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An important problem in the diagnosis, treatment and prediction of papillary thyroid
cancer is radioiodine-resistant metastases, early prediction of which is possible on
the condition of determining their cytological and histological characteristics. The
purpose of this work was to identify the histological and cytological characteristics of
metastases of papillary thyroid carcinomas correlated with their iodine-accumulative
capacity, on the basis of which it will be possible to predict the radio-resistance of
papillary thyroid carcinomas. A cytological examination of punctates of 30 papillary
carcinomas and 45 of their metastases identified in the postoperative period and analysis
of the histological characteristics of 100 papillary carcinomas of the general population,
47 primary papillary carcinomas and their radio-resistant metastasis and 17 primary
papillary carcinomas of patients with radioiodine-uptake metastases were conducted.
Statistical analysis was performed via the non-parametric criterion x? in the package
Statistica 11.0. It has been shown a statistically significant difference between presence
of sign of follicular structures in the histological material of primary papillary cancer of
patients with radioiodine-resistance metastases and between of primary papillary cancer
of patients with radioiodine-uptake metastases and common population of papillary
thyroid cancer. It has been shown a statistically significant difference between
punctuates of radioiodine-resistance and radioiodine-uptake metastases in presence
of such cytological characteristics as different subpopulations of thyrocytes. It has
been shown that the cytological characteristics of radioiodine-resistant metastases
differ from radioiodine-uptake metastases and primary papillary carcinomas by the
presence of different subpopulations of thyrocytes, particular structures and oxyphilic
changes. It is shown that such histological characteristics as lack of follicular structures
in the material of primary papillary carcinomas correlate with radio-resistance and can
be prognostic factors of its appearance.

Key words: thyroid papillary carcinoma, fine-needle aspiration puncture biopsy,
radioiodine-resistant metastasis, cytological characteristics, histological signs.

Introduction

As a result of the accident at the Chernobyl Nuclear
Power Plant, there was a sharp increase in the incidence
of thyroid gland (TG) cancer. The highest increase in the
level of thyroid cancer was observed among subjects
whose age at the time of the accident was 18 years and
younger. So, four years after the Chernobyl disaster, the
incidence of thyroid cancer in children increased by 4.8
times, and in subsequent years exceeded the accident
rate by 10 times [3, 9, 23]. However, in contrast to carcinoma
of other localizations, differentiated thyroid cancer in most
cases has a favorable prognosis: the survival 5-year rate
of patients with thyroid cancer is about 98%, and 20-30

years of survival exceeds 90% [10, 14, 15]. The key to
successful treatment of differentiated thyroid cancer and
its metastases is the use of radioiodine therapy, a specific
highly effective, targeted method of treating this disease.
Radioiodine therapy is based on the unique features of the
physiology of thyroid cells that are able to accumulate
radioiodine and use it in the synthesis of thyroid hormones.
But, unfortunately, in some cases (4-20%), in patients with
differentiated thyroid carcinoma, on the background of
thyroidectomy and radioiodine therapy, metastases whose
cells lose the ability to accumulate radioiodine develop
appear: this tumor is called metastatic radioiodine-
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refractory disease [11, 12, 13]. It is these metastases that
cannot be treated with radioiodine therapy and can be
uncontrolled to spread in the patient's body and even be the
cause of his death [5, 6, 7]. Therefore, it is important to study
the immunocytochemical, genetic and morphological
features of such metastases. There are some ideas about
the histological manifestations of radioiodine resistance [8,
21, 25]. The most aggressive types of thyroid papillary
carcinoma (PC) researchers consider high-cellular,
columnar-cellular, diffuse-sclerosing, solid and widely
invasive follicular variants [19]. According to the literature,
some pathomorphological features of primary TG carcinoma
correlate with the effectiveness of radioiodine therapy. The
loss of sensitivity of the tumor to the radioiodine is thought to
result in a reduction in the differentiation of its cells. The
manifestation of this phenomenon is the appearance of
elements of low degree of differentiation in metastatic tumors
of such patients. Such attributes include such
pathomorphological characteristics as solid tumor structure,
cell oxyphilia, necrotic changes, high nhumbers of mitoses
[20]. Despite the existing literature data on the histological
characteristics of thyroid carcinoma with aggressive
behavior, there was no clear correlation between histologic
peculiarities and thyroid radioiodine resistance.

The earliest possible prediction of radioiodine resistance
of papillary thyroid carcinoma is possible on the basis of the
determination of the cytological characteristics of the cells of
the radioiodine resistant metastases (RIRM). However, no
literature data on similar cytological studies have not been
found. Therefore, the purpose of this work was to study the
histological and cytological characteristics of metastases
of papillary carcinoma of the thyroid gland (PC TG), correlated
with their iodine-accumulation ability, on the basis of which
it will be possible to predict the radioiodine resistance of PC
TG.

Materials and methods

In this work, the material obtained as a result of performing
fine-needle aspiration puncture biopsy in male and female
patients from the age of 17 to 40 years old who were
examined surgical treatment and radioiodine therapy in the
clinic of our institute were used. The specified protocol used
to treat patients with thyroid cancer consists of radical
thyroidectomy and lymphadenectomy, postoperative
radioiodine therapy in 4-6 weeks and the appointment of
suppressive hormone therapy with L-thyroxine (2.5 pg/kg).
Conducting of scintigraphic and sonographic research
allowed to detect in the postoperative period radioiodine-
resistant metastases of PC TG and metastases capable of
accumulation of radioiodine. In all cases, the diagnosis was
confirmed cytologically and histologically (except for
radioiodine-sensitive metastases, which were successfully
treated with radioiodine and in most cases, they were not
surgically removed).

According to the decision of the Bioethics Commission,
S| "V.P. Komisarenko Institute of Endocrinology and

Metabolism of NAMS of Ukraine" (No. 28/1-KE of April 12,
2019) found that the study followed ethical and moral
requirements, was safe for the patient's health and did not
deny the basic bioethical norms of the Helsinki Declaration,
the Council of the Convention Europe on human rights and
biomedicine, as well as relevant provisions of the WHO and
the laws of Ukraine.

Cytological studies were performed on punctures of 30
PC TG detected prior to thyroidectomy and at punctures 45
metastases of PC TG, which arose in the postoperative
period following total thyroidectomy and radioiodine therapy.
The punctures were fixed with methanol for 5 minutes and
stained using the Romanowsky method for 30 minutes. A
solution for staining was prepared from a Romanowsky
concentrate produced by the Shostka Chemical Reagent
Plant consisting of: 20 ml phosphate buffer 0.07 M (pH =
6.4), 1,5 ml of Romanowsky stain.

The analysis of pathological findings of 47 primary PC of
patients with RIRM, their RIRM, 17 patients with radioiodine
susceptible metastases (RISM) and 100 PC of the general
population were carried out. In the group of patients with
RIRM, three of them had a diagnosis of "diffuse sclerosing
variant of PC TG", 31 with primary thyroid PC (PPC) (66%)
had invasive growth in the capsule and beyond, metastases
to regional lymph nodes. The histological study was carried
out in the laboratory of pathomorphology of the Si
"Department of Endocrinology and Metabolism" (head of
the department - MD, Prof. Bogdanova T.I.).

The statistical processing of the data was done according
to a non-parametric criterion x2, which allows comparing the
frequency of occurrence of the qualitative characteristics
studied in two samples. The calculations are made in the
Statistica package 11. If the sign occurs in any of the
comparison groups in less than 10 cases, the Yates
correction for continuity was used.

Results

A comparative study was performed on the presence of
certain histological characteristics in the
pathomorphological findings of the following tumor groups
- PPC of patients who developed with time RIRM, the PPC of
patients with RISM, the general population of thyroid PC and
the RIRM group. The presence of such histological signs,
which according to the literature was related to the aggressive
behavior of PC-follicular structures (FS), necrotic changes
(NC) and oxyphilic-cellular changes (OC), was analyzed.

The presence of FS was noted in the histological
conclusions of the PPC TG in 20% of patients, in which
developed RIRM. At the same time, RIRM of these patients
had a papillary or papillary-solid structure, and FS were found
in only 1 case (2%). In this case, in the general population of
PC TG, FS were found in 60% of cases (30 times more often
than in the group RIRM and 3 times more often than in PPC
patients with such metastases). In this case, in the PPC
group with RISM, FS were found in 70% of cases. According
to the non-parametric criterion x?, a statistically significant
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difference at the significance level p<0.05 was confirmed by
the presence of a morphological sign - FS between the PPC
group of patients with RIRM and PPC in the group of patients
with RISM (p = 0.002), between the PPC group of patients
with RIRM and the general population PC TG (p = 0.000),
and between the PPC of patients with RIRM and the RIRM
group (p = 0.010, with the Yates correction for continuity).
Thus, the statistically significant difference between the PPC
with RIRM and the PPC with RISM and the general group of
PC demonstrates that the absence of FS is associated with
the development of RIRM and may be a worrying prognostic
factor in the development of radioiodine resistance of PC TG.

In the analysis of the presence of the following histological
sign, the OC in the pathologist's conclusions, it was found
that the frequency of its intolerance in the PPC patients with
RIRM (30%) was slightly higher than in the overall population
of PC TG (16%), slightly higher such as in the PPC TG of
patients with RISM (23%) and RIRM group (21%). There
was no statistically significant difference in the incidence of
OC between the PPC patients with RIRM and PPC in patients
with RISM (p = 0.859 with Yeats correction), and in the PPC
patients with RIRM and the general population of PC (p =
0.053). That is, there was no correlation between the
presence of this histological sign and the radioiodine
resistance of the tumors under investigation.

Although the presence of histological signs of necrotic
changes (NC) of the tumor is associated with the "adverse
behavior" of thyroid tumors, the literature does not give a
clear idea of its correlation with the ability of thyroid carcinoma
precisely to accumulate radioiodine. Therefore, we
conducted a comparative analysis of the incidence of NC in
all of the above groups of tumors.

As a result of the performed research, it was found that
the incidence of NC in the control group of patients with
RIRM was higher (2%) than in the general population of PC
(1%). In this case, NC did not register in the PPC patients
with RISM, and in the group RIRM NC were also noted in 2
cases. The statistical analysis carried out did not reveal a

Table 1. Frequency of occurrence of the following histological
signs - FS, NC and OC in primary thyroid PC of patients with RIRM
and RISM, the general population of the PC and RIRM.

PPC Totl PPC
Sgn patents R RM popu A tbn patents
w ih R RM PC w ih R ISM
FS 20% * 2% 60% 70%
NC 2% 2% 1% 0%
oC 30% 21% 16% 23%

Notes: * p<0.05 in comparison with the general population of the
PC, the PPC patients with RISM by the criterion 2.

significant difference in the frequency of NC exposure
between the PPC patients with RIRM and the PPC with RISM
(p = 0.593 with Yeats correction), and between the PPC with
RIRM and the general population of PC (p = 0.831). The
results of the research are shown in the table (Table 1).

Thus, the statistical analysis of the research has shown
that the factor of absence of FS in the primary PC can be an
alarming histological prognostic factor for the appearance
of RIRM PC TG. At the same time, the presence of NC and
OC in the primary tumor is not associated with the growth of
radioiodine resistance.

Since there was no literature data on cytological research
of RIRM PC TG, we have conducted comparative studies of
cytological characteristics of the thyroid cells population in
punctates of RIRM, RISM and the corresponding PPC TG.
The performed studies showed that in the punctures of RIRM
in 2 times more frequent than in their PPC there are different
subpopulations of thyroid cells (which are cytologically
different from the general population of thyroid cells), OC
are more common, and in 10% - there are specific cellular
structures that consist of a psammoma bodies surrounded
by a layer of macrophages and vacuolated epithelial cells
(Fig. 1).

At the same time, in all cases, the cytological
characteristics of RISM are not different from their PPC, their
cytograms are represented by regular epithelial layers, which

£ 4

Fig. 1. Special complexes of psammoma bodies and surroundiﬁg thyroid cells with signs of expressive vacuolation in RIRM PC TG

punctate. Romanowsky staining. Objective x40, eyepiece x3.3.
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Fig. 2. A - homogeneous population of thyroid cells without expressive signs of atypia in the RISM PC TG punctate. B -‘different‘
subpopulations of thyroid cells (large rounded cells with clear contour on the background of moderately enlarged thyroid cells) in the
RIRM PC TG puncture. Romanowsky staining. Objective x40, eyepiece x3.3.

Table 2. The frequency of various cytological signs in the RIRM
and RISM PC TG punctates and the punctates of the corresponding
PPC.

Patients with RRM | Patients with RISM
Types of thyroid cells (n=30) (n=15)
PPC RIRM PPC RISM
Different subpopulations | 36,6% * | 79,9% *# 0% 0%
Special complexes 0% 10% 0% 0%
(o] 16,6% | 26,6% * 0% 0%

Notes: * - p<0.05 in comparison with RISM by criterion x?; # - p
<0.05 in comparison with the PPC by criterion 2.

"

s &0 .
: i 4 .
Fig. 3. Follicular structures in the RIRM PC TG punctate.
Romanowsky staining. Objective x40, eyepiece x3.3.

consist of homogeneous thyroid cells, in which there are no
different subpopulations of cells, OC and special structures.
The punctate cells of the PPC and RISM had no signs of a
marked atypia, only showing signs of proliferation of the
follicular epithelium (Fig. 2, Table 2).

Another interesting observation concerns the follicular
structures (FS), the presence of which is considered a

prerequisite for the accumulation of radioiodine. In spite of
the fact that in the histological material of RIRM FS were
noted only in the first case, we observed FS with colloid
within 14% of RIRM punctures, which gives grounds to
consider the absence of follicles as a pathomorphological,
rather than cytological, manifestation of radioiodine
resistance of PC TG (Fig. 3).

Discussion

Radioiodine resistance of PC TG is the biggest problem
in the diagnosis and treatment of differentiated thyroid cancer.
Since RIRM cannot be detected with a conventional
scintigraphic study, it is important to be warned about the
possible development of radioiodine resistance of papillary
thyroid cancer, which gives the chance to timely use of
additional research methods and treatments like carcinoma.
Early prediction of the radioiodine resistance of PC TG is
possible in the presence of histological and cytological
features of such metastases. There are literary data [24]
regarding some histological manifestations of aggressive
behavior and radioiodine resistance of TG carcinoma, but
there are no data on cytological studies of RIRM PC TG.

Complex researches and analysis of cytological and
histological characteristics of PPC and their metastases,
depending on their iodine accumulation ability, have allowed
to reveal morphological peculiarities of metastases
associated with radioiodine resistance of PC TG. It is shown
that among the studied histological characteristics of tumors,
only the absence of FS in the histological material of the
PPC is associated with the development of their radioiodine
resistance. The fact of loss of FS in the development of RIRM
PC TG can be regarded as a manifestation of a reduction in
the degree of differentiation resulting in the progression of
the tumor. Such data are confirmed in the literature and
indicate that TG carcinomas that lose FS, lose the ability to
effectively concentrate and store iodine for a long time (for
example, solid state metastases) [2]. The absence of FS in
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the histological material of the PPC can be considered as
an alarming factor in predicting their radioiodine resistance.
An interesting phenomenon of the absence of FS in the
histological material of RIRM (except for 1 case), when they
are registered in 14% of punctures of RIRM can be explained
by the fact that when conducting a FNAPB RIRM, even single
follicles, which do not mark histologists, can enter into the
punctate.

According to literature, tumor necrosis factor is one of
the most important histologic markers of poorly differentiated
PC and an independent predictor of survival of the patient,
even when the histologic tumor architecture corresponds to
a well-differentiated PC [14]. At the same time, we did not
find a statistically significant difference in the frequency of
occurrence in the histological material of such signs as NC
and OC between the study groups of tumors. Accordingly,
these factors cannot be considered as associated with the
development of radioiodine resistance PC TG.

Since the cytological characteristics of the RIRM PC TG
were not yet found, we conducted a comparative cytological
study of RIRM, RISM and related PPC. It is shown that the
RISM cytograms and their control groups have no distinct
differences and are represented by homogeneous
populations of thyroid cells without expressive signs of
polymorphism and atypia. At the same time, RIRM differ in a
heterogeneous population of thyroid cells, among which
there are different types of cells, including enlarged thyroid
cells with a clear cell surface. Different subpopulations of
cells are found in punctates of RIRM 2 times more often,
and OC is 1.6 times more frequent than in the PPC. The
difference in the frequency of the occurrence of different sub-
populations of thyroid cells in the punctates between the
RIRM and their PPC and RISM is statistically proved. Attention
is drawn to the special complexes of psammoma bodies
and vacuolated cells that occur in 10% of RIRM and are not
found in PPC and RISM. Similar to these complex structures
in large numbers are presented in the histological material
of the diffuse-sclerosing variant of PC, which, according to
literature and our observations, is one of the most aggressive
variants of PC TG. It is possible that such special structures
may be candidates for the title of cytological prognostic factors
of radioiodine resistance PC TG.

The presence in PC TG punctates of the RIRM of a greater
diversity of cellular subpopulations and thyroid cells
structures compared with the RISM group may be a
manifestation of their greater genetic heterogeneity, which
may be a "polygon" for the formation of new thyroid cells
subclones, aggressive, may eventually lose its accumulation
ability for radioiodine and cause the development of
radioiodine resistance. These considerations do not
contradict contemporary ideas about clonal cellular evolution
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MOP®OIOrYHI OCOBNUBOCTI PAQIONOAPE3UCTEHTHUX METACTAS3IB MANINSAPHOIO PAKY LUMTOMOAIEHOI 3ANO3HU

3eniHcbka I.B.

Baxnusoto npobriemoro diazHOCMUKU, JTiKy8aHHsS ma rpo2HO3y8aHHS NarifisspHo20 paky wumornodibHoi 3a103u € padiolioOpe3ucmeHmHi
Memacma3su, paHHE NPO2HO3yB8aHHS MOS8U KOMPUX MOX/UBO 3a YMOBOK B8U3HAYEHHS IX 4UmOsio2iYHUX ma eicmoroaidyHux
ocobnusocmet. Memoto pobomu 6yno AocnidXeHHs icmosoeidHUX ma YumosioeiyHUX XxapakmepucmuKk mMemacmasie nanifnspHux
mupeoiOHUX KapUUHOM, KOPEestoYux 3 ix Uod-HakKonu4yyeasnbHOK 30amHicmio, Ha OCHO8I KOmpuX cmaHe MOXITUSUM MPO2HO3y8aHHs
padioliodpe3ucmeHmHOCMi MupeoiOHUX naninsgpHUX KapyuHoM. byno npogedeHo yumosnoeidHe docnioxeHHs nyHkmamig 30 naninsgpHux
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KapuyuHoMm ma 45 memacmaasie, susieneHux y nicasonepayitiHomy rnepiodi, npoaHasnizoeaHi 2icmonoeiyHi 03Haku 100 naninsgpHuUx
KapyuHoM 3ae2arnbHoi ronynsayii, 47 nepeuHHUX naninapHUX KapyuHoMm ma ix padioliodpe3ucmeHmHUX Memacmasie, a makox 17
epeuHHUX nanifiipHUX KapUuHoM y nauieHmie 3 padiollodyymausumu memacmasamu. CmamucmuyHy obpobKy ompumaHux OaHux
nposodunu 8 nakemi Statistica 11.0 3a Hemapamempuy4HuM Kpumepiem x?. Brnepwe 6ynu nposedeHi yumonoaidHi 0oCnidxeHHs
nicrigonepauyiliHux Memacmasie y Mopi8HsIHHI 3 MeP8UHHUMU RanifnsgpHUMU KapyuHoMamu wumornolibHoi 3ano3u, Kompi euseunu
HasigHicmb pi3Hux cybnonynayili ma cmpykmyp mupeoyumie y nyHkmamax padiolioOpe3ucmeHmHux memacmasie, kompi 6ynu
gidcymHimu 6 padiolio04ymnueux Memacmasax ma Nep8UHHUX nanifsspHux kapuyuHomax. [lokaszaHa cmamucmu4Ho iMO8ipHa
8iOMiHHICMb 8 HasieHOCMI YONIKYyMSAPHUX CMPYKMyp 8 2icmosiogiyHoMy Mamepiani MiX Mep8uHHUMU nanifsspHUMU KapyuHoMamu
nauieHmie 3 padiolioOpe3ucmeHmMHUMU Memacmasamu, NepeuHHUMU NanigpHUMU KapyuHoMmamu nayieHmie 3 padiollo0yymiusumu
MemacmasaMu ma 3a2aslbHOK MOMynAayiero NanifsapHUX KapyuHoM. He susisrieHo crmamucmuyHO iMO8ipHOT 8iOMiHHOCMI y HasieHOCMI
HEeKpOMUYHUX ma OKCUIlbHUX 3MiH 8 2icmosio2iYyHOMYy Mamepiarni Mix eciMa 00cnidxysaHuMu 2pynamu fyxiauH. Takum YUHOM,
yumousoaiyHi xapakmepucmuku padiolioOpe3ucmeHmHUX Memacmasie 8i0pi3Hstombcs 8i0 padioliodyymiueux memacmasie ma
epeuUHHUX NanifiipHUX KapyuHOM Hasi8HICMIo pi3HUX cybrnionynauit mupeoyumie, 0cobnueux KimuHHUX cmpykmyp ma oKcugbirnbHo-
KimuHHUX 3MiH. [JogedeHo, wo eidcymHicmb ¢honiKynspHUX cmpyKmyp 8 2icmoso2idyHoMy Mamepiari NepeuHHUX NarninsgpHUX KapyuHOM
MOXe 3acmocogygamucsi 8 IKocmi MPo2HOCMUYHO20 ¢hakmopy rosieu padiolioOpe3ucmeHmHuUX Memacmasie.

Knwo4voBi cnoBa: nanindapHa KapyuHoma u,umornodibHoi 3amo3u, mMOHKoieonbd4acma acnipayitiHa nyHkyitiHa 6ioncis,
padiotiodpe3ucmeHmHi Memacmasu, UUmorsoaiyHi 03HaKu, 2icmorsioeidyHi 03HaKU.

MOP®OJOMYECKUE OCOBEHHOCTU PAOMONOAPE3UCTEHTHBIX METACTA30B MAMUIISAPHOIO PAKA LUUTOBUOHOMN
XENE3bl

3enuxckasa A.B.

BaxHol npobnemoll duacHoCMuUKU, fle4eHuUs U Mpo2HOo3Upo8aHus NanuisipHo20 paka WumosuldHOU xenes3bl S81910mcs
paduoliodpe3ucmeHmHbIe Memacmasbl, paHHee MPO2HO3UPO8aHUE MOSIBNIEHUS KOMOPbIX 803MOXHO MPU YCI08UU 8bISBNEHUS UX
yumonoau4YecKux U 2ucmosioauqyeckux ocobeHHocmed. Llenbto daHHOU pabomsi bbIr10 8bisi8IeHUE 2UCMOI02UYeCKUX U YUMmOIo2Uu4eCcKuX
XapakmepucmuKk Memacma3sos nanusispHbiX mupeoudHbIX KapUUuHOM, KOppenupyouwux ¢ ux Uod-HakonumersbHoU CrnocobHOCMbIO,
Ha OCHO8€ KOMOPbLIX CmaHem 803MOXHbIM MPO2HO3Upo8aHue paduoliodpe3ucmeHmHOCMU MuPeOoUOHbIX NanumnispHbIX KapyuHOM.
Bbirio nposedeHo yumonoauyeckoe uccriefosaHue ryHkmamos 30 nanumnnspHbiX KapyuHoMm u 45 memacmas08, 8bIsi8IeHHbIX 8
rocneonepayuoHHOM repuode, MpoaHanu3uposaHsl gucmoroaudyeckue xapakmepucmuku 100 nanunnaspHeIX KapyuHom obuwel
nonynayuu, 47 nep8uyHbIX NanuisipHbIX KapUUHOM U UX paduoliodpe3ucmeHmHbIX Memacma3sos, a makxe 17 nep8uyHbIX nanuisipHbIX
KapuyuHoM y nayueHmos ¢ paduoliodyyecmeumenbHbIMU Memacma3samu. Cmamucmuyeckyo obpabomky OaHHbIX Npoeodusnu no
Henapamempu4yeckomMy kpumepur x? 8 nakeme Statistica 11.0. Brniepsbie 6binu npogedeHbl yumoroaudyeckue uccriedosaHusl
rocreonepayuoHHbIX Memacmasos 8 CpaBHeHUU C Nep8UYHbIMU NanuIAPHbIMU MUPEOUOHbIMU KapyuHOMamu, KOmopble 8bisaeuru
Hanu4ue pasHbix cybrnonynayul u cmpykmyp mupeouyumos 8 nyHkmamax paduoltiodpe3ucmeHmHbiX Memacmasos, omcymcemsyouwue
8 paduolioduyscmeumernbHbIX Memacma3sax U MepsuyHbIX nanunispHbIX KapyuHomax. llokasaHo cmamucmu4yecku OocmosgepHoe
pasnuyue 8 Hanu4uu QoNUKYIAPHBIX CMPYKMYpP 8 2UCMOoIo2udeckom mamepuarne Mexoy nepeuyHbIMU NanuisgpHbIMU KapyuHoMamu
nayueHmos ¢ paduolioOpe3ucmeHmMHbIMU Memacma3saMu, NepeuyHbIMU NanuasapHbIMU KapyuHoOMaMu rnayueHmos ¢
paduoliodyyscmeumernbHbIMU Memacma3samu u obwel ronynayued nanunaspHbIX KapyuHoM. He eusierneHo cmamucmu4yecku
docmoeepHoU pa3HUUbl 8 HamIUYuU HEeKPOMUYEeCKUX U OKCUGhUIbHbIX U3MEHeHUU 8 2UCmosio2u4yeckoM Mamepuarne Mexoy ecemu
uccriedyembiMu epyrnnamu onyxosnel. Takum obpa3oM, yumosio2u4deckue xapakmepucmuku paduolodpe3ucmeHmHbIX Memacmasos
omnuyaromesi om paduolio0yyecmeumesibHbIX Memacma3sos U repeuyHbIX NanusispHbIX KapUUHOM Hanuquem pasHbiX cybrnonynayud
mupeoyumos, 0cobbiX KIemoYHbIX CMPYKMyp U OKCUGUTIbHO-KITEMOYHbIX UsMeHeHul. [JokazaHo, Ymo omcymemeue hOonnuKynsipHbIX
CMPYKMyp & 2ucmosio2u4ecKoM Mamepuarne rnepeuyHbIX NanuiisapHbIX KapUUHOM MOXHO MPUMEHSIMb 8 Ka4ecmee Mpo2HOCMUYECKO20
ghakmopa nosienieHusi paduoliodpe3ucmeHmMHOCMHbIX Memacma3sos.

KnioueBble cnoBa: nanunnspHas KapyuHoMa WumosudHOU Xernesbl, MOHKou20Ik4acmas acrnupayUuoHHas MyHKYUOHHas buorncusi,
paduoliodpe3ucmeHmHble Memacma3sbl, YUmornoaudeckue rnpu3Haku, aucmorioaudeckue rMpusHaku.
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ARTICLEINFO According to modern scientific literature, specific dermatoglyphic signs can be diagnostic
Received: 14 December, 2018 markers of a person's mental state. The purpose of the work is to identify the association
Accepted: 15 January, 2019 of dermatoglyphic indicators with personality characteristics of practically healthy men of

Ukraine. From the data bank of the materials of the research center of National Pirogov
Memorial Medical University, Vinnytsya were taken the primary dematoglyphic and
questionnaires indicators of personality characteristics of 92 practically healthy men in
the third generation residents of Vinnitsya, Khmelnytsky, part of Temopil and Zhytomyr regions.
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CORRESPONDING AUTH(_)R Processing of dermatoglyphs was performed according to the method of Cummins H. and
e-mail: freekozak1@gmail.com Midlo Ch. (1961) in the statement by Gladkova T.D. (1966). For objective evaluation of
Gunas V.I. personality traits of practically healthy men, a number of leading indicators were determined,

which included a number of properties of temperament (according to Eysenck), anxiety
(according to Spielberger), accentuated personality traits (according to Shmishek),
motivational orientation of personality (by Rotter), as well as the peculiarities of psycho-
emotional organization of personality, aggressiveness, the level of distribution of asthenic
and depressive personality manifestations (by the color test of Luscher), which were
determined on the basis of personal use personality questionnaires and test methods.
Factor analysis was performed in the "Statistica 6.1" license package. The main factors
that indicate the association of personality traits of practically healthy men with some
dermatoglyphic indicators are identified: "ridge count of fingers" (dispersion ratio - 13.22%)
and "atd angle" (dispersion ratio - 10.66%). Analysis of the obtained relationships of the
interdependence of indicators of personality characteristics with dermatoglyphic indicators
showed that with increasing indicators of ridge counts of the fingers and the delta index
the degree of probability of growth of indicators of neuroticism according to Eysenck,
situational and personal anxiety according to Spielberger, the accentuation of the character
ofthe emotional and arousing types by Shmishek, subjective control in the field of health
and illness according to Rotter, black and gray color by Luscher decreases, and the
indicators of the accentuation of the character of the anxious and demonstrative types by
Shmishek, the overall internality of the level of subjective control in the field of educational
(professional) relations according to Rotter, blue and blue-green color by Luscher - is
increasing. As the magnitude of the angle atd increases on both hands, the degree of
likelihood of growth of neuroticism according to Eysenck, situational and personal anxiety
according to Spielberger, accentuation of the character of the emotional, anxious and
arousing types by Shmishek, blue color by Luscher increase, and indicators of
accentuation of the character of the demonstrative type according to Shmishek, the
general internality of the level of subjective control, in the field of educational (professional)
relations and in the field of health and illness according to Rotter, blue-green, black and
gray color according to Luscher - decrease. The use of factor analysis has allowed to
determine the most significant correlation of indicators of personality characteristics
with dermatoglyphic indicators.

Keywords: dermatoglyphic indices, indices of personality traits, practically healthy
men, factor analysis.
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Introduction

Separation of a particular branch of dermatoglyphics -
psychodermatoglyphics was the result of numerous works
devoted to finding a connection between the peculiarities of
the skin pattern and the mental sphere of human life. This
branch finds its application for professional profile selection
of employees, students, pupils, revealing a tendency to
mental illness, creating a psychological portrait for the needs
of police, etc. [6, 15, 16].

In 2016, T. Ye. Afonichev, Yu. O. Tyshkovets, and
M. V. Filippova [2] conducted an experiment aimed at
determining the relationship between the features of skin
patterns of finger and the level of student success. 60
students were selected for the study, which were divided
into 4 groups according to mental development after passing
the Eysenck test. Whorls (32.8 %) were found to be more
prevalent in high-intelligence individuals, especially on the
left hand. Students with low mental development tend to
have loop patterns (65.0 %), and most of them were found
on the third and fifth fingers of left and right hands.

210 people enrolled in Lagos (Nigeria) schools were
screened to identify specific dermatoglyphic markers of
giftedness to one or another type of learning [1]. The
respondents belonged to the Yoruba, Igbo and Hausa ethnic
groups. The most common among gifted schoolchildren
were such elements of patterns as whorls and ulnar loops.
Thus, 65 % of schoolchildren who have a gift for music
education have a pattern type - whorl. At the same time,
ulnar loops on the second finger of the left and right hands
were the most characteristic among schoolchildren with a
genius for the logical and mathematical sciences.

A similar study that had the same purpose was
conducted in 2014 by Kumari K.L., Babu P.V. and Kumar S.V.
[18]. This study found only an increase in the number of
ulnar loops and a significant prevalence of whorls when
examining students studying medical specialties.

The features of skin pattern in depressed individuals
have been identified by a group of Chinese scientists [19].
V.0. Tikholaz and Yu.J. Guminsky established the features
of dermatoglyphics in patients with paranoid form of
schizophrenia depending on the duration of inpatient
treatment. When comparing dermatoglyphics data between
healthy and diseased individuals, significant differences in
both quantitative indexes of palmar and finger
dermatoglyphics were revealed [25]. A team of scientists
analyzed 22 studies in the period 1968-2012, on the topic of
the relationship between indicators of skin pattern and
schizophrenia. It has been found that the most frequently
mentioned in articles statistically significant indicators were
total finger ridge score and the palmar ridge score on the
line connecting the tri-radii a-b [12]. A similar study was
conducted by a group of Bulgarian researchers, who also
point to the priority importance of the index of the palmar
ridge score on the line connecting the tri-radii a-b in this
disease [3].

The purpose of the work is to identify the association of

dermatoglyphic indicators with personality characteristics
of practically healthy men of Ukraine.

Materials and methods

From the data bank of the materials of the research center
of National Pirogov Memorial Medical University, Vinnytsya
were taken primary dermatoglyphic indices and personality
indicators of 92 practically healthy men (selected after
psychophysiological and psycho-hygienic questionnaire and
detailed clinical examination) of the first mature age in the
third generation residents of Vinnytsiya, Khmelnytsky region,
parts of Ternopil and Zhytomyr regions (Podillia region).

Processing of dermatoglyphs was performed according
to the method of Cummins H. and Midlo Ch. [8] in the
statement by Gladkova T.D. [11].

For objective evaluation of personality traits of practically
healthy men, a number of leading indicators were
determined, which included a number of properties of
temperament (according to Eysenck), anxiety (according to
Spielberger), accentuated personality traits (according to
Shmishek), motivational orientation of personality (by Rotter),
as well as the peculiarities of psycho-emotional organization
of personality, aggression, the level of distribution of asthenic
and depressive personality manifestations (by the Luscher
color test), which were determined on the basis of the use of
personality's questionnaires and test methods [9, 10, 13,
17, 20, 22-24].

For the purpose of prognostic assessment of the
influence of dermatoglyphic indices on the indices of
personality traits of practically healthy men of Ukraine used
factor analysis, which was carried out in the licensing
package "Statistica 6.1" [5].

Results

For factor analysis, we included all indices of personality
traits, indexes of finger and palmar dermatoglyphics, and
asymmetry indices of dermatoglyphic indices that have no
negative values.

Using the "scree plot", 3 separate factors were identified

(Fig. 1).

Plot of Eigenvalues
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Fig. 1. Select the number of factors with the help of "scree plot".
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Table 1. The results of primary data processing using factor

analysis.
Eigenval | % total Variance Cumul. Eigenval Cumul. %
1 13.31 11.78 13.31 11.78
2 10.57 9.35 23.88 21.13
3 6.24 553 30.12 26.66

Notes: Eigenval - eigenvalues; % total Variance - % of total
variance; Cumul. Eigenval - sum of eigenvalues; Cumul. % -
accumulated percentage of variance.

As a result of the use of factor analysis for 3 factors, we have
established the following main characteristics (Table 1).

Since the eigenvalues of all factors are greater than 1,
they have the right to exist by the first criterion for the selection
of factors. The total amount of variance is 30.1 %, but the
third "part" of the variance is different from the previous one,
so it can be abandoned (see Table 1).

Then we calculated the load (correlation coefficients
between the original variables and the values of the factors),
which allowed us to allocate the most significant load for
each factor (Table 2).

Table 2 shows that the first factor includes the quantitative
indexes of finger dermatoglyphics, and the second - the
magnitude of the angles on the palms.

To maximize the scatter of load squares, we used the
Varimax method for each factor (Table 3). When comparing
the results with the data in Table 2, we can see that the
magnitude of the loadings in the first factor remained
practically unchanged. In the second factor, only the
magnitude of the atd angle on the right and left palms
remained among the most significant loads (see Tables
2,3).

Taking into account the results obtained, the first factor
can be defined as the "ridge count of the fingers" and the
second factor - the "angle atd".

The obtained results allow in practically healthy men of
Ukraine to define and formalize the interdependence of
indicators of personality characteristics with dermatoglyphic
indicators in the form of the following relationships: Yoz e =
0.361f1+0.011f2;y,, |, =-0.084f1 + 0.454f2;y ,, | =-0.092f1

+-0.1852; y ¢, ¢, = -0.1161 + 0.016f2; y g, ., = -0.057f1 +
0.353f2; Y, ¢, = 0.089f1 + -0.090f2; y,q, , = -0.101f1 +
0.408f2; Y,g,, ¢y = -0.002f1 + 0.0912; g, = -0.1031 +
0.094f2; yg, = 0.063f1 + 0.1152; y(SH_C) = -0.103f1 +
0.386f2; Y, o = 0.044f1 + -0.025f2; y, ,, = -0.128f1 +
0.289f2; Y, o, = ~0.055f1 + 0.143f2; g, o = 0.055f1 +

0.370f2; Y, gy ,, = 0.045f1 + -0.36412; y, , = 0.0571 + -

0.311f2; y, g 5 = 0-137F1 + -0.303f2; y g, , = 0.042f1 + -
0.29112; Y, gy 5 = 0.099f1 + -0.120f2; y g, ;) = 0.085f1 + -
0.272f2; Yyqy 5, = -0.066f1 + -0.122f2; y | = 0.104f1 +
0.076f2; Y5 = 0.133f1 + -0.007f2; y, q , = 0.036f1 +
0.057f2; Y g o = -0.059f1 + -0.058f2; y, ¢ 5 = -0.060f1 + -

0.038f2; y ;5 ) = 0.133f1 + 0.01712; y )¢ ,, = -0.043f1 + -
0.012f2; Yius 8™ -0.287f1 + -0.049f2; where, factor f1 - should
be defined as "ridge count of fingers" (proportion of variance
- 13.22 %) and is associated with virtually all indexes of the

Table 2. The value of factor loadings indicators of personality

characteristics and dermatoglyphics.

Factor Loadings Factor Loadings
(Varimax raw) (Varimax raw)

Extraction: Principal Extraction: Principal

Indicators | components (Marked | Indicators | components (Marked

loadings are > .700) loadings are > .700)

Factor 1 | Factor 2 Factor 1 | Factor 2

1 2 3 4 5 6

AZ_E 0.035 0.012 ATD_R 0.010 0.851
AZ_N -0.103 0.451 AD_R 0.244 0.496
AZ_L -0.084 -0.189 CT_R 0.226 -0.617
SP_ST -0.116 0.011 AB_R 0.050 0.482
SP_LT -0.071 0.350 BC_R 0.095 0.334
SH_G 0.092 -0.086 CTD_R 0.032 0.568
SH_Z -0.117 0.403 ATB_R -0.025 0.687
SH_EM -0.006 0.091 BTC_R -0.007 0.482
SH_P -0.107 0.090 CD_R 0.195 0.229
SH_T 0.058 0.118 DAT_R -0.018 -0.607
SH_C -0.119 0.381 ATD_L 0.160 0.834
SH_DM 0.045 -0.023 AD_L 0.209 0.515
SH_V -0.139 0.284 CT_L -0.008 -0.678
SH_DC -0.061 0.141 AB_L 0.074 0.461
SH_EK 0.040 0.372 BC_L -0.030 0.460
USK_1 0.060 -0.362 CTD_L 0.177 0.507
USK_2 0.070 -0.308 ATB_L 0.171 0.703
USK_3 0.149 -0.297 BTC_L -0.122 0.523
USK_4 0.054 -0.289 CD_L 0.195 0.236
USK_5 0.104 -0.116 DAT_L -0.169 -0.613
USK_6 0.096 -0.268 K_R 0.214 -0.156
USK_7 -0.061 -0.125 IK_L 0.101 -0.170
LUS_1 0.101 0.080 HIP_R -0.153 0.079
LUS_2 0.133 -0.002 TEN_R 0.015 -0.291
LUS_3 0.034 0.059 IR -0.057 -0.182
LUS_4 -0.056 -0.060 IR -0.072 0.192
LUS_5 -0.058 -0.040 IR -0.216 0.186
LUS_6 0.133 0.022 V_R 0.196 -0.061
LUS_7 -0.042 -0.014 T1_R 0.030 0.684
LUS_8 -0.284 -0.061 T2_R 0.020 -0.635
TF_R1 0.199 0.079 T3_R 0.023 -0.128
FRC_R1 0.697 -0.001 TT_R -0.076 0.290
TF_R2 0.100 -0.136 HIP_L 0.003 0.173
FRC_R2 | 0815 -0.077 TEN_L -0.012 -0.199
TF_R3 -0.024 0.009 L -0.126 -0.083
FRC_R3 | 0.828 -0.073 L -0.121 0.289
TF_R4 0.004 -0.388 n_L -0.091 0.118
FRC_R4 | 0.774 0.061 V_L -0.009 -0.173
TF_R5 0.230 -0.018 TI_L 0.094 0.643
FRC_R5 | 0.800 0.041 T2_L -0.043 -0.621
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Continuation table 2.

Table 3. The value of factor loadings of indicators of personality

1 2 3 4 5 6 characteristics and dermatoglyphics after factor rotation by the
Varimax method.
DTR_R 0.840 -0.040 T3_L 0.070 -0.138
Factor Loadings Factor Loadings
SRC_R 0.955 -0.018 TT_L -0.052 0.327 (Varimax normalized) (Varimax normalized)
) Extraction: Principal ) Extraction: Principal
TF_L1 0.492 -0.062 RL_TF1 0.270 0146 Indicators | components (Marked | Indicators | components (Marked
FRC L1 | 0712 | 0040 | RLTF2 | 0.082 0.106 loadings are > .700) loadings are > .700)
TF L2 0.022 0.029 RL TF3 0170 0,021 Factor 1 | Factor 2 Factor 1 Factor 2
FRC_L2 0.846 0.094 RL_TF4 0.275 0.119 ! 2 3 4 ° 6
AZ_E 0.036 0.011 ATD_R 0.045 0.850
TF_L3 0.051 0.214 RL_TF5 0.120 0.035
AZ_N -0.084 0.454 AD_R 0.264 0.485
FRC_L3 | 0.852 0.032 RL_HIP 0.055 0.043
AZ L -0.092 -0.185 CT.R 0.201 -0.626
TF_L4 0.388 0.059 RL_TEN 0.035 0.077 S ST 0116 0.016 AB_R 0.070 0.430
FRC_L4 0813 0113 RLI 0.071 0.010 SP_LT -0.057 0.353 BC_R 0.109 0.330
TP LS5 | 0283 | 0052 R 0161 | 0047 SH G | 0089 | -0000 | cTD.R | 0055 | 0566
FRC_L5 0.739 0.154 RL_IlI 0.267 0.192 SH Z -0.101 0.408 ATB_R 0.003 0.687
DTR L 0.828 0.029 RL_IV 0.199 0.064 SH_EM -0.002 0.091 BTC_R 0.012 0.481
DTR_10 0.879 0.001 RL_T1 -0.172 0.185 SH_P -0.103 0.094 CD_R 0.204 0.220
SRC L 0.954 0.079 RL T2 -0.259 0.077 SH_T 0.063 0.115 DAT_R -0.043 -0.606
TRC_10 0.981 0.031 RL_T3 -0.208 -0.042 SH_C -0.103 0.386 ATD_L 0.194 0.827
RL TT 0.057 0019 SH_DM 0.044 -0.025 AD_L 0.230 0.506
Expl.Var 1317 10.71 SH_V -0.128 0.289 CT_L -0.036 -0.677
SH_DC -0.055 0.143 AB_L 0.093 0.458
Prp.Totl 0.117 0.095 — —
- - - SH_EK 0.055 0.370 BC_L -0.011 0.461
Notes: here and in the future, Factor Loadings - factor loadings;
Extraction: Principal components - extraction: principal components; USK_1 0.045 -0.364 cT_L 0.197 0.500
Marked loadings are >.700 - marked loadings are >0.700; Factor 1 USK_2 0.057 -0.311 ATB_L 0.200 0.696
- factor 1; Factor 2 - factor 2; Epr.Var - the total variance of the USK_3 0137 0303 BTC L 0101 0527
factor; Prp.Totl - share of total variance; the most significant loads
are highlighted in red; AZ_ - indicators by Eysenck scale (E - USK_4 0.042 -0.291 CD_L 0.204 0.228
extraversion-introversion, N - neuroticism, L - insincerity); SP_ - USK_5 0.099 -0.120 DAT L -0.194 -0.606
Spielberger an_X|et¥ |nd|cator_s (_ST - situational (rea(_:tlve) anxiety, LT USK_6 0.085 0272 K_R 0.207 0165
- personal anxiety); SH_G - indicators of accentuation character by
Shmishek (G - hyperthymic type; Z - jamming type; EM - emotional USK_7 -0.066 -0.122 IK_L 0.094 -0.174
type; P - pedantic type; T - alarming type; C - cyclothymic type; DM LUS_1 | o0.104 0.076 HP_R | -0.150 0.085
- demonstrative type; V - excitable type; DC - dysthymic type; EK - — —
excitable type); USK_ - indicators of the scale of subjective control Lus_2 0.133 -0.007 TEN_R 0.003 -0.292
by Rotter (1 - general internality, 2 - in the field of achievement, 3 - in LUS_3 0.036 0.057 IR -0.064 -0.179
the flel_d of failure, 4 -in the flelc_i of famlly relathns, 5 -in the field of LUS_4 -0.059 0.058 IR -0.064 0.195
educational (professional) relations, 6 - in the field of interpersonal
relations, 7 - in the field of health and illness); LUS_ - indicators of LUS 5 | -0.060 | -0.038 IR -0.208 0.195
colors by Luscher (1 - blue, 2 - blue-green, 3 - orange-red, 4 - light LUS_ 6 0.133 0.017 V_R 0.193 -0.069
yellow, 5 - purple, 6 - brown, 7 - black, 8 - gray); _R1 - _R5 - " i
corresponding fingers of the right hand; _L1 - _L5 - corresponding Lus 7 0.043 0.012 MR 0.058 0.682
fingers of the left hand; TF_ - the pattern type of the corresponding LUS_8 -0.287 -0.049 T2 R -0.006 -0.635
finger; FRC_ - a local ridge count on each finger; DTR _ - delta index; TF R1 0.202 0.071 T3 R 0.018 -0.129
SRC_ - summary five-finger ridge count; TRC_10 - total finger ridge FRCj VN R 5090 TT_R 5004 5293
score; AD_ - the distance between the tri-radii a-d; CT_ - the distance = : e = e :
between the tri-radii c-t; AB_ - palm ridge count on line connecting TF_R2 0.094 -0.140 HIP_L 0.010 0.173
tri-radii a-b; B_C_ - palm ridge count on line cor_mecting tri-radii b-c; FRC_R2 0.811 20.110 TEN_L 20.020 0.198
CTD_ - the size of the angle ctd; ATB_ - the size of the angle atb;
BTC_ - the size of the angle btc; CD_ - palm ridge count on line TF_R3 -0.024 0.010 LL -0.129 -0.077
connecting tri-radii c-d; DAT_ - the size of the angle dat; IK_ - index FRC_R3 0.824 -0.107 L -0.109 0.293
value of major palm lines (Cummins index); HIP_ - the presence of a
— TF_R4 -0.012 -0.388 l_L -0.087 0.121
pattern on the hypotenar; TEN_ - the presence of a pattern on the — —
tenor; |_- IV_ - the presence of a pattern on the corresponding inter- FRC_R4 | 0.775 0.029 V_L -0.016 -0.173
finger pads; T1_ - the presence of a carpal palm tri-radii; T2_ - the TF_R5 0.229 -0.028 T L 0.120 0.639
presence of an mthrmedlate palm tri-radii; T3_ - the pre_senc_(_a. of a FRC_R5 0801 0.008 T2 L 0,069 0618
central palm tri-radii; TT_ - the presence of several palm tri-radii; RL_
- asymmetry of relevant indicators. DTR_R 0.838 -0.074 T3_L 0.064 -0.141
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Continuation table 3.

1 2 3 4 5 6
SRC_R 0.954 -0.058 TT_L -0.039 0.329
TF_L1 0.489 -0.083 RL_TF1 0.264 -0.157
FRC_L1 0.710 -0.069 RL_TF2 0.077 -0.109
TF_L2 0.023 0.028 RL_TF3 0.169 -0.028
FRC_L2 0.849 0.059 RL_TF4 0.280 0.107
TF_L3 0.060 0.212 RL_TF5 0.121 0.030
FRC_L3 0.853 -0.003 RL_HIP 0.056 0.040
TF_L4 0.390 0.043 RL_TEN 0.038 0.075
FRC_L4 0.817 0.079 RL_I 0.071 0.007
TF_L5 0.285 0.040 RL_II 0.159 -0.054
FRC_L5 0.744 0.124 RL_IN 0.275 0.181
DTR L 0.829 -0.005 RL_IV 0.201 0.056
DTR_10 0.878 -0.035 RL_T1 -0.165 0.192
SRC_L 0.957 0.040 RL_T2 -0.255 0.087
TRC_10 0.981 -0.009 RL_T3 -0.210 -0.033
RL_TT 0.057 -0.021
Expl.Var 13.22 10.66
Prp.Totl 0.117 0.094

comb finger count (except for the | right finger) as well as
the summary, total ridge count and delta index; factor f2 -
should be defined as "the magnitude of the angle atd"
(proportion of variance - 10.66 %) and includes in its
structure only the magnitude of the angle atd of the right
and left palms.

Discussion

Uzbek researchers have identified the relationship
between the features of dermatoglyphics and personality
traits. The results of the data processing showed a
relationship between boys' bravery indices and the end of
the main palmar line D on the left arm [4].

P. M. Polushkin et al. [21] created a system that allows
an accurate portrait of a person to be portrayed with an
accuracy of 85 % based on the fingerprints. In the work,
boys and girls were divided into groups by temperament,
after which they were conducted a dermatoglyphic study.

In recent years, factor analysis has become very
popular in biomedical research, which allows us to quantify,
for most of the traits under study, a relatively narrow set of
properties that characterize associations between these
traits and certain generalized factors [5].

When using factor analysis, it was found that, in
practically healthy men of Ukraine, factors such as "ridge
finger count" (13.22% dispersion angle) and "atd angle"
(10.66% dispersion ratio) are most often associated with
personality traits.

Analyzing the relationships obtained by the
interdependence of personality traits (which have the highest
predictive value in terms of human personality formation -

AZ_N,SP_ST,SP_LT,SH_EM, SH_T, SH_DM, SH_V, USK_1,
USK_5, USK 7, LUS_1, LUS_2, LUS_7 and LUS_8) with
dermatoglyphic indicators by factor analysis, it should be
noted:

with increasing the indexes of the ridge count of the fingers
(except for the | finger of the right hand), as well as the
summary, total ridge counts (characterize the capacity of the
patterns - normal, the more complex the pattern, the higher
the ridge count [14]) and delta index (characterize the intensity
of the ridge formation [14]) the degree of probability of growth
of indicators Z_N, SP_ST, SP_LT, SH_EM, SH_V, USK_7,
LUS_7 and LUS_8 decreases and SH_T, SH_DM, USK _1,
USK_5, LUS_1, and LUS_2 - increases;

with increasing the magnitude of the angle atd (depends
on the localization of the tri-radii a and d at the base of the
fingers Il and V and axial tri-radii t; consider that the decrease
in the palmar angle reflects a decrease in viability and is
associated with a number of diseases that exclude longevity
[7]) on both palms the degree of probability of growth of
indicators AZ_N, SP_ST, SP_LT, SH_EM, SH_T, SH_V, and
LUS_1 increases, while SH_DM, USK_1, USK_5, USK 7,
LUS 2, LUS_7, and LUS_8 - decreases.

Thus, the use of factor analysis made it possible to
determine the most significant relationship between
personality traits and dermatoglyphic indices.

Conclusions

1. When conducting factor analysis identified the main
factors that have a significant impact on the characteristics
of personality traits of practically healthy men - "ridge count
of fingers" (proportion of variance - 13.22 %) and "the
magnitude of the angle atd" (proportion of variance - 10.66
%).

2. Analysis of the obtained relationships of
interdependence of indices of personality characteristics
that have the most predictive value in terms of personality
formation of a person with dermatoglyphic indices showed
that with increasing indexes of ridge counts of fingers and
delta index the degree of probability of increase in indices
of neuroticism by the Eysenck, situational (reactive) and
personal anxiety by Spielberger, accentuation of the
character of the emotional and arousing types according
to Shmishek, subjective control in the field of health and
diseases by Rotter's, black and gray color according to
Luscher decreases, and indicators of accentuation of the
character of alarming and demonstrative types according
to Shmishek, general internality of the level of subjective
control and in the field of educational (professional)
relations according to Rotter, blue and blue-green colors
by Luscher - increases; as the magnitude of the angle atd
increases on both palms, the degree of probability of growth
of indicators of neuroticism according to Eysenck,
situational (reactive) and personal anxiety according to
Spielberger, accentuation of the character of the emotional,
anxious and arousing types by Shmishek, blue color by
Luscher increase, and indicators of accentuation of the
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character of the demonstrative type by Shmishek, the
general internality of the level of subjective control, in the
field of educational (professional) relations and in the field
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NPOrHOCTUYHA OLIIHKA ACOLINOBAHOCTI AEPMATOMI®IYHUX MOKA3HUKIB 3 MOKASHUKAMU OCOBJIUBOCTEN

OCOBUCTOCTI, BCTAHOBNEHA ®AKTOPHUM AHANI3OM

CepebperHikoea O.A., lyHac B.l., Knimac J1.A., OyepemHa H.I1., Warok A.B.

Pe3tome. 32i0HO 3 OaHumu cydyacHOi HayKoeoi nimepamypu crieyudbidHi depmamoanichidHi 03HaKku MoxXymb Oymu GiazHOCMUYHUMU
MapKepamu fcuxiyHoeo cmaHy moduHu. Mema pobomu - susseumu acoujiliosaHicmb 0epmamoerighidHUX MOKa3HUKI8 3 rnoka3HuKkamu
ocobnusocmeli ocobucmocmi npakmu4yHO 300po8uUX Yor1o8iKie YkpaiHu. 13 baHKy daHux Mamepiasnig Haykogo-00C/iOHO20 UeHmpy
BiHHUUbK020 HaujoHarbHo20 MedUuYHO20 yHisepcumemy im. M.1. [Nupoeosa e3smi nepsuHHi demamoarichidHi MoKa3HUKU ma aHKemu rnoKa3HUKiIe
ocobnusocmeti ocobucmocmi 92 Mpakmu4yHO 300pOBUX YOIIOBIKI8 y MPembOoMy MOKOMIHHI MewkKaHuie BiHHUUBKOI, XMenbHUUbKOI, YacmuHu
TepHoninbcbkoi ma XKumomupcekoi obnacmet. Obpobky depmamoeriichie nposodurnu 3a memodukoro Cummins H. i Midlo Ch. (1961) y
suknadi Mnadkosoi T.[. (1966). [ns o6'ekmusHoi ouyjiHKu ocobriugocmeti ocobucmocmi npakmu4HO 300po8uX Hos108iKie byro 8usHa4eHo psid
npogidHUX roka3Hukie, 00 cknady sikux gidHecnu uinul psid enacmusocmeli memnepameHmy (3a AU3eHKOM), mpugoxHocmi (3a
Cninbepeepom), akueHmytiosaHux puc ocobucmocmi (3a LLimiwekom), momusauitiHoi cripsimogaHocmi ocobucmocmi (3a Pommepowm), a
makox ocobnusocmeli ncuxoemouiliHoi opeaHizauii ocobucmocmi, azpecugHoOCMi, PiBHSI MOWUPEHHS acmeHiYHUX i dernpecusHuUx
ocobucmicHux rposeie (3a KomipHUM mecmom Jlrowepa), siKi eu3Hayanu Ha ridcmasi 8UKOpPUCMaHHs 0COBUCMICHUX OnuMmyeasnbHUKIg i
mecmosux memodOuk. @akmopHull aHari3 nposedeHull y niueHsitiHoMy nakemi "Statistica 6.1". BusHa4eHO 207108Hi YUHHUKU, 5iKi ceid4amb
npo acoujtiogaHicms ocobriueocmeli ocobucmocmi npakmu4yHo 300p08uUX Horio8ikie 3 OesskuMuU OepMamoenighidHUMU MoKa3HUKaMu:
"epebiHyesull paxyHok nanbuyie kucmel" (vacmka oucnepcii - 13,22%) i "senuduHa kyma atd" (yacmka Oucnepcii - 10,66%). AHarni3
OmpuUMaHUX 83aEMOBIOHOWEHL 83aEMO3aIEXXHOCMI noka3Hukie ocobriugocmeli ocobucmocmi 3 0epmamoasiichiYHUMU MOKa3HUKaMu
rokasas, wo rpu 36inbWeHHi NoKasHUKi8 epebiHuesux paxyHkie nanbuyie kucmel ma 0efbmogozo iHAeKcy cmyriHb UmMogipHocmi
3pocmaHHs1 NMokasHukie Helipomu3my 3a AU3eHKOM, cumyamueHoi ma ocobucmicHoi mpusoxHocmi 3a Crninbepaepom, akuyeHmyauii

Vol. 25, Ne1, Page 12-18 17



Predictive assessment of the association of dermatoglyphic indicators with indicators of personality traits, established...

Xxapakmepy emomugHoeo U 36ydnueoz2o murnie 3a LLmiwekom, cyb'ekmusHO20 KOHMPOIO 8 2aiy3i 300po.'si ma xeopobu 3a Pommepom,
YOpPHO20 i cipoeo Kombopy 3a Jllowepom 3MeHWyembCsi, a NoKasHUKi8 akuyeHmyauii xapakmepy mpueoxXH020 i 0eMOHCmpamueHoe0
munie 3a LUmiwekom, 3a2anbHOi iHmepHanbHOCMI pigHs1 cyb'eKmu8HO20 KOHMPOIO i 8 2ary3i Hag4yarbHUX (MPogeciliHuX) 8i0HOCUH 3a
Pommepom, cuHb020 i CUHbO-3€/1eH020 Kobopy 3a JTlowepom - 36inbwyemscs. [Npu 36inbweHHi 8enuyuHu Kyma atd Ha 060x OOTOHSX
cmyniHb UMO8IpHOCMI 3pOCmMaHHSA MOKa3HUKie Helipomu3Mmy 3a AU3eHKOM, cumyamueHoi i ocobucmicHOi mpugoxHocmi 3a
Cninbepeepom, akueHmyauii xapakmepy eMomueHO20, MpugoXxHo20 i 36ydnueoeo muriie 3a LLImiwekom, cuHbo20 Korbopy 3a Jlrowepom
36inbWyembcsl, a MoKa3HUKie akueHmyauii xapakmepy demMoHcmpamugHo20 murny 3a Llmiwekom, 3a2anbHOI iIHMepHanbHOCMI pigHs
cy6'eKmueHO20 KOHMPOII, 8 2ary3i HagyanbHUX (npogbeciliHux) 8iOHOCUH | 8 2any3i 300pos’s ma xeopobu 3a Pommepom, CUHbO-
3e/1eH020, YOPHORO i Cip020 Korbopy 3a JIrowepom - 3MeHWyembcsi. 3acmocyeaHHs hakmopHO20 aHanidy 0ano Moxirugsicms su3Haqdumu
Halbinbw 3Haqyuwji 83aEM038'A3KU MOKa3HUKie ocobnusocmel ocobucmocmi 3 depmamoanichidHUMU MOKa3HUKaMu.

KnrouoBi cnoBa: depmamoenichidHi nokasHUKU, MokasHUKU ocobrusocmeli ocobucmocmi, npakmu4HO 300po8i Yorosiku, chakmopHul
aHaris.

MPOrHOCTUYECKAS OLIEHKA ACCOLMMPOBAHHOCTU OEPMATOIMNTU®UYECKUX MOKA3ATEJNEN C MOKA3ATENAMU
OCOBEHHOCTEN INYHOCTH, YCTAHOBIIEHHAA ®AKTOPHbLIM AHAJTU30OM

CepebpeHHukoea O.A., lyHac B.U., Knumac J1.A., OyepemHas H.I., Larok A.B.

Pe3tome. CoznacHo OaHHbIM cospeMeHHOU Hay4YHoU numepamypbi crieyugbudeckue depmamoanuguyeckue rnpusHaku moaym 6bimb
duacHoCMuUYeCKUMU MapKepamu fcuxu4ecKko2o CoOCmosHuUSA 4Yyenoseka. Llenb pabomsl - 8bis8umMb accoyuupoeaHocmb
depmamoenughudeckux nokazamesel € nokasamesnsmu ocobeHHocmel NUYHOCMU fpakmu4yecku 300p08bIX MYXYUH YKpauHbl. U3
baHKa 0aHHbIX Mamepuarnos Hay4YHo-uccnedos8amesnsCKo20 yeHmpa BUuHHUYKO20 HayuoHanbHo20 MeOUYUHCKO20 yHuUsepcumema um.
H./. lNupozosa 83simbI nepsuyHbie depmamoanugudeckue rnokasamenu u 0aHHble aHkem ocobeHHocmel uyHocmu 92 rpakmu4yecku
300p08bIX MY>XHUH 8 mpembeM MoKoneHuUU xumesnel BuHHUykoul, XmenbHuykol, yacmu TepHomnonbckol u XXumomupckol obnacmed.
O6pabomky depmamoanughos nposodusiu no memoduke Cummins H. u Midlo Ch. (1961) e usnoxeHuu nadkoeou T.4. (1966). Ansa
06BbeKmuBHOU OUeHKU 0cobeHHocmel NUYHOCMU fpakmuYyecku 300poebiX Myx4uH Oblrn orpedesieH psi0 eedywjux rnokasamerned, 8
cocmas KomophbIX OmHecsu yesbil psid ceolicme meMnepameHma (o AlseHky), mpegoxHocmu (o Crunbepaepy), akueHmyupo8aHHbIX
yepm nuyHocmu (no LUmuweky), momuegayuoHHOU HarnpasrneHHocmu fnuyHocmu (no Pommepomy), a makxe ocobeHHocmel
MCUX03MOUUOHabHOU opaaHu3ayuu JIUYHOCMU, a2peccus8HOCMU, YPOBHS PacrnpoCcmpaHeHUsi acmeHUYecKux U O0ernpeccusHblX
JIUYHOCMHBIX nposisneHull (Mo ysemosomy mecmy Jliowepa), komopbie onpedensanu Ha OCHO8e UCMOMb308aHUST STUYHOCMHBIX
OMPOCHUKOB U mecmosbix MemoOuK. PakmopHbIl aHanu3 npoeedeH 8 NuyeH3UoHHoM nakeme "Statistica 6.1". OnpederneHb enagHble
hakmopbl, Komopble cgudemeribcmaylom 06 accoyuupoeaHHOCMU 0cobeHHocmel JIUYHOCMU Mpakmu4yecku 300p08bIX MYXYUH C
HekomopbiMu depmamoeanughudecKkumMu rnokazamenamu: "epebewkossili cHem nanbuyes Kucmel" (dona ducnepcuu - 13,22 %) u
"genuyuHa yena atd" (donsi ducnepcuu - 10,66 %). AHanu3 rnomy4yeHHbIX 83aUMOOMHOWEHUU 83auMo3agucuMocmu rokazamesneu
ocobeHHocmel nu4yHocmu ¢ 0epmamoenuguyecKkuMu rnokasamensmMu rokasas, 4Ymo fpu yeenuyeHuu rokasamesel 2pebewKosbix
cyemos nanbyes Kucmeul u 0enbmogoeo UHOeKca cmereHb 8epOsIMHOCMU pocma rokasamersnel Helpomu3ama o AU3eHKY,
cumyamuegHoU U IU4HOCMHOU mpesoxxHocmu o Criunbepaepy, akueHmyayuu xapakmepa 3MomueHo20 U 8030yxdaroujeco muros no
Wimuweky, cybbekmugHoeo KoHmposns 8 obnacmu 300poebs u bonesHu no Pommepy, YepHoeo u cepozo ysema o Jlrowepy
yMeHblaemcs, a rnokasamersnel akyeHmyayuu xapakmepa mpegoxHo2o u deMoHcmpamugHo2o0 munos no Lmuweky, obwel
UHMepHarnbHOCMU ypo8Hs CybbeKkmueHO20 KOHmpOoIis u 8 obracmu y4ebHbix (MpogheccuoHarnbHbix) omHoweHul no Pommepy, cuHeeo
U cuHe-3eneHo20 ysema no Jlowepy - ygenuyueaemcs. [pu ysenudeHuu eenuyuHbl yana atd Ha 06oux nadoHsIX cmerneHb 8eposiImMHOCMU
pocma rokazamerseu Helipomu3sma o AU3eHKyY, cumyamueHoU U JTuU4HOCmHoU mpesoxHocmu o Criunbepaepy, akyeHmyauyuu xapakmepa
AMOMUBHO20, MPE8OXHO20 U 803byx0datowezo murnos o LUmuweky, cuHez2o yeema no Jlrowepy ysenuyusaemcs, a nokasamernel
akuyeHmyayuu xapakmepa 0eMoOHcmMpamuseHo20 muna no LLimuweky, obuwiell UHMepHanbHOCMU YPOBHSI CyObEeKMUBHO20 KOHMPOs, 8
obrniacmu y4ebHbIx (pogheccuoHarnbHbIX) omHoweHUl u 8 obrnacmu 300posbsi u bonesHu no Pommepy, CUHe-3em1eH020, YePHO20 U
cepozo ysema no Jlrowepy - ymeHbwaemcs. [lpumeHeHue chakmopHO20 aHanusa ro3eonuso onpedenums Haubonee 3HayuMble
83aumMoces3u rnokasamenel ocobeHHocmel nu4yHocmu ¢ 0epmamoznuhudeckuMu rnokasamensimu.

KntoueBble cnosa: depmamoanuguyeckue nokasamesu, nokasamenu ocobeHHocmeu TUYHOCMU, MPaKmMu4Yecku 300posblie MyX4YUHbI,
¢hakmopHbIU aHanu3.
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To date, the state of the local immune system of the human prostate gland is not
sufficiently studied, which prevents in-depth study of sexual disorders and infertility in
men, as well as its common diseases: hypertrophy, adenoma, cancer. In order to study
the morphological state of the lymphoid apparatus of the prostate of rats on the
background of immunostimulation, 60 rat prostate glands were studied by histological,
morphometric and statistical methods. Using the methods of variation statistics, we
assessed the correctness of the distribution of signs for each of the obtained variation
series, the average values for each attribute that was studied, standard errors and
standard deviations. The reliability of differences in values between independent
micrometric values with a normal distribution of signs was determined by the Student's
criterion. The paper describes the patterns of formation of the local immune system of
the prostate gland in the experiment after the introduction of immunoglobulin in adult
male rats Wistar line. It was revealed that in rats after administration of immunoglobulin,
the formation of lymphoid structures was observed three days earlier than in intact and
control rats. First appear lymphoid formations in the stroma of the prostate gland, in the
blood vessels - perivascular lymphoid nodules. By the end of the first week, lymphoid
structures are formed in the glandular epithelium of the prostate gland - lymphoepithelial
nodules. In lymphoid structures, the content of lymphocytes in all periods exceeds the
benchmarks with the maximum changes on day 7 of the study. Reactive changes in the
capillary endothelium in close relationship with the restructuring of lymphoid nodules
during antigenic stimulation indicate that they are redundant in providing immune
homeostasis. Thus, against the background of immunostimulation, changes occur in
the local immune system of the prostate gland, manifested in an increase in the number
of immunocompetent cells, the formation of lymphoid nodules, and are accompanied
by corresponding changes in the hemomicrocirculatory bed.

Key words: prostate gland, immunostimulation, lymphoid component.

Introduction

Functional and morphological features of the human
prostate gland are an important problem in connection with
the spread of its diseases, in the pathogenesis of which
there are violations of specific and nonspecific mechanisms
of protection [1, 4, 6, 7, 8, 26]. Lack of knowledge about the
morphofunctional changes of the prostate gland and virtually
no studies aimed at studying the morphological substrate
of local nonspecific immune responses, prevents in-depth
study of sexual disorders and infertility in men, as well as its
common diseases: hypertrophy, adenomas, cancer [13, 17,
25, 29].

Existing data do not allow us to formulate the general
patterns of prostate morphogenesis and to determine the

role of its lymphoid formations in the formation of nonspecific
and specific mechanisms of protection in the norm and
pathology [2, 3, 5, 9, 10, 11, 12].

So we took for a purpose to investigate the morphological
condition of the rat prostate lymphoid apparatus on the
background of immunostimulation.

Materials and methods

As objects of the study, 60 prostate glands of sexually
mature male rats (obtained from the vivarium of the Institute
of Pharmacology and Toxicology, Academy of Medical
Sciences of Ukraine, Kyiv) weighing 220-240 g (age 5-6
months) were taken.

© 2019 National Pirogov Memorial Medical University, Vinnytsya
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The experimental animals were divided into three groups:
the first group was intact animals (10 rats), the second group
was experimental (40 rats), and the third group was control
(10 rats). The three groups were in the same conditions.
The research followed international rules and principles of
the "European Convention for the Protection of Vertebrate
Animals Used for Experiments and Other Scientific
Purposes" (Strasbourg, 1986) and the "General Ethical
Principles of Animal Experiments" (Kyiv, 2001) and Law of
Ukraine Ne3447 "On the Protection of Animals from Cruelty"
- 1V dated 21.02.2006.

Experimental animals were intramuscularly injected with
human normal immunoglobulin at a dose of 1 mg.
Immunoglobulin is characterized by high antigenic activity
and no toxic, pyrogenic, adjuvant effect. Controls were rats
administered saline at equivalent doses. Given the presence
of circadian rhythms in the lymphoid organs, slaughter of
rats was performed at the same time of day. Euthanasia of
rats was performed with an overdose of thiopental
anesthesia on 3, 7, 14, 21 days with the observance of the
"Rules for working with experimental animals".

Serial paraffin sections, 5-6 ym thick, stained with
hematoxylin and eosin, were prepared for the study. The
sections after staining were enclosed in polystyrene under
the coverslip and examined in a light microscope.
Morphological examination of the obtained sections was
performed using an Olimpus microscope "PrimoStar" FL
"ILED" with digital microphotography using Olimpus Soft
(2011).

Among the elements of the lymphoid tissue of the
prostate, the average number of immunocompetent cells
was calculated: lymphocytes, plasmocytes, macrophages.

Quantitative analysis of the results of the morphometric
study and statistical processing of the morphometric data
were performed according to conventional statistical
methods and using the programs "Microsoft Office Excel"
and "Statistica 6.1". Using the methods of variational
statistics, the correctness of the distribution of traits by each
of the variations obtained, the average values for each trait
studied, standard errors and standard deviations were
evaluated. The significance of the difference of values
between independent micrometric values in the normal
distribution of features was determined by a paired two tailed
Student's test.

Results

The prostate gland of rats is represented by a complex of
glandular formations: ventral, dorsal lobes and coagulation
glands, the dimensions of which are 10-12 x 7-9 mm, 6-8 x
5-6 mm, 8-12 x 4-6 mm. The parenchyma of the organ
consists of the alveolar-tubular glands, the epithelium of
which is represented by secretory and basal cells.

The formation of lymphoid clusters occurred through the
migration of lymphocytes from the blood vessels. Lymphoid
clusters consisted of small and medium lymphocytes, 60-
70% of which belong to thymus-dependent lymphocytes.

The composition of lymphoid clusters varied from 4 to 7
days after the experiment. Reticular cells, macrophages,
and plasma cells appeared among the lymphoid cells.
Detected lymphoblasts with figures of mitosis in the nuclei.
Due to the proliferation of lymphoid cells, perivascular
lymphoid nodules developed on the basis of lymphoid
clusters (Fig. 1). Intramuscular administration of antigen near
the blood vessels and prostate gland area increased the
number of lymphoid formations.

From the beginning of the experiment, the number of
lymphoid formations associated with blood vessels
decreased with the increase of its term, and in the area of
the glandular epithelium increased. The cellular composition
of lymphoid formations after the introduction of gamma-
globulin changed most sharply at 3-7 days (Table 1).

As a result of antigenic stimulation on the third day
increased migration of lymphocytes. Lymphocytes, for the
most part, were located diffusely under the glandular
epithelium in the experimental group, and single lymphocytes
were observed in similar places in animals of control group.
At this time, the number of blast cell forms of lymphocytes
increased markedly (compared to the control group).
Macrophage contacts with lymphocytes are monitored. The
cells form figures in the form of sockets, in the center of
which there is a macrophage, and around it there are
lymphocytes.

The preferred site of blast localization for the third day
after immunization is lymphoid clusters near the blood
vessels. In these areas blasts form clusters of 5-6 cells in
the field of view, in the control group of animals, these cells
are virtually undetermined. The presence of macrophages
and close contacts with them precursors of plasma cells
indicate that the interaction of macrophages and lymphocytes
is necessary not only at the time of initiation of immune
response.

The formation of reproductive centers in the lymph nodes
of the prostate of rats begins after 3-5 days after
immunization, subsequently in them the proliferation of cells
occurs, which leads to an increase in the size of the

Lrmn ,
Fig. 1. Prostate gland of a mature rat for 7 days afterimmunization.
Hematoxylin-eosin. x600.
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Table 1. Percentage ratio (XtSx) of cells in rats prostate lymphoepithelial nodules after single administration of gamma globulin.

Day of experiment
Cells Control group
3 7 14 21

Small lymphocytes 32.05+3.05 18.03+3.05 14.07+1.02 12.04+2.05 12.01+1.02*
Medium lymphocytes 59.02+6.01 66.00+4.02 66.05+5.02 69.01+3.06 70.04+4.06*
Lymphoblasts 6.024+1.022 9.045+0.501 10.2+0.48 12.03+0.50 10.06+0.72*
Plasmocytes 2.062+0.506 4.026+0.501 6.035+0.305 6.036+0.245 7.066+0.201*
Macrophages 1.027+0.308 3.066+0.203 3.045+0.208 1.022+0.102 1.045+0.201*

Notes: * - p<0.05 compared to control.

reproductive center and the formation of other zones of
lymphoid structures. Changes in the cellular composition of
perivascular lymphoid nodules after antigenic stimulation
are largely similar to those in lymphoepithelial nodes.

On the seventh day after antigenic exposure in the
lymphoepithelial nodules in the subepithelial zone was
observed increased migration of lymphocytes to the
epithelium, which is represented by different cell forms and
can be attributed to the stratified cuboidal epithelium. In
lymphoepithelial nodes, in addition to this zone, there are 2
more zones. Darker is the peripheral area, which consists
of tightly adjacent small lymphocytes. This zone in the form
of a "hat" covers the central zone.

It should be noted the different nature of the processes
that occur at 5-7 days in the reproduction centers after
antigenic stimulation. In the latter there is a fairly
homogeneous picture: blasts predominate in the dark zone
(and it is the origin of the breeding center). Some of them
are mitotically divided.

Due to proliferation, lymphoid structures spread towards
the glandular epithelium. The content of reticular cells and
lymphoblasts increased, and plasma cells appeared. A large
number of macrophages are observed on the seventh day
after immunization in reproduction centers, where
plasmablasts and young plasmocytes are in close
relationship with macrophages.

By the end of the second week (on the 14th day), all the
zones were clearly visible in the lymph nodes. In the central
area of the lymphoepithelial nodules, the highest number of
mitoses was observed. In the peripheral zone, the content
of plasma cells and small lymphocytes increased. In the
subepithelial zone, the number of phagocytic macrophages
increased in the cytoplasm which contained the remains of
lymphocyte nuclei. These cells were surrounded by
lymphocytes, reminiscent of immune sockets described in
immunological studies. In the subepithelial area, compared
to the control, the percentage of small lymphocytes
increased, and the average lymphocytes decreased, reticular
cells appeared, the number of macrophages increased.

On the twenty-first day with the introduction of normal
doses of antigen, the structure and cellular composition of
lymphoid structures differed little from the controls. In some
lymph nodes, the reproduction centers subjected to reverse
development. Destructive changes were detected in

individual lymphocytes.

The lumen of the lymphatic vessels and venules was
filled with small lymphocytes. After antigenic stimulation in
the early stages of the experiment, on the 2-4 days was
determined the expansion of the inter-endothelial contacts
of the blood capillaries of the lymphoepithelial nodes. Near
the apical edge of the endothelial cells, cracks were found,
the localization of which apparently corresponded to the loci
of increased permeability. Of particular importance in the
barrier function of the prostate gland are the blood vessels
located near the lymphoid formations and in the stroma of
the prostate gland. The change in cellular composition in
the lymphoid nodules of the rat prostate after antigenic
stimulation causes specific cytoarchitectonics of the
hemomicrocirculatory bed. It is established that the area
occupied by different links of the microcirculatory bed of lymph
nodes increases with antigen loading. The lumen of the
blood capillaries increases and migration through the
capillaries and postcapillary venules of lymphocytes and
plasma cells increases.

Specific changes in the capillary wall, along with the
reticular cells of the lymph nodes of the prostate, play an
important role in the cell rearrangement of lymphoid
structures and the formation of their specific
microenvironment. Reactive changes in capillary
endothelium in close relationship with the restructuring of
lymphoid nodules during antigenic stimulation indicate their
reserve capacity for immune homeostasis.

During antigenic load venules also undergo certain
changes. The wall of venules is lined by endothelium, whose
morphology varies depending on the phase of the immune
response. In the early stages, when there is an increased
influx of lymphocytes to the lymph nodes, endothelial cells
are hypertrophied, take the form of prismatic epithelium, and
lymphocytes through the wall of venules are evicted into the
surrounding tissue. Sometimes venules acquire the
character of post-capillary venules with high endothelium.
In the early stages of the immune response, the number of
macrophages and lymphocytes increases, neutrophil and
eosinophil granulocytes appear. At the height of the immune
response there are many cells of the plasma row at different
stages of maturation, macrophages with phagocytosed
cellular elements in the venules. The increase in the area
occupied by the various units of the microcirculatory bed

Vol. 25, Ne1, Page 19-24
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indicates an increase in intercellular and intracellular
transport of substances.

Discussion

Therefore, we assume that the revealed topographic
proximity of lymphoid formations with glands at the level of
excretory ducts is due to the protective role of lymphocytes in
cases of antigens penetration at this site, and close
microtopographic relations with the terminal divisions
provides one of the mechanisms of immune responses -
products of immune responses, which are then included in
the secretion of the glands, which has been proven in several
works [14, 15, 16, 18]. Considering the changes in the local
immune system of the prostate, one cannot ignore the large
individual variability in the amount of lymphoid tissue in it.
Such a picture can be due to different lifestyles, different
antigenic effects of the environment, different reactivity of the
body. More significant range of fluctuations from the minimum
to the maximum numbers is usually observed during the
period of greatest development of lymphoid tissue, the
formation of nodules in it.

For lymphoid tumors of the prostate, the structures of the
microenvironment are the glandular epithelium, the
components of the reticular tissue and the cells of the walls
of the microvessels. The formation and glandular epithelium,
development and transformation of the microcirculatory bed
units are closely related and interdependent with the reaction
of the perivascular connective and reticular tissue, with the
formation of its cellular and fibrous structures [19, 20, 22].

Considering the lymphoid structures of the prostate as a
morpho system, that is, a complex of structurally and
functionally interconnected elements that form a single
integral system, we can distinguish the basic patterns of
their morphogenesis.

First, the development of lymphoid structures in the
prostate occurs under the influence of natural antigenic
stimulation in pre- and post-natal ontogeny.

Second, the formation of lymphoid structures is closely
linked to the level of development, both in the glandular
epithelium and in the stroma of the prostate and reticular
components of the stroma and vascular system in it.

Third, the development of lymphoid structures of the
prostate has a stage character and is determined by
interstitial and intercellular interactions.

In our opinion, we can distinguish the following stages
of development of lymphoid structures of the prostate:

- during the first stage loose clumps of lymphoid cells
are formed. In this area of the connective tissue of the
prostate, histochemical changes are associated with the
formation of the stroma of the lymphoid clusters, and its
own vascular bed begins to form. These processes play an
important role in the preparation of microenvironment;

- the second stage is characterized by a gradual increase
in the number of lymphocytes and cells of the monocyte row,
their diffuse distribution, the appearance of mitotic activity.
The vascular bed of lymphoid nodules is being differentiated,

in which, in addition to capillaries, arterial and venular vessels
appear. In the venular branch, there are specialized areas
with high endothelium required for lymphocyte recycling.
Occur further changes in the stroma associated with an
increase in reticular fibers and the formation of a thin
capsule;

- in the third stage, the processes of genesis of lymphoid
nodules are stabilized, which is manifested by the absence
of pronounced morphological changes;

- the fourth stage is characterized by the reverse
development of the lymph nodes of the prostate and involutive
processes in them, typical for the organs of the immune
system.

Thus, we first discovered the features of the structure of
lymphoid prostate formation, which are expressed in the
high saturation of all prostate structures diffusely located
lymphoid cells and lymphoid nodules of different sizes and
stages of development, which have a peculiar organization
and are in close relationship with the epithelial and stromal
structures of the prostate.

Analysis of the data on the morphogenesis of the
lymphoid structures of the prostate indicates that they develop
as peripheral organs of the immune system and participate
in both local and general immune reactions. Carrying out a
detailed study of the development of lymphoid structures of
the prostate of rats in normal and after exposure to the
antigen, due to the need to confirm the characteristics of the
organization and function of the lymphoid formations of the
prostate of a human, revealed by them, their connection with
histogenetic processes in the prostate, as well as to
determine the genesis factors of lymphoid apparatus
prostate [21, 24, 27].

Therefore, we first obtained data on the formation of a
local prostate immune system in an experiment after
intramuscular injection of immunoglobulin into mature
Wistar rats. In rats, after intramuscular administration,
immunoglobulin formation was observed to occur three days
earlier than intact and control rats. Lymphoid formations
initially appear in the stroma of the prostate gland, near the
blood vessels - perivascular lymph nodes. By the end of the
first week, the formation of lymphoid structures in the area of
the glandular epithelium of the prostate - lymphoepithelial
nodes appears. In lymphoid structures, the content of
lymphocytes in all periods exceeds the control values.

The work carried out is the basis for the development of
a new direction for the further study of age-related changes
in the cellular composition and histophysiology of prostate
tissue, to create models of organ functioning in norm and
pathology and to develop on this basis rational methods of
correction of hormonal homeostasis, organ secretion and
regulation of fertility. The results of this work open a new
direction in the study of prostate morphogenesis in normal
and experiment, in age and evolutionary aspects, which is
important for the development of a modern understanding
of the mechanisms of formation of the prostate tissue
systems in ontogeny.
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In the future it is planned to continue the study of
morphogenesis of lymphoid structures of the prostate of
rats by immunohistochemical studies.

Conclusions

1. Formation of the prostate's own lymphoid apparatus
in rats occurs by the migration of lymphocytes from the
blood vessels.

2. On the background of immunostimulation, the
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MOP®O®YHKLIOHAIBHI 3MIHM NIM®OIAHOIO KOMIMOHEHTA NMEPEAMIXYPOBOI 3AITI03U LLYPIB B YMOBAX
IMYHOCTUMYRnAUIT

€emyweHko, B.M., Cupyos, B.K., lTonko C.C.

Ha cboe200HiwHili OeHb cmaH f10KanbHOI iMyHHOI cucmemu rnepedmixyposoi 3anosu moduHu € HedocmamHbo OO0CIOKEeHUM, W0
rnepewkooxae noenubneHoMy 8U84eHHI0 cmamesux posnadis i 6e3nnidos y Honosikie, a makox il MowupeHUx 3axeoptosaHsb: 2inepmpoaii,
adeHomu, paky. Mema pobomu - susdumu mMopghbornoeiyHuli cmaH nimMgoidHo20 anapamy nepedmixypoeoi 3ano3u wypie Ha miii
imyHocmumynsyii. 3a doromMozoro eicmosnozidHUX, MoOpgOMempuUYHUX ma cmamucmuyHux memodie docnidxeHHs1 6ynu susdyeHi 60
nepedmixyposux 3ano3 wypis. OuiHUNuU npasurnbHicmb pPo3nodisly 03HaK 3a KOXHUM i3 ompumaHux eapiayiliHux psidig, cepeOHi
3HaAYEHHST 3@ KOXXHOK 8UBYEHOK 03HaKOoK, cmaHOapmHi noMusiku ma cmaHOapmHi 8i0xuneHHs. [JocmoegipHicmb Pi3HUUi 3Ha4eHb MK
He3anexxHuMu MiKpoMempu4YHUMU 8e/ludUHaMu rpu HopmarbHOMy po3rodini 03HaK eu3Havanu 3a kpumepiem Cm'todeHma. B pobomi
oxapakmepu3o8aHi 3aKOHOMIPHOCMI ¢hopMye8aHHSI JI0KanbHOI iIMyHHOI cucmemu nepeoMixypoeoi 3ao3u 8 ekcriepuMeHmi mnicns
B8HYMPIWHLOM'I308020 88€0€HHS iMyHO2106yrniHy y cmameego3pinux wypie niHii Bicmap. BusieneHo, wo y wypie nicnsi 88edeHHs
iMyHo2nobyniHy nimgoidHi cmpykmypu gpopMmytombcsi Ha mpu 0obu paHiwe, HiX y IHMakKmHux i KOHmposibHUX meapuH. Crioyamky
3'aenstombcs 1iMOIOHI ymeopeHHs1 8 cmpomi nepedmixypoeoi 3ano3u, a binsi KPOBOHOCHUX CyOUH - nepueacKynsipHi fimghoidHi
8y3nuku. Mo KiHys nepwoz2o muxHs niMgoidHi cmpykmypu ¢popmyrombcsi 8 obriacmi 3a103Ucmoeo ernimerito nepedmixyposoi 3aio3u
- nlimgpoenimenianbHUX 8y3nukKie. Y nimghoiOHUX cmpykmypax emicm nimgboyumie 8 yci nepiodu nepesuulye KOHMPOIIbHi MOKasHUKU 3
MakcumasbHUMU 3mMiHamu Ha 7 0oby docnidxeHHs. PeakmueHi 3miHU eHOomenito Kaninsipie 8 miCHOMy 83aEM038'A3Ky 3 nepebydoeoro
niMgbOIOHUX 8Y3MUKI8 MpU aHMU2eHHIU cmuMynsauii 8Kasyromb Ha ix pe3epeHi Moxrnueocmi y 3abe3rnedyeHHi iMyHHO20 2oMeocmasy.
Takum yuHOM, Ha mii iMmyHocmumynsayii 8i0byeatombcs 3MiHU 8 1OoKanbHil IMyHHIU cucmemi nepedmixypoeoi 3ano3u, Kompi
nposiensaombcs y 36ibUWeHHI KiflbKocmi iMyHOKOMIemeHmMHUX KiimuH, ¢hopmMyeaHHi niMghOidHUX 8y37uKie, i Cynpo8odxKyombcs
8i0r08IOHUMU 3MiHaMU 2eMOMIKPOUUPKYISIMOPHO20 pycra.

KnrouoBi cnoBa: rnepedmixyposa 3asno3a, iMyHOCMUMYnsayis, fiMgoiOHUL KOMIOHEeHM.

MOP®O®YHKLUNOHAINBHbLIE U3BMEHEHUS TUM®OUAHOrO KOMMOHEHTA NPEOCTATENBHOW XENE3bl KPbIC B
yCcnoBuax AMMYHOCTUMYNALUN

EemyweHko B.M., Cbipyoe B.K., lonko C.C.

Ha cez2o0HAwWHUU OeHb cocmosiHue nokanbHOU UMMYHHOU cucmeMbl npedcmamernibHOU Xefe3bl Yyerogeka uccriedosaHo
Hedocmamoy4Ho, Ymo npernsmcmeyem yenybreHHOMY U3y4YeHUK 07108biX paccmpolicme u becrnnodusi y MyX4uH, a makxe ee
pacrnpocmpaHeHHbIx 3aboneeaHuli: 2unepmpoguu, adeHoMbl, paka. Llenb pabomsbl - usy4yums MOPEOI02U4eCcKOe COCMOSHUE
numghoudHozo annapama rnpedcmamernibHoU Xerne3bl Kpbic Ha poHe umMmyHocmumynsayuu. C noMowbro 2ucmoo2uyecKkux,
MopghoMempuyeckux U cmamucmu4yeckux memodos uccredoeaHusi bbiiu usydeHsbl 60 npedcmamernbHbix Xenes Kpbic. OueHunu
npasunbHOCMb pacripedeneHusi NPU3HaKos o KaxooMy U3 MOMy4YeHHbIX eapualyUOHHbIX pssdos, cpedHue 3HayeHusi o Kaxoomy
U3y4YeHHOMY Mnpu3Haky, cmaHOapmHbie owubKku u cmaHdapmHbie OMKIOHeHUs. [JocmogepHocmb pasnuyull 3Ha4eHul Mexoy
He3agUCUMbIMU MUKPOMEMPUYECKUMU 8E1UYUHaAMU MpU HOPMasibHOM pacrnpedesieHuU npu3Hakos onpedesisnu no Kpumepuro
Cmbiodenma. B pabome oxapakmepu3oeaHbl 3aKOHOMEePHOCMU (POPMUPOBaHUS /I0KaribHOU UMMYHHOU cucmeMsbi npedcmamernbHouU
XKene3bl 8 3KCrepUMeHme rocsie 88edeHusi UMMYHO2106yuHa y Momo8o3pesbix KpbIC NuHUU Bucmap. BbisierieHo, 4Ymo y Kpbic nocre
88edeHus1 UMMYHo2106ynuHa nuMgboudHble CmpyKmMypbl hOPMUPYIOMCS Ha Mpoe CYMOK paHbWe, YeM y UHMaKMHbIX U KOHMPOIIbHbIX
JXKueomHbIx. CHavarna nosiensiromces nuMgoudHble obpa3zosaHusi 8 cmpome rpedcmameribHOU Xefesbl, a 803/1€ KPOBEHOCHbIX cOCy008
- nepusackynsipHbie nuMgoudHble y3enku. K KoHuy nepsoli Hedenu numMgoudHbIe CMpyKmypbl hopMupyromcs 8 obnacmu xene3ucmozo
anumenus npedcmamernbHOU xesne3bl - AUMGO3NuUMenuarnbHbIX y3enKos. B numMgoudHbix cmpykmypax codepxaHue numMgoyumos
80 8ce repuodsbl Npeabiuiaem KOHMPOIIbHbIE MoKa3amensaMu ¢ MaKcuMaribHbIMU USMEeHeHUsIMU K 7 cymkam uccredosaHusi. PeakmusHble
U3MeHeHuUs1 3HOomenus Kanusnnspos 8 MecHol 83aUMOCB8A3U C nepecmpolkol TUMEGOUOHBIX Y3erIKO8 rpu aHmMu2eHHoU cmuMynsayuu
yKa3bieatom Ha UX pe3epeHble 803MOXHOCMU 8 obecriedeHUU UMMYHHO20 2oMeocmasa. Takum obpa3om, Ha QpoHe UMMYHOCMUMYSuUU
rpoucxo0sm U3MeHeHUs 8 floKarbHOU UMMYHHOU cucmeme npedcmameribHOU Xenesbl, MPosssoWUecs 8 ygenuyeHuU Koaudecmsa
UMMYHOKOMMEeMEeHMHbIX KI1emoK, ghopMupo8aHuU fUMGOUOHbIX Y3€e/IK08, U COMpOo80X0amcs coomeemcmayrwumMu UMeHeHUsIMU
2eMOMUKPOUUPKYISIMOPHO20 pycra.

KnioueBble cnoBa: npedcmamernbHas xene3a, UMMYHOCMUMYASAUUS, TUMGOUOHBIU KOMMTOHEeHM.
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Recently, while conducting scientific research in the field of theoretical and preventive
medicine, biomedical preventive anthropology and statistical processing of their results,
one of the leading places is the cluster analysis procedure, which involves the search
for the patterns of grouping as research objects and their leading features in separate
local plurals and subsets, that is, in separate clusters. Researches that provided for
determining the leading characteristics of the quality of life and the peculiarities of the
course of psychological adaptation processes based on the use of commonly accepted
psychohygienic practice of personal questionnaires were conducted on the basis of
educational institutions in Ivano-Frankivsk. Statistical analysis of the obtained data
provided for the use of descriptive statistics and cluster analysis procedures using the
licensed standardized application package of the multivariate statistical analysis
"Statistica 6.1 for Windows" (license number BXXR901E245722FA). The results of the
conducted research indicate the existence of an extremely stable structure of the
identified groups, among which in all investigated cases, it necessary to note the
cluster associated with the leading indicators of quality of life, which united in its
structure characteristics of quality of life on the scales Bodily Pain (BP, Pain scale),
Physical Functioning (PF, Physical Functioning scale), Mental Health (MH, Mental
Health Scale), General Health (GH, General Health Scale), Vitality (VT, Viability Scale)
and Social Functioning (SF, scale of social functioning), neuro-psychical cluster
combining personal and situational anxiety, depressive and asthenic states, as well as
an integral cluster that included in its structure the characteristics of quality of life on
the scale of Role-Emotional (RE, role-playing role scale) and Role-Physical (RP, scale
of role-physical functioning) and indicators of subjective control in health and disease
and neuroticism. The obtained data should further find a proper place in the structure
of diagnostic and preventive approaches to assess the state of health and functional
state of the body of pupils and students.

Keywords: pupils and students, modern institutions of education, quality of life, mental
adaptation, interaction, cluster analysis.

Introduction

Recently, while conducting scientific research in the field
of theoretical and preventive medicine, biomedical preventive
anthropology and statistical processing of their results, one
of the leading places is occupied by cluster analysis
procedures, which provide the search of grouping patterns
as objects of research and their leading features in separate
local sets and subsets, that is, into separate clusters [4, 17,
18,19, 20, 22].

Indeed, a cluster is a group, a certain class, or a certain
group of homogeneous units. Therefore, the main task of
cluster analysis is to recognize the formation of
homogeneous groups, classes, or associations in the
multidimensional space of the studied features that are
calculated [2, 8, 14, 15, 16].

The homogeneity of the collectively is determined by the
rule of calculation of a certain metric, which characterizes

© 2019 National Pirogov Memorial Medical University, Vinnytsya
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the degree of similarity of two separate units of the collectively.
Such a metric can be the distance between them or the
similarity factor. Units similar to the selected metrics define
units as belonging to one type, ie as homogeneous. In this
regard, the choice of metric is the nodal point of the cluster
analysis, which determines the final variant of division of
collectively into classes. Next, according to the features of
the metric scale, a distance matrix with zero diagonal
elements is formed, which is in fact the main information
base of cluster analysis, with Euclidean and Manhattan
distances being the most commonly used and popular
metrics [3, 4, 5, 7, 9].

Therefore, cluster analysis as a modern method of
multidimensional statistical analysis is designed to provide
objective spatial classification of identical objects,
characterized by the presence of a certain set of indicators,
and their subsequent meaningful grouping in a certain
structured space based on the use of either
agglomerational-hierarchical or divisional-iteration
approaches [1, 4, 6, 10].

Thus, the methods of cluster analysis are quite versatile,
involve the use of various algorithms for mathematical
transformations, determine the strict observance of the
accuracy of statistical procedures, and, at the same time,
have extremely great prospects for carrying out statistical
procedures of multidimensional classification of the studied
objects during the implementation of medical and biological
research, including the study of the relationship between
the criteria of mental adaptation (MA), which is the process
of establishing optimal about the relationship between
personality and environment in the course of performance
of human activity and quality of life (QoL) characteristics,
which is a certain generalized integral characteristic of the
physical, psychological, emotional and social functioning of
the human body, which reproduces its subjective perception
of its somatic and mental state in direct relation to the actual
state of health [11, 13, 21, 22, 23].

The purpose of the work is to establish the characteristics
of the relationship between personality traits and
characteristics of pupils and students youth according to
the use of cluster analysis procedures.

Materials and methods

The research was conducted on the basis of a number
of modern educational institutions in lvano-Frankivsk,
namely: school (boarding school) for gifted children from
rural areas, professional lyceum of road transport and
construction, music specialized school, financial-
commercial cooperative college and Vasyl Stefanyk
Precarpathian National University. During the performance
of scientific work, 300 pupils and students were surveyed,
150 people each.

Performing comprehensive assessment of the
characteristics of the course of MA in pupils and students
led to the definition of such personality traits (PT), as the
level of extraversion-introversion and neuroticism through

the use of a personal questionnaire of Eysenck, the level of
situational (SA) and personal (PA) anxiety - based on
Spielberger's personal questionnaire, personality degree
of expression of asthenic (AC) and depressive condition
(DC) - during the use of personal questionnaire of Malkova
and psychometric scale of Tsung, the level of expression of
subjective control (LSC) through the use of a personal Rotter
questionnaire [13].

Leading QoL indicators, which included data on the
general health of pupils and students according to the scale
General Health (GH), the level of physical functioning of the
organism according to the scale Physical Functioning (PF),
the degree of influence of physical condition on the features
of role functioning according to the Role-Physical scale (RP),
the level of influence of emotional state on the role functioning
of students and students according to the Role-Emotional
scale (RE), the intensity of painful sensations that occur,
according to the scale of Bodily Pain (BP), the degree of
expression of indicators of vitality in accordance with the
sense of fullness of forces, energy and stability according to
a scale of Vitality (VT), and features self-assessment scale
for mental health according to Mental Health scale (MH),
determined on the basis of the use of non-specific
questionnaire QoL "SF-36 Health Status Survey" [11].

Finally, the prognostic evaluation of the results obtained
in the previous stage of the scientific research involved the
implementation of descriptive statistics and cluster analysis
procedures based on the use of the licensed standardized
statistical analysis software package "Statistica 6.1 for
Windows" (license number BXXR901E245722FA).

Results

Considering the data obtained during the use of cluster
analysis procedures among young women who studied at
school, it was necessary to distinguish 3 leading clusters
that characterized the features of the interconnections of the
leading components of QoL and PT, namely: cluster Ne 1
(integral), which combined in its structure QoL
characteristics according to the Role-Emotional (RE) and
Role-Physical (RP) scales and the LSC indicators in health
and disease and neuroticism, cluster Ne 2 (associated with
leading QoL indicators), which combines the characteristics
of QoL according to the Bodily Pain (BP), Physic al
Functioning (PF), General Health (GH), Mental Health (MH),
Social Functioning (SF) and Vitality (VT) scales, cluster Ne 3
(neuro-psychic), which included PA, SA, DC and AC
indicators. Among the young women who studied at school,
there were also 3 leading clusters, which characterized the
features of the interconnections of the leading components
QoL and PT, which included the cluster Ne 1 (integrated),
which united in its structure QoL characteristics according
to the Role-Emotional (RE) and Role-Physical (RP) scales
and LSC indicators in health and disease and neuroticism,
cluster Ne 2 (linked to the leading QoL indicators), combining
QoL characteristics according to the Physical Functioning
(PF), Bodily Pain (BP), Mental Health (MH), General Health
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Fig. 1. Features of combining the main QoL and PT survey clusters
studied among young men who studied in schools.
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Fig. 2. Features of combining the main QoL and PT survey clusters
studied among young women who studied in schools.

(GH), Vitality (VT) and Social Functioning (SF) scales, cluster
Ne 3 (neuro-psychic), which included indicators PA, SA, DC
and AC (Fig. 1-2).

In evaluating the results of the use of cluster analysis
procedures among young women who studied under the
conditions of professional lyceum, it was necessary to
distinguish 3 leading clusters that characterized the features
of the interconnections of the leading components of QoL
and PT, namely: cluster Ne 1 (integral), which combined in
its structure the characteristics of QoL according to the Role-
Emotional (RE) and Role-Physical (RP) scales and the LSC
indicators in the field of health and disease and neuroticism,
cluster Ne 2 (associated with leading indicators QoL ), which
combined the QoL characteristics on the Bodily Pain (BP),
Physical Functioning (PF), General Health (GH), Mental
Health (MH), Social Functioning (SF) and Vitality (VT) scales,
cluster Ne 3 (neuro-psychic), which included indicators PA,
SA, DC and AC. Among the young men who studied under
the conditions of professional lyceum, there were also 3
leading clusters, which characterized the features of the
interconnections of the leading components QoL and PT,
which included the cluster Ne 1 (integrated), which united in
its QoL characteristics structure according to the Role-

Emotional (RE) and Role-Physical (RP) scales and health
and disease and neuroticism LSC indicators, cluster Ne 2
(associated with leading QoL indicators), combining QoL
characteristics according to the Physical Functioning (PF),
Bodily Pain (BP), Mental Health (MH), Vitality (VT), General
Health (GH) and Social Functioning (SF) scales, cluster Ne
3 (neuro-psychic), which included PA, SA, DC and AC
indicators (Fig. 3-4).

Analyzing the results obtained from the use of cluster
analysis procedures among young women who studied in
terms of specialized school, it was also necessary to
distinguish 3 leading clusters that characterized the features
of the interconnections of the leading components of QoL
and PT, namely: cluster Ne 1 (integral), which combined in
its structure QoL characteristics on the Role-Emotional (RE)
and Role-Physical (RP) scales and the health and disease
and neuroticism LSC indicators, cluster Ne 2 (linked with the
leading QoL indicators), which combined QoL features
according to Physical Functioning (PF), Bodily Pain (BP),
Mental Health (MH), Vitality (VT), General Health (GH) and
Social Functioning (SF) scales, cluster Ne 3 (neuro-psychic),
which included indicators in its structure PA, SA, DC and AC.
At the same time, the following three clusters, which
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Fig. 3. Features of combining the main QoL and PT survey clusters
studied among young men who studied in lyceum.
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Fig. 4. Features of combining the main QoL and PT survey clusters
studied among young women who studied in lyceum.
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Fig. 5. Features of combining the main QoL and PT survey clusters
studied among young men who studied in specialized school.
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Fig. 6. Features of combining the main QoL and PT survey clusters
studied among young women who studied in specialized school.
characterized the features of the interconnections of the
leading QoL and PT components which included cluster Ne
1 (integral), which combined in its structure QoL
characteristics according to the Role-Emotional (RE) and
Role-Physical (RP) scales and the health and iliness and
neuroticism LSC indicators, cluster Ne 2 (linked to leading
QolLs indicators) that combines QoL characteristics
according to the Physical Functioning (PF), Bodily Pain (BP),
Vitality (VT), Mental Health (MH), General Health (GH) and
Social Functioning (SF) scales, cluster Ne 3 (neuro-psychic),
which included the indicators PA, SA, DC and AC (Fig. 5-6).

Considering the data obtained during the use of cluster
analysis procedures among college young women, it was
necessary to distinguish 3 leading clusters that
characterized the features of the intrasystem connections of
the leading components of QoL and PT, namely: cluster Ne
1 (integral), which combined in its structure QoL
characteristics according to the Role-Emotional (RE) and
Role-Physical (RP) scales and the LSC indicators in health
and disease and neuroticism, cluster Ne 2 (associated with
leading QoL indicators), which combined the characteristics
of QoL according to the Bodily Pain (BP), Physical Functioning
(PF), General Health (GH), Mental Health (MH), Vitality (VT)
and Social Functioning (SF) scales, cluster Ne 3 (neuro-
psychic), which included PA, SA, DC and AC indicators.

Among the young men who studied in college, there were
also three leading clusters that characterized the features of
the interconnections of the leading QoL and PT components,
which included the cluster Ne 1 (integrated), which combined
in its structure QoL characteristics according to the Role-
Emotional (RE) and Role-Physical (RP) scales and LSC
indicators in health and disease and neuroticism, cluster
Ne 2 (linked to the leading QoL indicators), combining QoL
characteristics according to Physical Functioning (PF), Bodily
Pain (BP), Vitality (VT), Mental Health (MH), General Health
(GH), Social Functioning (SF) scales, cluster Ne 3 (neuro-
psychic), which included indicators of PA, SA, DC and AC in
its structure (Fig. 7-8).

Finally, in evaluating the results of the use of cluster
analysis procedures among university young women, it was
necessary to identify 3 leading clusters that characterized
the intrinsic relationships of the leading components of QoL
and PT, namely: cluster Ne 1 (integral), which combined in
its structure QoL characteristics according to the Role-
Emotional (RE) and Role-Physical (RP) scales and the LSC
indicators in health and disease and neuroticism, cluster
Ne 2 (associated with leading QoL indicators), which
combined the characteristics of QoL according to the Bodily

Tree Diagram for 14 Variables
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Fig. 7. Features of combining the main QoL and PT survey clusters
studied among young men who studied in college.
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Fig. 8. Features of combining the main QoL and PT survey clusters
studied among young women who studied in college.
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Fig. 9. Features of combining the main QoL and PT survey clusters
studied among young men who studied in university.
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Fig. 10. Features of combining the main QoL and PT survey clusters
studied among young women who studied in university.

Pain (BP), Physical Functioning (PF), Mental Health (MH),
General Health (GH), Vitality (VT) and Social Functioning
(SF) scales, cluster Ne 3 (neuro-psychic), which included in
its structure PA, SA, DC and AC indicators. Among the young
men who studied at the university, there were also three
leading clusters that characterized the features of the
interconnections of the leading components QoL and PT,
which included the cluster Ne 1 (integrated), which combined
in its structure QoL characteristics according to the Role-
Emotional (RE) and Role-Physical (RP) scales and LSC
indicators in health and disease and neuroticism, cluster
Ne 2 (linked to the leading QoL indicators), which combined
QoL characteristics according to the Bodily Pain (BP),
Physical Functioning (PF), Vitality (VT), Mental Health (MH),
General Health (GH) and Social Functioning (SF) scales,
cluster Ne 3 (neuro-psychic), which included indicators PA,
SA, DC and AC (Fig. 9-10).

Discussion

Research data based on the use of cluster analysis
procedures indicate that this approach is an extremely
powerful tool for establishing any, but above all, functional
relationships between the organism's adaptive resources
and objective and subjective characteristics of health status.

In this context, it should be noted that this approach
significantly expands and supplements the data presented
in a number of studies published in recent years [12, 17, 18,
19, 20, 21, 22]. And, to be noted separately, determine the
perspective of consideration in the development of modern
diagnostic (development of methods of complex
assessment of the state of adaptation resources of the body
of young men and young women) and preventive
(introduction of effective health-saving technologies and
measures of psychophysiological impact on the body and
psycho-hygienic changes in the body state of the body)
approaches to the assessment of the state of health and
functional state of the body of pupils and students QoL
concept [11, 13, 21, 22, 23].

In general, it should be emphasized that the data obtained
were marked by the presence of extremely stable results
and, consequently, the structures of the identified groups,
among which in all the investigated cases it was necessary
to note a cluster related to the leading QoL indicators, which
united in its structure the QoL characteristics by Bodily Pain
(BP, Pain Scale), Physical Functioning (PF, Scale Of Physical
Functioning), Mental Health (MH, Mental Health Scale),
General Health (GH, General Health Scale), Vitality (VT, Vitality
Scale) and Social Functioning (SF, Scale Of Social
Functioning) scales, a neuro-psychic cluster that combines
PA, SA, DC, and AC indicators, as well as an integrated
cluster that included in its structure QoL characteristics
according to the Role-Emotional (RE, Role-Emotional
Function Scale) and Role-Physical (RP, Role of Physical
Functioning Scale) scales and LSC indicators in health and
illness and neuroticism.

Conclusions

1. The results of the studies show that there is an
extremely stable structure of the identified groups, among
which in all the cases studied, it was necessary to note a
cluster associated with leading indicators of quality of life,
which combined in its structure the characteristics of quality
of life according to the scale of Bodily Pain (BP, Scale of
Pain), Physical Functioning (PF, Scale of Physical
Functioning), Mental Health (MH, Mental Health Scale),
General Health (GH, General Vitality Scale), Vitality (VT, Vitality
Scale), and Social Functioning (SF, social functioning scale),
neuro-psychic cluster, combining indicators of personal and
situational anxiety, depressive and asthenic states, as well
as an integral cluster that included in its structure
characteristics of quality of life according to the Role-
Emotional (RE, Scale of Role Emotional Functioning) and
Role-Physical scales (RP, Role Scale of Physical
Functioning) and indicators of subjective control in health
and illness and neuroticism.

2. The obtained data should further find a place in the
structure of diagnostic (development of methods of complex
assessment of the state of adaptation resources of the body
of young men and young women) and preventive
(introduction of effective health-saving technologies and
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measures of psychophysiological influence on the organism
and psycho-hygienic correction of existing changes in the
functional organism state) approaches to the assessment
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OCOBJTIMBOCTI B3AEMO3B'A3KY NOKA3HUKIB OCOBNIMBOCTEN OCOBUCTOCTI TA XAPAKTEPUCTUK SKOCTI XUTTA
YYHIBCbKOI | CTYAEHTCbKOI Monoal 3A JAHUMWU KNACTEPHOIO AHANI3Y
MNxeecouybkuli M. P, Tumowyk O. B., Yepkacoe B. I., ImumpeHko C. B., lllanosan O. M.

OcmaHHimM yacom nid 4Yac rposedeHHs1 Haykosux 00CNiOxeHb 8 2any3i meopemuyHoi i npoginakmuyHoi MeduyuHu, 6iomeduyHor
npoghinakmuyHoi' aHmporooaii ma cmamucmuy4yHO20 ornpauyrosaHHs ix pesynbmamie, 0OHe 3 NPo8IOHUX MicUb 3almaroms rpouedypu
KracmepHo20 aHasidy, wo nepedbadaroms rowyk 3aKkoHOMIpHOcmeU 2pyrnysaHHs sik 06'ekmie AoCIiOKeHHS, mak i iX nposiOHUX O3HaK 8
OKpeMi fIoKarnbHi MHOXUHU ma MiOMHOXUHU, mobmo 8 okpeMi knacmepu. LocnioxeHHs, wo rnepedbaqyasno 8u3Ha4yeHHs rpogioHuUX
Xapakmepucmuk sikocmi xumms ma ocobnusocmel repebicy npouecie ncuxiyHoi adanmauyii Ha nidcmasi 8UKOPUCMAaHHSA
3aeanbHOMpPUUHAMUX y rcuxoaigieHivHill npakmuui ocobucmicHux ornumyearnbHuKie, npoeodunu Ha 6asi ocsimHix 3aknadie M. lsaHo-
@paHkiecbka. Cmamucmuy4HuUl aHaniz ompumaHux daHux obymossnoeas sukopucmaHHs npouedyp onucoeoi cmamucmuku ma
KrnacmepHo20 aHarni3y i3 3acmocyeaHHsIM IiUeH3iliHoeo cmaHdapmu308aHOo20 rnakemy npuknadHux rnpozpam basamosumipHoeo
cmamucmuyHoe2o aHani3y "Statistica 6.1 for Windows" (niyeHsitiHuti Ne BXXR901E245722FA). Pe3ynbmamu ripogedeHux AocrioxeHb
3aceioyyromp HasigHicmb Had3gu4alHO cmabinbHOI CmpPyKmMypu 8USIBNIEHUX yepyrosaHb, ceped SKUX y 8cix OocnidxysaHux eurnadkax
Heobxi0HO eid3Ha4Yumu Krnacmep, nos's3aHull i3 nNPoeiOHUMU MoKa3HUKaMu sikocmi Xummsi, wo o6'e0Hysa8 y ceoili cmpykmypi
Xapakmepucmuku sikocmi xxummsi 3a wkanamu Bodily Pain (BP, wkana 6omo), Physical Functioning (PF, wkana ¢hidau4Ho20 ghyHKUIOHYy8aHHS),
Mental Health (MH, wkana ncuxiyHoz2o 30opoe's), General Health (GH, wkana 3a2anbHoeo 30opos'si), Vitality (VT, wkana xummesdamHocmi)
i Social Functioning (SF, wkana couyjanbHo20 ¢hyHKUIOHy8aHHS), HeP8OBO-NCUXIYHUU Krnacmep, wWo noedHysas y cobi MoKasHUKU
ocobucmicHoI i cumyamueHoi mpueoXHOCcmi, OernpecusHoO20 i acmeHiYHO20 CmaHie, a maKkoX iHmeeapanbHull Kinacmep, Wo 6K4Yas y
€800 CMPYKMYpPY Xapakmepucmuku sikocmi )xummsi 3a wkanamu Role-Emotional (RE, wkana porib08020 eMoUitiHO20 ¢hyHKUIOHYy8aHHST)
i Role-Physical (RP, wkana porb08020 hisu4HO20 ¢hyHKUIOHy8aHHS) ma MoKa3HUKU pieHsi Cyb'ekKmusHO20 KOHMPOIIo y 2ary3i 300po8's i
xeopobu ma Helpomu3smy. OmpumaHri daHi Maromp y rnodanbwomy 3Halimu HarexHe micuye 8 cmpykmypi iagzHOCMUYHUX ma
npoginakmuyHux ridxodie Ao ouiHKU cmaHy 300p08's ma (byHKUIOHarbHO20 cmaHy Op2aHi3My y4HI8ChKOI i cmydeHmCcbKoi Monodi.

KnroyvoBi cnoBa: yyHi i cmydeHmu, cyqacHi 3akmadu oceimu, SKicmb Xumms, ncuxiyHa adanmaujsi, 83aEM038'A30K, KnacmepHUl aHaris.
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OCOBEHHOCTU B3AMMOCBS3U MOKA3ATENENA NNYHOCTHLIX OCOBEHHOCTEW U XAPAKTEPUCTUK KAYECTBA XU3HU
YYEHUYECKOW U CTYOEHYECKOW MOJTIOAEXU B COOTBETCTBUU C OAHHBIMU KITACTEPHOIO AHAJTU3A

Mxeeoykuti M. P., Tumowyk O. B., Yepkacoe B. I, lImumpeHko C. B., Lllanoean E. H.

B nocnedHee spemsi 8 xode rposedeHusi Hay4HbIX uccredosaHul 8 obnacmu meopemuyeckol u npogunakmuyeckol mMeduyuHsbl,
buomeduyuHcKoU npoghunakmuyeckol aHmpornoso2uu U cmamucmudyeckol obpabomku ux pesyrnbmamos, 00HO u3 8edyuux mMecm
3aHumarom npouedypbl KIacmepHo20 aHanu3a, npedycmampusaroujue Mouck 3akoHomMepHocmel 2pynnuposku Kak 06bekmos
uccrnedoeaHusl, mak U UX 8edywux MPU3HaKkoe 8 omoesibHble foKallbHble MHOXecmea U nodMHoXecmea, mo ecmb 8 omoesibHbIe
Kknacmepel. iccriedosaHusi, npedycmampusarowjue orpedesieHUe 8e0yuux xapakmepucmuk kadecmea XU3HU U 0cobeHHocmel medyeHus
rpouyeccos rcuxuyeckol adanmayuu Ha OCHO8E UCMOMb308aHUS OOWENPUHSIMbIX 8 MCUX02U2UeHUYECKOU rMpakmuke fTUYHOCMHbIX
OIMPOCHUKO8, npogodurnucb Ha ba3e obpasosameribHbIX 3agedeHull 2. MeaHo-DpaHkoscK. Cmamucmuyeckuli aHaau3 rosyYeHHbIX
OaHHbIX npedycMampusarl UCrofib3o8aHue rnpoyedyp ornucamesibHOU CMamuCmuKu U KiacmepHo20 aHanu3a ¢ npuMeHeHuem
NUYEH3UOHHO20 cmaHOapmu3upo8aHHO20 rnakema fpuKknadHbIX npospamMm MHO20MEPHO20 Cmamucmu4yecko2o aHasnusa "Statistica
6.1 for Windows" (nuyeH3uoHHbIl Ne BXXR901E245722FA). Pe3ynbmamai nposedeHHbix uccriedosaHuli ceudemeribCmayom o Hanuyuu
4ypessbiyaliHo cmabuslbHOU CmpyKmMypbl 8bISI8/IEHHbLIX 2pyrnuUpPo8oK, cpedu KomopbiXx 80 8cex uccredyembix crydasix HeobxoOumo
8bI0erumb Kriacmep, ces3aHHbIU ¢ 8edyWUMU NoKasamesnsiMu Ka4ecmea XusHu, 06beduHsUUl 8 ceoell CMpyKmMype XxapakmepucmuKu
Kayecmea xu3Hu o wkanam Bodily Pain (BP, wkana 6onu), Physical Functioning (PF, wkana ¢ghusuyecko2o ¢hyHKUUOHUPOBaHUs),
Mental Health (MH, wkana ncuxuyeckoz2o 30oposbsi), General Health (GH, wkana obwezo 30oposns), Vitality (VT, wkana
Xu3HecriocobHocmu) u Social Functioning (SF, wkana coyuanbHo20 (hyHKUUOHUPOBaHUSI), HePBHO-MICUXu4ecKul Knacmep, coyemaroujuli
8 ceoell cmpyKmype rokasamersiu IU4HOCMHOU U cumyamueHol mpesoXHocmu, OernpeccusHo20 U acmeHU4ecKko2o cocmosHul, a
makxKe uHmeazparbHbIl Knacmep, 8KIHHarowull 8 C80H0 CMPYKMYypy XapakmepucmuKku Kadecmea XusHuU o wkanam Role-Emotional
(RE, wkana poneeozo amoyuoHanbHo20 hyHKUyUOHUposaHusi) u Role-Physical (RP, wkana pornegoeo ¢hu3uyeckoeo pyHKYUOHUPOBAHUS)
U riokazamersiu ypoeHsi cybbekmueHo20 KoHmporss 8 obnacmu 300poebsi U 60ne3Hu, a makxe Helipomusma. [1ony4yeHHble OaHHble 8
OanbHeliwem O00MKHbI Halmu Hadnexauwjee Mecmo 8 cmpykmype 0ua2gHoCmu4YecKux u npogunakmuyeckux nooxod0oe K oueHke
cocmosiHusi 300p08bsi U QOyHKUUOHaIbHO20 COCMOSIHUSI op2aHu3Ma y4yeHU4Yeckol u cmydeHyeckol Mornodexu.

KntoueBble cnoBa: yyawuecs u cmyOeHmbl, CO8PeMeHHbIe yupexdeHuUss 0bpa30o8aHusi, Ka4ecmeo XU3HU, ncuxuvyeckas adanmauyus,
83aUMOCB53b, KIacmepHbIU aHanu3.
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Summary. The improvement of the pharmacological strategy of non-alcoholic fatty liver
disease is based on the study of the effect of pharmaceutical preparations on the
structure and function of the liver. The pathogenesis of steatohepatitis is complex and
multifactorial, mainly involving genetic, metabolic and environmental factors. The
purpose of the study was to characterize the structural and functional parameters of the
liver when using the biologically active compound Angiolin for the correction of
experimental steatohepatitis. An experimental study was performed on 110 sexually
mature white male rats weighing 180-220 grams, which were kept on a standard diet of
vivarium. All animals were divided into two groups: control (30 intact animals) and
experimental (80 animals). A model of non-alcoholic steatohepatitis was created for all
animals of the experimental group. They were kept on a hypercaloric diet with a high fat
and high cholesterol content for 8 weeks. After that, part of the animals (10 rats) was
withdrawn from the experiment by intrapleural administration of sodium thiopental (50
mg/kg) and the necessary biochemical and morphological studies were performed.
Part of the animals (30 rats) was continued to be kept on a high-fat diet for 4 weeks and
the biologically active compound Angiolin was administered (20 rats), and Rings-
Locke solutions were administered to 10 rats. After the creation of the model, the other
animals of the experimental group (40 rats) were transferred to a full-fledged standard
semi-synthetic starch-casein diet, and the biologically active compound Angiolin was
administered for 20 rats and Ringer-Locke solution for another 20 rats for 4 weeks.
Macroscopic evaluation and description of the liver of animals was carried out after
withdrawal under thiopental anesthesia. Statistical analysis of the results was carried
out using the program "STATISTICA 8" using parametric and non-parametric methods
for assessing the results. It was found that the use of the biologically active compound
Angiolin once a day for 30 days can reduce cytolysis syndrome (reduce biochemical
parameters such as ALT, AST, gamma-glutamyl transpeptidase), reduce cholestasis
syndrome (decrease in alkaline phosphatase level), and normalize liver function,
improves the morphological state of hepatocytes, which indicates the normalization of
the structural and functional state of the liver.

Key words: liver disease, steatohepatitis, modelling, morphology, correction.

Introduction

In recent years, the global burden of obesity and
diabetes has led to a parallel increase in other metabolic
complications, such as non-alcoholic fatty liver disease
(NAFLD). NAFLD is the most common type of chronic liver
injury in many countries [8, 17]. NAFLD includes a spectrum
of syndromes ranging from simple steatosis, nonalcoholic
steatohepatitis to fibrosis, cirrhosis and hepatocellular
carcinoma [27]. The overall prevalence of NAFLD is 15-
40% in Western countries and 9-40% in Asian populations.
Over the last 15 years, NAFLD has grown dramatically in

parallel with two major epidemics worldwide - obesity and
type 2 diabetes [9]. Mortality in patients with NAFLD is
significantly higher than in a similar age population [14].
Simple steatosis tends to be stable, but steatohepatitis
can progress to cirrhosis [10]. The World Gastroenterology
Organization (WGO) has recently published a number of
comprehensive guidelines for the evaluation and treatment
of NAFLD [13], with an emphasis on the distinction between
simple steatosis and non-alcoholic steatohepatitis (NASH).
Ukrainian scientists have established that the course of
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nonalcoholic steatohepatitis with secondary arterial
hypertension is characterized by higher histological activity,
which leads to the progression of fibrotic changes [11].

In the last decade of the 20th century, the theory of "two
hits" was the most proven theory of NASH pathogenesis.
Currently, this theory is replaced by the theory of "multiple
hits" [16]. Genetic factors interact with metabolic and
environmental factors, contributing to the accumulation of
fat in hepatocytes, and consistently cause inflammation, cell
death and fibrosis [3]. Recently, the cause and effect of insulin
resistance in the development of NASH has been called
into question, since NAFLD is often preceded and more
predicted by the development of obesity, diabetes,
dyslipidemia, arterial hypertension and cardiovascular
disease [15].

Numerous pharmacological strategies have been tested
in clinical trials for NAFLD therapy, and according to the
aforementioned theory of NAFLD pathogenesis, different
classes of drugs can be identified: antidiabetic drugs,
antioxidants, prebiotics, drugs with anti-inflammatory,
membranoprotective.

In order to prevent cardiovascular complications, it is
imperative for these patients to treat cardiovascular risk
factors, such as dyslipidemia, hypertension, and endothelial
dysfunction [7].

Created a new original drug with endothelioprotective
action by synthesis of the active substance (S) -2,6-
diaminohexanoic acid 3-methyl-1,2 4-triazolo-5-thioacetate
(working name Angiolin), which combines fragments of
thiotriazolin molecules and L-lysine of escinate and has high
anti-ischemic, cardioprotective, neuroprotective, antioxidant
and anti-inflammatory properties [5]. Intravenous
administration of angiolin to animals with myocardial
ischemia led to normalization of the ratio of thiol-disulfide
system and nitric oxide system in the myocardium, and in
rats with experimental chronic heart failure led to increased
activity of endothelial NO-synthase, increased glutathione
reductase activity of endothelial cells [18]. The use of the
biologically active compound Angiolin in the complex
treatment of NAFLD is rational in terms of its effect on
metabolic processes occurring in the liver and for the
purpose of correction of endothelial dysfunction, prevention
of cardiovascular complications.

The aim - to characterize the structural and functional
parameters of the liver in experimental steatohepatitis
correction by biologically active compound Angiolin.

Materials and methods

Experimental studies were conducted on 110 white, non-
linear, mature males weighing 180-200 g. Permission was
obtained from the Bioethics Commission of National Pirogov
Memorial Medical University, Vinnytsya (protocol Ne5 of March
27, 2014) to conduct the experiment. Animal retention and
experiments were conducted in accordance with the
provisions of the "European Convention for the Protection of
Vertebrate Animals Used for Experiments and Other

Scientific Purposes” (Strasbourg, 2005), and the "General
Ethical Principles for Animal Experiments", adopted by the
Fifth National Congress on Bioethics (Kyiv , 2013). Prior to
the start of the experiments, the animals were quarantined
for 10 days. During this period, the animals received a
complete standard semi-synthetic starch-casein diet.
Subsequently, the animals were divided into 2 groups: control
- 30 intact animals that continued to be on the same diet
under similar conditions with the animals of the experimental
group, and experimental - 80 rats, which were created by the
NASH model, for which for 8 weeks kept on a hypercaloric
diet with high fat and high cholesterol containing about 30%
fat (mainly saturated lipids) by adding cholesterol (obtained
by mixing 2 g of cholesterol and 10 g of lard with 88 g of
pellets of a normal balanced diet) [12, 28].

After the creation of the NASH model, the animals of the
experimental group were further divided into five groups.
Animals of the first experimental group (10 rats) were
removed from the experiment and the necessary
biochemical and morphological studies were performed.

Animals of the second experimental group (20 rats) were
continued to be maintained on a high-fat diet (HFD), but an
additional 50 mg/kg of Angiolin was administered
intravenously over 4 weeks (HFD), but intraperitoneally.

Animals of the third experimental group (10 rats) also
continued to be kept on HFD, but for an additional 30 days
only Ringer-Locke solution (25 ml/kg) was intraperitoneally.
Animals of the fourth experimental experimental group (20
rats) after the creation of the NASH model received a
complete standard semisynthetic starch-casein diet and for
4 weeks was administered an additional 30 days Ringer-
Locke solution (25 ml/kg) intraperitoneally. The animals of
the fifth experimental group (20 rats) after the creation of the
NASH model in addition to a full standard semisynthetic
starch-casein diet for 4 weeks was administered a
biologically active compound Angiolin at a dose of 50 mg
per kg body weight (adjusted by Ringer-Locke solution) 25
mg/kg.

During the experiment, regular weekly weighing of the
animals was performed to monitor the dynamics of the
change in body weight of rats in grams (g). Body length
(from nose to anus) was determined in centimeters (cm) to
all rats. Body weight and body length were used to determine
body mass index (BMI). BMI was calculated by the formula
[2, 19]: BMI (g/cm2) = body weight / (body length) 2.

All animals under thiopental anesthesia (40 mg/kg) were
sampled for biochemical study and liver tissue samples for
morphological examination. The liver was weighed on an
analytical balance. The relative weight of the liver was
calculated by the formula: (liver weight / body weight)*100%.

After centrifugation, the following standard serum methods
were used to determine the activity of enzyme markers of
cytolysis - alanine aminotransferase (ALT), aspartate
aminotransferase (AST) using the Wrightman and Frenkel
colorimetric method, and cholestasis markers - alkaline
phosphatase (ALPL) enzyme n-nitrophenilphosphate using
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calorimetrimetry by Bodansky. Bilirubin content was
determined by reaction with diazotized sulfanilic acid in the
presence of a caffeine reagent (Endrashik method)
according to the Bilirubin kit (Filitis-Diagnostics, Ukraine).

Macroscopic evaluation and description of the tissues of
the liver of animals were performed after their extraction. To
detect morphological abnormalities, tissue fragments of the
left lobe of the liver were taken for histological examination,
followed by their fixation in 10% neutral formalin neutral
solution and paraffin filling according to the conventional
method. The morphological condition of the liver in the
experiment was evaluated on the basis of histological
examination by staining drugs with hematoxylin, eosin,
sudan Il [4]. The micropreparations were examined using
an SEO SSCAN light microscope and photo-documented
using a Vision CCD Camera with histological specimens.

For electron microscopic examination, liver slices were
fixed in 2.5% glutaraldehyde solution on 0.1 g phosphate
buffer and fixed in 1% osmium tetroxide solution on
phosphate buffer, 1% tannic acid solution, dehydrated in an
alcohol battery, and a growing concentration of alcohol, in
mixtures of acetone and epon and poured into a mixture of
epon and araldite. The morphological structures were
contrasted in the process of dehydration of the material with
a saturated solution of uranyl acetate, and in sections with
lead citrate. Sections 40-60 nm thick, obtained on a UMTP-
7 ultramicrotome, and were examined in a PEM-125 K.
electron microscope.

Statistical analysis of the obtained results was performed
using the licensed program "STATISTICA 8" by Statsoft, using
parametric and non-parametric methods of estimation of
the obtained results. Data are presented in the form of
median (Me) and interquartile range (Q1-Q3). The normality
of distribution was checked using the Kolmogorov-Smirnov
test. The non-parametric Mann-Whitney U rank test was used
for the asymmetric distribution. The statistical significance
of the difference between the comparative values was
considered significant at p<0.05.

Results

Anthropometric indices of experimental rats significantly
changed during the experiment. The use of HFD for 60 days
resulted in an increase in body weight of 1.66 times, and
after 90 days - of 1.87 times, with the body mass index (BMI)
increasing by 1.32 and 1.39 times, respectively. Liver weight
reached 10.91 g after model creation, and after 12 months it
reached 12.68 g. Relative liver weight was increased by
12.15% and 15.06%, respectively, compared to the control.
The use of Angiolin - (S)-2,6-diaminohexanoic acid 3-methyl-
1,2,4-triazolyl-5-thioacetate, after the creation of a model of
NASH without abrogation of HFD resulted in a decrease in
the body weight of rats by 15.12%, BMI - by 6.52%, liver weight
by 21.61%, relative liver weight by 7.65%. The use of a
standard semi-synthetic starch-casein diet after the creation
of the NASH model led to a decrease in the body weight of
rats by only 14.55%, BMI - 6.33%, liver weight - 19.01%,
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Fig. 1. Changes in the relative weight of the liver after the creation
of a model of non-alcoholic steatohepatitis in rats and its correction.

relative liver weight - 5.21%.

The use of the biologically active compound Angiolin at a
dose of 50 mg per kg body weight after the creation of the
NASH model in addition to a full standard semi-synthetic
starch-casein diet for 4 weeks showed statistically significant
results. The body weight of experimental animals was lower
by 18.67%, BMI - by 10.02%, liver weight - by 26.97 %, relative
liver weight - by 10.24% compared with rats without treatment
(Fig. 1). Macroscopically, the liver was enlarged, yellow with
a bold gloss on the incision.

The obtained experimental results showed that the test
compound Angiolin has a hepatoprotective effect. A study of
the intensity of cytolysis syndrome in rats with the correction
of the NASH experimental model showed that there was
less ALT activity using Angiolin along (by 20.52%, p<0.05)
and Angiolin with the standard semi-synthetic starch-casein
diet (by 33.61% p<0.05) compared with the activity of
untreated animals with the NASH model. Gamma-
glutamyltranspeptidase activity was also lower using the
compound compared to non-treated animals: by 20.19%
with Angiolin (p<0.05) and by 32.86% with Angiolin along
with standard semi-synthetic starch-casein diet. The activity
of AST did not come close to the control values using the
compound, however, this figure was statistically different by
28.61% (p<0.05) after treatment with angiolin together with
the standard semi-synthetic starch-casein diet compared
to untreated animals. Increasing biochemical markers of
liver tissue damage on the background of insulin resistance
indicates the presence of structural and functional changes
in hepatocytes with the development of cytolysis and
cholestasis syndromes.

Since the biochemical markers of cholestasis syndrome
are the level of total, direct bilirubin and ALPL activity, we
evaluated the level of these indicators to assess the
effectiveness of angiolin. The indicator that most clearly
presented cholestasis syndrome in rats with the NAFLD
model was ALPL activity, which in untreated animals was
30.82% higher (p<0.05) compared to the intact group. Less
activity of ALPL compared with the untreated group was with
the administration of Angiolin (18.04%, p<0.05) and with the
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administration of Angiolin along with the standard semi-
synthetic starch-casein diet (29.79%, p<0.05). In the study
of total and direct bilirubin content, it was noted that after
NASH modeling, the total bilirubin level increased by 20.46%
and direct bilirubin by 8.19%. Increased total, direct bilirubin
and LF activity confirms the development of cholestasis
syndrome with impaired biliary function of the liver with
impaired bile duct formation and damage to small bile ducts.
Using Angiolin, the levels of these indicators were statistically
significantly lower: by 10.74% and by 5.43%, respectively.

A histomorphological study of the liver of intact rats
revealed a typical structure of the liver lobules. The boundaries
of the liver lobules were determined only by the location of
the interspecies vessels and bile ducts constituting the
"triads". Each triad has an interparticle artery, an interparticle
vein and a bile duct. Round-shaped hepatocytes with
eosinophilic cytoplasm and basophilic nucleus were found.
Diploid hepatocytes were detected in places in the liver. The
liver lobes consisted of well-defined beams radially diverging
from the central vein. Sinusoids, moderately filled with red
blood cells, lay between the beams. The portal tracts were
medium in size. The diameter of the veins was much larger
than the arteries. A small number of stellate cells were
detected. Between the lobes was the connective tissue. The
cytoplasm had no pronounced vacuolation.

Conducted morphological study of the liver of rats after
60 days of feeding of HFD revealed a significant
accumulation of lipids in hepatocytes, which caused cell
hypertrophy, narrowing of the sinus lumines.

There was a plethora of central veins. Fatty hepatocyte
dystrophy had the appearance of microvesicular and
macrovascular vacuolation. A significant increase in
hepatocyte size was found compared to the control group of
animals. The filling of the cytoplasm with fatty drops caused
deformation of the nuclei and displacement of them to the
periphery of the cell (Fig. 2).

Many of the hepatocytes had signs of dystrophy. The cells
became hypertrophic, changing their shape to more rounded
in parallel with decreased basophilia and vacuolation of the
cytoplasm with lipid inclusions. The greatest accumulation
of lipids was observed in hepatocytes near the portal areas,
with lipid vacuoles occurring both large and small in size. At
predominantly macrovesicular vacuolation, the cytoplasm
had an optically empty appearance, the nucleus shifted to
the periphery of the cell (Fig. 3). The nature of the histological
pattern of the liver tissue at 60 days of Feeding the Iron can
be identified as steatohepatitis. Electron microscopic
studies have shown that in experimental NASH (after 60
days of retention on HFD) significant changes in the plasma,
nuclear and intracellular membranes of endothelial cells
and hepatocytes develop in the liver against the background
of microcirculation disturbance. Destabilization and
destruction of cell membranes and organelle membranes
adversely affect the metabolic and functional capacity of the
organ [22].

The obtained results of a morphological study of the liver

Fig. 2. The liver of the rat for 60 days of feedlng the HFD. lefuse
mainly macrovesicular fatty degeneration of hepatocytes.

Hematoxylin-eosin, x200. (1 - lipid droplets in the cytoplasm of
hepatocytes, 2 - displacement of the hepatocyte nucleus to the
periphery of the cell with a lipid droplet, 3 - dual-core hepatocytes).
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Fig. 3 “The liver of the rat for 90 days of feeding the HFD. Preferably
macrovesicular fatty degeneration of hepatocytes. Sudan ll1, x400.
(1 - central vein, 2 - fat droplets of different sizes, 3 - sinusoidal
hemocapillaries).

tissue of experimental animals with the NASH model on the
background of the administration of the biologically active
compound Angiolin at a dose of 50 mg / kg for a month
indicated a partial restoration of the lobular structure of the
liver parenchyma compared with animals with the NASH
model without correction. The morphological structure of
the liver was characterized by a decrease in fatty infiltration
of hepatocytes, a partial restoration of the architectonics of
hepatic beams, an increase in the number of binucleate
hepatocytes (Fig. 4). However, hypertrophied hepatocytes
and hepatocytes with focal fat inclusions in the cytoplasm
were still detected.

We have studied the endothelial protective effect of the
compound Angiolin. Our studies [23] of the submicroscopic
state of animal liver endothelial cells in the correction of
NASH by angiolin have established that the ultrastructural
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Fig. 4. Liver of the rat for 90 days of the experiment (60 days of
feeding of HFD + application of Angiolin). Focal predominantly
macrovascular fatty degeneration of hepatocytes. Hematoxylin-
eosin, x200. (1 - lipid droplets in the cytoplasm of hepatocytes, 2 -

sinusoids, 3 - hypertrophied hepatocytes).

organization of endothelial cells has a typical long elongated
shape. Elliptical nuclei include a karyoplasm made of
euchromatin, which is confined to a karyolemma with clear
nuclear membranes. Between them, there is a relatively
uniform perinuclear space, and many nuclear pores are
noted. The nuclear site of endothelial cell cytoplasm involves
many small, small-sized organelles. The tubules of the
granular endoplasmic reticulum and the enlightened matrix
of individual mitochondria are somewhat enlarged. Narrow
cytoplasmic sections of endothelial cells have well-defined
perforations. Numerous microvilli are observed in Disse
spaces and are well contoured.

Discussion

According to the literature [6], lipids contained in lipid
droplets in the liver are dynamic and refer to metabolically
active substances. Lipid droplets consist of the nucleus of
triacylglycerols with or without cholesterol esters and the
peripheral monolayer of phospholipids [24]. Inactive PNPLA3
has been shown to accumulate on the surface of lipid
droplets and is associated with an increase in
macrovesicular steatosis [25]. The inflammatory response
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OCOBNNBOCTI CTPYKTYPHUX TA ®YHKUIOHAJIbHMUX NMAPAMETPIB NMEYIHKUA 3A YMOB EKCMEPUMEHTAJIBHOIO

CTEATOTEMATUTY TA KOO KOPEKLI Y LLUYPIB 3 OXKUPIHHSAM

liemopak K.B.

YdockoHaneHHs1 chapmaKkornoziyHoi cmpameeii Heanko20/bHOI Xupo8oi xeopobu nedYyiHKUu OCHOBAHO Ha 8UBYEHHI 8nusy
apmnpenapamie Ha cmpykmypy ma ¢hyHKYito neviHku. [lamoeseHe3 Heaslko2o/ibHO20 cmeamoeernamumy € CKadHuM i
bazamohakmopHUM, 8 OCHOBHOMY 3a y4acmio 2eHemuyHuUx, MemaboniyHux ¢hakmopie i ghakmopie HasKoNMUWHbL020 cepedosula.
Mema docnioxeHHs1 - oxapakmepu3ysamu cmpyKmypHi ma ¢hyHKUIOHarbHIi napamempu fnedviHKu rpu Kopekuii ekcriepumMeHmansHo20
cmeamoeerniamumy b6i0f102i4HO aKmuBHOK Criofnykoro AHeioniH. ExkcriepumeHmarnbHe 0ocrnidxeHHs1 sukoHaHo Ha 110 cmamego3pinux
binux wypax-camysx macoro 180-220 epamie, Kompux ympumysanu Ha cmaHOapmHOMy payioHi eigapito. Ycix meapuH poanodinunu
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Ha 2 epynu: koHmposbHy (30 iHmakmHux meapuH) ma docnidHy (80 meapuH). Ycim meapuHam AocrniOHOI epynu cmeoproganu Moderb
Hearlkoeo/ibHo20 cmeamozaenamumy, 071 4020 Mpoms2oM 8 MUXHi8 ympumyeasnu Ha einepkanopilHili diemi 3 eUCOKUM 8Micmom
XKupie ma xornecmepuHy. HYacmuHy meapuH (10 wypig) sugoduru 3 docnidy wiisixoM 8HymMpilWHbO-1e8pabHO20 88e0eHHSI mioreHmarny-
Hampito (50 me/ke) ma npoeodurnu HeobxioHi bioximiyHi ma mMopgbomnoeidHi docnidxeHHs, YacmuHy meapuH (30 wypie) we npomsi2om
4 muxHie npodosxysanu ympumysamu Ha 8UCOKOXUpoeil diemi ma esodusnu bionoziyHo akmugHy crnionyKy AHeioniH (20 wypis), a 10
wypam nuwe posyuH PiHeepa-/lokka. IHwux meapuH docnidHoi epynu (40 wypie) nicrs cmeopeHHs1 Moderii nepesenu Ha MOBHOUIHHY
cmaHdapmHy HarieCuUHMemuy4Hy KpoxmarbHo-ka3eiHogy diemy ma npomsi2oM 4 muxHie esodusnu (20 wypie) 6iornogiyHO akmugHy
crionyky AHeioniH, a 20 wypam nuwe po3quH PiHzepa-Ilokka. MakpockoniyHy oujiHKy ma onucaHHs rneyviHku meapuH npoeoousnu nicss
8UIYYEHHSI meapuH i3 ekcriepumeHmy nid mioneHmanosum Hapko3oM. CmamucmuyHUl aHarnis ompumaHux pesynbmamie rnposedeHul
y npoepami "STATISTICA 8" 3 eukopucmaHHAM napamMempuyHUX i HernapaMmempuyHUX Memooig OUiHKU OmpuMaHux pe3yrnbmamis.
BcmaHoeneHo, wo 3acmocyeaHHs1 AHzioniHy 1 pa3 Ha 006y npomsizom 30 dHie 0380s159€ 3MEHWUMU CUHOPOM UUMONI3y (3HUXYembCsi
akmueHicmb anaHiHamiHompaHcgepasu, acrapmamamiHompaHcgepasu, 2amma-aiymaminmpaHcrenmudasu), 3MeHWumu cuHOpom
Xxonecmaasy (piseHb J1yXKHOI pocghama3su 3MeHWyembCsi), MoKpawumu MopghonoeiyHuli cmaH eenamouyumie ma Hopmariisygamu ¢hyHKUi0
MeyiHKu.

KnrouoBi cnoBa: xg80pobu neyiHku, cmeamoaenamum, MoOeno8aHHs, Mopghorioaisi, KOPeKy,s.

OCOBEHHOCTU CTPYKTYPHbIX U ®YHKLIMOHAITIbHbIX MAPAMETPOB NEYEHU B YCNOBUAX 3KCMNEPUMEHTAJIbHOIO
CTEATONENATUTA U EFO KOPPEKLIMM Y KPbIC C OXKUPEHUEM

Muemopak E.B.

YcoeepweHcmeosaHue ghapmakonoaudeckol cmpameauu Heasnko2obHOU XUpoeol 601e3HU neYeHU OCHO8aHO Ha U3y4YeHUU 8rusiHUSI
hapmnpenapamos Ha cmpykmypy u ¢byHKyuto rnedeHu. lamozeHe3s cmeamozenamuma si8MISiemcsi CIIOXHbIM U MHO20GhaKmOpPHbIM, 8
OCHOBHOM C y4acmueM 2eHemu4yeckux, mMemabosuyeckux pakmopos u ¢hakmopos OKpyxatowel cpeldsbl. Llens uccrnedosaHus -
oxapakmepu308amb CMPYKMypPHbIe U (hyHKYUOHaIbHbIE napamMemphbl IeYeHU Mpu KOPPEeKyUU IKCrepuMeHmarnbHo20 cmeamoeenamuma
buoroeuyecKku akmueHbIM coeduHeHUeM AHeauornuHa. JKcriepuMeHmarnbHoe uccriedogaHue 8binoriHeHo Ha 110 nomoeosperbix 6esnbix
Kpbicax-camuyax maccol 180-220 epammos, Komopbix codepxanu Ha cmaHOapmHOM pauyuoHe susapusi. Bcex xueomHbix pasdenunu
Ha 0se 2pynnbl: KOHMPOobHYyo (30 UHMaKMHbIX XUBOMHbIX) U onbimHyto (80 xueomHbix). Bcem ugomHbIM onbImHOU epymbi
cosdasarnu moderb Hearnko2o/ibHO20 cmeamozenamuma, 05l Yye2o 8 meyeHue 8 Hedenb yOepxxusanu Ha aunepkanopuliHolt dueme ¢
8bICOKUM COOepaHUeM Xupoe U xonecmepuHa. Yacmpb xueomHbix (10 KpbIC) 8b1800UIU U3 OMbima MymemM 8HympuriespanbHO20
ssedeHusi muorneHmana Hampus (50 me/ke) u npoeodunu Heobxodumbie buoxumudeckue u Mopghoroauyeckue uccraedosaHusi, 4acmb
x)ueomHbix (30 Kpbic) ewie 8 medeHue 4 Hedernb npodonxanu ydepxueamb Ha 8bICOKOXUposol Oueme u 20 Kpbicam 8800uTU
buonoeuyecku akmusHoe coeduHeHue AHauosnuHa, a 10 Kpbicam mornbko pacmeop PuHzepa-Jlokka. [pyaux XUu8OMmHbIX OfbIMHOU
epynnbi (40 Kpbeic) nocne co30aHusi MoOenu repesesnu 8 nOoHOUEHHY cmaHOapmHyIo MomyCUHMemMUYecKyo Kpaxmaro-KaseuHoesyto
Ouemy u 8 meyeHue 4 Hederb 8godunu (20 Kpbic) buonoaudecku akmueHoe coeduHeHue AHauornuHa, a 20 KpbicaM moribKO pacmeop
PuHzepa-Jlokka. Makpockonuyeckas oueHka U orucaHue nevyeHu XUeomHbIX poeodusioch rocre 8bi8edeHuUs XUBOMHO20 U3
aKcrepumeHma nod muorneHmarsnosbiM Hapko3om. Cmamucmudeckull aHanu3 Mosny4YeHHbIX pe3ynnbmamos nposedeH 8 npozspamMme
"STATISTICA 8" ¢ ucnonb3oeaHueM napamempu4yecKux U Hernapamempuyeckux Memodo8 OUEHKU MOJyYeHHbIX pe3yrbmamos.
YcmaHoeneHo, ymo npumeHeHue AHeauonuHa 1 pa3 e cymku 8 medyeHue 30 OHeli nosgonsem ymeHbWUmMb CUHOPOM yumonusa
(cHuxaemcs akmusHocmb AJlTT, ACT, eamma-ennymamunmpaHcrienmudasbi), yMeHbWuUmb CUHOPOM Xxorecma3a (ypoeeHb WeroqyHou
¢hochamasbl CHUXaemcs), yay4uwums Mopghorio2uyecKkoe CoCmosiHue eernamouyumos U HopMmanu3ogambs OyHKUUK MeYeHU.
KntoueBble cnoBa: 6os1e3HU reyeHu, cmeamoaenamum, modenuposaHue, MopgOsIo2usi, KOPPEKUUs.
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The family character of atopic conditions, confirmed by many studies, has become the
basis for the use of the method of dermatoglyphics to clarify the genetic nature of the
"atopic march". The purpose of the study was to identify differences in the features of
palmar dermatoglyphics between patients with atopic dermatitis, allergic rhinitis and
bronchial asthma. Primary indexes of palmar dermatoglyphics of young men and young
women patients with atopic dermatitis, allergic rhinitis and bronchial asthma were
taken from the data bank of the research center of National Pirogov Memorial Medical
University, Vinnytsya. According to the method of Cummins H. and Midlo Ch.
dermatoglyphic study of 320 young men and young women with allergic rhinitis (n = 69),
bronchial asthma (n = 108) and atopic dermatitis (n = 143) was performed. Quantitative
indices of palmar dermatoglyphics were subject to analysis. The results obtained were
processed using the Statistica 6.1 license package using non-parametric methods. It
is established that the differences of quantitative indices of palmar dermatoglyphics
between young men / young women with atopic dermatitis and allergic rhinitis cover
50.0% / 66.67%, among patients with atopic dermatitis and bronchial asthma - 38.89%
/ 33.33%,; among patients with allergic rhinitis and bronchial asthma - 22.22% / 55.56%
respectively. Thus, in young men, the marker potential for signs of palmar dermatoglyphics
in the prognosis for the development of bronchial asthma in the presence of allergic
rhinitis (22.22%) or atopic dermatitis (38.89%) are insignificant compared with the
prognosis for the development of allergic rhinitis in the presence of atopic dermatitis
(560.0%). In young women, the marker features of palmar dermatoglyphics in the prognosis
for the development of bronchial asthma in the presence of atopic dermatitis are
insignificant (33.33%) compared with the prognosis for the development of bronchial
asthma in the presence of allergic rhinitis (65.56%) and the prognosis for the
development of allergic rhinitis (66.67%).

Keywords: palmar dermatoglyphics, atopic dermatitis, bronchial asthma, allergic
rhinitis.

Introduction

Dermatoglyphics (from ancient Greek dépua "skin" and
yAUQw "carving") is a section of morphology that studies
specific patterns on the skin of hands and feet formed by
ridges. Dermatoglyphic features have long been used in
various fields: in medicine - as a marker of many
chromosomal and multifactorial diseases [1, 19]. Also
features of human skin image are used in such fields as
criminalistics and forensic medicine [16].

A striking example of multifactorial diseases are atopic
dermatitis (AD), bronchial asthma (BA), and allergic rhinitis
(AR), which are chronic inflammatory processes that
underlie both exogenous and endogenous factors [3, 20].
There is still no consensus among scientists about the
key trigger mechanism in the pathogenesis of these

diseases [17, 30, 31].

The prevalence of these diseases covers the whole
world. Up to 65.0 % of people with AD have their first
symptoms from the age of 18 months. By the age of 7, only
half of patients have complete disease completion and
only 60.0 % have completed disease by adulthood. In
addition, about in 30.0 % of AD patients develop asthma
[26]. A 2001-2005 study of British scientists found that
frequency of asthma had decreased in all patients ((2001:
6.9 (95.0 % CI 6.8-7.0); 2005: 5.2 (95.0 % CI 5.1-5.3) per
1000 patient years, p<0.001)). However, the prevalence rate
of BA in adulthood increased (15-44 years: 23.3 %; 45-64
years: 27.7 %; over 65 years: 21.5 %) [24].

However, it is unambiguously proved that the human
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constitution influences both the risk of occurrence and the
manifestation and severity of these diseases [10, 18, 22,
23,27,28]. JoY.M. and Yi J.S.[12], in a study of a sample of
schoolchildren, found a relationship between the onset of
AR and gender, high school class, living space, stress
level, vegetable consumption, and sleep satisfaction.

266 AD patients and 532 healthy individuals were
examined in Harbin, China. The study found that obesity
was significantly correlated with the presence of the
disease (OR = 3.2, 95.0 % CI: 1.8, 5.7). Men and women
had similar associations (OR = 3.1 for men and 3.2 for
women) [15].

Holguin F. et al. [11] investigated the effect of weight on
asthma. The study population was 1,049 individuals, 48.0 %
of whom had late asthma (>12 years) and 52.0 % had asthma
at an early age (<12 years). Compared with patients with
obesity with asthma after 12 years, patients with obesity and
with asthma up to 12 years had worse rates.

In particular, studies have been conducted by foreign
authors from different parts of the world to study the features
of skin pattern in individuals suffering from these diseases.

A group of researchers from India [25] conducted a study
to identify specific dermatoglyphic markers of susceptibility
to asthma. It was found that such persons are characterized
by: decrease in the number of arches, increase in the
number of ulnar loops in comparison with the control group
was revealed as a result of the study.

In addition, similar studies have been performed for
other diseases such as psoriasis, vitiligo, and focal
alopecia [14, 21]. The features of dermatoglyphic pattern in
AD, BA and AR among the population of Ukraine is still a
poorly understood topic [4], and therefore requires more
detailed data collection and analysis.

The purpose of the study is to identify differences in the
features of palmar dermatoglyphics between patients with
AD, AR and BA.

Materials and methods

From National Pirogov Memorial Medical University,
Vinnytsya Research Center obtained primary indexes of
palmar dermatoglyphics in patients with AR, BA and AD of
young men and young women. In previous studies, these
results have been used when compared with healthy young
men and young women [2, 6, 8]. The diagnosis of AD was
consistent with conventional methods [9], the diagnosis of
BA - according to the recommendations of the International
Expert Group EPR-2, and the AR - according to the
recommendations of ISSA. Dermatoglyphs of 36 young men
and 33 young women with AR were studied; 63 young men
and 45 young women with BA; 64 young men and 79 young
women with AD.

The analysis of quantitative indices of palmar
dermatoglyphics was performed according to the method
of Cummins H. and Midlo Ch. [5]. Determined the size of
the angles Zatd, Zctd, zatb, Zbtc, Zdat; the length of the
segment c-t; ridge count ab, bc; Cummins index was

determined based on the stroke of the major palmar lines
AandD.

The results obtained were processed using the
Statistica 6.1 license package using non-parametric
methods.

Results

Significant differences or trends of differences in the
quantitative indices of palmar dermatoglyphics between
patients with AR, BA and AD (Table 1) were established.

When comparing the quantitative indices of the palmar
dermatoglyphics of young men with AR with patients with
BA, significant differences were found in the size of the
inner angles Zbtc and Zctd of the left palm, as well as - in
the course of the main palmar lines, which was reflected in
larger values of Cummins index of both palms in patients
with AR. Thus, of the 18 indices of both palms analyzed, 4
of them showed significant differences between young men
with AR and BA (see Table 1).

In young men with AR compared with AD patients, the
ridge count a-b of both palms, the dimensions of the inner
angles Zatb of the left palm, Zctd and the total angle Zatd
of both palms are significantly smaller and the inner angle
/btc is larger. Thus, out of 18 indices of both palms
analyzed, 9 of them showed significant differences between
young men with AR and AD (see Table 1).

When comparing the quantitative indices of the palmar
dermatoglyphics of young men with AD compared with
patients with BA, the dimensions of the internal angles
Zatb, Zctd and the total angle Zatd and Cummins index of
both palms are significantly smaller. Thus, out of 18 indices
of both palms analyzed, 7 of them showed significant
differences between young men with AD and BA(see Table
1).

When comparing the quantitative indexes of the palmar
dermatoglyphics of young women with AR with patients
with BA, it is found that the dimensions of the inner angles
/btc of the right palm, Zatb and the total angle Zatd of both
palms are significantly smaller. In this case, the length of
the line connecting the triradi Vc and the axial Vt of the left
palm and the Cummins index of the right palm are
significantly larger, and the ridge count a-b of both palms
and b-c of the right palm are significantly smaller. Thus, of
the 18 indices of both palms analyzed, 10 of them showed
significant differences between young women with AR and
BA (see Table 1).

In young women with AR compared with patients with
AD, the ridge count a-b of both palms, the dimensions of
the inner angles Zatb, Zctd and the total angle Zatd of
both palms are significantly smaller, and the angle <dat
and the length of the segment c-t of both palms are larger.
Thus, of the 18 indices of both palms analyzed, 12 of them
showed significant differences between young women with
AR and AD (see Table 1).

When comparing the quantitative indexes of the palmar
dermatoglyphics of young women with AD compared with
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Table 1. Quantitative indices of palmar dermatoglyphics in Podillia people of different gender with AR, BAand AD (Mz0).

Patients with AR

Patients with BA

Patients with AD

indicator Gender |, —36,n.=33) (1) | (n,=63, n.=45) (2) | (n,=64, n.=79) (3) Pz Pis Pas
M 40.97+4.90 41.57+5.88 43.91+7.27 >0.05 <0.05 <0.05
R - ATD (degrees)
F 40.60+4.75 44.13+5.35 44.56+5.86 <0.01 <0.001 >0.05
M 40.85+4.14 40.47+5.52 43.44+7.12 >0.05 <0.05 <0.01
L - ATD (degrees)
F 40.61+4.25 44.08+5.17 45.38+6.18 <0.01 <0.001 >0.05
M 13.764.19 14.3414.66 16.95+3.82 >0.05 <0.001 <0.001
R - CTD (degrees)
F 14.97+2.92 15.97+3.94 16.9613.20 >0.05 <0.01 >0.05
M 13.68+3.94 16.01+5.37 16.23+3.61 <0.05 <0.01 >0.05
L - CTD (degrees)
F 16.00+2.82 17.17+3.36 17.43+3.43 >0.05 <0.05 >0.05
M 15.79+2.99 15.88+2.80 16.86+2.68 >0.05 =0.069 <0.05
R - ATB (degrees)
F 14.94+3.53 16.86+3.31 17.04+2.82 <0.05 <0.01 >0.05
M 15.64+2.66 15.81+2.81 17.50+3.05 >0.05 <0.01 <0.01
L - ATB (degrees)
F 14.393.17 17.20+3.45 18.11+3.08 <0.001 <0.001 >0.05
M 11.73+2.88 10.63+2.98 10.50+2.46 =0.077 <0.05 >0.05
R - BTC (degrees)
F 10.69+2.62 13.06+2.68 10.82+2.21 <0.001 >0.05 <0.001
M 11.74+3.23 9.95+2.33 10.20+2.71 <0.01 <0.05 >0.05
L - BTC (degrees)
F 10.34+3.08 11.13+2.70 10.34+2.48 >0.05 >0.05 >0.05
M 58.68+5.24 57.22+6.25 57.30+5.93 >0.05 >0.05 >0.05
R - DAT (degrees)
F 59.77+4.99 61.00+6.58 56.19+5.66 >0.05 <0.01 <0.001
M 58.18+4.32 58.98+5.33 58.20+5.72 >0.05 >0.05 >0.05
L - DAT (degrees)
F 58.22+3.99 60.24+7.58 55.94+5.21 >0.05 <0.05 <0.001
M 74.9749.76 76.54+8.37 76.07+£10.95 >0.05 >0.05 >0.05
R-CT (mm)
F 73.83+8.09 71.20+8.19 69.27+9.57 >0.05 <0.05 >0.05
M 74.71+8.48 77.85+7.45 76.39+10.45 =0.058 >0.05 >0.05
R-CT (mm)
F 74.29+6.11 70.31£9.62 68.50+9.87 <0.05 <0.01 >0.05
R - AB (absolute M 36.55+6.60 38.82+6.05 40.0946.20 =0.086 <0.01 >0.05
units) F 33.56+8.69 40.53+7.40 40.95+5.89 <0.001 <0.001 >0.05
L - AB (absolute M 37.9418.07 39.74+7 .41 41.30+£5.85 >0.05 <0.05 >0.05
units) F 33.94+10.58 41.31£9.29 41.41£5.41 <0.01 <0.001 >0.05
R - BC (absolute M 28.2745.45 26.87+4.62 27.50£6.21 >0.05 >0.05 >0.05
units) F 27.06+6.47 32.02+6.19 27.60+5.62 <0.001 >0.05 <0.001
L - BC (absolute M 28.905.36 26.775.21 27.11£5.81 =0.056 >0.05 >0.05
units) F 26.77+6.26 28.77+5.56 26.90+5.52 >0.05 >0.05 =0.073
R - | (absolute M 8.600+1.886 5.910+1,780 9.281+£1.713 <0.001 =0.069 <0.001
units) F 8.743+1.597 5.200+1.590 8.899+1.959 <0.001 >0.05 <0.001
L - I (absolute M 7.065+1.948 4.050+1.940 7.641+1.811 <0.001 >0.05 <0.001
units) F 8.083+2.089 8.480+2.070 7.595+1.978 >0.05 >0.05 <0.05

Notes: ATD - atd angle value; CTD - ctd angle value; ATB - atb angle value; BTC - btc angle value; DAT - dat angle value; CT - the distance
between the palmar triradi ¢ and t; AB - palmar ridge count a-b; BC - palmar ridge count b-c; | -Cummins index; R - right palm; L - left palm.

patients with BA, it is found that the ridge count b-c and the
dimensions of the inner angle «Zbtc of the right palm, as
well as the angle «Zdat of both palms are significantly

smaller, and Cummins index of both is significantly larger.

Thus, out of 18 indices of both palms analyzed, 6 of them
showed significant differences between young women with
AD and BA (see Table 1).
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Discussion

AD, AR, and BAin 80.0 % of cases are a family syndrome
associated with genetic defects [13]. It is known that the risk
of developing AD is 60.0-80.0 % in a child if both parents
have atopic diseases [29]. Polygenic control of the
pathogenetic mechanisms of atopy is envisaged [7], which
includes the combined influence of both genes responsible
for the body's immune response to antigen and genes
responsible for the structure of organs that perform barrier
function with the environment.

A number of authors have revealed diagnostic and
prognostic signs of the development of AD by comparing
palmar dermatoglyphics in patients with AD in the stage of
remission with healthy peers, to which the young men
attributed combinations of the following signs: angles <atd,
Zctd, «atb, segment a-d; ridge count a-b, b-c and c-d on
both palms with high values; Cummins index of the left palm
with low values; in young women - angles Zatd, Zctd, Zatb
on both palms and Zbts on the right palm with high values;
segment a-d, ridge count a-b, b-c on both palms and c-d on
the right palm with high values and segment c-t on both
palms with smaller values [6].

Year-round rhinitis in young women is known to be
associated with a narrower angle Zatb and in sick young
men with a wider angle Zatb in both palms compared to the
mean population values, and in both of them with a wider
angle Zdat at right palm accompanied by low Cummins
index values [2].

According to Gunas |.V. and others [8], palmar
dermatoglyphics of patients' young men with asthma
compared to healthy peers are represented by Cummins
index with low values, palm angles Zdat and Zatd and ridge
count a-b and b-c with higher values.

The results obtained by dermatoglyphics indirectly
confirm the presence of a tendency to develop diseases of
atopic nature. Thus, it is shown that the largest number of
significant differences in quantitative indices of palmar
dermatoglyphics were recorded between patients with AR
and patients with AD both young men (50.0 %) and young
women (66.67 %). Moreover, these differences are almost
unidirectional in nature regardless of sex and are found in
the radial and ulnar areas of the palm, which is related to the
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peculiarities of localization of the palm triradii Va, Vb,Vc,
Vd. It should be emphasized that the differences in the
dimensions of the angles refer to both the internal and the
overall angle Zatd.

Almost the same number of significant differences in the
quantitative indices of palmar dermatoglyphics were recorded
between AD patients and BA patients both young men
(38.89 %) and young women (33.33 %), but they were different
in nature. Thus, the differences between young men are
recorded in the ulnar and radial regions of the palm, and in
young women - in the medial region of the palm; young men
have differences about the size of both internal and overall
angles of zatd, while in young women - only internal angles.

Finally, the differences between the patients with AR and
the patients with BA young men (22.22 %) and young women
(55.56 %) are quite different in both quantitative and
localization of changes. The differences in young men are
found in the ulnar and medial regions of the left palm, and
do not include the size of the total angle <atd, and in young
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Conclusions
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O3HAKW OONOHHOI AEPMATOMI®IKU AK MAPKEPU 3AXBOPIOBAHb ATOMIYHOI NPUPOOU
LWikonbHikoe B.C., Knimac J1.A., Cmonko A.I., Makap4yk |.M., KonsideHko C.B.

CimeliHUli xapakmep amoniyHuUx cmadis, niomeepoxeHull daHumu bazambox OocridxeHb, cmaeg nidcmaegoto O 3acmocy8aHHs
memody Aepmamoenichiku 3adriss ymoYHEeHHs1 2eHeMUYHOI npupodu "amoniyHoz2o mapwy”. Mema docnidxeHHs - susseumu po3bixHocmi
o3Hak 0os10HHOI Oepmamoanichiku MiX Xxeopumu Ha amonidyHul depMamum, anepaiyHul puHim ma 6poHxianbHy acmmy. [lepeuHHi
rokasHUKuU 00r10HHOI depmamoanichiku toHakie i digdam, xeopux Ha amonidHul depmamum, anepeaidyHuli puHim ma 6poHxianbHy acmmy
83ami 3 6aHKy O0aHuUX Haykogo-00cniOHo20 ueHmpy BiHHUUbKO20 HauioHanbHO20 MeduyHoeo yHigsepcumemy imM. M.l. lNupozoea. 3a
memodukoro Cummins H. i Midlo Ch. nposedeHo depmamoeniciyHe docnidxeHHs 320 toHakige i digdam, X80pUX Ha anepeidyHul puHim
(n=69), 6porxianbHy acmmy (n=108) ma amoniyHut depmamum (n=143). AHani3y nidnsieanu KifnbKiCHi MOKa3HUKU OOJIOHHOI
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Oepmamoenichiku. OmpumaHi pedynbmamu obpobneHi 3a 0onomMozor niyeHsitiHoeo nakema "Statistica 6.1" 3 sukopucmaHHIM
HernapamempuyHux memodie. BcmaHo8neHo, wo po3biXHOCMI KifbKiCHUX MOKa3HUKie O0fTI0HHOI Oepmamoernichiku Mix toHakamu /
disyamamu, xeopumu Ha amoniyHul depmamum U anepaidyHuli puHim oxormoroms 50,0% / 66,67%; MiX xeopumu Ha amoniyHul
depmamum ma 6poHxianbHy acmmy - 38,89% / 33,33%, mix xeopumu Ha anepeidHull puHim ma bpoHxianbHy acmmy - 22,22% / 55,56%
8i0rnoe8idHO. TakuMm YUHOM, y HOHaKi8 MapKepHi MOXnueocmi 03Hak 00fI0HHOI depmamoanichiku w000 nPo2HO3y po3eumKy 6pPOHXiarbHOI
acmmu rnpu Hasi8HOCMI y HUX anepaiyHo20 puHimy (22,22%) abo amonidyHo2o depmamumy (38,89%) € He3HayHUMU MOPIBHAHO 3
MPO2HO30M PO38UMKY arnepaiyHo2o puHimy npu HaseHocmi amoniyHozo depmamumy (50,0%). Y diedam mapkepHi Moxrugocmi 03HaK
doroHHOI depmamoenichiku w000 Mpo2HO3y Po3suUMKy 6poHXianbHOI acmmu npu HasgeHOCMI amorniyHo20 0epMamumy € He3HayHUMu
(33,33%) nopieHsHO 3 Npo2HO30M Po38UMKY BPOHXianbHOI acmmu rpu HasisHocmi anepaiyHoeo puHimy (55,56%) ma npozHo3om
pO38UMKY anepaidyHo20 pPuHimy fpu HasieHocmi amoriyHo2o depmamumy (66,67%).

KnrouoBi cnoBa: donoHHa depmamoenicbika, amoniyHul depmamum, bpoHXiarbHa acmmMa, anepaidyHul puHim.

MPU3HAKW NALOHHOW OEPMATOIMU®UKN KAK MAPKEPbI 3AEOJIEBAHUN ATOMUYECKOW NPUPOAbI

LWikonbHukoe B.C., Knumac J1.A., Cmonko [.I., Makapyyk U.H., KonsdeHko C.B.

CemelHbili xapakmep amonu4yeckux cocmosiHul, nodmeep)x0eHHbIlU 0aHHbIMU MHO2uX uccriedoeaHuli, cmaJji oCHogaHueM Ors
npumeHeHusi memoda depmamoanuguku Ors ymoYHeHUs1 eeHemu4yeckoU npupoOlbl "amornuyecko2o mapwa". Llenb uccnedosaHus -
8bIS8UMb PacxoX0eHusi NpusHakos8 nadoHHOU Oepmamoanuuku mMexdy 60MbHbIMU amonuyecKkum 0epMamumom, arnepauyecKum
puHUMOM u 6poHxuanbHol acmmol. [lepsuyHble nokaszamersnu nadoHHOU Oepmamoanuguku toHowel, 60/bHbIX amonu4yeckum
depmMamumom, annepaudeckumM puHUMoM u 6poHxuanbHoU acmmou 835mbl u3 baHka OaHHbIX Hay4YHO-UcciedosamerbCKo20 yeHmpa
BuHHUUKO20 HayuoHabHO020 MeOUUUHCKO20 yHUsepcumema umeHu H.W.lNupoeosa. Mo memoduke Cummins H. u Midlo Ch. npogedeHb!
depmamoenugpudeckue uccnedosaHusi 320 roHowel, 60MbHbIX annepaudeckum puHumom (n = 69), 6poHxuansHol acmmod (n = 108)
u amonu4eckum depmamumom (n = 143). AHanu3y nodnexanu Koru4yecmeeHHble nokasamesnu nadoHHOU depmamoanuguku.
lMonyy4eHHble pe3ynbmambl 06pabomaHbl € MOMOWbH NUUEH3UOHHO20 Nakema "Statistica 6.1" ¢ ucrionb3o8aHueM HernapamMmempu4yecKux
Memo0do8. YcmaH08/1eHO, Ymo pasiuyuUsi Kornu4yecmeeHHbIX rnokasamernet nadoHHoU depmamoanughuku Mexdy toHowamu / desywikamu,
6011bHBIMU @amornu4YeckuMm 0epMamumoM U ansepaudeckum puHumom oxeamsigaom 50,0% / 66,67 %, mexdy 60rbHbIMU amonu4yecKum
depmamumom u 6poHxuanbHol acmmol - 38,89% / 33,33%, mexdy 6onbHbIMU annepaudyeckum puHUMoM u bpoHxuansHoOU acmmou
- 22,22% / 55,56% coomeemcmeeHHo. Takum ob6pa3om, y toHowel MapKepHble 803MOXHOCMU MPU3HaKoe 1adoHHOU Oepmamoanughuku
10 NPO2HO3y pa3sumus 6pPOHXUaIbHOU acmmbi MPU HaNu4uU y HUX annepaudecko2o puHuma (22,22%) unu amonu4yecko2o 0epmamuma
(38,89%) He3HauyumerbHbI MO CPaBHEHUIO C MIPOEHO30M Pa38uMuUs ansiepau4yecKkoeo puHuma fpu Hanau4uu amornuyecko2o depmamuma
(50,0%). Y Oesywek mapkepHble 803MOXHOCMU Mpu3HaKkos nadoHHol Oepmamoanuchuku o fpoeHo3y passumus bpoHxuanbHol
acmmbl Mpu Hamuyuu amornu4yecko2o depMamuma He3HayumerbHbl (33,33%) no cpasHeHuto ¢ npo2Ho3oM pasgumusi 6poHxuUanbHoOU
acmmbl Npu Hanuyuu annepauyecko2o puHuma (55,56%) u npo2Ho30M pa3sumus annepauyecko20 puHUMmMa fpu Haauquu amonu4yecko2o
depmamuma (66,67%).

KnroueBble cnoBa: n1adoHHass depmamoeanuguka, amonudeckuli depmamum, 6bpoHxuanbHass acmma, annepaudeckul puHuUm.
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ARTICLE INFO Determining the pathogenesis of adenomyosis in postmenopausal women is promising,
Received: 21 November, 2018 as it will allow a more thorough study of the mechanisms of hormonal changes and
Accepted: 11 January, 2019 resolve issues related to adenomyosis in women of reproductive age. The purpose of

the study is to establish the role of steroid receptors in the pathogenesis of adenomyosis
in the presence of concomitant endometrial pathology in postmenopausal women.
Study material is removed uteri with parovaria from 117 patients of 49-76 years old. The
cases were divided into 4 groups depending on the presence of adenomyosis (AM) and
background pathology (endometrioid carcinoma of the endometrium (ECE) and
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CORRESPONDlNG AUTHOR endometrial hyperplasia (EHP)): 1) 27 women with adenomyosis and EHP; 2) 30 women
e-mail: 270916gr@gmail.com with adenomyosis and ECE: 3) 30 women with adenomyosis and age-related changes
Honcharenko G.Y. in the endometrium; 4) 30 women with age-related changes without AM (comparison

group). The immunohistochemical reaction was carried out using primary antibodies
to estrogen (ER), progesterone (PR) and androgen (AR) receptors. Statistical processing
was carried out using parametric methods of variation statistics (calculated the
arithmetic mean, standard deviation, confidence interval, Student criterion). The
predominance of the ER expression in the glandular and stromal components of the
eutopic endometrium in the presence of AM and hyperplastic processes was compared
with the comparison group (p<0.01). A high level of ER expression is characteristic of
the epithelium of the endometrium with EHP (7.333+0.314) and ECE (6.200+0.712)
rather than for the endometrium with atrophic changes in the presence of AM
(4.433+0.773). In the stroma, a high ER activity was detected with EHP (7.148+0.276)
rather than with atrophic changes (4.567+0.738) and ECE (4.167+0.602). It was
established that in the epithelium of adenomyosis foci, ER expression indices were
lower in atrophy (3.433+1.074) than with AM foci in ECE (4.667+0.526) and EHP
(5.148+0.745). In the stroma of adenomyosis foci, ER expression is higher in EHP than
in ECE and atrophy. The activity of PR in the eutopic endometrium decreases from
simple non-typical to complex atypical EHP and in patients with adenomyosis and ECE,
as the degree of differentiation of cells of ECA decreases (from G1 to G3 ECE). A
minimal expression of PR was found in the comparison group. In the cells of internal
endometriosis there were positive indices of immunohistochemical reaction with PR.
There were obtained minimum scores for receptor expression of AR in eu- and ectopic
endometria. Conclusion: adenomyosis foci have a regulatory effect on the uterine
endometrium, stimulating the expression of ER and, to a lesser extent, PR, and do not
affect the level of AR in the eutopic endometrium.

Keywords: adenomyosis, postmenopause, estrogen receptors, progesterone
receptors, androgen receptors.

Introduction

To date, the problem of adenomyosis is urgent and the effectiveness of the therapy applied, the prevention of
raises many questions from representatives of different the disease [14, 15, 17, 25, 27].
medical specialties regarding the methods of diagnosis, To address these or other issues related to the specified
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pathology, it is necessary to study the features of the
pathogenesis of the disease as a key point in the formation
of any pathological process. Undoubtedly, hormonal and
immunological disorders play a leading role in the
development of adenomyosis [8, 9, 23, 24]. In the presence
of endometriosis of any localization crucial among all
modern methods of examination belongs to morphological
research [3, 25]. Determination of immunohistochemical
indicators of the expression of eutopic and ectopic
endometrial receptors provides an opportunity to
understand the mechanisms of emergence and
progression of endometrioid disease. There is no single
view of the manifestation of the activity of the receptor
apparatus of ectopic foci, but the views of all authors agree
on one thing: the stromal and epithelial components of the
eutopic endometrium in the presence of internal
endometriosis differ from that of healthy women in structure,
level of activity of processes of proliferation, proliferation,
proliferation, proliferation the functioning of the proteolytic
system [6, 28]. All known works to study this pathology are
aimed at determining the level of expression of receptors
of foci of adenomyosis in women of reproductive and
premenopausal age [8, 10, 27, 29]. Given the increase in
life expectancy, postmenopausal women are more than a
third of their lives in this phase [2]. However, the receptor
apparatus of the foci of adenomyosis in postmenopausal
women and the correlation between eu- and ectopic
endometrias remain poorly understood. The study of the
problem of adenomyosis in postmenopausal women will
allow to study more carefully the complex mechanisms of
hormonal changes and their role in the pathogenesis of
internal endometriosis, and the greater availability of
pathohistological preparations of the removed uterus of
this age group allows to study in detail the receptor
apparatus and local transformations in the uterus. In
addition, in this category of women the range of concomitant
pathology of the reproductive system is wider, which
certainly influences the development of the disease and
may indicate the comorbidity of such diseases [13, 16, 26].
The establishment of separate links in the pathogenesis
of adenomyosis, both isolated and in the presence of
concomitant endometrial pathology, in post-menopausal
women will help address adenomyosis-related issues in
women of reproductive age.

All of the above points to the validity of an in-depth
comprehensive study of postmenopausal adenomyosis
in combination with pathological endometrial processes
with the involvement of modern technologies.

The purpose of the work is to establish the role of steroid
receptors in the pathogenesis of adenomyosis in the
presence of concomitant endometrial pathology in
postmenopausal women.

Materials and methods
As study material were used removed uterus with
appendages from 117 patients 49-76 years old, who were

Table 1. Assessment of the intensity and spread of cell staining
as a result ofimmunohistochemical reaction (points).

Intensity Distribution of staining
) - no stained cells
0 = absent ) - stained cells are less than 1/100

0

1

2) - the number of stained cells from 1/100 to 1/10
2 = intermediate | (3) - the number of stained cells from 1/10 to 1/3
3 = strong 4) - the number of stained cells from 1/3 to 2/3
5

) - the number of stained cells is greater than 2/3

(
(
1 = weak (
(
(
(

examined and treated at the Center for Reconstructive and
Rehabilitation Medicine (University Clinic) of Odessa
National Medical University for 2015-2018. Selection criteria
- age (postmenopausal - no menstruation for more than a
year) and a histologically verified diagnosis of
adenomyosis. All cases are divided into 4 groups
depending on the presence of AM and on the background
pathology (endometrioid endometrial carcinoma (ECE)
and endometrial hyperplasia (EHP)): 1) 27 women with
adenomyosis and EHP in endometrium; 2) 30 women with
adenomyosis and ECE; 3) 30 women with adenomyosis
and age-related changes in the endometrium; 4) 30 women
with age-related changes without adenomyosis
(comparison group).

Fragments of the test material were fixed in 10 % neutral
formalin pH 7.0 for 24 hours at 37°C. Immunohistochemical
reaction was performed using primary antibodies: Estrogen
Receptor (ER) clone SP1 (titer 1:400, LabVision
Corporation, USA), Progesterone Receptor (PR) clone
YR85 (titer 1:200, LabVision Corporation, USA), Androgen
Receptor (AR) clone AR411 (titer 1:100, Dako, Denmark).
The background staining was performed with Mayer's
hematoxylin.

The result of immunohistochemical reactions was
evaluated by a point system of continuous color method for
the determination of ER-, PR-, AR-status according to D.C.
Allred et al (1998) (Table 1). The total score was obtained
by adding point of staining spread to intensity score. A score
of 0 to 2 was considered ER-, PR-, AR-negative, a score >
2 was ER-, PR-, AR-positive.

The grouping, analysis and statistical processing of
the obtained data were performed using parametric
methods of variational statistics (arithmetic mean, mean
error, confidence interval, Student's t-test) and the "Microsoft
Office" programs.

Results

Immunohistochemical reactions with ER, PR, AR of the
eutopic endometrium in the presence of EHP revealed
certain features.

ER and PR showed high mean scores of intensity and
prevalence of staining, unlike AR (Table 2). Epithelial cells
of eutopic endometrium by EHP in more than a third (44.44
%) of cases were characterized by predominance of ER
activity over PR. In the stroma was observed the opposite
situation with the predominance of PR over ER.

Immunohistochemical reaction of ER epithelial cells
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Table 2. Average intensity and prevalence of staining of ER-, PR-, AR-receptors in eutopic endometrium with EHP (Mtm, points).

Material of Type of Glandular component Stromal component
research receptor Intensity Prevalence Total score Intensity Prevalence Total score
ER 2.444+0.242 4.889+0.120** 7.333+0.314 2.444+0.191* 4.778+0.160 7.148+0.276
EUtOp".: PR 2.556+£0.191* | 4.593+0.189*** 7.148+0.293 2.815+£0.149*** 4.482+0.264* 7.296+0.369
endometrium
AR 0.815+0.149 1.222+0.283 2.037£0.412 0.704+0.176 0.815+0.235 1.519+£0.397
ER 1.815£0.315 3.444+0.483 5.148+0.745 2.000+0.296 3.482+0.383 5.519+0.640
Ectopic PR 2.148+0250 | 4.000:0.456 | 6.148+0.676 2.259+0.307 4.000£0.347 | 6.259:0.633
endometrium
AR 0.333+0.181 0.593+0.335 0.926+0.512 0.630+0.280 0.630+0.280 1.259+0.559

Notes: *- statistically significant differences in ER and PR scores between endometrial components in the group (p<0.05); **- statistically
significant differences in scores between ER and PR in the group (p<0.05); ***- statistically significant differences in scores, both
between endometrial components and between ER and PR in the group (p<0.05).

Table 3. Average intensity and prevalence of staining of ER-, PR-, and AR-receptors in eutopic endometrium with ECE (M+m, points).

Material of Type of Glandular component Stromal component
research receptor Intensity Prevalence Total score Intensity Prevalence Total score
ER 2.367+0.318* 3.833+0.421* 6.200+£0.712* 1.400£0.291** 2.767+0.348*** | 4.167+0.602***
EUtOp".: PR 2.379+0.293 4.000£0.394 6.40+0.656 2.069+0.301* 3.552+0.474** 5.571+0.782**
endometrium
AR 0.567+0.224 0.767+0.348 1.33310.619 0.567+0.180 0.900+0.343 1.467+0.504
ER 1.667+0.237 3.000+0.339* 4.667+0.526* 1.433+£0.243* 2.367+0.493** | 3.857+0.621***
Ectopic PR 2.000£0.345 | 3.310£0507 | 5.300:0.809 | 1.931:0.344** | 3.241:0530* | 5.32+0.849*
endometrium
AR 0.500+0.205 0.900+0.368 1.367+0.598 0.867+0.155 1.40040.359 2.267+0.479

Notes: *- statistically significant differences in ER and PR scores between endometrial components in the group (p<0.05); **- statistically
significant differences in scores between ER and PR in the group (p<0.05); ***- statistically significant differences in scores, both
between endometrial components and between ER and PR in the group (p<0.05).

had the highest rates in the centers of adenomyosis with
simple EHP without atypia (Fig. 1).

There were no differences in the expression of ER and
PR between the components of the ectopic endometrium
and between the receptors. AR expression is absent in
one third of cases with adenomyosis and EHP. Analysis of
the ratio of ER and PR in ectopic endometrium revealed an
advantage of expression of PR over ER in more than 40 %
of cases.

Among women with G1 ECE, there were more frequent
cases with high levels of ER cell gland expression. An
opposite situation was observed with G3 ECE, with minimal
scores of ER epithelial cell expression.

A similar situation with the expression of ER epithelial
cells was observed in the determination of PR expression:
maximum indicators of receptor activity - most often for G1
ECE, moderate - for G2 ECE, minimum - for G3 ECE. The
latter in some places was characterized by complete
absence of immunohistochemical reaction.

The average total ER expression score was not
significantly different from such PR (Table 3). AR expression
had minimal intensity and color prevalence scores. The
study found that the normal distribution of ER and PR, that
is, in which the ratio of ER and PR goes to 1, in the glandular
component of the eutopic endometrium is present in 13
(43.33 %) women, and in the stromal - only in 8 (26.67 %).
In 16 (53.33 %) cases in the stroma, a decrease in ER was

observed against the background of an increase in PR
(ER/PR<1) (p<0.05).

In the ectopic epithelium of ECE, higher scores of ER
expression were observed for G1 ECE and minimal and,
wherever, complete absence of immunohistochemical
reaction for G3 ECE. PR had the highest levels of receptor
activity compared to other receptors (Fig. 2).

In the group of patients with adenomyosis and ECE in

» b e ,-‘%r;" A b |
Fig. 1. Area of AM female 64 years old with simple EHP without
atypia. Expressed IGC reaction (+++) cells glandular (3/5) and
stromal components (3/4). IGC reaction to estrogen markers. x100.
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I T o
Fig. 3. Area of AM female 6
Expressed IGC reaction (+++) cells of the glandular (3/5) and stromal
(3/5) components. IGC reaction to markers of progesterone. x100.

Table 4. Average intensity and prevalence of staining of ER-, PR-, AR-receptors in eutopic endometrium with atrophy (Mtm, points).

Fig. 2. Area of AM female 66 years in the presence of EKE G2.
Pronounced IGC reaction (+++) cells glandular (3/5) and moderate (++)
stromal (2/4) components. IGC reaction to estrogen markers. x200.

Material of Type of Glandular component Stromal component
research receptor Intensity Prevalence Total score Intensity Prevalence Total score
ER 1.467+0.244 2.967+0.544 4.433+0.773 1.700+0.328 2.833+0.432 4.567+0.738
Eutopic PR 1.800£0.317 | 3.367:0.613 | 516720907 | 2.000£0.364 346740585 | 546740943
endometrium
AR 0.367+0.175 0.767+0.406 1.133+0.570 0.667+0.368 0.667+0.4368 1.33+0.736
ER 1.233+0.384** | 2.200+£0.700** | 3.433+1.074** 1.700+0.341** 2.733+0.469** | 4.433+0.790*
Ectopic PR | 2.200£0.288* | 3.967+0.425" | 6.167+0.704* | 2.400£0.276** | 3.7330.338** | 6.167+0.595"
endometrium
AR 0.333+0.172 0.667+0.391 1.0£0.548 0.967+0.318 1.400+0.511 2.367+0.816
Notes: **- statistically significant differences in scores between ER and PR in the group (p<0.05).
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Fig. 4. Scheme of pathogenesis of adenomyosis in postmenopausal women.
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Table 5. Average intensity and prevalence of staining of ER-, PR-, and AR-receptors in endometrium with age-related changes (Mtm,

points).
Type of Glandular component Stromal component
receptor Intensity Prevalence Total score Intensity Prevalence Total score
ER 0.967+0.318 1.567+0.577 2.533+0.885 0.767+0.261 1.500+0.513 2.267+0.757
PR 1.100+0.391 1.900+0.589 3.000+0.968 1.000+0.282 2.100+0.590 3.100+0.858
AR 0.833+0.327 1.37+0.598 2.200+0.918 0.533+0.308 0.667+0.431 1.200+0.718

the stroma, there is a higher level of PR expression than
ER, in contrast to the glandular component (Table 3).
Immunohistochemical reaction with AR in glandular cells
was more often absent, in stroma - had minimal indicators
of receptor expression. All patients showed a
predominance of ER over PR in the stroma of endometrioid
heterotopias (p<0.05).

There were no differences in the expression of ER and
PR in the group with AM and endometrial atrophy between
the components of the eutopic and between the receptors
themselves (Table 4). The intensity and prevalence of AR
coloration in most women were zero.

In 19 (63.33%) women of group Il in epithelial cells of
eutopic endometrium the predominance of the ratio ER/
PR=1 (p<0.05) was established. In the stroma, there was
a more frequent decrease in ER relative to PR (ER/PR<1)
(p<0.05).

In ectopic endometrium in atrophy in one third of women
with IGC, the response of ER glandular cells was absent.
Immunohistochemical reaction of PR in more than one
third of cases was evaluated in maximum parameters (Fig.
3), unlike AR. The prevalence of PR expression over ER in
the foci of adenomyosis was established (p<0.05) (Table
4).

The glandular component of the ectopic endometrium
in most women was characterized by an increase in PR
and a decrease in ER (EP/PR<1) (p<0.05). Asimilar pattern
with a predominance of PR was also found in stroma cells
(p<0.05) (Fig. 4).

Immunohistochemical study of the receptor apparatus
of glandular and stromal cells of the endometrial women
of the comparison group to markers ER, PR and AR
revealed minimal scores in both intensity and prevalence
of staining (Table 5).

Discussion

Speaking about the overall picture of the results of the
study, postmenopausal patients are characterized by
differences in the expression levels of ER, PR, and AR not
only between the components of the eu- and ectopic
endometrium of the respective groups, but also between
the groups themselves.

The presence of high rates of ER activity in endometrial
components of EHP confirms the role of hyperestrogenemia
in the pathogenesis of EHP. Endometrial cell proliferation
is facilitated by long-term estrogen exposure [1, 7, 8, 17,
21]. The steroid dependence of endometrial glandular cells

on EHP is undeniable. Stromal cells also exhibit positive
ER activity, as confirmed by the work of other scientists [7,
11, 21].

The highest rates of ER expression in the stroma of the
eutopic endometrium with EHP were observed in simple
and complex forms of EHP without atypia. Atypical -
immunohistochemical reaction was less pronounced and
was accompanied by a decrease in ER expression,
indicating a violation of their reception. According to V.O.
Beniuk and co-authors (2013), decrease in the level of
activity of the receptor apparatus indicates the worsening
of the pathological process and the likelihood of further
malignancy [7]. According to the works of Tumansky V.O.
and Baudarbekova M.M. (2009), pronounced ER activity
was found in non-atypical EHP, moderate and weak in
atypical EHP [21]. The opposite is the opinion of Z.V.
Chumak et al (2014): atypical EHP is characterized by
higher ER expression results than non-atypical EHP.
However, all of the above results were relevant for women
of predominantly reproductive and premenopausal age
[11].

Analysis of the results of estrogen receptor expression
in eutopic endometrium with endometrioid endometrial
carcinoma revealed an increase in receptor activity from
G3 to G1 ECE, which is in line with the O.A. Samsonova
data (2004) on the more frequent detection of estrogen
and progesterone receptors in highly differentiated
endometrial tumors and a decrease in their activity and
quantity in accordance with a decrease in the degree of
cell differentiation [20]. Decrease in the expression of ER,
or lack thereof, indicate a loss of regulatory effect of
estrogen hormones and autonomic growth of the tumor
process [8, 22].

Positive expression of ER eutopic endometrium was
detected in the presence of atrophy and adenomyosis,
which indicates the preservation of receptor activity and
regulatory influence of postmenopausal estrogens in the
absence of hyperplastic processes in the endometrium.

Analysis of the results of immunohistochemical reactions
in the endometrium of women in the comparison group
showed low hormonal dependence of endometrial
components, as indicated by the minimal scores of ER
expression of glandular and stromal cells.

The study found a predominance of the expression level
of ERin the glandular and stromal components of the eutopic
endometrium in the presence of adenomyosis and
hyperplastic processes compared with the comparison
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group (p<0.01). The obtained data partly correspond to the
results of other scientists. So, V.O. Beniuk et al. (2013),
although it is claimed that the content of ER in epithelial
cells of endometrium with EHP is higher than in women
without the specified pathology, but in the stroma of reliable
differences scientists have not established [7]. The presence
of lower intensity scores and the spread of ER staining in
the stromal component, compared with the glandular
(p<0.05), indicates an uneven effect of the same hormones
on the respective structures and their different hormonal
dependence. Tumansky V.O. and Chepetz A.V. (2016) holds
the same opinion., indicating a decrease in ER expression
in stroma cells compared with gland cells [22].

The results show that higher expression of ER is
characteristic of epithelial cells in endometrium with EHP
(7.333+0.314 points) and ECE (6.200+0.712 points) than in
endometrium with atrophic changes in the presence of
adenomyosis (4.433+0.773 points). In stromal cells, higher
ER activity rates were detected by EHP (7.148+0.276 points)
compared to endometrium with atrophic changes
(4.567+0.738 points) and ECE (4.167+0.602 points).

Positive immunohistochemical reaction from ER
components of endometrioid heterotopias in
postmenopausal women indicates the hormonal
dependence of pathological foci and the key role of steroid
hormones in the development and conservation of foci of
adenomyosis. The study found positive overall cumulative
ER reception in all groups of women with adenomyosis.
R.A. Akopyan and V.A. Pechenikova (2014), O.G. Kuryk and
O.V. Kalenska (2014) indicated positive expression of ER in
endometrioid foci [4, 18]. Some authors have suggested
that estrogen levels increase locally in postmenopausal
women with internal endometriosis, but these studies have
addressed patients with isolated pathology - adenomyosis
[4]. Other scientists have emphasized the leading role in the
development of "hyperplastic syndrome" (EHP, adenomyosis
and uterine fibroids) of local hyperestrogenemia, not
balanced by hyperprogesteronemia [17]. Local
hyperestrogenemia may be the result of local hormone
synthesis, indicating the autonomy of endometrioid foci [7].

It was found that in the glandular component of internal
endometriosis foci, lower ER expression was observed in
atrophy (3.433+1.074 points) compared to foci of
adenomyosis in endometrioid carcinoma (4.667+0.526
points) and endometrial hyperplasia (5.148+0.745). In
endometrioid heterotopy stroma, estrogen receptor
expression is higher in hyperplasia than in endometrioid
endometrial carcinoma and atrophy.

When comparing the results of the expressive activity of
the steroid receptors of the eu- and ectopic endometrium,
no differences were found (p>0.05), except for the group of
women with adenomyosis and EHP. The data obtained differ
with the findings of some studies, according to which the
level of ER in the traces of endometrioid heterotopias is
lower than in eutopic endometrium [7, 30]. Patients with
adenomyosis and endometrial hyperplasia have a

predominance of ER expression over PR in eutopic
endometrium (p<0.01). This situation can be explained as
follows: endometrioid foci have some estrogenic potential,
which in turn affects the eutopic endometrium. Such
dependence is confirmed by the fact of lower expressive ER
activity in the endometrium of the comparison group relative
to the eutopic endometrium in the group of patients with
atrophy and adenomyosis, both in the stroma and in the
glands. The following pattern is interesting: the higher the
estrogenic potential of the eutopic endometrium, the higher
the ER expression in endometrioid foci. This phenomenon
is well evident in the group with endometrioid endometrial
carcinoma, since in this group there were patients,
depending on the level of cell differentiation, with both high
and low estrogen receptor expression scores in the eutopic
endometrium. The higher the level of differentiation of ECE
cells, the higher was the estrogenic activity in the
endometrium of ECE and in the focuses of internal
endometrosis. This is evidenced by higher scores of ER
expression in AM focuses on EHP than in atrophy, in which
the eutopic endometrium has lower estrogen activity rates.

The cells of the components of the eu- and ectopic
endometrium have estrogenic and progesterone activity,
which coincides with the conclusions reached in their work
in 2014 by R.A. Hakobyan and V.A. Pechenikova, and O.G.
Kuryk and O.V. Kalenskaya [4, 18]. Progesterone receptors
have no less activity than estrogen in endometrium with
endometrial hyperplasia, and, in some cases, even greater
[21]. The activity of PR decreases from simple non-atypical
to complex atypical EHP [11].

In patients with adenomyosis and endometrioid
carcinoma of the endometrium observed a similar pattern
with the expression of PR, as for estrogen receptors: as the
degree of differentiation of ECE cells (from G1 to G3 ECE)
decreased the receptor activity of progesterone receptors.
Reduction of PR expression or their absence in ECE cells
V.A. Tumansky and A.V. Chepetz in 2016 explained the loss
of regulatory influence of steroid hormones and the
autonomy of tumor growth [22].

In the comparison group, minimal PR expression
indicated low hormonal dependence of endometrial
components in women without adenomyosis and
postmenopausal endometrial hyperplastic processes.

Positive PR expression in internal endometriosis cells
was found in groups of women with adenomyosis, which
proves their hormonal dependence and the key role of these
hormones in the existence of postmenopausal focuses of
adenomyosis. It is possible that this is a consequence of
the local synthesis of progesterone hormones in
endometrioid foci [4]. Cases with low activity and moderate
expression of PR are associated with a decrease in
progesterone dependence.

When comparing the expression scores of steroid
receptors of the eu- and ectopic endometrium, no differences
were found between the indices (p>0.05). An exception was
women with adenomyosis and EHP, which was dominated
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by expression of progesterone receptors in eutopic
endometrial cells over ectopic (p<0.01). Thus, the results
obtained are partly consistent with the findings of some
scientists, according to which the level of progesterone
receptors in the foci of adenomyosis is lower than in the
eutopic endometrium [4, 30].

The preservation of the expression of the PR foci of
postmenopausal adenomyosis in both epithelial and
stromal cells was confirmed, regardless of concomitant
pathology. However, there were no significant differences
between the mean total PR expression scores in the stroma
of ectopic foci. This indicates the absence of regularities
between the expression levels of PR eu- and ectopic
endometrium, depending on the level of cell differentiation
inherent in estrogen receptors. It should be noted that PR
activity differed in eutopic endometrium depending on the
presence of internal endometriosis. Patients with atrophy
and adenomyosis had higher progesterone receptor
expression scores in eutopic endometrium than the
comparison group women. Endometrioid foci may have a
regulatory effect on eutopic endometrium, with some
progesterone potential. However, they remain independent
of the eutopic endometrial feedback.

When comparing the expression of ER and PR revealed
both the normal ratio of ER and PR, and the predominance
of ER over PR, as evidenced by the presence of only 2
phenotypic variants of the distribution of receptors ER and
PR: ER>PR and ER=PR. The advantage of ER over PR in
non-atypical EHP in their study was established by V.O.
Tumansky and M.M. Baudarbekova (2009) [21]. According to
the work of V.O. Beniuk and V.M. Goncharenko (2013), just
enough receptors for progesterone and maintaining a
normal ratio of ER and PR, which goes to 1, provides
sensitivity of the endometrium with EHP to progestin therapy
[8]. Thus, not only hyperestrogenemia, but also
hyperprogesteronemia and maintaining the appropriate ratio
of ER and PR are important in the pathogenesis of simple
atypical EHP. Therefore, not only the ER but also the level of
PR plays a leading role in proliferative processes in the
endometrium. The transition of the non-atypical form to the
atypical one is accompanied not only by a decrease in the
sensitivity of the receptor apparatus, but also by the
predominance of progesterone receptors over estrogenic
ones.

The presence of more than 60 % of women with
adenomyosis and atrophy in epithelial cells in the eutopic
endometrium of a normal ratio of ER and PR, which went to
1 (p<0.05), indicates that the condition of the existence of
glandular elements of eutopic endometrium with
adenomyosis and without hyperplastic processes are to
maintain a balance between ER and PR. The situation is
different when was observed in stromal cells: in most cases
there was a decrease in estrogen receptors against a
background of progesterone increase (ER/PR<1) (p<0.05).
This indicates the advantage of progesterone exposure.

In the group of women with adenomyosis and ECE it

was found that the stroma showed higher expression of PR
than ER (p<0.05). This indicates a greater regulatory effect
of progesterone receptors than estrogen receptors. It was
in the stroma of the endometrium with ECE that a decrease
in ER was observed against the background of an increase
in PR (ER/PR<1) (p<0.05). In the epithelial cells of the ectopic
endometrium, ECE was dominated by a balanced variant of
the ratio ER and PR (ER=PR) (p<0.05). Higher PR
expression in the stroma demonstrates progesterone
dependence of endometrioid heterotopia cells and indicates
its superiority over estrogen. This is confirmed by the smaller
number of cases (6.67 %) with the phenotypic variant of
receptor distribution in the stroma foci AM - ER/PR>1
(p<0.05). Other scientists point to the positive expression of
PR in endometrioid heterotopias in women of both
reproductive and menopausal periods [4, 18, 19].

In women with adenomyosis and endometrial atrophy
the opposite situation was observed: in endometrioid foci,
the expression of PR was higher than ER (p<0.05), and in
most cases there was a phenotypic variant of the ratio of
receptors with a predominance of PR over ER (EP/PR<1)
(p<0.05). Therefore, for postmenopausal adenomyosis
pathogenetically important is the advantage of progesterone
influence over estrogen.

Different levels of receptors under study at foci of
adenomyosis result from different hormonal dependence
of endometrioid focus cells. For the development and
existence of internal endometriosis in postmenopausal
sufficient estrogen and progesterone effects are required.
The implementation of the cellular response is a
consequence of the interaction of the hormone and the
corresponding receptor. In postmenopausal conditions, a
sufficient number of hormones can be synthesized locally,
in the foci of adenomyosis, against the background of the
ovarian function. However, it should not be forgotten that in
groups of women, adenomyosis "coexisted" with EHP and
ECE, whose endometrium had some hormonal potential
and receptor activity. Therefore, in the pathogenesis of
postmenopausal adenomyosis, local estrogen and
progesterone activities of constituent ectopic foci play a
leading role.

The study obtained minimal indicators, and sometimes
complete absence, of AR receptor expression in the eu-
and ectopic endometriums, which indicates that there is
no direct regulatory effect on the development of androgen
adenomyosis. However, despite this, AR expression in
stromal ECE is higher in focal endometriosis foci than in
eutopic endometrium (p<0.05). In the analysis of the activity
of AR differences between the expression levels in the
eutopic endometrium of the studied groups of women were
not found, which suggests that the androgenic potential of
foci of adenomyosis and their influence on the level of AR
in the eutopic endometrium is absent.

Evaluation of the results of AR expression in ectopic
endometrium showed the presence of lower rates of AR
expression in the stroma of endometrioid foci on EHP
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compared with other patients in the study group (p<0.05).
However, the level of AR activity in all study groups was
minimal.

Some researchers, studying the peculiarities of the
existence of post-menopausal EHP, argue that this is
possible in the presence of hormone-active structures in
the ovaries and extra-gonad synthesis of estrogens in
adipose tissue or inflammatory processes of the
endometrium and appendages of the uterus [12]. Since
the leading role in the pathogenesis of adenomyosis and
EHP is played by local hyperestrogenemia, these
pathological conditions can cause the development of
adenomyosis. Given the possibility of estrogen synthesis
in focal endometriosis foci, endometrioid heterotopias can
be considered as an autonomous lesion of the myometrium
and a source of estrogen synthesis for eutopic
endometrium. This hypothesis is confirmed by the presence
of higher rates of ER expression in eutopic endometrium
in the presence of adenomyosis, including atrophic
changes than in women without adenomyosis. The
absence of estrogenic potential of the ovaries in
postmenopausal women, positive expression of ER in the
eu- and ectopic endometriums may indicate the existence
of an "intermediate point" of estrogen synthesis. In the
future, the estrogens synthesized at such an intermediate
point are sent to the eu- and ectopic endometrium.
Estrogens that have reached the foci of adenomyosis
potentiate greater estrogen production in endometrioid
heterotopias. Subsequently, some of the estrogens remain
in the focuses of adenomyosis, and some go to the eutopic
endometrium. Thus, the hormonal theory of the
pathogenesis of adenomyosis, which is the basis of
hyperestrogenia, is inferior to the theory of hormonal
metabolism disorders, based on impaired sensitivity of
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POINb CTEPOIOHUX PELIENTOPIB Y MATOMEHE3| ADEHOMIO3Y 3A HAABHOCTI CYNYTHbLOI MNATONOr i EHOOMETPISA B

NOCTMEHONAY3I
NoH4yapeHko I.HO.

BcmaHoeneHHs naHOK namozeHe3y adeHOMIO3y y XIHOK 8 rocmmeHornaysi € nepcrnekmueHUM O00CMiOXeHHsM, sike 00380/UMmb
pemerbHiwe 8us4YUMU MexXaHi3Mu 20PMOHanbHUX 3MiH | supiluumu numaHHsi, noe'asaHi 3 adeHoMio30M Yy XIiHOK pernpodyKmueHO20
8iky. Mema pobomu - ecmaHosumu porib cmepoiOHUX peuernmopig y namozeHesi a0eHoMio3y 3a Hasi8HOCMI CyrnymHboi namosmoeil
eHOomempis 8 nocmmeHonaysi. Mamepianom 0nsi docnidxeHHs1 bynu mamku, gulaneHi 3 npudamkamu, 117 nauieHmok eikom eid 49
do 76 pokie. Bci nauieHmku 6ynu po30dineHi Ha 4 epynu 3anexHo 8id HaseHocmi adeHomio3y ma ghoHogoi namonoeii (eHdomempioidHa
kapuuHoma eHOomempis (EKE) i eineprinasisi eHoomempis (ITIE)): 1) 27 xiHok 3 adeHomio3om i [TIE; 2) 30 xiHok 3 a0eHOMio30M ma
EKE; 3) 30 xiHok 3 a0eHomio30M ma eikogumu 3miHamu e eHOomempii; 4) 30 xiHOK 3 gikosumu 3miHamu 6e3 adeHomio3y (spyna
MOPIBHSIHHS). IMyHO2iCMOXiMiYHY peaKuito Mposoduiu 3 BUKOPUCMAaHHSIM rep8uHHUX aHmumin 0o ecmpozeHosux (ER), npozecmepoHosux
(PR) i aHOpoeeHosux (AR) peuenmopie. CmamucmudyHy 06pobKy npoeodursu i3 3acmocyeaHHAM rnapamempuyHuUx memodie eapiayiliHoi
cmamucmuku (8upaxogysasnu cepedHe aputhmemuyHe, cmaHOapmHe gidxuneHHs1, 0osipyull iHmepsan, kpumepili CmbrodeHma).
BcmaHoeneHo nepeesaxaHHsi pigHs1 ekcripecii ER y 3amosucmomy i cmpomanbHOMy KOMIIOHeHmax eymoriyHo2o eHOomempisi 3a
HasisHocmi a0eHOMIo3Y i 2ineprnacmuyHUX NPOYecie NopieHsIHO 3 2pyroto nopieHsIHHSA (p<0,01). Buwuli pieeHb ekcripecii ecmpoaeHo8ux
peuenmopie 6ys binbw xapakmepHuM 0ns enimenis eHoomempis 3 einepnnasieto (7,333+0,314) ma eHOomMempioiOHOK KapUyuHOMOH
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(6,200+0,712), Hix Oriss eHOoMempis 3 ampoghidHUMU 3MiHamu rpu adeHomio3i (4,433+0,773). binbw 8ucoka akmugHiCmb eCmpo2eHo8UX
peuenmopie y cmpomi eusieneHa npu einepnnasii eHdomempis (7,148+0,276), Hix npu ampogidyHux 3miHax (4,567+0,738) ma
eHOomempioidHit kapyuHomi (4,167+0,602). BcmaHo8ieHo, wo 8 ernimernii 02HUW, adeHoMIo3y rpu ampogii eKxcrpeciss ecmpoaeHo8ux
peuenmopig bynu Huxyoro (3,433+1,074), HiX y ¢pokycax adeHomio3dy npu eHOOMempioidHil kapyuHomi eHOomempis (4,667+0,526)
ma Uoeo einepnnagsii (5,148+0,745). Y cmpomi ¢hokycie adeHOMio3y eKcrpecis ecmpo2eHo8UX peuenmopie suwa npu 2inepnnasii
eHOomempisi, HiX npu eHOoMempioioHili kKapyuHoMi eHOoMempis ma ampogii. AKMUBHicMb MPO2ecmepPoOHO8UX peuenmopie 8
eymoniyHomy eHOomempii 3HUXyembcs1 8i0 npocmoi Heamurnogoi 0 KOMIMIeKCHOI amurnoeoi 2inepnnasii eHdomempis, a y naujieHmok
3 a0eHoMio30M ma eHOOMempiOiOHOK KapUyUHOMOK eHOOMeMPIs - 110 Mipi 3HUXEHHsT cmyrneHro dugbepeHuiayii knimuH EKE (s8id G1 do
G3 EKE). Y epyni nopieHsiHHA eusiefieHa MiHiMallbHa €KCrpecis npozecmepoHosux peuenmopig. Y KnimuHax eHympiuHbo20
eHOoMmempio3a HasigHi NMo3umueHi MoKa3HUKU iMyHoeaicmoximiyHoi peakuii 3 PR. OmpumaHi miHiMansHi 6anu peuenmopHoi ekcripecil
aHOpoeeHOB8UX peuernmopie 8 ey- ma ekmorniyHoMmy eHOomempii. Takum YuHOM, ghoKycu adeHomio3y 30iliCHIOMb pezyrnsmopHUl
8nnue Ha eymonidyHuli eHOomMempili, CMUMYJIIOYU eKCIPECilo ecmpo2eHo8UX peyernmopie i, 8 MeHwi il Mipi, Mpo2ecmepoHO8UX
peuenmopis, i He ernnusarmMb Ha pieeHb aHOPO2EeHOBUX peuernmopie 8 eymorniyHomy eHOomempii.

KniouoBi cnoBa: adeHomio3, nocmmeHonay3a, ecmpoeeHo8i peyernmopu, Mpo2ecmepoHosi peuenmopu, aHOpo2eHosi peyernmopu.

POJb CTEPOUOHbLIX PELIENTOPOB B NATOMEHE3E AEHOMUO3A NPU HAITMYUU COMYTCTBYHOLLEN NATONOMMA
SHOOMETPUA B MOCTMEHONAY3E

NoHyapeHko A.FO.

OnipedeneHue 38eHbe8 NamozeHe3a a0eHOMUO3a Y XXEHUWUH 8 MOCMMeHOoMnay3e s18/1s1emcsi IepcreKmusHbIM uccriedosaHueM, KOmopoe
rnoseonum bosee mwamersibHO U3y4Umb MeXaHU3Mbl 20pPMOHasIbHbIX U3MEHeHUl U pewumb 80MpoChl, C85i3aHHble C a0eHOMUO30M Yy
JKeHWUH perpodyKkmugHo20 8o3pacma. Llesnb uccriedosaHus - ycmaHo8UMb POsib CMepPOUOHbIX Peuernmopos 8 namozeHese adeHomMuo3a
fpu Hanu4yuu conymcmeyrouwel namosnoauu 3HOomempusi 8 nocmmeHornay3e. Mamepuanom 0nsi uccriedogaHusi CryXumu Mamku,
yOarneHHble ¢ npudamkamu, 117 nayueHmok 8 go3pacme 49-76 nem. Bce nayueHmku bbinu pa3desneHbl Ha 4 epynrbl 8 3agucumocmu
om Hanu4usi adeHomuo3a u ¢hoHogol namosnoauu (3HdomempuoudHas KapyuHoma sHOomempusi (OK3) u eunepnnasus sHOomMempusi
(IT13)): 1) 27 xeHwuH ¢ adeHomuo3om u [T13; 2) 30 xeHwuH ¢ adeHomuo3om u IK3; 3) 30 xeHWuH ¢ aBeHOMUO30M U 803pacmHbIMU
usmeHeHusmMu &8 3aHOomempuu; 4) 30 XeHWUH ¢ 803pacmHbIMU U3MeHeHUsMu 6e3 adeHomuo3a (2pynna cpasHeHUs).
UMMyHO2UCMOXUMUYECKYHO peakUuto Mpoesodusu ¢ UCOoMb308aHUEM ep8uYHbIX aHmumers K acmpozaeHosebiM (ER), npoeecmepoHo8biM
(PR) u aHOpoeeHosbim (AR) peuennmopam. CmamucmuyecKyto 0bpabomky npogodusnu ¢ npUMeHeHUeM rnapamempu4eckux mMemodoos
sapuayuoHHOU cmamucmuku (8blqucrnisinu cpedHee apughmemuyeckoe, cmaHOapmHoe OMKIIoOHeHUe, dosepumeribHbili UHmMepsarl,
Kkpumeputli CmbrodeHma). YcmaHoeneHo npeobnadaHue ypo8HS 3KCIIPeCccuu 3CMPO2EeHO8bIX Peuernmopos 8 Xene3ucmom u
CcmpoMaribHbIX KOMIIOHEHMaX 3ymornu4ecko20 3HOOMempusi NpuU Harnuyuu adeHoMuo3a U 2urnepriiiacmuyecKux rnpoyeccos o CpasHeHUo
¢ epynmnol cpasHeHus (p<0,01). Bbicwuli ypogeHb 3Kcripeccuu 3cmpo2eHo8bIX peyenmopos bbinn boree xapakmepeH 05 anumernusi
aHOomempusi ¢ eunepnnasuel (7,333+10,314) u saHOomempuoudHoU KapyuHomol sHOomempusi (6,20+0,712), yem Onsi sHOomempusi ¢
ampoguyeckUMuU USMEHEHUsIMU Mpu Hanu4yuu adeHomuo3a (4,433+0,773). B cmpome bornee ebicokasi akmusHocmb ER obHapyxeHa
npu eunepnnasuu s3Hoomempusi (7,148+0,276), yem npu ampogpuyeckux usmeHeHusix (4,567+0,738) u SKO (4,167+0,602). YcmaHoeneHo,
4Ymo 8 anumersuu 04a2o08 adeHOMUO03a HUXXe roKasamersiu 3KCpeccuu 3Cmpo2eHo8bIX peuenmopos bbinu npu ampoguu (3,433+1,074),
yeMm 8 (hokycax adeHomuo3a rpu sHeomempuoudHoU KapuyuHome (4,667+0,526) u euneprnnasuu sHOomempusi (5,148+0,745). B cmpome
poKycos adeHoMUO3a IKCMPECCUS 3CMPO2EHOB8bIX PEUEenmopos8 8biwe npu eunepriasuu 3HOoMempusi, YeM npu 3HOOMempuUOUOHOU
KapuyuHome sHOomempusi u ampoghuu. AkmusHocmb PR &8 aymonudyeckom 3HOOMempuu CHUXaemcsi om npocmol Heamurnu4yHoU K
KomrnekcHol amunuyHou [T19, a y nayueHmok ¢ adeHoMUo30M U 3HOoMempuoudGHOU KapyuHOMoU 3HOOMempuUs - M0 Mepe CHUXEHUSI
cmeneHu AughgpepeHyuayuu knemok KO (om G1 do G3 OK3). B epynne cpasHeHusi 0bHapyxxeHa MUHuUMarnbHas akcripeccusi PR. B
Kriemkax eHympeHHe2o 3HOoOMempuo3a Mpucymcmeosarsnu rnosioxumerbHble rnokasamesu UMMyHo2ucmoxumudeckol peakyuu ¢ PR.
lMonyy4eHbl MuHUMarsnbHble bannbl peyenmopHoU akcrpeccuu AR 8 ay- u akmonudeckom sHOomempusix. Takum obpa3om, ¢hOKyChbl
adeHoOMUO3a oCcywecmerisiom pe2ynsmopHoe 8/UsHUe Ha dymornu4yecKkuli 3HOoMempud, cmumMynupys akcripeccuto ER u, 8 meHbwel
cmeneHu, PR, u He enusitom Ha ypogeHb AR 8 symonudyeckom sHOoMempuu.

KnroueBble cnoBa: adeHoMuo03, nocmmMmeHornay3a, 3CmMpo2eH08bIe Peyernmopsbl, Npo2ecmepoHO8bIe peyernmopbl, aHOPO2eHo8bIe
peuenmopsl.
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The work is devoted to the study of structural changes of enterocytes in the mucous
membrane of the duodenum in a burn injury of the skin of a rat under conditions of
experimental streptozotocin induced diabetes. The study was carried out on laboratory
white adult rats-males weighing 180-210 g. The control group consisted of 21 animals
without somatic pathology, the first experimental group consisted of 21 rats with skin
burn injury, the second experimental group cleared 21 rats with skin burn and
experimental streptozotocin induced diabetes. A model of experimental diabetes
mellitus was reproduced by administering streptozotocin intraperitoneally once in dose
of 50 mg/kg to rats. In an experimental simulation of a skin burn, two copper plates in
the form of an ellipse were kept in water at 100°C for 10 minutes and, under ether
anesthesia conditions, were applied simultaneously symmetrically on both exposed
parts of the body of rats with an exposure for 10 seconds. Burn skin damage in rats was
1I-AB degrees - dermal surface burn (according to the old classification IlI-A degree)
with a total area of 21-23% of the body surface with the development of burn shock. For
morphological studies, the duodenum was taken, fragments of which were processed
using conventional light and electron microscopy. The main criteria for assessing
damage the enterocytes of the duodenal mucosa were the results studies of histological
and ultrastructural data over 7, 14 and 21 days after a skin burn. The results of the
studies showed that the damage of the enterocytes of the duodenal mucosa is based on
deep destructive changes, which after 21 days (at the stage of septic toxemia), as a
rule, are not reversible and develop against the background of significant intoxication
ofthe organism. In the mucous membrane of the duodenum with burn injury of the skin
associated with diabetes mellitus, there is a deterioration of the manifestations of the
adaptive response and prolongation of destructive processes, accompanied by a violation
of intercellular interactions in cytoarchitectically modified and deformed villi and crypts.
Keywords: burn injury, streptozotocin-induced diabetes mellitus, morphological
changes of the duodenum.
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Introduction

In modern conditions of intensive industrialization and  cells [15], but damage to the skin is considered to be the

more increasing growing worldwide use of heat sources
in everyday life, there is an increase in the frequency of
burn traumatic injuries [10, 12, 13, 14, 18, 20]. Deep
widespread burns are characterized not only by damage to
the integumentary tissues, but also cause burn disease,
which is characterized by different, lasting and peculiar
general morphological and functional changes of all organs
and systems of the organism [16]. It is clear that burn injury
of the skin causes significant changes, first of all, skin

main pathogenic mechanism that causes the development
of burn disease, the components and factors of which are:
generalized catabolic response in the trauma center and
in all internal organs, systemic inflammatory and apoptotic
responses, endogenous intoxication and multiple organ
dysfunction [3, 8, 9].

Particularly unfavorable is the course of burn disease
in the context of its association with diabetes mellitus [6,
16]. However, structural changes enterocytes of the mucous

© 2019 National Pirogov Memorial Medical University, Vinnytsya
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membrane duodenum the conditions of association burn
disease with diabetes have so far remained unheeded by
researchers. On this basis, the important role of duodenal
dysfunction in the pathogenesis of burn disease [4, 6]
determines the need to study the morphogenesis of
destructive and regenerative processes in its mucous
membrane at different times after burn injury under the
conditions of the course of diabetes mellitus.

The purpose of the work was to study the structural
changes of enterocytes in the mucous membrane of the
duodenum in burn injury of the skin of rats under the
conditions of experimental streptozotocin-induced diabetes
mellitus.

Materials and methods

This research was conducted on laboratory white adult
male rats weight 180-210 g. The control group consisted
of 21 animals without somatic pathology, the first
experimental group consisted of 21 rats with burn skin
injury, the second experimental group consisted of 21 rats
with skin burn and experimental streptozotocin-induced
diabetes. All studies and control of the animals were
conducted in accordance with the rules for the use of the
animals in the experiments, adopted by the "European
Convention for the Protection of Vertebrate Animals Used
for Experimental and other Scientific Purposes"
(Strasbourg, 1986), "General Ethica Principles of Animal
Experiments", adopted by the First National Congress On
Bioethics (Kyiv, 2001), "Ethical Principles and Guidelines
for Experiments on Animals: 3rd Edition" (Switzerland 2005)
and the Law of Ukraine "On the Protection of Animals from
Cruel Treatment" (2006). The experimental diabetes model
was reproduced by administering streptozotocin to the rats
intraperitoneally at a dose of 50 mg/kg, pre-dissolving it in
0.1M citrate buffer solution (pH-4,5). The duration of the
experiment was 1 month. The control of the development
of hyperglycemia in the second experimental group was
blood glucose level - 24.24+0.79 mmol/L. In the control
group 8.03+0.4 mmol/L.

In our research, burn skin injury was caused in
accordance with the widespread model among
researchers Regas F.C. and Ehrlich H.P. [17], which has
been slightly modified and optimized Gunas |.V. with co-
authors [7]. In the experimental simulation of skin burns,
two copper plates in the form of an ellipse were kept in
water at 100 ° C for 10 minutes and, under the conditions
of ether anesthesia, were simultaneously applied
symmetrically to both exposed rats with an exposure of 10
seconds. Burn skin damage in rats was IIA-B grade -
dermal surface burn (according to the old classification IIIA
grade) with a total area of 21-23% of the body surface with
the development of burn shock. For morphological research
the department of the duodenum was selected, a fragment
of which was processed by conventional methods of light
and electron microscopy. Semi-thin and ultrathin sections
from epoxy blocks were obtained on an LKB ultratome

(Sweden). Ultra-thin sections after appropriate contrast
were examined under a PEM-125K electron microscope.
Semi-thin sections were stained with methylene and
toluidine blue. Sections of paraffin blocks were stained
with hematoxylin-eosin.

The main criteria for assessing damage enterocytes of
the mucous membrane duodenum were the results of
histological and ultrastructural data in dynamics after 7,
14, and 21 days after skin burns. Within the specified time
rats were injected a single intraperitoneally large dose of
sodium thiopental and removed from the experiment by
decapitation.

Results

In the duodenum mucous membrane of the animals of
the first experimental group 7 days after burn found
dystrophic changes in most enterocytes while maintaining
the shape of unevenly swollen and infiltrated by
lymphocytes (as well as leukocytes) villi (Fig. 1). Columnar
borderless enterocytes, goblet cells, and intestinal
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Flg 1. Leukocyte and Iymphocytlc |nf|Itrat|on of the swollen vill of
the duodenal mucosa of the first experimental group 7 days after
burn. Hematoxylin

Flg 2. UItrastructuraI organization of enterocytes W|th a brush
border in the mucous membrane of the duodenum of the rat under
normal conditions (control group of animals). The arrows indicate
the inter-digitization of the cytoplasmic processes of adjacent
enterocytes. 1 - brush border. EM x10000.
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endocrinocytes were simultaneously altered. The
described changes in the epithelial lining were
accompanied by the expansion of the interepithelial spaces.
These extensions revealed interepithelial lymphocytes,
which also had pronounced damage to the structure. These
morphological sings of the epithelial monolayer are
significantly different from those under normal conditions.

In animals of the control group (Fig. 2), the apical portion
of each columnar enterocyte with a brush border contains
monofilaments, by means of which is formed dense
intercellular contacts that isolate the lateral surface of
enterocytes from the contents of the intestinal lumen. The
cytoplasm of adjacent enterocytes has long thin processes
that form interdigitations of complex shape along the
contacting lateral surfaces of cells. Due to the availability of
dense contacts and interdigitation of cytoplasmic
processes, the maximum convergence of plasmalemma
of adjacent enterocytes is ensured and the maximal
decrease intercellular spaces in the epithelium. Under the
conditions of preservation of the integrity of the epithelial
monolayer, a characteristic single-type, saved mainly leaf-
like form of the villi of the mucous membrane duodenum.

In the mucous membrane of the duodenum of the
animals of the first experimental group 7 days after burn,
concomitant changes in the microcirculatory bed caused
perivasal edema, leukocyte infiltration, diapedesis of
erythrocytes, rupture of individual micro vessels with the
formation of hemorrhages. In comparative analysis of the
structural organization of the mucosa of the duodenum in
this group of animals observed manifestations of adaptive
processes. Detected the availability of a more pronounced
folding of the mucous membrane. The villi are well
developed, thickened, their own lamina includes a
considerable number of lymphocytes.

Widespread phenomenon in this time interval is a variety
of ultrastructural changes of enterocytes against the
background of swelling of their cytoplasm (an indicator of
which is the enlightenment of the cytoplasmic matrix): from
the vacuolation of the tubules of the endoplasmic reticulum
and damage to the mitochondria (manifestation is their
intense swelling, fragmentation of the crust and inner
membrane), to the complete destruction of organelles, the
appearance of defects of plasmalemma and nuclear
membrane.

In areas of enterocytes cytoplasm with partially lost
brush border there are rounded autophagosomes and
autophagolysosomes of different size with heteromorphic
electron-dense contents (Fig. 3).

Morphological evidence of the initial stage of autophagy
is the grouping of damaged cell organelles in certain loci
of the cytoplasmic matrix and their sequestration by
concentric coverage of the characteristic autophagosome
structure - phagophore (double insulating membrane). In
the future, autophagosomes merge with lysosomes and
form autophagosomes with different electron density and
structure (which is an indicator of the stages and efficiency
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Fig. 3. Autophagosomes (1) of various sizes with heteromorphic
electron-dense contents in the cytoplasm of enterocyte with the
remnants of the brush border in the mucous membrane of the
duodenum of the rat of the first experimental group 7 days after
burn, 2 - the remnants of the brush border. EM x20000.
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Fig. 4. Area of epithelial monolayer of enterocytes with preserved
brush border and desquamated cells in the margins in the mucous
membrane of the duodenum of the rat of the first experimental
group 14 days after burn. 1 - intestinal lumen, 2 - cytoplasm of
enterocyte with brush border, 3 - the nucleus of the desquamated
cell. EM x10000.

of digestion of the sequestered material).

Digestion of the content of autophagolysosomes is
accompanied by destruction of the inner membrane of the
phagophore (under these conditions, the products of
digestion are likely to be absorbed by the cytoplasm of the
enterocyte). If part of the material remains undigested, then
the autophagolysosome is transformed into an autophagic
vacuole, which is directed to the plasmalemma of the apical
region of the enterocyte and releases its contents outside.

In the animals of the first experimental group, erosion,
ulcers, numerous small, and sometimes quite extensive
hemorrhages were observed much more frequently than
in the previous study period 14 days after the burn. In the
population of the columnar enterocytes with the brush
border increased the content of dystrophic altered cells,
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Fig. 5. Autophagosomes (1) of different size in the cytoplasm of
enterocyte with a lost brush border in the mucous membrane of
the duodenum of the rat of the first experimental group 14 days
after burn, 2 - the remnants of the brush border. EM x20000.

Fig. 6. Cellular detrltus (1)inthe mtestlnal lumen ofthe duodenum
of the rat of the first experimental group 21 days after burn. EM
x20000.

Fig. 7. Necr03|s of the duodenal mucosa enterocytes of the rat of
the second experimental group 14 days after burn. The arrows
marked the "exposed" basement membrane of the epithelial
monolayer. 1 - cellular detritus in the intestinal lumen. EM x20000.

which were located not only in the upper, but also the middle
and lower part of the villi.

The sections of the epithelial monolayer of enterocytes
with preserved brush border alternated with areas free of
brush border. Enterocytes of the epithelial monolayer were
adjacent to desquamated cells of varying degrees of
conservation (Fig. 4). In the apical part of most enterocytes
with partially lost brush border were located groups of
rounded autophagosomes and autophagolysosomes of
different size and content (Fig. 5).

In the cytoplasm of many enterocytes with the presence
of structural site defects of the plasmalemma and nuclear
membrane in conjunction with local damage of the
cytoplasmic matrix (which, given their variability, can
probably be repaired) revealed signs of increased
functional activity of organelles (evidence of moderate
expansion of the tubules of the granular endoplasmic
reticulum, an increase in the number of ribosomes, the
presence of polyribosome, the aggregation of intact
mitochondria, the integrity of the nucleus). In other
enterocytes, at this time, the cytoplasm is vacuolated in the
form of various enlargement of the tubules of the
endoplasmic reticulum with enlightenment of their
contents, vacuolar transformation of mitochondria, which
is completed by complete necrotic destruction and cell
fragmentation with the formation of cellular detritus.

In animals of the first experimental group after 21 days,
after burns, morphologically focal atrophy of the mucous
membrane was manifested by thickening and shortening
of the villi; in some places they were completely absent.
The erosions that were the result of enterocyte necrosis
were often found (Fig. 6).

In animals of the second experimental group, subtotal
necrosis of enterocytes with a brush border is widespread
7 days after burn, when, while maintaining part of the
cytoplasm with an intact border, the cell area is subjected
to necrotic degeneration, and the formed cell detritus with
microvilli of the border enters the intestinal space.

14 days after burn in the mucous membrane of the
duodenum of animals of the second experimental group,
enterocytes in certain areas of the epithelial monolayer are
subject to complete necrotic decay. In these areas, the
basement membrane becomes "exposed" (Fig. 7). It is
quite well preserved and even, it is somewhat thick
compared to that of the norm (in the control group of rats).

The structural changes described above are
accompanied by deformation and destruction of the villi of
the duodenal mucosa (Fig. 8). The villi lose their typical
leaf-like shape, often take on a "twisted" shape, and
filamentous villi appear, surrounded by groups of
desquamated enterocytes and cellular detritus.

21 days after burns in animals of the second
experimental group in some parts of the mucous
membrane of the duodenum of the crypt and villi are clearly
deformed. The villi lose their typical cytoarchitectonics and
have the appearance of clustered (and sometimes
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Fig. 8. Deformation and destruction of the villi of the duodenal

mucosa of the second experimental group 14 days after burn.
Hematoxylin-eosin. x60.

mushroom) enterocyte conglomerates of varying degrees
of structural conservation.

Discussion

Diabetes mellitus and its related complications are
becoming more common. The complex of gastrointestinal
symptoms associated with diabetes is now known as
diabetic enteropathy and can manifest as diarrhea, fecal
incontinence, constipation, dyspepsia, nausea and vomiting
[6]. The ancient theory that autonomic neuropathy is a major
contributor to diabetic enteropathy has recently been
supplemented by new theories of disease development. In
particular, it is now considered [6] that hyperglycemia and its
associated oxidative stress in neural networks (including
nitric neurons and interstitial Cajal cells) play a central role
in the development of diabetic enteropathy. The authors of
the latest (at the time of publication) scientific review article
"Diabets and the small intestine" [6] indicate that the latest
scientific results are promising, but there is still a great need
for further studies on the pathogenesis of diabetic
enteropathy.

Many unresolved issues remain regarding the role of
structural and functional alterations of the small intestine in
the pathogenesis of burn disease, and, in particular,
dysfunction in the context of burns of the intestinal epithelial
barrier.

The data obtained indicate the structural manifestations
of a barrier violation (destruction of dense interepithelial
contacts, disappearance of interdigitations of cytoplasmic
processes of adjacent enterocytes) in burn skin injury under
experimental streptozotocin-induced diabetes. In addition,
we confirmed the Huang Ya et al. data [11] regarding the
involvement of autophagic processes in the development of
gradual structural disorganization of the intestinal epithelial
barrier, but unlike the authors, we consider their manifestation
of an adaptive response.

It should be noted that the role of autophagy in cell death

today by researchers treated quite contradictorily [11].
According to modern data [1], autophagy is the process of
digestion of its own distorted organelles and sections of the
cytoplasm by lysosomes (thus autophagy is both a type of
programmed cell death and a strategy for cell survival by
recycling cellular material). Thus, the adaptive response of
the duodenal mucosa enterocytes to the destructive effects
of burn disease factors involves the use as part of the plastic
and energy resources of the degraded cellular material to
repair the damaged enterocyte and to maintain its viability.
Under the conditions of our experiment in rats of the first
experimental group, the course of structural changes of
enterocytes of the duodenal mucosa is slow enough to
include the adaptive mechanism of autophagy of distorted
organelles. In the animals of the second experimental group,
destruction of cytoplasmic and organelle enterocyte sites
(due to the summation of the factors of burn disease and
diabetes) is accelerated and cells die by necrosis.

Summarizing we can say that in the duodenal mucosa
of the second experimental group, the dynamics of
morphological changes during different periods after burns
(7 days - the stage of shock and early toxemia; 14 days - the
stage of late toxemia; 21 days - the stage of septicemia)
differ from animals of the first experimental group.
Comparison of the obtained data with the previously revealed
ones suggests that the time intervals and the nature of
adaptive changes of the duodenal mucosa are largely
prolonged and worsened. Significant lesions of the mucous
membrane should lead to disruption of the processes of
the digestive system, parietal digestion and absorption, as
well as immunological protection (considering that the
mucous membranes are the first zone of contact of the body
with the antigens of the environment and the leading link of
immune protection, immune defenses), affects the condition
of the body of burned persons and, to a large extent,
determines the development of burn disease, as well as
the course of diabetes.

The prospect of further research in this area is related to
the study of the effects on the duodenum of drugs that reduce
the intoxication of the body and blood sugar level.

Conclusions

The results of the studies showed that the base of
damage to the duodenal mucosa enterocytes consist of
deep destructive changes, which after 21 days (in the stage
of septicotoxemia), as a rule, are not reverse and develop
on the background of significant intoxication of the body.

The structural changes of the enterocytes detected under
the experiment were evidence of a violation of the structural
integrity of the intestinal epithelial barrier. In animals of the
first and (more) of the second experimental groups, the
damaged epithelium of the duodenal mucosa critically
weakens the adequacy of its function as an interface
between the mucous membrane and the environment of
the intestinal lumen, and is unable to structurally provide the
reliability of antigenic toxicogenic bar.

Vol. 25, Ne1, Page 55-61

59



Structural changes of duodenal mucosa enterocytes of rats in burn skin injury under experimental...

In the mucous membrane of the duodenum in burn injury
of the skin associated with diabetes is worsening of the
manifestations of the adaptive reaction and prolongation of
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CTPYKTYPHI 3MIHU EHTEPOLIUTIB CNTU30BOi OBONOHKA ABAHALLIATUMAINOI KALLIKW LLYYPIB NMPU OMIKOBIA TPABMI
LLUKIPU 3A YMOB EKCNEPUMEHTANBbHOIO CTPENTO30TOLMH-IHOAYKOBAHOIO LIYKPOBOTI'O OIABETY

Yepkacoe B.I., TimoweHko I.0.

Poboma npucesiyeHa 8UBYEHHIO CMPYKMYPHUX 3MiH eHmepouumie y cru3o8ili 06010HYi 08aHaduamunanoi KUWKU npu orikosil
mpaemi WKipu wypa 3a yMog eKcriepuMeHmarnbHo20 CMpermo30moyuH-iHOyKogaHOo20 UyKpogozo Oiabemy. [JocrnidxeHHs nposedeHo
Ha nabopamopHux binux cmameego3pinux wypax-camysix macoro 180-210 2. KoHmpornbHy epyrny cknana 21 meapuHa 6e3 comamuyHoi
rnamornoaii, mepwy ekcriepumeHmarnsHy epyny cknanu 21 wyp 3 ornikogo mpasMoro WKipu, Opyey ekcriepumeHmarnsHy epyny cknanu 21
wyp 3 ornikoM WKipu ma ekcriepumeHmarnbHUM cmpernmo30moyuH-iHoykosaHum diabemom. Modersib ekcriepumeHmarnbHO20 UyKpo8o20
Odiabemy sidmeoprogasnu WIIXOM 88€0eHHs uypam cmpernmo30moyuHy 8HympiluHbooYepPe8UHHO 00HOpPa3o8o 8 003i 50 me/ka. lpu
eKcriepumeHmarnbHoOMy MOOerto8aHHK0 OniKy WKipu 08i MiOHI nnacmuHKU y guansadi enincy eumpumysanu y 80di npu 100°C 10 xeunuH
i, 3a ymo8 eghipHO20 HapKo3y, Haknadanu 00HOYacHO CUMEMPUYHO Ha obudsi o2oneHi YacmuHu mina wypie 3 ekcriosuyjeto 10 cekyHO.
Onikose nowkodxeHHs Wkipu y wypie cknadano IIA-b cmyneHs - depmanbHO20 108epXHE8020 OriKy (3a cmapoto Knacugikauieto I11A
cmyniHb) 3a2anbHoro rioweto 21-23% rnosepxHi mina 3 pO38UMKOM Orikogoeo WoKy. [ns mopghonoeidHux docrnioxeHb 6yro euny4eHo
8i00in dsaHadussimunarnoi KuwkKu, ppaemeHmu siko2o 6ynu docnidxeHi Memodamu c8immo8oi ma enekmpoHHOI Mikpockorii. OCHO8HUMU
KpumepisiMu OUIHKU MOWKOOXEeHHs] eHmepoyumie c/iu3080i 060/10HKU 08aHadusmunasnoi KUWKU cmanu pe3dynbmamu O0CTiOXeHHS
eicmornoaidyHux ma ynbmpacmpykmypHux 0aHux e OuHamiui Yepe3 7, 14, ma 21 9oby nicnsa oniky wkipu. Pe3ynsmamu npogedeHux
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docnidxeHb rnokasasnu, W0 8 OCHO8I MOWKOOXeHb eHmepouyumie cnu3oeoi 060/10HKU d8aHadusmunanoi KUWKU nexams 21uboki
decmpykmusHi 3miHU, siKi Yepe3 21 doby (e cmadii cenmukomoKceMii), Ik Mpasusio, Marmb He380POMHIl Xapakmep i po3eusarombcsi
Ha ¢poHi 3Ha4HOI iHmMoKcukauii opeaHismy. pu onikosili mpasmi wkipu, acouitiogaHil 3 Uykposum diabemom, 8 cru3oeili 060/10HUI
dsaHaduysimunarsnoi KUWKU rnoeipuyemscsi nposie adanmueHoi peakuii i nposioHayombcsi 0ecmpyKmueHi Mpouecu, Wo CyrnpogodXyembCsi
MOPYWEHHSIM MDKKITIMUHHUX 83aeMo0ili 8 UumoapximeKmoHiYHO 3MiHeHUX ma deghopMoBaHUX 80OPCUHKaX | Kpurmax.

KntovoBi cnoBa: onikosa mpasma, cmpenmo30moyuH-iHOykoeaHull uyykpoauli diabem, MopgborioeiyHi 3MmiHu 08aHadussmunanol KUWKU.

CTPYKTYPHbIE U3BMEHEHWUSA 3HTEPOLIUTOB CITM3UCTON OBONOYKU OBEHAOUATUMEPCTHOM KULLIKA NMPU OXXOrOBOM
TPABME KOXUW B YCNOBUAX 3KCNEPUMEHTANBbHOIO CTPENTO30TOUUH-MHOYLUPOBAHHOIO CAXAPHOIO AUABETA
Yepkacoe B.I., TumoweHko U.A.

Paboma nocssuweHa usy4yeHuro CmpyKmypHbIX U3MEeHeHUl 3Hmepoyumos 8 criuaucmol obosnoyke dgeHadyamunepcmHol KUWKU fpu
0)X02080U MpasmMe KOXU KPbICbl 8 yCII08USIX 3KCNepuUMeHmasnbHO20 CMpernmo30moyuH-uUHOyyUpo8aHHO20 caxapHo2o Ouabema.
UccnedosaHue nposedeHo Ha tabopamopHbix 6eribiX M0/10803perbix Kpbicax-camyax maccol 180-210 a. [pynny kKoHmMporns cocmasuniu
21 xueomHoe 6e3 comamuy4ecKkol ramorioauu, rnepsyto 3KcrepuMeHmarnbHylo 2pyrnny cocmasuna 21 Kpbica ¢ 002080l mpasmol
KOXU, 8MOopyto 3KCrepuMeHmarbsHyto 2pynny cocmasuna 21 Kpbica C 0XO020M KOXU U 3KCepuMeHmarsbHbIM CMpermo30moyuH-
UHOyyuposaHHbiM Auabemom. Modenb 3kcrnepumeHmanbHo20 caxapHo2o Ouabema 8ocrnpou3sodusnu nymem 88e0eHUsI Kpbicam
cmpenmo3omouyuHa 8HympubprowuHHO 00HoKpamHo 8 0o3e 50 me/ke. lNpu skcriepumeHmanbHOM MOdernuposaHUU 0xoz2a Koxu 0se
MedHble nnacmuHKu 6 eude annurca ebidepxusanu 6 eode npu 100°C 10 MuHym u, 8 ycrosusix 3gUpHO20 HapKo3a, Haknadbleanu
00HOBPEMEHHO CUMMEMPUYHO Ha obe ObHaxkeHHble Yacmu mersa Kpbic ¢ akcrio3uyuel 10 cekyHd. Oxoz2080e rospexoeHuUe KOXu y
Kpbic cocmasensno IA-b cmeneHu - depMarnbHO20 Mo8epXHOCMHO20 0x02a (1o cmapol knaccughukayuu IlIA cmenerb) obujell nnowadbo
21-23% nosepxHocmu mesia ¢ pasgumueM 0X0208020 woka. [nsa mopgonozauyeckux uccnedosaHull usbimanu omaoen
0seHaduyamurnepcmHoUl KUWKU, ghpaeMeHmbl KOmopoeo bbinu uccriedosaHbl 06WenpuHImMbIMU Memoodamu ceemosoll U 351IEKMPOHHOU
mukpockornuu. OCHOBHbIMU KpUMEPUSIMU OUEHKU M08pex0eHUs IHmepouyumos cruaucmoli 0bonoyku 0geHaduyamunepcmHol KUWKU
cmanu pesynsmamsl uccredoeaHusi 2UCMOI02UYECKUX U yrbmpacmpyKmypHbIX 0aHHbIX 8 OuHamuke yepe3 7, 14 u 21 cymku nocne
0x02a KoxXu. Pesyrnbmambi nposedeHHbIX uccriedosaHull nokasasu, Ymo 8 OCHO8e Mospex0eHuli IHmepoyumos criu3ucmou 060/104Ku
dseHaduamurnepcmHoU KUWKU fiexam arlybokue 0ecmpyKmueHble U3MeHeHUs, Komopble Yepe3 21 deHb (8 cmaduu cenmuKomoKcumuu),
Kak rpasuso, umerom Heobpamumbil xapakmep U pa3euearomcsi Ha ¢hoHe 3HadumerbHolU UHMOKcuUKayuu opeaHusma. pu oxozoeol
mpaeme KOXU, accoyuupogaHHOU C caxapHbiM Ouabemom, & cruducmol obosoyke dgeHaduyamunepcmHoU KUWKU yxydwaromces
rposierieHus1 adanmueHou peakyuu U rposioHauUpymcsi 0ecmpyKmueHbIe NpoueCcChl, COMPO8OXAaoUUECs HapyUeHUeM MEXKIemoYHbIX
e3aumodelicmeuti 8 yumoapxXumeKmoHUYEeCKU USMEeHeHHbIX U 0ehopMUpOB8aHHbIX 80PCUHKaxX U Kpurmax.

KnroueBble cnoBa: oxozoeass mpasma, cmpernmo30moyuH-UHOyyUpoBaHHbIl caxapHbil Ouabem, mopghonosudeckue U3MeHeHUs
dseHaduyamunepcmHoU KUWKU.
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ARTICLE INFO The thyroid gland is an important organ that is involved in the regulation of homeostasis
Received: 20 December, 2018 and adaptation in various pathological conditions. However, the question of the study of
Accepted: 28 January, 2019 the proliferative activity of thyroid cells by flow cytometry is still poorly understood.

Purpose of study: to investigate the indices of the cell cycle and DNA fragmentation of
thyroid cells in rats against the background of infusion of 0.9% NaCl solution,
lactoprotein with sorbitol or HAES-LX 5%. Experimental studies were performed on 90
white male rats weighing 160-180 g. Infusion of 0.9% NaCl solution, lactoprotein with
sorbitol or HAES-LX 5% was performed in the inferior vena cava after its catheterization
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the framework of the agreement on scientific cooperation between the Research Center
of National Pirogov Memorial Medical University, Vinnytsya and the Department of
Histology, Cytology and Embryology of the Odessa National Medical University (from
01/01/2018), DNA content in the nuclei of thyroid cells of rats was determined by flow
DNA cytometry. Cell cycle analysis was performed using the software FloMax (Partec,
Germany) in full digital accordance with the mathematical model, which determined:
GOG1 - the percentage of cells of the phase GOG1 to all cells of the cell cycle (DNA
content = 2c); S - the percentage of the phase of DNA synthesis to all cells of the cell
cycle (DNA content > 2c and < 4c); G2+M - the percentage ratio of the G2+M phase to
all cells in the cell cycle (DNA = 4c). Determination of DNA fragmentation (SUB-G0G1,
apoptosis) was performed by isolating the RN2 region on DNA histograms before the
GOG1 peak, indicating nuclei of cells with a DNA content < 2c. The statistical processing
of the obtained results was carried out in the license package "STATISTICA 6.1" using
nonparametric estimation methods. The data obtained showed a virtually identical
pattern of rat cell cycle and DNA fragmentation of the thyroid gland cells at all study
times against the use of 0.9% NaCl solution, lactoprotein with sorbitol or HAES-LX 5%.
Thyroid cells in rats are predominantly in the inactive phase of DNA synthesis (GOG1)
(90.32% - 91.88%), significantly fewer cells are in the G2+M phase (7.56% - 9.17%),
and there is a small percentage of cells in the S-phase (DNA synthesis) (0.52% -
0.67%) and the SUB-GOG1 interval (DNA fragmentation, apoptosis) (2.23% - 2.81%).
We can state that the activity of the main part of the thyroid gland is rather low without
pathological irritation.

Keywords: thyroid gland, DNA cytometry, cell cycle, 0.9% NaCl solution, lactoprotein
with sorbitol, HAES-LX 5%.

Introduction

The thyroid gland is an important organ that is involved = morphological, biochemical and hormonal features of the
in the regulation of homeostasis and adaptation in various  thyroid gland in norm and pathology have been
pathological conditions [5, 13]. Numerous data on the accumulated today [3]. However, the question of the
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proliferative activity of organ cells remains poorly
understood. Publications are devoted to the study of the
proliferative activity of thyroid cells, mainly devoted to tumor
and pre-tumor diseases [19, 20], which does not allow to
extrapolate the obtained data to other pathological
conditions.

It is known that the proliferative activity of the thyroid
gland is a manifestation of physiological regeneration at
the cellular level, with the number of cells in the state of
mitotic division is normally in a small percentage [12].
Changes in the proliferative activity of cells in the thyroid
gland depend on age, overall regeneration process and
seasonal influences [11]. There is a significant increase in
the proliferation of thyroid cells in pathology, which is
associated with systemic activation of the body's
neuroendocrine system by various factors [15]. It is known
that the division of thyrocytes is controlled by central
hormones, in particular thyroid tropic hormone and local
modulators (growth factors, cytokines), which can stimulate
both normal and pathological proliferation [17].

Changes in thyroglobulin in the colloid of the thyroid
follicles are closely correlated with the phases of
accumulation and evacuation of thyroid hormones having
age, sex and circadian features. The relationships of
proliferative activity, synthesis and resorption of
thyroglobulin in thyroid cells are quite complex and
mediated by a whole group of regulating factors of the gland
itself and the hypothalamic-pituitary system [7].

A feature of cell proliferation in the thyroid gland,
according to many researchers, is the process of
desquamation of the follicular epithelium [9]. They argued
that the basis of desquamation as a cellular destructive
process may be a phenomenon such as apoptosis, and
concluded that in the normal thyroid gland, the proliferation
and desquamation of the follicular epithelium are
antagonistic regulatory mechanisms that provide the
necessary balance norms and pathologies.

Given the complexity of histological and morphological
life-long study of the thyroid gland, there is a need to involve
more accurate methods of studying cell division disorders.
More than 60 imaging and evaluation markers have been
proposed to determine apoptosis and cell proliferative
activity. Proliferating cells that are at different stages of the
mitotic cycle are immunohistochemically determined (Ki-
67, PCNA, pl05, CDK-2, cdE) [8, 18]. In particular, these
markers identify not only cells that have entered the mitosis,
but also cells that are in the process of preparation for
division, which allows to evaluate their proliferative potential
[4]. However, the most informative method for assessing
cell division is the flow cytometry method, which is
nowadays defined as a reference for determining DNA
fragmentation (apoptosis), and such that allows dividing
the cell cycle into separate phases [1]. Flow cytometry
method allowed estimation of changes in cell division and
DNA fragmentation in various organs, in particular,
endocrine ones, without pathological influence on the

background of the use of infusion solutions [6, 10, 14].

Data on the study of indicators of the cell cycle of thyroid
cells by flow DNA cytometry in non-tumor pathology, we
have not revealed.

The aim of the study was to investigate the indices of
the cell cycle and DNA fragmentation of thyroid cells in rats
against the background of infusion of 0.9% NaCl solution,
lactoprotein with sorbitol or HAES-LX 5%.

Materials and methods

Experimental studies 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), conducted on
the basis of the Research Laboratory of Functional
Morphology and Genetics of the Research Center of
National Pirogov Memorial Medical University, Vinnytsya.
The keeping and manipulation of animals was carried out
in accordance with the "General Ethical Principles of Animal
Experiments", adopted by the First National Congress on
Bioethics (Kyiv, 2001), also guided by the
recommendations of the "European Convention for the
Protection of Vertebrate Animals Used for Experimental and
Other Scientific Purposes" (Strasbourg, 1985), guidelines
of the State Pharmacological Center of the Ministry of Health
of Ukraine on "Preclinical studies of medicinal products"
(2001), as well as the rules of humane treatment for
experimental animals and conditions approved the
Committee on Bioethics of National Pirogov Memorial
Medical University, Vinnytsya (Minutes No. 1 of 14.01.2010).

The infusion of 0.9% NaCl solution, lactoprotein with
sorbitol or HAES-LX 5% was performed into the inferior
vena cava after catheterization in aseptic conditions through
the femoral vein. The catheter was sewn under the skin, its
lumen filled along the entire length with a titrated heparin
solution (0.1 ml heparin per 10 ml 0.9% NaCl solution)
after each substance administration. The infusions were
performed once a day for the first 7 days. Trunk
catheterization and decapitation of animals (after 1, 3, 7,
14, 21, and 30 days) were performed under propofol
anesthesia (60 mg/kg i/v).

Within the framework of the agreement on scientific
cooperation between the Research Center of National
Pirogov Memorial Medical University, Vinnytsya and the
Department of Histology, Cytology and Embryology of the
Odessa National Medical University (from 01.01.2018), DNA
content in the nuclei of thyroid cells of rats was determined
by flow DNA cytometry. Samples were prepared using a
CyStain DNA Step 1 (Partec, Germany) nuclear DNA test
solution according to the manufacturer's instructions. The
use of this solution allows rapid extraction of nuclei and
labeling nuclear DNA with 4°,6-diamidino-2-phenylindole
(DAPI). CellTrics 50 ym disposable filters (Partec,
Germany) were also used for sample production. Flow
analysis was performed on a multifunctional flow cytometer
"Partec PAS" (Partec, Germany), at the Research Center of
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National Pirogov Memorial Medical University, Vinnytsya.

Ultraviolet radiation was used to excite DAPI fluorescence.
10 thousand events were subjected to each test sample.

Cell cycle analysis was performed using the
software FloMax (Partec, Germany) in full
digital compliance according to a
mathematical model, which determined:

GO0G1 is the percentage of GOG1 phase
cells to all cells in the cell cycle (DNA content
=2c);

S is the percentage of the phase of DNA
synthesis to all cells of the cell cycle (DNA
content >2c and <4c);

G2+M is the percentage ratio of the G2+M
phase to all cells in the cell cycle (DNA = 4c).

Determination of DNA fragmentation
(SUB-G0G1, apoptosis) was performed by
isolating the RN2 regions on DNA
histograms before the GOG1 peak, indicating
nuclei of cells with a DNA content <2c.

The statistical processing of the
obtained results was carried out in the
license package "STATISTICA 6.1" using
nonparametric estimation methods. The
significance of the difference in values
between the independent quantitative
values was determined using the Mann-
Whitney U test for the independent samples.

Results

The data obtained showed an identical
pattern of cell cycle and DNA fragmentation
of rat thyroid cells at all study times against
the use of 0.9% NaCl solution, lactoprotein
with sorbitol, or HAES-LX 5% in rats
(Table 1). Among all cell cycle indices
studied, only the S-phase indicator in the
group with the introduction of 0.9% NaCl
solution after 1 and 21 days had a slight
trend of differences (p = 0.076).

The results of a study of DNA content in
the cells of the thyroid gland of animals
against the introduction of 0.9% NaCl
solution, lactoprotein with sorbitol or HAES-
LX 5% showed the predominance of cells
in the GOG1 phase (see Table 1). A much
smaller number of cells were in a state of
proliferation (S-phase, G2+M phase) (see
Table 1). The level of cells with signs of
apoptosis (SUB-G0G1) was negligible (see
Table 1).

Figure 1 shows an example of a DNA
histogram of thyroid cells after 3 days
against the background of the introduction
of 0.9% NaCl solution, in which the SUB-
GO0G1 interval was 2.44% of the total cellular

events.

Figure 2 shows an example of a DNA histogram of thyroid
cells after 7 days against the background of the introduction

Table 1. Indicators of the cell cycle in the thyroid gland of rats against the background
of 0.9% NaCl solution, lactoprotein with sorbitol or HAES-LX 5% according to flow

cytometry DNA (M+0).
Indicators of Groups of animals
tr:i/ ;:Il o_g(c’é,zlgjfl(:l LPS (n=5) HAE(?;IB))( 5%| P P, P,
After 1 day from the beginning of the experiment
GO0G1 91.16+2.41 | 90.87+1.69 | 90.68+1.93 | >0.05 | >0.05 | >0.05
S 0.652+0.134 | 0.548+0.118 | 0.638+0.162 | >0.05 | >0.05 | >0.05
G2+M 8.192+2.368 | 8.576+1.759 | 8.682+1.855 | >0.05 | >0.05 | >0.05
SUB-G0GH1 | 2.462+0.800 | 2.814+0.707 | 2.688+0.870 | >0.05 | >0.05 | >0.05
After 3 days from the beginning of the experiment
GO0G1 90.99+2.48 | 90.39+2.11 | 90.21+1.78 | >0.05 | >0.05 | >0.05
S 0.622+0.110 | 0.600+£0.047 | 0.616+0.134 | >0.05 | >0.05 | >0.05
G2+M 8.392+2.375  9.008+2.129 | 9.174+1.811 | >0.05 | >0.05 | >0.05
SUB-G0GH1 | 2.594+0.628 | 2.410+0.825 | 2.480+0.812 | >0.05 | >0.05 | >0.05
After 7 days from the beginning of the experiment
GO0G1 90.90+2.17 | 91.06+1.68 | 90.32+1.78 | >0.05 | >0.05 | >0.05
S 0.650+0.139 [ 0.672+0.133 | 0.592+0.076 | >0.05 | >0.05 | >0.05
G2+M 8.448+2.113 | 8.276+£1.647 | 9.084+1.757 | >0.05 | >0.05 | >0.05
SUB-G0GH1 | 2.632+0.724 | 2.510+1.006 | 2.662+0.711 | >0.05 | >0.05 | >0.05
After 14 days from the beginning of the experiment
GO0G1 91.29+1.49 | 90.54+1.69 | 91.24+1.85 | >0.05 | >0.05 | >0.05
S 0.562+0.153 [ 0.658+0.168 | 0.586+0.146 | >0.05 | >0.05 | >0.05
G2+M 8.146+1.520 | 8.798+1.736 | 8.176+1.881 | >0.05 | >0.05 | >0.05
SUB-GO0GH1 | 2.304+0.835 | 2.812+0.772 | 2.326+1.096 | >0.05 | >0.05 | >0.05
After 21 days from the beginning of the experiment
GO0G1 90.60+2.48 | 91.88+1.74 | 90.60+2.11 | >0.05 | >0.05 | >0.05
S 0.522+0.075 | 0.556+0.166 | 0.594+0.157 | >0.05 | >0.05 | >0.05
G2+M 8.986+2.370 | 7.558+1.595 | 8.804+2.187 | >0.05 | >0.05 | >0.05
SUB-G0GH1 | 2.622+0.677 | 2.742+0.513 | 2.266+0.623 | >0.05 | >0.05 | >0.05
After 30 days from the beginning of the experiment
GO0G1 91.16+1.82 | 90.84+1.94 | 91.31+249 | >0.05 | >0.05 | >0.05
S 0.592+0.193 | 0.590+0.216 | 0.582+0.133 | >0.05 | >0.05 | >0.05
G2+M 8.252+1.851|8.570+1.767 | 8.110+2.409 | >0.05 | >0.05 | >0.05
SUB-G0GH1 | 2.630£0.717 | 2.600+1.013 | 2.232+0.417 | >0.05 | >0.05 | >0.05

Notes: LPS - lactoprotein with sorbitol; p - indicator of significance differences between
similar groups of 0.9% NaCl solution and lactoprotein with sorbitol; p, -index of
significance differences between similar groups of 0.9% NaCl solution and HAES-LX
5%; p, - indicator of significance of differences between similar indicators of lactoprotein
with sorbitol groups and HAES-LX 5%.
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Fig. 1. DNA histogram of the nuclear suspension of thyroid cells
after 3 days against the background of the introduction of 0.9%
NaCl solution. RN2 (SUB-G0G1, DNA fragmentation) = 2.44%.
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Fig. 2. DNA histogram of the nuclear suspension of thyroid cells
after 7 days on the background of infusion with lactoprotein with
sorbitol. RN2 (SUB-G0G1, DNA fragmentation) = 2.69%.
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Fig. 3. DNA histogram of nuclear suspension of thyroid cells after
21 days without thermal skin burn on the background of infusion
with HAES-LX 5%. RN2 (SUB-G0G1, DNA fragmentation) = 1.91%.

of lactoprotein with sorbitol, in which the interval SUB-G0G1
was 2.69% of the total number of cellular events.

Figure 3 shows an example of a DNA histogram of thyroid
cells after 21 days on the background of the introduction of
the first seven days of HAES-LX 5% solution, in which the
SUB-GO0G1 interval was 1.91% of the total cellular events.

According to our study, when using 0.9% NaCl solution,
lactoprotein with sorbitol or HAES-LX 5%, it is established

that the overwhelming percentage of cells is in the inactive
phase GOG1 (range from 90.32+1.78% to 91.88+1.74%),
significantly fewer number cells are in the G2+M phase
(range from 7.558+1.595% to 9.174+1.811%), there is a
small percentage of cells with signs of apoptosis (SUB-
GO0G1) (range from 2.232+0.417% to 2.814+0.707%) and in
S-phase (DNA synthesis) (range from 0.522+0.075% to
0.672+0.133%).

Discussion

The study of thyroid cell cycle indices in rats by flow
cytometry without pathological effects on the background
of infusion of 0.9% NacCl solution, lactoprotein with sorbitol
or HAES-LX 5% revealed that their use has no significant
effect on the cell cycle fragmentation indices DNA of cells.
Also, the determination of cell cycle indices and DNA
fragmentation of thyroid cells against the background of
infusion of 0.9% NaCl solution, lactoprotein with sorbitol or
HAES-LX 5%, allowed to eliminate the potential impact on
the normal cycle of gland cells, which was found in similar
studies application of these solutions [6, 14]. It should be
noted that the data obtained by us generally correspond to
similar studies on the proliferative activity of thyroid cells in
animals and humans [12, 21]. In studies of the processes
of DNA synthesis and apoptosis in thyroid cells carried out
by other methods [16], similar data were obtained regarding
the relatively low level of synthesis and apoptosis of thyroid
cells in animals without pathology.

It is also worth noting that other researchers [21] found
a negative dependence of cell proliferation and increased
induction of apoptosis in the thyroid gland as animals age
increase, which is consistent with a general tendency to
decrease the rate of cell renewal with age. There are also
similar data regarding the age-related changes in the
microstructure of the human thyroid gland [2]. We did not
find signs of active apoptosis in this organ and little activity
of DNA synthesis against the background of using the
investigated solutions, which suggests that there is a
balance between the processes of death and the renewal
of the cell population of the thyroid gland. We can say that
the activity of the main part of the cells is rather low without
pathological irritation, which, in general, is in line with
current views on the thyroid cell population and its
functioning [13].

Our study has complemented the current understanding
of the state of proliferative activity of thyroid cells under
conditions of infusion solutions using flow cytometry. Given
that we have not identified data on studies of the cell cycle
and DNA fragmentation of thyroid cells and this technique
is one of the benchmarks for the evaluation of apoptosis
and cell division phases, we can state its priority in this
area of research.

Conclusions
1. Infusion of 0.9% solution of NaCl, lactoprotein with
sorbitol or HAES-LX 5% for duration of 7 days does not
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affect the cell cycle and DNA fragmentation of the thyroid
gland cells.

2. Thyroid gland cells in rats are predominantly in the
inactive phase of DNA synthesis (G0G1) (90.32% - 91.88%),
significantly fewer number of cells are in the G2+M phase
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MOKA3HMKU KNITUHHOIO LMKNY B LATOMORIGHIW 3AN031 Y LWYPIB MPU 3ACTOCYBAHHI IH®Y3Ii 0,9% PO34YUHY NACL,

JNIAKTONPOTEIHY 13 COPBITOIOM ABO HAES-LX 5%
TipoHn O.l., AnnenbxaHc O.J1., lyHac I.B., YepewHrok I.J1.

LljumonodibHa 3ano3a € 8axnueum op2aHoM, sikul bepe yyacmb y peaynsauii eomeocmasy ma adanmauii npu pi3HUX NamosoaiyHux
cmaHax. OOHak, rnumaHHsi 8ue4eHHs1 rposlighepamusHoOi akmueHocmi KiimuH wumornodibHoi 3ano3u memodom npomoyHoi [JHK-
yumomempii 3anuwaemscs Manogus4eHUM. Mema pobomu: docnidumu noKa3HUKU KIimuHHO20 Yukily ma ¢paemeHnmauii JHK knimuH
wumonodibHoi 3ano3u y wypie Ha oHi iHpy3ii 0,9% posyuHy NaCl, nakmonpomeiHy i3 copbimonom abo HAES-LX 5%.
EkcnepumenmarnbHi docnidxeHHs nposedeHi Ha 90 binux wypax-camysx macoro 160-180 a. IHgpysito 0,9% posdury NaCl, nakmornpomeiry
i3 copbimonom abo HAES-LX 5% npoeodurnu y HUXHIO MOPOXHUCMY 8eHy ricns ii Kamemepusayii 8 acenmuyHuUx ymMoeax yepes
cmeeaHosy 8eHy. IHeby3ii suKOHys8anu pa3 Ha 006y Ha npoms3si nepwux 7 0i6. Kamemepusauito MazicmparnbHUx cyOuH ma dekariimauito
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meapuH (depe3 1, 3, 7, 14, 21 ma 30 0i6) 30ilicHto8arnu 8 ymosax npornogonoe8o20 Hapko3y (60 ma/kz e/8). Y pamkax y2odu npo Haykosy
criigrnpauro Mixk HayKog0-00CTiOHUM UeHmMpPOoM BiHHUUbKO20 HayioHanbHo20 Medu4yHoeo yHieepcumemy im. M.I.[Tupoeosa ma kaghedporo
eicmonoeii, yumornoeaii ma embpionoaii Odecbko20 HaujioHanbHO20 Medu4yHo20 yHieepcumemy (sid 01.01.2018), emicm AHK e sidpax
KnimuH wumono0dibHoi 3ano03u wypie eusHavanu memodom npomoyHoi JHK-yumomempii. AHani3 KnimuHHO20 YUKy 8UKOHysasnu
3acobamu rpozpamHo20 3abesnedeHHs1 FloMax (Partec, HimeuyduHa) y nosHit yughposit eidrnosioHocmi 32i0HO Mamemamu4Hoi Moderii,
Oe susHayanu: GOG1 - gidcomkose criggiOHOWeHHs1 KrimuH ¢hasu GOG1 Qo ecix KmimuH KnimuHHo20 yukmy (emicm JHK = 2c); S -
sidcomkose criiggiOHOWeHHs1 ¢hazu cuHmesy JJHK Ao ecix KnimuH KnimuHHo20 yukiy (emicm HK > 2¢ ma < 4c); G2+M - gidcomkose
criiggioHoweHHs1 ¢hasu G2+M do ecix knimuH KrnimuHHo20 yukny (OHK = 4c). BusHayeHHsi ppaemenmauii JHK (SUB-GOG1, anonmo3)
6yrno eukoHaHoO winsixom eudineHHsi OinssHku RN2 Ha [JHK-zicmoepamax neped nikom GOG1, sika ekasye Ha si0pa KraimuH 3 8Micrmom
HAHK < 2c. CmamucmuyHa obpobka ompumaHux pe3ynbmamie byna nposedeHa 8 niyeHsiliHomy nakemi "STATISTICA 6.1" i3
3acmocyeaHHsIM Hernapamempu4yHuUx memodig ouiHku. OmpumaHi daHi 3aceidqunu NpakmMuyHO IOeHMUYHYy KapmuHy MOKa3HUKIe
KmimuHHO20 Yyukry ma ¢paemenmauii JHK knimuH wumonodibHoi 3arno3u wypie 8 yci mepmiHu 00CniO)eHHs1 Ha QOOHI 8UKOPUCMAHHS
0,9% posuuHy NaCl, nakmonpomeiny 3 copbimonom abo HAES-LX 5%. KnimuHu ujumornodibHoi 3aro3u 8 wypig nepesaxHo 3Haxo0smbcs
8 HeakmusHil ¢asi cuHmedy [JHK (GOG1) (90,32% - 91,88%), 3HayHO MeHwa KinbKicmb KrimuH nepebysatoms & ¢hasi G2+M (7,56%
- 9,17%), HassHuUl He3Ha4yHul 8idcomok KnimuH 8 S-¢pasi (cuHmes [HK) (0,52% - 0,67%) ma nokasHuka iHmepsany SUB-GOG1
(ppaemernmauyis AHK, anonmos) (2,23% - 2,81%). Moxemo cmeepdxysamu npo 0ocumb HE8UCOKY aKmuHICMb OCHOBHOI YacmuHu
KnimuH wumonoQdibHoi 3an03u 6e3 namosnozaiyHo2o NodpasHEeHHs.

KnrouyoBi cnoBa: wumonodibHa 3anosa, JHK-yumomempis, knimuHHut yukn, 0,9% pos4yuH NaCl, nakmonpomeiH 3 copbimornom,
HAES-LX 5%.

MOKASATE/U KNETOYHOIO LIMKNA B LUUTOBUOHOW XENE3E Y KPbIC MPU MPUMEHEHUN UHOY3UU 0,9% PACTBOPA
NACL, NAKTOMPOTEMHA C COPBEUTONIOM UJTIN HAES-LX 5%

Tupon O.U., AnnenbxaHc E.J1., 'ynac U.B., YepewHrok WU.J1.

LlJumosudHas xene3a s6715eMCs 8aXHbLIM Op2aHOM, KOMOPbIU NPUHUMaem ydyacmue 8 pe2ynsayuu 2oMeocmasa u adanmauyuu npu
pasnu4yHbIX namosnoaudyeckux cocmosiHusix. OOHaKo, 80rpPocC U3y4yeHusi rponaughepamusHoOU akmueHOCMU Kremok wumogudHoU Xese3bl
memodom npomoyHou [JHK-yumomempuu ocmaemcsi manousydyeHHbIM. Llens pabomsl: uccriedosame rokazamesiu KIemo4YyHo2o
yukna u gppazameHmauyuu JHK knemok wumosudHoli xenesbl y Kpbic Ha ¢poHe uHgysuu 0,9% pacmeopa NaCl, nakmonpomeuHa ¢
copbumorsiom unu HAES-LX 5%. 3OkcnepumeHmarnbHbie uccredosaHusi nposedeHsbl Ha 90 besnbix Kpbicax-camuyax maccol 160-180 e.
UHepy3uro 0,9% pacmeopa NaCl, nakmonpomeuHa ¢ copbumosnom unu HAES-LX 5% npogodurnu 8 HUXHIK Moy 8eHy rocne ee
Kamemepu3ayuu 8 acenmuy4eckux ycrosusx yepes 6e0peHHyIo 8eHy. VHeby3uu ebinonHANU pa3 8 CymKku 8 medyeHue nepebix 7 OHedl.
Kamemepu3sayuto masucmparnbHbix cocy0os u Oekanumayuro XueomHbix (d4epes 1, 3, 7, 14, 21 u 30 cymok) ocywecmensnu 8
ycrosusix nponogonogoeo Hapkosa (60 me/ke e/8). B pamkax coenaweHusi 0 Hay4HOM compydHu4yecmee MexOy Hay4YHO-
uccrnedogamerib.CKUM UeHmpoMm BuHHUUK020 HayuoHanbHo20 MeduyuHckoao yHueepcumema uMm. H.U. [Mupozosa u kaghedpol
eucmonoeuu, yumorsnoauu u ambpuonoauu O8ecckoeo HayuoHarbHO20 MedUUUHCKo20 yHusepcumema (om 01.01.2018), codepxaHue
[AHK e sidpax knemok wumosudHoU xenesbl Kpbic onpedernsnu memodom npomoyHol JHK-yumomempuu. AHanu3 Kemo4yHo20 Yuknia
8bIMOMHANU cpedcmeamu npoepammHoz2o obecnedeHuss FloMax (Partec, lepmaHusi) 8 momHOM yughpogomM coomeemcmeuu co2/1acHo
mamemamuyeckol modenu, ede onpedensanucs: GOGT - npoyeHmHoe coomHoweHue Knemok gasbl GOG1 Ko 8ceM Kriemkam Kemo4yHo20
yukrna (codepxaHue [JHK = 2c); S - npoyeHmHoe coomHoweHue ¢a3bl cuHme3a [JHK ko ecem knemkam Kriemoy4yHoe20 yukna (cooepxaHue
AHK>2c u <4c); G2+M - npoueHmHoe coomHoweHue ¢hasbl G2+M ko ecem Krnemkam krnemoy4Hozo yukna (OHK = 4c). OnpedeneHue
paemeHmayuu JHK (SUB-GOG1, anonmo3s) 6biio 8binosniHeHo rnymem ebideneHuss ydacmka RN2 na [JHK-aucmozpammax neped
nukom GOG1, ykasbigatowjasi Ha sidpa Kriemok ¢ codepxaHuem [HK < 2c. Cmamucmuydeckas 06pabomka nosyYeHHbIX pe3yrnbmamos
6binna nposedeHa 8 nuueH3uoHHom nakeme "STATISTICA 6.1" ¢ npumeHeHUeM Herapamempu4yecKux Memodos oueHKu. [Nony4yeHHble
OaHHble rioKasasu rnpakmuyecku UGeHmMUYHyo KapmuHy rnokasamersel KIemoYyHoe20 yukna u gppaemeHmauuu HK knemok wumogudHou
JKesie3bl KpbIC 80 8Ce CPOKU uccriedosaHusi Ha ¢hoHe ucrionb3osaHus 0,9% pacmeopa NaCl, nakmonpomeuHa ¢ copbumonom unu
HAES-LX 5%. Knemku wumosudHOU xeresbl y KpbiC NpeuMyuecmseHHo Haxo0smces 8 HeakmusHyro ¢asy cuimesa [JHK (GOG1)
(90,32% - 91,88%), 3HayumesnbHO MeHbWeEE KOMUYEeCcmeo K/iemok Haxodsmcs 6 ¢hasze G2+M (7,56% - 9,17%), umeemcs
HesHadumersibHbIU fpouyeHm Krnemok 8 S-gpase (cunmes [JHK) (0,52% - 0,67%) u nokasamerns uimepsana SUB-GOG1 (¢ppaemenmayusi
AHK, anonmoa) (2,23% - 2,81%). Moxem ymeepxdamb 0 docmamo4YHO He8bICOKOU akmueHOCMU OCHOBHOU Yacmu K/iemokK uumogudHou
JKenesbl 6e3 namosnoa2u4ecko2o pa3dpaKeHus.

KnroueBble cnoBa: wumosudHasi xenesa, JHK-yuumomempus, knemoyHbil yukr, 0,9% pacmeop NaCl, nakmonpomeuH ¢ copbumorsiom,
HAES-LX 5%.

Vol. 25, Ne1, Page 62-67 67



DOI: 10.31393/morphology-journal-2019-25(1)-09

Reports of Morphology, Vol. 25, Ne1, Pages 68-76

ISSN 1818-1295 elSSN 2616-6194

REPORTS OF MORPHOLOGY

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

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

Valures 22, Wl 2010

REFPORTS OF

MORPHOLOGY

of Ukraine

Mathematical modeling of individual parameters of the sum of the
sizes intervertebral discs of the lumbar spine in juvenile males and

males of the first mature age in norm

Danylevych V.P.,' Guminskyi Yu.Y.,’ Tykholaz V.O.," Bezsmertnyi Y.0.,2 Paviov S.V.,* Bezsmertna H.V.2
' National Pirogov Memorial Medical University, Vinnytsya, Ukraine

2Scientific Research Institute of Invalid Rehabilitation on the base of National Pirogov Memorial Medical University, Vinnytsya, Ukraine
3Vinnytsia National Technical University, Vinnytsya, Ukraine

ARTICLE INFO
Received: 25 December, 2018
Accepted: 30 January, 2019

UDC:616.711.6-053.7/.055.1

CORRESPONDING AUTHOR
e-mail: vidanlet@gmail.com
Danylevych V.P.

In nowadays, an important area in medicine is the early preclinical identification of the
parameters deviations from the norm, where mathematical modeling can help, which
should be used to calculate individual linear parameters of internal structures based
on external parameters of the body. The aim of the study was to calculate the individual
total linear measures of the lumbar intervertebral discs in juniors and men of the first
adulthood (17-28 years) in norm. The total size of the each intervertebral discs were
calculated a sum of the anterior-posterior diameter, frontal diameter and vertical sizes
of each lumbar intervertebral discs, which were measured by MRI. The next step was
to calculate the relative proportional nonlinear somato-disc rates (based on body
weight and body length) for each individual examined. Mathematical processing of the
measured parameters and the relative values of the somato-disc relationships was
carried out by the statistical data processing program "STATISTICA 6. 1" using parametric
methods. The correct distribution of the variational series indicators, mean values and
their standard errors were evaluated. Based on relative values the mathematical model
was created to obtain individual values of the total size of the lumbar intervertebral
discs. Subsequently, we compared the measured total discs sizes of the anterior-
posterior, frontal diameters and vertical sizes of the lumbar intervertebral discs with a
mathematically calculated value for each lumbar intervertebral discs. The significant
difference between the mathematically calculated and measured values of the total
intervertebral discs' sizes of the didn't exceed 10%. Determination of the standard
linear dimensions of the intervertebral discs of the lumbar spine using CT and MRI and
comparison with theoretically calculated indices will make it possible to diagnose
early manifestations of the lumbar intervertebral discs pathology.

Keywords: modeling, intervertebral disc, lumbar spine, norm, juniors.

Introduction

More than 200 million people are suffering from
osteoporosis and musculoskeletal system diseases,
according to WHO, occupy 4th place as a cause of disability
and mortality in the world [13]. According to recent statistics
from the International Osteoporosis Foundation, worldwide,
1 in 3 women over the age of 50 years and 1 in 5 men will
experience osteoporotic fractures in their lifetime [25]. The
experts predict an epidemic of osteoporosis, indicating the
aging of the world population [5, 9]. Every fifth inhabitant of
the globe suffers from back pain. In Ukraine chronic
musculoskeletal system is also one of the most frequent
problems [1, 15], and about 3.5 million people really familiar

with the problems of the musculoskeletal system, it's terrible
complications [11, 12], which require continuous long-term
therapy [17, 18]. Degenerative disc diseases are an insidious
illnesses that carefully hiding the other diseases symptoms,
which significantly complicates their diagnosis, especially
in the early stages.

The objective linear anterior-posterior diameter (APD),
frontal diameter (FD) and vertical size (VS) of intervertebral
discs, are not used in medical practice as criteria for
evaluating their deviation from norm. Existing normative
standards of intervertebral discs (IVD) linear sizes can be
find in particular scientific works only and are not widely
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used in medical practice. Thus, a method for evaluating the
partial dimensions of the lumbar VD [6] submits a calculation
of the average values of the IVD sizes without taking into
account their gender differences and individual
anthropometric measures. Setting of relative measures -
the only way to take into account the personal characteristics
of each human body, which makes it possible to estimate
norms or the early-onset pathological alterations [7, 23].

Mathematical models as relative indicators for modeling
of the personal norm as a whole exist [8, 22, 26]. However,
they ensure for the estimation of sagittal and transverse
size only and don't include VD height index, which is a key of
pathological changes expression.

Meanwhile, the multiple supplementary anthropometric
dimensions are difficulty identified and applied, that
significantly restricts their widespread clinical use.

The purpose of the study: based on mathematical
modeling to explore the individual parameters of the total
size of the lumbar IVDs in juniors and men of the first
adulthood (17-28 years) in norm.

Materials and methods

The 74 juniors and men of the first adulthood (17-28
years) without clinical manifestations of spine diseases
were included in observation team. Individual
comprehensive anthropometric investigation was performed
for each research teams' persons and measured general
(body length and body weight) and particular sizes (the
longitudinal, the transverse and the circumference sizes,
and skin-fat folds' thickness); lumbar spine MRI with the
measuring of anterior-posterior diameter, frontal diameter
and vertical size of the lumbar IVD was performed.
Mathematical modelling by determining of the relative
proportional nonlinear somato-disc value (based on body
length and body mass) and calculating the total size of lumbar
IVDs for every single person included in the study was
undertaken. The TS of lumbar IVDs, which calculated as a
sums of the anterior-posterior diameters, frontal diameters
and vertical sizes of the lumbar IVDs and math modeling
obtained dates were compared.

Mathematical processing of the measured parameters
and the relative values of the somato-disc relationships was
carried out by the statistical data processing program
"STATISTICA 6.1" using parametric methods. The correct
distribution of the variational series indicators, mean values
and their standard errors were evaluated. The stepwise
regression analysis method was used to create a
mathematical model and predict the individual dimensions
of the lumbar IVDs in practically healthy juniors and first
adulthood males, depending on the body mass-growth
parameters.

Results

The correlating of the external body measurements and
the parameters of IVDs gives an affirmative answer to the
question about their quantitative rates proportionality.

Nevertheless, the correlations are too common and straight
up, and unconnected with polymorphic structures. A clearer
definition of multiple correlations (covariates) is a regression
analysis that makes it impossible to determine the covariates
of vertebral dimensional data with somatotypes. Regression
analysis more strongly and accurate determines the
proportional interrelations between body parameters and
parameters of IVD.

Creation of the most optimal regression polynomial in
predictability, a number of indicators, and the opportunity of
logic verbal explanation is the major challenge of the
investigation. The dependent variables are the lumbar IVDs
measures (the IVDs total sizes as a sum of linear sizes of the
APD, FD and VS of the lumbar IVDs). Graphical presentations
depict interrelations between the 1VDs total sizes of L-L,
lumbar segments and the weight-length rates with a 95%
confidence interval and show possibility to predict data of 72
from 74 cases in the given limits of reliability (Fig. 1).

The nature of the location is systemic and indicate the
availability of patterns. Scattering diagram of the 1VDs total
sizes of the L-L,, L,-L,, L,-L, lumbar segments and relative
magnitudes of the related mass-growth rate at a 95%
confidence interval, they are possible to predict 72 cases
out of 74 (Fig. 2).

Actually, the interrelation is at a higher level for relative
terms - the relative magnitude of the weight-length rate and
the IVD total size L,-L2 segment (IVD1) from the weight-
length rate (Fig. 3).

Graphical presentations depict interrelations between
the IVDs total sizes of L-L,, L-L,, L,-L, lumbar segments
and the weight-length rates with a 95% confidence interval
and show possibility to predict data of 73 from 74 cases in
the given limits of reliability (Fig. 4).

The direct stepwise regression analysis requires
particularly fulfilling several conditions. Firstly, is the value of
the F-criterion, which must be at least 2.00, and the final
regression polynoms result should have a coefficient of
determination (R?) at least 0.80, it means predictability more

Scatterplot of D1 T+S+Hm against M/H  kg/m
D1 T+S+Hm = 8,3787+0,0358*x; 0,95 Pred.Int.

D1 T+S+Hm

M/H  kg/m

Fig. 1. Scattering diagram of IVD1 total size (L1-L2 segment) and
weight-length rate.
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Scatterplot of D2 T+S+Hm against M/H  kg/m
D2 T+S+Hm = 8,8404+0,0341*x; 0,95 Pred.Int.

D2 T+S+Hm

M/H  kg/m

Scatterplot of D3 T+S+Hm against M/H kg/m
D3 T+S+Hm = 8,904+0,0381*x; 0,95 Pred.Int.

D3 T+S+Hm

MH kg/m

Scatterplot of D4 T+S+Hm against M/H kg/m
D4 T+S+Hm = 9,1372+0,0402*x; 0,95 Pred.Int.
12,0

11,8
11,6
11,4
11,2
11,0

10,8

D4 T+S+Hm

10,6
10,4
10,2

10,0

M/H kg/m

Fig. 2. Scattering diagrams of IVDs (IVD2, IVD3, IVD4) total size
and weight-length rate.

than 80%.

This task requires to determining of the lumbar IVDs
Total sizes of the L,-L, segments in juniors and men of the
first adulthood (17-28 years) in a norm based on the value
of the weight-length rate and includes the preliminary
regression modeling of the relative proportional coefficient
of the weight-length rate per unit length of total sizes IVDs

for the all lumbar IVDs of the L,-L, segments. Determining
the relative proportional nonlinear somato-disc values and
the weight-length rates for each person in norm were
carried out. The regression equations composition and
characteristics for each listed lumbar IVD are summarized
in Tables 1-4.

Coefficient of determination R?, as a quality indicator of
proximity (degree of predictability) is above 80.4%, which
allows predicting dependent variable with the same rate.
The standard error of the regression represents the
average distance of observed values scattering fall from
the regression line, in this case is a 0.165.

According to Table 1, the final regression model is as
follows:

K/S,, = (6,705+0,051*m-3,520*H) (predictability is
80.4%), where (here and thereafter): SD, is the total size of
IVD, in norm (MRI data) in cm; K - weight-length rate (in kg/
m); m - body weight (in kg); H - body length (in meters).

According to Table 2, the final regression model is as
follows:

KIS, = (6,184+0,049*m-3,243*H) (predictability is
84,6%).

According to Table 3, the final regression model is as
follows:

K/SD, = (6,592+0,048*m-3,475"H) (predictability is
87,3%).

According to Table 4, the final regression model is as
follows:

K/SD, = (6,822+0,047*m-3,612*H) (predictability is
86.02%).

F-statistic is a global test to check for model with critical
value 2.42 for number of variations, which in our case, F is
from 91.27 - 152.35 (that is much more than the critical
value, on the basis of which we can assert that the
regression linear polynomial is significant (p <0.000001).
The deviations and predicted values graph demonstrates
the almost linear dependence, so the suggestion of a
normal distribution of errors is complete, that is, the model

Scatterplot of MH/ D1+ against MH  kg/m
MH/ D1+ = 0,5494+0,0882*x; 0,95 Pred.Int.

MH/ D1+

MH kg/m

Fig. 3. Scattering diagram of the relative magnitude of the weight-
length rate and the IVD1 total size from the weight-length rate.
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Scatterplot of MH/ D2+ against MH ~ kg/m Table 1. The final results of direct stepwise regression analysis
MH/ D2+ = 0,4985+0,0855"x; 0,95 Pred.Int. of the relative weight-length rate and the IVD total size L1-L2
segment using the body length and weight juniors and men of the
first adulthood (17-28 years) in norm.

R=0.902 R?=0.813 Adjusted R?=0.804 F(2,42)=91.27 p<0.0000
Standard error of estimation 0,165

Standard

& Ne=74 | BETA| ermor B |S@ndad] 74y | pvale
error B
z BETA
=
Free index 6.705 | 0.831 |8.064 | 0.0000
B°?i3r’":1r)‘gth 0.513| 0075 |-3520| 0514 |6.845 | 0.0000
Bodyweight | 4 5111 0075 | 0.051 | 0003 | 1349 | 0.0000
(in kg)
WH  kg/m Table 2. The final results of direct stepwise regression analysis

of the relative weight-length rate and the IVD total size L2-L3
segment using the body length and weight juniors and men of the
first adulthood (17-28 years) in norm.

R=0.926 R?=0.853 Adjusted R?=0.846 F(2.42)=121.9 p<0.0000
Standard error of estimation 0.138

Scatterplot of MH/ D3+ against M/H  kg/m
MH/ D3+ = 0,5244+0,0828"x; 0,95 Pred.Int.

Standard
Ne=74 | BETA| emor | B S;f:)draéd (71) | p-value
. BETA
8 Free index 6184 | 0.693 |8.926 | 0.0000
=
B°‘(’i3r’]'§:;gth 0503 | 0066 |-3243| 0428 |-7.570| 0.0000
B°‘(’img;gm 1038 | 0.066 |0.049 | 0003 | 1560 |0.0000

Table 3. The final results of direct stepwise regression analysis
of the relative weight-length rate and the IVD total size L3-L4
segment using the body length and weight juniors and men of the
Scatterplot of MH/ D4+ against M/H kg/m first adulthood (17-28 years) in norm.

Y (0 2 O RO B G DI R=0.937 R2=0.879 Adjusted R2=0.873 F(2.42)=152.4 p<0.0000
Standard error of estimation 0.121

30 32 34 36 38 40 42 44 46 48 50 52
MH  kg/m

Standard
Ne=74 | BETA| ermor B S;frrc‘)draBrd t(71) | p-value
BETA
Free index 6592 | 0.607 | 10.84 | 0.0000
%
= Bodylength | 55| 0060 |-3.475| 0376 |-9.244| 0.0000
z (inm)
B°E‘im’§;gm 1.049 | 0.060 | 0.048 | 0.003 |17.39 | 0.0000

Table 4. The final results of direct stepwise regression analysis
of the relative weight-length rate and the IVD total size L4-L5
segment using the body length and weight juniors and men of the
first adulthood (17-28 years) in norm.

M/H kg/m
Fig. 4. Scattering diagram of the weight-length rates relative R=0.9319 R2=0-88f7 Adjusted R*=0.860 F(242)-136.43 p<0.0000
magnitudes and the IVD total size L2-L5 segments (D2, D3, D4) andard error of estimation 7.
from the weight-length rate. Standard
Ne=74 | BETA| emor | B [|SBM9@d| 79y | pvalve
. . . BETA error B
is an appropriate (Fig. 5, 6).
Check the adequacy of regression models was defined Free index 6.822 | 0.627 | 10.87 | 0,0000
in the analysis of differences between the predictive and
. y P . Bodylength | 589 | 0.063 |-3.612| 0388 |[-9.314| 0.000
relative actual parameter values to each other. Obviously (inm)
maximum relative deviations make up generally no more i
N Pg Y Bodyweight | 4 n35 | 0.063 | 0.047 | 0.003 | 16.39 | 0.0000
than 9%. (inkg)
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As the second step of modeling, the further algebraic
converting of the obtained proportions equation to determine
the TS of three linear sizes for each lumbar IVDs in norm
from the values of body weight and length.

Accordingly, after transferring the total sum of linear
dimensions to the left-hand side of the equation, we
obtained the following final results:

SD, = KI/(6,705+0,051*m-3,520*H) * 9%

SD, = K/(6,184+0,049*m-3,243*H) * 9%

SD, = K/(6,592+0,048*m-3,475*H) * 9%

SD, = K/(6,822+0,047*m-3,612*H) 1 9%,

where: SD, - the sum of linear sizes IVD1 in norm (MRI
measurement) in cm;

8D, - sum of linear sizes of IVD1 2 in norm (MRI
measurement) in cm;

SD, - sum of linear sizes of IVD1 3 in norm (MRI
measurement) in cm;

SD, - sum of linear sizes of IVD1 4 in norm (MRI
measurement) in cm;

K - weight-growth rate (in kg / m);

m - body weight (in kg);

H - body growth (in meters).

The modeling is carried out by determining the relative
proportional somato-disc rates based on the weight-growth
rate and the calculation of the TS of the three linear sizes of
personal IVDs of the L,-L, segments in norm for each
specific individual.

The standard error for these models is £5.0%. The
established math models based on stepwise regression
analysis and algebraic proportions transformation allow
us to determine the sum of standard MRIs of the sizes
IVD,, IVD,, IVD, and IVD, of L -L, segments in the norm on
the basis of available in practical medicine anthropometric
method - determination of mass and body length from
further obtaining a relative weight-length rate.

Non-linearity dependence of the amount of the three
standard sizes IVD,, IVD,, IVD, and IVD, in norm and the
weight-length rate is presented in the graphs (Fig. 7, 8).

Residualsvs. Deleted Residuals
Dependent variable: MH/ D1+

0,5

0,4

0,3

0,2

0,1

0,0

Deleted Residuals

-0,1

0,2

0,3

0,4
0,4 03 0,2 0,1 0,0 0,1 0.2 03 0.4 05
Residuals 0,95 Conf.Int.

Fig 5. The scatter plot of the deviations and the predicted values
of the total size lumbar IVD, in norm.
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Fig. 6. The scatter plots of the deviations and the predicted values
of the total sizes lumbar IVD,, IVD, IVD, in norm.

Residuals

Most predicted TS lumbar IVDs and the sum of measures
obtained by MRI-morphometric examination does not
significant difference and is within the 9% limit. The
quantitative values of the deviations are presented in the
diagram (Fig. 9).

The common trend of calculated personal measures
is to reduce the range of linear studied parameters and
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Quantile-quantile scatterplot of D1 T+S+Hm against M/H kg/m
D1 T+S+Hm = 5,2013+0,1142*x; 0,95 Pred.Int.
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Fig. 7. Non-linear correlation of the TS of lumbar VD1 and weight-
length rate juniors and men of the first adulthood (17-28 years) in
norm.

can reasonably be said, that individual normal ranges are
within £9% of the calculated ones.

Quantile-Quantile Plot of D2 T+S+Hm
Distribution: Normal
D2 T+S+Hm = 10,2241+0,3991*x
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Fig. 8. Non-linear correlations of the TS lumbar IVD2, IVD3, IVD4
and weight-length rate juniors and men of the first adulthood (17-
28 years) in norm.
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Distribution of Raw Predicted Values
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Fig. 9. Quantitative deviations values of real TS lumbar IVDs
measured by MRI juniors and men of the first adulthood (17-28
years) in norm from the predicted values.

Discussion

The use of the proposed approach allows direct
prognostic evaluation of the total value of standard linear
MRI dimensions of the lumbar IVDs to diagnose early
stages of intervertebral disc disease by MRI and CT scans.

There are examples in the scientific literature of the use
of modeling to calculate the individual parameters of
intervertebral discs and vertebral bodies [2, 3, 10, 19, 21,
26].

The interrelation of such individual factors as gender
and age with linear dimensions of the spine and its’
individual elements has been described, but few studies
have considered the importance of other individual factors:
body length, body weight and other anthropometric dates
[16].

Some researchers noted the low correlation between
anthropometric data and the cross-sectional area (CSA) of
the vertebral endplates, and therefore expressed the
inability to predict the area of the locking plates by
anthropometric parameters; however, clear correlations
were found in the size of the intervertebral discs and the
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vertebral endplates [20].

D. Colombini et al. [4] found that the bone component of
the body mass and wrist diameter had better correlation
with the CSA of the lower lumbar intervertebral discs
compared to the body weight index.

Z. Turk and D. Celan [27] proposed the mean square
value of the width of the wrist, elbow and knee joint
structures with the exception of the ankle diameter at the
bone level to modeling the value of the CSA vertebrae
endplates.

Degeneration of the intervertebral disc is a time-
consuming process with a tendency to progress, so it is
important to diagnose the earliest disc degeneration [24],
including with early changes of the vertebrae endplates [14].

The automated systems programme development for
determining of the linear organs' parameters, among them
intervertebral discs, with minimal staff involvement in data
processing, is a modern, promising method for automated
evaluation of medical images [3, 28].

The analysis of the diagnostic value of the lumbar VD
total sizes modeling is showed high efficiency for detection
of chondrosis and degenerative IVD changes.

The relevance and sensibility of the finding formulas in
patients with various forms of acquired lumbar IVDs
diseases which no abnormalities were detected in terms
of linear parameters of intervertebral discs, calculated by
existing methods. The assurance team was included
juniors and men of the first mature age (17-28 years) with
lumbar back pain, which had previously been diagnosed
with chondrosis and disc degeneration. MRI of the lumbar
spine were performed for respondents and measured the
vertical, sagittal and transverse dimensions of the lumbar
IVD between the bodies L,-L,, L,-L,, L-L,, L,-L.. The
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MATEMATUYHE MOOENOBAHHA IHOMBIOYANIbHUX NAPAMETPIB CYMU PO3MIPIB MDKXPEBLEEBUX OUCKIB
NMONEPEKOBOIO BIAAINY XPEBTA B HOPMI Y FOHAKIB TA YOJOBIKIB MEPLLOIO 3PIJIOI0 BIKY
Hanunesuy B.I1., 'ymiHcbKul f0.1., Tuxonas B.O., BescmepmHul KO.0., lNaenoe C.B., bescmepmHa I".B.

B Haw 4ac eaxnugum HarpsiMKOM 800CKOHaeHHs MeOUUUHU € paHHE OOKIIHIYHe 8Uusi8rieHHs1 8iOXUeHb 8i0 HOPMU, 8 HYOMY MOXe
doroMoemu MameMamuy4He MOOeso8aHHs, Kompe crid sukopucmosyeamu Orsi po3paxyHKy iHOugidyarnbHUX MiHIGHUX napamempis
BHYMPIWHIX CMPYKmMyp Ha OCHO8I 308HIiWHIX napamempie mina. Memoto docnidxeHHs1 6y8 po3paxyHOK 8 HOpMi iHOUBIOyanbHUX
cymapHux miHiGHUX po3mipie Mixxpebuesux Ouckie rnornepekogozo 8iddiny xpebma & roHakie ma 4osiosikie nepuwoeo 3pirnoeo siky (17-
28 pokig). CymapHuti poamip mixxpebuesux Auckie rnornepexkogozo 8iddiny xpebma supaxosysasnu sK CyMy 8UMIPSHUX Mixxpebuesux
duckie nonepekosoeo 8iddiny xpebma: casimanbHO20 PO3MIpy, MOMEPEYHO20 PO3Mipy ma eepmukanbHO20, KOmpi eumiptosanu Ha
MaeHimHOo-pe3oHaHCHUX momozpamax. HacmyrnHum Kpokom 6yrno ob4ucieHHs1 8iOHOCHUX MPOMOPYItHUX HEiHIUHUX coMamo-OuCKO8UX
criiggiOHoweHb (ba3yrombcs Ha Moka3HUKax mMacu ma G08XUHU mina) O KOXHO20 i3 0ocnioxeHux nepcoHanbHo. MamemamuyHy
06pobKy suMIpsiHUX NMapamempie ma 8i0HOCHUX 8e/IU4UH COMamo-0UCKO8UX Crig8iOHOWEHb Npo8odusIu fMpoepamMod cmamucmu4YHoi
06pobku daHux "STATISTICA 6.1" 3a donomoeoro napamempuyHux memodiga. OujiHioeanu npasusibHicmb pPo3nodiny MoKa3HuKie
sapiauiliHoeo psidy, cepedHi 3Ha4eHHs ma ix cmaHOapmHi NoMusnku. Ha ocHosi 8iGHOCHUX noka3HukKig byria cmeopeHa MamemMamuyHa
molesnb 0nsi ompuMaHHs iHOUBIOyanbHUX 8eJIUYUH CyMapHO20 po3mMipy Mixxpebuesux Ouckig nonepekogozo giddiny xpebma. B
rnodanbwomy fposenu ropieHAHHS 8UMIPSIHUX CyMapHUX MOKasHUKI8 cazimanbHO020, MonepedyHo2o ma eepmuKkasibHO20 pOo3Mipis
Mixxpebuyesux OUCKie 3 MameMamu4yHO 8Upaxye8aHOH 8e/IUYUHOI Of151 KOXHO20 MiXxpebuesoeo ducKy nonepekogoeo 8iddiny xpebma.
HocmosipHa pi3HuUUsi mamemamuyHo nepedbadyeHuUx ma 8UMIPSIHUX 8eIUYUH CyMapHUX po3mipie mixxpebuyesux Ouckie He
nepesuuwjysana 10%. BusHayeHHs cmaHOapmHuXx iHIGHUX po3mipie Mixxpebuesux Ouckig nornepexkosozo 8iddiny xpebma 3a A0NoMoeoo
KT i MPT ma nopigHsiHHA 3 meopemuy4yHO po3paxosaHumu fokasHukamu 0o3eonume OiazHocmysamu paHHi rnposieu namosoeii
Mmixxpebuesux Ouckie rmornepekosozo 8iddiny xpebmosoeo cmosbypa.

KnroyoBi cnoBa: modentosaHHs, mixxpebuesuli duck, nonepekosuli 8iddin xpebma, Hopma, HOHaKU.

MATEMATUYECKOE MOOENNPOBAHUE MHOUBUAOYAIbHbLIX MAPAMETPOB CYMMbI PASMEPOB MEXXMNO3BOHKOBbIX
JMNCKOB NOSACHUYHOIO OTAENA NO3BOHOYHUKA B HOPME Y FOHOLLUEW U MY>XXYMH NEPBOIO 3PENIOIO BO3PACTA
HaHuneesuy B.I1., l'ymuHckul 10.4., Tuxona3s B.A., BescmepmHnbili 10.A., Masnoe C.B., Gescmepmnasi I.B.

B Hawe epemsi 8aXXHbIM Harpas/ieHuUeM 8 MeOuUUHe Si8isiemcsi paHHee OOK/TUHUYECKOEe BbISI8NIeHUE OMKIIOHEeHUU om HOPMbI, 8 YeM
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MOXem fnoMoYb Mamemamuyeckoe modenuposaHue, komopoe credyem ucrofb3o8ame Ond pacyema uHOUBUOyarbHbIX NTUHEUHbIX
rnapamempoe 8HympeHHUX CMPYKmyp Ha OCHO8e 8HEeWHUX napamempos mena. Llenbio uccrnedoeaHus 6bi1o paccyumams
uHOuUBUOyarbHble CYyMMapHbIe fTUHelUHbIe pasMepbl MEXN0380HKO8bIX OUCKO8 MOSICHUYHO20 omaoderia o38OHOYHUKa y toHowel u
MYXYUH repeoeo 3penioeo eo3pacma (17-28 nem) e Hopme. CymMMmapHbIl pa3mMep MEXT0380HKOBbIX OUCKO8 MOSCHUYHO20 omodena
MM0380HOYHUKA 8bI4UCISNU KaK CyMMY U3MEPEHHbIX MEXMO380HKO8bIX OUCKO8 MOSICHUYHO20 omdesna Mo380HOYHUKA: caaummaribHO20
paamepa, nonepeyHo2o pa3mepa U 8epmuKaribHO20 pa3mMepos, KOmopble USMEepsi/iu Ha MagHUMHO-Pe30HaHCHbIX momMo2paMmmax.
Cnedyrowum waeom 6bi/10 8bIHUC/IEHUE OMHOCUMEIbHbIX MPONOPUUOHANbHbIX HEeTUHeUHbIX coOMamo-OUCKO8bIX COOMHOWEeHUU
(ocHosbIgaomCs Ha rokazamernsix Macchbl U OnuHbl mesa) Ons Kaxdoeo uccriedyemoeo uHousudyanbHo. Mamemamuydeckyto o6pabomky
U3MEpPEeHHbIX napamempos U OMHOCUME bHbIX 8€IUYUH COMamo-OUCKO8bIX COOMHOWEHUL Mpo8odusu npoepamMmmoli cmamucmuyeckol
obpabomku daHHbix "STATISTICA 6.1" ¢ nomowbio napamempudeckux memodos. OueHusanu npaguslbHOCMb pacrpedeneHus
rnokaszamersiel 8apuayUoHHO20 psida, cpedHuUe 3Ha4yeHuUsi u ux cmaHOapmHble owubku. Ha ocHogse omHocumerbHbIX riokasamenel
bbina cozdaHa Mamemamuyeckasi Modersib 071l NofyYeHUs1 UHOUBUAYarbHbIX 8€/IUYUH CYMMapHO20 pasmepa MEeXMo380HK08bIX OUCKO8
rosiCHU4YHO20 omaAersa Mo380HOYHUKa. B OanbHelweM nposesniu cpasHeHUe U3MEPEHHbIX CyMMapHbIX nokasamesel caaummarbHO20,
M0Mepe’yHo20 U 8epmuUKaibHO20 pa3Mepos MOSCHUYHbIX MO38OHKO8 C MameMamuyecKu paccyumaHHoU 8enuyuHol 0nsi Kkaxdoz20
MeXM0380HOYHO20 OuCKa MOSCHUYHO20 omdesia Mo380HOYHUKA. [JocmosepHas pasHuya MameMmamu4yecku paccyumaHHbIX U
U3MEePEeHHbIX 8e/TUYUH CyMMapHbIX pa3Mepos8 Mexro380HK08bIX duckos He npesbiwana 10%. OnpedeneHue cmaHOapmMHbIX JTUHEUHbIX
pasmepos8 MEXN0380HKO8bIX OUCKO8 MOSICHUYHO20 omaderna no3goHo4YHuka ¢ nomowbto KT u MPT u cpasHeHue ¢ meopemu4yecku
paccyumaHHbIMU foKasamesnamu 1o3gonum duazHoCmupo8ampe paHHUe MPOs8/IeHUs] Namosio2uu MexXm0380HK08bIX OUCKO8
rnosiCHU4YHO20 omadersia NMO38OHOYHO20 cmoriba.

KntoueBble cnoBa: mModesnuposaHue, Mexrno38oHKebIlU OUCK, MOACHUYHLIU omoes no38OHOYHUKa, HOpMa, OHOWU.
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