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SIGNALING PATHWAYS IN THE MECHANISMS OF DRUG ACTION

Actuality. Signaling pathways are chains of biochemical reactions and mechanisms that process and transmit signals in response
to environmental changes. They coordinate cellular and tissue functions, regulate metabolism, and influence cell growth and
differentiation. Many drugs targeting the nervous, cardiovascular, and other systems exert their effects through signaling pathways,
making them key pharmacological targets.

i) © N. Gorchakova, T. Harnyk, 1. Belenichev, V. Hnatiuk, O. Shumeiko, O. Klymenko, E. Gorova, K. Romanova



MeguuuHa

Aim of the study. To present the role of signaling pathways in modeling pathological conditions and in the mechanisms of drug action.

Research methods. Literature data on signaling pathways in pathological conditions and drug mechanisms were analyzed using
sources from Scopus, Google Scholar, and other databases. Indicators confirming drug effects on signaling pathways and their capacity
to correct signal transmission disturbances were also identified.

Research results. Well-known signaling systems and their involvement in the pharmacodynamics of neurological, cardiovascular, and
oncological drugs were summarized. Pathophysiological factors influencing pathological condition modeling and signal transmission
disruptions were outlined. Drugs recommended for correcting signal transport disturbances in the nervous, cardiovascular, and other
systems were indicated.

Conclusions. Current literature emphasizes the importance of signaling pathways in explaining biochemical and pathophysiological
disturbances and highlights their role as pharmacological targets.

Key words: signaling pathways, intracellular signaling, neurotoxicity, oxidative stress, phytotherapy, targeted therapy.
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CUTHAJIBHI HIJIAXW B MEXAHI3MAX JIIi JIKAPCHKHX 3ACOBIB

Axmyanvuicme. CucHanvhi uiaxu — ye 1anHyocy OI0XIMIMHUX peakyill I MexaHizmie, uo oopodsitoms i nepedaroms CUSHAU, ped-
2YI0YU HA 3MIHU Y CBOEMY cepedoguwyi. Bonu 3abe3neuyionms KoopouHayiio yHKyill KIimuH i mKaHuH, GRAUSAIOMb HA Pe2YIsYIIo Memd-
bonizmy, picm i oughepenyiayiro knimun. baeamo npenapamis, aAxi diloms Ha HePEOBY, cepyeso-CYOUHHY U IHWLT CUCTEMU OP2AHIZMY),
peanizyloms C8iti 6NIUE Yepe3 CUSHANbHI WIAXY, POONAYU IX KAI0UOBUMU 00 €EKMAaMU DapMAKON02IUHO20 BNIUEY

Mema oocnidicenns — npedcmasumu poib CUSHATLHUX WIAXIE NPU MOOETIOBANHI NAMON02IYHUX CMAHIG T peanizayii mexanizmy

0ii nikapcokux 3aco6is.

Mamepian i memoou. Ananiz oanux aimepamypu w000 CUCHATLHUX WIAXIE )y POZGUMKY NAMONO2IYHUX CIAHI8 | MexaHizmy Oil
JIKApcvKux 3acobie 3a dxcepenamu y eudanuax «Scopusy, «Google Scholary mowo, a makosic eusnavenus NOKA3HUKIS, AKI niomeep-
02ICYIOMb 6NIUG NIKAPCOKUX 3AC00I68 HA CUSHANLHI WIAXU MA IX 30AMHICTb KOPUSY8aAmu NOPyuLeHHs nepeoayi CUeHay.

Pezynomamu docnioxncenna. Haseoeni nimepamypui 0ami ujooo HanOinbus 8i0OMUX CUSHATLHUX CUCTEM, iX yuacmb Y (apmako-
OUHAMIYI HEBPONOIUHUX, CePYeBO-CYOUHHUX A OHKONO2IuHUX 3acobis. [lepepaxosani namogizionoziuni ¢pakmopu, axi enausaromo
HA MOOeNO8aHHS NAMONOIUHUX CINAHIE | NOPYWeHHs nepedayi cueHary. YKazaui JikapcobKi 3acobu, AKi nponoHyioms npusHadami,
3 Memoio Kopekyii hakmopie mpancnopmy CUSHAIig y WIAXAX HePBOBOIL, cepyeo-CYOUNHOT Ma THWUX CUCTEM.

Bucnoeok. Haseoeni oani aimepamypu niomeepoicyloms 3HA4eHHst CUSHATbHUX WLISIXI6 OJis NOSACHEHH s OIOXIMIYHUX | namogizio-
JIO2IYHUX NOPYUIEHD 8 YMOBAX 3AX60PIOAHD [ HANPSAM BNAUBY TIKAPCLKUX 3ACO0I8 3 NOACHEHHAM IX MexaHizmy Oil.

Kniouogi cnosa: cucnaibui wiisxu, GHYmMpiuHbOKIIMUHHA CUSHANI3AYIs, HEUPOMOKCUYHICb, OKCUOAMUBHUL cmpec, gimomepa-

nis, mapzemua mepanisi.

Introduction. Actuality. Signaling pathways are cir-
cuits that transmit signals about biochemical and patho-
physiological changes in the body in pathological con-
ditions and under the influence of drugs. Understanding
the mechanism of signal transmission helps to target
pharmacotherapy. Signaling pathways are chains of
biochemical reactions and mechanisms by which a cell
receives, processes, and transmits signals, responding
to changes in its environment and regulating vital pro-
cesses such as growth, development, metabolism, and
immune response. These pathways are the basis for the
normal functioning of cells and tissues, and their dis-
ruption can lead to the development of various diseases.

The primary signaling system receives signals from
the environment using the senses. Signaling systems in
organs and systems may include cytokines, active groups
of enzymes, receptors, ion channels, and transporters. In
the nervous system, a pathogenetic factor in diseases may
be violations of thiamine-dependent processes. Thiamin
diphosphate is a coenzyme of several enzymes of carbo-
hydrate metabolism, damage to whose functions leads to
oxidative stress. Antagonists of thiamine through mito-
chondria can cause apoptosis in a non-receptor way, in
the process of which the p53 protein plays an important
role (Chorny & Parkhomenko, 2008).

The second signal system contributes to the forma-
tion of conditional-reflex connections, is a regulator
of thinking and speech, and facilitates communication
between people, influencing their responses.

Aim of the study. To present the role of signaling
pathways in the modeling of pathological conditions and
the mechanism of action of drugs.
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Research methods. To conduct an analysis of lit-
erature data on signaling pathways in the development
of pathological conditions and the mechanism of action
of drugs based on sources in the publications “Scopus”,
“Google Scholar” and others, as well as the determina-
tion of indicators that confirm the effect of drugs on sig-
naling pathways and their ability to correct signal trans-
mission disorders.

Research results. Long-term memory is known
to depend on the development of long-term signaling,
first discovered in rabbit neurons. This process is asso-
ciated with the activity of glutaminergic signals and an
increase in synoptic potential. The cerebral cortex and
cerebellum, as well as signaling systems associated with
their activation, participate in this mechanism (Nastenko
& Veselovskyi, 2021). In chronic lymphocytic leukemia,
ligation of CD180 receptors causes changes in B-lym-
phocyte signaling pathways in 80% of cases, which is
accompanied by activation of Akt or p38 MAPK, or
simultaneous activation of both kinases (Gordiienko et
al., 2017).

One of the most recently discovered is the P2X
receptor, which belongs to the purine receptors and is
present both in neurons and in glial cells of various parts
of'the brain. It plays a significant role in the normal func-
tioning of the brain (Pevarello et al., 2017).

Drugs affecting P2X receptors have a special effect
in inflammatory diseases. P2X receptors of different
families have their own characteristics. Thus, the P2X4
receptor has a high sensitivity to adenosine triphosphate
compared to P2X7 and therefore greater effectiveness in
brain disorders. After conducting research, the peculiar-
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ity of the importance of purinergic receptors, especially
P2X7 and P2X4, as promising drugs for the treatment
of CNS disorders was emphasized (Ehorova & Mak-
simyuk, 2024).

Contribution to the treatment of neuroinflammatory
and neurodegenerative processes, including ischemic
brain damage, is noted. Treatment of P2X4 receptors
with ATP, TNF, ATP has a neuroprotective effect (Ozaki
etal., 2016).

These receptors can play a significant role in the
development of epilepsy treatment. During an epileptic
attack, the level of extracellular ATP increases. The use of
P2X7-receptor antagonists reduces seizures. After a sei-
zure, P2X7 and P2X4 are downregulated, making them
targets for antiepileptic therapy (Beamer et al., 2019).

It has been shown that the release of ATP is induced by
the virus COVID-19. Angiotensin-converting enzyme 2
(ACE2), which belongs to metalloproteases, promotes the
interaction of the COVID-19 virus with body cells. ATP
is characterized by high expression on lung alveolar epi-
thelial cells and enterocytes of the small intestine, and it is
also present in glial cells and brain neurons and microglia.
The latter, like macrophages, has a high level of expres-
sion of P2X receptors, in particular the P2X7 receptor,
which leads to the expression of pro-inflammatory effects
with increased ATP content. Inhibition of P2X7 itself may
be a target to suppress COVID-19 and help control the
spread of the disease (Maliha et al., 2024).

Particular attention is paid to purinergic receptors in
the treatment of Alzheimer's disease, Parkinson's dis-
ease, Huntington's disease, multiple sclerosis and amyo-
trophic lateral sclerosis. P2X7 receptors are of critical
importance in Alzheimer's disease. The level of ATP
and amyloid formations is of great importance. Now it
is noted that P2X7-receptors are of critical importance
in the development of Alzheimer's disease. There are
conflicting data on the influence of these receptors on
the activity of a-secretase. It is the blockade of P2X7
receptors that reduces the deterioration of patients' me-
mory and prevents the death of neuronal cells under the
influence of B-amyloid protein (Heppner et al., 2015).

In Parkinson's disease, 6-hydroxydopamine increases
the release of ATP and its subsequent conversion to aden-
osine in the extracellular space due to increased expres-
sion of nucleotidases in SH-SYSY cells. Signaling path-
ways in the nervous system can interrupt ion channel
blockade. A model of damage to calcium channels in rat
dorsal spinal cord neurons, leading to the interruption of
the blockade of calcium flux by inducing artificial short-
term hyperglycemia in cultured neurons of the dorsal
spinal cord of rats, determined the postsynaptic current
potential of SH-SY5Y human neuroblastoma.

®ditotepanis. Yaconuc

It is known that inhibition of P2X7 receptors has a
neuroprotective and neuroregenerative effect. At the
same time, modifications of neuroglia and release of
cytokines are activated. Overexpression of P2X4 recep-
tors upregulates IL-6 and enhances dopamine-induced
dopaminergic activity (Zhang et al., 2021).

P2X receptors, especially P2X7 receptors, are important
in Huntington's disease. In this disease, an increase in the
expression of these receptors is noted; the greatest increase
in expression in the striatum of deceased people, where
changes in this receptor were detected (Olla et al., 2020).

Amyotrophic lateral sclerosis is associated with the
expression of P2X7 receptors. In rats with hyperglyce-
mia, the blockade of calcium current in neurons of the
dorsal horn of the spinal cord led to a decrease in signals
related to the utilization of glucose level (Shypshina et
al., 2019).

Considering the involvement of signaling pathways,
a traditional drug has been proposed in China Jiao-Tali-
Wan. Its active component, berberine, affects protein
complexes. Thanks to this, gene expression occurs, glu-
cose metabolism signaling changes, and an immuno-
modulatory effect is realized, which improves glucose
metabolism and the condition of patients with diabetes.
(Tang et al., 2024)

It is known that the NMDA receptor antagonist
memantine is prescribed for the treatment of various
types of dementia, including Alzheimer's disease. In
experiments on rats, it was established that memantine
affects memory, which became the basis for studying
its effect on calcium signals. Excessive stimulation of
A-type NMDA receptors causes an intense influx of cal-
cium ions into the cell and can lead to glutamate exci-
totoxicity. The NMDA receptor antagonist memantine,
by blocking these receptors, reduced the influx of cal-
cium ions, affecting calcium signaling in neurons. The
NMDA receptor antagonist memantine also protected
hippocampal neuronal cultures from beta-amyloid-in-
duced calcium overload. Memantine also reliably blocks
calcium channels, inhibiting signaling (Shkryl et al.,
2021). The nervous system receives signals from the
periphery and impulses to the visceral system. Signaling
pathways ensure homeostasis, physical status, behavior
and consciousness, division of actions into conscious
and unconscious (Berntson & Khalsa, 2021). By affect-
ing calcium in the hippocampus, it is possible to change
signaling systems that adjust the activity of organs and
systems. Thanks to the signaling pathways, the activity
of the organs of the digestive tract, in particular the gall-
bladder, is supported (Goldstein et al., 2021). Commu-
nication is carried out by neurons of the hypothalamus.
AgRP neurons are involved in this.

O mm
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At the same time, modern science pays attention to
afferent signals and signaling pathways associated with
the system of receptors located in internal organs. It is
the identification of descending and ascending signaling
pathways that allows us to determine the functioning of
the organism (Berntson & Khalsa, 2021). The function
of signaling pathways has been established thanks to
physiologists, pathophysiologists, endocrinologists and
doctors. But mathematicians and physicists also took
part in discovering their structure. The difference in the
structure and function of blocking signals of the periph-
eral nervous system and internal organs was established
(Luo, 2021). Signal pathways in mental illnesses were
also studied by psychiatrists and neurologists. Signal-
ing pathways in Parkinson's disease were investigated
using magnetic oscillography, which allowed studying
the connection between the motor area and the subtha-
lamic nuclei (Oswal et al., 2021). The study of the tran-
scription of mitogenic signals became the basis for the
creation of targeted antitumor agents. The first antitumor
agents were aimed at dysregulation of signal transduc-
tion during tumor growth as a manifestation of uncon-
trolled proliferation. This made it possible to start the
development of anticancer therapy taking into account
the key features:

1) autonomy of growth signals;

2) deviation from the action of growth inhibitory sig-
nals;

3) inhibition of apoptosis;

4) unlimited replication potential;

5) distorted angiogenesis;

6) susceptibility to ischemia and metastasis.

It turned out to be possible to find signaling path-
ways that are important for tumors, but not critical for
the normal functioning of the body, signal transmission
cascades, the influence of which became the basis for the
creation of drugs that act on a molecular target — separate
links of the pathogenetic chain of the neoplastic process.
Most anticancer agents have specific targets. Drugs of
targeted action (targeted therapy) were obtained in order
to influence the growth of tumors according to a special
condition, taking into account the state of signal trans-
duction associated with:

1. recognition and binding of a signaling growth factor;

2. internalization — when the signal enters the cell;

3. penetration of signals into the cell nucleus and
activation of transcription factors of specific genes that
respond to signal commands for proliferation, differenti-
ation, repair and apoptosis.

Signal transmission is carried out with the help of
proteins; possible reactions are phosphorylation and
dephosphorylation. The family of epidermal growth

10
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factor receptors (EGF-R, EFR/EGFR) takes the leading
place among the regulatory factors, a universal receptor
that leads to the stimulation of the growth of many types
of cells. Endothelial growth factors exert their effects
through a membrane receptor that belongs to the ErbB
family — universal receptors that stimulate many types
of tissues. The EGFR family includes, in addition to the
receptor itself, Tof (a-regulin), marine-binding EGF,
growth factor-like, B-cerulin, epiregulin, and guregu-
lin. All members of the family have common structural
features. One or more EGFRs exert their effects via the
membrane receptor ErbB, which belongs to a family of
four receptor subunits that can be simultaneously acti-
vated:

1) human growth factor gene;

2) human avian erythroblastoma virus homeo-onco-
gene (v-erbB);

3) genome first isolated from rat neuroblastoma cells.

The deciphered structure of the membrane recep-
tor contains a large transmembrane glycoprotein with
a molecular weight of approximately 170.000 Daltons.
The product of one of the oncogenes, the receptor-bind-
ing ligand, has two cysteine residues that stabilize the
secondary structure of the domain, as well as two gly-
cine-rich globular domains responsible for recognizing
specific ligands. Near the transmembrane helix of mem-
brane receptors is the membrane regulatory enzyme of
the cell — the ATP-bound part of the regulatory sub-
domain. This enzyme phosphorylates various cellular
subdomains. Regulatory fragments contain threonine
and serine residues that can be phosphorylated by intra-
cellular proteins, including protein kinase C and other
mitochondrial enzymes. 4-5 threonine residues, which
are autophosphorylated by an intracellular kinase, were
found in the c-cell region of the BrfR molecule. It is
these fragments that activate protein effectors or adapt-
ers that ensure the transmission of regulatory signals.
The study of regulatory signals not only contributes to
the study of signaling pathways and the effect of various
drugs on them, but also helps to create drugs, including
antitumor drugs, which have reasonable targets (Shary-
kina et al., 2014).

There is a group of traditional cytostatics and their
combinations that affect biotechnological processes in
tumor cells at the genomic level. Currently, the search for
targeted (molecularly directed) drugs capable of affecting
the transmission of pathological mitogenic signals and the
genome is underway. These studies are related to the study
of signaling pathways in triad and malignant tumors, in
particular, a signaling pathway that transmits information
to embryonic cells and is necessary for differentiation, the
Hedgehog signaling pathway. The role of the Hedgehog
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signaling pathway in influencing the malignant cells of
medulloblastoma, prostate, lung and thymic cancer has
been shown, which has sparked interest in this signaling
system as a target for finding approaches in cancer treat-
ment. The Hedgehog gene was identified during a study of
fruit fly genes. Because the embryo had teeth resembling
a hedgehog, it was named Hedgehog. The main compo-
nents of the signaling pathway include the Sonic Hedge-
hog ligand, the receptor — a receptor-like seven-helical
transmembrane protein that belongs to G proteins, and
transcription factors. There are three main transcription
factors, one of which is associated with glucose.

The key to signal transduction is the Smo protein,
whose function is inhibited in the absence of SHH — the
transmembrane protein Patched. When SHH binds to
it, the inhibition is lifted, allowing Smo to signal more
actively. In general, the activated signaling of the Hh
pathway with the transmission of mitogenic signals is
manifested in the hyperexpression of the main links
of the transmission of mitogenic signals during tumor
growth, which determines the search for means of
treatment for patients with malignant neoplasms. Now
more than 200 compounds have been identified that can
affect this signaling pathway as antagonists (Sharykina,
Puskov et al., 2020).

In recent decades, the intracellular signaling system
has been widely studied: from the interaction with the
ligand-receptor to translation and post-translational pro-
cesses. Dysregulation of these pathways is the basis of
a number of human pathological conditions, including
malignant neoplasms. Oncopharmacological studies are
devoted to the dysfunction of the main signaling path-
ways involved in the control of cell proliferation, dif-
ferentiation, migration, cell defegulation and apoptosis:
ErbB, EGFR, Hedgehog transduction cascade, Wnt,
TGF-B, HFS and others.

The mechanism of action of target drugs is deter-
mined taking into account the establishment of the inter-
action of signaling pathways. It has now been shown
that hypozoline derivatives are not inferior in their anti-
tumor effect, and sometimes exceed the activity of the
world standard in non-small cell lung cancer — erlotinib,
a target-type quinazoline derivative. New compounds,
like previous drugs, are able to block the EGF (epider-
mal growth factor) production cascade at the level of its
receptor, EGFR.

The study of Hedgehog (Hh) signaling made it possi-
ble to obtain compounds that block signals at the level of
the Smo cascade, not inferior to the action of the stand-
ard compound Cyclopamine. The Wnt signaling path-
way also controls many cellular processes; dysfunction
of this pathway is associated with a wide range of human
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pathologies, including the development and progression
of malignant tumors, such as lung cancer, colon cancer,
medulloblastoma, and glioblastoma multiforme. The
name of the Wnt cascade is derived from a combination
of the gene name Wingless (Wg) in the Drosophila fruit
fly and Int-1 in the mouse — Wnt for short.

To transmit Wnt signals inside the cell, the Wnt
ligand binds to the corresponding receptor or a group of
receptors — Frizzled (Fz). Fz proteins are a large group
of G protein-coupled receptors (GPCRs). In addition to
Fz receptors, there are other proteins on the cell surface
that can bind to the Wnt protein. Among them is the
family of LRP receptors, which transmit the Wnt signal
inside the cell. Antagonists and agonists that stimulate
or inhibit Wnt signaling also bind to Wnt. Three signa-
ling cascades activated by Wnt signals are now known:
the canonical (B-catenin) pathway and two non-classical
pathways, which include the Wnt/Ca?* signaling path-
way and the PCP cell polarization pathway.

The canonical Wnt pathway is involved in a wide
range of pathological processes, regulation of prolifer-
ation and differentiation, and maintenance of the stem
cell population. Violation of the activity of the canonical
Wnt signaling pathway is observed in many oncologi-
cal diseases. Proto-oncoproteins involved in B-catenin
signaling are key participants in the canonical Wnt/p3-
catenin cascade. In the absence of an active signal, the
concentration of B-catenin in the nucleus and cytoplasm
remains low thanks to a special protein destruction com-
plex that includes the proteins Axin, APC and GSK-3
(glycogen synthase-kinase 3).

As part of the destruction complex, B-catenin is phos-
phorylated with subsequent degradation. When a cell
receives a Wnt-ligand signal, it binds the signaling receptor
Fz, which activates Dishevelled and inhibits the destruction
complex Axin, which normally controls the level of 3-cat-
enin in the cell. The specified deviations of Wnt-signaling
during tumor growth also apply to tumor stem cells. Focus-
ing on the Wnt signal, its pathogenic pathway in the case of
malignant neoplasms makes it possible to develop targeted
approaches that are crucial for controlling the growth of
malignant tumors (Sharykina, Puskov et al., 2020).

Long-term oxidative stress can be accompanied not
only by mental disorders, but also by serious problems
with physical health — not only by the appearance of
metabolic syndrome, but also by disorders of the cardi-
ovascular and digestive systems. It affects tumor necro-
sis factor (TNF-a) and C-reactive protein. The body's
response system coexists with intracellular structural
disorders, which is important in their development.
Transcription factors stimulate the expression of genes
related to oxidative stress in the small intestine.

1] -
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It is known that the development of oxidative stress
is observed during stress. This is accompanied by an
increase in free radicals, anion radicals, an increase in
the activity of monooxygenases and NO-synthase, dis-
ruption of the respiratory chain of mitochondria and
changes in the concentration of NADH. Antioxidant
activity decreases and pro-oxidant activity increases,
which is associated with an imbalance in the regulation
of NO synthases and their ratio index.

The ability of propyl gallate and sulfasalazine to
limit oxidative stress not only in the body of rats, but
also in the tissues of the small intestine under condi-
tions of oxidative stress indicates the possibility of using
modulators of the NF-kB and Nrf2 signaling pathways
to prevent complications in the small intestine (Mukvich
et al., 2022; Ryabushko et al., 2023).

In juvenile arthritis, gene polymorphism (changes in
the nucleotide sequence) is observed, which is associated
with disorders of innate and adaptive immune reactions.
This, in turn, changes the functioning of the intracellular
components of the JAK signaling systems, which ensure
the activation of the ligand-dependent JAK-STAT path-
way and the family of cysteine proteases — caspases.
Intracellular signaling pathways mediate the activation
of caspases, central regulators of genes involved in the
control of inflammatory processes and immune func-
tions. The same complex also includes the activation
pathways of NF-xB, which is regulated through kinases
in the composition of multimolecular complexes.

The NF-kB (nuclear factor kappa-B activated in B
cells) signaling pathway acts as a key intracellular regula-
tor involved in the onset and development of immunoin-
flammatory diseases. Its activation involves intracellular
factors, such as tumor necrosis factor o (TNF-a), inter-
leukins IL-1B and IL-6, as well as matrix metalloprotein-
ases. Activation of NF-kB promotes cell proliferation
and increases the expression of markers of the inflamma-
tory response, in particular adhesion molecules (ICAM),
and also stimulates the activity of fibroblasts and fibro-
blast-like synoviocytes, which support the pathological
process. This is accompanied by a decrease in apoptosis
and increased invasiveness of cells, which contributes to
the progression of the inflammatory lesion.

Stimulation of the aberrant Hedgehog signaling
pathway is associated with the development of various
malignancies, including gliomas. Naringenin exhibits an
antitumor effect, in particular due to its influence on sig-
naling pathways, modulation of fibroblast activity and
reduction of expression of glioma tumor cells (Sargazi
et al., 2021).

Vascular endothelial growth factor (VEGF) is a key
signaling system involved in tumor growth. This is why
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anticancer drugs and immunotherapy should affect this
signaling system (Niu et al., 2022).

Now a new system of bioregulators — gas signaling
molecules — is being identified. These include nitrogen
oxide, carbon monoxide, hydrogen sulfide, and the sign-
aling role of sulfur dioxide and reactive oxygen species,
in particular hydrogen peroxide, is discussed (Sukman-
sky, 2019).

Nitric oxide affects the activity of NO-synthase: neu-
ronal (type 1), inducible (type II) and endothelial (type
II0). It can alter the functioning of hemoglobin, myoglo-
bin, cytochrome ¢ oxidase and cytochrome P450. The
substrate for the formation of NO is L-arginine and its
derivatives (Sukmansky & Reutov, 2016).

Carbon oxide is formed as a result of heme catab-
olism under the action of heme oxygenase: inducible
and constitutive. The substrates are heme in hemoglobin
and other heme-containing proteins. Hydrogen sulfide
is synthesized from L-cysteine and D-cysteine with the
participation of the enzymes cystathionine-B-synthase,
cystathionine-y-lyase, 3-mercaptopyruvate-sulfurtrans-
ferase in interaction with cysteine amine transferase.
D-cysteine can be metabolized with the participation of
D-amine oxidase.

Polysulfides are synthesized with the participation of
3-mercaptopyruvate-sulfurtransferase in the presence of
3-mercaptopyruvate, which is formed from L-cysteine
or D-cysteine. Sulfur dioxide is produced by enzymes
involved in sulfur metabolism, including cysteine diox-
ygenase, sulfite oxidase, and thiosulfate reductase. Indi-
rectly, transaminases such as aspartate aminotransferase
and glutamate-oxoacetate-transaminase can participate
in the synthesis through the exchange of sulfur-contain-
ing metabolites. The main substrates for the synthesis of
polysulfides and sulfur dioxide are L-cysteine and deriv-
atives of sulfur-containing amino acids. The substrates
for synthesis are L-cysteine (Sukmansky & Reutov,
2016; Sukmansky, 2017).

Summarizing the role of gas signaling systems in the
physiology and pharmacology of humans and mammals,
it should be emphasized that they have a neuroprotective
effect and contribute to the search for methods of elim-
inating memory disorders. Gaseous signaling systems
dilate blood vessels, inhibit platelet aggregation and
thrombus formation, and inhibit the development of ath-
erosclerosis and hypertension. They have a pronounced
effect on the protective function of leukocytes and the
regulation of inflammatory processes.

Since synthesis enzymes are present in many organs
and systems, gas signal molecules are involved in the
pathogenesis of organs of the respiratory, digestive,
nervous, reproductive and other systems. Their influence
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on the development of neoplasms is significant, but less
pronounced (Sukmansky, 2017).

Data from the literature indicate that gas signal
systems are a general biological system of bioregula-
tors inherent in all living organisms. Determining their
role may be useful for the discovery of new signaling
pathways and their use in applied, medical and related
fields. Studying the functions of gas signaling systems
in the pathogenesis of pathological processes increases
the possibilities of treatment and prevention of diseases
through the use of gas signaling systems, their donors,
precursors and inhibitors. The substrate for these systems
is sulfur-containing amino acids, most often L-cysteine.

Polysulfides are synthesized from hydrogen sulfide,
while sulfur dioxide is a sulfite anhydride formed by the
oxidation of H.S. The end product of the oxidation of
the latter is sulfate, which the intestinal microflora can
reduce to hydrogen sulfide. In general, there is an H.S
cycle in the body.

The known signaling function of H-S is to promote
the induction of long-term potentiation in the hippocam-
pus of rats through increased activity of NMDA receptors.
Compared to NO, H-S has a much higher solubility. The
molecular structure of H.S is similar to H.O, but unlike
water, it does not pass through water channels and is able
to overcome the lipid bilayer of cell membranes. Hydro-
gen sulfide, like other sulfur-containing compounds, is a
toxic gas, its toxicity is 5 times higher than that of CO.

Endogenous H:S in the body of humans and animals is
synthesized from sulfur-containing amino acids, primar-
ily L-cysteine and its oxidized form, cystine. With the par-
ticipation of D-amino acid oxidase, HS acts as a neuro-
modulator and exhibits a powerful neuroprotective effect.
H-S contributes to the induction of long-term potentiation
in the hippocampus as a result of activation of glutamate
receptors. This effect is associated with Ca?* channels and
plays an important role in memory and learning processes.
Impaired production of H-S is observed in neurodegener-
ative diseases such as Alzheimer's and Parkinson's.

Inhalation of H-S can inhibit blood disorders by pen-
etrating the blood-brain barrier and reduce the develop-
ment of cerebral edema. The cardiovascular system is an
important target for H.S. The site of vasorelaxant action
of H:S is the blockade of calcium (Ca?") channels and
the increase of NO production by the endothelium. The
mechanism of the vasodilatory action of H.S is complex
and is associated with the formation of nitroso-myoalds,
the opening of potassium channels, the reduction of ATP
content, the inhibition of metabolism, the regulation of
angiogenesis, and other processes.

Platelets, as part of vessel walls, produce H-S. There
are data on the positive effect of H-S in lung diseases — it
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inhibits acute hypertoxicity. H.S is important in the kid-
neys and urinary tract. Enzymes of H.S synthesis were
also found in the liver. H.S is used in sanatorium-re-
sort conditions, in particular for sulphide baths. Sulfur
oxide (SO2), as a gas signaling system, is a toxic gas
and a known environmental pollutant. When inhaled,
it can cause coughing. SO: dissolves well in water, in
the blood plasma it can be transformed into sulfate and
sulfide derivatives. Like NO and HS, SO: can improve
blood pressure, alter heart rhythm, and participate in
inflammatory responses. Endogenous SO: is synthe-
sized in many organs and tissues. Metabolic effects of
H.S include regulation of renin content, inhibition of
angiotensin-converting enzyme, stimulation of angio-
genesis, and inhibition of atherosclerosis. In interaction
with NO and SO-, H:S acts protectively on the myocar-
dium. In experimental atherosclerosis, lipid metabolism
and SO: synthesis were disturbed. SO: is also involved
in the pathogenesis of neurological disorders. The opti-
mal function of polysulfides and H.S extends to many
body systems, best studied in the nervous system. It was
established that tri- and tetrasulfides cause a signal entry
of Ca?" into the cells of the nervous and cardiovascular
systems. Polysulfides are a typical form of bound sulfur
in the redox regulation system. The bound sulfur H-S is
incorporated into proteins as persulfide or polysulfide.
The mechanism of increased calcium entry by poly-
sulfides is related to the activation of TRPAT receptors
in gastrocytes and can be inhibited by their effective
inhibitors. Polysulfides perform a neuro— and cardio-
protective function. They increase the permeability of
endothelium and albumin. Donors of polysulfides can
reduce the content of serotonin, and most importantly,
have a neurotropic and cardiotropic effect (Sukmansky
& Reutov, 2016).

Hydrogen peroxide and other reactive oxygen spe-
cies can be formed in many types of cells during phago-
cytosis in neutrophils, monocytes, and macrophages, as
well as in the process of stimulation and proliferation
of bone marrow cells, lymphocytes, astrocytes, neurons,
fibroblasts, and endothelial cells. In various pathologi-
cal conditions, these processes can either be intensified
or inhibited. Disturbance of the balance between oxi-
dants and antioxidants in the response of cells in tumor
formation, autoimmune, allergic and proinflammatory
diseases, intoxications, vascular and liver diseases was
noted.

Reactive forms of oxygen generated in the process
of cell stimulation can affect the cells that produce them.
In normal and pathological conditions, human and ani-
mal cells can be exposed to hydrogen peroxide. Given
that cytokines and NO are required for reactivation, the
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effects of nitric oxide on H.O: and NO levels were inves-
tigated. The level of interleukin-1P and the total output
of nitrates — the end products of NO conversion — were
found to be approximately 10* micromoles 24 hours
after stimulation, and the increase in NO was about two-
fold. Thus, hydrogen peroxide is one of the products
of metabolism in organs and tissues and participates in
intracellular signaling, performing the function of a sig-
naling molecule in immune cells (Kulahava et al., 2007).

Glioma is one of the most dangerous tumors. Despite
the use of antitumor therapy, it was considered appro-
priate to find a drug that affects the Hedgehog signaling
pathway. Naringenin has antiproliferative and antitumor
effects. It is known to have antitumor, antiproliferative
and antihypertensive activity, and affects S6 and f33
fibroblasts. It affects the migration of S6 cells. The drug
Naringenin has a significant toxic effect, affects S6 cells
and causes apoptosis. It is considered appropriate to use
Naringenin in the glioblastoma treatment scheme (Sar-
gazi et al., 2021).

Traditionally in China, a decoction of the Jiao-Tai-
Wan plant is used. As it was established, the decoction
affects signaling pathways and has an immunocorrective
effect. This tool improves the increased expression of
macrophages, lowers the level of IL-1f, IL-6, TNF-a,
P6S2, VE6P. The obtained data indicate the antitumor
effect of the decoction (You et al., 2023).

Chinese plant Pai Nong Sang has long been used
to treat colitis and colorectal cancer. This plant has an
anti-inflammatory and immunostimulating effect. In
addition, its extract affects Wnt signaling pathways.
Thanks to the immunomodulatory effect, the drug
restores the content of interleukins, improves it tumor
necrosis factor and the state of the gut microbiome
(Yang et al., 2014).

In recent years, considerable attention has been paid
to the possibility of the effect of plant components or
phytopreparations in general on cell signaling path-
ways. The most famous studies in this direction were
conducted using herbal remedies of traditional Chi-
nese medicine. These agents have been found to con-
tain active substances, including phosphatidylinositol-3
protein kinase (PI3K) and protein kinase B (Akt), which
can affect signaling pathway substrates such as the tran-
scription factor FOXO3, glycogen synthase kinase-3f3
(GSK-3B), and caspase-9. This explains the neuropro-
tective effect of plant active substances and provides
grounds for including them in complex pharmacother-
apy of Alzheimer's and Parkinson's disease (Long et al.,
2021).

The neuroprotective activity of the combined herbal
preparation, which includes extracts, was established on
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the model of scopolamine disturbance of the activity of
the nervous system Gastrodia elata Blume, Polygala ten-
uifolia Willd., Desert Cistanche And, Rehmannia gluti-
nosa, Acorus gramineus Aiton ta Turmeric is long L. This
herbal preparation can model dopaminergic synapses
and apoptosis of hippocampal signaling pathways. It is
recommended to include this phytoremedial agent in the
treatment of Alzheimer's disease (Huang et al., 2022).

Due to the fact that the mechanism of neuroinflam-
mation may be involved in neurodegenerative diseases,
the effect of a plant extract of 32 components on the
NF-kB signaling pathway was established, which leads
to a decrease in inflammatory processes in the nervous
system (Bai et al., 2021). Parkinson's disease is treated
with the inclusion of phytoremedies obtained from China
and India and can affect topominergic neurons, and can
affect signaling pathways such as PI3K, NF-kB, AMPK
(Yin et al., 2021). Traditional herbal preparations are
prescribed to patients with increased excitability, as well
as symptoms of depression, which is associated with the
effect on such signaling pathways as AKT1, IL-6, TNF,
PTGS2, JUN, CASP3, MAPKS, PPARy, NOS3 (Pan et
al., 2022). Treatment of depression with plant extracts
is associated with effects on the level of pro-inflamma-
tory cytokines and the GABA-ergic system and signa-
ling pathways of GAD-1, VGAT and others (Zhang et
al., 2021). To a large extent, the positive effect of Chi-
nese herbal preparations on the CNS is associated with
a decrease in neurotoxicity and oxidative stress due to
the influence on the PI3K/Akt/Nrf2 and TLR4/NF-xB
signaling pathways, which is accompanied by a decrease
in the levels of pro-inflammatory cytokines IL-1p, IL-6,
TNF-a and the activation of antioxidant mechanisms.
Reduction of neurotoxicity and oxidative stress is also
associated with the effects of Chinese plant extracts on
JAK2/STAT3 signaling pathways (Lv et al., 2021).

Chinese plant extracts help prevent and treat stroke
by affecting PI3K/Akt signaling pathways (Liu et al.,
2022). A possible effect in the prevention of stroke
cases is carried out through JAK/STAT, NF-xB, MAPK,
Notch, Nrf2 signaling pathways (Li et al., 2022). There
are references to recommendations to include extracts of
Chinese plants in the treatment regimen of atheroscle-
rosis, especially in the presence of Salvia miltiorrhiza
(Yang et al., 2023). In experiments on rats with a simu-
lated myocardial infarction, the protective properties of
a decoction of Chinese plants, a normalizing effect on
protein kinase activity and indicators of oxidative stress,
as well as an effect on signaling pathways were estab-
lished (Yu et al., 2023).

Extracts of Chinese plants are used in the treatment
of diseases of the digestive organs. Their effectiveness
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in the treatment of ulcerative colitis is unknown. At the
same time, the active substances affect such signaling
pathways as PI3K/AKT, NF-xB, JAK/STAT, MAPK
and Notch (Zheng et al., 2022). The plant extract is pre-
scribed for various inflammatory diseases, including
the digestive tract due to its influence on the JAK/STAT
signaling pathways (Chen et al., 2022). Saponins con-
tained in extracts of medicinal plants can have an antitu-
mor effect in different localization of tumors (Zhu et al.,
2023). Extracts of Chinese plants are recommended for
use in inflammatory liver diseases, which is associated
with receptor influence and action on NLRP3 signaling
pathways, effective in liver diseases (M.-x. Pan et al.,
2021). Plant extracts are effective in tissue damage by
srotadriamycin. Their effect is also related to CAMKK2/
AMPK signaling pathways (Zhang et al., 2023). Include
extracts of Chinese plants in the complex treatment of
pancreatic cancer. At the same time, the impact on JAK-
STAT, NF-xB, MAPK, PI3K-AKT signaling pathways
is noted (M. Li et al., 2022). Herbal preparations were
also used to treat obstructive lung diseases. Their effect
is related to the effect on protein kinase, TNF and MPKA
signaling pathway (J. Li et al., 2021). Chinese herbal
preparations were also tested in case of fibrotic kidney
disease. Their effectiveness is related to the impact on
the MAPK, PI3K-AKT, and TNF signaling pathways.
Decoctions of Chinese herbal medicines are also rec-
ommended for chronic bronchitis. Their effectiveness
is confirmed by the effect on TNF, MARK, PI3K-AKT
signaling pathways (Yuan et al., 2020).

The effectiveness of Chinese plant extracts in bronchi-
tis is realized due to JAK-STAT signaling pathways (Ding
et al., 2025). Due to the ability of phytopreparations to
reduce oxidative stress-induced damage, these drugs are
recommended for exposure to exogenous toxins associ-
ated with the Nrf2 signaling factor (Molaei et al., 2021).
By affecting the epidermal growth factor, phytoremedies
are prescribed in the complex treatment of lung cancer,
while they affect the EGFR-tyrosine kinase (Lee et al.,
2021). Phytopharmacological agents have been success-
fully included in the pharmacotherapy of lung cancer by
targeting apoptosis, micro RNA, the BRCA-1 gene, the
P53 protein, the P13K/Akt/mTOR signaling pathway, the
Notch signaling pathway, the Hedgehog/Gli-1 signaling
pathway, poly-ADP ribose polymerase inhibitors, and

MAPK inhibitors (Singh et al., 2021). An extract from the
plant Qi-Qin-hu-chang is recommended for the treatment
of colorectal cancer (Wu et al., 2023).

Chinese medicine agents are used to treat hepatitis
B by targeting signaling pathways such as JAK/STAT,
PI3K/Akt, NF-kB, MAPK (Zheng, Qi, et al., 2024). An
extract from Chinese plants is prescribed in the presence
of androgenetic alopecia (Jinjin et al., 2022). Extract
from Chinese plants is very useful for non-alcoholic
liver diseases. At the same time, the signaling pathways
of NAFLD, PPAR, AMPK, and NF-«kB are taken into
account (X. Zhang et al., 2024). especially alkaloids are
useful in Chinese plants for the treatment of acute kid-
ney diseases. It is alkaloids that activate the Nrf2/HO-1
signaling pathway (Rui et al., 2022).

It is considered appropriate to include herbal prepa-
rations of Chinese medicine for the treatment of chronic
inflammatory bowel diseases, including Crohn's dis-
ease (S. Yuan et al., 2022). Gastric cancer therapy may
include an herbal preparation from Rabdosia rubescens,
affecting signaling pathways of TNF-a, TGF-B, and
androgen receptor (Gao et al., 2023).

Means of Chinese medicine have significant anti-in-
flammatory activity, which is the basis for the creation
of new drugs. In addition, they have a neuroregenerative
effect, inhibiting inflammation and oxidative stress. This
allows them to be included in pulmonary fibrosis treat-
ment regimens by influencing TGF-f signaling path-
ways (Z. Wu et al., 2022).

More and more herbal anticancer agents are being cre-
ated. Special importance is given to polyphenols. They
affect atherosclerosis and key signaling pathways (Jenca
etal., 2024). For spinal injuries, it is recommended to take
an extract from Chinese plants, which improve metabo-
lism in the surrounding tissues and affect the signaling
pathways of mTOR, SCI, MITOR (Y. Ding & Chen,
2022). Antioxidant herbal preparations are recommended
to be included in treatment regimens for liver fibrosis due
to their effect on the B-catenin signaling pathway (Cheng
etal., 2023).

Thus, various signaling pathways not only ensure
the vital activity of organs and systems, but also play
an important role in the mechanisms of development
of pathological processes, the influence of which
determines the targeted effect of modern drugs.
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Translation into Ukrainian
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Haoin TOPYAKOBA

O0OKMOp MeOuuHUXx Hayk, npoghecop, npogecop rxagedpu gapmarxonoeii, Hayionanoruil meouunuii yHigepcumem
imeni O.0. Boeomonvys, npocn. bepecmeticokuii, 34, m. Kuis, Yxpaina, 03057 (gorchakovanl941(@gmail.com)
ORCID: 0000-0001-7311-7347

SCOPUS: 7003895729

Temana TAPHUK

00KMOp MeOUYHUX HayK, npogecop, npogecop kagedpu 6iobesneku i 300pos s nodunu, Hayionanvruii mexuiunuil
yuisepcumem Yrpainu «Kuiscoxkuti nonimexniynuti incmumym imeni leops Cikopcbkoeoy, bepecmeticbkui
npocnexm, 37, m. Kuis, Vxpaina, 03057 (phitotherapy.chasopys@gmail.com)

ORCID: 0000-00025280-0363

SCOPUS: 6508229538

Izop BEJIEHIYEB

dokmop 6ionoziunux Hayk, npogecop, 3asidysau xagpeopu Gapmaxonozii ma meouunoi peyenmypu 3 Kypcom
HopManbHol (hizionoeii, 3anopizbruli depoicasnuil meourko-papmayesemuunull yruigepcumem, Oynve. Mapii [lpu-
Mmauenxo, 26, m. 3anopidcoics, Ykpaina, 69035 (i.belenichevi914@gmail.com)

ORCID: 0000-0003-1273-5314

SCOPUS: 6602434760

Banepia THATIOK

O0OKMOp MeOUUHUX HAYK, npogecop, npoghecop kagheopu papmaronoeii, Hayionanvnuii meouunuii ynieepcumem iMeHi
0.0. bozomonvys, npocn. bepecmeticoxuti, 34, m. Kuis, Yxpaina, 03057 (valery.nice@gmail.com)

ORCID: 0000-0002-5764-3600

SCOPUS: 57193661449

Onena IIYMEHKO

Kanouoam MmeoudHux Hayx, ooyenm xageopu papmakonoeii, Hayionanehuii meouynuil yHieepcumem IMeHi
0.0. bozomonwvys, npocn. Bepecmeiicoxuti, 34, m. Kuis, Ykpaina, 03057 (ashu28051972@gmail.com)

ORCID: 0000-0003-0655-0911

Onena KJIHMEHKO
Kauouoam MeOudHux Hayx, ooyenm xagedpu papmakonoeii, Hayionanohuii meouynuil yHieepcumem IiMeHi

0.0. bozomonvys, npocn. bepecmeticoxutl, 34, m. Kuis, Yxpaina, 03057 (klymenkoolena75@gmail.com)
ORCID: 0000-0002-2537-7029

Enna 'OPOBA

Kanouoam meOuyHux Hayk, ooyeum, Bceyxpaincoka epomaocvka opeanizayis «Acoyiayis ¢haxieyie 3 Hapoonoi
i Hempaoduyitnoi meouyunu Ykpainuy, eiye-npesudeum, eyi. Uepsononinocora, 26, m. Kuis, Vkpaina, 04123
(ella.v.gorova@gmail.com)

ORCID: 0000-0003-0259-5469

SCOPUS: 58965130800

Kamepuna POMAHOBA
KAHOUOAm MeOUYHUX HAYK, O0YeHM Kapedpu nponedesmuru 6HYmpiuiHboi MeOUYUHU 3 NPOMEHEB0I0 0iaeHOCIUKON)
ma npoMeHeso mepanicio, 3anopizbKuil 0epicasHull MeouKo-papmayesmuunull yHieepcumem, oynve. Mapii [lpu-

mauenxo, 26, m. 3anopidxcocs, Yipaina, 69035 (zsmusimul@gmail.com)
ORCID: 0009-0000-1096-5314

Biomiorpagiunmii onuc crarri: ['opuakosa H., lapuuk T., beneniues 1., ['nariok B., Lllymeiiko O., Kimimenxko O.,
T'oposa E., Pomanosa K. (2025) CurnanbHi LUISIXU B MeXaHi3Max Jii JiKapcbKUX 3ac001B. @imomepania. Yaconuc, 4,
22-37, doi: https://doi.org/10.32782/2522-9680-2025-4-6
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CUTHAJIBHI HIJIIXW B MEXAHI3MAX JIIi JIKAPCbKHX 3ACOBIB

Axmyansuicme. Cucnanvui uiaxu — ye 1anytoey OI0XIMIHUX peakyill I Mexanizmie, uo oopodIsoms i nepedaroms CUSHAU, ped-
2YI0UU Ha 3MIHU Y CBOEMY cepedosuiyi. Bonu 3abe3neuyioms koopounayilo QyuKyitl KIimun i MKAHUH, RIUSAIONb HA pe2yayio Mema-
bonizmy, picm i oughepenyiayiro krimun. Bacamo npenapamie, siKi 0ilomb HA HEPBOBY, CEPYEEO-CYOUHHY U THWE CUCTEMU OP2AHIZMY),
peanizyloms Ceitl 6N1UG Yepe3 CUSHANLHI WAAXU, POOIAYU IX KIIOUOBUMU 00 'EKMAaMU apMakono2iuno2o Gnaus).

Mema docnidicenns — npedcmagumu poib CUSHATLHUX WLISAXIE NPU MOOETIO8AHHI NAMONO2IYHUX CINAHIS [ peanizayii Mexanizmy
0ii nikapcvkux 3aco6is.

Mamepian i memoou. Ananiz oanux rimepamypu w000 CUSHATLHUX WIAXIE Y PO3GUMKY NAMONO0IYHUX CMAHIE | MeXaHizmy Oii
JIKApevKux 3acobie 3a docepenamu y eudannsx «Scopusy, «Google Scholary mowo, a makooic 6usHaueHHs NOKAZHUKIE, SKI niomeep-
021CYI0Mb 6NIUB NIKAPCHLKUX 3AC00I68 HA CUSHANLHI WILAXU MA IX 30aMHICTNb KOpU2y8amu nopyuleHis nepeoayi CueHay.

Pesynomamu oocnioscennsn. Haseoeni nimepamyphi 0ani w000 HatlOiibul 6I00MUX CUSHATLHUX CUCMEM, IX yuacmb y papmaro-
OUHAMIYI HEBPONOIUHUX, CepYeso-CYOUHHUX MA OHKONOSIUHUX 3acobis. [lepepaxosani namoghizionoeiuni ¢hakmopu, aKi Gniuearoms
HA MOOeNO8AHH NAMOLOIUHUX CINAHIE | NOPYWeHHs nepedaui cueHary. YKazaui JikapcobKi 3acobu, AKi nponoHyioms npusHadami,
3 Memor KOpeKyii hakxmopie mpancnopmy6anHs CUSHANIE Y WISIXAX HEPBOBOT, cepyeso-CYOUHHOT M IHUUX CUCEM.

Bucnosok. Hageoeni 0ani nimepamypu niomeepoxcyroms 3SHAUEHHs CUSHATIbHUX ULTAXIE OJis NOSICHeHHs OIoXIMIuHUX 1 namoizio-
JIOTYHUX NOPYULEHb 8 YMOBAX 3AX6OPIOGAHD | HANPAM 6NIUGY JIKAPCLKUX 3ACO0I8 3 NOSCHEHHAM MeXaHi3my ix Oil.

Knrwuosi cnosa: cucnanvhi winaxu, 6HympiuiHbOKIIMUHHA CUCHANI3AYIS, HEeUPOMOKCUUHICIb, OKCUOAMUGHUL cmpec, himomepa-
nis, mapeemna mepanis.
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SIGNALING PATHWAYS IN THE MECHANISMS OF DRUG ACTION

Actuality. Signaling pathways are chains of biochemical reactions and mechanisms that process and transmit signals in response
to environmental changes. They coordinate cellular and tissue functions, regulate metabolism, and influence cell growth and
differentiation. Many drugs targeting the nervous, cardiovascular, and other systems exert their effects through signaling pathways,

making them key pharmacological targets.

Aim of the study. To present the role of signaling pathways in modeling pathological conditions and in the mechanisms of drug action.
Research methods. Literature data on signaling pathways in pathological conditions and drug mechanisms were analyzed using
sources from Scopus, Google Scholar, and other databases. Indicators confirming drug effects on signaling pathways and their capacity

to correct signal transmission disturbances were also identified.

Research results. Well-known signaling systems and their involvement in the pharmacodynamics of neurological, cardiovascular, and
oncological drugs were summarized. Pathophysiological factors influencing pathological condition modeling and signal transmission disruptions
were outlined. Drugs recommended for correcting signal transport disturbances in the nervous, cardiovascular, and other systems were indicated.

Conclusions. Current literature emphasizes the importance of signaling pathways in explaining biochemical and pathophysiological

disturbances and highlights their role as pharmacological targets.

Key words: signaling pathways, intracellular signaling, neurotoxicity, oxidative stress, phytotherapy, targeted therapy.

Beryn. AkrtyadbHicTh. CHTHaNbHI NUISXH — 1€
JIAHITIOTH, SKi TepeAaroTh CUTHAIHM MIOAO0 O10XIMIYHHUX
1 MaroQi3ioJOTiYHMX 3MIH B OpPraHi3Mi NpH MaTOJIOTI4-
HOMY CTaHi Ta MiJ BIUIMBOM JIIKAPChKUX 3aco0iB. Po3y-
MIiHHSI MEXaHi3My TIiepe/iadi CHTHAJIiB JIOTIOMarae Iiijie-
CIPSMOBAHO TPOBOAUTH (apMmakoTepamnito. CUrHaIbHI
NUISIXY — II€ JIAHITIOTH O10XIMIYHUX PeaKIlii i MexaHi3-
MiB, 3a IOTIOMOT'0I0 SIKHX KJIITHHA OTPUMYE, 00po0IIsie Ta
TIepe/iae CUTHAIM, pearyroun Ha 3MiHU Y CBOEMY CEpell-
OBHILI ¥ PETryNIOI0YH KUTTEBO BaXKJIMBI MPOLIECH, TaKi
SIK PICT, PO3BUTOK, METa0O0III3M Ta iMyHHA BimoBink. [i
IUISIXK € OCHOBOIO JIJIsI HOPMAJIBHOTO (DYHKI[IOHYBaHHS
KIIITUH 1 TKAHWH, a X TOPYIICHHS MOXKE TIPU3BECTH 10
PO3BHTKY Pi3HUX 3aXBOPIOBAHb.

[lepBuHHa cuTHaIbHA CHUCTEMa CIpPUHMAE CUTHAIH
3a JIOTIOMOT'OI0 OPraHiB YyTTs 3 HABKOJIHUIIHBOTO CEPeo-
Buia. CUrHABHI CHCTEMH B OpraHax i CHCTEMax MOXYTb
BKJTIOYaTH LIMTOKIHK, aKTUBHI Ipynu (epMeHTiB, perern-
TOpH, 10HHI KaHaJIM Ta TEPCHOCHUKHU. Y HEPBOBIH cuc-
TEMi TTATOTCHETUYHUM (PAKTOPOM 3aXBOPIOBAHb MOXYTb
OyTH TMOPYIICHHS TiaMiH-3aJIe)KHUX TporeciB. TiamiH-
mudocdar € kopepMeHTOM KiTbKOX (DEpPMEHTIB BYTIEBOI-
HOTO OOMiHY, TIOIIKO/DKEHHS (DYHKINIH SKUX TPH3BOIUTH
JI0 OKCHJATUBHOTO CTpecy. AHTAaroHiCTH TiaMiHy 4epes3
MITOXOH/IPIT MOKYTh HEPEIIENTOPHO BUKITUKATH ATIOMTO3,
y MpOLEeCi aKTHBALi] SIKOTO BaXKJIMBY POJIb Bilirpae O1710K
p53 (Chornyy, Parkhomenko, 2008).

-4
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[pyra curHampHa cHcTeMa cIpuse (HOpMyBaHHIO
YMOBHO-PE(PICKTOPHHUX 3B’SI3KIB, € PEryIsTOPOM MUC-
JICHHSI T2 MOBH U TTOJIETTIIY€ KOMYHIKAIIIF0 MIX JIFOIbMH,
BIUIMBAIOYU Ha IXHI BIAIIOBIII.

Merta gociaiizKeHHsl — MPEICTaBUTH POJIh CUTHAIb-
HUX [UBSIXIB TIPU MOJICTIOBAHHI TATOJIOTIYHUX CTaHIB
1 MEXaHi3My Jii JIKapChKUX 3aC00iB.

Marepianun Ta meroau pociaigkeHus. Ilpoectu
aHai3 JIaHWX JIITEpaTypH MION0 CHUTHAIBHUX IIISAXIiB
y PO3BUTKY MATOJOTTYHUX CTaHIB 1 MEXaHi3My Aii Jikap-
CBKHX 3acOo0iB 3a JDKepellaMH Y BHIAHHIX «Scopusy,
«Google Scholar» Tomo, a TakoX BH3HAYUTHU IMOKA3-
HUKH, SIKI TATBEP/UKYIOTh BIUIUB JIIKAPCHKUX 3aCc00iB
Ha CUTHAJIBHI IIUISIXH Ta 1X 3AaTHICTh KOPUTYBATH MOPY-
IICHHS TIepeavi CUTHAITY.

Pesyabratn pociigxeHHss Ta iX 00roBopeHHs.
Bimomo, mo moBrorpuBaia TaMm’STh 3aJCKUTHh Bij
PO3BHUTKY JOBIOTPHBAJOl CHTHAIBHOI TMepenadi, sKy
BIIEpIIIe BUSIBJIICHO B HeWpoHax KposukiB. Lleit mporec
OB’ A3aHUN 3 aKTUBHICTIO TIIyTaMIHEPTiYHUX CUTHAJIIB
1 30UTBIICHHSIM CHHOINTUYHOTO TIOTCHINANY. Y IhOMY
MexaHi3Mi OepyTb ydacThb KOpa MO3KY Ta MO30YOK,
a TaKOJK CHUTHAJIbHI CHCTEMHU, TI0B’s13aH] 3 1X aKTHUBAIIIE€I0
(Hactenko, BecenoBcbkuii, 2021). Tlpu xponiuHOMY
nmimdoneiikos3i iramist CD180-pernentopiB BHUKIHKAE
3MIHM B CHUTHAJNBHUX wuAxax B-mimdorurie y 80%
BHIIQJIKIB, IO CYNPOBO/UKYEThCs akTHBamiero Akt abo
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p38 MAPK abo ogHOYacHOI akTHBaIi€0 000X KiHa3
(Gordiienko et al., 2017).

OnauM i3 ocTaHHIX BigkpuTux € P2X-penentop, sxuii
HAJICKUTh JIO MyPUHOBUX PELIENTOPIB 1 MPHUCYTHIN SK
y HEHpOHaX, TaK 1 B ITIaJbHUX KIITHHAX PI3HUX JUISTHOK
MO3Ky. BiH Bizirpae 3Ha4Hy pojib y HOpMaJILHOMY (YHK-
ioHyBaHHI TojloBHOTO MO3KY (Pevarello et al., 2017).

Oco0OnmuBuil epekT MarOTh MpenapaTH, sKi BIUIMBA-
10Thb Ha P2X-penenropu npu 3anajJbHUX 3aXBOPHOBaH-
Hsx. Pernienropu P2X pi3HUX pOAMH MarTh CBOi 0CO-
6mmBocrti. Tak, P2X4-penentop Mae BUCOKY UyTJIUBICTD
1o aneHosuHTpHdochary mopiBHsHO 3 P2X7, i Tomy
OBy e(eKTUBHICTE IPH po3iagax Mo3Ky. Ilicist mpo-
BEJICHHS JIOCII/DKEHb TIJIKpecieHa OCOONUBICTh 3HA-
YCHHS NMypPUHEPriYHUX perentopis, ocobmuso P2X7
1 P2X4, sk mepcrneKTUBHUX JIKAPChKUX 3ac00iB s
nikyBauHs posnaniB LIHC (€roposa, Makcumiok, 2024).

BinMideHHid BHECOK y JIIKYBaHHS HEWPO3amalbHUX
1 HeHlpoiereHepaTUBHMUX TPOLECIB, Y TOMY YHCHI imIe-
MIYHOTO TOMIKO/KeHHS MO3Ky. JlikyBanHs P2X4-pe-
nenrtopis 3a gornomoror ATP, TNF, ATP nposisisie Heii-
ponporekTopuuid Bruus (Ozaki et al., 2016)

3Ha4YHy pOIb IIi PEIENTOPH MOXKYTh MaTH TPH PO3-
poOrii sikyBaHHs emninerncii. [Tig yac Hamanmy eminencii
HiBUIY€ThCS piBeHb nmo3axiiTuHHOrO AT®. 3acrocy-
BaHHS aHTaroHictiB P2X7-penentopiB 3MeHIIYE Cyl0-
MHMH Hamaf,. [licng Hanagy 3MeHITyeThes BIIMB P2X7
1 P2X4, Tomy, iX MOXXHa BBa)KATH MILICHSIMH MPOTHETi-
nentuyHoi Teparmii (Beamer et al., 2019).

[TokazaHo, 1m0 BUBUIBHEHHS AT® iHIYyKYeThCS
Bipycaum COVID-19. AHTriOTCH3HH-TIEPETBOPIOIOIHHA
¢depment 2 (ACE2), 110 HaJeKUTh 10 METANIONPOTEas,
crpusie B3aemoii Bipycy COVID-19 i3 knituHamu opra-
HizMy. AT® BracTuBa BHCOKA €KCIPECis Ha JICTCHEBUX
QIBBEOJSIPHUX eMiTeialbHUX KIITHHAX Ta CHTEPOIH-
TaX TOHKOI KHIIIKH, & TAKOXK BiH € Y DIAJIbHUX KIIITHHAX
1 HelfpoHax MO3Ky i Mikpormii. OcTaHHS Ma€ BHCOKHH
piBeHb ekcnpecii, sk 1 Makpodaru g0 P2X-penenropis,
30kpeMa P2X7-peuenrtopy, 110 NPU3BOAUTH IO BUpa-
JKEHHS ITPO3analbHUX e(EeKTiB MPH MMiIBUIICHOMY BMICTi
AT®. Came inribyBanus P2X7 Moxe cTaTé MIIICHHIO
quts ipurHideHHs: COVID-19 i1 cipusiTi KOHTPOJTIO pO3-
MOBCIOKEHHs 3axBoproBaHHs (Maliha et al., 2024).

OcobnmuBa yBara MNPHIUISETECA MYyPUHEPTIYHUM
penenTopam IpH JIIKyBaHHI XBopoOum Ajbureiimepa,
[TapkiHcoHa, [ eHTIHITOHA, PO3CISTHOTO CKJIEpPO3y Ta Oid-
HOTO amioTpo(idHOro ckieposy. Kputndne 3HaueHHS
mpu XBopoOi AublreiiMepa maroTh P2X7-penientopi.
3HauHe 3Ha4YeHHS Mae piBeHb AT® Ta aminoiTHUX yTBO-
peHb. 3apa3 BigMmivaroTh, mo came P2X7-penentopu
MAarOTh KPUTHYHE 3HAYCHHS B PO3BUTKY XBOPOOU AJIbII-
reiimepa. [CHYIOTh CynepedsIuBi 1aHi MO0 BILIHBY LIUX
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pelenTopiB Ha akKTUBHICTH a-cekpeTasu. Came Oi0Kkaga
P2X7-penienTopiB 3MEHIIy€e MOTIPIICHHS MaM’SITi XBO-
pux 1 3amo0Oirae 3aruOeni HEHPOHAIBPHHMX KIITHH Mif
niero B-aminoinnoro 6inka (Heppner et al., 2015).

ITpu xBopo6i [apkiHcoHa 6-rixpokcuaonamin 3011b-
nrye BuBUTbHeHHS AT® 1 #fioro mogaselie nepeTBOPSHHS
B a/ICHO3MH Y MO3aKJIITHHHOMY HPOCTOpPi Yepe3 IiJBU-
IICHHs eKcnpecii HykieoTHaa3 y kiaitnHax SH-SYS5SY.
CurHanpHi IUIAXW B HEPBOBIM CHCTEMI MOXKYTh Tepe-
puBaTH ONOKaJy WOHHUX KaHaJiB. MOIEIbHE ITOIIKO-
JOKCHHS KallbI[IEBUX KaHAJIB y JOpPCAIbHUX HEWpOHAX
CIIMHHOTO MO3KY IIYpiB, SIKE MPU3BOIMIO 10 HEpPEpH-
BaHHS OJOKaJM KaJbI[IEBOTO TIOTOKY IIJISIXOM BUKIIHKY
MITYYHOT KOPOTKOYACHOI TimepriiikeMii B KyJbTHBOBA-
HUX HEHpoHaX JOPCAIBHOTO BiAUTY CIIMHHOTO MO3KY
IIypiB, BH3HAYWIO TIOTCHIAN MiCIICHHANTHIHOTO
ctpymy SH-SYS5Y HeipoOiacToMu THOIUHH.

Bimomo, mio iHrioyBanus P2X7-penentopiB mae
HEHPOMPOTEKTUBHY Ta HeHpopereHepaTuBHy Aaito. [Ipn
IbOMY aKTHBYIOThCSI Moauikamii HeHportii Ta BHI-
JeHHs UToKiHIB. HaaMmipHa excnipecis P2X4-penenTto-
piB migBuiye peryisnito 1L-6 1 mocuiitoe gonamiH-iH-
JQyKoBaHy no¢amiHepriuHy akTuBHICTH (Zhang et al.,
2021).

VY xBopoOi ['anTiHrrona maroTh 3HaueHHs P2X-pe-
nenTopu, ocoonmso P2X7-penienrropu. [pu i xBopooi
BiIMIYa€ThCsl MiABUIIEHHS €KCIpecii X perenTopis;
HaNOIIbIIE 3pOCTAHHS SKCIIPECil B CTPHATYMI TOMEPITUX
TmoJieH, e BUBICHO 3MiHM 1boro perentopa (Olla et
al., 2020).

biunnit amioTpodiuHmii CKIIEpo3 MOB’SI3YIOTh 3 €KC-
npeciero P2X7-perientopiB. Y 1mypiB 3 rinepriikeMiero
0JoKajia KaJbli€BOTO CTPyMYy B HEMpPOHAX JIOPCATBHOTO
pOTy CIIMHHOTO MO3KY MPU3BOIMIIA 10 3MEHIIICHHS CHT-
HaJIIB, TIOB’SI3aHUX 3 yTHIII3aliero piBHs niroko3u (Lum-
IIMHA Ta iH., 2019).

3BaKalouM Ha y4acTh CUTHAJIbHMX HULAXiB, y Kurai
3alpOIOHOBAHO TpaaMIiiHUi Tpernapar Jiao-Tai-Wan.
Vloro akTuBHMIT KOMIIOHEHT, GepOepHH, BILIMBAE Ha Gil-
KOBI KOMITIEKCH. 3aBJISIKH 1[bOMY BiJIOYBA€ThCS EKCIIPECIst
TCHIB, 3MIHIOETBCS CHTHAITI3aIlis OOMiHY IJIFOKO3U Ta pea-
J3yeThCsl IMyHOMOJYITIOKOYA Jis, IO MOKpPAIIye OOMiH
DIIOKO3M Ta CTaH MaIieHTiB i3 niadetom (Tang et al., 2024).

Bimomo, o Juis JiKyBaHHS Pi3HUX THITIB JTEMEHIIIT
npu3Ha4aTh antaronict NMDA-penentopiB MeMaH-
THUH, BKIIIOYaI0YH TaKOXK XBOpoOy AjblreiiMepa. B exc-
MEPUMEHTAX Ha Iypax YCTAHOBJCHO, IO MEMaHTHH
BIUIMBAE HA IIaM SITh, IO CTAJI0O OCHOBOIO JIJISI BUBUCHHS
fioro BIJIMBY Ha KanblieBi curHanu. Haamipha ctumy-
nsist NMDA-penentopiB A-TuUny CHOpUYHHSE 1HTEH-
CUBHE HAJXOKEHHSI 10HIB KAJIBIIII0 B KIITHHY i MOXE
MPU3BECTH 0 IIyTaMaTHOI EeKCAWTOTOKCHYHOCTI. AHTa-
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ronict NMDA-penenTopiB MeMaHTHH, OJOKYIOUM Iii
penenTopu, 3MEHIITYBaB BXiJ| 10HIB KaJbI[if0, BIUIMBA-
I04M Ha CUTHAJII3aIli0 KaJIbI[iI0 B HEHPOHAX. AHTAroHICT
NMDA-penentopiB MEMaHTHH TaKOX 3axHINAB HEH-
POHHI KyNbTypH TIIOKaMITy BiJ MEepEeBaHTAXECHHS KaJlb-
mieM, IO CIpHYMHEHO OeTa-aminmoinom. MemaHTHH,
KpiM TOTO, JOCTOBIpHO OJIOKY€ KajblLli€Bi KaHAIH, TIPH-
rHiuyroun curHamizaniro (Shkryl et al., 2021). Heprosa
CHCTEMa OTpPHMY€ CHTHaimu 3 mepudepii Ta iMmymscu
JI0 BicuepaibHOi cucTeMu. CUTHAIBHI NUIIXH 3a0e3re-
qyIO0Th TOMEOCTa3, (pi3MIHMI CTaTyC, MOBEAIHKY Ta CBi-
JIOMICTh, TTOJIUT ¥ Ha cBijomi i HecBigomi (Berntson,
Khalsa, 2021). BnnuBaroun Ha Kaibliid y TiloKami,
MOXKHa 3MIHHTH CHTHAllbHI CHCTEMH, IO KOPUTYIOTH
JUSUTBHICTh OpraHiB 1 CUCTeM. 3aBISIKU CHUTHAIBHUM
[UIIXaM MATPUMYETHCSI aKTUBHICTh OpPraHiB TPaBHOTO
KaHaJly, 30KpeMa >koBuHOro Mmixypa (Goldstein et al.,
2021). 3B’530K 3/IMCHIOIOTh HEHPOHM TrinmorajgaMyca.
Y upomy 6epyTh yuacts AgRP-neliponu.

Pa3om i3 TEM cydacHa Hayka 3Beprac yBary Ha ade-
PCHTHI CHT'HAJIM Ta CHTHAJIBHI IIULIXM, IO IOB’sI3aHi 13
CHCTEMOIO PELICNTOPIB, SIKi PO3TAlIOBaHI y BHYTPIIIHIX
opranax. Came iieHTH(DIKaIlis HU3X1JHAX 1 BUCXIJTHUX CHT-
HAJIbHUX NUBIXIB JIa€ 3MOTY BHU3HAYaTH (PYyHKIIOHYBaHHSI
opranizmy (Berntson, Khalsa, 2021). @yHK11isi CHTHATBHUX
NUISIXIB yCTAHOBJIEHA 3aBIsKH (hi3iooram, marodiziono-
raM, eHAOKPUHOJIOTaM 1 MeIuKaM. AJie y BUSIBIICHHI IXHBOT
OyIIoBH OpaJI y4dacTh TAKOXK MaTeMaTHKH Ta Pi3uKu. Ycra-
HOBJICHO PI3HHUIIO B CTPYKTYpi Ta (ByHKIii ONOKYBaHHS
CUTHAIB Tepu(pepryHOi HEPBOBOT CUCTEMH W BHYTPILI-
Hix opraniB (Luo, 2021). CurHanpHi OUBSIXH IIPU TCUXIY-
HHX 3aXBOPIOBAHHSX JIOCIIDKYBAIM TAKOXK IMCHUXIaTPH Ta
HeBpostord. CHUTHaIBHI HIIIXH 1pU XxBopoOi [lapkincona
JOCTIDKYBAJIM 32 JIOMIOMOTOK) MarHiTHOi ocuuiorpadii,
10 JaBaj0 BUBYATH 3B’SI30K MK MOTOPHOIO 30HOIO Ta
cyOTamamiuanmMu sapamu (Oswal Ta iH., 2021). BuueHHs
TPAHCKPHIILii MITOTEHHUX CUTHAJIB CTaJl0 OCHOBOIO IS
CTBOPCHHSI MPOTHITYXJIMHHHX 3ac00iB MiTECIPsIMOBAHOI
ii. [leprri mpoTuyXJIMHHI 3ac00M CTIPSIMOBaHI Ha Ae3pe-
TYJSIIIFO CHTHATBHOT TPAHCAYKIIIT TP MyXJIMHHOMY POCTI
SK TIpOsIBI HEKOHTpONbOBaHOi mpomidepamnii. Ile mamo
3MOTY PO3IIOYaTH PO3POOICHHS IPOTHITYXJIMHHOI Tepartii
3 ypaxXyBaHHSIM KITFOYOBUX OCOOIMBOCTEHL:

1) aBTOHOMHICTb CUTHAIB POCTY;

2) BIiIXWJICHHS BiJ Jii TaJbMyBallbHUX CHTHAJIB
pocrty;

3) NpUTHIYEHHS aronTo3Y;

4) HeoOMEKEHHIA TTOTEHITIaNT peruTiKaIlii;

5) crioTBOpeHNil aHTiOTCHE3;

6) CXWJIBHICTB JI0 1IIeMiT Ta MeTacTa3yBaHHSI.

BusBUIOCSIT MOXIMBUM — 3HAXOJUTH  CHUTHAJBHI
[UISIXW, BOKIMBI IUIA IyXJIMH, aleé HE KPUTHUYHI JUIS
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HOPMaNbHOTO (DYHKI[IOHYBAaHHS OpraHi3My, KacKaau
mepenayi CHTHANIB, BIUIMB Ha SKi CTaB OCHOBOKO LIS
CTBOPEHHSI TIpEnapartiB, sKi TiIOTb HAa MOJCKYISIpHIN
MillleHI — OKpeMi JaHKH MaTOTCHETHYHOTO JAHIIOra
HEOIJIACTUYHOTO mporuecy. st OUIbIIOCTi MPOTUITYX-
JIUHHUX 3ac00iB € CBOI KOHKpeTHi MmineHi. [Ipenapatu
IinecnpsAMoOBaHoi il (TapreTHoi Tepamii) Oyam OTpH-
MaHi 3 METOIO BIUTMBATH Ha PICT MyXJIMH 32 OCOOIMBHM
CTaHOM 3 ypaxyBaHHSIM CTaHy CUTHAJIBHOI TPaHCAYKIIi,
OB’ A3aHOT 3:

1) po3mi3HaBaHHAM 1 3B’SI3yBaHHSIM CHUTHAIBHOTO
(daxTopa pocrty;

2) iHTepHaTi3aIli€0 — TOTIAPISIHHSAM CUTHAITY B KJIi-
TUHY,

3) NIPOHUKHEHHSIM CUTHAJIIB Y SAPO KIITUHY U aKTH-
BaIli€F0 TPAHCKPUIIIIHUX (DaKTOPIB criennpiYHUX FeHIB,
SIKi pearyroTh Ha CHTHaJIbHI KOMaHJIM 010 mpodTidepa-
1ii, TuepeHIiF0BaHHS, pernapailii Ta arnomnTosy.

TpaHcMicis curHalliB 3MIHCHIOETHCS 32 JOMOMOTOIO
MPOTETHIB; MOXKJIMBI peakiii mpu oMy — pochopuiro-
BaHHA ¥ medocdopumosanns. [IpoBigHe Micie cepen
peryasTopHux (hakTopiB Mocifae CiIMEHCTBO peler-
TopiB emizepmansHOro ¢akropa pocry (EGF-R, €FR/
EGFR) — yHiBepcanbHHUU peLEeNnTop, SKHH MPU3BOIUTH
JI0 CTUMYJISIIIT pocTy OaraTbox THIIB KIITHH. DakTopH
POCTY EHAOTENII0 3AIMCHIOITh CBOI €(PEKTH 3a y4acTio
MEMOpPaHHOTO PEIeNTOpa, AKUH HAICKUTH J0 POTUHU
ErbB — yHiBepcaJIbHUX PELENTOPIB, IO CTUMYITIOKOThH
6araro TumniB TkaHuH. CimeiictBo EGFR Bximtouae, kpim
camoro peuenropa, Takox Tof (o-perymiH), MapuHO-
3B’s3ytounii EGF, moniOuwmii aktop pocty, B-riepymis,
SMIiperyyiiH i ryperyiid. Yci 4ieHH ciMelcTBa MaroTh
CHiNBHI CTPYKTYypHI pucu. OmuH abo nexinbka EGFR
3IIHCHIOIOTH CBOT €()EeKTH 3a IOTIOMOT0K0 MEMOPaHHOTO
peuentopa ErbB, sikuii HanexuTh 10 POAUHH, IO BKIIIO-
Yae YOTUPH MIAPO3IUTH PEIEHTOPIB, sIKI MOXKYTh OJTHO-
YaCHO aKTHUBYBATUCS:

1) TeH JIroAChKoro (hakTopy pocCTy;

2) TIOACBKUI TOMEOOHKOTEH Bipycy
ctomu nraxie (v-erbB);

3) redomM, ymepiie BHAUICHHH i3 KIITHH HeWpoOma-
CTOMH IILYypiB.

Posmmdposana crpykrypa MeMOpaHHOTO perer-
TOpa MiCTUTB BEJMKHI TPAaHCMEMOPaHHUH TIIIKOIPOTETH
3 MOJICKYJISIpHOIO Macoro rpubmusno 170 000 dansroH.
[IpogykT OmHOTO 3 OHKOTEHIB — JIraHi, IO 3B’s3Y-
€THCSI 3 PELENTOPOM, Ma€ JIBi IIUCTETHOBI JTUISHKH, SKi
cTablIi3yI0Th BTOPHHHY CTPYKTYpPY JOMEHY, a TaKOX
JBa TIOOYNISApHI JIOMEHHW, OaraTi Ha TJIIMH, BiATMOBI-
JIAJIbHI 32 pO3Mi3HABAHHS CHCIU(IYHUX JTraHiB. bins
TpaHcMeMOpaHHO{ cmipami MeMOpaHHMX —pelenTo-
piB po3TalloOBaHWHA MEMOpaHHUU peryasTopHUU ¢ep-

epuTpoba-
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MeHT KiiTuHH — AT®-3B’s3aHa JiIIHKA PEryiasTop-
Horo cyonomena. lleit ¢depmenT dochopuoe pizHi
KIITHHHI CyOJOMEHH. Y peryasTopHHX (parMeHTax
MICTATBCS 3IHIIKH TPEOHIHY Ta CEpPHHY, SKi MOXYTb
¢dochoprmoBaTucss BHYTPINIHBOKITITHHHUME TPOTEi-
HaMH, BKJIFOYarOuu npoteinkinazy C Ta iHII MITOXOH-
npianbHi pepMeHTH. B c-KIITHHHINA AIISHII MOJEKYIH
BrfR BusiBieHO 4—5 3aJMIIKIB TPEOHIHY, 5Ki aBTO(OC-
(OPHUITIOIOTECS BHYTPIIIHBOKIIITUHHOIO KiHa3oto. Came
i (parMeHTH aKTHBYIOTH e(ekTopu ado amanTopu
Oinka, sIKi 3a0e3MeUyIOTh Iepeaady perylsaTOPHUX CHT-
HaiB. JloCTiKEHHS PEryISITOPHUX CUTHAIB HE TLTBKH
CIIPHsI€ BUBYCHHIO CUTHAIBHUX HIBSIXIB 1 BIUTUBY HA HUX
PI3HUX JIIKapCHKUX 3ac00iB, a if JOorIoMarae CTBOPIOBATH
Ipernapary, y TOMy YHCIi MPOTUITYXJIHHHI TapreTHi, sSKi
MaroTh 00rpyHToBaHi mimeHi (Lllapukina Ta iH., 2014).

Icnye rpyna TpaguniiHIX IUTOCTATHKIB 11X KOMOiHa-
i}, 10 BIUIMBAOTH HAa 010TEXHOJIOTIYHI MPOIIECH B MyX-
JIMHHMX KJIITHHAX Ha TCHOMHOMY DPiBHi. 3apa3 BeleThCs
MOUTYK TapreTHHX (MOJEKYISPHO CIPSIMOBAHUX) TIpe-
napariB, 3JaTHUX BIUTMBATH Ha IEpeAady MaTojorid-
HUX MITOFEHHUX CHTHAJIB 1 Ha reHoM. LIi gocmimKkeHHs
MOB’sI3aHi 3 BUBYCHHSIM CHUTHAJIBHHUX IUISIXIB TpiaJHUX
1 3JOSIKICHO 3MIHCHUX MYXJIUH, 30KpeMa CHTHAJIHHOTO
HIJISIXY, SIKUH Ieperae inpopmMariiro eMOpioHaIbHAM KJTi-
THHAM 1 HeOOX 1 HHH JIIst AudepeHIIianii, — CHTHAIbHOTO
nuisixy Hedgehog. [TokazaHo posib CUTHAIBHOTO NIISAXY
Hedgehog y BrutuBi Ha 3J0SIKICHI KITITUHU MEyJIOILIAC-
TOMH, PaKy HepeIMiXypoBOi 3aJI03H, JICTCHIB 1 BUJIOYKO-
BOT 3aJ103H, 1[0 BUKJIMKAJIO THTEpPEC JI0 i€l CUrHAIbHOT
CHCTEMH SIK MIIIEH] /ISl TOIIYKY MiAXOAIB y JiKyBaHHI
paky. I'en Hedgehog inentugikoBanuii mia vac mocii-
JUKCHHS TeHIB TJI010BOT MyIIKH. OCKiJIbKH eMOpPiOH MaB
3yOIi, 10 HarajayBajiu Dkaka, Horo Ha3Baiau Hedgehog.
OCHOBHI KOMIIOHEHTH CHT'HAJILHOTO HIISAXY BKIFOYAIOTh
mirant Sonic Hedgehog, penentop — penentoponomio-
HUH CeMUCHIpaJbHUN TpaHCMEMOpaHHUH OiNOK, SIKHH
HaJeXuTh 10 G-OUIKIB, 1 hakTOopH TpaHCcKpurilii. IcHye
TPU OCHOBHI (DaKTOPU TPAHCKPHIILii, ONUH 13 SIKMX aco-
LiHOBaHUH 13 IIFOKO30¥0.

KirouoBum 1st TpaHCIyKIii curHamy € 0110k Smo,
(byHKIis sIKOTO 1HTIOY€eThCs 3a BigcyTHOCTI SHH — Tpan-
cMmeMmOpanHoro Oinka Patched. Y pasi 3B’s13yBaHHS 3 HUM
SHH iHTiOyBaHHS 3HIMAETHCS, O Ja€ SMO 3MOTy CHT-
HaJIi3yBaTH AaKTHBHIIIE. 3arajoM aKTHBOBAaHA CHTHa-
mizamis Hh nutsaxy 3 mepenadero MiTOTEHHMX CHTHAIB
HPOSIBIISIETECSL B TiNEpakcIpecii OCHOBHUX JIAHOK Iepe-
Jladi MITOFCHHUX CHTHAJIB 3a IMyXJHHHOTO POCTY, IO
3yMOBIIOE TIOIIYK 3ac00iB JIIKYBaHHS XBOPHUX Ha 3J10-
SIKICHI HOBOYTBOPEHHS. 3apa3 BH3HAUCHO OibIIe HIX
200 crnonyk, siKi MOXKYTh BIUIMBATH HA II€H CUTHAIBHUH
nuisix sik anTarodicty (Illapukina, [TycekoB Ta iH., 2020).
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OCTaHHIMH JECATUPIYYAMH MIMPOKO BHBYAETHCS
CHUCTEMa BHYTPINIHHOKIITHHHOT CUTHAJI3AI1: BiJl B3a€-
Mogii 3 JraHT-pPelenTopOM A0 TPAHCIALI] Ta MOCTTPaH-
csimiiHuX mporeci. Came MOpPYIICHHS PEeryisiiii X
HIISAX1B € OCHOBOK) HU3KH MMATOJIOTTYHUX CTaHIB JIFOIUHH,
Yy TOMY YHCJI 3JIOSIKICHUX HOBOYTBOpeHb. OHKO(apMa-
KOJIOT14H1 JIOCIIJIPKEHHS IPUCBSYEH] TUCYHKIIIT TOIOB-
HUX CUTHAJBHUX MUIAXIB, SKi OEpyTh y4acTh y KOHTPOJI
KITHHHOT mpomidepanii, audepeHmiamnii, wmirparmii,
nederynsmii kaiTul Ta anonrtody: ErbB, EGFR, kackan
tpancaykmii Hedgehog, Wnt, TGF-B, HFS Tomo.

MexaHni3M i1 TapreTHUX NpenapaTiB BU3HAYAETHCS
3 ypaxyBaHHSIM YCTaHOBIICHHS B3a€MOJil CHTHAJb-
HUX IIISXiB. 3apa3 MoKa3aHo, IO MOXIAHI T1Mo30JiHy
32 MPOTHUITYXJIMHHOKO JII€F0 HE TOCTYMAalThC, a 1HOI
MEPEBHUIIYIOTh AKTUBHICTH CBITOBOTO CTaHAAPTy IpH
HEJIPIOHOKITITHHHOMY PaKy JIET€HIiB — epIOTHHIO, MOXif-
HOIO X1Ha30JIiHy TapreTHoro tumy. HoBi croiykw, sik
1 omepeHi mpenapary, 3/1aTHi OJOKyBaTH KacKas Mpo-
nykuii EGF (emigepmanbauii hakTop pocty) Ha piBHI
ioro peuentopa — EGFR.

Jocmimkennst curnamizanii Hedgehog (Hh) nano
3MOTY OTPHMATH CIIOJYKH, III0 Ha PiBHI Kackagy Smo
OJIOKYIOTh CHTHAll, HE IOCTYNAIOYHCh Jii CIONIY-
ku-crapnapty Cyclopamine. CurHanpnuil musix Wnt
TaKOK KOHTPOJIOE 0araTo KIITHHHUX IIPOIECIB; AUC-
(YHKIIIS [[HOTO UISIXY TOB’s3aHA 3 IIHPOKHUM CIIEKTPOM
MATOJOTiH JIFOIMHHU, 30KpeMa PO3BHTKOM 1 IPOTpecy-
BaHHSAM 3JIOSKICHUX MyXJHH, TaKUX SIK paK JICTCHIB,
TOBCTOT KHIIKH, MEIYT00IaCTOMH, MYITBTH(MOPMHI TITi-
obmactomu. HaszBa kackamy Wnt moxXoauTh BiJl MO€]-
HaHHs Ha3Bu reHa Wingless (Wg) y mionoBoi MyIiku
Drosophila ta Int-1 y mumi — ckopoueHo Wnt.

Jns mepenmadi curHamiB Wnt BCepenuHy KITITHHA
Wnt-niranj 38’ 13y€ThCs 3 BIAMOBITHUM PELENITOPOM YH
rpynoto penenropi — Frizzled (Fz). binku Fz cranos-
JISITH BEJIUKY IPYITY PELENTOPIB, OB’ s13aHMX i3 G-015TKOM
(GPCR). Kpim Fz-penenitopi, Ha TOBEPXHi KIIITHH PO3-
TaloBaHi ¥ iHII OiTKM, 3/1aTHI 3B’ sI3yBaTHCA 3 O1IKOM
Wnt, cepen Hux — poauHa penentopie LRP, 1o 3miii-
CHIOIOTH Tepefady Wnt CUTHATy BCEpEIMHY KIITHHH.
Jlo Wnt 3B’S3y10ThCSl TaKOXK aHTArOHICTH W aroHICTH,
III0 CTUMYJIIOIOTH 200 MPUTHIYYIOTh Wnt-CHUTHai3aIli1o.
3apa3 BiIOMi TpU CHTHAJbHI KACKaH, IO aKTUBYIOTHCS
curHajgamMu Wnt: KaHOHIUHUH (B-KaTHHIHOBHUI) HUIAX
1 JIBa HEKJIACHYHI IUIAXH, 0 SKUX Hajexarb Wnt/Ca?*
CUTHAJIbHUU IIJIAX 1 IIX KTiTHHHOT nomnsipusaiii PCP.

Kanoniunuit msix Wnt 3a1issHAN y ITMPOKOMY CITCK-
Tpi MaTOJOTTYHUX MPOLECIB, PEeryLii mpomdeparii Ta
nudepeHIianii, a TakoX MiATPUMII TOMyJIsiii cToBOy-
poBux KiiTuH. IlopymieHHS aKTMBHOCTI KaHOHIYHOTO
Wnt-CUTHATBHOTO NIUISIXY CHOCTEPIraeThesl mpu Oara-
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THOX OHKOJIOTTYHHX 3aXBOpIOBaHHsX. KirouoBuMu yuac-
HUKaMH KaHOHIYHOro Wnt/B-KaTMHIHOBOTO KacKay
€ TIPOTOOHKOMPOTEIHH, IO OepyTh ydacTb y [-KaTuHi-
HOBI# curHamizalii. 3a BiZICYTHOCTI aKTHBHOTO CUTHAITY
KOHIICHTpAIisl J-KaTHHIHY B SIAPI Ta IMUTOIUIA3MI 3aiH-
[IA€THCS HU3BKOIO 3aBISIKH CIICIIAIFHOMY O1TKOBOMY
KOMIUICKCY JIECTPYKIlii, SKWH BKIOYae OiTku Axin,
APC ta GSK-3f (rimikorencuHTa3-kinazy 3f). ¥ ckumami
JECTPYKIiIfHOTO KoMmIiekcy [-kaTuHiH (ochopuiro-
€TBCSL 3 TaKolo Jerpanaimiero. Komu KiIiTHHa OTpHMYe
curHan Wnt-jirasj, BiH 3B’513y€ CUTHAIIBHUIA PELENTOP
Fz, mo axtuBye Dishevelled Ta iHriOye necTpyKTHBHHIA
KOMITIEKC AXin, sSIKHH y HOpMi KOHTPOIIO€E PiBEeHb [-Ka-
THHIHY B KJIITHHI. 3a3Ha4eHi BiAXWIeHHS Wnt-curHai-
3a1ii NpyU MyXJIMHHOMY POCTi CTOCYIOTBCS i CTOBOYpO-
BUX MyXJIMHHUX KIITHH. Opi€HTyIO9YHCh HA curHan Wnt,
HOro maTtoreHHWH NUIAX Yy pa3i 37I0SKICHUX HOBOYTBO-
peHb J1a€ MOXKJIMBICTH PO3POOKH TApPreTHUX ITiIXOIIB,
1110 MAKOTh BHUpILIAJIbHE 3HAYCHHS ISl KOHTPOJIIO POCTY
snosikicaux myxiauH (Ilapukina, [TycekoB Ta iH., 2020).

TpuBanuil OKCUIAATUBHUM CTPEC MOXKE CYIIPOBOKY-
BaTHCS HE TUIBKH IICUXIYHUMH PO3JIaJIaMHu, a i cepio3-
HUMHU TIpoOiieMaMu 3 (Bi3HYHMM 340pOB’SM: HE JIMIIE
MOSIBOI0 METa0OJIYHOTO CHHAPOMY, a H po3iagamu
CepIIEBO-CYIMHHOI Ta TpaBHOI cucTeM. BiH BimBae
Ha (akrop Hekposdy nmyxiuH (TNF-a) i C-peakTUBHHIA
6imok. Cucrema BiIMOBiAI OPTaHi3My CIHIBICHYE 3 BHY-
TPINTHBOKIITHHHUMH CTPYKTYPHUMH pO3JaJaMH, IO
Ma€ 3HAYEHHS B IXHBOMY PO3BUTKY. TpaHCKpHIIIiiHI
(hakTOpH CTUMYIIIOIOTH EKCIPECII0 TEHIB, MOB’S3aHUX
3 OKCHUAATUBHUM CTPECOM Y TOHKIH KHUIIII].

Binomo, 10 mpM CTpeci CrocTepiraeTbCsi PO3BUTOK
OKCHJIATUBHOTO crpecy. Lle cynpoBOmKyeThesi 3pocTaH-
HSIM BUIBHUX PAJIUKAJIIB, aHIOH-PAUKATIB, 30LUTbIICHHSIM
aKTHUBHOCTI MOHOOKcHTeHa3 i NO-CHHTa3H, MOPYIICHHIM
pOOOTH JIMXATBHOTO JIAHIFOra MITOXOHIpPIH 1 3MiHAMU
koHrenrparii HAJIH. 3HmKyeTbcs aHTHOKCHAAHTHA
AKTUBHICTP 1 IMiIBUITY€ETHCS MPOOKCHIAHTHA AKTUBHICTB,
10 TIOB’s13aHO 3 JucOanancoM y peryisiii NO-cuHTa3 Ta
IHIIEKCOM TXHBOTO CITIBBITHOIICHHS. 3aTHICTh MPOIIiJ-
rajaty ¥ cynbdacanasuHy OOMEXYBaTH OKCHIIATHBHHUIM
CTpeC He TUTHKH B OpraHi3Mi IIypiB, a i y TKAHMHAX TOHKOT
KHIIKH 32 YMOB OKCU/IATHBHOTO CTPECY CBiTUHThH ITPO MOXK-
JIMBICTh BUKOPUCTAHHS MOIYJISITOPIB CHTHAJIBHUX IUIIXIB
NF-«kB ta Nrf2 m1g npodinakTiky ycKnagHeHb Y TOHKIH
ki (Mukvich Ta 1., 2022; PsOyiko Ta iH., 2023).

[Ipy 10BEHITBHOMY apTPUTI CIIOCTEPIraeThCs MOMi-
MOp(}i3M TeHIB (3MIHM HYKJICOTHIHOI MOCHIIOBHOCTI),
1110 [IOB’SI3aHO 3 PO3JIaJlaMi BPOJUKEHHX Ta aJalTHBHUX
iIMyHHUX peakiiiii. Ile, y cBoro uepry, 3mMiHIO€ (QyHKIII-
OHYBaHHS BHYTPIIIHBOKJIITHHHUX KOMIIOHEHTIB CHI-
HaipHUX cucTeM JAK, sKki 3a0e3neuyroTh akTHBALIIO
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niranj-3anesxxnoro nuisixy JAK-STAT ta ponuau nucre-
THOBUX MpoOTea3 — Kacma3. BHYTpIIHbOKIITHHHI CHr-
HQJIBHI IUIIXM ONOCEPEIKOBYIOTH aKTHBAIlIO Kacrmas,
[EHTPAJIBHAX PETYIATOPIB TEHIiB, MO0 OepyTh ydacThb
y KOHTPOJIi 3aMaJbHUX MPOIECiB Ta IMyHHUX (DyHKIIH.
Jlo mpOro X KOMIUICKCY HaleKaTh 1 IDISXH aKTHBAIiL
NF-kB, 1o perymroeTscst uepe3 KiHa3u y CKIal MyJb-
TUMOJICKYIISIPHAX KOMILICKCIB.

Curnansuuit nusax NF-«kB (saepHoro ¢axropa xar-
na-B, aktnBoBaHOro B B-KiIiTHHAX) /i€ SK KIFOUOBHMA
BHYTPIIIHbOKJIITHHHUHN perynarop, mo Oepe ydacTb
y BUHHMKHEHHI W PO3BUTKY IMyHO3alaJbHUX XBOPOO.
VY mporneci Horo akTtuBamii 3aiI0I0ThCS BHYTPINIHBO-
KIITHHHI (DaKTOpH, Taki K (aKTop HEKPO3y MyXJHUH o
(TNF-a), inTepneiixian IL-1f ta IL-6, a Takoxx MaTpuyHi
MeTanonporeinasu. Axrusaris NF-kB cripusie mpostide-
pauii KJIITHH 1 MiABUINYE EKCIPECito MapKepiB 3amaiib-
HoT peakiiii, 30kpema Mosekyin aaresii (ICAM), a Takox
CTHMYIIOE aKTUBHICTH (PiOpobracTis i GidpobdmacTomo-
JIIOHUX CHHOBIOIUTIB, IO MiATPUMYIOThH MATOJIOTTYHHHA
npouec. Lle cynmpoBOmKyeTbCS 3HIDKCHHSM AaIONTO3Y
W MOCHJICHHSIM 1HBa3UBHOCTI KJIITHH, IO CIPHUSE TPO-
TPECYBAHHIO 3aManbHOrO ypakeHHA. CTumynsimis abe-
paHTHOTrO CcHTHalmbHOTO HuEXy Hedgehog moB’sizana
3 PO3BUTKOM PI3HHMX 3JOSKICHUX MyXJIHH, BKJIIOUa-
109U DTioMH. HapWHreHiH MpOsBIIsSE€ MPOTUITYXITHHHHN
e(eKT, 30KpeMa 3aBISKN BIUIMBY Ha CHUTHAJIBHI MIJISIXH,
MOJTYJTFOBAHHIO aKTUBHOCTI (hiOpOOIACTIB i 3HHIKSHHIO
ekcripecii MyXJIMHHUX KIITHH miiomu (Sargazi et al.,
2021). daktop pocty ennoreniro cynuH (VEGF) e kiro-
YOBOIO CHTHAJIBHOIO CHCTEMOIO, MOB’S3aHOI0 3 POCTOM
nyxmuad. CaMe TOMY MNPOTHIYXJIHHHI IIpernaparu
i iMyHOTepamis MOBHHHI BIUIMBATH HA I[I0 CUTHAJIBHY
cuctemy (Niu et al., 2022).

Huni BHANAIOT HOBY CHCTEMY OlOpEryiIsiTOpiB —
ra30Bi CHTHAJIbHI MOJIEKYITH. [10 HUX 3apax0OBYIOTh OKCHU]T
a30Ty, MOHOOKCH/I BYTJICIIFO, CIDKOBOJIEHb, & TAKOXK 00T0-
BOPIOETHCS CHUTHAJIBHA POJIb TIOKCUTY CIpKHU i aKTHBHUX
¢dop™M KHCHIO, 30KpeMa mepokcuay BoaHio (Sukmansky,
2019). Oxcun a30Ty BIUTMBAE Ha akTHBHICTH NO-cUH-
Ta3u: HepoHanbHOI (I Tum), ingynmbensroi (11 Tum) Ta
enpotenianbroi (111 Tvm). Bin Moxe 3miHOBaTH QyHKITI-
OHYBAHHS TeMOITI00iHY, MiOITIO0iHY, IUTOXPOM-C-OKCH-
naszu i uroxpomy P450. CyGerpatom utst yTBOpEHHS
NO e L-aprinin i #oro moxizui (Sukmansky, Reutov,
2016). Okcuj ByIJICIFO YTBOPIOETHCS BHACHIJIOK KaTa-
00i3My TeMy MiJ] JTi€10 TeMOKCUTeHA3H: 1HyIMOeTbHOT
Ta KOHCTUTYTHBHOI. CyOcTpaTramMu € TeM y CKJIaJli FeMOor-
700iHy ¥ IHIIKX reMyMicHHUX OinkiB. CipKOBOEHb CHH-
Te3yeTbes 3 L-nuereiny ta D-niucTeiny 3a yyacTio dep-
MEHTIB IIUCTAaTHOHIH-B-CHHTA3U, UCTATHOHIH-Y-T1a3H,
3-MepkanTomnipyBar-cyibdypTpancdepasu y B3aeMomii
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3 nucTeinaminTpancdepaszoro. D-riuctein moxke metado-
nizyBatucs 3a ydacti D-aminookcunasu. [omicynbgiau
CHHTE3YIOThCS 32 Y4acTi 3-MepKanTomipyBar-cynbdyp-
TpaHchepasu B IPUCYTHOCTI 3-MepKaNTOMIPyBaTy, IKH
YTBOPIOETHCS 3 L-mmcteiny abo D-mmcteiny. [Jliokenn
CIPDKM YTBOPIOETHCS 3a JOMOMOIOK (PEPMEHTIB, IO
OepyTh y4yacTb y MeTaboi3Mi CIpKH, 30KpeMa IHCTe-
TH-JIIOKCUTEHA3u, CylIb(ITOKCHIA3M ¥ Tiocynbgarpe-
nykrasu. OTNOCepenKoBaHO B CHHTE31 MOXYTh OpaTtu
ydacTh TpaHCaMiHA3W, Taki SK acmapTaTaMiHOTPaHC-
(epaza Ta miyramar-okcoaleTaT-TpaHCaMiHaza, 4epes
0OMiH cipkOBMiCHUMH MeTaboiTaMu. OCHOBHHMH CyO-
CTpaTaMHy JUI CHHTE3Y MOJICYab(iIiB i JIOKCHIY CipKH
€ L-mucTeiH 1 MOXiMHI CIPKOBMICHMX aMiHOKHCIIOT;
cyoctparamu st cuHTe3y € L-mmerein (Sukmansky &
Reutov, 2016; Sukmansky, 2017).

[lizcyMOByrO4YM pOJIb TA30BHX CHUTHAIBHUX CHC-
TeM y ¢izionorii Ta (GapmMakosorii JHOIUHA ¥ CCaBIIiB,
BapTO MiJKPECIUTH, 1[0 BOHU 3IMCHIOIOTH HEHPOMPO-
TEKTOPHY IO Ta CIPHSIOTH ITOIIYKY METOIB YCYHEHHS
nopylieHb nam’siti. [[a30momiOHI CUTHaNBbHI CUCTEMH
PO3IIMPIOIOTh CYJAMHHU, 1HTIOYIOTh arperamioo TpomMoOo-
IIUTIB 1 TPOMOOYTBOPEHHS, a TAKOX T'aJIbMYIOTh PO3BH-
TOK aTepoCKJIepo3y W apTepianbHOI rineprensii. BoHu
MarOTh BUPAKCHUH BIUIMB HA 3aXUCHY (PYHKIIIIO JEHKO-
LUTIB 1 pETyJIsIiio 3aMaJbHUX TPOIECIB.

Ockinbku (pepMEHTH CHHTE3y NMPHUCYTHI B 0ararbox
oprasax i cucreMax, ra3oBi CHTHaJIbHI MOJICKYJTH OepyTh
y4JacThb y MaToreHe3i OpraHiB JUXalbHOI, TPaBHOI, HEp-
BOBOI, PENPOIYKTHBHOI il iHIMNX cHCTeM. IX BIUIMB Ha
PO3BHUTOK HOBOYTBOPEHb € ICTOTHHM, ITPOTE MEHIII BUpA-
sxeruM (Sukmansky, 2017).

Jani mitepatypu CBiguyarh, IO Ta30Bi CHUTHaJbHI
CHUCTEMH € 3araJibHOOIOJIOTIYHOK CHUCTEMOK Oiopery-
JISITOPIB, BIACTHBHX YCIM XHMBHMM oprasizmMaMm. Busna-
YEeHHS IXHBOI pOJTi MOKE Oy TH KOPUCHHM ISl BUSIBIICHHS
HOBUX CHUTHAJIBHUX NUIIXIB i X BUKOPUCTAHHS B IPH-
KJIQHUX, MEIUYHHUX | CyMDKHHX Taiy3sxX. BuBueHHs
(YHKIIM TA30BUX CHTHAJBHUX CHCTEM Yy MaTOreHE3i
MATOJIOTIYHHUX TPOIECIB MiBUIINYE MOXIUBOCTI JIIKY-
BaHHS 3aXBOPIOBAHb i 3ar100iraHHs iM IUIIXOM 3aCTOCY-
BaHHS TA30BHX CHUTHAJIBHHUX CHCTEM, IX IIOHOPIB, MOIE-
penHuKiB Ta iHTriOiTOpiB. CyOCTpaToM A IUX CHCTEM
€ CIPKOBMICHI aMIHOKHCIIOTH, HaidacTtime L-mucTeiH.
[Momicynbhigym CHUHTE3YIOThCS 13 CIPKOBOAHIO, TOJi SIK
JUOKCH/I CIPKH € aHT1IPUJIOM CYJIb(ITY, 10 YTBOPIOETHCS
npu okucHeHHI H»S. KiHneBnM mpoayKToM OKHCHEHHS
OCTaHHBOTO € CyJbdart, SIKUi Mikpodopa KUIICYHHKA
MOX€ BiJTHOBIIIOBATH JI0 CIPKOBOJIHIO. 3arajioM B opra-
Hi3Mi icHye 1uki HaS.

Bigoma curnanena ¢ynkiis H.S momsrae B crpu-
SIHHI 1HJYKIIi TOBrOTPUBAJIOl MOTEHIAIT B TiMOKaMITi
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IypiB uepe3 miaBuIIeHHs akTuBHOCTI NMDA-penen-
topiB. IlopiBassHO 3 NO, H.S Mae 3HauHO BUIIY pO3-
yrHHICTh. Monekynsipaa Oynosa HaS noaidna mo H-O,
ajie, Ha BIJIMIHY BiJl BOJIM, BiH HE TIPOXOANUTH Yepe3 BOHI
KaHAIM W 37aTHUM JTONIaTH JimiIHUE Oilap KIITHHHUX
MemOpaH. CipkoBOJIeHb, TOAIOHO JI0 1HIIHUX CIPKOBMIC-
HUX CIIONYK, € TOKCHYHUM Ta30M, HOro TOKCHYHICTh Y
5 pasiB Buina, Hix y CO.

Ennorennuii H>S B oprauiswmi mozeit i TBapuH CHH-
TE3YEThCSA 13 CIPKOBMICHHUX aMIHOKHCIIOT, TepenyciMm
L-nmcreiny Ta #oro okucineHoi GopMH — HUCTHHY. 3a
yuacti D-aminoanuaokcunasu Ha.S € HelipomomynsaTo-
POM 1 MPOSBIISIE MOTYXKHY HEHPOMPOTEKTOpHY Aifo. HaS
CIpusi€e THAYKIIi JOBrOTPHUBAJOi MOTEHINAIil B Tilo-
KaMITi B pe3yNbTaTi akTHBALll] ITTyTaMaTHUX PEIETITOPIB.
Le#t edpext mop’s3anuii 13 Ca*'-xkaHamaMu W Bimirpae
Ba)XJIMBY POJIb Y Tpolecax mam’ati Ta HapdanHs. [lopy-
mreHHst npoaykuii H2S criocrepiraeTsbes mpu Heliponere-
HEPaTHUBHHUX 3aXBOPIOBAHHSIX, TAKUX SK XBOPOOa AJIbII-
reiiMepa i [TapkiHcoHa.

Iaramsmii H2S MoXyTh ranpMyBaTH TeMaTopo3JIaiy,
MIPOHHUKAIOYH KPi3b TeMaToeHIedaniauauii 6ap’ep i 3MeH-
IIyBaTH PO3BUTOK HAOpSKY MO3Ky. CeprieBo-cyanHHA
cHCcTEMA € BaXIJIMBUM 00’ extoM 11 Ha.S. MiciieM Baso-
penakcyrodoi 1ii HaS € 6nokana xanpiieBux (Ca**) kaHa-
JiB 1 migBumieHHs npoaykuii NO eHgoreniem. MexaHizm
BazomiIaTyro4oi Aii HaS ckimaaHwmii 1 noB’si3aHu# 3 yTBO-
PEHHSIM HITPO30-MiOAJI/IB, BIIKPUTTSAM KaTi€BUX KaHa-
J1iB, 3MEHIICHHSIM yMicTy AT®, ragsMyBaHHIM MeTab0-
J3MY, PEryIIAII€0 aHTIOMeHe3y | IHIIMMU TPOIIeCaMHU.

TpomOouuTH, SIK YaCTUHA CTIHOK CYIUH, IPOAYKYIOTh
H-S. € nmani npo no3utuBHui BB H.S mpu 3axBopro-
BaHHSX JICTCHb: BiH TaJbMY€ TOCTpPY TiMEPTOKCUIHICTb.
BaxmBe 3HauenHs H.S Mae B HupKax i Ce4OBHBIf-
HuX nuiaxax. @epmentu cuntesy H.S BusiBneHi takox
y medinmi. H2S 3acTOCOBYIOTH y caHATOPHO-KYPOPTHUX
yMOBax, 30Kkpema s cynbGhigaux BaHH. OKcuJ CipKku
(SO2), gk rasoBa CUTHajJbHAa CHUCTEMAa, € TOKCHYHHUM
ra3om, BiIoMHM 3a0pyaHroBadeM JOBKULIA. [Ipu Bau-
XaHHI BiH MO)Ke BUKJIHKATH Karrenb. SOz 1oope po3un-
HSIETHCS y BOI, Y TJIa3Mi KPOBi MOXKe ITepPETBOPIOBATHCS
Ha JiepuBaru cyiabdary i cynboiny. [Togiono 1o NO ta
H-S, SO: Mmoxe mokpaiyBaTi KpoB’SSHUI THCK, 3MIiHFO-
BaTU PUTM ceplsl Ta OpaTH ydyacTh y 3alalbHUX peaK-
uisix. Enporennnit SO2 CUHTE3YEThCS B Oararbox opra-
Hax i TkaHuHaX. Merabomivni edekru H2S Brimouarots
PETYISAIIIO BMICTY peHiHy, iHTi0yBaHHS aHT10TCH3NH-TIC-
peTBOpIOIOYOro (DEPMEHTY, CTHMYIAIIIO aHTiOTeHE3y
W TampMyBaHHSI PO3BUTKY aTepoCKiepo3y. Y B3aeMomii
3 NO Ta SO: H:S nie nporexrrBHO Ha Miokapa. [Ipu exc-
MEPUMEHTAIFHOMY aTePOCKIIEPO3i MOPYIIyBaBCsl OOMiH
mimiaiB i cuaTe3 SO2. SO: 3aIyUeHud TAKOXK Y IaTore-
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He3l HEBPOJOTIUHMX po3iafiB. OnTumanbHa (QyHKIS
noicynbdiniB i H2S mpocrsraerbest Ha 6arato cucteMm
OpraHiaMmy, HalKpalie BHBYCHAa B HEPBOBIH CHCTEMI.
YCTaHOBIICHO, 110 TPHU- 1 TETpacyab(iad BUKIHUKAIOThH
curHanbHuid BXijg Ca?* y KJIITHHU HEPBOBOI Ta ceplie-
BO-CYAMHHOI cucTemH. llomicyab(ian € THIIOBOIO (Gop-
MOJO 3B’S3aHOT CIPKH B CUCTEMI PEIOKC-perysiii. 3B’ s-
3aHa cipka H-S iHKOpIIOpyeThes B OUTKH K MepCybgia
YH Oicyab(ia. MexaHi3M MiBUIIEHHS BXOIY KabIIiI0
noJticynbdigamu o’ s3anuii 3 aktuBamiero TRPA1-pe-
[ENTOPIB y racTpOLUTaX 1 MOXKE TaTbMyBaTHCS iXHIMU
eexTuBHUMH iHTiIOITOpamu. [Tomicyab(ian BUKOHYIOTh
HeWpo— i KapIiompoTeKTHBHY (yHKI0. BoHu migsu-
IIYIOTh IPOHHUKHICTh €HIOTENII0 Ta aabOyMiny. JloHOpH
HoMiCynb(iaAiB MOXYTh 3HMXYBAaTH BMICT CEPOTOHIHY,
a TOJIOBHE, MAlOTh HEUPOTPOITHY U KapIiOTPOIHY Ji0
(Sukmansky, Reutov, 2016).

[lepokcun BoAHIO W iHINI aKTHBHI (OPMH KHCHIO
MOXKYTb yTBOPIOBATUCS B 0araTb0X THUMAX KJIITHH I Yac
(baronmTo3y B HEHTpOdinax, MOHOIMTAX 1 MaKpodarax,
a TakoOX y mpoueci cTuMyismii i npomidepariii KIiTHH
KICTKOBOTO MO3KY, JIM(OIUTIB, aCTPOIUTIB, HEHPOHIB,
¢i16pobmacTiB 1 kiiTHH enoTenito. [Ipu pizHux narono-
FIYHUX CTaHaxX I[i MPOLEeCH MOXKYTh a00 iIHTeHCH(DiKyBa-
THCS 200 1Hri0yBaTucs. BiqmideHo mopylieHHs OanaHCy
MIXK OKCHJITAHTaMH1 i aHTHOKCHUIAHTAMH Y BIJIIOBI/ b KJTi-
THH IIPU MyXJIMHOYTBOPEHHI, ayTOIMYHHHX, aJCPTidHNX
1 Ipo3anasbHUX 3aXBOPIOBAHHSX, IHTOKCHKAIIISX, 3aXBO-
PIOBaHHSAX CYAWH i MEYiHKH. AKTHUBHI (pOPMH KHCHIO,
0 TEHEPYIOTHCS B IPOLIECi CTUMYJISLIT KIIITHH, MOXKYTh
BIUIMBATH Ha MPOAYKYIOUi iX KIITHHH. Y HOpPMIi Ta Ipu
MIATOJIOT1i KIIITHHY JFOAWHY H TBAPHH MOXKYTb ITiJISITaTH
Jii IIepoKculy BOJHIO. 3 OIUIsily Ha Te 11O JUIs PeaKTH-
Ballii MOTpiOHI 1UTOKIHK W NO, MOCTIKYBaIH BIUIHB
oxcuay a3oty Ha H20: Ta Ha piBers NO. YcTaHOBJICHO,
0 piBeHb IHTEPICHKIHY-1P ¥ cymapHUil BUXiJ HiTpa-
TiB — KIHIIEBUX IPOAYKTIB nepeTBopeHHs NO — uepes
24 TOAMHUW TMICHsl CTHMYJSIIT CTAaHOBUTH MPHUOIU3HO
10* mikpomosnb, a migBuiieHHss NO qocsrae OIU3bKO
IBOX pa3iB. TakuM YHMHOM, MEPOKCHUI BOIHIO € OIHHM
13 IPOAYKTiB MeTaboi3My B OpraHax i TKaHHHaX i 6epe
Yy4YacTh Y BHYTPIIIHHOKIIITHHHIA CUTHAJI3aI(il, BHKOHY-
104 (DYHKITIFO CUTHAIBHOI MOJICKYJTH B iIMyHHMX KJITH-
Hax (Kulahava ta in., 2007).

[mioma € oxHie0 3 HalHEOE3MEYHINMX MYyXJIMH.
HesBakaroum Ha 3acTOCYBaHHS  IPOTHUIYXJIHMHHOL
Teparmii, yBa)kanocsi JOIIBHUM 3HAWTH IIpemapar, mo
BIUIMBAaEe Ha curHampHui nuisx Hedgehog. Hapuwre-
HiH (Naringenin) BoJIOJi€ aHTHNPOTi(EepaTHBHOI Ta
MPOTUITYXJIMHHOKO Ji€to. Bigomo, 1110 BiH Mae MpoTH-
NyXJIMHHY, aHTUIPOJTi(epaTHBHY i aHTUTINEPTEH3UBHY
AKTUBHICTH, BIMBae Ha S6 1 B3 (idpodnactu. Bin
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BIUTMBA€ Ha Mirpanito S6 kmituH. [Ipenapar Hapunrenin
Mae 3HaYHUI TOKCHYHHN eekT, BIUMBae Ha SO KITITHHA
1 BUKITMKAE armonTo3. YBaKalOTh AOILIBHUM BUKOPUCTO-
ByBaTH HapuHIreHiH y cXeMi JIIKyBaHHS IIi00JacTOMH
(Sargazi Ta in., 2021).

Tpamuuiino B Kutai 3acTOCOBYHOTH BigBap poc-
muHH Jiao-Tai-Wan. SIk ycTaHOBIEHO, BiBap BILTUBAE
HAa CUTHAJIBbHI IUIIXH T4 MAa€ IMyHOKOPETYIOUHH e(eKT.
Le#t 3aci6 mominminye MiABHINEHY EKCIPECiro MaKpo-
¢ariB, nonwkye piserp IL-1B, IL-6, TNF-0, P6S2,
VEG6P. Orpumani faHi cBiguaTh HpPO NPOTUIMYXJIUHHY
nito BimBapy (You et al., 2023). Kuraiicbky pociuny
Pai Nong Sang 3maBHa 3aCTOCOBYBaNW JUIsl JIKyBaHHS
KOJIITIB 1 KOJIOPEKTAIbHOTO paKy. L{s pociuHa Mae npo-
TH3amajgbHy W iMyHOCTHMYyJ o049y aito. Kpim Toro, ii
eKCTPaKT BIUIMBaE Ha Wnt-CUTHANBHI IUIIXH. 3aBISKA
IMYHOMOAYJIOIOUiH [1ii pemapar BiTHOBIIOE BMICT iHTe-
pJICHKIHIB, moinmiye (GpakTop HEKpO3y MyXJUH 1 CTaH
MikpobioMy kumrednuka (Yang et al., 2014).

OcTaHHIMH pOKaMHU 3HAYyHa yBara MPHIUISETHCT
MOXJIMBOCTI BIUIUBY POCIMHHHUX KOMIIOHEHTIB 200
¢iTompenapariB 3arajoM Ha CUTHAJIbHI MUITXH KIITHHU.
Haiibinpin BiioMi JOCHTIJKEHHS B I[bOMY HAIpsiMi TIPO-
BE/ICHI 3 BUKOPHUCTAHHSIM POCIIMHHUX 3aC001B TpaanIiii-
HOI KMTaWChKOI METUIIMHHU. 3’sICOBAHO, IO IIi 3aCO0M
MICTSITh aKTHBHI PEUYOBHHH, 30Kpema (ocharumani-
Ho3uton-3-nporeinkinazy (PI3K) ta mpoteinkinazy B
(Akt), ki MOXXYTh BILUTUBATH Ha CyOCTPaTH CUTHAJIBLHUX
NUIAXiB, Taki K TpaHCKkpunmiduami daktop FOXO3,
rIiKoreHcuHTasHa kiHasza-3B (GSK-3f) i kacmaza-9.
Ile mosicHIOE HEHPOIPOTEKTOPHY MAil0 AKTUBHHUX PEUO-
BUH POCIIVH 1 A€ MiICTaBU BKIIOYATH iX Y KOMILICKCHY
dapmakoTeparniro xBopoOu Asbireiimepa it [lapkincona
(Long et al., 2021).

Ha wmomeni CKOMONIaMiHOBOTO MOPYIICHHS JIisUTb-
HOCTI HEPBOBOI CHCTEMH BCTAHOBJICHO HEWPOIPOTEK-
TOPHY aKTHBHICTh KOMOIHOBaHOTO (hiTompenapary, 1o
BKIroyae ekcrpaktu Gastrodia elata Blume, Polygala
tenuifolia Willd., Cistanche deserticola Ma, Rehmannia
glutinosa, Acorus gramineus Aiton i Curcuma longa L.
Le#t ditonpenapar Moxke MOJICTIOBATH JIOTIAMIHEPTi4HI
CHHAIICH W aronTo3 CUTHAJIBHHUX IUIAXIB TiMOKaMITY.
JlaeTbes pekoMeHallis BKIIOUEHHs 1boTo (hiTo3acoly
B JIIKyBaHHS XBOopoOW Aunbireiimepa (Huang et al.,
2022).

Y 3B’SI3Ky 3 THM IO NPH HEHpPOAETeHEPaTUBHHUX
3aXBOPIOBAHHAX MOXe OyTH BKJIIOYCHHI MeEXaHi3M
HeHWpo3amaneHHs, YCTAaHOBWIIM BIUIMB POCIUHHOTO
eKCTPakTy 3 32 KOMIIOHEHTIB Ha CHTHAJIBHUH MUIAX
NF-kB, 110 3yMOBITIO€ TOHMKEHHS 3aMaIbHAX MPOIIECIB
y HepBoBiii cuctemi (Bai et al., 2021; Kamenshchyk et
al., 2024; Belenichev et al., 2025). XBopoOy [lapkincona
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JKYIOTh 13 BKJIIOYEHHSIM (piTo3aco0iB, IO OTpHMaHi
3 Kurtaro ta [Hii i MOXKYTh BIUTMBATH Ha TOTTOMIHEPTIYHI
HEHpOoHU 1 Ha Taki curHanbHi nusixy, sk PI3K, NF-kB,
AMPK (Yin et al., 2021). Tpamumiitai ¢itTonpenapatu
NPU3HAYAIOTH XBOPUM i3 MiABHIIEHOIO 30YIHBICTIO,
a TaKOK CUMIITOMAaMH JIETPECii, 0 OB’ sI3aHO 3 BILTH-
BOM Ha Taki curHainbHi nuwsixu, sk AKT1, IL-6, TNEF,
PTGS2, JUN, CASP3, MAPKS, PPARy, NOS3 (Pan et
al., 2022). JlixyBaHHs gemnpecii pOCIMHHUMHU EKCTpaK-
TaMH TIOB’5I3aHO 3 BIUIMBOM Ha DPiBEHb IpO3arajbHUX
mutokiHiB 1 AMK-epriuay cucrteMy Ta CHrHAJbHI
nusixu GAD-1, VGAT rtomo (Zhang et al., 2021). 3nag-
HOIO MIpOIO TMO3UTHBHA Jisl KHTalChKuX (hiTompenapa-
TiB Ha [{HC moB’si3aHa 31 3MEHIIICHHSAM HEHPOTOKCHY-
HOCTI # OKCHAATUBHOTO CTPECY Y 3B’S3KY 3 BIUTUBOM Ha
curdanpai nursixu PI3K/Akt/Nrf2 ta TLR4/NF-«xB, mo
CYHPOBO/DKYETHCSI 3HIDKEHHSIM DIBHIB MpO3ananbHUX
nutokiHiB IL-1B, IL-6, TNF-0. i akTHBAIli€}0 aHTHOKCH-
JAHTHUX MEXaHi3MiB. 3MCEHIICHHS HEHPOTOKCHYHOCTI
1 OKCHIATUBHOTO CTPECY IOB’S3aHO TAKOXK 3 BILIHBOM
CKCTPAKTIiB KUTAWCHKUX POCIMH HAa CUTHAJIBHI NUIIXH
JAK2/STAT3 (Lv et al., 2021).

ExcTpakTy KuTailcbKUX POCIIMH J0IOMAararoTh 3aro-
OiraTv BAHUKHEHHIO THCYJIBTY M JIIKYBaTH HOTO, BIJTMBA-
toun Ha curHanbHi nwsixu PI3K/Akt (Liu et al., 2022).
MOXITUBHI BIUTUB TP 3aM00IraHHI BUIAIKaM 1HCYIIBTY
3MIHCHIOETBCS Yepe3 curHanmbHi 1misixu JAK/STAT,
NF-kB, MAPK, Notch, Nrf2 (Li et al., 2022). € nocu-
JIAHHS Ha PEKOMEHMAIlll BKIIOYAaTH EKCTPAKTH KUTaii-
CBKHUX POCIIMH Y CXEMY JIIKYBaHHS aTepPOCKIEPO3y, 0CO-
6mmBo mpu HasBHOCTI Salvia miltiorrhiza (Yang et al.,
2023). B excriepuMeHTax Ha IIypax 31 3MOJEIbOBAHUM
iH(papKTOM MiOKapAy BCTaHOBICHO IPOTEKTOPHI Bia-
CTHBOCTI BiJ[Bapy 3 KUTAHCBHKUX POCIIHH, HOPMAJIi3yIo-
Y BIUTMB HA AKTHBHICTH MPOTEIHKIHA3M Ta MTOKa3HUKH
OKCHJIATHBHOTO CTPECy, a TAaKOK BIUIUB Ha CHT'HAJbHI
nusixu (Yu et al., 2023).

ExcTpakTu KUTaliChKUX POCIUH 3aCTOCOBYIOTH IPHU
JIiKyBaHHI 3aXBOPIOBaHb OpraHiB TpasieHHs. HeBimoma
iX e(eKTHBHICTh MPHU JIKyBaHHI BHUPA3KOBOTO KOJITY.
[Ipn npoMy nifodui PpeYOBHHM BIIMBAIOTH HA TaKi CHT-
maneHl muiaxu, sk PI3K/AKT, NF-kB, JAK/STAT,
MAPK iNotch (Zheng et al., 2022). PociuuHi ekcTpakTH
MPU3HAYAIOTH MPU PI3HHUX 3allaTbHUX 3aXBOPIOBAHHSX,
y TOMYy YHCJII TPaBHOTO KaHATy, 3aBASKM BIUIMBY Ha
curnanbHi wsixu JAK/STAT (Chen et al., 2022). Caro-
HIiHHM, III0 MICTATHCS B GKCTPAKTAX JIKAPCHKUX POCIHH,
MOXYTb MaTH MPOTHITYXJHHHY [0 MPHU Pi3HIN JoKaIi-
3amii myxsimH (Zhu et al., 2023). EkcTpakTi KUTaHCHKUX
POCIHMH pPEKOMCHAYIOTh BKIIFOYaTH TMPH 3alalbHUX
3aXBOPIOBAHHSX IEUiHKH, 1[0 ITOB’A3aHO 3 PEIIEHTOPHIM
BILUTMBOM 1 Jier0 Ha curHaibHi misixu NLRP3, edek-
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TUBHI ITpu XBopoOax medinku (M.-x. Pan et al., 2021).
PocnuHHI eKCTpakTH eeKTHBHI NPU YPaKCHHI TKAaHUH
HIpOTaPiaMilluHOM. Txuiit e(heKT TakoXK IMOB’sI3aHUH 13
curHaigpbauMu nuisixamu CAMKK2/AMPK (Zhang et
al., 2023). Bkmo4aroTh eKCTPAKTH KUTAHCHKUX POCIHH
y KOMIUICKCHE JIKYBaHHS paKy IiILTYHKOBOI 3aJ03H.
ITpu 1pOMy 3a3HaYa€ThCs BIUIMB HA CHTHAJIBHI HUISXH
JAK-STAT, NF-«B, MAPK, PI3K-AKT (M. Li et al.,
2022). PocnuHHI mpemapaTH TaKOX 3aCTOCOBYBAIU
IUTSL JIIKYBaHHS OOCTPYKTHBHUX 3aXBOPIOBAaHb JICTCHIB.
Ix edexr mop’s3anmii 3 BIIMBOM Ha NPOTEiHKiHA3Y,
curHanpaud nuiax TNF ta MPKA (J. Li et al., 2021).
ITpu ¢ibpo3HOMY 3aXBOPIOBaHHI HHPOK TAKOX BHIIPO-
GoByBanmM KHTaiichKi (itTonpenapaty. Ix edekTHBHICTH
MOB’si3aHa 3 BINIMBOM Ha curHajmbHMM 1nursix MAPK,
PI3K-AKT, TNF. [Ipu XpoHi4HHX OpOHXITaX pEKOMEH-
JYIOTh BifiBapu KuTaiickkux Qitonpenaparis. Ix edek-
TUBHICTB CTBEPIIKYETHCS BIUIMBOM Ha CHUTHAIBHI IIISIXH
TNF, MAPK, PI3K-AKT (Yuan et al., 2020).

EdexrtuBHICTP KHTAaHCHKHX POCIMHHHX EKTpPaK-
TiB Ipu OpOHXITaxX peami3yeThCs 3aBSKH CUTHAIBHUM
nutsixam JAK-STAT (Ding et al., 2025). Uepe3 31aTHICTD
¢iTonpenapaTiB 3MEHIIYBaTH OKCHJIATHUBHI MOIIKO-
JUKCHHS, BUKJIUKAHI CTPECOM, PEKOMEHAYIOTH IIi Tpe-
mapaTy MpHU BIUIMBI €K30I€HHUX TOKCHHIB, TIOB’S3aHUX
i3 curHanbHuM (aktopom Nrf2 (Molaei et al., 2021).
3aBIsSIKM BIUIMBY Ha eMiepMalbHUHA (DAKTOp pPOCTY,
¢biTo3aco0M MpU3HAYAIOTh Y KOMIUICKCHOMY JIIKYBaHHI
paKy JIeTeHiB, IpU IIbOMY BOHH BIUTMBaroTh Ha EGFR-
tuposunkinasy (Lee et al., 2021). ditodapmakonoriyni
areHTH 3 YCIIXOM BKIIIOYAIOTh Y (hapMakoTeparito paKy
JICTEHIB 3 ypaXyBaHHSAM IIUICCIIPSIMOBAHOTO BIUIMBY Ha
arronto3, micro RNA, ren BRCA-1, 6iitok P53, curnans-
ani muiax P13K/Akt/mTOR, curnansanii nuisx Notch,
curHaneHui murax Hedgehog/Gli-1, inribitopu poly-
ADP ribose polymerase i inrioitopu MAPK (Singh et
al., 2021). /lns nikyBaHHS KOJOPEKTAIBHOTO PaKy peKo-
MEHIYIOTh BHUTAT 13 pociuHU Qi-Qin-hu-chang (Wu et
al., 2023).

3aco0u KHTAHCHKOI MEIWIUHH 3aCTOCOBYIOTH IS
JKYBaHHS renaruTy B, 3Bepraroun yBary Ha CHTHaJIbHI
nusixu, Taki sk JAK/STAT, PI3K/Akt, NF-xB, MAPK
(Zheng, Qi, et al., 2024). Burar i3 kuTalChbKUX poC-
JMH TPU3HAYAIOTh MPH HAsSBHOCTI aHIPOTCHHOI aio-
nenii (Jinjin et al., 2022). Bin € gyxe KOpUCHHM IIpH
HEAJTKOTOJIbHUX 3aXBOPIOBAHHAX MeUiHKH. [Ipu mpomy
OepyThes 10 yBaru curHanbHi mosixu NAFLD, PPAR,
AMPK, NF-kB (Zhang et al., 2024). Oco6a1Bo Kopuc-
HUMH B KUTAUCHKUX POCIIMHAX IS JIKYBaHHS FOCTPUX
3aXBOpPIOBaHb HUPOK € ankaioinu. CamMe BOHU aKTUBY-
10Th curHasibani nuiax Nrf2/HO-1 (Rui et al., 2022).

VYBaxxaeThCsl AOIUILHAM BKJIIOYATH POCIUHHI TIperia-
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paru KUTAfChKOI MEIUIIUHE ISl JTIKYBaHHS XPOHIYHHUX
3analbHUX 3aXBOPIOBAHHIX KUIICYHHKA, Y TOMY YHCII
npu xBopoOi Kpona (S. Yuan et al., 2022). Tepamis
paKy OUTYHKa MO)KE BKITIOUaTH POCIMHHME Ipenapar i3
Rabdosia rubescens, BIiMBaroYM Ha CUTHAJIBHI IUISIXH
TNF-a, TGF-B, penentop annporeny (Gao et al., 2023).

3aco0n KATaHCHKOT MEIUIIMHNA BOJIOHIFOTH 3HAYHOKO
MIPOTU3ATIaTbHOI0 AaKTUBHICTIO, IO € IiJICTaBOI LIS
CTBOpPEHHS HOBHX JIiKiB. KpiM TOro, BOHH MaioTh HeEii-
POpETeHEpaTUBHY Jil0, TAIbMYIOUH 3allaJIeHHS i OKCH-
JaruBHull ctpec. Lle nae 3Mory BKJIIOYaTH iX y CXeMH
nikyBaHHs (Hi0po3y JereHiB, BIUTMBAKOYM HA CHUTHAJIbHI
msixu TGF-B (Wu et al., 2022).

VYce OiIble CTBOPIOETHCS MPOTHITYXJIMHHHUX 3aC00iB
POCIIMHHOTO MOXoKeHHs1. OcOOIMBE 3HAYCHHS IIPH LIBOMY

HaJal0Th noideHomaM. BOHM BIUTMBAIOTH Ha aTepOCKIIe-
po3 1 KiMouoBi curHaIBHI nutsixu (Jenca et al., 2024). Tpu
TpaBMax XpeOTa PEeKOMEH TYIOTh IPUIMATH BUTST 13 KUTali-
CBKHMX POCIIMH, SIKi MOMNIMIIYIOTh OOMIH Y HABKOJMIITHIX
TKaHWHAX 1 BIUIMBaIOTh Ha curHaibHi nmursxd mTOR, SCI,
MITOR (Ding & Chen, 2022). AHTHOKCHIAHTHI POCTHHHI
npernapard PeKOMEH/IYIOTh BKIIIOYATH B CXEMH JIIKYBaHHS
npu (HiOpo3i MedyiHKKA 3aBASKUA BIUIMBY HA CUTHAJIBHUMA
nusix B-karenid (Cheng et al., 2023).

BucnoBkn. Takum 4YuHOM, Ppi3HOMAHITHI cHT-
HAJbHI NUISIXM He TiJbKH 3a0e3MevYyloTh KUTTENI-
SUILHICTH OPraHiB i cucrem, a i BigirparoTs BaxIuBy
POJIb Y MexXaHi3MaX PO3BUTKY MATOJOTIYHMX MpoIe-
ciB, BILTMB HA sIKi 00YMOBJIIOE TAPTETHY /i0 Cy4YaCHHX
JIKAPCBKHX 3ac00iB.
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Mymeiiko O.B. — 30ip Ta aHani3 qaHWUX, pe3lOMe, y4acTh y HallMCaHHI CTaTTi;

Pomanora K.B. — 30ip Ta aHasi3 naHux, pe3roMe, yuacTh y HalTMCAHHI CTaTTi.

EnexTponna aapeca Juisl JUCTYBaHHS 3 aBTOpaMu: gorchakovanl941@gmail.com
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