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The prevalence of pathologies related to the soft palate and its surrounding structures
is a serious challenge for medicine. Sleep apnea and other diseases directly related to
this anatomical region pose a threat not only due to the actual cause of deaths, but also
complications of concomitant diseases. In this regard, the definition of normative
indicators of the upper respiratory tract, in particular the soft palate and its surrounding
structures, is a relevant topic for study. The purpose of the work is to build and analyze
the regression models of the area of the soft palate and tongue in young men and young
women with an orthognathic bite without and taking into account the type of face,
depending on the features of teleroentgenometric indicators of the upper respiratory
tract. With the help of the licensed medical software OnyxCeph®™, version 3DPro and
the diagnostic program "UniqCeph", a cephalometric analysis of lateral
teleroentgenograms of 49 young men and 76 young women with an orthognathic bite
and the absence of upper respiratory tract pathology was performed (primary
teleroentgenograms were obtained from the database of the Research Center and
Department of Pediatric Dentistry, National Pirogov Memorial Medical University,
Vinnytsia). Face types in young men and young women were determined using the
Garson index. Regression models of the area of the soft palate and tongue depending
on teleroentgenometric indicators of the upper respiratory tract were built using the
license package "Statistica 6.0". In Ukrainian young women with an orthognathic bite,
regardless of face type, with very wide and wide face types, all possible models of the
area of the soft palate and tongue were built depending on teleroentgenometric indicators
of the upper respiratory tract with a coefficient of determination (R?) greater than 0.5
(R?=from 0.682 to 0.937, p<0.001), which most often include the thickness of the soft
palate and the length of the soft palate (42.9 % each), tongue height and tongue length
(30.0% each), the value of the position of the hyoid bone relative to the vertical mandibular
plane and the angle of inclination of the soft palate (20.0 % each). In Ukrainian young
men with an orthognathic bite without taking into account the type of face and with a wide
face type, all possible models of the area of the soft palate and tongue were also built
depending on teleroentgenometric indicators of the upper respiratory tract with a
coefficient of determination greater than 0.5 (R?= from 0.562 to 0.925, p<0.001), which
most often include the thickness of the soft palate and the length of the soft palate
(33.3 % each).

Keywords: teleradiography, cephalometry, soft palate, tongue, regression models,
Ukrainian young men and young women, orthognathic bite, facial types.

Introduction

Respiratory tracts are generally divided into upper and
lower parts, which is due to differences in their functions in

the respiratory system as a whole. The upper respiratory
tract is responsible for performing various functions, such

Copyright © 2023 Kostiuchenko-Faifor O. S. et al. This is an open access article distributed under the Creative Commons Attribution 5
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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as filtering, warming the air, moistening it and, of course,
conducting it into the lower respiratory tract.

An important and relevant direction in modern medical
anthropology is the study of the dimensions of the upper
respiratory tract, because as research results have shown,
they are directly related to the risk of occurrence and severity
of certain diseases.

One of these diseases is bronchial asthma, which is
becoming more and more common among young people.
Clinical symptoms of asthma, according to the observations
of doctors, have increased among this age group in all
corners of the world [1]. Indeed, when examining individuals
with bronchial asthma, compared to healthy individuals,
they have significantly lower indicators of the total volume
of the upper respiratory tract (p=0.01) and the area of the
narrowest part of the oropharynx (p=0.007) [2].

Another disease that also has a significant prevalence,
but is related to the size of the respiratory tract, is obstructive
sleep apnea. In addition, it is necessary to take into account
the complications of this disease and the possibility of
death. The literature describes the observation of one doctor
who described 12 fatal cases that occurred as a result of
this pathology in post-operative patients [3]. In persons
with obstructive sleep apnea, such accompanying
pathologies from the cardiovascular system are observed,
such as: hypertension (30-83 %), coronary heart disease
(30-58 %), myocardial infarction (43-91 %), atrial fibrillation
(25-80 %) [7] and the activation of oxidative stress
processes affecting such target organs as the brain and
heart [15] is noted.

An interesting fact is that between both diseases
(obstructive sleep apnea and bronchial asthma), strong
reliable connections were found regarding the severity of
the course, [22] which indicates in favor of the existence of
a common mechanism in the pathogenesis, one of which
is a violation in the size of the respiratory tract. Thus, when
performing the advancement of the upper jaw, an increase
in the size of the respiratory tract by an average of 2.5 times
was noted. In patients before treatment, the apnea/
hypopnea index was 46, after treatment - 4 [21]. In general,
a review of literary sources indicates that the performance
of orthodontic interventions often changes the size of the
respiratory tract - it can be both an increase and, conversely,
a decrease [11].

Age is a key factor causing changes in most airway
parameters. An analysis of the results of computed
tomography of 192 children of various ages revealed that
the value of 21 parameters of the respiratory tract changes
with age. The biggest changes occur in the first 3 years of
life. An equally important factor affecting the parameters of
the respiratory tract is body weight [16].

One of the questions that still worries researchers is
the determination of the influence of craniofacial indicators
on the parameters of the respiratory tract. At present, the
results of research carried out in this direction are
contradictory and do not provide an opportunity to

unequivocally assert the existence of such a connection
[12]. Also, the study of the influence and relationship of
parameters of the soft palate and tongue with indicators of
the respiratory tract is practically unexplored.

The purpose of the work is to build and analyze the
regression models of the area of the soft palate and tongue
in Ukrainian young men and young women with an
orthognathic bite without and taking into account the type of
face, depending on the features of teleroentgenometric
indicators of the upper respiratory tract.

Materials and methods

Primary lateral radiographs of Ukrainian young men
(YM) (n=49, age - from 17 to 21 years) and Ukrainian young
women (YW) (n=76, age - from 16 to 20 years) with an
orthognathic bite and the absence of upper respiratory
pathology ways are taken from the database of the
Research Center and Department of Pediatric Dentistry
National Pirogov Memorial Medical University, Vinnytsya.
After applying for dental care, all young men and young
women underwent a teleradiographic examination (effective
radiation dose up to 0.001 mSv) at the private dental clinic
"Vinintermed" using a Veraviewepocs 3D Morita (Japan)
dental cone-beam tomograph.

Committee on Bioethics of National Pirogov Memorial
Medical University, Vinnytsya (protocol Ne 8 from
30.09.2021) found that the studies do not contradict the
basic bioethical standards of the Declaration of Helsinki,
the Council of Europe Convention on Human Rights and
Biomedicine (1977), the relevant WHO regulations and
laws of Ukraine.

Face types were determined using Garson's

Fig. 1. Cephalometric linear and angular characteristics used in
cephalometric examination of the upper respiratory tract. 1 - distance
PASmMIn, 2 - distance PM-UPW, 3 - distance U-MPW, 4 - distance V-
LPW, 5 - angle NL/PM-U, 6 - distance PM-U, 7 - distance SPT, 8 -
distance AH-CV, 9 - distance AH-FH, 10 - distance AH-MP, 11 -
distance H-VT, 12 - distance VT.
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Fig. 2. Cephalometric characteristics of the area used in the
cephalometric study of the upper respiratory tract. 1 - area UAA
(upper respiratory tract area), 2 - area TA (tongue area), 3 - area
SPA (soft palate area).

morphological index [18]. The following distribution was
established: in YM - 5 with a very wide face, 22 with a wide
face, 11 with an average face and 8 with a narrow face; in
YW, 25 with very wide face, 25 with wide face, 10 with
average face and 12 with narrow face.

Cephalometric analysis of the soft palate, tongue and
upper respiratory tract itself (Fig. 1, 2) was performed using
licensed medical software OnyxCeph®™, version 3DPro
(company Image Instruments GmbH, Germany) and
diagnostic program "UniqCeph" (created in National
Pirogov Memorial Medical University, Vinnytsya).

Regression models of the area of the soft palate and
tongue depending on teleroentgenometric indicators of the
upper respiratory tract were built using the license package
"Statistica 6.0".

Results

Taking into account the distribution of YM and YW by
face types, modeling of soft palate and tongue
teleradiographic indicators of the area was carried out in
YM without taking into account the face type and with a wide
face type, as well as in YW without taking into account the
face type and with very wide and wide face types.

Regression models of the area of the soft palate and
tongue constructed in Ukrainian young men and young
women with an orthognathic bite have the form of the
following linear equations:

- soft palate area (YM regardless of face type) = -114.6 +
19.95 x SPT + 4.655 x PM-U + 1.648 x V-LPW - 0.019 x TA
(R?=0.888, F(4.44)=87.35, p<0.001),

- soft palate area (YM with a wide face type) = -130.5 +
20.47 x SPT + 4.337 x PM-U (R?=0.925, F(2.19)=116.4,
p<0.001),

- tongue area (YM regardless of face type) = 278.3 +

18.70 x VT + 44.40 x V-LPW + 16.44 xH-VT - 35.15 x PASmin
(R?=0.562, F(4.44)=14.09, p<0.001),

- tongue area (YM with a wide face type) = 8.952 + 23.12
XAH-FH +19.87 x PM-UPW - 12.55 X AH-CV + 15.91 x PM-U
(R?=0.723, F(4.17)=11.10, p<0.001),

- soft palate area (YW regardless of face type) = -121.2
+19.48 x SPT + 4.146 x PM-U (R?=0.775, F(2.73)=125.7,
p<0.001),

- soft palate area (YW with a very wide face type) = -
117.1 + 20.56 x SPT + 3.739 x PM-U (R?=0.937,
F(2,22)=163.2, p<0.001),

- soft palate area (YW with a wide face type) = -215.5 +
19.51 x SPT + 3.440 x PM-U + 0.052 x TA (R?=0.682,
F(3.21)=15.04, p<0.001),

- tongue area (YW regardless of face type) = -1335 +
60.91 x H-VT +30.03 x VT - 10.30 X AH-MP - 4.920 x NL/PM-
U (R?=0.824, F(4.71)=83.10, p<0.001),

- tongue area (YW with a very wide face type) = -1014 +
28.94 x VT + 55.12 x H-VT - 8.250 x NL/PM-U (R?=0.907,
F(3.21)=68.53, p<0.001),

- tongue area (YW with a wide face type) = -1788 +
55.57 x H-VT + 36.19 x VT - 18.54 x AH-MP (R?=0.729,
F(3.21)=18.85, p<0.001),

where, the area of the soft palate and tongue - in mm?;
SPT - known as Maximum soft palate thickness (mm); PM-
U - known as Soft palate length (mm); V-LPW - known as
Hypopharyngeal airway space (mm); TA - known as Tongue
area (mm?); VT - known as Length of the tongue (mm); H-
VT - known as Height of the tongue (mm); PASmin - known
as Retroglossal oropharyngeal airway space (mm); AH-
FH - known as Vertical position of the hyoid with respect to
the Frankfort plane (mm); PM-UPW - known as
Nasopharyngeal airway space (mm); AH-CV - known as
Horizontal position of the hyoid (mm); AH-MP - known as
Vertical position of the hyoid with respect to the mandible
(mm); NL/PM-U - known as Soft palate inclination angle
(°); R? - coefficient of determination; F - Fisher's test; p-level
- confidence level.

Discussion

Thus, in Ukrainian YM and YW with an orthognathic bite
without pathology of the upper respiratory tract, the analysis
of regression models of the area of the soft palate and
tongue revealed:

soft palate area - in YW, regardless of face type, all
reliable models were built with very wide and wide face
types (R?= from 0.682 to 0.937; p<0.001 in all cases), which
most often include the thickness of the soft palate and the
length of the soft palate (42.9 % of all independent
variables); in YM without taking into account the type of face
and with a wide face type, all reliable models were built
(R?=0.888 and 0.925; p<0.001 in both cases), which most
often include the thickness of the soft palate and the length
of the soft palate (33.3 % of all independent variables);

tongue area - in YW, regardless of face type, with very
wide and wide face types, all reliable models were built

Vol. 29, Ne4, Page 5-10
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(R2= from 0.729 to 0.907; p<0.001 in all cases), which most
often include tongue height and tongue length (30.0 % each
of all independent variables), as well as the value of the
position of the hyoid bone relative to the vertical mandibular
plane and the value of the angle of inclination of the soft
palate (20.0 % of all independent variables each); in YM
without taking into account the type of face and with a wide
type of face, all reliable models were built (R*>=0.562 and
0.723; p<0.001 in both cases), which evenly include various
teleroentgenometric indicators of the upper respiratory tract.

Determining the characteristics of various anthropometric
indicators depending on nationality, region of residence, age,
gender and other indicators is justified within the limits of
the Ukrainian population. The results of research by
Ukrainian anthropologists testify to the heterogeneity of the
distribution of different types of craniotypes and face types in
different regions of Ukraine, with a predominance of
brachycephals with a narrow or very narrow face type [10].

In the study of Marchenko A. V. et al. [17] in Ukrainian
young men and young women with an orthognathic bite
and different types of faces, regression models of
teleroentgenographic parameters according to Schwarz A.
M. were built and analyzed, which can be corrected during
surgery depending on teleroentgenographic parameters
that usually do not change. Built reliable highly informative
models provide an individualized approach to the necessary
dental intervention.

In foreign publications, there are few studies on the
relationship between respiratory tract parameters and
craniofacial morphology. Individuals with a brachyfacial face
type had greater nasopharyngeal width values than
individuals with a mesofacial (p=0.030) or dolichofacial
(p=0.034) face type. Together with an increase in the value
of Vert, the width of the nasopharynx increased (R?=26.2 %,
p<0.001) [8]. However, in the study of Di Carlo G. et al. [6], any
relationship between the parameters of the respiratory tract
and the types of skeletal malocclusion was not found.

Indriksone 1. and Jakobsone G. [13], analyzing the data
of 276 healthy individuals aged 17-27 years, found a small
number of weak relationships between craniofacial
parameters and parameters of the upper respiratory tract,
namely: the volume of the nasopharyngeal respiratory tract
is affected by the angle of SNA, gender and the presence of
adenoids. Weak correlations were found between SNB angle
and OPV (r=0.144, p<0.05) and CSAmin (r=0.182, p<0.01).

Zheng Z. H. and others [25] found a relationship between
anterior-posterior craniofacial parameters and the volume
and Min-CSA of the pharyngeal airways (p<0.05). In addition,
significant (p<0.05) differences in the volume of
nasopharyngeal airways were found between
representatives with different facial skeletal types.

In general, it is proven that excess weight is associated
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mesiepeHmMaeHOMEeMPUYHUX MOKa3HUKI8 8epXHIX OduxanbHUX wisaxig. 3a dornomozow iyeH308aH020 MeOUYHO20 Mpo2pamMHO20
3abesnedyeHHss OnyxCeph®™, egepcii 3DPro ma diaeHocmuyHoi npozpamu "UniqCeph" nposedeHo yeghanomempuyHull aHania 60Kkosux
menepeHmeaeHozpam 49 ykpaiHCbKUX toHakKie i 76 ykpalHCbKux dig4am i3 opmoeHamuy4yHuUM MPUKycoM i eidcymHicmio namosoail
8epxHix OuxanbHux winsxie (NepeuHHi menepeHmaeHoepamu ompumaHi 3 6a3u daHux HayKko8o-00CNiOHO020 ueHmpy ma kagedpu
cmomamorioeii dumsi4oeo 8iKy BiHHUUbKO20 HauyioHasibHo20 MeduyHo2o yHieepcumemy im. M. I. [Nupoeosa). Tunu obnuyysi 8 roHaKie
i disyam eusHavanu 3a dornomoezow iHOekcy [apcoHa. PeepeciliHi modeni nnowi m'sko2o niOHebiHHA ma s3uka y 3arnexHocmi gid
mesiepeHmeeHOMempPUYHUX MOKa3HUKI8 8epXHix duxasnbHUX wrsixie nobydosaHi 3a ormomMozoto niyeHsitiHoeo nakemy “Statistica 6.0".
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The variability of shape of an organ is one of the manifestations of its individual
anatomical variability. Magnetic resonance imaging and other modern neurovisualization
methods allow for in vivo determination of morphological characteristics of organs,
considering their natural positioning. The aim of this study is to develop a method of
evaluation of the shape of the human cerebellum based on the results of MR imaging
morphometry. MR images of the brain were obtained from 30 subjects (15 male and 15
female aged between 20 and 40 years) without apparent brain pathology. MRI was
performed using a 1.5 T MRI machine (Siemens Magnetom Symphony, Munich,
Germany). The width of the cerebellum was determined in axial (W) and coronal
(W,,) planes, the length was determined in axial (L,,) and sagittal (Lsag) planes, the
height was determined in coronal (Hcor) and sagittal (Hsag) planes. It was observed
that the width of the cerebellum is determined almost equally in two different planes, the
greater disparity is noted in the measurements of length and the maximum difference in
values was found in the measurements of height. A moderate and statistically significant
linear relationship was discovered between the variables W_ and L_, (r=0.48; p<0.01),
as well as between W__and H_ (r=0.39; p<0.05). Variability in the values of paired
linear dimensions measured in a single plane and the absence of a functional
relationship between them lead to variability in their ratios, or shape factors (W _ / Lax,
W, /H. . LSag / Hsag). These shape factors, in turn, influence the shape of intracerebellar
structures, primarily the cerebellar nuclei. To evaluate the overall shape of the
cerebellum, the following parameters have been proposed, which describe the
relationships between one linear dimension of the cerebellum to the other two: relative
width of the cerebellum (W =(W_xW_ )/ (L xH_)), relative length of the cerebellum
(Lr:(LaXstag) / (WaXstag)), and relative height of the cerebellum (Hr:(Hcmstag) /
(erstag)). Further analysis of these parameters defines which of the linear dimensions
has a greater influence on the shape of the cerebellum, determining its structural
features, such as the shape of its lobules, the course of its fissures, and the three-
dimensional organization of its nuclei, among others. In vivo evaluation of cerebellar
shape will facilitate improvements in the diagnosis of cerebellar disorders using MRI
and will be valuable in conducting neuromorphological research studies.

Keywords: human, anatomy, cerebellum, MRI, morphometry.

Introduction

According to previous studies, the functions of the
cerebellum are to regulate balance, posture, and muscle
coordination; however, it was later found to also include
cognitive functions such as memory [15], speech [8], and
emotion [1]. The cerebellum was also associated with
swallowing function in adults [13]. At the same time, each
of the functions of the cerebellum is localized in specific
areas of the cerebellum and functions within the limits of
the neural network [5, 16, 19]. At present, studies of the

morphology of the cerebellum are being conducted to create
models of its development and track the periods of
modification of individual functions, in particular in
newborns and children [24, 26].

Development of the cerebellum begins approximately
from the fourth week of pregnancy and continues throughout
the first postnatal year [23]. The basic micromorphology of
the cerebellum, formed as a result of the proliferation of
neurons, processes of migration and differentiation, is
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finally established around the 20th week of pregnancy [6].
In the subsequent period up to the 40th week of pregnancy,
the cerebellum undergoes a faster increase in volume and
surface complexity than other brain structures [3]. As a
result, the features of the morphology of the cerebellum at
various stages of intrauterine development, such as its
linear dimensions, the degree of development of individual
lobes, as well as the volume and shape, serve as
guidelines for determining the age of the fetus [2, 28, 29].
Recent studies have also confirmed the significant role of
the cerebellum in brain development [4, 25].

Functional and morphological changes of the
cerebellum are associated with various neurological and
psychiatric disorders [7, 12, 14, 22], such as autism,
multiple sclerosis, Arnold-Chiari anomaly, cerebellar
cognitive-affective syndrome, Parkinson's disease,
Alzheimer's disease, and others. Research is being
conducted to create criteria for the norm of diagnostic
methods of neuroimaging of morphological changes in
the cerebellum (linear dimensions, reduction in mass and
volume) [26]. However, information about the anatomical
norm of the cerebellum, on which these criteria are based,
does not take into account the peculiarities of its individual
anatomical variability. The variability of the shape of the
organ is one of the manifestations of its individual
anatomical variability. One of the ways to determine the
shape of an organ is to evaluate the ratio of its linear
dimensions [17, 21, 30]. Magnetic resonance imaging and
other modern neuroimaging research methods make it
possible to establish the morphological features of organs
during life, while preserving their natural position. Studies
of the shape of the cerebellum and its variability are few;
they were performed on anatomical preparations of the
cerebellum. A comprehensive assessment of the shape of
the cerebellum on tomograms has not been carried out
before.

The purpose of the work is to develop a method for
evaluating the shape of the human cerebellum based on
the results of morphometry of MR tomograms.

Materials and methods

Materials

In this work, T2-weighted MR images of the cerebellum
were examined. MRI was performed on 30 people (15 men
and 15 women aged 20 to 40), and no visible brain
pathology was detected. The study was performed on a
1.5 T MRI machine (Siemens Magnetom Symphony,
Munich, Germany). Imaging parameters: TE (echo time)
122 ms, TR (repetition time) 4520 ms, and slice thickness
5 mm. The Commission on Bioethics of the Kharkiv
National Medical University, Kharkiv (protocol No. 4 dated
15.09.2020) established that the research does not
contradict the basic bioethical standards of the Helsinki
Declaration, the Council of Europe Convention on Human
Rights and Biomedicine (1977), relevant WHO regulations
and laws of Ukraine.

The method of determining the size of the cerebellum

When analyzing the MRI images, the dimensions of the
cerebellum in the axial, coronal, and sagittal projections
were determined as the dimensions of a rectangle that
can be constructed to cover the contour of the cerebellum,
or its right and left hemispheres, on the MRI image in the
corresponding projection (the so-called "bounding
rectangle”, Fig. 1). The rectangle is oriented in such a way
that two of its sides are parallel to the line that appears at
the point of intersection of the median plane with the plane
of the MRI image in the axial and coronal projections (further
- the median line). In the sagittal projection, two sides of
the indicated rectangle are parallel to the intercommissural
line by Talairach [10]. Thus, two dimensions of the
cerebellum were determined in each projection.

In the axial projection (Fig. 1A):

* L, - the length of the cerebellum is equal to the length
of the side of the rectangle parallel to the median line;

* W_, - the width of the cerebellum is equal to the length
of the side of the rectangle perpendicular to the median
line;

In the coronal projection (see Fig. 1B):

® H_, - the height of the cerebellum is equal to the
length of the side of the rectangle parallel to the median
line;

* W_, - the width of the cerebellum is equal to the length
of the side of the rectangle perpendicular to the median
line;

In the sagittal projection, the height and length of the
right and left hemispheres were measured (see Fig. 1C):

° LSag - the length of the cerebellum is equal to the
length of the side of the rectangle parallel to the
intercommissural line;

° HSag - the height of the cerebellum is equal to the
length of the side of the rectangle perpendicular to the
intercommissural line.

For further analysis, the maximum values of these
dimensions were taken into account.

Methods of determining the shape of the cerebellum

To assess the shape of the cerebellum on MR images,
shape factors were calculated - the ratio of cerebellum
sizes determined in each projection:

in axial projection W L., 1)
in the coronal projection W M, (2)
in the sagittal projection L_/H 3)

sag = sag

To assess the shape of the cerebellum as a three-
dimensional structure, MR images offer parameters that
take into account the ratio of one linear size of the cerebellum
to the other two, namely: the relative width of the cerebellum
(W), the relative length of the cerebellum (L), and the
relative height of the cerebellum (H). They are calculated
according to the formulas:

Wr:(Wax X Wcor) / (Lax X Hcor) (4)
L=(L,, X Lsag) (W, x Hsag) (5)
Hr:(Hcor X Hsag) / (Wcor X Lsag) (6)

Statistical data processing was carried out in Microsoft
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Lsag .-
. “' :

Fig. 1. Determining the linear dimensions of the cerebellum on MRI
images of the brain (A - axial, B - coronal, C - sagittal projection): a
- a straight line arising at the intersection of the median plane with
the plane of the MRI image; b - intercommissural line by Talairach.

Excel 2016. The distribution of values was analyzed
according to the Kolmogorov-Smirnov test criterion. It was
determined that the distribution of values of all
morphometric parameters, both linear and their ratios,
does not differ from normal. Further statistical analysis
included calculation of the sample mean (M), standard
deviation (S), coefficient of variation (Cv), determination of
the minimum and maximum value and standard error of
the mean (m). Correlation analysis was carried out with

the calculation of the Pearson correlation coefficient (r) to
establish patterns of individual variability. Parametric
methods of testing the significance of differences were
used. The values of cerebellum sizes and their ratios were
divided by the mean value and standard deviation into three
groups: small (from minimum to (M-S)), medium (M+S)
and large (from (M+S) to maximum).

Results

Variability of the linear dimensions of the cerebellum.
Table 1 (A) shows the values of the height, width, and length
of the cerebellum on tomographic images in the
corresponding projections.

As can be seen from the data in Table 1 (A), there is
variability in the values of the linear dimensions of the
cerebellum of the studied sample, but it is insignificant;
the greatest variability is observed in Lax (Cv=7.27%),
smallest - in Lsag (Cv=4.92%).

Statistical indicators of the distribution of values of the
same linear size of the cerebellum, determined in mutually
perpendicular tomographic projections, differ; but only the
difference in height values is statistically significant. The
distribution of these values is shown in Figures 2-4.

As can be seen from the data of Figures 2-4, the width
of the cerebellum is determined almost identically in two
different projections, the discrepancy is greater when
determining the length, the maximum difference in values
is found when measuring the height. This fact is fully
explained by the complex three-dimensional organization
of the cerebellum (see Fig. 1). In addition, the value of the
same size in different projections can belong to different

Table 1. Statistical evaluation of the distribution of cerebellar size
values, their ratios and relative parameters.

Test statistic
Parameter

M | m | S | CV, % | min | max

A. Parameters
W,, 104.9 1.0 55 5.24 942 | 116.6
w_, 1064 [ 1.0 5.7 531 | 958 | 1187
L. 58.61 0.78 4.26 7.27 48.8 67.2
Long 60.72 [ 055 299 | 492 | 546 | 67.8
H,, 58.32¢ | 0.65 355 | 6.08 | 49.9 | 634
Hoo 45.81* | 055 304 | 6.63 | 387 | 527

B. Proportions
W L., 1.796 0.022 0.121 6.72 1.61 | 2.05
W_H,_, 1828 | 0021 | 0116 | 636 | 162 | 2.08
LoMe 1330 | 0017 | 0094 | 7.04 | 12 | 157

C. Relative parameters

W, 3.290 0.067 0.367 11.15 | 2.76 | 4.08
L 0.743 0.012 0.066 8.87 0.59 0.86
H 0.415 0.007 0.040 9.74 0.33 0.48

Note: * - the difference is statistically significant for p<0.05.
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Fig. 2. Distribution of cerebellar width values in axial and coronal

projections. Note: dashed lines correspond to M-S and M+S values
(here and in Fig. 3-7).
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Fig. 3. Distribution of cerebellar length values in axial and sagittal
projections.

groups by the value of the sign. Thus, these discrepancies
were observed in 3 cerebellums when comparing Wax and
Wcor, in 10 cerebellums when comparing Lax and Lsag,
and in another 10 cerebellums when comparing Hcor and
Hsag.

Figures 5-7 show the distribution of values of mutually
perpendicular dimensions in the corresponding
projections.

Correlation analysis (Fig. 5-7) showed a statistically
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Fig. 4. Distribution of cerebellar height values in coronal and sagittal
projections.

significant linear relationship between the values of W__
and L, (r=0.48; p<0.01); average strength and statistically
significant linear relationship between W__ and H_ (r=0.39;
p<0.05), as well as average strength, but statistically
insignificant linear relationship between LSag and H_,
(r=0.33; p>0.05).

Variability of form factors. According to Table 1 (B), the
shape of the cerebellum in individual projections can be
characterized by the relative value of the shape factor [21].
If the value of the shape factor of the cerebellum under

g
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Fig. 5. Distribution of values of the width and length of the
cerebellum in the axial projection.
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Fig. 6. Distribution of values of the width and height of the
cerebellum in the coronal projection.
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Fig. 7. Distribution of values of the height and length of the
cerebellum in the sagittal projection.

study is in the range of average values, such a cerebellum
is characterized as proportional, while extreme values
indicate disproportionality:

* relatively wide and short, with a large ratio value W __ /
L, (1.92+2.05), or vice versa - relatively narrow and long,
with a small value of this ratio (1.61+1.68);

* relatively wide and low, with a large ratio value W __ /
H., (1.94+2.08), or vice versa - relatively narrow and tall,
with a small value of this ratio (1.62+1.71);

* relatively long and low, with a large ratio value Lsag /

Hsag (1.42+1.57), or vice versa - relatively short and tall, with
a small value of this ratio (1.2+1.24).

According to the ratio of width and length (in the axial
projection), 19 cerebellums can be classified as
proportional, 4 are relatively wide and short, and 7 are
relatively narrow and long. According to the ratio of width
and height (in the coronal projection), 21 cerebellums can
be classified as proportional, 5 are relatively wide and low,
and 4 are relatively narrow and high. According to the ratio
of length and height (in the sagittal projection), 21
cerebellums can be classified as proportional, 4 - relatively
long and low, 5 - relatively short and high. The distribution
of the values of all three form factors by the size of the
feature is compared together in Table 2.

As can be seen from the data in Table 2, there is a
variety of combinations of variants of the shape of the
cerebellum in different projections. 8 cerebellums are
proportional in all three shape factors (group 8), 16 have
average values of two of the three parameters (groups 3, 5,
7, 9-11). In another 5 cerebellums, only one parameter is
in the range of average values (groups 1, 4, 6, 12). Only 1
cerebellum (group 2) belongs to the disproportionate size
of all three shape factors.

Relative parameters of the cerebellum. These relative
parameters of the cerebellum are shown in Table 1 (C).
According to these data, the shape of the cerebellum as a
whole can be characterized by the value of the relative
parameter. Just as in the analysis of form factors, if the
values of the parameters of the cerebellum under study
are in the range of average values, such a cerebellum is
characterized as proportional, while extreme values indicate
disproportionality:

* relatively wide, with large value W, (3.66+4.08) or vice
versa - relatively narrow with little value W, (2.76+2.92).

* relatively long, with large value L, (0.81+0.86) or vice
versa - relatively short with little value L (0.59+0.68).

* relatively high, with large value H, (0.46 + 0.48) or vice

Table 2. Variants of observed cerebellar forms (by form factors).

Ne W, /L, W, /TH., Leog ' Hegg Count
1| Wide and short Wide and low Proportional 1
2 | Wide and short Wide and low Short and high 1
3 | Wide and short Proportional Proportional 1
4 | Wide and short | Narrow and high Proportional 1
5 Proportional Wide and low Proportional 1
6 Proportional Wide and low Short and high 2
7 Proportional Proportional Long and low 4
8 Proportional Proportional Proportional 8
9 Proportional Proportional Short and high 2
10 Proportional Narrow and high Proportional 2
11| Narrow and long Proportional Proportional 6
12| Narrow and long | Narrow and high Proportional 1
Total| 30
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Table 3. Variants of observed cerebellar forms (by relative
parameters).

Shape variant
Ne Count
w, L, H,
1 wide long low 1
2 wide medium low 1
3 wide short medium 3
4 medium medium low 1
5 medium long low 2
6 medium medium medium 11
7 medium long medium 1
8 medium short medium 2
9 medium medium high 2
10 narrow long medium 2
11 narrow medium medium 1
12 narrow medium high 3
Total 30

versa - relatively small with little value H (0.33+0.37).

According to the relative width, 19 cerebellums can be
classified as proportional, 5 are relatively wide, and 6 are
relatively narrow. According to the relative length, 19
cerebellums can be classified as proportional, 6 are
relatively long, and 5 are relatively short. According to the
relative height, 20 cerebellums can be classified as
proportional, 5 are relatively high, and 5 are relatively low.
The distribution of the values of all three relative
dimensions by the size of the feature is compared together
in Table 3.

As can be seen from the data in Table 3, there is a
variety of combinations of parameters of the shape of the
cerebellum. Eleven cerebellums have average values of
each of the three parameters (group 6), seven have average
values of two of the three parameters (groups 4, 7, 8, 9, 11).
In another 11 cerebellums, only one parameter is in the
range of average values (groups 2, 3, 5, 10, 12), and 1
disproportionate cerebellum was also observed (group 1).

Discussion

The method of determining the size of the cerebellum
used in this work is similar to the "bounding box" method
of L. Xiang for analyzing a three-dimensional model of the
brain [27]. The method of orientation of the rectangle in
different projections was chosen among the most common
methods in stereotaxic neurosurgery, which were the most
informative and based on the most stable and visible on
MRI images of the brain structure [11]. "Limiting rectangle"
can be used as an additional examination of the cerebellum
during morphometry of MR tomograms [9].

Measurement of the cerebellum on tomograms makes
it possible to assess the size and shape in vivo, in its
natural position in the skull cavity, but only in separate
tomographic projections. To assess the shape of the
cerebellum on MR images, shape factors were calculated

- the ratio of cerebellum sizes determined in each projection.
In our work, this method of assessing the shape of the
cerebellum was adapted for morphometric studies on MR
tomograms [21].

As shown in Figure 1, each linear dimension - length,
width, height - is defined in two mutually perpendicular
projections. Due to the peculiarities of conducting MR
tomography (the presence of a "step” when conducting MR
"slices" and their orientation in space), on the one hand,
as well as the complex three-dimensional shape of the
cerebellum, on the other hand, the extreme, most distant
points on the surface of the cerebellum, on which the
bounding rectangle rests, on mutually perpendicular MR
images often do not coincide. As a result, the value of the
same size defined in one projection differs from that defined
in another projection. Also, the same linear dimension in
two different projections is related to two different other
linear dimensions. Therefore, to evaluate the shape of the
cerebellum as a three-dimensional structure, parameters
were proposed on MR images that take into account the
ratio of one linear size of the cerebellum to the other two,
namely: the relative width of the cerebellum (W ), the relative
length of the cerebellum (L) and the relative height of the
cerebellum (H).

The obtained data on the variability of the linear
dimensions of the cerebellum differ from those in [20],
where the height was determined to be more variable than
the width or length. This is explained by the peculiarities of
the measurement techniqgue and sample sizes.

The existence of a statistically significant linear
relationship between the values of length and width was
previously established when measuring anatomical
preparations of the cerebellum [20]. However, the significant
linear relationship between Wcor and Hcor found in this
study may be due to the peculiarities of measuring
cerebellar height on tomograms. The variability of the values
of paired linear dimensions measured in one projection
and the lack of a functional connection between them lead
to the variability of the ratios of linear dimensions, hence
the variability of the shape factors (Table 1 B), which
characterize the shape of the cerebellum in tomographic
projections.

As shown in the study of A. Yu. Stepanenko [21], the size
of the form factor determined on an anatomical preparation
of the cerebellum affects its external structure in individual
projections. In our opinion, the size of the shape factors
determined on MR tomograms affects the shape of
intracerebellar structures, namely the nuclei of the
cerebellum, first of all, the dentate nucleus, which has a
complex three-dimensional organization [18].

The analysis of relative indicators allows, in our opinion,
to determine which linear size has the greatest influence
on the shape of the cerebellum as a whole and, thereby, on
the shape of the lobes, the course of the furrows, the three-
dimensional organization of its nuclei and other anatomical
features. Taking into account the shape of the cerebellum,
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in turn, will contribute to the improvement of the diagnosis
of its diseases using MRI, will be useful when conducting
neuromorphological studies.

Conclusion

1. The proposed complex method of assessing the
shape of the cerebellum in the morphometry of tomograms.
The method consists in measuring linear dimensions
(width, length and height) on tomograms in three different
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CnocCIib OUIHIOBAHHA ®OPMU MO30O4KA NOAUHWU: MPT OOCHIAXKEHHA

Kaninivenko M. O.

MiHnusicmb ¢hopmu opzaHy € 0OHUM i3 nposigig Lio2o iHOUBIOyanbHOI aHamomidHoi MiHnueocmi. MaeHimHO-pe3oHaHCHa momozpadbisi
ma iHwi cy4acHi HeliposidyanisauyiltiHi Memodu 00380/15Il0Mb 8CMaHO8UMU MOPEHOsIo2idHi 0cobnueocmi opaaHie NpuXxummeeso, rnpu
36epexeHHi ix npupodHoz2o rnonoxeHHs1. Mema pobomu - po3pobumu mMemod ouyiHI8aHHS (hopMuU MO30YKa /TH0OUHU 3a pe3yrbmamamu
mopghomempii MP momoepam. LocnidxxeHo MP momozpamu 20/108Ho20 Mo3Ky 30 ocib 6e3 sudumoi namonoeii 20rogHo2o mo3sky (15
qonosikie i 15 xiHok y siyi 8id 20 do 40 pokig). MPT npoeodunu Ha anapami MPT 1,5 T (Siemens Magnetom Symphony, MrwoHxeH,
Hiveyqura). Byno eusHayeHo WUPUHY MO304YKa 8 akcianbHit (W) i kopoHanbHit (W ) npoekuisx, doexuHy € akcianbHit (L) i
caeimarnbHit (Lsag) rpoekuisix, eucomy y KopoHasnsHit (H, ) ma cazimabHit (Hsag) npoekuisx. BcmaHoeneHo, w0 wupuHa MO304Ka
Mmalixke 0OHaKo80 8U3Ha4aembCsi y 080X PI3HUX MPoeKuisax, binbwe po3bikHICMb Npu 8u3HayeHHi OBXKUHU, MakcuMalrbHa PisHUUs
3HaYeHb BUSIBMSAEMbCS MPU 8UMIpto8aHHI sucomu. byno 3HalideHO cepedHili 3a Culo cmamucmuYyHO 3Hadywul fiHilHULU 83a€MO038'30K
M miHnueocmamu W_ i L (r=0,48; p<0,01), W_, i H_, (r=0,39; p<0,05). MiHnusicmb 3Ha4eHb nmapHux JiHiGHUX po3mipie, wWo
8UMIpPIOOMbLCS 8 OO0HIl Npoekuii, i 8idcymHicmb OyHKUiOHanbHO20 38'A3KYy MK HUMU rpu3800simb G0 MiHIUBOCMI iX Crig8iOHOWEHb -
gpakmopie gpopmu (W_, /'L, W_ /H_, Leag / Hsag), sIKa CBOEI0 Yep20K0 8rIu8ae Ha (hopmMy 8HYMPILUHLOMO30YKOBUX CMPYKMyp, nepw 3a
gce - s0ep Mo304ka. [ns eu3HayeHHs (hopMu MO30YKa y UiroMy 3arporioHo8aHO napamempu, WO epaxo8ytomb Crie8iOHOWEHHS
00HO020 nIiHIlIHO20 PO3Mipy MO304Kka 00 080X iHWUX, a came: 8i0HOCHa wupuHa mo3zodka (W, = (W _xW_ ) / (L xH_)), éidHoCHa
doexuHa mMo3oyka (Lr = (Laxstag) / (Waxstag)) ma eidHocHa eucoma mosoyka (H, = (Hcorstag) / (erstag)). lModanbwuli aHania aHux
napamempie su3Hayae, sikul i3 fiHIUHUX po3mipig b6inbwe ernueae Ha ¢hopMy MO304YKa, Wo 3ymoesoe ocobnusocmi (io2o 6ydosu, siK-
mo - ¢hopMy 4YacmoHdok, xid 6OpO3H, MpusUMIpHy opaaHizauito io2o s10ep ma iH. [puxummese 8usHa4eHHs1 hOPMU MO304Ka Cripusmume
rnokpaweHHo OiaeHOCMUKU U020 3axeoprosaHb 3 sukopucmaHHsaM MPT i 6yde kopucHum rpu rnposedeHHi HelipoMopghonoaidHUX
docnidxeHsb.

KnrouoBi cnoBa: nroduHa, aHamowmis, mo3odyok, MPT, mopghomempisi.
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Despite the variety of modern methods of treatment, the problem of hyaline cartilage
regeneration is still relevant. Purpose of the study: to determine the effect of nuclear
magnetic resonance therapy on the regenerative ability of simulated defects in the
cartilage tissue of the knee joint in rats, to assess the dynamics of microscopic changes
in articular cartilage in the main and control groups. The study was performed on 60
sex-mature rats. The defects were created in the area of the articular surfaces of the
left knee joint - 30 defects in the main group and 30 defects in the control group. The
right knee joint of both study groups was used as the norm. Medical (antibiotics, anti-
inflammatory, analgesic) therapy was carried out for 3 days after the surgery. On the 4th
day after surgery, rats of the main group were given nuclear magnetic resonance
therapy for 60 minutes, for 7 days. After 7, 14, 21, 28 days after therapy, histological
analysis of cartilage regenerate was performed. 28 days after the use of nuclear magnetic
resonance therapy, the height of cartilage regenerate in rats was 82.12+8.89 um in the
intervention group and 56.34+7.82 um in the control group. Cartilage regenerate in rats
after nuclear magnetic resonance therapy was close to the structure of intact hyaline
cartilage. However, complete regeneration did not occur, as evidenced by the smaller
thickness of the articular cartilage compared to that in the right knee joint. In the control
group, the formation of the regeneration had pronounced signs of dysregeneration. The
cartilage tissue in the area of the defect, was predominantly fibrous in the nature with
areas of necrosis. Nuclear magnetic resonance therapy contributes to the formation of
articular cartilage in the defect - cartilage regenerate, which in its histological structure
approaches hyaline cartilage.

Keywords: nuclear magnetic resonance therapy, rats, cartilage regenerate,
chondrocyte proliferation, experiment.

Introduction

Degenerative joint disease, such as osteoarthritis (OA),
is one of the most common pathologies among people,
especially after the age of 65, and is a leading cause of
disability [4, 10, 15]. Knee joint injuries account for up to
14% of the total number of lower extremity injuries that lead
to articular cartilage damage.

Articular cartilage is a type of connective tissue that
evenly distributes pressure on the bone, acting as its shock
absorber and protection. Given the fact that cartilage tissue
is avascular, it is quite difficult for damaged cartilage to
recover on its own. Therefore, the restoration of damaged
cartilage is achieved due to the proliferation of chondrocytes
and the synthesis of the extracellular matrix, which consists
of collagen fibers and proteoglycans [5].

The occurrence and progression of degenerative
changes in cartilage tissue are associated with various
factors, including genetic features, aging, trauma, and
environmental exposure [1]. The main pathogenetic factor
in the formation of cartilage defects of the knee joint is its
destruction, which develops as a result of a mismatch in
the distribution of mechanical load and the cartilage's ability
to resist it. In case of traumatic damage to articular cartilage
tissue, metaplasia or dysregeneration usually occurs, as
a result of which hyaline cartilage is replaced by fibrous
cartilage [2]. Traumatic damage to articular cartilage leads
to degenerative-dystrophic damage to the joint and the
occurrence of irreversible secondary arthrotic changes [3,
11]. Despite significant achievements in the study of the
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mechanisms of articular cartilage degeneration and the
development of new treatment methods, the problem of
hyaline cartilage regeneration remains extremely relevant
[14, 17, 20].

The purpose of the study: to determine the effect of
nuclear magnetic resonance therapy on the regenerative
capacity of simulated cartilage tissue defects of the knee
joint in rats, to evaluate the dynamics of microscopic
changes in articular cartilage in the main and control groups.

Materials and methods

All manipulations with animals were carried out in
accordance with the law of Ukraine "On the protection of
animals from cruel treatment" dated December 9, 2015
[18]. The experimental animals were cared for in
accordance with generally accepted recommendations,
requirements and provisions for the care of laboratory
animals: the Helsinki Declaration of the General Assembly
of the World Medical Association (2000); Provisions of the
"European Convention for the Protection of Vertebrate
Animals Used for Experiments and Other Scientific
Purposes" (Stpacbypg, 1985) [7]. The research protocol
was approved at a meeting of the Bioethics Commission
of National Pirogov Memorial Medical University, Vinnytsia,
Ukraine (protocol No. 7 dated September 16, 2021).

Surgical interventions. The study was performed on 60
sexually mature rats weighing 250.0+50.0 g. In all animals,
in aseptic conditions, under intravenous anesthesia with
Ketamine solution (50.0 mg/kg), after treating the operative
field with Betadine 10 % three times, a skin incision was
made and the underlying capsule of the left knee joint
through a medial parapatellar approach, measuring
+2-3 mm. Using a scalpel (size 15), a full-layer cartilage
defect was created. The open wound was washed with an
antiseptic solution of Dekasan, followed by layer-by-layer
suturing of soft tissues. The postoperative wound was
treated with Sterilium and an aseptic bandage with Betadine
10 % was applied. The first 3 days after damage simulation,
all experimental animals were treated with the following
drugs: Ceftriaxone, Diclofenac, Analgin. During the surgical
intervention, a full-layer cartilage defect was formed with
the involvement of the subcartilaginous plate (n=60). After
the completion of this stage of the experiment, all animals
were divided into 2 groups: the main and control, 30 animals
in each.

After medical treatment for the animals of the main
group, starting from the 4th day after surgery, a cartilaginous
program of nuclear magnetic resonance therapy was
carried out daily, for 60 minutes, for 7 days.

Nuclear magnetic resonance therapy was not used for
the control group of animals.

For comparative analysis, the right knee joint in both
groups of animals was not damaged.

Rats from the main group were removed from the
experiment after 7 (group O1), 14 (group 0O2), 21 (group
03) and 28 (group O4) days (6 animals for each term) after

a one-week course of nuclear magnetic resonance therapy
by administering lethal dose of anesthetic (sodium
thiopental was administered intramuscularly at the rate of
90 mg/kg). In the control group of animals, nuclear magnetic
resonance therapy was not performed, but the rats were
removed from the experiment at the same time of the study
as from the main group, which corresponded to 17 (group
K1), 24 (group K2), 31 (group K3) and 38 (group K4) days
(6 animals for each period) from the beginning of the
operation.

Histological analysis. To evaluate the morphological
changes, the knee joints of the left hind limb of rats of the
main and control groups, as well as the knee joints of the
right hind limb involving the distal part of the femur and the
proximal part of the tibia, were isolated, fixed in a 10 %
solution of neutral formalin and decalcified. Preparations
were prepared according to standard methods, axial
histological sections of joints (5 from each animal) with a
thickness of 5-7 uym were stained with Weigert's
hematoxylin and eosin, as well as Van Gieson's picrofuchsin
[22].

Microscopy and photography were carried out using a
light microscope EUROMEX microscopes Holland IScope
1153-PLI. Images were acquired and processed using the
"ImageFocusAlpha" program.

Animals were withdrawn from the experiment at
intermediate stages of articular cartilage regeneration (7,
14, 21, 28 days) to study the dynamics of the recovery
process.

Morphometric studies of articular cartilage at the level of
the distal part of the femur and the proximal part of the tibia
were performed using the "ImageFocusAlpha" software
for the "EUROMEX microscopes Holland IScope 1153-PLI"
microscope. The total height of the articular cartilage, the
height of the surface, intermediate and zone of calcified
cartilage were measured. The intermediate (or mid) zone
was considered the layer of articular cartilage from the
surface zone to the basophilic line (tidemark) according to
the recommendations of Gerwin N. and co-authors [8].

In all experimental groups, general and local
complications were not observed in the postoperative
period.

Statistical studies. The results of the morphometric study
were processed using the Microsoft Excel computer
program and presented in the form of Mtm. Comparison
of mean values was performed using Student's t-test.

Results

To compare the structural changes in the articular
cartilage after injury, we examined the cartilage structure of
the right knee joint of both study groups without injury.

Morphologically, the following zones could be
distinguished in the cartilage: the surface layer, separated
from the joint cavity by a thin acellular eosinophilic plate,
which contained single flat chondrocytes: the middle layer,
with rounded and oval chondrocytes, which were evenly
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Fig. 1. The structure of the knee joint of an intact rat. 1 femur
cartilage. 2 - articular cavity. 3 - anterior horn of the meniscus. 4 -
tibial cartilage. Hematoxylin and eosin staining. Magnification x100.
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Fig. 2. The structure of the knee joint of an intact rat. 1 - surface
zone. 2 - middle zone. 3 - zone of calcification. 4 - subchondral
bone tissue. Hematoxylin and eosin staining. Magnification x400.

located in isogenic groups; deep layer where chondrocytes
formed columns. The subchondral bone plate was directly
adjacent to the deep layer. In the surface layer, elongated
chondrocytes, arranged in 2-3 layers along the articular
surface, contained large oval hyperchromic nuclei with a
thin rim of cytoplasm. The intercellular matrix had a uniform,
weakly eosinophilic coloration. In the middle layer, near
the surface, isogenic groups of chondrocytes contained 2
to 4 cells. In the deeper layers, chondrocytes formed
columns. The basophilic line was visualized along the
entire length of the articular surface. The zone of calcified
cartilage contained chondrocytes in expanded capsules
located at a distance from each other. Such cells had
hyperchromic nuclei surrounded by vesicular cytoplasm.
Closer to the subchondral bone, chondrocytes had pyknotic
nuclei with weakly contoured cytoplasm. Some lacunae
did not contain cells. In some places, blood vessels

penetrated from the bone tissue to the calcified cartilage
(Fig. 1, 2). The described structural features of articular
cartilage were characteristic of all articular surfaces of rats
that were not traumatized. However, the thickness of the
articular cartilage was different, which is related to the long
period of the study.

Group OL1. In the case of application of nuclear magnetic
resonance therapy, a high density of osteoblasts was
determined in the newly formed coarse-fiber bone tissue.
The central part of the defect was occupied by granulation
tissue that completely covered the bottom of the defect and
contained a significant number of blood capillaries of
various diameters (Fig. 3). The thickness of the regeneration
tissue was 33.45+5.17 ym (Table 1).

Group K1. In this research group, the regeneration
process was less pronounced. In the regenerate of the
bottom of the defect, the formation of bone tissue in the
form of coarse-fibered bone trabeculae with a small number
of osteocytes was noted. On the outer surface of the bone
trabeculae of the subchondral bone, there are numerous
osteoblasts in the form of a palisade. The granulation
tissue is represented by scattered islands of fibroblastic
diferon cells (Fig. 4). The thickness of the regeneration
tissue was 20.53+£3.07 ym (see Table 1).

In rats that did not undergo MBST, the articular cartilage

Fig. 3. Regenerative tissue O1. 1 - coarse fibrous bone tissue. 2 -
blood vessels. 3 - granulation tissue. Hematoxylin and eosin staining.
Magpnification x400.

Table 1. The thickness (um) of the regeneration cartilage of the
left knee joint in different experimental groups of animals.

Group of animals
Term, days p
Researched Control
7 33.45+5.17 20.53+3,07 <0.01
14 48.54+7.03 35.27+6.64 <0.01
21 64.57+7.86 45.42+4 .38 <0.01
28 82.12+8.89 56.34+7.82 <0.01

Note: p - the reliability of the differences in the average values of
the thickness of the regeneration cartilage of the knee joint of the
main group compared to the control group in all terms of the
experiment.

Vol. 29, Ne4, Page 19-26
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Fig. 4. Regeneration tissue K1. 1 - coarse fibrous bone tissue. 2 -
granulation tissue. Hematoxylin and eosin staining. Magnification

P .
Fig. 5. The structure of articular cartilage K1. 1 - subchondral
bone tissue. 2 - intermediate zone of articular cartilage. 3 - absence
of chondrocytes in the surface zone of articular cartilage.
Hematoxylin and eosin staining. Magnification x100.

Fig. 6. The structure of articular cartilage K1. 1 - subchondral
bone tissue. 2 - zone of calcification of articular cartilage. 3 -
basophilic line of articular cartilage. 4 - intermediate zone of articular
cartilage. 5 - absence of chondrocytes in the surface zone of the
cartilage. Hematoxylin and eosin staining. Magnification x400.

near the injury zone underwent structural changes. In
particular, areas of cartilage without chondrocytes were
detected in the surface zone, and the matrix was stained

eosinophilic. In the middle zone, some isogenic groups
did not contain chondrocytes. The basophilic line
throughout the area of the articular cartilage covering the
femur was uneven and discontinuous. Significant areas
without chondrocytes and uneven staining of the matrix
were also observed in the zone of calcified cartilage. At a
distance from the site of transchondral damage, structural
changes in the articular cartilage were less pronounced

) s L .
£

Fig. 7. The structure of regeneration tissue O2. 1 - subchondral
bone tissue. 2 - regeneration tissue. Hematoxylin and eosin staining.
Magpnification x100.

Fig. 8. The structure of regeneration tissue O2. 1 - subchondral
bone tissue. 2 - newly formed cartilage tissue. 3 - regeneration
tissue. Hematoxylin and eosin staining. Magnification x400.

Fig. 9. The structure of articular cartilage K2. 1 - subchondral
bone tissue. 2 - dense designed connective tissue. 3 - blood
vessels. Hematoxylin and eosin staining. Magnification x400.
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and were manifested by a decrease in the density of
chondrocytes in the surface zone, inhomogeneity of the
color of the matrix, and unevenness of the basophilic line
(Fig. 5, 6).

Group O2. In rats, which were subjected to MBST after
the articular cartilage defect was applied, the histospecies
showed a traumatic injury area filled with lamellar bone
tissue, which usually did not differ in structure from the
adjacent maternal subchondral bone (Fig. 7). On the surface
of the defect, which bordered the cavity of the joint, a
formation of uneven thickness of the cartilage layer was
found. Chondrocytes, which were densely arranged and
formed 2-3 rows of isogenic groups, had 2 cells each.
They contained basophilic cytoplasm and large rounded
nuclei (Fig. 8). The thickness of the regeneration tissue
was 48.54+7.03 ym (see Table 1).

Group K2. In rats that did not undergo MBST after the
articular cartilage defect, the regeneration tissue did not
completely fill the defect area. The formation of dense
connective tissue, which contained numerous fibroblasts,
was noted on the surface bordering the joint cavity. Their
long axis was directed parallel to the surface. The bone
tissue was located along the perimeter of the defect, from
the sides of the parent bone to the center, and contained
coarse-fibered bone trabeculae with a significant density
of osteocytes and osteoblasts on the outer surface (Fig. 9).
The number of fibroblasts in the fibrocartilaginous tissue
was higher, compared to the same one, in the previous
period of the study. The thickness of the regeneration tissue
was 35.27+6.64 uym (see Table 1).

Group O3. In the rats treated after the articular cartilage
defect was applied, 21 days after nuclear magnetic
resonance therapy, in the area of damage, lamellar bone
tissue, as in the previous period of the study, did not differ in
structure from subchondral bone. On the surface of the
defect, which bordered the cavity of the joint, the formation of
fibrous cartilage, uneven in thickness, was found. In the
middle zone, isogenic groups of cartilage contained 2-3 to 4
chondrocytes, in contrast to the previous period of
observation, when isogenic groups contained 2
chondrocytes each. The territorial cartilage matrix is more
pronounced in contrast to the previous term of the study. The
thickness of the regeneration tissue was 64.57+7.86 uym
(see Table 1).

Group K3. In the control group of animals that did not
undergo MRI, bone trabeculae were located directly under
the fibrocartilage layer, had irregular edges and resorption
lacunae with osteoclasts and osteoid layering in other
areas. The damaged articular surface was covered with
fragments of fibrous cartilage. Most of the chondrocytes
were destructively changed. Small foci of chondroblast
hyperplasia were detected. Fibrous cartilage also formed
on the articular surface adjacent to the defect site, replacing
the articular cartilage and, without a clear boundary,
transitioning into the connective tissue that was located on
part of the surface of the preserved articular cartilage. The

- -

Fig. 10. The structure of articular cartilage K3. 1 - subchondral
bone tissue. 2 - fibrous cartilaginous tissue. Hematoxylin and eosin
staining. Magnification x400.

Fig. 11. The structure of articular cartilage O4. 1 - subchondral

bone tissue. 2 - area of articular cartilage regeneration. Hematoxylin

and eosin staining. Magnification x100.
R, .

Fig. 12. The structure of articular cartilage O4. 1 - superficial zone
of articular cartilage. 2 - intermediate zone of articular cartilage. 3
- deep zone of articular cartilage. Hematoxylin and eosin staining.
Magpnification x400.

regenerate was filled with fibrous tissue, its average
thickness was 45.42+4.38 uym. The fibers were located
mainly parallel to the articular surface. The free surface of
the fibrous tissue looked smooth, but the tissue itself
formed intra-articular growths. In places, foci of destruction
(necrosis) were noted in the fibrous tissue. Fibrous tissue

Vol. 29, Ne4, Page 19-26
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Fig. 13. The structure of articular cartilage K4. 1 - subchondral
bone tissue. 2 - deep zone of articular cartilage. 3 - superficial
zone of articular cartilage. Hematoxylin and eosin staining.
Magnification x400.

f‘:"-. Bt S N AL .
Fig. 14. The structure of articular cartilage K4. 1 - fibrous cartilage
tissue in the surface zone of articular cartilage. 2 - intermediate
zone of articular cartilage. 3 - deep zone of articular cartilage. 4 -
subchondral bone tissue. Hematoxylin and eosin staining.
Magpnification x400.

contained well-developed blood vessels of the
hemomicrocirculatory bed. In addition, on the periphery of
the defect area, cells of both damaged and preserved
hyaline cartilage were found under the fibrous tissue. That
is, excessive (beyond damage to the articular surface)
growth of fibrous tissue under which the subchondral bone
plate with the applied defect was located was determined
(Fig. 10). At the edges of the defect, the plate was unevenly
thickened. Because of the bone tissue defect,
hemocapillaries and reticular tissue penetrated the area
of articular cartilage damage (see Table 1).

Group O4. On the 28th day after nuclear magnetic
resonance therapy, in the animals of the main group,
histologically, the articular surface at the site of injury was
covered with a newly formed coating of cartilage tissue. In
the surface zone, chains of flattened chondrocytes are
located parallel to the joint gap. With distance from the free
surface, chondrocytes formed isogenic groups, which
contained 3-4 cells each and did not differ in their structure

from chondrocytes of intact areas of articular cartilage. The
surface layer turned into a deep, typical articular hyaline
cartilage with a weakly basophilic matrix and zonal
arrangement of chondrocytes. The deep zone contained
full-blooded blood vessels, small areas of granulation
tissue.

Thus, in treated animals, cartilaginous tissue was found
in the defect zone, which in terms of histological structure
approached the structure of articular hyaline cartilage of
intact joints. According to the macroscopic (surface, color,
density) characteristics, the regenerate had all the
properties of the newly formed hyaline articular cartilage
(Fig. 11), which was indicated by the increased number of
chondroblasts in the deep zone of the cartilage and
eosinophilia of the intercellular matrix. However, the
superficial zone was represented by one layer of flattened
cells oriented parallel to the surface of the joint (Fig. 12).
The thickness of the newly formed cartilage tissue was
less than the similar tissue in intact joints and was
82.12+8.89 ym (see Table 1).

Group K4. The articular cartilage, near the injury zone,
underwent structural changes. In particular, chondrocytes
were absent in the surface zone, and the matrix was stained
eosinophilic. In the middle zone, the formation of isogenic
groups containing 3-4 cells was noted, some isogenic
groups did not contain chondrocytes at all. The basophilic
line throughout the area of the articular cartilage covering
the femur was uneven and discontinuous. Zones without
chondrocytes and uneven staining of the matrix were
observed in the zone of calcified cartilage. At a distance
from the defect site, structural transformations in the
articular cartilage were less pronounced and were
manifested by a decrease in the density of chondrocytes in
the surface zone, heterogeneity of the color of the matrix,
and unevenness of the basophilic line. A high density of
fibroblasts was determined in it (Fig. 13).

The articular cartilage, located on the edge of the wound,
was degeneratively changed, there was a reduced number
of chondrocytes and a thickened zone of calcified cartilage.
The cells of the surface layer of articular cartilage were
destroyed. In the middle layer, chondrocytes were unevenly
located in isogenic groups. The deep layer, where the
chondrocytes formed columns, the subchondral bone plate
was directly adjacent to the deep zone (the zone of
calcification was not clearly visualized) (Fig. 14). The
thickness of the cartilage was 56.34+7.82 ym (see Table 1).

Discussion

In the course of the histological analysis of defects of
the articular cartilage of the knee joint in an experimental
model under the influence of nuclear magnetic resonance
therapy (MBST), significant morphological changes were
found, which testify to the positive role of MBST in cartilage
regeneration. At the first stage of the study, it was
established that the control group, which did not receive
MBST, showed pronounced signs of cartilage
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degeneration. In particular, wide zones of necrosis were
detected, as well as loss of the cartilage matrix and a
decrease in the number of chondrocytes.

In the group of animals subjected to MBST, the articular
surface at the site of injury was lined with a newly formed
covering of cartilage tissue, and the regenerate had all the
properties of hyaline cartilage, which was indicated by an
increased number of chondroblasts in the deep zone of
the cartilage and eosinophilia of the intercellular matrix.
Histological analysis also showed an increased number
of living chondrocytes, as well as signs of their greater
differentiation compared to the control group, which also
indicates stimulation of cartilage regeneration under the
influence of MBST.

Our study was also accompanied by a comparative
analysis with the work of Gerwin N. and co-authors
conducted in 2010 [8]. The authors of this paper
recommended using criteria for evaluating
histopathological changes in cartilage in osteoarthritis. In
our study, we similarly divided the cartilage into three zones:
superficial, deep, and calcification zone, and the use of
MBST contributed to the improvement of morphological
indicators.

In the context of the histological changes found in our
study, the molecular aspects mentioned in the study by
Chen H. and co-authors [5] should also be taken into
account. The maintenance of a higher level of chondrocyte
differentiation may be related to the molecular mechanisms
that support the proliferation and differentiation of these
cells.

Our study in a control group of rats is also consistent
with the study by Bets I. G. and co-authors, conducted in
2018 [2], in which the authors showed the stages of articular
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MOP®OrICTONOMNYHE OOCNIIXEHHA PEFEHEPALIT AE®EKTIB XPSALWA KOMNIHHOIO CYIMOBA B EKCMEPUMEHTANbHIA
MOQENI Nig BNAMBOM SAOEPHOI MArHITHO-PE3OHAHCHOI TEPANIT

Piwenko B. O., Koponb A. I1., Ocynoea . B.

Hesgaxaroqyu Ha pisHOMaHimms cy4YacHuUx memodig fiiKkyeaHHs, npobrieMa pezeHepauii 2iarniHo8020 xpsuwa 3anuwaemscsi Had3guyalHoO
akmyanbHow. Mema 0ocnidxeHHs1 - susHadyumu ernnue si0epHoi MaeHimHO-pe3oHaHCHOI meparnii Ha pezaeHepauiliHy 30amHicmb
modernbogaHux 0eghekmig Xpsu,080i MKaHUHU KOMIHHO20 cyeanoba y wypie, oyiHumu OuHamiky MIKpOCKOMiYHUX 3MiH cy210608020
Xpsiwa 8 OCHOBHIl ma KOHMPOIbHIl epynax. [ocnidxeHHs1 8UuKOHaHO Ha 60 cmameso 3pinux wypax. [NosHowaposi deghekmu cmeopeHi
8 OinsiHYi cyarnobosux MoBepxoHb 11i8020 KOMiHHO20 cyernoba - 30 Oeghekmig 8 ocHosHIl 2pyni ma 30 Oeghekmie 8 KOHMPOIbHIl 2pyrii.
lMpasutl koniHHUU cyanob 060x AocidxXysaHUX epyn 8UKOpUCMo8y8sarnu 8 sikocmi Hopmamusy. Yepes 3 OHi nicrisi XipypeidHo20 8mpyyaHHsI
posodurnu HeobxiOHy mMedukameHmMOo3Hy mepanio (aHmubiomuku, npomu3anarsnbHi, aHanze3yrudi). Ha yemeepmy 0006y nicna onepauii
wypam OCHOBHOI e2pynu 3acmocosyearnu si0epHy MagHImHO-pe3oHaHCHy meparnito no 60 xeunuH enpodosx 7 0i6. Yepes 7, 14, 21, 28 0i6
nicns mepanii npogodunu 2icmonoaiyHull aHani3 xpsauw,08020 peeeHepama. HYepes 28 0i6 nicrisi 3acmocyeaHHs 10epHOI MagHImHo-
pe3oHaHCHOI mepariii aucoma xpsiu08020 peseHepama y wlypie cmaHosuna 82,12+8,89 mMkm 6 ocHoeHill epyni ma 56,34+7,82 Mkm 8
KOHMposbHit. Xpauwosull peeeHepam y wypig ricrs 10epHoi MagHImHo-pe30oHaHCHOI meparii 3a 6ydosoro Habnuxascsi 00 cmpykmypu
HeywKoOxeHo20 2ianiHogozo xpsuwa. O0Hak, MosHOI pezeHepauii He 8i0byesanock, PO Wo €8idYUMb MeHWa mosuwjuHa cy210608020
Xpsiwa rMopigHsIHO 3 NPasuM KOMiHHUM Cy2/1060M. Y KOHMPOIbHIU 2pyni (hopMy8aHHsI pe2eHepamy Maro 8UPaxeHi 03HaKu OucpezeHepauii.
Xpsiwosa mkaHuHa 8 OinsHYi dehekmy Mara nepesaxHo ibposHUll xapakmep i3 30HaMu HEeKpo3y. Sl0epHa MazHIMHO-pe30HaHCHa
mepanis cripusie ¢popmysaHHI0 8 deghekmi cyar10608020 xpawa Xpsau,08020 peeeHepamy, Kompul 3a C80€0 2icmorno2idHor 6yd08oto
Habnuxaembcsi 00 eianiHo8o20 XpAauwa.

KniouoBi cnoBa: ssi0epHa MacHIMHO-pe3oHaHCHa mepariis, Wypu, Xpsawoeul pezeHepam, rponigepauisi XoHOpoyumig, eKkcriepuMeHm.
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The development of neurosurgery and the increase in requirements for the performance
of surgical approaches performed through the bones of the skull vault lead to the
formation of new requests for detailing and clarification of the craniometric
characteristics of the parietal bones. The purpose of our study is to establish the
features of the shape and other spatial indicators of the parietal bones of the skull of a
mature person, taking into account sex and certain types of craniotype. The study was
conducted on 130 studied preparations of bone structures of the head of adults from the
collected collection of the Department of Normal Anatomy of the Kharkiv National
Medical University, in the amount of 82 bone preparations, including isolated parietal
bones, as well as 48 tomograms obtained during the examination of patients. The
basis for establishing a craniotype is the principle of calculating the cranial index. For
statistical analysis, we used the programs Statistica 13.5.0.17 (trial version) and
Microsoft Excel of the corporate package MS 365. To establish the peculiarities of the
structure and shape of the parietal bones, the following craniometric indicators were
determined: the length and width of the parietal tubers, the parietal chord and the arch,
calculated the curvature index of the parietal bone. The obtained data were analyzed
for mature people of different genders and three established craniotypes. It has been
established that brachycephals are characterized by an expanded and expanded form
of the parietal bones, which is associated with the predominance of the transverse
dimensions of the entire cerebral skull. For mesocephals, the most typical intermediate-
average form depending on the values of the cranial index. Dolichocephals have an
elongated and narrowed form of the parietal bones, which is combined with general
changes in the cerebral skull. Additional linear parameters of the parietal bones are
directly dependent on the established craniotype. The dolichocephalic type is
characterized by maximum length values of parietal tubers: x =18.43 mm (right) and
X =18.24 mm (left) with minimum width parameters: up to x =15.71 mm and x =15.02
mm. Representatives of the brachycranic type are characterized by the minimum
indicators of the length of the parietal tubers: from x =12.73 mm to x =12.81 mm and the
maximum indicators for the width - X =23.52 mm (right) and x =23.04 mm (left). The
parietal chord, like the parietal arch, had a similar trend in the distribution of indicators,
namely: an increase from dolichocrania to brachycrania. In men with a dolichocephalic
type of skull structure, the average values of these parameters were at the level of
X =108.2 mm (right) and 107.6 mm (left) for the parietal chord, and x =114.2 mm and
X =113.2 mm for the parietal arcs In men with brachycranic type, the parietal chord
reached - x =116.6 mm (right) and X =115.8 mm (left), and the parietal arch reached -
X =127.8 mm (right) and X =126.9 mm ( left). In women, a similar principle of size
distribution has been established, taking into account a small, 2-3 mm, general
decrease in indicators compared to men. The curvature index of the parietal bones was
determined: the maximum average values x =83.00-83.58 were obtained in
dolichocephals, the minimum values were x =80.56-81.64 in brachycephals. This
indicates an increase in the curvature of bones in brachycephals, given that the absolute
value of the index is inversely proportional to the degree of curvature. Thus, the obtained
data indicate a stable relationship between the craniotype of the skull and additional
parameters of the parietal bones.

Copyright © 2023 Voinytska O. M., Vovk O. Yu., Chekanova I. V. This is an open access article distributed under the Creative Commons 27
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Introduction

It is known that the parietal bone (os parietalis) is a paired
bone that forms the lateral (outer) surfaces of the skull vault.
They are usually symmetrical and border the frontal bone
along the coronal suture (sutura coronalis) from the front,
the temporal bone from the bottom through the scaly suture
(sutura squamosa), and the lambdoid suture (sutura
lambdoidea) from the back - the occipital bone. The left and
right parietal bones are connected along the sagittal line by
the suture of the same name (sutura sagittalis). The research
of the cranial vault has always attracted the attention of a
large number of morphologists, as one of the most important
areas of the human body from the point of view of performing
many neurosurgical interventions when accessing
intracranial structures [7, 14, 19, 20]. Classic craniometric
works, which were performed using collections of skulls,
usually described not only the main parameters of any bone,
but also provided a certain characteristic of its shape,
structural features, established the existing variability [10,
12, 13, 15]. The parietal bone, as one of the largest structures
of the cerebral part of the skull, has a significant dependence
on the established craniotype, while there are certain ranges
of changes in the main linear parameters, which is confirmed
by the studies of a number of authors [3, 16, 17]. However, in
modern morphology, greater attention is paid to the intravital
study of anatomical structures, including the bones of the
human skull, which is made possible by the use of the latest
systems of instrumental research [1, 2, 6, 8, 11]. nalyzing a
certain amount of information sources, both classical and
modern, we came to the conclusion that the issue of detailing
the characterization of the shape and structure of the parietal
bones from the position of combining classical and modern
methods, using not only the basic but also additional
craniometric parameters, is extremely insufficiently covered.
taking into account craniotype and gender.

Considering the above, the purpose of our study is to
establish the features of the shape and other spatial
indicators of the parietal bones of the skull of a mature
person, taking into account sex and certain varieties of
craniotype.

Materials and methods

According to the requirements, a bioethical examination
of the work was carried out, which was discussed at the
meeting of the Committee on Ethics and Bioethics of Kharkiv
National Medical University on June 6, 2018 (Protocol Ne6),
according to which it meets international ethical
requirements and does not violate ethical norms in science
and standards conducting biomedical research.

The research was carried out on 130 studied
preparations of bone structures of the head of adults from
the collected collection of the Department of Normal
Anatomy of the Kharkiv National Medical University, in the

amount of 82 bone preparations, including isolated parietal
bones, as well as 48 tomograms obtained during the
examination of patients. The basis for establishing a
craniotype is the basic principle - the calculation of the
cranial index, which allows classifying anatomical objects
according to the shape of the head structure.

The cranial index is calculated according to the formula:

Ind_, ,=(skull width(eu-eu))/(skull length (g-op) ) x 100

According to the obtained indicators of the cranial index:
up to 74.9 constitute a group of dolichocephals; at 75.0-
79.9 - mesocephals, at 80 and more - brachycephals. In
this regard, we distinguished the dolicho-, meso- and
brachycephalic forms of the skull, which determine the type
of structure of the cranial vault (that is, the cerebral part of
the skull).

To identify the existing features of the structure and
shape of the parietal bones, we determined the following
parameters: the length and width of the parietal tubers, the
parietal chord and the arch. A fundamentally important issue
for understanding the spatial position of the parietal bone
is the establishment of its curvature parameters, which
were determined by the formula:

Ind_,....=(chord length (b-))/(arc length (b-l)) x 100

The index of curvature (Indcurvature) of the parietal bone
was determined as the ratio of the length of the chord (the
direct distance between the points bregma (b) and lambda
(), set using a sliding compass or software when working
with tomograms) to the length of the arc (the distance
between the points b-l on the surface of the bone).

To perform statistical analysis, we used Statistica
13.5.0.17 (trial version) and Microsoft Excel of the MS 365
corporate package. For each sample, we calculated: ¥ -
arithmetic mean; o - mean square deviation; my is the
error of the arithmetic mean and the interval of variability.
Any established patterns were considered reliable under
the condition of p<0.05, Pearson's correlation analysis was
performed among certain categories of samples. In our
work, the results of the morphometry of the parietal bone,
obtained on a computer tomography, were analyzed. A
number of programs were used for this: eFilmLite 4.1.0.,
Vidar DICOM Viewer 3.0., RadiAnt DICOM Viewer 2023.1.,
InVesalius 3.1. All this software was used either within the
limits of the license granted to the owners of the tomograph,
or in terms of the so-called "trial", i.e., free version. Part of
the material was studied with the help of the Anatomage
table, which is located on the basis of the department of
human anatomy of KhNMU with the Launching Table 6.0
Application program installed. This modern system of three-
dimensional anatomical visualization allows us to study
craniotomograms, which we actively used during the
implementation of this dissertation work (Fig. 1).
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Fig. 1. Study of craniotomograms using modern means.

Results

Paying attention to the craniotopographic position of
the parietal bones in the middle part of the cerebral skull
and their bony connection with the frontal and occipital
bones, we can talk about a significant variety of forms and
configurations of this department and a significant influence
of the features of the structure of the parietal bones on the
general shape of the skull structure.

This is evidenced by the range of variations in the
structure of the cerebral part of the skull found in men and
women of mature age (Fig. 2).

Analyzing the obtained array of data of the main linear
indices of the parietal bones, we came to the conclusion
that there is a certain predominance of longitudinal
parameters in turtles of the dolichocephalic type with a
significant decrease in the average transverse dimensions,
at the same time, in representatives of the established
brachycranic type, the diametrically opposite characteristic
was observed, the minimum length at maximum average
widths.

Accordingly, three main forms of parietal bones should
be distinguished depending on the existing three types of
skull structure (Fig. 3).

It has been established that the characteristic extended-
expanded shape of the parietal bones for brachycephals
is associated with the predominance of the transverse
dimensions of the entire cerebral skull. For mesocephals,
the most typical intermediate-averaged form depending
on the values of the cranial index. In dolihocephals, the
elongated and narrowed shape of the parietal bones is

noted, which is in unity with the general changes of the
cerebral skull.

From a practical point of view, the curvature of the parietal
bones and the presence of the corresponding parietal
tubers, which are pronounced on both sides and very often
coincide with the craniometric point eurion (eu), which, in
turn, is used to determine the overall width of the head, are
of great importance. Naturally, taking into account the
individual structure of the cerebral skull, its vault and parietal
bones, there are certain osteometric features of these
structures (Table 1).

According to our data, the range of variation of the linear
parameters of the parietal tubers in people with a
brachycephal skull type is between: length from 12.0 mm
to 16.0 mm in men and from 10.5 mm to 15.0 mm in women,
and width varies from 18.0 mm to 29.0 mm in men and
from 17.0 mm to 28.0 mm in women. Accordingly, in
representatives of the mesocephal type, the length of the
parietal tubers does not exceed 12.0-14.5 mm in men and
12.0-13.5 mm in women, the width decreases to 15.0-
25.0 mm in men and 14.0-23.0 mm in women. For people
with a dolichocephal type of skull structure, the length of
the parietal tubers is slightly increased to 15.0-21.0 mm in
men and 14.0-20.0 mm in women, with a tendency to
decrease their width to 12.0-18.0 mm and 12.0-17.0 mm,
depending on sex.

According to our data, the chord of the parietal bones
varies depending on the extreme forms of individual
anatomical variability of the structure of the head and skull.

For example, in brachycephals (round-headed people),

Vol. 29, Ne4, Page 27-34
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Fig. 3. Three forms of the structure of the parietal bones of a mature person: A - expanded-deployed (CT Ne 1919); B - intermediate-
averaged (KT Ne 1931); C - elongated-narrowed (CT Ne 1930).

the chord reaches the maximum values: in men, it is 102.1-
130.2 mm (right) and 97.40-130.2 mm on the left,
respectively, in women - 98.10-125.8 mm and 99.40-121.8
mm.

In mesocephals (medium-headed people), it gradually
decreases to 110.2-120.4 mm and 102.2-126.4 mm (men)
and to 103.4-114.7 mm and 103.2-113.8 mm (women). In
dolihocephals (long-headed people), a decrease in the
bone chord is noted to 96.40-119.8 mm and 90.00-120.2
mm (men), to 95.60-118.6 mm and 86.60-108.4 mm
(women).

In addition, the length of the arc of the parietal bones is
related to the above measurements. Accordingly, it
completely depends on the curvature of the bone body,
which is most pronounced in representatives with a
brachycephal configuration of the head: 110.2-145.0 mm
on the right and 105.7-145.0 mm on the left in men; 106.8-
139.0 and 110.0-131.0 mm in women.

In representatives with a mesocephal structure of the
head, there is a tendency to decrease the parietal arches
to 112.2-132.5 mm and 112.9-135.0 mm (men); to 112.4-
125.7 mm and 108.6-123.5 mm (women). Representatives
of the dolichocephal structure of the head have the smallest
values of parietal arches: 106.2-131.8 mm and 104.5-132.6
(men) and 101.2-128.6 and 104.6-130.5 (women).

To understand the practical value and spatial position
of the parietal bones, it is important to calculate the curvature
index, which is determined by determining the ratio of chord
and arch. This index has certain changes depending on
the existing craniotypes.

The obtained measurement results are confirmed by
statistical analysis and presented in Table 2.

It is statistically reliable that the length of parietal tubers
is the smallest in brachycephals ¥ =12.73 mm and
X =12.81 mm; in mesocephals ¥ =13.21 mm and ¥ =13.03
mm; in male dolichocephals, the largest x =18.43 mm and
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Table 1. The range of craniometric indicators of the parietal bones of a mature person (mm).

Skull shape Brachycephals Mesocephals Dolichocephals
Studied parameter men women men women men women
Length of parietal Right 12.0-16.0 11.0-15.0 12.0-14.0 12.5-135 15.0-21.0 14.5-20.0
tubers Left 12.0-15.0 10.5-14.5 13.0-145 12.0-135 16.0-21.0 14.0-19.0
Width of the Right 18.0-29.0 17.0-28.0 15.0-25.0 14.0-23.0 12.0-18.0 12.0-175
parietal tubers Left 18.0-29.0 17.0-28.0 15.0-24.0 14.0-22.0 12.0-18.0 12.0-17.0
Right 102.1-130.2 98.1-125.8 110.2-120.4 103.4-114.7 96.4-119.8 95.6-118.6
Parietal chord
Left 97.4-130.2 99.4-121.8 102.2-126.4 103.2-113.8 90.0-120.2 86.6-108.4
| Right 110.2-145.0 106.8-139.0 112.2-132.5 112.4-125.7 106.2-131.8 101.2-128.6
Parietal arc
Left 105.7-145.0 110.0-131.8 112.9-135.3 108.6-123.5 104.5-132.6 104.6-130.5
Right 78.36-87.65 76.05-84.10 80.11-83.93 79.50-83.05 81.58-85.35 80.50-84.20
Curvature index
Left 77.65-85.19 75.80-83.20 81.86-86.76 80.10-84.60 83.13-84.44 82.10-84.00
Table 2. Statistical analysis of craniometric indicators of the parietal bones of mature men.
Skull shape Brachycephals Mesocephals Dolichocephals
Studied parameter X o) mx X o mx X o myx
Length of parietal Right 12.73 0.66 0.17 13.21 0.61 0.18 18.43 0.62 0.27
tubers Left 12.81 0.64 0.21 13.03 0.70 0.22 18.24 0.58 0.24
Width of the Right 2352 0.73 0.11 20.52 0.55 0.19 15.71 0.44 0.15
parietal tubers Left 23.04 0.19 0.16 21.02 0.66 0.23 15.02 0.55 0.20
Right 116.6 0.6 0.2 114.2 0.5 0.2 108.2 0.4 0.2
Parietal chord
Left 115.8 0.6 0.2 114.0 0.6 0.2 107.6 05 0.1
) Right 127.8 0.8 0.2 122.4 0.4 0.1 114.2 0.8 0.2
Parietal arc
Left 126.9 0.8 0.3 122.0 05 0.2 113.2 0.7 0.3
Right 81.23 0.81 0.24 82.55 0.58 0.27 83.44 0.72 0.33
Curvature index
Left 81.64 0.79 0.21 82.66 0.49 0.32 83.58 0.80 0.28

X =18.24 mm.

At that time, the width of the parietal tubers fluctuates
with a decreasing trend from brachycephals x =23.52 mm
(right) and x =23.04 mm (left) to x =15.71 mm (right) and
X =15.02 mm (left), established in dolichocephals.

Along with this, it was established that the parietal chord
reaches the maximum values of ¥ =116.6 mm (right) and
X =115.8 mm (left) in men with a brachycephal head shape.
With the meso- and dolichocephal form, a gradual reduction
of the parietal chord is noted to x =114.2 mm and x =114.0
mm (mesocephals) and ¥ =108.2 mm and 107.6 mm
(dolichocephals). Accordingly, the arc of the parietal bones
depends on the length of the chord and the expressiveness
of the curvature. Thus, brachycephals have the largest arc:
X =127.8 mm (right) and 126.9 mm (left), dolichocephals
have the smallest ¥ =114.2 mm and x =113.2 mm,
respectively.

The index of curvature of the parietal bones confirms
the established patterns of individual morphometric
relationships between the chord and the arch, namely: in
mature men with the established brachycephalic type of

head structure, a significant expressiveness of the curvature
of the bones is noted, which is formed by the growth of their
latitudinal (transverse) dimensions of all departments skull,
vault and base bones. In men with meso- and
dolichocephalic types of head structure, there is a
smoothing of the curvature and a gradual decrease in the
size of the chord and arch of the parietal bones.

In parallel with this, statistical studies of parietal tubers
in mature women were conducted (Table 3).

It was established that the size of the parietal tubers in
mature women has a reduced morphometric characteristic
for all extreme forms of the head and skull compared to
men by an average of 2-3 mm. First of all, this concerns the
length and width of the parietal tubers.

In connection with the above, it is necessary to pay
attention to the presence of pronounced asymmetry of the
parietal tubers and a significant variation of the curvature
index depending on the extreme forms of the structure of
the head and skull (Fig. 4).

It has been established that brachycephals are more
characterized by a gentle but elongated parietal arch, which
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Table 3. Statistical analysis of craniometric indicators of the parietal bones of mature women.

Skull shape Brachycephals Mesocephals Dolichocephals

Studied parameter X o mx X a mx X o mx
Length of parietal Right 12.33 0.81 0.13 13.01 0.75 0.22 16.04 0.78 0.22
tubers Left 12.21 0.72 0.18 13.21 0.59 0.28 16.33 0.48 0.29
Width of the Right 21.54 0.80 0.17 19.22 0.70 0.17 14.83 0.80 0.19
parietal tubers Left 21.04 0.62 0.12 19.03 0.45 0.24 14.62 0.71 0.28

Right 115.2 0.3 0.2 111.0 0.6 0.2 107.2 0.6 0.2
Parietal chord

Left 114.6 0.6 0.3 110.8 0.2 0.2 106.7 05 0.2

Right 1255 0.5 0.2 121.0 0.7 0.3 112.0 0.4 0.1
Parietal arc

Left 125.8 0.4 0.2 1215 0.8 0.3 112.5 0.4 0.2

Right 80.56 0.76 0.32 81.70 0.88 0.23 83.00 0.51 0.22
Curvature index

Left 80.72 0.62 0.39 81.60 0.76 0.33 83.26 0.61 0.36

.~ o

Fig. 5. Schematic ratio of the arc (1), chord (2) and index of curvature of the parietal bones of a mature person: A - in dolichocephals (CT
Ne 1914), B - mesocephals (CT Ne 1883), C - brachycephals (CT Ne 1998).

is associated with a gradual and smooth roundness of the
skull vault and a predominance of latitudinal dimensions.
At the same time, in mesocephals and dolichocephals,
the formation of a more convex arch is possible due to an
increase in their height indicators of the skull (Fig. 5).

Discussion
At the current stage of the development of morphological
science, one of the most promising directions remains the

lifelong study of the peculiarities of the structure of the
human body with the use of the latest devices and systems,
at the same time, the doctrine of individual anatomical
variability, which allows systematizing the existing variability
of anatomical formations and significantly raising the level,
does not lose its relevance individualization of the
relationship to the patient [4, 5, 9]. In our work, it was
possible to combine classic craniometric methods of
research using dry bone preparations of the human skull
and analysis of the results of computer tomography with
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the use of the latest software and advanced anatomical
visualization technologies. The obtained characteristics of
the general linear dimensions of the parietal bones and
the existing peculiarities of the structure of these structures
depending on the gender and craniotype, in general,
confirmed the results of the researches of a number of
authors known to date [16, 18], at the same time, we
proposed for the first time a refined a system for
establishing the shape of the parietal bone, a detailed
analysis of additional structures (parietal tubers) and
measurements (parietal chord and arch) was performed,
the index of curvature of the parietal bones was calculated,
and the ranges of values of these parameters were provided
for each group that was studied. It was established that
each of the above indicators has a significant dependence
on gender and type of skull structure, even within the same
age period. At the same time, it was established that the
average values of additional linear parameters of the
parietal bones are always greater in men, which logically
correlates with the general predominance of men's skull
sizes over women's. For the considered craniotypes, there
was a tendency to reach the maximum values of
longitudinal parameters in dolichocephals, and for
transverse dimensions - for brachycephals, regardless of
gender, which fits perfectly into the general concept of the
doctrine of individual anatomical variability [15, 16].

The accumulated amount of information obtained in
combination with the analysis of the existing dynamics of
the development of modern morphology allows us to state
the perspective of further research, which consists in
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OCOBIUBOCTI BYAOBU TA ®OPMU TIM'AHUX KICTOK CKNEMIHHA YEPENA NOAUHN 3 YPAXYBAHHAM CTATI TA
KPAHIOTUNY

BolHuubka O. M., Boek O. IO., YekaHoea I. B.

Possumok Helpoxipypeil ma nidsuw,eHHss 8uMoe 00 8UKOHaHHSI orepamueHuUx 0ocmynig, W0 SUKOHYIOMb 4Yepe3 KiCMKU CKMEmniHHS
yepena, npu3godums 00 hopMy8aHHsI HO8UX 3anumig w000 Oemarizauii ma ymoYHEHHsT KpaHIOMEeMpPUYHOI Xapakmepucmuku mim'aHUX
kicmok. Memor Hawozo 00cnidxeHHs1 € 8cmaHo8/1eHHs1 ocobrugocmel ¢hopMu ma [HWUX MPOCMOPOBUX MOKAXYUKI8 miM'aHUX
Kicmok 4epeny nmoOUHU 3pirnoe2o 8iKy 3 ypaxyeaHHAM cmami ma neeHux pizHosudie KpaHiomuny. [JocnidxeHHsi nposedeHo Ha 130
8UBYEHUX Mpernapamax Kicmkosux cmpykmyp eonogu dopocriux model 3i 3ibpaHoi konekyii kagpedpu HopmanbHOI aHamomii
XapkiecbKko2o HaujioHarbH020 Medu4yHOo20 yHigepcumemy, 8 Kinbkocmi 82 Kicmkogux rnpernapamie, 8K/4Yaryu i301b08aHi mim'sHi
Kicmku, a makox 48 momoepam, ompumaHux npu obcmexxeHHi nayicHmis. B 0CHO8y 8cmaHO8/IEHHsT KpaHiomurly noknadeHo npuHyun
obyucneHHs1 YepernHo20 iHOekcy. [nsi cmamucmu4Ho20 aHaridy Mu eukopucmosyseasnu npozpamu Statistica 13.5.0.17 (trial version)
ma Microsoft Excel kopnopamugHoz2o nakemy MS 365. [Jna ecmaHosneHHs ocobrusocmel 6ydosu ma popmMu miM'sHUX KiCIMOK
8U3HaYUMU maki KpaHioMempuyYHi MOKax4yuku: 008xXuHa ma wupuHa mim'sHux 2opbie, mim'aHa xopda ma Oyza, pospaxyeanu iHOeKc
Kpusu3Hu mim'sHoi kicmku. OmpumaHi OaHi npoaHanizosari 0ns nodel 3pirnozo 8iKy pi3Ho20 eeHOepy ma mpbOX 8CMAaHOB8/IeHUX
KpaHiomunie. BcmaHoeneHo, wo 0na bpaxikpaHie xapakmepHa po3WuUpeHOo-po32opHyma ¢hopma miM'sHUX Kicmok, rnos'szaHa 3
repesaxKaHHsIM MONepeYHUX PO3Mipie 8Cb020 MO3K08020 Yepena. [ns me3oueghanie Halbinbw munosa MpoOMKHO-ycepeOHeHa ¢hopma
3anexHo 8i0 3Ha4yeHb 4YepernHozo iHOeKkcy. Y 0orixokpaHie - mo0o8xeHO-38yxeHa ¢hopma miM'sHUX KicmoK, kompa ob6'edHaHa i3
3azallbHUMU 3MiHaMu MO3K08020 4Yepena. [Jodamkosi niHitiHi napamempu miM'sHUX KiCMOK 3Haxo0simbCsi 8 MpsMil 3aexHocmi 8io
8cmaHoereHo2o KpaHiomury. [nsi QomixoKkpaHiYHO20 murly XapakKmepHi MakcuMarbHi 3Ha4eHHs1 008XuHU mim'sHux eopbig: X =18,43
MM (cripasa) ma X =18,24 mm (3r1i8a) npu MiHiManbHUX napamempax wupuHu: 0o X =15,71 mm ma x =15,02 mm. [ns npedcmasHukig
bpaxikpaHiyHO20 mury xapakmepHi MiHiMarnbHi MoKax4yuku O08XuHU 20pbig: 8i0 X =12,73 mm 0o X =12,81 MM ma makcumarsbHi Ons
wupuHu - x =23,52 mm (cnpasa) i x =23,04 mm (3niea). Tim'aHa xopda, K i mim'aHa Oyeaa, Manu CX0xXy meHOeHUyilo po3nodiny
riokasHukig, a came: 36inbweHHs1 8i0 donixokpaHii 0o bpaxikpaHii. ¥ vomnosikie 3 donixokpaHiyHumM murnom b6ydosu yeperna cepeoHi
3Ha4YeHHs1 Yux rnapamempis 3Haxoounuce Ha pigHi x =108,2 mm (cripasa) ma 107,6 mm (3niea) Ons mim'aHoi xopdu, ma x =114,2 mm ma
X =113,2 mm Ona mim'aHoi dyau. Y 4vornosikie 3 bpaxikpaHiyHUM murom mim'aHa xopda docsieana - X =116,6 mm (cripasa) ma x =115,8
mm (3n1isa) a mim'aHa Oyea docsieana - X =127,8 mm (crpasa) ma x =126,9 mm (3n1i8a). Y XIiHOK 8CmMaHO8MEHO aHano2iyHul MpUHyUm
po3nodiny posmipie 3 ypaxyeaHHSIM HEBEUKO20, 2-3 MM, 3a2a/lbHO20 3MEeHWEeHHS] MoKa3HUKI8 8I0HOCHO 4orosikie. BusHayumnu iHOekc
KpUBU3HU MiM'AHUX KiCMOK: y OONiXOKpaHie ompuMaHi MakcuMmarbHi 3HayeHHs cepedHix X =83,00-83,58, miHivManbHi - y bpaxikpaHie
x =80,56-81,64. Le cgiduumb rpo 36inbWeHHs KpUBU3HU KicmOK y bpaxikpaHis, epaxosyroyu wo abconomHa eenuquHa iHOekcy mae
0b6epHeHO nponopyitiHy 3anexHicmb 8i0 cmyneHsi Kpueu3Hu. TakumM YUHOM, ompumMaHi OaHi ceid4amb PO 8CmMaHoOBNEHY CMIlKY
3anexHicmb MK KpaHiomurnom yeperly ma 0o0amkosumu napamempamu miM'sHUX KiCImOK.

KnrouyoBi cnoBa: kpaHiomempis, mim'ssHa Kicmka, YepernHul iHOekc, mim'sHi 2opbu, mim'aHa xopda, mim'aHa dyea.
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Morpho-functional changes in the organs of the male reproductive system are usually
associated with injuries, infectious diseases, age, lifestyle, the presence of bad habits
(abuse of alcohol, drugs), the influence of environmental factors, etc. However, the
action of natural toxins, in particular those that are components of animal venoms,
including the venoms of snakes and vipers, is no less important. The aim of the
research is to study the features of the microscopic structure of the testis of rats under
the influence of Vipera berus berus venom. Experimental studies were carried out on
white non-linear male rats. Animals were conditionally divided into two groups - control
and experimental, 10 individuals in each. Experimental rats were injected
intraperitoneally with a semi-lethal dose (LD*°) (1.576 mg/g™) of Vipera berus berus
venom in physiological solution. Animals of the control group were injected
intraperitoneally with only saline solution. Rats were removed from the experiment 24
hours after exposure of the venom, anesthetized by cervical dislocation. Testis samples
were taken for microscopic examination. Fixation of the material and preparation of
paraffin blocks were carried out according to generally accepted methods. Staining of
histological preparations of the testis was carried out with hematoxylin and eosin.
Histological preparations were studied using a SEO SCAN light microscope.
Administration of Vipera berus berus venom to rats leads to the development of
pathogistological changes in the parenchymal elements of the testis of animals, among
which desquamation and disorganization of all stages of spermatogenic cells
development, disruption of spermatogenesis processes were the most pronounced.
Spermatogenic cells of the seminiferous tubules of the testis were distinguished by
changes in morphology and location, lost the regularity of their placement, and their
number decreased. The cells detached from the basement membrane and did not form
acontinuous layer. A characteristic feature was the presence of clusters of erythrocytes
in the lumen of the seminiferous tubules, which may indicate the development of
hemorrhagic complications. In addition, an increase in the number of Leydig cells was
detected, which is probably the cause of changes in the hormonal regulation of the
organ's function.

Keywords: vipers, testis, spermatogenesis, seminiferous tubules, rats.

Introduction

To date, it has been established that the venom of
snakes and vipers includes about 50-200 different
components, which usually belong to four main families of
toxins: phospholipases A2 (PLA2), metalloproteinases
(SVMPs), serine proteases (SVSPs), three-finger toxins
(3FTXs) [13, 15, 16, 17]. The composition of the venom can
vary at the interspecies and intraspecies levels and
depends on such factors as features of ontogenesis,
nutrition, sex, adaptation to living conditions [14, 19, 20].

Among the many venoms of other animals, the

composition of the venom of the scorpion Leiurus
macroctenus, which mainly consists of inorganic salts,
nucleotides, amino acids, lipids, enzymes and peptides,
attracts attention [19].

The most common in European countries are vipers of
the Viperidae family, the bites of which are associated with
numerous fatal consequences or the development of
hemotoxic, cytotoxic, neurotoxic disorders. Among all
species of this family, Vipera berus berus and Vipera berus
nikolskii are also common in Ukraine [11, 21].
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The spectrum of clinical manifestations of snake and
viper bites is extremely wide. The analysis of scientific
literature shows that the most common are local tissue
damage, pain, lymphadenitis, hemorrhagic disorders,
damage of the nervous, urinary systems, etc [4, 5, 10].

Enzymes present in the venom enhance the process of
poisoning and the spread of the venom by destroying the
extracellular matrix. An increase in enzymatic activity during
poisoning leads to increased tissue permeability and
provides a systemic inflammatory response since poison
toxins can quickly spread between all organs and tissues
[8, 9].

Morpho-functional changes in the organs of the male
reproductive system are usually associated with injuries,
infectious diseases, age, lifestyle, the presence of bad
habits (abuse of alcohol, drugs), the influence of
environmental factors, etc. However, the action of natural
toxins, in particular those that are components of animal
venom, including the venom of snakes and vipers, is not
less important. This problem is currently a subject of
interest of scientists. The facts of the development of
pronounced violations in the structural organization of the
male reproductive system under the influence of snake
venom, namely Crotalus durissus ssp. and Daboia russelli
are proven. In the scientific literature, no data were found
regarding the effect of Vipera berus berus venom on organs
of the male reproductive system, which determines the
relevance of the chosen direction of research.

The aim of the research is to study the features of the
microscopic structure of the testis of rats under the
influence of Vipera berus berus venom.

Materials and methods

Experimental studies were carried out on white non-
linear male rats. For preliminary acclimatization, the animals
were kept for 7 days in the animal facility of Taras
Shevchenko National University of Kyiv, and then kept in
laboratory conditions at constant temperature (22+3°C),
humidity (6015 %) and light (12 h light/12 h dark cycle),
being fed standard rodent food and water ad libitum [6]. All
experiments were conducted in accordance with the
National Institutes of Health Guidelines for the care and
use of laboratory animals and the European Council
Directive of 24 November 1986 for the Care and Use of
Laboratory Animals (86/609/EEC). The research was
approved and confirmed by the Bioethics Commission of
the NSC "Institute of Biology and Medicine" of the Taras
Shevchenko National University of Kyiv (protocol No. 2 dated
August 19, 2021).

Vipera berus berus venom was obtained from the
V. N. Karazin Kharkiv National University. The lyophilized
crude venom was stored at -20°C and then dissolved in
saline solution immediately before the experiment.

The animals were conditionally divided into two groups
- a control and an experimental group of 10 individuals in
each. Experimental rats were injected intraperitoneally with

a semi-lethal dose (LD%°) (1.576 mg/g?) of Vipera berus
berus venom in saline solution. Animals of the control group
were injected intraperitoneally with only saline solution.
Rats were removed from the experiment 24 hours after
exposure to the venom, anesthetized by cervical dislocation.

Testis samples from animals of all groups were taken
for microscopic examination. The pieces were fixed in a
10 % formalin solution for 1 day. Further the pieces were
dehydrated in alcohols of increasing concentration and
embedded in paraffin blocks. Histological preparations of
testis were stained with hematoxylin and eosin [12].
Histological specimens were studied using a SEO SCAN
light microscope.

Results

A morphological study of the testis of animals from the
group injected with Vipera berus berus venom showed a
lower reactivity of stromal elements damage compared to
parenchymatous elements. The dense connective tissue of
the capsule and trabeculae does not undergo noticeable
changes: the septa do not thicken and do not undergo
delamination. Small and medium-diameter blood vessels
in the interstitium are characterized by full blood and
aggregation of red blood cells in the lumen (Fig. 1 A, Fig. 2
D). In general, the shape of the seminiferous tubules does
not change and remains quite regular (see Fig. 1 B).

Sometimes the interstitium was characterized by an
increased number of Leydig cells, which may indicate a
violation in the hormonal regulation of the organ (see Fig. 2
A, 2D).

Unlike the stroma, the parenchymal components of the
testis are characterized by various microscopic signs of
damage. In particular, a general examination of the contents
of the seminiferous tubules demonstrates detachment and
disorganization of spermatogenic cells at all stages of their
development. The lumens of some tubules are empty, which
indicates a radical disruption of spermatogenesis
processes in them (see Fig. 1 B, 1 C). Such emptiness is
most likely determined by the incomplete stop of
spermatocytes in the spermatogenesis pathway in such
tubules. In the case of spermatogenic hypoplasia, the
tubules have a reduced population of germ cells and a poor
order of spermatogenesis.

In other tubules, desquamation and disorganization
indicate that spermatogenesis is disordered and the tubule
lumen is filled with desquamated immature cells (see
Fig. 1 D).

Spermatogenic cells in seminiferous tubules of animals
are characterized by changes in morphology and location.
In contrast to animals from the control group, in rats, after
the injection of Vipera berus berus venom, spermatogonia
lose the regularity of their location and decrease in number
(see Fig. 2 A, 2 B). Cells are separated from the basement
membrane and do not form a single layer. It is likely that their
location below the blood-testicular barrier makes them most
wvulnerable to venom. In some tubules, spermatogonia are
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practically not visible (see Fig. 2 B), which indicates the loss
of the ability to renew the population of male germ cells,
because only spermatogonia can divide by mitosis and
perform this function.

Primary spermatocytes are slightly less exposed to snake
venom, their general presence in the lumen of the tubules
practically does not change, but their location becomes
disorganized, they are largely shifted to the center of the
seminiferous tubules, where they "mix" with more mature
forms of spermatogenic cells (see Fig. 2 C, 2 B). Inside the
first line spermatocytes, vacuolization is often seen around
the nucleus (see Fig. 2 A). Presumably, this can be explained
by the origin of these vacuoles - they are expanded cisterns
of the rough endoplasmic reticulum, which try to ensure
detoxification processes in the cell.

Spermatids in their location shift to the center of the
seminiferous tubules, presumably losing their connection
with Sertoli cells. Closer to the center of the tubule lumen,

wri =Y A B G Aol BT T TR SRR,

they form an eosinophilic amorphous mass together with
mature spermatozoa. An interesting feature is the presence
of erythrocytes clusters in the lumen of the tubules, which
probably indicates hemorrhages under the influence of
snake venom (see Fig. 2 B, 2 C).

In conclusion, it should be noted that the content of
seminiferous tubules in research group of animals is
characterized by a partial inhibition of proliferation and
differentiation of spermatocytes, spermatogenic hypoplasia.

Discussion

The study of the effect of snake venom on the testis is
related to their important functions, which have complex
mechanisms of regulation. Factors such as active mitosis,
the presence of a barrier between the blood and testicles,
the spermatogenic cycle and hormonal control complicate
the response of this organ to external toxic factors.

However, the general mechanisms of the types of

i TR ' ‘A WBE

Fig. 1. The stroma and seminiferous tubules of the testis of rats in the experimental group with the introduction of Vipera berus berus
venom. A: full blood vessels with aggregated blood elements in the lumen (red arrow); B: seminiferous tubules of regular shape (green
ovals); B, C: gaping space of seminiferous tubules without spermatogenic cells (yellow arrows); D: desquamated immature cells in the
lumen of tubules (yellow oval). Staining with hematoxylin and eosin; A, B x200, C x100, D x400.
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Fig. 2. The stroma and seminiferous tubules of the testis of rats in the experimental group with the introduction of Vipera berus berus
venom. A: vacuolization around the nucleus of spermatocytes (blue arrows); A, B: a small number of irregularly placed spermatogonia
(yellow arrows); A, D: Leydig cells in the interstitium (red arrows); B, C: erythrocytes within the amorphous mass in the lumen of
seminiferous tubules (green ovals); C, D: cell mass from spermatogenic cells of various degrees of maturity with blurred edges (yellow

ovals). Staining with hematoxylin and eosin; x 1000.

testicular toxicity can be classified according to certain
developmental mechanisms. It is necessary to analyze the
primary toxicity - the direct effect of the venom on the
spermatogenic epithelium. In addition, there are several
indirect factors of the effect of the venom on this organ, related
to the regulation of its functions and blood supply. In particular,
indirect hormonal influence on spermatogenesis and
impaired blood circulation in the testicle can also lead to
pathological changes. In the histological assessment of
testicular toxicity, histological models of toxic lesions caused
by various model chemicals, classified on the basis of their
mechanisms of action, are very useful [18].

Studies of the effects of toxic compounds on the structure
and function of the testis strongly suggest that the early
changes, rather than those that occur later are particularly
useful for understanding their mechanisms of action. This

observation correlates with our research, because we study
the morphology of the testes 24 hours after the injection of
snake venom.

B. S. Ajisebiola et al. established that the venom of Naja
nigricollis causes the development of morphological and
biochemical changes in testicular tissue of experimental
animals. In rats, under these conditions, atrophy of the
tubular epithelium of the testis, a significant decrease in the
number of spermatogenic cells, their necrosis, and distortion
of the structure of the germinal epithelium were detected. In
the tissue of the organ, a decrease in the activity of catalase,
glutathione peroxidase and an increase in the level of
malondialdehyde, IL-13, TNF-a were noted [1].

According to scientists, toxins from the venom of Echis
ocellatus snakes cause the development of an inflammatory
process in the tissue of the testis of rats, degenerative
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changes in the germinal epithelium and the epithelium of
seminiferous tubules, and tubular atrophy [2].

C. Alberto-Silva and co-authors [3] in experiments on
rats injected with Bothrops jararaca snake venom observed
a violation of the integrity of the epithelial lining of the
seminiferous tubules, the absence of spermatids in them.
In some places, degenerative changes of the seminiferous
tubules, an increase in their diameter, and an expansion of
the lumens were detected. The number of pachytene
spermatocytes, rounded spermatids and pluripotent
spermatocytes also decreased. At the same time, the
general resistance capacity of Sertoli cells also underwent
changes. Research of other scientists regarding the effect
of the toxic venom components of these snakes
demonstrated the presence of microscopic changes in the
structure of the germinal epithelium in the adlumenal part of
testis, atypical multinucleated cells were present in the lumen
of the seminiferous tubules [7].
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OCOBJIMBOCTI MIKPOCKOMIYHOI CTPYKTYPU A€YOK LLYPIB 3A YMOB BMNJIMBY OTPYTU FAQIOKU VIPERA BERUS BERUS
Hiasmemoe T. C.

Mopgo-pyHkuioHanbHi 3MiHU Op2aHie 4os108i40i cmameegoi cucmemu 3a3guyall acoyilolombCcs 3 mpasMamu, iHQeKyilHUMU
3ax80pH0BaHHSIMU, 8IKOM, CITOCOBOM XUMMS, Hasi8HICMIO WKIOMUBUX 38UHOK (3/108)KUBAHHSI allko20/1eM, HapKomukamu), erniugom
¢hakmopie HasKomuwWHbLo20 cepedosuwia, mowo. OOHaK He MeHWw 8azomMoto € Oisi MPUPOOHUX MOKCUHI8, 30Kpema mux, Wo €
KOMMOHEHMaMu meapuHHUX ompym, 8 momy 4Yucsi ompym 3mili ma eadik. Memorw docnidxeHHs € aus4eHHs ocobrusocmel
MIKPOCKOMIYHOI cCmpyKmypu si€40K wlypie 3a ymoe ennusy ompymu eadioku Vipera berus berus. EkcriepumeHmarnbHi 00CHIOXeHHS
npogodusiu Ha b6inux HemiHilHUX wWypax camusix. TeapuH yMo8HO po3nodinsnu Ha 08i epynu - KOHMposnbHy i docnidHy no 10 ocobuH 8
KOXHIU. [ocniOHum wypam eHympiluHb0OYEPEBUHHO 8800usU HaniernemarbHy 0o3y (LD50) (1,576 me/et) ompymu Vipera berus berus
Ha bizionoeidHOMy po34uHi. TeapuHaM KOHMPObHOI 2pynu 8HYy MpPilHbOOYEePe8UHHO 8800UNU Nuwe i3ionoaidHull po3quH. Busoduu
wypis 3 ekcriepumeHmy depe3 24 200uHU ic/s 8M/IU8Y OMpymu, 3HEXUBITIOYU WITSIXOM UepsikanbHoi ducriokauii. s MikpoCcKonidHo20
docnidxeHHs 3abupanu 3pa3ku siedok. @Dikcauias mamepiany ma npusomygaHHsi napagiHosux b6r0kie nposodunu 3a
3azanbHonpulHamMuMu memodukamu. 3abapeneHHs eicmonoeidHuX rpenapamie se4oK 30ilUCHI8anu 2emMamoKcuniHoOM ma €03UHOM.
icmonoeiyHi npenapamu eusyanu 3a dornomozotl ceimnogoeo mikpockona SEO SCAN. BeedeHHss wypam ompymu 2adik Vipera
berus berus npuzsodumpb G0 po3gumKy namozicmonoaiyHUX 3MiH MapeHXiMamo3HUX e/1eMeHmi8 S€YOK meapuH, ceped siKux Halbinbw
gupasHuMmu bynu 0eckeamauyiss ma Oe3opaaHizauiss crnepMamo2eHHUX KimuH 8cix cmadili po3gumky, MOPYyWeHHs npouecie
cnepmamozeHe3y. CriepMamozeHHi KimuHU 38U8UCMUX KaHalbUig S€40K 8iOPI3HAIUCL 3MiHaMu y Mopgoroeii ma po3mauwlyeaHHi,
empayarnu peayrnsipHicmb €8020 PO3MIWEHHS, 3HUXYeanach iX JucenbHicms. KnimuHu gidwaposysanuch 6i0 ba3anbHOi MembpaHu i
He ¢hopmysanu cyuinbHo2o wapy. XapakmepHow ocobnusicmio byna Has8HICMb CKyn4YeHb epumpoyumie 8 rnpoceimax CiM'sHUX
KaHarnbuyie, W0 Moxe cgidyumu rpo po38UMOK 2eMopazidyHux ycknadHeHb. Kpim mozo, 8usiensanu 3pocmaHHs KinbKocmi KiimuH
Jletdiza, wo, UMOBIPHO, € MPUYUHOK 3PYWEHb 20PMOHaIIbHOI peaynsauii pobomu opeaHy.

KniouyoBi cnoBa: zadwku, siedka, criepmMamozeHes, CiM'sHi kaHanbui, Wwypu.
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The urgency of the burn injury problem is determined by frequent thermal injuries of
patients of different ages, the complexity and duration of treatment, long-term disability
and relatively high mortality. Depending on the area and depth of the lesion, a burn
wound causes multiple and long-lasting disturbances in homeostasis, which cause
organs and systems dysfunction. We are interested in the intrathyroid changes that
occur during thermal burns, as thyroid gland plays one of the leading roles in the
endocrine regulation of organisms' majority functions. When researching the issue of
pharmacological correction of thyroid gland damage after a burn injury, we proceed
from the classical fundamental concept regarding its pathogenetic validity. Taking into
account the known pathogenetic mechanisms of burn disease with consecutive (and
sometimes simultaneous) hypoproteinemia and haemoconcentration manifestations,
intoxication formation, inflammatory and autoimmune reaction, we came to a conclusion
regarding the reasonability of colloid solutions efficacy testing to attempt the
pharmacocorrection in case of thyroid gland both structure and function burning. The
purpose of the work is to establish histological and ultrastructural changes in the
thyroid gland of experimental rats that were injected with colloidal hyperosmolar solution
HAES-LX 5 % in the dynamics of skin thermal damage. Experimental studies were
conducted on 90 white male rats. Skin thermal burns were simulated using four copper
plates application to previously depilated lateral surfaces of the rats' body for 10 s.
Rats were injected with colloidal hyperosmolar solution HAES-LX 5 % into the vena
cava inferior during the first 7 days of the post-burn period. Thyroid gland pieces were
fixed in a 10 % neutral formalin solution, dehydrated in alcohols of increasing
concentration and embedded in paraffin blocks. The prepared sections of 5-6 ym
thickness were stained with hematoxylin-eosin. For electron microscopic studies,
pieces of the thyroid gland were taken, fixed in a 2.5% glutaraldehyde solution, and
postfixed with a 1% osmium tetroxide solution in a phosphate buffer. Semi-thin sections
were stained with methylene blue. Ultrathin sections were contrasted with uranyl acetate,
lead citrate according to the Reynolds method and studied in a PEM-125K electron
microscope. Colloidal hyperosmolar solution HAES-LX 5 % administration within 7
days of the post-burn period to correct the thermal injury effects has an expressed
positive effect on burned animals thyroid gland histo- and ultrastructure. A significant
improvement of the structural state of the stromal and parenchymal components of the
organ and their relative normalization in the late period under the influence of the
applied solution was established in the dynamics of the experiment. The colloidal
hyperosmolar solution HAES-LX 5 % positive effects were expressed by cellular walls
of the vessels and follicles dystrophic and destructive changes reduction the structural
components of the organ restoration during the entire period of the study up to the 30th
day of the trial. The first signs of the intraglandular environment recovery after colloidal
hyperosmolar solution HAES-LX 5 % use were proved to start registered from the 7th
day of the post-burn period and were maximally expressed from the 21st day until the
end of the experiment. The authors are sure that colloidal hyperosmolar HAES-LX 5 %
solution protective action possible mechanism is the generalized catabolic reaction
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inhibition and the membrane-protective effect development. A complex of colloidal
hyperosmolar solution HAES-LX 5 % protective, adaptive, adaptive, compensatory and
regenerative effects were realized throughout the 30 days of the post-burn period,
which efficacy exceeds the thyroid gland parenchyma and surrounding tissues
destructive, decompensatory and necrotic changes. The authors consider the use of
colloidal hyperosmolar solution HAES-LX 5 % to be one of the burn treatment regimen
components as a restorative therapy drug and secondary cytoprotection aimed at the
vascular wall and tissue defects integrity restoring.

Key words: thyroid gland, thermal burn, post-burn period, morphological changes,
ultrastructural changes, colloid-hyperosmolar solution HAES-LX 5 % restorative
processes, pathogenetically based paharmacological correction.

Introduction

Burn injuries are among the most common and severe
diseases in humans, second only to transport injuries [10,
14, 20]. The urgency of the burn injury problem is
determined by frequent thermal injuries of patients of
different ages, the complexity and duration of treatment,
long-term disability and relatively high mortality. Depending
on the area and depth of the lesion, a burn wound causes
multiple and long-lasting disturbances in homeostasis,
which cause organs and systems dysfunction [3, 9, 13].

We are interested in the intrathyroid changes that occur
during thermal burns, as thyroid gland plays one of the
leading roles in the endocrine regulation of organisms'
majority functions [15]. The thyroid gland, taking into account
the wide range of thyroid hormones physiological activity, its
structural and functional organization and morphofunctional
features, as well as large-scale redundant regulatory
feedback mechanisms, is one of the first to be subject to
damaging thermal effects [9, 20]. Thyroid gland and other
organs of the body dysfunction or pathological dysregulation
arising as a result of thermal exposure "triggers" systemic
dysfunctions via the "vicious circle" mechanisms, positive
feedback and systemic-antisystemic regulation, outside of
which there cannot be disorders of most organs and organ
systems functioning, the pathogenetic mechanisms of which,
firstly, are initiated by the general fundamental mechanisms
of hypoxic and/or free radical cell death, secondly, are chains
of pathophysiological processes provoked by thyroid
pathology, and, thirdly, have not been sufficiently studied [9].

Despite significant advances achieved in the treatment
of this pathology, mortality among severely burned victims
remains high, especially with critical (40-50 % of the body
surface) and supercritical (more than 50 %) deep burns [3,
17]. Therefore, while investigating the idea of thyroid gland
burning pharmacological correction we used the classical
fundamental concept of its pathogenetic validity. For this
purpose, the pathophysiological mechanisms of the
formation of endocrine disorders of the thyroid gland,
pituitary gland and adrenal glands, the intensification of
lipid peroxidation processes with the antioxidant system
functional activity inhibition, blood rheological properties
disruption with pronounced changes in red blood cells, as
well as parenchymal organs involvement in this
pathological process mediation were established.

Additionally, we carefully studied the morphological

changes in the thyroid gland and adjacent tissues, starting
from the first day of the postburn period, during the 30th
day of the trial. Thyroid gland structural changes during the
early post-burn period were concerned mainly the structure
of its vascular component, its stroma and parenchyma and
were predominantly of the nature of adaptation and/or
compensation. Thyroid gland pathomorphological changes
trend starting from the 21st day until the end of the trial was
complex, on the one hand, with destructive and
decompensatory nature, and, on the other hand, having an
adaptive-compensatory, restorative and regenerative
character. These data allowed us to believe the
development of compensatory and restorative
morphological changes in the thyroid gland and in
surrounding organs and systems when prescribing
pathogenetically based pharmacological correction.

According to fundamental concepts, hypohydration is
one of the thermal damage leading clinical manifestation.
Taking this into account, we tried to eliminate the thyroid
gland parenchyma and cellular composition damage using
0.9 % physiological NaCl solution, which turned out to be
unsuccessful. Taking into account the known pathogenetic
mechanisms of burn disease with consecutive (and
sometimes simultaneous) hypoproteinemia and
haemoconcentration manifestations, intoxication formation,
inflammatory and autoimmune reactions [18], we came to
a conclusion regarding the reasonability of colloid solutions
efficacy testing to attempt the pharmacocorrection in case
of thyroid gland both structure and function burning.

The aim of the research is to establish histological and
ultrastructural changes in the thyroid gland of experimental
rats that were injected with HAES-LX 5 % colloidal
hyperosmolar solution in the dynamics of skin thermal
damage.

Materials and methods

Experimental trials were performed on 90 white male
rats weighing 160-180 g (obtained from the vivarium of the
Institute of Pharmacology and Toxicology of the National
Academy of Medical Sciences of Ukraine) on the basis of
the Research Center of National Pirogov Memorial Medical
University. Animals keeping, handling and manipulation
was carried out in accordance with the "General Ethical
Principles of Animal Experiments" adopted by the "General
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Ethical Principles of Animal Experiments" adopted by the
Fifth National Congress on Bioethics (Kyiv, 2013) and was
guided by the recommendations of the European
Convention for the Protection of Vertebrate Animals for
Experimental and Other Scientific Purposes (Strasbourg,
1985) and guidelines of the State Pharmacological Center
of the Ministry of Health of Ukraine on "Preclinical studies
of drugs" (2001) as well as rules of humane treatment of
experimental animals and conditions approved by the
Committee on Bioethics of National Pirogov Memorial
Medical University (protocol Ne 1 from 14.01.2010).

Thermal skin burns of 2-3 degrees were modeled by
four copper plates (each surface area equal to 13.86 cm?)
preheated for 6 min in water with a temperature of 100 °C
applying to rats depilated side surfaces for 10 sec [5]. Rats
were infused with hyperosmolar colloidal HAES-LX 5 %
solution (10 ml/kg) into the lower femoral vein via catheter
once per day throughout the first 7 days (the first
administration was done 1 hr after the skin burn) after the
skin burn during 5-6 min. Shaving, venous catheterization,
skin burns and decapitation of rats were performed under
propofol (i.v., 60 mg/kg) anesthesia.

Tissues for microscopic studies were collected 1, 3, 7,
14, 21 and 30 days after the skin thermal injury according
to accepted methods [8]. The thyroid gland samples were
fixed in a 10 % neutral formalin solution, dehydrated in
alcohols of increasing concentration, and embedded in
paraffin blocks. The prepared sections, 5-6 pm thick, were
stained with hematoxylin-eosin [8].

The histological sections were examined under the
MIKROmed SEO SCAN light microscope ("Sumy Electron
Optics", Sumy, Ukraine), the photomicrographs were taken
with the Vision CCD Camera with an image output system
for histological specimens. The thyroid gland samples
collected for electron microscopic examination were fixed
with 2.5 % glutaraldehyde solution, and then post-fixed with
1 % osmium tetroxide prepared with phosphate buffer.
Further processing was done according to used method
[8]. Semi-thin sections were stained with methylene blue.
Ultrathin sections made on an LKB-3 ultramicrotome were
contrasted with uranyl acetate and lead citrate according to
Reynolds method and then studied using PEM-125K
electron microscope.

All morphological researches were performed under
the Agreements on Scientific Cooperation among the
Histology, Cytology and Embryology Department of Odesa
National Medical University and Research Center of
National Pirogov Memorial Medical University (from
01.01.2018) and Histology and Embryology Department of
I. Horbachevsky Ternopil National Medical University (from
01.01.2019).

Results

Light-optical studies of micropreparations of the
animals” thyroid gland on first day after experimental
thermal injury and injection of colloid-hyperosmolar HAES-

LX 5 % solution showed presence of interstitial swelling
both in the capsule of the organ and in the interstitial septa;
stasis in small calibre vessels and hyperemia in the
arteries and veins. The follicles were polymorphic, some
were in the active stage, others were overextended, lined
with flat thyrocytes in the stage of hypofunction (Fig. 1A).

Histological examination of the thyroid gland after 3 days
after HAES-LX 5 % injections for thermal injury correction
showed a decrease both of stasis of the thyroid vessels
and in interstitial and perivascular swelling in the organ. A
majority of the follicles is lined with flat thyrocytes (see
Fig. 1B).

Submicroscopic changes in the thyroid gland during
three days of HAES-LX 5 % colloidal hyperosmolar solution
usage to correct the effects of thermal injury were
manifested by minor changes in the ultrastructure of the
vessel wall, especially of small caliber, which were more
pronounced on the first day and gradually subsided until

. ; %
Fig. 1. Histological changes in the animal's thyroid gland after 1day
(fragment A) and after 3 days (fragment B) after the cutaneous
burn was treated with HAES-LX 5 % solution use. A: 1 - thyrocytes,
2 - colloid, 3 - capillary stasis, 4 - interstitial swelling. Hematoxylin-
eosin staining. Increase x400. B: 1 - flat thyrocytes, 2 - cubic
thyrocytes, 3 - colloid, 4 - hemocapillaries. Semi-thin cut. Methylene
blue staining. Increase x400.
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Fig. 2. Submicroscopic changes in the hemocapillary of the thyroid
gland of an animal (fragment A) and thyrocytes of the thyroid
gland (fragment B) after 1 day and 3 days, respectively, after
experimental thermal skin injury with HAES-LX 5 % solution use.
A: 1 - endotheliocyte nucleus, 2 - peripheral zone of endotheliocyte
cytoplasm, 3 - erythrocyte in capillary lumen, 4 - unevenly thickened
basement membrane, 5 - perivascular edema. Electronogram.
Magnification x9000. B: 1 - thyrocyte nucleus, 2 - swelling of the
perinuclear space, 3 - mitochondrion, 4 - hypertrophied tubules of
the granular endoplasmic reticulum, 5 - apical surface with microvilli.
Electronogram. Magnification x15000.

the third day. Locally thickened basement membrane,
narrowing of fenestrae and a small number of
microvesicles and caveolae in the peripheral zone of
endotheliocytes were presented in electronograms
analysis at these times of the trial (Fig. 2A).
Submicroscopically, on the 1st - 3rd days of the
experiment, the HAES-LX 5 % solution was used as a
corrective factor after thermal injury, and swelling of the
perinuclear space was observed in thyrocytes. Large
vacuole-like structures were visible in their cytoplasm,
some mitochondria were characterized by disorganization
of cristae, and tubules of the granular endoplasmic
reticulum were characterized by hypertrophy. On the apical
surface of the cells, the number of microvilli was insignificant

(see Fig. 2B).
The analysis of histological preparations of the thyroid
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Fig. 3. Microscopic changes in the vessels of the thyroid gland of
an animal in 7 days (fragments A B) and in 14 days (fragment C)
after experimental thermal skin injury under the conditions of HAES-
LX 5 % solution use. Semi-thin cut. Staining with methylene blue.
Magnification x1000. A: 1 - endothelium, 2 - smooth myocytes of
the media, 3 - lumen of arteriole. B: 1 - flat thyrocytes, 2 - colloid, 3
- desquamated thyrocytes. C: 1 - prismatic thyrocytes, 2 - colloid,
3 - hemocapillary.
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Fig. 4. Submicroscopic changes in the hemocapillary of the thyroid
gland of an animal (fragment A) and thyrocytes of the thyroid
gland (fragment B) after 7 days and 14 days, respectively, after
experimental thermal skin injury with HAES-LX 5 % solution use.
A: 1 - peripheral zone of endotheliocyte cytoplasm, 2 - basement
membrane, 3 - erythrocyte in capillary lumen. Electronogram.
Magpnification x9000. B: 1 - thyrocyte nucleus, 2 - mitochondria, 3
- lysosome, 4 - tubules of granular endoplasmic reticulum, 5 -
apical surface with microvilli. Electronogram. Magnification x17000.

gland 7-14 days after the seven-day administration of the
HAES-LX 5 % solution for the correction of thermal injury
consequences showed the absence of edematous
manifestations in the stroma of the organ. The vessels in
the stroma were moderately moderately blood-filled vessel
(Fig. 3A).

Majority of the follicles in these terms of the experiment
are lined with cubical or prismatic epithelium with clearly
contoured basophilic nuclei. Mostly, on the 7th day, isolated

overstretched follicles on the periphery of the organ and
follicles with the manifistation of desquamation of
thyrocytes in their lumen were detected (see Fig. 3B, 3C).

Submicroscopically, on the 7-14th day of the experiment,
after a seven-day usage of the HAES-LX 5 % solution for
the thermal injury effects correction, it was found that the
capillaries of the organ have a preserved ultrastructure.
The nuclei of endotheliocytes are oval in shape with shallow
invaginations of the karyolemma and small lumps of
heterochromatin located marginally. The peripheral zone
of the cytoplasm of these cells was in some degree
thickened, and a large number of micropinocytotic vesicles
and vesicles were observed in it, which indicates the
processes of active transendothelial exchange (Fig. 4A).

Ultrastructurally, thyrocytes of the thyroid gland at 7-14
days after experimental thermal injury for the seven-day
usage of colloid-hyperosmolar injection of HAES-LX 5 %
solution for its correction were characterized by the
presence of a round or oval nucleus with the predominance
of euchromatin and structured mitochondria, osmiophilic
lysosomes, clearly contoured granular tubules of
endoplasmic reticulum, microvesicles in the cytoplasm. At
the apical pole of the follicular cells there was a significant
number of microvilli, which were involved in the process of
endocytosis of thyroglobulin (see Fig. 4B). These signs of
the morphology preservation of follicular cells on a
submicroscopic level indicate the expression of the
cytoprotective effect of HAES-LX 5 % solution.

Microscopic studies of the thyroid gland of animals in
21-30 days after experimental thermal injury under the
conditions of a seven-day injection of colloidal

hyperosmolar HAES-LX 5 % solution for its correction
showed that the histostructure of the organ is close to the
normal state. No signs of connective tissue edema were
recorded in the stromal component, and the vessels of the
capsule and interlobular trabeculae corresponded to their

o "
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Fig. 5. Microscopic changes in the thyroid gland of an animal in 30
days after experimental thermal skin injury under the conditions of
HAES-LX 5 % solution use. Hematoxylin-eosin staining.
Magpnification x200. 1 - thyrocytes, 2 - colloid, 3 - arteriole.
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Fig. 6. Submicroscopic changes in the hemocapillary of the thyroid
gland of an animal (fragment A) and thyrocytes of the thyroid
gland (fragment B) in 21 days and 30 days, respectively, after
experimental thermal skin injury under the conditions of HAES-LX
5% solution use. A: 1 - organelle zone of endotheliocyte cytoplasm,
2 - peripheral zone of endotheliocyte cytoplasm, 3 - capillary lumen,
4 - basement membrane. Electronogram. Magnification x12000. B:
1 - nucleus and 2 - nucleolus of thyrocyte, 3 - mitochondrion, 4 -
tubules of granular endoplasmic reticulum, 5 - microvesicles, 6 -
apical surface with microvilli, 7 - colloid. Electronogram.
Magpnification x14000.

A, o

typical morphology. The blood supply of the vascular bed of
the thyroid gland is moderate. Follicles in the composition
of the lobes were mostly isomorphic and lined with cuboidal
epithelium. A significant number of interfollicular islands
were observed (Fig. 5).

Electromicroscopic studies of the structure of
hemocapillaries of the thyroid gland on 21-30 days of the
experiment in the conditions of correction of thermal injury
with infusions of HAES-LX 5 % solution established the
integrity of the endothelial lining of the wall, the clear
contouring of the cells” plasmolemma, and the moderate
thickness of the basement membrane. In the peripheral
zone of the cytoplasm of endotheliocytes, numerous
micropinocytotic vesicles and caveolae were detected, and

in the zone of organelles - well-structured general purpose
organelles (Fig. 6A).

The ultrastructure of thyrocytes in these terms of the
experiment, under the conditions of correction of thermal
injury by the introduction of HAES-LX 5% solution,
corresponded to the normal state. The predominantly cubic-
shaped cells contained a centrally located rounded nucleus
with an osmiophilic structured nucleolus. In their cytoplasm,
organelles of protein-synthesizing and energy apparatus
were well developed. The apical pole was profusely filled
with small microvesicles, and the plasmalemma formed
numerous microvilli, which indicates the manifistation of
active endocytosis of thyroglobulin and synthesis of thyroid
hormones (see Fig. 6B).

Discussion

Thus, the obtained data indicate that the HAES-LX 5 %
colloidal hyperosmolar solution administration within 7
days of the post-burn period to correct the thermal injury
consequences has an expressed positive influence on
burned animals thyroid gland histo- and ultrastructure. A
significant improvement of the structural state of the stromal
and parenchymal components of the organ and their
relative normalization in the late period under the influence
of the applied solution was established in the dynamics of
the experiment. The colloidal hyperosmolar solution HAES-
LX 5 % positive effects were expressed by cellular walls of
the vessels and follicles dystrophic and destructive
changes reduction the structural components of the organ
restoration during the entire period of the study up to the
30th day of the trial.

The first signs of intraglandular environment recovery
were proved to start from the 7th day of the post-burn period,
and the maximally expressed HAES-LX 5 % colloidal
hyperosmolar solution influence was observed from the
21st day until the end of the trial. Making parallels with the
stages of burn disease classification, we note that the
correction we applied showed effectiveness starting from
the toxemia stage, and this positive histological dynamic
lasted throughout the 30 days.

We conducted trials with thyroid gland and its
microenvironment morphological state pharmacological
corrections taking into account the pathogenetic mechanisms
of burn disease. Our choice of HAES-LX 5 % colloidal
hyperosmolar solution was due to the ineffectiveness of
hypovolemia and oxygen deficiency correction by 0.9 %
physiological NaCl solution introduction [19].

We believe that we have chosen a sufficiently effective
compound for thyroid gland parenchyma, stroma and
vascular environment thermally induced morphological
disorders correction - HAES-LX 5 % colloidal hyperosmolar
solution, created on the basis of HAES-LX 5 %
hydroxyethylated starch, which influence on the body
revealed the encouraging results in experimental [12] and
clinical conditions [16]. HAES-LX 5 % colloidal-
hyperosmolar solution (Institute of Blood Pathology and
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Transfusion Medicine of the National Academy of Medical
Sciences of Ukraine) contains as a colloid base poly (0-2-
hydroxyethyl) starch - 5 %, as well as xylitol - 5 %, sodium
lactate - 1.5 %, sodium chloride - 0.8 %, potassium chloride
- 0.03 %, calcium chloride - 0.02 %, magnesium chloride -
0.01 %. The drug has a multiionic composition: Na* - 270.7
mmol/l, K* - 4.0 mmol/l, Ca?* - 1.8 mmol/l, Mg?* - 1.1 mmol/
I, ClI - 146.6 mmol/l, CH,CH(OH)COO" - 133.8 mmol/l [11].

Both small intestine and thymus morphological structure
case of a burn injury were shown to be restored under the
influence of HAES-LX 5 % colloidal-hyperosmolar solution
[2, 4]. Stimulation of thymus cells synthetic processes
according to the main indicators of the cellular cycle were
proved under the influence of this drug in burn injury
conditions [1]. Also in the studies of Gunas I.V. et al. [6] it
was found that the administration of HAES-LX-5% solution
for 7 days in rats after a burn injury of the skin reduces
pathological changes in the stroma and parenchyma of
the lungs in the early period of burn disease.

Our experiments on HAES-LX 5 % colloidal
hyperosmolar solution use together with lactoprotein with
sorbitol hyperosmolar solution as corrective compounds
in case of thyroid gland burning, which are currently ongoing,
highlight a practically comparable profile of their protective
action in terms of thyroid morphological changes
normalization, pituitary gland, thyroid gland, parathyroid
gland and adrenal glands hormonal activity recovery as
well as in the aspect of lipoperoxidation inhibition in the
tissue of the thyroid gland, pancreas and liver.

An important aspect of this work and the obtained data
analysis we consider not only to receive the array of
encouraging pathomorphological results, but also to
establish the mechanism of positive/protective effect of the
applied colloid-hyperosmolar solution realization under the
conditions of thyroid gland and the whole body burning.
Taking into account the applied solution multicomponent
ionic composition and the complete predominance of
catabolic and necrotic processes in the post-burn period
dynamics, we consider the inhibition of the generalized
catabolic reaction to be one of the mechanisms of HAES-
LX 5 % colloidal hyperosmolar solution protective effect. In
this case, the efficacy of the applied solution we suppose
to be identical to the membrane-protective effect.

The proven thyroid gland structure almost complete
cytomorphological restoration within 30 days of the post-
burn period is not final, given the thermal factor powerful
alterating effect, which is why we assume the
implementation of self-sustaining functional cellular activity
under the influence of the HAES-LX 5 % solution. This type
of activity lasts for 30 days. We believe that under these
conditions a complex of protective, adaptive, adaptive,
compensatory and regenerative effects are realized, the
total efficacy of which exceeds destructive, decompensatory
and necrotic changes within the thyroid gland parenchyma
and surrounding tissues. This probably occurs due to the
excessive permeability restoration of histo-hematic barrier,

which functional breakdown occurs under the investigated
pathological conditions [17, 18].

Abovementioned speculations cannot fully explain the
30-day long-term protective effect of HAES-LX 5 % colloidal
hyperosmolar solution use in conditions of thyroid gland
thermal damage. Therefore, upon ascertaining the fact of
the thyroid gland follicles and the vascular component
integrity histological and ultrastructural signs restoration,
we stress the necessity of experiments continuation aimed
at HAES-LX 5 % colloidal hyperosmolar solution protective
effects mechanisms implementation in case of thyroid
gland burning.

The obtained data analysis allows recommending the
HAES-LX 5 % colloidal hyperosmolar solution use as one
of the components of the burn treatment regimen as a
restorative therapy drug, secondary cytoprotection aimed
at restoring the integrity of the vascular wall and tissue
defects.

Conclusions

1. Colloidal hyperosmolar solution HAES-LX 5 %
administration within 7 days of the post-burn period to
correct the thermal injury effects has an expressed positive
effect on burned animals thyroid gland histo- and
ultrastructure.

2. A significant improvement of the structural state of the
stromal and parenchymal components of the organ and
their relative normalization in the late period under the
influence of the applied solution was established in the
dynamics of the experiment.

3. The colloidal hyperosmolar solution HAES-LX 5 %
positive effects were expressed by cellular walls of the
vessels and follicles dystrophic and destructive changes
reduction the structural components of the organ restoration
during the entire period of the study up to the 30th day of the
trial.

4. The first signs of the intraglandular environment
recovery after colloidal hyperosmolar solution HAES-LX
5 % use were proved to start registered from the 7th day of
the post-burn period and were maximally expressed from
the 21st day until the end of the experiment.

5. Colloidal hyperosmolar HAES-LX 5 % solution
protective action possible mechanism is the generalized
catabolic reaction inhibition and the membrane-protective
effect development.

6. A complex of colloidal hyperosmolar solution HAES-
LX 5 % protective, adaptive, adaptive, compensatory and
regenerative effects were realized throughout the 30 days
of the post-burn period, which efficacy exceeds the thyroid
gland parenchyma and surrounding tissues destructive,
decompensatory and necrotic changes.

7. Colloidal hyperosmolar solution HAES-LX 5 % use
seems to be one of the burn treatment regimen
components as a restorative therapy drug and secondary
cytoprotection aimed at the vascular wall and tissue defects
integrity restoring.

Vol. 29, Ne4, Page 41-49

a7



Rats' thyroid gland histological and ultrastructural changes throughout the experimental thermal injury dynamics ...

References

[1] Cherkasov, E. V. (2015). KniTuHHa cMepTb i KNITUHHUIA LUK B
TUMYCIi NpK ekcrnepuMeHTarbHi onikoBi XxBopobi y LWypiB B
yMoBax ii NikyBaHHs1 iHdpy3ieto koMBiHOBaHUX rinepocmMonsp-
Hux po3unHis [Cell death and cell cycle in the thymus during
experimental burn disease in rats under the conditions of its
treatment by infusion of combined hyperosmolar solutions].
YkpaiHcbkuli Haykoeo-meOuYHUU MOO00KHUL XypHan -
Ukrainian scientific and medical youth magazine, (2), 68-75.

[2] Cherkasov, V. G., Dzevulska, I. V., Cherkasov, E. V., Kaminsky, R.
F., Pastukhova, V. A., Kovalchuk, O. I., & Trofimenko, Yu. Yu.
(2017). Influence of HAES-LX-5 % infusion solution on the DNA
content of endocrine glands cells against the background of
thermal burn of skin in rats. Ceim meduyuHu ma 6ionoeir -
World of Medicine and Biology, 4(62), 168-173. doi: 10.26724/
2079-8334-2017-4-62-168-173

[3] Chernyakova, H. M., Minukhin, V. V., & Voronin, Ye. P. (2016).
Cy4dacHuin nornsg Ha micLieBe NikyBaHHs! OMikiB 3 iHGYEKLiiHO
ckrnagosoto [A modern view of the local treatment of burns
with an infectious component]. BicHuk npobsiem 6iomnoeii i me-
AuyuHu - Herald of problems of biology and medicine, 4(133),
68-72.

[4] Gavryluk, A. O., Galunko, G. M., Chereshniuk, I. L., Tikholaz, V. O.,
Cherkasov, E. V., Dzevulska, I. V., & Kovalchuk, O. 1. (2018).
Indicators cell cycle and DNA fragmentation in cells of small
intestine mucosa 14, 21 and 30 days after skin burns on the
background of preliminary infusion of solution lactoprotein with
sorbitol or HAES-LX 5 %. Ceim meduyuHu ma 6iosoaii - World
of Medicine and Biology, 1(63), 104-108. doi: 10.26724/2079-
8334-2017-4-62-104-108

[5] Gunas, I., Dovgan, ., & Masur, O. (1997). Method of thermal burn
trauma correction by means of cryoinfluence. Abstracts are
presented in zusammen mit der Polish Anatomical Society
with the participation of the Association des Anatomistes
Verhandlungen der Anatomischen Gesellschaft, Olsztyn. Jena
- Munchen : Der Urban & Fischer Verlag, 105.

[6] Gunas, I. V., Yakovleva, O. O., & Ocheretniuk, A. O. (2012).
Kopekuist ricTonoriyHnx 3miH B NereHsx Lypis npy 3actocy-
BaHHi iHdpy3iiHoro posunHy HAES-LX-5% B nepuui 7 g4ié nicns
oniky wkipw [Correction of histological changes in rats' lungs
with HAES-LX-5% infusion solution usage in the period of 7
days after skin burn]. CsiT meguumHu Ta Gionorii - World of
Medicine and Biology, 8(4), 73-76.

[7] Hamblin, M. R. (2019). Novel pharmacotherapy for burn wounds:
what are the advancements. Expert Opin Pharmacother, 20(3),
305-321. doi: 10.1080/14656566.2018.1551880

[8] Horalskyi, L. P., Khomych, V. T., & Kononskyi, O. I. (2019) OcHosu
2icmorioeidHoi mexHiku i MopghogbyHKUioHabHIi Memodu doc-
nioeHb y Hopmi ma npu namosioeii [Basics of histological
technique and morphofunctional research methods in normal
and pathological conditions]. XXutomunp : XKHAEY - Zhytomyr:
ZhNAEU, 286.

[9] Jeschke, M. G., Gauglitz, G. G., Kulp, G. A,, Finnerty, C. C.,
Williams, F. N., Kraft, R., ... & Herndon, D. N. (2011). Long-Term
Persistance of the Pathophysiologic Response to Severe Burn

Injury. PLoS One, e21245. doi: 10.1371/
journal.pone.0021245

[10] Jeschke, M. G., van Baar, M. E., Choudhry, M. A., Chung, K. K.,
Gibran, N. S., & Logsetty, S. (2020). Burn injury. Nat Rev Dis
Primers, 6(1), 11. doi: 10.1038/s41572-020-0145-5

[11] Kondratskyi, B. O., Novak, V. L., & Kondratskyi, Ya. B. (2011).
KomnnekcH1i KonoigHO-rinepoCcMOonsipHUN iHAy3inHWI npena-
pat [Complex colloid-hyperosmolar infusion preparation]. MNa-
TeHT Ykpainm Ne93776 - Patent of Ukraine N 93776. Bion. Ne 5
- Byul N5, 12.

[12] Maievskyi, O. Ye., Mironoy, Ye. V., Bobruk, S. V., & Gunas, |. V.
(2018). Dynamics of histochemical changes in the skin of rats
within a month after the burning of 1I-1ll degrees on the background
of the injection first 7 days HAES-LX-5% solution. Ceim medu-
yuHu ma 6ionoeii - World of Medicine and Biology, 4(66), 180-
184. doi: 10.26724/2079-8334-2018-4-66-180-184

[13] Mehta, K., Arega, H., Smith, N. L., Li, K., Gause, E., Lee, J., &
Stewart, B. (2022). Gender-based disparities in burn injuries,
care and outcomes: A World Health Organization (W HO) Global
Burn Registry cohort study. Am J Surg, 223(1), 157-163. doi:
10.1016/j.amjsurg.2021.07.041

[14] Opriessnig, E., Luze, H., Smolle, C., Draschl, A., Zrim, R.,
Giretzlehner, M., ... & Nischwitz, S. P. (2023). Epidemiology of
burn injury and the ideal dressing in global burn care - Regional
differences explored. Burns, 49(1), 1-14. doi: 10.1016/
j-burns.2022.06.018

[15] Sawicka-Gutaj, N., Zawalna, N., Gut, P., & Ruchala, M. (2022).
Relationship between thyroid hormones and central nervous
system metabolism in physiological and pathological conditions.
Pharmacol Rep, 74(5), 847-858. doi: 10.1007/s43440-022-
00377

[16] Semenenko, A. 1., Khrebtii, H. 1., Malyk, S. L., Dmytriiev, D. V.,
Bodnar, R. Y., Zheliba, L. M., ... & Alsalama, M. W. O. (2020).
Influence of different qualitative composition of infusion
solutions on cerebral hemodynamics in patients with acute
ischemic stroke. Wiad Lek, 73(2), 272-277. doi: 10.36740/
WLek202002112

[17] Smoalle, C., Cambiaso-Daniel, J., Forbes, A. A., Wurzer, P.,
Hundeshagen, G., Branski, L. K., ... & Kamolz, L. P. (2017).
Recent trends in burn epidemiology worldwide: A systematic
review. Burns, 43(2), 249-257. doi: 10.1016/
j-burns.2016.08.013

[18] Stanojcic, M., Abdullahi, A., Rehou, S., Parousis, A., & Jeschke,
M. G. (2018). Pathophysiological Response to Burn Injury in
Adults. Ann Surg, 267, 576-584. doi: 10.1097/
SLA.0000000000002097

[19] Wang, Y., Beekman, J., Hew, H., Jackson, S., Issler-Fishe, A.,
Parungao, R., ... & Maitzet, P. K. M. (2018). Burn injury:
challenges and advances in burn wound healing, infection,
pain and scarring. Adv Drug Deliv Rev, 123, 3-17. doi: 10.1016/
j-addr.2017.09.018

[20] Zarutskyi, Ya. L., & Bilyi, |. Ya. (2018). BoeHHo-rnonb08a xipyp-
2ist [Military field surgery]. Kvis : @EHIKC - Kyiv: PHOENIX, 544.

6(7),

FICTONOrIYHI TA YNbTPACTPYKTYPHI 3MIHU LLUMTOMOAIBHOI 3ANO3U WYPIB B AUHAMILI EKCMEPUMEHTANLHOI
TEPMIYHOI TPABMU MPU BBEAEHHI KONOIQHO-TMEPOCMOINSAPHOIO PO3YUHY HAES-LX 5 %

TipoH O. I., BacmbsiHos P. C.

AkmyarnbHicmb npobnemu onikogoi mpasmu 8U3Ha4yaeMbCS YacmuMu MEPMIHHUMU YPaXEHHSIMU PIi3HUX 8iKOBUX KOHMUH2eHMmIe
nayieHmis, cknadHicmo ma mpusasicmio rikyeaHHs, 00820mpuganon 8mpamoio fnpaye3damHocmi ma MopieHsIHO 8UCOKOI
nemarnbHicmio. 3anexHo 6i0 nowji ma anubuHu ypaxkeHHs1, orikoga paHa 8UK/IUKAE MHOXUHHI U mpuearsti nopyweHHss 20meocmaasy, siKi
cripuquHsromb OucehyHKUil opaaHie i cucmem. Hac 3auikagunu 3MiHu, WO SUHUKaMb rnpu mepMidYHOMY oniKy, 8 wumornodibHil 3as03i,
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ocKinbku iti 8i0800umbcsi 00Ha 3 MPOBIOHUX porell 8 eHOOKPUHHIU peaynsayii binbwocmi oyHKUit opaaHiamy. [pu docnidxeHHi numaHHs
ghapmakonoeidHoi KopeKuii ypaxeHHs1 uumonodibHoi 3a103u nicsisi onikogoi mpasmu MU 8UXOOUMO i3 Kacu4yHoi ¢hyHOameHmanbHol
KOHUenyii cmocoeHo ii mamoaeHemu4Hoi obrpyHmosaHocmi. 38axaroyu Ha 8i0oMi mamozeHemuyHi MexaHiaMu Ornikogoi xeopobu 3
nocnidoeHuUMu (a iHKou - i3 0OHoYacHUMU) rposieamu einornpomeiHemii, 2eMokoHyeHmpauil, gpopmMyeaHHsAM iHMOKCUKaUiliHo20
CUHOpPOMY, 3ananbHOi ma aymoiMmyHHOI peakuil, Mu Qilwiu 8UCHOBKY CMOCOBHO OOUiNbHOCMI Mecmy8aHHs KOMOIOHUX PO34UHI8 3
HaMa2aHHSIMU hapMaKoKOPeKUii iHOyKogaHUX mepMidHUM roOpa3HeHHsIM cmpykmypu ma yHKUil wumonodibHoi 3amo3u. Mema
pobomu - 8CMaHOBMEHHS 2iCMOJI02iYHUX ma yrbmpacmpyKmypHUX 3MiH wumonodibHOI 3ano3u wypie, SKUM 8 GUHaMili mepmiyHo2o
ypaxKeHHs1 Wkipu 8800unu KosnoidHo-zinepocmonsapHull po3duH HAES-LX 5 %. EkcniepumeHmanbHi docnidxeHHs1 npogodunu Ha 90
binux wypax-camusix. TepmidHi orniku WKipu MOOen8anu WissxoM npUMUCKaHHs1 YoOmupbOoX MIOHUX rrracmuH 00 3as4acHO 0erninbo8aHuUX
bokosux MosepxoHb mina wypie npomsieom 10 c. [Mpomseom nepwux 7 0i6 micrsionikogo2o nepiody wypam y HUXHK OPOXHUCMY
8eHy 8800usIU KornoidHo-einepocmonsipHull po3duH HAES-LX 5 %. Llimamoyku wumornodibHoi 3ano3u ¢hikcysanu 6 10 % HelmpanbHOMYy
po3quHi chopmaniHy, npogodunu OGeezidpamauiio 8 crupmax 3pocmaro4oi KoHUeHmpauii, 3anusanu y napagiHosi 6roku. BuzomoeneHi
3pi3u, moswuHow 5-6 mkm, 3abapenroganu 2eMamoKCUTiHOM-e03UHOM. [nsi eneKkmpoHHOMIKPOCKOMIYHUX OOCiOXeHb 8usydanu
wMamouyku wumornodibHoi 3ano3u, gikcysanu ix y 2,5 % posyuHi emomapansdezidy, nocmeikcysanu 1 % po3yuHoOM mempaoKucy
ocmito Ha ¢pocghamHomy bychbepi. HaniemoHki 3pi3u 3abapernosanu MemureHoO8UM CUHIM. YbmpamoHKi 3pidu KOHmpacmyeanu
ypaHinauemamom, yumpamom C8UHUt0 32i0H0 memody PeliHonnbOca ma eus4yanu 8 enekmpoHHoMy mikpockori [EM-125K. BeedeHHs
npomsieom 7 0i6 nicrisionikogoz2o nepiody KomoidHo-zinepocmonspHoao po3duHy HAES-LX 5 % 0Ons kopekuii Hacnidkie mepmidHol
mpasMu CrPUYUHSIE 8UPaXeHUU no3umueHuUll echekm Ha 2icmo- ma ynbmpacmpykmypy wumornodibHoi 3ari03u obrnedeHUx meapuH. B
OuHamiyi docnidy 8cmaHOB/1EHO Cymmese MOoKpaWeHHsI CmMPYKMypHO20 cmaHy CmpoMarsibHOo20 ma napeHXiMamo3Ho20 KOMIMTOHEHMI8
opaaHy ma ix 6i0HOCHYy HOpMani3auito y ni3Hi mepmiHu nid ennu8oM 3acmocog8aHo20 po3dyuHy. [losumusHi ecpekmu 3acmocyeaHHs
KomoioHo-2inepocmornsipHo20 posduHy HAES-LX 5 % 6ynu eupaxeHi 3MeHWeHHAM OucmpogiyHUX i decmpyKmueHUX 3MiH KiTimuH
CMIHOK cyOuH ma cmiHKu ¢horikynie y nepiod iHy3ili 3 8i0HOB/IEHHAM ma HopMarnizauicto Mopghonoeii cmpyKkmypHUX KOMMIOHEHMI8
opzaHy npomsieoM 8cb0o20 mepmiHy OocnidxeHHss 0o 30-i dobu docnidy. [JosedeHo, w0 nepwi O3HaKU 8iOHOB/IEHHS
8HYMPIWHbO3a/103UCMO20 OMOYEHHS 8UHUKAaKOMb, MOYUHaKYu 3 7-i 006u nicrisionikogoz2o nepiody, a MakcumManbHO 8UpPaXxeHul
npoekmusHuli echekm 8i0 3acmocys8aHHs1 KOroidHo-zginepocmosnsipHo2o po3duHy HAES-LX 5 % crnocmepizascsi, noquHarwoyu 3 21-i
d06u i do kiHus docnidy. VimosipHuMm MexaHiamom peanisauii 3axucHoi dii konoidHo-ainepocmonspHo2o posyuHy HAES-LX 5 % e
2anbMye8aHHs1 eeHepalslizoeaHoi kamabonidHoi peakuyii ma po3sumok membpaHonpomekmopHoz2o egpekmy. Mpomsicom 30 0i6
nicrigonikogo2o nepiody peanisyembCsi KOMIIIEKC 3axUCHUX, adanmauitiHux, npucmocysanbHUX, KOMIeHCamopHUX ma peaeHepamopHUX
eghekmie KonoidHo-einepocmorsipHo20 posduHy HAES-LX 5 %, echekmusHicmb sikux nepesuwiye decmpykmugHi, OeKOMNeHcamopHi
ma HeKpomuYHi 3MiHU 8 nmapeHXiMi wumornodibHOI 3a5103u ma omoYylYUX MKaHUHax. 3acmocy8aHHs1 KOI0IOHO-2inepoCMOosIsipHO20
posquHy HAES-LX 5 % JdouinbHO sik 00HO20 i3 KOMIOHEeHMI8 cXeMu JliKy8aHHsI Mpu onikax 8 sKocmi npernapamy 8iOHO8/1H8anbHOI
mepanii, MOPUHHOT yumonpomekuyii, cripsiMogaHoi Ha 8iI0HOBNEHHS UinicHoCMi cyOUHHOI cmiHKu ma deghekmie MKaHUH.

KnrouoBi cnoBa: wumonodibHa 3ano3a, mepmidHull onik, nicrsionikosul nepiod, MopghonoaiyHi 3MiHU, yrbmpacmpyKmypHi 3MiHU,
KonoidHo-zinepocmornspHull po3duH HAES-LX 5 %, eidHoemno8anbHi npoyecu, namo2eHemu4yHo obymoerneHa ghapMaKkosiogiyHa KOpeKuUis.
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Biomineralization is a process of formation of biominerals widespread among living
organisms. This phenomenon occurs in the central nervous system in normal and
pathological conditions. Typically, this can manifest age-related changes, and the
prevalence of biominerals increases with age. At the same time, it can be a sign of
pathology - tumour growth, dystrophy, metabolic disorders, etc. This work aims to study
the morphological features of the dura mater with signs of biomineralization. In this
work, we examined 30 samples of the dura mater with signs of biomineralization
(group 1) and 30 samples without these signs (group Il) obtained during autopsies in the
pathology department of the Sumy Regional Clinical Hospital. For the morphological
characteristics of the dura mater, we used histological, histochemical and
immunohistochemical methods, as well as scanning electron microscopy. Statistical
processing of the results of the immunohistochemical study was carried out in the
GraphPad Prism 8.0 statistical package using parametric and non-parametric research
methods. To divide the samples into groups, we relied on the histological method -
staining with hematoxylin-eosin. Histochemical methods (alizarin red staining, von
Koss method) confirmed the presence of calcium compounds in the studied group. Van
Gieson staining visualized the collagen fibres of the dura mater, and the PAS reaction
did not reveal the presence of glycosaminoglycans in the mineral deposits.
Immunohistochemical examination of the dura mater with antibodies against osteopontin
revealed a significant difference between the study and control groups (p<0.001),
confirming the critical role of osteopontin in the biomineralization process in this
tissue. With the help of scanning electron microscopy, it was found that biominerals in
the dura mater are represented by tens to hundreds of formations of various shapes
(rounded, oval and irregular), varying from tens of nanometers to 50 micrometres. Their
composition was analyzed using maps and spectra of energy-dispersive X-ray
spectroscopy and most probably corresponded to calcium hydroxyapatite. So, the dura
mater is characterized by biomineralization, manifested by the formation of microscopic
calcium hydroxyapatite composites.

Keywords: calcification, dura mater, osteopontin, calcium hydroxyapatite, histology,
histochemistry, scanning electron microscopy with energy dispersive X-ray
spectroscopy.

Introduction

Biomineralization is a process of formation of
biominerals widespread among living organisms.
Pathological biomineralization refers to the deposition of
calcium compounds outside the tissues of the skeleton
and teeth [12].

Biomineralization of the dura mater is observed in
12.5 % of the population, mainly in men with an average

age of 53 years. Moreover, in more than 75 % of cases,
biomineralization of the vascular plexus is simultaneously
observed [25]. Most often, calcifications are localized in the
sickle of the brain (26.8 %), the petrocline ligament
(13.2 %) and the tent of the cerebellum (6.8 %) [11].

In children, biomineralization of the dura mater is
extremely rare (less than 1 % among patients examined by
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CT) and is more often localized in the tent of the cerebellum.
Moreover, in each case, there was a history of craniotomy,
craniocerebral injury or headache [24].

The phenomenon of calcification is also characteristic
of tumours of the dura mater - meningiomas. They usually
have an expansive nature of growth and are considered
histologically benign [14]. Calcifications are found in 20-
25 % of meningiomas, but since they are often found in
meninges, the problem of differential diagnosis between
relatively "normal" tissue of meninges and calcified
meningiomas arises [1, 16].

There is no unequivocal opinion about the mechanism
and significance of meningioma calcification. Perhaps it is
related to the process of tumour cell degeneration and
serves as a barrier against the further spread of the tumour
[8].

After neurosurgical interventions for the removal of
tumours, traumatic brain damage or other reasons, it is
necessary to reconstruct the dura mater to minimize the
risks of complications: fistulas, infections, brain keels,
scars and adhesions [4, 13].

There is data on autografts, for example, temporal
fascia. This method has advantages: ease of material
processing, price and good biocompatibility. However, the
autograft cannot be used when the size of the defect is
significant; this method requires an additional operation
and creates a risk of complications at the removal site [2,
6].

The use of homografts today is not a good option due to
the risks of prion infection transmission [9, 21].

A promising solution is using synthetic materials,
including nanomaterials, to create an artificial dura mater.
Obstacles can be insufficient biocompatibility or
neurotoxicity, so these materials require detailed study
before possible use [5, 17, 19, 23].

Therefore, the study of the morphological features of
the biomineralization of the dura mater can create a basis
for the development of new models of artificial dura mater
and can also contribute to improving the diagnosis of
tumours of the meninges and the central nervous system.

This work aims to study the morphological features of
the dura mater with signs of biomineralization.

Materials and methods

Protocol of the Ethics Commission

This study was approved by the Commission on
compliance with bioethics in conducting experimental and
clinical research at the Academic and Research Medical
Institute of Sumy State University (protocol Ne 2/12 dated
December 8, 2022). All studies used the Declaration of
Helsinki (6th edition, revised 2008, Seoul) and the Universal
Declaration of Bioethics and Human Rights (2006).

Sample collection

The research was conducted on tissues obtained
during autopsies in the pathology department of the Sumy
Regional Clinical Hospital (Sumy, Ukraine). 30 samples of

dura mater with signs of biomineralization (group I) and 30
samples without these signs (group IlI) were examined.
Group | contained 15 samples from female patients and
15 from male patients. Group Il included 14 samples from
female patients and 16 samples from male patients. To
detect pathological biomineralization, the tissue of the dura
mater was examined using histological, histochemical, and
immunohistochemical methods and scanning electron
microscopy with energy-dispersive X-ray spectroscopy.

Histological examination (hematoxylin-eosin staining)

We removed dura mater samples from the falx cerebri
area and fixed them in a 10% buffered formalin solution
(CAS Ne 50-00-0) for 24 hours. After that, we cut out strips
measuring 2.0 x 0.5 x 0.1 cm, dehydrated and embedded
in paraffin in the ATM-4M carousel-type apparatus (Ukraine).
Paraffin blocks were cut at a thickness of 7 microns using
a Shandon Finesse 325 rotary microscope (Thermo
Scientific, Waltham, MA, USA). After that, the paraffin sections
were stained with hematoxylin-eosin. All photos were taken
using a Zeiss Primo Star microscope with a Zeiss Axiocam
ERc 5s camera and "Zen 2.0" software (Carl Zeiss, Jena,
Germany).

Based on the results of the histological examination,
we divided the dura mater samples into two groups (30
samples each): with signs of biomineralization (group 1)
and without them (group II).

Histochemical study by the von Kossa method

Staining of dura mater samples by the von Koss method
began with deparaffinization (twice for 5 min in a solution
of xylene (CAS Ne 95-47-6)) and dehydration (twice for
5 min in a solution of 96 % ethanol (CAS Ne 64-17-5),
10 min in a solution of 70 % ethanol (CAS Ne 64-17-5)) to
distilled water. Then, the samples were placed in a beaker
with a 5 % solution of silver nitrate (CAS Ne 7761-88-8)
under intense illumination (in front of a 60-watt lamp, having
previously wrapped the beaker in foil) for 1 hour. To remove
silver nitrate residues, the samples were washed three
times with distilled water and placed in a sodium thiosulfate
solution (CAS Ne 10102-17-7) for 5 min. The samples were
washed with tap and distilled water. The samples were
then stained in a 0.1 % solution of nuclear fast red (CAS
Ne 6409-77-4) for 5 min. The samples were washed with
tap and distilled water. Dehydration, clarification, and
synthetic coating were then performed.

Histochemical study with alizarin red S (Dahl-McGee
modification)

Staining of dura mater samples with alizarin red S began
with deparaffinization (twice for 5 min in a solution of xylene
(CAS Ne 95-47-6)) and dehydration (twice for 5 min in a
solution of 96 % ethanol (CAS Ne 64-17-5), 10 min in a
solution of 70 % ethanol (CAS Ne 64-17-5)) to distilled water.
Then, the samples were stained for 2 min with a solution
of alizarin red S. To prepare the solution, 0.5 g of alizarin
red S (CAS Ne 130-22-3) was dissolved in 45 ml of distilled
water, and the pH was adjusted to 6.3-6.5 for 10 % NH,OH
solution (CAS Ne 1336-21-6). The samples were then
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rinsed with distilled water for 5-10 sec and treated with
acidified ethanol (CAS Ne 7647-01-0) for 15 sec.
Dehydration, clarification, and synthetic coating were then
performed.

Histochemical study by the Van Gieson method

Staining of dura mater samples by the Van Gieson
method began with deparaffinization (twice for 5 min in a
solution of xylene (CAS Ne 95-47-6)) and dehydration (twice
for 5 min in a solution of 96 % ethanol (CAS Ne 64-17-5), 10
min in a solution of 70 % ethanol (CAS Ne 64-17-5)) to
distilled water. Then Weigert's hematoxylin (50 drops of
Weigert's solution | per 25 drops of Weigert's solution 1)
was dripped onto the samples. Weigert's solution | is a
mixture of 1 g of hematoxylin (CAS Ne 517-28-2) and 100
ml of 96 % ethanol (CAS Ne 64-17-5). Weigert solution Il is
a mixture of 4 ml of ferric chloride (CAS Ne 7705-08-0), 1 ml
of concentrated HCI (CAS Ne 7647-01-0), and 95 ml of
distilled water. Then the samples were washed in 2
portions of water and treated with a solution of acidified
ethanol (CAS Ne 7647-01-0) until the background became
clear. Then a solution of picrofuchsin (a mixture of 10 ml of
a saturated aqueous solution of picric acid (CAS Ne 88-89-
1) with 1 ml of a 1 % aqueous solution of acid fuchsin (CAS
Ne 3244-88-0)) was dripped onto the samples. Dehydration,
clarification, and synthetic coating were then performed.

Histochemical study by PAS reaction method

The PAS method started with the preparation of Schiff's
reagent. For this, 1 g of basic fuchsin (CAS Ne 569-61-9)
was added to 200 ml of boiling distilled water and boiled
for 5 min with constant stirring. Then the solution could
cool to 60-70 °C and filtered through a paper filter. Then the
solution could cool to 50 °C. 20 ml of 1 N hydrochloric
acids (mixture of 16.4 ml of concentrated HCI (CAS Ne 7647-
01-0) and 3.6 ml of distilled water) was added and allowed
to cool to 20-25 °C. Then 1 g of sodium bisulfite (CAS Ne
7631-90-5) was added. The solution is stored for the first
three days in a dark place at room temperature, then in the
refrigerator.

Staining of dura mater samples by the PAS reaction
method began with deparaffinization (twice for 5 min in a
solution of xylene (CAS Ne 95-47-6)) and dehydration (twice
for 5 min in a solution of 96 % ethanol (CAS Ne 64-17-5), 10
min in a solution of 70 % ethanol (CAS Ne 64-17-5)) to
distilled water.

Then the dura mater samples were dewaxed to distilled
water. The samples were then treated with a 1 % solution
of periodic acid (CAS Ne 10450-60-9) for 10 min at room
temperature in the dark. The samples were washed in tap
water (5 min) and distilled water (2 min). Then cold Schiff's
reagent was dripped onto the samples for up to 10 min at
room temperature and under light illumination until they
turned pink. The samples were washed in tap water
(several times until the water turned red) and distilled water
(2 min). After that, the samples were stained with a
hematoxylin solution (CAS Ne 517-28-2) for 4 minutes. The
samples were washed twice in tap water. Dehydration,

clarification, and synthetic coating were then performed.

Immunohistochemical study with antibodies against
osteopontin

Serial sections of dura mater tissue with a thickness of
3-4 microns, made from prepared histological paraffin
blocks, were applied to SuperFrost adhesive slides
(Thermo Scientific) and dried at 37 °C for 18 hours.
Deparaffinized sections were subjected to unmasking of
antigens by the thermal method by heating the sections in
a citrate buffer (pH 6.0) at a 95-98 °C. To visualize the results
of an immunohistochemical (IGH) study, the detection
system "UltraVision Quanto Detection System HRP
Polymer" (Thermo Scientific) was used, which involved
blocking endogenous peroxidase activity with 3 % hydrogen
peroxide, blocking non-specific background staining using
"Ultra V Block", enhancing the reaction "Primary Antibody
Amplifier Quanto". Diaminobenzidine (DAB) was used as
a chromogen. Antibodies against osteopontin - OPN
(Thermo Fisher Scientific, PA5-34579, dilution 1:300) were
used. Active (use of tissue, with a predetermined positive
and negative reaction) and passive control of the obtained
results were carried out as quality control of the conducted
IHC research.

Scanning electron microscopy (SEM) with energy-
dispersive X-ray spectroscopy (EDX)

Histological sections with a thickness of 10-12 microns
were made from paraffin blocks of dura mater tissue, which
were placed on a table made of spectrally pure graphite.
For maximum attachment of the biological material to the
microscope stage and melting of the paraffin, the sections
were kept in a thermostat at a temperature of 60 °C for 30
min. To remove paraffin, the samples were covered with
xylene three times for 3-4 min, then with 96 % ethanol three
times for 5-6 min and rinsed with distilled water. After that,
the sample of biological material was additionally grounded
with conductive tape wrapped around the stage. The
prepared preparations were examined on a scanning
microscope SEO-SEM Inspect S50-B (SEO, Sumy, Ukraine)
with an energy dispersive spectrometer AZtecOne with an
X-MaxN20 detector (Oxford Instruments plc, Abingdon, UK).

Statistical analysis

Statistical processing and graphic presentation of the
statistical analysis results was performed using GraphPad
Prism 8.0. The results of the immunohistochemical study
were checked for normal distribution using the Shapiro-
Wilk test. In the case of the non-normal distribution of digital
indicators, the Mann-Whitney test was used to assess
statistical significance. If the data samples had a correct
distribution, they were compared using the Student's
parametric t-test. The results were considered statistically
significant, with a probability of more than 95 % (p<0.05).

Results

A total of 60 samples were examined, including 30 dura
mater samples with pathological biomineralization (group
) and 30 control samples without signs of biomineral
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deposits (group Il). The average age of patients in the group
| was 67.00+2.33 years. When studying the distribution of
patients by gender in group |, the average age of men was
61.93+£3.54 years, and of women 72.07+2.49 years. The
average age of patients in the group Il was 62.97+3.12
years. When studying the distribution of patients by gender
in group I, the average age of men was 57.81+4.45 years,
and women - 68.85+3.93 years.

Histological and histochemical study

Macroscopically, it was not possible to confirm or deny
the presence of biominerals in the dura mater (Fig. 1).
Histologically, the tissue of the dura mater, which was
removed from the area of the sickle of the brain, represented
a dense connective tissue, the inner surface of which was
covered with a single-layer flat epithelium. The samples
were divided into two groups according to the results of
histological examination (hematoxylin-eosin staining).

Group | included 30 samples of the dura mater with
signs of biomineralization - small formations of various
sizes and irregular shapes (Fig. 2A). These signs were not

Fig. 1. Duramater tissue. detected in the control group samples (Fig. 3A).

Fig. 2. Study of the tissue of the dura mater with signs of biomineralization (group I). A - histological examination of the tissue of the dura
mater (hematoxylin-eosin staining). B - histochemical staining of dura mater calcifications using the von Koss method. C - histochemical
staining of dura mater calcifications using the alizarin red S method. D - histochemical staining of the dura mater tissue using the Van
Gieson method. E - histochemical staining of the dura mater tissue using the PAS reaction. F - immunohistochemical study of dura mater
tissue with anti-osteopontin antibodies. Drawings in the insets A-F correspond to the magnified area of this drug. G - SEM of the calcified
area of the dura mater. H - EDS spectrum. | - physicochemical study of group | dura mater calcifications using EDS mapping: carbon ions
are marked in red, oxygen in green, calcium in blue, and phosphorus in purple.
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Fig. 3. Examination of the tlsue of the da mater without signs of biomineralization (group I1). A - histologi

cal examination of the tissue

of the dura mater (hematoxylin-eosin staining). B - histochemical staining of the dura mater using the von Koss method. C - histochemical
staining of the dura mater using the alizarin red S method. D - histochemical staining of the dura mater tissue using the Van Gieson
method. E - histochemical staining of the dura mater tissue using the PAS reaction. F - immunohistochemical study of dura mater tissue
with anti-osteopontin antibodies. Drawings in the insets A-F correspond to the magnified area of this drug. G - SEM of the dura mater
tissue. H - EDS spectrum. | - physicochemical study of the dura mater of group Il using EDS mapping: carbon ions are marked in red,

oxygen in green.

The result of the examination of the dura mater tissue
using the von Koss method was the staining of mineral
deposits in brown colour, which confirmed the presence of
calcium phosphate compounds in the samples from group
| (see Fig. 2B). In the control group, such staining did not
occur (see Fig. 3B).

Staining of the dura mater tissue with alizarin red S
confirmed the presence of calcium compounds (orange-
red colour) and inorganic iron (purple colour) in the
samples of group | (see Fig. 2C). In the samples of group
I, we found only iron deposits (see Fig. 3C).

Staining of the dura mater tissue by the Van Gieson
method showed the presence of a noticeable amount of
collagen fibres (purple-red colour) in the structure of the
dura mater of samples of group | (see Fig. 2D) and group
Il (see Fig. 3D).

Staining of the dura mater with the help of the PAS
reaction showed the absence of glycosaminoglycans in
the composition of mineral deposits (see Fig. 2E). In the

dura mater tissue itself, single PAS-positive cells around
vessels were visualized (see Fig. 3E).

Immunohistochemical study

Immunohistochemical examination of group | dura
mater tissue with anti-osteopontin (OPN) antibodies
showed the prominent presence of this protein (see
Fig. 2F). The greatest accumulation was observed on the
mineral deposits themselves and in the surrounding
tissues. An increased level of background chromogen
staining (DAB) was also observed. Immunohistochemical
examination of the dura mater tissue of group Il showed a
minimal level of OPN presence in the tissues (see
Fig. 3F). The presence of OPN in meningioma tissues of
the control group corresponded to 15.08+1.18 cells and it
was significantly less than in the studied group 25.29+2.39
cells (p<0.001) (Fig. 4).

Scanning electron microscopy (SEM) with energy-
dispersive X-ray spectroscopy (EDX)

SEM examination of the dura mater tissue of group |
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Fig. 4. Results of an immunohistochemical study of the dura mater
with antibodies against osteopontin. | - group of samples with
calcification, Il - control group.

revealed that biominerals in the dura mater are represented
by tens to hundreds of formations of various shapes
(rounded, oval, and irregular), the sizes of which vary from
tens of nanometers to 50 micrometres (see Fig. 2G).

According to the data of the element distribution maps
and the Ca/P ratio obtained from the spectra (see Figs. 2H,
2l), the mineral of the dura mater deposits is calcium
phosphate of apatite composition.

Scanning electron microscopy of dura mater samples
of the control group did not reveal signs of biomineral
deposits (see Fig. 3G). These data were also confirmed by
spectra and element distribution maps (see Fig. 3H, 3l).

Discussion

Biomineralization occurs in the central nervous system
in normal and pathological conditions. Normally, this can be
a manifestation of age-related changes. At the same time, it
can be a sign of pathology: tumour growth, dystrophy,
metabolic disorders, inflammation, intoxication or congenital
pathology [20].

Intracranial biominerals are common in non-contrast
computed tomography (CT) in children and adults. According
to the statistics of CT results, their prevalence varies from
1 % in the young population to 20 % in the elderly. According
to the results of autopsies, including microscopic findings
during histological examination, biominerals are found in
the skull cavity in more than 70 % of patients [10].

In some patients, intracranial biominerals appear as
asymptomatic findings on CT; in others, they cause various
neurological and cognitive disorders of varying degrees of
severity, such as tremors, convulsions, parkinsonism,
dementia, psychosis, behavioural disorders, and others [7].

The phenomenon of calcification is characteristic of
tumours of the dura mater - meningiomas. They are usually
benign neoplasms with an expansive nature of growth. The
origin of meningiomas from the dura helps to distinguish
them from cancer metastases because the latter is usually
intracerebral [18].

But since calcifications are often found in the meninges,

the problem of differential diagnosis between relatively
"normal” meningeal tissue and calcified meningiomas
arises.

In this work, we investigated the dura mater with and
without signs of biomineralization using histological,
histochemical, and immunohistochemical methods and
scanning electron microscopy with energy-dispersive X-ray
spectroscopy.

During the histological examination, the samples were
divided into two groups based on the presence/absence of
signs of biomineralization - small formations of different sizes
and irregular shapes. Histochemical methods helped us,
to some extent, investigate the composition of these
formations. The von Kossa method helped narrow down to
calcium phosphate compounds, and alizarin red S staining
helped separate iron deposits. The Van Gieson method
visualized collagen fibres; the PAS reaction did not reveal
glycosaminoglycans in the composition of mineral deposits.

Osteopontin (OPN) is a noncollagenous, sialic acid-rich
glycosylated phosphoprotein that regulates osteoblast
function during bone formation. In addition, it is also present
in various tissues and plays a vital role in inflammation,
immune reactions, and bone mineralization [3].

Furthermore, OPN plays an important role in the
formation of several human cancers due to the regulation of
apoptosis, proliferation, adhesion, migration, invasion,
metastasis and angiogenesis. Although staining of OPN
has been correlated positively with the development of
psammoma bodies in meningiomas, its correlation with
clinical recurrence of meningiomas is still largely unknown
[15].

In our study, biomineralization is positively correlated with
OPN overexpression. We believe a significant amount of
OPN is present in connection with remodelling in the
calcification process, as this acidic glycoprotein is attracted
to hydroxyapatite crystals [22].

SEM data indicate that biominerals in the dura mater are
represented by tens to hundreds of formations of various
shapes (rounded, oval, and irregular), varying from tens of
nanometers to 50 micrometres. According to the data of the
element distribution maps and the Ca/P ratio obtained from
the spectra, the mineral of the dura mater deposits is
calcium phosphate of apatite composition. The significant
oxygen content in the locations of calcified particles
(according to the distribution maps) is explained by the
presence of the phosphate group of apatite (PO4).

Conclusions

1. Macroscopically, the tissue of the dura mater, which
was removed from the area of the falx cerebri, was a dense
tissue without visible signs of biomineralization.
Histologically, the tissue of the dura mater was a dense
connective tissue, the inner surface of which was covered
with a single-layer flat epithelium. Some samples showed
probable signs of biomineralization - small formations of
various sizes and irregular shapes.

Vol. 29, Ne4, Page 50-57

55



A comprehensive study of dura mater biomineralization: morphological, crystallographic, and immunohistochemical...

2. Histochemically, the presence of biominerals was
confirmed by the von Koss method (identified calcium
phosphate compounds) and alizarin red S staining
(differentiated calcium compounds from iron deposits).
Histochemical study of the structure of the dura mater by
the Van Gieson method and PAS-reaction of groups | and Il
showed their similar structure (a noticeable number of
collagen fibres, single PAS-positive cells around vessels).

3. Immunohistochemical examination of the dura mater
with antibodies against osteopontin revealed a significant
difference between the studied and control groups
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KOMMNNEKCHE [OCNIAXEHHA BIOMIHEPANI3ALIT TBEPAOI MO3KOBOI OBONIOHU: MOP®OSONYHI, KPUCTAJIOIPA®IYHI
TA IMYHOIICTOXIMIYHI ACNEKTU

HeHucerko A. 1., I1iddy6Huli A. M., TkayeHko I. A., LLly6iH 1. A., Tapabapoe C. I., MockaneHko P. A.

biomiHepanizauis - wWupoKo po3rnogctodxeHuli cepeld XUuBUX OpaaHi3Mie nMpouec ymeopeHHs1 biomiHepanis. B ueHmparnbHili Hepgosil
cucmemi yeli gheHOMeH 3ycmpiyaembCsl IK 8 HOPMI, mak i 8 mamonogii. B HopMi ye moxe 6ymu nposieoM 6iKO8UX 3MiH, MPUYOMY
rnowupeHicmpb 6iomiHepanie 36inbwyembcsi 3 8ikom. B mol xe yac ue moxe bymu 03HaKol namosoaii - nyxnauHHo20 pocmy, ducmpogii,
rnopyweHb memaboniamy ma iHwe. Memotr OaHoto pobomu € gusyeHHs1 MopghorioeidHux ocobrnueocmeli meepdoi MO3K08oI 06010HU
3 03Hakamu biomiHepanisayii. B pobomi docnidxeHo 30 3pa3kie meepdoi Mo3kosoi 06010HU 3 03Hakamu biomiHepanizauii (epyna ) ma
30 3paskie 6e3 daHux o3Hak (epyna Il) ompumaHux nid Y4ac po3muHie y namosioeoaHamomidyHomy 8iddineHHi Cymcbkoi obnacHol
KniHiYHOT nikapHi. [4ns mopghornoeiyHol xapakmepucmuku meepdoi MO3K080i 060/10HU 3acmocyeanu 2icmosio2iyHul, 2icmoximidHul
ma iMyHo2icmoxiMiyHuli Mmemodu, a makox cKaHysalslbHy e/1eKmpPOHHY Mikpockonito. CmamucmuyHy o6pobKy pe3ynbmamis
iMyHoeicmoximiyHo20 docnidxeHHs1 nposedeHo 8 cmamucmuyHomy nakemi GraphPad Prism 8.0 3 sukopucmaHHAM napamempuyHux
i Hemapamempuy4Hux memodie docnidxeHHs. [Ans po3nodiny 3paskie Ha epynu onupasnuchk Ha aicmorsnoezidyHull Memod - 3abapeneHHs
2emMamokcuniHom-eo3uHom. icmoximidHi Mmemodu (3abapereHHsi anizapuHosuMm 4ep8oHumM, memod ¢hoH Kocca) nidmeepdunu
HasigHicmb crionyk Kanbuito 8 0ocnioxyeaHil epyni. 3abapeneHHs 3a Ban [i30HOM 8i3yanizygano konazeHo8i 8oriokHa meepdoi
Mo3K080i 060/10HU, a PAS peakuisi He susiguna Hasi8Hicmb 2riko3amiHozanikaHie 8 cknadi MiHepanbHUX derno3umis. IMyHozicmoximiyHe
docnidxeHHs1 mKaHUHU meepdoi MO3K080I 060IOHU aHMuMminamu fAPomMuU OCMEONOHMUHY 8USIBUIIO 3HaYHY PI3HUUK MDK OOCITiOXY8aHOK
ma KoHmporsnbHow epynoto (p<0,001), wo nidmeepdxye saxiugy posib OCMEONOHMUHY 8 rpoueci biomiHepanisayii 8 GaHili MKaHUHI.
3a donomoeoro ckaHysarbHOI enekmpoHHOI MiKkpockorii 6yno 3'sicoeaHo, wo biomiHepanu 8 meepdili Mo3koeili 060moHI npedcmasneHi
decssimKaMu-cOmMHsIMU ymeopeHb Pi3HOi popmu (OKpyaol, o8anbHOI ma HernpasusibHOI), PO3MIpU SIKUX KO/uearmbcs 8i0 decsimkig
HaHomempig 0o 50 mikpomempie. Ix cknad 6ye npoaHanizogaHull 3a OOMOMO20K0 Kapm ma crekmpie eHepaoducrnepcitiHoi
peHmeeHigCbKOI cnekmpockonii ma Haubinbw UmMosipHO eidnogidas zidpokcuanamumy kanbuito. Omxe, 0nsd meepdoi MO3K08oi
060110HU xapakmepHa biomiHepanizayisi, Wo NMposI8AEMbCS YMBOPEHHSM MIKPOCKOMIYHUX KOMI0o3umig 3 2i0pokcuarnamumy Karnbuito.
KnrouoBi cnoBa: kanbyucgikauisi, meepda mMo3koea 060/10Ha, OCMEONOHMUH, KalflbUuilo 2i0poKkcuanamum, eicmoroais, 2icmoximis,
CKaHyeaslbHa e/1IeKmMpPOHHa MIKPOCKOMis 3 eHep200UCnepCiliHO PEHM2EHI8CbKOK CrEeKMPOCKOIiE0.
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Animal venoms contain a whole complex of compounds, among which there are peptides,
proteins, as well as other organic molecules and salts. Their toxins are able to cause
pronounced disturbances in the functioning of physiological systems, leading to the
appearance of pathological conditions, complications, or even death. The aim of the
research is to study the histological changes in the liver of rats under the influence of
Vipera berus berus venom. Experimental studies were carried out on white non-linear
male rats. The animals were conditionally divided into two groups - a control and an
experimental group of 10 individuals in each. Experimental rats were injected
intraperitoneally with a semi-lethal dose (LD50) (1.576 mg/g-1) of Vipera berus berus
venom in saline solution. Animals of the control group were injected intraperitoneally
with only saline solution. Rats were removed from the experiment 24 hours after exposure
to the venom, anesthetized by cervical dislocation. Liver samples of animals of all
groups were taken for microscopic examination. Histological preparations of the liver
were stained with hematoxylin and eosin. Histological preparations were studied using
a SEO SCAN light microscope. To identify the key enzyme of the citric acid cycle -
succinate dehydrogenase, histochemical studies were performed according to the
Nakhlas method. To study the features of glycogen accumulation in hepatocytes, sections
were stained using Schiff's reagent, after pretreatment with iodic acid (PAS reaction) in
Shabadash's modification. An immunohistochemical research method was used to
detect a subpopulation of CD86+ cells in the liver of experimental animals. Under the
influence of Vipera berus berus venom, the development of alterative changes in the
liver parenchyma and vascular disorders were microscopically revealed. The
appearance of foci of leukocyte infiltration was established, which indicates the
development of inflammatory processes. A histochemical study of the content of
succinate dehydrogenase in the liver of animals injected with Vipera berus berus
venom showed uneven activity of the mitochondrial enzyme in the lobules. A
histochemical study of glycogen in hepatocytes of the liver of rats exposed to Vipera
berus berus venom showed a decrease in the content of trophic inclusions. An increase
in the population of CD86+ cells indicates reactive inflammatory processes observed
in the body as a result of the action of components of Vipera berus berus venom.
Keywords: vipers, liver, succinate dehydrogenase, glycolen, CD86+.

Introduction

In the processes of evolutionary adaptation, a significant
number of both invertebrates and vertebrates have acquired
poisonous properties. Their venoms play numerous
functions, providing adaptation, protection and necessary
for hunting prey and interspecies competition. A
combination of environmental, genetic, climatic and
biogeographical factors over millions of years has given
rise to a fascinating variety of their constituent toxic

components, which have become a key feature of these
animal species [3, 4, 18]. Animal venoms contain a whole
complex of compounds, among which there are peptides,
proteins, as well as other organic molecules and salts.
Their toxins are able to cause pronounced disturbances in
the functioning of physiological systems, leading to the
appearance of pathological conditions, complications, or
even death [5, 13, 20].
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To date, the scientometric databases contain studies
regarding the biological activity of certain components of
the venom of snakes and vipers, the peculiarities of their
tropism to tissues and organs. It has been established
that their toxic substances exhibit a wide range of
pathological effects in relation to most vital systems,
causing damage to the lungs, heart, kidneys, skeletal
muscles, etc. [6, 11, 12, 14]. However, the number of
experimental works on the influence of the venom of various
species of snakes and vipers on the morpho-functional
changes of the liver is too limited. The fact that the liver
occupies one of the main places in the detoxification
processes of exogenous and endogenous toxic
compounds is indisputable. In modern conditions of the
world existence, the human body is in constant contact
with toxicants of various origins, and the ability of the liver to
quickly dispose of them determines in a certain way the
ability to survive and maintain homeostasis parameters at
a relatively constant level. However, during the metabolism
of many xenobiotics, including animal venom toxins,
irreversible changes in the features of histological
organization and the course of biochemical processes in
liver cells are possible, which ultimately leads to its
dysfunction in general, and in severe cases to the
development of toxic necrosis. Scientists assume that this
condition arises as a result of the formation of toxic
metabolites during detoxification, which have a detrimental
effect on the molecular structures of hepatocytes, causing
their death [15, 16, 17, 19].

The aim of the research is to study the histological
changes in the liver of rats under the influence of Vipera
berus berus venom.

Materials and methods

Experimental studies were carried out on white non-
linear male rats. For preliminary acclimatization, the animals
were kept for 7 days in the animal facility of Taras
Shevchenko National University of Kyiv, and and then kept
in laboratory conditions at constant temperature (22+3 °C),
humidity (6015 %) and light (12 h light/12 h dark cycle),
being fed standard rodent food and water ad libitum [7]. All
experiments were conducted in accordance with the
National Institutes of Health Guidelines for the Care and
Use of Laboratory Animals and the European Council
Directive of November 24, 1986 for the Care and Use of
Laboratory Animals (86/609/EEC). The research was
approved and confirmed by the bioethics commission of
the Institute of Biology and Medicine of the Taras
Shevchenko National University of Kyiv (protocol Ne 2 dated
August 19, 2021).

Vipera berus berus venom was obtained from the
V. N. Karazin Kharkiv National University. The lyophilized
crude venom was stored at -20 °C and then dissolved in
saline solution immediately before the experiment.

The animals were conditionally divided into two groups
- a control and an experimental group of 10 individuals in

each. Experimental rats were injected intraperitoneally with
a semi-lethal dose (LD50) (1.576 mg/g-1) of Vipera berus
berus venom in saline solution. Animals of the control group
were injected intraperitoneally with only saline solution.
Rats were removed from the experiment 24 hours after
exposure to the venom, anesthetized by cervical dislocation.

Liver samples of animals of all groups were taken for
microscopic examination. The pieces were fixed in a 10 %
formalin solution for 1 day. Next, the pieces were dehydrated
in alcohols of increasing concentration and embedded in
paraffin blocks. Histological preparations of the liver were
stained with hematoxylin and eosin [10]. Histological
preparations were studied using a SEO SCAN light
microscope and photo-documented using a Vision CCD
camera with a system of image output from histological
preparations.

To identify the key enzyme of the citric acid cycle -
succinate dehydrogenase, histochemical studies were
performed according to the Nakhlas method [10]. These
studies were carried out on sections made in a cryostat
microtome from unfixed tissue using nitro blue tetrazole.
The precipitate in the form of blue granules of diformazan
testified to the presence and localization of the enzyme.

To study the features of glycogen accumulation in
hepatocytes, sections were stained using Schiff's reagent,
after pretreatment with iodic acid (PAS reaction) in
Shabadash's modification.

An immunohistochemical research method was used
to detect a subpopulation of CD86+ cells in the liver of
experimental animals. Liver sections (thickness 4 um)
made from paraffin blocks using an AMR-400 rotary
microtome (Amos scientific, Australia) were subjected to
deparaffinization and rehydrated. Antigen recovery was
performed in the KOS histoprocessor (Milestone, Italy). In
the immunohistochemical staining protocol, mouse
monoclonal primary antibodies Anti-CD86 (BP2-44514-0.1
mg, Novus Biologicals, USA) and the polymer detection
system Mouse/Rabbit PolyVue™ HRP/DAB (Diagnostic
BioSystems, USA) were used. Sections were
counterstained with Mayer's hematoxylin (Biognost,
Croatia).

Results

Histological studies of rat liver preparations under the
influence of Vipera berus berus viper venom showed the
manifestation of reactive alterative changes in the stroma
and parenchyma of the organ. Violations of the
microcirculatory system are observed, namely, sinusoidal
hemocapillaries, the lumens of which are unevenly
expanded, full of blood, with erythrocyte stasis, few
lymphocytes are noted. Sinusoids with narrowed lumens
were also detected (Fig. 1). Leukocyte infiltration is observed
in the connective tissue around the triads. Stasis and
coagulation of erythrocytes are found in the lumen of blood-
filled interlobular veins (Fig. 2).

The location of hepatocytes in the form of plates, which
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Vipera berus berus venom: 1 - central vein, 2 - dilated lumens of
sinusoidal hemocapillaries, 3 - erythrocyte stasis, 4 - hepatocyte
plate. Staining with hematoxylin and eosin. Magnification: x100.

e S TSR X 4
Fig. 2. Microscopic changes in the rat liver under the influence of
Vipera berus berus venom: 1 - blood-filled interlobular vein with
coagulation of erythrocytes in the lumen, 2 - lymphohistiocytic
infiltration of the portal tract, 3 - hepatocyte plates, 4 - unevenly
expanded spaces of sinusoidal hemocapillaries. Staining with
hematoxylin and eosin. Magnification: x100.

diverge radially, is mostly preserved. Hepatocytes with
hyperchromic nuclei are found in the periportal and
centrilobular areas of classic liver lobes. Individual cells
with pyknotic nuclei and intensely basophilic cytoplasm
were observed, especially in the periportal areas. Many
nuclei in the cells are normochromic. Binucleated
hepatocytes with light euchromatin nuclei were found in
the centrolobular parts of the lobule (Fig. 3). An increase in
the population of Kupffer cells was noted in the space of
Disse.

A histochemical study of the content of succinate
dehydrogenase in the liver of animals injected with Vipera
berus berus venom showed uneven activity of the
mitochondrial enzyme in the lobules. Hepatocytes with
moderate enzyme activity are intensely stained,

characterized by large granules of diformazan and a
powdery-amorphous sediment and are located mainly in
the peripheral areas of the lobule (Fig. 4). In the
centrolobular zone, hepatocytes with a low degree of
staining are observed, which indicates a decrease in
succinate dehydrogenase in the cytoplasm of cells. The
average value of the activity coefficient of succinate
dehydrogenase in hepatocytes of the liver of experimental
rats is 3.652+0.171 nmol succinate/(min/mg protein), which
is significantly (p<0.001) 0.76 times lower than the similar
parameter of the intact group of animals.

A histochemical study of glycogen in hepatocytes of the
liver of rats exposed to Vipera berus berus venom showed
a decrease in the content of trophic inclusions. In most
hepatocytes, there is an accumulation of pink-red glycogen
granules peripherally, while part of the cytoplasm is freed
from its contents and has an oxyphilic color (Fig. 5). There
are individual cells with the typical localization of this trophic

F : p‘ >>’.".‘v', —n. % h

Fig. 3. Microscopic changes in the rat liver under the influence o
Vipera berus berus venom: 1 - binucleated hepatocytes, 2 - central
vein, 3 - expanded sinusoidal hemocapillaries with formal elements

R S
Fig. 4. Succinate dehydrogenase activity in rat liver hepatocytes
under the influence of Vipera berus berus venom. Cells with low
and high enzyme activity. The Nakhlas method. Magnification: x200.
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Fig. 5. The presence of glycogen in the liver of rats exposed to
Vipera berus berus venom. Low content of trophic inclusions in
the cytoplasm of hepatocytes. Shabadash method. Magnification:
x400.
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Flg. 6. Expressmn of CD86+ cells of the rat liver lobule under the
influence of Vipera berus berus venom. Immunohistochemical
reaction of CD86+ antibody. Staining with Mayer's hematoxylin.
Magpnification: x400.

compound. The average value of the cytochemical indicator
is 3.413+0.160 nmol succinate/(min/mg protein) and
decreases significantly (p<0.001) by 0.69 times compared
to the indicator of the intact group of animals.
Immunohistochemical examination of the liver of
animals injected with Vipera berus berus venom showed
that populations of CD86+ cells are found in different areas
of the liver lobe. Most of them have light brown or brown
cytoplasm with nhumerous processes that lie along the
lumen of the sinusoid, sometimes found in the
perisinusoidal spaces (Fig. 6). The degree of expression
of CD86 transmembrane glycoprotein is low (+--), but more
intense compared to the intact group of animals. An
increase in the population of CD86+ cells indicates reactive
inflammatory processes observed in the organ due to the
action of components of the Vipera berus berus venom.

Discussion

Envenomation as a result of snake and viper bites is
accompanied by morphological and biochemical changes
in the victim's body. A. K. Asmari et al. [2] investigated
serological markers of acute hepatotoxicity caused by Echys
pyramidum snake venom in rats. After 3-6 hours of
intraperitoneal venom injection, pronounced changes in
the functional activity of the organ were detected in
experimental animals. In particular, an increase in serum
levels of ALT, alkaline phosphatase, gammaglutamyl
transpeptidase (GGT) and bilirubin were recorded. Liver
damage was accompanied by a significant and dose-
dependent decrease in the activity of antioxidant defense
enzymes, namely superoxide dismutase (SOD) and
catalase (CAT) in liver tissue. The authors reported on the
activation of lipid peroxidation (LP) as a result of the
generation of a significant amount of reactive oxygen
species (ROS), which led to hepatocyte apoptosis. In
addition, an increase in markers of oxidative stress (OS),
the activity of cytoplasmic, lysosomal and extracellular
matrix-degrading enzymes, and levels of pro-inflammatory
mediators were characteristic.

According to certain studies, the toxins of Crotalus
durissus terrificus vipers cause the development of acute
liver damage. Its administration to rats at a dose of 100
mg/kg caused an increase in the activity of AST, ALT, alkaline
phosphatase, and GGT after 3 hours of the experiment.
Histological studies of the liver tissue under these
conditions at different times (from 3 to 12 hours)
demonstrated the presence of disorganization of the
structural components of the organ, swelling of hepatocytes,
and sometimes their necrosis. Histioleukocyte infiltration,
congestion in vessels and a significant increase in the
functional activity of Kupffer cells were also detected [8].

The results of research by Ghosh R. and co-authors [9]
on the hepatotoxicity of Vipera russelli viper venom
confirmed the development of destructive and dystrophic
changes in the structure of the liver under the conditions of
its administration to experimental animals. During
histological examination of organ samples, signs of
karyopyknosis, karyorrhexis of hepatocytes, their vacuolar
and fatty dystrophy were observed. Sometimes
characteristic manifestations of necrosis of liver cells,
pronounced dilatation of sinusoidal capillaries, stagnation
of central veins were noted. Leukocyte infiltration of liver
tissue was characteristic. An increase in ALT and AST activity
was recorded in the blood plasma of experimental rats.

S. Al-Quraishy et al. [1], studying the effect of Naja haje
snake venom on the structural and functional parameters
of the liver of laboratory rats, proved its hepatotoxic effect
and ability to cause the development of OS. The levels of
AST, ALT, GGT, and bilirubin increased in the blood serum
of animals. The activation of LP and the increase of NO in
liver homogenates were characteristic. At the same time,
the content of glutathione in blood plasma and organ tissue
and the activity of such enzymes as glutathione reductase
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(GR), glutathione-S-transferase (GST), CAT decreased
significantly. At the same time, high levels of SOD and
glutathione peroxidase (GPx) were detected. The authors
note that under these conditions, the functioning of the
respiratory chain complexes of hepatocyte mitochondria,
in particular II, lll and V, was disturbed. Histological studies
revealed leukocyte infiltration of liver tissue around the
central veins, expansion of sinusoidal capillaries,
vacuolization of hepatocyte cytoplasm, and increased
activity of Kupffer cells. Severe necrosis or apoptosis of
liver cells was observed in some places.
Immunohistochemical studies established the
pronounced activity of caspase-3 in hepatocytes, which
demonstrates their high readiness for apoptosis.

Conclusions
1. Under the influence of Vipera berus berus venom, the
development of alterative changes in the liver parenchyma
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FICTONOr4YHI 3MIHM NMEYIHKU LLYPIB 3A YMOB BMNNUBY OTPYTU FAAIOK VIPERA BERUS BERUS

Typ6an J1.B., SipemeHko J1.M., Maeecbkuli O.€.

Ompymu meapuH Micmsamb Uinul KOMIIeKc cronyk, ceped skux nenmuodu, 6inku, a maKox iHwi opaaHidyHi MoneKkynu ma coii. Ix
MOKCUHU 30amHi 8UK/IUKaMuU 8UPaXeHi MopyweHHs1 y byHKUiOHy8aHHI ¢hizionoziyHux cucmem, wo rnpu3godums 00 BUHUKHEHHSI
rnamornoeiyHUxX cmaie, ycknadHeHb i Hagimb cmepmi. Memot AocnidxXeHHs € 8UBYEHHST 2iCMOro2iyHUX 3MIH 8 MeviHyi wypig nid
srnnueom ompymu 2adioku Vipera berus berus. EkcnepumeHmarnbHi 00CiOXeHHs1 npoeodusiu Ha 6inux HemiHilHUX wypax-camMysix.
TeapuH ymoeHO po3dinunu Ha 08i epynu - KOHMponbHy ma 0ocnidHy, no 10 ocobuH y koxHil. [liddocniOHuM wypam
8HYMpiwWHbOOYEepe8UHHO 8800unu HanignemansHy 003y (LD50) (1,576 ma/e-1) ompymu Vipera berus berus Ha ¢pizionozivHomy
po34uHi. TeapuHam KOHMPOIbHOI epynu 8800uUU 8HYyMPIWHLOOYEPEBUHHO MIinbKu bizionoziyHul po34yuH. Llypie eusodunu 3
ekcriepuMmeHmy 4epes 24 200uHU Micrsi 8r/iugy ompymu, 3HEXUBITIOYU WITSXOM uepsikanbHoi ducriokauii. Biobupanu 3pa3ku nedviHku
meapuH ycix epyn 0ns MikpockomniyHo20 docnioxeHHs. [icmornoeiyHi npenapamu neyviHku 3abaperntosarnu 2eMamoKCcuniHoOM ma €03UHOM.
licmonoeidHi npenapamu docnidxysanu 3a dornomozor ceimioeozo mikpockorna SEO SCAN. [ns ideHmucgbikauii krmo4oeozo chepmeHmy
UUKITy TUMOHHOI Kucnomu - cykuyuHamoeeidpozeHasu, npoeodurnu 2icmoximidHi 0ocnidxeHHs1 3a memodom Haxnaca. [Jna eus4yeHHs
ocobnusocmeli HaKOMUYEHHS eflikoeeHy 8 eenamouyumax 3pisu ¢hapbysanu peakmusom Llughgha nicris nonepedHboi 06pobKu (H0OHOK
kucriomoio (PAS-peakuisi) y modugpikauii LLlabadawa. ImyHoeicmoximiyHuM memodom eusigerieHo cybnonynsuyito knimuH CD86+ y
rneyiHyi ekcriepumeHmarnbHux meapuH. [1id ennuseom ompymu 2adiwku Vipera berus berus mikpockoniyHo eusieneHo po38uUMoK
anbmepamueHUX 3MiH MapeHxiMu nedviHku ma cyOuHHUX posnadie. BcmaHoeneHo nosisy 8oeHUW, felkoyumapHOoi iHginbmpauii, wo
ceidyumpb Mpo po38UMOK 3arnarnbHUX rnpouecis. FicmoximidyHe docnidxeHHs1 emicmy cykyuHamoOeeidpozeHa3u 8 neyviHui meapuH, sIKUM
8sodunu ompymy Vipera berus berus, nokasano HepieHOMIpHICMb akmueHOCMI MIiMOXOHOpianbHO20 hepmeHmy 8 yacmoykax. [1pu
2icmoximiyHoMy docnidxXeHHi aniko2eHy 8 eemamouyumax reviHku wlypie, siki 3asHanu Oif ompymu Vipera berus berus, susigeneHo
3HUXEHHSI 8Micmy mMpOoiYHUX 8KMoYeHb. 36inbweHHs nonynauii knimuH CD86+ ceiduumb npo peakmueHi 3anarnbHi npoyecu, wWo
criocmepiealombcsi 8 opaaHiami eHacni0ok Oii KOMIMIOHeHmMi8 ompymu 2alKoKU.

KnrouoBi cnoBa: 2adwku, nedviHka, cykyuHamoeziopozeHasa, enikozeH, CD86+.
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Triptorelin is a gonadotropin-releasing hormone agonist that is a potent inhibitor of
testosterone (in men) and estrogen (in women) synthesis and is used to treat advanced
prostate cancer. Studies of the mechanisms of regulation and synthesis of testosterone
formation in testicular interstitial cells demonstrate multiple endogenous targets that
canincrease testosterone biosynthesis, which may moderate the effects of testosterone
depletion. Triptorelin, a synthetic analog of the neurohormone gonadoliberin, suppresses
the expression of the GnRH receptor in the pituitary gland, but does not change the
functioning of the pituitary-testicular complex. The purpose of the work is to study the
electron microscopic changes in the interstitial endocrinocytes of the testes of rats
after the administration of triptorelin for 365 days.The experiment was conducted on 35
sexually mature male white rats. The rats were divided into 2 groups: the control group
(1) was injected with a physiological solution, the Il group with central deprivation of the
synthesis of luteinizing hormone was injected subcutaneously with triptorelin at a dose
of 0.3 mg of the active substance per kg of the rat's body weight. The study of the
interstitial space in the testicles of white rats showed that long-term administration of
triptorelin causes hormonal dysregulation of the hypothalamus-pituitary-testis system,
which leads to quantitative and qualitative changes in the endocrine cells of the interstitial
space of the testis, which is confirmed by electron microscopic changes in subcellular
structures. The maximum effect of triptorelin is determined from the 180th day of
observation, which is characterized by an increase in degenerative changes in
endocrinocytes, and the detection of Reinke crystals in the cytoplasm of interstitial
endocrinocytes from the 270th day of observation.

Keywords: testes, electron microscopy, rats, interstitial endocrinocytes, luteinizing
hormone, triptorelin.

Introduction

As is known [1, 2, 7, 8], interstitial endocrinocytes
maintain a high level of androgen (testosterone or
androstenedione), necessary for the differentiation of male
genital organs and masculinization of the brain. Androgen
production declines with the loss of these cells, reaching its
lowest point in the postpartum period. Testosterone levels
then gradually increase to high levels with the development
of testicular interstitial endocrinocytes from stem cells. In
adults, luteinizing hormone (LH), binding to LH receptors of
interstitial endocrinocytes, stimulates the production of cAMP,
increasing the rate of cholesterol translocation into
mitochondria. LH is a gonadotropic peptide hormone of the
anterior lobe of the pituitary gland, which stimulates the
secretion of sex hormones by the pituitary gland, both in
women and in men [4, 6, 13]. In its turn, LH is the central

regulator that controls the production of the male sex
hormone - testosterone, through the "pituitary - testis"
system with the activation of interstitial endocrinocytes to
produce testosterone, which in turn stimulates the growth
and development of testicular cells and tissues. The
increase in testosterone concentration under the influence
of LH is due to LH-stimulated proliferation of interstitial
endocrinocytes [12]. In conditions of deficiency or complete
absence of LH caused by the administration of chemotherapy
drugs in oncological pathologies, the death of cells of the
seminiferous tubules occurs due to the activation of
apoptosis and stress of the endoplasmic reticulum of cells
of the spermatogenic series and supporting sustentocytes
[15, 18].

Triptorelin, a synthetic analogue of the neurohormone
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gonadoliberin (gonadotropin-releasing hormone, GnRH) [7,
11], suppresses the expression of the GnRH receptor in the
pituitary gland, but did not change the functioning of the
pituitary-testicular complex. Physical changes during puberty
require the concerted efforts of many organs; these changes
are initiated by activation of the hypothalamic-pituitary-
gonadal axis. The first hormonal change during puberty is
the pulsatile release of GnRH, caused by disinhibition of the
hypothalamic-pituitary-gonadal axis [8, 16]. Although the
cause of this disinhibition is largely unknown, the
subsequent release of GnRH then stimulates pulsatile LH
release.

The purpose of the work is to study the electron
microscopic changes in the interstitial endocrinocytes of the
testes of rats after the administration of triptorelin for 365
days.

Materials and methods

The study was conducted on 35 sexually mature white
male rats. Animals were randomly divided into 2 groups:
control (10 animals) and experimental (25 animals). Rats
from the control group received injection of physiological
saline. Experiment lasted 365 days. The animals of the
experimental group were injected with a solution of triptorelin
acetate at the rate of 0.3 mg of the active substance per kg of
animal weight to simulate central deprivation of luteinizing
hormone synthesis [5]. Animals were removed from the
experiment on the 30th, 90th, 180th, 270th, and 365th days
by overdose with ether anesthesia. Animals were kept in
standard vivarium conditions of the Poltava State Medical
University.

The study is a fragment of the research project
"Experimental morphological study of cryopreserved
placenta transplants action diphereline, ethanol and 1 %
methacrylic acid on the morphofunctional status in a number
of internal organs", state registration Ne 0119U102925.

Experimental animals were sacrificed in strict
compliance with the provisions of the "European Convention
for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes"; (Strasbourg,
1986), as well as with the "General Ethical Principles of
Animal Experiments" adopted by the First National Congress
on Bioethics (Kyiv, 2001). The research was approved and
confirmed by the bioethics commission of the Poltava State
Medical University (protocol Ne 195 - 06.24.2021).

For electron microscopic studies [3], fragments of the
organ were fixed in a 2.5% solution of glutaraldehyde, fixed in
a 1% solution of osmium tetroxide in a phosphate buffer (pH
7.2-7.4), dehydrated in alcohol and propylene oxide, and
poured into a mixture of epoxy resins with araldite. Ultrathin
sections were prepared on a ZKB-3 ultramicrotome (Sweden)
and grids were made. Sections were contrasted firstin a 1 %
solution of uranyl acetate in methanol, and then with lead
citrate according to Reynolds. The preparations were studied
on an electron microscope PEM-125 K (serial number 38-
76, TU 25-07-871-70), accelerating voltage 50-75 KW.

Results

One of the features of the endocrinocyte population of
the control group of animals was the variety of cell shapes
from round, oval to polygonal; in a small amount, there were
also cells of a processive and spindle-shaped form. The
round cells had a diameter of 14-18 um. The first three cell
forms were characterized by medium and large nuclei and
well-developed cytoplasm. In the nuclei, euchromatin is
distributed evenly over the entire area, the content of parietal
heterochromatin varies. The described morphological
characteristics are characteristic of mature, functionally active
cells. The analysis of the distribution by groups of cells with
different sizes of nuclei showed that in the population of
testicular endocrinocytes cells with average sizes of nuclei
predominate, there are more than 60% of them. The
differentiated cells had a moderately developed smooth
endoplasmic reticulum, which often formed large vacuolar
expansions. Mitochondria are numerous, the mitochondrial
matrix is quite dense, and tubular and mixed cristae are not
always visible in it. On the surface of individual cells, there
are protrusions of the cytolemma of various shapes.
Contacts of cell processes with blood and lymphatic
capillaries are often found. In the areas of contact between
cells and capillaries in the surface layer of endocrinocyte
cytoplasm, there were many exocytotic vesicles. Lipid
droplets were large in size, but occurred rarely and not in
every cell. The content of lysosomes in the cytoplasm of
endocrinocytes is low. The cytoplasmic membrane
corresponded structurally to the elementary membrane.
Cells are interconnected by desmosomes and gap junctions.

When studying electrograms of an experimental group
of animals on the 30th day of observation, we established
that interstitial endocrinocytes were located near blood
vessels or peritubularly, in groups or singly. They had
rounded cores with 1-2 nucleoli. A well-developed smooth
endoplasmic reticulum was found in the cytoplasm, which
was represented by numerous branching tubules filled with
a thin fibrous substance, on the membranes of which
numerous ribosomes were present (Fig. 1).

Mitochondria of medium size, with an osmiophilic matrix
and a small number of crystals. A characteristic feature
was the presence in the cytoplasm of secretory granules
of different sizes and electron density, localized in the well-
developed lamellar apparatus of the cytoplasmic Golgi
complex. Their characteristic feature is the presence of
lipid inclusions and small, electron-dense hormonal
granules in the cytoplasm. The latter are observed near the
well-developed Golgi complex or in peripheral areas of the
cytoplasm near the hemocapillary.

The presence of numerous mitochondria, the cristae of
which are immersed in a matrix of moderate electron density,
is characteristic of the cells of this observation group. The
large volume of the cell cytoplasm that belongs to the
mitochondria is connected with the fact that the synthesis of
steroid hormones started on the endoplasmic reticulum is
still being completed in these organelles. A typical picture for
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Flg. 1. Endocrinocyte of the stroma of the testis on the 30th day of
observation. 1 - endocrinocyte nucleus, 2 - endocrinocyte
cytoplasm, 3 - inclusions. x9 000.

o

A

Fig. 2. Endocrinocyte of the , troma of the testis on the 90th déy df
observation. 1 - endocrinocyte nucleus, 2 - Golgi complex, 3 -
mitochondria, 4 - inclusion, 5 - endoplasmic reticulum. x9 000.

cells is the close contact of mitochondria with elements of
the endoplasmic smooth reticulum.

In the experimental group of animals, on the 90th day of
observation, it was established that in the Leydig cells, minor
destructive disturbances in the ultrastructural organization
of the lamellar cytoplasmic Golgi complex were detected. In
some cells, the smooth membranes of the Golgi complex
were randomly oriented and surrounded by single large
electron-transparent vacuoles, lipid inclusions, and secretory
granules. The cytoplasmic membrane of glandulocytes was
loose, thickened, and had a high electron density. A small
number of cells had fragmented smooth endoplasmic
reticulum. Hyaloplasm of glandulocytes was significantly
brightened and contained very few free ribosomes and
polysomes, in comparison with the control group of animals
and with the previous term. In the cytoplasm, there are few
mitochondria, they are single, but different in size and shape,
the matrix of which is not detected, single cristae are found

(Fig. 2).

The 180th day of observation was characterized by a
significant decrease in the number of endocrinocytes in
the interstitial lumen of convoluted tubules. A small number
of cells with signs of destruction of the nucleus and
cytoplasm are found in the interstitial tissue. The cells
contain many pinocytotic vesicles, and the cytolemma forms
pinocytotic intussusceptions, especially on the vascular
surface. Neighboring endocrinocytes may have been
disconnected from each other. The cells are characterized
by the presence of a large cytoplasm, in which the smooth
endoplasmic reticulum is well developed, which evenly fills
the entire cytoplasm, and the rough endoplasmic reticulum
is represented by separate short, widely anastomosing
with each other. The share of agranular endoplasmic
reticulum in the cells of a number of cells can reach 50 %
or more. Nucleoli are not found in the nuclei of cells.
Centrioles are rarely detected in cells, in those cells where
they are detected, they are usually adjacent to the Golgi
complex. Lipid inclusions and a low number of lysosomes
are also found in endocrinocytes. The above-described

Fig. 3. Lipid inclusions of the endocrinocyte of the testis stroma on
the 180th day of observation. x12 000.

) it

Fig. 4. Endocrinocyte of the stroma of the testis on the 270th day
of observation. 1 - endocrinocyte nucleus, 2 - Reinke crystals, 3 -
lipid inclusions. x12 000.
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Fig. 5. Endocrinocyte of the stroma of the testis on the 365th day
of observation. 1 - intracellular Reinke crystals, 2 - mitochondria.
X9 000.

state of interstitial endocrinocytes was observed in
opposition to active spermatogenesis in convoluted
seminiferous tubules (Fig. 3).

The 270th day of observation was characterized by a
decrease in the number of endocrinocytes, single cells near
blood capillaries. A large number of cells (endocrinocytes,
fibroblasts, macrophages) with signs of destruction are
found in the interstitial tissue. These cells are relatively small,
flat or polygonal in shape, with acidophilic cytoplasm,
vacuolated on the periphery, smooth endoplasmic reticulum
is not detected, single mitochondria of rounded shape. In
the cytoplasm of endocrinocytes, the hexon-shaped prisms,
with well-defined edges and corners, formations in the form
of a "wasp's nest" - Reinke crystals (which are layering
resulting from the disintegration of the membranes of the
smooth endoplasmic reticulum) are sometimes determined
(Fig. 4).

In the studied animals, on the 365th day, fibrosis of the
interstitial connective tissue of convoluted tubules was
detected. The number of vessels is increased.
Endocrinocytes are small in size, single. In the cytoplasm of
which single lipid granules, endoplasmic reticulum and Golgi
complex are poorly developed. Core of normal size, light-
optical. Nucleoli are absent. Mitochondria are round, single.
We found the presence of Reinke crystals in the cytoplasm
of interstitial endocrinocytes and outside the borders of the
cells themselves (Fig. 5).

Discussion

The differences we identified in the morphological
parameters of endocrinocytes at different observation
periods when triptorelin was administered obviously
indicate that triptorelin causes increasing destructive
disturbances in the ultrastructural organization of these
cells, which are manifested by different pathological stages
and the degree of their functional activity of the internal
components of the cell. The analysis of the structure of the

population of interstitial endocrinocytes showed that the
basis of the population of these testicular cells is rounded,
oval or polygonal cells of medium size with a well-developed
cytoplasm, medium, sometimes large nuclei. These are
mature differentiated cells that, as a result of determination
and differentiation, have acquired clearly expressed
specialization, the ability to synthesize androgens. These
cells have a well-developed smooth endoplasmic
reticulum, numerous mitochondria, and lipid droplets can
be detected in the cytoplasm. Small, spindle-shaped cells,
similar in some structural features to fibroblasts, are the
youngest and least differentiated cells. They are probably
the source of maintaining the constancy of cell composition
in this population. It is known that no mitotic activity was
detected in the pubertal population of endocrinocytes, as
evidenced by our results and literature data [1, 2, 6, 9].
Therefore, stability in the population is ensured by a
dynamic balance between the processes of differentiation
of endocrinocytes from their poorly differentiated precursors
and the processes of their death. The rat endocrinocyte
population belongs to cell populations of a stable type.
This is evidenced by the fact that no mitoses were detected
among the interstitial endocrinocytes of the testes in any of
the sexually mature rats studied by us. The great diversity
in the content of lipid inclusions in the cytoplasm of
interstitial endocrinocytes of different mammals is caused
by several factors. For example, according to other data
[20], animals in which seasonality in reproductive activity is
not expressed, as a rule, have few liposomes in the
cytoplasm of interstitial endocrinocytes, lipid droplets of
different (both low and high) electron density are found in
the cytoplasm, and in the content of lipid inclusions in these
animals varies little depending on sexual activity. Animals
that do not exhibit seasonality in reproduction usually
contain few lipid inclusions in the cytoplasm of
endocrinocytes. On the contrary, in animals with a seasonal
nature of reproduction, many lipid droplets of different
electron density, surrounded by a membrane, are almost
always found in the cytoplasm of such cells. Our data on
this issue confirm the information available in the literature
[14, 19]. It should be noted that the number of secretory
inclusions is no longer an indicator that clearly indicates a
low or high level of steroidogenesis in cells. A large amount
of a secretory product in a cell can be: a) an indicator of a
delay in the secretory process at the stage of secretion
removal; b) an indicator of high functional activity. The latter
is observed if the agranular endoplasmic reticulum in the
cells is well developed, mitochondria are nhumerous,
frequent contacts of mitochondria with smooth endoplasmic
reticulum vesicles and lipid droplets. An important role in
the analysis of morphological equivalents of
steroidogenesis can be played by counting the number of
mitochondria, but also by taking into account the
peculiarities of the structure of mitochondrial structures.
Thus, tubulovesicular cristae in mitochondria are
characteristic of steroid-producing cells. Therefore, the
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presence of a large number of mitochondria with
tubulovesicular cristae is one of the indicators of active
steroidogenesis. Interstitial endocrinocytes of testes may
contain pigment inclusions in the cytoplasm. Among the
rats we studied, the highest content of pigment inclusions
in the cytoplasm of interstitial endocrinocytes was not noted.
The frequency of finding Reinke's crystals, their number
and volume of the crystal in relation to the volume of the cell
correlates with age, increasing in the older age group [1,
17], as is known from the literature. Correlation with the
level of testosterone was not found in the literature, which
allows to mark Reinke crystals as a product of degenerative
processes in the cell [10], which can also be indirectly
evidenced by an increase, as well as their number in
testicular biopsies from subjects with cryptorchidism [2,
12]. Therefore, the presence of these crystals in our
experiment with the introduction of triptorelin in the interstitial
cells and in the pericellular space indicates the cessation
of androgen synthesis in them and intrinsic degenerative
changes in the cells.

The results obtained by us are a theoretical justification
for the development of methods for correcting violations of
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ENEKTPOHHOMIKPOCKOMMIYHI 3MIHWU B IH-TEPCTULIAHUX EHOOKPUHOLIUTAX CIM'SHUKIB LLYYPIB NMPU BBELQEHHI
TPUNTOPENIHY NMPOTAMOM 365 AIb

Cmeuyyk €. B., lllenumbko B. I., Bopyma H. B., Binbxoea O. B., Ckomapenko T. A., Pyds M. B.

TpunmoperiH € azoHicmom 20HadompOriH-PUITIBUH2-20PMOHY, SIKUU € Momy>XXHUM iH2i6imopom cuHme3dy mecmocmepoHy (y 4omosikig)
ma ecmpozeHy (y XIHOK) i sukopucmosgyembcsi Oris1 IiKy8aHHs MPO2pecyryo20 pakKy rnpocmamu. [JocnidxeHHs mexaHiamie peaynsauil
ma CuHmMe3y ymeOopeHHsI MecmoCmepoHy 8 MEeCMUKYNSPHUX IHMEPCMUUIUHUX KimuHax 0eMOHCMPYoMb YUCIIEHHI eHOO2EHHI MilIeHi,
AKi MOXymb 36inbwumu 6ioCUHME3 MecmoCcmepOoHy, WO MOXe MOM'aKwumu eghekmu 3HUXEHHSI mecmocmepoHy. TpunmopersiH,
CUHmMemuyHul aHarnoe Helipo2opMoHy 20HadonibepuHy, npueHidyye ekcrpecito peyenmopa GnRH e einogisi, ane He 3miHOE
pYHKUIOHYy8aHHS 2inoghizapHO-mecmuKynsapHo20 Kommnnekcy. Mema docnidxeHHs - sugdumu es1eKmpOHHOMIKPOCKOMIYHI 3MiHU
iHmepcmuyjanbHUX eHOOKpUHOUUMI8 CiM'aHUKI8 wlypie nicrisi esedeHHss mpunmoperiHy npomseom 365 0i6. EkcriepumeHm rpogedeHo
Ha 35 cmamesospinux camusix 6inux wypis. LLlypu 6ynu nodineHi Ha 2 2pynu: KoHmporbHa epyna (I) - esodunu ¢hizionoaidHUll PO34UH,
Il epyna 3 yeHmpanbHoK Oernpusauiero CUHMe3y 1IoMeiHi3yr4o020 20pMOHY - MidWwKipHO esodunu mpunmopenid y 0o3i 0,3 me ditoyoi
peyosuHu Ha K2 macu mina wypa. [lposedeHe OoCriOKeHHs1 iHmepcmuyitiHo2o npocmopy 8 ciM'aHukax binux wlypie nokasano, wo
doszompusarne 88e0eHHSI mMpunmMopesiHy 8UKIIUKAE 20pPMOHalbHy Oucpe2yrnsyilo 3a cucmemMor einomarsnamyc-2inogis-ae4yko, wo
npu3eodumsp G0 KiNbKICHUX ma SIKICHUX 3MiH 8 eHOOKPUHHUX KIlimuHax iHmepcmuyitiHo20 npocmopy sieyka, sike rnidmeepoxyembcsi
€/1eKMPOHHOMIKDOCKOMIHHUMU 3MiHamu cybOKnimuHHUX cmpykmyp. MakcumanbHull eninue mpunmoperiHy eusHayaembcsi 3 180-i dobu
CrocCmepexXeHHs, Wo xapakmepu3yembcs nidsueHHAM dezeHepamugHUX 3MiH 8 eHOOKpUHouumax ma eusigneHHsmM 3 270-1 dobu
criocmepexXeHHs1 Kpucmainie PeliHke 8 yumonnaami iHmepcmuuiliHux eHOOKpUHoyumis.

KniouoBi cnoBa: civ'aHUKU, ernleKmpoHHa MIKpPOCKOMis, Wypu, iHmepcmuuitiHi eHOoKpuHouumu, firomeiHiayoquli 20pPMOH, MpUrimoperstit.
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Up to 60 % of patients suffer from the neurotoxicity of the chemotherapy drug Paclitaxel,
namely paclitaxel-induced peripheral neuropathy (PIPN), during the treatment of breast
cancer, ovarian cancer, and non-small cell lung cancer. Of these, up to 25 % of patients
require modification of the paclitaxel treatment regimen, including dose reduction,
delay, or discontinuation of therapy. Previous attempts to use neuroprotective agents in
humans and in animal models have not shown sufficient efficacy in preventing or
significantly reducing the manifestations of PIPN. The aim of our study was to study the
effect of the neuroprotective agent 2-ethyl-6-methyl-3-hydroxypyridine succinate (HS)
on the morpho-functional parameters of the sciatic nerve and its segmental centers in
experimental PIPN. In the experiment, 56 white rats were used, which were injected
intraperitoneally with Paclitaxel at a dose of 2 mg/kg of body weight 4 times after one
day, after which the animals were divided into an experimental group - 24 animals that
were injected with HS and a control group (24 animals, injection of water for injections).
The method of studying mechanical allodynia was von Frey monofilaments, thermal
hyperalgesiawas studied by the hot plate test, and the electron microscopic examination
was carried out according to generally accepted methods and studied with the help of
a PEM-125 K electron microscope. The results of the hot plate test and the use of von
Frey monofilaments showed that the use of HS reliably reduces manifestations of PIPN
on the 7th, 14th and 28th days of the experiment. In rats treated with HS, destructive-
dystrophic phenomena in the myelin nerve fibers of the sciatic nerve are less pronounced,
and in individual fibers in the axon, phenomena of incomplete splitting of mitochondria
with the formation of vacuoles filled with medium electron density contents are observed,
and small young mitochondria are also visualized. During the first 28 days, we noted
less pronounced destructive-dystrophic changes in the neurons of the spinal cord
nodes, namely: chromatolysis of light and dark neurons and swelling of their cytoplasm,
phenomena of neuronophagy in gliocytes, hypertrophy of certain areas of the myelin
sheath. The results of the electron microscopic study are fully consistent with the data
of neurophysiological studies and indicate the possibility of using HS as an effective
neuroprotector in PIPN.

Keywords: Paclitaxel, chemotherapy, neuropathy, central nervous system, peripheral
nervous system.

Introduction

Up to 60 % of patients suffer from the neurotoxicity of

regimen, including dose reduction, treatment

the chemotherapy drug Paclitaxel, namely paclitaxel-
induced peripheral neuropathy (PIPN), during the treatment
of breast cancer, ovarian cancer, and non-small cell lung
cancer [16, 20]. The main symptoms of such neuropathy
are burning pain and numbness in the hands and feet,
loss of fine motor skills are so pronounced that up to 25 %
of patients require modification of the paclitaxel treatment

postponement, or even discontinuation of therapy [2, 9,
20].

In vitro models using rat spinal cord neuron cell lines,
human induced pluripotent stem cells, and in vivo models
in rodents have identified a humber of molecular pathways
affected by Paclitaxel. The influence is not limited to axons
of sensory neurons, but is present in other types of cells,
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such as peripheral neuroglia, soma of segmental motor
centers, cells of the immune system. These studies
showed that Paclitaxel induces altered calcium signaling,
the release of neuropeptides and growth factors,
mitochondrial damage and the formation of reactive oxygen
species, and has a direct effect on the disruption of
microtubule transport [13, 21]. However, today there is still
no sufficient neuromorphological data on the patterns of
pathomorphogenesis of peripheral neuropathies caused
by Paclitaxel. Previous attempts to use various
neuroprotective agents in humans and in animal models
have not shown sufficient effectiveness in preventing or
significantly reducing the intensity of PIPN manifestations.
The method of electroacupuncture, the action of magnetic
fields, the use of cryotherapy and chylotherapy, the use of
vitamin E, B vitamins, omega-3 fatty acids, glutathione,
acetyl-L-carnitine, amitriptyline, progesterone, minoxidil and
a number of other means have been tested, but this did not
bring the desired result [6, 8, 11, 15, 19]. Therefore, it is very
important to study and develop potential effective
approaches during Paclitaxel chemotherapy to prevent and
correct this complication. One of the possible ways to
prevent damage to the nervous system during
chemotherapy could be the use of metabolic drugs that
have antioxidant, antihypoxic, and membrane-stabilizing
properties. One of them is 2-ethyl-6-methyl-3-
hydroxypyridine succinate (HS), which is quite widely used
in endocrinology, neurology, and cardiology [4]. In particular,
it was established that the use of HS in patients with
diabetic neuropathy leads to a significant improvement in
objective indicators and is accompanied by a reduction in
its symptoms [17, 18].

The purpose of the study is to study the effect of the
neuroprotective agent 2-ethyl-6-methyl-3-hydroxypyridine
succinate on the morpho-functional parameters of the
sciatic nerve and its segmental centers in experimental
paclitaxel-induced peripheral neuropathy.

Materials and methods

The study was conducted on the basis of the
Department of Histology, Cytology and Embryology of the
Ivano-Frankivsk National Medical University. In the
experiment, 56 white rats weighing 150-200 g were used.
The animals were kept in vivarium conditions at a
temperature of 21-24 °, under a normal light regime (day-
night) and on a diet with access to food and water ad libitum.
The experiment was conducted in accordance with the
recommendations of ARRIVE and EU Directive 2010/63/
EU on the protection of animals used for scientific
purposes, in accordance with the provisions of the
"European Convention for the Protection of Vertebrate
Animals Used for Experiments and Other Scientific
Purposes" (Strasbourg, 2005), Law of Ukraine "On the
Protection of Animals from Cruelty" (2006, Article 26),
"General Ethical Principles of Animal Experiments",
approved by the Fifth National Congress on Bioethics (Kyiv,

2013). The research was approved and confirmed by the
bioethics commission of the Ivano-Frankivsk National
Medical University (protocol Ne 122/21 - 09.06.2021).

Animals were injected intraperitoneally with Paclitaxel
(Actavis, Romania) at a dose of 2 mg/kg of body weight
after one day 4 times before reaching a total dose of 8 mg/
kg according to the method of Polomano R. S. [14]. After
that, the animals were divided into an experimental group
- 24 animals, which were injected with 2-ethyl-6-methyl-3-
hydroxypyridine succinate (the drug "Armadine",
manufactured by Scientific and Production Firm "Microkhim"
LLC), and a control group (24 animals, injection of water
for injections). Neurophysiological indicators and electron
microscopic picture of the norm were determined on 8 intact
animals.

Neurophysiological studies were performed at 3-hour
intervals on the 1st, 7th, 14th, and 28th days after the last
administration of the HS drug. The hallmark of PIPN,
mechanical allodynia, was determined as withdrawal of
the hind paw of rats in response to stimulation with von
Frey monofilaments using the "up-down" method [3, 24].
The main method of studying thermal hyperalgesia is the
hot plate test. During its execution, rats were alternately
placed on a metal plate heated to 55+1 ?. A stopwatch was
used to measure the time from the moment the animal
was placed on the plate to the end point of the test - licking
the pads of the front and/or hind paws or jumping up. This
time was the time of latent pain reaction. The maximum
time the animals stay on the plate - 35 seconds [1, 10].

On the same day, the animals were removed from the
experiment by applying ether anesthesia. The material for
research (sciatic nerves, spinal nodes and the IX plate of
the gray matter of the lumbosacral spinal cord (L2-S1))
was taken on the 1st, 7th, 14th and 28th (6 animals for
each period research) days after the last administration of
HS. Electron microscopic research was carried out
according to generally accepted methods and studied with
the help of a PEM-125 K electron microscope, the image
was photographed at a magnification of 4000-12000 times.

Results

Neurophysiological studies. Administration of
Paclitaxel caused signs of peripheral neuropathy in the
form of thermal hyperalgesia and mechanical allodynia in
experimental animals.

When performing the von Frey test in intact animals, the
mechanical pain threshold was 55.34+7.58 g. In animals
of the control group, on the 1st day of the experiment, the
mechanical pain threshold decreased to 26.08+3.39 g
(p<0.05), and on the 7th day it dropped to minimum values
and was caused by monofilaments with a pressure force
of 18.12+2.03 g (p<0.001). From the next term of the
experiment, we observed positive dynamics of the
development of mechanical allodynia: on the 14th day, the
pain threshold increased to 23.24+1.81 g (p<0.001), and
on the 28th day it was caused by monofilaments with a
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Fig. 1. Pronounced deformation of myelin nerve fibers, vacuolization of mitochondria in the axon, focal splitting of the myelin sheath,

proliferation of Schwann cell mitochondria in animals of the control group on the 1st day of the experiment. Electron micrographs.
a) x4800, b) x10000. Designation: 1 - myelin sheath, 2 - mitochondria, 3 - vacuoles.

Fig. 2. Layering of lamellae in the myelin sheath (a), disruption of the organization of the myelin sheath in the form of subaxonal inclusions
(b) in the control group of animals on the 28th day of the experiment. Electron micrographs. a) x8000, b) x12000.
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pressure force of 27.7245.74 g (p<0.01). In the animals of
the experimental group, which underwent HS correction,
on the 1st day, the indicator was at the level of 35.43+
4.28 g. On the 7th day, the lowest point was reached - the
mechanical pain threshold was 28.32+3.65 g (p<0.05),
which is 56.43 % better than the control group. Starting
from the 14th day, we observed positive dynamics, which
significantly exceeded the recovery indicators in animals
of the control group. The threshold of pain sensitivity on the
14th day reached the level of 33.86+3.15 g (p<0.05) -
45.56 % higher compared to the control group, and on the
28th day it was 54.94+8.29 g (p<0.05), which differs by
98.17 % from the similar indicator in the control group of
animals.

The duration of stay of intact animals on the "Hot Plate"
was 17.204£0.93 s Animals of the control group on the 1st
day after the last injection of the drug showed signs of
thermal hyperalgesia: the indicator decreased to
12.44+41.25 s (p<0.01). On the 7th day, the lowest level of
latent time of pain sensitivity was observed - 9.882+0.711
s (p<0.001). From the next term of the experiment, the
indicator shows the dynamics of recovery to the original:
on the 14th day, it was 10.28+1.01 s (p<0.001), and on the
28th day - 13.02+0.97 s (p<0.01). Thermal hyperalgesia
was significantly less pronounced in animals of the
experimental group: on the 1st day, the indicator was
14.13+1.31 s and on the 7th day - 13.82+0.72 s (p<0.001),
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Fig. 3. Defibrillation of the myelin sheath (a), disorgani

which is 39.61 % better compared to the control group.
Already on the 14th day, we observed the indicator
approaching the initial level - 16.88+1.62 s (p<0.01), which
is 63.95 % higher compared to the similar indicator of
animals of the control group. On the 28th day, the time
spent on the "Hot Plat" plate remained close to the initial
level - 17.14+1.00 s (p<0.01).

Morphological characteristic. During the electron
microscopic examination of preparations of the sciatic nerves
of the control group of rats, it was established that on the 1st
to 7th day of the experiment, the following are characteristic:
deformation of myelin nerve fibers and their myelin sheath,
disruption of its lamellae organization, mainly focal defibrillation
of the myelin layers, swelling of the peri-axon space (Fig. 1a).
We observe axon deformation, vacuolated mitochondria occur
in the axoplasm (see Fig. 1b).

In numerous myelinated nerve fibers, we observe
deformation of the myelin sheath and axon and an increase
in the density of axoplasm. On the 14th-28th day of the
experiment, the phenomena of destruction in myelin nerve
fibers increase in animals of the control group. In most
myelinated nerve fibers, the myelin sheath is thickened
due to swelling of Schwann cells and intra-lamellae
vacuolation (Fig. 2a). Quite often we observe myelinated
nerve fibers with almost complete axon degeneration and
severe swelling of the myelin sheath.

Manifestations of vacuolar transformation of membrane

sciatic nerves of animals on the 14th day after the last administration of HS on the background of PIPN. Electron micrographs. a) x6400,
b) x96000. Designation: 1 - defibrillation of the myelin sheath, 2 - intra-lamellae vacuoles, 3 - vacuolar transformation of mitochondria,

4 - periaxonal vacuole.
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Fig. 4. Intra-lamellae vacuoles (a) and multiple flake-like inclusions against the background of swelli
myelin nerve fibers of the sciatic nerves of animals of the experimental group on the 28th day of the experiment. Electron micrographs.

a) x9600, b) x9600.

S8
Fig. 5. Increased activity of the granular endoplasmic reticulum, hypertrophy of the Golgi complex in ne nterior horn of the

spinal cord. The term of the experiment is 7 days. Electron micrograph. a) x6400, b) x6400. Designation: 1 - autophagosome, 2 -
lysosome, 3 - granular endoplasmic reticulum, 4 - nucleus, 5 - Golgi complex.
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Fig. 6. Peripheral chromatolysis in the neuron of the spinal cord of the;berimental group (a) and vacuolar dystrophy in the neuron of

the spinal cord of the control group of animals. The term of the experiment is 1 day. Electron micrographs. a) x6400, b) x4800.
Designation: 1 - dark neuron nucleus, 2 - vacuoles, 3 - granular endoplasmic reticulum, 4 - lysosomes, 5 - mitochondria.

organelles are increasing. The vast majority of mitochondria
are enlarged, with the phenomena of destruction of cristae,
lightening of the matrix. On the 28th day of the experiment,
pronounced disturbances in the structure of their axons
were observed in individual myelinated nerve fibers, smaller
and larger vacuoles, including periaxonal vacuoles, were
found in the axoplasm (see Fig. 2b). At the same time, the
axoplasm of individual axons contains polymorphic
vacuoles, a moderate number of neurofilaments and
neurotubules. The phenomena of myelinophagy of
Schwann cells are frequent, remnants of axial cylinders
are determined in their cytoplasm. In the specified terms,
significant changes occur, which are manifested by a
violation of axon transport systems, in particular, we see
conglomerates of neurotubules and neurofilaments and
accumulation of synaptic vesicles.

In animals of the research group that received correction,
changes in myelin nerve fibers on the 7-28th day are less
pronounced. In the sciatic nerves, we observed a
polymorphic morphological pattern with the presence of
both myelinated nerve fibers of a normal structure and with
varying degrees of destruction and signs of structural
restoration. In damaged myelinated nerve fibers, the myelin
sheath also undergoes changes; it is unevenly thickened,
in places of fiberization, but without gross violations of the
lamellae structure. Axons contain expanded cisterns of
agranular  endoplasmic  reticulum, vacuolated
mitochondria. A distinctive feature of individual myelinated
nerve fibers is the manifestation of distorted regeneration,
namely the phenomenon of hypertrophy and
disorganization of the myelin sheath. Intramyelin vacuoles,
slight defibrillation of myelin plates are found in some of
the nerve fibers (Fig. 3). Cytoplasmic vacuolation was
observed in Schwann cells of myelinated nerve fibers,
moderate edema was observed in the endoneurium. In
some myelinated nerve fibers with preserved ultrastructure
of the myelin sheath, phenomena of axonopathy were found,

in particular, the presence of multiple fine-grained
inclusions, accumulation of cisterns of agranular
endoplasmic reticulum, uneven electron density of
hyaloplasm (Fig. 4). Along with the destructively changed
myelin nerve fibers, we also observed nerve fibers with
pronounced signs of regeneration and the preserved
ultrastructure of the myelin sheath.

In neurons of the spinal cord, a 10-day course of HS
administration has a positive effect on the morphological
state of mitochondria and activates synthetic processes in
neurons. On the 7th-28th day after HS correction, an
increase in the activity of the granular endoplasmic
reticulum (Fig. 5a) can be observed in neurons, and the
number of ribosomes attached to its cisternae increases.
This ensures the biosynthesis of proteins to restore the
protein microstructures of the neuron. Numerous
ribosomes and polyribosomes are observed in the
neuroplasm. At the same time, the hypertrophy of the Golgi
complex, the presence of a sufficient number of lysosomes
and autophagosomes in the neuroplasm, which creates
the prerequisites for cleaning neurons from toxic and
harmful products in order to accelerate their full
regeneration (see Fig. 5b).

In the electron microscopic picture of the spinal cord of
animals of the control group within 1-28 days after the last
administration of HS, mostly neurons with light hyaloplasm
(light neurons) are observed. The nuclei of such neurons
are located in the center of the cell, their karyolemma
contains a peripheral cluster of heterochromatin and
clumps of heterochromatin in the karyoplasm against a
background of euchromatin. In the cytoplasm of a sensitive
pseudounipolar neuron, we observe signs of swelling, few
mitochondria, some of which are vacuolated. Dissociated
granular endoplasmic reticulum is located perinuclearly
as a result of local central chromatolysis of Nissl bodies,
and on the periphery of neurons we can see phenomena
of chromatolysis and large transparent vacuoles (Fig. 6a).

Vol. 29, Ne4, Page 70-78
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In the cytoplasm of dark neurons, we see mitochondria of
normal structure, Nissl bodies, a small number of smooth
endoplasmic reticulum cisternae, ribosomes and
polyribosomes.

On the other hand, in the spinal cords of animals with
PIPN without HS correction, the majority of dark neurons
had signs of pronounced vacuolar dystrophy (see Fig. 6b).
Enlightenment of the matrix of mitochondria, disorganization
and destruction of their cristae was noted. At the same
time, in the soma, we observed an expansion of the cisterns
of the granular endoplasmic reticulum and a decrease in
the number of fixed ribosomes. Peripheral chromatolysis
phenomena were observed in individual bright neurons.
These changes occurred against the background of
microcirculation disturbances in the spinal nodes:
microclasmatosis phenomena were present in the lumen
of capillaries, and an increase in the number of
micropinocytotic vesicles was observed in the cytoplasm
of endotheliocytes, which indicates an increase in
transcapillary exchange.

Discussion

Our study was focused on testing 2-ethyl-6-methyl-3-
hydroxypyridine succinate as a potential neuroprotector in
experimental paclitaxel-induced peripheral neuropathy
based on a complex morpho-functional analysis. The
morphological changes of the sciatic nerve that we
discovered from the beginning to the 28th day of the
experiment in the control group of rats coincide with the
processes described by other researchers in experimental
PIPN, namely: focal destruction and swelling of myelin nerve
fibers, pronounced changes in the lamellae of the structure
of the myelin sheath, disturbances processes of division
in Schwann cells with subsequent involvement in the
pathological process of axons and accumulation of
neurofilaments and neurotubules [12, 23]. In HS-treated
rats, the destructive-dystrophic phenomena in the myelin
nerve fibers of the sciatic nerves are less pronounced:
edema and intralaminar vacuoles in the myelin sheath are
visualized in the myelin nerve fibers. In individual fibers in
the axon, phenomena of incomplete splitting of
mitochondria with the formation of vacuoles filled with
medium electron density contents are observed, and small
young mitochondria with a matrix of increased electron
density are also visualized.

Examining the motoneurons of the anterior horns of the
spinal cord during the first 28 days after the use of HS for
the correction of PIPN, we found pronounced regenerative
and restorative processes, confirmed by the stable state of
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HEWPOMPOTEKTOPHUI BMNIUB 2-ETUN-6-METUN-3-MAPOKCUMIPUANHY CYKLUMHATY HA CIAHWYUA HEPB TA MOrO
CErMEHTAPHI LLEHTPU NPU EKCMEPUMEHTAJBLHIA MNAKNITAKCEN-IHAYKOBAHIA NEPU®EPIUHIA HEAPOMATII

lepaweHko C. 6., Ocmpoecbkuli M. M., Kynunuy I'. b., Mapkie I. M.

o 60 % nauieHmie cmpaxOdaromb 8i0 HelpomokcuyHocmi ximionpenapamy [laknimakcen, a came naknimakcesn-iHOyKkogaHoi
nepugpepitiHoi Helponamii ([MIMH), y npoueci nikygsaHHs1 paKy MOIOYHOI 3aro3u, paKy sS€YHUKi8, HeOPIOHOKIIMUHHO20 paKy ne2eHb. 3
Hux 0o 25 % nauieHmie nompebyromps MOOuiKayi cxemu IiKy8aHHSI MaknimaxkcernoM, 6KI4aYu 3HUXEeHHsT 003U, 8iOKnadeHHs Yu
npunuHeHHs1 mepanii. [NornepedHi cnpobu 3acmocyeaHHs1 HEUPONPOMEeKMOPHUX cepedHuKie y model | Ha meapuHHUX MOOensaX He
rnokasanu 0ocmamHboi echekmueHocmi wj0do 3anobicaHHsi abo cymmego2o 3HuUXeHHs nposisig MIMH. Memorw Hawo20 AocrnioxeHHs
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cmarso 8UBYEHHS 8rnnugy HelpornpomeKkmopHo20 cepedHuka 2-emun-6-memun-3-2idpokcunipuduHy cykyuHamy (I'C) Ha mopgho-
pYHKUiOHanbHI napamempu ciOHU4Y020 Hepea ma U020 ceeMeHmapHUX yeHmpig rnpu ekcripumeHmarnsbHit [MIMNH. B ekcnepumeHmi
sukopucmanu 56 6inux wypie, skuM 8800unu 8HympilwHboo4epesuHHo [laknimakcen y 903i 2 me/ke macu mina 4yepe3 00Hy 0oby 4
pasu, nicna ybo2o meapuH nodinunu Ha AocidoHy epymny - 24 meapuHu, sikum egodunu 'C | koHmponbHy (24 meapuHu, 8eedeHHs1 800U
0nsa iH'ekyiti) epynu. Memodom eus4eHHs1 MexaHiyHOi anoduHii 6ynu moHoghinameHmu ¢hoH Ppesi, mepMiyHy 2inepanzesio sueyanu
mecmowm "2apsiya rnnacmuHka', a eneKkmpoHHOMIKpOCKoniyHe G0cnioxeHHs1 30ilicHr8anu 32i0HO 3azafibHonpulHaAmMux memodis i
sugyanu 3a 00MOMO20t0 erieKmpoHHo20 mikpockona MNEM-125 K. Pe3synbmamu mecmig "2apsiva nnacmuHKa"' ma eUuKopuCmaHHs
MoHoinameHmie ¢poH ®pes rnokasanu, wo 3acmocysaHHsi 'C docmosipHo 3HUXye nposigu [MIMH Ha 7-y, 14-y ma 28-my dobu
ekcriepumeHmy. Y wypis, wo ompumyeanu nikyeaHHsi 'C, decmpykmugHo-OucmpohiyHi seuuja 8 MieniHO8UX HEPBOBUX BOMTOKHAX
CiOHUY020 Hepsa € MEHW BUPaXEHUMU, a y OKPeMuX B0J/I0KHax 8 OCbO8UX YumniHOpax crocmepiealombcs sguwa He3asepuweHozo
gidwenneHHss MimoxoHOpill 3 ymeopeHHsIM 3aro08HEHUX 8MiCmMoM cepeldHbOI efeKmpOHHOI WinbHOCMI 8aKyonel, a maKox
8isyanizyrombcsi OpibHi Morodi MimoxoHOpiIi. Ynpodoex nepwux 28 0i6 y HelipoHax CMUHHOMO3KOBUX 8y3i8 MU 8idMidanu MeHW
supaxeHi decmpyKkmueHoO-0uUCmMpoiyHi 3MiHU, a came: XpoMamoJi3 Ceimaux ma meMHUX HelUpoHi8 ma HabpsiK IXHbOI yumorniasmu,
seuwWa HelpoHoghaeil y anioyumax, 2inepmpoghisi okpemux OiSIHOK MieiHO80I 060M0HKU. Pe3ynbmamu enekmpOoHHOMIKPOCKOMIYHO20
docrnidxeHHs1 MOBHICMIO y3200XKyrombCsi 3 0aHUMU HelpoghizionoziyHux 00CMiOXKeHb | 8ka3yromb Ha MoXrugicmb eukopucmaHHs [C
K egpekmuesHoeo Heliporipomexkmopa npu [1IMH.

KnrouoBi cnoBa: naknimakcen, ximiomepanisi, Helipornamisi, UeHmparbHa Hepgoga cucmema, rnepucgepiliHa Hepgosa cucmema.
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