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The review presents modern ideas about the importance of neurotransmitters for the functioning of the nervous
system. Neurotransmitters are synthesized by neurons, released into the synaptic cleft, and affect the receptors of

the postsynaptic membrane.

Neurotransmitters and neuromodulators perform a wide range of key roles in the functioning of the nervous
system, ensuring the body's physical and mental functions. Neurotransmitters exert their influence during all age

periods of human ontogenesis.

The mechanisms of action of neurotransmitters are quite complex. Physical and mental health is directly related
to the number of different neurotransmitters synthesized by neurons. Deviation from the norm causes the develop-
ment of diseases. Neurotransmitters interact with each other. The ratio of various CNS neurotransmitters is also

essential for physical and mental health.

Practically all physiological functions of different organ systems are requlated by the brain in the presence of
neurotransmitters. It also applies to the management of feelings, emotional and cognitive functions.

Scientists are constantly opening new horizons in understanding the problems of the functioning of neurotrans-
mitters. The effects of various environmental factors on the functioning of neurotransmitters and the administration
of various psychoactive drugs that change the state of consciousness due to the effect on neurotransmitters in the

central nervous system are studied.

Tools for minimally invasive, large-scale and long-term monitoring of neurotransmitters and neuromodulators

are being searched for.
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Connection of the publication with planned re-
search works.

The authors obtained the results of the research
during the research work of the National University of
Ukraine on Physical Education and Sport (Department
of Medical and Biological disciplines) on the topic: “In-
fluence of exogenous and endogenous factors on the
course of adaptive reactions of the body to the physical
exertion of various intensities” (state registration num-
ber: 012U108187).

Introduction.

Neurons are a structural and functional unit of ner-
vous tissue, the primary function of which is the trans-
mission of electrical impulses and chemical substances
(neurotransmitters). An electrical impulse spreads
across the membrane of a neuron, and the transmis-
sion of information from neuron to neuron takes place
in the synapse region. A synapse is a special connection
between neurons or a neuron and a cell of an executive
organ.

Neurotransmitters are released into the synaptic
cleft. These substances can react with specific protein
receptors of the cell membrane, which initiates a se-
qguence of biochemical reactions that cause a change in
the flow of ions through the membrane.

There are three options for the effect of a neu-
rotransmitter on the next cell:

1) excitatory neurotransmitters — lead to depolariza-
tion of the next neuron. Examples: glutamate, adrena-
line and norepinephrine;

2) inhibitory neurotransmitters — block or prevent
the further transmission of information. Examples: gam-
ma-aminobutyric acid (GABA), glycine and serotonin;

3) modulatory neurotransmitters — influence the ef-
fects of other chemical messages. These neurotransmit-
ters adjust the way cells communicate in the synapse
and can affect several neurons at the same time.

The brain can perform its functions in the presence
of neurotransmitters: this applies to the regulation of
physiological processes (pulse, breathing, sleep cycles,
digestion, appetite, muscle movement, etc.), as well as
emotional and cognitive functions.

The Americans Paul Greengard and Eric Kendel and
the Swede Arvid Karlsson, who received the Nobel Prize
(2000), made a significant contribution to the develop-
ment of neurophysiology. They confirm that memory is
related to the mechanisms of action of neurotransmit-
ters.

Neurotransmitters also play an essential role in the
prenatal period of human development [1].

An imbalance between the main neurotransmitters
causes various physical and psychological disorders [2].
Thus, excess concentrations of neurotransmitters often
cause brain diseases such as Alzheimer’s disease, de-
pression, schizophrenia, and Parkinson’s disease. On
the other hand, the release of neurotransmitters upon
induced stimulation indicates the onset of reward-
related behaviours, including food and drug addiction.
Therefore, experts believe that in order to understand
the physiological and pathological functions of neu-
rotransmitters, there is a need to develop effective tools
for monitoring their dynamics with high sensitivity and
specificity. Over the past 30 years, significant advances
in electrochemical sensors and optical probes have
opened up new opportunities for studying neurons and
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neural circuits by monitoring neurotransmitter changes
[3].

The mechanisms of action of neurotransmitters are
quite complex and not yet sufficiently studied. The re-
sults of new scientific research are constantly accumu-
lating, which requires analysing new information and its
generalization.

The aim of the study.

Describe the properties and influence of neurotrans-
mitters on the functioning of the nervous system and
the body as a whole.

Object and research methods.

A search and analysis of scientific literature was con-
ducted on the topic of the study in such databases as
PubMed and Google Scholar.

Main part.

More than 100 neurotransmitters are known today.
According to their chemical nature, they are divided into
types:

A. Neurotransmitters are amino acids.

1. Glutamate. This substance is the most common
excitatory neurotransmitter.

2. Gamma-aminobutyric acid. This substance is the
most common inhibitory neurotransmitter.

3. Glycine. It is the most common inhibitory neu-
rotransmitter of the spinal cord, although neurons of
the medulla oblongata also release it.

4. Monoamine neurotransmitters. Monoamines
are neurotransmitters and neuromodulators. All mono-
amine neurotransmitters are derivatives of aromatic
amino acids (for example, phenylalanine, tyrosine, and
tryptophan).

Classical monoamines: histamine.

Catecholamines: adrenaline, dopamine,
nephrine.

Classic tryptamines: serotonin, melatonin.

Glutamate. For the last ten years, scientists have
been researching the glutamatergic synapse using mo-
lecular biological methods to study glutamate recep-
tors and transporters, significantly enriching knowledge
about glutamate. Glutamate is synthesized from the
precursor glutamine. The enzyme glutaminase is in-
volved in this process. Next, glutamate enters the syn-
aptic vesicles provided by the vesicular glutamate trans-
porter. The action potential of the presynaptic neuron
promotes the release of glutamate into the synaptic
cleft. There are three families of ionotropic receptors
with inward cation-permeable channels (N-methyl-
D-aspartate (NMDA), a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA), and kainate). Three
groups of G protein-coupled metabotropic glutamate
receptors alter neuronal and glial excitability through G
protein subunits acting on membrane ion channels and
second messengers such as diacylglycerol and cAMP.
The brain also has glial transporters and three neuronal
glutamate transporters.

Glutamate is the most common amino acid in the
human diet. There is no evidence of brain damage in
humans from eating glutamate. By activating receptors,
endogenous glutamate may contribute to acute brain
damage after status epilepticus, cerebral ischemia, or
traumatic brain injury. It may also contribute to chronic
neurodegeneration in diseases such as amyotrophic lat-
eral sclerosis and Huntington’s chorea [4].

norepi-

Drugs affecting glutamate neurotransmission act on
glutamate receptors. Alcohol is an antagonist of NMDA
receptors. With constant alcohol consumption, NMDA
receptors are blocked, which reveals a toxic effect on
neurons. Neurons die (primarily cortical neurons of the
cerebral hemispheres), Wernicke-Korsakoff syndrome
develops, consciousness is disturbed, and the cerebel-
lum degenerates. In the case of alcohol withdrawal, a
tendency to develop seizures develops. Increased irrita-
bility, anxiety, excitement, tremors, sweating, and tachy-
cardia manifest [5].

Glutamate plays a role in cognitive functions: think-
ing, learning, and memory. The connection of the gluta-
mate level with Alzheimer’s, Parkinson’s, and dementia
was revealed.

A decrease in glutamate activity causes lethargy and
apathy. An excess leads to overstrain and death of neu-
rons (in epilepsy and neurodegenerative diseases).

Recent scientific evidence shows that many neu-
rotransmitters, particularly glutamate, control the sub-
ventricular zone, which significantly influences neuro-
genesis. Therefore, deepening knowledge about the
role of neurotransmitter systems, such as glutamate and
its transporters, in adult neurogenesis may be a valuable
tool that can be used as a neuroregenerative therapy for
brain pathologies [6].

Gamma-aminobutyric acid. The primary role of
GABA is to block unnecessary information flows and to
regulate such functions as attention, motor and emo-
tional control. Regulates brain activity to prevent anxi-
ety, irritability, seizures and depression.

GABA is present in all regions of the brain and spinal
cord. Scientists discovered the presence of GABA also
in the organs of the digestive, reproductive, respiratory
systems and the retina of the eye [2].

GABA competes with glutamate. At the same time,
GABA is a glutamate product produced in the hippocam-
pus under the action of the enzyme glutamate decar-
boxylase (GAD), and the cofactor is vitamin B_.

The balance between GABA and glutamate is essen-
tial for physical and mental health and good mood. A
low level of gamma-aminobutyric acid causes anxiety
states and depression and impairs concentration, atten-
tion, and cognitive functions [2].

GABA interacts with the GABA receptor, causing
the receptor to change shape facilitating ions’ passage
through its channel. At the same time, the excitability of
the neuron decreases.

Gamma-aminobutyric acid prevents prolonged ac-
tivation of neurons and also performs a neurotrophic
role, promoting the growth of certain neurons.

The main functions of gamma-aminobutyric acid
are:

1) regulation of motor activity,

2) regulation of memory and thinking processes,

3) anticonvulsant action,

4) blood supply to the brain, saturation of the brain
with oxygen,

5) activating effect on energy processes, stimulation
of metabolism in neurons,

6) activation of breathing activity,

7) influence on glucose utilization,

8) elimination of toxins.

During excitation (glutamate effect), a person can
experience anxiety, irritability, and insomnia. For these
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effects of glutamate, GABA exhibits an inhibitory effect
[2].

When GABA enters the body with food, additives,
and drugs, the acid enters neurons, where mitochondria
capture it. In neurons, about 1% of the substance works
as a neurotransmitter. The remaining 99% is used in mi-
tochondria during the synthesis of ATP and the break-
down of glucose.

Gamma-aminobutyric acid helps relax the body, re-
duces muscle tone, lowers heart rate, normalizes blood
pressure, increases general immunity, accelerates re-
covery after injuries, and improves libido [2].

Depressant drugs can alter consciousness. These
substances stimulate GABA synthesis and inhibit the
neurotransmitter acetylcholine synthesis in the thala-
mus and reticular formation.

A new study that interested the scientific commu-
nity was discovering a connection between a person’s
mathematical abilities and the levels of two neurotrans-
mitters in the brain — gamma-aminobutyric acid and glu-
tamate. Moreover, children with a higher level of GABA
in the left part of the brain showed higher mathematical
abilities. And those children who had a high level of glu-
tamate — low. At the same time, scientists note that for
adults, the indicators are exactly the opposite [2, 7, 8].

Glycine. Glycine inhibits the activity of alpha-moto-
neurons of the spinal cord and brainstem, neurons of
the respiratory centre, and sensory neurons of the spi-
nal cord, including those that carry nociceptive informa-
tion. Glycine performs several functions in the CNS. As
an inhibitory neurotransmitter, it is involved in process-
ing motor and sensory information that provides move-
ment, vision and hearing. It affects cognitive functions
and emotional state. This action of glycine is mediated
by the strychnine-sensitive glycine receptor, which acti-
vates inhibitory postsynaptic potentials. In some areas
of the CNS, glycine is released together with GABA [9].

Glycine is the primary neurotransmitter of many in-
hibitory interneurons in the spinal cord and brainstem,
including the nuclei of the ventral horn and motor cra-
nial nerves, the trigeminal nucleus, and the auditory
and vestibular systems; it also mediates the inhibitory
effects of some amacrine cells and cerebellar Golgi cells.
Glycine plays an essential role in intermediate metabo-
lism; for example, it is the precursor of the one-carbon
pool of folic acid intermediates that are fundamental to
many synthetic reactions [10].

Glycine modulates excitatory neurotransmission,
potentiating the action of glutamate on N-methyl-D-
aspartate (NMDA) receptors.

The various synaptic actions of glycine are medi-
ated by rapid reuptake via two sodium- and chloride-
coupled transporters located in the plasma membrane
of glial cells or presynaptic terminals, respectively. Gly-
cine transporters are becoming the main targets for the
therapy of pathological changes in synaptic function.

In many spinal cord and brainstem neurons, glycine
coexists with gamma-aminobutyric acid. GABA may in-
fluence the time profile of the postsynaptic effects of
glycine. Glycine is also a glutamate coagonist at NMDA
receptors. Studies show complex synaptic interactions
between glycine, GABA and glutamate. Autoimmune
disorders affecting the glycine receptor complex can
provoke excessive excitability of motoneurons [7, 10].

Histamine. One of the 12 main types of neurotrans-
mitters. It is significant for regulating the functioning
of neuronal synapses. Histamine affects daily rhythms.
It is responsible for controlling sleep and wakefulness
cycles. Histamine is involved in memory consolidation:
depending on the concentration of these molecules, an
event can be stored in long-term memory or quickly for-
gotten. Lack of histamine causes anxiety disorders and
increases the experience of stress.

This neurotransmitter also regulates sexual re-
sponse. A lack of histamine causes problems with reach-
ing orgasm, and excess histamine secretion can cause
premature ejaculation.

The amount of histamine production significantly af-
fects the regulation of the synthesis of other neurotrans-
mitters in the central nervous system: dopamine, ace-
tylcholine, gamma-aminobutyric acid, and glutamate.
Therefore, it is indirectly essential for such functions as
mood regulation, experiencing emotional well-being,
the concentration of attention, regulation of heart rate,
body temperature, appetite, eating behaviour and mo-
tivation. Histamine plays an important role in develop-
ing asthma, bronchospasm, allergies, multiple sclerosis,
and oedema of the mucous membrane [11].

Histamine regulates the work of the nervous, car-
diovascular, immune, digestive, and endocrine systems,
enhances adrenocorticotropin secretion by the adeno-
hypophysis, and provides thermoregulation. Histamine
is involved in inflammation and, at the same time, limits
the inflammatory reaction. It is a powerful immunoreg-
ulator and promotes embryogenesis and hematopoiesis
[12].

Adrenaline (epinephrine) is a hormone and neu-
rotransmitter produced by the adrenal glands and nerve
fibres during excitement. It increases the level of cheer-
fulness, energy and activity and causes an orientation
response and a feeling of anxiety, worry or tension, etc.
[7]. Epinephrine is part of the sympathetic nervous sys-
tem, providing the “fight or flight” response.

A small amount of adrenaline is produced in the
neurons. Adrenaline is involved in metabolism, atten-
tion, concentration, and the development of panic and
excitement. Abnormal levels of this substance cause
sleep disorders, anxiety, hypertension and reduced im-
munity [13].

Synthetic adrenaline is used as a medicine to treat:

1) cardiac arrest;

2) during eye operations: dilates the pupils;

3) septic shock: adrenaline increases blood pressure;

4) asthma: adrenaline opens the airways and reduc-
es respiratory tract spasms;

5) anaphylaxis: adrenaline relaxes the muscles of the
respiratory tract.

A low adrenaline level causes anxiety, depression,
headaches, sleep disorders, hypoglycemia, changes in
blood pressure and heart rate. A high level of adrenaline
causes hypertension, accelerated or irregular heartbeat,
excessive sweating, cold or pale skin, severe headaches,
and tremors [7, 13].

Caffeine is the world’s most widely used psychotro-
pic substance. It stimulates the central nervous system
and increases mood for a certain time. In particular, this
is because it stimulates an increase in adrenaline. But as
a result, it provokes anxiety, irritability, tachycardia, and
overexcitement [14].
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Dopamine. It is produced by dopaminergic neurons
of the ventral tegmental area and the substantia nigra
of the midbrain, and the arcuate nucleus of the hypo-
thalamus. Dopamine can produce excitatory or inhibito-
ry potentials, depending on the chemical nature of the
postsynaptic receptors. It participates in motor activity,
attention, and learning [15].

Dopamine performs various functions:

- increases the resistance of peripheral vessels;

- stimulates a-adrenoceptors, which contributes to
an increase in systolic blood pressure;

- stimulates B-adrenoceptors, which increases the
strength of heart contractions;

- increases the need for the myocardium;

- increases renal filtration in nephrons;

- high concentrations can cause narrowing of renal
vessels;

- inhibits the synthesis of aldosterone in the adrenal
glands;

- reduces the secretion of renin by the kidneys;

- inhibits peristalsis of the stomach and intestines;

- stimulates the chemoreceptors of the trigger zone
and the vomiting centre in the central nervous system.

The basal ganglia of the cerebral hemispheres, which
influence motor functions, depend on an adequate
amount of dopamine.

Dopamine deficiency impairs movement, while do-
pamine excess causes repetitive and unnecessary move-
ments. The right amount of dopamine in the brain,
particularly in the prefrontal cortex, contributes to im-
proving working memory. Deviation from the norm —
disrupts memory and also impairs attention.

Dopamine in the brain controls the flow of informa-
tion from other parts of the brain. Violations of dopa-
mine in the frontal lobes of the hemispheres lead to
decreased cognitive functions. The presence of dopa-
mine in the brain ensures the experience of pleasure.
It is released during positive emotions and stimulates
the search for pleasant activities. Food, sex, and certain
drugs also stimulate dopamine release in the brain.

Excess and deficiency of dopamine cause various
diseases, particularly Parkinson’s disease and drug ad-
diction.

Cocaine and amphetamines affect the functioning of
dopamine. Cocaine is a dopamine transporter blocker.
Amphetamine increases the concentration of dopamine
in the synaptic cleft. Because amphetamine is chemical-
ly similar to dopamine, it can enter the neuron using do-
pamine transporters, and in the neuron, amphetamine
pushes dopamine molecules out of their vesicles. In this
way, the amount of dopamine increases in the synaptic
cleft, increases the experience of pleasant feelings and
addiction [14].

Some symptoms of schizophrenia and psychosis
result from a low dopaminergic state in certain brain
areas. An increase in dopamine can cause bipolar dis-
order, so that manic states can be reduced with dopa-
mine-blocking antipsychotics. A low level of dopamine is
associated with painful symptoms, with the experience
of pain. Dopamine is involved in the control of nausea
and vomiting [16, 17].

Norepinephrine (norepinephrine) is a hormone of
the medulla of the adrenal glands and a neurotransmit-
ter. Norepinephrine is a precursor to adrenaline. It is
one of the most essential “vigilance mediators”.

Norepinephrine, like adrenaline, is produced from
the amino acid tyrosine. Norepinephrine is the prima-
ry mediator of the sympathetic nervous system. In the
brain, norepinephrine is produced by neurons in the
macula.

Functions of norepinephrine:

1) affects a-adrenoceptors;

2) exhibits a relatively strong vasoconstrictive effect;

3) participates in the regulation of blood pressure
and peripheral vascular resistance;

4) ensures implementation of the “fight or flight”
reaction;

5) in various stressful conditions, injuries, blood loss,
the level of norepinephrine in the blood increases;

6) has a stimulating effect on B-adrenoceptors of the
heart;

7) activates cardiac output.

Norepinephrine activates the central nervous sys-
tem and affects the control of a person’s general level
of motor activity. It participates in learning and memory
processes. Norepinephrine is essential for regulating
centres of biological needs and motivations (centres in
the hypothalamus and amygdala). It reduces the level
of anxiety. Norepinephrine affects emotionality (excite-
ment, pleasure from risk, joy of victory) [7].

Cocaine, amphetamine, and the synthetic drug flak-
ka activate dopamine and norepinephrine. After taking
these substances, addiction and the need to use drugs
to eliminate negative feelings are formed. Overdose
leads to agitation, paranoia, hallucinations and uncon-
trolled aggression [14].

Serotonin. In the brain, there are serotonergic neu-
rons, which are contained in 9 nuclei, mainly in the area
of the medially located nucleus of the seam. Serotonin
is also secreted by neurons of the caudate nucleus, the
shell of the lenticular nucleus, the anterior and medial
nuclei of the optic tubercle, as well as the diencephalon,
the olfactory brain, the cortex of the large hemispheres,
the amygdala, and the hypothalamus.

Some scientists (A. Amin, A. Crema, M. Vogt, B.
Twarog, J. Page et al.) believe that serotonin is localized
in the bodies of neurons (in the mitochondria). Others
believe that it is in neuroglia cells. It may be localized in
synaptic vesicles. Serotonin is found outside the central
nervous system in platelets and the cells of the mucous
membrane of the gastrointestinal tract. Today, about 15
types of serotonin receptors are known, 10 of which are
in the central nervous system.

Serotonin has a variety of effects on brain activity.
The excitatory effect of serotonin on the parasympa-
thetic nuclei of the brainstem and the limbic system was
revealed. This neurotransmitter inhibits the transmis-
sion of electrical impulses through the thalamus and
corpus callosum, etc.

Serotonin significantly affects the reflex activity of
the central nervous system. The essential role of sero-
tonin is noted in the regulation of pain sensitivity. When
its concentration decreases, the analgesic effect weak-
ens, and the frequency of pain syndromes increases.
The serotoninergic system of the brain affects thermo-
regulation and regulates sexual behavior. An increase
in the level of serotonin in the brain suppresses sexual
activity, and a decrease in it increases it.

Serotonin affects the human psyche. Its excessive
amount causes panic, and its deficiency causes depres-
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sion and even schizophrenia, manic-depressive psycho-
sis and other mental illnesses. In pain neuroses, the
presence of the highest level of serotonin has been reli-
ably found.

Researchers J. Fernstrom and R. Wurtman explained
why certain foods can have an antidepressant effect.
Usually, under stress, a person consumes carbohy-
drate food, which causes hyperglycemia and hyperin-
sulinemia. It changes the blood-brain barrier’s perme-
ability to tryptophan, a precursor to serotonin. Thus, the
synthesis of serotonin increases in the central nervous
system. Consumption of carbohydrate food contributes
to the rapid emergence of a feeling of satiety and reduc-
tion of depressive symptoms. So, scientists have shown
that bulimia and depression are caused by serotonin
deficiency.

Serotonin affects the sleep-wake cycle and initiates
REM sleep. This substance actively regulates alcohol
consumption, which increases the release of catechol-
amines and changes the concentration of opioids, which
causes a positive emotional reaction [18, 19, 20].

With the correct production of serotonin, a person
feels good, has a good mood, and shows positive com-
munication skills. Therefore, serotonin is also called the
“hormone of happiness” [21].

Stimulant drugs — ecstasy, caffeine, nicotine and
amphetamine can increase the activity of dopamine,
norepinephrine and serotonin, which support a good
mood. At first, there is an increase in mood and energy,
but later, a long-term depressive state develops [14].

Melatonin is a neurohormone of the pineal gland. At
night, the electrical activity of pinealocytes, which pro-
duce melatonin, increases and depends on the moon’s
phases. It is produced from the amino acid tryptophan
and reaches its maximum at night. Bright light inhibits
the release of melatonin, which disrupts human bio-
rhythms. At the same time, insomnia occurs, and the
function of the reproductive system, the immune sys-
tem, etc., is disturbed.

Melatonin prevents stressful conditions, premature
ageing, diseases of the respiratory system, and the de-
velopment of oncological diseases.

Scientists have discovered that neurotransmitters
also involve functions other than normal signal trans-
mission between nerve cells, such as development,
plasticity, neurodegeneration and neuroprotection. Evi-
dence shows the role of the glutamatergic, cholinergic,
dopaminergic, GABAergic, and ATP/adenosine systems
in development. Basically, it is about “new” neurotrans-
mitter functions concerning some non-traditional neu-
rotransmitters such as endocannabinoids and nitric
oxide. Expanding knowledge about the role of neu-
rotransmitters in brain functions is essential for a more
thorough understanding of the brain’s functional organ-
isation and the search for new therapeutic approaches
to minimise neuronal death [22].

Acetylcholine. It is the acetic acid ester of choline
A. Acetylcholine is an excitatory neurotransmitter that
ensures the performance of the functions of the central
nervous system and the peripheral nervous system. It
regulates heart rate, blood pressure, intestinal motil-
ity, and muscle contraction. It is involved in motivation,
sexual desire, and the sleep-wake cycle. Acetylcholine
ensures neurogenesis of the cerebral cortex and corti-
cal functions. It regulates cerebral blood circulation and

cognitive activity processes, learning and memorization.
Therefore, acetylcholine is considered the main neu-
rotransmitter of learning, thinking and memory. Vitamin
B, is needed for the formation of acetylcholine.

An imbalance in acetylcholine levels causes health
problems, including Alzheimer’s disease and muscle
spasms. The basal cholinergic neurons of the brain influ-
ence the cerebral cortex and hippocampus. With age-
ing, these neurons degenerate, so scientists associate
memory disorders in older people with cholinergic dys-
function.

Nicotine acts on acetylcholine receptors in the brain
and curare and muscarine poisons —in muscles. Depres-
sant drugs, including alcohol, barbiturates, and benzo-
diazepines, suppress consciousness by stimulating the
neurotransmitter GABA synthesis and inhibiting the
neurotransmitter acetylcholine’s production.

An enkephalin-endorphin system in the body turns
on “internal reward” — in the form of pleasant sensa-
tions when achieving a goal, during sex, eating, etc.

Endorphins are a group of polypeptide chemical
compounds similar to opiates. They are synthesized
by brain neurons. These neurotransmitters inhibit the
transmission of pain signals and create a feeling of eu-
phoria. The pineal gland produces them.

The enkephalin-endorphin system normalizes blood
pressure, breathing rate, and functioning of the kidneys
and organs of the digestive system, accelerates the re-
generation of damaged tissues, etc.

Endorphins are released by stress, long-term loads,
and injuries to reduce pain sensations. A person can
stimulate the release of endorphins by consuming cer-
tain products (chilli pepper, bitter chocolate), listening
to good music, long-term physical exertion, experienc-
ing pleasant emotions, sex. Endorphin molecules bind
to the opioid receptors of the neuron membrane, which
transforms the receptor and a cascade of biochemical
reactions is triggered in the cell, such as blocking the
transmission of a nerve impulse. The feeling of pain is
inhibited [7].

Opioids — codeine, opium, morphine and heroin —
can interact with opioid receptors. As a result, they have
an analgesic effect and cause euphoria [14].

In general, psychoactive drugs can have a different
mechanism of action. Some agonists mimic the work of
a neurotransmitter. Other drugs block the effect of the
neurotransmitter. These are antagonists. The third is to
block the reverse movement of neurotransmitters in the
synapse.

Among the new studies of neurotransmitters is the
discovery by scientists of certain substances that par-
ticipate in neurotransmission. In particular, these are
Nitric oxide (NO) and endocannabinoid signals in the
brain, which do not fit the classical neurotransmission
criteria. Therefore, they were classified as atypical neu-
rotransmitters. Postsynaptic neurons synthesise and
release these transmitters on demand and can act as
a retrograde messenger at the presynaptic terminal,
modulating neurotransmitter release. Nitric oxide (ll)
can transfer information in chemical synapses not only
from the presynaptic neuron to the postsynaptic neuron
through specialised transmembrane cell receptors but
also vice versa. In addition, it does not require special
transmembrane receptors. Nitrogen oxide (ll), due to its
high solubility and permeability, can transmit informa-
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tion between several closely located neurons simultane-
ously [23].

Research on neurotransmitters and neuromodu-
lators continues today. The problem of studying this
issue is related to the lack of in vivo tools for tracking
with high spatio-temporal resolution. Modern research
aims to develop a platform that will provide minimally
invasive, large-scale and long-term monitoring of neu-
rotransmitters and neuromodulators with high sensitiv-
ity, molecular specificity and high spatio-temporal reso-
lution [2, 24].

The rapid development of civilization brings new
factors into people’s lives that affect the body. Today, a
special place is occupied by electromagnetic radiation,
which has become a significant new source of pollution
on the planet. Neurons become a target for electromag-
netic radiation. Scientists are focusing their research in-
terests on this issue, including studying the metabolism
and transport of neurotransmitters [25].

Conclusions.

Neurotransmitters and neuromodulators perform a
wide range of key roles in the functioning of the ner-
vous system, ensuring the body’s physical and mental
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functions. Neurotransmitters exert their influence on
the body in all periods of ontogenesis. The mechanisms
of action of neurotransmitters are quite complex. Neu-
rotransmitters interact with each other. Physical and
mental health is directly related to the number of dif-
ferent neurotransmitters synthesized by neurons. Devia-
tion from the norm causes the development of diseases.

Scientists are constantly opening new horizons in
understanding the problems of the functioning of neu-
rotransmitters. It also applies to the study of the effect
of various environmental factors on the functioning of
neurotransmitters and the administration of various
psychoactive drugs that change the state of conscious-
ness due to the impact on neurotransmitters in the cen-
tral nervous system.

Tools for minimally invasive, large-scale and long-
term monitoring of neurotransmitters and neuromodu-
lators are being searched for.

Prospects for further research.

To investigate the influence of neurotransmitters on
the development of anxiety disorders and post-traumat-
ic syndromes.
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B 02n140i npedcmaesneHi cyvyacHi ysaesneHHA npo 3HayeHHA Helipomediamopis (HelipompaHcmimepis) 014
(PYHKYiOHYBAHHA Hepeoeoi cucmemu. Helipomediamopu cuHme3syromecs HelipoHamu, 8UdinfAMsCA 8 CUHANMUYHY
WinuHy, 8nausardmMoe Ha peyenmopu MocmcuHanmMu4Hoi MemopaHu.

Helipomediamopu ma HelipoMoodyaamopu 8UKOHYIOMb WUPOKUL criekmp Ka4osux poneli y pyHKYiOHy8aHHI
Hepeoesoi cucmemu, AKa 3ab6e3neyvye 30iliCHEHHA Pi3uYHUX Mma MCUxiYHUX yHKYil opeaHizmy. Helipomediamopu
suAsaAAoMs ceili 8raue 8rnpooosx 8cix 8iKosux nepiodie oHMozeHe3y AOUHU.

MexaHizmu 0Oii HelipompaHcmimepie docums CKAAOHI. @i3uyHe ma rcuxiyHe 300p08°’a Mae nNpAamMull 38°A30K
i3 Kinbkicmto pizHUx Helipomediamopis, WO cuHmesyomoscsa HelipoHamu. BidxuneHHA 8i0 HOPMU CrIPUYUHIOE
po38UMOK x80p0b. HelipompaHcmimepu 83aemoditoms mixc coboro. [aa ¢izu4Ho20 ma rcuxiyHo2o 300po8’ss mae
3HAYeHHA MAaKoX i criesioHoOWeHHsA pi3Hux Helipomediamopie LIHC.

lpakmu4Ho 8ci hizionoeiyHi yHKUii pi3HUX cucmem op2aHie pe2yarmscs MO3KOM 30 HAABHOCMI
Helipomediamopis. Lle cmocyembcs MAKOXC i KepyB8aHHA No4ymmis, emouiliHux ma Ko2HImueHUX (pyHKUiL.

ByeHi nocmiliHo 8i0Kpusaroms HO8i 20pU3OHMU WOO0 PO3YMIHHA Mpobaemamuku @yHKUIOHY8AHHS
HelipompaHcmimepie. Busyaromeca 8rausu pi3HUX YUHHUKIB 00BKiNAA HA hyHKUIOHYBAHHA HelipompaHcMmimepis
ma npuliomy pi3HUX M[CUXOQKMUBHUX Mpenapamis, AKi 3MiHIOHMb cmaH ceidomocmi, 8HAcMi00K 0ii Ha

Helipomediamopu e LIHC.

Bedymbcs nowyku iHcmpymeHmie 0418 MiHIMaAsIbHO [H8A3UBHO20, WUPOKOMAcuWmMabHo20 i 00820CMpPOKOBO20

MOHIimopuHay Helipomediamopie i Helipomodynamopie.

Knrouoei cnoea: Helipomediamopu, HelipoHu, peyenmopu, Hepeosa cucmemd.

3B'A30K Ny6niKauii 3 N1aHOBMMWU HAayKOBO-A0CAIA-
HUMK poboTamu.

Pe3ynbTaT gocnigeHb OTPMMAHO aBTOpaMu Mpw
BMKOHaHHiI HayKoBo-AocnigHoi pobotn HYPBCY (kade-
Apa MeauKo-6i0NoTiYHUX gUCUMNAIH) Ha Temy: «Bnave
€K30reHHWX Ta eHaoreHHUX GpakTopis Ha nepebir agan-
TaLiMHUX peaKuilt opraHiamy o ¢isMyHux HaBaHTa-
YKeHb Pi3HOI iHTeHCcMBHOCTI» (N2 AeprkaBHOT peecTpalii:
012U108187).

Bctyn.

HelpoHu — ue cTpyKTypHO-dYHKLiOHabHA 0AUHULA
HEepBOBOI TKAHWHM, OCHOBHa GYHKLIA AKMX — Nepeaaya

€NEeKTPUYHOTO IMNYbCY Ta XIMIYHUX PEYOBUH (HeWpo-
megjiaTopie abo HelpoTpaHcmiTepiB). EnekTpuuHUIA
iMNy/IbC NOLWMPIOETLCA NO MeMbpaHi HelMpoHa, a nepe-
Aaya iHpopMmal,ii 3 HelMpoHy Ha HEMPOH BiAOYBaETLCA B
obnacTi cuHancy. CvHanc — ue cneujanbHe 3’eAHaHHSA
MiXK HeMpoHaMun abo HeMPOHOM i KNITUHO BUKOHABYO-
ro opraHy.

HelpoTpaHcmiTepy BUAINAKOTLCA B CUHANTUYHY LLi-
NnHy. Lli peqyoBUHM 34aTHI pearyBaTu 3i cneuymdiyHMmm
6inKOBMMM peLenTopamm KNiITUHHOT MeMbBpaHu, Wwo iHi-
LLitOE NOCNIA0BHICTb BiOXiMiYHMX peaKLii, AKi cnpuymHA-
I0Tb 3MiHY NOTOKIB iOHIB Yepe3 membpaHy.
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€ Tpu BapiaHTM BNMBY HelpomesiaTopa Ha HacTyn-
HY KNITUHY:

- 36y4/ MBI HEMPOTPaAHCMITEPU — NPU3BOAATL 40 Ae-
nonapusalii HacTynHoro HewmpoHy. Mpuknagu: ryta-
MaT, agpeHaniH i HopaapeHaniH;

- ra/ibMiBHi HellpomegiaTopu — 6/10KyOTb abo ne-
peLliKoaKatoTb noaanblii nepegadi iHpopmauii. Mpu-
Knagu: ramma-amiHomacnaHa kucnota (TAMK), miuuH i
CEPOTOHIH;

- MOAy/NolYi HepomeaiaTopu — BMJIMBAKOTb Ha
edeKTU iHWKMX XiMiyHMX nosigomneHb. Lli HelpoTpaHc-
MiTEPU KOPUTYIOTb CMOCIO CNiNKyBaHHA KNITUH Y CMHaM-
Ci, MOXYTb BNAMBATU Ha AEKiNbKa HEMPOHIB 0AHOYACHO.

MO030K MoKe 34ilMCHI0BaTM CBOT GYHKLLT 338 HafABHOC-
Ti HelipomMe/,iaTopiB: Lie CTOCYETbCA, K perytoBaHHA di-
3i0/10TiYHMX PYHKLIN (NyAbC, AUXAHHSA, LMKAWU CHY, TPaB-
JIEHHSR, aneTuT, pyx M’A3iB Ta iHLWE), a TAKOXK i eMOLiIAHMX
Ta KOTHITUBHUX QYHKLIMA.

3Ha4yHM BHECOK B PO3BUTOK Helpdisionorii 3pobu-
nn amepukaHui Mon lpiHrapg i Epik Kengen ta weeg
Apsig KapnccoH, Aki oTpumanu HobeniBcbKy npemito
(2000). BoHu niaTBEpPAUTM, WO Nam’aTb Nos’A3aHa i3
MexaHi3amamu gjii HempomegiaTopis.

HelpomepaiaTopu TaKoX BifirpatoTb BaXK/MBY PO/b Y
npeHaTasibHOMY nepioai Po3BUTKY NtoamHM [1].

OuncbanaHc MiXX OCHOBHWMMM HelpomeaiaTopamm
CNPUYMHIOE Pi3Hi Pi3MYHi Ta NncuxonoriyHi posnagu [2].
TaK, HaA/IMLWKOBI KOHLEHTPALLT HelipomeaiaTopis YacTo
CMPUYMNHIOIOTb 3aXBOPIOBAHHA MO3KY, TaKi, AK XBopoba
Anbureimepa, genpecis, wnsodpeHis Ta xgopoba Map-
KiHCOHa. 3 iHLWoro 60Ky, BMUBi/IbHEHHA HelipomeaiaTopis
npu iHAYKOBaHIN CTUMyAALii BKa3dye Ha BUMHUKHEHHSA
NnoBeLiHKM, NoB’A3aHOI 3 BMHAropoAoto, WO BK/OYAE
3a/1eXKHICTb Big, *Ki Ta HApKOTUKiB. Tomy ¢axiBLyi BBaXKa-
I0Tb, WO AN PO3YMiHHA ¢i3ionoriyHmnx i natonoriyHnx
bYHKUiIM HelpomegaiaTopiB, € noTpeba — po3pobuth
e(dEeKTUBHI iIHCTPYMEHTU AN MOHITOPUHTY 1X AMHAMIKM
3 BMCOKOI YYTAMBICTIO i cneumndiyHicTio. 3a octaHHi 30
POKiB 3HAYHi JOCATHEHHA B 06/1acTi €NeKTPOXiMiYHMX
OATYMKIB | ONTUYHUX 30HAIB BIAKPMAN HOBI MOXKAMBOCTI
ONA BUBYEHHA HEWPOHIB i HEMPOHHMX NaHLOrIB WAA-
XOM MOHITOPUHIY 3MiH y HelipomeaiaTopax [3].

MexaHiamu aji HelMpomegiaTopiB € AOCUTb CKNag-
HMMM | We HeaoCTaTHbO A0CAiAKEHUMU. TOCTIMHO Ha-
KOMUYYIOTbCA PE3yNbTaTV HOBMX HAaYKOBUX AOCAIAMKEHD,
wo noTtpebye aHanisy Hooi iHdopmauii Ta il y3aranb-
HEHHSA.

MeTta gocnigxeHHs.

OnuncaTy BNacTMBOCTI i BN/IMB HeMpomeaiaTopiB Ha
bYHKLiOHYBaHHA HEPBOBOI CUCTEMW Ta OpPraHiamy B Lii-
nomy.

06’eKT i meTOAM AOCNIAXKEHHA.

3 TeMu OCNiAXEeHHA NPOBenu NOLWYK Ta aHani3 Ha-
YKOBOT fliTepaTypu B Takux 6aszax gaHux, Ak PubMed i
Google Scholar.

OcHOBHa YacTuHa.

Ha cborogHi Bigommmu € 6inblie 100 HelpoTpaHc-
MiTepiB. 3a XiMiYHOI NPUPOAOIO iX NOAINATb Ha TUMK:

A. HeltpomeaiaTopy — aMiHOKUC/IOTH.

1. Fnytamar. Lis peyoBMHa € HannowmnpeHiwnm 3oy-
OXKYIOUYMM HEPOME/iaTOPOM.

2. Tamma-amiHomacnsHa Kucnora. Lis peyoBuHa €
HaMnNoLWKNPEHIWNM raibMiBHUM HEMPOMELiaTOPOM.

3. MiuuH. Lle HalinowmMpeHiWnii ranbMiBHUI HENpPO-
MeziaTop CMMHHOTO MO3KY, X04Ya BUAINAETLCA | HEMpO-
HaMW [,OBraCcToOro MO3Ky.

4. MoHoamiHu Heipomegiatopu. MoHOamiHOBK-
MW € HellpomeziaTopu i HelipomogynaTopu. Bci moHo-
aMiHOBi HelpomeziaTopu € NOXIAHUMU AaPOMATUYHMUX
aMiHOKMUCNOT (HanpuKknag — deHinanaHiHy, TMPO3uHy,
TpunTtodaHy).

KnacnyHi MOHOaMiHW: 2icmamMuH.

KaTexonaminu: adpeHaniH, dogamiH, HopadpeHa-
7iH.

KnacuyHi TpuntamiHn: cepomoHuUH, MesnamoHiH.

Fnyramar. OctaHHi 10 pokiB BYeHi npoBoanan AOo-
CNioXEHHA rNyTaMaTepriYyHOro CMHancy i3 3acTocyBaH-
HAM MONEKYNAPHO-6i0N0rYHMX METOAIB ANA BUBYEHHA
ryTaMaTHUX PeuenTopiB i TPaHCMOPTEPIB, YUM 3HAUYHO
36araTMAMCb 3HAHHA NPO ryTamart. [NyTamaTt cuHTesy-
€TbCA 3 MPEKypcopy FIoTaMiHy, B LLbOMy npoueci 6epe
yyacTb depmeHT ryTamiHasa. [lani rytamat notpanase
[0 CUHANTUYHMX BE3UKYA, WO 3ab6e3neyyeTbcs BE3UKY-
NAPHUM TpPaHCNopTepoM rayTamaTy. MNoTeHuian aii npe-
CMHANTUYHOTO HEMPOHY CNPUAE BUBIIbHEHHIO FyTama-
TY B CMHANTUYHY WiAKHY. € TPU POANHU IOHOTPOMHUX
peLenTopiB i3 BHYTPIWHIMM NPOHUKHUMU ONA KATIOHIB
KaHanamu (N-metun-D-acnaptat (NMDA), a-amiHo-3-
rigpOKCcKU-5-meTnn-4-i30KCa30/1MponioHoBa Kucnota
(AMPA) i KaiHaT). TakKoX € TpW rpynu mMeTaboTpomnHMX
ryTaMaTHUX peLenTopis, NoB’a3aHMx 3 G-6inKom, sKi
3MiHIOIOTb HEMpPOHabHY Ta MiasbHy 36yAMBICTb Yepes
cyboamHuui G-6inKa, Wo AiloTb Ha MemMbpaHHi iOHHI Ka-
Ha/M Ta BTOPUHHI MeceHaKepu, TaKi AK giaumarniuepuH
Ta ULAM®. Y MO3Ky TaKOX € FianbHi TpaHCNopTepu Ta
TPW HEMPOHHI TPAHCMOPTEPU FyTamaTy.

[nytamart ue Halbinbll nownpeHa amMiHOKMCAOTa B
XapyoBOMY paLiOHi NAUHW. Hemae KogHUX LO0Kasis
NMOLUKOAKEHHA MO3KY Y Nt0AeN BHACNiAOK BXKMBAHHA
rnyTamaTy 3 Keto. EHOOTEHHWI rayTamaT, aKTUBYHOUM
peuenTopu, Moxe CNpUATU FTOCTPOMY MOLUKOAMKEHHIO
MO3Ky Micns eninenTMYyHOro craTycy, uepebpasbHoi
iwemii abo yepenHo-Mo3KoBOi TpaBMU. Lie Takox moxke
CNPUATU XPOHIYHIl HelpoaereHepaL,ii Npu TakMX 3axBo-
prOBaHHSAX, AK BiYHMI amioTpodiyHUI cKaepos i xopes
leHTiHrTOHA [4].

MpenapaTy, WO BMAMBAOTb Ha ryTamaTHY Helpo-
TPaHCMICito, AitOTb Ha FyTamaTHI peuenTtopu. AAKOronb
€ aHTaroHictom NMDA peuentopis. Mpu nocTinHomy
BXMBaHHI ankoronto 6s0KytoTbca NMDA-peuentopu,
O BUSBAAE TOKCUYHMUIA BNANB HA HEMPOHWU. HelpoHu
TMHYTb (0COBANBO, HEMPOHW KOPW MiBKY/Ib BENMKOro
MO3KY), PO3BMBAETbCA CMHAPOM BepHike — KopcakoBa,
NOpPYLIYETbCA CBIAOMICTb, AereHepye MO30YOK. Y pasi
BiZIMiHN aNKOTOMIO0 PO3BUBAETHCA CXU/bHICTb [0 PO3BU-
TKY cyaom. MpoABAAETbCA NiABULLEHA PO34PATOBAHICTD,
BiAYYTTA TpMBOTK, 30YAKEHHS, Tpemop, NiTAMBICTb, Ta-
xikapgia [5].

[nyTamaT Bigirpae posb B KOTHITUBHUX YHKLiAX:
MMWCNEeHHi, HaB4yaHHi Ta nam’aATti. BuaBneHo 3B’A30K
piBHA rAyTamarty i3 xBopobamu Anburenmepa, MapkiH-
COHa, AeMEHLLI€t0.

3HMKEHHA aKTUBHOCTI FYyTaMaTy BUK/IMKAE MNIABICTb
Ta anarito. Haanmwok npusBoguTb A0 NepeHanpyKeH-
HA Ta 3armbeni HeWpoHiB (Npu eninencii Ta Helipoaere-
HEepPaTUBHMX 3aXBOPHOBAHHAX).

OcTaHHi HayKoBi [AaHi MOKasytTb, Wo 6arato
HelpoTpaHCMITepiB, 30Kpema, rayTamaT, KOHTPOJo-
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I0Tb CYOBEHTPUKYAAPHY 30HY, AIKA BUABNAE 3HAYHWM
BN/MB Ha HelporeHes. OTKe, NOMNHBAEHHA 3HAHb NPO
poNib HEMPOMEAIATOPHUX CUCTEM, TAKUX AK TAyTamar i
MOro TpaHcnopTepis, y JOPOCNOMY HEMPOreHesi MoXxKe
BUABUTUCA LiHHUM iHCTPYMEHTOM, AKUA MOXKHA BUKO-
PUCTOBYBATU AK HEMPOBIAHOBAIOBA/IbHY Tepanito npu
naTosioriax Mosky [6].

Famma-amiHomacnsaHa Kucnota. OcHOBHa posb
TAMK — 610KyBaHHA 3aliBMX iHGOPMALiAHMX MOTOKIB,
perynauia Takmux GyHKLilM, AK yBara, pyxoBuin Ta eMoL,in-
HWIM KOHTPO/b. Pery/toe MO3KOBY AifNIbHICTb A1A 3ano-
6iraHHA TPMBOMM, PO34PATOBAHOCTI, CYAOM Ta Aenpecii.

TAMK € y Bcix 06/1acTax rosioBHOro Ta CMMHHOTO
MO3Ky. BueHi BuaBuAn npucyTHictb TAMK TaKoX B op-
raHax TPaBHOI, CTaTeBOI, ANXANIbHOT CUCTEM, CITKIBLLi OKa
[2].

FTAMK KoHKypye 3 rnyTamatom. B Tolt e yac TAMK
€ MPOAYKTOM FNyTamarty, KM NPoAyKye ii B rinokamni
nig aieto bepmeHTy rytamataekapbokcunasu (GAD), a
KOhaKTOpPOM € BiTamiH B_.

Baxknueum € 6anaHc mixk TAMK Ta rnytamaTom, Wo
3yMOB/IOE di3YHE Ta MEeHTaNbHe 3[40pPOB’A, a TaKOX
CNpWAE rapHOMY HacTpol. HU3bKMI piBeHb ramma-
AMIHOMACNAHOI KUCNOTU BUKAMKAE TPUBOMHI CTaHU,
Aenpecito, Noripwye KOHLEHTpaLito, yBary, MopyLlye
KOTHITMBHI dyHKUIT [2].

FTAMK B3aemogie 3 TAMK-peuenTopom, B pe3ynbraTi
4Oro peLenTop 3MiHE GOpMY, LLLO CNPUAE NPOXOAKEH-
HIO iOHIB Kpi3b Moro KaHan. Mpu ubomy 36yanumsicTb
HeMpPOHA 3HUKYETbCA.

lamma-amiHoMacnsaHa KucaoTa 3anobirae Tpusanin
aKTMBALLT HEMPOHIB, @ TaKOX BUKOHYE HEMPOTPODIUHY
pPO/b, CMPUALOYM POCTY NEBHUX HEMPOHIB.

OCHOBHMMM YHKLISIMW ramMa-amiHOMacaAHa KUc-
noTa €:

1) perynsauis pyxoBoi akTUBHOCTI,

2) perynsuis npougeciB nam’sTi Ta MUCNEHHS,

3) npoTucyaomHa ais,

4) KPOBOMOCTAYaHHA MO3KY, HACUYEHHA MO3KY KMUC-
Hem,

5) aKTMBYIOUMIA BNINB HA €HEpPreTUYHi NpoLecu, CTu-
mMynauia metabonismy B HelMpoHax,

6) aKTMBaLiA ANXaNbHOI AiANbHOCTI,

7) BNAVB Ha yTWUAi3aL,io INHOKO3M,

8) BUBEAEHHSA TOKCUHIB.

MNia yac 36ya)keHHA (edeKT raytamarty) nwoguHa
MOXKE MeperKMBaTU TPUBOXKHICTb, ApPaTiBIMBICTb, 6es-
COHHA. [na umx edekTtie rnytamaty TAMK Buasnse
ranbmiBHui epekr [2].

Mpwn HagxoaxeHHi TAMK B opraHiam 3 ixeto, 4omiLu-
Kamu, NiKaMW KUC/OTa NOTPanafe B HEMPOHU, Ae 3a-
XOMIOETLCA MITOXOHAPISMWU. B HelipoHax 6an3bko 1%
pPeYOBUHM NpaLIOE AK HerpoTpaHcmiTep, pewTa 99 %
BMKOPUCTOBYETLCA B MITOXOHAPIAX Mif, Yac cnHTesy AT
i po3naay rnoKosu.

lamma-amiHoMacnsHa KMCA0Ta CnpuAe po3cnabnex-
HIO OpraHiamy, 3HUXKEHHIO M'A30BOTO TOHYCY, 3HWUNKYE
YacToTy CepLeBMX CKOpPOYeHb, CMpPUAE HOpManisauii
KPOB’AHOTO TWUCKY, MiABULLYE 3aranbHUI IMYHITET, Npu-
CKOPIOE NPOLLeCU BiAHOBNEHHA MicNA TPaBM, NOKPaALLyE
nibipo [2].

HapKoTuKkmn—pgenpecaHT 34aTHIi 3MiHIOBATU CBigo-
micTb. Ui peyoBnHn ctumyntototb cnHtes TAMK i ranb-
MYIOHOTb CUHTE3 HEMpOMeaiaTopa aLeTUAXO0iHY B Tasa-
MYyCi | peTUKynapHi popmadii.

HoBum pocnigeHHAM, WO 3aLiKaBUAO HAyKOBY
CNiNIbHOTY, CTaNo BUABNEHHA 3B'A3KY MaTeMaTUYHMUX
34i6HOCTEN NOAMHM 3 PIBHAMW B MO3KY ABOX HElipome-
[iaTopiB — raMma-amiHOMACAAHOT KUCNOTHU | rayTamarTy.
Mpuyomy AiTn, AKi manu Buwmii piseHb TAMK y nigiit
YaCTMHi MO3Ky, MPOABAANM BULLI MaTEMAaTUYHUMK 34i-
6HoCTI. A Ti 4iTW, AKI MaNn BUCOKWUI piBeHb ryTamary,
— HUM3bKi. B TOM e Yac BYeHi BiAmivatoTb, WO ANA A0-
pocnux Ntofein NOKasHUKKU € MPAMO NPOTUNEKHUMM [2,
7, 8].

MiuvH. MiUMH rabMye aKTUBHICTb asbda-moTo-
HEeWpPOHiB CMMHHOTO MO3KY i CTOBbYpa MO3Ky, HEMpPOHIB
OMXaNbHOTO LEHTPa, CEHCOPHUX HEWPOHIB CMMHHOTIO
MO3KY, B TOMY YMCAi | TUX, LLLO NPOBOAATL HOLiLLENTUBHY
iHpopmau,ito. MiLMH BUKOHYE KinbKa dyHKuiM B LHC. Ak
ranbmiBHUI HelpomegiaTop, BiH 6epe yyacTb B 06pobui
MOTOPHOI Ta CEHCOPHOI iHbOopMaLLii, wo 3abe3neyye pyx,
3ip i cnyx. BnanBae Ha KOTHITUBHI GYHKLIT Ta eMOoLuinHKI
cTaH. Lla gia riiunHy onocepenKoBYETbCA CTPUXHIH-YYT-
JIVBUM PeLLenTOPOM [iLMHY, aKTMBALLiA AKOrO CTBOPHOE
raibMiBHi MOCTCMHANTUYHI NOTeHUianun. Y AeaKuxX AinaH-
Kax LHC rniymH Buainaetoca pasom 3 TAMK [9].

MMiuMH € OCHOBHMM HelpomegiaTopom b6araTbox
rabMiBHUX iIHTEPHENPOHIB Y CMIMHHOMY MO3KY Ta CTOB-
6ypi MO3Ky, BKAHOYAOUM ALpPa BEHTPANbHOTO pory Ta
PYXOBMX YepenHux HepBsiB, A4pa TpilMyacToro HepB.a, a
TaKOX C/IYXOBOI Ta BeCTUOYNAPHOI cUCTeM; BiH TaKOX
onocepesKOBYE iHribytoui epekTv AeAKMX aMaKPUHOBUX
KNITUH | KNiTMH TonbasKi MO304Ka. [NiLmH Bigirpae Baxk-
JIUBY POJIb Y MPOMiXKHOMY MeTaboni3mi; Hanpuknaga, ue
nonepegHWK OAHOBYI/IELEBOroO My/y NMPOMIXKHUX MpPO-
AyKTiB donieBoi KNCNOTK, AKi € byHAAMEHTaAbHUMK ANA
6araTbox CUHTETMUYHMX peakuin [10].

MniuMH mopyntoe 36yanvMBy HeMpoTpaHCMicito no-
TeHUitoBaHHA Aii raytamaty Ha N-meTtun-D-acnaptat
(NMDA) peuenTopm.

Pi3Hi cMHanTW4HI Aii riLnMHY BUKAMKaHI WBUAKUM
NOBTOPHUM 3aXOMJIEHHAM 32 LOMOMOrOK ABOX HATPIN-
i XxnopuAa-3B’A3aHMX TpPaHCNOPTepiB, PO3TALUOBAHUX Y
naasMaTUyHin membpaHi rianbHUX KNiTUH abo npe-
CMHANTUMYHMUX 3aKiHYEHHAX BiAMOBiAHO. TpaHcnopTepu
rNiLMHY CTAlOTb OCHOBHMMMW MilLEHAMW NA Tepanii na-
TONOTYHMX 3MiH B CUHANTUYHIN PyHKL,T.

Y 6aratbox HelpoHax CMMHHOIO MO3KYy Ta CToBbypa
rOJIOBHOIO MO3KY MiLMH CMiBICHYE 3 raMma-amiHOMac-
NnAHo Kucnototo. TAMK morke BNAMBATM Ha YacoOBUIA
npodinb MNOCTCUHANTUYHUX edeKTIB TiunHy. [NiunH
TAKO € KOAroHictom rnytamarty Ha peuentopax NMDA.
Jocnif»eHHA NOoKasylTb CKNAAHI CMHANTUYHI B3aEMO-
Aii mixk rniumHom, TAMK i rnytamatom. AyTOiMyHHI po3-
NlaZn, WO BNNBAOTb HA KOMMIEKC peLenTopiB rMiuyuHy,
MOXYTb MPOBOKYBaTM HaAMIpHY 36yA/MBICTb MOTOHEN-
poHis [7, 10].

FictamiH. OguH 3 12 OCHOBHMX TUNIB HelMpomeaia-
TOpiB. € AyXe BaX/IMBUM ANA PeryntoBaHHA yHKL-
OHYBaHHA HEMPOHHWUX CuHanciB. licTamiH BNAMBaE Ha
0060Bi PUTMK, BiANOBIAAE 338 KOHTPOJIb LMKAIB CHY Ta
HecnaHHsA. lictamiH 6epe yyacTb y KoHconiAaLii nam’aTi:
B 3a/IeXXHOCTI BiZ, KOHLEHTpauii uux MONeKyn nogaia
MoKe 36epiraTmca y LO0BrocTPOKOBilM nam’aTti abo wema-
KO 3abyBaTunca. Hectaua rictamiHy BUK/IMKAE TPUBOMKHI
po3/1aam, NOCUOE NePEXMBAHHA CTPECY.

Lleli HelipomegiaTop peryntoe TaKoX CTaTeBy pe-
akKuito. Hectaya rictamiHy BMK/IMKae npobiemu LWoAo
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[OCATHEHHA Oprasmy, a HaA/JMLIOK CeKpeLii rictamiHy
MOKe CMPUYNHUTA NepeayacHy eAakynaLito.

KinbKicTb BUp0o61eHHSA ricTaMiHy CyTTEBO BMN/IMBAE Ha
peryntoBaHHA CUHTe3Y iHWKMX HernpomepgiaTopis B LIHC:
nodamiHy, aueTUIXoNiHY, raMMa-amMiHOMACAAHOI Kuc-
notu, rnytamaty. Tomy BiH OonocepesKOBaHO € BaXK/U-
BUM AN1A TaKUX PYHKLiN, AK: peryitoBaHHA HacTpoto, ne-
peXxunBaHHA emoLiiHoro 6aarononyyyn, KOHUEHTpaLis
yBaru, peryaioBaHHA CepLeBoro putmy, Temnepatypwu
Tina, aneTuTy, XapyoBOoi NOBeAiHKK Ta moTuBauii. licTa-
MiH BifZlirpa€ Ba*KNMBY po/ib Yy PO3BUTKY actMu, BpoHxoc-
nasmy, aneprii, po3cisHOro ckieposy, HabpAky cAM30BOI
obonoHkM [11].

lcTamiH peryntoe poboTy HEpPBOBOI, CEPLLEBO-CYANH-
HOIi, iIMYHHOI, TPaBHOI, eHAOKPUHHOI CUCTEM, MOCUIOE
CeKpeLilo aapeHOKOPTMKOTPONiHy ageHorinogisom, 3a-
6e3neuye Tepmoperynsuito. FictamiH 6epe yyacTb B 3a-
nasieHHi, B TOM e yac, 0bMerKye 3ananbHy peakLito. BiH
€ NOTYXXHUM iIMYHOPEryiaTopom, cnpuse embpioreHesy
Ta remonoesy [12].

AppeHaniH (eniHedpuH) — LLe TOPMOH i Helipome-
AiaTop, AKWI BUPOBNAETbCA HALHMPKOBMMM 3anosa-
MW Ta HEPBOBMMM BOJIOKHAMMU Nif, vac 36yasKeHHA. BiH
niaBuLye piBeHb 6aabopoCTi, eHeprii Ta aKTUBHOCTI,
BMK/IMKAE peaKL,ilo OpiEHTYBaHHA Ta BiAYyTTA TPMUBOTH,
3aHENOKOEHHA YW Hanpy*KeHHA Towo [7]. EniHedpuH €
YaCTUHOK CMMMNATUYHOT HEPBOBOT CUCTEMM, 3abe3neyye
peakduito «buiica abo 6ixKm».

B HelpoHax BMPOBNAETbCA HEBENWMKa KiNbKiCTb
agpeHaniHy. ApgpeHaniH 6epe ydyacTb B npouecax
meTaboniamy, yBaru, KOHUEHTpaLii, B PO3BUTKY NaHiKu
Ta 36yayKeHHA. AHOMaNbHI PiBHI L€l pe4OBUHU BUKAN-
KaloTb PO3/1aZN CHY, TPUBOTY, FiNEPTOHIEI Ta 3HUMKEHHA
imyHiTeTy [13].

CUHTETUYHMI afpeHaniH BUKOPUCTOBYIOTb AK NiKK
ONA NiKYBaHHA:

1) 3ynuHKK cepus;

2) Nnpu onepaL,ifax Ha o4ax: PO3LIMPIOE 3iHULL;

3) cenTMYHOro LWOKY: aApeHaniH NiaBuLLye apTepi-
ANbHUN TUCK;

4) acTMM: agpeHaniH BiKPUBAE AMXaNbHI WAAXM Ta
3MEHLUYE CYA0MU ANXANBbHUX LUNAXIB;

5) aHadinakcii: agpeHaniH poscnabnioe m’asm am-
XaNbHUX LUNAXIB.

HW3bKMA piBeHb afpeHaniHy BUKAUKAE: TPUBOTY,
Lenpecito, To/IoBHI 60ni, po3nagu cHy, rinornikemito,
3MiHM apTepiasbHOro TUCKY, YacTOTK CepLEeBUX CKOPO-
YyeHb. BUcokuii piBeHb agpeHaniHy BUKAMKAE: rinepTto-
Hilo, NpucKopeHe abo HeperynapHe cepuebuTTs, Haa-
MipHY MiTAKBICTb, XxonoAHy abo 6nigy LWKipy, CUbHI
ro/IoBHi 60ni, TpemTiHHA [7, 13].

KodeiH € HalnowunpeHiwot y CBiTi NCUXOTPOMHO
peyoBuHoto. BiH ctumyntoe LUHC, Ha neBHWi Yac nigHi-
Mag€ HacTpill, 30Kpema, Lie NoB’A3aHo i3 TUM, L0 BiH CTU-
MY/IHOE NiABULLEHHA PiBHA agpeHaniHy. Ane y nigcymky
NPOBOKYE TPMBOXKHICTb, APATIBAMBICTb, Taxikapaito, ne-
pe3byarkeHHs [14].

DodamiH. Bupobnaerbca podamiHeprivHMMKU He-
MPOHAMM BEHTPAJIbHOI TiIrMEHTa/IbHOi 30HM | YopHOI
cybcTaHLii cepeHbOro MO3Ky Ta apKyaTHOro sapa rino-
Tanamyca. JobamiH mosKe npoayKyBaTun 36yaKyrodi abo
rasibMiBHI NOTEHUiaAN, WO 3aNeXNTb BiA XiMIYHOT Npu-
pPOAM NOCTCMHANTUYHUX peuenTopis. MpuiiMmae yyacTb y
PYXOBiit aKTMBHOCTI, yBa3i, HaBYaHHi [15].

JodamiH BUKOHYE pi3Hi QyHKLI:

- niasuLLye onip nepudepinHNX cyanH;

- CTUMYJIIOE Q-afpeHOoPEeLLenToOpur, YUM CNPUAE Nia-
BULLEHHIO CUCTONIYHOTO apTepiasibHOro TUCKY;

- CTUMY/IOE B-apeHopelenTopy, Lo 36inbluye cuay
CEPLEBUIN CKOPOYEHD;

- 36inblwye NnoTpeby miokapay;

- 36iNblUYyE HUPKOBY diNbTPaLito B HEPPOHaAX;

- BEJ/INKI KOHLLEHTPAL,ii MOXYTb CMPUYNHUTY 3BYIKEH-
HA HUPKOBUX CYAMH;

- iHribye cMHTE3 aNbAOCTEPOHY B HaZHMPKOBMUX 3a-
nosax;

- 3HUXKYE CeKpeL,ito peHiHa HUpKamu;

- ra/IbMY€E NEPUCTANIBTUKY LLUYHKA | KULLKIBHUKa;

- ctumyntoe y LLHC xemopeLentopu TpUrepHoi 30HU i
6NHOBOTHOTO LIEHTPY.

basanbHi raHmii NiBKy/b BEIMKOTO MO3KY, IO BNAMK-
BalOTb Ha Pyx0Bi GYHKL,i, 3a1€XKaTb Big, aAEKBATHOI Kiflb-
KocTi godpamiHy.

Jediumt pgodamiHy nopylye pyxu, a HaA/JMLLIOK
[obamiHy BWK/AWKAE MNOBTOPHOBA/IbHI Ta HEMOTPIOHI
pyxu. MoTpibHa KinbKicTb godamiHy B MO3Ky, 30Kpe-
Ma, B npedpoHTasbHIA KOpi, CNpPUAE MOKPALLEHHIO
onepaTMBHOI Nam’ATi. BiaxnneHHsa Big HopMu — NopyLuye
nam’ATb, a TAKOXK NOTipLUyeE yBary.

JodamiH y MO3Ky KOHTPOJIOE NOTIK iHpopmau,i 3
iHWKX BigAinis mo3ky. MopyleHHs godpamiHy B n1o60BMX
YacTKax MiBKy/ib NPU3BOAATb 0 3HUMKEHHA KOTHITUBHUX
dyHKUiN. HasBHicTb AodamiHy B MO3Ky 3abe3neuye ne-
peXnBaHHA 3a40BOEHHA. BiH BuainaeTbca nig yac no-
3UTUBHUX EMOLLiM Ta CTUMYJIHOE NOLWYK NPUEMHUX BUAIB
nianbHocTi. [Ka, ceKc, NeBHI HAPKOTUKM TaKOX € CTUMY-
NATOPaMM BUBINIbHEHHA A0baMiHy B MO3KY.

Hagnvwok i gediumt godamiHy CnpuyMHIOOTb
pi3Hi 3aXBOPIOBaHHA, 30Kpema, xBopoby MapKiHcoHa Ta
HapKOMaHito.

KokaiHiamdeTamiHm BNAMBaIOTb Ha PYHKL,iOHYBAHHSA
podamiHy. KokaiH € 610KaTopom TpaHcrnopTepa
podamiHy. AmdeTamiH  NigBMLLYE  KOHLEHTpaLito
AodamiHy B CUHANTUUHIA WiAWMHI. Y 3B’A3KY i3 TUMm,
Wwo amdeTamiH 3a XiMiYHOK CTPYKTYpOlO € noAibHum
00 podamiHy, TOMy BiH MOXe MNPOHWKATU B HeWn-
POH, BMKOPUCTOBYIOUM TpaHcnoptepu godamiHy, a B
HelpoHi amdiTamiH BULLITOBXYE MONEKYAN AodamiHy
3i CBOiX Be3MKya. Y Takmx crnocib KinbkicTb godaminy
36i/bLUYIOETLCA B CUHANTUYHIN LLiNMHI, NOCUNIOE Nepe-
YKMBAHHA MPUEMHMX NOYYTTIB i 3anexKHOoCTi [14].

[JesnKi 03HaKM Wr3odpeHii Ta NCUXO3M € HAcNiAKOM
HU3bKOro A0daMiHepriYyHOro CTaHy y MNeBHUX AiNAHKaxX
MO3Ky. 36inblueHHA godamiHy MOXKe BUKAMKATU
6inoNApHUIA po3nag, TOMy MaHiaKalbHi CTaHWM MOXKHa
3MEHLUUTM 33 LOMNOMOrol aHTUMCUXOTUYHUX 3acobiB,
wo 6s0KyoTb AodamiH. HuM3bKMI piBeHb AodamiHy
NnoB’A3y0Tb 3 XBOPOHAMBMMM CUMITOMaMM, 3 Mepexn-
BaHHAM 601b0BMX BiguyTTiB. JodamiH Bepe yyactb y
KOHTpOAi HyaoTW Ta 6atoBaHHA [16, 17].

HopaapeHaniH (HopeniHedpUH) — ropMoH MO3KO-
BOI pPevyoBMHM HaAHWUPKOBUX 33103 i HellpomepaiaTop.
HopagpeHaniH € nonepegHMKoOm agpeHaniny. Lle oaHuH
3 HalMBaX/IMBILLMX «MeAiaTOPiB NUAbHYBAHHAY.

HopagpeHaniH, aK i aapeHaniH, Bupobnsetbca 3
aMiHOKMCNOTU — TMPO3MHY. HopaapeHaniH — ronoBHUM
MeAiaTop CMMMNATUYHOI HEPBOBOI CMCTEMMU. Y TONOBHO-
MYy MO3KY HOpaZpeHaniH BMPOOG/AOTb HEWPOHM, LLO
MICTATbCA B BNaKUTHI Nasami.

®yHKLUii HopeniHedpuHY:
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1) BnAMBAE Ha a-agpeHopeLenTopy;

2) BUABNAE LOCUTb CUNBbHWUIA CYAMHO3BYKYBaNbHUIA
BM/UB;

3) 6epe yyacTb B perynsuji apTepiaJibHOro TUCKY i ne-
pudepinHOro cyguMHHOro onopy;

4) 3abe3nevye peanisauito peakuii — «bulica abo
BiXKn»;

5) npu pi3HMX CTPecoBMx CTaHax, TPaBmax, KpPOBO-
BTpaTax piBeHb B KPOBi HOpaApeHaniHy NiaBULLYETHCA;

6) BUABNSE CTUMY/IIOHOYUIA BM/IMB Ha
B-agpeHopeLenTopu cepus;

7) aKTUBYE CEpLEBUIN BUKUA.

HopagpeHaniH aktusye LUHC, BuABnAae BnavB Ha
KepyBaHHA 3arasbHMM pPiBHEM PYXOBOi aKTUBHOCTI /tO-
AnHW. Bepe yyacTb y npouecax HaBYyaHHA Ta mam’sTi.
HopagpeHaniH € BaxkanBmMm 4na perynsuii LeHTpis 6io-
NOriYHUX NOoTpeb Ta MOTMBaLl (LeHTpM B rinoTanamyci
Ta MUrOANenodibHMx Tinax). 3HUNKYE PiBEHb TPUBONK-
HocTi. HopaapeHaniH BNAMBAE Ha eMoLinHicTb (a3apT,
3a0BOJIEHHA Bif, pU3KMKY, paaicTe nepemoru) [7].

KokaiH, amdiTamiH, CUHTETUYHUI HAPKOTUK BIaKKa
aKTUBYIOTb AodamiH Ta HopaapeHaniH. MNicna npuiiomis
LMX pevoBUH BigdyBaeTbca GopMyBaHHA 3aNeXKHOCTI Ta
notpeba y BXKMBaHHA HAPKOTHMKIB, LL06 No3byTuca Hera-
TUBHUX BiavyTTiB. Mepeno3yBaHHA NPU3BOANUTL A0 XBU-
JIIOBAHHA, MapaHoi, ra/itouMHaLiM Ta HEKOHTPO/IbOBAHOT
arpecii [14].

CepoTOHiH. B roNoBHOMY MO3KYy € CEPOTOHIHEpriyHi
HEeNPOHU, AKI micTATbCA B 9-TM aapax, B OCHOBHOMY B
OiNAHUj MmeaianbHO po3TawoBaHoro Agpa wsea. CepoTo-
HiH TQKOX BUAINAETbCA HEMPOHaMM: XBOCTATOro A4pa,
NYWNUHU coyeBuuenoaibHoro sapa, nepegHboOro Ta
MeZianbHOro agep 30poBoro ropba, a TaKoX NPOMIXK-
HOTO MO3KY, HIOXOBOIO MO3KY, KOPW BENNKUX MiBKY/b,
MmurganenofibHux aaep i rinotanamycy.

OpHi ByeHi (A. Amin, A. Crema, M. Vogt, B. Twarog,
J. Page et al.) BBaXKatoTb, W0 CEPOTOHIH IOKaNI3yETLCA B
Tinax HEMPOHIB (B MiTOXoHAPIAX). |HLWi — BBaXKaloTb, LLLO B
KNiTMHAX Henpornii. MoXAnBo, BiH IOKaNi3yeTbca B CU-
HaNTUYHMX Nyxupuax. MNosa LLHC cepoToHiH micTUTbCA B
TpomboumTax, Ta B KAITUHAX CIM30BOI 060NOHKM LWNYH-
KOBO-KMLUKOBOro TPakTy. Ha cborogHi Bigomo 6113bKo
15 Buais cepoToHiHOBMX peuenTopis, 10 3 aAknx 8 — LLHC.

B MO3KOBIll A4ifaNbHOCTi CEPOTOHIH BUABAAE pi3HOMa-
HITHMI BNAMB. BuABneHo 36yaMBY Ait0 CEPOTOHIHY Ha
napacMmnaTUyHi Agpa ctoBbypa MO3Ky i Ha NiMbivHy
cuctemy. Lein HelipomegiaTop ranbMye nepenady enek-
TPUYHMX IMNYNbCIB Yepes TaamycC i MO30AKCTe TiNo Ta
iH.

CepOTOHIH 3HaYHO BN/AMBAE Ha pedNeKTOPHY AiANb-
HicTb LIHC. CyTTeBa po/ib CEPOTOHIHY BiA3HaYeHa B pery-
NAuji 601b0B0T YyTANBOCTI. MPU 3HUMKEHHI MO0 KOHLLEH-
Tpauii NocnabAoeTbca aHaNbreTUUHUM edeKT, 3pocTae
YyacToTa BUHUKHEHHA 60/1b0BUX CUHAPOMIB. CepoTOHi-
HepriyHa cMCTeMa MO3Ky BMJIMBAE Ha TEPMOPETYAALLto,
peryntoe ctaTeBy NoBeAiHKY. 3pOCTaHHA PiBHA CEPOTOHI-
HY B MO3KY MpPUrHiYy€e CTaTeEBY aKTUBHICTb, @ 3HUXKEHHA
— NOCUJIIOE.

CepoTOHiH BNAMBAE Ha NCUXIKY 0AMHU. Moro Haa-
MipHa KiNbKiCTb BUKAMKAE NaHiky, gediunt — aenpecito
i, HaBiTb, — WK30¢peHito, MaHiaKanbHO-AENPECUBHUI
Ncuxo3 Ta iHWi NcKxivHi 3axBoptoBaHHsA. Mpu 601b0BMX
HEeBPO3ax AOCTOBIPHO BUAB/IEHO HAABHICTb HAWBULLOMO
pPiBHA CEPOTOHIHY.

DocnigHukm J. Fernstrom and R. Wurtman nosicHu-
/1, HOMY NEBHi Xap4yoBi NPOAYKTY MOXKYTb BUABNATU aH-
TMAenpecuBHui edeKt. 3a3Buyan, Npu cTpeci, NtogmHa
CMOXXMBAE BYINIEBOAHY 1KY, L0 BUKANKAE rinepraikemito
Ta rinepiHcyniHemito. Lle 3MiHIOE NPOHMKHICTb remaTto-
eHuedaniyHoro 6ap’epa gnsa TpuntodaHy, AKMIA € Mno-
nepefHMKOM CEPOTOHiIHY. TaKMM YMHOM, CUHTE3 Cepo-
TOHiHY 36inbwyeTbea B LLHC. CnoxMBaHHA BYrneBogHol
i CNpUAEe WBNAKOMY BUHUMKHEHHIO MOYYTTA HACUYEHHA
Ta 3MEHLUEeHHA aenpecnsHmx nponasis. OTXKe, BYEHi No-
Kasanu, wo bynimia Ta genpecia cnpuumHiooTbea gedi-
LMTOM CEPOTOHIHY.

CepOoTOHIH BMJIMBAE HA LMK «COH-HECMaHHAY, iHiLi-
to€e $asy WBMAKOro CHY. LA peyoBMHa aKTUBHO peryntoe
CMOXMBAHHA a/IKOTOA0, MPU MPUAOMI AKOTO NOCUALO-
€TbCA BWBI/IbHEHHA KaTeXONaMiHIiB i 3MIHIOETbCA KOH-
LEeHTpaLia onioigis, Wo BUKANKAE NO3UTUBHY EMOLLINHY
peakuito [18, 19, 20].

Mpwn npaBuabHOMY BUPODBAEHHI CEPOTOHIHY Ntoau-
Ha NOYyBa€ETbCS A06pe, MaEe rapHUIM HACTPii, NPOSBASE
NO3UTUBHI KOMYHiIKaTUBHI 34i6HOCTi ToMy CEPOTOHIH Lie
HA3MBaTb — KTOPMOH LacTa» [21].

HapKoTUKK-CTUMYNATOpM — eKcTasi, KodeiH, Hiko-
TUH Ta ampeTamMiH 34aTHi NiABULLYBATM aKTUBHICTb 40-
damiHy, HopeniHedpiHy i CEPOTOHIHY, AKI NIATPUMYIOTb
rapHuMin HacTpiii. CnoyaTKy BiAOYyBAETbCA NiABULLEHHS
HaACTPOIO Ta eHeprii, afe B NOAANbLIOMY PO3BMBAETHCA
TPUBaNNI AeNpecuBHUMN cTaH [14].

MenaToHiH — Lie HEPOropMOH LMLWKONOAiBHOI 3a-
No3un. BHOYI enekTpuyHa aKTUBHICTb NiHeanouuTis, AKi
BUPOBAAIOTL MENaToHIH, NiABULLYETbCA i 3aN1eXUTb Bif,
¢da3 micaua. BUpobaaeTbea 3 aMiHOKMCAOTU TpunToda-
HY Ta AOCArAE MaKCMMyMy BHoOMi. flcKpaBe CBIiTN10 ranb-
MYE BWAINEHHA MeNaToHiHY, WO nopywye bHioputmu
NoanHN. TpK UbOMY BUHUKAE BE3COHHSA, NOPYLUYETbCA
byHKLIA penpoAyKTUBHOT CUCTEMMU, IMYHHOI cUCTeMM Ta
iH.

MenaTtoHiH 3anobirae cTpecoBMm cTaHam, nepep-
YaCHOMY CTapiHHIO, 3aXBOPIOBAHHAM AMXa/IbHOI cucTe-
MW, PO3BUTKY OHKONOTIYHUX 3aXBOPHOBaHb.

BueHi BMABMAMK, LLO HEMPOMEAiaTOpU TaKoX bepyTb
yyacTb y GYHKLUiAX, BigMiHHMX Big 3BMYaliHOI nepeaavi
CUTHANY MiX HEPBOBMMMU KNITUHAMM, TaKUX AK PO3BU-
TOK, MNACTUYHICTb, HelpoaereHepaLia Ta HelMpo3axucr.
ICHYtOTb ZaHi, AKi MOKa3ylTb POAb FNYyTaMaTEpPriyHOI,
xoniHepriyHoi, podamiHepriyHoi, TAMK-epriyHoi Ta
ATd/afeH03MHOBOI CUCTEM Y PO3BUTKY. B OCHOBHOMY,
NAeTbcA NPo «HOBI» GYHKLii HeMpomeiaTopis y 38’A3KyY
3 OEAKMMU HETPAAMLINHUMKM HelpomesaiaTopamu, Ta-
KUMW AIK eHA0KaHabiHoiaM Ta oKcua, a3oTy. Poswmnpen-
HS 3HaHb NPO PO/Ib HEMPOMEZIaTOPiB Y GYHKLiAX MO3KY
MaE CYyTTEBE 3HAYEHHA A1A 6iNbLU FPYHTOBHOIO PO3YMiH-
HA QYHKLIOHaNbHOT OpraHisaLii MO3Ky Ta NOLYKY HOBUX
TepaneBTUYHMX NiAXOAIB, CNPAMOBAHMX Ha MiHIMi3aLLit0
3arnbeni HelpoHis [22].

Auetunxonid. Lle — ouTtoBoKucAnin edip xoniHy A.
ALETUNXONIH € 36yAXKYHUYMM HelMpomeaiaTopom, Lo
3abe3neuye BMKoHaHHA dyHKUin LLHC i nepudepiinHoto
HEPBOBOIO CMCTEMOIO. Peryoe 4acToTy cepueBmx CKo-
poYeHb, apTepiasibHUI TUCK, MOTOPMKY KULIEYHMKA],
CKOpo4yeHHA m’A3iB. bepe yyacTb B MOTMBaL,i, ceKcy-
aNlbHOMY MOTATY, LMKi CMaHHA-HECMaHHA. ALLETUIXONIH
3abe3neyye HelporeHes KOpyW MO3KY i KipKoBi QyHK-
Lii, peryntoe Mo3KoBUI KPOBOOBIr, @ TaKOX KOTHITUBHI
npoLecu AisAbHOCTI, HaBYaHHA Ta 3amam’ATOBYBAHHA.
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OTKe, aLeTUIXONiH BBaXKaloTb OCHOBHUM Helipomefia-
TOPOM HaBYaHHA, MUCNEHHA Ta Nam’aTi. [1nA yTBOPEHHA
aueTMAXoniHy notpibeH BiTamiH B,.

[OuncbanaHc piBHA auUETUAXONIHY BUKAUKAE npobne-
MW 3i 300pOB’AM, Y TOMY YMCAi, XBOpoby Anbureimepa
Ta m’a308Bi cygomu. basanbHi  XoniHeprivyHi  He-
MPOHM MO3KY BMAMBAOTb Ha KOPY MO3Ky Ta rinokamn.
Mpn cTapiHHi Ui HEMPOHM AereHepytoTb, TOMY BYEHi
NnoB’A3ytoTb PO3Nafan Nam’saTi y CTapux Ntogen came i3
XONiHepriyHow aMchyHKLUiEO.

Ha peuenTtopu aueTUIXONiHYy B MO3KY Ai€ HiKOTMH
a B M’A3ax — OTpyTa Kypape Ta MycKapuH. HapKOTUKK-
AenpecaHTy, y TOMYy YKMCAi, ankoronb, 6apbitypatn Ta
6eH304ia3eniHn, NPUrHIYYyOTb CBILOMICTb 3@ PaxyHOK
CTUMYNIOBAHHA CUHTEe3y HelpomegiaTtopa TAMK i ranb-
MyBaHHA BUPOBEHHA HellpomeaiaTopa aLeTUAXONIHY.

B opraHi3mi icHye eHKedaniHo-eHaopdiHOBaA cUcTe-
Ma, IKa BMUKAE «BHYTPILIHIO BMHAropoay» — Yy BUIMA-
Oi NPUEMHMX BiAYYTTIB NPU JOCATHEHHI MeTu, nig, 4yac
ceKcy, Npuiomy ixi Ta iH.

EHoopdiHM — ue rpyna noainenTUAHUX XiMiYHUX
CNoNyK, NOAibHMX 4o oniaTiB. CUHTE3YOTbCA HelpoHa-
MW TONIOBHOTO MO3Ky. Lli HeipomegiaTopu ranbmytoTb
nepenayvy 60/1bOBUX CUTHANIB | CTBOPIOIOTb MOYYTTA ei-
¢dopii. Bupobnsitotbes enidisom.

EHKedaniHo-eHAopdiHOBa cMcTema HOpManisye ap-
TepianbHUI TUCK, YaCcTOTy AMXaHHA, OYHKLiOHYBaHHA
HUPOK, OPraHiB TPABHOI CUCTEMM, NPULLBUALLYE pereHe-
paLito NOWKOAMKEHUX TKAHMH Ta iH.

BuaineHHa eHAOPPIHIB CTUMYNIOETLCA CTPECOM, TPU-
Ba/IMMM HaBaHTaXeHHAMMW, TPaBMaMW N5 3MEHLIEHHA
60n1b0BUX BiAYYTTIB. JlloAMHA MOXe MPOCTUMY/NOBATH
BUAINEHHA eHAO0POIHIB: CNOKMBAHHAM NEBHUX MPOAYK-
TiB (NepeLb YmAi, ripKMiA WoKoNa4), NPOCAYXOBYBAHHAM
rapHoi My3uKK, TPMBAANUMU QiSUYHUMMN HAaBAHTANKEHHS-
MW, NepeMBaHHAM NPUEMHUX EMOLLiIA, CEKCOM.
Monekynn eHgopdiHis 38’A3yt0TbCA 3 onioigHUMK pe-
LenTopamm MembpaHW HeWpOHiB, WO TpaHchopmye
peuenTop i B KAITWHI 3aNyCKaeTbCA KacKkag bGioXimiuHumx
peakLiit, sk 6AOKyOTb Nepesayvyy HePBOBOTO iMMY/bCY.
MouyTTA 6010 ranbMmyeTbeA [7].

Onioign — KoaeiH, oniin, mopdiH i repoiH — 3aaTHi
B33aEMOAIATK 3 ONiOiAHMMM peuenTopamu. B pesynbra-
Ti BOHM BUABAAIOTb 3HEOONIOIOUNI ePEKT | BUKIMKAIOTb
cTaH enidopii [14].

B uinomy, NCMXOAKTMBHI Npenapaty MOXKyTb MaTwu
Pi3HWMI MexaHi3m Aii. € aroHicTu, Aki imiTytoTb poboTy
HelipomegiaTopa. IHWI npenapatm — 610KyOTb BNAMB
HelpomegaiaTopa. Lle — aHTaroHictu. TpeTi — 610KyOTb
3BOPOTHIl pyx HelpomeiaTopiB B CMHAnMCI.

Cepepn, HOBUX AOCNIAXKEHb HEMPOTPAHCMITEPIB € Bif-
KPUTTA BYEHUMU NEBHUX PEYOBUH, IKi 6epyTb y4acTb B
HenpoTpaHcmicii. 3okpema, ue —HitporeH okena (NO) Ta
€HA0KaHabiHOIAHI CcMrHaNM y MO3Ky, AKi He BNUCYOTbCA
B KpUTepii KNacn4yHoi HepoTpaHcmicii. Tomy ix Knacu-
¢dikyBanu Ak atmnosi HelipomegiaTtopu. Ui TpaHcmiTepu
CMHTE3YHOTbCA Ta BMBI/IbHAKOTHCA Ha BUMOTY NOCTCMHAM-

TUYHUMW HEMPOHAMM | MOXKYTb AiATU AK PeTporpagHui
MeCeHAXep Ha NPecUHanTUYHIN TepmiHani, moayntoto-
UM BUBINIbHEHHA HelpomeaiaTopa. HitporeH okcug (II)
30aTHUIM NEPEHOCUTH iIHDOPMALLiO B XiMIYHMX CMHaNcax
He TiZIbKM — Bif, NPECMHANTUYHOIO HEMPOHA A0 NOCTCU-
HAaNTUYHOro HEMPOHA NpPY NocepeaHULbKUX cneLianizo-
BaHWX TPAaHCMeMbBPaHHUX KNITMHHUX peuenTopax, ane
1 HaBnaku. OKpim TOro, BiH He NoTpebye cnewjianbHUX
TpaHCcMeMbpaHHMX peuenTopis. HitporeH okeng, (I1), 3a-
BAAKWU CBOIN BMCOKIM PO3YMHHOCTI Ta MPOHUKHIN 3aaT-
HOCTi, MO)Ke nepenaBaTV iHPOpPMaLito MiXK KibKOMa
6/1M3bKO PO3TALLOBAHNUMM HEMPOHAMM ogHOYacHO [23].

JocnifrkeHHs Helipome/iaTopiB Ta HEMPOMOAYNATO-
piB Ha CbOroAHi NPOAOBXKYETbCA. Mpobaema BUBYEHHSA
LbOro NUTAHHA NOB’A3aHa i3 BiACYTHICTIO IHCTPYMEHTIB
in vivo gna ix BiaCTeXXeHHA 3 BUCOKOI MPOCTOPOBO-Ya-
COBOO PO3A4iNbHOK 34aTHiCTO. Cy4vacHi gocnigKeHHa
CNpsIMOBaHi Ha pPo3pobKy naatdopmu, axka 3abesne-
YUTb MiHIMaNbHO iHBA3MBHMUI, LWIMPOKOMACLUTAOHUN i
[OBrOCTPOKOBUI MOHITOPUHT HelpomegiaTopis i He-
MpPOMOAYNATOPIB 3 BUCOKOK YYT/IMBICTIO Ta MONEKYNAP-
HO cneymdiyHIiCTIO | BUCOKOKO MPOCTOPOBO-4aCOBOO
po3ainbHO 34aTHicTo [2, 24].

CTpiMKUIA PO3BUTOK LMBINI3aLLii NPUBHOCUTb B XKUTTA
ntogein HoBi YMHHUMKM, WO BMN/IMBAKOTb Ha opraHiam. Ha
cborogHi, ocobnvee Miclue 3aliMae eNneKTPOMarHiTHe
BMMPOMIHIOBAHHA, WO CTA/NI0 CYTTEBUM HOBUM [Kepe-
NIom 3abpyaHEHHs NiaHeTu. HelipoHW CTaloTb MilleH-
HIO ANA BMAMBY €/1€KTPOMATHITHOrO BUMNPOMIHIOBAHHA.
BueHi 30cepearKytoTb CBOi AOCNIAHWULbKI iHTEpecu Ha
LbOMY MWUTAHHI, BKAOYAOUN BMBYEHHA MeTaboniamy i
TpaHcnopTy HelipomeaiaTopis [25].

BucHoBKM.

HelipomepiaTopy Ta HEMPOMOAYNATOPU BUKOHYIOTb
LWUMPOKUIN CMEKTP KAYOBUX posel Y GyHKLIOHYBaHHI
HepBOBOI cMCTEMMU, AKa 3abe3neuye 3ailcHeHHA di3ny-
HUX Ta NCUXiYHUX PYHKLiN opraHiamy. HelipomegiaTtopu
BUABAAIOTbL CBilA BN/IMB HA OpraHiam B yCi nepioan OH-
ToreHe3sy. MexaHiamu pfji HelpoTpaHcmiTepiB [OCUTb
CKNaAHi. HelpoTpaHcmiTepmn B3aeMoAioTb MiX coboto.
disnyHe Ta NcuxiyHe 340pOB’A MaE NPAMMIA 3B'A30K i3
KiNIbKIiCTIO pi3HMX HelpomesiaTopis, WO CUHTE3YHTbCA
HenpoHamu. BiaxmneHHs Big HOPMM CNPUUNHIOE PO3BU-
TOK XBOpPOb.

BueHi nocTiMHO BigKpWBatOTb HOBI FOPU3OHTU LWOA0
PO3yMiHHA MpobieMaTkM YyHKLIOHYBAaHHA Helpo-
TpaHcmiTepiB. Lle CTOCYeETbCA TaKOX AOCAIOKEHHA Aii
Pi3HMX YMHHWKIB [O0BKiNNA Ha O YHKLUiIOHYBaHHA He-
MpOTpaHCMITEPIB Ta NMPUMOMY PiI3HUX MCUXOAKTUBHUX
npenaparTis, AKi 3MiHIOOTb CTaH CBIZOMOCTI, BHACNiAOK
BMNAMBY Ha Helpomegiatopu B LIHC.

BeayTbCA MOLWYKU IHCTPYMEHTIB ANA MiHIMasnbHO
iHBA3MBHOTO, LWMPOKOMACLWTAOHOrO i OBrOCTPOKOBOIO
MOHITOPUHTY HelpomeziaTopis i HeMPOMOAYNATOPIB.

MepcneKkTMBM NOAANBLUNX [OCNIAKEHD.

Jocnigntn BNAnB HEMPOTPaHCMITEPIB Ha PO3BUTOK
TPUBOXKHMX PO3/1a4iB Ta NOCTTPABMATUYHNX CUHAPOMIB.
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POJIb HEAPOMELIATOPIB Y ®YHKL,IOHYBAHHI HEPBOBOI CUCTEMM

ba6ak C. B., Porouiii M. C.

Pe3stome. B ornsgi npeacraBieHi cyyacHi ysaBieHHA NpO 3Ha4YeHHA HelMpomeaiaTopiB (HelpoTpaHcmiTepis) aas
dYHKLiOHYBaHHA HEpBOBOI cMCTeMU. HellpomeiaTopu CUHTE3YTbCA HEMPOHAMM, BUAINAOTLCA B CUHANTUYHY LLi-
JIVHY, BN/IMBAIOTb HA PELLEeNTOPM NOCTCUHANTUYHOT MembpaHu. ICHYOTb pi3Hi Knacudikauii HelipomeaiaTopis. Bia-
KPUTO HOBI peYOoBMH, iKi bepyTb y4acTb B HeMpoTpaHcmicii. Hanpuknaa: HitporeH okcua (NO) Ta eHaoKaHabiHOIAHI
CUTHaNM Y MO3KY, AKi KnacudikyBanum Ak aTunosi Hellpomegiatopu. Tak, HitporeH okeug, (1) 34aTHMiA nepeHocUTH
iHpopmaL,ito B XiMIYHUX CMHAMCaX He TiIbKK — Bi, NPeCUHANTUYHOrO HEMPOHA A0 NOCTCMHANTUYHOIO HEMPOHA, ane
i HaBMaKM, a TaKOXK He NoTpebye cnevliaNbHUX TPaHCMeMbpaHHMX peuenTopis. Moxe nepeaasaTtv iHdopmaL,ito Mix
Kiflbkoma 6/1M3bKO PO3TaLLOBAaHUMM HEMPOHAMM OLHOYACHO.

Helpomeaiatopu Ta HEMPOMOAYNATOPU BUKOHYIOTb LUMPOKMUIA CNEKTP KNOYOBUX posielt Y YHKLiOHYBaHHI Hep-
BOBOI CUCTEMMU, AIKa 3abe3neyye 34incHeHHA Gi3UYHMX Ta NCUXIYHUX QYHKLiN opraHismy. MpaKTUYHO BCi ¢isionorivHi
bYHKLUIT pi3HUX cMCTEeM OpraHiB PerytoTbCA MO3KOM 33 HAaABHOCTI HelpomegiaTopis. Lle cTocyeTbea TakoX i Ke-
pyBaHHA NOYYTTIB, EMOLHMX Ta KOTHITMBHUX GYHKLi. HellpomeaiaTopn BUABNAIOTL CBi BNAMB BMPOAOBXK BCIX
BiKOBWX NepioAiB OHTOreHe3y N0AMHU.

MexaHi3mu 4ii HelMpoTpaHCMiTepiB AOCUTb CKNaAHi. PisMyHe Ta NCUxiyHe 340p0B’A Ma€e NPAMMIN 3B’A30K i3 KiNb-
KiCTIO Pi3HWX HeMpomeziaTopiB, WO CUHTE3YOTbCA HEMPOHAMMU. BigxmneHHA Big, HOPMU CNPUYNHIOE PO3BUTOK XBO-
po6. HelpoTpaHcmiTepU B3aEMOAIIOTb MiXK coboto. A GisMyHOro Ta NCMXiYHOro 340P0B A MA€E 3HAYEHHA TAKOMXK i
cniBBiAHOWEHHA pi3HMX HenpomegiaTopiB LIHC. Hanpuknag, saxnusum € 6anaHc mixk TAMK Ta raytamatom, Lo
3yMoBAto€ isnyHe Ta MeHTasibHe 340PO0B’A, @ TAKOXK CNPUAE FAPHOMY HacTpoto. HeraTuBHI HacniaAKKM AN 340poB’A
MatoTb, AIK HWU3bKi PiBHI HEMPOTPAHCMITEPIB, TaK i HAA/MLIKOBI.

BueHi nocTiMHO BiAKPWBAOTb HOBI FOPU30HTU WOAO PO3YMiHHA NPO6AEMATUKM PYHKLIOHYBAaHHA HEMPOTPAHC-
MiTepiB. Lle CTOCYETbCA TaKOXK A0CNIANKEHHA Aii Pi3HUX YNHHUKIB AOBKINNA HA QYHKLiIOHYBAHHA HEMPOTPAHCMITEPIB
Ta NPUNOMY Pi3HUX NCUXOAKTUBHMX NpenapaTiB, AKi 3MiHIOKOTb CTaH CBiAOMOCTI, BHAC/NiAOK BNNBY Ha HeMpomes,i-
atopu B LUHC.

BeayTbcA NOLWYKM iHCTPYMEHTIB A1A MiHIMasbHO iHBa3MBHOTO, LUMPOKOMACLWITAbHOro i OBroCTPOKOBOIrO MOHi-
TOPUHIY HeEMpoMeaiaTopiB i HelipoMmoaynATopiB.

Kntovosi cnoBa: HelipomesiaTopu, HEMPOHU, PELLENTOPU, HEPBOBA CUCTEMA.

THE ROLE OF NEUROTRANSMITTERS IN THE FUNCTIONING OF THE NERVOUS SYSTEM
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Abstract. The review presents modern ideas about the importance of neurotransmitters for the functioning of
the nervous system. Neurotransmitters are synthesized by neurons, released into the synaptic cleft, and affect the
receptors of the postsynaptic membrane. There are different classifications of neurotransmitters. New substances
that participate in neurotransmission have been discovered. For example: Nitric oxide (NO) and endocannabinoid
signals in the brain, which have been classified as atypical neurotransmitters. Thus, Nitrogen oxide (ll) is able to
transfer information in chemical synapses not only from the presynaptic neuron to the postsynaptic neuron, but
also vice versa. In addition, Nitric oxide (II) does not require special transmembrane receptors. It can transmit
information between several closely located neurons at the same time.

Neurotransmitters and neuromodulators perform a wide range of key roles in the functioning of the nervous
system, which ensures the physical and mental functions of the body. Virtually all physiological functions of various
organ systems are regulated by the brain in the presence of neurotransmitters. This also applies to the management
of feelings, emotional and cognitive functions. Neurotransmitters exert their influence during all age periods of
human ontogenesis.

The mechanisms of action of neurotransmitters are quite complex. Physical and mental health is directly
related to the number of different neurotransmitters synthesized by neurons. Deviation from the norm causes the
development of diseases. Neurotransmitters interact with each other. The ratio of various CNS neurotransmitters is
also important for physical and mental health. For example, the balance between GABA and glutamate is important
for physical and mental health, as well as for good mood. Both low and excessive levels of neurotransmitters have
negative health consequences.

Scientists are constantly opening new horizons in understanding the problems of the functioning of
neurotransmitters. This also applies to the study of the effects of various environmental factors on the functioning
of neurotransmitters and the administration of various psychoactive drugs that change the state of consciousness
due to the effect on neurotransmitters in the central nervous system.

Tools for minimally invasive, large-scale and long-term monitoring of neurotransmitters and neuromodulators
are being searched for.

Key words: neurotransmitters, neurons, receptors, nervous system.
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CURRENT STATUS, PROBLEMS AND PROSPECTS OF ULCERATIVE COLITIS MEDICAL

CORRECTION (LITERATURE REVIEW)
Kharkiv National Medical University (Kharkiv, Ukraine)
to.briukhanova@knmu.edu.ua

The article highlights modern data on the prevalence, pathogenesis and mechanisms of development of ulcer-
ative colitis, its forms and classification criteria. Ulcerative colitis has a high medical and social significance due to
the rapid rate of spread, especially among young people of working age. In addition, this disease is characterized by
rapid progression, accompanied by a significant decrease in the quality of life and, in some cases, leads to disability.

The goal is to analyze the features of pharmacotherapy schemes available in open sources of scientific informa-
tion (guidelines, recommendations, clinical guidelines, results of randomized clinical trials, etc.), key features of the
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