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A burn wound occurs as a result of exposure to high-temperature skin or chemicals
and is a serious injury with systemic effects. The problem of treatment of thermal
trauma is urgent for modern medicine. Despite the fact that the overall mortality rate
has dropped significantly in recent years, research about the development of new
treatments and technologies for patients with skin burns is extremely important. The
aim of the study is to research the features of electron microscopic changes in the skin
of rats during the month after burns of lI-lll degree against the background of the
introduction of the first 7 days of 0.9% NaCl solution. Studies were performed on 180
laboratory white rats-males weighing 155-160 g. In the course of the experiment, the
animals were divided into 2 groups: 1 - rats without thermal injury, which were infused
with 0.9% NaCl solution at a dose of 10 mi/kg; group 2 - rats which infused 0.9% NaCl
solution at a dose of 10 ml/kg for 7 days after skin burns. Burning skin damage was
caused by applying to the lateral surfaces of the trunk of rats for 10 seconds four
copper plates, heated in water at a constant temperature of 100°C. The total area of skin
lesion in rats was 21-23%. Shaving of the lateral surfaces of rats' trunk, catheterization
of veins, staging of skin burns, and decapitation of animals (after 1, 3, 7, 14, 21 and 30
days) were performed under intravenous propofol anesthesia (calculated at 60 mg/kg
body weight). Preparations for electron microscopic examination were prepared according
to the standard procedure. The data obtained were studied using a PEM-125K electron
microscope. Electron microscopic studies of the skin of animals after thermal trauma
under the conditions of application of 0.9% NaCl solution have found that in the early
stages of the experiment - the stage of shock and early toxemia (1, 3, 7 days) compensatory
and adaptive changes of its structural components are combined with signs of destructive
disorders. In the epitheliocytes of the epidermis of the affected area of the skin is the
destruction of nuclei and cytoplasm. Vascular disorders in the dermis are combined with
changes in fibroblasts, an intercellular substance of fibrous connective tissue. In the
late stages of the experiment - the stages of late toxemia and septicotoxemia (14, 21 and
30 days), there is a further development and deepening of destructive-dystrophic changes
of all structural components of the affected skin, they become irreversible. The processes
of granulation tissue formation, its transformation into connective tissue, as well as
marginal epithelialization are slow. This morphological condition of the burn wound
indicates the need for the use of corrective drugs to reduce destructive changes and the
activation of regenerative processes in the area of skin lesions.

Keywords: skin burns, electron microscopic changes, burn wound, epidermocytes,
0.9% NaCl solution.

Introduction

Thermal trauma, especially in its severe course, poses  the cells and tissues of the body, endogenous intoxication,
a great threat to human life. Violation of functions of vital ~ impaired immune reactivity [16]. The latter, together with
organs causes the development of metabolic disorders in  high contamination of burn wounds with microflora, leads
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to the development of purulent processes and a high risk
of generalization of infection. Microflora, spreading through
the lymphatic and circulatory systems, worsens the course
of the wound process. With inadequate treatment,
prolonged stress leads to a transition from dysfunction to
functional failure [8, 10-12]. It has been established that
the pathogenic mechanism of pathological changes in burn
disease is the numerical morphofunctional changes in the
area of the affected area [3, 21].

The burn wound acts as a trigger mechanism that
triggers all chains of pathogenesis of thermal trauma.
Despite the fact that it is the systemic disorders that cause
the lethal consequences and severe complications of burn
disease, the treatment of the burn wound itself should be
given importance, because the timely termination of
pathological processes in the wound focus can significantly
reduce the degree of damage to vital organs [2, 5, 13, 15,
20]. That is why it is important to study the features of skin
morphological changes in conditions of thermal trauma at
the optical and electron microscopic levels, which will be
the basis for a better understanding of pathological
processes in the burn wound and the development of
effective treatments.

The purpose of the study is to research the
characteristics of electron microscopic changes in the skin
of rats during the month after the burn of the II-lll degree
against the background of the introduction of the first 7
days of 0.9% NaCl solution.

Materials and methods

Studies were performed on 180 laboratory white rats-
males weighing 155-160 g. In the course of the experiment,
the animals were divided into 2 groups: group 1 - rats
without thermal injury which infused 0.9% NaCl solution at
a dose of 10 ml/kg for 7 days; group 2 - rats, which after a
thermal injury of the skin for 7 days were infused 0.9%
NaCl solution at a dose of 10 ml/kg. Skin burn was caused
by applying to the pre-depilated lateral surfaces of the trunk
of rats for 10 seconds 4 copper plates (two plates with an
area of 13.86 cm? on each side), which were pre-heated
for 6 minutes in water at a constant temperature of 100°C
[1, 7]. The total area of skin lesion in rats was 21-23%. All
solutions were injected into the inferior vena cava after
catheterization in aseptic conditions through the femoral
vein. Shaving of the lateral surfaces of rats' trunk,
catheterization of veins, staging of skin burns and
decapitation of animals were performed under the
conditions of intravenous propofol anesthesia (at the rate
of 60 mg/kg of body weight of the animal) [4]. Bioethics
Committee of National Pirogov Memorial Medical University,
Vinnytsya (protocol Ne1 from 11.04.2016) found that the
studies were carried out taking into account the
recommendations of the European Commission on
conducting animal and animal health studies, medical
recommendations of the State Pharmacological Center of
the Ministry of Health of Ukraine and "Rules to Clinical

Pharmacovigilance (GLP) Clinical Safety Assessment".

For further in-depth study, we selected ultrastructural
changes in the skin after 1, 3, 7, 14, 21 and 30 days from
the start of the experiment. For ultrastructural examination,
small pieces of skin were fixed with 2.5% glutaraldehyde
solution on phosphate buffer (pH 7.4). Further fixation was
performed with 1% OsO4 solution. Dehydrated in a series
of alcoholic solutions of increasing concentration.
Contrasted with uranyl acetate, was enclosed in a mixture
of araldite with epoxy resins [9].

Electron microscopic studies were performed with the
help of Doctor of Biological Sciences Prof. K.S.Volkov
(Department of Histology and Embryology of the Higher
Educational Institution "Gorbachevsky Ternopil State
Medical University, Ministry of Health of Ukraine"). Ultrathin
sections were obtained on an LKB-3 ultratome (Sweden)
and contrasted them on copper support mesh uranyl
acetate and lead citrate according to Reynolds. The data
obtained were studied using a PEM-125K electron
microscope.

Results

Electron microscopic studies of the skin of rats after
thermal trauma under the conditions of application of 0.9%
NaCl solution after 1 day have found that its structural
components are characterized by reorganization
characterizing the reactive changes of the organ to the
damaging factor.

Destructive changes of the epidermocytes are found in
the central areas of the affected skin burn. In cells of the
basal and spinous layers pyknotic with homogeneous
karyoplasm nucleus are observed. Perinuclear spaces are
enlarged. Areas of destruction of karyolemma are also
available. Damage to the cytoplasm is manifested by the
destruction of organelles. Mitochondria are swollen with
electron-light matrix and destructed cristae, some of them
in the form of vacuole-like structures. The hyaloplasm is
osmiophilic, the tonofilaments are clearly outlined in it,
some of them are fragmented. The extracellular spaces
are enlarged, the damage of desmosomal contacts is noted
(Fig. 1).

Semidesmosomal contacts with the basement
membrane are also damaged, it is unevenly thickened,
poorly contoured.

The epidermocytes of the spinous and granular layers
are destructively altered. Kernels, pyknotic, with electron-
dense karyoplasm, indistinctly contoured. The cytoplasm
is homogenized, osmiophilous, fragmentation and
disintegration of the tonofibrils are present. In the cells of
the granular layer, large, irregularly shaped keratohyalin
lumps are observed (Fig. 2).

In the dermis there is swelling of the amorphous
component of the intercellular substance, fragmentation
and lysis of collagen fibers. In the affected areas there are
lymphocytes, degranular basophils and neutrophils, which
reflects the inflammatory process in the dermis.
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Fig. 1. Submicroscopic changes of the epidermocytes of the basal ~ Fig. 2. Submicroscopic changes of the epidermocytes of the
and spinous layers after 1 day after burn injury with the introduction  granular layer 1 day after burn injury with the introduction of 0.9%
of 0.9% NaCl solution: 1 - epidermocyte nucleus, 2 - epidermocyte ~ NaCl solution: 1 - pyknotic nucleus, 2 - homogenized cytoplasm.
cytoplasm with damaged organelles, 3 - intercellular space. x12000.  x12000.

S T

Fig. 3. Ultrastructural changes of the components of the dermis 1
day after burn injury with the introduction of 0.9% NaCl solution: 1-  of the skin after 1 day after burn injury with the introduction of
destructured fibroblast nucleus, 2 - fibroblast cytoplasm, 3 -  0.9% NaCl solution: 1 - enlarged, blood-filled lumen, 2 - cytoplasm
intercellular substance swelling, 4 - fibrous structures lysis. x14000.  of endothelial cells, 3 - perivascular edema. x7000.

: % ?', = e 3 S .

i, . ., 0 .5 Bl
Fig. 5. Submicroscopic changes of epidermocytes 3 days after
burn injury with the introduction of 0.9% NaCl solution: 1 - pyknotic ~ epidermis after 7 days after burn injury with the introduction of
nucleus, 2 - damaged cytoplasm. x12000. 0.9% NaCl solution: 1 - detached horn scales, 2 - damaged
epidermocytes. x17000.

Vol. 26, Ne1, Page 5-13 7
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after burn injury with the introduction of 0.9% NaCl solution: 1 -
pyknotic nucleus, 2 - damaged cytoplasm, 3 - intercellular
substance. x9000.

Fig. 9. Ultrastructural changes of the blood capillary after 7 days
after burn injury with the introduction of 0.9% NaCl solution: 1 -
swollen cytoplasm of endothelial cells, 2 - erythrocytes, 3 - damaged
capillary wall. x12000.

In fibroblasts destruction of the nucleus and organelles.
The nuclei are irregular in shape, dominated by
heterochromatin. In the cytoplasm, the tubules of the
granular endoplasmic reticulum and the Golgi cistern are
unevenly expanded and vacuolated. The mitochondria are
hypertrophied, the matrix is enlightened with signs of
edema, the cristae are destroyed. The number of lysosomes
is increasing (Fig. 3).

The gaps of the blood capillaries are full-blooded,
enlarged. The cytoplasm of endothelial cells is enlightened,
in the state of edema, the organelles are damaged, the
number of foamy cytosis is smaller. The basement
membrane is slightly contoured, unevenly thickened
(Fig. 4).

Subsequently (3, 7 days of study) necrobiotic changes
in the central and marginal areas of the wound grow. The
epidermocytes of all layers of the epidermis are necrotically
damaged, in many cells pyknosis and karyorrhexis of the
nuclei are present (Fig. 5). Their cytoplasm is electron-

",_ x : 7 " }?‘K‘; _ -‘. ." : e, .:'.-. 3
Fig. 8. Submicroscopic changes of the dermis after 7 days after
burn injury with the introduction of 0.9% NaCl solution: 1 - cytoplasm
of macrophages, 2 - autophagosomes, 3 - residues of the destroyed

cell, 4 - intercellular substance. x9000.

4 ; ) i e *.S_ . g
Fig. 10. Ultrastructural changes of the blood capillary of the dermis
of the skin 14 days after burn injury with the introduction of 0.9%
NaCl solution: 1 - capillary plethora, 2 - destroyed cytoplasm of
endothelial cells. x7000.

dense homogenized, organelles are destructed.
Intercellular spaces enlarged, horn scales flaked (Fig. 6).

In the stage of early toxemia in the central area of the
wound revealed deep necrotic changes in the dermis.
Fibroblasts and fibrocytes have an osmiophilic hyaloplasm
in which damaged organelles are present. The tubules of
the granular endoplasmic reticulum and the Golgi cisterns
are irregularly expanded, fragmented on the membranes
of the endoplasmic reticulum. Significantly altered
mitochondria, they destroyed not only the cristae, but also
the focal outer membrane. Some organelles are vacuole-
shaped and have an electron-light matrix. The nuclei are
pyknotic, having an osmiophilic karyoplasm, irregular
shape, deep invasions of the karyolemma (Fig. 7).

The established changes in the ultrastructure of
fibroblasts indicate inhibition of their synthetic activity, which
significantly affects the state of the intercellular substance.
The inflammatory reaction of the dermis, the formation of a
demarcation shaft in the wound is accompanied by an
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& 4 Y v
Fig. 11. Submicroscopic changes in the dermis of the skin of the
animal 14 days after burn injury with the introduction of 0.9% NaCl
solution: 1 - nucleus fragment, 2 - fibroblast cytoplasm, 3 -
homogenized intercellular substance. x9000.

increase in the number of lymphocytes, neutrophils,
macrophages. In lymphocytes osmiophilic karyoplasm of
nuclei, fuzzy karyolemma, in the cytoplasm damaged
organelles. The cytoplasm of neutrophilic leukocytes is
degranularized, contains numerous autophagosomes.
Macrophage plasmolemma forms significant outgrowths
and invaginations. In their cytoplasm, phagosomes and
osmiophilous residual bodies are detected (Fig. 8).

In the intercellular substance, the fibrous structures are
sophisticated, fragmented. Hemocapillary lumens are full-
blooded enlarged, there is swelling of the cytoplasm of
endothelial cells, organelles are destructed, the basement
membrane is not clearly contoured, of uneven thickness.
Hemocapillaries with the ruptured wall and hemorrhage
were detected (Fig. 9).

After 14 days, the burn wound under the scab is
represented by a structureless dermis, which includes
fragments of destroyed cells placed in the swollen
intercellular substance. Fragmented collagen and elastic
fibers are present in the wound. The endothelial cytoplasm
and the basement membrane are disturbed in the walls of
the blood capillaries. This leads to hemorrhage, and
erythrocytes are often found in the extracellular substance
(Fig. 10). Modified neutrophilic leukocytes and
macrophages are also present in the damaged dermis.
The formation of connective tissue in the wound is inhibited
by the destruction of the protein synthesis organelles and
energy supply in the fibroblasts (Fig. 11). In the marginal
areas of the wound during this period of study, the
proliferation of epidermal cells is suppressed. The nucleus
and cytoplasm are destructively altered in the germinal
epidermocytes. The basement membrane is poorly
contoured.

Submicroscopic examination of the affected area of the
animal skin in the long term (21-30 days) - the stage of late
toxemia and septicotoxemia after thermal trauma showed
that in the wound the structure of the epidermis and dermis

Fig. 12. Submicroscopic changes of the hemocapillary 21 days
after burn injury with the introduction of 0.9% NaCl solution: 1 -
destroyed endothelial cell, 2 - capillary lumen, 3 - intercellular
substance. x9000.

are similar to the previous term of the experiment. In the
damaged dermis, there is no boundary between the
papillary and mesh layers due to the destruction of the
fibrous structures and homogenization of the intercellular
substance. Defective walls of many blood capillaries are
present. This leads to perivascular edema and hemorrhage
(Fig. 12). The established ultrastructural changes of the
hemocapillaries of the burn wound aggravate its trophism,
promote hypoxia, and inhibit regeneration.

In the long term, the granulation tissue is poorly formed
in the wound. Destructively altered fibroblasts with
osmiophilic, pyknotic nuclei are observed. Deep
invaginations of their karyolemma lead to karyorrhexis. In
electron-dense cytoplasm, there are destructured
organelles, fragmented, thickened tubules of granular
endoplasmic reticulum and cisterns of the Golgi complex.
Numerous hypertrophied mitochondria have a light matrix
and few cristae (Fig. 13).

The intercellular substance in the central and peripheral
areas of the wound is swollen. It has lymphocytes with
small pyknotic nuclei, neutrophils and basophils that
degranulate. There are also macrophages, the cytoplasm
of which contains different in size, mainly rounded
autophagosome (Fig. 14).

In the marginal areas of the burn wound in the preserved
epidermis, there is a regeneration of the epidermocytes of
the germ layer, but it is insignificant. Only individual cells
have nuclei with large nuclei and ribosomal granules in
the karyoplasm, and the signs of mitotic division are
isolated. In many epidermocytes, osmiophilic nuclei with
karyolemma invaginations are noted, organelles and
tonofilaments are damaged in the cytoplasm. This indicates
an inhibition of intracellular regeneration in them.

The intercellular spaces are foci enlarged in some
places, and the intercellular contacts are preserved only in
some areas (Fig. 15). The basement membrane in the
marginal area is unevenly thickened, swollen.

Vol. 26, Ne1, Page 5-13
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Fig. 13. Submicroscopic changes of fibroblast and intercellular
substance of dermis of animal skin after 21 days after burn injury
with introduction of 0.9% NaCl solution: 1 - pyknotic fibroblast
nucleus, 2 - fibroblast cytoplasm, 3 - intercellular substance.
x9000.

F|g 14 Ultrastructural changes in connectlve tlssue of the dermls
of the animal's skin 30 days after burn injury with the introduction
of 0.9% NaCl solution: 1 - pyknotically altered lymphocyte nucleus,
2 - lymphocyte cytoplasm, 3 - cytoplasm of macrophages, 4 -

intercellular substance. x9000.

Flg 15. Submlcroscoplc condltlon of epldermocyte of margmal
area of wound of animal skin 30 days after burn injury with
introduction of 0.9% NaCl solution: 1 - nucleus, 2 - mitochondria, 3
- intercellular contacts. x9000.

Hemocapillary lumens full-blooded, expanded. The
cytoplasm of endothelial cells in their walls with signs of
edema. However, perivascular edema, destruction of the
basement membrane and hemorrhage are less (Fig. 16).

Discussion

The revealed features of electron microscopic changes
in the skin of rats at different periods after thermal trauma
confirm the available data in the scientific literature. It was
established that deep destruction of the epidermocytes
was observed at the 7th day after skin burns in the marginal
and central areas of the wound. Much of the cells of the
basal and spinous layers of the epidermis had nuclei with
signs of pyknosis. Intercellular contacts were broken. Deep
necrosis of the dermis of the skin was combined with the
destruction of the components of its vascular system. The
presence of blood clots in the lumen of the capillaries was

Flg 16. Submlcroscoplc condition of hemocaplllary of the marginal
area of the skin of the animal in 30 days after burn injury with the
introduction of 0.9% NaCl solution: 1 - red blood cells in the lumen,
2 - cytoplasm of endothelial cells, 3 - basement membrane, 4 -
perivascular space. x9000.

characteristic. Violation of the permeability of their wall was
observed, which was accompanied by dermal edema,
cellular infiltration of the connective tissue, and significant
hemorrhages. On the 14th day of this study, an unformed
homogeneous mass containing fragments of destroyed
cells, collagen and elastic fibers was found in the wound.
The blood capillaries were destructured. In addition, the
keratinocytes of the germinal layer of the epidermis showed
signs of inhibition of intracellular regeneration. In later
periods of thermal trauma (21, 30 days), worsening of the
trophism and regeneration of the affected tissues due to
disorders of microcirculation were observed, and
destructive changes became irreversible [14].

The study of the effect of infusion of 0.9% NaCl solution
on the peculiarities of morphological changes of organs
and tissues in different periods of burn injury of the skin
showed the presence of agreement with the data of our
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study. Thus, it was found that in the wall of the small intestine
in the period from 14 to 30 days after a thermal injury of the
skin under the conditions of the introduction for the first
seven days of 0.9% NaCl solution there were significant
disturbances of the microcirculatory bed, which were
manifested by the expansion or vice versa of narrowing of
the lumps and uneven blood filling. Destructive changes in
the cells of the epithelial lamina of the villi and the lamina
of the small intestinal mucosa were observed. It is
characteristic that these changes are not compensatory
and adaptive and led to the further development of
necrobiotic processes [6].

Electron microscopic examination of the components
of the aerohematic barrier of rats after skin burns with the
introduction of 0.9% NaCl solution for the first seven days
revealed significant reactive alveolar changes. Their blood
capillaries are enlarged. There is a noticeable restructuring
of the components of the aerohematic barrier in the form of
uneven thickness of its wall due to swelling and
enlightenment of the cytoplasmic region of the respiratory
epitheliocytes. Initial signs of inhibition of regeneration and
destruction of the walls of the alveoli and blood capillaries
are available. On the 7th day the thinning of the basement
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ENEKTPOHHO-MIKPOCKOMIYHI 3MIHU B LLIKIPI LLYPIB YEPE3 1, 3, 7, 14, 21 TA 30 416 NICNA TEPMIYHOI TPABMU HA ®OHI
BBEOEHHA NEPLUMNX 7 OI6 0,9% PO34YMHY NACL

Maescbkuti O.€., MipoHoe €.B., O4epemHa H.I., anyHko M., lNyHac I.B.

Orniikosa paHa euHukae eHacriook Oii Ha WKipy eucokoi memnepamypu abo XiMiYHUX pPeHoBUH ma HanexXumb 00 8aXKUX mpasM i3
cucmeMHUMU Hacniokamu. [pobrema nikyeaHHSI MepMIiYHOI mpasmMu € akmyasibHOK 011 cy4YacHoi meduuyuHu. He3eaxaro4yu Ha me,
w0 3azarsnbHull pieeHb CMePMHOCMI 3Ha4YHO 3HU3UBCS MPOMSI20M OCMaHHIX POKig, Ha038uYyalHO 8aXXIUGUMU € OOCITIOKEHHSI, MPUCBSIYEHI
po3pobui HosimHix 3acobie ma mexHornoail nikyeaHHs nauieHmie 3 onikamu wkipu. Memotro pobomu € sugyeHHsi ocobriueocmel
e/1eKmMpPOHHO-MIKPOCKOMIYHUX 3MiH 8 WKipi wypie npomseom micsays nicns oniky -1l cmyneHs Ha ¢oHi esederHs1 nepwux 7 0i6 0,9%
posquHy NaCl. JocnidxeHHsi nposedeHi Ha 180 nabopamopHux binux wypax-camusx macoro 1565-160 e. B xodi ekcriepumeHmy eci
meapuHu 6ynu poanodineHi Ha 2 epynu: 1 - wypu 6e3 mepMiyHoi mpasmu, Kompum npogodusu iHgys3ito 0,9% posyuHy NaCl y dosi 10
m/ke; 2 epyna - wypu, kompum npomsizom 7 0i6 nicrisi oniky wkipu nposodunu iHgysito 0,9% posyuHy NaCl y dosi 10 mn/ke. Onikose
MOWKOOKEHHS WKIpU BUKITUKaIU WIISIXOM rpuknadaHHs 0o b6iyHuUx nosepxoHb myryba wypie Ha 10 cexyHO 4omupboX MIOHUX M1aCmUHOK,
Hazpimux y 800i 3 nocmiliHoo memnepamyporo 100°C. SazanbHa nnowa ypaxeHHs noeepxHi wkipu y wypie cknadana 21-23%.
loniHHs1 6okosux mosepxoHb mynyba wypis, Kamemepusauito 8eH, MOCMaHOBKY OriKie WKipu ma dekanimauito meapuH (depe3 1, 3, 7,
14, 21 ma 30 9i6) nposodunu 8 ymosax 8HympiuHbO08EHHO20 MPOonoghorI08020 HapKo3y (i3 pospaxyHKy 60 me/ke macu mina meapuHu).
lNpenapamu 0ns enekmpoHHO-MIKPOCKOMIYHO20 O0CnidXeHHs1 eomysarnu 3a cmaH0apmHo MemoduKor. BusyeHHsi ompumaHux daHux
rpoeoduriu 3a AoroMo20K efieKmpoHHo20 Mikpockona NEM-125K. [MpoeedeHi enneKmpoHHO-MIKPOCKOMiYHI OOCTIOXEHHS WKipu meapuH
nicrng mepmiyHoi mpaemu 3a ymoe 3acmocysaHHsi 0,9% posyuHy NaCl ecmaHosusnu, wo 8 paHHi mepMiHu exkcriepumeHmy - cmaoil
WOoKy ma paHHbOI mokcemii (1, 3, 7 0obu), KomMneHcamopHO-NpUCMocys8arbHi 3MiHU ii cmpyKmMypHUX KOMIOHEeHMI8 NoeOHYOMbLCS 3
03Hakamu OecmpyKmueHuUX ropyweHb. B enimenioyumax enidepmicy ypaxeHoi OinsHKuU wkipu 8i0byesaembcs decmpykuisi sdep i
uumonna3amu. CyduHHi posnadu 8 Aepmi NoedHyrombCsi 3i 3MiHamu ¢hibpobnacmie, MiKKIIMUHHOI PeHOBUHU 80I0OKHUCMOI CromyYHOI
mKaHUHU. Y nisHi mepmiHu ekcriepumeHmy - cmadii nisHboi mokcemii ma cenmuxkomokcemii (14, 21 ma 30 dobu) eidbysaembcs
nolanbwuli po38umMoK ma noanubreHHsi 0ecmpyKmu8HO-OUCMPOQIYHUX 3MiH 8CIX CMPYKMYPHUX KOMIMIOHEHMI8 ypaxKeHol WKipu,
80HU Habyearomb He380pomHo20 xapakmepy. CrosginbHeHo 8i0bysaombcsi npouecu hopMye8aHHs 2paHynsayilHOI mKkaHuHu, it
rnepemeopeHHs1 8 CroJ/lyYHy MKaHUHY, a makox Kpatoea enimenisauisi. Takul mMopghosnoaiyHuli cmaH orliKkogoi paHu cg8id4yumb fpo
HeobXxiOHicmb 3acmocyeaHHsI Kope2yoqux rpernapamis 3 Memoro 3MeHWeHHs 0ecmpyKmueHUX 3MiH ma akmueauii peceHepamopHUX
npouecie y OinAHUI ypaKeHHs WKIpU.

KnrouoBi cnoBa: oniku Wkipu, efekmpoHHO-MIKPOCKOMIYHI 3MiHU, orikoga paHa, enidepmouyumu, 0,9% posquH NaCl.

ANEKTPOHHO-MUKPOCKOMUYECKUE U3MEHEHWS B KOXE KPbIC YEPE3 1, 3, 7, 14, 21 1 30 CYTOK NOCIE TEPMUYECKOW
TPABMbI HA ®OHE BBEAEHWSA MEPBbIX 7 QHEN 0,9% PACTBOPA NACL

Maeeckuti A.E., Muporoe E.B., NanyHko A.M., Oyepemnas H.Il., 'yHac WU.B.

Oxozo8asi paHa 803HUKaem gcriedcmeaue 8030elicmausi Ha KOXY 8bICOKOU meMrepamyphbl UU XUMUYECKUX eeu,ecmes U npuHadnexum
K msKensiM mpasmam ¢ cucmemHbIMu nocnedcmeuamu. [pobrnema nedeHuss mepMmuyeckol mpasmbl sensemcsi akmyanbHoU Ons
cospemeHHoU MeduyuHbl. Hecmompsi Ha mo, Ymo obwull ypo8eHb CMEepMHOCMU 3Ha4YumesibHO CHU3UJICS 8 nocredHue 200kbl,
upe3ebiyaliHoO 8axHbI UccriedosaHus, MOCBsAWeHHbIe paspabomke Hogeliwux cpedcmes U mexHono2ull fe4eHusi nayueHmos ¢ oxxo2amu
Koxu. Llenbto pabomel siensiemcs usy4eHue ocobeHHocmel 31eKmMpOHHO-MUKPOCKOMUYECKUX U3MEHEHUU 8 KOXe KPbIC 8 me4YyeHue
mecsiya nocne oxoea Il-lll cmeneHu Ha ghoHe esedeHusi nepabix 7 OHel 0,9% pacmeopa NaCl. UccrnedosaHusi npoeedeHbl Ha 180
nabopamopHbix benbix Kpbicax-camyax maccol 155-160 2. B xole akcriepumeHma XusomHbix Obinu pasdesneHbl Ha 2 epynnbl: 1 -
Kpbicbl 663 mepmMmuYeckol mpasmbl, KomopbiM rpogodunu uHgy3uto 0,9% pacmeopa NaCl e doze 10 mn/ke; 2 epynna - KpbIChl,
KOMOopbIM 8 meyeHue 7 CymoK rocrie oxoaa Koxu nposoduru uHgy3suro 0,9% pacmeopa NaCl e dose 10 mn/ke. Oxoz2oeoe nospexoeHue
KOXU 8bi38asnu rymem rpusioxeHusi K 60KO8bIM 08epxXxHOCMAM mynosuuwja Kpbic Ha 10 ceKyHO Yembipex MeOHbIX MIaCmuHOK,
Hazpemsbix 8 800e ¢ nocmosiHHol memnepamypouti 100°C. Obwas nnow,adb nopaxeHusi MO8epXHOCMU KOXU y Kpbic cocmaernsna 21-
23%. bpumbe 60k08bIX MosepxHocmel mynosuwa KpbIic, Kamemepu3ayuro 8eH, MOCMaHOBKY 0X0208 KOXU U OeKkarnumauuto XU8OMmHbIX
(yepes 1, 3, 7, 14, 21 u 30 cymok) nposodusnu 8 ycrosusix 8HymMpUBEHHO20 MPornogor08020 Hapkosa (U3 pacyema 60 me/ke macchl
mena xueomHoeo). [Npenapamsl 0518 371€KMPOHHO-MUKPOCKOMUYECK020 ucc1edo8aHusi 20moeusnu no cmaHOapmHol mMemoouke.
U3yyeHue nony4eHHbix OaHHbIX pPoeodunu C noMowbio 31eKmpoHHOo20 Mukpockona MNOM-125K. MposedeHHble 351eKMpPOHHO-
MUKPOCKOMuUYecKue uccrie0o8aHUsi KOXU XXUBOMHbIX M0C/Ie mepMuYyeckol mpasmbl 8 ycrnosusix npumeHeHusi 0,9% pacmeopa NaCl
ycmaHo8usu, 4Ymo 8 paHHUE CPOKU 3KcriepumeHma - cmaduu woka u paHHel mokcemuu (1, 3, 7 cymok), KoMrneHcamopHO-
npucriocobumerbHble USMEHEHUS ee CImpPyKmypHbIX KOMIOHEHINo8 coYyemaromcs C rnpu3Hakamu O0ecmpyKmueHbIX HapyuweHul. B
anumenuoyumax snudepmuca MopaxeHHo20 ydacmka Koxu rpoucxodum decmpykuyusi sdep u yumonna3mbl. Cocyducmsie
paccmpoticmea 8 depme codemaromcsi ¢ U3MeHeHUsIMU ¢hubpobriacmos, MEeXKIIeMo4YHO20 seuwecmesa 80/10KHUCMOU coeduHUMebHoU
mkaHu. B no3dHue cpoku akcrepumeHma - cmaduu rno3dHel mokcemuu u cernmukomokcemuu (14, 21 u 30 cymok) npoucxodum
OQanbHelwee pa3zsumue u yanybneHue 0ecmpyKmugHO-OUCMPOUYECKUX U3MEHEHUU 8Cex CMPYKMYpPHbIX KOMTOHEHMO8 MopaXeHHoU
KOXU, OHU ripuobpemarom Heobpamumbll Xxapakmep. 3amedneHHO fNpoucxodsim rpouecchl hopMupo8aHUs epaHynsIUUOHHOU MmKaHU,
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ee rpeobpa3osaHusi 8 COeOUHUMEIbHYIO MKaHb, @ makxe Kpaeeasi anumesnu3ayusi. Takoe Mopgori0audeckoe cocmosiHuUe 0020800
paHbl caudemericmayem 0 Heobxodumocmu MPUMEHEHUST KOPPEKMUPYIOWUX fpenapamoes ¢ Uernblo yMeHbWeHUs 0ecmpyKmusHbIX
U3MEeHeHuUl U akmusayuu peseHepamopHbIX Mpouyeccos 8 obnacmu rnopaxeHusi KoXu.

KnioueBble cnoBa: oxo2u KOXU, 3/1eKMPOHHO-MUKPOCKOMNU4YeCcKue U3MeHeHUs, o)Xoeosas paHa, SHUOE,DMOL(UmbI, 0,9% pacmeop
NacCl.
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Determining the indicators of the external body structure, which are inherent in highly
qualified athletes of a particular sport during the annual training macrocycle, can be
reliable markers in sports selection. The aim of the work is to determine the differences
of anthropometric dimensions in qualified young women volleyball players at the
beginning of the preparatory period and at the end of the competitive period of the
annual training cycle. We examined 36 young women volleyball players of the section
of sports improvement of National Pirogov Memorial Medical University, Vinnytsya and
the women's volleyball team of the Super League of Ukraine "Bilozgar - Medical
University". All volleyball players belonged to a juvenile age (from 16 to 20 years) and
had a high level of sportsmanship. We conducted two surveys of volleyball players
during the 2018-2019 study year: the first - in September 2018, which corresponded to
the beginning of the preparatory period of the annual training cycle; the second - in May
2019, which was at the end of the competitive period of the annual training cycle.
Anthropometric measurement was performed by the method of V.V. Bunak (1941). The
analysis of the obtained results was performed in the license package "Statistica 5.5"
using non-parametric methods of evaluation of indicators. At the end of the competition
period, compared to the preparatory training period, volleyball players of high level of
sportsmanship in adolescence showed a statistically significant decrease in body
weight with a significant increase in shoulder width, chest circumference on inspiration,
thighs and crus in the upper third, and a tendency to larger values of the height of the
suprasternal and shoulder points, torso length and transverse mid-chest diameter.
Certain somatometric features of volleyball players can be considered from two aspects:
first, as a consequence of qualified prognostic sports selection, and secondly, as a
result of training and competitive sports activities. Analysis of external body parameters
in volleyball players during the annual macrocycle can be used as criteria for ascertaining
sports selection, because when selecting at the stages of advanced specialization it is
necessary to identify athletes capable of achieving high sports results, effective sports
improvement in subsequent stages of training.

Keywords: anthropometry, young women volleyball players, juvenile age, preparatory
and competitive periods, annual macrocycle.

Introduction

The modern methodology of sports selection [3] of

genetic markers [6, 8, 10, 16, 17, 19] to diagnose the

volleyball players is based on sports-pedagogical concepts
[15], which require the use of constitutional parameters of
athletes as prognostic markers [1, 2, 19, 24, 26], indicators
of motor and technical fitness [4, 5], biological inclinations
of motor abilities [9, 11] and their ratio is determined, which
creates the potential for an individual to achieve a high
sports result. Scientists have proven the viability of using

development of morpho-functional traits and motor skills
of athletes. For all the multiplicity and ambiguity of these
characteristics, their genetic component, the degree of
determination and variability under the influence of
phenotypic influences, remains outside the scope of
research. Determination of model characteristics of total
and partial body sizes, which are inherent in highly qualified
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athletes of a particular sport, can be considered when
conducting sports prognostic and ascertaining sports
selection.

There was a significant difference in the size of
anthropometric body size in women volleyball players,
compared with girls who did not play sports [20, 21, 23,
26]. But, from our point of view, it was interesting to get an
answer to the question of whether somatometric
dimensions change in qualified women volleyball players
under the influence of sports during the annual macrocycle
and what anthropometric indicators can be used as criteria
for ascertaining sports selection in women's volleyball.

The aim of the work is to determine the differences of
anthropometric dimensions in qualified women volleyball
players at the beginning of the preparatory period and at
the end of the competitive period of the annual training
cycle.

Materials and methods

We examined 36 young women volleyball players of the
section of sports improvement of National Pirogov Memorial
Medical University, Vinnytsya and the women's volleyball
team of the Super League of Ukraine "Bilozgar - Medical
University". All volleyball players belonged to a young age
(from 16 to 20 years) and had a high level of sportsmanship.
By sports categories, the distribution was as follows: 2nd
adult category had 9 people (25.0%), 1st adult - 18 people
(50.0%), candidates for masters of sports - 5 people
(13.9%), masters of sports - 4 people (11.1%). The average
sports experience was 5.65+1.35 years. The coach of both
teams was the Master of Sports of Ukraine, Ph.D., Associate
Professor Yakusheva Y.I. The annual training cycle in both
teams (student and professional) had a single-cycle
structure and consisted of three periods: preparatory, which
lasted about three months (August-October), competitive,
which lasted for seven months (late October-early June)
and a transition period of two months. We conducted two
surveys of volleyball players during the 2018-2019 study
year: the first - in September 2018, which corresponded to
the beginning of the preparatory period of the annual
training cycle; the second - in May 2019, which was at the
end of the competitive period of the annual training cycle.

The beginning of the preparatory period of the annual
training cycle corresponded to the stage of general training,
the main task of which was to form the basis for the
development of sports form. In the competitive period
stabilization of a sports form at the expense of integral
preparation is carried out. The main tasks of this period
were to increase the achieved level of special training and
achieve high sports results in competitions [14].

Anthropometric measurement was performed by the
method of V.V. Bunak [7]. The analysis of the obtained
results was carried out with the help of the licensed program
"Statistica 5.5" using non-parametric methods of evaluation
of indicators. The significance of the difference between
the values between the independent quantitative indicators

was determined using the Mann-Whitney U-test.

Results

After comparing the anthropometric dimensions of
volleyball players at the beginning of the training period
and at the end of the competitive period of the annual
training cycle, we found that in volleyball players such total
dimensions as length and body surface area do not change
significantly. We noted a significant decrease (p<0.05) in
body weight at the end of the competitive period (Table 1).

It was found that some longitudinal body sizes during
the annual training cycle in adolescent volleyball players
have a positive dynamic (Table 2). It is established that
female athletes at the end of the year tend to have higher
values of the height of the suprasternal and shoulder points.
The height of the finger, pubic and trochanter points during
the annual training cycle of youth volleyball players does
not change significantly.

In volleyball players, the length of the arm and leg does
not experience statistically significant differences during
the annual training cycle, and the length of the torso has a
pronounced tendency to greater values at the end of the
competition period (see Table 2).

Analyzing the features of girth, transverse and anterior-
posterior torso dimensions in volleyball players in different
periods of the annual training cycle, it should be noted that
in volleyball players waist and chest girth on exhalation
and at rest, lower chest diameter, anterior-posterior mid-
thoracic diameter pelvis do not undergo significant changes
during the annual training macrocycle (Table 3).

Chest girth on inspiration and shoulder width in
volleyball players were statistically significantly greater at
the end of the competition period than at the beginning of

Table 1. Total body size of young women volleyball players in
different periods of the annual training cycle (M+o).

Indicators Pr([a)p;arif(;ory Co[r;r;[;ie(;tgive p
Body weight (kg) 66.89+6.36 | 64.1616.48 <0.05
Body length (cm) 174.3+5.73 | 175.7+3.26 >0.05
Body surface area (m?) 1.777+0.140 | 1.765+0.130 >0.05

Table 2. Features of longitudinal body dimensions in young women
volleyball players in different periods of the annual training cycle
(Mo, cm).
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Anthropometric dimensions Pr(;p;?if;ory Co;r;;;ieot(ijtive p
Height of the suprasternal point | 142.5+6.6 143.5+3.2 | =0.068
Pubic point height 90.91+4.51 | 91.3145.06 | >0.05
Height of the shoulder point 145.7+6.4 147.1+4.3 | =0.064
Height of the finger point 67.71+4.92 | 67.84+3.19 | >0.05
Height of the trochanter points | 92.25+5.71 | 92.52+4.28 | >0.05
Arm length 79.2143.77 | 80.06+1.38 | >0.05
Body length 54.19+4.25 | 55.75+1.27 | =0.056
Leg length 91.36+4.51 | 91.3742.48 | >0.05
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Table 3. Features of girth, transverse and anterior-posterior torso
sizes in young women volleyball players in different periods of the
annual training cycle (Mg, cm).

Anthropometric dimensions Prz;;?ir:(tjory CoFr’r;;?ieot(ijtive p
Waist circumference 70.22+5.01 | 69.83x4.28 | >0.05
Chest girth on inhalation 95.0545.99 | 97.47+7.14 | <0.05
Chest girth on exhalation 85.95+6.34 | 86.41+6.37 | >0.05
Chest girth at rest 89.9546.29 | 90.07+5.60 [ >0.05
Transverse middle thoracic 26.61+2.55 | 27.94+1.48 | =0.056
Transverse lower thoracic 23.68+2.31 | 24.15+¢3.38 | >0.05
Anterior-posterior mid-thoracic | 18.17+1.02 | 18.02+1.51 | >0.05
Shoulder width 36.12£1.16 | 37.94+1.66 [ <0.05
Interspinous distance 25.49+2.06 | 24.84+1.77 | >0.05
Intercristal distance 29.59+2.14 | 29.58+1.65 | >0.05
Intertrochanteric distance 32.85+2.02 | 33.15+1.36 | >0.05
External conjugate 19.26+£1.76 | 19.27£1.05 | >0.05

Table 4. Features of the width of the distal epiphyses of the limb
segments in young women volleyball players in different periods
of the annual training cycle (Mo, cm).

Anthropometric dimensions Pripé?ir:l;ory Co;?f:give p
Shoulder epiphysis 6.482+0.410 | 6.564+0.410 | >0.05
Forearm epiphysis 5.324+0.331 | 5.383+0.301| >0.05

Thigh epiphysis 8.743+0.832 | 8.794+0.512 | >0.05
Crus epiphysis 6.842+0.511 | 6.960+0.423 | >0.05

Table 5. Features of circumferential sizes of extremities in young
women volleyball players in different periods of an annual training
cycle (Mto, cm).

Anthropometric dimensions Pr(:)p;z:ir:;ory Co;r;;;ieot:jtive p
Shoulder in a tense state 28.05+£2.37 | 29.52+1.53 <0.05
Shoulder not in a tense state | 26.53+2.48 | 26.73+2.50 >0.05
Forearms in the upper third | 23.98+1.02 | 23.86+1.61 >0.05
Forearms in the lower third 15.74+0.86 | 15.83+1.14 | >0.05
Hands 18.89+0.77 | 18.93+1.14 [ >0.05
Foots 23.05+1.13 | 23.39+1.21 >0.05
Thigh 54.22+3.62 | 57.88+3.15 <0.05
Crus in the upper third 36.21£2.54 | 37.18+1.90 <0.05
Crus in the lower third 22.89+2.45 | 22.82+1.56 [ >0.05

the training period (in both cases p<0.05). The transverse
mean thoracic diameter tends to increase during the annual
macrocycle (p=0.056) (see Table 3).

We found that volleyball players during the annual
training macrocycle did not experience significant changes
in the size of the transverse dimensions of the diaphysis of
large tubular bones (Table 4).

It was found that volleyball players at the end of the
competitive period of the training cycle had a significant
increase in the girth of the tense shoulder, thigh and crus

in the upper third (in all cases p<0.05) (Table 5). The girth
of other segments of the upper and lower extremities do
not undergo significant changes during the annual training
macrocycle in volleyball players of high skill level of
adolescence.

Discussion

An important social problem is the correct assessment
of the potential of each person and the optimal use of his
physical abilities. Specialization in sports should be based
on the adequacy of human biological capabilities to the
demands of sports activities. Adequate phenotypic sports
orientation will avoid many adverse consequences from
the wrong choice of profile of sports specialization. New
tasks of sports selection are reduced to disclosure of
constitutional features of reactivity of an organism and
character of its growth and development on external
diagnostically significant signs. The results of research
[10, 16, 23] indicate the possibility of predicting the prospects
of young athletes on anthropometric traits, which due to
genetic conditionality change relatively little.

The length, weight and surface area of the body are
signs that must be considered when conducting prognostic
and ascertaining sports selection in volleyball [21]. In our
previous studies at the beginning of the annual training
macrocycle, when comparing anthropometric data between
groups of athletes and controls, it was found that length,
weight, body surface area, all longitudinal body dimensions,
chest and limb circumference, distal epiphyseal width,
transverse median and lower thoracic size, anterior-
posterior mid-thoracic diameter, intertrochanteric and
intercristal distances in qualified volleyball players are
significantly larger than in young women who do not play
sports [22]. During the annual macrocycle, we did not find
significant changes in the length and surface area of
volleyball players, although the average group values of
body length in volleyball players at the end of the year are
higher. Significant weight loss at the end of the competition
period can be explained by more intense physical and
psycho-emotional stress in volleyball players at the end of
the annual macrocycle. When analyzing the dynamics of
the longitudinal dimensions of the body, our attention was
drawn to a pronounced tendency to increase the length of
the torso and the height of the suprasternal and shoulder
points, which can be explained by the ontogenetic features
of the body of young women. In the research of B. O. Nikityuk
it was proved that the closure of the epiphyseal zones of
growth of tubular bones in the body of young women occurs
in 16-17 years [18]. The exact mechanisms of regulation of
processes occurring at the level of epiphyseal germ plates
are not known. Among the factors influencing these
processes are genetic, vascular, hormonal and
biomechanical [13]. In the middle of the XIX century the
regularity of influence of the mechanical factor on
longitudinal growth of bones was described (Heuter-
Volkmann's law). The essence of this law is that
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longitudinal growth is slowed down by excessive
mechanical stress, which has a compressive effect, and
conversely, moderate exercise, which has a decompressive
effect, stimulates growth processes [12]. Our results on
the longitudinal growth of the upper and lower extremities
during the annual training cycle does not contradict the
previous study. At the same time, the established positive
growth dynamics of torso length can be explained by the
fact that during the adolescent period of ontogenesis there
are processes of longitudinal trunk growth [25], most likely
due to the height of vertebral bodies and increasing
intervertebral disc thickness.

Thus, the analysis of external body parameters in
volleyball players during the annual macrocycle can be used
as criteria for ascertaining sports selection, because the
selection at the stages of advanced specialization must
identify athletes capable of achieving high sports results,
effective sports improvement in subsequent stages of long-
term training. This problem can be solved only on the basis
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3MIHA AHTPOMOMETPUYHUX MOKA3HUKIB Y KBANI®IKOBAHUX BONENBONICTOK FOHALIbKOIO BIKY MPOTAIOM
PIYHOIO TPEHYBAJIbHOIO MAKPOLIMKNY

CapacgpuHrok J1.A., Xaniubka O.I1., Capagpuniok I1.B., Konsadenko C.B., Yepkacoea JI.A.

Bu3sHayeHHs1 nokasHUKi8 308HiWHbBOI 6ydosu mina, AKi npumamaHHi 8UCOKOK8arighikogaHUM criopmcMeHaMm OKpemozo eudy criopmy
rpomsi2oM piYHO20 MpeHys8arbHO20 MakpoOUUKIly, MOXymb aucmynamu HadillHUMU MapKepamu rpu nposedeHHi criopmugHozo 8idbopy.
Mema pobomu - gusHa4umu 8iOMiHHOCMI aHMPONOMempPUYHUX POo3Mipie y KearsighikogaHux goneliboricmok Ha noyamky nideomoeyo20
repiody ma y KiHUj 3mazarnbHO20 repiody piHHo20 mpeHysarnbHo20 yukry. Hamu 6yno o6cmexeHo 36 gonelibonicmok cekuii cnopmugHo20
800CKOHarneHHs1 BiHHUYbKO20 HaujoHarnbHo20 Medu4yHo20 yHisepcumemy im. M.I. [Nupoeoea ma xiHo4oi eonelibonbHoi komaHOu Cyrnep
nieu YkpaiHu "bino3zap - MedyHisepcumem". Bci gonelibonicmku Hanexanu 00 toHaubko2o 8iKy (8i0 16 do 20 pokig) ma marnu eucokul
piseHb criopmugHoi malicmepHocmi. Hamu 6yno nposedeHo dea obcmexeHHs sonelibonicmok npomszom 2018-2019 HagyarnbHO20
poky: nepwe - y eepecHi 2018 p., wo 8idrnosidano noyamky nid2omoe4oeo rnepiody piyHO20 MpeHy8anbHO20 YUKy, dpyae - y mpasHi
2019 p., wo byno y KiHyi 3MaearnbHO20 repiody piHHO20 MPeHy8anbHO20 UUKITY. AHMPONoMempuyHe 8UMIpIOBaHHS nMpoeoousnu 3a
memodom B.B. byHaka (1941). AHanis ompumaHux pesynbmamie nposedeHo y niueHsiliHomy nakemi "Statistica 5.5" 3 sukopucmaHHsIM
Hernapamempu4HUX Memodie OUiHKU MOKa3HUKIe. BusierieHo y KiHUi 3Ma2anbHo20 nepiody, NMopieHSIHO 3 Mid20moe4yuM mpeHyearbHUM
repiodom, y 8onelibonicmoK 8UCOKO20 pigHsT CrIopmMUBHOI MalicmepHOCMI HOHaUbKO20 8iKYy cmamucmu4YHO 3Haqdyu,e 3MeHWeHHs Macu
mina 3 o0HoYacHUM OOCMO8IPHUM 36inbWeHHSIM WUPUHU rnedel, obxeamie epyOHOI KrnimKu Ha 80uUXxy, cmeeHa ma 20MIfKU y 8epxHill
mpemuHi, a makox eusierieHa meHOeHUuisi 0o binbuwux 3Ha4YeHb sucomu HadepyOHUHHOI ma r1e4080i mo4yok, AoexuHuU mynyba ma
rnornepe4yHo20 cepedHboepyOHo2o diamempa. BusHaueHi comamomempuyHi ocobnusocmi eonelibonicmok MoxHa po3ensdamu 3 080X
acriekmia: ro-rnepuwe, sik Hacridok KearighikogaHoO20 MPO2HOCMUYHO20 CrIopmMuUBHO20 8i06opy; no-0pyeae, sK pe3ynbmam mpeHy8asbHO-
3MmazarnbHol criopmueHoi disnibHocmi. AHani3 308HIWHIX napamempie mina y 8oneliboricmoK npomsaeoM piYHO20 MaKpOUUKITy MOXHa
suKopucmosygamu siK Kpumepii KOHCmamy4o20 criopmugHozo 8idbopy, momy wo rpu 8idbopi Ha emanax noenubneHoi crneyianizauii
HeobXiOHO eusenIAMU criopmcmMmeHie, 30amHux 00 00CsieHEeHHS 8UCOKUX CMOPMUBHUX pe3yrbmamis, eheKmueHoe0 CriopmueHoeo
800CKOHaneHHs1 Ha HacmyrnHUx emanax 6azamopiyHoi Md2omosKu.

KnrouoBi cnoBa: aHmponomempisi, sonetibonicmku, oHaubkul eik, nidezomosyuli ma 3mazanbHull nepiodu, pidHUU MaKpOUUKII.

M3MEHEHUE AHTPOMOMETPUYECKUX NMOKA3ATENEN Y KBANTM®ULIMPOBAHHbLIX BONEMEONIMCTOK FOHOLUECKOIO
BO3PACTA B TEYEHME rOAUNYHOIO TPEHMPOBOYHOIO MAKPOLIMKINA

CapadgpuHrok J1.A., Xanuuykas O.[1., CapaguHrrok I1.B., KonsideHko C.B., Yepkacoea JI.A.

OnpedeneHue nokazamerel 8HeWHe20 CMPOeHUs mesia, Komophble Npucy WU 8bICOKOK8anuguyupo8aHHbIM CriopmceMeHam omoesibHO20
suda criopma 8 meyeHue 20008020 MPEHUPOBOYHORO MaKpOUUKIa, MO2ym ebiCmyrnambe HadexHbIMU MapKepamu fpu rnposedeHuu
crnopmugHoe2o ombopa. Llenb pabomel - onpedenums pa3nuyus aHmMPONOMempu4YeCcKUX pa3mMepos y Keanugpuuyupo8aHHbIX
gonetiboriucmok & Hayane Mno02omoeumesnsHo20 nepuoda U 8 KOHUEe COpesHosameribHO20 rnepuoda 200UYHO20 MPEHUPOBOYHO20
uukna. Hamu 6b110 obcnedosaHo 36 8onelibonucmoKk cekyuu CropmueHo20 ycosepuleHcmeogaHuss BUHHUUKO20 HayuoHarbHOo20
meduyuHckoeo yHusepcumema um. H.U.[Mupozosa u xxeHckol eonelbonbHol komaHObl Cynep nuau YkpauHbl "buno3zap -
MedyHusepcumem"”. Bce gonelibonucmku rpuHadnexanu K roHoweckomy go3pacmy (om 16 0o 20 nem) u umernu 6bICOKUL ypOBEHb
criopmueHoeo Macmepcmea. Hamu 6b1r1o nposedeHo dsa obcriedosaHus sonetibonucmok 8 meyeHue 2018-2019 yyebHoeo eoda:
nepeoe - 8 ceHmsibpe 2018, ymo coomeemcmeosano Hadyarny nodzomosumernibHo20 repuoda 200U4HO20 MPEHUPOBOYHO20 UUKNa;
smopoe - 8 mae 2019, 4mo 6b110 8 KOHUE COpesHO8aMeIbHO20 rnepuoda 200UYHO20 MPEHUPOBOYHO20 UUKIa. AHMPONoMempuUYyecKoe
uamepeHusi npoeodusnu rno memody B.B. byHaka (1941). AHanu3 nony4yeHHbIX pe3ynibmamos npogedeH 8 JIUUEH3UOHHOM rakeme
"Statistica 5.5" ¢ ucronb3oeaHueM Hernapamempuyeckux Memodo8 oueHKU rokasamernel. BbisieneHO 8 KOHUe copesHo8amesibHO20
rnepuoda o cpagHeHUro ¢ Nod20mo8uUMerbHbIM MPEHUPO8OYHbIM 1epuodoM, y 80/1elibO0IUCMOK 8bICOKO20 YPOBHS COPMUBHO20
mMacmepcmea IHOWEeCKO20 8o3pacma cmamucmuy4yecKu 3Ha4UMOe yMeHbUWeHUe MacCbl mesna ¢ 0OHO8PeMeHHbIM A0CMO8ePHbLIM
ysenu4yeHueM wupuHbl riried, obxeamoes epydHol Kremku Ha e0oxe, 6edpa u 20/1eHU 8 8epxHel mpemu, a makxe 8bisigrieHa meHOeHUUs1
K 6orbwuM 3Ha4eHUsIM 8bIcoOmMbl Ha02pyOUHHOU U riieyesoli moyek, OnuHbI myrosuwa U rnornepeqHo20 cpedHespyOHo20 duamempa.
OnpederneHHble comamomempuyeckue ocobeHHocmu 80s1eliboIucmoK MOXHO paccMampugamb ¢ 08yX acrekmos: 80-Mepsabix, Kak
cnedcmeue KeanupuyupoeaHHO20 MPOSHOCMUYECKO20 CrIopmuUeHO20 ombopa; 80-8MOpPkLIX, Kak pe3ynbmam MmMpeHUpO8OYHO-
copesHosamernbHOU criopmueHol desimenbHocmu. AHanu3 8HeWHUX napamempos mesa y 80nelbonucmoKk 8 mevyeHue 200U4HO20
MaKpoOyUK/ia MOXHO UCIMOb308amb 8 Kayecmee Kpumepues KOHCmamupyouweao criopmusHo2o ombopa, mak Kak npu oméope Ha
amarnax yanybneHHol crieyuanu3ayuu HeobxoOuMO 8bIsi8/Isimb CrOPMCMEH08, CroCOOHbIX K OOCMUXEHUIO 8bICOKUX CHOPMUBHbIX
pe3yribmamos, 3¢hhekmuHO20 CITOPMUBHO20 COBEPLIEHCMB08aHUS Ha CrIedywux amanax MHo20emHel Mo020moskKu.
KnroueBble cnoBa: aHmpornomempusi, 8051elib6oNUCMKU, OHOWeCKUU 8o3pacm, no020mosumeribHbIlU U copesHo8ameribHbIU nepuoodsbl,
2000800 MaKpOUUKII.
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To date, it has been established that hyperhomocysteinemia plays a significant role in
the development and progression of many diseases. The accumulation of homocysteine
occurs due to a violation of the relationship between its production and excretion from
the body. The liver plays an important role in the metabolism of homocysteine, because
it undergoes most of the reactions of its transmethylation, and, therefore, it is the first
to be adversely affected. The aim of the study is to identify the features of electron
microscopic changes in the liver structure of young rats with hyperhomocysteinemia.
The experimental study was performed on 22 white nonlinear young (1-2 months) male
rats, which were divided into a control group and an experimental group. A model of
persistent hyperhomocysteinemia was created by administering to rats the experimental
group of thiolactone homocysteine at a dose of 200 mg/kg body weight intragastrically
for 60 days. The study of ultrastructural changes in the liver of rats was performed using
an electron microscope PEM-125K. It was found that the introduction of thiolactone
homocysteine at a dose of 200 mg/kg in rats led to the development of degenerative
changes in hepatocytes. Changes in the structure of liver cells manifested themselves
in the form of edema of the cytoplasm and mitochondria, destruction of mitochondrial
cristae, dilation of the tubules of the granular endoplasmic reticulum and tanks of the
Golgi complex. The activity of fat-accumulating liver cells and stellate macrophages is
characteristically. In the lumens of the sinusoidal capillaries found sweeter shaped
blood elements, the cytoplasm of endothelial cells had signs of edema. Thus, in
experimental hyperhomocysteinemia revealed changes at the ultrastructural level in
all structural components of the liver of young rats. The identified changes are
compensatory-adaptive in nature and are reversible.

Keywords: hyperhomocysteinemia, hepatocytes, mitochondria, macrophages,
sinusoidal capillaries.

Introduction

In the last few years, the amino acid homocysteine has
attracted a lot of attention from researchers. This
phenomenon is associated with the emergence of new
research, which shows the extremely negative impact of
elevated levels on the body and participation in the
pathogenesis of many diseases. Homocysteine is a non-
protein sulfhydryl amino acid formed during the metabolism
of the essential amino acid methionine [16, 18, 19].
Intracellular homocysteine metabolism is carried out in
several stages. S-adenosylmethionine is synthesized from
methionine with the participation of the enzyme methionine
adenosyltransferase. The latter, losing the methyl group, is
converted to S-adenosylhomocysteine. Subsequently,
adenosine and homocysteine are formed due to S-

adenosylhomocysteine hydrolase. The process of
elimination of excess homocysteine in the body is provided
by three ways - remethylation, transsulfation, desulfurization
[9, 15]. The mechanism of remethylation is based on the
process of resynthesis of methionine from homocysteine
with the obligatory participation of vitamin B12 and
methionine synthase. In the process of transsulfation,
homocysteine is converted to cystathionine under the action
of the enzyme cystathionine-B-synthetase. Subsequently, the
formed cystathionine, already under the influence of vitamin
B6-dependent enzyme y-cystathionase decomposes into
cysteine, ammonia and a-ketobutyrate [7]. Due to the
transsulfation process, the excretion of up to 70-80% of
excess homocysteine levels is ensured, the rest is
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accounted for by remethylation and desulfation
mechanisms. As a result of the latter, homocysteine is
converted to hydrogen sulfide.

Many studies have been assigned to the study of the
pathogenetic effects of elevated plasma homocysteine
levels, but to this day this issue remains incomplete. Most
researchers identify several mechanisms of adverse effects
of hyperhomocysteinemia. These include: activation of
oxidative stress, expression of mediators of inflammation
and fibrosis, inhibition of methylation processes,
homocysteine protein synthesis [9, 14, 16].

Scientists around the world have begun to actively study
the effects of hyperhomocysteinemia on the structure and
function of the liver. Being an important organ for life, it takes
an active part in the processes of metabolism and utilization
of homocysteine, which is due to the considerable interest
of researchers. The pathogenesis of liver cell damage today
remains poorly understood. It is established that the damage
is based on endothelial dysfunction caused by
hyperhomocysteinemia, lipid and protein peroxidation. There
are also hypotheses about the direct toxic effects of
homocysteine on the mitochondria of hepatocytes [4, 8].

Thus, the study of the features of electron microscopic
changes in the structure of the liver is an important and
urgent task that will expand the understanding of the
pathogenesis of its lesions in hyperhomocysteinemia.

The aim of the study is to identify the features of electron
microscopic changes in the liver structure of young rats with
hyperhomocysteinemia.

Materials and methods

The experiments were performed on 22 white nonlinear
young (1-2 months) male rats, which were divided into a
control group and an experimental group. A model of
persistent hyperhomocysteinemia was created by
administering to rats the experimental group of thiolactone
homocysteine at a dose of 200 mg/kg body weight
intragastrically for 60 days. Animals were decontaminated
by decapitation under thiopental anesthesia. Committee on
Bioethics of National Pirogov Memorial Medical University,
Vinnytsya found that the experimental study was conducted
considering the recommendations of the European
Commission for medical and biological research using
animals, medical recommendations of the State
Pharmacological Center of the Ministry of Health of Ukraine
and "Rules for clinical safety assessment of pharmacological
agents (GLP)".

For morphological examination, pieces of liver 0.5-1.0
mm in size were taken and fixed in a 2.5% solution of
glutaraldehyde with an active reaction medium pH 7.2-7.4,
prepared on phosphate buffer. Next, the material was
postfixed in a 1% solution of osmium tetroxide according to
Caulfield. Dehydrated in alcohols of increasing concentration
(70%, 80%, 90%, 100%) and acetone [6]. Poured into a
mixture of epon-araldite. Semi-thin sections were made from
the obtained blocks, which were stained with toluidine blue

and Hyatt. After aiming at semi-thin sections, ultrathin
sections contrast with 2% uranyl acetate solution and lead
citrate were made on LKB Ill (Sweden) and Reihart (Austria)
ultratomas. The preparations were examined and
photographed under an electron microscope PEM-125K.

Results

Electron microscopic studies of the liver of young rats
under conditions of hyperhomocysteinemia caused by the
introduction of thiolactone homocysteine at a dose of 200
mg/kg, found the presence of moderate dystrophic changes
in hepatocytes. The latter manifested as accumulations of
heterochromatin in the marginal and central parts of the
nucleus. The nuclear membrane was characterized by the
presence of intussusception, compared with the control
group (Fig. 1).

In the cytoplasm of hepatocytes there is a significant
number of mitochondria, the size of which is larger than that
of intact young rats. They are characterized by the presence
of a fine-grained matrix and numerous cristae. It should be
noted that in some places hepatocytes were found, in which
mitochondria formed buds, were swollen, with signs of
disorganization and destruction of the cristae. The cisterns
of the granular endoplasmic reticulum are dilated, and a
large number of ribosomes are present on its membranes.
Hyperplasia of the membranes of the endoplasmic reticulum
was detected in some hepatocytes. Their cytoplasm
contained numerous ribosomes, polysomes and granules
of glycogen (Fig. 2).

Cells with hypertrophied Golgi complex and high content
of autophagosome and fat droplets were also detected. The
lumens of the bile ducts are dilated, they have few microvilli.
However, the destruction of hepatocyte microvilli in the bile
capillaries and perisinusoidal spaces was not detected (Fig. 3).

Fig. 1. Electronogram of the liver of young rats with
hyperhomocysteinemia: 1 - hepatocyte nucleus, 2 - nucleolus, 3 -
lumps of heterochromatin, 4 - intussusception of karyolemma, 5 -
cytoplasm of hepatocyte, 6 - destruction of cristae and edema of
the matrix of mitochondria, 7 - tanks of granular endoplasmic
reticulum, 8 - fat droplets, 9 - glycogen granules. x4800.
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Fig. 2. Electronogram of the liver of young rats with
hyperhomocysteinemia: 1 - hepatocyte nucleus, 2 - nucleolus, 3 -
karyolemma intussusception, 4 - hepatocyte cytoplasm, 5 -
mitochondria, 6 - granular endoplasmic reticulum tanks, 7 -
lysosomes, 8 - the inclusion of glycogen, 9 - fat droplets. x4800.

e

o 4 v’ _ RS L3 .. -
Fig. 3. Electronogram of the liver of a young rat with
hyperhomocysteinemia: 1 - hepatocyte cytoplasm, 2 - mitochondria,
3 - granular endoplasmic reticulum tanks, 4 - lysosomes, 5 -
glycogen lumps, 6 - bile duct lumen. x6400.

The nuclear envelope of endothelial cells in the walls of
sinusoidal capillaries was moderately fluffy, had different
depths of intussusception. In the cytoplasm of
endotheliocytes, a small number of swollen mitochondria
and electron-transparent tanks of the granular endoplasmic
reticulum were found. It should be noted the increased
number of cristae in mitochondria, as well as ribosomes on
the membranes of the granular endoplasmic reticulum
compared to those in intact young rats. Increased number
of freely located in the cytoplasm of secondary lysosomes.
The plasma membrane of endothelial cells formed
numerous outgrowths in the lumen of the sinusoids. In the
cytoplasm of stellate macrophages there are significantly
more heterophagosomes and autophagosomes than in
intact young rats, which indicates increased functional activity
of these cells (Fig. 4).

Fig. 4. Electronogram of the liver of young rat with
hyperhomocysteinemia: 1 - vascular part of the cytoplasm of the
hepatocyte, 2 - a drop of fat, 3 - the nucleus of the stellate
macrophagocyte, 4 - the cytoplasm of the stellate macrophagocyte,
5 - sludge of erythrocytes in the lumen of sinusoid, 6 - platelets in
the lumen of the sinusoid, 7 - swelling of the cytoplasm of the
endothelial cell in the sinusoidal wall. x4800.

Discussion

The results of electron microscopic examination of the
liver structure under conditions of hyperhomocysteinemia
are consistent with the available data in the literature. It is
established that hyperhomocysteinemia causes
enhancement of biosynthetic processes in hepatocytes and
is characterized by the development of dystrophic changes
in them. The latter will cover in most cases the nuclear
apparatus and mitochondria. Hyperhomocysteinemia also
causes the appearance of so-called mitochondrial spheroids
and concentric orientation of granular endoplasmic reticulum
tanks. In addition, there is damage to the microcirculatory
tract of the liver and the development of fibrogenesis [12].

High concentrations of homocysteine in blood plasma
are associated with the development of hydropic and fatty
liver disease. In addition, histological examination also
reveals histio-leukocyte infiltration of the portal areas,
hyperplasia of stellate cells, necrosis of hepatocytes, fibrosis
in the portal areas and around the central veins [3, 11].

Hyperhomocysteinemia leads to increased energy
metabolism in the mitochondria of hepatocytes, which is
manifested by increased activity of lactate dehydrogenase,
succinate dehydrogenase and H+-ATPase. This condition
is characterized by impaired calcium deposition, increased
carbonylation of mitochondrial proteins, a significant
decrease in reserve-adaptation potential and increased
superoxide dismutase activity [10, 20].

It is established that one of the reasons for the
development and progression of non-alcoholic fatty liver
disease may be high levels of homocysteine in the blood.
Hyperhomocysteinemia is the basis for the occurrence of
steatohepatitis, an increase in the lipid spectrum of the
blood, and subsequently - the growth of the process into
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fibrosis and cirrhosis of the liver [1, 2]. The development of
fibrosis is more likely to occur due to inhibition of hepatocyte
regeneration and increased proliferation of fibroblasts [5].

There are data on the negative effects of homocysteine
on protein, carbohydrate and fat metabolism in liver cells
[21]. At the optical level, these disorders are manifested in
the form of steatosis, multilobular fibrosis with signs of
parenchymal and  stromal reactions [17].
Hyperhomocysteinemia also has a toxic effect on the
endothelium of the hepatic vessels due to the production
of significant amounts of free radicals and stress of the
endoplasmic reticulum [13].

Conclusions
Experimental hyperhomocysteinemia revealed changes
at the ultrastructural level in all structural components of
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CYBMIKPOCKOMIYHI 3MIHW B NEYIHLI LLYPIB MOJNIOA0IO BIKY NPU MNMEPFOMOLMCTEIHEMIT

lanazaH 10.B.

Ha cbo200HiWwHil OeHb 8CMaHOo8IeHO, WO 2inepaomoyucmeiHemii 6i0800UMbCS 3Ha4Ha porib y pO38UMKY ma npoepecysaHHi bazambox
3axeoprogaHb. HakonuyeHHs1 2omoyucmeiHy 8UHUKaE 8HaACTiOOK MOPYWeHHS Crlig8iOHOWEHHSI MiX Uo2o npodyKyieto ma eueedeHHsIM
3 opeaHiamy. [NediHka gidiepae sazoMe 3Ha4eHHs1 8 ObMIHI 2oMoyucmeiHy, OCKinbKu 8 Hili 8i0bysaembcs binblua YyacmuHa peakuyil toeo
mpaHcMemurlysaHHsi, a, onke, 60Ha Halnepuworo niddaemscsi HeeamugHoMy erinusy. Memoro docridxeHHs € susisrieHHs1 ocobnusocmel
€/1eKMPOHHO-MIKPOCKOMIYHUX 3MIH CMPyKmypu neyviHKu wypie Morio0020 8iKy npu einepeomouyucmeiHemii. EkcriepumeHmarbHe
docnidxeHHs1 nposedeHe Ha 22 binux HeniHilHUX Monodux (1-2 micayj) wypax-camusix, skux 6yrno nodineHo Ha epyrny KOHmMPOs ma
docnidHy epyny. Modenb cmilikoi ginepeomoyucmeiHemii cmeoproganu winsixom e8e0eHHs1 wypam O00CiOHOI epyrnu mionakmoHy
eomouyucmeidy 8 0o3i 200 me/ke macu mina iHmpazacmparnbHo rnpomszom 60 OHig. BusyeHHs yribmpacmpyKmypHUX 3MiH 8 MeviHyi
wypie npoeodusnu 3a AornomMoz2ot0 efieKmpoHHo20 Mikpockony MEM-125K. BcmaHo8neHo, wo 88e0eHHS wypam miofakmoHy
eomouyucmeiHy 8 003i 200 ma/ke npuseesio 00 po3sumKy oucmpoghiyHUX 3MiH eenamouyumie. 3MiHU CmpyKmypu KnimuH neyviHKu
nposiensnuch y suensadi Habpsiky yumonnasmu ma MimoxoHApil, decmpyKuii MimoxoHApianbHUX KpUCM, PO3WUPEHHSIM KaHarbyig
epaHynsapHoi eHOonmasmamuy4yHoi cimku ma yucmepH Kommnnekcy lonbdxi. XapakmepHum € nid8uujeHHs akmueHocmi
JKUPOHaKomnuyysanbHUX KIimuH rneviHku ma 3ipdacmux makpoghazie. Y npoceimax CUHYCOIOHUX Karinsipie eusiensnu cnadxi ¢popmeHux
efieMeHmis Kpoei, yumonna3ma eHdomersnioyumie mMana o3Haku Habpsky. Takum YUHOM, Mpu eKcriepuMeHmarnbHil
einepeomoyucmeiHemii 8cmaHo8MeHi 3MiHU Ha yrbmpacmpyKmypHOMY Pi6Hi 8 yCiX CMpyKmypHUX KOMMOHEHmMax MeqyiHKu Momooux
wypis. BcmaHoerneHi 3miHu Maromb KoMeHcamopHo-adanmaujiHull xapakmep ma € 380POMHIMU.

KnrouoBi cnoBa: zinepzomoyucmeiHemis, 2enamoyumu, MimoxoHOpii, Makpoghaau, CUHYCOIOHI Karinspu.

CYBMUKPOCKOIMNWYECKUE UBMEHEHWA B NEYEHU KPbIC MOJTOAOIO BO3PACTA NMPU TMNEPTOMOLIUCTEUMHEMUN
lanaeaH 10.B.

Ha ce2odHAwWHUU OeHb ycmaHOo8neHo, Ymo aunepaomMoyucmeuHeMuu omeodumcs 3HayumenbHas pofb 8 pa3sumuu u
npozpeccuposaHuu MHoeux 3abonegaHull. HakonneHue somoyucmeuHa 803HUKaem criedcmeue HapyWweHUsi COOMHOWEHUST MexOy
e20 npodykyuel u ebisedeHueM U3 opeaHusma. [ledeHb uepaem 6onbwoe 3HayeHUe 8 0OMeHe 20MOUUCMmeUHa, MOCKObKy 8 Hel
npoucxodum 6osibwas Yacmb peakyuli e2o mpaHCMemunuposaHusi, a, criedosamersibHO, OHa rnepeoll nodeepaaemcsi HeeamueHoOMy
go3deticmeuro. Lenbio uccrnedosarus sensemcs ebiseneHue ocobeHHocmet 31eKmMpPOHHO-MUKPOCKOMUYECKUX U3MeHEeHUU CmpyKmypb!
reyeHu Kpbic Mori0do20 8o3pacma rpu aunepeoMoyucmeuHemMuu. SKcrepuMmeHmarnbHoe uccriedogaHue nposedeHo Ha 22 bernbix
HenuHeUHbIXx Monodbix (1-2 mecsya) Kpbicax-camyax, Komopbie bbiiu pa3desieHbl Ha 2pyrnny KOHmMpons u uccredoeamerbCKyto
epynny. Modenb cmolkoul aunepeomoyucmeuHemuu co3dasanu rnymem egedeHusi KpbicaMm uccriedosameribCKol epyrnrbl MUOnakmoHy
eomouyucmeuHa 8 doze 200 me/ke maccbl merna uHmpaaacmparnsHo 8 medyeHuu 60 OHel. U3ydeHue yrbmpacmpyKmypHbIX USMEHeHUU
8 Me4YeHU KpbIC Mpoeoousu ¢ MOMOWbIO 3[1IEKMPOHHO20 Mukpockora TOM-125K. YemaHoeneHo, ymo egedeHue KpbicaM muorakmoHa
eomoyucmeuHa 8 0o3e 200 me/ka Mpuseso K pa3sumuro uCmpoguUHecKUX U3MeHeHUU eenamoyumos. Y3meHeHUs1 CmpyKmypbl KIemok
reyeHu nposensanuck 8 gude omeka yumorna3mbl U MUmMOXoHOpuUl, 0ecmpyKuyuu MUmoxoHOpuarbHbIX KpUCm, pacliupeHueM KaHabues
epaHynsapHol sHOoMnIasmMamu4yeckol cemu u yucmepH Kommnnaekca [onb0xu. XapakmepHO MoebiWeHuUe akmugHocmu
JKUPOHaKonumesbHbIX KNemokK fne4yeHu u 38e304ambiX Makpogazo8. B npoceemax CuHycoudarbHbIX Karnusispos 8bisensiiu crnadx
OPMEHHBIX 351IeMEHMO8 KposuU, yumoriasma 3H00menuoyumos umena npu3Haku omeka. Takum obpa3om, npu 3KCcrepumMeHmarsHOU
2urnepaoMoyUCMeUHeMUU yCmaHOo8/1eHbl USMEHEHUS Ha yIbmpacmpyKmypHOM YPOBHE 80 8CEX CIMPYKMYPHbIX KOMITOHEeHMax rneYyeHu
MOs00bIX KpbIC. BbiseneHHble UsMeHeHus1 uMerom KoMreHcamopHo-adanmayuoHHbIU Xxapakmep U Aefsiomces obpamumbsiMu.
KnroueBble cnoBa: 2unepeoMoyucmeuHeMusi, eernamoyumal, MUMOXOHOpUU, Makpoghazu, cuHycoudarbHble Kanusspbl.
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Due to the analysis of a whole set of indicators of the quality of medical care for acute
cerebrovascular accident (ACA), and above all, the identification of major shortcomings
in the maintenance of stroke register, it is possible to reduce morbidity, mortality and
disability from this nosology. The purpose of the work is to study and compare the
structure and risk factors of stroke according to the hospitals of Vinnytsia for the period
2017-2019. The stroke register was created on the basis of medical documentation of
hospitals of the municipal non-profit enterprise "Vinnytsia Regional Clinical
Psychoneurological Hospital named after Academician O.l. Yushchenko of Vinnytsia
Regional Council" (VRCPNH) and Vinnytsia City Clinical Hospital of Emergency Medical
Services (VCCHEMS), which are the most typical for this region of Ukraine. Statistical
processing of the results was performed using the licensed statistical package "Statistica
5.5" using parametric evaluation methods. Between the two medical institutions in
Vinnytsia and in the dynamics of time there were significant differences in different age,
sex, type of stroke contingent of patients. When comparing the data of the territorial-
population register of stroke in hospitals in Vinnytsia in 2017-2019, it was found that in
both studied institutions the percentage of young and middle-aged patients, especially
men, increased. The percentage of young and middle-aged patients in VRCPNH is
higher than in VCCHEMS. Modified risk factors, which are currently the most important
medical and social problem, are analyzed. There were no significant differences in the
dynamics of stroke in both hospitals. The percentage of patients who had a stroke in
hospital has decreased over time. The meteorological dependence of stroke has been
proved, which points to the importance of preventive measures for people at risk. The
main shortcomings in the collection of anamnestic data are analyzed. Analysis of risk
factors for stroke suggests that the disease is based on various causes.

Keywords: stroke, gender differences, stroke risk factors, register method.

Introduction

Acute cerebrovascular accident (ACA) occupies one of
the leading places in the structure of vascular pathology of
the brain. Stroke significantly reduces the duration, quality of
life in the future and is associated with high material costs
due to the high disability of surviving patients [8].

It is believed that stroke most often occurs in the elderly.
In the next 10-15 years in economically developed countries,
an increase in the incidence of stroke is expected due to an
increase in the share of elderly people in the population
[24]. The probability of getting ACA increases with age and,
in fact, after 55 years, for every decade of life, it doubles.
However, according to current data, only two thirds of vascular
accidents occur in patients older than 60 years. And along
with this there is a tendency to "rejuvenate” this pathology.

One third of ACAfalls on the age period of 20-60 years [9, 13].

According to world statistics, hemorrhagic strokes are
more common in young patients and ischemic strokes in
the elderly. Females are more likely to have ischemic strokes,
and men are more likely to have hemorrhagic strokes. There
is no other gender division in strokes. Gender does not
affect the severity of the condition and the quality of recovery
after this pathology - it all depends on the time, adequacy of
care, individual characteristics of the body and comorbidities
[4, 24].

A number of studies have described the seasonality of
ACA development. This concept is understood as regular
fluctuations in the incidence rate during a calendar or
epidemic year, due to long-term timing of rises and falls in
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its levels in certain months and seasons [5, 23, 25]. The
trigger for the development of ACA may be physiological
processes associated with changes in weather. We can
assume the influence of external and internal triggers of its
development in the time period preceding the onset of stroke,
and this is of great importance for prevention in a particular
region [3, 19, 20].

Despite the priority of stroke prevention, most countries
do not have reliable information on epidemiological
indicators such as the incidence of atrial fibrillation and
carotid artery stenosis. These are nosologies, a change in
the approach to diagnosis and treatment of which affects
the risk of stroke [1, 6]. Thus, the course of atrial fibrillation
and carotid artery stenosis is difficult to predict - the process
can progress very rapidly or slowly, or be stable for many
years. Dispensary accounting and choice of treatment tactics
for both "asymptomatic" and "symptomatic" patients is
extremely important [2, 8, 16].

The prognosis for a patient with acute cerebrovascular
accident largely depends on the timeliness of medical
treatment. The time factor plays a significant role in both
hemorrhagic and ischemic stroke. Modern doctors need to
provide qualified medical care to a patient with a stroke as
soon as possible, including neuroimaging diagnosis and
aggressive treatment with thrombolytic therapy [18]. However,
the situation may be complicated by the fact that among
strokes there is a certain proportion of cases that are
asymptomatic or may occur during treatment for therapeutic
and surgical pathology. With timely hospitalization in
specialized neurological departments, the mortality of
patients in the acute period of stroke and the degree of
disability is much lower than those who stayed at home or
were hospitalized in a non-specialized department or
transferred to a specialized department in a few days [15].

Thus, when registering, it is important to record data on
the percentage of patients who had a stroke in the hospital
(patients were transferred to a special hospital from other
departments), who have cardiac arrhythmias and carotid
artery stenosis. In addition, the formal entry of information
about the time (month, season) of the symptoms of acute
cerebrovascular accident and age at the time of
hospitalization is unacceptable.

The purpose of the work is to study and compare the
structure and risk factors of stroke according to the data of
hospitals in Vinnytsia for the period 2017-2019.

Materials and methods

Data on cases of stroke were obtained on the basis of
medical documentation of medical institutions (for 2017-
2019), which are the most typical for the selected region of
Ukraine, namely the municipal non-profit enterprise
"Vinnytsia Regional Clinical Psychoneurological Hospital
named after Academician O. |. Yushchenko of Vinnytsia
Regional Council" (VRCPNH) and Vinnytsia City Clinical
Hospital of Emergency Medical Services (VCCHEMS). In
each hospital, data collection and processing were

Table 1. Distribution of men and women with ACA in stroke unit of
VRCPNH or VCCHEMS for 2017-2019.

Groups Years of Sex Hospitals
surveyed research VRCPNH | vecHEMs
men 307 351
2017
women 209 335
men 312 310
General 2018
women 187 306
10 months men 287 182
2019 women 175 163
men 269 308
2017
women 184 296
i men 267 276
Ischemic 2018
stroke women 166 282
10 months men 248 162
2019 women 152 153
men 37 42
2017
women 25 39
i men 45 34
Hemorrhagic 2018
stroke women 21 24
10 months men 39 20
2019 women 23 10

performed by a certified neurologist. The obtained data
and their reliability were checked in the journals of patients
and the bureau of medical and social examination. The
RES-Q report form was completed on a case-by-case basis
- a special report forms in an international program
developed by the European Stroke Society (ESO) ESO-
EAST initiative. Data on the initial examination and medical
history of the patient were recorded, the place (in the
hospital, not in the hospital) and the time of year of the
stroke were indicated. Atrial fibrillation, carotid artery
stenosis was considered if their history was recorded.

Quantitative distribution of patients with ACA in stroke
block of VRCPNH or VCCHEMS are presented in table 1.

Statistical processing of the results was performed
using the licensed statistical package "Statistica 5.5" using
parametric evaluation methods.

Results

When comparing the percentage of patients who had a
stroke before the age of 40, in VRCPNH found significantly
(p<0.05) greater in patients with ischemic stroke and less
- with hemorrhagic stroke (in 2017 - 1.4% in women in
general and 1.6% with ischemic stroke; in 2019 - 3.6% in
men with ischemic stroke and 0% with hemorrhagic stroke)
compared with VCCHEMS (2017 - 0% in women in general
and 0% with ischemic stroke; in 2019 - 0.6% in men with
ischemic stroke and 10.0% with hemorrhagic stroke).

In VRCPNH, the percentage of patients under the age of
40 in 2019 was significantly (p<0.05) higher than in 2018 (in
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2018 - 0.5% in women in general and 0.6% with ischemic
stroke; in 2019 - 3.4% in women in general and 3.9% with
ischemic stroke). In VCCHEMS also over time significantly
(p<0.01-0.001) increased the percentage of patients of this
age (2017 - 0% in women in general and 0% with ischemic
stroke; in 2018 - 0.7% in women in general; 2019 - 1.2% in
women in general and 1.3% with ischemic stroke).

In VRCPNH, the percentage of patients with ischemic
stroke at the age of 47-50 years was significantly (p<0.05)
higher (2019 - 7.4% in women in general and 8.1% with
ischemic stroke) compared with VCCHEMS (2019 - 2.5% in
women in general and 2.0% with ischemic stroke). In
VRCPNH in 2019 the percentage of women with ischemic
stroke was significantly (p<0.05) higher, and in women with
hemorrhagic stroke had a tendency (p=0.063) to lower values
compared to 2017 (2017 - 3.3% in women with ischemic
stroke and 24.0% with hemorrhagic stroke; in 2019 - 7.9%
of women with ischemic stroke and 4.3% with hemorrhagic
stroke).

The percentage of patients who had a stroke at the age
of 57-60 years in VRCPNH is significantly (p<0.05-0.001)
higher (2017 - 27.7% in men in general, 26.4% with ischemic
stroke, 23.0% in women in general, 21.2% with ischemic
stroke and 36.0% with hemorrhagic stroke; in 2018 - 30.8%
in men in general and 30.3% in ischemic stroke, 20.3% in
women in general and 21.1% with ischemic stroke, in 2019
- 33.4% in men in general and 32.7% with ischemic stroke,
18.3% in women in general and 38.5% with hemorrhagic
stroke) compared with VCCHEMS (2017 - 19.1% in men in
general and 17.9% with ischemic stroke, 7.5% in women in
general, 6.8% with ischemic stroke and 12.8% with
hemorrhagic stroke; in 2018 - 19.4% in men in general and
18.1% with ischemic stroke, 11.8% in women in general
and 1.7% with ischemic stroke; 2019 - 16.5% in men in
general and 16.7% with ischemic stroke, 6.7% in women in
general and 0% with hemorrhagic stroke).

In VRCPNH, the percentage of women with ischemic
stroke aged 57-60 years in 2019 was significantly (p<0.05)
lower compared to 2017 and 2018 (respectively 11.8% -
21.2% - 14.3%). In the same medical institution, the
percentage of women with hemorrhagic stroke aged 57-60
years in 2019 was significantly (p<0.05) higher than in 2018
(60.9% and 14.3%, respectively). In 2018, the percentage of
patients of this age was significantly (p<0.001) higher than
in 2017 and 2019 in VCCHEMS (in 2018 - 11.8% in women
in general and 1.7% with ischemic stroke; in 2017 - 7.5% in
women in general and 6.8% with ischemic stroke; in 2019 -
6.7% for women in general and 7.2% with ischemic stroke).

The percentage of patients who had a stroke at the age
of 61-70 years, in VRCPNH is significantly (p<0.05-0.001)
higher (in 2017 - 41.3% in men with ischemic stroke; in
2018 - 48.7% in women in general, 47.0% with ischemic
stroke and 61.9% with hemorrhagic stroke; in 2019 - 44.6%
in women in general and 46.1% with ischemic stroke)
compared to VCCHEMS (in 2017 - 32.5% in men with
ischemic stroke; in 2018 - 27.1% in women in general, 28.0%

with ischemic stroke and 16.7% with hemorrhagic stroke; in
2019 - 28.8% in women in general and 28.1% with ischemic
stroke).

In VRCPNH, the percentage of women with stroke aged
61-70 years in 2017 was significantly (p<0.01-0.001) lower
compared to 2018 and 2019 (in 2017 - 28.2% in women in
general, 28.8% with ischemic stroke and 24.0% with
hemorrhagic stroke; in 2018 - 48.7% in women in general,
47.0% with ischemic stroke and 61.9% with hemorrhagic
stroke; in 2019 - 44.6% in women in general and 46.1% with
ischemic stroke).

The percentage of patients who had a stroke at the age
of 71-80 years in VRCPNH is significantly (p<0.05-0.001)
lower (in 2017 - 19.5% in men in general and 20.4% in
ischemic stroke, 12.0% in women with hemorrhagic stroke;
in 2018 - 13.8% in men in general, 14.6% with ischemic
stroke and 8.9% with hemorrhagic stroke, 21.9% in women
in general and 23.5% with ischemic stroke; in 2019 - 12.5%
in men in general and 12.9% in ischemic stroke, 20.6% in
women in general, 23.7% with ischemic stroke and 0% with
hemorrhagic stroke) compared with VCCHEMS (2017 -
29.9% in men in general and 32.2% with ischemic stroke,
35.9% in women with hemorrhagic stroke; in 2018 - 26.5%
in men in general, 26.4% with ischemic stroke and 26.5%
with hemorrhagic stroke, 38.2% in women in general and
39.4% with ischemic stroke; 2019 - 35.2% in men in general
and 35.8% with ischemic stroke, 36.8% in women in general,
36.6% with ischemic stroke and 40.0% with hemorrhagic
stroke).

In VRCPNH, the percentage of women with stroke aged
71-80 years in 2017 was significantly (p<0.05-0.001) higher
than in 2018 and 2019 (2017 - 19.5% for men in general,
31.6% for women in general and 34.2% with ischemic stroke;
in 2018 - 13.8% in men in general, 21.9% in women in
general and 23.5% in ischemic stroke; in 2019 - 12.5% in
men in general, 20.6% in women in general and 12.9% with
ischemic stroke). In VCCHEMS in 2018 and 2019, the
percentage of patients of this age was significantly higher
(p<0.05) compared to the previous year (2017 - 9.5% in men
with hemorrhagic stroke; in 2018 - 26.5% in men in general
and 26.4% with ischemic stroke; in 2019 - 35.2% in men in
general, 35.8% with ischemic stroke and 30.0% with
hemorrhagic stroke).

The percentage of patients who had a stroke over the
age of 80 years in VRCPNH is significantly (p<0.05-0.001)
lower (in 2017 - 1.6% in men in general, 1.9% with ischemic
stroke and 0% with hemorrhagic stroke, 9.1% in women in
general, 10.3% with ischemic stroke and 0% with
hemorrhagic stroke; in 2018 - 1.0% in men in general and
1.1% with ischemic stroke, 3.2% in women in general, 3.0%
with ischemic stroke and 0% with hemorrhagic stroke; in
2019 - 0.7% in men in general and 0.8% in ischemic stroke,
5.7% in women in general and 6.6% with ischemic stroke)
compared with VCCHEMS (2017 - 10.5% in men in general,
10.7% with ischemic stroke and 9.5% with hemorrhagic
stroke, 23.0% in women in general, 23.6% with ischemic

26

ISSN 1818-1295 elSSN 2616-6194 Reports of Morphology



Fiks D.O.

stroke and 17.9% with hemorrhagic stroke; in 2018 - 11.3%
in men in general and 12.0% with ischemic stroke, 19.6% in
women in general, 18.8% with ischemic stroke and 29.2%
with hemorrhagic stroke; in 2019 - 7.1% in men in general
and 7.4% with ischemic stroke, 23.9% in women in general
and 24.8% with ischemic stroke).

In VRCPNH, the percentage of women with stroke over
the age of 80 in 2017 was significantly (p<0.05-0.01) higher
than in 2018 (2017 - 23.0% in women in general and 23.6%
with ischemic stroke; 2018 - 19.6% in women in general
and 18.8% with ischemic stroke).

For VRCPNH in the sex comparison of the percentage of
patients of a certain age group found: significantly (p<0.05)
greater in men under 40 years of age (2018 - 3.5% in men in
general), 41-50 years (2018 - 10.6% in men in general), 57-
60 years (2018 - 30.8% in men in general and 30.3% with
ischemic stroke; in 2019 - 33.4% in men in general and
32.7% with ischemic stroke), 67-70 years (2017 - 40.1% for
men in general) compared to women of similar groups (up
to 40 years - 0.5% for women in general in 2018; 41-50
years - 5.3% for women in general in 2018; 57-60 years -
20.3% y women in general and 21.1% with ischemic stroke
in 2018 and 18.3% of women in general and 11.8% with
ischemic stroke in 2019; 67-70 years - 28.2% of men in
general in 2017). Conversely, a lower percentage of men
aged 71-80 years was found significantly lower percentage
(p<0.05-0.01) for VRCPNH (2017 - 19.5% for men in general
and 20.4% with ischemic stroke; in 2018 - 13.8% for men in
general and 14.6% with ischemic stroke; in 2019 - 12.5% in
men in general and 12.9% with ischemic stroke) and over
80 years (in 2017 - 1.6% in men in general and 1.9% with
ischemic stroke; in 2019 - 0.7% in men in general and 0.8%
with ischemic stroke) compared to women of similar groups
(71-80 years: in 2017 - 31.6% in women in general and
34.2% with ischemic stroke; in 2018 - 21.9% in women in
general and 23.5% with ischemic stroke; in 2019 - 20.6% in
women in general and 23.7% with ischemic stroke; over 80
years: in 2017 - 9.1% in women in general and 10.3% with
ischemic stroke; in 2019 - 5.7% in women in general and
6.6% with ischemic stroke).

For VCCHEMS in a sex comparison of the percentage of
patients of a certain age group found: significantly (p<0.05)
higher in men under 40 years of age (2017 - 1.7% in men in
general and 1.6% with ischemic stroke), 471-50 years (2018
- 6.8% in men in general and 5.8% with ischemic stroke),
51-60 years (2017 - 19.1% in men in general and 17.9%
with ischemic stroke; in 2018 - 19.4% in men in general and
18.1% with ischemic stroke; in 2019 - 16.5% in men in general
and 16.7% in ischemic stroke), 671-70 years (in 2018 - 34.8%
in men in general and 36.2% with ischemia stroke)
compared to women of similar groups (up to 40 years: 2017
- 0% in women in general and 0% with ischemic stroke; 41-
50 years: 2018 - 2.6% in women in general and 1.8% with
ischemic stroke; 57-60 years: in 2017 - 7.5% in women in
general and 6.8% with ischemic stroke; in 2018 - 11.8% in
women in general and 1.7% with ischemic stroke; in 2019 -

2.5% in women in general and 2.0% of ischemic stroke; 617-
70 years: 2018 - 27.1% in women in general and 28.0% with
ischemic stroke).

Conversely, a lower percentage of men aged 771-80 years
was found significantly (p<0.05-0.01) for VCCHEMS (2017 -
9.5% in men with hemorrhagic stroke; 2018 - 26.5% in men
in general and 26.4% with ischemic stroke) and over 80
years (2017 - 10.5% in menin general and 10.7% in ischemic
stroke; 2018 - 11.3% in men in general and 12.0% in
ischemic stroke; 2019 - 7.1% in men in general and 7.4%
with ischemic stroke) compared to women of similar groups
(71-80 years: in 2017 - 35.9% in women with hemorrhagic
stroke; in 2018 - 38.2% in women in general and 39.4% with
and ischemic stroke; over 80 years of age: in 2017 - 23.0%
in women in general and 23.6% with ischemic stroke; in
2018 - 19.6% in women in general and 18.8% with ischemic
stroke; in 2019 - 23.9% in women in general and 24.8% with
ischemic stroke).

In 2017, the percentage of patients with subarachnoid
hemorrhage in VRCPNH was significantly (p<0.05) lower
(0% in men and women in general) compared to VCCHEMS
(1.1% in men and 3.0% in women in general). In 2019, the
percentage of women with ischemic stroke in VRCPNH was
significantly (p<0.05) lower, and with intracerebral
hemorrhage - significantly (p<0.05) higher (86.9% and
12.6%, respectively) compared with VCCHEMS (93.6% and
5.5%, respectively).

According to the type of ACA (ischemic, hemorrhagic
stroke and subarachnoid hemorrhage) in the dynamics of
2017-2019, no significant differences were found in both
hospitals.

The percentage of patients who had a stroke not in the
hospital in VRCPNH in 2018 was significantly (p<0.05-0.01)
higher, and in 2019 significantly (p<0.05-0.01) lower (2018 -
99.7% in men in general, 99.6% with ischemic stroke and
100% with hemorrhagic stroke; in 2019 - 87.8% in men in
general and 86.7% with ischemic stroke, 88.8% in women
in general and 86.2% with ischemic stroke) compared to
VCCHEMS (2018 - 96.8% in men in general, 97.1% with
ischemic stroke and 94.1% with hemorrhagic stroke; in 2019
- 94.5% in men in general and 94.4% with ischemic stroke,
96.3% in women in general and 96.1% with ischemic stroke).
The percentage of women who had a stroke in the hospital
in VRCPNH in 2019 was significantly (p<0.05) higher (4.0%
in women in general and 4.6% with ischemic stroke)
compared to VCCHEMS (0.6% in women in general and
0.7% with ischemic stroke).

In VRCPNH, the percentage of patients who had a non-
hospital stroke in 2018 was significantly (p<0.05-0.01) higher
than in 2017 and 2019 (2017 - 94.8% in men in general and
94.8% with ischemic stroke, 96.2% in women in general
and 95.7% with ischemic stroke; 2018 - 99.7% in men in
general and 99.6% with ischemic stroke, 98.9% in women
in general and 98.8% with ischemic stroke; 2019 - 87.8% in
men in general and 86.7% with ischemic stroke, 88.8% in
women in general and 86.2% with ischemic stroke). In
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VRCPNH, the percentage of patients who had a stroke in
the hospital in 2018 was significantly (p<0.05-0.01) lower
than in 2017 and 2019 (2017 - 5.2% in men in general and
5.2% with ischemic stroke, 4.3% in women with ischemic
stroke; 2018 - 0.3% in men in general and 0% in ischemic
stroke, 0% in women with ischemic stroke; 2019 - 2.4% in
men in general and 2.8% with ischemic stroke, 4.6% in
women with ischemic stroke).

In VCCHEMS the percentage of patients who had a stroke
in the hospital in 2017 was significantly (p<0.05-0.01) higher
than in 2018 and 2019 (2017 - 4.0% in men in general and
3.6% with ischemic stroke, 6.3% in women in general and
6.4% with ischemic stroke; 2018 - 1.3% in men in general
and 1.1% with ischemic stroke, 2.0% in women in general
and 1.8% with ischemic stroke; 2019 - 0.6% in women in
general and 0.7% with ischemic stroke).

It is impossible to correctly compare the percentage of
patients with atrial fibrillation between the two institutions
and in the dynamics of each hospital due to the lack of data
in case histories (no atrial fibrillation screening was
performed).

In VCCHEMS the percentage of patients who had a stroke
in winter was found to be significantly (p<0.05-0.01) higher
in 2018 and significantly (p<0.05-0.001) lower -in 2019 (2018
- 30.6% in men in general and 30.4% with ischemic stroke;
2019 - 8.6% in men with ischemic stroke, 7.4% in women in
general, 7.8% with ischemic stroke and 20.0% with
hemorrhagic stroke) compared to VRCPNH (2018 - 21.8%
in men in general and 20.6% with ischemic stroke; 2019 -
16.5% in men with ischemic stroke, 23.4% in women in
general, 21.7% with ischemic stroke and 34.8% with
hemorrhagic stroke).

In 2018, the percentage of patients who suffered a stroke
in the spring was significantly lower in VCCHEMS (p<0.05-
0.01) (18.4% in men in general and 18.8% in ischemic stroke,
8.3% in women with hemorrhagic stroke) compared to with
VRCPNH (26.6% in men in general and 28.5% in ischemic
stroke, 33.3% in women with hemorrhagic stroke).

In 2019, the percentage of patients who suffered a stroke
in the autumn was found to be significantly (p<0.05) higher
in VCCHEMS (21.4% in men in general and 25.0% in
hemorrhagic stroke) compared to VRCPNH (13.6% in men
in general and 5.1% with hemorrhagic stroke).

In VRCPNH in 2017, the percentage of women who
suffered an ischemic stroke in winterin 2017 was significantly
(p<0.05) lower than in 2018 (2017 - 19.1% in women in
general and 17.4% with ischemic stroke; 2018 - 27.8% in
women in general and 28.3% with ischemic stroke). In 2019,
compared to 2017 and 2018, there was a significantly lower
(p<0.05) percentage of men who suffered from hemorrhagic
stroke in winter (2017 - 23.1% of men in general and 35.1%
with hemorrhagic stroke; 2018 - 21.9% in men in general
and 28.9% with hemorrhagic stroke; 2019 - 15.0% in men in
general and 5.1% with hemorrhagic stroke).

In VRCPNH in 2017 and 2018, the percentage of patients
who fell ill in the spring was significantly lower (p<0.05)

compared to 2019 (2017 - 29.7% in men with hemorrhagic
stroke; 2018 - 26.6% in men in general and 15.6% with
hemorrhagic stroke, 18.7% in women in general and 16.9%
with ischemic stroke; 2019 - 35.2% in men in general and
53.8% in hemorrhagic stroke, 29.1% in women in general
and 31.6% with ischemic stroke). In the current season of
the year, the percentage of women with ischemic stroke
was significantly (p<0.05-0.01) higher in 2017 compared to
2018 (2017 - 28.2% in women in general and 28.8% in
ischemic stroke; in 2018 - 18.7% in women in general and
16.9% with ischemic stroke).

In VRCPNH in 2017 and 2018, the percentage of men
who fell ill in the summer was significantly lower (p<0.05-
0.001) compared to 2019 (2017 - 26.7% in men in general
and 27.5% with ischemic stroke; 2018 - 23.7% in men in
general and 24.3% with ischemic stroke; 2019 - 36.2% in
men in general and 35.3% with ischemic stroke). In the
current season of the year, the percentage of women with
ischemic stroke was significantly (p<0.05-0.01) higher in
2017 compared to 2018 (2017 - 31.1% in women in general
and 33.2% with ischemic stroke; 2018 - 21.9% in women in
general and 22.9% with ischemic stroke).

In VRCPNH in 2018 and 2019, the percentage of patients
who fell ill in autumn was significantly lower (p<0.05-0.001)
compared to 2017 (2017 - 18.2% in men in general, 18.6%
with ischemic stroke and 16.2% with hemorrhagic stroke,
21.5% in women in general and 20.7% with ischemic stroke;
2018 - 27.9% in men in general, 26.6% with ischemic stroke
and 35.6% with hemorrhagic stroke, 31.6% in women in
general and 31.9% with ischemic stroke; 2019 - 13.6% for
men in general, 14.9% with ischemic stroke and 5.1% with
hemorrhagic stroke, 19.4% for women in general and 18.4%
with ischemic stroke).

In VCCHEMS in 2019, the percentage of women who
had an ischemic stroke in winter was significantly (p<0.001)
lower than in 2017 and 2018 (2017 - 26.5% in men in general
and 27.3% in ischemic stroke, 22.7% in women in general
and 23.6% with ischemic stroke; 2018 - 30.6% in men in
general and 30.4% in ischemic stroke, 26.5% in women in
general and 26.6% with ischemic stroke; 2019 - 9.9% in
men in general and 8.6% with ischemic stroke, 7.4% in
women in general and 7.8% with ischemic stroke).

In VCCHEMS in 2018, the percentage of patients who
fell ill in the spring was significantly lower (p<0.05-0.001)
compared to 2017 (2017 - 27.9% in men in general and
26.9% in ischemic stroke, 26.9% in women in general and
28.2% with hemorrhagic stroke; 2018 - 18.4% in men in
general and 18.8% in ischemic stroke, 19.6% in women in
general and 8.3% with hemorrhagic stroke). In the current
season of the year, the percentage of patients with ischemic
stroke in 2019 was significantly higher (p<0.05-0.001)
compared to 2017 and 2018 (2017 - 27.9% in men in general
and 26.9% in ischemic stroke, 26.9% in women in general
and 26.7% with ischemic stroke; 2018 - 18.4% in men in
general and 18.8% with ischemic stroke, 19.6% in women
in general and 20.6% with ischemic stroke; 2019 - 34.1% in
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men in general and 34.6% with ischemic stroke, 38.0% in
women in general and 38.6% with ischemic stroke).

In VCCHEMS in 2018, the percentage of women who fell
ill in the summer was significantly lower (p<0.05-0.001)
compared to 2018 and 2019 (2017 - 31.3% in women in
general, 30.7% with ischemic stroke and 38.5% with
hemorrhagic stroke; 2018 - 22.5% in women in general,
23.4% with ischemic stroke and 12.5% with hemorrhagic
stroke; 2019 - 36.8% in women in general, 35.9% with
ischemic stroke and 50.0% with hemorrhagic stroke).

In VCCHEMS in 2017 and 2019, the percentage of
patients who fell ill in the autumn was significantly lower
(p<0.05-0.001) than in 2018 (2017 - 16.8% in men in general
and 16.6% with ischemic stroke, 19.1% in women in general,
19.3% with ischemic stroke and 17.9% with hemorrhagic
stroke; 2018 - 23.2% in men in general and 22.8% with
ischemic stroke, 31.4% in women in general, 29.4% with
ischemic stroke and 54.2% with hemorrhagic stroke; 2019
- 21.4% for men in general and 21.0% with ischemic stroke,
17.8% for women in general and 17.6% with ischemic
stroke).

When analyzing case histories for 2018-2019, information
on the presence or absence of symptoms of carotid artery
stenosis does not reflect the real picture of this indicator.
More than 90% of documents do not contain the necessary
data and are marked as "unknown".

When comparing in 2017 the percentage of patients who
had symptoms of carotid artery stenosis found significantly
(p<0.05-0.001) lower in patients of VCCHEMS (2.0% in men
in general and 2.3% with ischemic stroke, 1.2% in women
in general and 1.0% with ischemic stroke) compared with
VRCPNH (8.8% in men in general and 10.0% in ischemic
stroke, 4.3% in women in general and 4.9% with ischemic
stroke).

Discussion

Stroke is considered an age-dependent disease.
Ukraine is significantly ahead of not only the CIS countries,
but also the countries of Eastern Europe in the number of
people over the age of 65 (13.9%), so it is one of the "oldest"
countries in Europe [24]. The gender and age structure of
the country's population is characterized by a significant
predominance of women in older age groups, due to the
excessive mortality of men of working age and low rates of
their ability to live to retirement age [10]. The average life
expectancy of men is significantly lower than the average life
expectancy of women. In addition, the influence of
demographic losses in the war and post-war times is still
noticeable in the oldest age groups [22].

The gender imbalance of the population increases with
age. Because the average life expectancy of women is longer
than that of the opposite sex, they are more likely to suffer a
stroke in old age. Men get sick and die from ACA more often
than women, especially under 60 years of age. The
combination of a larger number of factors compared to
women significantly increases the risk of stroke in men of

young working age [4].

Interesting is the fact that in the age group up to 70 years
the percentage of men is higher than that of women. This
difference in older age (over 70 years) becomes the opposite.
In addition, it was found that in VRCPNH compared with
VCCHEMS dominated by younger patients (up to 70 years).
This is due to the fact that VRCPNH had more logistical and
organizational conditions for thrombolysis, which is known
to occur more often in young and middle-aged patients.

In the period of 2017-2019 in both hospitals we noted an
increase over time in the percentage of patients aged group
1-4 and a decrease of 5-6.

Large-scale statistical studies of the number of
hospitalizations with ischemic stroke among people aged
18-54 have shown disappointing results: the number of
young patients has increased significantly. If earlier elderly
people were considered a risk group for stroke, now 10% of
all cases are young [12]. In addition, studies have shown
that at a young age, stroke is more common in men (growth
among all age groups is about 50%). As for females, with
age the risk of developing ACA in them is 30% higher [17].
Similar trends are observed in our study: the percentage of
young and middle-aged men is higher than women.

Risk factors for stroke - high blood pressure, diabetes,
hypercholesterolemia, atrial fibrillation, carotid artery
stenosis, unhealthy lifestyle associated with smoking,
alcohol, drugs, obesity and more. If precautionary measures
are not taken, ischemic stroke may soon become a typical
disease of young people [11].

It is extremely important to conduct additional
examinations in risk groups and to analyze the presence of
ACA factors and health problems in patients who have
already had a stroke.

Yu.A. Dolgusheva [6] for the first time obtained
representative regional data on seasonality: hemorrhagic
stroke is statistically more common in winter and spring,
and ischemic stroke - in summer and autumn.

Opinions of scientists on this issue are different. One
group of researchers noted an increase in the incidence of
this pathology and mortality in the cold months (winter and
spring) and a decrease in these indicators in summer and
autumn [7, 14, 23], the other denied the seasonal frequency
of its occurrence, arguing that the incidence of stroke
depends not on the specific season, but on social and
meteorological conditions [19, 20, 21]. Thus, the deterioration
of meteorological conditions (magnetic storms, worsening
weather conditions, sharp and significant changes in air
temperature and atmospheric pressure) causes
exacerbation or complication of the disease in people with
cardiovascular pathology.

In the comparative analysis, we were interested in more
differences in the dynamics of 2017-2019 within each
hospital. Numerous significant differences were found
between the years of the study in the percentage of patients
admitted in a given season, and in both hospitals they had
similar trends. This forces us to agree with the conclusions
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reached by the second group of researchers
(meteorological dependence of stroke).

A positive point in the organizational and diagnostic work
of VCCHEMS should be noted the decrease over time in
the percentage of patients whose stroke occurred in a non-
specialized department.

There is a hereditary burden of ACA. The risk of stroke
increases if the parents have had a stroke. However, in a
global study conducted by Feigin V.L. et al. [9] in 188
countries, it was found that more than 90% of the risk of
ACA is due to modified factors.

Unfortunately, in the course of our prospective study, we
were only able to dispose of the anamnestic data provided
by doctors during the examination and communication with
the patient or his relatives. And even an attempt to analyze
for factors such as atrial fibrillation and carotid artery
stenosis (we are no longer talking about the full range of
modified factors) was unsuccessful because the data were
collected incorrectly and incompletely.

Thus, the analysis of risk factors for stroke suggests
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AHANI3 YYNHHUKIB PU3UKY TA CTPYKTYPA IHCYINbTY 3A OAHUMU TOCNITANbHOIO PETICTPY NIKAPEHb BIHHULI 3A
2017-2019 POKU

@ikc 4.0.

3aedsiku peanizauii aHanisy yirno2o KOMIIEKCY noka3Hukie skocmi HadaHHs MeOuYHOi 0romMoau npu 20CmMpPOoMy MOPYWEHHi MO3K08020
Kpoeoobiey i, Hacamneped, 8U3Ha4YEeHHSI OCHOBHUX HeAOiKi8 y 8e0eHHI IHCYTbIMHO20 peaicmpy, MOX/IUBO CKOPOMUMU 3ax80ptoeaHicmab,
cMepmHicmb ma iHeanidHicmb 8id daHoi Hosomnoeil. Mema pobomu - eugdyumu ma rnopigHAMU CMPyKmMypy ma YUHHUKU PU3UKY
MO3K08020 iHCYfibmy 3a 0aHuMu slikapeHb M. BiHHUUj 3a nepiod 2017-2019 pp. IHcynbmHul pezicmp cmeopeHo Ha 0CHO8i MeOUYHOT
dokymeHmaujii cmaujoHapie KomyHanbHo20 HekomepuitiHo2o nidrnpuemcmsa "BiHHUUbKa obrnacHa KniHiYHa ncuxoHeeposioziyHa nikapHs
im. akad. O.l. FOweHka BiHHUUbKOI obnacHoi padu” (BOKT1/1) ma BiHHuUubKoi MicbKOi KniHi4YHOI nikapHi weudkoi meduyHoi dornomoau
(BMKJILUMA), siki € Halbinbw munogumu Oris 3a3Ha4eHo20 pezioHy YkpaiHu. Cmamucmuy4Ha obpobka pe3ynbmamis 30ilicHeHa 3a
doromoeoto niyeHsiliHoeo cmamucmu4yHoeo nakemy "Statistica 5.5" 3 eukopucmaHHAM napamempudHux memodie oyiHku. Mix deoma
nikysanbHUMU 3aknadamu M.BiHHuusi ma e duHamiyi yacy ecmaHosneHi 0ocmosgipHi 8iOMiHHOCMI y pi3HO20 3a 8iKOM, cmammio,
murom iHcynbmy KoHmuHaeHmy nauyieHmis. [lpu nopieHsaHHI 0aHUX mepumopianbHO-MOMyNAyitiHO20 peaicmpa IHCYIbmy 8 IliKapHAX
M.BiHHuysi 8 2017-2019 pp. ecmaHoeneHo, wo 8 obox docnidxysaHux 3aknadax 36inbuwunack 8i0ComKoga Jyacmka Xeopux Morno0020
i cepedHbo20 8iKy, 8 ocobnueocmi yonosikie. Y BOKT1/I, nopieHsHo 3 BMKJ/ILLIM/, 6inbwa sidcomkosa Yacmka nauyieHmie mMorno0o20
ma cepedHbo2o 8iKy. [lpoaHanizoeaHoO MOOUIKO8aHi YUHHUKU PU3UKY, siKi 8 OaHUl 4ac € Haleax/usilor MeduKo-couiarbHO
npobnemoro. 3a munom iHcynbmy 6 OuHaMmiyi 8 06ox rikapHsIX cymmesux eidmiHHocmel He gidmiyanockb. Bidcomkosa yacmka
rnauieHmis, y Kompux iHCy/Ibm 8UHUK y NiKapHi, 3 YacoMm 3MeHwunacs. [JogedeHo Memeo3anexHicmb iHCYIbmy, WO 8Ka3ye Ha 8ax/usicmb
rnpeseHmMueHuUx 3axodie 0nsi ocibé daHoi epynu pusuky. [poaHanizoeaHo OCHOBHI Hedoriku rpu 360pi aHaMHecmuy4yHUX OaHux. AHari3
YUHHUKI8 pu3suKy iHcynbmy Oae nidcmasy 8eaxamu, W0 8 OCHO8I BUHUKHEHHST 3aX80POBaHHS fiexamb PI3HI MPUYUHU.

Knto4voBi cnoBa: iHcynbm, 2eHOepHi 8iOMIHHOCTI, YUHHUKU PU3UKY iHCYyrnbmy, Memod peaicmpy.

AHAIN3 ®AKTOPOB PUCKA U CTPYKTYPA UHCYNBTA NO AAHHbLIM FOCNUTANbHOIO PEMMCTPA BOJNIbHULl BUHHULbI
3A 2017-2019 roabl

Qukc 4.A.

Brazodaps peanusayuu aHanu3sa yernoz2o KOMIeKca rnokasamerel Kayecmea okazaHusi MeOuUUHCKOU MOMOWU Npu OCMpPOM HapyuweHuu
M03208020 Kpo8oobpalyeHusi U, npexade ecezo, orpedesieHuUU 0CHOBHbIX HeAOCMamKo8 8 8e0eHUU UHCYIbMHO20 peaucmpa, 803MOXHO
cokpamumpb 3abonesaeMocmb, CMePMHOCMb U UHBanudHocmb om daHHOU Hosonoauu. Lenb pabomsl - usyyums U cpasHuUmb
cmpyKmypy u ¢hakmopbi pucka M03208020 UHCYIbma no 0aHHbIM 60nbHUY, 2. BuHHUUBI 3a nepuod 2017-2019 ee. HcynbmHbIl peaucmp
co3daH Ha ocHoge MeduuyuHckol OokymeHmauyuu cmauyuoHapos KoMmyHarnbHO20 Hekommepyeckozo npednpusmusi "BuHHuUykas
obnacmHas KruHU4Yeckas rncuxoHesposoaudyeckas bonbHuya um. akad. A.M. FOweHko BuHHUykoeo obracmHozo coeema” (BOKTIB) u
BuHHuUykol 20podckol KnuHu4eckol 60bHUYbI ckopol meduyuHckol nomowu (BFKBECMIT), komopsbie siensiromesi Haubosiee munu4yHbIiMu
0ns daHHO20 peauoHa YkpauHbl. Cmamucmu4eckass obpabomka pes3ynbmamos ocyujecmesneHa ¢ MoMowbio IUUEH3UOHHO20
cmamucmuydeckoz2o nakema "Statistica 5.5" ¢ ucrnonb3osaHuem napamempuyeckux mMemodos oueHku. Mexdy de8yms re4yebHbIMU
3asedeHuaMU 2. BuHHUya u 8 duHamuke speMeHU ycmaHoesieHbl OOCMO8epHbIe pasnuqus y pa3Ho20 o 8ospacmy, rnoay, mumy
UHCynbma KoHmuH2eHma nayueHmos. [pu cpagHeHUU 0aHHbIX MeppUMOopPUaIbHO-MOMYSUUOHHO20 peaucmpa UHCYIbma 8 6orbHuUYax
2. BuHHuubl 8 2017-2019 e2. ycmaHoenneHo, 4mo 8 0boux uccriedyemMbix y4YpexO0eHUsiX yeerudunack rnpouyeHmHasi 0onsi 60sbHbIX
Mor109020 u cpedHezo gospacma, 8 0cobeHHocmu myx4uH. B BOKTIB cpasHeHuto ¢ BFKECMI 6onbwas npoueHmHas 00151 nayueHmos
Mo100020 U cpedHe2o so3pacma. [poaHanu3upoeaHsl MOOUGUUUPOBaHHbIE (haKmopbl PUCKA, KOMOpPbIe 8 HaCmosuee 8peMs A8MAomcs
saxHeliwel meduko-coyuansbHol npobnemod. o muny uHcynbma 6 duHamuke 8 obeux BOMbHUYAX CyweCcmeeHHbIX pas3nuyul He
ommeyarnock. [poueHmHas 00 nayueHmos, y KomopbiX UHCYNbm 803HUK 8 60nbHUUe, CO 8peMeHeM yMeHbuunack. [JokazaHo
Memeo3agucuMOCmb UHCYNbma, Ymo yKa3bleaem Ha 8aXHOCMb MPe8eHmMuUBHbIX Mep 0nd nuy 0aHHOU 2pynnbl pucka.
lMpoaHanu3suposaHbl 0OCHOBHbIE Hedocmamku 8 cbope aHaMHecmu4yecKux 0aHHbIX. AHanu3 ¢hakmopoe pucka UHCyIbma 0aem OcHogaHue
cyumame, 4mo 8 0CHO8E 803HUKHOBEHUSI 3ab0niesaHust fiexam pasHble MPUYUHBbI.

KntoueBble cnoBa: uHCysibm, 2eHOepHbIe pasnuqusi, pakmopbl pucka UHCyrbma, Memood peaucmpa.
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The world community is facing a problem that threatens the entire population of the
planet - reproductive health. This is a multifactorial problem that requires an integrated
approach and effective solutions. One of the important factors that is very difficult to
control and which in itself is a problem, and its prevalence can be called an epidemic
without exaggeration, is drug addiction. The solution of these problems determined the
purpose of our work - to establish what changes occur at the micro- and ultrastructural
levels under the action of opioids on the uterus of white laboratory rats. The method of
hematoxylin-eosin staining was used for histological examination, and the method of
electron microscopy was used for the study at the cellular level. After 4 weeks of
administration of Nalbuphine to white laboratory rats on histological sections, significant
changes were observed in all layers of the uterus. The vessels of the myometrium were
dilated, overflowing with erythrocytes, sometimes containing neutrophils and lymphocytes,
perivasally marked the appearance of macrophages, in the cytoplasm of which was
golden-brown pigment. The development of vacuolar dystrophy was also observed in the
myometrium. There were necrotic changes and vacuolar dystrophy in the epithelium of
the uterine mucosa, and epitheliocytes in which necrotic changes occurred exfoliated
into the lumen of the uterus. The outer surface of the perimetrium was uneven due to
necrotic changes of the monolayer squamous epithelium. Hyperplasia of the stratified
squamous epithelium was observed in the ectocervix, in the areas of which a chaotic
accumulation of low-differentiated epithelial cells was found. Electron microscopy
revealed that a significant number of smooth myocytes lost their characteristic process
shape, their nuclei were deformed and were in the stage of apoptosis, karyopyknosis
and even karyorrhexis. The nucleoplasm contained almost no nucleoli, and
heterochromatin is located on the periphery of the nucleus. The enlightened cytoplasm
is filled with myofilaments, which are randomly arranged in the cell. Mitochondria
acquired various shapes and sizes, mostly with destroyed cristae and areas of
enlightenment. Swollen connective tissue layers between myocytes testify to circulatory
disorders. The damage described in the experiment at all levels indicates the destructive
effect of Nalbuphine, which causes irreversible changes that lead to significant violations
of the structure and function of the uterus, which leads to the conclusion that excessive
drug use has a direct negative impact on the reproductive system.

Keywords: uterus, structure, opioids, experiment, reproductive health.

Introduction

Global key issues have formed in the world community,
which have not lost their relevance over the years. One
such issue is the problem of reproductive health. According
to the UN Declaration by definition (Cairo, 2014), it is a
state of complete physical, mental and social well-being in
all matters concerning the functions and processes of the
reproductive system, including harmony in psychosexual
relations in the family and reproduction [18]. Unfortunately,

according to the WHO, Ukraine is one of the last European
countries in terms of natural population growth. This
situation is due not only to economic and socio-
psychological factors, but also the state of reproductive
health of the population and women in particular [16]. After
all, a healthy woman gives birth to a healthy child, and she
has healthy offspring, and so the circle closes. Along with
this, modern society has acquired a much newer, but no
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less global problem - the problem of drug addiction [5, 11].
In 2016, 19.5 million women (or 15.4%) aged 18 and older
used illicit drugs [1, 12]. According to the report of the Center
for Medical Statistics of the Ministry of Health of Ukraine for
2018, 3830 people were diagnosed with a first-time
diagnosis of mental and drug-related behavioral disorders,
2299 of them used opioids, a total of 60686 people at the
end of the year, including 40618 were opioid addicts. The
vast majority are people of reproductive age from 15 to 35
years [6].

The aim of the study was to establish changes in the
structural organization of the uterine wall of white laboratory
rats at the micro- and ultrastructural levels under conditions
of 4-week exposure to Nalbuphine.

Materials and methods

The study was performed on 16 adult white female rats
aged 3.0-3.5 months and an initial body weight of 160-180 g.
All animals were divided into 2 groups: the first (experimental)
group of animals was administered intramuscularly
Nalbuphine daily for four weeks (first week - 8 mg/kg, the
second week - 15 mg/kg, the third week - 20 mg/kg, the fourth
week - 25 mg/kg), and the second (control) group of animals
during the experiment was injected with 0.9% NaCl solution.

All animals were kept in the vivarium of Danylo Halytsky
Lviv National Medical University, experiments were conducted
in accordance with the provisions of the European
Convention for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes (Strasbourg,
1986), Council of Europe Directive 2010/63/EU, Law of
Ukraine Ne 3447 - IV "On protection of animals from cruel
treatment". The materials of the work were considered by
the members of the commission on bioethics of Danylo
Halytsky Lviv National Medical University, who reached the
agreed opinion that the materials submitted for examination
are scientifically substantiated (Minutes Ne 9 of 31.10.2017).

Animals were removed from the experiment 4 weeks
after the introduction of the opioid through euthanasia by
overdose of diethyl ether.

Hematoxylin-eosin staining was used for histological
examination. Preparations of the uterus of a female white
rat were fixed in a 10% neutral solution of formalin, and
then clarified in alcohols of various concentrations. It was
later immersed in xylene and then in xylene/paraffin, the
paraffin blocks were poured into a mold, cooled with water
and 7 pm thick paraffin sections were cut with a knife. The
slice was dried in a thermostat at a temperature of 37-
40°C. Staining was performed according to standard
methods [7].

For electron microscopy, the samples were fixed with a
1.5% solution of 0sO, (Osmium Tetroxide SPI - CHEM USA)
in a 0.2 M solution of sodium cacodylate (Cacodylic acid
Sodium salt. Fluka) at pH 7.2 for 2-2.5 hours in the cold.
Dehydration in increasing concentrations of ethyl alcohol
(50°, 70°, 90° and absolute) for 30 minutes each.
Conduction through propylene oxide (Fluka) for 10 minutes

Pouring samples into epoxy resins Epon-812 (Fluka) and
polymerization for 24 hours in a thermostat at 60°C. Sections
were prepared on an ultramicrotome UMTP-6M using a
diamond knife (DIATOM). Contrast sections in 1% uranyl
acetate solution and in Reynolds contrast. Photographing
of uterine structures was performed using a microscope
UEMV-100K at an accelerating voltage of 75 kV.

Results

Histological examination of the uterus at 4 weeks of
experimental administration of Nalbuphine in the epithelium
of the mucous membrane of the uterine horns revealed
necrotic changes and vacuolar dystrophy, namely, in the
cytoplasm of epithelial cells marked enlightenment of the
cytoplasm, the appearance of small rounded vacuoles.
Epitheliocytes, in which necrotic changes took place,
exfoliated into the lumen of the uterus. Also found the
development of vacuolar dystrophy, increasing
dyscirculatory changes in the vascular system of the
myometrium. Small arteries and veins of the myometrium
were dilated, filled with erythrocytes, sometimes containing
neutrophils and lymphocytes (Fig. 1).

Due to necrotic changes of the myometrium, the outer
surface of the perimetrium was uneven. The own mucosal
plate was infiltrated by lymphocytes, single neutrophils and
eosinophils. The appearance of macrophages in the
cytoplasm of which a golden-brown pigment was localized
was noted in the connective tissue stroma around the
vessels (Fig. 2).

In the ectocervix of the cervix, which is represented by a
multilayered squamous epithelium, its hyperplasia was
observed, in the areas of which a chaotic accumulation of
low-differentiated epithelial cells was seen (Fig. 3).

In the myometrium of the cervix noted hyperemia and
blood stasis, as well as the progression of alternative
changes in smooth myocytes. Polymorphonuclear
infiltration of the myometrial stroma also developed.

Fig. 1. The hypermi of vesselsf myoerium of a uterine
horn is expressed. Necrotic changes of the monolayer squamous
epithelium of the myometrium. Hematoxylin and eosin. x100.
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Fig. 2. Polymorphonuclear infiltration of the myometrium. Brown-
yellow pigment inclusions in the cytoplasm of macrophages.
Hematoxylin and eosin. x100.

Fig. 3. Hyperplasia and violation of cell differentiation of the
multilayered squamous epithelium of the vaginal part of the cervix
(ectocervix). Hematoxylin and eosin. x100.

Fig. 4. Fragment of the uterine wall of a white laboratory rat after
4 weeks of Nalbuphine administration. Electronic microphotography.

x8000.

Neutrophils and macrophages predominated in the
infiltrates, and eosinophils and lymphocytes were
somewhat less common.

The study by electron microscopy revealed significant
changes in the ultrastructural organization of the uterus of
white laboratory rats under conditions of 4-week
administration of Nalbuphine. A significant number of
smooth myocytes lost their characteristic process shape,
their nuclei were deformed and were in the stage of
apoptosis, karyopyknosis and even karyorrhexis (Fig.4).

In the nucleoplasm there are almost no nucleoli,
heterochromatin, which predominates, is located on the
periphery of the nucleus. The cytoplasm is enlightened
and filled with myofilaments, which are randomly arranged
in the cell. Mitochondria come in different shapes and sizes,
mostly with destroyed cristae and areas of enlightenment.
Connective tissue layers between myocytes are swollen,
which is characteristic of circulatory disorders.

Discussion

In today's world, where there is unrestricted access to
anything, the problems of drug addiction and the state of
reproductive health of the population, closely intertwined
with each other, are acute for the world community. Drug
control over pharmacotherapy is becoming more stringent
every year, and international health organizations are
working intensively to develop effective programs for the
prevention, control and treatment of drug addiction [14, 15].
In fact, opioids occupy a leading position among all groups
of drugs that are abused, as they are widely used in medical
practice.

After analyzing the professional literature, it was found
that this group of drugs has a negative effect on the female
genitals [2, 8]. A number of authors have described the
effect of different groups of opioids on pregnant female
rats, namely on the muscular membrane of the uterus - the
myometrium, where a violation of the contractile ability of
the uterine muscles [9, 17].

Maryam Dehghan et al., who described changes in the
micro- and ultrastructural changes in the uterus of pregnant
rats under the influence of morphine, made a significant
contribution to the study of the female reproductive organ,
the uterus. Light microscopy revealed the following
histological changes: inflammatory polymorphic infiltration
of the stroma, areas of apoptosis and overflowing and
dilated vessels, electron microscopy observed deformation
and destruction of the nuclear envelope of epithelial cells
of the endometrium, the appearance of wide gaps between
the nuclei and heterochromatin which is not typical in the
control groups [3].

Heba Atef EI-Ghawet conducted a study of the synthetic
opioid tramadol on the reproductive system, which found
that both the structure of the ovary and the quality of follicles
in it deteriorated, ovarian dysfunction was confirmed by
massive atrophy and dysfunction of the endometrial glands
[4]. Changes in muscle tissue at the ultrastructural level in
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the study of the effect of Nalbuphine on cardiomyocytes,
showed the destruction of mitochondria, the expansion of
the intercellular space, the marginal location in the nucleus
of chromatin [13].

In general, the trend of negative destructive effects of
opioid drugs has been observed in many scientific studies,
but in order to get a complete picture and systematize the
effects of opioids on the female reproductive system,
including the uterus, additional targeted studies are
needed [10].

In our work, a comprehensive morphological study of
the uterus at the micro- and ultrastructural level on the
background of long-term exposure to Nalbuphine using
electron microscopic and histological methods, as well as
features of the restructuring of the cell structure of this
organ. The obtained results will expand the idea of
quantitative and qualitative changes in the cellular
composition of the uterus with the use of Nalbuphine and
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MIKPO- TA YNbTPACTPYKTYPHA OPTAHI3ALIA CTIHKA MATKU BINTOrO NNIABOPATOPHOIO LLYPA 3A YMOB 4-TUXXHEBOI
Ol HANBY®IHY

leaHkie 51.T.

Ceimose cycninbcmeo 3iuWmosxHyocs 3 MpobrneMoro, sika CmaHo8UMb 3a2po3y Ofsl yCb020 HacesleHHs riaHemu - pernpodyKmusHe
300pos's. Le € mynbmughakmopianbHot rpobremoro, sika nompebye KomrnekcHo2o nidxody ma diegux piweHb. OOHUM i3 8axueux
YUHHUKI8, sIKull Oyxke cknadHO KOHMpPO/Ireamu ma sikulli cam rno cobi cmaHosums rpobnemy, a (020 nowupeHicmp 6e3 nepebinbueHb
MOXHa Ha3eamu enidemicto, € HapKkoMaHis. BupiweHHs yux npobrem 3ymosunno memy Hawoi pobomu - ecmaHosumu, siki 3MiHU
8i0bysarombCs Ha MiKpO- ma yribmpacmpyKmypHUX pigHsix ripu Oii onioidy Ha mamky 6inozo nabopamopHoz2o wypa. [ns sicmonoeidyHo2o
docnidxeHHs1 3acmocysanu memo0d 3abaperieHHs 2eMamoKCUIiH-e03UHOM, 05151 O0CIOXEHHS Ha KNiMUHHOMY pigHi eukopucmosysarsnu
mMemo0 enekmpoHHOI Mikpockonil. [licna 4 muxHie esedeHHsi HanbyiHy 6inum nabopamopHUM wypam Ha 2icmosoeiyHuUX 3pizax
criocmepieanu 3HaqHi 3MiHU y 8cCiX wapax mamku. CyOuHu miomempisi 6yniu po3wupeHi, nepenosHeHi epumpoyumamu, nodekyou
micmunu Hedmpogbinu ma niMgboyumu, nepusasanbHO 8i03Haqanu rnosisy Makpogaeie, y yumonnasmi SKUX JI0Kanisyeaecsi niaMeHm
30110mucmo-6ypoeo Komnbopy. Takox y miomempii cnocmepieanu po38UMOoK 8aKyonbHoOI ducmpodgpii. B enimenii ¢iu3080i 060/10HKU
poeie mamku bynu HeKpomuYHi 3MiHU ma 8akyornbHa ducmpodis, a enimenioyumu, 8 SKUX 8i06yuCb HEKPOMUYHI 3MiHU, 31yulyeanuch
y npocsim Mamku. 308HiWHS MOBEPXHS nepumempisi byrna HepieHo, 8HAC1IOOK HEKPOMUYHUX 3MiH OOHOWap0o8020 M/1I0CKO20 enimernito.
B ekmouepsikci criocmepieanu zinepnnasito bazamowapogoeo MiocKo2o enimenitro, 8 OifsiHkax sIKoi UsI8UIU XaomuyHe Ha2poMaKeHHs
Hu3bKoOughepeHuitiogaHux enimenianbHUX KnimuH. Memodom ernekmpoHHOI Mikpockonii 6yfio 8cmaHo8/1eHO, W0 3HayHa KifbKicmb
enadkux mioyumie empadana xapakmepHy eidpocmyacmy ¢opmy, ixHi sdpa OechopmosaHi ma nepebysanu y cmadiii anornmoasy,
KapionikHo3y ma Haeimb Kapiopekcucy. Hykrneonnasma npakmuyHo He micmurna sidepeub, a eemepoxpomamuH po3mauwiogaHul Mo
nepugpepii a0pa. MpoceimneHa yumonnasma eurnogHeHa MioginamMeHmamu, siKi Xaomu4yHO po3mawosaHi y KrimuHi. MimoxoHdpil
Habysarnu pi3HoOi chopmu ma po3mipie, nepesaxHo 3i 3pyliHosaHUMU Kpucmamu ma OinsHKamu ripoceimnieHHs. [1po nopyweHHs
Kpogoobiay ceidqunu HabpsKi cronyYHOMKaHUHHI npowapku MixX mioyumamu. OnucaHi 8 eKkcriepuMeHmi MOWKOOXeHHS Ha yCiX
pigHsix cgid4yamb rpo decmpykmueHul ernnue HanbyciHy, W0 CrpuYUHSIE HE380POMHI 3MiHU, SKi Npu3eodsimb A0 3HaYHUX MOPYWEeHb
cmpykmypu ma yHKUit Mamku, wo 00380/1€ 3p0bumu 8UCHOBOK, W0 HaOMIpHE 8XXUBaHHS HAPKOMUYHUX peqyosuH mae 6e3rnocepedHili
HeazamueHUU 8ru8 Ha opaaHu pernpodyKmueHOi cucmemu.

KniouoBi cnoBa: mamka, cmpykmypa, onioidu, ekcriepumeHm, perpodyKmueHe 300po8's.

MUKPO- U YNITPACTPYKTYPHAAl OPTAHU3ALIUA CTEHKU MATKU BENOW TIABOPATOPHOW KPbIChI B YCITOBUAX
4-HEQENbHOIO AEACTBUSA HANBY®UHA

NeaHkue 51.T.

Mupoeoe 0buw,ecmeo cmonkHynock ¢ npobnemod, komopasi npedcmasrissem y2po3y Onsi ce20 HacesieHUs niaaHemsl - perpodyKmugHoe
300posbe. Mo MynbmugakmopuanbHas rnpobnema, mpebyroujas KOMIIEKCHO20 nodxoda u AelicmeeHHbIx peweHul. OOHUM u3
B8aXHbIX hakmopos, KOMOPbIU OYEHb C/I0XHO KOHMpPoOupogamb U Komopkll caMm rno cebe siensemcs npobnemol, a e2o
pacnpocmpaHeHHOCmb 6e3 rpeyesenuyeHuUs MOXHO Ha3eamb 3rnudemuel], 76/19emcsi HapKoMaHusi. PeweHue amux npobnem obycrioeuno
uenb Haweul pabomsl - ycmaHo8UMb, Kakue U3MEHEeHUs MPoucxo0sim Ha MUKPO- U yribmpacmpyKmypHbIX YPO8HSIX npu eo3delicmauu
onuouda Ha mamky benol nabopamopHoU KpbiChl. [na 2ucmono2udyeckoeo uccriedosaHusi NPUMEHUNIU Memool OKpawusaHus
2eMamoKCUIUH-303UHOM, 0751 uccrieGo8aHuUsi Ha K/emo4YHOM ypOBHe UCMob308ariu mMemod aneKkmpoHHoU mukpockonuu. [Nocne 4
Helersnb 8gedeHusi HanbyguHa berbiM n1abopamopHbIM KpbiCaM Ha 2UCMOJI02UYECKUX cpe3ax Habmrodanu 3HadyumesibHbIe USMEeHeHUsI
80 8cex crosix mamku. Cocydbl muomempusi bbiniu pacuwupeHsbl, nepernosiHeHbl apumpoyumamu, uHoe0a codepxanu Heldmpogursbl U
numgouumsl, nepusasanbHO OMMeYanu rosiefieHue Makpogazos, 8 yumornasme KomopbIX /I0Kanu308ascsl nueMeHm 30/10mucimo-
6ypoeo uysema. Takxe 8 Mmuomempuu Habrodanu passumue 8akyornbHoU ducmpocpuu. B sanumenuu cnuzucmol ob0s104KU po2os
Mamku 6binu HEKpOMUYeCcKUe USMEHEHUS U 8aKyosnbHas oucmpoghusi, a 3numesiuoyumsl, 8 KOMOPbIX 8bisi8NeHbl HEKPOmMuUYecKue
u3MeHeHusi, 0eckeamupos8asucCh 8 Npoceem Mamku. BHeWHsiss nogepxHocmb rnepumempusi bbirna HeposHoU ecriedcmeaue HeKPOmMuU4YeCcKUX
U3MeHeHul 00HOCTOUHO20 NI0CKO20 anumerus. B skmouepsukce Habmodanu auneprnas3uro MHO20CIOUHO20 M10CKO20 anumernus, 8
yyacmkax Komopo2o 0OHapyXusu Xaomu4ecKoe HagpoMoxOeHUe HU3KoOUGghepeHUUpo8aHHbIX anumesnuarnbHbiX Knemok. Memodom
3/16KMPOHHOU MUKPOCKOMUU ObIfI0 yCMaHOo8/1eHo, YMO 3Ha4umesibHOe Koru4yecmeo 21adKux MUOUUImMo8 mepsno XapakmepHYHo
ompocmyamyro ¢popmy, ux sidpa bbinu deghopmuposaHbl U Haxodunucb 8 cmaduu arnornmo3sa, KapuornuKkHo3a U Qaxe Kapuopekcuca.
Hykneonnaama npakmuyecku He colepxana s0pbIueK, a 2emepoxpoMamuH pacronazasncs no nepugepuu sidpa. lpoceemneHHas
yumornna3sma 8blIfosiHeHa MuogunameHmamu, Komopble XaOmu4HO pacrosnoxeHbl 8 Kemke. MumoxoHApuu npuobpemarnu pasiudyHyto
opmMy u paamepsi, NPEUMyWEeCm8EeHHO C paspyweHHbIMU Kpucmamu U ydacmkamu rnpoceemieHusi. O HapyuweHuuU KpogoobpawieHusi
ceudemernbcmeosanu Habyxuiue coeOQUHUMEeIbHOMKaHHbIe NPOCOUKU Mex0y Muoyumamu. OnucaHHble 8 IKCIIEPUMEHME 108PeXOeHUs
Ha 8cex yposHsix ceudemernbcmeyom 0 0eCmpyKMUBHOM 8/IUSHUU HanbyguHa, Ymo 8bi3bisaem HeobpamumMblie USMEeHeHUs, Komopble
npugodsam K 3HadyumeribHbIM HapyweHUsIM CcmpyKmypbl U ¢byHKUUl Mamku, Ymo rno3gosnsgem cdenampb 8b1800, YMO Ype3MepHoe
yrnompebrieHue HapKoOMUYeCcKUX 8ewecme umeem HernocpedcmeeHHOe He2amueHoe 8MUsIHUe Ha op2aHbl penpodyKmusHOU CUCMeMbI.
KnroueBble cnoBa: mamka, cmpykmypa, ornuoudbl, aKcriepuMmeHm, pernpodykmugHoe 300po8be.
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The question of the relationship between the metric characteristics of cranial structures
and odontometric parameters, and the possibility of building models based on them,
which can later find their practical application in dental practice, remain a pressing
problem of modern medical science. The purpose of the study is to establish the
features of the relationship between the linear dimensions of molars with the
cephalometric parameters of the brain and facial skull of practically healthy men in the
northern region of Ukraine. 32 practically healthy residents of the northern region of
Ukraine (from Kyiv, Zhytomyr, Sumy and Chernihiv regions) underwent computed
tomography followed by odontometry of molars and cephalometry. The correlations
between odontometric and cephalometric parameters were assessed using Spearman's
nonparametric statistics in the licensed package "Statistica 6.1". The peculiarities of
the correlations of the studied characteristics of molars with the indicators of the
cerebral skull are established - multiple, only direct reliable (r = 0.35-0.57) and
unreliable (r = 0.30-0.35) average correlation force (18.7% on the upper jaw, of which
the relative majority with vestibular-lingual and mesio-distal dimensions and 24.1% on
the lower jaw, of which the relative majority with the height of the teeth, their crowns and
the length of the tooth roots),; as well as with the indicators of the facial skull - mostly
direct reliable (r = 0.35-0.51) and unreliable medium strength (r = 0.30-0.37) correlations,
in most cases of a single nature (6.0% on the upper jaw and 6.6% on the lower jaw,
almost uniformly with the height of the teeth, their crowns, root length, vestibular-lingual
and mesio-distal dimensions). The results of correlation analysis of craniofacial
structures are necessary for the correct construction of mathematical models, which
can later find their practical application in dental practice and forensic medicine.
Keywords: correlations, cephalometry, odontometry, administrative-territorial regions
of Ukraine.

Introduction

Throughout its existence, mankind has sought to
understand the basic principles of building the world and
the phenomena observed in it. And naturally, the question
of human anatomy and physiology and the search for an
understanding of the laws of its structure and related
functions, have occupied and occupy one of the leading
places in world scientific research. With the beginning of
the digital age and the creation of the artificial intelligence
system, with the improvement of statistical analysis tools,
mankind has the opportunity to calculate and analyze large
data sets. And this state of affairs has forced us to reconsider
and rethink things that lie on the surface - the relationship
of various functionally connected anatomical components.
Morphologists, like no other today, can provide new

information on understanding the basic principles of
normal anatomy, the relationship between the shape and
function of the various structural components of the human
body. And in dentistry, as never before, the issues of
modeling and reproduction of the structures of the dental
apparatus remain acute. With powerful computational and
statistical tools, specialists in many specialties related to
the work with the craniofacial complex return to the question
of studying the anatomical norm. The biggest number of
questions arises about dental structures. Their anatomical
diversity and complex morphofunctional connections with
craniofacial structures provide a favorable basis for such
studies to a greater extent in the fields of anthropology,
dentistry and forensic medicine [3, 6, 9, 10]. It should be

© 2020 National Pirogov Memorial Medical University, Vinnytsya

37



Correlations of linear sizes of molars with cephalometric indicators of practically healthy men of the northern...

noted that a large number of modern researchers in the
study of the main odontological normative indicators indicate
the need to consider ethnicity and gender [12, 15, 17, 22].

The main function of the dental apparatus is to grind
food and prepare it for further digestion. This function is
performed by the masticatory group of teeth, and that is
why the molars were given the status of a large occlusion
key. No wonder a large number of modern scientific papers
are devoted to the study of the relationship of the masticatory
group of teeth with other cranial structures, which also
indicate the importance of considering the ethnic and
sexual specifications of man [5, 13, 20, 21].

The question of the relationship between the metric
characteristics of cranial structures and odontometric
parameters, and the possibility of building models based
on them, which can later find their practical application in
dental practice, has been raised by scientists more than
once [4, 7, 8, 10], because such models can be used by
physicians not only for an individual approach to each
patient but also for screening mass examinations [11] in
order to predict the occurrence of a pathology, and thus
create risk groups that will require special dental
supervision in the future.

That is why the purpose of our study is to establish the
features of the relationship between the linear dimensions
of molars with the cephalometric parameters of the brain
and facial skull of practically healthy men in the northern
region of Ukraine.

Materials and methods

For the study, 32 residents of the northern region of
Ukraine from Kyiv, Zhytomyr, Sumy and Chernihiv regions
were selected, with favorable, moderately favorable and
satisfactory ecological living conditions. Computed
tomography was performed using a Veraviewepocs-3D
dental cone tomography scanner (Morita, Japan).
Committee on Bioethics of National Pirogov Memorial
Medical University, Vinnytsya established (Minutes Ne19
from 08.11.2012, Minutes Ne5 from 23.05.2019) that the
conducted research does not contradict the basic bioethical
norms of the Council of Europe Convention on Human
Rights and Biomedicine (1977), the Declaration of Helsinki,
and also meet ethical and moral and legal requirements
according to the order of the Ministry of Health of Ukraine
Ne281 from 01.11.2000.

Odontometric study of the model of bone structures of
the tooth-jaw complex in three projections was performed
in the software shell i-Dixel One Volume Viewer (Ver.1.5.0,
J Morita Mfg. Cor.). Measurements of the first and second
molars of the right and left sides of the upper and lower
jaws were performed: height of the tooth and crown of the
tooth, length of the palatal medial and distal roots,
vestibular-lingual and mesio-distal dimensions of the
crown and neck of the tooth [18]. For convenience and
compactness of the record, digital notation of teeth was
used: the first digit indicates the quadrant number, and the

second the ordinal number of the tooth, counting from the
center line. Thus: 16 - upper right first molars; 17 - upper
right second molars; 26 - upper left first molars; 27 - upper
left second molars; 36 - lower left first molars; 37 - lower
left second molars; 46 - lower right first molars; 47 - lower
right second molars.

The cephalometric study involved measuring the
parameters of the cerebral and facial parts of the head with
a large Martin compass and a soft centimeter tape.
Cephalometric measurements were performed in
accordance with generally accepted recommendations and
anatomical guidelines and points [1].

The shape of the head was determined by the ratio of
the largest width of the head to the length of the head, and
in accordance with the obtained value of the indicator made
the distribution of craniotypes: up to 75.9 - dolichocephaly;
from 76.0 to 80.9 - mesocephaly; from 81.0 to 85.4 -
brachycephaly; 85.5 and more - hyperbrachycephaly [23].

The type of face was calculated using the Garson index,
according to which the morphological length of the face
was divided by the largest width of the face, and according
to the obtained value of the indicator made the distribution
of face types: up to 78.9 - very wide face, 79.0-83.9 - wide
face; 84.0-87.9 - average face; 88.0-92.9 - narrow face;
93.0 and more - a very narrow face [16].

The correlations between odontometric and
cephalometric parameters were assessed using
Spearman's nonparametric statistics in the licensed
package "Statistica 6.1".

Results

The results of the correlation analysis between the sizes
of molars of the upper and lower jaws with cephalometric
indicators of the cerebral and facial skull of practically healthy
men of the northern administrative-territorial region of
Ukraine are presented in tables 1-6.

Discussion

The question of the relationship between the metric
characteristics of cranial structures and odontometric
parameters and the possibility of building models based
on them, which can later find their practical application in
dental practice, is being actively studied by scientists from
different countries [4, 7, 8, 10]. Such models can be used
by physicians not only for an individual approach to each
patient but also for screening mass examinations to predict
the occurrence of a particular pathology, and thus create
risk groups that will require special dental supervision in
the future.

Recently, many studies have focused on the importance
of ethnic and gender issues of cephalometric and
odontometric indicators [5, 12, 13, 15, 17, 19-21], the results
of which have a positive effect on improving dental health.
Understanding the correlations of craniofacial structures
allows the construction of mathematical models that can
later find their practical application in dental practice [4, 7,
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Table 1. Correlations of the sizes of molars of an upper jaw with cephalometric indicators of a brain skull of men of the northern region
of Ukraine (n = 10-32).

Sizes of molars Cephalometric indicators
DUG_GOP DUGS_GOP | DUG_AUAU G_OP FMT_FMT EY_EY KRANIO
0.07 0.29 0.25 0.16 0.17
17HKZ 0.24 0.09 0.30 0.12
17HRZ1 0.23 0.16 0.19 0.10 0.18 0.34 0.16
17HRZ2 0.14 0.06 0.00 0.16 0.13 -0.04 -0.19
17HRZ3 0.13 -0.02 0.03 -0.02 0.05 0.08 0.14
17VO_K 0.14 0.03 0.29 -0.10 0.21
17V0O_S 0.13 0.10 0.26 -0.09 0.28
17MD_K 0.06 0.05 0.13 0.13 0.25
17MD_S 0.19 0.00 0.16 0.27 0.26 -0.02
16HZ 0.02 -0.04 0.20 0.00 -0.15 -0.03 0.05
16HKZ -0.02 0.23 0.17 0.16 -0.21 -0.03 -0.16
16HRZ1 0.06 -0.21 0.10 -0.14 0.09 0.01 0.14
16HRZ2 0.07 0.10 0.28 -0.11 0.16 0.31
16HRZ3 0.07 -0.18 0.13 -0.10 -0.03 -0.05 0.13
16V0_S 0.13
16VO_K 0.07
16MD_S 0.02
16MD_K 0.00 -0.11 0.26 -0.11 0.02 0.23 0.32
26HZ 0.03 -0.12 0.16 0.03 -0.02 -0.14 0.00
26HKZ 0.16 0.21 0.20 0.34 -0.04 0.00 -0.24
26HRZ1 0.00 -0.16 0.02 -0.03 -0.06 0.10 0.20
26HRZ2 0.04 -0.05 -0.06 -0.12 0.32 0.08 0.13
26HRZ3 -0.09 -0.20 0.12 -0.29 -0.04 -0.18 0.12
26V0_K 0.06 0.09 0.23 -0.16 _ 0.19 0.28
26V0_S 0.25 0.23 0.40 0.04 0.34 0.29 0.17
26MD_K 0.07 -0.06 0.33 0.09 -0.01 0.12 0.09
27HZ 0.32 0.04 0.28 0.09 0.29
27HKZ 0.21 0.13 0.44 0.29 0.03 0.22 -0.04
27HRZ1 0.10 0.10 0.14 0.04 0.29 0.15 0.06
27HRZ2 0.10 0.01 0.02 0.12 0.10 0.00 -0.08
27HRZ3 0.06 -0.07 0.04 -0.11 0.10 0.01 0.11
27V0O_K 0.07 -0.09 0.20 -0.13 0.21 0.27
27V0_S 0.03 -0.03 0.17 -0.17 0.29 0.33
27MD_K 0.10 0.06 0.12 0.17 0.31 0.14 -0.07
27MD_S 0.28 0.07 0.19 0.31 0.32 -0.02

Notes: here and in the following tables, bold and red highlighted - reliable medium-strength direct correlations; sand color and highlight - unreliable
medium-strength direct correlations; HZ - tooth height; HKZ - height of the tooth crown; HRZ1 - length of the palatine root of the upper molars; HRZ2
- length of the dorsal proximal root of the upper molars; HRZ3 - length of the parietal distal root of the upper molars; VO_K - vestibular-lingual size of
the tooth crown; VO_S - vestibular-lingual size of the neck of the tooth; MD_K - mesio-distal size of the tooth crown; MD_S - mesio-distal size of the
tooth neck; DUG_GOP - the largest head circumference; DUGS_GOP - sagittal arch; DUG_AUAU - transverse arc; G_OP - the largest length of the
head; FMT_FMT - the smallest width of the head (frontal diameter); EU_EU - the largest width of the head (occipital diameter); KRANIO - cranial index.
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Table 2. Correlations of the sizes of molars of a lower jaw with cephalometric indicators of a brain skull of men of the northern region

of Ukraine (n = 10-32).

Sizes of molars

Cephalometric indicators

EY_EY

FMT_FMT

KRANIO

0.29

0.26

-0.04

0.16

0.09

47HRZ5 0.25 0.01 0.21 0.1 0.10 0.27 -0.03
47V0O_K 0.15 0.21 0.24 0.09 0.20 0.16 0.08
47V0_S -0.02 0.20 0.17 -0.05 0.26 0.19 0.30

46VO_K -0.12 0.01 0.25 0.11 0.02 -0.05 -0.05
46V0_S -0.16 0.03 0.06 -0.02 0.10 0.10 0.15
46MD_K 0.10 0.01 0.21 0.27 0.09 0.15 -0.11
46MD_S 0.29 0.23 0.27 0.29 -0.13
36HZ 0.23 0.24 0.06 0.16 -0.16
36HKZ 0.31 0.30 0.23 0.01 0.02
36HRZ4 0.08 0.08 -0.08 0.14 -0.12 0.13 -0.25
36HRZ5 0.14 0.20 0.03 0.18 0.1 _E
36VO_K -0.12 0.01 0.20 0.14 -0.07 0.05 -0.14
36V0_S -0.08 0.10 0.14 0.02 0.15 0.20 0.16
36MD_K 0.06 0.09 0.29 0.32 0.07 0.15 -0.18

37HRZ4 0.38 0.05 0.17 0.18 0.33 0.32 0.12
37HRZ5 0.27 -0.02 0.13 0.18 0.18 0.30 0.04
37V0_K -0.05 0.1 0.20 -0.03 0.09 0.12 0.12
37V0_S -0.14 0.01 0.05 -0.19 0.15 0.16 0.34

Notes: here and in the following tables, HRZ4 - the length of the near root of the lower molars; HRZ5 - the length of the distal root of the
lower molars.

Table 3. Correlations of the sizes of molars of an upper jaw with cephalometric indicators of a face skull of men of the northern region

of Ukraine (n = 10-32).

Cephalometric indicators
Sizes of molars
VAGYA S ZM_ZM TR_GN TR_N N_GN N_PRN GO_GO N_STO
17HZ 0.08 0.12 0.22 0.14 0.05 0.32 0.34 0.18 0.20
17HKZ 0.15 -0.20 -0.01 0.27 -0.24 0.30 0.18 0.28
17HRZ1 0.22 0.14 0.03 0.05 -0.14 0.24 0.20 0.05 0.00
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Table 3. (continuation)

Sizes of molars Cephalometric indicators
Y zY ZM_ZM TR_GN TR.N N_GN N_PRN N_SN GO_GO N_STO
17HRZ2 -0.14 0.18 0.21 -0.07 0.24 0.07 0.10 0.15 -0.09
17HRZ3 0.15 0.37 0.07 -0.01 0.21 0.27 0.17 0.19 0.13
17VO_K 0.05 0.03 0.01 -0.07 -0.06 0.07 0.08 0.19 -0.08
17V0O_S 0.10 -0.02 0.01 -0.04 -0.06 0.00 0.00 0.14 -0.15
17MD_K 0.20 -0.16 -0.05 -0.02 -0.15 0.08 0.10 0.25 -0.12
17MD_S 0.17 -0.01 -0.10 0.01 -0.10 0.16 0.24 0.08 -0.14
16HZ 0.01 -0.02 -0.04 -0.10 -0.10 0.22 0.25 0.16 0.15
16HKZ 0.11 -0.30 -0.10 -0.05 -0.17 0.15 0.22 0.10 0.29
16HRZ1 -0.05 0.21 -0.02 -0.11 -0.09 0.10 0.08 -0.07 -0.06
16HRZ2 0.11 0.04 -0.27 -0.17 -0.18 -0.02 -0.04 0.17 0.05
16HRZ3 -0.05 0.27 0.22 -0.01 0.06 0.18 0.12 0.11 0.06
16V0O_S 0.19 -0.08 0.04 0.05 -0.05 0.14 0.19 0.17 -0.11
16VO_K 0.08 -0.10 0.20 0.12 -0.04 -0.02 0.02 0.30 -0.06
16MD_S 0.18 - 0.19 0.08 - -0.15 -0.03 0.02 -0.26
16MD_K -0.01 0.11 0.02 -0.03 -0.04 -0.08 -0.09 -0.06 0.23
26HZ 0.05 0.06 0.00 -0.11 0.09 0.27 0.26 0.20 0.35
26HKZ 0.12 -0.16 -0.02 0.00 0.01 0.16 0.21 0.15 -
26HRZ1 -0.05 0,15 -0.11 0.08 -0.15 0.24 0.19 -0.05 0.1
26HRZ2 -0.04 - -0.10 -0.18 0.06 -0.04 -0.09 0.26 -0.20
26HRZ3 0.00 0.20 0.18 -0.12 0.13 0.06 0.04 0.17 0.19
26V0_K 0.09 -0.08 0.22 0.13 -0.08 0.08 0.07 0.34 -0.03
26V0_S 0.14 -0.06 0.17 0.19 -0.02 0.06 0.06 0.30 0.03
26MD_K -0.04 0.13 -0.02 -0.09 -0.02 -0.02 0.00 -0.05 0.20
26MD_S 0.27 0.24 0.16 0.11 0.33 -0.17 -0.07 0.10 -0.21
27HZ 0.13 0.30 0.13 -0.02 0.10 0.00 -0.02 0.06 0.06
27HKZ 0.10 -0.24 -0.06 0.07 -0.25 0.16 0.20 0.02 0.27
27HRZ1 0.24 0.21 0.00 -0.07 -0.12 0.21 0.15 0.12 -0.04
27HRZ2 -0.03 0.22 0.14 -0.19 0.30 -0.04 -0.08 0.05 0.03
27HRZ3 0.04 - 0.08 -0.11 0.12 0.06 0.04 0.11 0.04
27VO_K -0.10 0.11 0.09 -0.08 -0.06 -0.07 -0.07 0.08 0.00
27V0_S -0.03 0.09 0.15 0.01 -0.02 -0.07 -0.07 0.09 -0.02
27MD_K 0.11 -0.11 0.05 0.04 -0.03 0.01 0.02 0.22 -0.09
27MD_S 0.23 0.04 -0.02 -0.03 0.05 0.20 0.24 0.05 -0.17

Notes: here and in the following tables, inaccurate mean correlations of inverse correlations are highlighted by underlining and green
color; ZY_ZY - face width (distance between zygomatic points); ZM_ZM - average width of the face; TR_GN - physiological length of
the face; TR_N - forehead height; N_GN - morphological length of the face; N_PRN - length of the nose; N_SN - nose height; GO_GO -
width of the lower jaw (width between the corners of the lower jaw); N_STO - height of the upper part of the face.

Table 4. Correlations of the sizes of molars of a lower jaw with cephalometric indicators of a face skull of men of the northern region

of Ukraine (n = 10-32).

Cephalometric indicators

Sizes of molars

Y zy ZM_ZM TR_GN TR_N N_GN N_PRN N_SN GO_GO N_STO
47HZ 0.15 0.10 0.20 0.04 0.09 0.13 0.14 0.12 0.07
4THKZ -0.03 -0.01 -0.08 -0.07 -0.10 0.04 0.10 -0.10 -0.07
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Table 4. (continuation)

Cephalometric indicators

Sizes of molars

VARYAS ZM_ZM | TR GN TR_N N_GN N_PRN N_SN GO GO | N_STO
47HRZ4 0.18 0.10 0.15 0.13 0.12 0.05 0.03 0.13 -0.01
47HRZ5 0.14 0.01 0.16 0.00 023 0.07 0.02 027 0.00
47V0_K 0.04 -0.16 0.15 -0.06 -0.02 0.04 0.00 0.26 -0.01
47V0_S 0.08 -0.16 -0.01 0.06 -0.09 0.09 0.06 0.22 -0.04
47MD_K -0.04 -0.01 0.03 0.13 -0.13 0.09 0.10 0.08 0.17
47MD_S 0.1 0.05 -0.11 0.05 -0.04 0.03 0.02 0.18 -0.24

46HZ 0.34 0.19 0.15 0.31 0.03 0.16 0.16 0.30 -0.07
46HKZ - 0.07 0.26 - 0.08 0.29 _E
46HRZ4 -0.02 0.27 -0.11 0.05 -0.18 0.03 0.04 -0.14 -0.05
46HRZ5 0.18 0.27 0.18 031 0.00 -0.06 -0.01 0.20 0.00
46V0_K 0.03 -0.40 0.07 0.10 -0.20 0.22 0.20 0.31 0.16
46V0_S 0.05 -0.21 -0.08 0.13 -0.29 0.15 0.15 0.25 0.03
46MD_K 014 0.03 0.01 0.09 -0.04 0.06 0.12 0.1 0.08
46MD_S 0.21 -0.01 0.02 0.08 -0.15 0.20 0.23 -0.10 -0.03
36HZ 0.18 0.21 0.24 0.35 0.09 0.06 0.1 0.20 0.09
36HKZ 0.29 0.06 0.26 0.31 0.15 -
36HRZ4 -0.03 -0.06 0.13 -0.11 -0.04 -0.16
36HRZ5 0.24 0.28 0.26 -0.03 -0.02 0.06 0.22 0.01
36VO0_K 0.01 028 0.18 0.21 -0.11 0.17 0.14 0.31 0.15
36V0_S 0.1 013 -0.07 0.07 -0.24 0.03 -0.01 0.31 -0.06
36MD_K -0.10 -0.10 -0.01 0.06 -0.07 0.05 0.08 0.10 0.07
36MD_S 0.1 0.13 0.23 0.13 0.09 0.05 0.06 0.07 0.07
37HZ 0.12 0.16 0.17 0.12 0.07 0.17 0.19 0.04 0.19
37HKZ 0.08 0.00 0.01 0.1 -0.11 0.16 0.23 -0.11 0.07
37HRZ4 0.02 0.25 0.08 -0.01 0.1 -0.03 -0.02 -0.05 0.05
37HRZ5 0.12 0.20 0.13 -0.06 0.26 0.00 0.00 0.14 -0.05
37V0_K 0.07 027 0.14 0.03 -0.11 0.09 0.07 0.34 0.14
37V0_S 0.02 -0.08 -0.10 -0.05 -0.10 -0.06 -0.11 0.31 -0.06
37MD_K -0.03 0.06 0.13 0.17 -0.02 0.15 0.14 0.03 0.08
37MD_S 0.09 0.13 0.00 0.06 0.06 0.08 0.1 0.05 -0.18

Note: here and in the following tables, bold and blue highlighted significant medium-strength inverse correlations.

Table 5. Correlations of the sizes of molars of an upper jaw with cephalometric indicators of a face skull of men of the northern region
of Ukraine (n = 10-32).

Sizes of molars Cephalometric indicators
SN_PRN | AL_AL CHI CHI | EK_EK MF_MF NI PGO GN | IGO_GN | IN_GARS
17HZ -0.01 0.04 -0.09 0.32 0.17 -0.03 0.20 0.25 -0.08
17HKZ 0.06 -0.20 -0.14 0.29 0.02 -0.12 0.16 0.27 -0.24
17HRZ1 0.17 0.28 0.19 0.28 0.07 -0.04 0.28 0.32 -0.31
17HRZ2 -0.12 -0.02 0.00 -0.02 0.15 -0.06 -0.10 -0.19 0.12
17HRZ3 -0.08 -0.07 0.14 -0.06 0.19 -0.04 0.13 0.12 -0.03
17VO_K -0.31 0.11 0.01 - 0.10 -0.01 -0.03 0.07 -0.21
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Table 5. (continuation)

Sizes of molars Cephalometric indicators
SN_PRN | AL_AL CHI CHI | EK_EK MF_MF NI PGO GN | IGO_ GN | IN_GARS

17V0O_S -0.30 0.14 0.01 0.33 0.15 -0.07 0.00 0.02 0.18
17MD_K -0.11 -0.16 -0.12 - -0.11 0.04 0.02 0.17 -0.30
17MD_S -0.14 -0.02 -0.19 0.25 -0.05 -0.10 0.03 0.20 -0.28
16HZ -0.02 -0.04 0.07 0.24 0.10 0.09 -0.04 0.03 -0.04
16HKZ 0.03 -0.15 -0.17 0.19 -0.05 -0.17 0.14 0.10 -0.07
16HRZ1 0.12 -0.01 - 0.19 0.06 0.02 -0.13 -0.05 0.00
16HRZ2 -0.11 -0.02 0.00 0.21 -0.09 0.09 0.10 0.09 -0.23
16HRZ3 -0.03 -0.08 0.15 0.08 0.18 0.20 -0.10 0.08 0.10
16V0O_S -0.25 -0.32 -0.41 0.21 -0.06 -0.01 0.01 0.22 -0.15
16VO_K -0.06 -0.10 -0.19 0.16 -0.11 0.17 0.00 0.09 -0.16
16MD_S -0.06 -0.14 -0.28 0.18 0.21 0.15 0.09 0.19 -0.06
16MD_K 0.20 -0.22 0.02 0.17 0.03 0.05 -0.06 0.05 -0.03
26HZ 0.05 -0.32 -0.14 0.12 0.01 0.29 -0.05 0.02 0.18
26HKZ 0.03 -0.21 -0.21 0.22 -0.03 0.03 0.20 0.18 0.04
26HRZ1 0.02 -0.15 0.07 -0.01 0.08 -0.10 0.07 0.13 -0.08
26HRZ2 -0.06 -0.02 -0.04 -0.05 -0.24 0.14 -0.05 0.06 -0.09
26HRZ3 0,18 -0.07 0.21 0.04 0.16 0.16 -0.21 -0.13 0.18
26V0_K -0.09 -0.14 -0.12 0.17 -0.10 0.08 -0.16 -0.01 -0.20
26V0_S 0.01 -0.27 -0.33 -0.04 -0.05 -0.01 -0.05 0.09 -0.15
26MD_K 0.09 -0.31 -0.07 0.32 0.02 0.17 -0.02 0.16 0.15
26MD_S -0.03 -0.10 -0.15 0.16 0.30 0.02 0.06 0.11 -0.19
27HZ 0.01 0.16 0.21 - 0.25 0.06 0.13 0.16 -0.24
27THKZ 0.12 -0.29 -0.22 0.22 0.00 -0.14 0.14 0.25 -0.13
27HRZ1 0.09 0.10 0.20 0.27 -0.01 0.05 0.13 0.21 -0.25
27HRZ2 -0.07 -0.05 0.15 0.01 0.24 0.09 -0.06 -0.22 0.08
27HRZ3 -0.05 0.08 0.34 0.06 0.21 -0.01 -0.05 -0.13 -0.09
27V0O_K -0.23 0.17 0.14 - 0.13 0.17 -0.15 -0.13 -0,14
27V0_S -0.20 0.15 0.13 0.33 0.13 0.13 -0.15 -0.17 -0.21
27MD_K 0,00 -0.25 -0.21 0.15 -0.12 0.05 -0.03 0.10 -0.19
27MD_S -0.11 -0.05 -0.25 0.16 -0.01 -0.09 0.08 0.26 -0.22

Notes: here and in the following tables, SN_PRN -the depth of the nose; AL_AL - width of the base of the nose (distance between alar
points); CHI_CHI - width of the oral slit; EK_EK - extraocular width (biorbital width); MF_MF - interorbital width (anterior interorbital width);
N_I - the distance between the nasion and the intercanine point; RGO_GN - body length of the lower jaw on the right; LGO_GN - body
length of the lower jaw on the left; IN_GARS - Garson's morphological index.

Table 6. Correlations of the sizes of molars of a lower jaw with cephalometric indicators of a face skull of men of the northern region
of Ukraine (n = 10-32).

Sizes of molars

Cephalometric indicators

SN_PRN | AL_AL | CHLCHI | EK_EK | MF_MF NI PGO_GN | IGO_GN | IN_GARS
47HZ 0.24 -0.02 0.07 0.14 0.19 0.07 0.01 0.19 -0.06
47THKZ 0.12 0.18 0.16 0.24 0.05 -0.22 -0.05 0.06 -0.08
47HRZ4 -0.06 0.25 0.23 0.16 0.27 0.01 0.14 0.22 017
47HRZ5 0.26 0.15 0.00 -0.04 -0.01 0.28 017 0.10 0.10
47V0_K 0.33 0.16 0.01 0.17 0.08 0.10 0.08 0.12 -0.10
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Table 6. (continuation)

Sizes of molars Cephalometric indicators
SN_PRN AL_AL CHIL_CHI EK_EK MF_MF N_I PGO_GN IGO_GN IN_GARS

47V0_S -0.34 0.03 -0.23 -0.03 0.03 -0.01 0.08 0.04 -0.17
47MD_K -0.20 -0.18 0.03 - 0.13 -0.08 -0.10 0.07 -0.09
47MD_S -0.26 -0.04 -0.07 0.11 0.03 -0.17 -0.04 0.08 -0.24

46HZ 0.15 -0.23 -0.18 0.05 0.08 0.01 0.23 -0.29
46HKZ 0.21 -0.20 -0.17 0.25 0.07 -0.01 0.24 -0.19
46HRZ4 0.13 0.04 0.09 -0.02 0.07 0.03 0.06 -0.07
46HRZ5 0.16 -0.09 -0.12 0.1 -0.04 0.29 0.26 -0.21
46V0O_K -0.14 -0.27 -0.11 0.26 -0.01 -0.04 -0.16 -0.02 -0.08
46V0O_S -0.26 -0.08 -0.13 0.12 -0.12 0.10 -0.06 -0.02 -0.25
46MD_K -0.24 -0.19 -0.16 0.25 0.04 0.01 -0.19 0.05 0.13
46MD_S -0.15 -0.29 -0.16 0.23 0.16 -0.09 -0.08 0.14 -0.35

36HZ -0.15 -0.14 -0.01 0.01 0.13 0.15 0.31 -0.05
36HKZ -0.21 -0.19 0.13 0.12 -0.01 0.23 0.31 -0.07
36HRZ4 0.17 0.01 0.10 -0.12 -0.02 0.07 -0.05 0.14 -0.03
36HRZ5 0.18 -0.24 -0.18 0.08 -0.10 0.20 0.13 0.25 -0.27
36VO_K -0.10 -0.28 -0.10 0.18 0.03 0.03 -0.18 -0.04 -0.03
36V0O_S -0.33 -0.16 -0.20 0.09 -0.09 0.09 -0.01 0.07 -0.27
36MD_K -0.38 -0.28 -0.23 0.23 0.08 -0.12 -0.18 0.06 0.04
36MD_S -0.15 -0.25 -0.17 0.11 0.30 0.04 -0.14 0.02 -0.17

37HZ 0.24 0.01 -0.04 0.12 0.18 0.08 0.09 0.21 -0.10
37HKZ 0.27 -0.20 -0.20 0.24 0.05 -0.16 0.05 0.16 -0.16
37HRZ4 -0.04 0.28 0.21 0.17 0.16 0.12 0.07 0.14 -0.04
37HRZ5 0.19 -0.19 -0.14 0.08 0.05 0.24 -0.11 0.13 0.08
37VO_K -0.28 0.06 0.04 0.18 -0.01 0.13 0.00 0.00 -0.13
37v0O_S -0.43 0.15 0.01 0.00 -0.01 0.09 0.02 -0.05 -0.17
37MD_K -0.28 -0.09 0.08 0.23 -0.06 -0.01 0.21 -0.03
37MD_S -0.30 -0.08 -0.13 0.30 0.16 -0.14 -0.02 0.17 -0.16

8, 10] and in forensic medicine [2] because such models
can be used by doctors to create an individual diagnostic
approach to each patient.

In the analysis of reliable and average strength of
unreliable correlations of CT sizes of molars with
cephalometric indicators and indices of practically healthy
men from the northern region of Ukraine, the multiple nature
of direct reliable (r = 0.35-0.57) and average strength of
unreliable (r = 0.30-0.35) correlations was established only
with indicators of a brain skull.

Our quantitative analysis of reliable and average
strength of unreliable correlations of CT sizes of molars
with cephalometric indicators and indices of practically
healthy men of the northern region of Ukraine revealed the
following distribution of correlations:

between the upper molars and indicators of a brain
skull 47 correlations from 252 possible (18.7%), from which,

11.9% of direct reliable average force and 6.7% of direct
unreliable average force, among which - with the first teeth
26 correlations from 126 possible (12.7% of direct reliable
medium strength and 7.9% of direct unreliable medium
strength); with second teeth 21 correlations from 126
possible (11.1% of direct reliable average forces and 5.6%
of direct unreliable average forces); with the height of the
teeth, their crowns and the length of the roots 13 correlations
out of 140 possible (5.0% of direct reliable medium strength
and 4.3% of direct unreliable medium strength); with
vestibular-lingual and mesio-distal dimensions 34
correlations out of 112 possible (20.5% of direct reliable
average forces and 9.8% of direct unreliable average
forces);

between the lower molars and indicators of a brain
skull 54 correlations from 224 possible (24.1%), from which,
15.2% of direct reliable average force and 8.9% of direct
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unreliable average force, among which - with the first teeth
23 correlations from 112 possible (12.5% of direct reliable
medium strength and 8.0% of direct unreliable medium
strength); with second teeth 31 correlations from 112
possible (17.9% of direct reliable average forces and 9.8%
of direct unreliable average forces); with the height of the
teeth, their crowns and the length of the roots 32 correlations
out of 112 possible (20.0% of direct reliable medium
strength and 11.6% of direct unreliable medium strength);
with vestibular-lingual and mesio-distal dimensions 22
correlations out of 112 possible (13.4% of direct reliable
average forces and 6.2% of direct unreliable average
forces);

between the upper molars and indicators of the facial
skull 39 correlations out of 648 possible (6.0%), of which,
1.7% of direct reliable medium force, 2.8% of direct
unreliable medium force, 0.2% of reverse reliable medium
force and 1.4% of inverse unreliable medium force, among
which - with the first teeth 18 correlations out of 324 possible
(1.5% of direct reliable of medium strength, 2.2% of direct
unreliable of medium strength, 0.3% of inverse reliable of
medium strength and 1.5% of inverse unreliable of medium
strength); with second teeth 21 correlations from 324
possible (1.9% of direct reliable average forces, 3.4% of
direct unreliable average forces and 1.2% of inverse
unreliable average forces); with the height of the teeth, their
crowns and the length of the roots, 19 correlations out of
360 possible (1.7% of direct reliable medium strength, 2.8%
of direct unreliable medium strength and 0.8% of inverse
unreliable medium strength); with vestibular-lingual and
mesio-distal dimensions 20 correlations out of 288
possible (1.7% of direct reliable medium forces, 2.8% of
direct unreliable medium forces, 0.3% of reverse reliable
medium forces and 2.1% of inverse unreliable medium
forces);

between lower molars and indicators of a facial skull
38 correlations from 576 possible (6.6%), from which, 2.6%
of direct reliable average force, 2.6% of direct unreliable
average force, 0.5% of return reliable average force and
0.9% of return unreliable average force, among which -
with the first teeth 29 correlations out of 288 possible (4.5%
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KOPENALI NIHINHUX PO3MIPIB BENTUKUX KYTHIX 3YBIB 13 KEGANIOMETPUYHUMU MOKA3HUKAMM MPAKTUYHO
300POBUX YONOBIKIB NIBHIYHOIO PEFOHY YKPAIHU

Moniwyk C.C., Koyropa O.0., Amimpiee M.O., Opnoecbkuti B.O., [lonoe M.B.

lMumaHHa 83a€M038'A3KYy MempuUYHUX XapakmepucmukK YepernHux CmpyKmyp i 0OOHMOMempuYyHUX MOKa3HUKI8, ma MOoXnugicms
nobydosu Ha ix ocHosi moderiel, wo 8 ModanbWoMy MOXYymb 3Halimu C80€ MpaKmMuU4He 3acmocy8aHHs1 8 CIMoMamosio2ivyHil npakmuuj,
3anuwarombCs akmyarsnbHO npobriemMoro cyyacHoi MeduyHoi Hayku. Mema docrnioxeHHs - ecmaHosumu ocobrueocmi 38's3Kie MiHitHUX
pO3Mipie 8eIUKUX KymHixX 3ybig 3 keghariomempuyHUMU oKa3HUKaMu MO3KOB8020 ma uye8o20 Yyeperia npakmu4yHo 300posux 4oroeikie
rigHi4HO20 pezioHy YkpaiHu. Y 32 npakmu4yHo 300posux mMewkKaHuie nisHiYyHo2o peeioHy YkpaiHu (3 Kuiscbkoi, dKumomupcekoi, Cymcbkor
ma YepHiziscbkoi obnacmeli) npogedeHo Komm'tomepHy momoepadhito 3 HacmyrnHo 0O0HMOMemPpIe 8e/UKUX KymHix 3ybie ma
kegbaromempito. OUiHKY Kopensyiti MiX 0OOHMOMemPUYHUMU i KegharmloMempuyHUMU MOKa3HUKaMu rnpoeoousiu 3 8UKOPUCMAaHHSIM
Henapamempuy4Hoi cmamucmuku CriipmeHa y niyeHsitHoMy nakemi "Statistica 6.1". BcmaHoeneHi ocobnueocmi 38'sa3Kie 00CTidxeHUX
Xapakmepucmuk 8eflUKUX KymHix 3ybie i3 mokasHukamu MO3K08020 Yepery - MHOXUHHI, nuwe npsmi docmosipHi (r = 0,35-0,57) ma
HedocmosipHi (r = 0,30-0,35) cepedHboi cunu kopenauii (18,7% Ha eepxHili weneri, 3 Kux eiOHocHa binbwicmp i3 NPUCIHKO8O-
A3UKO8UMU | Me3io-OucmanbHUMu po3mipamu ma 24,1% Ha HUXHIU wieneri, 3 sKux 8iOHoCcHa binbwicmsb i3 eucomoto 3ybis, iXx KOPOHOK
i 0o8XUHOI KopeHig 3ybig); a makoX i3 moka3HUKaMUu NUUb08020 Yepery - nepesaxHo npsmi docmosipHi (r = 0,35-0,51) ma HedocmosipHi
cepedHboi cunu (r = 0,30-0,37) 38'a3ku, y binbwocmi aunadkie mooduHokoeo xapakmepy (6,0% Ha eepxHil wenerni ma 6,6% Ha HUXHIl
wieneri, matixxe piGHOMIpHO 3 gucomoto 3ybi8, iX KOPOHOK, OOBXUHOK KOPEHI8, MPUCIHKOBO-3UKOBUMU ma Me3io-ducmarnbHUMu
poamipamu). Pe3ynbmamu KopensauyiliHoeo aHanidy KpaHioghauianbHuUx cmpykmyp HeobXxiOHi Orisi KopeKmHoi nobydosu mamemamuyHUX
modenel, siki 8 M0danbWoMy MOXymb 3Halmu C80€ Mpakmu4yHe 3acmocy8aHHs1 8 CMoMamorsoaiyHil npakmuuyi ma 6 cy0ositi MeOUUUHI.
KntouoBi cnoBa: kopesnsyii, keghasiomempiss, 0OoHmomempisi, admiHicmpamugHo-mepumopianbHi pe2ioHu YKpaiHu.

KOPPENAUNU IMHEAHLIX PASMEPOB BOJbLLUMX KOPEHHBIX 3YE0B C KE®ATIOMETPUYECKUMU NMOKASATENAMU
NPAKTUYECKM 30OPOBbIX MY>X4YYH CEBEPHOIO PETMOHA YKPAUHDI

Monuwyk C.C., Koyropa O.A., Imumpuee H.A., Opnoeckuli B.A., lTonoe M.B.

Borpoc 83aumoces3u MempuyecKux xapakmepucmuk YeperiHbiX Cmpykmyp u 00OHmMoMempu4yecKkux nokasamersnel u 803MOXHOCMb
OCMPOEHUs Ha UX OCHoge Modenel, Komopbie 8 dalnbHelileM Mo2ym Halmu c80e pakmu4eckoe NpuUMeHeHuUe 8 CmoMamosioau4yeckol
rpakmuke, ocmaromcsi akmyaribHouU rpobremol coepemeHHoU MeduyuHCcKoU Hayku. Llenb uccnedosaHus - ycmaHo8uUme 0CobeHHocmu
cesizell TUHEUHbIX pa3mepos 60MbWUX KOPeHHbIX 3y608 C KegharmomempuyecKUMU rokKasamensamu MO3208020 U JIULEe8o20 Yepena
npakmu4yecku 300p08bIX MYyX4YUH Ce8epHo20 peauoHa YKpauHbl. [ns 32 npakmuyecku 300p08biX Xumersel cesepHo20 peauoHa
Ykpaurbl (xumenu Kuesckou, Xumomupckol, Cymckol u YepHuzosckoli obnacmeli) npogedeHa KOMMbOMeEPHas momozpagusi ¢
nocnedyowel o0oHmomempuel 6onbwux KOpeHHbIX 3y608 u kegharomempusi. OueHKy Koppensayul mex0y 000HmMoMempu4yeckuMu u
Kegharomempu4yecKkuMu rnokasamesnsmu rnpogodusu ¢ Ucrnonb3ogaHueM Henapamempuydeckol cmamucmuku CrnupmeHa 8
nuyeH3uoHHoMm rakeme "Statistica 6.1". YcmaHoeneHbl ocobeHHocmu cesisell uccredo8aHHbIX XxapakmepucmuK 60bWUX KOPEeHHbIX
3ybo8 C rokasamesiiMUu MO3208020 Yepera - MHOXeCcmeeHHble, MosbKo npsmblie docmoeepHbie (r = 0,35-0,57) u HedocmosepHbie
(r = 0,30-0,35) cpedHeti cunbi koppenayuu (18,7% Ha eepxHel Yesrocmu, U3 KOmMopbIx omHocumerbHoe 60bUWUHCM8o ¢ eecmubyiio-

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



Polishchuk S.S., Kotsyura 0.0., Dmitriev M.O., Orlovskiy V.O., Popov M.V.

oparnbHbIMU U Me3uo-0ucmarbHbiMu pasmepamu U 24,1% Ha HuxXHel yemocmu, U3 Komopbix omHocumesnsHoe 60/bWUHCMEo ¢
8bicomoli 3y608, ux KOPOHOK U OnuHOU KOpHel 3yb08); a mak xe C rnokasamesnsamu Sluyeso20 Yepena - NpeumywecmseeHHo npsambie
docmosepHsle (r = 0,35-0,51) u HedocmosepHble cpedHeli cunbl (r = 0,30-0,37) ces3u, 8 bonbwuHcmee cryyae8 00UHOYHO20 Xapakmepa
(6,0% Ha eepxHel yentocmu u 6,6% Ha HWwkHeU Yerocmu, MoYmu pasHOMepPHO € 8bicomoli 3y608, Ux KOPOHOK, OruHoU KopHel,
nped08epHO-A3bIKOBbIMU U Me3Uo-0ucmarnbHbIMU pa3mepamu). Pe3ynbmambl KOPPEIayUOHHO20 aHanusa KpaHuogayuarbHbIX
cmpykmyp HeobxoduMbl 0711 KOPPEKMHOZ0 MOCMPOEHUS MameMamu4YyecKux Modersnel, Komopbie 8 danbHelweM Mo2ym Halmu ceoe
fpakmu4yeckoe fMpuMeHeHUe 8 CmMoMamosio2u4deckol npakmuke u 8 cydebHol mMeduyuHe.

KntoueBble cnoBa: Koppessayuu, Kegamnomempus, 000HmMoMempusi, adMUHUCMPamuUeHo-meppumopuarnsHbie peauoHbl YKpauHsl.
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Adrenaline damage to the myocardium is an important element in the pathogenesis of
myocardial infarction in humans. Despite the use of modern methods of treatment of
myocardial infarction, the issue of cardioprotection of reperfusion myocardial damage
remains open. Promising in this direction is the use of quinazolone derivatives, which
have already shown cardioprotective properties in other models of myocardial infarction.
The aim of the study was to establish morphological changes in the conditions of
adrenaline myocardiodystrophy (AMD) against the background of the introduction of
the compound PC-66 and amiodarone in rats. The study was performed on 100 nonlinear
rats of both sexes weighing 165-220 g, divided into four groups of 25 animals each:
1-intact rats; 2 - rats with a model of adrenaline myocardial infarction without treatment
(control); 3 - rats with AMD treated with amiodarone (10 mg/kg, intraperitoneally);
4 - rats with AMD treated with compound PC-66 (10 mg/kg, intraperitoneally). It was
found that control rats under conditions of cardiotoxic dose of adrenaline in the left
ventricular myocardium for up to 8 days of the experiment does not fully restore the
myocardial structure, dystrophic and necrobiotic changes were found in both
cardiomyocytes and walls of vessels of a blood microcirculatory channel of a
myocardium. Course intraperitoneal administration to rats of the compound PC-66 in
the conditions of adrenaline myocardial infarction as well as amiodarone, contributes
to the attenuation of signs of dystrophic and destructive processes. The degree of
protective effect on the myocardium under conditions of cardiotoxic dose of adrenaline
compound PC-66 was not lower to the reference drug - amiodarone. Thus, it is
morphologically confirmed that in adrenaline myocardial infarction the compound
PC-66, similar to the action of amiodarone, has a cardioprotective effect.

Keywords: cardioprotection, PC-66, amiodarone, myocardium, morphology.

Introduction

Adrenaline myocardial damage is an important element
in the pathogenesis of myocardial infarction in humans,
which can be both an inducer of the pathological process
and part of cascading myocardial damage [12, 18]. It has
been established [1, 10] that myocardial infarction in
humans causes significant endothelial injury, as well as a
parallel increase in the concentration of circulating
catecholamines and, in particular, adrenaline. It was also
found [3] that sympatho-adrenal activation is a standard
response of the body to myocardial infarction, but it can
turn from a protective reaction to non-adaptive, which, in
turn, can contribute to myocardial damage with a direct
negative impact on the endothelium. There is no doubt that
circulating catecholamines and endothelial damage are

interrelated and lead to increased mortality after myocardial
infarction [9]. Despite the use of modern methods of
treatment, myocardial infarction remains an open issue of
cardioprotection of reperfusion myocardial damage [2].
Cardioprotection in myocardial infarction is a very
significant factor influencing the consequences of therapy
and survival of patients despite the use of thrombolysis [7].
Insufficient efficiency and the presence of side (negative)
reactions in modern cardioprotective agents encourage
the search for new molecules with this effect, promising to
create on their basis more effective and safe drugs [9]. The
search for new drugs is carried out around the world and
includes both the study of the protective properties of long-
known substances [8] and the study of new synthesized
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substances with potential protective activity [5, 15].
According to many researchers [16, 22], the second way is
more promising in scientific and practical terms.

In our opinion, the use of quinazolone derivatives, which
have already shown cardioprotective properties [6] in other
models of myocardial infarction, is promising in this
direction.

That is why in order to establish the characteristics of
the cardioprotective activity of the compound PC-66 we
chose an experimental model of myocardial ischemia -
adrenaline myocardiodystrophy (AMD) [14], which will reveal
the cardioprotective effect of this compound. For
comparison, we used amiodarone, which is currently
considered by many researchers [11, 23] as a reference
drug with cardioprotective properties against the
background of myocardial infarction. It is also important to
note that we studied the morphological changes that are
the most objective signs of myocardial damage and its
recovery against the background of treatment [13, 15].

Purpose of study: to establish morphological changes
in the conditions of adrenaline myocardial infarction on the
background of the introduction of the compound PC-66
and amiodarone in rats.

Materials and methods

AMD was modeled according to the standard method
[15] by a single intramuscular (intravenous) injection of
0.18% solution of adrenaline tartrate (PJSC Pharmaceutical
Company "Darnytsia", Kyiv) at a dose of 1 mg/kg body
weight. The study was performed on 75 nonlinear rats of
both sexes weighing 165-220 g, divided into four groups of
25 animals each: 1 - intact rats; 2 - rats with AMD model
without treatment (control); 3 - rats with AMD receiving
amiodarone (10 mg/kg, intraperitoneally (i/p)); 4 - rats with
AMD, receiving compound PC-66 (10 mg/kg, i/p). The test
substances were administered to groups of animals daily
for 7 days: the first injection - for 30 minutes before AMD
modeling.

Committee on Bioethics of National Pirogov Memorial
Medical University, Vinnytsya (Minutes Ne7 from 21.09.2018)
found that the experiment was conducted considering the
recommendations of the European Commission for
medical and biological research using animals, medical
recommendations of the State Pharmacological Center of
the Ministry of Health of Ukraine, as well as "Rules for
clinical safety assessment pharmacological agents (GLP)".

To assess the morphological changes in the
myocardium of experimental animals under experimental
ischemia using PC-66 and reference drugs, pieces of
cardiac muscle were fixed in 10% neutral formalin solution.
Micropreparations were prepared according to standard
methods, histological sections 5-7 pym thick were stained
with hematoxylin and eosin, picrofuxin according to Van
Gieson, a combination of PAS reaction with alcian blue
[21].

Microscopy and photographing of histological

specimens were performed using a light microscope
OLIMPUS BX-41 at magnifications of 40, 100, 200, 400
and 1000 times.

Results

Microscopic examination revealed that in control rats
under conditions of cardiotoxic dose of adrenaline in the
left ventricular myocardium on the second day of the
experiment there is damage to the walls of blood vessels
of the circulatory microcirculatory system, which lead to
cardiac hemodynamics and reversible and irreversible
structural changes. Under the conditions of action of a
cardiotoxic dose of adrenaline in a myocardium of a left
ventricle of rats in the specified term of experiment of a
gleam of arterioles were full-blooded and contained parietal
thrombi. In the walls of arterioles endothelial cells in a
state of edema and destructively altered, do not form a
continuous layer. In venules the gleams are expanded,
sharply full-blooded. Endotheliocytes in their walls are also
dystrophically and necrobiotically altered. Such changes
increase the permeability of the walls of the vessels of the
blood microcirculatory tract in the myocardium of the left
ventricles of rats with the development of perivascular
edema, hemorrhage and histiolymphocytic infiltration
(Fig. 1).

On the 8th day of the experiment under the action of a
cardiotoxic dose of adrenaline, morphological disorders
in the myocardium of rats were more pronounced than in
the previous period of the study. During this period,
dystrophic, hypertrophic and necrobiotic processes that
developed in the myocardium were unbalanced and
disproportionate. We found the predominance of dystrophic
changes in cardiomyocytes. Histological examination
revealed parenchymal dystrophy with pyknosis of the nuclei
in cardiomyocytes.

Fibroblast proliferation is present around the muscle
fibers, indicating connective tissue growth. Arterioles in the
myocardium showed signs of spasm and histiolymphocytic
infiltration of the walls. At the same time, hypertrophied
cardiomyocytes were almost absent (Fig. 2).

By the 8th day of the experiment there is no complete
restoration of the structure of the myocardium of
experimental rats, dystrophic and necrobiotic changes were
detected in both cardiomyocytes and vascular walls of the
blood microcirculatory tract of the myocardium.

Against the background of amiodarone, areas of the
myocardium with signs of cardiomyocyte alteration were
detected less frequently than in control rats. In most
cardiomyocytes, the transverse striation is preserved, in
contrast to rats, which were administered adrenaline
without correction (Fig. 3). Foci of cardiomyocyte necrosis
usually contained one cell and were not detected in all
fields of vision.

The lumens of the blood capillaries are dilated,
moderately full-blooded, but the endothelial lining of the
capillaries is intact. The basement membrane in the walls
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Fig. 1. Afragment of the myocardium of rats which was administered
the compound PC-66 to correct the action of adrenaline. 2 day of
observation. 1 - focal necrosis of cardiomyocytes; 2 - dilated lumens
of the venules; 3 - stasis and diapedesis of leukocytes through the
walls of venules. Hematoxylin-eosin. x100.

Fig. 2. Fragment of the myocardium of the left ventricle of rats on
the background of the action of adrenaline for 8 days (control). 1
- focal necrosis of cardiomyocytes; 2 - histiolymphocytic infiltration;
3 - dilated full-blooded lumens of blood capillaries; 4 - full-blooded
lumens of venules. Hematoxylin-eosin. x400.

Fig. 3. Afragment of the myocardium of the left ventricle of a rat
which was administered amiodarone to correct the action of
adrenaline. 2 day of observation. 1 - cardiomyocyte necrosis; 2 -
shortened cardiomyocytes; 3 - dilated and full-blooded lumens of
the venules; 4 - dilated lumens of blood capillaries. Hematoxylin-
eosin. x400.

of blood capillaries is homogeneous in thickness and color.
At the same time, no diapedesis hemorrhages were
detected. The interstitium around the capillaries is not
loose, without signs of edema and contained single
lymphocytes.

On day 8 of the experiment, rats treated with Cordarone
were less likely to show signs of dystrophic and alterative
changes in the left ventricular myocardium, both in
cardiomyocytes and in the vessel walls of the blood
microcirculatory tract, compared with control rats of the same
research period (Fig. 4). Thus, in most of the cardiomyocytes
of rats, which were administered Cordarone on the
background of the action of adrenaline, there is a transverse
striation, and the sarcoplasm was stained moderately
basophilic. The endothelial lining in the walls of arterioles

Fig. 4. A fragment of the myocardium of rats which was
administered amiodarone to correct the action of adrenaline. 8
days of observation. 1 - dystrophically altered cardiomyocytes; 2
- muscle fibers; 3 - blood capillaries; 4 - venules; 5 - stasis and
diapedesis of leukocytes through the wallls of venules. Hematoxylin-
eosin. x400.

and venules is continuous. Thrombi in arterioles and venules
were found less frequently in contrast to rats given adrenaline
without correction. The lumens of the venules and blood
capillaries are dilated and moderately full-blooded
compared to those in intact rats.

When using the compound PC-66 to correct the effect
of adrenaline on the myocardium of rats at all times of the
study, pathological changes in its structure are less
pronounced than in rats that were administered adrenaline
without correction (Fig. 5).

In most cardiomyocytes, the transverse striation was
preserved. The foci of cardiomyocytes, in the sarcoplasm
of which there is no transverse striation, as well as areas
of shortened cardiomyocytes, are smaller than in rats, which
were administered adrenaline without correction. Foci of
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Fig. 5. A fragment of the myocardium of rats which was
administered the compound PC-66 to correct the action of
adrenaline. 2 day of observation. 1 - nuclei of cardiomyocytes; 2 -
sarcoplasm of cardiomyocytes; 3 - fibroblasts; 4 - dilated lumens
of capillaries. Hematoxylin-eosin. x400.

cardiomyocyte necrosis usually contained one cell and were
not detected in all fields of view. Hypertrophied
cardiomyocytes are located around the foci of necrotic
cardiomyocytes, but their number was higher than in rats
treated with Cordarone to correct the action of adrenaline.
Areas of the myocardium with signs of cytoplasmic
dystrophy and cardiomyocyte alteration were found less
frequently than in rats treated with uncorrected adrenaline.

On day 8 of the study, rats treated with PC-66 for
adrenaline showed signs of dystrophic and necrobiotic
changes in the left ventricular myocardium, both in
cardiomyocytes and in the vascular walls of the circulatory
microcirculatory system, similar to those in rats. Corrections
of the cardiotoxic effect of adrenaline were similar to
administered Cordarone, and less pronounced than in rats
administered adrenaline without correction in the same
period of the study.

Left ventricular myocardial cardiomyocytes had the
same diameter and shape. In the sarcoplasm of most of
the cardiomyocytes of rats, which on the background of the
action of adrenaline was administered the compound
PC-66, there is a characteristic transverse striation. The
nuclei in cardiomyocytes are located in the center, oval,
chromatin in them is clarified in the center and condensed
on the periphery (Fig. 6).

The endothelial lining in the walls of arterioles and
venules is continuous. Thrombi in arterioles and venules
were not detected in all fields of view, in contrast to rats,
which were administered adrenaline without correction. The
lumens of the venules and blood capillaries are dilated and
moderately full-blooded compared to those in intact rats.

Discussion
Thus, the results of the study showed that the course of
intraperitoneal administration to rats of the compound

Fig. 6. A fragment of the myocardium of rats which was
administered the compound PC-66 to correct the action of
adrenaline. 8 days of observation. 1 - nuclei of cardiomyocytes; 2
- sarcoplasm of cardiomyocytes; 3 - proliferation of fibroblasts, 4
- dilated lumens of capillaries; 5 - dilated lumens of the venules.
Hematoxylin-eosin. x400.

PC-66 at a dose of 10 mg/kg in conditions of adrenaline
myocardiodystrophy as well as amiodarone (10 mg/kg
i/p), helps to reduce the symptoms of degenerative and
destructive processes [21] in damaged heart muscle, which
may be a sign of the presence of cardioprotective action in
the studied quinazoline derivative under given experimental
conditions, and similar in other studies of cardioprotective
properties [2, 6]. The degree of protective effect on the
myocardium under conditions of cardiotoxic dose of
adrenaline compound PC-66 was not inferior to the
reference drug - amiodarone, which is a recognized
cardioprotector [11, 23] in myocardial infarction.

The obtained results also indicate a significant
damaging effect of adrenaline, which is realized on both
the 2nd and 8th day of the study, which indicates a long-
term negative effect of this compound [12, 18]. The injuries
were not corrected without the use of cardioprotection, which
increases the risk of further mortality in clinical practice
[10].

The use of PC-66, as well as the comparison drug
helped to reduce the degree and prevalence of pathological
changes in the myocardium caused by experimental
ischemia. Myocardial remodeling that occurs after an
episode of ischemic injury has one very important aspect -
the reconstruction of the connective tissue framework [19].
This develops enzymatic cleavage of connective tissue
fibers (mainly collagen) and the synthesis of an
intermediate substance, according to the new conditions
of mechanical loads on the organ [4]. The greatest role in
this process is assigned to enzymes of the metalloprotease
group [20]. By the end of the experiment in animals treated
with PC-66, changes in the myocardium were minimal, the
histological structure of the heart muscle was close to that
in the intact group. There were no signs of inflammation
and severe circulatory disorders. Note that in comparison
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with the intact myocardium there is a slight increase in the
width of the stromal spaces and the diameter of
cardiomyocytes, which indicates [17] the preservation of
intercellular and intracellular edema, but these
pathomorphological changes in the interstitium and
cardiomyocytes are not alterative.

The use of PC-66 and amiodarone caused similar
morphological changes in the myocardium, which indicate
increased regeneration and reduced damage of adrenaline
[15, 21]. The obtained changes indicate a direct
cardioprotective effect of amiodarone and PC-66 on the
background of AMD set at the morphological level according
to modern recommendations [3].
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reperfusion is compromised in the absence of tissue inhibitor

MOP®OJOrYHI 3MIHU B YMOBAX ALPEHATIHOBOI MIOKAPLIOAUCTPO®Ii HA ®OHI BBEOEHHS CMOMYKU MK-66 TA
AMIOAPOHY Y LUYPIB

Dxuzamok O.B., Jlucenko [.A., Cmonko A.I., Kupu4yeHnko I.M., lMpokoneHko C.B.

AdpeHaniHoge yuwKoOXeHHs Miokap0a € 8aXUsUM e/leMeHMOM rnamozeHe3y po3gumKy iHghapkmy miokapda y noduHu. Hesgaxarouu
Ha 3acmocygaHHsl cydyacHUX MemoOuK fiKyeaHHs iHgbapkmy miokapOa 3anuwaembcsi 8i0KpumumM rnumaHHs Kkapdionpomekuyii
pernepgby3iliHo020 yWKOOXeHHs1 Miokapda. [lepcrieKmusHUM y UbOMY HarnpsiMi € 8UKOPUCMaHHS MOXiOHUX XiHa30/10HY, W0 6Xe eusieusu
KapdionnpomeKkmueHi eracmugocmi Ha iHWux modernsx iHghapkmy miokapda. Mema pobomu - ecmaHogumu MopghonoeiyHi 3MiHU 8
ymoeax adpeHaniHosoi Miokapdioducmpodbii (AML) Ha ¢hoHi esederHsi crionyku MK-66 ma amiodapoHy y wiypie. [JocnioxeHHs npogedeHo
Ha 100 HeniHiliHUX wypax 0box cmamel macoto mina 165-220 e, po3bumux Ha Yomupu epynu Mo 25 meapuH y KOXHIl: 1 - iHmakmHi
wypu; 2 - wypu 3 modesnto adpeHariHosoi Miokapdioducmpodgbii 6e3 nikysaHHs1 (KoHmponb); 3 - wypu 3 AM/A, nikosaHi amiodapoHom
(10 me/ke, sHympiwHb004epesuHHO); 4 - wypu 3 AM/, nikosaHi crionykoto NK-66 (10 me/ke, HympiwHb004epe8UHHO). BcmaHoeneHo,
W0 y KOHMpOsbHUX wypie 8 ymosax Oii kapdiomokcuyHoi do3u adpeHarsiHy & Miokapdi nigoeo wiyHoyka 6 mepmiH do 8 dobu
eKkcriepumeHmy He 8i0bygsaembCsi 108HO20 8iIOHOBNEHHSI CMpPyKmMypu Miokapda, OucmpogiyHi ma HeKpobiomuYHI 3MiHU 8usensnU K
8 Kapdiomioyumax, mak i 8 cmiHkax cyOUH KPOBOHOCHO20 MIKPOUUPKYSIMOPHO20 pycrna miokapda. Kypcose eHympilHbo004epe8UHHe
8sedeHHs wypam crionyku [NK-66 e ymoeax adpeHaniHogoi miokapdioducmpopii mak camo, K i amioGapoHy, cripusie nocaabneHHo
03Hak ducmpogiyHUX ma OecmpykmueHux npouecis. [lpu ybomy 3a cmyrneHeMm 3axucHoeo egekmy Ha MiokapO e ymosax Oif
kapdiomokcu4Hoi do3u adpeHaniHy criornyka NK-66 He nocmynanack peghepeHc-npenapamy - amiodapoHy. Takum YUHOM, MOPGhO102iHHO
niomeep0dxeHo, wo npu adpeHariHosil miokapdioducmpoaii crionyka NMK-66 aHanoeziyHo Oii amiodapoHy rnposiensie kapdionpomeKmopHul
egexkm.

KnrouoBi cnoBa: kapdionpomekuisi, MK-66, amiodapoH, miokapd, mopghorioais.

MOP®OJIOMMYECKUE U3MEHEHUS B YCNOBUSAX AIPEHANTMHOBOW MUOKAPANOAUCTPO®UN HA ®OHE BBELEHUS
COEOUHEHMA MNMK-66 U AMUWOOAPOHA Y KPbIC

Dxuezamok O.B., JlbiceHko [.A., Cmonko A.I., Kupu4yenko U.M., lpokoneHko C.B.

AdpeHanuHosoe rospexx0eHus1 Muokapda S8/1emcs 8aXHbIM 37IEMEHMOM famoegeHe3a pa3gumusi UHhapkma Muokapda y Jeroseka.
Hecmompsi Ha npumeHeHuUe co8peMeHHbIX MemoduK riedeHuUs: uHgpapkma Mmuokapda ocmaemcs OMKPbIMbIM 80MPOCOM
KapluonpomeKyusi pernepgy3uoHHO20 nospexoeHuUsi Muokapda. [NepcrnekmusHbIM 8 3MOM HarpasneHuu S8rIs1emcs Ucrnoib308aHue
MPOU3800HbIX XUHA30/I0Ha, KOMOPbIe yXe Mposieunu KapduornpomeKmopHble ceolicmea Ha Opyaux Modersix uHgapkma mMuokapoa.
Llens pabombl - ycmaHo8umb MOp@orio2uyecKue UsMeHeHUs1 8 ycriogusix adpeHanuHosol muokapouoducmpoguu (AM/L) Ha ¢boHe
esedeHusi coeduHeHus [NK-66 u amuodapoHa y Kpbic. MiccnedosaHue rnposedeHo Ha 100 HenuHelHbIX Kpbicax 0boezo nona maccol
mena 165-220 e, pa3bumbix Ha Yembipe epymnmbl Mo 25 Ku8OoMHbIX 8 Kax0oou: 1 - UHMaKmHbIe KpbICbl; 2 - KPbICbI C MOOEIIbo
adpeHanuHoeol muokapduoducmpoguu be3 nedyeHuss (KOHmMposb); 3 - Kpbicbl ¢ AM/M, neyeHHble amuodapoHom (10 ma/ke,
8HympubprowuHHO); 4 - Kpbicbl ¢ AM/, neyeHHble coeduHeHuem [1K-66 (10 ma/ke, 8HympubpPrOWUHHO). YcmaHo8neHo, 4mo y
KOHMPOIbHbIX KPbIC 8 ycriosusix delicmausi kapduomokcu4deckol 003bl adpeHarnuHa 8 Muokapoe 11ee020 xerydoyka 8 cpok o 8 cymok
3KCriepuMeHma He rpoucxodum rosIH020 80CCMaHOBIeHUS CMPYKMYypbl Muokapda, ducmpoghudyeckue U HeKpobuomu4yeckue U3MeHeHUst
8bISIBNISANU KaK 8 KapOuomMuoyumax, mak u 8 cmeHkax cocydo8 KPOBEHOCHO20 MUKPOUUPKYISIMOPHO20 pycna muokapoa. Kypcosoe
8HympubprowuHHoe esedeHue Kpbicam coeduHeHus [1K-66 e ycrosusix adpeHanuHogolU MuokapOuooucmpoghuu mak xe, Kak u
amuodapoHa, criocobcmeyem ocnabreHuto npusHakoe ducmpoguyeckux u decmpykmueHbix ripoyeccos. [lpu amom no cmerneHu
3awumHoeo aghghekma Ha muokapd 8 ycriosusix Aelicmeusi Kapouomokcuveckol 003bl adpeHanuHa coeduHeHue [1K-66 He ycmynaro
peghepeHc-npenapamy - amuodapoHy. Takum obpa3om, mopghonoauyecku nodmeepx0eHO, Ymo npu adpeHasauHogol
muokapduoducmpogpuu coeduHeHue 1K-66 aHanoz2u4HoO Oelicmeuro amuodapoHa nposierissiem KapouornpomeKmopHbIU 3ghghekm.
KnroueBble cnoBa: kapduonpomekuyusi, [1K-66, amuodapoH, muokapd, Mopgonoausi.
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Pilonidal disease is a pathology that was first described more than 100 years ago.
However, it still remains the subject of discussion, because there is still no clear
unambiguous definition of this pathology, nor its well-known etiology. Despite the large
number of developed and substantiated theories, there are still two opposing views on
the cause of pilonidal disease. Some scientists are supporters of the "congenital”
theory, others - the theory of acquired origin. However, this does not clarify the ultimate
goal of these studies: to develop optimal treatment tactics. The purpose of the work is
to clarify the data on the etiology of pilonidal disease in children. The study is based on
the results of treatment analysis of 37 children diagnosed with "pilonidal disease"” who
were hospitalized in the Department of Emergency Surgery of Vinnytsia Regional
Children's Clinical Hospital, of which boys - 26, girls - 11. The mean age of patients was
16.4+0.4 years. Histological sections of tissue samples were stained with hematoxylin
and eosin. Microscopy and creation of a photo archive of histological specimens were
performed using a light microscope OLIMPUS BX 41 at a magnification of 100 and 200,
in the software environment "Quick PHOTO MICRO 2.3". The study found that there are
significant differences in the histological structure of pilonidal cysts in children and
adults. In pediatric patients, mesenchymal tissue was found, which is not typical for this
group of patients. It was also found that the cavity of the pilonidal cyst in children is
covered with a multilayered squamous non-keratinizing epithelium, and there is almost
no granulation tissue. In our opinion, pilonidal disease is a polyetiological disease, the
main cause of which is the congenital features of the organism, which are realized due
to socio-economic and environmental factors.

Keywords: pilonidal disease, children, etiology, morphology.

Introduction

Pilonidal disease (PD), despite more than a century of
history as a pathology described by Anderson A. in 1847,
still has a large number of "white" spots. These include
many things, from a clear definition of the pathology and
ending with the rehabilitation of patients after surgery. One
such dilemma is the question of the etiology of this disease.
Most researchers in the post-Soviet space believe that
pilonidal disease is purely congenital and manifests itself
after the birth of a child [7, 9, 15, 17]. As for most European
and American researchers, they prefer the acquired genesis
of the disease, which is realized through the influence of
environmental and social factors. But is such a clear division
justified enough?

In favor of the congenital genesis of the development of
pilonidal disease testifies the fact that some researchers
in its development note a hereditary predisposition in 10.4-

38.0% of cases [1, 13, 16]. In addition, Dool D. in 2009,
determined that PD with a frequency of up to 12%, is
observed in the first line of kinship [6]. In addition, the most
common are young and working age - 15-30 years patients,
which is close to the idea of congenital genesis of this
pathology [7].

Another interesting assumption was made in 1931 by
Stone H.B., who presented pilonidal disease as an analogy
of uropygial glands. These glands are secondary sexual
characteristics of birds, and in humans - the process of
ectodermal layer of the outer ear and breast [1].

This theory was supported by Kallet H.1. in 1936, putting
forward the data of his observations. They stated that the
manifestation of the disease occurs directly during puberty,
ie, during the development of secondary gonads under the
influence of pituitary hormones [2].
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The congenital theory of pilonidal disease has been
described by many scientists, but the main and most
important role is given by Bascom J. (1980), who formulated
and described the follicular-retention theory of disease
development and trichogenic-pump mechanism of
secondary fistula [2, 10]. The essence of the theory is that
the hair found in the cavity of the pilonidal cyst is the result
of periodic occurrence of negative pressure in it in response
to relaxation and tension of the gluteal muscles [5, 16].
This theory was most actively supported and developed by
Karydakis G.E., who in 1992 published a work based on
the analysis of the course of the disease and the treatment
of 6000 patients with pilonidal disease [8].

However, it should be noted that all researchers from
both "camps" see an important role in the constitutional
features of the body, such as: the depth of the intergluteal
fold and the condition of the skin in it, the structure of hair
and hair distribution, shape and size of the pelvis, obesity
etc. These factors should be considered as features of the
constitution of each individual, which remain stable
throughout life. This confirms that pilonidal disease should
be considered as a multifactorial pathology, which is
realized under the influence of various causes. However,
the constitutional type of structure of the organism is an
innate feature and is provided by genetic potential. Also, in
completely healthy children (including newborns) during
the examination there are often funnel-shaped and fistula-
like formations in the intergluteal region, which are visually
similar to the primary fistula courses (Fig. 1). But, although
the constitution of the organism is stable throughout life, it
is realized under the influence of environmental factors.
These include physical factors (physical activity), as well
as socio-economic factors that play the greatest role in
adolescence (nature of work and study, diet, living
conditions, diseases) [12]. Therefore, to consider pilonidal
disease purely as a congenital or acquired pathology is
not correct.

However, the question of what the main mechanism

Fig. 1. Patient H., age 3 years. Funnel-shaped retraction in the
area of the intergluteal fold, detected during a preventive
examination.

leads to the development of pilonidal disease - congenital
or acquired - remains open.

Purpose of study: to clarify the data on the etiology of
pilonidal disease in children.

Materials and methods

One of the theories of the development of PD pathology
is based on the fact that the epithelium, which is found in
the pilonidal cyst, is the final variant of the mechanism of
formation of the ectodermal layer. Taking it as a basis, we
performed a histological study of fragments of skin and
subcutaneous fat containing pathological substrate
(pilonidal cyst). These tissue arrays were removed
intraoperatively. After the examination, an assumption was
made about the congenital origin of the pathology due to a
violation of cell determination. Such changes are most
pronounced at the stage of tissue development from the
material of embryonic rudiments due to tissue
determination in the sacrococcygeal region.

The study is based on the results of the analysis of the
treatment of 37 children diagnosed with "pilonidal disease"
who were in the pediatric surgery clinic of National Pirogov
Memorial Medical University, Vinnytsya from 2010 to 2017.
The average age of patients was 16.4+0.4, the gender
distribution was as follows: there were 26 boys and 11
girls.

In order to compare the morphological structure of the
pilonidal cyst in adults, 17 samples of removed tissues
were studied according to the archives of the Vinnytsia
Regional Pathology Bureau. Sections of intraoperatively
removed tissue samples for the study were stained with
hematoxylin and eosin. Microscopy and creation of a photo
archive of histological specimens were performed using a
light microscope OLIMPUS BX 41 at magnification x100
and x200, in the software environment "Quick PHOTO
MICRO 2.3".

Results

After histological examination of the samples we found
that in tissue samples taken from the areas around the
epithelial coccygeal passages in children, signs of mild
chronic inflammation were detected and a large number of
skin appendages were detected: deformed hair follicles
with many hair shafts and sweat glands of the apocrine
type which were not associated with the skin and were
located deep in the formed fibrous tissue. These changes
were observed in 15 children (41.7%). However, it is
interesting that in addition to the "typical" findings, it was
found that all the above structural elements were located
between the immature mesenchymal tissue (Fig. 2).
Similar changes were not detected in control samples of
pilonidal cysts from adult.

Regarding the internal structure of the pilonidal cyst, in
children in 21 cases (58.3%) it was noted that its cavity is
covered with a multilayered squamous non-corneal
epithelium. In contrast to these findings, in 12 adult patients
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Fig. 2. Incorrectly developed skin appendages in the area of
epithelial-coccygeal passages in 15-year-old girls. 1 - a large
number of skin appendages (sweat glands of the apocrine type),
located among the swollen immature mesenchymal tissue, with
signs of minor chronic nonspecific inflammation. The skin
appendages are located deep in the shaped fibrous tissue and are

not connected to the skin. Hematoxylin-eosin, x100.

Fig. 3. Purulent-productive nonspecific inflammation in the
surrounding tissues around the coccygeal cyst lined with
multilayered squamous non-keratinizing epithelium. 1 - multilayered
squamous non-keratinizing epithelium; 2 - the cavity of the
coccygeal cyst; 3 - young granulation tissue with a pronounced
leukocyte shaft with a large number of small newly formed vessels.
Hematoxylin-eosin, x100.

(75.0%) on histological specimens revealed a complete
absence of epithelial lining. Instead, signs of severe
nonspecific inflammation and the presence of
hemorrhages into the cyst wall were detected (Fig. 3).

These changes can be explained by a longer course of
pilonidal disease in adults with more relapses with
inflammation and the formation of pilonidal abscess. The
result may be the creation of conditions for the complete
destruction of the epithelial lining of the inner wall of the
pilonidal cyst with its complete desquamation and
replacement by granulation tissue.

Also, in the study of epithelial coccygeal cysts in adults
in 15 patients (93.7%) their walls were lined with granulation
tissue. The lumens of the latter contained fragments and

whole hair shafts, exfoliated cells of the epidermis and
keratinized masses. The integumentary layer of
multilayered squamous epithelium around the outer
openings of the fistulous passages was sharply thickened.
In contrast to adult patients, similar changes were found in
only 11 children (30.5%). However, it should be noted that
these patients were 17-18 years old and had frequent
recurrences of the disease. It is also noteworthy that the
hair shafts found did not show obvious signs of lysis (only
signs of initial destruction were noted) and were associated
with hair follicles. Such changes do not indicate in favor of
their transdermal penetration into the cavity of the pilonidal
cyst.

Discussion

At macroscopic study of a site of a pilonidal cyst it is
possible to define primary fistulous courses, secondary
fistulous courses and actually a pilonidal cyst with its cavity
(in the presence of purulent contents in it).

Primary fistulas are mandatory components of pilonidal
disease and are found in all patients, regardless of its
clinical manifestations. They have a typical localization at
the bottom of the intergluteal fold along the midline, often
in its deepest part [5]. Histological examination of the latter
revealed a typical described structure, which is presented
in the form of small epithelial cup-shaped depressions.
The latter have a blind end in the thickness of the dermis or
subcutaneous fat and end with strands formed of connective
tissue, which have the direction of the lashes to the
thickness of fat and sacrococcygeal fascia (Tsema E.V.)
[18]. However, in children there is a much smaller thickness
of the "epithelial cups".

Secondary fistulous passages are elements that occur
during the long course of pilonidal disease, accompanied
by frequent periods of suppuration and spontaneous
opening of the abscess. The purulent cavity due to the
activity of the inflammatory process in the area of the sciatic
fold increases in size. With the formation of significant
pressure in it, spontaneous opening of the abscess can
occur both through the primary fistulous course and through
the formation of a "new" course (as a consequence of its
spontaneous opening). Secondary fistulas are more often
located lateral to the midline and intergluteal folds. This is
due to the fact that in the latter the thickness of the dermis
is slightly larger than in the areas of the medial surfaces of
the buttocks, and the abscess is "harder" to open
spontaneously in this area [14, 20].

As for the pilonidal cavity itself, our data coincide with
other histological studies in that in most adult patients the
inner wall of the pilonidal cyst has no epithelial lining and
is represented by granulation tissue and
immunopathological cells, which is a sign of chronic
inflammation of the body. Researchers note that contents
of the pilonidal cavity in adults is epithelial fragments and
hair shafts of varying degrees of destruction. However, most
studies did not consider the age of the patients and the
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study groups most often consisted of adults. No adult study
found immature mesenchymal tissue in the wall of the
pilonidal cyst, which was found in pediatric patients. Also,
in more than half of the histological preparations obtained
after treatment of children, the lining of the cavity of the
pilonidal cyst was found in the form of multilayered
squamous non-keratinizing epithelium [4, 10, 11, 17, 18,
19].

In the future, it is rational to study the morphological
structure of pilonidal cysts in patients of pediatric age and
increase the sample. This will allow to more clearly
establish the cause of this pathology and will allow to
develop a standardized and well-founded method of
treatment.
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CYNEPEYNMUBICTb NOrMAAQIB HA HABYTY TA BPOOXXEHY ETIONOrIIO NMINOHIAANBLHOI XBOPOEU

Kononniubkuti B.C., Waenwok P.B., lLlasnok B.M.

llinoHidanbHa xeopoba - namornozis, sika enepwe byna onucaHa noHad 100 pokie momy. OdHak, eoHa domerep 3anuwaemscs

emionoeil. Hesgaxaroyu Ha 8enuKy KiflbKicmb po3pobrieHuUx ma apayMeHmoeaHux meopili 0oci icHye 08a MpomunexHux noansou Ha
MPUYUHY BUHUKHEHHS nirloHidanbHoi xeopobu. OOHI Haykosui € rnpuxunbHukamu "epodxeHoi" meopil, iHwi - meopii Habymoeo
rnoxooxeHHs.. OOHaK, ue He 8HOCUMb SCHICMb y 0OCMamoYHy Memy yux OOCIiOXeHb: 8UPOBIIEHHS OnNMUMarbHOI MakmuKu fiKy8aHHS.
Mema pobomu - ymoyHeHHs1 daHux w000 emionoeii ninoHidanbHoOi xgopobu y dimed. ocnidxeHHs ba3yembcsi Ha pe3yrnbmamax
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aHani3y nikyeaHHs 37 dimeli 3 OiazHo30oM "ninoHidanbHa xeopoba”, wo 3Haxo0unucb Ha cmauioHapHOMYy niKy8aHHi y 8i00ineHHiI
HesiOknadHoi xipypaii BiHHUUbKOI 06r1acHOI umsIHOI KNiHIYHOI NikapHi, 3 SKUX xionduku - 26, dieyamka - 11. CepedHil eik nayieHmis
cmaHosus 16,4+0,4 poku. icmornoeiyHi 3pi3u 3paskie mkaHuH 3abapentosanu 2emMamoKcuniHoM ma eo3uHoMm. Mikpockonito ma
cmeopeHHs homoapxigy 2icmornoeiyHuX rpenapamie npoeodusiu 3a 0ornomMo2ot ceimmnoeoz2o mikpockona OLIMPUS BX 41 npu
36inbwerHi 100 ma 200, y npoepamHomy cepedosuwi "Quick PHOTO MICRO 2.3". Y docnidxeHHi susaseneHo, uo eidmiqyaromscs
3HayHi 8iOMiHHOCMI y eicmornoeiyHit bydosi ninoHiGanbHUX Kicm dimel ma dopocnux. Y nauieHmie dums4yoeo 8iKy 3Hali0eHa
Me3eHxiMornodibHa mKaHUHa, sika € HexapakmepHoto 0111 daH020 KOHMUH2EHMY X80PUX. TakoxX 8UsI8/IEHO, W0 MOPOXHUHA MifoHI0anbHOI
Kicmu y dimel ekpuma bazamowaposuM MNIOCKUM Hepo208itoYuM ernimersnieM, ma y Hil malxe He giOMiyaembcsi Has8HiCMb
epaHynsauitiHol mkaHuHuU. Ha Hawy AymKy, ninoHidanbHa xeopoba € roniemionoaiyHUM 3ax80pH8aHHSIM, OCHOBHOK MPUYUHOK K020 €
8po0dxeHi ocobrusocmi opeaHiaMy, W0 Marmbe peani3ayilo 3a paxyHOK couyiarbHO-eKOHOMIYHUX ma hakmopie 308HiUWHbO20
cepedosuuya.

KnrouoBi cnoBa: ninoHidansHa xeopoba, dimu, emionoezisi, Mopghoroais.

MPOTUBOPEYMBOCTb B3rNsAA0B HA MPUOBPETEHHYHO U BPOXKOEHHYO 3TUONOrUio NUNOHUOANLHOW EONE3HU
KoHnonnuuykut B.C., Waenrwk P.B., lasnok B.M.

lunoHudanbHas 6o51e3Hb - Mamonoausi, Komopasi ernepebie buina onucaHa bonee 100 nem Ha3ad. OOHako, oHa do cux rop ocmaemcsi
rnpedmemom Auckyccull, 8edb OO CUX 0P Hem Yemkoao 0OHO3Ha4YHO20 ornpederneHusi daHHOU Namoro2uu, a makxe mMoYyHO Heu3eecmHa
ee amuonoeus. Hecmomps Ha 6ornbwoe Konuyecmeo pa3pabomaHHbIX U apayMeHmuposaHHbIx meopuli 0o cux fnop cyujecmeayem 08a
IPOMUBOIONOXHbIX 832/1510a Ha MPUYUHY B803HUKHOBEHUS rnumoHudanbHou 6one3Hu. OOHU y4eHble S8IsMmMCcs CMOPOHHUKaMU
"8poxdeHHOU" meopuu, dpyaue - meopuu npuobpemeHHo20 rnpoucxoxdeHusi. OOHaKo, 3Mo He 8HOCUM SICHOCMb 8 OKOHYamesibHyto
uyenb amux uccredosaHul: paspabomka onmumanbHOU makmuku fedeHus. Llenb pabomsbi - ymoyHeHue OaHHbIX 06 amuonoauu
nunoHudanbHoU 6one3Hu y demel. MiccnedosaHue ba3upyemcsi Ha pe3dyfibmamax aHanu3a nedeHuss 37 demeli ¢ QuacHO30M
"nunoHudansHass 6ose3Hb", Komopble HaxoOunuCb Ha cMauyuoOHapHOM Jle4eHUU 8 omoesieHUU HeomsoXHoU xupypauu BuHHuUukol
obnacmHoul 0emckoUl KiuHu4Yeckol 60sbHUUbI, U3 KOMOPbIX Manb4ukos 6biio 26, a desoyek - 11. CpedHuli go3pacm nayueHmos
cocmasun 16,4+0,4 2oda. 'ucmonoaudyeckue cpe3bl 06pa3yo8 mkaHel OKpawusasu 2eMamoKCUIUHOM U 303UHOM. Mukpockonuro u
co3daHue ¢homoapxuea 2ucmorioeudecKux rnpenapamos npogodusnu ¢ rnoMouwbio ceemogozo mukpockorna OLIMPUS BX 41 npu
yeenuyeHuu 100 u 200, e npozpammHol cpede "Quick PHOTO MICRO 2.3". B uccnedogaHuu 8bisi8/IeHO, YmMoO OmmMeyaromcs
3Ha4yumersibHbIe Pasuyusi 8 2Uucmosioau4eckol cmpoeHUU nunoHudanbHbIX Kucm y demel U y 83pocibiX. Y nayueHmog 0emcKkozo
gospacma HalideHa Me3eHXuMornodobHasi mKkaHb, Komopasi HexapakmepHas 05151 0aHHO20 KOHMuUHaeHma 60rbHbIX. Takxe 8biS8reHo,
4Ymo Moaocmp nNuUMoHUdanbLHoU Kucmal y demel NoKpbima MHO20C0UHbIM 71I0CKUM HEOPpO208E8LIUM 3rUMesnueM U 8 Hel npakmu4ecku
Hem epaHynsiyuoHHoU mkaHu. 1o Hawemy MHeHuro, nurnoHudanbHas 6051e3Hb si8IemMcs NoauU3IMuosioeudeckum 3abonesaHuem,
OCHOBHOUI MPUYUHOU KOMOpPOo20 s18/IsItoMCs 8POXOeHHbIE 0COBEHHOCMU Op2aHu3Ma, UMEeKWUX peanu3ayuro 3a c4em coyuarnbHo-
9KOHOMUYECKUX U ¢hakmopos eHewHel cpedhbl.

KnroueBble cnoBa: nusioHudanbHas 60one3Hb, demu, 3muonoausi, Mopgosnoausl.
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The effect of monosodium glutamate on lymphoid organs remains insufficiently studied.
Also, no less relevant is the issue of correction of changes caused by the action of
monosodium glutamate. The aim of the study was to study the electron microscopic
changes in the parenchyma of the lymph nodes of rats under the action of monosodium
glutamate for six weeks and during correction with melatonin. The experimental study
was performed on 66 white male and female rats of reproductive age. The structure of
mesenteric lymph nodes of white rats under the conditions of physiological norm at the
electron microscopic level was studied in 10 intact animals. Experimental animals
were divided into 4 groups, each with 10 animals. The control was 16 white rats, which
instead of a high-calorie diet (HCD) received a standard diet of vivarium. HCD was
achieved by adding to the diet of monosodium glutamate at a dose of 0.07 g/kg body
weight of rats. The dose of melatonin was 10 mg/kg body weight of rats, administered
orally daily at the same time in the afternoon. The electron microscopic structure of the
mesenteric lymph nodes of male and female rats of reproductive age of the intact and
control groups corresponds to the species norm. The study showed that monosodium
glutamate causes changes in the parenchyma of the lymph nodes as in alimentary
obesity. After six weeks of HCD, the number of apoptically altered lymphocytes
increases. That part of lymphocytes, which has no signs of karyorrhexis or karyolysis,
has a karyolemma with deep intussusception, the cytoplasm is enlightened, the tubules
ofthe granular endoplasmic reticulum in cells with signs of edema, dilated, mitochondrial
ridges swollen, damaged. There are profound destructive changes in the cellular
composition of the organ and violations at the level of all parts of the vascular bed. After
six weeks of melatonin correction, the number of macrophages and plasma cells
decreased, in some lymphocytes the nucleolus is not clearly expressed, the karyolemma
is uneven, the cytoplasm is enlightened, the number of osmophilic (fatty) inclusions
decreases both in the intercellular space and in the cytoplasm of the cell. Therefore,
the introduction of melatonin led to a significant restoration of the structural organization,
and hence the function of this organ.

Keywords: sodium glutamate, melatonin, correction, nucleus, cytoplasm, ribosomes.

Introduction

Today, more than 2,500 additives are deliberately added
to foods to preserve their properties and extend their shelf
life. One of the most widely used additives both in Ukraine
and around the world is monosodium glutamate [12, 19]. It
increases appetite and enhances the taste of foods, which
leads to an increase in the amount of food consumed per
day, causing a high-calorie diet as in this experiment.
Excess energy in the body leads to metabolic disorders,
overweight and, as a result, obesity [3]. Despite its
widespread use in the food industry, some questions about
its effects on the body remain unanswered [20].

The literature describes studies performed on animals
using this additive. Sodium glutamate is known to be
neurotoxic, able to provoke degeneration of neuronal
populations, and its effects on the body are accompanied
by the development of pathological conditions such as
stroke, epilepsy, schizophrenia, anxiety, depression,
Parkinson's disease, Alzheimer's disease, Huntinglefton's
disease and Lou Gehrig's disease [19].

Metabolic characteristics of sodium glutamate are the
development of insulin resistance, diabetes mellitus, low
levels of high-density lipoprotein in the blood, high levels
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of triglycerides, signs of inflammation and general oxidative
stress [6, 8, 13]. It is known that hyperinsulinemia and
metabolic disorders are directly related to reduced life
expectancy, which is regarded not only as a medical but
also a social problem.

However, the effect of monosodium glutamate on
lymphoid organs remains insufficiently studied. It is known
that the organs of the immune system are the rod that
provides homeostasis, the body's resistance to foreign
agents. Lymph nodes belong to the secondary immune
organs, where antigen-dependent proliferation and
differentiation of T and B lymphocytes occurs.

Also no less relevant is the issue of correction of changes
caused by the action of monosodium glutamate. The drug
chosen for correction is a synthetic analogue of melatonin
(N-acetyl-5-methoxytryptamine) - a hormone of the pineal
gland, an important regulator of sleep and circadian
rhythms, which is synthesized by pinealocytes of the pineal
gland under the control of the suprachiasmatic nucleus of
the hypothalamus [7, 10, 11, 15]. Recently, the number of
studies on the possible effects of this substance is growing
[1, 14, 17, 18]. The neuroimmunomodulatory effect of
melatonin on the immune system is supported by the
presence of specific melatonin receptors in the immune
system, as well as immunocompetent cells. These
receptors are located both in the plasma membrane and
in the cell nucleus. The antioxidant properties of melatonin
and its effect on neutrophil infiltration have been studied in
numerous experimental models in animals [4].

The purpose of the study: to study the electron
microscopic changes in the parenchyma of the lymph nodes
of rats in the correction of the action of monosodium
glutamate by melatonin.

Materials and methods

This experimental study was performed on 66 white
male and female rats of reproductive age (2.5-6.5 months)
weighing 120-250 g.

The structure of mesenteric lymph nodes of white rats
under the physiological nhorm at the electron microscopic
level was studied in 10 intact animals. The experimental
animals were divided into 4 groups: the first group (10
animals), which were fed a high-calorie diet (HCD) for six
weeks by adding monosodium glutamate; the second
group (10 animals), which were fed HCD for six weeks,
then transferred to the standard diet of vivarium and
melatonin was administered for two weeks; the third group
(10 animals) and the fourth group (10 animals) were the
same as the previous one, but melatonin was used for
four and six weeks, respectively. There were 5 male rats
and 5 female rats in each group. HCD was achieved by
adding to the diet of monosodium glutamate at a dose of
0.07 g/kg body weight of rats. The dose of melatonin was
10 mg/kg body weight of rats, administered orally daily at
the same time in the afternoon.

The control was 16 white rats, which instead of HCD

received a standard diet of vivarium.

All experimental animals were kept in the vivarium of
Lviv National Medical University named after Danylo
Halytsky. 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 Ne 3447 - IV
"On the Protection of Animals from Cruel behavior ", general
ethical principles of animal experiments, approved by the
First National Congress of Ukraine on Bioethics (2001).

Before collecting the material, the animals were
anesthetized with anesthesia with diethyl ether. Fixation of
pieces of lymph nodes was performed with a 1.5 % solution
of osmium tetroxide in 0.2 M sodium cacodylate solution at
pH 7.2 for 2-2.5 hours in the cold. Dehydration in increasing
concentrations of ethyl alcohol (50°, 70°, 90° and absolute)
for 30 minutes each and propylene oxide for 10 minutes.
The material was poured into a mixture of epoxy resins and
polymerized for 24 h in a thermostat at 60°C. Sections were
made on an ultramicrotome UMTP-6M with a diamond knife
(DIATOM) and double contrast was performed according to
Reynolds and uranyl acetate. Submicroscopic examinations
of the organ were performed using an electron transmission
microscope TEM-100. The test material was documented
using a SONY-H9 digital camera.

Results

The electron microscopic structure of the mesenteric
lymph nodes of male and female rats of reproductive age
of the intact and control groups corresponds to the species
norm. Externally, the organ is surrounded by a connective
tissue capsule, from which the cortical and medulla parts
begin, which penetrate the parenchyma of the node. On
the periphery is the cortical substance, which consists of
primary and secondary lymphoid nodules, cortical
intermediate lymphatic sinuses. Under the capsule there
is the marginal sinus, which extends into the cortical
intermediate lymphatic sinuses. Central and closer to the
gate of the node there is the medulla, which is built of
medula cords and medulla intermediate lymphatic sinuses.
In the area of transition of the cortical substance to the
medulla there is the paracortical zone, which belongs to
the T-dependent zone. The lymphoid tissue of the node is
represented by small, medium and large lymphocytes. The
skeleton of the organ is formed by reticular cells and tissue.
Among lymphocytes are plasma cells and macrophages.
The walls of the intermediate sinuses are lined with
reticuloendotheliocytes, or shore cells. Small lymphocytes
have a typical structure, their size is 6-7 ym, a relatively
large nucleus is surrounded by a thin strip of cytoplasm.
Medium lymphocytes have a rounded nucleus, which
contains both heterochromatin and euchromatin, their size
is 7-9 ym, organelles are located in the cytoplasm. Large
lymphocytes (lymphoblasts) also have a typical structure,
the nucleus contains mainly euchromatin, so it is lighter
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Eig. 1. Electron microscopic oraanization of the paracortical zone
of the mesenteric lymph node of a white male rat of the intact
group. 1 - endothelial cell nucleus; 2 - cytoplasm of endothelial
cells; 3 - luminal surface of the cytopasmatic membrane forms
single microvilli; 4 - lumen of the venule; 5 - basement membrane;
6 - the nucleus of the lymphocyte, which is preparing to migrate
through the venule wall; 7 - lymphocyte nucleus; 8 - cytoplasm of
lymphocytes; 9 - plasma cell nucleus; 10 - plasma cell cytoplasm;
11 - granular endoplasmic reticulum; 12 - mitochondria. Electronic
microphotography. x6000.

Fig. 2. Electron microscopic organization of the medulla cord of
the lymph node of a white female rat after six weeks of HCD. 1 -
plasma cell nucleus; 2 - cytoplasm of the plasma cell, which contains
an expanded granular endoplasmic reticulum and osmophilic (fat)
inclusions (3); 4 - swollen endothelial cell nucleus; 5 - cytoplasm
of endothelial cells; 6 - hemocapillary lumen; 7 - area of
destructuring. Electronic microphotography. x6000.

than other lymphocytes, their size is about 10 ym,
karyolemma is smooth, light cytoplasm filled with
organelles. Plasmocytes have a nucleus with a specifically
located heterochromatin, which resembles a "wheel
spoke". The eccentrically located nucleus separates the
cytoplasm. The parenchyma of the lymph node contains
vessels of the hemomicrocirculatory tract. The arteries that
enter the cortical trabeculae divide into hemocapillaries,
which merge into the capillary venules, most of which are
located in the paracortical area (Fig. 1). The latter, in turn,
merge into the veins and exit through the gate of the node.

Submicroscopically, after six weeks of HCD, the number
of apoptically altered lymphocytes increases. The part of
lymphocytes that does not show signs of karyorrhexis or
karyolysis has a karyolemma with deep intussusception,
the cytoplasm is enlightened, organelles have signs of
damage. The number of macrophages and plasma cells
increases in the parenchyma of the node. Their cytoplasm
contains numerous primary and secondary lysosomes,
including fragments of destroyed lymphocytes and
osmophilic (fat) inclusions (Fig. 2), which are signs of
alimentary obesity. The tubules of the granular endoplasmic
reticulum in cells with signs of edema are dilated.
Mitochondrial ridges are swollen, damaged, with an
enlightened matrix. The nuclei of reticuloendotheliocytes
are enlarged and deformed, their processes are thickened
and swollen. Vessels of a hemomicrocirculatory channel
also undergo changes at the level of all links. The wall of
arteries and arterioles is sclerosed, thickened, the lumen
is filled with shaped elements of blood. Hemocapillaries
have a thickened basement membrane, endothelial cell
nuclei are deformed and enlarged, and the lumenal surface
of its cytolemma forms numerous intussusceptions and
depressions (Fig. 2). Through defects in a wall of blood
capillaries are observed. Venules and veins with dilated
full-blooded lumen.

Electron microscopically in the second group of
experimental animals, all detected changes are similar to
the previous group. A significant proportion of the cellular
composition of the parenchyma of the lymph node is
occupied by apoptically altered lymphocytes, macrophages
and plasma cells (Fig. 3). The intercellular space is
expanded, there are signs of perivascular edema, a large
number of osmophilic (fatty) inclusions are in the
intercellular space and in the cytoplasm of macrophages
and plasma cells. All lymphatic sinuses are dilated, a large
number of collagen fibers and microfibrils in the
parenchyma of the node compared with the intact group of
animals.

In the third group of experimental animals, electron
microscopically in the parenchyma of the lymph nodes
revealed that the proportion of destructive changes
decreased slightly compared to previous experimental
groups. The karyolemma of lymphocyte nuclei has uneven
contours, with numerous depressions and protrusions,
their cytoplasm is somewhat enlightened (Fig. 4). The
number of macrophages and plasma cells remains high.
Reticuloendotheliocytes have thickened processes.
Arteries and arterioles with a thickened wall, full-blooded.
Veins and venules with dilated, deformed lumen. The lumen
of hemocapillaries is narrowed, the basement membrane
is thickened, swollen.

In the fourth group of experimental animals, ie after six
weeks of correction of the action of HCD by melatonin,
electron microscopically in the parenchyma of the lymph
nodes revealed that among the unaltered lymphocytes
there are destructively altered cells. Marginal, cortical and
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Fig. 3. Electron microscopic organization of the cortical substance
of the mesenteric lymph node of a white male rat after six weeks
of HCD, followed by two weeks of melatonin. 1 - plasma cell
nucleus; 2 - plasma cell cytoplasm; 3 - primary lysosomes; 4 -
swollen mitochondria; 5 - expanded granular endoplasmic
reticulum; 6 - karyolysis of the nucleus of apoptically altered
lymphocyte; 7 - cytoplasm of apoptically altered lymphocyte; 8 -
nucleus with an uneven contour of the karyolemma of a small
lymphocyte; 9 - cytoplasm of a small lymphocyte; 10 - vacuole-like
structures in the intercellular space; 11 - osmophilic (fatty)
inclusions. Electronic microphotography. x6000.

3 EIET e _gird - L T‘: A
Fig. 4. Electron microscopic organization of the germinal center of
the secondary lymphoid nodule of the mesenteric lymph node of a
white female rat after six weeks of HCD, followed by four weeks
of melatonin. 1 - karyopyknosis of the lymphocyte nucleus; 2 -
karyolysis of the lymphocyte nucleus; 3 - cytoplasm of the middle
B-lymphocyte; 4 - the nucleus of the middle B-lymphocyte.
Electronic microphotography. x6000.

medulla intermediate lymphatic sinuses are somewhat
dilated. The number of macrophages and plasma cells,
compared with the previous group of animals, decreased.
In some lymphocytes the nucleolus is not clearly
expressed, the karyolemma is not equal, the cytoplasm is
enlightened (Fig. 5). The number of osmophilic (fat)
inclusions decreased both in the intercellular space and
in the cytoplasm of cells, which indicates the regression of
signs of alimentary obesity.

Fig. 5. Electron microscopic organization of the zona marginalis of
the lymph node of a white male rat after six weeks of HCD, followed
by six weeks of melatonin. 1 - the nucleus of a small B-lymphocyte;
2 - cytoplasm of a small B-lymphocyte; 3 - the nucleus of the
middle B-lymphocyte; 4 - cytoplasm of the middle B-lymphocyte; 5
- depths and protrusions of the karyolemma; 6 - lymphoblast
nucleus; 7 - cytoplasm of the lymphoblast; 8 - mitochondria.
Electronic microphotography. x6000.

Discussion

The literature describes a study with the introduction of
rat glutamate sodium at a dose of 30 mg/kg body weight
for 30 days, noted the production in animals of excessive
amounts of low and medium molecular weight and
decreased excretory capacity of the kidneys. Low and
medium molecular weight substances include creatinine,
urea, oligosaccharides, lactic acid, bilirubin, amino acids,
cholesterol, lipid peroxidation products and other
compounds [12].

The study was performed on pregnant rats, which were
divided into three groups - control, a group of animals that
received monosodium glutamate with food, and a group
that received a high-calorie diet due to the caloric content
of food consumed. It was concluded that pregnant rats
who consumed monosodium glutamate had a significant
increase in body mass index, which the authors associated
with the development of leptin resistance. Moreover, obesity
in pregnant rats caused by monosodium glutamate had a
greater effect on offspring metabolism and body weight
than obesity induced by a high-calorie diet [2].

In an experimental study, administration of sodium
glutamate to female rats at doses of 2 and 4 mg/kg body
weight caused obesity in newborns. The authors studied
metabolic changes at the ages of 4, 8, 12, 16 and 20
months. At a young age (four months), the level of Li index,
triglycerides, total cholesterol, TNF-a and transaminases
increased. While adiponectin levels decreased, glucose
tolerance and insulin sensitivity were markedly altered.
However, from 16 months of age, the level of Li and TNF-a
index decreased significantly, and adiponectin increased,
glucose and insulin homeostasis was restored. Obesity
has been shown to be a major contributing factor to
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premature metabolic changes in rats, however, in older
age, all changes are offset [9].

A study in newborn rats treated subcutaneously from
day 2 to day 12 of life with monosodium glutamate at a
dose of 4 mg/kg/day was described. The correction was
performed from 30 days of life with quartcetin at a dose of
75 mg/kg/day. It is concluded that quercetin successfully
improves metabolic changes caused by exposure to
sodium glutamate. In addition, quercetin normalized
glucose levels and minimized toxic effects associated with
monosodium glutamate on liver and kidney function. These
effects are associated with the antioxidant properties of
quercetin [16].

The results of a study conducted on eight-week-old rats
on a high-calorie diet and melatonin correction for ten weeks
at a dose of 1 mg/kg/day showed that melatonin
supplementation reduced serum triglycerides, total
cholesterol, low lipoprotein protein and weight gain by
reducing the level of lipogenesis and increasing the lipolytic
capacity of adipocytes. Thus, the authors concluded that
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ENEKTPOHHO-MIKPOCKOMIYHI 3MIHU NTIMOATUYHUX BY3NIB NMPU KOPEKLIT AIi FMYTAMATY HATPIIO MENATOHIHOM
lrapanko T.B.

HedocmamHbo 8ugyeHUM 3anuwiaemsCs MUMaHHS 8rusy arymamamy Hampito Ha niMghoioHi opeaHu. Takox He MeHW akmyanbHUM
€ numaHHs1 Kopekuii 3miH, suknukaHux dieto anymamamy Hampito. Mema AocridxXeHHs1 - aug4umu ef1eKmpOHHO-MIKPOCKOMIYHI 3MiHU
napeHximu nimgbamuyHUX 8y3rie ulypie 3a ymosu Oii arymamamy Hampito 8rpodoeX wecmu MUXHi8 ma rnpu Kopekyii MesamoHiHOM.
ExcnepumeHmanbHe AocnidxeHHs1 nposedeHo Ha 66 binux wypax camysix i camkax pernpodykmugHoeo eiky. Ha 10 iHmakmHux
meapuHax Ha efleKmpOHHO-MIKPOCKOMIYHOMY pigHi sug4uiu 6ydosy bpuxosux fniMgbamuyHux 8y3rie binux wiypie 3a ymos chizionoaidHor
Hopmu. EkcriepumeHmarnbHi meapuHu 6ynu nodineHi Ha 4 epynu, 8 KoxHit no 10 meapuH. KoHmponem cnyaysanu 16 6inux wypis,
Kompi 3amicmb gucokokanopitiHoi diemu (BK[) ompumyeanu cmaHOapmHul xap4osuli pauioH eisapito. BK/] docsizanu, dodatoyu 8 ixy
enymamam Hampito 8 003i 0,07 e/ke Mmacu mina wypa. [Jo3a menamoHiHy cmaHosuna 10 ma/ka macu mina wypa, ii egaodunu nepoparnbHO
wWo0Hs 8 00uH i mol xe 4yac y Opyeili nonosuHi OHA. EnekmpoHHO-MiKpockoniyHa 6ydoea 6puxosux fiMgbamuyHUX 8y3riie wypie
camuie ma camMok pernpodyKmueHO20 8iKy iHmaKkmHOI ma KOHmMposbHOI epyn eidnosidae sudosili Hopmi. [ocnidxeHHs1 noka3arsno, Wo
erlymamam Hampito 8UK/IUKAE 3MiHU 8 napeHXimi nimhamuyHux 8y3riie aHano2iyHO 3MiHaM,ujo 8idbysarombcs rnpu aniMeHmapHoMy
OXUpiHHI. Yepe3 6 muxHie BK/[ 3pocmae KinbKicmb anonmuy4Ho 3MiHeHUX nimgboyumis. Ta yacmuHa nimghoyumise, sika HeMae O3HaK
Kapiopekcucy abo kapionisucy, mae Kapionemy 3 2nubokumu iHeaegiHayissmu, yumorniasma rnpoceimneHa, KaHanbuyi epaHynspHol
eHdornnasmMamuyHoOI CimKu 8 KnimuHax 3 O3HakaMu HabpsiKy, po3wupeHi, MimoxoHOpianbHi epebeHi HabpsKIi, MOWKOOXeHi, 3
npoceimneHum mampukcom. Criocmepiearombcsi 2nuboki 0ecmpyKmueHi 3MiHU KIIMUHHO20 cKknady opaaHy ma MopyWweHHs Ha pieHi
8CiX n1aHoK cyQuHHO20 pycna. Yepe3 6 muxHie KopeKuii MenamoHiHOM KinbKicmb Makpogazie ma nia3moyumie 3mMeHwunacs, 8
desiKux niMgboyumax HedimKko supaxeHe si0epuye, Kapiorema He pigHa, yumoriaama npoceimneHa, KinbKicms 0CMioginbHUX (KUpPO8uXx)
BKITI0HYEHb 3MEHLWUNacs sK 8 MXKKITIMUHHOMY rpocmopi, mak i 8 yumonna3smi krimuH. Omxe, 88edeHHs MeniamoHiHy npu3godums o
3Ha4YHO20 BIOHOBIEHHSI CMPYKMYPHOI opeaHisauii, a, onxe, i (hyHKUji OaHo20 opaaHy.

KnroyoBi cnoBa: ennymamam Hampito, MeriamoHiH, Kopekuis, a0po, yumornna3ama, pubocomu.

3NEKTPOHHO-MUKPOCKOMWUYECKUE USMEHEHUA IMMOATUYECKUX Y3/10B NPU KOPPEKLIMW OENCTBUS MMYTAMATA
HATPUA MENNATOHUHOM

lrapanko T.B.

HedocmamoyHo udy4eHHbIM 0Cmaemcsi 80MnpPOC 8IUSHUSA 2/lymamama Hampusi Ha TUMGOUOHbIE OpaaHbl. Takxe He MeHee akmyaribHbIM
se1siemcsi 80NpoOC KoppeKyuu usMeHeHUl, 8bi3gaHHbIX OelicmeueM ariymamama Hampus. Llenb uccnedosaHust - U3y4umb 351€KMPOHHO-
MUKPOCKOMUYeCcKUe U3MeHeHUs NMapeHXuMbl JTUMGamuyecKux y3/108 KpbIC 6 ycrosgusix Oelicmeus aymamama Hampusi 8 medyeHue
wecmu Hederlb U pu KOPPeKyuu MesramoHUHOM. JKcriepumeHmarnsHoe uccredosaHue rnposedeHo Ha 66 bernbix Kpbicax camyax u
camkax pernpodykmugHo2o go3pacma. Ha 10 uHmakmHbIX XUBOMHbIX Ha 311€KMPOHHO-MUKPOCKONUYECKOM ypO8HE U3y4usnu CmpoeHue
OpbiKeeYHbIX NuMgbamuyecKkux y3r108 beribiX KpbIC 8 yCro8usix ¢hu3uonoauveckol HOpMbI. IKCriepuMeHmarbHble XU8omHbie Obiau
pa3deneHbl Ha 4 epynnbl, 8 kaxoou no 10 xxueomHbix. Konmponem cryxunu 16 6enbix KpbIC, KOMOpble 8MECMO 8bICOKOKaIopulHOU
Ouemsi (BKL) nonyyanu cmaHO0apmHbil nuujesol payuoH susapusi. BK docmuzanu, 0obaenss 6 nuwy enymamam Hampusi 8 003e
0,07 a/ke maccbl mena Kpbickl. [Jo3a menamoHuHa cocmasnsana 10 me/ka macckl mesa KpbiCbl, ee 8800UU NepopanbHO eXeOHE8HO 8
00HO U MO Xe 8peMsi 80 8MOPOU MON08UHE OHS. ONIEKMPOHHO-MUKPOCKONUYECKOEe CmpOoeHUe BpbiKeeYHbIX NUMGamuyecKux y3rio8
KpbIC camMyo8 U caMoK pernpodyKmueHO20 eo3pacma UHMaKMmHOU U KOHMpOosbHOU epyrnn coomeemcmeayem eudogoli HOpMe.
UccnedosaHue nokasano, 4Ymo 21ymamam Hampusi 8bl3bleaem USMEHEeHUs 8 napeHxume numM@amuyeckux y3/108 aHasi02uyHo
U3MEHEeHUSIM, KOmopble Hacmynarom npu anuMeHmapHoMm oxupeHuu. Yepes 6 Hedesnb BK[] pacmem konuuyecmeo anonmuyecku
U3MeHeHHbIX tumghoyumos. Ta Yacmb uMghoyumos, 8 KOmopouU Hem fpuU3HaKo8 KapuopeKcuca unu Kapuosnusuca, umeem Kapuonemmy
¢ 2nyboKUMU UHBa2UHaUUAMU, MPOC8EMIIeHHYI0 Uumornia3my, KaHarbUbl 2paHynspHoU 3HOonnasMamu4yeckol cemu 8 Kremkax ¢
fpusHakamMu omeka, pacuupeHHble, MUmMoxoHOpuarnbHble 2pebHu Habyxuwue, NO8pexOeHHbIe, C MPOc8emaeHHbIM MampuUKCOM.
Habnwodaomcsa enybokue decmpyKkmueHble USMEHEeHUS KIIemo4YHOo20 cocmaea op2aHa U HapyweHusl Ha ypO8He 8CeX 38eHbes
cocyducmoeo pycna. HYepes 6 Hedernb KoppeKyuu MenamoHUHOM KO/IUYecmao Makpogha20o8 U nnasmMoyumos yMeHbUUTOCh, 8 HEKOMOPbIX
numgouumax He4emko 8bipaxeHHoe SA0PLILKO, Kapuonemma HeposHas, yumonnasma npoceemsneHHas, Konuyecmeo oCMUOpUIbHbIX
(KUpoBbIX) BKMIOYEHUL YMEHbWUIIOChL KaK 8 MEeXK/IemoyHOM fpocmpaHcmee, maK u 8 yumonnaame krnemok. CredogamerbHo,
8eedeHuUe MefamoHUHa Mnpuserno K 3Ha4yumeslbHOMY 80CCMaHOBMIeHUIO CMPYKMypPHOU opeaHu3ayuu, a, criedosamernbHo, U yHKUUU
0aHHO20 OpeaHa.

KntoueBble cnoBa: eiiymamam Hampusi, MesiamoHUH, Koppekyus, 0po, yumornasma, pubocomsi.
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The constitutional features of the organism are an essential lever of sports performance,
because they affect the general and special physical performance, aerobic productivity
and efficiency of energy supply systems, in particular the indicators of central and
peripheral hemodynamics. The aim of the study was to establish the features of the
relationships between the temporal parameters of the rheovasogram of the thigh and
anthropometric indices in highly qualified young women volleyball players, who belong to
different constitutional types. An anthropo-somatotypological study of 113 high-level
volleyball players of youth age (from 16 to 20 years old) was conducted. Anthropometric
research was carried out by the method of V.V. Bunak (1941), somatotypological - by the
calculated modification of the method of Heath-Carter (1990). According to the results of
somatotyping, it was found that 29 volleyball players belonged to the mesomorphic type
of constitution, to the ectomorphic type - 26 volleyball players, to the ecto-mesomorphic
type - 27 volleyball players, to the middle intermediate type - 26 volleyball players, to
endo-mesomorphic type - only 5 people. Rheovasographic parameters of the thigh were
determined using tetrapolar rheocardiography on a computer diagnostic complex.
Estimation of temporal rheovasographic parameters was performed according to the
method of Ronkin and Ivanov [1997]. The analysis of the obtained results was performed
in the licensed program "Statistica 5.5" using Spearman's correlation analysis. We found
that in volleyball players of mesomorphs with indicators of external body structure, the
temporal parameters of the thigh rheovasogram had few reliable mostly medium strength,
direct correlations, except for the time of the ascending part of the rheogram and slow
blood supply. In volleyball players of ectomorphic somatotype, the established
relationships indicate that with increasing diameters of the pelvis and girth of the forearm,
crus, thighs, there will be an elongation of the time parameters of the rheovasogram of the
thigh. Volleyball players with an ecto-mesomorphic somatotype of the body showed a
fairly large number of reliable inverse correlations, the thickness of the skin and fat folds
is inversely proportional to the most time parameters of the thigh rheovasogram, except
for the time of slow blood supply. Volleyball players of the intermediate somatotype,
compared with other observation groups, found the most numerous relationships between
anthropometric size and time indicators of the rheovasogram.

Keywords: correlation, temporal indicators of thigh rheovasogram, anthropometry,
somatotype, volleyball players.

Introduction

Constitutional features of the organism, which are
severely affected by genetic factors, in turn, are a significant
lever of sports performance [8, 15, 23, 26]. Somatometric
and somatotypological characteristics affect the efficiency
of energy supply systems, development of physical
qualities, general and special physical performance and

aerobic performance, intensity and duration of recovery
processes, the nature of adaptation processes, resistance
to various exogenous factors [6, 16]. A factor that does not
cause objections to athletic performance is the functional
state of the athlete's cardiovascular system [1, 9, 18, 22].
Many scientific studies have proven the importance of

© 2020 National Pirogov Memorial Medical University, Vinnytsya

65



Correlations of time indicators of thigh rheogram with anthropometric dimensions in volleyball players...

indicators of central and peripheral hemodynamics for
increasing the level of fitness of athletes and the formation
of a high level of adaptive potential to intense physical activity
in different directions [4, 10]. In turn, morpho-functional
indicators of the cardiovascular system are under strict
control of the constitutional features of the organism.
Scientists have established relationships between
indicators of external body structure and hemodynamic
parameters [21, 24, 25]. In recent years, the work is devoted
to establishing such relationships and interdependencies
in athletes of different sports [7, 11, 12, 26].

The aim of our work is to establish the features of the
relationships between the temporal parameters of the
rheovasogram of the thigh and anthropometric indices in
highly qualified young women volleyball players, who
belong to different constitutional types.

Materials and methods

On the basis of the research center of National Pirogov
Memorial Medical University, Vinnytsya conducted a study
of 113 high-level young women volleyball players (from 16
to 20 years). Sports experience in all cases was more than
3 years.

Anthropometry was performed by the method of V.V.
Bunak [2], somatotypological study - by the calculated
modification of the method of Heath-Carter [3]. After
somatotyping, it was found that 29 volleyball players
belonged to the mesomorphic type of constitution, to the
ectomorphic type - 26 volleyball players, to the ecto-
mesomorphic type - 27 volleyball players, to the middle
intermediate type - 26 volleyball players, to the endo-
mosomorphic type - only 5 people, so we did not perform
correlation analysis for it. Rheovasographic parameters of
the thigh were determined wusing tetrapolar
rheocardiography on a computer diagnostic complex.
Evaluation of temporal rheovasographic parameters was
performed according to the method of Ronkin and lvanov
[17].

The analysis of the obtained results was performed in
the licensed program "Statistica 5.5" using Spearman's
correlation analysis.

Results

After correlating the temporal rheovasographic
parameters determined on the thigh with the dimensions
that characterize the physique of the body, in the group of
volleyball players with mesomorphic type of constitution,
we found not numerous, mostly medium-strength direct
connections (Table 1). In particular, the duration of the
rheographic wave had significant correlations only with the
girth of the neck and the thickness of the skin and fat folds
on the crus. The time of ascending thigh rheovasogram
part significantly correlated with the width of the distal
epiphyses of the thigh and crus, with the circumferential
dimensions of the shoulder in the unstressed state,
forearms in the upper and lower parts, thighs, neck, crus in

the upper and lower parts, with transverse lower thoracic
diameter and intertrochanteric distance. We determined
that the time of the descending part of the thigh
rheovasogram had reliable connections only with the
thickness of the skin and fat folds on the abdomen, crus
and under the shoulder blade. The time of rapid blood
supply is statistically significantly correlated with chest girth
on exhalation and at rest, with sagittal mid-thoracic and
acromial diameters, with the thickness of the folds on the
forearm. It was found that the time of slow blood supply of
the rheovasogram of the thigh in mesomorphic somatotype
volleyball players had significant correlations with body
length, height of the suprathoracic, pubic and acromial
points, width of the distal epiphyses of the thigh and crus,
circumferential size of the shoulder in relaxed state,
forearms at the bottom, thighs, neck, hands and feet, the
size of the outer conjugate (see Table 1).

In ectomorphic somatotype volleyball players, the
duration of the rheographic wave on the thigh was
significantly correlated with body weight, acetabular point
height, forearm and crus circumferences in the upper parts,
and external conjugate (Table 2). In this group of athletes,
the time of the ascending thigh rheovasogram had
statistically significant relationships with thigh girth,
intercristal and interspinous distances, thickness of skin
and fat folds on the back of the shoulder, chest, abdomen,
side and crus. The time of the descending part of the
rheovasogram had significant correlations with the girths
of the forearms and crus in the upper parts and the sagittal
mid-thoracic diameter. The time of rapid blood supply of
the rheovasogram of the thigh in ectomorph volleyball
players had significant correlations with the girth of the
foot, intercristal and interspinous distances. The time of
slow blood supply to the rheovasogram was significantly
correlated with the external conjugate and the thickness of
the folds on the abdomen and crus.

In the group of volleyball players with ecto-mesomorphic
somatotype (Table 3), significant correlations were found
between the duration of the rheographic wave on the thigh
and the girth of the crus, the transverse mid-chest diameter
and the thickness of the skin and fat folds on the abdomen.
The time of the ascending thigh rheovasogram had
statistically significant correlations with the width of the
distal epiphyses of the shoulder and thigh, the girth of the
thighs, crus in the upper and lower parts, the thickness of
the skin and fat folds on the abdomen and sides. The time
of the descending part of the rheovasogram was
significantly correlated only with the thickness of the folds
on the abdomen. There are statistically significant
relationships between the time of rapid blood supply of
thigh vessels and weight, length, body surface area,
acromial point height, width of the distal epiphyses of the
shoulder and thigh, shoulder girth in a tense state, thighs,
crus in the upper and lower parts, thighs, chest, the
thickness of the folds on the chest, abdomen, sides.
Rheovasographic index time of slow blood supply was

66

ISSN 1818-1295 elSSN 2616-6194 Reports of Morphology



Khavtur V.0O., Fedoniuk L.la., Sarafyniuk L.A., Shapoval O.M., Smolko N.M.

Table 1. Values of correlation coefficients (r) of time indicators of rheovasogram of a thigh with anthropometric sizes at mesomorphs
young women volleyball players.

Anthropometric indicators Rheovasographic Indicators
C A B A1 A2
body weight (kg) 0.05 0.37 -0.04 0.26 0.32
body length (cm) -0.02 0.24 -0.05 -0.12 0.44
body surface area (m?) 0.05 0.35 -0.03 0.18 0.35
height of the suprathoracic point (cm) -0.02 0.33 -0.09 -0.05 0.49
pubic point height (cm) -0.07 0.26 -0.12 -0.17 0.49
height of the acromial point (cm) -0.03 0.35 -0.11 -0.03 0.50
finger point height (cm) -0.11 0.18 -0.14 -0.09 0.38
acetabulum point height (cm) -0.03 0.00 0.03 -0.35 0.26
the width of the distal epiphysis of the shoulder (cm) 0.10 0.19 0.17 -0.17 0.33
the width of the epiphysis forearm (cm) -0.02 0.18 0.02 -0.17 0.27
the width of the distal epiphysis of the thigh (cm) 0.17 0.46 -0.01 -0.03 0.65
the width of the distal epiphysis of the crus (cm) 0.26 0.41 0.12 -0.02 0.51
shoulder girth in a tense state (cm) -0.01 0.21 -0.12 0.17 0.24
shoulder girth in a relaxed state (cm) 0.02 0.41 -0.18 0.29 0.40
forearm girth at the top (cm) 0.04 0.40 -0.12 0.30 0.38
forearm girth at the bottom (cm) 0.18 0.47 0.04 0.02 0.60
thigh girth (cm) 0.17 0.51 0.01 0.27 0.48
crus girth at the top (cm) 0.07 0.41 0.00 0.20 0.28
crus girth at the bottom (cm) 0.01 0.40 -0.09 0.16 0.34
neck circumference (cm) 0.41 0.40 0.29 -0.09 0.61
waist circumference (cm) -0.11 0.08 -0.09 0.08 0.08
thighs girth (cm) -0.15 0.17 -0.16 0.27 0.07
hand girth (cm) 0.25 0.36 0.13 0.05 0.42
foot girth (cm) 0.10 0.23 0.13 -0.32 0.41
chest girth on inhalation (cm) 0.09 0.31 -0.08 0.38 0.28
chest girth on exhalation (cm) 0.12 0.29 -0.05 0.40 0.25
chest girth at rest (cm) 0.02 0.32 -0.14 0.49 0.20
transverse mid-thoracic diameter (cm) 0.02 0.34 -0.02 0.38 0.24
transverse lower thoracic diameter (cm) -0.04 0.44 -0.17 0.29 0.39
sagittal mid-thoracic diameter (cm) 0.03 0.36 -0.16 0.65 0.06
acromial diameter (cm) -0.07 -0.31 0.09 -0.06
intercristal distance (cm) -0.19 0.25 -0.25 0.18 0.23
interspinous distance (cm) -0.26 0.24 -0.36 0.30 0.23
intertrochanteric distance (cm) 0.02 043 -0.02 0.38 0.27
external conjugate (cm) -0.04 0.38 -0.10 0.22 0.42
the thickness of the folds on the back of the shoulder (mm) 0.07 -0.12 0.19 -0.27 -0.01
the thickness of the folds on the front surface of the shoulder (mm) 0.14 -0.25 0.29 -0.29 -0.14
the thickness of the folds on the forearm (mm) 0.11 -0.27 0.31 -0.10
the thickness of the folds under the shoulder blade (mm) 0.32 -0.08 0.42 -0.15 -0.10
the thickness of the folds on the chest (mm) 0.02 -0.22 0.38 -0.27 -0.17
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Table 1. (continuation)

Rheovasographic indicators
Anthropometric indicators
Cc A B A1 A2
the thickness of the folds on the abdomen (mm) 0.34 -0.31 0.44 -0.23 -0.30
the thickness of the folds on the side (mm) 0.23 0.16 0.17 0.01 0.19
the thickness of the folds on the thigh (mm) 0.28 -0.11 0.28 -0.32 0.04
the thickness of the folds on the crus (mm) 0.46 -0.16 0.49 -0.37 -0.01

Notes: here and in the future the corresponding direct and inverse correlations of average force and strong are allocated by corresponding
colors; C - duration of the rheographic wave (s); A - time of the ascending part of the thigh rheovasogram (s); B - time of the descending
part of the rheovasogram (s); A1 - time of rapid blood supply of the rheovasogram (s); A2 - time of slow blood supply of the
rheovasogram (s).

Table 2. Values of correlation coefficients (r) of time indices of rheovasogram of a thigh with anthropometric sizes at ectomorphs young
women volleyball players.

Anthropometric indicators Rheovasographic indicators
C A B A1 A2
body weight (kg) 0.45 0.31 0.34 0.18 0.13
body length (cm) 0.28 0.17 0.25 0.11 0.09
body surface area (m?) 0.39 0.28 0.30 0.15 0.14
height of the suprathoracic point (cm) 0.24 0.14 0.20 0.19 0.06
pubic point height (cm) 0.29 0.33 0.23 0.19 0.18
height of the acromial point (cm) 0.09 0.15 0.05 0.10 0.09
finger point height (cm) 0.01 0.23 -0.06 0.20 0.17
acetabulum point height (cm) 0.42 0.33 0.36 0.19 0.20
the width of the distal epiphysis of the shoulder (cm) 0.31 -0.07 0.34 0.06 -0.13
the width of the epiphysis forearm (cm) 0.23 0.17 0.17 0.12 0.10
the width of the distal epiphysis of the thigh (cm) 0.18 -0.26 0.26 -0.15 -0.20
the width of the distal epiphysis of the crus (cm) 0.37 0.03 0.33 -0.09 0.09
shoulder girth in a tense state (cm) 0.24 0.28 0.14 0.16 0.10
shoulder girth in a relaxed state (cm) 0.32 0.22 0.24 0.06 0.11
forearm girth at the top (cm) 0.48 0.28 0.40 -0.05 0.18
forearm girth at the bottom (cm) 0.10 0.13 0.07 0.08 0.00
thigh girth (cm) 0.37 0.37 0.28 0.07 0.26
crus girth at the top (cm) 0.59 0.27 0.45 0.01 0.12
crus girth at the bottom (cm) 0.16 0.08 0.12 -0.26 0.14
neck circumference (cm) 0.35 0.23 0.29 -0.09 0.20
waist circumference (cm) 0.30 0.32 0.21 0.06 0.28
thighs girth (cm) 0.21 0.49 0.08 0.38 0.21
hand girth (cm) 0.23 0.08 0.14 0.04 -0.05
foot girth (cm) 0.01 -0.30 0.08 -0.11
chest girth on inhalation (cm) 0.25 0.23 0.20 -0.01 0.1
chest girth on exhalation (cm) 0.27 0.17 0.22 -0.01 0.12
chest girth at rest (cm) 0.26 0.23 0.19 0.02 0.10
transverse mid-thoracic diameter (cm) 0.15 0.09 0.06 0.14 -0.12
transverse lower thoracic diameter (cm) -0.08 0.02 -0.09 -0.34 0.24
sagittal mid-thoracic diameter (cm) 0.39 -0.01 0.40 0.28 -0.25
acromial diameter (cm) 0.20 0.10 0.19 0.26 -0.13
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Table 2. (continuation)

Anthropometric indicators Rheovasographic Indicators
Cc A B A1 A2

intercristal distance (cm) 0.22 0.43 0.09 0.43 0.12
interspinous distance (cm) 0.05 0.45 -0.07 0.45 0.14
intertrochanteric distance (cm) 0.24 0.35 0.14 0.30 0.10
external conjugate (cm) 0.42 0.30 0.27 -0.07 0.42
the thickness of the folds on the back of the shoulder (mm) -0.16 -0.03 -0.12 -0.22
the thickness of the folds on the front surface of the shoulder (mm) 0.28 -0.11 0.24 -0.03 -0.09
the thickness of the folds on the forearm (mm) 0.31 -0.23 0.37 -0.13 -0.19
the thickness of the folds under the shoulder blade (mm) 0.15 -0.36 0.21 -0.11 -0.31
the thickness of the folds on the chest (mm) 0.04 0.17 -0.20 -0.34
the thickness of the folds on the abdomen (mm) 0.00 0.12 -0.10

the thickness of the folds on the side (mm) -0.01 0.13 -0.27 -0.28
the thickness of the folds on the thigh (mm) 0.08 -0.29 0.20 -0.25 -0.11
the thickness of the folds on the crus (mm) 0.12 0.26 -0.09

Table 3. Values of correlation coefficients (r) of time indices of rheovasogram of a thigh with anthropometric sizes at ecto-mesomorphs
young women volleyball players.

Anthropometric indicators Rheovasographic indicators
Cc A B A1 A2

body weight (kg) 0.23 0.35 0.19 0.47 -0.07
body length (cm) 0.17 0.28 0.15 0.41 -0.10
body surface area (m?) 0.19 0.32 0.16 043 -0.09
height of the suprathoracic point (cm) 0.07 0.24 0.05 0.36 -0.10
pubic point height (cm) 0.12 0.14 0.12 0.25 -0.11
height of the acromial point (cm) 0.13 0.29 0.10 0.41 -0.07
finger point height (cm) 0.13 0.12 0.13 0.28 -0.17
acetabulum point height (cm) 0.14 0.23 0.12 0.32 -0.05
the width of the distal epiphysis of the shoulder (cm) -0.14 -0.10 -0.04
the width of the epiphysis forearm (cm) 0.22 -0.33 0.31 -0.08

the width of the distal epiphysis of the thigh (cm) -0.20 -0.11 -0.31
the width of the distal epiphysis of the crus (cm) 0.19 0.03 0.21 0.07 -0.08
shoulder girth in a tense state (cm) -0.01 0.18 -0.03 0.43 -0.20
shoulder girth in a relaxed state (cm) -0.07 0.02 -0.06 0.22 -0.27
forearm girth at the top (cm) 0.00 -0.09 0.03 0.35

forearm girth at the bottom (cm) -0.02 -0.32 0.04 -0.05

thigh girth (cm) 0.22 0.26 0.20 0.36 -0.11
crus girth at the top (cm) 0.16 0.46 0.09 0.56 0.02
crus girth at the bottom (cm) 0.40 044 0.31 0.44 0.12
neck circumference (cm) 0.20 -0.29 0.30 -0.02

waist circumference (cm) 0.12 0.14 0.12 0.21 -0.10
thighs girth (cm) 0.22 0.37 0.17 0.37 0.04
hand girth (cm) 0.07 -0.18 0.10 0.03 -0.28
foot girth (cm) 0.21 -0.07 0.24 -0.14 -0.10
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Table 3. (continuation)

Anthropometric indicators Rheovasographic indicators
C A B A1 A2
chest girth on inhalation (cm) 0.13 0.31 0.10 0.50 -0.13
chest girth on exhalation (cm) 0.07 0.25 0.04 0.41 -0.11
chest girth at rest (cm) 0.06 0.25 0.04 0.41 -0.15
transverse mid-thoracic diameter (cm) 0.37 0.17 0.35 0.17 0.00
transverse lower thoracic diameter (cm) 0.09 -0.16 0.13 -0.25 -0.16
sagittal mid-thoracic diameter (cm) 0.29 0.13 0.28 0.18 -0.18
acromial diameter (cm) 0.28 -0.02 0.31 0.1 -0.21
intercristal distance (cm) 0.35 0.24 0.31 0.28 -0.03
interspinous distance (cm) 0.07 0.31 0.02 0.30 0.04
intertrochanteric distance (cm) 0.36 0.24 0.34 0.34 -0.07
external conjugate (cm) 0.12 0.05 0.11 0.22 -0.27
the thickness of the folds on the back of the shoulder (mm) -0.10 -0.28 -0.09 -0.07 -0.16
the thickness of the folds on the front surface of the shoulder (mm) -0.10 -0.01 -0.11 -0.07 0.14
the thickness of the folds on the forearm (mm) 0.02 -0.18 0.06 -0.21 0.03
the thickness of the folds under the shoulder blade (mm) -0.08 -0.02 -0.10 0.20 -0.12
the thickness of the folds on the chest (mm) -0.36 -0.34 -0.31 -0.03
the thickness of the folds on the abdomen (mm) -0.60 -0.01
the thickness of the folds on the side (mm) -0.27 -0.17 -0.19
the thickness of the folds on the thigh (mm) -0.17 -0.23 -0.12 -0.08 -0.26
the thickness of the folds on the crus (mm) -0.07 -0.30 0.00 -0.14 -0.29

Table 4. Values of correlation coefficients (r) of temporal indices of rheovasogram of a thigh with anthropometric sizes at young women
volleyball players with average intermediate somatotype.

Rheovasographic indicators

Anthropometric indicators c A 5 M o

body weight (kg) 0.46 -0.20 0.45 0.20 -0.28
body length (cm) 0.32 -0.07 0.27 0.33 -0.17
body surface area (m?) 0.40 -0.19 0.39 0.25 -0.28
height of the suprathoracic point (cm) 0.38 0.06 0.28 0.46 -0.06
pubic point height (cm) 0.30 -0.15 0.27 0.17 -0.17
height of the acromial point (cm) 0.42 0.01 0.32 0.37 -0.08
finger point height (cm) 0.14 -0.22 0.11 0.17 -0.27
acetabulum point height (cm) 0.44 0.20 0.33 0.49 0.11
the width of the distal epiphysis of the shoulder (cm) 0.40 0.31 0.31 0.39 0.21
the width of the epiphysis forearm (cm) 0.16 -0.17 0.10 0.05 -0.17
the width of the distal epiphysis of the thigh (cm) 0.12 0.08 0.05 0.07 0.15
the width of the distal epiphysis of the crus (cm) 0.06 0.08 -0.05 0.20 0.07
shoulder girth in a tense state (cm) 0.31 -0.32 0.37 -0.05 -0.38
shoulder girth in a relaxed state (cm) 0.35 -0.35 0.41 -0.07 -0.39
forearm girth at the top (cm) 0.35 -0.33 0.37 -0.09 -0.35
forearm girth at the bottom (cm) -0.10 -0.36 -0.11 -0.08 -0.35
thigh girth (cm) 0.38 -0.38 0.46 0.02
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Table 4. (continuation)

Anthropometric indicators Rheovasographic Indicators
C A B A1 A2

crus girth at the top (cm) 0.21 0.30 -0.19

crus girth at the bottom (cm) 0.35 -0.40 0.42 0.01

neck circumference (cm) -0.02 -0.27 0.00 0.01 -0.19
waist circumference (cm) 043 -0.20 0.44 0.12 -0.21
thighs girth (cm) 0.25 0.34 -0.11

hand girth (cm) 0.20 -0.35 0.25 -0.02 -0.40
foot girth (cm) 0.25 -0.35 0.31 -0.03 -0.33
chest girth on inhalation (cm) 0.62 0.12 0.55 0.24 0.06
chest girth on exhalation (cm) 0.51 -0.01 0.48 0.1 -0.06
chest girth at rest (cm) 0.65 0.1 0.59 0.17 0.05
transverse mid-thoracic diameter (cm) 0.30 -0.12 0.25 0.33 -0.18
transverse lower thoracic diameter (cm) 0.27 0.20 0.15 0.57 0.12
sagittal mid-thoracic diameter (cm) 0.52 -0.12 0.53 -0.13 -0.06
acromial diameter (cm) 0.35 -0.27 0.42 -0.15 -0.23
intercristal distance (cm) 0.05 0.04 0.02 0.42 -0.07
interspinous distance (cm) 0.16 0.13 0.08 0.60 -0.01
intertrochanteric distance (cm) 0.29 -0.27 0.34 0.20 -0.33
external conjugate (cm) 0.33 -0.20 0.37 0.23 -0.32
the thickness of the folds on the back of the shoulder (mm) -0.11 0.41 -0.16 -0.01 0.45
the thickness of the folds on the front surface of the shoulder (mm) -0.13 0.02 -0.39
the thickness of the folds on the forearm (mm) -0.22 -0.05

the thickness of the folds under the shoulder blade (mm) -0.11 0.00 -0.13 -0.24 0.09
the thickness of the folds on the chest (mm) -0.15 -0.63 0.03 -0.71

the thickness of the folds on the abdomen (mm) -0.01 0.48 -0.17 0.03 0.60
the thickness of the folds on the side (mm) 0.17 0.51 -0.04 0.32 0.58
the thickness of the folds on the thigh (mm) -0.02 0.50 -0.13 -0.04 0.54
the thickness of the folds on the crus (mm) -0.29 0.05 -0.33 0.20

significantly correlated with the following anthropometric
dimensions: the width of the distal epiphysis of the forearm,
neck and forearm girth in the upper and lower parts.

We found that in volleyball players of the middle
intermediate somatotype, the duration of the rheographic
wave on the thigh had significant connections with body
weight, acetabular point height, waist circumference and
all chest sizes, sagittal mid-thoracic diameter (Table 4).

The time of the ascending part of the rheovasogram of
the thigh had significant correlations with the girth of the
crus and thighs, the thickness of the skin and fat folds on
the shoulders, forearms, chest, abdomen, thighs and
sides. The time of the descending part of the rheovasogram
significantly correlated with body weight, thigh girt, waist
girth, chest at inhalation, exhalation and at rest, acromial
and sagittal mid-thoracic diameters. The time of rapid blood
supply to the femoral vessels had statistically significant

correlations with the height of the suprathoracic and
acetabular points, transverse lower thoracic diameter,
intercristal distance of the pelvis, the thickness of the folds
on the front surface of the shoulder, forearm, chest, crus.
The time of slow blood supply was significantly correlated
with the girth of the thigh, crus in the upper and lower parts,
thighs, the thickness of the folds on the back of the shoulder,
forearm, chest, abdomen, sides and thighs (see Table 4).

Discussion

A number of works have been devoted to the study of
the relationships of individual indicators of the
cardiovascular system with anthropo-somatotypological
parameters in volleyball players. In particular, correlations
were found between the indicators of central hemodynamics
and constitutional body parameters in groups of highly
qualified male volleyball players [7] and females [20, 27]. It
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was found that the parameters of peripheral
hemodynamics in athletes of this sport were associated
with certain parameters of external body structure [11], but
in comparison with wrestlers and athletes in volleyball
players on the thigh was found the lowest number of
rheovasographic parameters that significantly correlated
with the parameters of external body structure [12].

Scientists have proved that the representatives of
individual somatotypes differ not only in the external
structure of the body [19], but also in the morpho-functional
features of the cardiovascular system [5, 24, 26]. Therefore,
the constitutional approach in determining the features of
the correlations between the indicators of the external
structure of the body and hemodynamic parameters has a
clear practical direction [21, 25]. Our study shows that highly
skilled volleyball players belonging to different
constitutional groups differ in the strength and number of
reliable relationships between temporal rheovasographic
parameters of the thigh and anthropometric body size. Thus,
in mesomorphic volleyball players it was found that the
duration of the rheographic wave had the lowest number of
reliable correlations, only 4.5% of all possible. The time of
the ascending part of the femoral rheovasogram
significantly correlated with 25.0% of the anthropometric
dimensions we determined. It is noteworthy that all
correlations are straight, medium strength. Features of the
established connections testify that at increase in width of
distal epiphyses of a thigh and a crus and circumferential
sizes of a body and diameters of a trunk at volleyball players
of mesomorphic somatotype the speed of regional blood-
groove will slow down, because of a tone of resistance
vessels (arterioles and capillaries) [17]. The time of the
descending part of the rheovasogram of the thigh, which
depends on the heart rate, was significantly correlated only
with the thickness of 3 skin and fat folds (6.8% of all body
sizes). The time of rapid blood supply was significantly
correlated with only 11.4% of anthropometric sizes, with
correlations of medium strength with chest girths, strong
straight with mid-thoracic diameter, inverse width shoulder
width and thickness of folds on the forearm. The volleyball
players of mesomorphic somatotype had the largest
number of reliable (29.5%) and strong correlations (6.8%
of them were strong) of time of slow blood supply of the
thigh rheovasogram, which depends on the tone of small
and medium diameter arteries [17]. Therefore, with
increasing the longitudinal size of the body, the width of the
distal epiphyses of the thigh and crus and the
circumferential size of the neck and limb segments will
increase the time of slow blood supply.

In the general group of male volleyball players, as in
our study for mesomorphic somatotype young women
volleyball players, of all time parameters of the thigh
rheovasogram, the most numerous correlations were found
for the time of the ascending part of the rheogram and slow
blood supply, which were interrelated with longitudinal and
circumferential dimensions limbs and width of the distal

epiphyses of the extremities [12]. In mesomorphic volleyball
players, the time of the ascending part of the rheogram
and the time of slow blood supply of thigh vessels had the
greatest number of reliable correlations [14].

We found that in ectomorph volleyball players the
number of significant correlations and their strength
(r=0.38-0.48) were smaller compared to mesomorphic
somatotype athletes. In particular, the duration of the
rheographic wave on the thigh was correlated with 11.4%
of anthropometric indicators, the time of the ascending part
of the rheovasogram - with 18.2%, the time of the
descending part - with 6.8%, the time of rapid blood supply
- with 6.8%, the time of slow blood supply - with 6.8% of
external body size. The established relationships indicate
that in volleyball players of ectomorphic somatotype with
increasing diameters of the pelvis and girth of the forearm,
crus, thighs, there will be an elongation of the time
parameters of the rheovasogram of the thigh. In practically
healthy girls of Podillia, who did not play sports and
belonged to the ectomorphic somatotype, the highest
number of significant inverse correlations was found
between temporal rheovasographic parameters on the
thigh and transverse body size [21], which, in our opinion,
is evidence that they as the body diameters increase, the
time values will be smaller.

In volleyball players with ecto-mesomorphic body type,
a large number of reliable inverse correlations were found
between the time indicators of peripheral hemodynamics
and anthropometric body size. It is noteworthy that the
thickness of the skin and fat folds is inversely proportional
to most of the time parameters of the thigh rheovasogram,
except for the time of slow blood supply. The duration of the
rheographic wave significantly correlated with 6.8% of
anthropometric indicators, the time of the ascending part
of the rheovasogram - with 15.9%, the time of the
descending part - with 2.3%, the time of rapid blood filling
- with 38.6% (direct correlations predominate), the time of
slow blood filling - with 9.1% of external size body (all
correlations are inverse). Thus, in volleyball players with
this body type, the most numerous and strongest connection
with anthropometric body size was the time of rapid blood
supply, which depends on the tone of the vascular wall of
large arteries and is determined by the contractile function
of the myocardium [17]. Analysis of the identified reliable
relationships suggests that with increasing total body size,
acromial point height, circumferential size of the shoulder,
thigh, crus, thighs, chest and reducing subcutaneous fat
and the width of the distal epiphysis of the thigh in volleyball
players with ecto-mesomorphic somatotype will increase
the time of rapid blood supply. It has previously been found
[13] that in adolescent male volleyball players of the ecto-
mesomorphic somatotype will increase the elasticity of the
wall of the thigh arteries with increasing body weight,
especially its muscle and fat components, and this, in turn,
will lead to higher time of rapid blood supply.

In highly qualified young women volleyball players of
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medium intermediate somatotype, compared with athletes
of other constitutional types, the duration of the rheographic
wave correlated with the largest number of body sizes
(15.9%), all correlations are straight, medium strength
(r=0.43-0.52) and strong (r=0.62-0.65). It is noteworthy that
with increasing body weight, leg length, waist circumference
and chest, anterior-posterior mid-thoracic size will increase
the duration of the rheographic wave. The time of the
ascending part of the thigh rheovasogram in volleyball
players of this somatotype correlated with 18.2% of body
size, interesting is the different nature of the relationship
between this time rheovasographic index and
subcutaneous fat. Thus, with increasing the size of the
folds on the thigh, side, abdomen and decrease - on the
chest, forearms, shoulders and thighs and crus will
increase the tone of small diameter, and hence the time of
the ascending part of the rheovasogram [13, 17]. The time
of the descending part of the rheovasogram had straight
medium correlation with 18.2% of anthropometric
dimensions, mainly with the circumferential dimensions
and width of the shoulders and pelvis. The time of rapid
blood supply also had significant correlations with 18.2%
of body size, with the thickness of the folds the correlations
were inverse, with longitudinal and transverse dimensions
- straight. Among the temporal parameters of the
rheovasogram in volleyball players with an average
intermediate somatotype, the time of slow blood filling had
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KOPENSILII YACOBUX MOKA3HUKIB PEOrPAMU CTEMHA 3 AHTPOMOMETPUYHUMU PO3MIPAMU Y BONEMUBONICTOK
PI3BHUX COMATOTUIMIB

Xaemyp B.O., ®edoHrok J1.51, Capagpuntok J1.A., WWanoean O.M., Cmonko H.M.

KoHcmumyuioHanbHi ocobnueocmi op2aHi3aMy € cymmesuM 8axkesieM CropmueHOi pe3yibmamugHocmi, moMy Wo ernnuearms Ha
3azanibHy ma cneuianbHy hisu4Hy rpauyesdamHicmb, aepobHy npodyKkmueHicmb i MOKa3HUKU eghekmusHocmi pobomu cucmem
eHepao3abesrnevyeHHsl, 30KpemMa, Ha MoKa3HUKU UeHmparnbHOi ma nepugepuyHoi eemoduHamiku. Mema pobomu - ecmaHosumu
ocobnusocmi 38'A3Ki8 MiX YacoguMu rapamMempamu peoea3oz2paMu cmeeHa ma aHmpornoMempuyHUMU MOKasHUKamu y
8UCOKOK8anighikogaHux 801elibonicmok IHaUbKo20 8iKY, siKi Harnexamb 00 pi3HUX KoHCmumyuioHanbHUXx murie. [posedeHe aHmMpPoo-
comamomunosioeidHe docrnioxeHHs1 113 eoneliboricmok 8UCOKO20 pigHs criopmueHoi MalicmepHocmi toHaubKo2o eikKy (8id 16 do 20
pokig). AHmpornomempuyHe docnidxeHHs1 nposodunu 3a memodom B.B. byHaka (1941), comamomurnonoaiyHe - 3a po3paxyHKO80I
moducpikauiero memody Heath-Carter (1990). 3a pesynbmamamu comamomurlygaHHsi cmaHosusnu, wo 29 eonelibonicmok Hanexanu
00 me30mMopghHO20 muny KoHcmumyuyii, 00 ekmomopghHo2o - 26 sonelibonicmok, 0o ekmo-me3omopapie - 27 gonelibonicmok, o
cepedHb020 MPOMIXHO20 mury - 26 gonetibonicmok, 0o eHOo-me3omopapie - nuwe 5 ocib. PeosasozpachiyHi napamempu cmezHa
8U3Hayvasnu 3a 00NoMo20K memparonsipHoi peokapdioepagpii Ha kommn'tomepHomMmy OiazHOCMUYHOMY Komrinekci. OUiHKy Yyacoeux
peosa3ozpachidHux Mnapamempis nposedeHo 3a MemoOuKkoro PoHkiHa ma leaHosa [1997]. AHani3 ompumaHux pe3ynbmamie npogedeHull
y niueHsitHit npoepami "Statistica 5.5" i3 sukopucmaHHAM KopensyitiHo2o aHanidy 3a CripMeHoM. Hamu ecmaHo8/1eHO, Wo Yy
gosetibonicmok-me3omMopahig i3 nokasHUKaMu 308HiWHbOI 6ydosu mina Yacosi napamempu peoga3oepaMu cmeaHa Maru HeYyucerbHi
0ocmosipHi rnepesaxHO cepeOHbOI cunu, nNpsimi Kopensyii, 3a 8UHAMKOM 4Yacy 8ucxiOHOI YacmuHU peoepaMu ma [oeiibHo20
KpOBOHarosHeHHs. Y 8on1elibosicmok eKmomMopghHO20 coMamomurly 8CMaHo8/1eHi 83aEM038'A3KU ceidyamb Mpo me, wo npu 36inbWeHHI
diamempie ma3a ma obxeamHux po3mipie nepednnivyysi, 20Mifiku, cmeaoH byde criocmepicamucsi MOOOBXKEHHST YacosuX napamempis
peosasoepamu cmeeHa. Y eonelibonicmoK 3 eKmo-Me30MOpHUM COMamomurioM 8usiefleHO 00CMamHbO 8€JIUKY KilbKicmb
00oCmo8ipHUX 380POMHUX KOpesnsayil, moswuHa WKIPHO-XUPo8uX CK1adoK obepHeHO MporopuiliHo 83aemoros'asaHa 3 binbwicmio
Yyacosux rnapamempie peogasozpamMu cmeaHa, 3a SUHSIMKOM 4Yacy ro8iflbHO20 KPOBOHAarosHeHHs. Y eonelibonicmok cepedHbo2o
MPOMIXXKHO20 coMamomurly, MOPIBHSIHO 3 IHWUMU gpynamu CrioCMeEpPEeXeHHs, 8Usi8reHi HalducerbHili 38'a3KuU MiXX aHmpornoMempuyHUMU
po3MipamMu ma 4YacoeuMu Moka3HUKaMu peogasozpamul.

KnrouoBi cnoBa: koperisyisi, 4acosi rnokasHUKU peosa3oepamu cmeaHa, aHmpornoMempisi, comamomuri, 8onelbonicmku.

KOPPENALUWUU BPEMEHHbIX MOKA3ATENEW PEOrPAMMbI EEJJPA C AHTPOMNOMETPUYECKUMU PASMEPAMU Y
BOJIEMBONIUCTOK PA3JIMYHBLIX COMATOTUMNOB

Xaemyp B.O., ®edoHrok J1.51, Capagpuriok J1.A., Lllanoean E.H., Cmonko H.H.

KoHcmumyuyuoHanbHble ocobeHHocmu opaaHu3ma s8fsiFMCsi CyU,eCmeeHHbIM pbi4a2oM CriopmueHoOU pesyrbmamusHOCMU, maK KaK
enusrom Ha obwyro u crieyuanbHyto gududeckyro pabomocrnocobHocmb, asapobHyt npou3eodumesnibHOCMb U oKa3amersnu
agpgpekmusHocmu pabomsi cucmem sHepeoobecrnedyeHuUs, 8 YacmHOCMU, Ha rokalamesnu uyeHmparnbHoU u rnepugepuyeckol
eemoOuHamuku. Llenb pabomsi - ycmaHo8umb 0CObeHHOCMU ces3ell Mexdy 8peMeHHbIMU rapamempamu peosa3oepamMmbl 6edpa u
aHmMpPONoOMeMPUYECKUMU 10Ka3amesisiMu y 8bICOKOK8anuguyuposaHHbIX 80/1eli60UCMOK FOHOWECKO20 8o3pacma, npuHadnexaujux
K pa3HbIM KOHCMUMYyUuoHanbHbiM munam. [lposedeHo aHmporo-comamomurnonoauyeckoe obcrnedosaHue 113 sonelibonucmok
8bICOKO20 YPOBHSI CrIOPMUBHO20 Macmepcmeaa toHouweckoeo gospacma (om 16 do 20 nem). AHmMpornomempuyeckoe uccredogaHue

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



Khavtur V.0O., Fedoniuk L.la., Sarafyniuk L.A., Shapoval O.M., Smolko N.M.

npoeodunu no memody B.B. byHaka (1941), comamomuronoau4eckoe - no pacdemHol modughukauyuu memoda Heath-Carter (1990).
o pe3ynbmamam comamomunuposaHusi ycmaHosunu, 4mo 29 gonelibonucmok npuHadnexanu K Me3oMopghHOMY mury KOHCmumyuyuu,
K 9KmomopghHOMY - 26 8071elibonuCmoK, K 3KmMo-mMe30MopghHOMY - 27 8051elibonucmok, K cpedHeMy MpoMexXymoyHoMmy murny - 26
gosielibonucmok, Kk aHO0-me3oMopgHoMy - ecez2o 5. Peosasoepachuyeckue napamempbl 6edpa onpedensanu ¢ MOMOWbIo
memparonsipHol peokapduozpaghuu Ha KOMIbMepPHOM OuazHocmu4yeckom Komrinekce. OUeHKy UHmMepe8arsbHbIX peoga3ozspaghuyecKux
napamempos rposesiu no memoduke PoHKuHa u WeaHosa [1997]. AHanu3 rnomny4yeHHbIX pe3ynbmamos MposedeH 8 /IUYEH3UOHHOU
npozpamme "Statistica 5.5" ¢ ucrnonb3oe8aHuemM KoppensyuoHHo20 aHanusa no CrnupmeHy. Hamu ycmaHoeneHo, 4Ymo y 8onelibonucmok
Me30MOpo8 C roKkazamessiMu 6HeWHe20 CMPOeHUSs mesa UHmMepsasbHble napamempbl peosa3oepambl bedpa umenu
HEeMHO204UCr1eHHbIe O0CMOBEPHbIE NMPeuMyU,eCm8eHHO cpedHel Curbl, NPSIMbIe KOppensyuu, 3a UCKITIYeHUeM speMeHu 8ocxodsawel
yacmu peozpamMmbl U MeOSIEHHO20 KpO8eHarnoHeHus1. Y 80nelibonucmok 3KmomMopghHO20 comMamomura ycmaHO8/eHHbIe 83aUMOC8A3U
ceudemernibcmayom 0 mMoM, Ymo rfpu yeenudyeHUU duamempos ma3a U obxeamHblx pa3mepos npednneybs, 2oneHu, 6edep bydem
Habnrodambcs yOnuHeHUe 8peMeHHbIX napamMempos peosaszozpaMmbl 6edpa. Y onelibonucmok ¢ 3Kmo-me30MopgHbLIM COMamomurom
06Hapy>xeHo docmamoyHo 60sbuwoe Konu4ecmao 00CmMo8epHbIX 0bpamHbIX Koppensayull, monujuHa KOXHO-XKUPOBbIX cknadok obpamHo
MPONOPYUOHaIIbHO 83auMoces3aHa ¢ 60/bWUHCMEOM 8PeMeHHEHbIX napamMempos peoea3ozpammbl 6edpa, 3a UCKIIYeHUeM 8pemMeHu
MeOlreHHO20 KpogeHaronHeHusi. Y 8oneliboniucmok cpedHea0 npoMEeXymo4YHOo20 coMamomura, o cpasHeHuto ¢ dpyaumu epyrnnamu
HabodeHusi, obHapyXxeHbl caMble MHO20YUC/IEHHbIEe C853U MexOy aHmpornoMempuyeckumMu paamepamu U 8peMeHHbIMU
rokasamerisiMu peoga3ozpammbl.

KntoueBble cnoBa: Koppensyus, peMeHHble rnokasamersu peoga3oepammsl bedpa, aHmMponomMmempusi, comamomuri, 80/1el60ucmKu.
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