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Morphofunctional changes of structural components of masticatory
muscles of mature animals in mercazolilum-induced hypothyroidism
Sahan N.T.
Ivano-Frankivsk National Medical University, Ivano-Frankivsk, Ukraine

The damage of the muscular system is one of the frequent complications in thyroid
diseases, but today there is no unanimous view on the morphofunctional changes in
masticatory muscules  in hypothyroidism. The purpose of this study was to determine the
peculiarities of the structural organization of the masseter and lateral pterygoid muscles
of mature rats in various stages of experimentally modeled hypothyroidism. The study
was performed on the masticatory muscles of mature male rats during the 14th, 21th, 28th

days of the development of mercazolilum-induced hypothyroidism. The following research
methods were used: injection method of study of the circulatory bed of the masticatory
muscles; histological examination of blood vessels and tissue elements of the masticatory
muscles; electron microscopic examination; morphometric analysis (mean value of blood
vessels' lumen and thickness of their walls; number of capillaries in 1 ?m2 of cross
section of muscular fiber; the quantity of the capillaries at one muscular fiber, the
percentage of oxidative (OMF), oxidative-glycolytic (OGMF), glycolytic (GMF) muscular
fibers, average muscular fiber area, biochemical methods, and statistical analysis
was conducted out using the software RV.3.0. The development of hypothyroidism is
indicated by the reduction of hormones of the thyroid gland in the blood. During the 14th

day of the experiment in the arterial bed in the injection of Parisian blue in the masticatory
muscles there is a deformation of the vascular pattern. The number of hemocapillaries
decreases. The edema of the cytoplasm of endothelial cells is submicroscopically
marked. In muscular fibers, the cross-striation is broken, the area of their cross-
section is enlarged, the dilation and vacuolization are observed in the endomysium. A
change was determined in the quantitative distribution of all types of fibers (the number
of OGMF and OMF decreased, and the amount of GMF increased). At the
ultramicroscopic level, there were observed pronounced changes in all types of
muscular fibers, especially in the GMF and OMF of the masseter muscle. On the 21st

day, a significant deformation of the vascular pattern was observed, with a decrease of
the arterial lumen and an increase of the vein lumen. The number of hemocapillaries
continues to decrease. Ultra-structurally, in the endothelial cells of the hemocapillaries
of the masticatory muscles, edema changes progress. In muscular fibers there is a
loss of cross-striation and observed swelling. There is a tendency to decrease of the
number of OGMF and OMF and increase of the amount of GMF. At the ultramicroscopic
level, there are pronounced changes in all types of fibers, especially in the masseter
muscle. During the 28th day of mercazolilum-induced hypothyroidism changes in the
vessels and muscle fibers are progressing. Described morphological changes are
associated with the dynamics of the trace substances' composition. Thus, in mercazolilum-
induced hypothyroidism in the masticatory muscles there are edematous changes both
in the vascular bed and in muscular fibers. Moreover, the changes are deepened depending
on the duration of the experiment.
Keywords: hypothyroidism, muscular fiber, ontogenesis, hemomicrocirculatory bed.
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Introduction
The study of the morphology of masticatory muscles

was performed for a long time by many native and foreign

scholars [8, 16, 17, 21, 22, 23, 29]. However, there is no

clear and unanimous point of view of the morphology of
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these muscles. The study of masticatory muscles under

the influence of various factors, including the changes of

the thyroid status are of particular relevance. Damage of

the muscular system is one of the most frequent

complications in diseases of the thyroid gland. An overview

of scientific literature showed that 5% of all myopathies are

associated with pathology of the thyroid gland [9, 14, 15,

20, 24, 29, 30]. Deficiency of thyroid hormones results in a

violation of the expression of the heavy chain myosin

genome, redistribution of its isoforms, inhibition of protein

synthesis and, consequently, muscular growth. Besides,

in the deficiency of hormones of the thyroid gland, the

mobilization of free fatty acids from adipose tissue is

disturbed, which leads to the insufficient lipid delivery to

the skeletal muscles and is a possible cause of muscular

weakness and reduced ability to work [1, 6, 31].

Taking into account the topicality of this issue and the

constant increase and spread of morbidity (in Ukraine, as

of January 1, 2012, there were registered 90.884 thousand

patients with hypothyroidism (in 1999 - 53 thousand); the

incidence rate in 2011 was 22.1 per 100.000), the study of

the morphofunctional state of masticatory muscles in

hypothyroidism requires further study.

Thus, the aim of our study is to establish the

peculiarities of the structural organization of the masseter

and lateral pterygoid muscles of the mature rats at various

stages of experimentally modeled hypothyroidism.

Materials and methods
The material for the study was masseter and lateral

pterygoid muscles of the 48 white outbred  mature male

rats. The material was taken in clearly defined symmetrical

places of the masseter and lateral pterygoid muscles

during the 14th, 21th, 28th days of experimentally modeled

hypothyroidism. Animals were divided into groups: group I

- intact (12 animals), which were kept under normal

conditions of vivarium using natural for rodent feeding;

group II - under the conditions of mercazolilum-induced

hypothyroidism (36 animals).

Maintenance of animals, their nutrition and

manipulations with them were performed in compliance

with ethical and legislative norms and requirements during

the implementation of scientific and morphological studies,

in accordance with the provisions of the "European

Convention for the Protection of Vertebrate Animals used

for the experiments and other scientific purposes"

(Strasbourg, 1986), Appendix 4 to the "Rules for the

performance of the works using experimental animals",

approved by the Order of the Ministry of Health of Ukraine

№755 of 12.08.1997, the Helsinki Declaration of the World

Medical Association (2000), "On Measures as to Further

Improvement of the Organization of Forms of Work with the

Use of Experimental Animals" and the provisions of the

"General Principles of Animal Experiments" taken by the

First National Congress on Bioethics (Kyiv, 2001); in

accordance with the Law of Ukraine №3447-IV "On the

Protection of Animals from Cruel Treatment" of 21.02.2006

(Expert Opinion of the Bioethics Commission of Ivano-

Frankivsk National Medical University, Protocol №104/18

dated October 25, 2018).

Euthanasia of animals was performed by intraperitoneal

administration of sodium thiopental (2% solution of sodium

thiopental in a dose of 25 mg/kg).

The following research methods were used: modeling

of mercazolilum-induced hypothyroidism [19, 7]; injection

method of study of the circulatory bed of the masticatory

muscles (“Parisian blue”); histological examination of blood

vessels and tissue elements of the masticatory muscles

(coloring with hematoxylin and eosin, fuchsin according to

Hart, trichrome staining according to Masson, hematoxylin-

main fuchsin-picric acid according to Van Gieson; the

histochemical method of masticatory muscles studying

(succinate dehydrogenase (SDG) according to M. Nachlas

method); electron microscopic examination; morphometric

analysis (mean value of blood vessels' lumen and

thickness of their walls; number of capillaries in 1 μm2 of

cross section of muscular fiber; the quantity of the

capillaries at one muscular fiber, the percentage of oxidative

(OMF), oxidative-glycolytic (OGMF), glycolytic (GMF)

muscular fibers, average muscular fiber area, biochemical

methods, and statistical analysis.

Variational-statistical processing was carried out using

the software RV.3.0. The data of the descriptive statistics is

given as M ± m (selective average ± standard deviation).

Results
Thyroid homeostasis in the dynamics of the induced

hypothyroidism during the 14th day was: T
3
 - 2.68 ± 0.23

nM/l (p<0.01), T
4
 - 26.86 ± 2.80 (p<0.01) nM/l. During the

21st day: TSH - 0.08 ± 0.01 uIU/mL (p<0.01), T
3
 - 2.56 ± 0.26

nM/l (p<0.01), T
4
 - 19.89 ± 2.00 (p<0.01) nM/l. During the

28th day of induced hypothyroidism: TSH - 0.07 ± 0.01 uIU/

mL (p<0.01), T
3
 - 2.61 ± 0.25 nM/l (p<0.01), T

4
 - 24.41 ± 3.00

(p<0.01) nM/l.

Fig. 1. Unevenness and mosaicity of the vascular pattern of the
masseter (a, b) and lateral pterygoid (c, d) muscles of mature rats
during the 14th day of mercazolilum-induced hypothyroidism.
Staining: а, c - injection with Parisian blue with additional coloring
of hematoxylin and eosin; b, d - injection with Parisian blue.
Microphotograph. ocular lens х10, field lens х20.
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During the 14th day of the experiment in the arterial bed

of the mature rats in the injection of Parisian blue both in

the masseter and lateral pterygoid muscles, a change of

the vascular pattern (Fig. 1) is observed. The number of

hemocapillaries decreases in comparison with the norm

(Fig. 2).

In a submicroscopic study, there is observed the edema

of the endothelial cells of the cytoplasm, which leads to the

narrowing of the lumen and, subsequently, to the formation

of erythrocytic sludges (Fig. 3). Hemocapillaries are

surrounded by an electron-transparent basic substance.

In muscular fibers, cross-striation is much disordered.

The nuclei of muscular fibers are enlarged and slightly

lumenized. There is an expansion and vacuolization of

endomysium between muscular fibers. Visually the

perimysium is thickened and loose.

In the study of SDG activity, we have determined a change

in the quantitative distribution of all types of fibers (the

number of OGMF and OMF decreased and the amount of

GMF increased (Fig. 4)). In addition, muscular fibers have

been altered and deformed. SDG was unevenly distributed.

Morphometric study reveals a certain increase in the

cross-sectional area of all types of fibers in comparison

with the norm (Fig. 5). At the ultramicroscopic level, the

pronounced changes were observed in all types of

muscular fibers, especially in the GMF and OMF of the

masseter muscle. A focal loss of cross-striation was noted,

since isotropic disks (strip I) and anisotropic disks (strip

A), Z-lines are deformed and disorganized. Mitochondria

are enlarged, have a bright matrix and ruined crests (Fig.

6).

During the 21st day of the mercazolilum-induced

hypothyroidism, there were determined a significant uneven

filling of the vessels of the masseter and lateral pterygoid

muscles with the injectable mass, resulting in the vascular

pattern being deformed and mosaic (Fig. 7).

During histological examination, unevenness and

deformation of vascular lumen are observed. The arterial

Fig. 2. Reduction of the number of hemocapillaries in 1 μm2 (a) and the amount of hemocapillaries pertaining to one muscular fiber (b) in
the masticatory muscles of mature animals at various stages of the development of mercazolilum-induced hypothyroidism.

Fig. 3. The ultrastructural organization of the masseter (a) and
lateral pterygoid (b) muscles of the mature rat during the 14th day
of the development of mercazolilum-induced hypothyroidism.
Electronic Microphotograph. 1 - deformed lumen of the
hemocapillary, 2 - nucleus of the endothelial cell hemocapillary
with marginally located heterochromatin and invaginations of the
nuclear membrane, 3 - delaminatability of the basal membrane of
the endothelial cell hemocapillary, 4 - cytoplasmic excrescences
into the hemocapillary lumen, 5 - dilated and vacuolated perivascular
space, 6 - destroyed mitochondria, 7 - violation of cross-striation,
8 - platelet. Magnification: х8000.



lumen decreases, compared with control, the venous

lumen increases. The number of hemocapillaries in 1 µm2

of the cross-section of muscular fibers continues to

decrease. One muscular fiber also has a smaller amount

of hemocapillaries, compared with the norm. Ultra-

structurally it is found that there are edematous changes in

endothelial cells of hemocapillaries of masticatory

muscles. One can observe cytoplasmic excrescences into

the lumen of the hemocapillary, indicating the development

of hypoxia and disorder of the transcapillary exchange.

In muscular fibers there is a loss of cross-striation,

edema of their nuclei, dilation, rupture and edematous

changes of endomysium and perimysium with the

formation of vacuoles (Fig. 8). During the morphometric

study, an increase of the cross-sectional area of all types

of fibers is observed (see Fig. 5). During the study of SDG-

activity, there was determined some redistribution in the

number of different types of muscular fibers, as well as

their edematous changes and deformity (see Fig. 4).

At the ultramicroscopic level in the mature animals,

there were marked changes in all types of fibers, especially

in the masseter muscle, which were characterized by the

loss of cross-striation, the destruction of isotropic (strip I)

and anisotropic (strip A) discs, Z-lines. The nuclei in every

muscular fiber are large, of lowered electron density, and

their membrane forms profound invaginations.

Mitochondria are of a sack-shaped form, have a bright matrix

and destroyed crests (Fig. 9).

During the 28th day of mercazolilum-induced

hypothyroidism in the arterial bed of the masseter and lateral

pterygoid muscles of mature animals, one can observe

the disorders and deformation of the vascular pattern, as a

result of which it looks multiglomerular. In the injection with

Parisian blue, the areas which are well and poorly filled

with staining, are alternating (Fig. 10).

Among the intramuscular small arteries and arterioles

one can find the closed ones, in which the paint does not

fall. Morphometric study shows a significant narrowing of

the arteries and thickening of the arterial wall, as well as

the enlargement of the lumen and thinness of the venous

wall, compared with the control. Significantly decreases

the number of hemocapillaries in 1 μm2 of the transverse

section of muscular fiber (see Fig. 2).

During the ultramicroscopic examination of endothelial

cells, an increase of edematous changes is observed. In

muscular fibers, there was observed light-optically cross-

Fig. 4. Change of the quantitative composition of muscular fibers in the masseter (a) and lateral pterygoid (b) muscles of mature animals
in different periods of experimental hypothyroidism.

Fig. 5. Change of the cross-sectional area of muscular fibers in the masseter (a) and lateral pterygoid (b) muscles of mature animals at
different terms of experimental hypothyroidism.
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 Fig. 6. Ultramicroscopic changes in the structure of the masseter (a, b, c) and lateral pterygoid (d, e, f) muscles of mature rat during the
14th day of the mercazolilum-induced hypothyroidism. Electronic Microphotography. 1 - loss of cross-striation of muscular fiber, 2 -
expanded and destroyed mitochondria, 3 expanded and destroyed Z-line, 4 - swollen endomysium, 5 - nucleus of the muscular fiber.
Magnification: a - х4800; b, e - х8000; c, f - х6400, d - х12000.

Fig. 7. Angioarchitectonics of the masseter (a, b) and lateral
pterygoid (c, d) muscles of mature rats during the 21st day of
mercazolilum-induced hypothyroidism. Staining: a, c - injection with
Parisian blue; b, d - injection with Parisian blue with additional
coloration of hematoxylin and eosin. Microphotograph. Ocular lens
х10, field lens х20.

Fig. 8. Histostructure of the masseter (a) and lateral pterygoid (b)
muscles of mature rats during the 21st day of experimental
hypothyroidism. Staining: a, b - hematoxylin and eosin; c, d -
hematoxylin-main fuchsin-picric acid according to Van Gieson.
Microphotograph. 1 - loss of cross-striation of muscular fibers, 2
- edema of muscular fibers, 3 - nuclei of muscular fibers, 4 -
dilation and edema of the intermuscular layers. Magnification: ocular
lens х10, field lens х40.
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striation loss, their vacuolization, dilation and vacuolization

of endomysium and perimysium with the formation of

vacuoles. In the morphometric study, an increase of the

cross-sectional area of all types of fibers compared with

the norm is noted (see Fig. 5).

In the study of SDG-activity, we have found that the

number of OGMF and OMF decreases with the

simultaneous increase of the amount of GMF (see Fig, 4).

In this case, the fibers appear enlarged and deformed, the

enzyme accumulates unevenly. At the ultramicroscopic level,

marked edematous changes and destruction of structures,

especially mitochondria, were observed in all types of fibers

(Fig. 11).

Thus, in mercazolilum-induced hypothyroidism, in

muscular fibers there are significant edematous changes

both in the histological and ultrastructural levels. In the

morphometric study, an increase of the diameter of all types

of fibers was determined. Patients mostly suffer from GMF.

Swelling and vacuolation of the connective tissue of the

endomysium and perimysium are also noted. Moreover,

the changes are deepened depending on the duration of

the experiment. During study of the succinate

dehydrogenase activity of muscular fibers, we've

determined that there is a redistribution in the amount of

muscular fibers. There is a tendency to decrease of OGMF

and a significant increase of GMF.

Such morphological changes are associated with the

dynamics of the microelement composition. Thus, the

content of Ca, P, Mg, during the 14th day of the experiment

was 1.94 ± 0.19 mM/l (p<0.01); 29.97 ± 3.07 mM/l (p<0.01),

Fig. 9. Sub-microscopic changes in the structure of the masseter (a, b, c) and lateral pterygoid (d, e, f) muscles of mature rat during the
21st day of mercazolilum-induced hypothyroidism. Electronic Microphotograph. 1 - nucleus of the muscular fiber with marginally placed
heterochromatin, 2 - expanded and destroyed mitochondria, 3 - vacuolization of muscular fibers, 4 - swollen and disorganized connective
tissue elements, 5 - hemocapillary. Magnification: a, c - х8000; b, e, f - 6400; d - х9600.
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1.42 ± 0.17 mM/l (p<0.01) respectively. During the 21st day

- 1.82 ± 0.19 mM/l (p<0.01); 1.39 ± 0.18 mM/l (p<0.01);

during the 28th day - 1.75 ± 0.16 mM/l (p<0.01); 22.70 ± 2.49

mM/l l (p<0.01), 1.37 ± 0.18 mM/l (p<001), respectively.

Discussion
In hypothyroidism in the vascular bed of masticatory

muscles during the 14th day there are significant changes.

Our results are consistent with studies of the vascular bed

in hypothyroidism [2, 3], where it was found that in patients

with hypothyroidism there are sharply expressed violations

in the system of terminal blood flow with the predominance

of intravascular and vascular changes in the form of foci of

microcongestion due to the increased blood viscosity,

hematocrit, perivascular hemorrhages, perivascular edema,

tortuosity of microvessels of all links of the microcirculatory

bed, and "sludge" - a phenomenon in the capillaries. Further

during the 21st and 28th day of the mercazolilum-induced

hypothyroidism we observe the deepening of changes in

the circulatory bed, which corresponds to studies [28], in

which morphological changes in the circulatory bed of

experimental animals become more significant, with the

prolongation of experiment time.

a                           b                       c                       d

Fig. 10. Desolation and mosaicity of the vascular pattern of the
masseter (a, b) and lateral pterygoid (c, d) muscles of mature rats
during the 28th day of mercazolilum-induced hypothyroidism.
Staining: a, c - injection with Parisian blue with the addition of
hematoxylin and eosin; b, d - injection with Parisian blue.
Microphotograph. Magnification: ocular lens х10, field lens х20.

Fig. 11. Submicroscopic organization of the masseter muscle of mature rat during the 28th day of mercazolilum-induced hypothyroidism.
Electronic Microphotography. 1 - nucleus of muscular fiber; 2 - mitochondria with uncomplemented crests, 3 - disorganized striation, 4 -
vacuoles, 5 - hemocapillary, 6 - mastocyte. Magnification: a - х9600; b, c, d, e, f - х8000.
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Multiple studies are devoted to the study of the causes of

changes in the vascular bed in hypothyroidism. Thyroid

hormones have been found to induce 3-hydroxy-3-

methylglutaryl-coenzyme-A-reductase, which is the first step

in the synthesis of cholesterol. Triiodothyronine also

regulates the activity of receptors of low density lipoprotein,

controlling the activity of their responsible genes and protects

them from oxidation [11]. T
3
 regulates the activity of

cholesterol-7α-hydroxylase - key enzyme in the synthesis of

bile acids, which in hypothyroidism conditions slows down

the cholesterol, contributing to its increase in blood [25, 26].

It has been found that in hypothyroidism the concentration

and activity of HDLLp-PLA2, which is associated with the

anti-atherogenic effect of low density lipoprotein, decreases.

Thus, in hypothyroidism, the level of cholesterol increases

and there is a dyslipidemia that has an atherogenic nature

and increases the risk of atherosclerosis [12, 10]. Perhaps,

the development of atherosclerosis leads to further vascular

damage.

Also, the disorders in the vascular bed of masticatory

muscles in hypothyroidism could be attributed to the

development of endothelial dysfunction and violation of

relaxation of smooth muscular cells in vessels, which leads

to an increase in peripheral vascular resistance. Some

studies have described thickening of the intima-media

complex in people with hypothyroidism [16].

In the study of muscular fibers during the 14th, 21st and

especially 28th days of experimental mercazolilum-induced

hypothyroidism, one can note the increasing edematous

changes in all types of muscular fibers, and especially in

glycolytic ones, which confirms the opinion that the severity

of morphological changes in somatic muscles depends on

the duration of hypothyroidism, not on the severity and depth

of the process [28]. Our studies are consistent with others,

which determined that fast muscular fibers are much more

likely to be damaged than slow ones [27]. They believe, that

this is due to the thinner Z- and M-discs. Biochemically, it

was found that in the case of muscular damage, the

concentration of "fast" myosin in the blood is twice that of

"slow" one, which indicates more violations of the structure

of the corresponding muscular fibers [13]. Significant edema

can be observed in the connective tissue components of the

endo- and perimysium, the diffuse accumulation of

glycoproteins, which is the determining factor of exudation.

Initial manifestations of experimental hypothyroidism were

detected during the 14th day, the full picture - during the 28th,

and during the 60th day - the day when in studied structure

the severe structural changes with necrosis were

determined. The acuteness of inflammation was

characterized by inflammatory polymorphic cellular infiltrate

with a high content of neutrophilic granulocytes, as well as

an exudative component that occurs as a result of

accumulation in glycoproteins tissues. At the same time,

chromotropic substances are released from the bonds with

proteins and are accumulated mainly in the intermediate

substance, followed by the replacement of collagenous fibers

with mucus-shaped masses. Infiltrate accumulates in large

quantities in the intermediate substance, as a result there

is a compression of cells, dystrophy, necrobiosis, necrosis

and atrophy.

The cross-sectional area in all types of muscular fibers

increases. These changes are described as "pseudo-

hypertrophy" in Kocher-Debre-Semelaigne syndrome in

hypothyroidism in children. It is accompanied by an increase

of muscular fibers, but not of the increase of muscular

strength, but rather a decrease of muscular strength and

the development of muscular hypotonia [5]. Reduction of the

muscular power of skeletal muscles in hypothyroidism may

be due to the unconventional effects of T
4
 at the structural

and functional characteristics of the membranes, including

the membrane of the sarcoplasmic reticulum. In this case,

both lipid and protein component of the "liquid" bilayer is

changing. This reduces the activity of Ca2+ATPase and

decreases the rate of absorption of calcium ions [18].

Changes of muscles in hypothyroid myopathy are

characterized by their increase and induration. Patients often

complain of muscular soreness in the palpation and

movements. The slowing down of the contraction and

relaxation of the muscles is characteristic for

pseudomyotonic syndrome, which is not accompanied by a

violation of electrical conductivity [4].

The performed morphofunctional research is the

theoretical basis for the development and pathogenetic

substantiation of measures aimed at correction and

prevention of the development of iodine deficiency disorders,

which, in turn, will lead to the prevention and reduction of the

level of morbidity, its complications, disability and mortality

caused by them.

Conclusions
In mercazolilum-induced hypothyroidism in the

masticatory muscles there are edematous changes both in

the vascular bed and in muscular fibers. Patients suffer

mostly from GMF. Swelling and vacuolation of the connective

tissue of the endomysium and perimysium are also

observed, which is confirmed by both histological and

submicroscopic studies. Moreover, the changes are

deepened depending on the duration of the experiment.
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ін'єкційний метод дослідження кровоносного русла жувальних м'язів; гістологічне дослідження кровоносних судин та

тканинних елементів жувальних м'язів; електронно-мікроскопічне дослідження; морфометричний аналіз: середнє значення

просвіту кровоносних судин та товщина їх стінки, кількість капілярів в 1 мкм2 поперечного перерізу м'язового волокна,

кількість капілярів, які припадають на одне м'язове волокно, процентне співвідношення окисних м'язових волокон (ОМВ),

окисно-гліколітичних (ОГМВ), гліколітичних (ГМВ), середня площа м'язового волокна; біохімічні методи; статистичний

аналіз проводили за допомогою програмного забезпечення RV.3.0. Про розвиток гіпотиреозу свідчить зменшення гормонів

щитоподібної залози в крові. На 14 добу експерименту в артеріальному руслі при ін'єкції паризькою синьою у жувальних

м'язах відмічається деформація судинного рисунка. Кількість гемокапілярів зменшується. Субмікроскопічно відмічається

набряк цитоплазми ендотеліоцитів. У м'язових волокнах поперечна посмугованість порушена, збільшувалась площа їх

поперечного перерізу, в ендомізії спостерігається розширення та вакуолізація. Було встановлено зміну в кількісному розподілі

всіх типів волокон (зменшувалася кількість ОГМВ і ОМВ та збільшувалася кількість ГМВ). На ультрамікроскопічному рівні

спостерігалися виражені зміни в усіх типах м'язових волокон, особливо в ГМВ та ОМВ власне жувального м'яза. На 21 добу

встановлено значну деформацію судинного рисунку зі зменшенням просвіту артерій та збільшенням просвіту вен. Продовжує

зменшуватися кількість гемокапілярів. Ультраструктурно в ендотеліоцитах гемокапілярів жувальних м'язів прогресують

набрякові зміни. У м'язових волокнах спостерігається втрата поперечної посмугованості та їх набряк. Зберігається

тенденція до зменшення кількості ОГМВ і ОМВ та збільшення кількості ГМВ. На ультрамікроскопічному рівні виражені

зміни в усіх типах волокон, особливо у власне жувальному м'язі. На 28 добу мерказоліліндукованого гіпотиреозу зміни в

судинному руслі та у м'язових волокнах прогресують. Описані морфологічні зміни асоціюють із динамікою мікроелементного

складу. Таким чином, при мерказоліліндукованому гіпотиреозі у жувальних м'язах спостерігаються набрякові зміни як в

судинному руслі так і в м'язових волокнах. Причому зміни поглиблюються в залежності від терміну експерименту.

Ключові слова: гіпотиреоз, м'язове волокно, онтогенез, гемомікроциркуляторне русло.

МОРФОФУНКЦИОНАЛЬНЫЕ ИЗМЕНЕНИЯ СТРУКТУРНЫХ КОМПОНЕНТОВ ЖЕВАТЕЛЬНЫХ МЫШЦ ПОЛОВОЗРЕЛЫХ
ЖИВОТНЫХ ПРИ МЕРКАЗОЛИЛИНДУЦИРОВАННОМ ГИПОТИРЕОЗЕ
Саган Н.Т.

Поражения мышечной системы являются одним из частых осложнений при заболеваниях щитовидной железы, однако

сегодня нет единодушного взгляда на морфофункциональные изменения жевательных мышц при гипотиреозе. Целью

данного исследования было установить особенности структурной организации собственно жевательной и боковой

крыловидной мышцы половозрелых крыс на разных этапах экспериментально смоделированного гипотиреоза. Исследование

выполняли на жевательных мышцах половозрелых крыс-самцов на 14, 21, 28 сутки развития мерказолилиндуцированного

гипотиреоза. Использовали следующие методы исследования: инъекционный метод исследования кровеносного русла

жевательных мышц; гистологическое исследование кровеносных сосудов и тканевых элементов жевательных мышц;

электронно-микроскопическое исследование; морфометрический анализ: среднее значение просвета кровеносных сосудов

и толщина их стенки, количество капилляров в 1 мкм2 поперечного сечения мышечного волокна, количество капилляров,

приходящихся на одно мышечное волокно, процентное соотношение окислительных мышечных волокон (ОМВ),

окислительно-гликолитических (ОГМВ) и гликолитических (ГМВ), средний размер мышечного волокна; биохимические

методы; статистический анализ проводили с помощью программного обеспечения RV.3.0. О развитии гипотиреоза

свидетельствует уменьшение гормонов щитовидной железы в крови. На 14 сутки эксперимента в артериальном русле

при инъекции парижской синей в жевательных мышцах отмечается деформация сосудистого рисунка. Количество

гемокапилляров уменьшается. Субмикроскопически отмечается отек цитоплазмы эндотелиоцитов. В мышечных волокнах

поперечная исчерченность нарушена, увеличивалась площадь их поперечного сечения, наблюдается расширение и

вакуолизация эндомизия. Было установлено изменение в количественном распределении всех типов волокон (уменьшалось

количество ОГМВ и ОМВ и увеличивалось количество ГМВ). На ультрамикроскопическом уровне наблюдались выраженные

изменения во всех типах мышечных волокон, особенно в собственно жевательной мышце. На 28 сутки

мерказолилиндуцированного гипотиреоза изменения в сосудистом русле и в мышечных волокнах прогрессируют. Описанные

морфологические изменения ассоциируют с динамикой микроэлементного состава. Таким образом, при

мерказолилиндуцированом гипотиреозе в жевательных мышцах наблюдаются отечные изменения как в сосудистом русле,

так и в мышечных волокнах. Причем изменения усугубляются в зависимости от срока эксперимента.

Ключевые слова: гипотиреоз, мышечное волокно, онтогенез, гемомикроциркуляторное русло.
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Determination of individual linear and angular characteristics of the
position of upper central incisors in Ukrainian young men and
women with orthognathic bite
Dmitriev M.O., Gunas I.V., Gnenna V.O., Smolko N.M.
National Pirogov Memorial Medical University, Vinnytsya, Ukraine

Taking into account the importance of determining the teleroentgenographic indicators
of the spatial position of central incisors, arises a scientific and clinical interest in
conducting such studies. The purpose of the study is to develop mathematical models
of individual characteristics of the position of upper central incisors in young men and
women of Ukraine with orthognathic bite by studying the cephalometric indices and
conducting direct stepwise regression analysis. With the help of Veraviewepocs 3D
device, Morita (Japan) 38 young men (aged 17 to 21 years) and 55 young women (aged
16 to 20 years) with occlusion close to orthognathic bite and balanced faces received
side teleroentgenograms. Cephalometric analysis was performed using OnyxCeph3™
software. Cephalometric points and measurements were performed according to the
recommendations of A.M. Schwarz, J. McNamara, W.B. Downs, R.A. Holdway, P.F.
Schmuth, C.C. Steiner and C.H. Tweed. In the licensed statistical package "Statistica
6.0", using the direct stepwise regression analysis, the following teleroentgenographic
characteristics of the position of the upper central incisors were performed: distance
1u_APog, distance 1u_Avert, distance 1u_NA, angle Max1_NA, angle Max1_SN and
angle Max1_SpP. In young men and women with occlusion close to orthognathic bite
and balanced face, reliable regression models of individual teleroentgenographic
characteristics of the position of upper central incisors with a determination coefficient
of greater than 0.50 have been developed, depending on the peculiarities of the metric
characteristics of the craniofacial complex: in young men of 6 possible models, have
been constructed 5 with coefficients of determination R2 from 0.672 to 0.928, and for
young women - all 6 possible models with determination coefficient R2 from 0.508 to
0.663. In the analysis of models with a determination coefficient higher than 0.50, it was
found that in young men most often the regression equations include - the angle
AB_NPOG (12.0%); distance COND_GN, inclination angle I, MAX maxillary length,
Se_N distance, Nap angle, NBa-PtGn angle, SND angle and Wits indicator (by 8.0%).
In young women most often models include - the angle AB_NPOG and the Wits indicator
(by 15.4%); angle N_POG (11.5%); the angle Gl'SnPog' and the distance LPALAT (by
7.7%).
Keywords: upper central incisors position, cephalometry, regression analysis, young
men and women, orthognathic bite.
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Introduction
One of the most common reasons for appeals to an

orthodontist doctor is to improve your smile and not only

change the color of the teeth but also position of the frontal

group of teeth. After all, in a society successful, prospective,

position in society is often associated with beauty and a

beautiful smile [36].

The rapid development of computed technology and the

use of digital tools offers a new perspective for daily clinical

activity. They allow the physician to visualize the ultimate

goal of treatment, taking into account the basic laws of

aesthetics and harmony, as well as the patient's own wishes,

creating an effective communication tool between the dentist

and the patient.

When assessing the smile and facial expression in a



non-stressed condition, which is usually evaluated in three

projections [30], the physician pays attention to the shape,

size and position of the front teeth. The use of digital smile

design tools - DSD (digital smile design) [16, 25, 29, 31, 38]

helps to determine if there is a need to change the shape

and size of the teeth themselves by direct or indirect

restorations. But if you need to change your face profile, you

often need orthodontic treatment. After all, orthodontists,

having the ability to change the position of the frontal group

of teeth, can also significantly affect the patient's profile. Many

studies are devoted to this issue and changes that occur

with the face during and after orthodontic treatment are

described and continue to be studied by many authors [4,

15, 23, 37, 45, 46].

But the doctor who plans to change the person's face

needs to have a clear idea not only about the average standard

values of the corresponding facial and dental indices, but

also to take into account the ethnic peculiarities of the

perception of the true meaning of "beauty" [42], face type [32],

and also taking into account aesthetic preference of the patient

when creating an individual treatment plan [5, 7].

Taking into account the importance of determining the

teleroentgenographic indices of the spatial position of central

incisors and the diversity of the proposed methods [14, 28,

40, 43], as well as the lack of the possibility of identifying the

individual normal values of these indicators, there is a

scientific and clinical interest in conducting research on these

issues. And the use of modern mathematical techniques

allows us to develop tools for determining the individual

normal values of the position of central incisors, taking into

account their ethnic [24, 27], sexual, age [26] and anatomical

[6] features of man.

The purpose of the study is to develop mathematical

models of individual characteristics of the position of upper

central incisors in young men and women of Ukraine with

orthognathic bite by studying the cephalometric indices and

conducting direct stepwise regression analysis.

Materials and methods
With the help of Veraviewepocs 3D device, Morita (Japan)

in 38 young men (17 to 21 years of age) and 55 young women

(aged 16 to 20 years) with occlusion close to the orthognathic

bite and balanced face received side teleroentgenograms.

Cephalometric analysis was performed using OnyxCeph3™

software. Cephalometric points and measurements were

performed according to the recommendations of A.M.

Schwarz, J. McNamara, W.B. Downs, R.A. Holdway, P.F.

Schmuth, C.C. Steiner and C.H. Tweed [14, 20, 21, 28, 33,

40, 41, 43]. The analysis of teleroentgenograms and the

results of their researches for Ukrainian young men and

women is described in detail and set out in a number of

articles [8-11, 18, 19, 44].

We, in accordance with the above-mentioned methods,

simulated the following teleroentgenographic characteristics

of the position of the upper central incisors (Fig. 1): APOG_1U

(distance 1u_APog) - the distance from the point Is1u (the

incisal edge of the upper central incisor) to the line A-Pog;

AVERT_1U (distance 1u_Avert) is the distance from the point

of Is1u (the incisal edge of the upper central incisor) to the

perpendicular to the Frankfurt plane (Po-Or) through the point

A (if the distance located medially, that is, the incisal edge of

the incisor is in the front with respect to the line position,

then the indicator takes a positive value, and if the distance

is distal, that is, the incisal edge of the incisor is in the

posterior with respect to the line position, then the figure

takes a negative value); NA_1U (distance 1u_NA) - distance

from the point Ls1u to the line N-A (defines the anterior-

posterior arrangement of the crown part of the upper central

incisor to the line N-A); MAX1_NA (angle Max1_NA) - is

formed by the lines Ap1u-Is1u (inclination of the central axis

of the upper central incisor) and N-A; MAX1_SN (angle

Max1_SN) - formed by the lines Ap1u-Is1u (inclination of the

central axis of the upper central incisor) and S-N; MAX1_SPP

(angle Max1_SpP) - is formed by lines Ap1u-Is1u (inclination

of the central axis of the upper central incisor) and ANS-PNS

(palatal plane SpP).

Construction of models of linear and angular

characteristics of the position of upper central incisors,

depending on the peculiarities of the metric parameters of

the skull, is carried out in the statistical package "Statistica

6.0" using straight-line regression analysis.

Results
As a result of modeling teleroentgenographic

characteristics of the position of upper central incisors in

young men and women with occlusion close to orthognathic

bite and balanced faces, depending on the metric parameters

of the skull, we have constructed linear equations for the

Fig. 1. Teleroentgenographic linear and angular characteristics of
the position of upper central incisors. 1 - APOG_1U (distance
1u_APog ); 2 - AVERT_1U (distance 1u_Avert); 3 - NA_1U (distance
1u_NA); 4 - MAX1_NA (angle Max1_NA); 5 - MAX1_SN (angle
Max1_SN); 6 - MAX1_SPP (angle Max1_SpP).
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following indices.

For young men:

AVERT_1U = -22.96 + 0.271 x AB_NPOG + 0.222 x I +

0.278 x PN_A + 0.177 x NBA_PTGN - 0.317 x MAX + 0.073 x

COND_GN (R2=0.748; F
(6.30)

=14.85; p<0.001; Error of

estimate=1.077),

NA_1U = -18.55 + 0.265 x AB_NPOG + 0.137 x LPALAT +

0.166 x N_SE - 0.369 x MAX + 0.149 x I + 0.117 x NBA_PTGN

(R2=0.729; F
(6.30)

=13.48; p<0.001; Error of estimate=0.943),

MAX1_NA = 14.28 - 0.774 x NAPOG + 0.172 x S_L

(R2=0.672; F
(2.33)

=33.73; p<0.001; Error of estimate=3.241),

MAX1_SN = -73.09 + 1.863 x SND + 1.992 x AB_NPOG +

1.611 x WITS + 0.502 x NAPOG + 0.224 x NSBA + 0.209 x

N_SE (R2=0.929; F
(6.29)

=62.98; p<0.001; Error of

estimate=2.218),

MAX1_SPP = 164.0 + 0.550 x SND - 1.165 x MM + 1.411

x WITS + 0.113 x COND_GN + 0.184 x ML_NSL (R2=0.819;

F
(5.30)

=27.24; p<0.001; Error of estimate=2.612).

The regression model of the distance of 1u_APog in

young men with orthognathic bite has a determination

coefficient of less than 0.5 (R2 = 0.483) and therefore has

no practical significance for orthodontists.

For young women:

APOG_1U = -2.900 + 0.376 x N_POG_ + 0.128 x AFH -

0.152 x GL_SNPOG - 0.028 x GL_SN_S (R2=0.508;

F
(4.49)

=12.66; p<0.001; Error of estimate=1.323),

AVERT_1U = -30.08 + 0.264 x P_OR_N + 0.342 x

AB_NPOG + 0.283 x N_POG_ + 0.085 x COND_GN - 0.092

x GL_SNPOG (R2=0.663; F
(5.48)

=18.87; p<0.001; Error of

estimate=1.244),

NA_1U = 0.248 + 0.505 x AB_NPOG + 0.165 x N_POG_ +

0.198 x MAX_MAND + 0.212 x WITS (R2=0.662; F
(4.49)

=24.01;

p<0.001; Error of estimate=1.056),

MAX1_NA = 36.62 + 1.258 x AB_NPOG - 1.301 x

SN_GOGN + 1.017 x ML_NSL + 0.591 x WITS (R2=0.561;

F
(4.46)

=14.67; p<0.001; Error of estimate=3.710),

MAX1_SN = -36.70 + 1.806 x SND + 0.832 x AB_NPOG +

1.010 x WITS + 0.423 x LPALAT - 0.297 x S_L (R2=0.649;

F
(5.45)

=16.65; p<0.001; Error of estimate=3.553),

MAX1_SPP = 210,9 - 1,211 x MM + 0,628 x ANB + 0,698 x

WITS + 0,349 x LPALAT (R2=0,575; F
(4,46)

=15,54; p<0,001;

Error of estimate=3,817).

In these models: R2 - coefficient of determination; F
(!,!!)

=!!,!!

- critical 
(!,!!)

 and got (!!,!!) value of Fisher's criterion; St. Error

of estimate - standard error of the standardized regression

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

Pog (defines the position of the plane АВ in relation to the N-

pog); AFH (distance AFH or front height of the face) - distance

from the point Мe to the line ANS-PNS; ANB (angle ANB) - is

formed by lines A-N and N-B (indicates an angular interstitial

relation in the anterior-posterior direction; angle ANB is

considered positive if point А is in front of NB; if the lines NA

and NB overlap, then the ANB angle is 0°; if point A is behind

the NB line, then the angle is considered negative);

COND_GN (effective length of mandible, or distance

COND_GN) - distance from the point Cond to the point Gn;

GL_SN_S (index Gl'_Sn_Sn_Gn' or facial vertical index) -

distance ratio of Gl'-Sn and Sn-Gn' (defines vertical

relationships in the face profile); GL_SNPOG (angle

Gl'SnPog' or indicator of convexity of the soft tissue profile) -

formed by lines Gl'-Sn and Sn-Pog'; I (angle I, inclination

angle) - angle formed by line ANS-PNS and Pn (nasal

perpendicular, perpendicular to the line from the point N' to

the line Se-N), angle of inclination of the upper jaw (spinal

plane) to the nasal perpendicular; LPALAT (the value of the

base of the upper jaw, CT-indicator) - distance between points

ANS and PNS; MAX (length of the upper jaw) - distance from

the constructive point apMax to the point PNS; MAX_MAND

(maxillo-mandibular difference) - difference between

distances Cond-A and Cond-Gn; ML_NSL (angle ML_NSL,

or angle SN_GoMe) - is formed by lines tGo-Me and S-N

(angle of inclination of the mandibular plane to the base of

the skull); MM (maxillo-mandibular angle) - is formed by lines

A-B and ANS-PNS (defines the angle below which the upper

jaw is located in relation to the lower jaw in the jet plane);

N_POG_ (angle N'Hold_Pog'_Hline) - angle between lines

Ls-Pog' (H line, Holdway line) and N'Hold-Pog'; N_SE

(distance Se_N or the length of the front of the skull base by

Steiner) - distance from the point Se to the point N; NAPOG

(angle of the skeletal face obliquity, or angle NаPog) - formed

by lines N-A and A-Pog; NBA_PTGN (angle NBa-PtGn or the

angle of the front axle) - formed by lines N-Ba and Pt-Gn

(determines the direction of development of the mandible);

NSBA (angle NSBA) - formed by lines S-N (the front part of

the skull base) and S-Ba; P_OR_N (soft tissue angle, or

angle P_Or_N'Hold_Pog') - formed by lines Po-Or and

N'Hold-Pog'; PN_A (distance PN_A) - distance from the point

А to the point PNm (perpendicular line from the point N to the

line Po-Or). If the point А is distal from the nasal perpendicular,

then the indicator takes a negative value, and if the medial

than a positive value; S_L (distance S_L or the front length of

the skull base by Steiner) - from the point S to a constructive

point L, which is formed at the intersection of the perpendicular

carried out from the point Pog to the line Se-N; SN_GOGN

(angle SN_GoGn) - is formed by lines Go-Gn and S-N (angle

of inclination (MpSt) mandibular plane by Steiner, to the base

of the skull); SND (angle SND) - formed by lines S-N and N-

D (indicates the anterior-posterior location of the symphysis

(D - the center of the symphysis ossification) of the lower

jaw to the base of the skull); WITS (indicator Wits) - distance

between constructive points AOclP and BOclP - projections

of the corresponding points А and В on the line apOcP-
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ppOcP (OcPSt, closing plane by Steiner), indicates a linear

interjaw ratio in the anterior-posterior direction (if the

projection of point А lies ahead of the projection of point B

then the indicator takes a positive value; if the projection of

point А lies behind the projection of point B then the indicator

takes a negative value).

Discussion
To evaluate the position of the frontal group of teeth,

several methods can be used by orthodontists. The most

ancient method is to measure the inclination of the crown

part on the gypsum diagnostic models with the help of a

protractor (tooth inclination protractor) TIP [17] - rather cheap

and simple method whose significance is significantly

different from the teleroentgenographic data and allows only

to assess the position of the vestibular-oral and mesiodistal

inclinations relative to the occlusion plane, the definition of

which is often complicated especially in persons with

pronounced closure curves. The most promising and

informative method is to use a dental computed tomography,

which allows three-dimensional reproductions of bone

tissues to be obtained and it is enough to accurately measure

linear and angular parameters [2, 13]. Despite the gradual

decrease in the price of equipment, an increase in the size

of the matrix and an increase in the detail of the image, the

method is not yet included in the protocol of orthodontic

patient research. It should also be noted that at present,

normative bases concerning three-dimensional

characteristics of the tooth-jaw system are not presented.

The most accessible and used method is

teleroentgenographic research that allows you to determine

the position of the central axis of central incisors in relation

to different anatomical structures. Different researchers have

proposed different methods of determination, each of which

has its drawbacks and advantages. So Stainer S. [43] used

the angle S-N-A and determined the angular positions of the

central axis of the upper central incisor to the lines of this

angle, as well as the distance of the vestibular surface of the

latter to the line N-A. Downs W. [14] used a inter-incisor

angle and a line connecting the upper and lower jaws A-Pog

to determine the position of the upper central incisors. Mc

Namara [28] determined the distance of the vestibular

surface of the central incisor to the perpendicular in relation

to the Frankfurt horizontal, conducted through the point A.

G. Schmuth [40] used the angle value to the palatal plane

ANS-PNS and the angle and distance to the line N-A.

The mathematical analysis of the metric characteristics

of the craniofacial complex allows us to create a valuable

diagnostic tool for modeling the individual tooth-jaw norm of

the patient, identifying the actual pathological abnormalities

and methods of treatment [20, 33]. Mathematically analyzed

data of cephalometric studies allow to study evolutionary

changes, genetic interconnection of ethnic groups, and to

establish the influence of different morphological structures

on the formation of craniofacial structures [1, 22]. Many

studies point to the presence of various dependencies found

by regression and correlation analyzes between different

anatomical head structures and tooth-jaw system

parameters [3, 34, 35, 39].

For Ukrainian young men and women with orthognathic

bite we developed reliable regression models of individual

teleroentgenographic characteristics of the position of upper

central incisors with a determination coefficient greater than

0.50, depending on the peculiarities of the metric

characteristics of the craniofacial complex. It was established

that in young men from 6 possible models, 5 were

constructed with determination coefficient R2 from 0.672 to

0.928, and in young women - all 6 possible models with

determination coefficient R2 from 0.508 to 0.663.

In the analysis of models with a determination coefficient

higher than 0.50, it was found that in young men most often

the regression equations include - the angle AB_NPOG

(12.0%); distance COND_GN, inclination angle I, MAX

maxillary length, Se_N distance, Nap angle, NBa-PtGn

angle, SND angle and Wits indicator (by 8.0%). In young

women, most often the regression equations include - the

angle AB_NPOG and the Wits indicator (by 15.4%); angle

N_POG (11.5%); angle Gl'SnPog' and the distance LPALAT

(by 7.7%).

In the previous study [12], in the simulation of individual

teleroentgenographic characteristics of position of the lower

central incisors in young women with orthognathic bite of 7

possible regression models was constructed with 5 with a

determination coefficient from 0.694 to 0.849, the most

frequent (from 7.7 to 11.5%) included were the angle ANB,

facial vertical index, lower face height ANS_ME, NBA_PTGN

face angle and distance S_E. In young women, all 7 possible

models with a determination coefficient from 0.595 to 0.794

(which is also lower than in the models of the position of the

upper central incisors) were constructed, which most often

(from 5.6 to 16.7%) included the angle N_POG, the Wits

indicator, the inclinational angle I, and the H angle, the angle

of the MM and the angle of NBa-PtGn (by 5.6%)

The models we have developed will allow orthodontists

to more correctly and effectively change the position of the

frontal group of teeth and achieve in the treatment maximum

physiological and aesthetic results.

Conclusions
In young men of 6 possible models idividual

teleroentgenographic characteristics of the position of

upper central incisors, have been constructed 5 with

coefficients of determination from 0.672 to 0.928, and for

young women - all 6 possible models with determination

coefficient from 0.508 to 0.663. In young men most often

the regression equations include - the angle AB_NPOG

(12.0%); distance COND_GN, inclination angle I, MAX

maxillary length, Se_N distance, NаPog angle, NBa-PtGn

angle, SND angle and Wits indicator (by 8.0%); and in young

women - the angle AB_NPOG and the Wits indicator (by

15.4%); angle N_POG (11.5%); the angle Gl'SnPog' and

the distance LPALAT (by 7.7%).
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ВИЗНАЧЕННЯ ІНДИВІДУАЛЬНИХ ЛІНІЙНИХ ТА КУТОВИХ ХАРАКТЕРИСТИК ПОЛОЖЕННЯ ВЕРХНІХ ПРИСЕРЕДНІХ РІЗЦІВ В
УКРАЇНСЬКИХ ЮНАКІВ І ДІВЧАТ З ОРТОГНАТИЧНИМ ПРИКУСОМ
Дмітрієв М.О., Гунас І.В., Гненна В.О., Смолко Н.М.

Враховуючи важливість визначення телерентгенографічних показників просторового положення присередніх різців виникає

наукова та клінічна зацікавленість у проведенні подібних досліджень. Мета дослідження - шляхом вивчення цефалометричних

показників і проведення прямого покрокового регресійного аналізу розробити у юнаків та дівчат України з ортогнатичним

прикусом математичні моделі індивідуальних характеристик положення верхніх присередніх різців. За допомогою пристрою

Veraviewepocs 3D, Моріта (Япония) у 38 юнаків (віком від 17 до 21 року) та 55 дівчат (віком від 16 до 20 років) з оклюзією,

наближеною до ортогнатичного прикусу, та збалансованими обличчями були отримані бокові телерентгенограми.

Цефалометричний аналіз проводили за допомогою програмного забезпечення OnyxCeph3™. Цефалометричні точки та

вимірювання проводили згідно рекомендацій A.M. Schwarz, J. McNamara, W.B. Downs, R.A. Holdway, P.F. Schmuth, C.C. Steiner та

C.H. Tweed. У ліцензійному статистичному пакеті "Statistica 6.0" з використанням прямого покрокового регресійного аналізу

проведено моделювання наступних телерентгенографічних характеристик положення верхніх присередніх різців: відстані

1u_APog, відстані 1u_Avert, відстані 1u_NA, кута Max1_NA, кута Max1_SN і кута Max1_SpP. В юнаків і дівчат із оклюзією,

наближеною до ортогнатичного прикусу, та збалансованим обличчям розроблені достовірні регресійні моделі індивідуальних

телерентгенографічних характеристик положення верхніх присередніх різців з коефіцієнтом детермінації більшим 0,50 в

залежності від особливостей метричних характеристик краніофаціального комплексу: в юнаків із 6 можливих моделей

побудовано 5 з коефіцієнтом детермінації R2 від 0,672 до 0,928, а у дівчат - усі 6 можливих моделей з коефіцієнтом детермінації

R2 від 0,508 до 0,663. При аналізі моделей з коефіцієнтом детермінації більшим 0,50 встановлено, що в юнаків найбільш часто

до регресійних рівнянь входять - кут AB_NPOG (12,0%); відстань COND_GN, інклінаційний кут І, довжина верхньої щелепи

MAX, відстань Se_N, кут NаPog, кут NBa-PtGn, кут SND та показник Wits (по 8,0%). У дівчат найбільш часто до моделей

входять - кут AB_NPOG і показник Wits (по 15,4%); кут N_POG (11,5%); кут Gl'SnPog' і відстань LPALAT (по 7,7%).

Ключові слова: положення верхніх присередніх різців, цефалометрія, регресійний аналіз, юнаки та дівчата, ортогнатичний

прикус.
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путем изучения цефалометрических показателей и проведения прямого пошагового регрессионного анализа разработать

у юношей и девушек Украины с ортогнатическим прикусом математические модели индивидуальных характеристик

положения верхних медиальных резцов. С помощью устройства Veraviewepocs 3D, Морита (Япония) у 38 юношей (в возрасте

от 17 до 21 года) и 55 девочек (в возрасте от 16 до 20 лет) с окклюзией, приближенной к ортогнатическому прикусу, и

сбалансированными лицами были получены боковые телерентгенограммы. Цефалометрический анализ проводили с помощью

программы OnyxCeph3™. Цефалометрические точки и измерения проводили согласно рекомендациям A.M. Schwarz, J.

McNamara, W.B. Downs, R.A. Holdway, P.F. Schmuth, C.C. Steiner и C.H. Tweed. В лицензионном статистическом пакете

"Statistica 6.0" с использованием прямого пошагового регрессионного анализа проведено моделирование следующих

телерентгенографических характеристик положения верхних медиальных резцов: расстояния 1u_APog, расстояния

1u_Avert, расстояния 1u_NA, угла Max1_NA, угла Max1_SN и угла Max1_SpP. У юношей и девушек с окклюзией, приближенной

к ортогнатическому прикусу, и сбалансированным лицом разработаны достоверные регрессионные модели индивидуальных

телерентгенографических характеристик положения верхних медиальных резцов с коэффициентом детерминации

большим, чем 0,50 в зависимости от особенностей метрических характеристик краниофациального комплекса: у юношей

из 6 возможных моделей построено 5 с коэффициентом детерминации R2 от 0,672 до 0,928, а у девушек - все 6 возможных

моделей с коэффициентом детерминации R2 от 0,508 до 0,663. При анализе моделей с коэффициентом детерминации

большим 0,50 установлено, что у юношей наиболее часто к регрессионным уравнениям входят - угол AB_NPOG (12,0%);

расстояние COND_GN, инклинационный угол І, длина верхней челюсти MAX, расстояние Se_N, угол NаPog, угол NBa-PtGn,

угол SND и показатель Wits (по 8,0%). У девушек наиболее часто к моделям входят - угол AB_NPOG и показатель Wits (по

15,4%); угол N_POG (11,5%); угол Gl'SnPog "и расстояние LPALAT (по 7,7%).

Ключевые слова: положение верхних центральных резцов, цефалометрия, регрессионный анализ, юноши и девушки,

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

urgency of the problem of thermal damages is determined

by the relatively high frequency of their occurrence in

everyday life and in the workplace, the severity of the burn

disease, the complexity and duration of treatment of such

patients, high disability and mortality. In Ukraine, this figure

is about 100,000 patients annually [4, 8, 11].

The term recovery of the burned skin determines the

course of burn disease, the formation of complications,

the cosmetic effect. It is known that deep and large thermal
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burns are not limited only to local damages of tissues, but

also cause significant violations of all systems and organs,

metabolic processes in the body [1, 2, 4, 6]. The primary

link in the pathogenesis of burn disease is the destruction

of the skin, significant hemodynamic disorders and violation

of neuroendocrine regulation [6, 12, 14].

In the case of wounds occurrence, the main task is to

eliminate the defect in order to restore the integrity of

tissues, through reparative regeneration [5]. In recent years,

one of the new directions in the treatment of wound process

is the creation and application of biologically active covers

that can release biologically active substances that affect

the reparative processes [5, 10, 18, 21].

A number of scientific studies have shown [4, 8, 11, 19]

that the use of lyophilized xenograft skin is promising in the

treatment of the burned organism, but studies on the use

of its crushed substrate, after the early necrectomy of the

affected areas, are still insufficient. It is established that it

possesses high sorption-antitoxic, metabolic, plastic and

oxidative-reduction potentials, and is available as a tablet

formulation containing biologically active compounds rich

in amino acids and trace elements [9]. However, the

morphological features of healing of thermal wounds during

its use remain little studied.

Taking into account the above, the purpose of this work

was to establish the morphometric parameters of the

affected by burns area of the skin in the dynamics after an

experimental thermal trauma and under conditions of

correction by crushed lyophilized xenograft skin substrate.

Materials and methods
Experimental studies were performed on 42 sexually

mature guinea pigs. In conducting research, the

international rules and principles of the "European

Convention for the Protection of Vertebrate Animals used

for Experiments and for Other Scientific Purposes"

(Strasbourg, 1986) and "General Ethical Principles of

Animal Experiments" (Kyiv, 2001) have been respected.

Experimental animals were divided into three groups:

intact guinea pigs; animals with severe thermal trauma;

animals with burn injury, which, after the early necrectomy

of damaged tissues, were covered with crushed cryo-

lyophilized xenograft skin substrate.

The burning of the third degree on the shaved surface

of the skin of the animal's back was applied by water vapor

at a temperature of 96-97°C for 60 seconds under general

anesthetic. The size of the damages was 18-20% of the

body surface.

To investigate the features of morphometric changes in

the skin after burn injury, the animals were decapitated

using a guillotine under general, etheric anesthesia at 7,

14 and 21 days of the experiment, which corresponds to

the stages of early and late toxemia and septicotoxemia of

the burn disease [4]. Animals of the third experimental

group after a thermal trauma after 1 day of the experiment

performed an early necrectomy of damaged tissue followed

by wound closure by the cryo-lyophilized xenograft skin

substrate. Therefore, the removal of animals from the

experiment and the study of the morphometric state of the

skin in the central and marginal areas of the wound was

carried out at 7, 14 and 21 days after burning.

The material was collected for microscopic studies in

accordance with the generally accepted method [7, 16].

Sections of the skin from the central and marginal part of

the wound were fixed in 10% formalin solution. Dehydration

of the material was carried out in alcohols of increasing

concentration in a machine for histological processing of

tissues AT-4, poured in paraffin blocks. The received on the

snuff-microtome MS-2 sections of 5-6 microns thickness

were stained with hematoxylin and eosin.

Morphometric studies were performed using a system

of visual analysis of histological preparations. The images

were taken to a computer monitor using microscope

MICROmed SEO SASAN with Vision CCD Camera.

Morphometric studies were carried out using programs

VideoTest-5.0, KAAPA Image Base and Microsoft Exсel on

a personal computer. The research was carried out at

definite dates of the experiment on preparations painted

with hematoxylin and eosin. Morphometrically in the

boundary and central areas of the wound, the thickness of

the epidermis (thin skin without a layer of scales), the

number of fibroblast cells per unit area, the outer and inner

diameter of the capillaries were determined.

The number of fibroblast cells per unit area was

determined by the formula:

N
f
=Σ

f
/S

d
,

where N
f
 - number of fibroblasts per unit area (1 mm2),

Σ
f
 - total number of fibroblasts, S

d
 - area of the dermis.

Statistical processing of the obtained quantitative data

was carried out using methods of variation statistics with

the determination of the mean arithmetic and its error

(M±m), Student's criterion (t) and reliability index (p).

Differences are considered valid at р<0.05.

Results
The healing of a wound defect after a thermal injury to

the skin is accompanied by compensatory restoration of

its undamaged sites, especially the perifocal zone,

therefore the morphometric changes of not only the center

of the defeat, but also its periphery were investigated.

Table 1 shows the quantitative parameters of the studied

parameters in all terms of the experiment.

It has been established that at application of lyophilized

xenograft skin substrate on 7 day of the experiment in the

marginal zone of the wound marked significant thickening

of the epidermis. Morphometrically it was found that the

average value of its thickness is (83.23±2.86) μm, which

significantly (p<0.01) exceeds the data of group ІІ of animals

in 1.16 times, and the index of intact group of animals in

1.58 times (p<0.001) (see Table 1). The number of cells of

the fibroblast row in this zone is significantly growing

(p<0.001), with an average value of (2107±27) cells/mm2,



which is 1.47 and 2.04 times, respectively, exceeds the I

and II experimental groups of animals.

The morphometric investigations of the area of the

damage in this period of the experiment have established

that the average value of the number of cells of the fibroblast

row per unit area is (568.3±31.3) cells/mm2, which is

significantly (p<0.001) higher than the group of animals

without correction in 2.12 times, but significantly (p<0.001)

is less than that data of animals of group I - in 2.52 times

(see Table 1). The mean value of the diameter of the blood

capillaries in this zone is (11.04±0.16) μm and the average

diameter of their lumen is (8.564±0.123) μm, which is

significantly (p<0.001) lower than II groups of animals in

1.31 and 1.38 times respectively. However, these indices

are significantly higher (p<0.001) in comparison with the

intact group of animals, because parameters of not only

newly created hemocapillars, but also of stored vasodilated

vessels in the central zone of the wound are measured

morphometrically.

Morphometrically, it was found that on the 14 day of the

experiment, using the corrective factor in the peripheral

regions of the wound, the epidermis was thickened, its

average value was (141.3±4.6) μm, which significantly

(p<0.001) exceeds the intact group of animals and animals

with burning injury and without correction is 2.69 and 1.76

times respectively (see Table 1).

In the dermis of the perifocal area there is an intensive

increase in the number of cells of the fibroblastic row,

whose average value is (3209±48) cells/mm2 and

significantly (p<0.001) exceeds such an indicator of

animals of the I and II experimental groups at 2.24 and

2.00 times respectively (see Table 1).

In the peripheral zones, wounds on the 14 day after a

thermal trauma under conditions of correction

microscopically marked expanded vessels of the

microcirculatory bed, the morphometric parameters of

which are: the outer diameter - (10.65±0.13) μm, the

diameter of the lumen - (7,831±0,151) μm and with a

confidence p<0.001 exceed these parameters of animals

of the intact group. While in the healing zone of the wound,

the average values of the outer and inner diameters of the

blood capillaries are respectively (8,322±0,121) μm and

(6,893±0,114) μm. At the same time, the average value of

the outer diameter does not significantly differ from the

indicator of the group of intact animals, and the internal

one - exceeds the norm index by 1.14 times (p<0.05) (see

Table 1).

Microscopically, during this experiment period, a young

granulation tissue that is rich in cells of the fibroblastic

series with a mean density of (1876±37) cells/mm2, which

significantly (p<0.001) exceeds such an indicator of groups

І and ІІ, is well expressed in the area of burn wound.

respectively 1.31 and 4.27 times. At 14 day of the experiment

under conditions of crushed cryo-lyophilized xenograft skin

substrate, the mean value of the thickness of the epidermal

regenerate over the granulation tissue is (48.74±1.53) μm

and significantly (p<0.001) exceeds the II experimental

group of animals at 2.63 times (see Table 1).

On the 21 day of the application of the corrective factor,

it was morphometrically determined that the mean value of

Table 1. Morphometric parameters of the structural components of the skin of animals at different terms after a thermal trauma and under
conditions of use of lyophilized xenograft skin substrate.

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

The terms of the experiment

Parameters (М±m)

Thickness of the
epidermis,

   m

The number of
fibroblastic series cells,

cells/mm2

External diameter of
hemocapillars,

  m

Diameter of
hemocapillaries lumen,

    m

Intact 52.54±2.03 1432±31 8.022±0.391 6.052±0.373

Burn

7 day
MAW 71.69±2.48 *** 1035±26 *** 11.97±0.31 *** 8.353±0.261 ***

CAW - 268.3±18.1 *** 14.46±0.24 *** 11.84±0.16 ***

14 day
MAW 80.45±3.07 *** 1607±34 *** 10.75±0.34 *** 7.811±0.211 ***

CAW 18.52±2.33 *** 439.2±21.1 *** 6.163±0.172 *** 5.051±0.140 *

21 day
MAW 85.38±2.69 *** 1750±34 *** 10.56±0.13 *** 7.833±0.172 ***

CAW 25.45±2.08 *** 610.2±23.2 *** 6.751±0.132 ** 5.011±0.143 *

Correction

7 day
MAW 83.23±2.86 ***/## 2107±27 ***/### 10.84±0.11 ***/## 8.094±0.092 ***

CAW - 568.3±31.3 ***/### 11.04±0.16 ***/### 8.564±0.123 ***/###

14 day
MAW 141.3±4.6 ***/### 3209±48 ***/### 10.65±0.13 *** 7.831±0.151 ***

CAW 48.74±1.53 ### 1876±37 ***/### 8.322±0.121 ### 6.893±0.114 */###

21 day
MAW 97.63±1.97 ***/### 2487±33 ***/### 8.931±0.111 */### 7.272±0.142 **/#

CAW 71.25±2.07 ***/### 1761±19 ***/### 8.542±0.113 ### 6.321±0.093 ###

μ μ μ
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the thickness of the epidermis in the healing area is

(71.25±2.07) μm, which is significantly (p<0.001) higher

than the values of the I and II experimental groups of animals

at 1.36 and 2.80 times respectively. In the perifocal zone of

the wound, in comparison with the previous term of the

experiment, the thickness of the epidermis from which the

epidermal regenerate starts are reduced by 1.45 times,

but it remains significantly (p<0.001) greater in 1.86 and

1.14 times than the corresponding indices of the intact

group animals and animals with a burn injury and without

the use of corrective factors (see Table 1).

According to the results of morphometric studies, the

average value of the number of fibroblasts in the border

zone of the healing zone is reduced by 1.29 times compared

with the previous trial, however, it remains significantly

(p<0.001) greater in 1.74 and 1.42 times than for the

corresponding values of this parameter of the group intact

animals and animals with burn injury and without correction

(see Table 1). In the central zone of the wound, the average

value of the number of these cells per unit area is (1761±19)

cells/mm2, which significantly (p<0.001) exceeds the

indicators of groups I and II in animals at 1.23 and 2.89

times respectively (see Table 1).

At the periphery of the healing area according to the

morphometric studies, the average value of the outer

diameter of the capillaries is equal to (8,931±0,111) μm,

and the inner - (7,272±0,142) μm, which is significantly

lower than the animals' of experimental group, respectively,

in 1.18 (p<0.001) and 1.07 (p<0.05) times (see Table 1).

In the center of the damaged area at 21 day of

application of the corrective factor, there is a presence in

the papillary region of the dermis of newly formed

hemocapillaries, whose endothelial cells have large nuclei

and an enlarged cytoplasmic zone. The average value of

the outer diameter of these vessels is (8,542±0,113) μm,

and the average value of the diameter of the lumen is

(6,321±0,093) μm, which does not significantly differ from

the corresponding morphometric indices of animals intact

group (see Table 1).

The dynamics of changes in the thickness of the

epidermis and the density of fibroblasts per unit area is

illustrated in Figures 1 and 2, respectively.

Discussion
Morphometric and quantitative research methods,

which give an opportunity to more objectively evaluate the

morphofunctional state of histological structures in the

normal way, as well as to detect patterns of compensatory,

adaptive, destructive and regenerative processes [3], take

an important place among morphological investigations.

It is known that healing of the wound defect is

accompanied by compensatory reconstruction of the

preserved areas of the skin, especially of perifocal zone [6,

13, 20]. However, for today the features of remodeling of

structural components of the skin of the marginal region of

the wound have not been sufficiently studied, therefore

morphometric changes not only of the center of the damage,

but also of its periphery were not investigated.

The performed morphometric studies have found that

already in the early term of the experiment (7 day), under

conditions of wound closure by xenodermal substrate

marked a significant thickening of the epidermis on the

periphery of the wound due to an increase in the mitotic

activity of the cells of the germ layer (see Fig. 1). Activation

of the boundary epithelization process promotes the

renewal of the components of the microcirculatory bed, the

formation of granulation tissue [18, 20].

It is common knowledge that the largest population of

cells of the connective tissue base of the skin are fibroblasts

that produce, renew the components of the intercellular

substance, participate in wound healing, regulate

inflammation, differentiate keratinocytes, processes of

cellular interactions, and stimulate angiogenesis [15, 21,

23]. Some authors have already established [17, 20, 21,

22, 23] that they are involved in the formation of granulation

tissue with a burn injury; migrate to the site of defeat and

synthesize the components of the intercellular matrix, which

promotes the involvement of macrophages, neutrophils in

Fig. 1. Dynamics of thickness changes in the epidermis of the
marginal and central zones of the animals skin after thermal injury
and under correction conditions. * - values that statistically
significantly differ from the indicators of the intact group of animals
(*** - p<0.01); # - values that statistically significantly differ from
the indicators of the group of animals with a burn (## - p<0.01; ###
- p<0.001).

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

of cytokines, growth factors that stimulate other cells prior

to migration and proliferation. Therefore, at day 7 of the

experiment, under the conditions of correction in the

peripheral area of the wound, the number of fibroblasts

per unit area increased by 1.47 times compared to the rate

of intact animals and by 2.04 times compared with the

animals of the second group (see Fig. 2). The established

morphometric indices of structural components of the skin

indicate the activation of reparative processes already in

the early term of the experiment.

According to morphometric studies, at 14 day of

application of the corrective factor in the peripheral zone of

the wound, the number of cells of the fibroblast number

and the mean thickness of the epidermis reach their peak

value, significantly (p<0.001) exceeding such indices of

animals of the intact group and group of animals without

correction (see Fig. 1, 2). The morphometric parameters of

the capillaries in this period of the experiment indicate good

development of the microcirculatory bed, which, in turn,

improves regional epithelization (see Table 1) [15, 24].

At the 21 day of the experiment in animals of the third

group, the border between the regional and central parts of

the wound is almost lost. In the perifocal region of the

damage, in comparison with the previous trial, the mean

thickness of the epidermis from which the epidermal

regenerate starts are reduced by 1.45 times, due to the

moderate mitotic activity of the keratinocytes and the healing

of the wound defect at that time (see Fig. 1). In the central

area, the number of fibroblast cells per unit area is

significantly (p<0.001) higher than the intact group of

animals in 1.23 times and 2.89 times the rate of animals

with thermal trauma without correction (see Fig. 2).

Morphometric parameters of hemocapillaries are not

significantly different from those of intact animals. the

amount per unit area is significantly (p<0.001) higher than

the intact group of animals in 1.23 times and 2.89 times

the rate of animals with thermal trauma without correction

(see Table 1).

Obtained new scientific results reveal the peculiarities

of morphometric changes in the skin during severe thermal

trauma and the application of cryo-lyophilized xenograft skin

substrate, which is theoretical and practical ground for the

development of adequate methods for correction of the

effects of thermal trauma.

Conclusions
1. Morphometrically it was found that the application of

crushed cryo-lyophilized xenograft skin substrate to the

wound that was formed after the necrectomy of the thermally

damaged areas already in the early period after burn (7

day) activates regenerative processes. There is a formation

of epithelial regenerate in the marginal region of the wound,

whose thickness is significantly (p<0.01) exceeding the

data of the group of animals without correction in 1.16 times,

and the data of intact group of animals in 1.58 times

(p<0.001). In the affected area, granulation tissue is

saturated with fibroblasts, the number of which is

significantly (p<0.001) exceeding the indicator of a group

of animals without correction in 2.12 times.

2. In late terms (14, 21 days), the positive effect of using

cryo-lyophilized xenograft skin substrate after an

experimental thermal trauma is manifested by healing of

the wound defect with the formation of connective tissue of

the dermis, in which the number of fibroblasts increases

and reliably (p<0.001) exceeds the indicator of the group of

animals without correction in 2.89 times. An active course

of angiogenesis and complete epithelization of the surface

of the damage with an epidermal layer is set, whose

thickness is significantly (p<0.001) exceeds the indicator

of a group of animals with burn injury without correction in

2.80 times.
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МОРФОМЕТРИЧНІ ДОСЛІДЖЕННЯ УШКОДЖЕНОЇ ДІЛЯНКИ ШКІРИ ПІСЛЯ ЕКСПЕРИМЕНТАЛЬНОЇ ТЕРМІЧНОЇ ТРАВМИ ТА
ЗА УМОВ КОРЕКЦІЇ КРІОЛІОФІЛІЗОВАНИМ КСЕНОДЕРМАЛЬНИМ СУБСТРАТОМ
Крамар С.Б., Волков К.С., Небесна З.М.

За даними ВООЗ опіки посідають третє місце серед інших травм, а в деяких країнах - друге, поступаючись лише

транспортному травматизму. Одним із перспективних засобів у лікуванні опікової рани є використання ліофілізованого

ксенодермального субстрату. Метою цієї роботи було встановлення морфометричних параметрів ураженої опіком ділянки

шкіри в динаміці після експериментальної термічної травми та за умов корекції подрібненим субстратом ліофілізованої

ксеношкіри. Опік ІІІ ступеня наносили водяною парою під загальним ефірним наркозом на епільовану поверхню шкіри спини

морської свинки. Морфометрично на 7, 14 та 21 доби досліду у крайовій та центральній ділянках рани визначали товщину

епідермісу (тонкої шкіри без шару рогових лусочок), кількість клітин фібробластичного ряду на одиницю площі, зовнішній

та внутрішній діаметри капілярів. Морфометричні дослідження проводили за допомогою програм ВидеоТест-5.0, КААРА

Image Base та Microsoft Exсel на персональному комп'ютері. Статистичну обробку отриманих кількісних даних проводили

за допомогою методів варіаційної статистики з визначенням середньої арифметичної величини та її похибки (M±m),

критерію Стьюдента (t) та показника достовірності (р). Достовірними вважаються відмінності при р<0,05. Встановлено,

що вже на 7 добу досліду в умовах закриття рани ксенодермальним субстратом відмічається суттєве потовщення

епідермісу на периферії рани. Активації процесу крайової епітелізації сприяє оновлення компонентів мікроциркуляторного

русла, утворення грануляційної тканини. З'ясовано, що на 14 добу застосування коригуючого чинника у периферійній зоні

рани кількість клітин фібробластичного ряду та середнє значення товщини епідермісу сягають свого пікового значення,

достовірно (р<0,001) перевищуючи такі показники тварин інтактної групи та групи тварин без корекції. Морфометричні

параметри капілярів у цей термін досліду свідчать про добру розвиненість мікроциркуляторного русла, що покращує

крайову епітелізацію. На 21 добу досліду за умов корекції майже втрачається межа між крайовою та центральними ділянками

рани. Таким чином, результати морфометричних досліджень свідчать, що використання кріоліофілізованого

ксенодермального субстрату після термічної травми шкіри сприяє загоєнню раневого дефекту з утворенням сполучної

тканини дерми, ангіогенезом та повною епітелізацією поверхні ураження епідермальним пластом.

Ключові слова: шкіра, термічна травма, кріоліофілізований ксенодермальний субстрат, морфометричні дослідження.

МОРФОМЕТРИЧЕСКИЕ ИССЛЕДОВАНИЯ ПОВРЕЖДЕННОГО УЧАСТКА КОЖИ ПОСЛЕ ЭКСПЕРИМЕНТАЛЬНОЙ
ТЕРМИЧЕСКОЙ ТРАВМЫ И ПРИ КОРРЕКЦИИ КРИОЛИОФИЛИЗИРОВАННЫМ КСЕНОДЕРМАЛЬНЫМ СУБСТРАТОМ
Крамар С.Б., Волков К.С., Небесная З.М.

По данным ВОЗ ожоги занимают третье место среди других травм, а в некоторых странах - второе, уступая лишь

транспортному травматизму. Одним из перспективных средств в лечении ожоговой раны является использование

лиофилизированного ксенодермального субстрата. Целью этой работы было установление морфометрических параметров

участка кожи, поврежденного ожогом, в динамике после экспериментальной термической травмы и в условиях коррекции

измельченным субстратом лиофилизированной ксенокожи. Ожог III степени на эпилированную поверхность кожи спины

морской свинки наносили водяным паром под общим эфирным наркозом. Морфометрически на 7, 14 и 21 сутки опыта в

краевом и центральном участках раны определяли толщину эпидермиса (тонкой кожи без слоя роговых чешуек), количество

клеток фибробластического ряда на единицу площади, внешний и внутренний диаметры капилляров. Морфометрические

исследования проводили с помощью программ ВидеоТест-5.0, Кааре Image Base и Microsoft Exсel на персональном
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компьютере. Статистическую обработку полученных количественных данных проводили с помощью методов вариационной

статистики с определением средней арифметической величины и ее погрешности (M±m), критерия Стьюдента (t) и

показателя достоверности (р). Достоверными считаются различия при р<0,05. Установлено, что уже на 7 сутки опыта

в условиях закрытия раны ксенодермальным субстратом отмечается существенное утолщение эпидермиса на периферии

раны. Активации процесса краевой эпителизации способствует обновление компонентов микроциркуляторного русла,

образование грануляционной ткани. Выяснено, что на 14 сутки применения корректирующего фактора в периферической

зоне раны количество клеток фибробластического ряда и среднее значение толщины эпидермиса достигают своего

пикового значения, достоверно (р<0,001) превышая такие показатели животных интактной группы и группы животных без

коррекции. Морфометрические параметры капилляров в этот срок опыта свидетельствуют о хорошей развитости

микроциркуляторного русла, что улучшает краевую эпителизацию. На 21 сутки опыта в условиях коррекции практически

стирается грань между краевым и центральным участками раны. Таким образом, результаты морфометрических

исследований свидетельствуют, что использование криолиофилизованного ксенодермального субстрата после

термической травмы кожи способствует заживлению раневого дефекта с образованием соединительной ткани дермы,

ангиогенезом и полной эпителизацией поверхности поражения эпидермальным пластом.

Ключевые слова: кожа, термическая травма, криолиофилизированный ксенодермальный субстрат, морфометрические

исследования.
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Many scientific studies have shown the superiority of the Harvold method when performing
linear measurements for both the upper and lower jaw. The purpose of the work is to
construct and analyze the regression models of teleroentgenographic indices used in
the method of E.P. Harvold young men and women with normal occlusion close to
orthognathic bite and harmonic face. The analysis of lateral teleroentgenograms of 38
young men (aged from 17 to 21) and 55 young women (aged from 16 to 20 years) with
normal occlusion close to orthognathic bite and harmonic face, obtained using the
Veraviewepocs 3D device, Morita (Japan), was performed according to the techniques
of R.M. Ricketts, C.J. Burstone, E.P. Harvold. In the course of the study, all the indicators
of the above methods, were divided into three groups: 1 - metric characteristics of the
skull, which usually do not change during surgical and orthodontic treatment; 2 - indicators
of the tooth-jaw system that allow people with already formed bone skeleton to change the
width, length, angles and position of the bones of the upper and lower jaws; 3 - indicators
that characterize the position of each individual tooth relative to each other, to the bony
cranial structures and face profile. In the licensed package "Statistica 6.0", regression
models were constructed for the following parameters included in the second group,
depending on the parameters of the first group: ANS-Сond (maxillary length in the Harvold
method described as TM-ANS), Pog-Cond (mandibular length in the E.P. Harvold method
is indicated as TM-PGN), Max-Mand - (difference in jaw lengths); as well as the index
included in the third group, depending on the indicators of the first and second groups -
Ap1uAp1l-DOP (angle Ap1uAp1l-DOP). In the young men, all three possible reliable
models of teleroentgenographic parameters were constructed using the E.P. Harvold
method, which were included in the second group, depending on the indicators of the first
group (R2 = from 0.616 to 0.940), and in young women only the length of the upper and
lower jaws (R2=0.857 and 0.792). In both young men and women, all models of the second
group of models built according to the indicators of the first group included the distance
P-PTV. Up to two models for young men and one model for young women included the
distance Pt-N. Also, one model for young men and women included the angle of the
cranial tilt (POr-NBa). Only young women have models for the front length of the skull
base (N-CC). As for young men and women, we also built a reliable model of the third
group indicator, depending on the indicators of the first and second groups (the angle
Ap1uAp1l-DOP) (respectively, R2=0.626 and R2=0.584). And in young men and women,
the size of the distance A-B is included to the constructed regression equations. In
addition, in young men, the regression equation includes the value of the distance P-PTV;
while in young women - the angles of the ANS-Xi-PM, MeGo-NPog and N-CF-A, as well
as the difference in jaw lengths Max-Mand.
Keywords: regression analysis, cephalometry, Harvold analysis, young men and
women, orthognathic bite.
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Introduction
One way of forming a correct and beautiful smile is to

use a cephalometric analysis, which is the clinical point of

applying cephalometry. The basis of this analysis is the

determination of the relationship between the dental and



skeletal facial structures, which is possible when performing

the X-ray method of investigation, in the majority of cases -

lateral teleroentgenograms [4, 17].

During the 19th century, orthodontists offered many

techniques, each of which has its own specifics, advantages

and disadvantages and, depending on this, has been

recognized or practically not used in practice. It should be

noted that a significant widely used have cephalometric

analysis by McNamara [1, 16], Legan-Вurstone [2, 7, 20, 22],

Steiner [12], Tweed [5, 18], Ricketts [6], Schwartz [13], Jarabak

Bjork [19] and Harvold [15].

In our opinion, the last author and his technique deserves

special attention. Thus, Egil Peter Harvold, before becoming

a well-known American scientist, worked as an orthodontist

in Norway, and defended his doctorate dissertation on

anatomy in Oslo in 1954. It was during this period that he

began to be interested in the topic of congenital defects of

the face (cheiloschisis, etc.), which became the basis of the

research topic for the next decades, and already in 1963 he

became director of the Center of Cranio-Facial anomalies

in San- Francisco In 1974, he first published work, the basis

of his own method of cephalometric analysis [15].

The main feature of the Harvold technique was the

creation of standards for the length of the upper and lower

jaws. Particular attention is drawn to the ratio of the size of

the upper and lower jaw. At the same time - the location of

teeth for this technique is not important [14].

The method of analysis has not lost its relevance yet and

is the subject of many foreign authors' work. Thus, Singh A.K.

with co-authors [21] compared the effectiveness of using

different methods of cephalometric analysis in order to fix

the maxillary-mandibular ratio. The study was attended by

50 people (25 girls and 25 boys) aged 18 to 26 years old,

without orthodontic or dental treatment in history with

orthognathic facial features. After statistical data processing,

it was discovered that the Harvold method is a method of

choice if it is impossible to conduct a teleroentgenographic

study in the natural state of the head.

Wu B.W., Kaban L.B., and Peacock Z.S. [23] compared

the effectiveness of Harvold and Steiner's methods for

orthogonathic surgery. A retrospective study was conducted

at Massachusetts Hospital between 2012 and 2016 and

covered 388 patients, of which 289 were included in the

study. The study showed the superiority of the E.P. Harvold

method when performing linear measurements for both the

upper and lower jaw - they were more likely with clinical

assessments.

The purpose of the work is to construct and analyze the

regression models of teleroentgenographic indices used

in the method of E.P. Harvold in young men and women with

normal occlusion close to orthognathic bite and harmonic

face.

Materials and methods
Primary lateral teleroentgenograms of 38 young men

(aged 17-21 years) and 55 young women (aged 16-20 years)

with normal occlusion close to orthognathic bite and

harmonic face, obtained from the Veraviewepocs 3D device,

Morita (Japan), taken from the bank data of research center

of National Pirogov Memorial Medical University, Vinnytsya.

The analysis of lateral teleroentgenograms was carried

out according to the methods of R.M. Ricketts, C.J. Burstone,

E.P. Harvold, described in detail in previous studies [8, 9,

11].

In the course of the study, all the indicators of the above

methods, we were divided into three groups. The first group

included metric characteristics of the skull, which usually do

not change during surgical and orthodontic treatment. Most

of these indicators are basic in modern cephalometric

analyzes. In relation to them, lateral teleroentgenograms

determine the inclination, anterior-posterior or vertical

position of the bone structures (upper and lower jaw, occlusal

plane, individual teeth). The second group includes

indicators of the tooth-jaw system, the definitions of which

most often need to be guided by the orthodontic treatment of

growing patients and orthodontic surgery, which allows

people with already formed bone skeleton to change the

width, length, angles and position of the bones of the upper

and lower jaws. The third group includes indicators that

actually characterize the position of each individual tooth

relative to each other, to the bony cranial structures and face

profile.

According to the cephalometric method of E.P. Harvold

[15], we carried out the simulation of the following indicators

included in the second group, depending on the indicators

of the first group (Fig. 1):

Fig. 1. Teleroentgenographic indicators used in the method of E.P.
Harvold. 1 - angle Ap1uAp1l-DOP; 2 - distance ANS-Сond (TM-
ANS); 3 - distance Pog-Cond (TM-PGN).
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ANS-Сond (maxillary length, in the method E.P. Harvold

is marked as TM-ANS) - distance from point TM to point ANS

(anterior nasal spine), determining the maxillary length

(mm);

Pog-Cond (mandibular length, in the method E.P. Harvold

is marked as TM-PGN) - distance from point TM to point

PGN, determining the mandibular length (mm);

Max-Mand - (Difference in Jaw Lengths) - difference of

the lengths of the lines TM-ANS and TM- PGN (mm).

The modeling of E.P. Harvold, which was included in the

third group, depending on the indicators of the first and

second groups (see Fig. 1), was also conducted:

Ap1uAp1l-DOP - (angle Ap1uAp1l-DOP) - angle between

Occlusal Plane and the connecting line between the root

tips of the central upper and lower incisor (°).

The construction of regression models of individual

teleroentgenographic indicators used in the method of

E.P. Harvold was carried out in the licensed package

"Statistica 6.0". In the direct stepwise regression analysis,

we determined the following conditions: 1 - the final version

of the regression equation should have a determination

coefficient of not less than 0.50; 2 - the value of the F-criterion

is not less than 3.0; 3 - the number of free members included

in the regression equation should be as low as possible.

Results
The results of modeling of teleroentgenographic

indices by the method of E.P. Harvold, which belonged to

the second group, depending on the indicators of the first

group, have the form of the following linear equations.

For young men:

ANS-Cond = 7.934 + 0.988 x Pt-N - 0.716 x P-PTV

(R2=0.931; F
(2.35)

=236.0; p<0.001; Error of estimate=3.515),

Pog-Cond = -1.318 + 1.088 x Pt-N - 1.450 x P-PTV

(R2=0.940; F
(2.35)

=272.1; p<0.001; Error of estimate=4.617),

Max-Mand = -19.55 - 0.869 x P-PTV + 0.396 x POR-NBA

(R2=0.616; F
(2.35)

=28.12; p<0.001; Error of estimate=4.354),

where here and in the future, R2 - coefficient of

determination; F
(!,!!)

=!!,!! - critical 
(!,!!)

 and got (!!,!!) value of

Fisher's criterion; St. Error of estimate - standard error of

the standardized regression coefficient; POr-NBa - the

angle of the cranial tilt (deflection), the angle formed by the

lines Po-Or and Ba-N (°); P-PTV - distance from the point

Po to the point Pt, parallel to the Frankfurt plane (mm); Pt-N

- the front part of the base of the skull, the distance from the

point Pt to the point N, determines the length of the front of

the skull base (mm).

For young women:

ANS-Cond = -5.672 - 1.060 x P-PTV + 0.812 x Pt-N +

0.290 x POr-NBa (R2=0.857; F
(3.51)

=102.2; p<0.001; Error of

estimate=2.801),

Pog-Cond = -0.847 + 1.209 x N-CC - 1.095 x P-PTV

(R2=0.792; F
(2.52)

=98.73; p<0.001; Error of estimate=4.656),

where here and in the future, N-CC - front length of the

skull base, distance from the point N to the point СС (mm).

The determination coefficient of the regression equation

of the difference in jaw lengths (Max-Mand) in young women

with orthognathic bite is 0.328 and therefore has no practical

significance for orthodontists.

The results of simulation of teleroentgenographic

indices by the method of E.P. Harvold included in the third

group, depending on the indicators of the first and second

groups, have the form of the following linear equations.

For young men:

AP1UAP1L = 96.28 - 1.131 x A-B + 0.140 x P-PTV

(R2=0.626; F
(2.35)

=29.24; p<0.001; Error of estimate=2.550),

where here and in the future, A-B - distance from the

point A to the point B on the occlusal plane (apOcP-ppOcP)

(mm).

For young women:

AP1UAP1L = 110.0 - 1.062 x A-B - 0.297 x MeGo-NPog -

0.320 x ANS-Xi-PM + 0.180 x Max-Mand + 0.193 x N-CF-A

(R2=0.584; F
(5.49)

=13.74; p<0.001; Error of estimate=2.849),

where, ANS-Xi-PM - angle of the lower height of the

face, the angle is formed by lines ANS-Xi and Xi-Pm (°);

Max-Mand - difference in jaw lengths, difference between

length TM-ANS and TM-PGN (mm); MeGo-NPog - facial

cone, angle formed by lines Me-Go and N-Pog (°); N-CF-A

- angle of the upper jaw, angle formed by lines N-CF and

CF-A (°).

Discussion
In a number of studies, the study of ethnic, regional,

age and sexual characteristics of the Harvold method has

been studied. Alam M. K. and co-authors [3] identified

features of cephalometric indices for Bangladesh. In the

analysis of 100 lateral teleroentgenograms from ethnic

Bangladesh, 50 men and women aged 18-24 years old, it

has been found that practically all indicators, except position

of the incisors, are in accordance with the Harvold

methodology. Also, signs of sexual dimorphism were

revealed.

Daer A.A. and Abuaffan A.H. [10] in 2016 set normative

indicators for the population of Yemen. For this purpose, a

group of volunteers from 105 women and 89 men aged

18-25 who had a symmetrical face and no dental or

orthodontic interventions in history were formed. After

statistical analysis, there were significant differences for

such skeletal indices as SNB, ANB, SNPg and SNBa

angles, and distances ML-NL, NL-NSL, ML-NSL and Gn-

tgo-Ar.

However, the work of domestic scientists in the study of
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the method of E.P. Harvold remains small [8], which has

negative consequences for the full use of this technique in

order to provide orthodontic care to the Ukrainian people.

In young men with orthognathic bite and harmonious

face we have constructed all three possible reliable models

(length of the upper and lower jaw and difference in jaw

lengths) of teleroentgenographic indices using the E.P.

Harvold method with a determination coefficient of greater

than 0.5 which are included in the second group depending

on the indicators of the first group, and in young women -

only the length of the upper and lower jaws. It is established

that in similar models in young men, the determination

coefficient in models is higher than in young women (in

young men R2=0.931 and 0.940, and in young women -

0.857 and 0.792). In both young men and women, all

models of the second group of models built according to

the indicators of the first group included the distance P-

PTV. Two models for young men and one model for young

women included the distance Pt-N, which defines the length

of the anterior part of the base of the skull. Also, entered

one model for young men and women - angle of the cranial

tilt (POr-NBa). Only in young women the models of

teleroentgenographic indices by the method of E.P. Harvold

which entered the second group, depending on the

indicators of the first group includes the front length of the

base of the skull (N-CC).

In both young men and women also constructed a

reliable model of the angle Ap1uAp1l-DOP (the third group

indicator, depending on the indicators of the first and second

groups) (respectively, R2=0.626 and R2=0.584). And in young

men and women, the size of the distance A-B included in

the constructed regression equations. In addition, in young

men, the regression equation includes the value of the

distance P-PTV; while in young women - angles of the ANS-

Xi-PM, MeGo-NPog and N-CF-A, as well as the difference

in jaw lengths Max-Mand.

The above-mentioned perspectives on the possibilities

of full (taking into account age, gender, ethnicity, etc.) use of

the method of E.P. Harvold encourages further study of this

topic and the development of regression models of

individual teleroentgenographic indicators used in this

method in other regions of Ukraine.

Conclusions
1. In the young men, with normal occlusion close to the

orthognathic bite, all three reliable valid models of

teleroentgenographic indices according to E.P. Harvold

method, included the second group depending on the

indicators of the first group (R2= from 0.616 to 0.940), and

in young women only 2 models (R2=0.857 and 0.792); both

in young men and women, a reliable model of the angle

Ap1uAp1l-DOP (the third group indicator, depending on the

indicators of the first and second groups) was constructed

(respectively, R2=0.626 and R2=0.584).

2. In both young men and women, for all models of

second-group teleroentgenographic models constructed

by E.P. Harvold method, depending on the indicators of the

first group, the distance P-PTV was entered. In addition, up

to two models in young men and one model in young

women entered the distance Pt-N.

3. In both young men and women, among the

teleroentgenographic indices of the first and second groups

that are included in the models of the third group by the

method of E.P. Harvold, the distance A-B entered.
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РЕГРЕСІЙНІ МОДЕЛІ ІНДИВІДУАЛЬНИХ ЦЕФАЛОМЕТРИЧНИХ ПОКАЗНИКІВ, ЩО ВИКОРИСТОВУЮТЬСЯ В МЕТОДИЦІ
E.P. HARVOLD
Черниш А.В., Гасюк П.А., Ясько В.В., Смолко Д.Г.

У багатьох наукових дослідженнях при проведенні лінійних вимірювань як для верхньої, так і для нижньої щелеп, доведено

перевагу методики Harvold. Мета роботи - побудувати та провести аналіз регресійних моделей телерентгенографічних

показників, що використовуються у методиці E.P. Harvold, в юнаків і дівчат з нормальною оклюзією, наближеною до

ортогнатичного прикусу, та гармонійним обличчям. Аналіз бокових телерентгенограм 38 юнаків (віком від 17 до 21 року) та

55 дівчат (віком від 16 до 20 років) з нормальною оклюзією, наближеною до ортогнатичного прикусу та гармонійним обличчям,

отримані за допомогою пристрою Veraviewepocs 3D, Моріта (Япония), проводили за методиками R.M. Ricketts, C.J. Burstone,

E.P. Harvold. При проведенні дослідження усі показники вищевказаних методик були розділені на три групи: 1 - метричні

характеристики черепа, які, зазвичай, не змінюються під час хірургічного та ортодонтичного лікування; 2 - показники

зубощелепної системи, котрі дозволяють в осіб зі вже сформованим кістковим скелетом змінювати ширину, довжину, кути

та положення кісток верхньої та нижньої щелеп; 3 - показники, котрі власне характеризують положення кожного окремого

зуба по відношенню один до одного, до кісткових черепних структур та профілю обличчя. В ліцензійному пакеті "Statistica

6.0" будували регресійні моделі наступних показників, що увійшли до другої групи в залежності від показників першої групи:

ANS-Сond (довжина верхньої щелепи, у методиці E.P. Harvold зазначається як TM-ANS), Pog-Cond (довжина нижньої щелепи,

в методиці E.P. Harvold зазначається як TM-PGN), Max-Mand - (міжщелепна різниця); а також показника, що увійшов до

третьої групи в залежності від показників першої та другої груп - Ap1uAp1l-DOP (кут Ap1uAp1l-DOP). В юнаків побудовані усі

3 можливі достовірні моделі телерентгенографічних показників за методикою E.P. Harvold, які увійшли до другої групи в

залежності від показників першої групи (R2 = від 0,616 до 0,940), а у дівчат - лише довжина верхньої та нижньої щелеп (R2 =

0,857 і 0,792). Як в юнаків, так і у дівчат до усіх побудованих моделей показників другої групи в залежності від показників

першої групи увійшла відстань P-PTV. До двох моделей в юнаків і до одної моделі у дівчат увійшла відстань Pt-N. Також до

однієї моделі в юнаків і дівчат увійшов кут краніального нахилу (POr-NBa). Лише у дівчат до моделей входить передня

довжина основи черепа (N-CC). Як в юнаків, так і у дівчат нами також побудована можлива достовірна модель показника

третьої групи в залежності від показників першої та другої груп (кута Ap1uAp1l-DOP) (відповідно R2=0,626 та R2=0,584). І в

юнаків, і у дівчат до побудованих регресійних рівнянь входить величина відстані A-B. Крім того, в юнаків до регресійного

рівняння входить величина відстані P-PTV; а у дівчат - величина кутів ANS-Xi-PM, MeGo-NPog і N-CF-A, а також міжщелепна

різниця Max-Mand.

Ключові слова: регресійний аналіз, цефалометрія, аналіз Harvold, юнакі та дівчата, ортогнатичний прикус.

РЕГРЕССИОННЫЕ МОДЕЛИ ИНДИВИДУАЛЬНЫХ ЦЕФАЛОМЕТРИЧЕСКИХ ПОКАЗАТЕЛЕЙ, ИСПОЛЬЗУЕМЫХ В МЕТОДИКЕ
E.P. HARVOLD
Черниш А.В., Гасюк П.А., Ясько В.В., Смолко Д.Г.

Во многих научных исследованиях доказано преимущество методики Harvold при проведении линейных измерений, как для

верхней, так и для нижней челюстей. Цель работы - построить и провести анализ регрессионных моделей

телерентгенографических показателей, используемых в методике E.P. Harvold, у юношей и девушек с нормальной окклюзией,

приближенной к ортогнатическому прикусу, и гармоничным лицом. Анализ боковых телерентгенограмм 38 юношей (в

возрасте от 17 до 21 года) и 55 девочек (в возрасте от 16 до 20 лет) с нормальной окклюзией, приближенной к

ортогнатическому прикусу и гармоничным лицом, полученные с помощью устройства Veraviewepocs 3D, Морита (Япония),

проводили по методикам R.M. Ricketts, C.J. Burstone, E.P. Harvold. При проведении исследования все показатели вышеуказанных

Adults Using Jarabak Bjork's Analysis.Іnternational medical
journal, 24(1), 128-131.

[20] Sahoo, N., Mohanty, R., Mohanty, P., Nayak, T., Nanda, S. B., &
Garabadu, A. (2016). Cephalometric Norms for East Indian
Population using Burstone Legan Analysis. Journal of
International Oral Health, 8(12), 1076-1081.

[21] Singh, A. K., Ganeshkar, S. V., Mehrotra, P., & Bhagchandani,
J. (2013). Comparison of different parameters for recording
sagittal maxillo mandibular relation using natural head posture:
A cephalometric study. Journal of orthodontic science, 2(1),
16-22. doi: 10.4103/2278-0203.110328

[22] Soni, A., Alladwar, N., Goel, S., Chopra, R., & Sharma, S.
(2015). Evaluation of lateral Cephalometric Norms for
Burstone's Analysis in Chhattisgarh by using Nemoceph
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Vol. 24, №4, Page 29-34 33

Chernysh A.V., Hasiuk P.A., Yasko V.V., Smolko D.G.



методик, были разделены на три группы: 1 - метрические характеристики черепа, которые обычно не меняются в ходе

хирургического и ортодонтического лечения; 2 - показатели зубочелюстной системы, позволяющие у лиц с уже

сформированным костным скелетом изменять ширину, длину, углы и положения костей верхней и нижней челюстей 3 -

показатели, которые собственно характеризируют положение каждого отдельного зуба по отношению друг к другу, к

костным черепным структурам и профилю лица. В лицензионном пакете "Statistica 6.0" построены регрессионные модели

следующих показателей, вошедших во вторую группу в зависимости от показателей первой группы: ANS-Сond (длина

верхней челюсти, в методике E.P. Harvold отмечается как TM-ANS), Pog-Cond (длина нижней челюсти, в методике E.P.

Harvold отмечается как TM-PGN), Max-Mand - (межчелюстная разница); а также показателя, вошедшего в третью группу

в зависимости от показателей первой и второй групп - Ap1uAp1l-DOP (угол Ap1uAp1l-DOP). У юношей построены все 3

возможные достоверные модели телерентгенографических показателей по методике E.P. Harvold, которые вошли во

вторую группу в зависимости от показателей первой группы (R2 = от 0,616 до 0,940), а у девушек - только длина верхней и

нижней челюстей (R2=0,857 и 0,792). Как у юношей, так и у девушек ко всем построенным моделям показателей второй

группы, в зависимости от показателей первой группы, вошло расстояние P-PTV. К двум моделям у юношей и в одной модели

у девушек вошло расстояние Pt-N. Также к одной модели у юношей и девушек вошел угол краниального наклона (POr-NBa).

Только у девушек к моделям входит передняя длина основания черепа (N-CC). Как у юношей, так и у девушек нами также

построена возможная достоверная модель показателя третьей группы в зависимости от показателей первой и второй

групп (угла Ap1uAp1l-DOP) (соответственно R2=0,626 и R2=0,584). И у юношей, и у девушек к построенным регрессионным

уравнениям входит величина расстояния A-B. Кроме того, у юношей к регрессионному уравнению входит величина расстояния

P-PTV; а у девушек - величина углов ANS-Xi-PM, MeGo-NPog и N-CF-A, а также межчелюстная разница Max-Mand.

Ключевые слова: регрессионный анализ, цефалометрия, анализ Harvold, юноши и девушки, ортогнатический прикус.
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Organometric parameters of the remaining kidney after removal of
the contralateral in immature rats
Monastyrskyi V.M.
National Pirogov Memorial Medical University, Vinnytsya, Ukraine

The processes of compensatory hypertrophy of the kidney to the period of puberty are
insufficiently studied. Changes in renal parameters after contralateral removal are of
scientific interest. The purpose of the study was to establish and compare changes in
organometric parameters of the kidney that remained after nephrectomy in non-sexually
adult male rats and in sexually mature male rats. Experimental study was performed on
84 non-adult white male rats weighing 53-71 grams, which were kept on a standard
vivarium diet. All animals were divided into two groups (42 in each): the first - control,
the second - the experimental group. In the control group, the abdominal cavity was
opened under ketamine anesthesia, after which the abdominal wall was sutured in
layers. All animals of the experimental group performed removal of the left kidney.
Animals were withdrawn from the trial by intra-pleural administration of thiopental-
sodium 50 mg/kg after 7, 14, 21, 30, 90 days after nephrectomy. Macroscopic evaluation
and description of the kidneys of animals was performed after their removal. The
statistical analysis of the obtained results was carried out using the "STATISTICA 5.5"
program, using parametric and non-parametric methods for evaluating the obtained
results. It was found that in the immature rats, the weight of animals in the experimental
group (after nephrectomy) was statistically significantly lower in all terms of the
observation compared to the control group, and the weight of the kidney of animals in
the experimental group, on the contrary, was statistically significantly higher in all
terms of observation. The length, width, thickness, volume of kidneys of animals of the
experimental group, as well as the magnitude of increment of these parameters with
each term of observation are determined. The greatest increase in organometric
parameters of the kidney was observed after 30 days of the postoperative period (p<0.05).
Subsequently, on the 60th and 90th day, the magnitude of the increase in organometric
parameters of the kidney significantly decreased. The index of hypertrophy of the
kidney remained unpaired by nephrectomy, which varied from 52.24% to 63.21%. The
highest rates of hypertrophy were observed between the 21st and 30th days.
Keywords: kidney, nephrectomy, organometry, immature rats.
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Introduction
The remaining kidney after nephrectomy cannot be

considered an absolutely healthy organ [25]. This is

evidenced by various pathological processes that develop

in it over time [5]. Studies have shown that to ensure the

release of nitrogen metabolism products and the balance

of the internal environment of the body, the remaining kidney

works at the limit of its capabilities [8].

The remaining functioning kidney, since childhood, has

compensatory hyperfiltration, which leads to kidney damage

for the period of adolescence in more than 50% of patients

[23]. Experimental studies have shown that male animals

show a higher degree of hyperfiltration [6], elevated blood

pressure [14], and higher glomerular pressure and

hypertrophy of renal corpses.

The controversial statement of clinicians that the growing

child's body is characterized by expressed compensatory

mechanisms that are not always kept in adults [21]. Several

epidemiological clinical studies have shown that one kidney

birth increases the risk of developing hypertension, proteinuria

and renal failure in childhood [27] and in adulthood [26]. Recent

studies have shown that kidney donors are at increased risk

(up to 8 times) for renal failure [16].



Many authors emphasize that the younger organism has

more intensive and more advanced processes of hypertrophy

[3]. The majority of patients who have been admitted to

nephrectomy in the short term become disabled in

connection with the development of chronic renal failure and

nephrogenic hypertension, whereas in children, including

when they become adults, the percentage of disability is

minimal [1, 2]. However, the functional state of a single kidney

in children is often significantly disturbed, and chronic renal

failure can occur already in childhood or adolescence [13].

In the kidney, left after nephrectomy in children, established

with the help of renosonography, the unevenness of

proliferative and fibrotic-sclerotic processes, the presence

of dysmetabolic disorders, prolonged violations of the natural

passage of urine [15]. With age, glomerular hyperfiltration

may worsen existing glomerulosclerosis and lead to renal

insufficiency [22].

Compensatory mechanisms that underlie hypertrophy

of the kidneys are not yet fully understood, mechanisms that

provide stabilization of compensatory and adaptive

processes are not sufficiently disclosed. Insufficiently studied

issues on the preservation of compensatory and restorative

mechanisms in the age aspect.

The aim of the study - to establish changes in

organometric parameters of the kidney that remained after

nephrectomy in immature male rats.

Materials and methods
An experimental study was performed on 84 immature

white male rats weighing 53-71 grams, which were kept on

a standard diet in vivarium of the National Pirogov Memorial

Medical University, Vinnytsya, Ukraine.

According to the literature, experiments conducted on rats

have shown that these animals can be used as a model for

studying the course of recovery of the body after nephrectomy

and resection of the kidney and the selection of corrective

therapy, aimed at the earliest adaptation of the organism to

existence in the new conditions [10, 11]. Male rats were more

sensitive and less adapted to renal excretion [24].

Animal retention and manipulation were conducted in

accordance with the "General Ethical Principles of Animal

Experiments" adopted by the First National Congress on

Bioethics (Kyiv, 2001), and also guided by the

recommendations of the "European Convention for the

Protection of Vertebrate Animals used for Experimental and

Other Scientific Purposes" (Strasbourg, 1985) and the

provisions of the "Rules for Preclinical Safety Assessment

of Pharmacological Products (GLP)".

All animals were divided into two groups (42 in each):

the first - control, the second - the experimental group.

In the control group, the abdominal cavity was opened

under ketamine anesthesia, after which the abdominal wall

was sutured in layers.

All animals of the experimental group performed surgical

intervention - nephrectomy of the left kidney. Rats under

general intra-muscle anesthesia (aminazine 10 mg/kg and

ketamine 20 mg/kg) were given left-sided nephrectomy by

crossing the renal leg between two ligatures and then

removing the organ. The operation was carried out as

follows. The animal was inserted and fixed with soft straps

for the limbs in the position on the back to the operating

table. With pararectal incision in the length up to 3-5 cm,

layer open the abdominal cavity. The small intestine with a

gauze napkin was pulled down and medially. The livers of

the kidney and its vessels were isolated from the

surrounding tissues. The kidney was molded into the wound

and isolated from the fatty tissue of the upper third of the

ureter. A clamping device was applied to the ureter, under

which they were tied with a catgut lighthouse and then

crossed under a clamp. In a droop way, they isolated the

renal artery and vein and imposed two clips, between which

they were crossed. The kidney was removed, and the stump

of the blood vessels were catgut ligatures. The layer of the

wound was tightly sewn. Isolated by blunt renal artery and

vein and imposed two terminals between which they crossed.

The kidney was removed and the stump of blood vessels

catgut tied ligatures. The layer of the wound was tightly sewn.

Animals were withdrawn from the trial by intra-pleural

administration of thiopental-sodium 50 mg/kg after 7, 14, 21,

30, 90 days after nephrectomy. Macroscopic evaluation and

description of the kidneys of animals was performed after their

removal. Their mass was determined on the laboratory scale

of HLR-200 to 0.1mg, and the length, width and thickness of

the organ were measured with the help of a caliper to an

accuracy of 0.05 mm. The volume of the kidney was calculated

according to the formula: V = 0,523 x a x b x c, where a - is

length, b - is width, c - is the thickness of the kidney.

The kidney mass index was calculated by obtaining a

percentage correlation between the weight of the kidney and

the weight of the body of the rat being examined. In the case

of animals of the second group, the index of kidney

hypertrophy was calculated. It was calculated by obtaining a

percentage correlation between the mass of the single kidney

and the weight of the two kidneys of the rats of the first control

group at this time of the study.

The statistical analysis of the obtained results was carried

out using the "STATISTICA 5.5" program, using parametric

and non-parametric methods for evaluating the obtained

results.

Results
The results of measuring the organometric parameters

of the kidneys in the immature rats of the 1st group were as

follows: with increasing body weight during the observation

period, the organometric parameters of the kidneys were

also increased. So the mass of the right kidney from the first

to the 90th day of the observation period increased by 2.05

times (Table 1). The mass of the left kidney, in comparison

with the right, on all terms of observation was slightly lower

(p>0.05). At the same time, the index of kidney mass

decreased by 1.22 times from the first to the 90th day of the

observation period, indicating a predominance of growth
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rate of body weight of rats over the rate of weight gain of the

kidneys. The volume of the right kidney thus increased during

the course of observation from 75.24±4.65 mm3 for the first

day to 407.8±14.3 mm3 for the 90th day. The length of the

right kidney has increased from 7.950±0.150 mm to

14.40±0.07 mm, the width - from 4.733±0.100 mm to

7.883±0.089 mm, the thickness - from 3.817±0.089 mm to

6.867±0.156 mm.

In the immature animals of the second (experimental)

group at day 7 after nephrectomy, the body weight of rats

was less than that of the animals in the same group of

animals in the same group at 8.47%, at 14 days - by 6.27%,

at 21 days - 5, 67%, for 30 days - 5.34%, for 60 days - 4.76%,

for 90 days - 13.63%. However, organometric parameters of

the right kidney were statistically significantly more control

values of animals of the first group at all times, especially on

the 30th day of observation. Thus, for the 7th day after

nephrectomy, the mass of the right kidney of rats was higher

(p<0.05) values in the similar term of animals of the first

group by 11.36%, for 14 days - by 16.67%, for 21 days -

17.86%, for 30 days - 20%, for 60 days - 15.62%. At 90 days

no statistically significant difference was noted.

The index of kidney weight in non-immature animals in

the second (experimental) group was statistically

significantly higher throughout the post-operation

observation period compared to the similar terms of animals

in the first control group.

Parameters of other organometric indices of the right

kidney of animals of the second (experimental) group also

had significant differences. The length of the right kidney

compared with the similar indicator of animals in the first

control group was greater after 7 days after nephrectomy by

12.27%, after 14 days - by 15.02%, in 21 days - by 17.49%,

after 30 days - by 19.73%, after 60 days - by 15.03%, after 90

days - by 4.00%. The width of the right kidney was greater

after 7 days after nephrectomy by 12.50%, after 14 days - by

14.94%, in 21 days - by 17.62%, 30 days later - by 19.62%,

after 60 days - by 12.22%, after 90 days - by 6.52%. The

thickness of the right kidney was greater after 7 days after

nephrectomy by 12.30%, after 14 days - by 15.26%, in 21

days - by 17.53%, after 30 days - by 19.45%, after 60 days -

by 14.74%, after 90 days - by 4.18%.

The statistically significant decrease in the growth rates

of all organometric indices in 90 days draws attention.

It is very important to know how the volume of the kidney

has changed, since it is believed that the volume of kidneys

is the optimal parameter for prediction of renal function [12].

The volume of the right kidney, after 7 days after nephrectomy,

was 32.71% higher, compared with the same indicator of

animals in the first control group (fig. 1). The largest increase

in volume was observed after 30 days of postoperative period

(48.05%). Subsequently, on the 60th and 90th day, the

increase in renal volume decreased to 36.38% and 14.02%

respectively.

It should be noted that the index of hypertrophy of the

kidney after the removal of the contralateral ranged from

52.24% to 63.21%. The highest rates of hypertrophy were

observed between the 21st and 30th days.

Discussion
The data we obtained are in agreement with the results

of other authors [4], when the absolute dry kidney weight

Table 1. Weight of the body and the right kidney of the immature rats of the control and experimental groups.

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

The term of the
postoperative

period

Control group (n=42) Experimental groups (n=42)

Animal weight (g)
Weight of the

kidney (g)
Kidney Weight

Index (%)
Animal weight (g) Kidney weight (g)

Kidney Weight
Index (%)

1 day 61.33±4.03 0.372±0.012 0.603±0.022 62.55±4.09

7 days 74.78±2.68* 0.385±0.015 0.510±0.007* 68.44±1.33# 0.440±0.027# 0.642±0.048#

14 days 86.07±2.61* 0.402±0.012 0.467±0.004* 80.67±2.49*# 0.475±0.012# 0.592±0.009#

21 days 97.35±2.63* 0.457±0.010* 0.459±0.003 91.83±2.32*# 0.558±0.012*# 0.597±0.007#

30 days 108.6±2.8* 0.477±0.007 0.442±0.006 102.8±2.4*# 0.597±0.010*# 0.585±0.007#

60 days 122.5±2.7* 0.540±0.023* 0.447±0.010 116.7±2.5*# 0.635±0.015*# 0.551±0.009*#

90 days 153.6±3.7* 0.760±0.040* 0.495±0.015* 132.7±2.3*# 0.788±0.015* 0.587±0.003*#

Fig. 1. Volume of the right kidney of immature rats in different
terms after the operation of the control and experimental groups.
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was increased in rats 7 days after unilateral nephrectomy

(hypertrophy of the kidneys), and the mean value was 29.9%

higher than the values removed from the contralateral kidney.

A progressive increase in the weight of kidney of rats

was also established after removal of the left kidney, which

reached its peak after 30 days [9].

According to research [28, 29], renal compensatory

hypertrophy restores normal renal function after nephrectomy

due to an increase in organ size due to cell growth, and not

their proliferation [17].

In the compensatory reaction of the kidney remaining

after nephrectomy in immature rats, a significant increase

in the indexes of all structural components of the nephron of

the cortical substance was established [19]. The highest

rate of growth occurs in a seven-day period after the removal

of the kidney. Ultrastructure of the cortical substance of the

kidneys of unborn animals after the performed nephrectomy

is changing already in the early stages of the experiment,

when significant reactive changes occur in all components

of the nephron. Although the kidney compensatory reaction

develops as a reaction to restore normal renal function, in

the cortical substance, in addition to hypertrophied, the

number of atrophied, diminished kidney cells increases [18].

Enlarged capsules are enlarged and uneven. In the late

stages of the experiment, after nephrectomy, the presence

of both compensatory and destructive changes in the

components of the nephron was established.

The use of flow cytometry with simultaneous histological

studies showed that the response of adults and young rats

to the removal of one of the kidneys is the same, but in

immature animals, the growth of cells in the phase S cell

cycle after 7-14 days is statistically significantly more than

that of the mature [20]. According to recent studies, with loss

of renal tissue in the renal epithelial cells MDCK (Madin-

Darby cells), a protein with a zona occludens 2 (ZO-2)

compound causes cellular hypertrophy by two mechanisms:

prolonging the time that cells are carried out in the phase

G1 cell cycle due to the increase in the cyclone D1 level and

increasing the rate of protein synthesis [7].

In the future, it is planned to compare changes in

organometric parameters of the kidney, remaining after

nephrectomy, in immature and mature animals.

Conclusions
1. In the immature rats, the weight of animals in the

experimental group (after nephrectomy) was statistically

significantly lower in all observation periods compared to

the control group.

2. The weight of the kidney of the animals of the

experimental group, as compared with the control group,

was, conversely, statistically significantly higher in all terms

of observation.

3. The length, width, thickness and volume of the kidneys

of animals in the experimental group were also larger with

each observation period (p<0.05).

4. The largest increase in organometric parameters of

the kidney was observed after 30 days of postoperative

period. Subsequently, on the 60th and 90th day, the

magnitude of the increase in organometric parameters of

the kidney significantly decreased.
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ОРГАНОМЕТРИЧНІ ПАРАМЕТРИ НИРКИ, ЩО ЗАЛИШИЛАСЯ ПІСЛЯ ВИДАЛЕННЯ КОНТРАЛАТЕРАЛЬНОЇ, У
СТАТЕВОНЕЗРІЛИХ ЩУРІВ
Монастирський В.М.

Процеси компенсаторної гіпертрофії нирки до періоду статевої зрілості вивчені недостатньо. Зміни параметрів нирки

після видалення контралатеральної представляють науковий інтерес. Мета дослідження - встановити зміни

органометричних показників нирки, що залишилась після нефректомії, у статевонезрілих щурів-самців. Експериментальне

дослідження виконано на 84 статевонезрілих білих щурах-самцях масою 53-71 грамів, котрих утримували на стандартному

раціоні віварію. Всіх тварин розподілили на дві групи (по 42 у кожній): перша - контрольна, друга - дослідна група. У контрольній

групі під кетаміновим знеболенням розкривали черевну порожнину, після чого пошарово ушивали черевну стінку. Усім

тваринам дослідної групи виконували видалення лівої нирки. Тварин виводили з досліду шляхом внутрішньоплеврального

введення Тіопенталу натрію 50 мг/кг через 7, 14, 21, 30, 90 діб після нефректомії. Макроскопічну оцінку та описання нирок

тварин проводили після їх вилучення. Статистичний аналіз отриманих результатів проведений із застосуванням програми

"STATISTICA 5.5" з використанням параметричних і непараметричних методів оцінки отриманих результатів. Встановлено,

що у статевонезрілих щурів маса тварин дослідної групи (після нефректомії), порівняно з контрольною групою, була

статистично значуще меншою, а маса нирки тварин дослідної групи, навпаки, була статистично значуще більшою на всіх

термінах спостереження. Визначені довжина, ширина, товщина, об'єм нирки тварин дослідної групи, а також величини

приросту цих параметрів у кожний термін експерименту. Таким чином, максимальну величину приросту органометричних

показників нирки спостерігали через 30 діб післяопераційного періоду (p<0,05). У подальшому, на 60 та 90 добу експерименту,

величина приросту органометричних показників нирки суттєво зменшувалася. Визначено індекс гіпертрофії нирки, що

залишилася після нефректомії, котрий коливався від 52,24% до 63,21%. Найбільші показники гіпертрофії встановлені між

21 та 30 добою.

Ключові слова: нирка, нефректомія, органометрія, статевонезрілі щури.

ОРГАНОМЕТРИЧЕСКИЕ ПАРАМЕТРЫ ПОЧКИ, ОСТАВШЕЙСЯ ПОСЛЕ УДАЛЕНИЯ КОНТРАЛАТЕРАЛЬНОЙ, У
НЕПОЛОВОЗРЕЛЫХ КРЫС
Монастырский В.Н.

Процессы компенсаторной гипертрофии почки до периода половой зрелости изучены недостаточно. Изменения параметров

почки после удаления контралатеральной представляют научный интерес. Цель исследования - установить изменения

органометрических показателей почки, оставшейся после нефрэктомии, у неполовозрелых крыс-самцов.

Экспериментальное исследование выполнено на 84 неполовозрелых белых крысах-самцах массой 53-71 граммов, которых
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содержали на стандартном рационе вивария. Всех животных разделили на две группы (по 42 в каждой): первая - контрольная,

вторая - опытная группа. В контрольной группе под кетаминовым обезболиванием вскрывали брюшную полость, после

чего брюшную стенку послойно ушивали. Всем животным опытной группы выполняли удаление левой почки. Животных

выводили из опыта путем внутриплеврального введения Тиопентала натрия 50 мг/кг через 7, 14, 21, 30, 90 суток после

нефрэктомии. Макроскопическую оценку и описание почек животных проводили после их удаления. Статистический анализ

полученных результатов проведен с применением программы "STATISTICA 5.5" с использованием параметрических и

непараметрических методов оценки полученных результатов. Установлено, что у неполовозрелых крыс масса животных

опытной группы (после нефрэктомии) по сравнению с контрольной группой, была статистически значимо меньше, а масса

почки животных опытной группы, наоборот, была статистически значимо больше на всех сроках наблюдения. Определены

длина, ширина, толщина, объем почки животных опытной группы, а также величины прироста этих параметров в каждый

срок эксперимента. Таким образом, максимальную величину прироста органометрических показателей почки наблюдали

через 30 суток послеоперационного периода (p<0,05). В дальнейшем, на 60 и 90 сутки эксперимента величина прироста

органометрических показателей почки существенно уменьшалась. Определен индекс гипертрофии почки, оставшейся

после нефрэктомии контралатеральной, который колебался от 52,24% до 63,21%. Наибольшие показатели гипертрофии

установлены между 21 и 30 сутками.

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

dermatoglyphics is of considerable interest to scientists

from various fields of science. It found her application not

only in forensics but also in practical medicine, allowing to

detect or predict the risk of certain diseases [7].

Today, one of the promising areas of dermatoglyphics

is its possible application for the purpose of identifying a

person's regional and ethnic belongings. Particularly

relevant this method of investigation may be to determine

the place of origin of illegal migrants, identify victims of

armed conflicts, and so on.

It is worth noted that the special interest for practical

application will be full bases, which will include a database

of the characteristics of dermatological indicators of the

population of all ethnic groups and regions of the country.

Therefore, scientists around the world are actively conducting

research of this type, with the ultimate goal - the formation of

a complete database [1, 3, 12, 13, 15, 19, 20, 23].

Thus, Abue A.D., Rose C. and Courage N. in their work

in 2018 revealed the features of dermatological attributes

in the tribe of Ntamante, living in southern Nigeria. 200

people aged from 18 to 68 were involved, which in the third



generation are representatives of this ethnic group. The

statistical analysis revealed the following distribution of the

frequency of patterns among men: ulnar loops 12.6±9.2,

arches 4.7±2.8, whorls 3.3±3.0 and radial loops 0.1±0.4; in

women - ulnar loops 9.1±9.7, whorls 6.4±4.4, arcs 4.9±3.8

and radial loops 1.0±1.6 [2].

S. Biswas [5] studied palmar and finger dermatoglyphic

indices among the ethnic group of Dhimals living in northern

Bengal (India). The patterns of patterns were: whorls 55.1%,

50.2%, loops 42.16%, 48.24% and arches 2.75%, 1.57%

for men and women, respectively. The density of patterns

was 15.24 for men and 14.86 for women. Total ridges count

was 162.18±3.38.

The features of dermatoglyphic indices and their

manifestations of sexual dimorphism among the population

of Sardinia [8] were determined. The higher values of ridge

count b-c, c-d on the right hand and a-b, a-d indicators on

the left hand were revealed. Men showed higher rates of a-

b, c-d on their right hand than in women.

Studies conducted in 2011 by Jaja B.N.R., Olabiyi O. and

Noronha C.C. [11] found that the rates of whorl detection, the

total ridge count, and the palmar ridge count A-B indicate a

close affinity of the Nigerian tribe Ogoni to the tribes of

southern Ghana, indicating possible historical migration of

this ethnic group.

Features of the indexes of finger and palm prints were

found for the Muzeina Bedouin living in the south of the Sinai

Peninsula [14]. The highest index of whorl frequency on the

fourth finger, ulnar loop on the third finger of both hands for

both sexes was revealed.

However, in Ukraine, these studies are few, have a

regional character and do not allow creating one, integral

image of the dermatoglyphic population [16, 17].

The study of the gene pool of the population of Ukraine is

important not only for the country itself, but, as Otevska O.M.

[25] notes, due to his position, for the study of the European

gene pool too.

The general structure of the gene pool of Ukraine

historically consisted of the genetic features of the population

in different parts of the ethnic range, caused by different

conditions of the intensity of international contacts and

migration processes, the level of urbanization and the nature

of the natural reproduction of the population, the share of the

presence of impurities of other nationalities. In population-

genetic studies, various markers are used: physiological,

immuno-biochemical, DNA markers, quasi-genetic

(distribution of surnames) [10, 21, 24]. Among them, a simple

and powerful analytical tool - a method of dermatoglyphics -

takes a special place, which allows determining the

contribution to the formation of the ethnic community of the

indigenous and inborn population that was involved in marital

ties with the indigenous population. It should be noted that

the fragmentation of the literary data [22] does not allow to

make a complete picture of the gene pool of Ukrainians in

general and the contribution of each of the five territorial

administrative regions of Ukraine to the general

phenotypological picture of the finger dermatoglyphics of

the male population of Ukraine, which became the goal of

our work.

Materials and methods
Researched fingerprints of 400 practically healthy men

aged from 19 to 35 years in the third generation residents

of the relevant regions of Ukraine: 72 - from the north

(Zhytomyr, Kyiv, Chernihiv, Sumy regions), 47 - from the

south (Odessa, Mykolaiv, Kherson, Zaporizhzhya region and

AR Crimea), 165 - from the central (Vinnytsia, Cherkasy,

Kirovohrad, Poltava and Dnipropetrovsk regions), 71 - from

the west (Volyn, Rivne, Lviv, Chernivtsi, Ternopil,

Khmelnytsky, Transcarpathian and Ivano-Frankivsk

regions), 45 residents from the eastern (Kharkiv, Lugansk,

Donetsk regions) regions. The dermatological study was

performed according to H. Cummins and Ch. Midlo [6].

Fingerprints obtained by using ink on a sheet of paper

[9]. Analysis subject 108 indicators of digital

dermatoglyphics, of which 85 related to quality indicators

and 23 indicators related to quantitative traits. Bioethics

Committee of National Pirogov Memorial Medical University,

Vinnytsya found that the studies are not contrary to the

fundamental bioethical standards of the Helsinki

Declaration, the European Convention on Human Rights

and Biomedicine (1977), the relevant provisions of the WHO

and the laws of Ukraine (protocol number 8 from

10.09.2013).

Statistical processing of the obtained results was

carried out in the package "Statistica 6.1" using

nonparametric methods.

Results
Among the practically healthy men of the general group

and representatives of the northern region of Ukraine, the

following reliable or trends of the differences in the indicators

of finger dermatoglyphics are established:

among the qualitative indicators, in men of the northern

region, the percentage of central pockets on the I (36.1%

versus 24.3%, p<0.05), III (19.4% vs. 10.5%, p<0.05) and IV

(45.8% against 33.8%, p=0.051) fingers of the right hand

and ІV of the fingers of the left hand (33.3% vs. 21.0%, p<0.05)

is higher than in total group, as well as a higher percentage

of double loop on the ІV finger of the left hand (26.4% vs.

16.3%, p<0.05 );

among quantitative indicators - reliable or trends of

differences are not established;

among asymmetries of qualitative and quantitative

indices - in men of the northern region less than in the

general group, the absolute value of the asymmetry of the

ridge count of the III finger (0.278±4.514 versus 0.970±0.245

ridges, p<0.05), asymmetry, in contrast, right-handed.

Among the practically healthy men of the general group

and representatives of the southern region of Ukraine, the

following reliable or trends of the differences in the indicators

of finger dermatoglyphics are established:
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among the qualitative indicators - in men of the southern

region, the percentage of the presence of whorl on the right

IV finger (17.0% versus 8.3%, p=0.052) of the hand, and the

arches on the III fingers as the right ones (31.9% vs. 18.8%,

p<0.05) and left (25.5% vs. 14.8%, p=0.059) hands, as well

as a lower percentage of ulnar loop on the II right finger

(10.6% versus 26.3%, p<0.05), double loop on the I (4.3%

against the 16.3%, p<0.05), central pocket on the II (6.4% vs.

19.5%, p<0.05) and random pattern on III (0% vs. 6.5%,

p=0.072) fingers of the left hand higher than in total group;

among the quantitative indicators - in men of the southern

region less than in the general group, the value of the ridge

count of the III finger as the right (9.128±7.058 versus

11.37±6.62 ridges, p<0.05) and the left (10.36±6.82 versus

12.37±6.55 ridges, p<0.05), as well as ridge count of I finger

(14.55±7.55 versus 16.61±7.53 ridges, p=0.078), total ridge

count (60.09±23.97 versus 67.90±25.67 ridges, p<0.05) of

left hand and total ridge count (122.6±46.4 versus 136.6±49.4

ridges, p=0.064);

among asymmetries of qualitative and quantitative

indicators - reliable or trends of differences are not

established.

Among the practically healthy men of the general group

and representatives of the central region of Ukraine, the

following reliable or trends of the differences in the indicators

of finger dermatoglyphics are established:

among the qualitative indicators, the men in the central

region had smaller than the general group, percentage of

the presence of whorl on the IV fingers (4.2% vs. 8.3%,

p=0.085) of the right hand and arches on the II left fingers

(18.2% vs. 25.5%, p=0.063);

among quantitative indicators - reliable or trends of

differences are not established;

among the asymmetries of qualitative and quantitative

indicators - in men of the central region less than in the

general group, the value of asymmetry by the type of pattern

on the I finger (46.7% vs. 54.8%, p=0.080).

Among the practically healthy men of the general group

and representatives of the western region of Ukraine, the

following reliable or trends of the differences in the index of

finger dermatoglyphics are established:

among the qualitative indicators, men in the western

region had a greater percentage of the presence of ulnar

loops on the I fingers (56.3% vs. 42.5%, p<0.05) and the

arches on the V fingers (19.7% vs. 11.3%, p<0.05) of the

right hand, as well as a higher percentage of the random

pattern on the III finger (12.7% vs. 6.5%, p=0.067) and the

double loop on the V finger (7.0% vs. 2.0%, p<0.05) of the left

hand;

among the quantitative indicators - in men of the western

region less than in the general group, the value of the ridge

count of the ІV right finger (13.35±6.87 versus 15.17±6.39

ridges, p<0.05) and the left (13.90±5.83 versus 15.27±6.03

ridges, p=0.078) hands, as well as V finger (10.94±6.94

versus 12.83±6.02 ridges, p<0.05) of the right hand;

among the asymmetry of qualitative and quantitative

indicators - in men of the western region higher than in the

general group, the value of the asymmetry of the ridge count

of the II finger (1.493±5.712 versus 0.168±5.841 ridges,

p=0.078) and less of the asymmetry value according to the

type of the fingerprint pattern of V finger (54.9% against 66.0%,

p=0.073).

Among the practically healthy men of the general group

and representatives of the eastern region of Ukraine, the

following reliable or trends of the differences in the indicators

of finger dermatoglyphics are established:

among the qualitative indicators, the men of the eastern

region had a higher percentage of arc on the right I finger

(13.3% versus 6.0%, p=0.065) and the ulnar loop (82.2%

versus 61.8%, p<0.01) and random the pattern on the III

finger (0% vs. 6.5%, p=0.079), the radial loop on the IV finger

(2.2% versus 0.3%, p=0.085), ulnar (84.4% versus 72.0%,

p=0.076), and the radial (2.2% against the 0.3%, p=0.085)

loops on the left V finger, as well as a lower percentage of

the double loop on the right I finger (6.7% vs. 16.8%, p=0.079)

and the central pocket of the right V finger (0% vs. 9.8 %,

p<0.05) and on a I finger (4.4% vs. 13.8%, p=0.075), on the

IV finger (8.9% vs. 21.0%, p=0.054) of the left hand then in

the total group;

among the quantitative indicators - the men of the eastern

region had less than in the general group, the value of the

ridge count on the right I finger (15.78±7.35 versus

18.63±7.19 ridges, p<0.05);

among asymmetries of qualitative and quantitative

indicators - reliable or trends of differences are not

established.

Thus, the analysis of the differences in the indicators of

finger dermatoglyphics between practically healthy men of

Ukraine without administrative-territorial distribution and

representatives of various administrative-territorial regions

revealed that:

- the finger dermatoglyphics of the northern

administrative-territorial region significantly differs from that

in the country as a whole in terms of 4 indicators of qualitative

characteristics and 1 indicator of asymmetry of the quantitative

trait, and also shows a tendency for differences in 1 indicator

of qualitative trait;

- the finger dermatoglyphics of the southern

administrative-territorial region significantly differs from the

country as a whole in terms of 4 indicators of qualitative and

3 indicators of quantitative characteristics, and also shows

a tendency for differences in 3 indicators of qualitative and 2

indicators of quantitative attributes;

- the finger dermatoglyphics of the central administrative-

territorial region is not significantly different from that of the

country as a whole, and also shows a tendency for

differences in 2 indicators of qualitative characteristics and

1 indicator of asymmetry of a qualitative characteristic;

- finger dermatoglyphics of western administrative-

territorial region significantly different from that in the whole

country by three indicators of quality and 2 indices of

quantitative traits, and shows a tendency difference by 1
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indicator of quality, 1 indicator of quantitative trait, 1 indicator

of the asymmetry of quality features and 1 indicator of the

asymmetry quantity signs;

- finger dermatoglyphics of eastern administrative-

territorial region significantly different from that in the whole

country by 2 qualitative parameters and 1 indicator of

quantitative characteristics and shows trend differences

by 8 indicators of qualitative traits.

Discussion
An analysis of the differences between the indicators of

finger dermatoglyphics among practically healthy men of

Ukraine without administrative-territorial distribution and

representatives of various administrative-territorial regions

revealed 41 (37.96%), and without trends - 20 (18.52%) of

the informative indicators out of 108 analyzed and

demonstrated the best informative ability of quantitative ((11

(47.83%)), and without trends (7 (30.43%)), indexes of finger

dermatoglyphics compare to qualitative ((30 (35.29%) and

without trends - (13 (15.29%)) indicators.

The greatest number of differences in the signs of finger

dermatoglyphics in terms of qualitative and quantitative

indicators were established between men, inhabitants of

Ukraine without division into administrative-territorial regions

and men, residents of the southern ((12 (11.11%) indicators,

7 (6.48%) of which are reliable)), eastern ((11 (10.19%)

indicators, 3 (2.78%) of which are reliable)) and western ((9

(8.33%) indicators, 5 (4.63%) of which are reliable)) regions

of the country. Among the regions that show differences from

the general picture of the country, the northern region is least

diverse, its rates significantly differed almost at the level of

error and amounted to 5.56%. At the same time, the indicators

of finger dermatoglyphics of men in the central region do not

significantly differ from such indicators in Ukraine (Fig. 1).

Thus, the core of the general phenotypological picture of

the finger dermatoglyphics of the male population of Ukraine

makes the central region. The expressed peculiarity of finger

dermatoglyphics of Ukrainian men in the central region is

confirmed by their differences from the southern, eastern

and western regions, which is covered in our previous study

[18]. The localization of the nucleus of peculiar values within

the range of the ethnic group, and not at its borders, indicates

that not the migration processes, but the peculiarities of

their own self-development, form the basic genetic

landscape of its gene pool [4]. The results obtained by us

are confirmed by the data of the study of the distribution of

Ukrainian surnames taking into account the administrative

and geographical zoning of the territory of Ukraine according

to the index of random isonomy (the frequency of marriages

between individuals having the same surname) and

calculated on its basis the indicator of random inbreeding

(marriages between relatives) [10]. The authors proceeded

from the fact that surnames are the most attractive among

quasi-genetic markers, since in their most important

manifestations - transmission in generations, distribution

in populations - they resemble genes. In the given work it is

shown that the minimum value of the index of random

homonymity is characteristic for the southern region (2.2 x

10-4), eastern (2.7 x 10-4) and western (2.4 x 10-4), higher

values in the central (3.2 x 10-4) and northern (3.4 x 10-4)

regions. Similar data were obtained from the index of

inbreeding: its highest value was observed in the northern

(8.5 x 10-5) and central (7.9 x 10-5) regions, the lowest in the

southern (5.6 x 10-5), the eastern (6.7 x 10-5) and the western

(6.1 x 10-5) occupy an intermediate position.

Thus, the indicators of the genetic contribution of certain

administrative-territorial regions in the overall picture of the

country's finger dermatoglyphic are indirectly indicative of a

significant coincidence with inbreeding indicators calculated

on the basis of the names of the surnames, and therefore

further research may be aimed at identifying correlations

between them.

Conclusions
1. The dermatoglyphic populational typological picture

of somatically healthy men of Ukraine is formed mainly

due to the genetic contribution of people in the central

region, since their indices do not significantly differ from

such indicators in general in Ukraine.

2. Indicators of finger dermatoglyphics of men, residents

of southern, eastern and western administrative-territorial

regions differ from the indicators in general in Ukraine, the

differences in the order of decrease make up 11.11%,

10.19%, 8.33% of indicators, respectively. The northern

region is the least diverse, and the difference between its

indicators and such in country in total is only 5.56%.

Fig. 1. Regional contribution of finger dermatoglyphics to the
general phenotypological picture of dermatoglyphics of men in
Ukraine.
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ЗАГАЛЬНА ФЕНОТИПОЛОГІЧНА КАРТИНА ПАЛЬЦЕВОЇ ДЕРМАТОГЛІФІКИ ЧОЛОВІКІВ УКРАЇНИ: ВНЕСОК ОКРЕМИХ
РЕГІОНІВ
Гунас В.І., Мішалов В.Д., Серебреннікова О.А., Клімас Л.А.

Становлення регіональних генофондів і внесок кожного з них у формування народонаселення України залишається актуальною

темою сьогодення. Мета дослідження - оцінити внесок кожного з 5 територіально-адміністративних регіонів України до

загальної фенотипологічної картини пальцевої дерматогліфіки чоловічого населення України. За методикою H. Cummins і

Ch. Midlo проведено дерматогліфічне дослідження 400 практично здорових чоловіків із 5 адміністративно-територіальних

регіонів України. Статистична обробка отриманих результатів проведена в пакеті "Statistica 6.1" з використанням

непараметричних методів. Встановлено, що між практично здоровими чоловіками України без адміністративно-

територіального розподілу та представниками різних адміністративно-територіальних регіонів виявлено 37,96 %

достовірних, або тенденцій відмінностей інформаційно здатних показників пальцевої дерматогліфіки зі 108 проаналізованих

показників. Доведено кращу інформаційну здатність кількісних (47,83 %) показників пальцевої дерматогліфіки порівняно з

якісними (35,29 %) показниками. Найбільшу кількість відмінностей ознак пальцевої дерматогліфіки встановлено між

чоловіками без поділу на адміністративно-територіальні регіони і чоловіками, мешканцями південного (11,11 %), східного

(10,19 %) та західного (8,33 %) регіонів України. Меншу кількість відмінностей від загальної картини по країні встановлено

у чоловіків північного регіону, його показники достовірно відрізнялись практично на рівні похибки і становили 5,56%. Показники

пальцевої дерматогліфіки чоловіків центрального регіону взагалі достовірно не відрізняються від таких показників загалом
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по Україні. Таким чином, домінуючою складовою в загальній фенотипологічній картині пальцевої дерматогліфіки чоловічого

населення України є така центрального регіону, показники якого достовірно не відрізнялися від загальних по країні, а також,

в дещо меншій мірі, - дерматогліфіка північного регіону. Отримані результати вказують на те, що основний генетичний

ландшафт генофонду України, за даними пальцевої дерматогліфіки, формують центральний та північний регіони країни.

Ключові слова: пальцева дерматогліфіка, чоловіки, адміністративно-територіальні регіони України, внесок окремих регіонів.

ОБЩАЯ ФЕНОТИПОЛОГИЧЕСКАЯ КАРТИНА ПАЛЬЦЕВОЙ ДЕРМАТОГЛИФИКИ МУЖЧИН УКРАИНЫ: ВКЛАД ОТДЕЛЬНЫХ
РЕГИОНОВ
Гунас В.И., Мишалов В.Д., Серебренникова О.А., Климас Л.А.

Становление региональных генофондов и вклад каждого из них в формирование народонаселения Украины остается

актуальной темой сегодняшнего дня. Цель исследования - оценить вклад каждого из 5 территориально-административных

регионов Украины в общую фенотипологическую картину пальцевой дерматоглифики мужского населения Украины. По

методике H. Cummins и Ch. Midlo проведено дерматоглифическое исследования 400 практически здоровых мужчин из 5

административно-территориальных регионов Украины. Статистическая обработка полученных результатов проведена

в пакете "Statistica 6.1" с использованием непараметрических методов. Установлено, что между практически здоровыми

мужчинами Украины без административно-территориального деления и представителями различных административно-

территориальных регионов обнаружено 37,96% достоверных или тенденций различий информационно способных

показателей пальцевой дерматоглифики из 108 проанализированных показателей. Доказано лучшую информационную

способность количественных (47,83%) показателей пальцевой дерматоглифики по сравнению с качественными (35,29%)

показателям. Наибольшее количество различий признаков пальцевой дерматоглифики установлено между мужчинами без

разделения на административно-территориальные регионы и мужчинами, жителями южного (11,11%), восточного (10,19%)

и западного (8,33%) регионов Украины. Меньшее количество отличий от общей картины по стране установлено у мужчин

северного региона, его показатели достоверно отличались практически на уровне погрешности и составили 5,56%.

Показатели пальцевой дерматоглифики мужчин центрального региона вообще достоверно не отличаются от таких

показателей в целом по Украине. Таким образом, доминирующей составляющей в общей фенотипологической картине

пальцевой дерматоглифики мужского населения Украины есть такая центрального региона, показатели которого

достоверно не отличались от общих по стране, а также, в несколько меньшей степени - дерматоглифика северного

региона. Полученные результаты указывают на то, что основной генетический ландшафт генофонда Украины, по данным

пальцевой дерматоглифики, формируют центральный и северный регионы страны.

Ключевые слова: пальцевая дерматоглифика, мужчины, административно-территориальные регионы Украины, вклад

отдельных регионов.
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Comparative anatomy of the uterine tube of human and laboratory
white rat females
Podolyuk M.V.
Danylo Halytskyy National Medical University of Lviv, Lviv, Ukraine

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

biological system - the body as a whole [11, 21]. In world

literature, a significant amount of data has been

accumulated to characterize the main components of the

female genital system, functional relationships between

them, and the relationships between this system and other

systems of the body [2]. The female reproductive system is

a complex biological phenomenon, through which nature

implements a program of preservation and extension of

the genus. The fallopian tube is considered a sterile organ,

in which the final maturation of the gametes, fertilization

and early development of the embryo occurs [23].



One of the most urgent problems of gynecology is

female infertility in the structure of which 60-70% occupies

tube-peritoneal factor. Despite significant advances in

reproductive medicine, the problems of diagnosis and

treatment of tubal peritoneal infertility remain relevant. Acute

and chronic inflammatory diseases of the fallopian tubes,

operative interference on the pelvic organs, infection of the

genital tract, autoimmune, and tumor processes have the

leading place among the factors of the formation of the

tube-peritoneal factor. In addition, there are reports in the

literature that the secretory cells of the uterine mucosa are

the source of ovarian carcinoma [13]. Pathological

processes in the fallopian tube can be the cause of ectopic

pregnancy. Problems associated with this pathology have

been studied for more than half a century [18, 20, 24]. The

evaluation of macro- and microanatomy of the fallopian

tubes remains an important test in the examination of

infertile couples, as well as in the definition of treatment

approaches. Despite the many published scientific papers

on the mechanisms of development of the tubal-peritoneal

factor, numerous etiological factors and clinical aspects

remain open. An analysis of the current trends in the study

of the structure and function of the fallopian tube shows

that the issue of a comprehensive approach to the

morphofunctional justification for assessing the state of a

given organ under conditions of physiological norm and

pathology remains inadequately studied.

The purpose of our study was to conduct a comparative

analysis of the structural organization of the uterine tube of

a human and laboratory white rat.

Materials and methods
The study was performed on 10 sexually mature white

rats of reproductive age (10 females) weighing 180-200 g.

As a research material, wet macroscopic preparations of

human uterine tube from the Fund of the Department of

Normal Anatomy of the Danylo Halytskyy National Medical

University of Lviv were also used. The method of preparation

for the study of macroanatomy of the uterine tube of female

white rats, as well as standard histological methods

(sections of the wall of the fallopian tube in the thickness of

5-7 microns, stained with hematoxylin and eosin) were

used to study the microanatomy of the wall of the uterine

tube of a white rat and a human. Images from the histologic

preparations of the uterine wall on the computer monitor

were taken from a microscope MICROmed SEO SСAN and

with a Vision CCD Camera.

All experimental animals were kept under the vivarium

of the Danylo Halytskyy National Medical University of Lviv.

The research was conducted in accordance with the

provisions of the "European Convention for the Protection

of Vertebrate Animals used for Experimental and Other

Scientific Purposes" (Strasbourg, 1986), Council of Europe

Directives 86/609/EEC (1986), Law of Ukraine No. 3447-IV

"On the Protection of Animals from ill-treatment", the general

ethical principles of experiments on animals adopted by

the First National Congress of Ukraine on Bioethics (2001).

Euthanasia of animals was performed by overdose of

intraperitoneal anesthesia using sodium thiopental (at a

rate of 25 mg/kg body weight of the animal).

Results
The fallopian tube of a laboratory white rat, like the

human's fallopian tube, is a paired hollow organ. Located

in the cavity of a small pelvis, almost horizontally, near the

upper edge of a broad ligament of the uterus. The outer

structure of the rats and humans fallopian tube has some

differences. The female tube has a cylindrical shape, 4

parts: the interstitial (pars uterina), which passes through

the wall of the uterus and opens into the uterus cavity as

uterine tube (ostium uterinum tubae uterinae); isthmus of

uterine tube (isthmus tubae uterinae), which is closest to

the uterus; ampulla of uterine tube (ampulla tubae uterinae)

- the largest part of the fallopian tubes; fimbria of fallopian

tubes (infundibulum tubae uterinae) - an enlarged part that

opens as the abdominal hole of the fallopian tube (ostium

abdominale tubae uterinae) into the abdominal cavity and

is surrounded by fimbriae (fimbria tubaria), one of which is

the fimbria ovarica, longer than the other, while its diameter

decreases from the fimbria (2-4 mm) to the uterine part (1

mm).

The fallopian tube of a laboratory white rat has the form

of a thin and short tube, twisted spirally into a compact

glomeruli (Fig. 1A, 1B). In our opinion, it is advisable to

distinguish 3 parts in the uterine tube of rats: fimbria, middle

(spiral) and uterine part. The uterine part is connected to

the uterine horn cavity by the uterine hole of uterine tube

(ostium uterinum tubae uterinae), and the fimbria

(infundibulum tubae uterinae) is opened in the peritoneal

cavity to the ovary surface by the abdominal hole of tube

(ostium abdominale tubae uterinae).

Around the fimbria of the uterine tube, its mucosa is

collected in folds - the fimbriae of the uterine tube and the

ovary fimbriae (in humans, as already mentioned above,

one ovary fimbriae), which are attached to the ovary. In this

case, the diameter of the uterine tube of the white rat also

decreases in the direction from the fimbria to the uterine

part. In particular, in the area of the fimbria, the diameter of

the uterine tube is 0.90±0.10 mm, and the diameter of the

uterine part is 0.70±0.09 mm. The fallopian tube, in

laboratory white rat, like in human, has mesosalpinx. As in

human, uterus tube wall in rats consists of three layers:

the inner - mucosa, the middle - subserosa, and the outer

membrane - serosa (Fig. 2).

The mucosa of the fallopian tubes of white rat forms

branched longitudinal and transverse folds that thicken

towards the abdomen part of the fallopian tube. The mucosa

is covered by a simple columnar epithelium consisting of

ciliated cells and peg cells. The epithelium is located on a

thin basal membrane, under which lies amina propria,

formed by a loose connective tissue. The muscular plate

of the mucous membrane and the submucosal base in
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the uterine tube are absent, so the connective tissue of the

own plate directly passes into the muscle skeleton. It

should be noted that the mucous membrane of the uterine

tube along with the endometrium undergoes cyclic changes

during the menstrual cycle, during pregnancy, and during

puberty. In addition, the mucosa of the uterine tube does

not contain glands, and this function is performed by the

peg cells, functioning of which is regulated by the endocrine

system. In laboratory white rats, subserosa consists of an

internal circular and outer longitudinal layers, which passes

into the myometrium of the uterine horn. Due to the peristaltic

contraction of smooth myocytes and the movement of cilia,

the egg cell moves along the fallopian tube towards the

uterus. In humans, subserosa also consists of the inner

circular and outer longitudinal layers. Externally, the uterine

tube is covered with a serosa.

Discussion
The blood supply to the fallopian tubes is carried out

from two sources: tubal branches of ovarian artery and

tubal branch of uterine artery. Venous blood from the uterine

tube flows out on the veins of the same name. Lymphatic

vessels of the tube enter the lumbar lymph nodes. However,

in literary sources, there are data on the autonomic blood

supply ampulla and isthmus of the uterine tube [3, 12]. In

the literature on the structure of the human uterine tube,

there are data that in the ampule and the fimbria of the

uterine tube on the longitudinal folds of the mucosa there

are secondary, which, in turn, may appear tertiary folds [1,

14]. However, in the mucosa of the white rats uterine tube

we did not detect of secondary and tertiary folds. The role of

cilia is most pronounced in the ampulla of the uterine tube,

where the thickness of the subserosa is up to five times

smaller than the isthmus [6, 13]. According to many authors,

the contraction of the subserosa help to captures the egg

by fimbriae [2, 4, 19]. Other authors believe that the frequency

of cilia movement influences the speed of movement of

the egg and the embryo [8, 16, 22]. In addition, we have

investigated that the number of epithelial cells of the

mucosa of the uterine tube (secretory, basal, ciliated) is

not the same throughout the length of the uterine tube of

both human and white rats. The largest number of cilia in

the fimbriae and ampulla gradually decreases in the

direction of the uterus, and the secretory cells are the

smallest in the fimbriae and ampulla, and most in the

uterine part, which is consistent with the literature [2, 25].

As for the structure of the subserosa, there are also several

thoughts. Some authors believe that there are outer

longitudinal and inner circular smooth muscle coats [5],

while others - distinguish three layers: the weakly developed

outer longitudinal layer, the middle - circular, and internal

longitudinal, which is particularly well developed in the

uterine part of the tube [16, 17]. In addition, there are data

Fig. 1. А - Uterine tube of white rat in norm. Photomacrograph. 1 - uterine tube, 2 - ovary, 3 - uterine horn; B - Uterine tube of white rat
in norm. Photomacrograph (binocular enlargement). 1 - uterine tube, 2 - ovary, 3 - uterine horn.

A B

Fig. 2. Uterine tube wall of white rat in norm. Hematoxylin-eosin.
Photomicrograph. х400. 1 - serosa, 2 - subserosa, 3 - mucosa, 4
- fallopian tube lumen.
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that in the area of the isthmus of the fallopian tube, the

subserosa has an additional inner longitudinal layer in

which smooth myocytes are located obliquely spirally [1,

7]. There is no clear boundary between the longitudinal

and circular layers. Thus, the muscular stratum is less

pronounced in the fimbria of the uterine tube than in the

isthmus, in which the inner layers of smooth myocytes have

the greatest development and form the muscle of the uterine

tube [9, 15].

The serosa of the fallopian tubes, both human and white

rat, consists of six layers: mesothelium, basement

membrane, surface fibrous collagen layer, surface elastic

mesh, deep elastic mesh, lattice collagen layer. It is

precisely this structure that allows one body parts to

lengthen, while others reduce and this allows the lumen of

the uterine tube to increase, without simultaneously

increasing its length. The results of our histological studies

of the fallopian tubes of white rats allowed us to establish

the following patterns: on the outside, the uterine tube is

covered with a thin serosa, consisting of a single layer of

mesothelial cells lying on a thin connective tissue basement

membrane. Under the serous membrane is located an

outer circular layer of the muscular membrane, under it -

the inner longitudinal. Between the subserosa and the

mucosa of the fallopian tubes there is lamina propria. The

mucosa of the uterine tube is structurally similar to the

endometrium, the epithelium of the mucous membrane is

cylindrical, represented predominantly by cilia.

The obtained results of the study may be useful in the

modeling of diseases of the reproductive system, because

it is necessary to take into account the features of the

macro- and microstructure of the experimental animal in

order to extrapolate experimental data to medical practice.

Conclusions
1. Uterine tube of white rats in their macroscopic

structure different from human uterine tube.

2. The microscopic structure of the uterine tube of a

human and white rat is quite similar, which allows it to be

used as an object in the experimental modeling of the

determination of pathological states of the reproductive

system.
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ПОРІВНЯЛЬНА АНАТОМІЯ МАТКОВОЇ ТРУБИ ЛЮДИНИ ТА САМКИ ЛАБОРАТОРНОГО БІЛОГО ЩУРА
Подолюк М.В.

У світовій літературі накопичено значний обсяг даних для характеристики основних компонентів жіночої статевої системи,

функціональних взаємозв'язків між ними, а також зв'язків між цією системою та іншими системами організму. Актуальність

дослідження зумовлена також тим, що в структурі жіночого безпліддя 60-70% займає трубно-перитонеальний фактор.

Проблеми, пов'язані з цією патологією, вивчають понад півстоліття. На сьогоднішній день дані про мікроанатомію маткової

труби людини, а, тим паче, самки білого щура є суперечливими. Метою дослідження було провести порівняльний аналіз

структурної організації маткової труби людини і самки лабораторного білого щура. Дослідження проводили на 10

статевозрілих білих щурах самках репродуктивного віку. Застосовано метод препарування (для дослідження макроанатомії

маткової труби самки білого щура) та стандартні гістологічні методи (зрізи стінки маткової труби товщиною 5-7 мкм,

забарвлені гематоксиліном та еозином). Зовнішня будова маткової труби самки щура і людини має деякі відмінності. На

відміну від людини, маткова труба лабораторного білого щура має вигляд тонкої і короткої трубочки, скрученої спірально

у компактний клубочок. У матковій трубі самки білого щура доцільно розрізняти 2 частини: лійку і маткову частину.

Маткова частина з'єднується з порожниною рогу матки матковим отвором маткової труби, а лійка маткової труби

відкривається в порожнину очеревини до поверхні яєчника черевним отвором маткової труби. Навколо лійки маткової

труби її слизова оболонка зібрана в складки - торочки маткової труби та яєчникові торочки (у людини - одна яєчникова

торочка), які кріпляться до яєчника. При цьому діаметр маткової труби самки білого щура зменшується в напрямку від

лійки до маткової частини. Зокрема, в ділянці лійки діаметр маткової труби становить 0,90±0,10 мм, а діаметр маткової

частини - 0,70±0,09 мм. Маткова труба лабораторного білого щура, як і людини, має брижу маткової труби. Як у людини, так

і в самки білого щура стінка маткової труби складається з трьох шарів: внутрішня оболонка - слизова, середня оболонка

- м'язова, зовнішня оболонка - серозна. Таким чином, маткова труба самки білого щура за своєю макроскопічною будовою

відрізняється від маткової труби людини. Мікроскопічна будова маткової труби людини і самки білого щура досить подібні,

що дозволяє використовувати її як об'єкт при експериментальному моделюванні певних патологічних станів репродуктивної

системи.

Ключові слова: репродуктивна система, маткова труба, білий щур.

СРАВНИТЕЛЬНАЯ АНАТОМИЯ МАТОЧНОЙ ТРУБЫ ЧЕЛОВЕКА И САМКИ ЛАБОРАТОРНОЙ БЕЛОЙ КРЫСЫ
Подолюк М.В.

В мировой литературе накоплен значительный объем данных для характеристики основных компонентов женской половой

системы, функциональных взаимосвязей между ними, а также связей между этой системой и другими системами

организма. Актуальность исследования обусловлена тем, что в структуре женского бесплодия 60-70% занимает трубно-

перитонеальный фактор. Проблемы, связанные с этой патологией, изучают более полувека. До сих пор сведения о

микроанатомии маточной трубы человека и, тем более, самки лабораторного белой крысы противоречивы. Целью

исследования было провести сравнительный анализ структурной организации маточной трубы человека и самки

лабораторной белой крысы. В статье приведены и проанализированы данные исследования, которые проводили на 10

половозрелых белых крысах-самках репродуктивного возраста. Для исследования макроанатомии маточной трубы самки

белой крысы применили метод препарирования, а также стандартные гистологические методы (срезы стенки маточной

трубы толщиной 5-7 мкм, окрашенные гематоксилином и эозином). Внешнее строение маточной трубы самки крысы и

человека имеет некоторые отличия. В отличие от человека, маточная труба лабораторной белой крысы имеет вид

тонкой и короткой трубочки, скрученной спирально в компактный клубочек. В маточной трубе самки белой крысы

целесообразно различать 2 части: воронку и маточную часть. Маточная часть соединяется с полостью рога матки

маточным отверстием маточной трубы, а воронка маточной трубы открывается в полость брюшины к поверхности

яичника брюшным отверстием маточной трубы. Вокруг воронки маточной трубы ее слизистая оболочка собрана в складки

- бахромки маточной трубы и яичниковые бахромки (у человека - одна яичниковая бахромка), которые крепятся к яичнику.
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При этом диаметр маточной трубы самки белой крысы уменьшается в направлении от воронки к маточной части. В

частности, в области воронки диаметр маточной трубы составляет 0,90±0,10 мм, а диаметр маточной части - 0,70±

0,09 мм. Маточная труба лабораторной белой крысы, как и человека, имеет брыжейку маточной трубы. Как у человека, так

и у самки белой крысы стенка маточной трубы состоит из трех слоев: внутренняя оболочка - слизистая, средняя

оболочка - мышечная, внешняя оболочка - серозная. Таким образом, маточная труба самки белой крысы по своему

макроскопическому строению отличается от маточной трубы человека. Микроскопическое строение маточной трубы

человека и самки белой крысы достаточно похожи, что позволяет использовать ее как объект при экспериментальном

моделировании определенных патологических состояний репродуктивной системы.

Ключевые слова: репродуктивная система, маточная труба, белая крыса.
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Electron microscopic changes of the testis germinal epithelium
after an experimental thermal trauma in the application of cryo-
lyophilized xenograft skin substrate
Volkov K.S., Muha S.Yu.
SHEI "I. Ya. Horbachevsky Ternopil State Medical University Ministry of Health of Ukraine", Ternopil, Ukraine

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

reorganization of organs of the reproductive system under

the influence of external factors that are toxic in nature [18].

It is known that severe thermal trauma of the skin causes

significant morphofunctional changes in the systems and

organs of the organism, including the reproductive system

[3, 5, 13]. The analysis of scientific literature has shown

that still remain poorly understood condition of testis (the

central organ of the male reproductive system) after burns

of body.

According to modern ideas, one of the immediate

causes of significant morphofunctional changes in organs

and tissues in burns is exo- and endogenous intoxication

[1, 14]. The products of decay of tissues, specific and

nonspecific toxins are a trigger mechanism for burn

infections, and, subsequently, the development of

septicotoxemia [8, 9]. Therefore, from the theoretical and

practical point of view, it is important to conduct studies to



study the changes of the testis germinal epithelium, the

course of compensatory adjustment and regenerative

processes in them at the closure of the burn wound after the

early necrectomy of the affected skin sections with crushed

cryo-lyophilized xenograft skin substrate [2, 10, 11].

The purpose of this work was to establish an

ultrastructural reorganization of testis germinal epithelium

cells in the stages of toxemia and septicotoxemia after an

experimental thermal trauma when using xenograft skin

substrate.

Materials and methods
Experiments were conducted on 35 sexually mature

white male rats divided into three groups: 1 - intact animals

(5 individuals), 2 - animals with burn injury (15 individuals),

3 - animals with burn injury, which were used as xenograft

skin substrate (15 individuals). The burn was applied under

ketamine anesthesia with copper plates heated in boiling

water on 18-20% shaved body surface of animals. Early

necrectomy of damaged areas of skin was carried out 1 day

after the thermal burn. The formed wounds were covered

with cryo-lyophilized xenograft skin substrate.

In conducting research, the international rules and

principles of the "European Convention for the Protection of

Vertebrate Animals used for Experiments and for Other

Scientific Purposes" (Strasbourg, 1986) and "General Ethical

Principles of Animal Experiments" (Kyiv, 2001) and the Law

of Ukraine No. 3447 "On the Protection of Animals from Cruel

Treatment - 2006" were followed. Histological examination

of the skin testified to the development of the burn of the third

degree.

Experimental animals were decapitated at 7, 14 and 21

days of the experiment, which met the terms of early, late

toxemia and septicotoxemia. The material sampling for

electron microscopic studies was carried out in accordance

with the generally accepted method [16]. The small pieces

of testis germinal epithelium were fixed in 2.5%

glutaraldehyde solution with an active medium pH of 7.2-7.4

prepared on phosphate buffer. The postfixation of the

material was carried out with a 1% solution of osmium

tetrachloride, after which it was dehydrated in propylene oxide

and poured into a mixture of epoxy resins with araldite. Ultra-

thin sections made on ultramicrotome LKB-3 (Sweden) were

contrasted with 1% aqueous uranyl acetate solution and

lead citrate by Reynolds method and studied by electron

microscope PEM-125K.

Results
Electron microscopic studies on day 7 after a thermal

trauma found that the walls of the seminiferous tubules

appear thickened due to the swelling of the fibrous layer and

the sites of contraction of the myoid cells. In sustentacular

cells there is enlightenment of the cytoplasm, hypertrophy of

the mitochondria, damage to the integrity of the сrist?. Part of

the nuclei have uneven contours of the nuclear membrane,

increased nuclear pore. Germinal epithelium cells are

altered, spermatogonia is present with signs of mitosis, but

less than in the testicles of the intact group of animals.

Spermatocytes are not densely located due to enhanced

intercellular spaces, in their cytoplasm vacuole-like structures

are available in different sizes (Fig. 1).

Part of spermatocytes with elevated osmiophilic of

karyoplasm and cytoplasm, deformed nuclei. In spermatids

and spermatozoa, poorly contoured acrosome, high electron

density of nuclei and damage to nuclear membrane (Fig. 2).

At 14 and especially 21 days after thermal trauma in the

structural components of seminiferous tubules there is an

increase in ultrastructural changes. There are

heterogeneous changes in the myoid cells. In addition to

cells with electronically bright, edematous cytoplasm, cells

with osmophilic cytoplasm and picnotically altered nuclei

are detected. Organelles in them are destructively altered.

Submicroscopically, in the late stages of the trial, a

significant destruction is found in sustentacular cells.

Incorrect form of their nuclei includes osmiophilic

Fig. 1. Ultrastructural changes of the animal's seminiferous tubules
on 7 day after a thermal trauma. Wall of tubules (1), Sertoli cell (2),
primary spermatocyte (3). х13000.

Fig. 2. Submicroscopic state of the spermatogenic cells of the
testicle of the animal for 7 days after a thermal trauma. Primary
spermatocyte (1), spermatids (2). х13000.
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karyoplasm. In the cytoplasm of elevated electron density,

organelles were poorly contoured, vacuole-like structures

were present (Fig. 3).

In the spermatogenic cells, there were cells with signs

of myotic division. In the part of spermatids and spermatozoa,

poorly contoured acrosome, high electron density of nuclei

and damage to nuclear membrane. A part of the cells was

with increased osmiophilic of karyoplasm and cytoplasm,

deformed nuclei. Expanded intercellular spaces,

spermatocytes are not densely located, vacuole-shaped

structures of varying sizes are available in their cytoplasm.

Such a condition of the germinal epithelium characterizes

significant violations of spermatogenesis.

Electron microscopic examination of the testicles of

animals after 7 days of burning under the use of xenograft

skin substrate revealed an improvement in their

ultrastructure. Available spermatogonia with signs of mitosis,

primary and secondary spermatocytes include round

nucleus having euchromatin and small breasts of

heterochromatin in the structure of the karyoplasm, and partly

damaged organelles in the cytoplasm (Fig. 4). Spermates

and spermatozoa are also less altered than in the group of

animals with burns.

Sub-microscopic studies in the late terms of the

experiment found that, especially at 21 day, there was a

significant improvement in the state of the structural

components of seminiferous tubules. The bodies of

supporting cells are clearly contoured, they have a large

cone-shaped body with sprouts located on the base of the

basement membrane. A significant area of the cytoplasm of

Sertoli cell includes the granulosa endoplasmic reticulum

tubule and small vesicles of rough endoplasmic reticulum.

Small mitochondria have a long or round shape depending

on the plane of the cross-section. In the average electron

density of the matrix and little crist?. Available dictyosomes

of the Golgi complex, lysosomes, mainly primary, lipid

inclusion, bubbles and vacuoles, mainly in adlucent

compartment. Plasmalemma of sustentacular cells is in

contact with the germinal epithelium.

In the germinal epithelium there are cells with signs of

mitotic division. Primary spermatocytes have a large area of

the cytoplasm that is electronically light, including many free

ribosomes and small unevenly located mitochondria. In the

nucleus of the cells, there are meiosis figures, varying

degrees of regions of the condensed chromosomes are

detected and, in particular, they are thickened in the stage of

pachytene and diakinesis.

Secondary spermatocytes are smaller in size, include

round eucharomatic nuclei, a small area of the cytoplasm

and localized closer to the lumen of the seminiferous

tubules. In spermatids and spermatozoa, the acrosome is

well contoured, a high electron density of nuclei is present,

and the mitochondrial vagina is formed (Fig. 5).

This condition of the germinal epithelium characterizes

its normalization and the restoration of the phase nature of

spermatogenesis.

Fig. 3. Ultrastructural changes in the animal's seminiferous tubules
on the 21st day after a thermal trauma. Wall of tubules (1), Sertoli
cell (2), primary spermatocyte (3). х7000.

Fig. 4. Ultrastructural state of the seminiferous tubules of the
animal for 7 days after the thermal trauma with the use of cryo-
lyophilized xenograft skin substrate. Wall of tubules (1), Sertoli cell
(2), primary spermatocyte (3). х12000.

Fig. 5. Submicroscopic state of the spermatogenic cells of the
seminiferous tubules animal for 21 days after the thermal injury of
the animal with the use of cryo-lyophilized xenograft skin substrate.
The nucleus (1) and the cytoplasm (2) of spermatids. х9000.
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Discussion
The morphological state of the structural components

of the testicles and their reproductive function greatly depend

on the effect of the damaging factors [17]. Specific and non-

specific toxins resulting from the decomposition of skin

tissues after severe thermal trauma cause significant

changes in the germinal epithelium ultrastructure and, in

particular, in the stages of early and late toxemia. In the

seminiferous tubules, the submicroscopic organization of

Sertoli cells is affected, which affects the process of the

formation of germ cells. Their destructive changes after a

thermal trauma are established in all phases of

spermatogenesis in the testes of the experimental group.

Significant changes in the area of burn of the skin and

internal organs in the body systems are established in many

studies [6, 12, 15, 19]. Therefore, it was advisable to conduct

early necrectomy of wound-affected areas of the skin and

use of cryo-lyophilized xenograft skin substrate on wounds.

The electron microscopically positive effect of this xenograft

skin substrate on the ultrastructure of all components of the

testis germinal epithelium and, especially, in the late

experiment (21 days) was proved.

The reduction of histological changes in the use of such

a factor after skin burns in the experiment is established in

studies of the structure of the myocardium, lungs, kidneys,

liver and other internal organs of the experimental animals

[10, 11].

Thus, severe, large-scale thermal lesions of the skin

require the implementation of modern therapeutic measures

to activate and accelerate regenerative processes not only

for the healing of burn wounds, but also for the reduction of

pathological changes and normalization of the

morphofunctional state of the internal organs of the body [4,

7].

The obtained scientific results can be used for further

investigations of the condition of the structural components

of the testicles under the conditions of applying corrective

factors in the experimental thermal trauma.

Conclusions
1. In the early term after the thermal trauma (7 day of the

experiment), ultrastructural changes have signs of

destruction of testis germinal epithelium cells and are

adaptive-compensatory. In the long term after the thermal

lesions (14 and 21 days of the trial), under conditions of

endogenous intoxication, deep destructive changes of the

germinal epithelium develop, and the inhibition of reparative

regeneration is present.

2. Coating of the burn wound with crushed cryo-lyophilized

xenograft skin substrate after excision of necrotizing tissues

from the site of damage significantly reduces the destructive

changes of cells of the germinal epithelium. The best

preservation of the intracellular components of Sertoli cells

and the activation of regeneration contributes to the relative

normalization of the testis structure in the late stages of the

experiment.
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ЕЛЕКТРОННО-МІКРОСКОПІЧНІ ЗМІНИ СПЕРМАТОГЕННОГО ЕПІТЕЛІЮ ЯЄЧОК ПІСЛЯ ЕКСПЕРИМЕНТАЛЬНОЇ ТЕРМІЧНОЇ
ТРАВМИ ПРИ ЗАСТОСУВАННІ СУБСТРАТА КРІОЛІОФІЛІЗОВАНОЇ КСЕНОШКІРИ
Волков К.С., Муха С.Ю.

Глибока, велика за площею термічна травма шкіри призводить до значних морфофункціональних змін органів в складі

систем обпеченого організму. Проте, маловивченим залишається при опіках центральний орган чоловічої статевої системи

- яєчко і, особливо, при лікуванні термічно пошкоджених ділянок шкіри. Метою цього дослідження було встановлення

ультраструктурної реорганізації клітин сперматогенного епітелію яєчок в стадіях токсемії та септикотоксемії після

експериментальної термічної травми при застосуванні субстрата ксеношкіри. Дослідження проведені на 35 статевозрілих

білих щурах-самцях, які були розподілені на три групи: 1 - інтактні тварини (5 особин), 2 - тварини з опіковою травмою (15

особин), 3 - тварини з опіковою травмою, яким застосовували субстрат ксеношкіри (15 особин). Опік наносили під кетаміновим

наркозом мідними пластинами, нагрітими у киплячій воді, на 18-20% епільованої поверхні тіла тварин. Ранню некректомію

пошкоджених ділянок шкіри проводили через 1 добу після нанесення термічного опіку. Рани, які утворились, покривали

кріоліофілізованим ксенодермальним субстратом. Піддослідних тварин декапітували на 7, 14 та 21 доби експерименту, що

відповідно темінам ранньої, пізньої токсемії та септикотоксемії. Забір матеріала для електронно-мікроскопічних досліджень

проводили згідно із загальноприйнятою методикою. Встановлено, що в стадії ранньої токсемії (7 доба досліду) наявні

пристосувально-компенсаторні зміни та ознаки деструкції клітин сперматогенного епітелію яєчок. У стадіях пізньої

токсемії та септикотоксемії (14 і 21 доби досліду) відбуваються значні деструктивні зміни всіх компонентів звивистих

канальців органу. Електронно-мікроскопічно встановлено, що закриття опікової рани після проведення ранньої некректомії

субстратом кріоліофілізованої ксеношкіри за умов тяжкої експериментальної опікової травми вже в ранні терміни досліду

суттєво зменшує пошкодження сперматогенного епітелію яєчок піддослідних тварин і активізує регенераторні процеси.

Це сприяє суттєвому покращенню ультраструктури компонентів звивистих канальців органу в пізні терміни експерименту.

Ключові слова: яєчко, електронно-мікроскопічні зміни, експериментальна термічна травма, субстрат кріоліофілізована

ксеношкіра.

ЭЛЕКТРОННО-МИКРОСКОПИЧЕСКИЕ ИЗМЕНЕНИЯ СПЕРМАТОГЕННОГО ЭПИТЕЛИЯ ЯИЧЕК ПОСЛЕ
ЭКСПЕРИМЕНТАЛЬНОЙ ТЕРМИЧЕСКОЙ ТРАВМЫ ПРИ ПРИМЕНЕНИИ СУБСТРАТА КРИОЛИОФИЛИЗИРОВАННОЙ
КСЕНОКОЖИ
Волков К.С., Муха С.Ю.

Глубокая, большая по площади термическая травма кожи приводит к значительным морфофункциональным изменениям

органов в составе систем обожженного организма. Но малоизученным при ожогах остается центральный орган мужской

половой системы - яичко и, особенно, при лечении термически поврежденных участков кожи. Целью этого исследования

было установление ультраструктурной реорганизации клеток сперматогенного эпителия яичек в стадиях токсемии и

септикотоксемии после экспериментальной термической травмы при использовании субстрата ксенокожи. Исследования

проведены на 35 половозрелых белых крысах-самцах, которые были распределены на три группы: 1 - интактные животные

(5 особей), 2 - животные с ожоговой травмой (15 особей), 3 - животные с ожоговой травмой, которым применяли субстрат

ксенокожи (15 особей). Ожог наносили под кетаминовым наркозом медными пластинами, нагретыми в кипящей воде, на 18-

20% эпилированой поверхности тела животных. Некрэктомию поврежденных участков кожи проводили через 1 день после

нанесения термического ожога. Раны, которые образовались, покрывали криолиофилизированным ксенодермальным

субстратом. Подопытных животных декапитировали на 7, 14 та 21 день эксперимента, что соответствует срокам

ранней, поздней токсемии и септикотоксемии. Забор материала для электронно-микроскопических исследований проводили

согласно общей существующей методики. Выявлено, что в стадии ранней токсемії (7 день опыта) присутствуют признаки

деструкции клеток сперматогенного эпителия яичек и приспособительно-компенсаторные изменения. В стадиях поздней

токсемии и септикотоксемии (14 и 21 день опыта) происходят значительные деструктивные изменения всех компонентов

извитых канальцев органа. Электронно-микроскопически установлено, что закрытие ожоговой раны после проведения

ранней некрэктомии субстратом криолиофилизированой ксенокожи при тяжелой экспериментальной ожоговой травме

уже в ранние сроки опыта существенно уменьшает повреждение сперматогенного эпителия яичек экспериментальных

животных, активизирует регенераторные процесы. Это способствует существенному улучшению ультраструктуры

компонентов извитых канальцев органа в поздние сроки эксперимента.

Ключевые слова: яичко, электронно-микроскопические изменения, экспериментальная термическая травма, субстрат

криолиофилизированная ксенокожа.
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The role of the transcription factor Sox2 and cytokeratins in the
formation and development of the gastroesophageal junction
epithelial cell differon
Rekun T.O., Vernygorodskyi S.V., Kyselova T.M., Tataryna O.V., Cherepakha O.L.
Vinnytsya National Pirogov Memorial Medical University, Vinnytsya, Ukraine

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

induction and maintenance of pluripotent stem cells is Sox2.

As for the definition of stem cells in the upper gastrointestinal

tract, there are, at present, different, sometimes contradictory

thoughts. Sox2 is proposed as one of the markers for the

identification of stem cells in the esophagus and the
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stomach, but its involvement in the differentiation and

development of the gastroesophageal junction (GEJ)

epithelial cell lineage remains poorly understood [6, 8, 13,

16].

Recognized immunohistochemical markers of the

epithelium are cytokeratins - proteins of intermediate

filaments (cytoskeleton) of epithelial cells. There are about

20 different cytokeratins that differ in amino acid composition,

molecular weight, and isoelectric point. They are divided

into two large groups: sour or type I (type A), which include

cytokeratins 9-20 (CK9-CK20), and the main/neutral - 9 type

II (type B), represented by CK1-CK8 [2, 9, 10, 17]. Cytokeratins

are encoded by the genes of a large multigenic family (on

chromosomes 11, 12 and 17). The different groups of

epithelium are characterized by the corresponding groups

of cytokeratins [3, 5].

In practical work for the immunocytochemical

determination of the epithelial nature of atypical cells in the

biopsies of tumors, antibodies against a specific cytokeratin

or their wide spectrum (Pan-CK) are used. It is the

cytokeratins responsible for the differentiation of the

epithelium of various organs and the preservation of its

cytoskeleton. Regarding the GEJ epithelial cell lineage, their

distribution and role in the formation, ripening, cell migration

and differentiation of the embryonic and epidermal

epithelium of embryos and fetuses at present have not been

sufficiently studied.

That is why the purpose of our study was to establish the

expression of the transcription factor of Sox2 and the

distribution of cytokeratins in the GEZ epithelium in the stages

of embryonic and fetal periods of ontogenesis.

Materials and methods
The study was performed on embryos and fetuses of a

person aged 4-5 up to 38 weeks of fetal development that

developed in the uterus in the absence of explicit external

and internal factors obtained from medical abortions or

stillborn in relatively healthy women in the Vinnitsa Regional

Anatomic Pathology Department (VRAPD) and maternity

homes in the city of Vinnytsia and who died from causes not

associated with GIT diseases.

Fetal preparations weighing more than 500.0 g were

studied directly in VRAPD of Vinnitsa (Order of the Ministry of

Health of Ukraine "On Approval of Instructions for Determining

the Perinatal Period, Live Birth and Deadly Births, Procedure

for Registration of Abandoned and Deadly Births" No. 179

dated 29.03.2006). The age of subjects was determined

according to tables by T. Sadler (2001) on the basis of

measuring the сrown-rump length [4, 18, 19].

The total number of embryos and fruits was 169, which

were distributed by age and сrown-rump length (CRL) to the

following groups (Table 1).

The objects under investigation were also distributed by

age periodization by R.K. Danilov, T.G. Borova (2003),

A.V. Mazurin, I.M. Vorontsov (2009), and included the following

periods of prenatal development of a person [1, 4, 12, 21,

23]: embryonic period - from 5 to 6 weeks (35-42 days);

embryo-fetal period - from 7 to 9 weeks (43-62 days); early

fetal period - from 10 to 28 weeks (63-196 days); late fetal

period - from 28 to 38 weeks (197-266 days by R.K. Danilov,

T.G. Borova, 2003), [4].

The research has been carried out in accordance with

the methodological recommendations "Compliance with

ethical and legal norms and requirements in the course of

scientific morphological research" and "Procedure for the

seizure and use of biological objects from dead persons

whose bodies are subject to forensic examination and

pathological anatomical investigation for scientific purposes"

[10, 13]. To determine morphological changes, general-

histological (staining with hematoxylin-eosin) and

immunohistochemical methods were used. For quantitative

evaluation of the Sox2 transcription factor and expression of

cytokeratins, a semi-quantitative method was used,

according to which 4 categories were distinguished: 0 (-) -

negative reaction (coloration <5% of cells), 1 (+) - weak

coloration (positively colored 10-30% of cells), 2 (++) is a

moderately pronounced reaction (most of the positively

colored cells - 31-60%) and 3 (+++) - intense coloration

(> 60% cells or almost all cells of the epithelium are positively

colored). The coefficient of expression (СE) was calculated

for each observation by the formula: KE = Σ (i x v)/100, where

i - the intensity of the color in points (from 0 to 3), v - the

percentage of stained cells (from 0 to 100% of the most a

pronounced reaction in 10 fields of view at x400) for each

value of "i". Immunohistochemical research was carried out

on the basis of the Vinnitsa Regional Anatomic Pathology

Department.

Microscopy and photographing of histological

preparations were performed using an optical microscope

OLIMPUS BX 41 with magnifications of 40, 100, 200 and

400 times. Receive and process photos, perform

Age (weeks) Quantity CRL (mm)

4-5 6 6.100±0.300

6-7 6 15.10±0.60

8-9 7 19.40±0.50

10-11 10 39.02±0.50

12-13 11 58.72±2.27

14-15 12 93.11±5.10

16-17 15 122.2±2.7

18-20 19 152.9±3.5

21-24 20 192.1±1.8

25-28 13 230.9±3.1

29-32 14 264.8±1.7

33-36 20 302.9±1.4

37-38 16 341.5±5.7

Total 169 -

Table 1. Distribution of human embryos and fetuses according to
age groups (M±m).



morphometry and statistical processing using the "Quick

PHOTO MICRO 2.3" program. When performing

morphometric studies were guided by the basic principles

laid out in the G.G. Avtandilova (2002) guide [2]. The obtained

digital results were processed by a variational statistical

method using Student tables.

Results
At the immunohistochemical analysis of GEJ epithelial

cell lineage, the Sox2 transcription factor already showed

strong expression in the nuclei of epitheliocytes both in the

gastric epithelium (Fig. 1) and in the esophageal part of

the GEJ (Fig. 2) at the embryonic period of the study. The

intensity of the expression of this marker is presented in

Table 2.

Upon further study of this marker, we observed its positive

conjugation with mainly basal nuclei of epitheliocytes, both

on embryo-fetal, and in early fetal periods in both parts.

The late fetal period was characterized by a positive strong,

sometimes moderate, expression of the transcription factor

of Sox2 in the nuclei of basal epitheliocytes, despite its
weak marking in the nuclei of surface epitheliocytes of both

the gastrointestinal and esophageal parts of GEJ. The most

potent expression in the immunohistochemical analysis

of the transcription factor of Sox2 was observed in basal

epitheliocytes of the gastric part of GEJ in the late fetal period,

despite its weak expression, and sometimes the lack of

marking in surface epitheliocytes.

The cytoplasmic marker of epithelial differentiation of

high molecular weight cytokeratin 7 (CK7) during the

embryonic period of the observation showed poor

expression predominantly in the apical parts of the epithelial

cell lineage of the esophagus and the stomach (Fig. 3). It

intensively (+++) intensified during the formation of gastric

pits, coinciding with the data of the next study [1, 21, 28], also

in the gastral part of GEJ and at the beginning of the early

fetal period in the esophageal part of the GEJ (Table 3).

The feature of its marking was the positive coloration of

Fig. 1. A strong expression of Sox2 in the nuclei of the epithelial
cells of GM is indicated by an arrow. Stomach of embryo 4-5
weeks with CRL 6.1±0.3 mm. Immunohistochemical labeling with
Sox2, х400.

Fig. 2. The Sox2 strong expression in the epithelial cells of the
esophageal part of the GEJ is marked with an arrow. Esophagus
of embryo 6-7 weeks with CRL 15.1±0.6 mm. Immunohistochemical
labeling. Sox2, х400.

Age (weeks)
Sox2

Esophagus Stomach

4-5 2.544±0.163 0.807±0.043

6-7 2.696±0.089 0.727±0.060

8-9 2.763±0.081 0.754±0.047

10-11 2.817±0.054 0.721±0.076

12-13 2.842±0.637 0.739±0.037

14-15 2.805±0.075 0.171±0.039

16-17 2.817±0.064 0.160±0.027

18-20 0.784±0.063 0.169±0.025

21-24 0.779±0.044 0.221±0.171

25-28 0.810±0.053 0.401±0.229

29-32 0.795±0.044 0.401±0.229

33-36 0.780±0.044 0.293±0.176

37-38 0.814±0.073 0.336±0.209

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

Fig. 3. Weak expression of CK7 in the apical part of the esophagus
epithelium cytoplasm is marked with an arrow. Esophagus of embryo
4-5 weeks with CRL 6.1±0.3 mm. Immunohistochemical labeling
with CK7. х200.
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this cytokeratin in undifferentiated epitheliocytes of gastric

mucosa. Subsequently, the marking of CK7 increased from

moderate at 9 week to a strong coloring at 11 week, which

coincided with the acquisition of the properties of ciliated

pseudostratified columnar epithelium. Cytokeratin 7 disappears

already at the stratified squamous epithelium stage,

cytokeratin 8 is enhanced in the stomach, and completely

disappears in the esophageal epithelium at 37 week.

Immunohistochemical analysis of the cytokeratin 8 (CK8/

18) in the GEJ epithelial cell lineage in the embryonic period

(5-7 weeks) has established its moderate, sometimes

vigorous expression, both in the apical and basal parts of

the esophagus and stomach cytoplasm epitheliocytes. It

should be noted that along with positive marking of

cytoplasm, quite characteristic was fairly typical and strong

expression of the marker in the basal membrane, which is

stained in brown and well observed (Fig. 4).

Cytokeratin 8/18 was detected in the cytoplasm and

plasmalemma of spinosum epitheliocytes of GEJ with

perinuclear region localization of granules. In most cells,

they were evenly distributed. Cytokeratins 8/18 coexpression

observed in both esophageal and gastric epithelium of GEJ,

while marking was intense in the early period of

embryogenesis and insignificant at later dates (tab. 4).

Cytokeratin 8/18 is registered in plasmalemma in the

esophagus up to 21 weeks and disappears from the 24

gestational weeks. At the end of the late fetal period, the

epithelium of the esophageal part of the GEJ is negative in

the esophagus, but with the appearance of a stratified

squamous epithelium, it appears cytokeratin14 in basal

epitheliocytes, which coincides with the subsequent study

[15, 25, 26].

In the gastric part of the GEJ epithelial cell lineage, the

expression of CK8/18 was moderate with a diffuse

Age (weeks)
Cytokeratin 7

Esophagus Stomach

4-5 0.230±0.080 0.149±0.027

6-7 0.264±0.081 0.232±0.148

8-9 0.885±0.200 0.334±0.168

10-11 2.549±0.170 0.345±0.168

12-13 0.252±0.173 0.736±0.099

14-15 - 0.794±0.006

16-17 - 0.753±0.116

18-20 - 0.781±0.098

21-24 - 0.817±0.106

25-28 - 0.809±0.132

29-32 - 0.810±0.065

33-36 - 0.848±0.065

37-38 - 0.821±0.622

Table 3. Intensity of expression of cytokeratin 7 in cytoplasm of
epitheliocytes of GEJ (M±m).

Fig. 4. Positive strong expression of CK8/18 in basal (arrow 1)
and apical (arrow 2) cytoplasm epithelial cells and basal membrane
of the esophagus. Esophagus of embryo 4-5 weeks with CRL
6.1±0.3 mm. Immunohistochemical labeling with CK8/18, х200.

Age (weeks)
Cytokeratin 8/18

Esophagus Stomach

4-5 2.480±0.159 2.484±0.162

6-7 0.418±0.245 2.516±0.117

8-9 0.267±0.126 2.681±0.069

10-11 2.490±0.088 2.530±0.117

12-13 0.816±0.180 0.721±0.176

14-15 0.774±0.112 0.756±0.071

16-17 0.790±0.073 0.707±0.178

18-20 0.774±0.042 0.682±0.122

21-24 0.714±0.054 0.837±0.070

25-28 - 0.763±0.055

29-32 - 0.847±0.091

33-36 - 0.817±0.071

37-38 - 0.815±0.073

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

Fig. 5. Positive weak perinuclear expression of CK8/18 in the
basal parts of the surface epithelium and glandular exocrinocytes
is indicated by an arrow. Fetal stomach, 37-38 weeks with CRL
341.5±5.7 mm. Immunohistochemical labeling with CK8/18. х200.
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distribution pattern of cytokeratins in the cytoplasm of

epitheliocytes throughout the entire observation period.

Marking prevailed in the gastric mucosa, where non-

differentiated gastric epitheliocytes were localized (Fig. 5).

At immunohistochemical analysis of expression of

cytokeratin 14 (CK14) it was found that it exhibited strong

conjugation with basal epitheliocytes in the esophageal part

of MM GEJ in the fetal period. From the 17th week, its

appearance in the cytoplasm and plasmalemma basal

epitheliocytes of the esophageal unit GEJ was recorded

despite weak, sometimes moderate markings in the

plasmalemma of suprabasal and superficial epitheliocytes.

In this case, the positive marking remained in the data

structural elements of MM GEJ throughout the fetal period to

38 weeks. The expression of this marker was absent in both

the esophagus and the gastrointestinal part of the GEJ in the

embryonic, embryo-fetal and early fetal periods. Also, its

expression was negative in the epithelium of cardia part gastric

mucosa in the late fetal period. It should be noted that in the

fetal period, its expression in the cytoplasm coincided with

the appearance in nuclei transcription factor p63 in the basal

epitheliocytes of the esophageal part of the GEJ.

Thus, the data we obtained from the immuno-

histochemical analysis of GEJ epithelial cell lineage allow

us to estimate the biological potential of cells, to establish

tissue and organ affinity, and can be widely used in the

diagnosis of non-tumor nature and tumors of the

gastrointestinal tract to facilitate the accurate classification

of tumors and to obtain significant prognostic information

when use of new molecular targeting therapy [22, 23, 24].

Discussion
The study of patterns of the implementation of

mechanisms of histogenesis (a set of processes that lead

to the formation and restoration of tissues in the course of

individual development) is now impossible without

determining the role of these processes of stem and

progenitor cells, the peculiarities of the development and

interaction of different cellular clones in the early stages of

histogenesis [7, 17, 22]. Intensive study of stem cells

significantly increased the level of our knowledge about the

molecular genetic mechanisms of histogenesis and the

development of methods for their regulation. Stem cells are

a hierarchy of special undifferentiated pluripotent cells of

living organisms that can asymmetrically divide with the

formation of a similar parent (self-reproduction) and a new

(progenitor) cell that is differentiated into a certain type of

cell. Progenitor cells, in contrast to pluripotent stem cells,

have stable biomarkers to distinguish between them and

their offspring from cells of other cell lineages, the ability to

proliferate is much lower than that of pluripotent stem cells.

As for the epithelial cell lineage of both the esophagus and

GEJ, the issue of identification of the stem cell precursor

remains open today. Thus, their role is mainly offered by

basal epitheliocytes of the epithelial cell lineage, but various

authors find cells with various molecular genetic markers.

Thus, basal epitheliocytes with positive expression of the

transcription factor p63 were proposed by some researchers

[13, 17], other authors - CD34 [17, 21], as well as cells with

positive expression of the transcription factor of Sox2 [22]. In

our opinion, this is due to the fact that the stem cell precursor

of the epithelial cell lineage, due to heterogeneity, that is, the

expression of several different transcription factors, can be

differentiated in different directions. Further switching or

shutdown of a particular transcription factor under the

influence of factors not yet known to date leads to a change

in the cellular phenotype. Thus, in our previous study, we

recorded the disappearance of the expression of the

transcription factor p63 at the end of the embryonic stage of

embryogenesis (7 weeks), resulting in the appearance of a

new epithelial cell lineage in the mucosa membrane of GEJ,

in the esophagus part of the ciliated pseudostratified

columnar epithelium, and in the cardia part - cuboidal and

over time, the columnar epithelium, which remained negative

for marking p63 until the end of the study. In the esophagus

part with the appearance of a stratified squamous

epithelium, the transcription factor p63 reappeared in basal

epitheliocytes of stratified squamous epithelium [7, 16].

Unlike p63, the transcription factor of Sox2 was observed

at all terms of the observation, which was detected

predominantly in the nuclei of basal epitheliocytes of GEJ,

consistent with the results of subsequent studies [25, 26,

27]. It should be noted that GEJ epithelial cell lineage cells

had a strong positive expression for several molecular

genetic markers, such as p63, Sox2, CK14, CK8/18, weak

for CK7 for 4-6 weeks of the embryonic period. This confirms

the presence in this epithelial cell lineage of pluripotency of

the properties of stem cells. Over time, from 7-8 gestational

weeks, these cells lost the ability to express one or another

molecular genetic marker, indicating their transdifferentiation

to the progenitor cell (stem cell precursor) of GEJ epithelial

cell lineage.

The weak expression of CK7 in the apical sections of the

esophagus epitheliocytes of the esophagus was observed

by us from 5 week, which does not coincide with the data of

the subsequent studies that recorded its appearance from

12 week of gestation with respect to cytokeratin 8/18, then

its labeling is consistent with the results of foreign studies

that also noted its expression at the early embryonic period.

In the epithelial cell lineage of the gastric part of GEJ, the

expression of CK8/18 was moderate and, unlike the

esophagus, remained throughout the study period.

According to our data, cardia part of gastric mucosa is

congenital rather than the result of meta-plastic

transformations that coincided with the work of foreign

authors [8, 16, 21, 26, 27]. From 5 to 7 weeks, the epithelial

cell lineage remains heterogeneous with the properties of

both the esophagus, gastric and intestinal phenotypes,

differentiation begins with 8 weeks, determination and

specialization in stratified squamous epithelium in the

stomach from 10 weeks. Thus, based on our data on

expression of transcription factors and cytokeratins, the GEJ
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epithelial cell lineage can distinguish pluripotent stem cells

with heterogeneous properties present at 4-6 weeks and

have positive expression for p63, Sox2 CK7, CK8/18, and

CK14, indicating their ability to differentiate into various

cellular phenotypes.

Based on the data obtained in this and previous studies,

the stem cell precursor stratified squamous epithelium in

our opinion is those that had positive expression of p63,

CK14 but lost the ability to express CK7, CK8/18 for stratified

squamous epithelium. As for the columnar epithelium cardia

part of GEJ, for its stem cell precursor, the positive expression

of CK7 and CK8/18 was characteristic on all observation

periods, with the advantage of marking CK8/18 and negative

for p63 starting from 7-8 gestational weeks, despite weak

expression Sox2 on all terms of the study.

The results of our study may be useful in developing

methods for purposeful correction of key mechanisms of

histo-, morpho-, organogenesis, as well as the formation of

a new direction in science - regenerative biology and

medicine. The most promising direction for this is the use of

genetic, cellular, tissue and organ biotechnologies for the

treatment of various diseases, as well as the cloning of

cells and animals [15, 20].

Thus, the data we obtained from the immuno-

histochemical analysis of GEJ epithelial cell lineage allow

us to estimate the biological potential of cells, to establish

tissue and organ affinity, and can be widely used in the

diagnosis of non-tumor nature and tumors of the

gastrointestinal tract to facilitate the accurate classification

of tumors and to obtain significant prognostic information

when use of new molecular targeting therapy [12, 23, 24].

Further studies and the establishment of the patterns of

expression of the transcription factor of Sox2 and human

cytokeratins in the GEJ epithelial cell lineage in the prenatal

period of ontogenesis will complement current data on its

morphology and increase the accuracy of the diagnosis and

evaluation of pathological changes in the GEJ mucosa in

various GEJ diseases.

Conclusions
1. The expression of the transcription factor of Sox2

was observed predominantly in basal epitheliocytes of GEJ

and in all terms of observation, which may indicate its

central role in the development, differentiation and formation

of the GEJ epithelial cell lineage. The transcription factor

p63 is involved in the formation of stratified squamous

epithelium, its moderate expression was characteristic of

the undifferentiated epithelium in the embryonic period and

the already differentiated epithelium of the late fetal period.

Its disappearance of the "exception" at the 8th gestational

week in cardia mucous membrane of GEJ indicates

transdifferentiation, a change in the cellular phenotype on

the columnar epithelium.

2. The distribution of cytokeratins was characterized by

heterogeneity, with the expression of cytokeratin 7 being

positive in the cytoplasm of spinosum epitheliocytes,

despite the negative expression in the basal layer. It showed

weak expression in epitheliocytes of the esophageal part

of the GEJ in the embryonic period with an increased

reaction in the embryo-fetal period and subsequently

disappeared from the 14th week in the early fetal period.

For cardia mucous membrane of GEJ was characterized

its moderate expression on all terms of observation

3. Cytokeratin 8/18 is an embryo-fetal for the esophagus

part of the esophagus, as it was determined in the early

periods of embryogenesis and disappears in the late period

(28-38 weeks). Cardia of the mucous membrane of GEJ

was characterized by its moderate expression on all terms

of observation.

4. Cytokeratin 14, in contrast to CK7 and CK8/18, has

been localized in the cytoplasm and membranes of basal

epitheliocytes of the esophageal part of the GEJ mucosa

membrane from the 17th gestational week and was absent

in the gastral part of the GEJ throughout the prenatal period.

5. Based on the data of immunohistochemical analysis,

it is possible to separate the major GEJ epithelial cell

lineage in the prenatal period of ontogenesis: 4-6

gestational weeks - pluripotent stem cells with positive

expression of p63, Sox2, CK8/18, CK7; 7-38 weeks -

progenitor cell stratified squamous epithelium of the

esophageal part of GEJ with positive expression of Sox2,

p63, CK14; 14-38 weeks - progenitor cell of columnar

epithelium cardia part of GEJ with positive expression of

Sox2, CK8/18, CK7.
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В літературі неодноразово обговорювали питання щодо джерела походження епітелію слизової оболонки кардіальної частини
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одношарового циліндричного епітелію. Ймовірно, це пов'язано з труднощами вивчення незначного за розмірами епітелію

слизової оболонки власне кардії й встановленням зв'язку дуоденогастроезофагеального рефлексу з розвитком метаплазії

в епітелії слизової оболонки термінального відділу стравоходу, котрий нагадує його будову в кардіальному відділі шлунку.

Мета дослідження - вивчити експресію транскрипційного фактора Sox2 та розподіл цитокератинів в епітелії

гастроезофагеальної зони (ГЕЗ) на етапах ембріонального та фетального періодів онтогенезу. Згідно з метою дослідження

використали імуногістохімічний аналіз епітеліального диферону стравохідно-шлункового переходу (СШП). Дослідження

виконано на 169 ембріонах та плодах людини віком від 4-5 до 38 тижнів внутрішньоутробного розвитку. Встановлено, що

транскрипційний фактор Sox2 експресується в базальних епітеліоцитах ГЕЗ на всіх термінах спостереження та виконує

головну роль у розвитку, диференціації та становленні епітеліального диферону ГЕЗ. Особливістю експресії цитокератину

7 було позитивне маркування у цитоплазмі остистих епітеліоцитів попри негативну експресію в базальному шарі. Він

проявив слабку експресію в епітеліоцитах стравохідної частини ГЕЗ в ембріональному періоді з посиленням реакції у

ембріофетальному періоді та з подальшим зникненням, починаючи з 14 тижня у ранньому фетальному періоді. Для

кардіальної слизової оболонки ГЕЗ була характерна його помірна експресія на всіх строках спостереження. Цитокератин

8/18 є ембріофетальним для стравохідної частини стравоходу, так як визначається на ранніх періодах ембріогенезу та

зникає у пізньому періоді (28-38 тижнів). Для кардіальної слизової оболонки ГЕЗ була характерна його помірна експресія на

всіх строках спостереження. Цитокератин 14, на відміну від CK7 та CK8/18, локалізувався в цитоплазмі та мембранах

базальних епітеліоцитів стравохідної частини слизової оболонки ГЕЗ починаючи з 17 гестаційного тижня та був відсутнім
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транскрипційного фактора Sox2 та цитокератинів в епітеліальному дифероні ГЕЗ у пренатальному періоді онтогенезу

дозволять підвищити точність діагностики при визначенні тканинної або органної належності та можуть широко

застосовуватися при різних захворюваннях СШП.

Ключові слова: гастроезофагеальне з'єднання, імуногістохімічний аналіз, транскріпційний фактор Sox2, цитокератини,

пренатальний онтогенез.

РОЛЬ ТРАНСКРИПЦИОННОГО ФАКТОРА SOX2 И ЦИТОКЕРАТИНОВ В ФОРМИРОВАНИИ И СТАНОВЛЕНИИ
ЭПИТЕЛИАЛЬНОГО ДИФФЕРОНА ГАСТРОЭЗОФАГЕАЛЬНОГО СОЕДИНЕНИЯ
Рекун Т.А., Вернигородский С.В., Киселёва Т.М., Татарина О.В., Черепаха Е.Л.

В литературе неоднократно обсуждали вопрос относительно источника происхождения эпителия слизистой оболочки

кардиальной части желудка и предлагали различные варианты трансформации эпителия как проявление нормальной

анатомической особенности человека, так и вследствие изменения программы дифференцировки стволовой клетки,

миграции клеток костного мозга, трансдифференциации однослойного цилиндрического эпителия. Вероятно, это связано

с трудностями изучения незначительного по размерам эпителия слизистой оболочки собственно кардии и установлением

связи дуоденогастроэзофагеального рефлекса с развитием метаплазии в эпителии слизистой оболочки терминального

отдела пищевода, который напоминает его строение в кардиальном отделе желудка. Цель исследования - изучить

экспрессию транскрипционного фактора Sox2 и распределение цитокератинов в эпителии гастроэзофагеальной зоны

(ГЭЗ) на этапах эмбрионального и фетального периодов онтогенеза. Согласно с целью исследования использовали

иммуногистохимической анализ эпителиального дифферона пищеводно-желудочного перехода (ПЖП). Исследование

выполнено на 169 эмбрионах и плодах человека в возрасте от 4-5 до 38 недель внутриутробного развития. Установлено,

что транскрипционный фактор Sox2 экспрессируется в базальных эпителиоцитах ГЭЗ на всех сроках наблюдения и

выполняет главную роль в развитии, диференциации и становлении эпителиальных дифферонов ГЭЗ. Особенностью

экспрессии цитокератина 7 была положительная маркировка в цитоплазме остистых эпителиоцитов несмотря на

негативную экспрессию в базальном слое. Он проявил слабую экспрессию в эпителиоцитах пищеводной части ГЭЗ в

эмбриональном периоде с усилением реакции в эмбриофетальном периоде и с дальнейшим исчезновением, начиная с 14

недели в раннем фетальном периоде. Для кардиальной слизистой оболочки ГЭЗ была характерна его умеренная экспрессия

во все сроки наблюдения. Цитокератин 8/18 является эмбриофетальной для пищеводной части ГЭЗ, так как определяется

на ранних периодах эмбриогенеза и исчезает в позднем фетальном периоде (28-38 недель). Для кардиальной слизистой

оболочки ГЭЗ была характерна его умеренная экспрессия на всех строках наблюдения. Цитокератин 14, в отличие от CK7

и CK8/18, локализовался в цитоплазме и мембранах базальных эпителиоцитов пищеводной части слизистой оболочки ГЭЗ,

начиная с 17 гестационной недели, и был отсутствующим в желудочной части ГЭЗ в течение всего пренатального

периода. Таким образом, полученные нами данные экспрессии транскрипционного фактора Sox2 и цитокератинов в

эпителиальном диффероне ГЭЗ в пренатальном периоде онтогенеза позволят повысить точность диагностики при

определения тканевой или органной принадлежности и могут широко использоваться при различных заболеваниях ПЖП.

Ключевые слова: гастроэзофагеальное соединение, иммуногистохимический анализ, транскрипционный фактор Sox2,

цитокератины, пренатальный онтогенез.
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The global literature constantly receives new data showing the infectious pathogens as
factors for development of atherosclerosis and acute cerebrovascular pathology, and
the data showing the predictors of pathology of the heart-vessels as markers of
inflammation. The results of research about the connection between the infectious
agents and atherosclerosis are ambiguous, and the attempts to prove such connection
have encouraged the experiments where the infectious agents with atherogenesis are
modeled in animals. The connection of this data with ischemic lesion of brain is not
properly explored, but certain experimental research show progressive degeneration
in brain hemorrhage in mice with herpes virus 1 (HSV1) due to the post-stroke
immunosuppression and reactivation of the infectious agent.  The aim of this work is to
explore experimentally the possible connection between the herpetic infection and the
ischemic lesion to the cortex of mice. To achieve this goal we formed 5 groups of
experimental animals (mice) for investigation into the possibility of connection between
herpes infection and ischemiazaition of brain: 1st group (n=52) - with cholesterol diet;
2nd group (n=23) - with HSV1; 3d group (n=30) - with unilateral occlusion of the common
carotid artery; 4th group (n=10) - with HSV1 and occlusion of the common carotid artery;
5th group (n=6) - with cholesterol diet, HSV1, occlusion of the common carotid artery.
The microscopic slides evaluated changes morphometrically in the density of the
neurons of the neocortex in the ocular of parietal temporal fields of the brain and the
hippocampus. The results were processed statistically with Origin Lab 8.0. A probable
increase in structural changes was identified in group 5 (with three pathological factors
respectively) of the combined model compared to models without association and/or
with several pathological signs from the groups 1-4 (1, 2, 3, 4). Comparison of the
results between the 1-4th and 5th groups showed a significant increase in the relative
number of neurons with cytopathological signs (hemochromatosis, deformation of the
perikaryon, karyopyknosis), which may testify in favor of a sufficiently rapid lesion of
the pyramidal neocortex neurons influenced by two or more pathological signs. The
reduction in the density of pyramidal neurons in the temporal and/or temporal cortex in
the combined model with ischemiazaition and viral association in was had greater
probability compared to the models formed with only one risk factor. The revealed
increase in the degree of neocortex induction during brain cerebral ischemia in mice
with herpes infection is an evidence of possible connection between the two.
Keywords: brain, mice, ischemia, viral infection.
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Introduction
In the world literature, there is a growing number of data

indicating some infectious agents, as factors in the

development of atherosclerosis (AS) and acute

cerebrovascular pathology (ACP), and about the predictors

of acute cardiovascular disease as markers of inflammation.

The ambiguous results of the research on the relationship

between infection and atherosclerosis and attempts to prove

the existence of such an association have led to attempts to

simulate infection-associated atherogenesis in animals [4,

10, 11, 21]. In the experimental work M.V. Avdeyev and

colleagues in 2012 give data on the impact of various

infectious agents on the development and progression of
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atherosclerosis [3]. A study by R. Sorrentino et al. (2015)

demonstrated the possibility of inducing AS by infection C.

pneumoniae in the absence of hypercholesterolemia [25,

26].

One of the possible causes of damage to the arterial

wall and, as a consequence, the development of

atherogenesis, is herpesviruses [17, 30]. The role of herpes

viruses, as etiologic factors of AS, has been thoroughly

investigated in recent years and is now supported by

numerous data. There is growing evidence of the

involvement of viruses Herpes viridae (Herpes simplex virus

(HSV) 1 and type 2, type 3 (VZV), Epstein-Barr virus (EBV),

cytomegalovirus (CMV) in the processes of damage and

maintenance of endothelium inflammation, accumulation

cholesterol, changes in the coagulation properties of the

endothelium, increased thrombogenesis [5, 18, 25]. HSV

types 1 and 2 were found in the aorta and carotid artery of

patients with AS of vessels [7, 20, 24]. In the in vitro study, it

was found that HSV type 1 enhances absorption of low

density lipoproteins by endothelial cells, and saturated

cholesterol esters and triglycerides in unbranched cells [6,

16]. An experiments have shown that the Marek virus (herpes

virus of birds) causes atherosclerotic changes in chickens

[10]. D.G. Alber et al. (2000) demonstrated that infection with

murine γ-herpesvirus-68 leads to AS in apoE-/-mice [1]. D.G.

Alber et al. (2002) conducted another study that proves that

the development of AS is the result of a specific manifestation

of a specific viral infection rather than a systemic immune

response to the presence of any HSV [2]. Thus, the literature

describes the results of only a few studies devoted to the

study of the relationship between the persistence of herpes

viruses and the development of atherogenesis, but some

contradictory data question the participation of the viral factor

directly in its launch, emphasizing the complicity of infectious

agents in the already initiated inflammation of the vascular

wall, damage to the endothelium. The association of these

changes with ischemic brain damage is even less

researched, although some experimental studies have

shown progressive degeneration in the brain of mice infected

with HSV type 1, due to post-stroke immunosuppression

and reactivation of the infectious agent [14, 22].

Understanding of the problem of herpes-associated

atherosclerosis is facilitated by more recent experimental

studies conducted.

The purpose of the work is to investigate in the experiment

the possible connection between herpetic infection and

ischemic damage to the cerebral cortex of mice.

Materials and methods
To investigate the possible relationship between the

development of herpetic infection and cerebral ischemia,

we have formed 5 groups of experimental animals (mice): 1

group (n=52), diet using cholesterol, group 2 (n=23) with

HSV1 infection, group 3 (n=30) with unilateral occlusion of

the common carotid artery (OCCA), group 4 (n=10) with HSV1

and OCCA infections, group 5 (n=6) with HSV1 infection,

cholesterol diet and OCCA. Additionally, an additional control

group (intact animals) is included.

For reproduction of dyslipidemia and structural changes

in blood vessels of animals, 1 group was kept on a

"cholesterol diet" [28] on the basis of granulated feed that

additionally contained animal and vegetable fats, cholesterol

(the quantitative composition of the atherogenic diet per 100

g of the finished product included: heat treated animal fats

(pork fat, butter) - 30-45 g; heat-treated vegetable fats

(margarine) - 15-20 g; cholesterol - 1.5-2 g; calcium

carbonate (CaCO3) - 1 g; Mercazolil ( 1-methyl-2-mercapto-

imidazole with the addition of potatoes starch, calcium

stearate, refined sugar, talc) - 10 mg (equivalent to a daily

dose animals - 10 mg/kg), which speeds up the metabolism

and elimination of various hospital facilities; standard

granulated feed - 32-52 g). Duration of the diet is 12 weeks.

Animals of the 2nd group infected HSV1 by the method

described in the papers [14, 15, 22]. Manipulation with

infected animals was carried out at the "Institute of

Epidemiology and Infectious Diseases named after. L.V.

Gromashevsky NAMS of Ukraine" (Head of the Laboratory of

Experimental Chemotherapy of Viral Infections, MD, Prof.

S.L. Rybalko). Animals of 1 and 2 groups were withdrawn

from the experiment for 12 weeks by decapitation.

OCCA of animals from group 3 were done by imposing a

ligature on the right common carotid artery (suture material

6/0, Ethilon, J & J) [19]. Surgical access to the artery was

carried out under anesthesia (sodium thiopental, 40 mg/kg,

intraperitoneally, 2% solution of lidocaine, 0.3 ml locally).

The animals were withdrawn from the experiment on 1, 2, 3

and 4 days after OCCA by decapitation.

The brain of control and experimental animals was

selected for histological examination. Brain samples were

fixed in 10% neutral formalin solution. After dehydration in

the rising concentrations of ethanol, dioxane and xylene, the

material was poured into paraffin. Paraffin sections 4-6

microns thick colored with toluidine blue by Nissl,

hematoxylin with eosin [23].

By micropreparations evaluated morphometrically

changes in the density of the neurons of the neocortex of the

parietal, temporal parts of the brain and the hippocampus.

For this purpose, photographs of the same areas of the

parietal, temporal, and hippocampal neocortex with the

Olympus BX 51 microscope using the CarlZeiss software

(AxioVision SE64 Rel.4.9.1) determined the total neuron

density in the test area (microphotograph) and the number

of damaged neurons (hyperchromatosis, deformation,

neuronal edema).

Statistical processing of the results was carried out using

the Origin Lab program, version 8.0. Normal distribution of

results is estimated by the Kolmogorov-Smirnov criterion.

Intergroup discrepancies between groups of samples were

evaluated using nonparametric Kruskal-Wallis test

(Kruskal-Wallis ANOVA). The results are presented as

median (Me) and quartile intervals [Q1-Q3]. The difference

was estimated to be significant at p<0.05.



Results
The analysis of micropreparations of experimental

groups allowed to isolate the main zones and anatomical

brain structures that were damaged under the set models

of the experiment. Changes were mainly found in the

neocortex of parietal, temporal and hippocampal regions.

Morphological signs of neurodegeneration and

inflammatory reaction were established in the studied brain

 Fig. 1. Morphological manifestations of structural changes in the brain neurons in experimental group of mice. Degeneration of neurons
in the parietal cortex of experimental groups. 1 - control; 2 - cholesterol diet, increasing the size of the nucleus of the neurons; 3 - OCCA
for 1 day, intact the cerebral cortex; 4 - OCCA for 2 day, degenerative neurons (); 5 - HSV1 + diet + OCCA for 1 day, degeneration and
neuronal edema; 6 - HSV1 + diet + OCCA for 2 day, increase in the number of damaged neurons; к - capillary; н - swelling of the neuron.
Toluidine blue. Lens 40, eyepiece 10.
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specimens. The manifestation of heterogeneous neuronal

damage was hyperchromatosis and deformation of

perikaryon and neurites, karyopyknosis or karyolysis.

Microphotographs of degenerative changes in the cerebral

cortex of the studied groups are shown in Figure 1. In order

to assess the type of brain damage of the neurons, the

main changes were divided into focal and diffuse.

Accordingly, in the first case, deformed neurons were

located in separate groups in the parietal and temporal

neocortex, in separate sectors of the hippocampus. In the

second case, the total loss of neurons and gliocytes was

detected by continuous layers of the neocortex or multiple

zones, which did not allow estimation of such changes as

separate tricks of degeneration (damage) (Fig. 1).

Between the comparison groups, a difference was

found between the degree of structural changes:

1 group with cholesterol diet (n=52). In 22 (42.5%)

animals of the 52 who took the diet, isolated degenerative

neurons were found at the level of parietal and/or temporal

neocortex. In 11 (50.0%) out of 22 samples, changes were

assessed as diffuse, and in 10 (49.9%) out of 22 as focal.

In 11 (21.1%) out of 52 animals, the morphological signs

of the inflammatory reaction were observed: focal infiltration

of monocytes and lymphocytes in 9 (17.3%) of 52

specimens in the peritoneal mucosa of the trunk, large

sulcus, parietal and/or temporal cortex, hippocampus,

cortex vessels, corpus callosum and subcortical structures

(lateral and dorsomedial zones of the thalamic region),

choroidal arteries of the third ventricle (from 2 to 6 foci in

the projection of the frontal section of the brain). In 4 samples

(7.6%) from 52 along the vessels, foci of infiltration of tissue

basophils (from 3 to 16 cells), including degranulation,

were recorded.

Group 2 with HSV1 infection (n=23). In 15 (69.5%)

animals from 23 who successfully transmitted infection

with HSV, degeneration of neurons in the cerebral cortex

and hippocampus was established. In 11 (73.3%) of 15

samples, degeneration was assessed as diffuse, and in

4 (26.6%) of 15 as a local (focal). In 12 (52.1%) out of 23

animals, an inflammatory reaction was detected: focal

infiltration of macrophages/microglyocytes around small

caliber vessels (capillaries, arterioles, venules) in the

cerebral cortex, corpus callosum, lateral areas of the

thalamic zone.

3 group with OCCA (n=30). The structural changes in

the neocortex depended on the time elapsed since the

time of the OCCA and assessed as diffusive and focal in

the following way: 1 day (n=15) - 40.0% and 13.3% (46.7%

unchanged); 2 day (n=5) - 60% and 40.0%; 3 day (n=5) -

60% and 40%; 4 day (n=5) - 83.4% and 16.6%. That is,

neurodegenerative changes (karyopyknosis and

hyperchromatosis of neurons or hydropic dystrophy) have

progressed from focal to diffuse over time after OCCA.

Morphological signs of inflammatory reaction were found

in only 1 (6.7%) of 15 specimens on 1 day.

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

group, diffuse and focal neocortex changes are estimated

as follows: 1 day (n=5) - 60% and 20.0% (20.0%

unchanged); 2 day (n=5) - 40% and 60.0%. If for 1 day only

1 infiltration focus was registered, then for 2 day from 3 to

14 separate centers. The term of 3 and 4 days was not

evaluated due to the 100% mortality of the animals.

Group 5 with HSV1 infection, cholesterol diet and

OCCA (n=6). In the neocortex, the focal changes dominated

the diffuse ones: 1 day (n=3) - 33.3% and 66.7%; 2 day

(n=3) - 100% focal degeneration around monocyte/

lymphocyte infiltrates. For 2 day in all studied samples, 4 to

8 inflammation points were recorded. Experiment on days

3 and 4 also ended with 100% lethality, which showed the

severity of the somatic state of experimental animals. Table

1 and 2 summarize the results of quantitative evaluation of

neuronal density in the parietal region of the neocortex.

The probable increase in structural changes in group 5

(with three pathological factors) of the combined model is

established in comparison with the models without

combination and/or combination of several pathological

signs of groups 1, 2, 3 and 4. Comparison of results

between 1-4 and 5 groups indicates a statistically significant

increase in the relative number of neurons with

cytopathological features (hyperchromatosis, deformation

of perikaryon, karyopyknosis), which correlates with more

pathological signs, and is likely to result in more rapid

damage to neocortical pyramidal neurons.

Group
Neuronal density in
the test zone, abs.

Relative number of
neurons with signs of

degeneration, %

Control 195 [185,7-205,7] 3,3 [1,9-3,9]

HSV-І 169 [157,5-179,5]* 8,98 [7,3-12,9]*

Diet 179 [171,5-186,5]# 11,4 [8,6-17,2] #

OCCA, 1 day 182 [170,2-192,7] 12,9 [7,3-17,1] #

OCCA, 2 day 169,5 [164,5-183] 9,2 [8,2-17,3]#

OCCA, 3 day 164 [154-179]#^ 21,3 [20,1-48,5]#*^

OCCA, 4 day 140 [115,5-166,5]#*^ 39,1 [22,7-59,2]#*^

HSV1+ OCCA,
1 day

167 [159,7-185,2] 19,4 [14,1-25,0]**

HSV1+ OCCA,
2 day

171,5 [164,5-180,7] 14,7 [9,0-28,0]

HSV1+ diet +
OCCA, 1 day

157 [145,5-165] #*& 26,4 [24,8-31,5] #**&

HSV1+ diet +
OCCA, 2 day

137 [129-163] #*& 43,0 [39,5-54,6]#*&"**

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

Notes (here and thereafter): OCCA - occlusion of the common
carotid artery; # - p<0,05 compared to control; * - p<0,05 compared
to 1 day; ^ - p<0,05 compared to 2 day; ** - p<0,05 compared to
HSV-І; & - p<0,05 compared to OCCA; "- p<0,05 compared to
HSV1 + OCCA; ! - p<0,05 compared with diffuse degeneration, the
same observation period; according to Kruskal-Wallis criterion
(Kruskal-Wallis ANOVA).
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Discussion
Thus, step-by-step experiments allow us to investigate

the relationship between the presence of neuroinfection

and the level of ischemic brain damage. An analysis of the

mortality of animals and the results of histological studies

allowed us to conclude that the fastest development of

structural changes in the cerebral cortex of the 5th mice

group, in which the conditions of the experiment

immediately coincided 3 pathological factors: cholesterol

diet, neuroinfection and ischemic lesion of the brain.

As indicated in the literature, cerebral ischemia in one-

sided OCCA in mice and rats causes damage to the white

matter of the brain, mild motor disorders and memory

impairment [27, 31], which is a good model for the study of

focal hypoxia [14], vascular dementia and

neurodegeneration [29]. Changing the diet (cholesterol

diet) increases the size of the area of brain damage of

mice after a one-sided OCCA [18]. Bilateral OCCA initially

causes ischemic tolerance, and later significant dystrophic

and necrotic changes in the anatomical brain structures

[28].

In our experiment, it has been shown that the addition

of dietary fat in the diet of mice causes an increase in

proteolytic enzymes in vessels, in particular, MMP-9, which

worsens the state of both macro- and microvessels of the

cerebral cortex. Ischemia of the brain increases the edema

of the brain, the volume of ischemic damage worsens

neurological functions in experimental animals [9].

The deterioration of the biochemical processes of the

brain after the occlusion of the middle cerebral artery in

animals with a fat diet is attributed to disorders of the

metabolism carried out by the liver cells [20]. The views on

these changes are controversial. Some authors believe

that an increase in the level of ketone bodies (acetoacetate

and β-hydroxybutyrate) has an effect on the restoration of

the energy balance of cells, and may also have a

neuroprotective effect [20]. According to another version,

high levels of ketone bodies are toxic to the brain, and

leads to ketoacidosis [12, 13]. Locomotor activity and

changes in biochemical parameters, in particular, TBC-

active products, deteriorate in the modeling of brain

ischemia on the background of a fatty diet. Conducted

clinical studies prove that there is a development of

dysmetabolic processes with long-term use of fatty diet,

which affects the increase of the area of diffuse changes in

damaged brain in the case of ischemia. In his own studies,

a fat diet was used to study vascular changes, and a

deterioration was observed [3]. It was found that on the

background of fatty diet, ultrastructural endothelial and non-

stratified cell disorders develop, lipid deposits in vessels

are accumulated, which may be considered as an initiatory

stage of atherogenesis. OCCA in animals of the 3rd group

was considered to a greater extent as a pathogenetically

relevant model of brain ischemia. Therefore, the next stage

of the experiments was the transfer of infected animals

that successfully transmitted infections with neuroinfection,

on a fat diet. The acute exacerbation of the inflammatory

process and neurodegeneration after OCCA in animals

fed fatty foods that successfully transmitted HSV1

contamination was confirmed by the fact that brain ischemia

is probable under these conditions, which are factors in

the weakening of the body. The increase in the area of the

centers of the inflammatory process is due to the

reactivation of HSV1, which was found in earlier experiments

[8, 14, 15, 31]. The results of the conducted studies allow

to broaden the idea of the influence of the viral association

on the pathogenesis of ischemic stroke and to understand

the role of the vascular wall in these changes.

Prospects for the continuation of experimental studies

in the study of the association of viral infection and the

development of ischemic stroke, as well as morphological

changes in the heart and aorta in the development of the

Group
Neuronal density in
the test zone, abs.

Relative number of
neurons with signs of

degeneration, %

Control 195 [185,7-205,7] 3,3 [1,9-3,9]

Diffuse degeneration of neuronal changes

HSV1 169 [157,5-176,5] 10,9 [8,23-13,1]

Diet 184 [179-187]
10,7 [8,6-17,8]#

OCCA, 1 day 174 [162,5-179,5] 16,3 [11,2-20,9] #

OCCA, 2 day 176 [166,2-185] 9,2 [7,5-13,6] #

OCCA, 3 day 164 [148-176,5] 44,1 [19,1-49,2] #^

OCCA, 4 day 137,5 [112,7-170,2] 41,2 [24,8-64,3] #^

HSV1+ OCCA, 1 day 172 [159-185] 16,7 [6,3-30,8] #

HSV1+ OCCA, 2 day 178 [165-189] 13,4 [4,2-20,6] #

HSV1+ diet + OCCA,
1 day

165 [149-170] 26,4 [24,8-28,1] #&

HSV1+ diet + OCCA,
2 day

- -

Focal degeneration of neurons

HSV1 154,5 [139-199,2] 7,9 [3,3-12,5] #

Diet 176 [169-184] 13,6 [10,1-19,2] #

OCCA, 1 day 184 [182-196]! 13,1 [8,1-17,3] #

OCCA, 2 day 169 [163-186] 19,3 [8,5-24,2] #

OCCA, 3 day 179 [164-179] 20,1 [20,1-21,7] #

OCCA, 4 day 162 [158-165] 24,0 [19,7-27,2] #

HSV1+ OCCA, 1 day 162 [160-186] 21,4 [17,2-23,1] #

HSV1+ OCCA, 2 day 169 [163-174] 16,0 [10,6-50,3] #

HSV1+ diet + OCCA,
1 day

150 [142-157] 28,6 [25,3-34,5] #!&"

HSV1+ diet + OCCA,
2 day

137 [129-163] 43,0 [39,5-54,6] #!&"

Table 2. Dependence of density of pyramidal neurons of III-V
layers on the nature of changes and development of violations of
experimental groups (Me [Q1-Q3]) in comparison with the control
group.
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infectious process and its correction is obvious. The

prospect of further development is the study of

morphological changes in the heart and aorta in the

development of the infectious process and its correction.

Conclusions
1. OCCA caused a statistically significant decrease in

the density of pyramidal neurons in the parietal and/or

temporal cortex of the brain for 3-4 days, as opposed to the

first 2 days, and is accompanied by morphological

manifestations of neurodegeneration.

2. There is a tendency of increasing the damage to the

cerebral cortex in up to 2 days after OCCA in infected animals

with HSV1, and 100% mortality on the 3 day, indicating a

relationship between the degree of ischemic damage to

neuroinfection.

3. Reduction in the density of pyramidal neurons in the

parietal and/or temporal cortex of the brain in a combined

model with ischemia and viral association in the experiment

was significantly greater than those in which only one risk

factor was used.

4. The detected increase in the degree of damage to

the neocortex in brain ischemia in mice with herpetic

infection is evidence of a possible association between

them, which is due to an increase in focal inflammation

and progressive neurodegeneration.
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ПАТОЛОГІЧНІ ЗМІНИ ГОЛОВНОГО МОЗКУ МИШЕЙ НА ТЛІ МОДЕЛЮВАННЯ ІШЕМІЇ З АСОЦІЙОВАНОЮ ВІРУСНОЮ
ІНФЕКЦІЄЮ
Турчина Н.С., Савосько С.І., Рибалко С.Л., Старосила Д.Б., Колісник Д.І.

У світовій літературі постійно зростає кількість даних, що свідчать про деякі інфекційні збудники, як чинників розвитку

атеросклерозу та гострої цереброваскулярної патології, та про предиктори гострої серцево-судинної патології, як маркерів

запалення. Неоднозначні результати досліджень взаємозв'язку між інфекцією і атеросклерозом та намагання довести

існування такого взаємозв'язку обумовили спроби змоделювати інфекція-асоційованого атерогенезу на тваринах. Зв'язок

цих даних з ішемічним пошкодженням мозку ще мало досліджений, хоча в окремих експериментальних роботах доведено

прогресуючу дегенерацію при крововиливі у мозок мишей, заражених вірусом простого герпесу 1 типу (ВПГ1), що пояснюється

пост-інсультною імуносупресією та реактивацією інфекційного агенту. Мета роботи - дослідити в експерименті можливий

зв'язок між герпетичною інфекцією та ішемічним пошкодженням кори головного мозку мишей. Для досягнення поставленої

мети нами було сформовано 5 груп експериментальних тварин (мишей): 1 група (n=52), в дієті використовували холестерин;

2 група (n=23), із зараженням ВПГ1; 3 група (n=30), з однобічною оклюзією загальної сонної артерії (ОЗСА); 4 група (n=10), із

зараженням ВПГ1 та ОЗСА; 5 група (n=6), із зараженням ВПГ1, використанням холестеринової дієти та ОЗСА.

Морфометрично на виготовлених мікропрепаратах оцінювали зміни щільності нейронів неокортексу тім'яної, скроневої

ділянок мозку та гіпокампу. Статистичну обробку результатів проводили із застосуванням програми Origin Lab, версія 8.0.

Встановлене вірогідне збільшення структурних змін у 5 групі (з трьома патологічними чинниками) комбінованої моделі

порівняно з моделями без поєднання та/або з поєднанням декількох патологічних ознак 1, 2, 3 та 4 груп. Порівняння

результатів між 1-4 та 5 групами, свідчить про статистично значуще збільшення відносної кількості нейронів з

цитопатологічними ознаками (гіперхроматоз, деформація перикаріону, каріопікноз), яке корелює з більшою кількістю

патологічних ознак, та вірогідно призводить до більш стрімкого пошкодження пірамідних нейронів неокортексу. Таким

чином, редукція щільності пірамідних нейронів у тім'яній та/або скроневій корі мозку при комбінованій моделі з ішемізацією

та вірусною асоціацією в експерименті була вірогідно більшою порівняно з моделями, у формуванні яких застосований лише

один фактор ризику. Виявлене збільшення ступені пошкодження неокортексу при ішемізації головного мозку у мишей із

герпетичною інфекцією є свідченням можливого зв'язку між ними.

Ключові слова: головний мозок, миші, ішемія, вірусна інфекція.

ПАТОЛОГИЧЕСКИЕ ИЗМЕНЕНИЯ ГОЛОВНОГО МОЗГА МЫШЕЙ НА ФОНЕ МОДЕЛИРОВАНИЯ ИШЕМИИ С
АССОЦИИРОВАННОЙ ВИРУСНОЙ ИНФЕКЦИЕЙ
Турчина Н.С., Савосько С.И., Рыбалко С.Л., Старосила Д.Б., Колесник Д.И.

В мировой литературе постоянно растёт количество данных, которые свидетельствуют о некоторых инфекционных

возбудителях, как факторах развития атеросклероза и острой цереброваскулярной патологии, и о предикторах острой

сердечно-сосудистой патологии, как маркеров воспаления. Неоднозначны результаты исследований взаимосвязи между

инфекцией и атеросклерозом, а намерения доказать существование такой взаимосвязи обусловили попытки смоделировать

инфекция-ассоциированный атерогенез на животных. Cвязь этих данных с ишемическим поражением мозга ещё мало

исследована, хотя в отдельных экспериментальных работах доказана прогрессирующая дегенерация при кровоизлиянии в

мозг мышей, зараженных вирусом простого герпеса 1 типа (ВПГ1), что объясняется пост-инсультной иммуносупрессией

и реактивацией инфекционного агента. Цель работы - исследовать в эксперименте возможную связь между герпетической

инфекцией и ишемическим поражением коры головного мозга мышей. Для достижения поставленной цели нами было

сформировано 5 групп экспериментальных животных (мышей): 1 группа (n=52), в диете которой использовали холестерин,

2 группа (n=23) с заражением ВПГ1, 3 группа (n=30) с односторонней окклюзией общей сонной артерии (ООСА), 4 группа
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(n=10) с заражением ВПГ1 и ООСА, 5 группа (n=6) с заражением ВПГ1, использованием холестериновой диеты и ООСА. По

микропрепаратам морфометрически оценивали изменения плотности нейронов неокортекса темянной, височной областей

мозга и гиппокампа. Статистическую обработку результатов проводили с использованием программы Origin Lab, версия

8.0. Установлено достоверное увеличение структурных изменений в 5 группе (с тремя патологическими факторами)

комбинированной модели по сравнению с моделями без объединения и/или с объединением нескольких патологических

признаков 1, 2, 3 и 4 групп. Cравнение результатов между 1-4 и 5 группами свидетельствует о статистически значимом

увеличении относительного количества нейронов с цитопатологическими признаками (гиперхроматоз, деформация

перикариона, кариопикноз), которое коррелирует с большим количеством патологических признаков, и достоверно приводит

к более стремительному поражению пирамидных нейронов неокортекса. Таким образом, редукция плотности пирамидных

нейронов в теменной и/или висoчной коре мозга при комбинированной модели с ишемизацией и вирусной ассоциацией в

эксперименте, была достоверно большей по сравнению с моделями, в формировании которых использован только один

фактор риска. Выявленное увеличение степени порожения неокортекса при ишемизации головного мозга у мышей с

герпетической инфекцией является свидетельством возможной связи между ними.

Ключевые слова: головной мозг, мыши, ишемия, вирусная инфекция.
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