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The results revealed significant differences between the vascular structures of the testis in control rats and
those with induced diabetes. In the control group, arterioles had a well-defined muscular layer, regular lumens, and
uniform wall thickness. Capillaries were evenly distributed across lobules and closely associated with surrounding
cells. Venules had thin walls and wide lumens. In diabetic rats, arterioles showed luminal narrowing, wall thickening
due to endothelial cell hyperplasia, and basement membrane deposition. Capillaries exhibited wall damage, irregular
distribution, and a reduced number per unit area. Venules displayed destructive changes, including rupture areas
and perivascular tissue edema.

Morphometric indicators also showed statistically significant changes. The average arteriolar diameter decreased
by 15-25%, and wall thickness increased by 20-30%. Capillary density in the region of seminiferous tubules decreased
by 40%, indicating marked hypoxia in this area.

The study also examined differences depending on the duration of diabetes. It was found that as early as 14
days after streptozotocin injection, the first signs of vascular changes appeared. By day 28, the changes became
more pronounced, accompanied by a decrease in testicular weight, a reduced number of seminiferous tubules,
degeneration of spermatogenic epithelium, and impaired tissue organization. These findings demonstrate that
diabetes induces significant and potentially irreversible changes in the testicular vasculature even at early stages.

Morphological findings were supported by morphometric calculations, confirming statistically significant
differences between the groups. Variational statistical methods were used, including the calculation of mean values,
standard deviations, and significance levels (p<0.05). This approach enabled an objective assessment of the severity
of microvascular damage in diabetes.

The findings of this study are of practical importance. They can be used to develop new approaches for the
prevention and treatment of reproductive dysfunctions in men with diabetes mellitus.
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There is a wide range of publications that analyze various aspects of the influence of prenatal hypoxia on ontoge-
netic transformations of the myocardium, however, the topological features of changes in the contractile apparatus
of a cardiomyocyte that is formed and develops under conditions of chronic prenatal hypoxia require detailed study.
The aim is establish the ultrastructural features of changes in the contractile apparatus of typical cardiomyocytes
of different parts of the embryonic myocardium of rats under conditions of chronic hypoxia. The object of the study
were the hearts of rat embryos obtained after the administration of sodium nitrite to pregnant females at a dose of
50 mg/kg daily from the 10th to the 20th day of gestation. The material was analyzed by transmission electron mi-
croscopy in 12 topographical localizations of the myocardium. Results. It has been established that hypoxia inhibits
the formation of sarcomeres, leads to disorganization of myofibrils and mitochondrial damage. Starting from the
17th day of development, progressive destruction of contractile structures is observed: fragmentation of myofibrils,
disruption of intercalated discs and disintegration of filaments. The greatest changes were recorded in the intramu-
ral and subendocardial zones of the ventricles. In the atria, hypoxia caused a restriction of the spatial organization
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of myofibrils without their pronounced lysis. Chronic prenatal hypoxia leads to inhibition of sarcomerogenesis and
disorientation of myofibrils against the background of crystallolysis and swelling of mitochondria of typical cardio-
myocytes mainly in the subendocardial zone of both ventricles and the interventricular septum. Starting from the
17th day of prenatal ontogenesis, the effect of chronic hypoxia is accompanied by fragmentation of newly formed
myofibrils, dissociation of sarcomeres, splitting of telophragms and intercalated discs in the intramural and subepi-

cardial zones of both ventricles.

Key words: chronic prenatal hypoxia, rats, cardiomyocytes, myofibrillogenesis, electron microscopy.

Connection of the publication with planned re-
search works.

The study was conducted as part of the research
work “Histogenesis of the components of the cardio-
vascu-lar system of humans andlaboratory animals in
nor-mal and experimental conditions” (state registration
number 0118U004730).

Introduction.

Chronic hypoxia in the prenatal period has a sig-
nificant impact on the structure and function of the
cardiovascular system, in particular on the contractile
apparatus of cardiomyocytes. Studies in rodents have
shown that prolonged hypoxic stress causes cardiomyo-
cyte hypertrophy, left ventricular dilatation, interstitial
fibrosis, apoptosis and a decrease in ejection fraction,
and the effects depend on the degree of hypoxia [1]. In
a rat model of ischemic cardiomyopathy, it was found
that intermittent hypoxia causes early myocardial re-
modeling and progressive contractile dysfunction, which
is accompanied by activation of the sympathetic ner-
vous system and expression of HIF-1a [2]. In work with
diazoxide, it has been shown that its postconditioning
activates the HIF-1/HRE pathway through the genera-
tion of ROS, reducing cardiomyocyte damage in a state
of hypoxia/reoxygenation [3]. Intermittent hypoxia has
also been shown to affect the vascular wall, promoting
vascular remodeling and the development of atheroscle-
rosis, depending on the duration and degree of hypoxia
[4]. Under certain conditions (FiO, >10%), intermittent
hypoxia can have a cardioprotective effect, reducing the
area of myocardial infarction [5].

Studies in rat fetuses have shown sex-specific chang-
es in mitochondrial function: in males, mitochondrial
respiratory capacity decreases and hydrogen peroxide
production increases, while in females these changes
are not observed [6]. An avian embryo model shows that
chronic hypoxia in late development leads to a decrease
in cardiac contractile function due to a slowdown in pres-
sure generation, impaired relaxation, and a decrease in
the expression of calcium channels in cardiomyocytes
[7]. Molecular studies have shown that hypoxia followed
by reoxygenation in adult cardiomyocytes is dominat-
ed by apoptosis associated with caspase activation and
cytochrome C release, while prolonged hypoxia results
in non-apoptotic cell death [8]. Short-term repeated re-
oxygenation reduces structural and oxidative changes
in the myocardium, normalizing the levels of IL-6, TNF-
o, and markers of antioxidant defense [9]. It has been
established that the response of cardiomyocytes to hy-
poxia depends on the stage of development: in fetal and
embryonic cells, hypoxia reduces proliferation, and in
neonatal cells, it stimulates it, which correlates with the
level of expression of YAP1 and troponin T [10]. Accord-
ing to a study on live sections of rat myocardium, 24-
hour hypoxia leads to a decrease in the force of contrac-
tion, an increase in apoptosis, destruction of myofibrils

and mitochondria, as well as significant changes in the
transcriptome and proteome associated with hypoxic
stress and metabolism [11].

Chronic hypoxia, which changes the functional state
of cardiomyocytes, directly affects the processes of for-
mation of the myofibrillar apparatus, which provides the
contractile ability of the cardiac muscle. Given the nu-
merous studies demonstrating structural and functional
changes in the myocardium under the influence of hy-
poxia, it is important to investigate the mechanisms of
its influence on the morphogenesis of the myofibrillar
apparatus. Understanding these processes allows for a
deeper interpretation of the developmental disorders
of the contractile apparatus of cardiomyocytes in the
prenatal period. Thus, a comprehensive morphological
analysis is necessary to fully reveal the effects of chron-
ic hypoxia on the structure and function of cardiomyo-
cytes.

The aim of the study.

To determine ultrastructural changes in the contrac-
tile apparatus of typical cardiomyocytes in different lo-
cations of the embryonic myocardium of rats during the
effects of chronic prenatal hypoxia.

Object and research methods.

The study used the hearts of the offspring of 68 white
non-linear female rats obtained from the vivarium of the
Dnipro State Medical University. The animals were divid-
ed into two groups. The first group included 35 experi-
mental female rats, corresponding to the control group
of 33 female rats. The first group included embryos and
fetuses of rats exposed to chronic hypoxia. Its modeling
was carried out by intraperitoneal administration of 1%
aqueous solution of sodium nitrite at the rate of 50 mg/
kg to pregnant females daily from the 10th to the 20th
day of gestation, which corresponded to the average
degree of mixed-type hypoxia [12, 13, 14]. The second
group (control) consisted of embryos and fetuses of fe-
male rats, which were injected intraperitoneally with 1
ml of 0.9% saline solution daily from the 10th to the 20th
day of pregnancy. Female rats with dated pregnancies
were killed by overdose of anesthesia and embryos and
fetuses were removed for further ultrastructural analysis
on the 15th, 16th, 17th, 18th and 20th day after fertil-
ization.

All studies with laboratory animals were conducted
in compliance with the provisions of the “European Con-
vention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes” (Stras-
bourg, 1986), the Vancouver Declaration on Animal Ex-
periments, the Resolution of the First National Congress
on Bioethics (Kyiv, 2001), the Regulation on Bioethics
of the Ministry of Health of Ukraine dated November
1, 2000 No. 281, the Law of Ukraine “On the Protection
of Animals from Cruelty” No. 3446-IV dated February
21, 2003 in accordance with the EU Council Directive
2010/63/EU on the implementation of regulations, laws,
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and administrative provisions of the EU Member States
on the protection of animals used for scientific purposes
[15, 16]. The study was approved by the Biomedical Eth-
ics Commission of the Dnipro State Medical University.

For electron microscopic examination, samples of
the myocardium of the ventricles and atria were fixed
in a 2.5% solution of glutaraldehyde at a temperature
of +2°C for 3-4 hours with subsequent post-fixation in a
1% solution of osmium tetroxide (“SPI”, USA), dehydrat-
ed in increasing concentrations of alcohol, propylene
oxide and embedded in epoxy blocks using the Epon-Ar-
aldite composition. Ultrathin sections were made on
an UMTP-6M ultramicrotome (“SELMI”, Ukraine) and
placed on copper support grids Mesh Regular Grid 200
(“SP1”, USA). Double contrast was performed according
to the Reynolds method [17]. The study was carried out
using a transmission electron microscope PEM-100-01
(«SELMI», Ukraine) at an acceleration voltage of 65-90
kV and primary magnifications from 2000 to 25000
according to the standard scheme [17, 18]. After pho-
tofixation of images on monochrome film “Agfa”, the
negatives were digitized with a Canon CanoScan 9000F
scanner.

The study and morphometry of typical cardiomy-
ocytes were carried out in 12 locations: right and left
atrium, right and left auricles of the heart, subepicardial,
intramural, subendocardial zones of the left and right
ventricles, left ventricular and right ventricular parts
of the interventricular septum. For quantitative assess-
ment of the contractile apparatus, the density of myo-
fibril packing, the degree of their orientation, and the
absolute specific surface area of myofibrils were deter-
mined on electron micrographs using the Imagel) 1.47v
software package according to the principles of stereo-
metry [19, 20].

Variational and statistical processing of the obtained
results was carried out taking into account the t-Student
criterion. In the event that the empirical distribution
obtained in the study did not correspond to the normal
law, the assessment of differences between samples
was assessed using the nonparametric Wilcoxon criteri-
on for related samples and Mann-Whitney for unrelated
samples or using the Van der Waerden rank criterion ac-
cording to standard procedures [21]. When conducting
statistical processing of the obtained quantified results,
all necessary calculations were performed in the Excel
spreadsheet shell using the appropriate formulas and
using the licensed software package Statistica v6.1 (Stat-
soft Inc., USA) (serial number AGAR909E415822FA).

Research results and their discussion.

On the 15th day of embryogenesis under conditions
of chronic hypoxia in the sarcoplasm of typical cardio-
myocytes of all studied localizations of the ventricular
myocardium, numerous accumulations of free ribo-
somes and polysomes were observed near the nucleus
and groups of small mitochondria. In these areas, actin
myofilaments of variable length with an admixture of
a small proportion of myosin filaments were located.
Near the nucleus of cardiomyocytes, foci of Z-body for-
mation and the connection of actin filaments with myo-
sin filaments were observed, which indicated the initial
stage of sarcomere assembly. However, the intensity of
sarcomerogenesis under conditions of chronic hypoxia
was significantly inferior to that observed in the control
group of animals of the corresponding ontogenetic peri-

od. This led to a limitation of the accumulation of myofi-
brils in comparison with the control. The newly formed
myofibrils were chaotically arranged in the sarcoplasm,
sometimes tortuous in appearance, varied considerably
in sarcomere thickness, and contained immature or par-
tially formed telophragms (fig. 1). Transverse striation
was poorly contoured and appeared uneven along the
length of most myofibrils. The greatest degree of inhibi-
tion of myofibrillogenesis was observed in the subendo-
cardial zone of both ventricles and the interventricular

septum.

Figure 1 — Cardiomyocytes of the intramural zone of the left
ventricle of the rat heart on the 15th day of prenatal ontogenesis
under conditions of chronic hypoxia. Transmission electron
microscopy. Magnification: x22000. Designations: 1 — telophragms,
2 - Z-bodies, 3 — myofilament clusters, 4 — lateral membranes of
cardiomyocytes, 5 — mitochondria.

It is noteworthy that the effect of chronic hypoxia on
the 15th day of prenatal development did not lead to
massive defragmentation of myofibrils of typical cardio-
myocytes in any of the studied localizations, with the ex-
ception of those single cells that underwent autophagic
or apoptotic processes. In the vast majority of cardiomy-
ocytes, only individual disorganized areas of thin myofi-
brils were observed, containing Z-lines with poorly orga-
nized osmiophilic material and incomplete distribution
into A- and I-disks. Also at this time, myofibrils with signs
of lysis of thin and thick myofilaments were isolated.

A moderate number of damaged mitochondria with
destroyed membranes and crystallolysis were detected
near the sarcolemma between deformed myofibrils.
The vast majority of mitochondria had pronounced
edematous changes: their membranes contained signif-
icant defects, the formation of cavities and disruption
of the internal structure were noted, the matrix had a
low electron density, the number of cristae was signifi-
cantly reduced compared to the organelles observed in
the control group animals in the corresponding period
of development. Small condensed mitochondria with a
compacted matrix and preserved cristae were mainly
found near the nucleus, which formed small groups and
bordered on clusters of disordered myofilaments. The
sarcoplasmic reticulum contained tubules with dilated
and uneven lumens. The intercalary discs had a primi-
tive linear structure with a small amount of osmiophilic
material of the adherent zones.

On the 16th day of embryogenesis, the effect of
chronic hypoxia led to a significant inhibition of sarco-
merogenesis in the sarcoplasm of typical cardiomyo-
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cytes, as well as at the previous term of the experiment,
which was accompanied by the formation of disordered
primitive myofibrils with an unclear grouping of myo-
filaments into isotropic and anisotropic disks. In some
observations, telophragms with signs of damage had
uneven electron density and consisted of small accu-
mulations of osmiophilic material. In general, under the
conditions of chronic hypoxia at this term of observa-
tion, the sarcomeric organization of myofibrils of typical
cardiomyocytes remained less mature compared to the
control, characterized by unclear and irregular trans-
verse striation, variable length of sarcomeres and a dis-
turbed ratio of thick and thin filaments. Myofibrils were
thinner and shorter, their arrangement in the sarco-
plasm remained less ordered than in rats of the control
group. Cardiomyocyte mitochondria showed signs of sig-
nificant hypoxic damage against the background of mas-
sive crystallolysis, especially in the subendocardial zone
of both ventricles, although the number of condensed
mitochondria in the paranuclear groups near the foci of
myofilament synthesis became greater than at the previ-
ous term of the experiment. Intercalated discs remained
primitive, retaining a linear configuration and limited
density of specialized intercellular contacts.

During the 17th and 18th days of embryogenesis,
the continuation of chronic hypoxic action led to the
emergence and deepening of morphological signs of de-
struction of the contractile apparatus of the ventricular
myocardium. In particular, heteromorphic fragments of
newly formed myofibrils were observed in the sarco-
plasm of typical cardiomyocytes both near the nucleus
and at the periphery of cardiac myocytes. A significant
part of the myofibrils or their fragments contained sar-
comeres with dissociation of thin and thick myofila-
ments, often with signs of lysis. Myofibrils were found in
which the Z-lines lost continuity and consisted of small,
separated clusters of osmiophilic material of different
electron densities (fig. 2).

The accumulation of myofibrils in the sarcoplasm
of cardiomyocytes under conditions of chronic hypoxia
was significantly slower than in the control group and
was accompanied by the formation of chaotic clusters
of damaged structures without any specific orientation

Figure 2 — Destruction of the contractile apparatus of
cardiomyocytes of the subendocardial zone of the right ventricle
of the rat heart on the 18th day of prenatal ontogenesis under
conditions of chronic hypoxia. Transmission electron microscopy.
Magnification: x16000. Designations: 1 — fragments of myofibril
telophragms, 2 — clusters of dissociated myofilaments, 3 —
cardiomyocyte nuclei, 4 — deformed mitochondria.

relative to the longitudinal axis of the contractile cell.
Morphological consequences of the destruction of the
contractile apparatus were observed in all studied lo-
calizations of the ventricular myocardium; at the same
time, the dynamics of the accumulation of myofibril
mass and spatial ordering of myofibrils were inhibited
to the greatest extent in the intramural zone and subepi-
cardial zone of both ventricles.

In the end regions of cardiomyocytes, a predomi-
nance of thin damaged myofibrils or disordered bundles
of myofilaments was observed, which was combined
with limited formation of full-fledged intercalated discs.
Under the influence of chronic hypoxia, disaggregation
of the osmiophilic material of desmosomes and adher-
ent intercellular junctions occurred, and deformation of
contact membranes in these areas was noted. The con-
figuration of intercalated discs, in contrast to the control
group, remained primitive.

On the 20th day of embryogenesis, numerous groups
of newly formed active and myosin filaments were ob-
served in the perinuclear spaces of the sarcoplasm of
typical cardiomyocytes, which were interconnected by
means of Z-bodies. At the same time, the intensity of
sarcomere assembly and the formation of new myofi-
brils against the background of chronic hypoxia was no-
ticeably lower than in the control group of animals. Due
to the limitation of sarcomerogenesis, typical cardiomy-
ocytes of embryos under hypoxic conditions contained a
significantly smaller number of myofibrils compared to
the control. The vast majority of myofibrils consisted of
heteromorphic sarcomeres, which had indistinct trans-
verse striation without formed mesophragms and were
delimited by immature or partially formed telophragms.
In the subendocardial zone of both ventricles and in the
interventricular septum, newly formed myofibrils had
the greatest thickness among all studied localizations
and in some areas anastomose with each other. In these
zones, the density and orderliness of the myofibrils in
the sarcoplasm were significantly inferior to the cardio-
myocytes of the control group rats. In the intramural
zone and subepicardial zone of both ventricles, very thin
myofibrils were observed in moderate numbers, and in
these zones the inhibitory effect of chronic hypoxia was
manifested to a greater extent than in the subendocar-
dial zone and interventricular septum.

The complication of the morphological structure of
intercalated discs compared to the previous period of
the study occurred due to the formation of a tortuous
profile of intercellular junctions, an increase in the num-
ber of desmosomes in their composition, the compac-
tion of adhesion zones and the accumulation of primitive
nexuses (fig. 3). At the same time, the general config-
uration of intercalated discs against the background of
chronic hypoxia remained significantly simplified when
compared with the control group.

It is important to note that in the late prenatal pe-
riod, the effect of chronic hypoxia not only limited the
accumulation of myofibrillar mass in the sarcoplasm
of typical cardiomyocytes, but was also accompanied
by an increase in destructive changes in the contrac-
tile apparatus. In particular, oxygen deficiency caused
the accumulation of fragmented myofibrils, dissociated
myofilaments of sarcomeres, destroyed telophragms,
damaged contact membranes of intermembrane discs
with the expansion of their intermembrane space. Mi-
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tochondria between myofibrils had pronounced edem-
atous changes: their membranes contained significant
defects, the formation of cavities and disruption of the
internal structure were noted. The number of cristae
was significantly reduced compared to the organelles of
cardiomyocytes of animals of the control group of the
corresponding period of development. Also, single large
mitochondria were found between the myofibrils, which
had developed cristae, a moderately dense matrix, and
a uniform intermembrane space. Near the nucleus of
cardiomyocytes were located small groups of small mi-
tochondria, which had a condensed appearance due to
the compaction of cristae and mitochondrial matrix. The
sarcoplasmic reticulum contained tubules with dilated
and uneven lumens.

It is noteworthy that typical ventricular cardiomyo-
cytes differed in the degree of damage to the contractile
apparatus and mitochondria: one part of the cells had
numerous and distinct morphological signs of hypoxic al-
teration, the other part of the cardiomyocytes contained
mainly intact intracellular ultrastructures.

Studies of the atrial myocardium showed that pro-
longed exposure to chronic hypoxia during the prenatal
period led to a significant inhibition of the spatial ar-
rangement of newly formed myofibrils in the sarcoplasm
of typical cardiomyocytes, but until the 17th day of em-
bryogenesis, oxygen deficiency did not affect the moder-
ate ontogenetic dynamics of their accumulation. During
this period, numerous morphological signs of hypoxic
damage to mitochondria were observed, but fragmen-
tation of myofibrils or dissociation of sarcomere myofil-
aments was not detected. During early cardiogenesis,
the slow accumulation of myofibrils was accompanied
by the formation of primitive Z-lines, and single foci of
synthesis and assembly of sarcomeres were found near
the nucleus (fig. 4). The accumulations of ribosomes
and polysomes in the paranuclear zones were small, but
were consistently detected in the sarcoplasm of cardio-
myocytes in both the free walls of the atria and the car-
diac appendages.

During the period from the 18th to the 20th day of
prenatal development under conditions of chronic hy-
poxia in the sarcoplasm of typical atrial cardiomyocytes,
there was a significant accumulation of the number of
free thin and thick myofilaments, mainly around the
nucleus or near the primitive intercalary discs. At the
same time, the density of myofilaments that were not
involved in the composition of sarcomeres did not have
significant differences in rats of the experimental and
control groups, while the content of organized myofibrils
and the degree of their orientation in the sarcoplasm of
cardiomyocytes under conditions of chronic hypoxia was
significantly lower than under conditions of normal de-
velopment. The organization of discs A and | was vari-
able along the myofibril, telophragms differed in density
and configuration. At the end of prenatal ontogenesis,
the sarcomeres of cardiomyocytes of the control group
animals on the 20th day of embryogenesis contained
formed mesophragms, while after the action of chronic
hypoxia, mesophragms were not detected. The inter-
calary discs, as at the previous term of the experiment,
retained a predominantly linear configuration and a lim-
ited density of specialized intercellular contacts. In addi-
tion, small accumulations of osmiophilic material of the
intercalary discs in most observations did not integrate

Figure 3 — Intercalated disc between cardiomyocytes of the
intramural zone of the left ventricle of the rat heart on the 20th
day of prenatal ontogenesis under conditions of chronic hypoxia.
Transmission electron microscopy. Magnification: x24000. Des-
ignations: 1 — profiles of contact membranes, 2 — end sections of
myofibrils, 3 — deformed telophragms, 4 — mitochondria.

with the myofibrils of the end sections of cardiomyo-
cytes. On the 18th and 20th days of prenatal develop-
ment, only isolated manifestations of hypoxic damage to
myofibrils were observed in the form of their destruction
or lysis of myofilaments, while mitochondria underwent
numerous destructive changes. In particular, against the
background of edema with an increase in size and clari-
fication of the matrix of the vast majority of organelles,
massive crystallolysis phenomena were observed, as
well as fragmentation or deformation of mitochondrial
membranes. Some mitochondria retained morphologi-
cal signs of functional activity, but often such mitochon-
dria were located in wide intermyofibrillar spaces at a
considerable distance from myofibrils.

Data from Romanowicz et al. [22] demonstrate that
perinatal hypoxia leads to persistent disruption of the
morphofunctional development of the myocardium. At
the early stages of development of animals in the study
groups, the authors observed an increase in the ratio of
heart mass to body weight, which indicates a violation of
the normal growth balance. After restoration to normox-
ia, a decrease in ejection fraction and fractional shorten-
ing was maintained. These functional changes correlate

o .

- 2

Figure 4 — Cardiomyocytes of the right atrium of a rat on the 15th
day of prenatal ontogenesis under conditions of chronic hypoxia.
Transmission electron microscopy. Magnification: x12000. Desig-
nations: 1 — secretory cardiomyocyte, 2 — typical cardiomyocyte,
3 — secretory granules, 4 -mitochondria, 5 — contact surfaces of
cardiomyocytes, 6 — loci of sarcomere assembly.
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with our data on the morphological immaturity of the
sarcomere apparatus: the formation of heteromorphic
sarcomeres, the splitting of telophragms and the limita-
tion of the accumulation of myofibrillar mass. The data
obtained by the authors on the slowing of conduction
are consistent with our observations of the delay in the
maturity of intercalated discs. The similarity of the phe-
notypes of morphogenesis disorders in two different
experimental models indicates the universality of the
mechanisms of the influence of oxygen deficiency on
sarcomerogenesis.

The study by Popazova et al. [23] focuses on the mo-
lecular mechanisms of cardiomyocyte damage in prena-
tal hypoxia, in particular on the dysfunction of the NO
system, oxidative stress and apoptosis, which leads to
cardiomyopathy. These data complement our morpho-
logical findings on the direct effect of prenatal hypox-
ia on the ultrastructure of the contractile apparatus. In
particular, the authors’ described endothelial function
and mitochondrial dysfunction correlate with our obser-
vations of massive crystallolysis, mitochondrial swelling,
and sarcoplasmic reticulum disorganization in rat cardio-
myocytes. Their data on increased nitrosative stress and
apoptosis are morphologically confirmed in our work in
the form of autophagy foci, myofilament lysis, and the
appearance of condensed mitochondria.

The data obtained by the authors of the article Su-
tovska et al. [24] demonstrate that even short-term
prenatal hypoxia can significantly affect cardiovascular
regulatory mechanisms and program the development
of hypertension in adulthood. These conclusions are
indirectly confirmed by our own results on deep struc-
tural damage to the contractile apparatus of cardiomy-
ocytes, which is likely to be the morphological basis for
such functional disorders. Of particular note is the fact
that in both studies the key influence of the duration of
hypoxia on the nature of the consequences was estab-
lished. The authors emphasize that prenatal hypoxia can
program and negatively determine the development of
hypertension in adulthood in different ways, depending
on the stages of prenatal development. This is fully con-
sistent with our observations of a dynamic change in the
nature of ultrastructural disorders: from moderate in-
hibition of sarcomerogenesis on days 15-16 of embryo-
genesis to massive defragmentation of myofibrils and
splitting of telophragms, starting from day 17. Another
important point of comparison is the conclusion that the
consequences of hypoxia may not be accompanied by
intrauterine growth restriction. This allows us to draw
a parallel with our experimental model, where the ef-
fect of moderate hypoxia was also directed specifically
at the differentiation and organization of intracellular
structures, and not at the general inhibition of embry-
onic growth.

Our study of structural changes in the contractile ap-
paratus of cardiomyocytes finds important confirmation
and continuation in the work of Hula et al. [25], devoted
to the long-term effect of prenatal hypoxia on the func-
tion of the coronary arteries of the offspring. In our opin-
ion, it is worth noting that, despite the different levels of
ultrastructural and functional studies, both studies reveal
a clear and persistent negative effect of prenatal oxygen
deficiency on the cardiovascular system. We have estab-
lished that chronic hypoxia causes myofibril disorganiza-
tion, inhibition of sarcomerogenesis, and mitochondrial

damage, which inevitably impairs cardiomyocyte energy
metabolism and, as a result, will require changes in cor-
onary blood supply for compensation. These data find
their morphological correlate in our observations: we
found significant edematous changes and crystallolysis
in cardiomyocyte mitochondria. Since mitochondria play
a key role in the generation of reactive oxygen species
and calcium homeostasis. This emphasizes the signifi-
cant persistence of pathological changes programmed
by the prenatal environment. Thus, the comparison al-
lows us to state that the results of Hula et al., regarding
the functional insufficiency of the coronary bed, are fully
consistent with our data on deep ultrastructural disor-
ders in cardiomyocytes of different myocardial zones.
The similarity of the pathological phenotypes obtained
with two different experimental approaches indicates
the universality of the mechanisms of the influence of
oxygen deficiency on heart development.

Our results on structural immaturity and dis-
organization of the contractile apparatus of cardiomyo-
cytes find indirect confirmation and an important addi-
tion in the work of Chatterjee et al. [26]. The authors
note that prenatal hypoxia leads to persistent functional
disorders of cardiac mitochondria in adulthood, which is
expressed in a statistically significant decrease in oxida-
tive phosphorylation. These data are fully consistent with
our observations of pronounced ultrastructural damage
to mitochondria, which we detected throughout the en-
tire study period. An important point of comparison is
the fact that the authors did not detect changes in the
activity of citrate synthase, which indicates the absence
of changes in the number of mitochondria. This conclu-
sion is fully correlated with our morphological data: we
observed not a decrease in the number of mitochondria,
but their profound qualitative changes, such as edema,
crystallolysis, membrane destruction and cavity forma-
tion. It should be emphasized that prenatal hypoxia does
not disrupt the number, but rather the functional state
and structural integrity of mitochondria, which leads to
a deficiency in the energy supply of cardiomyocytes. Pre-
natal hypoxia causes sex-specific disorders in the heart,
which manifest themselves both at the structural level
in the disorganization of myofibrils, mitochondrial dam-
age, and at the functional level, and oxidative damage to
mitochondria plays a key role in these processes.

Conclusions.

Chronic prenatal hypoxia of moderate degree up to
the 16th day of embryogenesis leads to moderate inhi-
bition of sarcomerogenesis and disorientation of myofi-
brils against the background of crystallolysis and edema
of mitochondria of typical cardiomyocytes mainly in the
subendocardial zone of both ventricles and the interven-
tricular septum. Starting from the 17th day of prenatal
ontogenesis, the effect of chronic hypoxia is accompa-
nied by a sharp accumulation of destructive changes
in the contractile apparatus - fragmentation of newly
formed myofibrils, dissociation of sarcomeres, splitting
of telophragms and intercalated discs. At the end of
prenatal ontogenesis, the most pronounced destructive
effect of chronic hypoxia and its inhibitory effect on the
development of the contractile apparatus are observed
in the intramural zone and subepicardial zone of both
ventricles. In the atrial myocardium, chronic hypoxia
does not lead to the destruction of myofibrils and does
not significantly affect the ontogenetic dynamics of
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Prospects for further research.

Further research should be focused on studying the
sequence and spatial organization of myofibril formation
in cardiomyocytes at different stages of normal prena-
tal development. A promising direction is to clarify the
morphogenetic mechanisms of sarcomere ordering and
myofibril maturation in different topographical zones of
the myocardium.

their accumulation until the 17th day of embryogenesis.
During further prenatal development, there is a signif-
icant inhibition of sarcomerogenesis and restriction of
myofibril ordering in the sarcoplasm of typical atrial car-
diomyocytes, which is accompanied by the formation of
defective intercalated discs and spatial disintegration of
myofibrils with mitochondria.
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BM/INB XPOHIYHOI rMOKCIi HA NPEHATAJ/IbHUI PO3BUTOK CKOPOT/IMBOIO
AMAPATY KAPAIOMIOLUMUTIB LLYPIB

[ HiNnpoBCbKMiA aeprKaBHUIN MeguuHuit yHiBepcuteT (M. OHinpo, YKpaiHa)
kobeza.pavel@gmail.com

IcHye wupokuli cnekmp ny6aikayil, Aki aHanizyloms pi3Hi acrekmu ensausy MPeHamasnabHoi 2inoKcii Ha
OHMoO2eHemMuyYHi nepemeopeHHA Miokapda, npome nompebyroms 0emasnbHo20 OO0CAIOHEHHA MOMoAo2ivHi
ocobausocmi 3MiH cKopomaugozo anapamy Kapoiomioyuma, wo opmMyemMsCcA ma pPo38UBAEMbLCA 3d YMO8
XPOHIYHOI NpeHamanbHoI 2inoKcii. Mema — ecmaHosumuU ynempacmpykmypHi ocobaugocmi 3mMiH CKOpomsug8o2o
anapamy munosux Kapoiomioyumig pi3Hux ei00inie embpioHAsbHO20 MIOKAPOA Wypie 30 YyMO8 XPOHIYHOI
2inokcii. 0O6'ekmom 0ocnidieHHs 6yau cepys eMbpioHi8 wypie, ompuMaHuUx Mnicaa 88e0eHHs 8A2iMHUM CAMKAM
Himpumy Hampito 8 003i 50 mz/ke wodeHHo 8id 10-i 0o 20-i dobu 2ecmauyii. Mamepian aHanizyeanu memodom
mpaHcmicitiHoi enekmpoHHOI mikpockonii y 12 monozpaghiyHux noKanizayisx miokapda. BcmaHosneHo, w0
2inoKcia eanbMye hopmysaHHA capKomepis, npuzsooums 00 0e30paaHizauyii miogibpusa i MimoxoHOpianbHo20
YWKOOMHeHHA. [MovyuHaroyu 3 17- 006u po3sumMKy criocmepi2aemecs npozpecyroya 0ecmpyKuisi CKoOpomausux
cmpykmyp: ppaemeHmauia miogibpus, nopyweHHAa ecmasHUX OUCKig i 0e3iHmezpayia ginameHmis. Halibinbwi
3MIHU ¢pikcysanu 8 iHMpamypansHil i cybeHOokapdianbHili 30HAX WAYHOYKI8. Y nepedceposx 2iMoKcia sUKAUKAAA
obmMexceHHA Mpocmoposoi opaaHizayii miogibpun 6e3 supaxreHo20 ix ni3ucy. XpOHiYHA NpPeHamanbHa 2irnoKcis
npu3eooums 00 MpuzHiYeHHs capkomepozeHely ma 0e3opieHmauii miogibpun Ha mai Kpucmonizucy i HabpsaKy
MimoxoHOpili munosux kapdiomioyumie nepesaicHo 8 cybeHOoKapOianbHili 30Hi 060X WAYHOYKI8 | Mix WyHOYKoB8Il
nepezopodui. MovyuHaroyu 8i0 17-i 0obu npeHaManbHo20 oHMozaeHe3y 0if XPOHIYHOI 2inoKcii cynposodxyemeocs
hpazmeHmayiero HogsoymeopeHux miogibpus, ducoyiauiero capKkomepis, po3wernneHHAM mesaogpazm i 8CMABHUX

ouckie 8 iHmpamypanoeHill i cybenikapdianbHili 30Hax 06ox wisyHouKis.
Knwouosi cnoea: xpoHiyHa npeHamasbHaA 2iNOKCiA, wypu, Kapodiomioyumu, miogibpunozeHes, eneKmpoHHa

MIKpOCKonis.

38’A30K ny6niKauii 3 n1aHOBUMM HAayKOBO-JoCAIA-
HUMU poboTamu.

PoboTy npoBeseHO B pamKax HayKOBO-AOCAIAHOI
Temu «licToreHe3 KOMMOHEHTIB CEPLLEBO-CYAMHHOI CUC-
TEMW NOAMHU Ta NabopaTOpHUX TBAPMH B HOPMI Ta 3a
YMOB eKCrnepumeHTy» (Homep AeprKaBHOi peecTpauii
0118U004730).

Bcryn.

XpoHi4yHa rinokcia B npeHaTabHOMY nepioai 4u-
HUTb 3HAYHMI BMNJIMB Ha CTPYKTYPY Ta PYHKLIOHYBaHHA
cepLeBo-CyAUHHOI CUCTEMM, 30KpPEMa Ha CKOPOT/IMBUIA
anapaT KapaiomioumTiB. B AoChigKeHHAX Ha rpusy-
Hax MOKas3aHo, L0 TpMBaJe TMOKCUYHE HaBaHTaXKeHHA
CcnpuumnHIoE rinepTpodito KapaiomiounTis, AunaTtauio
NiBOrO LUAYHOYKa, iHTepcTMUianbHUI Gibpo3, anonTos i
3HMKEHHS ¢paKLUii BUKMAY, npudomy edpeKkTn 3aneratb
BiZ, cTyneHs rinokcii [1]. Ha mogeni iwemivyHoi Kapgiomi-
onarTii WypiB BCTAaHOB/MEHO, WO NepepuBYacTa rinokcia
BMK/IMKAE paHHIO nepebynoBy miokapaa i nporpecytoyy
ANCOYHKLLIIO CKOPOTANBOCTI, LLLO CYMNPOBOAMKYETbCA aKTU-
BaLLiED CMMNATUYHOI HEPBOBOI CUCTEMM Ta eKCnpecieto
HIF-1a [2]. Y poboTi 3 gia3oKcMaom NoKasaHo, Lo Moro
nocTKoHAMLitoBaHHA akTmeye HIF-1/HRE wnax yepes re-
Hepauito ROS, 3HMKYHOUM MNOLWKOAMKEHHA Kapaiomioun-

TiB y cTaHi rinokKcii/peokcureHauii [3]. Takox BMABAEHO,
L0 NepepunBYacTa rinoKcia BNAMBAE Ha CYAUHHY CTiHKY,
CNPUAIOYM PEMOLENIOBAHHIO CyAUH | PO3BUTKY aTe-
POCKNEepOo3y 3aneXHOo Bif TPMBAJOCTI i CTYNeHA rinokcii
[4]. 3a neBHMX ymoB (FiO, >10%) nepepmBYacTa rinokcis
MOME YNHUTU KapaionpoTEKTOPHUI edeKT, SMEHLLYHYM
naowy iHpapKTy miokapaa [5].

JocnigeHHAa Ha nnogax LypiB NoOKasanum crate-
BO-CneundiyHi 3miHKM y MmiTOXOHApiIanbHIN yHKLUji: Y
CaML,iB 3HMXKYETbCA AMXaNbHa 34aTHICTb MITOXOHAPIN i
3pOCTAE NPOAYKLIA NepeKncy BOAHI, TOAi AK Y CaMOK
LMX 3MiH He cnocTepiraeTbca [6]. Mogenb NTawmHOro
embpioHa CBiAUNTDb, LLO XPOHIYHA TiNOKCiA y Mi3Hi Tep-
MiHW PO3BUTKY NPU3BOAUTbL A0 3HWMKEHHA CKOPOTANBOI
dYHKLUji cepus 4yepes3 yMoOBiNIbHEHHA reHepaLii TUCKY,
NMOpyLeHHA pPo3CnabneHHA Ta 3HUXKEHHA eKcnpecii
Ka/ibLliEBUX KaHaniB y Kapaiomiouutax [7]. Monekynsp-
Hi AOCNIAMEHHA AEMOHCTPYIOTb, WO MNPW FiNoKcii 3 no-
[ANbLUOK PEOKCUTEHALLIEID B LOPOC/INX KapgiomiounTax
nepeBaya€e anonTo3, NOB’A3aHMI 3 aKTMBALLEKD Kacnas
i BUBINbHEHHAM unTtoxpomy C, Togi AK TPMBanNa rinokcis
NpPU3BOAMTL A0 HEanonTOTMYHOI 3arnbeni KaitnH [8].
KopoTKkoyacHa NOBTOpHa peOKCUreHauifs 3MeHLYeE
CTPYKTYPHI Ta OKCMAATUBHI 3MiHW B MiOKapAai, Hopmani-
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3ytoum piBHi IL-6, TNF-o. Ta MapKepiB aHTUMOKCUAAHTHOIO
3axucTy [9]. BctaHoBNEHO, WO BigNoBiAb Kapaiomioum-
TiB Ha riNOKCito 3aN1eXunTb Bif, CTagii po3BUTKY: y deTanb-
HUX | eMBpPiOHaNbHUX KNITUHAX TiMOKCiA 3HUKYE Npoi-
depalito, a y HeOHaTaIbHUX — CTUMYIHOE i, O KOPEOE
3 piBHem ekcnpecii YAP1 i TponoHiHy T [10]. 3a gaHumu
LOCNIAMEHHA Ha XUBMX 3pi3ax MioKkapga Liypis, 24-ro-
OVHHA TiNOKCiA NPU3BOAUTbL A0 3HUMKEHHA CUIN CKOPO-
YeHHA, NiABULLEHHA anonTo3y, AeCTpyKLii miodibpun i
MITOXOHZAPIM, @ TAKOX CYTTEBMX 3MiH Y TPAHCKPMNTOMI Ta
NpoTeoMi, NoB’A3aHUX 3 FINOKCUYHMM CTPecom i meTabo-
nismom [11].

XpOHiyHa rinokcia, Wo 3MmiHIE @YHKLUiOHANbHUI
CTaH KapgaiomiouuTis, 6e3nocepeHbO BMNIMBAE Ha NPo-
uecn dopmyBaHHA MiodibpunapHoro anapaty, AKUN
3abe3neyye CKOPOTIMBY 34aTHICTb CepueBoro m’ssa.
BpaxoBytoun UYMCNeHHi AOCNIAXKEHHA, AKi AeMOHCTpY-
I0Tb CTPYKTYPHi 1 QYHKLiOHaNbHi 3MiHK B MioKapai nig
Li€0 TiNOKCii, BaXIMBO A0CNIAUTU MEXAHI3MMU iT BNAMBY
came Ha mopdoreHe3 miodpibpunapHoro anapaty. Po3sy-
MiHHA UMX npoueciB f03BoNAE rnbLle iHTepnpeTyBaTH
NopyLLEeHHA PO3BUTKY CKOPOT/IMBOrO anapaTty Kapgiomi-
OUMTIB Y NpeHaTasibHOMY nepiogi. TaKMM YNHOM, KOMI-
NIEKCHWU MOPPONOTIYHMIA aHaNi3 € HEOBXiAHUM ANA NOB-
HOrO PO3KPUTTA BNIMBY XPOHIYHOI FiMOKCIii Ha CTPYKTYpYy
i GYHKLUiO KapaiomioymTis.

MeTta gocnigKeHHs.

Bu3HayeHHA yIbTPACTPYKTYPHUX 3MiH CKOPOTIMBOTO
anaparty TMNOBUX KapAioOMiouMTIB y Pi3HMX NOKaNi3aLiax
eMbpioHaNbHOro MioKapaa LWypiB YyNpoaoB»K Ail XPOoHiy-
HOi NpeHaTaNbHOI FiNOKCii.

O6’eKT i meTOAM AOCNIAXKEHHA.

[Ona pocnipeHHA BUKOPUCTOBYBaANM Cepua NOTOM-
cTBa 68 6iNMX HEeNiHINHMX LWypiB-CaMULb, OTPUMAHUX 3
BiBapito [JHINPOBCbKOrO AE€P’KaBHOMO MEAMYHOIO YHi-
Bepcutety. TBapuHM Bynu posnoaineHi Ha ABi rpynu.
Mepwa eKcnepumeHTanbHa rpyna Hanivysana 35 nig-
LOCNIAHNX LWYpPiB-CaMULb, BIAMOBIAHO A0 KOHTPONAbHOI
rpynu i3 33 camuub. [lo nepwoi rpynu yBiiwam embpio-
HW i nhoawn Wypis, AKI Nig4aBanmca BNAMBY XPOHIYHOI ri-
nokcii. Ii mogentoBaHHA 34iCHIOBaNN LWAAXOM BHYTPILL-
HbOOYEepPEeBMHHOrO BBeAeHHA 1 %-ro BOAHOIro PO3YMHY
HITPUTY HaTpPItO Y PO3paxyHKy 50 Mr/Kr BariTHUM camKam
wopeHHo 3 10-i no 20-ty goby rectau,ii, Wwo signosiga-
N0 cepeaHbOMy CTYMEHHO FINOKCIi 33 3MillaHMM TUMOM
[12, 13, 14]. Opyry rpyny (KOHTPONbHY) CKNaganu emo-
pioHM i Nhoan Wwypis-camunub, AKUM WwoaeHHo 3 10-i no
20-Ty p06Yy BariTHOCTI BHYTPiLWHbOOYEPEBMHHO BBOAUN
1 mn 0.9%-ro ¢isionoriyHOro Po3umHy HaTpito x1opuay.
LLlypiB-camuup i3 AaTOBAHO BAriTHICTIO MepTBUAM 3a
[0MOMOroto nepeso3yBaHHA HAPKO3y Ta BUAYyYanm emb-
pioHiB i nnoais oA NOAANBLIONO YAbTPACTPYKTYPHOTO
aHanisy Ha 15-1y, 16-1y, 17-1y, 18-Ty Ta 20-TYy A06Y Nicnn
3annigHeHHs.

Bci pocnigskeHHA 3 nabopaTopHMMM TBAapUHAMM
NpoBOAMAM i3 AOTPMMAHHAM MOJIOXKeHb “EBponeit-
CbKOi KOHBEHLLi NPo 3aXUcT XpebeTHMUX TBapUH, AKi BU-
KOPUCTOBYIOTbCA AJ1IA E€KCMEePUMEHTAJIbHUX Ta iHLIKX
HaykoBux uinen” (Crtpacbypr, 1986), BaHKyBepcbKoi
AeKnapauii npo nposeaeHHA JOCNiIAIB Ha TBAapuMHax, MNo-
cTaHoBu Mepuworo HauioHanbHOro KoHrpecy 3 6ioeTnku
(Kunis, 2001), MonoskeHHa 3 6ioeTnkn MO3 YKpaiHuu Big,
1 nnctonaga 2000 p. Ne 281, 3aKoHy YKkpaiHu «[1po 3a-
XUCT TBAPWH Bif, *KOPCTOKOro noBogKeHHa» N 3446-IV
Big 21 ntotoro 2003 p. 3rigHO 3 gupekTmBoto Pagu €C

2010/63/EU npo A40oTpMMaHHA NOCTaHOB, 3aKOHIB, aAMi-
HiCTpaTMBHUX NonoxeHb [epkas EC 3 NUTaHb 3axmCTy
TBAPWH, AKi BUKOPUCTOBYIOTbCA 3 HAyKOBOO MeToto [15,
16]. JocniarkeHHsA cxBaneHo Komicieto 3 nutaHb 6iome-
OMYHOI eTUKM [JHINpOBCbKOro Aep»KaBHOro MeanYHOro
yHiBepcuTeTy.

OnAa  enekTPOHHOMIKPOCKOMIYHOrO  AOCNIAMKEHHA
3pa3KM MmioKapaa WAYHOYKIB i nepeacepab dikcysanu
B 2.5%-my po3uumHi raoTapanbgeriay npu temnepaTypi
+2°C npoTarom 3-4 roamH 3 nofanbluoo nocTdikcauieto
B 1%-my po3unHi TeTpaoKkeuay ocmito («SPI», CLUA), pe-
riapaTyBa/sv B 3pOCTAOYMX KOHLLEHTPALiAX CAMPTY, Npo-
nifieHOKCUAi Ta 3a/1MBaAN B €NOKCUAHI 6/10KM 3 BUKOpUC-
TaHHAM KOMMO3MLIi enoH-apangiT. YNbTpaToHKi 3pi3un
BUrOTOBAAAMN Ha yabTpamikpoTomi YMTM-6M («SELMI»,
YKpaiHa) Ta po3miLlanm Ha MigHMX ONOPHMX CiTKax Mesh
Regular Grid 200 («SPl», CLUA). MNoagiiHe KOHTpacTy-
BaHHA NpoBOAMAM 3a meTogom PeiHonbaca [17]. [o-
CNiAXKeHHA 34iMCHI0OBANN 33 AONOMOrO TpaHCMiIciliHO-
ro eneKkTPoHHoro mikpockona MEM-100-01 («SELMI»,
YKpaiHa) npu Hanpysi npuckopeHHs 65-90 KB i nepsuH-
HUX 36inbweHHsX Big 2000 go 25000 3a cTaHAAPTHOM
cxemoto [17, 18]. NMicns dpoTodikcaLii 306parkeHb Ha MO-
HOXPOMHY nniBKy «Agfa» nposognnu BigLMbpoBYBaHHA
HeraTueiB ckaHepom Canon CanoScan 9000F.

LocnigreHHA i mopdomeTpito TMMOBUX Kapaiomio-
uMTiB NnposBoannun no 12 noKanisauiax: npase i nise ne-
peacepas, Npase i fiBe ByLWKa cepus, cybenikapgianbHa,
iHTpamypasibHa, cybeHaoKapAia/ibHa 30HKU NiBOro i Npa-
BOTO LU/IYHOYKIB, N1IBOLLYHOYKOBA Ta NPABOLL/TYHOUYKOBA
YACTUHW MiXKLLJTYHOYKOBOI MeperopoaKkn. Ana KinbKicHoi
OLLiHKM CKOPOT/IMBOTrO anapaTy Ha e/IeKTPOHOrpamax Bu-
3HaYaNM LWiNbHICTb ynakyBaHHA Miodibpun, cTyniHb ix
opieHTaLji Ta abCONOTHY NUTOMY NIOLLY NOBEPXHi Mio-
¢ibpun 3 BUKOPUCTAHHAM MporpaMHoOro nakety Imagel
1,47v 3a npMHUMnamu ctepeometpii [19, 20].

BapiauiiHo-cTaTUCTMYHA 06poBKa OTpUMaHUX pe-
3yNbTaTiB  MPOBOAMAACA 3 ypPaxyBaHHAM KpUTEPIto
t-CTblogeHTa. Y ToMy BUNAAKy, AKWO OTpMMaHe B A0-
CNigXXeHHi emnipnyHe posnogineHHA He Bignosigano
HOPMa/lbHOMY 3aKOHY, OLHKY BiZMiHHOCTEA MiX BU-
6ipkamu oOUjHIOBanM 3a AOMNOMOrOK HenapameTpuy-
HOTro KpuTepito BiflkokcoHa ana nos’ssaHuxX BUBIPOK Ta
MaHHa-YiTHi ana Henos’s3aHUX BMBIPOK abo i3 BUKO-
PUCTAaHHAM PaHroBOro Kputepito BaH-gep-BapaeHa 3a
CTaHAapTHMMK npoueaypamun [21]. Mpu npoBeaeHHi
CTAaTUCTUYHOI 0BPOBKM OTPUMAHMX KBaHTUIKOBAHMX
pe3ynbTaTiB yci HeobXigHi po3paxyHKM BUKOHYBaAM B
060/10HLi eneKTPoHHOI TabaumLi Excel npy BUKOPUCTaHHI
BiANOBIAHUX POPMYN i 3 BUKOPUCTAHHAM NiLEH3IMHOTO
nporpamHoro nakeTty Statistica v6.1 (Statsoft Inc., USA)
(cepifiHnit Homep AGAR909E415822FA).

Pe3ynbTatu gocnigyKeHHA Ta ix 06roBopeHHs.

Ha 15-Ty noby embpioreHesy 3a yMOB Aji XPOHiYHOI
rinoKcii y capkonnasmi TMNOBWMX KapAiOMIOUMTIB YCiX
OOCNiAXKYBaHMX JIOKani3auil WAyHOYKOBOrO MioKapaa
CMOCTEPIrafnca YUCNEHHI CKYNYeHHA BibHUX pubocom
i nonicom noban3y agpa Ta rpyn ApiGHUX MITOXOHAPIN.
Y uMX [inAHKax po3TaloBYBa/IMCb NEPEBAXKHO aKTUHO-
Bi MiodinameHTU BapiaTMBHOI AOBXWHW 3 [AOMILIKOM
HEeBEeJ/IMKOI YaCTKM MIiO3MHOBUX HUTOK. [obausy aapa
KapA4iomioumTiB CNOCTepiraincb ocepesiku yTBOPEHHA
Z-Tineub i CNosiyYeHHA aKTUHOBUX iNaMeHTIB 3 Mio3u-
HOBMMM, L0 BKA3yBa/s0 Ha NOYATKOBMI eTan 36MpaHHA
capkomepis. [poTe, iIHTEHCMBHICTb CapKOMeporeHesy 3a
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YMOB fji XPOHiYHOI FiNOKCii 3HaYHO MoCTynanacs TaKil,
LLLO crocTepiranacb B KOHTPO/bHIM rpyni TBapuH Bigno-
BiIHOrO OHTOreHeTU4HOro TepmiHy. Lle npmussoamnno no
0bOMEKEHHS HaKonuuyeHHA Miodibpun y MOPIBHAHHI 3
KOHTposiem. HoBoyTBOpeHi Miodibpuan manmn xaoTudHe
po3TallyBaHHA B capKonaa3mi, iHoai 3BMBUCTUI BUTIAL,
3HAYHO BapitOBaNN 33 TOBLUMHOIO CapKOMEPIB, MICTUAN
He3pini abo YyacTkoBo chopmoBaHi Tenopparmu (puc. 1).
MonepeyHa NOCMYroBaHicTb 6yna c1abo KOHTYPOBaHO
i BUrNAZaNa HepiBHOMIPHO MO JOBXMHI BinbLOCTI Mi-
00ibpun. Y Hanbinbwomy CTyneHi NpurHiyeHHs miodi-
b6punoreHesy BUABAANOCH B cybeHAOKapAianbHil 30HI
060X LAYHOUKIB i MiXKLI/YHOUYKOBI Neperopoa;.

Ha yBary 3acnyroBye 1ol ¢aKT, Wo Aia XPOHiYHOT ri-
NoKcii Ha 15-Ty o6y NpeHaTanbHOro PO3BUTKY He Npu-
3BoAMNa A0 MacoBaHoi aedparmeHTauii miodibpun
TUMOBUX KapAioOMIOLMTIB Yy KOAHIM 3 [OCAIAXKYBAHUX
NOKani3auii, 3a BUKAOYEHHAM TUX MOOAUHOKUX KNITUH,
AKi nigaasanucs aytodaHiyHomy abo anonToTMYHOMY
npouecam. Y nepeBaxkHili 6inbloCTi KapgiomiouumTis
CnocTepiraincb Nnwe OKpemMi 4,e30praHi3oBaHi AiNAHKK
TOHKUX MiodibpuA, WO MICTUAM Z-NiHii 3 HEYiTKO opraHi-
30BaHUM OCMiOdiNIbHUM MaTepiaNom i HENOBHUM PO3-
noaifeHHAM Ha A- i [-gucKu. TakoXK y Lel TepmiH nooau-
HOKMMM Bynn Miodibpuam 3 03HaKaMM Ni3UCY TOHKUX i
TOBCTMX MiodinameHTiB.

MomipHa KiNbKiCTb YLWKOAMKEHUX MITOXOHAPIN 3i
3pyMHOBaHMMM MemMbpaHamu Ta KPUCTONI3MCOM BUAB-
nanacb No6am3y capkonemmn mixk AebopmoBaHUMU Mi-
odibpunamu. MepesarkHa BinbLIiCTb MiTOXOHAPIA Mana
BMpPa3Hi HAbPSAKOBI 3MiHU: IX MeMbBpaHu MiCTUAN 3HAYHI
AedeKTu, Bif3Ha4YaN0oCb YTBOPEHHA MOPOXKHMH i nopy-
WEeHHA BHYTPIWHbLOT CTPYKTYPU, MATPUKC MaB HU3bKY
€N1eKTPOHHY LUiNbHICTb, KiNbKICTb KPUCT 6yna 3HAYHO
3MeHLIEeHO B MOPIBHAHHI 3 OpraHesamu, LWO crnocTe-
piraancb y TBapuUH KOHTPO/bHOI Tpynu y BignosiaHWin
nepiog po3sBuTKY. epeBaxHO Nob6aAM3y aapa 3ycTpiya-
JIUCb ApPiObHI KOHAEHCOBAHI MITOXOHAPIT 3 YLLiIbHEHUM
MaTPUKCOM i 36epekeHUMM KpUCTamu, AKi yTBOPIOBAIM
HEBE/IMKI TPYNn Ta MeXKyBanu 3i CKyNYEeHHAMW HeBMno-
pAAKOBaHUX miodinameHTiB. CapKoniasmaTUyHU pe-
TUKYlYM MIiCTUB KaHa/bLji 3 PO3LWMPEHNMM Ta HEPIBHO-
MipHUMM NPOCBiITaMU. BCTaBHI ANCKM Maan NPUMITUBHY
NiHIMHY CTPYKTYPY 3 HE3HAYHOO Ki/IbKICTIO OCMiodinbHO-
ro matepiany aArepeHTHMX 30H.

Ha 16-Ty noby embpioreHesy Ais XpOHiYHOT rinokKcii
npu3BoAmMaa A0 CYTTEBOrO MPUrHiYEHHA capKomepore-
He3y B CapKOMIasmi TUNOBMX KapAiOMIiOUMTIB, AK i Ha
nonepegHbOMy TEPMiHi E€KCMepMMEHTY, WO CynpoBo-
[JXKYyBaNoCb HOBOYTBOPEHHAM HEBMOPAAKOBAHUX MNpw-
MITUBHUX MiodibPUA 3 HEYITKUM yrpynyBaHHAM Mmiodi-
JTAMEHTIB B i30TPOMHi 1 aHi30TPOMNHI ANCKKU. B okpemmx
cnoctepexkeHHAX Tenopparmm 3 03HaKamMM NOLIKOAMKEH-
HA Masn HEPIBHOMIPHY eNeKTPOHHY LWiAbHICTb i CKa-
OANUCb 3 APIOHUX CKynyeHb ocmiodinbHOro matepiany.
3arasniom, 3a YMOB fji XpOHiYHOT FiNOKCii y AaHWI TepmiH
CnocTepexeHb CapKomepHa opraHisauia miodibpun
TUMNOBMX KAPALIOMIOUMTIB 3a/MlIanaca MeHL 3pinoto
NOPIBHAHO 3 KOHTPOJIEM, XapaKTEPU3YIOUMNCb HEYITKO
Ta HeperyiApHOK NomnepevyHo NOCMYroBaHicTio, Bapi-
ATUBHOK A0BXMHOK CapKOMEpIB Ta NOPYLUEHMM CMiB-
BiAHOLWEHHAM TOBCTUX | TOHKMX pinameHTiB. Miodibpu-
M BYNM TOHWMMM Ta KOPOTWMMM, iX PO3TallyBaHHA B
CapKoMIasmi 3a/11MLLAN0Ch MEHLU BMNOPAAKOBAHUM, HiXK Y
LLYpPiB KOHTPOAbHOT rpynn. MiToxoHApIi KapgiomioumTis

PucyHok 1 — Kapgiomiountu iHTpamypanbHOi 30HU NiBOTO LUYHOY-
Ka cepus wypa Ha 15-Ty o6y npeHaTanbHOro OHTOreHe3y 3a ymoB
Aii XpoHiuHOI rinoKcii. TpaHcmiciliHa eneKTPoOHHa MiKpocKonis.
36inbweHHsn: x22000. Mo3HaveHHs: 1 — Tenodparmu, 2 — Z-tinbusa, 3
— CKyn4yeHHA miodinameHTis, 4 — 6iuHi membpaHu KapgiomiouurTis,
5 — miToxoHapii.

BUABNAIM O3HAKMU CYTTEBOTO MMOKCUYHOTO YLIKOAMKEHHA
Ha TNi MacoBaHOro KpMUcTonisuncy, ocobameso B cybeHao-
KapAianbHiii 30Hi 060X LINYHOYKIB, X04a KifIbKiCTb KOH-
[EHCOBAHMX MITOXOHAPIN Yy CKNaAi napaHyKneapHUx
rpyn no6am3y ocepesKis CMHTE3Y MiodifaMeHTiB cTaBa-
Na 6iNblWOo, Hi*K Ha nonepeaHbOMY TEPMIiHI eKcnepwm-
MEHTY. BCTaBHi ANCKM 3a/1MWaNNUCb NPUMITUBHUMMU, 36e-
piratoum NiHiNHY KOHirypauito Ta 06MeKeHy LWiNbHICTb

cnewianizoBaHMX MiXKKNITUHHUX KOHTAKTIB.

YnpogosxK 17-i Ta 18-i ai6 embpioreHe3y npoaos-
YKEHHA XPOHIYHOI FiNOKCUYHOI Aji Npu3BoAMNO 40 BU-
HUKHEHHA Ta NornnbaeHHA mopdonoriyHMx O3HaK ae-
CTPYKL,ii CKOPOTAMBOro anapaty MioKapAa LUJYHOYKIB.
30Kpema, B CapKonaa3mi TUMOBMX KapAiOMiOLUTIB Cno-
cTepirannce retepomopdHi ¢dparmeHTM HOBOYTBOpE-
HUX miodibpun ak nobnausy agpa, Tak i Ha nepudepii
cepueBux mMiolmTiB. 3HaUYHa YacTUHa miodibpun abo ix
dparmeHTiB MicTMA CapKOMEpPM 3 AUCOLALLIEID TOHKNX
i TOBCTUX MiodinameHTiB, 4acTo 3 03HaKaMM nisucy. 3y-
cTpiyannck miodibpunn, B AKMX Z-niHii BTpayanu 6es-
NnepepBHICTb | CKAagannca 3 ApiOHMX BiAOKPEMAEHUX

PUCYHOK 2 — [leCcTpyKL,iAA CKOPOTAMBOro anapaTty Kapaiomiouutis
cyb6eHA0KapAiaNbHOI 30HM NPABOTro LW/YHOUYKA cepus Lypa Ha 18-ty
[06y NnpeHaTasIbHOrO OHTOreHe3y 3a YMOB Aji XPOHIYHOI rinoKcii.
TpaHcmiciiiHa eneKTpoHHa MiKpocKonif. 36inbweHHs: x16000.
Mo3HaueHHsA: 1 — pparmeHTH Tenodpparm miodibpun, 2 — cKynueHHs
aucouiioBaHux miodinameHnrtis, 3 — agpa Kapgiomiouutis, 4 — ge-
dopmoBaHi miTtoxoHapii.
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PUCYHOK 3 — BcTaBHUIA AUCK MiXK KapgiomioLuMTamu iHTpamypanbHoOi
30HM NiBOTO LWAYHOUKA cepus LWypa Ha 20-Ty Ao6y npeHaTanbHOro
OHTOreHesy 3a YMOB fAjii XpOHiuHOI rinokKcii. TpaHcmiciliHa enekTpo-
HHa MiKpockonia. 36inbweHHsA: x24000. Mo3HaveHHs: 1 — npodini
KOHTaKTHUX memb6paH, 2 — TopueBsi AinaHKu miodibpun, 3 — gedop-

MoBaHi Tenodpparmu, 4 — miToxoHapina.

CKyn4yeHb 0cMiodinbHOro MaTepiany pisHOi eNeKTPoHHOT
winbHocTi (puc. 2).

HakonuueHHs miodibpun y capkonnasmi Kapgiomio-
LIMTIB 32 YMOB i XpOHIYHOI rinoKcii 3HaYHO NoCTynanoca
33 TEeMMNaMW KOHTPOAbHIM rpyni Ta CynpoBOAKYBaNOChb
YTBOPEHHAM XaOTUYHUX CKYMYEHb YLUKOAMEHUX CTPYK-
Typ 6€e3 byab-AKoi NeBHOI OpieHTaL,ii BiAHOCHO NO340BX-
HbOI BiCi CKOPOTAMBOT KNiITUHU. MopdonoriuHi Hacnigkm
LECTPYKLT CKOPOTIMBOrO anapaTty CNOCTepPirasmch B yCix
LOCNIoXKYBAHUX NOKaNi3aLifx WAyHOYKOBOro MioKapaa;
Nnpu LbOMY HalibiNbLLOK MipOto ANHAMIKA HAaKOMUYEHHA
MiodibpMnapHOi MacK Ta NPOCTOPOBOro YNopsAAKYyBaH-
HA Miodibpun ranbmyBanacb B iHTpaMypasbHiil 30Hi i
cybenikapaianbHii 30Hi 060X LWAYHOUKIB.

Y TOpueBMX AiNAHKAX KapAiomiouuTiB cnoctepira-
NI0Cb NepeBaXKaHHA TOHKMUX YLWKOAMKEHUX Miodibpun
abo HeBMOpPAAKOBaAHMX My4KiB MiodinameHTiB, WO Mo-
€AHYBas0Cb 3 06MmeXKeHUM GOPMYyBaHHAM NOBHOLIHHMX
BCTaBHWX AMCKiB. 32 YMOB Aii XpOHi4YHOI rinoKcii Bigbysa-
nacb gesarperauis ocmiodinbHOro matepiany 4eCMOCOM
i afArepeHTHUX MIKKNITUHHUX 3’€4HaHb, Big3Ha4anacb
AedopMalifa KOHTaKTHUX MeMBpaH y Lmx AinAaHKax. KoH-
oirypauia BCTaBHUX AUCKIB, Ha BigMiHY Big rpynu KOHTp-
0/110, 3a/1MLWIANACh NPUMITUBHOIO.

Ha 20-ty poby embpioreHesy B HaBKONOAAEPHUX
npocTopax CapKomniasmm TMNOBMX KaphioMiouuMTiB cno-
CTepirasncb YNCNEHHI FPyny HOBOYTBOPEHW aKTUBHOBUX
i MiO3MHOBUX ¢iNameHTiB, Lo croayYanncb Mik cobotro
32 gonomorow Z-Tineub. Npu UubOMy iHTEHCUBHICTb
30MpaHHA capKoMepiB i YTBOPEHHS HOBUX Miodibpun
Ha TN XPOHIYHOI rinoKcii 6yna NOMITHO HUMKYOMO, HiX
B KOHTPOJIbHI rpyni TBapuH. BHacnigok obmeskeHHA
CapKomeporeHesy TUMNOBI KapAiomiounTtiB embpioHiB 3a
FINOKCMYHMX YMOB MiCTUAM 3HAYHO MEHLUY KiJIbKICTb Mi-
00ibpun y NopiBHAHHI 3 KOHTposiemM. MNepeBaxkHa binb-
Wwictb miodibpun cknaganacs 3 reTepomopdHUX capKo-
MepIB, O Masin HEYiTKY NonepeyYHy NOCMyroBaHicTb 6e3
chopmoBaHMx Me3odparm i po3merKoByBaNUCb Hespi-
nvmn abo yacTkoBo chopmoBaHMmK Tenodparmamu. Y
cybeHaoKapaianbHin 30HI 060X LNYHOUKIB i B MiXKLLNY-
HOYKOBI neperopogLi HOBOYTBOpPeHi Mmiodibpuan
Manu Halbinbluy TOBLUMHY cepen, BCiX AOCNIAKYBaHUX
NIOKanisaui Ta B OKPEMUX [LiNAHKAX aHACTOMO3yBaau
MiXK C06010. B LMX 30HaX LLiNbHICTb Ta YNOPAAKOBaAHICTb

po3TalyBaHHA miodibpun y capkonnasmi cyTTeEBO Mo-
CTYNaNNCb KapAiOMIOUMUTIB LLYpPiB KOHTPONbHOI Fpynu.
B iHTpamypanbHiit 30Hi i cybenikapaianbHii 30HI 060X
LINYHOYKIB CnocTepiranmcb ayxe TOoHKi miodibpunun B
NOMIpPHIN KiNbKOCTi, MpMyoMy B LMX 30HAX ra/ibMiBHUM
edeKT XpOHIYHOI rinoKcii BuaBAABCA B binbliomy cTyne-
Hi, Hi’K y cybeHAoKapAianbHiA 30HI i MiXKLLNYHOYKOBIN
neperopoaLi.

YcKknagHeHHA MopPQONOriYHOT CTPYKTYpU BCTaBHUX
OVCKIB Y MOPIBHAHHI 3 nonepeaHim TepmMiHOM A0CAi-
OKEeHHA BigbyBanoCh 3a paxyHOK YTBOPEHHA 3BUBUCTO-
ro Npodinto MiXKKAITUHHUX 3'€QHaHb, 36iNbLIEHHA Kifb-
KOCTi A€CMOCOM Y X CKNagji, yWinbHEeHHA 30H 3/IMNaHHA
Ta HaKOMWYEHHA NMPUMITUBHUX HeKcycis (puc. 3). Mpu
LbOMyY 3arajsibHa KoHoirypauia BCTaBHUX AMCKIB Ha TAi
XPOHIYHOI FiMOKCii 3a11Wanacb 3Ha4YHO CNPOLLEHOI NPU
NOPIBHAHHI 3 KOHTPO/IbHOO FPYMOto.

BaknmBO BiA3HAYUTY, WO Y Ni3HBOMY NpPeHaTaIbHO-
My nepiogi Aia XpOHIYHOI rinoKcii He nwe obmerkysa-
la HaKonuyeHHA MiodibpuaapHoi macu B capkonaasmi
TUMNOBUX KAapAiOMioLNTIB, @ 1 CyNpoBOAKYBanacb 3poc-
TaHHAM [EeCTPYKTUBHUX 3MiH CKOPOTIMBOrO anapary.
30Kpema, KucHeBuli AediluUT BUKAMKAB HAKOMUYEHHA
dparmeHToBaHMX Miodibpua, amcouiioBaHMx miodina-
MEHTIB CapKoOMepiB, 3pyMHOBaHMX Tenodparm, yLIKO-
OMKEHUX KOHTaKTHUX MeMbpaH BCTaBHWUX AWUCKIB 3 pPO3-
LWMPEHHAM X MiXkmembpaHHoro npocTtopy. MiToxoHApil
MiXK miodibpunamm manu BuUpasHi HabpAKOBI 3MiHK:
iX MmembpaHu MiCTUAM 3HauHi gedeKTu, Big3Hayvanocb
YTBOPEHHA MOPOXKHUH | NOPYLIEHHA BHYTPILIHbOI CTPYK-
Typu. KinbKicTb KpMCT 6yna 3HAYHO 3MEHLLEHOM B MNo-
PiBHAHHI 3 OpraHenamu KapAioMiOUMTIB TBAapPWUH KOH-
TPONBLHOI rpynu BiANOBIAHOIO Nepioay Po3BMTKY. TakoX
MiXK miodibpmnamm 3ycTpiyanncb NOOAUHOKI KpymnHi Mi-
TOXOHAPIi, AKI Mann PO3BUHEHI KPUCTU, NOMIPHO LWiNb-
HUI MaTPUKC, PIBHOMIPHUI MimembpaHHUIA NpocTip.
Mobnnsy sapa KapaiomiouuMTiB pO3TallOBYBa/NUCh He-
BE/INKi 32 YMCENbHICTIO rPynun ApPiBHMX MITOXOHAPIN, AKi
Ma/iM KOHAEHCOBAHUIM BUMNAL 3@ PaXyHOK YLifIbHEHHA
KPUCT i MIiTOXOHApiaNbHOrO MaTpukcy. Capkonnasma-
TUYHUI PETUKYNYM MICTMB KaHA/bLLi 3 PO3WMPEHUMM Ta
HEpPIBHOMIPHMMM NPOCBITAMMU.

3acnyroBye Ha yBary Tou ¢GaKT, Wo TUMNOBI KapAiomi-
OLMTIB LUNYHOYKIB Pi3HUANUCA MiXK CODOI 3a CTyneHem
YLWKOAKEHb CKOPOT/IMBOrO anapaTy i MiTOXOHAPIN: oaHa
YacCTMHa KNITUH Mana YUC/IeHHi Ta BUpasHi mopdonoriy-
Hi O3HaKM FINOKCMYHOI anbTepalii, iHWa YacTUHA Kapai-
OMIOUMTIB MICTUNA NepeBarKHO HeYLKOAKEHI BHYTPIL-
HbOK/IITUHHI yNIbTPACTPYKTYPMU.

JocnigxkeHHA mioKkapga nepeacepab Nokasano, Lo
TpUBaNUiA BMNIMB XPOHIYHOI TiNOKCii ynpoaoBK npeHa-
Ta/NbHOrO nepiogy NpuU3BOAMB L0 CYTTEBOrO rajbMy-
BaHHA MPOCTOPOBOro YMOpAAKYBAaHHA HOBOYTBOPEHMUX
Miodibpun y capKonnasmi TUMNOBUX KapAiOMiOLMUTIB,
npote o 17-i nobu embpioreHesy KucHeBui AediumT He
BM/IMBAB Ha NOMiPHY OHTOrEHETUYHY AMHAMIKY iX HaKo-
nuyeHHs. Y Lel nepiog cnocrepiraanca YNCAeHHi mop-
$ONOriYHI 03HAKM TIMOKCUYHOTO YLWKOAMKEHHS MITOXOH-
apin, npote dparmenTauii miodibpun abo gucouiauii
MiodinameHTiB capkomepiB He BMABAANOCL. YNPOAOBK
pPaHHbOrO KapgioreHesy CTpMMaHe 33 TEMNamu HaKo-
nuyeHHA miodibpua cynpoBoAKYBaANOCb YTBOPEHHSAM
NPUMITUBHUX Z-NiHil, No6an3y Aagpa 3ycTpivyaancb noo-
OVHOKI ocepefikn cuHTe3y i 36upaHHA capkomepis (puc.
4). CKynyeHHa pmubocom i nonicom y napaHykneapHux
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30Hax b6ynu HeBeAMKUMU, NpoTe cTabinbHO BUABAAAUCH
Yy CapKoMnaa3mi KapgiomiounTiB AK Y BiIbHMX CTiHKax ne-
peacepab, TaK i BYLUKax cepus.

Y nepiog, Big 18-i go 20-i no6m npeHaTaNAbHOro Po3-
BUTKY 32 YMOB Aii XpOHIYHOI rinoKcii B capkonnasmi Tn-
noBuX KapgiomiouuTis nepeacepab Bigbysanoca cyt-
TEBE HAKOMMUYEHHA KiNIbKOCTi BiIbHUX TOHKMX i TOBCTUX
MmiodinameHTiB NnepeBa*KHO HaBKOO aapa abo nobaunsy
NPUMITUBHUX BCTAaBHUX AMCKIiB. Mpn LbOMY LWiNbHICTb
miodinameHTis, Wo He 6ynu 3anyyeHi o cknaay cap-
KOMepiB, He Mana CYTTEBMX PO3pPi3HEHb Y LLYpPiB eKcre-
PUMEHTANIbHOI | KOHTPONBLHOT rpyn, B TOM Yac K BMICT
opraHizoBaHMX Miodibpun i cTyniHb ix opieHTaLil y cap-
KOMNaa3Mi KapAiomiounTiB 3a YMOB Aii XPOHIYHOI riMoKcii
6YB 3HAYHO HMXKYMM, Hi¥K 32 YMOB HOPMaA/IbHOFO PO3BUT-
Ky. OpraHisauis guckis A i | 6yna BapiaTUBHOIO B340BXK
miodibpunum, Tenopparmmn pisHUAMUCL 3a LWibHICTIO Ta
KOHoOirypauieto. HanpuKiHui npeHaTasbHOro OHTOre-
He3y CapKoOMepu KapaiomioumTiB TBAPMH KOHTPObHOT
rpynu Ha 20-Ty poby embpioreHe3sy mictuam chopmo-
BaHi me3odparmu, B TOM Yac AK Nicaa Aji XpoHiyHoi ri-
NoKcii me3odparmm He BUABNAAUCA. BCTaBHI gUCKK, AK
i Ha nonepeaHbOMY TEPMIHI eKcnepumMeHTy, 36epiranm
nepeBaKHO NiHiNHY KoHOIrypauito Ta obMmeKeHy LWinb-
HICTb CnewianizoBaHUX MIXKKNITUHHUX KOHTaKTIB. Kpim
TOro, HeBEe/IMKi CKynuyeHHs ocmiodinbHOro martepiany
BCTaBHWUX AWCKIB Yy BinbLIOCTi cnocTepeXkeHb He iHTerpy-
Ba/nCb 3 Miodibpunamm TopueBux AiNAHOK Kapgiomio-
ymTie. Ha 18-y i 20-Ty Aoby npeHaTaNbHOrO PO3BUTKY
CrnocTepiranmcb Anwe NOoAMHOKI NPOABU FiMOKCUYHOIO
ywKoaxeHHA miodibpun y Burnagi ix pymHysaHHA abo
nisncy miodinameHTiB, y TOW Yac AK MITOXOHpIT 3a3Ha-
Ba/IN YNCNIEHHUX OECTPYKTUBHMX 3MiH. 30Kpema, Ha TAi
HabpsKy 3i 36iNbEHHAM PO3MipY | NPOCBITAEHHAM Ma-
TPUKCa NnepeBarkHOI BiNbLIOCTi opraHen cnocTepiranncb
ABMLLA MACOBaHOr0 KPWUCTONI3UCY, a TAKOXK dparmeH-
Tauia abo gedopmauia MiTOXOHAPIaNbHUX MembpaH.
YacTMHa miToxoHApil 36epirana mopdosoriyHi 03HaKM
dYHKLiOHaNbHOT aKTUBHOCTI, NPOTE YacTo TaKi MiTOXOH-
Apii PO3TaLlOBYBANUCh Y LMPOKUX MiXXMiodibpunsapHMX
NpocTopax Ha 3HaYHiIl BiAcTaHi Big miodibpua.

[Jani Romanowicz et al. [22] aemoHcTpytoTh, WO ne-
pUHaTaNbHa FiNOKCiA NPU3BOAMUTL A0 CTIMKOro NOpPYLUEH-
HA MOpPGOPYHKLiIOHANBHOrO PO3BUTKY Miokapaa. Ha
paHHiX eTanax po3BUTKY TBAPMH B rpynax AOCNiAXKeHHA,
aBTopaMu crnocTepiranoch 36inbWweHHA CNiBBiAHOWEHHSA
Macu cepua 0 TiNa, Lo BKA3YE Ha NOPYLUEHHA HOpMaib-
Horo 6anaHcy pocty. lMicna BigHOBNEHHA B HOPMOKCIi
36epirasocb 3HMKEHHS dpaKLii BUKMAY Ta GpaKLiitHOro
yKopoyeHHsA. i dyHKUiOHaNbHI 3MiHM KOpentowTb 3 Ha-
WMMM JaHUMK LWOAO MOPHONOriYHOI HE3PINOCTI capKo-
MepHoro anapaTy: popmyBaHHAM reTepoMopodHUX cap-
KOMepiB, po3LLenieHHAM Tenodpparm Ta 0bMeXKeHHAM
HaKonuuyeHHs miodibpunapHoi macu. OTpMmaHi aBTopa-
MM AaHi NPO YMNOBiZIbHEHHA NPOBIAHOCTI Y3roAKyTbCA
3 HaWMMKM cnocTepeKeHHAMM 3aTPUMKM 3PiNOCTi BCTaB-
HUX AUCKiB. CxoxicTb PpeHoTMNiB nopyweHHA mopdore-
Hes3y 33 ABOX Pi3HUX eKCnepuMeHTaIbHUX Mogenewn BKa-
3Y€ Ha YHiBEPCaA/bHICTb MexaHi3MiB BN/NBY KMCHEBOIO
AediumTy Ha capkomeporeHes.

[ocnigykeHHa Popazova Ta cniBaBT. [23] aKuUEHTye
Ha MONEKYNAPHUX MexXaHi3Max YLIKOOMKEHHA Kapaio-
MioumTiB Npw npeHaTanbHin rinokcii (M), 30Kkpema Ha
ancoyHKuUii NO-cuctemu, oKcuMaaTMBHOMY CTpeci Ta
anonTos3i, Wo Np13BOAMTb A0 Kapaiomionarii. Ui gaHi no-

PucyHok 4 — KapgiomiouuTtn npasoro nepeacepas uypa Ha 15-ty
[06y npeHaTaNIbHOrO OHTOreHe3y 3a YMOB Aji XPOHIYHOI rinoKcii.
TpaHcmiciiiHa enekTpoHHa MiKpocKonia. 36inbweHHs: x12000.
Mo3HaueHHA: 1 — ceKPeTopHUii KapAiomiouuT, 2 — TMNOBUIA Kapai-
omiouuT, 3 — CEKPETOpPHi rpaHynun, 4 — MiTOXOHAPII, 5 — KOHTAKTHI
noBepxHi KapaiomiouyuTis, 6 — 10KycK 36MpaHHA capKomepis.

NOBHIOKOTb Halli MOpdoorivHi 3HaxigKM wopo 6esnoce-
peaHboro Bnauey M Ha yNbTPACTPYKTYPy CKOPOYyBasib-
HOro anapary. 30Kpema, OnucaHi aBToOpamMu NOpyLUEHHA
eHaoTenianbHoi GYHKLUIT Ta MiToXxoHAPiIanbHOT AUCOHYHK-
Lii KOPENIoKTb 3 HALMMM CNOCTEPEXKEHHAMN MAaCOBOrO
KpUCTONi3ncy, HabpsaKy MITOXOHAPIA Ta Ae3opraHisauil
CapKOMIAa3MaTUYHOrO PEeTUKYNIYMy B KapgiomiounTax
wypis. OTpUMaHi HUMM JaHi WOAO0 NOCUNEHHA HITPO3a-
TUBHOTO CTpPecy Ta anonTo3y 3HaxoAATb MopdonoriyHe
niaTBEpPAKEHHS Y Halwi poboTi y BUrNaA4i ocepeakis ay-
Todarii, nisucy miodinameHTiB i NOABM KOHAEHCOBAHUX
MIiTOXOHAPIN.

OTpumaHi aBTopamu cTaTTi Sutovska et al. [24] paHi
OEMOHCTPYIOTb, WO HaBiTb KOPOTKOCTPOKOBA MpeHa-
Ta/NbHa TiNOKCIA MOMe ICTOTHO BMAMBATM Ha KapAaio-
BACKYyNAPHi PErynaATopHi mMexaHi3amn Ta nporpamysaTu
PO3BUTOK rinepTeHsii B gopocnomy Biui. Lli BUCHOBKM
3Haxo4ATb HenpAame MiATBEPAMKEHHA B HALIMX BAACHUX
pesynbTaTax WoAo MUOOKUX CTPYKTYPHUX YLIKOAMKEHb
CKOPOT/IMBOro anapaty KapaiomiouuTis, siki, MMOBIpHO,
i € MopdOoNOriYHO OCHOBOI A/1A TaKUX GYHKLiOHaNb-
HUWX NopyLeHb. 3acnyroBye Ha ocobaunsy yBary Toi GaKr,
L0 B 060X fOCAiAKEHHAX BYN0 BCTAHOBNEHO K/HOHOBUIA
BNMB TEPMIiHY BMNAMBY FiMOKCIi HA XapaKTep HacAigKis.
ABTOPM HaroNoWyThb, WO NpeHaTa/ibHa MMOKCiA MOXKe
nporpamyBaT Ta HEraTMBHO BW3HaA4yaTM PO3BMUTOK Ti-
nepTteHsii B 4OPOCAOMY BiLi NO-Pi3HOMY, 3a/71€KHO Bif,
CTafi npeHaTanbHOro Po3BUTKY. Lle uinkom ysrogxky-
€TbCA 3 HALIMMM CNOCTEPEXEHHAMMN AUHAMIYHOI 3MiHU
XapaKTepy YAbTPACTPYKTYPHUX MOpPyLIeHb: Bid, MOmip-
HOTO MPUrHiYeHHs capKomeporeHesy Ha 15-16 ao6y
embpioreHesy 0 macuBHOI aedparmeHTauii miodibpun
i poswenneHHa Tenodparm, noymHatoum 3 17-i gobu. Le
OAHVM BaX/IMBMM MYHKTOM MOPIiBHAHHA € BUCHOBOK NPO
Te, WO HACANIAKM FiNOKCIi MOXYTb He CYNnpOBOAXKYBATUCA
obMeKeHHsM BHYTPiWHbOYTpPobHOro pocty. Lle fosso-
JIIE MPOBECTM Mapanesib 3 HALLIOK eKCNepMMeHTaIbHO0
MOZEN0, Ae BMNJINB MiNOKCii cepegHboro CTyneHa Takox
6yB cnpAMOBaHM came Ha AudepeHLUiaLjilo Ta opraHisa-
L0 BHYTPILWHbBOKAITUHHUX CTPYKTYP, @ HE HA 3arasibHe
NpUrHiYeHHA pocty embpioHa.

MpoBegeHe HaMn AOCNIAMKEHHA CTPYKTYPHUX 3MiH
CKOPOT/IMBOrO anapaTy KapAioMioLMTiB 3HaXOAUTb BarK-
NiMBe NiATBEpPArKEeHHs Ta NPoAoBMKeHHA B poboTi Hula

ISSN 2077-4214. Bichuk npo6nem 6ionorii i megnuunn — 2025 — Bun. 3 (178) / Bulletin of problems in biology and medicine — 2025 — Issue 3 (178)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/

429



MOP®ONOrIA / MORPHOLOGY

Ta cniBaBTOpiB [25], NMpucBAYEHili OOBroCTPOKOBOMY
BM/IMBY NPEHATaNbHOI FiNOKCii Ha QYHKLiO KOPOHAPHUX
apTepiit notomctBa. Ha Haw nornag, ocobnauy ysary
3aCNyroBye TOM ¢aKT, LLO, HE3BAXKAKOUYM Ha Pi3Hi piBHiI
OOCNIAXKEHHA YNbTPACTPYKTYPHUIA Ta GYHKLIOHANbHUN,
061aBi pob0TN BUABNAIOTL YiTKUIA | CTIMKUIA HEFrAaTUBHUI
BM/IMB NPeHaTaNbHOro KMcHeBoro AediumTy Ha cepue-
BO-CYAMHHY cucteMy. Hamu BCTaHOBNEHO, WO XPOHIYHA
rinoKcis BUKNMKAE Ae30praHisauio miodibpun, npurHi-
YeHHA CapKomeporeHesy Ta YLWKOAKEHHA MITOXOHAPIMN,
L0 HEMMHYYE MAE NOripLwyBaTN eHepreTUYHNin meTabo-
Ni3m KapgaiomioumTiB Ta, AK HacnifoK, noTpebyBatnme
3MiH Y KOPOHapHOMY KpPOBOMNOCTa4YaHHi A8 KOMMeHca-
uii. i gani 3HaxogaTb CBii MOPPONOriYHUIN KOpenaT B
HaLLWX CNOCTEPEMNKEHHAX: MU BUABUIM 3HAYHI HaBPAKOBI
3MiHM Ta KPUCTONI3NC Y MITOXOHAPIAX KapAiOMiOLUTIB.
OCKiNbKN MITOXOHAPIT rpatoTb KAKOYOBY PONb Yy reHepa-
Lii aKTUBHMX GOPM KUCHIO Ta Ka/bLliEBOro romeocrasy.
Lle nigKpecntoe 3HauHy CTiliKiCTb NATONOTYHMUX 3MiH, 3a-
NPOrpaMoBaHMX NMpPeHaTabHUM cepefoBuLLem. Taknum
YMHOM, NpoBefeHe MOPIBHAHHA [03BONAE CTBEPANKY-
BaTK, WO pe3ynbtati Hula Ta cnisasTopis, Woao ¢yHK-
LLiOHa/IbHOI HeAOCTAaTHOCTI KOPOHAPHOro pycaa LiJIKom
Y3rO4KYHOTbCA 3 HAWMMM AaHUMM NPO FNMOOKI ynbTpa-
CTPYKTYPHi NOPYLUEHHA B KApAiOMiOLMTaX Pi3HUX 30H Mi-
oKapza. CxoXicTb OTPMMAHUX NATONOrIYHUX PeHoTUNIB
3a ABOX Pi3HUX eKCNEePUMEHTANbHUX NiAX0AiB BKA3yeE Ha
YHiBEpCa/IbHICTb MEXaHi3MiB BN/INBY KMCHEBOTO Aediuun-
TY Ha PO3BUTOK CepuA.

OTpMMaHi HaMK pe3ynbTaT WOAO CTPYKTYPHOI Hes-
pinocTi Ta ge3opraHisaLlii CKOpoTAMBOro anaparty Kapgi-
OMIOLMTIB 3HAXOA4ATb CBOE HenpAMe NiATBEPAKEHHA Ta
Ba)K/IMBe A0NOBHEHHA B poboTi Chatterjee Ta cnisaBTo-
pis [26]. ABTOpY 3a3Ha4YatoTh, WO NpeHaTabHa rinokcia
NpM3BOAUTbL A0 CTIMKMX QYHKLIIOHANbHUX NOPYLUEeHb Mi-
TOXOHAPIN cepus B AOPOC/OMY Billi, WO BUPAXKAETLCA
B CTaTUCTUYHO 3HAYMMOMY 3HUMKEHHI OKCUMAATMBHOTO
dochopuntoBaHHA. Li AaHi LiNKOM y3rogKyoTbca 3 Ha-
LUMMU CMOCTEPEKEHHAMM BUPA3HUX YABTPACTPYKTYPHUX
YWKOAKEHDb MITOXOHAPIN, AKI MU BUABASIM NPOTATOM
YyCbOro A0CANiAXKyBaHOro nepiogy. Baxknnsmm nyHKTOM
NOPIBHAHHA € TON (aKT, WO aBTOPU He BUABU/IM 3MiH B
AKTMBHOCTI LUMTPAT-CMHTA3M, WO BKA3YE Ha BiACYTHICTb
3MiH B KiZIbKOCTi MiTOXOHAPpINM. Lleit BUCHOBOK LLiIKOM
KOPEesItOE 3 HALWMMKN MOPGONOFIYHUMW SAHUMWN: MU CMO-
CTepirann He 3MeHLUEeHHA KiNbKOCTi MITOXOHAPIM, a ix

rMBOKI AKICHI 3MiHW, TaKi AK HabpAK, KpUCToNisuc, pym-
HyBaHHA MeMbpaH Ta GOpMyBaHHA NOPOXKHUH. OKpemo
CNif, HAaroNI0CUTW, WO NpeHaTasibHa FiNoKCiA NOPYyLIYE He
KiNbKiCTb, @ came YHKLiOHaNbHUI CTaH Ta CTPYKTYPHY
LinicHiCTb MITOXOHAPIW, Wo 1 NpM3BoAUTb A0 Aediuu-
Ty eHeprosabesneyeHHs KapgiomiouuTis. MpeHaTanbHa
rinoKcis CNpUYMHAE cTaTeBO-CneundiyHi NopyLeHHA B
cepu, Lo NpoABAAITLCA AK HA CTPYKTYPHOMY PiBHI B Ae-
3opraHisaLii miodibpun, yLKOAKEHHI MITOXOHAPIN, TaK
i Ha OYHKLiOHaNBHOMY, | KNHOYOBY POJb Y LIMX NpoLiecax
BiZlirpae came OKCMAATUBHI NOLIKOAKEHHS MITOXOHAPIN.

BucHoBKM.

XpoHi4yHa npeHaTanbHa rinoKcia cepeaHbOro cryne-
HA Y TepMiH o 16-i fobu embpioreHesy NnpusBoAUTb 40
NOMiIpHOTO NPUTHIYEHHA CapKoMeporeHesy Ta Ae30piEH-
Tauji miodibpun Ha Thi KpUcTonisucy i HabpAKY MITOXOH-
Api TMNOBUX KapgiomiouuMTiB nepeBaxkHO B cybeHAo-
KapAia/ibHi 30HI 060X WJ/YHOYKIB i MiXKLIIYHOYKOBIN
neperopogy,i. NoymHatoum Big 17-i ;06U NpeHaTanbHOToO
OHTOreHesy Aif XPOHIYHOI riNOKCii CynpOBOAXKYETLCA Pi3-
KMM HAaKOMUYEHHAM OeCTPYKTUBHUX 3MiH CKOPOT/IMBOTO
anapaty — ¢parmeHTaLielo HOBOYTBOPEHUX Miodibpu,
Ancouialieto capkomepis, posLenseHHam Tenodparm
i BCTaBHUX AMCKiB. HanpuKiHLi npeHaTanbHOro oHTore-
He3y HaMBMpa3sHiWa pynHiBHA AiA XPOHIYHOI rinokcii i ii
rabMiBHUI edeKT Woa0 PO3BMTKY CKOPOTIMBOrO ana-
paTy crnocTepiratoTbCs B iHTpaMypanbHilt 30Hi i cybeni-
KapAia/ibHili 30Hi 060X WAYHOUKIB. Y MioKkapai nepesce-
pAb XPOHIYHA TiNOKciA He NpU3BOAWUTb A0 PYMHYBaHHA
Miodibpun i cyTTEBO HE BN/IMBAE HA OHTOTEHETUYHY AM-
Hamiky ix HakonuyeHHa go 17-i gobu embpioreHesy.
YnpoaoBsXK NoAanblioro NpeHaTaNbHOro Po3BUTKY Bia-
OyBa€eTbCA ICTOTHE NPUTHIYEHHS CapKomeporeHesy Ta
0bMeKeHHsA ynopaaKkyBaHHA Miodibpua y capkoniasmi
TUMNOBUX KapaiomiouunTiB nepeacepapb, WO CYynpoBOAKY-
€TbCA GOpPMYyBaAHHAM AedEKTHUX BCTABHUX AMUCKIB i Npo-
CTOPOBOIO Ae3iHTerpalieto miodibpun 3 miToxoHApPIAMM.

MepcneKkTMBM NOAANbLUUX [OCNIAMKEHD.

Mopganblwi AOCNigKEHHA AOUINbHO 30CepeanTu Ha
BMBYEHHI MOCANIAOBHOCTI 1 MPOCTOPOBOI OpraHisauii
dbopmyBaHHA Miodibpun y KapaiomioumTax Ha pPi3HMX
eTanax HOPMaJIbHOro MpeHaTasibHOro PO3BUTKY. [Mep-
CMEKTUBHUM HaMNpPAMOM € YTOUYHEHHS MopdOoreHeTUu-
HUX MEXaHi3MiB ynopagKyBaHHA CAapKOMepiB i f03piBaH-
HA miodibpun y pisHMx TonorpadivHMx 30Hax MmioKkapaa.
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BM/INB XPOHIYHOI MMOKCIT HA NPEHATA/IbHUA PO3BUTOK CKOPOT/IMBOIO AMAPATY KAPAIOMIOLMUTIB
LLYPIB

Teepaoxni6 I. B., Kobesa . A.

Pestome. Cepes aocnigxeHb NpUCBAYEHUM aHOManiAM MiodibpuaapHOro anapaty WMPOKKUIA 3aran nybnikauii
QHanNI3yoTb Pi3Hi aCNeKTU BM/IMBY NPEeHaTabHOI MNOKCii Ha OHTOreHEeTUYHI 3MiHW MiOKapZaa, NpoTe AeTasbHOro BU-
BYEHHS BMMaraloTb TONONOrYHI 0co06MBOCTI NepebynoBM CKOPOTAMBOIO anapaTy KapLiomioumuTa, Wwo GbopmyeTbCs
33 YMOB XPOHiYHOI NpeHaTasIbHOI FinoKcii. MeTa — BU3HauYuUTK yAbTPACTPYKTYPHI 0co6anBOCTI nepebyaoBu CKOPOT-
JIMBOTO anapaTy TUMOBUX KapAiomioumTiB y pi3HUX Bigainax embpioHanbHOro miokapaa Liypis, O pPO3BUBAOTLCA
33 YMOB XPOHIiYHOI rinokcii. O6’eKTomM gocniarKeHHsA byan cepus eMOpioHiB LypiB, OTPMMAHMUX MiCAA WOAEHHOTO
BBeAEeHHA BariTHUM CaMKaM HIiTPUTY HaTpito y A03i 50 mr/Kr 3 10-ro no 20-# aeHb recTauji. Matepian gocnigxysanu
33 LOMOMOTOH TPAHCMICIHOT eNeKTPOHHOI MiKpocKonii y 12 TonorpadiyHo pisHMX AinsHKax miokapaa. Pesynbratv
OOCNIAXKEHHA NOKasau, WO FiNnoKcis ynoBiNbHIOE YTBOPEHHA CapKOMEPIB, BUKIMKAE Ae30praHisauito miodibpun
Ta MOWKOAMKEHHA MITOXOHAPIN. MounHatoum 3 17-i 4obu Po3BUTKY, BiA3HAYAETLCA NPOrpecnBHa AECTPYKLiA CKO-
POTNIMBUX CTPYKTYP: po3uienneHHa miodibpua, nopyweHHA 6ya0BM BCTaBHUX AMCKIB Ta po3nag dinameHTis. Hali-
BUpPaXKeHiLWi 3MiHM Bynn 3adikcoBaHi B iHTpamypanbHiit Ta cybeHaoKapAianbHil AinaHKax WAYHOUKIB. Y mioKapai
nepeacepab XPOHiYHa riNOKCiA He CNPUYUHAE PYMHYBaHHA Miodibpua i He Ma€e CyTTEBOTO BN/IMBY HA OHTOFEHETUYHY
OVNHAMIKy TXHbOro HakonuueHHsa ao 17-i nobu embpioreHesy. OgHaK Ha NoAasblUMX eTanax npeHaTasbHOro Pos-
BUTKY CMOCTEPIraeTbCA 3HAYHE MPUrHIYEHHA CapKOMepOoreHesy Ta MOPYLEHHS BNOpAAKYBaHHA Miodibpun y cap-
KoMnaa3mMi TMNOBMX KapaiomiouuTiB nepeacepab, L0 CYNPOBOANKYETLCA YTBOPEHHAM AeDEKTHUX BCTaBHUX AUCKIB i
NPOCTOPOBOLO Ae3iHTerpauieto miodibpua i3 MiToxoHApPIsMMU.

BcTaHOBNEHO, WO XPOHIYHA NPeHaTaibHa FiNOKCiA CNPUYMHAE NPUTHIYEHHA CapKOMeporeHesy Ta Ae30pieEHTaL, 0
Miodibpura Ha TAi KpUCTONI3UCY Ta HABPAKY MITOXOHAPIM Y TUNMOBMX KapAioMioLMTax NepeBakHo cybeHaoKapaiab-
HOI 30HM 000X LWYHOUKIB i MiXLWYHOYKOBOI neperopoaku. MNMounHatoum 3 17-i 4obun npeHaTaNbHOro OHTOreHesy,
BM/IMB XPOHIYHOT FiNOKCIii CynpoBOAKYETbCA dparmeHTaL,ieto HOBOYTBOpPEHUX Miodibpua, AncouiaLieto capkomepis,
po3LienseHHAM Tenodparm Ta BCTaBHUX AUCKIB Y iHTpamypanbHin i cybenikapaianbHiil 30Hax 060X WyHOUKIB.

KnwouoBi cnoBa: XpoHiYHa npeHaTasibHa TiNOKcif, WypW, Kapaiomioumnty, miopibpunoreHes, enekTpoHHa Mmi-
KpocKonis.

THE INFLUENCE OF CHRONIC HYPOXIA ON THE PRENATAL DEVELOPMENT OF THE CONTRACTILE APPARATUS
OF RAT CARDIOMYOCYTES

Tverdokhlib I. V., Kobeza P. A.

Abstract. There is a wide range of publications that analyze various aspects of the influence of prenatal hypoxia
on ontogenetic transformations of the myocardium, however, the topological features of changes in the contractile
apparatus of a cardiomyocyte that is formed and develops under conditions of chronic prenatal hypoxia require
detailed study. Theaimisto determinethe ultrastructural characteristics of the remodeling of the contractile apparatus
of typical cardiomyocytes in different parts of the embryonic myocardium of rats developing under conditions of
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chronic hypoxia. The study was conducted on hearts of rat embryos obtained after intraperitoneal administration
of sodium nitrite at a dose of 50 mg/kg daily to pregnant females from day 10 to day 20 of gestation. The material
was analyzed using transmission electron microscopy in 12 topographical regions of the myocardium. Hypoxia
was found to impair sarcomere formation, lead to disorganization of myofibrils, and cause mitochondrial damage.
Starting from day 17 of development, progressive destruction of contractile structures was observed, including
fragmentation of myofibrils, disruption of intercalated discs, and disintegration of filaments. The most pronounced
changes were detected in the intramural and subendocardial zones of the ventricles. In the atrial myocardium,
chronic hypoxia does not lead to the destruction of myofibrils and does not significantly affect the ontogenetic
dynamics of their accumulation until the 17th day of embryogenesis. During further prenatal development, there is
a significant inhibition of sarcomerogenesis and a restriction of myofibril ordering in the sarcoplasm of typical atrial
cardiomyocytes, which is accompanied by the formation of defective intercalated discs and spatial disintegration of
myofibrils with mitochondria.

Chronic prenatal hypoxia leads to inhibition of sarcomerogenesis and disorientation of myofibrils against the
background of crystolysis and swelling of mitochondria of typical cardiomyocytes mainly in the subendocardial zone
of both ventricles and the interventricular septum. Starting from the 17th day of prenatal ontogenesis, the effect of
chronic hypoxia is accompanied by fragmentation of newly formed myofibrils, dissociation of sarcomeres, splitting
of telophragms and intercalated discs in the intramural and subepicardial zones of both ventricles.

Key words: chronic prenatal hypoxia, rats, cardiomyocytes, myofibrillogenesis, electron microscopy.
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One of the key links in the formation of the brain's neuroendocrine adaptation to stress is the hypothalamic
paraventricular nuclei, which determine the reactivity of all parts of the hypothalamic-pituitary-adrenocortical sys-
tem and ensure the development of adaptive responses to the formation of the body's resistance to stress factors,
in particular prolonged illumination. In view of this, it is important to determine the effects of melatonin on the
morphodensitometric parameters of the medial parvocellular subnuclei of the rat’s hypothalamic paraventricular
nuclei under light stress. The study was performed on 36 male outbred white rats aged 24-27 months, divided into 3
groups. Quantitative parameters of the area of neurons, their nuclei and nucleoli, and RNA content in the cytoplasm
of cells, their nuclei and nucleoli were obtained in a semi-automatic mode using licensed software. Based on the
studies, it was found that the morphodensitometric parameters of the medial parvocellular subnuclei of the rat’s hy-
pothalamic paraventricular nuclei at 14:00 were significantly higher than during the night observation period (2:00).
The administration of melatonin against the background of constant illumination did not significantly change the
dynamics of the activity of the studied structures, which remained higher during the daytime observation period and
was similar to that of animals under the conditions of 12.00L:12.00D and 24.00L:00D. This picture can be argued by
the fact that stressful exposure during the light period of the day is accompanied by an increase in the level of mel-
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