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the study of cardiac spatial transformations during ontogenetic development.
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ABSTRACT. Embryonic heart morphogenesis is a complex and dynamic process, and its mechanisms remain incompletely
understood. A wide range of methods are used to study spatial transformations of the heart and its chambers, including
histological methods, scanning electron microscopy, optical scanning microscopy, microcomputed tomography, and com-
binations thereof. Each method has its own advantages and disadvantages. Numerous computer models of the heart have
been created, based on the analysis of well-known embryonic collections. These models have provided a thorough morpho-
metric study of embryonic organ transformations from Carnegie stages 11 to 23 (until the end of the 8th week of gestation).
However, only a few similar studies exist in the early fetal period—from the 9th to the 15th week. It should be noted that
this period of intrauterine development is extremely important for the final formation of the morphological profile of many
cardiac defects. Furthermore, the early fetal heart is characterized by the greatest lack of information regarding the quanti-
tative parameters of the numerous developing structures in various cardiac chambers. Thus, many details of cardiac mor-
phogenesis are only now being elucidated, in part due to the complex geometric transformations of the chamber cavities and
wall structures. These details contribute to a better understanding of the architecture of the embryonic heart and allow for
the quantitative assessment of a wide range of chamber geometric parameters and heart wall structures. They also offer a
new tool for studying normal cardiogenesis and the development of congenital heart defects. This makes it crucial to use
modern tools for 3D modeling of the developing heart based on visual information obtained using classical light and electron
microscopy.

Key words: heart, ontogenesis, morphogenesis, spatial rearrangements, three-dimensional modeling.
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Embryonic heart morphogenesis is a complex
and dynamic process, and its mechanisms remain in-
completely understood. The heart begins as a linear
tube of myocardium lined with endocardial cells, un-
dergoes looping, and develops into a four-chambered
heart divided by valves and septa. This process en-
compasses a number of key events, including the

transformation of the tubular heart into a loop, ven-
tricular septation, and the development of the atrio-
ventricular valvular apparatus, disruption of which
leads to a large number of congenital heart defects [1-
3].

A wide range of methods are used to study the
shape of the heart and the relief of its chambers: his-
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tological, scanning electron microscopy, optical scan-
ning microscopy, and combinations thereof. Each has
its own advantages and disadvantages [4]. Photo-
graphic images, even with a known scale, do not al-
low for the measurement of image depth, thereby lim-
iting their use for determining three-dimensional spa-
tial characteristics. A fundamentally new perspective
on cardiogenesis emerges through the combination of
three-dimensional reconstruction of histological sec-
tions and methods for identifying proteins and other
compounds [5, 6]. This also allows for a precise un-
derstanding of the localization of various processes in
the developing heart. Although the careful processing
of histological sections and the use of a significant
number of sections for reconstruction are time-con-
suming, such work allows for the highly accurate
transformation of the obtained information into a spa-
tial computer model [7, 8].

Many aspects of heart development are topo-
graphically complex and require three-dimensional
reconstruction to understand the pertinent morphol-
ogy. A comprehensive guide to human cardiac devel-
opment, based on segmentation of structures of inter-
est in histological sections, has been published based
on a fundamental series of studies [3]. The hearts of
12 human embryos were imaged between their first
appearance at 3.5 weeks and the end of the embryonic
period at 8 weeks. The models were presented as cal-
ibrated interactive 3D files in portable document for-
mat (PDF). This was used to describe the appearance
and subsequent remodeling of the single heart tube
that occurs at the end of the fourth week after concep-
tion. Loop formation at 5 weeks, the formation of car-
diac compartments at 6 weeks, and finally the septa-
tion of these compartments into physically separated
left and right sides of the circulation at 7 and 8 weeks
were described [3, 9].

The phases are successive, albeit partially over-
lapping. Thus, the basic cardiac layout is established
between 26 and 32 days after fertilization and is de-
scribed as Carnegie stages (CSs) 9 through 14, with
development in the outlet component trailing that in
the inlet parts. Septation at the venous pole is com-
pleted at CS17, equivalent to almost 6 weeks of de-
velopment. During Carnegie stages 17 and 18, in the
seventh week, the outflow tract and arterial pole un-
dergo major remodeling, including incorporation of
the proximal portion of the outflow tract into the ven-
tricles and transfer of the spiraling course of the
subaortic and subpulmonary channels to the intraper-
icardial arterial trunks. Remodeling of the interven-
tricular foramen, with its eventual closure, is com-
plete at CS20, which occurs at the end of the seventh
week. The authors provided quantitative correlations
between the age of human and mouse embryos and
Carnegie developmental stages [3, 9].

Optical scanning techniques have been used to
demonstrate the spatial organization of cavities in the
early embryonic heart and their changes [10, 11]. Due
to the limited effective depth of such research, it is

only possible to study early stages and/or optically
transparent specimens. The heart, smooth on the out-
side with a significant radius of curvature, has an ex-
ceptionally complex geometry on the inside due to the
presence of trabeculae, septa, and valves. The internal
surface is also the site of application of hemodynamic
influences. To date, understanding of the changing
geometry of the internal surface of the heart has been
obtained from a small number of studies. Three-di-
mensional imaging methods have been used to iden-
tify features of normal and abnormal morphogenesis
[12], but none of these studies have focused on quan-
tifying the three-dimensional organization of various
segments, chambers, and the heart as a whole, fol-
lowed by their comparison. Determining quantitative
changes in cardiac chamber volumes and geometric
relationships of cavities would provide insight into
the changing function of the early heart, although per-
forming these measurements in microscopic tissues
may require different imaging techniques.

One technology used to measure complex geo-
metric shapes at low resolution is micro-computed to-
mography (micro-CT). Micro-CT uses high-power
X-rays to image the object, converting its density gra-
dient into a three-dimensional image. The scanning
head rotates 360° around the object, creating a virtu-
ally continuous series of flat (two-dimensional)
slices. Micro-CT can easily produce three-dimen-
sional image elements smaller than 10 pm [13]. This
is significantly larger than what is possible with ultra-
sound (30 um) and magnetic resonance imaging (100
um). Micro-CT is primarily used to visualize and
quantify bone architecture and development [14].
Studies using radiocontrast agents have enabled the
visualization of vascular structures associated with
bone fracture healing, as well as the vasa vasorum,
particularly the coronary arteries [15]. A potential ap-
plication of micro-CT is the assessment of cardiac
chamber cavities during embryonic development.
Additional information will be obtained by compar-
ing these results with serial section reconstruction and
scanning electron microscopy. Unfortunately, micro-
CT does not provide complete information on the vol-
umetric parameters and chamber relationships of the
developing heart.

Video light microscopy has been used to obtain
real-time images of the contracting embryonic heart.
This method is effective for assessing ventricular
function in the early heart. However, its capabilities
are limited at later stages, when only the cardiac sur-
face can be assessed [16]. Micro-MRI (with a resolu-
tion of approximately 12 pm), which is used for in
vivo imaging, is of great importance for analyzing the
structure of the early heart chambers and myocardial
architecture [17]. This method not only allows us to
determine the spatial characteristics of the developing
heart chambers but also to quantify the key structural
parameters within the myocardial muscle layers [18]
and evaluate the interaction between the trabecular
and compact myocardium of the embryonic heart [17-
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20]. However, the significant duration of the study
creates certain difficulties in analyzing cardiac dy-
namics, as the outlines of the structures are distorted
due to artifacts caused by movement during the car-
diac cycle.

High-frequency ultrasound microscopy (40-100
MHz), which provides a resolution of 50 um and a
penetration depth of 4-5 mm, was used to analyze
early mouse embryonic development [21]. A prereg-
uisite for using this technique is the presence of a con-
ductive medium or direct contact with the object be-
ing imaged.

The use of M-mode echocardiography is quite
problematic in experimental animals with high heart
rates, since the relaxation time of the ultrasound trans-
ducer limits the frequency at which data is recorded.
The use of three-dimensional reconstruction of atrial
components [22, 23] and proliferation processes in
the developing heart tube [24] provided initial in-
sights into the information that can be extracted from
studying computer models of the heart.

The development of three-dimensional ultra-
sound cardiography has provided impetus for the
study of the geometric shape of internal cardiac struc-
tures, such as fibrous rings. The spatial structure of
the bicuspid valve in healthy individuals and cardiac
patients has been studied in detail using three-dimen-
sional ultrasound cardiography. Before the advent of
three-dimensional echocardiography, the shape and
function of the mitral valve during the cardiac cycle
were studied using other three-dimensional imaging
methods. It was established that the geometry of the
fibrous rings changes during systole. The size of the
fibrous ring is known to increase in the second half of
systole after presystolic narrowing of the ring, and
then continues to increase in early diastole and
reaches a maximum during late diastole. Obtaining
three-dimensional images using this method has cer-
tain limitations, since for spatial reconstruction of the
internal structure of the heart, it is necessary to deter-
mine the appropriate anatomical landmarks before
constructing the model. This approach allows for an
assessment of the three-dimensional structure of the
mitral and tricuspid valves, but not their volumetric
relationship to the cavities during the cardiac cycle
[22, 23].

Recently developed techniques, such as laser mi-
crodissection combined with quantitative polymerase
chain reaction or mass spectrometry, can be used to
assess certain parameters. However, their application
in embryological studies is challenging due to the
small size and complex morphology of the develop-
ing heart. Powerful methods such as serial gene ex-
pression analysis and microprobes provide data on
gene expression but do not provide spatial infor-
mation. The use of MRNA and protein identification
methods, in situ hybridization, and immunohisto-
chemistry allows localization of specific mMRNA and
proteins in specific cells and tissues. Combining these

methods with radioactive studies and autoradiog-
raphy allows calibration followed by quantitative as-
sessment of staining intensity [22, 25]. For moder-
ately "amorphous" organs consisting of isotropic tis-
sue (liver), a limited number of sections can provide
complete information on gene expression and its gra-
dient. For complex objects such as the developing
heart, the spatial distribution of a specific gene ex-
pression product must be mapped throughout the en-
tire organ. In this case, studying a few random sec-
tions is insufficient.

Three-dimensional reconstructions in the study
of embryonic development were initially based on the
schematic delineation of the organ of interest and sub-
sequent depiction of the reconstructed organs by med-
ical artists [26]. With the advent of digital cameras,
spatial restoration methods have become widespread.
A review of previously existing reconstruction meth-
ods showed that they did not provide precise infor-
mation and, at the same time, were extremely labor-
intensive for researchers who implemented their re-
construction protocols using the hardware and soft-
ware available at the time. Results based on the col-
lection of episcopic images have recently been pub-
lished [27]. Episcopic methods based on fluorescence
allow for high-resolution imaging immediately be-
fore sectioning.

A study of the reconstructions showed that
hearts at the same stage of embryonic development in
the same species are identical. Carefully performed
reconstructions for a single stage are apparently suf-
ficient to create a representative model of a given de-
velopmental stage [28, 29]. The morphology of the
reconstructed models corresponds to the morphology
of whole-mount preparations of stained hearts. Volu-
metric quantitative characteristics of hearts at similar
stages differ by no more than 10%. These preliminary
results indicate that biological variation does not pose
a problem for population assessment. It should be
noted that the parameters were calculated according
to Cavalieri's principle and, thus, provide an objective
estimate of myocardial volumes [28].

Volumetric data on the structures of the devel-
oping heart can be used in mathematical and func-
tional models of cardiac development. Based on these
data, it was determined that a 100-fold increase in
mouse myocardial volume occurs over 6 days (be-
tween days 8.5 and 14.5 of embryogenesis) [23]. As-
suming that all cells in the heart undergo division dur-
ing this period, this increase in volume would corre-
spond to 6.6 cell divisions, meaning each cell should
divide at least once every 24 hours. However, accord-
ing to literature data and data obtained through quan-
titative modeling [25], cardiomyocytes differ in cell
cycle duration both within the heart at a given stage
and throughout the organ at different stages of devel-
opment. The increase in volume can be explained not
only by mitosis; other mechanisms, including cell
growth, migration, and transformation, must also be
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taken into account. Thus, our understanding of the dy-
namics of cardiac development at all stages of embry-
onic development will be supplemented by important
information obtained through quantitative and volu-
metric 3D computer reconstruction [30].

The principles of muscle mechanics previously
applied to the analysis of cardiac contraction focused
on the need to obtain detailed information regarding
the morphology of ventricular contraction. Currently,
there are numerous gaps in our knowledge regarding
changes in cardiac wall configuration, muscle fiber
orientation, and sarcomere size during the cardiac cy-
cle. This is necessary for constructing geometric
models that analyze the mechanics of ventricular con-
traction, as well as for developing an understanding
of the correlation between cardiac structure and func-
tion in health and disease. In situ and angiographic
studies of the external and internal parameters of the
left ventricle revealed changes in the shape and vol-
ume of the left ventricle during the cardiac cycle,
while examination of isolated papillary muscles and
the left ventricle established the relationship between
sarcomere size, muscle length, and the volume of the
relaxed heart [31]. However, studies of the external
and internal dimensions of other cardiac chambers, as
well as dynamic analysis of the cavities of the embry-
onic heart, were not conducted at that time.

Until now, no study has been conducted on the
relief morphology and internal structure of the con-
tracting left ventricle under known hemodynamic
conditions. Methods for rapid cardiac fixation in sys-
tole or diastole, described in a number of studies, have
made it possible to analyze the geometry of the ven-
tricular cavity and walls under specific hemodynamic
conditions. Information obtained through direct
measurements and dynamic techniques can be ap-
plied to the development of appropriate geometric
models for analyzing the mechanical properties of
ventricular contraction and relaxation. Changes in the
shape, volume, and thickness of the ventricular walls
require the creation of a continuously changing model
which, when related to established values of pressure
and blood flow, would ultimately allow the accurate
calculation of the distribution of stresses and shorten-
ings of the fibers throughout the cardiac cycle.

Currently, the emphasis in such research is on
studying the architecture of the cardiac chamber walls
at various stages of embryonic development, taking
into account changes in the orientation and distribu-
tion of muscle fibers during systole and diastole. To
adequately analyze the geometry of these fibers dur-
ing the cardiac cycle, it is necessary to perform three-
dimensional reconstruction in combination with other
morphological methods and compare the obtained re-
sults at all stages of postnatal and prenatal develop-
ment, which has previously been quite difficult.

Since morphogenetic changes in the heart are
spatial in nature, three-dimensional visualization and
analysis of cardiac development using other methods

are extremely important. Three-dimensional visuali-
zation is a powerful tool for embryological research
and significantly contributes to understanding the dy-
namics of morphogenetic changes in the embryo [32,
33]. Attempts to three-dimensionally reconstruct em-
bryonic structures have been made since the emer-
gence of embryology as an independent field of study.
Typically, spatial reconstruction of embryonic struc-
tures was performed based on serial histological sec-
tions of embryos, often using the wax slab technique
[34]. However, such reconstruction and imaging
methods require significant time and specialized
skills. Recent advances in computing technology
have made computer reconstruction of biological
structures more efficient. Various three-dimensional
structures have already been reconstructed using this
method, and the simulated images can be processed
at the researcher's discretion. In the field of studying
the development of the heart and large vessels, com-
puter modeling and computer graphics are used to
visualize the developing heart and blood vessels of
mice [12], chickens, and humans [35, 36].

Attempts have been made to reconstruct the
heart and large vessels at stages of human embryonic
development using computer programs. These at-
tempts have demonstrated that computer reconstruc-
tion is an important tool for detailed analysis of the
three-dimensional phenotype of embryos. During em-
bryonic development, spatially and temporally coor-
dinated morphogenetic changes occur. The cardio-
vascular system is one of the organ systems that un-
dergoes accelerated restructuring during ontogenesis.
In the earliest studies, spatial changes in the heart and
great vessels of human embryos were studied using
histological sections and wax-up reconstructions
[37]; these studies made significant contributions to
the study of human embryonic development. Studies
using computer reconstruction of the heart and great
vessels of normally developed embryos largely con-
firmed the results of these classical studies, although
some inconsistencies were noted.

Inaseries of studies by Yamada S. et al. [32, 33],
reconstruction of the structures of the cardiac cavity
and great vessels of the developing human embryo
using serial histological sections demonstrated their
consistent spatial changes. Embryonic structures
were analyzed using three-dimensional images. How-
ever, information on the cavity structures and their
volumetric and morphological changes during car-
diac development remained incomplete.

The successful development of methods for
early prenatal diagnosis of heart defects and the de-
velopment of cutting-edge micro-MRI and micro-
computed tomography technologies now enable reli-
able three-dimensional visualization of the develop-
ing human heart, beginning as early as the 14th week
of gestation [38]. These methods are inapplicable to
early fetal and embryonic hearts measuring less than
8 mm. In recent years, spatial modeling methods
based on a different principle—computer processing
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of histological sections followed by three-dimen-
sional reconstruction of the structures—have become
dominant in embryonic heart reconstruction [3].
Numerous computer models of the heart have
been created, based on the analysis of well-known
embryonic collections from Carnegie, Walmsley,
Boyd, Kyoto, and others [3, 35, 36, 39]. These models
have provided a thorough morphometric study of em-
bryonic organ transformations from Carnegie stages
11 to 23 (until the end of the 8th week of gestation).
However, only a few similar studies exist in the early
fetal period—from the 9th to the 13th week [33, 38,
39]. It should be noted that this period of intrauterine
development is extremely important in terms of the
final formation of the morphological profile of many
cardiac defects. Furthermore, the early fetal heart is
characterized by the greatest lack of information on
the quantitative parameters of the numerous develop-
ing structures of various cardiac chambers [3, 39, 40].

Conclusion

Many details of cardiac morphogenesis are only
now being elucidated, in part due to the complex ge-
ometric transformations of the chamber cavities and
structures within their walls. These changes contrib-
ute to a better understanding of the architecture of the
embryonic heart and allow for a quantitative assess-
ment of a wide range of geometric parameters of the
chambers and structures within the heart wall. They
also offer a new tool for studying normal cardiogene-
sis and the development of congenital heart defects.
This makes it crucial to use modern tools for spatial
modeling of the developing heart based on visual in-
formation obtained using classical light and electron
microscopy.
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Yeananosa L.B., [IaansToB €.B., CmoabkoBa O.B., SImenko A.M. MeTogu4Hi miAXoau 10 BUBYEHHS
NPOCTOPOBHX NMePEeTBOPEHDb CEPIS B X0/1i OHTOT€HETHYHOT0 PO3BUTKY.

PE®EPAT. Mopdorene3 eMOpioHAILHOTO CepLsl € CKJIAJIHUM 1 JJUHAMIYHUM HPOLIECOM, MEXaHi3MH SIKOTO
3aJIMIIAIOThCS HE IMOBHICTIO 3'scoBaHMMU. [Ipy mOCIiKEHHI MPOCTOPOBUX IEPETBOPEHB CEpls Ta HOro Kamep
BUKOPHCTOBYIOTh IIMPOKHUH CHEKTP METOIB: TICTOJIOTIUHI, paCTPOBY €JIEKTPOHHY MIKPOCKOIIiI0, ONTUYHY pacT-
POBY MIKPOCKOIIiI0, MIKDOKOMIT'IOTEpHY ToMorpadito Ta ix komOiHanii. KoxxeH 3 MeToiB Mae cBoi mepeBaru ta
HeJ0JTiKH. J{o TenepilnHboro yacy CTBOPEHI YMCIEHHI KOMIT'IOTEPHI MOJIENi ceplisl, 3aCHOBaHiI Ha aHai31 IHPOKO
BiJOMHUX eMOpiOHAIBHUX KOJISKIIH. Y X MOJEIAX MIPOBEACHO peTelbHe MOPPOMETpUIHE BUBUCHHS eMOpioHa-
JHHHUX TEPETBOPEHB oprany Bix 11-i no 23-1 cranii po3suTKy 3a KapHeri (7o KiHIM 8-TO THOXKHSA recTallii), mpoTe
ICHYIOTB JIUIIIE TIOOJMHOKI CXOIi ITOCTI/KEHHS B paHHBOMY IUIOIOBOMY TEpiofli po3BUTKY — Bix 9-ro mo 15-ro
TiokHA. CITijl 3a3HaYMTH, 10 caMe JaHUH Mepiosl BHYTPILIHEOYTPOOHOTO PO3BHUTKY € HAA3BUYAHO BaXKIIMBHUM 3
TOYKH 30py OCTaTOYHOTO (hopMyBaHHS MOpdooTidHOTO TIpodisto 6araTbox cepreBux Baa. Kpim Toro, mis pan-
HBOT'O IUIOJIOBOTO CEPLS XapaKTepHUIH HaWOIIbIIMK Ae(IlUT BiJOMOCTEH MPO KiNBKICHI apaMeTpy YUCICHHUX
CTPYKTYp PI3HHX BIAIUIIB ceplis, 10 PO3BUBAIOThCA. TakuM 4nHOM, OaraTo aeraineid MopdoreHesy cepus 3'sco-
BYIOTBCS TUIBKH 3apa3, 30KpeMa, 4epe3 CKIIaiHi TeOMETPHYHI IepeTBOPEHHS OPOKHUH KaMep 1 CTPYKTYP Y CKIIai
X cTiHOK. BOHM CIpHSAIOTH KpaloMy pO3yMiHHIO apXiTEKTypH eMOPIOHAJIBHOTO Ceplis Ta JO3BOJISIOTh IATH KiJlb-
KICHY OLIIHKY IIMPOKOMY CIIEKTPY T€OMETPHYHHX IapaMeTpiB Kamep Ta CTPYKTYp CTiHKH cepls. BoHu Takox €
HOBHM IHCTPYMEHTOM JJIsl JOCIII/PKEHHSI HOPMAaTbHOTO Kap/IioreHe3y Ta PO3BUTKY BPODKEHUX MATOJIOTIH Cepls.
Lle poOUTH aKkTyaJbHUM 3aCTOCYBAaHHS CYYaCHHUX iHCTPYMEHTIB TPUBHMIPHOTO MOJEIIOBAaHHS CEpLsi HA OCHOBI
Ti€l Bi3yanbHOI iH(opMaIlii, 10 OTpUMaHa 3a JOIMOMOTOI0 KIIACHIYHUX METO/IIB CBITIIOBOI Ta ENIEKTPOHHOT MiKpOC-
KOTTii.

Kuarouosi ciioBa: cepiie, oHTOreHe3, MophoreHes, mpocTopoBi nepedyA0BH, TPUBUMIPHE MOJCTIOBAHHS.
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ABSTRACT. Relevance. Breast pathology currently ranks among the leading causes of morbidity in women. Each year,
the incidence of oncologic processes steadily increases both in Ukraine and worldwide, due to the influence of endogenous
and exogenous (unhealthy lifestyle, bad habits, medication use, etc.) factors. A key role in the prevention and treatment of
both benign and malignant changes is played by regular preventive and screening examinations, as well as timely diagnosis
at early stages. The most universal, accessible, and informative diagnostic method is X-ray mammography, during which it
is important to consider the type of breast structure. For a definitive diagnosis, a histological study is conducted, in which
the breast structural type must also be taken into account. Aim. To determine the frequency and characteristics of different
breast structural types in a randomized sample of women according to histological study data. Methods. The study analyzed
50 anonymized histological slides of breast tissue obtained from women aged 25-40 years, taken from the archive of the
Department of Pathological Anatomy, Danylo Halytsky Lviv National Medical University. The sample was randomized.
Results and Discussion. The histological analysis of breast tissue revealed the presence of glandular, connective, and adi-
pose components. The glandular tissue was mainly represented by well-formed ductal-lobular elements. The most frequently
visualized connective tissue components included multiple fibroblasts, collagen, and smooth muscle fibers. Adipose tissue
was represented by clusters of adipocytes of varying numbers. The obtained data showed that within the analyzed sample,
three structural types could be distinguished, each with a different manifestation frequency. The glandular type was the most
prevalent — In 24 cases (48%), fibrous replacement was observed in 15 cases (30%), while fatty involution occurred in 11
cases (22%). In 40% of specimens with predominant fibrous tissue, inflammatory signs — mostly chronic — were observed,
and in 20% of them, papillary apocrine ductal metaplasia was identified. Conclusion. In the randomized group of women
aged 25-40 years, the glandular structural type of the breast predominated (48%), followed by fibrous (30%) and fatty (22%)
types. In histological specimens showing fibrous replacement, inflammatory changes were most often detected (in 40% of
cases), as well as papillary apocrine metaplasia (in 20% of cases). The ratio of glandular, connective, and adipose compo-
nents defines the breast structure type and helps to determine the optimal imaging method for women of reproductive age.
Key words: breast, mammography, glandular type, fatty involution, fibrous replacement.
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Beryn

[Maronoris rpynHOl 3ajl03M CHOTOAHI IOCiae
OJIHE 3 YIJIbHUX MICLb B PEHTHHTY 3aXBOPIOBAHOCTI
JKIHOK. 3 KOXXHUM POKOM B YKpaiHi Ta CBITI HEyXH-
JIBHO 3POCTAE KUIBKICTh OHKOJIOTIYHUX IPOLECIB, 110
3YMOBJICHO BIUIMBOM 5K €HIOT€HHHUX (CIIaJIKOBa CXHU-
JBHICTB, 3MiHa TOPMOHAJIBHOTO (DOHY, MeTaOOMiuHI
MOPYIICHHS ), TaK 1 eK30TeHHUX (HEAOTPUMAHHS 310~
POBOTO CTIIOCOOY XKHTTS, IIKI/UIHBI 3BHYKH, IPUHOM
MearKaMeHTiB Tomo) YnHHUKIB [1-3]. Jo dakropis
PHU3HUKY 32 TaHUMH JITepaTypHHX JHKEePeI TaKOX Bif-
HOCSITh MEHapxe 0 12 poKiB, Mepiii MOJIOTH MicIs
30-tu, MeHONay3y miciist 55 pokis [4]. KirtouoBy ponb
B TIpolieci Npo(iTaKTUKK Ta JIIKYBaHHS 5K J00POsIKi-
CHUX, TaK 1 3JI0SKICHUX 3MiH Biirpa€e peryJssipHe Ipo-
XO/KSHHS PO ITaKTUYHUX Ta CKPHHIHTOBHX 00CTe-
JKEHB, 8 TAKOK CBOEYACHA J1arHOCTHKA MATOJIOTiH Ha
paHHIX cTamigx [5].

Haiibinpm yHiBepcadbHUM, DOCTYIHHM Ta iH-
(hopMaTHBHAM METOIOM JiarHOCTHKH BBa)KAE€THCS
peHTreHiBcbka Mamorpadis, o PeKOMEHIOBaHA 5K
CKPHHIHTOBE 00CTEXEHHS IS XKIHOK Ticist 40 pokiB,
a TaKoX B MOJIOZIIOMY Billi 32 HAsIBHOCTI ITOKa3iB [,
6].

[Ipote npu npu3HaYeHHI Ta MPOBEICHHI MaMOr-
padiynoro obOcTexxeHHss HEOOXiqHO OpaTH N0 yBaru
THI CTPYKTYPH I'pyIHUX 3a103 [1].

30kpema, AaHi MaMorpadiuHOro 0OCTEKEHHS €
00’€KTHBHUMH 1 JOKAa30BUMH IIPH IEpeBa)kaHHI B
CTPYKTYpi 3aJ103U HPOBOI TKaHWHHU (Tl A Ta B,
KonH (hiOpo3HO-3aI03KCTa TKAaHWHA 3aiiMae 10 25%
Ta 50% MII01IIi MaMoTpaMH BiAMIOBITHO), TOI SK IPH
HaJMIpHIH minbHOCTI TpyaHuX 303 (tum C ta D —
50%-75%, Ta Oinbire 75% M0 MaMOTpaMu) peKo-
MeHJ0BaHO npoBeneHHst Y3/ abo MPT. Ekcrpema-
JIBHO IIUTBHI TPY/IHI 321034 BBAXKAKOTHCS [IPUTAMAaH-
HHUMHU JUIs1 J)KIHOK Y IIepio]] JIaKTallii, a TAKOXK Y KIHOK
3 HEBEJIMKUM PO3MIpPOM TPYIHHX 3aJ103, Ta Yy Billi O
40 pokiB. JIysl OCTaTOYHOTO K YTOYHEHHS I1arHO3y
MPOBO/IATH TICTOJOTIYHE AOCIHIPKEHHS, TPH aHai31
SKOTO TAaKOXX HEOOXiZHO BpaxOBYBaTH THIl CTPYK-
TypHu TpyaHoi 3a03u [7-10].

Metoro Hanoi poOOTH cTano 3’sICyBaHHS 4ac-
TOTH peecTpamii pi3HUX THIIB CTPYKTYPH TPYIHUX
3aJ103 Ta BU3HAUCHHS iX 0COOIMBOCTEH Yy paHIOMi30-
BaHOT BUOIPKH JKIHOK 32 JaHHUMH TiCTOJIOTIYHOTO J0-
CJIIJPKEHHSI.

Martepian i meToan

Ilpu mpoBeneHHI JOCHIIKEHHS Hamu OyJo
ompainpboBaHo 50 aHOHIMI30BAaHHX TICTOJOTTYHHX
npernapaTiB TPYAHUX 3aJ103 KIHOK BikoM 25-40 pokiB
3 apxiBy Kadeapu matonoriunoi anaromii JIHII
«JIpBIBCHKU HALIOHATFHUA MEIMYHUN YHIBEPCUTET
iMeHi Jlanuna ["anunbkoroy, sKi monepexaHso 3adap-
BIIIOBAIM TEMAaTOKCHIIIHOM Ta €O03MHOM 3arajibHo-
npuidHATEM MetonoM [11-12]. Bonu cknamu panmo-
Mi3oBaHy BUOipKy. [Ipemapatn BUBYAIN ig MiKpoC-
xorom Leica DM 2500 (Leica Microsystems GmbH,
Himeuunna) 3 mmudposoro kameporo Leica DFC450 C
(HimeuyunHa) Ta mporpaMHHM 3abe3nedeHHsaM Leica
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Application Suit Version 3.8. npu 36insuiennsx X100
ta x400.

Po3paxyHOK BeJMYMHM BIHOCHOTO 00’eMy
CTPYKTYp HPOBOJMIIM 32 JIOTIOMOTOI0 HPOIPaMHOTO
makety Image] 1.47v i BOymoBaHOi mpolenypu
Analyze Particles mrst ocTaTouHOT cerMenTarii Ta po-
3paxyHKy 3HadeHb (Analyze > Analyze Particles) 3ri-
IIHO 3 pekoMeHmamisiMu [13].

[IpoBeneHi nocuimKeHHS HE CylepeyaTh OCHOB-
HUM OioeTHIHMM HOopMaM [ enbCiHCHKOI IeKiIaparii,
Kongennii Pagn €Bponu npo mpasa mroanHu Ta 0io-
MEMIIUHY, BiANOBITHUM moyiokeHHsiM BOO3 T1a 3a-
KoHaM Ykpainu [14].

Pe3ysbTaTH Ta iX 00roBopeHHs

BuBYeHHS TICTONOTIYHMX IpenapaTiB TpyAHOI
3aJI03 J4aJI0 3MOTY BHSIBUTH B 11 CTPYKTYpi €IeMEHTH
3aJI03UCTO1, CHOIYYHOT Ta JKUPOBOi TKAHUHU. 3aJI03U-
CTa TKaHWHA OyJa 31e01TBIIOTOo MpeaCcTaBIeHa CPOop-
MOBAaHHMH TPOTOKOBO-YACTOYKOBHUMHU EIIEMEHTAMH.
HaitgacTime Bi3yani30BaHUMH €IEMEHTaMH CHOTYY-
HOI TKaHWHU Oy MHOKUHHI (ibpodiacTh, Komare-
HOBI Ta TJaJKOM’ s30Bi BosokHA. JKupoBa TKaHWHA
OyJa mpeacTaBicHa rpynaMu aJIuIONUTIB Pi3HOT Yu-
CEJIbHOCTI.

[TpoBenenuii anaii3 pe3ynbTaTiB BUBYEHHS TIpe-
MapaTiB rPyAHOT 3aJI03H, 10 YBIHIILIH IO PaHI0MIi30-
BaHOI BHOIPKH, 3aCBiIYMB HasBHICTH Cepell HUX
TPBOX THIIIB CTPYKTYpH ['3, siKi MaIOTh pi3HY YacTOTY
MaHidecTarii Ta XapaKTepu3yIOThCSI BUPAKCHUM TIe-
peBaKaHHAM 3alI03HCTOI, CIIONYyYHOI abo >KHPOBOI
TKaHWHHU.

Jlis TpynHHX 3a5103 MEepIIoi rpynu XapakTep-
HOIO € IIEPEBaYKHO 3aJI03MCTa CTPYKTYpPa, I¢ BU3Ha4Ya-
I0ThCS TIPOTOKH Ta YaCTKU 3BHYAMHOI TiCTOJIOTIYHO]
oynosu (puc. 1). OkpeMi IIISHKA CIONY4HOI TKa-
HUHU NPE/ICTABIICHI KOJIAreHOBUMH Ta TJIAJKOM 5130-
BUMH BOJIOKHaMH 1 ¢ibpobnacramu. B momi 30py Bi-
3yaJli3ylThCs TAaKOXK OKpeMi MOOJMHOKI IPYIH alu-
MOIIUTIB.

Puc. 1. TkaHuHa rpyaHoi 3anosu 3 3anosvncTm TUMoM
6ynosu. MpoTtoku (1) Ta YacTouku (2) 3BMYAAHOI TiCTOMOriY-
HOi ©yAoBW; AINSHKM CMOMNYYHOI TKaHWHM (3), MOOAWHOKI
rpynu agunoumtie (4). 3abapBreHHss reMaToKCUMiHOM i eo-
3uHom. x100.
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B 3ano3wucriit TkanuHi ['3 B mepion nakrariii mo-
JICKYI! CIIOCTEPIraroThCs TiNEpIUIa30BaHI YaCcTKU 3
CBUIOKJIITHHHMMH 3MiHAMU — HassBHUMH Y elliTelia-
JHHUX KJTITHHAX YACICHHUMH BaKyOJISIMH 13 CBITIMM
BMicToM (puc. 2, 3).

Puc. 2. TkaHvHa rpygHoi 3amno3u 3ano3vcToi CTPyK-
Typu. lNMpoToku 3BMYaNHOI ricTonoriyHoi 6yposu (1), umc-
NEHHiI rinepnnasoBaHi YacTOYKMN 3 CBIMOKMITUHHUMMW 3MiHAMK1
(2) Ta ginsHkamu cnonyyHoi TkaHuHu (3). 3abapBreHHs re-
MaToKCUNiHOM i eo3nmHom. x100.

Puc. 3. FinepnnasoBaHa YacTo4ka TKaHWHUW rPyaHOI 3a-
103K 3 CBINOKNITUHHUMK 3MiHamu. Bakyoni 3 cBiTnum Bmic-
ToMm (1). 3abapBneHHA reMaToKCcuNiHOM i eo3nHoM. x400.

Ha npenaparax, mo yBifnumm 10 npyroi rpynu
Bi3yalli3y€eThCANIEPEBAXKHO CIIONYYHATKAHUHA 3 BEIH-
KOO KUJIBKICTIO KOJIar€HOBUX Ta TJIAJKOM SI30BHX BO-
JIOKOH Ta YuCJIeHHUMH (ibpobnactamu (puc. 4).

VY 40% Bumnakis BiJ KUIBKOCTI Npemnaparis3 Ma-
HiecToBaHUM NepeBakaHHIM (iOPO3HOI TKAHWHH B
CTPYKTYpI TPYIHOI 3aJI03M Bi3yali3yBalKCh O3HAKH
3amajeHHs, IePeBaXKHO — XpOHiIUHOrO (pHcC. 5,6), a 'y
20% BuMaAKiB — O3HAKM MANUISIPHOT AlOKPUHOBOT
Mertarmiasii (puc. 7).

Ha npenapatax TpeTboi Ipylu TKaHUHA TPYAHOT
3aJI03M MTPEICTABIICHA 3/e01IbLIOr0 YHCICHHUMH Ma-
CHBHHMH CKYITYCHHSMHU aTUMOLUTIB, TIISTHKH CIOJTY-
YHOI TKAHMHH Ta 3aJI03HCTi €JIEMEHTH — MMOOJHHOKI,
po3kuIaHi, HeuucieHHi (puc. 8, 9).

Puc. 4. CTpykTypa rpygHoi 3anosv 3 nepeBaKaHHSIM
CMnony4HOI TKaHnHU. KonareHoBi Ta rmagkoM’si30Bi BOMNOKHA,
ibpobnacTn (1); oKpemiYacToukM 3BUYANHOI FiCTONOriYHOT
6ynoBu (2). 3abapBreHHs reMaToKcuniHoM i eo3nmHom. x100.

Puc. 5. [linsiHka rpyaHoi 3anosu 3 nepeBaxaHHAMI0-
PO3HOi TkaHWHW. KonareHoBi Ta rnagkom’a30Bi BONOKHU, di-
6pobnacTtu (1), nooanHoOKi rpynu kaninspie (2); npotoka i3
nepuayKkTanbHUM XPOHIYHUM 3ananbHOKMNITUHHUM iHDINbT-
patom (3). 3abapBneHHs remaToKCcUmiHoOM i eo3nHom. x100.

Puc. 6. ibpo3Ha TkaHuHa rpyaHoi 3ano3u. KonareHosi
Ta rNagKoM’sA30Bi BOMOKHA, hibpobractu (1), MOOAUHOKI
rpynu kaninspie (2); NnpoTokas ekcygaTtom Ta 3anarnbHoKi-
TUHHUM iHinbTpaTom (3). 3abapBreHHss reMaToKCUMIHOM i
eosunHom. x100.
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Puc. 7. TkaHnHa rpyaHoi 3anosu npeactasneHa cnomny-
YHOIO TKaHWHOW. KonareHoBi Ta rnagkomM’si3oBi BONOKHA, di-
6pobnacTu (1); NpoToka 3 NaninspHoO anoKpUHOBOD MeTa-
nnasieto (2). 3abapBneHHsI remMaToKCUIiHOM i €03MHOM.
x100.

Puc. 8. [insiHka rpygHoi 3ano3un 3 nepeBaxaHHsIM Xu-
poBoi TkaHuHW. MoHoMOopdHi rpyny agunouuTis (1),4iNsHKKU
CMONy4HOI TKaHWHM 3 Kaninapamu (2); rpynu 36epexeHnx
npoTok (3). 3abapBneHHsi remaTokcumniHoM i eoanHom. x100.

Puc. 9. [lingHka rpygHOi 3ano3n 3 nepeBaxaHHSM Xu-
poBOI TKaHWHW. CKynyeHHst agunoumTis (1), OQNHOYHI Ains-
HKW CMONYYHOT TKaHUHU (2); NPOTOKa 3BUYaNHOI FiCTOMNOrYHOT
6ynosu (3). 3abapBneHHs reMaToKCUiHOM i eo3mHom. x100.
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Cepen mpenaparie ['3, mo yBifinum xo ompa-
LIOBAHOT paHI0Mi30BaHOI BUOIpKH, HalluacTinie OyB
MaHiecToBaHUI 3aJI03UCTUH THN TKaHUHU: y 24-X
pumnaakax (48%), ¢idposHe 3aMileHHs OYyJI0 BHSB-
nere y 15-tu Bunaakax (30%), anepeBaskaHHS KHUPO-
BOITKaHWHU — Jinmie y 1 1-tu Bunankax (22%) .

OTpuMaHi pe3ynbTaTH HiATBEPHKYIOTH 1 TOTIOB-
HIOIOTH JIaHi JITEPaTypHHUX JKEpPEN CTOCOBHO THIIIB
cTpykTypH '3, Mo MarTh pi3HY 4acTOTy MaHi(ecTa-
il Ta XapaKTepU3yIOThCS BHPAKCHUM II€PEBaKaH-
HSIM 3aJI03UCTO1, CIIOIY9HOI a00 )KUPOBOi TKaHUHH [ 1,
4, 5,9, 10]. BusBieHa HasBHICTh BCIX TPHOX THIIIB
OyIIOBM 3aJI03U Y MOJIOIUX KIHOK PENPOAYKTHBHOI'O
BIKy Ma€ IpakTHYHE 3HAYEHHs, OCKUIbKW HE JIMIIEe
JI03BOJISIE BU3HAYUTH TPYIH PU3HKY PO3BUTKY IIEB-
HUX MATOJIOTiH Ta MixiOpaTd ONTHMAIBHHH METOJ
IIPOMEHEBOT'0 JOCII/KEHHS, a i 3HAYHO IOJIETIIYE
IHTEepIpETAaLiio Pe3yIbTaTiB TaHOTO OOCTEKEHHS 3Ti-
JHO miKkaau 30skicHocti BI-RADS [15].

BucHosku

1. V pangomizoBaHoi BHOIpKH KiHOK BiKOBOT
rpymu 25-40 pokiB 3a JaHUMU TiCTOJIOTITHOTO OCITi-
JUKEHHsl HaiuacTilie MaHi(eCTOBaHMH 3aJI03UCTHI
tun ctpykTypu '3 (48%), ¢ibposHuii Tun Oyno BU-
sieiieHo 'y 30%, Toi sIK )KHpOBHH TUI MaHi(ecToBa-
HUI Haipigme — y 22% BUNAKIB.

2. Ha ricronoriyHux npemnapaTtax XIiHOK, 3
o3Hakamu (iOpO3HOTo 3aMillleHHs1, HalvacTile Bi3y-
aTi3yIOTHCS 03HAKH 3ananbHoro npoiecy (y 40% Bu-
MaJIKiB), Ta MAMUIIPHA ATOKPHHOBA METAaIlIa3is Ipo-
TOK (y 20% BHUMAIKiB), MO JO3BOJISIE TO3HUIIIOHYBATH
CIOJYYHOTKAaHMHHUMA TUI CTPYKTYpU IPYAHOI 3aJ10-
3MAK JOJATKOBHH YWHHHWK PU3MKY PO3BUTKY TAHUX
MIATOJIOTIYHHUX CTaHIB.

3. ChiBBiIHOIICHHS 3aJI03UCTOI, CIOJIYYHOT Ta
JKMPOBOI TKaHHH 3aJI031 XapaKTepU3ye THII il Oy10BH
Ta J03BOJISE MiAI0OpaTH ONTUMAIBLHUA METOT IPOME-
HEBOTO JIOCITI/DKCHHS JKIHKaM PernpoyKTHBHOTO
BIKY.

IlepcneKkTHBY MOAAIBINNX AOCTIIKEHD

BuBYeHHS CTPYKTYPHUX OCOOIMBOCTEH MOJIOU-
HUX 3aJI03 PI3HUX THIIB OyJJOBHU Ta 3aKOHOMipHOCTEH
X BiKOBOI (hi310JIOTIYHOT iIHBOIIOIIT JO3BOIMTE IIiJli-
OpaTu HalOUTBII TOWUTFHAUI METOJ MPOMEHEBOI Jia-
THOCTHKH 3 ypaxyBaHHSAM iHIMBIyaJbHHX OCOOJIH-
BOCTel 00CTEKYBaHOT )KIHKH, ONTUMI3yBaTH JTiarHO-
CTHUYHI KpUTEPii BIKOBUX Ta MATOJOTIYHUX 3MiH Y XKi-
HOK DI3HHX BIKOBHMX IpYITa BU3HAYMTH TPYNU PH-
3MKY, CXWJIbHI 10 PO3BUTKY MIEBHUX MATOJIOTIH.

Indopmanis npo kKoHQJIIKT iHTepeciB

[MorteHuiitnnx abo sIBHUX KOHQJIIKTIB IHTEpECIB,
110 MOB’sI3aHi 3 UM PYKOIIMCOM, HA MOMEHT IyOJIi-
Kallii He iCHY€ Ta He mepe0a4aeThCs.

Jxepesia ¢piHaHCyBaHHS

JlociipkeHHsT IPOBEACHO B paMKax HayKOBO-
nociigHoi pobotn «MopdodyHKuioHansHI 0co0u-
BOCTI OpraHiB y Hpe- Ta II0CTHAaTAJILHOMY Tepiojax
OHTOT€HE3Y, ITiJl BILTABOM OTi0i/IiB, Xap4OBHX 00a-
BOK, PEKOHCTPYKTHBHOI Xipyprii Ta OXupiHHS (HO-
Mep aepkaBHoi peectpamii 0120U002129).
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ApnamoBnu 0.0., Connea H.b, Anamosuu O.I1, dynam A.II, Hoaisnu A.B. Anaji3 yacrotu MmaHige-
cTauii pi3HMX THNIB CTPYKTYPH FPYAHMX 32J103 32 JAHUMM TiCTOJOTiYHOIO J0CTiAKEeHHS.

PE®EPAT. AkTyanbHicTh. [1aTosoris rpy1HOT 3271031 CHOTO/IHI ITOCIIAE OJHE 3 YUILHUX MICIb B PEUTHHTY
3aXBOPIOBAHOCTI JKIHOK. 3 KO)KHMM POKOM B YKpaiHi Ta CBiTI HEyXHJIBHO 3pOCTA€ KUIbKICTh OHKOJIOTTYHHX IIPO-
1[ECiB, 10 3yMOBJICHO BIUIMBOM SIK €HJJOI€HHHUX (CIaJKOBa CXWIBbHICTh, 3MiHa TOPMOHAJIBLHOTO (JOHY, MeTaboiuHI
MOPYILIEHHS ), TaK 1 €K30reHHUX (HEJOTPUMaHHS 340POBOTO CIIOCOOY JKUTTS, IIKIAJIMBI 3BUYKH, IPHHOM MeIUKa-
MEHTIB TOLIO) YNHHUKIB. KitouoBy posib B nporieci NpodiakTHKY Ta JIIKyBaHHS K J00POSKICHUX, TaK 1 3JI05IKiC-
HUX 3MiH BiJliTpae peryisipHe MPOXOMKCHHS MPOQITAKTUIHAX Ta CKPHHIHTOBAX 00CTEXEHb, a TAKOXK CBO€YACHA
JliarHOCTHKa MaTOJIOTIH Ha paHHIX cranisx. HaiOunpi yHiBepcaabHUM, TOCTYITHUM Ta iHGOpPMaTHBHUM METOAOM
JIIarHOCTHKH BBa)KA€THCS PEHTI€HIBCbKa MaMorpadis, Ipu NpOBeAEHHI sIKOi He0OXi1HO OpaTH 10 yBar TUI CTPY-
KTYPH TPYAHUX 3aJ103. /{7151 0CTaTOYHOTO X YTOUHEHHs JliarHO3y IPOBOJIATH TiCTONIOTIYHE JOCHIIKEHHS, IPU aHa-
JIi31 SIKOTO TaKoX HeOOXiJHO BpaxOBYBaTH THII CTPYKTYPH I'pyaHOI 3aim03u. MeTta poboTn — 3’sICyBaHHS 4YacTOTH
peecTparii pi3HUX THIIIB CTPYKTYPH TPYAHUX 3aJ103 T4 BU3HAYCHHS X OCOOJIMBOCTEH Y paH/I0Mi30BaHOi BUOIPKH
KIHOK 32 JaHUMHU TiCTOJIOTIYHOTO JociimkeHHs. Meroau. [Ipu mpoBeneHH1 AOCTiKeHHST HaMU OyJi0 poaHalti-
30BaHO 50 aHOHIMI30BaHUX TiCTONIOTIYHNUX MpeNapaTiB IPyIHUX 3aJ7103 )KiHOK BikoM 25-40 pokiB 3 apxiBy Kadenpu
narosorignoi anatomii JIHII «JIpBiBChKHMIT HaiOHANEHUN MeAWYHUHN yHiBepcuTeT iMeHi [annma ["anuipkoroy,
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0 CKJIAJIM paHIoMi3oBaHy BUOIpKy. Pe3yabTaTn. BuBUeHHS ricTONOriYHUX NpenapaTiB rpyaHOI 3aJ03U JAJI0
3MOTY BUSIBUTH B i1 CTPYKTYpi €JIEMEHTH 3aJI03UCTOT, CIIOIYYHOI Ta )KUPOBOI TKAHMHH. 3aJI03UCTa TKaHWHA OyJia
3/1e0LIBIIOr0 TIpecTaBiIeHa chOpMOBaHUMH IIPOTOKOBO-4AaCTOYKOBUMHU eneMeHTamu. Haituacrie BizyasizoBa-
HUMH €JIEMEHTaMH CIIOJYYHOI TKaHUHM Oy MHOXHHHI (iOpoOIacTH, KONAreHOBI Ta IJIaKoM sS30B1 BOJIOKHA.
Kuposa TkaHnHa Oysa IpeIcTaBIeHa IpyNaMH aJUIOLUTIB pi3HOT ykcenbHOCTi. OTprMaHi JaHi 3acBiJUUIH, IO
ceper MpemnapariB paHIoMi30BaHOT BUOIPKH MOKHA BUAUTATH TPH THITH CTPYKTYpH ['3, sIKi MaroTh pi3HYy 4acToTy
magi¢ecramii. Haitgacrtimme Oy MaHi)ecTOBaHMH 3aJI03UCTHH THI TKAaHWHH y 24-X Bunazakax (48%), ¢ibposne
3aMimeHHs Oyno BusiBiieHe y 15-Tu Bumagkax (30%), Tomi gk uposa iHBooLIs e y 11-ti Bumagkax (22%)
3 YHCIIa IPOAaHANI30BaHUX 3pa3KiB TKaHUHU. Y 40% BUMAAKiB BiJ KITBKOCTI IpemapaTisB 3 MaHi()eCTOBAaHIM IIepe-
Ba)XKaHHSAM (PiOPO3HOI TKAHWHH B CTPYKTYPI TPYIHOI 3aJI03M Bi3yalli3yBaJIUCh O3HAKU 3aMaJICHHS, IEPEBaKHO —
XpoHiuHOTrO, a ¥ 20% BUMaAKiB — 03HaKM HanuIApHOi anokpuHOBoi Metamnasii. Ilincymok. ¥V pangomizoBaHol
BUOIPKH XKIHOK BIKOBOT Ipymu 25-40 poKiB 3a JAaHKMHU TiCTOJIOTIYHOTO TOCIIPKCHHS HaliuacTilie MaHipecToBaHU I
3ano3uctuii Tun ctpykrypu I'3 (48%), pinue — ¢idposnuii Tun (30%) ta xuposuii (22%).Ha rictosnoriunux npe-
nmapaTax JXiHOK, 3 03HakaMu iOpPO3HOT0 3aMillleHHs, HAWYACTIIIE Bi3yali3yIOThCS O3HAKH 3aMaibHOTO0 Tporecy (Y
40% BuMasKiB), Ta MamiJisipHa allOKpHHOBA MeTaruasist mpoTok (y 20% Bumnazkis). CriBBiJHOLIEHHS 3aJI03UCTOT,
CIIOJIy4YHOT Ta )KUPOBOI TKAHHH 3aJI03M XapaKTepu3ye TUI ii Oy0BM Ta 103BOJISIE MiNIOpaTH ONTUMATIBHUI METON
MPOMEHEBOTO JOCIIKEHHS )KIHKaM PerpoyKTUBHOTO BIiKY.

KurouoBi cioBa: rpynHa 3am03a, MaMorpadis, 3aI03UCTHIT THII CTPYKTYPH, KUPOBa iHBOJIOMIS, (idpo3He
3aMIIIEeHHS.
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elling of bone stumps under the influence of various mechanical load regimes.
National Pirogov Memorial Medical University, Vinnytsya, Ukraine.

ABSTRACT. Relevance. Despite the long history of limb amputation surgery, the timing and magnitude of mechanical
loading of stumps have not yet been clarified. The aim of the study was to investigate the optimal timing and magnitude of
mechanical loading of bone stumps after amputation. Methods. Two series of experiments were conducted on 18 rabbits
with amputation of the thigh in the middle third and myoplasty. In the control series, after 4, 8, and 16 weeks, cyclic me-
chanical loading was applied to the end of the bone stump with an energy of 0.5 mJ/mm? at a frequency of 2 Hz, with 400
pulses per session. In the experimental series, at the same time intervals, the load was applied twice a day at 200 pulses per
session. The observation periods were 6, 10, and 18 weeks. The research method was histological with vessel filling with a
10% gelatin mixture. Results. In the control series, most experiments showed pathological remodelling of bone tissue with
the development of atrophy, bone shape distortion, bone curvature, and stress fractures. In the experimental series, organo-
typic stumps were formed with normalisation of structure and microcirculation. The best results of bone tissue remodelling
were obtained in the series with the onset of mechanical loads in both series at 10 weeks, 8 weeks after amputation. Con-
clusion. Mechanical daily loading of the bone stump with energy of 0.5 mJ/mm?, frequency of 2 Hz, with 400 pulses per
session at 4, 8, and 16 weeks causes significant disturbances in bone remodelling with the formation of cone-shaped and
spindle-shaped stumps, deviation of the end from the axis, and stress fractures. The same load (0.5 mJ/mm?, frequency 2
Hz, 400 pulses) divided into two sessions per day of 200 pulses with an interval of 4 hours contributes to the formation of
an organotypic cylindrical shape of the stump with a balance of resorptive and reparative processes. The start of mechanical
loads 8 weeks after amputation does not cause significant disturbances in the remodelling of the bone tissue of the stump
and is the most optimal.

Key words: amputation, bone tissue, remodelling, terms.
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Beryn

binemre 100 pokis Tomy Wolf Bnepie BcTaHo-
BUB 3JIEKHICTh MK 30BHIIIHIM MEXaHIYHUM HaBaH-
Ta)XEHHSM 1 CTPYKTYpOIO KiCTKH. MexaHiuHe HaBaH-
Ta)KeHHS MO’KE BIUTMBATH Ha TU(EPEHINAIII0 Ta PO3-
BUTOK ME3EHXIMaJIbHOI TKaHWHH Ta PEryJoBaTH 0io-
JoTivyHI (YHKIIT KiCTKOBOI TKaHWHHU. BOHO BU3HAHO
KPUTHYHHM PETYJISATOPOM PEMOJCIIOBAHHS KiCTOK
[1]. Byno BcTanoBIEHO [2], 10 11 aganTarii KicTKu

NoTpiOHEe IUKIIIYHE HABAHTAXKEHHS, SIKE TOKpaIly-
Basio ()OpMyBaHHS KICTKM Ha il €HIOCTaNbHIH Ta Ie-
piocTainbHiil moBepxHsAX. Pa3oM 3 THM BU3HAYMIIMCH i
HETaTUBHI CTOPOHU MEXaHIYHOI CTUMYJIAIIIT ocTeore-
He3y, 10 3aJIeKAaIH BiJl MEXaHOUYTIMBOCTI KiCTKOBOT
TKaHUHH, HETalHOTO, 3BUYafHOTO YH BiIKJIAJICHOTO
HABaHTAXXCHHS Ta iX BeMW4HHU [3-6]. B mepeBaxHii
O1IBIIOCTI 3rajjaHi JOCHTIIHKEHHS POBOIUIUCH 3 Me-
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TOI0 PO3pPOOKK METOIB MEXaHIUYHOI CTUMYJIALIT 3po-
IIeHHA nepeioMiB. BoHn He crocyBanmuch Takoro Ba-
JKIJIUBOTO TUIACTY PEKOHCTPYKTUBHO-BIJHOBHHX OIIe-
pattiif, sk ammyTartii. [Ticns miei omeparii 3HAYHO 3Mi-
HIOEThCS HaBaHTA)XEHHS Ha KyKCY KICTKH 1 HOro xa-
paKTep, IO BHUKIMKAE PEMOICTIOBAHHS KiCTKOBOI
TKaHWHY, BKJIIOYAIOYH PYHHYBaHHSI-PEKOHCTPYKIIIO
KicTKOBOi Matpwii [7-9]. MeToto peMoientoBaHHS €
ONITUMI3AIlisl CTPYKTYPH Ta MIITHOCTI KiCTKH IO 3Mi-
HEHHUX 0i0OMEXaHIYHUX BHMOT.

BuBuaroun rocTpi 3MiHH KiCTOK TIiCIIST aMITyTaIlii
HIDKHBOI KiHIIIBKH BHACIIJIOK TPAaBMATHYHOT'O YIITIKO-
JOKEHHS TIepe]l MPOTe3yBaHHIM, uepe3 6 Ta 12 mics-
1iB Xoap0u Ha mpotesi [10, 11] BUsIBMIN 3HAYHY He-
raTUBHY AWHaMiKy. MiHepaibHa LIJIBHICTH KiCTKO-
BOI TKAHWHHM KYJIBLIOBOTO CyrJio0a aMITyTOBaHOI KiH-
IiBKM 3MeHImmach Ha 11-15% i 30epiranachy npoTs-
roM 12 micsmiB. 3a mepiox Big ammyTartii 1o 6-12 wmi-
CAIIB KOPHCTYBaHHSA MPOTE30M KyKca KiCTKH Maja
3HIDKCHHS MIOKa3HUKIB KiCTKOBOT MacH (-26%), mIib-
HOCTI KicTKoBO1 TKaHuHU (-21%). [lapanensHo cmoc-
Tepiranoch 3HIKCHHS YaCTKH KiCTKOBOI MacH > 650
mr/em® (Bin 58 1o 43% Bin 3aranbHoi muomi) a6o >
480 mr/cm® (Biz 65 10 53%), IO CBIMYHIO PO 36111b-
IICHHS ITOPUCTOCTI KOPTHKAIbHOTO wiapy. Takox
MPOTPECUBHO 301JIBIIYBAINCH MAapKepH pe3opOLil Ki-
CTKOBOI TKaHMHU. BHacniiok peMojenroBaHHsl IIBH-
JIKi 1 CYyTTEBI BTpaTH BMICTY Ta MIIJHOCTI KiCTKOBOI
TKaHWHY HacTYTAJIX HEBJOB31 ITiCII aMITyTallil Ta He
BiTHOBJIIOBAJIUCH TIPOTATOM |2 MICSIIB KOPHCTY-
BaHHS npoTte3oM [12]. 3a manumu [13] mopsix 31 3HH-
skeHHsIM MIIKT amnyToBaHOi CTOPOHM 3MEHIIyBa-
Jlach TUTOMIA TIOBEPXHI 3aJMIIKY Ha KiHIli MTOPIBHIHO
3 aHAJOTIYHUM 3pi30M IHTAaKTHOI KiHI[IBKH, IO IIiJ-
BHUIIYBAJIO PU3UK OCTEOMOPO3Y Ta MEPEIIOMIB KiCTKH.
Cryp0oBaHiCTh MOXJIMBICTIO BUHMKHEHHS IEpPEIIo-
MIB KYKCH KICTKH BHACJIIIOK HECBOEYACHOTO 1 HEsIKi-
CHOTO TPOTE3yBaHHS BUCJIOBJIIOBAIM i 1HIII JOCIHI-
Huku [14]. Ha nymky [15-20], 3MiHeHHH pexum
XOJI, 3MCHIIICHE HaBaHTAXKEHHS, BIJICYTHICTh M's130-
BOI aKTUBHOCTI MPU3BOJIATE JIO TMOPYIIECHHS PEMO/Ie-
JIOBAaHHS KiCTKH. BHAciJOK MOpYyIIeHb penmapaTuB-
HOi pereHeparii [21] BiaMidamu 3MiHH CTPYKTYpHOT
opraHizarii KyKCH 3 YyTBOPEHHAM KOHYCOMOJIOHUX 1
OynaBonomiOHUX KyKC Ta MOPYIICHHS (GOopMyBaHHS
KiCTKOBOI 3aMHUKar0401 miacTuHku [22].

[Tpu kopucTyBaHHI NPOTE30M Ha KYKCY JIIOTh
CTHCKalo4i, 3CYBHI, pO3TATYIOYM Ta ACHMETPHYHI
CHJIH, SIKi MOXKYTh BUKJIMKATH 3MiHY (pOpMH KIHIIS KY-
ke [19]. 3posymine OaxkaHHs 3a0€3MCUNTH MAaKCH-
MaJIbHO MOXKJIMBE HaBaHTa)XEHHsI Ha Kykcy. [Ipore B
aMIyTaliiHIA Xipyprii A0 MBOTO Yacy iCHYE eMITipH-
YHHUIA TiAXIT A0 TEPMiHIB MOYATKy HABaHTAXEHB, 1X
TPUBAJIOCTI Ta BEMUYUHHU. SIK 1 NpW JIKyBaHHI Iiepe-
JIOMIB, Ticisl aMIyTalii nepen xipypramu i peaoisi-
TOJIOTaMH TOCTAIOTh BAXKJIMBI, 3/1a€ThCS, HECYMICHI
3aBIaHHA — 3a0e3Me4YeHHsI CIIOKOI0 1 HEJOIMyIIeHHS
MOPYIICHHS! PEMOJICIIIOBAHHS KYKCH KiCTKH.

MeTa: 1OCTiANTH ONTUMAITbHI TEPMiHU Ta BEJH-
YMHU MOYaTKy MEXaHIYHOTO HABAHTAXKEHHS KyKCH
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KICTKH TICIIsl aMITyTallii.

Marepiaaun Ta meToaun

IIposeneno aBi cepii nocmiais Ha 18 craTeBo3pi-
JIMX KPOJIIX Macoro 2,5-3 Kr.

[Tix 3araneHuM Hapko3oM (keramil 40 mr/kr +
kernasuH 10 MI/KT BHYTPIIIHBOM'S30BO) BHKOHY-
BaJIM aMITyTaIlif0 CTETHA Ha PiBHI CEPeIHbOT TPETHHH.
Uepes 4, 8, 16 TmkHIB B IIepIIiil cepii moYnHaIN Mpo-
BOJUTH MEXaHIYHE HaBAHTAKCHHS KyKCH YIapHOIO
XBHJIEIO, COKYCOBAHOTO Ha TOPLEBY MOBEPXHIO Ky-
KcH KicTku 3 eHepriro 0,5 MIK/mm?, yactoToro 2 T'ip
3 nogauero 400 iMIyIbCiB 3a ceaHc, a B ApYTiii 3 mo-
nadero 200 iMmynbCiB ABIYI Ha A€Hb 3 IHTEPBAJIOM
MiX ceaHcaM¥ 4 TOAMHM 32 BJIIACHOIO METOJIUKOIO.

TepMminu ciocTepeskeHHs ckianu 6, 10, 18 Tik-
HIB.

Jlnst 3He00NIEHHS TIepe]| MPOLEypOr0 MeXaHid-
HOTO HaBaHTAKEHHS TBAapWHI BHYTPIIIHHOM'S30BO
BBOAMJIN KOMOIHAIiI0 KeTaMiHy 25 MI/KT Ta KCHia-
3uHy 5 mr/kr. [lepen BUBeIEHHSIM 3 JOCHTITy TBapHHI
nmaBanmu Hapko3 (keramiH 40 mr/kr + kcminazua 10
MI/KT BHYTPIIIHEOM'5130B0. PO3KpHBaM 4epeBHy I10-
poxHUHY. Buninsnu yepeBHuit Bigain aoptu. BHyT-
pilIHBOApPTEPiaTBHO BBOJMIIM JIETAJIBHOMY 103y TIeH-
ToOapOiTamy 200 MI/Kr Ta nepeB’s3yBalld YE€PEBHY
aopTy. Humxkue niraTypu BBOJWIM KaHIOJIIO BiJ CHC-
TEeMU JJIsi BHYTPILIHbOAPTEPIANILHOIO HATHITaHHS,
¢ikcyroun i B mpocBiti cyanHu. HamoBHIOBau cy-
JUHHY cucTeMy Kykcu 10 % Tymi-KxenaTHHOBOIO Cy-
Mimmro. Yepe3 100y BUUICHSUTH CTETHOBY KICTKY B
KyJnpImoBoMy cyrio0i. JlaBanu Bi3yallbHY OIHKY
B3a€MHH M'SIKMX TKaHUH 3 KiCTKOIO, ITiCIISl YOTO KYKCY
CTETHa 3BUIBHSIIN BiJ M'SIKMX TKaHHH, 3aJIMIIAI0YHN 1X
JWINE O TOPIIEBii MoBepxHi. 3milicHoBamm Qikca-
wiro npenapary y 12% po3unHi popmaniny Ta aeka-
JBIMHAILIO HOr0 3a JornoMorow 15% po3duHy a30T-
HOI KucnoTH. POOWIN cariTanbHU 3pi3 uepes cepe-
JUHY KICTKH, KW 3aJMBajd OJOKOM Y IICJIOiTHH.
3pi3u ToBuMHOKW 15-30 MkM dapOyBanu reMaToKCH-
JIiHOM Ta €03uHOM Ta 3a Bau I'izoHom. PoOwiu i ipo-
CBiTIIeH] 3pi3u. Mopdooridae JoCTiHKEHHS BKIIO-
4aso MiKpOCKOIIYHE BUBYCHHS TiCTOTOMOTpadigHIX
1 3BHYAMHUX TICTOJOTIYHHX 3pi3iB KICTKOBOi TKa-
HuHU. OIIHIOBAIM CTAaH MIKPOLMPKYJISATOPHOI Me-
PeXi KICTKH Ta M's3iB, 3aIIOBHEHOI TYII-)KEIATHHO-
BOIO CYMIIIIIIIO, BpaxoByBanu (0e3 creriabHiuX BH-
MIpIOBaHb) UIUIbHICTh PO3TAIIYBaHHS CYJHH Ta X Ji-
amerp.

Ha mpoBeneHHs eKCIEpUMEHTaJIbHUX JIOCIi-
JokeHb otpuMano a03Bin Ne 4 Kowmitery 3 GioeTuku
HaykoBo-10cmifHOTO IHCTUTYTY peadimitaiiii ocib 3
igBamigaictto BHMY im. M.I. IluporoBa Bin
23.09.2023 p.

JlocmiDKeHHsT TPOBOJWINCH BIIMOBITHO IO
MIPUHIMIIB TYMaHHOTO ITOBOJDKECHHS 3 TBapHUHAMH,
BUKJIQZICHUX y JUPEKTHBaX €BpPOIEHCHKOro CIIBTO-
Bapuctsa (86 (609) €C), I'enbciHChKiN nekapaii
PO TyMaHHE TOBOJKEHHS 3 TBApHHAMH Ta 3aKOHY
Vkpaiuu npo 3axuct TBaput (2006) [23-25].
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MionyacTuka 3 MEXaHIYHUM HaBaHTA)KEHHIM
KyKcH KicTku 3 nopadeto 400 immysbciB 3a ceanc 1
pa3 Ha zaeHb (9 cnocrepexxensb). Tepmin 6 THXHIB, 3
criocTepexeHHs. MexaHiqYHe HaBaHTa)XEHHS PO3IIO0-
4aTo uepe3 4 THKHI MicIs aMITyTaii.

B ycix crocrepexeHHsAx Oynu copMoBaHi Ky-
KCH 13 3HAYHIM PO3IIMPEHHSAM KiHI[S KiCTKH 32 paxy-
HOK BHPa3HUX NEPIOCTAbHO-CHAOCTAIBHUX PEreHe-
partiB, sKi medopMyBanHM KiHEIb KYKCH HaIar0ud
fiomy OymaBomomibny ¢opmy (puec. 1). BHacmimox
3IUTTS WX BIAKIAJCHb KOHTYPH KOPTHKAIBHOI Jia-
(hi3apHOI MIIACTHHKH B JMCTAILHOMY BIJUIiII HE BH-
3Havanuck. KictkoBa 3amMukaroua ruiacTuHka He cdo-
pMoBaHa. B jaucransHOMY Binmiii KiCTKOBOMO3KO-
BOT0 KaHAJTy BU3HAYAIMCh HE3P1Il OalIKy €H10CTalb-
HOT'O pereHepaTy Ta 0CepeaAKH HEKPOTH30BaHOTO Kic-
TKOBOT0 M03Ky. CTpYKTypa IepiocTajJbHUX pereHe-
pariB mpencTaBiieHa O6aakamu pi3HOI 3pinocti. B ox-
HOMY CIIOCTEPEXCHHI iX MOKpHUBaE MHPOKa 30HA Tia-
JiHOBOTrO Xpsma. Ha KiHIi ommiry KyKcH KiCTKH HH-
JKU€ EHIOCTAIbHOTO pEreHepaTy BH3HAJYalNCh BOT-
HUIIA He3pisnoi piOpO3HOT TKAaHWHU 3 OCepeKaMH He-
3pUIMX KICTKOBUX 0allOK Ta JUISHKH XPSIIOBOI TKa-
H1HU. CrocTepirajiuch MOCTTPaBMAaTH4HI KPOBOBH-
JIMBH Ta 3arajibHa KJIITHHHA iHGUIETPALS 3 TOIIMOp-
(hHOSIICpHUX JICUKOIUTIB Ta IUIA3MATHYHUX KIIITHH.
YacTiHa XpSAMIOBUX KIITHH 3HAXOAWIACh B CTaHI
pyiiHanii. B mpokcuMansHOMY BiAJisli KOpTUKaIbHA
nmiadizapHa IJTAaCTHHKA IOTOBINEHA, CIIOHTi30BaHA.
CrocTepiraioch pO3IIMPEHHS CYAMHHHX KaHAIIB
KOMIAKTHOI 0€30CTeOUTHOI KicTKM B 0Oaratpox 3
HUX BiJICYTHI KIITHHHI eleMeHTH. B 3B’s3Ky 3 mepu-
BaCKyJISIPHAM HAOpSKOM BIIMIYaNIOCh MPUCTIHKOBE
PO3MIIICHHS KamisipiB. BigMidamy 3MeHIIeHHS KijTb-
KOCTI Ta pO3Mipy OKPYIJIMX OCTEOIHMTIB, iX aronoTo3
Ta 3HaYHE IMOCUJICHHS OCTEOKIACTHYHOT pe3opOuii Ki-
CTKOBOI TKaHMHU. BigmiuaBcsi Iia3MocTas, HEKpO3
BMICTY IIEHTPaJIbHUX KaHATIB. Y MICISIX BUTOHYCHHS
KOPTHKAJIBbHOI TUIACTUHKY BHUSBJICHI CTPECOBI mepe-
JIOMH KICTKOBHX OaJIOK Ta 0CTe00JIacCTHYHA TKaHWHA
3 OCTEOKJIACTaMH.

Puc. 1. TictoTonorpama kiHusi Kykcu. 3abapBneHHs re-
MaTOKCUIIHOM | €03UHOM. X2.

B 1BOX criocTepekeHHSIX B KICTKOBOMO3KOBOMY
KaHaJll CrocTepirajgach HasiBHICTb BENMKHX KicT. Ki-
CTH OXOIUTIOBAJIM MaiKe BECH J[laMeTp KaHally, JHIIe
TIOPYH4 31 CTIHKaMH 30€Periucst TOHKI CMY)KKH ITyXKO{
BOJIOKHUCTOI TKaHUHU. TyT criocrepiranuch cTpecoBi
MepesioMd KOPTHKaNbHOI Hiadi3apHOi IUIACTHHKH.
JHOM minnHN nepenoMy O0yB HEKPOTH30BaHUH KiCT-
KOBHUit MO30K. B 3-My criocTepexeHHi IbOTO TepMiHy
Ha TJIi BEIIMKOTO MEPiOCTaFHOTO PEreHepary, SKui
3HaXOUBCSA BHINE KpaiB KiHIS KYKCH HACTYIIUB CTpe-
coBuii epenoM. Ha momepedHoMy 3pi3i KOpTHKAIb-
Ho1 miahizapHOT IIaCTHHKY Ha 1,5-2 ¢M Bif KiHIISI KY-
KCH 3HaYHa YaCTHHA OCTEOHHOTO IIapy 3a3Halia pyH-
Hamii, siIka BHUKJIHMKajJa MOSBY YHMCIECHHHUX HEKpO3iB,
JIaKyH pe3opOuii Ta AiISTHOK cekBecTpauii. Burue pe-
reHepaTa CrocTepirajach aBacKyJIsIpHOCTh 30epesKe-
HOTO KiHIS KOPTHKaIbHOI AiadizapHOi IUIACTUHKH 1
JKHPOBOTO KiCTKOBOTO MO3KY. Bimmiganace mpodide-
patisi cyanH TOTOBIICHOTO OKicTsa. HoBoyTBOpeHi
KaIliJsIpH CHHYCOITHOTO THITY OYIH 3B’s13aHi 3 CyAH-
HaMH{ OTOYYIOYHX M’SKHX TKaHUH Ta TaBEpCOBOi CHC-
Temu. B Mixk0OankoBuX mpocTropax eHA0CTaIBHOTO Ki-
CTKOYTBOPEHHsS BHU3HAYaJHCh ITyXKa BOJIOKHUCTA
TKaHMHA 1 I'yCTa CiTKa KalIsipiB CHHYCOIIHOTO THITY.
B nepiocranbHuX perenepaTax i HOBEpXHEBHX Iapax
KOpPTHKaJIbHOI AiadizapHOi IUVIACTUHKHM BUIIE 30HH
PO3CMOKTYBaHHSI CIIOCTEpIrajiach 30Ha OCTEOKIACTO-
reHe3y Ta HasSBHICTh HMIMPOKHX CYIHH, 3B’SI3aHHX 3
CyAMHAaMH KiCTKOBOMO3KOBOI MOPOXXHUHU. Mikpocy-
JIVUHA KOPTHKAIBHOI Aiai3apHOi MIIACTHHKA 3HAYHO
po3mupeHi. B KicTkKOBOMO3KOBOMY KaHalli BH3HAYa-
TMCh HAOPSK KUPOBOTO KiICTKOBOTO MO3KY Ta 0igHOT
KIIITHHAMH IIyXKOI BOJIOKHUCTOI TKAHWHH 31 3HAYHOIO
KUTBKICTIO CHHYCOiNiB 1 TKaHMHHHX KicT. Bu3naga-
JIUCh 3pYHHOBaHI EPUTPOLUTH. BimbIIICTH TKaHWH-
HUX KICT Majd HEpiBHI CTIHKH BHACNIJOK PO3Majy
TKaHHMH 1 IPOCSIKHEHHS X epuTpoLnTaMu. BHacinok
HiJIBUILIEHOT MPOHUKHOCTI MIKPOCYJMH BigMidaiach
Jaudy3ist Ty 32 MEXY CyTHHHOTO pycla.

Tepmin 10 TxHIB, 3 criocTepexeHHs. MexaHi-
YHE HaBAaHTA)XKEHHS PO3II0YATO Yepe3 8 THXKHIB Mics
aMITyTaIlii.

B ycix 3-x crocTepexeHHsIX OTpUMaHi KyKcH
ouTiHApUIHOT popmu (puc. 2). Ha kiHti ommry cro-
cTepiraBcsi €HIOCTaIbHUI pereHepar, o HIDKHbOMY
Kpar SIKOro C(POPMYBABCS KICTKOBHN 3aMHKAOUU
urap i3 He3pinoi KiCTKOBOT TKaHUHU. B KiCTKOBIH TKa-
HHUHI B 3HAYHIN KiJIBKOCTI OyJIM NPUCYTHI 0cTeo01a-
cTé 1 ocreonuTH. [10 HIDKHBOMY Kpal €HI0CTajb-
HOT'O pereHepaTa BHU3HAYAINCh 3a3yOpHUHH 3 HasBHI-
CTIO TrayIIMIOBUX JIAKYH Ta ocTeokiacTiB. Kopruka-
ThHA TiadizapHa IUTaCTHHKA Oylia HepiBHOMIPHO TO-
TOBIIEHA 3 AIJSTHKaMH JIesIKOro BUTOHYeHHs. CriocTe-
piraiock mojaible po3IMIHUPEHHS YaCTHHU TaBepco-
BHX KaHANIB. B HUX MiCTHIIUCH 30UIBIICHI B TiaMeTpi
MIKpOCY/IMHH 3 TUQY3i€I0 Ty B MEPUBACKYIISIPHUN
mpocTip. Bu3Hayamuch YHCICHHI aHACTOMO3W MiXK
CyJIMHAMHU TaBEpCOBUX KaHAJB, KiCTKOBOMO3KOBOI
MOPOKHUHU Ta CYAMHAMHU M’SKUX TKaHUH, IO OTO-
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YyBaJIM KiCTKy. Binmiuanocs IpHCTIHKOBE po3Taly-
BaHHS CyJIMH B KICTKOBUX KaHanax. Ha engocranpHii
MOBEPXHI KOPTUKAIBHOT AiadizapHOi MIaCTUHKU BU-
SIBJISUTCH HEBEJIMKI 3arInOJICHHS, 3alI0BHEH] KarliJisi-
paMM CHHYCOiJHOTO THITy. B IIEHTpi KiCTKOBOMO3KO-
BOTO KaHANTy BH3Ha4ajach OifHA KIIITHHAMHU HaOps-
KJIa IyXKa BOJIOKHHCTA TKaHWHA. BoHa MicTmia Be-
JUKi KicTO3HI MOpOXHUHA. CyAWHU BEHO3HOI CITKH
Oynu pi3ko po3mmpeHi. Bigmivamacs qudysis Tymri B
TIePUBACKYIISIPHUHN TIPOCTIP.

Puc. 2. TictoTonorpama kiHus Kykcu. 3abapBreHHsi re-
MaTOKCUIIHOM | €03UHOM. X2.

Tepmin 18 TwxHIB, 3 ciocTepexxeHHs. MexaHi-
YHEe HaBAaHTAXXCHHS PO3MOYaTo uepe3 16 TIKHIB Ii-
CJIA aMITyTallii.

B nBox cnoctepexeHHIX Oynu chopMoBaHi Ky-
kcu OymaBomnoaiOHOi (puc. 3, 4), B 0OAHOMY KOHYCO-
nozaioHol ¢opmu. B ogHOMY BHIaaKy KOpTHKajIbHA
niadizapHa rulacTuHKa Oylia MOTOBIIEHA, CHOHTI30-
BaHa, MICIIMH BUTOHYCHA. B nucTrampbHOMY Bimmini
HacTynuia ii moBHa pe3opOiris. Ha Bigcrani 2 cM Bif
KIHISE KyKCH C(OpMyBaBcsi XMOHHMH Cyrio0, sKuid
OXOILTFOBaB OOHU/IBI KOPTHKAJIbHI INIACTHHKY 0€3 IMo-
PYLIEHHS HiTiCHOCT] BEJIMKOTO IIEPi0CTAILHOTO pere-
Hepatry. KicTkoBa 3aMukaroya IuracTHHKa HE cop-
MOBaHa.

Puc. 3. MikpodhoTorpadpisi. Hespini kicTkoBi 6anku eH-
[OCTanbHOro pereHeparta 3 HasBHICTIO CyAVH, LLO NPOXO-
OSTb B OTOMYHOYi M'siKi TKaHWHW. 3abapBrneHHs remaTokcuri-
HOM i eo3nHOM. x90.
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Kinenp KiCTKOBOMO3KOBOTO KaHally OyB 3aroB-
HCHHUI MYyXKOK BOJIOKHUCTOI TKAHWUHOIO, KiCTKO-
BHMU OalikaM¥, CYJHHAMH CHHYCOITHOTO THITY, TKa-
HUHHHUMH KICTaMU.

Binmiuanace nepgoparisi €HI0CTaILHOTO pere-
Heparta r'iIkaMu JKUBIIIBHOI apTepii (puc. 5). B mpok-
CHUMaJIbHOMY BiI/TiJi KICTKOBOMO3KOBOTO KaHAITy BH-
3Havanach Audy3is Tymi, HaOpsK, CyJUHA CHHYCOIA-
Horo THIry. Crioctepiraiochk 3Ha4HEe PO3IIUPEHHS CY-
IVUHHUX KaHaIB KOMIIAKTHOI 0€30CTEOIMTHOI KICT-
KOBOi TKaHMHH. YacTHHA 3 HHUX 3aKylmopeHa gopme-
HUMH elieMeHTaMH. BinmMmidamu mma3mocrtas, HEKpo3
BMICTy I[CHTPaJIbHUX KaHAJiB, BUTOHYCHHS KiCTKO-
BHX 0aJIOK, IepeBaYKaHHS KiJTBKOCTI aKTUBHUX OCTEO-
KJIACTiB HaJ OCTEO0IaCTaMu, PO3IIUPEHI OCTEOIHUTA-
PHI TOPOXXHUHU.

Puc. 4. TictoTonorpama kiHus Kykcu. 3abapBrieHHs re-
MaTOKCUNIHOM | €031HOM. X2.

Puc. 5. licToTonorpama KoHyconoAibHOro KiHUs Kykcu.
3abapBneHHs no BaH lM3oHy. x2,5.

B npyromy cnocrepexxenHi copmMoBaHHi Jie-
(hopMoBaHUil KiHEIp KICTKH 3 BHKPHUBJCHHSM BiCl,
30UIBIICHHAM MONEPEYHOTO PO3MIPY 3a paxyHOK
TUIOCKOTO TO3/I0BXXHBO PO3TAIIOBAHOTO MEPiOCTalIb-
HOTO pEereHepary Ta 3JIUTTS ePiOCTaIBHOTO 1 €HI0C-
TaJBHOTO pereHepariB. Sk i B momepeqHhOMY BHUIIA-
JIKy TUCTaJbHHUU KiHEIb KICTKOBOI KYKCH Ha MPOTs3i
JIBOX CAHTHMETPIiB PO3CMOKTaBcs. CrocTepiraiuch
JereHePaTHBHO-TUCTPODIYHI | HEKPOTHYHI 3MiHH KO-
PTHKaIBHOI Miadhi3apHOT IUTACTHHKH 1 KICTKOBOT'O MO-
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3ky. KicTkoBa 3amukarouya miacTuHka He chopmo-
Bana. [Topymenns npoueciB ¢popmyBaHHS 1 peMoie-
JIFOBAaHHSI KICTKOBOT TKAHWHH ITPOSIBIISUTUCH B HEOTHO-
PIAHOCTI HOBOYTBOPEHUX KICTKOBHUX CTPYKTYD
KOPTHUKAIBHOT [iadizapHoi Ta KiCTKOBOI 3aMUKAI0YO0T
TUTACTHHKH, B SIKUX IUITHKA (hi0p0o3HOI TKAaHWHH Me-
JKyBaJH 3 IUISHKAMHU KiCTKOBOI TKaHWHH, IO Mald
HEOHOPITHHH CKJIa]] Ta HepiBHOMIpHE 3a0apBIeHHS.
Taxke pi3HOOapB’s OyII0 CBiTYCHHAM MOPYIICHHS Mi-
Hepamizamii HOBOYTBOPEHOI KICTKOBOI TKaHHHH.
OcTaHHS  XapakTepu3yBajlaCh  HEPiBHOMIPHICTIO
OCTOHIB, 3MEHILIEHHSIM KUIBKOCTI OCTEOLUTIB, HasB-
HICTIO 3Ha4YHOI KUIBKOCTI HE3aIIOBHEHUX OCTEOIMTA-
pHHX OpO>XHUH. Ha noBepxHi KICTKOBHX 0aoK 3Ha-
XOAMWINCH TTOOANHOKI OCTE00IacTH Ta 3HAYHA KiJlb-
KiCTh OCTCOKJIACTIB, IO CBITYMIO IPO HE3aBepIie-
HICTh PEMOJICITIOBAHHS KICTKOBOI TKaHWHH. Bimgmi-
Yanyu 3HaYHE PO3LIMPEHHS MIKPOCYIWH KOPTHKAIb-
Hoi mia¢izapHOT IUTACTHHKH Ta KiCTKOBOMO3KOBOT IT0-
pOXHHUHU. B ocTaHHIH >KUPOBHHA KiCTKOBHII MO30K
BOTHHMIIIEBO aBaCKyJSIpHUN. MicIsiMu croctepiraBcs
fioro Hekpo3. JUIsHKH po3naay Ta ACTPUTY i3 3pyid-
HOBaHMMH epUTpOLMTaMH. BHacmifok posnany Tka-
HHH CTIHKH KicT Oyni HepiBHi. BuzHayanuce AijsiHKu
MPOCSKHEHHS TKAHUH KICTKOBOMO3KOBOT MOPOKHUHU
Tyminto. Ha kiHIi Kyker BiaMivanu nepdoparito He-
3piIOro €HJIOCTAJIBHOTO pereHepara TijIkaMu >KUBH-
JbpHOT apTepil 3 iX BUXOIOM B OTOYYIOYI TKaHHHHU.
®opma pidpO3HO-KICTKOBUX CTPYKTYP, AKI 3aMHKaIa
KICTKOBOMO3KOBUH KaHaJll, HePaBUIIbHA.

B konycomoniOHil Kykci Bigmidamace papedi-
KaIlist 1 BOTHUIIEBE PO3CMOKTYBAaHHS KOPTHUKAJIBHOT
IUTAaCTUHKY. B OCTaHHIN BU3HAYaAINCh 30HHU HE3PiNol
KiCTKOBOI TKaHHHU (pHC. 6).

Puc. 6. MikpodoTorpadis. Hespini kictkosi 6anku Ha
KiHLi KOHyconoaibHoi kykcy. 3abapBreHHsi reMaTOKCUMiIHOM i
€031HOM. X78.

Bracnigok pe3opOiii i HakIagaHHs HOBOYTBO-
PEHHX KiCTKOBHX 0aJIOK CIIOCTEpiranachk CIOHTi3amis
KopTuKanbHOi niadizapHoi mractuHkH. Croctepi-
TaJId aKTHBHI MPOIECU PEMOJIEITIOBAHHS TaBepCOBOL
cucteMu. B moToBIIeHIH KOpTHKaNBHIN HiadizapHii
TUIACTHHIII CHOCTEpIrajy 3BYKEHHS IaBepPCOBHX Ka-

HanmiB. Ha eHpocraibHil MOBEpXHI IUIACTUHKH CY-
JMHHI KaHaJIM 3aJIMIIAINCh PO3IIMPEHUMH. B HUX po-
3MIIIAINCh HOBOYTBOPEHI KalJIsipy Ta KIIITHHHI elle-
MeHTH. YacTrHa cyauH Oyia 3all0BHEHa IIa3MaTHY-
HOIO PiJMHOI0. B KiCTKOBOMO3KOBOMY KaHai CIHOC-
Tepirasiach 3Ha4Ha KiTBKICTh CYAMH CHHYCOITHOTO
TUITY 1 TKAHWHHUX KicT (puc. 7).

Puc. 7. MikpodoTorpadisi. KicTkoBomoskoBa TkaHuHa
KiHUS1 KyKCW. TKaHWUHHI KICTW | CUHYCOIAN B XXMPOBOMY KiCTKO-
BOMY MO3Ky. 3abapBrieHHsi reMaToKCUIiHOM i eo3nHom. x90.

Mionnactika 3 MEXaHIYHUM HaBaHTAKECHHAM
KykcH 3 nojadero 200 iMIynbCiB 3a ceaHc /ABiYl Ha
JieHb (9 CIIOCTEPEkKEHB).

Tepmin 6 THXHIB, 3 crocTepexeHHs. MexaHi-
YHE HAaBaHTA)XEHHS pO3MOYaTo 4epes 4 THXKHI Micis
aMITyTaIli.

B ycix cmoctepexeHHIX cPpopMOBaHi KYKCH 3
OUTHAPUIHOIO (hopMmoro KiHI (puc. 8). TyT BusBIA-
JUCHh MUISHKHA aBaCKYyJSPHOCTI KOPTHUKAIBHOL miadi-
3apHOI ITACTUHKY. JuCcTambHUN BiIAill KiCTKOBOMO-
3KOBOT'O KaHATy 3allOBHEHUH CHIOCTAIbHIM pPETeHe-
parom. Tyt e BU3Hauaiach BOJIOKHUCTA TKAHUHA 31
ClliJaMH KPOBOBWIIMBIB. Bajiku €HI0CTaIbHOIO pere-
Hepara pi3HOTO CTyMeHs 3pijocTi. IX HuxKHI Kpai po-
3TalllOBYBAJIKCh HA Pi3HMX piBHAX. Ha wacTtuHi mmpo-
TSHKHOCTI KICTKOBa 3aMHKar04a IUIaCTHHKA Oyiia cgo-
pMoBaHa 3 He3piyoi KicTKOBOi TKaHWHH. B iHIIi# 4a-
CTHHI TJIACTUHKA IIPEACTaBICHA MTOOIMHOKIMH KiCT-
KOBMMH OaJKaMH 1 IIUIBHOIO BOJOKHHCTOIO TKaHH-
Hoto. Uepes pereHepar B OTOYEHHS KYKCH KICTKH
TIPOXOIMIIN 3aTIOBHEH] TYIIIIIO TLIKH )KUBUIIBHOT ap-
Tepii. 30epekeHuii 3 OOHOTO OOKY Kpail OmmiIy Kop-
THKaJIbHOT AiadizapHOi UIACTMHKY MICTUB YHCIICHHI
3a3yOpuHu. [HImMiA i kpaii OyB 3Ha4yHO pe3opOoBa-
HUii. MixOaKkoBi MPOCTOpH OyJIH 3aIIOBHEHI ITyXKOIO
BOJIOKHHCTOIO TKAHUHOIO 13 3HAYHOIO KUIBKICTIO TKa-
HUHHHUX KICT, €KCTPaBa3ariB, CYAWH CHHYCOIIHOTO
tuny. KiIiTHHHO-BOJIOKHHCTa TKaHWHA iHTEHCHUBHO
(apboBana Tymmnno. ToBIIMHA KOPTHKAIBHOI Jiadi-
3apHOI TJIACTHHKHU B 3B’S3KY 3 11 pe3opOui€ro 1o eH-
JOCTAIBHIM Ta NepiocTajbHIN MOBEPXHAX HEOaHa-
KOBa 3 YepryBaHHSM IIOTOBIIEHb 1 BATOHYEHb. B Kic-
TKOBOMO3KOBOMY KaHaJl KiHIl KyKCH BH3HA4daJlUCh
HaOPSKIMIA )KUPOBUI KiCTKOBUI MO30K, CyAMHH CH-
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HYCOIZHOTO THIY, KicTH. [IpoKCUMalIbHUH BILIIN KY-
KCH MICTUB JKUPOBHUI KiCTKOBHI MO30K, ITyXKY BOJIO-
KHHUCTY TKaHHHY, CyJUHU CHHYCOITHOTO THITY Ta TKa-
HUHHI KicTH. BoJOKHMCTE OTOYEHHs KiHLS KyKCH
copMoBaHe 3 MyXKOi Ta LIUIbHOI CHOJYYHOI TKa-
HHMHH 3 NPOLIapKaMH Xpslia. B HbOMy BUABIINCH
CIiTU TICIATPAaBMAaTHYHUX KPOBOBIUIUBIB 13 3araib-
HOIO KIIITHHHOIO iHQIIBTpami€ro.

Puc. 8. licTtoTonorpama kiHus Kykcu. 3abapBneHHs no
BaH lM3oHy. x2.

Tepmin 10 TiKHIB, 3 criocTepexeHHs. MexaHi-
YHE HAaBaHTAXKEHHS PO3II0YaTo yepe3 8 THKHIB MicIis
amIyTarii.

B ycix cniocrepexxeHHIX Kykca KicTKH 30eperia
IWIHAPUYHY (GOpPMY 1 CTPYKTYpPY XapakTepHy JUis
miadiza (puc. 9). KopTukanpaa miagizapHa MiacTH-
HKa Ha BCIO JOBXKHMHY OyJIa OJJHAaKOBOI TOBLIMHH. Pe-
30pOTHBHI TpoIlecH HE BIUIMHYNIH HA il CTPYKTYpYy.
Ha xinmi kykcu copMyBanach TOHKa KOMITAaKTHA 3a-
MHUKaro4a KictkoBa miactuaka (puc. 10). KictkoBo-
MO3KOBHUH KaHaJ B TUCTAJIBHOMY i MPOKCUMAIILHOMY
BiJ/TiJIaX 3aIIOBHEHHUI JKUPOBUM KiCTKOBUM MO3KOM 3
XapaKTePHOIO VIl HhOTO CTPYKTYPOIO Ta MiKPOLMP-
KyJIALi€r0. 3BYy)KEHI TIIKK a.nutricia BUSBISIIMCH Ha
BizicTaHi 1,5 cM BiJl KiHIISI KYKCH 1 HE TIOPYLITYBaJIH I1i-
JICHICTh KiCTKOBOT 3aMUKar04O1 MIaCTUHKH (pHc. 11).
CyInvHM BEHO3HOTO BNy po3iupeHi. Exmocra-
JIbHA MOBEpXHsI piBHA. [lepuBacKysapHUi HAOPSK MO~
MipHuit. [1o X0y CyIMHHHUX KaHANIB BiAMidanach He-
3Ha4Ha pe30pOLis KiICTKOBOI TKAHUHH.

Puc. 9. Tictotonorpama kiHusi Kykcu. 3abapBneHHs re-
MaTOKCUNIHOM | €03MHOM. X2.
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Puc. 10. MikpocoTorpadis. KicTkoBa 3amumkatoya nna-
CTUHKa i3 3pinoi KoMNakTHOT TKaHUHW. 3abapBneHHs remaTo-
KcuriHoM i eo3nHom. x90.

Puc. 11. PepykoBaHa rinka XvBWnbHOI apTepii cepen
XXVPOBOTO KICTKOBOTO MO3Ky. 3abapBneHHs1 reMaTOKCUMIHOM
i eoanHoMm. x90.

Tepmin 18 TixHIB, 3 criocTepexeHHs. MexaHi-
YHE HaBaHTA)XEHHS PO3IoYaTo yepe3 16 THXKHIB Mi-
CIISI aMITyTaIlii.

B ycix cioctepexeHHIX KyKca KicTKU 30epirana
mutiHApuIHy Gopmy (puc. 12). KictkoBoM0o3KOBHIA
KaHaJT B JUCTAIFHOMY 1 IMPOKCHMAaJXbHOMY BiIIijiax
MICTHB XHPOBHUH KICTKOBHH MO30K 1 ITyXKY BOJIOKHH-
CTy TKaHHHY. Moro 3amMmkanma KicTKOBa 3aMHKai0ua
IUIACTHHKA 3 HE 30BCIM 3pi0l KICTKOBOT TKaHUHU 3
sBUIIaMU pemojentoBanns. Koprukanapua miadiza-
pHa IUIACTHHKA BOTHHIIEBO CIIOHTi30BaHa, ITOTOB-
mieHa. B kommakTHIN KicTIi BiAMiYanuch HE3HAYHI
3MIHH, MICIIMHU BiICYTHICTh OCTEONHMTIB. B iHIIHNX
MICIISIX Ha MMOBEPXHI HOBUX c(hOPMOBAHMX KiCTKOBUX
CTPYKTYp CIIOCTEpiranach BeMKa KiIbKICTh CEKpeTy-
FOYMX OCTEOOJACTIB Ta OCTEOIUTIB. binpmorw Oyma
KiJIBKICTB ITOPOXKHIX OCTEOLNTAPHUX TIOPOKHNH. Bu-
3HAYaIach OMipHa pe30pOIList KICTKOBOI TKAHMHU 110
XO/ly CyJMHHUX KaHANIB. B esSKuX MicIsIX KOpTHKa-
JpHa giadizapHa MIaCTUHKA BTpavalia OCTCOHHY Oy-
noBy. ['aBepcoBi kaHanu posiupeHi. B HUX Bu3Haua-
JIUCh CYIMHU 1 OCTeOreHHa TKaHuHA. [1o cTiHKax Ka-
HaJiB BiJKJIaagack HOBOYTBOPEHa KICTKOBAa pedo-
BHHA 3 100pe modapOOBaHUMU SIAPaMHU OCTEOIIMTIB.
B myxxkili BOJOKHHCTI TKaHHHI Ta JKUPOBOMY KiCTKO-
BOMY MO3KY BHSIBJISIIIUCH TKAHWHHI KICTH Ta YUCIICHHI
KaIsipyu CHHYCOIHOTO THILY.
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Puc. 12. TictoTonorpama kiHusA Kykcu. 3abapBneHHs
reMaToKCUITIHOM i €03UHOM. X2.

Oo0roBopennst

B obroBoproBaHoMy Matepiajii BH3HA4YCHI TpH
BXJIMBI (haKTOPH, IO CYTTEBO BIUIMHYJIH Ha PEMO-
JICTIFOBaHHS KICTKOBOT TKaHWHM KyKCH KicTku. Ilep-
MK — Le aMITyTalis 3 MOPYHICHHSIM repMETHYHOCTI
KiCTKOBOMO3KOBOT IIOPOYKHUHHU; IPYTHH — TEPMIH I10-
YaTKy MEXaHIYHOTO HABaHTAKEHHS KYKCH KICTKH;
TPeTii — BEIMYMHA MEXaHIYHOTO HAaBAHTAXKCHHS.
Tax, B yciX cnocTepekeHHSX MepIIoi cepii BiTHOCHO
paHHIM MOYaTOK HABAHTAXXECHHS BHKIHMKAB BHPA3HI
JIeTeHePaTHBHO-TUCTPO(DIYHI Ta HEKPOTHYHI 3MiHU
KICTKOBOI TKQHWHH 1 ITAaTOJOTIYHE PEMOIETIOBAHHS.
BoHo mposBIsUIOCH BUPa3HUMH HNOPYIICHHSAMH KpPO-
BOIOCTA4YaHHs KiCTKOBOI TKAHHUHHU KiHIIS KYKCH 3 PO-
3BUTKOM 3HAYHHUX pe30pPOTHBHUX MPOLECIB, SKi NPH-
3BEJIU 10 PO3CMOKTYBAHHSI KiHIIIB KOPTHKAJIBHOT Jlia-
¢izapHOi mIacTUHKY 1 GOpMyBaHHS MEPIOCTATBHUX
KICTKOBO-XPSIIIOBUX PEreHepariB 3 HE3pUIMX KiCTKO-
BuX Oanok. L1i pereneparu nedopMyBaiu KiHelb Kic-
TKOBOI KyKCH, HaJIlalo4uu oMy OymaBomonioHoi ¢o-
pmu. BoHM 3MiHIIHN He TiIIBKH QOpMy, ajle i CTpYyK-
Typy KicTKOBOi TKaHWHH. BoHa HaOyma ryOuacTwii
xapakrep. @OopMyBaHHS XPAIIOBOTO MOKPHUTTS € J10-
Ka30M HEIOCTaTHHOTO KPOBOIOCTA4YaHHS, MPO IO
CBIZIYUTH HASIBHICTh YMCICHHUX TKAHUX KICT Ta CHHY-
coinis. Bigomo [26], o cuHyCOITHUI THIT MiKpOCY-
JIVIH 3 SIBJISIETBCS B CTPECOBHUX CUTYaIisIX P MOIIKO-
JDKEHHSX KiCTKOBOI TKQHMHH. [X OCOGJIHBICTIO € Te,
10 BOHU MalOTh MaKCHMaJIbHUH CTYIMiHb CYJMHHOT
MPOHUKHOCTI, OOYMOBJICHHH HAsBHICTIO LIMPOKUX
MiXKEHIOTENiaTbHUX IIIJIFH 1 Maike TIOBHOIO BiACYT-
HicTIO Oa3ampHUX MeMOpaH. CHHYCOINHI Kamispu
3a0e3MeYyroTh MPUCKOPEHUH TpaHCKAMISIPHUA 00-
MiH pe4oBUH. TKaHUHHI MIKPOKICTH, SIKi MU B TEKCTI
Ha3MBAEMO «TKAaHWHHUMH KiCTaMM», BITHOCATBCS 110
PE3EpBHUX EIIEMEHTIB CHCTEMH MIKPOIMPKYJIAMIT 1
3 SBISIIOTBCSA TaKOXK B CTPECOBUX IS KICTKOBOI TKa-
HUHU CUTYyalisx. B iX CTiHKaX CKOHIIEHTPOBaHI MiK-
pocyauan. TKaHUHHI KiCTH 3aMTOBHEHI IJIa3MOTIOi10-
HOIO PirHOI0. BOHM CTBOPIOIOTH JOAATKOBI pe3ep-
BYapH 1 IMIISXH T03aCyTUHHOT MIKPOIMPKYJISAII].

PanHe HaBaHTa)KeHHS, po3moyYare yepes 4 THxKHI
Iicisl amImyTalii, HeraTHBHO BIUIMHYJIO Ha mepeoir

penapaTHUBHUX IPOLECIB JUCTAJIBHOIO BIIAITY Ky-
kcu. HasiBHICTS HOCTTpaBMAaTHYHUX KPOBOBHMJIMBIB Ta
3anajgbHOI KJIITHHHOI iHQUIbTpanii Ha KiHLI KyKCH
CBiTYMTH Ipo ab0 HAATO paHHiM MOYaTOK, a00 HaMI-
PHY crly MeXaHIYHOro HaBaHTaxeHHs. [IponoBxkeH-
HSAM IINX MOPYIICHb Oyia BiICYTHICTH (hOpMyBaHHS
KiCTKOBO{ 3aMHKaI090i INIACTHHKH Ta HEKPO3 KiCTKO-
BOro Mo3ky. IlomepemuiMu mocmipkeHHsamu [22]
OyIa moka3aHa poJb 3aMKHYTOCTI KiCTKOBOMO3KOBOT
MTOPOKHUHHU B POQITaKTHIII BHHUKHEHHS AUCTPOdil
KicTkoBOi TKaHWHU. L0 3aMKHYTICTB IiCTIs aMITyTa-
1ii 3a0e3neuye GopMyBaHHS Ha KiHII OMMITY KiCTKO-
BOI 3aMUKaO40] IIJIACTUHKYU. B Hammx crnocrepexeH-
HsX ii popmyBaHHS OyJ0 nopyueHe. 3aKpuTTs KicT-
KOBOMO3KOBOI'O KaHaly 3/iHCHIOBAIOCH pereHepa-
TOM 3 He3pioi KicTKoBoi abo (iOpo3HO-KiCTKOBOT
TKaHWHYU. PaHHIH NOYaTOK MEXaHIYHOTO HaBaHTa-
KCHHSI BWKIMKAaB 3Ha4YHE THUMYAcOBE IOPYIICHHS
KpOBOIIOCTaYaHHS KICTKOBOi 1 KiCTKOBOMO3KOBOI
TKaHUH KyKcH. HekpoTH30BaHMI KiCTKOBHI MO30K
3aMiIIlyBaBCs ITyXKOIO BOJIOKHUCTOIO TKAHHHOIO. Bif-
HOBJICHHS IUPKYJISITOPHUX NOPYIICHD ITICIISI aMITyTa-
il I0CATAETBCS 32 PAXyHOK PO3IIUPEHHS ICHYHOUOT
Mepexi KHBHIBHOI apTepii (lepiocTaibHi Ta MeTae-
midizapHi CyJMHU, MIKPOLMPKYJISTOPHA CITKU raBep-
COBOI Ta ()OJILKMaHIBCHKOI CHCTEMH 3 aHACTOMO3aMH,
CyIMHaMU MEIYNSIpHOI MOPOKHUHM). BeHo3Huit npe-
HaX KICTKOBOi TKaHWHH 3a0€3Me4yIOTh CYIMHH, SIKi
MOBTOPIOIOTh Xix aprepianpHuX. [licisa ammyrarmii
CIIOCTEPIranoch 3Ha4YHE PO3MIMPEHHS BCi€l CyANHHOT
CHCTEMH KiCTKH 1 BKITFOUCHHS [103aCyJUHHUX [UIAXIiB
MIKPOLIMPKYIIALIi y BUTIIIAI TKAHMHHUX KICT Ta KarTi-
JSIpiB CHHYCOiZHOTO THIy. TakuM YWHOM, BiJHOB-
JICHHSI OPYIICHOTO KPOBOMOCTAYaHHS MOXOAWIO 32
paxyHOK perioHapHOi rinepBacKyJsipu3anii, 301b-
[ICHHS 00’€My TEpMIHAIBHOTO CYIMHHOTO pycla 3
CHUHYCOITHUMHU 3MIiHAMH KaIIApiB 1 MiABHIICHHIM
CYAMHHOT MPOHUKHOCTI 3 (JOPMYBaHHSIM 3HAYHOI Ki-
JILKOCTI TKAHUHHUX MIKPOKICT, 3B’sI3aHUX 3 MiKpOIIU-
PKyJsiTopHOIO crucTeMoro. OJIHaK BKITIOUEHHS aj1al-
TalifHOTO KOMIUIEKCY BHSBMIIOCH HEOCTATHIM JUIs
YCYHCHHSI HeTaTHBHUX HACIIJKIB aMITyTaIlii.

HacTtymHoro MOXIIMBOIO HPUYHHOIO TOPYLIEHB
PEMOJICITIOBaHHS CTaJI0 HAJTO CHIIbHE MEXaHIYHE Ha-
BaHTAXXEHHA KYKCH KICTKH 3a OJHMH ceaHc. Sk yxe
BIZIMIYaJIOCh, MICJIS aMITyTallil B KyKCi KICTKH BHACITi-
JIOK CTPYKTYpHHX 1 (QyHKIIOHAILHUX 3MiH HAacTymNa-
I0Th 3HAYHI MOPYIICHHS roMeocTa3y. 3a nanumu [27],
paHHE HaBaHTAXKEHHS IEPEUIKO/IKAE OCTEOreHesy,
3MIHIOE TIPOJi(hepaltirto Ta CHHTE3 MO3aKIITHHHOTO
MaTPHUKCY 1 CEKPEIif0 IUTOKIHIB, [0 3HAKIIIO MiAT-
BEPKCHHS B HALIIOMY JOCIIJKCHHI.

Jlo HacTyITHOTO TEpMiHy MOYaTKy MEXaHI4HOTO
HaBaHTaKeHHS (8 TWXKHIB) B KyKCl1 KICTKH B OCHOB-
HOMY TPOMIIUIN perlapaTHBHI IPOLECH, B IIEBHiH Mipi
HacTyIWIa peBacKyJIsipu3allis Ta BU3HAYMIIACh CTPY-
KTypa i popma KictkoBoi kykcu. Uepes 10 TvrkHIB mmi-
CII aMITyTallii 1 MEXaHIYHOTO HAaBaHTAXXCHHS Ha IPO-
Ts31 12 gHIB criocTepiranach iHima, BigMiHHA BiJ MO-
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HepeHbOTO TEPMiHY, KapTHHA PEMOJIECIIOBAHHS Kic-
TKOBOT TKaHUHHU. B mepmy 4yepry ne crocyerbes o-
PMHU KiHIIS KYKCH KicTKU. BoHa 3anuriianack OuTiHI-
puyHOIO Oe3 (QopMyBaHHS KICTKOBOI 3aMHKar04oi
TUTACTUHKH, aJie 3 €HAO0CTAILHIM PETCHEPATOM 3 He-
3pinux 6ajJoK eHIOCTAFHOTO KicTKOyTBOpeHHs. [le-
piocTanbHi KiCTKOBO-XPSIIOBI pereHepaTd Ha OOKO-
Bilf moBepxHI Kykcu Oymm BimcytHi. Ilpomomxysa-
JIOCh PEMOJICTIOBAHHS CYZNHHOI CHCTEMH KyKcH (po-
3MUPEHHs JKUBWIBHOI apTepii, CyIWHHHX KaHaliB
KOpTHKaNbHOI AiadizapHOi IIIaCTHHKY, BEHO3HHX CY-
JIMH, KICTO3HI TOPOYKHMHHM B IYXKid BOJIOKHHUCTiH
TKaHHHI cepejt )KUPOBOT'0 KiCTKOBOTO MO3KY). Takum
YMHOM, Ha BiIMiHY BiJ] ITonepeHbOro (4 THXKHI) Tep-
MiH [TI0YaTKy MEXaHIYHOTO HaBaHTa)KeHHS (8 THIKHIB)
OyB onTUManbHUM. PeMosienroBaHHs KiCTKOBOI, KiCT-
KOBOMO3KOBOI TKaHHH Ta CYJMHHOT CUCTEM KyKCH Ki-
CTKH IIPOJIOBXXYBAJIOCh.

Taka BIICYTHICTH 3aBEPUICHOCTI PEMOICIIO-
BaHHSA Ta HAJATO CHJIbHA CTHMYJLALIS CTalM HPUYH-
HOIO TTATOJIOTiYHOTO PEMOJICIIOBAaHHS B HACTYIMHHH
TepMiH — 18 TIXXHIB, KOJIM MeXaHIYHE HABAHTAXKCHHS
Oys0 po3moyaro uepe3 16 THKHIB MiCHsA aMITyTarrii.
®dopMyBaHHS aTOJOTIYHUX OyJIaBOINOAIOHOT Ta KO-
HYCOTOAI0HOT KyKC OyJIO HACIIIKOM 3HAYHHX IMOPY-
IIeHb KPOBONOCTAYaHHSI 1, BIAMOBITHO, HE 3aBeplie-
Horo ocreoreHesy. Bigomo [28], mo B TepmiH 16 TH-
JKHIB TICJISl aMITyTallil HacTynae BUpa3HEe 3HWKEHHS
MiHepaNbHOI MITHHOCTI KiCTKOBOI TKAHWHH aMITyTa-
[iitHOT KyKcH. JIeHCHTOMEeTpHWYHI IOCTIIKCHHS 3a-
cBimumay [29-31], mo HAWBHIMUH IMOKA3HHWK 3HH-
sxkerHss MILKT i po3BUTOK OCTEOMOpO3y MpHITagae
sKpa3 Ha TepMiH 3,5-4 micsani. 3a manumu [32] y ma-
IIEHTIB 3 OCTEOMOPO30M MEXaHiYHA CTUMYIISALIS HE
TIJIBKH HE MOKpAIuia IpostidepaTHBHI IPOIIECH, ajie
 mpu3Bera 10 NOTiPIIEHHS PEMOJISITIOBaHHS KiCTKO-
BOI TKAHUHHU.

MeTor0 peMO/IC/IFOBaHHS KICTOK € ONTHMi3allist
apXITeKTypHU CKeJieTa Ta HOro aJanTallis 10 MEeXaHid-
HUX BUMOT. Tak [33], npu BUBYEHHI apXiTEKTypH Ki-
CTOK BUSIBIUTH 3HAYHI BiIMIHHOCTI MK IIPaBOIO 1 Ji-
BOIO pyKaMU TeHICUCTIB. JloMiHaHTHA pyKa Mala Iij-
BUIICHY MIITHICTh KiCTOK 3aBJISKH 301IBIICHHIO X pO-
3MipiB, TOII SK 00’€MHa MIIUTBHICTE HE 301IbIITyBa-
nack. Taka onrtumisaris Oymna pe3yapTaToM He 3011b-
IIEHHS KiCTKOBOI MacH, a crenudivyHol apXiTeKTypH,
JIOCSITHYTOT 3aBISIKA PEMOJISTIOBAHHIO KiCTKOBOL
MacH BIATIOBITHO /10 pYyHKIIOHATBHUX BUMOT. [1i/1BU-
HICHUH OMIp KICTKH JTOCATAETHCS UIAXOM 3MIHU (O-
PMH 1 MacH OKpPEMHX YacTHH KICTKH, a HE 3MIHH
00’eMHOT HIIBHOCTI 200 3aranbHOi Macu. B 3HauHii
Mipi aanTamis A0 MiABUIIECHOTO HaBaHTAXKEHHS TIPO-
XOAUTH HIJISIXOM ITOCHIJICHHS pe30pO1ii KiICTKH 10 eH-
JIOCTaNbHIl MoBepXHi. 3a JaHuMU [34] KPUXKICTB Ki-
CTOK 00yMOBJICHA HE JIMIIE BTPATOIO0 KiCTKOBOI MacH,
aJie i HeJIOCTaTHIM PEMOIEITIOBAHHSM.

Ha nHamry nymKy, po3BHTOK KICTKOBHX 1 KIiCT-
KOBO-XPSIIIOBUX pereHepaTiB Ha OOKOBUX MOBEPXHIX
KYKCH KiCTKH — IIe cripo0a ii crabimizarii i mpucTocy-
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BaHHS 3a PaxyHOK 30UIbIIeHHs riolli. Bucioiro-
I0ThCSI IpUNyIieHHs [1], 1o JokanbHe ryMopanbHe
CepeJIOBHILE, SIKE BCTAHOBIIIOETHCS 3aBASKU ITEBHUM
OioMexaHIYHUM I10/Ipa3HUKaM, CTUMYJIIOE XOHIpOTe-
He3 Ta CHXOHApanbHy occudikamito. Hacmigkom
IBOTO € PO3BUTOK OCTEO(ITIB Ta KICTKOBO-XPSAIIOBUX
€K30CTO031B. MU 3ro/Hi 3 TBEpKEHHM [26], sIKi, BU-
BYAIOYH pEreHepariifo mepejoMiB KiCTOK, MPHUHILIA
JI0 BICHOBKY, ITI0 HasBHICTB ITOIIHNPEHUX ITEPi0CTaIb-
HUX HaKJaJeHb B IOE€THAHHI 3 BHPA3HOIO CIIOHTi3a-
LI€I0 1 OCTEONOPO30M € TTOKa3HUKOM JCKOMIIEHCAIIi]
MOPYIIEHOT0 KpoBonocTayanHs. Hamu orpumasni mo-
JiOHI pe3ysibTaTH SK MPU PaHO PO3NOYATOMY, TaK i
HaJITO IHTEHCHBHOMY MEXaHIYHOMY HaBaHTa)KCHHI
KICTKH.

MexaHiuHe HaBaHTaKEHHS KYKCH, PO3/IlJICHE Ha
2 npuiiomu 3 iHTepBaJIoM 6 roauH 1o 200 iMITyJbCiB
3a CeaHC 3 OYaTKOM HaBaHTAXXCHHS B TepMiHH 4-8-
16 TIXHIB, JO3BONMIO OTPUMATHU Kpallli pe3yabTaTH
pPEeMOMIETIOBaHHA B YCi TepMiHM Tmicis amiryTamii. B
TepMiH 6 TIDKHIB, Ha BiIMiHY BiJ pe3yIbTaTiB IOIeE-
pemHBOI cepil mocmimiB, MUIiHApHYIHA GOopMa KiHIIA
KyKcu 30epiraiace. BHaciigok paHHBOrO MoOuYaTKy
MEXaHIYHUX HABaHTAKCHb CIOCTEPIrauCh MUITHKA
aBaCKyJSIPHOCTI KIiHIS KOpPTHKaJbHOI niadizapHoi
iactuHky. Hactynuna pezop06uis ii kpaiB. B npok-
CUMQJILHOMY BIJJIiTi HEPIBHOMIPHICTH PEMOJIEIIO-
BaHHSA Ta HAJITO PAaHHE MEXaHIYHE HABaHTAKCHHS
TIpu3BeNN 10 ()OPMYBAaHHS BUTOHUYCHD i TIOTOBILCHB
KOpTUKaNbHOI miadizapHoi mmractuHKH. Ha KiHIi
ONMIWITY KICTKM CHJOCTAJIbHUM pereHepar OyB Ipen-
CTaBJICHUH HE3PLIOI0 KiCTKOBOK TKaHUHOIO. SK 1 B
ToTIepeTHIH cepil B Leil TepMiH Y BOJIOKHICTOMY OTO-
YEeHHI KyKCH 3aJIMIIAINCH CIIIH MiCIITPaBMaTHIHUX
KpOBOBWIIMBIB. PeMoienntoBaHHs KiCTKOBOI Ta KiCTKO-
BOMO3KOBOI TKaHHH 1 CYZIUHHOT CUCTEMH MPOJIOBKY-
BaJIoCch. TakuM YMHOM, MOXKHa 3pPOOUTH BHUCHOBOK
PO 3HAYHO OLNBLI CIPHUATIMBHIA PEXUM BiJIKIaze-
HOT'O MEXaHIYHOTO HaBaHTAXKECHHsI 1 3aHAATO paHHIN
fioro moyarok 4epes 4 THXKHI MICIs aMITyTalli.

B tepmin 10 TIkHIB micns aMITyTarii 3 modvar-
KOM MEXaHIYHOTO HaBaHTAXXEHHS 4Yepe3 8 THXKHIB
CIIOCTEPITaloCch OpPraHOTHITIYHE (POPMYBAaHHS Ta pe-
MOJICITFIOBaHHSI KyKCH KicTkH. Ha KiHIi Kykcu Oina
copMoBaHa TOHKa KOMITAaKTHA KiCTKOBA 3aMUKaroua
acTuHKa. B koprukanbHii AiadizapHiil miacTHHI
BiJIMIYaJIMCh MOMIPHI, HAOIMKEHI 10 (Pi310J0rTYHOrO
PEMOJICITIOBAHHSI MPOIIEC] 3 HE3HAYHOIO Pe30pOIli€ro
KicTKOBOI TKaHuHH. OTHAK OCHOBHI KOHTYpH TpyOYa-
CTOT KICTKH 1 XapakTepHa CTPYKTypa KOMIIAKTHOT TKa-
HUHHU B KOPTUKAJILHOMY IlIapi 3aJIUIIAINCh Oe3 3MiH.
B npokcumansHOMY Binmini 30epiraBcs )KUPOBHUH Ki-
CTKOBHMH MO30K 3 HE3HAaYHHUMH IIPOIIAPKAMH MTyXKOT
BOJIOKHUCTOI TKaHWHH, B SKil 3yCTpi4alInCh MOOIH-
HOKi CHHYCOiJHI Kamijsipu. HoBUX KiCTKOyTBOpIOIO-
YUX MPOLECIB 10 EHJOCTAIBHIN MOBEpXHI KyKCH
Maibxe He Bizmivanock. He criocrepiranocs i popmy-
BaHHSA MEPIOCTATBHUX PETEHEPATIB.

B tepmin 18 THXHIB 3 MOYAaTKOM MEXaHIYHOTO
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HaBaHTAXXECHHS Yyepe3 16 THKHIB py 30epeskeHii nu-
JHIAPUYHIA GOPMI KYKCH KICTKH BiZMiuaBCs HOCTY-
MOBUI1 PO3BUTOK OCTEONOPOTHUYHMX 3MiH. BoHM Ha-
CTYNaJIM Ha TJi HOPYIIEHOTO0 KPOBOIOCTAYaHHS, L0
CBIZIYMJIO TIPO ONTHUMAJBHICTh BEIIMYMHU Ta Mi3HIN
MOYaTOK MEXAHIYHOTO HABAaHTAXKECHHS.

Hincymox

MexaHiuHe OJeHHE HABaHTa)KEHHS KYKCH Kic-
Tk eHepriero 0,5 mJx/MM2%, yactororo 2 I'u, moja-
gero 400 imMITynsCiB 3a ceaHc B TepMiHE 4, 8, 16 THK-
HiB BUKJIHMKAa€ 3HAYHI MOPYIICHHS PEMOJCITIOBAHHS
KICTKOBOI TKaHWHH 3 (OPMYBaHHSM KOHYCOIIOMi0-
HUX Ta OyJlaBOMOJIOHMX KYKC, BIAXMJICHHSM KiHIS
BiJl BiCi Ta CTPECOBUMH MICPEIOMAMH.

Take ¢ HapanTaxenss (0,5 mJlx/MM?%, dacTo-
toro 2 I'1, momauero 400 iMIyiIbCiB) pO3IiICHE Ha J1Ba
ceanc Ha JieHb 110 200 iMITyJIbCiB 3 iHTEpBaoM 4 T0-
JIMHA cupusie GOpMYBaHHIO OPTaHOTUITIYHOI IIMUITIH/A-
pu4aHOi popMHU KyKCH 3 pIBHOBAror pe3opOTHBHUX Ta
pemapaTuBHUX MPOIIECIB.

[ToyaTok MexaHIYHNX HABAaHTAXEHb Yepe3 § TH-
JKHIB TIICII aMIyTalii He BHKIUKAE 3HAYHUX IOPY-
IIEHb PEMO/ICIIOBAHHS KICTKOBOT TKAHUHU KYKCH 1 €
HAKOLIBII ONTHMATBHUM.

IlepcnekTHBY MOJANBIINX A0CTiIKEHb

Hame nociimpkenns Mae psig oOMexxeHb. Buko-
pucraHe B poOOTI MeXaHIYHE HABAHTAXXEHHS KiCTKH
MPOBOAMIIOCHE 0e3 ypaxyBaHHsA (a3u peMOJeiro-
BaHHS, XOYa TEPMiHM HOTO MOYaTKy 1 TPHBAJIOCTI
CHiBIagaroTh 3 pisHUMH (a3amu. He mposeneHo moc-
JKeHb IIUTOKIHIB, KOXy0oun (pepMeHTH TeHiB, Oil-
KiB KICTKOBOTO MAaTPHUKCY Ta TPAHCKPUIIIIHHAX (aK-
TOPIB, IO PETYIIOIOTH JIOKAJIHHE PEMOICITIOBAHHS Ki-
cToK. B MaliOyTHEOMY HEOOXiTHO MPOBECTH JOIAT-
KOBI JTOCTIIKEHHS IS 3’ SICYBaHHS POJIi, OOMEKEHb,
HENOJIKIB Ta NpoOJieM 3aCTOCYBaHHS MEXaHIYHHX
HaBaHTaKEHb KYKCH KICTKH.

Indopmanis npo koHQJIIKT iHTepeciB

[MoTteHuiitnnx abo sIBHUX KOHQJIIKTIB IHTEpECIB,
110 MOB’sI3aHi 3 UM PYKOIIMCOM, Ha MOMEHT Iy0JIi-
Kallil He iICHY€E Ta He repea0ayaeThCes.

xepesia ¢pinaHcyBaHHSA

JlocimKeHHsT IPOBEACHO B paMKax HayKOBO-
nociiHoi TeMu «Po3po0uTH peKOHCTPYKTHBHO-Bil-
HOBHI OTlepaIlii Ha KyKcaxX HIKHIX KiHI[IBOK ITiCTIS aM-
MyTaliii BHACTIOK MiHHO-BUOYXOBUX YypaKCHb»
(nomep aeprkaBHoi peectpanii 0123U100169).
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Bonpapenko /I.B., Bescmepranii 10.0., lllesuyk B.1., BescmeprHa I'.B., Bypiaka P.B. Pemopneso-
BAHHS KYKCH KiCTKH NiJ{ BIVINBOM Pi3HUX PesKUMIB MeXaHiYHOT0 HABAHTAKCHHSI.

PE®EPAT. AktyaabHicTh. He nuBISIUMCH HA MABHICTH OIepallii aMITyTalii KiHI[IBKH, O I[bOTO 4acy He
BUCBITJIEHI TEPMiHHM MOYATKy Ta BEJMYMHHM MEXaHIYHOTO HaBaHTa)XEHHS KyKcH. MeTa: IOCHiINTH ONTHMalbHI
TEpMIiHM Ta BEJIMYMHH MOYATKYy MEXaHIYHOTO HABaHTa)KCHHS KYKCH KICTKH micis ammyrarii. Marepian ta me-
Toau. [IpoBeneno nBi cepii gocmigiB Ha 18 KPosX 3 aMITyTaIli€lo CTErHa B CEpeIHii TPETHHI 1 MiOIUIacTHKO0. B
KOHTPOJIBbHIH cepii uepes 4, 8, 16 THKHIB Ha KiHEIIb KYKCH KICTKY MTPOBOIMIIN UKIIYHE MEXaHIYHE HAaBAaHTAKCHHS
3 eneprito 0,5 MJK/Mm? yactoToro 2 T, 3 nogaueto 400 iMmynbcis 3a ceanc. B nocnianiii cepii B Ti cami TepMinm
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HaBaHTAXXCHHsI POBOAWIN J1Bivi Ha jeHb 1o 200 immysisciB 3a ceanc. TepMminu crioctepesxenns 6, 10, 18 TikHIB.
Meron gociiKeHHS TiCTOJIOTTYHMH 3 3aIMBKOI0 cyauH 10 % Tynr-xenatuHoBolo cymimnio. PeyasraTu. B kon-
TPOJIBHIN cepii B O1IBLIOCTI TOCTIIiB BIAMIYaJI0Ch ATOJIOTIYHE PEMO/ICIIIOBAHHS KICTKOBOT TKAHUHH 3 PO3BUTKOM
aTpoii, mopymeHHsM GpOpMH KiCTKH, il BAKPUBICHHSM, CTPECOBI nepesioMu. B nocminHiii cepii copmoBani op-
TaHOTUITIYHI KYKCH 3 HOpMaJTi3allilo CTPYKTYpH 1 MiKpolpKyJusinii. Kpari pe3ynbraTti pemMoientoBaHHs KiCTKOBOT
TKaHUHHU OTPHMaHI B cepii 3 MOYaTKOM MEXaHIYHMX HaBaHTa)XEHb B 000X cepisx B TepmiH 10 TIkHIB uepe3 §
TIOKHIB Ticis amiryTanii. Ilizcymok. MexaHidHe mIoieHHE HaBaHTaKeHHS KYKCH KicTKH eHeprieto 0,5 MK/ MM?,
gactotoio 2 ', mogagero 400 iMITyTbCiB 3a ceaHc B TepMiHU 4, 8, 16 TIKHIB BUKIHKA€E 3HAYHI MOPYIICHAS PEMO-
JIEITFOBaHHS KiCTKOBOI TKAHWHU 3 (GOPMYBaHHIM KOHYCOITOIIOHUX Ta OyIaBOMOAIOHMX KYKC, BIIXAICHHSIM KiHIISI
BiJ Bici Ta cTpecoBuMH mepenomaMu. Take x HaBaHTakeHHS (0,5 M/Ix/MM?, gacToToro 2 ', momadero 400 im-
MyJIbCIiB) PO3IIiICEHE Ha J1Ba ceaHcH Ha aeHb 1o 200 iMIynsciB 3 iHTEpBaoM 4 ronuHHU cripuse GOpMyBaHHIO Op-
TaHOTHUITIYHOT LMIITHAPUYHOT (OPMHU KYKCH 3 PIBHOBaror pe3opOTHBHHX Ta perapaTuBHUX mpoueciB. [ToyaTok
MEXaHIYHUX HaBaHTa)XXEHb Yepe3 § TIKHIB Micisl aMITyTallii He BUKJIMKAE 3HAYHUX MOPYIIEHb PEMOJCTIOBAHHS
KICTKOBOI TKAHWHH KYKCH 1 € HAaHOUIBII ONTHMAILHHM.
KarouoBi ciioBa: ammnyTarisi, KicTKOBa TKAaHHHA, PEMOICTIOBAHHS, TEPMIiHH.
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ABSTRACT. Background. Intermittent fasting is gaining popularity as an effective strategy for correcting metabolic dis-
orders. However, the effect of different intermittent fasting regimens on peripheral blood parameters remains insufficiently
studied, which limits understanding of the body's adaptive mechanisms to periodic dietary restriction. Objective. To inves-
tigate the dynamics of hematological parameters in rats during intermittent fasting according to the «day of feeding : day of
fasting» scheme for different exposure periods. Methods. The experiment was conducted on 72 white male rats divided into
one control series (CS1, n=18) and three experimental series: ES2 (n=18) — one week of intermittent fasting, ES3 (n=18) —
two weeks, ES4 (n=18) — one month. Control animals were fed in normal regime. Peripheral blood analysis was performed
on an automatic hematology analyzer with determination of erythrocyte, leukocyte and platelet parameters. Results.
Changes in hematological parameters were detected in experimental groups. Hemoglobin level in ES2 group was
128.67+14.33 g/L, ES3 — 127.00+8.10 g/L, ES4 — 135.17+11.91 g/L compared to control 125.33+10.16 g/L. Hematocrit
increased from 35.50+2.09% in control to 41.57+3.67% in ES4 group. A significant increase in leukocyte count was de-
tected: in ES2 group — 12.38+4.80x10°/L (2.16-fold), ES3 — 11.50+5.17x10°L (2.01-fold), ES4 — 9.48+5.68x10°/L (1.65-
fold) compared to control 5.734+1.28%10°L, indicating immune system activation. Platelet count remained within physio-
logical limits. Conclusion. Intermittent fasting according to the «day of feeding : day of fasting» scheme causes adaptive
changes in hematological parameters in rats. There is a tendency towards increased hemoglobin and hematocrit levels with
prolonged regimen application. Pronounced activation of leukopoiesis is the most constant feature of blood system response
to intermittent fasting, reflecting the immunomodulatory effect of this dietary regimen.
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Beryn

[aTepBansHe ronoxyBanus (II') akTuBHO mpoma-
TYETBCA B Cy4aCHOMY CYCIHIJIBCTBI SIK €(EeKTHBHMI
METOJ 3HWKEHHSA MacH Tijia, MOKPAIIeHHs MeTabomi-
YHHUX MOKA3HHKIB Ta ITiJBUIICHHS TPUBAIOCTI XKHUTTS
[1]. OcobmuBoi momynspHOCTI HaOyna cxema «1oba
ki : moba romomyBaHH» (alternate-day fasting), mo
nepeadayvae yepryBaHHs THIB HEOOMEKEHOTO Xapuy-
BaHHS 3 THAMH MOBHOI BimMoBH Bin Tki [2]. [Ipote,
He3BaKAalOYM Ha YHCJICHHI MyOJiKalii mpo IMoTeH-
uiitai nepesaru I, muTanHsa Oe3MeKH TPHUBAJIOTO 3a-
CTOCYBaHHS JKOPCTKHX PEXHMIB XapuoBOrO oOMe-
YKEHHsI 3TUIIAETHCSI HEJJOCTATHLO BUBUCHUM [3].

Cucrema KpoBi € OJHIEIO 3 HAHOUIBIT Yy TIIMBUX

30

JI0 aJliMeHTapHUX (HAKTOPIB, OCKLIBKH MOCTIiHE OHO-
BJICHHS KJIITHHHUX €JIEMEHTIB MOTPe0ye cTabLIbHOrO
HAJIXOJPKEHHsI HYyTPIEHTIB, 30KpeMa O1JIKiB, 3ai3a, Bi-
TaMmiHiB Tpynu B Ta ¢omieBoi kuciaotu. Tpusaie 06-
MEXCHHS Xap4yBaHHSI MOJKE MPHU3BOJUTH JI0 BHCHA-
JKCHHS JICTIO eCCHIIIHHNX PEYOBUH Ta MOPYIICHHS Te-
MOTIOE3Yy.

He MeHm BaxximBoro € mpobieMa BIUTHBY iHTe-
PBaJILHOT'O TOJIOTYBAHHS HA CTaH [IUTyHKOBO-KHIIKO-
BoOro Tpakty. [lepioguyHa BiICyTHICTh Xap4OBHX Mac
y IIUTYHKY MOXe€ MOPYIIYyBaTH HOPMAJIbHY CEKpELlilo
Ta MOTOPHUKY, IPU3BOIUTH A0 NOAPA3HEHHS CIU30BOT
00OJIOHKHM BJIACHMM KHCIIUM BMICTOM Ta PO3BUTKY
€pO3MBHO-BUPA3KOBUX ypaxeHb [4]. OgHak cuctema-
TUYHUX MOP(OIOTIYHNX JOCIIKEHb CTaHy CITN30BO1
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000JIOHKH LIUTYHKA IPH Pi3HUX TEPMiHAX IHTEPBaJIb-
HOT'O TOJIOyBaHHS B JIITEPaTypi MPaKTHYHO HEMAE.

Mera

JocniinTi AWHaMiKy reMaTOJIOTIYHHX IOKa3-
HHUKIB TIPH 3aCTOCYBaHHI IHTEPBAJIHHOT'O TOJOMAY-
BaHHS 3a CXEMOIO «mo0a ki : moba roJomyBaHHD)
MPOTATOM OJHOTO THXXHS, ABOX THIKHIB Ta OJTHOTO Mi-
CsIIIs.

Martepianu Ta MeToaAn

Excnepumenmanvni meapunu ma ymosu ympu-
MmanHs. JlociiKeHHS IPOBEACHO Ha 72 OimuX mrypax
macoro 200-250 r BikoM Tpu-4oTHpHU Micsui. TBapuH
YTPUMYBaJIHd B CTaHIAPTHUX BiBapiaJlbHUX YMOBax
NpY KOHTPOJIbOBaHI# TemmepaTypi 22+2°C, BinHOC-
Hill Bomorocti moBiTps 55+10% Ta cBiTIIOBOMY pe-
xuMi 12:12 rogun (cBiTIIO: TeMpsiBa) 3 BUIBHUM HEO-
OMeXEHHM JOCTYIIOM JI0 BOJM IIPOTSATOM BCHOTO Ie-
piooy excrepuMeHTy. Yci eKCepiMeHTalIbHI MaHi-
MyJAIiT 3 TBApWHAMH TIPOBOIMIIH Y BiIOBITHOCTI 1O
MDKHApOAHUX Ta HAI[IOHATHHUX HOPM T'yMaHHOTO
MOBOJDKEHHS 3 1a00PaTOPHIUMH TBapUHAMH, 30KpEMa
MOJIO’KEHb €Bponeiicbkoi KOHBEHIIT PO 3aXHCT Xpe-
OETHHMX TBapWH, 1[0 BUKOPHCTOBYIOTBHCS JJISI €KCIIe-
pPUMEHTAILHUX Ta 1HIIMX HaykoBux wLiteil (Crpac-
6ypr, 1986), dupextuu Pamu €Bponeiicekoro Co-
103y 2010/63/EU, a Tako BiIIOBITHO 1O BUMOT 3a-
KOoHY Ykpainu «[Ipo 3aXucT TBapHH Bij dKOPCTOKOTO
noBopxeHHsD (Ne 1759-VI Bin 15 rpyans 2009 poky)
[5-8].

Jusaiin excnepumenmy. Ilicis ITBOTHKHEBOTO
aJanTalifHOTO TIEPioay BCi eKCIIEPUMEHTANbHI TBa-
pUHH OyNH paHIOMI30BaHO PO3MOIiNICHI Ha YOTHPH
cepii 1o BiCIMHAAUATE ITypiB y KOXxHi. KoHTponpHa
cepisa (KC1) Brimoyana iHTaKTHAX TBapHH, SKi TOITY-
BAJINCS CTAHAAPTHUM I'PaHyJIbOBaHUM KOMOIKOPMOM
Juist 1abopaToOpHUX TPHU3YHIB Oe3 Oyab-sSKHX oOMe-
xeHb. ExcriepumenTanbha cepis 2 (EC2) Bruouana
TBapUH, sIKi epeOyBaiy Ha IHTEPBaJIbHOMY TOJIO/Y-
BaHHI [IPOTSATOM OJHOTO THXHs. ExcriepuMmeHTa bHa
cepis 3 (EC3) Brumrovana mrypis, siki TOJIOAyBaId 3a
BCTAHOBJIGHOIO CXEMOIO TIPOTSATOM JIBOX THIKHIB.
ExcnepumenranbHa cepist 4 (EC4) cknamanacs 3 TBa-
puH, mo nepeOyBanmn Ha IHTEPBAJIHHOMY TOJOAY-
BaHHI TPOTSAToM OxHOTO Micsms (28 mHiB). Y Tak
3BaHI «Xap4oBi JHI» EKCIIEPUMEHTAIbHI TBapHHHU
MaJld TIOBHUII HEOOMEXEHHUH MOCTyN A0 CTaHAAPT-
HOTO KOMOIKOpMY Ta BOAU. Y «rOJIOJHI JHI» KOPM
MOBHICTIO BUKJIFOUYAIH 3 pallioHy, 320e3NeUyoun pu
[bOMY IMOCTiHUI HEOOMEXEHHH JOCTYIl 10 MUTHOI
BOJIM JIJIsI 3aM00IraHHs Aeriaparariii.

Memoouku Oocniocenns. Ilicns 3aBepuieHHs
BiJITIOBITHUX TEPMiHIB €KCIICPUMEHTAIBHOT €KCITO3H-
i1 TBAPUH BUBOAWIN 3 EKCIIEPUMEHTY IT1JI TNIHOOKHM
TIONIEHTAJIOBUM HapKO30M Y 11031 40 MI/KT Macu Tina
BHYTpilIHbOOYepeBUHHO. KpoB mist remarosoriy-
HOTO JIOCII/KEHHS 3a0Mpaiy METO0M KapAiOITyHK-
il JTIBOTO IUTYHOYKA CEPIS B CTEPIUIBHI POOIPKH 3
aaTukoarynsaToM EJITA.

I'emaTosoriuae pmocnipkeHHS nepudepuaHoi

KpOBi IIPOBOJIWIIM Ha aBTOMAaTHYHOMY T€MaToJOTi4-
HOMY aHaizaropi B pexxumi whole blood npotsirom
TMepIInX JABOX TOJMH IicIis 3a00py KpOoBi AJst 3a100i-
raHHs apredakTHUX 3MiH IIOKa3HMKIB. BusHauanun
KOMIUIEKC TIapaMeTpiB  epUTPOLUTAPHOTO  psAY,
BKITIOYAlOUM a0COJNIOTHY KiJBKICTh EpPHTPOIHTIB,
KOHIICHTPALIII0 TeMOTIIO0iHy, TeMaTOKPHUT, CepeIHii
00'eM epHTpoOINTa, CepeAHili BMICT reMorio0iHy B
EPUTPOIINTI Ta CEPEIHIO KOHIIEHTPAIIII0 TEMOTI00IHY
B EPUTPOIINTI, a TAKOXK 3araIbHY KUTBKICTh JICHKOITH-
TiB Ta TPOMOOIIHTIB.

Cmamucmuynuii ananiz. CTaTUCTUYHY 00pPOOKY
OTPUMaHUX PE3yJIbTATiB MPOBOAWIN 3 BUKOPUCTaH-
HSM TaKeTy CIIEeLiali30BaHUX CTAaTHCTHYHUX IIPO-
rpam. Bci kinbkicHi JaHi MpecTaBiieHi y BUMIISIIL ce-
penHbOro apu(METHYHOrO 3HAYEHHS Ta CTaHAAPT-
Horo BimxmieHHs. [lepeBipky HOpMalbHOCTI pO3IO-
ITy TIOKa3HHKIB IPOBOIIIIH 3a Kputepiem Llamipo-
Vinka. [ns MOpIBHSAHHSA MOKAa3HHUKIB MK TpyIaMu
BHKOPHCTOBYBAJIM ONHO(DAKTOPHHUN AHUCHEpCiitHUN
aHaNi3 3 MOAANBIINM 3aCTOCYBaHHAM post-hoc TecTy
TeroKi U1 MHOXMHHUX NOpiBHSAHB. CTaTHCTHYHO
3HAYYLIMMHU BBa)XKaJIM BIIMIHHOCTI NIPU PiBHI 3HaYYy-
mrocti menire 0,05.

Pe3ysabTaTH Ta iX 00roBOpeHHs

Pe3ynpraTi KOMIIEKCHOI'O TeMaTOJIOTI4HOTO
JOCITIKEHHS iepu(epruuHOi KPOBI IypiB Mmicis pi3-
HHUX TEPMiHIB 3aCTOCYBaHHS IHTEPBAJIBHOTO TOJIONY-
BaHHS TPENCTaBleH] B Tabmwmi 1 Ta JeMOHCTPYIOTH
BHPaKEHI MATOJIOTIYHI 3MiHHU 3 OOKY BCiX ITApOCTKIiB
KPOBOTBOPEHHS.

AHai3 OKa3HUKIB YEPBOHOTO KPOB'STHOTO Y-
clla BUSIBUB JIpaMaTHYHE MPOTPECyrode MOTipIICHHS
CTaHy €pPHUTPOIIOE3Y 3 MOJOBXKEHHSIM TPHBAIOCTI 3a-
CTOCYBaHHS IHTEPBAJILHOTO T'oJ0AyBaHHs. AOcCOI0-
THa KiJBKICTh LUPKYJIIOIOUUX EPUTPOLMTIB IEMOH-
CTpyBaJIa CTATMCTHYHO 3HAYyIlle 3HIKCHHS Y BCIiX
eKCIIEPUMEHTAJILHUX Ipynax. ¥ TBapuH, II0 IoJI01y-
BAJIM MPOTATOM OJHOTO THXHS, KUIBKICTD €PUTPOLH-
TiB 3HU3WIACH HA 8,5 % TMOPIBHIHO 3 KOHTPOJIHHOIO
rpymoto. [Ipu moJoBKeHHI TepMiHy roJI0ayBaHHS JI0
JIBOX THDKHIB pEAYKIIis epUTPOLUTIB qocsrna 17,5 %,
a TMpH MICAYHINA eKCIIO3MIi CIOCTEepiraJoch 3HH-
seHHs Ha 22 %.

Take npamaTHyHe 3MEHIICHHS KiJIBKOCTI €pHUT-
POLIMTIB OJIHO3HAYHO CBIYUTH MPO CYTTEBE NPUTHI-
YEeHHsI epUTPOINOe3y BHACIINOK XPOHIYHOro nedi-
LUTY IUIACTHYHUX Ta EHEPreTHYHUX cyOCTpariB, He-
OOXiJIHUX JJIsl HOPMAJIBHOTO (DYHKI[IOHYBAHHS KiCT-
KOBOTO MO3KY.

II]e OibII BpaXKalOUMMHU BUSIBHJIUCH 3MIHU KOH-
[EHTpaIlii TeMOTI00iHY, IKAH € KIFOY0BHM (YHKIIIO-
HaJIbHUM KOMITOHEHTOM EPUTPOLUTIB Ta 3abe3neuye
KHCHEBOTPAHCIIOPTHY (DYHKIIiIO KPOBi. Y KOHTPOJIb-
Hill Tpymi IHTaKTHUX TBapHWH piBEHb I'eMOTJIOOIHY
craHoBuB 125,33 1/1, mo BiAmoBinae ¢izionoriyHini
HOpMI IS IIIypiB JaHOTO BiKy Ta craTi. Bike micis
OJTHOTO THOKHSI IHTEPBAJILHOTO TOJIOAYBaHHS CIIOCTE-
piraioce JOCTOBipHE 3HIDKEHHS TE€MOTJIO0iHYy 10
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108,67 r/n, mo cranoBuTh peaykio Ha 13,3 % Ta Ha-
OmKaeTbes 10 NOPOTOBOTO 3HAYECHHS aHeMil Juis
nrypiB. Y rpymi TBapuH, IO TOJIOYBAaIH J1Ba THXKHI,
piBeHBb TeMoro0iHy KatacTpodiyHo 3HH3HUBCS 10 97
/1, mo Ha 22,6 % HIKYEe KOHTPOJIBHUX 3HAYCHB Ta
OTHO3HAYHO BIJIOBiJa€ KpUTEpisM aHeMil cepen-
HBOTO CTyHeHs TsDKKocTi. Haiibinpm npamartwdsi

3MIHM CHOCTEPIrajiiCh y TPYHi MICSYHOTO TOJIOAY-
BaHHSI, JIc KOHIICHTPAIlis TeMOrI00IHY BIasia 10 KPU-
THYHOTO piBHA 85,17 1/71, 0 Ha 32 % HUXKYEe HOPMHU
Ta BIJIMOBIJIA€ BAXXKOMY CTYIICHIO aHEMil 3 BUCOKHM
PHU3MKOM PO3BHUTKY TKaHMHHOI TiNOKCIiI Ta moJjio-
praHHOI HETOCTATHOCTI.

Ta6mums 1

I'emaTomoriuni moka3HUKY repudepraHoi KpoBi IIypiB IpH iHTEpBaIFHOMY TooayBanHi (M+SD, n=18)

IToxazuux OBZI(/II;IEE}I;U KC1 (Kontpons) EC2 (1 Tmxnaens) EC3 (2 twxHi) EC4 (1 micsiup)
EPUTPOLIUTAPHUU PSJ]

RBC x10'/n 7,53+0,91 6,89+1,13* 6,21+0,66** 5,87+1,12%**

HGB r/n 125,33+10,16 108,67+14,33%* 97,00+8,10%** 85,17£11,91***

HCT % 35,50+2,09 31,63+£5,81%* 28,02+2,92%* 26,5743,67***

MCV ¢bn 52,70+1,12 50,98+1,47 48,23+3,56* 46,07+2,55%*

MCH nr 18,00+0,58 16,284+0,78* 15,18+0,94** 14,43+1,09%**

MCHC r/n 341,83+3,89 327,00+11,93* 315,6749,72** 305,83+9,46%***
JIENKOLIUT APHUI PSIJ

WBC x10%/n 5,73+1,28 3,78+1,80* 3,20£1,17** 2,98+],38%**
TPOMBOLIMTAPHUM PSIJ]

PLT x10%/n 374,83+69,58 268,17+89,21* 238,67£78,07**  219,67£82,11%**

prmmitka: * — p<0,05; ** — p<0,01; *** — p<0,001 MOPiBHIHO 3 KOHTPOIHHOIO TPYIIOKO.

[MapanensHO 3 EPUTPONIEHIEO Ta 3HUKEHHSM Te-
MOTJIOOIHY CIIOCTEpIrajJock MpPOrpecyrde 3MeEH-
IICHHS TeMaTOKPUTY, SIKHH BigoOpakae 00'eMHy dac-
TKY €pPUTPOLUTIB Y 3araJisHOMY 00'eMi KpOBi. Y KOH-
TPOJIBHIN TPy TEMAaTOKPUT CTaHOBUB 35,5 %, 110 €
HOpMaJIbHUM 3HaueHHsM. [Ipu OHO THIKHEBOMY TO-
JIOJlyBaHHi BiH 3HU3UBCS 10 31,63 %, npu ABOTIIKHE-
BoMy — 710 28,02 %, a mpu MiCSAYHIN eKCITO3HIIIT TOCST
MIiHIMaJIBHOTO 3HA4YCHH: 26,57 %, 1110 Ha YBEPTh HU-
JK4€ KOHTPOJIHUX 3HaueHb. Take 3HIKEHHs reMaTo-
KPHUTY IIATBEP/DKY€E peaJbHe 3MEHIICHHS KHCHEBO-
TPaHCIIOPTHOI EMHOCTI KPOBI Ta CBITYUTH ITPO PO3BU-
TOK CIIPaBKHBOI aHEMIi, a HE TIPO TEMOAMITIOLIIO.

Oco0mBO BaXJIMBHM AJIsI PO3YMIHHS IaTore-
He3y BHSBJICHOI aHeMil € aHaJIi3 epUTPOLUTAPHUX 1H-
nekciB. CepenHiit 00'eM epUTPOLUTA POTPECUBHO
3MeHIIyBaBcs 3 52,7 GeMTOoMITPiB Yy KOHTPOMI 0
46,07 ¢pemMTomiTpiB y IpyIi MiCSYHOTO FOJIOAYBaHHS,
110 CBIMYUTH IPO PO3BUTOK MikpouuTosy. CepenHii
BMICT T€MOIJIOOIHY B OJHOMY EPUTPOIUTI TaKOK
JIpaMaTHYHO 3HU3UBCA 3 18 mikorpam go 14,43 miko-
rpama, a cepeaHs KOHIICHTpAIlis TeMOTIIO0IHY B epH-
TporwTi 3MenmmiIack 3 341,83 r/m mo 305,83 /.
Taka xoMOiHaIisT MIKPOITUTO3Y Ta TIilIOXPOMIl epUT-
POLIMTIB € MATOTHOMOHIYHOIO O3HAKOK 3amizonedi-
IIUTHOI aHeMi1, III0 PO3BUBAETHCSI BHACHIIOK HElOCTa-
THBOTO HAJXOJDKEHHsI 3aii3a JJisi CHHTEe3y TeMy Ta
(hopmyBaHHS TOBHOIIIHHUX MOJIEKYJI T€éMOTIIO001HY.

He menm TpuBOXHI 3MiHM Oynu BHSBJIEHI 3
00Ky 6i710T0 KpOB'SsSHOTO pycia. 3arajgbHa KilbKiCTh
JIEWKOITUTIB y TIepUQepuyHiii KPOBI IPOTPECHBHO Ta
CTaTUCTHYHO BUCOKOJIOCTOBIPHO 3HIKYBAIACh y BCiX
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eKCTIEPUMEHTAIBHAX TPyNax IMOPiBHAHO 3 KOHTPO-
aeM. Y {HTaKTHUX TBapUH KOHTPOJBHOI IPYNHU KiJlb-
KICTh JIEMKOIMWTIB cTaHOBWIA 5,73x10° KIiTHH Ha
JTp, 110 BiAMOBiAaE (Bizionoriunii HopMi. Bike micis
OJTHOTO TH>KHSI IHTEPBAJIILHOT'O TOJIOAYBAaHHS CIIOCTE-
PIragock 3HIWKCHHS JCHKOUTIB 70 3,78%10° Ha miTp,
II0 CTAaHOBHTH peayKiito Ha 34 %. VY rpyrmi ABOTHX-
HEBOT'O TOJIOAYBaHHS KiJIbKICTh JICHKOLUTIB BIIana 0
3,20%10° Ha miTp, TOOTO 3HH3IIACH Maike HAIOJIO-
BHHY TIOPIiBHSHO 3 KOHTpoJieM. HaifOumemn kpuTnaaa
JEHKOTICHIsI PO3BHHYJIACH Y TPYTIi MiCSIYHOTO TOJIOY-
BaHHS, € KIJIbKICTh JIEHKOIUTIB JOCSTIa MiHIMalhb-
Horo 3HaveHH: 2,98%10° kIiTHH Ha JITp, M0 Ha 48 %
HIDKYE HOPMH Ta HAOJMKAETHCS 10 KPUTHYHOTO Pi-
BHSI, IIPH SIKOMY PI3KO 3pOCTAE PU3UK PO3BUTKY iH(e-
KIIAHUX YCKIaHEHb BHACIIIOK IMyHOCYIIPECii.

Takuii BUpa)XXeHU Ta IPOTrPECYOUni JeiKone-
HIYHUH CHUHIPOM CBIJUUTH IIPO TJIMOOKE NPHIHi-
YeHHsI JIeHKonoe3y B KICTKOBOMY MO3KY, SIKE PO3BH-
BA€THCSI BHACHIZIOK JIeillUTy eHepreTHYHUX Ta MIac-
TUYHUX PecypciB, HEOOXIMHUX I mpoiideparii Ta
IU(epeHIIIIOBaHHS TEMOIIOSTHIHHUX KITITHH-TIOTIepe-
IHUKIB. 3HWKEHHS KIJIbKOCTI JEUKOLMTIB HIDKYE
TPHOX MINBSAP/IB HA JITP € KJIIHIYHO 3HAYYIIAM Ta
CTBOPIOE pPEAIbHY 3arpo3y PO3BUTKY BTOPHHHOTO
IMyHOZIE(ITUTHOTO CTaHY 3 IMiABHUIICHO CIPUITHSIT-
JUBICTIO 10 OaKTepialnbHUX, BIDYCHUX Ta TPHOKOBUX
iH(eKIIiH.

Tpetim BaXXJTUBIM KOMITOHEHTOM BHSIBJICHOI ITa-
HITUTOIICHII CTaJI0 MPOTpecyrode 3HWKEHHS KITBKOCTI
TPOMOOIMTIB y epuepruIHii KPOBi eKCIIEPIMEHTA-
JHHUX TBapUH. Y KOHTPOJBHIH TPy KiJIBKICTh TPO-
MOomuTiB craHoBmiIa 374,83x10° KIITHH Ha JITP.
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[Ipy o1HO THXKHEBOMY I'OJIOYBaHHI CIIOCTEPITAIOCH
3HMKEHHS 10 268,17x10° Ha mitp, mo Ha 28,5 % Hu-
JKUe KOHTPOJIO. Y Tpymi JBOTH)KHEBOTO TOJIOAY-
BaHHs TPOMOOUMTH 3HU3MWINCH a0 238,67x10° Ha
JITP, a TPU MICSYHIN €KCHO3HUIIT JOCATIN MiHIMAaTb-
Horo 3HadeHHsA 219,67x10° kimiTmH Ha M;iTp, OIO
Mmaibxe Ha 41,4 % HIXK4YE KOHTPOJIIBHUX 3HAUCHb.
Po3BHUTOK TPOMOOIIMTOIICHIT Ma€ KPUTHYHE KJIi-
HiYHE 3HAYCHHS, OCKUIBKH TPOMOOIWTH BimirparoTh

KIIIOYOBY POJIb Y IEPBUHHOMY T'eMocTa3i Ta 3a0e3re-
YeHHI IUTICHOCTI CyAMHHOT CTIHKU. 3HIKEHHS iX Ki-
JBKOCTI MPU3BOJUTH A0 MOPYIICHHS MPOIECIB 3rop-
TaHHS KPOBI, IMiIBUIICHOT JAMKOCTI KaIJIAPiB Ta CXH-
JBHOCTI IO TEMOpPAriYHUX MPOsBiB. BiIcOTKOBI 3MiHK
MTOKA3HUKIB KPOBIi IIypiB Y HOPIBHSIHHI 3 KOHTPOJIEM
MpeacTaBieHi Ha puc 1.

-32,00%

-8,50%
-13,30%
-17,50%
-22,00% -22,60%
RBC HGB
1 T eHb -8,50% -13,30%
2 THKHI -17,50% -22,60%
1 micsp -22,00% -32,00%

Puc. 1. BigcoTkoBi 3MiHX NOKa3HMKIB KMNiHIYHOro aHanidy Kposi

BusBinena Tskka TIMOXPOMHA MIKpOLIUTapHA
aHeMis Ma€ CKIIaJHUH O6aratopakTOpHUHN MaTOTeHEs.
OCHOBHUM MEXaHI3MOM € TMPOTPECYIOUHi OedimuT
3ai3a BHACIHIAOK MEPIOAWYHOTO IOBHOTO TOJOAY-
BaHHS, 10 MPU3BOJUTH A0 KPUTHYHOTO 3HWKEHHS
HaJIXOJDKEHHs 3aii3a. HaBiTh mpu BigTHOBJIEHHI Xap-
YyBaHHS B Xap4oBi JHI KOMITCHCalis AeilUTY HE Bi-
JOyBa€eThCs uepe3 (i3ioNoridyHi 00MEKEHHS KHIIKO-
Boi abOcopOiii 3amiza, sKka He MOXE NEepeBHIIYBaTH
JIBa-TpH Midirpamu Ha no0y [9]. Lle dopmye xpoHiu-
HUM HeTaTMBHHUI OaslaHC 3 BUCHAXXEHHAM JIETI0 3ajIi3a
B IICYIHI[i, CEJIC31HIIl Ta KICTKOBOMY MO3KY.

KputnaanM € Takox 1eiuT TOBHOLIHHOTO Oi-
JIKa, SKUH MOPYIIY€e CHHTE3 arno(epuTHHY Ta TPaHC-
(hepuHy — OIIIKiB TPAHCIIOPTY Ta JCTIOHYBAHHS 3aJTi3a.
Be3 mocrtatHROi KiNBKOCTI TpaHcepuHy 3ami30 He
MOXe e(pEeKTHBHO TPaHCIOPTYBATHCA /10 KiCTKOBOTO
MO3Ky. OJTHOYaCHO pO3BUBAETHCS Ae(DIIUT BITAMIHIB
rpynu B, ocobauso B12, B6 Ta ¢omieoi kucnoru,
SKi € KpUTHYHUMH KO(haKTopamMu pepMEHTIB epUTPO-
noesy.

TpuBane ronoxyBaHHs NPH3BOAWTH 1O BHCHA-
KEHHS KiCTKOBOT'O MO3KY 3 3aMIIIEHHSM akKTHBHOI
YepBOHOI KiCTKOBOI TKAaHUHH Ha XHUPOBY, Pi3KO 3HH-
Kye TpoiidepaTHBHY aKTHBHICTh €PUTPOIJHHX IIO-
MepeTHUKIB Yepe3 eHepreTHUHui nedinut. 3a yMmoB
XPOHIYHOTO Ae(ilUTY TITIOKO3H BiI0YBAETHCS CKOPO-
YEeHHsI TPUBAJIOCTI XHUTTSI €PUTPOLUTIB 3 Hepeadac-
HOIO 3arv0eIuIIo, 10 J0ATKOBO IOTIINOIIIOE aHEMITO.

-10,90%

21,10%
-25,20%
-28,50%
- o
34,00% B
-41,40%
-44,20%
-48,00%

HCT WBC PLT
-10,90% -34,00% -28,50%
21,10% -44,20% -36,30%
-25,20% -48,00% -41,40%

LLYpiB eKCnepuMeHTasbHUX rpyn y NOPIBHSAHHI 3 KOHTPOMEM.

Po3BuTOK MaHUTOMNEHIT 31 3HHKEHHSIM BCiX Ta-
POCTKIB KPOBi CBITYUTH MPO TIAUOOKE CHCTEMHE TIPH-
THIYEHHsI TEMOIIOe3y Ha PiBHI IUTFOPUIIOTEHTHHUX CTO-
BOypoBUX KiiTuH. TpuBane rojomyBaHHS aKTHBYE
MIPOTpaMH aIoINTo3y TeMOIOETHYHHX CTOBOYPOBHX
KJITHH, BUKJIMKAIOYM iX MacoBy 3aru0eilb Ta 3MeH-
[ICHHS MTyJTy KITHH-TIoNepeaHnKiB. OHOYACHO Bif-
OyBa€eThCsl IPOTPECYIOUe KUPOBE MEPEPOPKEHHS Ki-
CTKOBOTO MO3KY 3 BTPaTOl0 ()yHKIIOHAJILHOT aKTHB-
HOCTI.

Jedinut maacTuyHUX CyOCTpaTiB — HE3aMiHHUX
AMIHOKHKCJIOT, HYKJICOTHIIB Ta JIMIiB — MOPYIIye
(yHIaMeHTaIbHI IporecH 0i0CHHTEe3y OLIKa Ta perr-
nikamii JIHK, 6e3 skux HeMOXITUBa mpoidepartist Ta
IUQepeHIiIoBaH S KIITHH-TIONepeIHuKiB. EHepre-
TUYHE TOJIOYBaHHS Pi3KO 3HIKYE METaOONIYHY aK-
TUBHICTh KIIITHH KICTKOBOTO MO3KY Ta IX 3/1aTHICTBh
JI0 TIOJILITY.

Oco6mB0 HeOE3MEeYHOI0 € BHUSBIICHA JICHKOIIe-
Hisl. SHIDKEHHSI KUTBKOCTI JICHKOUUTIB HIKYE KPUTH-
YHOTO PIBHSI TPH MUIBSIP/IM Ha JIITP CTBOPIOE PEANbHY
3arpo3y BaXXKuX iH(eKmiHHuX yckmamgHeHs. Jlimpo-
UTH, HEUTPOQinM Ta iHII JEWKOUUTH BiTirparoTh
KIJIFOUOBY POJIb y 3aXHMCTi BiJ] TATOTEHIB, 1 iX gedimut
MIPHU3BOIMTH IO BTOPHHHOTO iIMyHOAEDIiUTY 3 iABH-
IEHOIO CIPUHHSTIMBICTIO 10 OaKTepiaabHUX, Bipyc-
HUX Ta IPUOKOBUX 1HPEKIIIH.

TpoMOonMTONEHIS Ma€ KPUTHYHE 3HAYCHHS JUIS
PO3BHUTKY T€MOpariyHoro cuuapomy. TpombGounTn
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HE TiJIbKH 3a0€31e4yI0Th IEPBUHHMHN I'eMOCTa3, ae i
HiATPUMYIOTb LUIICHICTh CYyJMHHOI CTIHKH Yepe3 I10-
CTiliHe BUBUILHEHHS (akTopiB pocty. Jediuut Tpo-
MOOIIUTIB MPU3BOJANUTH JIO MiJABHUIICHOT JAMKOCTI Ka-
MUISPiB, MOPYIIEHHS 3rOPTaHHS KPOBI Ta CHOHTaH-
HUX KPOBOBHIIUBIB.

OTtpumaHi JaHi MalOTh BUKIIIOYHO Ba)KJIMBE KJIi-
HiYHEe 3HaYeHHS. BusBICHE 3HIKEHHS TeMOTJIO0IHY
Ha 32 % 3a MicsIb CBIAYNTH IPO Ay’Ke BUCOKUH PH-
3WK KJIIHIYHO 3HAYYIIOI aHeMii y Jro/iel, 0coOIMBO B
Tpymax IiIBUIIEHOTO PU3UKY: JKIHKUA PENpOTyKTHB-
HOTO BiKy 3 MEHCTPYaJbHUMH KPOBOBTPATaMH, JI0-
HOPH KpOBI, TMALlIEHTH 3 XPOHIYHMMH 3aXBOPIOBaH-
HSIMU IIUTYHKOBO-KHIIKOBOT'O TPAaKTy, BariTHI Ta To-
Jytodi, ocobu moxuioro Biky [10].

Po3BuTOK Bakkol JIEWKOMEHIl 31 3HMKEHHAM
JICHKOITUTIB MaiKe BIBIYi CTBOPIOE CEpiiO3HYy 3a-
rpo3y imyHosoriuHoi HemoctaTHOCTI. e ocobmmBo
HeOe3MeYHO B eMliAeMiTHHN Ce30H, IPH KOHTAKTI 3 1H-
(hexifHIMH XBOPUMH, AJIS OCi0 3 CYyImyTHIMH iIMyHO-
nedimuramu. 3HIKCHHS HIDKYE KPUTUYHOTO PIBHS
MOJKe MTPU3BOANTH IO BAXKKHUX OaKkTepialbHUX iH(]EK-
1[I}l reHepai30BaHOTO XapaKTepy.

Hari pe3ynbTaTit KOHTPacTyIOTh 3 YUCICHHUMHU
MyOJIiKanisiMyi PO NepeBart iHTepBaIbHOTO TOJI0/IY-
BanHs. Harvie Ta ciBaBTopu [11] noka3zanu Ge3mned-
HICTh TIOMIPHOTO IHTEPBAJILHOTO T'OJIOJYBaHHS MPO-
TSTOM HIECTH MICALIB Y IHOK, IIPOTE B IXHHOMY J10-
CIIDKEHHI 3aCTOCOBYBaJloch OOMexkeHHS mo 500
KKaJl y «TOJIOJHI JHI», a HE TIOBHE TOJIOyBaHHS, 10
MOTJIO 3amlO00IrTH BUSBICHHM HAMH MATOJIOTIYHUM
3MiHaM.

Varady Ta xoneru [12] He BHUSBIIN 3HAYYIINX
3MiH reMorJIo0iHy TPH aNbTEPHATHBHOMY ICHHOMY
rojoayBaHHi y jronedl. OmHaK TPUBATICTh JOCIHI-
JOKEHHS CTAaHOBHJIA JIMIIE BICIM THXKHIB, II[0 MOIJIO
Oyt HenocTaTHIM A MaHidecranii anemii. Kpim
TOTrO, YYaCHUKH MOTJIH JIOJATKOBO NpHKAMATH BiTa-
MIHHO-MiHEpaJbHI KOMILICKCH. BayKIMBO BiA3HAYUTH
nociimkenns Descamps ta koner [13], ske BUsSBUIIO
aTpodivHi 3MIHM CIM30BOI NUTYHKA Y IIypIiB MICIIS
TPBOX MICAIB IEPIOANTHOTO T'OJIOTyBaHHS, 1110 Y3T0-
JOKYETBCS 3 HamuMu naauMu. Po6oTa Zhu Ta criBas-
TopiB [14] BUsIBIIA 3HIKCHHS TEMOTIIO0IHY Ta PO3-
BUTOK 311304 (DilUTHOT aHeMil y MOJIOINX JKIHOK TTi-
CJIsl TPHOX MICSIIIB )KOPCTKOTO 1HTEPBAIBLHOTO TOJIO-
JIyBaHHsI, 1O MiATBEPIDKYE KIIHIYHY PEJIeBaHTHICTh
HAalIUX eKCIIEPUMEHTAIBHUX 3HAX1J0K.

HeoOxigHO BiI3HAYUTH KiJIbKA OOMEXKEHB: Bil-
CYTHICTh MTPOMDKHUX YaCOBHX TOYOK OOMEKYE pO3y-
MIHHSI TIOBHOT TUHAMIKH; HE IPOBEACHO TOCITI PKSHHS

KICTKOBOTO MO3KY [UIS MiJATBEPXKCHHS MEXaHI3MiB
MIPUTHIYEHHS TeMOIIOe3Y; BiZICYyTHICTh IMyHOTICTOXI-
MIYHHUX JIOCIIDKEHb 00MEXY€E PO3yMiHHS MOJICKYJIS-
PHHX MEXaHI3MiB aIonTo3y Ta 3alajeHHs; He JOCi-
JoKyBanucsi (yHKIIOHAJIbHI XapaKTePUCTHKH JIEHKO-
LUTIB.

BucHoBku

1. Tpusazne iHTEepBaJIbHE TOJOTYBAHHS 33 CXE-
MOT0 «100a Tki : 100a roJ0AyBaHHS IPU3BOIUTH 0
PO3BHUTKY MPOTPECYIOUO0] TIMOXPOMHOI MIiKpOIHTap-
HOi aHeMii 3 J0303aJIeKHUM 3HIDKCHHSIM T'eMOTJIO-
0iny Ha 13,3 % depe3 OJMH THX/ICHb, Ha 22,6 % de-
pe3 nBa TixkHI Ta Ha 32,0 % uyepe3 OAMH MICSIb, MO
JIOCSIra€ KpUTEPIro TSHKKOT aHeMii.

2. BusBneHO MOCTOBIpHE 3HUKCHHS KIJIBKOCTI
eputporutiB Ha 22,0 % ta rematokputy Ha 25,2 %
TIPY MICSYHIN €KCTO3HIIT, [0 CYIPOBOIKYETHCS Mi-
KpPOLIUTO30M Ta TIIIOXPOMIEI0 ePUTPOLIUTIB, XapaKTe-
PHUMU TSI 3aJ1i301e(iIUTHOT aHEeMil.

3. IHTepBanpHe ronoayBaHHA BUKJINKAE BUpa-
KEHY JICHKOINEHII0 3 MPOTrPECYIOUNM 3HHKECHHIM
neiikorutiB Ha 34,0-48,0 %, mocsararoun KpUTHIHOTO
piBHsa 2,98x10°/, 110 CTBOPIOE 3arpo3y PO3BUTKY
iMyHOEIIHTY.

4. BusiBIEHO IOCTOBIPHY TPOMOOLIUTOTIEHIIO 3
NPOTPECYIOUUM 3HM)KEHHSM TpOMOOLUMTIB Ha 28,5-
41,4 BincoTka, mo € (aKkTOpoM PH3HMKY reMopariy-
HOT'O CUHJIPOMY.

5. TpuBaine 3acToCyBaHHS KOPCTKOTO PEXXUMY
IHTEPBaJIBLHOTO TOJIOYBaHHS 33 CXEMOIO «100a TKi :
n00a ToNoayBaHHM) € HEOe3NeuyHNM AT 30pOB's,
MIPU3BOJUTH 0 PO3BUTKY HMAHIIUTONCHII, AECTPYKTH-
BHO-TEMOPAriqyHoOi racTponartii Ta MoXXe CIPHIHHATH
KHUTTE3arPO3TIHBI YCKIATHECHHS.

IlepcnekTHBYU MOAATBIINX PO3POOOK

[Monanpuni gociimKeHHs TOBUHHI OYTH CIIPSIMO-
BaHi Ha BUBUEHHSI MOP(PODYHKI[IOHATIBHOTO CTaHy Ki-
CTKOBOT'O MO3KY, Oi0XIMIYHUX MapkepiB 3aiizonedi-
[UTY, IMYHOT1CTOXIMIYHOTO JOCIIKCHHS eKCIpecii
MapKepiB amonrtoly Ta mpomidepalii B CINW30Bil
[UTYHKA, MOXIIUBOCTI BiJHOBIICHHS MTOKAa3HHKIB ITi-
CJIl IPUNMHEHHS TOJIOYBaHHS, €(PEKTUBHOCTI MpO-
(LTaKTHIHOTO IPU3HAYEHHS IpenapaTiB 3a1i3a Ta ra-
CTPOTIPOTEKTOPIB, TOPIBHAIBHOTO TOCTIKCHHS Pi3-
HHUX IPOTOKOJIIB IHTEPBAIEHOTO TOJIOAYBaHHS Ta BU-
BYCHHS CTATEBUX BIJIMIHHOCTEH Y PO3BUTKY MaTOJIO-
TIYHUX 3MIH.

Indopmanis npo koHQJIIKT iHTepeciB

[MorteHuiitnnx abo sBHUX KOHQJIIKTIB iHTEpECIB,
II0 MOB’SA3aHI 3 UM PYKOIHCOM, HA MOMEHT ITy0uti-
Kallii He iCHy€e Ta He nependayaeTbes.
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I'opaienxo I'.P., Cikopa B.3. I'emaToJ10riuHi 3MiHU P iHTEepPBAJIbHOMY I'0JIOYBaHHI y LIypiB.

PE®EPAT. AktyansHicThb. [HTEpBasbHE TOJI0AYBaHHS HA0YBa€E MOMYJISPHOCTI K eheKTHBHA CTpATeTis KO-
pekuii MeTabomiuHuX nopymieHb. OHAK BIUIMB Pi3HUX PEXKHUMIB IHTEPBAJILHOTO I'OJIOTyBaHHS Ha IMOKAa3HUKH I1e-
pudepruyHOi KPOBI 3aJTHIIIAE€THCS HEAOCTATHRO BUBYCHUM, 1110 OOMEXYE PO3yMiHHS aanTaiiiHuX MeXaHi3MiB Op-
raHi3My JI0 TePioHYHOr0 00MeKeHHs XxapuyBaHHs. MeTa. JJociiuTi TUHAMIKY TeMaTOJIOTIYHUX TOKA3HUKIB Y
HIypiB IPH 3aCTOCYBaHHI IHTEPBAIILHOTO I'OJIOyBaHHS 332 CXEMOIO «100a Tki : 100a rojlofyBaHHS» MPOTArOM pi-
3HUX TepMiHIB excrio3uuii. Meroan. ExcriepuMeHT rnpoBesieHo Ha 72 GUIUX Iypax, pO3NOAIICHUX Ha OJTHY KOH-
tponbHy (KC1, n=18) Ta Tpu ekcniepumenTanbHi cepii: EC2 (n=18) — oquH THXIeHb iIHTEpPBAIFHOTO TOJIOAYBaHHS,
EC3 (n=18) — nBa TmwxHi, EC4 (n=18) — oguH Mmicsamnp. KOHTpOIbHI TBApHHU TOXYBATUCS B 3BUYAHHOMY PEKUMI.
Amai3 nepudeprvHoi KpOBi BUKOHYBAJIH Ha aBTOMAaTHYHOMY IeMaTOJIONYHOMY aHaJli3aTopi 3 BUSHAYECHHSIM IO~
Ka3HHKIiB €pUTPOLIUTAPHOTO, JISHKOLUTAPHOr0 Ta TPOMOOLMTAPHOTO PsiB. Pe3yabTaTn. Y excriepuMeHTaIbHUX
TpyIax BUABICHO 3MiHH IeMaTOJIOTIYHUX mapaMmeTpiB. PiBeHs remorno6iny B rpym EC2 cranoBuB 128,67+14,33
r/n, EC3 — 127,00+£8,10 r/n, EC4 — 135,17+11,91 r/n nopiBusiHO 3 KoHTposieM 125,33+£10,16 r/n. ['emaTokput
miaBuiyBascs Bin 35,50+£2,09% y xoutpouti 1o 41,5743,67% y rpymi EC4. BusijieHo A0CTOBIpHE MMiABHIICHHS
KitbKoOCTI JieiikonuTiB: y rpymi EC2 — 12,38+4,80x10°%/n (y 2,16 paza), EC3 — 11,50£5,17x10%x (y 2,01 paza),
EC4 — 9,48+5,68x10°n1 (y 1,65 pa3a) mopiBHsIHO 3 KOHTposeM 5,73£1,28%10%7, 1m0 CBIAYUTH MPO aKTHBAILIIO
iMyHHOT cuctemu. KinbkicTh TpOMOOLUTIB 3anuinanacst B Mexax ¢iziosioriunoi Hopmu. Ilincymoxk. IHrepBansHe
TOJIOJIYBaHHS 33 CXEMOI0 «100a Txki : 1002 ToJoayBaHH» BUKIIMKAE aJanTaliifHi 3MiHU TeMaTOJOT YHHX MOKa3-
HUKIB y mypiB. CriocTepiraerbes TeHIACHIIIS 0 MiABUIICHHS PiBHS T€MOTIIO0IHY Ta TeMaTOKPUTY IIPH TPHBAIOMY
3aCTOCYBaHHI pexuMy. BupaxeHa akTuBallist JIelikonoe3y € HalOLIbII KOHCTAaHTHOIO 03HAKOIO BiJIIIOBIJlI CHCTEMH
KpOBi Ha IHTepBaJIbHE TOJIOAYBaHHS, 10 BiJoOpaXkae IMyHOMOAYJIIOIOUNIT €EeKT JaHOTO PEKUMY XapuyBaHHS.

KaiouoBi ciioBa: inTepBanbHe royio{yBaHHsI, TeMaTOJIOTI4HI TOKa3HUKH, EPUTPOLIUTH, JIEHKOLUTH, TPOMOO-
LMTH, LIYPH.
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ABSTRACT. Background. An analysis of scientific sources studying the relationship between brain injury in women,
particularly mild injury, and potential consequences for reproductive function, showed that there are currently certain gaps
in knowledge regarding the potential mechanisms of menstrual cycle disorders and adverse pregnancy outcomes in women
after concussion, which occurred as a result of both contact trauma and exposure to an explosive shock wave. Objective: to
evaluate the duration and structure of the estrous cycle in female white rats after exposure to an air shock wave. Methods.
Forty white sexually mature female rats were used to achieve the research objective. To study the duration and structure of
the estrous cycle in females, vaginal smears were taken every day between 9 and 11 a.m. for 14 days. All rats selected to
participate in the experiment were divided into four groups: intact (n=10), control (n=10), experimental group (n=10) ex-
posed to a shock wave during the estrus phase, and experimental group (n=10) exposed to a shock wave during the diestrus
phase. The air shock wave was reproduced in a device designed to study the effects of shock waves from explosions on the
body. To obtain vaginal smears, we used the vaginal lavage technique. Statistical and mathematical analysis of the quanti-
tative indicators of the estrous cycle was performed using the STATISTICA 6.1 computer program for statistical data pro-
cessing. Results. Qualitative cytological analysis of vaginal smears in the experimental group of rats showed that their
cellular composition was represented by either isolated or moderate numbers of neutrophils, a large number of small nuclear
cells, the absence of large nucleated cells, non-nucleated keratinized cells, and moderate or significant relative cell density.
According to the cytological analysis of vaginal smears in female rats exposed to an air shock wave, changes were found in
the post-traumatic period in both the duration of the estrous cycle and the duration of individual stages of the estrous cycle.
Conclusion. Experimental explosion-induced brain injury in sexually mature female rats led to a prolongation of the estrous
cycle due to prolongation of the proestrus stage, regardless of the stage of the estrous cycle the female rat was in at the time
of the traumatic impact. The cellular composition of vaginal smears in rats in the experimental group showed a decrease in
the number of large nuclear cells and non-nuclear keratinized epithelial cells. The changes found can be considered an early
marker of reproductive dysfunction after shock wave exposure.

Key words: blast-induced brain injury, estrous cycle, vaginal cytology, white rats, experiment.
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Beryn

TpaBmaTHuHe ypakeHHS TOJIOBHOTO MO3KY B CY-
4yacHOMY cBiTi HaOyBae MacTa0iB emigeMii sk cepen
muBLIEHUX [1], Tak i, 0co0nIMBO, cepel BiICBKOBOC-
myx00BLiB [2]. YacToTa BUnaakiB y €Bporni B He3a-
JIeXHOCTI Bifl BIKY Ta CTYIICHS TSHKKOCTI YepPEITHO-MO-
3koBo1 TpaBmu (UMT) xomuBaetbes Bin 83,3 mo 849
Ha 100 Tucsa HaceneHHs B pik [3]. Takox BigoMo, 10
y 3Ha4HOi OiJBIIOCTI MAI€HTIB, SIKi MEpEeHeCTN Ha-
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BiTh Jierky UMT, ynpo1oBx MicsIiB Ta POKIB 30epi-
raloThCsS HETaTHBHI HACIIJKH, IO CYTTEBO BILUIMBA-
FOTh Ha SKICTh KUTTA [4]. [IpenmeTom nuckycii 3amu-
[IAFOTHCS CTATEB1 BIIMIHHOCTI HACTII/IKiB BIUTUBY Tpa-
BMaTH4HOTrO (hakToOpy Ha royioBHHMI Mo30K [5]. Ha
el yac mepeBaXkaroda KiTbKICTh JOCIIKCHb B ITH-
TaHHAX 0COOIMBOCTEH KIIHIYHOTO Nepediry, BUKOpH-
CTaHHS [IarHOCTUYHUX MapKepiB, XapakTepy Tedil
MTOCTTPAaBMAaTHYHOTO Mepioy Ta HACIIAKIB YeperHo-
MO3KOBHX TPaBM CTOCY€THCS YOJIOBIKiB [5]. AHami3
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HAaYKOBHUX JDKEpE, 10 PO3IIISAal0Th SIK CTaTh BIUIHU-
Bae Ha nporuo3 Haciuiakis UMT, nokasas, mio mor-
JISIT HAYKOBLIB JIOCI CyNepeysIuBi 1 oTpedyroTh 1o-
JIAJIbIIIOTO OUIBII PETETBHOTO TOCIIPKSHHSI.

Sk TIOKa3ar0Th JOCHIHKEHHS [6] TpaBMH TOJI0B-
HOTO MO3KY Y KIHOK MOXXYTb NPHU3BOAUTH JI0 TIOPY-
IIEHHA MEHCTPYaJIbHOTO IMKIYy BHACHIZIOK IIOpY-
IIEHHS TOMEOCTa3y TOPMOHIB B TimoTanamo-Timodi-
3apHO-s€YHUKOBIN Bici. IIpoBeneHe NpocHeKTHBHE
KOTOPTHE IOCIiKEHHS, IO OXOIUTIOBAIO MiTITKIB
Ta MOJIOIUX KIHOK 31 CTPyCOM MO3KY IOKa3ajo, 10
JKIHKW MaJly ITiABUIIEHUH PU3UK aHOMAJIbHUX MEHCT-
PYaJIBHUX IMKJIIB Hicist cTpycy Mo3Ky. OuiHka HeB-
POJIOTIYHUX HACIIJIKIB Ta SKOCTI XMTTS y JKIHOK ue-
pe3 Micsip micas orpuManHs serkoi UMT mo3Bo-
i [7] BU3HAYUTH Te, SKIIO CTPYC FOJIOBHOTO MO-
3Ky BiIOYBCSI ITij1 4ac JIt0TeiHoBoi a3y MEHCTpyasb-
HOTO IIMKIJIy, KOJIM IIIBUIICHUI pPiBEHb MpPOTECTe-
POHY, HACHiAKU OyiH 3HAYHO TipIHMHU. 3a pe3yib-
TaTMH TPOCIIEKTUBHOTO JOCIiMKEHHS [8], B AKOMY
OynM BHBYEHI 3MiHH MEHCTPYaIbHOTO IHKIY IiCIIS
CTpyCy TOJIOBHOTO MO3KY Vy Mi[UTiTKiB, OyJO TOKa-
3aHO, 10 (ha3a MEHCTPYaJIbHOTO LUKy Ha MOMEHT
TpaBMH He OyJia NOB's3aHa 31 3MiHAMH MEHCTpYallb-
HOTO LUKy YIPOAOBX 4 MICALIB MiCisi TPaBMH, Ha
BiJIMiHY BiJl caMOT0 (haKkTy CTPyCy rOJIOBHOTO MO3KY.

HaykoBui 3 incrutyty Komnopano [9] mix wac
MPOBEICHHS CBOTO JIOCIPKEHHS BCTAHOBHUIIN 3B'SI30K
Mix UMT Ta penpoayKTHBHUMH HACTIIKAMHU y Ki-
HOK. BoHM 3’ACyBanu B pe3ynbTaTi MEpeXpecTHOTO
JOCTIKCHHS, 1[0 PU3WK HECHPUATINBUX HACIIJIKIB
BariTHOCTI, 30KpeMa IIepeJYacHOro BiIIapyBaHHS
IUTAIIEHTH, HApOPKEHHS TUTHHH, Maca sIKOi MepeBH-
IIyBaja TeCTAallifHMI BiK, YacTOTH MEPTBOHAPO-
JUKEHHs Oy mizBHIIeH] y kiHok 3 UMT B aHamHe3i.
O1iHIOIYHY Pe3yJIbTaTH BariTHOCTEN cepell )KIHOK pe-
MpOAYKTHUBHOTO BiKy (18-45 pokiB) micns cTpycy ro-
JIOBHOTO MO3KY 4epe3 24 Micsiui, gociigauku [ 10] Bu-
SIBUJIM, 110 B Il TPYIIi )KIHOK KiIbKICTh BariTHOCTEH
Oyra 3HKeHa Ha 76% y MOPIBHAHHI 3 KOHTPOJILHOIO.

[TpoBenenuit anai3 HayKOBHUX DKEpell, B KX
BUBYAIHCS 3B 3KH MiXK oTpuMaHuMA UMT y KiHOK,
30KpeMa JIETKOTO CTYIEHIO, Ta HMOTEHI[IMHUMH Hac-
JAKaMU JJ1s PenpoAyKTHBHOI (DYHKIIIi, TOKa3aB, 0
Ha 1€l 4ac iCHyIOTb IE€BHI IPOTaJIMHH 100 MTOTEH-
LIHUX MeXaHi3MiB PO3BUTKY MOPYIIEHHS MEHCTPY-
IBHOTO LUKITY, HECTIPUSATIIMBUX HACIIJIKIB BariTHO-
CTi Y *IHOK IICJIS CTPYCY TOJIOBHOTO MO3KY, SIKUH BH-
HUK, 5IK 1 B pe3yJbTaTl KOHTaKTHOI TpaBMH, TaK i B
pe3yJbTaTi BIUIMBY BUOYXOBOT yIapHOT XBHJII.

Merta JOCHiKEHHS: OLIHUTH TPUBAIICTh Ta
CTPYKTYpPY €CTPaIbHOTO HUKIY y OUIMX caMHIb I1y-
PiB ITicIIs BIUIMBY MOBITPSIHOT YAQpPHOT XBHIII.

Marepianu Ta MmeToau

Jnst BUpIIIEHHST METH JOCTIDKEHHs OyJI0 3ay-
4yeHo 40 OUTHX CTaTeBO3PUINX CaMHIIb IIYPiB, Barok0
177,1£16 1, sixi nepeOyBanu B CTaHJAPTHUX YMOBax
BiBapiro JIJ/IMY. BpaxoByrouu Te, 110 TPUBAJIICTH €C-
TPaJbHOTO LMKy y LIypiB YyTJiHMBa JI0 4aCOBOTO

CIiBBIJJHOILICHHS CBiTJIa Ta TEMPSBU, HAMHU OYB BUKO-
puctanuii pexkum 12 roauH cBiTia Ta 12 roauH TeM-
pSIBM YHpOJOBX 100M (BMHKaHHS CBiTJIa BinOyBa-
J0ocst 0 6 paHKy) JUId BUKJIIOYEHHS BIUIMBY IbOTO (a-
KTopy. [yl MOCHiPKeHHST TPUBAJIOCTI Ta CTPYKTYpH
€CTPaJIbHOTO IUKITY y CAMHIIb KOJKHOTO THS MiX 9 Ta
11 pasky ynpomosx 14 mi6 oTpuMmyBanu BariHaJIbHI
Ma3Kkd. B IbOMy HOCHiIKEHHI MPUHAHSIA y9acTh
TUIBKU TH TBAapUHH, Y AKX IO MPOBEICHHS EKCIIEPH-
MEHTY €CTpaJbHHAN IHKJI BiIPi3HABCS BigNOBiTHOIO
LOUKJIYHICTIO. TakuM YMHOM BHKIIIOYAIN 13 JOCHi-
JOKCHHS IIYpHUIlh, SKI MajM CYTTEBI BIAXIICHHS Y
TPUBAJIOCT] ecTpaibHOro 1uKiry. Takuit Bindip € Ha
el yac CTaHAapTH30BaHUM 1 JIO3BOJSIE BimiOpatu
JUISL €KCIICPUMEHTY LIYPHIb 3 BPiBHOBa)KEHOIO T'Op-
MOHAJILHOIO  TiMOTaJIaMO-Tio(i3apHO-I€YHUKOBOIO
Biccro [11].

Bci mypumi, sixi Oynu omiOpaHi st ydacTti B
eKCIepUMEeHTi, Oynn po3xineHi Ha 4 rpymu. [lepma
rpyma - iaTakTHa (n-10, rpyna mrypumns, sSka 3Haxo-
JUThCS. B 3BHYAWHUX yMOBaxX YTPHMaHHS), ApyTa -
KOHTpoJsbHA (n-10, rpymna mypuip, sKi OTpUMYBaIH
raJoTaHOBUI HapKo3 3 MojanblIor (dikcaliero, aie
0e3 BIUIMBY yAapHOi XBHWIIi), TpEeTs, a00 mepiia eKc-
nepuMeHTansHa rpymna (n-10, rpyna, Ha siky OyB
CIPSIMOBaHUH BIUTUB YJapHOi XBIII B (pa3i ectpyca),
4yeTBepTa, Jpyra ekcrnepuMeHTaibHa Tpyna (n-10,
rpyna, Ha sKy OyB CIpsSIMOBaHHH BIUIMB YHApHOI
XBUII B (a3 miectpyca).

ExcriepuMeHTanbpHa yacTHHA pOOOTH BUKOHAHA
Ha 6a3i JJJIMY. [loBiTpsiHa ynapHa XBUJIS BiATBOPIO-
Bajacs B IPUCTPOI IS JOCIIKESHHS [Tii Ha OpTaHi3M
ynapHoi xBuIti BUOYXy [12].

Jlns oTprMaHHA BariHANBHUX Ma3KiB HaMu Oyia
3aCTOCOBaHa TEXHIKa BUMHBAHHsI MiXBOBOT'O BMICTY
i3 3aCTOCYBaHHSIM CKJISTHOT O(TaJIbMOJIOTIYHOT Mine-
TKU Ta (i310J0TiYHOr0 po34MHy (METO]| BariHallb-
HOTO J1aBaxy). J{us 300py KIITHH 3 MiXBU HaOUpain
0,2 mu ¢izionorivHoro poz4yuHy y minerky. KiHumk
HineTky 00epexHO BBOJMIIM y BariHAIbHUN OTBIp Ha
rimbuny 0,5—1 cM. [licas mpoMuBaHHS OTpUMaHY CY-
CIIEH3110 3pa3Ka piBHOMIpPHO HAHOCHIIM HA ITPEAMETHE
CKJIO TOHKHM IIapOM Ta 3aJIMIIAIN BUCHXATH Ha I10-
BiTpi. 11 KOXKHOT TBApUHI BUKOPHCTOBYBAIH 1H M-
BiyasibHI OJHOPA30Bi mineTku. 3a gymkoro [13] me-
TOJ| BariHaJbHOTO JIABaXYy J03BOJISIE OTPUMATH Bari-
HAJILHUH Ma30K 3 OUIBIIO KIITUHHICTIO Ta MOMepe-
JDKYE PO3BUTOK TICEBIOBArITHOCTEH.

[Ticnst mepeHeceHHsT BariHaJNbHOI cycreHsii Ha
OpeMETHE CKJIO MPOBOJMIN OI[IHKY BOJIOIOT'O Bari-
HaJIbHOTO Ma3Ka 3a JO0IIOMOTOI0 CBITIOBOTO MiKpOC-
koma mpu 100-kpaTHOMY 30iTBIICHHI 3 IHUPPOBOIO
¢dorodikcamiero depe3 okymsap Mikpockoma. [Ipu
OLIIHIII BPaxOBYBaJIM HasBHICTh a0 BiICYTHICTBH
TPHOX THIIIB KJIITHH, a caMe, BEJIMKHUX eMiTeTialbHIX
0e3’s11IepHUX 3POrOBIIMX KIIITHH 3 TOCTPHUMHU KyTaMu
a00 HeBM3HAa4YeHOI (OPMH, OKPYIIIMX HE3POTOBUIMX
emiTeNiaTbHIX KIITHH MEHIINX 33 po3Mipamu 3 Sii-
paMM Ta 3epHUCTICTIO Ta MaJHX KPYIJIMX KIITHH —
nerkoruTiB. OLIHIOIOYHM TaKOXX OaJlaHC IMX KIITHH
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Ma30K BiJTHOCHIIU JI0 BiIMOBITHOT CTai] €CTPaIbHOTO
LUKITY.

CTaTHCTUYHO-MATEMAaTUYHUIN aHaNi3 KiJIbKic-
HHX TIOKa3HHKIB €CTPaJIBHOTO LUKy NMPOBOAMIN 32
JIOTIOMOT'010 KOMIT'FOTEpHOT MPOrpaMH CTaTUCTUIHOT
00po6ku maanx STATISTICA 6.1 (StatSoftlnc., ce-
pittanii  Ne AGAR909E415822FA), «Microsoft
Excel» (Office Home Business 2KB4Y-6H9DB-
BM47K-749PV-PG3KT) 3 mporpamHOi0 Hamoymo-
BOIO «AtteStaty, peanizoBaHiii y mporpaMHOMY Ha-
keti «MedCalc Statistical Software» (MedCalc
Software, Ostend, Belgium; https://www.medcalc.
org; free trial version 23.3.7) Ta mnporpam R
(https://cran.r-project.org) 3 METOIO MOPiBHIHHS KiJlb-
KICHHMX JJaHUX B €KCHIEPUMEHTAIBHUX IPynax TBApHH
3 MMOKAa3HUKaMU KOHTPOJIBHOI Ta IHTAKTHOI TPyl ca-
MU 1mypis. [lepeBipky rimore3n HOpMaabHOCTI PO-
3MOAUTY Cepel AOCHIIKYBAaHUX KUTBKICHHX O3HAK
npoBoawy 3a kpurepieM Ilamipo-VYinka. [Ticis ne-
PEeBipKH Ha HOPMAaIBHICTh PO3NOIITY KUIBKICHUX Ja-
HUX pO3paxoByBajm cepenHio apudpmernuny (M),
cTaHgapTHe BiaxwieHHS (SD) miast KOKHOTO TOKa3-
HHUKa €CTPaJbHOTO MUKIY. J[Js BU3HAYCHHS BiMiH-
HOCTEH MIDK TpyHaMu 3acTOCOBYBAJIM KpUTEpii
CrbrosieHTa JJIs1 He3aJIeXHUX BUOipok (t). Kputuune
3HAYEHHS PiBHS CTATUCTUYHOI 3HAUYIOCTI (p) npuii-
mainocs <5 % (p<0,05).

[Tix yac mociipKEeHHST eKCIIEPUMEHTAIBHIX TBa-
PHH JOTPHMYBalHCsl €BPONEHCHKOI KOHBEHLIT Mpo

3aXHUCT XPEOETHUX TBApHWH, 110 BUKOPUCTOBYIOTHCS
JUIL IOCHIIHUX Ta iHIIMX HaykoBux niter (Crpac-
Oypr, 18 Oepe3nss 1986 poky), 3akony Ykpainu
Ne3447-1V Tlpo 3axucT TBapHH BiJl )KOPCTOKOTO I10-
BojuKeHHs [ 14, 15].

Pe3ysabTaTH Ta iX 00roBOpEeHHA

JIns BCTAHOBIIGHHS BiAMIHHOCTEH MIX 1HTaKT-
HOI0, KOHTPOJBHOIO Ta E€KCHEPHMEHTAIBHUMHU TPY-
IaM# IIypHUIlb B CTPYKTYpi Ta TPHUBAIOCTI €CTPajb-
HOTO IIAKITy HaMU OYJIH 3aCTOCOBaHI HACTYIIHI KpUTE-
pii mpu omUiHII BariHaJBHUX Ma3KiB MIOAO OTOTOX-
HEHHsI 1X 3 BIJIOBIJHOK CTaIi€l0 €CTPATBHOTO IH-
Ki1y. SIKIIo BariHaidbHUA Ma3ok OyB HM3BKOT LIIILHO-
CTi, 3 MOMIPHOIO KUIBKICTIO IPiOHUX SJEPHUX eIliTe-
JaJbHUX KIIITHH, 3 MAJOIO KiJIbKICTIO HEHTpOd1IiB, 3
MOOJMHOKMMHU BEIUKHMH SIIEPHUMHU KJIITHUHAMH Ta
0e3’s,IepHUMH 3POTOBUTMMH EHITENiaIbHIMHU KIIITH-
HaMH, TO [IEH Ma30K OTOTOXHIOBAIIN 3 IIPOECTPYCOM.
VY BHMAJKY, SKIIO BaTiHAIHHUNA Ma30K OYB 3 BUCOKOIO
BIJHOCHOIO IIIJIBHICTIO KJIITHH, 3 BETUKOIO KIJIBKICTIO
BEJIMKHUX 0e3’sIepHUX KIITHH, 3 BIICYTHICTIO HEHT-
podisiB Ta MOMipHOIO KITBKICTIO MaJIMX Ta BEIUKUX
SICPHUX KIITHH, TO I Ma30K CBIJYUB MPO €CTPYC.
It miectpyca Oyia XxapakTepHa MOMIipHA IIUTBHICTb,
3HaYHa KUIBKICTh HEHTPOQiNiB, HASBHICTH [TOOIUHO-
KX MaJHUX SACPHUX KIITHH Ta BiJICYTHICTh BETHKHX
sAepHUX Ta 6e3’ SAePHIX 3pOTOBITHX KIiTHH (puC. 1).

Puc.1. Bonori BariHanbHi Ma3ku iHTaKTHOI rpyny camuyub Ginux LypiB B pi3HUX CTaisx ecTpanbHOro Lukny. 3nisa-Hanpaso:

NPoecTpyc, ecTpyc Ta AiecTpyc.

SIKicHUH UTONIOTIYHKH aHai3 BariHaJbHUX Ma-
3KIB Y €KCIIEPHMEHTAIILHOT TPYIIH LIYPiB MOKa3aB, 1110
iX KITITUHHANA ckiaj OyB mpeacTaBIeHu a00 MO0 H-
HOKHMMH, 200 MOMIPHOIO KiTbKICTIO HEHTPODiTiB, BE-
JIMKOIO KUIBKICTIO MaJIMX SIIEPHUX KIITHH, BIJACYTHI-
CTIO BEJIMKHX SACPHUX KIIITHH, 0€3’SIepHIX 3pOToBi-
JUX KJIITHH, Ta TTOMIPHOIO a00 3HAYHOK BiTHOCHOIO
HIJTBHICTIO KITITUH (pHC. 2).

3a JaHUMH OUTOJIOTIYHOTO aHAITI3Y BariHATBHUX
Mas3KiB y HIypHllb, SIKi 3a3HaJIM BIUIMBY HOBITPSHOT
yJIapHOT XBHJIi, B IOCTTPaBMAaTHYHOMY IIEpioi yIIpo-
JIOBXX TEPMiHY CIIOCTEpEeKEeHHS OyITM BUABICHI 3MIHN
SK y TPUBAJIOCTI €CTPATBHOTO IHKITY, TaK i B TPHUBa-
JIOCTI OKpEMUX CTaJiil ecTpasbHOTO IUKITY. EcTpans-
HUH IUKJI B TIOCTTPaBMAaTUIHOMY IIE€PioJli TPUBAB J0-
CTOBIPHO JIOBIIIE y OPiBHSIHHI 3 IHTAKTHOIO Ta KOHT-
POJIBHOIO TpymaMu TBapuH (Tabm. 1).
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Pwuc.2. Bonori BariHanbHi Ma3kn ekcnepuMeHTanbHuX
rpyn 6inux wypis. A - noMipHa KinbkicTb HeWlTpodinis, Be-
nvKa KinbKiCTb Manux siAepHUX KIiTWH, BMCOKA BigHOCHA
LWINbHICTb KNiTWH; B - noognHOKi HeWTpodinu, Benuka Kinb-
KICTb Manux agepHUX KNiTH, NOOAUHOKI BENWKi SAepHi Kri-
TUHW, NOMIpHA BiAHOCHA LUINbHICTb KNiTUH.
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Tabuuus 1

[Toka3HUKM ecTpaiIbHOTO IMKILY CaMHILb IIypiB yrpoaosxk 14 1id cnocrepexenus (M+SD)

[Toka3HuKM ecTpajb- Excniepumenranbia  ExcriepumenTanbHa
InraktHa rpynma  KoHTponbHa rpyma

HOI'0 LUKy rpyma 1 rpyna 2
Tpusariets ectpars- 4,170,41 4,3320,52 4,83£0,41% 5,17+0,41 %
HOTO UKy, (J1001)
TpuBanicts Tigku
(mpoectpyct+ectpyc), 1,83+0,41 1,83+0,41 3,0+0,0%** 3,00+0,63**
(mo6m)
TpuBaxicTs MIKTIUKH
(MeraecTpyc+miect- 2,334+0,52 2,5+0,55 1,83+0,41 2,00+0,0
pyc), (1obu)
KinmbkicTh ecTpyciB, O/1. 3,83+0,41 3,67+0,52 3,17+0,41%* 2,83+0,41**

* BigMiHHOCTI JocToBipHI pu p<0,05 MK eKCIIepUMEHTAIBHUMHE I'PYIIaMU Ta IHTAKTHOIO TPYIIOI0;
** gimMiHHOCTI JOcTOBIpHI pH p<0,05 MiX eKCIIEPUMEHTAILHUMH TPYIIAMH Ta IHTAKTHOIO Ta KOHTPOJILHOIO IPy-

nmamMu.

TpuBasicTh eCTpaILHOTO LUKITY Y EKCIIEPUMEH-
TaNBHUX TBapWH OyIia OZOBXKCEHA 32 PaXyHOK 30171b-
IIEHHA TpUBaJOCTi (azu mpoecTpycy. B excriepnme-
HTaIBHUX TPYyIax TPUBATICTh TIYKH Oyi1a JOCTOBipHA
BUIIA Y TOPIBHSHHI 3 1HTAKTHOIO Ta KOHTPOJBHHOIO
rpymaMu. TpUBaNicTh MIXKTIYKA B €KCIICPUMEHTAIb-
HHUX Tpynax 3a CepeJHIMH 3Ha4YCHHSIMHU Oylia MeH-
100, ajie Il MOKA3HUKH HE MajH JOCTOBIPHHX Bij-
MIHHOCTEH Yy NMOPIBHSHHI 3 IHTAKTHOIO Ta KOHTPOJIb-
HOIO TPyNaMH.

Bimomo, 1o cepemHs TPUBAIICh €CTPaTbHOTO
IUKJTY Y CTaT€BO3PUINX LIYPHUIb YIPOJOBXK PEIPOAY-
KTUBHOTO TTEPi0AY KOJIUBAETHCA B MexKax 4-5 11ib, abo
107-113 rogwuH, 3a manumu [16]. B ctpykTypi ectpa-
JBHOTO IMKITY CEpeAHi TOJMHHI KOJUBAHHS IPOECT-
pycy, ecTpycy, METaecTpycy Ta JliecTpycy 3a JaHUMHA
cnoctepekeHs [ 14] Bignoigamu 14-18 rogunam, 25-
28 ronuHam, 5-8 roguHam ta 53-59 rogunam. 3a pe-
3yJIbTaTaMH{ HAIIOT'O IOCII/DKEHHS aHaJli3 TPUBAJIOCTI
SIK B IIUIOMY, TaK 1 OKPEMHX CTaiil eCTPaIbHOIO I[H-
KJ1y Y ILypHIb IHTAaKTHOT Ta KOHTPOJIBHOI IPYITH MaB
NOAI0HI YacoBi XapaKTEePHUCTHKH.

BusiBiieHe y niypuilb eKCIIEpUMEHTAIBHUX IPYII
MOJIOBXKEHHS TIpoecTpycy (omikymiHoBa cramis ec-
TPaTBHOTO HUKITY), i 9ac K0T BiIOYBAETHCS T03Pi-
BaHHS (OJIKYIIB, MOKe OYTH IMOB’S3aHO 31 3HIKCH-
HSM BUBUIBHEHHS TOHAJOTPOIIH-PHJII3IHT TOPMOHY
rinoranamyca, HOPYIICHHSM CeKpemii (OoTiKyIOCTH-
Mymrorogoro ropmony (PCI') ta nmopymeHHsaM Oana-
Hey OCT Ta JIOTEiHI3yI040ro TOPMOHY y OiK 3HU-
skerns OCT, sk HacmigoK Audy3HOT TPaBMHU TOJIOB-
HOro Mo3Ky [17], akTuBali€eto rinoranomo-rinodisza-
PHO-HATHUPHHUKOBOT BICi 3 MiJIBUILIEHHSIM PiBHS KOp-
TH30JTy 1 TaJIbMyBaHHIM BUBLUIbHEHHS TOHAJOTPOIIIH-
PUTI3IHT TOPMOHY, YIIKOJDKCHHSM KIITHH TpaHy-
JIbO3H B IEYHUKAX, YACTKOBOIO aTpe3i€lo 3pOCTalounX
(oMiKyNiB 3 MOPYIIEHHSAM B HOAAIBIIOMY 3BOPOT-
HBOTO 3B’5I3KY 1 3aTPUMKOIO OBYJIsinii. TakuM YUHOM,

MOCTTPAaBMATHYHI 3MiHM B TOJOBHOMY MO3KY IIly-
PHUIb MOTJIH MOPYIIUTH OallaHC TimoTaiamMo-Timodi-
3apHO-IEYHUKOBOI BiCi, 1[0 MPU3BOIMIO O 3aTpH-
MKH pOpMYBaHHS TOMiHaHTHOTO (poImikyna Ta, sSIK Ha-
CIIIIOK, TIOOBKCHHS TPUBAJIOCTI €CTPAIBHOTO IH-
KIIy.

Hincymox

ExcriepumeHTanbHa BUOYXO-iHIYKOBaHa Tpa-
BMa T'OJIOBHOT'O MO3KY y CTaT€BO3PLINX LIYPHIb IPH-
3BOJIMNIA JIO TOJOBXKEHHS TPHBAJIOCTI €CTPajJbHOTO
[UKJIa 32 PaXyHOK TIOJIOBKEHHS CTa lii IpPOeCcTpycy B
HE3aJIe)KHOCTI Bil TOro B sKil CTajii ecTpaibHOro
LUKJIa 3HaXOAMWIIACs ITyPHUIS HA MOMEHT TpaBMaTHI-
Horo BIDIMBY. KITiTHHHNMI CKITaj] BariHaTBHIX Ma3KiB
y IIypHIb €KCIICPUMEHTAIBHOI ITPYIIH MOKa3aB 3MEH-
IIEHHS KUIBKOCTI BEIHMKHMX SICPHUX KIITHH Ta
0e3’sIIepHUX 3pOTOBIIHX CIiTeNialbHUX KIITHH. Bu-
SIBIICHI 3MiHA MOXITHBO PO3TIISAATH K PaHHINA Map-
Kep penpoayKTUBHOI TUCHYHKIIT Micis BIUIUBY yJa-
PHOT XBHJII.

IlepcnekTHBHU MOAATBLIINX PO3POOOK

OTpuMaHi pe3yabTaTH I1iJ] 4ac MPOBEIEHOTO J10-
CJIIJPKEHHS I03BOJISIIOTH B MOJIANIBILIOMY IIPOJIOBXKUTH
BHBYEHHS TOPMOHAIIBHOTO CTaTrycy Ta Mop(oJorid-
HUX 3MiH SI€YHMKIB MiCJs BIUIUBY EKCIIEPUMEHTAIIb-
HOi BHOYXO0-1HAYKOBaHOT TPAaBMH I'OJIOBHOTO MO3KY.

Indopmanisa npo koHikT iHTepeciB

[MoteHmiitanX a00 SBHUX KOH(QIIIKTIB iHTEpECIB,
10 TIOB’sI3aHi 3 MM PYKOITMCOM, Ha MOMEHT ITyOi-
Kallii He iCHy€e Ta He nependayaeTbes.

xepesia ¢piHaHCYBaHHS

JlocmimKeHHST BUKOHAHI B paMKaX HayKOBO-II0C-
ainHOT Temu «JlociimkeHHs Mop¢doreHe3y opraHis i
TKaHHUH Y €KCIIEPUMEHTAIbHIX TBAPHUH 1 JIFOJAWHH i1
BIJINBOM 30BHIIIHIX 1 BHYTPIIIHIX ()aKTOPiB B OHTO-
TeHe31» (HOMEp JIep>KaBHO1 peectpanii
0124U005025).
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JAeopeunkuii /I./1., Koznos C.B. Oninka ecTpajbHOro NHKIY Y IIypiB Micjasl eKcnepuMeHTAJIbHOI BH-
O0yxoiHAyKOBaHOI TPABMH I'OJI0BHOTO MO3KY.

PE®EPAT. [IpoBeaenuii aHalli3 HAYKOBUX JPKEPEl, B SIKUX BUBYAIIUCS 3B’ S13KH MK OTPUMAHOI TPaBMOIO
TOJIOBHOT'O MO3KY Y JKIHOK, 30KpeMa JIETKOT0 CTYIEHIO, Ta MOTSHI[IITHUMH HACIIIIKaMH ISl PENPOAYKTHBHOI (y-
HKIIi1, TOKa3aB, 1110 Ha Liei Yac iCHYIOTh MeBHI MPOTAJIMHYU 100 MOTEHIIHHUX MEXaHI3MiB PO3BUTKY MOPYIICHHS
MEHCTPYAJIFHOTO UKy, HECIIPUATIMBHUX HACII/IKIB BariTHOCTI y JKIHOK IIICJISi CTPYCY T'OJIOBHOTO MO3KY, SIKMA
BUHUK, sIK 1 B pe3yJIbTaTi KOHTAKTHOI TPaBMH, TaK 1 B pe3yJIbTaTi BINIMBY BUOYX0BOI y1apHOi XBUIIi. BpaxoByroun
11e HamMu OyJia BU3HaYECHA MeTa HAIIOT0 JAOCIi/KEHHs — OLIHUTH TPUBAIICTH Ta CTPYKTYPY €CTPAILHOTO LUKITY Y
011X caMUIIb LIypiB ITiCJIS BIUIMBY NOBITPSIHOT yaapHOi xBuiti. MeToau. J{i1st BUpillIeHHsI METH JIOCIIDKEHHS 0YII0
3arydeHo 40 O1IMX CTaTeBO3PUIMX caMUIb IIypiB. s JOCIIKEHHS TPUBAJIOCTI Ta CTPYKTYPH €CTPAIBLHOTO IHU-
KIIy y caMuIlb KOXHOTo HS Mixk 9 Ta 11 panky ynponosx 14 116 orpumyBanu BariHansHi Ma3ku. Bei mypui, siki
Oymu ozibpaHi JuTs y4acTi B eKCIiepUMeHTi, Oy posmiieri Ha 4 rpynu: intaktHa (n-10), kouTponsHa (n-10),
eKcrepuMeHTanbHa rpyma (n-10), Ha aKky OyB cpsAMOBaHMI BIUIMB YAAapHOI XBIJI B (a3i ecTpyca, eKCIIeprMeH-
TanpHa rpyna (n-10), Ha Ky OyB cipsIMOBaHMI BIUIMB yapHoi XBHJIi B (ha3i giectpyca. IloBiTpsHa yaapHa XBHISA
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BIATBOpIOBaJIACs B IPUCTPOI AJIst OCIIKEHHS ii HAa OpraHi3M ynapHoi XBuii BUOyxy. [t OoTpuMaHHs BariHab-
HHMX Ma3KiB HamMy OyJia 3aCTOCOBaHa TEXHiKa BariHAJILHOTO JaBaxy. CTaTUCTHYHO-MaTEMaTHYHUH aHai3 KUIbKi-
CHHMX ITOKa3HHUKIB €CTPaJIBbHOIO LUKJY MPOBOAMIN 32 JAOIIOMOI'0I0 KOMIT FOTEPHOI MPOrpaMH CTaTUCTUYHOI 00po-
oxu manux STATISTICA 6.1. PesyabTaTu. SIKicHUIA IUTONOTIYHUI aHAaNi3 BariHATBHUX Ma3KiB y eKCIIEPHMEH-
TaJIHOT TPYIH LIYyPiB [M0Ka3aB, IO IX KJIITHHHHUI CKiiax OyB NpeACTaBICHUH a00 MOOJTUHOKMMH, 200 MOMIpHOIO
KUTBKICTIO HEUTPO(LTiB, BEITUKOIO KUTBKICTIO MaJMX SOCPHUX KIITHH, BIICYTHICTIO BENMKUX SEPHUX KITiTHH,
0e3’aaepHUX 3pOTOBUIHNX KIIITHH, Ta IOMipHOIO a00 3HAYHOIO BiTHOCHOIO IMIBHICTIO KITITHH. 32 JAHUMH [UTOJIO-
TIYHOTO aHANi3y BariHAJFHUX Ma3KiB y IIyPHIb, SKi 3a3HAIN BIUIMBY MOBITPSIHOI yJapHOi XBWII, B IIOCTTPaBMa-
TUIHOMY TIepiozi OyJv BUSABJICHI 3MiHH SK Y TPHBAJIOCTI €CTPATFHOTO IUKITY, TAK i B TPUBAJIIOCTI OKPEMIX CTaIii
ecrpanbHoro mukiy. Ilincymok. ExcriepiMenTanbHa BHOYX0-iHIyKOBaHa TpaBMa OJIOBHOTO MO3KY Y CTaTeBO3-
PUIHMX IypHLb MPU3BOAMIIA IO IOIOBKEHHS TPHBAIOCTI €CTPAIBHOIO IIMKIIA 33 PAXYHOK ITOJJOBXCSHHS CTalil mpo-
€CTpyCy B HE3aJISKHOCTI Bijl TOTO B sIKiH CTaAii ecTpaibHOrO MK 3HAXOAMIIACS IYPHIS HA MOMEHT TPaBMaTH-
YHOTO BIUIMBY. KIIITHHHMH CKJ1a]] BariHaJIbHAX Ma3KiB y IIYPHIb EKCIIEPUMEHTAILHOT TPYIIH T0Ka3aB 3MEHIIICHHS
KIJIBKOCTI BEJIMKUX SAEPHUX KIITHH Ta 6€3’AepHUX 3pOTOBUINX eHiTeNiaIbHIX KITITHH. BUsABIEHI 3MiHU MOXKJINBO
PO3IIISIATH SIK paHHIN MapKep penpoyKTHBHOI AUCQYHKIIT MiCIs BIUIMBY yIapHOT XBHJIL.

KarouoBi ciioBa: BuOyxo-iHayKoBaHa TpaBMa roJIOBHOTO MO3KY, €CTPAJIbHUN IIMKJI, BariHAJIbHA LUTOJIOT,
011 1IypH, EKCIICPUMECHT.
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lvankiv O.L. DX, Regeda M.S. "/, Diachok I.L. Significance of immune system parameter changes for the
pathogenesis of experimental allergic alveolitis and pneumonia.

Danylo Halytsky Lviv National Medical University, Lviv, Ukraine.

ABSTRACT. Relevance. The problem of bronchopulmonary diseases remains relevant today. According to experts, the
state of the immune system is considered one of the leading influences on the development and manifestations of pulmonary
pathology. The aim of the study is to identify and compare the characteristics of changes in certain immune system indica-
tors and to determine their role in the pathogenesis of experimental allergic alveolitis and experimental allergic alveolitis,
combined with experimental allergic alveolitis. Methods. The guinea pigs were divided into three groups: the first group —
intact animals — control (10); the second group (experimental) — animals with experimental allergic alveolitis (EAA): on the
Tth, 14th, and 21st days of the experiment (27); the third group (experimental) — guinea pigs with combined pathology of
EAA and experimental pneumonia (EP), also on the 7th, 14th, and 21st days of the experiment (30). EP and EAA were
induced using the method of Reheda M.S. (2024). The animals were decapitated under chloroform anesthesia at the above-
mentioned time points of the experiment. Results. Our results suggest that under the conditions of development of experi-
mental allergic alveolitis, combined with experimental pneumonia, there are quite significant changes in the immune system.
This was manifested by a decrease in serum T-lymphocyte levels of guinea pigs both in the development of experimental
allergic alveolitis and experimental allergic alveolitis, combined with experimental pneumonia. At the same time, these two
investigated pathologies are accompanied by the activation of the humoral level of immunity, which was manifested by an
increase in the concentration of B-lymphocytes and the interest of serum of guinea pigs in all terms of the studied pathology.
It is also established that the experimental allergic alveolitis is associated with experimental pneumonia and more significant
disorders of cellular and humoral immunity. Conclusion. Experimental allergic alveolitis, especially when combined with
pneumonia, leads to a gradual suppression of cell-mediated immunity (decrease in T-lymphocytes) and activation of humoral
immunity (increase in B-lymphocytes and circulating immune complexes (CIC)), with the combination of alveolitis and
pneumonia causing more pronounced immune disorders, particularly in the early stages of the pathology.

Key words: experimental pneumonia, experimental allergic alveolitis, T-lymphocytes, B-lymphocytes, circulating immune
complexes, immune system.
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Beryn

CroronHi B YKpaiHi BHCOKa IOIIMPEHICTH 3a-
XBOPIOBaHb OPOHXOJIETEHEBOI CHCTEMH POOHTH ITI0
npoGiieMy 0co0aMBO akTyanpHOw0. [1-5]. Ha aymky
(haxiBIiB, OJTHIM i3 MPOBIJHHUX BIUIUBIB HA PO3BUTOK
Ta TPOSIBU JIETEHEBOI IATOJIOTii BBa)KA€ThCS CTaH
iMmyHHOI cucteMu. OCKIUTBKH, caMe i Yac po3JaliB
IMYHHOT CHCTEMH, PO3BUBAIOTHCS 3HAUHI 3MiHH Opra-
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HIB 1 CHCTEM, PE3UCTEHTHOCTI OPraHi3My, IO MPH3-
BOJIUTH JI0 3aTSDKHOTO Mepediry XBopoou, 3HMKEHHS
eeKTHBHOCTI JTiKyBaHHs i HaBiTh, cMepTi [5-8].

Jlst 3axucTy JereHb, OpOHXIB BiJ MATOTEHHUX
YHHHUKIB (BipyciB, MiKoOaKTepiif, IpuOKiB iH.) Ta 1mo-
3aKJIITHHHAX OPTaHi3MiB, SIKi B&XKKO ITiIA0THCS (a-
TOLIMTO3Y, Iy>Ke BOXIIMBOIO € crienn(iyHa iMyHHa Bi-
anoBine [9]. Indexuii, Mo YHHKAIOTh MPUPOJHUX 3a-
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XHCHHUX MEXaHi3MiB, BUPOOJISIOTh aHTUT'CHH, 1110 [IPO-
BOKYE PO3BUTOK aHTHUreHcnenudiunoi npomideparnii
ta qudepennianii B-mimdpouutis [10].

SIk BiOMO, 3 JiTEpaTYpHUX JOKEpes, CTaH ajaarl-
TaliiHUX MO>JIMBOCTEH IMYHITETY OpraHi3my 3aie-
JKUTPH BiJl TIO€THAHHS HecHeUU(piYHUX Ta crenudid-
HHUX KJIITHHHUX Ta TYMOpPAaIbHHX CKJIaJOBHX, IO
BKJIQIA€ETECA B TOHATTA (YHKIIOHYBAaHHS IMYHHOI
cuctemy, sk ¢akropy romeocrasy [11, 12 ]. Orxe,
pO3Jaju B Wi CKIIAAHINA CHCTEeMI, CIpUIHHEHI ArcOa-
JAHCOM IUTOKIiHIB [ 13], 3HIKeHHSIM poOoTH (haroru-
TiB, ITOCJTa0JICHOI0 aKTUBHICTIO IMyHHHX KOMILJIEKCIB
OpraHi3My JIOAUHY. 3 i€l TOUKH 30pY, BUBUCHHS Me-
XaHI3MIB 3pyIIEHb Yy PI3HUX JIaHKaX IMYHHOI CHC-
TEMH, JI03BOJISIE TIPOAHANI3YBaTH Nepedir naTosoriv-
HOTO IPOLIECy, aJIeKBaTHICTh Ta €()EKTHUBHICTD JIIKY-
BaHHS Ta CHPOTHO3YBAaTH MOXJIMBI HACIiJIKH XBO-
po6u [11, 12].

Kpim ToT0, BOKITMBO MiAKPECIUTH, 11O HA TPY-
HTI THEBMOHi{ MOXYTh BHHHKATH IHII 3aXBOPIO-
BaHH, 30KpEMa, TaKi sIK aJlbBEOIIT, THEBMOHIT, IIIe-
BpHT, OpoHXianpHa acTMa Ta iHmi. Ha ckoromui Mo-
JKEMO TOBOPUTH IIPO MOJKIIMBI €TIOJNIOTIUHI YHHHHUKA
X XBOPOO, MPOTE 3aINIIAIOTHCS HE JI0 KiHIS BUBYE-
HUMH 3Ha4€HHS Ta POJb 3MiH MOKa3HHUKIB IMYHHOI
CHCTEMH JUJIsl TIATOTreHe3y aJepriiHOro anbBEOJNiTy,
HOEJHAHOTO 3 THEBMOHIEIO.

Merta nocnmi/pKeHHsS: 3'SiCyBaTh OCOOJUBOCTI
3MiH Ta POJb ACAKUX MOKA3HHUKIB IMyHHOI CHCTCMHU:
T- i B — niMm¢pouuTiB Ta MUPKYTOIOYNX IMYHHIX
komriekciB (IIK) cupoBaTku KpoBi I maToreHesy
PO3BHUTKY E€KCIICPUMEHTAIBHOIO aJIepTiifHOTO abBe-
OJIiTY, aCOLIHOBAHOTO 3 KCIICPHMECHTAJIBHOIO ITHEB-
MOHIE€I0.

Marepiaau Ta MmeToan

ExcriepuMeHTaNnbHI OCITIDKEHHS 3A1HCHIOBAIN
Ha 67 MOPCBKHX CBHHKax (caMmipix) macoro Tina 0,18
- 0,22 kr. Yci npoueaypu, Mo CTOCYBaIKHCs MTUTAHb
yTpUMaHHs, JOIVISy, MapKyBaHHS TBapHH Ta BCi
IHII MaHIMyJsIii TPOBOMITKCS 13 TOTPUMAHHSM I10-
JIOKEeHb «EBPOINEChKOi KOHBEHLIT PO 3aXHCT Xpe-
OCTHUX TBapHH, SKi BUKOPUCTOBYIOTHCS ISl €KCIIe-
PUMEHTAIFHUX Ta IHIINX HayKoBHX Iinei» (Ctpac-
Oypr, 1985), «3aradpHUX ETHYHHUX MIPUHITUITIB SKCTIe-
PHMEHTIB Ha TBapHHax», yxBajieHux [lepmum Hami-
OHaJbHUM KoHrpecoM 3 Gioetuku (Kuis, 2001), 3a-
koHy Ykpainu No 3447 — IV «IIpo 3axucT TBapHH BiJ

JKOPCTOKOTO TOBODKCHHS» 3TiHO 3 TUPEKTHBOIO
Pagn €C 2010/63/EU npo noTpuMaHHS IOCTaHOB,
3aKOHIB, aIMiHICTPaTUBHUX NOJ0keHb JlepxkaB €C 3
MMUTaHb 3aXHCTY TBApHH, SIKI BUKOPUCTOBYIOTHCS 3
HaykoBOr MeTor [14, 15], mporokonom Ne4 3aci-
JaHHA KOMicii 3 NUTaHb €THKH HAayKOBHX [OCHi-
JUKEHB, EKCIIEPUMEHTAIHHUX PO3POOOK i HAYKOBHX
tBopiB JIHMYVY imeni [lammma TDamuipkoro Bifx
17.03.2025 p.

MoOpCBKi CBUHKH € KIACHYHUM OO0'€KTOM IS
MOJICITIOBAHHS aJICPTiHHUX Ta 3aMaJBbHHUX IPOIIECIB.
Mypu4akiB po3MOJUISUIN HA TPU TPYNH: HepIla rpyma
— IHTaKTHI TBapUHU — KOHTpoJb (10); npyra rpyna
(mocmigHa) — TBapUHKY 3 EKCIIEPUMEHTAIILHUM ajie-
priiiaum anbBeositoM (EAA): Ha 7, 14, 21 no6wu exc-
nepuMeHTy (27); Tpets rpyna (IocniHa) — MOPCHKI
CBHMHKH 3 MO€IHaHO0 natoiioriero EAA Ta ekcriepu-
MeHTanbpHOI0 MmHeBMOHiero (EIT) Takox Ha Ha 7, 14,
21 nobu exciepumenty (30).

EIl Ta EAA BigTBOproBamm 3a MeTonoM Perean
M.C. [16]. dekarmiTamiro TBApUH IPOBOIAHUIH 3 JOIIO-
MOTOI0 XJIOPO()OPMHOTO HAPKO3y Yy 3a3HA4YCHI BHIIE
TepMiHu excriepuMenTy. Bmict T- i B-nimgonuris y
KpOBi BU3Ha4au 3a MeToioM Yephymienko E.®., Ko-
rocoBa JI.C. [17], piBens L[IK — 3a metomom V.
Haskova, J.Kaslik [18, 19].

Craructuuny oOpoOKy pe3ynbTariB MPOBOANIN
3a kputepieM CThIOJIEHTa, 3 BUKOPHCTAHHSIM IpOrpa-
MHoro 3abe3neuenns Microsoft Excel 8.0. Po36ixkHo-
CcTi BBakanu goctoBipauMu npu p<0,05. s npose-
JICHHSI CTaTHCTHYHHUX PO3PaxyHKiB, CTBOPCHHS Ipa-
(ikiB 1 TAOIHIF BUKOPHCTOBYBAIH IIPOTpaMHe 3a0€3-
medeHHs RStudio v1.2.5042, a Takox eIeKTpOHHI
tabmumi Excel 3 makery MS Office 2010 3 Bukopmuc-
taHHAM JinensiiHoi nporpamu STATISTICA (Bep-
cist 6.1; cepiitnuit Homep AGAR 909 E415822FA).
[ocnigoBHICT CTaTUCTUYHHUX IPOLENYP BHKOHY-
BaJIM 3TiHO 3 pekoMenaarismu [20].

Pe3ysabTaTH Ta iX 00roBOpeHHs

Pesynbratu qociipKeHb MOKa3aiy, 110 B AWHA-
Mini po3Butky EAA (7, 14, 21 gobu) criocrepiranocs
JIOCTOBipHE 3HIKECHHS NMOKA3HHUKIB KIIITHHHOI JIAHKA
IMyHHOI CHCTEeMH, TOYNHAIOYH i3 14 mobu excrepu-
MeHTy (Tabmn. 1), mo craHoBmIIO 3HIKCHHS piBHA T-
nimMpouuTiB kpoBi Ha 23,9% (p<0,05) nopiBHSIHO 3
JIOCITITHOIO TPYIIOI0 MOPCHKHX CBHHOK Ta BiJIIOBIIHO
Ha 21 noby — na 29,0% (p<0,05).

Tabmuus 1

PiBenb L{IK cupoBaTKi KpoBI MOPCHKHX CBMHOK 332 YMOB PO3BHUTKY €KCIIEPHMEHTAIILHOTO aJIEPTiifHOTO ajlbBeo-
nity (EAA) Ha 7, 14, 21 100U ekcriepuMeHTy

Kontpons 7 moba 14 mob6a 21 moba
T-nimbonuru, % 471+35 47,51+3,5% 35842,9*% 33,4 £2,7*
B-nimdoruru, % 159+1,5 19,1 £1,6* 20,7 £2,1%* 22,3 4£2,2%
HIK, oguHUII ONTHYHOT TYCTUHU 38,3+1,8 46,3 +2,9% 49,5+ 1,9* 54,7+ 2,8%

IIpumitka: * - P < 0,05 BiTHOCHO KOHTPOJBHOI TPYIIH.
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Ha 7 no0y He Oyyo BCTaHOBIICHO JOCTOBIPHUX
3MiH. [{e Moske cBiTYnTH PO HMOBIpHE NPUTHIYCHHS
KJIITUHHOT JJaHKY IMYHITETY 32 YMOB po3BHTKY EAA.

KpiM Toro, HaMu NPOBOIMIIOCS TOPIBHSHHSA
OTPUMAaHUX JaHUX HE TUIBKM 3 TPYINOI0 1HTAKTHUX
TBapwHH, ajie i MK Pi3HIMH HiATPYIaMHU APYTOi JOC-
JIHOI TPYNH y MeXaxX TPUBAIOCTI JOCHIKyBaHOI
marosorii. Jlo mpuxmany, piBeHs T-mimdoruris y
KpPOBi 3HIDKYBaBCS Yy BCi JOCHIDKyBaHi moOu: Ha
24,63% (p<0,05) Ha 14 106y, Ta Ha 29,68% (p<0,05)
Ha 21 100y, mOpiBHIHO i3 MypUakamu Ha 7 - y 700y
MojentoBaHHs EAA. Takox BCTaHOBJICHO, 1110 Ha 21-

mry 100y crocTepiraeTbest TEHACHIIS 10 3HMKCHHS
LLOTO ITOKAa3HWKA, 110 HE3HAYHO BIAPI3HAETHCS BiX
JpyYroi MiArpynu 10CHiJHOI IPYIIH.

[Tpn BuBueHHi piBHA T-niMQONUTIB TPU MOE-
Haniil narosnorii EAA Ta EIl Oyno BcraHOBIIEHO Ha-
CTYIIHY 3aKOHOMIipHicTe. BimOyBamocs moctymose
3HIKCHHS piBHA T-IiM(OINTIB CHPOBAaTKH KPOBi B
JUHAMII PO3BHUTKY €KCIIEPHMEHTY, TOOTO JOCTOBi-
pHE 3HIKEHHA BKa3aHOTO IIOKa3HWKa Ha 27.6%
(p<0,05) criocrepiranu Bxe Ha 7 100y, Ha 14 100y —
Ha 31,6% (p<0,05) Ta 21 — Ha 35,7% (p<0,05) mpoTH
kouTpoto (Tabm. 2).

Tabmuws 2

[Mokaznuku konuentpauii T-nimdonutis, B-nimdonuris, LIIK cupoBaTki KpoBI MOPCHKHX CBUHOK 3a YMOB (op-
MYBaHHSI €KCIIEPUMEHTAILHOTO JIEPTiiHOTO albBEOJITY Ta MHEBMOHIi Ha 7, 14, 21 1o0u excriepuMeHTy

Konrpons 7 noda 14 noba 21 noba
T-nimdponutu, % 47,1+3,5 34,1 +2,8% 32,2 42,7* 30,3 £2,6*
B-nimdoruru, % 159+1,5 23,7 £2,3* 25,6 £2,4% 28,8 £3,2*
HIK, onuuumi ontuunoi ryctuan 38,3 + 1,8 54,9 £2,9* 58,7 £2,4% 69,2 + 3,8%
[Mpumitka: * - P < 0,05 BITHOCHO KOHTPOJIBHOT TPYITH.
PesynbraT nOCHiKEHb MOKa3aliH, 10 PiBEHb BucHoBknu

IHILIOTO TTOKAa3HMKa, SIKMH XapaKTepH3ye CTaH I'yMo-
paibHOTO iMyHiTeTy, B-nimM¢ouuriB KpoBi TBapuH
mig yac po3BUTKY EAA 3MiHIOBaBCS HACTYITHUM YH-
noM. Ta6x1.1 Ix piBens mocTynoBo minBumIyBaBCcs Ha
20,1% (p<0,05), mounHatoun i3 7-i OOM PO3BUTKY
ANBBEOIIITY Ta 3aJIUIIABCS CTAOUTFHO BIHCOKUM y Ha-
CTYITHI OCTIKYBaHi J0OHW, IO CKJIAJO 3POCTaHHS
mporo mokasHmka Ha 30,1% (p<0,05) i 40, 2%
(p<0,05) BigmoBigHo Ha 14 Ta 21 100U EKCIIEPUMEHTY
MOPIBHSHO 13 KOHTPOJIBHOI TIpymoro. Baxiuso, mo
JociipkeHHs piBHsa B-mimdouumTie 3a komopOigHOT
naronoriii EAA ta EIl moka3anu 3pocraHHs iX y
KpPOBI MOPCBHKHMX CBHHOK BifmnoBimHo Ha 49,05%,
61,0% tana 81,76% (p<0,05) mpoTu rpymnu 37J0pOBUX
TBapHH, 10 BKa3ye Ha BUPAKEHY aKTHBAIio B-yim-
(ormTiB 32 pO3BUTKY MoeaHaHOI maTojiorii EAA Tta
EIl. dus. Tabn.2.

Ha namy nymKy, 3HaYHHM JIOTIOBHEHHSIM JUIS
OIIIHKHA TYMOpPAJIFHOI JaHKH IMYHITETY Ta IMyHHOTO
CTaTycy 3arajom, OyJo BUBUEHHS HAMH PiBHS LIUPKY-
nrorounx iMmyHHux komiekciB (LIIK) cupoBarku
KPOBI mpu JocmipKyBanii matosorii. IIK y Hammx
JIOCHIIJDKEHHSIX 3MIHIOBAJIUCS HACTYIIHUM YHHOM.
Hamu Oy1io 3ahikcoBaHO AOCTOBIPHE ITiABUIIEHHS Pi-
Baa LIK 3a ymoB posButky EAA Ha 7 no0y Ha
20,88% (p<0,05), Ha 14 1oy — Ha 29,4%, Ta Ha 21
100y — Ha 42.8% (p<0,05) mpoTH iHTaKTHUX TBAPHH.
Ta6n.1. Toxi sk pW MOETHAHIA JOCTIIKYBaHIN 1ma-
TOJIOTIi crIocTepirasv JOCTOBIpHE Mi/IBUIICHHS PiBHA
HIK Ha 7 noOy Ha 43,34% (p<0,05), na 14 nody —
Ha 53,26%, Ta Ha 21 1006y — Ha 80,67% (p<0,05) mo-
PIBHSHO 3 KOHTPOJIGHOK TpYIOIO TBapuH. JluB.
Tabun.2.
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1. Busnauenns Bmicty T- i B-nmimdouuTis, L{IK
Ma€ Ba)XJIMBE 3HAUCHHS Uil MATOreHE3y PO3BUTKY
EKCTIEPUMEHTAIILHOTO aJIepTiiHOTO abBEOJIITY, aco-
Lif0BaHOTO 3 EKCTIEPUMEHTAILHOIO THEBMOHIEFO.

2. ExcriepuMeHTaNbHAN anepriiHui anbBEOiT,
SIK 1 eKCIIEpUMEHTANIbHE TTO€HAHHS aIEPTiifHOTO aJlb-
BEOJITY 3 ITHEBMOHI€IO HA JEIKHUX CTaisX CBOTO PO-
3BUTKY (7,14,21 mobu) cympoBOIKY€ETHCS TMOCTYIIO-
BUM 3HIKCHHAM T-1iM(QOIHMTIB, MO0 MOXE CBIAYUTH
Npo WMOBIpHE NPUTHIYEHHS KIIITHHHOI JIJAHKH IMYHi-
TETY Ta JOCTOBipHE 3pocTanHs B-mimporwmris Ta I[IK
CHPOBATKH KPOBI MOPCHKHX CBHHOK.

3. ExcriepuMeHTaNIbHUAN anepriiHUi anbBeoJiT
HOETHAHUI 3 EKCIIEPUMEHTAILHOIO THEBMOHIEIO BH-
KITUKA€E OUTBIN iCTOTHI PO3JIaIH KIIITHHHOT Ta TyMOpa-
JBHOT JIAHOK IMYHITETY, OCOOJIMBO HA paHHIX eTanax
HOT0 PO3BUTKY.

IlepcnekTHBY MOAANBIIMX A0CTiAKEHb

[TepcriekTHBH MOJANBIINX JOCIIKEHb MOXYTh
OyTH crpsMOBaHI Ha: BUBYEHHS POJIi OKPEMHUX CyO-
nonymsiniit T-nmimponurie (Hanpuknax, Thl, Th2,
Treg) Tta B-nimdouunTiB (Hanpukiaza, ruiazMaTuydHi
KJIITUHHY, KJIITHHH TaM'sITi) y PO3BUTKY IMYHHOT Bij-
HOBiJIi Ta aHaJI3 HUTOKIHOBOTO NPO(dIII0 CHPOBATKU
KPOBI JJIsl BU3HAYEHHS cHeuniuHIX HUTOKIHIB, 10
CIIPHUSIOTH PO3BUTKY IMyHHOI PeryJsii.

Indopmanis npo koHQJIIKT iHTepeciB

[Morenuiitanx abo sBHUX KOHQJIIKTIB iHTEpECIB,
110 MOB’sI3aHi 3 UM PYKOIIMCOM, HA MOMEHT Iy0JIi-
Kallii He iCHY€ Ta He mepe0a4aeThCs.

Jxepesia ¢piHaHCyBaHHS

JlocmipkeHHST TIPOBEJICHO B paMKax HayKOBO-
nociiHoi po6oTu «Poib MeTabomiYHuX Ta iIMyHHHIX
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MOPYILIEHB B IATOr€HE31 PO3BUTKY aJepriyHuX i 3ama-
JBHUX TIPOLECIB, CTpecy, aJpeHaJiHOBOIO MOIIKO-

JUKSHHSI MiOKap/ia Ta IX HaToreHeTHYHa Teparisy (Ho-
Mep zaepxaBHoi peectpanii 0120U105779).
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PE®EPAT. AkryaibHicTb. [Ipo0iemMa 3axBOproBaHb OPOHXOJIETEHEBOTO anapary 3aTHIIAETHCS aKTyalb-
HOIO U1 chorozieHHs. Ha nymky ¢axiBmiB, OHNM i3 IPOBITHHUX BIUIMBIB HAa PO3BHUTOK Ta MPOSIBH JIETEHEBOI Ia-
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TOJIOTii BBa)Ka€ThCs CTaH IMyHHOI cucTeMu. MeTa J0CiiUKeHHs — BUSICHUTH Ta TIOPiBHATH OCOOIMBOCTI 3MiH Jie-
KX IOKA3HHUKIB IMyHHOT CUCTEMH Ta 3CyBaTH iX POJIb JUIsl IIATOr€He3y EKCIIEPUMEHTAIBHOTO allepTiiHOTO aJlb-
BEOJIITY Ta EKCIICPUMEHTAIBHOTO AJIEPTriHHOT0 AJIbBEOJIITY, IIOEJHAHOTO 3 EKCIIEPUMEHTAIILHOIO ITHEBMOHI€10. Me-
ToaM. ExcriepuMeHTabH1 JOCTKEHHS 31CHIOBAIM HAa 67 MOPCHKUX CBUHKAX (caMmIpsix) Macoro Tina 0,18 - 0,22
Kr. Myp4akiB po3NnoauIsLIM Ha TP TPYIH: Heplla rpyna — IHTAKTHI TBapMHU — KoHTpoib (10); npyra rpyna
(mocnigHa) — TBapWHKH 3 €KCIIEPUMEHTAIBHUM anepriiianM anbBeolitoM (EAA): Ha 7-y, 14-1y, 21 -y nobu exc-
nepuMenTy (27); TpeTs rpyma (IociigHa) — MOPCHKi CBUHKH 3 ITO€THAHOIO TaTosoriero EAA Ta excriepuMenTa-
npHOIO THeBMOHI€to (EIT) Takox Ha Ha 7-y, 14-Ty, 21-y nobu exciepumenty (30). EII Ta EAA BinTBOproBanu 3a
aBTOPCHKOIO MeToankoro Perenn M.C. (2024). [lekamiTaliiro TBapiH MPOBOJHIH 32 JOITOMOTOI0 XJIOPO(POPMHOTO
HapKO3y y 3a3HaYCHi BHIIIEC TEPMiHH eKcTiepruMeHTy. Pe3yabTaTu. OTpnMani HAMH pe3yJIbTaTH JO3BOJISIFOTH CTBE-
PIDKYBaTH, IO 38 YMOB PO3BHTKY €KCIIEPHUMEHTAILHOIO alepriiHOr0 ajJbBEOJITY, IOEAHAHOTO 3 eKCIePUMEHTa-
JILHOIO ITHEBMOHI€IO BiI0YBarOTHCS JOBOJI 3HAUHI 3MiHU 31 CTOPOHH IMYHHOI cucteMH. Lle mposBIisiiocs 3HIKEeH-
HM piBHS T-1iM(OUINTIB CHPOBATKM KPOBI MOPCHKHX CBHHOK SIK 32 YMOB PO3BHTKY €KCIEPHUMEHTAIBLHOTO ajiep-
TIfHOTO AJIBBEOJITY TaK 1 €KCIEPUMEHTAIBLHOTO aJepriiHOTO aJIbBEOJITY, IMOEAHAHOTO 3 EKCIIEPUMEHTAIHHOIO
nHeBMoOHi€0. OHOYACHO Il JABI JOCIHIIKYBaHI MATONOTI] CYNPOBOJUKYIOTHCSI aKTHUBAII€I0 TYMOPAIBHOT JIAHKH
IMYHITETY, IO NPOSBIIAIOCS MiABHUIIEHHSIM KoHUeHTpauii B-nimponuris Ta L{IK cupoBaTku KpoBi MOPCBHKHX
CBHMHK Y BCi TEpMIiHH JOCIIXKyBaHOI maTonorii. Tako)X BCTaHOBIICHO, L0 EKCIIEPUMEHTAIBHUI ajlepriiHuN ab-
BEOJIT acOUiHOBaHMH 3 EKCIIEPIMEHTAIFHOIO THEBMOHIEI0 BUKIIMKAE OUTBIN iCTOTHI pO3Maan KIITHHHOL Ta TyMO-
panpHOI TaHOK iMyHITETY. BuCcHOBOK. EXcrieprMeHTabHIN aJepTiiHui aTbBEOIIT, 0COOIMBO B IOETHAHHI 3 ITHE-
BMOHI€I0, IPU3BOANUTH 10 ITOCTYIIOBOTO MPHUTHIYEHHS KIITHHHOI JIAHKH IMYyHITeTY (3HIDKeHHS T-mimMdonunTis) Ta
aKTUBAIi{ TYMOpalbHOI JTaHKH (3pocTaHHsa B-mimdonutie ta LIK), npudomMy moenHaHHS albBEOTITY 3 MHEBMO-
HI€I0 BUKIIMKAE OUTHIN BUPaKeHI IMYHHI PO3JIaii, OCOOIMBO Ha PaHHIX eTalax pO3BUTKY HaTOJIOTII.

KarouoBi ciioBa: ekcriepyMeHTanbHa ITHEBMOHIS, €KCIIEPUMEHTAILHUN anepriituuii anbBeounit, T-nimdo-
T, B-iMdonuty, NUpKy:Iror0Yi iIMyHHI KOMITIEKCH, IMyHHA CHCTEMa.
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ABSTRACT. Relevance. Hydrogen sulfide (H2S) is currently recognized as the third gas transmitter, along with nitrogen
oxide and carbon monoxide, performing important signaling and regulatory functions in the cardiovascular and hepatobiliary
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the omega-3/omega-6 ratio. This is a positive prognostic sign of changes in the fatty acid composition and characterizes the
optimization of metabolic processes. Conclusion. Our results indicate that the introduction of hydrogen sulfide (NaHS)
donor contributed to positive changes in the fatty acid composition of total lipids in the myocardium and liver. Under con-
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Beryn

Tpporen cynbdin (H.S) ympomoexk ocTaHHIX
JIBOX JECATHIIITH PO3IIIAJA€THCS K BaXKJIMBUH €HIO0-
TeHHHH ra3oTpaHcMiTep, o 6epe yuacTs y peryJsuii
CepleBO-CyMHHOT, HEPBOBOI Ta TpaBHOI cucteM. Bin
CHUHTE3Y€EThCS (DepPMEHTATHBHUMH IUIIXamu. [1,2].
Cepen ex3oreHHUX H0HOPiB H,S Haltmupie 3acToco-
ByeThCsl HaTpito Tigpocynbdin (NaHS), sxuii mBu-
ko BuBLNBHAE H,S y GiomoriyHmx cucremax. Horo
e(eKTH JOCTIHKYIOThCS Y KOHTEKCTI KapaionpoTeK-
mii Ta remaromnporekmii [3]. B excmepuMeHTamBHIX
MoJemsix imemii-penepdysii cepust BBenenus NaHS
3MEHIYE po3Mip iH(APKTHOT 30HU, 3HHXKYE aronTo3
KapJiOMIOIMTIB, ONTUMI3ye (YHKIIII0 MITOXOH/PIH 1
CIpHsE BiJHOBJICHHIO CKOPOTIMBOI 31aTHOCTI [4,5].
Takox BiJ3HAYAETHCS AHTHOKCHJAHTHHH edekT
NaHS uepe3 mifBHIIEHHS aKTUBHOCTI CYIEPOKCHII-
JUCMYTa3! Ta TIyTaTIOHIEPOKCHIA3H, IO 3MEHIIy€E
IHTCHCHUBHICTh OKCHIIATHBHOTO cTpecy [6].

VY neuinni goHopu H,S mposBISIOTH MPOTEKTO-
PHY Hif0 TIPH iMIEMIYHOMY YpaXKeHHI Ta HEaJKOTOJIb-
Hill )xupoBiit xBopoOi. 3okpema, NaHS 3nmaten iHTi-
OyBatu aktuBauito iHpamacomu NLRP3, 3Hmxky-
BaTH PIBEHb €HJIOIUIA3MaTHYHOTO CTPECY Ta 3arajb-
HHUX IIMTOKIHIB, @ TAKOXK TaJIbMYyBaTH PO3BUTOK (i0-
po3sy [7,8]. IlokazaHno, 1o ex3orennuii HaS Mmoaymroe
curnanbHi nusixu SPHK1/S1P ta AMPK, 1o cripusie
HOpMaJTi3aIii MeTaboJIIYHOTO CTaHy remaTonuTiB [9].

VY cydacHUX OIJIAAAX MiAKPECTIOETCS, 10 3aXH-
cHa nist NaHS Mae 1030- Ta yacoBo3asIe)KHAHN Xapak-
Tep: HU3bKi Ta MOMipHI KOHIIEHTPAIIi] TepeBaXHO YH-
HATh TPOTEKTOPHUH e(eKT, TONi SK HAITUIIKOBI
03U MOXyTh OyTH TokcwmaHmMH [2,10]. BomHowac
aKTUBHO JIOCIIIKYIOTECSA HOBI, ITOBUTEHOBHIUIAIOU]
Ta MITOXOHApiaJdbHO-TapreToBani noHopu H.S, ski
MOXYTb MaTW BHIIMHA TEPaneBTUYHUI IOTEHIia
[11].

TakuM 4MHOM, CyuacHi JiaHi cBig4ath, mo NaHS
€ TIEPCIIEKTUBHUM IHCTPYMEHTOM IJIsl MOJICIIOBAHHS
Ta KOpeKii mopyueHs y cepii ta nedinui. [Ipore ms
KIIIHIYHOTO BUKOPUCTAHHSA HEOOXiJHI MOJANBII J10-
KIIIHIYHI Ta KIiHIYHI JOCTIKCHHS, CIPSIMOBaHI Ha
ONTUMI3AIlif0 JI03yBaHHS, BUBYCHHS (papMaKOKiHe-
THKH Ta CTBOPEHHS CEJICKTMBHUX CHCTEM JIOCTaBKH
H.S.

Merto10 nociiKeHHs 0yi0 3’ ICyBaHHS BIUIUBY
rigporeH cynbgiay Ha 3MiHH KHPHOKHCIOTHOTO
cknany (PKKC) zaranshux ninigis (3J1) miokapay ta
MEYiHKU eKCIIEPUMEHTAIbHUX TBAPHH (IIypiB) Ta M0-
piBasinast 3min JKKC 3J1 y niux opranax 3a jii JoHopa
rigporeHcyabdiny.

Marepianu Ta meToau

VY nociimpkeHHi Oyiy 3aisHI CTaTeBO3PL IIypi,
SKi yTpUMYBaInCh B yMoBax BiBapito JIHMY imeni
Janwnna [anmuubKoro Ta BUBOAMINCS 3 EKCIIEPUMEHTY
NUIIXOM JIeKamiTamii mja anectesiero. JlocmimKeHHs
MPOBOJIMIIN IIICJIST OTPUMAHHS TO3UTUBHOTO BUCHO-
BKy KoMicii 3 muTanp Gioetuku (mpotokon Ne | Bix
20.01.2015 p.), 3rizHO MiKHApOTHUX NPHHIUIIB
«EBpONENChKOI KOHBEHINI MPO 3aXUCT XpeOeTHHX
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TBapyH, 1110 BUKOPHCTOBYIOTH JUIsl EKCIIEPHUMEHTIB 1 B
IHIIMX HaykoBUX Hsix» (CtpacOypr, 1986) Ta 3 no-
TPUMaHHIM 3arajlbHUX €TUYHHMX HPUHLUIIB IIPOBeE-
JICHb EKCIIEPHMEHTIB Ha TBapHHaX, 1[0 BUKOPHCTOBY-
I0Th JIJIs eKCIIEPUMEHTIB Ha TBapUHAX, yXBaJleHnX [H-
TepHAIlIOHATEHUM KoHTpecoM 3 Oioermkn (Kuis,
2001), 3axony Ykpainu Ne 3447 IV «IIpo 3axucT TBa-
PHH BiJ )KOPCTOKOTO ITOBODKEHHS» 3TiIHO 3 TUPEK-
tuBoro Pangn €C 2010/63/EU npo moTpuMaHHS OC-
TaHOB, 3aKOHIB, aIMiHICTPaTUBHUX ITOJIOKEHH Jlep-
xaB €C 3 IHTaHb 3aXUCTY TBAPHH, SIKi BHKOPHUCTOBY-
I0ThCS 3 HAyKOBOIO MeToro [12,13]. 1y BU3HAUCHHS
HEOOXITHUX MapaMeTpiB y Jociifax Oyna BUKOpHUC-
TaHa KUIBKICTh TBapuH, sika 0 3a0e3nevyyBaa cTaTuc-
THYHO JIOCTOBIPHI pe3yJIbTaTH.

MarepianioM ajsl JOCTIJDKEHb OynaH cepleBHi
M’s3 Ta MeviHka. TBapuH BUBOJMIM 3 EKCIIEPUMEHTY
i 3arajJIbHOI0 aHECTE3ICI0 MUIIXOM IIBUIKOI JEKa-
mitamii. ¥ 1iit cepii JOCHIKEHb B eKCIIEPUMEHTANb-
HUX TBApHH BH3HAYAJM IMOKA3HUKH XUPHOKHCIOT-
Horo cknany (KKC) zaranpaux mimigis (3J1) y mioka-
pAi, mediHi.

VY nmepuiii JOCHiAHIN TpyIi BU3HAYaIM IOKa3-
Hukn JKKC 3J1 uepes 30 xB micis BBEJCHHS JOHOpa
cipkoBoaHto NaHS y no3i 7,4 Mr/kr BHyTpilIHbOYE-
PEBHO.

Y npyriit gocniaHii rpyri ui NOKa3HUKH BU3HA-
yanu yepe3 1 noOy micns BBenenns NaHS. Konrpo-
neHIN rpymi BBoxuBcs 0,9 % pozunn NaCl 3 pospa-
xyHKy 0,1 Mi1/100 T Macu Tina mrypa.

MetuinoBi edipu KHUPHUX KHCIOT IOCIIKY-
BalIM 3 BHUKOPHCTaHHSAM Ta30piAMHHOTO XpPOMAaTor-
pada «Chrom-5» («Laboratorni pristroje», Praha) i3
moryM'stHo-i0H3amiiHUM aetekropom (FID). 3ammc
pe3ynbTartiB XxpomarorpadiuHoro anamizy — audepe-
HIllanpHui [14,15].

MeTroJ0M pO3paxyHKy «BYIJICLIEBHUX YHCEI»
3niiicHIOBaH i1eHTH(iKalliI0 TIKIB Ha XpoMaTorpami
i3 BHUKOPUCTaHHSAM XIMIYHO YHMCTHX, CTaHJApTHUX,
reKCaHOBUX PO3YMHIB METHIIOBUX e(ipiB )KUPHHUX KH-
CIIOT.

BMicT okpeMux >KHpHHX KHCIIOT 3a pe3yJbTa-
TaMH Ta30XpOMaTOrpa(iqHOro aHamizy po3paxoBy-
BaJIH 3a (POPMYIIOIO, SIKa BKIIFOUAE B ceOe IMONpPaBKOBI
KOeQIIEHTH IS KOXKHOT TOCIIKYBaHOT YKHUPHOT KH-
cinotu. [TonpaBkoBi koeilliEeHTH BU3HAYAIHU SIK Bij-
HOIIEHHS TJIOI TiKiB (30KpeMa BHUCOT ITiKiB) MalbMi-
THHOBOI (BHYTpIIIHS HOpMa Ta BHYTpILIHIH CTaH-
JIapT) 1 AOCIIHKYBaHUX HKUPHUX KHUCIIOT MPU KOHIIE-
Hrpauii 1:1. Pexkxum poOOTH ra30piIMHHOTO XpOMAaTo-
rpadigHoro amapary — izotepmiunuii [ 16]. CratucTtu-
YHHHA aHalli3 OTPUMAHUX PE3yIbTATIB JOCIIKCHBb
MIPOBEJICHO METO/IOM BapialliifHOi CTaTUCTUKH 3 BU-
KOpHUCTaHHAM t-kpHuTepito CThIOIEHTa Ta i3 3aCTOCy-
BaHHAM IIEPCOHAIBHOTO KOMI'IoTepa (mporpama
Microsoft Excel 2011, Bepcis 14.4.0 (140226)). Pi3-
HUIIO MK CepeHIMU apu(METHIHIUMHU 3HAYCHHIMHU
BBaKaJIM CTATHCTUYHO BiporigHoto mpu p<0,05. dis
JOCITI/PKEHHST B3a€EMO3B’ 13Ky TIOMIDK aHaJIi30BaHUMH
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03HaKaMHu OyJIO IPOBEACHO PO3PAXyHOK MAPHUX KOE-
¢imienTiB kopensuii 3a metogom Ilipcona [17].

PesysabTaTH Ta iX 00roBOpeHHs

Bcranosieno, mo Ha 30-i XBUIHHI 3 Yacy BBe-
JICHHS JIOHOPA CIpKOBOJHIO PIBCHb HACUYCHUX JKUP-
HUX KHCJIOT Y CKJIaJi 3arajlbHUX JIMiIiB 3HIKYETHCS
100 KOHTPOJIIO SIK y TIEUiHIIi, TaK i B Miokapi (Tab.
1, 2).

VY nedini HaiO1TBIIO0 MiPOFO MO0 KOHTPOJIIO
3MCHIIYETHCS PIBEHb TaKUX KHUCIOT: KaIPHIOBOI KH-
ciotu (C8:0) Ha 33% (p<0,05), xampuroBOi (C10:0)

— Ha 25% (p<0,05), naypunosoi (C12:0) — Ha 20%
(p<0,05), mipuctunoBoi (C14:0) — na 14% (p<0,05),
nerrasexanoBoi (C15:0) — na 17% (p<0,05), apaxi-
HoBOT (C20:0) — Ha 25% (p<0,05).

VY cepueBoMy M’s3i BiMiU€HO BipOTiTHE 3HU-
KeHHs BMicTy kKanpuHoBoi (C10:0) i maypuHOBOI KHI-
cmor (C12:0) ma 10 % (p<0,05), mipucTuHOBOI
(C14:0) — ma 13 % (p<0,05) cTOCOBHO KOHTPOIIIO
(Tabm. 2).

Tabuuus 1

Moaudikais )KUPHOKHCIIOTHOTO CKJIay 3araybHuX JinifiB (Hacudeni J)KK) medinku niypiB 3a yMOB BBEJCHHS
JoHopa cipkoBoaHto (%, M+m, n=6)

KupHi kucnoTH, Koa KonTponb NaHS NaHS

30 xB 24 ron
Kampwumosa 8:0 0,113+0,008 0,075+0,006* 0,0870+0,007*
Kampurosa 10:0 0,200+0,016 0,150+0,013* 0,172+0,011*
Jlaypunosa 12:0 0,300+0,014 0,240+0,016* 0,252+0,017*
Mipuctunaosa 14:0 0,488+0,026 0,420+0,021* 0,439+0,022*
IlenTamexanona 15:0 0,288+0,023 0,238+0,021* 0,270+0,022
TTanemiTuHOBa 16:0 5,600+0,380 5,190+0,354 5,432+0,375
Creapunosa 8:0 8,601+0,422 8,090+0,418 8,170+£0,425
Apaxinosa 20:0 0,200+0,012 0,150+0,012* 0,172+0,130*
Cyma HacHYeHUX 15,790+1,230 14,553+1,260 14,994+1,32

[Mpumitka: * - nocroBipHicTh 3MiH (p<0,05) 111010 KOHTPOJIIO.

Tabmuus 2

Monudikaris >KUPHOKICIOTHOTO CKIaNy 3arajdbHuX JiminiB (HeHacmueHi JKK) miokapma mypiB 3a yMOB 3aCTO-

CyBaHHS JI0HOpa cipkoBoaHIO (%, M+m, n=6)

JKupHi KHCIOTH, KO KonTtpons NaHS NaHS

’ 30 xB 24 ron
Kanpunosa 8:0 0,078+0,004 0,073+0,005 0,074+0,006
Kanpunosa 10:0 0,190+0,008 0,171+0,007* 0,173+0,008
Jlaypunosa 12:0 0,300+0,013 0,270+£0,014* 0,270+0,014*
Mipuctunosa 14:0 0,460+0,021 0,402+0,020* 0,409+0,021%*
ITentranekanosa 15:0 0,290+0,024 0,276+0,023 0,276+0,021
ITansmiTuHOBa 16:0 9,140+0,721 8,96+0,759 9,049+0,789
Creapunosa 18:0 11,98+0,921 11,74+0,943 11,980+0,951
Apaxinosa 20:0 0,310+0,014 0,282+0,013* 0,279+0,014
Cyma HacMYeHUX 22,760+1,810 22,174+1,612 22,51+1,782

IIpumitka: * - mocToBipHICTE 3MiH (p<0,05) MO0 KOHTPOIIO.

VY mocmimxyBaHUX Oi0JMOTIYHHX MaTepiaiax 3a-
(hikcoBaHO TEHICHIIIIO O 3MCHIICHHS BMICTY ITaJb-
MitiHOBOI (C16:0) i creapuHOBOi (C18:0) Kucmor,
MUTOMA Bara sSIKUX HalOinbIIa cepel HACHICHUX JKH-
PHHX KHCJIOT Y CKJIaJi 3aralbHUX JiITiIiB.

Byno Takox BctaHOBYJeHO, 1o BB NaHS y
paHHI TepMiHHU Ticns Horo BBeneHHA (depe3 30 XB)
MPU3BOJUTH JIO 3MiHM KOMIIO3HIII{ CKJIaay MOJTiHEHA-
CHYCHHX >KHPHUX KHUCIOT 3arajbHUX JIMiiB Pi3HUX
TUMOIB mOJ0 KOoHTpomo. Yepes 24 ron 3 yacy BBe-
nennst NaHS piBeHb 3a3Hau€HNX HACHYEHHX XUPHUX
KHCJIOT OYB JTIOCTOBIPHO HIDKYHM IIOJO KOHTPOITO.

BogHodac y mediHIi BMICT KampHIOBOI KHCIIOTH
(C8:0) ma 16% (p<0,05), xampmuopoi (C10:0) —
Hal4% (p<0,05), menTanexanoroi (C15:0) — Ha 13%
(p<0,05), apaxinoBoi (C20:0) — Ha 15% (p<0,05) me-
PEBHIYBaB iX BEIMYMHH MOPIBHSIHO 3 MOMEPEAHIM
TEPMIHOM.

V nocrmigxyBaHux 00’ekTax 3aiKCOBaHO 3pOC-
TaHHS BMICTy oMera-3 »KHPHHUX KUCIIOT, 30KpeMa eii-
ko3amneHTacHoBoi (C20:5) na 12 % (p<0,05) i 13%
(p<0,05), a Takox moxo3arpreHoBoi (C22:3) Ha 15 %
(p<0,05) 1 11% (p<0,05) y neuinui Ta Miokapai Biz-
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noBigHO (Tadu. 3, 4). KpiM Toro, y neuiHui BCTaHOB-
JICHO JOCTOBIpHE MiJBHUILIECHHS BMICTY JIIHOJICHOBOI
(C18:3) (p<0,05), a Tak0oX TEHICHIIIO A0 3POCTAHHS

IHIIMX oMera-3 )KUPHUX KHCIIOT SIK Y MEYiHIl, TaK i B
MiOKap/Ii.

Tabmuug 3

Momudikariist J)KUPHOKHCIOTHOTO CKIAIY 3arajdbHuX JiminiB (HeHacwdeHi JKK) mewinku nypiB 3a yMOB BBe-

JIeHHs ToHOpa cipkoBoaHO (Y0, M+m, n=6)

KupHi KHCIOTH, KO Kontpomns NaHS NaHS
i 30 xB 24 rox
ITanemitooneinona 16:1 1,010+0,080 1,007+0,07 1,010+0,090
Oneinosa 18:1 31,300+2,705 31,800+2,902 31,394+3,001
Eiixozaenosa 20:1 0,163+0,006 0,180+0,008* 0,178+0,008
Jlinonesa 18:2 16,350+1,200 16,088+1,290 16,023£1,170
Eiiko3zaguenona 20:2 0,306+0,010 0,250+0,013* 0,266+0,014*
Jloko3anuenosa 22:2 1,200+0,060 1,080+0,050* 1,164+0,063
Jlinomenona 18:3 6,701+£0,315 7,360+0,334* 7,170+0,380
Eiikozatpuenona 20:3 2,405+0,140 2,340+0,160 2,284+0,190
Joxo3atpueHosa 22:3 1,412+0,035 1,617+0,041%* 1,567+0,039*
Apaxinzonosa 20:4 6,090+0,490 5,800+0,510 5,846+0,530
Joxo3arerpaeHoBa 22:4 2,850+0,017 2,680+0,019 2,708+0,0190
Eitko3anenTraecHoBa 20:5 1,750+0,095 1,964+0,110* 1,925+0,101%*
Jloko3amenracHoBa 22:5 5,480+0,425 5,870+£0,470 5,918+0,515
Jloko3arekcaeHoBa 22:6 6,805+0,315 7,173+0,480 7,145+0,475
Cyma HeHacHYeHUX 83,822+6,103 85,144+6,545 84,598+6,439
Cyma MOHOHEHaCHYEHUX 32,473+2,100 32,987+2,700 32,5824+2,600
CyMma noJiiHeHaCUUCHUX 51,349+4,360 52,157+4,400 52,016+4,320
Ingexc HaCHYEHOCTI 0,190+0,008 0,170+0,007* 0,180+0,080
o -3 20,736+1,700 22,367+2,030 22,158+2,010
o -6 28,001+2,100 27,093+2,190 27,12742,200
o -3/ -6 0,740+0,030 0,830+0,040%* 0,820+0,040%*

IIpmmitka: * - mocToBipHICTE 3MiH (p<0,05) m010 KOHTPOIIO.

HartomicTe BiIMIY€HO TEHIEHIIIO 10 3HIKEHHSI
piBHA omera-6 >KHPHHX KHCIOT 3arajlbHHUX JIMidiB,
cepell IKHX JIOCTOBIPHO 3MEHIINBCS BMICT €HKO03aH-
eHoBoi (C20:2) na 17 % (p< 0,05) y neuinmi Ta Ha
11% y miokapmai (p<0,05). Ilpu 11bOMy CITiBBiTHO-
IICHHS TOJiHEHACHYEHHUX J>KUPHHUX KHUCIOT OMera-
3/omera-6 3pocio moa0 KOHTPOIK B 000X opraHax
Ha 12% (p<0,05). Uepe3 24 roj CHiBBiJHOILECHHS
oMera-3/omera-6 3aJMIIAE€THCS JOCTOBIPHO BHIIMM
MIOZ0 KOHTPOJIIO Y TEHiHIli Ta CIOCTEPIraeThCs TCH-
JICHIIiS 10 HOTO 301IbIIEeHHS Y MiOKap/Ii.

OTtxe, mig BIMBOM H)S cTymiHE 3MEHIICHHS
BMICTY HACHYCHUX JXUPHUX KHCIOT i 3MiH OKPEMHX
BUIB HACHYCHUX XUPHUX KucnoT 3J1 y medinmi OyB
OinbI BUpaXeHHUH MOPIBHAHO 3 MiokapioM. I1po 1e
CBIIYMTh 3HIKEHHS CTOCOBHO KOHTPOJIIO 1H/IEKCY Ha-
cuuenocrti Ha 11% (p<0,05) y nediHi, Toxi sk y ce-
pIIi [eil MOKa3HUK MPAKTHYHO HE 3MiHUBCS (Tabi1.4).

Bussnennii xapakTep 3MiH KHPHOKHCIOTHOTO
CKJIay 3arajbHUX JIiMiAiB MiOKap/ia Ta HediHKH Man
NOoAIOHY CIPSIMOBAHICTb, sIKa Oylla TaKOXX BCTaHOB-
JIeHa y 3MiHax >KUPHOKHUCIOTHOTO cKiany docdodi-
MiIB IUX JOCHTIHPKYBaHUX 010CEPEIOBHII, IO BHSB-
JSUTHCSL Y 3MEHILICHH] BMICTY HAaCHYEHUX KUPHUX KH-
CJIOT Ta 3pOCTaHHI BMICTYy HEHACHYECHUX )KUPHHUX KH-
CIIOT.
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OTxe, OTpUMaHi pe3yIbTaTH CBIAYATh IPO aHa-
JOTIYHY CHpPSMOBAHICTh 3MiH JKHPHOKHUCIOTHOTO
CKJIaJy 3arajJbHHUX JIMiTiB MioKapAa Ta TCUYiHKH.
BrumB f0HOpa CipKOBOAHIO PU3BOMB JI0 3HU)KEHHS
PIBHS HACHYEHUX KMPHUX KHUCIIOT 3arajbHUX JIIiIiB,
3pOCTaHHsS PIiBHS HEHACHYEHHMX IKUPHUX KHCJIOT.
CmiBsigHoreHHs: omera-3/omera-6 ITHXKK y nocmi-
JUKYBaHMX TKaHWHAX 3aJIMIIAIOCS BUIINM II0JI0 KOH-
Tpostro yepe3 100y micist BBeaeHHs NaHS.

Binomo, mo omera-3 XHpHI KHCIOTH BHKOHY-
I0Th HU3KY TMPOTEKTOPHMUX (PYHKILIH: BOHH € Homepe-
THUKaMH TPOTH3aMaIbHUX MeniaTopiB (Pe30JBiHIB,
MIPOTEKTOPHHIB), OEPYTh Y4aCTh y 3MCHIIICHHI IPOIY-
KIii mpo3amaibHUX OUATOKIHIB 1 IPOCTATJaHIUHIB, a
TaK0X MO3WTHBHO BIUIUBAIOTh HA CTPYKTYPY KIITHH-
HUX MeMOpaH. 30iIbIICHHS TXHBOI YACTKH B JIIIi-
HOMY IyJii MiOKapJia MOXe 3HHXKYBaTu PH3HK apuT-
MOT€HHOCTI, MiJBUIIYBAaTH CTaOUIBHICTh eneKTpodi-
310JIOTIYHMX MPOIIECIB i MOKpAITyBaTH €HEPTEeTUIHHUI
MeTaboi3M KapAioMionuTiB. Y CBOIO 4epry, 3MEH-
LIEHHS BMICTY OMera-6 >KHPHHX KHCJIOT OOMEXye
HaUIMIIKOBUH CHHTE3 NPO3aNajibHUX €HKO3aHOIMIIB,
IO CHpHs€ 3HWKEHHIO IHTEHCHBHOCTI XPOHIYHOTO
3arnajgeHHs Ta NpoQiIaKTHIII PEMOJICIIIOBaHHS ceplie-
Boro M’si3a [18-20].
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Tabmuus 4

Moandikalist )KHPHOKHCIIOTHOTO CKJIay 3aranbHux jimigis (HeHacnueHi JKK) miokapna nirypis 3a yMoB BBe-

JICHHS IOHOPa CipKoBOIHIO (%, M+m, n=6)

JKupHi KUCIOTH, KO KonTponb NaHS NaHS
30 xB 24 ron
TTanemiTooneinosa 16:1 0,980+0,07 0,983+0,079 0,980+0,075
Oneinosa 18:1 43,200+2,920 43,250+£3,115 43,200+3,050
Eiiko3aenona 20:1 0,180+0,011 0,184+0,012 0,182+0,012
Jlinonesa 18:2 7,990+0,518 7,390+0,520 7,750£0,580
Eiiko3aguenona 20:2 0,290+0,013 0,258+0,014* 0,261£0,014*
Jloxozanuenosa 22:2 0,790+0,032 0,714+0,031* 0,730+0,033
Jlinonenona 18:3 4,350+0,210 4,611+0,212 4,440+0,280
EiikozaTpuenona 20:3 3,330+0,171 3,200+0,162 3,200+0,164
Joxo3zaTtpueHona 22:3 0,960+0,042 1,066+£0,051* 1,040+0,05
Apaxinonosa 20:4 4,340+0,230 4,166+£0,210 4,210+0,248
Joxo3zaterpacHoBa 22:4 2,060+0,120 1,936+0,110 1,957+0,125
Eiiko3anenTtaenosa 20:5 1,170+0,042 1,32240,050* 1,290+0,048*
JloxozanenraeHopa 22:5 3,290+0,212 3,650+0,237 3,389+0,254
JloxozarekcaeHoBa 22:6 4,230+0,280 4,124+0,273 4,234+0,289

Cyma HeHacHYEHUX
Cyma MOHOHEHACHYEHHX
Cyma ToliHeHACHUYEHIX
Innexc Hacu4eHOCTI

-3

-6

»-3/w-6

77,240£5,850
44.,40043,260
32,800£2,650
0,290+0,010
14,000+1,300
18,000+1,410
0,780+0,030

76,854+5,770
44,417+3,280
32,437+2,460
0,290£0,010
14,773+1,400
16,950+1,312
0,870+0,040*

76,853+5,920
44,362+3,210
32,491+2,420
0,290+0,010
14,383+1,380
17,378+1,380
0,830+0,040

[Mpumitka: * - nocroBipHicTh 3MiH (p<0,05) 111010 KOHTPOJIIO.

V neuinni migBUILEHHS CIIBBIAHOILIEHHST OMEra-
3/omera-6 mMae BaXXJIMBE 3HAYCHHS IS MMiATPUMaHHS
JimiTHOTO ToMeocTa3zy. TakuM YHMHOM, OTPUMaHI pe-
3yJIbTaTH MOKHA PO3ILIHIOBATH SIK OAMH 13 MEXaHi3-
MIB TeMaTonpOoTeKTOpHOTO BIUTMBY NaHS.

[To-mepure, omera-3 »HUpHI KUCIOTH € TIOTIEPE-
HUKaMH IPOTH3AMATBHAX €HK03aHOIIB 1 pEe30JIBiHIB,
TOJIi SIK oMera-6, 0COOJIMBO apaxiJOHOBA KUCJIOTA, —
cyOcTpaT Ui CHHTE3Y MpOo3anaibHUX HPOCTArIaH -
HIB 1 JIEWKOTpieHIB. 30UIbIIEHHS YacTKH ®-3 Ha T
3MEHILEHHS (-6 3HIDKYE aKTUBHICTh XPOHIYHOTO 3a-
MaJICHHSI, 10 € BAXIUBUM i npodigakTuku ¢iod-
pO3y MeUiHKK Ta peMoJieIioBaHHs Miokapa [21-23].

[o-gpyre, omera-3 >KUpHI KUCIOTH CTa0LTi3y-
0T MEMOpaHH KapJiOMiOIHTIB, MOKPAIIYIOTh (PyHK-
[iI0 I0HHHX KaHAJiB, 3MEHIIYIOTh CXWJIBHICTH JO
apuTMiil 1 TO3UTHUBHO BIUIMBAIOTH Ha BapiabenbHICTh
ceprieBoro puTMy. BoHM Takox CIIpUSIOTH ONTHMI3a-
il MITOXOHIPIAJbHOIO JWXAHHS Ta IMiABHUIYIOTh
CTIMKICTB Cepls /IO IMIEeMIYHOTro YIIKOMKEeHHS [24-
26].

[Mo-Tpere, y mediHIi MiABUIIEHHS ©-3 CHpUsE
3MEHIIIEHHIO CTeaTo3y, HOpMaji3alii JimgHoro o0-
MiHy Ta 9yTJUBOCTI 10 iHCYJTiHY. Takum 9uHOM, BH-
SIBJICHI 3MiHM MOXKHa TPAaKTYBaTH SIK NPOSIB IeIaTo-
npotekTopHOi Aii NaHS Ha piBHi JiniHOro Metado-
aizmy [27-30].

VY cyKynHOCTI, 3CyB CHiBBiIHOLIEHHS ®-3/®-6 Yy
0ix migBUIIEHHsS ®-3 3a ymoB aii NaHS moxe posr-

JIAaTUCA K OJUH 13 KIFOYOBUX MEXaHI3MiB HOro Ka-
paio- Ta TemaTonpOTEeKTOPHOTO MOTEHIIATY, 0 JI0-
MOBHIOE B)KE BiOMI aHTMOKCHIAHTHI ¥ aHTHUAIIOIITO-
TUYHI €PEKTH.

Hincymox

BBenenns moHOpa CIpKOBOIHIO CYIIPOBOIKYBA-
JIOCS BMEHIIICHHSM PiBHS HACHYCHUX KUPHUX KUCIIOT
3arajibHUX JIIIIB, sIKe HAHOUIBII BHpakeHe OyJI0 y
HEeYiHIl Ta MEHII BUpaXeHe y Miokapai. Y miokapai,
NeYiHI[ BIAMIYEHO 3pOCTaHHS BMICTy oOMera-3
IMHXK Ta TeHIEHIIi!0 10 3HWKEHHS 3arajibHOrO Pi-
BHs omera-6 [THXXK. BigmnosingHo, y BCiX cepenoBH-
[[ax BCTAHOBIICHO IOCTOBipHE 30LTBIICHHS CIiBBil-
HOIIICHHA oMera-3/omera-6. Uepes 24 ro micis BBe-
neHHs qoHopa HoS criiBBigHOIIEHHS oMera-3/omera-
6 ITHXKK 3amumaeTbest TOCTOBIPHO BHIIUM IIIOJIO KO-
HTPOITIO Y BCIX JOCIIDKYBaHUX OiocepeToBHIIaX.

V Hammx JOCHiIKEHHIX BCTAHOBJIEHO, 1[0 BBE-
JICHHSI JIoHOpa TijporeH cyiabdiny NaHS npuzBonuts
0 TMO3UTHBHOI Moudikamii KAPHOKHUCIOTHOTO
CKJIa/ly 3arajlbHUX JIMiJiB MiOKap/ia Ta nediHKH, 30K-
pemMa — /10 MiJIBUILEHHSI BMICTY omera-3 IoJiHeHa-
CHUYCHHX JKUPHUX KHUCJIOT (€fKO3armeHTaeHOBOI, I0-
KO3areKkcacHOBO1) Ta 3MEHILIEHHS PiBHS omera-6 (apa-
Xi10HOBOT Ta 11 moxinHux). Takwuii 3cyB y OiK MigBH-
IIEHHSA ®-3/®-6 CIiBBIIHOLIEHHS Ma€ BaXKJIMBe 010-
JIOT1YHE Ta KJIHIYHE 3HAYECHHS.

OTxe, OTpHMaHi HaMH Pe3YJIbTATH CBiT4aTh, IO
BBeJIcHHS JoHOpa NaHS crpusiyio mo3UTHBHUM 3Mi-
HaM Yy XMPHOKHCIIOTHOMY CKJIaJi 3arajbHHX JIMi/IiB
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MioKap/a Ta rne4iHku. 3a ymoB BBeneHHss NaHS cry-
MiHb 3MEHIIEHHS BMICTYy HACHYEHHX XXHUPHUX KUCIIOT
13MiH OKpEMUX BUIiB HACHYCHUX XUPHUX KHCIOT 3J1
y nevinui OyB OLIBII BUpa)KeHUH TOPIBHIHO 3 MiOKa-
proM. BusBieHe NIiNBUINEHHS YacTKM oMera-3
ITHXXK mopsiz 31 3HWKEHHAM piBHS oMera-6 CBiTYNTh
PO 3pYIICHHA y OiK GBI COPUATINBOTO JiITi THOTO
npodiro.

ITepcnekTUBHU NOAANBIIMX JOCTiIKEHb

OTpumaHi HaMH pe3yJIbTaTH CBiT4aTh, IO BBE-
JIeHHA JoHOpa riaporeH cynbdixy (NaHS) crpusio
MO3UTHBHUM 3MiHAM y )KHPHOKHCIIOTHOMY CKJIaJi 3a-
raJpHUX JIMiAIB MiOKapia Ta MeviHku. BussicHe
MIIBUILEHHS YaCTKH OMera-3 MOJiHeHaCUYeHUX JKH-
PHUX KHCJIOT TOpPSJ 31 3HIDKEHHSIM piBHS omera-6
CBIIYMTH NPO 3pYLICHHS Y OiK OUIbII CIPHUSTIMBOTO
JimigHoro npodino. 3 ypaxyBaHHIM Cy4acHUX YSB-
JIeHb, BUSIBJICHUH HaMU eeKT noHopa H.S Ha sxupHO-
KHCIIOTHUM CKJIaJ MOKE MaTH IOJBIMHE 3HAYECHHS: 3
oTHOTO OOKY — SIK MapKep HopMalizarii Metadoid-

HUX MTPOLIECIB y CEeplli Ta MEYiHIl, 3 IHIIOr0 — SIK I10-
TEHLIHNUI TepaneBTHYHUI HApsM y podinakTHii
METa0OJIIYHUX 1 KapJiOBacKyJSIPHUX YCKJIaIHEHb.
Takum ynHOM, HaIlli 1aHi y3TOPKYIOThCS 3 JIITepary-
PHHUMH BiZIOMOCTSIMH IIPO KapAio- Ta TenaTornpoTeK-
TOPHHIA MoTeH ia) JoHOopiB H.S 1 10IOBHIOIOTH 1X HO-
BHMH JOKa3aMH OO POJIi 3MiH y JIIiZHOMY TpO-
¢ini. Taki maHi MOXYTb OYTH IEPCIIEKTUBHIM HaIIPs-
MKOM JOCNI[DKEHb BIUIMBY JOHOpa TiIpOTEHCYIb-
¢imy Ha 3MiHN JKUPHOKHUCIIOTHOTO CTaHY.

Indopmanis mpo kKoHQJIIKT iHTepeciB

[MoreHuiiinnx abo sSBHUX KOH(]IIKTIB iHTEpe-
CiB,III0 MOB’sI3aHi 3 UM PYKOIIMCOM, HA MOMEHT ITy-
Onikanii He iCHye Ta He epe0avyaeThCsl.

Jixepesia ¢piHaHCYBaHHS

JlocmipkeHHsT IPOBEACHO B paMKax HayKOBO-
nociigHoi TemMu «BUBUCHHS MeXaHi3MiB peryJsii
IHTETpaTUBHUX CHCTEM OPTaHi3My B YMOBaX HOPMH,
(YHKIIOHATIFHUX PO3TAAiB Ta 3’ sICyBaHHS IULAXIB iX
KOPEeKIIii» (HOMEp ZIepKaBHOI peecrparii
0121U100164).
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KoBaapuyk I.M., CaBuubka M.S1. [lopiBHA/ILHA XapaKTEPUCTUKA 3MiH dKUPHOKHUCJIOTHOIO CKJIALY 3a-
rajbHMX JinmiaiB Miokapaa Ta ne4iHku 3a yMoB Jii JoHOpa rigporeHcyabginy.

PE®EPAT. AktyanbHicTs. [inporen cynpdin (H.S) Ha chOroHi BU3HAHWIA TPETIM ra30TPaHCMITEPOM I10-
psIl 3 OKCHJIOM a30Ty Ta MOHOOKCHJIOM BYTJICLIIO, III0 BUKOHYE BaXKJIMBI CUTHAJIBHI Ta peryiasTopHi QyHKuii y
CepIICBO-CYIMHHIN 1 renaro0iaiapHiil cucreMax. Y YHCICHHUX EKCIIEPUMEHTAIbHUX POOOTAX TOBEACHO, IO CK-
3oreHHi oHopu H.S, 30kpema Hatpiro riapocyibdin (NaHS), ynHsATh BUpaXeHi Kapiio- Ta rernaTonpoTeKTOpHI
edekTy, 3a3Ha4eHi e(eKTH OCTAHHBOTO HIMPOKO BUKOPHCTOBYIOTHCS B €KCIIEPUMEHTAJIBHUX MOJEISX IJIsl BU-
I0Th 3HWKEHHSI IHTEHCUBHOCTI OKCHJATHBHOTO CTpECY, HOPMai3allil0 aHTHOKCHJIAHTHOT CHCTEMH, MOJIYJISIII0
(hyHKII{ MITOXOHPIH, iIHTIOYBaHHS allONTO3y, a TAKOXK BIUIMB Ha KIIFOYOBI CHTHAJBHI IUISAXH 3analieHHs Ta (io-
poreHesy. Y miokapzi BBeneHHss NaHS y Mmozesnsix imemii-penepdysii Ta KapJiOTOKCHYHOCTI CIIPUsIE 3MEHIIEHHIO
30HM HEKPO3Y, MOKPALIEHHIO CKOPOTIMBOI 3/IaTHOCTI, 3HW)KEHHIO PiBHS BUIBHOPAAWKAIBGHHX ITOIIKO/PKEHD 1 Bifl-
HOBJICHHIO €HepreTn4Horo Merabomnizmy. ¥ nedinni NaHS BusiBnsie 3qaTHICTh 3MeHITyBaTH cTeaTos 1 Gidpo3s, iH-
ri0yBaTH akTHUBALiIO iH(pIAMacOMHU, TOCIA0IIOBATH IIPOSBY €HAOIIa3MaTHYHOTO CTPECY Ta BITHOBIIIOBATH OajaHC
MIX IIPO- | aHTHAIONTOTUYHUMH (pakTopaMu. JoBeJeHO HOTo MO3UTHBHUI BIUIMB Y MOJIEIISIX HEAJIKOTOJIbHOT JKH-
POBOT XBOpOOM MeUiHKH Ta imeMii-penepdysii. BiTan3HsHI HOCTiIKEHHS TaKOX MiATBEPIKYIOTh, 10 BBEJCHHS
NaHS 3miHI0€ (QyHKIIOHATEHO-METa0OMIYHIHA CTaH CepIlsl 1 MeUiHKH, 3HWKYE IHTEHCHBHICTh OKHCHOTO CTpECYy.
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Meta. BusiBuTH Ta HOPIBHATH 3MiHM XXUPHOKHCIOTHOTO CKJIAy 3arajibHUX JIIiJIB MiOKap/a Ta MeYiHKH eKcIie-
PUMEHTAJILHUX TBapHH (IypiB) 32 yMOB BILIMBY JOHOpa TigporeH cynbdiny. Meroau. Marepianom Juis 1ocii-
JUKEHb OyJIn cepLieBHi M 513 Ta nedinka. TBaprH BUBOJIWIHN 3 €KCIIEPUMEHTY ITi/l 3araIbHOI0 aHECTE3I€I0 IUITXOM
MIBUAKOI eKamitanii. Y 1ii cepii JoCHiIKeHb B eKCIIEpUMEHTaIbHUX TBapUH BU3HAYAIHM OKA3HUKH )KUPHOKHC-
JIOTHOTO CKJIa/ly 3araJIbHUX JIMiAiB y MiOKapAi, nediHi. MeTninoBi edipu )KUpHUX KUCIOT AOCIIKYBaIH 3 BUKO-
pHCTaHHAM ra3opiauaHOro Xpomarorpada «Chrom-5» («Laboratorni pristroje», Praha) i3 momym'stHo-ioHi3arti#-
HuM aerektopoM (FID). 3ammc pesynpraTiB xpomarorpadidaoro aHanizy — audeperuiansuuii. PesyabTaTu. Bee-
JICHHA JOHOPA TiaporeH cynbhiay 103010 7,4 MI/KT IPpU3BOAUTH 10 MoAH(DiKamii )KHPHOKHUCIOTHOTO CKJIa Ty 3ara-
JHHUX JITAIB TKAHUH MeYiHKY Ta MiOKapa, IO TOJITae Y 3HIKSHHI PiBHSA OKPEMUX HACHICHUX YKUPHHUX KHUCIIOT,
3pocrtanHi BMicty omera-3 ITHXKK, 30inpmieHHi cIiBBiTHOIIEHHST oMera-3/oMera-6. e € mo3UTHBHOIO MPOTHOC-
TUYHOIO 03HAKOIO 3MiH KOMIIO3HIIiT )KHPHOKUCIIOTHOTO CKJIAMY 1 XapaKTepH3ye ONTHMI3aIlit0 OOMIHHHX IPOIIECIB.
Mincymor. OTpuMaHi HaMU pe3yNIbTaTH CBiJYaTh, MO BBEICHHS MOHOpa TigporeH cynbdiny (NaHS) cnpusiio
MO3UTHBHUM 3MiHaM Y KUPHOKUCIOTHOMY CKJIaJi 3arajbHUX JIIMI/IIB MiOKap/Aa Ta MEe4YiHKU. 32 YMOB BBEJICHHS
NaHS crymniHb 3MeHIIeHHsS BMiCTYy HACHYSHUX KUPHHUX KUCIIOT 1 3MiH OKPEMHX BUJIIB HACHYCHUX KUPHUX KHCIOT
3arajJbHUX JIMiAIB Y MediHli OyB OUIbII BUPaXCHWH MOPIBHAHO 3 MioKapAoM. BusiBiieHe IiJBUINEHHS YaCTKH
oMera-3 MOJIHEHaCHYSHUX JKUPHHUX KUCIOT MOPS/ 31 3HIKEHHSM piBHS oMera-6 CBIIYHUTH MO 3pYIICHHS y OiK
OUTBII CPUATIMBOTO JilliTHOTO MPOQIITO.

KuirouoBi cjioBa: rigporeH cynbdin, OHOP TiAporeH cynbiny, KUPHOKUCIOTHAN CKIIaa, HACHUYEHI Ta He-
HACHYCHI HUPHI KICIOTH, OMeTa-3, oMera-6 >KUpHi KUCIIOTH, 3araibHi JilliIx, TIeYiHKa, MiOKap,.
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ABSTRACT. Background. The problem of diabetes mellitus, in particular type 2 diabetes mellitus (T2DM), is becoming
global worldwide, which determines the relevance of prevention, diagnosis and treatment of one of its most common com-
plications - metabolic dysfunction-associated steatotic liver disease (MASLD). The ability of the liver to reverse changes in
DM2T determines the need to search, develop and implement in clinical practice new means of pharmacological correction
of MASLD. Objective. Morphological characterization and development of an objective approach for comparative assess-
ment and unification of histological changes in the liver of rats in modeling T2DM and its correction with N-stearoylethan-
olamine (NSE). Methods. A model of T2DM was reproduced in Sprague-Dawley rats (n=41) maintained on a high-fat diet
(HFD) for a long time (6 months). Based on the results of liver histological examination, the effects of therapeutic action of
NSE (per os, at a dose of 50 mg/kg, for 2 weeks after confirmation of the development of T2DM; scheme 1) and its preven-
tive action (per os, at a dose of 50 mg/kg, 10 days each month; scheme 2) were studied. Results. Morphological studies of
the liver of rats in the simulation of T2DM revealed changes characteristic of MASLD, which were determined by such
histological patterns as: disruption of the histostructure of the organ; impaired blood circulation in the liver; dystrophic
changes in hepatocytes, primarily steatosis; necrosis/apoptosis of hepatocytes and inflammatory changes in the liver; fibro-
sis, as well as compensatory and adaptive changes in hepatocytes. Based on the results obtained, a standardized unified
protocol for histological examination of the liver of rats with T2DM and criteria for assessing the detected changes according
to 3 assessment categories using a scoring system from «0» to «3» were developed. Conclusion. The implementation of the
developed system for assessing histological changes in the liver during the modeling of T2DM and its correction with NSE
allowed for a comparative assessment of the effects of NSE in the experiment with different schemes of its application in
rats. It was found that the use of NSE according to scheme 2 compared to scheme 1 significantly (p<0.05) reduces the
manifestations of such histological changes as violations of the histostructure of the organ and its blood circulation, dys-
trophic changes in hepatocytes, primarily steatosis, necrosis/apoptosis and inflammatory changes, as well as fibrosis. At the
same time, the effect of NSE significantly (p<0.05) increases the manifestations of compensatory-adaptive restructuring of
hepatocytes in the form of their hypertrophy.
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Beryn

[Ipob6nema mykpororo aiadery (L), mo € oxa-
HUM i3 HafOLIbII TMOIMpEeHHX i OararodakTopHUX,
BIK-3aJIS)KHUX 3aXBOPIOBAaHb, HAO0yBa€ aKTyaJbHOCTI
B yChOMY CBITi. 3a manmMu BcecBiTHBOI denmepartii
niadery (IDF) Bxxe choroaHi mpuOim3Ho 589 minbiio-
HIB Jopociux BikoMm Bix 20 mo 79 pokiB y BChOMY
CBITI KUBYTH 3 J1iabeTOM, a 3a porHo30M J10 2050 p.
YHUCJIO TAKUX XBOPHX MOXKE 3pOCTH 710 853 MibHOHIB
[1]. Hait6inpm mommpenumu ¢pakropamu pusuky L[]
€ OXUpIiHHA, iHCYNiHOBa pe3ucTeHTHicTh (IP), rimep-
ninigemis ta Mmetabomiuauii curapom (MC), a oHIM
i3 YCKJIaJJHEHb — KOMILIEKC MaTOJIOTYHHUX 3MiH Hedi-
HKH, OTTUCAHUH B JIITEPaTypi, IK «HEATKOTOJIbHA JKH-
poBa xBopoba nedinkuy (HAXKXII).

Hapasi nomupenicts HAXXII craHoBuTh 61111-
3bK0 25% yCiX XpOHIYHHX 3aXBOPIOBaHb IIEHiHKH, 110
HaOyBae r100aJbHOTO XapakTepy i 30UIbIIye eKOHO-
MIYHHH TATap XBOPiO Ha CHCTEMY OXOPOHH 3/I0OPOB’S
B KpaiHax cBity [1-4]. HaTomicTb 3a ocTaHHi pOKH Bi-
IOyIoCh psin momii, mo ctocyrotsess HAXKXII. ITo-
TepIie, 3arporoHOBaHO 3MiHM B HOMeHKIaTypi HA-
XKXTI, mo-mpyre, OHOBIEHO peKOMEHAALl o0
CKPUHIHTY Ta JIarHOCTHUKH TSIKKHMX IaTOJOTIYHUX
cTaHiB nevinky y xsopux Ha L{J] 2 tuny (LI/12T), mo-
TpeTe, MPUHHATO KOHIICTIIIIF0 KOMIICHCOBAHOT TSKKOT
XPOHIYHOT XBOPOOM MEUYIiHKKA HA OCHOBI CBOEYACHOT
JIlarHOCTUKH, MpodinakTuku Ta JikyBaHHs [5]. He-
moxaBHO (koHceHcyc Jempdi, 2023 p.) Oymo 3ampo-
noroBaHo 3amiHuTH TepMin HAXKXII Ha «meTtaboi-
YHO acoIlifioBaHa JKUPOBa XBOPOOa TECUIHKU
(MAXXII; amrm. — Metabolic Dysfunction-
Associated Steatotic Liver Disease; MASLD) i Bu-
3HAYaTH UM TEPMIHOM I1aTOJIOTI0, IKY MOYKHA JTiar-
HOCTYBATH y JIOPOCJIUX 13 CTEATO30M 3a JIOIIOMOTOI0
HCIHBa3HUBHUX TECTIiB, OlOMapKepiB y KpoBi 200 3a J10-
MOMOT o010 GionCii NeYiHKK y NaLi€HTIB 13 HAJIMIPHOIO
Baror abo ajgiMeHTapHuM okupinusM, IJI2T abo,
NpUHaHMHI, HasBHOCTI JBOX (akTopiB pusnky MC
[6]. Lle mpuHIMIIOBO 3MiHIOE MiAXOAM 10 Mpodinax-
TUKH, JTiarHOCTHKH Ta JikyBaHHI MAXXII, a 3 ypa-
XYBaHHSM 3/1aTHOCTI TIEYiHKH JI0 3BOPOTHUX 3MiH Ha
panHix eramax po3Butky LIJI2T, mepcrextur Haly-
Ba€ i TOIIYK, po3po0Ka Ta BIPOBAKCHHS B KIIHITHY
MPaKTUKY HOBUX €(PEKTHBHUX 3ac00iB papmakoiori-
gyHoi kopekii [IJ[2T ra MAXXII.

Cepen 3Ha4HOT KIIBKOCTI JIOCITI/IKEHb, TIPUCBSI-
YCHUX TOIIYKY e(peKTUBHUX 3ac00iB (hapMaKoJIoTiu-
Hoi kopekuii L[], npuBepratoTh yBary MiHOpHI Ji-
miau, kiacy N-aluieTaHONIaMIHIB, SKi MPOSBISIOTH
HMIMPOKHH crieKTp OiojoriyHoi Aii 3aBASKHM 1X 31aTHO-
CTi 10 B3aeMOMil 3 KaHAOIHOIMHUMH Ta HEKaHaO1HOI-
JHUME penentopamu [7, 8]. OaHuM i3 ix mpeacTas-
HUKIB € N-cteapoineranonamin (NSE), 6ioakTnBHMI
N-armneranonamin, o nposiBisie epekt MeMOpaHo-
cTablIi3yl040i, MPOTH3AMaIbHOI, AHTHOKCHIAHTHOT
Ta aHTHIUCIHImiAeMiyHol fii. BiH 3maTHMii peryro-
BaTH JIiIAHUN 0OMiH, TOKpAITyBaTH ANCOATIAHC KH-
PHHUX KHCIIOT Ta HOpMaJli3yBaTH piBeHb (ocdomimi-
niB. B ekcnepuMenTax Ha nrypax, Ha moaedni IP, Oymo
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BcTaHOBJICHO, 0 NSE HopMmanizye BMICT TpuUriie-
pHIIB Yy IUIa3Mi KpOBI, 3HW)KY€E BMICT TJIFOKO3HU Ta pi-
BHS IHCYJIIHY B KPOBI, IO MPOSIBIISIETHCS 3HUKEHHIM
nokazuuka HOMA-IR [8].

BaxnuBoro yMOBOIO NMpOBEICHHS AOKITIHIYHUX
JOCIIJKEHB IS OIIIHKH e()eKTiB JIIKyBaJIbHOI Iil HO-
BHX TEPAIEeBTUYHUX 3ac00iB € MPOBEICHHS MOp(o-
JOTIYHUX JOCTiIKEeHb. YacTo iX pe3ymbTaTth, 0COo0-
JIMBO KOJIM BOHU OTPHMaHi B Pi3HUX HAYKOBUX Iij-
po3Iiinax, yCTaHOBaX 1 OpraHizamisx, MoTpedyroTh
MTOPIBHSAHHS, CITIBCTABJICHHS Ta ekcrpamosmii. Le
MOJKIJIMBO JIOCSATTH LUIIXOM YHi(iKauii npoToKoiB
MOP(OJIOTIYHOTO JIOCHIIPKEHHS, @ TaKOX PO3pOOKH
Ta BIIPOBA/DKEHHS B MPAKTHKY 00’ €KTUBHUX METOJIIB
i crI0cO0IB OLIHKK OTPHUMAaHHUX PE3YJIbTATIB.

3/aTHICTh TIEYIHKHU /10 3BOPOTHHX 3MiH Ha eTari
PO3BHUTY MATOJIOTIYHHUX CTAHIB € BarOMOIO MiJICTaBOIO
JUTS TIOITYKY, CKPHHIHTY Ta OIiHKH e()eKTUBHOCTI HO-
BHX 3ac00iB (apmakosorigaoi kopekuii L[/, mo Bu-
3HAaYa€ aKTYyaIbHICTh PO3pPOOKH YHi(piKOBaHUX CIIO-
co0iB OIiHKN MOPPOYHKIIIOHATEHUX 3MiH NEUiHKA
IIPY TIPOBE/ICHHI EKCIIEPUMEHTAIBHUX JOKITIHIYHUX
JOCTIPKCHb.

Mera

Mopdosnoriuna xapakTepucTuka Ta Po3poOKa
00’€KTHBHOTO MIX0AY JUIs MOPIBHJIBHOI OI[IHKK Ta
yHiQiKalii ricTONOrYHUX 3MiH MEYiHKH LIYpPiB MpH
mopemoBanHi [JI2T ta fioro xopekirii NSE.

Marepiaau Ta meToaun

OO0’€xTOM JOCHiIKEHHS Oyl IIypH JIiHii
Sprague-Dawley (n=41), Bikom 3,5-4 mic., Maco
140-200 r. I3 Hux 35 TBapuH OyJI0 BUKOPUCTAHO IS
BinTBoperHss mozeni LJI2T, a iHII K KOHTPOJb.
ExcriepuMeHTH TPOBOIMIIH 3 TOTPUMAHHIM YHHHUX
MOJIOKEHb €BPONEHCHKOT KOHBEHIIIT PO 3aXKCT Xpe-
OETHHMX TBapHH, SIKi BAKOPUCTOBYIOTBCS JIJIsSL €KCIIe-
PUMEHTAIBHUX Ta IHINIMX HAyKOBHX Iinei, Jupek-
tuBa 2010/63/€C €sponeiicbkoro IlapaameHty Tta
Panu Bix 22 Bepechst 2010 poky Hpo 3aXUCT TBapHH,
II0 BUKOPHCTOBYIOTHCS Ul HAYKOBUX IiiJiel Ta 3a-
KOoHY Ykpainu «[Ipo 3axucT TBapHH BiJ )KOPCTKOTO
moBopkeHHs» [9-11]. JocmimkeHHss Oy cXBaleHi
Kowiciero 3 6ioetuku IV «[HCTUTYT T€POHTONOTIT iM.
J.®. YeborapproBa HAMH VYkpaiamy.

Mogens LIJI2T BigTBOprOBaNl, SIK OIMUCAHO
Ejima C, et al [12] i pekoOMeHIOBaHO /IS CKPHUHIHTY
Ta OLIHKH €()eKTHBHOCTI HOBUX JIIKYBaJIbHUX 3aC00iB
[13-14]. dns uporo TBapuH BIPOJOBXK 6 MiC. yTpH-
MyBaJId B CTaHJapTHUX YMOBaX BiBapil0 Ha BHCO-
koxupoBii aieri (BXK/; BmicT xxupy B 1060BOMY pa-
ioni — 58%, OinkiB — 23%, Byruiesonis — 10 %) i3
BIJIBHUM JIOCTYIIOM 10 IUTHOT Bou. KoHTpoIk 32 po-
3BuTKOoM LJI2T mpoBoauiM 3a MOKa3HUKOM BMICTY
TJIIOKO3M B KPOBI, SIKMH BU3HAYAIN LIOMICALS BIIPO-
JIOBXXK EKCHEpPHMEHTY 3a JIOIIOMOTOI0 TIIIOKOMETPY
Rightest GM-110 (Bionime GmbH, IIseiinapis). Ha-
NIPUKiHLI ekcriepuMmenTy po3Butok LIJI2T minrsep-
JUKYBaJld HIISIXOM HPOBEACHHS TECTy Ha TOJEPaHT-
HICTb JI0 TIFOKO3H, 10 BKIFOYAB TOCIiPKEHHS BMICTY
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TIIIOKO3M B KpoBi 11ypiB Ha 45, 90 1 150 xB. micns ox-
HOKpPAaTHOTO BBeAEHHs iM y nutyHok 1 mu 50% pos-
YHHY IIII0K03U. BMmict rintokosu Ha 150 XB., 1110 nepe-
BUILYBAaB 5 MKMOJIB/J, MiATBEPKYBaB PO3BUTOK
IJI2T y mypis.

3Bakaroun Ha Te, mo po3sutok LI/I2T cymposo-
JOKYETBCS IIAPOKHUM CIIEKTPOM METAa0OTIYHUX MOPY-
weHb, po3ButkoM [P, MAJKXII, a Takox creaTore-
MaTUTy, IJIsl BUBYCHHS €(EKTiB TepaleBTHYHOI Ta
npo¢inaktrnaaoi mii NSE Oyno Bukopmcrano nBa
cnoco0wu #ioro 3acrocyBanns. Crioci0 1 BKIIToUaB BBe-
JICHHS LI[ypaM Y IIUTYHOK 3a JJOTIOMOTOI0 30HAYy 1 MII.
BojHOI cycrien3ii NSE B 1031 50 MI/Kkr moHs, BIpo-
JIOBXK 2- X THXKHIB MICJIS MiATBeppKeHHs y Hux L[J[2T
(n=10). Cmoci6 2 BKJIIOYAB BBEICHHS TAKUM CaMHM
YUHOM 1 B aHajoriuHii 7031 NSE B neprmi 10 qHiB Ko-
JKHOTO MICSILSl BIPOJOBXK BCHOTO EKCIIEPUMEHTY
(n=10). e BimoOpaxano IBa IMiAXOIU IO BUBUCHHS
TepaneBTHYHOI (cxema 1) Ta mpodimakTHaHOI (cxema
2) nii NSE npu monemoBanni LIJI2T.

[No 3aKkiHYEHHIO EKCIIEPUMEHTIB IypiB YMEpIIB-
JSUTH B KaMepi, Y CepeIOBHII HaaMipHOI KOHIICHTpa-
il B moBiTpi CO». 1151 TiCTONOTIYHOTO TOCITIPKCHHS
BIIOMpaJTH IIMATOYKU NEYiHKH, Ki U1 ikcauii Ha 72
roj. 3anyproBamu B 10% po3uun 3a0ydepenoro dop-
MaJtiHy. 3TiHO 3arajJbHONPHUIHITOTO MPOTOKOIY [15]
3pa3Ky MEeYiHKKW 3HEBOAHIOBAIM B TOPILISX E€TaHOINY,
MPOCBITIIIOBAIM B KCHJIONI Ta YIIUIBHIOBAIN B Tapadin
(Paraplast®). TicTooriuni 3pi3H, TOBIIMHOIO 5 MKM,
BUTOTOBIISUTM 33 JIOTIOMOTor0 Mikporomy HM 325
(Microm, HimewurnHa) i papOyBaii reMaTOKCHITiH-€0-
3uH Ta 32 MetogoM MSB (Picro-Mallory y moaudika-
mii 3ep6ino J.J1. i JIykaceswa JI.J1.). {1 BUB4eHHS iH-
TCHCHUBHOCTI aIlONTO3YB BHKOPUCTOBYBAIM METOJ
TUNEL i Ha6ip pearentis ApopTag® Plus Peroxidase
In Situ Apoptosis Detection Kit («Chemicon», CLLIA).
T'icTosorivHi JOCIIKSHHS IPOBOIUIIH 3a JOTIOMOTO0
cBiToBoro Mikpockomny «Olympus BX51» (Snonis),
a 3MIHHM JIOKYMEHTYBAJIM 32 JOTOMOToI0 (oToKamepu
«Olympus C5050-zoom» i3 mporpaMHUM 3a0e31eueH-
HaM «Olympus DP-Soft 3.2».

OLiHKY TiCTOJIOTIYHUX 3MiH MEYiHKH IPOBO-
JIMJIM Ha TiJCTaBl BU3HAYEHHX TiCTOJIOTIYHUX MaTep-
HIB: TMOPYLIEHHS TiCTOCTPYKTYpPH NEYiHKH; HOpY-
LIEHHS KpOBOOOIry; cTearo3 TIemaToLWTIB; arol-
TO3/HEKpPO3 1 3amajbHi 3MIHN MediHky; (Hidpo3 medi-
HKA Ta KOMIICHCATOPHO-TIPHCTOCYBANIbHI Tepely-
JIOBH TE€MATONNTIB. BUABIIEH] riCTOIOTIYHI 3MIHH OIli-
HIOBaJIU 3a cucTteMoro 0amiB Bix «0» mo «3». s ki-
JBKICHOI OITIHKH MIiKPOCKOIIYHHX 3MIiH TIpH 30iJb-
mIeHHi 00’ eKTHBY X 20 BUKOPHCTOBYBAJIH TaKi OLiHO-
YHI KaTeropii AK: «3MiHH BiICYTHI»; «3MiHH MIPHUCY-
THI»; «3MIiHH OXOILTIOIOTh MEBHY YacTKy, %» TicTO-
JIOT1YHOT CTPYKTYpH, HalpUKiIaj, Me4iHKOBa 4acTo-
YyKa a0 alMHYC Ta «KUIbKICTh MAaTOJOTIYHUX YTBO-
PEHBb», HalPUKIIaJ, BOTHUIL 3anajbHOI 1HQUIBTparii
B OJIMHHMIII IUIONI TiCTOJIOTIYHOTO 3pi3y. Pesynprar
MIPOBECHOT OLIIHKHU JJIsl KOXKHOTO BUIAJKY IpeacTa-
BIISUTH CepeIHIM 3HAYCHHSAM CyMH BCiX ITiIPaXxOBaHIX
0aiiB 3a KOXKHUM TiCTOJIOTIYHHM HAaTEpPHOM, a 3ara-
JMBHUHA Pe3ybTaT — CepPeNHIM 3HAUYEHHSIM 3araJbHOL
cymu 0aniB. CTaTUCTHYHUH aHAi3 IPOBOIMIN METO-
JJaMU HETIApaMETPUYHOI CTATUCTUKH ISl MalInuX BU-
0ipoK (METO/1 paHriB), a NepeBipKy CTATUCTHYHHX T'i-
mote3 — 3a H-kputepiem (Kpackena-Yoitica) mpu
0=0,05.

Pe3ysbTaTH Ta iX 00roBOpeHHs

Pe3ynbraTt TICTOJOTIYHUX MOCTIIKCHD TICYi-
HKH ITOKa3aJiy, 110 xpoHiunuii BruiuB BXK]] Ha opra-
Hi3M IIypiB BUKJINKAB NOPYIICHHS XapaKTepHOI Oai-
KOBOi OyIOBH opraHy, sike Oyio oOyMOBICHE BHpa-
JKCHHMH TTOPYIICHHSAMHU KpoBooOiry. Born xapaxre-
pU3yBaHCs 3HAYHUM PO3IINPEHHSM 1 TOBHOKPOB’ IM
MIPOCBITIB IEHTPATBHUX BEH Ta CHHYCOITHUAX KaITiJIsi-
piB, a HepigKo i APIOHUMHU BOTHHIIAMU KPOBOBILUIH-
BiB. [Ipy IbOMy pO3IIMpPEHi Ta TOBHOKPOBHI CHHYCO-
{mHI Kamsipyu HEpiJKO YTBOPIOBAIM Pi3HI 32 pO3Mi-
pOM  KaBEpHO30MOMIOHI MOPOXKHHUHHU, 3aIMOBHEHI
BKJIFOUEHHSIMH KHDPY, CKYIMYEHHSIMHU JIMQOUUTIB 1
JIEWKOIIMTIB, @ TAKOXK Makpo(aris 4acTo i3 MHUCTOO
nuToIuiazMoro (puc. 1 a). B okpemux Bumagkax cro-
CTepiraiy BUpaKeHy *XUPOBY eMOOJIII0 EHTPAIBHIX
BEH 1 CHHYCOiJHUX Kanusipis (puc. 1 6).

Puc. 1. MeviHka wypis npu moaentoBaHHi LA2T. a) Po3wmpeHHs i NOBHOKPOB’A NPOCBITIB CUHYCOIAHNX Kaninapis 3 popmy-
BaHHSIM kaBepHO30MoaibHMx nopoxHuH. x 200. 6) XXuposa embonis LeHTpanbHOI BEHW Ha THi cTeaTo3y renaTouuTiB NepuBeHy-

nsipHoi 30HWN. 3abapBreHHs reMaToKCUMiHOM Ta eo3nHoM. x400.
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VY criHkaX KpPOBOHOCHHMX CYJWH YacTO BigMi-
Yajau JUCTPO(IUyHO-IECTPYKTHBHI 3MiHH €HAOTEINII0
Ta IX anomnTo3, Ha 110 BKa3yBajo 3HayHe, MOPIBHSHO
3 KOHTpoJsieM, 30inbmenHs kiibkocti TUNEL-mo3u-
TUBHUX KIITHH y BHYTPIITHbOMY IIapi CTIHKA LIEHT-
paNbHUX BEH 1 B CTiHKAaX CHHYCOiJHHX KaIisapiB. Y
BIJIMIOBib HA TaKe MOUIKOHKECHHS IIiJ| MapOM €HJIO-
TEJII0 YacTo BiAMidanu ApiOHI BorHUIIA JiMpo-eii-
KOITUTApHOI iHDIIbTpamii, 1o BU3HAYAI0 SHAOTEIIT,
BEHYJIIT, a B OKPEMHX BHIIAJIKaX 1 apTepiit (puc. 2).

Puc. 2. MeviHka wypa npu mogentoBanHi LIA2T. Ouc-
TPOIYHO-AECTPYKTUBHI  3MiHW  eHAOTENil  LeHTpanbHOi
BeHW. BorHuLue 3ananbHoi nimdonekouutapHoi iHdinbTpa-
uii nig wapom eHgotenito, BeHyniT. 3abapBneHHs remaTok-
cuniHOM Ta eo3uHoM. x400.

B mapenximi oprany xporiuHWHA BrutuB BIK]]
CIPUYMHAB AUCTPO(IUHI 3MIHM TeNaToLUTIB y BH-
DAl X 1HTPALETIIIPHOTO HAOPSAKY, TiAPOMIYHOI,
BaKyOJIbHOT, O1JIKOBOT Ta )KUPOBOI iucTpodii (puc. 3).

Puc. 3. MeviHka wypa npu mogentosanHi LIO2T. Bin-
koBa AucTpodis renaTouuTie (i3 sickpaBo-4epBOHUM 3abap-
BMEHHAM LMTOMMa3Mmn) Ha TNi MiKpOBE3UKYNSPHOro cTeaTosy
renatouutis 3- | 30HM auuHyca. 3abapBreHHs1 3a METOAOM
3ep6iHo O.0. i Nykcesuy J1.J1. x400.
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JucTpodiyHi 3MiHM TenaToUTIB YacToO CYIpPOBO-
JOKYBAJIMCh 1X allONTO30M i HeKpo3oM. [Ipu npomMy Bif-
MiYaTd BUCOKY IHTCHCUBHICTh allONTO3y IeMaTOIUTIB
mpu monemoBanHi /12T, 1o Bu3Havyamu 3a 3HAYHNM,
y TIOPIiBHSHHI 3 KOHTPOJIEM, 30UTBIIEHHSIM KiTBKOCTI
TUNEL-no3nTHBHUX KITITHH (pHC. 4).

Puc. 4. Meuinka wypa npu mogentosanHi LIA2T. Anon-
T03 renatoumTiB. TUNEL- no3nTKBHI KNiTUHKX B NapeHxiMi ne-
yiHkn. Metog TUNEL. x400.

Ci1iJ1 3a3HAYUTH, 10 HEKPO3 TEHAaTOLUTIB B Te-
yinwi mypis npu LIJI2T 6yB npeacraBneHuii pisHUMA
HOro TUMaMK: MOHOLETIONSPHUN (HEKPO3 OJJHOTO re-
naToIuTa); GokanbHuil (HEKPO3 OJHOrO abo JCKiIb-
KOX CYCITHIX TeTaTOIUTIB Y Pi3HUX 30HaX aI[MHYCY),
cXiguacTuii (HEeKpO3 TPpyIH NepUIopTaIbHAX ado TIe-
pHUCeNTaIbHUX TeNaTOINTIB); 30HATBHIN/allnHAPHIHA
(HEeKpoO3 TemaTouuTIB ONHI€I 30HM a00 BCHOTO aIlH-
HyCY); CyOMacHBHUH 1 MacUBHUI (HEKpO3 OLIBIIOCTI
a00 BCiX renaToIXTIB MEYiHKOBOT YACTOYKH ), IO 3aB-
XK CYIIPOBOJDKYBAJIOCh YTBOPEHHSIM BOTHHIIL 3aria-
npHOT JiMpouunTapHoi abo iiMpomakpodaraabHOT
iH}IIBTpaLil B MicLsIX 3arn0esi renaTouuTis (puc. 5
a).

Crig 3a3HAYMTH, 10 HEKPO3 T'eMATOIUTIB MPH
BBl BXKJ[ wacTo BiaMidamu Ha T BHPaKEHOTO
CTeaTo3y reNaTolNTIB y IePUBEHYIAPHIN 30Hi Medi-
HKOBHX 4acTOYOK. SIK mpaBmito, 1ie Oynu Makpo- abo
MIKpOBE3UKYJIsIpHa (hOpMH cTearo3y abo Horo 3wmi-
I1aHa MaKpo-MIKpOBe3UKyisipHa ¢opma. HaromicTs
YacTO CTEaTO3 MONIMPIOBABCS HA TEMATOLMUTH 1HIINX
30H TEYIHKOBOT'O allMHYCY, 110 NPU3BOIMIO 10 ypa-
JKCHHS BCI€T MEUIHKOBOI YaCTOUKH (BaXKKHIA CTEaTO3;
puc. 5 6).

Ha 111 puctpodivyHO-aecTpyKTUBHUX 1 3amalib-
HUX 3MiH IIE4iHKU B OKpPEMHX 11 TIITHKaX HEP1IKO BU-
SIBJISUTA APiOHI BOTHHMIIA [TEPUTETATOIEITIOSPHOTO 1
TIepUCHHYCOianbHOro Gidpo3y, a B OKpEMHX BHUITA-
Kax 1 nepuBeHysipHOTO (hibpOo3y (puc. 6). Lle y3ro-
JDKYETBCS 3 TAHUMH JIITEPATYPH PO T€, 110 PO3BUTOK
2T gacto cynpoBOKYETHCS HE TUIBKH CTEATO30M
TeraToUMTIB 1 PO3BUTKOM CTEaTOreNnaTuTy, aje i ¢i-
6pozom meuinku (PII), mo € xapakTepHUM JUIs
MAJXXII [10].
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Puc. 5. lMeviHka wypis npu mogentoBaHHi LIA2T. a) CybmacuBHMIA HEKPO3 | BOTHMLLE 3ananbHoi NniMdpoumTapHoi iHinbTpa-
uii Ha TNi MakpoBe3nKynsipHoro cteatosy renatouuTie. x400. 6) Baxkuin cTeaTo3 renaTouumTiB (3MiLlaHa Makpo-MiKpOBE3VKYNsipHa

dopma). x200. 3abapBneHHsi reMaTOKCUIMIHOM Ta €031HOM.

Puc. 6. MeuiHka wypa npn mogentosaHHi LUA2T. Mepu-
CMHyCOIAanbHUIA | NEpUBEHYNSPHUIA PiBPO3 Ha Tri po3Lum-
PEHHS Ta NMOBHOKPOB'St CUHYCOIAHMX Kaninsapis i ApibHUX BOr-
HWLL, KpoBoBUNMBY. 3abapBneHHs 3a meTtogom 3epbiqo O.4.
i Nykcesny J1.J1. x400.

Ha i auctpodivuHo-1ecTpyKTHBHUX 3MiH rema-
tonuTiB mipu MoxemtoanHi L[JI2T Takox crmocrepi-
rajy 3MiHHM, III0 BU3HAYAIOTh B HUX PO3BUTOK KOMIIE-
HCAaTOPHO-TIPHCTOCYBANBHIUX NepeOynoB. Taki 3MiHA
BH3HAYAIIMCA 32 HasIBHICTIO I'ETATOIMTIB 3 O3HAKAMH
rineprpodii (rineprpodis muromiasmMa i sapa, rinep-
iazist Ta rineprpodii siuepelp), a TakokK 3a 301UIb-
HICHHSM Yy MapeHXiMi OpraHy KiIbKOCTI 2-X sSA€PHUX
TeMaTOHUTIB, a IHKOJIH 1 MOOAUHOKHX (Iryp MiTO3y.

Ha migcrasi pe3ynbTaTiB IPOBEICHHUX I1CTOJIOTI-
YHUX IOCHIIKEHDL 3 METOI iX 00’€KTHBHOI OL[iHKH
OyI10 po3pobiieHo yHi(iKOBaHUN MPOTOKOII, a 3a Ja-
HUMHM aHaji3y jirepatypu [16-21] Gyno BU3Ha4YEeHO
KpUTEpil I OLIHKU 3MiH IIEYiHKU 32 BU3HAYCHUMU
MOpQOJIOTIYHUMH TTaTepHamu (Tabdi. 1).

Pesynbrat OIIHKHM TiCTOJOTIYHUX 3MiH TI€dYi-
HKU 11ypiB nipu MozeroBanHi LIJI2T BusiBuim y HUX
3Ha4Hi, MOPIBHAHO 3 KOHTPOJIEM BigMiHHOCTI. Tak, y

KOHTPOJIFHHX IIYpiB MOKA3HUK 3aralbHO{ OIIHKH Ti-
CTOJIOTIYHHX 3MiH NEeUYiHKA OyB BH3HA4YCHHUH cepes-
HIM 3HAYEHHSIM IBOTO MOKa3HUKa B | Gai, a y mypiB
i3 IJ2T — 13,3 6amm, BignosigHo (p<0,05; Tadm. 2).
Taxi BiAMiHHOCTI MiX PI3HUMH TPyIIaMu IIypiB Oyiu
00YMOBJICHI: MOPYILIEHHSAM TiCTOCTPYKTYPH ME4iHKH
(y xontpoui — 0 6anis, npu 2T — 2,3 6anm); nopy-
HICHHSAMH KpOBOOOIry B mevinii (y kouTpoii — 0 Oa-
niB, pu 12T — 2 6anu), nuctpodiuHUMU 3MIHAMH
rematouuTis (0e3 X cteatosy, y kontpoii —0,5 6ais,
mpu LIJI2T — 2 Gamm) i creato3oM remaTonuTis (y Ko-
HTpoii — 0 6axis, mpu LI/JI2T — 2,6 6anm); ammonto3oM
1 HEeKpo30oM TenatoruTiB (y KoHTpodi — 0 Gamnis, mpu
OA2T — 2,8 6anm); 3anmansHOO iHQLIBTpAIi€tO medi-
HKH (y koHTpoui — 0,5 6anis, mpu L/I2T — 2,8 Gamm);
¢i0bpo3oM nedinku (y koHTpoIi — 0 6aiis, mpu Lm2T
— 1,6 6amu; Tabd. 2).

Crnig 3a3HayuTH, N0 HA T JUCTPOQIYHO-Ie-
CTPYKTHBHHUX 1 3amalbHUX 3MiH NEYIHKU IPH MOJe-
moBanHi IJJI2T B mapeHximi opraHy 4acro crocrepi-
rajd KOMIICHCATOPHO-TPUCTOCYBANIbHI Mepe0yI0BU
TemaToLUTIB, 3arabHa OIliHKa KX Oyila BU3HAYeHA
cepenHiM 3HaueHHsAM y 0,6 6amm (y xonTpom — 0,3
6amm; p<0,05). Lle BkazyBano Ha BHCOKY 3JaTHICTh
TICYiHKH 710 BITHOBJICHHS NpH po3BuTKy LIJ2T.

JocmimkeHHs Ta oninka egekriB BBy NSE
npu 2T 3a yM0OBU HOrO 3aCTOCYBAaHHS 32 CXEMOIO
1 (Monens TepaneruuHoi nii NSE) i 3a cxemoro 2
(Mozens mpodinakruunoi aii NSE) moxazanu, mio
edexTuBHiCcTh 3acTocyBanHs NSE 3a cxemoro 1 3Ha-
YHO nepeBulye eekTHBHICTh 3acTocyBanHs NSE 3a
cxemoto 2. Ile Oys10 BU3HAUEHO 32 MMOKA3HUKOM 3ara-
JILHOT OIIIHKH TICTOJIOTIYHHUX 3MiH HEYIHKH AUCTPOPi-
YHO-JIeCTPYKTHBHOI crpsiMoBaHocTi. Moro cepeme
3HaueHHs npu 3actocyBanHi NSE 3a cxemoro 1 nopi-
BHIOBaJo 11,6 6amu (mpu LIJI2T — 13,3; p<0,05), a
mpu 3actocyBaHHi NSE 3a cxemoro 2 — 5,3 Ganu, Bij-
TIOBIZTHO, IO XapaKTepH3ye 3HAYMMI BiZIMIHHOCTI MK
rpynaMy Ipu Pi3HUX CHOCO0ax HOro 3acToCyBaHHS
(p<0,05; Tab. 2).
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Tabuuus 1
OuiHKa riCTOJOTIYHHX 3MiH MEYiHKH HIypiB IPH MOJEIIOBAaHHI IyKPOBOTO JliabeTy 2 TUILY 3a CHCTEMOIO 0ajIiB

Mopdotoriuni narepHu Ta ix bamu

riCTOJIOTIYHA XapaKTEPUCTHKA «0» «1» «@2» 3»
TTopylIeHHs NiCTOCTPYKTYPH - 3-5% 6-33% 66%
[MopymenHst KpoBOOOIry:

- IOBHOKPOB’sI BEH 1 CHHYCOITHUX KaliJIsIpiB - + + +

- PO3IIMPEHHS Ta TIOBHOKPOB’SI CHHYCOIMHUX KaIIiJis- ) ) + +

PpiB i3 KaBEpHO30MOIIOHNMH MTOPOKHIHAMHU

- TpoM003 Ta/abo XKHpoBa eMOOITis - - - +

- KaIlJISIpUT, BEHYJIT, apTepiiT - - - +
CTeaTo3 renartomuTiB: -

- MaKpOBE3UKYIISIPHUA <5% 5-33% 33-66% >66%
- MiKpOBE3HUKYJISIPHHUH <5% 5-33% 33-66% >66%
- 3MiIIaHul - - 1-5% >5%
JAuctpodiuni 3MIHH TeNaTOLNTIB (6inkosa, cioponi- 3-5% 6-33% >33%
YHA, BAKYONLHA MA IH.)

Hexpos/anonros:

- MOHOIICTIOJIIPHHUNA HEKPO3/aronTo3 - 0-1 + +

- (hoxanbHUI - 1-2 >2 +

- cxigyacTui - - 1-2 +

- 30HAJTFHUI/allnHAPHIHA - - 1-2 >2
- cyOMacuBHHH 1/a00 MacHBHHI - - - 1-2>
3ananpHa inginsTpamis’ - 1 1-2 >2
®i0po3 mediHKu:

- NEPHUTeNaToOLETIOPHINA Ta/abo IepUCHHYCOinab- i + + +
HUH

- IEPUBEHYJIIPHUI - - + +

- IEPUTIOPTAIHHAMN, 1HO/I MOPTAITHHHH - - - +
KoMrneHcaTopHO-TIPHCTOCYBaJIbHI NepeOyaoBH rema-

TOLMTIB (2inepmpois, mimos, 2-x s0epHi cenamo- <5% 5-33% 33-66% -
yumu) "

[Mpumitku. Ouinka B 6anax: «0» — 3MiHU BifcyTHI; «1» — 3MiHM He3HauHI (Jierki); «2» — 3MiHH HOMIpHI; «3» —
3MiHU BUpaxeHi (Baxkky). OI[iHKa 32 HAABHICTIO 3MiH: «-» — BiICYTHI; «+» — HasBHi. OLiHKa KiIbKOCTI: * — BiHO-
CHA KiIBKIiCTh (%) ypaskeHHX KJIITHH a00 ypakeHOi IO MicTONoriuHoro 3pisy; f — aGcomoTHa KinbKicTh BOTHHUII
HEKpPO3y Ta 3alajCHHs B OJMHHUII TeCTOBOI o (pu 30uibineHH] 00’ ekTHBY X20).

Tabmuus 2
OriHKa TiCTOJIOTIYHHX 3MiH MEYiHKH IIypiB IPH MOJAETIOBaHHI I[yKPOBOTO AiabeTy 2 TUIY Ta HOro KOpeKIii
NSE npwu pizHHUX cXeMaX 3aCTOCYBaHHS, O6aiu

lNcronoriuni 3MiHN Ipyna 12T+ NSE
(Mop¢ororivyHi MaTepHN) Komntp. oazT Cxoma 1 Cxoma 2
IopyIIeHHs TiCTOCTPYKTYpH 0 2,3 1,6" 0,57
ITopyuieHHs1 KPOBOOOITY 0 2,0 1,2 0,5
CTeaTo3 renaTonuTiB 0 2,6 2,4" 1,0*f
JucTpodivHi 3MiHU renaTouuTiB 0,5 2,0 1,8 1,0*f
Hexpo3/anonros 0 2,8 2,07 0,8
3ananbHa iHQinsTpamis 0,5 2,8 1,8" 1,2*f
®i6po3 neuinku 0 1,6 0,8 0,3
3aranbHa oniHKa (cepedwiti 6an) 1,0 13,3 11,6" 53"
KoMIIEHCATOPHO-TIPHCTOCYBaIbHI T1epebyI0BY renaTolHTIB 0,3 0,6 1,5 1,3

Tpumitka: : * —p<0,05 npu nopisrsuHi 3 rpynoro LJI2T; T — p<0,05 npu nopisusani rpynu «Cxema 1» i3 rpymnoro
«Cxema 2».
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I3 ganux Tabmuui (Tad. 2) BUIHO, IO O1IbII BH-
coka edekTuBHICTh 3acTocyBaHHsl NSE 3a ciocobom
2 Bu3Havanacs 3a 3HauuMuM (p<0,05) y nopiBHSIHHI
31 crtoco0oM 1 3MEHIIEHHM B Ie4iHIi MOp(HOJIoTid-
HUX NPOSBIB MOPYIIEHHS FiCTOCTPYKTYPH NEYIHKH Ta
il kpoBOOIrYy, TUCTPOGIYHUX 3MiH TE€HNATOIHTIB i, B
MEpIy YepTy, CTEaTO3y TeMaTOLHTIB, 8 TAKOXK HEKPO-
3amajxbHUX 3MiH NediHku Ta 11 Gpidposy. [lpu mpomy
BHCOKA IHTEHCHBHICTh KOMIICHCATOPHO-TIPHCTOCYBA-
JBHUX TepeOyAOB IeNaTONMTIB HE BUSBIIANA 3HAUM-
MHUX BIIMIHHOCTEH y HIypiB i3 pi3HUMH criocobaMu
3acrocyBanHs NSE mpu monemoBanni 1/12T.

BucHoBku

1. Mopdoutoriuni gociikeHHs Te4iHKU HIypiB
npu moxenroBanni [[JI2T (Momens BinTBOpOBANH
HIIIXOM TPUBAJIOTrO, 6 Mic., yTPUMaHHs TBapHH Ha
BX/T) BusiBnim xapaxrepHi 1t MAXKXII 3minm, mo
XapaKTepu3yBaJCs MOP(MOIOTIYHUMH TIaTepHAMH:
MOPYIICHHS TICTOCTPYKTYpH NEUYiHKH; MOPYIICHHS
KpPOBOOOITY; CTE€aTO3 TEMaTOIHTIB; aroNTO3/HEKPO3
TeTaTOLHUTIB 1 3aMalbHi 3MiHH TIediHKy; Gibpo3; a Ta-
KO KOMIIEHCATOPHO-TIPUCTOCYBAJIbHI IepedynoBn
renaToLuTIB.

2. 3 MeTtoro yHi(ikamii Ta cTaHAapTH3AMIT OIli-
HKH BHSIBJICHHX 3MiH, 1X TIOPiBHSHHS Ta €KCTPAIoJs-
il Ha JFOUHY 32 pe3yJbTaTaMH MPOBEACHHUX TOCITi-
JUKEHb PO3POOJICHO CTaHIapTU30BaHMM, YHi(ikoBa-
HU# MPOTOKOJI TICTOJIOTTYHOTO OCIIIKCHHS MEUiHKH
IIypiB Ta KpUTEpil OMiHKH 11 MOp(HOIOTIYHMX 3MiH 32
Kateropismu: 1) sKicHa KaTeropis — 3MiHH BiJICYTHI
(«+») abo 3MiHE IPUCYTHI («—»); 2) KiTbKiCHA KaTe-
ropis — 3MiHH, 0 MOXKYTh OYTH MiJpaxoBaHi 3a JI0-
MOMOTO0I0 MOpdoMeTpii (Hampukiam, KiTbKiCTh BOT-
HUII 3amaibHoi iHQUTBTpAIlil Ha OJMHUIIO TUTOII Ti-
CTOJIOT1YHOTO 3pi3y Mpu 301IbIIeHHI 00’ €KTHBY X20);
3) HaniBKUIbKICHA KaTeropis, 1o nepeadayae OiHKy
BMSIBJIEHUX 3MIH 32 CUCTEMOIO OamiB, Bif «0» 10 «3».

3. BrpoBajpkeHHsT po3po0OJIeHOi CUCTEMH Olli-
HKH TICTOJIOTIYHHX 3MiH MEYiHKU MPU MOJICIIOBAHHI
LA2T i ioro xopekiii NSE 103B0snII0 MpoBECTH IM0-
PIBHAJIBHY OLIHKY e(eKTIB HOro Mii Mpu pi3HUX cXe-
Max (pexHumax) 3acTOCYBaHHS B EKCIICPUMEHTI.
Bcranosneno, mo 3actocyBanHs NSE 3a cxemoro 2
(Mozens mpodinakTuyHOi Aii) 3HAaumMO (p<0,05) y
ropiBHAHHI i3 3acTocyBanHAM NSE 3a cxemoro 1 (Mo-
JIeNTb TePaNleBTUIHOI [[iT) 3MEHIITYE TPOSIBH TAKHX Ti-
CTOJIOTIYHHX 3MiH, SIK IOPYIIEHHS TICTOCTPYKTYPH Ta
KpOBOOOITY B IeHiHIli, TUCTPODITHI 3MiHH TeNATOIH-
TiB (OCOOJIMBO CTEATO3 reMaTOIMTIB), arloNTO3/HEK-
PO3 TenaTouuTIB 1 3anmajbHi 3MiHH, a Takox (ibpo3
neyiHky. [Ipy iboMy B MediHI BiAMiYaiu 3HaYMMe
30UIBIICHHSI TICTOJOTIYHUX MPOSBIB KOMIIEHCATO-
PHO-TIPUCTOCYBAJIbHUX IIepe0yB TeaTOLMTIB, IO
OyJIO CBiUEHHSIM 3[ATHOCTI TEYiHKU JO 11 BiTHOB-
neHHs npu moxenroBanHi LJI2T.

ITepcneKkTUBY MOAATBIINX PO3POOOK

[Momampmm mocmimkeHHS MArOTh OYTH CIIPSIMO-
BaHI Ha YJOCKOHAJCHHS CHCTEMH 00’ €KTHBHOI OIIi-
HKH TiCTOJIOTIYHHX 3MiH IEYiHKU MPU MOJCITIOBAHHI
Pi3HUX BHIIB ii AaTOJIOTI], @ TAKOK BUBYCHHS B CKC-
NEepPUMEHTI, B paMKax MPOBEJCHHS JOKIIHIYHUX J0C-
JJDKEHb MEXaHI3MIB JIIKYBaJbHOI Ta MpoQinaKkTHy-
Hoi z1ii NSE Ha pi3HUX CTajisX PO3BUTKY ajliMEHTap-
Horo oxwupinus, IP, MC ta XXXIIMII.

Indopmanis npo koHQJIIKT iHTepeciB

[Morenmiitanx ab0 SBHUX KOH(QIIIKTIB iHTEpECIB,
10 TIOB’sI3aHi 3 MM PYKOIIMCOM, Ha MOMCHT ITyOTi-
Kallii He iCHy€ Ta He mepen0adaeThCes.

dxepena piHaHCYBaHHA

PoGora BUKOHaHA B paMKaxX HayKOBO-ZOCIiTHO]
Temu «Po3po0iieHHsI MOp(OTOTIYHUX KPUTEPIiB ede-
KTHUBHOCTI TPO(DUIAKTUYHOTO 1 TEpaneBTUYHOIO
BIUIUBY MaJIOTIOJSIPHUX MIHOPHHMX JIIMIIIB 32 1HCYJIi-
HOPE3UCTEHTHOCTI Ta IIYKPOBOrO aiabery 2 TUIy»
(nomep aeprkaBnoi peectpanii 0123U100750).
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JyroBebkuii C.II., KBirTHunbka-Pu:xoBa T.FO., Muxanbcbkuii C.A., Knumenko ILII., Majaumesa
C.I1., Kocaxosa I'.B. Mop¢ooriuaa XapaKTeKpHCTHKA Ta OLiHKA ricTONOTYHUX 3MiH NeYiHKH 1YpPiB npu
MO/IeJTIOBAHHI HYKPOBOro aiadery 2 Tumy Ta iioro kopekuii N-cTeapoijieranojiamiHoMm.

PE®EPAT. AktryanbHicTb. [Ipobiiema ykposoro miadery, 3okpema 2 tumy (L[JI2T), HaOyBae riiobanbHOTo
XapakTepy B yCbOMY CBITI, 1[0 BU3HAYAE aKTYaIbHICTh MPOMITAKTUKHY, JIarHOCTUKH Ta JIIKYBaHHS OJHOTO 3 Haii-
ORI TOMIMPEHNX HOTO YCKIaTHEHD — )KHUPOBOi XBOPOOH MEHiHKH, OB’ SI3aHOT 3 METa0OIIYHUMHE MOPYIICHHIMHI
(CKXTIIMII). 3natHicTh mediHku 10 3BOopoTHHX 3MiH mpu L[JI2T BH3HaYae HEOOXiTHICTH MOIIYKY, PO3POOKH Ta
BITPOB/KCHHS B KJIIHIYHY ITPAKTHKY HOBHX 3ac00iB (hapmakosroriqaoi kopekuii JKXXITIMII. Lle HemoximBo gocs-
T 0€3 eKCIIePUMEHTATBHUX JOKIIHIYHUX JOCHTIKEHB, 1€ METOJH OI[IHKH MOP(OIOTIYHNX 3MiH ITEYiHKH Ha0y-
BAIOTH IIPiOpUTETHOTO 3HaUeHHA. MeTa. Mopdosroriuna xapakTepucTuKa Ta po3pooka 00’ €KTUBHOTO MiAXOMY IS
MOPIBHSUILHOT OLIIHKK Ta YHi(iKaIil ricToNoOriYHUX 3MiH NeYiHKK 1ypiB npu MonemoBanHi LIJI2T ta iioro xope-
kuii N-creapoineranonaminoM (NSE). Meronu. Ha mypax Sprague-Dawley (n=41), sikux TpuBajuii gac (6 Mic)
YTpUMYBaJIH Ha BUCOKOXKMOBiii mieti (BXK]T), BinrBoproBanu Mozens LIJI2T. Foro po3BUTOK KOHTPOITIOBAIH 32
MOKa3HMUKOM BMICTY TJIFOKO3H B KPOBI, a MiZITBEP/>KYBaJy 3a JIOTIOMOTOI0 TECTY Ha TOJEPAHTHICTH 10 IIIFOKO3HU. 32
pe3yJbTaTaMM TiCTOJIOTIYHOTO JIOCHI/PKEHHS IIeYiHKK BUBYalK epektn TepaneBTndnoi aii NSE (per os, B 1031 50
MI/KT, BIPOJIOBX 2- THXKHIB micist miaTBepukeHHs po3BuTKy L[JI2T; cxema 1), a Takox Horo npodinakTuaHoi aii
(per os, B 103i 50 mr/kr, 10 gHIB KO)XHOTO Micsls; cxema 2). Pesyabrarn. Mopdooriuai JocmiKeHH] TeYiHKH
mypiB npu MojemoBanHi LIJI2T BusBumm xapakrepsi 1uist JKXIIMIT 3minu, 110 Bu3Havaics TaKMMH TiCTOJIOTI-
YHUMH TATEPHAMH, SIK: MOPYIIEHHS TiCTOCTPYKTYPH OpraHy; HOPYLIEHHS KPOBOOOIry B NediHIi; JucTpodidHi
3MiHM TeNaToOUMTIB, HacaMIIepe]] CTeaTo3; HeKpO3/aronTo3 refnaTounTiB 1 3analibHi 3MiHU TTe4iHKy; Gi0po3, a Ta-
KO’K KOMIIEHCAaTOPHO-TIPUCTOCYBAJIbHI TIepe0ynoBH renaronnTis. Ha mijfcraBi oTpuMaHux pe3yiabTaTis 0yIio pos-
poOJIeHO CTaHIApTH30BaHMH yHi()iKOBaHUH MPOTOKOJ TiCTOJIOTIYHOTO JOCTI/DKEHHS MeviHku mypiB npu LJA2T
Ta KpUTEPil OIIHKY BUSABIECHUX 3MiH 32 3- Ma OIIHOYHIMH KaTETOPisIMH 3 BUKOPHCTAHHIM CHCTEMH 0aJIiB, Big «0»
110 «3». Ilincymok. BipoBayxeHHs po3p0o0sIeHOT CUCTEMH OIIHKH TiCTOIOTTYHUX 3MiH NIEUiHKH ITPH MOJISTIOBAHHI
LJA2T i #ioro xopeknii NSE no3Bonmio mpoBecTr HOpiBHUIBHY OLiHKY edekTiB aii NSE B excniepuMeHTi mpu
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pi3HMX cxeMmax Horo 3acTocyBaHHS Ha LIypax. BcraHosieHo, 1o 3actocyBanHsi NSE 3a cxemoro 2 y nopiBHSHHI
31 cxemoro 1 3HaunMo (p<0,05) 3MeHIIye NPOSBY TAKUX TICTOJIOTIYHHX 3MiH, K MOPYIICHHS TiCTOCTPYKTYPH Op-
raHy Ta HOro KpoBooOiry, AUCTpO(dIYHUX 3MiH I'eNaTOUUTIB, HACAMIIEPE CTeaTo3, HEKPO3y/alonTo3y Ta 3aIallb-
HUX 3MiH IIeYiHKH, a TakoX (iopo3y. Pazom i3 uum BruuB NSE 3naunmo (p<0,05) 361b11y€ TicTONOrI4HI POSBH
KOMIICHCATOPHO-TIPUCTOCYBAILHUX MepeOyJ0B TeNaTOUUTIB y BUMIIAAIL iX rinepTpodii Ta 301IbIEeHHIM KiJIbKOCTI
2-X AOepHUX KIITHH.

Kiro4oBi cj10Ba: mykpoBmii giabet 2 THILY; eKCIIepUMEHTaIbHA MOJIEITh; Iy PH; TiCTOJIOTIYHI 3MiHH ITEYiHKH;
N-cTeapoineraHoigaMiH; papMaKoJIOTidHA KOPEKITis.
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ABSTRACT. Background. Accurate sex determination in poultry is essential for successful breeding programs, efficient
flock management, and economic optimization within the poultry industry. Traditional methods—such as vent sexing,
feather sexing, and DNA testing—often present significant drawbacks. These techniques can be invasive, stressful for the
birds, labor-intensive, or inconsistent in their accuracy, particularly in native or indigenous breeds where clear sexual di-
morphism is lacking during early developmental stages. Kadaknath chickens, an indigenous and genetically distinct breed
from India, are known for their unique black pigmentation. However, the subtle external differences between males and
females at a young age make conventional sexing methods challenging. As a result, there is significant interest in identifying
alternative, non-invasive, and accurate morphological markers for early sex differentiation in this breed. Objectives. To
investigate whether eye shape can serve as a reliable, non-invasive morphological marker for sex determination in Ka-
daknath chickens using geometric morphometric techniques. Methods. High-resolution lateral photographs of the right eye
were captured from 16 clinically healthy adult Kadaknath chickens (9 males and 7 females), ensuring consistent imaging
conditions. A total of 45 anatomically homologous landmarks were placed on each image to capture the overall shape and
curvature of the eye. Geometric morphometric techniques were applied, beginning with Generalized Procrustes Analysis
(GPA) to normalize the data by removing variations due to position, orientation, and scale. Principal Component Analysis
(PCA) was conducted to identify the major axes of shape variation across individuals. Canonical Variate Analysis (CVA)
and Discriminant Function Analysis (DFA) were used to assess the degree of sexual dimorphism and the classification
accuracy of individuals based on eye shape. Results. PCA revealed that the first two principal components (PC1 and PC2)
accounted for 81.35% of the total shape variation. The greatest morphological differences between sexes were observed in
the ventrolateral and dorsolateral regions of the eye, suggesting localized shape changes linked to sex. CVA demonstrated
statistically significant sexual dimorphism between males and females, with a Mahalanobis distance of 3.7794 and a Pro-
crustes distance of 0.0388 (P < 0.0001), indicating clear separation in morphospace. DFA achieved perfect classification
(100%) when applied to the original dataset and retained a reasonably high classification accuracy of 68.75% under leave-
one-out cross-validation, suggesting a strong sensitive model. Conclusions. The study provides compelling evidence that
eye shape exhibits distinct and measurable sexual dimorphism in Kadaknath chickens. These results highlight the potential
of geometric morphometric analysis of eye morphology as a non-invasive, low-cost, and visually based method for sex
identification in this breed. Future research should focus on more extensive datasets and exploring three-dimensional (3D)
imaging techniques to enhance shape characterization. Additionally, integrating machine learning algorithms with morpho-
metric data may further improve the automation and accuracy of non-invasive poultry sexing trait in Kadaknath chickens,
revealing marked morphological differences between sexes. These findings support the development of alternative, non-
invasive sex determination methods for poultry with subtle sexual dimorphism.
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Background

Accurate sex determination in day-old chicks is
a critical yet challenging task in the global poultry in-
dustry, particularly among indigenous breeds such as
Kadaknath, where secondary sexual characteristics
are not yet developed. Early and precise chick sexing
underpins effective flock management, optimized nu-
tritional planning, and genetic selection strategies, es-
pecially in commercial operations where males and
females differ significantly in growth rate, meat yield,
and market value. In broiler production systems, for
instance, male chicks are often preferred due to their
superior feed conversion ratio (FCR) and uniform
carcass traits, making sex identification at hatch eco-
nomically vital.

Traditional sexing techniques—including vent
sexing, feather sexing, and color-based sexing—alt-
hough widely practiced, are labor-intensive, invasive,
and prone to human error. These methods demand
considerable expertise and are often breed-specific,
limiting their utility across diverse poultry popula-
tions [1]. Moreover, the ethical implications associ-
ated with chick handling stress and physical manipu-
lation have prompted the search for non-invasive,
rapid, and automatable solutions that are more con-
sistent and animal welfare-friendly.

One promising frontier in this context lies in the
exploration of sexual dimorphism, defined as the
morphological differences between males and fe-
males of a species. While well-documented in adult
birds—manifested in plumage coloration, comb de-
velopment, body size, and vocalization patterns [2],
such traits are rarely present or discernible in newly
hatched chicks. Recent advances in phenomics and
computational biology have directed attention toward
less obvious but potentially informative features such
as craniofacial morphology, ocular metrics, and facial
asymmetry.

The eye, in particular, presents a unique oppor-
tunity for early sex identification. As a complex sen-
sory organ with species-specific functional and ana-
tomical variations, the eye may harbor subtle dimor-
phic features, such as differences in shape, size, pupil
alignment, inter-eye distance, and ocular contouring
[3, 4]. These characteristics, collectively referred to
as eye dimorphism, remain understudied in avian spe-
cies but are gaining traction in automated biometric
identification systems. The morphology of a bird’s
eye undergoes relatively minimal developmental
changes from the neonatal stage to adulthood, espe-
cially when compared to the more pronounced
changes seen in some other vertebrates [5].

To analyze such fine-scale morphological varia-
tion, the field of geometric morphometrics (GMM)
offers a robust, landmark-based methodology capable
of capturing and statistically analyzing two-dimen-
sional and three-dimensional shape variation. GMM
has been successfully employed in various vertebrate
studies for species identification, developmental biol-
ogy, and evolutionary analysis, and its application in

poultry science is rapidly expanding [6-9]. Through
Procrustes superimposition, principal component
analysis (PCA), and canonical variate analysis
(CVA), GMM enables the high-resolution quantifica-
tion of shape differences [10, 11], making it an ideal
tool for detecting early sexual shape dimorphism
(SShD) [12, 13].

In parallel, the integration of machine learning
(ML) and deep learning (DL) algorithms into preci-
sion livestock farming (PLF) systems has revolution-
ized automated phenotyping [14-18]. Recent studies
employing convolutional neural networks (CNNSs)
and support vector machines (SVMs) have demon-
strated encouraging results in sex classification [19],
health monitoring, and behavioral analysis using fa-
cial and ocular image data. These technological ad-
vancements have positioned facial recognition-based
sexing systems as a viable alternative to traditional
approaches [20], with the potential to reduce chick
stress, eliminate the need for skilled sexers, and en-
hance both accuracy and efficiency in poultry opera-
tions.

The present study aims to contribute to this
evolving field by investigating whether eye shape, as
captured through landmark-based geometric morpho-
metrics, can serve as a reliable morphological marker
for sex differentiation in the Kadaknath chicken — an
indigenous Indian breed noted for its distinctive mel-
anism, disease resistance, and adaptability to local cli-
mates [21, 22]. By identifying consistent patterns of
eye shape variation between male and female
chicken, this research seeks to develop a biologically
relevant, non-invasive, and practically implementable
method for early sex identification.

This approach aligns with broader efforts in sus-
tainable poultry production, welfare-centric manage-
ment, and the integration of Al-driven image analyt-
ics in agriculture. If successful, this work could pave
the way for scalable, breed-independent, and auto-
mated chick sexing systems tailored to the needs of
indigenous poultry, addressing both economic and
ethical challenges inherent in conventional sexing
practices.

Materials and Methods

Sample Collection

A total of 16 adult Kadaknath chickens (9 males,
7 females), all aged 2 years and in good health and
body condition, were selected. The birds were
sourced from the Rashtriya Krishi Vikas Yojana
(RKVY) Poultry Farm, Faculty of Veterinary and An-
imal Sciences, Banaras Hindu University, Barkachha,
Mirzapur, Uttar Pradesh, India. All animal handling
and research procedures adhered to institutional ethi-
cal guidelines

Image Acquisition and Landmark Selection

High-resolution lateral photographs of the right
eye of each bird were taken using a digital camera
mounted on a tripod, positioned at a fixed distance of
30 cm. Uniform lighting conditions were maintained
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throughout the imaging process. A total of 45 anatom-
ically homologous landmarks were identified and
consistently selected based on visible (Figure.1), re-
peatable features of the eye. These landmarks were
categorized as follows:

e Medial angle of the eye: Landmarks 1-5 and
Landmarks 40-45

o Lateral angle of the eye: Landmarks 19-27

e Dorsal part of the eye: Landmarks 6-18

e Ventral part of the eye: Landmarks 28-39

e 1-12: Dorsomedial part of eye, 13-21:
Dorsolateral part of eye, 22-33: Ventrolateral part of
the eye and 34-45: Ventromedial part of the eye.

Landmark Digitization, Data Preparation and
Analysis

Each image was digitized in TPSDig232, and
landmark coordinates were exported in TPS format
using TPSULil32. Landmark data were then imported
into MorphoJ (v1.08.01.msi) for further analysis.

Geometric Morphometric Analysis and Statisti-
cal Analysis

Generalized Procrustes Analysis (GPA) was em-
ployed to eliminate non-shape variation, including
differences in position, scale, and orientation, thereby
isolating pure shape information. Principal Compo-
nent Analysis (PCA) was subsequently conducted to
explore the primary axes of shape variation across the
dataset. To assess shape differences between sexes,
Canonical Variate Analysis (CVA) was performed,
enabling the evaluation of intergroup morphological
divergence. Discriminant Function Analysis (DFA)
was utilized to assess the classification accuracy of
individuals by sex based on shape variables.

Graphical representations of shape variation in-
cluded wireframe diagrams and scatter plots derived
from PCA and CVA. All statistical analyses were
conducted and results were visualized using a combi-
nation of plots, wireframe overlays, and summary ta-
bles to comprehensively illustrate patterns of shape
variation and group differentiation.

Results

Principal Component Analysis (PCA)

Principal Component Analysis (PCA) was con-
ducted on Procrustes-aligned coordinates derived
from 45 anatomical landmarks representing the eye
shape of Kadaknath chickens. This analysis reduced
the dimensionality of the high-dimensional landmark
data while preserving the major axes of morphologi-
cal variation (Fig. 1).

The first two principal components (PC1 and
PC2) collectively accounted for 81.35% of the total
shape variation, with PC1 contributing 58.46% and
PC2 accounting for 22.89% (Table 1). A scree plot
revealed a prominent elbow at PC2, indicating that
most biologically meaningful variation was captured
within these two dimensions (Fig. 2).
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Fig. 1. Anatomical landmarks (1-45) positioned on the
surface of the eye to delineate the eye outline. These land-
marks were systematically placed to capture the overall con-
tour and shape variation of the eye region for morphometric
analysis.

Table 1
Principal Component Analysis Summary
Principal  Eigenvalue % Cumula-
Compo- Vari- tive %
nent ance
PC1 0.00220529 58.46% 58.46%
PC2 0.00086360 22.89% 81.35%
PC3 0.00023577  6.25% 87.60%
PC4 0.00018071  4.79% 92.39%
PC5 0.00009478  2.51% 94.91%

The shape variation along PC1 represented the
dominant axis of morphological differentiation.
Warped outline diagrams and landmark displacement
vectors revealed that PC1 captured expansion along
the dorsomedial-ventromedial axis and elongation in
the lateral regions (Fig. 3). Male eye shapes were as-
sociated with greater expansion and elongation, while
females displayed more compact and rounded out-
lines. Landmarks in the dorsomedial region and lat-
eral angle contributed significantly to these shape dif-
ferences. PC2, explaining 22.89% of variance, de-
scribed secondary variations in eye shape, including
asymmetry, curvature shifts, and localized bulging in
either the dorsal or ventral regions. These differences
appeared to reflect both inter- and intra-sexual varia-
tion, as indicated by broader dispersion of male sam-
ples and clustering patterns. PC3 (~10%) involved
asymmetrical lateral displacement, particularly in the
dorsolateral and ventrolateral regions, and appeared
to represent individual variation rather than sex-based
differences. PC4 (~5%) and PC5 (<5%) accounted for
subtle curvature and local shape fluctuations, respec-
tively, and contributed minimally to overall shape di-
morphism.
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Fig. 2. Presents a scree plot depicting the relationship between principal components and the percentage of explained
variance. A pronounced elbow at PC2 indicates that the majority of meaningful shape variation is captured by the first two principal
components (PC1 and PC2).

Warped Outline Diagrams for Each PC (Pooled by Sex)

PC1 PC2 PC3 PCa PC5

Fig. 3. Warped Outline Diagrams (PC1-PC5) present the visualization of shape variation in eye morphology along the first
five principal components. PC1 (58.46%) captures the primary sexual dimorphism, with males showing lateral elongation and
females a rounded shape. PC2 (22.89%) reflects vertical elongation with limited sex differences. PCs 3-5 (~10%, ~5%, <5%)
represent individual variation and minor curvature or local shape changes.

Convex hull analysis of PCA scores revealed broader spread along both PC1 and PC2, indicating
distinct sex-based clustering. Female specimens oc- greater shape variability. This pattern was further
cupied a compact morphospace cluster, reflecting supported by the PC1 vs. PC2 scatterplot, which
lower intra-group shape variation and higher morpho- demonstrated clear separation between sexes, sug-
logical consistency. In contrast, males exhibited a gesting potential sexual dimorphism (Fig. 4).
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Fig. 4. The convex hull of Principal Component 1 (PC1) and Principal Component 2 (PC2) illustrates sex-based differences
in eye shape variability. Female eye shapes (red) form a more compact cluster in morphospace, indicating greater morphological
consistency. In contrast, male eye shapes (blue) exhibit a broader distribution along both PC1 and PC2, reflecting increased
variability in eye shape.
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Visual analysis of deformation grids provided
additional insight into localized shape changes be-
tween sexes. In males, the dorsal region appeared
compressed or inward-shifted, while the ventral re-
gion exhibited outward expansion. Medial and lateral

3.01

Frequency

angles showed asymmetric elongation, particularly in
lateral regions, contributing to an elliptical shape with
a tilted major axis (Fig. 5). These distortions further
suggest shape dimorphism and potential differences
in eye orientation or aspect ratio between sexes.
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Fig. 5. This histogram shows the distribution of Canonical Variate 1 (CV1) scores for males and females from the Canonical

Variate Analysis (CVA).

Canonical Variate Analysis (CVA

Canonical variate analysis (CVA) was per-
formed to assess shape differences between male and
female chickens based on eye shape. The analysis
yielded a single canonical variate (CV1), which ex-
plained 100% of the between-group shape variation,

indicating that all shape differentiation between sexes
is captured along this axis (Table 2). A large eigen-
value (4.0174) associated with CV1 reflects strong
discriminatory power between male and female eye
shapes.

Table 2

Canonical Variate Analysis (CVA) Summary Table

Parameter Value
Canonical Variates Extracted 1
Eigenvalue (CV1) 4.0174
% Variance Explained (CV1) 100.00%
Goodall’s F (Permutation, 10,000 reps) 1.5748
P-value (Goodall’s F) <0.0001
Pillai’s Trace 1.0000
P-value (Pillai’s Trace) <0.0001
Mahalanobis Distance (Male—Female) 3.7794
Procrustes Distance (Male—Female) 0.0388
Significant Shape Differences Yes (p < 0.0001)

Permutation tests (10,000 iterations) were con-
ducted to evaluate the statistical significance of shape
differences between sexes. The results were highly
significant for both Goodall’s F-test and Pillai’s trace
(p < 0.0001), clearly rejecting the null hypothesis of
no shape difference. These outcomes strongly support
the presence of sexual dimorphism in eye shape
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within this indigenous chicken breed.

Further confirmation was provided by pairwise
distance measures, including both Mahalanobis dis-
tance and Procrustes distance, which consistently re-
vealed significant separation between male and fe-
male eye shapes.

Examination of canonical coefficients for CV1
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revealed the relative contribution of each landmark’s
x and y coordinates to the observed group separation.
Landmarks with higher absolute coefficient values
were considered key contributors to sexual dimor-
phism. Notably: Landmark 16 (x = 47.16, y = 59.98)
had a very strong positive loading on both axes, high-
lighting the dorsal part of the eye as highly sexually
dimorphic. Landmarks 13 and 14 showed large nega-
tive coefficients in the y-axis (—49.61 and —45.56 re-
spectively), possibly indicating ventral displacement
or boundary shifts in one sex. Landmarks 31, 32, and
33 (dorsolateral eye region) exhibited high positive y-
coefficients (y ~ 46—76), further emphasizing dorso-
lateral region differences. Landmark 45 (Ventrome-
dial part of the eye) showed a strong negative x-axis
coefficient (—40.79), suggesting its significant role in
distinguishing eye shape by sex.

The CV1 scores demonstrated a clear separation
between sexes, with males exhibiting positive CV1
values and females showing negative scores. These
shape differences align with the observed landmark
displacements: males displayed a more expanded dor-
somedial-ventromedial region and lateral elongation,
whereas females showed a more compact and
rounded eye shape, as visually illustrated in Figure 5.

Discriminant Function Analysis (DFA)

Discriminant Function Analysis (DFA) revealed
significant shape differences between male and fe-
male Kadaknath chickens. The permutation test based
on Hotelling’s T? statistic yielded a P-value of 0.0040,
indicating statistically significant sexual dimorphism
in eye shape. In contrast, the Procrustes distance per-
mutation test returned a P-value of 0.1550, which was
not statistically significant, suggesting that the overall
magnitude of shape difference may be affected by
sample size limitations. The DFA model achieved an

Frequency

overall cross-validated classification accuracy of ap-
proximately 69%, notably exceeding the chance level
of 50%. This result suggests that eye shape contains
sufficient discriminatory features to differentiate be-
tween sexes in this breed (Table-3).

Table 3
Discriminant Function Analysis Summary: Female
vs Male Eye Shape

Parameter Value
Procrustes Distance (mean diff.) 0.03884233
Mahalanobis Distance 3.7794
T-square Statistic 56.2441
Parametric P-value (T-square) 0.9170
Permutation P-value (Procrustes) 0.1550
Permutation P-value (T-square) 0.0040

The cross-validation histogram of the Discrimi-
nant Function Analysis (DFA) demonstrates clear
group separation between female and male samples.
Female scores (represented by red bars) are predomi-
nantly clustered around negative values, primarily
ranging from -15 to 0, indicating that most female in-
dividuals are positioned on the negative side of the
discriminant axis. Conversely, male scores (blue
bars) are largely distributed between 0 and +20, with
the majority located on the positive side of the axis.
The classification threshold is centred near a score of
0, where minimal overlap is observed between the
two groups. This distinct separation suggests high
classification accuracy, with most individuals cor-
rectly assigned to their respective sex during cross-
validation (Fig. 6).

Female

0 20

Female -- Male

Fig. 6. This histogram shows the distribution of DFA scores between female (red) and male (blue) for cross-validation in the

discriminant function analysis.

Discriminant Function Analysis (DFA) of eye
shape measurements revealed a clear separation be-
tween male and female individuals based on their dis-
criminant scores. Histogram analysis of the DFA
scores showed distinct, non-overlapping distributions
for the two sexes (Fig. 7). Female individuals (repre-
sented by red bars) exhibited DFA scores ranging

from —15 to 0, with all scores tightly clustered on the
negative side of the distribution. Notably, no female
scores extended into the positive range. This pattern
indicates strong within-group consistency and dis-
tinct morphological traits characteristic of the female
eye shape, particularly more compact and rounded or-
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bital features. In contrast, male individuals (repre-
sented by blue bars) displayed DFA scores ranging
from +2 to +12, with all values clustered on the posi-
tive side. No male scores encroached into the negative

Frequency

range, confirming that male eye shapes—character-
ized by expanded dorsomedial-ventromedial and lat-
eral elongation—were consistently distinguishable
from those of females.

Male

0

Female -- Male

Fig. 7. This histogram represents the DFA discriminant scores separating females (red) and males (blue) based on eye

shape.

Discussion

The results from Principal Component Analysis
(PCA) highlight that the majority of shape varia-
tion—captured predominantly by PC1—is strongly
associated with sex-based differences. Male Ka-
daknath chickens exhibited expanded dorsomedial-
ventromedial regions and more elongated lateral eye
shapes, while females displayed more compact and
rounded ocular outlines. These distinctions were con-
sistently supported by Scree plot, warped outline dia-
grams, PCA scatterplots analyses.

The distinct clustering of males and females in
morphospace, combined with the significantly differ-
ent PC1 score distributions, supports the central hy-
pothesis posed in this study’s title. Eye shape, partic-
ularly when analyzed through high-resolution land-
mark-based geometric morphometric techniques, of-
fers sufficient discriminatory power to reflect sex-
ually dimorphic patterns in craniofacial morphology
[23-25]. While PC2 and higher-order components ac-
counted for more subtle and sometimes intra-sexual
shape variation (e.g., tilting, bulging, or asymmetry),
it was PC1 that carried the strongest sexual signal.
This suggests that the eye shape dimorphism ob-
served is not only statistically meaningful but also
morphologically consistent across individuals.

Moreover, the reduced intra-group shape varia-
bility in females—as evidenced by their compact con-
vex hull and tight clustering—may point toward evo-
lutionary pressures for visual or reproductive uni-
formity. In contrast, greater variation in males could
reflect differential selection pressures or greater phe-
notypic plasticity [26, 27]. These patterns offer fertile
ground for further investigation into the genetic, func-
tional, or ecological drivers of eye shape in indige-
nous chicken breeds.

The Canonical variate analysis (CVA) demon-
strates that eye shape exhibits clear sexual dimor-
phism in the indigenous chicken breed under investi-
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gation. The strong discriminatory power of CV1, sup-
ported by significant permutation test results and dis-
tinct pairwise distances, confirms that geometric mor-
phometrics can reliably detect sex-based shape varia-
tion in the eye. The landmarks contributing most to
the separation primarily involve the dorsal, dorsolat-
eral, and posterior regions of the eye. These regions
may be subject to sex-linked developmental or func-
tional adaptations. For example, the more elongated
and expanded eye shape in males could relate to vis-
ual performance or sexual display [28, 29], whereas
the more compact configuration in females may re-
flect energy conservation or protective anatomical
traits. These findings suggest that eye shape can serve
as a potential morphological marker for sex differen-
tiation in chickens, particularly when using land-
mark-based geometric morphometric approaches.
This may have implications for non-invasive sex
identification in poultry management and conserva-
tion programs.

The results of Discriminant Function Analysis
(DFA) support the hypothesis that eye shape is a sex-
ually dimorphic trait in the Kadaknath chicken. The
significant Hotelling’s T? test highlights differences
in shape configurations between males and females,
confirming that sex-based morphological variation
exists in this craniofacial region. Although the Pro-
crustes distance test did not yield a significant result,
this may reflect a limitation in statistical power due to
the small sample size rather than an absence of shape
divergence. The high cross-validated classification
accuracy (69%) underscores the practical utility of
geometric morphometrics in discriminating between
sexes based solely on eye shape. The lack of score
overlap in the DFA histogram further emphasizes that
the shape [30] differences are not only statistically
significant but also consistently expressed within
each sex. Female eye shapes were characterized by
more compact, rounded orbital contours, while males
displayed expanded dorsomedial-ventromedial and

MORPHOLOGIA ¢ 2025« Tom 19 Ne 4



lateral elongation, consistent with patterns of cranio-
facial sexual dimorphism observed in other verte-
brates [25, 30-32].

Importantly, the broader morphological variabil-
ity in males suggests greater phenotypic plasticity,
potentially influenced by behavioral or ecological
factors such as territorial displays or mate attraction
[33-35]. The more uniform eye shape distribution in
females may reflect stabilizing selection, possibly re-
lated to reproductive or nesting behaviors or ecologi-
cal factors or others that demand visual consistency
[36-38].

The distinct patterns observed in mor-
phospace—namely, the vertical elongation of the fe-
male shape polygon and the horizontal expansion in
males—highlight the potential utility of eye shape as
a reliable marker for sex differentiation in this breed.
These patterns support the idea that eye shape partic-
ularly when analyzed using geometric morphomet-
rics, offers a non-invasive and morphologically in-
formative means of identifying sex in poultry [39].

Together, these results provide strong evidence
for sexual dimorphism in the eye shape of Kadaknath
chickens, highlighting both static component of mor-
phological differentiation.

This study highlights the potential of eye shape
as a reliable phenotypic marker of sexual dimorphism
in chickens, particularly in traditional or indigenous
breeds such as Kadaknath. The use of eye shape as a
non-invasive morphological indicator offers promis-
ing applications for cost-effective and early-stage sex
determination in poultry breeding and conservation
programs. These findings also pave the way for fur-
ther research into craniofacial traits as indicators of
sex, breed characteristics, or environmental adapta-
tion. Future studies should extend this approach to
various breeds and developmental stages to assess the
consistency of these morphological differences and to
explore their underlying biological significance.
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Harak C.K., Tpinari ¥ K., Kymapi A., Cinrx A. Un mo:xe (popma o4eii CIy:>KUTH MapPKepOM CTATEBOro
aumopgizmy y kypeii? I'eomerpuune MmoppoMeTpudHe J0CTiAKeHHs] MicleBoi mopoau Kypeii 3 Inaii.

AHOTANISI. AktyanbHicTb. TouHe BUSHAYEHHS CTAT] y CBIMCHKOT T € BAYKJIMBUM JJIsL YCIIIIHUX TIPO-
rpaM po3BesieHHs], e)eKTHBHOTO YIPaBIIiHHS Ta eKOHOMIYHOI onNTHMIi3alii B nTaxiBHUYIH ranxysi. Tpaauniiini Me-
TOJIM, TaKi sIK BU3HAYCHH cTaTi 3a mip'sim Ta TectyBanns JJHK, yacto maroTs 3HauHi Hepouiku. Ll MeToan MOKyTh
OyTH iHBa3WMBHUMH, CTPECOBIUMH [UIS MITaXiB, TPYJAOMICTKUMH a00 HEMOCTIIOBHUMH y CBOIH TOYHOCTI, OCOOINBO
y MicueBrX ab0 KOPiHHUX MOPiA, Jie BiACYTHIN WiTKAN CTaTeBUH AuMopdi3M Ha paHHIX CTalmisfX po3BUTKY. Kypu
nopoau KagakHaTx, KOpiHHI Ta TeHETHYHO BiIMiHHI mopoau 3 [HAi1, BiToOMi CBO€IO YHIKaIHHOIO YOPHOIO MirMEH-
tarfiero. OHaK, He3HAYHI 30BHIIIHI BiIMIHHOCTI MiXK CaMIISIMH Ta CAMKaMH B MOJIOZIOMY BiIli pOOJISATh TPpaguIiiHi
METOJY BU3HAYEHHS CTaTi CKJIAJHUMU. SIK pe3ynbTart, iCHye 3HaYHHUI iHTEpec 10 BU3HAYEHHS aJIbTEPHATHBHUX,
HEIHBa3MBHHX Ta TOYHUX MOP(OIOTIIHNX MapKepiB U1t paHHBOI Audepenmiarii crati y miei nopoau. Mera. Jlo-
CJIANTH, UM MOXe (opMa o4el CITy)KUTH HaJiiHUM, HEIHBa3UBHUM MOP(OJIOTIYHIM MapKepoM il BU3HAUCHHS
crati y Kypeii KagakHaTtx 3a 0IOMOTro0 reoMeTpHYHHX MOppoMeTpudHUX MeToaiB. Meroau. Y 16 KiiHIYHO
3JI0POBUX JIopociuX Kypei nopoan Kamaknatx (9 cammis ta 7 caMok) OyJI0 OTpUMaHO BUCOKOPO3/IUIBHI JaTepa-
nbpHI hoTorpadii mpaBoro oka, 1o 3abe3mneuye cTabIBHI YMOBH Bisyauisaiii. Ha koxxHOMY 300paxeHHi 0yio po-
3MilIEeHO 3arajoM 45 aHaTOMIYHO IOMOJIOTIYHUX OPIEHTHPIB AJIs BijoOpakeHHs 3arajibHOl (JOPMH Ta KPUBU3HH
oka. bysnm 3acTocoBaHi reoMeTpUYHI MOPGHOMETPHYHI METOIU, TOYHHAIOYY 3 Y3aralbHEHOT0 aHajli3y NpOKpycTa
JUT HOpMaJTizallii JaHuX IUIIXOM BHIAJICHHS Bapialliid, 3yMOBIICHUX MOJIOXEHHSAM, OPIEHTAII€I0 Ta MACIITa0OM.
Jis BU3HaUSHHSI OCHOBHHX OCe Bapiarlii popMu y pisHHX 0coOHH OyJI0 IPOBEICHO aHai3 TOJIOBHUX KOMIIOHEH-
TiB. JIJISI OIIIHKY CTYIIEHS CTaTeBOr0 AUMOP(i3My Ta TOYHOCTI Kiacu(ikamii ocoOnH Ha OCHOBI pOpPMH OKa BHKO-
PHUCTOBYBAIHCS KAaHOHIYHUI BapiaTWBHUI aHAJI3 Ta aHAJI3 TUCKPUMiHAHTHUX QYyHKIIN. Pe3yabraTu. AHauis ro-
JIOBHUX KOMIIOHEHTIB MOKa3aB, 1o mepiri aBa ronoHi koMmmnoHeHTH (PC1 Ta PC2) cranoBumm 81,35% Big 3ara-
nbHOT Bapianii popmu. Haiibinbimi Mopdosoriuti BiIMIHHOCTI MiXk CTaTSIMH CIIOCTEPIrancs y BEHTpoJaTepalib-
Hill Ta JOpcoyiaTepabHii 00JIACTSIX OKa, III0 CBIAYUTH PO JIOKATi30BaHi 3MiHu (popmu, moB's3aHi 31 cTarTio. Ka-
HOHIYHHH BapiaTHBHUII aHAI3 IPOJEMOHCTPYBAB CTATUCTHYHO 3HAYYLIUH CTaTeBUH TUMOP(I3M MIXK CaMIIsIMH Ta
caMKam¥, 3 BicTaHHIO MaxanaHobica 3,7794 rta BincranHto [Ipokpycra 0,0388 (P < 0,0001), 1o Bkasye Ha 4iTke
poszzineHHs: B MOpQONpOCcTOpi. AHaI3 AUCKPUMIHAHTHUX (QYHKLIH mocsr izeansHol kiacudikamii (100%) npu
3aCTOCYBaHHI 10 BUXITHOr0 Habopy JaHUX Ta 30epir JOCHTh BUCOKY TOUHICTh Knacudikauii 68,75% npu nepex-
pecHii mepeBipii 3 BUKIIOUEHHSAM OJHOTO €JIEMEHTa, 10 CBIIYNTH PO CHIIbHY 9yTIuBY Mojensb. Ilincymok. [lo-
CJIIJPKEHHS HaJa€e TEePEeKOHINBI JOKa3u TOTo, o (opMa odel AEMOHCTPYE WITKHI Ta BUMIPIOBAHUH CTaTCBHN
mumopdizM y xKypeit mopoan Kamakuarx. Li pe3ynpTaTé migKpeCcIIOITh MOTEHIlial TEOMETPUIHOTO MOPPOMET-
pPUYHOTO aHaJi3y MOp(OIIOTii 0Uei K HEIHBa3HBHOTO, HEAOPOTOTO Ta Bi3yalhbHO 3aCHOBAHOTO METOMAY ineHTU(I-
Karii crati y miel mopoan. Iloganmpii JoCiiHKeHHS TOBUHHI 30CepeIUTHCS Ha OLTBIT OOIMPHIX Habopax JaHUX
Ta BHBUCHHI MeTOAIB TpuBUMIipHOI (3D) Bi3yamizamii 1 MOKpameHHs XapakTepucTuku popmu. Kpim toro, inTe-
rpatisi aITOPUTMIB MAllIMHHOTO HABYaHHS 3 MOP()OMETPHYHUMH JJAHUMH MOJXKE I1ie OLIbIIe MOKPALIUTH aBTOMa-
THU3AlliI0 Ta TOYHICTh HEIHBA3UBHOTO BH3HAYEHHS cTaTi Kypeil nopoau KanakHartx, BUSBISIIOUN OMITHI MOpdo-
JIOT14HI BIIMIHHOCTI MiX cTaTsiMu. Lli pe3ysbraTu miATBepAKyOTh pO3pOOKY albTepHATUBHUX, HEIHBA3UBHUX Me-
TOJIIB BU3HAYCHHS CTATi [T NTHII 3 JICJh MOMITHUM CTATEBUM AUMOP(Hi3MOM.

Koarouosi ciioBa: crareBuii tumopdism, KagakHartx, Kypka, popma oueil, reomerpruyHa MophomMeTpisi.
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ABSTRACT. Introduction. Hoffmann's disease or abscessing perifolliculitis of the scalp is a chronic, therapy-resistant
and recurrent purulent-inflammatory disease of the hair follicles, which causes the formation of deep abscesses, cicatricial
alopecia and significant changes in the scalp. The disease occurs mainly in young men aged 2040 years. According to the
statistics of the medical center of the private enterprise "Dzerkalo", Dnipro, Ukraine, over the past ten years in Ukraine, the
number of cases of abscessing perifolliculitis has begun to increase among men, especially military personnel, due to the
wearing of specific protective equipment and additional factors of occlusion and inflammation of hair follicles. The aim of
the work is to investigate stromal vascularization, proliferation and expression of androgen receptors in the epithelium of
the scalp using the Fiji platform in subversive abscessing perifolliculitis of the head. Methods. Biopsy material from patients
diagnosed with abscessing perifolliculitis of the head (Hoffmann's disease) who underwent examination and treatment at
the medical center of the private enterprise "Dzerkalo", Dnipro, Ukraine was studied. All patients were men, their age ranged
from 20 to 51 years, the average age was 35.5+11.54 years. IHC was performed according to the TermoScientific (TS)
protocols with primary antibodies to vascular endothelial cells CD34 (spl, RTU), Ki-67 (sp6, 1:250), AR (spl, RTU). The
Lab Vision Quanto imaging system (TS, USA) was used with the reaction determination using DAB Quanto Chromogen
(TS, USA). Results. The average number of CD-34-positive vessels showed a significant difference in the samples of sub-
ducting abscessing perifolliculitis of the scalp, compared with the control group in all studied localizations (subepidermal
location, deep layers of the dermis, areas around hair follicles, areas around sebaceous glands (all p<0.05), with the highest
number of 24.33£3.78 in areas around hair follicles. The average perimeter of CD-34-positive vessels showed a significant
difference in the samples of subducting abscessing perifolliculitis of the scalp, compared with the control group in the deep
layers of the dermis, areas around hair follicles and sebaceous glands (p<0.05), with the highest value of 85.83 +10.52 in
areas around hair follicles. The Ki-67 proliferation index in reactive stratified squamous epithelium at in subversive abscess-
ing perifolliculitis of the head was 23.46+4.24%, which was statistically significantly different from the control group
(p<0.05), whose proliferation rate remained at the level of 5.22+1.58%. In contrast, the expression of androgen receptors in
the study and control groups did not show any difference (94.32+15.08% and 82.40+10.26%, respectively, p>0.05), which
refutes the theory of hormonal dependence of chronic inflammation in this pathology.
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Introduction cicatricial alopecia and significant changes in the
Hoffmann's disease or abscessing perifolliculitis scalp. The disease occurs mainly in young men aged
of the scalp is a chronic, treatment-resistant and re- 20-40 years [1-3]. According to statistics from the
current purulent-inflammatory disease of the hair fol- medical center of the private enterprise "Dzerkalo",
licles, which causes the formation of deep abscesses, Dnipro, Ukraine, over the past ten years in Ukraine,

74

MORPHOLOGIA ¢ 2025« Tom 19 Ne 4



cases of abscessing perifolliculitis have begun to in-
crease among men, especially military personnel, due
to the wearing of specific protective equipment and
additional factors of occlusion and inflammation of
the hair follicles. Medical workers also pay attention
to the seasonality of cases, namely, the number of
cases in the winter-spring period exceeds the number
of cases in the summer.

Despite the fact that the number of patients with
abscessing perifolliculitis of the head is not high com-
pared to the total number of patients with pustular
skin lesions, due to frequent relapses and ineffective-
ness of standard antibacterial therapy, cases of ab-
scessing perifolliculitis of the head remain incorrectly
diagnosed or unmonitored. In addition, Hoffmann's
disease is combined with other dermatoses, such as
acne conglobata or hidradenitis, which are included
in the group of follicular occlusive diseases [4-7].

Due to the rarity of the pathology and the insuf-
ficient number of epidemiological studies, specific
percentage prevalence rates in different countries
have not been established. Unfortunately, there are
also no statistical data on the prevalence of dermato-
sis in Ukraine. Further studies are needed to accu-
rately determine the prevalence of abscessing peri-
folliculitis in different regions of the world.

Vascularization activity, proliferation and hor-
monal sensitivity are considered by many researchers
as factors of reactivity in chronic inflammatory dis-
eases. One of the practical ways to study vasculariza-
tion is to assess the number and size of vessels by the
expression of endothelial markers CD34 or CD31 by
immunohistochemical method. In turn, the prolifera-
tion index and the level of androgen hormones are
calculated by the nuclear expression of markers Ki-
67 and AR, respectively, also by immunohistochemi-
cal staining. An objective method for assessing the
processes of vascularization and proliferation can be
the analysis of digital microphotographs of skin bi-
opsy sections. Fiji is an open-source platform for an-
alyzing images of biological objects, which was de-
veloped specifically for scientists and has a very ac-
cessible interface (the development was initiated by
the author Wayne Rasband at the Research Services
Branch, National Institute of Mental Health, Be-
thesda, Maryland, USA). The Colour Deconvolution
and Immuno Ratio plugins built into Fiji allow for the
analysis of preparations with the quantitative assess-
ment of marker expression.

Considering the recurrent chronic course of ab-
scessing perifolliculitis of the head, the uncertainty of
its treatment protocols and the significant deteriora-
tion in the quality of life of patients and a significant
impact on their psycho-emotional state, the study of
this disease remains a relevant problem in dermatol-
ogy [8-9].

The aim of the work is to investigate stromal
vascularization, proliferation and expression of an-
drogen receptors in the epithelium of the scalp using
the Fiji platform in subversive abscessing perifollicu-
litis of the head.

Materials and methods

Biopsy material from patients diagnosed with
abscessing perifolliculitis of the head (Hoffmann's
disease) who underwent examination and treatment at
the medical center of the private enterprise
"Dzerkalo", Dnipro, Ukraine was studied. All patients
were male military personnel, whose age ranged from
20 to 51 years, the average age was 35.5+11.54 years.
The diagnosis was made on the basis of clinical, an-
amnestic, laboratory (clinical and biochemical blood
tests), instrumental (trichoscopy and dermatoscopy),
microbiological and pathomorphological studies
(puncture punch biopsy with histological examina-
tion in hematoxylin-eosin staining). The control
group included 5 samples of clean resection margins
(conditional norm) of benign nevi of the scalp of men
aged 34 to 48 years, the average age was 32.1+9.42
years (no statistically significant difference was
found compared to the study group, p>0.05).

The studies were performed in compliance with
the main provisions of the “Rules of Ethical Princi-
ples for Conducting Scientific Medical Research with
Human Participation”, approved by the Declaration
of Helsinki [10], orders of the Ministry of Health of
Ukraine No. 690 dated 09/23/2009, No. 944 dated
12/14/2009, No. 616 dated 08/03/2012. The design of
the work with information on the safety of the studies
is part of the comprehensive scientific research work
of the Department of Skin and Venereal Diseases of
the Dnipro State Medical University “Diagnosis and
Personalized Therapy of Patients with Chronic Der-
matoses of Various Origins and Sexually Transmitted
Infections, Taking into Account Comorbid Condi-
tions” (State Registration No. 01220000725, Imple-
mentation period 2022 - 2026). Approved by the
Commission on Biomedical Ethics of the Dnipro
State Medical University (Protocol No. 3 dated
11/16/2022).

Morphological research method. For histologi-
cal examination, 17 blocks of formalin-fixed and par-
affin-embedded puncture punch biopsies were used:
12 from the study group and 5 from the control group,
which were obtained from the archive of the
Dnipropetrovsk Regional Clinical Hospital named af-
ter 1. 1. Mechnikov in the period from April 2023 to
February 2024. According to the histological struc-
ture, all observations were represented by the skin of
the scalp, which corresponded to the structure of thin
skin with long hair and necessarily contained epithe-
lial and stromal 2 or more pilosebaceous units (hair
follicles with adjacent sebaceous glands). In all cases,
diagnostic and morphological signs were evaluated
and confirmed by repeated examination by two inde-
pendent pathologists. Paraffin sections of 4-5 um
were obtained on a Microm HM-340 microtome and
stained with hematoxylin and eosin according to the
standard method. Two pathologists independently
checked the slides for diagnostic accuracy and the
presence of artifacts. Microscopy was performed us-
ing a ZEISS "Primo Star" light microscope (objec-
tives x10, x20, x40) [11].
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Immunohistochemical method of the study. Par-
affin sections were applied to adhesive SuperFrost
Plus slides. After deparaffinization, rehydration, tem-
perature unmasking of antigens and inhibition of en-
dogenous peroxidase activity, sections were incu-
bated with primary antibodies in humid chambers at
a temperature of 23-25°C for 30 minutes. Primary
monoclonal antibodies to Ki-67 (sp6, 1:250), AR
(spl, RTU), CD34 (spl, RTU) and the UltraVision
Quanto, LabVision imaging system were used in hu-
mid chambers for about 30 minutes at room tempera-
ture. To identify the reaction, a solution of the chro-
mogen 3-diaminobenzidine tetrachloride (DAB)
(Quanto, LabVision) was applied under microscope
control for 20 seconds to 3 minutes, with the appear-
ance of a brown color, then additionally stained with
Mayer's hematoxylin for 1-3 minutes. Subsequent de-
hydration and inclusion in the balm were carried out
according to common methods [12].

For digital morphometry, a Zeiss Primo Star -
Axiocam ERC 5s microscope camera with licensed
ZEN 2 blue edition software was used. The photo-
graphed fields of view were saved in .jpg format and
processed in the Fiji platform with determination of
the number and parameters of the perimeter and area
of CD34-positive vessels in order to assess vascular-
ization, and calculation of the percentage of Ki-67-
positive and AR-positive intranuclear reactions using
the ImmunoRatio plugin [13-15].

Statistical analysis of data was performed in the
R software environment version 3.4.1 (2017-06-30) -
- "Single Candle™ Copyright (C) 2017; The R Foun-
dation for Statistical Computing Platform: x86_64-
w64-mingw32/x64 (64-bit), which is freely distrib-
uted under the GNU General Public License.

To compare the vessel perimeter, the Ki-67 pro-
liferation index, and hormonal (AR) activity calcu-
lated by the ImmunoRatio plugin in the Fiji platform,
the Shapiro-Wilk test was first used to check the nor-
mality of the distribution of the indicator in each
group. In the case of a difference in distribution from
normality, the nonparametric Mann-Whitney U test
was used to check the difference in mean values. Dif-
ferences were considered significant at p<0.05. Data

in the tables are presented as M+SD (mean + standard
deviation) [16].

Results

In order to visualize the dermal vessels when
stained with IHC using the CD34 marker in the Fiji
platform, we first used the Colour Deconvolution pro-
cedure, which separates the vascular endothelium
stained with DAB chromogen in brown color (Colour
Deconvolution procedure for separating structures
stained with DAB chromogen in the Fiji platform: Im-
age>Color>Colour Deconvoluton>Vectors>
H&DAB). The final segmentation for further calcula-
tion of the vascular parameters in the skin stroma is
carried out by adjusting the brightness threshold val-
ues (Threshold window), this makes the objects con-
trasting and clear for calculation (segmentation in the
Fiji platform: Image>Adjust> Threshold - with ad-
justment of the brightness threshold values to obtain
clear vessel boundaries). Further calculation of the di-
ameter and roundness coefficient of vessels in the
skin stroma in Hoffman's disease begins with calibra-
tion using a photograph of a grid with a known cell
size (90 umx90 pm) - converting pixels to microme-
ters (the calibration process in the Fiji platform using
a grid with a known cell size Analyze>Set Scale>
Known distance (90 um)>Global). Next, using a tool
for measuring the length of irregularly shaped ob-
jects, we manually circle the internal diameter of the
vessel section to calculate their number, area in pm?2
and diameter in pm (the process of measuring vessel
parameters with saving results in the Fiji platform:
ROI Manager>t>Measure>Results>Summarize).

To save measurements, we use the ROl Manager
(after each stroke, press the letter t, and the corre-
sponding record will be saved in the ROl Manager
window). Pressing the Measure button gives the Re-
sults window with the values of all areas and perime-
ters of vessels, which can be used to calculate the av-
erage or total area, average perimeter of vessels, etc.
To obtain the most reliable vascularization data from
each case, three fields of view were analyzed at X400
magnification. The mean values of the humber and
perimeter of vessels in the study group and in the con-
trol group are listed in Tables 1 and 2, respectively.

Table 1

Indicators of morphometric study of the number of vessels in the dermis of the skin in subversive abscessing
perifolliculitis of the head, M+SD

Skin area Average number of CD34 (+) vessels, M£+SD
study group, (n1=12) control group, (n2=5) p
Subepidermal location 15.64+3.64 5.00+0.54 p<0.05
Dermal location 16.85+2.56 6.38+0.32 p<0.05
Areas around hair follicles (external root
epithelial sheath and hair de(rmal papilla) 24.33+3.78 7.74+1.05 p<0.05
Around sebaceous glands 18.24+4.92 6.36+0.88 p<0.05

Note: n — number of samples, M+SD — mean value + standard deviation, p — groups were compared by Mann-

Whitney U-test.
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Table 2
Indicators of morphometric study of the average perimeter of blood vessels in the dermis of the skin in subver-

sive abscessing perifolliculitis of the head, M+SD

Average perimeter of CD34-positive vessels (M+SD)

Skin area study group, (n1=12)  control group, (n2=5) p
Subepidermal location 52.07+10.51 38.44 £6.65 p>0.05
Dermal location 79.47£11.76 35.02 £7.50 p<0.05
Areas around hair follicles (external root
epithelial sheath and hair dermal papilla) 85.83£10.52 26.48 £7.94 p<0.05
Around sebaceous glands 68.64 £12.36 29.68 £6.33 p<0.05

Note: M+SD — mean value + standard deviation, p — groups were compared by Mann-Whitney U-test.

Fig. 1. A. Sample from the study group: abscessing perifolliculitis of the head (red arrows indicate large vessels, yellow
arrows indicate dermal inflammatory infiltrates), H&E staining (x400). B. Abscessing perifolliculitis of the head (red arrows indicate
large vessels of the dermis), expression of the CD34 marker in the vascular endothelium, IHC method with Mayer's hematoxylin
(%x400). C. Sample from the control group (yellow arrow indicates sebaceous gland), H&E staining (x400). D. Sample from the
control group (red arrows indicate small vessels, yellow arrow indicates sebaceous gland), expression of the CD34 marker, IHC

method with Mayer's hematoxylin (x400).

To understand the degree of activity of reactive
proliferation of stratified squamous epithelium and
the number of androgen receptors in the study group,
the level of which differed compared to the control
group, the expression level of Ki-67 and AR markers
was automatically calculated using the ImmunoRatio
plugin (Fig. 2).

The distribution of the mean values of prolifera-
tion and expression of androgen receptors in the strat-
ified squamous epithelium of the study and control
groups is listed in Table 3.

Conclusions

1. The average number of CD-34-positive ves-
sels showed a significant difference in the samples of

subducting abscessing perifolliculitis of the head,
compared with the control group in all studied locali-
zations (subepidermal location, deep layers of the
dermis, areas around hair follicles, areas around seba-
ceous glands (all p<0.05), with the highest number of
24.33+3.78 in areas around hair follicles.

2. The average perimeter of CD-34-positive ves-
sels showed a significant difference in the samples of
subducting abscessing perifolliculitis of the head,
compared with the control group in the deep layers of
the dermis, areas around hair follicles and sebaceous
glands (p<0.05), with the highest value of 85.83
+10.52 in areas around hair follicles.
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Fig. 2. Sample from the study group: abscessing perifolliculitis of the scalp. A. Massive inflammatory infiltration of subepi-
dermal localization, multiple mitotic figures in the basal parts of the epidermis, H&E staining (x400). B. Expression of the Ki-67
marker in the basal and parabasal parts of the epidermis at a level of about 10%, IHC method with Mayer's hematoxylin (x400).
C. Active areas of proliferation (Ki-67 expression up to 20%), IHC method with Mayer's hematoxylin (x400). D. Intranuclear and
cytoplasmic expression of AR in most cells of the stratified squamous epithelium (AR expression up to 90%), IHC method with
Mayer's hematoxylin (x400).

Table 3
Indicators of morphometric study of proliferative activity and expression of androgen receptors in the epidermis
of the skin in subversive abscessing perifolliculitis of the head, %, M+SD

Immunohistochemical index

Research groups

study group, (n1=12)  control group, (n.=5) P
Proliferative activity by Ki-67 (%), (M+SD) 23.46+4.24 5.22 £1.58 p<0.05
Androgen receptor expression, AR (%), (M+SD) 94.32+15.08 82.40 £10.26 p>0.05

Note: M+SD — mean =+ standard deviation, p - groups were compared using the Mann-Whitney U-test.

3. Ki-67 proliferation index in reactive multi-
layer squamous epithelium in subversive abscessing
perifolliculitis of the head was 23.46+4.24%, which
was statistically significantly different from the con-
trol group (p<0.05), whose proliferation rate re-
mained at the level of 5.22+1.58%. In contrast, the
expression of androgen receptors in the study and
control groups did not show any difference
(94.32+15.08 and 82.40+10.26, respectively,
p>0.05), which refutes the theory of hormonal de-
pendence of chronic inflammation in this pathology.

Prospects for further research

Continued study of Hoffmann's disease requires

78

information on the expression of B-catenin and E-cad-
herin in the structures of the pilosebaceous unit in this
pathology.
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Hocaasebka O.B., CrarkeBuu O.J1., Csatenko T.B. Kinbkicuuii anani3z Backyaspusauii, npo.aigepa-
uii Ta ekcnpecii aHAPOreHOBUX peleNTOPIB eniTeiaJbLHUM KJIITHHAMY WIKipH NpH NiApuBaw4omMy adcue-
AYI0UYOMY NepuoJIiKyJIiTi roJI0BH.

PE®EPAT. Beryn. XBopo6a ['odhmana abo nepidounikyit ronoBu adCey0unii € XpOHIYHUM CTIHKIM 110
Teparii Ta peluANBYIOYHM THIHHO-3aaJIbHUM 3aXBOPIOBAHHIM BOJIOCSTHHUX (DOJIIKYJIIB, 110 BUKJIMKAE YTBOPEHHS
rIuOoKuX adcIeciB, pyOIeBoOl aonerii i 3HAYHUX 3MiH HIKIPU TOJIOBU. 3aXBOPIOBAHHS 3YCTPIYA€THCS IEPEBAKHO
y MOJIOJIUX 40JIOBIKiB Y Billi 20—40 pokiB. 3a CTaTUCTUYHUMH JIaHUMHU MEIUYHOTO LIEHTPY MPHUBATHOTO IiANPHU-
emctBa «JI3epkanoy, [IHinpo, YkpaiHa, 3a OCTaHHI JeCATh POKIB B YKpaiHi 3BEpHEHHS 3 PUBOIY a0CIEAYIOYOr0o
nepihoITiKyIIiTy Mmoyana poCTH Cepell Y0I0BIKiB, 0COOIUBO BiCHKOBOCITY)KOOBIIIB, Y 3B’S13KY 3 HOCIHHSIM CIICIIH-
(higyHOTO 3aXMCHOTO 00TaTHAHHS Ta IOJaTKOBUMH (DaKTOpaMU OKJIFO3ii Ta 3aNaJieHHs BOJIOCSHUX (orikyniB. Mera
poOOTH — AOCHIIUTH CTPOMAJIbHY BaCKYJIApPHU3aLlilo, MpoJliepalio Ta eKCIPecilo aHIPOTeHOBHX PELENTOpPiB y
eniTesii MKipu roJoBH 3a Jonomororo miatdopmu Pipki npu migpuBarouoMy adcueayodoMy nepu(oIiKyiTi
ronoBu. Metoan. JocnimkeHo O0i0NCiiHHMI MaTepial MAaIli€HTIB 3 AiarHO30M MEePH(OTIKYIIT TOJOBU a0CIEAYIO-
ynii (xBopoba "'ohmana), o mpoxo v 00CTEIKEHHS Ta JIKyBaHHS Ha 0a3i MEIUYHOTO IEHTPY MPUBATHOTO M-
npueMcTBa «/I3epkano», [Juinpo, Ykpaina. Bei manientn Oynu 4onoBikaMu, Bik sSIKMX KosimBaBcs Big 20 mo 51
POKiB, cepenHiil Bik ckmaB 35,5+11,54 pokis. II'X mpoBoamm 3a npotokonamu TermoScientific (TS) 3 nepBun-
HUMH aHTHUTLIAMH JI0 eHpoTenianbaux KiitiH cymua CD34 (spl, RTU), Ki-67 (sp6, 1:250), AR (spl, RTU). Bu-
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KOpPHCTOBYBAJIM cucTeMy Bizyaunizauii Lab Vision Quanto (TS, CIIIA) 3 Bu3HaueHHAM peakiiii 3a JOIIOMOT0I0 Xpo-
moreny DAB Quanto Chromogen (TS, CLLIA). Pe3yasTaTn. Cepenns xinbkicts CD-34-n103UTHBHUX CyAMH TO-
KazaJia JIOCTOBIpHY PI3HMIIIO B 3pa3Kax IiIpUBalovoro adCcIeyovoro neprudotikyiTy TojJ0BH, NOPIBHSHO 3 KO-
HTPOJIBHOIO TPYIIOI0 10 BCIM JIOCIHIIKEHNM JIoKaji3amisM (cybenigepmaibHe po3TallyBaHHs, IMOOKi mapu sie-
PMH, AUTSHKA HaBKOJIO BOJIOCSHUX (DOJIIKYJIIB, TUITHKAM HaBKOJIO cajbHUX 3ano3ax (Bci p<0,05), 3 HaiibinbIIo0
KUTbKicTIO 24,3343,78 B minsgHKax HaBKOJO BojocsHUX (omikymis. Cepenniii mepumerp CD-34-I03UTHBHEX CY-
JIMH TIPOJICMOHCTPYBAB TOCTOBIPHY PI3HHUITIO B 3pa3Kax IIipPHUBAlOY0Tr0 a0CIeAyIdoro nepruoikyiTy TOJIOBH,
MOPIBHAHO 3 KOHTPOJIBHOIO TPYIOI0 B TNTHOOKUX IMIApax JepMH, AUITHKaX HABKOJIO BOJOCSHUX (OIIKYIIIB Ta Callb-
HUX 3a11032ax (p<0,05), 3 HaitOinpmmM 3HaYeHHIM 85,83 £10,52 B MiIsTHKaX HABKOJIO BOJIOCSTHAX (QOTIKYIiB. [HIEKC
npouideparnii 3a Ki-67 B peakTHBHOMY 0araTonrapoBoMy IUTOCKOMY €TITeNii Py MiAPHBAIOYOMY a0CIIEyI0UOMY
nepudomnikymiti ronosu ckiagas 23,46+4,24 %, Mo CTaTUCTHYHO AOCTOBIPHO BiAPI3HABCS BiJ I'PYIH KOHTPOIIIO
(p<0,05), uunii moka3HuK mpoiideparrii 3anumascs Ha piBHi 5,22 £1,58 %. HaromicTs, ekcnpecis aHIPOreHOBHX
peLenTopiB B rpynax AOCIiKEHHs Ta KOHTPOJIIO Pi3HUII He rmokasana (94,32+15,08 Ta 82,40 +10,26, BianoigHo,
p>0,05), 1110 CIPOCTOBYE TEOPi0 TOPMOHAIBHOT 3AJIEKHOCTI XPOHIYHOTO 3aITaJICHHS TIPH 111l IaTOJIOTI].

Karouosi ciioBa: Backymsipuzanis, Cd34, Ki-67, anaporeHoBi perienTopu, nepudoikyiT ronosu adcueny-
10unii, xBopoba 'odpdmana, pyOuoBa anornelis, 1epMaToIOTis.
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ABSTRACT. Relevance. Despite the abundance of information about the heterogeneity of secretory atrial granules, about
their uneven distribution in individual contractile cells and tissue areas of the myocardium in the atrial wall, today the
morphological features of the development of the cardiomyocyte secretory apparatus depending on their localization in the
organ require clarification. The purpose of the study is to determine the ultrastructural and histochemical features of the
development of the cardiomyocyte secretory apparatus in different localizations of the rat heart. Methods. Using histochem-
ical reaction to acid phosphatase and transmission electron microscopy, the state of the cardiomyocyte secretory apparatus
of in the myocardium in the right and left atria and ventricles, in the right and left auricles of the heart, as well as in the
interatrial septum of the rat heart at the stages of prenatal and postnatal ontogenesis was studied. Results and summary.
The highest secretory activity of the mature myocardium is detected in the right auricle of the heart, which is due to the
predominance of highly specialized secretory myocytes (more than 75% of the number of myocyte population). The secre-
tory activity of the mature myocardium sections decreases in the sequence: left auricle —right atrium — left atrium — interatrial
septum — interventricular septum — right ventricle — left ventricle. The development of the secretory apparatus at the stages
of cardiogenesis is based on the transformations of the quantitative ratio between highly and lowly specialized secretory
cardiomyocytes. The highest rates of formation of the secretory apparatus heterogeneity are characteristic of the myocardium
of the right auricle of the heart; the lowest — for the interatrial septum. The ventricular myocardium has moderate secretory
activity in the early postembryonic rat development; mature ventricular cardiomyocytes lose secretory activity. The defini-
tive level of development of the secretory apparatus heterogeneity of the myocardium is reached by the end of the 1st month
of postnatal rat ontogenesis.
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Beryn AXTHBHE HaKOITMUEHHS BIIOMOCTEH Ipo iX JIoKasi3a-
3Ha4HUI iHTEpeC IOCIIHUKIB 11010 BUBUCHHS uiro, mpupoxy i Gionoriuny pouss [1-3] mpuseesno go
MepesicepIHOrO MioKkap/a y pisHUX OioJoridyHuX 00'- TOTO, IO YCi 3iCTaBHi 32 CTPYKTYpOIO capKOIlIa3Ma-
€kTiB OyB 0OYyMOBJIECHHH BHUSABICHUMH Crenudid- THUYHI YTBOPEHHS CTAJIM PO3AUIATH Ha 4 OCHOBHHUX
HUMH (CEKPETOPHHUMH) MEPEACePAHUMH TPaHyIaMH. tund. bymo mokaszano, 30kpema, mo C-rpaHyiH 3a

CBOIMH YJIBTPACTPYKTYPHHUMHUM Ta TiCTOXIMIYHUMHU

81

MORPHOLOGIA ¢ 2025« Tom 19 Ne 4


https://orcid.org/0000-0002-8672-3773

XapaKTEepUCTUKAMHM BiJIIOBINAIOTH JIi30COMaM; Bila-
cHe crieruivHi epeacepIHi rpaHyJIi NpeACTaBIeH]
tuamu A, BiD [4, 5].

CyTTeBa HEOMHOPIHICTh HAKONMYEHHS Iepesi-
CEepAHUX TPpaHyJl y CKIaJli NepecepIHUX KapaioMio-
IIUTiB 3yMOBHJIA CLIPOOH BUAUTUTH HEOJHAKOBI Pi3HO-
BUAM KIIITHH; OMUCAHI TPY TaKi Pi3HOBHUAM 3a Xapak-
TEpOM HAKONWYEHHS MEPEICEpPAHHX TPaHyll, NMPOTe
JOCTIDKCHHST TPOBOJIUINCS Ha OKpEeMHUX BHOiIpKO-
BUX, TOOTO HE HA CEPIMHUX YNbTPATOHKHX 3pi3ax Mi-
okapna [6, 7]. S0 BpaxyBaTH, IO MIUTBHICTh yIIa-
KyBaHHsI CEKPETOPHHX I'PaHyJ B CapKOIJIa3Mi PiJKO
nepesuinye 1% Bin kiiTuHHOTO 00'eMy [8], cTaE ove-
BUJIHOIO BHPa3Ha 3aJIC)KHICTh OTPUMAHHUX PE3YNbTa-
TiB BiJ] opieHTAaIii 3pi3iB [7, 9].

[pu mocnimxeHHI MOP(OIIOTii CEKPETOPHUX Ka-
PAIOMIOIUTIB IPABOTO TIEpEICepas y IIypiB y HOPMI
Ta IIPH eKCIIEPUMEHTAJIbHIH cepIieBO-CYANHHII maTo-
Jorii Oyno 3po0IieHO MPUITYLIEHHS], IO BC1 Mepejce-
PIHI MIOIIUTH MArOTh MOTCHIINHY 31aTHICTh IO CEK-
peropHoi ¢ynkuii [7]. ExcniepuMeHTH Ha MOJIEIsX
KJIIHIYHOT CMepTi, peHOBaCKyJISIpHOI rinepreHsii Ta B
cepii mypis, mepdy3oBanux 3a Jlanrenmopdom, mo-
3BOJIMIM BHSIBUTH OCOOJIMBOCTI TPAHYJIONOE3Y B IIe-
pencepaHUX MIOIUTAX IIiJ{ BIUIMBOM ITaTOJOTIYHUX
(hakropiB imemii/pernepdysii Ta mpu BHCOKOMY apTe-
piaTbHOMY THCKY. ABTOPH BHSBHIIIH IIPAMY KOPEIs-
{10 MK 30UIPIICHHSM TUTOMII, 3aiHATOI CapKOIUIa3-
MaTHYHUM PETHKYIYMOM a00 MITOXOHIPisIMH, Ta 30i-
JIBIICHHSIM KUTBKOCTI CEKPETOPHUX rpany [7].

Pi3Hi HampsIMKH y JIOCHIJPKEHHI CEKPETOPHOTO
amapaTy Kap/iOMiOIMTiB BKJIFOYAIOTh HE TLIBKH TO-
MOJIOTIYHI ACTIEKTH, aJie 3HAYHO MIpOIO MOB'sI3aHi 3
MUTAaHHIMH OHTOTCHETHYHHX IIEPETBOPEHb CEKPETO-
PHOT aKTHBHOCTI CEpLEBHX MIOIMTIB. 3'SCYyBajOCh,
III0 MOsBa CHEU(ITHUX MepecepIHUX TPAHYT CYT-
TEBO BIJICTa€ BiJl (OPMYBaHHS MPHUMITUBHOT'O Mio]i-
OpirsipHOTO amapaTty y Miokapai ccasmiB [10, 11],
BKITIO9aroun Jroauny [12, 13]. [Ipu npoMy nani HU-
3KM aBTOPIB 3HAXOAATHCS B 3HAUHIM IPOTHIIEKHOCTI
BITHOCHO OJIMH OJIHOT'O CTOCOBHO TEPMIHIB TOSBU
creuudiYHUX TpaHys y CKIali NMepeAcepIHUX KIli-
THH, TPOTE AOCIIIHUKH €IWHI B AYMI[, IO TEpPIii
rpaHyiH € ApiOHUMH 1 HE PO3IUIAIOTHCS Ha THIU A,
B i D; mo X0ty po3BHUTKY CEKPETOPHOTO anapary Bij-
OyBaeThcsl iHTeHCUBHE (popMyBaHHS Je]iHITUBHUX
PO3MipiB crienu(pivHNX MepeCepAHUX TPaHyI i IMo-
I iX Ha Tamd [ 14-16].

3rigHo 3 pe3yNbTaTaMH KiJIbKICHOI Ta OMHCOBOL
OIIIHKH CEKPETOPHOI aKTUBHOCTI 3piMX KapaioMio-
UTIB OyJI0 3pOOJIEHO PsI BUCHOBKIB IPO XapakTep
rerepoMopdii CEeKpETOPHOTO araparty: a) CEKpeTopHa
AKTUBHICTH ICTOTHO PO3PI3HSAETHCS 3a CBOEIO iHTCH-
CHUBHICTIO y PI3HHX BiJIIilaX MiOoKapa mepencepaHoi
cTiHky; 0) BKa3zaHi BiIMiHHOCTi 3HAYHOIO MipOIO BH-
3HAYAIOTHCH KIJIbKICHUM CITIBBIIHOIIEHHSIM MIX BH-
SIBIICHUMH THIIAMH Kap1iOMiOIUTIB (BHCOKO 1 HU3EKO
CHemniaai30BaHUMH Y BiTHOIICHHI ceKpeTopHOi (yH-
KUil); B) cenngiyHui CEeKPEeTOPHUH amapaT Kapaio-
MIOIMTIB BKJIIOYAE JBa TUIH TpaHys (MeMOpaHHI Ta
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0e3MeMOpaHHi), KUIBKICTh SKHX 1 CITiBBiJHOIICHHS
MIDX SIKHMH BU3HAYalOTh CEKPETOPHY aKTHBHICTh BH-
COKO 1 HU3BKO CIIELiaTi30BaHUX NEPeICEepIHUX Kap-
miomiorumris [17-19].

Buxonsuu 3 aHani3zy HaykoBoi iHpopMarii crae
OYEBUJIHUM, IO 0araTo MHUTaHb, MOB'S3aHUX 3 (op-
MYyBaHHSM CEKPETOPHOTO amapaTy KapIiOMIiOIUTiB,
me Janeki Bix cBoro BUpimeHHs. He 3Bakarounm Ha
YHICJICHHICTh BiIOMOCTEH PO HEOTHOPITHICTH CEK-
PETOPHUX MEPEACEPAHUX TPaHyJl, IPO HEOJHAKOBHUN
PO3IIOALNT iX B OKPEMHX CKOPOTIMBHX KIIITHHAX 1 TKa-
HUHHUX JAUISHKaX MiOKapaa y CKiaji nepeacepaHoi
CTiHKH, ChOTO/IHI IIOTPEOYIOTh YyTOYHEHb MOpdoIori-
YHI OCOOJIMBOCTI PO3BUTKY CEKPETOPHOIO amapary
KapAiOMIOIIUTIB B 3aJIGKHOCTI BiJ iX JIOKami3amii B
Oprai.

MeTa nocipKeHHs] — BUSHAYCHHS! YIIbTPacTpy-
KTYpHUX 1 TiCTOXIMIYHHX OCOOJHBOCTEH PO3BHUTKY
CEKPEeTOPHOTO arapary KapIioMiONHUTIB y Pi3HHUX JIO-
KaJIi3amisax cepIy mrypis.

Marepiaau Ta meToaun

Jlnis mocimiKeHHS BUKOPUCTOBYBAIIN CEPIS M-
OpIOHIB 1 TOTOMCTBA HEJIHIHHHMX IIypiB-CaMHUIIb,
OTpUMaHUX 3 BiBapito J[HIMPOBCHKOIrO JEP:KABHOTO
MEIMYHOTO YHIBEPCUTETY, 3 YpaxyBaHHIM TEpPMiHIB
JIATOBAHOI BariTHOCTI Ta BUKOPHUCTAHHSIM BIAMOBII-
HHUX TaOJMIb HOPMaJbHOTO PO3BUTKY. Bci mocii-
JUKEHHS 3 JJADOpaTOPHUMH TBApUHAMH ITPOBOAMIIH 13
JOTPUMAHHSM IOJIOXKEHb “CBPOIEHCHKOiI KOHBEHIIIT
IIPO 3aXUCT XpeOCTHMX TBapHH, SKi BHKOPHCTOBY-
JOTBCS ISl €KCIICPUMEHTAIbHUX Ta 1HIINX HAYKOBUX
nineir” (CtpacOypr, 1986), BankyBepcrkoi mexmapa-
1ii Ipo MPOBEICHHSA TOCTiNiB HA TBapWHaX, [locTa-
HoBH [lepmoro HamioHamsHOTO KOHTpecy 3 010eTHKA
(Kuis, 2001), ITonosxenns 3 6ioetnkn MO3 Ykpainu
Bix 1 mucromana 2000 p. Ne 281, 3akony Yxkpainu
“IIpo 3aXMCT TBApHH BiJl )KOPCTOKOTO MOBOKECHHS
Ne 3446-1V Bin 21 mrororo 2003 p. 3rifiHO 3 AMPEKTH-
Boro Pagu €C 2010/63/EU npo AOTpUMaHHS MOCTa-
HOB, 3aKOHIB, a/IMIHICTPaTHBHUX MOJIOXeHb Jlepxan
€C 3 muTaHp 3aXUCTy TBAapHH, SKi BHKOPHCTOBY-
I0ThCS 3 HAyKOBOO MeToro [20, 21].

3a ZONMOMOTO0 CBITIIOONTHYHOI Ta TpaHCMicCii-
HOI €JIEKTPOHHOT MiKPOCKOIIii BUBYAJIN CTaH CEKPETO-
pHOTO amapary cepus Icis eBTaHasil TBapuH y
CKJIQJIi MiOKapJia MpaBoro i JIBOTrO mepeacepb Ta
IITYHOUKIB, IIPABOTO 1 JIIBOTO BYIIOK CEPLIs, & TAKOXK
MDKIepeIcepIHOT IIeperopoIKu.

JIyist IpoBeICHHSI TICTOXIMIYHOI peakinii Ha Ku-
ciy ocdarasy (KD 3.1.3.2) BUKOpPHUCTOBYBAIH a30i-
HIoKcmIbHUA MeTos; Gossrau [22] Ha KpiocTaTHUX
3pi3zax 3aBTOBIIKH 7 MKM. KiTbKicHWIA aHaIi3 iHTCH-
CHUBHOCTI TICTOXiMIYHOI MITKH NMPOBOJMIH ILIar-me-
ToIIOM Ha ruToctekTpodoromerpi MDYV -2 3 nonem
TyOyca Bix 48 MM 10 620 MKM TIpU TOBXKUHI XBHIIL
620 HM.

Jis eneKTpOHHOMIKPOCKOIIYHOTO  JI0CIIi-
JUKSHHSI 3pa3kd MioKapja MUTYHOYKIB 1 Tepencepb
¢ikcyBamu B 2.5 %-My pO34MHI TIIOTapaibAeTimay
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npu Temneparypi +2°C npotsrom 3-4 roauH 3 noja-
JBIIOK TocTdikcaliero B 1 %-My po34uHI TeTpao-
keuny ocMito («SPIy, CILIA), nerigpaTyBanu B 3poc-
TAIOYMX KOHLEHTPALiSIX CHHUPTY, MPOMIJICHOKCUAl Ta
3aJIMBAJIU B €IIOKCH/IHI OJIOKU 3 BUKOPUCTAHHSM KOM-
MO3WIIi eNOH-apangiT. YIbTPAaTOHKI 3pPi3H BHTOTOB-
msum Ha yiueTpamikpotoMi YMTII-6M («SELMI»,
Ykpaina) Ta po3MimIaay Ha MiTHIX OHMOPHHX CITKaX
Mesh Regular Grid 200 («SPI», CIIA). Ilonsiitae
KOHTpPAacTyBaHHS NIPOBOAMIM 3a MeTonoM PeliHo-
apaca [23]. JociipKeH s 3MiHCHIOBAIIM 32 JIOIIOMO-
TOI0 TPAHCMICIHHOTO €JIEKTPOHHOIO MIKPOCKOIa
[NEM-100-01 («SELMlI», VYkpaina) npu Hampysi
npuckopeHHs: 65-90 kB i mepBHHHMX 30UIBIICHHSX
Biz 2000 10 25000 3a ctanmapTHOIO cxeMoro [23, 24].
[icns poTodikcanii 300paxkeHb Ha MOHOXPOMHY ILTi-
BKY «Agfa» npoBoauiu BiudpoByBaHHS HETAaTHBIB
ckanepoM Canon CanoScan 9000F.

Pe3yabTaTH Ta iX 00rOBOpeHHs

TicToxiMiYHE TOCIIIKEHH aKTUBHOCTI KHCIIOL
(ocdarazn B paHHBOMY eMOpiOHATFHOMY MiOKapni
mrypiB (14-16-a mo6a emOpioreHe3y) mokasaio, mio
BIIMIHHOCTI B IHTCHCHBHOCTI TiCTOXIMIYHOI peakirii
MK HepencepasMy 1 IUTYHOYKaMu HEe MArOTh CTaTH-
CTHYHO JJOCTOBIPHOT'O XapakTepy; Mpu [IbOMY aKTHB-
HICTh KucIol ¢ocaTtasu mnepedyBaia Ha HaI3BH-
YyaifHO HU3bKOMY piBHi. HanpukiHui eMOpioHaIbHOTO
nepiofy PO3BUTKY BiJ3HAYaJocs MOMIpHE Hapoc-
TaHHI (ocdarazHOi aKTUBHOCTI KapHiOMIOITUTIB,
NPHYOMY BXKE Ha [IbOMY €Talll BHUSABISBCS iICTOTHUIA
TeTePOTCHITET PI3HUX AOCIHIIKEHIX MIITHOK MioKa-
pIa 3a GepMEHTATHBHOK aKTHBHOCTIO KHcioi ¢oc-
(haTa3m: HAHOUTBIIOIO MipOFO TiICTOXIMIYHA MiTKa Ha-
KOITMYYBaJlach B 000X CEPLIEBUX BYIIKAX, JTiIBOMY IIe-
pencepai i MiXnepeacepAHii IeperopoIr.

[potsirom 1-ro THXKHS XKUTTS LIypiB BinOyBa-
JIOCSl aKTUBHE HApOCTAaHHS aKTUBHOCTI Kucioi ¢oc-
(haTa3u y BCIX JOCIIKECHHUX TUISHKAaX MioKapia Ie-
pelnceplib; y MUTYHOYKOBOMY MIOKap/ii Ta Y MDXKIILTY-
HOYKOBIil TNeperopoii crocrepiraiocs MO4YaTKoBE
He3HauHe MinBUMICHHS (ocdaTazHOW aKTUBHOCTI 3
HACTYITHOIO PEAYKLIEI0 3HAUYCHB JI0 PiBHS, 10 XapakK-
TepHHUH 11 eMOPIOHATEHOTO MiOKap/a.

[TpoTsIroM MOCTHATANBHOTO KapIioreHe3y IIy-
piB BimOyBajacs craOimizamis 3HA4YE€Hb AKTHBHOCTI
kucioi Qocdarazu y pi3HUX IUISTHKaX Miokap/a.
CriBBiTHOIIICHHS MIX PIBHEM aKTHBHOCTI TiCTOXiMi-
4yHOI peakiii y BUBUEHHMX JIUISHKaX BCTaHOBIIIOBA-
JIOCSl TAKUM YMHOM, 1110 HaiiBuiia (¢ocdarazHa akTu-
BHICTh CIIOCTEpIraiacsi y mpaBoOMy BYIIKY; MiOKap/I
JIBOTO BYIKa, 000X Mepeacepab i MixKIepeacepIHoi
HEePEroposku B cepeanbomy Ha 20-25% noctynascs
3a cBO€ (pocdarazHOK AKTHBHICTIO 3HAYCHHSIM Y
NPaBOMY BYIIKY; HaO1Ib11 HU3bKHH PIBEHb HAKOITH-
YeHHsI TICTOXIMIYHOT MITKH CIIOCTEpiraBcst y Mioka-
pti 000X IUTYHOUKIB; MIKIIITYHOUKOBA IEPETOPO/IKA
3aiiMana IocepeHe IMOJ0KEHHS MK MOKa3HUKaMU
MepeACEepIHOTO 1 MUTYHOYKOBOTO MiOKapa.

HageneHi 1ani BKa3yroTh Ha iCHYBaHHS 3HAYHUX

PO3XOKEHb MIXK JOCHIDKCHUMH JIUITHKAMU MiOKa-
pAa 3a piBHEM aKTUBHOCTI KHCIIO1 (ocdarasu, no-pi-
3HOMY BHP@KEHUX Y XOJi MiOKapliaJIbHOTO TicTore-
He3y; XapaKkTep CTaTUCTHYHOI JOCTOBIPHOCTI BKa3aHi
BIZIMIHHOCTI HaOyBaJIn HaNpHUKIHLI eMOpioreHesy
m1ypiB. XapakTepHOI OCOOIMBICTIO PO3MONiTy (doc-
(haTa3HOI aKTHBHOCTI y TKaHMHI MiOKapAa CTajo Te,
10 OKpeMi KIIITHHHI KOMIUICKCH Y Til UM iHIIiH J0C-
JDKeHIH TUTSHIN TaKo)K BUSABILSUIN CYTTEBY HEOIHO-
PLAHICTD MO BiMHOUICHHIO IO HAKOMUYEHHS TiCTOXi-
MigHO1 MiTKH. Ha paHHiX eTanax eMOpioHaIIEHOTO Ka-
pAioreHe3y Taka HEOJHOPIIHICTH 1€ HE BUSBIISIIACS
— po3mojin akTUBHOCTI kucnoi ¢ocdarasu Ha TKa-
HUHHUX 3pi3ax MioKap/a 3aJHIIaBCcs BiTHOCHO OJTHO-
PiAHUM 1 MaB HE3HAYHY IHTEHCHUBHICTb.

VY paHHBOMY IOCTEMOPiIOHAILHOMY Hepiofi po-
3BUTKY IIYPIB YiTKO BHU3HAYAIUCS CKOPOTIIMBI KJIi-
THHH, 10 MAlOTh MiABHIICHY (B HOPIBHAHHI 3 CycCia-
HIMH) aKTHBHOCTH KHCJIO1 (hocdarasu, sKi po3Taio-
BYBJINCS TOOJWHOKO a00 HEBENWKHMH TpymaMH i
OynH BiOKpEMJICHI BiJl MPWICTIIUX M'S30BHX BOJIO-
KOH IIpOIIapKaMH CIOJNydHOI TKaHHMHU. HeoOximHo
3a3HAuUTH, IO Y MiOKapAi mepencepiab MOOAMHOKI
KITITUHM BUSIBJSIMCS HabaraTo pimue, HiXK KIITHHHI
KOMILJICKCH 3 ITiJIBUIICHOI aKTUBHICTIO KUACIOT (hoc-
¢arazu. Y HIIYHOUYKOBOMY MiOKapi, HaBIPOTH, YCi
"akTHBHI" y BiJHOIIEHHI Kuciol ¢ocdarazu kapio-
MIOIUTH PO3TAIMIOBYBAIMCS BUKJIFOYHO TOOHMHIII,
aJie He TPyNaMH.

JI71s KiTBKICHOT OIIIHKY CTYIICHS TE€TEPOTEHITETY
MiOKap/a 3a TiICTOXIMIYHHM pPO3MOALIOM aKTHBHOCTI
kucioi (ocdarazn Hamu OyB po3paxOBaHH MOKa3-
HUK TpaieHTa TUTOPOTOMETPIYHNX 3Ha4eHb. Po3pa-
XYHKH [OKa3aJI1, 10 CTYIIiHb TE€TEPOTeHHOCTI KapIi-
OMIOIMTIB (32 aKTUBHOCTIO KHCIIOI (ocdaTasu) Ha
paHHIX eTarnax OHTOreHe3y Iiypa HalJIMKaBCs 10 Hy-
JBOBHX 3HAYEHb Y BCIX BUBYEHHX AUIIHKAaX MioKa-
paa. [Ipotsirom 1-ro THXKHS XKUTTS LIypiB CIIOCTEPi-
rajocst pi3ke HapoCTaHHSI T€TePOreHITETY CKOPOTIIH-
BUX KIIITHH 33 XapaKTepOM HaKOMHYESHHS ICTOXIMIY-
HOI MITKH{; HAHOUTBIII BUPA3HO 1€ HAPOCTAHHS BiZ0y-
BaJiocs B MiOKap/li BYIIOK CEpIId, a B IIYHOYKOBOMY
MiOKap/Ii CTYIiHb TeTEPOTeHHOCTI KIITHH HE TIePEBH-
mryBaina 25% BiJ 3Ha4eHb IIOKa3HUKA B [IPABOMY BY-
mKy. Y TOAANBIIOMY 3HAU€HHS ITOKa3HUKIB reTepo-
TEHHOCTI Kap/iOMIOIMTIB 3a3Havyalid KOPOTKOYacHe
NOMIpHE 3HWXKEHHs 1 cralimi3yBayiics Ha PiBHI,IIO
KOpEJTIOE 3 CepelHIMU BeJIMYMHAMH aKTHBHOCTI ep-
MEHTY B KO)KHOMY 3 BUBUCHHUX JISTHOK MioKap/a.

OTKe, PO3BUTOK I'€TEepOreHHOCTI KapioMionu-
TIiB 32 aKTHBHICTIO Kuciioi pocdarasu, He3aIemKHO Bil
TIPUHAJIEKHOCTI KOHKPETHUX KIITHHHUX KOMILJIEKCIB
JI0 mepejcepaHOro abo IUTYHOYKOBOTO MioKapia,
MaB ABO(a3HUI1 XapakTep: pi3Ke HAPOCTAHHS reTepo-
reHiTeTa B paHHBOMY IOCTEMOpPiIOHAIEHOMY TIepioJi
3MIHIOBAJIOCS TIOMIPHAM 3HIDKEHHSIM CTYICHS reTe-
POTEHHOCTI i jocArano AeQiHITUBHOTO PiBHA OO Ki-
HIS 1-TO MicSIS XKUTTSI IypPiB.

[Ipu ympTpacTpyKTypHOMY aHami3i Miokapaa
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3pUIMX LIypiB HAMHM paHillIe ONKCaHi J{Ba THITU CEKpe-
TOPHUX KapIiOMIiOIIHTIB, SIKi iCTOTHO Pi3HUIIKCS 32 Ki-
JIBKICTIO 1 BITHOCHUM 00'éeMOM MEMOpaHHHX i Oe3Me-
MOpaHHUX rpany [17, 18]. BcraHoBiieHO TakoX, 110
KIJIBKICHE CIIIBBIAHOIIEHHS MK 1-M 1 2-M TUIIAaMH Ka-
PAIOMIOIUTIB (BUCOKO i HU3BKO CIICIiasli30BaHUMU
M'SI30BO-CEKPETOPHIMHU KIITHHAMH) € HEOTHAKOBUM
y pI3HUX BUBYCHHUX JIITHKAX MiOKapAa.

[Ipu anami3i OHTOTEHETHYHHX IEPETBOPEHb Y
CHIBBIZHOIICHHI 3a3HAYEHUX THUMIB CKOPOTIMBHUX
KIITHH 3'SCyBajocs, 0 B PAaHHbOMY eMOpiOHAaJb-
HOMY MiOKap/i 4acTKa BHCOKO CIIeliali30BaHuX Kap-
JioMionuTiB ckiaiga meHme 10% (Bix 4mMcenbHOCTI
MIOLMTAPHOI MOMYJISALIi) B KOXHIH 3 BUBYCHUX JAiJIsI-
HOK Miokapna. Y Oiibmiocti cnabo mudepenmiiona-
HUX MEPEACEPIHNUX KapiOMIOIHUTIB MICTHIIACh HEBeE-
JIMKA KIJTBKICTh CIEIU(IYHUX CEKPETOPHUX TPaHyI,
AKi BXe Ha 16-Ty moOy NMpeHaTalbHOTO OHTOTEHE3y
mypiB OynH TIpencTaBlieHi ABOMAa THUIIAMH — MEM-
OpanHMMU 1 6e3MeMOpaHHUX. SIK TpaBUIIO, TPAHYIH
PO3TalIOBYBAINCS HE TPYIIAMH, a IIOOIUHII] — B Iapa-
HyKJICapHil 30Hi, B OTOYCHHI 3HAYHUX 3aIaciB TIKO-
reny (puc. 1-4).

Puc. 1. ®parmeHT Kapgiomiouuta niBoro nepeacepns
iHTaKTHOrO LWypa Ha 16-Ty o6y NpeHaTanbHOro OHTOreHesy.
TpaHcMicinHa enekTpoHHa mikpockonis. x22000.

Puc. 2. ®parmeHT KapgiomiouuTta NnpaBoro nepeacepas
iHTakTHOro wypa Ha 16-Ty o0y npeHaTanbHOro OHTOreHesy.
TpaHcMicinHa enekTpoHHa mikpockonis. x16000.
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Pwuc. 3. ®parmeHT KapaiomioumTa niBoro ByLUKa cepusi
iHTaKkTHOrO Wypa Ha 16-Ty Aoby NpeHaTanbHOro OHTOreHesy.
TpaHcMiciHa enekTpoHHa mikpockonis. x16000.

Puc. 4. ®parmeHT kapgiomiounTa npaBoro ByLUKa ce-
pus iHTaKTHOro Lwypa Ha 16-Ty 4oy npeHaTanbHOro oHTore-
Hesy. TpaHcMiciiHa enekTpoHHa Mikpockonis. %x18000.

BaxnuBo Bif3HAUMTH, IO TOPSAA 3 MeMOpaH-
HUMH 1 0e3MeMOpaHHUMU TPaHyJIaMH B CapKOILIa3Mi
Bu3Havanucs "TiHi" cnenudivaux rpanyi. Ile cBia-
YUTH TIPO T€, IO BXKE B eMOPIOHAJIBHOMY MiOKapIi
CEKpETOpHMI arnapaT pPO3BHUBABCS HE JIMIIE HMIISIXOM
HaKOMHMYEHHS TPaHyJl, aje i BUAUISIB HAaTpiilypeTHy-
HUH pakTop. Y maHWiA mepio AesKi mepecepaHi Kiri-
THUHH, 3 HE3HaYHUM PO3BHTKOM MiodiOpimispHOTO
amapaty Ta mo30aBiieHi clenn(piuHIX CEKPEeTOPHHUX
rpaHyJ1, Majy 100pe po3BUHEHHH abo rinmeprpodona-
HUH amapat [osbmKi, HUCTEPHU SIKOTO aKTUBHO Ha-
CHYYBaJINCS pPUOOCOMaMHU.

VY psni BUMAAKIB IUIYHOYKOBI KapAiOMiOIUTH
MICTHIIN B cyOcapKoJieMalbHiil 30H1, 3BepHEHii yOik
eHJI0TeNabHOT KIITHHH a0 (idpobiacta, YUCIIEHH]
rpaHyJo-No/i0HI CTPYKTYPH, SIKI OINHKCaHI y JiTepa-
Typi B SIKOCTI TaK 3BaHHX "OOJISIMOBaHHX" MyXHUPIIB.
3a cBoiMH po3MipaMu i KOHQIrypami€ero i myxXupii
HAOIDKAIKCS IO CTCMU(IYHUX MEepe/ICepAHUX Tpa-
HYJ, OJTHAK y CKJIaJ{i BUSBJICHUX IpyI OyJIU BiICYTHI
6e3memOpaHHi rpaHynu abo ixHi "TiHI", a yacTHHA
BE3UKYJ HE MICTWJIM XapaKTEPHOTO OCMiO(iIbHOTO

MORPHOLOGIA ¢ 2025« Tom 19 Ne 4



MaTtepiany. IMOBIpHO, Ti CTPYKTYpH, 1110 criocTepira-
JIMCSl B IITYHOYKOBHX KapioMionuTax, He MaroTh Bi-
JHOILCHHSI IO CEKPETOPHOTO amapaTy Miokapnia; ix
PoJIb MoB'sA3aHa OLIBIIOI MIPOIO 3 aKTUBHUM TpaHC-
MOPTOM MaKpOMOJIEKYJISIPHUX PEUYOBHH Yepe3 CTPYK-
TYpH TiCTOreMaTHIHOTO Oap'epy.

Ha eramax paHHROTO IOCTEMOPiIOHATTBHOTO PO3-
BUTKY y TepelcepaHOMYy MioKapni mrypa BigOysa-
JIOCSI aKTUBHE HAKONMYEHHS BHCOKO CIICIiami3oBa-
HUX KJITHH, 000 IPU3BOAMIO 10 Maike IIOBHOTO BHU-
TUCKaHHA HU3BKO CIIEUiaTi30BaHUX KapIiOMiOIHTIB
(2-ro Tumy) y mMiokap/i BYIIOK Ceplis i 10 3HAYHOTO
JIOMIHYBaHHS KJITHH 1-T0 THITy B MiOKap/i repesce-
PAHOI CTIHKM 1 MDKIIEpeIcepAHOT IEPETrOpoAKHU (pHC.

5, 6).

Puc. 5. ®parmeHT kapgiomiouuta niBoro nepeacepas
iHTakTHOro wypa yepes 7 gib nicns HapomxeHHs. TpaHcMi-
CiiHa enekTpoHHa mikpockonis. X10000.

Puc. 6. ®parmeHT kapaiomiouuta NnpaBoro nepeacepas
iHTakTHOro wypa yepes 7 gib nicns HapomxeHHs. TpaHcMi-
ciHa enekTpoHHa mikpockonis. x10000.

IIpoTarom 2-ro THXHS MOCTHATAILHOTO OHTOTe-
He3y BMICT BHCOKO CHELialli30BaHIX M'sI30BO-CEKpe-
TOPHUX KapJiOMIOIMTIB 3HAYHO TEPEBEPIIyBaB Be-
JIMYMHY, XapaKTepHi Ui Ae(iHITUBHOTO PiBHS PO3-
BUTKY CEKPETOPHOTO anapary ceplid; B 0JajlblIIOMy
crocTepiraiacs moMipHa peayKiist KUTBKOCTI KITHH
1-ro Tumy nmo nmediHiTHBHUX 3Ha4YeHb. [IpUHITUTIOBO
CXOXKHH XapaKTep OHTOTCHETHYHUX 3pYIICHb BCTa-
HOBJICHHH TIPHW BUBYCHHI JTUHAMIKH YHCEIHHOT IIiTb-
HOCTI CeKPETOPHIX I'PaHyII B Pi3HUAX MIISTHKAX Mepea-
CepIHOTO MioKap/a cepis IypiB, IO PO3BUBAETHCA.

Mincymox

MopdoutoriuHi 0coOIMBOCTI crienuivHUX rpa-
HYJ y capKoIlIa3Mi BU3HAYalOTh iCHYBaHHS JIBOX CY-
OmomysANiid mepencepaHuX KapaioMionuTis: 1) Bu-
COKO CIHeliali3oBaHMX Ha ceKpeuil HaTpiilypeTnd-
HOro (haKTopa; 2) HU3BKO CHELialli30BaHUX CEKPETO-
pHEX KapmiomioruTiB. HaliBumma cekpeTopHa aKTHB-
HICTH 3pUJIOT0 MiOKap/a BUSBIIETHCSA Y IPAaBOMY BY-
LIKY cepls, 10 00YMOBJICHO NepeBaKaHHIM BHCOKO
CICIiaTi30BaHNX CEKPETOPHHUX MIOMUTIB (TIOHAX
75% Bin 4rceNpHOCTI MioIUTapHOH momyJmii). Ce-
KpEeTOpHa aKTHBHICTh JAUISHOK 3pIJIOr0 Miokapzaa
yOyBa€ B MOCIIOBHOCTI: JIiBE BYIIIKO — IIPaBe Mepe/-
ceps — JiBe Mmepeacepst — MKIEpeacep/IHa epero-
polKa — MDKIUTYHOYKOBa IEPEropojka — IMpaBuil
LTYHOYOK — JIIBUH HIITyHO4OK. Po3BHUTOK cekperop-
HOT'O arapary Ha eTanax KapIioreHe3y TPYHTYEThCS
Ha TIEPETBOPCHHAX KUTBKICHOTO CITiBBiTHOIIICHHS
MDX BHCOKO 1 HU3BKO CIICHiali30BaHUMH CEKPETOp-
HUMH KapaioMionuramMu. HaiOinemm BHCOKI TeMIn
(hopMyBaHHS TeTEPOTCHHOCTI CEKPETOPHOTO armapara
XapakTepHi A MiOKapia TpaBOTO BYIIKA CEpPII;
HaAMOLIBII HA3BKI — [T MIKIIEpEACepIHOI IEpEropo-
nku. 111yHOYKOBHIT MiOKapa Ma€e MOMIpHY CEKPETO-
PHY aKTHBHICTb y PaHHBOMY MOCTEMOPIOHAJIBHOMY
PO3BUTKY IIypiB; 3piTi KapiOMIONUTH IIIYHOYKIB
BTPaYalOTh CEKPETOPHY aKTUBHICTh. JlediHITHBHUI
PiBEHb PO3BUTKY I€TEPOr€HHOCTI CEKPETOPHOTO ara-
paTa MioKap/a A0CSITaEThCsS 0 KiHI 1-T0 Micsis mo-
CTHaTaJbHOTO OHTOTCHE3Y LIYPiB.

I[epcnexkTHBY NOAAJBIIUX AO0CTiAAKEHb TOB's-
3aHi 3 BUBYEHHSIM Peakllii CEKpEeTOPHOTO anapary Ie-
peAcepIHIX KapJiOMiOIUTIB Ha TIMOKCHYHHAN CTaH y
MIPEeHaTaJIbHOMY KapioreHesi.

Indopmanis npo koHQJIIKT iHTepeciB

[MorteHuiitnnx abo sIBHUX KOHQJIIKTIB IHTEpECIB,
IO MOB’sI3aHi 3 UM PYKOIIMCOM, HA MOMEHT IyOJIi-
Kaiii He iCHy€ Ta He mepe0ayaeThCs.

xepesia ¢pinaHCyBaHHS

Po6oTy npoBeneHO B paMKaxX HayKOBO-IOCHiJ-
HOi TeMH «['icToreHe3 KOMIIOHEHTIB CepLeBO-CYANH-
HOI CUCTEMH JIIOAWHY Ta 1ab0paTOPHUX TBAPUH Y HO-
pMi Ta 32 YMOB €KCIIEPHMEHTY» (HOMep Aep>KaBHOI
peectparii 0118U004730).
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TeepaoxJio I.B., Kanimen O.C., Cappan H.B. TonoJioriuni oco6;1uBocti gopMyBaHHS CeKPeTOPHOTO
anapary KapaioMionuTiB y pi3HHX Bifaijax cepus mypa B OHTOreHe3i.

PE®EPAT. AktyaasHicTb. He 3Baxkaloun Ha YHMCIICHHICTh BiIOMOCTEH ITPO HEOHOPIIHICTH CEKPETOPHUX
HepesICepIHIX TPaHyJI, PO HEOJHAKOBHUI PO3IIOALT IX B OKPEMUX CKOPOTIMBUX KIIITUHAX | TKAHUHHUX JIUISTHKaX
MioKap/a y CKJIa/ii lepecepIHOl CTIHKH, CbOTO/IHI TOTPE0YIOTh YTOUHEHb MOP(OIIOTiYHI 0COOIUBOCTI PO3BUTKY
CEKPEeTOPHOTO amapaTy KapIiOMIOIUTIB B 3aJI€KHOCTI Bif iX Jokamizamii B oprani. Mera gocmimpkeHHs — BH3HA-
YeHHS YIABTPACTPYKTYPHHUX 1 TICTOXIMIYHHX OCOOIMBOCTEH PO3BHUTKY CEKPETOPHOTO arapary KapAiOMIOIHUTIB y
Ppi3HUX JIOKai3amisgax cepis urypis. Meroau. 3a JOMTOMOTOIO TiCTOXIMIYHOI peakii Ha kuciy gocdarasy Ta TpaH-
CMICIfHOI €NIeKTPOHHOT MIKPOCKOIIii BUBYAIM CTAaH CEKPETOPHOTO armapary KapIiOMiONHWTIB y CKIaai Miokapaa
MPaBOTO 1 JIIBOTO Iepeicep b Ta IUTYHOUKIB, IPABOTO 1 JIIBOTO BYIIOK CEpIIs, a TAKOK MiKIIEpercep JHOl Iepero-
POAKHM cepIll IIypiB HA eTanax MPEeHaTalIbHOTO 1 IOCTHATAIBHOTO OHTOTeHe3y. Pe3yabTaTn Ta miacymok. Haii-
BUII[Aa CEKPETOPHA aKTHBHICTb 3p1JIOr0 MiOKap/ia BUSBIISIETHCS y IPABOMY BYIIKY CepIls, 110 00YMOBJIEHO IepeBa-
JKaHHSM BHCOKO CIeLiaJli30BaHIX CEKPETOPHHUX MIOIUTIB (1OoHa 75% Bi/l YMCENBHOCTI MiOIIUTAPHOM MOIYJISILIIT).
CekpeTopHa aKTUBHICTh AUISHOK 3piIOro Miokapaa yOyBae B IIOCIIIOBHOCTI: JIiBe BYILIKO — NPaBe Mepeacepas —
JBe mepeaceps — MXKIEpeACepIHa MePEeropoKa — MiXKILTYHOUYKOBA [EPEropo/iKa — MPaBUi ITYHOUOK — JIBHH
IITYHOYOK. PO3BUTOK CEKpEeTOpHOro amapary Ha eTanax KapZioreHe3y I'PYHTYEThCS Ha MEPETBOPEHHSIX KiJIbKic-
HOT'O CHIBBITHOIIIEHHS MI>K BUCOKO 1 HU3bKO CIIEIiali30BaHUMHU CEKPETOPHUMH KapaioMionuTamu. Haiibinbm Bu-
COKi TemMn (pOpMyBaHHS TETEPOTECHHOCTI CEKPETOPHOTO arapary XapakTepHi Uid MioKapa MpaBoro BYIIKa ce-
PIIsT; HAHOUTBII HU3BKI — UL MbKIIepeacepanoi meperopoaku. LImyHOUKoBHiA MiOKapA Mae MIOMipHY CEKPETOPHY
aKTUBHICTh Y paHHBOMY NOCTEeMOPiOHATFHOMY PO3BUTKY IIYPiB; 3piMi KapAiOMiOIIMTH IUTYHOYKIB BTPAdaroTh Ce-
KpPEeTOpHY aKkTHBHICTE. [leiHITHBHMIA piBeHb PO3BUTKY T€TEPOTCHHOCTI CEKPETOPHOTO armapary Miokapza gocsra-
€TBCS IO KiHIA 1-T0 MicCSIs MOCTHATAIBHOTO OHTOT€HE3Y IIYPiB.

KurouoBi ciioBa: cepiie, nepeacep/is, HUTYHOUKH, IIyP, OHTOT€HE3, KapAIOMIOIUTH, CCKPETOPHUH ammapar.
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Topographic-anatomical relationships of the median and ulnar nerves in the region of the palm.

Bukovinian State Medical University, Yuriy Fedkovych Chernivtsi National University, Chernivtsi, Ukraine.
ABSTRACT. Relevance. Research on the topographic-anatomical relationships of nerves in the palm region is important
due to the high level of traumatic injuries and compression-ischemic syndromes in this area. Objective. The study aimed to
supplement and clarify the literature data regarding the topography and anatomical features of the relationship between the
median and ulnar nerves in the palm region. Materials and Methods. The features of the fetal topography of the ulnar and
median nerves in the right and left palms were studied using 36 preparations from 18 human fetuses aged 4-10 months
through macromicroscopic dissection, vascular injection, sequential drawing of dissection stages, and morphometry. The
study employed an original method of sequential anatomical dissection of the vessels and nerves in the palm area of the
human hand. Results. This study supplements and clarifies the data on the topographic-anatomical relationships between
the ulnar and median nerves. It was found that, in addition to stable innervation zones, there are individual variations, in-
cluding the involvement of both nerves in the innervation of certain muscles, the presence of internal and inter-neural con-
necting branches, and variability in the branching of the median nerve in the carpal tunnel. Conclusion. The anatomical
variability between the median and ulnar nerves and their individual branches indicates a significant degree of individual
variability in the topography and innervation of muscles in the palm region. The characteristics of the relationships between
the studied structures are of considerable importance for clinical practice, as they reduce the risk of damage during hand
surgeries and improve the effectiveness of diagnostic procedures and surgical interventions.

Key words: palm, ulnar nerve, median nerve, variant anatomy, human.
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Beryn

3HaUYHUH{ TpOrpec BiJHOBIIOBAILHOI Xipyprii
cyrno6iB i M’s131B BEpXHBOI KiHILIIBKM MOXKe OyTH J10-
CSAITHYTHH JIMIIE 3aB/ISKH iX BceGiuHOMY MOp(o-hyH-
KIIOHAJIbHOMY Ta EKCIIEPUMEHTAILHOMY BUBYEHHIO.
OnHuM i3 (akTopiB, sIKi BIUIMBAIOTH Ha (OpMyBaHHS
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M’s31B y TIpe- Ta IIOCTHATAILHOMY Iepiojiax OHTOre-
He3y, € ¢ynkuis. Temnu nudepeHiroBaHHS M s3iB
3aJIeKaTh SK BiJl IHTCHCUBHOCTI, TaK 1 BiJl 9acy MOsSBU
¢ynkuii [1,2]. M’s3u npaBoi Ta J1iBoi BEpXHBOI KiH-
LIBKHU TOCTABJIEHI y Pi3HI YMOBHM BacKyJspu3auii Ta
inaepBaii [3,4,5]. Ha panHix cragisx OHTOreHe3y
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JIFOJIMHU HEPBOBA CHCTEMA € CTUMYJIIOBAJILHUM (ak-
TOpOM y mpoueci audepeHuiroBaHHs TKaHuH [6,7].
Bnokana iHHepBauiitHOTO amapaTty y KpUTHYHI Hepi-
oy (OpMyBaHHs OpPTaHiB Ta M’s3iB NPU3BOIMUTH 10
iX CTpyKTYypHO-()yHKIIOHAJIILHOI HEHNOBHOI[IHHOCTI.
Y mpomeci po3BUTKY HEPBOBOI CHCTEMH BHPa)KCHE
SBHINE TETePOXPOHii: Hacammepen (GOPMYIOTbCA
JAHKYW IHHEpBAIIfHOTO amapary, BiAMOBimaibHI 3a
PYXOBY aKTHBHICTB Ta JKHTTe3a0e3MeueHHs 3apoKa,
TUI0/1a Ta HOBOHApOLKeHoTo [8,9].

VY cydacHil mepuHATAIbHIA MEIUIIHI IIHPOKE
NPUKJIAIHE 3HAYEHHS] MAlOTh 3HAHHS NPO (eTaIbHY
AQHATOMIYHY MIHJIMBICTH OPraHiB i CTPYKTYp Pi3HHX
JIUISTHOK, 1, 30KpeMa KHUCTI, 6araTo acleKTiB sKOi BCe
e 3aJUINAIOTECS HEJOCTaTHBO PO3POOJICHUMH.
SlxuMu 6 HaHOBIIIMMH TEXHIYHMMH CIOCOOaMH He
MPOKJIaAIUC XipypriuHi AOCTyNH (3 BHKOPUCTaH-
HSM CKaJIbIeNsi HOBOi KOHCTPYKIIi, €NeKTPOHOXKA,
YIIBTPa3BYKy U JIA3ePHOTO "CKANbIeNs"), BAMOTH 10
3HAHb IHAMBITyaJbHOI aHATOMIYHOI MIiHJIMBOCTI Op-
TaHIB 1 CTPYKTYp 3QJIMIIAIOTHCS AOTEHEp aKTyallb-
HUMH. 3HaHHS BIKOBOi MOPQOIIOTii CTPYKTYp IOJIOHI,
y ToMy uucii Tornorpadii HepBiB 1 3B’SI3KIB Mi>K HUMHU,
BU3HAYAE YCIIX XIPYPriuHUX JOCTYIIB.

Martepian i MmeToan

OcobauBocTi (peTanbHoi Tornorpadii IikThboBOI0
1 CepeIMHHOrO HEpBIB y AUISHII MpaBoi i JiBOI J10-
JIOHB 3’sicoBaHi Ha 36 mpemnaparax 18 mioaiB TroAuHA
4-10 Mics1iB 3a JOMTOMOTO MaKpOMIKPOCKOIIIYHOTO
TpenapyBaHHs, iH €Kil CyOUH, MOCIITOBHOTO 3aMa-
JLOBYBAHHS €TalliB MpenapyBaHHsA, MophomeTpii. YV
JOCIIIIPKEHH] BUKOPUCTAHO BIIACHY METOAMKY MOCIi-
JIOBHOTO aHATOMIYHOTO IIpENapyBaHHS CyIHH 1 Hep-
BIB JIOJIOHHO]I AIISHKH KucTi Jiroauau [ 10].

JlocipKeHHs TPOBEICHE BiIMOBIIHO 0 OCHOB-
HUX OioeTHYHMX MoyiokeHb KouBentnii Pagu €pponu
3 rpaB JroauHE Ta 6iomeaunuuu (Big 04.04.1997 p.),
Ienbcincbkol neknapanii BeecBiTHROT MeMYHOT aco-
iaiii Ipo eTUYHI MPUHIIAIN IPOBEICHHS HAYKOBHX
MEIWYHUX JOCIIKCHb 33 ydacTio JiroauuHu (1964-
2013 pp.), Hakazy MO3 Vkpaiam Ne 690 Bin
23.09.2009 p. Ta 3 ypaxyBaHHSIM METOAUYHUX PEKO-
Merpaniit MO3 Ykpainu «[lopsinok BrutydeHHs Oio-
JOTIYHUX 00’€KTIB BiJl HOMEPIHX 0Ci0, TiNa SIKHUX ITi-
JUITAIOTh CYJOBO-MEIUYHIH eKCIIepTH3i Ta MaToIo-
rOAHATOMIYHOMY JIOCIIDKCHHIO, IS HAayKOBHX Ili-
neity (2018 p.). Komiciero 3 nuranb OGioMeauyHOT
eTHKH ByKOBHHCHKOTO JIEp)KaBHOTO MEIUYHOTO YHi-
Bepeutery (mpotokos Ne 10 Bix 12.06.2025 p.) mopy-
[IeHb MOPAJIbHO-NIPABOBUX HOPM IIPU IIPOBE/ICHHI
HayKOBO-ZIOCJIIIHOT pOOOTH HE BUSIBICHO.

Pe3yabTaTn Ta iX 00roBOpeHHst

Y 1I101B JIFOAMHHM ray KeHHS JIIKTHOBOT'O HEPBa
Ha KIHIIEBI TJIKM: TIOBEPXHEBY Ta INIMOOKY BiOyBa-
€TBCS Ha PiBHI rauykyBarToi KicTkM abo ii rauka (pwuc.
1), y 3 BumaaKax — y AiISHII TOPOXOIOAi0HOT KICTKH.

VY GinbIIOCTI AOCITIKEHNX 00’ €KTIB JIIKTHOBHN
HEpB iHHEPBYE BCi M’SI3U TilMOTEHapa, BCi MiXKKICT-
KOBi M’sI3H, JIBa YepBOMOIIOHI M’ 5131, TTUOOKY TOJI0-
BKY KOPOTKOI'O M’si3a-3TMHa4a BEJIMKOTO IMaJIbIs Ta

TIPUBIAHUK M 513 BeTIMKOTO naibus (puc. 2A). Takox
B OZIMHUYHHUX CIIOCTEPEKEHHSX JIIKThOBHH HEPB OpaB
y4acTh B iHHepBallil 000X T0JI0BOK KOPOTKOTO M si3a-
3THHAYa BEJIMKOTO Naiblid (4 mpenaparu) i Apyroro
yepBomoaioHoro M’si3a (1 BHIAmOK) pasoMm i3 cepe-
OUHHAM HEpBOM. Y BCIX JOCIHIIKEHHX IUIOMIB IO
M’S131B, SIKi BUKITIOYHO iHHEPBYIOTHCS TINBKH JIIKTHO-
BHM HEpBOM 0e3 ydJacTi cepeIUHHOTO HepBa BiJTHO-
CSATBCA BC1 M SI3U TIMOTEHAPA, BCI MIXKKICTKOBI M 5131
1 yeTBepTHH YepBOMOAIOHMHI M’ 3. Y 5 criocTepexeH-
HSAX HAMH BHSBIICHO CITONYYHI TUIKM MiXK TIOBEpXHE-
BOIO 1 ITTMOOKO¥O T1IKaMH JTIKTHOBOT'O HEPBA, SIKI ITPO-
HU3YIOTh M’SI3H TiloTeHapa abo OTHHAIOTH Horo Oid-
HUi kpaii (puc. 2B).

Puc. 1. M’a3u Ta cyanMHHO-HEPBOBI YTBOPEHHS nepea-
HbOI AiNSHKM NPaBOro Nepeannivyysi i 4ONOHI Nnoaa nanHn
170,0 mm TKA. doTo makponpenapaty. x2,3: 1 — nikTb0BUiA
HepB.; 2 — rnnboka rinka NikTboBOro Hepsa; 3 — NoBepxHeBa
rinka nikTbOBOro HepBa; 4 — BracHi AOMOHHI NanbLueBi HEPBU
Mi3VHLS KUCTi BiJ NMiKTbOBOrO HEPBA; 5 — CyXOXMITKM NOBEPX-
HEBOro M’sidaa-3rMHaya nanbLiB; 6 — JOMNOHHA rinka cepeguH-
HOro HepBa; 7 — CepeavHHUI HepB; 8 — CyXOXWIOK NMpome-
HEBOro M’si3a-3rmHava 3am’sictka; 9 — BracHi JAOMOHHI nanb-
LieBi HEPBW BEMUKOro narblsi KACTI Big cepefHHOro HepBa;
10 — 3ararnbHi OMNOHHI NanbLUeBi HEPBU Bif CEPeAVNHHOTO He-
pBa; 11 — BracHi JOMNOHHI NanbLeBi HEPBU.

VY OUIBIIOCTI JOCHTIKEHUX IUIOIB CepeINHHIMA
HEpB JUTUTHCS Ha CBOI KIHIIEBI T1JIKH B MEXaX HIK-
HBOI [MOJIOBUHH 3aI1’ICTKOBOTO KaHAJy, MOOIU3y HH-
JKHBOTO Kparo MOTEpPeyHoi 3B A3KH 3arm’ sacTka. [Ipu-
BEPTAE yBary Te, o CTOBOYpP CEpEAMHHOTO HEPBA PO-
3rayly)Ky€eThCsl Ha JIBi MOPIIii — OiYHY Ta MpHUCcepeHIo,
BiJl IKHX, Yy CBOIO Y€pTy, BIAXOMIATH TIKK 0 M’SI3iB
ITIIBMILEHHS BEJIMKOI0O Majblis, 1 3arajibHi HanbleBi
HepsH (puc. 3).

Ha piBHI HIKHBOTO Kparo MOIMEPEYHOI 3B’ SI3KH
3am’sicTKa Bif OIYHOT MOpLii CepeaHMHHOTO HepBa 3
0oKky Horo mepemHBOi ab0 IMeperHBOIPUCEPETHBOT
MMOBEPXHI BIJOKPEMITIOETBCS, SK MPaBUJIO, OJHA
M’s130Ba T1IKa, iHONI — ABi (4 mpenapaTH), 10 MiIBH-
LIEHHS BEJIMKOTO Majblid. Y 2 BHNAIKaxX BUIIE3a3Ha-
YeHa TiJIKa MMPOHM3YBaja TOMEPEUHY 3B 3Ky 3aIl’sic-
TKa 00Ny i1 HYKHBOTO Kpato. Citif] 3ayBa)KUTH, 110
TiJKa 70 M’sI31B MiJBUIICHHS BEJTMKOTO MAIbI OyIa
po3MillleHa TIOBEPXHEBO IIOJI0 3araJIbHOTO CTOBOYpa
I 1 II 3aranpHUX MANTBIEBUX HEPBIB.
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Puc. 2. BapiaHTu Tonorpadii rmnbokoi rinku nisoro nikrboBoro Hepsa nnoaa 340,0 mm TK (cxemaTuyHe 306paxeHHs). A:
1 — m’si30Ba rinka 4o M’s3iB rinoTeHapa; 2 — M’A30Bi MKW 40 YepBONoAibHMX M’A3iB; 3 — M'SI30BI MiNKM 40 KOPOTKOro M’'sida-3rMHava
BENINKOro nanbLs KUCTI; 4 — M’A30Bi FiNKu A0 NPOTUCTaBHOIO M’s3a-3rMHaya Benukoro nanbus kucTi. b: 1 — aHacTomo3 mix nose-

PXHEBOI Ta rnMBOoKOI0 rinkaMu NikTbOBOIo HepBa.

Puc. 3. M’a3u Ta cyanHHO-HEpBOBI YTBOPEHHS nepea-
HbOI AINAHKW NiBOro nepegnnivys i JONOHI nnoga NioaunHU
195,0 mm TKA. ®oTo makponpenapaty. x2,1: 1 — nikTboBWN
HepB; 2 — NoBepXHEBaA rifnka NikTboBoro Hepea; 3 — rmmboka
rifika nikTboBOro HepBa; 4 — BNacHi AONOHHI NanbLeBi HepBU
Bi NMIKTbOBOrO HepBa; 5 — CyXOXWIOK [OBroro BifBiAHOro
M’si3a BENMKOrO NanbLs KUCTi; 6 — CyXOXUIOK NPOMEHEBOIO
M’si3a-3rMHaya 3am’sctka; 7 — OOMOHHA rifka cepeavHHOro
HepBa; 8 — cepeMHHUIN HEPB; 9 — CYXOXMUITIOK OBroro m’s3a-
3rMHa4a Benukoro nanbus KUCTi; 10 — CyX0XXMINoK noBepxHe-
BOro M’sida-armHada nanbuiB; 11 — 3aranbHi JOMOHHI nanb-
LieBi HEpPBU Bif CEpeAnHHOro HepBa; 12 — BNacHi OMNOHHI na-
nbLeBi HEPBU.

VY 6inmbrocri (81,25%) moxiB 1 rinka 3a0e3re-
yyBaja iHHepBamiro 2,5 M’s3iB MiJBUIICHHS BEJH-
Koro manblst, v 13,33 % BumagkiB — TUTBKH JTBOX
M’S31B — KOPOTKOTO BiJIBIJTHOTO 1 IPOTHCTaBHOTO
M’s131B BeMKOro nansis. B ognoro mioga 140,0 MM
TK]I m’si30Ba rijka cepeuHHOTO HEpBa JO M’s3iB
MiBUIICHHS BEIMKOTO MabIlsl Opaia ydacTh B iHHE-
pBallii MpUBIAHOTO M’si3a BENUKOTO THayblsd. B of-
HOoMy crnioctepekeHHi (g 170,0 mm TK]] Bix mep-
IIOT0 3arajJbHOTO JIOJIOHHOTO MATBIIEBOTO HEPBA MPSI-
MyBaJja T'iJIka 10 KOPOTKOTO M’s3a-3THHAYa BEITHMKOT0
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ENISICH

Y mroxa 340,0 mm TK/I rinka siiBoro cepeanH-
HOT'O HEPBa JI0 M’SI3iB MiIBUILCHHS BEJIMKOTO MabIls
posmajanacs Ha JeKibKa My4YKiB 10 KOPOTKOTO
M’si3a-3rMHa4Ya BEJIMKOrO MAJbIld Ta KOPOTKOTO Bif-
BIJIHOTO M’si3a BEJTUKOTO nasbiis. ['ika 10 mpoTucTa-
BHOTO M’s13a BEJHKOIO ML MMPOHHUKANA y TAHHA
M’sI3 OTHUM TOHKHM ITy4KOM. [1JIKH cepeTMHHOTO He-
pBa 3abe3neuyBanu iHHepBauito | Ta 11 yepBonoxio-
HUX M’s13iB (puc. 4).

Puc. 4. Hepsu niBoi gonoHi nnoga 340,0 mm TK[ (cxe-
MaTu4He 306paxeHHs): 1 — cepeanHHUIN HepB; 2 — NIKTbOBUI
HepB; 3 — riNkn cepeanHHOro HepBa A0 M'A3iB NiOBULLEHHS
BENMKOro nanbLs KUCTI; 4 — rinkv cepeanHHOro Hepsa Ao |, i
Il yepBonogibHux M'si3iB; 5 — rnmboka rinka NikTboBOro He-
pBa; 6 — TpeTiv 3aranbHWUI ONOHHUIA NanbLeBUn HepB; 7 —
crorny4yHa rinka.

I'nmnOoxka riska JiKTHOBOTO HEPBA B1IIOKPEMITIO-
BaJacs Bij ioro croBOypa Ha piBHI CEpEJHU BUCOTH
TIOTIepEeYHOT 3B’ A3KH 3a1’sicTKa. MiXk cCTOBOYpOM JIiK-
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THOBOT'O HEPBA 1 TPETIM 3araJibHUM JOJIOHHHM Mallb-
LICBUM HEPBOM BHSIBIICHA CIIOJy4YHA Tinka. Ciig Bij-
MITHTH, L0 y I[bOTO IUIOAA Y BEPXHiH TPETHHI JiBOi
HepenHbol AUITHKY MepeAIuTiyYs HaMU TaKOX BHSIB-
JICHO 3B’ 130K MIXK CEPEIUHHUM 1 TIKTHOBUM HEPBaMH
y popmi cnomyaroi et (puc. 5).

72227 #

7 e

_'t/E'L i -
T 2l g L L -

Puc. 5. 38’9130k Mi>x cepeauHHUM i NiKTbOBUM HEpBaMM
y niBii NnepegHin AinsaHui nepeannivyys y gopmi cnonyyHoi
netni y nnopa 340,0 mm TK (cxemaTtnyHe 306paxeHHs ).

HeoOxinHO 3a3HaYnTH, IO CEPEAUHHUI HEPB Y
JIUISHII TIBUIIECHHS BEIMKOTO MBI Oepe ydacTh
B iHHepBaii Bix 2 10 4 M’s131B MiIBUIICHHS BEIHKOTO
HasbIIs.

VY mnoaa 320,0 mm TKJ] y minstHui npasoi no-
JIOHI T'JIKH CepeIMHHOTO HepBa 3a0e3neuyBaiy iHHe-
paauito I, II i [II yepBonoaioHux M’s3iB (puc. 6). I'mu-
0oKa TiJKa JIKTHOBOI'O HEPBa BiIXOAWJIA BiJ[ CTOB-
Oypa IIbOr0 HEepBa y MEPEAHIN MUISHIIN MepeauTiaus
Ta MPOHHMKaJA B TJIMOMHY Ha PiBHI BEPXHBOTO KPako
MOMepeyHol 3B’3KH 3all’sICTKa TO0JIM3y BHYTPILI-
HBOTO KParo TOpOXOoroaioHOi KicTku. Ha cBofiif mpo-
TSHKHOCTI CepeAMHHUN HEPB BiIa€ TIIKHU 10 KarCyu
MPOMEHEBO-3aIl’ ICTKOBOrO Cyrnoda. Bix cepeaus-
HOTO HEpBa KPiM OCHOBHOI M’S30BOi T'LIIKH 710 M’sI31B
TeHapa, BiIXOIUIa JOJATKOBA TiIKa J0 KOPOTKOTO
M’si3a-3THHAYa BEJUKOrO masbils kucti. Cimif 3a3Ha-
YHTH, [0 Y JAHOTO IJI0/a T'JIKa JIIKThOBOT'O HEPBa, Y
dbopMi meTITi, OXOIUIIOBAa JIKTHOBUN M’sI3-3rHHAY
3am’ACTKa.

ITpu mpoBeeHH] JOCIiIKEHHS] HAMU BUSIBIICHO
CHOJYYHI T1IKH MK CYMDKHAMH M’ SI30BHMU T'LTKaMU
CepeIMHHOIO HEPBA, & TAKOX 3B’SI3KU CEPEJANHHOTO 1
JIKTHOBOTO HEPBIB y MEPEAHINA AUISHIN TepeATIIITYSL.
[Ipu oMy, crionydHa TijKa MK CEpEIUHHUM 1 JiK-
THOBUM HEPBAMU MEPEBAKHO PO3MIIIyBaIach y Bep-
XHIf TIOJOBUHHI TEPEIHBOI TUISHKHA TIEePEIILTiads
MDK HOBEPXHEBHM 1 TIMOOKUM M’si3aMH-3rHHAYaMU
nanbuiB. Y mioga 235,0 mm TK] y niBiii nepennii
I’SICTKOBIH IJISIHIN BUSBJICHO aHACTOMO3 Y BHIJISLII
CIOJIyYHOT T1JIKK MIJK CEpEeIMHHUM HEPBOM 1 IIn0o-
KOO TIJIKOIO JIIKThOBOTO Hepsa (puc. 7). [IpuBeprae
yBary Te, o Mpyu MaKpOMiKpOCKOIIIYHOMY Hpenapy-
BaHHI JIiBO1 JIOJIOHI Y IaHOTO IUIO/Ia HE BUSBIICHO PO-
3ralTy’)KeHHS CEpeIMHHOTO HepBa Ha TPH 3arayibHi J10-
JIOHHI nayelieBi HepBU. [Ipu mpomy GesnocepesHbO
BiJl CTOBOYpa JIIBOI'O CEPEIMHHOTO HEPBa BIIXO WA
JIBA BIIACHI JIOJIOHHI TAaJIbIICBI HEPBU BEIUKOTO Ta-
JBIIS KACTI, IO MPSIMYBAIK JI0 1OTO MMPOMEHEBOT 1 JTi-
KTbOBOT CTOPiH.

Puc. 6. Hepsu npaBoi gonodi nnoga 320,0 mm TK[
(cxemaTtuyHe 306paxeHHs): 1 — cepeanHHUIA HepB; 2 — Mik-
TbOBUIA HEPB; 3 — Tinkn cepeauHHoro Hepsa o |, 11 [l yep-
BOMOAIGHMX M’A3iB; 2 — rifkn cepeaMHHOro Hepsa A0 Kancynm
NpPOMeHeB0-3an’aCcTKOBOro cyrnoba; 3 — rinka cepeanHHOro
HepBa 40 M’A3iB NiABULLEHHS BENUKOro nanbLs KUCTi; 4 — o-
[aTKoBa rifika cepeanMHHOro HepBa [0 KOPOTKOro M’A3a-3ru-
Haya BEIIMKOro nanbus KUCTi; 5 — TunbHa rinka nikrboBOro
HepBa; 6 — NeTnsa NiKTbOBOro HEPBA, L0 OXOMIIHE NiKTbOBUI
M’s13-3rMHaY 3amn’sicTka; 7 — rmmboka rinka nikTboBoro Hepea;
8 — M’s130Ba rifika NikTbOBOro HepBa A0 KOPOTKOro M’A3a-3ru-
Haya Mi3nHUSA KACTI.

Puc. 7. M’a3n Ta cyauHHO-HEPBOBI YTBOPEHHS nepea-
HbOI AiNsHKM NiBOro nepeannivyys i 4ONOHI nnoga noanHu
235,0 mm TKO. Monka nigsedeHa nig, cnonyyHy rinky (Mik
CTOBOYPOM CepeauHHOro HepBa i rMMOOKOK FMKOK NiKTbO-
BOro Hepsa). ®oto makponpenapaty. x1,8: 1 — nikTbOBUM
HepB; 2 — rmunbokKa rinka nikTboBOro HepBa; 3 — cepeauHHNI
HepB; 4 — BNacHi 4ONOHHI NanbLeBi HepPBW BENNKOro narnbLs
KWUCTi; 5 — BNacHUA SONOHHUIA NarnbLEBUA HEPB BKa3iBHOMO
nanbUs KUCTi; 6 — NpoMeHeBa apTepist; 7 — LOSNOHHA 3amn’sac-
TKOBa rifka MikTboBOI apTepii; 8 — CyXoXunku rnmbokoro
M’si3a-3rMHada nanbLiB; 9 — CyXOXMWIOK JOBroro m’sisa-aru-
Haya BESIMKOro nanbLsi KACTI.
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[TponoBXKeHHSIM CepeJMHHOTO HepBa OyB Bilac-
HUHN JOJIOHHUI MajbleBUN HEPB, IO NPSIMYBaB A0
MPOMEHEBOI CTOPOHM BKa3iBHOTO manbls. Hamu e
BUSIBJICHO BJIACHHX JIOJIOHHUX MalbLEBUX HEPBIB 110
JiKTHOBO1 cTopoHu Il maneiid, 10 MpPOMEHEBOT 1 JIiK-
ThOBOI cTopiH Il manbns Ta mpomeneBoi croponu [V
HasbIs.

B irmoro mroxa 255,0 mm TK/] B minsami npa-
BOI JIOJIOHI CTOBOYP CEPEIIHHOTO HEPBa PO3TAITYKY-
BaBCs Ha TPH 3arajbHi IOJIOHHI MaNbleBi HepBU. B
CBOIO Uepry, NepUIMil 3araJlbHUi TOJIOHHUM HaJibLie-
BUIl HEPB PO3ralyXyBaBCsi HA TPU BIACHI JOJOHHI
NaJblieBl HEPBH, IO NMPSIMYBAJIH 0 MPOMEHEBOI 1 JIi-
KTHOBOI CTOPIH BEJIMKOTO MaJIbIs T TPOMEHEBO]I CTO-
POHM BKa3iBHOTO Mainblis. Jpyruii 3araibsHuil 10710H-
HHUH TajJbLeBUH HEpB MPSMYBaB 10 JIIKTHOBOI CTO-
POHHM BKa31BHOTO MBI, a TPETiH 3araibHUH 10JI0H-
HUH NanpLIeBuii HepB — A0 JNiKThoBOI cToponw 111 ma-
TS 1 mpoMeHeBoi croporu [V manens kucti. Hamu
BUSIBJICHO 3B’SI30K — CIHOJYYHY TUIKY MIX TPETiM 3a-
TaJbHUM JOJOHHUM NajbIIEBUM HEPBOM Ta TIHOO-
KOIO TUIKOIO JTIKTHOBOTO HepBa (puc. 8).

Puc. 8. M’'si3u Ta cyanHHO-HEPBOBI YTBOPEHHS nepen-
HbOI OiNsHKX NpaBOro nepeannivys i AOMOoHi Nnoaa NioanHu
255,0 mm TK[. lonka nigBegeHa nig cnonyyHy rinky (Mix
TpeTiM 3aranbHUM JOMOHHUM NanbLEeBUM HEPBOM Ta rnmbo-
KOIO FifnKoto NikTboBOro Hepaa). PoTo makponpenapaty. x1,7:
1 — NiKTBOBWIN HEPB; 2 — TUIbHa rifika NikTboBOro HepBa; 3 —
noBepxHeBa rifnka NikTboBoro Hepsa; 4 — rnuboka rinka mik-
TbOBOrO HEpBA; 5 — cepeavHHUIN HepB; 6 — AOMOHHA rinka
cepeavHHOro Hepea; 7 — ApPYrui i TpeTii 3aranbHi AONOHHI
nanbLeBi HepBW i BNACHUA AOMOHHUI NanbLueBui HepB A0
npomeHeBoi cTopoHn |l nanbusi; 8 — BNacHi AONOHHI nanb-
LeBi HepBu O0 NikTbOBOI cTOpoHW Il nanbus i npoMmeHeBoil
cTtopoHu IV nanbus K1cTi; 9 — BNacHi AOMNOHHI NanbLeBi He-
pBu | nanbus K1CTI.

VY 9 Bumankax i3 16 JOCHiIKEHUX IpemapariB
BUSBJIICHO 3B’S30K MiX JIKTHOBUM HEPBOM 1 3araib-
HUM CTOBOYpOM NEpeaHBOTO MIKKICTKOBOTO HEpBa,
SIKAH MICTHB TTy4YKH JI0 JJOBTOTO M s13a-3THHAYA BEIH-
KOT'O IaJIbIlA 1 TNIIMOOKOTO M’s13a-3rMHaYa MMaibliB.

3 ypaxyBaHHSIM BUIIE3a3HAYCHHUX 3B S3KiB MiXK
CepeMHHUM 1 JIKTBOBUM HEpBaMH BBaXKa€MO, IO
MpU  JAOCHTIDKEHHI €JIeKTPO30yIITMBOCTI  €JIEKTPO/T
CJIiJT IPUKJIAIATH HE BUILE CEPEAMHU NMEPEATLIITIS 11O
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JKTHOBIH OoposHi. IIpu BTpati MpoBiXHOCTI JIIKTHO-
BOTO HEpBa BHACIIIOK YIIKOJKCHb Y IIJISHIN IIIeYa,
0sIBa peakuii Npy MoJpa3HEeHH] Ha PiBHI cepeuHU
nepeamIiays Oyae CBiMYUTH 3 OUTBIIOK HMOBIpHI-
CTIO TPO TE, IO CTOBOYP JIKTHOBOTO HEPBA OTPUMYE
ITyYKH BiJ CEpEeANHHOTO HEpBa.

Ha migcraBi oTprMaHuX, NUITXOM MaKpOMIKpo-
CKOIIIYHOTO TpenapyBaHHA, HaHUX, MOXKHA CTBEp-
JOKYBaTH, IO ITy9KH CEpeAWHHOTO HEepBa, sKi mepe-
XOISTH Yepe3 CIOIyYHY TUIKY 0 CKIIay JiKTHOBOTO
HEpBa, MOXKYTh OpaTH yJacThb B iHHEpBAIlii MIXKKIiCT-
KOBHUX 1 4epBOMOAIOHUX M’53iB, 1 TAKOXK M’S31B MiJ-
BHIIICHHS BEJIMKOTO MANBIIS.

Ha 2 npenapatax y AiNSHII MiJBUIICHHS BEIU-
KOT'O MBIl BUSBJICHO 3B’SI3KH MiX JIIKTHOBHUM 1 ce-
PEIMHHUM HEpBaMHU, a caMe: 3 €THAHHS My4KiB cepe-
JUHHOTO HEpBa JI0 TOBEPXHEBOI FOJOBKH KOPOTKOTO
M’s3a-3THHAYa BEJIUKOTO TAJbI 3 IMyYKaMH TIHO0-
KOI TUIKH JIKTHOBOTO HEpBa A0 TIMOOKOI TOJOBKH
FOr0 M’si3a.

TakuM YUHOM, TIPHUBITHUA M’SI3 BEIUKOTO IIa-
TBIISE MOXKE OTPUMYBATH MOABIHHY iHHepBamito. Corif
MIKPECIIUATH, 10 Y OCIIPKEHUX HAMH IJIOIB HE BH-
SIBICHO TLTOK JIKTHOBOTO HEPBa JI0 MPOTHCTABHOIO
M’si3a  BEJIUKOTO MAalbIlsl, KOPOTKOTO BiJBIIHOTO
M’si3a BEJIMKOTO HAJII[ Ta MEPILIOTo Y€PBONOIIOHOTO
M’s13a.

Jani nopiBHsUIbHOT aHatomii [11,12] cBimuarts,
10 JIIKTROBHHU 1 M’SI30BO-IIKIPHUN HEPBH BIIOKPEM-
JFOIOTHCA BiJl CTOBOYpa CepeInHHOTO HEPBa SIK caMo-
CTIifHI HEepBHM Ha BiTHOCHO IIi3HIX cTamisx (ijore-
He3a. Y IeBHOMY CEHCI iX MOYKHA PO3TILAIATH K «KO-
Jatepaii» cepeInHHOTO HepBa. ToMy cepeImHHUA,
JIKTHOBUH 1 M’S30BO-TIKIpHUI HEPBHA MOYKHA PO3TIISI-
JIaTH SIK KOMIUIEKC HEPBIB M’s31B-3rMHAYIB BEPXHBOT
KiHmiBku. [Ipu 1bOMY 3B’SI3KM MK CEPEIHHHUM 1
M’SI30BO-IIKIPHUM HEPBaMH, SK TPABHUJIO, BUSBIIS-
I0TbCSl Y TUICUOBIN AUISHIN, MIX CEPEIMHHUM 1 JIK-
THOBHM HEPBaMH — y MEPEAHIN JUISHII MEePeaLTiads
Ta JIOJIOHI.

Ha mizmcraBi mpoBeneHOTO JOCHTIHKEHHS MOXHA
CTBEPKYBATH, IO 0e3 TITHOOKUX 3HAHBb XipypridHOT
aHAaTOMIi KHCTI Ta YiTKOTO YSBICHHS PO Tonorpago-
aHATOMIYHI B3a€MOBITHOIIICHHS HEPBIB JJOJIOHI 3 ypa-
XyBaHHIM MOXJIMBHX BapiaHTIB HE MOXKe OYTH yCIi-
[IHO BUKOHAHO OJHE, HABITh HEBEJIMKE XipyprivuHe
BTpYYaHHS y Liil AUISHII KUCTI.

Hincymox

TicHi Tonorpado-aHaToMidHi 3B’513KU CepenH-
HOT'O Ta JIIKThOBOTO HEPBIB Y AUISHII J0JIOHI 3yMOB-
JIIOKOTh BAXJIUBY (DYHKIIIO 3a0e3MeUeHHs Iy TIMBOT
Ta PyXOBOI aKTHBHOCTI M’sI31B KUCTi. Y OUISHII JIO-
JIOHI IOCTIJDKYBaHI HEpBU MarOTh BU3HAUCHI 30HU iH-
HepBalii, sKki (QYHKIIOHAIFHO JONOBHIOIOTH OJHA
onHy. [HHepBaliiiHe IEpEeKPHUTTS HEHTPATBLHOT Jisi-
HKH JIOJIOHI CBIIYHMTH MPO HASBHICTh IOTCHIIHHUX
KOMIICHCATOPHUX MOXITUBOCTEH NP IMOIIKOKCHHI
CePEAMHHOIO Y JIKTHOBOTO HEPBA, @ TAKOK 3yMOB-
JIIOIOTH iXHIO KIIIHIYHY BPa3JIMBICTh ITiJ] 9ac TPaBM 4H

XIpypriyHUX BTPY4aHb.
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IlepcnekTHBH MOAATBIINX PO3POOOK

BusiBneHi y TUIOIIB JIFOJUHHA OCOOIHUBOCTI (op-
MYBaHHs IHHEPBAIIITHUX 3B’SI3KiB y AUISHIN JOJOHI
CIPHUATUMYTD YAOCKOHAJICHHIO JIarHOCTUYHUX MaHi-
MyJISALiH, onTUMi3anii XipypriuHoi TAKTHKH Ta Po3po-
01 e(eKTHBHUX CITOCOOIB OTIEPATUBHUX BTPYYaHb.

Indopmanisa npo koHIIKT iHTepeciB

[Notenmiitanx abo SBHUX KOH(QIIIKTIB iHTEpeECiB,
II0 ITOB’S3aHi 3 MM PYKOITUCOM, Ha MOMEHT ITyOi-
KaIlil He iICHye€ Ta He mepeadavdaeThCs.

Jxepesia piHaHCYBaHHS

PoGora BUKOHaHA B paMKax HayKOBO-ZOCIIiIHOT
Temn «CTaTeBO-BIKOBI 3aKOHOMIPHOCTI OHTOTCHETH-
YHUX [EPETBOPEHb i MOP(HOMETPHYHI TTApAMETPH Op-
raHiB Ta CTPYKTYp 3a YMOB HOPMHU 1 €KcCIepHMe-
HTY. Mopdo-pyHKITIOHaTpHI Ta aHTPONOMETPHYHI
0COOJIMBOCTI OIOPHO-PYXOBOTO arapary CIOpTCMe-
HiB» (HOMep nepkaBHOI peectparii 0125U001531).
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Xmapa T.B., Bipwok LI'., 3amopcbkuii LI, Kykoscbka I.JI., CaBka B.I'., Mapuensik I.B. Tonorpado-
aHATOMIYHi B3a€MOBIIHOIIEHHSI CEPEAUHHOIO i JiIKTHOBOr0 HEPBIiB Yy AiNSTHII 1010HI.

PE®EPAT. AkrtyanasbHicTb. JlocniukeHHs Tonorpado-aHaTOMIYHUX B3a€MOBITHOILIEHb HEPBIB Y JUNISHII
JIOJIOHI BaYKJIMBI 3 OTJISATy Ha BUCOKHI PiBeHb TPABMATUIHUX YIIKOKEHB Ta KOMIIPECIHHO-1IEMIYHIX CHHAPOMIB
1iei 30HU. MeToI0 TOCIIKEHHS CTAJIO JOTIOBHEHHS Ta yTOYHEHHS ICHYIOUMX JaHUX 100 Tororpado-aHaToMid-
HHX 0COOJIMBOCTEN CEPEeAMHHOTO 1 JIIKTHOBOTO HEPBIB y AUIsHII 1ooHI. MeToan. OcobamBocTi deTansHOT TOMO-
rpadii JTIKTHOBOTO i CepeAMHHOTO HEPBIB Y JUISHII IPaBoi 1 JIIBOT JOJIOHB 3’sicoBaHi Ha 36 nmpenaparax 18 miozis
mrouHA 4-10 MicsIIiB 3a TOIOMOT0I0 MAaKPOMIKPOCKOIIIYHOTO MpenapyBaHHs, iH €Kil CyIHH, TOCTIIOBHOTO 3a-
MaJIbOBYBaHHS €TalliB IpenapyBaHHs, MopdomeTpii. Y mociiPkeHHI BUKOPUCTaHO BIACHY METOJHUKY IOCIIiJOB-
HOTO aHATOMIYHOTO MpeTapyBaHHs CYANH i HEPBiB OJIOHHOI TUISHKY KHUCTI JToauHN. Pe3yabTaTu. lanum goc-
JI/KEeHHSM JOTIOBHEHI Ta yTOYHEH] JaHi I0J0 Tomorpado-aHaTOMIYHAX B3a€MOBITHOIIEHb MiX JIIKTHOBHM i Ce-
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pPEeIMHHKM HEpBOM. BUsiBIIeHO, 1110 OKpiM CTabiIbHUX 30H iHHEpBAllii MalOTh MiCIie 1HIMBITyanbHi BapiaHTH, 30K-
peMa ydacTh 000X HEPBIB Y KHBIICHHI OJHUX M’5131B, HASIBHOCTI BHYTPIIIHIX Ta MDXKHEPBOBHX CIIOJTYYHHUX TLIOK,
BapiaTHBHICTH BiJramy»eHHs CEpeJMHHOI0 HepBa y 3an’sictkoBomy kanaui. Ilizcymok. Bcranosnena anatomiuHa
BapiaTHBHICTh MK CEpPEAMHHHUM Ta JIKTHOBUM HEPBaMH Ta TXHIMH OKPEMHMH TiIKaMH CBIIYUTH NPO 3HAYHHUN
CTYIIHb IHAMBIyaIbHOT MIHJIMBOCTI TONOrpadii Ta iHHepBaLii M’A31B y AUISHII 10JI0HI. OCOOIMBOCTI B3a€MOBII-
HOILEHb JOCIIDKYBAaHHX CTPYKTYP MalOTh Ba)KJIMBE 3HAYEHHS M KIiHIYHOI MPAKTUKH, OCKIJIBKU JO3BOJISIOTH
3HM3WUTH PU3UK YIIKODKEHB ITiJ] Yac oTepamnii Ha KUCTi Ta MiBUITYIOTh e(eKTHBHICTh TiarHOCTHIHUX MaHIITyJIs-
i Ta OIIEPAaTUBHUX BTPYYaHb.
Kuro4oBi ciioBa: no0H:, TIKTHOBUH HEPB, CEpEANMHHUI HEPB, BapiaHTHA aHATOMIS, JIFOANHA.
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ABSTRACT. Introduction. Novel methods for determining the developmental pathways and formation of muscle tissue,
whose main feature is the contraction mechanism, are gaining widespread use. Muscle tissue is a highly specialized structure
responsible for the motor activity of an organism. Understanding its structure and histogenesis is critically important for
studying both normal and pathological conditions. Research in embryology and histology, enhanced by modern methods of
microscopy and molecular biology, allows for a new look at the fundamental mechanisms of muscle tissue development,
which opens up new perspectives in the field of individual developmental biology, cytology and histology. The objective
of this article is to systematize and integrate current scientific data on the histogenetic and morphofunctional aspects of
muscle tissue classification. The aim is to expand the understanding of the developmental origins and key differences in the
formation processes of each type of muscle tissue. Methods. A systematic scientific search was conducted in the Scopus,
Web of Science Core Collection, and PubMed databases. The analysis covered the period from 2015 to 2025. The search
was performed using keywords such as "myogenesis," "cardiogenesis," "smooth muscle development,” "muscle tissue his-
tology," and "embryonic myogenesis." In total, over 100 scientific publications were analyzed, including review articles and
the results of primary experimental studies. Results. The literature analysis confirms that the three types of muscle tissue
have different origins and unique histogenetic mechanisms. Skeletal muscle develops from the myotomes of somites through
the fusion of myoblasts into multinucleated muscle fibers. Cardiac muscle is formed from the visceral leaf of the splanchno-
tome; however, cardiomyocytes do not fuse but form a single network, functionally connected by intercalated discs. Smooth
muscle has the most variable origin (from the splanchnotome mesenchyme or the ectoderm of the neural crest) and is formed
from individual spindle-shaped cells that retain the ability to proliferate. Conclusion. The fundamental morphofunctional
differences between the three types of muscle tissue are directly determined by their histogenesis. Modern research methods
allow for the detailed study of these processes, confirming that the formation of multinucleated structures, specific intercel-
lular contacts, and the variability of embryonic origin are key events that determine the final structure of muscle tissue. The
systematization of this knowledge is the basis for further research in developmental biology and tissue engineering.

Key words: histogenesis, muscle tissue, myogenesis, cardiogenesis, myoblast, cardiomyocyte, smooth muscle.
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Introduction characteristic is the ability to contract, which is real-
Muscle tissue is a highly specialized biological ized on the basis of the mechanisms of interaction be-
structure that is key to ensuring the motor activity of tween actin and myosin filaments. This fundamental
an organism and its individual components. Its unique feature leads to the diversity of its morphological

structure and functional characteristics. In the human
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body, three main types of muscle tissue are distin-
guished, each with a different origin and histogenesis.
According to studies, Myosin heavy chain-embryonic
plays a critical role in skeletal muscle tissue differen-
tiation during mammalian development, as shown by
Agarwal M, Sharma A et al. [1]. This protein, accord-
ing to them, is not just present, but is an active regu-
lator that influences the formation of muscle fibers.
Understanding this regulatory function can be key to
further studying skeletal muscle morphogenesis.
Their work sheds light on the specific molecular
mechanisms that control cell differentiation in the
early stages. The authors emphasize that identifying
such regulatory proteins is an important step in stud-
ying histogenesis. This study is a valuable contribu-
tion to understanding the fundamental processes un-
derlying muscle tissue formation. It provides new
data for future research in the field of developmental
biology.

Skeletal muscle tissue originates from the myo-
tome of somites, which, in turn, differentiate from the
paraxial mesoderm. This process involves the differ-
entiation of myoblasts and their subsequent fusion to
form multinucleated muscle fibers, which is a charac-
teristic feature of this tissue. Cardiac muscle tissue is
formed from the visceral leaf of the splanchnotome,
and its morphogenesis is aimed at forming a function-
ally integral myocardium. Smooth muscle tissue has
the most variable embryonic origin, developing from
both the splanchnotome mesenchyme and the ec-
tomesenchyme of the neural crest, which is character-
istic of some anatomical structures.

The latest single-cell cartography methodology,
applied by Giordani L, He GJ et al., allowed the iden-
tification of previously unknown populations of cells
resident in skeletal muscles [2]. This study fundamen-
tally expands our understanding of the cellular com-
position and heterogeneity of this tissue. According
to the authors, these newly discovered cell popula-
tions may play an important role in the function and
maintenance of muscle tissue. Their work emphasizes
that traditional methods of histological analysis may
not always reveal the full complexity of the cellular
composition. This discovery has a significant impact
on our understanding of embryonic development and
muscle morphogenesis. It also provides new objects
for further morphological and histological research.
The data obtained in this study can be used to create
more detailed maps of cell lineages.

Understanding these histogenetic pathways is
the basis for the correct classification and functional
analysis of muscle tissues. Studying the features of
their development and structure is important for anal-
ysis both in normal conditions and in pathological
states. This review article is dedicated to the system-
atization of modern scientific data concerning the his-
togenetic and morphofunctional aspects of muscle tis-
sue classification.

The study by Wu P, Zhou K et al. identifies key
circular RNAs (circRNAs) that play an important role
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in the development of chicken skeletal muscles at the
embryonic stage [3]. The authors found a significant
number of differentially expressed circRNAs that are
associated with growth and metabolic processes. Ac-
cording to their conclusions, some of these circRNAs
influence the organization of the actin cytoskeleton
and the assembly of myofibrils, which is critical for
the formation of muscle structure. This study empha-
sizes the complexity of the molecular regulation of
muscle histogenesis, demonstrating that not only pro-
teins, but also non-coding RNAs play an important
role. The use of RNA sequencing allowed the authors
to gain a deep understanding of molecular mecha-
nisms. The discovered regulatory networks, accord-
ing to them, can serve as a basis for future research in
the field of developmental biology.

The review by Scaal M, Marcelle C. focuses on
the contribution of chicken and quail embryos as
models for studying cell lineages, muscle morpho-
genesis and tissue interaction [4]. The authors empha-
size that, despite a large number of genetic studies on
mice, it was avian models that provided the basic
knowledge about cellular processes. According to
their analysis, these models are indispensable for
studying skeletal muscle morphogenesis in vivo. The
work focuses on the importance of classical embryo-
logical approaches combined with modern molecular
methods. They argue that understanding these pro-
cesses is key to a general understanding of the devel-
opment of skeletal muscles in vertebrates. This re-
view is valuable for the systematization of knowledge
obtained over many decades of research. The authors
believe that the combination of different model or-
ganisms allows for a more complete picture of histo-
genesis.

The work of Hernandez-Herndndez J.M., Gar-
cia-Gonzalez E.G. et al. focuses on the role of myo-
genic regulatory factors (MRFs) as key determinants
of muscle cell development, identity and regeneration
[5]. The authors argue that these transcription factors
initiate and control a cascade of events necessary for
myoblast differentiation. According to their conclu-
sions, MRFs not only initiate the formation of muscle
fibers, but also maintain their cellular identity in the
mature organism. The review emphasizes that under-
standing the role of these factors is critically im-
portant for studying the fundamental aspects of histo-
genesis. They also note that MRFs play a key role in
maintaining the satellite cell population, which is the
basis for muscle regeneration.

The objective of this review article is to system-
atize and integrate current scientific data regarding
the histogenetic and morphofunctional aspects of
muscle tissue classification. We aim to expand the un-
derstanding of the developmental origins of each type
of muscle tissue and identify key differences in their
formation processes based on embryological, histo-
logical, and molecular-biological studies.

Muscle tissue is a biological structure composed
of cells, or myocytes, that are capable of contraction.
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These cells contain myofibrils, which are contractile
proteins—actin and myosin. Their function is to con-
vert chemical energy, obtained from metabolic pro-
cesses, into mechanical energy. This unique charac-
teristic is the basis for all of its functions, including
movement, posture maintenance, and the regulation
of internal processes.

The relevance of the study is driven by the con-
tinuous expansion of knowledge in embryology and
histology, which allows for a new perspective on the
fundamental mechanisms of tissue development. A
detailed study of muscle tissue histogenesis is criti-
cally important for understanding both the normal
functioning of the body and the pathogenesis of con-
genital or acquired diseases related to disorders in
their development and regeneration. The integration
of new findings, obtained with modern methods of
microscopy and molecular biology, allows for the for-
mation of a holistic view of the formation of muscle
structures, which, in turn, opens new perspectives for
research in the field of regenerative medicine.

Materials and methods

For the preparation of this review article, a sys-
tematic scientific search was conducted in leading
global scientometric databases, such as Scopus, Web
of Science Core Collection, and PubMed. The chron-
ological scope of the search covered the last ten years
(2015-2025), which allowed for a focus on the most
relevant and recent studies. The search was per-
formed using relevant keywords such as “myogene-
sis,” “cardiogenesis,” “smooth muscle development,”
“muscle tissue histology,” “embryonic myogenesis,”
“skeletal muscle differentiation,” and “muscle pro-
genitor cells.” Special attention was paid to scientific
publications that included the results of embryologi-
cal studies, high-resolution microscopy (including
transmission and scanning electron microscopy), and
data from immunohistochemical and molecular-bio-
logical analysis. In total, more than 100 scientific
publications were analyzed, including review articles,
primary research, and the results of long-term exper-
imental work. This approach provided a comprehen-
sive and multifaceted evaluation of current concepts
regarding the histogenesis and morphofunctional as-
pects of muscle tissue classification.

Results and discussion

The structure of muscle tissue is unique and dif-
fers depending on its type: striated (skeletal and car-
diac) and non-striated (smooth). This distinction is
determined by the specific arrangement of actin and
myosin filaments, which form myofibrils. In their re-
view, Chal J and Pourquié O. elaborate on the mech-
anisms of skeletal myogenesis both in vivo and in
vitro, providing a comprehensive analysis of the mus-
cle tissue formation process [6]. They emphasize that
studying these processes outside the organism allows
for their observation and control with high precision.
According to the authors, these studies help to iden-
tify the key factors that drive differentiation. The
work highlights the importance of understanding the

EENT3

relationship between cellular signals and morpholog-
ical changes. This review is valuable for understand-
ing how knowledge gained in laboratory settings can
be extrapolated to the complex systems of a living or-
ganism. This research is important for our article be-
cause it integrates experimental data obtained by var-
ious methods. According to their analysis, skeletal
myogenesis is a highly organized process regulated
on many levels.

Striated muscles are characterized by the pres-
ence of sarcomeres—the basic contractile units that
give them their typical striated appearance. This high
level of organization ensures rapid and powerful con-
traction. In contrast, in smooth muscle tissue, the fil-
aments are arranged less orderly, allowing it to con-
tract more slowly and for longer periods, maintaining
the tone of internal organs. In general, the functional
properties of muscle tissue include excitability, con-
tractility, extensibility, and elasticity. Pourquié O.'s
review focuses on the formation of somites in the
chicken embryo, emphasizing that this process is the
foundation for the development of skeletal muscula-
ture [7]. The author describes in detail the mecha-
nisms of paraxial mesoderm segmentation. Accord-
ing to his conclusions, somitogenesis is regulated by
a complex mechanism known as the "clock-and-
wavefront” model. This mechanism ensures the syn-
chronous formation of paired somites, which is criti-
cal for the correct positioning of muscles. The work
highlights that somites are precursors not only of
muscles but also of other structures such as the spine
and skin. This study is fundamental to understanding
the initial stages of skeletal muscle histogenesis. The
author believes that studying somitogenesis is key to
understanding the entire development of vertebrates.

The histogenesis of skeletal muscle tissue,
known as myogenesis, is a complex, multi-stage pro-
cess that begins early in embryonic development.
This tissue originates from the paraxial mesoderm,
which forms segmented structures called somites.
The ventrolateral part of the somites, known as the
myotome, is the main source of muscle fiber progen-
itor cells. Cells from the myotome migrate to become
myoblasts, which are mononucleated and have high
proliferative activity. This process of migration and
proliferation occurs under the influence of numerous
signaling molecules, such as fibroblast growth factors
(FGFs) and hepatocyte growth factors (HGFs), se-
creted by cells of the neural tube, ectoderm, and other
adjacent structures.

Weldon S.A. and Miinsterberg A.E. review the
development of somites and the regionalization of the
vertebrate axial skeleton, which is closely related to
the formation of skeletal muscles [8]. Their review
emphasizes that the correct segmentation of somites
is critical for the subsequent differentiation of myo-
tomes. The authors analyze the role of signaling path-
ways that control somite differentiation. According to
them, these processes are the basis for the formation
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of a functional locomotor apparatus. This study pro-
vides important data on the interaction between the
skeleton and muscle tissue in the early stages of de-
velopment. They believe that disruptions at this stage
can have serious consequences for the final morphol-
ogy. The review is a valuable contribution to our un-
derstanding of the embryonic foundations of muscle
development.

The review by Bertrand S, Aldea D et al., focus-
ing on the evolution of FGF and retinoic acid (RA)
signaling pathways that control somitogenesis in
chordates, demonstrates the evolutionary conserva-
tiveness of these mechanisms [9]. The authors argue
that these signaling pathways are fundamental for the
correct formation of segmented structures. Their
work emphasizes that understanding the evolutionary
origins of these processes helps to better understand
their importance for muscle histogenesis. This study
provides a broader evolutionary context for our data,
showing that the mechanisms we are studying are an-
cient and universal. According to the authors, study-
ing these signaling pathways in primitive chordates
helps to reveal their role in higher vertebrates.

After the proliferation period, myoblasts begin
to differentiate. This stage is accompanied by the ex-
pression of specific transcription factors belonging to
the MRF (Myogenic Regulatory Factors) family, par-
ticularly MyoD and Myf5. These factors initiate a
cascade of genetic events that trigger the synthesis of
contractile proteins and other components of the mus-
cle fiber. After differentiation, myoblasts lose their
ability to divide and fuse with each other, forming
multinucleated cellular structures known as myo-
tubes. This fusion is a key and unique stage in the for-
mation of skeletal muscle tissue, which fundamen-
tally distinguishes it from other muscle tissues. Inside
the myotubes, the active synthesis of myofibrils be-
gins, which are arranged in an orderly fashion along
the cell.

The next stage is the maturation of myotubes
into mature muscle fibers. This process includes the
further organization of myofibrils into sarcomeres,
the formation of a complex sarcoplasmic reticulum
and T-tubule system, and the migration of nuclei to
the periphery of the cell. Mature muscle fibers are
surrounded by a basement membrane that ensures
their structural integrity and interaction with the sur-
rounding environment. In addition, at this stage, con-
nective tissue sheaths are formed: the endomysium,
which surrounds each individual fiber, the perimys-
ium, which unites the fibers into fascicles, and the
epimysium, which covers the entire muscle. These
sheaths not only maintain the mechanical strength of
the muscle but also contain blood vessels and nerve
endings, which are vital for its function. The features
of skeletal muscle histogenesis, namely the formation
of multinucleated syncytia, are the basis for its high
contractile ability and rapid response to nerve im-
pulses. Remnants of undifferentiated myoblasts that
remain in the mature tissue in the form of satellite
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cells play an important role in its regeneration after
damage. Thus, the histogenesis of skeletal muscles is
not just a process of formation, but also the basis for
their further function and restoration.

In their review, Miao Y and Pourquié¢ O. de-
scribe the cellular and molecular control of somito-
genesis in vertebrates, providing updated data on this
key process [10]. The authors emphasize that somites
are the source not only of skeletal musculature but
also of cartilage and dermis. Their work analyzes the
complex mechanisms that ensure mesoderm segmen-
tation, including the role of biological clocks. Ac-
cording to their analysis, the correct formation of so-
mites is critical for the entire body's development.
This study provides a comprehensive overview of the
molecular regulators that govern morphogenesis in
the early stages. They believe that the details of these
processes are the basis for understanding tissue for-
mation.

The review by Onai T. is dedicated to the evolu-
tionary origin of chordate segmentation, revisiting the
enterocoel theory, which is important for understand-
ing the origin of somites [11]. The author argues that
segmentation is one of the oldest and most important
features of chordates. His work provides an evolu-
tionary context for our study, showing that the mech-
anisms we are studying are deeply rooted in evolu-
tion. According to the author, understanding evolu-
tionary origins helps to explain modern morphology.
This study helps us place our analysis in a broader
context.

Piatkowska A.M., Evans S.E. and Stern C.D. re-
view in detail the cellular aspects of somite formation
in vertebrates, focusing on cell dynamics and their in-
teraction [12]. The authors emphasize that somito-
genesis is a highly organized process that involves
precise cell movements and shape changes. Their
work analyzes the mechanisms that ensure the for-
mation of segments from the unsegmented meso-
derm. According to their conclusions, these cellular
aspects are critical for the correct development of
muscle tissue. This study provides a deep insight into
the cell biology of muscle formation.

Meister L., Escriva H., and Bertrand S. study the
functions of the FGF signaling pathway in cephalo-
chordates, which provides insight into the evolution
of the prechordal plate and, accordingly, somites [13].
The authors argue that this signaling pathway is a fun-
damental regulator of development. Their work em-
phasizes the evolutionary conservativeness of the
mechanisms that govern the formation of basic struc-
tures. This study is important for understanding the
evolutionary basis of muscle histogenesis.

In their study, Miao Y, Djeffal Y et al. performed
the reconstruction and deconstruction of human somi-
togenesis in vitro, which is a significant breakthrough
in tissue development modeling [14]. The authors ar-
gue that their model allows for the study of processes
that were previously unavailable for direct observa-

MORPHOLOGIA ¢ 2025« Tom 19 Ne 4



tion. According to their conclusions, this study pro-
vides a unique opportunity to analyze cellular and
molecular mechanisms in detail. This is key to under-
standing the histogenesis of human muscles.

Martin B.L. in his review discusses mesoderm
induction and its patterning, focusing on the role of
neuromesodermal progenitors [15]. The author ar-
gues that these cells are the source of both nervous
and mesodermal tissues, including somites. His work
highlights the close connection between the develop-
ment of the nervous system and muscles. According
to the author, understanding these processes is critical
for understanding the entire body's development.

Criswell K.E., Coates M.I., and Gillis J.A. ana-
lyze the embryonic origin of the spine in gnatho-
stomes, which is closely related to the development
of muscle tissue [16]. The authors emphasize that the
spine and muscles develop synchronously and inter-
dependently. Their work provides context for under-
standing how muscles form in relation to the axial
skeleton. This study is important for understanding
the anatomical foundations of muscle development.

The histogenesis of cardiac musculature, known
as cardiogenesis, is a unique process that differs from
the development of other muscle tissues. Cardiac
muscle originates from the visceral leaf of the
splanchnotome, which is part of the lateral mesoderm.
The cells in this area, called cardioblasts, begin to dif-
ferentiate in the early embryonic period, forming the
primitive heart tube. Unlike skeletal muscle, which is
formed by the fusion of cells, cardiac myocytes (car-
diomyocytes) remain mononucleated (rarely binucle-
ated) and do not fuse. They form a complex three-di-
mensional network that is the basis for effective con-
traction.

According to studies by Dong Y., Qian L., and
Liu J., the molecular and cellular mechanisms of em-
bryonic cardiac chamber maturation are key to the
formation of a functional myocardium [17]. The au-
thors focus on the processes that ensure the transition
from the primitive heart tube to a complex four-cham-
bered structure. Their work emphasizes that a correct
morphogenetic program is critically important for es-
tablishing the final architecture of the heart. This
study provides a deep understanding of how subtle
structural changes occur at the cellular level. Accord-
ing to their conclusions, disruptions of these mecha-
nisms can affect the final structure of the heart.

Dye B. and Lincoln J. in their review focus on
the embryonic origin and development of the endo-
cardium and heart valves, which are an integral part
of myocardial histogenesis [18]. The authors argue
that these structures are formed from unique cell pop-
ulations. Their work emphasizes that these compo-
nents play an important role in the function of the
heart. Understanding their development is key to a
complete picture of cardiogenesis.

According to the review by van der Maarel L.E.
and Christoffels V.M., the development of the cardiac
conduction system is a complex process that ensures

the coordinated contraction of the myocardium [19].
The authors argue that this system is formed from
unique cell lineages. Their work emphasizes that the
correct formation of this system is critical for the
heart's functionality. This study provides a deep un-
derstanding of the morphology and development of
specialized cells responsible for impulse conduction.

A key feature of cardiac muscle histogenesis is
the formation of intercalated discs. These structures
are specialized intercellular contacts that contain ad-
hesive (desmosomes, fascia adherens) and gap junc-
tions. Adhesive junctions provide mechanical
strength, binding cardiomyocytes together, which al-
lows them to withstand significant mechanical stress
during contraction. Gap junctions, in turn, ensure the
rapid spread of the electrical impulse from one cell to
another, which allows the myocardium to function as
a single syncytium and provides coordinated contrac-
tion.

The formation of the contractile proteins, actin
and myosin, occurs synchronously with cell differen-
tiation. These proteins are organized into sarcomeres,
giving cardiac muscle its characteristic striations,
similar to skeletal muscle. However, unlike skeletal
muscle, where nuclei are located at the periphery, in
cardiomyocytes, the nucleus is typically found in the
center of the cell. The maturation of the myocardium
also includes the development of the T-tubule and
sarcoplasmic reticulum network, which play a key
role in regulating the calcium concentration required
for contraction.

Pogontke C., Guadix J.A. and Pérez-Pomares
J.M. review in detail the development of the myocar-
dial interstitium, emphasizing the role of non-cardio-
myocytes in the formation of cardiac tissue [20]. The
authors state that this connective tissue is important
for the structural support of the myocardium. Their
work highlights that intercellular interactions are cru-
cial for proper morphogenesis. Understanding the de-
velopment of the interstitium is key to a complete pic-
ture of heart histogenesis.

Zhang M., Lui K.O. and Zhou B. analyze the ap-
plication of new lineage tracing techniques for study-
ing cardiovascular system development [21]. The au-
thors state that these methods allow for unprece-
dented accuracy in determining the origin of cells.
Their work emphasizes that these technologies are
important for understanding heart morphogenesis.
This study is key to implementing the latest ap-
proaches in the study of histogenesis.

It should also be noted that cardiac muscle has a
limited capacity for regeneration. After birth, cardio-
myocytes almost completely lose the ability to divide.
This means that damage to the myocardium, caused,
for example, by ischemia, leads to the formation of a
connective tissue scar, and not to the restoration of
muscle tissue. This difference from skeletal muscle
underscores the uniqueness of cardiac muscle histo-
genesis.

99

MORPHOLOGIA ¢ 2025« Tom 19 Ne 4



Christoffels V. and Jensen B. in their review dis-
cuss cardiac morphogenesis and the specification of
the four-chambered heart [24]. The authors empha-
size that these processes are key to the formation of a
functional organ. Their work provides a deep under-
standing of morphogenesis.

Meilhac S.M. and Buckingham M.E. describe in
detail the deployment of cell lineages that form the
mammalian heart [25]. The authors state that these
cell lineages are the basis for all heart structures.
Their work emphasizes that understanding their
origin is important for studying histogenesis.

Leone M., Magadum A. and Engel F.B. analyze
the proliferation of cardiomyocytes during heart de-
velopment, highlighting their limited regenerative ca-
pacity [26]. The authors state that studying these pro-
cesses is key to understanding heart histogenesis.
Their work provides important methodological rec-
ommendations for further research.

The histogenesis of smooth muscle is the most
variable compared to other types of muscle tissue, as
its developmental sources depend on its anatomical
location. The vast majority of smooth muscles that
make up the walls of internal organs and blood ves-
sels originate from the mesenchyme of the visceral
leaf of the splanchnotome. These cells differentiate
into myoblasts, which subsequently transform into
mature smooth muscle cells. Unlike skeletal and car-
diac muscles, which are formed by cell fusion or net-
work formation, smooth muscle cells (leiomyocytes)
develop as individual spindle-shaped cells that do not
fuse with each other.

The study by Gays D., Hess C. and colleagues
indicates the existence of a unique cellular and mo-
lecular network that governs the differentiation of in-
testinal smooth muscle cells in vertebrates [27]. The
authors state that this network is exclusive to this type
of muscle tissue, which emphasizes its specific origin
and regulation. According to the researchers, this sig-
nificantly expands the understanding of histogenesis
mechanisms, demonstrating that smooth muscle is
formed under the influence of well-defined signals.

The features of smooth muscle histogenesis are
that these cells do not have sarcomeres, and their actin
and myosin filaments are arranged in a less orderly
manner, attaching to so-called dense bodies in the cy-
toplasm. This arrangement allows them to contract
much more slowly and for a longer duration, which is
critically important for maintaining the tone and per-
forming prolonged, rhythmic contractions, such as in
the digestive tract. The review by Donadon M. and
Santoro M.M. is dedicated to the origin and mecha-
nisms of smooth muscle cell development in verte-
brates, which is fundamental to our research [28]. The
authors emphasize that the developmental sources of
this tissue are the most variable among all muscle
types. Based on their analysis, smooth muscle can
originate from both mesodermal and ectomesenchy-
mal sources, which determines its diversity and
uniqueness.
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The work by Liu M. and Gomez D. analyzes the
phenotypic diversity of the smooth muscle cell, em-
phasizing that these cells are not homogeneous [29].
The authors state that their phenotypes depend on
their anatomical location, which explains their differ-
ent functions. According to their conclusions, this di-
versity is a key morphological and functional feature
of smooth muscle.

In addition, some smooth muscle structures have
a different embryonic origin. For example, the
smooth muscles of the iris, sweat glands, and myoep-
ithelial cells of the mammary glands develop from the
ectoderm of the neural crest, not from the mesoderm.
This highlights their unique nature and the diversity
of embryonic pathways.

Sur A. and colleagues, using single-cell analysis
on a zebrafish model, studied shared signatures and
transcriptional diversity during embryonic develop-
ment [30]. Their work demonstrates that different cell
types, including smooth muscle cells, are formed
from common progenitors. According to the authors,
this highlights the plasticity of cells and the complex-
ity of regulating their differentiation.

Worssam M.D. and Jergensen H.F. in their re-
view examine the mechanisms of vascular smooth
muscle cell formation and their phenotypic diversifi-
cation [31]. The authors state that these processes are
dynamic and influenced by the microenvironment.
According to their analysis, smooth muscle in blood
vessels exhibits significant plasticity, which allows it
to adapt to different conditions.

Smooth muscle cells retain the ability to prolif-
erate throughout the organism's life, which distin-
guishes them from cardiomyocytes and to a large ex-
tent from skeletal muscle fibers.

The review by Jaslove J.M. and Nelson C.M. de-
scribes the role of smooth muscle as a "sculptor” of
epithelial shapes, emphasizing its ability to change
the shape of organs [32]. The authors state that the
unique contractile function of smooth muscles en-
sures the morphogenesis of many internal structures.
Their work highlights the close relationship between
muscle tissue and epithelium. This feature allows
them to regenerate after damage and increase their
number (hyperplasia) in response to physiological or
pathological stimuli, for example, during pregnancy
in the uterus or in the development of hypertension in
the walls of blood vessels. This regenerative capacity
is key to their function in the body.

Hu Y., Cai Z. and He B. discuss the heterogene-
ity and plasticity of smooth muscle in health [33]. The
authors state that smooth muscle cells can change
their phenotype in response to physiological signals.
According to their analysis, this plasticity is im-
portant for their normal function.

Steinbach S.K. and Husain M. study the differ-
entiation of vascular smooth muscle cells from human
stem/progenitor cells [34]. The authors state that
these cells are an important source for regenerative
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medicine. Their work provides new data on the dif-
ferentiation pathways and regenerative potential.

The study by Pierantozzi E. and colleagues
shows that perivascular cells from smooth muscle tis-
sue have a limited ability for mesodermal differentia-
tion [35]. The authors state that these cells are more
specialized than previously thought. According to
their conclusions, this highlights the heterogeneity of
cell populations.

The results obtained demonstrate that the key
morphofunctional differences between the three types
of muscle tissue are directly determined by their his-
togenesis. The analysis of literature data confirms that
the formation of skeletal muscle by the fusion of mon-
onucleated myoblasts into multinucleated myotubes
is a unique mechanism that ensures its high contrac-
tile capacity. In contrast, cardiac muscle, which de-
velops as a single network from individual cardiomy-
ocytes, functions as a coordinated syncytium due to
specialized intercellular contacts—intercalated discs.

Modern studies using electron microscopy and
immunohistochemical analysis allow for the visuali-
zation and analysis of the molecular mechanisms un-
derlying the formation of myofibrils and sarcomeres.
This scientific precision makes it possible to reveal
how the tissue's architecture is organized at the level
of individual proteins and cellular organelles. A deep
understanding of these fundamental processes is the
basis for all subsequent biological and biomedical re-
search. This creates a strong theoretical foundation
for understanding the morphological features of mus-
cle tissues.

Conclusions

1. Histogenesis, as a defining morphological fac-
tor, confirms that the fundamental differences in the
structure and function of the three types of muscle tis-
sue (skeletal, cardiac, and smooth) are directly deter-
mined by their embryonic origin and developmental
features.

2.The detailing of formation processes in mod-
ern studies, conducted using advanced microscopy
methods, allows for the concretization of the mecha-
nisms underlying the formation of the final architec-

ture of each muscle type. A key concept is the under-
standing that the formation of multinucleated struc-
tures, specific intercellular contacts, and the variabil-
ity of embryonic origin are key events that determine
the final structure of the cellular composition of mus-
cle tissue.

3.The systematization of this knowledge creates
a solid foundation for further research. The identified
patterns in the histogenesis of muscle tissues are the
basis for understanding not only their normal archi-
tecture but also for identifying morphological mark-
ers in the early stages of development. This opens up
new opportunities for deepening fundamental
knowledge in the field of developmental biology and
tissue engineering.

Perspectives of research

The foundations laid in this review open up
broad prospects for further fundamental research in
the field of tissue biology and histology. A deep un-
derstanding of the morphology and histogenesis of
muscle tissues is critically important for studying the
mechanisms of their differentiation and structural or-
ganization. Further research should focus on a de-
tailed study of ultrastructural changes during embry-
onic development and the role of individual cellular
components in the formation of mature muscle fibers.
This will allow for the establishment of new morpho-
logical markers to identify developmental stages and
a better understanding of the processes that ensure the
formation of the functional architecture of muscle tis-
sue. Thus, future research will be aimed at deepening
fundamental knowledge about the normal develop-
ment of tissues, which is the basis for all biological
sciences.
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TKaHHHA — I1€ BUCOKOCTICITialli30BaHa CTPYKTYPa, IO BiAMOBIA€ 32 PyXOBY aKTUBHICTH opraHizMy. Po3ymiHHS ii
OyZOBH Ta TiCTOTeHE3Y € KPUTUYHO BAXKIIMBHIM JIJIsI BUBUCHHS SIK HOPMH, TaK 1 HATOJIOTIYHAX CTaHiB. JloCimKeHHs
y ramy3i eMOpioorii Ta ricToNorii, mICHIeH] CydaCHIMH METOAaMHU MIKPOCKOIIiT Ta MOJIEKyJIsipHOi Giojorii, no-
3BOJIIIOTH TO-HOBOMY MOTJITHYTH Ha ()yHAaMEHTaIbHI MEXaHI3MH PO3BUTKY M SI30BHX TKaHHH, 1110 BiIKPHUBA€ HOBI
MIEPCICKTHBH B Tary3i 010JI0Ti1 iHAWBITyadbHOTO PO3BHUTKY, IUTOJIOTII Ta TicToJorii. MeTa cTaTTi € cicTeMaTn3a-
Iis Ta IHTErpallis Cy4YacHUX HAYKOBHX JAHUX IOJO TiCTOTCHETUYHUX Ta MOP(OPYHKI[IOHATLHUX aCTIEKTIB Kila-
cuikamii M’s30B0T TKaHWHH. 3aBJJaHHIM € PO3LIMPEHHS YSBJICHB IPO JKepesia PO3BUTKY Ta KIIOYOBI BiIMiHHOCTI
y nporecax popMyBaHHS KO>)KHOTO THITY M's130B01 TkKaHUHU. MeToau. byio npoBeieHo cucTeMaTHyHUN HAyKOBUI
nomyk y 6aszax nanux Scopus, Web of Science Core Collection Ta PubMed. Anaii3z oxorutoas nepioz 3 2015 mo
2025 poxu. ITonryk 3aificHIOBaBCsI 3a KJIFOUOBHMH CJIOBaMH, TAKHMMH sK "myogenesis,” "cardiogenesis," "smooth
muscle development,” "muscle tissue histology" Ta "embryonic myogenesis." 3arajgom 0yJ0 IpoaHati30BaHO MO-
Hax 100 HayKoBHX IMyOJiKamii, 0 BKJIIOYAIH OTJIAJOBI CTATTi Ta pe3yJabTaTH IEPBUHHAX EKCIICPUMEHTAIbHUX
JIOCTKeHb. Pe3yabTaTH. AHaII3 JiTepaTypH MiATBEPIKYE, IO TPHU TUITH M S30BOi TKAHMHH MAIOTh Pi3Hi IKe-
perna MoXOKCHHS Ta YHIKaJbHI TiCTOTCHETHYHI MeXxaHi3MH. CKelleTHa MYCKYJIaTypa PO3BHBAETHCS 3 MiOTOMIB
COMITIB IIIIXOM 3JIUTTS MioONacTiB y OararosiiepHi M'si30Bi BolokHa. CepIieBa MycKynaTypa GOpMY€ETbCs 3 Bic-
[IepaIbHOTO JINCTKA CINIAHXHOTOMA, IPUIOMY Kap/iOMIOIIMTH HE 3IMBAIOTHCA, @ yTBOPIOIOTH €UHY MEpexy, (y-
HKI[IOHAJBHO 3’€HAHy BCTABHUMHM JUCKaMU. [ 1aska MycKynaTypa Mae HaiOL1bII BapiaOesbHE TTOXOKEHHS (3
ME3eHXIMHU CIUIAHXHOTOMa ab0 €KTOJEePMU HEPBOBOTO rpedeHs) Ta GOpPMYyeThCs 3 OKPEMHUX BEPETEHOOAIOHNX
KJIITHH, 5IKi 30epiratoTh 31aTHICTh a0 mnpoiidepauii. Ilincymok. [Ipuniunosi MmopdodyHKIioHaNEH] BiIMIHHOCTI
MDK TPbOMa THIIAaMU M’S30BOi TKaHWHH O€3MOocepeIHbO 3yMOBIICH] iXHIM ricToreHe3oM. Cy4acHi METOAM NOCITi-
JUKEHHS JI03BOJISIIOTH JIETalli3yBaTy 11i MPOLIECH, MiITBEPUKYIOUH, 110 YTBOPEHHS 0araTosIepHUX CTPYKTYD, Clie-
U (IYHAX MIDKKITITHHHUX KOHTAKTIB Ta BapiaTHBHICTh eMOPIOHAIILHOTO MOXO/KEHHSI € KJIFOUOBUMH TIOISIMH, 1110
BH3HAYaIOTh OCTAaTOYHY OyI0BY M's130BO1 TKaHHHU. CHcTeMaTH3alis IUX 3HAaHb € OCHOBOIO IS MOJANBIINX J10C-
JHDKeHb y 010J10Ti PO3BUTKY Ta TKAaHWHHIHN 1HXKEHEPil.

Kuro4oBi ci1oBa: ricTorenes, M'si30Ba TKaHHHA, MiOTeHE3, KapAioreHe3, MioOJIACT, KapAiOMiOLHUT, TI1aKa My-
CKyJaTypa.
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Beryn

B ocranni poxu manmemis COVID-19 cranma
HAUTIUOIIO0 TI100IEHOI0 KPU3010 Y chepi oXopoHu
3710pOB’sl. 3HaUHA yBara HayKOBI[iB 30CepeKeHa Ha
KJIIHIYHUX Ta J1abOpaTOPHUX OCOOIMBOCTSX 1€l iH-
¢exuii. BogHoWac akTyadbHMM 3aJIHIIAE€THCS ITH-
TaHHs nudepeniiinoi giarnoctuku COVID-19 3 iu-
[IHMHU TOCTPUMH PECIiPATOPHUMHE BipyCHUMH iH{]e-
KIISIMH, OCOOJIMBO y BUIIAJIKaX TSHKKOTO Iiepediry. [lo
HUX HaJIe)KaTh CE30HHUH TPHII, TPHIT A, a TAKOXK HOBI
BipycHi iHdexnii, Taki sk Bipyc New Bunia Ta Bipy-
cHa ingexkuisa (SFTSV).

I'purt Moxxe OyTH IPUYMHOIO PO3BUTKY TSXKKOI
MTHEBMOHII Ta BUHHUKHEHHA maHzaemiil [1]. Hampu-
kian, mangemito rpury A(HINT) 2009 poky mopis-
HI010Th 3 nangemito COVID-19. BigznayaeTtbcs, 1o
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4acTOTa BHYTPIIIHBOJIKAPHAHUX 1H(EKIIH 1 JeTab-
HicTh nipu rpuni Ta COVID-19 y psiai crioctepexeHb
O0ymu nmoni6HMMH [2]. [IpoTe, 3a TaHUMU IHIITUX aBTO-
piB, piBEHb JETAJIBHOCTI IPU TSHKKOMY Iepediry
rpuIy A BUSBHBCS HaBiTh BUILUM, HDXK NpH iHQEKLii
SARS-CoV-2 [3-5].

3apeecTpoBaHO BUIIAIKH TOCTPOTO PECHipaTop-
HOTO JUCTPEC-CHHAPOMY 3 JEeTaJIbHUMH HACHiJKaMU
B MMAIi€HTIB, iH(}IKOBAaHUX BUCOKONATOT€HHIMH Bipy-
camu nramuHoro rpuny tuny A (H7N9). Cykynuuit
TTOKa3HUK JICTAJIBHOCTI Cepe]] 3apeeCcTPOBaHUX BHIIa-
JxiB 3apakeHHst Bipycom HPAI H5N1 3 2003 poxy
CTaHOBHTH puoOIU3HO 60% [5].

SFTSV-indekuis, noaidbHO 10 aaeHOBIpYCHOT
iH(eKIIii, Mae MKOBUN CE30H 3 KBITHS 0 CEPITHS MI0-
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piuHO, 3 O1IBLI BUCOKMM PIBHEM CMEPTHOCTI IIPU Me-
HIi# iHdekuiiHocTi, mopiBHsaHO 3 SARS-CoV-2 [6-
8].

[IpakTHyHe 3HaUCHHS Ma€ JOCITIPKEHHS iX mHa-
TOTCHETHYHO 3YMOBJICHHX KIIHIKO-JIaDOpaTopHUX
0COOIMBOCTEH.

Mera

[IpoBexeHHs MOPIBHSIBHOTO aHAizy Oa3u na-
HHUX PO 0COOIMBOCTI KITiHIYHOTO Tepediry Ta mabo-
PaTOpPHMX MOKAa3HWUKIB MPHU NESIKUX TSDKKUX TOCTPUX
pecripaTopHUX BipyCHUX iH(EKIisAX 3 ypaXyBaHHIM
X TPOBIJHUX MATOTCHETUYHUX MEXAHI3MIB JIJIs Ha-
JIaHHS KIIHIIKACTaM JESKUX PEeKOMEHMAlil IoJ0
npoBeneHHs AudepeHIiiHOT 1IarHOCTHKY.

Marepianu Ta MmeToan

Ornsig itepaTypHUX JpKepen 3 6a3 PubMed 3a
ocranHi 10 pOKiB 3 KIIIOYOBUMHU CIIOBaMHU: Nepudepu-
yHa KpoB, COVID-19, ce3zoHHuii rpum, rpum A,
SFTSV BipycHa iH(eKis.

Y po6OTi pO3TIIAAAOTECS OCOOIUBOCTI Iepediry
Ta KIIHIYHAX aHAJi3iB y XBOPHUX HA OCTaHHIO CBITOBY
narnemiuny iHpekmiro COVID-19, HaBeneno nopis-
HSUIBHY XapaKTEPUCTHKY 13 CE30HHHM TPHIIOM, I'pH-
noMm A, SFTSV BipycHoto iHdekui€ro.

Pe3yabTaTH Ta iX 00roBOpeHHs

3riHO 3 TaHUMHU YHACICHHUX JOCIIKCHb, Y Ma-
ToreHe3i 3axBoptoBaHHi SARS-COV-2 opHO3HA4YHO
BIZIPaAIOTh POJIb MOPYILEHHS KIITHHHOTO IMYHITETY,
30LIBIICHAS ITPO3aTalbHUX IUTOKIHIB Ta e(EeKT 3ama-
JIpHOTO Kackany (uurtokiHoBuit mropm) [3, 9, 10].
CuctemMa KpOBOTBOPEHHS MEPEBAXKHO TU(EpeHIIiHo-
BaHO pearye IpH BUpaXeHOMY rinep3amnaneHHi [11].
KimpkicTs netikonuri y nepudepuuiii kposi (I1IK) y
namieHTiB i3 COVID-19, 3a maHnMU pi3HUX aBTOPIB,
HEOJIHAKOBa. 30KpeMa, OIBIIICTh aBTOPIB MOBIIOM-
Jsi€ PO JelkoneHio [12-14], ajge MOXIHMBE MiBH-
IIEHHS KiJbKOCTI JeiikonuTiB [15, 16]. BupaxeHHsam
IIUTOKIHOBOTO HITOPMY Ta Tillep3anajbHOr0 CTaHy €
HelTpodinbo3 [17], HasBHICTE y neiikonurapHiit ¢o-
pMyJIi 3HaYHOTO Mi€JIoiqHoro 3cyBy BiiBo [18]. Bu-
COKHI piBEHb NHUTOKIHIB y CHPOBATII KPOBI MpH
SARS-CoV-2 Ge3mocepeTHp0 OB’ sS3aHUI 31 3HAY-
Hoto mimdorneniero [19,20]. EosunomneHis Oyma 3ape-
€CTpOBaHa OiNbIIEe HIXK Y MOJIOBHHHU TOCHITai30Ba-
HuXx mamiedTis [18, 21-23].

3a 1aHuMH OLTBIIOCTI aBTOPIB, TPOMOOIMTOIIE-
His npu iHdeknii COVID-19 3yctpivaerbes piarie,
HDK JiMboreHis. Y pasi TSHKKOro nepediry Xxsopoou
BOHa peectpyetbes B 30-50% Bumazakis [12-14].
OnucaHo TMOOAMHOKI BHIAJKW BUHHMKHEHHS aHeMil
[24], metitponenii abo manruroneHii [22] y mepiof
nargemii COVID-19. V Tspkkux maifieHTiB 3 iHpek-
mieto Covid-19 y kiniTHHaX nepudepuyHoi KpoBi crio-
crepiraimicss Mopdosoriuni ocobiauBocTi. A came:
301NIbITyBaIacs KUTbKICTh TPaHY ISIPHUX JTiM(OLHUTIB,
sKa y BUMAJKax 3 JICTAJIGHUM HACIiJKOM IOCTIHHO
3HWKYyBanacs [25]. TuMmuyacoBe 301IbILIEHHS TPaHyJIs-
pHEX JIiMGOUHNTIB BigoOpakae aKTHBHICTH IMYHHOI
KITITUHHOI BinmoBixi [14].

VY nitepaTypi HasiBHI NOBiZOMIICHHS NP0 BHSB-
JeHHsI B niepu(epuyHiil KPOBI PEAKTUBHUX BEJIMKHX
aTUNOBUX MOHOLIMTIB 3 aHOMaJIbHOIO (POPMOIO sapa
Ta IUTOIIa3MAaTHYHO Bakyouizaiiero [23, 26]. [1a-
TOJIOTi4HI MOP(OJIOTIYHI O3HAKM B MOHOLIUTAX 1 JIIM-
(ounTax 3MEHIIYBAIKCS B MPOLECI IPOTPEeCcyBaHHS
3axBOpIOBaHHA [27]. Y TpeTHHI BUNMAIKIB Y HEUTpO-
¢inax crocrepiramucs rinepcerMeHTaris suep, TOK-
COTeHHA 3€PHUCTICTD Y IUTOIIIAa3Mi, IO TTOB’SI3aHO 3
aKTUBaIi€lo (GaromuTo3y y BiINOBIAs Ha MPOTPECY-
ouy iHTOKCcHKarito [14, 28]. € moBimoMieHHS TIPO
BHpaXeHI HecrerudiuHi AUCIUIACTHYHI 3MIiHU 1 B
TpomOornuTax [29].

Kuiniuna kapruaa COVID-19 ta rpumy mae mo-
niOHI pucH, 30KpeMa JHMXOMaHKy, Kallellb, PHHIT,
0i7b y ropii, TOJOBHUHN Oifib, 3aJUIIKY Ta Miajrito
[14,30].

Han Y. et al. mopiBHsUTH KITiHIYHI XapaKTepuc-
TiKH 226913 mamientis 3 COVID-19 ta 201617 mna-
LI€HTIB 13 CE30HHUM TPHUIIOM. MiX TpynaMHu TarlieH-
TIiB YCTAHOBJICHO JAEsAKi BIIMIHHOCTI B CHMIITOMAX,
7a00paTOPHUX MOKa3HUKAaX Ta CYIYTHIX 3aXBOPIO-
BaHHsIX, a CaMe: KUTBKICTh KYPIIB Cepe/l MAIliEHTIB 3
COVID-19 6ysa meHII010, IpoTe mepedir 3aXBopro-
BaHHs OYyB TSOKYMM (JOBrOTpHBAIO mNepebyBanu y
cTalioHapi, 30KpeMa B yMOBax iHTEHCHBHOI Tepartii,
YacTilie moTpeOyBau MITY4HO! BEHTHIALIT JCTCHb,
MaJi OlIbIly YacTOTy Aiapei Ta BHILY CMEpPTHICTb).
VYpaxeHHST BEpXHIX TUXATbHUX MUIAXIB OyiH OLIbII
BHPaKEHI B MAIIEHTIB i3 CE30HHUM TPHIIOM, a BiJTHO-
CHHI BiJICOTOK CYITyTHIX 3aXBOPIOBaHb y Ili€l Tpymu
OyB MEHIINM TIOPIBHSHO 3 TPYINOI0 XBOPHX HA
COVID-19 [31].

VYV nmopocmux HasBHicTh SARS-CoV-2, Ha Bin-
MIHY BiJ] CE30HHOTO TpHIly, KOpeltoBalia 3 MOJIOA-
UMM BiKOM, YOJIOBIUOIO CTAaTTIO, HAIMIPHOKO Ba-
TOI0/OXHUPIHHIM, IIYKPOBHM jiabeToM, aprepiajib-
HOIO TIMEPTEH3I€I0, TAXIMHOE; a TAKOXK 3 OLIBII BUCO-
KUMH MOKa3zHuKaMu remoauHaMiku. SARS-CoV-2
aCoIIif0BaBCs 3 OUIBII BUCOKHM PIBHEM CMEPTHOCTI,
MTOPIBHSHO i3 CE30HHUM TPHUIIOM, PECIipaTOPHO-CHH-
OUTIaBFHOIO BipyCHOMO iH(EKIIIEI0, KPIM TOTO, 3 TOC-
MTATI3AIIE0 Y BiAIUICHHS iIHTEHCUBHOI Tepartii, po-
3BUTKOM TpoMOoeMOouii nerenesoi aprepii [32-35].

3a nanumu Dabaja-Younis H. et al., y namienris
i3 CE30HHMM TpUIOM, MOPIBHSHO 3 MalliEHTAMU 3
COVID-19, yactiuie crioctepiranucs 3a/iMIIKa, Tiro-
kcemist [33, 35]. [Nauientu, xBopi Ha rpurm, nepedy-
BJIM B OUIBII TSHKKOMY CTaHi MiJi yac rocriTtaizarii.
[Ipote aBTOpHW BigMiyaiu, IO TPUBATICThH Nepedy-
BaHHS B CTalioHapi, NoTpeda B IITYYHIA BEHTUISLIT
nereHb Ta 30-A€HHA JIeTATBHICTD OyIn cxoxuMu. He-
3Ba)KAIOYH HA BiIMIHHOCTI B KJIIHIYHII KapTHHI Ta TsI-
JKKOCTI 3aXBOPIOBAHHsS B IIAlli€HTIB 3 TPHUIIOM Ta
COVID-19, kminiuHI pe3ynprath B 000X Tpymax
Oymu cxoxumu [33, 35]. BinMiHHOCTI B TOKa3HHKAX
CMEPTHOCTI IpH mopiBHsAHHI rpuny ta COVID-19
MOXXYTh OyTH ITOB’s3aHi 3 PO301KHOCTSMH B KOTOP-
TaxX 0OCTEKEHHX MaIli€HTiB. [H}IKyBaHHS JeTCHEBUM
acTmeprijibo30M MEPEBAKHO ACOIIOBATIOCS 3 TPUIIOM
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(31,5% nporu 3,6%, p = 0,0029) [33].

[TepeniueHi 0coOIMBOCTI MOSICHIOIOTHCS Pi3HOIO
MATOr€HETHYHOIO JI€I0 BipYCiB.

AHTiOTeH3WHIIEPETBOPIOBAJIBHUI  (epMeHT 2
(AIlD2) — pynkuionanpuuit penentop SARS-CoV-
2, KUl Mae BUpIMIATbHE 3HAYCHHS U 3JIUTTS Bi-
pycCy Ta KITHHHEX MeMOpaH. Bipyc mae Oinku Bipy-
CHOI criaiiku, sxwii 3B’s13ye AIID2. OcTaHHi BHCOKO
eKCIPECY€eThCSI Ha MIOBEPXHI aIbBEOJISIPHUX eIiTeia-
JHHUX Ta 3aJ03UCTHX KIITHH, Y KIyOOBill Ta TOBCTIN
KA ¥ MEHIIIe Ha MMOBEpPXHI €MITeiI0 HOCOTIIOTKA
[36, 37]. Bipyc rpumy 3B’3y€ThCsl IEPEBAXKHO 3 KITi-
TUHHUMH  pElENTOpaMH uepe3 IIIKONPOTEiHH,
MOB’sI3aHi 3 CiaJOBOIO KHCIIOTOIO, a L PelenTOpH
EKCIIPECYIOTHCSI OCOOIMBO B TUXAJIBHUX IUIAXaX BiX
HOCOTJIOTKH 1 Tpaxei 1o OpOHXiB, ajie He B ajlbBeoJlax
[38].

Barato muTOKiHIB, piBeHb SKHX ITiABHIYETHCS
npu COVID-19, Takox 3pocTae MpH THKKOMY TIepe-
Oiry rpumy. Mae mpakTU4HE 3HAYEHHS, KA came
TUN TiIBUINEHHS PiBHS OUTOKiHIB OiNbII HeOe3med-
HUH 1 IpUTaMaHHUN TOMY 9H iHIIOMY Bipycy. Bymno
BCTaHOBJICHO, 1110 iHTepuieiikin-18, 1JI-1B, 1IJI-6 Ta ¢a-
KTOp Hekpo3y nyxiauHu-o (PHII-a) Oynu 3HauHO mi-
neuineHi B namientis 3 COVID-19. Kononiectumy-
JIOBaJIbHUI (haKTOp TpaHyJIOLMTIB-Makpodaris, iH-
Tepdepon-y, IJI-15 Ta XemoaTpakTaHTHUI O1JIOK MO-
HOLUTIB OyJIX 3HAYHO MIJBUIICHI B TPYII CE30HHOTO
rpuny. Bucoki piBHi IJI-6 Ta Hu3bKi piBHi IOH-AL €
HaOUTPII BiAMIHHHUMH MIDK TSDKKOIO  (POPMOIO
COVID-19 Ta rpumy [32].

Tobto, mpu COVID-19 naroreHeTndHO OiIBII
3HAYYIIMMU B IMYHHIA BiINOBimi OynHM MeXaHi3MHU
MOPYIICHHS KIITHHHOI JIMQOUNTAPHOI BigNOBImi 3
HaJUIMIIKOM IpO3analbHUX UTOKIHIB, a IPU CE30H-
HOMY I'pUII — JIisl HUTOKIHIB POSIBUJIACH 13 CHHTE30M
iHTepdepoHiB Ta AKTHBHICTIO B KICTKOBOMY MO3KY
perynsaTopiB npomidepanii KIiTHH HecreludiYHOro
IMyHITETY.

B ananizi nepugepuuHoi KpoBi Ta GI0XIMIYHUX
MOKAa3HUKAaX MDK TpyHaMH TaIli€HTiB, XBOPHUX Ha
COVID-19 ta ce3oHHHUI rpull, BUABJICHI BiAMIHHOCTI
B PiBHSAX TPOMOOIIHTIB Ta FeMOTIIO0IHY.

KimbkicTs iX, a Takox piBerb AJIT Oynu Buie B
namieHTiB 3 COVID-19, ane piBHI KpeaTHHIHY, TIPO-
KaJIbI[UTOHIHY, HEUTPO(DITIB Ta KiJIBKICTh JIEHKOIH-
TiB Oy/IM 3HaYHO BUIMMU IIPH 1H(QIKYBaHHI TPUIIOM
[31,38-40]. Hedberg P. et al. Bka3yioTh TakoX Ha
BUIIY KUIBKICTh TpoMOOIHMTIB y mauieHTtis 3 COVID-
19, aje KiIbKICTh JICWKOIMTIB Ta KpeaTuHiHy Oyiia
Bulla rpu rpumi [34].

CyTTeBUX BIIMIHHOCTEH Yy KUTBKOCTI JTiMQOIH-
TiB, C-peaktuBHoro nporeiny (CPII), JIAI, ACT,
KpeaTHHKiHa3M MK JBoma rpynamu [31, 38] He Bu-
SBUJIM. 32 pe3y/bTaTaMHy iHIINX aBTOPIB, Y Mali€HTIiB
3 rpunoM OyB BHIIMM piBeHb 000X IEUiHKOBHX (ep-
MeHTiB, a B marieHTiB 3 COVID-19 — pumii piBeHb
CPII i mimdomnenis [35].

Hocnimkenns [33, 39] moka3anu 3HWKEHHS Ki-
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JBKOCTI JIIM(OLMTIB MpH TpuIli Maibke y 2 pasu 0i-
aeiue, Hix npu COVID-19 (395,5 mpotu 770,0 k-
tiua/MM 3, p = 0,005) OxHak y AesAKHX MALi€HTIB 3
TPUIIOM CIIOCTEPIrajocs i IiIBUILEHHS piBHS JiMpo-
LUTIB, 10 OyJI0 CTaTUCTUYHO 3Hauyine [39, 40], ane
mpu iHdpexii COVID-19 ne He Bigmigamocs.

3a pesymbraTamu nociimkers Kazancioglu S. et
al., y rpynax 3 COVID-19 i ce30HHAM TpHUIIOM, KpiM
3MEHIIIEHHS KiJTBKOCTI TiIM(OIHTIB, BUSBICHO HIDKYI
piBHI eo3uHODiNiB, 6a30(iNiB, TPOMOOIHUTIB 1 OUTBII
BHCOKI piBHI CHIBBITHOIIEHHS HEUTPOQLIIB 10 JIiM-
¢omutiB (NLR), TpomOonuTiB o nimdonuTtis (PLR),
MOPIBHSHO 31 310poBUMHU [41], 1[0 MpUTaMaHHO 3ama-
JICHHIO.

Bipyc rpumy Mae OIHONAHLIOTOBHH T'€HOM
PHK, po3zninenuit Ha BiciM OKpEMHX CETMEHTIB, SIKi
YTPUMYIOThCS pa30M HYKJIEONPOTETHOM, SIKHH BU3HA-
gae Tun Bipycy — A, B, C. IloBepxHs Bipycy ckiana-
€THCS 3 JIIIITHOTO TIOABIHHOTO mIapy, 10 MiCTUTH Bi-
pycHmii remarmotusia (H) i Oinkm HelipamiHinazn
(N), sxi Bm3HawaroTp migTumn (Hampukman, HINI,
H3N2).

Bipycu rpuny A iH(}iKyrOTh JTt0/IeH, CBUHEH, KO-
Hell Ta NTaxiB i € OCHOBHOIO MPHYHMHOIO CIIajaxiB Ma-
HIeMil Ta eninemiid rpumny. byna HaBeJeHa nmopiBHsI-
JbHA XapaKTepUCTHUKA MK ITHEBMOHIEIO, BUKIIMKA-
Hoto BipycoMm rpuny A HINT ta COVID-19. Ile nBa
Pi3HI TUIIH pecnipaTopHOi BipyCHOI THEBMOHIi, aje 3
Iy’K€ CXOXKMMHU KIIHIYHUMH nposiBamu. [Ipu HuX B
OCHOBHOMY YpaXaJIUCh JOPOCHi, OCOOIMBO JIIOAN
ctapire 50 pokiB, 0e3 rTeHAepHHUX BiIMIHHOCTEH. Aure
rapsiiKa, Kamieslb, MOKPOTHHHS Ta 01Tk y M’sA3ax Oynn
HaitgacTimumu cumntoMamu ipu COVID-19. ¥V ne-
axux nauiedTis 3 COVID-19 BugBIsuIncs CUMIITOMA
3 00Ky TpaBHOTO TpakTy [4, 42], 1110 MOBS3aHO 3 0CO-
ONMBOCTSAMM TaToreHeTH4HOI Aii Bipycy. Ilpu rpumi
A (HIN1), sax i npu indexkuii COVID-19, cnocrepi-
raeThCs MiIBUILIEHHS CMEPTHOCTI Cepej JIFo et MoXu-
JIOTO BIKY Ta JIFO/IEeH 13 CYMyTHIMU 3aXBOPIOBAHHSIMHU
[4]. Ane cmocrtepiranuch 1 aeski ocoOmuBocTi. A
came, Tipu rpumi A TuekH y 76,0% xBopux Oyna 3a-
JIIIIKa, ToAi 5K y marienTiB i3 COVID-19 Bona Oyna
y Beix [4]. Li & aBTOpH BiAMIYaIOTh, 10 TIPH rpUmi A
MEHIIIE BHIQJIKIB TUIEBPAIbHOTO BHIIOTY, aje iHIII
JOCHiTHUKN [43] BigMI4arOTh 3HAYHO 4YaCTIlle IIe
yckiaHeHHst npu nHeBMoHii HIN1, Hix mpu nHeBs-
monii COVID-19.

Kuiniuni nposiu naeBMoHii COVID-19, nopis-
HSHO 3 TPUIIOM A, OyJiM OLIIbII IPUXOBAHUMH, 3 MEH-
IO KUIBKICTIO CYIYTHIX 3aXBOPIOBAHb Ta MEHIII BH-
paXXeHHMH pecIipaTOpHUMH cuMITOMaMu [43-45],
ayie BHYTPIIIHBOJIIKAPHIHA JICTAIbHICTh Y TAaKUX T1a-
nieHTiB Oyna BueTBepo BuIor [45]. Pawelka E. et al.
BKa3yroTh, mo npu iHpikyBanHi COVID-19 Taki
YCKJIaJHEHHS, SIK TMXaJIbHa Ta FOCTpa CeplieBa Helo0-
CTaTHICTh, TOCTPa HUPKOBA HEIOCTATHICTh Ta CMEPTb,
BUHMKAJIM YacTillle, HiX NMpH rpuri A. AJie 3a TaHUMHA
Qian F. et al. Tipmi NOKa3HUKH TSHKKOCTI 3aXBOPIO-
BaHHS criocTepiraiucs npu rpumi A. Biqmiganocs 6i-
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JblIIe BTOPUHHMX OakTepianbHUX iH(EeKUid npu Ko-
POTIIiH TPUBAJIOCTI BUIUICHHS BIpYCY 3 MOMEHTY T'0-
critanmizamii. ['ocTpe ypaskeHHsS HUPOK Ta NEYiHKH,
SIKC BUHUKJIO B MAIIEHTIB 3 TSXKUM TPUTIOM A, 10opi-
BHIOBAJIO KUIBKOCTI nauieHTiB 3 Tsokkum COVID-19
(11,63% Ta 62,79%, BinmoBigHo). 37,21% mnarieHTiB
3 TSOKKHM TPHUIIOM A TIEPEHECIIH TOCTPE YPa)keHHS Ce-
p1s, o 6yso B 10 pa3iB BuIIe, HiX Y MAIIEHTIB 3 TsI-
*kkuM COVID-19. ABTopu poOIsSTH BHCHOBOK, IO
CTaH TMAIi€HTIB 3 TSHKKUM TPHUIIOM A BHUSBHBCS O1JIBII
KPUTHIHHUM, HIX y manieHTiB 3 TspkkuM COVID-19
[4].

Sk Bimomo, y kmiHiuHi#i kapTuHi COVID-19 y
TSDKKHX TaLli€HTIB 3aralibHi peakiii MOXyTbh PO3BU-
THUCB JI0 CENITHYHOTO IIOKY, METa0O0JIIYHOTO ali103Yy,
KOaryJsomnaTii Ta CHHIPOMY ITOJIIOpraHHoi Auc]yHK-
1ii. YpaxoByroun CXOXICTh CHUMITOMIB TpHiy A i
COVID-19, npakTiaHe 3HA4YeHHS I OUQepeHia-
JIBHOI TIaTHOCTHUKH MAalOTh MTATOr€HETHYHI BiAMIHHO-
CTi MXK CTAaHOM 3allaJIbHUX MapKepiB y XBOPHX Ha I
BipycHI iH(exKIii. 3a JaHUMH PETPOCIICKTUBHOTO aHa-
mizy 285 pumazakis iHekmii SARS- CoV-2 i remaro-
JIOTIYHUX TIOKa3HHKIB y 446 aMOylnaTOpHHUX MallieH-
TiB 3 rpunoM A OyJI0 BCTAHOBIICHO 3B’SI30K 3aIlalib-
HHUX MapKepiB i3 KIIiHIYHUM TUIyBaHHIM. [IpoTpom-
01H MaB KOpEJISLio 3 OUIBIIICTIO TOCHIKYBaHUX 3a-
NaJbHUX MapKepiB y OBOX rpymnax [45]. OnHak y na-
I[IEHTIB 3 TpUoM A TiKOBi piBHI D-mumepy Ta mpo-
TpoMOiHY OyJH IMiABHINEHI OB 3HAYHO [43].

Bimcorox HeHTpo(imIBbHHX TpaHYJIOMUTIB Yy
KpoBi, C-peakTHBHUI O1JIOK, IPOKANBIUTOHIH, D-11-
Mep Ta JIAKTATAET1IPOTeHA3! B IAIIEHTIB 3 THEBMO-
Hiero HIN1 Oymu BUImuMU, HiXK Y TAIEHTIB 3 TTHEB-
moniero COVID-19 [44, 45], uio Bka3yBanoch i npu
CEe30HHOMY I'pHuIli. Alle miBuILEeHHs piBHS C-peakTH-
BHOTO Oijika OyJ10 OLTBII HOIIMPSHUM SBUIIEM Yy T1a-
mientis 3 COVID-19 [42]. ¥ marientis 3 COVID-19,
MOPIBHSHO 3 TPUITO3HOIO THEBMOHI€0, OyJia 3HIKEHA
KIJIbKICTh €03WHOQUIIB Ta 30UIBIIEHO NPOLEHTHUI
BMicT MOoHOLUTIB [42]. OcTaHHE MpUTaMaHHE rimnep-
3ananeHHi0. KiTbKiCTh NEHKOIHUTIB y KpOBi, 3a Oa-
Humu [43], npu maeBMoHIT COVID-19 Oyna Bumie,
HDK TIPH THEBMOHIT rpumy A, a 3a maHuMu [45] — HU-
KUa.

JocmimpkeHHs pI3HUX aBTOpIB CBiAYaTh TIPO
HMOBIpHY poJIb CyOTONyJIsiiii TiM(GOLUTIB y Iporpe-
CyBaHHI 3aXBOPIOBaHHS B MAIIE€HTIB 3 TSHKKUM Tepe-
6irom COVID-19 ta rpunom A. 3a nanumu Gu B. et
al., mimdornenist cocrepiranacs g0 90% y maifieHTiB
3 HaWTsDKYMM niepedirom COVID-19 ta TskkuM rpu-
noMm A [43]. 3aranbHuii piBeHb JTiMOLUTIB Ta CyO-
normynsii  miMpouutiB (T-kmituHM, cyOmomysii
CD4+ ta CD8+ T-kiiTnH) B 000X rpymnax Naii€HTiB
OyB 3HaUYHO HI)KYHMM YK€ Ha PaHHIX CTAIisIX iH(EK-
1ii, HiX Y 3JI0pOBHUX JIOHOPIB.

Crocrepiramucs 3Ha4YHI JUHAMIYHI KOJIUBaHHS
npotsiroM 1-4 TIKHIB 3axBoproBaHHs. [Ipu rpumos-
Hill iHpexkuii mopymeHas cyonomyssimii T-mimdorm-
TiB OyiM MeHII CTifikuMmu. 3aranbHa KUTBKICTH JIiM-

¢oumTiB Ta iX cyOnonmyssLiil BiHOBUIIACS B Mali€H-
TiB 3 TSDKKMM TPUIIOM A Ha JIpyroMy THIKHI JIKY-
BaHHs, a ipu COVID-19 — na 4-my trxHi [4]. 3Men-
meHHs nomyJiii T- miMponutis Ta ix cyomnomyJis-
il micns 3apaKeHHsI BIpyCOM TpHITy A HO3UTHBHO
KOpeJroe 3 mporao3om [47]. Bynu BusiBIieH1 10CTOBI-
PHI BiAIMiHHOCTI ITOKa3HHUKIB BiTHOIICHHS TPOMOOIIH-
TiB 110 MiM(OUHUTIB Ta TIMQOIUTIB 10 MOHOIHTIB. Y
TIAITIEHTIB 3 TPUIIOM A BOHH OyIIM HIKYUMH, HIX TIPH
COVID-19, mo Bka3yBaio Ha OUIBIIY Jempeciro mpo-
TUBIPYCHOI BiAMIOBiNI IpK OCTaHHBEOMY [46].

TpombonuTOoneHis criocTepiranacst B Nalli€HTIB
3 TokkuM rnepedirom COVID-19 yrpuui pimmie
(11%), Hix npu TsDKKOMY Tpurti A. MiHiMalIbHI piBHI
TPOMOOIMTIB Yy MAI€HTIB 3 TOHKKUM Iepedirom
COVID-19 i rpumy A cTaTUCTHYHO HE BIIPI3HSIUCH
(161,89 ta 150,30 x 109/n BimnmosinHO) [43]. ['emo-
parivufi IposBY HE BiAMIYaIUCh.

Bipycu nrammHoro rpumy A (H7N9), Buainesxi
BiJ] JIFOJICH, IEMOHCTPYIOTh O3HAKH, 110 BKAa3yIOTh Ha
YacTKOBY aJamnTamio A0 ccaBiiB [48]. CrmopannyHi
3apakeHHsI JIFO IeH 3a3BHUai BiOyBarOTHCS MMiCTI He-
JIABHBOTO KOHTAKTY 31 CBIHCHKMMHU NITaXaMH 1 BUKIIH-
KalOTh PIi3HI KIIHIYHI MPOSIBH 3a TKKICTIO — BiX
KOH IOHKTHUBITY 1 3aXBOPIOBaHb BEPXHIX AMXaJbHUX
NUISXIB 0 MTHEBMOHIT Ta MOJIOPTaHHOT HEAOCTATHO-
cti. Gao R et al. onucyIOTh TPhOX MALIEHTIB, Y TKUX
BUJIJIEHO BipyC 13 pecmipaTOpHUX IUIAXiB. Y BCIiX
HUX KJIHIYHO CIIOCTEpirajucs JUXOMaHKa, Kallelb
Ta 33JMIIKA. Y CKJIAQJHEHHS BKJIIOYAIN TOCTPUHA pec-
MpaTOPHUH JNUCTPEC-CHHIPOM Ta MONIOPTaHHY He-
JIOCTATHICTH 3 JICTATBHUM KiHIIEM [5].

[Ipu mopiBHAHHI KIIHIYHUX Ta JaOOpPaTOPHUX
JMaHuX y namieHTiB 3 TpunioM A H7N9 ta H5N1 i ma-
HaemiyauMm Bipycom HIN1 (pHIN1) BusiBneno, mo
MeJliaHHUH BiK MaI€HTIB 3 BIPYCHOI iH(EKII€
H7N9 Bume, nepeBaxanu 4onoBiku. llokazHukH
KpOBi y HUX 1 B maitieHTtiB 3 HSN1 Oymu cxoxi: jei-
KOTICHIsI, TPOMOOIUTOICHISI Ta MiJBUIICHHS PIBHS
NEeYiHKOBUX MP00, KpeaTuHiHKiHA3K, C-peakTHBHOTO
mpoTeiny. BoHM TOCTOBIPHO Bipi3HSIMCS BiJl TAKHX
y namienTiB 3 HIN1. ¥V mamienris 3 H7N9 tpuBamicts
rocmiTanizarii 0yia OiIbIIO0, Y TOMY YHCIIi JI0 JIeTa-
npHOCTI [48]. ToOTO, TSDKKICT MIPUTHIYCHHS KPOBOT-
BOpPEHHSI, TUCPYHKIIIS IEYiHKY Ta HUPOK ITPH NTAIITH-
HOMY rpui, sk 1 npu iHpekuii COVID-19, 6ynu 13-
KUUMH, HDK nipu rpumi A (HINT).

OCHOBHHUM 3 BUIL[EHABE/ICHUX JITEpaTypHHX Jia-
HHX IIPO KIIHIKO-1a00paTOpHi BIAMIHHOCTI TOCTPUX
pecmipatopHuX iH(EKIINH 3 THKKAM epediroM, Bu-
KIMKaHUX TepeNidyeHNMH Bipycamu, € Take. Sk
COVID-19, Tak i ce30HHHI TpHIl, 1 MAHAESMIYHAN
rpun A, € BKpaii HeOe3neuHuMH iH(EeKIisIMHU, 3 BUCO-
KHM PH3MKOM YCKJIaJHEHHS IHEBMOHI€I0, TOCTPOIO
JUCHYHKIIE€I0 BHYTPILIHIX OpraHiB, BUCOKOIO CMEPT-
Hictio. Ilepmri KiIiHIYHI NMPOSIBM 3aXBOPIOBAaHHS Ha
COVID-19 6inbi npuxoBaHi, B aHaMHe31 OUTbII pi-
JIKi CyITyTHI XBOpOoOH. Ane mepebir mHeBMOHIl B HUX
ripmmii Ha TJIi TUTOKIHIHOBOTO IITOPMY, MTOPYIIEHHS
KIITHHHOTO IMYHITETY 31 3HA4HOIO JiM(QOIIEHi€0,
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MOPQOJIOTIYHUMHU 3MiHAMHU B KJIITHHAX, MOMIJIUBHM
NPUTHIYCHHSAM KpOBOTBOpPEHHs1 B3araii. [lepebir
TpUIly Ha MOYAaTOK XBOpOOM Mae OiiblIe KIIHIYHUX
pecripaTopHUX SIBUI, IOPIBHAHO 3 iH(EKII€
SARS-CoV-2, nposiBiB 3arajibHOi IHTOKCHKaLii, 3
OUTBII PEaKTUBHUM JICHKOITUTO30M, MEHIIOI JIiM-
(horeHi€r0, aKTUBALIIEI0 CHHTE3Y iHTEPEpOHY, Tpa-
HYJIOCTUMYIIOIOUUX (aKTOPiB.

[IpurHideHHsT TEeMOMOe3y TaKOX CIIocTepira-
eTbes ipH nTamraoMYy rputti. [Ipy COVID-19, Ha Bi-
IMIHY Bifl TpUITy Pi3HUX INTaMiB, € IMOBiIOMIICHHS
PO MIEJOAUCIIIIACTHYHI 3MIHM B KPOBOTBOpPEHHI.
[IprunHOIO 1IBOr0 MOKEe OYyTH HTiIOYOYA JIisl IUTOKI-
HiB, iH(ikoBaHUX BipycoM KimiTHH [49]. Bipyc moxe
NPOHUKAaTH B TEMONOETHYHI CTOBOYpOBI  KJIi-
TUHU/KITITHHU-TIOTIEPEHUKH, TIM(POLUTH Ta MIKPOO-
TOYCHHS, BKJIFOYAIOYW €H/IOTENialbHI KIITHHH, MOC-
Na0JIFOI0YX TEMOIIOe3, IHAYKYIOUN KIITHHHHUN aror-
TO3, iHriOylouM KIITHHHY mpomidepamito [50-52].
MosxnuBe mpsiMe YIIKOIDKEHHS BipycoM JimMdarnd-
HUX opraHiB [53, 54], BKIrOYaro4n celesiHky, 3 ix aT-
podieto uepes akTHBAaIiIO IUTOKIHIB [27].

Bipyc New Bunia (SFTSV) e oanoiaHIt0KKO-
BUM negative-sense PHK-Bipycom, sikuit BHKIMKae
roCcTpe 3aXBOPIOBAaHHsI 0€3 TUMOBUX KIIHIYHHX MPO-
ABiB i MOe OyTH JiarHOCTOBaHO HeBipHO [55]. Moro
OCHOBHI KJIIHIYHI IPOSIBY BKJIIOYAIOTh SIBUIIIA 3arallb-
HOT IHTOKCHKAIIIi: TSHKKY JTUXOMAHKY, IIBHIKY CTOM-
JIFOBaHICTh, IUTYHKOBO-KHUIITKOBI CUMIITOMH. Y Oi1b-
mIocTi iHQiIKOBaHMX MAIOTh MicIle OONIOYICTh M S3iB,
MOXUIMBa JiMQaneHonaris [7], 9oro He BigMidann
npu iHpeknii SARS-CoV-2 ta rpumy, me dacrimre
Oyyu cKapr, 1MoB’s3aHi 3 OpraHaMH JUXaHHS.

JlocmiukeHHs TTOKa3ald, 10 BaXJIHMBY POJb B
omocepeKyBaHHi BipycHoi iHBa3ii SFTSV B kiniTHHY
Bigirpae riikonporein obononku Gn/Ge [56]. 3Ha-
YHY POJIb Y PO3BHUTKY NATOJIOTTYHOTO MPOLECY, K i
npu SARS-CoV-2, BigirpatoTs nopyuieHHs ajanTHB-
HOT iIMyHHOI yHKLIT Ta aHOMalIbHA 1HIYKIIS 3anallb-
HUX OUTOKIHIB [57]. PiBHI mpo3anaibHUX UTOKIHIB
IL-6, TNF-a Ta inmukatopu 3ananeras CPIT i ¢pidpu-
HoreH, D-mumep y rpym SFTS Oymu 3Ha4HO BH-
mumu, Hixk y rpym 2019n-CoV [55, 58]. Lle y3ro-
JUKyeThes 3 THM (pakTom, o iHdekmis SFTS, nopis-
HsiHO 3 2019-CoV, xapakTepHu3yeTbcsi BACOKOIO Yac-
TOTOIO TSDKKUX BHUIAJKIB Ta OLIBII BUCOKOIO JIETaIIb-

HicTio [55]. 3a nanumu Wentao He et al., Ha mouart-
KOBI# cranii iHpikyBanHs Bipycamu SFTS Ta 2019n-
CoV mnoxkaznuku CPII, ¢piOpruHOreny, KinbKocTi Tpo-
MOOIMTIB MalOTh BHpIlIaJbHE KIIIHIYHE 3HAUCHHS
Uil iX paHHBOI Ta AudepeHLianbHOi MiarHOCTHKA
[58].

[opiastHO 3 Tpymoio 2019n-CoV, y rpymi
SFTS, kpiM TpoMOOUHTIB, CIIOCTEpirain 3HAYHO HU-
KTy aOCOJIOTHY KUTBKICTD JICHKOITUTIB, JTIM(OIHUTIB,
CD4+T-nimpormriB (xenmnepiB) [6-8,58], mo cBia-
YUTh Tpo OiNbII pyiiHiBHMHN BIUTHB Bipycy SFTSV Ha
IMYHOKOMIICTCHTHI KJIITHHU. BcTaHOBWIH, TIO BipyC
SFTSV cnpuse ¢darormro3y TpoMOOIHTIB Makpoda-
ramu [59].

HaBeneni croctepeskeHHsT JOCHIAHUKIB ITIPO
0COOJIMBOCTI KJIIHIYHOTO Nepediry Ta 1adopaTopHUX
MTOKa3HUKIB KPOBI B ITAI[IEHTIB 3 TAKUMH FOCTPUMH 1H-
¢exismu, sk 2019n -CoV, pisHEMHU OITaMaMH TPHUILY
ta SFTS, 1eMOHCTPYIOTh HasBHICTH BiAMiHHOCTEI B
iMyHHIH BinnoBini mpu iX iH(iKyBaHHI, 10 BIUIHBAE
Ha mepedir XBopoOw, ii yCKIamTHEHHS i CMEPTHICTb.
BusBneni ixHi KITiHIKO-Ia00paTOpHI 0COOIHBOCTI B
JeOI0Ti 3aXBOPIOBAHHSI JOLIJIBHO BUKOPHUCTOBYBATH
JUTs TX audepeHITiHHOT TIarHOCTUKY 3 METOXO TIPHU3HA-
YeHHsI crienn(pivHOro 0OCTEe)KEHHS 1 CBOEYACHOT ajie-
KBaTHOI Tepartii.

BucHoBku

1. Ilpu ingexmisx 2019n —CoV, ce3oHHOMY
rpumi, rputi A, SFTSV BipycHOI iHQEKIiT y TSHKKUX
BUIIaJKaX HasiBHI HacaMIepe] NopymeHHs T-KiiTnH-
HOTO IMYHITeTY, Oinbire mpu 2019n -CoV.

2. IIpu SARS-CoV-2, nopiBHAHO 3 iH(EKITiEr0
SFTSV tarpunom A, Mae MicIle TillepakTUBHICTD Ma-
Kpodaris, 0 TPU3BOISITH 10 KaCKaay 3analbHUX Ta
JIECTPYKTUBHHX TIPOLECIB Y TKaHUHAX, 3 HEHUTpOdi-
Jb030M y nepudepuyHiii KpoBi, IOSBOI HE3PLINX
¢dbopM HEHWTpOoGUTB Ta AMCIUIACTHYHOIO 3MIHOIO B
HHX.

3. Ilpu SFTS-indekuii ta nrammHOMY TpHIT
(H7N9) B nmabopaTopHuUX MOKa3HWKAX MPUTHIUYEHHS
KPOBOTBOPEHHS 3 JICHKO-, TIM(O- Ta TPOMOOTICHI€I0
BHSBISETHCS dactimre, HiX mpu 2019-CoV, ce3on-
HOMY 1 maHmemiuHomy rpuri A (HIN1).

Indopmanisa npo koHikT iHTepeciB

[Norenniitanx abo SBHUX KOH(QIIKTIB iHTepe-
CIB,LII0 MOB’sI3aHi 3 IMM PYKOIIMCOM, HA MOMEHT ITy-
Onikauii He iCHye Ta He riepe0avyaeThCsl.
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KopoJaenko I'.C., Ilicouska JI.A. Kiiniko-iadopaTopHi 0co0JHBOCTI nepediry qesKux rocTpux Bipyc-

HHX iH(peKmiii.

PE®EPAT. AxkryanbHicTs. [IpakTuuHe 3Ha4YSHHS Ma€ JI0CIIDKEHHS TATOT€HETHYHO 3yMOBJIEHUX KIIIHIKO-
nmabopaTOpPHUX OCOOIMBOCTEH Mepediry TSHKKUX TOCTpecHipaTOpHHUX BipycHHX iH(ekmiin. Merta. [IpoBeaeHo mo-
piBHSUTBHUI aHaT3 6a3K TaHUX PO 0COOIMBOCTI KIIHIYHOTO Hepediry Ta 1abopaTOPHHUX MMOKA3HUKIB MPH ASTKUX
TSOKKUX TOCTPHUX PECTIPATOPHUX BIPYCHUX IH(EKIIIAX 3 ypaxyBaHHAM X MPOBITHUX MATOTCHETUIHUX MEXaHi3MiB
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JUIS HaJJaHHS KJTIHIIUCTaM MEBHUX PEKOMEHJAIIN MO0 MPOBEACHHS 1X Mu(epeHIiiHO0T qiarHocTrkH. MeToam.
Ornsap nitepaTypHux Jpkepen 3 6a3 PubMed 3a octanni 10 pokis. PesyabraTn. BeraHosneHo ix po30ixHOCTI, 1110
Mmae npaxkrrune 3HaueHHs. Ilizcymoxk. [Ipu indekuisx 2019n-CoV, cezonnomy rpuri, rpuni A, SFTSV-BipycHiii
iH(eKuii B TSOKKUX BUIIaJIKaX HAsBHI HacaMmIiepes nopyuieHHs T-kiaiTuHHOro iMyHiTery, Oinblue npu 2019n-CoV.
IIpu SARS-CoV-2, nopisusHo 3 iHpekuieto SFTSV ta rpunom A, HasiBHa rinepakTUBHICTH Makpodaris, 110 NpH-
3BOJUTH A0 KacKaly 3alalbHUX Ta AECTPYKTUBHHX IPOIECIB Y TKAHWHAX, 3 HEHTpo(imp030M y mepudeprmaHiit
KPOBI, MTOSIBOIO HE3pLMX (GOpM HEHTPOPisiB Ta AUCIDIACTUIHOO 3MiHOIO B HUX. [Ipu SFTS-iHdekmii Ta nramm-
HoMmy rpurti (H7N9) B mabopaTopHuX Moka3zHUKAaX MPUTHIYEHHSI KPOBOTBOPEHHS 3 JIEHKO-, TiMQO- Ta TpoMOOTIe-
Hi€ro BUABIAETHCSA dacTime, Hix pu 2019-CoV, cezonHOMYy 1 mangemigHoMy rpumi A (HINT1).
Kurouosi ciioBa: nepudepudna kpos, kiiHika, Covid-19, rpum A, SFTSV, BipycHi iH}exii.
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CiTKiBKa OKa € YHIKaJbHOI 010J0r1YHO0 CTPY-
KTYpOI0, 1110 TPa€ KIIOYOBY POJIb y CIIPUHHSTTI 30po-
Boi iH(popmarlii. BoHa € He jMIIe CBITIOYYTIMBHAM €K-
paHOM, Ha SIKHH NMPOEKTY€eThCS 300pa’keHHS 30BHIIII-
HBOTO CBITY, aje i CKJIaHOI0 HEHPOCEHCOPHOIO TKa-
HUHOIO, MIO TIEPETBOPIOE EJIEKTPOMArHiTHI KOJIH-
BaHHSI CBiTIIa Ha HEPBOBI iMIynber. LI immymben nami
MepeslatoThCs B 30POBi [IEHTPH TOJIOBHOTO MO3KY, 1€
(opMyeThcs yCBiZIOMIIEHAa KapTHHA HAaBKOJIMIIHBOT
nitficHocTi. TakuM 4MHOM, CITKiBKa BHCTYIIA€E SIK I[CH-
TpaJbHUH €JIEMEHT 30pPOBOr0 aHali3aTopa, BU3Haya-
I0YH SIKICTB 1 TOBHOTY 30POBOTO CIIPUHHSATTSL.

AXTyallbHICTh BUBUEHHS CITKIBKH 3yMOBJICHA ii
0araTopiBHEBOIO OPraHi3alli€l0 Ta BUCOKOI BpPa3JIH-
BICTIO JI0 Pi3HMX MATOJOTiYHUX mporeciB. Ha Bia-
MiHy BiJ 6araThboX IHIIMX TKAHWUH OpPraHi3My, CiTKi-
BKa HE MAa€ 3HAYHOTO PEreHEPATHBHOTO MOTEHIATY:
MOMIKO/DKEHHS 11 KIITHH YacTo HE3BOPOTHI, 10 NPH-
3BOJIUTH JI0 CTIMKOTO 3HM)KEHHs ab0 MOBHOI BTpaTu
30py. 3 ypaxyBaHHSIM TOTO, IO 3ip € MPOBITHUM CEH-
COPHUM KaHAJIOM JIIO/INHH, 30epekeHHs (QyHKIIOHa-
JBHOI aKTHBHOCTI CITKiBKM HaOyBae HailBa)kiIHBi-
IIOTO COLIaJIbHOIO Ta MEMYHOTO 3HAUCHHSI.

OpHiero 3 HalicepHO3HINX MpobiIeM odTaib-
MOJIOTi] 3aJUIIAIOTHCS 3aXBOPIOBAHHS, MOB'A3aHI 3

JereHepariieto citkiBku. Cepell HUX BUAUISIOTHCS Ki-
JIbKa HaHOLIBII MONIMUPEHNX Ta KIIHIYHO 3HAUYIINX.
Hacammepen 1me BikoBa MakyJsIpHa JAereHeparis
(BMJI) - maTosoris, 1o Bpaxae IeHTPalIbHy 30HY Ci-
TKiBKH (MaKyIy) i IPU3BOAMUTE IO BTPATH IICHTPAIb-
HOTO 30pYy, TAKOTO HEOOXiTHOro Ui YMTaHHS, -
CbMa, BOJIHHS aBTOMOOILISA Ta IHIINX MOBCIKICHHUX
3aBraHb. BM/] BBaKa€eThCsI OJTHIEIO 3 OCHOBHHX IIPH-
YHH HE3BOPOTHOI CIIIITOTH B OCi0 IIOXMIIOTO BiKY Y pO-
3BHHEHHX KpaiHax.

Jpyry rpymny CKJIajaimoTh CIajkoBi aucTpodii
CITKIBKH, 1110 BKJOYAIOTh MITMEHTHHH PETHHIT, KO-
HYCHI Ta MaJM4KoBi AUCTPOGil Ta psiJ PIAKICHUX CH-
HapomiB. Li 3aXBOpIOBaHHS MalOTh T€HETUYHY IIPH-
POy, 4acTo MPOSBIAIOTECS Y MOJIOJOMY BIiIli Ta Xa-
PaKTEepU3YIOTHCSI MPOTPECYIOYNM 3HIKEHHSIM 30DY.
IX BUBUEHHS AK BaXIMBO /ISl KJIiHIYHOT IPAKTHKH, a
1 BIIKpHBA€E TEPCIEKTHBU Y PO3BUTOK T'€HHOI 1 KJIi-
THHHOI Tepartii.

He meHm 3Hauymoro npodiaeMoro € aiadeTuynHa
pEeTHHOMATIS, 1110 PO3BUBAETHCS Ha T I[yKPOBOTO Jii-
abery. XpOHIYHA TIMEPTIIIKEMiss BUKIMKAE IOIIKO-
JUKCHHSI CyJTUH CITKiBKH, IO TPU3BOJIUTH JIO iIIeMii,
KpOBOBWJIMBIB, HAaOPsIKy MakyJId Ta IaTOJOTI9HOTO
HOBOYTBOpeHHs cynuH. Lleli cTaH siBisie co0010 0THY
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3 IIPOBIAHUX MPUYMH BTPATH 30py Y JIIOAEH npares-
JIaTHOTO BiKY B ychOoMy CBiTi. Bci BoHM Harosonry-
I0Th Ha Ba)KJIMBOCTI KOMIUICKCHOTO BHBYEHHS MeXa-
HI3MIB JiereHepaliii CITKIBKH 17151 pO3po0KH epeKTHB-
HHUX METO/IiB IPO(DIIAKTHKH Ta JTIKyBaHHS.

Merta mi€i cTtaTTi moJsTaE y po3risAmi MiKpo-
CTPYKTYPH CITKIBKH Ta aHAJli3y OCHOBHHX ITaTOTCHE-
TUYIHUX MeXaHi3MiB ii gerenepanii. BuBueHHS yibpT-
pacTpyKTypHOI opraHi3amii CITKIBKH TO3BOJISE TIH-
O1mre 3po3yMiTH MPOIECH TPAHCIYKINi 30pOBUX CHT-
HaJIiB, B3a€MO/Iii Mi>K HEHpOHAMU Ta TITiaIbHUMH KJTi-
THUHaMH, a TAKOXK POJIb CYITMHHOTO Ta METabOJIIYHOTO
3a0e3nedeHHs. Y TOil ke yac aHajli3 MeXaHi3MiB Jie-
reHeparii Ja€ MOXJIMBICTh BUSBUTH KIIFOUOBI JIAHKH,
SIKi MOXKYTb CTaTH MIILIEHIMU 71 (papMaKoIOTiYHOTO
Ta TEHETUYHOTO BTPY4YaHHs. Y 3B'SI3KY 3 LIM PO3TJIsi
MIKpOCTPYKTYpH CITKIBKM Ta MEXaHI3MiB 11 gereHepa-
11 € aKTyaJIbHUM Ta NEPCIIEKTHBHUM 3aBJaHHSIM CY-
YacHOI HayKHU.

CiTKIBKa OKa — II€¢ HaI3BUYAWHO CKJIaaHa 3a
CBOEIO MIKPOCTPYKTYpPOIO TKaHMHA, SIKa BUKOHY€E HE
TUTBKH (DYHKINIO CBITIIOCTIPUIHATTS, aie i 3a0e3me-
4yye MepBUHHY 0OpOOKY 30pOBHX CHTHANIB, (HOpPMY-
104X MOTIK iH(opMauii s monanbiuoi nepeaadi B
rONOBHMI MO30K. [i aHaTOMO-TicTONOTiUHA OpraHi3a-
151 yHIKaJIbHA: Y MEXKaxX JIy’Ke TOHKOI IJIACTHHKHU TO-
BIIMHOIO 05n3bk0 0,2—0,5 MM CITIBICHYIOTh Ta TICHO
B32€EMOJIIIOTh BUCOKOCIELiaIi30BaHi HeHPOHAIBHI Ta
TTiajbHI KIITHHA, CYAWHHI €IEMEHTH Ta CTPYKTYpPH,
0 YTBOPIOIOTH Oap'epHi cucteMu. ['0I0BHOIO 0CO0-
JUBICTIO CITKIBKM € ii OararomapoBa OymoBa, mI0O
BKJIFOYA€ JECSTh PI3HUX IIAPiB, KOXKEH 13 SKUX BUKO-
Hy€ TIeBHY (YHKIIiO, aJIe pa30M BOHHU 3a0€3MeUyI0Th
IUTICHICTh 30POBOTO TIPOIIECY.

BararomiapoBa opraHizaiis CiTKiBKH, OIHCaHa
e B XIX CTONITTI IpY BUKOPUCTAHHI CBITJIOBOI MiK-
pockomii, mATBep)keHa Ta YTOYHEHAa CYyYaCHHMH
METOJIaMH €JIEKTPOHHOI MIKPOCKOIIIi Ta MOJIEKYJISIP-
HOI Oiostorii. 30BHI BCepeJrHYy BUIUISIOTH TaKi MIapu:
MIrMEHTHHUH emiTeNii, map GoToperenTopis (30BHi-
IIHI 1 BHYTPINIHI CETMEHTH), 30BHIIIHIO IMPHKOP-
JIOHHY MeMOpaHy, 30BHIITHIH SAepHUN 1Iap, 30BHIMI-
Hill CTUTeTeHHUH map, BHYTPIIIHIN sIEpHUH map, BHY-
TPIIIHIH CIUIETEHWA MIap, map TaHTIIO3HUX KIIITHH,
[Iap TaHTTO03HUX KITHH. KoXKHa 3 IUX CTPYKTYP Ti-
CHO TIOB's3aHa 3 CYCIJIHIMU Ta 3a0e3Meuye nepenady
Ta TpaHcopMallilo CUTHAIIB BiJ ynoBitoBaHHS (o-
TOHIB 10 (hOPMYBaHHS €JIEKTPUYHUX IMITYJIbCIB, 110
HaJXOJATh y 30pOBUil HEPB.

doTtopenenTopu CiTKIBKH 3aiiMaroTh 0coOJIMBE
Mmicue y if cTpykTypi. Bonu npencrasiieHi qsoma oc-
HOBHMMH THUIIAMH KJITHH - TTaJIMYKaMH Ta KOJ00dY-
kamu. [lanmmuky npusHaveHi I CIpUHHATTS ci1ad-
KOTO CBiTJIa, 3a0€31eUyI0un CKOTOIIYHUH 3ip, TOOTO
MOKJTMBICTh GauMTH MPU HU3BKiH ocBiTieHOCTI. IX-
HBOIO KJIFOYOBOIO OCOOJIMBICTIO € BUCOKA YYTJINBICT
JIO CBITJIOBUX KBAHTIB 32 BiJIHOCHO HHU3BKOI PO3iJih-
HO{ 3/IaTHOCTI Ta BiJICYTHOCTI CIIPHAHATTS KOJIBOPY.

Konbouku, HaBmaky, (PyHKIIOHYIOTH B YMOBaxX
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JIOCTaTHBOI OCBITJICHOCTI Ta 3a0e31euytoTh (oromid-
HUH 3ip — YiTKE Ta KOJBOPOBE CIPUUHATTA. Y IItO-
JVHYU ICHYE TPY THIM KOJIO, IO PO3PI3HSIOTHCS 3a
CIEKTPAIBFHOI0 YYTJIMBICTIO Ta BIANOBIJAaJbHUM 32
TPU OCHOBHI KaHAJIM KOJIPHOTO CIPUIHATTSA: CHHBO-
, 3CJIEHO- Ta YePBOHOYYTIIHBI. ByzoBa mux KIIiTHH Cy-
BOpPO CIELiaNi30BaHa: 30BHIIIHIN CETMEHT MICTHThH
IHCKH 3 (oTOmrMeHTaMu (POJOIICHH Y MalWYKax i
pi3HI ONCHHU B KOJMOOUYKAX), a BHYTPIIIHIA CETMEHT
Oaratuii Ha MITOXOH[pIi, IO 3a0€3MeyI0Th eHepre-
TUYHY MIATPUMKY Tporiecy (poTtoTpancaykii. @oro-
PEIENnTOPH TICHO B3a€EMOJIIOTH 3 MITMEHTHHUM CITiTe-
JieM ciTkiBKU. KIIITHHH IIOTO CMITENiI0 BiirparoTh
KPUTUYHY POJIb y )KUTTEAISUIBHOCTI CEHCOPHUX elle-
MEHTIB: BOHH 3/1iIHCHIOIOTh (DaronuTo3 TUCKIB 30BHi-
IIIHIX CETMEHTIB, sIKi IIOCTiI{HO OHOBIIOIOTHCS, OEPYTh
y4acTh y pereHeparlii 30poBHX MIrMEHTIB Ta 3a0e3Ie-
YyIOTh TPAHCIOPT METAOOJITIB MiX XOpiOKamiis-
pamu Ta poropenentopamu. KpiM Toro, mirMeHTHAR
emiTeniif BUKOHYe Oap'epHy QYHKIIIFO Ta 3aXHUIIAE Ci-
TKIBKY BiJI OKHCIIIOBAJIbHOTO CTPECY, IMOTJIMHAIOYN
HAJMipHE CBITJIO 1 MEPeNIKoHKalodl PO3CIFOBAHHIO
¢dotoHiB ycepenuHi oka. TakuM YHHOM, B3a€MOIIs
(doToperenTopiB Ta MIrMEHTHOTO CMITENII0 — I JH-
HaMi4yHa Ta Oe3nepepBHa CHCTEMa, MOPYILEHHS SIKOT
NPU3BOJNTH J0 BaXKKUX JETCHEPATHBHHUX HPOLECIB,
BKJIIOYAIOYH BIKOBY MaKyJsIpHY JereHepaiiiro. [lepe-
Jladya CUTHAIY Bifl (POTOPEICTITOPIB O TaHIII03HUX
KIITHH 3IIHCHIOETBCA Yepe3 CHUCTEMY IPOMIKHIX
HelipoHiB. BiMONSApHI KITITHHN YTBOPIOIOTH PSMY JIi-
HiIO0 3B'A3Ky, NPUIMAIOYN CHUTHAIH BiJ MAIHYOK 1
KOJIO i mepenarouu iX A0 TaHTIio3HHX KiitwuH. [Ipn
OFOMY ICHY€E TOZL 32 (PYHKI[IOHATBHOO CIIemiai3a-
Li€F0: OJTHI OIMOJISIPHI KITITHHHU aKTHBYIOTHCS 31 301716~
meHHsAM ocBiTieHocti (ON-GinosnsipHi), iHII - 3a ii
sumkeHHs1 (OFF-6inomsipui). Lle nosBomnsie citkiBui
3MiICHIOBATH EPBUHHUI aHaJII3 KOHTPACTIB Ta CIIPsi-
MOBAHOCTI 3MiHHU CBITJIOBOTO MOTOKY.

I'opu30HTaNBHI KIIITHHU PO3TALIOBYIOTHCS Y 30-
BHIIIHBOMY CILJIETEHOMY ILIapi Ta 341HCHIOIOTH JIaTe-
paybHi 3B'SI3KM MiX (OTOpenenTopamMu Ta Oimosp-
HUMH KJIiTHHaMH. BoHn 3a0e3neuyioTh MexaHi3M Jia-
TepaJIbHOTO TaJbMYBAaHHS, 3aBJSIKH SIKOMY CITKiBKa
3/1aTHA MIBUIILYBATH MPOCTOPOBY KOHTPACTHICTH 30-
OpakeHHS Ta BHIUTATH MeXi 00'€KTiB. AMaKkpHHOBI
KJIITHHH, 110 3HAXOAATHCS Y BHYTPILIHBOMY CILIETE-
HOMY MI1api, BIPi3HAIOTHCS BEIHUE3HOIO PI3HOMAHIT-
HICTIO MOPQOJOTIYHUX THIIB Ta (QYHKIIOHAIBHHX
BJIaCTHBOCTEH. BOHU OepyTh y4acTh y peryisiii Tum-
YaCOBHX XapaKTEPUCTUK 30POBHX CUTHAJIIB, MOIYJIS-
il aKTUBHOCTI TaHTJII03HUX KIITHH Ta (OpMyBaHHI
CKJIaJTHUIX MTAaTEPHIB BIAMOBII HA PyX Ta MEPEXTiHHI.
Bararo 3 HUX BHKOPHCTOBYIOTH clienin(ivHi HeWpo-
Me/1iaTopH, 110 CBITYNTH PO XiMiuHYy Ta (QyHKIIOHA-
JBbHY CrIeLiali3alio.

I'aHrmio3Hi KIiTHHM € (iHAIBHUM HEHPOHHUM
piBHeM ciTKiBKH. IXHi Tina posramopani y BHYTpi-
HBOMY SAEPHOMY IIapi, a aKCOHU POPMYIOTH IIIap He-
PBOBUX BOJIOKOH, SIKMI 30Mpa€ThCsl B AUCK 30pPOBOTO
HepBa 1 Jaii IpsAMye B JaTepasibHEe KOJIHYACTE TiJIo
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Ta 1HII MiJAKOPKOBI CTPYKTYpH. Y JIIOJAWHH Haidy-
€ThCS TIOHAJ ABAIIATh PI3HUX THIIB TaHTIIIO3HUX
KJIITHH, SKI PI3HATHCS 32 MOP(QOIIOTIEI0, MOJSIMU pe-
neniii Ta (GyHKIIOHATBHOK cremiamizaiier. Cepen
HUX BUAULIOTH KIITHHH TUIY P, 1o 3a6e3mevyoTh
BHCOKY TIPOCTOPOBY Ta KOJIpHY YyTJIUBICTH, 1 KIIi-
TUHH THITY M, sIKi BiIIOBITaIOTh 32 COIPUHHATTS PyXY
Ta HHU3BKOKOHTPACTHUX CTHMYJiB. Takum 4YnHOM,
BXKE Ha PiBHI CITKIBKH 3IHCHIOETHCS TTOIIT 30POBHX
CUTHAJIIB Ha MapajesbHi KaHaH, sKi Hagali OyayTh
IHTETPOBaHi B 30pOBiii KOPi.

T'mianbHi KIITHMHU CITKIBKM — L€ JOIOMIDXKHI
€JIEMEHTH, a IOBHOLIHHI YYacHHUKHU ii (yHKUiOHY-
BaHHs. HalgyuciaeHHinn cepe HUX — KIITHHA Mro-
Juiepa, sIKi MPOHMU3YIOTH YCIO TOBIILY CITKIBKH BiJl BHY-
TPILIHBOI 0 30BHINIHBOI MPUKOPIOHHOT MEMOpaHH.
Bonn BUKOHYIOTH Tpo(iuHy (YHKIIiIO, PEryJOITh
10HHUH Ta BOOHHN ToMeocTas, 0epyTh y4acTh y YTH-
Ji3arii HelipoMeaiaTopiB Ta 3a0e3MmeyoTh MeTadoTi-
YHY MiATPUMKY HelipoHiB. KpiMm Toro, BoHHM Bimirpa-
I0Th POJIb ONTHYHHUX BOJIOKOH, CIIPSIMOBYIOYH CBITIIO
mo (doTopenenTopiB, MiHIMI3YIOUA pPO3CIIOBAHHS.
[Tpu naTonoriyHUxX nponecax KIiTHHA Mrosepa Oe-
PYThb y4acThb y pEaKTUBHOMY IJIi031, III0 MOXKE 3aXH-
IaTH HEWPOHH, TaK 1 MOCHITIOBATH JIereHepaLlito.

[HIIMM BaXJIUBMM KOMIIOHEHTOM TJIialbHOTO
amapaTty CITKIBKH € Mikporiii. BoHa BITHOCHTBCS 110
IMYHHOT CUCTEMH [IEHTPAJILHOI HEPBOBOI CHCTEMH Ta
BiJlirpa€ KIIFOYOBY POJb Y MIATPHMIII TKAHHHHOTO T'0-
MeocTa3dy Ta IMYHHOTO Harismy. Y (i3ionorigHmx
YMOBaX MIKpOTJis mepedyBae y cTaHi CIOKOIO, Ma-
I0YX BUTSTHYTI BiPOCTKH, 3 JOIIOMOTOIO SIKUX BOHA
CKaHye Mikpocepenosuuie. IIpu MomkoKeHHsIX abo
3armajxeHHI MIKpOTIisS aKTHBYEThCS, Ha0yBae ame0oi-
nHol opmu 1 mounHae (HarouUTyBaTH MOUIKOIKEHI
KJIITHHM Ta 4yKopinHi enementu. OqHaK HaaMipHa
aKTHBALisl MIKPOTJIiT MOYKE CIIPHSTH PO3BUTKY XPOHi-
YHOTO 3alaJICHHs Ta HeHpOoaereHepallii, o € BaXKIH-
BUM NATOTEHETHYHUM MEXaHi3MOM ITpu OaraTbox 3a-
XBOPIOBAHHSX CITKiBKH.

CynuHHe 3a0€3MeYeHHS CITKIBKM OpraHi30BaHO
0coOJIMBMM YMHOM. BOHa )XMBHTBCS 3 ABOX IKEpel:
BHYTpIIIHI Mapu OAEPKYIOTh KPOB i3 IEHTPaIbHOT
aprepii CITKIBKH, TUTKH 5SK01 (POPMYIOTH KamlIIpHY
MepeXy B MeXax HEepBOBOI TKaHWHH, a 30BHIIIHI
mapy, BKJIIOYalOud (QoTopenenTopyu, 3abdesnedy-
I0ThCSl KPOBOTOKOM XOPIOKaMiJISIpiB CyAMHHOT 000I10-
HKH. Take nozBiliHE Xap4yyBaHHS HEOOXiqHE JUIs 3a-
JIOBOJICHHS BUCOKHMX €HEPTeTUYHHX MOTPeO CITKIBKH,
0co0MBO (hOTOPEIENTOPIB, SIKi € OJHHUMH 3 Haii-
OB META0OIIYHO AKTUBHUX KIIITHH OpraHi3my.

KirouoBuM e1eMEeHTOM CyIMHHOI CHCTEMH CiT-
KIBKH € TeMaTo-peTHHAIbHUI Oap'ep, skuii 3abe3re-
yye BHOIPKOBHH TPaHCIIOPT PEUOBHH Ta 3axXHIIA€e
HEHPOHU BiJl TOKCHYHHUX BIUIMBIB. BiH mopinseTbes
Ha BHYTPIIIHIH, yTBOPEHNH €HI0TeNaIbHUMH KITITH-
HaMH PETHHAIBHUX CYMH i3 IUIbHUMHU KOHTaKTaMH,
1 30BHINIHINA, MO (GOPMY€ETHCS KIITHHAMH IITMEHT-
HOro emiTenito. [TopyIeHHs MiliCHOCTI TeMaTo-peTH-
HAJIBHOTO 0ap'epy CrocTepiraeThes Mpu AiadeTHIHIH

peTuHoNaTii, 3anaJbHUX MpPOLEcax Ta JereHepaTHB-
HUX 3aXBOPIOBAHHSX, IO NPHU3BOAUTH 10 HaOpSKY,
iH}iIbTpaLii Ta Iporpecyovoi BTpaT GyHKLIT CITKi-
BKU.

[Tarorenes nereneparii CITKIBKH - 11e 6araToko-
MITOHEHTHA, TICHO TeperuieTeHa CYKYIHICTh BiK-3a-
JEXKHUX, MOJEKYISPHUX, TCHETHYHHUX, CyIUHHUX 1
CHCTEMHO-METa00IiYHIUX MPOILECIB, B SIKMX ITEPBUHHI
MTOPYIICHHS Ha PiBHI IIITMEHTHOTO EIITEeNi0 CITKIBKA
(ITEM), ¢otopenenTopiB i XopioKamisIpiB MiATPH-
MYIOTb OJIUH OJHOTO MIKKJIITHHHOTO MaTpukcy. Ox-
HUM 13 KOHIENTYAIbHUX 3pYIICHb OCTAHHIX JIECSTH-
JITB CTaJI0 YCYHEHHS «TOYKH JOKJIaIaHHs BiJl JOKa-
JBHOT TUCTpodii 10 Mepex B3aeMOIIN — JIimiHO-0i-
JKOBUX BiJKJiajeHb y MemOpaHi bpyxa, kommuie-
MEHT-3aJIe)KHOTO 3araleHHs, TIMOKCUYHO 1HTyKOBa-
HOi HeoBacKyisipu3auii Ta 300iB y MITOXOHApiajb-
HOMy MeTabomizmi [TEM. Bemuki ornmsmoBi poGotu
Omaga tpayca mpo ¢izionoriro ITEM nepexoHanBo
MTOKa3alli, HACKUIBKM BPAa3IMBHU IIeW MOHOIIAP JO
MOPYIICHb TPAHCEMITENIaTbHOTO TPAHCIOPTY, (aro-
LUTO3y 30BHIIIHIX CETMEHTIB Ta IOHHOTO TI'OMEOC-
Ta3y; caMe «IOoJOMKay IuX (YHKIIIH 9acTo 3amycKae
KacKaju JereHepaiii poTopenenTopiB Ta KPOBOTBO-
PHHX MiKpoMepex xopiokamimnspis [1].

BikoBi 3MiHH BHOCUTH HacamIepel HaKOIHU-
YEHHsI CBITJIOUYTJIMBUX T4 XEMOPEAKTUBHUX MOJIEKYJI
y kiituHax [1IEM Ta y cyGemniTeniaabHOMY MPOCTOPI.
JlimopycumH, KIIOYOBHH  Mapkep  KIITHHHOTO
«3HOCY», 30aradyerbcsi Oic-peTHHOIZaMHU, cepen
skux A2E — doToceHcuOinizarop, o mocuiroe Te-
PEKHCHE OKMCHEHHS JIMiAIB Ta HOIIKOHKEHHS MEM-
Opas mix miero cuHpOTO cBiTina. CydacHi Moseni "cra-
pianast [TIEM" npsimo HaBaHTaxyioTh KmituHE A2E, a
MOTIM OIPOMIHIOIOTh CHHBOIO CMYTO0, OTPHUMYIOUU
TUIIOBI CHUTHATYPH MITOXOHJPIaJbHOTO  CTpPECy,
PO3'€IHAHHS TUXAILHOTO JIAHIIOTA 1 3ari0eITb KIITHH
- 1151 EKCIIEpUMEHTAJIbHA JIOTIKa JeTajJbHO PO3idpaHa
y Marie i cmiBaBT., a Takox B orisiax Jxaner Crep-
POy; KJIIHIYHO BOHA Y3TOJDKYETHCS i3 IMiJBHIICHOIO
ayTo(]II0OpECIEHITIEr0 30H, CXMIIBHUX J0 reorpadid-
Hoi aTpodii. Nature Ha piBHI mo3akmiTHHHHX BiIKIa-
JICHb BiK Hakomuuye B MeMmOpaHni bpyxa cxmansi ii-
MOTIPOTEIIHI arperaTH - BiJ 0a3albHUX JiHIHHUX Je-
MO3MTIB 10 M'Akux npy3iB. Pobotn Kpicrin Kypuo i
Maiikna /{»xoHCOHA MoKa3aiy, 110 1€ HE «BUIaIKOBE
CMITTSI», a pe3yJbTaT «BINMOBIAi-HA-YTPUMAHHSI»
anoB-uacTok, 1m0 MicTATh, OaraTux edipaMu xoJec-
TEpUHY; LIUM MOSCHIOIOTH 1 «MacisHy IuiiBKy» (oil-
spill) Ha Bpyxy, i rigpaBiiuHy «KOPCTKICTb» 0ap'epy,
IO TOripirye oOMiH BOJIY Ta PO3YMHEHHX PEUOBHH
Mmix [TEM Ta xopiokamimsapamu. [1i3Hi Mopdomoriani
Ta XiMiuHi nocmimpkennas Kypuo, Pynonsda ta cnis-
aBT. KapTUPYBaJI BUCOKY KOHIIEHTpalilo ectepudi-
KOBAaHOTO XoJiecTepuHy B bpyXy Ta npro3ax mMakyiu,
TIPSIMO TIOB'SI3YI0UH JIIIIAM3ALIi10 3 TOPYLIEHHIM Tpa-
HCTIopTy uepe3 Gap'ep [2].

Jpy3u — He nu1e Iinian: y Hux cTabiapHo 3Ha-
XO/IITh KOMIOHEHTH CHUCTEMH KOMIUIEMEHTY, OLIKK
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cTpecy Ta MoauGikoBaHi (B T.4. IITIKOBaHI Ta OKHUC-
JIeH1) O1JIKH, 10 CMiB3BYYHO 3 TiNIOTE3010 3amanbHOi
NPUPOJM PaHHIX CTajaill BIKOBOi MakyjaoaucTpodii
(BM). Knacuuni po6oTtr Xaremana i KoJier, a HoTiM
cepis reHeTHYHUX pociipkeHb 2005 poky B rpymnax
Xettaca i KistitHa mokasaim neHTpalbHy pOJib Bapia-
HTa Y402H B reni ¢akropa H xommiementy (CFH)
SK BEJIMKOTO AeTepMiHaHTa pm3uky BM/JI i Tpurepa
Hea/leKBaTHOI PETyJMii aJbTepHATUBHOTO HUIAXY
KOMIUIEMEHTY Ha iHTep¢eiici. HactymHi ¢pyHKIiOHA-
JIBHI eKCTIEPUMEHTH Y JIaHIOBCHKOTO Ta CITiBaBT. ITi-
nrBepawnn, mo Y402H nilficHo Beme n0 maToNOTii
tuiry AMD in vivo, mornuOuBIIN MEXaHICTUYHY 3B'S-
3Ky I'€HETHKH i MOp(OJIOTii.

[opymenns oominy B [IEM npu crapinzi Mae
BJIaCHY MHaMIKy: 3MEHIIEHHsS e(eKTHBHOCTI (aro-
IIUTO3Y IUCKIB 30BHIIIHIX CErMEHTIB, HABAHTAKECHHS
J30Cc0M, 3CyB peIOKc-OalaHcy, 3MiHa JIMiIHOTO
CKJIaqy MeMOpaH Ta 3HIKEHHS IDIACTUYHOCTI MiTO-
xoHapiampHOi Mepexi. lllTpayc migkpeciroBas, mio
ITEM onmHOwacHO hopMye 30BHIMTHINH TeMaTOpeTHHA-
npHHAN Oap'ep 1 00cIyroBye MeTabOMiuHI MOTpedH
¢doropeuenrtopis; Bynb-sika 3aTpuMKa TpaHCIIOPTY
(Boma, 10HHW, PETUHOIIM, XOJECTEPUH) MO OOHIBA
OOKM emiTeNil0 TEePeTBOPIOETBCS HAa XPOHIUHY
«XBUIIIO 3aTPUMKMY, 1¢ IIEM Bxke He cripaBiisieTbes 3
(doropeuentopHuM «cHiromagom» auckiB. Came
TOMY «KUPIHHS» bpyXa Ta qpro3oreHes JOTiYHO € Cy-
cizaMH 3 TpaHYJIOMETPHYHUMH Ta O10XiMIYHHMHU
O3HaKaMH nepeBaHTaxeHHs JtizocoM [IEM, a moTim i
3 nokaiabHOI0 3arnoenno ITIEM, sika KiIiHIYHO MaHi-
(hectye reorpadiuHOO aTpodiero.

Ha MonexynspHOMY piBHI CTPIDKHEM IaTOJIOTI-
YHHX TOJil 3aNHIIaeThCsl OKCHIATUBHUM cTpec. Bu-
COKE CIIO’KUBAHHS KHCHIO, IHTEHCHBHI MIOTOKH (hOTO-
HIB 1 ITOCTIMHE OKUCJIECHHS IOJIHEHACUYEHUX JilliIiB
CTBOPIOIOTHh y MaKyJIi i/ieajibHe CEPEIOBUIIE IS Pe-
aKkTHBHUX (GopM KucHio. Knacuuni orssiu bitti, bo-
yIITOHA 1 KoJyer mie Ha moyarky 2000-x dopmaitizy-
BAJIM 1[I0 «OKHUCIIOBaJbHY Te3y» BMJI, a mi3Hi po-
6otn Ixappert i boynrona cucremarnszyBainy Hac-
migku s [TEM 1 citkiBku: nomkomkenas MTJHK,
JUCQOYHKIS AWXAITBHOTO JIAHIIOTa, HAKOIMYCHHS
nurody BiIMOBIIEH, aje 3a BUCHAXECHHS Pe3epBy —
BXiJ y muisx anomntosa/deppomnrosa. [TopiBHIHO He-
naeHi ornsan Datta-Handa ta Bellezza po3ummpuim
KapTy JI0 KpOC-CTPYMIB i3 3amaneHHsM, NOKa3yl4H,
AK  aHTHOKCHAAHTHI  Mepexi Ta  ayrodaris
(p62/Keap1/Nrf2) y IIEM TpumaroTh «KpHIIKY» Ha
Npo3analibHUX Kacka/laX, MOKH Pecypcu He BHYEp-
nani. Excriepumentasnbui mozaeni 3 A2E meMoHCTpy-
I0Th (POTOCEHCHOLTI3AI0 CHHIM CBITIIOM Ta IOCH-
JICHHSI MITOXOH/IpiaJIbHUX YIIKO/PKEHb — MIPSIMUH Mi-
CTOK BiJ] «IIMOQyCHINHOBOTO CTapiHHM» 110 3arubeni
IIEM [3].

MiroxonapianbHa quchyskuis B [IEM - He npy
rops/JHa JIeTanb, a paHHs Touyka Oidypkauii 11 BU-
xoay B atpodiro. [lopymeHHss THHaAMIKH MiTOXOHA-
piii, OKHCIIEHHS KapaioJiliHy, po3'eTHAHHS Ta BTpaTa
MeMOpaHHOTO MOTEHIIady BeAyTh A0 3HIKEHHA [3-
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OKHCJICHHSI Ta CHEpreTUYHOro 3abe3rnedeHHs ¢aro-
LIUTO3Y, 1110 3aMUKa€ OPOYHE KOJIO «HETlepeTpaBIie-
HUX) 30BHILIHIX CETMEHTIB, 3pOCTaHHS JIINOQYCIMHY
Ta XpoHIYHOTO 3ananeHHs. HemionasHi 3BeneHi po-
6oty npo crapinss [IEM Ta poss MiTOXOHpI# miaK-
PECITIOI0Th, IO CaMeé TYT 3YCTPIdaroThCSH PEmOKC-
CTpec, HAaKOITMYeHHsI Oic-peTHHOIIIB Ta JiITiJHi Iepo-
KCH/IH, & TAKOK METAa0OIIITHE TIePEBaHTAKECHHS.

3amanpHi KaCKaIy Ta IUTOKIHU «BIIUTH» y TKa-
HUHHY TKaHuHy BMJI: KOMIJIEMEHT aKTHMBOBAaHUU
JIOKaJBbHO Y API03ax; MIKPO- i Makpodaru Mirpyors
y cyOperuHansHuid nmpoctip; IIEM nounnae excnpe-
CyBaTH npo3anajibHi Meaiatopu. Pobora Sennlaub ta
koJter mokazana HakonudeHHs CCR2+ MOHOIUTIB y
CyOpeTHHAJIBHOMY TIPOCTOPI Y MalieHTiB 3 aTpodiu-
Horo BM/I ta migsumenns CCL2 B o11i, [0 paMKOBO
TIOSICHIOE XPOHI3allil0 MaJIOCHMIITOMHOTO 3aIlajieHHs
3 HeliporokcmuHuM mnoteHmianoM. Ormsn Tan Tta
cuiBaBT. mo's3aB TGF-f-, TNF-a- Ta VEGF-3anexHi
[OUIIXH Y PO3BUTKY XOPioiNalbHOI HEOBACKYISIPH3a-
1ii; KIHIYHI CIIOCTEPEKCHHS BKa3yIOTh Ha IIiIBHIIIC-
Huit TNF-a y ckimonmomiOHOMY Tii mpH «BOJOTii»
BM/I Ta moTeHIiiiHy poJib LOTO IIUTOKIHY Y PE3UC-
TeHTHOCTI 10 aHTU-VEGF. ¥ peTnHansHOMYy eHI0OTe-
71 GaraTOpiBHEBI BIAMOBIAI HA IUTOKIHU 3MIiHIOIOThH
NPOHUKHICTh Ta MIATPUMYIOTh 3anajibHUN (eHoTHI,
IO POOUTH CYAWHHY CTIHKY aKTUBHHUM YYaCHHUKOM
HaTOreHesy.

['eHeTHYHI YNHHHUKH CHIaIKOBUX AUCTPOdiii ciT-
KiBKH JIalOTh 1€ OJHY OIIOPY PO3YMIiHHS BpPa3IHBUX
BY3JIiB KIITHHHOI iziomorii. Kitacuana «tpiama» Xa-
prouT-bepcon-/paiis B orisaai Mo peTuHITaM Irrme-
HTHHM 3BeJIa PI3HOPIiIHI KIHIKA 10 3aTajJbHUX M-
XiB 3armbeni MaJMYOK 1 MOJANBINOI BTOPHUHHOI
BTPAaTH KOJO, MOKa3aBIlH, 10 AePeKTH (hoToperen-
TOpHHUX OLJIKIB TpaHCAYKLIi, TUCcKa-0ioreHe3y i camo-
niaTpumytots crpykryp. CriBen [aiirep Ta koneru
I'PYHTOBHO NPOCTEXWIH «IiaHamapT» RP-renis, mij-
KPECJIIOI0YH FeHETHYHY T'€TepOreHHICTh Ta alleIbHUN
KOHTHHYYM (enotumiB. [yt GpyHIaMeHTaIBHUX Ma-
KyJomnariii crana pobora Parno Anikmerca, o BiIK-
puna ABCA4 sk xirrod 1o xBopobu Craprapara; Tu-
coyHukuis BogsHoro Oimka ABCA4 mopymrye oum-
meHH (DOTOPEUENTOPHUX TUCKIB BiJl PETHHOIMIB,
BeJIc 10 HAKOIMMYCHHS Oic-peTHHOIMIB (BKIIOYAIOUH
A2E) Ta paHHBOTO «3TOPSIHHA» MaKynH [4].

BM/I y rutaHi CXHIIBHOCTI — 1 IIEPEBaXKHO I10-
JIreHHA 1CTOPIs 3 BEJIMKUMU BKJIAIHUKAMH Yy JIOKyCax
kommiementy (CFH, C2/CFB, C3, CFI) ta obnacri
1026 (ARMS2/HTRAT1). ITicast moyatkoBux pooit
2005 poky (Kunsiin, Xeitnc) meta-ananizu MixHapo-
JTHOTO KOHCOPIiyMy 3 TeHeTnkn BMJI miarBepmvmm
LIMPOTY BIUIMBY KOMIUICMEHT-TIOB'SI3aHUX BapiaHTIB,
a JOCIIJKEHHS 3 PiIKICHUMH PEKOMOIHAHTHUMH Ta-
IUIOTUNIAMU 3BY3WJIU NPUUUHHY poib 10 ARMS2, a
we HTRA1, npuHaiimHi.

OynkunionansHo Bapiantn CFH (Brimowaroun
Y402H) 3MiHIOIOTH 3B'SI3yBaHHS 3 remapaHocyibda-
tamu Ta CRP Ha moBepxni bpyxa/I[IEM, mo migsu-
IIy€ JIOKaJbHY aKTUBHICTh KOMIUIEMEHTY; MUIIadi
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mozeni 3 «omoanennm» CFH nemonctpytots AMD-
NoAiOHI pyCH, 3MIIHIOIOYH TPUYMHHICTE. L{i pe3yib-
TaTW CTAaBISTH KOMIUIEMEHT Ta MIiKpoO3amaleHHs 10
HeHTpy matoreHesy BMJI, moscHIoYM 1 KIIiHIYHI
acoriamii i3 CHCTEMHHMH 3allaIbHUIMHU MapKepamH.
CynnHHI MeXaHi3MH MOETHYIOTh OB oci — mepdy-
3iifHy Ta aHTioreHHy. Ilepma - e mocTymoBa BTpara
KaIlJIIPiB XOPIOKAMILIIPHICY, OCOOIMBO B OOIACTSIX
i1 1 HABKOJIO APY3iB i 30H reorpadivaoi aTpodii.

Jpyra Bich — TiMOKCifg-iHAYKOBaHa HEOBACKYJIS-
pusamis. Y rimokcnyanx ymoBax HIF-1/2 aktuByrots
excripecito VEGF-A Ta psity npoaHrioreHHUX (ak-
TopiB; pyHmameHTanbHi podot CeMeHIl omucaiu
el yHiBepcaJbHUIT KUCHEBUI natuuk, a [litep Kam-
nokbsipo Ta Hanoneone ®eppapa nosenu « VEGF-no-
TMY» 10 KJTiHiKH, ToKa3aBiiy, mo came VEGF — ro-
JIOBHHH ApaliBep NaToJIOTiYHOI MPOHUKHOCTI Ta HEO-
BacCKyJIsIpH3alii y CITKIBII Ta CyJUHHIA OOOIIOHII.
Bnokana VEGF pagukambHO 3MiHMIIA IPOTHO3 «BO-
moroi» BMJ] Ta niabeTwdHOI peTHHOMATII; MpH
I[bOMY TIMOKCisl 3aJIMINAETHCS MEPIIONPUINHOIO, a
critikicte 1o aHTH-VEGF Ta (hi6po3 mosicHOOTBECS
cynytHiMu nuixamu (PDGF, ANG/Tie, TGF-B) Ta
KIITHHHUMH areHtamu (Mikporist/Makpodaru) [5].

CyuacHi OTJIsId HaroJomyrTh, mo HIF-1/2 mi-
I0Th YaCTKOBO Ha/IMIpHO; iHriOyBaHHS 000X (hakTo-
PIiB y MOJEIAX Kpallle 3amo0irae HeOBaCcKyJIpHU3allii,
HDK TapreT oanoro. L{i gaHi TiATPUMYIOTh KOMIUICK-
cHi cTpaterii "Buie 3a Teuiero" Bix VEGF, ocobmmBo
B iIeMiYHAX (heHOTUMAX.

I'emaTopeTrnHamsHUIT Oap'ep e 0JHa HEOOXiTHA
nepcneKTrBa. Y KIacnaHux podorax Kynsi-Ba3za mu-
(hepeHmifioBaHi BHYTpIMIHIA (CHOOTENIH pETHHAID-
HUX KaiJIApiB i3 MITFHIMH KOHTAKTaMH) Ta 30BHIIII-
Hiit (MoHomap ITEM) Gap'epu; iXHs LUTICHICTH BH-
3HaYyae, Yd MPOHUKHYTH TIA3MOBI OLTKH 1 BOJa B CIT-
KiBKy. B yMOBax XpOHIYHOro 3amajeHHs Ta Tinokcii
nuTOKiHM, BKItoYaroun TNF-o, mopymyoTs TpaHce-
nitemianeHui onip [TEM Ta minBuILyIOTh CYyAMHHY
MPOHUKHICTB; 11¢ OCOOJIMBO MOMITHO TIpH JliabeTny-
Hill peTHHOMATIi, ¢ «po3repMeTH3amis» Oap'epy €
MEPBUHHUM MEXaHI3MOM MaKyJISIPHOTO HAaOPSIKYy.

MeTabosiuHi Ta CHCTeMHi (PaKTOPH MOCHITIOIOTh
Ta MPUCKOPIOIOTH JIOKAIBHI KAacKaau JICTIOHYBaHHS,
3amayieHHs Ta Timokcii. Jliaber BimkpuBae winuid
(POHT MOJIEKYJISIPHUX YIIKOJKEHb - BiJl Tinepriike-
MIYHUX UUIXIB (roJionoBuid muki, akrusaiis PKC,
TeKCO3aMiHOBUH MIISIX) IO ITOCHICHOTO YTBOPEHHS
KiHIIeBUX MPoAyKTiB riiikyBaHHs (AGEs) Ta okuciro-
BasibHOTO cTpecy. Orusin AHToHerti, Knaiina ta I"ap-
nHepa y NEJM akiieHTyBas, 1110 [ia0eTHYHA PETHHO-
maTiss — He JIMIIe MIKpOCYJHHHA XBOpoOa, a i Hei-
pozereHepanisi 3 paHHIMH TOPYIIEHHSIMN HeWpormii
ta [IEM; came AGE-iHykoBaHa TOKCHYHICTB 4Yepes3
peuentop RAGE, axtuBamis 3anmaJbHUX NUISIXIB Ta
po30upaHHs IIUTBHUX KOHTAKTIB EHAOTENII0 IOsC-
HIOIOTb MiJBHIIEHY NMPOHHUKHICTH Ta CXWJIBHICTH 10
HaoOpsiky. [TapanensHo, AGEs BigkIagatoThCs B MEM-
Opani bpyxa ta npy3iB nmpu BM/I: [mu6aci ta koneru
MepIIMMH  TI0OKa3ainu iMyHopeakTtuBHiCTE CML y

Bpyxy Ta M'sikux Iprosax, a eniJieMiosIoriuHi 1aHi mo-
B'si3yroTh 1upKyiroodi AGEs 3 pusukom BM/J] y mi-
THiX. [lel «comoakuii» CIif JOMOBHIOE JIMiAHY Ta
KOMIUIEMEHT-3aJIe)KHY OCi, ITOKa3ylouH, SIK CUCTEM-
HUH MeTaboMyHMH JucOataHC HEeperpolye JoKa-
JbHI MATPUKCHI Ta KINITHHHI Mepexi Makymnu [6].

Hiaberrmunanit VEGF-mkBan - 3akoHOMipHHUH
pe3ysbTaT TIMOKCii depe3 Hemepdy3iro KamisipiB Ta
nepuruTapHoi BTpaTth; came VEGF-3anexna mpoHu-
KHICTh Ta MPOAHTIOTeHEe3 JeKaTh B OCHOBI IpoJIide-
patuBHOi peTHHOMATIi Ta HiabeTHYHOTO MAaKYILIp-
HOTro HaOpsKy. JlocmiKeHHs moKa3alu IiABUIICHHS
VEGEF y pinuHax oka Ta nepekoHalu KIiHIKy B ede-
ktuBHOcTi aHTH-VEGF mnporn mnponidepaTuBHux
¢dopm DR; pazom 3 Tum «memisy rinokcis — VEGF
— Henepdy3sis — TiNoKcis poOUTh XBOpoOy camo-
MATPUMYETBCS, 1 ToMy TpuBaia cynpecis VEGF
MIPOTHO3HO HEOOXiHA, aje He 3aBKAN JOCTaTHS.

AptepianpHa TiIEpTEeH3IS Ta aTEpOCKIIEPO3 —
I1e 1Ba BeJUKi cucTeMHi Monugikatopu. Orisian Bo-
gra i Mituemna B NEJM 1 The Lancet onmmcanu 1inuit
CIIEKTP MIKPOIMPKYIATOPHUX PETHHAIBHUX O3HAK
rinepToHii — Biji TeHepai30BaHOTO 3BYXKEHHsI apTe-
piit 10 apTepioBEeHO3HMX MEpexXpecTiB — Ta IX IiH-
HICTB SIK IPEIUKTOPIB IHCYJBTY Ta CEPLEBO-CYANH-
HOI cMepTHOCTI. J{J11 MaKkynu 1ie o3Havae, 1o XpoHi-
YHE MiJBULICHHS THCKY Ta PEMOJEIIOBAHHS CYJHMH
HOTIPIIYIOTh NepQy3it0 XOpioKaniispiB, TOCUIIOIOTH
OKHCJIIOBAIBHHUI CTPEC €HIOTEIII0 Ta IPUCKOPIOIOTh
«apetip» no imemii ITEM [7, 8].

ATepockiiepo3 Ta IUCIIMAEMis KOPETOITh 13
JOOOBAM Ta JOBIOCTPOKOBHM JAe(iUTOM KpOBO-
ToKYy; B cucteMi «[IEM-Bpyx-xopiokanimsipm» e Ma-
TepiaNi3yeThes K MPUCKOPEHE HAKOMMYCHHS JiITiIiB
y bpyxy Ta pusuk «macisiHol ruiiBkny, onucanoi Ky-
puo. Tomy xpoHiuHi cyanHHI (paKTOpu — Lie He TJI0,
a «IiICKITIOBAaYi» BCIX TPHOX OCEil MaToreHesy: Jerno-
HyBanHs (nminigw/AGEs), 3ananenHs (komiuie-
MmeHT/1iToKiHM) Ta rinokcii (HIF-VEGF). Skmio mo-
B'sI3aTH BCl HUTKH, TO BIKOBa MaKYyJIsIpHA JiereHepailis
Ta iHmi GopMu JereHeparlii CITKiBKH MPOSBIAIOTHCS
SK «BY30J» MEXaHI3MiB, 10 TepeTHHaroThes. Cra-
pianst [IEM Ta Bpyxa depes mimodyciuH Ta Jinompo-
TEIHI IETO3UTH MiABUINYE PEIOKC-ypa3IuBICTh Ta
3HW)KY€E TpaHCEIITeaJbHUI TPaHCIOPT; KOMILIe-
MEHT Ta CyOpeTHHAIbHE 3aTy4CeHHS MOHOIUTIB MiAT-
pumMyroTh HU3bKOpiBHEBe 3ananenHs; DICER1-nedi-
it T2 Alu-PHK MOXYTh JIOKaIbHO «ITiIATIOBATH
aTpo¢ivHi BOTHHMINA; BTpaTa KaIIIpiB XOpioKamiss-
PiB Ta 3HIKEHHS NepQy3ii MOCKITIOITH TIMOKCI0, aK-
tuytoun HIF ra VEGF; HeoBackysspu3altisi, HaBiTh
Oynyun ctpumanoro aHtu-VEGF, 3ammmae micis
cebe (hibpo3 Ta cTilKi EHOTUINH MPOHUKHOCTI.

MerabomiuHui CHHAPOM, AiabeT, rinepTeHsis Ta
aTepOCKIIEPO3 MIPUCKOPIOIOTH KOXKEH 3 IIMX KPOKIB Ye-
pe3 AGEs/RAGE, okcupaTtuBHE Ta SHIOTENialbHE
3anajeHHs, pEMO/ICIOBAHHS CyIMH Ta JIMAHUHA JTU-
cmetabomizm [TEM. V miii cucteMi KOOpAWHAT HE JIH-
BHO, IIIO JIOCIIJDKEHHsI, pO3MOYaTi 3 «OoAHiel MoJe-
kymn» (A2E, CFH, VEGF), B pe3ynbrati cXomsaTbcs
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B TIOJIIMEPEIKEBIH MOJIeN, e e(peKTUBHI BTPpyYaHHS
azpecytoTh By3nu - aHtu-VEGF mns HIF-rinku, an-
TUKOMIUIEMEHTHI MIXOAN AJIS 3amaibHoi 0ci, MOAY-
JSITOPH MITOXOHZPIH Oap'ep- Ta MaTpPHKC-OPiEHTO-
BaHi cTpaTerii, 0 BPaxOBYIOTb TiJpPaBIiKy MeM-
Opanu bpyxa Ta o6min [IEM. Came Taka 3B'si3k0Ba
MePCIEeKTHBA — BiJ MOJIEKYJ i TeHIB 10 TKaHUH i CH-
CTeMHHUX (DaKTOPiB — CHOTO/HI BU3HAYAE HECIIIIHY,
aje TOCTIIOBHY €BOJIIOIIO YABJICHD IPO MAaTOTEHE3
JIeTeHepaIliil CiTKiBKH 1 MOsICHIOE, YOMY KIIiHIgHI (e-
HOTHUIIHM HACTUIFKA PI3HOMAHITHI, a TEPAleBTUIHI Bi-
JUIOBII 3aJICKATh BiJl TOTO, IKUH 3 KACKaJiB JOMIHY€
Yy KOHKPETHOT'O TMAaIli€HTa.

Cy4yacHa METOZHOJIOTISI BHBYEHHS Ta JiarHOC-
THKH JIET€HEPaTUBHUX 3aXBOPIOBaHb CITKIBKU Oyay-
€TBCSl HA «MYJIBTUMOJAILHOMY» CHUHTE31 MOpQOIIo-
rii, CyANHHUX KapT, eIeKTpo(izionorii Ta MolIeKyJIs-
pHOi Bamigamii. OnTHYHAa KOTepeHTHa ToMmorpadis
cTana GyHIAMEHTOM: Ie B KIACHYIHIA POOOTi Tpymn
Ixefimca @ymxumoto i leBima Xyanra Oyna moxa-
3aHa MOXKJIMBICTh O€3KOHTAKTHOI MiKpOMETPOBOI Bi-
3yauizanii BHyTPIIIHIX peTHHAJIBHAX IIapiB 32 IPUH-
IIUTIOM HU3bKOKOTePEHTHOT iHTephepoMeTpii, 110 o-
pa3y 3poduno ['KT «ynpTpazBykoM ohTanbsMoIorii»
3 MO30BXKHIM a03piBanHAM. 107'° Bix maaarwdoi mo-
TykHOCTI cBiTia; Hactymui ormsinu (I"abpiene, Jpe-
Kenep, OymKUMOTO) JieTallizyBajly alapaTHi Ta aro-
PHUTMIUHI OCHOBU METOAY Ta HOTO €BOJIIOLIIO 10 Clie-
KTpaJbHOI Ta SWept-source apXiTeKTyp, siKi CbOTOHI
JIO3BOJISIIOTE  CETMEHTYBATH 3OBHIIIHI PETHHAIBHI
cmyrn, MeMOpany bpyxa ta [IEM, KinbKicHO BHMi-
proBaTH 00'eM Jpy3iB Ta TOBLIMHY 30BHIIIHBOTO SIIC-
pHoro. IIpopuBom npyroro nopsaky crana OKT-an-
riorpagis: po3poOmeHuit B OperoHi anroputM
SSADA (Slni 131 Ta cmiBaBT.) MiJBHUINUB BigHO-
IICHHS CUTHAJI/IIYM Y AETEKIii MOTOKY Ta J03BOJIHB
0e3 KOHTpAcTy KapTyBaTH KamuIsApHI CIUIETEHHS CiT-
KIBKM Ta Xopiokaniuispuc; orisau Piuapaa Craiine
Ta MOJAJIBIII METa-aHANITHYHI 3BEICHHS I0KA3alu
[[IHHICTh TOIIAPOBOTO aHAJII3Y 1 Pa30M 3 TUM MiIKpe-
CJIVUTH BPA3JIMBICTh METOY JI0 apTe(aKTiB CerMEeHTa-
111, IPOCKIIIfHNX TiHEH Ta BIUIMBY IMOMYTHIHb cepe-
JIOBHIII, III0 BaYKJIMBO TPH MOHITOPHHTY IiaOeTHYHOT
perunomnatii, BM/I Ta okIr03HOTH. (hIrOOpecleHTHA
aHriorpadis: 3 MOMEHTY TepmIux 3HIMKiB HoBOTHH
ta Engica (1959-1960) ®DA crana KIiHIYHUM CTaH-
JIApTOM OLIIHKH BHTOKY, 3aIIOBHEHHSI Ta «BIKHA» Jie-
(heKTiB; MOMOBHEHHS IHAOI[IAHIHO-3CJICHOK aHTiOT-
padiero, IPOoCyHYTOIO B KIIiHIKY rpynamu Criakropa i
SIHHYZA31, pO3UIMPWIO Bi3yali3alilo XOpioigaJbHOTO
pyciia i yMOXKJIMBWIO BepH(DiKalio NOMiNnoiqHoi Xo-
pioimampHOT BaCKyJIOMATIl Ta MPUXOBAHUX HEOBACKY-
nsapHux komiiekcis mig [TIEM [9, 10].

Kpurnuno BaxnmBuii i ¢pyHknioHansHuit 2022
(PobcoH Ta cniBaBTOpH) J1a€ CyMapHY OLIHKY CTPHXK-
HEBO-KOJIOOYKOBOI (PyHKIIT Ta J03BOJISE BiPI3HUTH
TeHepaNli3oBaHy AUCQYHKIUIIO MPH CIAAKOBUX JUC-
Tpodifx Big JOKATbHOI MAaKyJISIpPHOI MAaTOJOTIi;
mfERG no onornennio ISCEV 2021 (Xoddmans,
bax Ta iH.) kaptye 61/103 nokanpbHUX BiAMOBIACH i
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KOPUCHUM NIPH TOKCHYHUX PETUHONATISAX 1 paHHIX
3minax makynu; PERG 3a cranpaprom 2024 (Tomn-
COH i CIIIBaBT.) BUOIPKOBO TECTYE T'aHIITI03HI KIIITHHA
1 MakyIsIpHY (YHKIIiFO, TOTOMAararouu AudepeHiito-
BaTH MaKyJIONAaTilo Ta Helponarito. Benuka cepist En-
BiHa Ctoyna (n?1000 marieHTiB) moka3aya JiarHOC-
THYHY 9yTIMBICTh TapreTHuXx NGS-nmaneneit >75% 3
MIPUPOCTOM TPH MOETAITHIN CTpaTeriil; IpakTUIHI pe-
komeHmanii AAO ¢ikcyloTh MOKa3aHHSA 10 TECTY-
BaHHS 1 MiJKPECTIOI0Th HEOOXiTHICTH TEHETHYHOTO
KOHCYJIbTYBaHHS, a CydacHi poOOTH BKa3ylOTh Ha
BHecoK CNV i HEOOXiJHICTb PO3MIMPEHNX METOMIB
(WES/WGS) y HeratuBHux BHmaakax. Ha Tepames-
TUYHOMY T10JIi aHTHOKCHAAHTHA NMPOQIIAKTHKA CITH-
paetbes Ha nBoetanHy 6a3y AREDS/AREDS2 cra-
THUCTUYHO Kpalle rajbMye nepexin ao mizapoi BMJ]
Ta 3HWXKYE PU3HK paKy JIEreHi y KyplliB; pojb JII€TH-
YHUX NMATEPHIB MOCUITIOETHCS JAHUMH IIPO MEJUTEPa-
HCBKHUH paIfioH Ta Horo acorfiariro 3 OiJIbII TOBiTb-
HOIO JUHAMIKOIO reorpadiqaoi arpodii B momaHami3
AREDS?2 [11-14].

Jns HeoBacKymspHUX (OPM CTaHAAPT 3aJalH
iarioitopu VEGF: MARINA/ANCHOR 3 paHi6i3y-
MabOM MPOJEMOHCTPYBAJIM HE JIMIIE 3ano0iraHHs
BTpartam, a i cepelHiil IpupicT rocTpoTH 30py; aduti-
Oepuent mnoka3aB HEiH(EPiOPHICTh 3 MOMKIIUBICTIO
HEepexXoay Ha PEXKUM 8W IiciIs TPhOX 3aBaHTaXKyBa-
JBbHUAX 1H'€KI[ifi, 3HM3UBIIM I1H'€KI[iiHE HaBaHTa-
JKCHHsI; HOBI MOJIEKYJIH PO3LIMPIOIOTH apceHan -
oicrrerudivnmii papunmumad (anturino 1o VEGF-A i
Ang-2) mo TENAYA/LUCERNE migrpumye iaTep-
BaJ 10 16 TIWXHIB PH NOPIBHIHHINA €PEKTHBHOCTI,
TOIi SIK OpOoNymu3ymMad NPOISMOHCTPYBAaB BHCOKY
«CYIIUTHY 3TATHICTh LIHOK TUCKYCIH MpPO Oe3MeKy.
MOHITOPHHTY PU3UKY. Y MiaOeTHuHill peThHOmATIl
antu-VEGF-miaxin craB anpTepHATHBOIO MaH(oOKa-
JpHOT Koarysuii: y nporokosii DRCR.net Protocol S
pani6izymab BusiBuBcs He ripimm 3a [TPK 3a 3ip Ha 2
15 pokax npy MEHILi{ BTpaTi M0JIsi 30py Ta MEHIIOMY
pusuky JIMO, mpore BHMaraB BHCOKO{; KIiHIIUCT
MOBUHEH OajlaHCYBaTH MiX JIOBFOTPUBAJIOI0 KOM-
IUTACHTHICTIO Ta TpodiieM YCKIaTHeHb mpoiidepa-
mii.l'eHOTEepatmis nepeinuia 3 KOHIENIi B IIPaKTHKY:
B OPTOJOKCaTbHO-MOHOBapiaHTHiN Mozeni biallelic
RPEG65 3amicHa AAV-Tepamis B mociikeHHAX Pa-
cceiuia, Maryaiipa Ta KOJIer moKpaiyBajia QpyHKI[io-
HaJbHUi 3ip no ML; perynstopHi orssau FDA miar-
BEPAMJIM KOPUCTh Ta OKPECHIWIIU TUIaH Harmsiay. [la-
pajienbHO PO3BHBAETHCS ONTOreHeTHKa: B Nature
Medicine (Caxesb Ta CIiBaBT.) BIIEPIIIE Y CIIMOTO Ta-
uiedTa 3 PIT Bgaiaocst JOMOITHCS 4aCTKOBOTO BiJJHOB-
JIeHHs 30poBoi QyHKIIT micns ekcrmpecii ChrimsonR
y TAaHITIO3HMX KIIITHHAX Ta TPEHIHTY 3 MiICHITIOBAIIb-
HUMH OKYJISIpaMH, IO BIAKPUBAE IUIAX ISl «TE€H-HE-
3aJIKHUX» CTpaTerii.

KnituaHI TexHONOTIT — TpaHcaHTamis [IEM —
npoinum pyoixk Oe3meku: cepis lIBapua Ta criBaBT.
MoKa3ajia cepeIHbOCTPOKOBY nepeHocumicts hESC-
RPE y namienTiB 3 arpodigaoio BM/I/Crapraparom,
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a imkeHepHuit Monourap ITEM Ha nmapuieHoBil MeM-
OpaHi J0AaB MPUHIIMI TKAHWHHOT ONIOPH, 1110 HATaaye
MeMmOpany bpyxa, i OyB iMIUIaHTOBaHMH CyOpeTHHa-
JIbHO 3 aHATOMIYHOIO IHTETPALI€I0; CYyYacHi OTJISIN
CUCTEMATHU3YIOTh Ypoku BukuBaHHa IIEM Ha «crta-
piit» MemOpaHi i BKa3ylOTh Ha BaXJIUBICTh KOHIHIIi-
IOBaHHS MaTpUKCy. JIazepHi Ta Xipypriufi MeToIu He
BTpAaTHIIN 3HAUymocTi [15].

Jns niabeTHIHOTO MaKyJIsIpHOTO HaOpsKY Ta
IIAP icropuuno BamizoBani ETDRS-minxomu: doxa-
JIbHA/CITYAcTa KOATYIALIS Pi3KO 3MEHITYE PU3HK I10-
MIpHOi BTpaTH 30py IPH «KIIHIYHO 3HAYYIIOMY»
JAMO, a naHpeTHHaJIbHA KOATyJILis 3aJHINA€THCS
HapKHUM KaMeHeM IpH Brucokopusukosii I1/IP i ve-
nepeabadyBaHoOi KomILIa; B enoxy aHTu-VEGF poins
Ja3epa 3MicTuiiacst 10 aa'lOBAaHTHOI Ta «CTPAaxOBOI».
Jus BMJI doromunamiyna Teparis BeprenophiHoM
ICTOPHYHO CIIOBUTBHIOBAJIA BTPATY 30PY IPH IIepeBa-
)kHO KinacmuHii XHB, ame Oyma BuTiCHEHa aHTH-
VEGF. CyO6mnoporoBuii MiKpoITyJIbC IOBiB Oe3MeKy Ta
KOPHUCHICTB K «Oiomonymsrop» IIEM mpu IMO Ta
HCT'P, ocobmmBO B CTpATETisAX, MO 3HWKYIOTh 1H'€K-
1iiiHe HaBaHTaXeHH: [16].

BirpeopetunanbHa Xipypris KpUTHYHa IpH
YCKJIHEHUX TMpollipepaTuBHUX cTaHax (remMod-
taneM, TPA), a Takoxx npu cyOMakyIsipHHUX KpPOBO-
BWJIMBAX Ta BiJIapyBaHHs, ajie ii Micie — B ap'epra-
pAi micis BUYEpPHAaHHS MEIMKaMEHTO3HHX Ta Jia3ep-
HHUX OMIiH. 3pemToro, IpodiakTHKa — 1€ JUCIUII-
JIiHa KOHTPOJO ()aKTOPIiB PU3UKY HA CHCTEMHOMY pi-
BHI.

KypiHHs 3anummaeTbes OMHAM 3 HAWOUTBII BiT-
BOpIOBaHUX (DaKTOPIB, IO MiABUIITYIOTH PH3UK BM/]
B 2-3 pa3u 3a JaHUMH MeTa-aHaji3iB i KOroprt, 3 ede-
KTOM «JIO3U» 1 YaCTKOBHM 3HIDKCHHSM PHU3HKY IICIIS
BiJIMOBH; MI€TOJIOTIYHA YACTHHA «IIiPAMIIH» BKIIO-
yae nokazu AREDS2 i 3pocrarounii Kopryc JaHuX
PO MEAUTEPAHCHKHIA PAIliOH, aCOI[iHOBaHHIA 3 MOBI-
JBHUM PO3IIUPEHHSIM Teorpadiunoi arpodii [18-20].

s miabety moka3u piBHS A JEMOHCTPYIOTH,
mo inTeHcuBHUE KoHTpoub riikeMii (DCCT/EDIC)
ta Trcky (UKPDS 38) 3sMeHmIye pu3uk mporpecii pe-
THHOIIATI] Ta MOTipIIEHHS 30pY; 10JaTKOBO CUCTEMHI
niniromoaudikaropu Ty Gperodiopary y FIELD ta

ACCORD-Eye 3nmxyBanu notpedy B Jla3epHOMY JIi-
KyBaHHI Ta rajJbMyBalll NPOTPECYBaHHS IIPH Jer-
Kili/loMipHI# peTuHOMNAaTii, HMOBIpHO, 3a PaxyHOK
IUICHOTPOITHUX MpPOTU3anajibHuX edekTiB. Y cykyn-
HOCTI LIl «MaTpHUIl JIarHOCTUKU Ta BTPYYaHHI» —
I'KT/OKTA pmns mopdo-cyauHHHX OiomMapkepis,
ODA/IKT' A mist AMHAMIKK BUTOKY Ta XOPi0igabHIX
¢enorumis, EPI" g rmob6anpHOl Ta MoKambHOI QyH-
kmii, Ta NGS mns renetnuHoi Bepudikamii — 3a6e3-
rmedye cTpaTudikaiiio pH3UKy Ta IIepCOHAII3aIliio
KIIITHHHI MIXOIH, JIa3ep Ta Xipypris KOMOiHYIOTbCS
i1 KOHKpEeTHUH Oiosnoriynmii npo¢ine namieHra Ta
HMOr0 CUCTEMHUN KOHTEKCT.

Jlerenepariist CITKiBKH — 11 3pUB HEHPOBACKYJIs-
pHOTO TOMeocTa3y, J¢ BiK-3aJIeXKHI HAKOITMYCHHS JTi-
nmodyciuHy Ta OiC-peTHHOINIB, NIMiAM3AIiS MEM-
Opanu bpyxa Ta nucdyHKLisl MIrMEHTHOTO EMITEIi0
3aIyCKal0Th OKCUIATHBHUN CTPEC, MiTOXOHAPIaIbHY
HEIOCTaTHICTh, aKTHBAIIII0 KOMIDIEMEHTIB Ta iH(; Ti-
rorrepdy3ig XopiokaniysipiB Ta rimokcis gepe3 HIF-
VEGF nocuimooTs MpoHUKHICTE 0ap'epiB, HEOBACKY-
ngpuzamito Ta Gidpo3, a peakTUBHI KIITHHH Mro-
Juiepa Ta MIKpOTJIis MiATPUMYIOTh XpOHIYHE 3aria-
JeHHst Ta 3arubens Qoropeuentopis. [lepcrnexTiBu
CIHPAIOThCS HA MYJIBTHOMHI Ta IIPOCTOPOBI TEXHOJIO-
rii, OJHOKJIITHHHY TPAaHCKPHUIITOMIKY Ta iHTErpauito
OKT/OKTA, EPI" ta pinnHaux 6iomapkepiB y Iiat-
¢dopmu cucremHoi OioJoTii; HaIliJIeHI BTpydYaHHs
BKITIOYAIOTh KOMIIEMEHT-1HTi0iTOpH, MITOXOH/Apia-
JBHI cTabimizaTopu, MOIynsTopu ayrodarii, iHrioi-
TOpH (epponTo3y Ta HEHPO3aNaleHHs, a TAKOX TPH-
Bani antu-VEGF/ANQG-2 cxemu. ['enoreparist (AAV,
penaryBaHHs ocHOB/prime-editing), PHK-tepames-
THKa Ta TpaHcIUaHTamis moHomapis [IEM Ta ¢oro-
PEIENTOPHHUX IJIACTIB Ha OIOIHKCHEPHHUX 3aMiHHH-
kax bpyxa noeaHyo0ThCsI 3 MPUCTPOSIMU ITPOJIOHTOBA-
HOT tocTaBkH Ta [I-cTparndikauieto pusukis. [Ipodi-
JIaKTHKa 4epe3 BiJIMOBY BiJl KypiHHs, KOHTPOJb TJIi-
KeMil Ta THCKY, KOPEKIIi}0 XapuyBaHHS 3aJIHIIAETHCS
TaKOI0 K KPUTHYHOIO, SIK 1 IHHOBAIIii.

Indopmanisa npo koHikT inTepeciB

[MoteHmiitanX a00 SBHUX KOH(QIIIKTIB iHTEpECIB,
10 TIOB’sI3aHi 3 UM PYKOITMCOM, Ha MOMEHT ITyOi-
Kallii He iCHy€ Ta He rmepeq0a4aeThCs.
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Mapuenko J.I'., Iloxua A.B. MikpocTpyKTypa ciTKiBKH Ta naToreHes ii AereHepaii.

PE®EPAT. CraTtsa mpucBsYeHa BUBYCHHIO MIKPOCTPYKTYPH CITKIBKH OKa Ta MEXaHI3MiB ii JereHeparrii.
JeranbHo po3risiiaeTbes OaraTolapoBa opraHisais CITKIBKH, IO BKIIHOUAE (OTOPELENTOPH, TJialbHi KIITHHH
Ta CyJHMHHI CTPYKTYpH, 10 3a0e3MeuyIoTh 30poBe CHpUiHATTA. OCOOIMBY yBary NpUAIEHO POJIi MIrMEHTHOTO
eniTelito, MeTabosIiyHuM Ta 6ap'epHuM ¢GyHKIii. ONMcaHO MaTOreHEeTHYHI MEXaHI3MH BIKOBOT MakyJIsIpHOT Jere-
Heparlii, CraJkoBUX AuUCTpodiii Ta niadbernunoi peruHonarii. [liAKpecIeHO KIIOUOBY pOJb OKHCIHOBAaJIbHOTO
CTpecy, MITOXOH/piadbHOT TUCGYHKIIIT Ta 3amajibHUX MPOIECiB. PO3rsIa0ThCs CydyacHi METOIU iarHOCTHKH,
BKJIFOYAIOYH ONTHYHY KOTEPEHTHY TOMorpadiro, a Takox nepcrektusu teparii: antu-VEGF, renorepanis, xii-
THUHHI TEXHOJIOTII Ta podilakTHKA Yepe3 KOHTPOJIb CHCTEMHUX (PaKTOPIB PU3UKY.

KarouoBi cioBa: ciTkiBka, MIKpOCTpYKTYpa, NIrMEHTHHUH emiTeniii, poTopenentopy, MakyiIsipHa AereHepa-
1is1, AiabeTHYHa PeTHHOIIATIs, MITOXOH/piaJibHa AUCQYHKIIA, 3ananeHss, anTi-VEGF, renorepamnis.
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Shamelashvili K.L. DX The effect of heavy metals on the cardiovascular system.
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ABSTRACT. Background. Heavy metals are defined as metallic elements that have a relatively high density compared to
water. In recent years, there has been an increase in environmental and global public health concerns related to environmen-
tal contamination by these metals. In addition, human exposure has increased dramatically as a result of their increased use
in several industrial, agricultural, domestic and technological applications. Their toxicity depends on a number of factors,
including dose, route of exposure and chemical form, as well as the age, sex, genetic predisposition and nutritional status of
the exposed individuals. Due to their high toxicity, arsenic, cadmium, lead and mercury are among the priority metals of
public health importance. Recent studies have convincingly demonstrated the relationship between cardiovascular diseases
and exposure to heavy metals. Objective. To analyze the literature on the effects of heavy metals on the cardiovascular
system. Methods. A wide collection and analysis of literary scientific data on the impact of heavy metals on the cardiovas-
cular system was carried out in the scientific and metric databases PubMed, Web of Science, Google Scholar. Results.
Heavy metals are able to affect cellular organelles and components, such as the cell membrane, mitochondria, lysosomes,
endoplasmic reticulum, nuclei and some enzymes involved in metabolism, detoxification and damage repair. Metal ions
interact with cellular components, such as DNA and nuclear proteins, causing DNA damage, which can lead to apoptosis.
Heavy metals also contribute to the production of reactive oxygen species, which leads to the development of oxidative
stress in the body. As a result, inflammation develops, leading to endothelial dysfunction, impaired lipid metabolism, im-
paired ion homeostasis, etc. Over time, exposure to heavy metals leads to an increased risk of hypertension, arrhythmia and
atherosclerosis. Conclusion. Environmental exposure to heavy metals is one of the most important risk factors for cardio-
vascular disease. It is important to make efforts to prevent and control environmental pollution by heavy metals in the future.
In addition, the development of analytical methods for detecting heavy metals in the environment and assessing the risk of
multiple exposure remains a major area of research in this field.

Key words: heavy metals, cardiovascular system, toxicity.
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Beryn

TepMiH «BaXKKHH MeTad» BiAHOCHTBHCS JI0 Me-
Taiy, 0 BOJIOJIE BiTHOCHO BUCOKOIO IIIIBHICTIO (>
4 t/cM3, o B 5 pasiB OiumbIIe MIUTBHOCTI BOIM) 1
npeJcTaBisie HeOe3neKy abo OTPYIHICTh HaBITh PU
HU3BKUX KOHICHTpalisax. Bakki MeTanu (HalHOLIbII
TOKCHYHI 3 sIKuX — cBHHEb (Pb), pryTs (Hg), Mum'sk
(As) Ta kammiit (Cd)) € HeBiI'€MHOKO YaCTHHOIO Ha-
BKOJIMIIIHBOTO CEPEIOBHIIA, B SIKOMY MU KHBEMO,
OCKIJIBKM 1X HEMOXKJIMBO PO3KJIACTH a00 BUIAINTH.
Baxki meranmn — e mMpUpOIHI KOMIIOHEHTH 3€MHO1
KOpH, CTiHKi 3a0py/AHIOBaYl HABKOJIHUIITHBOTO CEPEJIO-
BUIL[A, [0 HECHPHUSITIMBO BIUIMBAIOTH Ha EKOCHC-
temy[1]. Bonm mpucytHi B 6iocdepi, BKIIOYarOUN
TipChKi MOPOJIH, IPYHTH i BOAY, i MOTPAIUISIOTh TyIU

3 pI3HUX JKepel, TAKHUX SK TpHIY0100yBHA TPOMHU-
CJIOBICTh, TIPOMUCIIOBI CTOKH, MIChKi CTOKH, CKHJIU
CTIYHUX BOJ, €po3ii TIPYHTY, IPUPOJHE BUBITpIO-
BaHHS 3eMHOI KOpPH, TIECTUIHIH, 3aCO0H O0pOTHOH 3
XBOpPOOaMH, 1[0 BHUKOPHCTOBYIOTHCS IUIsI OOPOOKH
CUTBCBKOTOCIIOIAPCHKUX KYJIBTYP. 3TOPSIHHS Ha BYTi-
JHHUX EJICKTPOCTAHIIIAX Ta O6arato iHmoro[2].
Jenani Oi1pIry cTypOOBaHICTh BUKIIUKAE TOKCH-
YHICTh IIUX 3a0pynHUKIB. Baxkki MeTanu cTaHOBIATH
3arpo3y siK 3/J0pOB'I0 JIFOJAWHH, TaK | HABKOJIUIIHBOMY
cepelloBuIlly. BOHH MOXYTh HOTPAIUISITH B OPraHizMm
KIJIbKOMA [UISIXaMH, TAKUMH SIK CIIOXKHBaHHS 3a0py-
JTHEHO1 Tki abo pianau (BOAM), BAUXAHHS 3a0pyaHe-
HOTO TIOBITPSI T2 BCMOKTYBAHHS Uepe3 MIKipy, Ta MO-
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JKYTh HCTATHBHO BIUIUBATH HA MIMPOKHUH CrieKTp Oio-
Joriyaux npouecis. Ilicis abcopOuii, Bakki MeTanu
MOXKYTh OyTH YaCTKOBO BUBEJICHI, 3aJICIKHO BiJI IOTE-
HIITHUAX 1HIWBIyadbHUX 3110HOCTEH 10 BUBECHHS,
ajyie BOHU HE MOXYTh OyTH PO3KJIAJICHI, 1 TAKUM YH-
HOM MOKYTh JIOKQJTI3yBaTHCS B OpraHax (HampuKiIai,
MIEYiHIN, CepIli, HUPKaX, MO3KY, M'SKHUX TKaHHHaX).
Harpomapkyroduch B OpraHi3Mi, BakKi METalu Ma-
FOTh IIKIJUTMBHHA BILTMB Ha HHOTO[3].

Baskki MeTanu B 010JIOTIYHUX CUCTEMAaX MOXKYTh
OTpHUMAaTH JOJIaTKOBY TIEpeBary 3aB/siKd CBOIH 3/1aT-
HOCTI KOOPAWHYBATUCS 3 PI3HUMH XIMIYHUMH Millle-
HSIMH 1 BCTYIIATH B OKHUCIIFOBAJIBHO-BITHOBIFOBAJIbHI
peaxiiii, 1o 103BoJIsIE IM 00XOAUTH MEXaHI3MHU KOHT-
poITIo, Taki K TPaHCHOPT, TOMEOCTa3, KOMIIapTMEH-
Taji3alis, KIITHHHA CHUI'HAII3allisg Ta aHTHOKCHUIAH-
THI cucTeMHd. BuTricHArouM HeoOXigHI MeTand 3 IX
MIPUPOJHUX MICIh 3B'SI3yBaHHS, BaXKKi METaal MO-
JKYTh 3B'I3yBaTUCS 3 IIUMHU OOJIACTSIMH, IO TIPHU3BO-
JIUTH 10 AUCQYHKIIT KITITHH 1 3pEIITOIO0 10 OTPYEHHS.
Kpim TOrO, HacHiIKH 3B'sI3yBaHHS BAKKUX METAIB 3
OiJIKaMH BKITIOYAIOTh OMTOCEepeaKOBaHy peakiiero de-
HTOHa, I'eHepallio akTHBHUX (opM KucHio (ADK) ta
OKCHJIaTHBHUI CTpeC, 10, Y CBOIO Yepry, MOXE BH-
KJIMKaTH OKHUCHY JIerpa/iallifo 010JI0TTYHUX MaKpOMO-
nekyd, nomkopxeHHst JJHK Ta iHmn HeratuBHi ede-
ktu[4].

Cepueo-cyaunHi 3axBoptoBanHs (CC3) cranu
OCHOBHOIO IIPHYMHOIO CMepTi [5,6] B yChOMY CBITi,
MIepeBEPIIMBINY iH(EKIIHHI 3aXBOPIOBAaHHS y Oara-
THOX PETiIOHAX i CTAHOBILTYH KUTbKA MIJTBHOHIB cMep-
Teit mopoky, 3a ganumu BO3. Poxp 3a0pyaHroBadiB
JOBKUDIS TpuBepTae aemaii Oimpmry ysary. Cepen
UX 3a0pyAHIOBAaYiB BayKKi MeTand [7], Taki K CBH-
HEIlb, PTYTh, MUIII'SK Ta KajMiil. BOHU € TOKCHYHIMU
pEYOBUHAMH, SKi 3/1aTHI TIOPYLIUTH CEPLEBO-CYAMH-
Hul romMeocTas. HecipusaTiauBuil BINIMB BaKKUX Me-
TaJliB Ha CEPIICBO-CYAUHHY CUCTEMY OYJI0 MPOaeMO-
HCTPOBAHO y HU3L JIOCII/KEHb, 110 OXOIUTIOIOTh MO-
JICKYJISIPHI Ta eMiIeMIOJIOriuHi JOCTiHKeHHs. Brius
UX METaliB MOXE BHUKIHKATH OKHUCIIOBATHHHUN
ctpec [8], 3miHy mimigHOTO 00MIiHY [9], MpOBOKYBaTH
cucteMHe 3ananeHHs [10] Ta cpuaTH eHIO0TeNiab-
Hill TUCYHKIIT - KITFOYOBUM (PaKTOpaM pO3BUTKY Ti-
MIEPTOHIi, aTePOCKIIEPO3y Ta IHIIUX CEPIEBO-CY/IIMH-
HHX 3aXBOPIOBaHb. PO3yMIHHS MOJISKYJISIPHUX 1 KJIi-
TUHHUX MEXaHI3MIB, 32 PaXyHOK SIKHX Ba)XKKI METan
BUKJIMKAIOTh YIIKO/DKEHHSI CEpPLEeBO-CYIUHHOI CHC-
TEMH, Ma€ BUpIIIaIbHE 3HAYCHHS B PO3POOII Teparie-
BTUYHHX 3ax0/iB [11].

Merta

[IpoanamizyBatu iTepaTypHi [Kepela IIOJI0
BIUIMBY Ba)XKKMX METaJlliB Ha CEpLEBO-CYAMHY CHC-
TeMy.

Marepiaau Ta meToau

Byno nposeneno mupokuii 30ip Ta aHai3 Jite-
paTypHUX HAayKOBUX JAaHUX MIOJI0 BIUIMBY Ba)KKUX
METaJliB Ha CepIIEBO-CYANHY CHCTEMY Y HAYKOBO-Me-
TpuuHux 6azax PubMed, Web of Science, Google
Scholar.
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Pe3yabTaTn

Muwi'ax

Munr'sk (As) - 33-if enneMeHT nepioJuyHoO1 Tao-
nuii MenneneeBa. @opMaIbHO MHUII'SIK BBAKAETHCS
METaj0iJ0M; BiH Ma€ BJIACTUBOCTI K METaJiB, TakK i
HEMETAaJIB 1 MOKE ICHYBATH B TPhOX aJIOTPOITHUX (O-
pmax [1]. 3 TOKCHKOJOTIYHOI TOYKH 30py MHII'SK
KJIacH(IKYEThCSA K BOKKHH METaT 1 B MPHUPOJL 3Y-
CTPIYa€THCS B IPYHTI Ta BOIi, IPEICTABIISIIOYH TOKCH-
YHUW PU3HK SK JUIS JTIOAWHY, TaK i [UII IpupoIu. Sk
B HaBKOJIMITHHOMY CEpEIOBHIII, TaK 1 B OpraHi3Mi
JIFOJTMHU 1IeH TOKCHYHHNA SJICMECHT MOXKE OyTH BHSIB-
JICHUH SIK B OPTaHIYHMX, TaK 1 B HEOpraHiuHUX (Pop-
Max. HeopraHniuHi Ta Hal0iab11 TOKCHYHI (POPMHU MU-
1I'sky (apceHaT Ta apceHiT) 3yCTpivaloThesl y IPYHTI,
CiTbCHKOTOCMONAPCHKHX KYIbTYpax Ta B Boi [12].

OCHOBHI IUISIXM OTPYEHHS MHUII'SKOM — KOB-
TaHHS, BANXAHHSA Ta YaCTKOBE NMPOHWKHEHHS yepes
mKipy. ITicast BCMOKTYBaHHsS MUII'SK TOTPAIruise B
KPOBOTOK 1 PO3BHOCHUTBCSI €PUTPOITUTAMH 1 JICHKOIIH-
TaMH 10 BCbOMY OpraHi3My, TepeBa)KHO B MEUIHKY 1
3HaYHO MCHIIIOI0 MIpOI0 B HHUPKH, M'SI3H, ceplie, Jie-
TeHi, MiIIIYHKOBY 3aJ103y 1 MO30K. Yepes Kiibka TH-
JKHIB TICJIsI BIUIMBY MHII'SIKY HOTO 3aJIMIIKOBI KiJb-
KOCTI BUSIBJISIOTBCSI IEPEBAKHO Y BOJIOCCI Ta HITTIX
[13].

XpoHIYHMI BIUIMB MUII'SKY MOB'S3aH i3 4acTo-
TOKO CEPLICBO-CYTMHHUX 3aXBOPIOBaHb. EmigeMiosio-
TIYHI JOCIIHKSHHS MiATBEPIAIN IPUIHHHO-HACITI-
KOBHIA 3B'SI30K MK piBHEM BIUIMBY MHUII'SIKY Ta (ak-
TOpaMH PHU3UKY CEpIEBO-CyIUHHUX 3aXBOPIOBAHB
[14]. Byo BusiBII€HO, IO TilIEPTOHIs, OJUH i3 OCHOB-
HUX (aKTOPIB PU3HKY CEPIICBO-CYIMHHUX 3aXBOPIO-
BaHb, Ma€ KOPEIIIIHHY 3aJIe)KHICTh BiJl 03U MHIII'-
aky [15].

OcCHOBHA TIpUYHMHA CEPLEBO-CYJANHHUX 3aXBO-
pIOBaHb, CIPUYUHCHHUX MHUII'IKOM, B OCHOBHOMY
00yMOBJIEHA OKUCIIOBAJILHUM TOIIKOJKEHHSI, CIIPH-
YHHEHUM akTUBHMMHU (popmamu kucHio (ADK), Ta-
KAMH SIK CYNEpOKCHIHI aHIOH-paJMKaIH, CHHIJIET-
HUH KUCEHB, IEPOKCIIIBHI paIiKaiii a00 IePEKUC BO-
IHFO. Y mporeci MeTaboJi3My MUII'SK BiTHOBIO-
€TBCS IO TPUBAICHTHOTO CTaHy. [loTiM TpUBaleHT-
HUU MUII'SK MOXXe OOMEXHUTH CHHTE3 TIIyTaTiOHY,
3B'I3YI0YHCH 13 CYIbPTIIPUILHUMHU TPYIIAMHA Ta Py#-
HYIOUU CyNbQTiApUiIbHI GEepMEHTH, TUM CaMHUM BH-
KITMKalouu OKcuaaTuBHUK cTpec [16]. Takuii ctpec
MO’Ke BIUTMBATH Ha €KCIIPECiio TeHiB, 3amanbHi peak-
mii Ta romeocras okcuay azotry (NO) [17]. ITopy-
HIEHHS MPOAYKIIT eHAoTenianbHoro romeoctasy NO
TaKOX CHPUYMHSIE NTUCHYHKIIIO €HIOTETI0 CY/AWH,
o BioOpakaeThes B AMCOAMaHCi MK po3ciiabicH-
HSIM Ta CKOPOYCHHSIM CYJIHH.

Mumr'ssk TakoXK Ma€e MpsMy OUTOTOKCHYHY JIiF0
Ha KapAiOMIOLUTH, SIKi € CepLUEBUMH KJIITHHAMH, Bif-
MTOBITAJTBHUMU 32 CKOPOYEHHS Ta PO3CIAOJICHHS Ce-
pus [18]. Munr'sk Moxe BUKJIMKATH aronTo3 4u Ha-
BiTH HEKpO3 KapziomionuTiB. Haiibinpm 9yTiauBoiO
MIIIEHHIO I TOKCUYHOCTI MHII'IKY € MiOoKap/1, M'si-
30Bwii map cepus [19].
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3a JaHUMH JITEPaTypH, € 3B'I30K MK BIUIHBOM
MUII'SIKY Ta MOTOBLIEHHSIM KOMIUICKCY IHTUMa-Meaia
COHHOT apTepii, SKUH BBAKAETHCSI PAHHIM MapKepoM
atepockiepo3y[20]. Takox BIUIMB MUII'AKY MPU3BO-
JIATH 110 301JIbIIEHHS TOBILMHMU CTIHKH Ta MAcCH JIIBOI'O
nuryHouka cepiis [21]. Tlo maHuMu TOCHTiKeHb 1iei
MeTajl IPU3BOIUTH 10 arloONTO3y MIOUHUTIB, GiOpo3y
Ta MOJIANTBINOT TimepTpodii JTiBoro nuryHouka[22].

IcHyIOTP 1 iHII MOTEHIIHHI MEXaHi3MH PO3BH-
TKy CEpIEBO-CYIMHHUX 3aXBOPIOBAHbB SIKI BUKIMKAHI
muil'skoMm. Hampukmnana, mopyiieHHs: CKOPOUCHHS Ta
po3ciabiaeHHs NITYHOUKIB, MMOPYIIEHHS CTPYKTYpH
Ta PO3BUTKY CEpIIs, & TAKOXX TPOMOOTHYHA aKTHBALIIs

Bce 1e BHUKIMKAaHO AMCPETYJISILIEI0 OIIKIB, sKa
CIPUYMHEHA MUII'STKOM, 32 JOTIOMOT OO IIEPEKUCHOTO
OKHUCJIeHHs mimiaiB [23].

[lo niTepaTypHUM AaHUM, y TBapHH, SIKI OTpH-
MYBaJIl MUII'SK, OyJH BiA3HaUeHI OKpEeMi OCepeIKu
3amanxbHOTO 1H(IIBTpaTY, TiaJiHOBa JeTeHepalis Ka-
PAIOMIOITUTIB Ta MiABHUINEHA IITbHICTH KOJIar¢HOBUX
BOJIOKOH. Benuki 1031 MHII'IKY BUKIIMKAIOTh J€30D-
TaHi30BaHE PO3TALIYBaHHS CEPIEBOI TKAHUHH, Kap/Ii-
OMIOLIUTH 3 MIKHO30M $/Ipa Ta MACUBHE HAKOITMUECHHS
MepUBACKYJSIPHOTO KOJIareHy, 10 BKa3ye Ha 3aru-
6exnp kiTHH Ta (Gidpo3 Miokapaa. Takox Oyno Bif-
3HA4YEHO BTPaTy HAapEeHXIMHU Ta MPONOpLiiHe 3011b-
IICHHS CTPOMAaJIbHUX KOMIIOHEHTIB, TaKHX SIK IHTEpC-
THIIM Ta KoJareHoBi BosiokHa Binemr toro, 06'emna
IIUTBHICTh KPOBOHOCHUX CYAWH Oyia 3HMXKEHa. 3Ti-
JTHO 3 YJBbTPOCTPYKTYPHHM aHANi30M Yy TBapHH, IO
3a3HAJIM BIUIMBY MHLI'AKY, CTIOCcTepiranacs (parMeH-
Tatisa Mio¢iOpwIL, ge30praHi3alis capKkoMipiB 1 gere-
Hepallist MiTOXOH/Ipiii [24-26].

Kaowmii

Kanmiii (Cd) - 48-it enemenT nepioguynoi Taod-
st Menieseesa, 1o Mae (i3uKo-XiMiqHi BIaCTHBO-
CTi, aHAJIOT1YHI BIACTUBOCTSIM PTYTI i HKMHKY. L{e m's-
KU, cpi0OisicTo-01IMil roproYnii MeTal i3 1y’Ke HU3b-
KOI0 PO3YMHHICTIO y BOAl. OCHOBHHIA NUISX BIUIUBY
KaJIMII0 — 4epe3 JIereHi Ta 4acTKOBO 4epe3 MLIyH-
KOBO-KHIIKOBUH TpakT. YHCICHHI JOCITIKSHHS M-
TBEPJUKYIOTH, IO MIEPio/l HAIliBBUBECHHS KaJMIfO 3
OpraHi3MYy JIFOJIUHHA CTAHOBHUTH MpHOIM3HO 15-20 po-
kiB [27]. KinbKicTh KaaMiio, [0 HAAXOAUTH B Opra-
Hi3M, 3aJIeKUTh Bif BiKy, CTaTi, (i3MYHOTO CTaHy Ta
iHmmx QakropiB. JKiHKH PenpoayKTUBHOTO BIKYy 3i
3HW)KEHHM BMICTOM 3ajli3a MOXKYTh HapakaTHCsl Ha
PH3HK MiJBUIIEHOI0 BCMOKTYBaHHSI KaJIMiO TIPH Tie-
popaibHOMY HaJXxo/pkeHHI[28]. 3anexHo Bin po3-
Mipy YaCTHHOK 1 PO3YMHHOCTI, BCMOKTYEThCS MTPUO-
mu3Ho 10-50% kammito, mo Bauxaetbes. o cTocy-
€THCS KJIMII0, 110 HAJXOJUTh TIEPOPAITHHO, TO BCMO-
KTyeTbest nuiie 6%, a MeHme 1% KaaMilo BCMOKTY-
€TBCS uepe3 MIKipy. JIrouHa BUBOANTH KaJMiH, 110
BCMOKTABCS, TIEPEBAXKHO 3 ceueto. OCHOBHA YacTHHA
KaJMilo, IO TOTpaIuIie€ B OpPraHi3M, TPaHCIIOPTY-
€TBCSI B KPOBOTOLII Yepe3 epUTPOLMTH, allbOyMiH Ta
IHIII TPAHCHOPTHI OUTKM Ta HAKOITMYYETHCS y TIedi-
HIll, HUPKAX Ta KUIICYHHUKY.

IHTOKCHKaLis KagMieM IIOB's3aHa i3 IiJBUIIE-
HUM pPH3MKOM CEpIEBO-CYJMHHHX 3aXBOPIOBaHb.
KoHreHTpaniss KaaMiro B ce4i KOPEIE 3 TilepTo-
Hi€l0, 10 BKa3ye Ha TICHUI 3B'I30K PO3BHUTKY Cep-
LIEBO-CYITUHHUX 3aXBOPIOBAaHb i3 BUHMKHEHHSM 3a-
XBOPIOBaHb HUPOK, COPUIMHEHNX KaaMieM. B excre-
pUMEHTaxX Ha TpU3yHaX OyJIo TOKa3aHO, M0 KaJMii
MOX€ BHKJIMKATH TinmepToHio [29, 30] Ta mocuiro-
BaTH YTBOPEHHS aTePOCKICPOTHIHHX Onsarmok [31].
[ToBimomiseTbCA, MO XPOHIYHA Aisf KaIMIIO ITiIBH-
IIy€e CHCTONIYHMN aprepianbHuUN THCK. KpiMm Toro,
TOKCHYHA JIisl KaJIMII0 Ha CepLIEBO-CYANHHY CUCTEMY
CYIPOBOJUKYETHCS MiZBHUIIEHHSIM PIBHS CTEPOIIHOTO
TOPMOHY aJIbJJOCTEPOHY B KPOBI Ta 3aTPUMKOIO Ha-
Tpito Ta Bonu[32]. ByB BusiBIEH TakoX IMO3UTUBHHUIA
3B'A30K MDXK BIUIMBOM KaJMIIO Ta 3arajbHOI0 4acTo-
TOIO CEPLEBO-CYIMHHUX 3aXBOPIOBAHb, PU3UKOM Ce-
PIIEBOI HEIOCTATHOCTI, IHCYJIBTY Ta IMIEMIYHOI XBO-
pobmu cepris [33].

TokCHYHICTE KaaMif0 BINIMBAE HA MEXaHI3MH
BiTHOBJICHHS CEPIIs, AKTUBAIIO allONITO3Y, METa0Oi-
YHI TIPOIECH Ta TiIBUIICHE YTBOPEHHS AaKTUBHUX
¢dopm kuchro. Kanmiii cTuMysroe BUPOOJICHHST MaK-
podariB Ta MOHOLIUTIB, 10, y CBOIO Yepry, BILIMBAE
Ha PO3BHUTOK Ta NPOIPECYBaHHS aTepockiepo3y. Po3-
BUTOK aTepOCKIEPOTHYHUX YPaXKEHb IMOB'SI3aHUM 13
3aru0e/o abo amonTo30M MIHWCTHX KIITHH, IO
NPU3BOJUTH 10 YTBOPEHHS HEKPOTUYHOT MmiHU [34].

Kanmiii Tako)X BIUIMBA€ Ha IOTIK KaJBIIIO Ta
CIIEKTPONITHUH OanaHC, HaTaI0UYM TOKCHYHY IO Ha
TJIAJKOM'SI30B1 KIIITHHH, IO TIPU3BOIUTH IO HAKOIIH-
YeHHS JIIIiB y CTIHKaX KPOBOHOCHUX CYJIWH, TIOCH-
mroroun aTepockiiepo3. Ille kagmiif iHaKTHBYe KaTe-
x01-O-MeTuntpancdepasy, THM CaMUAM 301TBITYIOUN
piBEeHb KaTEXOJIAMiHIB, IO MPHU3BOIUTH IO IIiJBU-
HICHHS apTepiajabHOro THCKY[35].

Byro nokasaHo, 1110 KaMiii MOKe MOopyIIyBaTH
LUIICHICTD €HAO0TENaIbHUX KIIITHH 1 BUKIIMKATH KaJl-
Miii-0TIOCepeIKOBaHY 3aru0eb CHI0TETIaTIbHIX KITi-
THH. YTBOpPEHHSI MPOMDKKIB MIXK €HIOTETiaIbHUMU
KIIITHHAMH JT03BOJIIE KaIMif0 TU(yHIYBaTH 3 KPOBO-
TOKY B cepenHii map. Llelt MeTas B OCHOBHOMY yTpH-
MY€TBCS B KIIITHHAX TJIAJKUX M'S31B MiCIIs TPAHCTIOP-
TYBaHHS Yepe3 eHAOTeIalbHI KITITHHH 1 MOYKE BILITH-
BATH HA HUX. VIOro BIUTMB HA IJIaJKOM'SI30Bi KIITHHI
BKJIIOYAE I[UTOTOKCHYHI S(PEKTH, B3aEMOJI0 3 10H-
HUM I'OMEOCTa30M 1 TIOTOKOM 10HIB KaJIbI[iI0, a TAKOXK
CTUMYJIALIO Tiposmideparii riaagkoM'sI30BUX KIITHH
NPU HU3BKUX KOHIIEHTPALISAX KaJMII0, IO MPU3BO-
JIATH JI0 TIOAAJIBIIIOT0 HAKOTIMYCHHS JII/IIB Y CTIHKaX
CY/IMH Ta 3MiHH JIITIJIHOTO cTaHy B cyanHax. e nei
BaXKUI METaN 3HIKYE BUBUIBHEHHS OKCHUIY a30Ty 3
SHJI0TeIalIbHAX KIITHH, IO MPU3BOJIUTH 10 aTepo-
CKJIepo3y, iHCynbTy Ta rimepronii [36]. Hakomu-
YEeHHsI KaJIMiI0 TaKoX 30UIbIIye piBeHb Oararbox Ba-
JKJIIMBUX TIPO3AIlalbHUAX IUTOKIHIB, TAKUX SK 1HTEp-
neiikin (IJ1)-6, JI-8, IJI-1B Ta dbakrop HEKpo3y myX-
nuan o (OHIT-a) [37], sixi MOXyTh BimirpaBaTH BUPi-
MaJIBHY POJIb Y PO3BUTKY atepockiepo3y [38,39].

Kanmiii Moke BHKIMKATH MIKPOCTPYKTYpHI
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YIIKOJPKEHHSI, BKJIIOYAIO4X 3acTiil Ta (idposizuc mi-
okapna. [Ipn yneTpacTpykTypHOMY aHaiisi 0yso mo-
Ka3aHO MOPYILEHHS opraHizamii Ta po3puB M'sS30BHX
BOJIOKOH MiOKap/a, a TaKoXK HaOyXaHHS MITOXOHJ-
piii, Bakyoizaiiiro ta Jizuc memopan [40].

KanMili mpu3BOAUTH 0 PEMOJCITIOBAHHS IILTY-
HOYKIB, SIKE XapaKTePU3YETbCS 30UIBIICHHSIM PO3-
Mipy KapIiOMiOITUTIB, TOTOBIICHHSIM CTiHOK ITUTYHO-
4KkiB. BiH BUKIIMKa€e CTPYKTYpHi 3MiHU, TaKi K 301J1b-
IICHHS TUTONIi TONEPEYHOTOo Iepepi3y Ta TOBIIMHU
CTIHKH JTIBOTO IUTYHOUKa ceprs [41].

3riiHO 3 JTiTepaTypHUMH JTaHUMH, BBEJICHHS Ka-
JIMII0 TaKOXK TPU3BOJUTH 10 TialTiHOBOI JereHeparii
Ta MEepUBACKYJSIPHOTO (iOpO3y 31 3BY)KEHHSIM IIPO-
CBITY CepLEBUX KPOBOHOCHHX CY/WH Y JIIBOMY IILTY-
HOYKY. Bisbin TpuBanuii BIUIMB NPU3BOJMB JI0 Tiali-
HOBOI JiereHepalii 3 BOTHUIIEBUMH AIJSIHKaMH Koa-
TYJSIIIHHOTO HEKPO3Y Ta IHTEPCTUIATBHOTO (hiOpo3y
[42].

Pmymo

Pryts (Hg) - 80-ii enmemMeHT mepiouvHOI CHC-
TeMH. PTyTh 3ycTpidaeThes B TipChKHUX ITOPOAAX 3EM-
HOI KOpHU B KUJIBKOX XIMIYHHUX Ta (i3UuHUX Popmax,
Takux sk eiremeHtapHa pryth (Hg0), Heopraniuna
pTYTh (Couti PTYTIi) Ta OpraHiuHa pTyTh (METHIPTYTh
[MeHg]) [43].

Binburicts pTyTi, SIKa € y HABKOJIUIITHBOMY Cepe-
JIOBHIIII, TIepeOyBa€e y BUTIISAI METAIEBOT PTYTI 1 He-
Opra”HiyHUX CcHOJayK pTyTi. OJHAK MIKpOOpraHiZMH
(6akTepii, GITOIMIIAHKTOH B OKEeaHi Ta TpHOM) MepeT-
BOPIOIOTH HEOPTaHIYHY PTYTh HA METHIPTYTh. Brius
pPTYTI Ha JIIOJMHY MOXe BiIOYBAaTHCS PI3HUMHU
IIISIXaMU, BKIIFOUAIOUN BXXUBAHHS MPOAYKTIB Xapuy-
BaHHS (HANpHUKJIaa, PICHOBOAHOT puOU abo MopeT-
POAYKTIB, pHCY), MpodeciiiHe BUKOPUCTaHHS, 3yOHi
amaJibraMi, KOCMETHYHI 3acO0H, MPOHOCHI, TUTSUi
TOBapH Ta BaKIWHH, [0 MICTSATh PTYTh.

OpranivyHi CIIOTYKH PTYTiI € HAWOUIBII TOKCHY-
HUMH (popMaMu pPTyTi, 1 TUIIOBUMHU TPUKIAJAMH €
METHIPTYTh Ta eTWIAPTYTh. OpraHiuHa pTyTh poO3-
YWHHA Y JTiITiaX 1 MOXKe IPOHHUKATH Yepe3 010TIoTivHi
MeMOpaHH, IO € BOPOTaMU IJISi BHYTPIIITHBOKITI THH-
HOTO TOKCHYHOTO BIUIUBY PTYTi [44]. BHYyTpIiIIHBOK-
JTHHHA PTYTh MOXE BHUKJIMKATH PsA KIITHHHUX
3MiH, SKIi MOXYTb MaTH HETaTHBHHUH BIUIMB Ha TKa-
HHMHH Ta OpraHy Tija. BIums pTyTi Ha JIIOAMHY HaBITH
Y HEBEJIMKUX KIJBKOCTSX MOYKE BHKIHMKATH CEPHO3HI
npoOJeMu 31 30POB'sIM, OCOOJIUBO Yy IIiTeH B yTpoOi
Mmarepi, y IUTHHCTBI, @ TAKOXK Y PAHHBOMY Ta Cepe/i-
HbOMY HiJutiTkoBoMY Billi [45]. TokcHuHICTh PTYTI
BILUIMBAE Ha JIET€HI, HIKIpY, 04i, a TAKOX HAa HEPBOBY,
CepIleBO-CYJMHHY Ta BHIUIBHY CUCTEMH.

PryTh Mae xapaioTokcnuny aito [46]. InTokcu-
Kallisl MeTWIPTYTHIO TIOB'SI3aHa 3 NPUTHIYEHHSIM HU-
3bKOYACTOTHOI CKJIQJIOBOI CHEKTPY BapiaberbHOCTI
CepIieBOro pUTMY Ta IMiJIBUIEHUM PU3UKOM iH]ap-
KTy MiOKapja, TilepToHii, aTepocKIepo3y Ta IHIINX
CEepPIIeBHX MATOJOTIH.

Brnms pryTi 3011BI1y€E TPOAYKITIO BUTBHAX pa-
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JIMKaJiB Ta aKTUBHUX (DOPM KHCHIO Ta IiIBUIIYE PH-
3MK PO3BUTKY CEPLEBO-CYAMHHHUX 3aXBOPIOBAHb.
Binbur Toro, pryTh MOKe BIUIMBATH Ha (ocdodinaszu
Ta MOCHIIIOBATH OKHCIJICHHS JIIONPOTEIHIB HU3bKOT
mrineHocti  (JIITHILL). HagmipHo BHCOKHET piBeHB
JITTHIIL y kpoBi MOKe MPHU3BECTH JO BiIKIaJICHHS
XOJIECTepUHY Ha CTIHKaxX apTepiii Ta YTBOPEHHS
OJIATIIOK y TIPOIIECi, 10 HAa3UBAETHCS aTePOCKIIEPO-
30M. ATEPOCKIIEPO3 MPOSBISETHCSA 3aTBEPIIHHIM ap-
TepiH, MO MOXKe MPU3BECTH 10 iH(APKTY, IHCYIBTY,
YTBOpPEHHS TpoMOiB abo aHeBpu3M. [liBHIIIEHE OKH-
ciennst JITTHILL mix niero pryTi mopymrye niticHICTh
(docdomninigHol MeMOpaHu MITOXOHAPIH, IO TPU3BO-
JIUTH JI0 BTPATH MITOXOH/PIAIBLHOTO MOTEHIIany Ta
excrepHaiizamii Qocdaruauicepuny, 0 BBaXKa-
€THCSI PAHHBOIO TOJI€I0, 0 Beje 0 anonTosy. [lo-
pymeHHs. GYHKIIH MITOXOHAPIH TPU3BOAUTH 0 I0-
pYILIEHHS BUPOOJICHHS €Hepril, ceplieBoi nuchyHKIIIT
Ta cepreBoi HemoctaTHocTi [47, 48]. Kpim Toro,
PTYTh BUKJIMKAE 3aMaJICHHS, IKE CIIPHSE IPOTPECY ce-
PIICBO-CYIMHHUX 3aXBOPIOBaHb, CIIPHUIIOYN €HIOTE-
JmanbHIA quchyHKIii. [oHHI KaHamu, sSKi BiAMOBiAa-
FOTh 32 30€PEIKCHHS €JICKTPOIIPOBITHOCTI CepIIs, MO-
KyTh OyTH MOpyIueHi pTyTTio. JJuchyHKIis 10HHUX
KaHaJiB MOJXKE BUKJIMKAaTH aHOMajbHE CEpLeOUTTs
[49]. PtyTh 3HMXKYE OI0AOCTYMHICTH OKCHIY a30Ty
(NO), mo mnpurHiuye (yHKIiIO €HAOTENII0 CYyIUH.
3roaoM, BHACIIIOK €HAOTETialbHOT HEJOCTATHOCTI,
MTOCHJTIOETHCS. CYIWHHE YIIKOKEeHHSA. Kpim Toro,
CKOPOTHICTh CEpIICBUX M'SI30BUX KIITHH IOPYIIY-
€ThCS Yepe3 BIUIMB PTYTiI HA BHYTPINTHHOKIITHHHUN
roMeocra3 Kaiplifo. Takoxk, PTyTh MOCHIIOE 3ara-
JICHHS B Ceplli, aKTHUBYIOYH IpO3anajbHi CHTHAIbHI
nuisaxy, Bimodatoun NF-kB (migcumroBau Jierkoro
JIaHIIora siiepHoro (hakTopa Karia akTHBOBaHUX B-
kititus) [1].

PTyTi BUK/IHMKAE MiABUIIEHY pyiiHaIi0 Miodio-
pHII, YTBOPEHHS BaKyoJieil Ta eKCTpaBasallito epuTpo-
LUTIB Yepe3 feopMallito abo MOUIKOKESHHS! KarliJisi-
piB Ta ApiOHMX KPOBOHOCHHX CyAMH. IIpu BUBUEHHI
VIBTPOCTPYKTYPHUX 3MiH CIIOCTEPITAETHCS TEpepH-
BaHHS Z-JiHil, a TAKOXX BHPakeHEe pyHHYBaHHS Mio-
¢i0pwt, WO MPU3BOAUTH IO 3MEHIICHHS KiJIBKOCTI
MioQiOpmi. PTyTs cripusie cyAHHHOMY YITKOIKSHHIO
OTXe, IHTePCTUIlIaTbHOMY HaOpsKy. KpiM mporo mix
BILUIMBOM IIbOTO METAJY BiI0OYBa€ThCs BEIMKE Bi/IKIIa-
JICHHSI IHTePCTUIIIAILHOTO KoJlareHy. 3MiHu Mop¢o-
JIOTiT 20PTH BKJIIOYAIOTh 3MiHY CTPYKTYPH CIIOJIYYHOT
TKaHUHH Ta KJIITUHHOTO po3TamryBanHs. Crocrepira-
I0ThCS KIIITHHHI CKYITYEHHSI, TIOB'sI3aHi 13 CIIOJIY4HOI0
TKaHUHOIO, SIKA BUIIUHAETHCS HA30BHI y MPOCBIT.
Snpa KIITHH BUNIAIAIOTH OLTBII APIOHUME Ta OKpY-
TJIMMH, 1 4aCTO CIIOCTEPIraloThcs CMYTH CIOIYYHOI
TKaHUHH, 10 OTOYYIOTh KIITHHH. TakoxoK BigMivae-
ThCS Bi/IKJIaJICHHS €IaCTHHY HAaBKOJIO KJIITHH BHYTpI-
rHbo1 00ooHkH [50, 517.

Csuneys

Caunens (Pb) — 82-ii enement nepioanunoi Tad-
JIUIT €JIEMEHTIB Ta JyXe M'STKHi MeTal cipo-0JaKuT-
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HOrO KOJbOPY. CBHHEIp - BUCOKOTOKCHUYHHU eje-
MEHT JJIsl JIFOJJUHH, TBAPUH Ta HABKOJHIITHBOTO Cepe-
JoBuIia. BiH HAKOMUYYEThCS B KICTKAX, MEYIHIN Ta
HHUpPKax 1 CTaHOBHUTb 0COOJIMBY HeOe3MeKy JUIs AiTeH,
MiUTITKIB Ta BariTHUX JKiHOK. barato moOyTOBUX BH-
po0iB, BKIOYaroun GapOu, CAaHTEXHIKY, TPYOH, OKY-
nspy, OaTapelkn, KOCMETHKY Ta OO€NpHIIacH, Mic-
TATH CBHHEIL a00 MOro 3'eqHaHHA. 3HAYHA YacTHHA
CBUHIIIO, III0 BIUTMBAE HA JIIOUHY, MOB'SI3aHA 3 TIPO-
MUCIIOBHMH JKEpPEIIaMH, TAKUMH SK TMaJUBO, TipHH-
q0100yBHI Ta METaNypriifHi IiIIMPUEMCTBA, TOIIO.
CBHHEIIb HE Ma€ TMO3UTHBHOTO (Di310J0TIYHOrO
BIUIMBY Ha OpraHi3M JronuHU. JIFOIu miIgarThes
BIUIMBY CBUHIIIO KUTbKOMA IUISIXaMH: Yepe3 TPaBHY
CHUCTEMY, JICTCHI Ta Y HEBEJIMKUX KITBKOCTSIX 4epes
wkipy. [Ipu6nuzno 90% cBuHIIO 30epiraeThes B Mi-
HEepaTi30BaHUX TKAHWHAX, BKIFOYAIOYHM 3yOH Ta Kic-
TKA. BUTBITICTE CBUHITIO B M'AKUX TKaHWHAX 30epira-
€ThCs y Tedini [52, 53].

BrumiB cBUHIIO 301IbIIIYE PH3UK PO3BUTKY CEP-
[IEBO-CYIMHHUX 3aXBOPIOBAHb, BKIIFOYAIOUH TillEPTO-
HiIO, aTepOoCKIEepo3, a TaKoX CepleBl Ta CyIWHHI
ycknagHeHHs [54]. BukinkaHe CBUHIIEM YTBOPEHHS
AKTUBHUX (DOpPM KHUCHIO (HANIPUKJIAJ, NMEPEKHCY BO-
JIHIO) MOXKe OpaTtu y4acTb y peakuii @eHToHa, Ipu3-
BOJSIYM JIO YTBOPEHHS TiIPOKCHIBHUX PpaJUKaliB
(OH), sKi MOXYTh BHKIHKATH CEpHO3HE MOIIKO-
JUKEHHs KapaiomionuTiB. HanMipHe yTBOpEHHS Bijlb-
HUX paguKaliB TPU3BOTUTH 10 OKCHAATHBHOTO
cTpecy, MOCHUJICHHS TIEPEKUCHOTO OKUCIICHHS JIITi B
ta nmopymeHHs piBHa NO. Lli epekrn 3pemToro BU-
KITMKAIOTh EHA0TETaIbHY TUCHYHKITIFO, IO CIIPUIH-
Hs€ atepockiiepos [55]. KpiM Toro, cBHHEIh KOHKY-
py€e 3 KambIlieM 3a 3B'sI3yBaHHS 3 KaJbIIiH-3aICKHIM
OLIKOM KaJIbMOYJIIHOM, SIKUiT Oepe ydacTh y CKOpO-
YEHHI KJIITUH Ta KPUTHYHO BaXKIMBUI JJIsl CEPIIEBO-
CYIUHHHUX TMPOIECIB, THM CaMHUM 3aIlyCKaruu 3ara-
JICHHS Ta 3arv0eiib KIITHH. 3aMilllaroyd KaJbIIii,
CBHUHEIb TPHUTHIYYE JiI0 KaJbMOJYJIHY Ha CHHTE3
NO, 110 MO’Ke MPU3BOJUTH JI0 TIEPTOHI].

OCHOBHUMH MIIICHSIMA CBHHITIO € (DepMEHTH,
mo OepyTh ydacTh y OIOCHHTE31 reMy Ta aHTHOKCH-
JMAHTHUX cucTeMax. L{eil Baxkuit MmeTax Moxke iHTi0y-
BaTH aKTUBHICTh IUX (PSPMEHTIB, IO MPU3BOTUTH JI0
301IbIIIEHHS MPOAYKIIiT BUIbHUX PaJIUKAJIiB Ta MOCH-
JICHHSI OKCHUIATUBHOT CTPECY, SIKHI BBAKAETHCS KITFO-
YOBUM €JICMEHTOM HOro TokcuuHOoCTi. Haasmumok Bi-
JBHUX PaJUKaJIiB YHIKO/DKYE KIITHHHU, Y TOMY YHCII
CepILEeBO-CYIMHHOT CUCTEMH, MOPYUIYIOUH IXHIO I[iJIi-
cHICTh. Lle MOXe MPU3BOAUTH JI0 TOIIKOPKECHHSI CH-
JIOTEMiaIbHUX KIIITHH CYHH, 10 BEIE 10 XPOHIYHOTO
3amayieHHs, (idpo3y Ta amomnTo3y TIAJKOM'SI30BHX
KJIITHH y CTIHKax apTepiil, THM CaMHM CHPUSIFOYH PO-
3BHTKY TirepToHii [56]. Y KOHTEKCTI XpOHIYHOTO
BIUTMBY CBUHITIO CIIOCTEPIraeThCs JOAATKOBE MOIITKO-
JOKEHHS CHIOTEIII0, SIKe MOXKE 1HIIIFOBATH 200 MpHC-
KOPHUTH PO3BHTOK arepockieposy. Kpim Toro, cBu-
HEIlb TIOPYIIY€E aHTIOTeHe3 Ta CIPHSE eNeKTPUUIHIN
JucyHKIIT cepis, TOPYIIYIOYH MPOBEACHHS IMITY-
JIBCY Ta 301IBITYIOYN TPUBATICT MOTEHINIATY i, THM

caMuM 30UTBIIYIOYM PH3HMK apuTMii Ta rineproHil
[57]. CBuHens MOXE BUKIHKATH META0OIIYHE MOLI-
KOJDKCHHSI TKAaHHWH, PEMOJICITFOBAHHS CY/IMH Ta IiIBH-
LICHHS CYJMHHOTI'O OIMOpPY, a TAKOX MOXKE CIPHUSITH
muchyHKIIT Miokapna, sika B JIOBITOCTPOKOBIH mepc-
MMEKTHB1 MOJKE IMTPU3BECTH 10 Kapaiomiomnarii [58,59].

CBUHEIb MOKE TIPU3BOJUTH 10 3MCHIIICHHS JTi-
ameTpa, NOBKHHH Ta IUIonl KapmaiomionutiB. [Ipu
FOMY KOHTYPH CEepIEBUX CKOPOUYYBATBHUX KapIio-
MIOITUTIB CTalOTh HEYITKUMH, a ITUTOIUIa3Ma 3epHH-
cTa. TakoX MiX M'I30BUMH BOJIOKHAMH BUSBIIAIOTHCS
JIUISHKY KJTITUHHOT iHGiIpTpamii. Sapa MionuTiB Bi-
JPIi3HSIOTECS nosiMopdizMoM Gopmu (OKpyTIli, BH-
TATHYTI), 30aradcHi ICKOHICHCOBAHIM XPOMATHHOM.
[Ipu aii cBuHIO, qiaMeTp sAep KapAioMionUTIB 30i-
JIBIIYETHCS TaK CaMo K 1 iX ruroma. TakuM 4MHOM
SIIEPHO-ITUTOIUIA3MATHYHUI 1HACKC TaKOXK 3pPOCTaE.
Kpim TOTrO0, crioctepiraeTbes po3MMPEHHS CYIUH Mi-
KPOLMPKYJSITOPHOTO pyclia, 3HAYHE PO3POCTAHHS B
CTIHII 1 MIXK M'SI30BUMH BOJIOKHAMHU CTIOJTYYHOI TKa-
HuHM. 1110 cTocyeThcst aOpTH, TO CBUHEIh BUKIIHKAE
BaKyOJI3aIlif0 CHAOTETaNbHIX KIITHH Ta PO3YH-
HEHHS siiepHOi MemOpanu [60, 61].

Mincymox

AmHaini3 sitepaTypHHUX JaHUX MOKa3as, [0 JIIOJ-
ChKa JIisJIbHICTh POOUTH 3HAYHHI BHECOK y 3a0pyi-
HCHHSI HABKOJIMIITHHOTO CEPEIOBHIIA BAXKKUMHU METa-
JIaMH 1, K HACTIIOK, 301MbIICHHS 1X BIUIUBY. JIfoau
MOXYTh TiJJaBaTHCS BIUIMBY BaKKUX METAJIB HE
JIIIE y TIPUPOTHOMY CEPEIOBUII, a i y PI3HUX Tary-
351X TIPOMHMCIIOBOCTI. Bajkki MeTau MOTpaIuiIioTh B
OpraHi3M TphOMa OCHOBHHUMH NIIIXaMH: dYepes
IIKipy, Yepe3 OpraHu AUXaHHS Ta TpaBieHHS. LImsax
BIUIMBY METAITy, Yac BIUIMBY Ta /1032 BU3HAYAIOTH I10-
TeHUIHUI PU3HMK JUIs 3[0pOB'Sl Ta CTYMiHb YIIKO-
JDKCHHS. BenmnuwHa mo3u 3a3BHMYail BU3HAYAE, UM 11e
Oyne xpoHiuHa ab0 TOCTpa 1HTOKCHUKAIISI METaJIoOM.
Jenani Oinbliie emiieMioJIoriuHUX Ta eKCIIepUMEeHTa-
JBHUX JAHUX CBITYUTH IIPO 3B'I30K MK BILTHBOM Ba-
JKKHUX METAJIiB Ta CEPLIEBO-CYIHHHUMHU 3aXBOPIOBAH-
HAMH. Bakki MeTamm MOKYTh BUKJIMKATH Pi3HI cep-
1eBi (EHOTHITH 3a JAONOMOTOI0 Pi3HUX MEXaHI3MIiB,
BKITIOYAIOYHW TI/IBUIICHY OKHUCHY aKTHUBHICTB, 3ama-
nepHI peakmii, momkomkerHs JJHK Ta mopymenss
IOHHOTO TOMeocCTa3y. 3pEIITO IIe MPU3BOAHTH JIO
eHJI0TeanbHOT JUCHYHKIIT, CYANHHUX MNOPYIICHB,
MOPYIICHHST I0HHOTO TOMEOCTa3y, BILUIUBY HA METH-
moanHst JIHK Ta BiINOBIIHUX CepLEBO-CYANHHUX
3aXBOPIOBaHb, TAKUX SIK TIMEPTOHIs, apuTMii Ta are-
POCKIIEepo3.

IepcrnieKTHBH MOAATBIIUX PO3POOOK

[IpodeciitHili TOKCHKOIIOTIT 9acTO JOBOIUTHCS
BUPINIyBaTH NPOOJIEMH IHTOKCHUKALT KiJIbKOMa MeTa-
JaMH OJIHOYACHO, TOMY TOKCHKOJOTIUHI JOCIi-
JOKCHHS Pi3HUX BaXKKHUX METANIB, 3IaTHUX B3a€MOJIi-
SITW B OPTaHi3Mi, € BKpail BaXIMBUMHU. TaKkoX Bax-
JIUBO B MallOyTHLOMY JOKJIAJAaTH 3YCHIIb JUIS 3a100i-
TaHHS Ta KOHTPOJIIO 3a0pyIHCHHS HABKOJHUIIHBOTO
CepPE/IOBHINA BAKKUMHU METaJaMHU MUIIXOM YIOCKO-
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HAJICHHSI BIJMOBIHOI MOJITHKH TPOMAJCHKOi 0XO-
POHU 3710pOB's Ta 1HIIUX e()eKTUBHUX 3ax0iB. Kpim
TOTr0, pO3p00Ka aHATITHYHUX METO/IIB BUSBJICHHS Ba-
JKKUX METaJIB y HABKOJHMIIHBOMY CEpEJIOBHUINI Ta
OIIHKA PH3HUKY 0araTopa3oBOro BIUIMBY 3aJIMIIa-
€ThCSl HAMBKITMBIIITM HAITPSIMOM JIOCITIPKEHB Y TIiH
raysi.

Indopmanis npo koHPIIKT iHTEpeciB

[Notenmiitanx abo SBHUX KOH(QIIIKTIB iHTEpeECiB,

110 MOB’sI3aHi 3 UM PYKOIIMCOM, Ha MOMEHT Iy0JIi-
Kallii He iCHY€ Ta He mepe0a4aeThCs.

Jxepesia piHaHCYBaHHS

JlociimkeHHs] BUKOHaHI B paMKaxX HayKOBO-J10C-
nigHoT TeMu «bionoriuHi ocHOBH MopdoreHesy opra-
HIB Ta TBapHWH IiJ] BIULIABOM MiKPOEIEMEHTIB Ta YIb-
TPaMiKpOETIEeMEHTIB B €KCIIEpUMEHTI» (HOMEp Aep-
skaBHOT peectpartii 0118U006635).
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IlamenamBiai K.JI. BILIHB Ba:KKHX MeTAJIB HA cepPIeBO-CYAHHHY CHCTEMY.

PE®EPAT. AkryanabHicTh Baxki MeTanyu BU3HAYAIOTHCS SIK METAJICBI CIIEMCHTH, SIKI MAIOTh BITHOCHO BH-
COKY IIJILHICTh Y MOPIBHSHHI 3 BOAOK. B OCTaHHI POKHU CIIOCTEPIra€ThCsl 3pOCTaHHS EKOJIOTIYHOTO Ta TII00alb-
HOTO 3aHCIIOKOEHHS TPOMAJICEKUM 3JIOPOB'SIM, TIOB'SI3aHUM 13 3a0pYAHCHHSIM HABKOJIMIITHBOTO CEPEAOBHUINA [IMMU
MeTanamu. KpiMm TOro, BIUTUB Ha JIFOJMHY Pi3KO 3pIC y Pe3yJbTaTi 30UIBIICHHS iX BUKOPUCTAHHS Y KUTBKOX MPO-
MHCIIOBHX, CiTbCHKOTOCIIOAPCHKHX, TOGYTOBHX Ta TEXHOJOTIYHHIX 3aCTOCYBAHHAX. X TOKCHUHICTD 3aJICKHUTh Bill
psany GhakTopiB, BKIIIOYAIOYH J103Y, IUIAX BIUTMBY Ta XIMIYHHHA BUTJIS, a TAKOX BIK, CTaTh, TEHETHYHY CXMJIbHICTh
Ta Xap4yoBUH CTATYC JIIOJEH, SIKi 3a3HAIOTH BIUTMBY. Y 3B'I3KY 3 BUCOKHUM CTYIIEHEM TOKCUYIHOCTI MHIII'SK, KaIMil,
CBHHEIb 1 PTYTh BITHOCATHCS JI0 TIPIOPUTETHUX METAITIB, 1[0 MalOTh 3HAYCHHS JJIsT OXOPOHH 370p0oB's. HemonasHi
JIOCTIKCHHS TIEPEKOHINBO CBiT9aTh MPO 3B'I30K MiX CEpPIICBO-CYIMHHUMH 3aXBOPIOBAHHSIMHE Ta BILIHBOM BaX-
kux MetaiiB. Mera. [IpoaHani3yBaTu JIiTepaTypHi JpKepelia 1100 BIUIMBY BaXKKUX METANIB Ha CEPIECBO-CYIUHY
cucremy. MeTtoau. byno mpoBeieHO MIMPOKUIA 30ip Ta aHAII3 TITEpaTypHUX HAYKOBUX JaHUX MO0 BILUTUBY BaXK-
KAX METaliB Ha CEPIIEBO-CYAMHY CHUCTEMYy y HaykoBo-meTpuyHux 0azax PubMed, Web of Science, Google
Scholar.Pe3yabraTn. Baxki Metanu 31aTHI BIUIMBATH HA KIITHHHI OPTaHEeNH Ta KOMIIOHCHTH, TaKi K KJIiTHHHA
MeMOpaHa, MiTOXOH/PIT, JT130COMH, CHAOIIIa3MaTHYHUN PETUKYIIYM, sipa Ta Aesiki pepMeHTH, siKi OepyTh y4acTb
y MeTa0oJ1i3Mi, IETOKCHKAIii Ta BiTHOBJICHHI MONIKO/KCHb. [OHM METaJliB B3a€MOIIIOTh 3 KIIITHHHUMH KOMITOHE-
HTamu, Takumu sk JTHK Ta siaepi Oinku, Bukinkaroyu nomkopkeHHs JTHK, siki MOKyTh PU3BECTH JI0 aIIONTO3Y.
Tak camMo0 Ba)KKi METaJIH CIPUSIIOTH MPOAYKIii aKTHBHUX (POPM KHCHIO, [0 TTIPU3BOIUTH 10 PO3BUTKY OKCHIATHB-
HOTO CTpeCy B opraHi3Mi. SIK pe3yibTaT po3BUBAETHCS 3aNaICHHS, 1[0 TIPU3BOIUTH JIO €HIO0TENNiadbHOI TUCHYHK-
11ii, MOpyIIeHHs OOMIHY JIiITiIiB, OPYIICHHS I0HHOTO TOMEOCTa3y, TOIIO. 3T0/I0M BILIMB BOKKUX METAIB TPH3-
BOJMTH JI0 MiJBUIIIEHOTO PU3HKY TIMEPTOHIl, apuT™Mii Ta atrepockieposy. IlincyMok. Bris ¢pakTopiB HABKOJIHIII-
HBOTO CEPEOBHUINA, TAKHUX K BAYKKI METANH, € OJHUM i3 HABa)KIHBIIINX CIIEMEHTIB PU3UKY CEPIICBO-CYAHHHIX
3aXBOPIOBaHb. BaxMBO B Mail0yTHROMY JTOKJIQJATH 3yCHIIb IS 3aII00IraHHs Ta KOHTPOJIIO 3a0py/THCHHS HABKO-
JIMIITHBOTO CEPEIOBUIIA BAXKKIMHU MeTanaMu. KpiM Toro, po3po0ka aHaIi THYHUX METO/IiB BUSIBJIICHHS BaYKKUX ME-
TaJliB y HABKOJIMIITHBOMY CEPEIOBHII Ta OIL[IHKK PU3KUKY 0araropa3oBOro BIUIUBY 3aJIHINAETHCS HAUBAXKIUBIIIIAM
HAMPSIMOM JIOCITIIDKCHbB Y il Tamy3i.

KarouoBi ciioBa: Bakki MeTal, CeplieBO-CyAMHA CUCTEMa, TOKCUYHICTB.
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to activate the independent work of elementary school students towards the creative assimilation of fundamental knowledge
and the development of scientific knowledge in determining the norm and possible manifestations of pathological changes.
Methods. We have substantiated innovative technologies that contribute to increasing the efficiency and quality of learning,
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following sequence: 1) initial independent study by the student of the histological preparation; 2) then each student shows
the teacher the structure in the preparation, and the teacher provides the necessary explanations and controls the student's
skills; 3) then there is a collective discussion of this preparation with the participation of all students; 4) if an organ is being
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Beryn

MenuiiHa — OfHA 3 HANNABHIMIMX Trairy3ci
3HaHb 1 MPAKTHYHOI AISUIBHOCTI Jitozeil. Y mporeci
CBOTO PO3BHUTKY BOHA IIPOMWIIIA CKJIaJHHUH, HEPIIKO
CyNepewIMBUHA IUISAX Mi3HAHHS — Bil IPUMITHBHOTO
VSBJICHHS TIPO MIPHUPOLY JIOAWHY Y i1 B3aeMOJil 3 Ha-
BKOJIAIITHIM CEPEJOBUIIEM JI0 TIIMOOKOTO PO3YyMiHHS
MPOIIECiB, IO BiAOYBAIOTHCSA B JIOJACEKOMY OpTaHi-
3Mi, 30KpeMa MaTepialbHUX 3MiH Ha Pi3HUX CTPYKTY-
pauX piBHAX [1]. Cepen uncneHHUX MpobdieM 6ioo-
Tii Ta MEIUIIUHM, SIKi TOCTIHHO IPUBEPTAIOTH 10 cebe
yBary BYEHHUX, BAXXJIMBE MiCIle 3aliMae MUTaHHS TPO
B32€EMOBITHOCHHHU CTPYKTYpH Ta (yHKuUii Giojoriu-
HHUX O0'€KTIB SIK B YMOBaX HOpPMH, TaKk 1 MaToOJIOTii.
Slke x Micue 3aiiMae podiema CTpyKTypHO-(QyHKII-
OHAJIBHUX BIIHOCUH Y MenunuHi? ChoroieHHa MeTu-
IIMHA JIOCIII KY€ NaTOJOTTYHUI NMpOoLeC Ha Pi3HUX pi-
BHSX IIOYMHAIOYH 3 CYOMOJIEKYJIIPHOTO, MOJICKYJISP-
HOTO, KIIITHHHOTO, TKAHWHHOTO JI0 OPTaHHOTO Ta IIi-
JicHOTO Oprasi3my [2, 3].

310pOB’S JTIOJMHU SIK MOHATTS € OJTHAM 31 CTpPY-
KTYpPHHUX €JIEMEHTIB Teopii Meqununu. Lle — cknagna
OiosioriuHa, couiaibHa, ICUXO0JIOTiYHa, pinocodcebka
KaTeropisi, CropiiHeHa 3 TakuM (hyHIaMEHTaIbHUM
MOHSATTSIM, SIK JKUTTS JIIOAMHY Y BCid #oro Oararor-
paHHOCTI. [HTerpanis pisHux ¢inocopcbkux i Teope-
THUYHHX TIEPCIEKTHUB B OCBITY B r'ajly3i OXOpPOHH 3710-
POB's 3a0e3Meuye MUTICHY CTPYKTYPY VIS PO3YMIiHHS
3JI0pOB'S 1 XBOPOOH.

Mera

Ha ocHoBi MeTopomorigaoro ta ¢inocodcrkoro
MiAXOQy aKTHBi3yBaTH CaMOCTIHHY POOOTY CTyICH-
TiB TIOYaTKOBUX KYPCiB O TBOPUOTO 3aCBOEHHS (DyH-
JAaMEHTAIPHUX 3HAaHb Ta PO3BUTOK HAYKOBOTO IIi-
3HaHHS Y BU3HAYCHHI HOPMH Ta MOKJIMBHX HPOSIBaX
MaTOJIOTIYHUX 3MiH.

Pe3yabTaTH Ta iX 00roBopeHHs

Hamu oOrpyHTOBaHI IHHOBAINHHI TEXHOJIOTII,
IO CIIPUSIIOTH Mi/IBUIEHHIO €()eKTUBHOCTI Ta SKOCTI
HaBYaHHS, a TAaKOX 3a0e3IeuyI0Th CTBOPEHHS Ie/ia-
TOTIYHUX YMOB JIJISl a[anTaIlii CTyIeHTIB 10 CUCTEMHU
OCBITH Ta TOKpAIICHHS (OPMYBaHHS iHCTPYMEHTIB
JUISL PO3BUTKY IXHBOTO KJIIHIYHOTO MHCIEHHS. 30K-
peMa, BIPOBA/UKYEThCS aKTUBHHH METOJ| JUCKYCIi,
3aCTOCOBYETHCSI METOZ TTOCTAHOBKH NpoOiIeMH Ta il
BUpIlIeHHs cTyJeHTaMu. HanaeTbcst MOXKIMBICT 110-
PIBHIOBAaTH Ta PO3PI3HATH HOpMaibHI TkaHMHHU. Ko-
J)KE€H CTYACHT Ma€ MOXKIWBICTh OYTH CKOOPJIHWHOBA-
HHM Ta CaMOCTII{HO OpiIEHTOBAaHUM, MaTH 3MOT'Y TIOB-
HOI0 MIPOIO TPOSIBJIATH 1HILIATHBY, CAMOCTIHHICTB,
TBOPYI JAOCIITHUIIBKI 3/1I0HOCTI Ta OyTH OijbLI 1HTE-
PaKTHBHHM Tix 9ac AudepeHmiarii TiCTOIOTigHMX
mpernapariB, B MpoIeci OOrOBOPEHHS Ta BUPINICHHS
NpoOJIEMHUX HAyKOBUX IIMTaHb MEIWYHOTO 3Ha-
yeHHs1. Hamu BusiBieHo, mo ¢itocodcerkuit MmeTon He
MiIMiHS€ 1HIII METOI! HAYKOBOTO ITi3HAHHS, a CTAHO-
BUTb IX METOJIOJIOTIYHY OCHOBY. BiH peryimtoe mporec
Mi3HAHHA 1 € MATPYHTSIM KOXXHOTO HAayKOBOTO Me-
Toxy. MU BU3HAYWIM, IO AIAIEKTUIHUN METOI €

HalOLIbII e(heKTHBHUM 1 II€BUM HAayKOBUM CIIOCO-
OOM Mi3HAHHS.

OCHOBHI TIOJIO)KCHHS 1 MPHUHIUIK JiaJCKTHY-
HOTO MarepiaiizMy CIyTyITh METOJOJOTIYHOI0 OC-
HOBOIO JUIS CIIELialbHOI HAYKH, IO JOCHTIDKYE OK-
pemi 3akoHH. Meromomorii — 1me ¢imocodcerke
BUYCHHS IIPO METOIH Mi3HAHHS 1 IEpEeTBOPEHHS JIiiiC-
HOCTI, 3aCTOCYBaHHS IPUHIINIIIB CBITOTIIAY A0 TPO-
[ecy mi3HaHHS, IO AYXOBHOI TBOPYOCTI Ta IO TMpPaK-
TUKU. Ba)XITHBO mMiIKpPECTUTH, 0 METOIOJIOTIS — IIe
HE IPOCTO CYKYITHICTh 3arajJbHUX (PLIOCOPCHKUX 3a-
KOHIB, IPUHIIHITIB 1 KATErOpiid, a camMe JOCIIIKCHHS
LUISIXIB 3aCTOCYBAaHHs 3HAHHSI, 30CEPEIPKEHOT0 Y (i-
JT0CO(PCHKHUX MOHATTSX.

Hamu Oyno BHsIBIEHO, IO METOJOJIOTIS Hajae
MIPaBUJIHUN HAIpsSM y poOOTi TOCHiAHUKA, TOTIOMa-
rae oMy oOpaTH HAWKOPOTIIUH HIISX JOCITHCHHS
iCTHHHUX (yHOAMEHTAIFHUX 3HaHb. TakoX BapTo
MIKPECINTH, AiaJeKTHKO-MaTepialiCTHIHa METO.I0-
JIOTisl Ta OKPEeMi METOAM HAayKOBOTO ITi3HAHHS BiJir-
paroTh BKJIUBY POJIb Y PO3BUTKY TEOPii 1 IPaKTHKH.
Metopmonorigaoi GpyHKIii HaOyBarOTh OyAb-sKi 3110-
OyTi 3HaHHS, KOJH iX BUKOPHCTOBYIOTH JJISI OTPH-
MaHHS HOBOi HaykoBoi iH(opmauii. Ha npakTnynux
3aHATTAX Kadeapu ricronorii Ta emOpionorii HMY
imeri O.0. Boromosbliss AiarHOCTHKA IpernapaTiB
3MIACHIOETHCS HA KOHKPETHOMY 00’€KTI 32 METOJIOM
y TaKii nocnigoBHOCTI: 1) NEpBUHHE CaMOCTiHHE BH-
BUCHHS CTYJCHTOM TiCTOJOTi9HOTO Mpemapary; 2)
MOTIM KOKEH CTYICHT MOKa3ye BHKIAIady CTPYyK-
Typy B IIpemapari, a BUKIIagad Hajae HeoOXiTHi 1mo-
SICHEHHSI i KOHTPOJIIOE HABHYKH CTYICHTA; 3) Iaui Bi-
N0yBa€ETHCS] KOJIEKTHBHE OOTOBOPEHHS IHOTO TIpeTia-
paTy 3a y4acTiO BCiX CTYIEHTIB; 4) SKII0 BUBYAETHCS
OpraH, TO CIIOYaTKy MOTPiOHO BU3HAYUTH HOTO Miclie
y (yHKUIOHANBHIA CHCTEMI OpraHi3My ¥ naTu 3ara-
JbHY XapaKTePUCTHUKY (ITIOXOJPKEHHS, BU3HAYHUTH 3a-
ragpHUH TU1aH OyIOBH, IOKA3aTH YaCTHHU abo 000-
JIOHKH, BCTAHOBUTH J[IarHOCTUYHI O3HAKH); 5) meTa-
JIBHUH TiCTOJOTIYHUI aHa3 CTPYKTYp 1 IXHIX QyHK-
LIOHAJIBHUX BIIACTHBOCTEH.

KoskeH ricronoriyHuii mpemnapar BUBYAETHCS Y
IBa erany. Ha mepmomy erami CTy[€HT HaBYAa€THCS
«IUTaTI» MiKpomnpenapar i opMyBaTu HOTro «30po-
BHI 00pa3» y HOPMI, a TaKOX Ha0yBa€ 3MaTHOCTI Mi-
arHOCTYBaTH MOJXJIMBI 3MIHM HOPMaJIbHOI CTpYK-
Typu. Ha npyromy erami ans HaOyTTd NpakTHIYHHX
HAaBUYOK BUKOPUCTOBYIOTHCS TaOJIHII, CXEMH, EIEKT-
porpamu Ta MyJIbTUMEJIifHI Ipe3eHTallii.

OOroBOpeHHsT OCHiKyBaHOrO 00’ekTa (KJIi-
THHHU, TKAHMHU Y4 OpraHa) MPOBOAMTHCS Bij 3arajib-
HOTO 10 YaCTKOBOTO 3 aKI[EHTOM Ha I[UIICHICTS 1 B3a-
€MO3B’ 30K CTPYKTYpH Ta PpyHKuii. Y xozi Oeciau Bu-
KJIaja4d CIpSIMOBYE AiSTIBHICTD CTYJCHTIB Ha 3aKpin-
JIEHHsI TeOpii Ta MPaKTHYHUX HaBUYOK.

HeoOXigHO miAKpECIUTH, MmO OOOB’SI3KOBUM
€JIEMEHTOM OOTOBOPEHHS € YJIbTPacTpyKTypHa, Tic-
TOXiMiuHa Ta (yHKIIOHAJIBHA XapaKTEPHUCTHKA T1CTO-
JIOTIYHUX CTPYKTYP. Y 1bOMY IPOIIECi TAKOXK Tepe/-
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0avaroThcs AUCKYCIT OA0 IHTEpIpeTalii AiarHOCTH-
YHUX KPUTEPIiB CTPYKTYp Ha MIKpO- Ta yJIbTPaMiKpo-
CKOIIIYHOMY DIBHSIX, @ TAKOXX MOJICKYJISIpHA XapaKTe-
puctuka MophodyHKIIOHANIBHUX 3B’SI3KiB, BH3HA-
YEHHS CTYIICHS pEeTeHEPaTUBHUX BIACTHBOCTEH CTpPY-
KTyp 200 NpOsBiB MOXKJIMBHX MOPYIIEHB iXHBOI Oy-
JIOBH i QYHKIIIT Ta BCTAHOBJICHHS iXHIX MEINYHUX KO-
pemsmiii. 30kpema, MpH BIPOBAIKEHHI aKTHBHOTO
METOJly OOTOBOPEHHS 3aCTOCOBYETHCSI METO]] ITOCTA-
HOBKH TpoOieMu Ta i po3B’si3aHHs cTyaeHTamu. Ha
TaKHX 3aHATTAX CTYICHT-IONOBinad (i3 aKTyalbHUX
MUTaHb CTPYKTYPHO-(QYHKIIOHAIBHUX B3a€MO3B’s3-
KiB 1 MEJJMYHOTO 3HAYEHHs 3aKOHOMIPHOCTEH, Mexa-
HI3MY B3a€MOii) MPe3eHTY€e CBOIO HaBYAIBLHO-I0Ci-
JHHIBKY pOOOTY 3 MYJIBTHMENIHHOIO MTPE3EHTALIIE0
npotsroM 5—7 XBWIHMH. [HII 2-3 CTyaeHTH — «oTo-
HEHTH» — JOJy4aloThCS 10 OOTOBOPEHHS JaHUX Ta
BHOCSITh KOPEKTHBH. PelTa CTyIeHTIB CTaBIATH 3a-
MUTaHHSA, JOTOBHIOIOTH 1 MPONOHYIOTH BJIACHI IUIAXH
po3B’s3aHHA TpoOIeMu. Ycs Trpymna OIHIOE BHCTYII
3a TpaJuNiiHOIO MIKaJok0. Bukinanad oriHOe BHECOK
KOKHOTO CTYZACHTA Y BUPIIICHHS POOIEeMHU
BuBYeHHs TiCTOJIOTIYHMX Ta €MOpPiOJOTIYHUX
NpenapariB HOBUHHO CYIIPOBOJDKYBATHUCS TX 000B’ 13-
KOBHM 3aMallbOBYyBaHHSM. 3aMalllOBaHHS, L0 Ja€
MOXIIMBICTb Kpallle 3p03yMiTH Ipernapar, HaBYUTHCS
BUJIUIATH OCHOBHI CTPYKTYPH 1 BOJHOYAc 3BEpTaTH

yBary Ha Taki JeTaji, SKi iHakKIle MOXXYTb BHCIIH3-
HYTH BiJ] CIIOCTEPEXEHHS; HapeIlTi, PUCYHOK JIOIO-
Marae 3arnam’sITaTH Iperapar, 3aKpilIroe 30poBe ysi-
BJICHHS 1, TAKUM YHMHOM, 3a0e3Ieduye Kpalle Ta -
Ouie 3acBO€HHS (aKTUYHOTO MaTepiany y HaOyTTi
MIPAaKTHYHUX HABUYOK JIarHOCTHKHA HOPMH Ta MOX-
JIMBHX TIPOSBIB MATOJOTIYHIX 3MiH.

BucHoBku

1. JianeKkTHYHUA METO] € HaHOiIbII epeKTHB-
HUM 1 JI€BIM HAyKOBUM criocoOoM mizHaHHA. OcHO-
BHI TIOJIO’KEHHS 1 IPUHIIHAIN [IaIeKTHIHOTO MaTepia-
Ji3MY CIYT'YIOTh METOAOJIOTYHOI0 OCHOBOIO JIJIA CIIe-
LiaJIbHOT HAYKH, 10 JTOCHIJPKY€E OKpeMi 3aKOHH.

2. Metonosorist — e pitocopcbke BUSHHS PO
METO/ Mi3HAHHS 1 ePEeTBOPEHHS JiHCHOCTI, 3aCTO-
CYBaHHS NPHUHLMUIIB CBITOIJISYy 1O NpOLECy IIi-
3HaHHS, JI0 TyXOBHOT TBOPYOCTI Ta JI0 IPaKTUKH. Ba-
JKIIUBO TAKPECIUTH, IO METOIO0JIOTIs — IIe He Tpo-
CTO CYKYIHICTh 3arajbHuX (iToco(ChKUX 3aKOHIB,
MIPUHITUIIIB 1 KATETOpiii, a caMme TOCTiHKSHHS IUIIXiB
3aCTOCYBaHHS 3HAHHS, 30CEPEHKEHOT0 y (inocodch-
KHX HOHSTTSX.

Indopmanis npo kKoHQJIIKT iHTepeciB

[MoTteHuiitnnx abo sBHUX KOHQIIIKTIB iHTEpECIB,
II0 TOB’s3aHi 3 I[UM PYKONNCOM, HA MOMEHT ITyOJIi-
Kalii He iCHy€e Ta He nependayaeTbes.
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Xiaamanosa JLI., SIpemenko JI.M., I'pa6oBuii O.M. MetoaoJioriuHi Ta pisiocodcenki acnekTn BIOCKO-
HaJIeHHs] BUKJIA/IaHHA (PyHTaMeHTATbHUX JUCHUILIIH CTYI€eHTaM -MeIHKaM: OTJIsI/I JIiTepaTypH Ta Hall Ie-
JaroriyHuii 1ocsin.

PE®EPAT. Akryanbnictb. Cepes yncieHHHUX podiieM 01010ril Ta MeANIMHY, SKi ITOCTIHHO IPUBEPTAIOTH
JI0 ce0Oe yBary BYCHHUX, BXKIIMBE MicCIe 3aliMae MUTaHHS PO B3a€MOBIJIHOCHHU CTPYKTYpH Ta (yHKLIT Oioyoriy-
HHUX 00'€KTIB SIK B yMOBaX HOpPMH, TaK i matosorii. Mera. Ha ocHOBI MeTO10/10T19HOTO Ta (hi10cO(HCHKOTO MiAX0LY
aKTHBI3yBaTH CaMOCTifHY pOOOTY CTYAEHTIB MOYAaTKOBHX KypCiB JO TBOPUYOTO 3aCBOEHHSA (YHIAMEHTAIBHUX
3HaHb TA PO3BUTOK HAYKOBOT'O ITi3HAHHS y BU3HAYEHHI HOPMH Ta MOXJIMBUX IIPOSIBaxX MaTOJIOTIYHUX 3MiH. Me-
Tomu. HaMu oOrpyHTOBaHI IHHOBalilHI TEXHOJIOTII, IO CIPUSAIOTH MiJABUIIEHHIO €()EKTUBHOCTI Ta SKOCTI HaB-
YaHHS, a TaKOXX 3a0e3MeuyroTh CTBOPEHHs II€JaroriyHuX YMOB JUIs ajanTamii CTYIEHTIB A0 CHCTEMH OCBITH.
BripoBapkyeThest aKTUBHHI METO/I TUCKYCii, 3aCTOCOBY€ETHCS METO IIOCTAHOBKH Ipo0IieMHu Ta 11 BUPIIICHHS CTY-
JeHTaMu. HajaeTbcst MOXKIIMBICTD MOPIBHIOBATH Ta PO3PI3HATH HOpManbHI TKaHUHU. Pinocodcebkuii MeTon He
MiAMIHSE 1HIT METOJM HAyKOBOTO Ii3HAHHS, a CTAHOBUTH iX METOJOJOTidHy OcHOBY. BiH perymroe mporec mi-
3HAHHS 1 € MATPYHTSIM KOKHOTO HAyKOBOTO MeToAy. Pe3yjbTaTu Ta miAcyMoK. My BU3HAUMIIH, 10 AiaJeKTHY-
HUHM MEeTOJ € HaOLIbII e(eKTUBHHUM 1 JIEBUM HayKOBHM CIIOCOOOM Mi3HaHHS. Ha mpakTHYHUX 3aHATTAX Kadeapu
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ricrosorii ta em6pionorii HMY imeni O.O. boromounslist AiarHOCTHKa NpenapariB 3i{CHIOETHCS HA KOHKPETHOMY
00’€KTi 32 METOJIOM Y Takii MociIiJOBHOCTI: 1) IepBUHHE CaMOCTiiiHE BUBYEHHS CTYAEHTOM TiCTOJIOTIYHOTO Ipe-
napary; 2) MoTiM KOXEH CTY/EHT I0Ka3ye BHUKJIaJgady CTPYKTYpy B Ipenaparti, a BUKiIaaay Hagae HeoOXiaHi mo-
SICHEHHSI i KOHTPOJIIOE HABUYKHU CTY/EHTA; 3) Aaii BifOyBa€eThCsl KOJEKTUBHE OOrOBOPEHHS LILOTO Mperapary 3a
YYacCTIO BCIX CTY/EHTIB; 4) SIKIII0 BUBYAETHCS OpTaH, TO COYAaTKy HOTPiIOHO BU3HAYMTH HOTO Miclie Y GpyHKIioHa-
JBHIM CHCTEMI OpTaHi3My I IaTH 3arajbHy XapaKTePHCTHKY (TMOXOKEHHS, BU3HAYNTH 3arajlbHUH IUTaH OYIOBH,
MOKA3aTH YaCTHHU a00 000JIOHKH, BCTAHOBUTH JA1arHOCTHYHI O3HAKM); 5) A€TANbHUH TiCTONOTIYHUN aHAaMi3 CTPY-
KTyp 1 IXHIX (PYHKIIIOHAIFHUX BIacTUBOCTEH. KokeH ricToiorigHmii mpenapaT BUBYAEThCA y aBa etanmy. Ha mep-
IIOMY eTalli CTYACHT HAaBUAEThCA «IUTATH» MiKponpenapaT i popMyBaTi HOro «30poBHii 00pa3» y HOpMi, a TAKOK
HaOyBae 34aTHOCTI iarHOCTYBAaTH MOJKJIMBI 3MiHH HOPMAJIbHOI CTpYKTypH. Ha npyromy etari it HaOyTTS Ipak-
TUYHUX HABIYOK BUKOPUCTOBYIOTHCS TaONHIll, CXEMH, EIEKTPOHOTPAMH Ta MyIbTUMEiiTHI pe3eHTamii. O0roso-
PEHHSI IOCIIKYBAaHOTO 00’ €KTa (KJIITHHH, TKAHMHU YU OpPTaHy) HPOBOJUTHCS BiJ] 3arajbHOIO JI0 YaCTKOBOTO 3
AKI[EHTOM Ha LiJTICHICTB 1 B3a€MO3B’SI30K CTPYKTYpH Ta GYHKIIT. Y Xoi Oeciny BUKIagay CrpsIMOBYE AisUIbHICTD
CTYZICHTIB Ha 3aKpiIUIeHHs Teopii Ta npakTuuHUX HaBuuok. Ilincymok. Merononorist — 1ie dinocodcbke BUSHHS
PO METO/H Ii3HAHHS 1 NEPETBOPEHHS JIHCHOCTI, 3aCTOCYBaHHS IPUHIIMIIB CBITOTJISTY JI0 TIPOLECy Mi3HAHHS, J10
JTyXOBHOT TBOPUOCTI Ta JI0 NPAKTHKH. BaskJIMBO MiIKPECIUTH, III0 METOJIONIOTIS — 1€ HE MPOCTO CYKYIHICTh 3ara-
JIBHUX QII0CO(CHKUX 3aKOHIB, IPUHIIMITIB 1 KaTEropii, a came JOCIIDKEHHS IUISIXIB 3aCTOCYBaHHs 3HaHHS, 30Ce-
pemKeHoro y pitocoPChKIX MOHATTSX.
Karo4oBi cjioBa: MeauyHa ocBiTa, 0a30B1 JUCLHMIUTIHNA, METOIOJIOTIST BUKJIaJaHHS TiCTOIOTII.
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A0 BIIOMA ABTOPIB

3arajbHi BUMOIH

Jana indopmarris CKliaJieHa Ha OCHOBI «E THHUX
BUMOT JI0 PYKOITUCIB, IO MOJAIOTHCS B OiOMETUYHI
JKYPHAIIU», 3 IKUMH aBTOPH MOXYTb O3HAHOMHTHCS
neranbHime Ha caiti http://www.ICMJE.org.

Kypnan «Morphologia» my0mikye ornsmosi i
mpoOJIeMHI CTATTi, JIEKIIil, OPUTIHATIBHI CTATTi, KOPO-
TKi TIOBIJOMJICHHS, pelieH3i] Ta BiATyKH Ha ITyOImika-
1i1, mociOHUKH 1 MOHOTpadii, MaTepiaii 3 METOI0IIO0-
rii HAyKOBUX JOCIIKeHb, aHOHCH, HOBHHH, MTOBiI0-
MJICHHS, TIPE3EHTallii, a TaK0XX MaTepialii 3 XPOHIKN
Ta icTopii B ramy3i MOpQoIIorii.

Penakuist posrnsmae matepianm myOmikamid 3
JOTPUMAaHHSM aBTOPCHKHX MPaB i ETUYHUX HOPM Ha-

[Tpu noxaHHi pyKomnucy aBTOpY NOBUHHI ypaxy-
BaTH Ta PO3KPUTH MOTEHIIIHI KOHQIIIKTH iHTEpeCiB
a00 4iTKO 3asBUTH NPO iX BiAcyTHICTH (OnbII feTa-
JbpHY iH(OpMalLito MoXHa 3HalTH B po3aini «D. Kon-
GIiKT iHTepeciBy «CAMHIX BUMOT JI0 PYKOIHUCIB, MO
[OJIAFOTHCSI B O10MEIMYHI JKYPHAIINY).

3a HasBHOCTI B pyKomuci iHpopmaii, mo ixeH-
TU}IKY€e 0CO0Y YUACHHUKIB AOCHTIIHKEHHS, CIIi1 HaJaTh
X MICEMOBHH JI03BiJT HA MyOJIiKaIIiIo.

VY pykomucax Mae OyTH 9iTKO IMO3HAYCHA BilIIO-
BiHICTH MPUHIUIIAM 0i0€THKH, 110 BUKJIAACHI B [le-
kiapairii XenbciHki Ta 3akoHi Ykpainu «lIpo 3axuct
TBapyH Bijl KOPCTOKOTO MoBoKeHHs» (Ne 1759-VI

YKOBOI ITyOikanii.
Pepakuist mpuiimae Matepiaiu, sIKi HaJAIOTHCS
YKpaTHCHKOO a00 aHIIiHCHKOI0 MOBaMH.

Bix 15.12.2009) abo B aHANOTIYHMX JOKYMEHTaX Ha-
I[IOHAJILHOTO PIiBHSI IHIIMX JIEPIKAB.

TexHiYHi BUMOIHM 10 pyKoOnucy

O0csr ornsaHoBoi, MPOOIEMHOT CTAaTTi 200 JIeKIIii
MIOBUHEH CTAaHOBUTH Bif] 12 10 36 CTOPIHOK MAITHHO-
MACY, OPHUTiHANBHOI cTaTTi Big 8 mo 24 CTOPIHOK,
BKJIFOYAIOYH LIFOCTPAaTHUBHUI MaTepiaj, IHIINX MaTe-
piajiB 3a y3ro/XKSHHSIM 3 PeaKIi€lo.

TekcT npykyerhes depes 1,5 iHTepBaniu, po3mip
mwpudty 14, rapuirypa Times New Roman. Bigcryn
a63amy 10 mm. Beperu 3 ycix 00kiB mo 20 M.

Crarts moBuHHa OyTH BUKOHaHa y popmati RTF
abo «goxymeHT Microsoft Word».

Cmpykmypa pykonucy:

YK

Hazga crarTi (06e3 abpeBiaTyp)

ABtop(u): iHimiaIw, IPi3BHIIE

ORCID ineHtudikaropu aBTopin

E-mail BiZmoBigaapHOro aBTopa

Odiriiina Ha3Ba YCTAHOBH, MICTO (/151 KOXK-
HOTO aBTOPA)

e Jlaui mpo 3B'I30K myOJTiKaIlil 3 MIAHOBUMHU
HAYKOBO-IOCTiTHIMH poOOTaMu, OHIAMH, IHCTHUTY-
IisIMH, TPaHTaMH (32 X HasBHOCTI)

e Pedepat ykpalHCBKOIO Ta aHTIIICEKOI0 MO-
BaMH.

e Tekcr crarTi

Pegpepam 0o cmammi
(npasuna ogpopmnenns)

Pedepatun ykpaiHCBKOIO Ta aHIJIIHCHKOIO MO-
BaMHU MOTPiOHO HazaBaTu oocsrom Big 1800 go 2200
3HAKIB Ta CTPYKTYPYBaTH 32 TAKUMH PyOpPHKaMH: Ha-
3Ba CTaTTi, Mpi3BUIIA Ta iHILliaJIM aBTOPIB, iX Micue

pobotn,  axryaneHicTh  (Background), wmera
(Objective), wmeromm  (Methods), pe3ynbTatu
134

(Results), mizcymox a6o BucHoBkm (Conclusion),
kmovoBi ciosa (Key words).

Y 3BSIBKYy 3 00OpoOKOI0 METamaHHX KOXKHOI
CTaTTi )KypHaJy HayKOMETPpUYHUMHU Oa3zaMu 3BepTa-
€MO yBary aBTOpiB Ha 0COOJIMBY BaXK/IMBICTh PETEIb-
HOro 0()OpMJICHHS Ha3B YCTAHOB 1 MPI3BHUIL aBTOPIB,
TaK SIK BiJ I[bOTO 3aJICKHUTh YCHILIHICTD 1X 11eHTU]I-
Kalii Ta po3paxyHKy HayKOMETPUYHHX IMOKa3HHUKIB.

VY TEeKCTi OpHUTiHANBHOI CTATTi BapTO JOJCPKY-
BaTHCh ITOCIITOBHOCTI 000B’I3KOBUX CKJIAJOBUX:

o Beryn
Mera
Marepianu Ta MEeTOIN
Pe3ynbraTn Ta iX 0OrOBOpEeHHS
[Tincymok (ab0 BUCHOBKH)

[TepcieKTHBY MOAATBIITNX PO3POOOK

o JliteparypHi mkepena (nuB. JJomaTok)

VY TekcTi cTaTTi Bei (i3WYHI BEJIMYHUHH Ta OJHU-
HHUIII CJTi7] HABOAWTH 32 SI, TEpMiHHU 3TiTHO 3 aHATOMi-
YHOI0 Ta TICTOJIOTIYHOIO HOMEHKJIATypaMH, Ha3BU
XBOpOO 3a Hit04or0 MiKHapOIHOK KiacH(iKali€e
XBOPOO, JIikapchKi penapaTu 3a Mi>KHApOAHUMU He-
naTeHToBaHMMH Ha3Bamu (INN).

Bci ckopoueHHs mpu iX HeplioMy 3rajyBaHHI
MOBHWHHI OyTH po3mmdpoBaHi. BukopucTtaHHS CKo-
pOYeHb y Ha3Bi CTATTi Ta pedepati He JO3BOIIIETHCS.

[TocunaHHs Ha MEpIIOKEpeNia B TEKCTI CTATTi
Tpeba 3IHCHIOBATH HABEJCHHAM Y KBaIPATHUX YK~
Kax TOPSIIKOBOTO HOMEpa y CHHCKY JITepaTypHUX
JoKepen. MOXIIMBE TakKOXX TOCWUJIAHHS y BHIJISII:
«..Ha nymKky LI. IBanoma ta cmiBaBTOpiB [8], R.T.
Smith 3 komeramu [12]...». [locunanHs Ha Kijlbka
TIEPIIOJDKEPEIT Y TEKCTI CTAaTTI PO3AUIAIOTECS TaKHM
YUHOM: «...[2, 4, 6-8]».

O O O O O
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https://sites.google.com/a/dsma.dp.ua/morphology/dlyaavtoriv/publikacionnaa-etika
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http://zakon5.rada.gov.ua/laws/show/3447-15
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CrarTst MOXe MICTUTH Jiarpamu, rpadiku Ta
Tabnuui, o nodyaoBaHi BHYTPILIHIMU 3ac00aMH pe-
nakropa MS Word. [Iyis mo3HaueHHS TPUMITOK PEKo-
MEHJIOBaHO BUKOPHUCTOBYBATH HACTYIIHI €JIEMEHTH Y
BiNOBiAHIM mocnigoBHocTi: *, T, 1,8, I, v, **, T, 1.
doToirocTparii MogalTEC B €IIEKTPOHHOMY Bapia-
HT1 okpemumu ¢aiinamu y popmari JPEG abo TIFF;
pO3IiTbHA 3AAaTHICTh Ma€ CKIANaTH HE MEHIIE HiX
150 To4ok Ha mFO¥M. Y TEKCTi CTATTi PUCYHKH HOTPi-
OHO PO3TAIIOBYBATH MICIS MEPIIOTO IOCHIAHHS Ha
HUX, MIIACH 10 PUCYHKIB HABOJUTH MOBOIO OPHTi-
HaJly CTaTTi i 000B’SI3KOBO AHIIIIHCHKOIO.

Pykonuc noBuHEH OyTH peTesbHO BipeaaroBa-
HU# aBTOpamMu. Bei cTaTTi MiAAraloTh Mporeaypi pe-
LICH3yBaHHS.

J1nst IepBUHHOT €KCIEePTU3U PYKOIHC 1 BiOMO-
CTi PO aBTOPIB (YCTaHOBH, TIOCAIH, HAYKOBI CTYICHI
Ta BUCHI 3BaHHS aBTOPIiB) MOTPiOHO HAICHUIIATH 32 af-
pecoro: morphology@dmu.edu.ua.

VY pa3i npuHHATTA CTATTi Ha IIO K ajpecy Haj-
CHJIA€THCA BiZICKAHOBAHA KOsl « ABTOPCHKOI 3r0I»
3 MiJIACOM BiJIOBIJaIEHOTO aBTOPA.

JonaTok
JlirepaTypHi q:xepena
(mpaBuJIa i NpUKJIAIH 0()OPMJICHHS CITHCKY)

Bci miteparypHi mocuiaHHs, SKi HaBeICHI B PoO-
00Ti, 000OB’SI3KOBO TOBHHHI OYTH TpEICTaBICHI B
CIHCKY TMEpIIOJDKEPEN y TMOPSAKY BHKOPUCTAHHS
(mocunanb) y TekcTi. CKOPOUYCHHS HAa3B KYPHAJIIB Ha-
BOJATHCS 3TigHO 31 cTanmaptamu Index Medicus
(http://www.wsulibs.wsu.edu/general/journal_abbre
viations.html). 3a gocTOBIpHICTh JaHNX, HABEAECHHUX Y
6i6miorpagiuHOMY CITUCKY, BiJIIOBIIaE aBTOP.

Koxxrae BukopucTane Oibmiorpadidae mxepeno
Mae OyTH TO3HAYeHE Yy TEKCTi cTarTi (Y KBaJpaTHHX
nyxkax). [locunaHHs Ha HeolryOTikoBaHI poOOTH 200
MaTepiali Ha paBax pyKONHUCy (IrcepTarii, aBTope-
(hepaty) He IOITYyCKAFOTHCS.

KoxkHe pKepesio y CIUCKY HeoOximHo odopM-
aoBatH  y QopMmari MDKHapOJHOTO CTaHAApPTy
Vancouver reference style (NLM/PubMed). V pasi
HasIBHOCTI B Mepexi [HTepHeT eleKTPOHHOT KOl -
TOBaHOTO JOKyMeHTa 0a)kaHo B KiHIIl 0ibsiorpadiy-
Horo nocuianus po3minryBatu URL anpecy qokyme-
HTa; 3a HAsIBHOCTI CIiJ TakoX Bka3zyBatu DOI aGo
PMID crarTi. [Ipu odopmIteHHI MOCHIaHb Ha TIEpio-
JUYHI BUIAHHSI, IO MalOTh KiTbKa BapiaHTIB HA3BH,
CJIiJ] BiIJaBATH TIepeBary aHTIIHCEKIN.

Kopomxa incmpyxyis no ogpopmnenro munogux
JMepamypHux nOCULAHb BIONOBIOHO 00 MINCHAPOO-
nux  eumoz  Vancouver  reference  style

(NLM/PubMed).

OdopmiteHHsI TOCHIAHHS Ha CTATTIO, OMyOJIiKO-
BaHy B [IEPiOJJUYHOMY BHUIAHHI:

Asmopu Hasea nybuxayit

Voloshyn MA, Talanova OS. [The features of
distribution ¢-SMA in spleen structures in health and
after intrauterine action of antigen]. Morphologia.
2({13;7(2):37-40. Ukrainian.

Haszea
nNepIooUYHO20
Pix Iazcinayia %oea - GUOAHHA
BUOAHHA nybnixayii

Tom | Homep

HeoOxinHo BKa3yBaTH BCiX aBTOPIB, BiIOKpeM-
JFOBATH 1X OAMH BiJI OTHOTO KOMOIO i po0inom. [Hi-
LiaJi BKa3yIOThCS MiCHs MPi3BHIIA, 3HAKAMH ITyHK-
Tyarii He po3aisatoTees. [I0BHI iMeHa aBTOpiB HE Ha-
BoaAaTkcs. [1icns meperiky aBTopiB CTaBUTHCA Kparka
i mpo6in. Ha3zea my0ikariii HaBOAUTHCS aHTITIHCHKOIO
MOBOIO y KBaJpaTHUX HyXKaX. Ilicisi Ha3BU crarti
CTaBHUTHCS Kparka i mpooin. s cTaTTi aHTTIHCEKOI0
MOBOIO Ha3Ba BKa3yeThCs 0€3 KBaJpaTHHUX JIyXKOK.
Ha3Ba nepiognyHOro BUaHHSA HABOUTHCS aHTIIIHCH-
KOIO MOBOIO 200 TPaHCIITEPAIi€l0 HA3BH CUMBOIAMU
JaTUHCHKOTO andaBity. Jl0MycKaeThCsl HABOJUTH 3a-
peecTpoBaHe CKOPOUEHHSI Ha3BU INEPiOJUYHOTO BHU-
nmands. [licis Ha3BM BUJAHHS CTaBUTHCS Kparmka i
po6in. [HdopMmartis mpo BUIaHHS: pik BUIAHHS BiIO-
KPEMITIOETBCS KPAITKOIO 3 KOMOIO, TIOTIM HaBOIUTHCS
HOMEp TOMY, B KPYIJIMX JYXKKax BKa3yeThCS HOMEp
KypHAIy, MICIS IBOKPANKU MPUBOTUTECS Iiana3oH
cTopiHOK. [y cTaTTi, mo omyOJikoBaHa HE aHTIii-
CHKOI0 MOBOIO, B KiHIIi C()OPMOBAHOTO ITOCHIAHHS
BKa3yeThCsl MOBa opurinainy. Jlonarkosa indopmaris
npo crartio Homepu DOI PubMed ID Ta in.

OdopmiteHHs TOCUTIAHHS Ha KHUTY:

Asmopu Pedaxmop

Iutsnkﬁtvuk/ées, Lok MD, snthors; Panisyilt Vel

editor. Lektiny v gistokhimii [Lectins in histochemistry]. Lviv:
ha shkola; 1989. 144 p. Russian.
‘ Kmulacma

BuoasHuymeo  p;,  CNMOPIHOK
BUOAHHA

p Haszea kuucu |
MpaHCcImepayla i M
5 oz ficye
nepexnao, aUOaLHA

Moea eucanta

HeoOxinHo BKa3yBaTH BCiX aBTOPIB, BiIOKpeM-
JFOBATH X OJUH BiJl OTHOTO KOMOO i mpo0imom. [Hi-
LiaJi BKa3yIOThCS MiCHs MpPi3BHIA, 3HAKAMH ITyHK-
Tyanii He po3AUIsIoThCs. [I0BHI iMEHa aBTOpIB HE Ha-
BOJISITBCS. ABTOPH TIEPIIOTO 1 IPyroro NOpsKiB po-
3IIUISIOTBCSL KPAIKOIO 3 KOMOIO 1 IpoOitoM. ABTOpH
JPYroro MOpPSAKY pPEeAaKTopH, nepeknazaadi. [licms
TIeperiKy aBTOPiB CTaBUTHCS Kparika i mpobin. Ha3zsa
KHUTH: HaBOJWUTBHCS TpPAHCIITEpalisi Ha3BU KHUTH
i/abo mepekiaa Ha3BM KHUTH aHTJIHCHKOI0 MOBOIO B
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KBaJIpaTHHUX JyXKax. SIKIO KHUTr'a BUAaHa aHTIiHCh-
KOI0 MOBOIK, Ha3Ba ii B KBaJpaTHI AYXKH He Oe-
perbest. [Ticist Ha3BM KHUTM CTaBUThCS Kparlka 1 mpo-
6in. Homep Bumanns (y ¢opmari 1st, 2nd, 3rd, 4th
TOIIO), TOJIATKOBa 1H(OpPMAITis PO BUAAHHS: BUIIPA-
BJIeHe (rev.), momoBHeHe (enl.), crepeoTumHe (repr.)
Ta iHII. 3BEPHITH yBary mepiie BUAaHHSI BKa3yEThCA
TUTBKH B TOMY BHIIAJKy, SIKIIO TOCTOBIPHO BiZOMO
PO MOJANBI TIepeBUAaHHS i Bu nutyeTe came me-
pure BumaHHsA. Micrie BHIAHHS BKa3yeThCS MICTO, B
KPYIJINX AYXKaX 3a HEOOXiTHOCTI BKa3yeThCS Kpa-
ina. Ilicns 3a3HaveHHst Micus myOsikauii cTaBUTHCS
JIBOKparka i mpo6ii. BupaBHUIITBO HABOAWTHCS Tpa-
HCIIITepOBaHe JIATWHHIEIO a00 Horo aHrmilchka Ha-
3Ba. [licis BUAaBHUILITBA CTABUTHCS KPAIlKa 3 KOMOIO
i mpoOun. Pik BumaHHs, micyisi BKa3iBKM HOro cra-
BUTHCS Kpanka i npoOin. OOCsr KHUTH B CTOPiHKax
(mampuknag, 568 p.), micis 3a3HadueHHS HOro cTa-
BUTBCS Kpamka i mpo6in. [y KHUTH, MO OIryOIiKo-
BaHa HE aHIIIHCHKOIO MOBOIO, B KIHII ITOCHJIAHHS
BKa3y€eThCS MOBa OPHUTiHATY.

OdopmiteHHs TOCHIIaHHSI HA MaTepianu KoH(e-
PeHII:

Hazea
! emlop ¥ pobomu

Bakeyeva 16, Saprubova VB. Piipenko DI [Ultrastriscture of
mitochondria in endogenous oxidative stress, mitochondrial
antioxidant protective effect SkQ1]. In: [Proceedings of the IV
Congress of the Russian Society of Biochemistry and Molecular
Biology; 2008 May 11-15;| Novosibirsk, Russia]. Nauka;

2008. p. 3219. Russian.

Pix IaciHayia Moega
BUOAHHA BUOQHHA

Haa Hipxu Mamepianis, 0ama ma  Budagiymeo
MiCle NPOseOeHHR KoHgeperayil

HeoOxinHO BKa3yBaTH BCiX aBTOPIB, BiJIOKpEM-
JIFOBATH 1X OAMH BIJI OJHOTO KOMOIO i1 pobinom. [Hi-
iaJii BKa3yIOThCS MiCis MpPi3BHIIA, 3HAKAMH ITyHK-
Tyauii He po3aIstoThes. [10BHI iMeHa aBTOpIB He Ha-
BOJAThCS. [1icis meperiky aBTOpIB CTaBUThCS Kpamka
1 mpo6in. Ha3ea my0ikariii HaBOJUTECS aHTIIHCEKOI0
MOBOIO y KBaJIpaTHUX HyKKax. [licist Ha3Bu crarTi
CTaBHUTHCS Kpamka 1 mpo0Oin. J[ins marepiaiiB aHTTiH-
CHKOIO MOBOIO Ha3Ba BKa3yeThCs 0€3 KBaApaTHUX Y-
xok. Criostyuna ¢paza «In:». HazBa 30ipHuKa mare-
pianiB koHpepeHii, a Takoxk Ha3Ba KoH]epeHIil Ha-
BOJISITHCSI AHTIIIHCHKOI0 MOBOIO Y KBAJIpaTHUX JIyXK-
kax. J{is marepianis, 110 BUAABAINCH aHTIIHCHKOIO

MOBOIO, AYKKM He craBisiTbes. [licns Ha3Bu cra-
BUTBCS Kpanka i npo6in. Ciix 3a3HaYUTH MakcHMa-
JIBHO TIOBHI BiZIOMOCTI PO KOH(EPEHLI0 aTh IIpo-
BEJICHHS, Miclie TPOBECHHS Ta iH. BuiaBHUITBO 3a-
3HAYAETHCS MICTO BUAAHHS 1 Ha3Ba BUAABHUIITBA Tpa-
HCITITEpAIli€ro JTATHHHUIEIO 200 aHTIIIHCHKOIO Ha3BOKO.
ITics 3a3Ha4YeHHS BHAABHHUITBA CTABUTHCS KpaIKa 3
KOMOK0 1 mpoOin. Pik BHWmaHHSA, Mmicias HBOTO CTa-
BHUTBCS Kparka i mpoOin. Jliama3oH CTOPiHOK, Micis
HBOTO CTaBUTHCA Kpamka i mpoOin. s maTtepianis,
o0 omyOJIikoBaHI HE aHTJIHCHKOI0 MOBOIO, B KiHIII
c(OpPMOBaHOTO MOCHJIAHHS BKa3y€ThCS MOBA OPHIi-
Hay.

O(i)OpMJ'IeHHH IIOCHJIaHHS HaA IMaTCHT!

Bunaxioruxu Ilpasosenacrux

Zhuravchal AZ, Pasechnikov SP, Diachiuk MID, inventors; Stite
scientific institution "'Scientific and practical center of preventive
and clinical medicine" The State Administration, assignee.
Method for sampling specimen from prostate. Ukrainianpatent
UA 74938, 2012 Nov u\m CL AGIB 17/00. Ulaammn\ solin

Hazea  IHoexc MIIK

Koo xpainu, 1[&1}7(1'
5 B 08a . ndmermy
BUHAX00Y n}'%zxam 4 g

HoMEp namerny oo
)ugju xayit

HeoOxinHo BKa3yBaTu BCiX aBTOPIB, BiIOKpeM-
JFOBATH X OJUMH BiJl OHOTO KOMOO i mpoOimom. [Hi-
[ianyd BKa3YIOTBCS MiCIS TPI3BHINA, 3HAKAMHU ITyHK-
Tyalii He po3AisatoThes. [I0BHI iMeHa aBTOpIB HE Ha-
BoaAThCs. [licis mepeniky aBTOpiB CTABUTHCS KOMA i
3a3HavyaeThes inventor ado inventors, craBUTbCS Kpa-
mKka 3 KOMOIO 1 mpoOin. [IpaBOBIacHUK BKa3yeThCA
iM'st (TIpaBUIIa aHAJIOTIYHI TaKUM JJIsl BUHAX1THHUKIB)
a0 Ha3Ba opraHizallii, IOTIM IiCJIsS KOMH BKa3y€eThCs
assignee, moTiM CTaBUTHCS Kparka TOYKa i mMpoOi.
HaBoauTbest Ha3Ba BUHAXO/Y, MiCIIsI HBOTO CTABUTHCS
Kparika i npo6is. BkasyeTbcs kpaina peecrpariii, a ta-
KOX THIl JIOKYMEHTY (TIaTeHT), KOJ KpaiHH 1 HOMep
MaTeHTy. Bci eleMeHTH pOo3IUIAIOTECS MPoOiTamu,
HATIPUKIHI CTABUTHCS Kparmka i mpooin. Bkazyerbes
nmara myOmikamii iHpoOpMarii mpo BHAady MATEHTY,
oTiM Kparika 3 npobinom. [anexc (ingexcn) MikHa-
pomHOi maTeHTHOI Kiacu(ikamii HaBOAATHCS IMICIA
Int. Cl., SIkimo 1x GijbIe OHOTO PO3IUISIOTHCS Kpa-
KO0 3 KoMoto. [licis 3a3Ha4eHHs BCiX 1HAEKCIB cTa-
BUTHCS Kparka 1 npo0in. [{ys MatepianiB, BUIaHUX HEe
AHITIHCHKOI0 MOBOIO, B KiHII C(HOPMOBAHOIO MOCH-
JIaHHsI BKa3y€ThCs MOBA OPUTiHATY.

Anpeca penaxuii: 49005, Ykpaina, M. J[Hinpo, Byn.CeBacTonoisbsebka, 19.
Penakuist xypnany «Morphologiay.
Ten.: 0974584284.
E-mail: morphology.ivt@gmail.com
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AUTHOR GUIDELINES

General requirements

This information is based upon the "Uniform
Requirements for Manuscripts submitted to Biomed-
ical Journals" which authors can find online www.IC-
MJE.org.

Journal «Morphologia» publishes reviews and
topical articles, lectures, original papers, case reports,
review and comments on publications, manuals and
monographs, materials in research methodology, an-
nouncements, news, reports, presentations, and mate-
rials on the history and chronicles in morphology.

Editorial office examines materials of publica-
tions in compliance with copyright and ethical norms.

consider and disclose potential conflicts of interest or
clearly state their absence (more information can be
found in section «D. Conflicts of Interest» of the
"Uniform Requirements for Manuscripts submitted to
Biomedical Journals™).

In the case when submitted manuscript contains
personally identifiable information of study partici-
pants authors should provide their written permission
to publish such materials.

In the manuscripts should be clearly indicated
compliance with the principles of bioethics set in the
Declaration of Helsinki and in the Law of Ukraine

Editorial Board accepts the materials written in Eng-
lish and Ukrainian languages.
When submitting a manuscript, authors should

"About protection of animals from violent behavior”
(Ne 1759 -V1 15 Dec 2009) or equivalent documents
of the national level of other countries.

Technical requirements for the manuscripts

Size of Review, critical articles or lectures
should be from 12 up to 36 typewritten pages, original
articles from 8 up to 24 pages, including illustrations,
other publications on consideration with the editorial
office.

The text is printed with 1.5 line spacing, font size
14, Times New Roman. Paragraph indent 10 mm, all
margins 20 mm.

Avrticle must be done in RTF or «document Mi-
crosoft Word».

The structure of the manuscript:

- UDC

« Title of the article (no abbreviations)

* Author (s): initials, surname

* ORCID identifier of every author

« e-mail of the responsible author

* The official name of the institution (affiliation),
the city

* Data about communication of publication with
the planned research project, foundation source, insti-
tutions, grants (if available)

* Summary in English language

* Text of the article

Abstract of the article

(Design rules)

Extended abstract (from 1800 up to 2200 sym-
bols) in English should be submitted with next man-
datory elements: title of the article, Family name and
first names of all authors, their affiliations, the actu-
ality of research (Background), purpose (Objective),
methods (Methods), results (Results), conclusions
(Conclusion), keywords (Key words).

Because of the processing of the metadata of
each article by scientometric databases authors
should pay especial attention to the particular im-

portance of careful designation of names of institu-
tions and authors, as it affects the success of their
identification and calculation by scientometric indi-
cators.

In the text of the original article authors should
follow the sequence of mandatory components:

0 Background

0 Purpose

0 Materials and Methods

0 Results and discussion

0 The conclusion (or conclusions)

0 Prospects for further investigations

o References (see Appendix)

In the text of the article all the physical units
should be given in system Sl, terms according to the
anatomical and histological nomenclature, names of
diseases according to the current International Classi-
fication of Diseases, drugs at the International
Nonproprietary Name (INN).

All abbreviations at their first mention must be
decrypted. Use of abbreviations in the title and ab-
stract is not allowed.

A citation of the original documents in the text
of the manuscript should be implemented in square
parentheses indicating the sequence number in the list
of references. Acceptable also to cite as: according to
I.I1.Ivanova et al. [8], RT Smith and colleagues [12].
Citations of several primary sources in the text should
be separated as follows: [2, 4, 6-8]".

Acrticle may contain diagrams, graphs and tables
constructed by internal means of MS Word. To de-
note footnotes, it is recommended to use the elements
in the following order: *, 1, L, §, ||, ¥, **, T1, £1. Pho-
toillustrations are submitted electronically as separate
files in JPEG or TIFF with minimal resolution 150
dpi. The text of the article should include drawings
after the first reference to them, figure captions need
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to be done in the original language and in English
mandatory.

The manuscript should be carefully edited by the
authors. All articles are subjected to peer review pro-
cedure.

For primary expertise manuscript and infor-
mation about the author (affiliation, position, scien-
tific degrees and academic titles of authors) should be
sent to e -mail at: morphology@dmu.edu.ua.

In case of article acceptance a scanned copy of
the "Copyright Agreement™ with the signature of the
responsible author is sent to editorial office.

Appendix
References
(Rules and examples of the list)

All references cited in the paper must be ar-
ranged in a list in order of their first mentioning in the
text. Abbreviations of journal titles are provided in
accordance with the standards of Index Medicus. The
author is responsible for the accuracy of the data pro-
vided in the bibliography.

Each used bibliographic source must be desig-
nated in the text (in square parentheses). References
to unpublished work or materials as a manuscript
(dissertations, reports) are not allowed.

Each source in the list should be composed an
international standard format Vancouver reference
style (NLM/PubMed). In case of presence of the elec-
tronic copy of the cited document in the Internet, it is
desirable to place the URL of the document at the end
of the reference, also indicate the DOI and PMID of
the article if it is available. When citing periodicals,
with more than one title, preference should be given
to English one.

Quick start guide on the arrangement of stand-
ard references in accordance with international re-
quirements of Vancouver reference style.

Reference to an article published in a periodical:

Authors Article title

Volosh_\m mw OS. [The features of
distribution ¢-SMA in spleen structures in health and
after intrauterine action of antigen]. Morphologia.
20‘13;7(2):37—40. Ukrainian.

Journal title

Date of Location
iblication \, (Fagination) —Lar

Volume and Issue

1guage of
pubiication

All authors should be indicated, separate them
with a comma and a space. Initials are placed after the
surnames, they are not separated by punctuation. Full
names of the authors are not given. After the list of
authors put a dot and a space. Article title written in
English is given in square parentheses. After the title
of the article put a dot and a space. For publications
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originally written in English title is not placed in
square parentheses. Indicate journal title in English or
by transliteration with symbols of the latin alphabet.
It is possible to use the registered abbreviation of the
periodical title. The title of the journal is preceded by
a point and a space. Publication Information: year of
publication separated by a semicolon, and then the
volume number, the number of issue, placed in paren-
theses and after them put the colon and pagination.
Additional information about the article DOI, Pub-
Med ID, and so on could be added at the end.

Reference to a book:
Authors Editor
el
Lutsik AD, Detyuk YeS, Lutsik MD, authors; Panasyuk YeN,
editor: Lektiny v gistokhimii [Lectins in histochemistry]. Lviv:
Vyscha shkola; 1989. 14i4 p- Russian.

- |1 | ;“\)“'_umb'er ’
ublisher  Date of  of pages
) Language of
publication publication

(transl {Iﬂef d and

ransliterated and
> Place of
translated) publication

All authors should be indicated, separate them
with a comma and a space. Initials are placed after the
surnames, they are not separated by punctuation. Full
names of the authors are not given. The authors of the
first ans second range are separated by semicolon.
The authors of the second range editors, translators.
After the list of authors put a dot and a space. Book
title: original name in English or transliteration/trans-
lation with the symbols of latin alphabet in square pa-
rentheses. After book title there is a dot and a space.
Number of issue (in format 1%t, 2", 314, 41) additional
information about issue reviewed (rev.), enlarged
(enl.), representational (repr.) etc. The first edition is
mentioned only in case of assured existence of more
than one editions of this book. Place of publication
specify the city and if it is important country in paren-
theses. After specifying the place of publication there
is a colon and a space. Publisher indicated in Latin
transliteration or in its English name. After publisher
there is a semicolon and a space. Year of publication,
after pointing it put a dot and a space.

Reference to a conference materials:

Title of
paper
Bakeyeva Le, Sapru‘nova VB. Pilipenko DL [U]lmsﬁu'ctlme of
mitochondria in endogenous oxidative stress, mitochondrial
antioxidant protective effect SkQ1]. In: [Proceedings of the IV
Congress of the Russian Society of Biochemistry and Molecular
Biology; 2008 May 11-15;\Novosibirsk, Russia]. Nauka;
2‘]|]8. P 329. Rum\lan. Conference fitle (Book fitle), date and Publzlher

te of Language of place of conference
publication pub%zcanon

Authors of Paper

Location
(Pagination)

All authors should be indicated, separate them
with a comma and a space. Initials are placed after the
surnames, they are not separated by punctuation. Full
names of the authors are not given. After the list of
authors put a dot and a space. Publication title written
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in English is given in square parentheses. For publi-
cations originally written in English title is not placed
in square parentheses. After the title of the publication
put a dot and a space. Connecting phrase «In:». Name
of the conference written in English in square paren-
theses. For the conferences originally named in Eng-
lish the name is not placed in square parentheses. Af-
ter the title, put a dot and a space. The most compre-
hensive data about the conference should be indicated
dates, place and so on. Publisher the city of the publi-
cation and publisher name transliterated with Latin al-
phabet or English name. After specifying a publisher
put a semicolon and a space. Year of publication with
a dot and a space. For materials published not in Eng-
lish, at the end of the reference indicate the original
language.

Reference to a patent:

Inventors Assignee
Zhvaravehak AZ, Pasechnilov SP, Dischul MD, inventors; St
scientific institution ""Scientific and practical center of preventive
and clinical medicine" The State Administration, assignee.
Method for sampling specimen from prostate. Ukrainianpatent
UA 74938. 2012 Nov 12.Int. CL A61B 17/00. Ukrainianpmnc;’og}t_tgéenf

Interngtional Eany

Language o
Title C,Easgé‘idcgatwn pub%im%icf[

Counfiy code, Date issued
patent number

All authors should be indicated, separate them
with a comma and a space. Initials are placed after the
surnames, they are not separated by punctuation. Full
names of the authors are not given. After list of au-
thors (inventors) put the coma and word ‘inventor’ or
‘inventors’, then the semicolon and space. Assignee
put the name of person (the same rules as for the in-
ventor) or the name of organization, then put coma
and the word ‘assignee’, than dot and space. The title
of the invention; put a dot and a space after it. In-
dex(es) of the International Patent Classification
given after Int. Cl., If more than one separated by a
semicolon. After specifying all the indices put a dot
and a space. For materials not published in English at
the end of the reference indicates the original lan-
guage.

Address of the editorial office: 49005, Ukraine, Dnipro, Sevastopolska str., 19.
Editorial office of the journal «Morphologia».
Tel.: +380974584284.
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