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Histological changes of the arterial bed of the hind limbs of the rats
under condition of the acute ischemia-reperfusion and correction

with the carbacetam

Veresiuk T.0., Selskyy P.R.
|. Horbachevsky Ternopil National Medical University, Ternopil, Ukraine

ARTICLE INFO The ischemic-reperfusion lesion is a complex multifactorial damage of the primary
Received: 15 June, 2020 ischemic tissues as a result of restoration of the arterial blood circulation in them,
Accepted: 20 July, 2020 which is accompanied by local morpho-functional reorganization of the vascular bed of

the hind limbs of the rats. One of the promising means in the treatment and prevention
of the reperfusion disorders is a carbacetam, which smooths the phenomena of hypo-
and hyperperfusion in the post-ischemic period. The aim of the study was to established
the manifestations of the morpho-functional remodeling of the vascular bed of the hind
limbs of the rats in ischemia-reperfusion and under conditions of correction with

UDC: 616.137.83/93-091.8:616-
005.4:615.214.3]-092.9

CORRESPONDWG AUTHOR carbacetam. Histological examination of the vascular bed of the hind limbs of 30 rats
e-mail: taras-p@ukr.net under conditions of ischemia-reperfusion (group I) and 30 rats in the simulation of
Veresiuk T.O. ischemia-reperfusion, which in the post-ischemic period administered carbacetam

once a day (5 mg/kg) for 14 days (group Il) were done. There were 6 intact animals in the
control group. Simulation of ischemia was performed by applying SWAT rubber
tourniquets on the hind limbs for 2 hours, and reperfusion - by removing of the tourniquet.
The animals of the experimental groups were divided into 5 subgroups with reperfusion
terms after 1, 2 hours and 1 day, as well as after 7 and 14 days. Histological examination
was performed according to generally accepted methods. The vascular bed in the
middle third of the thigh and the shin below the tourniquet was examined using a
Bresser Trino Researcher 40x-1000x microscope. Analyzing of the obtained results,
was established that after 1 hour of the reperfusion the histological changes became a
systemic, and after 1 day it were more significant. It should be noted that the thickness
ofthe vessel walls increased, and the elastic membranes were partially eligned, thinned
and torned. The stepwise clarity of the arterials walls structure was lost. The edema
acquired a total nature. The histological examination of the vessels after 7 days revealed
that the swelling of the walls decreased and the condition of the elastic frame was
improved. There was a proliferation of collagen fibers in the adventitia, which was a
response to ischemic effects. It is noted that after 14 days in all wall membranes the
proliferative activity of fiboblasts was remained. Under the conditions of the correction
with the carbacetam after 2 hours, the structural positive dynamics became more
pronounced and increased to a maximum level after 7 days of the experiment. The
number of the modified and exfoliated endothelial cells decreased, and the condition of
smooth myocytes increased. Histologically, the gradual restoration of endothelial
coverage of the intima was established. As follows, ischemia and reperfusion cause
vascular remodeling after 1 hour with a peak of the manifestations after 1 day of the
reperfusion, which includes edematous syndrome, dystrophic-degenerative changes
with an inflammatory response to the damage, and in the late reperfusion period increased
a fibroblasts activity. Gradual return of morphological changes occurs after 14 days of
the experiment. Under the conditions of correction, the acceleration of the remodeling
with stabilization of the process and the most possible structural restoration after 7
days of the study was noted.

Keywords: artery, remodeling, ischemia-reperfusion, elastic membranes, carbacetam.
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Introduction

Ischemic-reperfusion lesion is a complex multifactorial
process of damage and dysfunction of primary ischemic
tissues as a result of restoration of arterial blood circulation
in conditions of acute or chronic ischemia [9, 11, 13, 15, 19,
22]. Arterial ischemia is one of the main reasons for the
deterioration of the quality of life of patients, their early
disability and accounts for about 10% of all gunshot wounds
in the structure of combat trauma [5, 15]. In 67% of cases of
vascular damage at the prehospital stage, a tourniquet is
applied, which can induce reperfusion damage [4, 9, 10, 15,
22].

Recently, more and more attention in the treatment and
prevention of ischemic disorders is paid to nootropic drugs
that have metabolic, neuroprotective, antiplatelet, antioxidant
effects, as well as smoothing the phenomena of hypo- and
hyperperfusion in the postischemic period, increase
microcirculation in tissues. Among the new drugs,
carbacetam, an endogenous modulator of the GABA-
benzodiazepine receptor complex derived from B-carboline,
is markedly secreted [7, 23]. The effectiveness of its use is
shown in the work on the restoration of cognitive impairment,
reduction of endogenous intoxication and oxidative stress
in polytrauma [23].

Literature data indicate that the morphological
manifestations of the syndrome of ischemia and reperfusion
are impaired hemomicrocirculation, which is histologically
manifested by endothelial edema, leukocyte-endothelial
adhesion, hemodynamic disorders, reduction of
microvascular and arteriovenous shunting, however, morpho-
functional changes in arteries of large diameter, their
dynamics, as well as the search for means of tissue
protection remains open for further research [9, 13].

However, in reviewing the scientific and experimental
literature, we did not find any publications on the use of this
drug for the treatment and prevention of complications of
ischemia-reperfusion, which prompted an attempt to use
carbacetam to study the local correction of reperfusion.

The aim of the study was to establish the manifestations
of morphofunctional reorganization of the vascular bed of
the hind limbs of rats during ischemia-reperfusion and under
conditions of correction with carbacetam.

Materials and methods

Histological examination of the vascular bed of 60 rats
have been done.

Ischemia was modeled by applying SWAT (Stretch-Wrap-
And-Tuck) rubber tourniquets to the right hind limb of the
animal at the level of the inguinal fold for 2 hours under
thiopental-sodium anesthesia. The reperfusion syndrome
was modeled by removing the tourniquet and restoring blood
circulation in the previously ischemic limb 2 hours after
application. Observations of animals were carried out for 14
days.

During the experiment, the experimental animals were
divided into three groups:

- first experimental group (30 rats) - animals with
simulation of ischemic-reperfusion injury;

- second experimental group (30 rats) - animals with
simulation of ischemic-reperfusion damage, in which 1-oxo-
3.3.6-trimethyl-1.2.3.4-tetrahydroindolo [2.3-c] quinolines
(carbacetam) was injected intraperitoneally in the
reperfusion period for the purpose of correction at a dose of
5 mg per kilogram of body weight 1 time per day for 14 days
of the reperfusion period;

- control group (6 rats) - intact animals.

Animals of the first and second experimental groups
were divided into 5 subgroups (6 animals each). The model
of the early post-ischemic period in both groups was
presented by subgroups of animals with reperfusion
changes after 1, 2 hours and 1 day, and the model of the late
reperfusion period - by subgroups of animals 7 and 14 days
after removal of the tourniquet.

All studies were conducted in compliance with the main
provisions of the Law of Ukraine Ne 3447-1V of 21.02.06 "On
the protection of animals from cruel treatment" (2006) and
Council of Europe Directive 2010/63 EU on animal
experiments.

Euthanasia of animals was performed by administration
of thiopental-sodium anesthesia (500 mg/kg body weight
intraperitoneally), followed by decapitation and collection of
biological material. Soft tissue samples, together with the
vascular-nervous bundle of the hind limb of the animals,
were taken below the level of the tourniquet at the level of the
middle third of the thigh, followed by fixation, dehydration
and paraffin removal, which were performed according to
conventional methods. Prepared a series of sections with a
thickness of 4-5 ym, made on a microtome MS-2. The latter,
after dewaxing, were stained with hematoxylin and eosin,
picrofuchsin by Van Gieson's method, resorcin fuchsin by
Weigert's elastic stain method, and Heidenhain's AZAN
trichrome stain method [17]. This made it possible to obtain
differentiated tissue staining due to the heterogeneity of the
perception of different dyes by biological tissues.

Examination of the preparations was performed using a
Bresser Trino Researcher 40x-1000x microscope (serial
number 0913137). The most demonstrative histological
specimens were photographed using a Digital Camera for
Microscope Science Lab DCM 820 Resolution 8.0 Mp.

Results

Histological examination of the main arteries and veins
of the thigh and lower leg showed that the structural
organization of their walls corresponds to the generally
accepted criteria. Elastic membranes are clearly contoured
in the form of a homogeneous eosinophilic strip. Arteria of
the tibia and femur segments differ only in diameter (Fig. 1).

After 1 hour of reperfusion changes became systemic
and appeared at all levels of structural organization of blood
vessels. Rounded, due to the swelling of the cytoplasm,
endothelial cells protruded into the lumen of blood vessels,
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Fig. 1. Clearly contoured inner and outer elastic membranes of the
femoral arteria of the rat of the control group. 1 - inner elastic
membrane; 2 - outer elastic membrane. Weigert's elastic stain,
x200.

Fig. 2. Endothelial cell exfoliation, aggregation and adhesion of
erythrocytes. The edema of the media. Section of the femoral
arteria of the rat after 1 hour of reperfusion. 1 - exfoliation of
endothelial cells; 2 - aggregation and adhesion of erythrocytes; 3
- edema of the artery wall. Hematoxylin and eosin stain, x200.

and some of them peeled off. The tortuosity of the inner
elastic membrane became irregular, split. There have been
sticking and adhesion erythrocytes. As a result of the swelling,
the subendothelial prosthesis expanded, and smooth
myocytes sometimes lost their compact position. Dystrophic
changes of myocytes were determined in parallel.
Lymphocytes were occasionally detected. Adventitia was
disturbed (Fig. 2).

Histologically, after 2 hours of reperfusion, structural
changes intensified. Often endothelial cells were exfoliated
in layers. The intima thickened, lost its integrity, and
sometimes exfoliated along with endothelial cells. Swelling
of the subendothelial layer increases. Elastic membranes
at this time are split, straightened and often fragmented,

which we regarded as a sign of loss of vascular wall tone.
Smooth myocytes with signs of vacuolar dystrophy were
distinguished by intercellular substance. The swelling of
the outer membrane, enriched at this time by cells of
hematogenous origin, including lymphocytes, visually
thickened the vascular wall (Fig. 3).

After 1 day, structural changes became the most
significant. The wall thickness increased. Elastic
membranes were partially leveled, thinned and developed,
sometimes transforming into chains of fragments of various
sizes. Endotheliocytes did not differ structurally from those
we had already found in the previous terms of the
experiment. The difference was that after 1 day these
manifestations became systemic and almost uniformly
expressed in all segments of the vascular bed. The clarity of
the layered structure of the arteria walls was lost. Dystrophic
and degenerative changes of smooth myocytes in the form
of their vacuolation, focal and total cytolysis were manifested.
Round-cell infiltrates are present in all layers. Defects of the
endothelial lining and the appearance of vasculitis created
the preconditions for parietal aggregation of erythrocytes and
thrombosis. Edema acquired a total character and tended
to spread to the paravasal prostheses and skeletal muscles
(Fig. 4).

Changes in the main vessels after 7 days were generally
identical to the previous reperfusion period. The swelling of
the arteria walls decreased due to the restoration of the
endothelial covering of the intima. Among myocytes,
dystrophically altered cells and low-intensity cellular
infiltrates, predominantly lymphocytes with an admixture of
proliferating fibroblasts and single histiocytes, were not
uncommon. In general, the condition of the elastic
membranes improved. In most cases, the integrity of the
elastic membranes was preserved. However, straightening
and fragmentation of elastic fibrils were also not uncommon
(Fig. 5).

In adventitia and perivascular stoma there was a

Fig. 3. Thinned, split and partially lysed elastic fibers. Cranial tibial
arteria of the rat after 2 hours of reperfusion. 1 - thinned and split
inner elastic membrane; 2 - partially lysed outer elastic membrane.
Weigert's elastic stain, x100.

Vol. 26, Ne2, Page 5-11
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Flg 4. Destructlve changes in the waII of the arteria, combined
with an intense inflammatory reaction, expressed in swelling around
the vessel with spread to the muscle. Section of the femoral artery
of the rat after 1 day of perfusion. 1 - paravasal edema; 2 - wall
infiltration. Hematoxylin and eosin stain x100.
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Fig. 5. Multiple foci of desquamation of damaged endothellal cells
of the arteria and veins of the tibial segment after 7 days of
reperfusion. Low-intensity cellular infiltration of adventitia and
media. 1 - desquamation of endothelial cells of the cranial artery of
the tibia; 2 - desquamation of endothelial cells of the tibial vein
intima; 3 - moderate lymphocytic infiltration of the adventitia.
Hematoxylin and eosin stain, x100.

proliferation of collagen fibers, which was an adequate
response to long-term ischemic effects.

After 14 days in the arteria of all segments revealed an
increase in the number of collagen fibers in the
subendothelial space and the outer membrane of the arteria.
Leiomyocyte hyperopia and an increased proportion of
connective tissue component were detected in the thickened
media. The elastic fibers of the inner elastic membrane
were unevenly polished, restoring integrity. However, in the
media and at the sites of localization of the outer membrane,
the elasticity was blurred or absent. Along with this, swelling,
desquamation of individual and dystrophic changes of
smooth myocytes were preserved. In all wall membranes,

the intensity of lymphohistiocytic infiltration was significantly
reduced, but the proliferative activity of fibroblasts was
preserved (Fig. 6).

The morphological studies of the vascular bed under
the conditions of carbacetam correction showed that after 1
hour the systemic hemodynamic disturbances in all
segments of the vascular bed did not differ much from the
ischemia-reperfusion already detected by us at the same
time, without correction and increased in the direction of
shin.

After 2 hours, the positive dynamics of structural changes
in the arteria became more pronounced. The number of
modified and exfoliated endothelial cells decreased. Most
of the cells were located on the basement membrane, which
reduced the intensity of plasma penetration of arteria walls.

Fig. 6 Prollferatlon of connective tissue fibers in all membranes of
the wall of the femoral arteria of rat after 14 days of reperfusion.
Heidenhain's AZAN trichrome stain, x100.

B )
Fig. 7. The inner elastic membrane of the arterla |s preserved the

elastic of the middle membrane is absent, in the vein wall it is
partially fragmented. Knee arteria and vein of the rat after 2 hours
of reperfusion with correction. 1 - clear inner elastic membrane; 2
- lack of elastic fibers in the media; 3 - outer elastic membrane.
Weigert's elastic stain, x100.
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¥

Fig. 8. Clear inner and outer elastic membranes of arteria and
fragmentation of elastic fibers of media. Femoral arteria of the rat
after 14 days of reperfusion with correction. 1 - clear inner elastic
membrane; 2 - outer elastic membrane; 3 - fragmentation of elastic
fibers of the media. Weigert's elastic stain, x200.

The reduction of ischemic effects contributed to the
deterioration of smooth myocytes - the number of cells with
vacuolated sarcoplasm decreased. The intercellular
amorphous substance was poorly differentiated. Single
lymphocytes, macrophages, and fibroblasts were present
in all wall membranes (Fig. 7).

Destructive changes in elastic fibers lost their systemicity
and were rather sporadic. In the large and middle veins,
plethora prevailed. The endothelial lining largely preserved
integrity.

After 1 day, the positive dynamics increased and reached
its maximum after 7 days of the study, slowing down and
stabilizing after 14 days of the experiment.

During these periods, we found a gradual restoration of
endothelial coverage of the intima. Most cells had normal
outlines, but among them there were cells with cytoplasmic
swelling. Elastic membranes had a characteristic
configuration. Closer to the end of the experiment, we did
not notice their splitting or fragmentation (Fig. 8).

Despite the fact that under the condition of correction a
significant share of structural disturbances has consistently
returned to its initial state, starting from the early perfusion
period, at the final stage we detected residual phenomena.
Thus, hypertrophy of a part of smooth myocytes of arteria
(together with atrophic ones) and an increase in the number
of thin collagen fibers in the extracellular matrix, mainly on
the border with the outer shell, were detected. In adventitia,
the proportion of collagen fibers also increased.

Discussion

It is known that ischemia and reperfusion is a complex
multifactorial process with changes in cellular metabolism,
disruption of ion transport and activation of proteinases,
processes of lipid peroxidation, which leads to cell death in
cells and and release of cytotoxic intracellular components

and is a consequence not only of ischemia but also of
reoxygenation, which often significantly activates pathological
processes and causes local and systemic disorders [2].
Their morphological manifestations are: remodeling of
vessels of both large caliber and microvessels of the
hemomicrocirculatory tract, soft tissues with the
development of edema, necrotic-destructive changes and
violation of the rheological properties of blood [3].

The mechanism of perfusion damage is associated with
impaired microcirculation, with pronounced endothelial
swelling, leukocyte-endothelial adhesion, albumin
extravasation and impaired arteriole relaxation [16]. Thus,
the processes that occur during ischemia are the result not
only of ischemia, but also of reoxygenation, which not only
does not stop their development, but also often significantly
activates pathological processes [21].

At long ischemia of extremity tissue there is a desolation
of a microcirculatory channel with the subsequent reduction
of microvessels that is shown by decrease in their quantity
and decrease in a tissue blood flow. Against the background
of restoration of arterial hemodynamics in the limb, the
volume of blood entering the microcirculatory tract
approaches normal, and the volume of the microcirculatory
tract does not increase, which leads to a simultaneous
increase in blood flow velocity in all microvessels of basal
blood flow [8, 14, 18]. At the same time, these capillaries are
not enough to provide adequate blood volume through the
arterial bed, which leads to increased arteriovenous shunting
[12]. Direct revascularization is accompanied by progression
of regional venous hypertension and profound disruption of
tissue circulation.

In studies of vascular reorganization during 6-hour
ischemia and 6-hour perfusion, it is noted that in
morphological examination - there are signs of moderately
expressed perivascular edema, as well as a significant
number of petechial hemorrhages [2, 6]. In certain fields,
hemorrhages merge and resemble hemorrhagic infiltration
[20]. Signs of sludge, as well as a significant number of
fibrin clots are expressed in the lumen of some vessels,
and inflammatory cells are located along the vessels [1].

As a result of our research, it was found that ischemia
and perfusion cause remodeling of vessels of both large
and small diameters. In the early perfusion period, structural
changes included edematous syndrome, dystrophic-
degenerative, and destructive changes in vessels with an
inflammatory response to injury; the initiating factor can be
considered ischemic endothelial damage.

In the late perfusion period, the remodeling of structural
components was characterized by a slowing down of acute
manifestations with a partial return to the initial state and the
onset of fibroblastic diferon activity and the synthesis of
connective tissue matrix in the walls of vessels and near
them.

Changes in the histoarchitectonics of the vascular walls
intensified in the distal direction, and after 14 days of
reperfusion most of the signs returned to the control group.

Vol. 26, Ne2, Page 5-11
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In the stages of post-ischemic reperfusion under the
conditions of carbacetam correction, soft tissue remodeling
is sequential with stabilization of the process and structural
recovery after 7 days of the experiment, while in animals
without correction morphological signs of recovery were
detected after 14 days.

Conclusions
Ischemia and reperfusion cause vascular remodeling
after 1 hour with a peak of manifestations after 1 day of
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MCTONOrYHI 3MIHX CYAUHHOIO PYCNA 3AOHIX KIHUIBOK LLYPIB 3A YMOB IOCTPOI ILLEMII-PEMEP®Y3Ii TA NPU

KOPEKLUIi KAPBALIETAMOM
Bepecrok T.0., Cenbcbkuli I1.P.

lwemiyHo-penepgpysiliHe ypaxeHHs - ye cknadHe MyrnbmughakmopHe noWKOKEHHS Mep8UHHO iueMi308aHUX MKaHUH y pe3yrbmami
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8iOHOBIEHHS 8 HUX apmepianibHO20 Kpo8oobiay, sike Cyrnpo8odXyembCsi TOKarbHOK MOPGOGhYHKUIOHaIbHOK peopaaHi3auyiero CyOUHHO20
pycna 3adHix KiHUuieok wypie. OOHUM i3 nepcrnekmusHuUX 3acobig y nikyeaHHi i npoghinakmuui perepghy3itiHux nopyweHs € kapbayemam,
Kompul 32nadxye ¢heHomeHu 2irno- ma 2inepnegysii 8 nocmiwemiyHoMy repiodi. Mema AocnidxeHHs - ecrmaHo8uUMU MpPos8u
MOopghopyHKUIOHaIbHO20 pemooderitoeaHHs1 CyOUHHO20 pycria 3a0HiX KiHUIBOK wypie ripu iwemii-pernepgysii ma 3a ymos Kopekuii
kapbauyemamom. [posedeHo 2icmornoeidyHe OocnidxeHHs1 cyOUHHO20 pycria 3adHix kiHuieok 30 wypie 3a ymos iwemii-penepgyasii (I
2pyna) ma 30 wypie rpu modesnosaHHI iwemii-pernepgysii, kKompum y nocmiwemidyHomy repiodi eeodunu kapbauemam 1 pa3 Ha 0oby
(5 me/ke) npomszom 14 9i6 (Il epyna). Y koHmponbHit epyni 6yno 6 iHmakmHux meapuH. ModerogaHHs iwemii MpoeoounIu Wisxom
HaknadeHHs1 2ymosux Oxaymie SWAT Ha 3adHi KiHUjieKu 8rpodosx 2 200uH, a penepqyasii - WsixoM 3HIMmMs mypHikemy. TeapuHu
ekcriepuMeHmanbHux 2pyn 6ynu posnodineHi Ha 5 nidzpyn 3 penepgpysitiHuMmu mepmiHamu yepe3 1, 2 eoduHu, 1 0oby, a makox Jepe3
7 ma 14 9i6. lNcmornoaiyHe AocnidxeHHs1 Mpo8odusiu 3a 3a2anbHoNpPUlHAMUMU memodukamu. Jocnidxyeanu cyOuHHe pycrio 8 cepedHil
mpemuHi cmeeHa ma 20MinKU Hux4e OinsHKU HaknadaHHs mypHikemy 3a 0oromMoeoro Mikpockona Bresser Trino Researcher 40x-
1000x. AHanisyto4u ompumaHi pe3ynibmamu ecmaHo8urnu, Wwo Yepe3 1 200uHy pernepgbysii eicmonoaiyHi 3MiHu Habyeanu cucmeMHOCMI,
a yepe3 1 0oby bynu Halbinbw supaxeHumu. HeobxiOHo eiOMimumu, wWo moswuHa CmiHOK cyOuH 306inbuwyeanacsi, a efacmuyHi
MembpaHU 4acmKOo80 8UPIBHI08aNUCH, 8UMOHYYy8anucb ma pospusanucb. Hepidko empadyanace 4Yimkicmb rnowaposoi cmpykmypu
cmiHoK apmepil. Habpsk Habyeae momanbHoeo xapakmepy. [lpu 2icmonoeiyHomy docnidxeHHi cyOuH Yyepe3 7 0i6 sussunu, wo
Habpsik CMIHOK 3MeHWy8ascsl, a CmaH eflacmu4Ho20 Kapkacy rokpawysaecsi. B adeeHmuuii mana micuye nposnighepauisi KonazeHogux
80J10KOH, W0 6yr10 8i0noeiddto Ha iweMiyHi erusu. BiomiveHo, wjo yeped 14 0ib y ecix obonoHKkax cmiHku 3bepieanacs nponighepamueHa
akmueHicmb ¢bibpobriacmie. 3a ymos Kopekuii kapbauemamom yepes 2 200UHU cmpyKmypHa nosumusHa OuHamika cmasana 6inbuw
8Upa3HOoI ma csizana Makcumymy depes 7 0ib ekcriepumeHmy. 3MeHwy8eanacs KifbKicmbs 6UOO3MIHEHUX ma 3r1yuweHUx eHdomernioyumis,
a cmaH enadkux mioyumie rnokpauwysascs. [icmonoegiyHo ecmaHo8/1eHO nocmynoge 8i0HO8/1eHHS eHOomenianbHO20 MoKpuMms
iHmumu. Takum YyuHoM, iwemiss ma penepgysis 3ymoerroe peMooernto8aHHs1 CyOuH exe yeped 1 200uHy i3 rikom rposisie yepes 1 doby
penepgys3ii, Wo skroyae 8 cebe Habpsikosull cuUHOPoM, BucmpoghidHO-Oe2eHepamueHi 3MiHU i3 3ananbHok 8i0rno8id0t0 Ha MOWKOOXKEHHS,
a y nisHbomy penepgpy3sitiHoMy repiodi HapocmaHHA akmugHocmi ibpobnacmuyHoz2o OugghepoHy. [Tocmynose noeepHeHHs
mopghornoziyHUX 3MiH 8i0byesaembcsi Yepe3 14 0i6 ekcriepumeHmy. 3a ymo8 Kopekuii 8iOMi4YeHO MPUCKOPEHHS pemModernto8aHHs 3i
cmabinizauiero npoyecy ma Halbinbw MOXIIUBUM CMPYKMYyPHUM 8iOHOBMEHHAM yxe dYepe3 7 0i6 OOCiOKeHHS.

KnroyoBi cnoBa: apmepis, pemodentogaHHs1, iwemis-penepgysis, enacmuyHi membpaHu, kapbauemam.

rMCTONOrMYECKUE U3SMEHEHUA COCYOUCTOIO PYCIA 3AAHUX KOHEYHOCTEMN KPbIC NMPU OCTPOW ULLEMUMK-
PEMEP®Y3UU N NPU KOPPEKLIMUM KAPEALIETAMOM

Bepecrok T.0., Cenbckul I1.P.

Nwemuyecku-penepgy3uoHHOE ospexxoeHue - 3mo CrI0XHOe My bmughakmopHoe nospexoeHue nepsuyHo UWeMU3Upo8aHHbIX mKaHel
8 pe3y/nbmame 80CCMAaHOB/IEHUA 8 HUX apmepuanbHO20 KpogoobpauwjeHus, Komopoe corpogoxdaemcs foKkanbHOU
MopghoghbyHKUUOHarbHoU peopeaaHu3ayuell cocyoucmoeo pycrna 3adHuUx KoHedHocmel Kpbic. OOHUM U3 MepcrekmusHbIX cpedcms 8
fiedeHuU U npogunakmuke perepgy3uoHHbIX rnogpexoeHull siernsemcs Kkapbauemam, KOmopbil cenaxueaem ¢heHOMEeHbl 2uro- u
aunepnepgysuu 8 nocmuwemuyeckom rnepuode. Llenb uccnedogaHus - ycmaHo8umMb nposieneHuss MopopyHKUUOHaIbHO20
pemodenuposaHusi cocyducmoeo pycria 3a0HUX KOHeYHOCmeU KpbIC rpu utuemuu-penepgby3uu U 8 ycriogusix KoppeKkuuu kapbauemamom.
lposedeHo eucmornozu4eckoe uccnedosaHue cocyoucmozo pycrna 3adHuUx koHeyHocmel 30 KpbiC 8 ycrosusix uwemuu-periepghy3uu
(I epynna) u 30 kpbic npu modenupogaHuu uwemuu-pernepgysuu, KomopbiM 8 rnocmuwemMuyeckom rnepuode egodunu kapbauyemam 1
pa3 e cymku (5 me/ke) 8 meuerue 14 cymok (Il epynna). B konmponbHoU epyrnne bbi1o 6 uHmMakmHbix XueomHbix. ModenuposaHue
uwemuu rpoeodusniu nymem HasoxeHusi pe3uHosbix xaymoe SWAT Ha 3a0Hue KOHeYHOCmU 8 medYeHuu 2 4Yacos, a pernepgysuu -
nymem cHAmMusi mypHukema. XKueomHsle sKkcriepumeHmarbHbiX epyrnn bbinu pasdeneHsl Ha 5 modepynn ¢ penepgy3UOHHLIMU CPOKaMu
yepes 1, 2 yaca, 1 cymku, a makxe yepes 7 u 14 cymok. lucmonoaudeckoe uccredogaHue rpogodusiu rno obuenpuHsmsiM MemoouKkam.
Uccnedosanu cocyducmoe pycrio 8 cpedHel mpemu 6edpa u 20/1eHU HUXe y4acmka HaroXeHUs mypHUKema ¢ MoMoWwbio MUKpocKora
Bresser Trino Researcher 40x-1000x. AHanu3upysi nofny4YeHHble pe3ysbmambl ycmaHosusniu, Yymo 4yepe3 1 yac penepghysuu
2ucmorioauqyecKue USMeHeHUs1 CmaHo8UUCH cUCmeMHbIMU, a Yepe3 1 cymku bbinu Haubonee ebipaxeHHbIMU. Heobxodumo ommemum,
4mo mosnujuHa cmeHoK cocydoe8 yeenu4uearnacs, a 3/1acmuyHble MemMbpaHbl 4aCMUYHO 8bIPaBHUBANUCH, UCMOHYaNUCh U paspbiearucs.
Tepsinacb Yemkocme NocolHOU cmpykmypbl cmeHok apmeput. Omek npuobpeman momarnbHbil xapakmep. [lpu aucmonozau4yeckom
uccnedosaHuu cocydoe Yepes 7 dHel 0OHapyXusu, 4mo OmeK CMeHOK yMeHbWarics, a COCMOsIHUe 3/1acmu4YHO20 KapKaca yy4uanoch.
B adsenmuuyuu umena mecmo nponugpepayusi KosmnageHo8biX 80/10KOH, Ymo bOblf0 0mMeemoM Ha uwemu4yeckue 8030elicmeusl.
OmmeyeHo, ymo 4yepe3 14 OHel 80 8cex 0b6o/I0YKax CMeEHKU coXpaHsifiach rposugepamusHass akmusHocmbs ubpobnacmos. B
ycrnosusx Koppekuyuu kapbayemamom Yepes 2 yaca CmpyKmypHas nonoxumeribHas OuHamuka cmaHosuack boree ebipa3umesibHoU,
docmuzasi Mmakcumyma dYepes 7 OHell IKcriepumMeHma. YMeHbWanoch Konu4yecmaeo 8udOU3IMEHEHHbIX U CyU,eHHbIX 3HAomMenuoyumos,
a cocmosiHue 2r1adKux MUoyumos yryqwunoce. [ucmono2uyecku ycmaHo8/1eHO ocmerneHHoe 80ccmaHosneHue 3HOomenuanbHo20
noKpbimusi UHMuUMbI. Takum obpa3om, uwemusi u periepghysus npedonpedenssem pemodenuposaHue cocydos yxe yepe3 1 yac ¢
rnukom niposierieHull yepe3 1 cymku perepghysuu, 4mo eKrrodaem 8 cebsi omeyHbili cuHOpoMm, ducmpoghuyecKu-0eeeHepamugHbie
U3MEHEHUsI ¢ 8ocranumerbHbIM 0mMeemomM Ha rnospexoeHue, a 8 no3oHeM pernepghy3uoHHOM rnepuode - HapacmaHue akmueHocmu
gubpobracmuyeckoeo dughghepoHa. [NocmerneHHoe g8o38paljeHuUe MopghoriocuYecKux uaMmeHeHul npoucxooum dYepe3 14 OHel
aKcriepumeHma. B ycrosusix Koppekuyuu ommedyeHO yckopeHHoe pemodernuposaHue co cmabunusayuel npouecca u Haubonee
803MOXHbBIM CMPYKMYPHbLIM 80CCMAaHO8/IEHUEM yXe yepe3 7 CYmoK Uuccried08aHUs.

KnroueBble cnoBa: apmepusi, pemoderniupogaHue, uwemus-penepghy3usi, snacmudyeckue membpaHbl, kapbauemam.
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Nowadays, anthropometric researches have confidently taken its place in medicine.
They are useful not only for health assessment, but also are used in many fields:
forensic medicine (to estimate the age of the subject), forensic dentistry (it is an
interdiscipline of forensic medicine and dentistry) for the identification of individual and
age estimation, dentistry (anthropometric diagnostic methods of dentognathic anomalies
and deformations, and there is a potential correlation among number of teeth, chewing
ability and anthropometric profile), pediatrics, obstetrics and gynecology, as well as for
the diagnosis of overweight (important indicators of nutritional status in the children
and adults), for sports control and for the standardization purpose. The symptoms of
many diseases are expressed in anthropometric changes. Unfortunately, in Ukraine
there is still no generally accepted translation of anthropometric terms from Ukrainian
into English. Often for the same medical anthropological term, different names and
definitions are used in foreign scientific works. Therefore, the aim of the work was to
unify and standardize the translation of rarely used anthropometric terms from Ukrainian
into English, as well as determination of the place of the anthropometric point
measurement and its schematic representation. We have used the standardized
techniques proposed by Shaparenko P.P. and Burikh, M.P. (2000), set out in the
"Anthropometric data analysis sets manual” (1994), in the works of Hobbs P.C. (1975)
and Brinkley, J.F with co-authors (2016), where some anthropometric terms were
described that are used when measuring the head, determining the height above the
floor of some points of the trunk and upper limb of a person, and anthropometric
parameters of the hand. The conclusion is made about the correctness of the proposed
translation from Ukrainian into English, considering the specialized terminology. We
hope that in the future this list will be supplemented with the new terms related to
measurements of the auricle, upper and lower extremities.

Key words: anthropometric terminology, anthropometric measurements, translation,
English language.

Introduction

Anthropometry is directly or indirectly related to all
branches of medical science. Nowadays, anthropometric
researches have confidently taken its place in medicine.
So they are useful not only for health assessment, but also
are used in many fields: forensic medicine (to estimate the
age of the subject) [13], forensic dentistry (it is an
interdiscipline of forensic medicine and stomatology) for
the identification of individual and age estimation [24],
dentistry (anthropometric diagnostic methods of
dentognathic anomaly, and there is potential correlation
among number of teeth, chewing ability and anthropometric
profile) [7, 9, 29], pediatrics, obstetrics and gynecology [17,
21, 27], as well as for the diagnosis of overweight (important

indicators of nutritional status in the children and adults)
[11, 16, 20], for sports control [22] and for the standardization
purpose [3, 15, 23, 26, 30]. The symptoms of many
diseases are expressed in anthropometric changes [12].

So on the basis of the research center of the National
Pirogov Memorial Medical University, Vinnytsya, as a part of
the general university scientific project "Development of
normative health criteria of the various age and sex groups
of the population based on the study of anthropogenetic
and physiological characteristics of the body in order to
determine markers of multifactorial diseases", for many
years, scientists and employees working in different
departments of the university have been performing
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scientific work and using anthropometric terminology.

Today, scholars often have problems working with
anthropometric articles and textbooks in English. To date,
we have published 2 methodological articles [5, 6] which
include the translation from Ukrainian into English of the
most commonly used anthropometric terms with a
description of the place and methods of determining the
corresponding anthropometric points or sizes and also
figures that schematically show determination of human
head parameters.

Unfortunately, there is still no generally accepted unified
use of the translation of anthropometric terms from
Ukrainian into English on the territory of Ukraine.

Therefore, the aim of the work was to standardize and
unify the translation from Ukrainian into English of some
anthropometric terms that are rarely used.

Materials and methods

Thus, to determine some anthropometric points and
parameters of the human head measure the following:

bitragion - coronal arc: the surface distance between
the right and left tragion landmarks across the top of the
head is measured with a tape (tape tension sufficient to
flatten hair). The head is in the Frankfort plane (Fig. 1) [2,
25];

bitragion breadth: as a result of this measurement, we
obtain the digital value of the breadth of the head which is
determined by measuring the distance from the right to the
left tragion with a head caliper (Fig. 2) [2, 25];

tragion to top of head (vertex): measure the distance
from the tragion to the vertex [2, 25];

palpebral fissure length: measure the horizontal length
of the eye fissure, from corner to corner. (i.e., as a result,
we receive the digital value of the horizontal dimension, or
width, of the palpebral fissure) (Fig. 3), [4, 25];

interocular distance: carry out a horizontal measurement
between the inner corners of the eyes, as a result of which
a digital value of the inner distance between the eyes is
obtained [2, 25];

menton-crinion length: measure the distance from the

bottom surface of the chin to the midpoint of the hairline.
Not measured on bald and balding [2, 25];

minimum frontal arc these measurements are
performed using a tape - measure the arc across forehead
between points of the greatest indentation of temporal
crests (Fig. 4), [14, 25];

maximum nose breadth: researcher is placing
recording parts of the caliper on broadest part of nose then
moving horizontally across to other side of nose,
measurement of maximum nose breadth without applying
a pressure (Fig. 5), [14, 25];

upper facial height: this measurement is designed to
principally capture the vertical length or height of the upper
portion of the face or viscerocranium. Despite its name,
this measurement contains segments of the classically
defined middle and lower facial thirds which are determined
by measuring the straight distance between nasion and
stomion. (Fig. 6), [4, 25];

lower facial height: this measurement is designed to
principally capture the vertical length or height of the lower
portion of the face or viscerocranium. Straight distance
between subnasale and gnathion is measured. (Fig. 7),
[4, 25];

upper lip height: vertical measurement designed to
capture the length or height of the entire upper lip including
the skin and vermillion segments. Other common names
for this measurement include: total upper lip height or
length. The upper lip height is determined by measuring
the distance between subnasale and stomion [4, 25];

lower lip height: vertical measurement designed to
capture the length or height of the entire lower lip including
the skin and vermillion segments. Other common names
for this measurement include: total lower lip height or
length. The lower lip height is determined by measuring
the distance between stomion and sublabiale [4, 25];

ear length: measure the distance from the highest to
the lowest points on a line parallel to the long axis of the
ear [2, 25];

ear breadth: measure the maximum breadth of the right
ear, which is perpendicular to its long axis [2, 25];

Fig. 1. MNonepeyHa ayra. Bitragion - Coronal Arc.

Fig. 2. BywHun pgiameTtp.
Bitragion Breadth.

Fig. 3. LLnpuHa oyHoi Wwinnnun. Palpebral
fissure length.
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Fig. 4. MiHimanbHa dpoHTanbHa LWMpUHa.
Minimum Frontal Arc.

Fig. 6. Bucota BepxHbOi YacTUHN 0BnnYuYs.
Upper Facial Height.

It should be noted that ear length and ear breadth are
measured with a sliding caliper. During research, the
subject should sit erect looking straight ahead. The head
is in the Frankfort plane (the Frankfurt plane is a plane
formed by drawing a straight horizontal line from the top of
the ear canal to the inferior margin of the eye along either
side of the human skull provided that the median plane of
the head is vertical). The researcher carries out
measurements with a caliper without applying a pressure.
All measurements are performed with a caliper or a tape
according to the method described by Hobbs in 1975 [14],
set out in the "Anthropometric data analysis sets manual"
1994 [2], in the work of Shaparenko P.P. and Burikh, M.P. in
2000 [25], as well as by Brinkley, J. F et al., who provided
the appropriate methodology in their work in 2016 [4].

To determine the height of the torso point's locations
above a standing surface measure the following:

substernale height: established by measuring the

pjff,c‘\é\“

\ <CA

Fig. 5. MakcumanbHa WwupuHa Hoca.
Maximum Nose Breadth.

Fig. 7. BucoTa H/WXHbOT YacTUHM 0BnyYs.
Lower Facial Height.

height of the midpoint of the lower
edge of the breast bone from the
floor [2, 25];

tenth rib height: established by
measuring the vertical distance
between a standing surface and
the tenth rib landmark at the

bottom of the right side of the rib
N cage [2, 25];
2

iliospinale height: established
by measuring the vertical distance
from the floor to the left iliospinale
[2,25];

lliocristale height: established
by measuring the vertical distance
between a standing surface and
the iliocristale landmark on the top
of the right side of the pelvis [2, 25];

cervicale height: established by
measuring the vertical distance
between a standing surface and
the cervicale landmark on the
spine at the base of the neck [2,
25];

It should be noted that in the
study, the subject should stand
erect, looking straight ahead, his
head should be in the Frankfort
plane, shoulders and upper
extremities should be relaxed. All
measurements are performed with
an anthropometer according to the
method described by Shaparenko
P.P. and Burikh, M.P. in 2000 [25]
and by "Anthropometric data
analysis sets manual" (1994) [2].

To determine the height of the
anthropometric points of the upper
limb above a standing surface and the anthropological
parameters of the human hand measure the following:

acromion height: established by measuring the vertical
distance between a standing surface and the acromion
landmark on the tip of the right. The subject should stand
upright looking straight ahead. The measurement is
performed with an anthropometer [2, 25];

radial-stylion length: established by measuring the
distance between the radiale landmark on the right elbow
and the stylion landmark on the right wrist. It is measured
with a beam caliper held parallel to the long axis of the
forearm. Subject stands with the arms relaxed at the sides.
The hand and fingers are held straight in line with the long
axis of the forearm [2, 25];

hand length: established by measuring the length of
the right hand between the stylion landmark on the wrist
and the tip of the middle finger. The subject places the
palm on a table with the fingers together, and the thumb

s,
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abducted. The middle finger is parallel to the long axis of
the forearm. The measurement is carried out with a Poech
sliding caliper [2, 25];

palm length: established by measuring the distance
from the base of the hand to the furrow where the middle
finger folds upon the palm [2, 25];

hand breadth at metacarpale: established by measuring
the breadth of the right hand between the landmarks at
metacarpale Il and metacarpale V The subject places the
palm on a table, the fingers together and the thumb
abducted. The middle finger is parallel to the long axis of
the forearm. The measurement is carried out with a sliding
caliper [2, 25];

Currently, we have proposed a number of unified
anthropometric terms in Ukrainian, which are rarely used
with their translation into English, as well as the places of
the anthropometric point determination and its schematic
representation.

This list was developed by us based on the following
scientific sources: Anthropometry and systems of
topographic and anatomical coordinates of the human body
[25], Anthropometric data analysis sets manual [2], The
Face Base Consortium: a comprehensive resource for
craniofacial researchers [4], An anthropometric survey of
500 Royal air force aircrew heads [14].

Results

The obtained measurements of some anthropometric
parameters of the head and upper limb, as well as the
determination of the location of the head and torso points
of a person, make it possible to use the following scientific
terms in the process of translation from Ukrainian into
English:

Anthropometric points of the head

Monepey4Ha dyaa - Bitragion - coronal arc (landmarks
involved - tragion: the point located at the notch just above
the tragus of the ear. This point corresponds approximately
to the upper edge of the ear hole. Vertex: highest point on
the convexity of the calvarium measured from the Frankfurt
plane (auriculo-orbital plane) (Fig. 1).

BywHulii diamemp - Bitragion breadth (landmarks
involved - tragion (Fig. 2)).

Bucoma zosioeu - Tragion to top of head (vertex)
(landmarks involved - vertex and tragion (Fig. 3)).

WupuHa o4yHOi wiinuHu - Palpebral fissure length
(landmarks involved - endocanthion: apex of the angle
formed at the inner corner of the palpebral fissure where
the upper and lower eyelids meet. Exocanthion: apex of the
angle formed at the outer corner of the palpebral fissure
where the upper and lower eyelids meet.)

Mixo4yHosiMkoea wupuHa - Interocular distance
(landmarks involved - endocanthion: the point of the medial
angle of the eye which is located medially from caruncula
lacrimalis.).

dizionoziyHa doexuHa ob6nuy4s - Menton-crinion
length.

MinimanbHa no6oea wupuHa - Minimum frontal arc
(Fig. 4).

MakcumanbHa wupuHa Hoca - Maximum nose
breadth (landmarks involved - alare: most lateral point on
the nasal ala (Fig. 5)).

Bucoma eepxHboi YyacmuHu ob6nu44s - Upper facial
height (landmarks involved - nasion: midline point where
the frontal and nasal bones contact (nasofrontal suture).
Soft tissue nasion corresponds to the underlying bony
landmark. Stomion: the point of contact in the midsagittal
plane between the upper and lower lips. (Fig. 6)).

Bucoma HuxHbOi YacmuHu obsiuyusi - Lower facial
height (landmarks involved - subnasale: midline point
marking the junction between the inferior border of the nasal
septum and the cutaneous upper lip. It is the apex of the
nasolabial angle. Gnathion: Midline point on the inferior
border of the mandible. It corresponds to the underlying
bony landmark (Fig. 7)).

Bucoma esepxHboi 2y6u - Upper lip height (landmarks
involved - subnasale and stomion).

Bucoma HuxHboi 2y6u - Lower lip height (landmarks
involved - sublabiale: it is midpoint along the inferior margin
of the cutaneous lower lip (labiomental sulcus) and
stomion).

dizioHomiuyHa doexxuHa eyxa - Ear length.

dizioHomidHa wupuHa 8yxa - Ear breadth.

The following terms should be used to define the height
of torso points when translated into English:

HuxHbo2pyduHHa - Substernale height.

HuxHbopebepHa nepedHs - Tenth rib height.

Kny6oeo-ocmucma nepedHsi - lliospinale height.

Kny6oeo-2pebHesa Halisuwa - lliocristale height.

Bucoma wutiHoi moyku - Cervicale height.

To determine the name of the height of the
anthropometric point's location of the upper limb and
anthropological measurements of the hand, when
translated into English, the following terms should be used:

Bucoma nne4oeoi moyku - Acromion height.

LllunonodiéHa npomeHeea - Radiale-stylion length.

HoexuHa kucmi - Hand length.

Hoexuna donoHi- Palm length.

WupuHa kucmi a6o nonepey4Huii diamemp - Hand
breadth at metacarpale.

Discussion

Often, different terminology is used for the scientific
definition of the same point, even in English scientific
medical articles. So S. Tripathi with co-authors [28] and
A. Dwivedi with co-authors [8] have used in their articles
next terms: "interalar width" instead of "maximum nose
breadth" and "intercanthal width/distance" instead of
"interocular distance". Annelyse Cristine Ballin and co-
authors [3] when evaluating the anthropometric measures
of Caucasian noses of people living in the city of Curitiba
have used the term "intercanthal distance" instead of
"interocular distance" and the term "alar distance" instead
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of "maximum nose breadth". In Ukrainian, this term sounds
like "mixxouHosimkoBa wupuHa", reflecting the correctness
of the meaningful use of the term in English "interocular
distance" and also term "makcumanbHa wupuHa Hoca" will
be translated into English "maximum nose breadth".

Ma Huan and co-authors [18] when evaluating effect of
aging in periocular appearances in Chinese Han
population have used in their article the term "intercanthal
width" instead of "interocular distance" and "outercanthal
width" instead of "biocular breadth" (unified term used in
our previous article [6]). In Ukrainian, this term sounds like
"30BHilWIHBO O4YHa wupuHa", reflecting the correctness of
the meaningful use of the term in English "biocular breadth".

S.M. Weinberg and co-authors [31] when describing
hypertelorism and orofacial clefting have used in their article
the term "intercanthal width" instead of "interocular
distance".

Kamlesh B. Patel and co-authors [19] when describing
fronto-orbital advancement for metopic synostosis have
used in their article the term "intercanthal distance", instead
of "interocular distance".

C.L. Fry and co-authors [10] when describing features
spanning the morphologic range in the spectrum of the
Latino eyelid have used the term "horizontal fissure length"
instead of "palpebral fissure length". In Ukrainian, this term
sounds like "wwupuHa ouHoi winuHun", reflecting the
correctness of the meaningful use of the term in English
"palpebral fissure length".

Olalekan Agbolade and co-authors [1] when
investigating three-dimensional (3D) soft-tissue
craniofacial variation, with relation to ethnicity, sex and age
variables in British and Irish white Europeans have used
in their article the term "intercanthal width" instead of
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OCOBNNUBOCTI NEPEKNALY 3 YKPAIHCbKOI MOBU HA AHIMINCbKY OEAKUX AHTPOMOMETPUYHUX TEPMIHIB, LLIO PIOKO
BUKOPUCTOBYIOTbCA

Yepenaxa O.J1., Madxyna H.I., F’HeHHa B.O., MNpuyeHko A.C.

Ha menepiwHiti 4ac aHmpornomempuy4Hi 00CniOXeHHs1 8Me8HEHO 3aliHsA/IU C80I0 Hily 8 MeOuUyuHi. TOX 80HU KOPUCHI He mifibKu Ons
OUiHKU cmaHy 300po8's, ane U suKkopucmosytombcs 8 bazambox 2any3sx: cydosa meduyuHa (0151 OUiHKU 8iKy 0cobu, wo AocidxXyembcsi),
cydosa cmomamornoeis (e ducyurniHa Ha cmuky cydosoi MeduyuHU ma cmomamornoeii) 0ns ideHmucdbikayii ocobucmocmi ma ouiHKU
8iKy, cmomamorioaisi (aHmpornomempuy4Hi memodu OGiazHocmuku 3yb6o-ujenernHoi aHomarlii, a makox iCHye nomeHuiliHa Kopensauis Mix
Kinbkicmio 3ybis, XyeanbHUMU MOX/TUSOCMSMU ma aHmpornoMempuyHUM rnpogpinem), nediampii, akywepcmea ma eiHekonoeii, a
makox 0 diaeHOCMUKU 3aligoi 8a2u (8axriuei MoKasHUKU xap4yo8o20 cmamycy y 0imel ma dopocnux), 01 CropmueHO20 KOHMPOIo
ma 3 memoto cmaHOapmu3auii. Cumnmomu 6azamb0ox 3axeopr8aHb 3HaxX00siMb C80€ 8iI006PaXXeHHST 8 3MiHax aHMPONOMEemMpPUYHUX
riokasHukie. Ha xanb, 6 YkpaiHi 0oci Hemae 3a2anbHOMNpuliHAMoe2o nepeknady aHmMpPONnoOMempuUYHUX MepMiHie 3 yKpalHCbKOI Ha
aHeniticbky mosgy. Hepidko e 3apybixHux Haykosux pobomax Or51 00HO20 i moeo X MeOUYHO20 aHMPOIo02i4Ho20 MepPMiHy
8uUKoOpUCMO8YOMb PI3Hi Ha3eu i su3HadyeHHs1. Tomy memotro pobomu 6yno yHigikauis i cmaHOapmusayisi nepeknady 3 yKpaiHCbKoi Mogu
Ha aHanitcbKy 0esKuXx aHmpOrnoMempuYHUX MepMiHie, sIKi piOKO 8UKOPUCMOBYOMbLCS, @ MaKoX YMOYHEHHS MICUsl 8UMIpIO8aHHSI
aHmponoMempuyHoi moyku ma ii cxemamu4yHe 306paxeHHs. Bukopucmosytoyu cmaHdapmu3ogaHi MemoOuKu, 3arnpornoHo8aHi
LWanapeHko [1.11. ma Bypux M.I1. (2000), euknadeni y lMocibHUKy aHanizy aHmponomempudHux daHux (1994), Hobbs P.C. (1975), a
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makox y pobomi Brinkley, J.F. 3i cnisaesmopamu (2016) 6ynu onucaHi 0esiki aHmpornomempuy4Hi mepMiHU, KOmpi 8UKOPUCMO8YMmb
fpu 8uUMipax 20108U, 8U3HaYEHHI 8UCOMU 3HaxX00XeHHsI OesIKuX MOYOK 8epXHbOI KiHUieKU i myryba noduHuU Had nidnoeor, a makox
aHmpornoMempuyHUX napamempie Kucmi. 3pobreHo 8UCHOBOK PO MPasusbHICMb i KOPEKMHICMb 3arnporioHo8aHo20 rnepeknady 3
YKpaiHCbKOI MO8U Ha aHerilicbKy, 3 02510y Ha crieyjanisoeaHicmb mepmiHonoeii. B nodanbwomy uel nepenik 6yde 00rno8HeHo HoO8UMU
mepMiHaMu, Wo CmoCYylombCsl 8UMIPI8 8YWHOI PaKOBUHU, 8€PXHIX i HUXHIX KiHUIGOK.

KnroyoBi cnoBa: aHmpornomempuy4Ha mepMiHonoais, aHmpornoMempuyHi 8UMiptosaHHs, nepeknad, aHenilcbka Moga.

OCOBEHHOCTU NEPEBOAA C YKPAUHCKOIO A3bIKA HA AHITIMACKUA HEKOTOPLIX AHTPOMOMETPUYECKUX
TEPMMWHOB, KOTOPbIE PEAKO MCMNOJIb3YIOTCA

Yepenaxa E.Jl., Madxyna H.I. HeHHa B.O., MpuyeHko A.C.

B Hacmosiuee spemsi aHmporomMempuyeckue Uccredo8aHusi y8epeHHO 3aHSIU €80k HuWwy 8 meduyuHe. [1oamomy OHU ronesHs! He
mosibKo O OUEHKU cOCmOsiHUSI 300p08bsi, HO U UCMO/Mb3YIomCcss 80 MHO2UX ompacsisix: cydebHas meduyuHa (0ns oyeHKu eo3pacma
uccredyemoeo 4Yesiogeka), cydebHass cmomamoroaus (amo OucyuniuHa Ha cmbike cyO0ebHol MeOuyuHbl U cmomamoroauu) Ons
udeHmuguKkayuu TUYHOCMU U OUEHKU 8o3pacma, cmomamorsioausi (aHmpornomempuyeckue memodbl duazHocCmuku 3y6o-yenocmHol
aHomarnuu, a makxe cywecmeyem riomeHyuasnsHas Koppesnsayuss mexody Koruyecmeom 3yboe, xesamesibHbIMU 803MOXHOCMAMU U
aHmpornomempu4yeckum rpogpunem), neduampuu, akywepcmea U 2UHeKoo2uu, a makxe 0ns QuazHoOCMUKU UWHe20 8eca (8axHble
rokasamenu nuujeeo2o cmamyca y demel U 83pocsibix), 0711 CIOPMUBHO20 KOHMPOJA U C uenbio cmaHdapmu3sayuu. Cumnmomsl
MHo2ux 3abonegaHull 8bipa)katomcsi 8 aHmMpPONoMempuyeckux usmeHeHusix. K coxarneHuro, 8 YkpauHe 00 cux rop Hem obuw,enpuHamozao
nepesoda aHMPONOMemMPUYECKUX MEPMUHO8 C YKPaUHCKO20 Ha aHenulickull s3biK. Hepedko e 3apybexHbix Hay4yHbix pabomax Ons
00HO20 U Moe2o xe MedUUUHCKO20 aHMpPOro102u4ecKo20 mepMuUHa UCronb3yom pa3Hble Has3gaHusi u onpedesneHus. lToamomy yenbto
pabomsi 6b1510 yHUGUKayus u cmaHdapmu3ayus nepeeoda ¢ yKpauHCKO20 s3blKa Ha aH2ulicKull HEKOMOpPLIX aHMmpPOornoMempu4ecKux
mepMuHoO8, Komopbie pedKO UCMOMb3YIOMCs, a makxe onpedesieHuUss Mecma U3MepeHUsi aHmpornomMempu4yeckol MoYku U ee
cxemamuyeckoe usobpaxeHue. Mcronb3yss cmaHOapmu3uposaHHble MemoOuKu, npednoxeHHble LllanapeHko 1.®. u bypeix M.II.
(2000), usnoxeHHble 8 lNocobuu Onsi aHanu3a aHmpornomempuydeckux OaHHbiX (1994), Hobbs P.C. (1975), a makxe 8 pabome
Brinkley, J.F. ¢ coaemopamu (2016) 6binu onucaHbl HEKOMOPbIe aHMPONOMEempUYECKUEe MEPMUHbI, KOMOpbIe UCMOMb3yrom npu
usMepeHusix 20/108bl, oripedesieHUU 8bICOMbI Hax0XO0eHUs1 HEKOMOPbIX MOYeK 8epxHel KOHeYHocmu U myrnosuwia Yernoeeka Had
r10/10M, @ makxe aHmpornoMempu4yeckux napamempos kucmu. CdenaH 851800 O NPasuibHOCMU U KOPPEKMHOCMU npedsioXeHHO20
nepesoda C yKpaUHCKO20 fi3blKa Ha aHenulcKul, ydumbigasi crieyuanu3upoeaHHoCmb mepMmuHonozauu. B 6ydywem amo nepeyeHs
b6ydem OononHeH HOBbIMU MepPMUHaMU, KacarouuMucs UsMepeHull yWHOU PaKo8UHbI, 8EPXHUX U HUXHUX KOHeYHocmedl.
KnrouyeBble cnoBa: aHmporniomempu4yeckass mepMuUHO02usl, aHmpornoMempu4yecKue UMepeHusi, nepesold, aHanulckul S3bIK.
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Thyroxine and Triiodothyronine are very important for normal growth, development and
organ function. These hormones regulate the basal rate of metabolism of all cells,
including hepatocytes, and thus modulate liver function. There is a close connection
between hyperhomocysteinemia (HHCy) and the induction of oxidative processes,
disruption of nitric oxide production of NO synthase, damage to the endoplasmic
reticulum and activation of inflammatory processes in the liver. Disorders of homocysteine
metabolism (HC) in thyroid dysfunction are also known. Therefore, it can be assumed
that the violation of the structure and functions of the liver will be an important
manifestation of the negative impact of HHCy on organs and tissues in hyper- and
hypothyroidism. The aim of the study was to establish the reorganization of the structural
components of the liver in the conditions of modelized HHCy, hyper- and hypothyroidism
and their joint effects. Thiolactone HHCy was modelized by administering to animals
an exogenous HC in the form of thiolactone at a dose of 100 mg/kg body weight once a
day for 28 days. Hyperthyroidism was modelized by daily administration of L-thyroxine
at a dose of 200 ug/kg for the 21days, hypothyroidism - daily administration of thiamazole
at a dose of 10 mg/kg for the 21 days. Individual groups of animals were administered
L-thyroxine and thiamazole in parallel with HC. It was found that in the conditions of
simulated HHCy, hypo- and hyperthyroidism in the liver of experimental animals there
is an incompleteness of hepatocyte beams, changes in hepatocytes of destructive,
dystrophic and necrotic nature with signs of steatosis, vascular disorders. Conclusions:
both HHCy and hypo- or hyperthyroidism lead to a violation of the structural organization
of liver tissue. With the development of thyroid dysfunction on the background of HHCy,
the disturbances of the histological structure of hepatocytes significantly increased.
Key words: hyperthyroidism, hypothyroidism, hyperhomocysteinemia, homocysteine,
liver.

Introduction

Thyroxine and triiodothyronine are necessary for normal
growth, development and functioning of organs. These
hormones regulate the rate of basic metabolism of all cells,
including hepatocytes, and thus modulate liver function; the
liver in turn metabolizes thyroid hormones and regulates
their systemic endocrine effect. Graves' disease has been
shown to cause asymptomatic elevations in liver enzymes,
jaundice, and, less commonly, acute liver failure, but the
relationship between thyroid hormone levels and liver tissue
status remains unclear [18].

Mechanisms associated with disorders of sulfur-
containing amino acid metabolism are known to play a

significant role in the development of liver pathology. A special
role belongs to homocysteine (HC), an intermediate product
of methionine metabolism [8]. The accumulation of HC in
the blood is a consequence of an imbalance between the
level of its synthesis and elimination. A special role in the
synthesis and metabolism of the latter is assigned to the
liver, in which a significant part of transmethylation reactions
occurs [17]. Obviously, elevated levels of HC in the blood
can cause liver damage and, conversely, liver damage often
leads to disorders of HC metabolism. Cirrhosis of the liver
in humans is known to be associated with HC metabolism,
in particular the expression of methionine synthase, betaine-
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homocysteine-S-methyltransferase, cystathionine-p-
synthase genes is reduced [11, 12].

In previous studies, we have shown that the experimental
reproduction of hyperthyroidism leads to a decrease in the
level of HC, and hypothyroidism, in contrast, causes an
increase in the content of HC in the blood, which is
associated with changes in the activity of methionine and
cysteine [15].

The aim of this study was to establish changes in the
structure of the liver under the conditions of HHCy, hyper-
and hypothyroidism and their combined effects.

Materials and methods

The experiments were performed on 50 outbred white
male rats weighing 180-200 g. Rats were kept at standard
daylight on a normal diet. All studies were conducted in
compliance with the requirements of humane treatment of
experimental animals, regulated by the Law of Ukraine "On
protection of animals from cruel treatment” (Ne 3447-IV of
21.02.2006) and the European Convention for the protection
of vertebrate animals used for experimental and other
scientific purposes (Strasbourg, March 18, 1986).

All animals were divided into 5 groups: 1 - intact rats. This
group of animals was injected intragastrically with 1% starch
solution; 2 - animals with thiolactone HHCy, which was caused
by intragastric administration of HC in the form of thiolactone
at a dose of 100 mg/kg body weight in 1% starch solution
once a day for 28 days. The dose, routes and duration of
administration of thiolactone HC are borrowed from the
literature and did not cause death of animals [19]; 3 - animals
with hyperthyroidism, which were administered intragastrically
daily for 21 days L-thyroxine at a dose of 200 pg/kg in 1%
starch solution [14]; 4 - animals with thiolactone HHCy, which
were daily administered intragastrically for 21 days L-thyroxine
at a dose of 200 pg/kg in 1% starch solution; 5 - animals with
hypothyroidism, which were daily administered intragastrically
for 21 days Mercazolil in 1% starch solution at a dose of
10 mg/kg body weight [14]; 6 - animals with thiolactone HHCy,
which were daily administered intragastrically Mercazolil at a
dose of 10 mg/kg in 1% starch solution.

Animals were removed from the experiment 24 hours
after the last administration of the selected substances.
Collection of material for microscopic examinations and its
processing was performed according to the generally
accepted method [7]. Pieces of liver were fixed in 10% neutral
formalin solution, dehydrated in alcohols of increasing
concentration, poured into paraffin blocks. The sections
made, 4-5 pym thick, were stained with hematoxylin-eosin
[7]. Histological specimens were examined using a
MIKROmed SEO SCAN light microscope and photo-
documented using a Vision CCD Camera with an image
output system from histological specimens.

Results
Microscopic examination of the liver of white rats of the
intact group revealed that the organ has a typical, lobular

organization. Stromal loose connective tissue is poorly
developed, clearly manifested in the area of triads or portal
tracts of the hepatic artery, vein, bile duct, lymphatic vessel
and nerves. The lobule is formed by anastomotic hepatic
canaliculi consisting of hepatocytes (Fig. 1). Sinusoidal
capillaries that flow into the central vein and bile capillaries
are located between the canaliculi.

Hepatocytes - the main cells of the organ of irregular
polygonal shape have one, sometimes two, weakly
basophilic nuclei. The cytoplasm of the cells is little oxyphilic,
containing basophilic nodules. The wall of sinusoids is
formed by elongated endothelial cells, between which
macrophages of the liver, Kupffer cells, are found.

Conducted histological examinations of the liver of
animals under the conditions of the simulated HHCy
established dyscirculatory disorders with venous plethora,
stasis, thrombosis. There is an expansion of lumens and
plethora of the central, hepatic and portal veins, and to a
lesser extent to the hepatic veins. Large areas of leukocyte
infilirations were identified in the zones of the portal tracts.

Damage to the canaliculi-lobule organization of the
organ was revealed. The sinusoidal capillaries are
widened, full-blooded, the wall of the capillaries is indistinct.
Hepatocytes with swollen cytoplasm and manifestations
of vaculo-hydropic and fatty dystrophy were mainly defined
in the centripulobular zones. Cells with small-droplet fatty
dystrophy were found in certain zones. The nuclei of
hepatocytes are hyperchromic, pyknotically altered (Fig. 2).
The figures of mitosis in hepatocytes were practically not
revealed. The number of Kupffer cells in the wall of
sinusoids increased.

In the group of animals with experimental
hyperthyroidism, histological changes of the liver are also
destructive and manifested by discomplexation of liver
canaliculi, expansion and blood supply of sinusoidal
hemocapillaries, in their lumens are numerous

erythrocytes, leukocytes, and in the wall - activated
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Fig. 1. Histological organization of the liver of intact group animals.
Lobule-canaliculi placement of hepatocytes, central vein, sinusoidal

hemocapillary. Hematoxylin-eosin. x200.
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Fig. 2. Histological changes of the animal liver under conditions of
hyperhomocysteinemia. Discomplexation of hepatic canaliculi,
dystrophic changes of hepatocytes, destruction of hepatocytes.
Hematoxylin-eosin. x200
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Fig. 3. Microscopic changes of the animal liver under the conditions
of modeled hyperthyroidism. Altered lobule-canaliculi organization
of the organ, dilated, blood-filled central vein with paravasal
histoleukocyte infiltration, alternative changes in hepatocytes.
Hematoxylin-eosin. x200.

macrophage cells. Vascular disorders are significant,
especially plethora is characteristic for central veins, and
hepatic portal veins have moderate lumens, but indistinct
wall, arteries often have spasmodic lumen, edema and
wall thickening, there is significant perivascular edema,
histoleukocyte infiltrates (Fig. 3). The number of activated
fibroblasts is growing. Hepatocytes are moderately
oxyphilic, with signs of cytoplasmic onset, dystrophically
altered, containing dark, compacted basophilic nuclei.
Microscopic studies of the liver of experimental animals
in the simulated hyperthyroidism and HHCy established a
more significant degree of damage to the liver compared
to the previous group of observations. The reorganization
of the vessels of the organ is manifested by a sharp
enlargement, plethora, especially of the central and portal
veins, their walls are swollen or vaguely expressed, thinned,

which determines the formation of local hemorrhages. The
veins in the composition of the triads are also blood-filled,
there is a thickening of the wall of the portal arteries.
Leukocyte infiltration is defined both in the areas of the
potent tracts and along the course of sinusoids (Fig. 4A).
Alterative changes in the parenchyma of the organ are
manifested by discomplexation of hepatocyte canaliculi.
Altered cells with weakly oxyphilic cytoplasm, hyperchromia
and pyknosis of the nucleus are mainly observed in the
central zones of the lobes. There are signs of hydropic,
small- and large-droplet hepatocyte dystrophy, formation
of centrilobular necrosis and foci of the lysis (Fig. 4B).
Sinusoidal hemocapillaries were mainly determined only
in the peripheral areas of the lobules and were filled with
blood.

Microscopic studies of the liver under the conditions of
a simulated experimental hypothyroidism have established
disturbances of the histoarchitectonics of the organ and

reg £

Fig. 4. Microscopic changes of the animal liver under the conditions
of modeled hyperthyroidism and hyperhomocysteinemia. A -
Enlarged, blood-filled lumen of the central vein with paravasal
leukocyte infiltration, dystrophically altered hepatocytes.
Hematoxylin-eosin. x200. B - Destructively and necrobiotically
altered hepatocytes with signs of fatty degeneration. Hematoxylin-
eosin. x200.
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Fig. 5. Histological changes of
of experimental hypothyroidism. Blood-filled central vein,
destructively altered hepatocytes, full-blooded sinusoidal
capillaries. Hematoxylin-eosin. x200.

hypothyroidism and hyperhomocysteinemia. A - Vessels of the
portal tract with paravasal and periductal leukocyte infiltration,
dystrophically altered hepatocytes. Hematoxylin-eosin. x200. B -
Hepatocytes with small and large droplet fatty dystrophy, areas of
cell lysis. Hematoxylin-eosin. x200.

alteration of hepatocytes. Predominantly in the centrilobular
zones, the cells were swollen with signs of destruction,
vacuolar, small- and large-droplet fatty dystrophy. Most of
the nuclei were hyperchromic, pyknotic, but mainly in the
peripheral parts of the particle there were normochromic,
moderately basophilic nuclei with enlightened weakly
basophilic cytoplasm. Most of the vessels are plethora, with
large lumens, especially central and portal veins (Fig. 5).
There was an uneven blood supply to the sinusoidal
hemocapillaries, the full-blown lumens of the microvessels
were present mainly on the periphery of the lobules, they
were full by erythrocytes, neutrophilic granulocytes, and
thrombocytes. Periductal areas are infiltrated by leukocytes,
activated fibroblasts.

A microscopic study of the liver of animals under the
combined effects of hypothyroidism and HHCy revealed
the most pronounced changes in the necrotic and
degenerative nature of the structural components of the
lobes of the organ on the background of significant vascular
disorders. The remodeling of hepatocytes is characterized
by small- and large-scale fat dystrophy, and to a lesser
extent by protein-vacuolar, as well as step necrosis was
also found in the lobes of the liver (Fig. 6B). The
heteromorphism of the cells in the composition of the cell
is observed, they were present as "light" and "dark"
hepatocytes, which were in a state of functional tension.
Inflammatory changes in the organ were manifested by
large leukocyte infiltrates, both in the zone of the portal
tracts and around the central veins and bright areas of the
lysis in the areas of destroyed hepatocytes (Fig. 6A).

Discussion

The results of microscopic examination of the liver at
HHCy are consistent with the available data from the literature.
High levels of HC in plasma are associated with the
development of hydropic fatty liver disease. In the work of
D.O. Nekrut et al., 2017 found that HHCy causes disorders
of biosynthetic processes in hepatocytes and is characterized
by the development of small droplet fat dystrophy [16]. It was
also established that HHCy causes an increase in the
number of Kupffer cells in the sinusoid wall. In addition,
there is damage to the microcirculation of the liver and the
development of fibrogenesis [3]. It is known that one of the
reasons for the development and progression of non-
alcoholic fatty liver disease may be high levels of HC in the
blood. HHCy is one of the important causes of
steatohepatitis, changes in the lipid spectrum of the blood,
and subsequently - the development of the process into
fibrosis and cirrhosis of the liver [5]. HHCy also has a toxic
effect on the endothelium of hepatic vessels due to the
formation of significant amounts of free radicals and the
development of endoplasmic reticulum stress [9]. We found
a negative effect of HC on protein, carbohydrate and fat
metabolism in liver cells, which at the optical level is
manifested in the form of steatosis, multilobule fibrosis with
signs of parenchymal and stromal reactions [1].
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Hyperthyreosis had a destructive effect on liver tissues,
namely, we found discomplexation of hepatic canaliculi,
enlargement and plethora of sinusoidal hemocapillary cells
(numerous erythrocytes, leukocytes in the lumen, Kupffer
cells activated in the wall). In study [4], the relationship
between hyperkinetic circulation, hypermetabolism and
hyperactivity of the sympathetic nervous system in
hyperthyroidism and liver damage in cirrhosis was also
noted. The authors found disorders of the vascular system
(plethora of the central veins), spasmodic lumen of the
arteria, swelling and thickening of the vascular wall,
significant histoleukocyte infiltrates. The number of activated
fibroblasts increased, hepatocytes were moderately oxyphilic
(there was an edema of cytoplasm, dystrophically altered,
contained compacted dark basophilic nuclei). Recent studies
have shown that liver dysfunction can occur in
hyperthyroidism as a result of the use of antithyroid drugs.
The authors found that patients with Graves' disease are
prone to acute hepatitis, which complicates treatment with
antithyroid drugs [2].

We found that in hyperthyroidism and HHCy there is a
greater degree of damage to the structural components of
the liver in comparison with animals with hyperthyroidism.
In this case, the vessels of the liver were with a sharp dilation,
plethora, especially the central and hepatic portal veins, the
walls of the vessels were thinned, swollen, which caused
the formation of local bleedings. Blood-filled veins were
found in the composition of the triad and thickening of the
wall of hepatic arteria, leukocyte infiltration both in the areas
of the portal tracts and along the way of sinusoids. Against
the background of hyperthyroidism, alternative changes are
observed in the liver parenchyma, which was manifested by
discomplexation of hepatocyte canaliculi. Altered cells with
weakly oxyphilic cytoplasm, hyperchromia and pyknosis of
the nucleus are mainly observed in the central zones of the
lobes. Signs of hydropic, small- and large-droplet hepatocyte
dystrophy, formation of centrilobular necrosis and loci of the
lysis are determined. It is possible that high levels of
thyroxine, increasing oxygen consumption, increases the
amount of free radicals in the liver and, thus, causes damage
to liver cells [13]. In another study, it was found that
hyperthyroidism activates both the oxidative and antioxidant
systems in brain, liver and heart tissues [6]. The authors of
this study in rats suggested that the treatment of
hyperthyroidism may inhibit the development of cirrhosis,
which reflects the direct effect of hyperproduction of thyroid
hormones on the liver.

We found that experimental hypothyroidism caused
destructive histological changes of the liver, which was
manifested by discomplexation of liver canaliculi, expansion
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MOP®OINOr4YHI 3MIHM NEYIHKU 3A YMOB MNMEPFOMOUMCTEIHEMIT HA ®OHI INO- TATINEPTUPEO3Y

Heyunopyk B.M., Kopda M.M., Koeanbuyyk O.B.

TupokcuH i mputioOmupoHiH Had38u4yalHO 8axusi 05151 HOpManbHO20 pocmy, po3sumky i oyHKUIl opeaHis. Lli 20pMOHU peayrioromb
6a3zanbHy weudkicmb MemaboriaMy 6CiX KIimMUH, 8K/IHYaYu eenamouyumu, i mum camum MoOyrormb rediHkosi ¢hyHKuii. IcHye
micHul 38'a30k 2inepaomovyucmeiHemii (ML) 3 iHOyKujeto okcudamugHUX ripoyecis, MopyweHHsIM npodykuii okcudy asomy NO-cuHmasoro,
MOWKOOXEeHHSIM eHOonnasMamu4yHoeo pemukynyMy i akmueaujero 3ananbHUX rpouecie y nediHyi. Bidomo makox npo posnadu
memaboniamy 2omoyucmeiry (L) npu ducyHkuyii wumonodibHoi 3anosu. Tomy, MoxHa nepedbaqyumu, WO MOPYWEeHHS] cmpyKmypu
ma ¢byHKUil neyiHku 6yde 8axnusum nposisoM HeeamueHoeo erniusy [TL Ha opeaHu ma mKkaHUHU fipu einep- ma ainomupeosi. Memoto
pobomu 6yro cmaHo8eHHs peopaaHizauii cmpyKmypHUX KOMIOHeHMI8 rneqviHku 3a ymos 3modenboeaHoi [T, ainep- ma sinopmupeosy
ma ix cymicHomy ennusi. TionakmoHosy ITL| modentoganu esedeHHM meapuHaM ek302eHHo20 [l y euensdi mionakmoHy 8 d03i
100 ma/k2 macu mina oOuH pa3 Ha 0oby rpomsieom 28 0ib. inepmupeos modesntogarnu WisixoM Wo0eHHo20 88€0eHHS L-mupoKcuHy 8
003i 200 mke/ke npomsizom 21-20 OHA, 2imomupeos3 - W00eHHO20 88e0eHHS MepKasoniny & 003i 10 me/ke npomsizom 21-20 OHS.
Okpemum epyrnam meapuH 8800unu L-mupokcuH i mepka3onin napanenbHo 3 L. BcmaHoeneHo, wo 3a ymos 3modernboeaHoi [T1,
2ino- ma einepmupeosy & nedviHyji docnidHUX meapuH criocmepizarombcsi QucKoMmekmauisi banok semamoyumis, 3MiHU 2ernamoyumis
decmpykmugHo20, OucmpoghiHHO20 ma HEKPOMUYHO20 Xxapakmepy 3 O03HakaMu po3eUmKy cmeamoasy, cyOuHHi po3nadu, wo
rposIBNSAIOMbLCS] HEPIBHOMIPDHUM KPOBOHArNOBHEHHSIM, cmasaMu, napasasajibHuUMu jielkoyumapHUMu iHginbsmpamamu, OpibHUMuU
Kpososunueamu. Takum YuHom, sk [TLl, mak i aino- yu 2inepmupeod npu3godsimb 00 NOPyWEeHHsI CmMPYKMypHOI opeaHisauii mkaHuHuU
neyiHku. lNpu po3sumky oucgyHKuii wyumornodibHoi 3arno3u Ha mni [T nopyweHHs1 eicmoroeiyHoi cmpyKkmypu 2eramoyumis cymmeeo
1ocunr8anucs.

Knro4yoBi cnoBa: einepmupeos, einomupeos, 2inepeomoyucmeiHemisi, 20MoyucmeiH, nediHka.

MOP®OJTON'MYECKUE U3MEHEHNA NEYEHU B YCNOBUAX TMNEPTOMOLIMCTEUMHEMWUN HA ®OHE N'MNO- U TUMEPTUPEO3A
He4unopyk B.M., Kopda M.M., Koeanb4yyk O.B.

TupoKCcUH U MpPUUOOMUPOHUH OYeHb 8axHbI Ol HOPMasbHO20 pocma, pa3sumus U yHKUUl opeaHoe. Omu 20PMOHbI peaynupyrom
6a3sarnbHyr0 CKopocmb Memabornu3ma 6cex KIemok, 8Kroyasi eeamoyumsl, U memM cambiM MOOYIUPYOM Ne4YeHOYHbIe hyHKUUU.
Cywecmsyem mecHasi cesa3b eunepeomoyucmeuHemuu (L)) ¢ uHOyKkyuel okcudamueHbIX MPOYeccos, HapyuweHuUemM npodyKuyuu
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okcuda asoma NO-cuHma3sol, nospexdeHueM 3HOOMIasMamu4ecko20 pemukylyMa u akmueayueli gocrnanumeribHbIX MPOUeccos 8
rneyeHu. MsgeecmHo makxe o paccmpoticmeax memabonusma eomoyucmeuHa (L) npu ducghyHkyuu wyumosudHouU xesnesbl. [1oamomy,
MOXHO rpedrnonoXumb, Ymo HapyweHue cmpyKkmypbl U OyHKUUU rnevyeHu bydem eaxHbIM MposisrieHueM HeeamueHo2o enusHus 1]
Ha opaaHbl U mKaHuU rpu eunep- u 2uiomupeo3e. Llenbto paboms! 6b1510 ycmaHo8/IeHuUe peopaaHu3ayuu CmpyKmypHbIX KOMIOHEHMO8
reveHu 8 ycrnosusix cmodernupogaHHou [TL], 2unep- u 2auopmupeosa u Ux COBMECMHOM &rusiHUU. TuonakmoHosyto TL| modenuposanu
88e0eHUeM XUBOMHbIM 3Kk302eHH020 'L 8 sude muonakmoHa 8 dose 100 ma/ke macchl mesna 0OUH pa3 8 CymKuU 8 medyeHue 28 cymokx.
lunepmupeo3 modenuposanu rnymem exedHegHo2o seedeHusi L-mupokcuHa e 0o3e 200 mka/ke 8 meyeHue 21 OHs, eunomupeos -
exxe0He8Ho20 8sedeHusi mepka3sonuna 8 0ose 10 me/ke 8 medeHue 21 OHA. OmoesnbHbIM 2pyrnam XUesomHbIX 8800uMU L-mupoKcuH u
mepkasonun napasnnensHo ¢ L. YcmaHoeneHo, ymo 8 ycrosusix cmodenupogaHHol [TL], auno- u eunepmupeo3a 8 nedeHu
aKcrnepuMmeHmarbHbIX XUB0MHbIX Habnwdarmces duckomnnekmauyus 6asiok eenamoyumos, USMeHeHUs 2ernamoyumos
decmpykmugHo20, OUCmMpPOgUYECKO20 U HEKPOMUYECKO20 Xxapakmepa C npu3Hakamu pa3eumusi cmeamos3a, cocyoucmsbie
paccmpolicmea, npossnaruUecss HepagHOMepPHbIM KPOBEHarNo/HEHUEM, cmasamu, napasasalsibHbIMU feliKkoyumapHbIiMu
UHGbUNbmMpamamu, MesKuUMU Kpogou3nusHusimMu. Takum obpa3om, kak ITL|, mak u euno- unu aunepmupeos3 npueodsim K HapyWeHUo
cmpykmypHoU opeaHu3dayuu mkaHu redyeHu. lpu paseumuu OucyHkyuu wumosudHoU xene3bl Ha ¢oHe T HapyweHue
2ucmorioeuyecKkol cmpyKmypbl 2ernamoyumos CyuecmeeHHO yCcuueasnoch.

KnioueBble crnoBa: esunepmupeos, 2urnomupeos, 2unepesoMoyucmeuHemMusi, 20MOYUCMEUH, MeYeHb.
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The morphological condition of the bile ducts remains one of the most important
problems of modern medical science. In order to obtain an analgesic effect in patients
with acute cholangitis, opioids are often used. However, information on the effectiveness
of opioids in the treatment of pathological conditions of the bile ducts is contradictory.
The rapidly progressive destruction of the intrahepatic bile ducts associated with the
use of narcotic agents has been described. Further study of the effect of opioids on the
structural organization of the common bile duct is relevant. In order to establish the
morphological state of the common bile duct under conditions of long-term opioid
exposure, a study was performed on 24 sexually mature white male rats, aged 3.5-5.0
months and weighing 180-200 g, which were injected inframuscularly with Nalbuphine
for 6 weeks. The study material is represented by histological specimens of the common
bile duct of white rats. The "Aver Media" computer system was used to photograph
microspecimens. The "ImagedJ" computer program was used to measure the diameter
ofthe lumen and the wall thickness of the common bile duct. After 2 weeks of Nalbuphine
administration to white rats, plethora of wall microvessels and a significant increase in
the longitudinal diameter of the lumen of the common bile duct were observed. After 4
weeks of the experiment, the common bile duct was dilated, the transverse and
longitudinal diameters of its lumen almost doubled, pathological changes in its wall
had all the signs of inflammation. In the later stages of the experiment (introduction of
Nalbuphine for 6 weeks), the pathological changes increased and manifested by
destructuring the wall of the common bile duct, disorganization of cholangiocytes,
thinning of the cell layer due to detachment of cholangiocytes, polymorphism of their
nuclei, destruction of intercellular junctions, stratification of its own plate, vacuolar
dystrophy of the muscular membrane "varicose" expansion of venules, significant
smooth muscle hyperplasia of arterioles, the presence of perivascular lymphocytic
infiltrates in the duct wall.

Keywords: wmicrostructure, bile excretion pathways, white rat, Nalbuphine.

Introduction

The morphological state of the bile ducts remains one
of the most pressing problems of modern medical science
[5, 6, 13, 17]. Damage to the bile ducts often poses a
serious threat to the patient's life [4, 24, 26]. In 12-30% of
patients operated on for cholecystitis or bile duct damage,
scars and, accordingly, scar strictures of the common bile
duct are formed in the postoperative period [2]. Therefore,
especially many works are devoted to the tactics of surgical
treatment of bile duct pathology [3, 7, 9, 34].

Studying histological changes in the common bile duct
after long placement of a metal stent in animals,
inflammation, fibrosis and trauma of the epithelium, an

increase in the number of lymphoid follicles, a high degree
of neutrophilic infiltration, the presence of ulcers of the
mucous membrane were observed [22]. Recent advances
in tissue engineering make it possible to create an
intrahepatic bile duct tree. It has been proposed to induce
the formation of bile ducts using encapsulated
immortalized epithelial cells of the mucous membrane of
the bile ducts of mice using decelularized hydrogels of the
extracellular matrix of the liver [23]. Some works are devoted
to the therapeutic treatment of bile duct pathology [11, 14,
35]. Successful treatment of biliary outflow difficulties was
achieved by combination therapy, which included the
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introduction of drugs into the portal vein and common bile
duct [21].

Opioids, in particular morphine, are often used to obtain
an analgesic effect in patients with acute cholangitis [12].
However, in the professional literature there are only a few
works devoted to the study of the mechanism of action of
opioids [8]. Information on the effectiveness of opioids in
the treatment of pathological conditions of the bile ducts is
often contradictory. The rapidly progressive destruction of
the intrahepatic bile ducts associated with the use of
narcotic agents has been described [20]. Among the non-
obstructive etiologies of bile duct dilation, opioid
consumption predominates [10].

The above determined the purpose of our study - to
establish the features of the morphological state of the
common bile duct under conditions of six weeks of opioid
exposure in the experiment.

Materials and methods

The studies were performed on 24 adult white male
rats weighing 180-200 g and aged 3.5-5.0 months. All
experimental animals were divided into 3 series: in the
first series (5 rats) studied the structural organization of
the common bile duct wall of white rats after 2 weeks of
Nalbuphine administration, in 2 series of experiments (5
rats) studied changes in the microstructure of the common
bile duct after 4 weeks, and in 3 series of experiments (5
rats) reorganization of the wall of the common bile duct of
experimental animals after 6 weeks of Nalbuphine
administration. The control group included 9 white rats
treated with 0.9% sodium chloride solution.

The study material is represented by histological
preparations of the common bile duct of white rats. For
histological examination, sections were stained with
hematoxylin and eosin. The preparations were studied and
photographed under microscope magnifications: x200,
x400, x1000. The "Aver Media" computer system was used
to photograph the micropreparations. The computer
program ImageJ was used to measure the diameter of the
lumen and the wall thickness of the common bile duct. For
statistical processing of the received digital data the
software "Excel" and "STATISTICA" 6.0 were used.

Administration of Nalbuphine was performed
intramuscularly according to the following scheme: | week
- 8 mg/kg, Il week - 15 mg/kg, 1l week - 20 mg/kg, IV week
- 25 mg/kg, V week - 30 mg/kg, week VI - 35 mg/kg.

All animals were kept in the vivarium of Danylo Halytsky
Lviv National Medical University. The experiments were
carried out 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 Directive 86/609/
EEC (1986), Law of Ukraine Ne 3447 - IV "On the protection
of animals from cruelty", general ethical principles of animal
experiments, approved by the First National Congress of
Ukraine on Bioethics (2001).

Results

After 2 weeks of administration of Nalbuphine to white
rats, the structural organization of the common bile duct
wall of experimental animals, as well as control animals,
is mainly preserved and represented by mucous, muscular
and adventitial membranes (Fig. 1). The mucous
membrane of the wall of the common bile duct is lined with
prismatic epithelium, which was adjacent to its own plate,
formed by a layer of connective tissue. Epithelial cells -
cholangiocytes - had a typical structure, distinct apical, basal
and lateral surfaces (the latter in contact with each other), a
large oval nucleus with clear contours. In its own plate
clearly visible single, but rather large glands with preserved
structure. On some histological preparations of this term
of experiment we found increase in number of glands in a
wall of a common bilious channel, proliferation of their
epithelium (Fig. 2). The muscular membrane consisted of
smooth myocytes arranged in bundles with a preserved
helical arrangement. The adventitial membrane is rich in

weeks of the experiment. Hematoxylin-eosin. Photomicrograph.
x1000.

o T

Fig. .2.-Afragment of the common bile duct of wh|t rat after 2
weeks of the experiment. Hematoxylin-eosin. Photomicrograph.
x400.
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Fig. 3. A fragment of the common bile duct of a white rat after 4
weeks of the experiment. Hematoxylin-eosin. Photomicrograph. x200.

-

Fig. 4. A fragment of the common bile uct of a white rat after 4
weeks of the experiment. Hematoxylin-eosin. Photomicrograph. x200.
¥ v " . .
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Fig. 5.Afagment of the common bile duct of a white rat after 6 weeks
of the experiment. Hematoxylin-eosin. Photomicrograph. x1000.

vessels, which at this time of the experiment are full-blooded
(especially arterioles and capillaries, as shown in Fig. 1)
and dilated.

Morphometric analysis of histological specimens
revealed that the lumen of the common bile duct of white
rats in cross section has an oval shape, so we considered
it appropriate to measure the longitudinal diameter of the
lumen of the common bile duct, which was at this time of the
experiment 272.77+15.09 ym (control - 126.97+3.19 pm,
p<0.05), and the transverse diameter - 97.36£10.86 um
(control - 72.79%£13.52 ym, p>0.05), wall thickness of
common bile duct was 137.85£14.41 ym (control -
144.77+3.91 ym, p>0.05).

A significant increase in the longitudinal diameter of the
lumen of the common bile duct indicates a change in the
shape of its lumen due to two weeks of Nalbuphine
introduction. In addition, although the change in the wall
thickness of the common bile duct after 2 weeks of the
experiment is not significant, but the maximum value of this
indicator in experimental animals (152.52 ym) is much larger
than its maximum value in control animals (148.69 pm),
which indicates about increasing the wall thickness of the
common bile duct during this period of the experiment.

After 4 weeks of experimental exposure to Nalbuphine,
the shape of the lumen of the common bile duct is
incorrect, cholangiocytes are often without clear contours,
their nuclei are large, deformed, swollen, observed
epithelial protrusions, and in some places - exfoliation of
epitheliocytes into the lumen of the common bile duct
(Fig. 3).

The own plate is swollen, fluffy, in some places
stratified, glands are destructured, shifted in the direction
of an epithelial layer, in their gleams - stagnation of
secretion. The bundles of smooth muscle myocytes are
stratified, partially losing their helical organization. The
connective tissue of the adventitial membrane is in a state
of edema, the arterioles are dilated, their wall is thickened,
parietal thrombi are formed in the lumens, capillaries are
hyperemic, often the capillary wall is damaged, diapedetic
hemorrhages are found, venules are dilated, the walls of
the venules are thinned (Fig. 4). Morphometric analysis
showed a pronounced dilatation of the common bile duct,
the longitudinal diameter of the lumen of the duct increased
to 462.98+24.15 pm (p<0.05), the transverse diameter to
275.57+18.34 ym (p<0.05), as can be seen from Figure 2.
The wall thickness of the common bile duct significantly
(p<0.05) increased and amounted to 217.29+18.09 um,
as shown in Figure 4.

After 6 weeks of the experiment, the wall of the common
bile duct is destructed, it was often difficult to differentiate
the boundaries of its membranes, the cholangiocyte layer
is disorganized, formed numerous folds, in some places
thinning of the epithelial layer due to detachment of
cholangiocytes, cholangiocytes acquired a flattened shape,
noted the polymorphism of their nuclei, the nuclei lost their
location in the center of the cell, shifted to the apical surface
of the cell, intercellular contacts are broken, expanded
(Fig. 5).The own plate of a wall of a common bilious channel
is stratified, gleams of glands are uneven, have lost the
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correct form, mainly expanded, filled with contents. The
bundles of smooth myocytes are separated by coarse layers
of connective tissue, there is a vacuolar dystrophy of the
muscular membrane, the adventitial membrane is in a
state of edema, sometimes not differentiated.

When performing morphometric analysis, it was often
impossible to determine the transverse diameter of the
lumen of the common bile duct, because its walls collapsed
(glued), the lumen of the duct was deformed, the longitudinal
diameter of the lumen ranged from 294.88 ym to 386.46 um
(p<0.05), the wall thickness of the common bile duct was
176.44+26.34 pm, which is significantly more than the control
animals, but significantly less than the experimental animals
in the previous period of the experiment, which confirms the
development of dystrophic-degenerative processes in the
common bile duct wall after 6 weeks exposure to
Nalbuphine. During this period of the experiment, significant
changes in the vessels of the hemomicrocirculatory tract
of the common bile duct, including dilation of venules,
significant smooth muscle hyperplasia of the portal
arterioles were also detected. It should be noted that due
to plasma infiltration, sclerosis and hyalinosis, the wall of
the arterioles was thickened, and perivascular edema and
lymphocytic infiltrates were observed.

Discussion

The results of research presented in the professional
literature mainly indicate the negative impact of long-term
use of opioids on the structural organization of organs and
tissues [29]. At the heart of the development of pathological
processes due to the action of narcotic drugs is often
angiopathy [25, 27], which is confirmed in our studies.

A characteristic feature of the effect of Nalbuphine on
the wall structure of the common bile duct is its dilatation.
According to the literature, opioids can cause an increase
in the basic pressure and frequency of phase contractions
of the sphincter of Oddi, which leads to dilation of the
common bile duct [10]. The author describes an
association between elevated bile duct diameter and opioid
dependence even in patients without clinical symptoms,
normal bilirubin and alkaline phosphatase, and no
obstructive factors. On histological specimens we found
nonspecific morphological changes in the components of
the common bile duct, as degeneration of the epithelial
layer of its mucous membrane, lymphocytic infiltration,
microvascular hyperemia is characteristic of cholangitis of
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MOP®OINOr4YHI OCOB/IMBOCTI CTIHKU CMINIbHOI XXOBYHOI MPOTOKU 3A YMOB EKCMEPUMEHTANIBHOIO BMJIUBY
onioigy

Mamewyk-Baueb6ba J1.P., lipHsik I.1., lMideanbHa Y.€.

MopgpornoziqHuli cmaH wisixie 8ueeOeHHs Xoeui 3anuwaemscsi OOHIE 3 Haugaxnusiwux npobrnem cy4acHoi MeduyHoi Hayku. 3
Memot ompuMaHHs aHeNb2e3y4020 eghekmy y nayieHmie i3 20cmpum xonaHaimom 4acmo 3acmocosytoms orioidu. [pome gidomocmi
wodo eghekmueHOCMIi 3acmocyeaHHs ornioidie Onisl fliKy8aHHS Namoso2iYHUX CMaHie X084YHUX MPOMOK cyrepeynusi. AKmyanbHUM €
rnodarnbwe docnidxeHHs Oii onioidie Ha cmMpyKmMypHy op2aHi3auyito CriflbHOI XXO8YHOI MPOMOKU. 3 Memoro 8CMaHO8/1eHHSI MOPEOI02iYHO20
CmaHy CriflbHOI )X084YHOI MPOMOKU 3a yMO8 mpueasozo eriusy onioidy nposedeHo 0ocrnidxeHHs Ha 24 cmamego3pinux binux wypax-
camysix, sikom 3,5-5,0 micsiyie i macor mina 180-200 2, kompum 8rMpodo8x 6 MUXHI8 8HymMPIiWHbOM'33080 8800uUNU HanbyiH.
Mamepian docnidxeHHa npedcmasneHul 2icmosno2iYHUMU fpenapamamu CrifbHOI X084HOI npomoku 6inux wypis. Ans
gomodoKymeHmy8aHHs ompuMaHuUx Hamu Mikpornpernapamie byna eukopucmaHa Komm'tomepHa cucmema "Aver Media". [dns sumipy
diamempa rpoceimy ma moeu,uUHU CMIHKU CifTbHOI )X084YHOI MPOMOKU 3acmocosysarnu KoMm'tomepHy npoepamy Imaged. Pesynsmamu
oocnidxeHHs1 cgiddamb, WO Yepe3 2 muxHi 8eedeHHs1 HanbyiHy binum wypam 8UHUKao NOBHOKPOB's MIKpOCYOUH CmiHKU ma
docmosipHe 36inbuweHHs1 M03008XHb020 Oiamempa npoceimy CrinbHOI X084HOI Mpomoku. Yepe3 4 muxHi ekcriepumeHmy criinbHa
JKOBYHa npomoka OunamoeaHa, nornepeyHUll ma rno3008xHil diamempu ii npoceimy 3pocmanu matixe 608idi, namosnoaidyHi 3MiHu i
CMIHKU Marnu 8Ci 03HaKu 3anarneHHs. Ha ni3Hix mepmiHax ekcriepumeHmy (egedeHHsi HanbyiHy 8npodosx 6 muxHig) namosnoaiyHi
3MiHU Hapocmarnu i nposensnucsa decmpykmypu3ayiero CmiHKU CrifbHOI X084YHOI Mpomoku, 0e3opaaHi3auieto xonaHzaioyumis,
CMOHWEeHHSIM KITIMUHHOZ0 rriacmy eHacrliooK gidwapysaHHs1 XxonaHeaioyumis, nosimopghiaMom ixHix s0ep, pyUHy8aHHAM MKKTIMUHHUX
KOHMakmis, po3wapyeaHHsIM 6/1aCHOI naacmuHKU, 8aKyoibHOK ducmpogpieto M's13080i 060OHKU, "8apUKO3HUM" PO3LWIUPEHHSIM 8EHYI,
8Upa3Ho0 2r1alKoM'a308010 2inepriasiero apmepiors, Hass8HICMIO NepusacKynsapHUX fiMgboyumapHuUX iHginbmpamie y CmiHui MpomoKu.
KnrouoBi cnoBa: mikpocmpykmypa, wiisxu eueedeHHs xoeyi, binul wyp, HanbygiH.

MOP®OJNOMMYECKUE OCOBEHHOCTU CTEHKWU OBLLEIO XXENTYHOIO NMPOTOKA B YCNTOBUAX 3KCMEPUMEHTAIIbHOIO
BNuUAHNA ONMUONOA

Mamewyk-Baue6a J1.P., l'upHsk WU.N., NMudeanbHa Y.E.

Mopgbonoauyeckoe cocmosiHue nymel 8bigoda xesnn4u ocmaemcsi 00HOU U3 8axHeUwuXx rnpobrem coepemMeHHOU MeOUUUHCKOU HayKu.
C uernbto nonyvyeHuUsi aHenbaesupyrou,eeo sghghekma y nayueHmos ¢ OCmpbIM XOnaHaumomM Jyacmo npumeHstom onuoudsl. OOHaKo
ceedeHusi 06 aghgpekmusHocmu NpPUMEHEHUS onuoudoe8 0715 fIeYeHUs amosio2uyeckux COCMOSIHUU XeN4YHbIX MPOMOKO8
npomusopeyusbl. AKmyarbHbIM sigrisiemcs QanbHeliwee uccredosaHue delicmeusi ornuoudo8 Ha CMpPYKMypPHYH opaaHu3auuro obujezo
XXen4yHoeo npomoka. C uesnbro ycrmaHos1eHUs Mopghos102Uu4ecKo20 COCMOsIHUST 06We20 Xen4Ho20 MPoMmoKa 8 yCro8usix 0numesibHO20
g8030elicmeusi onuouda nposedeHo uccriefosaHue Ha 24 ronosospesnbix bernbix Kpbicax-camuyax 8 eo3pacme 3,5-5,0 mecsiyes u
maccol mena 180-200 2, komopbiM 8 meyeHue 6 Hederlb 8HYmMpPUMBbIWEYHO 8800uruU HanbyguH. Mamepuan uccnedosaHus npedcmaerneH
2ucmornoaudyeckuMu npenapamamu obwezo Xesa4Ho2o npomoka besnbix Kpbic. [Jns pomodoKyMeHmupo8aHusi noy4YeHHbIX Hamu
MuKponpenapamos bbiiia ucronb308aHa KoMrbiomepHas cucmema "Aver Media”. [Jns usmepeHusi Quamempa rnpoceema U mosujuHbl
CmMeHKU obuje2o Xef4yHo20 NMpomoka MPUMEeHANU KoMnblomepHy npoepammy Imaged. Peaynbmamsbi uccriedogaHus
ceudemernibcmaytom, 4mo 4Yepes 2 Hedesu 8gedeHusi HanbyghuHa 6erbiM KpbicaM 803HUKAIIO MOMTHOKPO8UE MUKPOCOCYO08 CMeHKU U
docmosepHoe ysernu4veHue rnpodoribHo20 duamempa rnpocsema obuie20o xen4Hoz2o rnpomoka. Yepes 4 Hedenu akcriepumeHma obwuli
JKEeMYHbIU MPOmMOoK OUISIMUPO8aH, rnornepeyHbIl U npodosnbHbIl duamempb! €20 Npoceema yeenuyunuch nodymu e08oe, namosioeuyecKue
U3MEHEHUsT e20 CmeHKU UMesu ece rnpu3Haku eocrianeHusi. Ha no3dHux cpokax akcriepumeHma (8gedeHue HanbyguHa 8 medeHue 6
Heldersib) namorsioeuyecKue U3MeHeHUs Hapacmarsu u rposensnuck decmpykmypu3ayuel cmeHKu obuwea0 XenyHo20 Mpomoka,
desopeaHusayuell xonaHauoyumos, UCMOHYeHUEM KITeMOYHO20 racma 8 pe3ysibmame OmCcI0eHUs X0raH2uoyumos, rnoumMopgu3Mom
ux si0ep, paspyweHueM MEXKIEeMOYHbIX KOHMaKmos, paccrioeHuem cobcmeeHHOU nacmuHKuU, 8aKyosbHol ducmpogbuell Mbilue4yHoU
0607104KU, "8apPUKO3HbIM" pacuiupeHuemM 8eHyrl, 8bipaxKeHHOU anadKkoMbiuedHOU auneprina3uel apmepuort, Harnuquem nepusacKynsipHbIX
numMgoyumapHbIX UHhUIbMPAamos 8 CMeHKe MPOoIMOoKa.

KnroueBble cnoBa: Mukpocmpykmypa, rnymu ebleedeHusi xen4qu, benas Kpbica, HanbyuH.
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A clear distinction between the morphology of allergenic pollen grains of various genera
of the Poaceae family is an important task in determining the causal allergenic factors
in the population. It allows significant improvement of the efficiency of seasonal allergy
diagnostics caused by grass pollen. Moreover, it let to perform better predictions of
allergenic risks for people, suffering from pollinosis caused by Poaceae pollen.
Therefore, the aim of our study was to establish the morphological difference between
the pollen grains of plants of various species of Poaceae family in order to further
determination of the possibility to use the established distinctions for the identification
of pollen in aerobiological studies. For this, both herbarium samples and pollen of the
studied plants were collected in the field during May-June 2019 in Vinnytsia. The pollen
was shaken off the anthers directly onto a glass slide, immediately stained with basic
fuchsin, and covered with a cover slip. The sizes of pollen grains - their width and
length - were determined and analyzed using the PhotoM 1.21 program, and the obtained
data on the sizes of pollen were divided into categories by the quartile method in Excel.
Three categories of pollen sizes were identified: large, medium and small. Large grains
had width and length parameters of 40 um or more, average grains ranged from 26 to 39
um, and small grains had a size of 26 um or lesser in width and length. The large category
includes the pollen of Hordeum morinum (39.5-53.1 um), Elytrigia repens (41-48 um),
Secale cereale (48.4-62.5 um) and Bromus arvensis (42.2-52.7 um). The medium grain
category included pollen from Dactylis glomerata (29.2-38.1 um), Poa spp. (26.1-
37.3 um), Panicum capillare (33.3-39.5 um), Lolium perenne (30.4-35.3 um), Bromus
sterilis (28.3-30.8 um). The pollen size of B. ramosus ranged from 26.1 to 39.5 um, and
B. tectorum was from 35 to 38.4 um. The pollen grains of Poa pratense (22.1-25.9 um) and
Piptatherum spp were assigned to the category of the smallest pollen (20.3-24.1 microns).
Agrostis gigantea was the only grass pollen type whose size fitted for each category. We
found out large, medium-sized and grains of 25.0-27.7 microns, which lie between
categories 2 and 3, for different populations of this plant. Consequently, some genera and
species of Poaceae can be distinguished by the size of their pollen, while in others the
size of pollen grains varies considerably. It is necessary to carry out further research
that will help to establish the morphology of pollen of a larger number of Grass family
plants. This will significantly improve the diagnosis and prevention of seasonal allergy
caused by grass pollen in Ukraine.

Key words: allergenic pollen, allergenic biological particles, seasonal allergy, grass
pollen, pollen sensitivity, pollinosis prevention.

Introduction

Gramineae (Poaceae) or grasses are a large family of
about 8,000 species. Representatives of this family are
common herbs. They cover about 20% of the land surface.
Grasses made a great contribution to the development of
human culture, as they were one of the first plants grown
by man, helping him to move from hunting and gathering

the gifts of nature to agriculture. This happened about
10,000 years ago. Cereals such as wheat (Triticum) and
barley (Hordeum) are still the most important sources of
food for humans [27].

However, today the topic of grasses is becoming
increasingly important given the high allergenicity of plants
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of this family, including their pollen. After all, people are
constantly exposed to it during the flowering of ornamental
or those grasses that are used for landscaping lawns in
settlements [16].

Thus, currently, the pollen of Poaceae family plants has
become one of the most important factors of seasonal
allergy in the world [5, 11]. In temperate climates, it
contributes significantly in the level of sensitization of
patients, along with pollen of ragweed and trees, in
particular, birch [4, 8, 19]. According to molecular diagnostics
of allergies [25], in Ukraine about 40% of patients with
seasonal allergies are sensitive to grass pollen allergens.
The same percentage of people with atopy react to grass
pollen in Turkey. In other parts of the world, this number
varies, but is also high. For example, in Switzerland, 12%
of those with symptoms of seasonal allergy are sensitive
to pollen [10], and in Australia, 29 to 41% of people with hay
fever are sensitized to pollen too [6]. Therefore, it is not
surprising that grass pollen is included into the list of pollen
grain species for which allergy risk forecasts are most often
made in Europe and in the world [15].

Moreover, both in Ukraine [25] and in the world [6],
allergenicity of pollen of different species of the family
Poaceae is considered [27]. These include Timothy
(Phleum pratensis) and English ryegrass (Lolium perenne).
Pollen allergens of these species are one of the main
known factors of seasonal allergy [9, 26].

Thus, in Ukraine, 38.8% of people with hay fever are
sensitive to meadow timothy' allergens, 28.8% - to English
ryegrass, and 14.3% - to rye pollen [25]. There are also
data on the allergenicity of pollen from other representatives
of plants of the grass family - cock's-foot or orchard grass
(Dactylis glomerata), Kentucky bluegrass (Poa pratensis)
and Bermuda grass (Dhoob, ddrva grass) (Cynodon
dactylon) [2].

Flowering of all these species of Poaceae can both
coincide and be observed in different periods of pollination
of plants of the family. Therefore, pollen grains produced
by plants at different times may be of clinical importance
for different patients. From the point of view of the
importance of these plants in terms of the ability to cause
pathological symptoms in patients, it is important to inform
them about the flowering of different species of plants at
different times.

To date, the accuracy of aerobiological predictions of
pollen distribution for plants of the Poaceae family is only
relative: when counting and identifying pollen during
aerobiological observations, grass pollen grains are
gathered into one category - Poaceae. Therefore, when
creating allergy forecasts [24], the risk levels due to the
pollination of grasses are assessed for the family as a
whole, and not for its individual species. However, as
already mentioned, such an assessment could have a
higher practical and clinical significance, given that it would
allow for a more accurate diagnosis and prevention of
pollinosis caused by grass pollen. This, in turn, could

significantly save the population and the health care system'
costs associated with treating seasonal allergies to grass
pollen, in particular by allergen immunotherapy. The latter
can last year-round in severe, late-diagnosed clinical
casesand is expensive though [13].

Therefore, the aim of our study was to establish the
morphological difference between the pollen grains of
plants of different species of the family Poaceae to further
determine the possibility of using the established difference
in the identification of pollen in aerobiological studies.

Materials and methods

Pollen of the studied plants was collected in the city of
Vinnytsia (Ukraine) directly from plant inflorescences
(spikes or panicles) in the field during May and June 2019.
Along with pollen samples, samples of the herbarium of
selected plants were collected. The pollen was shaken
out from the anthers directly onto a microscopic slide,
immediately stained with a gelatin-based stain and stored
in a thermos. The stain contained basic fuchsin. The
chemical composition of the stain was identical to that,
which is standardly used for staining pollen samples in
aerobiological studies. After staining, the sample was
covered with a cover glass. A total of 60 pollen samples
from different plants were collected.

The first, test collection of pollen grains, was held on
May 14, 2019. Its purpose was to determine the pollination
activity of Poaceae family species that are among the first
to emit pollen. In particular, wall barley (Hordeum murinum),
rice grass (Piptatherum spp.), cock's-foot or orchard grass
(Dactylis glomerata) and Kentucky bluegrass (Poa
pratensis). At this time, the first 15 samples were collected,
which did not show pollen grains. Therefore, despite the
formed inflorescences, it was found out that the pollen of
grasses at that time was still immature enough to be shaken
off the anthers and, accordingly, cause symptoms of
pollinosis.

A second attempt was made on May 30, 2019 and it had
a positive result: 9 samples of pollen from different plants
were obtained. During further collecting on June 1, 2019
and June 9, 2019 another 36 samples were collected. In
total, grass pollen grains were detected in 45 samples.
The obtained samples were analyzed using the method of
light microscopy with a magnification of x400. This
magnification is a standard for the identification of pollen
grains.

Stained pollen grains were selected for getting their
morphological parameters only after examination of the
entire sample. This was done in order to be sure that pollen
in one sample had the same size and shape, and to confirm
that the collected pollen belongs to the same species.

When reviewing the selected samples, it was
noteworthy that the pollen grains of grasses were of different
shapes and sizes, had different structure and were
differently saturated with the color of the stain, had different
pore sizes.
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Table 1. Indicators of width and length of pollen grains of the Finally, a preliminary study found that pollen grain size
studied grass species (Mtm), um. varied the most (from 60 um to 20 um). Therefore, this
Species Width Length parameter was chosen for further evaluation.
Wall barley (Hordeumn morinum) 45,68+4 47 | 47,6043 41 To get tﬁe linear dlmen3|or?s, reference samples were
S selected without any mechanical damage. For pollen of
+ +: .

Rye (Secale cereale) 61.60£0,90 | 51,20+2,80 each plant species, measurements were made at least
Couch grass (Elytrigia) 45,68+4,32 | 47,603,05 three times to obtain their average value. For pollen grains
Field brome (Bromus arvensis) 457543 55 | 48,55+4,15 of all categories, the average value of width and length, as

Cock's-foot or orchard grass (Dactylis ) . well as the star.1dard qu!atlon were cal.culated (Table 1?.
glomerata) 30,972,93 | 33,23£2,72 Grass species' definition was made in accordance with
Meadow-grass (Poa) 30.804.25 | 32.60£4.70 Uk-ralman botaqlcal atlages [20, 29] gnd Ir.1ternet sources
using the botanical specimens taken in a field after pollen

Annual meadow grass (Poa annua) 30,80+3,53 | 33,70+3,87 collection.

Downy brome (Bromus tectorum) 38,23+0,54 | 34,97+1,76 PhotoM 1.21 program was used for accurate
Barren brome (Bromus sterilis) 29.45+1,15 | 20,55+1,25 measyrement of pollen grain size. This program made it
Hairy brome (Bromus ramosus) 31,77+4,05 | 35,20+£3,64 p(.)SSIbl.e o usg phOtog.raphS.taken from a Ilg.ht mlcrOSCOp.e

with a field of view having calibrated scale (Fig. 1). Analysis

Brome grasses (Bromus) 38,15£0,65 [ 3495:2,15 | of sample sizes was continued in Excel using the quartile
Kentucky bluegrass (Poa pratensis) 23,3521,25 | 25,45+0,45 method.

Ricegrass (Piptatherum) 20,65+0,35 | 2345065 The study of the morphology of grass pollen is a

, Cl1 kG2
ik | : :
Fig. 1. Microscopic photos of pollen obtained in the program PhotoM 1.21. x400. Grass pollen of different categories: A - 1 category
(Hordeum morinum), B - 2 category (Lolium perenne), C - 3 category (Piptatherum Spp.). A (Hordeum morinum): A1 - 48,2 um of width and
A2-53,1 um of length; B (Lolium perenne): B1 - width is 30,4 ym and B2 - length is 32,8 um; C (Piptatherum Spp.): C1 - width is 20,3 ym
and C2 - lengthis 24,1 pm.
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promising scientific field in terms of diagnosis and
prevention of hay fever. After all, pollen of grass species
remains the leading allergenic agent of air. Moreover, the
effectiveness of treatment of sensitivity to it depends on the
exact definition of the causative agent of hay fever [18].

Results

The program divided the indicators of the linear size of
the pollen into 4 quartiles as follows:

1st quartile: width - 62.5-38.4 ym, length 54.0-39.5 ym

2nd quartile: width - 37.5-32.1 ym, length 38.1-33.7 ym

3rd quartile: width - 31.7-26.1 ym, length 33.3-28.3 ym
4th quartile: width - 25.9-20.3 ym, length 27.9-22.8 ym.

Using the obtained data, with the help of "Excel" we
obtained a clear selection of 3 categories of linear sizes of
pollen grains (Fig. 2):

1. Large - width and length are greater than 40 um;

2. Medium - width and length are in the range 0f26-39 um;

3. Small - width and length are less than 26 um.

The category of large pollen grains included pollen of
Hordeum morinum (39.5-53.1 um), Elytrigia repens (41-
48 um), Secale cereale (48.4-62.5 ym) and Bromus
arvensis (42.2- 52.7 ym).

Medium-sized grains included pollen of Dactylis
glomerata (29.2-38.1 ym), Poa spp. (26.1-37.3 um),
Panicum capillare (33.3-39.5 ym), Lolium perenne (30.4-
35.3 ym), Bromus sterilis (28.3-30.8 ym). The pollen size
of B. ramosus ranged from 26.1 to 39.5 ym, and B. tectorum
from 35 to 38.4 um.

The smallest category included pollen Poa pratense
(22.1-25.9 uym) and Piptatherum spp. (20.3-24.1 um).

The only species whose pollen size was suitable for all
categories was Agrostis gigantea. For different populations
of this plant, we found large, medium and grains of 25.0-
27.7 um, the size of which was between the categories of
"medium" and "small" (Table 2).

Pollen size categories
70,00
&0,00 -

50,00

40,00

|
X

20,00 =

30,00

Size, um

10,00
0,00
B width ® lendth

Fig. 2. Separation of grass pollen into categories by size (by width
and length).

Table 2. Black bent (Agrostis gigantea). Variation of sizes on
different samples of one specie (Mt+m), um.

Agrostis gigantea
sample Width Length category
55 40,60+2,40 42,60+2,20 1
53 35,90+0,30 37,50+0,60 2
55A 30,10+0,75 30,40+1,90 2
52 25,9040,20 27,70+2,90 3
54 26,10£0,12 27,00+2,40 3
53A 25,0040,14 26,60+0,34 3
Table 3. Distribution of pollen grains sizes among the respective
categories.
Species whose pollen has been identified cgl?éiti%fn c:tce)zl_l;nry
Wall barley (Hordeum morinum) 30.05.2019 1
Cock's-foot org 7;;:1:;; s)rass (Dactylis 30.05.2019 2
Kentucky bluegrass (Poa pratensis) 30.05.2019 3
(Ricegrass (Piptatherum) 30.05.2019 3
Cock's-foot o; 7;;:1:;; ég';)rass (Dactylis 01.06.2019 2
Meadow-grass (Poa) 01.06.2019
Witchgrass (Pancium capillare) 01.06.2019
English ryegrass or perennial ryegrass 01.06.2019 2
(Lolium perenne)
Barren brome (Bromus sterilis) 01.06.2019
Hairy brome (Bromus ramosus) 01.06.2019
Wall barley (Hordeum morinum) 09.06.2019 1
Couch grass (Elytrigia) 09.06.2019 1
Rye (Secale cereale) 09.06.2019 1
Field brome (Bromus arvensis) 09.06.2019 1
Cock's-foot o; ;)()r?:rr:tag)rass (Dactylis 09.06.2019 2
Annual meadow grass (Poa annua) 09.06.2019 2
Brome grasses (Bromus) 09.06.2019 2
Downy brome (Bromus tectorum) 09.06.2019 2
Kentucky bluegrass (Poa pratensis) 09.06.2019 3

To exclude the possibility of the impact of the gradual
maturation of pollen on the final results, they were
summarized in one table, which clearly showed that the
size of the pollen did not depend on the time when it was
collected.

Pollen of different categories was collected on each
date indicated in the table. Pollen of the same species,
which was collected on different dates, belonged to the
same categories (Table 3).

Discussion
Grass pollen is not only the main factor of hay fever in
the world [1], it also acts as an initiating factor that causes
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the development of pollen allergy in general since childhood
[19, 30].

However, insufficient attention is given in the scientific
literature to the issue of studying the morphology of grass
pollen. Available sources indicate the interest of scientists
in studying the structure of pollen in agriculture [22], as well
as - the interest in fossil pollen studies [12, 23].

At the same time, papers on the identification of grass
pollen for aerobiological and allergological research are rare
[8].

However, comparing the obtained data with the results
of studying the morphology of grass pollen in the air, we can
state that our data correlate with the data represented by
other authors. In particular, rye pollen is known for its large
size, and in our study it also got to the largest category. But
Agrostis pollen, which in our study did not receive a clear
category, was classified by L.N. Morgado and co-authors as
pollen with small size [17]. These and other researchers
[21] also divide grass pollen into three categories by size -
large, medium and small. Moreover, the large pollen category
includes pollen greater than 46 uym, and small - less than
22 um, which roughly corresponds to the categories obtained
in our study.

However, the morphology of grass pollen remains an
unclear scientific question. This is because Poaceae family
pollen is mostly spherical in size and has one pore.
Therefore, scanning electron microscopy [3, 14] and
spectroscopy [7] are used for its in-depth study. The latter
technique can also be used to detect pollen automatically.
However, there have been reports of evolutionary changes
in the Poaceae family and the appearance of pollen with 2
pores [22]. The morphology of such pollen can be quickly

References

[1]Al-Nesf, M. A., Gharbi, D., Mobayed, H. M., Dason, B. R, Ali, R.
M., Taha, S. ... del Mar Trigo, M. (2020). The association
between airborne pollen monitoring and sensitization in the
hot desert climate. Clin. Transl. Allergy., 10, 35. doi: 10.1186/
$13601-020-00339-6

[2] Anallergo immunotherapy research, n.d. Grass Mix Allergen
Datasheet. Retrieved from: https://www.anallergo.it/en/
patients/allergens/grass-pollens/grasses-(poaceae-or-
gramineae)-mix.html

[3] Andersen, T. S., & Bertelsen, F. (1972). Scanning Electron
Microscope Studies of Pollen of Cereals and other Grasses.
Grana, 12(2), 79-86. doi: 10.1080/00173137209428830

[4] Bjerg, A., Ekerljung, L., Eriksson, J., Naslund, J., Sjélander, S.,
Rénmark, E. ... Lundback, B. (2016). Increase in pollen
sensitization in Swedish adults and protective effect of keeping
animals in childhood. Clinical & Experimental Allergy, 46(10),
1328-1336. doi: 10.1111/cea.12757.

[5] Damialis A., Traidl-Hoffmann C., & Treudler R. (2019). Climate
Change and Pollen Allergies. In: Marselle M., Stadler J., Korn
H., Irvine K., Bonn A. (eds) Biodiversity and Health in the
Face of Climate Change. Springer, Cham. doi: 10.1007/978-
3-030-02318-8_3

[6] Davies, J. M., Berman, D., Beggs, P. J., Ramoén, G. D., Peter, J.,
Katelaris, C. H., & Ziska, L. H. (2020). Global Climate Change
and Pollen Aeroallergens; A Southern Hemisphere perspective.

determined using cheap and fast approaches used in
aerobiology.

Therefore, the preliminary categorization of grass pollen
and determination of their morphology using light
microscopy remains an important approach of modern
aerobiology.

The prospect of our further development and research is
to further investigate the morphology of grass pollen that
have already been selected for preliminary research, to
expand the range of Poaceae family species under study,
and to include in the morphological characteristics of pollen
grains such indicators as pollen grain' volume, its width and
length. Latter will lead to the determination of their shape.

These studies can be useful for both conventional
aerobiological investigations and for automatic pollen
monitoring.

Conclusions

Further study of the pollen morphology of Poaceae
family plants is a promising practical area of both
aerobiological and allergological research.

According to the linear sizes of pollen grain, three
categories of grass pollen are defined - large, medium
and small.

Some genera and species of the Poaceae family can
be distinguished by the size and shape of their pollen,
while in other cases the pollen varies considerably.

Further research is needed to determine the
morphology of Poaceae pollen, the exact time of flowering
of family species and the coincidence of periods of active
pollination with data on exacerbations of human sensitivity
to grass pollen in Ukraine.

Immunology and Allergy Clinics of North America. doi:
10.1016/j.iac.2020.09.002

[7]1Diehn, S., Zimmermann, B., Tafintseva, V.,Bagcioglu, M., Kohler,
A., Ohlson, M. ... Kneipp, J. (2020). Discrimination of grass
pollen of different species by FTIR spectroscopy of individual
pollen grains. Analytical and Bioanalytical Chemistry, 412,
6459-6474. doi: 10.1007/s00216-020-02628-2

[8] Douladiris, N., Garib, V., Focke-Tejkl, M., Valenta, R.,
Papadopoulos, N. G., & Linhart, B. (2018). Detection of genuine
grass pollen sensitization in children by skin testing with a
recombinant grass pollen hybrid. Pediatric allergy and
immunology, 30(1), 59-65. doi: 10.1111/pai.12991

[9] Fernandez-Gonzalez, D., Rodriguez Rajo, F.J., Gonzalez
Parrado, Z., Valencia Barrera, R. M., Jato, V., & Grau, S. M.
(2011). Differences in atmospheric emissions of Poaceae
pollen and Lol p 1 allergen. Aerobiologia, 27, 301-309. doi:
10.1007/s10453-011-9199-x

[10] Gangl, K., Niederberger, V., & Valenta, R. (2013). Multiple grass
mixes as opposed to single grasses for allergen
immunotherapy in allergic rhinitis. Clin. Exp. Allergy, 43(11),
1202-1216. doi: 10.1111/cea.12128

[11] Garcia-Mozo, H., (2017). Poaceae pollen as the leading
aeroallergen worldwide: A review. European journal of allergy
and clinical immunology, 72(12), 1849-1858. doi: 10.1111/
all.13210.

36

ISSN 1818-1295 elSSN 2616-6194 Reports of Morphology



Yasniuk M.V., Kaminska O.A., Rodinkova V.V.

[12]Liu, Q., Zhao, N-X., & Hao, G. (2004). Pollen morphology of the
Chloridoideae (Gramineae), Grana, 43(4), 238-248. doi:
10.1080/00173130410000776

[13] Mahler, V., Zielen, S., & Rosewich, M. (2019). Year-round
treatment initiation for a 6-grasses pollen allergoid in specific
immunotherapy of allergic rhinoconjunctivitis and asthma.
Immunotherapy. Retrieved from: https://
www.futuremedicine.com/doi/10.2217/imt-2019-0086. doi:
10.2217/imt-2019-0086

[14] Mander, L., Li, M., Mio, W., Fowlkes, C. C., & Punyasena, S. W.
(2013). Classification of grass pollen through the quantitative
analysis of surface ornamentation and texture. Proceedings
of the Royal Society Biological Sciencies, 280(1770). doi:
10.1098/rspb.2013.1905

[15] Maya-Manzano, J. M., Smith, M., Markey, E., Clancy, J. H.,
Sodeau, J., & O’Connor, D. J. (2020). Recent developments in
monitoring and modelling airborne pollen, a review. Grana.
doi: 10.1080/00173134.2020.1769176

[16] Mclnnes, R. N., Hemming, D., Burgess, P., Lyndsay, D., Osborne,
N. J., Skjgth, C. A. ... Vardoulakis, V. (2017). Mapping allergenic
pollen vegetation in UK to study environmental exposure and
human health. The Science of the Total Environment, 599-
600, 483-499. doi: 10.1016/j.scitotenv.2017.04.136

[17] Morgado, L. N., Goncalves-Esteves, V., Resendes, R., & Mateus
Ventura, M. A. (2015). Pollen morphology of Poaceae (Poales)
in the Azores, Portugal. Grana, 54(4), 282-293. doi: 10.1080/
00173134.2015.1096301

[18] Pfaar, O., Hohlfeld, J. M., Al-Kadah, B., Hauswald, B., Homey,
B., Hunzelmann, N. ... Klimek, L. (2017). Dose-response
relationship of a new Timoty grass pollen allergoid in
comparison with a 6-grass pollen allergoid. Clinical Trial,
Clin. Exp. Allergy, 47(11), 144-1455. doi: 10.1111/cea.12977

[19] Pointner, L., Bethanis, A., Thaler, M., Traidl-Hoffmann, C., Gilles,
S., Ferreira, F., &Aglas, L. (2020). Initiating pollen sensitization -
complex source, complex mechanisms. Clinical and
Translational Allergy, 10, 36. doi: 10.1186/s13601-020-00341-y

[20] Prokudyn, Y., & Vovk, A. (1977). Grasses of Ukraine. Kiev:
Scientific Thought.

[21] Radaeski, J. N., Bauermann. S. G., & Pereira, A. B. (2016).
Poaceae Pollen from Southern Brazil: Distinguishing
Grasslands (Campos) from Forests by Analyzing a Diverse
Range of Poaceae Species. Frontiers in Plant Science,

7(1833). doi: 10.3389/fpls.2016.01833

[22] Radaeski, J. N., Cunha, D. J., & Bauermann, S. G. (2017).
Diporate pollen grains of Poaceae speices: high pollen
resolution for reconstruction of grasslands vegetation. Open
access journal of agricultural research, 2(3). doi: 10.23880/
OAJAR-16000135

[23] Radaeski, J. N., Evaldt, A. N. P., & Bauermann, S. G. (2018).
Anthropic pollen indicators: Poaceae pollen of non-native
species in Southern Brazil. Open Access Journal of
Agricultural Research, 2(2). doi: 10.15406/
0ajs.2018.02.00059

[24] Rodinkova, V. V. (2011). Pollen forecast is a service for doctors
and patients that is developing in Vinnytsia. "News of Medicine
and Pharmacy" Allergology and Pulmonology. Retrieved from:
http://www.mif-ua.com/archive/issue-21193/

[25] Rodinkova, V., & Yuryey, S., (2019). The population sensitivity
to the pollinosis factors in Ukraine according to the molecular
allergy diagnosis ALEX. Clinical immunology. Allergy.
Infectology, 2(115), 22-26. Retrieved from: https://kiai.com.ua/
ua/archive/2019/2%28115%29/pages-22-26/chutlivist-
naselennya-do-chinnikiv-polinozu-v-ukrayini-za-danimi-
molekulyarnoyi-diagnostiki-alergiyi-alex-

[26] Seevkova, J., Vaskova, Z., Sepsiova, R., Dusicka, J., & Kovag,
J. (2020). Relationship between Poaceae pollen and Phlp 5
allergen concentrationsand the imact of weather variables
and air pollutants on their levels inthe atmosphere. Heliyon
6(7). doi: 10.1016/j.heliyon.2020.e04421

[27] Steinmann, H., & Ruden, S. (2004). Grass pollens: Allergy -
which allergens? Uppsala: Pharmacia Diagnostics.

[28] Ture, C. (2016). Allergenic airborne Poaceae (grass) pollen
around public transportation centers in Eskisehir, Turkey. South
Western Journal Horticulture, Biology and Environment, 7(1),
1-14.

[29] Veselovskyi, . V., Lysenko, A. K., & Manko, Y. P. (1988). Atlas
- determinant of weeds. Kyiv: Harvest.

[30] Westman, M., Aberg, K., Apostolovic, D., Lupinek, C., Gattinger,
P., Mittermann, I. ... van Hage, M. (2020). Sensitization to grass
pollen allergen molecules in a birth cohort-natural Phl p 4 as an
early indicator of grass pollen allergy. Journal of Allergy and
Clinical Immunology, 145(4), 1174-1181. doi: 10.1016/
j-jaci.2020.01.006

BUBYEHHA MOP®ONON T NMUIKY 3MAKIB K NIAFPYHTA MOHITOPUHIY ANIEPTEHHUX BIONOMNYHUX YACTOK B

ABTOMATUYHOMY PEXUMI
ScHrok M.B., Kamincbka O.A., PodiHkoea B.B.

Yimke po3pisHeHHs1 MOpghorioeil anepaeHHUX MUIKOBUX 3epeH pisHUx podie poOuHu ToHKoHozo08uXx (Poaceae) € gaxnugot 3adayero
rpu 8uU3Ha4YeHHIi YUHHUKI8 anepeii y HaceneHHs. BoHo 0038oris€ 5K 3Ha4yHO nidsuwysamu egekmueHicmb 0iagHOCMUKU CE30HHOI
arnepeii, BUKIUKaHOI NUIKOM 371akig, mak i cmeoprosamu bifiblu MOYHI MPO2HO3U Ce30HHUX pu3ukKie 0r1s noded, Kompi nomepnatome 8id
anepeii 0o nunky pizHux eudie 3rakie. Bidmak, memoto Hawoeo docnidxeHHs byno ecmaHo8IeHHs MOpPghoI02iYHOI 8iIOMIHHOCMI MiX
UIKo8UMU 3epHamMu PoCiuH pisHUx sudie poduHuU Poaceae 01151 1odaribuio20 8U3HaYEHHS MOXIIUBOCMI BUKOPUCMO8y8amu 8CmMaHo8eHy
8iOMiHHICmMb npu ideHmucdbikauyii nunky e aepobionoeidHux OocnidxeHHsIX. s yb020 y nonbosux ymosax ernpo0o8x mpasHs-4epeHs
micaysi 2019 poky y BiHHuUUj 36uparnu eepbapHi 3pasku U nunok docnidxysaHux pocnuH. [Nunok cmpywyeanu 3 nussikie 6e3nocepedHbo
Ha rnpedMemHe cKro | o0pa3y 3abapesiroeasiu OCHOBHUM (DyKCUHOM ma 3aKpusasu MOKPpUSHUM CKIoM. Po3mipu numkosux 3epeH - ix
wupuHy ma O08XUHY - 8U3Ha4yanu ma aHanisysanu 3a 0oriomozoro rpoepamu PhotoM 1.21, a keapmurnbHUM Memodom y rpoepami
Excel ompumanu yugbposi daHi wodo posmipie nusnky, kompi e nodanbwomy 6ynu po3dineHi Ha 3 8i0noesiOHi kameaopii: eenukul
po3Mip nusnKy, cepedHiti ma manud. Bernuki 3epHa mManu napamempu wWupuHU U doexuHu 40 Mkm i binbwe, cepedHi 3epHa bynu eid 26
0o 39 MKkm, a OpibHull numok cmaHosus 26 MKM ma MeHwe 3a WUPUHO ma OoexuHow. [Jo kameezopil eenukux ysitios Muriok
Hordeum morinum (39,5-53,1 mkm), Elytrigia repens (41-48 mkm), Secale cereale (48,4-62,5 mkm) ma Bromus arvensis (42,2-
52,7 mkm). Kameeopis cepedHix 3epeH ekntodana nunok Dactylis glomerata (29,2-38,1 mkm), Poa spp. (26,1-37,3 mkm), Panicum
capillare (33,3-39,5 mkm), Lolium perenne (30,4-35,3 mkm), Bromus sterilis (28,3-30,8 mkm). Poamip nunky B. ramosus cmaHosus 8id
26,1 0o 39,5 mkm, a B. tectorum - 8id 35 do 38,4 mkm. [Jo kamezopii HalimeHwoe2o nusnky 6ynu eidHeceHi nunkosi 3epHa Poa pratense
(22,1-25,9 mkm) ma Piptatherum spp. (20,3-24,1 MkMm). €OUHUM 371aKOM, PO3MIpP MUIKY SIKO20 3HaxoOu8csl y KOXHIil kamezopil, bye
Agrostis gigantea. [ns pi3Hux rnonynauit yjei pocnuHu Mu 8usieusiu 8esuki, cepedHi po3mipu ma 3epHa poamipom 25,0-27,7 MKM, sKi
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nexxams Mix kamezopismu 2 ma 3. Biomak, desiki poOu ma eudu Poaceae MoxHa 8i0pisHUMU 3a po3MipamMu iXHb0o20 nurky, moodi K
0n1a iHWUX po3Mipu ruskoeux 3epeH 3Ha4yHo eapitoromb. HeobxiOHum € nposedeHHsi nodanbwiux 00CidXeHb, siKi A0MOMOXYmb
8cmaHosumu mopghorioairo nusky 6inbwoi KinbKkocmi pocnuH poOuHu TOHKOHO208UX, WO 3HaYHO MOKpauwume 8 YkpaiHi diazHocmuky
ma rpogbinakmuky Ce30HHOI anepeaii, 8UKIUKaHOI MUIKOM 3rakKie.

KniwouoBi cnoBa: anepzeHHull numok, anepeeHHi 6iono2idHi yacmku, ce30HHa arnepeais, nuaoK 3nakie, Yymmaugicmbs 00 MurKy,
npoghbinakmuka rosniHo3sy.

WU3YYEHUE MOP®OIOIMu NbliibLbl 311AKOB KAK OCHOBAHUA ANA MOHUTOPUHIA ANNEPITEHHBLIX BUOJNTOTMYECKUX
YACTUL, B ABTOMATUYECKOM PEXWUME

SlcHok M.B., KamuHckasa O.A., PoduHkoea B.B.

Yemkoe omnuyue mopghorioauu annepeeHHbIX 3epeH MblbUbl pasfiuyHbix podos cemelicmea ToHKoHO208bIX (Poaceae) sensemcsi
gaxkHoU 3adayell npu onpederneHuuU ¢hakmopos annepauu y HaceneHus. OHO N0380/5ieM Kak 3Ha4umeribHO No8bilame 3¢bgheKmueHOCMb
OduasHOCMUKU Ce30HHOU arnepauu, 8bi38aHHOU MblbUoU 3nakos, mak u coz0asams 6oriee moyYHble Mpo2HO3bl CE30HHbIX PUCKO8 Or1s
nodell, cmpadarowux om annepauu Ha fbibUy pasHbix eudos 3nakos. [Toamomy uenbio Hawezo uccriedogaHusi bbilo ycmaHoeneHue
MopghborioaudecKoeo pasnuqus Mexoy MbiibUesbiMU 3epHaMu pacmeHull pa3Hbix eudos cemelicmea Poaceae 0nsi danbHelweao
ornpedenieHUs1 B03MOXHOCMU UCIMOMb308aHUST yCmMaHO8EHHbIX omau4ul npu udeHmugbukayuu MbibUbl 8 a3pobuono2udyecKkux
uccniedosaHusix. []ns amoz2o 8 rosieabiX ycrioeusix 8 meyeHue masi-utoHss mecsiyes 2019 2oda e BuHHuye cobupanu eepbapHbie
06pasubl U nbibyy uccriedyembix pacmeHul. biibUyy cmpsixugaru C rbliibHUKO8 HenocpedCcmeeHHO Ha rpedMemHoe CMeK/Io U cpasy
OKpawusasu 0CHO8HbIM (hyKCUHOM U 3aKpbi8asiu MOKPOBHbIM CMEKITOM. Pa3mepbi Nbinbyesbix 3epeH - UX WUPUHY U OnuHy - onpedensnu
u aHanuauposanu ¢ nomowlbro rpoepammbl PhotoM 1.21, a keapmunbHbiM Memodom 8 ripozpamme Excel nonydunu yughposbie
OaHHble pa3mMepos Mbifbybl, Komopble 8 GanbHelwem b6binu pasdeneHbl Ha 3 coomeemcmeyrujue Kkamezopuu: 6onbwol pa3mep
nbiabUbl, cpedHUl U Manbil. bonbwue 3epHa umernu napamempbl WUPUHbI U OnuHbl 40 Mkm u 6ornee, cpedHue 3epHa bbiiu om 26 0o
39 mMKM, a Menkas nbinbya cocmaensna 26 MKM U MeHblwe 1o wupuHe u dnuHe. B kameeoputro 6onbwux eowna nbinbya Hordeum
morinum (39,5-53,1 mxkm), Elytrigia repens (41-48 mkm), Secale cereale (48,4-62,5 mkm) u Bromus arvensis (42,2-52,7 mkm). Kamezopusi
cpedHux 3epeH ekrroyana nbiibyy Dactylis glomerata (29,2-38,1 mkm), Poa spp. (26,1-37,3 mkm), Panicum capillare (33,3-39,5 mkm),
Lolium perenne (30,4-35,3 mkm), Bromus sterilis (28,3-30,8 mkm). Pasmep nbinbybl B. ramosus cocmaensin om 26,1 0o 39,5 MkmM, a
B. tectorum - om 35 0o 38,4 mkm. K kameeopuu camoul maneHbKol MbiribUbl Obliu OmHeceHbl 3epHa nbinbybl Poa pratense (22,1-25,9
MkM) u Piptatherum spp. (20,3-24,1 mkm). EQUHCMBEHHbIM 351aKOM, pasmep MblibUbl KOMopo20 Haxodusu 8 Kaxool kamezaopuu, bbin
Agrostis gigantea. [nsa pa3Hbix nonynsayul 3moao pacmeHusi Mbl 06Hapyxunu bonbwue, cpedHuUe pa3Mmepbl U 3epHa paamepom 25,0-
27,7 MKM, Komopsble riexxam mex0y kamezopusimu 2 u 3. CriedosameribHO, Hekomopblie podbi U 8UlGbl Poaceae MOXHO omiu4ums o
pasmepam ux Mblibybl, mo2da Kak y Opyaux pa3Mmepbl MblIbUEeBbIX 3€pPeH 3Ha4umesibHO eapbupyrom. HeobxodumbiM sensemcs
OanbHeliwee npogedeHue uccnedosaHuli, KoOmopbie MOMo2ym ycmaHo8uUmb MOPhOIo2ulo NblbUbl 60IbWE20 Konuyecmeaa pacmeHul
cemelicmea TOHKOHO208bIX, YMO 3Ha4uUMesbHO yryqwum 8 YkpauHe OuagHOCMUKY U npoguiakmuky ce30HHOU annepauu, 8bl3gaHHoU
NbIbYOU 3/1aK08.

KniouyeBble cnoBa: asnnepzeHHas fblibya, annepaeHHble buosioeudeckue yacmuubl, C€30HHas assepaus, Mbinbya 3/1aK08,
4y8cmeumeibHoCMb K Mbifibye, fnpogunakmuka nosnuHo3a.
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Currently, severe thermal injury is becoming one of the most important problems of
practical medicine. Diabetes is also recognized as another global medical and social
challenge of our century. The emergency situation for the treatment and prevention of
the consequences of these pathologies is a consequence of the lack of a reliable
theoretical basis for solving specific clinical problems regarding the course of burns,
diabetes and their complications. The aim of the study is to establish the patterns of
structural changes in the mucous membrane of the duodenum after burn injury of the
Skin of rats under conditions of experimental diabetes mellitus. The study was performed
on 63 laboratory white adult male rats weighing 180-210 g, which were divided into 3
groups: intact animals, rats with skin burns and rats with skin burns on the background
of diabetes. The model of experimental diabetes mellitus was reproduced by
administering Streptozotocin to rats intraperitoneally once at a dose of 50 mg/kg, pre-
dissolved in 0.1 M citrate buffer solution (pH=4.5). The control of the development of
hyperglycemia in the experimental groups was the level of glucose in the blood
24.24+0.79 mmol/l. In the control group this index was 8.03+0.4 mmol/l. Rats with skin
burns revealed destructive manifestations, which are accompanied by an active
inflammatory reaction and corresponding necrotic changes, while rats with skin burns
on the background of diabetes mellitus pathological processes are not just "summed
up", but in some way adaptively modified with the involvement of stress mechanisms of
the endoplasmic reticulum and associated autophagy.

Key words: duodenum, thermal trauma, diabetes.

Introduction

Medium molecular weight proteins, which are products
of proteolytic cleavage of blood plasma and tissue peptides,
various toxins, proteolytic enzymes, mediators of immune
reactions, prostaglandins, and cytokines, play an important
role in the development of burn endogenous intoxication.
The result of the rapid development of endogenous
intoxication is the appearance of other disorders typical of
burns - multiorgan failure syndrome, hypermetabolism
syndrome, systemic inflammatory and apoptotic response.
Thermal burn injury causes structural and functional
changes in the small intestine, the nature and depth of
which in some way correlate with the stage of the burn.
Intestinal dysfunction (based on reactive, compensatory-
adaptive and destructive changes in the cells of the digestive

system) plays an important role in the development of
multiorgan failure typical to burns.

Complications of diabetes mellitus and their symptoms
are caused by abnormal gastrointestinal motility, which is a
consequence of diabetic autonomic neuropathy. Currently,
the most common is the streptozotocin model of
experimental diabetes mellitus [2, 3, 10, 16, 17, 20].
Streptozotocin is an antibiotic (2-deoxy-2-methylnitrosamino-
carbonyl-amino-O-glucopyranose) that is isolated during the
fermentation of a culture of Streptomyces aerotogenes.
Streptozotocin in the chemical sense is N-
acetylglucosamine, which has in the position of acetate a
residue of nitrosourea. According to the peculiarities of
hormonal and metabolic changes, streptozotocin-induced
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diabetes is similar to type 1 diabetes in humans, although
under the conditions of this experimental model absolute
insulin deficiency is a consequence of direct toxic damage to
beta cells and occurs without autoimmune mechanisms,
which is characteristic of their destruction. type 1 diabetes
mellitus in humans.

It is generally accepted that the destructive processes
of various genesis in the mucous membrane of the
gastrointestinal tract not only cause changes in its barrier
function, but also have critical effects on the course of
carbohydrate, protein and lipid metabolism in the body [11,
14, 15, 19, 21]. Therefore, the study of polycaudal reaction
[14] of the mucous membrane of the gastrointestinal tract,
as part of the general maladaptation syndrome in diabetes
mellitus (especially in combination with diabetes and other
pathological conditions) remains relevant [19].

The aim of the study is to establish the patterns of
structural changes in the mucous membrane of the
duodenum after burn injury of the skin of rats under
conditions of experimental diabetes mellitus.

Materials and methods

The study was performed on 63 laboratory white adult
male rats weighing 180-210 g. The control group - 21 intact
rats without signs of somatic pathology, the first experimental
group included 21 rats with experimentally simulated skin
burn injury, the second experimental group included 21
experimental rats simulated skin burn injury and diabetes.
The experimental diabetes mellitus model was replicated
by administering intraperitoneal streptozotocin to rats once
at a dose of 50 mg/kg, pre-dissolved in 0.1 M citrate buffer
solution (pH=4.5). The control of the development of
hyperglycemia in the experimental groups was the level of
glucose in the blood - 24.24+0.79 mmol/l. In the control group
this level was 8.03£0.4 mmol/l.

The department of the duodenum was taken for
morphological examinations, fragments of which were
examined by light and electron microscopy.

Results

Damage to the epitheliocytes of the duodenal mucosa
is based on deep destructive changes (mostly necrotic),
which after 21 days (in the stage of septicotoxemia) are
usually irreversible and develop against the background of
significant intoxication of the body.

The revealed structural changes of epitheliocytes are
evidence of violation of the structural integrity of the intestinal
epithelial barrier (Fig. 1). In animals of the first experimental
group, the damaged epithelium of the duodenal mucosa
critically weakens the adequacy of its interface function
between the mucosa and the intestinal lumen environment
and is structurally unable to provide an effective barrier
against toxins, pathogens and antigenic molecules.

The course of structural changes in the mucous
membrane of rats of the first experimental group in terms
of development over time is staged and it can be divided
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Fig. 1. Destruction of adjacent areas of adjacent epitheliocytes
with a brush border in the duodenal mucosa of the rat of the first
experimental group 7 days after the burn. The arrow marked the
preserved area of intraepithelial contact, preserved in a fragment
of intestinal cellular detritus. Electronic microphotography. x30000.
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Fig. 2. Detachment of fenestrated blood capillary endothelium from
the preserved basement membrane of the blood capillary in the
loose connective tissue of the duodenal mucosa of the rat of the
first experimental group 7 days after the burn. Arrows marked
fenestrae in the endothelial cell. 1 - lumen of the blood capillary.
Electronic microphotography. x30000.

into three stages and two phases. Seven days after the
burn, structural manifestations of the overload stage are
registered (which consists of a combination of total and
subtotal destruction of some cells and with structural
manifestations of the functional stress phase of other
structurally preserved cells) (Fig. 2).

Fourteen days after the burn, a fixed structural picture of
mucosal changes unfolds, which corresponds to the stage
of relative stabilization of hyperfunction. Twenty-one days
after the burn, the structural manifestations of gradual
depletion and the development of decompensation are
registered (Fig. 3).

The structural expression of the overload stage is not
only the destruction of the plasmalemma followed by total
or subtotal cell destruction, but also the changes of the
organelles of the preserved cells detected by us
(characteristic of the functional stress phase).

This is an expansion of the lumen and an increase in
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ig. 3.CeIIuIar dtritus‘(1) inthe iﬁtéstinal space of the duodenum
of rats of the first experimental group 21 days after the burn.
Electronic microphotography. x20000.
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Fig. 4. Loose connective tissue of the duodenal mucosa of the rat
of the third experimental group 21 days after the start of the
experiment. 1 - accumulation of microbial bodies; 2 - plasma cell
nucleus; 3 - leukocyte nucleus. Electronic microphotography.
x10000.

the number of tubules of the granular endoplasmic
reticulum (as well as an increase in the number of
ribosomes attached to the tubular wall); increase in the
number of ribosomes and polysomes; Golgi complex
hypertrophy; increase in the number and variability of
mitochondria (presence of large, old and small "young"
mitochondria). But such intensive functioning, in our
opinion, accelerates the rate of cell depletion, increases
the accumulation in the cytoplasm of substances and
damaged (defective) organelles, which activates
intracellular mechanisms that lead to cell death (excessive
autophagy and necrosis).

The phase of functional stress (and all its above
manifestations) under the condition of favorable for the
maintenance of cell life coincides with the phase of
consolidation of compensatory-adaptive processes (which
precedes the stage of relative stabilization of hyperfunction).
But prolonged compensatory hyperfunction leads to the
destruction of cellular organelles and cytoplasmic matrix,

promotes the transition to the stage of gradual depletion
and the development of decompensation.

Thus, not only the primary direct destruction of intestinal
epithelial cells, but also organelle hyperplasia, probably
leads to a disorder of the intracellular self-regulation system,
disruption of intercellular interactions (including due to the
destruction of dense intraepithelial contacts). It is probable
that in the stage of stabilization of structural bases of function
compensation the development of compensatory
adaptations of intestinal epithelium ends and the point of
dichotomy appears: the process goes towards full
restoration of functions or towards decompensation of
functions (in case of loss of structural support, even partial
restoration of functions).

In contrast to the above changes, in the duodenal mucosa
of rats of the second experimental group, the dynamics of
morphological changes during different periods after burns
(7 days - stage of shock and early toxemia; 14 days - stage
of late toxemia; 21 days - stage of septicotoxicity) differs from
this in animals of the first experimental group. Comparison
of the obtained data with the previously revealed ones gives
grounds to believe that the time intervals and the nature of
the adaptive changes of the duodenal mucosa are
significantly prolonged and worsened.

Significant lesions of the mucous membrane should
lead to disruption of the digestive system, parietal digestion
and absorption, as well as immunological protection (due
to the fact that the mucous membranes are the first zone of
contact with environmental antigens and a leading link in
immune protection) which, no doubt, affects the condition of
the body of the burned and, to a large extent, determines the
development of burns, as well as the course of diabetes.

Evidence of dysfunction of the immune component of
the intestinal barrier is our structural signs of stress function
(adaptation) of various immunocompetent cells
(lymphocytes, plasma cells, macrophages, which provide
the functions of antigen presentation and secretion of local
inflammatory response mediators), and subsequently to their
partial destruction (failure of adaptation). This leads to the
further development of an inflammatory reaction involving
leukocytes, which also undergo a stage of activation and
subsequent depletion (a sign of which is the destruction of
leukocytes). These structural transformations are
accompanied by the appearance in the cytoplasm of
epitheliocytes and in the loose connective tissue of the
duodenal mucosa of microbial bodies, which is a sign of
microbial infiltration and general shifts of the intestinal
microbiota (which, under normal conditions, acts as a
biological intestinal filter) (Fig. 4).

The permeability of the duodenal mucosa barrier is also
impaired in the association of experimental skin burn injury
with streptozocin-induced diabetes mellitus. We have found
structural transformations of goblet cells that produce
intestinal mucus, which forms a layer on the surface of the
intestinal mucosa.

A gradual change in the types of secretion of goblet
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Rt < N g ey GRS
Fig. 5. Destruction of secretory granules with content of different
degrees of electron density in the apical parts of goblet cells in the
duodenal mucosa of rats of the third experimental group 21 days
after the start of the experiment. 1 - lumen, 2 - secretory granules
with content of different degrees of electron density. Electronic
microphotography. x20000.

cells has been registered: from merocrine type (by
exocytosis of mature secretory granules) to apocrine type
(by rejection of the apical part of goblet cells together with
secretory granules and individual organelles due to
clasmatosis), and further - to the holocrine type (by complete
destruction of the apical part of goblet cells and even
complete destruction of these cells) (Fig. 5).

This leads to structural signs of changes in the intestinal
mucosa (which at the electron microscopic level consists
of small globular content of low electron density, secretory
granules with preserved membrane and cell detritus, and
on histological sections stained with hematoxylin and eosin
in the lumen of the intestinal lumen). eosinophilic content).
The structural changes of epitheliocytes detected under
the conditions of the experiment are evidence of violation
of the structural integrity of the intestinal epithelial barrier.

Thus, the permeability of the intestinal mucosal barrier
is altered and these changes can be interpreted as
contributing to microbial invasion. The results of studies
have shown that the basis of damage to the epitheliocytes
of the duodenal mucosa are profound destructive changes,
which after 21 days (in the stage of septicotoxemia) are
usually irreversible and develop against the background of
significant intoxication. In animals of the second
experimental group, the damaged epithelium of the
duodenal mucosa critically weakens the adequacy of its
function of the interface between the mucosa and the
intestinal lumen environment and is structurally unable to
provide an effective barrier against toxins, pathogens and
antigenic molecules.

In particular, it should be noted that the structural
changes of the mucous membrane in rats after burn injury
of the skin associated with diabetes develop over time so
rapidly that the stage of relative stabilization can be
considered significantly unsettled.

The obtained results can be used to develop methods

to prevent the development of negative changes in the
intestinal epithelial barrier of the duodenum and
enterocytes in particular and to effectively treat their possible
consequences.

Discussion

The prevalence of diabetes, its specific complications,
and the presence of other comorbidities that often
accompany diabetes make it one of the major social and
public health problems. The steady increase in information
about the etiology and pathogenesis of diabetes mellitus,
as well as its chronic complications, leads to the need for
timely supplementation and clarification of existing
scientific concepts, accompanied by constant
reassessment of already established pathophysiological
processes and structural mechanisms that provide them.

In the modern scientific literature there is an idea that
"diabetes is predominantly an intestinal disease". It is well
known [9] that the small intestine plays an important role in
both digestion and the endocrine response in regulating
blood glucose levels. Hormones (GLP-1 and GJP) released
from the small intestinal mucosa in response to ingestion
of nutrients modulate the secretory response of insulin
and glucagon to this food.

The data obtained by us may indicate the greatest
contribution to the development of diabetic enteropathy of
structural changes in the mucous membrane of the
duodenum. In addition, it should be noted that the structural
transformation of the duodenal mucosa under the
conditions of the applied model of experimental burns is
deepened in its association with diabetes mellitus.

Also important is the dependence of morphological
changes of the duodenal mucosa on the course characteristic
of [4, 7, 12, 13, 18, 22] for burn disease complexes of
syndromes (endotoxic syndrome, hypermetabolism
syndrome, systemic inflammatory response and their general
manifestation in the form of internal dysfunction). It should be
noted that the excretion of toxins from the body of burnt [13] is
carried out in several ways (skin, kidneys, lungs, liver and
gastrointestinal tract), but these ways in the development of
burn disease are blocked by "actual intraorgan afterburn
pathology”. In addition to the fact that the mucous membrane
of the duodenum is affected by endotoxins of various origins
(from foci of ischemia and necrosis in the burn area and from
initially intact internal organs), It is worth noting the local
pathogenic effects of leukocytes, which we found in large
numbers in the mucous membrane of the duodenum of rats
of the first and especially the third experimental group. It should
be noted that their main foci of toxic products are formed due
to the interaction of leukocytes and their main forms of oxygen
with damaged cells. This phenomenon is called "oxygen-
metabolic, or respiratory explosion” [8]. The chain connection
of this phenomenon is that against the background of
activation of neutrophils occurs almost fifteen times, which in
turn induces the relaxation of smooth muscle. Under the
combination of burn disease with diabetes mellitus, these
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processes are superimposed on the typical for diabetic
enteropathy changes in intestinal motility in the form of
alternating diarrhea with constipation [1, 5, 6, 23-25], which
should generate a vicious circle of temporary intraluminal
intestinal endotoxins accumulation and subsequent intestinal
release from them. In general, this variant of the dynamics of
changes in pathological mechanisms, which increases the
uncertainty and adds instability to the nature of intestinal
motility, should affect the course of diabetic enteropathy in
terms of its association with burn injury. These data obtained
by us and made on the basis of their assumptions are
theoretically plausible, but need to be confirmed in clinical
trials.
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MOPIBHANBHA XAPAKTEPUCTUKA MPOSIBIB MOLUKOMKEHHA TA PENAPATUBHUX MPOLIECIB Y CITU30BIA OBONOHL
OBAHAOUATUMANOI KALLIKU LLYPIB 3A YMOB OMIKOBOI TPABMMU LLKIPU TA OMIKOBOI TPABMU LLKIPU, ACOLIIMOBAHOIO
3 LUYKPOBUM OIABETOM

TumoweHko 1.0., CokypeHko JI.M., SlHyuwuH A.5., [Tacmyxoea B.A.

Ha daHul 4ac eaxka mepmMmiyHa mpasma cmae OOHi€o 3 Haligaxknusiwux npobaem npakmuyHoi MeduyuHu. Llle oOHUM 2nobanbHUM
MeOuKo-coyianbHUM BUKITUKOM Hawo20 cmosimms 8U3HaHO makox uykpoeull Oiabem. Had3euyvaliHa cumyauis w000 npoginakmuku,
niiKkyeaHHs1 ma riorniepedxXeHHs1 Hacniokie yux namornoeaili € Hacriokom gidcymHocmi HadiliIHo20 meopemuy4Ho20 Mid2pyHMs y 8UPILUEHHI
KOHKpemHux KniHidHux rpobnem wjo0o nepebiey onikoeoi xeopobu, uyykposozo diabemy ma ix ycknadHeHb. Memoto GocrnidxeHHs €
8CMaHOBIIEHHSI 3aKOHOMIPHOCMeEU CmpyKmypHUX 3MiH 8 ¢/1u308ili 0600Hui 08aHadussmunanol KUWKU nicsisi OniKogoi mpasmu WKipu
wypie 3a ymos ekcriepumeHmarnbHo20 Uykpogoeo Oiabemy. [ocnidxeHHs 30ilicHeHo Ha 63 nabopamopHux 6inux cmamesospinux
wypax-camusix macoto 180-210 e, kompi 6ynu po3nodineHi Ha 3 epynu: iHMaKmHi meapuHu, Wypi 3 ONiKO8OH MPasMoK0 WKipU ma wypi
3 OMiKo8OK MPasMoro WKipU Ha mii yykpoeozo diabemy. Modenb ekcriepumeHmarnbHO20 UyKpogoeo Oiabemy gidmeoproganu Wisixom
88€0€HHS WypamM cmpernmo30moyuHy 8HympiuHboo4epeseHHO 00Hopa3080 8 903i 50 ma/ke, nonepedHbo posduHuswu tozo 6 0,1 M
yumpamHomy 6ygpepHomy posduHi (pH=4,5). KoHmponem po3sumky einepanikemii 8 eknepumeHmarbHUX epynax 6ye pieeHb erroKo3u
8 Kposi 24,24+0,79 mmorib/n. B koHmponbHil epyni yel nokasHuk cmaHosug 8,03+0,4 mmoris/n. Y ulypie 3 onikogow mpasmor WKipu
8usieneHi 0ecmpyKmu8Hi rposieuU, Kompi Cyrnpo8ooXymbCsi aKmuUBHO 3arnasbHOK peakuyieto i 8i0Mo8IOHUMU HEKPOMUYHUMU 3MiHaMU,
8 mol Yac fiK y wypie 3 OniKogo mpasMoro WKipu Ha mii uykpoeozo diabemy namorsoaidHi npoyecu He npocmo "cymyrombscs”, a
neeHUM YUHOM adanmueHo MOOUIKYOMbCS i3 3ary4eHHSIM MexaHi3mie crmpecy eHOomnna3MamuYyHo20 pemuKyymMma ma acoyitiogsaHoi
3 HUM asmocpaaii.

KntovoBi cnoBa: deaHaduysmunana Kuwka, mepmidyHa mpasma, Giabem.

CPABHUTEIbHAS XAPAKTEPUCTUKA NPOSAABNEHWA MNOBPEXOEHUA U PENAPATUBHbIX MPOLIECCOB B CITU3UCTOM
OBOJIOYKE OBEHAOLATUNEPCTHOW KULLKU KPbIC B YCNIOBUAX 0XXOrOBOW TPABMbI KOXWU U 0OXKOrOBOW TPABMbI
KO>W, ACCOLIMUMPOBAHHOMN C CAXAPHBLIM OUAEETOM

TumoweHko U.0., CokypeHko JI.M., AHyuwuH A.A., lTacmyxoea B.A.

B daHHOe spemsi msxenas mepMmudeckasi mpagma cmaHosumcsi 0OHoU u3 Hauboriee 8axHbiX rpobrem npakmuyeckol MeOuUUHbI.
Ewe o0Hum enobarnbHbiM MeOUKO-coyuanibHbIM 8bI3080M Haliea2o Cmonemus Mpu3HaH makxe caxapHbil Ouabem. YpessbiyalHas
cumyauyusi o npoghunakmuke, edeHuro u npedynpexdeHuto nocnedcmeull amux namoroaull sensemcsi cnedcmeueM omcymcemeusi
HadexXHo20 Mmeopemu4YecKo20 OCHOBaHUSI 8 pelleHUU KOHKPEeMHbIX KITUHUYeCKuUx rnpobrem o xode oxoeosol 60se3Hu, caxapHo20
Ouabema u ux ocrioxHeHul. Lenbto uccnedosaHusi f8/s1emcs ycmaHo8/1eHue 3aKkoHOMepHocmel CmpYKMmMypHbIX U3MeHeHul 8
cnusucmoli obonoyke 0gseHadyamunepCcmHOU KUWKU 10C/1e 0020800 mpasMbl KOXU KPbIC 8 yCII08USIX 3KCMepuMeHmarnbsHo20
caxapHoeo duabema. VccnedosaHue riposedeHo Ha 63 nabopamopHbix 6esibix M0/10803perbiX Kpbicax-camuyax maccol 180-210 e,
Komopble bbinu pasdernieHbl Ha 3 epynbl: UHMaKMHbIE XUBOMHbIE, KPbIChbI C 0XK02080U mpasMol KOXU U KPbICbl C 05020800 mpasmoll
KOXU Ha ¢hoHe caxapHoeo Ouabema. Modesnb sKcrepumeHmasnbHo20 caxapHo2o Quabema gocripousgodusnu nymem 88edeHuUsi Kpbicam
cmpernmo3omouyuHa 8HympubprowuHHO 0OHoKpamHo & o3se 50 me/ke, npedsapumernbHo pacmeopus ezo 8 0,1 M yumpam+Hom 6ychepHom
pacmeope (pH=4,5). KoHmponem pasgumus aunepanukemMuu 8 eknepuMmeHmarbHbIxX 2pyrnax Obii ypo8eHb 2/1t0K03bl 8 Kposu 24,24+0,79
mmonb/n. B epynne koHmpons 8,03+0,4 Mmornb/n. Y KpbiC ¢ 002080l mpasmMol KOXU ObHapyXeHbl ecmpyKmueHbie MposienieHusl,
Komopble conposoxoarmcsi akmusHoU eocrnanumenbHoU peakyuell U coomeemcmeayuUMU HEKPOMUYECKUMU U3MEHEHUSIMU, 8 MO
8peMsi KaK y KpbIC C 002080l mpasMoU KOXU Ha ¢hoHe caxapHo20 duabema namoisio2uyecKue rMpoyecchl He Npocmo "cymmupyromcsi”,
a onpedeneHHbIM obpa3omM adanmueHO MOOUUUUPYOMCS C rpus/iedeHUeM MexaHu3Mos8 cmpecca 3HAonnasmamuyeckoeo
pemukynyma u accoyuuposaHHol ¢ HUM aemodghazuu.

KnroueBble cnoBa: dgeHaduyamunepcmHasi Kuwka, mepmuyeckass mpasma, Ouabem.
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The past decade is characterized by a noticeable increase in the interest of physicians
in all areas of activity in the development of new and improvement of existing approaches
to the correction of dysbiotic disorders. Among them, the concept of using probiotics
occupies a leading position. At the same time, some enterosorbents, the mechanism of
action of which is largely due to the sanitation of the intestinal lumen and due to this
improvement of conditions for the vital activity of the physiological microbiota, can be
attributed to the group of means of improving the normal microfiora. In the context of an
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CORRESPON DING AUTHOR_ increase in the level of resistance to antibacterial agents, the inclusion of enterosorbents
e-mail: nazarchukoa@gmail.com in the complex therapy of dysbiosis is an important and pathogenetically justified
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approach. The aim of the work was to clarify the effectiveness of the use of sorbents
and probiotics for the prevention of structural and morphological disorders in the small
intestine of white mice developing against the background of antibiotic-induced
dysbiosis. Electron-microscopic methods showed that in the mucous membrane of the
small intestine of mice after using the probiotic "Simbiter" the extinction of
manifestations of cytodestructive disorders is observed. In addition, the obtained
electron microscopic data, indicating the ability of probiotic drugs with the simultaneous
introduction into the body of animals with a complex of antibiotics, to stimulate the
body's immune response. As a result of ultrastructural analysis of the mucous membrane
of the small intestine of mice, the formation of dysbiosis in which occurred against the
background of the use of enterosorbents, a decrease in the severity of structural
damage was found, compared with the group of animals that received only antibiotics.
After using "Symbiogel”, activation of plasma cells was registered, which can be an
indicator of the inflammatory process and the activity of the immune response in general,
as evidenced by the detection of plasma cells with dilated tubules. In general, it should
be noted that the use of "Symbiogel" for the prevention of dysbiotic disorders contributes
to the formation of a more pronounced immune response, compared with probiotic
drugs. So, on the model of antibiotic-induced dysbiosis at the ultrastructural level, the
ability of multiprobiotics "Simbiter®" and sorbent "Symbiogel” to reduce cytodestructive
changes in the mucous membrane of the small intestine of mice and normalize
morphoimunogenesis was proved.

Key words: microbiota, probiotics, enterosorbents.

Introduction

Nowadays, the interest of scientists in studying the
normal human microflora is growing. In recent years, the
term "normal microflora" is often replaced by the term
"microbiome" [9]. It should be noted that progress in the
study of the microbiome and its role in maintaining human
health is considered one of the key achievements of modern
biology and medicine [11].

Many convincing evidences of huge potential of action
of a microbiome on various processes of functioning of a
human body are received. Experts now consider the
microbiome as an additional human organ, which, actively
participating in digestion, management of metabolic
processes, maintaining the integrity of the epithelial barrier,
development and strengthening of the immune system and
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a number of other physiological functions, optimizes
conditions for normal life [1, 2, 4, 5, 8, 10, 14, 18].

However, recent scientific studies show that from 70 to
90% of the world's population suffers from dysbiosis of
varying degrees, which, of course, indicates their significant
social and environmental significance [7, 13]. Among the
many causes of dysbiotic disorders in the first place is the
use of chemotherapeutic antimicrobials, often broad-
spectrum and with an oral mechanism of administration.
Particularly dangerous in this regard is the use of antibiotics
for prophylactic purposes. However, some other groups of
drugs can contribute to the formation of dysbiosis by
affecting the kinetics of the epithelium of mucous
membranes and, accordingly, the composition of mucin
(nonsteroidal anti-inflammatory drugs, laxatives,
cholagogues, enveloping agents with sorbent properties
and some others) [23, 25].

The past decade has been marked by increase in the
interest of physicians in all areas of activity in the
development of new and improvement of existing
approaches to the correction of dysbiotic disorders. Among
them, the concept of probiotics occupies a leading position.
According to the WHO, probiotics are "living
microorganisms that, when used in adequate quantities,
have a beneficial effect on the host" [22]. The mechanisms
responsible for various probiotic effects are usually
associated with the ability of probiotics to inhibit the
development of pathogenic microbes, exhibit
immunomodulatory properties, stimulate the proliferation
and differentiation of epithelial cells and strengthen the
intestinal barrier [12, 17, 19].

Some types of enterosorbents can be referred to the
group of means of improvement of normal microflora. The
mechanism of their action is largely due to the rehabilitation
of the intestinal lumen and the improvement due to this
conditions for the functioning of the physiological microbiota.
Enterosorption is a non-invasive method of efferent therapy
and when choosing an adequate sorbent can help
effectively cleanse the body of allergens, mediators,
products of allergic or inflammatory reactions, metabolites,
toxins, viruses and other components. Rehabilitation of
habitats can optimize the conditions for the functioning of
normal human microflora. With increasing levels of
resistance to antibacterial agents, the inclusion of
enterosorbents in the complex therapy of dysbiosis is an
important and pathogenetically sound approach [6, 20, 21].

In recent years, much attention has been paid to
enterosorbents based on clay minerals, among which
bentonite clays are one of the most studied. Today, bentonites
are so-called "edible" minerals with proven anti-inflammatory,
antitoxic and ion exchange properties [15, 16, 24].

Objective of work: to determine the effectiveness of
sorbents and probiotics for the prevention of structural and
morphological disorders in the small intestine of mice
developing on the background of antibiotic-induced
dysbiosis.

Materials and methods

White laboratory mice of the BALB/c line were selected
as a model for studying morphofunctional changes of the
small intestinal mucosa in antibiotic-induced dysbiosis
and after their correction with probiotics and
enterosorbents. The formation of dysbiotic conditions in
animals was performed according to the previously
described method [3]. In addition, these antibiotics were
added to a glass of water (1 g of Ampicillin, 1 g of
Metronidazole and 290 mg of Gentamicin per 1000 ml of
water).

A total of 80 mice were involved in the experiment. The
first group - control, formed from intact animals, was 20
individuals; group 2 - animals with established intestinal
dysbiosis; group 3 - animals that in the process of modeling
dysbiotic conditions orally received "Symbiter® M
concentrated"; group 4 - animals that received "Symbiogel"
orally during the entire period of dysbiosis modeling.

Animals were removed from the experiment 5 days after
the start of modeling dysbiosis. Probiotics and sorbents
were administered intragastrically to animals for 5 days in
a volume of 200 pl 6 hours after receiving antimicrobial
drugs to form dysbiosis.

Results

As aresult of the analysis of structural and morphological
changes of the small intestine of mice with antibiotic-
induced dysbiosis (experimental group 2) the expressed
disturbances accompanying this process are recorded:
shortening of microvilli length and their partial reduction or
destruction with subsequent disintegration, absence of
brush border, mitochondria and the presence of
autophagosomes (Fig. 1A), as well as an increase in the
number of eosinophils, which are an indicator of allergic
reactions, as they are directly involved in protective allergic
and anaphylactic reactions of the body (Fig. 1B).

In the mucous membrane of the small intestine of mice
after the use of probiotics there was a visual attenuation of
cytodestructive disorders, namely a decrease in the number
of desquamated microvilli, the vast majority of enterocytes
retained the brush border, compared with the experimental
group of animals Ne2 (animals with dysbiosis) (Fig. 2).
The desquamation of microvilli was local in nature with a
partial absence of a brush border and a slight smoothness
of the plasma membrane.

It should also be noted about the intensive formation of
autophagosomes in enterocytes after the use of "Simbiter"
(Fig. 3). Electron microscopic studies showed no signs of
cell displacement to the basement membrane, compaction
of the cytoplasm, organelles and precursors of apoptotic
cells, as well as other apoptotic disorders. The number of
detected Paneth cells was statistically higher, but specific
changes were recorded in their granules: granules, which
apparently contained defensins, gradually lost their content
and transformed into structures with an electron-
transparent rim. Such granules can be considered as
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Fig. 2. Electronic microphotography. Local desquamation, signs of
partial absence of the brush border, smoothing of the plasma
membrane of the microvilli of the small intestine of animals with

dysbiosis after the use of probiotics. x8000.

-

Fig. 3. Electronic microphotography. Mitochondrial edema (1) and
intensive formation of autophagosomes (2) in enterocytes on the
background of probiotic use. x3600.

objects that are at different stages of functional activity and,
obviously, are proteins (Fig. 4).

The obtained data may indicate the ability of probiotic
drugs when simultaneously administered to animals with

Fig. 1. Electrbnic microphotography. A - local reduction of the brush border of mouse small intestine enterocytes in antibiotic-induced
dysbiosis (T). x6200; B - eosinophil (1) with characteristic elongated granules with a crystalloid (T). x8000.

a complex of antibiotics to stimulate the body's immune
response. In addition, in contrast to the control, the
expansion of the tubules of plasma cells due to their filling
with antibodies was not recorded at all. Blood vessels also
remained unchanged. At the same time, when using
probiotics, there was a visual decrease in the number of
eosinophils and basophils.

Based on the data obtained, it cannot be claimed that
the probiotic strains administered to mice colonized the
intestine. However, it should not be ruled out the possibility
of probiotics to actively secrete metabolites when passing
through the gastrointestinal tract. The latter can have a
positive effect on the barrier function of the intestine.
However, after the use of probiotics in the modeling of
antibiotic-induced dysbiosis, microecological changes and
cytodestructive manifestations in the intestines of animals
were less pronounced, compared with the group where
animals received only antibiotics.

As a result of ultrastructural analysis of the mucous
membrane of the small intestine of mice, the formation of
dysbiosis in the background of the use of enterosorbents,
a decrease in the severity of structural damage, compared
with the group of animals receiving only antibiotics was

Fig. 4. Electronic microphotography. Transformation of Paneth -<fell
granules (1) with the formation of cytosegresome (2). x3600.
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Fig. 5. Electronic microphotography. Local esquamation of microvilli
with partial absence of microvilli destruction (1) and unexpressed
smoothness of enterocyte plasma membrane after Symbiogel use.
x8000

S FL S ’

yowh i T :
Fig. 6. Electronic microphotography. Compacted enterocytes (1).
x6000.

established. Although in some places in the mucous
membrane of the small intestine was observed a visual
shortening of the length of the microvilli, cases of their
complete desquamation or disintegration were not recorded
(Fig. 5). After using Symbiogel, we registered the activation
of plasma cells, which may be an indicator of the
inflammatory process and the activity of the immune
response in general, as evidenced by the detection of
plasma cells with dilated tubules, apparently filled with
antibodies (Fig. 6).

In general, it should be noted that the use of Symbiogel
for the prevention of dysbiotic disorders contributes to the
formation of a more pronounced immune response,
compared with probiotic drugs. At the same time, no
changes were observed in the circulatory system, and it is
likely that the development of antibiotic-induced dysbiosis
is not reflected in the hemomicrocirculatory tract. There are
no direct signs that would indicate the intensive
development of apoptosis with the formation of apoptotic
cells that move to the basement membrane.

It should be noted that, in general, when receiving
electron microscopic sections of the mucous membrane
of the small intestine, microbial cells cannot always be

registered, while after the use of Symbiogel in the intestinal
lumen more often noted their presence. It should also be
noted that we have recorded isolated cases of the presence
of metamyelocytes and plasma cells in the own plate of
the mucous membrane of the small intestine.

Discussion

With increasing levels of resistance to antibacterial
agents, the inclusion of probiotics and enterosorbents in
the complex therapy of dysbiosis is an important and
pathogenetically sound approach. The feasibility of
correction of intestinal dysbiosis in various pathological
conditions with probiotic drugs was confirmed in the
Practical Recommendations of the World
Gastroenterological Organization (WGQO) 2002, 2008, 2011,
2012, 2014 [7, 9, 22].

An important advantage of probiotics with their inherent
wide range of antagonistic activity against pathogenic and
opportunistic microorganisms is that, unlike antibiotics,
they do not cause the formation of resistant forms of bacteria.
In addition, they have a multifaceted positive effect on the
body, which consist, in particular, in ability of probiotics to
reduce the permeability of tissue barriers to toxins, to have
a detoxifying effect on compounds produced in the host by
the pathogen. Unlike antibiotics that suppress the immune
system, probiotics stimulate the production of antibodies
and its non-specific factors. By producing biological
substances, they promote the production of mediators by
the macroorganism, which has a positive effect on the
functions of the digestive tract, liver, cardiovascular,
circulatory systems and metabolic processes in the body
of the host; involved in the synthesis and absorption of
vitamins. When interacting with immune and intestinal
epithelial cells, the active signaling components of
probiotics interact with antigen-recognizing receptors (TLRs
- Toll-like receptors, NLRs - The NOD-like receptors or
Nucleotide Oligomerization Domain receptors) and other
surface receptors, and as a consequence cause -
lymphocytes in Peyer's patches (CD4+ Th1, CD4+ Th2,
CD8+ cytotoxic T-lymphocytes) and their production of
various chemokines and cytokines [7, 23, 24].

The results of electron microscopic examination
indicate that during the correction of experimental
chemotherapeutic dysbiosis in laboratory animals the use
of probiotic "Simbiter" allows not only to stop the destructive-
dystrophic changes in the mucous membrane of the small
intestine, but also stimulates repair processes.

Based on the data obtained in the study, the stimulating
effect of "Symbiogel" was proved, which significantly
contributes to the restoration of parietal microflora of the
small intestine and eradication of translocated intestinal
microflora. Under such conditions, the introduction of
immobilized probiotics achieves an early therapeutic effect
in comparison with therapy with free probiotic cells and
enterosorbents.
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Conclusions

The results of experiments showed the property of
probiotic drugs and sorbents to reduce the depth of
cytodestructive changes in the mucous membrane of the
small intestine in the formation of antibiotic-induced
dysbiosis and normalization of immune responses that
accompany the development of such disorders.

Advances in DNA sequencing and computational
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pO3pobKU HOBUX mMa 800CKOHaNEeHHS iCHyroYux nidxodie Ao Kopekuyii ducbiomuyHux nopyweHb. Ceped HUX KOHUEenuis 8UKOpUCMaHHs
npobiomuckig 3alimae rpoesidHi nosuuii. Pazom i3 mum, do epynu 3acobie 0300p08IEHHS HOPMasbHOI MIKpoghriopu MoxHa gidHecmu i
Oesiki eHmepocopbeHmu, mexaHiam Oii AKUX 8 3Ha4yHIl Mipi 0bymMoeneHull caHauiero npoceaimy KUWKU i MomniMuweHHsIM 3a paxyHOK Ub020
ymoe 0ns xummedisinbHocmi ¢hidionoziyHoi mikpobiomu. B ymosax 3pocmaHHs pieHsi pe3aucmeHmHocmi 0o aHmubakmepianibHUX
3acobie sKko4YeHHs1 0o KoMmriekcHoi mepanii Oucbio3y eHmepocopbeHmie € 8aXIueuM ma namo2eHemu4Ho 062pyHmMosaHuM Midxo0oMm.
Memoto pobomu 6yno 3'acysaHHs echekmusHOCmi sukopucmaHHsi copbeHmis ma rnpobiomukie Onsi NpoginakmuKku CmpyKmypHoO-
MOopghosI02iYHUX MOPYWeHb Yy MOHKOMY KUWKIGHUKY 6inux muweu, wo po3gusarombscsi Ha ¢hoHi aHmubiomukoiHOyKkoeaHo20 Oucbiosy.
EnekmpoHHO-MIKpOCKOMiYHUMU MemodaMu roKa3aHo, WO 8 C/1u308ili 060/10HYi MOHKOI KUWKU Muwel nicris UKopucmaxHs npobiomuky
"Cumbimepy" criocmepizaembcsi 32acaHHs posigie LumModecmpyKmueHUX rnopyweHs. KpiM moao, ompumaHi eneKmpoHHO-MIKPOCKOMIYHI
OaHi, siKi cei@4amb npo 30amHicmb nNpobiomuyHux rpenapamie npu 0OHOYacHOMY 88€0eHHI 8 opaaHi3M meapuH 3 KOMIIIEKCOM
aHmubiomukie cmumyrroeamu iMyHHy 8i0noeidb opaaHiamy. B pe3dyrnbmami yribmpacmpyKmypHO20 aHarisy c/iu3080i 060/10HKU MOHKO20
KUWkKieHUKa muwedl, ¢hopmysaHHsi Oucbio3y y sikux 8i0bysanocb Ha (hOHI exusaHHsI eHmepocopbeHmis, 8CMaHOBMEHO 3HUXEHHS
8UpPa3HOCMIi CMPYKMYPHUX YWKOOXEHb MOPIGHSHO 3 epyror meapuH, siki ompumysanu nuwe aHmubiomuku. [licna eukopucmaHHs
"Cumbiozenio” 3apeecmpogaHo akmueizauyito nnasmMamuyHUX KIimuH, siKi MOXymb 6ymu MOKa3HUKOM 3aralsibHo20 rpouecy ma
akmugsHocmi iMyHHOI 8i0roeidi 8 yiromy, rMpPo Wo c8i0YUMb 8USIBNEHHS MIa3MamuyHUX KimuH 3 pO3WUpPeHUMU KaHanbuysamu. B yinomy
cnid sidmimumu, wo sukopucmarHs "Cumbiozento” dns npogpinakmuku ducbiomudHux po3snadie cripusie popmMyeaHHo birbL 8UpaxxeHoi
iMyHHOI 8idrnoeidi y nopieHsHHI 3 npobiomuyHum npenapamamu. Omxe, Ha modesni aHmubiomukoiHOykogaHo2o ducbio3y Ha
ynbmpacmpyKkmypHomMmy pigHi doeedeHa 30amHicmb myrnbmunpobiomuky "Cumbimep®" ma copbenmy "Cumbiozenb" 3ameHwysamu
yumodecmpyKmueHi 3MiHU 8 crlu308ili 060/IOHUJ MOHKO20 KUWKIBHUKa Muwel ma HopMmarnizysamu MopghoiMyHO2eHe3.

KnroyoBi cnoBa: mikpobioma, rpobiomuku, eHmepocopbeHmu.

POJ1Ib COPEEHTOB U MPOBMOTUKOB B MPO®UNAKTUKE CTPYKTYPHO-MOP®OJTOMMYECKUX HAPYLLEHUIA B TOHKOM
KULLEYHUKE XXUBOTHbIX, PA3BUBAIOLLIXCA NPU AUCBUO3E

Bobupb B.B., CmeueHko J1.A., LLlupo6okoe B.[1., Hazapuyk A.A., Peimwa E.B.

lMpowedwee Oecamunemue xapakmepu3yemcs 3aMemHbIM POCIMOM 3auHmepecoeaHHOCMU MeOuKO8 ecex HarnpasneHul
dessmesnibHOCMU 8orpocamMu paspabomKu HOBbIX U CO8EPUWEeHCMB08aHuUsl Cywecmsyuux nooxodos K Koppekyuu ducbuomudeckux
HapyweHut. Cpedu HUX KOHUenuus ucrnosib308aHusi npobuomukoe 3aHumaem gedyuue no3uyuu. Bmecme ¢ mem, e epynny cpedcms
0300po8rieHuUs1 HopMarnbHOU MUKPOGIOPbI MOXHO OMHecmu U HeKkomopble 3HmepocopbeHmbl, MexaHu3Mm Aelicmeusi KOmopbIX 8
3Ha4umeribHOU cmeneHu obycriosneH caHayuel rpoceema KUWKU U yry4YWweHuUem 3a cyem 3moeo ycro8ull 05 Xu3HedesimenbHOCmu
gpusuonoeudeckol MUKpobuomsl. B ycrogusix pocma ypoeHsi pe3ucmeHmHocmu K aHmubakmepuasbHbiM cpedcmeam KIIoYeHue 8
KOMIMIEeKCHyto mepanuto ducbuo3a 3HmMepocopbeHmos A6nsemcs 8aXHbIM U rnamo2eHemu4yecku 060CHO8aHHbIM 100xo0om. Llerbio
pabomsbi 6bI110 8biISCHEHUE 3ghdheKmuBHOCMU UCMOb308aHUsi copbeHmos u npobuomukos 051 MPouUAaKmMuUKU CmpyKmypHo-
MOPEOIo2UYECKUX HapyweHUl 8 MOHKOM KuwedyHUKe 6ernbix Mbiwel, pa3eusaroujuxcsi Ha poHe aHmMubuOMUKOUHOYUUPO8aHHO20
Oucbuo3sa. SrnekmpoHHO-MUKPOCKONUYECKUMU MemodamMu MoKa3aHo, Ymo 8 cru3ucmol 060o504ke mMOHKOU KUWKU Mblwel rocre
ucrionib3o8aHus npobuomuka "Cumbumepa” Habrrodaemcs y2acaHue nposieneHul yumodecmpyKmueHbIx HapyweHul. Kpome moeo,
r10/1yYeHbl 311eKMPOHHO-MUKPOCKONuYeckue OaHHble, Komopble ceudemeri.cmeaytom O criocobHocmu npobuomuyYyecKkux rnpenapamos
rpu 00HO8PEMEHHOM 88€0eHUU 8 OP2aHU3M XUBOMHbIX C KOMIMIEKCOM aHMUbUOMUKO8 CmuMyIupo8ams UMMYHHBbIU Omeem opaaHu3ma.
B pesynbmame ynbmpacmpyKkmypHO20 aHanu3a cru3ucmol 060/104KU MOHKO20 KUWEeYHUKa Mbiwel, popmuposaHue ducbuosa y
KOMOpbIX rpoucxodusio Ha oHe ynompebreHuss 3HMepocopbeHmos, ycmaHo8/1eHO CHUXEHUE 8bIPaXeHHOCMU CMPYKMYpPHbIX
rogpex0eHull Mo cpasHeHUo ¢ 2pynnol XUBOMHbIX, rofydaswux mosibko aHmubuomuku. lNocne ucnonb3osaHus "Cumbuoeens”
3apeaucmpuposaHa akmususauus nnasMamuyeckux KIemok, Komopble Mo2ym bbimb rokazamersieM 80cCranumeribHoO20 rpoyecca u
aKkmueHocmu UMMYHHO20 omeema 8 UesioM, 0 YeMm ceudemernscmayem ObHapyXXeHuUe rnia3mMamuyecKux KIemokK C pacliupeHHbIMU
KaHarnbyamu. B yerom cnedyem ommemums, 4mo ucrons3oeaHue "Cumbuoeens"” dnsa npoghunakmuku ducbuomuyeckux paccmpolicms
criocobcmayem ¢hopmuposaHuto boree 8bipaxKeHH020 UMMYHHO20 omeema o CpasHeHUo ¢ npobuomuyeckumM npernapamamu. Vimak,
Ha modenu aHmubuomukouHOyyupogaHHo20 Oucbuo3a Ha yrbmpacmpyKmypHOM yposHe doKa3aHa criocobHocmb Mynbmunpobuomuka
"Cumbumep®" u copbeHma "Cumbuoeerns" ymeHbwams 4umooecmpyKmugHbIe USMEHEHUS 8 CrIU3UcmoUl 060/104Ke MOHK020 KUWeYHUKa
Mbiwel U Hopmanu3osambs MOPEHOUMMYHO2EHE3.

KnroueBble cnoBa: mMukpobuoma, npobuomuku, 3HmMepocopbeHmbI.
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Expanding the theoretical knowledge of medical anthropology in the modern field of
dental services is one of the main drivers of progress in the orthodontic field. The only
way to successfully develop the relationship of these disciplines is to create and fill a
database of normative data and search for correlations between various, both obviously
related and, at first glance, completely unrelated structures of the human body. The
purpose of the study was to determine the features of the relationship between the
linear dimensions of molars with the cephalometric parameters of practically healthy
men of the first mature age, residents of the western region of Ukraine. Cone-beam
computed tomography was performed in 36 practically healthy men of the first mature
age, residents of the western region of Ukraine (from Rivne, Volyn, Chernivtsi, Lviv,
Ternopil, Khmelnytsky, Ivano-Frankivsk and Zakarpattia regions) followed by
odontometry research and cephalometry. Statistical processing of the results was
performed in the license package "Statistica 6.1" using non-parametric Spearman's
statistics. As a result of quantitative analysis of reliable and average strength of
unreliable correlations of linear computed tomographic sizes of molars with
cephalometric indicators and indices of practically healthy men of the western region of
Ukraine it is established that the percentage, mainly direct, reliable and average strength
of unreliable correlations of linear sizes of molars with cephalometric indices and with
indicators of the cerebral or facial skull is almost no different. The largest number of
reliable and medium-strength unreliable correlations of linear molars sizes with cranial
indices was found with vestibular-lingual and mesio-distal tooth sizes (20.5% with
upper molars and 25.0% with lower molars). The highest number of reliable and medium-
strength unreliable correlations of linear molars sizes with facial skull indices was
found for upper molars with tooth height, crowns and root length (10.8%) and vestibular-
lingual and mesio-distal dimensions (12.8%), and for lower molars - only with vestibular-
lingual and mesio-distal dimensions (19.4%). The obtained data testify to the prospects
of the chosen scientific direction of research, which will further improve the work of
physicians in various fields of medicine, including preventive.

Keywords: computed tomography, molars, odontometry, cephalometry, correlations,
practically healthy men, administrative-territorial regions of Ukraine.

Introduction

The human dental apparatus has undergone
successive development from a simple organ that provides
food grinding to an organ that participates in word-formation
function, thus forming speech. Recently, this device has
received a new function - aesthetic, thus forming the image
of man. All this led to the formation of dentistry as an industry
that embraces only the problems of the dental apparatus
and in the future, its active branching into other, more
specific areas. In particular, one of these branches is

orthodontics - a branch of dentistry that deals with the
treatment, study of etiology and prevention of abnormalities
of the dental system [6, 13, 15, 16].

However, the last component, namely prevention, is the
least studied and possibly underestimated by both
representatives of the theoretical and practical direction of
orthodontics. The ability to identify population risk groups
for a disease using simple and at the same time,
scientifically sound methods would seem to be a kind of
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"utopia" for medicine. But in fact such works already exist
and new ones are being developed - with the use of medical
anthropology [3, 7, 17]. The dental industry is no exception,
where it is also used to build the ideal proportions of the
face and dental system. The latter becomes possible due to
the use of various cranial values and their further comparison
with human orthodontic indicators [12, 14]. Thus, a group of
Indian authors [10] found a positive correlation between the
size of the human iris and the mesiodistal width of the central
incisor of the upper jaw for men and women.

The difficulty of the widespread implementation of the
results of anthropological research is that they require
research on different groups of the population - both by age
and sex. It is proved that there is a difference in such
indicators as length, the ratio of width/length of the teeth of
the upper jaw and the width of their crowns, between males
and females [27]. It is also necessary to take into account
the ethnic and regional affiliation of individuals [9]. It is
established that the largest odontometric indicators have
representatives of African races, smaller Japanese and the
smallest Europeans [4]. Thus, there is a need for research
to find relationships between cephalometric and orthodontic
indicators that take into account all of the above variables
(gender, age, and ethnic or regional affiliation).

The purpose of the study was to determine the features
of the relationship between the linear dimensions of molars
with the cephalometric parameters of practically healthy men
of the first mature age, residents of the western region of
Ukraine.

Materials and methods

As a result of the study, 36 practically healthy men of the
first mature age, residents of the western region of Ukraine
from Rivne, Volyn, Chernivtsi, Lviv, Ternopil, Khmelnytsky,
Ivano-Frankivsk and Zakarpattia regions, with favorable,
moderately favorable and satisfactory ecological living

conditions were selected. Committee on Bioethics of
National Pirogov Memorial Medical University, Vinnytsya
found that the research does not contradict the basic
bioethical norms of the Council of Europe Convention on
Human Rights and Biomedicine (1977) and the
Declaration of Helsinki.

Computed tomography was performed using a
Veraviewepocs-3D dental cone-beam tomograph (Morita,
Japan). Odontometric examination 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 included
determination of tooth height and tooth crown, length of
palatal medial and distal roots, vestibular-lingual and
mesio-distal dimensions of the crown and neck of the tooth
[23]. For the convenience of recording, the digital
designation of teeth was used: 16 - upper right first molar;
17 - upper right second molar; 26 - upper left first molar; 27
- upper left second molar; 36 - lower left first molar; 37 -
lower left second molar; 46 - lower right first molar; 47 -
lower right second molar

Cephalometric study of the parameters of the cerebral
and facial parts of the head was performed in accordance
with generally accepted recommendations and anatomical
guidelines and points [2]. The shape of the head [28] and
the type of face were also determined [20].

The correlations between odonto- and cephalometric
parameters were evaluated in the licensed package
"Statistica 6.1" using non-parametric Spearman statistics.

Results

The correlations obtained by us between the sizes of
molars of the upper and lower jaws with cephalometric
indicators of the brain and facial skull of practically healthy
men of the western administrative-territorial region of
Ukraine are presented in Tables 1-6.

Table 1. Correlations of the sizes of molars of an upper jaw with cephalometric indicators of a brain skull of a man of the western region

of Ukraine (n=16-36).

Sizes of molars Cephalometric indicators
DUG_GOP DUGS_GOP | DUG_AUAU G_OP FMT_FMT EY_EY KRANIO
17HZ -0.01 -0.03 0.25 -0.02 0.09 0.00 -0.02
17HKZ -0.15 -0.09 0.05 -0.18 0.17 0.00 0.11
17HRZ1 -0.06 -0.07 0.22 0.10 -0.06 -0.07 -0.12
17HRZ2 0.19 0.25 0.32 0.32 0.24 0.10 -0.07
17HRZ3 0.03 -0.01 0.13 0.20 -0.05 0.03 -0.18
17VO_K -0.09 0.03 0.07 -0.08 _ 0.29 0.25
17VO_S -0.14 0.15 0.02 -0.09 0.30 0.28 0.29
17MD_K 0.23 0.17 -0.05 0.31 -0.24 -0.21
17MD_S 0.27 0.28 0.02 - -0.13 -0.22
16HZ 0.13 0.03 0.30 0.01 0.20 0.16 0.11
16HKZ -0.14 -0.06 0.15 -0.15 0.15 -0.06 -0.02
52 ISSN 1818-1295 elSSN 2616-6194 Reports of Morphology
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Continuation of table 1.

Sizes of molars Cephalometric indicators
DUG_GOP | DUGS_GOP | DUG_AUAU G _OP FMT_FMT EY_EY KRANIO

16HRZ1 0.09 0.33 0.29 0.26 0.14 0.04 -0.14
16HRZ2 0.09 0.02 0.21 0.07 0.06 0.00 -0.03
16HRZ3 0.17 0.22 0.25 0.32 0.14 0.17 -0.08
16VO_S 0.17 0.05 0.02 -0.19
16VO_K 0.04 0.23 0.18 0.13 0.14 0.19 0.08
16MD_S 0.14 0.18 0.06 0.28 -0.06 -0.18
16MD_K 0.09 0.09 -0.07 0.22 -0.02 -0.20 -0.33

26HZ 0.16 -0.01 0.24 0.05 0.03 -0.02 -0.06
26HKZ -0.02 -0.15 0.17 -0.08 0.05 -0.02 0.01
26HRZ1 -0.10 0.04 0.00 0.20 0.08 -0.09 -0.23
26HRZ2 0.09 0.06 0.17 0.10 0.05 -0.03 -0.10
26HRZ3 0.21 0.22 0.22 0.24 0.07 0.09 -0.04
26V0O_K 0.21 0.17 0.24 0.01
26V0_S 0.03 0.24 0.19 0.24 0.19 0.15 -0.02
26MD_K 0.09 0.14 0.06 0.31 -0.12 -0.20 -
26MD_S -0.02 0.05 0.00 0.18 -0.06 -0.21 -0.27

27HZ -0.14 -0.06 0.17 0.05 -0.11 -0.23 -0.25
27HKZ _ -0.24 -0.02 -0.19 0.05 -0.03 0.10
27HRZ1 0.02 0.06 0.32 0.25 -0.12 -0.18 -0.29
27HRZ2 0.12 0.16 0.18 0.28 0.08 -0.18 -0.33
27HRZ3 0.03 0.04 0.29 0.11 0.00 0.00 -0.07
27VO_K -0.25 -0.11 -0.04 -0.02 0.19 0.25 0.23
27V0_S 0.01 0.08 0.08 0.05 0.30
27MD_K 0.14 0.16 0.02 0.29 -0.30
27MD_S 0.17 0.18 -0.05 0.32 -0.32

Notes: here and in the following tables, bold and red, or blue, respectively, are significant reliable medium-strength direct and inverse
correlations; underlining and sand, or green color, respectively, unreliable medium-strength direct and inverse 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.

Table 2. Correlations of the sizes of molars of a mandible with cephalometric indicators of a brain skull of men of the western region of
Ukraine (n=16-36).

Cephalometric indicators

Sizes of molars DUG_GOP | DUGS_GOP | DUG_AUAU G_OP EY_EY FMT_FMT KRANIO
47HZ -0.14 -0.07 -0.08 0.13 0.10 0.00 0.02
4THKZ -0.25 -0.22 -0.19 0.19 0.14 -0.14 0.01
47THRZ4 -0.12 -0.14 0.01 -0.21 0.20 -0.27 -0.04

47HRZ5 -0.09 0.11 0.24 0.13 0.20
47V0_K 0.06 0.30 0.26 031 0.30
47V0_S 0.04 0.26 0.16 0.17
47MD_K 0.21 0.24 0.16 0.23

0.28 0.19
0.06 0.03
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Continuation of table 2.

Cephalometric indicators

Sizes of molars

DUG_GOP DUGS_GOP | DUG_AUAU G_OP EY_EY FMT_FMT KRANIO
47MD_S 0.08 0.01 0.03 0.11 0.15 0.05 0.05
46HZ -0.06 -0.07 -0.10 0.07 -0.05 -0.14 -0.11
46HKZ 0.02 -0.01 0.10 -0.12 0.07 -0.05 0.10
46HRZ4 0.08 0.07 0.14 -0.03 -0.10 -0.12 -0.15
46HRZ5 -0.01 -0.17 0.00 0.19 -0.18 -0.21 -0.25
46VO_K 0.13 0.14 0.01 0.28 0.26 0.01 0.06
46V0O_S 0.17 -0.08 0.32 0.27 0.15
46MD_K 0.17 0.24 0.28 0.19
46MD_S 0.18 0.31 0.22 0.18 0.28 0.28 0.15
36HZ -0.06 -0.05 -0.02 0.04 -0.28 -0.27 -0.31
36HKZ 0.00 0.05 0.07 -0.06 -0.13 -0.24 -0.14
36HRZ4 -0.09 -0.09 -0.02 -0.09 -0.18 -0.18 -0.20
36HRZ5 0.03 0.01 0.28
36VO_K 0.29
36V0O_S 0.20
36MD_K 0.15 0.31 0.30 0.24 0.30 0.26
36MD_S 0.08 0.25 0.13 0.20 0.26 0.20
37HZ -0.01 -0.06 0.03 -0.04 -0.13 -0.01 -0.11
37HKZ -0.11 -0.19 -0.10 -0.21 -0.11 -0.07 0.01
37HRZ4 -0.17 -0.27 -0.07 -0.27 -0.27 -0.23 -0.04
37HRZ5 -0.04 0.15 0.19 0.17
37VO_K 0.04 0.26 0.17 0.26
37V0_S 0.00 0.11 0.17 0.16
37MD_K 0.07 0.20 0.01 0.17 0.31 0.08 0.09
37MD_S 0.03 0.09 0.04 0.06 0.24 0.10 0.13

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 molar sizes of the upper jaw with cephalometric indicators of the facial skull of men from the western region of
Ukraine (n=16-36).

Sizes of molars Cephalometric indicators
Y. zY ZM_ZM TR_GN TR_N N_GN N_PRN N_SN GO_GO N_STO

17HZ 0.00 -0.04 -0.08 -0.11 0.19 -0.13 -0.15 0.09 0.05
17HKZ 0.05 -0.13 -0.03 -0.09 0.20 -0.10 -0.13 -0.12 0.14
17HRZ1 -0.08 -0.04 -0.16 0.19 -0.16 -0.11 -0.08 -0.20 0.13
17HRZ2 0.08 0.08 -0.04 -0.16 -0.13 -0.02 -0.12 -0.04
17HRZ3 0.12 -0.21 0.16 -0.10 0.13 0.08 0.16 0.21
17VO_K -0.22 0.29 0.14 0.09 0.32 0.03 0.25
17V0_S -0.29 0.19 0.04 0.1 0.32 0.26 0.10 0.03
17MD_K -0.02 -0.31 0.04 0.00 0.18 0.00 0.06 0.12 -0.13
17MD_S 0.04 0.08 0.10 0.10 0.00 0.1 0.01 -0.10

16HZ 0.09 -0.02 0.08 0.13 0.15 -0.06 -0.05 0.13 0.1
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Continuation of table 3.

Sizes of molars Cephalometric indicators
Y. zY ZM_ZM TR_GN TR_N N_GN N_PRN N_SN GO_GO N_STO
16HKZ 0.10 -0.28 -0.08 -0.05 0.03 -0.12 -0.15 -0.17 0.11
16HRZ1 0.23 0.28 0.16 0.10 0.13 -0.06 -0.02
16HRZ2 0.01 -0.02 -0.02 -0.06 -0.11 -0.04 -0.14 -0.18
16HRZ3 0.22 0.06 0.20 0.16 0.19 0.12 -
16VO_S 0.10 -0.22 0.31 0.06 0.14 0.18 0.13 0.02
16VO_K 0.20 -0.25 0.14 -0.02 -0.05 0.11 0.11 0.31 -0.21
16MD_S -0.08 -0.05 -0.15 -0.02 -0.11 -0.30 -0.19 0.16 -0.11
16MD_K -0.05 -0.09 -0.12 -0.03 -0.12 -0.32 -0.21 0.11 -0.13
26HZ 0.01 0.1 -0.05 0.04 0.07 -0.28 -0.25 0.18 0.00
26HKZ 0.04 -0.22 -0.16 -0.11 -0.04 -0.23 -0.22 -0.11 -0.01
26HRZ1 0.14 -0.17 -0.25 -0.10 0.10 -0.30 -0.27 -0.04 0.11
26HRZ2 0.07 0.00 -0.05 0.30 0.14 -0.15 -0.15 -0.05 -0.02
26HRZ3 0.24 0.14 0.12 0.12 0.25 0.10 0.14 0.26 -
26VO_K 0.23 -0.24 0.31 - 0.10 0.25 0.32 0.05 0.26
26V0_S 0.23 -0.32 0.17 0.02 0.00 0.16 0.22 0.07 0.07
26MD_K -0.20 0.04 -0.16 -0.07 -0.09 -0.22 -0.12 0.09 -0.10
26MD_S -0.16 -0.01 -0.27 -0.13 -0.20 -0.28 -0.16 0.03 -0.17
27HZ -0.19 0.02 -0.14 -0.16 0.13 -0.11 -0.11 -0.13 0.08
27HKZ -0.09 0.04 -0.27 0.15 -0.25 -0.30 -0.19 0.16
27HRZ1 -0.04 -0.09 -0.09 0.17 -0.05 -0.08 -0.02 -0.11 0.10
27HRZ2 0.06 0.01 -0.10 -0.07 -0.32 -0.29 0.02 -0.06
27HRZ3 -0.02 -0.02 0.03 0.01 0.22 0.08 0.10 -0.07 0.12
27V0O_K 0.13 -0.13 0.15 0.01 0.05 0.24 0.16 0.06 0.17
E_ 0.25 0.17 0.00 0.21 0.16 0.17 -0.05
27MD_K -0.16 -0.14 -0.01 -0.10 0.16 0.03 0.08 0.11 -0.12
27MD_S -0.14 -0.20 -0.09 -0.12 0.14 -0.01 0.04 0.11 -0.14

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 mandible with cephalometric indicators of a facial skull of men of the western region of

Ukraine (n=16-36).

Sizes of molars Cephalometric indicators
Y zy ZM_ZM TR_GN TR_N N_GN N_PRN N_SN GO_GO N_STO

47HZ -0.06 0.04 -0.23 -0.24 0.24 -0.08 -0.11 -0.25 0.10
47HKZ -0.21 0.07 -0.31 -0.32 0.13 -0.09 -0.15 -0.16 -0.01
47HRZ4 -0.19 0.01 -0.32 -0.20 0.01 -0.25 -0.24 -0.11 -0.28
47HRZ5 0.17 0.05 0.13 0.16 0.21 0.14 0.12 -0.24 0.29
47V0O_K 0.30 -0.07 0.18 0.20 0.10 0.26 0.30 -0.07 -
47V0_S 0.28 -0.14 0.25 -0.04 0.14 0.21 0.22 0.20 0.20
47MD_K 0.21 -0.17 0.29 0.11 0.28 0.27 0.27 0.18 0.23
47MD_S 0.17 -0.15 0.13 0.02 0.14 0.01 0.03 0.22 0.03
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Continuation of table 4.

Sizes of molars

Cephalometric indicators

Y zY ZM_zZM | TR_GN TR_N N_GN N.PRN | N.SN | GO_GO | N_STO
46HZ 017 -0.01 032 025 0.01 -0.07 -0.05 -0.25 0.02
46HKZ 0.01 -0.10 -0.11 -0.05 0.10 0.16 0.10 0.01 0.03
46HRZ4 -0.05 -0.19 0.17 -0.12 0.00 -0.16 -0.23 0.06 -0.23
46HRZ5 023 0.12 -0.04 0.08 0.13 -0.15 -0.08 -0.10 0.05
46V0_K 0.08 0.13 0.07 -0.03 0.14 0.01 0.12 0.1 0.23
46V0_S 031 0.23 0.23 0.10 0.17 0.25
46MD_K 0.10 0.19 0.24 0.25 0.25 0.28
46MD_S -0.14 0.15 0.02 0.09 0.12 0.22 0.07
36HZ -0.19 0.02 -0.22 0.03 -0.21 -0.23 -0.12 -0.06
36HKZ -0.08 -0.14 -0.11 0.07 0.16 -0.02 -0.06 0.06 -0.02
36HRZ4 0.13 -0.14 0.25 023 0.08 -0.19 0.26 -0.09 0.13
36HRZ5 0.12 0.16 -0.11 0.01 0.1 -0.16 -0.10 -0.02 0.06
36V0_K 0.18 0.09 0.15 0.08 -0.03 0.22 0.14 0.17
36V0_S 0.23 -0.10 0.15 0.04 0.05 0.28 0.13 031
36MD_K 0.29 -0.04 0.27 0.03 0.15 0.30 0.30 0.19 0.29
36MD_S 0.27 -0.14 0.25 0.04 0.02 0.17 0.20 0.21 0.1
37HZ 0.02 -0.07 0.28 -0.11 0.16 023 0.26 -0.03 0.04
37HKZ -0.08 0.02 0.26 023 0.16 0.17 0.24 0.04 0.07
37HRZ4 -0.18 0.02 - 0.22 -0.05 030 031 0.12
37HRZ5 0.29 -0.20 -0.06 0.19 0.07 0.07 0.07 -0.06 0.01
37V0_K -0.02 0.13 0.13 0.07 0.28 0.32 -0.10
37V0_S -0.18 0.10 -0.02 0.05 0.06 0.09 0.15 0.18
37MD_K 0.20 -0.23 0.26 0.01 0.31 0.28 0.16 0.29
37MD_S 0.14 -0.10 0.22 -0.03 0.21 031 0.26 0.20 0.15

Ukraine (n=16-36).

Table 5. Correlations of molar sizes of the upper jaw with cephalometric indicators of the facial skull of men in the western region of

Sizes of molars

Cephalometric indicators

SN_PRN | AL AL | CHLCHI | EK_EK | MF_MF NI PGO GN | 1G0O_GN | IN_GARS
17HZ 0.16 0.29 0.03 0.28 0.06 0.24 0.01 0.01 0.15
17HKZ 0.27 - -0.24 0.07 0.02 0.14 0.05 0.00 0.21
17HRZ1 0.02 -0.04 -0.04 0.22 -0.22 -0.18
17HRZ2 -0.01 0.00 0.23 -0.11
17HRZ3 0.19 0.16 0.23 0.47
17VO_K 031 -0.08 -0.06 0.23 0.07 0.20 0.18 0.13 0.01
17VO_S 0.20 0.02 -0.08 0.17 -0.06 0.15 0.26 0.25 0.07
17MD_K 0.12 0.02 0.02 0.09 031 0.25 -0.09 -0.03
17MD_S 0.18 0.04 0.00 0.03 0.10 -0.04 0.05 031
16HZ 0.29 0.1 0.14 0.16 0.15 0.19 0.18 0.07
16HKZ 0.04 0.32 0.20 0.08 0.10 0.05 0.03 -0.08 0.14
16HRZ1 -0.02 -0.08 023 0.07 -0.02 0.04 0.11 0.04 0.26
16HRZ2 0.12 0.08 -0.15 _I
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Continuation of table 5.

Sizes of molars Cephalometric indicators
SN_PRN CHL CHI PGO_GN | IGO_GN IN_GARS
16HRZ3 0.29 -0.11 -0.04 0.01 0.12
16VO_S 0.04 0.19 0.21 0.16
16VO_K 0.10 0.15 -0.02 0.31 0.10 0.04 0.25 0.22 -0.01
16MD_S -0.05 0.13 0.23 0.31 0.01 -0.07 0.02 0.10 0.00
16MD_K -0.09 0.04 0.21 0.16 0.01 -0.04 -0.10 -0.01 0.07
26HZ 0.26 0.02 0.21 - 0.13 0.09 0.18 0.24 0.02
26HKZ 0.12 -0.19 0.04 0.12 -0.15 -0.08 0.25 0.22 0.12
26HRZ1 0.15 -0.14 0.00 0.06 -0.07 -0.03 0.06 0.07 0.13
26HRZ2 0.12 0.18 -0.19 0.22 0.07 0.23 0.20 0.10
26HRZ3 0.30 -0.16 0.15 0.06 0.27 -0.03 0.06 -0.04
26VO_K 0.22 0.05 0.08 0.23 -0.05 -0.03 _I
26V0_S 0.18 0.12 -0.04 0.17 -0.13 0.08 0.27 0.32 0.12
26MD_K -0.07 0.15 0.23 0.24 -0.01 0.01 -0.06 0.04 0.04
26MD_S -0.05 0.09 0.21 0.19 -0.02 -0.09 -0.01 0.07 0.01
27HZ 0.23 -0.27 -0.06 0.09 -0.10 0.13 -0.03 -0.05 0.21
27HKZ 0.24 - -0.15 -0.15 -0.07 0.11 -0.14 -0.20 0.14
27HRZ1 0.15 -0.05 -0.11
27HRZ2 -0.05 0.08 -0.11
27HRZ3 0.18 -0.11 0.09 0.25 -0.01 0.32 -0.05 -0.08 0.22
27VO_K - -0.02 0.12 0.23 -0.09 0.15 0.31 0.25 0.04
27V0_S 0.11 0.08 -0.15 0.28 0.06 0.14
27MD_K 0.01 0.00 0.08 0.06 -0.31 0.19
27MD_S -0.02 -0.02 0.05 0.03 -0.30 0.17

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 mandible with cephalometric indicators of a facial skull of men of the western region of

Ukraine (n=16-36).

Sizes of molars Cephalometric indicators
SN_PRN | AL_AL CHI CHI | EK_EK MF_MF N_| PGO_GN | IGO_GN | IN_GARS

47HZ 0.18 -0.14 -0.27 -0.09 0.04 0.24 -0.25 -0.28 0.23

47HKZ 0.18 -0.05 -0.19 -0.07 -0.01 0.20 -0.15 -0.20 0.21
47HRZ4 -0.01 0.05 -0.21 0.11 -0.11 -0.01 -0.01 0.01 0.15
47HRZ5 0.27 -0.23 -0.12 -0.02 0.25 0.24 -0.17 -0.22 0.06
47V0_K 0.23 0.10 -0.13 0.15 0.33 0.16 0.09 -0.08
47V0_S 0.14 0.00 -0.06 0.11 0.10 0.02
47MD_K 0.30 0.19 -0.07 0.15
47MD_S 0.21 0.17 -0.02

46HZ 0.03 0.15 -0.06 -0.06 -0.13 0.18 -0.13 -0.19 0.16

46HKZ -0.03 0.00 -0.08 0.02 0.05 0.18 -0.01 -0.04 0.13
46HRZ4 -0.03 0.00 -0.04 0.06 0.10 0.04 -0.07 -0.16 0.14
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Continuation of table 6.

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

46HRZ5 -0.04 0.10 0.09 0.22 0.03 0.30 -0.12 -0.09 0.24
46VO_K 0.04 0.10 0.15 - 0.23 0.10 0.20 -0.01
46V0_S 0.02 0.00 0.17 -0.15 0.31 0.16 0.18 0.13
46MD_K -0.11 0.04 0.30 -0.14 0.31 0.02
46MD_S 0.15 0.07 - -0.05 0.05

36HZ -0.03 0.06 -0.10 0.00 0.06 0.1 -0.21 -0.25 0.17
36HKZ -0.07 -0.07 -0.15 0.05 0.03 0.13 -0.01 -0.05 0.25
36HRZ4 -0.04 -0.03 -0.14 0.02 0.06 0.12 -0.07 -0.15 0.24
36HRZ5 -0.02 0.03 0.13 0.12 0.18 0.24 -0.29 -0.29 0.12
36V0O_K 0.27 0.10 0.14 0.12 -0.33 0.1 0.19 0.28 -0.20
36V0_S 0.29 0.06 0.07 0.19 -0.16 0.22 0.21 0.24 -0.03
36MD_K -0.06 0.04 0.23 -0.15 0.29 0.29 0.26 -0.08
36MD_S 0.14 0.09 0.22 -0.17 0.08 _E

37HZ 0.05 -0.13 -0.27 0.1 0.15 0.13 -0.02 -0.06 0.17
37HKZ 0.11 -0.12 -0.18 0.07 0.11 0.16 -0.07 -0.08 0.17
37HRZ4 -0.07 -0.03 -0.19 0.09 -0.01 -0.06 -0.02 0.04 0.13
37HRZ5 0.10 -0.13 -0.07 0.20 0.25 0.08 0.12 0.01 0.05
37VO_K 0.25 0.14 -0.09 0.32 0.09 0.29 0.16 0.11 -0.14
37V0_S 0.12 -0.11 -0.14 0.11 0.29 0.30 -0.04
37MD_K 0.08 -0.12 0.25 0.20 0.26
37MD_S 0.10 -0.03 0.28 0.29 0.13

Discussion correlations of linear computed tomographic dimensions

In a survey of 200 people of North African ethnic group,
it was found that there is a pronounced correlation between
the shape of the face and the shape of the central incisor of
the upper jaw (p<0.05) [1]. Also, statistically significant
relationships between orthodontic and cephalometric
indicators were found in the study of ethnic groups of Malays
and Chinese [11]. Brazilian scientists have found the most
pronounced correlations between the size of the anterior
maxillary incisor and the oval shape of the face [18].

At the same time, Indian scientists have not found a
relationship between the indicators of the central incisor
and the height of the face [5] and the indicators of the front
maxillary teeth and the lower height or shape of the face [8,
26].

When presenting a study involving 149 students aged
18-30 years with subsequent statistical processing of the
data on cephalometric and orthodontic examination,
correlations were found between the proportions of the
subjects and the size of the maxillary central incisor [21].
Similar data were also obtained by a group of Indian
scientists led by N. Raghavendra [22], Brazilian [24] and
Jordanian researchers [25] on local populations.

Quantitative analysis of reliable and average unreliable

of molars with cephalometric indicators and indices of
practically healthy men of the western region of Ukraine
revealed the following distribution of connections:
between the upper molars and cranial skull indicators
31 correlation out of 252 possible (12.3%), of which, 2.8%
of direct reliable average forces, 4.8% of direct unreliable
average forces, 2.8% of inverse reliable average forces
and 2.0% of inverse unreliable average forces; among
which - with the first molars teeth 12 correlation from 126
possible (3.2% of direct reliable average force, 4.0% of
direct unreliable average force, 1.6% of inverse reliable
average force and 0.8% of return unreliable average force);
with the second molars teeth 19 correlation from 126
possible (2.4% of direct reliable average force, 5.6% of
direct unreliable average force, 4.0% of inverse reliable
average force and 3.2% of inverse unreliable average force);
with the height of the teeth, their crowns and the length of
the roots of 8 correlation out of 140 possible (4.3% of direct
unreliable medium strength, 0.7% of inverse reliable
medium strength and 0.7% of inverse unreliable medium
strength); with vestibular-lingual and mesio-distal
dimensions, 23 correlation out of 112 possible (6.3% of
direct reliable medium forces, 5.4% of direct unreliable
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medium forces, 5.4% of reverse reliable medium forces
and 3.6% of inverse unreliable medium forces);

between lower molars and cranial skull indicators 32
correlation out of 224 possible (14.3%), of which, 8.5% of
direct reliable average forces, 4.9% of direct unreliable
average forces, 0.4% of inverse reliable average forces
and 0.4% of inverse unreliable average forces; among
which - with the first molars teeth 20 correlation from 112
possible (11.6% of direct reliable average forces, 4.5% of
direct unreliable average forces, 0.9% of inverse reliable
average forces and 0.9% of return unreliable average
forces); with the second molars teeth 12 correlation from
112 possible (5.4% of direct reliable average force and
5.4% of direct unreliable average force); with the height of
the teeth, their crowns and the length of the roots, only 4
correlation out of 112 possible (1.8% of direct reliable
average forces, 0.9% of inverse reliable average forces
and 0.9% of inverse unreliable average forces); with
vestibular-lingual and mesio-distal dimensions of 28
correlation out of 112 possible (15.2% of direct reliable
average forces and 9.8% of direct unreliable average
forces);

between the upper molars and facial skull indicators 76
correlation out of 648 possible (11.7%), of which, 0.2%
direct reliable strong, 6.0% direct reliable medium strength,
2.3% direct unreliable medium strength, 1.4% inverse
reliable medium strength and 1.9% of reverse unreliable
average forces; among which - with the first molars teeth
34 correlation from 324 possible (5.6% of direct reliable
average force, 2.8% of direct unreliable average force, 0.6%
of inverse reliable average force and 1.5% of inverse
unreliable average force); with the second molars teeth 42
correlation from 324 possible (0.3% of direct reliable
strong, 6.5% of direct reliable average force, 1.9% of direct
unreliable average force, 2.2% of return reliable average
force and 2.2% of inverse unreliable average force); with
the height of the teeth, their crowns and the length of the
roots 39 correlation out of 360 possible (0.3% direct reliable
strong, 6.7% direct reliable medium force, 1.1% direct
unreliable medium force, 1.7% reverse reliable medium
force and 1.1% reverse unreliable medium force ); with
vestibular-lingual and mesio-distal dimensions, 37
correlation out of 288 possible (5.2% of direct reliable
medium forces, 3.8% of direct unreliable medium forces,
1.0% of inverse reliable medium forces and 2.8% of inverse
unreliable middle forces);

between the lower molars and facial skull indicators 66
correlation out of 576 possible (11.5%), of which, 6.3%
direct reliable medium strength, 3.3% direct unreliable
medium strength, 0.7% reverse reliable medium strength
and 1.2% reverse unreliable average strength; among
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OCOBMBOCTI KOPENSALIA PO3MIPIB BEJIMKUX KYTHIX 3YBIB 13 KEGANOMETPUYHUMMU MOKA3HUKAMU YOJOBIKIB

3AXIAHOIO PETIOHY YKPATHU

FyHac B.l., Koyropa O.0., babuy J1.B., llles4yk FO.I., Yepkacoea O.B.
Po3wupeHHs meopemuyHUX 3HaHb MeOUYHOI aHMpPOorosoeii 8 cydacHil cgpepi Ha0aHHS CMoMamorsio2iYHUX MOCye € 00HUM 3 20/108HUX
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pyuwiie npozpecy y opmoOOHMUYHIl 2any3i. EOUHUM WIISXOM YCriluHO20 PO38UMKY 83aEMOBIOHOCUH OaHUX OUCUUIIIIH € CMEOPEHHS |
HarnoeHeHHs1 6ba3u HopMamueHUX OaHUX ma MOWYK y Hill 38'A3Ki8 MK PI3HOMaHIMHUMU, K 04e8UOHO 08'A3aHUMU, makK i Ha nepwud
rnoansd, abconromHo He 108'a3aHuMu cmpykmypamu mina moduHu. Mema docnidxeHHs1 - ausHayumu ocobnueocmi 38'a3Kie MiHIUHUX
po3mipie senukux KymHix 3ybie (BK3) i3 kegharnomempuyHUMU rnoKa3HUKamu rnpakmu4yHo 300p0o8uUX YOroeiKie rnepuiozo 3pinozo 8iky,
Xxumernig 3axiOHoeo pezioHy YkpaiHu. Y 36 npakmuy4HO 300posux 4Oso8iKie nepwoeo 3pinoeo 8iKy, )umeriig 3axiOHo20 peaioHy YkpaiHu
(i3 PigHeHcbKoI, BonuHcbKoi, YepHieeubkoi, Jlbgigcbkoi, TepHomninbCbKoi, XmenbHuUUbKoi, leaHo-OpaHKiecbkoi ma 3akaprnamcbKoi
obnacmeli) NpogedeHO KOHYCHO-IPOMeEHEe8Y KOMI'tomepHy momoepadhito 3 HacmyrnHoK 0OOHMOMEMPIED 8EUKUX KymHix 3ybig i
kegharniomempuyHe 0ocnidxeHHs1. Cmamucmu4Hy o6pobKy pesynbmamig rnposedeHo y niyeH3iliHomy nakemi "Statistica 6.1" 3a
donomozot HenapamempuyHoi cmamucmuku CripmeHa. B pe3ynbmami KinbKicHO20 aHarsnidy docmosipHUX i cepeOHbOI cunu
HedocmosipHUX Kopensayit NiHIUHUX KoMi'tomepHO-momozpaghidHux po3mipie BK3 i3 kegharnnomempuyHUMU rnoKka3Hukamu ma iHoekcamu
rpakmu4Ho 300po8uUX YOs108iKie 3axiOHO20 peeioHy YKpaiHu 8cmaHOo8eHO, WO 8i0COMOK, NepesaHo NpsiMux, 00CmosipHUX i cepedHbOT
cunu HedocmosipHux Kopensuit niHitHux poamipie BK3 i3 keghanomempuyHUMu rnokasHukamu ma iHéekcamu 3 rnokasHuKkamu MO3K080&20,
abo nuyesozo Yyepeny rnpakmMu4yHO He 8iOpi3Haembcs. Halibinbwa Kinbkicmb 00CmMosipHUX i cepedHbOI cunu HeoCmosIpHUX Kopensayil
niHiGHUX po3mipie BK3 i3 nokasHukamMu MO3KO8020 Yepery 8cmaHo8/ieHa 3 MpUCiHKOBO-A3UKOBUMU ma Me3io-0ucmarbHUMU po3mMipamu
3ybie (20,5% i3 eepxHimu BK3 ma 25,0% i3 HuxHimu BK3). Halibinbwa Kinbkicmb AocmosipHUX i cepedHboi cunu HedocmosipHUX
Kopensauit niHitiHUX po3mipie BK3 i3 nokasHukamu nuyeeo2o 4yeperny ecmaHosneHa 0nsi eepxHix BK3 3 sucomoto 3ybis, ix KOPOHOK i
doexuHoto kopeHie (10,8%) ma npuciHkogo-a3ukosuMu ma mesio-ducmarnbHumu posmipamu (12,8%), a ons HuxHix BK3 - nuwe 3
MPUCIHKOBO-A3UKO8UMU ma Me3io-OucmarnsbHumu posmipamu (19,4%). OmpumaHri OaHi 3acgidyyromb nepcrnekmueHicmes obpaHo2o
Hayko8020 HarnpsiMKy 00CnidXeHb, w0 8 rnodanswomy 60380/UMb MoKpawumu pobomy nikapie y Pi3HUX HanpsiMKax mMeOUUUHU,
30Kpema i rnpeeeHMUBHOI.

KnioyoBi cnoBa: kommn'tomepHa momozpadpis, eenuki KymHi 3ybu, odoHmomempisi, Kkeghariomempis, Kopensauii, npakmu4yHo 300posi
qorosiku, admiHicmpamueHO-mepumopiarnbHi pe2ioHu YKpaiHu.

OCOBEHHOCTM KOPPENSALIUA PASMEPOB BOJbLLUMX KOPEHHBIX 3YEOB C KE®AIIOMETPUYECKUMU MOKA3ATENAMU
MYX4YUH 3ANAOHOIO PEFTMOHA YKPAUHDI

FyHac B.U., Koyropa O.A., babuy J1.B., Lllesuyk FO.I., Yepkacoea E.B.

PacwupeHue meopemudeckux 3HaHull MeOUUUHCKOU aHMmpOoroioauu 8 cospeMeHHol cghepe npedocmassieHuss CmomMamonoaudeckux
ycnye aensgemcsi 00HUM U3 enasHbix 0guzamernel npoepecca 8 opmodoHmuyeckol obnacmu. EQUHCMEeHHbIM nymem ycrnewHo20
passumus 83auMOOmMHoweHUll 0aHHbIX OUCUUMNMIUH Aenissemcsi co30aHue U HarnosiHeHue ba3bl HOpMamueHbIX 0aHHbIX U MOUCK 8 Hel
cesizell Mex0y pa3fiuyHbIMU, KaK 04e8UOGHO Cc8s13aHHbIMU, MakK U Ha repeblili 83211510, COBEPUEHHO He C8sI3aHHMU CmpyKmypamMu mersna
yernoeeka. Llenb uccrnedosaHus - onpedenums ocobeHHOcmu cesidel NIUHEeUHbIX pa3mepos bonbuwux KopeHHbix 3yboe (BK3) c
KegharioMempu4yecKuMU rokasamesnsamu npakmu4yecku 300p0o8bIX MyX4UH Mepeozo 3pero2o 8o3pacma, xumersnel 3anadHo2o peauoHa
YkpauHbl. Y 36 npakmuyecku 300po8biX My>4UH 1epe8oeo 3pesio2o 8o3pacma, xumersel 3anadHoeo peeuoHa YkpauHbl (¢ PoseHckol,
BonbiHckou, YepHosuukod, JIbeoeckol, TepHornonbckoul, XmenbHuykou, MeaHo-®paHkosckol u 3akaprnamckol obracmedl) npogedeHo
KOHYCHO-1Ty4€8YI0 KOMIbI0mepHyto momozpaghuto ¢ nocrnedyroweli 000HmMomempuero 605bWuX KopeHHbIX 3y608 U Keghariomempuyeckoe
uccnedosaHue. Cmamucmu4yeckyro obpabomky pe3yrnbmamos rnposedeHoO 8 /IUUeH3UOHHOM nakeme "Statistica 6.1" ¢ nomowbro
Henapamempuy4eckol cmamucmuku CnupmeHa. B pe3ynbmame KonuyecmeeHHO20 aHanu3a 00CmMo8epHbIX U cpedHel cuslbi
HedocmosepHbIX Koppensauyul UHelHbIX KOMIMbomepHO-moMozpagpuyeckux pasmepos BK3 ¢ keghannomempuyeckumu rnokasamensimu
u uHOekcamu rpakmu4yecku 300p08bIX MYXYUH 3arnadHo20 peauoHa YKpauHbl yCmMaHOB8/IEHO, YmO MPOUeHMm, NpeumMyu,ecmeeHHoO
npsiMbix, 00CMOBEPHbLIX U cpedHel curibl HeA0CMo8epHbIX Koppenayul nuHelHblx padmepos BK3 ¢ keganomempuyeckumu
rnokasamensamu U UHOeKcaMu C roKasamesisiMu M0o3208020 UJIU NIUUE68020 Yepena fpakmuyecku He omnauyaemcs. Haubonswee
Konuyecmeo 0ocmosepHbIX U cpedHel cusbl HeAOCMOBEPHbIX Koppensayul nuHelHbIx padmepos BK3 ¢ nokazamensamu mo3208020
yeperna ycmaHossieHa ¢ npedd8epHO-3bIKO8bIMU U Me3uo-0ucmarbHbiMu pasmepamu 3yboe (20,5% c eepxHumu BK3 u 25,0% c
HwxHUMU BK3). Haubonbwee konuyecmao docmosepHbix U cpedHel cusibl HeOOCMOBEPHbIX Koppenayul fnuHelHbix pa3mepos BK3 ¢
rnokazamernaMu nuyeso2o Yyeperna ycmaHosneHa 051 eepxHux BK3 ¢ ebicomol 3y608, ux KOpoHOK u OnuHol KopHel (10,8%) u
nped08epHO-3bIKOBLIMU U Me3uo-OucmarbHbiMu pasmepamu (12,8%), a onsa HwkHUX BK3 - monbko ¢ npeddsepHoO-93bIKO8bIMU U
me3uo-0ucmarbHbiMu pasmepamu (19,4%). NonyyeHHbie OaHHble ceudemeribCmeaym O MepcrneKkmueHoCmuU 8blI6paHHO20 Hay4YHO20
HarpaeneHusi uccriedosaHul, U 8 danbHelwemM Mo3eonum yny4wums pabomy epadyeli 8 pasHbIX HarpaeneHusix MeduuyuHbl, 8 mMom
qucne u npeeeHMmMusHoU.

KnioueBble cnoBa: KomnbomepHass momoepagusi, 6onbwue KopeHHble 3ybbl, 000OHMOMempusi, Keganomempus, Koppensyuu,
npakmuyecku 300po8ble MyXYUHbI, aOMUHUCMPamueHO-meppumopuasbHble peauoHsbl YKpauHsl.
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Differential diagnosis of the cause of death (CD) from ischemic cerebral infarction
(ICI), hemorrhages of traumatic (HTG) and non-traumatic (HNG) genesis exclude the
violent nature of death. The aim of our work was to develop forensic criteria for hemorrhage
differentiation of traumatic and non-traumatic genesis and ICl by azimuthal-invariant
Mueller-matrix images of linear dichroism of histological sections of brain substance
(HBS). For the study were used native sections of HBS from 130 corpses in the case of:
death from coronary heart disease - 40 of native sections (group 1 - control); HTG - 30
sections (group 2), ICI - 30 native sections (group 3), HNG - 30 native sections (group
4). Measuring the coordinate allocation meanings of parameters of polarization in the
points of microscopic images was carried out at the location of the standard stokes-
polarimeter. The effectiveness of intergroup differentiation of samples of deaths from
traumatic hemorrhage and ischemic cerebral infarction reaches a satisfactory level
and is 76-83%. Efficiency between group differentiation of samples of deaths from
nontraumatic and traumatic hemorrhages reaches a satisfactory level and is 75-82%.
As for differentiation between ischemic cerebral infarction and nontraumatic
hemorrhages thise method is ineffective.

Keywords: hemorrhages of traumatic genesis, hemorrhages of non-traumatic genesis,
ischemic cerebral infarction, Muller-matrix mapping.
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Introduction

Traumatic brain injury is one of the most common types
of mechanical damage to the human body [7, 8, 9, 10, 12,
24]. Quite often, in forensic practice there are cases when
the body was found at home under unexplained
circumstances and later during the autopsy hemorrhage
into the substance of the human brain (HBS) was detected.
In this case forensic authorities raise questions about the
genesis of hemorrhage: traumatic or non-traumatic. There
are studies in which it is noted that traumatic brain injury
(TBI) and strokes can coexist or occur one on background
of another one, which further complicates the situation [22].
Therefore, differential diagnosis of the cause of death (CD)
from ischemic cerebral infarction (ICl), hemorrhages of
traumatic (HTG) and non-traumatic (HNG) genesis
excluded the violent nature of death [10, 12, 23]. It should
also be noted that the incidence of hemorrhage in the brain
necessitates the study of structural alterations of HBS and

the determination of reliable criteria for hemorrhage
differentiation.

Typically, physicians in routine practice for differential
diagnosis within the group of acute cerebrovascular
disorders use computed tomography (CT) and general
clinical data, but there is very little data on the differentiation
of strokes of ischemic and hemorrhagic genesis and
hemorrhage in HBS of traumatic origin [10, 12, 24]. Ateam
of scientists led by Panzer S noted the feasibility of
performing pre-mortem CT to compare it with CT
immediately after injury of HBS, as well as the subsequent
comparison of all CT images with autopsy results [10].
Comparison between primary CT and recent CT scans
revealed marked changes in the presence and severity of
signs of HBS injury, especially in patients with severe TBI.
They also noted that the comparison of autopsy and CT
data revealed a high level of diagnostic specificity (>80%)
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in the studied cases.

Recently in forensic practice optical methods of
biological tissue research using lasers have positively
proved themselves, which by studying the phenomena of
light scattering make it possible to obtain reliable objective
data of the dynamics of pre- and post-mortem changes of
the studied tissues of the human body and to diagnose
with greater accuracy prescription of pathological process
in biological tissues and liquids [1, 2, 3, 4, 5, 11, 13, 14, 15,
16, 17, 18, 19, 20, 21].

The aim of our work: was to develop forensic criteria for
hemorrhage differentiation of traumatic and non-traumatic
genesis and IC| by azimuthal-invariant Mueller-matrix
images of linear dichroism of histological sections of HBS.

Materials and methods

For the study were used native sections of HBS from
130 corpses in the case of: death from coronary heart disease
- 40 (31%) of native sections (group 1 - control); HTG - 30
(23%) sections (group 2), ICI - 30 (23%) native sections
(group 3), HNG - 30 (23%) native sections (group 4).

For the study, the preparations were previously
subjected to rapid freezing, then histologic sections were
made. Subsequently, the samples were sent to the
laboratory of the Yuriy Fedkovych Institute of Physical,
Technical and Computer Sciences, where they were
investigated using the azimuthal-invariant Muller-matrix
mapping method, the way of application of the method is
described in sources [5, 13, 15].

Measuring the coordinate allocation meanings of
parameters of polarization in the points of microscopic
images was carried out at the location of the standard
stokes-polarimeter [3].

Experimental measurements of Stokes-parametric
images of biological layers were carried out according to
the method presented in these publications [3, 5, 15].
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Subsequently, statistical processing of the obtained data
was performed [6].

Results

Figure 1 shows Results of azimuthal-invariant Mueller-
matrix mapping of topographic maps (fragments (1), (3),
(5), (7)) and histograms of probability distribution
values(fragments (2), (4), (6), (8) )of Mueller-matrix invariant
(MMI) of linear dichroism (LD), which characterizes the
polarization manifestations of linear dichroism of spatial
structured fibrillar networks of nervous tissue of the
deceaseds from groups 1-4.

A comparative analysis of the results of the Muller-matrix
mapping of the polarization manifestations of LD of fibrillar
networks of brain samples revealed: significant topographic
heterogeneity of MMI LD maps of histological sections of
the brain of the dead from all groups (Fig. 1, Fragments (1),
(3), (5), (7)); series of distributions of the value of MMI LD
fibrillar networks of samples of histological sections of the
brain from all (control 1 and experimental 2-4) groups are
characterized by individual and significant variations in the
magnitude of the central statistical moments of the 2nd -
4th orders (Fig. 1, Fragments (2 ), (4), (6), (8)).

Table 1 shows the statistical analysis of MMI of LD maps
of HBS.

Comparison of statistical analysis data revealed
diagnostic sensitivity of the set of central statistical moments
of the 2nd - 4th orders (highlighted in gray - Table 1) for
azimuthal-invariant Mueller-matrix differentiation of
manifestations of linear dichroism of spatially structured
fibrillar networks of samples of nerve tissue samples both
control group 1 and all experimental groups 2-4 (p<0.05).
Along with this, there are possibility of intergroup
(experimental groups 2-4) statistical differentiation of
coordinate distributions of the MMI of LD of experimental
representative samples of histological sections of the brain

(7) (8)

Fig. 1. Maps ((1), (3), (5), (7)) and histograms ((2), (4), (6), (8)) of the magnitudes of the distributions of the MMI LB of HBS histological
sections from group 1 ((1), (2)), group 2 ((3), (4)), group 3 ((5), (6)) and group 4 ((7), (8)).
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Table 1. Statistical moments of 1-4-th order characterizing the
MMI of LD values distributions of histological sections of the brain
of groups 1 - 4.

and ICI (group 3) reaches a satisfactory level and is 76-
83%. A similar (satisfactory 75-82%) level of differentiation
is achieved for samples of histological sections of deaths
from HNG (group 4) and HTG (group 2).

As for differentiation between ICI (group 3) and HNG
(group 4) thise method is ineffective, as the level of
differentiation is from 60 to 70%.

Table 2. Specificity, sensitivity, accuracy of the method of statistical
analysis of MMI of LB maps of histological sections of the brain.

Parameters Group 1 Group 2 Group 3 Group 4
SM, 0.240+0.009 | 0.221+0.011| 0.251+0.01 | 0.210+0.008
P, p<0.05 p<0.05 p<0.05
P, p>0.05 p>0.05
P, p>0.05 p>0.05
P, p>0.05
SM, 0.212+0.011( 0.271£0.017 | 0.321+£0.016 | 0.370+0.014
P, p<0.05 p<0.05 p<0.05
P, p>0.05 p>0.05
P, p>0.05 p>0.05
P, p>0.05
SM, 0.691+0.027 | 0.872+0.034 | 0.981+0.035 | 1.110+0.044
p, p<0.05 p<0.05 p<0.05
P, p>0.05 p<0.05
P, p>0.05 p>0.05
P, p>0.05
SM, 0.891+0.041] 1.120+0.048 | 1.221+0.051| 1.431+0.059
P, p<0.05 p<0.05 p<0.05
P, p>0.05 p>0.05
P, p>0.05 | p>0.05
P, p>0.05

- "group 2 - group 4" (p<0.05) and "group 2 and group 3"
(p<0.05).

The values of operational characteristics that
characterize the strength of the method of azimuthal-
invariant Mueller-matrix polarimetry of the distributions of
the linear dichroism of a set of brain tissue samples for
objective statistical differentiation of causes of death are
presented in table 2.

An increase in the value of sensitivity, specificity and
balanced accuracy by 14-19% compared with the data of
the Muller-matrix polarimetry of distributions of the Muller-
matrix invariant of linear birefringence of samples of HBS
[14, 16].

For a set of central statistical moments of the 1st, 3rd
and 4th orders, which characterize the distributions of
circular dichroism, the method of Mueller matrix microscopy
in the differentiation of samples of control and experimental
groups reaches a satisfactory level 78-84%.

Between control group 1 (ischemic heart disease) and
all experimental groups 1-3 the azimuthal-invariant Muller-
matrix mapping of the polarization manifestations of LB of
fibrillary nerve tissue networks of the dead demonstrates a
good level of differentiation, which is 79-83%.

Diagnostic efficiency of the Mueller-matrix mapping
method of polarization manifestations of LD for intergroup
differentiation of samples of deaths from HTG (group 2)

Groups "1 - 2+3+4"
Parameters | sensitivity Se, % | specificity Sp, % | accuracy Ac, %
a=99; b=31 ¢c=93; d=37 n=130
SM,
80 75 77,5
a=99; b=31 ¢c=93; d=37 n=130
Sm?
80 75 77,5
a=108; b=22 c=105; d=25 n=130
SM,
83 79 81
a=108; b=22 c=105; d=25 n=130
SM,
83 79 81
Groups "2 - 3"
a=90; b=40 c=102; d=28 n=130
SM,
69 64 66,5
a=90; b=40 c=102; d=28 n=130
Sm?
69 64 66,5
a=108; b=22 ¢=99; d=31 n=130
SM,
83 76 79,5
a=108; b=22 c=99; d=31 n=130
SM,
83 76 79,5
Groups "2 - 4"
a=82;b=48 c=78; d=52 n=130
SM,
63 60 61,5
a=82;b=48 c=81; d=49 n=130
SM?
65 62 63,5
a=107;b=23 ¢c=98; d=32 n=130
SM,
82 75 78,5
a=107; b=23 c=98; d=32 n=130
SM,
82 75 78,5
Groups "3 - 4"
a=82; b=48 c=78; d=52 n=130
SM,
63 60 61,5
a=82; b=48 c=79; d=51 n=130
SM?
63 61 62
a=87; b=43 c=82; d=48 n=130
SM,
67 63 65
a=87; b=43 c=82; d=48 n=130
SM,
67 63 65
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Discussion

Methods of polarization tomography, based on the
results of numerical display of instrumental measurement
of parameters, are one of the most objective and accurate
for recording changes that occurred in a biological object
under the influence of environmental factors and changes
in biological tissues (BT) during the pathological process.
They also have the main requirement for the introduction of
modern research methods in the practice of any expert
field - the ability not to change the properties and condition
of the object under study in its evaluation [3, 19, 20, 21].

The method of polarization laser microscopy allows to
obtain important information about the morphological
structure and properties of human BT. From the optical
point of view on BT they consist of 2 phases: amorphous
and optically anisotropic (crystalline) [3]. Crystal structures
include coaxial fibrils, which form collagen, elastin, myosin
organic fibers, surrounded by fluids and media of the
human body. An important feature of these fibrillar proteins
is their clear order. It should be noted that polarization
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BUKOPUCTAHHA NIHIKHOIO OUXPOI3MY A3UMYTAIIbHO-IHBAPIAHTHUX MIONNEP-MATPUYHUX 306PAXXEHb
rICTONOrMYHUX 3PI3IB PEYOBUHU FONOBHOIMO MO3KY AN AIATHOCTUKU 'TEHE3Y KPOBOBUINUBY

Fapasdrk M.C., Jly6onazoe O.B., ManaH4yyk C.M.

JugpepenuitiHa diazHocmuka npuyuHu cmepmi (MC) 6id iwemiyHozo iHghapkmy mo3ky (IIM), kpososunusie mpaemamuyrozo (KTI) ma
HempaemamuyHozo (KHI) reHesy 00360/ISi€ 8UKIHOYUMU HacUbHUUBLKUL xapakmep cmepmi. Memoio po6omu 6yna po3pobka cydoeo-
meduyHUX Kpumepiie Onsi dughepeHuyiauil Kpososuugie mpasMamu4yHO20 ma HempasMamu4yHo20 reHe3dy ma IIM 3a donomozoto
asumymarnbHo-iHeapiaHmHux 306paxeHb mMampuui Monnepa niHiliHo2o AUXpoi3My 2icmosioeidHUX 3pi3ie PeHoBUHU 20/108HO20 MO3KY
(PI'M). Onsi docnidxeHHsi 6ynu sukopucmati HamueHi 3pisu PI'M eid 130 mpynie y pasi: cmepmi 8id iwemidHoi xeopobu cepus (IXC)
- 40 HamugHuXx 3pisie (2pyna 1 - koHmponb); KTI" - 30 3pisie (2pyna 2), IIM - 30 3pizie (2pyna 3), KHI - 30 3pizie (2pyna 4). BumiptogaHHs
3Ha4yeHb po3nodiny KoopOuHamHUX napamempia nosnspu3auii 8 moykax MiKpOCKOMiYHUX 306paxkeHb MpoeoousIocs 8 Micui po3maulyeaHHs
cmaHOapmHo20 cmoKc-ronspumempa. EchekmusHicmb Mixzpyrnosoi dughepeHuiayii 3pa3kie MO3Ky rmomepriux 8i0 mpasmamuyHuX
Kpososusugie ma iuwemiyHo20 iHgpapkmy MO3Ky docszae 3ad08ifibHO20 pigHs i cmaHosumb 76-83%. EchekmusHicmb Mixapynosoi
dugpepeHuiauii 3pa3kie y surnadkax cmepmi 8i0 KpogosuUIUGIE mpasMamu4yHo20 ma HempasMamu4yHO20 reHe3y € 3a008iIbHO20 PieHs
i cmaHogumb 75-82%. Lljo cmocyembcs dugpepeHuiauii mix IIM ma KHI, mo ueli Memod € HeeghekmueHUM.

KnioyoBi cnoBa: kpogosuniueu mpasmMamu4yHO20 reHesy, Kpo8osuIU8U HempasMamuy4yHO20 reHesy, iemiyHul iHghapkm mo3ky, Mionnep-
MampuyHe KapmoepaghysaHHsi.

UCNONb30BAHUE IMHEMHOIO OUXPOU3MA A3UMYTAIbHO-MHBAPUAHTHbLIX MIONNEP-MATPUYHbLIX U30OEPAXXEHUNA
TMCTONOIMNM4YECKUX CPE30B BELLIECTBA NOJTIOBHOIMO MO3rA And AUArHOCTUKU TrEHE3A KPOBOU3NMUAHUA

Fapasdrk M.C., ly6onasoe A.B., ManaHyyk C.M.

HuepeperHyuanbHas duazHocmuka npu4vuHbl cmepmu ([1C) om uwemuyeckoeo uHgapkma mo3ea (MUM), kposousnusHul
mpasmamuyeckozo (KTI) u Hempasmamuyeckoeo (KHI) eeHe3a mo3sonsiem UCKIYUMb HacuslbCMEEHHbIU xapakmep cMepmu.
Llenbto pabomsi 6bina paspabomka cydebHo-MeOUUUHCKUX Kpumepues 0nsi dughghepeHyuayuu KpogousussHUl mpasmamu4yeckoeo u
HempasmMamu4yeckoao 2eHesa U MMM ¢ nomowbio a3umymarbHO-UH8apuaHmHbix usobpaxeHuli mampuubl Mionnepa nuHeltiHo20
duxpousdma aucmosioeu4deckux cpe3oe eewecmea 20/108H020 Mo3ea (BI'M). [Ans uccrnedosaHusi 6biiu UCMONb308aHbl HAMUBHbIE
cpesbl BIM om 130 mpynos e cryyae: cMmepmu om uwemuyeckol 6onesHu cepduya (MBC) - 40 HamusHbIx cpe3os (epyrnna 1 -
koHmporb); KTI - 30 cpe3sos (epynna 2), MVIM - 30 cpe3os (2pynna 3), KHI" - 30 cpe3oe (2pynna 4). iamepeHue 3Ha4eHul pacripedeneHusi
KOOpOUHamMHbIX rnapamempos rnonspudayuu 8 moykax MUKPOCKOMUYeCcKUX u3obpaxeHul npogodunu 8 mecme pacriofioxeHuUs
cmaHOapmHo20 cmoKc-rnonspumempa. dghgekmusHocmb Mexepynnoeol OuggpepeHyuayuu obpa3yos mMosea ymepwux om
mpasmamuyeckuX Kpog8ou3usiHUll U UeMUYECKoe0 UHghapkma Mo32a docmuzaem y00o8/1emeopumesibHO20 ypOoBHSI U cocmasrisiem
76-83%. SgpchekmusHocmb Mexepynnogol dughgpepeHyuayuu obpa3syos 8 Criyyasix CMepmu Om KpO8OU3IUSHUS mpasmMamu4ecko20
U HempasmMamu4ecKo20 2eHe3a si8/1siemcs y008/1emeopumernbHO20 yposHs U cocmasrnsem 75-82%. Umo kacaemcs ouggpeperHyuayuu
mexdy MM u KHI, mo amom memod HeaghghekmuegeH.

KnioueBble cnoBa: KpogoussusiHUSI mpasMamuyecKo20 2eHe3a, KpOBOU3USIHUSI HEmpasMamu4yeCcKko20 2eHe3a, ueMuyecKkul UHghapkm
mo3za, Mronnep-mampuyHoe KapmoepaguposaHue.
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In recent years, fractal analysis has been increasingly used as a morphometric method,
which allows to assess the complexity of the organization of quasi-fractal biological
structures, including the cerebellum. The aim of the study was to determine the value
of fractal dimension of phylogenetically different parts of the cerebellum by studying
magnetic resonance imaging of the brain using the method of pixel dilation and to
identify gender and age characteristics of individual variability of fractal dimension of
the cerebellum and its external linear contour. The study was performed on the magnetic
resonance images of the brain of 120 relatively healthy patients in age 18-86 years (65
women, 55 men). T2 weighted tomographic images were investigated. Fractal analysis
was performed using the method of pixel dilation in the author's modification. Fractal
dimension (FD) values were determined for cerebellar tomographic images segmented
with brightness values of 100 (FD, ), 90 (FD,,) and in the range of 100-90 (FD,,, ., or
fractal dimension of the outer cerebellar contour) in its upper and lower lobes, which
include phylogenetically different zones. The obtained data were processed using
generally accepted statistical methods. The average value of FD, ,, of the upper lobe of
the cerebellum was 1.816+0.005, the lower lobe - 1.855+0.005. The average value of
FD,, of the upper lobe of the cerebellum was 1.734+009, the lower lobe - 1.768+0.009.
The average value of FD,,, . of the upper lobe of the cerebellum was 1.370+0.009, the
lower lobe - 1.431+0.008. All three values of the fractal dimension of the lower lobe,
which lobules have a lower phylogenetic age, are statistically significantly higher than
the corresponding values of the fractal dimension of the upper lobe, have a more
pronounced correlation with age than in the upper lobe. The developed research
algorithm can be used to assess the condition of the cerebellum as an additional
morphometric method during magnetic resonance imaging study of the brain.

Key words: fractal analysis, cerebellum, magnetic resonance imaging.

Introduction

Modern diagnostic methods of neuroimaging (CT, MRI
and others) are the methods of choice for lifelong
assessment of the morphofunctional state of various brain
structures and the diagnosis of various pathological
changes and diseases of the nervous system. Images of
different brain structures obtained using these diagnostic
methods allow to determine different qualitative
characteristics (shape, individual anatomical features, the
presence of foci of pathological changes, etc.) and
quantitative characteristics (linear dimensions, area of
different structures, brightness values, etc.). To determine
the quantitative characteristics of brain structures on
tomograms mainly use the methods of traditional
morphometry, which allow to determine simple geometric

characteristics - linear dimensions, area, volume [5, 7, 9,
10, 14].

Among the various structures of the CNS, the cerebellum
has the most geometrically complex shape and spatial
configuration, the cortex of which, forming its outer contour,
forms a complex three-dimensional convoluted structure,
which is difficult to quantify using morphometry methods
commonly used to assess tomograms.

In recent years, fractal analysis has been increasingly
used to assess complex branched biological structures.
This method as a morphometric allows to estimate the
degree of complexity of the organization and filling of space
with quasi-fractal structures that have the properties of
fractals - self-similarity, self-repetition and large-scale
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invariance. The value determined by fractal analysis is a
fractal index or fractal dimension (FD), which can take values
from 1 to 2 [3, 4].

Various modifications of fractal analysis are used to
study the cerebellum and other CNS structures [3, 4, 6, 8,
11, 12, 15-17, 19-21], the most commonly used of which is
the box counting method [1, 2, 12, 16, 17, 19, 20] and pixel
dilation method [11, 13].

In most works use fractal analysis to study different
CNS structures with visual identification of the boundaries
of the studied structures [12, 17] and skeletonization of
images [11], which allows to determine the fractal
dimension of skeleton images that correspond to the main
branches of white matter. The cerebellum is a rather
complex structure, so its fractal analysis must be
multicomponent and take into account the study of various
elements that can be identified using different image
segmentation algorithms. In particular, in addition to
skeletonization, you can use the determination of the fractal
dimension of the external linear contour of the cerebellum
and the fractal dimension of cerebellar tissue as a whole,
which will objectively assess the morphofunctional state
of the cerebellum by quantifying the complexity of the spatial
configuration of its cortex. In addition, different anatomical
areas of the cerebellum, which have different phylogenetic
age, have some differences in structure [18], which in turn
may affect the value of the fractal dimension and patterns
of their variability.

The aim of the study was to determine the value of
fractal dimension of phylogenetically different parts of the
cerebellum by studying magnetic resonance imaging of
the brain using pixel dilation and to identify sex and age
characteristics of individual variability of fractal dimension
of the cerebellum and its external linear contour.

Materials and methods

The study was performed on 120 magnetic resonance
imaging of the brain of patients aged 18-86 years (mean
age - 43.33+1.43 years, 65 women, 55 men), in which no
organic pathology of the brain was detected, so the structure
of the brain of these patients were considered as a
conditional norm.

The study was conducted in compliance with the basic
bioethical provisions of the Council of Europe Convention
on Human Rights and Biomedicine (04.04.1997), the
Helsinki Declaration of the World Medical Association on
the ethical principles of scientific medical research with
human participation (1964-2008), and the order of Ministry
of Health of Ukraine Ne690 dated 23.09.2009. The
conclusion of the Commission on Ethics and Bioethics of
Kharkiv National Medical University confirms that the study
was conducted in compliance with human rights, in
accordance with current legislation in Ukraine, meets
international ethical requirements and does not violate
ethical standards in science and standards of biomedical
research (minutes of the meeting of the commission on

ethics and bioethics of KhNMU Ne10 from 07.11.2018).

Tomograms were obtained using a magnetic
resonance imaging Siemens Magnetom Symphony with a
magnetic induction value of 1.5 T. T2-weighted images were
used for the study. The method of pixel dilatation in the
author's modification described earlier was used for fractal
analysis [13].

For fractal analysis, a fragment of a digital image of a
tomogram containing a tomographic section of the
cerebellum was copied and processed in Adobe Photoshop
CS5. To study individual lobes from the image, 64x64 pixel
sections corresponding to different phylogenetic and
anatomical zones of the cerebellum were copied, namely:
the upper lobe of the cerebellum, which includes the upper
paleocerebellum (lobules I-V), the lower lobe of the
cerebellum, which includes neocerebelum (lobules VI-VII),
lower paleocerebellum with archicerebellum (lobules
VIII-X) (Fig. 1A).

In order to separate the studied structure (cerebellar
tissue) from the surrounding, background structures,
image segmentation was performed. The image was
transformed from halftone to binary format. The binary
image consists of pixels of only two colors: black (which
has a brightness value of 0 and corresponds to the studied
structure) or white (has a brightness value of 255 and
corresponds to the background pixels). Segmentation of
cerebellar tissue in the image was performed using the
tool "Threshold" of Adobe Photoshop CS5, which colors all
pixels darker than the specified threshold value into black
color, lighter - into white color (Fig. 1B).

For segmentation of tomographic sections of a
cerebellum as a whole empirically established threshold
value of brightness 100 (Fig. 1B). In order to investigate the
outer contour of the cerebellum on a tomographic section,
the brightness thresholds of 100 and 90 were empirically
selected. Segmentation of digital tomographic images in
this range (difference 100-90) allows to detect the outer
linear contour of the cerebellum (Fig. 1D).

After segmentation, fractal analysis was performed
using the pixel dilation method. To do this, the image
resolution was gradually reduced from 64 pixels per inch
to 32, 16, 8, 4, and 2 pixels perinch. In order to calculate the
individual values of fractal dimension (FD) for the
cerebellum as a whole and the contour separately, at each
stage the number of segmented pixels corresponding to
the studied structure was calculated for the threshold
values of brightness 100 (N,) and 90 (N,) and their
difference (N,=N, - N,). The FD values calculated with the
value of N1 correspond to the FD of the tomographic section
of the cerebellum as a whole, N, - FD contour of the
cerebellar tissue.

FD values were determined for tomographic images of
the cerebellum, segmented with brightness values 100
(FD,y,), 90 (FD,,) and in the range of 100-90 (FD,,,, or
fractal dimension of the outer contour of the cerebellum)
for its upper and lower lobes, including phylogenetically
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A B

Fig. 1. Segmentation of digital image of magnetic resonance imaging of the human cerebellum. The upper row of images - upper lobe of
the cerebellum, the lower row - lower lobe. A - the original image; B - segmentation with a threshold value of brightness 100, C -
segmentation with a threshold value of brightness 90, D - the difference between the thresholds 100 and 90, which corresponds to the
contour of the cerebellum, is shown in black color.

different zones.

Statistical data processing was performed using
Microsoft Excel 2010. The following values were calculated:
arithmetic mean (M) and its error (m,,). To determine the
distribution of values, the median (Me), the values of the
25th and 75th percentiles, the minimum (min) and
maximum (max) values were determined. Pearson's
correlation coefficient was calculated to determine the
relationship between the values. The significance of
statistical differences and the significance of the correlation
were assessed using Student's t test.

Results

The average value of FD, , of the upper lobe of the
cerebellum was 1.816+0.005, the lower lobe - 1.855+0.005.
The average value of FD,, of the upper lobe of the
cerebellum was 1.734+0.009, the lower lobe - 1.768+0.009.
The average value of FD, . of the upper lobe of the
cerebellum was 1.370+0.009, the lower lobe - 1.431+£0.008.
The distribution of fractal dimension values determined for
the upper and lower lobes of the cerebellum is shown in
Fig. 2.

The highest values are FD of tomographic sections of
the cerebellum, segmented with a brightness threshold of
100 (FD,,,), slightly lower - 90 (FD,,). The lowest value has
FD of the outer contour of the cerebellum (FD, ).

FD,,, has statistically significantly greater values than
FD,, and in the upper lobe of the cerebellum (p=9.61e™),
and in the lower lobe (p=3.61e7°), also has statistically

significantly greater values than FD,  ,, in both parts (upper
lobe - p=8.9¢""3; lower lobe - p=3.7e""). In turn, FD is
statistically significantly higher than the value of FD, . in
the upper (p=1.98e7%) and lower (p=6.98e-77) lobes of the
cerebellum.

All three values of FD of the lower lobe of the
cerebellum, which corresponds to the phylogenetically
younger areas of the cerebellum (neocerebellum and lower
paleocerebellum), are statistically significantly higher than
the corresponding values of FD of the lower lobe of the
cerebellum, which corresponds to phylogenetically older
areas (upper paleocerebelum) (FD, - p=1.23e”; FD,,
p=0.009; FD,, ,, - pP=1.27e*). This feature generally reflects
the peculiarities of the organization of cerebellar lobules at
the micro-macroscopic level: lobules of neocerebellum and
lower paleocerebellum, which have a smaller phylogenetic
age, generally have a more complex spatial configuration
due to more complex and diverse variants of structure and
branching of white matter in these lobules, which patterns
of individual anatomical variability have been described in
our previous studies [18].

The calculated FD values (FD,,,, FDy, FD,,,) are
correlated by different strengths and orientations. Thus,
FD,,, is associated with FD, by a strong positive correlation
(upper lobe - r=0.92, p=2.84e%; lower lobe - r=0.96,
p=2.43e*). But FD, , is associated with FD,, . by negative
correlation of weak force in the upper lobe (r=-0.27, p=0.004)
and negative correlation of medium force in the lower lobe
(r=-0.45, p=2.12¢€”). FD, is also associated with FD,, . by
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value of FD of the upper lobe

2,000 100-90 )
1500 of the cerebellum in men was
—— 1.366+0.012, in women -
1'700 1.372+0.013, the lower lobe in
’ men - 1.422+0.012, in women -
e 1.438£0.011. The distribution of
S il fractal dimension values (FD,,,
1,400 - i
FDg,» ED1OO_90) in_men and
1,300 - women is shown in Fig. 3.
1,200 - Thus, the values of FD in
1,100 - men and women have almost
1.000 no difference, statistically
100 100 2 % 100-90 100-90 N . .
. . i . . . significant difference don't have
Superior lobe | Inferior lobe | Superior lobe | Inferior lobe | Superior lobe | Inferior lobe Il th fractal indi - FD
percentile 75| 1,850 1.898 1.795 1.840 1.436 1,495 all three Tractal Iindices: FD,,,
Max 1,912 1,945 1.886 1.910 1,603 1,651 (upper lobe - p=0.91; lower lobe
= Me 1.829 1.863 1.762 1.784 1.357 1,438 - p=0.12), FD,, (upper lobe -
Min 1,530 1.607 1,322 1,353 1,024 1.238 p=0.99; lower lobe - p=0.34) and
percentile 25 1,784 1,831 1,689 1,726 1,304 1,373 FD,,0. (Upper lobe - p=0,74;
Fig. 2. Distribution of fractal dimension values (FD, ,, FD,,, FD,,, ,,) Of the upper and lower parts lower lobe - p=0.32), which
of the human cerebellum. indicates the absence of
statistically significant sex
2,000 - 1.852 1,804 i i i
1,829 1,829 . 832 % 1783 1787 differences in the studied
1900 - : 1,755 indicators.
1.800 - In addition to sex, the age
1700 - 1.437 features of variability of fractal
— 1358 1357 1,441 dimension in different parts of
’ the cerebellum were also
LS studied (Fig. 4). It was found that
1,400 + % FD,,, has a positive correlation
1.300 - with age (upper lobe - r=0.29,
1200 4 p=0.002; lower lobe - r=0,41,
555 p=7,61e-5) as well as FD, (upper
’ lobe - r=0.38, p=0.0001; lower lobe
Loag | [ | | | | -r=0.50, p=3.75e-6). In contrast to
men |Women| men |women, men |wWomen| men WOIIEN| men |Women| men |women . .
these indicators, FD, ,, has a
100 90 100-90 100 9 100-90 . ! ! .
negative correlation with age in
Superior lobe Inferior lobe

both lobes (upper lobe - r=-0.44,

FD,,, FD

Fig. 3. Distribution of fractal dimension values (FD,,, FD,,,

of the human cerebellum in men and women.

100-90

negative correlation of medium strength in both parts of the
cerebellum (upper lobe - r=-0.57, p=2.41e7; lower lobe -
r=-0.65, p=5.34e?).

Paired values of the FD of the same name of the upper
and lower lobes are related by a positive correlation (FD
r=0.76, p=3.26e "%, FD,, - r=0.85, p=9.24¢""; FD
p=1.87¢7).

Sex characteristics were also determined: three FD
values for the upper and lower lobes of the cerebellum in
men and women were determined. The average value of
FD'° of the upper lobe of the cerebellum in men was
1.815+0.006, in women - 1.816+0.006, the lower lobe in
men - 1.847+0.009, in women - 1.863+0.006. The average
value of FD* of the upper lobe of the cerebellum in men was
1.734+0.014, in women - 1.735+0.011, the lower lobe in
men - 1.759+0.015, in women - 1.776+0.011. The average

100

-r=0.83,

100-90

) of the upper and lower lobes

p=2.94e-5; lower lobe - r=-0.58,
p=1.57e-7). At the same time
more expressed changes are
observed in the lower lobe of a cerebellum (Fig. 3) which has
smaller phylogenetic age.

FD, .4 Characterizes the complexity of the organization of
the outer contour of the cerebellum, which in turn
characterizes the features of the spatial configuration of the
cerebellar cortex. This figure decreases with age in both
lobes of the cerebellum, which reflects the process of age-
related atrophy of the cerebellum, which is accompanied by
a decrease in the degree of convoluting of the cortex, which
leads to a decrease in the fractal index of the outer contour of
the cerebellum. More pronounced age-related changes are
observed in phylogenetically younger areas, which have
higher values of fractal dimension in general (which reflects
the more complex and diverse structure of these lobules).
Thus, areas of the cerebellum that have a more complex
spatial configuration of the cortex are characterized by a
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2 - dimensional FD value of white
—— Supericr lobe matter was 2.26+0.05 [2] and

L,9:- FD(100) 2.277+0.045 [19], gray matter -
{ B - T 2.4910.04 [2] and
T R2=00839 - = FD(100) 2.5267+0.0228 [19]. In these
17 A === works, the FD values were
R2=0.1408’ — — Superior lobe determined using the method

FD 1.6 - FD(90) of counting squares. In another
L5 - . work [111, the values of FD of
RZ=0.1972, FD(90) skeletonized branches of the

1 teusa,, cerebellar white matter were
.............. . «=sees Superior lobe determined using one of the

L3 e, FD(100-90) modifications of the pixel
12 ; ‘ . _ —_— dilatation mgthod. _The value of
0 20 40 60 80 100 FD(100-90) the three-dimensional fractal
Age, years dimension obtained as a result

of this study was 2.57+0.01. The

FD,,, FD

Fig. 4. Values of fractal dimension (FD, ;, FD,,,

cerebellum depending on age.

100-90

more pronounced decrease in the fractal index with age
than areas that have a less complex structure and greater
phylogenetic age.

It should be noted that the decrease in this indicator is
more pronounced in men (upper lobe - r=-0.54, p=8.24e%;
lower lobe - r=-0.67, p=1.76€e*®) than in women (upper lobe
- r=-0.37, lower lobe - p=0.002; r=-0.51, p=2.60e7?), which
reflects the more pronounced age-related atrophy of the
cerebellum, characteristic for men.

Discussion

The values of the fractal dimension obtained in this
study exceed the values of the fractal dimension obtained
by us earlier in the study of sectional material (1.372+0.006)
[16]. This difference is due to the fact that in this study we
determined the fractal dimension of tomographic sections
of the cerebellum as a whole and its outer linear contour,
while on the section material we determined the fractal
dimension of the main branches of the white matter of the
cerebellum.

Another values of the fractal dimension of the cerebellum
have been obtained in the works of other scientists. The
values of the fractal dimension of two-dimensional images
of the cerebellum, calculated on MR tomograms of 16
relatively healthy patients using the method of counting
squares, were 1.49+0.06 and 1.56+0.05 for white and gray
matter, respectively [1]. In other works, three-dimensional
values of fractal dimension were determined: three-

) of the upper and lower lobes of the
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®OPAKTAIIbHA PO3MIPHICTb ®UTOFEHETUYHO PISHUX OINMAHOK MO30YKA JIIOANHU (3A OAHUMU OOCNIAXEHHA

MAIrHITHO-PE3OHAHCHUX TOMOI'PAM)
Map'eHko H.l., CmenaHeHko O.I0.

®pakmarnbHUl aHari3 8 0CMaHHI POKU 8ce Yacmilue 8UKOpUCMo8ytoms y skocmi MopghomempudHo20 Memody, wo 00380/15i€ ouiH8amu
cmyniHb ckrraGHocmi op2aHi3auii keazughpakmarnbHuUx bionoegidHUX cmpyKmyp, y momy yucni i mo3o4ka. Mema OocnidxeHHs - usHaqumu
3Ha4YeHHs1 hpakmarsnbHOI po3MipHOCMI hiTo2eHemuYHO pi3HUX OiNsIHOK MO304YKa WIisiXoM OOCiOKEeHHSI Ma2HIMHO-Pe30HaHCHUX
momozpam 20/108H020 MO3Ky 3a AorromMoeoto Memody duiamauii nikcenie ma sussumu eeHOepHi ma 8ikosi ocobriueocmi iHOugiOyanbHOI
MiHAu8ocmi ¢ghpakmarnbHOI PO3MIPHOCMI MO304YKa ma 020 308HIWHBO20 fiHilIHO20 KoHMYpY. [ocnidxeHHs nposedeHe Ha 120 magHimHo-
pe30HaHCHUX momozpamax 20/108H020 MO3KYy YMOBHO 300posux nauieHmie eikom 18-86 pokie (65 xiHok, 55 yonosikis). JocnidxeHi T2
38axxeHi momoepachiuHi 306paxeHHs. [IposedeHull hpakmanbHull aHaniz 3a dornomMozow memody Ounamauil nikcenie y asmopchbKil
modugpikauyii. BusHadanuce 3Ha4eHHs1 ¢hpakmanbHoi poamipHocmi (FD) dns momoepachidHux 306paxeHb MO304Ka, CeeaMeHmMo8aHuXx 3i
3HadeHHaMU sickpasocmi 100 (FD, ), 90 (FD,,) ma y dianasoni 100-90 (FD,,, ., abo gopakmarnbHa po3MIpHICMb 306HIWHBE020 KOHMYpY
Mo304Kka) 055 (i020 8epXHbOI ma HUXHBOI YacmoK, WO eK/rYyaroms ¢hiloeeHemuyHo pi3Hi 30HU. OmpumaHi daHi 0bpobnsanu 3a
00110M020K0 3a2anbHONPUUHAMUX cmamucmuyHux memodis. CepedHe 3Haq4eHHs1 FD,, 8epXxHbOi Yacmku MO304Kka cmaHo8usio
1,816+0,005, HuxHbOI Yacmku - 1,855+0,005. CepedHe 3HayeHHs1 FD90 eepxHbOi Yacmku Mo3oyka cmaHosusio 1,734+0,009, HUXHBLOI
wyacmku - 1,768+0,009. CepedHe 3HadyeHHs1 FD,,, . 8epxHbOi yacmku mo3oyka cmarosgusio 1,370+0,009, HUXHboOI Yacmku - 1,431+0,008.
Yci mpu 3Ha4eHHs1 chpakmaribHOI PO3MIPHOCMI HUXHBOI YacmKu, YaCmoYKU SIKOI Maromb MeHWuUl hino2eHemuyHUU 8iK, cmamucmuyHO
3Hadyuwe nepesuwlytoms 6i0noeioHi iMm 3HayeHHs1 chpakmarnbHOI PO3MIPHOCMI 8ePXHbLOI YacmKu, Maome Binbw 8UpaxeHUl KopensuidHul
38'A30K i3 8IKOM MOPIBHSHO 3 8EPXHBOI YacmKor. Po3pobneHul aneopumm O0OCioxKeHHs Moxe 6ymu aukopucmaHuu 0ns1 diagHoCmuKu
cmaHy MOo304YKa 8 sikocmi 000amKog8o20 MOpPOMempuUYHO20 OO0CIOKEHHS rpu npoe8edeHHi MagHIMHO-pe3oHaHCHOI momozpadii
20/108HO20 MO3KY.
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KnrouoBi cnoBa: ¢hpakmarsnbHull aHarsia, MO304YOK, MazHimHO-pe3oHaHCHa momozpadisi.

®PAKTAITIbHAA PASMEPHOCTb ®UNOMEHETUYECKU PA3ITUYHbLIX YHACTKOB MO3XEYKA YEINNOBEKA (MO OAHHbLIM
UCCNEQOBAHUA MATHUTHO-PE3OHAHCHbLIX TOMOIPAMM)

Mapbenko H.U., CmenaHeHko A.FO.

®pakmarnbHbIlU aHanu3 8 rnocredHue 200bl 8Ce Yalje UCronb3yrm 8 Kadecmee Mopghomempuyeckoeo memoda, Nno3eosnsouezo
ouyeHuUsamb cmereHb C/I0XHOCMU OpeaHu3ayuu KeasugpakmarbHbIX 6UoI02uU4ecKUX CmpyKkmyp, 8 mom yucrie u Moxedyka. Lenb
uccnedosaHus - onpedenumb 3Ha4YeHuUe thpakmarnbHOU pasMepHOCMU huUI02eHemMUYECKU pasnuyHbIX y4acmKo8 MO3XedyKka nymem
uccredosaHuUsi MagHUMHO-PE30HAHCHbIX MOMO2PaMM 20/108H020 MO32a C MOMOWbio Memoda Ounamayuu rnukcesnel U ebigumb
2eHOepHble U 803pacmHblie 0cobeHHocmu UHOUBUGYanbHOU USMEHYUBOCMU (hpakmarbHOU pasMepHOCMU MO3XedKa U e20 8HeWHeao
nuHeliHo2o KoHmypa. UccriedosaHue rposedeHo Ha 120 Ma2HUMHO-Pe30HaHCHbIX MOMOgpaMMax 20/108HO20 MO32a yC/I08HO 300P08bIX
nayueHmos 8 gospacme 18-86 nem (65 xeHwuH, 55 myx4uH). MiccnedosaHbl T2 838eweHHble momozpaguyeckue Uu3obpaxeHusl.
lMposedeH pakmarbHbIl aHanu3 ¢ noMowbio Mmemoda dunamayuu nukcesnel 8 asmopckoli modugpukayuu. OnpedeneHbl 3Ha4eHUsI
pakmarnbHol pasmepHocmu (FD) 0nsi momozpaghudeckux usobpaxeHull MO3Ke4YKa, Ce2MeHMmMUPOB8aHHbIX CO 3Ha4YeHUsIMU SpKocmu
100 (FD,,,), 90 (FD,,) u e duanasoHe 100-90 (FD,,, ., unu ghpakmarnbHas pasMepHOCMb 6HEWHe20 KOHMmypa Mo3axedka) Ons e2o
gepxHel u HuxHel Oonel, eknoYaoWUX hurnoeeHemuyecku pasnuyHbie 30Hbl. [lonyyeHHble daHHble obpabambiganu ¢ MOMOWbIO
obwenpuHambIx cmamucmudyeckux memodos. CpedHee 3HayeHue FD,,, eepxHel donu mozxedka cocmaeusio 1,816+0,005, HuxHel
donu - 1,855+0,005. CpedHee sHadeHue FD,, sepxHel donu mosxeqka cocmasuno 1,734+0,009, HuxHel donu - 1,768+0,009. CpedHee
3HaueHue FD, ., eepxHel donu moxedka cocmagusio 1,370+0,009, HwkHel donu - 1,431+0,008. Bce mpu 3HadeHUs1 ghpakmarnbHoU
pasmepHocmu HUXHel donu, 00bKU KOmopoU UuMerom MeHblUl ¢hurioeeHemu4eckul 803pacm, cmamucmuyYecKu 3Ha4UuMOo rpesbiiaom
coomeemcmeyujue UM 3Ha4eHuUs hpakmasnbHOU pa3MepHocmu eepxHel Oosiu, ¢ go3pacmom umerom boriee 8bIpaKeHHYH
KOpPerisiyUOHHYI0 C8513b 10 CpasHeHUK ¢ eepxHel donel. PaspabomaHHbil anzopumm uccriedogaHusi Moxem b6bimb UCMONMb308aH
0151 Qua2HOCMUKU COCMOSIHUSI MO3XeyKka 8 Kadyecmee OOrMosiHUMesbHo20 MopghoMempuyecko2o uccriedosaHusi npu nposedeHuu
MagHUMHO-pe30HaHCHOU momoepaghuu 20/108HO20 MO32a.

KntoueBble cnoBa: ¢hpakmarnbHbIl aHanu3, MO3Xe4YOK, Ma2HUMHO-pe30oHaHCHasi momozpaghusi.
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Professor Cherkasov Viktor Gavrylovych
(05.01.1953 - 20.09.2020)

Morphologists of Ukraine express their sincere
condolences to relatives, friends, employees of the O.O.
Bogomolets National Medical University on the untimely
death of a prominent scientist, talented teacher, sincere
man, highly respected Professor Viktor Gavrylovych
Cherkasov.

On September 20, 2020, the Ukrainian Morphological
School suffered an irreparable loss: a prominent
morphologist, wise head of the Department of Anatomy,
Encyclopaedical Man, Vice President of the Scientific Society
of Anatomists, Histologists, Embryologists and
Topographic Anatomists of Ukraine, Academician of the
International Academy of Integrative Anthropology, Honored
Worker of Science and Technology of Ukraine, Doctor of
Medical Sciences, Professor Viktor Gavrylovych Cherkasov
died.

Viktor Gavrylovych was born on January 5, 1953 in the
city of Kirovograd.

In 1976 he graduated from the Kyiv Medical Institute
named after O.0. Bogomolets. For more than 40 years
Victor Gavrylovych selflessly served science, having passed
the way from the post-graduate student to the head of basic
department of anatomy: the post-graduate student (1976),
the assistant (1979), the senior teacher, the senior lecturer
(1991), the professor (1992), the head of department (2004-2020).

V.G. Cherkasov's scientific worldview was formed under the influence of an outstanding teacher, corresponding
member of the National Academy of Pedagogical Sciences of Ukraine, Professor Ivan Ivanovych Bobryk. In the figure of
Victor Gavrylovych successfully combined the qualities of a scientist, youth mentor and a talented organizer. Main directions
of scientific research: ultrastructural aspects of development of blood and lymphatic vessels; experimental modeling of
pathological processes; history of morphology; methodical principles of teaching human anatomy. In 1980 he defended
his dissertation "Hemomicrocirculatory tract of the human thymus in the prenatal period of morphogenesis." The doctoral
dissertation "Microcirculatory tract of the human immune system in the prenatal period of ontogenesis" was successfully
defended in 1990.

He successfully worked as the head of the research sector of the Bogomolets National Medical University (2003-
2008).

From 2008 to 2013, Viktor Gavrylovych was the dean of the medical faculty Ne1. Many graduates remember
Cherkasov V.G. as a wise head of the faculty and a reliable assistant to applicants for higher education.

Since 1992, V.G. Cherkasov has been the Vice-President of the Scientific Society of Anatomists, Histologists,
Embryologists and Topographic Anatomists of Ukraine, a member of the Academic Council of the Ministry of Health of
Ukraine and a member of the Scientific Public Council at the SAC of Ukraine. Meetings with the participation of Viktor
Gavrylovych were marked by indifference to the case and understanding of the importance of change for the better.

V.G. Cherkasov - author and co-author of over 300 scientific papers, 12 patents and copyright certificates, 9 monographs,
15 textbooks, 10 books, 3 atlases, was the editor-in-chief of the specialized journal "Bulletin of Morphology" and a
member of the editorial boards of scientific journals in Ukraine. Under the supervision of V.G. Cherkasov 6 doctoral and
11 candidate dissertations were completed and successfully defended. Creative approach, in-depth analysis, quality
performance of various tasks was in the first place in the activities of the scientist. Victor Gavrylovych was guided by such
principles in the work of the specialized academic council at the Bogomolets National Medical University as a secretary,
member and chairman of the council. As a member of the specialized academic council at National Pirogov Memorial
Medical University, Vinnytsya was remembered by colleagues as a great professional morphologist. Most of Viktor
Gavrylovych pupils now are heads of morphological departments in Ukraine.

V.G. Cherkasov performed significant scientific and pedagogical work as the head of the support department. Under
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his leadership, programs of the discipline "Human Anatomy" were developed and implemented in Ukraine, which
provided the latest organization of the educational process in human anatomy in Ukraine. The support department
created the first national textbook "Human Anatomy" in three languages (Ukrainian, Russian, English), which is republished
with changes and additions since 2006, gained wide recognition and became basic in human anatomy in higher
education in Ukraine. Work on the textbook began with a team consisting of Golovatsky A.S., Sapin M.R., Parakhin A.l. and
Kovalchuk O.l. in the early 2000s in order to create a textbook in Ukrainian on the work program of the Department of
Anatomy in Ukraine. Victor Gavrylovych manuals on the anatomy of the nervous system and sense organs enjoyed the
authority of teachers and students; later expanded and supplemented became the basis of sections of the textbook.
Continuous improvement, quality control and additions brought the textbook "Human Anatomy. In three volumes" edited
by Golovatsky A.S. and Cherkasov V.G. recognition among the anatomical school of Ukraine and students.

The famous anatomical collection of the Department of Anatomy of the Bogomolets National Medical University was
under the special attention of Viktor Gavrylovych and it was on his initiative that the complete cataloging of preparations
was carried out. Masterfully possessing historical and morphological data, Professor Cherkasov V.G. could spend hours
touring the halls of the department, everyone was delighted with the presentation of information and depth of academic
knowledge.

Victor Gavrylovych paid a lot of attention to the study of the history of anatomy, was an active promoter of the activities
of Ukrainian morphologists. V.G. Cherkasov studied the creative and scientific path of many historical figures together
with his colleagues not only from literary sources, but also visited the places of their birth. A trip to the city of Oster, where
Volodymyr Oleksiyovych Betz was born, stood out among them. He walked along Betz Lane and Street, and had an
interesting and long discussion with the director of the city's historical museum about the activities of a prominent
Ukrainian morphologist. In almost all lectures later, Victor Gavrylovych explained to students how important it is to
understand and study the historical aspects in science and education. In addition to the tradition of caring for the graves
of employees of the department, at the initiative of V.G. Cherkasov, a memorial service was held on the anniversary of V.O.
Betz.

For scientific research of the remains of the sarcophagus of Yaroslav the Wise in St. Sophia Cathedral in 2010
Cherkasov V. G. was awarded a Diploma (National Reserve "Sophia of Kyiv"). During this study, when sarcophagus was
opened, bats were found in addition to the remains. In the discussion about their future fate, Viktor Gavrylovych noted "...
we have never seen what angels look like - do not touch, let them stay".

Over the years of work at the Bogomolets National Medical University V.G. Cherkasov was formed as an outstanding
morphologist, known abroad. Viktor Gavrylovych high professionalism and perseverance in achieving the goal were
harmoniously combined with demanding, tactful and responsible. Victor Gavrylovych was a hard-working and demanding
specialist, who was appreciated and respected by all who had to communicate and work together.

Viktor Gavrylovych was an extremely responsible and highly professional man, his life path is an example of selfless
service to medical education and science. His active social and scientific-pedagogical activity has been awarded many
prizes. For significant contribution to the development of health care and high professionalism in 2006 by the Decree of
the President of Ukraine V.G. Cherkasov was awarded the Order "For Merit" of the 11l degree; in 2009 he was awarded the
honorary title of "Honored Worker of Science and Technology of Ukraine". Victor Gavrylovych was awarded the Certificate
of Appreciation and Diploma of the Ministry of Health of Ukraine, diplomas and awards, "Gold Medal of Betz" AGET of
Ukraine.

Victor Gavrylovych will remain a kind and sensitive person in our hearts. Thoughts, scientific plans and achievements
will be reproduced in the affairs of his many pupils, who will gratefully leave the memory of their Master in new scientific
works, discoveries and history of anatomy.
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