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ABSTRACT. Background. Conducting model experiments on different age groups of laboratory rats under chronic hypoxic
conditions is relevant and aids in studying structural changes in cardiac tissues from a scientific perspective. Understanding
the mechanisms of heart adaptation to hypoxia. Research into cardiac adaptation to hypoxia helps uncover the mechanisms
that enable the heart to function under low oxygen conditions. Studies on different age groups of rats can help determine how
age affects adaptation and the ultrastructure of the heart during hypoxia. The objective of this study is to understand the im-
pact of hypoxia on the hearts of rats at different stages of their lives, including neonates, young, and adult animals. This helps
expand our knowledge of the adaptive mechanisms of the heart and may have significant implications for the normal anato-
my of laboratory animals, their biological significance, and a comprehensive understanding of the ultrastructural remodeling
of the components of the myocardial contractile apparatus. Methods. Systematic Literature Review, Meta-Analysis, Content
Analysis, Assessment of Source Quality, Information Retrieval. Results. Chronic hypoxia affects the structure of the myo-
cardial contractile apparatus in rats during different stages of development (from birth to 6 months) as follows: Newborn rats:
Hypoxia can lead to myocardial hypertrophy and an increase in the number of capillaries to improve blood supply. 1 month
after birth: Under hypoxia, there is myocardial hypertrophy, an increase in the amount of fibrous tissue, and possible vessel
remodeling. 3 months after birth: Hypoxia can result in further enlargement of the myocardium, changes in structure and
functional parameters, and the development of new vessels. 6 months after birth: At this stage, significant changes are possi-
ble, including hypertrophy, vessel remodeling, alterations in functional parameters, and structural peculiarities of the myo-
cardium. Conclusion. Chronic hypoxia affects the morphology of the myocardium in rats at different stages of their devel-
opment, leading to changes in size, structure, and cardiac functionality.
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Introduction pathological processes, and its consequences for
Hypoxia, characterized by insufficient oxygen tissues and organs can be severe [1]. One of the most
supply to the body's tissues, is one of the key issues vulnerable organs to hypoxia is the heart. The cardi-
in modern normal anatomy, cell biology and histol- ac muscle, or myocardium, requires a constant sup-
ogy. It can arise from various physiological and ply of oxygen for its normal function as it is respon-
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sible for the continuous mechanical work of the
heart. Hypoxia can lead to a range of changes in the
myocardium, including structural and functional
adaptations that can affect its performance [2]. This
scientific publication is dedicated to the study of the
morphological characteristics of the contractile ap-
paratus of the myocardium in rats subjected to hy-
poxia. Our work aims to uncover the changes that
occur in the structure and organization of the myo-
cardium under the influence of hypoxia at different
stages of rat development, from neonates to adult-
hood.

Background

Conducting model experiments on different age
groups of laboratory rats under chronic hypoxic
conditions is relevant and aids in studying structural
changes in cardiac tissues from a scientific perspec-
tive. Understanding the mechanisms of heart adapta-
tion to hypoxia. Research into cardiac adaptation to
hypoxia helps uncover the mechanisms that enable
the heart to function under low oxygen conditions.
Hypoxia can lead to various pathological changes in
cardiac muscle. Investigating these changes can lead
to an understanding of the causes and mechanisms
of cardiovascular diseases associated with hypoxia.
Age can influence the heart's response to hypoxia.
Studies on different age groups of rats can help de-
termine how age affects adaptation and the ultra-
structure of the heart during hypoxia. The overall
relevance lies in advancing our understanding of the
heart's response to hypoxia.

Research of this kind is of great importance for
our understanding of the adaptive mechanisms of the
myocardium and its response to stressful conditions
such as hypoxia. The obtained results will contribute
to improving our understanding of the impact of
hypoxia on the structure and function of the myo-
cardium and the components of the heart's contrac-
tile apparatus at various levels of its organization,
from tissue to ultrastructure.

Objective

The aim of this study is to understand the im-
pact of hypoxia on the hearts of rats at different
stages of their lives, including neonates, young, and
adult animals. This helps expand our knowledge of
the adaptive mechanisms of the heart and may have
significant implications for the normal anatomy of
laboratory animals, their biological significance, and
a comprehensive understanding of the ultrastructural
remodeling of the components of the myocardial
contractile apparatus.

Research on the influence of hypoxia on the
hearts of laboratory rats of different ages may en-
compass the following aspects [3]: Assessment of
Morphological Changes: The study aims to deter-
mine specific morphological changes occurring in
the structure of the hearts of rats of different ages
under the influence of hypoxia [4]. This may include
changes in the size and shape of the heart, myocar-
dial structure, vessels, and cardiomyocytes. Func-

tional Changes: Evaluation of the impact of hypoxia
on the functional characteristics of the heart, such as
cardiac output, rhythm, and overall cardiac perfor-
mance [5]. Analysis of Molecular Mechanisms: In-
vestigation of the molecular mechanisms underlying
the changes in the heart due to hypoxia [6]. This
may involve studying gene expression, biochemical
alterations, and other molecular processes. Age-
Comparative Analysis: Comparing the effects of
hypoxia on the hearts of rats at different ages to de-
termine potential differences in responses between
adult and young animals [7]. Development of Re-
search Strategies: Developing potential research
strategies for modeling experiments to determine
aspects of ultrastructural remodeling of myocardial
components related to hypoxia based on the study's
findings. This research contributes to our under-
standing of how hypoxia affects the hearts of rats at
various developmental stages, shedding light on both
morphological and functional adaptations and
providing insights into the molecular mechanisms
involved.

Materials and methods

When writing an analytical scientific article
based on the analysis of scientific papers, it is im-
portant to use appropriate research methods to en-
sure that the article is well-grounded and reliable.
The following methods are crucial in conducting
such research:

1. Systematic Literature Review: Conducting
a structured search and analysis of relevant sources
to gather all available information on a specific top-
ic.

2. Meta-Analysis: Using statistical methods to
combine and analyze data from multiple studies to
obtain reliable conclusions.

3. Content Analysis: Studying the content of
scientific articles to identify themes, patterns, and
relationships among variables.

4. Assessment of Source Quality: Considering
the relevance and quality of literature sources, in-
cluding publications in peer-reviewed scientific
journals.

5. Information Retrieval: Utilizing databases
and websites to search for relevant literature, includ-
ing PubMed, ScienceDirect, and Google Scholar.

It is also essential to consider the publication
date and examine the bibliography to find additional
sources of information. These research methods help
ensure the rigor and validity of the analytical scien-
tific article based on the analysis of existing litera-
ture.

Results and discussion

The morphological characteristics of the myo-
cardial contractile apparatus in rats under hypoxia
can exhibit several changes and features, as hypoxia
(oxygen deficiency) can significantly impact the
functioning of the cardiac muscle [8]. Here are some
possible alterations in the structure and function of
the myocardial contractile apparatus during hypoxia:

MORPHOLOGIA « 2023 « Tom 17 * Ne 3



1. Changes in Cellular Composition [9]: Un-
der the influence of hypoxia, apoptosis (programmed
cell death) of cardiomyocytes, the heart muscle cells,
may occur, resulting in the loss of viable cells and a
reduction in the number of active muscle fibers.

2. Changes in Cell Morphology [10]: Hypoxia
can lead to alterations in the appearance and struc-
ture of cardiomyocytes, including an increase in cell
size and an accumulation of vacuoles in their cyto-
plasm.

3. Altered Intercellular Connections: Hypoxia
can affect intercellular junctions, such as desmo-
somes and their adhesive proteins [11]. This can lead
to the disruption of connections between cells, po-
tentially affecting signal transmission and contrac-
tion coordination.

4. Functional Changes in the Contractile Ap-
paratus: Hypoxia can result in impaired contractility
of the myocardium, reducing its ability for rhythmic
contractions and lowering cardiac output [12].

5. Vascular Changes: Hypoxia may trigger
angiogenesis, the formation of new blood vessels, as
an attempt by the body to restore oxygen supply to
the heart [13].

6. Inflammatory Processes: Hypoxia can acti-
vate inflammatory processes in cardiac tissues,
which can influence the structure and function of the
contractile apparatus [14].

In summary, hypoxia can induce various
changes in the structure and function of the myocar-
dial contractile apparatus, which may lead to disrup-
tions in heart function and its ability to pump blood
effectively [15]. These changes warrant further in-
vestigation in histology and morphology to under-
stand the mechanisms occurring in the heart during
hypoxia.

The Impact of Hypoxia on the Myocardial Con-
tractile Apparatus should be considered comprehen-
sively [16]. The myocardial contractile apparatus is
a complex system of structures responsible for the
rhythmicity and coordination of heart muscle (myo-
cardium) contractions. This apparatus includes the
following components:

1. Sinoatrial Node (SA Node or Sinus Node):
The SA node is located in the upper part of the right
atrium, near the open upper chamber of the heart. It
generates electrical impulses that determine the
rhythm of heart contractions and is considered the
"primary pacemaker" of the heart [17].

2. Atrioventricular Node (AV Node): Situated
in the lower part of the right atrium, the AV node
delays the electrical impulse, transmitting it down-
ward through the conduction pathway to ensure a
brief pause between atrial and ventricular contrac-
tions. This pause allows for efficient blood transfer
from the atria to the ventricles [18].

3. Bundle of His (AV Bundle): The AV bun-
dle is located in the wall between the atria and ven-
tricles. It consists of fibers that transmit electrical
impulses from the AV node to the myocardium of

the ventricles [19].

4. Purkinje Fiber System: The Purkinje fiber
system is a network of conducting fibers that divides
into numerous branches, spreading along the walls
of the ventricles [20]. These branches distribute
electrical impulses to coordinate and facilitate con-
tractions of the ventricular myocardium.

5. Myocardium: The myocardium is the cardi-
ac muscle that contracts upon receiving electrical
impulses from various parts of the contractile appa-
ratus [21]. The myocardium performs the primary
function of the heart, which is pumping blood.

6. Intercellular Junctions: The contractile ap-
paratus also includes intercellular junctions, such as
desmosomes, which provide strong connections be-
tween cardiomyocytes (myocardial cells) and facili-
tate the transmission of contractile signals from one
cell to another [22].

Together, these components allow for the per-
ception and transmission of electrical signals that
coordinate the rhythm and force of heart contrac-
tions [23], efficiently pumping blood throughout the
body. Structural components of cardiomyocytes that
participate in the process of contraction are highly
susceptible to the influence of hypoxia, resulting in
their active remodeling at the ultrastructural level of
cell organization [24]. Cardiomyocytes are the cells
of the heart muscle that participate in the process of
heart contraction. The structural components of car-
diomyocytes that play a key role in contraction in-
clude the following:

1. Myofibrils: Myofibrils are long fibers com-
posed of myosin and actin proteins. They form the
primary structural component of cardiomyocytes and
are responsible for the cell's ability to contract. In
response to electrical signals, myofibrils undergo
displacement relative to each other, leading to mus-
cle cell contraction [25].

2. Sarcomeres: Sarcomeres are the fundamen-
tal functional units of myofibrils. They consist of
striated bands of myosin and actin filaments that
slide relative to each other during muscle contrac-
tion. Sarcomeres determine the length of the myofi-
bril and are responsible for its contraction [26].

3. Sarcoplasmic Reticulum (SR): The SR is a
network of membrane layers within the intracellular
reticulum that surrounds sarcomeres. It stores calci-
um, which is necessary for the functioning of the
contractile apparatus [27]. Under the influence of
electrical signals, calcium is released from the SR,
triggering myofibril contraction.

4. T-Tubules (Transverse Tubules): T-tubules
are membranes that penetrate deep into cardiomyo-
cytes and facilitate the even distribution of electrical
signals throughout the cell [28]. They play a crucial
role in coordinating the contraction of myofibrils
and the sarcoplasmic reticulum.

5. Mitochondria: Mitochondria generate the
energy required for heart muscle contraction. Since
the heart is a constantly working organ, it requires a
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significant amount of energy to sustain continuous
contraction, and mitochondria serve this function
[29].

6. Desmosomes and Adherens Junctions:
These structures provide strong adhesion between
cardiomyocytes and allow the transmission of con-
traction signals from one cell to another [30]. They
ensure the coordination of many cells' work during
heart contraction.

These structural components collectively ena-
ble cardiomyocytes to perform their primary func-
tion—generating rhythmic and coordinated contrac-
tions that facilitate blood flow throughout the body
[31]. The morphology of cardiomyocyte myofibrils
in laboratory rats under the influence of chronic
acute hypoxia can undergo changes during the first 6
months of life. Here's how these changes may ap-
pear:

Newborn rats (1 week old): Under the influence
of hypoxia, myofibrils may be less developed and
less organized [32]. However, these changes at this
stage may be moderate, as the heart is just beginning
to develop. Young rats (1 month old): Hypoxia can
lead to further destruction and disorganization of
cardiomyocyte myofibrils. Changes in the length and
thickness of myofibrils may be possible. Young rats
(3 months old): Due to prolonged hypoxia, myofi-
brils may become elongated but still disorganized.
This may be an attempt at myocardial adaptation to
insufficient oxygen supply [33]. Adult rats (6
months old): At this stage, the morphology of cardi-
omyocyte myofibrils may reflect adaptation to hy-
poxia, with increased length and improved organiza-
tion of myofibrils.

In general, chronic acute hypoxia can affect the
morphology of cardiomyocyte myofibrils, leading to
their disorganization and changes in length and
thickness. Myocardial adaptation may result in cer-
tain changes in myofibrils aimed at supporting heart
function under inadequate oxygen load. For a more
precise examination of these changes, it is recom-
mended to conduct microscopic analysis of heart
tissues during hypoxia experiments and compare
them with normal conditions [34].

Chronic hypoxia affects the structures of the
myocardial contractile apparatus in the left and right
ventricles of rats during the first 6 months of life as
follows: Newborn rats (1 week old): Hypoxia can
lead to myocardial hypertrophy in both ventricles.
Changes in myocardial structure, including in-
creased fibrous tissues and possible vascular remod-
eling to improve blood supply [35]. Young rats (1
month old): Under the influence of hypoxia, myo-
cardial hypertrophy in both ventricles is observed.
Changes in myocardial structure, including in-
creased fibrous tissues and potential vessel remodel-
ing. Young rats (3 months old): Hypoxia may lead to
further myocardial hypertrophy in both ventricles.
Changes in myocardial structure, development of
new vessels, and alterations in functional parameters
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may occur [36]. Adult rats (6 months old): Myocar-
dial hypertrophy in both ventricles may be possible
due to hypoxia. Vessel remodeling, changes in myo-
cardial morphology, and potential alterations in
functional characteristics [37].

Thus, chronic hypoxia affects the structures of
the myocardial contractile apparatus in the left and
right ventricles, leading to hypertrophy, vascular
remodeling, morphological changes, and potential
alterations in functional characteristics during the
first 6 months of their life [38]. The process of
chronic hypoxia affects the structures of the myo-
cardial contractile apparatus in the hearts of rats dur-
ing the first 6 months of life as follows in the heart
wall: Newborn rats (1 week old): Hypoxia may lead
to myocardial hypertrophy and changes in the struc-
ture of cardiomyocytes and blood vessels. Young
rats (1 month old): Under the influence of hypoxia,
further myocardial hypertrophy occurs in both atria.
Changes in myocardial structure, including fibrous
tissues and vascular remodeling. Young rats (3
months old): Hypoxia may cause further changes
such as myocardial hypertrophy in both atria. De-
velopment of new blood vessels, alterations in myo-
cardial morphology, and functional characteristics.
Adult rats (6 months old): Possible myocardial hy-
pertrophy in both atria due to hypoxia. Vessel re-
modeling, changes in myocardial morphology, and
potential alterations in functional characteristics of
the atria [39].

In summary, chronic hypoxia affects the struc-
tures of the myocardial contractile apparatus in the
hearts of rats in the atrial walls during the first 6
months of life, leading to hypertrophy, vascular re-
modeling, and changes in morphology that occur at
different stages of heart development [40].

The observed clear interdependence between
age groups and specific structural adaptations in the
contractile apparatus of rat hearts under the influ-
ence of chronic acute hypoxia results in various
changes during different periods: Newborns: Mor-
phology of the contractile apparatus in the hearts of
laboratory rats on the first day after birth under the
influence of chronic acute hypoxia may differ from
how it appears under normal developmental condi-
tions [41]. Hypoxia, a condition where tissues re-
ceive insufficient oxygen, can impact the develop-
ment and structure of the heart's contractile appa-
ratus. Here are possible changes that can occur:

Changes in myocardial size and structure:
Chronic acute hypoxia may lead to an increase in the
size of the myocardium [42]. This could be an at-
tempt by the heart to adapt to the insufficient oxygen
by increasing the amount of muscle tissue to im-
prove blood supply.

Changes in myocardial structure: Hypoxia can
result in structural changes in the myocardium, such
as an increase in the amount of fibrous (connective)
tissue, which can affect the effectiveness of myocar-
dial contraction [43].
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Changes in intercellular junctions: Under the
influence of hypoxia, the integrity of intercellular
junctions, such as desmosomes and adherens junc-
tions, may suffer [44]. This can lead to the disrup-
tion of connections between cardiomyocytes and a
decrease in their coordination. Changes in mito-
chondria: Hypoxia can affect the function of mito-
chondria, potentially leading to disturbances in ener-
gy metabolism and reducing the ability of muscle
cells to contract effectively [45]. Changes in the
number and size of cardiomyocytes: Under the in-
fluence of hypoxia, the number and size of cardio-
myocytes may change [46]. This can affect the over-
all structure and function of the heart. Changes in
blood vessels: Hypoxia can induce adaptive changes
in blood vessels, such as an increase in the number
of capillaries to enhance better blood supply to the
heart [47].

These changes can be either pathological or
adaptive responses to hypoxia, depending on the
duration and intensity of acute hypoxia [48]. To
thoroughly study the morphology of the contractile
apparatus in the hearts of laboratory rats one day
after birth under the influence of hypoxia, it is rec-
ommended to conduct microscopic tissue analysis
and study structural changes resulting from this con-
dition.

One week after birth: The morphology of the
myocardium in newborn rats and rats at one week of
age under chronic acute hypoxia may significantly
differ due to the influence of hypoxia on heart de-
velopment and structure [49].

Here's a comparative characterization of myo-
cardial morphology in these two groups: Myocardi-
um of newborn rats (without hypoxia): Size and vol-
ume of the myocardium: In newborn rats, the myo-
cardium typically has a small size and volume corre-
sponding to their age [50]. Morphology of cardio-
myocytes: Cardiomyocytes in newborns have small,
immature nuclei, which is characteristic of early
cardiac development [51]. Number of vessels and
capillaries: Young myocardium has fewer blood
vessels and capillaries compared to adults since vas-
cular network development is still ongoing [52].
Myocardium of rats at 1 week of age under the in-
fluence of chronic acute hypoxia: Size and volume
of myocardium: Under the influence of hypoxia, the
myocardium may increase in size and volume [53].
This hypertrophy can be an adaptive response to
insufficient oxygen load.

Changes in myocardial structure: Hypoxia can
induce changes in the structure of the myocardium,
including an increase in the amount of fibrous tissue
or remodeling of blood vessels [54]. This can affect
the morphology and functionality of the myocardi-
um.

Changes in blood vessels: Hypoxia can lead to
changes in blood vessels, such as an increase in the
number of capillaries to improve myocardial blood

supply [55].

Changes in mitochondria: Hypoxia can affect
the function of mitochondria, which can result in
reduced efficiency of energy exchange in myocardi-
al cells.

Changes in the location and size of cardiomyo-
cyte nuclei: Hypoxia can influence the location and
size of cardiomyocyte nuclei. These changes in my-
ocardial morphology after the birth of newborn rats
under the influence of hypoxia can be an attempt by
the organism to adapt to insufficient oxygen load
[56]. To accurately study morphological changes, it
is recommended to conduct microscopic analysis of
heart tissues and compare their structural features in
different groups of rats.

1 month after birth. The morphology of the
myocardium of laboratory rats at 1 month of age
under the influence of chronic acute hypoxia may
differ from the myocardium of rats at 1 week of age
under the same hypoxia. Prolonged hypoxia can lead
to more significant changes in the structure and
function of the heart [57].

Here is a comparative description of the myo-
cardial morphology in these two groups. Myocardi-
um of rats at 1 week of age under the influence of
chronic acute hypoxia: Size and volume of myocar-
dium: At this stage of heart development, the myo-
cardium may be smaller in size compared to adult
animals [58]. Morphology of cardiomyocytes: Car-
diomyocytes may have immature nuclei and be less
specialized compared to older individuals [59].
Number of vessels and capillaries: Young myocar-
dium may have fewer blood vessels and capillaries
compared to adult animals.

Myocardium of rats at 1 month of age under the
influence of chronic acute hypoxia: Size and volume
of myocardium: Under the influence of prolonged
hypoxia, the myocardium may increase in size and
volume due to hypertrophy. This adaptation is aimed
at ensuring better oxygen supply [60]. Changes in
myocardial structure: Hypoxia can lead to changes
in myocardial structure, including an increase in the
amount of fibrous tissue or vessel remodeling.
Changes in blood vessels: Hypoxia can stimulate the
development of new vessels or an increase in the
number of capillaries to improve myocardial blood
supply [61]. Changes in mitochondria: Hypoxia can
affect the function of mitochondria, resulting in re-
duced efficiency of energy exchange in myocardial
cells [62]. Changes in the location and size of cardi-
omyocyte nuclei: Under the influence of hypoxia,
changes in the location and size of cardiomyocyte
nuclei may be observed.

Overall, the morphology of the myocardium of
laboratory rats at 1 month of age under chronic acute
hypoxia differs from the myocardium of rats at 1
week of age under the same hypoxia due to the
longer duration and intensity of hypoxia, which can
lead to more significant changes in the structure and
function of the heart for adaptive purposes [63].

3 months after birth. The morphology of the
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myocardium of laboratory rats at 3 months of age
under the influence of chronic acute hypoxia may
differ from the myocardium of rats at 1 month of age
under the same hypoxia due to the duration of expo-
sure to hypoxia and the longer period of heart devel-
opment [64]. Here is a comparative description of
myocardial morphology in these two groups:

Myocardium of rats at 1 month of age under the
influence of chronic acute hypoxia. Size and volume
of myocardium: At this stage of heart development,
the myocardium may be smaller in size compared to
adult animals [65]. Morphology of cardiomyocytes:
Cardiomyocytes may have immature nuclei and be
less specialized compared to older individuals.
Number of vessels and capillaries: Young myocar-
dium may have fewer blood vessels and capillaries
compared to adult animals.

Myocardium of rats at 3 months of age under
the influence of chronic acute hypoxia: Size and
volume of myocardium: Under the influence of pro-
longed hypoxia, the myocardium may increase in
size and volume due to hypertrophy [66]. At this
age, the heart is more developed compared to
younger individuals. Changes in myocardial struc-
ture: Hypoxia can lead to changes in myocardial
structure, including an increase in the amount of
fibrous tissue or vessel remodeling [67]. Changes in
blood vessels: Hypoxia can stimulate the develop-
ment of new vessels or an increase in the number of
capillaries to improve myocardial blood supply.
Changes in mitochondria: Hypoxia can affect the
function of mitochondria, resulting in reduced effi-
ciency of energy exchange in myocardial cells.

Changes in the location and size of cardiomyo-
cyte nuclei: Under the influence of hypoxia, changes
in the location and size of cardiomyocyte nuclei may
be observed.

These changes in myocardial morphology at 3
months of age under chronic acute hypoxia may
indicate adaptation of the heart to insufficient oxy-
gen load over an extended period [68]. To accurately
study morphological changes, it is recommended to
conduct microscopic analysis of heart tissues and
compare their structural features in different groups
of rats [69-73].

The morphology of the myocardium of labora-
tory rats at 6 months of age under the influence of
chronic acute hypoxia may exhibit certain changes
compared to normal myocardial development [74].
Chronic acute hypoxia, which persists for an extend-
ed period, can impact the structure and function of
the heart. Here are possible changes in myocardial
morphology in this group of rats: Myocardial hyper-
trophy: Under the influence of hypoxia, the myocar-
dium may undergo hypertrophy, meaning an in-
crease in the size and volume of the myocardium
[75]. This adaptation may aim to improve cardiac
function and ensure better oxygen exchange [76].
Changes in myocardial structure: Hypoxia can lead
to changes in the structure of the myocardium, in-
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cluding an increase in the amount of fibrous tissue or
vessel remodeling.

Changes in blood vessels: Hypoxia can cause
changes in blood vessels, such as an increase in the
number of capillaries to improve myocardial blood
supply. Changes in mitochondria; Hypoxia can af-
fect the function of mitochondria, which may result
in reduced efficiency of energy exchange in myo-
cardial cells [77]. Changes in the location and size of
cardiomyocyte nuclei: Hypoxia can induce changes
in the location and size of cardiomyocyte nuclei
[78]. Changes in functional parameters: Possible
changes in functional parameters of the myocardi-
um, such as an increase in the number of contrac-
tions per unit of time or alterations in blood supply
[79].

These changes may represent adaptive respons-
es to prolonged hypoxia aimed at ensuring optimal
cardiac function under conditions of insufficient
oxygen load [80]. To study the myocardial morphol-
ogy of laboratory rats at 6 months of age under
chronic acute hypoxia in detail, it is recommended to
conduct microscopic analysis of heart tissues and
compare their structural features with normal condi-
tions [81].

Conclusion

Chronic hypoxia affects the structure of the
myocardial contractile apparatus in rats during dif-
ferent stages of development (from birth to 6
months) as follows: Newborn rats (1 week after
birth): Hypoxia can lead to myocardial hypertrophy
and an increase in the number of capillaries to im-
prove blood supply. Young rats (1 month after
birth): Under hypoxia, there is myocardial hypertro-
phy, an increase in the amount of fibrous tissue, and
possible vessel remodeling. Young rats (3 months
after birth): Hypoxia can result in further enlarge-
ment of the myocardium, changes in structure and
functional parameters, and the development of new
vessels. Adult rats (6 months after birth): At this
stage, significant changes are possible, including
hypertrophy, vessel remodeling, alterations in func-
tional parameters, and structural peculiarities of the
myocardium. Chronic hypoxia affects the morphol-
ogy of the myocardium in rats at different stages of
their development, leading to changes in size, struc-
ture, and cardiac functionality.

Perspectives

The scientific novelty of researching the mor-
phology of the myocardial contractile apparatus in
rats under the influence of chronic acute hypoxia lies
in several key aspects:

1. Understanding the adaptation of the heart to
hypoxia: Studying the morphology of the myocardi-
um under hypoxic conditions allows for a better un-
derstanding of how the cardiac muscle adapts to
inadequate oxygen supply.

2. ldentification of stage-specific changes:
Researching at various stages of rat development,
from newborns to adulthood, can help establish
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which morphological changes occur at different
stages of hypoxic exposure and whether they happen
rapidly enough to cause functional impairments.

3. Opportunities for further research; The data
obtained can serve as a foundation for further re-
search focused on studying the molecular and clini-
cal aspects of hypoxia in cardiac muscle.

4. Comprehensive approach: Investigating the
morphology of the myocardial contractile apparatus
provides a comprehensive view of structural changes
in the heart, considering both morphological and
functional aspects. All these aspects collectively

highlight the importance of conducting research on
myocardial morphology under hypoxic conditions.
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Kooe3a I1.A., Yepkac O.A., Mapuenko J.I'., Xpinkos I.C. Mop¢oaoriuai xapakTepucTuKH CKOpOT-
JIMBOTO amapaTy MioKapja mypiB mix aiero rimokcii (JrirepaTypHuii orisil i nepcneKTHBH J0CTIIKEHD).

PE®EPAT. AxtyanbHicTb. [IpoBeicHHS MOEIFHUX CKCIIEPUMEHTIB Ha PI3HHX BIKOBHX Ipymax jabopa-
TOPHHUX IIYpPiB MPH XPOHIYHOMY HABAHTA)KCHHI TIMOKCI€I0 € aKTyaJhbHHM 1 JOIOMAara€ BHBYaTH MepeOyI0BU B
YIBTPACTPYKTYPi TKAHUH CeplLisl 3 HAyKOBOI mepcnekTusi. JocmimpkeHHs ananraiii cepis g0 TinoKcii fornoMarae
PO3KPHUTH MEXaHi3MH, SIKi JO3BOJIAIOTH CEPII0 (QYHKIIIOHYBaTH B YMOBAaX HU3BKOTO PiBHS KUCHIO. JloCTiKeHHS
Ha pI3HUX BIKOBHX I'pyIax IIypiB MOKE JOTIOMOTTH BU3HAYMTH, SIK BiK BIUIMBAE HA aJaNTaIlI0 Ta YIbTPacTPyK-
Typy CepIld Iij] 9ac TilOKcii. 3arajbHa aKTyalbHICTh MOJSATAE B IMIABHUINCHHI HAIOTO PO3YMIHHS PeaKiii ceprit
Ha TiMmokciro. MeTa Iboro JOCTiKEHHS € PO3YMIHHS BIUIMBY TIIOKCii Ha CepIls MIypiB HA PI3HUX eTarax IXHbO-
TO JKHTTSI, BKJIFOYAI0YN HOBOHAPO/KEHHX, MOJIOJUX Ta JIOPOCIUX TBapuH. Lle monomarae po3mupuTH HaIe po-
3YMIHHS alanTalifHIX MEXaHi3MiB CepIls Ta MOXKE MATH 3HAYyIli HACTIIKA JIJIsI HOPMaJbHOI aHaTOMii Tabopa-
TOPHUX TBAapHH, IXHBOI Gi0JOTiT Ta BCEOIYHOrO PO3YMIHHS YIIBTPACTPYKTYPHOI Mepe0yA0BH KOMIIOHEHTIB CKO-
POYYBaJBHOTO anapary cepueBoi-M’s30Boi TkaHUHH. MeToau. CHcTeMaTUIHUN OIS TiTepaTypH, MeTa-aHali3,
aHaJi3 BMICTY, OI[IHKa SIKOCTI JKepes, BWiIydeHHs i oOpoOka iHpopmanii. Pesyabrarn. XpoHiuHa rimokcis
BILUIMBAE Ha CTPYKTYPY Mio(QiOpMIIbHOTO anapary Miokap/a IypiB Ha pi3HHUX eTanax po3BUTKY (BiJl HAPO/PKEHHS
J0 6 MicsuiB) HacTynHUM unHOM: HoBonapomkeHi mypu (1 THKAEHb IMicis HapoJpKeHHs): ['imokcis mMoxe
CIPUYHHUTH TiNepTpodito Miokapaa Ta 30UIbIICHHS KUTBKOCTI KaMUISAPIB JUIS MOJIMIICHHS KPOBOIIOCTAYaHHS.
Momnoni mypu (1 micsup micns HapomkeHHs): [1i1 BIDIMBOM TIiMOKCIi CHIOCTepiraeThes rimepTpodis Miokapna,
30UTBIICHHST KiTBKOCTI (PiOpPO3HMX TKAaHWH Ta MOXIMBa TepedynoBa cyauH. Momoni mypu (3 wmicsmi micis
HapoKeHH:): [ImoKcis MOke MPU3BECTH JI0 MOAAIBIIOro 30UTBIICHHS MiOKapAa, 3MiH B CTPYKTYpi Ta (hyHKIIiO-
HaAITLHUX TMapaMeTpax, a TaKoXK PO3BUTKY HOBHX cyauH. JJopocni mrypu (6 micsmiB micias HapomkeHHs): Ha
IBOMY €Talli MOXJIMBI 3HAYHI 3MiHH, BKIFOUYAIOUH TinepTpodito, mepedyIoBy CyAHH, 3MIiHH B ()YHKIIIOHATBHIIX
mapameTpax Ta CTPYKTypHI ocoOimBocti miokapaa. Ilizcymok. XpoHidHA TilTOKCisl BIIMBaE€ Ha MOP(QOJIOTio
MiOKapia y IIypiB Ha pi3HHUX eTamax iX po3BUTKY, IO MPHU3BOJUTH 10 3MiH y PO3Mipax, CTPYKTypi Ta (HyHKIi0-
HAJIBHOCTI CepIls Ha BCiX PiBHSAX HOTO CTPYKTYpPHOI OpraHizaiii.

Ku1104oBi ci10Ba: TKaHWHHA TiMOKCis, KapiOMIONUT, CKOPOTIMBUN anapart, yiabTPacTPyKTypa, MiogiOpuim.
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