OornAaAaun NITEPATYPU / LITERATURE REVIEWS

Abstract. The article examines epithelial barrier disruption as a universal mechanism underlying the development
of chronic bronchopulmonary diseases and metabolic dysfunction—associated steatotic liver disease (MASLD). The
airway and intestinal epithelium perform key protective and immunoregulatory functions. Damage to tight junction
proteins (claudins, occludin, zonulin) leads to increased permeability, translocation of microbial products, and
the development of systemic inflammation. The concept of the “gut-lung-liver axis” is gaining importance as an
integrative model of pathogenesis.

Aim is to summarize current scientific evidence regarding the role of epithelial barrier dysfunction in the
development of chronic obstructive pulmonary disease, bronchial asthma, and MASLD, taking into account
interorgan interactions.

In chronic obstructive pulmonary disease (COPD) and bronchial asthma, decreased expression of tight junction
proteins, damage to ciliated epithelium, goblet cell hyperplasia, and activation of NF-kB—dependent inflammation
under the influence of tobacco smoke and other exposome factors have been established. Barrier dysfunction
facilitates the penetration of allergens and pathogens and sustains a Th2-mediated immune response. In MASLD,
increased intestinal permeability, dysbiosis, and endotoxemia have been demonstrated, activating hepatic TLR4
signaling and promoting inflammation and fibrogenesis. Common mechanisms include oxidative stress, cytokine-
mediated inflammation (IL-6, TNF-a), microbiota imbalance, and deficiency of short-chain fatty acids. Interactions
within the “gut-lung-liver axis” contribute to mutual potentiation of pathological processes.

Epithelial barrier dysfunction represents a shared pathogenetic link between bronchopulmonary and metabolic
diseases. An integrated diagnostic and therapeutic approach aimed at restoring barrier integrity and modulating the
microbiota opens new prospects for personalized therapy.
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A systematic analysis of modern scientific data on the role of dopamine as a key neuromodulator in maintaining
human postural stability, as well as the mechanisms by which the dopaminergic system influences motor coordi-
nation in normal and pathological conditions, particularly under chronic stress, has been conducted. It has been
established that dopamine plays a critical role in the functioning of the basal ganglia "motor loop", where it provides
movement initiation and automatic postural reflexes through direct (D1-receptors) and indirect (D2-receptors) path-
ways. It has been found that dopamine deficiency (in Parkinson's disease, Segawa syndrome, etc.) leads to the loss
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of the ability to timely correct body position and the development of postural instability. Special attention is paid to
the influence of chronic psychoemotional stress and PTSD, which, due to the neurotoxic effect of cortisol, cause "do-
pamine depletion", which manifests itself as gait disorders and decreased stability. The positive effects of levodopa
and physical rehabilitation on motor skill restoration through activation of reward systems and neuroplasticity are
considered. Dopamine is a systemic integrator that links the motivational component with the body's physical stabil-
ity. Violation of dopamine homeostasis due to neurodegeneration or prolonged stress is the main factor in postural
instability. The most effective strategy for the correction of motor disorders is a combined approach that combines
drug support with targeted physical training and lifestyle correction.

Key words: dopamine, postural stability, balance, basal ganglia, Parkinson's disease, chronic stress, levodopa,

motor rehabilitation.

Connection of the publication with planned re-
search work.

The research results were obtained by the authors
while performing the research work of the National Uni-
versity of Physical Education and Sports of Ukraine (De-
partment of Medical Biology and Sports Dietetics): “The
influence of exogenous and endogenous factors on the
course of the body’s adaptive reactions to physical ex-
ertion of various intensities” (state registration number
012U108187).

Introduction.

Body balance in space, or postural equilibrium, is the
fundamental ability of the body to maintain the projec-
tion of the center of mass within the area of support.
This process is not static, it is a continuous cycle of sen-
sorimotor integration [1, 2, 3]. To achieve stability, the
nervous system processes the flow of information from
three main sources: the visual system, the vestibular ap-
paratus, and the somatosensory system (in particular,
the proprioceptors of muscles and joints). In the central
nervous system (CNS), this complex of information is
synthesized, on the basis of which anticipatory and com-
pensatory motor reactions are formed. The key media-
tor modulating these reactions is dopamine [4, 5].

The relevance of this study is enhanced by the so-
cio-political context. In connection with the full-scale
russian-Ukrainian war, Ukrainian society is in a state of
prolonged, intense stress. This leads to profound chang-
es in the body’s and psyche’s functional state. In partic-
ular, there is scientific evidence of specific disorders of
postural control under the influence of chronic stress,
which is observed even in the pediatric population.
Acute and chronic stress activates the sympatho-adrenal
system (the “fight or flight” response), which inevitably
affects endocrine regulation and neurochemical balance
of the brain [6, 7]. While the roles of cortisol and adrena-
line in stressful situations have been widely covered, the
role of dopamine in body balancing and its degradation
under the influence of distress require careful analysis.

The aim of the study.

Systematic analysis of current scientific data on the
role of dopamine as a key neuromodulator in maintain-
ing human postural stability, as well as the study of the
mechanisms of the influence of the dopaminergic sys-
tem on motor coordination in normal and pathological
conditions, in particular under conditions of chronic
stress.

Object and research methods.

The search and analysis of specialized scientific infor-
mation was carried out using the electronic databases
PubMed, Google Scholar, Article and CAS. Modern pub-
lications on the neuroanatomy of dopamine pathways,

the physiology of the basal ganglia, and the clinical as-
pects of dopamine deficiency were reviewed.

Main part.

Dopamine acts as a neuromodulator and a hormone
from the group of catecholamines [4]. It is synthesized
in specific populations of neurons that form the core of
muscle activity control systems. The biochemical precur-
sor of dopamine is the amino acid tyrosine. This deter-
mines the importance of the alimentary factor: foods
rich in protein (meat, fish, eggs, nuts), as well as vitamins
(B, B,, D) and trace elements (iron, magnesium) are a
critical source of raw materials for neuromediation [5,
8]. A special role is played by vitamin D, which, through
specific receptors, regulates the expression of tyrosine
hydroxylase, an enzyme that limits the rate of dopamine
synthesis [9]. A deficiency of any of these components
can lead to a decrease in the synthetic capacity of do-
paminergic neurons, which clinically manifests itself in
mood disorders, decreased motivation and coordination
disorders [10, 11].

Dopamine doesn’t just transmit signals from neu-
ron to neuron; it tunes the sensitivity of entire neural
networks. It’s often called the “happy hormone” or “an-
ticipatory hormone” because it’s a central part of the
reward system. But dopamine’s most important physi-
ological role is to stimulate action and ensure a smooth
transition from intention to physical movement. Dopa-
mine drives habits, addictions, dreams, and aspirations,
and carries the energy of decisions, the focus of goals,
and the subtle echo of pleasure. It regulates not only
movement but also the subtle strings of motivation, an-
ticipation, and learning [12].

Dopamine is the molecule of choice, movement, and
deep meaning. Scientific studies show that regular ex-
ercise, even moderate, significantly increases dopamine
levels. This explains the feeling of pleasure and energy
after exercise [13].

Acute stress can temporarily increase dopamine
levels, but chronic stress can deplete dopamine stores,
leading to apathy and decreased motivation [6]. Pro-
longed, chronic stress increases cortisol levels, which
become toxic to neurons and lead to depletion and dys-
regulation of the dopamine system [14].

Good quality and sufficient sleep is critical for nor-
mal dopamine regulation. Lack of sleep can reduce sen-
sitivity to dopamine and disrupt its natural rhythms of
release, leading to fatigue and depression. Exposure to
sunlight stimulates the production of vitamin D, which
affects dopamine synthesis. Drugs, alcohol, and nicotine
cause a sharp and powerful release of dopamine, which
is responsible for their euphoric effect and the formation
of addiction. However, in the long term, this leads to de-
pletion of the dopamine system.

104

ISSN 2077-4214. BicHuk npo6nem 6ionorii i meguumunm — 2026 — Bun. 1(180) / Bulletin of problems in biology and medicine — 2026 — Issue 1(180)

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



OornAaAaun NITEPATYPU / LITERATURE REVIEWS

Some medications, especially those used to treat de-
pression or psychotic disorders (antidepressants, neuro-
leptics), can affect dopamine levels by blocking its recep-
tors or altering the reuptake mechanism [8].

Scientists have studied and described the neuroana-
tomical organization of dopamine pathways. To under-
stand the mechanisms of body balance, four main dopa-
minergic brain pathways are distinguished:

1. Nigrostriatal pathway. This pathway is the most
powerful in the CNS, concentrating about 80% of all
brain dopamine [4]. It connects the substantia nigra
and the ventral tegmental area with the striatum. The
nigrostriatal system is the core of the so-called “motor
loop” of the basal ganglia [15]. It is this tract that initiates
movement and maintains automatic postural reflexes.
The physiological antagonists of dopamine in the extra-
pyramidal system are acetylcholine and gamma-amino-
butyric acid. The development of extrapyramidal side
effects is associated with the inhibition of dopaminergic
transmission in the nigrostriatal system (blockade of do-
pamine D, receptors) when using antipsychotics (neuro-
leptics): parkinsonism, dystonia, akathisia, tardive dyski-
nesia [11, 13, 16].

2. Mesolimbic pathway. This pathway is known as
the “reward pathway” and connects the ventral tegmen-
tal area with the nucleus accumbens. In the context of
balance, this pathway acts as a “motivational filter” It
regulates the energy resources that the body is willing to
expend on a motor task. The release of dopamine here
helps to reinforce successful motor patterns and to learn
new balancing skills [14, 17].

3. Mesocortical pathway. This tract connects the
midbrain with the prefrontal cortex of the cerebral
hemispheres [10]. It is responsible for the cognitive com-
ponent of movement: planning, the formation of behav-
ioral programs and strategies for overcoming complex
spatial conditions [11]. Disorders in this pathway lead to
the fact that a person may have physical strength, but is
not able to effectively organize movement in space. In
Parkinson’s disease, pathology of the mesocortical path-
way plays a significant role in the formation of mental
disorders [10].

4. Tuberoinfundibular pathway. This pathway con-
nects the hypothalamus to the pituitary gland. Although
it is less directly involved in coordination, it regulates
prolactin levels, which, in turn, affects the overall hor-
monal background and metabolism, thereby indirectly
influencing muscle tone.

On the surface of cells there are dopamine receptors
— protein structures that bind to dopamine and cause
certain biological responses. There are several types (D,,
D,, D,, D,) and subtypes of dopamine receptors, which
have different sensitivities to ligands and are character-
ized by different biochemical and physiological reactions
of cells that occur after their activation [4]. Activation
of D, receptors (D,, D,) is accompanied by an increase
in the activity of dopamine-sensitive adenylate cyclase
with the subsequent activation of the cAMP-dependent
cascade of biochemical reactions. Activation of D, recep-
tors (D,, D,, D,) leads to a decrease in adenylate cyclase
activity, intracellular calcium concentration, inhibition
of relevant cAMP- and Ca2+-dependent metabolic and
physiological processes, and cell excitability [8].

In the nigrostriatal system, dopamine regulates two
opposing motor striatal systems. Activation of D, recep-

tors in the striatum enhances the activity of the direct
pathway, disinhibiting the thalamus and facilitating the
initiation of movements. At the same time, dopamine,
through D, receptors, inhibits neurons of the indirect
pathway, weakening their inhibitory effect on move-
ment. In this way, dopamine adjusts the balance be-
tween excitation and inhibition in motor circuits, ensur-
ing normal mobility [5, 15].

In the neurophysiology of movement, two main feed-
back loops are distinguished that determine whether a
movement will be performed and with what amplitude.
The direct pathway is one of the two main movement
control systems in the basal ganglia. The direct pathway
stimulates or initiates movements. The pathway is acti-
vated via dopamine D, receptors. The indirect pathway
inhibits or blocks unnecessary or unwanted movements.
It is mediated by receptors of the D, type. Both path-
ways work in balance [5]. The coordinated interaction of
these pathways provides “motor fluency.” In dopamine
deficiency, the indirect pathway becomes overactive
(resulting in rigidity) and the direct pathway becomes
underactive (resulting in bradykinesia and inability to
adjust body position in time when falling) [18, 19].

Scientists distinguish between exogenous and en-
dogenous factors of dopamine modulation. Dopamine
plays a role in the control of postural stability [1]. To
maintain postural stability, not only the presence of
dopamine is important, but also the stability of its syn-
thesis and release, which depends on lifestyle and the
external environment [4]. The basal ganglia, together
with the cerebellum, control posture [2]. The basal gan-
glia (striatum, globus pallidus, substantia nigra, etc.) are
involved in maintaining a stable posture. The subcorti-
cal nuclei “filter out” and enhance the necessary move-
ments, suppress unnecessary ones, and thereby help to
perform smooth coordinated movements and automatic
postural corrections [20]. Normal levels of dopamine in
these structures are necessary for an adequate response
to changes in body position [21].

Dopamine is related to postural reflexes. Sufficient
dopamine supply promotes rapid correction of balance
(e.g., reflex return of the body to the equilibrium posi-
tion when swaying) [18]. Dopamine signals movement
errors and, through the basal ganglia, helps to correct
posture in a timely manner [14].

The consequences of dopamine deficiency are a dis-
ruption of the balance of direct/indirect pathway activ-
ity [5]. Hypodopaminergia in the basal ganglia causes
postural instability — the normal postural reflex is lost,
the ability to maintain balance is reduced [18]. Patients
with dopamine deficiency become unsteady, and they
are at increased risk of falling due to the inability to ad-
just their body position in a timely manner [22, 23].

In conditions of martial law, prolonged stress be-
comes the dominant factor in coordination disorders.
The mechanism of this phenomenon is associated with
hyperactivity of the hypothalamic-pituitary-adrenal axis.
The constant release of cortisol has a neurotoxic effect
on dopaminergic neurons of the midbrain [5, 14].

With prolonged stress, a state of “dopamine deple-
tion” is observed. The body, in a constant state of threat
anticipation, redistributes resources, leading to a de-
crease in the sensitivity of dopamine receptors. Clinical-
ly, this manifests as “heaviness” in the legs, unsteadiness
when walking, and impaired ability to balance on un-
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even surfaces. Veterans and civilians with posttraumatic
stress disorder (PTSD) are characterized by a change in
postural pattern: the center of mass of the body shifts,
while the stabilizing muscles are in a state of chronic
overexertion, which paradoxically reduces real stability.

Sleep is a critical period for dopamine resynthesis
and the restoration of receptor sensitivity. Chronic sleep
deprivation leads to a sharp decrease in the number of
available D,/D, receptors in the striatum. This explains
why after a sleepless night, motor coordination deteri-
orates significantly and the risk of falls increases even
in healthy young individuals. Disruption of sleep archi-
tecture in conditions of nocturnal anxiety directly affects
the dopamine system, making a person motor clumsy
the next day.

Scientific studies confirm a direct relationship be-
tween the level of insolation (sunlight) and dopamine
synthesis. Vitamin D, produced in the skin under the in-
fluence of ultraviolet light, acts as a neurosteroid that
regulates the expression of tyrosine hydroxylase, the
main enzyme in dopamine synthesis [9, 17]. During win-
ter or prolonged indoor exposure, vitamin D deficiency
exacerbates dopamine deficiency, which negatively af-
fects overall tone and balance.

Parkinson’s disease is a classic example of balance
disorders associated with dopamine deficiency [18]. It is
a progressive neurodegenerative disease in which dopa-
minergic neurons in the substantia nigra and basal gan-
glia die [5, 18, 24]. Dopamine deficiency leads to char-
acteristic symptoms: resting tremor, bradykinesia (slow
movements), muscle rigidity, and postural instability [2,
23]. As a result, patients with Parkinson’s disease often
have a stooped posture, unsteady gait, and falls [22, 25,
26, 27].

There are other disorders associated with impaired
dopamine synthesis. Tourette syndrome, although it
has a more complex etiology, involves disorders of do-
pamine, serotonin, and norepinephrine, which manifest
themselves in the form of motor and vocal tics. Motor
tics include involuntary movements such as eye blink-
ing, head jerking, and bouncing. Vocal tics include in-
voluntary cries, coughing, and throat clearing. Restless
legs syndrome may also be associated with dopamine
imbalance.

Segawa syndrome, also known as dopamine-sensi-
tive dystonia or dopamine-dependent dystonia, is a rare
genetic disorder characterized by impaired muscle tone
and movement control. It occurs due to a defect in the
GCH1 gene, which encodes dopamine synthesis. There
is evidence in the scientific literature that dopaminergic
drugs improve dynamic balance. Gait and tone disorders
may be completely resolved with levodopa. Levodopa
(L-DOPA) is a drug [6, 19]. It is a precursor of dopamine.
Levodopa crosses the blood-brain barrier, where it is
converted to dopamine, compensating for its deficien-
cy in the brain. Levodopa is usually used in combination
with other drugs, such as carbidopa, which helps reduce
side effects [19]. After taking levodopa, people were
able to withstand significantly stronger platform shocks
without taking steps, i.e., they could compensate for
greater postural instability without losing balance [19,
28]. This suggests that dopamine mediates high-level
neural processes responsible for balance control (prob-
ably through sensorimotor integration, response initia-
tion/inhibition, and reward mechanisms).

The effect of dopamine on motivation and motor re-
covery after stroke has also been studied [29]. In 2022,
an animal model of stroke demonstrated that endoge-
nous dopamine is essential for optimal motor recovery
after brain injury [30]. Blocking D, and D, receptors in
stroke rats impaired recovery of grasping skills and re-
duced the animals’ motivation to perform training tasks.
It was concluded that dopaminergic transmission plays
a critical role in rehabilitation through the motivational
component, and enhancing motivation and reward may
be a promising strategy to improve the effectiveness of
motor recovery [14, 30].

Knowledge about dopamine is widely used in the
physical rehabilitation of patients with Parkinson’s dis-
ease [31, 32]. Patients are recommended to undergo
regular exercise programs (aerobic exercise, balance
training) as an adjunct to drug treatment. This is based
on evidence that exercise can slow the progression of
movement disorders and even increase the activity of
dopamine neurons [13]. In practice, this is achieved by
conducting physical therapy sessions during periods of
optimal drug action, when the brain has sufficient dopa-
mine levels to allow the patient to perform exercises and
learn new movements as effectively as possible.

Because dopamine is associated with the reward
system, rehabilitation methods emphasize patient moti-
vation [29]. Gamification and biofeedback are used: for
example, game-like exercises, visual and auditory signals
for successful movement, points or rewards. This stim-
ulates dopamine release and enhances motor learning.
Research supports this approach: increasing patient mo-
tivation and rewarding can indeed improve motor func-
tion recovery [30].

The search for drugs that increase the effectiveness
of physical training after neurological injuries is ongoing.
In particular, clinical trials of levodopa in patients after
stroke, combined with standard physiotherapy, have
been conducted. Some studies have shown faster and
more pronounced recovery of motor skills in those who
received levodopa in addition to rehabilitation, com-
pared with placebo. Thus, in the future, combined ap-
proaches (drugs + training) may become the standard
for improving coordination after injuries or in neurode-
generative diseases.

Bohnen N.I. & Cham R. (2006) in their scientific stud-
ies emphasized that balance disorders and falls, which
are common in patients with Parkinsonian movement
disorders, pose a serious threat to the health of these
people [21]. However, in their opinion, the underlying
mechanisms cannot be fully explained by presynaptic
dopaminergic denervation, since balance disorders at
least respond to L-dopa therapy [21]. Works describing
the effects of levodopa on motor function are funda-
mental in this field [19].

Liu C, Goel P, Kaeser PS (2021) in their works, consid-
er the subtle mechanisms by which dopamine regulates
movement, showing that dopamine signals are not al-
ways “blurry” and diffuse, but can have high spatiotem-
poral precision, which is critical for precise movement
and balance [4].

The interaction between dopamine and acetylcho-
line is also important for proper balance [11, 33]. In
the basal ganglia, these two neurotransmitters work in
close cooperation, and an imbalance between them can
lead to problems with movement and coordination [15].
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Given that an imbalance in favor of acetylcholine is asso-
ciated with Parkinson’s disease, Parkinsonism symptoms
can be reduced either by increasing dopamine levels
with dopamine-mimetic drugs or by reducing the effects
of acetylcholine with acetylcholine receptor antagonists
[8, 15]. In the striatum, the interaction between the local
intrinsic cholinergic system and dopaminergic afferents
from the substantia nigra occurs at different levels. At
the presynaptic level, dopamine tonically inhibits the
release of acetylcholine in the striatum. On the other
hand, acetylcholine can increase dopamine release in
this structure. At the postsynaptic level, acetylcholine
and dopamine can interact either in the proximal region
(perikarial and proximal dendrites) or at a more distal
level (spines of distal dendrites) of medium-sized spiny
neurons [15]. It has been shown that either dopamine or
acetylcholine can influence their own release by acting
on autoreceptors located on nigrostriatal neurons and
intrinsic cholinergic spiny neurons, respectively [8]. As a
result of these interactions, dopamine and acetylcholine
can differentially affect neuronal activation and mod-
ulate output signals from the striatum to other basal
ganglia structures. However, the situation is much more
complex [8, 15].

Studies have shown that dopamine enhances the
activity of “place cells” in the hippocampus, thereby af-
fecting spatial memory. Papers that study this interac-
tion are often published in journals devoted to cognitive
neuroscience. For example, Wert-Carvajal C., Reneaux
M., Tchumatchenko T., Clopath C. (2022) show how the
interaction of dopamine and serotonin affects spatial
learning related to rewards [14].

Studies in rodents and humans show that dopamine
depletion, as in models of Parkinson’s disease, leads to
impaired formation and stabilization of spatial maps. Re-
tailleau A., Boraud T. (2014) discuss in their article that
dopamine is key for goal-oriented navigation [12]. The
authors argue that dopamine deficiency alters the neu-
ral encoding of spatial information in the hippocampus
[12, 33].

Interesting studies show that not only a deficiency,
but also an excess of dopamine can disrupt spatial orien-
tation (the “inverted U-curve hypothesis”). For example,
Gonner L. et al. (2023) claim that, in healthy young peo-
ple, taking levodopa can impair spatial learning in new
environments [28]. Thus, scientists demonstrate that
dopamine influences the flexibility of spatial learning.
That is, dopamine affects both the physical and cognitive
aspects of balance.

Dopamine levels naturally decline with age due to a
combination of neurobiological, genetic, and environ-
mental factors [17]. This process is part of the gener-
al aging process and leads to characteristic changes in
motor function, motivation, and cognitive abilities. Bal-
ance disorders are generally considered to be a major
symptom of aging in older and senile individuals [17].
The neurobiological causes are a decrease in the num-
ber of dopamine neurons. There is a gradual loss of do-
paminergic neurons in the midbrain, especially in the
substantia nigra. With age, the number and sensitivity of
dopamine receptors (especially the D, type) on the sur-
face of neurons also decreases [6]. This means that even
if dopamine is released, its signal is perceived less ef-
fectively, which reduces the overall activity of the dopa-
mine system. The efficiency of the dopamine transporter

proteins responsible for “reuptake” it back into the neu-
ron also decreases. Thus, an imbalance in the dopamine
system generally leads to less stable and effective signal
transmission. Decreased dopamine levels in aging can
lead to apathy, a loss of interest in social interactions.
This is often mistakenly perceived as simply “senile la-
ziness.” Decreased dopamine in the basal ganglia leads
to slowed movements, reduced flexibility, and postural
instability (balance problems) [17, 20]. This is one of the
causes of falls in older adults. As we age, dopamine de-
ficiency can contribute to impaired memory, attention,
and concentration. About 30% of adults aged 65 years
and older experience balance problems or dizziness at
some point in their lives [6, 20, 34, 35].

Monitoring the biological level of dopamine plays a
crucial role in the diagnosis of neurodegenerative disor-
ders. To determine the relationship between dopamine
levels and body balance in space, an important indicator
is measuring blood dopamine levels [36]. But this is quite
a difficult task. First, its level can fluctuate greatly under
the influence of various factors (stress, physical activity,
food intake, etc.). Second, most of the dopamine in the
body is located in the brain, and circulating dopamine is
mainly produced by the adrenal glands and nerve end-
ings, unlike its role in the central nervous system [37].
The blood-brain barrier prevents the free exchange of
dopamine between the brain and the blood.

Modern research methods allow for such an analysis.
In particular, the modern development of the dynamic
molecular imaging method (PET scanning) is important,
as it allows the detection, mapping and measurement
of dopamine released in the brain during task perfor-
mance [35]. The method uses competition between en-
dogenously released dopamine and its receptor ligand
for receptor site occupancy. Dopamine released during
task performance is detected by dynamically measuring
the concentration of intravenously administered radiola-
beled ligand using a positron emission tomography cam-
era. Based on the ligand concentration, the values of the
receptor kinetic parameters are estimated. These esti-
mates allow the detection of dopamine released in the
human brain during task performance. However, such a
method cannot be widely used [37].

Nanostructured electrochemical systems are being
developed and tested as promising methods for detect-
ing dopamine [36]. This is an experimental field that is
actively developing. The systems use microscopic elec-
trodes coated with nanomaterials (graphite, gold, or
metal oxides). Such sensors have extremely high sensi-
tivity. They can detect trace concentrations of dopamine
in biological fluids, distinguishing it from other similar
molecules (for example, ascorbic acid), which previously
interfered with accurate diagnosis [36].

Monitoring of dopamine transport proteins is also
used. The dopamine transporter protein works as a
“pump” that returns dopamine to the neuron. By mea-
suring its amount using special markers, doctors can de-
termine how many living dopamine neurons remain in
the patient’s brain. A decrease in the number of these
proteins allows the diagnosis of neurodegeneration
even before the appearance of a clinical picture of a fall-
ing body [21].

To measure dopamine oscillations at millisecond in-
tervals, laboratories use a method called fast cyclic vol-
tammetry.
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This method helps to understand how a dopamine
surge helps a person take a step in time to avoid falling
when pushed [38].

Conclusions.

Dopamine is a key neurotransmitter in the motor
system. Normal function of dopamine pathways (espe-
cially the nigrostriatal) is a prerequisite for maintaining
posture and performing coordinated movements. Dopa-
mine modulates the activity of neural networks in such
a way as to ensure a balance between postural stability
and mobility — that is, it allows a person to stand up-
right without falling, but at the same time quickly initiate
movement.

Dopamine deficiency leads to pronounced postural
instability. In Parkinson’s disease, it has been established
that the loss of dopaminergic control causes serious
motor disorders — bradykinesia, rigidity and tremor. This
significantly reduces patients’ quality of life and increas-
es the risk of falls-related injury.

Postural stability depends on the dynamic balance
between the direct (via D, receptors) and indirect (via
D, receptors) motor pathways of the basal ganglia. Do-
pamine deficiency leads to hyperactivity of the indirect

DOI 10.29254/2077-4214-2026-1-180-103-115
YOK 615.825:612.015.12
CobkKo I. I., **babak C. B.

pathway, which is clinically manifested by rigidity and an
inability to balance effectively.

Chronic stress caused by full-scale war leads to hy-
peractivity of the sympatho-adrenal system and deple-
tion of dopamine resources. This provides a neurochem-
ical basis for impaired coordination and altered postural
patterns, even in young people and children.

Maintaining the functional state of the dopaminergic
system requires an integrated approach: pharmacother-
apy (levodopa, dopamine agonists), targeted physical re-
habilitation to stimulate neuroplasticity, and correction
of nutritional factors, sleep hygiene, and cortisol levels.

Prospects for further research.

Despite progress, postural instability in dopamine
deficiency remains a complex problem. Further research
should focus on studying in detail the interactions among
dopamine, cholinergic, and other neurotransmitter sys-
tems. Priority areas are the development of innovative
diagnostic tools and combined treatment strategies, in-
cluding neuromodulation methods (deep brain stimula-
tion), the use of neurotrophic factors and the implemen-
tation of high-tech rehabilitation techniques to prevent
falls and improve balance control.

PONb AOPAMIHY Y BANTAHCYBAHHI TIJ1A B NMPOCTOPI
HauioHanbHMii yHiBepcuTeT PisMUHOro BUXOBaHHA i cnopTty YKpaiHu (m. Kuis, YKpaiHa)
2HauioHanbHuUi yHiBepcuteT 060poHM YKpaiHu (m. Kuis, YKpaiHa)
s.babak.s.1234@gmail.com

lMposedeHo cucmemHull aHANI3 CYyYaCHUX HaOYKOBUX OAHUX U000 pOs1i 00 amiHy AK K/10408020 Helipomooyaamopa
y nidmpumyi nocmypansbHoi cmabinbHocmi A0OUHU, G MAKOX MexXaHiamie enaugy dodamiHepaiyHoi cucmemu
HO MOMOpPHY KOOPOUHAUi0 8 HOPMI ma npu namosio2iYyHUX CMAHAX, 30KpeMd 8 yMO8ax XPOHIYHO20 cmpecy.
BcmaHosneHo, wo 0ogamiH 8idiepae Kpumu4Hy posb y pyHKUIOHY8AHHI « MOMOpPHOI nemsi» 6a3anbHUX 2aHeaniis,
O0e yepe3 npamuli (D1-peyenmopu) ma Henpamuli (D2-peuyenmopu) waasaxu 3abe3nedvye iHiyiayito pyxy ma
asmomamuyHi nocmypassHi pegaekcu. BuseneHo, wjo oepiyum dopamiHy (npu xeopobi MapkiHcoHa, cuHOpomi
Cezasu mouwjo) npu3sodums 00 empamu 30aMHOCMI 84ACHO KOPU2Y8AMU MOAOXEHHA Mind ma po3sumky
nocmypansHoi HecmabineHocmi. OKpemy ysazy npudineHo 8Mnausy XPOHIYHO20 rcuxoemoyiliHoezo cmpecy ma
MTCP, sKi Yepe3 HelipomMOKCUYHY Oit0 KOPpMU30sy CPUYUHAIOMb «00(aMIHO8E SUCHAXEHHA», WO MaHighecmye
AK MOPYWEHHAMU X00U Ma 3HUMEHHAM cmilikocmi. Po32naHymo no3umusHull enaue snesodonu ma ¢i3uyHoi
peabinimayii Ha 8i0HOB/MEHHA PYX08UX HABUYOK Yepe3 aKmusayito cucmem 8UHa20poouU ma HeliponaacmuyHocmi.
JodamiH € cucmemHUM iHMe2pamopom, wo noe’a3ye momuaayiliHuli KOMMoHeHM i3 gizu4Horo cmabineHicmio
mina. MopyweHHA dodhamiHoB8020 2oMeocmasy 8HACMNIOOK HelipodezeHepauyii abo mpusasno2o cmpecy € OCHOBHUM
YUHHUKOM rnocmypasnsHoi HecmabineHocmi. Halibinew edhekmusHoO cmpamezieto Kopekyii MomopHuUx po31adis €
KombiHosaHuli nidxio, w0 MOEOHYE MeOUKaMeHMO3HY MiOMPUMKY i3 Yinecrnpamo8aHumMu QizudHUMU mpeHy8aHHAMU
ma KopeKuyjieto cnocoby xumms.

Karouoei cnoea: dogpamiH, nocmypansHa cmabinsHicme, pisHosaza, 6a3anbHi 2aHanii, xeopoba [llapkiHcoHa,
XpOHi4HUli cmpec, nesodona, pyxoea peabinimayis.

38’A30K AOCNIAMKEHHA 3 NNAHOBMMM HAYKOBO-A,0- Bcryn.

BanaHc Tina y npocTopi, abo noctypasnbHa piBHOBara,
— ue dyHAameHTanbHa 34aTHICTb OpraHiamy niaTpumy-
BaTM MPOEKLO LLEHTPY Macu BCepeauHi NoLli onopw.
Llei npouec He € CTaTUYHUM, BiH ABNsSiE coboto besne-
pPepBHUIA LUKN CEHCOMOTOPHOI iHTerpauii [1, 2, 3]. AnA
[OCATHEHHA CTIMKOCTI HepBOBa cucTema o6pobnae NoTik
iHpopmaUi,ii Bia TPbOX OCHOBHUX AXKepen: 30pOBOi CuCTe-

cniagHMMu pobotamu.

Pe3ynbTatv gochnigXKeHb OTPUMMaAHO aBTOpaMu npu
BMKOHaHHI HayKoBO-gocnigHoi pobotn HY®BCY (ka-
denpa meamyHoi bionorii Ta cnopTUBHOI AjeTonorii):
«BnanB eK30reHHMX Ta eHAoreHHUX GaKTopiB Ha nepe-

6ir aganTauinHUX peakui opraHiamy 4o ¢isnyHmMx Ha-
BaHTa)KeHb Pi3HOI iHTEHCUBHOCTI» (HOMep AepKaBHOI
peecTpauii 012U108187).

MU, BECTUBYNAPHOro anapaTy Ta COMaTOCEHCOPHOI CUc-
Temu (30Kpema nponpiopelentopis m’A3iB Ta cyrnobis).
Y ueHTpanbHii HepBoBil cuctemi (LUHC) uelt komnaekc
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iHpopmaL,ji cMHTe3yeTbCA, Ha OCHOBI Yoro GopmytoTb-
CA BMNepesKatodi Ta KOMMNEHCATOPHI MOTOPHI peaKuii.
KntouoBnm megiatopom, LLO MOAYNIOE Ui peakLii, € Ao-
damiH [4, 5].

AKTYanbHIiCTb UbOro AO0CNIAMKEHHA NiACUNIOETLCA
COLiaNbHO-NOMNITUYHUM KOHTEKCTOM. Y 3B’A3KYy i3 nos-
HOMaCLUTabHO POCiiCbKO-YKPaiHCbKOK BiHOO, YKpa-
THCbKe cycninbcTBO nepebyBae y CTaHi TPUBAOro, iH-
TEHCMBHOrO cTpecy. Lle npu3BoguTb A0 MUBOKMX 3MiH
y GyHKLiOHaNbHOMY CTaHi OpraHiamy Ta Ncuxiku. 3okpe-
Ma, iCHYIOTb HAyKOBi AaHi Npo cneundiyHi nopyweHHs
NOCTYpPasbHOTO KOHTPO/O Mif, BMJMBOM XPOHIYHOTO
HanpyXeHHA, WO CNOCTEPIraeTbCA HaBiTb Yy AUTAYOrO
HaceneHHA. TOCTPUI Ta XPOHIYHUI CTPEC aKTUBYE CUM-
naTo-agpeHanoBy cucTemy (peakuis «6uin abo 6ixKM»),
WO HEeMMHyYe BM/IMBAE Ha EHAOKPWUHHY perynsuito Ta
HerpoximiyHuii 6anaHc Mo3ky [6, 7]. AKWO ponb KOpTU-
30/1y Ta aApeHaniHy y CTPeCcoBMX CUTYyaLiAX BMCBITAEHA
[OCTaTHbO WMPOKO, TO pPosb fodamMiHy B KOHTEKCTi ba-
JIAHCYBAHHA Tina Ta Moro gerpajawis nig BNaAMBom Amc-
Tpecy noTpebye peTesibHOro aHanisy.

MerTta gocnigeHHs.

CUCTEMHMIA @aHANI3 Cy4aCHUX HAYKOBUX AaHUX WOA0
poni fodamiHy AK KNOYOBOro HeMpomoaynsTopa y nig-
TPUMLL NOCTYPasibHOI CTabiNbHOCTI NIOANHM, @ TAKOXK BU-
BYEHHA MeXaHi3miB BNAMBY AodaMiHepriyHoi cuctemmn
Ha MOTOPHY KOOPAMHALLIKO B HOPMI Ta NPY NATONOTIYHNX
CTaHax, 30Kpema B yMOBaX XPOHIYHOrO CTpecy.

O6’eKT i meTOAU AOCNiAXKEHHA.

Mowyk Ta aHanis npodinbHOi HaykoBoi iHPopma-
Lii 34iiCHEHO 33 AOMNOMOroH eN1eKTPOHHUX 6a3 AaHuX
PubMed, Google Scholar, Article Ta CAS. OnpauboBaHo
cyyacHi ny6nikauii, o cTocytoTbCa HellpoaHaToMmii Jo-
damiHoBux wnaxis, dpisionorii 6azanbHUX raHMIiB Ta KAi-
HiYHMX acnekTiB 4odamiHOBOI HEAOCTaTHOCTI.

OCHOBHa YacTuHa.

JodamiH BMKOHYE posib HeMpomoaynsTopa Ta rop-
MOHY 3 Fpynu KaTexonamiHiB [4]. BiH cuHTe3yeTbca y
cneundivyHMX nonynauisx HEWpOHiB, AKi CKNagatoTb
A4PO CUCTEM KOHTPO/IHO M'A30BOI aKTUBHOCTI. Bioximiu-
HUM nonepeaHuKkom AodamiHy € aMiHOKMUCIOTa TUPO-
31H. Lle BU3Ha4aE BaXK/IMBICTb aliMEHTAapHOIo YMHHMKA:
npoaykTn, barati Ha 6inok (M’Aco, puba, anua, ropixm),
a TaKkox BiTamiHm (B, B,, D) Ta mikpoenemeHTy (3aniso,
MarHi) € KPUTUYHUM [OXKEPENOM CUPOBUHU ANA Hen-
pomegiauii [5, 8]. Ocobnausy ponb Bigirpae BitamiH D,
AKNI Yepes cneumdivHi peLenTopu peryate ekcnpecito
TUPO3UHIIAPOKCUNA3M — GEPMEHTY, L0 0BMEXKYE WBUA-
KicTb cnHTe3y godaminy [9]. AediuunT 6yab-aKoro 3 umx
KOMMOHEHTIB MOXe MPU3BECTU A0 3HUKEHHA CUHTETUY-
HOT 34aTHOCTI AodamiHepriYHUX HEMPOHIB, WO KNiHIYHO
MaHidecTye NopyLIEHHAMM HAaCTPOHD, 3HUKEHHAM MOTU-
Bau,i Ta po3nagamu KoopamHau,ii [10, 11].

JodamiH He NpocTo nepesae cMrHan Bif HelMpoHa 40
HeMpOHa, BiH HANALUTOBYE YYT/IMBICTb LiNNX HEMPOHHMUX
Mepex. Moro 4acto HasMBalOTb «FOPMOHOM PafoCTi»
ab0 «ropMOHOM MepeayyTTa», OCKIZIbKU BiH € LEHTPasb-
HOO NAHKOIO CUCTEMM BUHaropoau. MpoTe HanBaxkAuBI-
wa ¢isionoriyHa ponb godpamiHy noaarae y ctumynauii
00 Aii Ta 3abe3neyeHHi N1IaBHOro nepexoay Big, Hamipy
80 ¢isnyHoro pyxy. JodamiH Kepye 3BUUKAMM, 3anex-
HOCTAMM, MPIAMWU 1 NParHeHHsAMK, Hece B cobi eHeprito
piweHb, GOKyC Uinen i TOHKe BiANYHHA 3a[0BO/IEHHSA.
Peryntoe He nuwe pyxu, ane i TOHKI CTPYHW MOTMBaLLl,
nepeabayeHHs 1 HaBYaHHA [12].

JodamiH — monekyna BuMbopy, pyxy Ta ranMbokoro
ceHcy. HayKoBi AoCnigKeHHA NOKa3ytoTb, WO perynapHi
di3nyHi BNpasu, HaBiTb NOMipHIi, 3HAYHO MNiABULLYIOTb pi-
BeHb AodaMiHy. Lle noscHIoE BigYyTTA 3a40BOJIEHHA Ta
NPUNANBY eHeprii nicna TpeHysaHHA [13].

foCcTpWin CTpec MoXKe TMMYAcoBO MigBULLYBaTWU pi-
BeHb AodaMiHy, ane XpPOHIYHUI CTPeC, HaBMaKK, MoXKe
BMCHQAXyBaTM MOro 3anacwu, Lo Npu3BoAMTb 40 anaTii Ta
3HUKEHHA MOoTMBaL,i [6]. Mpu TprMBanomy, XpOHiYHOMY
CTpeci 3pocTae piBeHb KOPTU30Y, AKUIA CTAE TOKCUYHUM
ANA HEMPOHIB | NPU3BOAUTDL A0 BUCHAKEHHS Ta Aucpery-
nAauji godamiHosoi cuctemu [14].

ARICHUI | LOCTATHIM COH € KPUTUYHO BaXKAMBUM ANA
HOpManbHOI perynauii godamiHy. HegocnnaHHA moxke
3HMXKYBATU YYTAMBICTb A0 AodamiHy i nopywysaTtu
MOro NpuMpoaHi pUTMU BUZAINEHHS, LLO NPU3BOAUTL A0
BTOMMW Ta MpuUrHiyeHoro ctaHy. MNepebyBaHHA Ha COHL
CTUMYNIOE BUPOBEHHA BiTamiHy D, AKMI BNAMBAaE Ha
cuHTe3 godamiHy. HapKOTUKMK, aIKorosib Ta HIKOTUH BU-
K/IMKAKOTb PIi3KMI | MOTYKHUIN BUMKWUA, fodamiHy, WO €
NPUYMHOLO iXHbOTro endopuyHoro edpeKkTy Ta GopmyBaH-
HA 3anexHocTti. OgHaK y A0BroCTPOKOBIN MepcneKkTuBi
Lie Np13BOAUTb A0 BUCHAXKEHHA A0daMiHOBOI cucTemum.

JenAki meanKameHTH, 0C06/1MBO Ti, LLLO BUKOPUCTOBY-
H0TbCA AN5 NiKyBaHHA aenpecii abo NCUXOTUYHUX po3Na-
AiB (aHTMAEnpecaHTn, HEMPONENTUKK), MOXKYTb BNIUBa-
TW Ha piBeHb godamiHy, 610KyouM ioro peuentopu abo
3MiHIOHOYM MEXaHi3M 3BOPOTHOIO 3axonaeHHs [8].

BueHi gocnigmMnm Ta onmncanm HelpoaHaATOMIYHYy op-
raHisauito godamiHoBux WAAxXiB. Ana po3ymiHHA mexa-
Hi3MiB 6anaHcyBaHHA Tifa BUAINAOTb YOTUPU OCHOBHI
AodaMiHepriyHi TPaKTU rON0BHOTO MO3KY:

1. HirpocTtpiapHuii wnax. LUeh wnax € Halnotyx-
Hiwmm y LHC, 3ocepeaytoumn 6am3bko 80% ycboro
Mo3KoBoro godamiHy [4]. BiH 3’eaHye YopHY cybCTaHL, 0
Ta BeHTpanbHy 06/1acTb NOKPIBAI cepeaHbOro MO3Ky 3i
cTpiaTymom. HirpoctpiapHa cuctema € A4pOM TaK 3BaHOI
«MOTOPHOI neti» 6asanbHUxX raurniie [15]. Came uewn
TPaKT BiANOBIAA€E 3a iHiyiauito pyxy Ta NiATPMMKY aB-
TOMATUYHUX NOCTypanbHUX pednekcis. PisionorivHMMm
aHTaroHictamu godamiHy B eKcTpanipamigHin cuctemi €
AUETUIXONIH Ta raMMa-amiHOMacnAHa Kucnota. 3 npu-
rHiYyeHHAM godamiHepriyHoi Nnepeaadi B HirpocTpiapHin
cuctemi (6nokagoto godamiHosmx D,-peuentopis) npw
BMKOPUCTAHHI aHTUMNCUXOTUYHMX 3acobis (HelponenTu-
KiB) MOB’A3ylOTb PO3BUTOK EKCTPanipamigHMX NobBiuHUX
edeKTiB: NapKiHCOHI3MY, ANCTOHIi, aKaTU3ii, Ni3HbOT AnC-
KiHesii [11, 13, 16].

2. Me30onimbiuHunit wnax. Uein wnsax sigommn sk
«LINAX BUHArOPOAM», BiH CNONYYa€e BEHTPasibHy 061acTb
nokpisni 3 npunernum sapom (nucleus accumbens). Y
KOHTEKCTI piBHOBaru Len WAAxX Bigirpae poab « MOTUBA-
LinnHoro ¢inbTpa». BiH peryntoe eHepreTUyHi pecypcu,
AKi OpraHiam roToBWUI BUTPATUTU HA BUKOHAHHA PyXO-
BOrO 3aBAaHHA. BUBiNbHEHHA AodamiHy TyT cnpuse nig-
KPINJIEHHIO YCMIWHWX PYXOBWX MaTepPHIB Ta HaBYaHHIO
HOBWMM HaBWYKaM banaHcyBaHHs [14, 17].

3. Me30oKopTUKanbHUI Wwaax. Llei TpaKT nos’asye
cepefHii MO30K i3 NpedpoHTa/IbHOK KOPOH BEMKUX
niskynb [10]. BiH BignoBiga€ 3a KOrHITUBHUIA KOMMOHEHT
pyXy: NnaHyBaHHA, OpMyBaHHA NOBEAIHKOBMX MPOrpam
Ta cTpaTerin NoAoNaHHA CKNAAHUX NPOCTOPOBUX YMOB
[11]. NopyweHHA y LbOMYy LWIAAXY NPU3BOAATL A0 TOrO,
O NtoANHA MOXKe MaTu i3nYHYy cuny, ane He 3aaTHa
edeKTMBHO OpraHisyBaTh pyx y npocTopi. [pu xBopobi
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MapKiHCcOHa NaToNOriA Me30KOPTUKA/IBHOTO LWAAXY FPaE
iCTOTHY posib GOopMyBaHHi NcuxivHMX nopyLeHs [10].

4. Ty6epoiHbyHamnbynapHuin wnax. Llen wnax 3’ea-
HYE rinoTanamyc i3 rinogpisom. Xo4ya BiH MEHLLIOK Mipoto
3any4yeHuin HesnocepefHbO Yy KOOpAMHALO, BiH pe-
rYNlOE piBEHb MPONAKTUHY, LLO BMJIMBAE Ha 3arajibHUi
ropmoHasibHUi ¢GOoH Ta MeTaboniam, onocepeaKoBaHO
BN/IMBAKOYM HA M'A30BUI TOHYC.

Ha noBepxHi KNiTUH € peuenTtopu godamiHy — 6inKkosi
CTPYKTYpPM, AKi 3B'A3yt0TbCA 3 4OPaMiHOM i BUK/IMKAIOTb
nesHi bionoriuHi Bignosiai. € Aekinbka TMnNiB (Dl, D, D,
D,) Ta cybTunie peuentopis fodamiHy, AKi MatloTb pisHY
YYT/MBICTb A0 NiraHAIB Ta XapaKTepu3ytoTbCA Pi3HUMMU
6ioximiuHUMM | di3ionoriyHMMM peakLiaMK KNITUH, WO
BMHMKaOTb Nicna ix akTusauii [4]. AkTusauis D -peuen-
TOopiB (Dy DS) CYNPOBOAXKYETLCA MiABULLEHHAM AKTMB-
HOCTI 4odaMiHYYTANBOI aAeHINATUMKAQ3K 3 NOAANbLINM
BMMUKaHHAM LAM®-3anexXHOro Kackagy 6ioximiuHmx
peakuin. Aktusauis D,-peuentopis (D,, D,, D,) npusso-
OUTb [0 3HUXKEHHA aKTUBHOCTI afeHinaTuMKNasum, BHy-
TPILWHBOKNITUHHOI KOHUEHTpPALi KasbLito, NPUTHIYEHHSA
BiAnoBiAHMX UAM®- i Ca2+-3a1eXHUX MeTaboniyHuX i
disionoriyHnx npouecis Ta 36yaAnBOCTI KNiTUH [8].

Y HirpocTpiapHii cuctemi godamiH peryntoe asi npo-
TWU/IEXKHI MOTOPHI CTpiapHi cuctemu. Aktmsauia D -pe-
LenTopiB y CTpiaTymi MOCW/IIOE AKTMBHICTb MPAMOrO
LWNAXY, WO Ae3iHribye Tanamyc i noserwye 3anyck pyxis.
OpnHouvacHo podamiH Yepes D,-peLentopu ranbmye Hei-
POHW HEMPAMOTO WAAXY, NOCAAbAUYN iX FaNbMiBHUA
BM/IMB Ha pyX. Y Takuit cnocib aodamiH HanalToOBYE
6anaHc MixK 36yaKEHHAM i rafibMyBaHHAM Y MOTOPHMX
Konax, 3abe3neuyoun HopmasbHy pyxamsicTb [5, 15].

Y Helpodoisionorii pyxy BUAinaTb ABi OCHOBHI NeTi
3BOPOTHOrO 3B’A3KY, AKi BU3HauYatoTb, Ym byae 3ginicHe-
HO pyX i 3 AKOIO amnAiTyaoto. Mpamuin Wnax — Le ogHa
3 IBOX OCHOBHWX CUCTEM KOHTPOJIO pyxiB y 6a3anbHUX
raHraiax. Mpamui Waax cTumyntoe abo [03BONAE 3anycK
pyxiB. AKTMBYETbCA WNAX Yepe3 AodamMiHOBI peuenTopu
tmny D,. Henpamuit wnax — ranbmye abo 610kye 3aiigi
abo HebarkaHi pyxu. OnocepeiKOBYETLCA peLenTopamm
tuny D,. Obuasa wnsaxu npautotoTtb y 6anaxci [5]. 3na-
rofeHa B3aEMOZiA LMX WAAXiB 3abe3nedye «MOTOPHY
nnasHicTb». Mpu aediunti godamiHy HenpaAMUIA WAX
CTA€ HAAMIPHO aKTUBHUM (BMHMWKAE PUTiAHICTb), @ NpA-
MW WAAX — HEAOCTAaTHLO AKTUBHUM (BMHMKAE Bpaau-
KiHe3iAa Ta He34aTHICTb BYACHO 3MIHUTM MOJIOXKEHHA TiNa
npw naginxi) [18, 19].

BueHi BMAiNAOTb €K30reHHi Ta eHAOoreHHi YNHHUKN
moaynauii godamiHy. JodamiH BUKOHYE POSb Y KOH-
Tponi noctypanbHoi ctabinbHocTi [1]. Ana nigTpuman-
HA MOCTypa/ibHOI CTabiNbHOCTI BaXXK/IMBOK € He uLle
HaABHICTb AodamiHy, a 1 cTabiNbHiCTb MOro cMHTe3y Ta
BMBI/IbHEHHA, WO 3a/1€XUTb Bif CNOCOOY KWUTTA Ta 30-
BHilWHbOro cepenosuua [4]. basanbHi raHrii pasom i3
MO304YKOM KOHTPO/IOIOTL nocTtasy [2]. basanbHi raHrmii
(cTpiaTym, 6niga Kynsa, cybcTaHuia Hirpa Towo) 6epyTb
yyacTb y NigTpMMaHHI cTinkoi nosu. MigKipkosi sapa
«BiadIiNbTPOBYOTbY Ta NiACUNIOIOTL NOTPIOHI pyxu, Npu-
rHiYytOTb 3alBi, | TUM CamMm AoMNoOMaratoTb BUKOHYBATH
NAaBHi KOOPAMHOBAHI PYXM Ta aBTOMATUYHI MOCTypasb-
Hi KopekKLuii [20]. HopmanbHuli piBeHb godamiHy B LUX
CTPYKTYpax HeobXiaHWI Ans afeKBATHOrO pearyBaHHA
Ha 3MiHM NONIOXKEHHA Tina [21].

JodamiH Mae BigHOWEHHA [0 NOCTypanbHUX
pednekcis. JocTtaTHe AodamiHOBe 3abe3neyeHHs cnpu-

A€ LWBMAKMM BUMpPABAEHHAM piBHOBArM (Hanpuknag,
pednekTopHe MOBEPHEHHA Tina B piBHOBaXKHe Mono-
YKEHHA Npu noxmTyBaHHi) [18]. JodbamiH curHanisye npo
NOMWUIKN Pyxy Ta yepe3 6asanbHi raHrnii gonomarae
BYaCHO CKopurysaTtu nosy [14].

Hacniakamu pediunty godamiHy € nopyweHHs 6a-
NaHCy aKTMBHOCTI npamoro/Henpamoro wnsxis [5].
BHacnigok rinogodamiHeprii B8 6asanbHUX Agpax BU-
HWKAE MNoOCTypasbHa HecTabiNbHICTb — BTpaAYaETHCA
HOPMa/ZbHUM  NOCTYpPanbHUN pedaeKc, 3HUKYETbCA
34aTHIicTb yTpumyBaTu pisHoBary [18]. MauieHTu i3 gedi-
LMTOM fobaMiHY CTalOTb XUTKUMMU, Y HUX 3POCTAE PU3MK
nafiHb Yepes He3AaTHICTb CBOEYACHO CKOPUryBaTK MNo-
NIOXKeHHA Tina [22, 23].

B ymoBax BOEHHOrO CTaHy TPUBANWI CTPEC CTaE A0-
MIHYHOUMM YMHHMKOM MNOpPYLIEHHA KoopauHauii. Me-
XaHi3M LbOro fiBULLA MOB’A3aHUI i3 rinepakTUBHICTIO
rinotanamo-rinogisapHo-HagHMpKoBoi oci. [MocTinHuin
BUKUZ, KOPTU30/ly YMHUTb HEMPOTOKCUYHUI BMNAMB Ha
nodamiHepriyHi HelipoHU cepeaHbOro Mo3Ky [5, 14].

Mpn TprMBanomy cCTpeci CNOCTepiraeTbCA CTaH «40-
damiHOBOro BUCHaXKeHHs». OpraHiam, nepebysatoun B
peXMMi NOCTIMHOIO OYiKyBaHHA 3arpo3n, Nepeposnogi-
NAE pecypcu, Wo NpU3BOANUTb A0 3HUMKEHHA YYTNBOCTI
aodamiHoBMx peuentopiB. KniHiYHO ue npoABnAeTbCs
AK «BaAKKiCTb» Yy HOrax, HeBMeBHEHICTb Npu xoabbi Ta
NOpYyLeHHs 34aTHOCTI A0 6anaHCyBaHHA Ha HepiBHUX
nosepxHax. [lna BeTepaHiB Ta UMBINbHUX OCib i3 noct-
TpaBMaTUYHMM cTpecoBum posnagom (MTCP) xapak-
TEepHa 3MiHa NOCTypasibHOrO NaTepHy: LEHTP macu Tina
3MiLLYETbCA, TOAi AK M'A3u-cTabinizatopu nepebysatoTb
Y CTaHi XPOHIYHOTO NepeHanpy*KeHHs, Wo napagoKcaib-
HUM YUHOM 3HUXKYE peanbHy CTiMKiCTb.

COH € KpUTUYHMM Nepiofom ANA pecuHTesy aoda-
MiHYy Ta BigHOBNEHHA YYTAMBOCTI peuenTopiB. XpOHivyHa
AenpuBaLia CHY NPU3BOAMUTL A0 Pi3KOr0 3HUMKEHHSA Kifb-
KOCTi AOCTYMNHUX DZ/D3 peuenTopiB y cTpiatymi. Lle no-
AICHIOE, YOMY nicns 6e3COHHOI HOYi KoopAMHaLis pyxisB
CYTTEBO MOTiPLUYETHCA, @ PU3MK MaLiHb 3POCTAE HABITb Y
340,0pOBUX MoNoAMX ocib. NopyLleHHA apXiTEKTYpU CHY B
YMOBax HiYHUX TpuBor besnocepesHbo 6’'e no godpami-
HOBIl cucTemi, pobaaYM NtoAMHY MOTOPHO HesrpabHoto
HACTYMHOro AHA.

HayKoBi gocniaskeHHs niaTBepaKyoTb NpAMUiA 38'A-
30K MiXK piBHeM iHconsLii (COHAYHOro CBiTNa) Ta CUHTe-
30M godamiHy. BitamiH D, wo BMpobAsETbCA Y WKipi Nig,
Jieto ynbTpadioneTy, BUCTYNae HeMpoCcTepoifom, AKui
peryntoe eKcnpecito TMPO3UHTIAPOKCUAA3N — FTOIOBHOTO
depmeHTy cuHTe3y godaminy [9, 17]. Y s3umosuii nepiog,
abo npu TpuBasomy nepebyBaHHI Y 3aKPUTUX NPUMI-
WweHHaAxX (yKpuTTax) gediunt BitamiHy D nocuntoe goda-
MiHOBY HEZOCTaTHICTb, L0 HEraTMBHO NMO3HAYAETHCA Ha
3aranbHOMY TOHYCI Ta 34aTHOCTI A0 6anaHCyBaHHA.

XBopo6a lMapKiHCOHA € KAAaCUYHUM MPUKAALOM MO-
pyweHHA 6anaHcy, noB’A3aHoOro 3 Hectaveto AodamiHy
[18]. Lie nporpecytoye HelpoaereHepaTMBHE 3aXBOPIO-
BaHHSA, MpU AKOMY BigMupatoTb AodamiHepriyHi HeM-
POHM YOpPHOI cybCTaHL,ii Ta y 6a3anbHUX raHrisx [5, 18,
24]. [ediunT godamiHy NpU3BOAUTL A0 XapaKTEPHUX
CMMMTOMIB: TPEMOP Y CMOKOI, bpaikiHesia (cnoBifibHEH
pyxu), m’A30Ba pUrigHicCTb Ta MOCTypasibHa HecTabinb-
HicTb [2, 23]. BHacAifOK OCTaHHbOI Y NALLiEHTIB 3 XBOPO-
6010 MapKiHCOHa YacTo cnocTepiraeTbcA CyTyna NoCcTaBa,
XWUTKa xoAa i nagiHHa [22, 25, 26, 27].
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€ 11 iHWi po3nagu, Nos’a3aHi 3 NOPYLIEHHSAM CUHTe-
3y godamiHy. CuHgpom TypeTTa, Xoua 1 MA€E CKNagHiLWy
eTionorito, BKAtOYAE B cebe nopyLlieHHA B poboTi goda-
MiHYy, CEPOTOHiHY Ta HOpPaApeHaniHy, WO NPOABAAETHCA
Y BUMALI MOTOPHUX i BOKaNbHUX TUKIB. [lO MOTOPHMX
TUKIB BiAHOCATb TaKi MMMOBINIbHI PYXK, AK HaNpuKnag,
KNiNaHHA 04MMa, NMOCMMUKYBAHHS FON0BOMO, NiACTPUOY-
BaHHA. BOKaNbHI TUKM: MUMOBINbHI BUFYKW, MOKaLIIO-
BaHHA, NPOYULLEHHS ropaa. CUHAPOM HECMOKIMHUX Hir
TAKOX MOXKe b6yTn nos’asaHui 3 godamiHoBUM ancba-
JTAHCOM.

CuHapom CeraBu, TaKoXK BiZOMUI AK AopaMiHOUYT-
inBa AUCTOHIA abo godamiHOo3aneKHa AUCTOHIA, — ue
pigKicHe reHeTUYHe 3axXBOPKOBAHHA, WO XapaKTepusy-
€TbCA NOPYLWEHHAMMU M’'A30BOrO TOHYCY Ta KOHTPO/IO
pyxiB. BoHO BUHMKae yepe3 aedeKkT y reHi GCH1, akui
BignoBiAaE 3a cMHTE3 fodamiHy. Y HayKoBil niTepaTypi €
[O0Ka3M NO3UTUBHOTO BNAUBY AodamiHepPriYHMX NiKiB Ha
NoKpalleHHA AMHAamiYHoro 6anaHcy. Po3naam xogum Ta
TOHYCY MOXYTb MOBHICTHO 3HUKATWU NPU NPU3HAYEHHI Ne-
Bogonu. Jleeogona (Levodopa, L-DOPA) — ue nikapcbKuit
3acib [6, 19]. BiH € nonepeaHnkom godaminy. flesogona
Aonae rematoeHuedaniyHuii 6ap’ep, e NepeTBOPIOETb-
cA Ha godamiH, KomneHcyroumn 1oro aediunT y MO3Ky.
3a3BMyYall 1eBOAONA 3aCTOCOBYETbCA B KOMbiHauji 3
iHWWMKM npenapaTamu, Hanpwuknag, Kapbigonoto, wo
Jonomarae 3meHWuTM nobiyHi edektn [19]. Nicna npu-
MoMy NneBoAONM NOAN BUTPUMYBANIN 3HAYHO CUbHILLI
NoLwToBXM NAATPOPMU, He POBAAYM KPOKiB, TOBTO MoK
KOoMMeHcyBaTu Binblly nocTypanbHy HecTabinbHicTb 6e3
BTpaTu piBHoBaru [19, 28]. Ue cBigunTb, WwWo pgodpamiH
onocepeaKoBYE BUCOKOPIBHEBI HEMPOHHI NpouecwH, Bia-
noBiganbHi 3a KOHTPOAb piBHOBarM (MMoBipHO, Yepes
CEHCOMOTOPHY iHTerpauito, iHiuiaujio/ranbMyBaHHs pe-
aKLi Ta MexaHi3aMn BUHaropogm).

[ocnigrKyBaBcAa TaKoXK BNAMB AodamiHy Ha MOTMBA-
uito i BigHOBAEHHs pyxiB nicna iHcynbTy [29]. Y 2022 p.
Ha TBapUWHHI mogeni iHcynbTy Byno A0BeAEHO, WO eH-
OOreHHU godamiH € HeobxigHMM AN ONTUMaNbHOro
BiZLHOB/IEHHA PYXOBWMX HABMYOK MiCNA ypaXKeHHA MO3KY
[30]. BnokysaHHsa D,- Ta D,-peuenTtopis y wlypis i3 iH-
CY/bTOM MOTipLyBano BiAHOBNEHHA HABMYKM XanaHHA
J1anoto i 3HMXKYBAJI0O MOTUBALLIIO TBAPUH A0 BUKOHAHHSA
TpeHyBasbHUX 3aBAaHb. byno 3po6aeHo BUCHOBOK: A0-
damiHepriyHa nepeaaya Bigirpae KPUTUYHY PONb y pea-
6iniTayii yepes MoTMBaLIMHMUIA KOMMOHEHT, | NiACUNEHHA
MOTMBaALLi Ta BUHAropogmM MoXKe CTaTu MepCcrneKTUBHO
CTpaTerielo AnA NoKpaweHHA epeKTUBHOCTI BifLHOBNEH-
HA pyxis [14, 30].

3HaHHA Npo AodamiH LMPOKO BUKOPUCTOBYHOTLCA
y $i3nyHilii peabinitauii nayieHTiB 3 xBopoboto MapkiH-
coHa [31, 32]. NaujieHTam peKoOMeHAYHTb NpPorpamu
perynapHux ¢isnyHMx Bnpas (aepobHi HaBaHTaXKEHHS,
TpeHyBaHHsA PiBHOBArM) AK LONOBHEHHA A0 MeAUKAMEH-
TO3HOrO /likyBaHHsA. Lle 6a3yeTbca Ha AaHUX, LLO BMPABK
3[aTHi CNOBINbHUTWU NPOrpecyBaHHA PyXOBUX PO31afis
Ta HaBiTb NIABULWMUTU aKTUBHICTb A0PaMiIHOBMX Helpo-
HiB [13]. MpaKTUYHO Ue peani3yeTbcAa TUM, WO 3aHATTA
NiKyBanbHOW i3KyNbTYPOIO NPOBOAATL Y Nepiogn onTu-
MasibHOI Aji NiKiB, KONM Y MO3KY AOCTaTHIl piBeHb Aoda-
MiHY, WOo6 XBOPUI Mir MakcMMabHO ePeKTUBHO BUKO-
HyBaTW BMPaBM i HABYATMUCA HOBUM PyXam.

OcKinbkun godamiH Nos’A3aHUi i3 cMCTEMOIO BUHAro-
poau, peabinitTauiiHi MeTogMKn pobasaTb akUEHT Ha Mo-
TuBaUii nauieHTa [29]. BukopuctoBytoTb reimidikaLito

Ta 6ioN0OriYHNIM 3BOPOTHUI 3B’A30K: HAaNPUKAAL, BNpaBu
y bopmi rpu, Bi3yanbHi Ta 3BYKOBi CUrHaAM Npo ycnilu-
He BMKOHaHHA pyxy, 6ann un Haropogu. Le ctumynioe
BUAINEHHA fodaMiHy i MigACMAOE NPOLEeC MOTOPHOro
HaBYyaHHA. [ocnigXeHHA NiaTPUMyoTb TakMM nigxia:
NiaBULWEHHA MOTMBALLT i HAaropoAyKeHHA NaLieHTa Ailic-
HO MOMe MOKpPaLLyBaTK BiZHOBAEHHA PyX0BUX YHKLM
[30].

TpuBalOTb MOLWYKN MEeAUKAMEHTO3HMX 3acobis, Lo
niasuWwyoTb ePeKTUBHICTb Pi3MYHUX TpeHyBaHb MnicaA
HEBPOJIOTNiYHNX TPaBM. 30Kpema, NPOBOAMANCA KAiHIY-
Hi BUNpOOyBaHHA 3aCTOCYBaHHS JIeBOAOMNM Y MALEHTIB
nicna iHCy/NIbTy B NOEAHAHHI 3i cTaHAapTHO disioTepani-
€10 — AeAKi AoCNiAKeHHA NoKasanu weualle i 6inb Bu-
parkeHe BiZLHOB/MIEHHA PYXOBWX HAaBMYOK Y TUX, XTO OTPU-
MyBaB /IeBOAONY A0AATKOBO A0 peabiniTauii, nopiBHAHO
3 nnauebo. TakKUM YNHOM, Y MalibyTHBOMY KOMBIHOBaHI
niaxogn (MeguMKameHTU + TpeHyBaHHA) MOXKYTb CTaTu
CTaHOAPTOM A5 NOKPALLEHHA KOOpAUHALi nicna Tpasm
abo npu HelpoaereHepaTUBHUX XBOPOHaXx.

Bohnen N.I. & Cham R. (2006) y cBoix HayKoBWX A0-
CNigXeHHAX NiAKPecannu, Wo nopyLeHHa piBHOBaru Ta
NafiHHA, AKi € NOWMPEHMMM Y MALIEHTIB 3 NAPKIHCOHIY-
HUMMW PYXOBMMM PO3NaaMu, CTAHOBAATb CEPNO3HY 3a-
rposy ans 340poB’a unx Atogen [21]. OgHak, Ha iX AYMKY,
OCHOBHIi MeXaHi3aMu He MOXKyTb ByTK NOBHICTIO NoACHe-
Hi NpecnHanTUYHOl AodamiHepriyHow AeHepBali€to,
OCKIi/IbKM MOpYyLUEHHA PiBHOBArM NpUHAWMHI pearye Ha
Tepanito L-gonoto [21]. PoboTn, Wo onucyoTb edpeKktu
NIeBOAONM Ha pyxoBy YHKLit0, € PyHAAMEHTANIBHUMU B
uin ranysi [19].

Liu C, Goel P, Kaeser PS (2021) y cBoix poboTax po3-
rNALA0Tb TOHKI MexaHi3aMu, 3a 4ONOMOrol AKMX Aoda-
MiH PEeryite pyx, NoKasyoTb, WO A0daMiHOBI CUTrHaANK
He 33BN € «PO3MUTUMMUY Ta AUDY3IHUMU, @ MOMKYTb
MaTU BUCOKY MPOCTOPOBO-YAaCOBY TOYHICTb, WO € KpU-
TUYHUM A8 TOYHOTO pyXy Ta 6anaHcyBaHHA [4].

BaxMBUM AN NPaBUAbHOFO 6anaHCyBaHHA € TAKOXK
B3aemogis godamiHy Ta auetunxoniHy [11, 33]. VY 6a-
3a/IbHUX FAHMNIAX Wi ABa HEpOMeZaiaTopu NpaLoTb Y
TICHOMY B32aeMO3B’A3KY, | MOPYLIEHHA iXHboro 6anaHcy
MOXe MPU3BOSMTM A0 Npobnem 3 pPyxom Ta Koopam-
Hauieto [15]. BpaxoBytouu, wo aucbanaHc Ha KOPUCTb
AUETUNXONiIHY NoB’A3aHMIK 3 xBOpob6OK [MapKiHCOHa,
CUMMTOMM MNAPKIHCOHI3MY MOXHa 3MeHLWMUTHN abo wnn-
XOM MiABULLEHHA PiBHA AodamiHy 3a gonomoroto npe-
naparis, LLO iMiTyOTb A0daMiH, 26O LWNAXOM 3MEHLLEH-
HA edeKTiB aueTUIXoNiHy 3a AOMNOMOrol aHTaroHicTiB
peuenTopiB auetunxoniny [8, 15]. Y cTpiaTymi B3aemo-
4iA MiX NTOKaNbHOK BHYTPILHbOIO XONIHEPTiYHOK CUC-
Temoto Ta godamiHepriyHMmM adepeHTammn 3 YOpHOI
cybcTaHuii BiabyBaeTbcA Ha pi3HUX piBHAX. Ha npecu-
HaNTUYHOMY PiBHI A0daMiH TOHIYHO NPUTHIYYE BUBINb-
HEHHA aLeTUNXONIHY Y CTpiaTyMi. 3 iHworo 6oKy, aueTu-
JIXONiH 34aTHWUI 36iNblUYBaTV BMBIIbHEHHA A0odaMiHy B
Uit CTPYKTYpi. Ha nocTcMHanTUYHOMY PiBHI aLeTUAXONIH
Ta fodaMiH MOXKYTb B3aEMOAiATM ab0 B NPOKCUMaANbHIMN
obnacTi (nepukapianbHi Ta MPOKCMMAaNbHI AeHAPUTH),
a60 Ha 6inbll ANCTaNbHOMY PiBHI (LUMNUKKU AUCTANbHUX
OEHAPUTIB) WMNACTUX HEWPOHIB CepeaHboro pPo3mipy
[15]. Byno nokasaHo, wo abo godamiH, abo aueTuaxo-
NiH MOXYTb BM/MBATW HA BNACHE BUBIZIbHEHHA, Ai04n
Ha ayTopeLuenTopu, po3TalloBaHi BiANOBIAHO HA Hirpo-
CTpiaTa/lbHUX HEWpPOHax Ta BHYTPILLHIX XONIHEPriYHMX
LWMMACcTMX HelpoHax [8]. BHacnigoK umx B3aEMogil, o-
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bamiH Ta aLEeTUAXONIH MOXKYTb NO-Pi3HOMY BN/MBATK Ha
HeMpOHaNbHY aKTMBALLilO Ta MOAYNOBATU BUXIAHI CUrHa-
/N BifL, CTPiIaTyMy 40 iHLWMX CTPYKTYp 6a3afbHUX raHmiiB.
OfaHak, cutyauisa Habarato cknagHiwa [8, 15].

€ JoCniAXKeHHs, AKi NoKasanu, Wwo AodamiH BNANBAE
Ha NPOCTOPOBY MaM’ATb, MOCUIIOIOYM AKTUBHICTb K-
TUH Micua» y rinokamni. Po6oTu, Wo BMBYAIOTb L0 B3a-
EMOZI0, YacTo NyHAIKYHOTbCA B }KYPHANaX, NPUCBAYEHMUX
KOTHITUBHIl HelpoHayui. Hanpuknaa, Wert-Carvajal C.,
Reneaux M., Tchumatchenko T., Clopath C. (2022) noka-
3yl0Tb, AK B3aemogia AodpaMiHy Ta CEPOTOHIHY BNIMBAE
Ha MPOCTOpOBE HaBYaHHA, NOB’A3aHe 3 BMHAropodoto
[14].

JocniayKeHHA Ha rpM3yHax Ta 0AAX NOKA3yHoTh, LLO
BUCHaXeHHA AodamiHy, AK y moaenax xBopobu MapkiH-
COHa, NPU3BOAMUTbL A0 NopyLleHHsA GOpPMyBaHHA Ta cTabi-
ni3auii npoctopoBux KapT. Retailleau A., Boraud T. (2014)
B CBOIlA CTaTTi 06roBOpPIOOTH, WO A0daMiH € KNHOYOBUM
ON5 HaBirauii, opieHTOBaHOI Ha AOCATHEeHHsA meTu [12].
ABTOpPU CTBEPAKYIOTb, WO AodamiHOBUA AediumnT 3mi-
HIOE HEMPOHHE KOoAyBaHHA MPOCTOpPOBOI iHGopMaLii B
rinokamni [12, 33].

LikaBi [ocnigKeHHA MNOKasylTb, WO He Ti/IbKK
nediunT, a 1 HagMWOK AodamiHy MOXKe nopyLlyBa-
TM NPOCTOPOBY OpiEHTALil0 («rinoTesa nepeBepHYTOl
U-kpuBoi»). Hanpuknag, Gonner L. et al. (2023) y ctaTTi
CTBEPAKYIOTb, LLO Y 340POBUX MONIOAUX IHOAEN NPUMOM
N1eBoAONM MOXKe MOFipLwyBaT NPOCTOPOBE HABYAHHA B
HOBUX cepenoBumLiax [28]. OTKe, BYEHI AEMOHCTPYOTb
BNANB fodaMiHy Ha FHYYKiCTb MPOCTOPOBOrO HaBYaHHS.
TobT0, AOPamiH Mae BNAUB AK Ha Gi3UYHMIA TaK i B KOTHI-
TUBHUI acneKkTn 6banaHcyBaHHA.

3 BikOM piBeHb godamiHy NPUPOAHUM YMHOM 3HU-
JKYETbCA 4Yepe3 KombiHauilo HelpobionoriyHux, re-
HETUMYHMUX Ta 30BHIlWHIX YMHHMKIB [17]. Uen npouec €
YaCTMHOO 3arasbHOrO CTapiHHA OPraHiaMy i NPM3BOAUTD
[0 XapaKTepHUX 3MiH y pPyXoBii dyHKLii, moTMBaLii Ta
nisHaBasIbHWUX 34i6HOCTAX. 3araloM BBAXKAETHCA, LLLO MO-
pyLeHHA PiBHOBArM € OCHOBHUM CMMNTOMOM CTapiHHA Y
Ntofelt MoOXMoro Ta ctapeyoro Biky [17]. Heipobionoriu-
HUMM MPUYMHAMM € SMEHLUEHHSA KiNbKOCTI AodamiHOBUX
HeWnpoHiB. BigbyBaeTbca nocTynosa BTpaTa AodamiHep-
riYHUX HEMPOHIB y cepefHbOMY MO3KY, 0c0611MBO B YOp-
Hii cybCTaHL,ii. 3 BIKOM TaKOXK 3MEHLLYETbCA KiNbKICTb Ta
uyTAmnBICTb AodamiHoBMX peuenTopis (ocobamnso D,-Tu-
ny) Ha nNoBepxHi HelpoHiB [6]. Lle o3Hayae, Wo HaBiTb
AKLWO AodaMiH BUAINAETHCA, MOFO CUTHAN CMPUIAMAETbCA
MeHLW ePeKTUBHO, WO 3HUKYE 3arasibHy aKTUBHICTb [0-
bamiHoBOI cucTteMun. TaKOXK 3HUNKYETbCA edEeKTUBHICTb
6inkiB-TpaHcnopTepis godamiHy, WO BignosigatoTb 3a
MNOro «3BOpPOTHE 3aXOMN/EeHHA» Ha3ag, B HEMpPOH. Takum
YMHOM, NOpYLLEHHS 6anaHcy B 40PpaMiHOBIN cucTemi 3a-
rafom Npu3BoAMTb A0 MeHW cTabinbHOI Ta epeKTUBHOT
nepegadi curHany. 3HUKEHHs piBHA AodamiHy npu cTa-
PiHHI MOKe NpPU3BOAUTU A0 anarTii, BTpaTh iHTepecy A0
couianbHOi B3aemogii. Lle yacto nomuakoBo cnpuiima-
ETbCA AK MPOCTO «CTapeya NiHb». 3MeHLWeHHA aodami-
Hy B 6a3a/IbHUX raHINiAX NPU3BOAMUTL A0 CMOBINbHEHHA
PYXiB, 3HUXEHHSA FHYYKOCTi Ta NOCTYpasnbHOI HecTabinb-
HocTi (npobnem i3 piBHoBaroto) [17, 20]. Lle € oaHieto
3 MPUYMH NagiHb y NiTHIX ntogen. 3 Bikom gediumnt go-
dbamiHy moxKe cnpusaTM NoripweHHto nam’saTi, yBaru Ta
KOHUeHTpaujii. bansbko 30% popocanx Bikom 65 pokis
i cTapwe Big4yBatoTb Npobsemu 3 piBHoBarow abo 3a-

NamopOoY€eHHs B MEBHUI MOMEHT CBOTO *UTTA [6, 20, 34,
35].

MoHiTopuHr 6ionoriyHoro piBHA godamiHy mae BuU-
pilWwanbHy poab ANA AiarHOCTUKM HEMPOAEreHepaTUBHUX
posnaais. Ans BU3HAYEHHSA 3B’A3KY piBHA godamiHy Ta
6anaHcyBaHHA Tina y NpocTopi BaXK/IMBUM MOKa3HUKOM
€ BM3HauyeHHa godamiHy y Kposi [36]. Ane ue € JocuTb
CKNagHMM 3aBAaHHAM. o-neplle, MOro piBeHb MOXe
CUNIbHO KONMBATMCA MNif BMAMBOM Pi3HUX YMHHUKIB
(cTpec, disnyHe HaBaHTaxKeHHsA, MpUom BKi Towo). A
no-apyre, 6inbwicTs AodpamiHy B OpraHiami 3HaxoguTb-
CA B MO3KY, a fobamiH, AKMIA LMPKY/IOE B KPOBI, B OC-
HOBHOMY BMPODBAAETbCA HAAHUPHUKAMMK i HEPBOBUMM
3aKiHYEHHAMM, WO BiAPI3HAETbCA Bif, MOro poni B LEH-
TpasbHili HepBOBil cuctemi [37]. lfemaToeHuUedaniuHm
6ap’ep nepeLwKoasKae BibHOMY 06MiHY AodamiHy Mix
MO3KOM i KpoB'to.

CyyacHi meToau AOCNIAMKEHHA [03BONAIOTb 3p06MU-
TW TaKWI aHani3. 30Kkpema, cyvacHa po3pobka metoay
AVHAMIYHOT MonekynspHoi Bisyanisauii (MET-ckaHyBaH-
HA) € Ba)K/MBOI, OCKiNIbKM BOHA [L03BOJNSE BUABAATH,
KapTyBaTu Ta BUMiptoBaTW fodaMiH, WO BUBINbHAETLCA
B MO3KY Mig, Yac BUKOHAHHA 3aBAaHHA [35]. MeToga Bu-
KOPWCTOBYE KOHKYPEHLLIHO MiXK eHA0reHHO BUBIZIbHEHUM
AodamiHOM Ta Moro peuenTopHUM NiraHAOM 3a 3aliHA-
TICTb peuenTopHUX AiNAaHOK. JodamiH, Lo BUBINbHAETL-
€A Nif, Yac BUKOHAHHA 3aBAaHHA, BUABNAETLCA LUIAXOM
OVHAMIYHOrO BUMIipPtOBaHHA KOHLLEHTPAL,ii BHYTPILWHbO-
BEHHO BBEAEHOr0 PajioaKTMBHO MIYEHOro NiraHay 3a
[0NOMOro KaMepu NO3UTPOHHO-eMiciiHOT Tomorpadii.
Ha oCcHOBI KOHUEeHTpaLi NiraHAY OLiHIOKTbHCA 3HAUYEHHSA
KiHETMYHMX NapameTpis peuenTopa. Li ouiHkM go3sona-
I0Tb BUABNATU A0daMIH, WO BMBINLHAETLCA B MO3KY /1t0-
OMHU Nig, Yac BUKOHAHHA 3aBAaHHA. Ane Takuii meTog,
HEe MOXKe MaTu LUMPOKY NPakKkTuKy [37].

Po3pobnstoTbcsa | TECTYOTbCA HAHOCTPYKTYpOBaHi
€/1eKTPOXIMIYHI CMCTeEMM AK NEepCrneKTUBHI MeToaM BU-
ABNEHHs godaminy [36]. Lle ekcnepumeHTanbHa ranysb,
AKa aKTMBHO PO3BMBAETHLCA. Y CMCTEMAX BUKOPUCTOBY-
IOTb MiKPOCKOMIYHI eneKTpoam, NoOKpUTi HAHOMaTepiana-
Mu (rpacdiT, 301010 abo okcnamn meTanis). Taki ceHcopu
MaloTb HaABWMCOKY YYTAUBICTb. BOHU MOXKYTb BUABNATU
Mi3epHi KoHUeHTpaLii godamiHy B 6ionoriyHMX pianHax,
BiAPI3HAOUM MOrO Bif iHLIMX CXOXMX MOEKYN (Hanpu-
Knagd, ackopbiHOBOI KMCNOTKM), AKi paHille 3aBarkanu
TOYHIN giarHocTumui [36].

BUKOPUCTOBYIOTb TaKOX MOHITOPUHI TPAHCMOPTHUX
6inkiB nodamiHy. Binok-TpaHcnopTep godamiHy npaLtoe
AK «Hacocy, LWo noBepTae AodaMiH Ha3azl y HEMPOH. Bu-
MipIOIOYM MOTO KiNbKicTb 3a AONOMOIOH0 cheuiasbHUX
MapKepiB, /liKapi MOXYTb BM3HAYUTU, CKIIbKU MKUBUX
AodamiHOBUX HEMPOHIB 3aIMWMNAOCA B MO3KY MaLLiEHTA.
3MeHLLEeHHS KifibKoCTi uux 6inkis A403BONSE AiarHOCTyBa-
TV HelpoaereHepauito Wwe A0 NosBU KNiHIYHOT KapTUHU
nagiHHA Tina [21].

3 MeTol BU3HAYEHHA KO/IMBaHHA godamiHy 3 iHTep-
Ba/IOM y MinicekyHau B nabopatopiax BUKOPUCTOBYOTb
METOZ, LWBUAKOI LUMKIYHOT BONIbTAMMEpPOMETPii.

Llet meToa, mAonomarae 3po3ymiti, Ak came goda-
MIiHOBMI CNiecK AONOMArae NAMHI BYAaCHO 3pobuUTK
KpOK, Wob He BnacTu npu nowTosxy [38].

BucHoBKM.

JodamiH — KioyoBUiA HelMpomeaiaTop PyXxoBOIi cuC-
Temun. HopmanbHa yHKUiA godamiHOBUX wAaxis (oco-
6/MBO HirpocTpiapHOro) € HeobxiAHOK YMOBOK ANA
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NiATPMMaHHA NO3W | BUKOHAHHA KOOPAMHOBAHMX PYXIB.
JodamiH Moayntoe aKTUBHICTb HEWPOHHUX Mepex
TaKMM 4YMHOM, W6 3abe3neunTn piBHOBAry Mix CTa-
BinbHicTIO NO3M Ta MOBINbHICTIO — TOBTO A03BONAE NtO-
OMHi CTOATN NPAMO, He NaZatoyu, ajne BOAHOYAC WBUAKO
NoYMHaTK pyX.

Oediunt nodpamiHy npusBoguTb A0 BMPANKEHOI No-
CTypanbHOI HecTabinbHoOCTi. Ha npuKknaai xsopobu Map-
KIHCOHA BCTAHOBNEHO, WO BTpata AodamiHepriyHoro
KOHTPOJIIO BUK/IMKAE CEPIMO3HI pyxoBi po3nagn — bpa-
OVKiHe3ilo, purigHicTb Ta Tpemop. Lle cyTTEBO 3HMKYE
AKICTb XKMTTA NALEHTIB i NiABULLYE PU3MK TPaBMaATU3IMY
BHACNIAOK NafiHb.

MocTypasibHa CTabiNbHICTb 3a71€XUTb Big, AWHAMIY-
Horo 6anaHcy mixk npsimum (Yepes D -peuenTtopu) Ta He-
npamum (yepes D,-peLentopn) MOTOPHUMM LUAAXAMU
6a3anbHuX raHmiie. Aediumt godamiHy npM3BoAUTb A0
rinepakTMBHOCTI HEMPAMOrO WAAXY, WO KAiHIMHO Npo-
ABNAETLCA PUTIAHICTIO Ta HE34ATHICTIO A0 edEeKTUBHOrO
6anaHcyBaHHA.

XPOHiYHMIA CTPeC, CIPUYMHEHNI NOBHOMACLITAOHOO
BillHOIO, Befie A0 rinepakTUBHOCTI CMMNATO-agpeHano-
BOi CMCTEMM Ta BUCHaXeHHA A0daMiHOBMX pecypcis.

Lle cTBOptoe HelpoximiyHe MiAFPYHTA ANA NOPYLUEHHS
KOOpAMHALT Ta 3MiHX NOCTypPanbHMUX NAaTEPHIB HaBITb Y
monoaux ocib Ta aitei.

MigTpMmka @PyHKUiOHaNbHOrO CTaHy AodamiHep-
riyHoi cuctemu noTpebye iHTerpoBaHoro niaxoay:
dapmakoTepanii (nesogona, aroHictu godaminy), ui-
necnpamoBaHoi ¢isnyHoi peabinitauii ana crumynauii
HEeMPOMNAACTUYHOCTI, @ TAKOX KOpeKLii animeHTapHuX
YMHHMUKIB, FirEHN CHY Ta KOHTPOAIO PiBHA KOPTMU30AY.

MepcnekTMBKM NOAANBLUNX AOCNIAMKEHD.

Monpu nporpec, nocTypasibHa HecTabiNbHICTb Mpu
pediumti godamiHy 3anMWwaEeTbca ckNagHo npobne-
moto. lMoadanblli HAayKOBi PO3LWYKYBaHHA MakoTb OyTH
CNPSAMOBaHi Ha AeTasibHe BMBYEHHS B3aemogii goda-
MiHOBOI, XONiHEpriYHoi Ta iHWWX HelpomeaiaToOpPHUX
cuctem. lMNpiopUTETHUMKM Hanpsmamun € po3pobka iHHO-
BaLiMHWX AiarHOCTUYHUX IHCTPYMEHTIB Ta KOMBiIHOBAHMX
CTpaTeri NiKyBaHHSA, WO BKIKOYAOTb METOAM HeWpo-
mogynauii (rboka cTUMyNALLIA MO3KY), 3aCTOCYyBaHHsA
HenpoTpodiuHMX daKTOpiB Ta BNPOBAAKEHHA BUCOKO-
TEXHONOTIYHUX peabiniTauiiHMX meToaMK AnA 3anobi-
raHHA NagiHHAM i NOKPALLEHHA KOHTPO/IIO PiBHOBArM.
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PO/Ib AOPAMIHY Y BAJIAHCYBAHHI TI/Z1IA B MPOCTOPI

Cobko I. I., ba6ak C. B.

Pe3stome. MocTypanbHa piBHOBara — Le AMHaMIYHUIN LMK CEHCOMOTOPHOI iHTerpauii, wo peryntoetbea LIHC 3a
yyacTi godpamiHy. B ymoBax noBHOMACLWITABHOI BiliHWU XPOHIYHWUIA CTPEC CMPUUNHAE HEMPOXiMiYHMIA AucbanaHc, Wwo
NopyLLYE MOTOPHUI KOHTPO/Ib HaBITb y AiTel. MeTa AoCNigKEHHA — CUCTEMHMIA aHaNi3 Cy4acCHUX HAYKOBUX AaHUX
LWoAo poni AodamiHy AK KIHOYOBOro HEMPOMOAYNATOPa Y NIATPUMLL NOCTYpPanbHOT CTabiNbHOCTI NOANHM, @ TAKOXK
BMBYEHHSA MeXxaHi3miB BNAnBy AodpamiHepriyHoi cucTemm Ha MOTOPHY KOOpAMHAL,it0 B HOPMi Ta NPW NaToNOTYHMX
CTaHax, 30Kpema B YMOBax XPOHi4HOro ctpecy. lNowyK Ta aHani3 npoodinbHOI HaykoBOi iHpopmauii 34ilMcHeHO 3a
[0MNOMOTrOI0 e/1eEKTPOHHMX 6a3 gaHux PubMed, Google Scholar, Article Ta CAS. BcTaHOBNEHO, WO NiATPMMKA PiBHO-
Barv € pe3ynbTaTOM CKNaAHOI CEHCOMOTOPHOI iHTerpauii, Ae AodamiH BUCTyNae He NPOCTO nepeaaBadyem CUrHany,
a K/IDYOBMM HaNalTOBYBAYEM YYTIMBOCTI HEMPOHHUX mepexK. Ocobansy yBary npuaifneHo BNAUBY Cy4acHUX BU-
K/IMKiB — TPMBAIOTO MCUXOEMOLLIMHOTO AMCTpecy Ta AepmBaLii CHY B yMOBax BiliHM B YKpaiHi. XpoHiyHa akTuBaLis
CMMNATO-aZpPeHanoBoi CUCTEMU NPU3BOAMUTL A0 HEMPOTOKCMYHOIO BMNIMBY KOPTU30/Y Ha AodamiHepriyHi CTPyKTy-
pu, WO CMPUUYNHSAE NOPYLLUEHHA KOOPAMHaL,ii HaBiTb ¥ 340p0BMX 0Cib. [OCNiAXKEHO POJib YOTUPLOX OCHOBHMX Aoda-
MiHepriyHMx Wwnaaxis. HirpocTpiapHUi WNAX BU3HAYEHO AK FONI0BHUI PErynAToOP iHiLiaLii pyxy, Wwo akymyntoe o 80%
MO3KoBOro fodamiHy Ta 3abe3neydye poboTy « MOTOPHOI NeTNi» 6asanbHUX raHmiiB. Me3onimbiYHMiA Ta Me30KoPTH-
KaNbHUI LWAAXM NPOAHaNi30BaHO AK CTPYKTYPW, WO BiAMNOBIAAIOTb 32 MOTMBALIMHWUIA GinbTp Ta KOrHITUBHE NaaHy-
BaHHA PYXOBOi aKTUBHOCTI, 403BO/IAOUYMN OpraHi3aMmy edeKTMBHO afanTyBaTUCh A0 CKAAAHMX NPOCTOPOBUX ymoB. [e-
TaNi30BaHO MeXaHi3m B3aEMOAIi peL.enTopis: akTMBaLia D -T1My CTUMY/IIOE «NPAMUI WAAX» ANA 3aMYCKY PYXY, TOA|
AK peuentopu D -TuNy yepes «HeNpPAMUI WAAX» raibMyOTb HebasKaHy aKTMBHICTb, 3a6e3nedytoun NNaBHICTb Ta
TOYHiCTb No3u. MNpoaHanizoBaHO HacNiAKM rinogodamiHeprii Ha NpuKnagi xsopobu MapKiHcoHa Ta cuHapomy Cera-
BW. BcTaHOBMEHO, WO AediunT meaiatopa NpM3BOAUTbL A0 AECMHXPOHI3aLii NOCTypanbHUX pedieKciB: BTpayYaeTbea
3[aTHICTb 0 BUMepeaKatoyoi KopeKL,ii No3un, BUHMKAE pUriaHicTb Ta bpaguKiHesia. Okpemy yBary npuaineHo xoni-
Ho-podamiHoBOMY BanaHcy y CTpiaTyMi: OBEAEHO, WO NOPYLIEHHSA L€l piBHOBArn € NepwonpuyMHO MOTOPHOTO
nediunTy, Wo BMMarae cneumndivyHoT KopekLii aHTaroHicTamum aueTMaxosiHy abo npekypcopamm godaminy (nesoao-
na). BuseneHo npsamy 3anexHicTb Mix piBHem AodamiHy Ta aniMeHTapPHUMU YNHHMKAMK (aMIHOKMCNOTa TUPO3UH,
BiTamiHuM rpynu B Ta D), piBHem iHconALii Ta sikicTio cHy. O6rpyHTOBAHO, WO AeNpUBaLLisi CHY Pi3KO 3HUKYE LLiNbHICTb
[obamMiHOBMX peuenTopiB y CTPiaTymi, WO NOACHIOE noripweHHA 6anaHcy nicna 6e3coHHA. TaKoXK NOKasaHo, Wo
nomipHa ¢isnyHa aKTUBHICTb € NMPUPOAHUM CTUMYNATOPOM pecuHTedy AodamiHy, Lo YNOBINbHIOE HelpoaereHe-
paTuBHi npouecu. ®apmaKkoTepanisa (n1eBogona, aroHicTn godamiHy) Ta uinecnpamoBaHa ¢isnyHa peabinitauia ann
CTUMYANALIT HeMponaacTUYHOCTI (NpiopuUTETOM € rerimidikallis) MatoTb 3aCTOCOBYBATMCb B KOMMNIEKC 414 NiATPUMKM
dyHKUioHanbHOro ctaHy godamiHepriyHoi cuctemm. MOHITOPUHT BionoriyHoro piBHA AodamiHy Mae BUpiIaNbHY
ponb ANs AiarHOCTUKKU HelpoaereHepaTMBHUX po3naais. OnNMcaHo cydyacHi meToam AiarHOCTUKM: MET-CKaHyBaHHSA,
LWBM/Ka BONbTAMMNEPOMETPIA Ta BUKOPUCTAHHA HAaHOCeHCOopiB. PoboTa nigkpecntog, wo gopamiH € iHTerpaabHUM
MeziaTopom, AKNI 06’ eaHYE GisNUHY CTIMKICTb i3 KOTHITMBHOK BMEBHEHICTHO.

Knrouosi cnoBa: godamiH, nocTypanbHa cTabinbHicTb, piBHOBara, 6asanbHi raHrii, xsopoba lMNapKiHCcoHa, Xxpo-
HiYHWI CTpec, NeBoaona, pyxoBa peabinitauin.

THE ROLE OF DOPAMINE IN BODY BALANCING IN SPACE

Sobkol. I., Babak S. V.

Abstract. Postural balance is a dynamic cycle of sensorimotor integration regulated by the CNS with the
participation of dopamine. In conditions of full-scale war, chronic stress causes neurochemicalimbalances that disrupt
motor control even in children. The purpose of the study is a systematic analysis of modern scientific data on the role
of dopamine as a key neuromodulator in maintaining human postural stability, as well as studying the mechanisms
of the influence of the dopaminergic system on motor coordination in normal and pathological conditions, in
particular under conditions of chronic stress. The search and analysis of relevant scientific information was carried
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out using electronic databases PubMed, Google Scholar, Article and CAS. It has been established that maintaining
balance is the result of complex sensorimotor integration, where dopamine is not just a signal transmitter, but a
key adjuster of the sensitivity of neural networks. Special attention is paid to the influence of modern challenges
— long-term psycho-emotional distress and sleep derivation in the conditions of the war in Ukraine. Chronic
activation of the sympatho-adrenal system leads to a neurotoxic effect of cortisol on dopaminergic structures, which
causes coordination disorders even in healthy individuals. The role of four main dopaminergic pathways has been
studied. The nigrostriatal pathway is defined as the main regulator of movement initiation, which accumulates up
to 80% of brain dopamine and ensures the operation of the «motor loop» of the basal ganglia. The mesolimbic
and mesocortical pathways have been analyzed as structures responsible for the motivational filter and cognitive
planning of motor activity, allowing the body to effectively adapt to complex spatial conditions. The mechanism of
receptor interaction has been detailed: D -type activation stimulates the «direct pathway» to initiate movement,
while D,-type receptors through the «indirect pathway» inhibit unwanted activity, ensuring smoothness and accuracy
of posture. The consequences of hypodopaminergia have been analyzed using the example of Parkinson’s disease
and Segawa syndrome. It has been established that the deficiency of the mediator leads to desynchronization of
postural reflexes: the ability to preemptively correct the posture is lost, rigidity and bradykinesia appear. Particular
attention has been paid to the choline-dopamine balance in the striatum: it has been proven that the disturbance
of this balance is the root cause of motor deficits, which requires specific correction with acetylcholine antagonists
or dopamine precursors (levodopa). A direct relationship between the level of dopamine and nutritional factors
(amino acid tyrosine, vitamins of groups B and D), the level of insolation and the quality of sleep was revealed. It
is substantiated that sleep deprivation sharply reduces the density of dopamine receptors in the striatum, which
explains the deterioration of balance after insomnia. It has also been shown that moderate physical activity is a
natural stimulator of dopamine resynthesis, which slows down neurodegenerative processes. Pharmacotherapy
(levodopa, dopamine agonists) and targeted physical rehabilitation to stimulate neuroplasticity (gamification is a
priority) should be used in combination to maintain the functional state of the dopaminergic system. Monitoring the
biological level of dopamine is crucial for the diagnosis of neurodegenerative disorders. Modern diagnostic methods
are described: PET scanning, fast voltammetry and the use of nanosensors. The work emphasizes that dopamine is
an integral mediator that links physical resilience with cognitive confidence.

Key words: dopamine, postural stability, balance, basal ganglia, Parkinson’s disease, chronic stress, levodopa,
motor rehabilitation.
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