 17 8o 21 200a) u 55 Oesoyuek (8 so3pacme om 16 do 20 nem) c HopmarnbHOU OKKr3uel, NpubnuxeHHoU K
opMmogHamu4ecKoMy fPUKYCY U 2apMOHUYHbIM JIULOM, MO/1y4eHHbIe C MoMoWwbio ycmpoticmea Veraviewepocs 3D, Mopuma (AnoHusi),
nposodunu no memodukam R.M. Ricketts, C.J. Burstone, E.P. Harvold. Npu nposedeHuu uccrnedo8aHusi ce rokasameriu 8bilieyKa3aHHbIX
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memoOuk, bbinu pasdenieHbl Ha mpu epynnbl: 1 - MempuyYeckue xapakmepucmuKku Yyepera, Komopble 0bbIYHO HE MEHSIMCs 8 xo0e
Xupypau4yeckoz2o u opmoOOHMUYECKO20 fedyeHus; 2 - rnokasamesnu 3ybo4entocmHol cucmemsl, 10380Ms0wWuUe y Uy, C yxe
ChOpPMUPOBaHHbLIM KOCMHBLIM CKENemoM USMEHSIMb WUPUHY, OnUHY, yerbl U MOooXeHuss kocmel eepxHel U HuxHel vemocmed 3 -
rokasamersu, Komopble cobCMBEHHO Xapakmepuaupyrom rosoxeHue Kaxdo2o omdensHo2o 3yba no omHoweHuro Opye K opyay, K
KOCMHbIM YeperHbIM cmpyKkmypam u npoghuso nuya. B nuyeHsuoHHom nakeme "Statistica 6.0" nocmpoeHbl peepeccuoHHble Modenu
crnedyrowux rnokazamenedl, sowedwux 80 8mopyto epyry 8 3agucumocmu om rokasamersnel nepeol epynnbi: ANS-Cond (0nuHa
sepxHel yemocmu, 8 memoduke E.P. Harvold ommeyaemcs kak TM-ANS), Pog-Cond (OnuHa HuwxHel Yentocmu, 8 memoduke E.P.
Harvold ommevaemcs kak TM-PGN), Max-Mand - (mexy4eniocmHas pasHuya); a makxe riokasamersisi, goweduweao 8 mpembto epyrnmny
8 3asucumocmu om rokasamernel repeol u emopol epynn - ApTuAp1I-DOP (yzon Ap1uAp1I-DOP). Y roHowel nocmpoeHs! ece 3
803MOXHble 00CMOBEPHbIE MOOENU mesiepeHmaeHoepaghuyeckux nokasamenel no memoouke E.P. Harvold, komopsie eowsiu o
8mopyto epynry 8 3agucumocmu om riokasamernet nepeoll epynnsi (R? = om 0,616 do 0,940), a y desywek - mosnbko OnuHa sepxHel u
HuxHel yenrocmel (R?=0,857 u 0,792). Kak y toHowel, mak u y desywek KO 8ceM nocmpoeHHbIM MoOerisiM rnokazamesiell emopoli
epynrbl, 8 3a8UCUMOCMU O0mM riokazamesiel nepsou epynbl, 8owio paccmosiHue P-PTV. K dsym modernsam y toHowel u 8 0OHoU modesnu
y Oesywek gowso paccmosiHue Pt-N. Takxe Kk o0HoU modernu y roHowel u OesywekK gowern y20i51 KpaHuarnbHo20 HaknoHa (POr-NBa).
Tonbko y desywiek Kk modesnsim exo0um repedHsiss OnuHa ocHosaHusi Yepena (N-CC). Kak y roHowel, mak u y degywek HaMu makxe
rocmpoeHa 803MoxHasi docmosepHas Modersib rokazamesis mpemsel 2pyrnsbl 8 3a8UcumMocmu om riokasamesieli nepeoli U 8mopou
epynn (yana Ap1uAp1-DOP) (coomeemcmeeHHO R?=0,626 u R?=0,584). U y roHowel, u y 0esylweK K MOCMpPOEHHbIM PeepEeCCUOHHBIM
ypasHeHuUsiIM 8xodum eenuyuHa paccmosiHusi A-B. Kpome moeo, y roHowel K pe2pecCcUoOHHOMY ypagHeHUo 8Xxo0um 8enuyuHa paccmosiHusi
P-PTV; a y desywek - genuduHa yanoe ANS-Xi-PM, MeGo-NPog u N-CF-A, a makxe mexdyentocmHas pasHuuya Max-Mand.
KnioueBble crnoBa: pespeccuoHHbIl aHanus, yeganomempus, aHanu3 Harvold, roHowu u desywiKu, opmoeHamu4ecKkull npuKyc.
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The processes of compensatory hypertrophy of the kidney to the period of puberty are
insufficiently studied. Changes in renal parameters after contralateral removal are of
scientific interest. The purpose of the study was to establish and compare changes in
organometric parameters of the kidney that remained after nephrectomy in non-sexually
adult male rats and in sexually mature male rats. Experimental study was performed on
84 non-adult white male rats weighing 53-71 grams, which were kept on a standard
vivarium diet. All animals were divided into two groups (42 in each): the first - control,
the second - the experimental group. In the control group, the abdominal cavity was
opened under ketamine anesthesia, after which the abdominal wall was sutured in
layers. All animals of the experimental group performed removal of the left kidney.
Animals were withdrawn from the trial by intra-pleural administration of thiopental-
sodium 50 mg/kg after 7, 14, 21, 30, 90 days after nephrectomy. Macroscopic evaluation
and description of the kidneys of animals was performed after their removal. The
statistical analysis of the obtained results was carried out using the "STATISTICA 5.5"
program, using parametric and non-parametric methods for evaluating the obtained
results. It was found that in the immature rats, the weight of animals in the experimental
group (after nephrectomy) was statistically significantly lower in all terms of the
observation compared to the control group, and the weight of the kidney of animals in
the experimental group, on the contrary, was statistically significantly higher in all
terms of observation. The length, width, thickness, volume of kidneys of animals of the
experimental group, as well as the magnitude of increment of these parameters with
each term of observation are determined. The greatest increase in organometric
parameters of the kidney was observed after 30 days of the postoperative period (p<0.05).
Subsequently, on the 60th and 90th day, the magnitude of the increase in organometric
parameters of the kidney significantly decreased. The index of hypertrophy of the
kidney remained unpaired by nephrectomy, which varied from 52.24% to 63.21%. The
highest rates of hypertrophy were observed between the 21st and 30th days.
Keywords: kidney, nephrectomy, organometry, immature rats.

Introduction

The remaining kidney after nephrectomy cannot be
considered an absolutely healthy organ [25]. This is
evidenced by various pathological processes that develop
in it over time [5]. Studies have shown that to ensure the
release of nitrogen metabolism products and the balance
of the internal environment of the body, the remaining kidney
works at the limit of its capabilities [8].

The remaining functioning kidney, since childhood, has
compensatory hyperfiltration, which leads to kidney damage
for the period of adolescence in more than 50% of patients
[23]. Experimental studies have shown that male animals

show a higher degree of hyperfiltration [6], elevated blood
pressure [14], and higher glomerular pressure and
hypertrophy of renal corpses.

The controversial statement of clinicians that the growing
child's body is characterized by expressed compensatory
mechanisms that are not always kept in adults [21]. Several
epidemiological clinical studies have shown that one kidney
birth increases the risk of developing hypertension, proteinuria
and renal failure in childhood [27] and in adulthood [26]. Recent
studies have shown that kidney donors are at increased risk
(up to 8 times) for renal failure [16].

© 2018 National Pirogov Memorial Medical University, Vinnytsya
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Many authors emphasize that the younger organism has
more intensive and more advanced processes of hypertrophy
[3]. The majority of patients who have been admitted to
nephrectomy in the short term become disabled in
connection with the development of chronic renal failure and
nephrogenic hypertension, whereas in children, including
when they become adults, the percentage of disability is
minimal [1, 2]. However, the functional state of a single kidney
in children is often significantly disturbed, and chronic renal
failure can occur already in childhood or adolescence [13].
In the kidney, left after nephrectomy in children, established
with the help of renosonography, the unevenness of
proliferative and fibrotic-sclerotic processes, the presence
of dysmetabolic disorders, prolonged violations of the natural
passage of urine [15]. With age, glomerular hyperfiltration
may worsen existing glomerulosclerosis and lead to renal
insufficiency [22].

Compensatory mechanisms that underlie hypertrophy
of the kidneys are not yet fully understood, mechanisms that
provide stabilization of compensatory and adaptive
processes are not sufficiently disclosed. Insufficiently studied
issues on the preservation of compensatory and restorative
mechanisms in the age aspect.

The aim of the study - to establish changes in
organometric parameters of the kidney that remained after
nephrectomy in immature male rats.

Materials and methods

An experimental study was performed on 84 immature
white male rats weighing 53-71 grams, which were kept on
a standard diet in vivarium of the National Pirogov Memorial
Medical University, Vinnytsya, Ukraine.

According to the literature, experiments conducted on rats
have shown that these animals can be used as a model for
studying the course of recovery of the body after nephrectomy
and resection of the kidney and the selection of corrective
therapy, aimed at the earliest adaptation of the organism to
existence in the new conditions [10, 11]. Male rats were more
sensitive and less adapted to renal excretion [24].

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

All animals were divided into two groups (42 in each):
the first - control, the second - the experimental group.

In the control group, the abdominal cavity was opened
under ketamine anesthesia, after which the abdominal wall
was sutured in layers.

All animals of the experimental group performed surgical
intervention - nephrectomy of the left kidney. Rats under
general intra-muscle anesthesia (aminazine 10 mg/kg and

ketamine 20 mg/kg) were given left-sided nephrectomy by
crossing the renal leg between two ligatures and then
removing the organ. The operation was carried out as
follows. The animal was inserted and fixed with soft straps
for the limbs in the position on the back to the operating
table. With pararectal incision in the length up to 3-5 cm,
layer open the abdominal cavity. The small intestine with a
gauze napkin was pulled down and medially. The livers of
the kidney and its vessels were isolated from the
surrounding tissues. The kidney was molded into the wound
and isolated from the fatty tissue of the upper third of the
ureter. A clamping device was applied to the ureter, under
which they were tied with a catgut lighthouse and then
crossed under a clamp. In a droop way, they isolated the
renal artery and vein and imposed two clips, between which
they were crossed. The kidney was removed, and the stump
of the blood vessels were catgut ligatures. The layer of the
wound was tightly sewn. Isolated by blunt renal artery and
vein and imposed two terminals between which they crossed.
The kidney was removed and the stump of blood vessels
catgut tied ligatures. The layer of the wound was tightly sewn.

Animals were withdrawn from the trial by intra-pleural
administration of thiopental-sodium 50 mg/kg after 7, 14, 21,
30, 90 days after nephrectomy. Macroscopic evaluation and
description of the kidneys of animals was performed after their
removal. Their mass was determined on the laboratory scale
of HLR-200 to 0.1mg, and the length, width and thickness of
the organ were measured with the help of a caliper to an
accuracy of 0.05 mm. The volume of the kidney was calculated
according to the formula: V = 0,523 x a x b x ¢, where a - is
length, b - is width, c - is the thickness of the kidney.

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

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

Results

The results of measuring the organometric parameters
of the kidneys in the immature rats of the 1st group were as
follows: with increasing body weight during the observation
period, the organometric parameters of the kidneys were
also increased. So the mass of the right kidney from the first
to the 90th day of the observation period increased by 2.05
times (Table 1). The mass of the left kidney, in comparison
with the right, on all terms of observation was slightly lower
(p>0.05). At the same time, the index of kidney mass
decreased by 1.22 times from the first to the 90th day of the
observation period, indicating a predominance of growth
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Table 1. Weight of the body and the right kidney of the immature rats of the control and experimental groups.

The term of the Control group (n=42) Experimental groups (n=42)
postoperative . . Weight of the Kidney Weight ) . . . Kidney Weight
period Animal weight (g) kic?ney @) Indgx (%)g Animal weight (g) | Kidney weight (g) Indgx (%)g
1 day 61.33+4.03 0.372+0.012 0.603+0.022 62.55+4.09
7 days 74.78+2.68* 0.385+0.015 0.510+0.007* 68.44+1.33# 0.440+0.027# 0.642+0.048#
14 days 86.07+2.61* 0.402+0.012 0.467+0.004* 80.67+2.49%# 0.475+0.012# 0.592+0.009#
21 days 97.35+2.63* 0.457+0.010* 0.459+0.003 91.83+2.32*# 0.558+0.012*# 0.597+0.007#
30 days 108.6+2.8* 0.477+0.007 0.442+0.006 102.8+2.4*# 0.597+0.010*# 0.585+0.007#
60 days 122.5+2.7* 0.540+0.023* 0.447+0.010 116.7+2.5"# 0.635+0.015*# 0.551+0.009*#
90 days 153.6+3.7* 0.760+0.040* 0.495+0.015* 132.7+2.3*# 0.788+0.015* 0.587+0.003*#

Note: * - statistically significant differences (p<0,05) according to the Mana-Whitney criterion between the corresponding indicators in
comparison with the indicators of the previous term of research. # Are statistically significant differences (p<0.05) according to the
Mana-Whitney criterion between the respective indices compared with the control animals.

rate of body weight of rats over the rate of weight gain of the
kidneys. The volume of the right kidney thus increased during
the course of observation from 75.24+4.65 mm? for the first
day to 407.8+14.3 mm? for the 90th day. The length of the
right kidney has increased from 7.950+0.150 mm to
14.40+£0.07 mm, the width - from 4.733+0.100 mm to
7.883+0.089 mm, the thickness - from 3.817+0.089 mm to
6.867+0.156 mm.

In the immature animals of the second (experimental)
group at day 7 after nephrectomy, the body weight of rats
was less than that of the animals in the same group of
animals in the same group at 8.47%, at 14 days - by 6.27%,
at21 days - 5, 67%, for 30 days - 5.34%, for 60 days - 4.76%,
for 90 days - 13.63%. However, organometric parameters of
the right kidney were statistically significantly more control
values of animals of the first group at all times, especially on
the 30th day of observation. Thus, for the 7th day after
nephrectomy, the mass of the right kidney of rats was higher
(p<0.05) values in the similar term of animals of the first
group by 11.36%, for 14 days - by 16.67%, for 21 days -
17.86%, for 30 days - 20%, for 60 days - 15.62%. At 90 days
no statistically significant difference was noted.

The index of kidney weight in non-immature animals in
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Fig. 1. Volume of the right kidney of immature rats in different
terms after the operation of the control and experimental groups.

the second (experimental) group was statistically
significantly higher throughout the post-operation
observation period compared to the similar terms of animals
in the first control group.

Parameters of other organometric indices of the right
kidney of animals of the second (experimental) group also
had significant differences. The length of the right kidney
compared with the similar indicator of animals in the first
control group was greater after 7 days after nephrectomy by
12.27%, after 14 days - by 15.02%, in 21 days - by 17.49%,
after 30 days - by 19.73%, after 60 days - by 15.03%, after 90
days - by 4.00%. The width of the right kidney was greater
after 7 days after nephrectomy by 12.50%, after 14 days - by
14.94%, in 21 days - by 17.62%, 30 days later - by 19.62%,
after 60 days - by 12.22%, after 90 days - by 6.52%. The
thickness of the right kidney was greater after 7 days after
nephrectomy by 12.30%, after 14 days - by 15.26%, in 21
days - by 17.53%, after 30 days - by 19.45%, after 60 days -
by 14.74%, after 90 days - by 4.18%.

The statistically significant decrease in the growth rates
of all organometric indices in 90 days draws attention.

It is very important to know how the volume of the kidney
has changed, since it is believed that the volume of kidneys
is the optimal parameter for prediction of renal function [12].
The volume of the right kidney, after 7 days after nephrectomy,
was 32.71% higher, compared with the same indicator of
animals in the first control group (fig. 1). The largestincrease
in volume was observed after 30 days of postoperative period
(48.05%). Subsequently, on the 60th and 90th day, the
increase in renal volume decreased to 36.38% and 14.02%
respectively.

It should be noted that the index of hypertrophy of the
kidney after the removal of the contralateral ranged from
52.24% to 63.21%. The highest rates of hypertrophy were
observed between the 21st and 30th days.

Discussion
The data we obtained are in agreement with the results
of other authors [4], when the absolute dry kidney weight

Vol. 24, Ne4, Page 35-40

37



Organometric parameters of the remaining kidney after removal of the contralateral in immature rats

was increased in rats 7 days after unilateral nephrectomy
(hypertrophy of the kidneys), and the mean value was 29.9%
higher than the values removed from the contralateral kidney.

A progressive increase in the weight of kidney of rats
was also established after removal of the left kidney, which
reached its peak after 30 days [9].

According to research [28, 29], renal compensatory
hypertrophy restores normal renal function after nephrectomy
due to an increase in organ size due to cell growth, and not
their proliferation [17].

In the compensatory reaction of the kidney remaining
after nephrectomy in immature rats, a significant increase
in the indexes of all structural components of the nephron of
the cortical substance was established [19]. The highest
rate of growth occurs in a seven-day period after the removal
of the kidney. Ultrastructure of the cortical substance of the
kidneys of unborn animals after the performed nephrectomy
is changing already in the early stages of the experiment,
when significant reactive changes occur in all components
of the nephron. Although the kidney compensatory reaction
develops as a reaction to restore normal renal function, in
the cortical substance, in addition to hypertrophied, the
number of atrophied, diminished kidney cells increases [18].
Enlarged capsules are enlarged and uneven. In the late
stages of the experiment, after nephrectomy, the presence
of both compensatory and destructive changes in the
components of the nephron was established.

The use of flow cytometry with simultaneous histological
studies showed that the response of adults and young rats
to the removal of one of the kidneys is the same, but in
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OPFAHOMETPUYHI MAPAMETPU HUPKW, LLIO 3ANULLUNACA NICNA BUDANEHHSA KOHTPAIATEPAILHOI, Y

CTATEBOHE3PINUX LLYPIB
MoHacmupcbkuli B.M.

lMpouecu KomneHcamopHoi einepmpodii HUpku o nepiody cmameeoi 3pinocmi susyeHi HedocmamHb0. 3MiHU napamempig HUPKU
nicnsi eudaneHHs KOHmMpanamepasnbHoi npedcmasnsaoms Haykogul iHmepec. Mema docnidxeHHs1 - ecmaHo8umu 3MiHU
Oop2aHOMEempUYHUX MOKa3HUKI8 HUPKU, WO 3anuwuniack ricris Heghpekmomil, y cmameegoHe3pinux wypie-camyis. ExcriepumerHmarbHe
docridxeHHs1 BUKOHaHO Ha 84 crmamesgoHe3pinux binux wypax-camuysix macoro 53-71 epamie, Kompux ympumyeasnu Ha cmaHOapmHomy
pauioHi sigapito. Bcix meapuH po3nodinunu Ha d8ei epyrnu (Mo 42 y KoxHil): nepwa - KOHmMporibHa, Opyea - 0ocnioHa epyna. Y KOHmpOosbHill
epyni nid kemamiHO8UM 3HEBONIEHHSIM PO3KpUBanu YepesHy MOPOXHUHY, MIC/S 4020 MNowaposo yuwueanu YepesHy CMiHKY. Ycim
meapuHam O0CiOHOI 2pynu 8UKOHY8anu eudasnieHHs 11igoi HUPKU. TeapuH sugodunu 3 0ocnidy WIsIXOM 8HYMmPiWHbOMNIe8panbHO20
eeedeHHs1 TioneHmary Hampito 50 me/ke yepes 7, 14, 21, 30, 90 3i6 nicriss Heghpekmomii. MakpocKomniyHy OUIHKY ma OnucaHHs HUPOK
meapuH npogodurnu ricss ix euny4yeHHs. CmamucmuyHul aHari3 ompumMaHux pe3yrnbmamig npogedeHull i3 3acmocysaHHsIM npozspamu
"STATISTICA 5.5" 3 sukopucmaHHaM napamempuyHUX i Herapamempu4yHux Memo9ie OUiHKU ompuMaHUXx pe3ynbmamig. BcmaHoerneHo,
W0 y cmameeoHe3pinux ulypie mMaca meapuH O0cniOHOI epynu (nicris HegbpeKmomii), MopieHSIHO 3 KOHMPOJIILHOK 2pyrot, byna
cmamucmuy4HO 3Haqyue MeHWoro, a Maca HUpKU meapuH AocrniOHOI epynu, Haenaku, byna cmamucmu4yHo 3Hadyue b6inbuwor Ha 8cix
mepMiHax criocmepexeHHsl. BusHayeHi 0oexuHa, wupuHa, mosujuHa, 0b6'eM HUPKU meapuH OOC/IOHOI epynu, a MakoxX 6efnu4yuHu
npupocmy yux napamempis y KOXHUU MEPMIH ekcriepuMeHmy. TakuM YUHOM, MakcuMasibHy 8e/IUYUHY Npupocmy op2aHOMEMPUYHUX
rokasHuKie HUpKuU criocmepiaanu yepes 30 0i6 nicnsionepauiliHoeo nepiody (p<0,05). Y nodanswomy, Ha 60 ma 90 doby ekcriepumeHmy,
g8esqiuyuHa rnpupocmy op2aHoOMempuUYHUX MOKa3HUKI8 HUPKU Cymmego 3MeHwyeanacs. BusHayeHo iHOekc 2inepmpogbii HUPKU, Wo
3anuwunacs nicns Heghpekmomii, kompul konueascs 8i0 52,24% 0o 63,21%. Halibinbwi nokasHuku einepmpocbii cmaHoeneHi Mix
21 ma 30 doboro.

KnioyoBi cnoBa: Hupka, Heghpekmomisi, opeaHOMeEMPIs, cmameeoHe3Pini wypu.

OPIFAHOMETPUYECKUE NMAPAMETPbI MOYKW, OCTABLUENCA NMOCIE YOANEHUA KOHTPATNTATEPANILHOW, Y
HEMNONOBO3PENbLIX KPbIC

Monacmbipckuti B.H.

lpouecchl komneHcamopHoU aunepmpoghuu noyku 8o nepuoda noao08ol 3penocmu usdydeHbl HeOOCmMamoyHo. YI3ameHeHuUs1 napamempos
MoYKu rocrne ydaneHusi KOHmpanamepanbHoU rnpedcmasnsaom Hay4yHbil uHmepec. Llenb uccnedosaHus - ycmaHO8UMb U3MEHEHUS
op2aHoOMempuyecKkux rnokazamenel MNOYKU, ocmaswelcsi Nocrae HeppPIKMOMUU, Yy HENMON0803PESbIX KPbIC-CaMUo08.
BkcrnepumeHmarnsHoe uccriedosaHue 8bINMoIHEHO Ha 84 Heroso8o3perbix bernbix Kpbicax-camyax maccol 53-71 epaMmos, Komopbix
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codepxanu Ha cmaHdapmHOM pauyuoHe susapusi. Bcex xueomHbix pasdenunu Ha 08e 2pynrbl (Mo 42 8 kaxdol): nepeasi - KOHMPOIribHasl,
emopas - ofblmHas epynna. B koHmponsHol epynne nod kemamuHo8biM 0be3605ueaHuUeM 8CKpbI8aniu bproWHY 1onocms, rnocne
4Ye2o OPHOWHY CMeHKY MOoC/OoUHO ywusanu. Becem Xu8omHbIM OnbImHOU epyrrbl 8bINOMHANU yO0aneHue negol moyku. XKueomHbix
8b1800USTU U3 Orbima nymem eHympuriiespanbHo20 egedeHuss TuoneHmana Hampusi 50 me/ke depes 7, 14, 21, 30, 90 cymok nocne
Heghpakmomuu. MakpoCcKonu4ecKyto OUeHKy U orucaHue rnovyek XueomHbix npoeodusnu nocne ux ydaneHus. Cmamucmuyeckull aHanus
rnony4YyeHHbIX pe3ynbmamos nposedeH ¢ rnpumeHeHuem rpozpammbl "STATISTICA 5.5" ¢ ucnonb3osaHueM napamempuyecKkux u
Hernapamempu4yeckux Memod08 OUEHKU rOfTyHeHHbIX pe3yfibmamos. YCmaHO08/eHO, YMOo y HEMoso803PesibiX KPbIC Macca XU8OMHbIX
onbimHoU 2pynrbl (nocre HeghpaKMOMUU) 110 CPaBHEHUI0 C KOHMPOsIbHOU epyrnnod, bblna cmamucmuYecKu 3Ha4uMo MeHble, a Macca
MOYKU XKUBOMHbIX OfbIMHOU epynrbl, HA0bopom, bblna cmamucmu4ecku 3Ha4uMo borbwe Ha 8cex cpokax HabmodeHus. OnpedeneHbl
OnuHa, WupuHa, monujuHa, 06beM MOYKU KUBOMHbIX OfbIMHOU 2PyIrbl, @ Makxe 8efluYUHbI MpUpocma 3mux napamempos 8 Kaxobil
CPOK 3KcriepumeHma. Takum obpa3om, MakcuMaribHy 8e/lU4UHY Mpupocma op2aHoOMempuyecKux rokasamersneul noyku Habmwodanu
yepe3 30 cymok nocreonepayuoHHo20 nepuoda (p<0,05). B danbHeliwem, Ha 60 u 90 cymku skcriepuMeHma eefnuquHa rpupocma
opaaHoMempuyecKux rokasamernel rno4yku cyulecmeeHHo ymeHblwanackb. OnpedeneH UHOEKC eurepmpochuu MoYku, ocmasweulcs
rocrie HeghpaKMoMuU KoHmpasiamepasnbHoU, Komopbil konebarncsi om 52,24% 0o 63,21%. Haubonbwue nokaszamenu aunepmpoguu
ycmaHosrieHbl mex0dy 21 u 30 cymkamu.

KnioueBble cnoBa: royka, HeghpaKmomusi, opeaHOMempusi, HEMOI0803PENbIe KPbIChI.
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The formation of regional gene pools and the contribution of each of them to the
formation of the population of Ukraine remains an actual topic of the present. The
purpose of the study is to assess the contribution of each of the 5 territorial-administrative
regions of Ukraine to the overall phenotypological picture of the finger dermatoglyphics
ofthe male population of Ukraine. By the method of H. Cummins and Ch. Midlo conducted
a dermatological study of 400 practically healthy men from 5 administrative-territorial
regions of Ukraine. Statistical processing of the obtained results was carried out in the
package "Statistica 6.1" using nonparametric methods. It was established that among
practically healthy men of Ukraine without administrative-territorial distribution and
representatives of various administrative-territorial regions 37.96% of reliable or
tendencies of differences of information indicators of finger dermatoglyphics were
revealed out of 108 analyzed parameters. The best information ability of quantitative
(47.83%) indicators of finger dermatoglyphics was proved in comparison with qualitative
(35.29%) indicators. The greatest number of differences in the signs of finger
dermatoglyphics is established between men without division into administrative-
territorial regions and men, residents of the southern (11.11%), eastern (10.19%) and
western (8.33%) regions of Ukraine. Less number of differences from the overall picture
of the country are found in men in the northern region, its rates significantly differed
almost at the level of error and amounted to 5.56%. Indicators of finger dermatoglyphics
of men in the central region in general do not differ significantly from those in general
in Ukraine. Thus, the dominant component in the general phenotypological picture of
finger dermatoglyphics of the male population of Ukraine has a central region whose
rates were not significantly different from the country's total, and to a lesser extent, the
dermatoglyphics of the northern region. The obtained results indicate that the main
genetic landscape of the gene pool of Ukraine, according to finger dermatoglyphics,
forms the central and northern regions of the country.

Keywords: finger dermatoglyphics, males, administrative-territorial regions of Ukraine,
contribution of separate regions.

Introduction

Since its inception as a separate section of morphology,
dermatoglyphics is of considerable interest to scientists
from various fields of science. It found her application not
only in forensics but also in practical medicine, allowing to
detect or predict the risk of certain diseases [7].

Today, one of the promising areas of dermatoglyphics
is its possible application for the purpose of identifying a
person's regional and ethnic belongings. Particularly
relevant this method of investigation may be to determine
the place of origin of illegal migrants, identify victims of
armed conflicts, and so on.

It is worth noted that the special interest for practical
application will be full bases, which will include a database
of the characteristics of dermatological indicators of the
population of all ethnic groups and regions of the country.
Therefore, scientists around the world are actively conducting
research of this type, with the ultimate goal - the formation of
a complete database [1, 3, 12, 13, 15, 19, 20, 23].

Thus, Abue A.D., Rose C. and Courage N. in their work
in 2018 revealed the features of dermatological attributes
in the tribe of Ntamante, living in southern Nigeria. 200
people aged from 18 to 68 were involved, which in the third
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generation are representatives of this ethnic group. The
statistical analysis revealed the following distribution of the
frequency of patterns among men: ulnar loops 12.6+9.2,
arches 4.7+2.8, whorls 3.3+3.0 and radial loops 0.1+£0.4; in
women - ulnar loops 9.11£9.7, whorls 6.41+4.4, arcs 4.9+3.8
and radial loops 1.0£1.6 [2].

S. Biswas [5] studied palmar and finger dermatoglyphic
indices among the ethnic group of Dhimals living in northern
Bengal (India). The patterns of patterns were: whorls 55.1%,
50.2%, loops 42.16%, 48.24% and arches 2.75%, 1.57%
for men and women, respectively. The density of patterns
was 15.24 for men and 14.86 for women. Total ridges count
was 162.18+3.38.

The features of dermatoglyphic indices and their
manifestations of sexual dimorphism among the population
of Sardinia [8] were determined. The higher values of ridge
count b-c, ¢c-d on the right hand and a-b, a-d indicators on
the left hand were revealed. Men showed higher rates of a-
b, c-d on their right hand than in women.

Studies conducted in 2011 by Jaja B.N.R., Olabiyi O. and
Noronha C.C. [11] found that the rates of whorl detection, the
total ridge count, and the palmar ridge count A-B indicate a
close affinity of the Nigerian tribe Ogoni to the tribes of
southern Ghana, indicating possible historical migration of
this ethnic group.

Features of the indexes of finger and palm prints were
found for the Muzeina Bedouin living in the south of the Sinai
Peninsula [14]. The highest index of whorl frequency on the
fourth finger, ulnar loop on the third finger of both hands for
both sexes was revealed.

However, in Ukraine, these studies are few, have a
regional character and do not allow creating one, integral
image of the dermatoglyphic population [16, 17].

The study of the gene pool of the population of Ukraine is
important not only for the country itself, but, as Otevska O.M.
[25] notes, due to his position, for the study of the European
gene pool too.

The general structure of the gene pool of Ukraine
historically consisted of the genetic features of the population
in different parts of the ethnic range, caused by different
conditions of the intensity of international contacts and
migration processes, the level of urbanization and the nature
of the natural reproduction of the population, the share of the
presence of impurities of other nationalities. In population-
genetic studies, various markers are used: physiological,
immuno-biochemical, DNA markers, quasi-genetic
(distribution of surnames) [10, 21, 24]. Among them, a simple
and powerful analytical tool - a method of dermatoglyphics -
takes a special place, which allows determining the
contribution to the formation of the ethnic community of the
indigenous and inborn population that was involved in marital
ties with the indigenous population. It should be noted that
the fragmentation of the literary data [22] does not allow to
make a complete picture of the gene pool of Ukrainians in
general and the contribution of each of the five territorial
administrative regions of Ukraine to the general

phenotypological picture of the finger dermatoglyphics of
the male population of Ukraine, which became the goal of
our work.

Materials and methods

Researched fingerprints of 400 practically healthy men
aged from 19 to 35 years in the third generation residents
of the relevant regions of Ukraine: 72 - from the north
(Zhytomyr, Kyiv, Chernihiv, Sumy regions), 47 - from the
south (Odessa, Mykolaiv, Kherson, Zaporizhzhya region and
AR Crimea), 165 - from the central (Vinnytsia, Cherkasy,
Kirovohrad, Poltava and Dnipropetrovsk regions), 71 - from
the west (Volyn, Rivne, Lviv, Chernivtsi, Ternopil,
Khmelnytsky, Transcarpathian and lvano-Frankivsk
regions), 45 residents from the eastern (Kharkiv, Lugansk,
Donetsk regions) regions. The dermatological study was
performed according to H. Cummins and Ch. Midlo [6].

Fingerprints obtained by using ink on a sheet of paper
[9]. Analysis subject 108 indicators of digital
dermatoglyphics, of which 85 related to quality indicators
and 23 indicators related to quantitative traits. Bioethics
Committee of National Pirogov Memorial Medical University,
Vinnytsya found that the studies are not contrary to the
fundamental bioethical standards of the Helsinki
Declaration, the European Convention on Human Rights
and Biomedicine (1977), the relevant provisions of the WHO
and the laws of Ukraine (protocol number 8 from
10.09.2013).

Statistical processing of the obtained results was
carried out in the package "Statistica 6.1" using
nonparametric methods.

Results

Among the practically healthy men of the general group
and representatives of the northern region of Ukraine, the
following reliable or trends of the differences in the indicators
of finger dermatoglyphics are established:

among the qualitative indicators, in men of the northern
region, the percentage of central pockets on the | (36.1%
versus 24.3%, p<0.05), 1l (19.4% vs. 10.5%, p<0.05) and IV
(45.8% against 33.8%, p=0.051) fingers of the right hand
and IV of the fingers of the left hand (33.3% vs. 21.0%, p<0.05)
is higher than in total group, as well as a higher percentage
of double loop on the IV finger of the left hand (26.4% vs.
16.3%, p<0.05 );

among quantitative indicators - reliable or trends of
differences are not established;

among asymmetries of qualitative and quantitative
indices - in men of the northern region less than in the
general group, the absolute value of the asymmetry of the
ridge count of the lll finger (0.278+4.514 versus 0.970+0.245
ridges, p<0.05), asymmetry, in contrast, right-handed.

Among the practically healthy men of the general group
and representatives of the southern region of Ukraine, the
following reliable or trends of the differences in the indicators
of finger dermatoglyphics are established:
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among the qualitative indicators - in men of the southern
region, the percentage of the presence of whorl on the right
IV finger (17.0% versus 8.3%, p=0.052) of the hand, and the
arches on the lll fingers as the right ones (31.9% vs. 18.8%,
p<0.05) and left (25.5% vs. 14.8%, p=0.059) hands, as well
as a lower percentage of ulnar loop on the Il right finger
(10.6% versus 26.3%, p<0.05), double loop on the | (4.3%
against the 16.3%, p<0.05), central pocket on the 11 (6.4% vs.
19.5%, p<0.05) and random pattern on Ill (0% vs. 6.5%,
p=0.072) fingers of the left hand higher than in total group;

among the quantitative indicators - in men of the southern
region less than in the general group, the value of the ridge
count of the Il finger as the right (9.128+7.058 versus
11.3716.62 ridges, p<0.05) and the left (10.36+6.82 versus
12.37+6.55 ridges, p<0.05), as well as ridge count of | finger
(14.55+7.55 versus 16.61+7.53 ridges, p=0.078), total ridge
count (60.09+23.97 versus 67.90+25.67 ridges, p<0.05) of
left hand and total ridge count (122.6+46.4 versus 136.6+49.4
ridges, p=0.064);

among asymmetries of qualitative and quantitative
indicators - reliable or trends of differences are not
established.

Among the practically healthy men of the general group
and representatives of the central region of Ukraine, the
following reliable or trends of the differences in the indicators
of finger dermatoglyphics are established:

among the qualitative indicators, the men in the central
region had smaller than the general group, percentage of
the presence of whorl on the IV fingers (4.2% vs. 8.3%,
p=0.085) of the right hand and arches on the Il left fingers
(18.2% vs. 25.5%, p=0.063);

among quantitative indicators - reliable or trends of
differences are not established;

among the asymmetries of qualitative and quantitative
indicators - in men of the central region less than in the
general group, the value of asymmetry by the type of pattern
on the | finger (46.7% vs. 54.8%, p=0.080).

Among the practically healthy men of the general group
and representatives of the western region of Ukraine, the
following reliable or trends of the differences in the index of
finger dermatoglyphics are established:

among the qualitative indicators, men in the western
region had a greater percentage of the presence of ulnar
loops on the | fingers (56.3% vs. 42.5%, p<0.05) and the
arches on the V fingers (19.7% vs. 11.3%, p<0.05) of the
right hand, as well as a higher percentage of the random
pattern on the Il finger (12.7% vs. 6.5%, p=0.067) and the
double loop on the V finger (7.0% vs. 2.0%, p<0.05) of the left
hand;

among the quantitative indicators - in men of the western
region less than in the general group, the value of the ridge
count of the IV right finger (13.35+£6.87 versus 15.17+6.39
ridges, p<0.05) and the left (13.90+5.83 versus 15.27+6.03
ridges, p=0.078) hands, as well as V finger (10.94+6.94
versus 12.83+6.02 ridges, p<0.05) of the right hand;

among the asymmetry of qualitative and quantitative

indicators - in men of the western region higher than in the
general group, the value of the asymmetry of the ridge count
of the Il finger (1.493+5.712 versus 0.168+5.841 ridges,
p=0.078) and less of the asymmetry value according to the
type of the fingerprint pattern of V finger (54.9% against 66.0%,
p=0.073).

Among the practically healthy men of the general group
and representatives of the eastern region of Ukraine, the
following reliable or trends of the differences in the indicators
of finger dermatoglyphics are established:

among the qualitative indicators, the men of the eastern
region had a higher percentage of arc on the right | finger
(13.3% versus 6.0%, p=0.065) and the ulnar loop (82.2%
versus 61.8%, p<0.01) and random the pattern on the IlI
finger (0% vs. 6.5%, p=0.079), the radial loop on the IV finger
(2.2% versus 0.3%, p=0.085), ulnar (84.4% versus 72.0%,
p=0.076), and the radial (2.2% against the 0.3%, p=0.085)
loops on the left V finger, as well as a lower percentage of
the double loop on the right | finger (6.7% vs. 16.8%, p=0.079)
and the central pocket of the right V finger (0% vs. 9.8 %,
p<0.05) and on a | finger (4.4% vs. 13.8%, p=0.075), on the
IV finger (8.9% vs. 21.0%, p=0.054) of the left hand then in
the total group;

among the quantitative indicators - the men of the eastern
region had less than in the general group, the value of the
ridge count on the right | finger (15.78+7.35 versus
18.63+7.19 ridges, p<0.05);

among asymmetries of qualitative and quantitative
indicators - reliable or trends of differences are not
established.

Thus, the analysis of the differences in the indicators of
finger dermatoglyphics between practically healthy men of
Ukraine without administrative-territorial distribution and
representatives of various administrative-territorial regions
revealed that:

- the finger dermatoglyphics of the northern
administrative-territorial region significantly differs from that
in the country as a whole in terms of 4 indicators of qualitative
characteristics and 1 indicator of asymmetry of the quantitative
trait, and also shows a tendency for differences in 1 indicator
of qualitative trait;

- the finger dermatoglyphics of the southern
administrative-territorial region significantly differs from the
country as a whole in terms of 4 indicators of qualitative and
3 indicators of quantitative characteristics, and also shows
a tendency for differences in 3 indicators of qualitative and 2
indicators of quantitative attributes;

- the finger dermatoglyphics of the central administrative-
territorial region is not significantly different from that of the
country as a whole, and also shows a tendency for
differences in 2 indicators of qualitative characteristics and
1 indicator of asymmetry of a qualitative characteristic;

- finger dermatoglyphics of western administrative-
territorial region significantly different from that in the whole
country by three indicators of quality and 2 indices of
quantitative traits, and shows a tendency difference by 1
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indicator of quality, 1 indicator of quantitative trait, 1 indicator
of the asymmetry of quality features and 1 indicator of the
asymmetry quantity signs;

- finger dermatoglyphics of eastern administrative-
territorial region significantly different from that in the whole
country by 2 qualitative parameters and 1 indicator of
quantitative characteristics and shows trend differences
by 8 indicators of qualitative traits.

Discussion

An analysis of the differences between the indicators of
finger dermatoglyphics among practically healthy men of
Ukraine without administrative-territorial distribution and
representatives of various administrative-territorial regions
revealed 41 (37.96%), and without trends - 20 (18.52%) of
the informative indicators out of 108 analyzed and
demonstrated the best informative ability of quantitative ((11
(47.83%)), and without trends (7 (30.43%)), indexes of finger
dermatoglyphics compare to qualitative ((30 (35.29%) and
without trends - (13 (15.29%)) indicators.

The greatest number of differences in the signs of finger
dermatoglyphics in terms of qualitative and quantitative
indicators were established between men, inhabitants of
Ukraine without division into administrative-territorial regions
and men, residents of the southern ((12 (11.11%) indicators,
7 (6.48%) of which are reliable)), eastern ((11 (10.19%)
indicators, 3 (2.78%) of which are reliable)) and western ((9
(8.33%) indicators, 5 (4.63%) of which are reliable)) regions
of the country. Among the regions that show differences from
the general picture of the country, the northern region is least
diverse, its rates significantly differed almost at the level of
error and amounted to 5.56%. At the same time, the indicators
of finger dermatoglyphics of men in the central region do not
significantly differ from such indicators in Ukraine (Fig. 1).

Thus, the core of the general phenotypological picture of
the finger dermatoglyphics of the male population of Ukraine
makes the central region. The expressed peculiarity of finger
dermatoglyphics of Ukrainian men in the central region is
confirmed by their differences from the southern, eastern
and western regions, which is covered in our previous study
[18]. The localization of the nucleus of peculiar values within
the range of the ethnic group, and not at its borders, indicates
that not the migration processes, but the peculiarities of
their own self-development, form the basic genetic
landscape of its gene pool [4]. The results obtained by us
are confirmed by the data of the study of the distribution of
Ukrainian surnames taking into account the administrative
and geographical zoning of the territory of Ukraine according
to the index of random isonomy (the frequency of marriages
between individuals having the same surname) and
calculated on its basis the indicator of random inbreeding
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3ATAJIbHA ®EHOTUMONOIYHA KAPTUHA NANbLEEBOI EPMATOMI®IKA YONOBIKIB YKPATHU: BHECOK OKPEMUX

PErIOHIB

FyHac B.l., Miwanoe B.[]., CepebpeHHikosa O.A., Knimac J1.A.

CmaHoerneHHs pegioHanbHUX 2eHOQOHOI8 | BHECOK KOXHO20 3 HUX Y (hOpMy8aHHS HapoOOHaceieHHs1 YKpaiHu 3anuwaembCs akmyasbHO
memMoro cb0200eHHs. Mema docridxeHHsT - OUiHUMU 8HECOK KOXHO20 3 5 mepumopianbHo-adMiHicmpamueHUX peeioHie YkpaiHu Ao
3aearbHoOI (heHOMuUron02i4HoI KapmuHu nanbyesoi depmamoanichiku 4or108i4020 HacesneHHs1 YkpaiHu. 3a memodukoro H. Cummins i
Ch. Midlo nposedeHo depmamoenichiuHe docnidxeHHs 400 npakmuyHO 300pO8UX YOro8iKie i3 5 aOMiHicmpamueHO-mepumopianbHUX
pezioHie YkpaiHu. Cmamucmu4yHa obpobka ompumaHux pe3yrbmamie rnposedeHa 8 rnakemi "Statistica 6.1" 3 sukopucmaHHsIM
Henapamempu4yHux mMemodie. BcmaHo8neHo, Wo Mix npakmuyHo 30oposumu 4osiogikamu YkpaiHu 6e3 adMiHicmpamugHo-
mepumopianbHo2o po3nodiny ma npedcmasHukamMu pi3HUX adMiHicmpamueHo-mepumopianbHux peezioHie suseneHo 37,96 %
docmosipHux, abo meHOeHUil 8idmiHHOCMeUl iHghopMay,itiHO 30amHUX NMokKa3HUKie nanbyesoi 0epmamoeniciku 3i 108 npoaHanisoeaHux
roka3sHukie. [JoeedeHo kpawly iHgpopmauitiHy 30amHicmp KinbkKicHUX (47,83 %) nokasHukie nanbyeeoi depmamoanichiku rMopieHSHO 3
akicHumu (35,29 %) nokasHukamu. Halbinbwy Kinbkicmb 8iOMiHHOCMeEU 03HaK nasnbyesoi depmamoarichiku 8CmMmaHOBIEHO MiX
yonosikamu 6e3 nodiny Ha admiHicmpamueHO-mepumopiarnbHi peegioHu i Yonosikamu, mewkaHusmu niedeHHozo (11,11 %), cxidHoeo
(10,19 %) ma 3axidHozo (8,33 %) pezioHie YkpaiHu. MeHwy kinbkicms 8idMiHHOCMel 8i0 3az2arnbHOI KapmUHU M0 KpaiHi 8CmaHo8/1eHo
Y HorosiKig rigHiHHO20 peeioHy, lioeo MoKasHUKU OOCMO8IPHO 8iOPI3HAUCK MPaKkmMUYHO Ha pieHi noxubku i cmaHosunu 5,56%. lNokasHuKku
nanbyeeoi 0epmamoeanichiku 4orosikie ueHmpanbHoO20 pezioHy 83azasni 0CmMo8ipHO He 8iOPI3HAOMBCS 80 MaKuX roKa3HUKIg 3a2anom
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o Ykpaixi. Takum 4uHoM, OOMIHYOHOK CK1ado8or 8 3azalibHili heHomurnoo2ivyHiti KapmuHi nanbyesoi depmamoarihiku 4or108i4020
HacerneHHs YKpaiHu € maka ueHmparnbHO20 PeeioHy, NMoKa3HUKU sIKoeo G0CMOBIPHO He 8iOPI3HANUCS 8i0 3a2aribHUX M0 KpaiHi, @ makox,
8 dew0 MeHwil mipi, - depmamoanichika nieHiyHo20 pezioHy. OmpumaHi pe3dyrnbmamu eKa3yromb Ha me, W0 OCHOBHUU 2eHemu4HuUl
naHOwagm 2eHogoHAy YKpaiHu, 3a daHuMu narnbuyesoi depmamoanichiku, ¢hopmMyromb yeHmpasnbHUl ma nieHiYHUl pe2ioHu KpaiHu.

KnrouyoBi cnosa: nansyesa depmamoernichika, 4onosiku, aBmMiHicmpamueHO-mepumopianbHi pe2ioHu YKpaiHu, HECOK OKpeMUX pezioHie.

OBLUAA ®EHOTUMONOMMYECKAS KAPTUHA NANbLEBOW OEPMATOIMU®UKU MYXXUUH YKPAUHbBI: BKNAAQ OTAENBbHbIX
PEMOHOB

Tynac B.N., Muwanoe B.[]., CepebpeHHukosa O.A., Knumac J1.A.

CmaHosrieHue peauoHarnbHbIX 2eHOOHO08 U 8Kad Kax00eo U3 HUX 8 (hopmMuposaHue HapodoHacesieHUs1 YKpauHbl ocmaemcs
akmyarsbHolU memoli ce2o0HsWwHez0 OHS. Llenb uccnedosaHust - oyeHUmb 8krnad kax0oo2o u3 5 meppumopuarnbHO-aOMUHUCMPamMUEHbIX
peauoHo8 YKpauHbl 8 0bWwyo ¢heHOmuUIMono2U4ecKyo KapmuHy nanbyegoli 0epMamoanugbuku MyXCKo2o HacerneHus YkpauHbl. 1o
memoduke H. Cummins u Ch. Midlo nposedeHo depmamoanuguyeckoe uccriedosaHuss 400 npakmuyecku 300p08bIX MYXHYUH U3 5
adMuUHUCmpamueHo-meppumopuarbHbIX pe2uoHo8 YkpauHsbl. Cmamucmuyeckas obpabomka rosy4YeHHbIX pe3yribmamos nposedeHa
8 nakeme "Statistica 6.1" ¢ ucrnionb3o8aHuUeM Hernapamempuyeckux Memodos. YcmaHo8/1eHo, 4Ymo Mmex0y npakmuyecku 300po8biMu
My>XXYuHamu YKpauHb! 6e3 aOMUHUCMpamueHO-meppumopuanbHo2o denleHus u npedcmasumensmu pasuyHbiX adMUuHUCMpPamueHo-
meppumopuasibHbIX pe2uoHo8 obHapyxeHo 37,96% docmosepHblix unu meHoeHyul pasnuyuli UHGopMayuOHHO CrOCOBHbIX
rnokasameneul nanbyesoli depmamoenugpuku u3 108 npoaHanusuposaHHbIX rnokaszameneu. [JokazaHo ny4wyr UHGOPMaUUOHHYIO
crnocobHocmb Konu4yecmeeHHbIx (47,83%) nokasamenel nanbyesol OepmMamoanuguKku o cpasHeHUlo ¢ KadecmeeHHbiMU (35,29%)
rnokazamensm. Haubonbwee Konuyecmeo pasnuyuli Npu3HaKkos nasnabyeeoli 0epmMamoeriuuKu yCmaHo8/IeHo Mex0y MyXdJuHamu b6e3
pa3derneHusi Ha adMUHUCMPamMU8HO-MeppUMOopUarbHble Pe2uoHbl U MyXJUuHamu, xumensamu toxHoao (11,11%), socmoyHozo (10,19%)
u 3anadHozo (8,33%) peauoHos YkpauHbl. MeHbwee konu4yecmeo omuyul om obuwel KapmuHbl 110 CmMpaHe yCMaHOB/IeHO Y MYyXYUH
CesepHoO20 peauoHa, e2o nokasamesnu AOCMOBEPHO omiuyanuch fNpakmuyecku Ha yposHe noepewHocmu u cocmasunu 5,56%.
lMokazamenu nanbyegol depmMamoanupuKu MyX4YUH UeHmpanbHO20 peauoHa 8oobuje G0CMOBEPHO HEe OMIIUYaKMmecsa om Mmakux
rnokazamernet 8 yenom rno YkpauHe. Takum obpa3om, domuHupyrowel cocmasnsowel 8 obwel gheHomunonoaudeckol KapmuHe
nanbyesoli depmamozanu@uKu MyXCKO20 HacefeHuUs YKpauHbl ecmb makasi UeHmpasnbHO20 peauoHa, rnokasamesu Komopozo
A0Cmo8epHoO He omiuYanucb om obwux Mo cmpaHe, a makxe, 8 HECKO/IbKO MeHblwel cmereHu - depmamoanuguka cesepHo20
peauoHa. lNony4eHHble pe3ynbmamsbi yKa3bi8arom Ha mo, Ymo OCHOBHOU 2eHemu4YecKkul naHowaghm eeHoghoHOa YKpauHsbl, Mo 0aHHbIM
nanbyesol Aepmamoenughuku, hopmupyom UeHmparsbHbIl U Ce8epHbIU pe2uOoHbl CMPaHbl.

KnioyeBble cnoBa: nanbuesass depmamoanuguka, Myx4uHbl, adMUHUCMPaMUBHO-mMeppumopuasbHble peauoHbl YKpauHbl, eKnad
omoesibHbIX PeauoHos.

46 ISSN 1818-1295 elSSN 2616-6194 Reports of Morphology



DOI: 10.31393/morphology-journal-2018-24(4)-07

Reports of Morphology, Vol. 24, Ne4, Pages 47-52

ISSN 1818-1295 elSSN 2616-6194

REPORTS OF MORPHOLOGY GG oPeOTOrT

REPORTS OF
MORPHOLOGY

Official Journal of the Scientific Society of Anatomists,
Histologists, Embryologists and Topographic Anatomists

journal homepage: https://morphology-journal.com

of Ukraine

Comparative anatomy of the uterine tube of human and laboratory

white rat females
Podolyuk M.V.

Danylo Halytskyy National Medical University of Lviv, Lviv, Ukraine

ARTICLE INFO
Received: 4 October, 2018
Accepted: 6 November, 2018

UDC:611. 656 - 019

CORRESPONDING AUTHOR
e-mail: lvatseba@gmail.com
Podolyuk M.V.

The world literature has accumulated a considerable amount of data to characterize
the main components of the female genital system, functional relationships between
them, as well as the links between this system and other systems of the organism. The
relevance of the study is also due to the fact that in the structure of female infertility 60-
70% is occupied by a tubo-peritoneal factor. The problems associated with this pathology
have been studied for more than half a century. Until now, information about the
microanatomy of the fallopian tube of a human and, especially, of the female white
laboratory rat is contradictory. The aim of the study was to conduct a comparative
analysis of the structural organization of the uterine tube of a human and female
laboratory white rat. The article and analyzes the data of research conducted on 10
sexually mature white rats in females of reproductive age. The method of preparation
was used, for the study of macroanatomy of the uterine tube of females, and also
standard histological methods (cuts of the wall of the fallopian tube in the thickness of
5-7 microns, stained with hematoxylin and eosin). The external structure of the fallopian
tube of the female rat and man has some differences. Unlike humans, the fallopian tube
of a white laboratory rat has the appearance of a thin and short tubule, spirally twisted
into a compact lump. In the fallopian tube of the female white rat, it is advisable to
distinguish 2 parts: the funnel and the fallopian part. The uterine part connects to the
uterine horn cavity of the uterine opening of the fallopian tube, and the fallopian tube
opens into the cavity of the peritoneum to the surface of the ovary by the abdominal
opening of the fallopian tube. Around the funnel of the fallopian tube, its mucous
membrane is gathered in folds - the fringe of the fallopian tube and the ovarian fringe (in
humans - one ovarian fringe), which are attached to the ovary. The diameter of the
fallopian tube of the female white rat decreases in the direction from the funnel to the
uterine part. In particular, in the area of the funnel, the diameter of the fallopian tube is
0.90+0.10 mm, and the diameter of the fallopian part is 0.70+0.09 mm. The uterine tube
of a laboratory white rat, like a human, has a mesentery of the fallopian tube. Both in
human and in female white rat, the wall of the fallopian tube consists of three layers: the
inner lining is mucous, the middle lining is muscular, the outer lining is serous. It was
established that the female uterine tube of a white rat in its macroscopic structure
differs from the uterine tube of a person. The microscopic structure of human and the
white rat female uterine tube is rather similar and, therefore, may serve as an object of
the experimental modeling of certain pathological conditions of the reproductive system.
Keywords: reproductive system, uterine tube, white rat.

Introduction

The female sexual system is an integral part of a complex
biological system - the body as a whole [11, 21]. In world
literature, a significant amount of data has been
accumulated to characterize the main components of the
female genital system, functional relationships between
them, and the relationships between this system and other

systems of the body [2]. The female reproductive system is
a complex biological phenomenon, through which nature
implements a program of preservation and extension of
the genus. The fallopian tube is considered a sterile organ,
in which the final maturation of the gametes, fertilization
and early development of the embryo occurs [23].

© 2018 National Pirogov Memorial Medical University, Vinnytsya
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One of the most urgent problems of gynecology is
female infertility in the structure of which 60-70% occupies
tube-peritoneal factor. Despite significant advances in
reproductive medicine, the problems of diagnosis and
treatment of tubal peritoneal infertility remain relevant. Acute
and chronic inflammatory diseases of the fallopian tubes,
operative interference on the pelvic organs, infection of the
genital tract, autoimmune, and tumor processes have the
leading place among the factors of the formation of the
tube-peritoneal factor. In addition, there are reports in the
literature that the secretory cells of the uterine mucosa are
the source of ovarian carcinoma [13]. Pathological
processes in the fallopian tube can be the cause of ectopic
pregnancy. Problems associated with this pathology have
been studied for more than half a century [18, 20, 24]. The
evaluation of macro- and microanatomy of the fallopian
tubes remains an important test in the examination of
infertile couples, as well as in the definition of treatment
approaches. Despite the many published scientific papers
on the mechanisms of development of the tubal-peritoneal
factor, numerous etiological factors and clinical aspects
remain open. An analysis of the current trends in the study
of the structure and function of the fallopian tube shows
that the issue of a comprehensive approach to the
morphofunctional justification for assessing the state of a
given organ under conditions of physiological norm and
pathology remains inadequately studied.

The purpose of our study was to conduct a comparative
analysis of the structural organization of the uterine tube of
a human and laboratory white rat.

Materials and methods

The study was performed on 10 sexually mature white
rats of reproductive age (10 females) weighing 180-200 g.
As a research material, wet macroscopic preparations of
human uterine tube from the Fund of the Department of
Normal Anatomy of the Danylo Halytskyy National Medical
University of Lviv were also used. The method of preparation
for the study of macroanatomy of the uterine tube of female
white rats, as well as standard histological methods
(sections of the wall of the fallopian tube in the thickness of
5-7 microns, stained with hematoxylin and eosin) were
used to study the microanatomy of the wall of the uterine
tube of a white rat and a human. Images from the histologic
preparations of the uterine wall on the computer monitor
were taken from a microscope MICROmed SEO SCAN and
with a Vision CCD Camera.

All experimental animals were kept under the vivarium
of the Danylo Halytskyy National Medical University of Lviv.
The research was 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), Council of Europe
Directives 86/609/EEC (1986), Law of Ukraine No. 3447-1V
"On the Protection of Animals from ill-treatment", the general
ethical principles of experiments on animals adopted by

the First National Congress of Ukraine on Bioethics (2001).
Euthanasia of animals was performed by overdose of
intraperitoneal anesthesia using sodium thiopental (at a
rate of 25 mg/kg body weight of the animal).

Results

The fallopian tube of a laboratory white rat, like the
human's fallopian tube, is a paired hollow organ. Located
in the cavity of a small pelvis, almost horizontally, near the
upper edge of a broad ligament of the uterus. The outer
structure of the rats and humans fallopian tube has some
differences. The female tube has a cylindrical shape, 4
parts: the interstitial (pars uterina), which passes through
the wall of the uterus and opens into the uterus cavity as
uterine tube (ostium uterinum tubae uterinae); isthmus of
uterine tube (isthmus tubae uterinae), which is closest to
the uterus; ampulla of uterine tube (ampulla tubae uterinae)
- the largest part of the fallopian tubes; fimbria of fallopian
tubes (infundibulum tubae uterinae) - an enlarged part that
opens as the abdominal hole of the fallopian tube (ostium
abdominale tubae uterinae) into the abdominal cavity and
is surrounded by fimbriae (fimbria tubaria), one of which is
the fimbria ovarica, longer than the other, while its diameter
decreases from the fimbria (2-4 mm) to the uterine part (1
mm).

The fallopian tube of a laboratory white rat has the form
of a thin and short tube, twisted spirally into a compact
glomeruli (Fig. 1A, 1B). In our opinion, it is advisable to
distinguish 3 parts in the uterine tube of rats: fimbria, middle
(spiral) and uterine part. The uterine part is connected to
the uterine horn cavity by the uterine hole of uterine tube
(ostium uterinum tubae uterinae), and the fimbria
(infundibulum tubae uterinae) is opened in the peritoneal
cavity to the ovary surface by the abdominal hole of tube
(ostium abdominale tubae uterinae).

Around the fimbria of the uterine tube, its mucosa is
collected in folds - the fimbriae of the uterine tube and the
ovary fimbriae (in humans, as already mentioned above,
one ovary fimbriae), which are attached to the ovary. In this
case, the diameter of the uterine tube of the white rat also
decreases in the direction from the fimbria to the uterine
part. In particular, in the area of the fimbria, the diameter of
the uterine tube is 0.90+0.10 mm, and the diameter of the
uterine part is 0.70+0.09 mm. The fallopian tube, in
laboratory white rat, like in human, has mesosalpinx. As in
human, uterus tube wall in rats consists of three layers:
the inner - mucosa, the middle - subserosa, and the outer
membrane - serosa (Fig. 2).

The mucosa of the fallopian tubes of white rat forms
branched longitudinal and transverse folds that thicken
towards the abdomen part of the fallopian tube. The mucosa
is covered by a simple columnar epithelium consisting of
ciliated cells and peg cells. The epithelium is located on a
thin basal membrane, under which lies amina propria,
formed by a loose connective tissue. The muscular plate
of the mucous membrane and the submucosal base in
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Fig. 1. A - Uterine tube of white rat in norm. Photomacrograph. 1 - uterine tube, 2 - ovary, 3 - uterine horn; B - Uterine tube of white rat
in norm. Photomacrograph (binocular enlargement). 1 - uterine tube, 2 - ovary, 3 - uterine horn.

Fig. 2. Uterine tube wall of white rat in norm. Hematoxylin-eosin.
Photomicrograph. x400. 1 - serosa, 2 - subserosa, 3 - mucosa, 4
- fallopian tube lumen.

the uterine tube are absent, so the connective tissue of the
own plate directly passes into the muscle skeleton. It
should be noted that the mucous membrane of the uterine
tube along with the endometrium undergoes cyclic changes
during the menstrual cycle, during pregnancy, and during
puberty. In addition, the mucosa of the uterine tube does
not contain glands, and this function is performed by the
peg cells, functioning of which is regulated by the endocrine
system. In laboratory white rats, subserosa consists of an
internal circular and outer longitudinal layers, which passes
into the myometrium of the uterine horn. Due to the peristaltic
contraction of smooth myocytes and the movement of cilia,
the egg cell moves along the fallopian tube towards the
uterus. In humans, subserosa also consists of the inner
circular and outer longitudinal layers. Externally, the uterine
tube is covered with a serosa.

Discussion

The blood supply to the fallopian tubes is carried out
from two sources: tubal branches of ovarian artery and
tubal branch of uterine artery. Venous blood from the uterine
tube flows out on the veins of the same name. Lymphatic
vessels of the tube enter the lumbar lymph nodes. However,
in literary sources, there are data on the autonomic blood
supply ampulla and isthmus of the uterine tube [3, 12]. In
the literature on the structure of the human uterine tube,
there are data that in the ampule and the fimbria of the
uterine tube on the longitudinal folds of the mucosa there
are secondary, which, in turn, may appear tertiary folds [1,
14]. However, in the mucosa of the white rats uterine tube
we did not detect of secondary and tertiary folds. The role of
cilia is most pronounced in the ampulla of the uterine tube,
where the thickness of the subserosa is up to five times
smaller than the isthmus [6, 13]. According to many authors,
the contraction of the subserosa help to captures the egg
by fimbriae [2, 4, 19]. Other authors believe that the frequency
of cilia movement influences the speed of movement of
the egg and the embryo [8, 16, 22]. In addition, we have
investigated that the number of epithelial cells of the
mucosa of the uterine tube (secretory, basal, ciliated) is
not the same throughout the length of the uterine tube of
both human and white rats. The largest number of cilia in
the fimbriae and ampulla gradually decreases in the
direction of the uterus, and the secretory cells are the
smallest in the fimbriae and ampulla, and most in the
uterine part, which is consistent with the literature [2, 25].
As for the structure of the subserosa, there are also several
thoughts. Some authors believe that there are outer
longitudinal and inner circular smooth muscle coats [5],
while others - distinguish three layers: the weakly developed
outer longitudinal layer, the middle - circular, and internal
longitudinal, which is particularly well developed in the
uterine part of the tube [16, 17]. In addition, there are data
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that in the area of the isthmus of the fallopian tube, the
subserosa has an additional inner longitudinal layer in
which smooth myocytes are located obliquely spirally [1,
7]. There is no clear boundary between the longitudinal
and circular layers. Thus, the muscular stratum is less
pronounced in the fimbria of the uterine tube than in the
isthmus, in which the inner layers of smooth myocytes have
the greatest development and form the muscle of the uterine
tube [9, 15].

The serosa of the fallopian tubes, both human and white
rat, consists of six layers: mesothelium, basement
membrane, surface fibrous collagen layer, surface elastic
mesh, deep elastic mesh, lattice collagen layer. It is
precisely this structure that allows one body parts to
lengthen, while others reduce and this allows the lumen of
the uterine tube to increase, without simultaneously
increasing its length. The results of our histological studies
of the fallopian tubes of white rats allowed us to establish
the following patterns: on the outside, the uterine tube is
covered with a thin serosa, consisting of a single layer of
mesothelial cells lying on a thin connective tissue basement
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MOPIBHANBHA AHATOMIA MATKOBOI TPYBW NIOOAUHU TA CAMKWU TABOPATOPHOIO BIIOIO LLYPA

Modontok M.B.

Y ceimositi nimepamypi Hakonu4eHo 3Ha4yHul obcsie daHux Onsi XxapaKmepucmuKU OCHOBHUX KOMITOHEHMI8 XiHOYoI cmameegoi cucmemu,
byHKUIOHaNbHUX 83aEMO38'A3Ki8 MiXK HUMU, @ MaKoX 38'A3Ki8 MK Ui€to CUCMEeMOor0 ma iHWUMU cucmeMamu opaaHiamy. AKkmyarnbHiCmb
docnidxeHHs 3yMos/ieHa makoxX mum, wo 8 cmpykmypi xiHodoeo 6e3nnidds 60-70% 3alimae mpybHO-nepumoHeanbHUll ¢ghakmop.
lMpobnemu, noes'asaHi 3 ujieto namornozieto, gus4yaroms noHad niecmonimms. Ha cb0200HiWHilt deHb OaHi Npo MiKkpoaHamomito Mamxkoeoi
mpy6bu moduHU, a, muMm nadye, camku b6inoeo wypa € cynepednusumu. Memoto docnidxeHHs1 6yrno nposecmu ropieHANbHUU aHari3
cmpyKmypHoi opeaHisauii Mamkogol mpybu noduHu i camku nabopamopHozo 6inozo wypa. JocnidxeHHss nposodunu Ha 10
cmameego3pinux binux wypax caMmkax pernpodyKmueHoz20 8iky. 3acmocosaHo Memod rpenapysaHHs (0515 00CiOKeHHS MakpoaHamomil
Mamkoegoi mpybu camku 6irnozo wypa) ma cmaHOapmHi 2icmornoeaidHi Memodu (3pi3u CMiHKU Mamkogoi mpybu moswuHoK 5-7 MKM,
3abaperieHi eemamoKcuniHoM ma eo3uHoM). 308HiWwHs 6ydosa Mamkosoi mpybu camku wypa i noduHu mae Oesiki 8idmiHHocmi. Ha
8i0MiHy 8i0 nmoduHu, mamkosa mpyba nabopamopHozo biro2o wypa mae 8u2rsid MOHKOI i KOpomKoi mpyboYKU, CKpY4YeHOI criiparbHO
y KoMnakmdul Kry6o4oK. Y mamkositi mpy6i camku 6inoeo wjypa O00UinbHO po3pi3HAmMuU 2 YacmuHu: filKy i Mamkogy 4YacmuHy.
Mamkosa YacmuHa 3'€0HyembCsi 3 MOPOXHUHOK pPO2y Mamku MamkKosuM OmeopoM Mamkoeoi mpybu, a nilika Mamkosoi mpybu
8i0KpUBaEMbLCS 8 MOPOXHUHY 04YepesUHU OO0 MOBEPXHI IEYHUKa YepesHUM OmeopoM Mamkosoi mpybu. Haekomno niliku mamkogor
mpyb6u ii cnusoea 060s10HKa 3ibpaHa 8 CKnadKu - MOPOYKU Mamkosoi mpybu ma sie4HUKO8i mopoyku (y moOuUHU - 00Ha S€4YHUKO8a
mopoyka), AKi Kpinnsmbscsi 0o sieqHuka. [pu ybomy diamemp mamkogoi mpybu camku 6irno20 wypa 3MeHWYyemMbCS 8 HanpsMKy 6io
nitiku 0o mamkogoi yacmuHu. 3okpema, 8 OinaHui nitiku Giamemp mamkogoi mpybu cmaHosums 0,90+0,10 mm, a diamemp Mamkogoi
yacmuHu - 0,70+0,09 mm. Mamkoea mpyba nabopamopHoeo 6inozo wypa, 5K i moduHu, mae bpuxxy Mamkogoi mpybu. 5K y noduHU, mak
i 8 camKku 6inoeo wypa cmiHka Mamkogoi mpybu cknadaembcsi 3 MpbOX wWapie: 8HympiluHs 060/I0HKa - cnusosa, cepedHsi 060s/10HKa
- M'A308a, 308HIWHS1 060MIOHKa - cepo3Ha. Takum YUHOM, Mamkoga mpyba camku b6iroeo ujypa 3a C80€H MaKpOCKoMiYHow 6yd08oto
8i0pi3HsembCs 8i0 Mamkogoi mpybu nmoduHu. MikpockoniyHa 6ydoea mamkogoi mpybu ntoduHu i camku binozo wypa docums nodibHi,
wo 00380719€ 8UKOPUCMO8Yy8amu ii 5k 06'eKm npu ekcriepuMeHmarnsHOMy MOOEsTF08aHHI Me8HUX NamosiogiqHUX cmaHxie pernpodyKmueHOl
cucmemu.

KniouoBi cnoBa: perpodykmueHa cucmema, Mamkosa mpyba, 6inut wyp.

CPABHUTENBbHAA AHATOMUSI MATOYHOW TPYEbI YENOBEKA U CAMKU NNABEOPATOPHOW BEJNTOW KPbIChI

Modonrok M.B.

B mupoeoli numepamype HakoreH 3Ha4yumerbHbll 06bem 0aHHbIX O XapakmepucmUuKU OCHOB8HbIX KOMITOHEHMO8 XeHCKoU 1010800
cucmembl, hyHKUUOHalbHbIX 83aumoces3del Mex0y HUMU, a makxe cessel mexdy amol cucmemol u OpyaumMu cucmemamu
opaaHu3ma. AkmyarnbHocmb uccriedogaHusi obycrioerieHa mem, 4mo 8 cmpykmype xeHckoeo becrnodusi 60-70% 3aHumaem mpy6Ho-
rnepumoHearnbHbil ¢hakmop. [Npobnemsl, ces3aHHbie ¢ amoul namosozuel, udydatrom 6onee nonyseka. [o cux nop ceedeHusi o
MUKpoaHamomuu mamoyHolu mpybbl yenoseka u, mem bonee, camku nabopamopHo2o 6esnol Kpbicbl Mpomusopeyussi. Lernbio
uccriedosaHusi 6bIno Mposecmu cpasHUMEsbHbIU aHanu3 cmpykmypHol opeaaHu3ayuu mMamoyHol mpy6bl Yernogeka U caMmKu
nabopamopHol 6enoli Kpbickl. B cmambe npusedeHbl U npoaHauuposaHbl 0aHHbIe ucciedosaHusi, kKomopble npogodunu Ha 10
rosoeo3pernbix besnbix Kpbicax-camkax pernpodykmueHo2o eo3pacma. [ns uccriedosaHusi MakpoaHamomuu MamoyHolU mpybbl camku
6er1oli KpbIChI MpuMeHUnuU Memod rfpenapuposaHuss, a makxe cmaHOapmHble 2ucmosioaudeckue Memoobl (Cpe3bl CMeHKU MamoyHou
mpy6bl MoOAWUHOU 5-7 MKM, OKpalweHHble 2eMamoKCUIUHOM U 303UHOM). BHewHee cmpoeHue mamoyHol mpybbl caMKu KpbICbl U
yesiogeka uMeem Hekomopble omnauyusi. B omnuyue om venoeeka, mamoyHasi mpyba nabopamopHou 6esnol Kpbicbl umeem 8uod
MOHKOU U KopomkoU mpyb0YKU, CKpyYeHHOU crupaiibHO 8 KOMMakmHbil Kiybodyek. B mamoyHol mpybe camku 6e5ol KpbiCbl
yesrecoobpasHo pasnnuyame 2 4acmu: 80POHKY U Mamoy4Hyto Yyacmb. MamoyHas yacmb coeduHsiemcs ¢ MofoCmbio po2a Mamku
MamoYHbIM omeepcmueM MamoyHol mpybbl, a 80POHKa Mamo4YyHOU mpybbl OmKpbieaemcsi 8 nosocmp OPHOWUHBI K M08EPXHOCMU
SAAUYHUKa 6prOWHbBIM omeepcmueM Mamo4yHol mpy6bbl. Bokpye 80poHKU MamoyHou mpyb6bi ee criuducmasi 0bos1o4ka cobpaHa 8 cknaoku
- baxpomku MamoyHoU mpybbl U SUYHUKOBbIE baxpoMKu (y Yernoseka - 00Ha siudHUKo8asi baxpoMka), Komopble Kpernsamcs K UYHUKY.
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lMpu amom duamemp mamoyHol mpybbl camMKku 6erioll KpbICbl yMeHbWaemcs 8 Harnpas/ieHuUu om 80POHKU K Mamoy4Hol Yacmu. B
yacmHocmu, 8 obracmu 80poHKU Guamemp MamoyHou mpybbi cocmasnsem 0,90+0,10 mm, a duamemp mMamoyHol Yacmu - 0,70+
0,09 mm. MamouyHasi mpyb6a nabopamopHou 6es10l KpbiChl, KaK U Yeriogeka, umeem bpbixelKy Mamoy4Hol mpy6bbl. Kak y yernoseka, mak
U y camku 6esoli KpbiCbl CmeHKa mMamoyHou mpybbl cocrmoum u3 mpex croee: 8HympeHHsis 060s104Ka - crusucmas, cpeoHss
oborioyka - Mblue4YHasl, 8HewWHsss 0bonoyka - cepo3Has. Takum obpasom, mamoyHass mpyba camku 6esol KpbIChbl 10 ceoemMy
MaKpOCKOMUYECKOMY CMPOEHUI0 omu4aemcs om mamoy4Hol mpybbl Yenoseka. Mukpockonuyeckoe cmpoeHue MamoyHou mpy6bi
yesiogeka U camku 6enoli KpbiCbl ocmamoYHO MOXO0XU, Ymo 10380/1iem UCMO0/b308amb ee KaKk 00bekm rpu 3KcrepumMeHmarasHOM
modenuposaHuU onpedesieHHbIX Mamoo2u4deckux cocmosiHUll pernpodyKmusHOU cucmemsil.

KnroueBble cnoBa: pernpodykmugHasi cucmema, MamoyHasi mpyba, benasi Kpbica.
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Deep, large area of thermal trauma of the skin leads to significant morphofunctional
changes in organs in the composition of the burned organism. However, condition of
the central organ of the male reproductive system - testicle after burns and, especially,
in the treatment of thermally damaged areas of the skin remain poorly understood.
The purpose of this study was to establish an ultrastructural re-organization of testis
germinal epithelium cells in the stages of toxemia and septicotoxemia following an
experimental thermal trauma when using xenograft skin substrate. The studies were
carried out on 35 sexually mature white male rats, which were divided into three
groups: 1 - intact animals (5 rats), 2 - animals with burn injury (15 rats), 3 - animals
with burn injury, for which were used xenograft skin substrate (15 rats). The burn was
applied under ketamine anesthesia with copper plates, heated in boiling water, on 18-
20% shaved body surface of animals. Early necrectomy of the damaged areas of skin
was carried out 1 day after the thermal burn. The formed wounds were covered with
cryo-lyophilized xenograft skin substrate. Experimental animals were decapitated at
7, 14 and 21 days of the experiment (early, late toxemia and septicotoxemia). The
material sampling for electron microscopy was carried out in accordance with a
generally accepted methodology. It is established that in the stage of early toxemia (7
days of experiment) there are adaptive-compensatory changes and signs of destruction
of spermatogenic cells of testis. In the stages of late toxemia and septicotoxemia (14
and 21 days of the trial), significant destructive changes occur in all components of
the seminiferous tubules of the organ. Electron microscopically found that the closure
of the burn wound after the early necrectomy of cryo-lyophilized xenograft skin
substrate in severe experimental burn injury in the early stages of the experiment
significantly reduces the damage of testis germinal epithelium of experimental animals
and activates regenerative processes. This contributes to a significant improvement
in the ultrastructure of the components of the convoluted tubules of the organ in the
late stages of the experiment.

Keywords: festicle, electron microscopic changes, experimental thermal trauma,
cryo-lyophilized xenograft skin substrate.

Introduction

An urgent medical problem is the establishment of a
reorganization of organs of the reproductive system under
the influence of external factors that are toxic in nature [18].
It is known that severe thermal trauma of the skin causes
significant morphofunctional changes in the systems and
organs of the organism, including the reproductive system
[3, 5, 13]. The analysis of scientific literature has shown
that still remain poorly understood condition of testis (the
central organ of the male reproductive system) after burns

of body.

According to modern ideas, one of the immediate
causes of significant morphofunctional changes in organs
and tissues in burns is exo- and endogenous intoxication
[1, 14]. The products of decay of tissues, specific and
nonspecific toxins are a trigger mechanism for burn
infections, and, subsequently, the development of
septicotoxemia [8, 9]. Therefore, from the theoretical and
practical point of view, it is important to conduct studies to

© 2018 National Pirogov Memorial Medical University, Vinnytsya
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study the changes of the testis germinal epithelium, the
course of compensatory adjustment and regenerative
processes in them at the closure of the burn wound after the
early necrectomy of the affected skin sections with crushed
cryo-lyophilized xenograft skin substrate [2, 10, 11].

The purpose of this work was to establish an
ultrastructural reorganization of testis germinal epithelium
cells in the stages of toxemia and septicotoxemia after an
experimental thermal trauma when using xenograft skin
substrate.

Materials and methods

Experiments were conducted on 35 sexually mature
white male rats divided into three groups: 1 - intact animals
(5 individuals), 2 - animals with burn injury (15 individuals),
3 - animals with burn injury, which were used as xenograft
skin substrate (15 individuals). The burn was applied under
ketamine anesthesia with copper plates heated in boiling
water on 18-20% shaved body surface of animals. Early
necrectomy of damaged areas of skin was carried out 1 day
after the thermal burn. The formed wounds were covered
with cryo-lyophilized xenograft skin substrate.

In conducting research, the international rules and
principles of the "European Convention for the Protection of
Vertebrate Animals used for Experiments and for Other
Scientific Purposes" (Strasbourg, 1986) and "General Ethical
Principles of Animal Experiments" (Kyiv, 2001) and the Law
of Ukraine No. 3447 "On the Protection of Animals from Cruel
Treatment - 2006" were followed. Histological examination
of the skin testified to the development of the burn of the third
degree.

Experimental animals were decapitated at 7, 14 and 21
days of the experiment, which met the terms of early, late
toxemia and septicotoxemia. The material sampling for
electron microscopic studies was carried out in accordance
with the generally accepted method [16]. The small pieces
of testis germinal epithelium were fixed in 2.5%
glutaraldehyde solution with an active medium pH of 7.2-7.4
prepared on phosphate buffer. The postfixation of the
material was carried out with a 1% solution of osmium
tetrachloride, after which it was dehydrated in propylene oxide
and poured into a mixture of epoxy resins with araldite. Ultra-
thin sections made on ultramicrotome LKB-3 (Sweden) were
contrasted with 1% aqueous uranyl acetate solution and
lead citrate by Reynolds method and studied by electron
microscope PEM-125K.

Results

Electron microscopic studies on day 7 after a thermal
trauma found that the walls of the seminiferous tubules
appear thickened due to the swelling of the fibrous layer and
the sites of contraction of the myoid cells. In sustentacular
cells there is enlightenment of the cytoplasm, hypertrophy of
the mitochondria, damage to the integrity of the crist?. Part of
the nuclei have uneven contours of the nuclear membrane,
increased nuclear pore. Germinal epithelium cells are

altered, spermatogonia is present with signs of mitosis, but
less than in the testicles of the intact group of animals.
Spermatocytes are not densely located due to enhanced
intercellular spaces, in their cytoplasm vacuole-like structures
are available in different sizes (Fig. 1).

Part of spermatocytes with elevated osmiophilic of
karyoplasm and cytoplasm, deformed nuclei. In spermatids
and spermatozoa, poorly contoured acrosome, high electron
density of nuclei and damage to nuclear membrane (Fig. 2).

At 14 and especially 21 days after thermal trauma in the
structural components of seminiferous tubules there is an
increase in ultrastructural changes. There are
heterogeneous changes in the myoid cells. In addition to
cells with electronically bright, edematous cytoplasm, cells
with osmophilic cytoplasm and picnotically altered nuclei
are detected. Organelles in them are destructively altered.

Submicroscopically, in the late stages of the trial, a
significant destruction is found in sustentacular cells.
Incorrect form of their nuclei includes osmiophilic

.-1."_.3_\‘.&?.::.;’-,‘#-—‘ T‘v..'__\_ ”
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Fig. 1. Ultrastructural changes of the animal's seminiferous tubules
on 7 day after a thermal trauma. Wall of tubules (1), Sertoli cell (2),
primary spermatocyte (3)
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Fig. 2. Submicroscopic state of the spermatogenic cells of the
testicle of the animal for 7 days after a thermal trauma. Primary

spermatocyte (1), spermatids (2). x13000.
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karyoplasm. In the cytoplasm of elevated electron density,
organelles were poorly contoured, vacuole-like structures
were present (Fig. 3).

In the spermatogenic cells, there were cells with signs
of myotic division. In the part of spermatids and spermatozoa,
poorly contoured acrosome, high electron density of nuclei
and damage to nuclear membrane. A part of the cells was
with increased osmiophilic of karyoplasm and cytoplasm,
deformed nuclei. Expanded intercellular spaces,
spermatocytes are not densely located, vacuole-shaped
structures of varying sizes are available in their cytoplasm.
Such a condition of the germinal epithelium characterizes
significant violations of spermatogenesis.

Electron microscopic examination of the testicles of
animals after 7 days of burning under the use of xenograft
skin substrate revealed an improvement in their
ultrastructure. Available spermatogonia with signs of mitosis,
primary and secondary spermatocytes include round
nucleus having euchromatin and small breasts of
heterochromatin in the structure of the karyoplasm, and partly
damaged organelles in the cytoplasm (Fig. 4). Spermates
and spermatozoa are also less altered than in the group of
animals with burns.

Sub-microscopic studies in the late terms of the
experiment found that, especially at 21 day, there was a
significant improvement in the state of the structural
components of seminiferous tubules. The bodies of
supporting cells are clearly contoured, they have a large
cone-shaped body with sprouts located on the base of the
basement membrane. A significant area of the cytoplasm of
Sertoli cell includes the granulosa endoplasmic reticulum
tubule and small vesicles of rough endoplasmic reticulum.
Small mitochondria have a long or round shape depending
on the plane of the cross-section. In the average electron
density of the matrix and little crist?. Available dictyosomes
of the Golgi complex, lysosomes, mainly primary, lipid
inclusion, bubbles and vacuoles, mainly in adlucent
compartment. Plasmalemma of sustentacular cells is in
contact with the germinal epithelium.

In the germinal epithelium there are cells with signs of
mitotic division. Primary spermatocytes have a large area of
the cytoplasm that is electronically light, including many free
ribosomes and small unevenly located mitochondria. In the
nucleus of the cells, there are meiosis figures, varying
degrees of regions of the condensed chromosomes are
detected and, in particular, they are thickened in the stage of
pachytene and diakinesis.

Secondary spermatocytes are smaller in size, include
round eucharomatic nuclei, a small area of the cytoplasm
and localized closer to the lumen of the seminiferous
tubules. In spermatids and spermatozoa, the acrosome is
well contoured, a high electron density of nuclei is present,
and the mitochondrial vagina is formed (Fig. 5).

This condition of the germinal epithelium characterizes
its normalization and the restoration of the phase nature of
spermatogenesis.

Fig. 3. Ultrastructural changes in the animal's seminiferous tubules
on the 21st day after a thermal trauma. Wall of tubules (1), Sertoli
cell (2), primary spermatocyte (3). x7000.
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Fig. 4. Ultrastructural state of the seminiferous tubules of the
animal for 7 days after the thermal trauma with the use of cryo-
lyophilized xenograft skin substrate. Wall of tubules (1), Sertoli cell

(2), primary spermatocyte (3). x12000.

Fig. 5. Submicroscopic state of the spermatogenic cells of the
seminiferous tubules animal for 21 days after the thermal injury of
the animal with the use of cryo-lyophilized xenograft skin substrate.
The nucleus (1) and the cytoplasm (2) of spermatids. x9000.
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Discussion

The morphological state of the structural components
of the testicles and their reproductive function greatly depend
on the effect of the damaging factors [17]. Specific and non-
specific toxins resulting from the decomposition of skin
tissues after severe thermal trauma cause significant
changes in the germinal epithelium ultrastructure and, in
particular, in the stages of early and late toxemia. In the
seminiferous tubules, the submicroscopic organization of
Sertoli cells is affected, which affects the process of the
formation of germ cells. Their destructive changes after a
thermal trauma are established in all phases of
spermatogenesis in the testes of the experimental group.

Significant changes in the area of burn of the skin and
internal organs in the body systems are established in many
studies [6, 12, 15, 19]. Therefore, it was advisable to conduct
early necrectomy of wound-affected areas of the skin and
use of cryo-lyophilized xenograft skin substrate on wounds.
The electron microscopically positive effect of this xenograft
skin substrate on the ultrastructure of all components of the
testis germinal epithelium and, especially, in the late
experiment (21 days) was proved.

The reduction of histological changes in the use of such
a factor after skin burns in the experiment is established in
studies of the structure of the myocardium, lungs, kidneys,
liver and other internal organs of the experimental animals
[10, 11].

Thus, severe, large-scale thermal lesions of the skin
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ENEKTPOHHO-MIKPOCKOMIYHI 3MIHWU CNEPMATOIMEHHOIO ENITENIO A€YOK NICNA EKCMNEPUMEHTANbHOI TEPMIYHOI
TPABMU NPU 3ACTOCYBAHHI CYECTPATA KPIONIO®IN1I30BAHOI KCEHOLUKIPU

Bosnikoe K.C., Myxa C.I1O.

nuboka, eenuka 3a niowero mepmiyHa mpasma WKipu npu3eooums A0 3HaYHUX MOPGHOGYHKUIOHaNbLHUX 3MiH opaaHie 8 cKrnadi
cucmem obrieyeHo20 opaaHismy. [Tpome, Manogu8YeHUM 3anuwaembCs rpuU ofikax yeHmpasbHuli opaaH 4o5108i40i cmameegoi cucmemu
- A€4YKo i, 0cobnueo, npu niKyeaHHi MepPMiYHO MOWKOOXeHuUX OinsAHOK wkKipu. Memor ybo2o docnidxeHHs1 6yno ecmaHO8/EeHHS
yrbmpacmpyKmypHOI peopaaHi3auii KnimuH crepmamoz2eHHOo20 enimenito Se4oK 8 cmadisix moKceMii ma cenmukomokcemii nicrns
ekcrniepumMeHmarbHOI mepMiyHOI mpaemu rpu 3acmocyeaHHi cybcmpama kceHowkipu. [JocnidxeHHsi npoeedeHi Ha 35 cmameegospinux
6inux wypax-camuysix, siki 6ynu po3anodineHi Ha mpu epynu: 1 - iHmakmHi meapuHu (5 ocobuH), 2 - meapuHu 3 onikogoo mpasmoro (15
0cobuH), 3 - meapuHu 3 Or1ikogo mpasMoro, SKUM 3acmocosysariu cybcmpam kceHowkipu (15 ocobuH). Onik HaHocunu nid kemamiHo8UM
HapKoO30M MIOHUMU riacmuHamu, Hagpimumu y Kurnsayit eodi, Ha 18-20% eninbo8aHoi Mo8epxHi mina meapuH. PaHHIO HeKpekmomio
nowkooxeHuUx OiNAHOK wKipu rpoeodunu 4Yyepe3d 1 006y nicriss HAHECEHHS1 mMepMidHO20 oniKy. PaHu, sKi ymeopunucb, rnokpusanu
KpionioghinizogaHuMm KceHodepmarnbHUM cybcmpamom. 1iddocniOHux meapuH dekanimysanu Ha 7, 14 ma 21 dobu ekcriepumeHmy, w0
8i0no8i0OHO memiHaMm paHHbLOI, Mi3HLOI MOKceMii ma cenmukomokcemii. 3abip Mmamepiana Orst eNIeKMPOHHO-MIKPOCKOMIYHUX O0CNIOXKeHb
nposodunu 32i0HO i3 3az2anbHONPUlHAMOK Memodukorw. BecmaHosneHo, wo 8 cmadii paHHbOI mokcemii (7 doba docnidy) HasieHi
rpucmocyeasbHO-KOMMEeHCamopHi 3MiHU ma O3Haku OecmpyKuii KnimuH criepmamoegeHHo20 ernimenito 5€4oK. Y cmadisix ni3Hboi
mokcemii ma cenmukomokcemii (14 i 21 dobu docnidy) 8idbysarombcsi 3Ha4YHi OeCmMpPyKMUBHI 3MIHU 8CiX KOMMOHEeHMI8 38usucmux
KaHarnbyie opaaHy. EnekmpoHHO-MIKPOCKOMIYHO 6CmaHOoe8IeHo, WO 3aKpummsi OriKkogoi paHuU Micsisi NPo8eOeHHs paHHbOI HeKpeKmomil
cybcmpamom KpioniogbinizogaHoi KCEHOWKIpU 3a yMO8 MSIKKOI eKcriepuMeHmaribHOI Orikogoi mpasmu exe 8 paHHi mepmiHu docridy
Cymmeso 3MeHWYeE MOWKOOXKEHHS CriepMamo2eHH020 ernimertito S€40K nid0oCTiOHUX meapuH i akmueidye pe2eHepamopHi npoyecu.
Lle crnipusie cymmegomy MoKpauw,eHHo yribmpacmpyKmypu KOMIOHEHMI8 38U8UCMUX KaHarblie op2aHy 8 Mi3Hi mepMiHU ekcriepumMeHmy.
KnioyoBi cnoBa: se4ko, ennekKmpOoHHO-MIKPOCKOMIYHI 3MiHU, eKcriepuMeHmarnbHa mepmiyHa mpasma, cybecmpam KpiomnioginizoeaHa
KceHouwkipa.

SNEKTPOHHO-MWKPOCKONMUYECKUE U3MEHEHWA CMEPMATOMEHHOIO INMUTENUA ANYEK NOCNE
3KCMEPUMEHTAIIbHOW TEPMUYECKOW TPABMbI MPU MPUMEHEHWUW CYECTPATA KPUONTMO®UITM3UPOBAHHOM
KCEHOKOXU

Bonkoe K.C., Myxa C.1O.

ny6okasi, 6onbwas no nnowadu mepmuyeckass mpasma Koxu rnpueooum K 3HaqumeribHbiM MOPGOQyHKUUOHAMbHBIM U3MEHEHUSIM
opeaaHoe 8 cocmase cucmeM 0b60XXKeHHO20 op2aHu3mMa. Ho manousyyeHHsIM pu 0xoz2ax ocmaemcsi UeHmparbHbIl op2aH MyXCcKou
ronoeol cucmemsl - AUYKO U, OCOBEHHO, MpuU JIe4eHUU MepMUYECKU Mo8pex0eHHbIX y4acmkoe Koxu. Llenbto amozo uccnedogaHusi
6bin10 ycmaHoeneHue yrnbmpacmpyKkmypHOU peopaaHu3ayuu KemokK CriepMamo2eHHO20 3rumenusi sudek 8 cmaousix mokcemuu u
CernmuKomoKceMuU rocre IKcrnepumMeHmarnbHOU mepMuYecKol mpaemMbl rpu UCMonb308aHUU cybcmpama KCeHOKoXU. MiccrnedosaHusi
rposedeHbl Ha 35 Monogospersibix besibix Kpbicax-camyax, Komopble bbinu pacrpedeneHsbl Ha mpu 2pynnel: 1 - UHMaKmMHbIe XU8OMHbIe
(5 ocobeli), 2 - xusomHble ¢ 0xo02080U mpasmoli (15 ocobell), 3 - xueomHble ¢ 0020800 MpasmoU, KOMOPbIM NPUMeEHSIU cybcmpam
KceHokoxu (15 ocobeti). Oxo2 HaHocusIu Mod KemaMUuHO8bIM HapPKO30M MEeOHbIMU MnacmuHamu, HaepembiMu 8 Kunsauwel eode, Ha 18-
20% snunuposaHol Mo8epxHOCMU mesia XUugomHbIX. HeKpaKmomuo nospex0eHHbIX y4acmKkos Koxu rnpogodurnu Yyepes 1 deHb nocne
HaHeceHUs1 MepMuUYecKo2o oxoza. PaHbl, Komopbie 06pa3o8anuch, MOKpbI8aau Kpuonuogunu3upo8aHHbIM KCeHodepMarbHbIM
cybecmpamom. [1odornbimHbIX Xu8omHbIx Oekanumuposanu Ha 7, 14 ma 21 deHb akcrnepumMeHma, 4Ymo coomeemcmeayem cpokam
paHHel, no3dHel mokcemMuu u cenmukomokcemuu. 3abop mamepuarsia 01151 31eKMPOHHO-MUKPOCKOMUYECKUX uccriedosaHull nposoousnu
coenacHo obwel cywecmasytoujeli MemoOuku. BbiseneHo, ymo 8 cmaduu paHHel mokcemii (7 0eHb onbima) rnpucymemeytom rpusHaxu
GecmpyKuUU Kemok CriepMarmo2eHHO20 3ruUmenus SudeK U rnpucrnocobumerbHO-KOMIeHcamopHble udmeHeHus. B cmadusix no3dHel
mokcemuu u cenmukomokcemuu (14 u 21 deHb onbima) npoucxo0sm 3HayumersibHble OeCmpPyKMUBHbIE USMEHEHUS] 8CeX KOMITOHEHMOo8
u3gUMbIX KaHanbuee opaaHa. JneKmpOHHO-MUKDPOCKOMUYECKU YCMaHOBMIeHO, Ymo 3aKpbimue 0X02080U paHbl nocre nposedeHus
paHHel HeKpakmomuu cybcmpamom KpuonuoguiuauposaHol KCeHOKOXU MpU msixesiol 3KcrepumeHmarnbHoOU 0xo2080l mpasme
y)Xe 8 paHHUe CPOKU Ofbima Cyu,eCmeeHHO yMeHblaem rospexoeHue CriepMamo2eHHO20 MUMenus u4eK IKCrnepuMeHmarnbHbIX
JKUBOMHBIX, akmugusupyem peseHepamopHble Mpouechbl. dmo crocobecmeyem Cyuecme8eHHOMY YIyHWeHU yibmpacmpyKkmypb!
KOMIMOHEHIMO08 U38UMbIX KaHalbyee opaaHa 8 no30HUe CPOKU IKCrepuMeHma.

KnioyeBble cnoBa: SUYKO, 371€KMPOHHO-MUKDPOCKOMUYECKUE UIMEHEHUs, 3KCrepuMeHmarbHas mepmudyeckass mpasma, cybcmpam
KpuonuogunuauposaHHasi KCeHOKoXa.
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The source of the origin of the epithelium of the cardiac part stomach mucosa has been
repeatedly discussed in the literature and different variants of the transformation of the
epithelium as manifestation of normal anatomical peculiarities of a man and as a result
of changing the program of stem cell differentiation, migration of bone marrow cells,
transdifferentiation of simple columnar epithelium have been proposed. Probably it is
related to difficulties of studying insignificant in size epithelium of the cardiac mucosa
itself and establishment of connection of the duodenogastroesophageal reflux with the
development of metaplasia in the epithelium of the terminal department of the esophagus
mucosa, which resembles its structure in the cardiac part of the stomach. The purpose
of the research was to study the expression of the transcription factor Sox2 and the
distribution of cytokeratins in the epithelium of the gastroesophageal zone during the
stages of the embryonic and fetal periods of ontogenesis. According to the purpose of
the research, an immunohistochemical analysis of the epithelial differon of the
esophageal-gastric junction (GEJ) was used. The current study was carried out on 169
human embryos and fetuses of gestational age from 4-5 till 38 weeks. It was established
that the transcription factor Sox2 is expressed in basal epitheliocytes of GEJ in all
terms of observation and plays a major role in the development, differentiation and
formation of the epithelial cell lineage of GEJ. The peculiarity of expression of cytokeratin
7 was positive marking in the cytoplasm of spinosum epitheliocytes, despite the negative
expression in the basal layer. It showed weak expression in the epitheliocytes of the
esophageal part of the GEJ in the embryonic period with an increased reaction in the
embryo-fetal period and with subsequent disappearance, starting at 14 weeks in the
early fetal period. For the cardiac mucous membrane GEJ was characterized by its
moderate expression on all terms of observation. Cytokeratin 8/18 is embryo-fetal for
the esophageal part of the esophagus, as it is defined in early periods of embryogenesis
and disappears in the late period (28-38 weeks). For the cardiac mucous membrane
GEJ was characterized by its moderate expression on all terms of observation.
Cytokeratin 14, unlike CK7 and CK8/18, was localized in the cytoplasm and membranes
of basal epitheliocytes of the esophageal part of the mucosa from the 17 gestational
weeks and was absent in the gastrointestinal part of the GEJ throughout the prenatal
period. Thus, our data on the expression of the transcription factor Sox2 and cytokeratins
in the GEJ epithelial differon in the prenatal period of ontogenesis will improve the
diagnostic accuracy in determining tissue or organ belonging and can be widely used
in various GEJ diseases.

Keywords: gastroesophageal junction, immunohistochemical analysis, Sox2
transcription factor, cytokeratins, prenatal ontogenesis.

Introduction

One of the major transcription factors involved in the tract, there are, at present, different, sometimes contradictory
induction and maintenance of pluripotent stem cells is Sox2.  thoughts. Sox2 is proposed as one of the markers for the
As for the definition of stem cells in the upper gastrointestinal  identification of stem cells in the esophagus and the
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stomach, but its involvement in the differentiation and
development of the gastroesophageal junction (GEJ)
epithelial cell lineage remains poorly understood [6, 8, 13,
16].

Recognized immunohistochemical markers of the
epithelium are cytokeratins - proteins of intermediate
filaments (cytoskeleton) of epithelial cells. There are about
20 different cytokeratins that differ in amino acid composition,
molecular weight, and isoelectric point. They are divided
into two large groups: sour or type | (type A), which include
cytokeratins 9-20 (CK9-CK20), and the main/neutral - 9 type
Il (type B), represented by CK1-CK81[2, 9, 10, 17]. Cytokeratins
are encoded by the genes of a large multigenic family (on
chromosomes 11, 12 and 17). The different groups of
epithelium are characterized by the corresponding groups
of cytokeratins [3, 5].

In practical work for the immunocytochemical
determination of the epithelial nature of atypical cells in the
biopsies of tumors, antibodies against a specific cytokeratin
or their wide spectrum (Pan-CK) are used. It is the
cytokeratins responsible for the differentiation of the
epithelium of various organs and the preservation of its
cytoskeleton. Regarding the GEJ epithelial cell lineage, their
distribution and role in the formation, ripening, cell migration
and differentiation of the embryonic and epidermal
epithelium of embryos and fetuses at present have not been
sufficiently studied.

That is why the purpose of our study was to establish the
expression of the transcription factor of Sox2 and the
distribution of cytokeratins in the GEZ epithelium in the stages
of embryonic and fetal periods of ontogenesis.

Materials and methods

The study was performed on embryos and fetuses of a
person aged 4-5 up to 38 weeks of fetal development that
developed in the uterus in the absence of explicit external
and internal factors obtained from medical abortions or
stillborn in relatively healthy women in the Vinnitsa Regional
Anatomic Pathology Department (VRAPD) and maternity
homes in the city of Vinnytsia and who died from causes not
associated with GIT diseases.

Fetal preparations weighing more than 500.0 g were
studied directly in VRAPD of Vinnitsa (Order of the Ministry of
Health of Ukraine "On Approval of Instructions for Determining
the Perinatal Period, Live Birth and Deadly Births, Procedure
for Registration of Abandoned and Deadly Births" No. 179
dated 29.03.2006). The age of subjects was determined
according to tables by T. Sadler (2001) on the basis of
measuring the crown-rump length [4, 18, 19].

The total number of embryos and fruits was 169, which
were distributed by age and crown-rump length (CRL) to the
following groups (Table 1).

The objects under investigation were also distributed by
age periodization by R.K. Danilov, T.G. Borova (2003),
A.V. Mazurin, I.M. Vorontsov (2009), and included the following
periods of prenatal development of a person [1, 4, 12, 21,

Table 1. Distribution of human embryos and fetuses according to
age groups (Mxm).

Age (weeks) Quantity CRL (mm)
4-5 6 6.100+0.300
6-7 6 15.10+0.60
8-9 7 19.40+0.50

10-11 10 39.02+0.50
12-13 1" 58.72+2.27
14-15 12 93.1145.10
16-17 15 122.242.7
18-20 19 152.9+3.5
21-24 20 192.1£1.8
25-28 13 230.9+3.1
29-32 14 264.8+1.7
33-36 20 302.9+1.4
37-38 16 341.5+5.7
Total 169 -

23]: embryonic period - from 5 to 6 weeks (35-42 days);
embryo-fetal period - from 7 to 9 weeks (43-62 days); early
fetal period - from 10 to 28 weeks (63-196 days); late fetal
period - from 28 to 38 weeks (197-266 days by R.K. Daniloy,
T.G. Borova, 2003), [4].

The research has been carried out in accordance with
the methodological recommendations "Compliance with
ethical and legal norms and requirements in the course of
scientific morphological research" and "Procedure for the
seizure and use of biological objects from dead persons
whose bodies are subject to forensic examination and
pathological anatomical investigation for scientific purposes”
[10, 13]. To determine morphological changes, general-
histological (staining with hematoxylin-eosin) and
immunohistochemical methods were used. For quantitative
evaluation of the Sox2 transcription factor and expression of
cytokeratins, a semi-quantitative method was used,
according to which 4 categories were distinguished: 0 (-) -
negative reaction (coloration <56% of cells), 1 (+) - weak
coloration (positively colored 10-30% of cells), 2 (++) is a
moderately pronounced reaction (most of the positively
colored cells - 31-60%) and 3 (+++) - intense coloration
(> 60% cells or almost all cells of the epithelium are positively
colored). The coefficient of expression (CE) was calculated
for each observation by the formula: KE = Z (i x v)/100, where
i - the intensity of the color in points (from 0 to 3), v - the
percentage of stained cells (from 0 to 100% of the most a
pronounced reaction in 10 fields of view at x400) for each
value of "i". Immunohistochemical research was carried out
on the basis of the Vinnitsa Regional Anatomic Pathology
Department.

Microscopy and photographing of histological
preparations were performed using an optical microscope
OLIMPUS BX 41 with magnifications of 40, 100, 200 and
400 times. Receive and process photos, perform
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morphometry and statistical processing using the "Quick
PHOTO MICRO 2.3" program. When performing
morphometric studies were guided by the basic principles
laid out in the G.G. Avtandilova (2002) guide [2]. The obtained
digital results were processed by a variational statistical
method using Student tables.

Results

At the immunohistochemical analysis of GEJ epithelial
cell lineage, the Sox2 transcription factor already showed
strong expression in the nuclei of epitheliocytes both in the
gastric epithelium (Fig. 1) and in the esophageal part of
the GEJ (Fig. 2) at the embryonic period of the study. The
intensity of the expression of this marker is presented in
Table 2.

Upon further study of this marker, we observed its positive
conjugation with mainly basal nuclei of epitheliocytes, both
on embryo-fetal, and in early fetal periods in both parts.
The late fetal period was characterized by a positive strong,
sometimes moderate, expression of the transcription factor
of Sox2 in the nuclei of basal epitheliocytes, despite its
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Fig. 1. A strong expression of Sox2 in the nuclei of the epithelial
cells of GM is indicated by an arrow. Stomach of embryo 4-5
weeks with CRL 6.1+0.3 mm. Immunohistochemical labeling with
Sox2, x400.
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Fig. 2. The Sox2 strong expression in the epithelial cells of the
esophageal part of the GEJ is marked with an arrow. Esophagus
of embryo 6-7 weeks with CRL 15.1+0.6 mm. Immunohistochemical
labeling. Sox2, x400.

Table 2. Intensity of transcription factors Sox2 expression in
cytoplasm of epitheliocytes of GEJ (M+m).

Sox2
Age (weeks)
Esophagus Stomach
4-5 2.544+0.163 0.807+0.043
6-7 2.696+0.089 0.727+0.060
8-9 2.763+0.081 0.754+0.047
10-11 2.817+0.054 0.721+0.076
12-13 2.842+0.637 0.739+0.037
14-15 2.805+0.075 0.171+0.039
16-17 2.817+0.064 0.160+£0.027
18-20 0.784+0.063 0.169+0.025
21-24 0.779+0.044 0.221+0.171
25-28 0.810+£0.053 0.401+£0.229
29-32 0.795+0.044 0.401+0.229
33-36 0.780+0.044 0.293+0.176
37-38 0.814+0.073 0.336+0.209

weak marking in the nuclei of surface epitheliocytes of both
the gastrointestinal and esophageal parts of GEJ. The most
potent expression in the immunohistochemical analysis
of the transcription factor of Sox2 was observed in basal
epitheliocytes of the gastric part of GEJ in the late fetal period,
despite its weak expression, and sometimes the lack of
marking in surface epitheliocytes.

The cytoplasmic marker of epithelial differentiation of
high molecular weight cytokeratin 7 (CK7) during the
embryonic period of the observation showed poor
expression predominantly in the apical parts of the epithelial
cell lineage of the esophagus and the stomach (Fig. 3). It
intensively (+++) intensified during the formation of gastric
pits, coinciding with the data of the next study [1, 21, 28], also
in the gastral part of GEJ and at the beginning of the early
fetal period in the esophageal part of the GEJ (Table 3).

The feature of its marking was the positive coloration of

- B
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Fig. 3. Weak expression of CK7 in the apical part of the esophagus
epithelium cytoplasm is marked with an arrow. Esophagus of embryo
4-5 weeks with CRL 6.1+0.3 mm. Immunohistochemical labeling
with CK7. x200.
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Table 3. Intensity of expression of cytokeratin 7 in cytoplasm of
epitheliocytes of GEJ (M+m).

Age (weeks) Cytokeratin 7
Esophagus Stomach

4-5 0.230+0.080 0.149+0.027

6-7 0.264+0.081 0.232+0.148

8-9 0.885+0.200 0.334+0.168
10-11 2.549+0.170 0.345+0.168
12-13 0.252+0.173 0.736+0.099
14-15 - 0.794+0.006
16-17 - 0.753+0.116
18-20 - 0.781+0.098
21-24 - 0.817+0.106
25-28 - 0.809+0.132
29-32 - 0.810+0.065
33-36 - 0.848+0.065
37-38 - 0.821+0.622

Fig. 4. Positive strong expression of CK8/18 in basal (arrow 1)
and apical (arrow 2) cytoplasm epithelial cells and basal membrane
of the esophagus. Esophagus of embryo 4-5 weeks with CRL
6.1+£0.3 mm. Immunohistochemical labeling with CK8/18, x200.

this cytokeratin in undifferentiated epitheliocytes of gastric
mucosa. Subsequently, the marking of CK7 increased from
moderate at 9 week to a strong coloring at 11 week, which
coincided with the acquisition of the properties of ciliated
pseudostratified columnar epithelium. Cytokeratin 7 disappears
already at the stratified squamous epithelium stage,
cytokeratin 8 is enhanced in the stomach, and completely
disappears in the esophageal epithelium at 37 week.

Immunohistochemical analysis of the cytokeratin 8 (CK8/
18) in the GEJ epithelial cell lineage in the embryonic period
(5-7 weeks) has established its moderate, sometimes
vigorous expression, both in the apical and basal parts of
the esophagus and stomach cytoplasm epitheliocytes. It
should be noted that along with positive marking of
cytoplasm, quite characteristic was fairly typical and strong
expression of the marker in the basal membrane, which is
stained in brown and well observed (Fig. 4).

Cytokeratin 8/18 was detected in the cytoplasm and
plasmalemma of spinosum epitheliocytes of GEJ with
perinuclear region localization of granules. In most cells,
they were evenly distributed. Cytokeratins 8/18 coexpression
observed in both esophageal and gastric epithelium of GEJ,
while marking was intense in the early period of
embryogenesis and insignificant at later dates (tab. 4).

Cytokeratin 8/18 is registered in plasmalemma in the
esophagus up to 21 weeks and disappears from the 24
gestational weeks. At the end of the late fetal period, the
epithelium of the esophageal part of the GEJ is negative in
the esophagus, but with the appearance of a stratified
squamous epithelium, it appears cytokeratin14 in basal
epitheliocytes, which coincides with the subsequent study
[15, 25, 26].

In the gastric part of the GEJ epithelial cell lineage, the
expression of CK8/18 was moderate with a diffuse

Table 4. Intensity of expression of cytokeratin 8/18 in cytoplasm
of epitheliocytes of GEJ (M+m).

Age (weeks) Cytokeratin 8/18
Esophagus Stomach

4-5 2.480+0.159 2.484+0.162

6-7 0.418+0.245 2.516+0.117

8-9 0.267+0.126 2.681+0.069
10-11 2.490+0.088 2.530+0.117
12-13 0.816+0.180 0.721+0.176
14-15 0.774+0.112 0.756+0.071
16-17 0.79040.073 0.707+0.178
18-20 0.7740.042 0.682+0.122
21-24 0.714+0.054 0.837+0.070
25-28 - 0.763+0.055
29-32 - 0.847+0.091
33-36 - 0.817+0.071
37-38 - 0.815+0.073
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F|g 5. Positive weak perlnuclear expressmn of CK&8/18 in the
basal parts of the surface epithelium and glandular exocrinocytes
is indicated by an arrow. Fetal stomach, 37-38 weeks with CRL
341.5+5.7 mm. Immunohistochemical labeling with CK8/18. x200.
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distribution pattern of cytokeratins in the cytoplasm of
epitheliocytes throughout the entire observation period.
Marking prevailed in the gastric mucosa, where non-
differentiated gastric epitheliocytes were localized (Fig. 5).

At immunohistochemical analysis of expression of
cytokeratin 14 (CK14) it was found that it exhibited strong
conjugation with basal epitheliocytes in the esophageal part
of MM GEJ in the fetal period. From the 17th week, its
appearance in the cytoplasm and plasmalemma basal
epitheliocytes of the esophageal unit GEJ was recorded
despite weak, sometimes moderate markings in the
plasmalemma of suprabasal and superficial epitheliocytes.
In this case, the positive marking remained in the data
structural elements of MM GEJ throughout the fetal period to
38 weeks. The expression of this marker was absent in both
the esophagus and the gastrointestinal part of the GEJ in the
embryonic, embryo-fetal and early fetal periods. Also, its
expression was negative in the epithelium of cardia part gastric
mucosa in the late fetal period. It should be noted that in the
fetal period, its expression in the cytoplasm coincided with
the appearance in nuclei transcription factor p63 in the basal
epitheliocytes of the esophageal part of the GEJ.

Thus, the data we obtained from the immuno-
histochemical analysis of GEJ epithelial cell lineage allow
us to estimate the biological potential of cells, to establish
tissue and organ affinity, and can be widely used in the
diagnosis of non-tumor nature and tumors of the
gastrointestinal tract to facilitate the accurate classification
of tumors and to obtain significant prognostic information
when use of new molecular targeting therapy [22, 23, 24].

Discussion

The study of patterns of the implementation of
mechanisms of histogenesis (a set of processes that lead
to the formation and restoration of tissues in the course of
individual development) is now impossible without
determining the role of these processes of stem and
progenitor cells, the peculiarities of the development and
interaction of different cellular clones in the early stages of
histogenesis [7, 17, 22]. Intensive study of stem cells
significantly increased the level of our knowledge about the
molecular genetic mechanisms of histogenesis and the
development of methods for their regulation. Stem cells are
a hierarchy of special undifferentiated pluripotent cells of
living organisms that can asymmetrically divide with the
formation of a similar parent (self-reproduction) and a new
(progenitor) cell that is differentiated into a certain type of
cell. Progenitor cells, in contrast to pluripotent stem cells,
have stable biomarkers to distinguish between them and
their offspring from cells of other cell lineages, the ability to
proliferate is much lower than that of pluripotent stem cells.
As for the epithelial cell lineage of both the esophagus and
GEJ, the issue of identification of the stem cell precursor
remains open today. Thus, their role is mainly offered by
basal epitheliocytes of the epithelial cell lineage, but various
authors find cells with various molecular genetic markers.

Thus, basal epitheliocytes with positive expression of the
transcription factor p63 were proposed by some researchers
[13, 17], other authors - CD34 [17, 21], as well as cells with
positive expression of the transcription factor of Sox2 [22]. In
our opinion, this is due to the fact that the stem cell precursor
of the epithelial cell lineage, due to heterogeneity, that is, the
expression of several different transcription factors, can be
differentiated in different directions. Further switching or
shutdown of a particular transcription factor under the
influence of factors not yet known to date leads to a change
in the cellular phenotype. Thus, in our previous study, we
recorded the disappearance of the expression of the
transcription factor p63 at the end of the embryonic stage of
embryogenesis (7 weeks), resulting in the appearance of a
new epithelial cell lineage in the mucosa membrane of GEJ,
in the esophagus part of the ciliated pseudostratified
columnar epithelium, and in the cardia part - cuboidal and
over time, the columnar epithelium, which remained negative
for marking p63 until the end of the study. In the esophagus
part with the appearance of a stratified squamous
epithelium, the transcription factor p63 reappeared in basal
epitheliocytes of stratified squamous epithelium [7, 16].

Unlike p63, the transcription factor of Sox2 was observed
at all terms of the observation, which was detected
predominantly in the nuclei of basal epitheliocytes of GEJ,
consistent with the results of subsequent studies [25, 26,
27]. It should be noted that GEJ epithelial cell lineage cells
had a strong positive expression for several molecular
genetic markers, such as p63, Sox2, CK14, CK8/18, weak
for CK7 for 4-6 weeks of the embryonic period. This confirms
the presence in this epithelial cell lineage of pluripotency of
the properties of stem cells. Over time, from 7-8 gestational
weeks, these cells lost the ability to express one or another
molecular genetic marker, indicating their transdifferentiation
to the progenitor cell (stem cell precursor) of GEJ epithelial
cell lineage.

The weak expression of CK7 in the apical sections of the
esophagus epitheliocytes of the esophagus was observed
by us from 5 week, which does not coincide with the data of
the subsequent studies that recorded its appearance from
12 week of gestation with respect to cytokeratin 8/18, then
its labeling is consistent with the results of foreign studies
that also noted its expression at the early embryonic period.
In the epithelial cell lineage of the gastric part of GEJ, the
expression of CK8/18 was moderate and, unlike the
esophagus, remained throughout the study period.

According to our data, cardia part of gastric mucosa is
congenital rather than the result of meta-plastic
transformations that coincided with the work of foreign
authors [8, 16, 21, 26, 27]. From 5 to 7 weeks, the epithelial
cell lineage remains heterogeneous with the properties of
both the esophagus, gastric and intestinal phenotypes,
differentiation begins with 8 weeks, determination and
specialization in stratified squamous epithelium in the
stomach from 10 weeks. Thus, based on our data on
expression of transcription factors and cytokeratins, the GEJ
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epithelial cell lineage can distinguish pluripotent stem cells
with heterogeneous properties present at 4-6 weeks and
have positive expression for p63, Sox2 CK7, CK8/18, and
CK14, indicating their ability to differentiate into various
cellular phenotypes.

Based on the data obtained in this and previous studies,
the stem cell precursor stratified squamous epithelium in
our opinion is those that had positive expression of p63,
CK14 but lost the ability to express CK7, CK8/18 for stratified
squamous epithelium. As for the columnar epithelium cardia
part of GEJ, for its stem cell precursor, the positive expression
of CK7 and CK8/18 was characteristic on all observation
periods, with the advantage of marking CK8/18 and negative
for p63 starting from 7-8 gestational weeks, despite weak
expression Sox2 on all terms of the study.

The results of our study may be useful in developing
methods for purposeful correction of key mechanisms of
histo-, morpho-, organogenesis, as well as the formation of
a new direction in science - regenerative biology and
medicine. The most promising direction for this is the use of
genetic, cellular, tissue and organ biotechnologies for the
treatment of various diseases, as well as the cloning of
cells and animals [15, 20].

Thus, the data we obtained from the immuno-
histochemical analysis of GEJ epithelial cell lineage allow
us to estimate the biological potential of cells, to establish
tissue and organ affinity, and can be widely used in the
diagnosis of non-tumor nature and tumors of the
gastrointestinal tract to facilitate the accurate classification
of tumors and to obtain significant prognostic information
when use of new molecular targeting therapy [12, 23, 24].

Further studies and the establishment of the patterns of
expression of the transcription factor of Sox2 and human
cytokeratins in the GEJ epithelial cell lineage in the prenatal
period of ontogenesis will complement current data on its
morphology and increase the accuracy of the diagnosis and
evaluation of pathological changes in the GEJ mucosa in
various GEJ diseases.

Conclusions
1. The expression of the transcription factor of Sox2
was observed predominantly in basal epitheliocytes of GEJ
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POINb TPAHCKPUMLIAHOIO ®AKTOPA SOX2 TA LUTOKEPATUHIB Y ®OPMYBAHHI TA CTAHOBIEHHI ENITENIANIbHOIO

ON®EPOHY FACTPOE30®AIEAINIbHOIO 3'€AHAHHA

Pekyn T.0., BepHuzopodchkkuli C.B., Kucenboea T.M., TamapiHa O.B., Yepenaxa O.J1.

B nimepamypi HeoOHopa3080 062080pro8aru numaHHs Wodo Oxxepersia NoXO0XKeHHS erimenito cau3080i 060/10HKU KapdianbHOI YacmuHU
winyHKa ma nporioHyearnu pi3Hi eapiaHmu mpaHcgopmauii enimenito sk nposisy HopMarnbHoOI aHamomiyHoi ocobnueocmi MOUHU, mak
i 8Hacnidok 3miHU rpoepamu OughepeHuyitosaHHs cmoebypoeol KimuHu, Migpauii KnimuH Kicmkogoz2o MO3KYy, mpaHcoughepeHuyiauii
00HOWAapo8020 YUNiHOPUYHO2O enimenito. IMOsipHO, ue rMoe'a3aHo 3 mpyOHoWaMu 8UEYEHHS HE3HaYHO20 3a po3Mipamu erimertito
€nu3080i 06010HKU 8riacHe kapldii U ecmaHoeneHHsIM 38's3Ky dyoOeHoeacmpoe3oghazeanbHO20 peghriekcy 3 po3sUMKOM Memarinasii
8 enimenii criu3080i 060M10HKU mepMmiHanbHo20 8i00iny cmpagoxody, kompul Hazadye (020 6ydosy 8 KapOiarnbHOMy 8i00iri WiTyHKY.
Mema docnidxeHHs1 - aug4uUmMU €eKcripecito mpaHckpunyitiHoeo ¢ghakmopa Sox2 ma po3nodin yumokepamuHig 8 enimenii
eacmpoe3soghazearnbHoi 30HU (FTE3) Ha emanax embpioHanbHO20 ma ghemarnbHo20 nepiodie oHMozeHe3y. 32i0HO0 3 Memoro O0CIOKEHHS
sukopucmarnu imyHoaicmoximidyHuli aHani3 enimenianbHo20 OUEPOHY cmpagoxiOHO-wyHKogoeo repexody (CLUM). docnidxeHHs
8uKoHaHo Ha 169 embpioHax ma nnodax noOUHU 8ikom 8i0 4-5 do 38 muxHie eHympilwHBEOympobHo20 po3sumky. BcmaHoeneHo, wo
mpaHcKpunuitiHut ghakmop Sox2 ekcripecyembcsi 8 6a3anbHux enimenioyumax NE3 Ha 8Cix mepMiHax CriocmepexXeHHs ma 8UKOHYE
207108HY posib y pO38UMKY, duchepeHujauii ma crmaHoeneHHi enimeniansHo20 dughepoHy E3. Ocobnusicmio ekcripecii yumoxkepamuHy
7 6yno nosumueHe MapKyeaHHs y yumornnasmi ocmucmux ernimesnioyumig nornpu He2amueHy ekcripecito 8 6asanbHoMmy wapi. BiH
rnposisus criabky ekcrpecito 8 enimenioyumax cmpagoxioHoi yacmuHu ME3 e embpioHanbHOMY nepiodi 3 MocuneHHaM peakuii y
embpiogpemarnbHoMy nepiodi ma 3 nodanbWuM 3HUKHEHHSIM, NoYUHaw4Yu 3 14 muxHsi y paHHbOMYy chemarnbHomy nepiodi. Ans
kapOdianbHoi crusoeoi obonoHku ME3 byna xapakmepHa U020 rMoMipHa eKCrpecis Ha 8CiX CmMpoKax criocmepexeHHs. LlumokepamuH
8/18 € embpiogpemanbHUM Orsi cmpagoxiOHOI YacmuHU cmpagoxody, makK sIK 8u3Ha4yaembCsl Ha paHHix rnepiodax embpiozeHedy ma
3HUKae y ni3HboMy repiodi (28-38 muxHis). [Ansa kapdianbHoi criuzoeoi obonoHku E3 6yna xapakmepHa Uio2o MomMipHa eKcripecis Ha
8Cix cmpokax criocmepexeHHs. LjumokepamuH 14, Ha eidmiHy 6i0 CK7 ma CK8/18, nokanidysascsi 8 yumonna3smi ma membpaHax
6a3anbHux enimesnioyumie cmpagoxiOHoi YacmuHu criu3o8oi 0b6onoHKu E3 noduHaroyu 3 17 2ecmauitiHo2o muxHs ma 6ye eidcymHim
y wnyHkosil yacmuHi CLUI ynpodoex ecbo20 npeHamarnbHo2o nepiody. Takum YUHOM, ompumaHi Hamu OaHi u,0do ekcnpecii
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mpaHcKpunuitiHoeo ¢hakmopa Sox2 ma yumokepamuHie 8 enimesianbHoMmy AughepoHi [E3 y npeHamanbHoMy repiodi oHmozeHe3y
do3egonsimb nidsuwumu moyHicmb OiagHOCMUKU MpU 8U3HAYeHHI MKaHUHHOI abo op2aHHOI HanexXHoCmi ma MOXymb WUPOKO
3acmocosysamucs npu pi3HUX 3axeoprogaHHsix CLLUIT.

KntoyoBi cnoBa: eacmpoe3oghazearnsHe 3'€OHaHHS, iMyHO2ICMOXIMIYHUU aHani3, mpaHCKpinuyitHUl ¢gakmop Sox2, yumokepamuHu,
rnpeHamarnbHUl OHMO2eHe3.

POIb TPAHCKPUMUNOHHOIO ®AKTOPA SOX2 U IUTOKEPATUHOB B ®OPMUPOBAHUU N CTAHOBITIEHUN
SMUTENUANBHOIO AN®DPEPOHA TACTPO330dAIrEAIIbHONO COEANHEHUA

PekyH T.A., BepHuzopodckuli C.B., Kucenéea T.M., TamapuHa O.B., Yepenaxa E.JI.

B numepamype HeodHoKpamHo obcyxdanu 8ornpoc OMHOCUMEIbLHO UCMOYHUKA MPOUCXOXOEeHUs arnumersnusi cru3ucmoul 0601o4Ku
KkapOuanbHoOU Yacmu xenydka u npednazanu pasfiuyHblie gapuaHmbl mpaHcopMayuu anumesnusi Kak rposierneHue HopmasabHOU
aHamomu4eckol ocobeHHocmu 4Yeslogeka, mak u ecredcmeue U3MeHeHUs rpospamMmbl OugghepeHyUpPoO8KU Cmeoo8oll Kemku,
Muepayuu KIemok KOCmHo20 Mo32a, mpaHcoughgepeHyuayuu 00HOCIOUHO20 YumuHOpuUYecKoao anumenus. Beposim+Ho, amo cesizaHo
€ mpyOHOCMAMU U3YHYeHUsT He3Ha4UmMerbHO20 M0 pasMepam anumerus criuaucmol 060104ku cobecmeeHHO KapOuu U ycmaHoerneHuem
ces3u yodeHozacmpoa3zoghazeanbHO20 peghriekca ¢ pazgumuemM mMemaria3uu 8 anumesuu cnusucmoul 0607104KU mepMUHaiIbHO20
omdena nuujesoda, KOMopkIli HaroMuHaem e2o cmpoeHue 8 KkapouanbHoM omderne Xenydka. Llenb uccnedogaHus - u3y4Yumb
9KCMpeCccu0 MpaHCKpUnuuUoHHo20 hakmopa Sox2 u pacrnpedesieHue UumokepamuHo8 8 3numenuu 2acmpoasoghazearnibHol 30HbI
(F33) Ha amanax ambpuoHanbHO20 U ¢hemarnbHo20 nepuodos oHmozeHesa. CoznacHoO ¢ yersnbio uccriedo8aHusi Ucnosib3osanu
UMMyHO2ucCmoxumMu4eckol aHaau3 anumenuanbHo2o OugpgepoHa nuu,eso0HO-xerydo4yHoz20 nepexoda (IMXKI1). UccnedosaHue
8bIMoriHeHo Ha 169 ambpuoHax u nnodax yesnoseka 8 so3pacme om 4-5 do 38 Hedernb éHympuympobHoeo pa3sumusi. YcmaHo8/eHo,
Ymo MPaHCKPUNUUOHHbIU ¢hakmop Sox2 akcrnpeccupyemcsi 8 basanbHbix anumenuoyumax B3 Ha ecex cpokax HabmodeHus u
8bIMOJIHAEM 2/1a8Hyl0 Pofib 8 pa3sumuu, OughepeHyuayuu U cmaHoe8/eHuU anumenuanbHbix ougpgepoHos B3. OcobeHHOCMbIO
aKcnpeccuu yumokepamuHa 7 6blna nonoxumernbHas MapKuposka 8 yumoria3mMe ocmucmbiX 3umesuoyumos HecMompsi Ha
HezamueHyr aKcrpeccuro 8 basanbHom crioe. OH nposieun crabyo 3KCrpeccuro 8 anumesnuoyumax nuuwesodHol yacmu 93 8
AMbpUOHanbHOM repuode ¢ ycuneHuem peakyuu 8 ambpuogemarnbHoM repuode u ¢ 0anbHelwUuM UCHe3HO8eHUEeM, HaqduHas ¢ 14
Hedenu 8 paHHeM ¢hemarnbHOM repuode. [ns kapduanbHol cruducmoli obonoyku O3 bbina xapakmepHa €20 yMepeHHasi 3KCrpeccusi
80 8ce cpoku HabndeHus. LJumokepamuH 8/18 senssiemcsi ambpuoghemarbHou 0ns nuuw,esodHol Yyacmu "33, mak kak onpedenssemcsi
Ha paHHUx nepuodax ambpuoeeHe3a u ucyezaem 8 ro3oHem pemarnibHoM nepuode (28-38 Hedens). [dns kapOuanbHou criuaucmoul
obonoyku 33 bbina xapakmepHa e20 yMepeHHasi 3KCrpeccusi Ha 8cex cmpokax HabnodeHusi. LlumokepamuH 14, e omnudue om CK7
u CK8/18, nokanu3soearcs 8 yumonnaame u MmembpaHax 6asasibHbIX 3numesuoyumos nuuieso0Hol Yyacmu criuducmol obonoyku 33,
HayuHasi ¢ 17 eecmayuoHHol Hedenu, u 6bl1 omcymcmeyrwum 8 xenyododHol yacmu 33 8 meyeHue ece2o rnpeHamarnbHO20
nepuoda. Takum obpa3om, rnosny4yeHHble Hamu OaHHbIe 3KCMPeCccuu MPaHCKPUMUUOHHO20 ¢hakmopa SOoxX2 u yumoKepamuHo8 8
anumenuanbHoM OuggepoHe O3 8 npeHamanbHOM nepuode oHMoOz2eHe3a Mo3680sIM 108bICUMb MOYHOCMb QuagHOCMUKU rpu
onpedenieHUs mKaHegoU unu op2aHHOU MpuHadneXHoCmuU U MOo2ym WUPOKO UCIOb308ambCs Mpu pasnuyHbix 3abonesaHusx MK
KnroueBble cnoBa: eacmpoasoghazeanbHoe coOeOUHEHUEe, UMMYHO2UCMOXUMUYECKUU aHanus, mpaHCKpUnyuUoHHbIlU ghakmop Sox2,
yumokepamuHbl, rpeHamarsbHbIlU OHMOZeHEe3.
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The global literature constantly receives new data showing the infectious pathogens as
factors for development of atherosclerosis and acute cerebrovascular pathology, and
the data showing the predictors of pathology of the heart-vessels as markers of
inflammation. The results of research about the connection between the infectious
agents and atherosclerosis are ambiguous, and the attempts to prove such connection
have encouraged the experiments where the infectious agents with atherogenesis are
modeled in animals. The connection of this data with ischemic lesion of brain is not
properly explored, but certain experimental research show progressive degeneration
in brain hemorrhage in mice with herpes virus 1 (HSV1) due to the post-stroke
immunosuppression and reactivation of the infectious agent. The aim of this work is to
explore experimentally the possible connection between the herpetic infection and the
ischemic lesion to the cortex of mice. To achieve this goal we formed 5 groups of
experimental animals (mice) for investigation into the possibility of connection between
herpes infection and ischemiazaition of brain: 15 group (n=52) - with cholesterol diet;
2" group (n=23) - with HSV1; 3¢ group (n=30) - with unilateral occlusion of the common
carotid artery; 4" group (n=10) - with HSV'1 and occlusion of the common carotid artery;
5" group (n=6) - with cholesterol diet, HSV1, occlusion of the common carotid artery.
The microscopic slides evaluated changes morphometrically in the density of the
neurons of the neocortex in the ocular of parietal temporal fields of the brain and the
hippocampus. The results were processed statistically with Origin Lab 8.0. A probable
increase in structural changes was identified in group 5 (with three pathological factors
respectively) of the combined model compared to models without association and/or
with several pathological signs from the groups 1-4 (1, 2, 3, 4). Comparison of the
results between the 1-4" and 5" groups showed a significant increase in the relative
number of neurons with cytopathological signs (hemochromatosis, deformation of the
perikaryon, karyopyknosis), which may testify in favor of a sufficiently rapid lesion of
the pyramidal neocortex neurons influenced by two or more pathological signs. The
reduction in the density of pyramidal neurons in the temporal and/or temporal cortex in
the combined model with ischemiazaition and viral association in was had greater
probability compared to the models formed with only one risk factor. The revealed
increase in the degree of neocortex induction during brain cerebral ischemia in mice
with herpes infection is an evidence of possible connection between the two.
Keywords: brain, mice, ischemia, viral infection.
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Introduction

In the world literature, there is a growing number of data
indicating some infectious agents, as factors in the
development of atherosclerosis (AS) and acute
cerebrovascular pathology (ACP), and about the predictors
of acute cardiovascular disease as markers of inflammation.
The ambiguous results of the research on the relationship

between infection and atherosclerosis and attempts to prove
the existence of such an association have led to attempts to
simulate infection-associated atherogenesis in animals [4,
10, 11, 21]. In the experimental work M.V. Avdeyev and
colleagues in 2012 give data on the impact of various
infectious agents on the development and progression of
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atherosclerosis [3]. A study by R. Sorrentino et al. (2015)
demonstrated the possibility of inducing AS by infection C.
pneumoniae in the absence of hypercholesterolemia [25,
26].

One of the possible causes of damage to the arterial
wall and, as a consequence, the development of
atherogenesis, is herpesviruses [17, 30]. The role of herpes
viruses, as etiologic factors of AS, has been thoroughly
investigated in recent years and is now supported by
numerous data. There is growing evidence of the
involvement of viruses Herpes viridae (Herpes simplex virus
(HSV) 1 and type 2, type 3 (VZV), Epstein-Barr virus (EBV),
cytomegalovirus (CMV) in the processes of damage and
maintenance of endothelium inflammation, accumulation
cholesterol, changes in the coagulation properties of the
endothelium, increased thrombogenesis [5, 18, 25]. HSV
types 1 and 2 were found in the aorta and carotid artery of
patients with AS of vessels [7, 20, 24]. In the in vitro study; it
was found that HSV type 1 enhances absorption of low
density lipoproteins by endothelial cells, and saturated
cholesterol esters and triglycerides in unbranched cells [6,
16]. An experiments have shown that the Marek virus (herpes
virus of birds) causes atherosclerotic changes in chickens
[10]. D.G. Alber et al. (2000) demonstrated that infection with
murine y-herpesvirus-68 leads to AS in apoE-/-mice [1]. D.G.
Alber et al. (2002) conducted another study that proves that
the development of AS is the result of a specific manifestation
of a specific viral infection rather than a systemic immune
response to the presence of any HSV [2]. Thus, the literature
describes the results of only a few studies devoted to the
study of the relationship between the persistence of herpes
viruses and the development of atherogenesis, but some
contradictory data question the participation of the viral factor
directly in its launch, emphasizing the complicity of infectious
agents in the already initiated inflammation of the vascular
wall, damage to the endothelium. The association of these
changes with ischemic brain damage is even less
researched, although some experimental studies have
shown progressive degeneration in the brain of mice infected
with HSV type 1, due to post-stroke immunosuppression
and reactivation of the infectious agent [14, 22].
Understanding of the problem of herpes-associated
atherosclerosis is facilitated by more recent experimental
studies conducted.

The purpose of the work is to investigate in the experiment
the possible connection between herpetic infection and
ischemic damage to the cerebral cortex of mice.

Materials and methods

To investigate the possible relationship between the
development of herpetic infection and cerebral ischemia,
we have formed 5 groups of experimental animals (mice): 1
group (n=52), diet using cholesterol, group 2 (n=23) with
HSV1 infection, group 3 (n=30) with unilateral occlusion of
the common carotid artery (OCCA), group 4 (n=10) with HSV1
and OCCA infections, group 5 (n=6) with HSV1 infection,

cholesterol diet and OCCA. Additionally, an additional control
group (intact animals) is included.

For reproduction of dyslipidemia and structural changes
in blood vessels of animals, 1 group was kept on a
"cholesterol diet" [28] on the basis of granulated feed that
additionally contained animal and vegetable fats, cholesterol
(the quantitative composition of the atherogenic diet per 100
g of the finished product included: heat treated animal fats
(pork fat, butter) - 30-45 g; heat-treated vegetable fats
(margarine) - 15-20 g; cholesterol - 1.5-2 g; calcium
carbonate (CaCO3) - 1 g; Mercazolil ( 1-methyl-2-mercapto-
imidazole with the addition of potatoes starch, calcium
stearate, refined sugar, talc) - 10 mg (equivalent to a daily
dose animals - 10 mg/kg), which speeds up the metabolism
and elimination of various hospital facilities; standard
granulated feed - 32-52 g). Duration of the diet is 12 weeks.

Animals of the 2nd group infected HSV1 by the method
described in the papers [14, 15, 22]. Manipulation with
infected animals was carried out at the "Institute of
Epidemiology and Infectious Diseases named after. L.V.
Gromashevsky NAMS of Ukraine" (Head of the Laboratory of
Experimental Chemotherapy of Viral Infections, MD, Prof.
S.L. Rybalko). Animals of 1 and 2 groups were withdrawn
from the experiment for 12 weeks by decapitation.

OCCA of animals from group 3 were done by imposing a
ligature on the right common carotid artery (suture material
6/0, Ethilon, J & J) [19]. Surgical access to the artery was
carried out under anesthesia (sodium thiopental, 40 mg/kg,
intraperitoneally, 2% solution of lidocaine, 0.3 ml locally).
The animals were withdrawn from the experimenton 1, 2, 3
and 4 days after OCCA by decapitation.

The brain of control and experimental animals was
selected for histological examination. Brain samples were
fixed in 10% neutral formalin solution. After dehydration in
the rising concentrations of ethanol, dioxane and xylene, the
material was poured into paraffin. Paraffin sections 4-6
microns thick colored with toluidine blue by Nissl,
hematoxylin with eosin [23].

By micropreparations evaluated morphometrically
changes in the density of the neurons of the neocortex of the
parietal, temporal parts of the brain and the hippocampus.
For this purpose, photographs of the same areas of the
parietal, temporal, and hippocampal neocortex with the
Olympus BX 51 microscope using the CarlZeiss software
(AxioVision SE64 Rel.4.9.1) determined the total neuron
density in the test area (microphotograph) and the number
of damaged neurons (hyperchromatosis, deformation,
neuronal edema).

Statistical processing of the results was carried out using
the Origin Lab program, version 8.0. Normal distribution of
results is estimated by the Kolmogorov-Smirnov criterion.
Intergroup discrepancies between groups of samples were
evaluated using nonparametric Kruskal-Wallis test
(Kruskal-Wallis ANOVA). The results are presented as
median (Me) and quartile intervals [Q1-Q3]. The difference
was estimated to be significant at p<0.05.
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Results of the experiment. Changes were mainly found in the
The analysis of micropreparations of experimental  neocortex of parietal, temporal and hippocampal regions.
groups allowed to isolate the main zones and anatomical Morphological signs of neurodegeneration and
brain structures that were damaged under the set models  inflammatory reaction were established in the studied brain

Fig. 1. Morphological manifestations of structural changes in the brain neurons in experimental group of mice. Degeneration of neurons
in the parietal cortex of experimental groups. 1 - control; 2 - cholesterol diet, increasing the size of the nucleus of the neurons; 3 - OCCA
for 1 day, intact the cerebral cortex; 4 - OCCA for 2 day, degenerative neurons («<-); 5- HSV1 + diet + OCCA for 1 day, degeneration and
neuronal edema; 6 - HSV1 + diet + OCCA for 2 day, increase in the number of damaged neurons; k - capillary; H - swelling of the neuron.
Toluidine blue. Lens 40, eyepiece 10.
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specimens. The manifestation of heterogeneous neuronal
damage was hyperchromatosis and deformation of
perikaryon and neurites, karyopyknosis or karyolysis.
Microphotographs of degenerative changes in the cerebral
cortex of the studied groups are shown in Figure 1. In order
to assess the type of brain damage of the neurons, the
main changes were divided into focal and diffuse.
Accordingly, in the first case, deformed neurons were
located in separate groups in the parietal and temporal
neocortex, in separate sectors of the hippocampus. In the
second case, the total loss of neurons and gliocytes was
detected by continuous layers of the neocortex or multiple
zones, which did not allow estimation of such changes as
separate tricks of degeneration (damage) (Fig. 1).

Between the comparison groups, a difference was
found between the degree of structural changes:

1 group with cholesterol diet (n=52). In 22 (42.5%)
animals of the 52 who took the diet, isolated degenerative
neurons were found at the level of parietal and/or temporal
neocortex. In 11 (560.0%) out of 22 samples, changes were
assessed as diffuse, and in 10 (49.9%) out of 22 as focal.
In 11 (21.1%) out of 52 animals, the morphological signs
of the inflammatory reaction were observed: focal infiltration
of monocytes and lymphocytes in 9 (17.3%) of 52
specimens in the peritoneal mucosa of the trunk, large
sulcus, parietal and/or temporal cortex, hippocampus,
cortex vessels, corpus callosum and subcortical structures
(lateral and dorsomedial zones of the thalamic region),
choroidal arteries of the third ventricle (from 2 to 6 foci in
the projection of the frontal section of the brain). In 4 samples
(7.6%) from 52 along the vessels, foci of infiltration of tissue
basophils (from 3 to 16 cells), including degranulation,
were recorded.

Group 2 with HSV1 infection (n=23). In 15 (69.5%)
animals from 23 who successfully transmitted infection
with HSV, degeneration of neurons in the cerebral cortex
and hippocampus was established. In 11 (73.3%) of 15
samples, degeneration was assessed as diffuse, and in
4 (26.6%) of 15 as a local (focal). In 12 (52.1%) out of 23
animals, an inflammatory reaction was detected: focal
infiltration of macrophages/microglyocytes around small
caliber vessels (capillaries, arterioles, venules) in the
cerebral cortex, corpus callosum, lateral areas of the
thalamic zone.

3 group with OCCA (n=30). The structural changes in
the neocortex depended on the time elapsed since the
time of the OCCA and assessed as diffusive and focal in
the following way: 1 day (n=15) - 40.0% and 13.3% (46.7%
unchanged); 2 day (n=5) - 60% and 40.0%; 3 day (n=5) -
60% and 40%; 4 day (n=5) - 83.4% and 16.6%. That is,
neurodegenerative changes (karyopyknosis and
hyperchromatosis of neurons or hydropic dystrophy) have
progressed from focal to diffuse over time after OCCA.
Morphological signs of inflammatory reaction were found
in only 1 (6.7%) of 15 specimens on 1 day.

Group 4 with HSV1 and OCCA (n=10). Like the OCCA

group, diffuse and focal neocortex changes are estimated
as follows: 1 day (n=5) - 60% and 20.0% (20.0%
unchanged); 2 day (n=5) - 40% and 60.0%. If for 1 day only
1 infiltration focus was registered, then for 2 day from 3 to
14 separate centers. The term of 3 and 4 days was not
evaluated due to the 100% mortality of the animals.

Group 5 with HSV1 infection, cholesterol diet and
OCCA (n=6). In the neocortex, the focal changes dominated
the diffuse ones: 1 day (n=3) - 33.3% and 66.7%; 2 day
(n=3) - 100% focal degeneration around monocyte/
lymphocyte infiltrates. For 2 day in all studied samples, 4 to
8 inflammation points were recorded. Experiment on days
3 and 4 also ended with 100% lethality, which showed the
severity of the somatic state of experimental animals. Table
1 and 2 summarize the results of quantitative evaluation of
neuronal density in the parietal region of the neocortex.
The probable increase in structural changes in group 5
(with three pathological factors) of the combined model is
established in comparison with the models without
combination and/or combination of several pathological
signs of groups 1, 2, 3 and 4. Comparison of results
between 1-4 and 5 groups indicates a statistically significant
increase in the relative number of neurons with
cytopathological features (hyperchromatosis, deformation
of perikaryon, karyopyknosis), which correlates with more
pathological signs, and is likely to result in more rapid
damage to neocortical pyramidal neurons.

Table 1. Changes in the density of the pyramidal neurons of the llI-
V layers of the neocortex of the experimental groups (Me [Q1-
Q3]) in comparison with the control group.

- Relative number of
Neuronal density in P
Group neurons with signs of
the test zone, abs. .
degeneration, %
Control 195 [185,7-205,7] 3,3[1,9-3,9]
HSV-I 169 [157,5-179,5]* 8,98 [7,3-12,9]*
Diet 179 [171,5-186,5]# 11,4 [8,6-17,2]1 #
OCCA, 1 day 182 [170,2-192,7] 12,9 [7,3-171] #
OCCA, 2 day 169,5 [164,5-183] 9,2 [8,2-17,3J#
OCCA, 3 day 164 [154-179#" 21,3 [20,1-48,51#*
OCCA, 4 day 140 [115,5-166,5[#* 39,1 [22,7-59,2]#*"
HSV1+ OCCA, 167 [159,7-185,2] 19,4 [14,1-25,0]*
1 day
HSV1+ OCCA, 171,5 [164,5-180,7] 14,7 [9,0-28,0]
2 day
HSV1+ diet + * .
OCCA, 1 day 157 [145,5-165] #*& | 26,4 [24,8-31,5] #°&
HSV1+ diet + * *Q Mk
OCCA, 2 day 137 [129-163] #& 43,0 [39,5-54,61#*&

Notes (here and thereafter): OCCA - occlusion of the common
carotid artery; # - p<0,05 compared to control; * - p<0,05 compared
to 1 day; * - p<0,05 compared to 2 day; ** - p<0,05 compared to
HSV-I; & - p<0,05 compared to OCCA; "- p<0,05 compared to
HSV1 + OCCA; ! - p<0,05 compared with diffuse degeneration, the
same observation period; according to Kruskal-Wallis criterion
(Kruskal-Wallis ANOVA).
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Table 2. Dependence of density of pyramidal neurons of IlI-V
layers on the nature of changes and development of violations of
experimental groups (Me [Q1-Q3]) in comparison with the control

group.

Neuronal density in Relative number of

Group the test zone, abs. nesrons withlsigr:)s of
egeneration, %
Control 195 [185,7-205,7] 3,3[1,9-3,9]
Diffuse degeneration of neuronal changes
HSV1 169 [157,5-176,5] 10,9 [8,23-13,1]
Diet 184 [179-187] 10,7 [8,6-17.8J#
OCCA, 1 day 174 [162,5-179,5] 16,3 [11,2-20,9] #
OCCA, 2 day 176 [166,2-185] 9,2 [7,5-13,6] #
OCCA, 3 day 164 [148-176,5] 44,1 [19,1-49,2] #*
OCCA, 4 day 137,5 [112,7-170,2] | 41,2 [24,8-64,3] #
HSV1+ OCCA, 1 day 172 [159-185] 16,7 [6,3-30,8] #
HSV1+ OCCA, 2 day 178 [165-189] 13,4 [4,2-20,6] #
HSV1+ ?'Z;; OCCA | 465 [149-170] | 264 [24,8-28.1] %8
HSV1+ diet + OCCA, ) )
2 day
Focal degeneration of neurons
HSV1 154,5 [139-199,2] 79[3,3-12,5] #
Diet 176 [169-184] 13,6 [10,1-19,2] #
OCCA, 1 day 184 [182-196]! 13,1[8,1-17,3] #
OCCA, 2 day 169 [163-186] 19,3 [8,5-24,2] #
OCCA, 3 day 179 [164-179] 20,1 [20,1-21,7] #
OCCA, 4 day 162 [158-165] 24,0 [19,7-27 2] #

21,4 [17,2-23,1] #

[
HSV1+ OCCA, 1 day 162 [160-186]
[

HSV1+ OCCA, 2 day | 169 [163-174] 16,0 [10,6-50,3] #
HSV1+ ?'ZL; OCCA. | 150 (142-157] | 28,6 [25:3-34,5] #1&"
HSVA+ diet + OCCA, | 137 1129.163] | 43,0 [39,5-54,6] #18"
2 day
Discussion

Thus, step-by-step experiments allow us to investigate
the relationship between the presence of neuroinfection
and the level of ischemic brain damage. An analysis of the
mortality of animals and the results of histological studies
allowed us to conclude that the fastest development of
structural changes in the cerebral cortex of the 5th mice
group, in which the conditions of the experiment
immediately coincided 3 pathological factors: cholesterol
diet, neuroinfection and ischemic lesion of the brain.

As indicated in the literature, cerebral ischemia in one-
sided OCCA in mice and rats causes damage to the white
matter of the brain, mild motor disorders and memory
impairment [27, 31], which is a good model for the study of
focal hypoxia [14], vascular dementia and
neurodegeneration [29]. Changing the diet (cholesterol

diet) increases the size of the area of brain damage of
mice after a one-sided OCCA [18]. Bilateral OCCA initially
causes ischemic tolerance, and later significant dystrophic
and necrotic changes in the anatomical brain structures
[28].

In our experiment, it has been shown that the addition
of dietary fat in the diet of mice causes an increase in
proteolytic enzymes in vessels, in particular, MMP-9, which
worsens the state of both macro- and microvessels of the
cerebral cortex. Ischemia of the brain increases the edema
of the brain, the volume of ischemic damage worsens
neurological functions in experimental animals [9].

The deterioration of the biochemical processes of the
brain after the occlusion of the middle cerebral artery in
animals with a fat diet is attributed to disorders of the
metabolism carried out by the liver cells [20]. The views on
these changes are controversial. Some authors believe
that an increase in the level of ketone bodies (acetoacetate
and B-hydroxybutyrate) has an effect on the restoration of
the energy balance of cells, and may also have a
neuroprotective effect [20]. According to another version,
high levels of ketone bodies are toxic to the brain, and
leads to ketoacidosis [12, 13]. Locomotor activity and
changes in biochemical parameters, in particular, TBC-
active products, deteriorate in the modeling of brain
ischemia on the background of a fatty diet. Conducted
clinical studies prove that there is a development of
dysmetabolic processes with long-term use of fatty diet,
which affects the increase of the area of diffuse changes in
damaged brain in the case of ischemia. In his own studies,
a fat diet was used to study vascular changes, and a
deterioration was observed [3]. It was found that on the
background of fatty diet, ultrastructural endothelial and non-
stratified cell disorders develop, lipid deposits in vessels
are accumulated, which may be considered as an initiatory
stage of atherogenesis. OCCA in animals of the 3rd group
was considered to a greater extent as a pathogenetically
relevant model of brain ischemia. Therefore, the next stage
of the experiments was the transfer of infected animals
that successfully transmitted infections with neuroinfection,
on a fat diet. The acute exacerbation of the inflammatory
process and neurodegeneration after OCCA in animals
fed fatty foods that successfully transmitted HSV1
contamination was confirmed by the fact that brain ischemia
is probable under these conditions, which are factors in
the weakening of the body. The increase in the area of the
centers of the inflammatory process is due to the
reactivation of HSV1, which was found in earlier experiments
[8, 14, 15, 31]. The results of the conducted studies allow
to broaden the idea of the influence of the viral association
on the pathogenesis of ischemic stroke and to understand
the role of the vascular wall in these changes.

Prospects for the continuation of experimental studies
in the study of the association of viral infection and the
development of ischemic stroke, as well as morphological
changes in the heart and aorta in the development of the
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infectious process and its correction is obvious. The
prospect of further development is the study of
morphological changes in the heart and aorta in the
development of the infectious process and its correction.

Conclusions

1. OCCA caused a statistically significant decrease in
the density of pyramidal neurons in the parietal and/or
temporal cortex of the brain for 3-4 days, as opposed to the
first 2 days, and is accompanied by morphological
manifestations of neurodegeneration.

2. There is a tendency of increasing the damage to the
cerebral cortexin up to 2 days after OCCA in infected animals
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MATONOCMYHI 3MIHW FTONTOBHOIO MO3KY MULLIEA HA TITI MOLEJTOBAHHSA ILLEMIT 3 ACOLINOBAHOIO BIPYCHOIO
IH®EKLIEO

Typ4yuHa H.C., Caeocbko C.l., Pubanko C.J1., Cmapocuna [.b., KonicHuk A.1I.

Y ceimosili nimepamypi nocmiliHo 3pocmae Kinbkicme 0aHux, wWo ceidyamb npo Oesiki iHGbeKUiltHi 30yYOHUKU, SIK YUHHUKI8 pO38UMKY
amepockiepo3dy ma 20cmpoi yepebposacKynsspHOi namoroaii, ma rpo npedukmopu 20cmpoi cepuyeso-cyOUHHOI mamorioeil, Sk MapKepie
3ananeHHs. HeodHosHa4Hi pe3ynbmamu OocniOxeHb 83aEMO38'I3KY MiX IHGDEKUiE | amepocKepo3oM ma HaMazaHHs dosecmu
iCHy8aHHs1 maKo20o 83aEM038'a3Ky obymosuriu cripobu 3modentosamu iHQeKuis-acoyiliogsaHo20 amepoz2eHe3y Ha meapuHax. 38'a30K
yux GaHux 3 iWemidyHUM MOWKOOKEHHSIM MO3KYy we Mmasno QocridxeHul, xo4ya 8 OKpeMux eKkcriepumeHmarnbHuUx pobomax doeedeHo
rpoepecyroyy OeeeHepauiro rpu KpoeosuUIUSI y MO30K Muwel, 3apaxeHux sipycom npocmoeo eeprecy 1 muny (Bl11), wo nosicHroemscs
ocm-iHCYyIbMHOH0 iMyHOCYnpecieto ma peakmueauieto iHghekyitiHo2zo azeHmy. Mema pobomu - docnidumu 8 eKkcriepuMeHmi Moxiueul
38'A30K MiX 2epriemuyHor0 iHgbeKyjieto ma iweMiYHUM MOWKOOXeHHSIM KOpU 201108H020 MO3Ky Muweul. [ns docsieHeHHs1 mocmassneHoi
memu Hamu 6yro cpopmosaHo 5 epyn ekcriepumeHmarnbHUxX meapuH (Muwed): 1 epyna (n=52), 8 diemi sukopucmosysanu XonecmepuH;
2 epyna (n=23), i3 3apaxeHHsm Bl 1; 3 epyna (n=30), 3 00HObIYHO OKMto3ieto 3az2anbHoi coHHoi apmepii (O3CA); 4 epyna (n=10), i3
3apaxeHHam Bl1'1 ma O3CA; 5 epyna (n=6), i3 3apaxeHHsam BIl11, sukopucmaHHAM xonecmepuHogoi diemu ma O3CA.
MopgomempuyHo Ha 8u2omosneHUX MiKporpenapamax OuiH8anu 3MiHU WinbHOCMi HelUpOoHie HEOKOPMEeKCY MmiM'sHOI, CKpoHeeol
OinsiHOK Mo3Ky ma einokamrny. Cmamucmuy4Hy o6pobKy pesynbmamie rnpogodunu i3 3acmocysaHHsim nipoepamu Origin Lab, eepcis 8.0.
BcmaHoeneHe gipozioHe 36inbweHHs cmpyKmypHUX 3MiH y 5 epyni (3 mpbomMa namorogiyHUMU YUHHUKamMu) KombiHoeaHoi modeni
ropieHsIHO 3 modensamu 6e3 noedHaHHA ma/abo 3 noedHaHHSAIM OeKinbKOX namosoeiyHux o3Hak 1, 2, 3 ma 4 epyn. MopigHsAHHS
pe3ynbmamis mix 1-4 ma 5 epynamu, cei@4yumb PO cmMamucmuy4yHO 3Hayyuje 36inbWeHHs1 8iOHOCHOI KinbKocmi HelUpoHi8 3
yumonamonoz2iYyHUMU o3Hakamu (2inepxpomamos, 0eghopmauisi nepuKkapioHy, KapionikHO3), sike Koperntoe 3 binbworo KifbKicmio
rnamorsio2iqyHux 03HakK, ma 8ipoeiOHo npu3sodumps 00 binbw CMPIMKO20 MOWKOOXEHHs nipamMiOHUX HelpoHie Heokopmekcy. Takum
YuHOM, pedyKuis winbHocmi nipamMiOHUX HelpOoHie y mimM'aHili ma/abo CKpoHesili Kopi MO3Ky rpu KoMbiHogaHil moderni 3 iwemizauicto
ma eipycHoto acoujauieto 8 ekcriepumeHmi 6yna 8ipo2idHo binbLwor NMopieHIHO 3 ModernaMu, y chopMyeaHHI IKUX 3acmocoeaHul nuue
00UH ¢hakmop pusukKy. BusiereHe 36inbWeEHHST cmyrneHi MOWKOOXEeHHs HEOKOpMeKCy npu iwemizauii 20/108H020 MO3Ky y muwel i3
2eprnemuyHor0 iHQeKyieto € C8IOYEHHSIM MOXITUBO20 38'A3KY MK HUMU.

KnroyoBi cnoBa: 20/108HUU MO30K, MUlWI, iWeMisi, 8ipycHa iHGbeKUyis.

MATONOMMYECKUE USMEHEHUWS FONTIOBHOIO MO3IrA MbILWEA HA ®OHE MOOENMPOBAHUSA ULLEMUX C
ACCOLIMMPOBAHHOW BUPYCHOW UHDEKLIMEN

TypyuHa H.C., Casocbko C.U., Pbi6anko C.J1., Cmapocuna [.b., Konecvuk 4.U.

B muposol numepamype nocmosiHHO pacmém Konnu4ecmseo OaHHbIX, KOmopble ceudemesibcmeayrom O HEKOmOpPbIX UHGEKUUOHHbIX
8030yOumersix, Kak ¢ghakmopax pa3gumusi amepocKepo3a u ocmpol uepebposackynspHol namosnoauu, U o npedukmopax ocmpou
cepdeyHo-cocyducmoli namoroauu, Kak Mapkepos eocnasieHusi. HeoOHo3HauHbl pe3ynbmamsi uccriedosaHull 83aUMOCE8A3U MexOy
UHgbekyuel U amepocKiepo3oM, a HaMepeHUsi dokazame CyujecmeosaHue makol 83aumoces3u 06y cio8usu nornbImMKU cModennuposams
UHGeKYusI-acCoyuUpo8aHHbIli amepo2eHe3 Ha XusomHbix. Cea3b amux OaHHbIX C UWEeMUYECKUM ropaxeHUeMm Mosaa ewé maso
uccriedosaHa, xomsi 8 omoOesibHbIX 3KCrepuMmeHmarbHbix pabomax doka3zaHa rnpoepeccupytowass 0eeeHepayusi npu KPo8oUsUsHUU 8
Mo32 Mblwel, 3apaxeHHbIX 8UpycoMm rpocmoeo eepreca 1 muna (Bl1I1), ymo o0b6bscHAemcs nocm-uHcynbmMHoU UMMyHocynpeccuel
u peakmuesauyueli UHheKUUOHHO20 azeHma. Llenb pabomsl - uccriedogame 8 IKCrepUMEHME BO3MOXHYIO C8513b MEXOY eepriemuyeckol
UHGeKkyuel U UuweMu4eckuM rnopaxeHUeMm Kopbl 20/108H020 Mo32a Mblwel. [ns docmuxeHuss nocmasneHHol uenu Hamu 6biio
cghopmuposaHo 5 epynn aKcriepuMeHmarbHbIX XUB0MHbIX (Mbiwel): 1 epynna (n=52), 8 dueme KOomMopoU UCMOMb308aIU X0/IeCMepPUH,
2 epynna (n=23) ¢ 3apaxeHuem Bl 1, 3 epynna (n=30) ¢ oOHocmopoHHel okkro3uel obweli coHHou apmepuu (OOCA), 4 epynna
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(n=10) ¢ 3apaxeHuem BI1 u OOCA, 5 epynna (n=6) c 3apaxeHuem Bl11, ucrionb3oeaHuem xonecmepuHosol duemsi u OOCA. 1o
MUKporpenapamam MopghoMempuyecKU OUeHU8auU USMeHeHUs niomHocmu HelipOHO8 HeoKopmeKkca meMsiHHOU, 8UcOYHoU obnacmet
mo32a u eunnokamna. Cmamucmudeckyro 0bpabomky pe3ynbmamos rnpoeodunu ¢ ucronib3oeaHuem npoepammsl Origin Lab, eepcus
8.0. YcmaHoeneHo docmogepHoe ygenuyeHuUe CmMpyKmypHbIX U3MeHeHul 8 5 epynne (c mpems namono2udecKkumu gbakmopamu)
KoMbuHuUposaHHoU Modenu o cpasHeHuto ¢ modensamu 6e3 o6beduHeHUs1 u/unu ¢ 06beOUHEHUEeM HEeCKObKUX amosio2uyecKux
npusHakos 1, 2, 3 u 4 epynn. CpasHeHue pe3ynbmamos mexdy 1-4 u 5 epynnamu ceudemernibcmayem O crmamucmu4ecku 3Ha4umMom
ygenuyeHuUU OmHoOCUmesbHO20 Kosudyecmea HelpOHO8 C yumoramosioaudeckumu rnpusHakamu (aunepxpomamo3s, degopmayusi
repuKapuoHa, KapuornuKHO3), KoOmopoe Koppesupyem ¢ 60/1bWUM KONUYECm8OM Mamon02udeckuX MpusHaKkos, U 00CmMoeepHo npusooum
K 6oree cmpemumernbHOMY MOPaXeHUto nupamudHbIX HelpPOHO8 Heokopmekca. Takum obpa3om, pedyKyusi MIomHocmu nupamudHbIX
HelpoHo8 8 meMeHHOU u/uru 8UCOYHOU Kope Mo32a rpu KoMbuHUposaHHoU mModenu ¢ uwemu3ayuel u supycHol accoyuayuel 8
akcnepumeHme, bbina 0ocmogepHo borblel o cpasHeHU ¢ Modernsamu, 8 ¢hopMuUpPO8aHUU KOMOPbIX UCMOMb308aH MOIbKO 0OUH
akmop pucka. BbisienieHHOe ysenuuyeHue cmerneHu MopPOXeHUs HeoKopmekca fpu uwemusayuu 20/108HO20 Mo32a y Mbiwel ¢
eepriemuyeckol UHgekyuel senssemcsi caudemenbCmeoM 803MOXHOU C853U MEXOY HUMU.

KntoueBble cnoBa: 20/108HOU MO32, MbiWU, UWEMUS, 8UPYCHas UHQEeKYUsI.

Vol. 24, Ne4, Page 66-73 73



REQUIREMENTS FOR ARTICLES

For publication, scientific articles are accepted only in English only with translation on Ukrainian or Russian, which
contain the following necessary elements: UDC code; title of the article (in English, Ukrainian and Russian); surname,
name and patronymic of the authors (in English, Ukrainian and Russian); the official name of the organization (institution)
(in English, Ukrainian and Russian); city, country (in English, Ukrainian and Russian); structured annotations (in English,
Ukrainian and Russian); keywords (in English, Ukrainian and Russian); introduction; purpose; materials and methods
of research; research results; discussion; conclusions; bibliographic references.

The title of the article briefly reflects its contents and contains no more than 15 words.

Abstract. The volume of the annotation is 1800-2500 characters without spaces. The text of an annotation in one
paragraph should not contain general phrases, display the main content of the article and be structured. The abstract
should contain an introductory sentence reflecting the relevance of the study, the purpose of the study, a brief description
of the methods of conducting research (2-3 sentences with the mandatory provision of the applied statistical methods),
a description of the main results (50-70% of the volume of the abstract) and a concise conclusion (1 sentence). The
abstract should be clear without familiarizing the main content of the article. Use the following expressions: "Detected ...",
"Installed ...", "Fixed ...", "Impact assessed ...", "Characterized by regularities ...", etc. In an annotation, use an active rather
than passive state.

Keywords: 4-6 words (or phrases).

"Introduction”

The introduction reflects the state of research and the relevance of the problem according to the world scientific
literature (at least 15 references to English articles in international journals over the past 5 years). At the end of the entry,
the purpose of the article is formulated (contains no more than 2-3 sentences, in which the problem or hypothesis is
addressed, which is solved by the author).

"Materials and methods"

The section should allow other researchers to perform similar studies and check the results obtained by the author.
If necessary, this section may be divided into subdivisions. Depending on the research objects, the ethical principles of
the European Convention for the protection of vertebrate animals must be observed; Helsinki Declaration; informed
consent of the surveyed, etc. (for more details, see "Public Ethics and its Conflict"). At the end of this section, a "statistical
processing of results" section is required, which specifies the program and methods for processing the results obtained
by the automobile.

"Results"

Requirements for writing this section are general, as well as for all international scientific publications. The data is
presented clearly, in the form of short descriptions, and must be illustrated by color graphics (no more than 4) or drawings
(no more than 8) and tables (no more than 4), the information is not duplicated.

"Discussion”

In the discussion, it is necessary to summarize and analyze the results, as possible, compare them with the data of
other researchers. It is necessary to highlight the novelty and possible theoretical or practical significance of the results
of the research. You should not repeat the information already listed in the "Introduction" section. At the end of the
discussion, a separate paragraph should reflect the prospects for using the results obtained by the author.

"Conclusion"

5-10 sentences that summarize the work done (in the form of paragraphs or solid text).

"Acknowlegements"

Submitted after conclusion before bibliographic references.

"References"

References in the text are indicated by Arabic numerals in square brackets according to the numerology in the list of
references. The list of references (made without abbreviations) sorted by alphabet, in accordance with the requirements
of APA Style (American Psychological Association Style): with the obligatory referencing of all authors, work titles, journal
names, or books (with obligatory publication by the publishing house, and editors when they are available), therefore,
numbers or releases and pages. In the Cyrillic alphabets references, give the author's surnames and initials in English
(Cyrillic alphabet in brackets), the title of the article or book, and the name of the magazine or the publisher first to be
submitted in the original language of the article, and then in square brackets in English. If available, doi indexes must be
provided on www.crossref.org (at least 80% of the bibliographic references must have their own doi indexes). Links to
online publications, abstracts and dissertations are not welcome.

After the list of references, it is necessary to provide information about all authors (in English, Ukrainian and Russian):
last name, first name and patronymic of the author, degree, place of work and position, ORCID number (each of the
authors of the ORCID personal number if absence - free creation on the official website http://www.orcid.org) to facilitate
the readers of this article to refer to your publications in other scientific publications.



The last page of the text should include the surname, name and patronymic of the author, degree, postal address,
telephone number and e-mail of the author, with which the editors will maintain contact.

Concluding remarks

The manuscript should be executed in such a way that the number of refinements and revisions during the editorial
of the article was minimal.

When submitting the article, please observe the following requirements. The volume of the article - not less than 15
and not more than 25 pages, Times New Roman, 14 pt, line spacing - one and a half, fields - 2 cm, sheet A4. Text
materials should be prepared in the MS Word editor (* .docx), without indentations. Math formulas and equations to
prepare in the embedded editor; graphics - in MS Excel. Use the units of the International Measurement System. Tables
and drawings must contain the name, be numbered, and references to them in the text should be presented as follows:
(fig. 1), or (table 1). The drawings should be in the format "jpg" or "tif"; when scanned, the resolution should be at least 800
dpi; when scanning half-tone and color images, the resolution should be at least 300 dpi. All figures must be represented
in the CMYK palette. The statistical and other details are given below the table in the notes. Table materials and drawings
place at the end of the text of the manuscript. All elements of the text in images (charts, diagrams, diagrams) must have
the Times New Roman headset.

Articles are sent to the editorial board only in electronic form (one file) at the e-mail address nila@vnmu.edu.ua

Responsible editor - Gunas Igor Valeryovich (phone number: + 38-067-121-00-05; e-mail: gunas.red@gmail.com).

Signed for print 28.12.2018

Format 60x84/8. Printing offset. Order Ne 3110. Circulation 100.
Vinnytsia. Printing house “Tvory”, Keleckaya St., 51a

PO Box 8825, 600-Richchya Str., 21, Vinnytsya, 21007

Phone: +38 (0432) 603 000

+38 (096) 97-30-934, +38 (093) 89-13-852

e-mail: tvory2009@gmai.com

http://www.tvoru.com.ua



