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The conducted studies demonstrate significant changes in the endothelium's ultrastructure and myocardium's
blood capillaries during the postnatal development of Wistar rats. A series of images of the ultrastructure of the
blood capillaries of the myocardium of the left ventricle of rats of various ages allowed us to obtain information
for further development and theoretical substantiation of the origin, mechanisms of formation of some intravasal
and paravasal vesicles, which are found in ultrathin sections of pieces of the myocardium of animals. The article
analyzes the possible functions of processes and lamellae, which are located on the lumenal surface of the vascular
endothelium of blood capillaries of the myocardium. The role of capillary erythrocytes in the formation and gradual
elongation mechanisms of endotheliocyte cytoplasmic appendages, which later develop into blood capillary tubes,
was investigated. Morphological manifestations of the development of physiological apoptosis of endotheliocytes in
the blood capillaries of the myocardium of sheep were identified and investigated. It was established that a part of
apoptotic bodies is adsorbed on the surface of erythrocytes. The obtained data suggest that erythrocytes participate
in the adsorption and transport of apoptotic bodies on their surface from blood capillaries to the system of blood
vessels. It has been suggested that the removal of apoptotic bodies from the blood and the surface of erythrocytes is
mainly carried out by Kupffer macrophages of the liver. It has been established that in rats of various ages, the myo-
cardium sometimes reveals morphological manifestations of diapedesis of erythrocytes from the capillaries into the
connective tissue. The authors interpret diapedesis of erythrocytes as an additional mechanism of oxygen saturation
of local areas of the myocardial stroma to prevent the possible development of hypoxia of the heart muscle of rats

at the stages of postnatal ontogenesis.
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Connection of the publication with planned re-
search works.

The work was carried out in accordance with the
theme of the SRW: “Anatomical and physiological as-
pects of growth and development of humans and ani-
mals.” State registration number 0116U002990.

Introduction.

Currently, molecular and cellular mechanisms of
angiogenesis of the microcirculatory bed (MCB) of the
myocardium in the early postnatal ontogenesis of mam-
mals and humans are being actively studied [1, 2]. It has
been established that any external influences on the
body of animals and humans cause the development of
adequate reactions from the organs of the cardiovascu-
lar system [2, 3]. It has been proven that in conditions of
normality or pathology, a special role in regulating the
functions of mammalian and human organs belongs to
the blood MCB [3, 4]. According to the data of morpho-
metric studies, it was established that in the process of
ontogenesis, there is a significant increase in the blood
capillary link in the MCB, which, depending on the age
of the animals, reaches from 7.0 to 12.0% of the vol-
ume of the heart muscle [5]. The dominant component
of blood capillaries is the endothelium. The transport,
respiratory, trophic, excretory, protective and regulatory
functions of the capillary link of the MCB depend on its
structural and functional changes [6, 7].

The aim of the study.

Study the features of changes in the ultrastructure
of the endothelium and blood capillaries of the left ven-
tricle during the early postnatal development of Wistar
rats.

Object and research methods.

The paper examined a series of previously obtained
images of the ultrastructure of the myocardium of the
left ventricle of Wistar rats at the age of birth (a/b) to
45 days of postnatal development [5]. Rats from the
Faculty of Biology of KhNU (Kharkiv) nursery were kept
in standard vivarium conditions. In previous work, we
described all manipulations with rats and methods of
electron microscopic studies [5].

Experimental studies were carried out in compliance
with the requirements of humane treatment of experi-
mental animals, regulated by the Law of Ukraine “On
the Protection of Animals from Cruelty” (No. 3447-IV
dated 21.02.2006) and the European Convention on the
Protection of Vertebrate Animals Used for Experimental
and Other scientific goals (Strasbourg, March 18, 1986).

Research results and their discussion.

When examining the myocardium of newborn rats,
polymorphism of the ultrastructure of endotheliocytes
of blood capillaries was revealed. Microvessels of small
diameter, formed mainly by optically dark osmiophilic
endotheliocytes, are often found in the capillary link of
the MCB. (fig. 1A). The appearance of “dark” dehydrat-
ed endotheliocytes in the composition of the capillaries
of the myocardium may indicate that after the comple-
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tion of mitotic division, part of the optically bright cells,
as a result of their dehydration significantly decreases in
volume and enter a state of relative functional rest (G ).
The endothelial cells of capillaries at rest do not divide
or migrate [7]. The nuclear envelope of such cells forms
multiple deep invaginations, which may contribute to
preserving the “excessive” surface area of the karyo-
lemma. Heterochromatin fills the inner space of dehy-
drated nuclei. The given data indicate minimal activity
of condensed chromatin and a significant decrease in
biosynthetic processes in dehydrated endotheliocytes.
Separate elongated thin microvilli are found on the /u-
menal surface of dark endothelial cells.

In blood capillaries, some microvilli are in contact
with the surface of deformed erythrocytes (fig. 1A). In
addition to erythrocytes, small microscopic particles
of coagulated blood plasma proteins are found in the
capillary lumen. The peripheral zone of the cytoplasm
of dark endotheliocytes is significantly thinned and prac-
tically does not contain micropinocytosis vesicles. The
lumenal and basal surfaces of the peripheral zone of the
cytoplasm of endotheliocytes are located very close to
each other. This sometimes leads to the “merger” of the
inner and outer sheets of the plasmolemma.

The thinned peripheral zone of endotheliocytes con-
tributes to the simplified diffusion of oxygen from blood
capillaries into the extravasal space of connective tissue
to cardiomyocytes. The sarcoplasm of cardiomyocytes
of newborn rats contains many glycogen granules, the
oxidation of which in the mitochondria requires oxygen.

Therefore, the ultrastructure of dehydrated capillary
endotheliocytes indicates their minimal biosynthetic ac-
tivity, and the peripheral part of the cells does not take
part in the transendothelial transport of substances
(except oxygen) due to the absence of micropinocy-
totic vesicles in the cytoplasm. Optically bright endo-
theliocytes mainly form other blood capillaries of the
myocardium, the submicroscopic organization of which
corresponds to high functional activity (fig. 1A). The or-
ganelle zone of the cytoplasm of light endotheliocytes is
significantly increased in volume, contains many small
mitochondria and glycogen granules. The Golgi appa-
ratus and ribosomes are separated elements around
the light nucleus. The nucleus of light-colored endo-
theliocytes is large, containing mainly euchromatin,
the granules fairly evenly filling the karyoplasm. Several
electron-dense nucleoli are located in the central zone
of the nucleus. Data from the cytoarchitectonics of the
microscopic structure of light endotheliocytes testify to
active biosynthetic processes in the area where the or-
ganelles are located. Therefore, the revealed features of
the ultrastructure give reason to believe that a signifi-
cant number of light-colored endotheliocytes are at the
end of the phase (G,) or at the beginning of the phase
(G,/M) of the cell cycle.

Many endotheliocytes in capillaries are small and
contain a nucleus of moderate electron density. The ul-
trastructure of such endotheliocytes suggests that they
are at the beginning of the G, phase of the cell cycle
(fig. 1B). The nucleus of endotheliocytes is irregularly
elongated. Clusters of condensed chromatin granules
form a narrow strip along the lateral surface of the
inner membrane of the nuclear envelope. Marginally
located heterochromatin has a high degree of osmioph-
ily. Small grains of euchromatin relatively evenly fill the

karyoplasm. Local clusters of heterochromatin granules
are found at the opposite poles of some elongated nu-
clei. A dense nucleolus is found in the proximal zone
of the nucleus. Zones of the cytoplasm of endothelio-
cytes, in which the nucleus is located, form local pro-
trusions into the lumen of microvessels. This leads to
the narrowing of the lumen of the capillaries up to its
complete overlap. The ultrastructure of longitudinal
sections of blood capillaries allows determining the di-
rection of blood flow in a specific segment of the MCB
of the myocardium and the degree of mobility of local
protrusions of the lumenal surface of the endothelium
(fig. 1B). In the capillary bed, the blood flow experiences
resistance from the morphological formations of the lu-
menal surface of endotheliocytes. Under the action of
the hemodynamic pressure of the moving blood, the
protrusions of the cytoplasm’s nuclear zone in the capil-
laries’ lumen are shifted. The direction of displacement
of the protrusions of the nucleus and elongated lume-
nal microvilli indicate the direction of blood flow in the
capillary lumen (¥). In the process of blood movement
in capillaries, erythrocytes experience mechanical resis-
tance from the lumenal protrusions, leading to blood
cell deformation. The unique deformability and fluidity
of the cytoplasm of erythrocytes enable them to move
through narrow openings in capillaries [8]. When ana-
lyzing the electronogram in (fig. 1B), we drew attention
to the cytoplasmic process of the capillary endothelium
(™), which penetrates deeply into the interstitium of
the myocardium. An erythrocyte is located at the base
of the expanded lumen of the cytoplasmic process.
Its local protrusion is directed inside the lumen of the
process. This polarized cytoplasmic process has a lead-
ing (") tapered blind end and a leading widened distal
open end. The cytoplasmic process under the pressure
of the local protrusion of the erythrocyte lengthens and
expands. Therefore, it is legitimate to assume that the
geometric profile of the cytoplasmic process indicates
the initial stage of the capillary tube formation process.
The question of how the existing capillary “determines”
the place of local protrusion of the peripheral zone of
the endothelium and the formation of a cytoplasmic
process, which later gradually turns into a capillary tube,
remains unsolved [9,10].

Dark dehydrated endotheliocytes are practically ab-
sent in the blood capillaries of the MCB of the myocar-
dium of 5-day-old rats. This indicates that during the
first 5 days after the birth of animals, dark endothelio-
cytes in blood capillaries gradually come out of a state
of relative functional rest. The cytoplasm and nucleus
of such cells undergo hydration. This leads to the acti-
vation of soluble cytoplasmic enzymes that participate
in biosynthesis, the formation of organelles and other
ultrastructures. The size of endotheliocytes increases
significantly, especially the length of the peripheral cy-
toplasmic area. In the myocardium, there are areas of
branching of blood capillaries and the formation of sin-
gle “growth buds” of new microvessels. In the periph-
eral zone of the cytoplasm of endotheliocytes, chains of
small light-colored micropinocytotic vesicles are found,
which are freely located or attached to the basal and lu-
menal surfaces of the cytolemma. According to the spe-
cialized literature [11], pinocytotic vesicles participate
in the transmembrane transport of substances between
blood, myocardium and connective tissue elements. In
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Figure 1 — Ultrastructure of blood capillaries of the myocardium of juvenile rats. Magnification. 7000x.
Designation: Er-erythrocyte, Cap-capillary, N-nucleus. The description of the images is contained in the text of the article.

some blood microvessels, the length of the expanded
lumen of the capillaries increases significantly. The lu-
menal surface of such microvessels is smoothed, sepa-
rate thin cytoplasmic processes are revealed, which are
oriented toward blood movement along the capillary. A
contoured, fully formed basement membrane is located
along the basal surface of the capillary cytoplasm. In the
MCB of the myocardium of the left ventricle of 5-day-old
rats, the number of capillary loops, which are formed
by bright functionally active endotheliocytes, increases
(fig. 1C). Clusters of deformed erythrocytes are found in
the expanded lumen of capillary loops. An increase in
the volume of the cytoplasmic zone of the location of
endotheliocyte organelles is determined. The organelle

zone contains mitochondria, microvesicles, and glyco-
gen granules. In some microvessels, opposite protru-
sions of the cytoplasm of the organelle zone lead to a
significant narrowing and sometimes overlapping of the
lumen of the blood capillaries. Such a phenomenon is
recorded in (fig. 1C). On both sides of the expanded cap-
illary loop, morphological manifestations of narrowing
and overlapping of the capillary lumen are revealed. This
leads to a stoppage of blood flow in the capillary and de-
position of erythrocytes. On the surface of the capillary
loop, deep and large protrusions of the peripheral zone
of the cytoplasm of the endothelium are formed, which
are directed deep into the lumen of the microvessel.
The formation of protrusions at the top of the capillary
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Figure 2 — Ultrastructure of blood capillaries of the myocardium of rats of different ages. Magnification. 7000x.
Designation: Er-erythrocyte, Cap-capillary, N-nucleus. The description of the images is contained in the text of the article.

loop is probably due to the process of liquid resorption
from the lumen of the capillary. Accumulation of pinocy-
tous microvesicles in the endotheliocyte cytoplasm and
morphological manifestations of moderately expressed
local paravasal swelling of the connective tissue testify
to fluid removal from the capillary lumen. In the lumen
of the capillary loop, elastically deformed erythrocytes
are found, which form local protrusions. Under the pres-
sure of erythrocyte protrusions, endothelium cytoplasm
invaginates deep into the interstitium ({). Likely, the
protrusion of the cytoplasm of endotheliocytes into the
interstitial space contributes to the formation of endo-
thelial tubules on the surface of capillary loops, which
in the future develop into secondary blood capillaries.
According to micromorphometry data [5], in the
time interval (5-15) days after the birth of rats, the rela-
tive volume of the capillary link increases in the myocar-
dium from 9.5% (5 days) to a maximum value equal to

12.5% (10 day) and a gradual decrease to 11.5% on the
15th day of postnatal development of rats. The number
of endotheliocytes in blood capillaries increases signifi-
cantly. The given morphometric data testify to intensive
processes of proliferation and physiological hypertrophy
of the components of the myocardium’s capillary link of
the MCB. In the time interval (5-15) days, the length of
the capillary tubes increases significantly, the local areas
of joining of capillary processes are determined. Inten-
sive proliferation of connective tissue cells is detected
in this period. Numerous tortuous and elongated pro-
cesses of fibroblasts and smooth muscle cells penetrate
deeply into the interstitial space of the myocardium (fig.
1D) showing the moment of development of physiologi-
cal apoptosis of blood capillary endotheliocytes and the
formation of apoptotic bodies in the myocardium of
15-day-old rats. Some of the bodies come into contact
with the surface of the degraded endotheliocyte, the
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other number of apoptotic bodies are adsorbed on the
surface of erythrocytes. The cytolemma of the endothe-
lium, undergoing physiological apoptosis, forms deep
intussusceptions inside the cell. The presented data
are microscopic signs of the development of apoptosis,
which is characterized by the fragmentation of the cyto-
plasm of a degraded endotheliocyte and the formation
of optically dark osmiophilic particles of a rounded shape
— apoptotic bodies. Fig. 1D demonstrates the beginning
of the 5th stage of the degradation phase of physiologi-
cal apoptosis of the endotheliocyte [12, 13]. According
to the literature, physiological apoptosis occurs quickly,
and apoptotic bodies are usually phagocytosed by mac-
rophages or neighboring cells [13]. But in this case, the
degradation phase of physiological apoptosis of the en-
dotheliocyte occurs in the lumen of the blood capillary.
We assume that the removal of apoptotic bodies from
the lumen of the vessels of the MCB is carried out in
two ways: passive-blood flow and active — with the help
of erythrocytes. Our studies show that a certain num-
ber of apoptotic bodies are adsorbed on the surface of
erythrocytes (fig. 1D). The obtained data allow us to
assume that erythrocytes transport apoptotic bodies
along the bloodstream of MCB vessels to the sinusoi-
dal exchange capillaries and spaces of Disse of the liver
where, together with fragments of other apoptotic cells,
they were named Kaunsilman bodies [14]. Kupffer mac-
rophages of the liver mainly remove apoptotic bodies
from the blood and the surface of erythrocytes.

When studying ultrathin sections of different organs
of mammals and humans, it was established that single
and small groups of light vesicles of various sizes are
found inside some vessels of the MCB and in the inter-
cellular space [10, 11]. We also drew attention to the
fact that, regardless of the age of the animals, intra—and
extravasal vesicles are found in the myocardium (fig. 2A,
B). The origin of the blisters is not known for certain, it
requires careful research and theoretical justification of
the occurrence of this morphological phenomenon.

The existing literature on the composition of blood
and the physiology of its microcirculation in animal or-
gans [8, 11] allowed us to suggest that the appearance
of blisters in myocardial histological preparations is di-
rectly related to the presence of oxygen in the blood of
microvessels in vivo. Transport of oxygen through the
blood vessels of the MCB occurs in two forms: bound to
the hemoglobin of erythrocytes (15 — 21% by volume)
and physically dissolved in the blood plasma (0.3% by
volume) [8]. So, in 100 ml of arterial blood of animals,
there is a total of = 20 ml of oxygen. The content of dis-
solved carbon dioxide in the venous blood and intracel-
lular fluid is increased.

Let’s analyze the existing methods of histochemical
processing of pieces of organs for electron microscopy.
The following sequence of main processes is revealed:
extirpation of the heart and placing it on ice to stop
cardiac contractions - cutting the organ and obtaining
pieces = prefixation of pieces of myocardium immersed
in a solution of glutaraldehyde - fixation of pieces with
tetraoxide solution osmium (OsO,) - dehydration of
myocardial samples with alcohol of increasing concen-
tration (50%...100%) - impregnation of pieces of the
organ with epoxy resins - polymerization (+60°C) of
resin-impregnated pieces of the myocardium [15, 16].
After extirpation and cardiac arrest, blood flow in the

macro — and microvessels of the myocardium stops.
Along with the blood, a certain volume of O, remains
in the vessels. In the process of prefixing with glutar-
aldehyde solution, the lipid component of membrane
ultrastructures of cells and blood plasma is stabilized
[1, 2]. When fixing with an OsO, solution, chemical re-
actions occur in which Os actively reacts with the eth-
ylene groups of unsaturated blood plasma lipids. This
contributes to the “crosslinking of lipids” by Os atoms
and the formation of chains of polymerized lipids. Pro-
teins and most free amino acids of blood plasma enter
into chemical reactions with Os atoms. Coagulation of
proteins occurs, formation of chains of amino acids con-
nected by Os atoms. In the process of prefixation and
fixation of pieces of myocardium in the capillaries and
extravasal space of the connective tissue, elastic stable
spatial networks with protein-lipid “globules” are gradu-
ally formed, which acquire electron density due to the
huge number of Os atoms [15, 16]. We assume that
during the treatment of pieces of the myocardium with
fixing solutions, O, in capillaries and CO, in the intercel-
lular space remains bound and dissolved. But further
dehydration of pieces of the myocardium with alcohol
or acetone of increasing concentration (50%...100%)
leads to the transition of O, and CO, to the free state.
Gases gradually accumulate in the capillary lumen and
extravasal space as an accumulation of vesicles (1). An
electron-dense thin film of protein-lipid “globules” —a
pseudomembrane —is formed on the outer surface of
the vesicles (fig. 2A and B). Gases (O, and CO,) located
in the middle of the vesicles compress the three-di-
mensional mesh with protein-lipid “globules” in the in-
tercellular space, forming local zones of its compaction
(fig. 2B). Therefore, the given theoretical mechanism of
the possible formation of bubbles in the capillaries and
extravasal space in fixed pieces of myocardium allows us
to assume that a significant part of these bubbles is an
artifact that occurs in the process of fixation and dehy-
dration of pieces of the myocardium and other organs
that were not perfused with a fixing solution (when per-
fusion of the blood vessels of the organs with a fixing
solution, blood is removed from the vessels).

With the help of transmission and raster electron
microscopy, the ultrastructure of the vascular endothe-
lium of the myocardium of mammals and humans has
been studied quite well, but the functional purpose of
specialized structures located on the lumenal surface of
endotheliocytes is the subject of many discussions. It is
known that the relief of the lumenal surface of the en-
dotheliocytes of the microvessels of the myocardium is
very diverse and depends on the functional state of the
endothelium and hemodynamic factors in MCB [11]. The
practical significance of microvilli and lamella-like for-
mations on the capillary endothelium’s lumenal surface
is discussed among morphologists. There is an opinion
that microvilli and other specialized ultrastructures are
peculiar reserves of the cell membrane of the lumenal
surface of the vascular endothelium [11]. We found
endotheliocytes with different numbers of microvilli
on the lumenal surface in the capillaries of the myocar-
dium of rats of different ages. In some blood microves-
sels, lamellar (filamentous) formations are elongated,
tortuous, often branched, in contact with local areas of
the surface of erythrocytes (fig. 2C). The question arises,
what is the function of lamellar formations on the lume-
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nal surface of the endothelium? Investigating the loca-
tion of lamellar formations and microvilli on the luminal
surface of the endothelium of the capillaries of the rat
myocardium, we drew attention to the peculiarities of
the structure and function of the respiratory depart-
ment of the respiratory system of bony fishes [17, 18].
Notably, the concentration of free oxygen in 100 ml of
water in freshwater reservoirs is 3-4 ml. The respiratory
system of bony fish very efficiently absorbs up to 85%
of the oxygen from the water that has passed through
their gills. In fish, the respiratory part of the respiratory
system functions much more efficiently than the respi-
ratory system of terrestrial vertebrates. The respiratory
department in the gills of bony fish is formed by many
gill filaments called primary lamellae or petals. To signif-
icantly increase the area of contact with the water envi-
ronment, the primary lamellae are covered with a huge
number of tiny plates called secondary petals [17, 18].
Narrow blood capillaries pass through them. The large
surface area of the thin shell of the secondary lamellae
promotes effective gas exchange between the water en-
vironment and blood in the capillaries of fish gills. Com-
paring the ultrastructure of the respiratory department
of the gills of bony fishes with the ultrastructure of the
relief of the lumenal surface of the capillaries of mam-
mals, it is possible to reveal the similarity of structural
and functional features. Individual blood capillaries of
mammals with many lamella-like formations on the lu-
menal surface of the endothelium, morphologically and
functionally similar to the primary lamellae covered by
many secondary petals in the gills of bony fish. There-
fore, the conducted comparative analysis gives reason
to believe that microvilli and lamellar formations of
the lumenal surface of the endothelium of mammalian
microvessels take an active part in the processes of ef-
fective absorption of oxygen from the surface of eryth-
rocytes and blood plasma. There is probably an inverse
correlation between the capillary hematocrit index and
the number of microvilli and lamellae on the lumenal
surface of microvessels.

When studying the ultrastructure of the tissues of
various organs of mammals and humans, it was found
that single and small groups of erythrocytes are extrav-
asally observed outside the blood vessels of the MCB.
This phenomenon was called diapedesis of formed
blood elements [4, 8]. There is an assumption that dia-
pedesis of erythrocytes is a passive phenomenon that
occurs when blood pressure increases and the perme-
ability of microvessel walls increases. The most frequent
cause of microbleeding of blood in the interstitial space
is the action of proteolytic enzymes on the walls of mi-
crovessels. According to [4], diapedesis of leukocytes
and erythrocytes is one of the essential morphological
manifestations of the development of the pathogenesis
of inflammation. Therefore, the diapedesis of formed
blood elements in the interstitium of organs is often as-
sociated with the result of a pathological process. But
diapedesis’s etiology (cause of occurrence) must still
be fully understood. Attention is drawn to the fact that
erythrocytes are also found in the interstitium of organs
outside the blood microvessels under physiological con-
ditions.

What is the functional significance of diapedesis
of erythrocytes in the loose fibrous connective tissue
under normal conditions? When studying rats of various

ages, we also found separate microregions of the loose
connective tissue of the myocardium, in which eryth-
rocytes are located outside the capillaries of the MCB
(fig. 2D). In the given electron micrograph, the fact
that the shape of erythrocytes indicates their “active
movement” from the nearby native capillary deep into
the interstitial space attracts attention. The first large
erythrocyte has a leading pole, indicating the direction
in which the cell moves. The content of the deformed
erythrocyte “flows” through a narrow gap between the
bundle of collagen fibers and the outgrowth of the con-
nective tissue cell (fig. 2D). Along the lateral surface of
an elastically deformed erythrocyte, a narrow light strip
is found, which separates the erythrocyte from adjacent
connective tissue elements. The formation of a narrow
light strip around the erythrocyte probably indicates
the presence of a local microzone of increased tissue
fluid pressure directed from the surface of the eryth-
rocyte into the interstitium. We assume that the light
strip is formed due to the diffusion of oxygen from the
erythrocyte’s surface into the connective tissue’s main
substance. This is indicated by the data that the oxygen
tension (pO,) in erythrocytes is higher than in the inter-
cellular space [8]. Therefore, during the active migration
of erythrocytes from the capillaries to the myocardium’s
stromal component, erythrocytes’ deoxygenation and
an increase in the oxygen content in the local area of
the connective tissue occur. It is necessary to pay atten-
tion to the fact that cells of loose connective tissue use
oxygen, which is in the main substance, for metabolic
processes. In conditions of oxygen deficiency in the in-
terstitium (hypoxia), active diapedesis of erythrocytes
occurs to saturate the connective tissue with oxygen.
Therefore, the etiology of diapedesis of erythrocytes is
normally caused by a lack of oxygen in a limited area of
the interstitium. Diapedesis of erythrocytes in the con-
nective tissue of the myocardium prevents the develop-
ment of hypoxia. Thus, diapedesis of erythrocytes is not
a “passive phenomenon”. This results from the active
migration of erythrocytes from capillaries to areas of
connective tissue where the oxygen content is reduced.

Conclusions.

The results of the conducted studies indicate that
the blood capillaries of the myocardium of newborn
rats are formed by light (metabolically active) and dark
dehydrated (inactive) endotheliocytes. It was deter-
mined that heteromorphic endotheliocytes of juvenile
rats are in different stages and phases of the cell cycle.
The peripheral zone of the cytoplasm of bright endo-
theliocytes sometimes forms deep intussusceptions in
the interstitium. Intussusceptions are the initial stage
of the development of future capillary tubes. It was es-
tablished that local protrusions of erythrocytes contact
and deform the lumenal surface of capillaries. Local
protrusions of erythrocytes into the peripheral zone of
the cytoplasm create conditions for the formation of
polarized processes of endotheliocytes. The property of
reversible deformability of erythrocytes allows them to
move through narrow areas of the lumen of capillaries,
contributing to the formation of endotheliocyte pro-
cesses, which give rise to future secondary blood capil-
laries of the myocardium. A theoretical justification of
the possible mechanism of forming intra—and paravasal
bubbles in the myocardium was developed under the
perfusion-free fixation of rat heart pieces. The results of
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electron microscopic studies indicate that erythrocytes
take an active part in the initial stage of the formation
of cytoplasmic processes, from which endothelial tubes
and secondary microvessels develop in the future. Dia-
pedesis of erythrocytes in the interstitium of the myo-
cardium was detected under normal conditions of the
functioning of the heart muscle. It is suggested that the
diapedesis of erythrocytes is not a “passive phenome-
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non”, but prevents the development of hypoxia in local
areas of connective tissue of the myocardium.

Prospects for further research.

Morphometry of the hematocrit in the blood mi-
crovessels of the myocardium will be performed, and
the kinetics of postnatal proliferation of endotheliocytes
of the MCB of the myocardium of rats will be investi-
gated.
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lMposedeHi 0ocnioymeHHs 0eMOHCMPYOMs Cymmesi 3MiHU y1empacmpyKkmypu eHoomesito ma KPO8OHOCHUX
Kaninapie miokapda y npoyeci nocmHamasnbHo20 po3sumky wypie Bicmap. Cepis 306paxceHb yaempacmpykmypu
KPOBOHOCHUX Kaninapie miokapoa s1i6o20 WsAyHOYKA Wypie pizHo20 8iKy, 003807uUn0 ompumamu iHgopmayito
0214 nodanvwoi po3pobku i meopemuyHo20 O6rPYHMYBAHHS MOXOOMEHHS, MEXAHI3MI8 YyMmEBOpPeHHA OesAaKuX
iIHMpasasasnbHUX Ma nNapasasasnbHUX MNyxupyie, AKi 8UABAAIOMbCA 8 YbMPAMOHKUX 3pi3ax WMamoYkie miokapoa
meapuH. Y cmammi aHani3ytomoeCsa MOMXCIUBI (PYyHKUII 8i0pocmKie ma sames, AKi po3mawo8aHi Ha AOMeHAbHIl
rnosepxHi cyOuHHo20 eHOoOMenito KPOBOHOCHUX Kaninsapie miokapda. JocnidxeHa ponb epumpoyumie Kaninapie
8 MEXAHI3MaX YymB8OPEHHA i MOCmyrnoso20 nodo8MeHHA 8i0pOCMKig yumonaasmu eHoomesnioyumis, AKi Hadani
p038UBAIOMbLCA Y KPOBOHOCHI KaninapHi mpybku. BuseneHo i 00CnidxeHO Mopgoao2iyHi npossu pPo3sumky
¢hizionoeiuHo2o anonmo3sy eHoomesnioyumis 8 KDOBOHOCHUX KAninapax miokapoa wypis. BcmaHoesneHo, w0 YacmuHa
anonmosHux mineub adcopbosaHa Ha rnosepxHi epumpouyumis. Ompumaxi 0aHi 00380a410Mb NPUMYCMUMU, WO
epumpouyumu 6epyms yyacme y adcopbuii i mpaHcrnopmi Ha C8OEI NosepxHi anonmo3sHuUx misneusb 3 KPOBOHOCHUX
Kaninapie y cucmemy 8UHOCA4UX CyOUH. BucsoeneHo npunyweHHs, wo sudasneHHsa anonmo3HUX mineyb 3 Kposi ma
nosepxHi epumpouyumis 30iliCHOEMbCA, 20/108HUM YUHOM, Makpogazamu Kyngepa neviHku. BcmaHoesneHo, wo y
wypis pizHo20 8iKy, 8 Miokapdi iHOOi 8uABAAIOMbCA MOpPGhonoeivHi npossu dianedesy epumpoyumis i3 Kaninsapis
y crnosy4yHy meaHuHy. Jianede3 epumpoyumis 8 HOPMi MPAKMYEMbCA a8Mopamu AK 000amkKosuli MexaHiam
HOCUYEHHS KUCHeM s10KA/AbHUX OifgHOK CMpPOoMuU Miokapoa 01 3anobi2aHHA MOM/IUB020 PO38UMKY 2iMOKCii

cepueso20 M’A3a Wypie Ha emanax NOCMHAMAAbHO20 OHMOz2eHe3sy.
Knw4oei cnoea: miokapod, Kaninapu, eHoomenit, nyxupyi, dianedes epumpoyumis.

38’A30K ny6niKauii i3 nnaHoBMMM HayKOoBO-goOCNig-
HUMU poboTamu.

PoboTa npoBeaeHa BignosigHo Ao Temun HAP: «AHa-
TOMO-}i3i0N0riYHI aCNeKTM POCTY Ta PO3BUTKY NOANHM i
TBapuH». N2 aeprkaBHOI peectpauii 0116U002990.

Bcryn.

B paHMIA Yac aKTUBHO AOCNIAXKYOTbCA MONEKYNAP-
Hi i KNITUHHI MeXaHi3MW aHzio2eHe3y MIKPOLMPKyNsa-
TopHoro pycna (MLP) miokapaa y npoueci paHHboOro
NOCTHATa/IbHOTO OHTOreHesy ccasuis i AoaunHn [1, 2].
BcTtaHoBneHO, WO 6yab-AKi 30BHILIHI BNAXBM Ha opra-
Hi3M TBApWH i NIOAVHN BUKAWNKAOTb PO3BUTOK aeKBaT-
HUX peaKLi 3 6oKy opraHiB cepueBo-CyANHHOI CUCTEMMU
[2, 3]. LoBeaeHo, Wwo B ymoBax Hopmu abo natonorii,
ocobamBa posib B peryasauii GyHKLUi opraHiB ccaBuiB i
JIOAVHWN Hanexutb KposoHocHomy MLUP [3, 4]. 3a gaHu-
MU MOPDOMETPUYHUX AOCNIAMKEHDb BCTAHOB/IEHO, O Y
npoueci oHToreHesy BifbyBaeTbCA CyTTEBE 36i/bLUEHHS
KPOBOHOCHOI KaninAapHoi naHkn 8 MUP, aka B 3anex-
HOCTi Big, BiKy TBapuH carae Big 7,0 go 12,0% o6’emy
cepueBoro m‘asa [5]. JoMiHylO4YMM KOMMOHEHTOM KpO-
BOHOCHUX Kaninapis € eHoomeniti. Big Moro cTpyKTyp-

HO-PYHKLIOHAaNbHUX 3MiH 3a/eXaTb TPAHCNOPTHA, Au-
XasnbHa, TpodivHa, EKCKPETOPHA, 3aXM1CHa i perynaTopHa
dyHKUia KaninapHoi naHkn MUP [6, 7].

MerTa gocnigeHHs.

JocnigyeHHA 0cobnnMBOCTEN 3MiH YNbTPACTPYKTYpU
eHAoTeniA i KPOBOHOCHMX KanifApiB mioKapga nisoro
LUTYHOYKA Y NpOLLeci paHHbOro NOCTHATA/IbHOTO PO3BMU-
TKY LWypiB BicTap.

06’eKT Ta meToau AOCANiAKEeHHA.

Y poborTi byno gocnigxeHo cepito paHiwe oTpuma-
HWX 306parkeHb YNbTPACTPYKTYPY MiOKapAa NiBOro LWay-
HOYKa WypiB Bictap y Biuji Big HapoaxeHHs (H/p) oo 45
Ai6 nocTHaTanbHOro po3suTKy [5]. Lypu 3 po3nnigHuKa
6ionoriyuHoro ¢akynbteTy XHY (M. Xapkis) yTpumysa-
ncAa B CTaHAAPTHMX YMOBAX BiBapito. Yci maninynauii
3 Wypamn Ta MeTOAW eNneKTPOHHO-MIKPOCKOMIYHMX
OOCNiAXeHb onncaHi Hamu B nonepeaHin pobori [5].

EKcnepumeHTanbHi AocnigxeHHa 6yno nposeaeHo 3
OOTPUMaAHHAM BMMOT TYMaHHOIO CTaB/eHHA A0 Niano-
CNiAHUX TBAPWH, pernameHToBaHUX 3aKOHOM YKpaiHu
«Mpo 3aXM1CT TBAPMH Bif, *KOPCTOKOro NOBOAKEHHA» (N2
3447-1V Bia 21.02.2006 p.) Ta EBPONENCHKOIO KOHBEHLi-
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PUCYHOK 1 — YNbTpacTpyKTypa KPOBOHOCHMX KaninApiB Miokapaa oBeHiNbHUX Lwypis. 36. 7000
MNo3HaueHHsA: Ep-eputpouut, Kan-kaninsp, A-agpo. Onuc 306paxkeHb MiCTUTbCA B TEKCTi CTaTTi.

€10 NPO 3aXMUCT XPeBETHUX TBAPUH, AKI BUKOPUCTOBYIOTb-
€A ANA AOCNIAHMX Ta iHLWMX HayKoBuX Linen (Ctpacbypr,
18.03.1986 p.).

Pe3ynbTatv gocnigiKeHHA Ta ix 06roBopeHHs.

Mpu pocnigKeHHi MioKapaa HOBOHAPOOMEHUX
wypAam BWABNEHUW M0aIMOPGI3M yabmpacmpykmypu
eHOomesnioyumie KPOBOHOCHMX KaninApis. Y cknagi Ka-
ninapHoi naHkn MLUP yacto BMABAAKOTLCA HEBENMKI 3a
AiaMeTpoM MIKpOCyAnHU, Wo chopMoBaHi NnepeBarkHO
ONTUYHO MEeMHUMU OCMiediINbHUMK eHAOoTenioUUTaMK.
(puc. 1A). MNonBga y cknagi Kaninapis Miokapaa «TEMHUX»
0e2iopamosaHuUx eHOOTeNiouMTIB MOXKe CBigYMTU MNpo
Te, Lo NiCNA 3aBepLUeHHA MiIMomMuYHO20 NoAjiNy, 4acTu-
Ha OMMUYHO c8iMmauUX KNITUH Y HAacNiAoK ix dezidpamayii
CYTTEBO 3MEHLUYOTLCA B 06’EMI i nepexoaATb B CTaH Bia-
HOCHOTO (hyHKYioHanbHO20 crokot (G,). EHpoTenianb-
Hi KNITUHW KaninapiB y CTaHi CNOKOK He AinAtbca i He
MirpytoTb [7]. iaepHa 060M10HKa TaKUX KNITUH YTBOPHOE
MHOXWHHI rMBOKI iHBariHaLii, AKi MOXMBO CNPUAOTL
30eperKeHHI0 «HaAMiIpHOI» njow,i noBepxHi Kapiose-
MW. TeTepoxpoMaTWH 3aMNOBHIOE BHYTPIWHIM NpocTip

aerigpatoBaHux agep. HaseaeHi paHi csigvaTb npo
MIHIMO/1bHY aKTUBHICTb KOHAEHCOBAHOIO XPOMATUHA i
CYTTEBE 3HUKEHHA BIOCMHTETUYHMX NpoLECiB B Aeriapa-
TOBaHMX eHAaoTeniounTax. Ha sromeHanoHil noBepxHi
TEMHUX €HAOTeNiaNbHUX KNITUH BUABAAKOTLCA OKpemi
BMAOBXEHI TOHKI MIKPOBOPCUHKM.

Y KPOBOHOCHMX Kaninapax AefAki MiKpOBOPCUHKM
KOHTAKTYIOTb 3 NOBepxHet AedOPMOBaAHUX epUTPOLU-
TiB (puc. 1A). Y npocBiTi KaninAapis Kpim epuTpoLmTiB,
BUABNAIOTLCA APiOHI MiIKPOCKONIYHI YaCTUHKM KOary/bo-
BaHWX 6ifKiB Nnasmu Kposi. MNepudepiliHa 30Ha LUTO-
NnaasMm TEMHUX €HAOTEeNIOUMUTIB iCTOTHO CMOHWEeHJ i
NPAKTUYHO HE MICTUTb MIKPOMIHOLMUTO3HMX MYXUPLIB.
JllomeHanbHa i 6a3anbHa noBepxHi nepmdepiiHoi 30HK
LMTOMNNA3MMN eHAOTENIOUMTIB PO3TaLLOBAHI AyKe 6an3b-
KO ogHa A0 ogHoi. Lle iHO4i NpM3BOAUTbL A0 «3AUTTA»
BHYTPILUHbOTO | 30BHILLHbOrO JINCTKIB N/1A3MONIEMMU.

CToHweHa nepudepiiHa 30Ha eHAoTeniouuTiB
cnpusie cnpolueHoi andysii KUCH 3 KPOoBi Kaninapis y
€KCTpaBasa/ibHWUIM NPOCTIP CMOMYYHOI TKAHUHM 40 Kap-
piomioumntie. Capkonsiasma KapaiomioumTis HOBOHApPO-
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OKEHUX LWYPAT MicTUTb BaraTo rpaHyn esikozeHy, ona
OKUC/IEHHSA AKOTO B MiTOXOHAPIfAX, NOTPIOGEH KUCEHb.

OTKe, yNbTPaCTPYKTypa AerifpaTtoBaHUX eHAoTeni-
OUMTIB KaninAapis ceBig4MTb NPoO iX MiHiMasAbHY GiOCUH-
TETUYHY aKTUBHICTb, a nepudepiliHa AinaHKa KNITUH He
NPMMMAE y4yacTi y TpaHCeHAoTeNiaAbHOMY TPaHCMNOPTI
pevyoBUH (KpiM KMUCHIO), BHACNiAOK BiACYTHOCTI B LMUTO-
naasmi MiKpONiHOLMTO3HMX MyXMPLiB. IHLWI KPOBOHOC-
Hi KaninAapu miokapga yTBOpPeHi nepeBaXkHO ONTUYHO
cgeimaumu eHpoTeniountTamm, cybmikpockoniyHa opra-
Hi3auia AKWUX BiAMNOBIAAE BUCOKIN PYHKLiOHANbHIM aK-
TMBHOCTI (puc. 1A). 30Ha opaaHesn UMTONNA3MMU c8iMmauX
eHA0TeNniounTiB icTOTHO 36inblieHa B 06’emi, MicTUTb
6araTo ApiGHUX MITOXOHAPIM i rpaHyn rnikoreHy. Ha-
BKOJIO CBIT/IOTO A4pa BUABAAKTLCA OKPEMI €1eMeHTU
anaparta lonbaxi i pubocomun. Aapo cBiTAnMX eHaoTeni-
OUMTIB MAE 8E/1UKI pO3MIipU, MICTUTb NEPEBAXKHO eyXpo-
MaTWH, TPaHY/IM AKOTO AOCUTb PIBHOMIPHO 3aMOBHIOOTb
Kapionna3smy. B LeHTpasibHiM 30HI aapa po3TalloBaHO
OEKINbKO eneKkTpoHHOLWiNbHUX Aaepuis. [daHi untoap-
XITEKTOHIKM MIKPOCKOMIYHOI CTPYKTYPWU C8iMAUX eHA0-
TENiouMTIB CBIAYATb NPO GKMUBHI BiocuHMemuyHi Npo-
Lecu, AKi BiadysaloTbCA B 30Hi PO3TallyBaHHA OpraHes.
OTKe, BUABNEHI 0COBAMBOCTI YNABTPACTPYKTYPU AAtOTb
nigcTaBy BBAXKATW, LLO 3HAYHA Ki/IbKICTb CBITIMX eHa0Te-
nioumTie 3HaxoamnTbCA B KiHYi dasm (G,) abo Ha novaTky
$asn (G,/M) KniTMHHOrO UMKAY.

barato eHpoTeniouuTiB y CKNaAi Kaninapis maroTb
HEeBEJIMKI PO3MIPU, MICTATb AAPO MOMIPHOI €NeKTPOHHOI
LWiNIbHOCTI. YNbTPacTPYKTypa TakMX eHaoTenioyuTis 40-
3BONIAE NPUMNYCTUTH, O BOHW 3HAXOOATLCA HA MOYATKY
dasu G, KaituHHoro umkay (puc. 1B). Aapo eHpoteni-
OLMTIB HEMPaBW/IbHOI NOA0BXKEHOI dopMn. CKynyeHHs
rpaHyn KOHAEHCOBaHOro XPOMATUHY YTBOPOKOTb BY3bKY
CMY>KKY B3[,0B} Bi4HOT NoBepXHi BHYTPilWHbOT membpa-
HW 060NOHKM AApa. MapriHaibHO PO3TALLOBAHWUIA re-
TEPOXPOMATUH MAa€E BMCOKY CTyniHb ocmiodinii. ApibHi
3epHa eyxXpomaTWHY BiAHOCHO PiIBHOMIPHO 3aMOBHIO-
I0Tb Kapionnasmy. Ha npoTuaexHUX nostcax AeaKux
NOAOBXEHUX AAEP BUABNAKOTLCA JOKANbHI CKYNYEeHHA
rpaHyN reTepoxpomaTMHy. B MpoKcMManbHili 30Hi agpa
BUABNAETLCA WiNbHe AaepLe. 30HN LUTOMIa3mMM eHAo-
TENOUMTIB B AKUX 3HAXOAUTbCA AAPO, YTBOPIOKOTL JI0-
Ka/ZibHi BUNMHAHHA Y NPOCBIT MiKpocyauH. Lle npmsso-
OMTb [0 3BY)KEHHA MPOCBITY KanifApiB aX [0 NOBHOrO
Oro NepekpuUTTA. YNbTPaCTPYKTypa no3008H(HIiX 3pi3iB
KPOBOHOCHMX KaninApis L03BONAE BU3HAYUTU HAMPAM
KpOBOMOKY B KOHKpeTHoMy cermeHTi MLUP miokapaa i
CTYNiHb PYX/IMBOCTI JIOKANbHUX BUNMUHAHb NHOMEHANbHOIT
noBepxHi eHaoTenito (puc. 1B). B KaninspHomy pychni
noTik KpoBi Bunpobosye onip 3 60Ky mopdonoriyHmx
YTBOPEHb JIIOMEHaNIbHOI MOBEPXHi EeHAOoTeNiounTIB.
MNig pieto remognMHaAMIYHOTO TUCKY PyXOMOi KpoBi Bif-
6yBaETbCA 3CYB BUMUHAHb AAEPHOI 30HM LUTOMAA3MMU
y NPOCBITi Kaninapis. HanpAMOK 3cyBy BUNMMHAHDb A4pa i
BUO0BXKEHNX NHOMEHANIbHUX MiKPOBOPCUHKIB, BKa3yOTb
Ha CNPAMOBAHICTb KPOBOTOKY Yy NPOCBITi Kaninapis ().
Y npoueci pyxy KpoBi B Kaninapax, eputpoumTh 3a3Ha-
I0Tb MexXaHi4yHMI onip 3 6OKY NtOMEHANIbHUX BUMMHAHb,
WO Npm3BoAMTb A0 Aedopmalii KNiTUH KpoBi. YHiKanb-
Ha 2,ebOPMOBAHICTb Ta NIMHHICTb LUTONAA3MUN €PUTPO-
uMTiB 3a6e3neuyroTb IM MOXAUBICTb NPOCYBATUCA Yepes
BY3bKi NpocBiTM y Kaninapax [8]. Mpu aHanisi enektpo-
Horpamu Ha (puc. 1B6) My 3BepHy/M yBary Ha uuTonaas-
MaTUYHWUIA BiAPOCTOK eHaoTenia Kaninapa (1), aKkui

rNMHOKO NMPOHUKAE B iHTEPCTULI MioKapaa. bina ocHo-
BW PO3LUMPEHOr0 NPOCBITY LUTOM/IAa3MaTUYHOTO BigpoC-
TKa pO3TalloBaHUi epumpoyum. Noro nokanbHe Bu-
NMUHAHHA CNPAMOBAHO ycepeauHy MPOCBITYy BifpOCTKa.
e nonsapusoBaHM UMUTONAA3MATUYHUIA BiApPOCTOK
Mae rpogioHuli (1) 3By¥KeHHI cninuii KiHeub Ta eede-
Huli pO3LIMPEHUI ANCTANIbHO PO3TALLOBAHNUMN BIAKPUTUIA
KiHeupb. LlMTON/Ia3mMaTMYHNI BIAPOCTOK Nig Ai€to TUCKY
JIOKAZIbHOTO BUMUHAHHA epumpoyumy NOAOBXKYETbCA
i po3swmnptoetbca. OTKe, NPaBOMIPHO NPUMNYCTUTH, LLO
reomeTpuyHUin npodinb LMTONAA3MATUYHOIO BigpocC-
TKa CBiAYMTb NPO MOYATKOBWMI eTan npoLecy YyTBOPEH-
HA KaninApHoOi TPybOoUKKU. 3aNMLWAETLCA HEBUPILLEHUM
NUTAHHA, AKUM YUHOM ICHYHOUMIA Kaninap «BM3HAYAE»
MiCLLe /TOKa/IbHOTO BUMUHAHHA nepudepiiHoi 30HU eH-
[OTeniA Ta YTBOPEHHA LMTONIa3MaTUYHOIO BigpOCTKa,
AKUIA Hagani NocTynoBO MepPeTBOPIOETLCA Y KaMiNAPHY
Tpy6bKy [9,10 ].

B KpoBoHOCHMX Kaninapax MUP miokapga 5-mu
8o60oe6ux wypam npakTUYHO 8i0CYmMHi memMHi periapa-
TOBaHi eHpoTeniounTn. Lle cBiguMTb Npo Te, WO npo-
TATOM MepLlumx 5 A4i6 nicna HapoAMKeHHs TBapUH, TEMHI
€HAO0TeNioUUTM Y KPOBOHOCHMX Kaminspax nocTynoso
BUXOAATb i3 CTAHY BilHOCHOTIO (hYHKYIOHA/BHO20 CrO-
Koto. Llntonnasma i A4po TaKMX KAITUH NigfaroTbea
2iopamauji. Lle npu3BoguTb A0 aKTMBAL PO3YMHHMUX
LMTOMIAa3MaTUYHNX PepmeHTiB, AKi BepyTb yyacTb y
npouecax 6ioCUHTE3y, YTBOPEHHA OpraHen Ta iHLWMX
YyNbTPaCTPYKTYp. CyTTEBO 36iNbLUYIOTECA PO3MIpU EH-
[oTtenioyunTis, 0cobAMBO npomsaxdHicme nepugpepitiHoi
LMTONNA3MATMYHOI AiNAHKK. Y MiOKapai BMABNAKOTbCA
30HM pPO3rajnyeHHA KPOBOHOCHMX Kaninapis i yTBOpeH-
HA NMOOAMHOKMX «MOYOK POCTY» HOBWMX MIKPOCYAMH. B
nepudepilrHii 30Hi LMTONNA3ZMN eHA0TeNiounTIB BUAB-
NAKTLCA NAHLIOXKM APiBGHMUX CBITANMX MIKPONiHOUUTO3-
HUX BE3UKYA, AKi BiNbHO po3TalloBaHi abo npuKpinaeHi
[0 6a3anbHOI | IlOMEHaNbHOI MOBEPXOHb LuToNeMu. 3a
AaHumun daxosoi niTepaTypu [11] NiHOUMTO3HI BE3MKYAN
NPUIMalOTb y4acTb y TPaHCMeMbpaHHOMY TPaHCMOPTI
PEYOBMH MiX KpPOB't0, MiOKapaoM i enemeHTaMu cro-
JIYYHOI TKaHMHW. B AeAKMX KPOBOHOCHMUX MiKpOCYyAMHaX
3HAYHO 36iNbLIYETLCA MPOTAXKHICTD PO3LUMPEHOrO NPO-
CBiTY KaninAapis. JllomeHanbHa NOBEPXHA TaKMX MIKpO-
CYOVH 3rnagyKeHa, BUABNAKOTbCA OKPeMi TOHKi LMTO-
NAA3MaTUYHI BiAPOCTKNU, AKi OPIEHTOBAHI B HaNpAMKY
pyxy KpoBi Mo Kaninspy. B3gosxk 6a3anbHoi noBepxHi
LMTOMNNA3MKN KaninApiB po3TalloBaHa YiTKO KOHTYpO-
BaHa noBHicTio chopmoBaHa 6azanbHa membpaHa. Y
MLLP miokapaa nisoro WwayHouka 5-mu dobosux wypat
36iNbLIYETHCA KiNbKICTb KaninapHUX nemesns, siKi yTBO-
peHi ceimaumu GyHKLIOHaNbHO aKTUBHUMM eHAoTeNio-
uuTamm (pmc. 1B). Y posLmpeHomy NPoCBiTi KaninapHUX
rnemesb BUABNAKOTHCA CKYNYEHHA AedOpMOBaHUX epu-
TpouwuTis. BusHayaeTbca 36inblueHHA 06’ emy LMTONNA3-
MaTUYHOI 30HM pO3TallyBaHHA OpraHesn eHAoTeniouu-
TiB. 30Ha opraHen MICTUTb MITOXOHAPIT, MiIKpOnyXmpLi,
rPaHyNun rnikoreHy. Y AeAKMX MiKPOCYyANHAX NPOTUIEX-
Hi BUNWMHAHHA LMTOMN/IA3MM 30HM OpraHen NpusBoSATb
[0 CYTTEBOTO 3BY)KEHHA, a iHOAI NEepPeKpUTTA NPOCBITY
KPOBOHOCHMX KaninApie. Take asulue 3adikcoBaHO Ha
(puc. 1B). 3 obox 6okKiB po3WMpPeEHOT KaninapHoi neti
BUABNAIOTLCA MOPGDONOTiYHI NPOABK 3BYKEHHA | nepe-
KPUTTA NPOCBITYy Kaninapa. Lie npusBoguTb 40 3yMUHKM
KPOBOTOKY B Kaninapi Ta 4enoHyBaHHI0 epuTpoumTiB. Ha
NoBepXHi KaninspHoi NeTni yTBopeHi rMnboki i Benuki 3a
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PUCYHOK 2 — YNbTPacTpyKTypa KPOBOHOCHMX KaninApis miokapAa Lypis pisHoro BiKy. 36. 7000,
Mo3sHaueHHs: Ep-eputpouuTt, Kan-kaninap, A-agpo. Onuc 306pa>keHb MiCTUTLCA B TEKCTi CTaTTi.

PO3MipOM BUMUHAHHA NepudepiiHoi 30HM LMTOMNNA3-
MW eHAOoTenito, AKi HanpaB/ieHi BrAMb NpPocBiTy MiKpo-
CYAVHWU. YTBOPEHHA BMNWUHAHb Ha BEPLUUHI KaninapHoi
nemsai WMOBiIpHO, 0O6YyMOB/AEHO MNpouecom pesopbuii
piguHK i3 NpocBiTy Kaninapa. NMpo BuganeHHA piguHu
3 NPOCBITY KaninApa cBia4yaTb CKYMNYEHHA NiIHOLUTO3HMX
MiKPOBE3UKYA Y LUTONAa3Mi eHagoTenioumTa Ta Mmopdo-
NOriYHi NPOABM NMOMIPHO BUPAXKEHOTO JIOKA/ZIbHOro na-
paBa3a/ibHOro HabpAKy CNoONYYHOI TKAaHUHU. Y NPOCBITI
KaninsapHOI NeTni BUABNAIOTLCA MPYXHO AedpopMOBaHi
epUTPOLUTK, AKi YTBOPIOKOTb SIOKaNbHI BUNUHAHHA. Mig,
TUCKOM €PUTPOLUTAPHUX BUMMHAHD, BifOYBaETbCA iHBA-
riHauia uuTonnasmu eHaoTenia Bramb iHtepctmuito (1).
VIMOBIpHO BUNMHAHHA LMTONNA3MM eHAOTEeNioUNTIB B
iHTEePCTULINHMIA NPOCTip, CNPUAIOTL YTBOPEHHIO Ha No-
BEPXHi KaninapHuUx nemess eHO0TENIaIbHUX TPYOOUOK,
AKi Yy MabyTHbOMY PO3BMBAIOTLCA BO BTOPUHHI KPOBO-
HOCHI Kaninapwu.

3a gaHuMmmn mikpomopdpomeTpii [5], B iHTepBai Yacy
(5-15) pi6 nicna HapoAXKeHHA Wypis, B MioKapai Bia-
6yBa€TbCA 36iNblIEHHA BiAHOCHOrO 06’emy KaninapHoi
NaHKkM 3 9,5% (5 fob6a) 40 MaKCMMaNbHOroO 3HAYEHHS,
pisHoro 12,5% (10 po6a) i nocTynose 3meHLWeEHHs A0
11,5% Ha 15 poby nocTHaTa/NbHOIO PO3BMUTKY LLYPIB.
CyTTEBO 36i/1bLUYETHCA Ki/IbKICTb €EHAOTENIOLUUTIB Yy CKNa-
AOi KPOBOHOCHMX Kaninapis. HaBeaeHi moppomeTpuyHi
[aHi cBiAYaTb MpO iHTEHCMBHI npouecn nponidepauii
i disionoriyHoi rinepTpodii KOMMNOHEHTIB KaninspHoi
naHkn MUP miokapgaa. B iHTepBani vacy (5-15) ai6 cyT-
TEBO 36iNbLIYETLCA NPOTANXKHICTb KaMinApHUX TPYOOYOK,
BM3HAYalOTbCA NIOKa/IbHi 30HM CTMKYBAHHA BiAPOCTKIB
Kaninapis. Y uel nepiog yacy BUABNAETbCA IHTEHCUB-
Ha nponidepaLia KNITUH CNONYYHOI TKAaHWMHU. Yucenb-
Hi 3BMBMCTI i MOAOBXKeHi BigpocTKM ¢ibpobnacTtiB Ta
rNafKoOM’ A30BUX KAITUH TNMMOBOKO MPOHUKALOTL B iHTEp-
CTMLianbHUIM NpocTip miokapaa. Ha (puc. 1T) 306paske-
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HUIA MOMEHT PO3BUTKY B MioKapAi 15-mu 0obosux wypaT
¢hizionoeiuHo20 anonmo3sy eHaoTeNioyuMTa KPOBOHOCHO-
ro Kaninapa i yTBOpeHHA anonTo3HMX Tineub. YacTmMHa
TineLb KOHTAKTYE 3 NOBEPXHEID AerpaoBaHOro eHaoTe-
NioymTa, iHLWa KiNbKiCTb anoNTO3HUX Tineup aacopbosa-
Ha Ha NOBEPXHi epumpoyumis. Llutonemma eHgorenis,
Wo nigaaeTbea ¢isionoriyHoMy anonTosy, yTBOPHOE K-
60Ki iHBariHaL,ii ycepeaAnHy KNiTuHW. MpeactasneHi AaHi
€ MIKPOCKOMIYHMMM O3HaKaMMn PO3BUTKY anonTosy, AnA
AKOro XapaKTepHi pparmeHTaLia uMTONAa3mMun aerpaso-
BAHOro eHJoTeNiouMTa i YTBOPEHHA OMTUYHO TEMHMX
OCMIEdINbHMX YaCTUHOK OKPYrN0i GOPMM — aNONTO3HUX
Tineub. Puc. 1T aemoHcTpye noyaTok 5-ro etany dezpa-
dauiliHoi ¢ha3u disionoriyHoro anonTosy eHAoTENIOLUTA
[12, 13]. 3a gaHumm daxoBoi nitepatypu, disionoriyHmin
anonTo3 BiAOyBaeTbCcA A0BOAI LWIBWAKO, a anonTo3Hi
TiNbLA 3a3BUYAN ParoymTyroTbcA Makpodaramm ym cy-
cigHimu KnitnHamu [13]. Ane y gaHomy BMnagky deepa-
dauiliHa ¢aza disionoriyHoro anonTosy eHgoTenioymTa
Big6yBa€eTbCA Yy Mpocsimi KPOBOHOCHOTO Kaninapa. Mu
NPUNYCKAEMO, WO BMAANEHHA aMOMTO3HWUX Tineub i3
npoceity cyauH MLUP 3ailicHIOETbCA ABOMA WAAXaMMU:
MacusHUM — NMOTOKOM KPOBI, Ta GKMUBHUM — 3a [0MO0-
Morot epumpoyumis. NMpoBeaeHi HaMU A0CAIAXKEHHSA
CBigYaTh, WO Ha MOBEPXHi epuTpoLMTIB agcopboBaHa
neBHa KiNbKicTb anonTo3HuMX Tifeub (puc. 1r). OTpumaHi
OaHi [,03BONAIOTL NPUMNYCTUTH, WO epUTPOLUTU MPaH-
cropmyromes anonTo3Hi TiNbLA NO KPOBOHOCHOMY pyCay
cyamH MUP y cuHycoiganbHi 06MiHHI Kaninapu Ta npo-
cTopu [ucce neviHKu ge pa3om 3 pparmeHTaMm iHLIMX
ANONTUYHUX KNITUH OTPUMAnNM HasBy TinbLA KayHcuab-
MaHa [14]. BudaseHHsa anonTo3HMX Tifielb 3 KPOBi Ta no-
BEPXHi epUTPOLMTIB 34IACHIOETBCA, TONOBHUM YMHOM,
makpodaramu Kyndepa neyiHku.

Mpu JocnigKeHHi yNbTPaTOHKMX 3pi3iB pi3HMX opra-
HiB ccaBL,iB i Nt0OANHN ByN0 BCTAHOBNEHO, LLLO BCEPEAMUHI
peaknx cyguH MUP Ta y MiXKKAITUHHOMY NpocTopi BK-
ABNAIOTLCA NOOAMHOKI Ta HEBENMYKI rpynu CBITAUX ny-
XMpuiB pisHMx posmipis [10, 11]. Mu TaKkox 3BepHyAn
yBary Ha Te, WO He3aneXHo BiA BiKy TBAPMH, iHTpa — i
eKCTpaBas3a/ibHO y MioKapai BUABAAOTLCA NyxmMpLi (puc.
2A, b). MoxoayKeHHA NyXUPLiB AOCTEMEHHO HegidoMo,
noTpebye peTenbHOro A0CNIAXKEHHS | TEOPEeTUYHOro 06-
IPYHTYBAHHA BUHUKHEHHA Lboro mopdonoriyHoro ¢e-
HOMEHY.

IcHyto4a niTepaTypa CTOCOBHO CKAaAy Kposi Ta oi-
[03BOINAN HAaM BUCIOBUTM NPUNYLLEHHSA, LLIO NOABA Ny-
Xvpuis y eicmonpenapamax miokapda 6esnocepeHbo
NoB’A3aHO 3 NPUCYTHICTIO KUCHIO Y KPOBi MiKPOCYAMH in
vivo. TpaHCNOPTYBAHHA KMUCHIO MO KPOBOHOCHUM Cyau-
Ham MLP BiabyBaeTbca y ABOX popmax: noe’s3aHili 3 re-
mornobiHom epuTpoumTis (15 —2106.%) i disnyHo pos-
YuHeHil y nnasmi kposi (0,3 06.%) [8]. OTke, B 100 mn
apmepiasbHil KPoBi TBAPUH CYMAPHO 3HAXOANTLCA A0 =
20 M KUCHI0. Y 8EHO3HIl KPOBI Ta MIXMKAHUHHIU pidu-
Hi 36iNblUEHNI BMICT pO34YUHEHO020 8Y2/1eKUC/1020 23a3y.

AKWO npoaHanilyBaTh iCHYHOYI MeToau TiCTOXimiy-
HOT 06PO6KM LIMATOUKIB OpPraHiB 15 €N1eKTPOHHOT Mi-
KpOcCKonii, TO BMABNAETbCA HACTyMHa Mocn1idosHicme
OCHOBHMX MpPOLECIB: eKcmupnayis cepusa Ta Moro pos-
MiLLEHHA Ha Nig, ANA 3yNUHKK CepLEeBUX CKOPOYEHb —>
pO3pi3aHHA opraHa i OTPMMAHHA LWMATOUKIB = rpegik-
cayifa WMATOYKIB MiOKapAa 3aHYpPEeHUX Yy PO3YMH FyTa-
poBOro anbgerigy —> ikcayia WMATOUYKIB PO3YMHOM

4oTupuokmucn ocmis (0sO,) - deziopamayis (3Hegod-
HeHHSs) 3pa3KiB MioKapAa CMPTOM 3POCTatouOi KOHLEH-
Tpau,ii (50%....100%) - npocoyyBaHHA LLUMATOYKiB opra-
HY €nOKCMAHMMW CMOonaMu —» nonimepusauia (+60°C)
NPOCOYEHNX CMONAaMM LIMaTo4YKiB MioKapaa [15, 16].
Micha eKkcTMpnauy,ii i 3ynMHKKM cepLeBUX CKOPOUEHb, PyX
KPOBi B MaKpO — i MiKpOCYAMHAX MioKapaa NPUNUHAETb-
cA. Pasom 3 KpoB't0 B CyAMHaX 30a1UWAEMbLCA | NEBHUM
o6’em O,. Y npoueci npegikcayii pos4nHom raytapo-
BOro anbaerigy BigbyBaeTbca cmabinizayia ninioHo-
20 KOMNOHEHTY MeMbBpPaHHUX YAbTPACTPYKTYP KAITUH i
nnasmu Kposi [1, 2]. Mpw gikcayii posunHom OsO, sia-
byBatoTbCA XiMiuHi peakuii, B AKMXx Os aKTUBHO pearye
3 eTWIEHOBMMM TPynamMu HeHacUYeHUx ANinigis nnas-
MK Kposi. Lle cnpuae «3wuBaHHIO ninigis» atomamu
Os i yTBOPEHHIO NaHLLIOXKKIB NONIMePU30BaHMNX Ninigis.
binku Ta 6iNbLWiCTb BiIbHUX aMiHOKMUCNOT MAa3muM KpoBi
BCTYNaOTb y XiMiuHi peakuii 3 atomamn Os. Binbysa-
€TbCA KOa2ynAyia BiNKiB, yTBOPEHHA NAHLIIOXKKIB amiHO-
KncnoT 3’eaHaHnx atomamum Os. B npoueci npegikcayii
i pikcayii LWuMaTOYKIB MiOKapaa, B Kaninspax i ekcrTpa-
Ba3a/IbHOMYy MPOCTOPi CNONYYHOI TKAHWMHM MOCTYNOBO
YTBOPIOKOTLCA MNPYXKHI cTabinbHi npoctopoBi cimku 3
6inKoBO-NiNiAHMMK «Tnobynamm», saki HabysatoTb enek-
TPOHHOI LWiNbHOCTI 3a paxyHOK BeNn4Ye3HOl KiNbKOCTI
atomis Os [15, 16]. Mu npunyckaemo, Lo B npoLeci 06-
PO6KM LIMATOUKIB MioKapaa GiKCyrouMmM po3UMHamM,
0, y kaninspax i CO, y MisKKNITUHHOMY NPOCTOPi 3a1u-
LLAKOTLCA Y [108’A3GHOMY | pO34UHEHOMY CTaHi. Ane no-
Janblia dez2idpamayia WMaTOYKIB MioKapga CnMpTom
abo aueToHoOM 3pocTatoyol KoHueHTpauii (50%....100%)
npussoamnTb Ao nepexoay 0, i CO,, y sinbHUl cmaH. Fasn
NOCTYNOBO HAaKOMUYYOTbCA B MPOCBITI KaninApiB Ta eKc-
TpaBa3asbHOMY NPOCTOPI Y BUMNALI CKYNYEHHA nyxup-
uie (V). Ha 30BHilWHIN NoBepxXHi NyXMpPLiB YTBOPHOETHCA
€/1eKTPOHHO-LLi/IbHA TOHKa Msieka 3 6inkoBo-ninigHMX
«rnobyn» — ncesdomembpara (puc. 2A i B). lasu (O, i
CO,,) wo 3HaxoAATbCA B cepeAmHi 6ynbbalwokK, cTuCKa-
10Tb Y MIXCKAIMUHHOMY pocmopi TPUBUMIPHY CiTKY 3
6inKoBO-NINIAHUMK «TI0BYNAMM», YyTBOPHOOUMN NOKAb-
Hi 30HM i yWwinbHeHHA (puc. 2B). OTXKe, NpUBeAeHN Te-
OPETUYHUIN MeXaHi3M MOXK/IMBOTO YTBOPEHHA NyXMPLLiB
B KanifiApax i ekcTpaBasa/ibHOMY NpocTopi y PpikcoBaHMX
LIMATOYKax MioKapZaa, JO3BOMAE NPUNYCTUTK, WO 3Ha-
YHa YyacTMHa umux bynbballoK € apmegpakmom, AKUI
BMHMKAE y npoueci ¢ikcauii i 3HeBOAHEHHA LWIMATOYKIB
MioKapAa Ta iHWWX opraHiB, fKi He niddasanucs nepgy-
3ii bikcyrounm posumHom (npu nepghysii KPOBOHOCHO20
pycaa opaaHie Qikcyrouum po3vyuHom 8i0bysaemsca su-
0asneHHA Kposi 3 CyouH).

3a JOMNOMOroK TPAHCMICIMHOT Ta PacTpoBOI enek-
TPOHHOI MIKPOCKOMIi yNbTPACTPYKTYpa CYAUHHOTO €eH-
[oTenia miokapAa ccaBuiB i NHOAMHU BMBYEHA AOCUTb
[obpe, ane ¢yHKUiOHaNbHE NPU3HAYEHHA cneujianiso-
BaHWX CTPYKTYP, LLLO PO3TaLLOBaAHi Ha JItOMEHasIbHil no-
BEPXHi eHAO0TenioumnTiB, BUKANKaOTb Harato AWMCKYCIN.
Bigomo, Wo pesnbegp AtOMeHaNbHOI NogepxHi eHaoTeNi-
OLMTIB MIKPOCYANH MiOKapaa AyrKe Pi3HOMAHITHWUI i 3a-
NEeXUTb Big, PYHKLIOHANbHOTO CTaHY eHA0TeNiA Ta remo-
OVNHAMIYHMX YMHHUKKIB Yy MUP [11]. Cepen mopdonoris
OVCKYTYETbCA MUTAHHA NPO QYHKLiOHaNbHE 3HaYeHHA
MIKPOBOPCUHOK i s1amenenodibHuUX yTBOPEHb Ha Ntome-
HaNbHI NOBepPXHi eHgoTenia Kaninapis. € gymKa, Lo
MiKPOBOPCUHKM Ta iHWI crevuiani3oBaHi yNbTPaCcTPYKTY-
pU € CBOEPIOHUMU pe3epsamu KaimuHHOI membpaHu
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NIIOMEHa/IbHOT NOBEpPXHi cyaAWHHOro eHgotenia [11]. Y
KaninApax mioKapAa LypiB Pi3HOro BiKy HaMM BUAB/EHI
€HOO0TeNiouMTH 3 PiSHOK KiNbKICTIO MIKPOBOPCMHOK Ha
NIIOMEHA/IbHIN NoBEepPXHi. B AeAKNX KPOBOHOCHMX MiKpO-
cyauHax samenenodibHi (HUMKogi) yTBOpPeHHs noao-
BYKEHi, 3BMBMCTI, YaCTO PO3ranyKeHi, KOHTaKTYOTb 3 N10-
KaNbHUMMW AiNSAHKAMKU NOBEPXHi epuUTpoLmTiB (pUc. 2B).
BUHMKAE NUTAHHA, AKY QYHKLIO BUKOHYHOTb s1aMesnerno-
0i6Hi yTBOPEHHA HA IIOMEHA/bHIN NOBEPXHi eHAoTenina?
Jocnigxyoun posTawyBaHHA samenenodibHUX yTBo-
PeHb i MIKPOBOPCUHOK Ha NOMiHaNbHilA MOBEPXHi eHA0-
Tenia KaninApis MioKapga Wwypis, M1 3BEPHYN yBary Ha
ocobamsocTi byaosu i GyHKUIT pecnipamopHo2ao 8iddiny
OMXanbHOI cuctemun Kictkoux pub [17, 18]. BapTo 3a-
3HAYMTK, LLO KOHLEHTpaLiA BiAbHOro KucHo y 100 mn
BOAM MNPICHOBOAHUX BOAOMM cKknagae 3-4 mn. Ouxano-
Ha cMCTeMa KiCTKOBUX pub ayKe edeKTMBHO 3aCBOLOE
[0 85% KUCHIO 3 BOAM, LLO Mpoiwna yepes ix 3a6pa. Y
p1b pecnipaTopHUi BigAiN AUXanbHOI cucTeMU YHK-
LioHye HabaraTo epeKTUBHilLe, HiXX AUXanbHa CUCTEMA
HaseMHux xpebeTHux TBapwH. PecnipaTopHuin Biaain
y 3a6pax KicTKOBMX pub yTBOPEHWUI psaLomM 3a6pOBUX
HWUTOK, 3BaHUX NEPBUHHUMU aamenamu, abo nearocm-
Kamu. ina cymmesozo 36inbWeHHA naowi KOHMaxkmy 3
BOAHWM CepefoBuULLEM, MEPBUHHI Nameniv NOKPUTI ge-
AIUYE3HO KiIbKICMIO KPUXITHUX NAACTUHOK, AKi Ha3MBa-
H0TbCA 8BMOPUHHUMU neatocmkamu [17, 18]. Yepes Hux
NpPoxXo4ATb BY3bKi KPOBOHOCHI Kaninapu. Beamka naowa
NnoBepXHi TOHKOI 060NOHKN 8MOPUHHUX AAMes CPUSE
epeKTMBHOMY rasoobmiHy MiX BOLHMM cepefoBULLEM
i KpoB'lo y KaninApax 3a6ep pubu. MNMopiBHIOWYM Yib-
TPaACTPYKTYPY pecnipaTopHoro BiaAiny 3abep KiCTKOBMX
pu6 3 YyNbTPACTPYKTYPOI pesibegy AOMEHAMAbHOI Mo-
8epxHi Kaninapis ccaBLiB MOXHa BUABUTU 100i6HICMb
CMPYKMypPHO-YHKUYiOHAMbHUX 03HAK. OKpemi KpoBoO-
HOCHI Kaninspu ccaBsLiB 3 baraTbMa s1amenenodibHUMuU
YTBOPEHHAMM Ha JIIOMEHANbHIN MOBepXHi eHaoTenis,
MOPEOs02IYHO i pyHKUiIOHAAbHO M00iI6HI NEPBUHHUM
AamMenam Wwo BKPUTI baraTbMa 8MOPUHHUMU neatocm-
Kamu y 3a6pax KicTKoBux pub. OTKe, NpoBeseHUI no-
pPiBHANBHWUI aHanNi3 Aa€e NiacTaBy BBaAXKaTW, WO MIKpPO-
BOPCUHKU | namesnenodibHi yTBOPEHHA /IIOMEHasbHOI
NoBEpPXHi eHaoTenis MiKpocyauH ccaBLiB MPUIMaoTb
AKTMBHY Y4acTb Y rpoyecax ehekmusH0o20 Mo2AUuHAHHA
KUCHIO 3 08epxHi epumpoyumis i naasmu Kposi. imo-
BipPHO iCHYE 3BOPOTHA KOpenauia Mix NMOKasHMKOM Ka-
NiNAPHOTO reMaToOKPUTY Ta KiJIbKICTIO MiKPOBOPCUHOK i
JlaMen Ha IoOMeHanbHill NoBepPXHi MiKpOCyAMH.

Mpu AoCniAXKeHHI YNbTPaCTPYKTYpPU TKAHUH Pi3HUX
OpraHis ccaBL,iB i NtOANHUN BYNO BUABAEHO, L0 N0O3a KPo-
BOHOCHMX cyanH MLLP eKkcTpaBasanbHO crnocTepiratoTb-
CA NOOAMHOKI Ta HeBeNUuKi rpynu epumpoyumis. Take
ABMLLE OTPUMAO HA3BY dianede3 GOPMEHUX eIEMEHTIB
KpoBi [4, 8]. € npunyLLEeHHS, Wo Aianenes epuTpoLUTIB €
nacusHUM (heHOMEeHOM, SIKUIA BUHUKAE NPU NigBULLEHHI
TUCKY KPOBI i HAPOCTAOYOi MPOHMKHOCTI CTIHOK MiKpOCY-
OVH. Hanbinbl YyacToto NPUYMHO MIKPOB8UsUBI8 KPOBI
y IHTEPCTULINHUIA NpOCTip € AiA HA CTIHKM MiKpOCYAMH
npoTeoniTMYHNX depmeHTiB. 3a gaHumu [4], pianenes
NEeNKOoUMTIB Ta epUTPOLMUTIB € OAHUM i3 BaXKAUBUX MOpP-
donoriyHnx NposBiB PO3BUTKY MaTOreHesy 3anaseHHS.
OTxe, aBuwe gianeaesy GpopmMeHUX eNeMeHTIB KpoBi
y iHTEPCTULIM OpraHiB 4acTo MOB’A3aHUIN 3 PO3BUTKOM
naTtosioriyHoro npouecy. Ane etionoria (NpuynHa BU-
HUKHEHHA) Aianenesy A0Ci NOBHICTIO He BUBYEHaA. 3Bep-

Tae Ha cebe yBary Tol QaKT, WO B YyMOBaXx ¢hizionoaiy-
HOI" HOpMmu, B IHTEPCTULiT OpraHiB TaKOX BUABNAKOTLCA
epUTPOLLUTM NO3a KPOBOHOCHUX MIKpOCYAMH. BuHMKae
NUTaHHA, AKe QYHKLiOHaNbHe 3HAYeHHA MaE gianeaes
epUTPOLUTIB Y MYXKY BOJOKHUCTY CMOMYYHY TKaHWHY
B yMoBax Hopmwu? [pu [OCAigXKeHHi wWypiB pi3HOro
BiKY, HAMM TaKOX BUABMIEHO OKPeMi MiKpOpalioHU nyx-
KOI CMOJIY4HOI TKAaHMHU MiOKapaa, B AKUX PO3TallOBaHi
epumpoyumu nosa Kaninapis MUP (puc. 2l). Y npuse-
OEHill eNeKTPoHHIN mikpodoTorpadii 3BepTae Ha cebe
yBary Toi ¢aKT, wo dopma epUTPOLMTIB CBIAYNTb NPO iX
«aKTUBHWUI pyx» Bif, PO3TALLOBAHOrO NOpyyY HAMUBHO20
Kaninspa BrAnb iHTepcTuuianbHoro npoctopy. Y nepwo-
20 BENIMKOro 3a PO3Mipom epuTpoumuty chopmoBaHUin
npogioHull nostoc, Wo BKasye B AKMI BiK BiabyBaeTbca
nepemilleHHs KNiTuHWU. BmicT gedpopmoBaHOro epmutpo-
LMTY «NepeTUKAE» yepes BY3bKy LLIIMHY MiXK NMy4KOm
KOMIareHOBMX BOJIOKOH i BiPOCTKOM KJIITUHW CMONYYHOI
TKaHMHM (puc. 2T). B3aoB:K 6iuHOT NoBepXHi NPYy»KHO Ae-
$bOpMOBaHOrO epuTPOLUTY BUABNAETLCA By3bKa CBIT/a
CMYXKKa, AIKa 8I0OKPEMSIIOE epUTPOLUT Bifg, pASOM PO3-
TALWOBAHUX €/1eMEHTIB CMOJTYYHOI TKaHWHU. YTBOPEHHA
BY3bKOI CBIT/I0i CMY}KW HaBKOJI0 EPUTPOLMUTY, MMOBIp-
HO CBiAYMTb NPO HAABHICTb SIOKANbHOI MIKPO30OHM Nia-
BULLEHOTO TUCKY TKAHWMHHOI PigMHKM, HAaNPaBAEHOro Bij,
NOBEPXHi ePUTPOLUTY B iIHTEPCTULI. MK NnpunycKkaemo,
O CBiTAa CMY)KKa YTBOPIETbCA B pe3ynbTati dugysil
KUCHIO 3 08epXHi epumpoyuma 8 OCHOBHY Pevyo8UHY
Crnoay4YHoi mKaHuHu. Ha ue BKa3ylTb AaHi, WO Hanpy-
ra kucHio (p0O,) B epuTpoumTax binblua Hix y MiKKAI-
TUHHOMY npocTopi [8]. OTKe, Npu akmusHil mizpayii
€pUTPOLMTIB 3 KaninAapis y CTPOMasbHUN KOMMNOHEHT
MioKapaa, BiAOYBaETbCA OeoKcu2eHayiAa epUTPOLMUTIB
i NigBULLEHHS BMICTY KMUCHIO Y NIOKaNbHIlM 30HI cnosyy-
HOT TKaHWHKU. HeobxigHo 3BepHYTK yBary Ha Tol dakT,
WO KAITUHM MYyXKOi CNOAYYHOI TKaHWMHW BUKOPMUCTOBY-
I0Tb 418 MeTaboNiuHMX NPOLECIB KUCEHb, SIKUW 3Ha-
XOAMTbLCSA B OCHOBHIN peyoBuHi. B ymosax degiyumy
KUCH!O B iHTepcTULT (rinokcia), BigbyBaeTbca akmusHuUli
dianede3 epuUTPOLMUTIB ANA HACUYEHHA CMOMYYHOI TKa-
HUHU KUcHem. OTKe, emionoezisa dianede3y epuUTpoLUTIB
y Hopmi 0bymoBiieHa 0egiyuumom KUCHIO B OBMEKEHIn
LiNAHKK iHTepcTuuito. [ianeges epuTpouumTiB y cno-
JIY4HY TKaHWHY MiOKapaa 3anobirae po3BUTKY FiMoKcil.
TakMM 4YMHOM, fianenes3 epuUTPOLUTIB He € «racus-
HUM ¢heHoMeHOoM». Lle pesynbTaT aKTMBHOI mirpauii
€pUTPOLUTIB 3 KaninApis y 30HM CNOAYYHOI TKAaHUHK ae
3HUXKEHWUIN BMICT KUCHIO.

BucHoBKM.

Pe3synbTaT npoBeAeHUX AOCAIAXKEHb CBiAYaTb NpPo
Te, WO KPOBOHOCHI Kanifiapu miokapaa HOBOHApPOOxe-
HUX WWYPAT YTBOPEHi ceimaumu (MmeTaboniyHO aKTuB-
HUMUK) | meMHUMU 0e2i0pamoeaHUMU (He aKTUBHUMM)
eHpoTenioumMTamu. BusHayeHo, Wwo retepomopdHi eH-
[OTENOUUTUN H0BEHINbHUX WYPAT 3HAaXOAATLCA B PISHUX
cTagisx i ¢asax KAiTMHHOro uukny. MepudepinHa 30Ha
LMTONNA3MM C8iIMAUX eHOOTEeNIOUMTIB iHOAI YTBOPHOE
rnMboKi iHBariHauii B iHTpecTMuii. MoXKnu1BO, iHBariHa-
Lii ABNAOTLCA NMOYATKOBO CTaZi€l0 PO3BUTKY MalbyT-
HiX KaninapHux Tpybo4oK. BcTaHOBNEHO, WO JIOKabHI
BUMWHAHHA epUTPOLMTIB KOHTaKTYIOTb i AedopmytoTb
NIOMEHaNbHY MOBEPXHIO Kaninapis. JloKanbHi BUNU-
HaHHA epuUTpoUUTIB B NepudepiliHy 30HY LUTOMIa3Mu,
CTBOPIOIOTb YMOBW ANA YTBOPEHHA NONAPMU30BAHUX Bif-
poOCTKiB eHpgoTenioumTis. Bnactusictb 060poTHOI Ae-
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$GOpPMOBAHOCTI epUTPOLMTIB A03BONIAE iIM NPOCYyBAaTUCA  TPYOKM i BTOPMHHI MiKpococyau. B HopmanbHUX ymoBax
Yepes By3bKM AINAHKM MPOCBITY Kanifapis, CNpuUAlOTb  dyHKLIOHYBAHHA CepLeBoro mM'a3a BMABNEHWI Adjane-
YTBOPEHHIO BIAPOCTKIB €HAOTENIOUNTIB, AKI Aal0Tb NO-  ne3 epuUTPOUUTIB B iHTEPCTULIN MiOKapaa. BucnosneHo
4aTokK ManbyTHIM B6TOpVIHHMM KpOBOHOCHl/61M KaninApam  pounyiienns, Wo Aianeses epuUTPOLMTIB He € «racue-
miokapaa. Pospo ,”eHO TEOPETMIHE ,0 rpy"fT_yBaHHﬂ HUM ¢heHoMeHOM», a 3anobirae Po3BUTKY TiNOKCii B n10-
MOX/INBOTO MeXaHi3My YTBOPEHHA B MiOKapAi iHTpa — . .. .

. 'L .. KaNbHUX AiNAHKAX CMOAYYHOI TKAHWUHW MioKapAaa.
Ta NapaBasanbHUX NyxXMpLiB, B ymoBax b6e3nepgy3iliHoi n .
¢hikcauii umaTouKiB cepus Wwypis. Pe3ynbtati npoBeae- EPCNEKTUBU NOAANBLINX AanlgmeHb.
HUX eNeKTPOHHO-MIKPOCKOMIYHUX AOCAIAMKEHb BKasy- Byae nposeseHa MoppomeTpia remaToKpuTa y Kpo-
I0Tb Ha Te, WO epuUTPOLUTM BepyTb aKTUBHY y4yacTb Ha ~ BOHOCHMX MIKPOCYAMHAX MIOKapAa | AOC/IAKEHA KIHe-
MOYaTKOBOMY eTari yTBOPeHHSA LMTONNa3MaTUYHMX BiA-  TWKa NOCTHaTanbHOI nponidepadii engotenioyutis MLP
POCTKIB, i3 AKMX HaZani PO3BMBAIOTbCA €HAOTEeNiaNbHi  MiOKapaa wypis.
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LOEAKI OCOBJ/INBOCTI Y/IbTPACTPYKTYPU EHAOTE/IA | KPOBOHOCHUX KANINAPIB MIOKAPAA Y PAHHbLO-
MY NMOCTHATAJ/IbHOMY MNEPIOAI PO3BUTKY LLIYPIB WISTAR

3aropyiiko . €., MapuuHoBcbKuii B. M., LiBeHTyx /1. B., LlatypsaH O. T,
®inartosa B. /1., MatBieHKo T. M., Caprow O. A.

Pestome. lMpoBeneHoO AOCNIAKEHHA YNbTPATOHKUX 3Pi3iB KPOBOHOCHMX KaninAapis miokapga NiBoro LWayHo4YKa
wypis BicTap y Biui Big HapoaskeHHs ao 45 ai6. OTpumaHi gaHi 403BOAUAN BUABUTU AeAKi 0cOBAMBOCTI NOCTHa-
Ta/NbHOTO PO3BUTKY €HAO0TENIA | KDOBOHOCHMX KaninApiB y MioKapAi Wwypis. Y HOBOHaPOOHEeHUX LWypPAT KPOBOHOCHI
Kaninspu miokapaa yTBOPEeHi caimaumu i memMHUMU 0e2idpamosaHumMu eHpoTenioumtamun. BuasneHa retepomopd-
HICTb eHA0TENIOLMTIB KPOBOHOCHMX KaNifApPiB OBEHIIbHUX LLYPAT CBiAYNTb NPO Te, L0 BOHW 3HAaX0AATbCA Ha Pi3HUX
cTagisx KNiTMHHoro uukny. Y MLUP miokapaa niBoro WwayHouKa 5-mu 00608ux Ly pAT BUABNAOTLCA KaniAapHi nemaii,
Yy NPOCBITIi AKMX PO3TALLIOBAHI CKYNYeHHA epuTpoLuTie Nig TMCKOM BUNMHAHb EPUTPOLUTIB YTBOPHOKOTLCA iHBAriHaLl
uMTONMa3mm eHaoTenis BramMb iHTepcTuuito. IHBariHaujii NoA0BKYTbCA | NOCTYNOBO NEPeTBOPHOOTHLCA Y HOBI KPO-
BOHOCHI Kaninapu. B miokapai 15-mu dobosux wypaT BMABAEHO MOPPONOrivHi NPoABK PO3BUTKY (iziosno2iyHO20
anonmosy eHaoTeNnioumTiB KPOBOHOCHUX KaMiNnApiB i yTBOPEHHA anonTO3HUX Tinelb. BuaaneHHA anonTo3HUX Tiielb
i3 npocBiTy cyanH MLUP 3aiicHI0ETbCA ABOMA WAAXAaMU: MACUBHUM — NOTOKOM KPOBI, Ta GKMUBHUM — 33 LLONOMO-
roto epumpouyumis, aki mpaHcnopmyme aacopboBaHi Ha NOBEPXHi aNONTO3HIi TiNbLA MO KPOBOHOCHOMY pycAy Y
CMHycOoiganbHi 06MiHHI Kaninapu Ta npocTopu Aucce neyiHku. Mpu AoCNioKeHHI yIbTPACTPYKTYpM MioKapaa LypiB
pi3HOro Biky 6y/0 BUAB/IEHO, LLLO 33 MeXKaMu Kanifapis B CNONYYHIN TKaHUHI cnocTepiraloTbcs NOOAMHOKI Ta HeBe-
JVIKI rpynu epumpoyumis. My Npunyckaemo, Wwo B ymoBax ¢isionoriyHoi Hopmu, dianede3 epuTpoLuUTiB 3ymoBe-
HUI Oehiyuumom KUCHIO B 0ObMeXKeHil AinsHLi MioKapaa. BigbyBaeTbca 0eokcuzeHayis epuUTPOLMTIB i NiABULLEHHS
BMICTY KMCHIO Y JIOKa/IbHI 30HI Cnosy4HOi TKaHMHU. OTXKe, Aianenes epuUTPOLMTIB Y CNOAYYHY TKaHUHY MioKapaa
3anobirae po3BUTKY rinoKcii.

Knwouosi cnoBa: miokapa, Kaninapu, eHgoTenin, nyxupLi, gianeaes epuTpoumTis.

SOME FEATURES OF THE ULTRASTRUCTURE OF THE ENDOTHELIUM AND CAPILLARIES OF MYOCARDIUM IN
THE EARLY POSTNATAL DEVELOPMENT PERIOD OF WISTAR RATS
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Zahoruyko H. E., Marcynovskyi V. P., Tsventukh L. V., Tsaturyan O. H., Filatova V. L., Matvienko T. M., Sargosh
0.D.

Abstract. Ultrathin sections of blood capillaries of the myocardium of the left ventricle of Wistar rats aged
from birth to 45 days were studied. The obtained data made it possible to reveal some features of the postnatal
development of the endothelium and blood capillaries in the myocardium of rats. In newborn rats, blood capillaries
of the myocardium are formed by light and dark dehydrated endotheliocytes. The revealed heteromorphism of the
endotheliocytes of the blood capillaries of juvenile rats indicates that they are at different stages of the cell cycle.
Capillary loops, in the lumen of which there are clusters of erythrocytes, are found in the MRI of the myocardium
of the left ventricle of 5-day-old rats. Under the pressure of protrusions of erythrocytes, intussusceptions of the
cytoplasm of the endothelium deep into the interstitium are formed. Intussusceptions lengthen and gradually
transform into new blood capillaries. In the myocardium of 15-day-old rat pups, morphological manifestations
of the development of physiological apoptosis of blood capillary endotheliocytes and the formation of apoptotic
bodies were revealed. Removal of apoptotic bodies from the lumen of the vessels of the MCR is carried out in two
ways: passively — by blood flow, and actively — with the help of erythrocytes, which transport apoptotic bodies
adsorbed on the surface along the bloodstream to the sinusoidal exchange capillaries and spaces of Disse of the
liver. When studying the ultrastructure of the myocardium of rats of various ages, it was found that isolated and
small groups of erythrocytes are observed outside the capillaries in the connective tissue. We assume that under
physiological conditions, diapedesis of erythrocytes is due to oxygen deficiency in a limited area of the myocardium.
There is deoxygenation of erythrocytes and an increase in oxygen content in the local area of connective tissue.
The diapedesis of erythrocytes into the connective tissue of the myocardium prevents the development of hypoxia.

Key words: myocardium, capillaries, endothelium, diapedesis of erythrocytes.
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PROCESSING OF STIMULUS ADDRESSED TO THE | AND Il SIGNAL SYSTEMS AGAINST

THE BACKGROUND OF ACQUIRED MYOPIA
Nizhyn Gogol State University (Nizhyn, Ukraine)
poetessakvitka@gmail.com

The main focus of the study is to investigate the correlation between myopia and immune disorders, as well as
the peculiarities of stimulus processing in individuals with myopia. The research revealed that acquired moderate
myopia is a pathophysiological process accompanied by immune disorders. The results showed that neurodynamic
function indicators were better in individuals with myopia compared to practically healthy individuals, indicating
functional strain on the central nervous system.The primary objective of the study was to examine the peculiarities
of stimulus processing directed at the | and Il signaling systems in the context of acquired myopia. Data on neurody-
namic properties obtained through the M. Makarenko method were used for this purpose. It was found that informa-
tion processing by the | signaling system occurs faster in individuals with myopia, which is related to the form of the
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