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Abstract

Chloride channels play a fundamental role in cellular homeostasis, influencing ion balance, pH regulation, and apoptotic
signaling. While glutamate-gated chloride channels (GluCl) are traditionally restricted to invertebrates, recent evidence
suggests that functionally analogous chloride conductances may exist in cancer cells, contributing to tumor survival
and metabolic adaptation. Notably, chloride intracellular channels (CLICs), particularly CLIC6, have emerged as strong
candidates for chloride-mediated oncogenic signaling. CLIC6 is overexpressed in multiple malignancies, including
breast, ovarian, lung, gastric, and pancreatic cancers, and is known to interact with dopamine D,-like receptors. Patch-
clamp studies have confirmed its chloride-selective conductance, localization to the plasma membrane, and regulation
by pH and redox potential. The unexpected anticancer effects of antiparasitic drugs such as ivermectin, which targets
GluCl channels in parasites, suggest a possible chloride-mediated mechanism of cytotoxicity in tumors. Ivermectin-
induced chloride influx may disrupt ionic equilibrium, hyperpolarize the plasma membrane, and trigger mitochondrial
dysfunction, leading to oxidative stress, cytochrome c release, and caspase activation. This ionic disruption may also
interfere with key oncogenic pathways, including PI3K/AKT, Wnt/B-catenin, and NF-«kB, impairing tumor proliferation
and immune evasion. Given the structural and functional parallels between GluCl channels and CLIC6, ivermectin’s
efficacy may be partially mediated through chloride channel dysregulation. This review synthesizes molecular,
electrophysiological, and pharmacological evidence supporting the existence of GluCl-like chloride conductance
in cancer cells and its therapeutic implications. Further research is needed to characterize chloride ion dynamics in
tumors, validate CLIC6 as a potential GluCl channel analog, and explore chloride channel-targeting strategies for cancer
treatment, opening new frontiers in oncology.

Key words: glutamate-gated chloride channels, CLIC6, ionic dysregulation, antiparasitic drug repositioning, tumor
metabolism.
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Pe3rome

XJIopuiHBIE KaHAIBl UIPatoT (QYHAAMEHTAIBHYIO POJb B TOIAEPKAHNU KJIETOYHOTO TOMEOCTa3a, BIMSS Ha MOHHBINA
Gamanc, perymamuio pH u amontoTudeckue CUTHAJIBHBIC IMyTH. XOTS IIyTaMar-peryaupyeMble XJIOPHUIHbIE KaHAJbI
(GIuCl) TpamuunoHHO OrpaHUYEHBI OECIIO3BOHOYHBIMH, MOCIEAHNE JaHHBIE CBHICTEIBCTBYIOT O TOM, YTO (PyHKIIHO-
HaJIbHO-aHAJIOTMYHBIE TPOBOIMMOCTH XJIOPHUIOB MOTYT IIPUCYTCTBOBATH B PAKOBBIX KJIETKAX, CIIOCOOCTBYSI BEDKUBAHUIO
OITyXOJIM M MeTabosmdeckoil agantanui. OCOOEHHO BBIAGISAIOTCS BHYTpHKIETOUHbIE Xjopuansle kKaHansl (CLIC), B
gactHocTH CLIC6, Kak mOTeHNIMANIbHBIE YYaCTHHUKH OHKOTEHHOM Xiopua-3aBucuMoin cur"ammsamuu. CLIC6 cepx-
9KCTIPECCUPYETCS TPH Pa3IMUHBIX 3JI0KAYECTBEHHBIX HOBOOOPA30BAHMSAX, BKIIOUAs PaK MOJIOYHOW JKele3bl, SSUIHH-
KOB, JIETKHX, JKETyAKa U MODKEIYJOUYHON KeJIe3bl, U B3aUMOACHCTBYeT ¢ 1o(haMHHOBBIMY penentopamu D,-moarumna.
OnekTpopU3n0IOTHIECKUE NCCIEIOBAHNS METOIOM IaTyY-KJIaMIl TIOATBEPIIIN XJIOPHUA-CENEKTUBHYIO TIPOBOANMOCTh
CLIC6, ero ynokanu3anuio B ruiazMarudeckod MemOpane u perymsinuio pH u penokc-noreHnuanom. HeoxunanHbie
MIPOTHUBOPAKOBBIE 3(D(PEKTHI aHTHIAPA3UTAPHBIX MPENaparoB, TAKUX KaK MBEPMEKTHH, KOTOPBIH BO3/EHCTBYET Ha Ka-
Hanbel GluCl y nmapasurtoB, NpeanonaraloT BO3MOXKHBIH MEXaHU3M IIUTOTOKCUYHOCTH B OITYXOJISIX, ONMOCPEIOBAHHBII
HapyIIeHHEM XJOpUAHOTO oOMeHa. VHIynMpOBaHHBIH MBEPMEKTHHOM IIPUTOK XJIOPHIOB MOXKET HAPYIINTh MOHHOE
paBHOBECHE, THIIEPIIOISIPU30BATH TIA3MaTHYECKYI0 MEMOPaHy U BbI3BaTh MHUTOXOHAPHUAIBHYIO TUCHYHKIHIO, YTO Be-
JIeT K OKUCIIUTEIILHOMY CTPECCY, BBIXOAY IIUTOXPOMA ¢ M aKTUBAIMH Kacla3. DTO HapylIIeHHe HOHHOTO OOMEHa TakxkKe
MOYKET BMEIIIUBATKLCS B KIIFOUEBbIC OHKOTCHHBIC My TH, BKiItouast PI3K/AKT, Wnt/B-karenun u NF-kB, Hapymias nposiu-
(heparmio ormyxonu U n30eraHrue MMMYHHOTO OTBETA. Y UNTHIBAsl CTPYKTYPHBIC U (PyHKIMOHAIBHBIE MTApAIIICTH MEKIY
kananamu GluCl u CLIC6, 3¢h(eKTHBHOCTh UBEPMEKTHHA MOXKET OBITh YaCTUYHO OOYCIIOBIICHA TUCPETYISIUEH XII0-
PHUIHBIX KaHAIOB. JJaHHBIH 0030p 00BEIUHACT MOJIEKYIISIPHbIE, MEKTPOo(QU3N0IOTHIECKHE U (PapMaKOJIOTHIECKHE JIaH-
HbIE, TOJTBEPIKIAIOIINE CYIECTBOBAaHHE ITPOBOIUMOCTH XJIOPHOB, aHAJIOTUYHON onocpenyemoii kananamu GluCl, B
PaKOBBIX KJIETKaxX U ee TepareBTHIecKre nepcreKTHBEL. HeoO0Xxoanmbl ganbpHeHIe necaeJOBaHus AJIsl XapaKTePUCTHKA
JIMHAMHKH XJIOPUIHBIX HOHOB B OIyXOJIsIX, oaTBepkaeHus poin CLIC6 kak noteHnuanbHoro ananora kananos GluCl
U pa3pabOTKH CTpaTernuii, HalpaBJIEHHbBIX HA XJIOPUIHBIC KaHAJIBI U JICUCHHS paKa, 9TO OTKPHIBAECT HOBBIE TOPH3OHTHI
B OHKOJIOTHH.

KiroueBble c10oBa: mryTamar-peryinupyemsie Xiaopuaasie kanansl, CLIC6, noHHas TUCPerysaIys, pero3nuIHOHN-
pOBaHNE aHTHUIIAPA3UTAPHBIX MIPEIAPaTOB, METAOOIN3M OITyXOJICH.

KoHpuKT HHTEepecoB. ABTOPHI 3asBIIAIOT 00 OTCYTCTBUH KOH(IMKTA HHTEPECOB.

ABTOp 15151 mepenucku. Axib M.M., e-mail: maherakl555@gmail.com
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Introduction have demonstrated promising anticancer activity,
though the precise molecular mechanisms underlying
their effects remain largely elusive. These drugs
are known to disrupt ion homeostasis in parasitic
organisms, raising the intriguing possibility that
similar mechanisms may be at play in cancer cells [5].

One class of ion channels that has garnered

Ion channels are fundamental components
of cellular physiology, playing a crucial role in
maintaining ionic homeostasis, regulating cell
volume, mediating intracellular signaling, and
orchestrating apoptotic processes [1]. Dysregulation
of ion channel function has been increasingly

implicated in tumorigenesis, where aberrant ion
fluxes contribute to uncontrolled proliferation,
evasion of apoptosis, and enhanced metastatic
potential [2]. In particular, ion channels modulate
key oncogenic pathways, including the PI3K/AKT/
mTOR, MAPK/ERK, and Wnt/B-catenin signaling
cascades, which are frequently hyperactivated in
cancer cells, facilitating their survival and adaptation
to hostile microenvironments [3]. Recent advances
in cancer research have identified ion channels as
potential therapeutic targets, with emerging evidence
suggesting that pharmacological modulation of these
channels may exert antitumor effects [4]. Notably,
certain antiparasitic drugs, including ivermectin,

attention in parasitology is glutamate-gated chloride
channels (GluCl), which are primarily found in
invertebrates and play a pivotal role in regulating
neuronal excitability and chloride ion conductance
[6]. These ligand-gated channels are crucial for
maintaining neuromuscular function in parasitic
nematodes, making them a key target for anthelmintic
agents such as ivermectin [7]. While GluCI channels
are absent in vertebrates, indirect evidence suggests
the possible existence of functionally analogous
channels in cancer cells. These putative GluCl-like
channels may contribute to tumor cell survival by
modulating chloride ion influx, thus counteracting
metabolic stressors such as intracellular acidosis and
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oxidative damage, which are characteristic of the
Warburg effect and tumor microenvironment. This
review aims to explore the potential role of GluClI-
like channels in cancer biology, examining their
hypothesized contribution to tumor progression,
ionic regulation, and metabolic adaptation. We will
also discuss the possibility that antiparasitic drugs
exert their anticancer effects through modulation
of these channels, providing a novel perspective
on their therapeutic potential. Additionally, we will
evaluate existing transcriptomic, proteomic, and
electrophysiological studies for evidence supporting
the presence of chloride channels with GluCl-like
properties in human malignancies. By integrating
insights from cancer metabolism, immunology, and
ion channel physiology, this review seeks to provide
a framework for future research into GluCl-like
channels as a novel therapeutic target in oncology.

Material and methods

A comprehensive narrative review was conducted
to explore the potential role of GluCl and chloride
intracellular channels (CLICs), particularly CLIC6,
in cancer cells and their implications for anticancer
therapy. A systematic literature search was performed
using PubMed, Scopus, and Web of Science,
incorporating Medical Subject Headings (MeSH)
terms and free-text keywords, including “glutamate-
gated chloride channels,” “CLIC6 in cancer,” “ion
channel dysregulation in tumors,” “antiparasitic drug
repositioning,” “chloride homeostasis in cancer,”
and “ivermectin and tumor metabolism”. Boolean
operators (AND/OR) were applied to refine search
sensitivity and specificity. The review included peer-
reviewed studies published in English from 2000 to
2025, spanning clinical, preclinical, and mechanistic
research on chloride channels, tumor ionic regulation,
and targeted pharmacological interventions. Reference
lists of key articles were manually screened to identify
additional relevant publications.

Studies were selected based on their
investigation of GluCl-like and CLIC-mediated
chloride conductance in cancer cells, tumor
microenvironmental adaptation, and the anticancer
effects of antiparasitic drugs targeting ion channels.
Exclusion criteria eliminated non-English studies,
case reports with insufficient statistical power,
articles without full-text availability, and studies
lacking direct relevance to the hypothesis. The
selection process followed a two-stage screening
approach, initially retrieving 872 studies, with 189
duplicates removed. Title and abstract screening
excluded 457 studies based on irrelevance, leaving
226 for full-text review. Among these, 64 studies
were included for qualitative synthesis, focusing

on chloride ion dynamics, tumor metabolism, and
targeted therapeutic applications. Quality assessment
was conducted using the SANRA (Scale for the
Assessment of Narrative Review Articles) checklist,
evaluating six domains: review justification, clarity
of objectives, literature search methodology,
inclusion of primary references, evidence-based
reasoning, and data synthesis. Studies scoring >9/12
were considered methodologically rigorous. While
this review does not present direct experimental
data, it synthesizes preclinical and observational
evidence to assess the hypothetical role of GluCl-
like and CLIC6-mediated chloride conductance
in tumor biology. The analysis integrates findings
on chloride-dependent  apoptotic  regulation,
metabolic adaptation, and the repositioning of ion
channel-targeting antiparasitic drugs, establishing a
foundation for future electrophysiological validation
and clinical translation.

Ion channel dysregulation as a survival strategy
in the tumor microenvironment: mechanisms of
hypoxia, acidosis, and metabolic adaptation

The tumor microenvironment presents a
dynamic and hostile landscape shaped by hypoxia,
extracellular acidosis, and nutrient deprivation, all
of which impose significant metabolic and survival
challenges on malignant cells [8]. To withstand
these stressors, cancer cells have evolved intricate
adaptive mechanisms, leveraging ion channels and
transporters to maintain intracellular homeostasis,
sustain proliferative signaling, and evade apoptotic
triggers [9]. These ion transport systems are
instrumental in facilitating metabolic reprogramming,
modifying cell-extracellular matrix interactions, and
enabling resistance to both immune surveillance and
therapeutic interventions [10].

One of the central regulators of tumor adaptation
is hypoxia-inducible factor-la (HIF-1a), a master
transcriptional regulator activated under low-oxygen
conditions.[11] HIF-1a orchestrates a wide range of
cellular responses, including the upregulation of Na*/
H* exchanger 1 (NHE1), a critical acid-base regulator
that extrudes protons in exchange for sodiumions [11-
12]. This activity results in extracellular acidification
and intracellular alkalinization, a dual process that
profoundly impacts tumor progression [13]. The
acidic extracellular milieu promotes local tissue
remodeling by activating matrix metalloproteinases,
which degrade the extracellular matrix and facilitate
cancer cell invasion [14]. Simultaneously, cytosolic
alkalinization enhances metabolic efficiency and
inhibits caspase-dependent apoptotic pathways,
thereby promoting tumor cell survival under hypoxic
stress [15].
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Beyond NHEI, HIF-1a also drives the expression
of carbonic anhydrases (CAIX, CAXII) and
monocarboxylate transporters (MCT1, MCT4), which
cooperate to regulate pH homeostasis by facilitating
lactate and proton efflux [16]. The persistent
acidification of the tumor microenvironment exerts
a profound impact on immune evasion strategies, as
T-cell activation and cytotoxicity are significantly
impaired under acidic conditions [17]. Additionally,
acidosis has been shown to alter the polarization of
tumor-associated macrophages, promoting an M2-
like immunosuppressive phenotype that supports
tumor progression, angiogenesis, and resistance to
immunotherapy [18].

The dysregulation of chloride channels further
reinforces tumor adaptation to environmental stress
[19]. Volume-regulated anion channels (VRACsS)
and CLICs modulate apoptotic volume decrease,
a process that precedes caspase activation during
programmed cell death [19-20]. By tightly regulating
chloride efflux and osmotic balance, these channels
enable cancer cells to resist apoptotic triggers and
sustain survival in hypoxic and nutrient-deprived
conditions [21]. Moreover, chloride transport plays
a role in intracellular signaling, affecting pathways
such as PI3K/AKT, MAPK/ERK, and NF-kB, all of
which are essential for oncogenic progression and
therapy resistance [19, 21, 22].

Calcium channels also contribute significantly
to the adaptive responses of cancer cells within
the tumor microenvironment [23]. Store-operated
calcium entry and transient receptor potential
channels regulate intracellular Ca** dynamics,
influencing cell proliferation, migration, and survival
[24]. Increased calcium influx activates calmodulin-
dependent kinases and phosphatases that modulate
transcription factors such as NFAT, which in turn
enhance the expression of oncogenes and pro-survival
factors [25]. Dysregulated Ca?" homeostasis also
intersects with mitochondrial signaling, influencing
cytochrome c release and oxidative phosphorylation
efficiency, thereby promoting metabolic plasticity in
cancer cells [26].

The role of sodium (Na") channels in cancer
progression is increasingly recognized, particularly
in highly invasive tumors [27]. Voltage-gated sodium
channels have been implicated in the promotion of
epithelial-to-mesenchymal transition, a process
critical for metastatic dissemination [28]. By
modulating intracellular Na® levels, these channels
influence Rho-GTPase signaling, cytoskeletal
reorganization, and focal adhesion turnover, all of
which contribute to increased cellular motility [29].
Additionally, sodium influx has been linked to the
activation of Wnt/B-catenin signaling, a pathway that

sustains cancer stemness and enhances resistance to
chemotherapeutic agents [30].

Taken together, ion channels serve as key
mediators of tumor cell adaptation, enabling malignant
cells to thrive despite the adverse conditions imposed
by hypoxia, acidosis, and nutrient deprivation. By
regulating intracellular pH, apoptosis resistance, and
invasive potential, these channels not only facilitate
tumor progression but also represent promising
targets for novel therapeutic interventions aimed at
disrupting the ionic homeostasis that cancer cells
depend upon for survival.

Glutamate-gated chloride channels (glucl) in
parasites: molecular mechanism and functional
significance

GluCl channels are specialized ligand-gated
ion channels that are unique to invertebrates,
playing a central role in neuromuscular regulation,
synaptic inhibition, and osmoregulation in parasitic
nematodes and arthropods. These Cys-loop
receptors, structurally related to GABA; A and
glycine receptors, function as chloride-selective ion
channels that mediate inhibitory neurotransmission.
Their activity is crucial for maintaining parasite
locomotion, feeding, and host attachment, making
them indispensable for survival and an attractive
target for antiparasitic pharmacotherapy [6].

At the molecular level, GluCl channels function
as pentameric transmembrane proteins, each subunit
containing an extracellular ligand-binding domain,
four transmembrane helices (TM1-TM4), and an
intracellular domain critical for channel gating. The
binding of L-glutamate to the ligand-binding domain
induces a conformational shift in the transmembrane
helices, leading to the opening of the ion-conducting
pore. This allows an influx of chloride ions into
the neuronal or muscular cytoplasm, resulting
in membrane hyperpolarization and subsequent
inhibition of action potential propagation [31].

Role of GluCl channels in neuromuscular and
osmoregulatory homeostasis

GluCl-mediated chloride conductance serves as
a key modulator of neuromuscular excitability in
parasitic nematodes. The influx of CI~ through these
channels suppresses excitatory neurotransmission
by counteracting the depolarizing effects of cationic
influx through nicotinic acetylcholine receptors
(nAChRs). This mechanism is essential for
regulating motor coordination, rhythmic locomotion,
and pharyngeal pumping, all of which are critical
for parasite survival within the host environment.
Beyond neuronal inhibition, GIuCl channels are
implicated in osmotic homeostasis, particularly in
parasitic filariae. By controlling intracellular chloride
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levels, these channels contribute to fluid balance,
ionic equilibrium, and cellular turgor pressure,
mechanisms that are vital for parasite adaptation
to fluctuating host environments. Disrupting these
processes through GluCl channel inhibition leads
to cellular swelling, lysis, and metabolic collapse,
further augmenting the lethality of pharmacological
agents that target this pathway [32].

GluCl channels as targets for anthelmintic
therapy: pharmacological implications

GluCl channels represent the primary molecular
targets for avermectin-based anthelmintics, including
ivermectin, selamectin, and moxidectin, which
function as positive allosteric modulators of these
receptors. These macrocyclic lactones bind to distinct
hydrophobic pockets within the transmembrane
helices (TM3-TM4 interface), stabilizing the open-
state conformation of the channel. This results in
sustained chloride influx, prolonged membrane
hyperpolarization, and irreversible neuromuscular
paralysis, ultimately leading to parasite death [33].
The pharmacodynamic effects of GluCl channel
modulators extend beyond neuromuscular inhibition to
modulation of immune evasion mechanisms. In filarial
parasites, the suppression of motor function impairs
their ability to evade innate immune effectors, such
as macrophages and eosinophils, facilitating immune-
mediated clearance [34]. Additionally, disruption of
chloride homeostasis compromises parasite antioxidant
defenses, rendering them more susceptible to reactive
oxygen species (ROS) and nitric oxide-mediated
cytotoxicity from host immune cells [35].

The specificity of GluCl channels to
invertebrates confers a high therapeutic index,
minimizing neurotoxicity in mammalian hosts due
to the absence of homologous receptors in vertebrate
nervous systems. This selective toxicity has been
a cornerstone of anthelmintic drug development,
allowing for broad-spectrum efficacy against a range
of parasitic infections [6].

Broader implications: could GluCl-like channels
exist in mammalian pathophysiology?

While GIuCl channels are classically considered
absent in vertebrates, the existence of functionally
analogous chloride channels in mammalian cells
remains an open question. Certain chloride transport
mechanisms, such as VRACs and CLICs, share
functional and pharmacological similarities with
GluCl channels, raising intriguing hypotheses
regarding their potential role in regulating ionic
balance in pathological conditions such as cancer [ 19].
Given the reliance of cancer cells on pH homeostasis,
ionic adaptation, and metabolic reprogramming
[36], it is plausible that GluCl-like channels if

present could contribute to tumor cell survival under
metabolic stress. Understanding the structural and
functional properties of GluClI channels has not only
advanced the field of parasitology but has also paved
the way for potential cross-disciplinary insights
into ion channel dysregulation in human diseases.
The exploration of GluCl-like mechanisms in
mammalian pathophysiology, particularly in tumor
microenvironments, could open new avenues for
targeted ion channel therapeutics in oncology.

Hypothesis: do cancer cells possess GluCl-like
channels?

Although GluCl channels have not been
identified in vertebrates, growing evidence
suggests the potential existence of functionally
analogous chloride channels in cancer cells
that may contribute to tumor progression and
microenvironmental adaptation. One compelling
piece of evidence supporting this hypothesis is the
clevated extracellular glutamate levels observed
in numerous malignancies [37], particularly in
glioblastoma multiforme [38], triple-negative breast
cancer, and pancreatic adenocarcinoma [39]. The
abnormal accumulation of glutamate in the tumor
microenvironment results from the dysregulated
activity of system X-c© (SLC7A11/SLC3A2), a
cystine/glutamate antiporter that extrudes glutamate
in exchange for cystine, promoting oxidative stress
resistance and fueling tumorigenic pathways [40].
Excess extracellular glutamate in these tumors
activates multiple oncogenic signaling cascades,
including PI3K/AKT/mTOR, Wnt/B-catenin, and
ERK/MAPK, all of which drive proliferation,
migration, and resistance to apoptosis [41]. Given
that GluCl channels in invertebrates function as
glutamate-gated inhibitory chloride conductors, the
persistent presence of high glutamate concentrations
in cancer raises the possibility that cancer cells may
express chloride channels that respond to glutamate
similarly to GIuCl channels, potentially regulating
ionic homeostasis, intracellular signaling, and tumor
cell excitability under metabolic and hypoxic stress
[6-19].

Structural and functional similarities between
GluCl and cancer-associated chloride channels

While no direct genetic or proteomic evidence
has confirmed the presence of GIuCl channels in
mammalian cells, functionally similar chloride-
conducting pathways have been identified in tumors,
further supporting the hypothesis of a GluCl-
like channel subclass. Among these, VRACs and
CLICs share key physiological roles with GluCl
channels, particularly in osmotic balance, apoptotic
volume decrease, and intracellular pH regulation
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[19]. VRACs, primarily composed of LRRC8A-E
subunits, mediate chloride and organic osmolyte
flux in response to cell swelling, a process critical
for maintaining volume homeostasis in both
physiological and pathological conditions [42]. In
cancer, VRAC activity is frequently dysregulated to
counteract apoptotic triggers, allowing tumor cells
to evade programmed cell death and sustain survival
under mechanical and metabolic stress [43]. Similarly,
CLIC family proteins, including CLIC1, CLIC4,
and CLICS, exhibit both cytosolic and membrane-
localized chloride channel activity, modulating NF-
kB, STAT3, and HIF-1a signaling pathways, all of
which are implicated in tumorigenesis, inflammation,
and resistance to oxidative stress [44]. Another
cancer-associated chloride channel with functional
parallels to GluCl channels is anoctamin 1 (ANO1/
TMEMI16A), a calcium-activated chloride channel
that is overexpressed in multiple cancers and has been
linked to EGFR-dependent proliferation, epithelial-
to-mesenchymal transition, and chemoresistance

Ivermectin
binding site

Putative & cr Cancer cell
CI” conduction membrane
pathway

mechanisms [45]. Given their roles in ion transport,
tumor adaptation, and interaction with oncogenic
pathways, these channels may serve as functional
analogs of GluCl channels, suggesting the presence
of an as-yet-uncharacterized chloride conductance
mechanism that supports cancer cell survival and
progression (Fig. 1).

Tumor acidosis and the need for chloride ion
regulation

The tumor microenvironment is characterized
by persistent extracellular acidosis, primarily
driven by the metabolic shift towards aerobic
glycolysis (Warburg effect) and the hyperactivation
of monocarboxylate transporters (MCT1, MCT4),
which mediate lactate and proton efflux [46].
This metabolic adaptation results in a pronounced
extracellular pH gradient, with the tumor
microenvironment becoming acidic (pH 6.2-6.8)
while intracellular pH remains neutral-to-alkaline
(pH 7.2-7.4), thereby supporting tumor cell viability
and therapy resistance [47]. To counteract acidosis
and maintain intracellular pH homeostasis, cancer
cells depend on multiple ion transport mechanisms,
including NHE1, CAIX, and chloride channels,
which facilitate charge compensation and acid-base
equilibrium [48]. NHE1 extrudes protons in exchange
for sodium, contributing to extracellular acidification
while preserving cytosolic alkalinization, a process
that enhances metastatic potential through the
activation of pH-sensitive proteases such as matrix
metalloproteinases [49]. Similarly, CAIX catalyzes
the reversible hydration of carbon dioxide to
bicarbonate and H*, further supporting intracellular
alkalinization and buffering tumor cells against
acidosis-induced apoptosis [50]. Given the essential
role of chloride flux in charge balance and cellular
pH regulation, the presence of a GluCl-like chloride
conductance in cancer cells could provide a crucial

Fig. 1. Conceptual model of a GluCl-like chloride channel in the cancer cell membrane as a potential ivermectin-bind-

ing site

This schematic illustrates a hypothetical chloride channel inspired by the structural principles of invertebrate
GluClI channels and mammalian CLIC6 proteins, proposed to mediate chloride influx in tumor cells. The model
depicts the channel embedded within the lipid bilayer and the flow of chloride ions (arrow) across it, representing
a novel, unconfirmed but biophysically plausible mechanism of ionic dysregulation with potential therapeutic

relevance in oncology.

Puc. 1. Konyenmyanvnasn mooenv GluCIl-nodob6noeo xnopuonoco kanaia 8 memopane onyxonesou KJiemxu Kax nomeHyu-

AIbHO20 Callma C653bl8aAHUSL usepmexkmuna

Jannas cxema unmocmpupyem sunomemudecKkutl X10pUOHslil KAHA, CO30AHHbII HA OCHO8E CIPYKMYPHBIX NPUH-
yunos kananoe GluCl decnozeonounvix u 6enxkoe CLICG muexonumarowux, npeonoiazaemcs, 4mo oH onocpe-
dyem nocmyniienue UOHO8 X10pa 6 onyxoiesvle kiemxu. Mooenb usobpasicaem Kauai, 6CMpoeHHblIl 8 TUNUOHbLLL
oucnotl, u NOMOK yepes He2o XI0PUO-UOHO8 (CmpenKa), npeocmaesiss cobou HOBblil, HenoomeepHcOeHHbIU, HO
ouogusuuecku 060CHOBANHBILL MEXAHUIM UOHHOU OUCPESYIAYUN, UMEIOWUTI NOMEHYUATbHYIO MePaAnesmuyecKyio

nepCcneKmuerocntb 6 OHKOJ102UU.
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adaptive mechanism, allowing tumor cells to fine-
tune intracellular pH, mitigate oxidative stress,
and maintain ionic equilibrium under hypoxic and
metabolically stressed conditions.

Potential experimental evidence

Although no direct transcriptomic or proteomic
confirmation of GluCl-like channels in cancer cells
currently exists, multiple indirect lines of evidence
support their potential presence. Electrophysiological
studies have identified aberrant chloride currents
in tumor cells that do not correspond to known
chloride channel families, suggesting the existence
of uncharacterized chloride conductances that may
function analogously to GluCl channels. Among
these, CLICs represent a compelling candidate family,
as they can exist in both soluble and transmembrane
forms, allowing for dynamic regulation of chloride
homeostasis. Recent studies on CLIC6, the latest
identified member of this family, have implicated
its involvement in multiple malignancies, including
breast, ovarian, lung, gastric, and pancreatic cancers.
Notably, CLIC6 has been shown to interact with
dopamine D(2)-like receptors, hinting at a broader
role in cellular signaling beyond ion transport. While
its soluble structure has been resolved, its exact
physiological function, membrane conformation,
and biophysical properties remain largely
uncharacterized.  Electrophysiological  analysis

using a patch-clamp approach has demonstrated that
ectopically expressed CLICG6 localizes to the plasma
membrane of HEK-293 cells, where it preferentially
conducts chloride (CI") over other anions such as
bromide, fluoride, and potassium.

Additionally, CLIC6 activity is modulated by pH
and redox potential, with specific histidine (H648)
and cysteine (C487) residues playing key roles in its
conformational regulation. Importantly, qRT-PCR
data reveal that CLIC6 is highly expressed in the lung
and brain, and chloride currents attributed to CLIC6
have been recorded in lung epithelial cells. Given
its expression in multiple cancers and its confirmed
chloride channel activity, CLIC6 represents a strong
candidate for further investigation into GluCl-like
chloride conductance in tumors, potentially providing
a new avenue for targeted ion channel modulation in
oncology [51]. High-throughput RNA sequencing and
mass spectrometry analyses of various tumor types
have revealed an upregulation of chloride channel-
related genes, particularly those encoding VRACs,
CLICs, and calcium-activated chloride channels,
many of which exhibit functional convergence with
ligand-gated chloride channels [51]. Drug sensitivity
assays have demonstrated that ivermectin and other
GluCl-targeting anthelmintics exert potent anticancer
effects inmultiple tumor models, raising the possibility
that their mechanism of action may involve chloride
channel modulation (Table) [52].

A comparative summary of GluCl channel characteristics in parasites and GluCl-like channels in cancer cells,
such as CLIC6

CpasnumenvHoe 0000w eHue XapaKxmepucmux eiymamam-pezyiupyemvix xaopuousix kananos (GluCl) y napasu-
mog u GluCIl-nodobuvix kananoe 6 onyxonesvix kiemxax, maxux kaxk CLIC6

Feature GluCl channels in parasites

GluCl-like channels in cancer cells
(e.g., CLIC6)

Molecular identity

Well-characterized GluCl subunits
(e.g., in C. elegans, H. contortus)

Putative identity; CLIC family proteins (particular-
ly CLIC6)

Ligand activation tamate

Activated by extracellular L-glu-

Not confirmed; hypothesized sensitivity to gluta-
mate-rich tumor microenvironment

Ion selectivity Highly selective for CI-

Selective for Cl-; CLIC6 shows chloride over bro-
mide, fluoride, and potassium

Localization
lar membranes

Expressed in neuronal and muscu-

CLIC6 localized to plasma membrane and cytosol
in cancer cells

Physiological function tation, osmoregulation

Inhibition of neuromuscular exci-

Regulation of cell volume, redox balance, and
apoptotic signaling

Pharmacological target other macrocyclic lactones

Primary target of ivermectin and

Potential target of ivermectin; mechanism remains
under investigation

Electrophysiological Well-defined chloride current upon | Patch-clamp studies confirm chloride conductance
profile glutamate stimulation and modulation by pH/redox in CLIC6
Expression in human CLIC6 overexpressed in various malignancies
- Absent . . .
tissues (breast, lung, ovarian, gastric, pancreatic)
Relevance to cancer . Implicated in tumor cell survival, mitochondrial
: Not applicable N . .
biology function, immune evasion, and drug resistance
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Antiparasitic drugs as potential cancer
therapeutics

The repositioning of antiparasitic agents has
shown promise in oncology, owing to their ability
to disrupt tumor homeostasis via ion channel
modulation, metabolic interference, and apoptosis
induction. Originally developed to target parasite-
specific channels like GluCl, drugs such as ivermectin,
moxidectin, mebendazole, and albendazole
have demonstrated cytotoxicity in cancer cells,
suggesting a shared vulnerability in chloride ion
regulation [53]. Ivermectin enhances GluCl channel
activation in nematodes, causing chloride influx
and paralysis [54]. In cancer, it increases chloride
conductance, disrupts ionic balance, and impairs
survival by inhibiting PI3K/AKT and Wnt/B-catenin
pathwayskey regulators of proliferation, metastasis,
and resistance [55, 56]. Additionally, ivermectin

Ivermectin

GluCl-like CI” influx
channels

(e.g. CLIC6)

Tonic
' imbalance
\ Inhibition of
\ PI8K/AKT pathway

Apoptosis

S -~ (cell death)
Cancer
cell 4
Mitochondrial ~ > Cytochrome
c release

dysfunction
ROS Generation

induces mitochondrial dysfunction and ROS
generation, promoting apoptosis [57]. Structurally
related to ivermectin, moxidectin disrupts tumor
ion homeostasis and induces oxidative stress
through chloride influx, leading to mitochondrial
depolarization, cytochrome c release, and apoptosis
(Fig. 2) [58-60]. Its ROS-mediated DNA damage
is particularly effective against tumors with TP53
mutations or NRF2 overactivity, triggering p53-
independent apoptosis and ferroptosis [61]. These
benzimidazole anthelmintics target chloride transport
and mitochondria, impairing apoptotic volume
decrease, enhancing caspase activation, and causing
cell cycle arrest [62—63]. By inhibiting succinate
dehydrogenase, they deplete ATP and disrupt AMPK
signaling, sensitizing cancer cells to metabolic
collapse and improving response to therapy [64].

Future directions: GluCl-like channels as a novel
therapeutic target in cancer

Given the emerging evidence suggesting the
existence of GluCl-like chloride conductance in
cancer cells, we propose the designation of these
putative ion channels as “GluCl-like channels”,
acknowledging their potential role in tumor biology
and ionic regulation. The characterization of these
channels could pave the way for innovative targeted
therapies aimed at disrupting chloride homeostasis,
modulating tumor metabolism, and sensitizing
cancer cells to apoptotic signals. To validate their
existence and therapeutic relevance, future research
should focus on genetic, functional, and clinical
investigations that comprehensively explore their
molecular identity, physiological function, and
pharmacological modulation.

Fig. 2. Proposed antitumor mechanism of ivermectin via GluCl-like chloride channels (e.g., CLIC6) in cancer cells.

This schematic illustration outlines a hypothetical pathway by which ivermectin exerts cytotoxic effects on ma-
lignant cells. The process begins with ivermectin binding to GluCl-like channels, facilitating chloride ion influx,
which disrupts ionic homeostasis and induces intracellular ionic imbalance. This imbalance is proposed to
inhibit the PISK/AKT signaling cascade and promote mitochondrial dysfunction, evidenced by increased ROS
generation and cytochrome c release. The cumulative effect leads to the activation of intrinsic apoptotic path-
ways and subsequent cancer cell death. The diagram emphasizes the potential of targeting chloride channels as

a novel strategy in oncologic pharmacotherapy

Puc. 2. [Ipeononazaemviii npomueoonyxone6ulti MEXanusm Oeucmeus UGepMeKmuna yepes XjaiopuoHvlie Kanaibl mund

GluCl (nanpumep, CLICG6) 6 onyxoneguvix Kiemkax.

Ha oannou cxeme npedcmasgnena sunomemuueckdsi NOC1e008amMelbHOCMb COObIMULL, NOCPEOCMEOM KOMOPOl
UBEPMEKMUH NPOSBTIEN YUMOMOKCUYECKoe Jelicmeue Ha 310Kayecmeennble kiemku. Hauanbnwiii sman 6Kuo-
yaem ceazviganue ugsepmexmuna ¢ GluCIl-noooouvimu kanaramu, 4mo cnocoocmayem nocmynieHuIo UOHO8 XJi0-
PA 6 KIemKy U HapYULeHUI) UOHHO20 2OMEOCMA3d, KOMopoe npeonoiodNCUmeilbHo npusooum K uHeUOUPOSaAHUIO
cuenanvroeo kackada PI3K/AKT u oucghynkyuu Mmumoxonopuil, Conpogodicoaiowelics NOGbIUEHHO ceHepayuet
AKMUBHBIX YopM KUCIOpoOa U 8bixo0om yumoxpoma c¢. COBOKYNHOCHb dMUX HAPYUEHUTI AKMUBUPYEN GH)-
MPeHHUl NYyMb anonmo3d U npueooUm K 2udeiu Onyxoievlx Kiemox. /fuazpamma noouepkugaem nepcnekmué-
HOCHIb Map2emHuoi. MOOYIAYUL XAOPUOHBIX KAHALO8 KAK UHHOBAYUOHHOU Cmpameuu 8 npomueoonyxoieol

¢apmarxomepanuu
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Genetic and proteomic profiling of GluCl-like
channels in cancer

Unraveling the molecular identity of GluCl-
like channels requires high-throughput genomic
and transcriptomic analyses to identify chloride
channel subunits with homology to known GluCl
proteins. Advanced RNA sequencing, single-cell
transcriptomics,and CRISPR-based genetic screening
should be employed to pinpoint candidate genes
encoding ligand-gated chloride channels in various
tumor types. Comparative proteomic and interactome
analyses can further elucidate their structural
composition, post-translational modifications, and
potential interactions with oncogenic signaling
pathways such as PI3K/AKT, Wnt/B-catenin, and
NF-kB. Additionally, bioinformatics approaches
integrating The Cancer Genome Atlas (TCGA) and
Genotype-Tissue Expression (GTEx) databases
may reveal correlations between chloride channel
expression and cancer progression, prognosis, and
therapy resistance.

Functional characterization and pharmacological
targeting of GluCl-like channels

To establish the role of GluCl-like channels
in tumor biology, -electrophysiological studies
using patch-clamp recordings and fluorescence-
based ion imaging should be conducted to measure
chloride conductance in cancer cells under different
metabolic and microenvironmental conditions.
The use of genetically encoded chloride sensors
(clomeleon, Cl-sensor) in live-cell imaging could
provide real-time insights into their physiological
activity. Functional assays assessing the effects
of selective chloride channel inhibitors, such as
DIDS  (4.4'-diisothiocyanostilbene-2,2'-disulfonic
acid) and IAA-94 (indanyloxyacetic acid-94),
may help delineate their contribution to tumor cell
proliferation, apoptosis evasion, and chemoresistance.
Furthermore, CRISPR-Cas9 knockout and siRNA
knockdown studies targeting putative GluCl-like
genes can validate their essentiality in tumor survival
and metastatic potential.

Clinical translation: investigating antiparasitic
drugs in oncology

The potential role of GluCl-like channels in
mediating the anticancer effects of antiparasitic
drugs warrants rigorous clinical evaluation. Phase
I/IT clinical trials should investigate the efficacy
of ivermectin, moxidectin, and benzimidazole
derivatives in various malignancies, particularly
in tumors with high extracellular glutamate levels
and chloride channel dysregulation. Biomarker-
driven clinical studies should explore whether
GluCl-like expression correlates with treatment

response, enabling the stratification of patient
populations most likely to benefit from chloride
channel-targeting therapies. Moreover, combination
strategies integrating GluCl channel modulators with
immune checkpoint inhibitors (e.g., anti-PD-1/PD-
L1) or metabolic inhibitors (e.g., dichloroacetate,
metformin) could enhance therapeutic efficacy by
exploiting tumor ionic vulnerabilities and immune
evasion mechanisms.

Future perspective and proposed nomenclature

Should future experimental studies validate the
existence of these GluCl-like channels in cancer
cells, it would constitute a landmark discovery in
the field of ion channel oncology. Such a discovery
would redefine our understanding of chloride
conductance mechanisms in tumor biology and open
avenues for novel targeted therapies. In recognition
of the original hypothesis presented in this review,
the authors humbly propose that this novel chloride-
conducting entity be designated as the “Akl channel”,
acknowledging the conceptual framework that laid
the foundation for its theoretical identification.

Discussion

Thehypothesisthatcancercellsmayharbor GluCl-
like chloride channels introduces a novel perspective
on tumor ion homeostasis, metabolic plasticity, and
pharmacological vulnerabilities. While classical
GluCl channels are exclusive to invertebrates,
emerging evidence suggests that CLICs, particularly
CLIC6, may serve as functionally analogous chloride
conductances in human malignancies. CLIC6 has
been identified in multiple cancers, including breast,
ovarian, lung, gastric, and pancreatic malignancies,
and has been shown to localize to the plasma
membrane, where it exhibits chloride selectivity.
Its regulation by pH and redox potential, along with
its interaction with dopamine D,-like receptors,
suggests a broader role in oncogenic signaling. The
presence of such chloride-conducting mechanisms
raises the question of whether they contribute to
tumor survival, proliferation, and immune evasion.
Given the documented anticancer activity of GluCl-
targeting antiparasitic agents, such as ivermectin,
their cytotoxicity may extend beyond their established
role in parasitic neuromuscular inhibition to tumor-
specific ionic dysregulation. At the molecular
level, ivermectin functions as a positive allosteric
modulator of GluCl channels, promoting sustained
chloride influx and hyperpolarization in parasitic
cells, leading to neuromuscular paralysis. In cancer
cells, a similar chloride-dependent mechanism could
disrupt ionic equilibrium, impair volume regulation,
and trigger apoptosis.
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If CLIC6 or another unidentified GluCl-
like channel mediates chloride influx, this could
destabilize intracellular electrochemical gradients,
suppress mitogenic signaling pathways, and
induce metabolic collapse. This chloride-mediated
perturbation has direct implications for oncogenic
pathways such as PI3K/AKT, Wnt/B-catenin, and
NF-kB, all of which are sensitive to changes in ionic
balance and redox homeostasis.

One of the critical downstream effects of
ivermectin-induced  chloride  dysregulation is
mitochondrial dysfunction. Excessive chloride influx
could promote mitochondrial depolarization, leading
to permeability transition pore opening, cytochrome
c release, and caspase activation, ultimately inducing
apoptotic cell death. Furthermore, mitochondrial
hyperpolarization has been linked to increased
ROS generation, amplifying oxidative stress and
further sensitizing tumor cells to apoptosis. This
oxidative imbalance is particularly detrimental in
cancer cells with already compromised antioxidant
defenses, such as those with TP53 mutations or Nrf2
hyperactivation.

Additionally, ivermectin has been shown to
disrupt tumor metabolism by interfering with glucose
and lipid homeostasis. It has been demonstrated to
inhibit the glucose transporter GLUTI1, reducing
glycolytic flux and ATP production, which is
particularly relevant for highly glycolytic tumors
relying on the Warburg effect. The convergence of
ionic stress, metabolic disruption, and oxidative
damage creates a multifaceted cytotoxic environment
that compromises tumor adaptability. Beyond direct
cytotoxicity, ivermectin’s chloride-mediated effects
may also modulate the tumor microenvironment.
Acidic extracellular pH, a hallmark of aggressive
tumors, is maintained through ion transporters such
as NHE1, MCT1, and CAIX, all of which contribute
to immune evasion and metastatic potential. If
ivermectin disrupts chloride flux through a GluCl-
like channel, such as CLIC6, it could interfere with
pH regulation, impairing tumor cell survival in acidic
niches and enhancingimmunerecognitionbyrestoring
T-cell cytotoxicity. Collectively, these mechanisms
suggest that the anticancer effects of ivermectin
may be fundamentally linked to chloride channel
dysregulation, providing a mechanistic framework for
its repositioning in oncology. Further research should
focus on the electrophysiological characterization of
CLIC6 and other chloride conductances in cancer,
transcriptomic analyses to confirm their role, and
clinical validation of ivermectin’s efficacy in tumors
exhibiting chloride ion dependence. Unraveling these
ionic vulnerabilities could pave the way for targeted
chloride channel modulation as a novel therapeutic
strategy in cancer treatment.

Conclusions

The concept of GluCl-like chloride conductance
in cancer cells represents a paradigm shift in our
understanding of tumor ion homeostasis and its
role in disease progression and therapy resistance.
If validated, these channels could serve as a novel
ionic checkpoint, enabling tumors to regulate pH,
evade apoptosis, and sustain metabolic adaptation
under hypoxic and acidic conditions. The unexpected
anticancer effects of GluCl-targeting antiparasitic
drugs suggest a potential pharmacological strategy
to disrupt chloride-dependent tumor survival
mechanisms. While current evidence remains largely
indirect, the structural and functional parallels
between GluCl and cancer-associated chloride
channels warrant further genomic, proteomic, and
electrophysiological investigations. Exploring these
channels as therapeutic targets could transform
oncology drug development, offering new avenues for
precision medicine. Future research should prioritize
the clinical translation of antiparasitic agents,
evaluate their synergistic potential with immune
checkpoint inhibitors and metabolic disruptors, and
establish biomarker-driven patient selection criteria.
By integrating cancer ion channel research with
parasitology and neuropharmacology, this emerging
hypothesis could redefine targeted cancer therapies,
unveiling new opportunities to disrupt tumor ionic
homeostasis and enhance therapeutic efficacy.
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Biausinue MUKPOOHOMA MOJIOCTH PTA HA PENPOAYKTHBHOE 310POBbe
JKEHIIMHBI
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Pe3rome

B Hacrosiem 0030pe Ha OCHOBAaHHU aHAIN3a CIELUAILHON 0TeUeCTBEHHOH U 3apyOe:xKHON TUTepaTyphl, pa3MeIeHHOH
B DJICKTPOHHBIX Ombnnorekax eLibrary m KubepJlennaka, 6a3e taHHBIX MeTUKO-OnoIormuecKux myonukanuii PubMed,
IPEJCTaBICHO TEOPETUYECKOe 000CHOBAHUE MPOOIEMbl PENPOLYKTUBHOIO 340POBbS KEHIIHUH, CBA3aHHOE C BUIOBOH
Tpanchopmaneil MUKpoOHOMa MOJIOCTH PTa U U3MEHEHHEM €ro TAKCOHOMUYEeCKoro nmpoduiis. He BBI3BIBAIOT AUCKYC-
CHHM JIaHHBIE O paHee MU3YYEHHBIX MPEeTUKTOpax, BIMSIONINX Ha PENPOAYKTUBHYIO (YHKIMIO >keHIIMH. OJHAaKO poib
MHKPOOHOMA TIOJIOCTH PTa B MATOr¢He3e PAa3BUTHUs HApPYIICHUs PENPOLYKTUBHON (QYHKLUH 10 KOHIA He u3y4yeHa. W3-
BECTHO, YTO OpaJIbHBIH MUKPOOHOM cocTouT u3 Oosee ueM 700 BUIOB OakTepuil, U ero pasHooOpa3ne MOXKET U3MEHSTh-
Csl TIOJ BIIMSTHAEM Pa3lIMYHBIX (haKTOPOB, TAKMX KaK BO3PACT, TOPMOHAIBHBIC H3MEHEHHS, MeTa U 00Iee COCTOSHUE
30POBBsI. DTH U3MEHEHUsI MOTYT OKa3bIBaTh 3HAYNTEIBHOE BIMSHNE Ha o01Iee (PU3NIECKoe COCTOSTHHE KSHIINHBI U ee
COMaTHYecKoe 340poBke. Jloka3aHo, 4To B Mepuon OepeMEHHOCTH HAaOIIONACTCs YBEIMYCHHE KOJINYECTBA YKU3HECIIO-
COOHBIX MHUKPOOPIaHH3MOB, YTO MOXKET OKa3bIBaTh KaK MOJOKUTEIBHOE, TaK U OTPUIATENILHOE BIUSIHUE Ha 310POBbE
MaTepy U 1iozga. B To jxe Bpems HapyleHHUs OalaHca B MHKPOOHOME IMOJIOCTH PTa MOTYT MOBBIMIATH PUCK PA3BUTHS
Pa3IUYHBIX CTOMATOJIOTHYECKHUX 3a00JIeBaHMi (THHTMBUT, TIAPOJIOHTHT), & TAK)KE CUCTEMHBIX 3a00JI€BaHNH, 4TO B CBOIO
odepesb MOXKET OKa3aTh OTPULATEIEHOE BIMSIHUE Ha PENPOAYKTHBHOE 310poBke. [1o9TOMy nanbpHeiiniee n3ydyeHne B3a-
MMOCBSI3M MUKPOOHOMa TIOJIOCTH PTa M PENpOIYKTHBHOM (DYyHKIIMH JKEHIIIMH OTKPHIBAET HOBBIE BOBMOXKHOCTH €€ pea-
JIM3AIMH U TPOTHO3UPOBAHUH HCXOMIOB.

Ki1ro4eBble c10Ba: MUKpOONOM TIOJIOCTH PTa, PENPOAYKTHBHOE 37I0pPOBbE XKEHIIMHEI, OecIuioane, 0epeMeHHOCTb,
MEHOIIay3a, POJIb CTOMATOJIOra.

KongumnkTt naTepecoB. ABTOPHI 3asBISIIOT 00 OTCYTCTBHU KOH(IIMKTa HHTEPECOB.
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The impact of the oral microbiome on women’s reproductive health
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Abstract

In this review, based on the analysis of specialized domestic and foreign literature allocated in the electronic libraries
eLibrary and CyberLeninka, the database of medical and biological publications PubMed, a theoretical justification is
presented for the problem of women’s reproductive health associated with species-specific transformation of the oral
microbiome and changes in its taxonomic profile. Data on previously studied predictors affecting women’s reproductive
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function do not raise discussions. However, the role of the oral microbiome in the pathogenesis of reproductive dysfunction
has not been fully studied. It is known that the oral microbiome consists of more than 700 species of bacteria, and its
diversity can change under the influence of various factors, such as age, hormonal changes, diet and general health.
These changes can have a significant impact on the overall physical condition of a woman and her somatic health. It
has been proven that during pregnancy, an increase in the number of viable microorganisms is observed, which can
have both positive and negative effects on the health of the mother and fetus. At the same time, imbalances in the oral
microbiome can increase the risk of developing various dental diseases (gingivitis, periodontitis), as well as systemic
diseases, which in turn can have a negative impact on reproductive health. Therefore, further study of the relationship
between the oral microbiome and women’s reproductive function opens up new opportunities for its implementation

and prediction of outcomes.

Key words: oral microbiome, women’s reproductive health, infertility, pregnancy, menopause, the role of the

dentist.
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BBenenue

B nocnennue necsrunetyst HaOIIOAAETCS 3HAYN-
TEJIHBIA MHTEpEC K M3YYEHHI0 MHKpoOMOMa 4eno-
BEKa, KOTOPBIA TPEACTaBIIET COO0H COBOKYITHOCTD
MHUKPOOPTaHU3MOB, OOUTAIOIIMX B Pa3IMYHBIX Opra-
HaxX ¥ CHUCTEMax, BKIoUYas MoJocTh pra. OpajabHbIH
MHUKpPOOHOM HIPaeT BaXKHYIO POJIb B HOAJCPKaHUH
30POBBS U OJIaromnoyyust YeJI0OBEKa, a ero BIHUSHHUE
Ha PEINpOLyKTUBHOE 3/10POBbE KEHIIUH CTAaHOBUTCS
Bce Oosiee akTyaJbHON TeMOM AJisi Hay4HBIX HCCIIe-
noBanuit [1-3].

MukpoOHOM MOJIOCTH PTa COCTOUT U3 0ojIee YeM
700 BuoB OakTepuid, M €ro pa3HooOpa3ne MOXKET 13-
MEHSTHCSL B 3aBUCUMOCTH OT TakuX (PakTopos, Kak
BO3PACT, TOPMOHAJIbHBIE U3MEHEHHs, JUeTa, obuee
COCTOSIHUE 310POBbs [2, 3]. DT U3MEHEHUS MOTYT
OKa3bIBaTh 3HAUYMTEIbHOE BIMSHUE Ha oOuee (pu3u-
YECKOE COCTOSIHUE JKCHILMHBI, a TAK)KE Ha €€ Perpo-
IyKTUBHYIO QyHKmmio. Hampumep, B mepuox 6epe-
MEHHOCTH HaOJIOAaeTCsl yBETUYEHUE KOJIMYEeCTBa
KU3HECTIOCOOHBIX MHKPOOPIaHU3MOB, UYTO MOXKET
KaK IOJIOKHUTEJIBHO, TaK U OTPULATEILHO BIUATH HA
310pOBbe MaTepH U 1iona [4]. B To xe Bpems Hapy-
meHus 0aanca B MUKpOOHOME ITOJIOCTH PTa CIoco0-
HBI TOBBIIIATh PUCK Pa3BUTHUS TaKWX 3a00JI€BaHUM,
KaK THHTHBHT, TAPOJOHTHUT, U JaXKe CUCTEMHBIX, UTO
B CBOIO OU€pEelb MOXKET HETaTUBHO CKa3aThCs Ha pe-
MPOIYKTUBHOM 3/10pPOBbE [5].

B nmanHOM 0030pe mpoaHaTU3HpPOBAHBI H 0000-
IIEHbl PE3yJbTaThl MCCIEIOBAHUN, MOCBSIIEHHBIX
M3YYCHHIO BIIMSHUSI MHKpOOMOMa IMOJIOCTH pTa Ha
PENpONYyKTUBHOE 3A0POBbE JKEHIIHMH, PacCMOTPEH
KaKk COCTaB M OCHOBHbIC (DYHKLMM MHKpoOuoMa,
TaK U €ro U3MEHECHMS B Pa3IMYHbIC NEPUOIbI KH3-

HU SKEHILIMHBI, BKJIOYas JETCTBO, MOAPOCTKOBBIN
BO3PACT, PENPONYKTUBHBIA IMEPHOJ W MEHOIAy3y.
N3yueHa coBpeMeHHas CriCIHaibHas MEIUIIHHCKAS
JIUTEpaTypa, MpeicTaBiIeHHass B 3JIEKTPOHHBIX Ou-
ommotekax eLibrary u KubepJlennnka, 6a3ze TaHHBIX
MeIUKO-Onoornyeckux myommkaruii PubMed.

B ycnoBusX COBPEMEHHOTro OOIIeCTBa, KOTIa
3/I0POBbBE KCHIIUHBI CTAHOBUTCS BCE 00JICEe BaXKHBIM
ACTMEKTOM OOIIECTBEHHOTO OJIArOIOIyd s, UCCIIEIO0-
BaHHE MHKPOOHOMA TIOJIOCTH PTa M €ro BIUSHUS Ha
PENPOAYKTHBHOE 3I0POBBE MPEICTABISACT COOOU aK-
TyaJIbHYI U 3HAaYUMYFO 3a/1a4y.

BBenenue B KOHIENIMI) MUKPOOHOMA MOJIOCTH
pra

MuKpoOHOM TOJIOCTH PTa MPEACTaBIACT COO0I
KOMIUIEKCHYIO 3KOCHCTEMY pa3jMYHBIX MHUKPOOpP-
TaHU3MOB, BKJIIOYas OakTepuu, TrpuOBI, BUPYCHl U
apxed, obWTalmMX B 3yOHBIX KapMaHaxX, Ha CIHU-
3UCTBIX 000J0YKaX W B OWOIUIeHKax [2, 3, 6]. DTa
9KOCUCTEMa, OyAydd BaKHOW YacThiO OOIIEro Mu-
KpoOnMoMa OpraHu3Mma, UTpaeT 3HAYUTENbHYIO POJb
B TIOJJIEPKAHUA 3/I0POBBSI HE TOJBKO TIOJIOCTH PTa,
HO W jpyrux cucteMm. Kaxuprii nHauBHI 00JamaeT
YHHUKQJIbHBIM MHUKPOOHUOMOM, KOTOPBIH (hOpMUPYET-
Csl TIOJ1 BJIMSIHUEM Pa3jIMYHBbIX (DAKTOPOB, TAKUX KaK
TeHEeTHKa, JUEeTa, cpena OOUTaHus, BO3pacT U 00pas
xwu3uu [1, 3]. HauGonee 3HaYmMas poirb MUKPOOHO-
Ma TIOJIOCTH pTa — y4yacTue B METa0OJIMYECKUX MPO-
1eccax OpraHuM3Ma, BIMSHHE Ha OOMEH BEIIeCTB U
UMMYHHBIN OTBET. MUKpPOOpPTraHU3MBbI B €0 COCTaBE
CIOCOOCTBYIOT METa0OIM3MY YIJIEBOJIOB U JKUPOB,
TEM CaMbIM BJHsisl Ha OOIIMIA YPOBEHb 3I0POBbS H
MPEAPACTIONOKEHHOCTh K Pa3IMYHBIM 3a00JIeBaHHSIM
[7, 8]. Ilomneprkanue Oanmanca MEKITy TTaTOTCHHBIMHU
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Y CaHOT€HHBIMH MHUKPOOPTaHMU3MaMH SIBIISIETCS BaXK-
HBIM aCIEeKTOM B IPO(PIIAKTUKE PAa3BUTHS BOCTIAIH-
TETHHBIX TIPOIIeccoB TonocTu pra [4, 5, 9]. Cocras
OpaJbHOTO MHKpPOOMOMA TIO/IBEPIKEH W3MEHEHUSIM
0] BO3JICHCTBUEM Pa3IMYHBIX (PaKTOPOB: HapyIIIe-
HUS TTUIIEBOTO TIOBEACHUS, Pa3IMYHbIe TUETHI, TIPH-
€M aHTHOWOTHKOB, YPOBEHb CTpecca M Jaxke ropMo-
HasbHBIe KoneOanus [10—12]. [Ipuem aHTHOMOTHKOB
MPUBOAUT K YMEHBIICHUIO YHCICHHOCTH TOJE3HBIX
MHUKPOOPTaHU3MOB M MOXKET CTaTh MPUYMHOMN M30bI-
TOYHOTO pOCTa MaroreHos [13, 14].

bananc mukpobuoma MOIOCTH pTa BIUSET HE
TOJIBKO Ha €€ COCTOSHHE, HO M Ha 3/I0pOBBE BCETO
opranu3ma. HapymieHuss B cocraBe MHKpOOHOMa
ACCOLMUPYETCSl C PSAJAOM CHUCTEMHBIX 3a00leBaHUM,
BKJIIOYasi CEPACYHO-COCYANCTHIE MATOJIOTHH, THa0eT
1 3a0oneBaHus IbIXaTeNnbHbIX myTel [15—17]. B mo-
CJICZIHUE TOJbl yUeHbIe Bce Oomble 00paliaoT BHU-
MaHHE Ha CBSI3b MEKAY MUKPOOHOMOM TOJIOCTH PTa
1 COCTOSTHHEM PENPOTYKTUBHOTO 3/I0POBbSI )KEHIIIHH.
BrusiBrieHa B3auMOCBS3b MEXAY ITUCOMO30M MHUKPO-
OmoMa MOJIOCTH PTa U PaCIPOCTPAHEHHOCTHIO TAKUX
COCTOSIHHIA, KaK O€CIIIOANE U IeCTAIlHOHHBIN TrualerT,
a TaKk)Ke OCJIIOKHEHUSIMH BO BpeMst OEpeMEeHHOCTH |5,
18]. PenpoayKTUBHOE 310POBbE >KEHUIMHBI MOJIBEP-
raercst BIUSHUIO MHUKpPOOMOMa TIOJIOCTH pTa Yepes
pa3nuyHbIe MeXaHU3MBIL. BocnanurenpHbIe mporec-
CBI, BBI3BAHHBIE MMaTOT€HHBIMA MHKPOOPTaHU3MaMH,
MOTYT TPHUBOANTH K CHUCTEMHBIM BOCIATHTEIHHBIM
peaxiusaM U BIUATh Ha (DyHKIHIO pernpoxyKTHBHON
cuctembl. COOTHOIIEHHE PA3IWYHBIX MHKpPOOpPTa-
HU3MOB B TIOJIOCTH PTa UTPAET POIb B MUKPOOHOIIHU-
HO3€ BJIaraJvIIa, 4TO B CBOIO OYEPEIb MOXKET OCIIOXK-
HATh WM 00JIerdyarh TEUEHHE TaKMX 3a00JICBaHHM,
Kak O6axkTepuanbHbI Barunos [19, 20].

Bo3snelicTBre ropMOHAIBHBIX U3MEHEHHH, MPO-
UCXOSAIINX B OPraHU3ME JKEHIIMHBI B PA3JINIHBIE
MIEpUOABI €e KHU3HU, TAKHX KakK JIETCTBO, IyOepTar-
HBIA TIeprosi, OEPEeMEHHOCTh M MEHOIIay3a, MOXKET
Takke (OPMHPOBATh YHUKAIBHYIO KOMITO3UIIHIO
MUKpoOHOMa NonocTH pra. B nepuoxn 6epemennoctn
HaOMIOAI0TCSI 3HAYUTENIbHBIC U3MEHEHUSI B YPOBHE
MOJIOBBIX TOPMOHOB, YTO MPHUBOAUT K HM3MEHEHHIO
cocraBa MUKpoOOHOMa. DTH U3MEHEHHsI MOTYT IMpe.-
pacronaratb K HEKOTOPBIM CTOMAaTOJIOTMYECKHUM
3a00J1€BaHUSIM, TAaKUM KaK THHTHBHT, YTO B CBOIO
ouepenb BIUSECT HAa PENPOLYKTUBHBIC PE3YIbTATHI
[21-23]. IIponecc crapeHust TakkKe OTpa)kaeTcsl Ha
COCTaBe MHKpPOOHMOMa TOJIOCTH pra. MeHomay3a u
CBSI3aHHBIE C HEW TOPMOHAJbHBIE H3MEHEHHUS MOTYT
OKa3aTh BIMSHUE Ha COCTOSHUE 3yOOB W JIECEH, a
MHUKPOOHOM MOXET pearnpoBaTh Ha STH H3MEHEHUS,
YBENIWYMBAs TPEAPACIIONIOKEHHOCTh K Pa3IMYHBIM
3aboneBanmsaM [24, 25]. DTH aceKTBI UMEIOT OCO-
00e 3HaYeHWE IS TOHNMAaHUS B3aUMOCBSI3H MEXITY
OpaJBHBIM 3/I0POBBEM M PENPOTYKTHBHON (YHKIIH-

Cfl, TIOCKOJIBKY KOPPEIAINN MEXITY HUMU OTKPbIBa-
FOT HOBBIC TOPHU30HTBI IJIsL 6yZ[YH_II/IX I/ICCJ'IGZ[OBaHI/Iﬁ
1 KIMHUYCCKHUX peKOMeHILaI.IHfI.

CocTaB MIKpPOOHOMA U €r0 H3MEHEeHHs B
pa3InYHbIe MePUObI ;KU3HH JKeHIHHBI

MukpoOuom monoctu pra GopmMupyercs B Te-
YeHHEe KU3HU U MOABEPKEH N3MEHEHHSIM B 3aBHCH-
MOCTH OT MHOXKECTBa (DaKTOPOB, BKJIIOYAsi BO3PACT,
JTUETY, 3Tallbl TOPMOHAJBHBIX M3MEHEHUH W BIIHA-
HUE OKpyxXkarouieil cpeapl. Ha HavanpHBIX STanax
KU3HU MHUKPOOMOM opodapuHTreasbHol obracTu
proOpeTaeTcsi B OCHOBHOM OT MaTepu. Bo Bpems
MIPOXOXK/ICHUSI Yepe3 e€CTECTBEHHBIE POJIOBBIE MyTH
HOBOPOXKIICHHBIH ~ OOCEMCHSETCS  BIIATaJIMIIHOMN
MHKPO(DIOPOHA, a TakKe depe3 KOHTAKT ¢ KOKEH H
CIIM3UCTHIMH 00o0oukaMu Marepu. Ha atom srtame
KITFOUYEBYIO POJIb UTPAIOT JIAKTO- 1 OudumodakTepun,
KOTOpBIE CIIOCOOCTBYIOT (POPMHUPOBAHUIO 3I0POBOTO
MMMYHHTETA M 3aIUIIAI0T OT HHPEKIui [26].

B 3pemom Bo3pacTe coctaB MHKpoOWOMa TIO-
JIOCTU pTa CTAHOBUTCS Oojiee pasHOOOpa3HbIM. Ta-
kue Oaktepum, Kak Streptococcus, Actinomyces u
Fusobacterium, cranoBsITcst JOMUHHpYOMUME. OHH
HE TOJIbKO YYacCTBYIOT B MHUILEBAPEHUN 1 OOMEHE Be-
LIECTB, HO U UTPAIOT BAXKHYIO POJIb B MOAACPKAHUI
MECTHOTO MMMYHHOTO OTBeTa. Ba)kKHO OTMETHTb,
YTO B 3TOM NEpPUOJE KU3HU JKEHIIUHBI IIPHEM psijia
JIEKapCTBEHHBIX IpernaparoB, HampuMep KOMOWHH-
POBAaHHBIX OpPaJbHBIX KOHTPAIENTUBOB, CPEACTB IS
SKCTPEHHOW KOHTPAIEHIIUU U JAPYTUX, MOXKET IPH-
BECTH K BPEMEHHBIM WJIH JUIUTCIHLHBIM U3MEHEHUSIM
B COCTaBe OPaJIbHOTO M BarHHAJIILHOTO MUKPOOMOMOB
[12, 14, 27].

OpraHu3m >KEHIIMHBI BO BpeMs MEHCTPYaIbHO-
ro IHMKJIa, OEPEeMEHHOCTH, JAKTAllMd M MEHOTIAy3bl
MTOJIBEP’KEH TOPMOHAIBHBIM M3MEHEHUSM, KOTOpBIS
MOTYT BIHATh Ha pH M cocTaB CIFOHBL, YTO B CBOIO
odyepenb MEHSET COOTHOIICHHE MEXIy pPa3HBIMHU
rpynnaMyd MHUKpOOpraHuzMoB [28]. BiwusHue men-
CTpyaluy Ha MUKPOOHOM ITOJIOCTH PTa U3ydanoch B
OTrpaHUYCHHOM KoJnuecTBe uccienoannii. U. Balan
et al. mokazanu, 4uro 43 % JKEHIIUH HCIBITHIBAIOT
HEKOTOpBIE CUMIITOMBI CO CTOPOHBI MOJIOCTH pTa BO
BpeMsl MEHCTpyaJibHOrO nukia [29]. YcraHOBIEHO
YBEIMYCHUE CONEPKAaHUS BOCMIATUTENBHBIX IIUTO-
kuHOB, Takux Kak IL-1p u TNF-a, B ciitoHe mepen
meHcTpyanuei [30, 31]. E.E. Machtei et al. o6Hapy-
JKHJTH, YTO JICCHEBOW MHJIEKC 3HAYMTEILHO OOJbIIC
BO BpeMs OBYJAIMM W TEped MEHCTpyaluen, XOTs
CpeIHMe MoKa3zaTeNlu 3yOHOro HajleTa OJUHAKOBHI B
TEU4eHHe BCero MeHcTpyanbHoro nukia [32]. Ilpen-
CTaBJIEHHBIEC BBINIE PabOTHl yKa3bIBAIOT HA TO, YTO
MUKpPOOHOM TTOJIOCTH PTa MEHIETCS B COOTBETCTBUU
C MEHCTPYaJIbHBIM IIAKIIOM.
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bepeMeHHOCTE TpeACTaBISIET COOOM TIEpPHO,
KOTZIa MUKPOOHOM TIOJIOCTH PTa MOABEPraeTcs 0Co-
OeHHO TITyOOKMM m3MeHeHusM. M3BecTHO, 4TO 3710-
POBbE MOJIOCTH PTa HAMPSIMYIO CBSA3aHO C TOKa3are-
JsiMA OEPEMEHHOCTH, TAKUMH KaK BeC PeOCHKa MpH
POXIICHHU M PHCK MPEXKIEBPEMEHHBIX pooB. M3me-
HEHHs TOPMOHAIBHOTO (DOHA MPHUBOIAT K yBEIHYeE-
HHUIO YPOBHSI HEUTPODUIIOB U Ie(HUIIUTY HEKOTOPBIX
3aIIUTHBIX MEXaHU3MOB, YTO CO3[AeT yCJIOBHS IS
pocTa maToreHHOH (DIophl. ITO MOTICPKUBACT BAXK-
HOCTB MTOIIepyKaHmsI OataHca MEKPOOHOMa BO BPEMsI
OEpEMEHHOCTH U PETYIISIPHOTO TTOCEIIEHUS CTOMAaTO-
yora Jutst Mpo(UIaKTHYECKUX 0cMOTpoB [21-23].

[Toce HacTymIeHUsT MEHOTAY3bl Y KEHIIUH OT-
MeualoTcs W3MEHEHUs] HE TOJBKO B FOPMOHAJIbHOM
crcTeMe, HO U B COCTOSIHUH JIECEH U 3y0OB, UTO TaK-
K€ CBSA3aHO C N3MEHEHUSIMH B MUKPOOHOME, KOTOPBIE
MOTYT B JIaJbHEHIIIEM BBI3bIBATh WA YCYTYOJSTh Y
MEHOTIay3aJIbHBIX KEHIIUH Pa3uuHble MHPEKIUU 1
BOCHAJINTENIbHBIE TIPOIIeCChl. B 3TOT mepuo keHmu-
HBI YaIre MOABEPKEHbI PA3INIHBIM CTOMATOJIOTHYE-
CKUM 3a00JIeBaHMsIM, BBI3BAHHBIM H3MEHEHHSMHU B
cocTtaBe MHUKPO(MIOPHI, YTO MOXKET HEraTUBHO CKa-
3BIBaThCS Ha 00IIIEM YPOBHE 37I0POBBS M Ka4€CTBE MX
)ku3nu [19, 24, 25].

Bausinne Mukpo0noMa 0JI0CTH PTa HA
penpoayKTHBHOE 310POBbe

MukpoOHOM MOJOCTH pTa HAuYMHAET (HOPMHPO-
BaThbCs cpa3y IOCIEe POXKJIEHHUS M B TEUCHHUE KUIHU
IpeTepreBaeT 3HAYUTEIbHBIE HW3MEHEHHs, o0yc-
JIOBJICHHBIE WHAMBHUIYaTbHBIMA OCOOEHHOCTSIMU
OpraHu3Ma, MUTAaHUEM, TUTUCHOH, OKpYXEHHUEM U
pasTUIHBIMA (PaKTOPAaMH, CBSI3aHHBIMH C 00pa3oM
KU3HM. J{J1s1 JKeHIIMH MUKPOOHOM IIOJIOCTH PTa OKa-
3bIBAETCS] OCOOCHHO BaYKHBIM, IIOCKOJIBKY OH MOMKET
HEIMOCPEACTBEHHO BIMATH HA PENPOAYKTUBHOE 3/10-
POBbE, BKJIIOUAsl TAKHE acTeKThl, KaK (pepTHIILHOCTS,
TeueHHe OepEeMEHHOCTH W 3J0POBbE HOBOPOXKIECH-
Horo [5, 21, 22]. Ilepcuctupytoume HHPEKIUH
JICHTAJIbHOM M MapOJOHTAJIILHOW TKAaHW, CBSI3aHHBIE
C IMcOM030M MHKpPOOMOMa, MOTYT OBITh acCOIMU-
POBaHbBI C CHHIPOMOM ITOJMKHUCTO3HBIX STUYHUKOB,
a TAaKKe C APYIrMMU HEHPOIHIOKPUHHBIMHU CHHIPO-
MaMHM B THMHEKOJOTMM W SHAOKPHHONATHUSAMH, TEM
CaMbIM OTPHIIATENILHO CKa3bIBAsICh HA PEIPOIYKTHB-
HOW (YHKIMM W NpHUBOAS K Oecruionuo. BaxHbiM
ACTIEKTOM SIBIISICTCS TO, YTO HECMOTPSl Ha YHHKaJIb-
HOCTh MHUKPOOMOMa Ka)KIOIr0 4eJOBEKa, BBISIBIICHBI
yCTOWYMBBIE MapKepbl AMCOMO03a, WHULIHUUPYIOLINE
BOCTIAJIMTEJIbHBIE TPOIECCHI, KOTOPBIE CIIOCOOHBI He-
TaTHUBHO BIUATH HA TOPMOHANBHBIN Oamanc [10—-12].

[TosoBBIE TOPMOHBI (ICTPOTEHBI U MPOTECTEPOH)
MOTYT HM3MEHATH COCTaB MHKPOOMOMa, BO3HUKAET
3aMKHYTBIA KPYT, TJIe TOPMOHAJIBHBIA NUCOaaHC U
MHKPOOHOM B3aMMHO BIIMSIOT JPYT Ha Ipyra. Monu-

(buKarus ypoBHSI 3CTPOT€HOB COIMPOBOXKIACTCS H3-
MEHEHHEM COCTaBa MUKPOOHOMa, TEM CaMBIM BITUSS
Ha penponyKTHBHbIE QyHKIMU. VccnenoBanus yka-
3BIBAIOT HA BO3MOXKHYIO CBSI3b MEKAY COCTOSHUSIMH
MHUKpOOHOMa TIOJIOCTH PTa U COCTOSIHHEM CIIU3H-
CTOH 000JIOUKH TIOJIOBBIX OPTAHOB, ITIE MATOTCHHBIC
MHKPOOPraHU3MbI CHOCOOHBI BELI3LIBATH pa3inYHbIC
3a00eBaHus, TaKHe KaK OaKTepHajbHbBIH BaruHo3
1 WHGEKINH, epealonirecs MoNIoBeIM myTeM [31,
32].

[lonnep:kanre 3MOPOBBS MOJOCTH PTa H MUKPO-
OmomMa MOXeT TaKKe CKa3aThCs Ha YCIENHOCTH Oe-
pemeHHOCTH. Hamnume XpoHWYecKnx WHQEKIUH B
MOJIOCTH PTa, TAKUX KaK MMApOJOHTHT, CBA3aHO C YBe-
JUYCHUEM PHCKa INPEIKIAMIICHH, NPEKICBPEMEH-
HBIX POJIOB M HU3KOW MAacChl Tela NMPH POKICHUU.
BocnanurenbHble  areHThl, BBICBOOOXKIAIOLIMECS
npu MHQEKUUSIX B MOJOCTH pTa, MOTYT JOCTUraTh
TUTALEHTHI ¥ BBI3BIBATH BHYTPUYTPOOHOE HHPHUIIUPO-
BaHUC Yy IJI0Ja U pa3BUTHEC MHOT'OBOAMA. HeKOTOpBIe
WCCIIEIOBaHUsI TIOKa3bIBAIOT, YTO >KEHIIUHBI, CTpa-
JAIoNUe OT 3a00JIeBaHUH IMapOIOHTa, UMEIOT OoJIee
BBICOKMH PUCK OCIIOXKHEHUH B IEPHUOJ] FeCTAIH, YTO
MOTYEPKUBAET BAXKHOCTH MPO(DHUIAKTHKU U JIEICHUS
CTOMATOJIOTHYECKHUX 3a00JICBAaHHI Y KCHIIUH, TIIa-
HUpYyIOMHX OepeMeHHOoCTh [4, 5, 21].

Posib opasibHOro MHKpOOHOMa BO BpeMst
OepeMeHHOCTH

W3meneHus: B MUKpOOMOME TIOJIOCTH pPTa TIPH
HOPMaJIBHO IpOTEKaromed OepeMeHHOCTH 00y-
CJIOBJICHBI KOMITJIEKCOM (DU3HMOJOTMYECKIX U TOp-
MOHAJTBHBIX TpaHcpopMmaruii. ImaBHEIM 00pa3zom
9TO CBS3aHO C U3MEHEHHSIMH TOPMOHAIBHOTO (pOHA
W UMMYHHOU CHCTEMBI, KOTOPbIE HEOOXOMUMBI IS
HOPMAJIGHOTO PAa3BHUTHS IJIOAA M YCIEIIHOTO POJIO-
paspernienus. Mogudukanuu MUKpoOHOMa 3aTparu-
BAIOT BCE OpPraHbl U CHCTEMBI OpraHu3Ma OepeMeH-
HOW KEHIIWHBI, B YACTHOCTH TOJICTHIH KHUILEYHUK,
BJIarajuile U pOoTOBYIO MoJIOCTh [21-23].

Paznuuust B cocTaBe MUKpOOMOMa POTOBOH TIO-
JIOCTH y OEpEMEHHBIX KEHIIVH U BHE OEpeMEHHOCTH
OIMCAHBI B PsiJie HAYYHBIX UCCIIEOBAHUI, OCHOBAH-
HBIX Ha MPUHIIATIAX JTO0KA3aTeILHON METUITUHEI [23,
33]. N. Fujiwara et al. mokazanm, 9TO KOTUIECCTBO
MHUKPOOPTaHU3MOB, BBISABICHHBIX B 00pa3Iax CIo-
Hbl OEpPEeMEHHBIX SMOHOK, 3HAYUTENBHO OOJIbIIe,
yeM y HeOepemeHHbIX [23]. Otmeuanoch npeobina-
nanue Porphyromonas gingivalis, Aggregatibacter
actinomycetemcomitans, Streptococci, Staphylococci
u rpuboB poma Candida y OepeMEHHBIX >KCHIIHH
Ha paHHUX CpoOKax rectanmuu [23], KOITUYECTBO
Prevotella intermedia w Fusobacterium nucleatum B
o0eux rpymnmax ObuIo oJJMHaKOBbIM [23, 33].

B mocnenHee BpeMsi ¢ pa3BUTHEM TEXHOJIOTHI
CEKBEHMPOBAHMS HOBOTO ITOKOJICHUS TIPU W3yYEHUHN

22 SIBERIAN SCIENTIFIC MEDICAL JOURNAL 2025; 45 (4): 19-28



Tascea C.U. u op. Bruanue muxpobuoma noiocmu pma Ha penpooyKmueHoe 300posoe ...

MHKpPOOHWOMa ITOJIOCTH PTa BO BpeMsl OEPeMEHHOCTH
JUTST TIOy4deHHus Ooliee IOTHOW KapTHHBI PETyIIsp-
HO HCIIONB3YIOTCS 16 MeTomoB mMeTareHomuku [20,
34]. C ux TOMOIIBIO TIOKAa3aHO, YTO B MHKPOOHOM
COCTaBe TO/JIECHEBOTO HAJIeTa M CIIOHBI BO BPEMs
OepeMEeHHOCTH MPeo0TaatoT MPEACTABUTEIIN THIIOB
Firmicutes, Bacteroidetes n Actinobacteria, ponpl
Prevotella, Fusobacterium, Streptococcus, Veillonella
u Terrahaemophilus nanbonee pacrnpocTpaHEHbI
B TOJJICCHEBOM HAJIETe, a B CIIOHE JOMUHUPYIOT
MpeaCcTaBUTeNN poaoB Prevotella, Streptococcus,
Veillonella, Neisseria w Terrahaemophilus [34].
W. Lin et al. moka3zanu, 4To UHIEKC pa3HOOOpa3us
MHUKpOOHOMa CIIFOHHBIX kene3 o lllenHony y Oepe-
MEHHBIX 3HAYUTEJIBHO BBIIIC, YeM Yy HEOSPEMEHHBIX
[35]. UnTepecHblii (akT BBISIBIICH B UCCIICIOBAHUH
P. Balan et al.: Bo BpeMsi 310poBOY OepeMEHHOCTH
MHUKPOOHOM IIOJIOCTH pTa MPEJCTaBICH OOJIBIIUM
KOJIMUECTBOM ITaTOTCHHBIX TAKCOHOB, YeM BHE Oepe-
MEHHOCTH, HECMOTPSI Ha CXOXKUE ITOKa3aTeN HHJICK-
ca JieceH u 3yOHoro Haneta [34].

l'unepriporectepoHeMuss BO BpeMs OepeMeH-
HOCTH CITOCOOCTBYET YBETHUYCHUIO MPOHUIIAEMOCTH
COCYJIOB U aHTHOTEHE3Y, YBEIMYUBAET YacTOTy BOC-
MAJMTENbHBIX 3200JIEBaHUH B JIECHAX U MIPUBOAHT K
TTOBBIIIICHHBIM YPOBHSIM MHKPOOHO# Harpys3ku [36—
38]. ['opmoHanbHbBIE H3MEHEHHS Y OEpEeMEHHBIX CIIO-
COOCTBYIOT POCTY YHCIICHHOCTH OTIPEAEIIeHHBIX Ipa-
MOTPHIIATETHHBIX aHAdPOOHBIX OAKTEPU B TIOJOCTH
pTa, B 9actHOCTH, P. intermedia [37], Campylobacter
rectus u Prevotella nigrescens [39, 40]. Anamus
MHUKPO]IOPHI MPH TOMOIIH METOIOB CEKBEHHUPOBA-
Hus 16S pPHK mo3Bonw BBISBHTH MpeodIagaHme
TaKuX MUKPOOPTaHHU3MOB, Kak Streptococcus spp.,
Staphylococcus epidermidis n Tpubos pona Candida
[21, 37]. JaHHBI acneKT IUKTYeT HEOOXOIUMOCTH
MOBBIIIICHHOTO BHUMAaHHUS K COCTOSIHUIO 3JI0POBBS
MOJIOCTU pTa y OCPEMEHHBIX U MPOBEJCHHS 00s13a-
TEJBHBIX MPOrpaMM MPOQUITAKTHYSCKOTO CTOMATO-
JIOTHYECKOTO OCMOTPA, KOTOPhIE PErilaMeHTHPOBAHbI
JICHCTBYIOIIMMUA HOPMATUBHO-IIPABOBBIMKU aKTaMU
[41, 42].

BrIsiBJICHBI YeTKHE U3MEHEHUS MUKPOOHOMa T10-
JIOCTU PTa, CBSI3aHHBIC C (PU3UOIOTUICCKUM COCTOSI-
HUEM, 110 TPEMEeCTpaM OEPEMEHHOCTH; TaK, B IEPBOM
TPUMECTPE OTMEUYACTCSI MAKCUMAIILHOE YBEIIMYCHUE
00IIIero KOJIM4ecTBa KU3HECMOCOOHBIX MHKPOOpPTa-
HU3MOB [21]. DTO CBUIIETEABCTBYET O TOM, YTO H3MeE-
HEHHSI TOPMOHAJIBHOTO (hOHA U UIMMYHHOTO CTaTyca
OepeMeHHON JKEHIIWHBI BAXKHBI TSI (QOPMUPOBAHUS
MHUKpPOOHOMa POTOBOM IMOJIOCTH. AHa pOOHBIE OaKTe-
pUH, CpPeH KOTOPBIX MPEoOIaaroT JTaKTOOaKTEepHH,
UTPAIOT KITFOYEBYIO POJIh B (DOPMUPOBAHUH OpaIbHO-
ro MHKpoOHnoMa BO BpeMs OepemMeHHOCTH [22, 26].
K »TOMy MOTyT MpUBOAWTHE M3MEHEHHS BKYCOBBIX
MPEINOYTEHUH JKSHIUHBI, TUeTa U OCOOEHHOCTH

oOMEHa BeIIecTB B ATOT nepuon [43, 44], uro mox-
YEpKUBACT BAXKHOCTH TOHUMAaHHsI PO MUKpOOHOMa
MOJIOCTH PTa BO BpeMsi OEPEMEHHOCTH, MOCKOJIBKY
310poBasi MUKPOOHast (hiopa MOXKET CriocoOCTBOBATh
HOPMAJIBHOMY Pa3BUTHIO TIIO/IA U CHIDKEHHIO PHCKa
OCJIO)KHEHMH Kak B Ipouecce 0epeMEeHHOCTH, TaK U
B MOCTHATaJILHOM Tiepuoge [4, 45, 46].
3HauNTEIbHOE BHUMAHUE CIICAYET YACIUTh CBS-
3 MEXJy COCTOSIHHEM MICUXOAMOIIMOHAIBHOTO (POHA
U cocTaBoM MUKpoOnoma. CTpecc U TPEeBOKHOCTb,
4acTO BO3HHUKAIOIIME y OyAyIIUX Marepei, MOryT
IIPUBOJUTH K U3MEHEHHSIM B POTOBOM MHUKpPOOHOME,
YTO B CBOI OYEpEIb CIIOCOOCTBYET Pa3sBUTHIO Ta-
KHX CTOMATOJIOTMYECKUX 3a00JIeBaHM, KaK KapHec
u ruHruBuT [38, 46]. Cnenuduueckast npobiema B
nepruof; OEPEMEHHOCTH — 3TO TOBBIIICHHE YPOBHS
BOCIAJMTEILHBIX MapKepoB, KOTOPOE MOXET OBITh
CBSI3aHO C M3MEHEHWsIMH B MHKpoOuome. Hekorto-
pble UCCNe0BaHUs OKA3bIBAIOT, YTO AUCOAKTEPUO3
MOXET MPUBECTU K CUCTEMHOMY BOCIIAJICHUIO, OKa-
3bIBasi HETaTUBHOE BIMSHUE HAa TeUeHHE OEPEeMEHHO-
CTH, TOBBIIIAS PUCK BO3HUKHOBEHUS OCIIOKHEHUI,
TaKkUX Kak mpesknamncus [4, 5, 46]. Hapymenus B
MHKPOOHOME IOJIOCTH PTa TaKXX€ MOTYT BbI3bIBATh
HETraTHBHBIC U3MEHEHHUsI B MUKPOOMOME KHUIICUHU-
Ka, YTO MOBBIIIAET YACTOTy 3allOPOB U PacCTPOMCTB
nUILeBapeHus Bo BpeMs oepemennoctu [45]. Hexe-
JaTeNbHble N3MEHEHUSI B MUKPOOHOME MOTYT BITUSITD
Ha COCTaB rPY/JIHOTO MOJIOKA, YTO OTPHIIATEIBHO CKa-
3pIBa€TCSl Ha (POPMHUPOBAHMHM MMMYHHOW CHCTEMBI
HOBOPOXAEHHOr0. MHKpOQIopa poTOBOH MOIOCTH
MaTepu ONOCPEayeT Iepeady HEKOTOPBIX MMOJIe3HBIX
MHUKPOOPTraHU3MOB, KOTOPbIE BaXKHBI Il (POPMHUPO-
BaHMs MUKpOOHMOMa HOBOPOXKAeHHOTO [ 18, 26].

Muxkpo6uoM Bo BpeMsi MEHONAy3bl

MeHomay3a MpeaCTaBsieT COOOH JITMUTEbHBIN
Meprof] B JKU3HM IKEHIIWHBI, XapaKTepU3yIOITHIACS
3aBEpIICHNEM PENPONLYyKTUBHOTO Meproa, PH3HO0II0-
THYECKON WHBOMIONNEH OPTaHOB U CUCTEM H CHHIKE-
HUEM BBIPAOOTKH IMOJIOBBIX CTEPOUIOB. DTH U3MEHE-
HUSI OKa3bIBAIOT BIMSHHUE HA Pa3HOOOpa3ue M COCTaB
MHKpPOOHOMa TMOJOCTH PTa. YMEHBIICHHE CEKPEIHH
CITFOHBI MOKET CITIOCOOCTBOBATh HAPYIIECHUIO MUKPOO-
HOTO PaBHOBECHS, YTO YacTO MPHUBOIUT K yBEIHYe-
HUIO YHCJIEHHOCTH TaTOT€HHBIX MUKPOOPTaHH3MOB
B MOJIOCTH PTa. YMEHBIICHUE CIIOHOOT/EICHUS CHU-
JKAeT €CTECTBEHHYIO 3aIllUTy ITOJOCTH PTa, MO3BOJISS
MAaTOTeHHBIM OaKTepusM, TaKuM Kak Streptococcus
mutans n Porphyromonas gingivalis, 6onee akKTHBHO
pa3BuBarhCs. DTH OAKTEPUH MOTYT BBI3BIBATh 3a00J1e-
BaHMUsI JIECEH U Kapuec, TIOBBIIIAs PUCK PAa3BUTHS BOC-
MaJUTEIbHBIX MpoLeccos [24, 25].

Wzmenenus: B MUKpOOHOME MOTYT OBITH CBsi3a-
HBI C 00Jiee BBICOKMM YPOBHEM CHCTEMHOIO BOCIIa-
JIeHWsI Y JKeHIIWH B MeHomay3e. BocmamurensHbie
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IIPOLIECChI, BO3HUKAIOLINE BCIIEACTBUE OucOanaHca
MUKpPOOHMOTHI, BIMSIIOT Ha OOIIee COCTOSTHUE 3710PO-
Bbsl, BKJIIOYAs IOBBIIICHHE YacTOTHl 3a00JIeBaHHN
CEepJEUHO-COCYIUCTOM CHCTEMBI, OCTEONIOPO3a U Me-
Tabonmueckux HapymeHuit [20, 24, 25]. Henocpen-
CTBEHHAsl CBS3b MEXIY COCTOSIHUEM MHKpPOOHOMa
MOJIOCTH pTa W OOOCTPEHHEM CHCTEMHBIX 3a0oIe-
BaHUW MOXET OBITh OOBSICHEHA TE€M, YTO MHUKPOOP-
TaHWU3MBI U3 MOJIOCTH PTa, MOMaaas B KPOBOTOK, BbI-
3bIBAIOT XPOHHUYECKUE BOCTIAIUTEIILHBIC TPOLIECCHI B
OpraHu3Me.

Atpodudeckrne M3MEHEHHs BO BIIArajuiie, W3-
MEHEHUSI COCTaBa BIATAHIIHON MHUKPOQIOPHI MO-
I'YT OBITh B3aUMOCBSI3aHBI C COCTOSIHUEM MUKPOOHO-
Ma nosioctu pra. [loBeimenue pH Bo Bnaramuime u
YMEHbILEHHE JTAKTO(MIOPHI IPUBOIAT K YBEIHMUCHHIO
pUCKa pa3BUTHS HHPEKITMOHHO-BOCTIATUTEIbHBIX 3a-
OoJieBaHMH CIM3UCTON 000JI04KH TonocTH pra [20,
24]. B cBorO 0Yepe/ib U3MEHEHUSI B MUKPOOUOTE T10-
JIOCTH PTa MOTYT YCYI'YONIATH JIOKaJbHbIE BOCHAH-
TEJIbHBIC YCJIOBHS C BIMSHHEM Ha IIOJIOBBIC OPTaHBI
JKCHIIUHBIL.

CHmxeHne ypoBHS 3CTPOT€HOB B TIOCTMEHOIIAY-
3€ CI0COOCTBYET HE TOJILKO M3MEHEHUIO OPAIbHOTO 1
BarnHaJbHOI'O MI/IKpO6I/IOMOB, HO U pa3BUTHUIO ITOCT-
MEHOIMAay3aJbHOr0 OCTEO0Nopo3a M, KaK CIEACTBUE,
OCTEOIOPETHUECKUX MepeIoMoB. O0e 3T MPoOIEMBI
HMMEIOT MHOTO O0IIET0: KaK MUKPOOHOM, TaK M COCTO-
STHUE KOCTHOM TKaHHU MOTyT OBITH KOCBEHHO CBSI3a-
HbI, IPUYEM U3MCHCHUA B OAHOM MOTYT INPUBOAWUTH
K ITOCTIeNCTBHSIM B ipyrom [48]. CBoeBpeMeHHOE Ha-
3HaYEHUE MEHOIIAy3aJIbHON TOPMOHAJIBHON Tepanuu
THHEKOJIOTOM, PETYIspHbIe MPO(UIaKTHYECKHUEe OC-
MOTPBI y CTOMATOJIOTa CIIOCOOCTBYIOT MOJICPKAHHIO
HOPMOIICHO3 MOJOCTH PTa Y MEHOMay3aIbHBIX )KEH-
[IMH W MPEJOTBPAIICHUIO PAa3BUTHSI CEPhE3HBIX 3a-
6onesannii. [I[pumenenue mpoOMOTHKOB 1 peraMeH-
TUPOBAHHOC MCIIOJIB30BAHUEC aHTI/I6aKTepI/IaHBHBIX
CpPEJICTB MOTYT CIOCOOCTBOBATh BOCCTAHOBIICHHIO
MI/IKp06I/IOMa, IMO3BOJIAA CHU3UTH YPOBCHBb BOCIIAIN-
TETHHBIX MPOICCCOB U YIYUIITUTEL 00IIIee COCTOSTHIE
3m0poBhs. beccropHo, aueTa TakKe UrpaeT KItode-
BYIO POJIb B MOJIEPIKAaHUHU 3I0POBOTO MUKPOOHOMA.
YrorpeOienne IpoayKToB, OOTaThIX MPOOUOTHKAMH,
TaKUX Kak (pepMEHTHPOBAHHBIE TPOIYKTHI, M KJIET-
YaTKW TIOMOTAET YIYYIIUTh COCTOSHHE MUKPOOHON
tdoper [24, 48]. OOpa3 >KH3HU JKEHIIMHBI B JTOT
MIEPHON TaKXKe CKa3bIBACTCA Ha COCTOSHUH MHKPO-
O6moMa mojocTH pra. PerymspHas ¢uszmdeckas ax-
TUBHOCTD, aJIeKBaTHBIN yPOBEHb CTPECCa W OTKa3 OT
BPEIHBIX PUBBIUEK CIOCOOCTBYIOT YIYUIIEHHIO KaK
0O0IIIeT0 COCTOSTHUA 3[I0OPOBbsS, TAK U COCTaBa MUKPO-
6moma B MeHomay3e [25].

IlepcnekTHBBI HecIe0BaHAI MEKPOOHOMA

W3yuenne MUKpOOHOMa IIOJIOCTH PTa OTKPHIBAET
HOBBIC TOPU3OHTHI B 00JaCTH MEAUIUHBI U THHEKO-
soruu. J[aHHBIE O B3aUMOCBSI3U MEX/y COCTOSTHUEM
MHUKpOOHOMa U PENpPOAYKTHBHBIM 340POBBEM >KEH-
LIMHBI TOAHUMAIOT Ba)KHBIE BOIIPOCHI O €r0 POJIH B
naroreHe3e MHOXeCTBa 3a0oneBaHuid. Mccienosa-
HUS MTOKa3bIBAIOT, YTO COCTaB MHUKPOOMOMa MOMKET
BO3/ICHICTBOBATh HA YPOBCHb TOPMOHOB, a TAaKXe Ha
IIPOLIECChl BOCHAJICHUS, KOTOpbIE B CBOIO OuU€penb
BIHSIIOT Ha (epTHIIBHOCTh M TEeUeHHE OepeMeHHO-
ctu [3, 7, 11, 23]. BaxxHO OTMETHTB, 4TO MUKPOOHOM
MOJIOCTH PTa SIBISETCS TUHAMUYHOM IKOCHCTEMOH,
KOTOPasi MOXKET U3MEHSATHCS 110]] BO3ACHCTBUEM pa3-
JTUYHBIX (DAKTOPOB, BKIIOUAs JTUETYy, 00pa3 >KU3HH,
CTpPeCcC U MCIOJIb30BaHUE aHTUOMOTUKOB [ 13, 14].

TeHaeHIMH K MEepCOHAIM3UPOBAHHON MEIMIIH-
He B OyayllieM IOJKHBI OCHOBBIBATHCS HA aHAJIN3E
MHKpPOOHMOMa KOHKPETHOW >KEHIIMHBI, YTO TO3BO-
JTUT pa3zpaboTarb CTparerud NpOoQUIAKTHKH 3a00-
JIeBaHUM M MHIUBUAYaAJIbHBIE MOJXOBI K JIEUEHUIO.
HccnenoBanusi MOKAa3bIBAIOT, YTO OIpPEIEIICHHbIC
IITAMMBI TTOJIE3HBIX OAKTEPHI MOTYT MOJIOKUTEITHHO
BJIMATh Ha PENPOAYKTHBHBIC (DYHKIHMH, TOJICPKH-
Basi 0anmaHc MEXIy MaToreHaMH M TOJIC3HBIMH MU-
Kpoopranusmamu [3, 9].

HoBble TexHoJOruu, Takue Kak METareHOMHOE
CEKBEHMPOBaHHE, IIUPOKO UCTIONB3YIOTCS IS ONpe-
JIeTICHNs] COCTaBa MUKPOOMOMA M BBISIBIICHHS HOBBIX
€ro KOMIIOHEHTOB. DTO MO3BOJIUT DIIyO)KE IOHSTH,
KakK pas3JinuHble (PaKTOPbl OKPY’KaloIIed cpenbl, Ta-
KHe Kak 3arps3HeHHe, MOT'YT BIUATh HA MUKPOOHOM
1, COOTBETCTBEHHO, HA 3/10POBbE KEHIUHBI B IIEJTOM.
OKCHEPUMEHTBI C HCIOIb30BaHUEM J1a0OPaTOPHBIX
MojieJiel TakKe TIOMOI'YT U3Y4UTh BIMSHHUE pa3ind-
HBIX IITAMMOB MHUKpPOOOB Ha PETPOAYKTUBHBIE MPO-
LIECChl, YTO TO3BOJIMT CO3/1aBaTh MHHOBAIIMOHHbBIE
TepaneBTHUecKre moaxonsl. Eme onnum muoroobe-
LIAIOUIMM HAIpaBJICHUEM SIBIISIETCSl HCCIIEJOBaHHE
CBSI3W MEXJy MHUKPOOMOMOM pOTOBOH TOJOCTH H
ayTOMMMYHHBIMH 3200JICBaHUSIMH WIJIM HapyLICHUSI-
MU UMMYHHOTO OTBETa. Y UUTBIBas, YTO OT 310POBBS
MIOJIOCTH PTa 3aBUCUT 00ILIlee COCTOSHUE OpPraHu3Ma,
M3ydeHHE TAaKWX B3aMMOCBS3EH MOXKET MPHUBECTH K
HOBBIM MeTOJaM NPOMWIAKTUKH U JICUCHHUS ayTo-
WMMYHHBIX 3a00JIEBaHUHI Y KEHIIMH U TEM CaAMbIM B
JabHEHIIEM OKa3aTh MOJIOKUTEIIBHOE BO3ICHCTBHE
Ha MX PENpoAyKTUBHOE 3710poBhe. He MeHee Bak-
HBIM SIBJISICTCSI U BIMSTHUE 00pa3a )KU3HU M MPHUBHI-
4yeKk Ha MUKpoOnoM. OOpazoBaTenbHbIe MPOTPAMMBI
JUISL JKCHILMH, COJlepKalllie PEeKOMEHJalNu 110 M0J-
Jep>KaHUIO 3J0POBOTO MUKPOOMOMA, JOJKHBI CTaTh
B)KHOM 4aCThIO MPOQUIAKTHUECKUX MEPOIIPHUSATHIH.

BakHO mOAuYepKHYTH, YTO HCCIIEJOBAHUS MH-
KpoOHMOMa CO3Ial0T MOTeHIHAN Uil (POPMHUPOBAHMS
TPAHCIUIAHTATOB, COMEPXKALIMX II0JI€3HbIE MUKPO-
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OpPTaHMU3MBI, — TIEPCIIEKTUBHOTO CITOCO0a KOPPEKITUU
MUKpOOMOTHYECKNX HapymeHuil. [lomoOHble Tex-
HOJIOTMM MOTYT Pa3BUBAThCS B HAIMPABJICHUU CO3-
JIaHUS TPOOMOTHYCCKUX M TMPEOMOTHICCKUX Tepa-
MU, COBMECTUMBIX C PEIPOYKTUBHBIM 37I0POBBEM.
[IpuMeHeHue TakuxX Tepanuil Ha MpaKTHKe TpeOyeT
JMaTbHEHIIIET0 W3yYeHHs, YTOOBI OOCCIeUHnTh Oe3-
OmacHOCTh U A(PQPEKTUBHOCTh. B 3HauMTENBHON
CTerneHu Oyaylee uccieoBaHui B 00JIaCTH MUKPO-
OmoMa TOIOCTH PTa 3aBUCHT OT MEXKTUCITHILTHHAP-
HOTO Monaxoaa. BoBieueHue cnenuanucToB pa3HbIX
CHEIHUATBbHOCTEN, OT CTOMATOJIOTOB JI0 THHEKOJIOT OB,
MO3BOJIMT CO3/1aTh IIEJIOCTHOE MOHMMAaHHUE TMpooIie-
MBI ¥ pa3padoTaTh KOMILIEKCHI MPO(UIaAKTHYECKIX
MEPONPUATUH C YUYETOM MOTPEOHOCTEH KCHIIUHBI,
ee BO3pacTa, TOPMOHAIBHOTO CTaTyca W KOMOPOW/I-
HOH MaToyoruu.

3aKiIoueHue

Mukpo6HOM MOIOCTH PTa MPEJCTaBIseT co00i
CJIOKHYIO JKOCHCTEMY, COCTOSIIYI0 M3 MHOXKECTBA
MHUKPOOPTaHU3MOB, KOTOPbIE  B3aWMOACHCTBYIOT
JIpyT € IPYTOM U ¢ MAaKpOOPraHU3MOM. DTH B3aUMO-
JIEHCTBHSI MOTYT OKa3bIBaTh KaK MOJIOKHUTEIHHOE, TaK
Y OTpHULATEIbHOE BIMSHUE HA 370POBbE XKEHILINHBI 1
ee penpoAayKTUBHYIO (yHKUuIo. V3yueHue cocrtasa
MHUKpPOOHOMA ¥ €r0 U3MEHEHNH B Pa3IUYHbIE TEPHO-
JIbl )KU3HU JKEHIMHBI [T03BOJISAET JIyYIlle MTOHATh, KaK
9TH U3MEHEHHS MOTYT BIUATH Ha OOIIEe COCTOSHUE
370poBbs. Bo Bpemst GepeMeHHOCTH COCTaB Opalib-
HOH MHKpPOOHOTBI NpETEpIeBacT W3MEHEHUs, 4YTO,
BEpOSTHO, CBSA3aHO C aJanTalnuell opraHu3Ma K HO-
BBIM YCIIOBUSIM «MaTbh—Iu1oy». OmHAKO HapylleHue
OanmaHca MMKpOOMOMa NPUBOAWUT K Pa3IMUHBIM 3a-
OosieBaHMSIM, BKIJIIOYAsi MH(EKLINH, BOCTIAIUTEIbHBIC
IIPOLIECCH] U AaXe OCIOKHEHUs BO BpeMs OepeMeH-
HOCTH. BayKHBIM acIIeKTOM SIBISETCS TO, YTO MUKPO-
OMOM TOJIOCTH PTa BIMSET HE TOJIBKO Ha 310pOBbE
MOJIOCTH PTa, HO M HA PEMPONYKTHUBHYIO CUCTEMY B
nenoM. OrmpeneneHHble BUABI MHUKPOOPIaHHU3MOB
CBSI3aHBI C TIOBBIIIEHHBIM PUCKOM Pa3BUTHS TMHEKO-
JIOTHYECKHUX 3a00JIeBaHUM, TaKUX Kak OakTepuab-
HBI BaruHO3 W JApyrue MH(EKLUnH, KOTOpble MOTYT
HETaTHBHO CKa3bIBaThCsl Ha (PEPTHIHLHOCTH.

T'opmoHanbHble H3MEHEHHs, MPOUCXOASIINE B
MEHOIay3€e, IPUBOAAT K U3MEHEHHIO COCTaBa Opallb-
HOW MUKPOOHOTEI, UTO, B CBOIO OYepE/lb, MOXKET yBe-
JMYMBATh YacTOTY PAa3BUTHS PAa3JIMYHBIX 3a00seBa-
HUH, BKJIOYAsi OCTEOIOPO3 U CEPACUHO-COCYIUCTHIE
3a0oeBaHusl. DTO TMOJYEPKHBAET HEOOXOOUMOCTD
KOMIIJICKCHOTO IMOJX0/la K HM3yYEHHI0O MHKpPOOHOMa
U €ro BJIMSHMS Ha 310POBHE JKEHILUH B Pa3jInuHbIC
nepuoabl ku3Hu. HeoOXommmo oTMETHTH, YTO HC-
ClIe/IOBaHUS B 00JIaCTH MUKPOOUOMA MOJIOCTH pTa U
€ro BJIMSHUS Ha PENPOLYKTUBHOE 3/10POBbE KEHIINH

HaXOJATCS HAa Ha4aJIbHOM CTaJlny, U MHOTHE aCIIEKTHI
eme TpeOyroT nanpHeimero n3yueHus. Baxuo npo-
JIOJIKaTh UCCIICOBAHMS, HAIIPABJICHHbIE HA BbIsBIIC-
HUE KOHKPETHBIX BUI0B MUKPOOPIaHU3MOB, KOTOpBIE
BIIMSIIOT HA PENPOAYKTUBHOE 370POBbE, a TAKKE Ha
MEXaHU3MBbI, 4epe3 KOTOPbIE 3TH MUKPOOPraHU3MBbI
B3aMMOJICHCTBYIOT C OPraHU3MOM KEHIIUHBI. OTO
MOXET OTKPBITh HOBBIE TOPU30HTHI AJISI pa3paboTKu
METOZOB TUATHOCTHKH M JICYCHUS, a TAKXKe I CO3-
JaHWsI PEKOMEHJALUN MO MOIAEPKAHUIO 310POBBS
IIOJIOCTH PTa U PENPOLYKTUBHON CUCTEMBI.

B 3axiroueHne MOJKHO CKasaTb, YTO MUKPOOHOM
MOJIOCTH PTa SIBJISICTCSI BYKHBIM (PAaKTOPOM, BITHUSIO-
IIMM Ha PENpOLYyKTUBHOE 370pOBbE KeHIUUH. [lo-
HUMaHHE €ro pOJIM U MEXaHU3MOB B3aUMOAEHCTBUS
C OpPraHU3MOM MOKET 3HAUUTEIILHO YIIYUIIUTh Kaye-
CTBO JKHU3HM JKEHUIUH U CHHU3UTh PUCKH, CBSA3aHHBIC
C pasnuuHbIMU 3a0oneBaHusiMH. [losToMy mainb-
HEWIlMEe WCCIIENOBAaHUA B DTOM 00JacCTU SABIAIOTCSA
HE TOJIBKO AKTYaJIbHBIMHU, HO U HEOOXOAMMBIMU JUIS
(opmupoBanus Oosee IETOCTHOTO B3MIAAA HA 3710-
POBBE KEHILKH B LIEJIOM.
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CoBpeMeHHOE COCTOSIHNE TMATHOCTUKHU BO30yauTe el BUPYCHBIX
reMopparu4yecKux JUX0paaoK MeTOA0M U30TePMUYCCKOM
aMILTU(PUKAUA
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Pe3rome

Pabora npencrapnser coboit 0630p MeTo/Ia TIeTIIeBOH n3oTepMudeckoi ammumudukanuu (loop-mediated isothermal am-
plification, LAMP) u ero npuMeHeHust Ui TMarHOCTUKU TeMOpparHyeckux JIMXopanaok. Ee 1enb cocTosiia B KpaTkon
XapaKTEPUCTUKE N30TEPMHUIECCKON aMIUTM(UKAINKA U CHCTEMATH3alui NUMEIONINXCS TAaHHBIX O JTHarHOCTHKE JIAaHHBIM
METOZIOM TeMOPPArHYeCKHUX JUXOPAIO0K, BHI3bIBAEMBIX BO30YIUTEIISIMH, KOTOPbIE OTHOCSTCS K IIEPBOM TPYIINE MaToreH-
HoCTH. B 0030pe ommckBaeTcs npuHIm padotel LAMP, ocHOBaHHBIN Ha IIPUMEHEHUH [IETh-BBITCCHSAONICH aKTHUBHO-
ctu JIHK-nonumepassl. [ToqpoOHO paccMaTprBaroTCs MPEUMYIIECTBa METO/IA, TAKUE KaK BBICOKAs YyBCTBUTEIBHOCTh U
CHEU(pUIHOCTD, TPOCTOTA MPOBEACHHS 1 SKOHOMIUYECKast 3P PEeKTUBHOCTD. Takke 00CyKIAI0TCs pa3InIHbIE CIIOCOObBI
JeTekun pe3yinbsratoB LAMP, Bkirodast TypOHIMMETPUUECKUI METO, NCTIONIb30BaHHE (ITyOPECLIEHTHBIX KpacuTesen
1 UMMyHOXpomarorpaduuecknii anamms. Otmedaercs, uto LAMP nMeeT HeKOTOpbIe OrpaHUYCHUS, TAKHE KaK CIIOXK-
HOCTb 1101002 IpaiMepoB U BO3MOXKHOCTD JIOKHOOTPHIIATEIBHBIX PE3Y/IBTAaTOB IIPH HAJMYUU MyTaluid B renome. Oni-
HAKO B IIEJIOM METOJI TPECTABISACTCS MEPCIIEKTUBHBIM JUIs OBICTPOTO OOHAPY>KEHHUSI BUPYCOB B ITOJIEBBIX YCIOBHUSX.
[TpuBoauTcs uHbOpMAaIKs 0 pa3pabOTaHHBIX TUATHOCTHYECKUX TecT-cuctemax Ha ocHoBe LAMP st Beisieienust PHK
0c000 OMacHBIX BHPYCOB, oTHOcsIXCs kK cemeiictBam Filoviridae u Arenaviridae. OTmedaercs, 9T0, HECMOTPST Ha
MEepPCIIEKTHBHOCTh METO/A, HAa IAHHBI MOMEHT HH OJIHA M3 OMHCAHHBIX TECT-CHCTEM HE 3aperMCTPHpOBaHa U HE IPo-
M3BOANTCSI HA KOMMEPUYECKOW OCHOBE. 3aKIIOUCHHE MOAUYCPKUBAECT HEOOXOJUMOCTh pa3paObOTKN M BHEIPEHHS HOBBIX
METOJIOB TUArHOCTUKHU ONACHBIX BUPYCHBIX MH(MEKIMH JUIsi KOHTPOJIS STIMICMHUOIOTHYECKOW CUTYalluu U pa3pabOTKu
CTpaTeruy NpOTHBOANHAeMIYEeCKUX Meponpusitnii. LAMP paccmarpuBaeTcst Kak MepCIIeKTHBHBIN METO JUISl CO3JJaHuUs
OBICTPBIX ¥ IKOHOMUYECKHU I(PPEKTUBHBIX TECTOB.

KirueBrble cjioBa: reMopparnueckas Juxopajka, u3orepmuueckas ammmndukaiusi, LAMP, criocoObl geTeKIUH,
JIMarHOCTHUKA.
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Abstract

The work is an overview of the loop-mediated isothermal amplification (LAMP) method and its application to diagnostics
of hemorrhagic fevers. Its objective was to briefly characterize isothermal amplification and systematize the available
data on diagnostics by this method of hemorrhagic fevers caused by pathogens belonging to the first pathogenicity group.
The review describes the principle of LAMP operation, which is based on the use of chain-displacing activity of DNA
polymerase. The advantages of the method, such as high sensitivity and specificity, simplicity of implementation and
cost-effectiveness, are considered in detail. Various methods for detecting LAMP results are also discussed, including
the turbidimetric method, the use of fluorescent dyes and immunochromatographic analysis. It is noted that LAMP
has some limitations, such as the complexity of primer selection and the possibility of false negative results in the
presence of mutations in the genome. However, in general, the method seems promising for rapid detection of viruses
in the field. The review provides information on the developed diagnostic test systems based on LAMP for detecting
RNA of especially dangerous viruses belonging to the Filoviridae and Arenaviridae families. It is noted that despite the
promise of the method, at present none of the described test systems are registered or produced on a commercial basis.
The conclusion emphasizes the need to develop and implement new methods for diagnosing dangerous viral infections
to control the epidemiological situation and develop a strategy for anti-epidemic measures. LAMP is considered a
promising method for creating rapid and cost-effective tests.

Key words: hemorrhagic fever, isothermal amplification, LAMP, detection methods, diagnostics.
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CTUKE BUPYCHBIX MHPEKINA HA CETOTHSIITHUN JICHD
sisiercst [1IIP B peanbHOM BpeMeHH, B TOM YHUCIE
C Mcnoib30BaHMeM oOparHod TpaHckpunuuu (OT-
[IL[P) B ciiyuae PHK-BupycoB. TecTbl, ocHOBaHHBIE
Ha IIL[P, oO6magaroT BBICOKOW YYBCTBHUTEIHHOCTHIO
1 cnenu(pUIHOCTHI0, a TaKKe IKOHOMUYECKOH 3(h-

BBenenue

ContacHo Poccwuiickoit KitaccupUKaIy IaTo-
TeHHBIX IS 9eJI0OBeKa MHKPOOPTaHW3MOB, BUPYCHI,
OTHOCAIINECS K TIEPBON TPYINIC TMATOTCHHOCTH H
BBI3BIBAIONINE TEMOPPArMUeCKUE JTMXOPAIKU, SIB-
JSIOTCS  TIpEJICTaBUTENsIMU  pofioB  Orthoebolavi-

rus 1 Orthomarburgvirus (cem. Filoviridae) u pona
Mammarenavirus (ceM. Arenaviridae) (tabm. 1).
[TockombKy TeMopparudecKkue JUXOPaaKd TPYIHO
pacmo3HaTh KIMHAYECKH, 0COOEHHO HA PAaHHHUX CTa-
IsIX, HeoOXoaMMa CBOEBpEMEHHas JiaboparopHast
JIUarHOCTHKA JJIsl Hadasa cuenn(uieckoro JeYeHusl.
JlaGopatopHble METOIbl BBISBICHHUS BO30YyIUTENCH
reMOpparnyecKux JUXOPaoK OCHOBAHEI HAa O0HAPY-
YKeHHH BUPYCa MM KOMITOHEHTOB ero BupruoHa (PHK
U crienu(pUIecKIX aHTUTEHOB), a TaK)Ke HCCIIEe0Ba-
HUM JTUHAMUKU THTpa CIEIU(PHUYECKUX AHTHTEN U
MIPOBOAATCS C UCTIOIB30BAHUEM BHPYCOIOTHUECKHX,
CEPOJIOTHYECKUX M MOJEKYISIPHO-TEHETUYECKUX Te-
ctoB [1].

B macrosmee BpeMsi JOCTYNHBI TaOOpaToOpHBIS
1 KOMMEpUYECKUE aHAIN3bl, HO TECTHPOBAHHE B OC-
HOBHOM ITPOBOAUTCS B pepepeHc-1adboparopusix, 4To
3aJep)KUBACT HAYaJIO JICYCHUSI U MOXKET MPHBOIUTH
K JIeTaJIbHBIM HcXonaM 3a0oneBanus. Hanbonee mu-
POKO HCIIONIE3yeMBIM BAapHUaHTOM aMITTH(UKAIIH
HYKJIEWHOBBIX KHCIOT B JIAOOpaTOpHOW IHarHO-

(extuBHOCTBIO. OJTHAKO B MOCIIEIHUE TOJbI U30TEP-
MHYECKHE METOABl aMIUTH(PUKAINNA HYKICHHOBBIX
KHCJIOT TIOCTENIEHHO CTAHOBSITCS HE MEHEe Ba)KHBIM
JUATHOCTUYECKUM HHCTPYMEHTOM. 3a CYET OTCYyT-
CTBUS HEOOXOJUMOCTH 00€CTICUCHUS CIIOKHBIX TeM-
MepaTypHBIX PEXMMOB IPH TPOBEACHUH PEaKINU
CTaHOBUTCS BO3MOXKHBIM HUCIIOJIB30BaTh Ooliee mpo-
CTO€ W JOCTYyIMHOE O0OpYyIOBaHME, UTO NIETACT U30-
TePMHUYECKHE METO/BI TPUBJICKATEIbHBIMH IS CO3-
JaHWsI OBICTPBIX TUATHOCTHYECKUX TECTOB.

Llenp 0030pa — KpaTkasi XapaKTEpPUCTHUKA TIET-
JICBOW m30oTepMuueckor amruiuduraruu  (loop-
mediated isothermal amplification, LAMP) u cu-
CTEeMaTHU3alUsl UMEIOIIUXCA JAHHBIX O TUATHOCTHUKE
JAHHBIM METOJOM T€MOPPArHYECKUX JUXOPATIOK,
BBI3BIBAEMBIX BO3OYIUTEISIMH, KOTOPBIE OTHOCATCS K
MEPBOH TPYIITIE MTATOT€HHOCTH.

XapakTepucTHKA MeTOa

LAMP ocnoBana na mnpumenenun JIHK-
[OJMMEPAa3bl C LIENb-BBITECHAIOUICH AKTUBHOCTBIO.
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Tabnuya 1. [lepeuens 6ud08 supycos, omuocawuxcs K I epynne namozeHnocmu

Table 1. List of types of viruses belonging to pathogenicity group 1

CoxpatieHHOe Ha3BaHUE,
Pon Bun HCIIOJIb3YyEMOE B IAHHOU
CTaThe
Orthoebolavirus bombaliense
Orthoebolavirus bundibugyoense
Orthoebolavirus Orthoebolavz:rus restonense EBOV
Orthoebolavirus sudanense
Orthoebolavirus taiense
Orthoebolavirus zairense
Orthomarburgvirus Orthomarburgvirus marburgense MARV
Mammarenavirus guanaritoense GTOV
. Mammarenavirus lassaense LASV
Mammarenavirus —
Mammarenavirus juninense JUNV
Mammarenavirus machupoense MACH

Ilpumeuanue. Jlannvle 0 TAaKCOHOMUM B35THI U3 https:/ictv.global/taxonomy.

Brnepseie nannsiii Mmeton onucad B 2000 1. T. Notomi
et al. [2]. [l moCTaHOBKH peakiuu TpeOyeTcs: Mu-
HUMYM 4YeTblpe mpaiiMepa: aa BHemHux (“forward
outer primer” u “backward outer primer”, F3 u B3
COOTBETCTBEHHO) U /1Ba BHyTpeHHUX (“forward inner
primer” u “backward inner primer”, FIP u BIP coot-
BETCTBEHHO). Bce cragnn peakuuy mpoTekaroT Mpu
onTUMaIbHON Temmeparype 60—65 °C. B peakunn
npumensercss Bst-monumepasa, mnpeacTaBisiOIas
coboit JIHK-monmmmepasy 1, BeIIEICHHYIO U3 TEPMO-
(dbunbHOM Oaktepuu Geobacillus stearothermophilus.
OHa ycToiunBa K HHTHOUTOPaM, 00JIalaeT CUIHLHOM
LETb-BBITECHSIONIECH aKTUBHOCTBIO U CITIOCOOHA CHH-
TE3WpOBaTh JUIMHHBIEC y9acTKH 1emnu. [IpuMenstorces
U JIpyrue TepMOCTaOMIIbHBIE MOIUMEpasbl C ylyd-
meHHsIMA XapakTepuctukamu: Bst 2.0 (NEB, Be-
mukoOputanus), Bst 3.0 (NEB, BenukoOpuranusi),
OmniAmp (Lucigen, CIIIA) [3].

[paitmep FIP rubpumusyercs ¢ nenesoi kIHK
Y MHUIIHAPYET CHUHTE3 KOMIUIEMEHTAPHOH 1enu (pu-
CYHOK, a). Buemnuii npaiimep F3 npuBoaut x 3ame-
mienuto uenu FIP nosoii nensto JJHK-nomumepassl
(pucyHok, 6). OcBOOOTMBILIASCS OJHOICTIOYCYHAS
JHK cmyxut wmarpurei ans oOpaTHBIX Ipaiime-
poB: cunTe3a nemu BIP um 3amermaromieit menu B3
(pucyHok, 6). Onnouenoudeunsie JJHK B pesynsrare
(GOpPMUPYIOT IIMUIICUHBIE CTPYKTYPBI H3-32 KOMILIE-
MeHTapHOCTH 5'- 1 3'-koHI0B yuacTkoB F1 u Bl k
nocienoBarenbHOCTIM Flc 1 Blc cooTBeTCTBEHHO,
CIICAYIOIIMM TIOCIe MpaliMepoB (PUCYHOK, ¢). Takue
“CTBOJIOBBIC IITIHJIBKK™ CITYKaT OCHOBOW IS HEITU-
KIMYECKON aMITMUKaIUN LeNeBoro (parMeHTa,
obpasytoreit koakaremepsl. Takum oopazom, LAMP
00J51a1aeT BBICOKOW YYBCTBUTEIBHOCTBIO M MEHBIIIE
4YeM 3a Yac MPHUBOJHUT K HAKOILUICHHIO 0KoJo 10° Ko-

nuid IHK [2]. Mcnons30BaHuE YeThIpEX NpaiMepoB,
KOMIUIEMEHTapHBIX LIECTH Pa3InYHbIM IOCIEI0Ba-
tenpHOCTSIM JIHK, 0OycrmoBnmBaeT BBICOKYIO CIie-
U(GUIHOCTH METOIA.

B Hacrosimee Bpemsi NPUMEHSIOT MojuduKa-
IIUI0 METOJIa C MCTIOIB30BaHNEM IIECTH MpaitMepoB,
KOMILIeMeHTapHbIX BocbMu yuactkam JIHK [5, 6]. B
peaxnmio J00aBISIOTCS Ba TOIOTHUTEIBHBIX «IIET-
TeBBIX» Tpaiimepa, npsmoit (LF) xomruiemeHnTapex
Y4acTKy MEexXy nocienoareabHocTsiMu Fle u F2c,
obparapiii (LB) — ygacTky MeXay mociieoBaTeihb-
HocTsimu Blc u B2c¢. [lannas mogudukanus mo3Bo-
JISIeT IeTeKTUPOBATh pe3yabTaThl MeHbIle yeM 3a 30
MHUHYT TIOCJIe Havajla peaklny.

Cnoco0bI IeTeKIHHA Pe3yJIbTaToOB

OcHoBHBIM mpeumyliectBoM LAMP sBasercs
BO3MO)XHOCTh HPUMEHEHHUS MPOCThIX METOIOB ISt
0oOHapyKeHUsT MPOAYKTOB peaknuu. Kiaccudecknii
aHAJIN3 aMITTMKOHOB «TI0 KOHEYHOH TOYKE» OCHOBAH
Ha TIPOBEJCHUU dJieKTpodope3a B arapo3HoM WIH
roJimaKkpuiaMuIHoM rese. Konkaremeps! paznuyHoi
JUTMHBI 00pa3yroT MOJOCKH, (POPMHUPYS XapaKTEPHYIO
«JIecTHULY» Ha 3J1ekrpodoperpamme. IIpu mocra-
HOBKE 2JIeKTpodope3a TPATUTCS MHOTO BpEMEHHU Ha
MPUTOTOBJICHUE Ielisl, & TAKKE YBEJIUUUBACTCS PUCK
KOHTaMUHAIMH TPOAYKTaMH aMIUTH(UKAIIH, YTO
MIPUBOIIUT K HEOOXOAMMOCTH TTOHCKA 00JIee YIIOOHBIX
meTonoB. st LAMP npumMensieTcs konopuMerpuye-
CKasl AETEKIHsI C UCTIONIb30BaHUEM (ITyOpPECIIEHTHBIX
Kpacutelnel, GpayopecueHIts B pealbHOM BpeMEHH,
TypOMANMETPUYECKUI METON, UMMYHOXpOMAarTorpa-
(buueckuit anamus [7].

AHanm3 B peXrMe peajbHOrO BpeMeHH Tpely-
€T JIOPOTOCTOSIIUX (DITYOPECIICHTHBIX 30HIOB IS
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JanpHeiinras aMmmumnduKanms

CHenM(PpUIHOCTA PEaKINH, MOITOMY paszpabdaThiBa-
I0TCSI M JIpyrue, Oojee MPOCThle ¥ SKOHOMHUYECKU
BBITOHBIC KOJIW4YecTBeHHBIe Meroabl. st LAMP
OBLT CHIETIMANTFHO Pa3paboTaH TypOUIUMETPUIECKUI
MeTon [8]: B Xoze aMITU(HUKALUT U3 HYyKJICO3UTPH-
(hocdaror BEICBOOOKIAETCS TTHpOdOCchaT, KOTOPHIHA
CIIOCOOCH CBSI3BIBATHCS C MOHAMHU MarHusi u3 Oyde-
pa u ocaxnarecs (Mg,P,0,) [9], konmnuecTBo ocanka
HPOTOPIUOHAILHO KOJMYECTBY CHHTE3UPOBAHHOU
JHK. [Tpu nomomu TypOuIuMeTpa BO3MOKHO H3Me-
peHMEe ONTUYECKON TUIOTHOCTU PEAKIIMOHHON CMecH
B peXHME peajbHOTO BpeMeHU 0e3 prcKa KOHTaMU-
HaIUH.

Hcnone3oBanue (iyopecleHTHBIX KpacHuTesel
MTOBBIIIAET YYBCTBUTEIBHOCTD JIETEKIIUN H YCKOPSIET
mporecc aHanmza pe3ynsratos [10]. B 2008 r. mpen-
JIOKeH METO]] BH3yall3alliu IPOAYKTOB pPEaKIuu
TIPU TIOMOIITH METaJUIOMHANKATOpa KaibienHa [11].
Honbl mMapranma crnocoOHbBI TacuTh (IyOopeCIeHT-
HBIA CUTHAJ KaJbllenHa, (OPMHUPYS C HUM KOMILIEK-
CBI, IIpH J100aBJIICHNH MX B PEAKIIMOHHYIO CMECh, Ta
pHOOpeTaeT OpaHkeBbli 1BeT. B xone amrumnduka-
[[MM HOHBI MapraHIla KOMIUIEKCa U MarHus u3 oydepa
KOHKYPHUPYIOT 3a o0pasyrouuiics mupogpocdar. Co-
OOIHBIN OT MapraHIla KAJIBIIEWH HAaYMHAET (DIIyopec-

Obwas cxema memooa LAMP [4]

General principle of loop-mediated isothermal
amplification [4]

LUPOBATh, M0 CBEUCHHE YCHIIMBAETCA MOHA-
MU MarHus. M3MeHeHue 1BeTa peakiMOHHOM
CMECH OT OpaHXKEBOIO K JKEITOMY MOYXHO
3aMETUTh HEBOOPY>KEHHBIM IJIa30M, YTO 3Ha-
YUTEJNbHO yIpolwaeT ananu3. K apyrum mmu-
POKO HCHOIb3yeMbIM HMHAMKATOPAM OTHOCST-
Csl THIPOKCUHA(TONOBBIA cuHUE [12-15] u
spuoxpom uepHsiii T [16, 17]. IlepBsiii npu-
BOJUT K HM3MEHEHHUIO OKPacCKM pacTBOpa OT
TEMHO-CHHETO K ToIyOOoMy, BTOPOH — OT Qu-
OJIETOBOTO K CMHEMY. Taxoke cymiecTByroT pH-
YYBCTBUTEJIbHbIE HMHIWKATOPHI, CIOCOOHBIE
pearupoBaTh Ha HM3MEHEHHE KOHILEHTpaLWi
KaTHOHOB BOJOPOJa B XOJ¢ aMIUIA(UKAIIHH.
K takum kpacurensm oTHOcATCS (hEHOTOBBII
KpacHBIM, KPe30JIOBBIM KPACHBIM U HEUTpaJib-

HEIH KpacHbi [10].
PaznuuHble MHTEpKAIMPYIOIIUE Kpacu-
LF TEIM MCIONB3YIOTCS Ui OOHApYKEHHs MPO-
nykra LAMP kak B pexxume peasibHOro Bpe-
MEHHU, TaK U MO KOoHeyHOoW Touke [18]. OHu
CIOCOOHBI BHEJPSATHCS B JIByXIEHNOYCUHBIE
YYaCTKM HYKJICUHOBBIX KHCIIOT, BbI3bIBas
CWIIBHBIN (pryopectieHTHBIN curHan. MHTep-
kanupyromui kpacurens SYBR Green [ sBnd-
eTCS CIeUU(PUUSCKUM KPACUTEIIEM ISl JBYX-
neroueynor JIHK, HO ero mMoxHO HMCHOIB30BaTh M
Ut Buzyanm3anuu onuorenodeunoit JIHK, a tak-
xe PHK, HO co 3HaunrTensHO MeHbInel 3ddexTrs-
HOCTBHI0. OH crtoco0eH U3MEHATH OKpPacKy OT OpaH-
JKEBOM K KEJITO-3€JIECHOW B CIIydae MOJOKUTEIbHOU
MpOOBI, TAKKEe BO3ZMOYKHA JIETEKITUSI CBEUCHHS B YITb-
Tpaduonere. JlaHHBI KpacHUTENh aKTHBHO ITPUMeE-
HseTCS B HuccienoBanusax [19-21], omHako oH sABJIS-
eTcsl cuiabHBIM mHTHONUTOpOoM JIHK-mommmepassl. B
peakiu LAMP ucnosne3yror u apyrue MHTEpKaIu-
pyromue kpacutenu: EvaGreen, PicoGreen, SYTO-
9 [15], SYTO-81, #ionunx npormaus [22], bepoepun

[23].

B nuarHoctuueckux TecTax MPUMEHSIOT UMMY-
HOXpomarorpaduyeckuii anamu3 [22]. MeueHHbIE
OMOTHHOM M M30THOIMAHATOM (IIyopeclienHa pai-
MEpbl TOCIe aMIUTU(GUKAIUN JTAI0T MOAH(HUIIUPO-
BaHHBIC MPOAYKTHI ¢ MeTKamu. [lomydeHHbIe aMILTH-
KOHBI HAHOCAT Ha TECT-MOJIOCKY, OHH CBA3BIBAIOTCS
C aHTHUTENaMHU K (IIyopeclienHy, KOTOpbIe Pacroio-
JKEHbl Ha TIOBEPXHOCTH HAHOYACTHUI[ KOJIJIOWTHOTO
3oq0T1a. [1o mpUHIMIY TOHKOCJIOWHOW Xpomarorpa-
(mu KOMIUIEKC aMIUTMKOHA, aHTUTEN U HaHOYACTHI]
30JI0Ta JIBWDKETCSl BIOJb TECT-TIOJOCKH, ITOCTHTas
yJacTKa, COAEp KaIiero aBUAWH (OMOTHH-CBSA3BIBA-
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IO 0eNoK), m oOpasyeTcs 1BeTHast auHUA. [Ipu
OTPUIIATEIFHOM pe3yJIbTaTe HAaHOYACTHIIBI IIPOXOJISAT
JI0 y4acTKa, COAepIKalIero BTOPUYHbIC aHTUTENA, T7e
MPOMCXOJUT MX CBS3BIBAHWE C 00pa30BaHUEM KOH-
TPOJIbHON JUHUM. J[aHHBI METOJ JIETOK B UCIIOJIb-
30BaHHH, YIOOCH U dKOHOMHYECKHU fgoctyreH [10], a
TaK)Ke JOITyCKaeT MPUMEHEHHEe Pa3IUIHbIX aHTUTEI
Y METOK JIJISl MYJIBTHIIJICKCHOTO aHaJIH3a.

OpnHako OONBUIMHCTBO METOAOB JCTEKLIUH HE
MO3BOJISIET OTIAMYUTH crenrn(pUIecKyro aMIupuka-
U0 oT Hecrnenuduueckoit. B padore L. Schneider
et al. [24] mia pemreHus maHHOW MPOOIEMBI pas-
paborana maremarWdeckas MOJENb MJIsi TPOTHO-
3UpOBaHUs MONOCOBBIX cxeM LAMP-nponykToB B
relb-JIeKTpodope3e B 3aBUCHUMOCTH OT 3aIJaHHBIX
yCIOBUM peakuuu. s mocTpoeHuss MoIenud uc-
MOJIb30BAJIM JJAHHBIE 00 OLIEHKH CTPYKTYpP aMILTHKO-
HOB C TTOMOIIBIO ATEKTpoope3a Ha MUKPOIHIIAX.

Orpannyenus: MmeToaa

Bricokas cnermupuIHOCTh, CKOPOCTH HAPAOOTKH
aMIUTUKOHOB U OBICTPBIE METO/BI ACTEKIINU OTIHYa-
10T LAMP ot IILIP. HecmoTpsi Ha MHOXECTBO Tpe-
MMYILECTB, JaHHBIA METOJ] UMEET CBOM HEJIOCTATKH.
['maBHAs CIOKHOCTH COCTOUT B MOI0OpE MpaliMepoB,
OHM JOJDKHBI Y3HaBaTh OT 6 70 8 (B Cily4ae UCIONb-
30BaHUS TETIEBBIX MPaliMEpPOB) YYACTKOB IIEJIEBOU
JHK. HeoOxoauMo y4HTHIBaTH HE TOJIBKO TEMIIe-
paTypy IUIaBICHUS, KOHIICHTPALUIO, pa3Mep, HO U
paccTosiHUA MeXAy callTaMu uX cBsi3bIBaHusA. Kpo-
Me TOro, OOJbIIOE KOJIWYECTBO MPHUMEHSEMBIX B
peakiuu npaiMepoB YBEIWYMBAECT BEPOATHOCTHh MX
B3auUMOJEHCTBUSL Apyr ¢ napyroM [7]. IIporpammel
U OHJIalH-pecypchl sl KoHcTpyupoBaHusi LAMP-
npaiimMepos, Takue kak PrimerExplorer, NEB LAMP
Primer Design Tool, LAVA, GLAPD, LAMPrim-
er iQ, MorphoCatcher, FastPCR u STITCHER,
onmcansl B 0030pe K.I'. [ItumbiHa u coast. [25]. Tem
HE MeHee CYIIEeCTBYIOIIME MPOrpaMMBbI [Tt Habopa
LAMP-mpaiimepoB He Bcer/ia CriocoOHBI MPEITyCMO-
TPETh BCE (PAKTOPBI, 4TO TPeOyeT JAOMOTHUTEIHLHOU
SMITUPUYECKON omTuMm3anuu [26]. B pesymnbrate
3TOro mpouecc Au3aiiHa NpaiiMepoB IOJIy4aeTCs
JONTAM W TPYAOEMKHM. Brwicokas cnennduaHOCTh
TaK)Ke€ MOXKET MPUBOAWTH K JIOKHOOTPUIIATEITHHBIM
pe3ynbTaraM B ciiydae MyTaluii B reHoMe. B pabote
[27] npoBonUIOCH UCCIEAOBAHUE BIUSHUM OTHON U
HECKOJIbKUX HYKJICOTHIHBIX MYTallMi Ha MpOTEeKa-
HUE PEaKIUM W30TCPMHUYCCKON amIuiudukanuu. B
pe3ynbTare HEKOTOpble MYTAIlH IPETsTCTBOBAIN
CBSI3BIBAHHIO MPAaiMEPOB M CHIDKAIH CKOPOCThH aM-
wmdukanui. OCOOCHHO O0Ka3auCh KPUTHYHBI MY-
Tanuu B oonactu 3'-koHia npaiimepa F3.

UYyscTtBuTensHocTh MeTona LAMP, kak mpaBu-
710, HIKE, yeM meroza [1LIP, a mpenen obnapyxenus
(KoTIHii/MIT) CHITPHO BapbHUPYET OT BRIOOpA criocobda

neTeknun. B HemaBHUX paspaboTkax metoga LAMP
JUIsE OBICTPOTO W BU3YaJbHOTO OOHApY)XEHHUS BHPY-
ca OCITbl 00€3bsIH OH TIOKa3ajl Mpeaesl 00HapyKeHUS
2x10* KOTTHIA/MJI, UTO MPEBBICHIIO YyBCTBUTEIBHOCTD
[TIIP-merekmmm 31exkTpodope3oM Ha aBa TMOPSAKA
[28]. HecmoTpst Ha 3TO, MHOTHE TECT-CHCTEMBI Ha
ocHoBe LAMP ycTynaroT coBpeMeHHBIM METOaaM
[P B wyBCTBUTENHHOCTH (HAIIpHUMEp, B 2 pas3a —
[IIIP B peanbHOM BPEMEHU C UCIOJIB30BAHUEM 30H-
J0B [29] u ¢ mpoBeaeHHEM 00paTHON TPAHCKPUIILIUN
[30], B 10 pa3 — mudporoii kanensuoi [TLP [31]).

CpaBHEHHE YYBCTBHUTEIBHOCTH HEKOTOPBIX Me-
Toj0B Bu3yanuszanuu LAMP, Bkirouas OapOepuH,
npencrariieHo B crarbe J. Fischbach et al. [32]. AB-
TOPBI YTBEPIKJIAIOT, YTO YYBCTBUTEIBHOCTD ACTEKIIUH
10 KOHEYHOH TOYKH TP UCIIOIB30BAHUH THAPOKCH-
Ha(TOIOBOTO CHHETO CpaBHUMA C TaKOBOM IpH HC-
MOJIb30BAaHUM KallbIIeWHA, a MPH JACTEKIUU B Peallb-
HOM BPEMEHHU C MHTCPKAIMPYIOIIUMH KPaCUTEISIMH
SYBR Green I u EvaGreen — ¢ 4yBCTBUTENBHOCTHIO
OapOepuna. OgHAKO NP UCIONB30BaHUH OapOepu-
Ha TIpY JAETEKIINN «HEBOOPYKEHHBIM B3TIISIIOM», Oe3
(hryoprmMeTpa, TOCTaTOYHO CIIOKHO WHTEPIPETHUPO-
BaTh Pe3yJIbTaTHI.

MeTon MOHHTOpPUHTA B PealbHOM BPEMEHH Ha
OCHOBE (IryopecteHIN (MHTepKATHPYIONHe Kpa-
CUTENH, 30H/BI) OTIMYaeTcsi 0ojee BBICOKOW dyB-
CTBUTEIFHOCTBIO U CKOPOCTBIO pEaKliu, YeM Typ-
oumumerpus [7]. [lpu oOHapy)XeHHH BHpyca OCIIBI
06e3psH (MPXV) meTomom LAMP [28] TypOuaume-
TPUYECKHUI aHaN3 TOKa3zaj CPaBHUMYIO YyBCTBH-
TEJILHOCTH JIETEKIIMH B PEabHOM BPEMEHHU C BH3Y-
anm3anuen pesyiaprara peaknud aMIDTH(GUKAINA
KaiplienHoM. [[1s1 ObICTporo oOHapyXKeHHsI BHpyca
ZEBOV (Orthoebolavirus zairense) TpOBOIUIOCH
cpaBHeHue LAMP ¢ pazapiMu criocobaMu TEeTEKINH
[33]: B peanbHOM BpEeMEHM C HMHTEPKAIUPYIOIINM
kpacureiem SYBR Safe, B peasibHOM BpemMeHHU C
30HJIOM U 110 KOHEYHOW TOYKE ¢ M3MEHEHUEM IIBETa,
C HCIONIb30BaHMEM HaOopa peareHToB WarmStart
LAMP (NEB, BenukoOpuranus). lerexuus B pe-
aIbHOM BpEMEHHM TIOKa3ana OJMHAKOBBIM mpemen
obHapyxenust — 4x10* xomwuii/Mi, B TO BpeMs Kak
KOJIOpUMETpHUUECKasl JACTeKIHs I03BONMIAa OOHa-
pyxutb MuauMyM 10* xormii/mi. Takum oOpaszom,
KOJIOpUMETpHUECKasl ACTEKIHs HE yCTYNaeT B UyB-
CTBUTEILHOCTH JICTEKIIUU B PEATbHOM BPEMEHH, YTO
OTKPBIBAE€T BO3MOXXHOCTH JJIsi OBICTPOTO M JIOCTYTI-
HOTO aHajm3a Pe3yJabTaTOB IETIEBOM H30TepMHUYe-
CKOU aMIUTH(hUKAITIH.

B cuiy BBICOKO# CIeIUUIHOCTH U TPOCTOTHI
nposeneHus Mmeroga LAMP pekomenayeTcst HCIOb-
30BaTh €ro I OBICTPOTO OOHApYKEHHUs BUpyca B
MOJIEBBIX YCTIOBHAX. B Takom cirydae BUpycCHasi Ha-
rpy3ka OOJHHOTO MaKCHUMallbHA, U C JETEKIHeH 110
KOHEYHON TOYKE KpacUTeNeM JIETKO BH3Yaln3HPO-
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BaTh pe3ynbrar. JloouThes Oonee BEICOKOW YyBCTBH-
TEJILHOCTH TMO3BOJISIIOT APYTHE TOPOrOCTOSIIHE Jia-
OopaTopHbIE METO/IBI M PAa3HbIE CIIOCOOBI JETEKLUH,
HOo LAMP npeBocxonuT nx B 5KOHOMHYECKOM ILTaHe,
NPEIOCTaBIASl BOBMOXKHOCTH OecrprOOpHOTO aHa-
nu3a oopasioB. B cratee M.K. Nwe et al. [34] eme
OTMEYAETCsl MOBbIIIEHHAsT ycToWuuBocTh LAMP Kk
nHaruOuTopam B cpaBHeHuu ¢ [1L[P. bonee Toro, yxe
ycnenrHo pa3zpadboranbl LAMP-nabops! ¢ nuodunm-
3UpPOBAHHBIMM PEAKUMOHHBIMH cMecsiMu [35-37],
4TO oOJeryaeT ux TPAaHCIIOPTHPOBKY U XpaHEHHE.
Ha 2025 1. B nureparype numeeTcss HHGOpMaIUs
0 12 TMarHOCTUYECKHX TECT-CUCTEMAX, OCHOBAHHBIX
Ha Metone LAMP, xoTopble O3BOISIFOT OOHAPYXKH-
Batb PHK 0co00 omacHbIX BHPYCOB, OTHOCSIIMXCS
k cemerictBam Filoviridae u Arenaviridae (Ta0m. 2).
BonbmmHCTBO M3 HUX pa3paOOTaHbl IS BBISBICHUS
TeHeTHYeCcKoro MaTepuraina Bupyca EBOV (9 my6mu-
kanuit), 1t MARV n LASV nipencraBneHs! TaHHbIS
00 omHOM W JIByX 1a00OpaTOpHBIX BapHUAHTOB HAOO-
poB cooTBeTcTBeHHO. {151 BUpycoB GTOV, MACHV
u JUNV nureparypHbie TaHHbIE 0 HaOopaxX pearcH-
ToB 1 BeIsiBaeHus: PHK metomom metieBoit m3o-
TEPMHUUECKOH aMIUIN(HUKALUU OTCYTCTBYIOT.

Junarnoctuxka EBOV

B paborax, mocBsIeHHBIX pa3padboTke HaOOpOB
pearentoB 11 BeiiBienuss PHK EBOV metopom
LAMP, B kadyecTBE OCHOBHBLIX CIOCOOOB IETEKIIMHU
BBICTYTIAIOT TYpOUJANMETPUUECKUN METO/ U HCTIONb-
30BaHHE HWHTEPKATUPYIOIIETO KPacuTess Kak B pe-
JKUME PEeaIbHOTO BPEMEHH, TaK U MPH ACTEKIHU 110
KOHEYHOH TOYKE. B 0CHOBHOM MCHONB3YIOT HHTEPKA-
mupytomue kpacurenu SYBR Safe u SYBR Green 1.
YyBCTBUTENBHOCTh PEAKIMU NPU HU3MEPEHHU TYyp-
00IUMETPOM MOXKET TOCTUTATh 3,2% 103 Kormuii/Mi1, a
MIPU UCTIOJIb30BAaHUH HHTEPKAIUPYIONIETO KPaCUTENs
—2,6x103 xormii/mi [40, 44].

Crioco0 xomopumerpuyeckorr nmerexknuun PHK
EBOV onucany L.C. Bonney et al. [33] u ocHoBaH Ha
n00aBJIeHNU B PEaKLMOHHYIO CMECh, IOMUMO CTaH-
JnapTHbIX koMmoHeHToB LAMP, pH-uyBcTBUTETBHOTO
Kpacurens. Hakorienne npoxyKToB aMIuin(pUKauu
COIIPOBOXKJAETCSl BHICBOOOXKICHUEM IPOTOHOB, YTO
MIPUBOANT K U3MEHEHHIO pH peakmoHHON cMecH, 1
KpacHuTellb MEHSIET OKpacKy (HampuMep, ¢ PO30BOTO
Ha XeNTbIi). UyBCTBUTEIBHOCTH TAKOTO CIIocoba Jie-
tekin EBOV coctapnsier mopsiika 10% kormuid/mi,
YTO MO3BOJISIET MCTIOJIb30BaTh €T0 B IMEPBBIE THU T10-
SIBJICHUS] CHUMIITOMOB 3a00JI€BaHMs, KOIJa YPOBCHb
BHPYCHOW Harpy3kHd y»ke BbICOK. OIHUM H3 KOJOPH-
METPUYECKUX CHOCOOOB JETEKLUMH HAKOIUICHHS aM-
IJIMKOHOB, Nody4YeHHbIX Ha Marpuue k/IHK EBOV,
SIBISIETCSL  MCTIOJIb30BaHME KOMILIEKCA KallbIenH/
Mn?*. B Takoil peakuuu MPOHCXOAUT H3MCHEHHE
[BETA C OPAH)KEBOTO Ha 3€JICHBIN, YTO MOKHO YBH-

JIeTh HEBOOPY>KEHHBIM TJIa30M WJIH B yIbTpaduonere
[39].

HawnGoneimuit mHTEpEC MpencTaBiseT myOInKa-
mus C. Xu et al [42], tne mocne amrumupuKanium B
M30TEPMHUUCCKUX YCIIOBUAX JETEKIHS TMPOTYyKTOB
MPOBOIUTCS Ha CTIEIIUATIBHBIX KAPTPUKAX 110 PHUH-
Uy IMMYHOXpOMaTorpadudeckoro aHanmsa. Uys-
CTBUTEIHHOCTH TAKOW PEAKIIUU COCTABIISET MOPSIKA
10* konmmit/mut. Takoli crtoco0 AETEKIMH TTO3BOJISIET B
KOPOTKHE CPOKH IMOCTaBUTh JMArHO3 MalUeHTy 0e3
WCITOJIB30BAHMSI JIOPOTOCTOSIINIETO OOOPYIOBAaHUS B
pEeruoHax, SMUAEMUYHBIX 10 JIUXOpajake D0oJa.

Juarnoctuka MARV

B enuHCTBEeHHOW HAayyHOW MyONUKAIMH, TIO-
CBSIILICHHOM pa3paboTke HabOpa peareHTOB JJIsl BbI-
seinennss PHK MARV [45], aBropsl mpemiaraior
HCTIOJIb30BATh B KaueCTBE I'€HHON MUIIEHU T'€H HY-
KJICONPOTEHHA, a B KadeCTBE CIOCO0a ACTEKIUH —
n3MepeHne (GyopecieHnnu TecT-MpoOHUPKU B Yilb-
Tpaduoinere nocie amruiupukanuu. PaspadboTunku
CKOHCTPYHpOBaJM JBa Habopa mpaiiMepoB, CICLH-
(buuHBIX 11 TeHeTHYecKuX JmHNA Musoke n Ravn
MARYV. MHuoxectBeHHbIl a”Haimu3 MetogoM LAMP
[TO3BOJIMJI BBISIBUTH INTaMMbI 000uX JHHHE MARYV,
IIPU 3TOM OTCYTCTBOBAJIa IEPEKPECTHAsl PEAKTHB-
HOCTb C JIPYT'MMH BUPYCaMH, BBI3bIBAIOIIUMH JIMXO-
panxy D6oma u Jlacca. UyBcTBHTENBEHOCTE pa3pado-
TaHHOTrO Habopa coctaBuia 10° KOmuiA/MIiI, a Bpemsl
MMOCTAaHOBKM peakluu He mpesblimaeT 40 MUHYT, YTO
[IO3BOJISIET UCIIOJIb30BaTh JJAaHHBIM BapHaHT aHAIN3a
B TOJIEBBIX YCIOBHSIX B SHAEMHUYHBIX IO JUXOPAIKE
MapOypr pernonax.

Juarnoctuxa LASV

Ha naHHBIN MOMEHT CYIIIECTBYET CEMb T€HETHYE-
ckux juHuil LASV, o0HapyXeHHBIX Ha pa3IMYHbBIX
TeppUTOpHSAX cTpaH 3amamHoit Appuxu [48]. M3-3a
TeHETHYECKOTO pa3Hoo0pa3us JOCTaTOYHO Mpoode-
MaTH4YHO MOA00paTh YHHBEpCAJIbHBIE MpailiMepsHl,
cneruduuHble 1 Beex tuHuid LASV. B nmureparype
nMmeercsi nHGOpMaIUs 0 JAByX Habopax pearcHTOB,
ocHoBaHHBIX Ha LAMP ¢parmenToB renoma LASV
[46, 47]. OnuH 13 HAOOPOB cIOCOOCH crenuduye-
CKH BBIIBISITH |—4-10 TUHUHM BHpyca C TypOomamme-
TPUUYECKOM JIETEKINEH 1 YYBCTBUTEIBHOCTBIO 2% 10*
Kormuii/ M1 [46], ¢ TOMOIIIBIO APYTOTO MOXKHO OOHAPY-
KUTHh HECKOJIBKO Pa3MUYHBIX IITAMMOB BTOPOH JIH-
Hun LASV ¢ uyBcTBHuTenbHOCTBIO 10°—10° KOTmiA/ Mt
MIPH UCTIOJIb30BaHUH WHTEPKATIUPYIOIIEro KPacUTENs
s neteknun pesynsrara LAMP [47]. O6a ananu3a
3aHUMAIOT OK0JI0 30 MUHYT, 4TO SIBJISETCS MpPEUMY-
mectBoMm miepen [11[P-anammuzom. Ilpu mopabotke
JTAHHBIX TECTOB IS BHISIBICHUS BCEX TEHETHYECKHX
JMHAN OHU MOTYT CTaTh Ka4e€CTBEHHBIM HHCTPYMEH-
TOM 3KcTIpecc-TuaraocTuku LASV u ncmob30BaTh-

34 SIBERIAN SCIENTIFIC MEDICAL JOURNAL 2025; 45 (4): 29-38



Kpusoweuna E.U. u op. Cospemennoe cocmosiiue OUaZHOCMUKU 8030youmeineti UPYCHbIX ...

“IIN/MUON — BUHOAOWEN WRTTMHHIS WITHUIS M [9HOT gudIl KHHOhRHE 90d «

o1 (20
¢ -9 [ SIN WWELI) [[ BUHHL ‘ASY']
o1 . (LE0-803IN +0-803IN
[L¥] qrrornoedy unmoiAdurrexdorH]] 0¢ s NOITINON 0I0HOHHALOATIONHILT HO | I9IWINBLHI) [| BUHUAL ‘ASV']
(€12€08 “T10ZT-DIN-S9OTHLSI
01 ‘T10Z-DIN-TI00H.LSI
I9IWIWBLI) [] BUHUL ‘ASV]
lot] nu0drudronnrnodA T, 0¢€ +01xT BHUOLOALOJINAH HA | Al-] BHHHI ‘ASV']
[st] arrarnoedy HI9HLHANOAdoALD oy 01 BHUALOALIOAINAH HA | AAVIN
[¥¥] [ Ua1D) YGAS arornoedy uumoiAdurexdornyy 0€ 01x9C BHUALOALIOAINIAH HA | AOgdZ
umioorudionudoroy] G¢ L01
o K
[eel JeS YGAS draruoedy unmoiAdurexdornyy ST L0 <P PHIALOAUOAINIAR 1 | AOHH
19eedonuIron-
[o¢] oyeS Y AS arornoedy numoiAdurrexdoLH]] 0¢€ +01 SoEENmmm-vHEmMHMM AOgdZ
yOTx¥°9
[ev] qaroinoedy unmoiAdurrexdorny] 0¢€ - BHUALOALIOAINIAH HA | AOgdZ
01x9¢°¢
[zv] UI9HAIrRAEUg ov +01 BHUOLOALIONHILI HO | AOgd
[1%] qarrarnoedy unmoiAdurexdarHy] oy +01 BHUALOALIONMILT HA | AOgd
qrrarnoedy unmoiAdurrexdoiny] o L01xT€ eHo10dHOOINAH HO |
um1oorudronnrnodL T, O0IxT€
lov] qarrornoedy unmoiAdurrexdorHy] 09 LOIxP€ 910BI[QO KREOITHOM AOHHZ
minoarndromurngdA], OTxt'E sewoAdugndsonedoH-,¢
[6¢] (TOLOW MIIHHOIOWOAX °,  UJA[/HUIIILEN . ernoLodHooIsIAH Ho
6¢ OMOIrINON ) UUMOORHdLoWnITodA T, 09 01x95 ! AOHdZ
9LOBIIQO KBEOITHOM
[8¢] umiodnndonuirngdAL 09 01xT - Eéiwom&sm- c AOgdZ
HHUW ‘UHTT N
BALI190)) g0Ie19rAcod MMIDIOLOY QOJ0II) —seod nwod JUULION ‘4LOOH 9HOIIMI BBHHQ | oAdug praNeKIaKI g
d -qIroLUELIg9AR

uoyvoYidwp puLidyjos1 pap1paul-doo] Suisn aVPLIADUILY PUD dDPLIIAO]LY Sa1j1upf 2] 0] SU1dU0]aq SaSNLIA NY SU11021ap L0f Iy JUa3vay 7 2]1quL

JdINY'T WOQOUWDW DDPLIADUDAY N IDPLIIAO]L] WDOUDNIWDD X BIXNINEIOHWO 9004dNg Y[]J ¥nmawou1a9 v souwnaznad 19dogpvy] 'z vhnuon]

35

CNBUNPCKNU HAYYHbBI MEOVLUMHCKUW XKYPHAIT 2025; 45 (4): 29-38



Krivosheina E.I et al. Current state of diagnostics of pathogens of viral hemorrhagic ...

¢Sl B MEIULMHCKHUX YUPEKACHUAX, B KOTOPBIX OTCYT-
CTBYIOT KJIMHHUKO-IHAarHOCTHYECKHE JTAOOPATOPHH C
BO3MOXKHOCTBIO poBeneHus 111[P-ananusa.

K coxanenuto, B HacTos1iiee BpeMs B Mupe odu-
LMAJIbHO HE 3apEruCTpUpOBaHa U HE IPOU3BOIUTCSA
HHU OJIHA U3 OIIMCAHHBIX BBIIIIE TECT-CUCTEM.

3akiaoueHne

Heo0xonuMocTs pa3paOOTKH W BHEAPEHUS! HO-
BBIX METONIOB JIMarHOCTHKH OMACHBIX BHUPYCHBIX
nHpekmid | Tpynm matoreHHOCTH O0OyCIIOBIIEHA
MHOTOKPaTHO BO3pOcCHIed MOOHMJIBHOCTBIO Hacele-
Hus. CBoeBpeMeHHass M macmTaOHas AMarHOCTHKA
o0ecrieunBaeT KOHTPOJb ATHJEMHOIOTHYECKOM CH-
Tyally ¥ TIOMOTaeT pa3padaTbiBaTh CTPATErHIo Mpo-
TUBOIMHJEMUUECKUX Meponpustuil. [Ipencrasis-
€TCsl TIePCIIEKTUBHBIM CO3/IaHUE TUATHOCTHYECKUX
TecToB Ha ocHoBe Mmerona LAMP, nmockonbky oH
TO3BOJISIET TIPOBOJUTH MOJICKYJISIPHYIO TUATHOCTHKY
CYIIIECTBEHHO JeIIeBie U OpicTpee, ueM metox T111P.
LAMP crioco0OeH JIeTeKTHPOBATh 1IEICBOM FreHeTHYEC-
CKUIl Marepuain OecrpruOOpPHBIM CIIOCOOOM U Cylie-
CTBEHHO YIIPOIIA€T aHAJIN3 OMOJIOTHMYECKOrO Mare-
puana B MMOJIEBBIX YCIOBUSIX WM «HETIOCPEACTBEHHO
y mocTenu 00IBHOTOY («point-of-care testingy).
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Poub HelipoaganTauuu B XUPYPruu XpyCcTaJauKa ¢ UMILIAHTauen
MYJbTH(POKAIBHBIX HHTPAOKYIAPHBIX JINH3
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Pe3rome

B coBpemMeHHOM MHpe 0TKa3 OT OYKOBOM KOPPEKIIMH ISl OJIM3H BCIIEICTBUE BO3HUKHOBEHMS IpecOronuu rnocie 40 et
ABJISIETCSI Bce OoJIee YacThIM KPUTEPHUEM YAOBICTBOPEHHOCTH Y MAIIMEHTOB, 0COOCHHO BEIYIINX aKTHBHBIN 00pa3 ku3-
HU U XKEJAIOMINX PEIIUTh IPOOIEeMy XUPYPrUUeCKUMU METojaMu. ETMHCTBEHHBIM JIGHCTBYIOLIMM METOJIOM KOPPEKIINT
JITAaHHOTO COCTOSIHUSI SIBJISIETCS] MYJIBTU(OKAJIbHASI MHTPAOKYJISipHAs KoppeKuus. HecMoTpst Ha To, 4TO 1ociie IpoBeIeHUs
TAKOTO BUJIA XMPYPrUX Y OOJIBIIMHCTBA MALEHTOB OTCYTCTBYET HEOOXOAMMOCTh B OYKOBOM M KOHTAKTHOW KOPPEKIIUH,
y Ka)JI0r0 XUpPypra, BeAyIIEero akTUBHYIO ONEPAIlOHHYIO JIeSTEIbHOCTh, UMEETCS Psi/ MAalUEHTOB, HEYI0BIETBOPEH-
HBIX pe3y/bTaTaMH BBIIIOJIHEHHOHN OoNepanuyu. ITO MOXKET BOSHUKHYTh KaK BCIEICTBHUE OCIOXKHEHHH B Ipolecce XU-
PYprU4ecKoro JICYeHHs], TaK U U3-3a OCOOCHHOCTHU IPOLIECCOB HEHPOaJanTalny, COCTOSHUS TUNIACTUYHOCTH TOJIOBHOTO
MO3ra y Ka)/Ioro KOHKpeTHOro naiuenTa. K Hanbosee 4acTo BCTpEUaIOIUMCs OCIOKHEHUSM MYIBTH(OKAIBHON KOp-
PEKINHU OTHOCSTCSI HEYETKOE 3PEHHE U HAJIMUME ONTHYECKUX (DEHOMEHOB («raJio» M «IJIP»), CBA3AHHBIX C OCTATOYHON
aMeTpOIHe, TOMyTHEHHEM 3a/IHeH KarCylbl, OOJBIIMM pa3MEpoM 3pauka, aHOMaJHSIMHU BOJIHOBOTO (DPOHTA, CYyXUM
IJ1a30M M JieleHTpanueid JIMH3bl. OCHOBHBIMHU NPUYMHAMU 3TOTO SIBJISIOTCS JWCIIOKAIMS JIMH3bI, OCTaTOYHAsl OMINOKa
pedpaxunu, IOMyTHEHNE JIMH3BI U HApYIICHHE WM 3aTPyIHEHUE Tpoliecca Helipoajanrtaiuy y namuenta. OcMbicie-
HHE ¥ OLICHKa HelpoaJjanTaluy y HallueHTOB, IEPEHECIINX XUPYPTUIO XPYCTAIHNKA C IeTbI0 KOPPEKLIUH NPECONONUH 1
JUIs yCTpaHEeHUs KaTapakThl, CIyXkKaT MaJIOU3y4E€HHBIM aclleKTOM KaTapakTalbHOW xupypruu B cermenrte ctpad CHI' u
HECKOJIbKO 00Jiee UCCIIeA0BaHHBIM — B 3apyOeKHOI JINTepaType, YTO IPEICTaBISIET IIEPCIEKTUBHOE HAIIPABICHHUE IS
uccienoBaHus. B jaHHO# cTaThe ocyiecTBiIeH 0030p JUTEPaTyphl 110 BILIEYKa3aHHOH TEME.

KaroueBnle ciioBa: HeﬁpoaﬂaHTaHI/IH, MyJ'II:TI/I(l)OKaJ'IBHLIe HWHTPAOKYJISIPHBIC JIMH3LI, npec61/10r[1/1${, IICUXOJIOTUA.
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The role of neuroadaptation in lens surgery with multifocal
intraocular lens implantation
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Abstract

In the modern world the refusal of spectacle correction for near vision due to the development of presbyopia after
40 years old is an increasingly common criterion of satisfaction among patients, especially those leading an active
lifestyle and wishing to solve the problem by surgical methods. The only effective method of correcting this condition
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is multifocal intraocular correction. Although the majority of patients do not require spectacles or contact lenses after
this type of surgery, every surgeon with an active surgical practice has a number of patients who are dissatisfied with
their outcomes. This may occur both as a result of complications during surgical treatment, and due to the peculiarities
of neuroadaptation processes, the state of brain plasticity in each individual patient. The most common complications of
multifocal correction are blurred vision and the presence of optical phenomena (halo and glare) associated with residual
ametropia, posterior capsule opacification, large pupil size, wavefront anomalies, dry eye and lens decentration. The
main causes of this are lens dislocation, residual refractive error, lens opacification and disruption or difficulty of the
patient’s neuroadaptation process. Understanding and assessing the neuroadaptation in patients who have undergone
lens surgery to correct presbyopia and eliminate cataracts is a poorly studied aspect of cataract surgery in the CIS
countries and somewhat more studied in foreign literature, which is a promising direction for research. This article will

review the literature on the above topic.

Key words: neuroadaptation, multifocal intraocular lens, presbyopia, psychology.
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BBenenue

CoBpeMeHHast XUpyprusl XpycTajaiKa Ha HbIHeI-
HUX JTalax ee pa3BUTHS BCE JaIlle IePEXOUT OT OTIe-
paruu, BOCCTaHABIMBAOIICH 3pUTEIbHBIC (DYHKITUH,
K pedpakuonHoii. [losBieHne MyabTH(POKATBHBIX
uHTpaokymsapueix JuH3 (M®OUOJI) obecneunBaer
OOJBIITYFO HE3aBHCUMOCTH OT OYKOB U MTOBBIIIAET Ka-
YeCTBO JKM3HM Tocie omnepanun. Co BpeMEHH CO3-
nmanus B 1980-x rogax MOUOJI mpeteprienu pas-
JMYHBIE TEXHUYECKUE YCOBEPIIICHCTBOBAHUSA, B TOM
YUCJIe CO3MaHbl TPU(DOKATBHBIC WHTPAOKYISIPHEIC
JIMH3BI ¥ JIMH3BI ¢ PACIIMPEHHON TTyOMHOU (hoKyca.
TmarenpHas TpemonepanMonHas MMPOBepKa, BKIIIO-
Yaromasi BU3yalbHBIC MOTPEOHOCTH MAIUCHTOB U
MIPHUCYIIYIO TNIA3HYI0 aHATOMUIO, TI03BOJISIET IOCTHYb
MPEBOCXOMHBIX PE3yNbTaToB. TeM HE MeHee, YeM
Jlayiblie maraet o(TaabMOJIOTHs, TeM K 00Jee BbI-
COKHM pe3yJIbTaraM JIOJDKeH CTPEMHUTHCS XHUPYPT B
CBOCH OMEpaTUBHON NEATETHLHOCTH, B TOM YHUCIE K
y4eTy, IPOTHO3UPOBAHUIO 1 MHHUMHU3AIIUU BO3MOXK-
HBIX OCJIOKHEHHUM MOCJe MPEeMHUaTbHON XUPYPTUU
xpyctanuka. OTHUM U3 BaKHEHIINX 3aJI0TOB YIOB-
JICTBOPEHHOCTH TMAIUEHTA TOCIIe TaHHOW XUPYPTUU
SIBIISIETCSI OTCYTCTBHE AUC(HOTOIICHH, KOTOPBIE MOTYT
MOSIBIISATLCSL B TpoIIecce Helpoamantanui. MHOTUM
odTampMoIoTaM JI0 CUX TOp HE MPUXOAMIOCH yIie-
JISITH CIUIIKOM MHOTO BPEeMEHH 3a00TaM O HEBPOJIO-
TUYECKOW TIOJIOBHHE 3pHUTENBbHON cucTembl. Hacto-
A 0030p TpezsiaraeT aHajau3 JUTepaTryphl psaa
pa3IUYHBIX aBTOPOB MO TEMATHUKE HEUPOoaIanTalluu
nocie uMminranraruu MOUOJIL.

ens mccnemoBaHust — MPEACTABUTH JTAHHBIE TIO
BOINPOCY BAXHOCTH HEHMpoadanTalnuu y MalueHTOB,
repeHecmnx (HakodIMyIbCU(DUKAIINI0 XPYCTAIHKA C
nmiutagranmeir MOMOJL.

MarepuaJ 1 MeTOAbI

Jlnst BBITIONTHEHHST 0030pa OCYIIECTBICH IMOUCK
HCTOYHHMKOB JIUTEpaTyphl B 6asax PubMed, Scopus,
eLibrary 3a mepuoz ¢ 1990-x romo XX B. o HacTo-
sIIee BpeMs, B KaUeCTBE KJIIOUEBBIX CIIOB HCIOIB30-
BaHbl «HEHPOAJTANTALUIY, «MYIbTH(OKATHHBIC WH-
TPaoKyJIsipHbIC JTUH3bI». [IIUpoTa BpeMEHHBIX PaMOK
MOUCKa OO0YCIIOBIMBAETCS OTHOCHUTEIILHO HEOOIb-
MM KOJIMYECTBOM HAaydyHOrO MarepHalia Io BbIIIe-
yKa3zaHHOU TeMe 0030pa. Beero otrobpano 17 crarei,
KacaroluXxcsl TEeMaTHKH 0030pa.

Pesyabrarnl

MO®UOJI ceromust HCTONB3YIOTCS ISl obectie-
YEeHUs! aJIEKBATHOTO 3PEHUS BIIAJIb U BOJIM3H Yy MaIu-
eHTOB ¢ rnceBnodakueid. OQHAKO Ui JOCTHKCHHS
3TOM 1enu TpeOyeTcsi mpoiecc HeHpoaaanTaiuy,
KOTOPBI B HEKOTOPBIX CIIydasiX MOXKET OBITh He-
YCIICIIHBIM, YTO PUBOAUT K HEYIOBJIETBOPEHHOCTH
MAIMEHTOB U B KOHEYHOM HUTOT'€ B TSKEIIBIX CITydasx
MoxeT rorpeboBars yranenuss MOUOJI. Cornacao
OOHOBIIEHHOMY 0030py AMEpPHUKaHCKOTO 00IIecTBa
KarapakTaabHOW U pedpakinoHHOW Xupypruu / EB-
porelickoro oomecTBa KaTapaKkTaJbHBIX U pedpak-
MOHHBIX XUpypros 2007 r., HanOobIIe TPUINHON
OKCIJIAHTAIlMM WJIM BTOPUYHOTO BMEIIATEILCTBA
nociie MOUOJT sBnsitoTcst OJIMKM M ONTUYECKUE
abeppaunu (68 %). DTo MOATBEP)KAAIOT TaHHBIC
WCTIAaHCKOTO HALMOHAJIBHOTO O(TaIbMOJIOTHYECKO-
r0 MCCIIeIOBaHMsI, KOTOPBIE TAKXKE YKa3bIBAIOT, YTO
HapylLIeHUue Mpouecca HeHpoaganTauuu sBIsSETCS
OCHOBHOM npuurHO skcrutanTanuu MOUOJT ¢ ux
3amenoi Ha MOJI ¢ npyrumu cBoiicTBamu [1].
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Heitpoananramnus omnpenensercss Kak Ipoiiecc
MIPHUCIIOCOONIEHUSI TOJIOBHOTO MO3Ta K BOCTIPUSITHIO
U JH00BIM M3MEHEHUSIM TPUXOJAIIETO K HEMY HEl-
POHHOTO CEHCOPHOTO CHTHaja. Takoe CEHCOpHOE
W3MEHEHUE clenyeT nocie umiuiantauuu MOU-
OJI, mocne ycTaHOBKH KOTOPOH MO3Ty TpeOyercs
BpeMsi, 4TOOBI aIaliTUPOBATHCS K HAJIOXKEHUIO H30-
OpaxeHUI Ha CeTYaTKy U CHUKCHUIO KOHTPACTHOMN
qyBCTBUTENbHOCTU. OJTHAKO €CIM ATOT IMpoliecc He
3aBepIIaeTcs YCIENIHO, y TAallMeHTa pa3BHBaeTCs
pSA HETaTHBHBIX CHMIITOMOB, HApyIIAIONINX €ro
MIPUBBIYHBIN 00pa3 JKU3HM, YTO 00YCIOBIMBAET He-
VIOBJIETBOPEHHOCTh TIOCJE BBICOKOTEXHOJIOTHYHON
xupyprud. CUMITOMBI B TAKUX CIy4asX BKIIOYAIOT
B ce0s CYObEKTHBHOE OIIYIICHHUE TUIOXOTO KauecTBa
3pEHHUsI C COOTBETCTBYIOIINM CHIDKEHHEM OCTPOTHI
3peHusl Wik 0e3 HEro Mocjie HCKIIOYCHHS JIF0OBIX
omunoO0K pedpakiyu Wiu adbeppaluii BBICOKOTO IO~
psaKa, Hamu4Kue Tuc(OTOTCHIA, OTMKOB, OPEeoIIoB [2].
OnTuueckre GeHOMEHBI MOTYT OBITh BPEMEHHBIMHU
WIH TIOCTOSSHHBIMHU, U CTENIeHb MX BBIPAKEHHOCTH
MOYKET BapbHUPOBATh OT YeJOBeKa K yemnoBeky. Kpar-
Kasl XapaKTepPHCTHUKA CAMBIX YaCThIX ONTHYECKUX (he-
HOMCHOB M JKaj00 TAITMECHTOB IMOCJIE UMILUTAHTAINH
MO®OUOJIL:

1. biuku u opeonsl. D10 HAaubOJIEEe pacIpocTpa-
HEHHBIC ONTUYECKUE SBIICHUS, KOTOPHIE BO3HUKAIOT
nociie umrianTanuu MOJI. Oru MOTYT TIPOSIBIISITHCS
B BUJIC SIPKUX KPYTOB BOKPYT MCTOUHUKOB CBETA HITU
WCKQ)KCHUH HM300paKEHHsI, MOTYT OBITh BBI3BaHBI
pa3inuuHBIMU (aKTOpPaMH, BKIIIOUas pasMep U hopmy
NOJI, a Takke cOCTOSTHUE POrOBULIBI.

2. Mumionwms. /[[BoeHre B Ii1a3ax MOYKET BO3HHUK-
HYTh W3-3a HempaBwibHOro monoxerns WOJI wmm
CMEITICHUSI €CTECTBEHHOTO XPYyCTAJIMKa BO BpeMs
oneparyu. JIUmionus MoKeT ObITh BpPEMEHHON HJTH
MMOCTOSIHHOM, B 3aBUCHUMOCTH OT IPHYMHEI €€ BO3-
HUKHOBEHUSI.

3. 3putenbHas aedokycupoBka. CHIDKEHHE YeT-
KOCTH U300pakeHUs Ha Pa3HBIX PACCTOSIHUIX MOXKET
MPOU30UTH M3-3a ocobeHHocTel nu3aitna MOUOJI
WJIM U3MEHEHUI B aHATOMUH TJIa3a MOCIIe OTIePAIIHY.
3putenbHas eOKYCHPOBKA MOXET 3aTpPYIHUTh
YTeHHE, BOXK/IEHUE aBTOMOOWIISI U IPYTHE BUIBI Je-
ATEIHHOCTH.

4. I'aymo. Cetsimmecs KPyrd BOKPYT HCTOUHUKOB
cBeTa, 0COOEHHO HOUBIO, BO3HUKAIOT M3-3a abeppa-
U BBICIIETO MOPSIKA B ONTHYCCKON CHCTEME TJIa3a.
a0 MOXeT yXyaIIUTh HOYHOE 3peHue u Oe3orac-
HOCTb BOXKJICHUSI.

5. I'mocomnarus, ¢uiep, monuonus, MeTaMmopQor-
cusi. DTH peJKUe ONTHYSCKHE UCKAKEHUS MOTYT BbI-
3BIBaTh 00IIIee OIIyIIEHNE PACIUTBIBYATOCTH 3PEHHUS,
MOJTYTIPO3PAavyHOE Pa3MBITHE WIIN Byallb TIepe] Iiia3a-
MU, BOCIIPHSTHE HECKOJIBKUX M300paKeHUH OIHOTO

00BeKTa U UCKaKEHUE (GOPMBI B pa3Mepa 0ObEKTOB
COOTBETCTBEHHO.

MexaHu3MBI HeHpoaganTaIiuy BKIIOYAIOT B CeOs
MEepeCcTPONKY PEleNTUBHBIX MOJIE HEHPOHOB B 3pH-
TENBHOHN KOpe, N3MEHEHNE CHHANITHYECKOW aKTHBHO-
CTH W TUTACTUYHOCTH, HEHpOTeHe3, MUETHHU3AIHIO,
IIpH aKTHBHOM YYacTHH B IPOIEccax NTHAIbHBIX
KJIETOK, aJalTaIfi0 K HOBBIM ONTHYECKUM YCJIOBH-
SIM, KOMTICHCAITMIO BO3MOXKHBIX MCK)KEHHH M300pa-
xenus. K ¢akropam, BIUSIONIMM Ha HelpoajanTta-
IIUI0, MO’KHO OTHECTH BO3pACT MAIeHTa, COCTOSHUE
3pUTENIBHOM CHCTEMBI 10 ONepalyy, TUI U MOJENb
nMmiutantupoBanHoit MOJI, TexHuKy mpoBeneHus
OTIepaLiy, ITOCJICONEPAlMOHHBIN YXO/I U peaduinTa-
LU0, TUIl TEMIIEPAaMEHTa, YPOBEHb WHTEIJIEKTyallb-
HOM akTUBHOCTH. OTHUM M3 BaXKHEHIIINX JIEMEHTOB,
BIMSIOIINX Ha TEYEHHE JAAHHOTO Mpoliecca, SBIseT-
sl HeWPOIUIACTUYHOCTD — MHUBHIyaIbHAS CIIOCO0-
HOCTb MO3Ta KayKJ0ro KOHKPETHOTO YeJIOBEKa pPeop-
TraHU30BHIBaTh CBOM CBA3M B OTBET Ha M3MEHEHHS,
MIOCTyHAIOIINE U3BHE.

[Ipoananu3upoBaTb, U3y4YUTb, BBISIBUTH H3ME-
HEHUS M HaJIWyue HEHpOoaJanTUBHBIX IPOLIECCOB
MOXKHO ¢ momonisto MPT, B Tom umcne QyHKIHO-
HaJbHOH, MO3UTPOHHO-3MUCCUOHHOW TOMorpaduu,
a Taxke smexTposHnedanorpadun. A.M. Rosa et al.
[3], ucnonp3ys pyHkumnonamsHyto MPT mms u3yde-
HUSI MO3TOBBIX KOPPEISATOB TUC(HOTOIICHH, TTOKA3AIIH,
gT0 TIporecc Hepoamantamumun k MOKMOJI HaunHa-
€TCsl 4yepe3 TPpU HENENH NOCIE UX UMIUIAaHTalUuu U
CONPOBOYKJAETCS MOBBIIICHHONW AKTUBHOCTBIO KOp-
KOBBIX 00JIacTe, OTBEHAIONINX 3a BHUMAHHUE W BO-
BJICUCHUE B CIIOKHBIC JCUCTBUS (JIOOHO-TEMEHHBIC
KOHTYPBI), TPOIeTypHOEe O00ydeHUe, KOTHUTHUBHBIN
KOHTpOJb (MOsICHAas Kopa) U IeJIeHANpaBICHHOE
MoBeJeHNe (XBOCTATroe spo). ABTOPBI MHTEpIpe-
TUPOBaNKM Takue IPQPEKThl KaK HadalbHYIO (azy
HelipoananTanuu K mynsrudokaibaeiM MOJL. Xotst
B HCCJIEI0BAaHUU IIPOJAEMOHCTPUPOBAaHO, yT0o MDU-
OJI BbI3BIBAIOT (YHKIHOHAIBHBIE W3MEHEHUS B
KOpe TOJIOBHOTO MO3Ta B ACCOLMATHBHBIX OONACTAX
BBICOKOTO TOPSIJIKA, B 3PUTENLHBIX 00JacTsX He Ha-
omronanock npaMeix 3¢ dexros [3]. Takum obpazom,
BO3MOYKHBIE U3MEHEeHUs, BbI3biBaeMble MO OJI npu
00paboTKe 3pUTEIBHON HHPOPMAIMH, OCTAIOTCS He-
HCCIIEJOBAHHBIMH.

[loTeHuManbHBIM HUCTOYHMKOM HH(POpPMALMU O
BiusiHun M®UOJI Ha 00paboTKy 3pUTEIBHOM WH-
(hopmari B MO3re MOXKET CTaTh aHallu3 3PUTEIb-
HO-BBI3BaHHBIX ToTeHnmanoB (3BII), kortopsrii oco-
OEHHO XOPOIIO MOIXOIUT TSl M3YUCHHUS TUHAMHUKHI
00paboTKH 3pUTENEHON MH(OPMAIIH B 3PUTEIBHBIX
MyTSIX, HOJOCATOM TeJ€ M 3KCTPACTPHAPHBIX 3pH-
TEITBHBIX 00JacTsIX, Kak ycraHoBwiu F. Zeri et al.
[4]. ABTOPBI TIOAPOOHO M3YUMIM MEXaHW3M HEHpPO-
ajlanTaly Ha OCHOBAHWH UCIOJIb30BaHUSI CUCTEMBI
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3BII, cocperoTouMBIINCh HA MOAYJSLIMU XOPOLIO
M3BECTHBIX paHHEe KOMIIOHEHTOB, BO3HHUKAIOIIUX B
MOJIOCATON M HETOJIOCATON M3BWIMHAX 3PUTEIBHBIX
obnacTel 3aThUIOYHOM JOJIU, a TaKXKE B 3aJIHCH Te-
MeHHOHU Jojie. bosnee mo3mHue paboThl TakXke IMO-
Ka3aJli HaJIuuue NpePpOHTAILHOW aKTUBHOCTH B
mpoliecce HelpoananTtanuu. Heckonapko uccienona-
Hui, couetaromux MeTons! 3BI1 n GpyHKIMOHATBHOM
MPT, nokanu3oBaiu 3TU KOMIIOHEHTHI B MepeaHei
OCTpPOBKOBO# jose. Panee 3Ta mcciemoBarenbckas
rpynna ucnois3oBaina 3BII nus npoeepku npouecca
HEUPOHHOM ajlanTalliy, BbI3BAHHOTO MOHO3PEHHUEM.
B wactHocTH, OblTa BBIABHHYTA THUIIOTE3a, YTO HE-
MEJJICHHAsT KOPKOBAasl PEAKIUs HAa MOHOKYIISIPHBIC
MOMEXHU TIPH MOHOBUICHUU U chepHuecKyro abdep-
panmio, BBI3BAHHYIO MYJIbTH(QOKAIBHOW ONTHUKOH,
BBI3BIBACT OJ[HY U TY K€ OOIIYI0 HEMEJICHHYIO KOp-
KOBYIO PEaKIIHIO, KaK CIICJICTBUAE, MOYKHO HAONIOIaTh
obmryto peakiuto Ha MOUOJI u monouaenue. Of-
HaKO M3-32 Pa3lIM4Mii B TPUPOJAE ITUX ONTHYIECKHUX
KOPPEKIUH JTOJKHA BO3HUKAThH crienuduieckas pe-
aKLMsI KOpbl TOJIOBHOTO Mo3ra, nosromy M®UNOJI
JIOJDKHBI  IEMOHCTPHPOBATh JAPYTYIO KapTHHY pe-
3yJABTATOB IEKTPOIHIIEPanorpagun M0 CpaBHEHUIO
C pe3yibTaTaMu IMPU MOHOBUICHWHU. Pe3ymbraTh
paboter F. Zeri et al. sicHo mokazaiu, 4TO MYJIbTHU-
(hokasibHAsI KOPPEKIIUS 3PCHHUSI BBI3bIBACT HEMEJICH-
HbIC KOPKOBBIC U3MEHEHUS B 3PUTEIIBHBIX 00JACTSIX,
a TaKKe U3MEHEHUS aMIUIUTYIbl BCEX paccMaTpuBa-
eMbIx komnonentoB BII. Bnonue BeposiTHO, 4TO 01-
HOBpPEMEHHBIE N300pakeHUs], CO3/IaBAEMble MYJIBTH-
(hoKabHBIM 3pEeHHEM, MOTYT CHHI)KaTh aKTHBHOCTHh
MIePBUYHON 3pUTEILHON 00J1acTH (30HBI bpoamana).

M.A. Goodale et al. ycranoBwmm [5], a mo3xke
M. Corbetta et al. [6] u K.M. Igelstrom et al. [7] mox-
TBEPAWIIN, YTO SI3BIYHASI U3BUJIMHA SIBISICTCS] OHUM
U3 BAXHCUIINX KOMIIOHCHTOB CETH BH3YyalbHOTO
BOCIIPUSITHS, KOTOPBIA CIY>)KUT TEPEKITIOUaTesieM
JUIsl TIEPEOpPUCHTAIIMM BHUMAHUS Ha HOBYIO BHEII-
o0 uHpopMmaruto. L. Zhang et al. [8] mokazamm
teoputo Y. Yang et al. [9] o Tom, uTO amanmranus
JIOPCANBHOTO JIaTePaBHOTO KOJIEHYATOTO TeNa K pe-
[IeTYaThIM CTHEMYJIAaM MOXET OBITh H3MEHEHa MyTeM
aktuBanmu perientopoB GABAA mim GABAB, T.c.
gyto AMK-epruueckoe TOpMOKEHHE OTBEYACT 3a
3pUTEIBHYIO aJlaTaluio. TakuM 00pa3oM, 3pUTellb-
Hasi HeWpoaJanTaius MOKET ObITh TECHO CBSI3aHA C
I'AMK-epruueckuM TOpMOKEHHEM Y MAallUEHTOB I0-
ciie ummuiantarmu MOUOJL. L. Zhang et al. momuep-
KHUBAIOT, YTO CYIIECTBEHHBIM ACIEKTOM [ ycrexa
HelpoananTaluyd B IOCICONEPAMOHHOM MEPHOIE
nocie ummiantauun MOUOJI sBnsercsa npensapu-
TeNbHAs OIIEHKAa aJallTUBHBIX HABBIKOB MAIMECHTA,
€ro CrocoOHOCTH K KOMMYHHKAIlMH, a TaKKe THTa
TeMIepaMeHTa.

OTOOp MAIMEHTOB — 3aJI0T yCIIeXa U ITOJIOKUTEIb-
HBIX PE3yNIbTaToOB MpHU (HaKOAIMYIbCU(DUKALUU XPY-
cranuka ¢ nMmrmanTarueit MOUOJI mpu momxHOM
HaBbIKE XUPYPTHH W TPaMOTHOM pacyeTe WMIUIaH-
THpPyeMO# JTUH3bI. BaxkHo O6ecemoBarh ¢ MaIMeHTOM,
3a/1aBaTh HaBOJSIINE BOMPOCHl M (IIPHUBECTH» €TI0
K CaMOCTOSITCILHOMY TPAaBWJIBHOMY BBIOOPY THITY
NOJI ¢ yueTom Bcex MOKa3zaHWI M MPOTHBOIIOKA3a-
uuit. J{ns nepsuunoro ckpununra T.A. MopozoBa u
coasT. [ 10] BbIIETHIN ICHXOIOTHYECKHE XapaKTepH-
CTHKHU 0TOOpa KauauaatoB Ha MO OJIL: coxpaHHBI#
WHTEJUICKT, OTCYTCTBHE HAPYIICHUN MOBEACHUICCKUX
peaknmii, OTCYTCTBHUE HEpEabHBIX TPEOOBaHHUN U
oxxuanuii. IlanmeHT gomkeH MOHWMAaTh, YTO Ija-
HUpYyeMasi OTIepaIus — 3TO KOMIIPOMUCC, Ha KOTOPBIH
OH COINIaceH, M OBbITh HACTPOCHHBIM PEIIUThH MPO-
Onemy miceBno(aKUIHON TpecOUOoNuu 3a CYeT WH-
TpaoKyJsipHOH koppekiuu. [Ipu pabore ¢ marueH-
TaMH, YbU OKUJAHUS OT JICUCHUS HE COOTBETCTBYIOT
KIMHAYECKUM peaiusiM, WIH TEMOHCTPUPYIOIIUMU
MOBBIIIICHHYIO TPeOOBaTEIBHOCTh, PEKOMEHYETCS
yronyOleHHas TpeBapuTeNbHas Oecena sl MUHH-
MHU3allMd PUCKA TIOCTENyIoIIeld HeyIOBICTBOPEH-
HoCcTH. TriarenbHO cOOpaHHBIN aHaMHeE3, Pa3roBOpP
C MaIMeHTOM C y4eToM ocoOeHHOCTel ero mpodec-
CHOHAJBHON JeATeNbHOCTH, XO00W, yBICUCHHH M
JPYTUX TIOBCEHEBHBIX 3aHATUH TO3BOJIST N30€XKaTh
BITOCJIE/ICTBHH HEIOPa3yMEHUN W HEYIOBIETBOPEH-
HOCTH.

MHorue Xupyprua HMCIOJIb3yIOT B CBOEM mpakx-
THKEe HAACKHBIA OMHOMEpHBIH ompocHWK VF-14 ¢
MTOATBEPKJACHHON BAJMAHOCTRIO IO pe3yJbTaraM
MHorux wucciemoBannii. OH BxirouaeT B cebg 18
BOTIPOCOB, OTPAXKAIOIINX CTETEHb 3aTPyJHEHHS Ta-
[IMCHTA TP BBITTOJIHCHUN PA3TUIHBIX €XKEITHEBHBIX
JICMCTBUI, TAKUX KaK YTCHHE, X0Ab0a MO JIECTHHUIIE,
BOYK/IEHHE aBTOMOOMJIS U T.M., BBI3BAHHOTO B CBSI3U C
COCTOSTHHEM 3pUTEIbHBIX QyHKIMNA. OICHOYHAS 11IKa-
Jna rpagayuposana ot 0 10 4 0aJUTIOB 3a KaxIblli OTBET,
rae 0 0ajioB COOTBETCTBYET OTBETY O HECIOCOOHO-
CTH BBINIOJHSTH JCHCTBHE MO MpUYUHE 3peHus, a 4
0amia — OTCYTCTBUE 3aTPYJAHEHHN MPU BBITOJTHCHUU
neiictBus. [IpoMexyTOUHbIC 3HAYEHUSI COOTBETCTBY-
IOT YMEPCHHBIM ¥ HEOOJbIINM 3aTpyaHeHusM [11].

[Ipobnemsbr amanranuu, cBszanabie ¢ MOUOJI,
MOTYEPKUBAIOT TOT (PAKT, UTO HAIlla 3PUTEIIbHAS CH-
CTEMa COCTOUT M3 JABYX Pa3IUYHBIX KOMIIOHEHTOB:
ONTUYECKON CUCTEMBI, KOTOpas M3MEHSIET CBET [0
TOTO, KaK OH JIOCTHUTAeT CEeTYATKH, U HEBPOJIOTHYE-
CKOHM CHCTeMBI (BKJIFOUasi KaK CeTYaTKy, TaKk U MO3T),
kotopasi oOpabateiBaeT mH(pOpManuio. H. Kaymak
et al. [12] mumyT, 4TO 3pUTENbHAS CUCTEMa TIPOSB-
JISeT 3aMevarebHYI0 TUIACTUYHOCTh Ha YPOBHE Kak
CeTYaTKH, TaK W KOPBI TOJOBHOTO Mo3ra. Hampwu-
Mep, aJanTaIus 3acTaBIseT JIIOACH JIydIlle BHIETh
P WX COOCTBEHHBIX adepparusax 0osee BBICOKO-

42 SIBERIAN SCIENTIFIC MEDICAL JOURNAL 2025; 45 (4): 39-46



Jlee H.B. u op. Ponv netipoadanmayuu 8 Xupypeuu Xpycmaniuxa ¢ UMnianmayuet ...

ro Mopsijika, 4eM MpU SKBUBAJIEHTHOW ONTHUYECKOM
pacdokycupoBke. [Ilpy MOUOJI HeiponHas mia-
CTHYHOCTb, BEPOSITHO, OOBSICHIET HECKOIBKO BEIIEH:
00BIYHO HAOMIOMaeMoe YIyUIIeHHEe KOHTPACTHOM
YYBCTBUTEIHPHOCTH Y€pe3 IIECTh MECAIEB IOCIe
oTiepanuy, JyYIIyl0 KOHTPACTHYIO UYBCTBUTECIh-
HOCTh TpH JBycTopoHHHX M®PUOJI o cpaBHEHHIO
C OTHOCTOPOHHUMH U TIEpPLENTHBHOE 00y4YeHNE TO0-
CJIe OTepalny, KOra OIbIT MPUBOJAUT K JOCTAaTOYHO
CTOMKMM M3MEHEeHUsIM B Boctpuatuu. K nocnenuei
KaTEerOpuH OTHOCSATCSI MPOTPaMMBI, HalpaBICHHBIC
Ha MpeIHaMePEeHHOe YIy4IlIeHUE ONpe/IeIeHHbIX TH-
OB (PYHKIIMOHUPOBAHUS, TAKHE KAK YIPAKHECHUS C
UCTIONIb30BaHUEM IsiTeH ['abopa uim pacro3HaBaHHe
opuentanuu. IlokasaHo, 4to 3peHue ynydmaercsa y
nanuenToB ¢ MOUOJI, koTopsle 3aHUMaroTCs Tep-
HENTUBHBIM OOyYE€HUEM C IOMOIIbI0 TAKOTO poja
BHU3YaJbHBIX 3aJlady. DTO UMEET CMBICH, IOTOMY YTO
KOHTPACTHAsl YyBCTBUTEIBHOCTh 3PUTEIILHON CUCTE-
MBI B LIEJIOM PaBHA Mepeaadye ONTHUUECKOro KOHTpa-
CTa 4epe3 POTOBHIY M XpycTanuk ((QyHKIHs Tiepe-
Jla9¥ MOJIYJISINH), YMHO)KEHHOW Ha KOHTPACTHYIO
YYBCTBHTEIBHOCTh CETYATKH W Mo3ra ((PyHKIUsS
nepeaadn HelpoHHBIX cBsazeil). [lorTomy Korma memno
JIOXOIUT 1O TPEHUPOBKM MO3ra, NPEAO0CTaBICHHE
MO3TY JIOTIONIHUTENBHON WH(pOpMAIM BO BpeMs
MpoIecca BOCCTAHOBIICHUS TIPUBOIUT K 3HAYUTEIb-
HOMY YCWJICHHIO TPOPACTaHHUS HOBBIX ICHIIPUTOB
Y HOBBIX TyTei. Teparusi CTUMYIHUPYET MPOIECCHI
HelpoaJanTaluH.

CrocoOHOCTH IMalMeHTa aJaTHPOBATHCS K MYITh-
TH(OKAITBHOMY 3pPEHHIO 3aBHCHUT OT €r0 BO3pacTa,
TUTACTUYHOCTH MO3Ta, YPOBHS WHTEIJIEKTa, TOTO, Ha-
CKOJIBKO XOPOIIIO pabOTaeT ero CeHCOPHBIN armapar,
OT MOTHUBAIIMH YCTPAHSATh BU3yaJIbHBIE CUMITTOMBI U
J000T0 AOTOTHUTEIHHOTO 00YYEeHHS, TPOBOIUMOTO
xupyprom. Uem Oosblie WHGOPMAIMH MTPEOCTaB-
JSIeTCS MO3TY (HampuMmep, Cepust YIpaKHEHUH s
TPEHUPOBKU 3PCHHUS ), TEM OH JIYUIlIe Pa3INdaeT OIl-
TUYECKHUE XaPAKTEPUCTUKHU TOTO, UTO Ceuac BUIUT
YeJIOBEK, U TeM ObICTpee OOJBIIMHCTBO MAI[UCHTOB
JIOCTUTAIOT YPOBHS KoMdopTa. OIHAKO PsiJT aBTOPOB
OTMEYAET, YTO HEKOTOPhIC JIOAU HE alanTUPYIOTCA
Hukorna. MccnenoBanus mokasaliu, YTO aIJAUKTHB-
HOE MOBEICHUE CBSI3aHO CO MHOTUMU CTUMYJIaMU U3
TeX e 00JIacTel MO3ra, KOTOPhIE MBI HCIOIb3yeM
IpU HEeHpoaJanTaluy K HOBbIM BU3yaJIbHbIM CHUTHA-
JaM; BO3MOXHO, JACPUIUT B ATHX 00JACTIX MOXKET
MPUBECTH KAaK K 3aBUCHMOMY IOBEJEHHUIO, TaK U
K TPYAHOCTSIM B aJIaliTallid K HOBBIM BHU3YaJIbHBIM
ctumynam. Omeir H. Kaymak et al. mogrBepxmaer
3Ty WJICI0: TAlMeHTHI, CKIOHHBIE K Tep(eKIInoHN3-
MY, HCIIBITBIBAIOT OOJbIIE MPOOIEM ¢ afanTanuen K
MYJIBTH(QOKATBHOMY 3peHHIO [12].

Kpowme Toro, Xupypru ¢ 0co00it 0CTOPOKHOCTHIO
MTOIXOMAT K OTIEpaldsIM JIs JIoAel u3 mpodeccui,

TpeOyIOmUX TOBBIIIEHHOTO YpPOBHS BHUMAaHUA,
TaKUX KaK WH)KEHEPHI, KOMITBIOTEPHBIE IPOTPaM-
MHCTBL. CTOUT TaKXe yUHUTHIBaTh, YTO MPOdeccHo-
HaJIbHBIM OTIBIT, CBSI3aHHBIA C MOCTOSHHOW WHTEp-
MpeTanyell CIOKHBIX BU3YAIbHBIX ITAHHBIX, MOXKET
WUTpaTh POJb B TOM, KaK TMAITUEHT QJalTUPYETCS K
BO3MO)XHBIM H3MEHEHUSIM 3PUTEIHLHOTO BOCTIPHSITHS
B IIOCJICOTIEPAIIIOHHOM Tieprozae. MOXKHO BO3Pa3UTh,
YTO 3TO, CKOpPEE, BOMPOC JTUIHOCTH, YEM CITIOCOOHO-
CTH MO3Ta aJIafiTUPOBATHCS, OJTHAKO UCCIICTOBAHNUS B
00JIaCTH TMICUXOJIOTHUH TIOKA3bIBAIOT, YTO TPYAHOCTH C
ajlanTamyei, Kak MpaBmIo, IPUBOAAT K MOSBICHUIO
0osiee PUTHIHBIX, KOMITYJIBCUBHBIX JHUHOCTEH. Ye-
JIOBEK, KOTOPOMY TPYAHO CIPABIATHCS C H3MEHE-
HUSMH, TBITAETCA CO3[aTh MUP, KOTOPBIM OH KOH-
TPOJUPYET; MEHSIS €ro MHUp, Bpad MOJAPHIBACT ITOT
KoHTpoJib. bonee Toro, nmocne ummnanrauun MOU-
OJI usmenenue, K KOTOPOMY MAIIUEHT AOKEH aar-
THUPOBATHCA, YACTUYHO HETaTUBHOE. Y TaKUX JIIOACH
yXyAIIaeTcss BOCIPUATHE H300pakeHus B 0OMEH Ha
MyAbTU(OKATBHOCTh. CTaHAapTHOE TEYEHHUE IPo-
ecca Helipoanantanuu nocie umiuiantauuu MOU-
OJI nmpeanonaraer Kak MUHUMYM 3 Mecsilia AJis 3Ha-
YUTEITHLHOTO YMEHBIICHUs ONTHYECKUX (PEHOMEHOB.
MaxkcuMalbHBINA TO3UTUBHBINA 3(P()EeKT MOKeT OBITh
JMOCTUTHYT uepe3 rof mocie onepanud. H. Kaymak
et al. mzyganu 3¢(eKTUBHOCTH CHENUATBFHONW TPO-
rpaMMBbI 3pHUTEIbHON TpeHHpoBKH (Revital Vision)
JUISl TIOBBIIICHUS TOCJIEONEPAIMOHHON 3pUTEIBHON
MIPOM3BOANTENHFHOCTH 32 CYET YBETHYEHHS CII0CO0-
HOCTH K HelpoananTamuu mocie uMintantanuu MOJI
ReSTOR wu Tecnis 1 1070kuIM 00 yITydIIIEHUHN Kade-
CTBA 3PEHHUS TIOCTIC IPOXOXKICHUS CIIETINATLHON IBYX-
HeJIeNbHOW TPEHUPOBOYHOM mporpaMmsr [12, 13].
M.B. Coco-Martin et al. [14] mokasamu, YTO
BUJICOUTPHI YBEIIMYUBAIOT IUIACTUYHOCTh MO3Ta.
Hampumep, y MONOABIX IIOACH, WUTPAIOIMIUX B BU-
JICOUTPHl B TCUCHHUE JBYX MECSIIEB, HAOIIOMATIOCH
YBEJIIMYCHHUE CEPOTr0 BEIIECTBA B OOJIACTSIX, OTBEYA-
IOIUX 32 TMPOCTPAHCTBEHHYIO HABUTAIUIO, CTpaTe-
CUYECKOEe IUIAHUPOBaHUE, PaO0UYIO MaMsTh U JIBUTA-
TEJNBHYI0 aKTUBHOCTH (TIPaBbI THIIOKAMII, TIpaBas
JlopcosarepainbHas mpeppoHTalIbHAS KOPa U JIBYCTO-
POHHHUII MO3KEYOK COOTBETCTBEHHO). Buaeourpsl
MOJIOKUTENFHO CKA3bIBAIOTCS TAKXKE M HA TOXKHUIBIX
MalUeHTax, OociIalisisi BO3pACTHBIE HApyIICHUS B
HEHUPOHHBIX CHUTHATypaX KOTHHTUBHOTO KOHTPOIIA,
M3MEPSeMOTo C TIOMOIIIBIO AIeKTpo3HIedanorpadhun
(ycunmBancs TeTa-puTM B JIOOHOH W 3aTBUIOYHBIX
JIOJISIX), a TaKXKe YIydlnas YCTOWYMBOE BHUMAaHHE,
pabodyro maMsTh, TIOMOTasi YCHJINTh KOTHUTHBHBIH
KOHTPOJIb W 3pUTEIFHO-IIPOCTPAHCTBEHHBIE HABBIKH,
YTO JTOKa3bIBA€T TSATHHEACTHFHOE BMEIIATENHCTBO C
WCTIONb30BAHUEM KOMIIBIOTEPU3UPOBAHHOTO  Tpe-
auHTa. OCO00TO BHUMAHUS IS TTOXKUJIOW TPYITITHI
MAIMeHTOB 3aCITy’KWBAIOT HMHTEJIEKTYaJIbHO CTH-
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MYJIHPYIOIIHE UTPHI (TOIOBOJIOMKH, CUMYISITOPHI U
ctpareruu). Tak, BUIEOUTPHI C pa3IHYHBIMHA HTPO-
BBIMH CTPATETHSMHU BKIIIOYAIOIINE KOTHUTHUBHBIN
TPEeHUHT, Kak, Hampumep, Brain Age (Nintendo),
komMepueckue wurpbel  Lumosity  (https://www.
lumosity.com), Cogmed (https://www.cogmed.com),
Fit Brains (http://www.fitbrains.com), gocTynHbIe B
TOM 4YHCJIE€ B BHJE NPWIOKEHUH Ui cMapT(hOHOB,
[MOKa3aJIi MHOTOOOEIIAIOIINE Pe3yJbTaThl, BIpaXka-
IOIUECS B YAYUIIEHUN WCTIOTHUTEIBHBIX (DYHKIIHHA,
CKOPOCTH 00pabOTKH WH(pOpPMAITUH, KOHIICHTPAINH
BHUMaHUS Yy JIFOJICH CTaplIero Bo3pacra, a Urpbl-CH-
MYJISITOPBI BOXKJICHHS TTOBBICHIIA MHOT03aJIa4HOCTb,
3pUTEIBHYIO H PA00UYIO AMSITh.

OnHaxo cieayeT MOHUMAaTh, YTO YXY/IILIEHHE 3pe-
Hus y moaei ¢ MOUOJI B 3HaUMTENBHON CTENEHU
CBSI3aHO C HOBBIMH HE(PU3NOJIOTHYECKHUMH CBOM-
cTBaMH (POKYCHPOBKM H300pakeHHs] Ha CeTYarTke,
KOTOpBIC TPeOyIOT pa3paOOTKH HOBBIX CTPATETHi
MOJIaBNICHUsT ¥ (DUIIBTPAIIMK B KOPE TOJIOBHOTO MO3-
ra. CrienoBarenbHO, aHAJW3 MIPOBBIX CTpAaTeruil u
KOTHUTHBHBIX CTUMYJIOB, KOTOPbIE paHee J0Ka3ain
CBOIO A(QQEKTUBHOCTh TPU HAPYIICHHUSX 3PCHHUS,
CBSI3aHHBIX C U3MEHEHUSIMH B KOPE TOJIOBHOTO MO3Ta,
TaKUX Kak aMOJIMOMHS, MOXKET ObITh OCOOCHHO TI0-
JIe3eH ISl ONTHMAIBHOTO MPOEKTUPOBAHUS BHIIEO-
urp 11 3ToH rpynmsl HaceneHus. M.B. Coco-Martin
et al. [14] BBIIEIAIOT O3y TUXONTHIECCKUX TpeE-
HUPOBOK, KOTOPBIE UCTIONB3YIOTCS JUISI JICUCHUSI aM-
OJMONHH, CMBICIT JAHHOW TPEHUPOBKHU 3aKITFOUACTCs
B TMPCABSBICHUA CTUMYJOB C BBICOKUM M HU3KHM
KOHTPAacTOM Ha 37I0POBOM M aMOJMONHMYHOM IvIa3y,
4yToOBI cOanancupoBaTh MHG)OPMALUIO, MOCTYIAI0-
Iy OT 000MX TIa3, U 00eCIIeYUTh OMHOKYISIPHYIO
nHTerpanuo. Kak 3asBIisioT aBTOPBI HCCIEIOBAHNUS,
JMAHHBIA BUJ TPEHUPOBOK YIydIIaeT KOHTPACTHYIO
YYBCTBUTENBHOCTh W MOXKET OBITH HCIIONB30BaH B
TPEHUPOBKAX, BEAYIIMX K YIY4IICHUIO HeWpoaaan-
TaIMH TI0CJIEe XUPYPIHH KaTapaKThl.

Tepanusi, BKIIO4aroas CUTHAIBL JUIS 00y4eHHS
BOCTIPHSITHUIO, TaKXKe MOKa3aja OTIMYHbIE Pe3ysbTa-
Tl y MAalUEHTOB ¢ OJIM30PYKOCTBIO U aMOnuonuei,
U MOXeT ObITh mosne3Ha mamuenram ¢ MOUOJL. B
JAHHBIX TECTAaX W MPIIOKCHUIX HEOOXOAMMO TPH-
HUMAaTh pemnieHns (K MpuMepy, perrars, Ha KaKylo
KHOTIKY Ha)kaTh) B 3aBHUCHMOCTH OT TIpeIbsBIIsic-
Moro narrepHa [‘abopa, npu 3ToM ctumyisl ['abopa
OTJIMYAIOTCSI TI0 KOJIMYECTBY, MPOCTPAHCTBEHHOMY
PAaCIONOKEHUIO, TIIO0ATLHOW U JIOKAaJIbHOW OpHUCH-
TallMM, PACCTOSHHUIO MEXKIY LEIEBHIM U OOKOBBIM
CTUMYJIAMHU, BPEMEHH DKCIIO3HIINU, KOHTPACTHOCTH
U TIPOCTPAHCTBEHHOH dYactore. Takxke BBISBIEHO,
YTO COBMEIIEHHNE AUXONTHYECKOTO 00yUeHHs C Tep-
LIENTUBHBIM MaKCUMHU3HUPYET mnpeumyiiectna. . Ve-

damurthy et al. [15, 16] moxa3anu, 9To Takas crpa-
terus 3 (HeKTUBHA ISl YITyUILIEHUS] OCTPOTHI 3PEHUS
y B3pocibIX ¢ amOmuonwueil. B mpormecce TpeHnHTa
BO3MOYKHO BBITIOJTHEHHE PA3TUYHBIX MaHUIYISALNH,
YCIIOKHSIOIIMX MPOXOXKIACHNE 3aa41, HAIIpUMep, Ha
MPOOTIEPUPOBAHHBIN IV1a3 MOYKHO HAJIOXKHTB MAaTTEPH
l'abopa (ucnonb3yst maty ['abopa), Ans TOro 4ToObI
HCCleyeMblii OBICTPO BBIMOMHSII II€JICHATPaBIICH-
HOE AeicTBHE (K PUMEPY, HAXMMAaJ KHOIIKY) B 3a-
BUCUMOCTH OT €r0 IPOCTPAaHCTBEHHOM OpUEHTALINY.
Uccnenosanus D.P. Pifiero et al. [17] monTBepanimy,
YTO TpEeXHeNIeNbHAas IPOoTrpaMMa 3PUTEIBHON TPEHH-
POBKHM, OCHOBaHHAas Ha HCIOJb30BAHWU MATTEPHOB
[abopa B paHHEM MOCIIEONEPAOHHOM MEPUOAL
nocje JBYCTOPOHHEH HMIUIaHTallMUd TpU(OKab-
HbIX audpakunoHHeix MOJI, MoxkeT OBITH moJie3Ha
JUISL YIyYIIeHUs] KOHTPACTHOM YyBCTBUTEIILHOCTH M
MIPOMEXYTOUHON 3pUTEIbHON (QYHKINH, & TAKXKE JUIs
YMEHBIIEHUSI kaj100, CBA3aHHBIX C HEKOTOPBIMHU 3pU-
TEJIHHBIMU CUMIITOMaMu. Bce 3T u3meHenus cBs3a-
HbI C HEHMPOHAIBHOW aKTUBHOCTBIO, YTO IO3BOJISIET
MIPENOIOKUTh YCKOPEHHE Ipoliecca Helpoajanrta-
LUH.

H. Kaymak et al. [12] u M.B. Coco-Martin et al.
[14] oneHuBanu BIUSHHUE 3PUTEIBLHOW TPEHUPOBKH
Ha OCHOBE KOMIIBIOTEPA TOJIBKO Ha OJUH a3 (IIpH
3aKpBITOM BTOPOM IVIa3e) MALMEHTOB, MEPEHECIINX
JBYCTOPOHHIOIO OIEPALMI0 IO YJAJIECHHIO KaTapak-
1ol ¢ uMmiutanTanueiit MOUOJI (anogu3mupoBaHHBIX
TpakMOHHBIX W OM(OKATBHBIX TUPPAKIHOH-
HBIX). B KauecTBe KOHTPOJIS MCIIONB30BANICA HETpe-
HUPOBAHHBI BTOpPOM miIa3. TpeHupoBka MOPOHOI-
KHUTENbHOCTHI0 30 MHHYT MPOBOAMIIACH B TEUCHHE
6-HeZebHOTO MOCIIEONePaOHHOTO epUoaa U 0c-
HOBBIBaJIaCh Ha KOHLEMLHMH MEPLENTUBHOIO 00yue-
HUS PACIO3HABAHUIO OpUEHTALUH JUHUH. CTUMYIIBI
[IPEABSBISINCH Ha (PUKCUPOBAHHOM PAcCTOSHUU 1 M
oT Habmromarenst Ha 19-TI0WMOBOM KUIKOKPUCTATI-
nugeckoM MoHuTope (paspemenue 1280x1024, ga-
crota 75 I't). ABTOpBI COOOIIIIN O OoJiee OBICTPOM
W 3HAYMTENILHOM YIYYIIEHHH OCTPOTHI M KOHTPACT-
HOW 4yBCTBUTEJIBHOCTH 3pEHHs BOJIHM3H B TPEHUPO-
BaHHBIX IJIa3aX MO CPAaBHEHHIO C KOHTPOJILHBIMH,
CpeiHee yaydlleHHE OPHEHTAaLuH cocTaBuio 44 u
9 % coorBeTrcTBeHHO. JKesaeMblil MOTEHIMAIbHBIN
3¢ ¢dexT Takoro OOydeHUS MOXKET OBITh YIydIleH
npu rediMudukanu npoueaypsl. CoBMeEIIeHUE BU-
3yaJIbHOTO OOy4eHus, 0a3upyeMoro Ha INeplenTuB-
HOM OOyYeHUH M relMu(UKaLuy, SIBISETCS MOTEH-
IUabHON 001aCThIO HCCIIEIOBAHUI, KOTOPask MOKET
CIOCOOCTBOBATH YAYUIICHUIO U 00JIee YIOBICTBOPH-
TEJIbHOMY BHU3YyaJIbHOMY pe3yJbTaTy AJIs Iias, mepe-
HECIIUX OINEPALUIO 110 YJAJICHUIO KaTapaKThl ¢ UM-
maaTarueit MOWOJI [14].
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3akirouenue

VYeneuiHast HelpoajganTtanus HauyMeHTa — 3TO
Ka4eCTBEHHO CJIEIYIOLIUI YPOBEHb B OIEPaTUBHOU
JIESATEILHOCTH XHPYypra, KOTOPBIN MO3BOJISICT MaIl-
€HTaM MONYYUTh MAaKCUMyM OT XUPYPTrUU XpycCTa-
muka. HelipoamanTarust 00yciOBICHA CIIOKHBIMU
HEHPOHAJIBHBIMU IPOLECCAMH B TOJIOBHOM MO3I€ U
3aBUCHT OT psifia $pakTopoB U Kputepuen. [lcuxomo-
TUYECKHE 0COOCHHOCTH YeJIOBEKa BIMSIOT Ha HEUPO-
IJIACTUYHOCTD U HAPSIMYIO CBSA3AHBI C IPOXOXKICHH-
eM Helipoananranud. [lepBUYHBII 0OTOOP MAIEHTOB,
KaueCTBCHHASI XUPYPTHS, 3PUTCIbHBIC BH3YyaJbHBIC
TPEHUPOBKHU CIIOCOOHBI €€ YCKOPUTh. |11 BBIsIBIIC-
HUsA KauauaaTtoB Ha uMiuiadTtamuio MAOUWOJI Heob-
XOJIUMBI Oecelia C MalUEeHTOM, HCIIOJIb30BAHHUE CY-
HIECTBYIOIINX OMPOCHUKOB, a TAKXKE, B TalIbHEUIIIEM,
WCIOJIh30BAHUE CIEIU(PUIESCKOTO TICHXOJIOTUYESCKO-
TO ONMPOCHHKA, CIIOCOOHOTO CIIPOTHO3HPOBATH YCIIEX
WM HEeyCcIeX HelpoaJanTaluuu Kaxa0ro KOHKPETHO-
r0 TanueHTa Mnpy (PakodIMyIbCUPUKAINHA XPYCTATH-
ka ¢ umruianranueit MOUOJL.
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CoBpeMeHHOE COCTOSTHUE MPOOJIEeMbI TUATHOCTUKH
KAPAUOBACKY/JISIPHOW ABTOHOMHOI HeMPONaTu B KJIMHUYECKOU
NnpaKTuKe (0030p JUTEPATYPbI)

E.A. IIsixtyHoBa, A.A. 3on10tapes, C.U. Kcenena, O.1O0. Tpudonosa, B.B. Yayr

HUU ¢papmaronozuu u pecenepamusnoti meouyunvt um. E.J[. Tonvobepea
Tomcko20 HAYUOHANLHORO UCCIE008AMENLCKO20 MEOUYUHCK020 yYenmpa PAH
634028, 2. Tomck, np. Jlenuna, 3

Pe3rome

Lenpto HacTosAmIero o03opa sBIAETCS MPEICTABICHHE COBPEMEHHOTO COCTOSHMS MPOOIEMbl AMArHOCTHKH Kapano-
BacKyJIspHOH aBToHOMHOI Helponatun (KAH), onpeneneHue npeuMyIiecTs U HEJOCTATKOB UCIOJIb3YEMbIX METOUK,
JIEMOHCTpAIMs BO3MOXHOCTH BHEPEHHS JIETKO BOCIPONU3BOAMMOTO METO/IA, OCHOBAHHOTO Ha OTPEICIICHNHN BapHa0eb-
HOCTH puTMa cepaua. Marepuaa u metoasl. st ananusza otobpansl 3apyoexnsie crarbit 2020-2024 rr. ¢ ucnosns-
30BaHMEM KIIOUEBBIX cJIOB «cardiac autonomic neuropathy», «diagnosis» n «study» B mouckoBeIX cuctemax Google
Scholar, PubMed, Springer. Cpeu HaiiiecHHBIX MaTEPHAIOB 30HOH MHTEpPECa MPEACTABIISUIMCH PA0OTHI, OIMCHIBAOIIUC
KIMHAYECKUE WCCICAOBAHMA 0 W3ydaeMOi maTonornu. Pe3yabrarsl U ux odcy:kaenue. B nactosmee Bpems KAH
PelKO AMAarHOCTUPYETCs B KIMHUYECKOW MpaKTHKe, HECMOTPs HA €€ BayKHOE MPOTHOCTHYECKOe 3HaueHue. B mpoana-
JIM3UPOBaHHBIX padoTax nuarnoctuka KAH npoBoamiack B CBSI3M ¢ HAyYHBIM, a HE KIMHUIECKUM HHTEPECOM, @ METO-
JIbl IMarHOCTHKK pa3Ho00pasHbl. [Ipr3HaHHbIE «30JI0THIM CTAHIAPTOM) KapHOBACKYIISPHBIC TECTHI SBIISIOTCS TPYIHO
BOCIIPOM3BOIMMBIMHU B KPYITHBIX MacIuTa0ax M y MalueHTOB ¢ MHOXKECTBEHHOH naroioruei. 3akaodenne. [Ipodieme
KAH B npaxtudeckoil MeuIHE HE yAeIsIeTCs 1OKHOTO BHUMAHUS B CBSA3U C OTCYTCTBUEM €IMHOTO JIETKO BOCIIPOU3-
BOAMMOTO THarHOCTHIECKOTO cTaHaapTa. CHeKTpaabHbINH aHaIn3 BapuaOeIbHOCTH CEPACYHOTO PUTMa ¢ OPTOCTaTHYe-
CKUM TECTOM MPE/CTaBIAETCS NEPCHEKTUBHBIM METOAOM JAUArHOCTHKH 3TOTO MATOJOTHUECKOrO COCTOSHUS C BO3MOXK-
HOCTBIO OTIPEZICTICHUS TSHDKECTH COCTOSIHUSI M OTBETA Ha JICUCHHE.

Ki1ro4eBble c10Ba: KapIHOBacKyJsIpHAs aBTOHOMHasI HEHpOmaTysi, TMarHOCTHKA, KapAHOBACKYIIIPHBIE TECTHI, Ba-
pHadeNnbHOCTh CEPACYHOIO PUTMA.

Kondunkr nnrepecos. B.B. Yiyt siBisiercss wieHOM peJakIMOHHOMN Kojuiernu kypHaina «CHOMPCKUN HaydHBIN
MEIUIMHCKAHN KypHa». OcTallbHbIE aBTOPBI CTaThH 3asBISIOT 00 OTCYTCTBHHU SIBHBIX M MOTEHIMATBHBIX KOH(IUKTOB
HUHTEPECOB, CBSI3aHHBIX C COJEPKAHNEM HACTOSILEH CTaTbH.

®unancupoBanue. CTaTes MIOATOTOBICHA B paMKax rocyaapctBenHoro 3ananmst Ne HUIOKTP FGWM-2023-0005.
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HOE COCTOSIHHE TIPOOJIEMBI IMArHOCTHKH KapAMOBACKYJISIPHOI aBTOHOMHOM HEHponaTiy B KIMHUYECKOH MpakTHKe (00-
30p Jutepatrypsl). Cub. nayu. meo. xc. 2025;45(4):47-57. doi: 10.18699/SSMJ20250405

Current state of the problem of diagnosing cardiovascular autonomic
neuropathy in the clinical practice (literature review)

E.A. Pykhtunova, A.A. Zolotarev, S.I. Kseneva, O.Yu. Trifonova, V.V. Udut

Research Institute of Pharmacology and Regenerative Medicine named after E.D. Goldberg
Tomsk National Research Medical Center of the RAS
634028, Tomsk, Lenina ave., 3

Abstract

This literature review demonstrates the current state of the problem of diagnosing cardiovascular autonomic neuropathy
(CAN), the advantages and disadvantages of the techniques used, and the possibility of introducing an easily reproducible
method. Material and methods. English-language articles from 2020-2024 using the keywords “cardiac autonomic
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LR N1

neuropathy”, “diagnosis” and “study” in Google Scholar, PubMed, Springer search engines were selected for analysis.
Among the materials found, the area of interest was the works describing clinical studies on the pathology under study.
Results and discussion. Currently, CAN is rarely diagnosed in clinical practice, despite its prognostic significance.
In the analyzed works, CAN diagnosis was performed due to scientific rather than clinical interest, and the diagnostic
methods themselves are heterogeneous. Recognized “gold standard” cardiovascular tests are difficult to reproduce on a
large scale and in patients with multiple pathologies. Conclusions. The problem of CAN is not given due attention in
practical medicine connectedly the lack of a single easily reproducible diagnostic standard. Spectral analysis of heart
rate variability with orthostatic test seems to be a promising method of CAN diagnosis with the possibility to determine
the severity of the condition and response to treatment.

Key words: cardiovascular autonomic neuropathy, diagnostics, cardiovascular reflex tests, heart rate variability.
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BBenenue

Bo BceM mupe oTMedaeTcs HEYKJIOHHBIM pOCT
pacnpocTpaHeHHOCTH caxapHoro muabera (CJ) 2
tuna (CJ1-2) u merabonuueckoro cunapoma (MC).
[To nanubIM MexkTyHapoHOM uadbeTnueckoit dene-
parmu (IDF), ma 2021 1. 536,6 MiIH 4elloBEK B MHpE
(10,5 % B3pocnoro Hacenenus) crpagator Cl-2, a
K 2045 . on Oyner ompenenaTses y KaxJaoro 8-ro
xKuTens 1aHeTbl. OKuaaeMblii poCT pacmpocTpa-
HenHoctu C/I-2 coctaBur 16 % [1]. K 2035 . npo-
THO3UPYETCSl YBEIUYCHHE DPACTIPOCTPAHCHHOCTU U
npeaarnadeTHISCKUX COCTOSIHUM, B ToM uuciie MC,
1o 471 miuH yenosek B mupe [2]. B cBsi3u ¢ maciTa-
oom nmangemunt MC u CJI-2 akTyanibHa TUArHOCTUKA
HE TOJBKO JAHHBIX MATOJIOTHUECKUX COCTOSHUM, HO
1 WX OCIIOXKHEHWHU, CPEer KOTOPBIX OJHWM W3 HaW-
Ooiee KU3HEYTPOXKAIOIINX SIBISETCS KapIUOBACKY-
nspHas aBToHOMHas Helponarus (KAH) — maromo-
THYECKOE COCTOSIHUE, O0YCIIOBIEHHOE HapyIICHUEM
pPEeryIsIuN  CepACYHO-COCYANCTON NI TEIIbHOCTH
BCIIEACTBUE TOBPEKACHUS BOJOKOH aBTOHOMHOM
HepsHoii cuctembl (AHC). B nacrosmee Bpemsa KAH
PENKo TMarHOCTHPYETCS BBULy OTCYTCTBHUS AOCTYTI-
HBIX JIETKO BOCHPOU3BOJUMBIX PYTHHHBIX METOIOB
oOcnenoBanusi. Pacnpoctpanennocts KAH cpemn
o6onbHBIX C/]-2 coctaBmsieT ot 20 10 36 %, HO, 1O He-
KOTOPBIM JaHHBIM, MOKET Hocturatb 90 % B cBs3U C
pa3IUuMEeM HCIIONb3yeMbIX METOJIOB 0OCIICIOBAHHMS.
KAH gare BcTpedaeTcs y HaliieHTOB CTapIIero BO3-
pacra u ¢ 6onpiei npoxospkuTenbHoCcThI0 CJI-2 [3].

[TepBonauansHO cunutanock, uto KAH sBnsercs
ocnoxkHeHreM Toibko C/1, onHako B mocienHee Bpe-
M HaKaruIMBaeTCs BCe OOMbIe JAHHBIX, YKa3bIBAIO-

IIMX Ha PAaCIPOCTPAHEHHOCTH JIAHHOTO MaTOJIOTHYe-
CKOTO cocTosTHUS cpean Jroneit ¢ MC u oxxupeHneM
[4], B CBS3U C ueM BO3pacTaeT MOMYISLUS JIULI, HYXK-
JAIOIIUXCS B CKPUHWUHTE aBTOHOMHOH JTUCPETYIISALINN
CEpJICUYHO-COCYUCTON cuctembl. B Teyenun 3abo-
JICBaHUSI BBIJICISFOT HAYANBHYIO (JIOKIMHUYECKYIO)
CTAIUIO M CTAIUIO0 KIMHUYECKUX MposBieHUuu. Jlo-
KJIMHUYECKas CTajusl MPOSABISAETCS CHU)KEHHEM Ba-
puabensHocTH putMa cepana (BCP), cyObexTHBHO
MalMEeHT HE OTMeYaeT JAaHHBIX M3MeHeHui. K kiu-
HuyeckuM nposisiieHussM KAH oTtHocsATCs cHUXKeHME
MEPEHOCUMOCTH (PU3UIECKHIX HArPy30K, TAXUKAPIUS
MTOKOSI, CHHJIPOM TIOCTYPaJIbHOW TaxXUKapIHH, OpTO-
CTaTn4ecKkasl TUMOTECH3US U «HEeMas» WIIEeMHUS MU-
okapna [5]. KAH accouuupyercst ¢ HOBBILICHHBIM
PUCKOM Ppa3BUTHS CEPIEYHO-COCYIUCTBIX OCIOXK-
HEHUHU, B TOM YHUCIE KU3HEYTPOXKAIOIINX apUTMUH,
CepIICYHON HEAOCTATOYHOCTH U CMEPTH [6].

3a KIMHUYECKMMHU TPOSIBIEHUSIMH CKPBIBAETCS
cnoxkuelii marorene3 KAH, B ocHoBe kotoporo e-
xuT auddy3HOE MOopakeHHe HEPBOB, NPUBOASIICE
K HapymeHuo (QyHKIMOHAJIHLHOTO OalaHca MEXITy
CHMIIaTUYECKON M MapacuMIIaTUYeCKOW WHHEpBAIH-
el cepaia. YcTaHOBIIEHO, uTo B pa3Butun KAH Bax-
HYIO POJIb HTPAOT THIIEPTIITUKEMUS U JUCITUITHIEMUS
[7]. IomaBisromiee OOJBITMHCTBO HCCIIeIOBaTEICH
T0JIaraloT, YTO B PaMKax CIOKHBIX B3aUMOACUCTBUIMA
MMEHHO THUICPIIIMKEMUS SIBISIETCS ITyCKOBBIM 3Be-
HOM JIAaHHOTO TaTOJIOTHYECKOTo cocTossHus [8]. OHa
3alyCcKaeT paccTpOiicTBA MHUKPOLUPKYIAIUH, TIO-
JIUOJIOBBIM MyTh YTWJIM3AIMU TIIFOKO3BI, HE(PEepMeH-
TaTUBHOE TIIMKO3WJINPOBAaHUE OEJKOB, yBEIWYCHHE
MIPOM3BONCTBA aKTHBHBIX (hopMm kmcmopoma (ADK)
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C YCHUJIEHHEM OKHCIUTEIBHOTO CTpecca U TKaHEBOU
TUTIOKCHEH, peakuy MOBPeXAeHus (PUCYHOK) [9,
10].

JloronHuTeNnbHasA poib B MATOTEHE3E OTBOANUTCS
JUCIIAITUACMHAN: TIOBBIIICHUE COACPIKaHUS TPHALIUII-
IIMLEPUIOB IPUBOIUT K YBEIHMUCHHIO 0Opa30BaHUS
HEe3TepU(UIMPOBAHHBIX JKUPHBIX KHCIIOT, KOTOpHIC
MeTabOoIM3UPYIOTCS TTyTeM OeTa-OKHCICHHS, TPHBO-
Tl K TUTIEPTIPOAYKIIUHU alleTUII-KO3H3UMa A C Tociie-
JTYIOIUM IPEBPAIICHUEM €ro B TOKCHYHBIN alluil-
KapHUTHH, KOTODPBIM CIIOCOOCTBYET JereHepanuu
HEPBHOT'O BOJIOKHA. JIMIONIPOTEN bl HU3KOH IJIOTHO-
CTH OKHCIsIIOTCSl ¢ oOpazoBanuem ADK, npusozas k
METa0OIMYECKOMY M OKMCIUTEIbHOMY cTpeccy [11,
12].

CrencTBrueM Kackasa CIIOKHBIX OMOXMMUYECKUX
MIPOLIECCOB SABISETCS MOCTENIEHHOE pa3BUTHE Kap-
TUHBI 3a0oneBaHus. CaMbIM PaHHUM CHMITOMOM
noxknuanueckor cragun KAH saBisercs cHmkeHune
BCP, o0ycnoBneHHOE aBTOHOMHOM TUCPETYISALUEH
BCJIEJICTBHE HCCEMUHUPOBAHHON HEHWPOHAIBbHON
JIeTeHEPalid MaJlbIX BOJIOKOH CHMIIATHYECKOH W
IapacUMIaTHYECKO HEPBHOM cucTeMbl. B niepByro
ouepenb yrHeTaercs BarycHoe BiusHue. Ilocrenen-
HO CHIDKAaeTcss 4yBCTBUTENIBHOCTH Oapopeduiekca,
YTO TPUBOIUT K TOSIBICHUIO KIMHUYECKUX MPU3HA-
koB. KimHuueckass crajust cHadajga MpOSBIAETCS
CHUMIITOMaMH IpeoOIailaHus CUMITATHYECKON aKTHB-
HOCTH B BHJIE CHIKEHHUS TOJIEPAHTHOCTHU K (u3Hue-
CKHM Harpy3kam 1 Taxukapuu nokos. [lpu mporpec-
CHpPOBaHUH 3a00JI€BaHHS MPOMCXOAUT OciallieHHue
CUMIIATUYECKON HMHHEPBAIMH, 4YTO TPOSBIAETCS
OTCYTCTBHEM HM3MEHEHHS YacTOThl CEp/IeYHBIX CO-
kpamennii (HCC) naxke B OTBET Ha 3HAYMTEIBHBIC

CTpeccoBble cTUMYJIBL. Jlanmeko 3amenmuil mpouecc
CUMIIATUYECKON HETOCTaTOYHOCTH YCYTIyOmsieTcst
opTocTaTudeckoi rumorensueit [13].

[ToBpexneHre HEPBHBIX BOJOKOH MOXET OBITh
yacTuaHO oOparumo, eciiu KAH BeIsiBisieTcst Ha paH-
HUX CTaJIUAX, UTO JIeJIaeT aKTyaIbHbIM CKPUHMHT Ta-
LMeHTOB rpynnsl pucka [14]. Ilo aToi npuunze 1e-
JIbE0 0030pa CTall aHAIN3 TUTEPATYPHBIX HCTOYHUKOB
JUIsL OLICHKH COBPEMEHHOTO COCTOSIHHS MPOOJIEMBI B
OTHOLIEHUH MeTONI0B AuarHoctuku KAH B MupoBoii
KIIMHUYECKOH npaktuke. C onopoil Ha MOJyYEHHBIE
JTaHHBIE TIPOJIEMOHCTPHUPOBAHBI IIPEUMYIIIECTBA CIIO-
coba panneit mnarHoctukd KAH y mammeHToB ¢ ap-
TEepUATBHON THIICPTEH3NEH 1 META0OTMICCKUMU Ha-
pymenusivu [15].

MarepuaJ u MeTOAbI

Jnst aHanm3a oToOpaHbl CTaTbU OTKPBITOIO JI0-
cryna 2020-2024 rr. ¢ UCMOJIB30BAHUEM KIIFOUEBBIX
cioB «cardiac autonomic neuropathy», «diagnosis»
n «study» B momckoBeix cucremax Google Scholar,
PubMed, Springer. OcHOBHOW 30HOW WHTEpeca BHI-
nenenbl Meronbl auarHoctuku KAH B pasznuunbix
KIIMHUYECKUX UCCIIE0BAHUSX, TOTIOHUTEIBHO MPO-
BE/ICHO O3HAKOMJIEHHUE C MOJYYEHHBIMH pe3yJbTara-
MM HccienoBanuit [16].

Pe3yabTarbl

30510TBIM cTaHaapToM auarHoctuku KAH sB-
JSIIOTCSL  KapAMOBACKYIApHbIE pe(IeKTopHbIE Te-
cthl (cardiovascular autonomic reflex tests, CART)
Ewing [17]. MccnenoBanne BKiIIO4aeT B ceds nBa
CHUMIIaTHYCCKUX (peaK]_[I/ISI aApTCPUAJIBHOIO JaBJICHUA

I'uneprimkemust

PaccrpoiicTBa MUKPOLMPKYJIALMU

Y

He Q)epMeHTaTI/IBHOB TJIMKO3WJIMPOBAHUEC OeNIKOB
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Vcunenue OKUCIUTEILHOTO cTpecca
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.

Peakuun moBpexxaeHus

JuddysHoe mopaxkeHne HEPBOB
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MEXy CUMIIATHYECKOM U MapacuMIIaTH4eCcKon
HMHHepBaluei cepana
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Generalized scheme of pathogenesis of initiation of cardiac autonomic neuropathy development
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Ha OPTOCTaTUYECKYIO MPOOY M M30METPUUECKYIO JTH-
HaMOMETPHIO) U TPH IMapacCUMITaTHIECKUX TecTa (pe-
akius YCC Ha oprocTaTHUecKyro Mpoly, mTyOoKoe
IeIxaHne 1 MaHeBp Bambcanbsl). [Ipenmonaraercs
TPEXKpaTHOE TIOBTOPEHHE KaXKJIOTO TECTa C BBIYHC-
JneHneM cpenHero 3HadeHws. OleHKa pe3ylbTara
MIPOM3BOANTCS 10 2-0ammbHoi cucteme: 0 — HOpMa,
1 — nmorpanuuHbli pe3ynsrar, 2 — naronorus. Kpu-
tepueM KAH cuuTaror matonoruueckue pe3yabTarhbl
JBYX W OOJiee TECTOB MM CyMMY OallJIOB aBTOHOM-
HOH Heilponatuu > 4.

K negocrarkam nmpumenenust CART otHocsTcs
BEPOSATHOCTD IMOYYEHHs IIOTPAaHIUYHOTO PE3yIIbTara,
CJIOKHBIA TIPOIIECC TPOIETYPhI HCCICIOBAHUS, BbI-
COKast IOTPEOHOCTh B COTPYIHUYECTBE C TTAIIUEHTOM,
a TaKKe 3HAUUTEJIbHbIC BpeMEHHbIC 3aTpatrbl [18].
Ilepeuncnennsie cnoxxknoctu auarHoctuku KAH c
nomoupto CART 3aTpynHSIOT OLEHKY MpOrpeccu-
pOBaHUS TaHHOTO 3200JIEBaHUS U OTBETA HA BO3MOXK-
Hyto Tepanuto. K ToMy e oTMedaeTcs, 4YTo Berera-
TUBHBIE CUMIITOMBI HE SIBJISIFOTCS 4yBCTBUTEIHLHBIMU
nHaankaropamu KAH, a xiuHHYecKre TPOSBICHUS
O0OBIYHO BO3HHUKAIOT TIO3THO M HecneruduuHs [19].
[To »TOl MpruMHE BeeTCs IIOUCK HOBBIX TUArHOCTH-
YeCKUX METOIWK. B Hacrosmiee BpeMs cuuTaercs,
yT0 B nonojHenue K CART wiu caMOoCTOSTEIBHO IS
muarHoctukn KAH moxker ObITh TpoBe/eH aHaIu3
BCP, nokazaBmmii B HCCIIEOBAHUSAX XOPOIINE pe-
3yABTATHI JaXKe 10 YIBTPAKOPOTKUM 10-CeKyHTHBIM
3armcsM anekTpokapauorpamMmel (OKI) [20]. Paoom
uccnenosareneid BCP npusHana He3aBUCUMBIM Me-
tonoMm auarnoctuku KAH [21]. {ns moHuTopuHra
TSOKECTH BETETATUBHBIX PACCTPONCTB W OTCIECHKH-
BaHUs OTBETA HA JIEYCHUE TPEIaraeTcsi UCTIOIb30-
BaThb BaJuAupoBaHHbIM onpocHuk COMPASS-31,
Tak Kak nousaraiot, yto KAH xoppenupyert ¢ npyru-
MU aBTOHOMHBIMU Heiponatusimu [22]. Takxke st
JMArHOCTHKH Tspkenon craann KAH morma 0b1 ipu-
MEHSTBCSl MMO3UTPOHHO-OMHUCCHOHHAST TOMOTpadus
¢ 'Pl-merailonOCH3UATYaHUINHOM, TO3BOJISIOIIAS
BBISIBIISITh CUMIIATUYECKYIO ACHEPBALIMI0 MUOKap/a,
OJTHAKO TAHHBIM METOJl COMPSKEH CO 3HAYUTEIIbHBI-
MU (PMHAHCOBBIMH 3aTpaTaMu M paJHallMOHHON Ha-
Py3KOil.

Huwxe npencraBiaeHbl HEKOTOPBIE PE3YIbTATHI
MPOAHANU3UPOBAHHBIX HMCCICAOBAHUNA C AKIIEHTOM
Ha MeTosl quarHoctuku KAH.

Juarnoctuxka KAH ¢ ucnoas3oBanuem
KJIACCHYECKOro Ha0opa KapAMOBaCKYISIPHBIX
peduiexTopHbIX TecToB 110 Ewing

B uccnemosanmu S. Wadhera et al. [23] uzyda-
JUCh BO3pacT W TpomomkutensbHocTh CJHI-2, pac-
npoctpaneHHocth KAH B rpynmnax mnaiueHTOB ¢
nradeTnyeckoil cromoi u 0e3 Hee. IlokazaHo, 4TO
y MaMeHToB ¢ nuadeTmaeckoi cromoit KAH BhIsB-

nsnack vamle. MIHTEpecHO, 94To OOJbIlle TOJTOBHUHBI
MAIMeHTOB 0€3 OCIIOKHEHUH CO CTOPOHBI CTOT TaK-
ke nmenu KAH, 9To yka3eiBaeT Ha HEOOXOAMMOCTD
pyTHHHOTO 0OcnenoBanus Ha Hammuue KAH y mui
¢ CA-2. Hannble, MONyYCHHBIC NMPU W3YICHUH ac-
conmaruii KAH ¢ Bo3MOXxHBIME (pakTOpaMu pucKa
cpenu 60ompHBIX C/I-2, CBHIETENHCTBYIOT O BBICO-
koit pacmpoctpanennoctd KAH (71,60 %) cpenm
MalUEeHTOB ¢ oxupeHuem [24]. IlarueHTs! ¢ TsKe-
soii popmoit KAH umenu Gosiee miioxoi MIUKEMHU-
YeCcKUi KOHTposib. OTYACTH aBTOPBI ATO CBSI3BIBAIU
C COIMAJIbHO-9KOHOMHUYECKUM CTaTyCOM MHaIleHTOB
B CHJIY HU3KOTO YPOBHS IPUBEPKEHHOCTH K ITPHUEMY
JIEKapCcTB W3-32 (MHAHCOBBIX TpygHOcTei. OnHaKo
MOJTyYEHHbIE TaHHBIE O B3aMOCBA3H CTENEHM TSKe-
cti KAH ¢ BbIpaXeHHOCTBIO O’KUPEHUS TTO3BOJINIIH
aBTOpaM CJIeNaTh BBIBOJ, YTO KOHTPOJb MacChl Tena
Y YPOBHS INIMKEMHUHU MOTYT OBITh KITFOUEBBIMU TOUKA-
MU BO3JCHCTBUS JUISI CHIDKCHHS 3a00J1€BaeMOCTH H
nporpeccupoBanus KAH.

A. Jeyaseeli et al. [25] cpaBHHBanIM MeTabonn4e-
cKkMe mokaszartenu nanueHTtoB ¢ CI-2 npu Hamuuuu
u orcyrctBun KAH; conepkaHue MIMKUPOBAHHOTO
reMOnIOOMHA, TIIFOKO3bl W TPHUIIHUIEPUAOB TLTa3Mbl
KpOBH HATOIIAK, TPHUIIHIICPUA-TITFOKO3HBIN HHIIEKC
(In (conepxanne TpurmmiepuaoB (Mr/100 mir) X co-
nepxanne roko3bl (Mr/100 mi)/2), UMT u oxpyx-
HOCTH TaJIWU y TIEPBBIX OBLIM 3HAYUTEIHHO OOIBIIIE.
ABTOpaMH czefaH BBIBOJ, YTO TPHUTIHIEPHUI-TIIO-
KO3HBIH WHAEKC MOXKET OBITh MCTIONB30BaH IS TIPO-
THO3UpPOBaHUs BO3HUKHOBeHUs KAH y mammeHToB ¢
CJI-2. B pabore [26] mponeMOHCTpHUPOBaHAa BBICOKASI
pacmpoctpanenHocts KAH mpu mHamuuum s3B nua-
OeTHYECKOH CTOTBI. AMITYyTaIUsl 1 CMEPTHOCTh OBbLITH
OJIMHAKOBBIMHU B rpymmnax ydacTHHKOB ¢ KAH u 6e3
Hee. Ilpu MHOrOBapHaHTHOM aHajM3€ KOHKYPHUPY-
romux puckoB Hanmmuue KAH accommmpoBanoch ¢
YBEIMUCHHEM BPEMEHH 3aKUBIICHHS S3B IUa0eTHUe-
CKOM cTOTIBI B 2 pasa.

Z.A. Sayiner et al. ycTaHOBUJIH, 4TO Y OOJIBHBIX
CH-2 gactoTa BCTpPEUaeMOCTH IK30KPUHHOUN HENo-
CTaTOYHOCTHU TOJKEITYOUYHON KeJe3bl COCTABISAET
65,5 % [27]. BbisBlIeHa CTaTUCTUYECKW 3HAYMMas
KOpPpeJISILUS MEXy CTeleHblo BeipaxkeHHocTH KAH
1 YPOBHEM ITaHKpEaTHYECKOH sracTasbl-1 B Kajie Kak
Mapkepa 3K30KpUHHOW HEAOCTAaTOUHOCTH IMOKEIY-
JOYHOH skene3wl. [Ipenmonaraercs, 4To HapylIeHUE
CEKpeIMH YK30KPHHHBIX TOPMOHOB B ITO/[KEITYI0U-
HOW jkere3e, BBI3BAHHOE YXYIIICHHEM JHTEpOIIaH-
KpeaTHyecKkux peiIeKcoB, BTOPUYHO MO OTHOIIIE-
HUIO K aBTOHOMHOU mucyHKInU. B rccnenoBannmy,
npoBerieHHOM A.M. Adebiyi et al. [28], onpenemnsinmn
yacToTy BecrpeuaeMoctu KAH y B3pocnbix mroneit ¢
SMUIICTICHEH, TaK KaK M3BECTHO, YTO BEreTaTHBHBIE
MPOSIBIICHUST YacTO COTPOBOXKIAIOT T€HEPaTN30BaH-
HbIE TOHUKO-KIOHMYECKHE W MapIHabHbIe TIPUTIaJI-
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ku. Obnapyxkeno, uto KAH B 52 % ciryuaeB BcTpe-
YaeTcs y B3POCIBIX JIFOJIEH ¢ dIHIIETICHEeH, Hanboee
4acTo MpH UIMTENBHO CyLIecTBYIOUeH u pedpax-
TEPHOW K MEANKAMEHTO3HOMY JICUCHHIO SIHJICTICHU.
ABTOpaMH ClieaH BbIBOJ, YTO PYTUHHBIH CKPUHUHT
3THUX MALUEHTOB MOT Obl IOMOYb B PAHHEM BbISIBIIC-
HUM aBTOHOMHOM quc(yHKunu.

C.N. Nganou-Gnindjio et al. [29] ommcanu Te-
yenue KAH B rpynmne mMojonpix KaMEpyHCKHX Ia-
muenToB ¢ CJI-1. KAH onpenensimace y 96,7 % 00-
CJICZIOBAaHHBIX, OJHAKO B OOJIBIIMHCTBE CIy4acB HE
nmocturana Tspkenoi cramuu (1,7 % ciaydaeB). Han-
Oosiee 4acTBIMM KIMHUYECKUMH IPU3HAKAMU ObUIN
HENePEeHOCUMOCTb (U3MUECKON HArpy3ku M Taxu-
Kapaus 1okos. JlaHHbIE CHUMITOMBI IIPUCYTCTBOBA-
m 'y 20 % uccnenyeMbIX. ABTOpBI aKLIEHTUPOBAIIN
BHUMAaHHUE Ha B)KHOCTH OLICHKH CEPICUHBIX BErera-
TUBHBIX PEQIICKCOB B IMHAMUKE B CBSI3U C ITOBBILICH-
HBIM PHCKOM CEpAECYHO-COCYAUCTBIX OCIOKHEHHUN
naxe y mononeix nanuentoB ¢ CH. A.S. Abdalrada
et al. ynanock pa3paboTars MO/IeTh MAIIIMHHOTO 00Y-
YeHus, 00IaJaroNyl0 XOPOLUIMM OTEHIUAIOM IS
BoisiBNieHUsT KAH Ha panHell cranuu ¢ MOMOILIbIO
tectoB o Ewing [30]. ABTOpHI cTaThl BBIPA3WIN
YBEPEHHOCTb, YTO MX MOJEIb MOXET OBITh MOJIE3HA
JUISE MEITULMHCKUX PaOOTHHUKOB Ul MIPOTHO3MPOBA-
Hus Bo3HuKHOBeHUuss KAH y mauuentoB ¢ CJI, mo-
HUTOPHUHTA MPOTPECCUPOBAHUSI M CBOEBPEMEHHOTO
BMEILIATENIbCTBA.

Juarnocruxkn KAH ¢ npumenenuem
COKpAIIEeHHOT0 HA00Pa KApAHOBACKYISIPHBIX
pedaexTopHbIX TecToB Mo Ewing

B NPUBCACHHBIX HUWXKXE HCCICIOBAHUAX aBTO-
PpbI UCIOJIB30BaJIl 4YaCTb KapAWOBACKYJIAPHBIX TEC-
ctoB — peaknuio YCC u apTepuanbHOTO JaBIEHUS
Ha mojoxenue cros, peakiuio YCC Ha mryOokoe
JAbIXaHUC W Ha MAaHCBP BaJ'IBCELHI)BI)I; TECT pC€aKIun
apTEepPHAJILHOIO JABJICHUSI HA M30METPUYECKYIO JIH-
HAMOMETPUIO HE HCIOJB30BajICs, TaK Kak, 10 He-
KOTOPBIM JaHHBIM, OH CUHUTACTCAd YCTApCBIINM.
T.M.E. Davis et al. [31] e momyunim yoeuTeTbHBIX
JokazarenbcTB Toro, uto KAH sBisercs He3aBHCHU-
MBIM TIPEIUKTOPOM HIMEMUYCCKOW OOJNE3HU cepara
U CEpIEYHON HEIOCTATOYHOCTH MPH OTHOCHUTEIBHO
JUINTEIIBHOM TICPUOJC HAOJIONCHUS Yy MalMCHTOB
¢ CJI-2. E. Maddaloni et al. [32] otmeTrmiiu Gonee
HU3Kyl0 pacnpoctpaneHHocTh KAH npu LADA-
nuadere (B 2,7 pasza) Mo CpaBHGHHIO C TPYIIION C
CH-2 ¢ aHamOTHIHOW MPOJOHKUTEIFHOCTRIO 3200-
JIEBAHUS, TIPU DTOM B TPyIIIax nmanueHToB ¢ LADA u
C/I-1 oHa oka3allach OJJMHAKOBOW. DTU JaHHBIC CBH-
JIETENBCTBYIOT O TOM, 9YTO Pa3TUIHBIN PUCK PA3BUTHUS
KAH moxer OBITH CBsSI3aH C OCOOCHHOCTSIMH T1aTO-
reHe3a W KIMHWYECKOTO T€UYEHHUS! ayTOMMMYHHOTO U
HEayTOMMMYHHOTO JradeTa.

B wnccnenoBannn V. Potockova et al. [33] cra-
BHJM TIepen co0oil 3amady TpOIeMOHCTPHPOBATH
BO3MOYKHOCTH HCIIOJIb30BaHMS TETUIOBOTO KOJIUYe-
CTBEHHOTO CEHCOPHOTO TECTHPOBAHUS B KAuyeCTBE
CKpUHUHTOBOTO MHCTPYMEHTA I OTOOpa TaIueH-
ToB ¢ C/I-2 ¢ noBbIeHHBIM pucka pa3Butus KAH. ¥V
6o0apubIX CJ/I-2 1 KAH oTMeuanoch MOBBIIIEHHE TT0-
pora TeImjIoBOM YyBCTBUTEIBHOCTU U 3HAYUTEILHOE
CHIKCHHE TIOpOra XOJOJAOBOMH UYBCTBUTEIBHOCTU
1o cpaBHeHuro ¢ nanueHtamu 6e3 KAH. ABropamu
MPOJAEMOHCTPUPOBAHO, UYTO MOPAKEHHE YYBCTBU-
TENBHBIX BOJIOKOH IT0 PE3yJbTaTaM KOJHMYECTBEHHO-
IO CEHCOPHOTO TECTHPOBAHUS aCCOIIMMPOBAHO C pa3-
putueM KAH u mMoxeT ucronb30BaTbesi B Ka4eCTBE
CKPHUHHMHTOBOTO MHCTPYMEHTA ISl BBISIBIICHUS ITaIld-
enToB rpymisl prucka passutust KAH nmepenr CART.

Junarnoctuka KAH ¢ npumeHeHneM Kaaccuyeckoro
Ha00pa KapAHOBACKYJISPHBIX peduieKTOPHBIX
TecToB M0 Ewing n onenkoii aBToHOMHO
AUCHYHKIMH C IOMOIIBIO A0NOJHUTEIbHBIX METOI0B

K.A. Lee et al. [34] onpeaeisuii CBSI3H MEKAY
napamerpamu BCP u sxokapauorpaduu y mamu-
eHToB ¢ CJ/I-2. TlpoBonunu aHamm3 CHEKTpanabHON
IUIOTHOCTH MOLIHOCTH U BPEMEHHBIX KOMIIOHEHTOB
BCP (SDNN, rMSSD, VLF, LF, HF). Cnenan BbI-
BOJ O TOM, YTO JMACTOJIMYeCKast AUCHYHKILUS Jalie
BcTpeuaercst y nanueHTtoB ¢ CJI-2, 0ClnoKHEHHbIM
KAH, gem y manmentoB 6e3 KAH. B uccnemoBanmm
A.S. Balcioglu et al. [35] moka3zamnm, 9T0 JIeUeHHE Ta-
nanm(I03MHOM, HHTHOUTOPOM HATPUH-TIIIOKO3HOTO
KOTpaHcIopTepa-2, B TeueHne 24 Heieab MPUBEJIo K
YIAY4IIEHUIO BpeMeHHbIX mokasareneit BCP (SDNN,
rMSSD), a Takke K CHIDKEHUIO YacCTOTHI U JOJH
MPEKIEBPEMEHHBIX JKETYIOYKOBBIX COKpALLEHUH Y
nanueHToB ¢ C/[-2 1 BO3MOXKHBIM M MOJATBEPKACH-
ubeiM KAH.

J. Bai et al. [36] uccienoBaiu KOppessiud Mex-
Iy CBIBOPOTOYHBIM ypoBHeM BuTtamuHa D u KAH
y HalMEHTOB C METa0OIMYECKUMU HAPyLICHUSMHU.
IIpoBommicst ananmm3 cnekrpanbHbix (LF, HF u LF/
HF) u Bpemennsix (SDNN, SDANN, rMSSD) xa-
pakrepuctuk BCP Ha ocHOBe 24-9acOBOTO MOHHUTO-
puposanus OKI. [IponemoHCTpHpOBaHO, YTO COnEp-
KaHue 25-rupokcuBuTaMmuHa D B CBIBOPOTKE KPOBU
3HAYUTEIHHO KOPPEIUPYET C BBIPAXKEHHOCTHIO MPO-
sienenuit KAH y nariieHToB ¢ MeTaboJIM4eCKUMH Ha-
PYLICHUSIMH, OCOOCHHO CpeIy JIUII, Y KOTOPBIX OHO
MeHbIIEe 25 HMONb/J. ABTOpaMH BBICKAa3aHO TpE.-
MOJIOKEHHE, YTO KOppeKuus AeuuuTta BUTaMuHa D
MoKeT cHM3UTh pazButue KAH B artoii rpynne ma-
LUECHTOB.

A. Bernjak et al. [37] uzyuanu BnusHUE CTaH-
JapTU3UPOBAHHOTO CHUMIIATHYECKOTO CTHUMYyJa (WH-
KpeMeHTHas HHQY3Us aapeHaTnHa/AnuHedprHa) Ha
penonsipu3anuto cepana y moaeit ¢ C/1-1 ¢ Hopmais-
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HOM aBTOHOMHOH (pyHKITHEH, CyOKIMHUIECKO# aBTO-
HOMHOM HeWponaTued W yCTaHOBJIEHHOW aBTOHOM-
HOM HelponaTuel, OnpeeNsuld 4yBCTBUTEIBHOCTD
OapoperenTopoB. Y MalMeHTOB ¢ Bepu(UIIMPOBAH-
Hoit KAH ormeuanacs aHomanbpHasi penossipu3anus
mpu Oosiee HU3KUX KOHIEHTpAIMSIX aJpeHAIHHA.
ABTOPBI CBS3JIU 3TO C aIPEHEPTrUYECKON rUnepyuyB-
CTBUTEJIBHOCTBIO IIPU JCHEPBALIMH, BCICICTBUE YETO
Takue OOJILHBIE MOTYT OBITh ITOJIBEPIKEHBI OOJIBIIIEMY
PUCKY apUTMHI B OTBET Ha (PU3HOJIOTMYCCKHE CHM-
1aToaipeHalIoOBble HArpy3KH, TaKHe Kak CTpecc WIn
TUIOITMKEMHS.

V. Michou et al. [38] nucciaemnoBanu BIUSHUE 0-
MAalllHEH TPEHUPOBOYHOM MpOorpaMMbl Ha BbIpaKEeH-
Hocth KAH 1 Metabonmuecknii mpoduis y 60IbHBIX
CI-2, mpoxonsmux remoauanus. [IpoBoamim ananus
cnekrpansibiX (TP, VLF, LF, HF u LF/HF) u Bpemen-
HeIx (SDNN, rMSSD) xapakrepuctuk BCP Ha ocHo-
Be 24-gacoBoro monutopupoBanus OKI. Apropamu
MPOJEMOHCTPUPOBAHO, UTO 6-MeCsiUHas Mporpamma
JIOMAITHAX yTIPAKHEHWH OKa3bIBaeT OIarompHsT-
HOE BO3JCUCTBHE HAa aBTOHOMHYIO (DYHKITHIO CEep/I-
1a U QyHKIMOHAIbHBIE BO3MOKHOCTH Y MAIlUCHTOB
¢ KAH, npoxonsmux remonuanu3. P. Kulshreshtha
et al. [39] npeanpuHSIN TONBITKY ONPENECIUTH I0-
TEHLHUAJ YNPOIIEHHOIO KapAHOBACKYJIIPHOTO TECTa
B kKauecTBe Mapkepa KAH y manmenToB ¢ ¢pudpomu-
anrueir. GuOpoMHaNTHs acCOIMUPOBAaHA C PaCIpo-
CTpAaHCHHOW aBTOHOMHOW Juc(yHKIMEH, Mo3ToMy
BAKHOMW 3a7aueil SIBISIETCS CBOEBPEMEHHAsl JUAarHo-
CTHKa COMYTCTBYIOIIMX KIMHUYECKHX COCTOSHUI
JanHoM maronorun, B ToM unciie KAH. Mccimenona-
Tenu nposenu pacuet aensTel YCC, mpeacTaisiio-
et co0oi cpeaHee 3HAYCHUE PA3HUIIBI MAKCHMATTh-
HOTrOo M MuHUMaIEHOTO YCC, 3aperucTpupOBaHHOTO
BO BpeMs TpeX IOCJIE0BaTeIbHBIX JAbIXaTeIbHBIX
uukioB. [lo pesyasraTtam JaHHBIN IOKa3arenb MPo-
JEMOHCTPUPOBAN BBHICOKYIO UYyBCTBUTEIBHOCTD ISt
nuargoctukun KAH.

Jnarnoctuxka KAH ¢ ucnonb3oBannem
COKPAIIIEeHHOTO Ha00pa KapAuOBACKYJISIPHBIX
peduiekTOpHBIX TecToB 0 Ewing u oneHkoi
ABTOHOMHOM TUCHYHKIIUH C IOMOIILIO
JOTOJTHUTEJIbHBIX METOI0B

B uccnenorannu C.S. Hansen et al. [40] onenn-
Banach B3anMocBsa3b KAH npu C/I-1 ¢ Hapymenus-
MU MeTa0oIM3Ma TPUKapOOHOBBIX KUCIIOT, JIUTHIOB
u nroko3bl. s quarHoctupoBanus KAH ucrosnb-
30BaJIM YeThIpe TecTa Mo Ewing, onmrcaHHBIX BHIIIE;
JIOTIOJTHUTENIFHO TPOBOJIMIIM aHAJIN3 BPEMEHHBIX I10-
kazareneid BCP (SDNN) Ha ocHOBe 5-MUHYTHOH 3a-
nucu OKI. Ilokazano, 4yro MeTaboiIMYeCKHE MyTH,
BKITIOYAONUE TPUKAPOOHOBBIE KHUCIIOTHI, TPOU3-
BOJIHBIE JKHUPHBIX KHCJIOT, (oCHaTUIUIXOIUHBI U
MPOU3BOJIHBIE TITIOKO3bI acconuupoBanbl ¢ KAH npu

CI-1. Bbicka3aHO NpPEaNoOIOKEHUE, YTO 3TH IYTH
MOTYT OKa3aTbCsi OymylMMH MOAH(UIHMPYEMbIMH
¢daxropamu pucka KAH. T. Bjerre-Christensen et
al. [41] uzyuanu cBs3u mexny KAH n cHmkeHuem
¢ynkuun mouek npu CH-1. ns auarnoctuku KAH
WCTIOJIb30BAJI TPH TECTa aBTOHOMHOW (YHKIIMH TIO
Ewing: peakuust YCC Ha monoxeHHE CTOS, HA TIIy-
Ookoe JpIxaHue ¥ Ha MaHeBp BanbcanbBel. Kpome
TOTO, aHAJM3WPOBAJIM BPEMEHHBIE XapaKTEPHUCTUKU
BCP (SDNN) na ocuoBe OKI' mpomomxuTensHO-
cThi0 2 MHUHYTHL. BrrBnensr accommanmu KAH c
yBenuueHneM anboymunypun y jut ¢ CJI-1. ABTopsr
3aKJIIOYMIIM, YTO ABTOHOMHAsl MUC(YHKLIHS MOMKET
BBICTYIIaTh B KayeCTBE IOTEHIMAJIbHOTO MapKepa
MIPOrpecCUpoBaHusl 1MabETHYECKOM O0IE3HU OUEK.

Huarnoctuka KAH ¢ ucnoas3oBanuem
nokasarejeii BCP

A.D. Kaze et al. [42] u3yumiiu accolpaiiiu rmoka-
3areneit KAH c puckom paszButns Hemoro nHpapkra
MHOKap/aa B OOJBITION BEIOOPKE B3poCibix ¢ C/I-2 u3
nccnenoBanuss ACCORD (Action to Control Car-
diovascular Risk in Diabetes) 6e3 HCXOIHBIX aTepo-
CKJIEPOTUYECKUX CEepACYHO-COCYANCThIX 3aboIeBa-
Huii. KAH nuarnoctupoBanu ¢ MOMOLIBIO aHAINA3a
BpemeHHbIX Tiokazareneit BCP (SDNN, rMSSD) nHa
ocHoBe onudposanHoil 12-kanansHoi IKI 3a 10 c.
VY nanuentos ¢ Huzkoit BCP UMT, conepxanue riu-
KMPOBAHHOTO T'eMOINIOOMHA, MPOJOKUTEIBHOCTh
C/I-2 Obun Oonbllie, a YpPOBEHb JIUIMONPOTEHHOB
BBICOKOM IIJIOTHOCTH M pacdeTHasi CKOPOCTh KITy0oU-
KOBOH (punbTpanym — MeHbIIe. B TeueHune cpeanero
riepuoaa Habronenus 4,9 roga y 73 manueHToB pas-
BHJICS HEMOW MH(PAPKT MHOKapaa. ABTOPHI CAEIIaTH
OIHO3HAYHBIM BEIBOJ, uTo HH3Kkasg BCP cBs3ana ¢
BBICOKHM PHCKOM HEMOTO MH(papKTa MHOKap/a.

B uccnenopanumn K.J. Hari Prakash et al. [43]
MIPOBOAMJIACH OILICHKA B3aMMOCBS3H MEXKIY KECT-
KOCTBIO apTepuil, ¢yHkuueid suporenus, KAH wu
nuaberuueckoit peruHomnatuein. KAH onenuBamu
C HCIIONb30BaHMEM aHanm3a BpeMeHHBIX (SDNN,
rMSSD) u cniekrpansubix (HF, LF/HF) nokazareneii
BCP na ocnose DKI" Bo Il orBenenun B TeueHue 5
MHHYT. B Tpymie manueHToB ¢ nuabeTHIecKol pe-
THHOTIATHECH B CPaBHCHWH C TPYIION 0e3 MaHHOMH
[aTOJIOTUM OTMEYaJucCh HU3KHe Mokazareaun BCP
(SDNN, rMSSD u HF) B coueTanuu ¢ BBICOKOH CKO-
POCTBIO paclpOCTPaHEHHS MTyTHCOBOW BOIHBI «ITJIe-
YO—JIOABIKKAY.

A. El Tantawy et al. [44] cTpeMHIUCH yCTaHO-
BUTH MOTCHIUAIBHYIO B3aUMOCBSI3b MEXIy COOTHO-
nieHueM Hu3KuX 1 Beicokux yactoT (LF/HF) u KAH,
OTIPEICIUTH BO3MOKHBIHN MMPOTHOCTUIECKUN Cpe3 COo-
orHourenust LF/HF st pannero BoisiBinenuss KAH.
B sToM wuccremoBaHWM yYaCTHHKAMHU OBUIH JCTH
¢ CI-1. Ilposenen anamu3 cuekrpanbHbix (LF, HF
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n LF/HF) u Bpemennsix (SDNN, PNN50, rMSSD)
xapakrepuctuk BCP na ocnose OKI. Ilonyuennsie
JTAHHBIC CBUCTEILCTBOBAIIHN O TOM, UTO Yy Jjimil ¢ CJI-1
n3meneHa BCP B Buzie ymeHsbIieHus o01iel Bapua-
oenpHocT SDNN, momuoctat HF u tMSSD, uto oT-
paXkaeT CHIDKEHUE TapacUMITaTUIeCKOM MOMYIISIIUN.
Kpowme Toro, oOHapyxeHo, uto cootHomenue LF/HF
u LF 3HauuTeNbHO yBENWYEHBI B TPyIIe OONBHBIX
CA-1 mo cpaBHEHHUIO CO 3MOPOBBIMH JIMIIAMH, YTO
CBUJIETEIILCTBYET O HapyIIeHNH OajaHca BereTaTHuB-
HOW MOJYJSAINN CepAlla B CTOPOHY CUMIATHYECKON
TUIEPAKTUBHOCTH M CHUKCHUS MTApaCUMIIATHYCCKON
Monymsiuu y nereit ¢ C/I-1.

Obcyxnenne

B Gosplieit yact npoaHaM3UPOBAHHBIX PadoOT
KPUTEPUSMHU HUCKJIIOUEHUS SBISUTUCH HAJIWYHE CO-
MyTCTBYIOIIEN CEPJIEYHO-COCYIUCTON TMAaTOJIOTHH,
MpHEeM MEIUKAaMEHTOB, CIOCOOHBIX MPSMO WIIH KOC-
BEHHO BIIUATH HA aBTOHOMHYIO (DYHKIIUIO, HEBO3MOXK-
HOCTP BBITIONTHEHUS KapHOBACKYISIPHBIX TECTOB IT0
mo0oi npuurHe. J[aHHBIe YCIIOBHSI IEMOHCTPHPYIOT
orpannyeHust knuHudeckoro npumeHenus CART.
Jns muaraoctukn KAH B paccMOTpEHHBIX HCCie-
JIOBaHUSX B OCHOBHOM HCIIOJIb30BAIM IISATh CTaH-
JApTHBIX TECTOB OLEHKH aBTOHOMHOH (DYHKIHH IO
Ewing (63,6 %), n3 HUX B MOJIOBUHE Pa0OT JaHHBIN
croco0 ObUT eIWHCTBEHHBIM, & B TIOJOBHUHE TpH-
MEHSUIUCh JIOTIONIHUTENbHbIE MeTonbl. K nomonHu-
TETBHBIM METOAAM OTHOCHJIMCH aHAJIM3 YaCTOTHBIX
(TP, HF, LF, VLF) u Bpemenusix (PNN50, rMSSD,
SDANN, SDNN) xapakrepuctuk BCP, tect xono-
JIOBOTO JIaBJICHUS, COOTHOIICHNE SKCITUPATOPHON U
uncniuparopHod YCC, Tect Ha 4YyBCTBUTENBHOCTH
OapopenentopoB. B 36,4 % paboT 11si TUarHOCTHKU
KAH npumMensiicst CokpaiieHHblii Habop KapanoBac-
KYJSIPHBIX peIeKTOpHBIX TecToB min aHaim3 BCP.

OOwenpu3HaHHO, YTO UCCIEJOBAaHUE CEPIEUHO-
COCY/IUCTBIX BETETaTHBHBIX PE(ICKTOPHBIX TECTOB
MOYKET OBITh HE BBIITOJIHUMO B KPYITHBIX MacITadax,
U OCHOBHBIE NPOQEcCHOHANIbHBIE COOOIECTBA CO-
IJIAaCHBI C MCIIONb30BaHueM mnokazateneiit BCP nmms
ompeneneanss KAH [45]. K HacTosimmemy BpeMeHU
pa3paboTaHbl TITYyOOKHME TEOPETHYECKHE OCHOBBI
ananu3za BCP u BHeApeHHI clienuaibHBIC TUATHO-
CTUYECKHE CUCTEMBbl. B Hamell npakThke HCIOJb-
3yeTcsl MEAMIMHCKAas JHWarHoCTHYecKas CHUCTEMa
«[Toma-Criexktp» («Hefipocodt», VMBaHoBo), B Ko-
TOpPOH OIleHKa BETeTaTUBHOTO TOHYCA IMPOUCXOAMT
1o cnekTpanbHoMy aHanu3y BCP ¢ BO3MOXXHOCTBIO
OIIGHKHM M BPEMEHHBIX IOKa3aTeNeil B COOTBETCTBUU
¢ MexmynapoaasiM ctaagaptoM (1996 r.). s mua-
rHoctuku KAH npoogutcs 3anucs OKI' B nokoe u
MIPY BBITIOJTHEHUH OPTOCTAaTHUECKOTO TecTa — peak-
muun YCC Ha BcTaBaHmWe. DTOT TECT SBISETCS Hau-

OoJee JIeTKO KOHTPOIUPYEMBIM, O0bEKTHBHBIM, BOC-
MIPOM3BOIUMEIM, HE 3aBHCHT OT Bo3pacTa uiu UCC B
COCTOSTHUH TIOKOSI, XOPOIIIO KOppeupyeT ¢ ko3 du-
nuenroM BanbcaneBel u n3menennem YCC B oTBeT
Ha TIy0OoKoe apixanue [46].

3HAYUTETHHON MPOOIEMON MPENCTaBISETCS IH-
POKHI 3aIpOC HA €AUHBIN CTAaHAAPT UHTEPIPETALUN
pesyneratoB BCP: B 3apy0exHO# nmTepaType BHE
3aBUCUMOCTH OT MPOJOKUTENbHOCTH 3amucu DKI
3HAYUTEIbHOE BHUMAHHUE YJIENsIeTCs BpEMEHHBIM Xa-
PaKTEepUCTUKaAM, a CIIEKTPANbHbIN aHaIu3, IPEenMy-
IIECTBOM KoToporo, o MHeHuto E.A. bepe3noro u
coaBT. [47], ABIsSIETCA €ro TOYHOCTh B OTHOIICHUU
BKJIaJla CHMIIaTHYECKOTO0 W IapacuMIIaTHYECKOro
oraenoB AHC, urnopupyercs. Omingaercs u yc-
JIOBHOE pa3/ielieHue Ha YacTOThl B 3apyOeKHOW H
OTE4YEeCTBEHHOU nuTeparype. [1o qeicTByommumM ame-
pUKaHCKUM pexkoMeHaauusM 1996 1. mpennokeHbl
CJIEYIOIME YaCTOTHBIE TNAMa30Hbl: BEICOKOYACTOT-
weii HF — 0,4-0,15 T'm (2,5-6,5 ¢), HU3K04acTOT-
veii LF — 0,15-0,04 I'm (6,5-25 ¢), o4eHb HU3KO-
gactotHeli VLF — 0,04—0,003 I'r (25-333 ¢) [48].
ITo 3ameuanuro P.M. BaeBckoro, mpu KoppekIuu
JAHHBIX TTOKa3aTesiell Ha KOPOTKHE 3alHCH CIeTyeT
ucnonb3oBark apyrue 3Hadenus: HF — 0,4-0,15 I'g
(2,5-6,6 c), LF — 0,15-0,04 T'r1 (6,625 c), VLF —
0,040,015 I'ry (25-66,0 c¢) [49]. He ogHO3HA4YHO U
3HAYEeHNE Ka)KJI0TO YaCTOTHOTO IoKazarelns. B atom
BONIPOCE MOXKHO TIOJIOKUTBCS HA KOJOCCATBHBIN
OTIBIT OTEYECTBEHHBIX yueHbIX. Cunraercs, uro HF-
BOJTHBI CBSI3aHBI C BIMSTHUEM OITY’K/Jaf0IIero HepBa Ha
CepIEYHBIA PUTM U OTOOPaXKAIOT BIMSIHUE MAapacuM-
rnaru4yeckux crumysioB. Momnocts LF xapakrepu-
3yeT akKTUBHOCTH cuMmiatTndeckux BnusHuil Ha YCC.
VLF orpaxaerT BIUSHHUE BBICIIUX BEreTaTUBHBIX
LIEHTPOB Ha CEPAEYHO-COCYIUCTBIA IOJKOPKOBBIN
LEHTP, UCIIOIB3YeTCs B KaUeCTBE MapKepa BhIpa)keH-
HOCTH B3aUMOCBSI3U AaBTOHOMHBIX (CErMEHTapHBIX)
YPOBHEH DPETYISIIUA CHCTEMBI KPOBOOOpAICHUS C
HaJICETMEHTAPHBIMU, B TOM YHCIJIE C THIIOTaJaMo-
TUNO(QU3apHBIM  (TYMOPaIbHO-META0OIMYECKI) |
KOPKOBBIM  (LIEHTPAJIbHO-3PTOTPOIHBIN) YpOBHEM
[50].

CootBercTBeHHO, npu mnposeneHun BCP Bos-
MOJKHA OLIEHKa BJIMSHHA CHMIIATHYECKOTO OTHAE-
na AHC u HazncerMeHTapHbBIX CTPYKTYp Ha PUTM
cepAla Kak B IOKOe, Tak U Ha (one usznueckoint
AKTUBHOCTU (OPTOCTAaTWYECKON MPOOKI), YTO JIETIIO
B OCHOBY pa3pabOTaHHOTO B HaIlleld KIMHUKE Me-
tona muarHoctukn KAH. IlpoBomutcs ¢onOBOE
uccnenoaiue BCP B monoxeHuu jexa B TEUCHHE
5 MHHYT, 3aTeM BBHITIONHIETCS OpPTOCTAaTHYECKAas
mpoba B T€YEHHE 5 MHHYT C TOCIEIYIONUM CIIeK-
TpPaJIbHBIM aHAJIM30M W PACUYeTOM OTHOCHTEIIBHBIX
CIIEKTpabHBIX Moka3areneid. [Ipu BBISIBICHUU OT-
Hourenusa % LF /% LF,,, menee 1,0 B co-

opronpoba H
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ueTaHuu ¢ otHomenuem % VLF o/ % VLF,
oosee 1,0 mmarnoctupyercs KAH naxe no moss-
JIEHUS KJIMHMYECKUX CUMITOMOB. [laHHBIM MeTox
MO3BOJISIET MPOBOAUTHL omnpenenenue craaun KAH
[0 CTENEHW YTHETCHUS] aKTHMBHOCTH CHUMIIaTHYe-
ckoro ornena AHC mpu Hamuuum npeoOriagaHus
BIIMSIHUSL HAJCEIMEHTAapHBIX CTPYKTYp Ha cephed-
Heli putM [51]. [lpn ogHOBpEeMEHHOM 3HAYEHHUU
ornomenust % VLF o/ % VLF,  6onee 1,0 u
% LF onposa’ 70 LF ., Menee 1,0 cranuposanne KAH
IPECTABIAETCA CIEAYIOIUM 00pa3oM:

Leramms: % LF o6,/ % LF,, = 0,99-0,80;

Il cramust: % LF o6,/ %0 LE,, = 0,79-0,50;

I cramus: % LF ./ %0 LF, < 0,49.

[Ipy onHOBpEeMEHHOM ONpEEeIEHUN BETUYHUH
orHowenust %oVLF - k %VLF, ¥ oTHOWeHNs
% LF  omposa K %0 LF, MeHee 1,0, muarnoctupyercst
arunmuHas popma KAH.

K mumpoxoMy NpuMEHEHHIO IpenIaraercst Olu-
CaHHBIH METO[, KOTOPBII MO3BOJMUT HE TOJNBKO MPO-
BecTH nuarHocTuky KAH, HO U OleHUTh COCTOSIHME
naruenTa B fuHaMuke. OH JIErKO BOCTIPOU3BOANTCS,
He TpeOyeT IJIUTEIbHOM MOATOTOBKM IMaLUEHTA U
o0y4eHHs IIepcoHalIa.

3akaroueHune

ITo pe3ynpraTtam neTanpbHOTO aHaIu3a HHpOpMa-
LMY U3 UCTIOIH30BAHHBIX HCTOYHUKOB, KIIMHUYECKIX
HaOIOIEHUI U COOCTBEHHOT'O OIBITA OIPEICIIICTCS
napajiokcajibHasi CUTyalus: OOJIBIIUHCTBO HCCIIC-
JoBaresied U B nepByro ouepeas kinHuuucro KAH
KaK C(OPMHPOBABIIEMYCS CHUHAPOMY, YpPEBATOMY
BBICOKUM PHCKOM Pa3BHUTHSI )KH3HEYTPOKAFOIINX CO-
CTOSHUM M (haTaIbHBIX OCIIOXKHEHWH, YIENISIOT He-
JOCTAaTOYHO BHHUMaHMs. [IpuunMHa 3TOMY BUAMTCS
B OTCYTCTBHHM YYyBCTBUTCIBHBIX, CHCHU(DUUHBIX H
BOCITPOU3BOJIMMBIX JHAarHOCTHYECKUX KpPUTEPUEB,
MPUEMIIEMBIX JUISI KIMHUYECKOW MPAKTUKU. A BHI-
apneane KAH mo pesynpraraMm ee KIMHHYECKHX
MPOSIBIICHUN — ATO 3alas/bpIBaromias AMarHOCTHKA
CHUHJpOMA MO MaTOrCHETUYECKH CBSI3aHHBIM C HUM
Pa3BUBIIUMCS OCIOKHCHISIM.

«3onoroit ctangapt» auarHoctuku KAH o Ew-
ing C MPOBEJCHHEM W aHAJIU30M PE3YJILTaTOB Kap-
JIMOBACKYJISIPHBIX pe(IeKTOPHBIX TECTOB MPaKTHYC-
CK{ HEBBITIOJIHUM B KIMHHUKE H3-32 3HAYUTEIBHBIX
BPEMEHHBIX 3aTpaT U PUCKA MOTYYCHHUS MOrpaHUY-
HOTO pe3yabTara y MalMeHTOB C COUYCTAHHBIMH 3a-
ooneBanusaMu. OrpeneneHHbIe (OOTBITHE) HATCKIBI
BO3JIATaJIUCh Ha PE3YJIbTaThl OLEHKH BPEMEHHBIX
xapaktepuctuk BCP, HO nmaxke WX CHEKTpadbHBII
aHaJ N3 HEe 00CCIeUnyT JODKHOU CTIICIM(PUIHOCTH U
YYBCTBUTEJIBHOCTU TECTY B CHIIy OTCYTCTBUSA BO3-
MO>KHOCTH OIPEICIICHIUS PEaKTUBHOCTH 3BEHLEB aB-
TOHOMHOM PeTyJISITNH (QYHKITHIA.

B cBomx nccie10BaHUAX IS OIEHKH PEaKTUBHO-
ctu 3BeHbeB AHC MBI 100aBMIIM OPTOCTATHUECKYIO
po0y, YTO MO3BOIUIIO TOBBICUTH YyBCTBUTEIHHOCTh
" crenuUIHOCTh CIeKTpanbHoro ananmza BCP B
muaraoctuke KAH, onpenenennn ee cTaiuiiHOCTH U
OTBETA Ha JICUCHUE.
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Oco0eHHOCTH HMTOKUHOBOIO CTATYCA B MATOreHe3e IeTCKOI0
HepeOpaJIbHOIO Napajauya ¥ BO3MOKHOCTH (PU3HYECKOMI
peadmIMTALIMH

T.H. llepOununa

HUU oemcrotl kypopmonoeuu, guzuomepanuu u MeOUyUHCKoU peadbuiumayuu
297412, e. Eenamopus, yi. Masakosckoeo, 6

Pe3rome

Hetckuit nepedpanprbril mapamud (JILI1) sBisseTcss ogHOM W3 BeIyNIINX MPUYHH WHBAIUAW3AINAN B ICTCKOM BO3pPacTe.
B psne ciydaeB JaHHAs MaTONOTHS CYIIECTBEHHO CHIDKAET Ka4eCTBO KU3HH MAIIUEHTOB U TPEOyeT KOMIUIEKCHOTO MEX-
JTUCIUIDTHHAPHOTO MOIXO0AA K JICYCHHUIO, IIOATOMY KpaiHEe aKTyallbHBI 3aJ[a4il paHHEH TUArHOCTHUKH, MPO(PHIAKTHKH
M KOPPEKLUH ee ocliokHeHu. J[is pa3paborku 3pheKkTHBHBIX cTpaTeruil jJeueHHss He0OX0MMO MOHUMATh HE TOJIBKO
ATHOJIOTHYECKHE (DaKTOPHI, HO U ATOTCHETHUCCKIE MEXaHU3MEI, JISKAIIUEe B OCHOBE 3a0oneBanus. [locmennee BpeMs
0co0ast poJib yaeNseTcs MpodieMe NEPCUCTHPYIOIIETO BOCIIAJICHUs B PE3YJIbTaTe akTHBAIIMU MUKPOIJIMH Y TIAIIUSHTOB C
JUIT mocne opraHu4ecKoro MoBpexaeHUS Mo3ra. Bee OoIbIle JaHHBIX CBUICTEIECTBYET O TOM, YTO TUCOATAHC TIPO- H
MIPOTUBOBOCTIAJUTENBHBIX IMTOKWHOB B TOJIOBHOM MO3Te YCyTyOnseT HelipoHaIbHOE MTOBPEXK/ICHHIE U YXy/IIaeT peadu-
JUTANMOHHBINA MPOTHO3. JladpbHEHIIIHE UCCIICIOBAHUS HEHPOBOCIAICHUS HEOOXOMMEBI ISl BBISIBIICHHS KITFOYEBBIX MU-
HIeHel ¥ pa3paboTKU HOBBIX MOAX0/0B (u3nueckoi peadbunurannu nanurentos ¢ LI [ens nannoro o63opa — npea-
CTaBUTh COBPEMCHHBIC JaHHBIC IO TIpoOIIeMe HelpoBocTalieHus y marueHToB ¢ JIL{IT 1 BO3MOKHBIC TOYKH BO3ICHCTBHUS
MeToJaMH (PU3UIECKON peaOuIUTaINY.

KuaroueBble ciioBa: ieTCKuil 1iepeOpaibHbIN Tapaind, IUTOKUHBI, OMOMapKephl, peaOUITUTAIHSL.

KondaukTt nnrepecoB. ABTOp 3asBIIsieT 00 OTCYTCTBUU KOH(IIUKTA HHTEPECOB.

ABTop 15 nepenucku. [llepoununa T.H., e-mail: tn9512@mail.ru

Jast uutupoBanus. [llepounnna T.H. OcoOeHHOCTH IUTOKUHOBOTO CTaTyca B MaToreHe3e JAETCKOTO Iepedpalib-
HOTO Tapajiiia ¥ BO3MOXKHOCTH (u3nueckoi peadmmmranun. Cub. Hayd. men. k. 2025;45(4):58-64. doi: 10.18699/
SSMJ20250406

Features of cytokine status in the pathogenesis of cerebral palsy and
possibilities of physical rehabilitation

T.N. Shcherbinina

Research Institute of Children's Balneology, Physiotherapy, and Medical Rehabilitation
297412, Yevpatoria, Mayakovskogo st., 6

Abstract

Cerebral palsy (CP) is one of the leading causes of disability in childhood. In many cases, this condition significantly
reduces patients’ quality of life and requires a comprehensive interdisciplinary treatment approach, therefore, early
diagnosis, prevention, and correction of its complications are of great importance. Developing effective treatment
strategies requires an understanding not only of the etiological factors but also of the pathogenetic mechanisms underlying
the disease. In recent years, persistent inflammation due to microglial activation following organic brain damage has
been recognized as a key factor in CP pathogenesis. Growing evidence suggests that an imbalance between pro- and
anti-inflammatory cytokines in the brain exacerbates neuronal damage and worsens rehabilitation outcomes. Further
research on neuroinflammation is essential for identifying key therapeutic targets and developing new approaches to the
physical rehabilitation of patients with CP. This review aims to present current data on the problem of neuroinflammation
in CP patients and potential intervention points for physical rehabilitation methods.
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BBenenue

Hetckuii nepedpanbubiii napammy (ALIT) npen-
cTaBisgeT co0od MynbTH(AaKTOpHOE 3a00JICBaHUE,
KOTOpPO€ BO3HUKAET B pE3ylIbTaTe IOBPEKICHUS
TOJIOBHOTO MO3Ta Ha aHTEHATaJhbHOM, ITEpPHHATAIb-
HOM WJIM PaHHEM ITOCTHATAJIBHOM 3Tarle Pa3BUTHS U
MPUBOJUT K CTOMKHM J[BUTATCIIbHBIM HApPyIICHUSIM
1 KOMOPOUIHBIM COCTOSIHUSIM, TPEOYIOIINM JOJTO-
cpouHOi peabumutaruu. YactoTa BCTPEIACMOCTH
JLII Bappupyet B mpenenax 1,5-5 cayyaes va 1000
HOBOPOXKJICHHBIX, a OOIIas paclpoCTPaHCHHOCTh
B MHPOBOM Momynanuu gocturaer 17 MIIH 4enoBeK
[1-3]. DTO cocTostHUE SIBIISIETCSI OMHOM W3 BEMYIIHX
MIPUYUH JIETCKON MHBAJIUIHOCTH, CYIIIECTBEHHO CHU-
JKaeT Ka4eCTBO JKM3HU TAIMEHTOB W TPeOyeT KOM-
IJIEKCHOTO MOXO0/a, BKIIOUAIOIIETO yU4acTUe CIeIu-
aJUCTOB pa3NUYHBIX HampapieHuil [4]. Jleuenune u
peabunuTanys MPOBOMATCS MYIBTHANCIUIUINHAD-
HOI KOMaHA0H, B COCTaB KOTOPOU BXOJAT Bpayu, Xu-
pyprH, QU3NOTEPAINEBTHI, SPrOTEPATICBTHI, IICUXOJIO-
TH, COIMAJIbHbIC PA0OTHUKH, JIOTOME/bI U TIEAroTu
[5]. Omnako, HECMOTpsI HA TOCTIKCHUS B JICUCHUU,
(YHKIIMOHABHBIA TMPOTHO3 OCTAeTCsl OrpaHUYCH-
HBIM.

B nocnieaaue rojapl 0co60e BHUMaHUE YICISIETCS
poJIi IEPCUCTUPYIONIETO HEHPOBOCIIATICHHUS B M1ATO-
renese JAIII. MccnenoBanus Moka3bpIBatoT, YTO XPO-
HUYECKasl aKTUBAIMS MUKPOIIIMH M JTUCPETYISIUSI
MUTOKUHOB, TakuX kKak TNF-a u [L-6, ctocoOcTByIOT
MIPOTPECCUPOBAHUIO HEpomereHepanuu, Hapyliie-
HUIO0 HEHPOIIACTUYHOCTHU U YXYAIICHUIO JBUTATEIIh-
HBIX QyHKIHA. OIHAKO MEXaHU3M JTHX IPOIECCOB
JI0 KOHIAa HE M3YYeH, a CTeTIeHb MX BIUSHUS Ha d(-
(EeKTUBHOCTDh PEAOMIIUTAIIMOHHBIX ~MEPOTPUSTHIA
ocTaeTcs NPEAMETOM HayudHBIX TUCKyccuil [6-8].
MoneKkynspHbIe HCCIICIOBAHUS IO3BOJSIIOT TIIy0-
e TIOHSTHh OMOJIOTHYECKHe OCHOBHI 3a00JeBaHus U
pa3paboTaTh IEpCOHATU3NPOBAHHBIE CTPATETHUH JIe-
YeHUsS U peaOuIMTalu, CIPOTHO3UPOBATh UCXOJIBI
Y TOBBICUTH 3()(HEKTUBHOCTh (PU3MUCCKUX METOJIOB
peabunuranuy. Hactosmuii 0630p HampaBieH Ha
CHCTEeMaTH3aI[I0 COBPEMEHHBIX JaHHBIX O POJH IIHU-
TokUHOB B ratorenese 111 v Biustauy pusndeckux
METOJIOB pea0MIUTAIIMK Ha BOCIIAUTEIBHBIN CTATyC
narueHToB. B pamMkax paboThl paccMaTpuBarOTCS
KITIOYEBbIe MEXaHN3MbI HEHPOBOCTIAJIEHHUS M UX BIH-

SIHAE Ha JABUTATEeNIbHYIO AUCHYHKIUIO, 0COOCHHOCTH
LIMTOKWMHOBOTO Tpoduiis y manuentos ¢ AL, Bmu-
SIHUE Pa3JInYHBIX METOIOB peaduanTalun (JieueOHast
¢buskynpTypa, Qu3noTEepanus) Ha BOCHAJIUTEIbHBIC
IIPOLIECCHI, IEPCIEKTUBBl HCIIOIb30BAHUS LIUTOKH-
HOB B KadeCcTBe OMOMapkepoB 3((EKTUBHOCTU pea-
OuJIATALHH.

Marepuaj u MeTOIbI

JlutepatypHbIii 0630p BBIITOIIHEH C UCITOJIB30Ba-
HueM 0a3 nmanHbix PubMed, Web of Science, Google
Scholar. IIpu noarotoBke 0030pa pyKOBOJCTBOBA-
muck pekomeHaanusamMu PRISMA [10]. [Touck mpoBo-
JIUJICSI TIO KJTFOUEBBIM 3allpocaM, KOTOPBIE BKIIIOYAIIH
noHsatusi «neuroinflammation», «cytokine», «bio-
markersy,«interleukin 6», «TNF-alpha», «cerebral
palsy», «microglia activation», «physical rehabili-
tation», «immune changes cerebral palsy». Paccmo-
TPEHBI OPUTHHAJIBHBIE UCCIIEI0BAHMS, METAaaHAIN3BI
U cHucTeMaTH4yecKue 0030pbl, OMyOJIMKOBaHHBIE C
2005 mo 2025 1., Bcero BeIsBIeHO 362 cratbu. Oc-
HOBHBIMH KPUTEPHUSIMHU BKITIOUEHHS SBISUINCH aHAIU3
LUUTOKUHOBOTO Ipoduiis y nanuentos ¢ LI, ouen-
Ka BIUSHUS (QU3UIECKUX METOIOB PeabmiInTaIlliy Ha
BOCIIJIMTENBHBIN cTaryc. [lomydeHHble 0 JaHHBIM
3anpocam pedeparsl ObLIM TIIATENBHO PAacCMOTpE-
HBI HAa COOTBETCTBHE KPUTEPHSIM BKITFOUCHHS, TIOCTIC
OLICHKM OBUIN y/laJeHbl HepeNeBaHTHBIC PYKOIUCH,
IyOJHMKaThI, a TAKKE CTaThH 0€3 BOZMOXKHOCTH I10JI-
HOTEKCTOBOTO JTOCTYIIa, 0TOOpaHO 18 COOTBETCTBYIO-
KX TOJIHOTEKCTOBBIX CTaTeH.

Huroxkunbl TNF-a, IL-6 B matorenese JIL{IT

L{MTOKMHBI MIPEICTaBIAIOT COO0H OEIKOBBIE MO-
JIEKYJNbI, KOTOPHIE CEKPETHPYIOTCS BCEMHU SAPOCO-
JEpKalUMU KJIETKaMHU OPraHu3Ma B DKCTPaLEIUIIO-
JSIPHBIA MaTpUKC U 00ECIeYrnBalOT MEKKIETOYHOE
B3aMMOJICHCTBUE: MIPUBIIEYCHUE HMMYHHBIX KIIETOK,
MpOLIECCHl penapanuy, pereHepanuy 1 arnomnrosa. B
HepBHOﬁ CHUCTEMEC NAaHHBIC OMOJIOTMYECKH aKTHUBHBIE
BEIIECTBA YYACTBYIOT B TIOIEP’KaHUH TKAHEBOTO I'0-
MEO0CTa3a, peryyiupys MpoLecchl HEHPOHAIbHOU aK-
TUBHOCTH, HEHPOIUIACTUMHOCTH U HEUPONPOTEKIIMU
[9, 10]. B kmuHHMYECKOM MMMYHOJOTHMM ITUTOKHHBI
KJIacCU(UIMPYIOT B 3aBUCHMOCTH OT MEXaHH3Ma UX
NEHCTBUSA, BBIIETSS TPOTUBOBOCTIAIATEbHEIC (IL-4,
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IL-10, TGFB u ap.) m mpoBoCHaIUTEIbHBIE MOJIe-
kynsl (IFNa, IL-1, IL-6, TNF-a u np.). B ycnoBmsix
(hM3MOTIOTHYECKOM HOPMBI X OMOCHHTE3 M CEKPEeIINs
HaxXOIATCS B COCTOSTHUM JTHHAMHYECKOTO paBHOBE-
cus [11, 12].

OnHONl W3 KIIFOUYEBBIX OCOOEHHOCTEHW IIMTOKHU-
HOB SIBIIIETCSl MX TUIEHOTPOMHOCTh — CIOCOOHOCTH
OJTHOW MOJIEKYJIbI BBI3BIBATH MHOKECTBEHHBIE OHO-
norudeckre 3GQGEKThl, UHOTIAA MPOTHBOIMOIOKHBIC
M0 CBOEMY BO3ACWCTBHIO. DTO CBOMCTBO OOYCIIOB-
JICHO UIMPOKUM DPACIPOCTPAHEHHEM PELEeNTOPOB K
IUTOKWHAM Ha Pa3jIMYHBIX THUIAX KJIETOK B Pa3HBIX
OpraHax W TKaHsX, a TAKKE 3aBUCHMOCTh d(deKTa
OT YPOBHSI HMUTOKMUHOBOW MpOAYyKUUHU. Tak, B OHOM
SKCHEPUMEHTAIILHOM HCCIIEZIOBAaHUH BBISBICHO, YTO
IL-6, cuHTe3MpyeMblii Me3eHXUMaJbHBIMU CTBO-
JIOBBIMU KJIETKAMH, MOXET 00j7agarh aOCOIIOTHO
MIPOTHUBOIIOJIOKHBIM ACHCTBHEM — CIIOCOOCTBOBATH
HEHPONPOTEKINH UM JKE 3aIyCKaTh MPOLeCcChl HeH-
ponerenepanuu [13—-15]. JlanHOE€ mnpoTHBOpEUHE
TaKXe U3y4yalloch B IPyroi padore, riie ObUIO BISB-
JIeHO, uTo npu cekpeuuu 1L-6 Muouutamu ero aeu-
CTBHE 3aBUCHT OT MEXKKJIETOYHOTO KonmdecTsa 1L-6:
IIPY HU3KUX 3HAUEHUSX 3aITyCKAaeTCs KIACCHYECKUN
kackan IL-6/IL-6R, xotopblii oOmamaeT MPOTHBO-
BOCTIAIUTENBHBIM W pereHepaTHBHBIM d(hdheKToM,
B pe3yibraTe aKTUBUPYIOTCS CATEJUINTHBIE KIIETKU
U MUOTYOBI (HE3pelnble KJIETKH), a TPU TMOBBIIICH-
HbIX — gp130-TpaHC-CUTHATIMHT, KOTOPBIN MO/IaBIISIET
BOCCTaHOBHTENBHBIE MTPOLIECCHI, U B PE3yJbTaTe BO3-
HHUKAaeT aTpodus CKENETHBIX Mbimi [16]. JlanHbIe
MOJIEKYJISIPHBIE MEXaHU3MBI, TEM HE MeHee, TpeOyIoT
JMajgpHEHIIeH pa3padoTK, Tak KaK M3-3a BBIPAKEH-
HOM BapHaTUBHOCTH HE CYIIECTBYET HOPMAaTHBHBIX
3HAYEeHUH, KOTOpBIE MOIIM OBl HCIOIB30BaThCS B
KITMHUYECKHX IIeTIsX.

W3BecTHO, YTO TUCPETyNALs IUTOKHHOBOTO Ka-
CKaJia HaOJIoaeTCsl TIPU Pa3BUTHH Psijia HEBPOJIOTH-
YECKUX IaTOJIOTHi, BKIIFOUasi HEMPOIEreHEpaTUBHbIE
1 ayTOMMMYHHBIe 3a0oieBanust [13, 16]. ¥V nauuen-
toB ¢ JILIIT nHabGnromaercs mepcucTUpyroliee Boca-
JIEHWEe, COMPOBOXK/AIOILIEECS MOBBIIIEHHEM YPOBHS
TNF-a, IL-6 u IL-10 B m1a3me KpoBH, 110 HEKOTOPHIM
JTaHHBIM — [IPUMEPHO B 2 pa3a Mo CPaBHEHUIO C KOH-
TposibHOH rpymmoi [5, 18-20]. Takxe ects koneba-
HUSl YPOBHEH BOCIIAIUTENBHBIX MapKEpPOB B 3aBUCH-
MOCTH OT BO3pacTa MalUeHTOB U CTETNECHU TSHKECTH
JIBUTATENIbHBIX HapymeHuil o mkane GMFCS [18].
[Ipu mpoBeneHNM aHanIW3a CITUHHOMO3TOBOHM KHJI-
KOCTH TaK)K€ BBISBICHO TIOBBINICHUE COJEPIKaHUS
IFN-y, GM-CSF, TNF-o, IL-2, IL-4, IL-6, IL-17A,
IL-12, IL-10, a Takxke Takux (GaxTOpOB pOCTa, KaK
NGF-B, EGF, GDF-15, G-CSF u BMP-9, o cpaBHe-
HHIO ¢ KOHTPOJIbHOH rpymmoit [7]. IlpuMmeuarensHo,
yTo KoHIeHTpanusa TNF-o 3HaYuTeIbHO BhIIIE Y Je-
Tel B BO3pacTe A0 TpeX JIET, YTO MOXKET CBHUIETENb-

CTBOBaTh O BO3PACTHOW JMHAMHUKE BOCHAIUTEIHHOTO
orBeta [8]. OmHaKo, HECMOTPSI HAa CHIKEHHUE YPOBHS
BOCHAIUTENBHBIX ITUTOKUHOB C BO3PAcTOM, KIHHH-
yeckue nposiinenus JII1 He Bcerna 1eMOHCTpUpPY-
0T aHAJOTHYHYIO TeHAeHI0. Oco00oro BHUMaHUS
3aCIy)KMBAET BBISBICHHAS KOPPEISAIUS MEXIy HC-
XonHbIM ypoBHEeM TNF-o M CTENneHbrO YIydlleHHs
(DyHKIIMOHAIBHOW aKTUBHOCTH TOCIE Kypca pea-
OwmmTanuu. ITO TO3BOJIIET IPEAIOIOKUTh, YTO
TNF-0 MoxeT paccMaTpuBaTbCsl B KaU€CTBE I1OTECH-
nuansHoro Omomapkepa 3QHEKTHBHOCTH peaduiTi-
TalMOHHBIX TIporpamm [7].

AKTHBaIMSI MUKPOIJINHU KakK (pakTop,
N0l KU BAKOIIMII NepcucTHPYIoLee
HelipoBocnaJjieHne

Huroxunosas nucperymsiuusa npu AT mpuso-
TUT K (DOPMUPOBAHUIO XPOHHYECKOTO HEHpoBOCIa-
JICHWsI, XapaKTepU3YIOMIeTOCs aKTUBAIlMeH MHKPO-
K, WHOUWIBTpanueld WMMYHHBIMH KJIETKaMH W
HapyIIeHueM reMarosHIedammyeckoro dapoepa [21,
22]. Mukpormus IpeICTaBIsIeT COO0H Pe3UICHTHBIC
nmmyHHBIE KieTku [{HC, BImonHsromNe KIro4eBbe
(yHKIMK B TIOJ/IEP)KaHWU TOMEOCTa3a, UMMYHHOM
Haa30pe W peakmmsX Ha TMOBpeXAeHUsA [23]. Otm
KJIETKH aKTHBHO OTCJIEKHMBAIOT COCTOSTHUE TKAHEBON
cpezbl M OBICTPO PearupyroT Ha TUITOKCHIO, MH(EKITH-
OHHBIE areHTHI U MOBPEXKIEHUE, YTO 0COOEHHO BaXK-
HO B TIaTOTeHe3€ Pa3IMYHBIX 3a00JIeBaHUI HEPBHOMN
CUCTEMbI, BKItouas Oose3nb Aubirerimepa, JILIIT,
ayTU3M W Jpyrue mepeOpoBacKyssipHbIe 3a0olieBa-
Hus [23]. Yke B mepBbIe CyTKH B OTBET Ha OCTPOE
MOBPEX/IEHNE TOJIOBHOTO MO3ra MUKPOITINS aKTHBH-
pyeTcs U MOJSIpU3yeTcs B JIBa OCHOBHBIX (PEHOTHIIA:
MpoBOCHAINTENBbHEIM M1 U IpoTHBOBOCHAIUTEINb-
Hbli M2. M 1-MHUKpOIIIHS CEKpeTHPYET MPOBOCHANIN-
TEJIbHBIC I[UTOKUHBI, XEMOKUHbBI U aKTUBHBIC (DOPMBI
KHCIIOpPO/a, YTO YCHJIMBAET BOCHAINUTENBHBIN OTBET,
TOrJa Kak MUKPOIJIUS B COCTOSIHUM M2 criocoOcTBy-
eT MOJIepKAHUI0 TOMEOoCcTa3a 3a CYeT MPOTHBOBOC-
MaJUTENbHBIX MEXaHu3MOB [22-26]. Ognako mpu
JUIT naOmromaercss aucOanaHCc B TOJSIPU3ALAN
MUKPOTJIMH: KOJIMUYECTBO HEMPONMPOTEKTOPHBIX M2-
KJIETOK CHW)KAeTCs, a YHCIO IMPOBOCHAIUTEIBHBIX
MI1-KJIeTOK YBETHUNBAETCS, YTO yCYyTyOIsieT Bocma-
JIEHUE U MoBpexaeHue mosra [27, 28].

Kpome TOro, B HOpMalbHBIX YCIOBUSIX MHUKPO-
WSl y9acTBYeT B TpoIleccax BOCCTAHOBIICHUS
MHUEIMHOBOW O0OOJIOYKH BOKPYT ITOBPEKIACHHBIX
HEHpOHOB, (aronmuTupys (GparMeHThl MHEIHHA W
CHOCOOCTBYs MHUTpanuu u AuQQepeHITpPOBKE OIH-
ropeHaponnuToB. OIHAKO AaKTHUBAIUS AaCTPOIUTOB,
0COOCHHO WMEIOINX HEUPOTOKCUICCKUN (hEHOTHIT
Al, wHAynupyemas JHUIIONOINCaXapua-aKTHBHPO-
BaHHON MUKPOTJIHEH, MOXET MPUBOIUTH K THOETH
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MPENIECTBEHHUKOB OJUTOIEHAPOLUTOB, YTO Hapy-
1IaeT npolecchl pemuenuuuzanuu [29, 30].

Tax)ke MUKpOIIUS y4acTBYET B IIPOLIECCax amol-
TO3a, MPOLYLUpPYd (aKTOPbI, CHOCOOCTBYIOIIUE aK-
TUBallMM KacKaJoB HEUPOHAIbHOW JEeTreHepalni,
Bkitouast TNF-o, mryTaMar u akTuBHBIE OPMBI KHC-
mopona [31, 32]. B akcmepuMEHTaIbHBIX MOJIEIISX
MOKa3aHo, YTO YCTPaHEHNE MUKPOTIINU WU HHTHOH-
poBanue TNF-o cHuXkaeT BhIpaXEHHOCTh MPOTrpam-
MHUPYEMOH KJIETOYHOW TubOens MOTOHEHpOHOB [23,
26]. Ilpenmonaraercsi, 4To MOCTUHCYJIBTHBIE Hapy-
IIEHHs B 3HAYUTENbHOW CTENEeHH MOAJIEPKUBAIOTCS
3a CYeT IOJIOKUTEILHOW ayTOKPHHHOW OOpaTHON
cBs3u: nupkynsiuug TNF-o coxpaHsieT mnepcucTu-
PYIOILYI0 aKTUBAaLUIO MUKPOITIMH, KOTOpas B CBOIO
ouepenpb BHOBb nponyuupyetr TNF-a [26, 31]. Takum
00pa3oM, aKTUBAIHsI MUKPOIJIMY U CBS3aHHOE C HEl
XPOHMUYECKOE BOCIAJIEHHUE SIBISIIOTCS KIIFOUEBBIMU
(baxTopamu, MONACPKUBAIOIIUME HAaTOJIOTUYECKHE
npoueccsl npu LI, uro genaeT ux BaKHBIMU MU-
HICHAMH JJIs1 TepArieBTUYECKUX BMEIIATEIbCTB.

TepaneBanecmle BO3MOKHOCTH

CrannmapTHBIE CTPATETHH JICYCHUS HAMPABICHBI
Ha CHWXKEHHE BbIpakeHHOCTH cummtomoB JIIT u
BKJTFOUAIOT MEAMKaAMEHTO3HOE JieueHHe (MHOpETaK-
CaHTHl, OOTYIMHUYECKUN TOKCHH), XHPYPTUYECKUE
METOJbl M HEMEAMKAMEHTO3HBIC MOAXOAbI, TaKHE
Kak (usnueckas peadunuranus [33]. Kimaccuue-
CKHE MPOTHUBOBOCIATUTEIBHBIC CPEJCTBA, BKIIIOUAS
HECTEPOUJIHBIE  MPOTHBOBOCHIAIUTEIBHBIC  CPE/I-
CTBa W KOPTHUKOCTEPOWIBI, O0IaNaf0T CUCTEMHBIM
JIEHCTBHEM, HO UX CIIOCOOHOCTH MPOHUKATH depe3
remMarodHIedannIeckuii  0apbep HEI0CTAaTOYHA,
YTO 3HAYUTEIHHO CHIDKAET TEPAIeBTHYECKYIO IICH-
HOCTh JekapeT npu naronorusx LTHC [34, 35]. [To-
9TOMY B MOCIEAHEE BPEMs IIPOBOAUTCS JOCTATOUHO
MHOTO KJIMHUYECKUX WCCIEIOBaHUNA MPENaparos,
CEJICKTUBHO BO3JCHCTBYIOMNX HETOCPEIACTBEHHO
Ha MEXaHW3MbI ITUTOKWHOBOTO Kackaza. B wwmcio
MIEPCIIEKTUBHBIX BXOAAT HHTHOWTOPHI, OIOKHPYIO-
e Crenuuueckne MUTOKUHBI, MOHOKJIOHATHHBIE
aHTHUTENA, & TAKXKE AHTArOHWCThI MaJIbIX MOJICKYII,
CIOCOOHBIE MOJYJIMPOBaTh BOCIAIUTEIbHBIC pPeak-
MU HA MOJIEKyIIsipHOM ypoBHE [36—-38]. Takxke ecTb
9KCIIEPUMEHTAIBHBIC JaHHBIC, KOTOPHIC UCCICTYIOT
mpemnapar 3TaHeplenT B peadwmmranuu. Ero mei-
CTBHE 3akitoyaercs B nojaBieHud TNF-o myTem
CHIDKEHUS! (YHKIMOHAIBLHOW aKTUBHOCTH MHUKpPO-
MU U YMEHBLIEHUS POayKUuu uutokuna [31]. Ox-
HOH U3 PKCIEPUMEHTAJIBHBIX METOAMK JICUCHUS SIB-
JISIeTCs TPAHCIUIAHTAINS MOHOHYKJICAPHBIX KIIETOK
KOCTHOTO MO3Ta (CMEMIaHHBIX TeMaTOMOITHYECKUX
U ME3EHXUMAIBHBIX CTBOJIOBBIX KJIETOK, dHIOTEIH-
aJTBHBIX KJICTOK-TIPEANISCTBEHHUKOB, MaKpodaros u

TUM(GOITUTOB), KOTOPBIE 0071aMaf0T MPOTHBOBOCIIA-
JUTENbHBIM JieicTBrEM [39].

Metoab! ¢puznyecKkoil peadujMTauuu B
KOPpeKIMHU HUTOKNHOBOM MCPeryasiuun

HecmoTpst Ha 3HaUMTENBbHBIA MHTEpPEC K U3yde-
HUIO POJIM BOCTIATUTENFHBIX MAPKEPOB B MATOTEHE3E
pa3IUYHBIX 3a00JICBaHMMA, BKIIIOUAst HeMpomereHepa-
THUBHBIC, BIUSHUC PEeaOMIUTAITMOHHBIX METOIUK Ha
IMTOKWHOBYIO NUC(HYHKIIMIO OCTA€TCS HENOCTaTO4-
HO U3y4YeHHBIM, €CTh SIMHIYHBIC PAOOTHI 110 Pa3HBIM
HO30JIOTHSM, OI[CHHBAIOIINE U3MEHEHHU OMOMapKe-
POB B OTBET Ha peaOWIMTAMOHHBIE WHTEPBEHITHH.
Hampumep, nociie mecTuMecsYHOro Kypca JISUeHHs
MOCTKOBUAHBIX TMAI[MCHTOB, BKJIIOYAIOIICTO JbIXa-
TEJBHBIC YIPAXKHECHUS, a3POOHBIC U CUIIOBBIC TPCHH-
POBKH, 3HAYUMBIC U3MEHEHHUSI YPOBHS MPOBOCHAIIU-
TenbHbIX UTOKMHOB (TNF-a, IL-6) He BbIsBIEHBI,
OJTHAKO COCTOSIHME OOJIBHBIX YIYYIIHWJIOCH 3a CUeT
ToBEIIIeHUS KoHIleHTparuu 1L-10, xoTopsiii 06ma-
JaeT MPOTHUBOBOCHATUTENBHBIM ddexTom [40]. B
JIpyrom uccieaoBaHuu y naruentoB ¢ JIIT mecTu-
MeCSYHas peadMINTAMOHHAs TIporpaMma, Hao0o-
POT, CHOcOOCTBOBaJIa CHIDKEHHIO YPOBHS IPOBOC-
najguTenabHbIX 1uToknHOB (IL-12p70, IL-6, IL-1P,
CXCLY/IL-8, CXCLY9/MIG) u onHOBpeMEHHOMY
MOBBIIICHHUIO COJICPIKaHUS HEHpOTpoPuuecKux (hak-
topoB (BDNF, GDNF), Ttorna xak B KOHTpPOJIbHON
rpyIle BOCHAIUTENBHBIN (OH OCTaBajCs CTaOWIIb-
HBIM Ha (poHe cHkeHus konueHTpanuu BDNF [41].
Orto noguepkuBacT UG PEpeHIIUPOBAHHOE BIMSHUE
peadMINTAIIMOHHBIX METOAUK HAa UMMYHHBIC MEXa-
HU3MBL.

OnHOM M3 caMBIX PAaCIPOCTPAHCHHBIX PeadwIIH-
TallMOHHBIX METONUK y nauueHtoB ¢ JJLII sBusercs
neueOHass ¢uskynprypa. OnHAKO BIUsSHUE (PU3NUE-
CKOM aKTHUBHOCTH HA YPOBEHb LINTOKUHOB BapbUPYET
B 3aBUCHUMOCTH OT UCXOJHOTO COCTOSIHUSI OpraHU3Ma.
U3BecTHO, uTO KOHIeHTpanus 1L-6 B mokoe obpat-
HO TPOTOPIMOHAIbHA YPOBHIO (DU3MUYECKOW aKTHB-
HOCTH. [Ipy ATOM Ba)XKHO yYMTHIBaTh, YTO B IMOKOE
IL-6 B r1asmMe KpOBH NMPOAYIUPYETCS HE MBIIIEYHOM
TKAaHbBIO,  TAKUMH KJICTKAMH, KaK aIATIOIUTHI U JICH-
KOIUTHL [42, 43]. Y MajomoABIXKHBIX U YMEPEHHO
aKTUBHBIX JIFONIEH peryisipHble (u3ndecKne Harpys-
KH CITOCOOCTBYIOT CHI)KEHHUIO ypoBHs 1L-6 B moxoe
[44]. OgHako B MCCIEAOBAHUM HA 3J0POBBIX JIHMLAX
(m3nyeckue yrpakHeHUs HE MPUBOAMIN K CTaTH-
CTUYECKU 3HAYMMBIM U3MEHEHUSIM coepxkanus 1L-6
u TNF-0, 94T0 MOXXET CBHIETEILCTBOBATh 00 OTCYT-
CTBUM y HUX IIUTOKUHOBOM ucperynsauuu [45].

DOKCTepUMEHTANbHbIC NaHHBIE Ha JKUBOTHBIX
MOJIENIIX TaKKe MOATBEPKAAIOT TOJOKUTEIBHOE
BIMSIHUE (PU3UYECKHX YIPAKHEHUH HA IIUTOKHMHO-
BBl mpodwmiib. Tak, B MCCIeTOBaHUHM Ha KpbIcax
TPEAMMII-TEPANI NPUBOAMIA K CHUKEHUIO KOH-
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nedtparuu TNF-a u IL-6, a Takxke K MOBBIIIEHUIO
skcripeccun BDNF u ero penentopa TrkB [46]. V
MAIUEHTOB C CApPKOTICHUEH TPEIMUII-TePAIHsl TaKKe
crmoco0CcTBOBaja YMEHBIICHUIO YpoBHS 1L-6, ymyd-
[IEHUIO KOTHATUBHBIX (DYHKITHH ¥ BOCCTaHOBIICHUIO
MBIIIIEYHON TKaHW 3a CYET MOAYIISAINN CUTHAILHOTO
mytH 1L-6/AMPK [47]. Kpome Toro, y JHII C ITUTOKH-
HOBOHM TUCPETYJAINEH, YIaCTBYIONIHX B a’pOOHBIX
TPEHUPOBKAX, CHIDKEHHUE copepkanus IL-6 xoppe-
JIAPYET C YMEHBIIIEHUEM KOHIIEHTPALUH IPYTUX BOC-
NMAJIUTCIBHBIX MAapKEPOB, TAKUX KaK C-peaKTHBHBIﬁ
oemok u TNF-a [48]. HexoTopsie ucciemoBanus ae-
MOHCTPUPYIOT 3(PHEKTUBHOCTH, KOMOMHUPOBAHHBIX
peadMIUTaMOHHEIX Tonxoa0B. Tak, mocne 10 cean-
COB peaOWJIMTAIMK C WCIOJIh30BAHUEM CTHUMYIISITO-
POB CTOITBI OTMEUEHO YITy4IIeHUE PYHKIIMOHATBEHON
MOOMIIBHOCTH, CHIDKEHHE YpOBHsI Koptuzona, 1L-6
u TNF-o [49-51]. ['unepbapuyeckas OKCHUTEHAIUs
TAKXXC aCCOLUMUPYECTCA C YMCHbBIICHUEM KOHUCHTpA-
1 TNF-o u IL-6 y nanueHnToB nocie HeHpoxupyp-
TUYeCKUX BMemarenseTB [52]. ¥V manuenton ¢ JAIIIT
BBISABIIEHA KOPpEIALUS MEXKIY MaJeHUEM YPOBHS
TNF-a mocne kypca peaOWIMTaluy U YIydllIeHHEM
JBUTATEIbHBIX (YHKIHHA, YTO TO3BOJSET paccMa-
TPUBATH 3TOT HUTOKHH B KaYC€CTBC IMOTCHIMAJILHOI'O
npeaukTopa 3QQGEKTUBHOCTH BOCCTAHOBUTEIHHOTO
neuenus [41, 53].

3akiIroueHue

[lepcuctupytorniee HeHpoOBOCHIAICHUE WIrPaeT
Ba)KHY0 poib B narorenese JAII u psga npyrux 3a-
OojeBaHWH, ONHAKO BIMSHUEC pPEaOHIMTAIIMOHHBIX
METOAWK Ha ITUTOKWHOBYIO JHUCPETYJISIHIO Tpely-
eT JallbHelmero m3ydeHns. Pa3paboTka mepcoHa-
TU3UPOBAHHBIX ~ PEAOMIUTAIIMOHHBIX  MPOTPAMM,
HamnpaBJIeHHBIX HA MOAYISAIUIO BOCHAINTEIBHBIX
MPOIIECCOB, MOXKET CIOCOOCTBOBATH YIyUIICHUIO
(hyHKIIMOHAJTBHOTO COCTOSIHHS TAI[IEHTOB W TOBBI-
meHuto 3()PEKTUBHOCTH BOCCTAHOBUTEIHHOTO JIe-
yennst. byaymme nccinenoBanus JODKHBI BKIIIOYATh
OIIEHKY JTOJITOCPOUYHBIX 3(h(eKTOB pazmuuHBIX pea-
OMIMTAIIMOHHBIX CTPATETHH, a TaKKe aHAJINU3 B3au-
MOCBA3HU MEXKAY N3MCHCHUAMU HUTOKHUHOBOT'O ITPO-
(bl/IJBI 1 KIIMHUYECKHUMU UCXOAaMM.
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Abstract

The stability and satisfaction of sexual relationships are vital for individual well-being and societal cohesion. Although
psychological and social influences on these outcomes are well-documented, the study of their genetic underpinnings
remains an emerging area of research. This review aims to synthesize and critically analyze genetic research findings
related to the stability and satisfaction of sexual relationships, highlighting key genetic mechanisms and their implications.
Material and methods. This review synthesizes findings from 42 peer-reviewed publications published between 2003
and 2023, focusing on the genetic contributions to relationship stability and satisfaction. Results. Evidence indicates that
neuroticism, with a heritability estimate of approximately 40 %, strongly predicts relationship instability. In contrast,
higher levels of agreeableness and extraversion are associated with greater satisfaction. The review examines how
genetics influence personality traits, attachment patterns, emotional regulation, hormonal factors, sexual compatibility,
communication behaviors, and mental health predispositions. It also highlights the interaction between genetic and
environmental influences, supported by case studies and empirical research that demonstrate the complexity of these
relationships. Conclusions. This review discusses ethical implications and outlines future research opportunities,
providing a comprehensive perspective on how genetics can shape successful sexual partnerships. By integrating genetic
research with relationship science, it offers evidence-based insights to guide future interdisciplinary investigations.

Key words: genetics, relationship stability, relationship satisfaction, personality traits, attachment patterns,
emotional regulation, hormonal factors, sexual compatibility, communication behaviors, gene-environment interaction.
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Pe3rome

CTaOMIBHOCTD U Y/IOBIETBOPEHHOCTD CEKCYAIbHBIMH OTHOIICHUSIMH UTPAIOT BAXKHYO POJIb B OJIATOIIOTYYHH JINYHOCTH
U CIUIOYEHHOCTH oO0IiecTBa. XOTs MCHXOJIOTHYECKUE U COILMaNbHBbIE (AaKTOPbI, BIUSIOIINE HA 9TH ACMEKTHI, XOPOIIO
M3y4YeHBI, TeHETUYEeCKass OCHOBA ATHUX SBICHUH OCTaeTcs pa3BUBAIOIISHCS 00JacThbI0 HAy4HBIX MccienoBaHuil. Llems
JITAaHHOTO 0030pa — CHHTE3MPOBATh ¥ KPUTUYECKH IPOAHAIIM3UPOBATh PE3yNIbTaThl TEHETHYECKUX HCCIIEOBaHHM, CBSI-
3aHHBIX CO CTAOMIIBHOCTBIO U YOBIETBOPEHHOCTBIO CEKCYalbHBIMI OTHOIICHUSIMH, C aKIIEHTOM Ha KJIIOYEBbIEC TCHETH-
YecKHe MEXaHU3MBI M nX 3HaueHne. Marepuasa n Metoabl. O030p BKIIOYAET aHaIM3 42 pereH3NpyeMbIX ITyOITHKaIiid,
omybonukoBaHHBIX B Tiepuof ¢ 2003 mo 2023 ., ¢ (poKycoM Ha TeHETHUYECKHUIl BKIAl B CTAOMILHOCTh U YIOBIETBOPEH-
HOCTh B OTHOIIEHMsX. Pe3yabrarsl. JlaHHBIE CBHIETENBCTBYIOT O TOM, YTO HEBPOTH3M C YPOBHEM HACIELyEeMOCTH
oxo0710 40 % sIBIIAETCS 3HAYMMBIM IPETUKTOPOM HECTAOMIBHOCTH B OTHOLIEHUSIX. HanpoTus, BEICOKHH ypOBEHB JOOPO-
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KEITATEIIbHOCTU U OKCTPaBEPCUHU CBA3aH C Oosblei YAOBJIETBOPEHHOCTBIO. O630p paccMaTrpuBacT BIUAHUE T€HETUKA
Ha Y€PThI JIMYHOCTH, TUIIBI HPUBA3AHHOCTH, SMOIIUOHAJIbHYO PETYIAINIO, TOPMOHAJIbHBIC @aKTOpLI, CCKCYAJIbHYIO CO-
BMECTUMOCTD, ITOBEACHUE B KOMMYHHUKAIIUU U IIPEAPACIIOTOKEHHOCTD K IMCUXUYECKUM paCCTpOﬁCTBaM. Taxoke noa-
YEPKUBACTCA B3aHMMOJICHCTBUE T€HETUUYCCKUX U CpCaOBbIX q)aKTOpOB, MOATBEPKACHHOC TaHHBIMU SMIIMPUYCCKUX HC-
CJIC,IIOBaHI/Iﬁ 1 TEMAaTUYCCKUMU CITydasiMU, AEMOHCTPUPYIOIIUMH CI0KHOCTD 3TUX B3aMMOCBSI3€ei. 3aK/II0ueHne. O630p
3aTparuBacT 3TUYCCKUC ACTICKThI 1 0003HayaeT TNIEPCIICKTUBHBLIC HAIIPABJICHUA JJIs 6y)1yLlII/IX HCCHCZ[OBaHHﬁ, npeacrans-
s BCGCTOpOHHI/Iﬁ B3IJIAA HA TO, KaK TCHCTHKA MOXKCT (I)OpMI/IPOBaTL YCIICITHBIE CEKCYAJIbHBIC OTHOLICHUS. I/IHTerpa—
U rCHCTUYCCKUX JJaHHBIX C HayKOf/II 0 MCKJIMYHOCTHBIX OTHOLICHHUAX IMO3BOJIACT IMOJYYUTH 000CHOBaHHLIE Hay4HBIC

BBIBOZBI JUTSI JATBHEHIITNX MEKAUCIUTUTMHAPHBIX UCCIICTOBAHNN.

KiaroueBrbie ciioBa: I'CHCTHKA, CcTaOUIILHOCTD OTHOH.ICHI/II\/‘I, YAOBJIETBOPEHHOCTH OTHOIIECHUAMM, JIMYHOCTHBIC YEP-
ThI, CTUJIX NPUBA3AHHOCTH, SMOLUOHAJIbHA pETYIsAusA, TOPMOHAJIbHBIC (l)aKTOpI)I, CCKCyaJibHast COBMCCTUMOCTb, KOM-
MYHHUKaTUBHOE€ ITOBCIACHNUE, BSaHMOﬂeﬁCTBHC IT'€HOB U Opr)KaIOH.[Cﬁ Cpennbl.
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Introduction

Sexual relationship stability and satisfaction
are fundamental to both personal well-being and
societal harmony. Positive relationships contribute to
better mental health, increased life satisfaction, and
longer lifespans. In contrast, unstable or dissatisfying
relationships can result in psychological challenges,
such as anxiety, depression, and reduced life quality
[1]. Relationship dynamics are shaped by various
factors, including social, environmental, and
psychological elements. Recently, genetics have
gained recognition for their influence on relationship
outcomes [2].

Progress in behavioral genetics has revealed
the significant impact of genetic factors on human
behavior, particularly in interpersonal contexts.
Genetic  predispositions influence personality,
emotional regulation, and behaviors essential for
forming and sustaining relationships. For example,
genetic variations like those affecting the serotonin
transporter gene (SLC6A4) are linked to neuroticism
and agreeableness—traits that significantly impact
relationship satisfaction and stability [3]. Such genetic
influences shape behavioral patterns and emotional
responses that can either strengthen or weaken
relationships. Furthermore, attachment theory, which
examines how early caregiver relationships influence
adult bonding, has been enriched by genetic research.
Genetic predispositions contribute to attachment
styles, affecting responses to intimacy and conflict in
relationships [4]. Variations in the oxytocin receptor
gene (OXTR), for instance, have been associated
with differences in social bonding and attachment
behavior, providing a biological basis for these
critical relational processes.

This review aims to provide a comprehensive
synthesis of current research on the genetic influences
thatshape sexual relationship stability and satisfaction.
It focuses on identifying key genetic factors,
evaluating their impact on relationship dynamics,
and offering a foundation for future interdisciplinary
research. To make this topic accessible across
disciplines, defining key genetic terms is essential.
Heritability refers to the proportion of variation in
a trait within a population that can be attributed to
genetics. Single nucleotide polymorphisms (SNPs)
are variations in a single DNA component that can
impact traits such as emotional regulation. Polygenic
risk scores summarize the effects of multiple genetic
variants, estimating an individual’s likelihood of
exhibiting certain behaviors, including those relevant
to relationship satisfaction.

Beyond personality and attachment, emotional
regulation is a vital area influenced by genetics. The
ability to manage emotions plays a critical role in
maintaining relationship harmony, especially during
conflict. Genetic studies have identified specific
alleles linked to neurotransmitters like serotonin and
dopamine, which are central to emotional control [5].
Individuals with favorable genetic variations related
to emotional regulation tend to experience higher
relationship satisfaction and stability. Hormonal
influences, intertwined with genetic factors, also
affect relationships. Genetic variations related to
hormones such as oxytocin and vasopressin influence
social bonding and partner interactions [6]. These
hormonal pathways are fundamental in fostering
intimacy and trust, which are essential components
of successful partnerships. Sexual compatibility,
another cornerstone of relationship satisfaction,
may also have a genetic basis. Research suggests
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that compatibility at the genetic level, especially
concerning the major histocompatibility complex
(MHC), influences sexual attraction and partner
choice, thereby affecting relationship stability [7].
Such genetic compatibility may drive subconscious
preferences for certain partners, contributing to
relationship success. Additionally, communication
styles, which are crucial for conflict resolution
and expressing personal needs, can be influenced
by genetic factors. Studies indicate that some
communication tendencies are heritable, affecting
how partners handle relational challenges [8].
Understanding these genetic contributions sheds
light on the biological foundations of relationship
dynamics. Lastly, mental health—a factor significantly
shaped by genetics — plays a vital role in relationship
outcomes. Genetic predispositions to conditions
like anxiety and depression can strain relationships,
making these factors critical in understanding
relationship success [9]. The interaction between
genetic vulnerabilities and environmental triggers
highlights the complexity of relationships. Moreover,
the role of epigenetics — where environmental factors
modify gene expression—-remains underexplored and
represents an important avenue for future research.

Material and methods

This narrative literature review was designed to
explore and synthesize existing research examining
genetic influences on the stability and satisfaction
of romantic relationships. As a narrative review,
the approach emphasizes thematic integration and
conceptual analysis rather than rigid systematic
protocols. The methodology focused on collecting
a broad spectrum of relevant literature, highlighting
diverse genetic factors and their implications within
relationship science.

Search strategy

An exploratory literature search was conducted
across several academic databases, including
PubMed, Scopus, Web of Science, and Google
Scholar. These platforms were chosen for their
broad coverage of genetics, psychology, and social
sciences. Search terms were selected to reflect the
primary themes of the review, including “Genetics,”
“Relationship Stability,” “Relationship Satisfaction,”
“Personality  Traits,”  “Attachment  Styles,”
“Emotional Regulation,” “Hormonal Influences,”
“Sexual Compatibility,” “Communication Styles,”
and “Gene-Environment Interactions”. Boolean
operators such as AND, OR, and NOT were
used to refine the search where appropriate. For
example, queries like “Genetics AND Relationship
Stability” and “Hormonal Influences OR Attachment

Styles” were employed to capture a wide range of
perspectives. Only English-language sources were
reviewed for consistency.

Selection criteria

The inclusion of studies was based on thematic
relevance rather than strict methodological filters.
Criteria included: language (english publications
only), population (studies examining aspects of
romantic or sexual relationships, relevance (explicit
focus on genetic contributions to relationship
outcomes), publication type (empirical peer-
reviewed journal articles, systematic reviews,
and meta-analyses), time frame (2003 to 2023).
Exclusion criteria: theoretical books or textbooks
without primary data (e.g., general overviews on
attachment theory), studies based exclusively on
non-human subjects, articles lacking discussion of
genetic mechanisms or findings, non-peer-reviewed
publications, duplicate entries.

Review and thematic analysis process

Articles were reviewed for thematic content,
rather than assessed through formal quality appraisal
tools like CASP. Emphasis was placed on identifying
key genetic variables (e.g., gene polymorphisms,
heritability, hormonal markers), their relationship
with psychological and interpersonal traits, and
any reported implications for romantic relationship
dynamics. Instead of quantitative synthesis, this
narrative approach relied on thematic clustering,
grouping findings into major categories such as
genetic influences on personality, attachment,
emotional regulation, hormones, sexual compatibility,
communication, and mental health. Conceptual
overlaps and interdisciplinary insights were
highlighted to offer a broad, integrative perspective.

Limitations and bias consideration

As a narrative review, this study does not follow
PRISMA guidelines or formal bias-mitigation
protocols. However, efforts were made to ensure a
balanced overview by consulting multiple databases
and diverse publication types (Table 1). The exclusion
of theoretical books and non-empirical works was
intended to maintain scientific rigor. The limitation
to English-language sources is acknowledged as a
potential source of bias.

Results

Genetic foundations of personality traits

Rather than analyzing personality traits as
standalone  psychological dimensions, recent
advances in behavioral genetics emphasize a gene-
centric approach, revealing how specific genetic
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Table 1. Summary of reviewed studies on genetic contributions to romantic relationship dynamics

Tabnuya 1. Pe3tome paccmompeHnbix Uccie008anull 2eHemu4ecko2o 6K1a0ad 6 OUHAMUKY POMAHMUYECKUX

OmHOWeHUl
. . . Refe-
Study type Genetic focus Relevance to relationship outcomes rence
1 2 3 4

Experimental None (focus on sleep) Contextugl relevance to interpersonal conflict, [1]
Psychology not genetics
ngew/meta—anal- General intelligence genetics Foqndatlopal for genetic approaches to psycho- 2]
ysis logical traits
GWAS Major depression (44 loci) Relevant due.to depression’s impact on emo- 3]

tional dynamics
Theoretical/review Attachment theory (general) Eﬁﬁgretlcal foundation for gene-attachment [4]
Negrosmence SLC6A4 Dlregt relgvance to emotional regulation and 5]
review relationship quality
Review Oxytocin and vasopressin High relevance to pair bonding and emotional [6]

closeness
Experimental MHC-related preferences Rel.e\./a'nt to sexval attraction and genetic com- [7]

patibility
Theoretical None General model of intimacy; not genetic-specific [8]
Book/review Depression genetics Contextual backgrpund on mental health im- [9]

pact on relationships

.. . Links neuroticism genetics to relationship

GWAS Neuroticism, depression . o [10]

instability
Meta-analysis Neuroficism loci iStEpports heritability of traits linked to instabil- (1]
GWAS Personality traits Genetic loci for traits impacting satisfaction [12]

. . Oxytocin receptor gene . . . .
Systematic review methylation Directly linked to bonding and regulation [13]
Review Adult attachment genes Updated review on genes shaping attachment [14]
Review Erlzl\i/:lronmental modulation of Environmental influence on genetic expression [15]
Empirical Attachment and environment Attachment genetics + trauma context [16]
Behavioral study Dopamine and attachment DRD2/DRD4 and relationship styles [17]
Meta-analysis Attachment and behavior Gene-environment influence on attachment [18]
Review SLC6A4 Serotonin transport and emotional regulation [19]
Review Familial depression risk Depression heritability and relational effects [20]
fgﬁgﬁlcal (neuroim- Emotional regulation Neurological correlates of emotion in couples [21]
Genetic Association | AVPRIA Vasopressin and pair bonding [22]
Review Resilience and bonding Oxytocin-linked resilience in relationships [23]
Experimental MHC MHC and sexual attraction via scent [24]
Meta-analysis MHC mate selection Cross-species analysis of mate compatibility [25]
Experimental MHC preferences Perfume and immunogenetic compatibility [26]
Conceptual Endophenotype framework Defines genetic-behavior links [27]
Review Gene-environment interactions | Foundational gene-environment model [28]
Theoretical/review Differential susceptibility Individual genetic sensitivity in relationships [29]
Twin study Marital genetics Twin-based genetic component of satisfaction [30]
Empirical SLC6A4 SS;z:';omn transporter and relationship-linked [31]
fMRI study Neural correlates Brain-genetic link to relationship satisfaction [32]
Review Bipolar disorder genetics Mood instability and relationship effects [33]
Commentary Behavioral genetics Challenges in regional research [34]
Ethics report Genetics and behavior Ethical issues in relationship genetics [35]
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End of the Table 1

1 2 3 4
Ethics review Genetic testing Ethics of using genetics in matchmaking [36]
Future directions Genomics roadmap Emerging trends in human behavioral genetics [37]
Genomic study Resilience Polygenic resilience in social settings [38]
iilfé\(;magmg Brain-behavior genetics Tech interface for gene-behavior research [39]
Policy review Genomics and equity Disparities in access to genomic tools [40]
Methods review CRISPR/Cas9 Methods in gene editing, future applications [41]
Theoretical Relat{onshlp science and Interdisciplinary overview [42]
genetics

polymorphisms contribute to interpersonal behaviors
linked to relationship satisfaction and stability. These
findings suggest that emotional expression, empathy,
sociality, and conflict sensitivity can be traced back
to variations in neurotransmitter-related genes that
operate across multiple traits. Personality traits
critically influence sexual relationship dynamics,
shaping interpersonal interactions, conflict resolution,
and intimacy maintenance. Genetic research
underscores that a significant portion of individual
differences in these traits stems from heritable
factors. Twin and family studies consistently report
substantial heritability for traits such as neuroticism,
extraversion, and agreeableness [10].

SLC6A4, particularly  the 5-HTTLPR
polymorphism, has been extensively studied in
relation to neuroticism and stress reactivity [11].
Individuals with the short allele variant often show
greater sensitivity to emotional stimuli, elevated
amygdala activation, and reduced resilience to
interpersonal stressors. These tendencies increase
vulnerability to relationship instability, as heightened
emotional reactivity can lead to miscommunication
and conflict escalation during relational tension.
Dopamine-related genes, such as dopamine receptor
D4 gene (DRD4) and DRD2, are implicated in
extraversion and approach-oriented social behaviors.
DRD4 polymorphisms, especially those affecting
the length of variable number tandem repeats
(VNTR), influence novelty-seeking, sociability, and
responsiveness to reward [12]. These qualities are
often associated with positive partner engagement,
greater openness, and greater relational satisfaction.
DRD?2, while studied less frequently in this context,
contributes to social motivation and reward
processing—factors critical to emotional closeness
and partner responsiveness (Table 2). OXTR,
particularly the polymorphism at locus 153576,
has been associated with differences in empathy,
cooperation, and trust [13]. Individuals with the
GG genotype at rs53576 tend to exhibit higher
levels of prosocial behavior. These traits directly
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support supportive communication, forgiveness, and
partner satisfaction in romantic relationships. OXTR
expression is also modulated epigenetically, meaning
that early-life stress can downregulate oxytocin
sensitivity, leading to difficulties with intimacy and
emotional attunement later in life.

Rather than functioning in isolation, these genes
often operate interactively, forming neurochemical
networks that regulate interpersonal sensitivity and
responsiveness. For instance, individuals with a
combination of the SLC6A4 short allele and DRD4
long allele may show increased social vigilance
and variability in emotional control. Such gene-
gene interactions contribute to the complex ways in
which genetic predispositions influence relationship
experiences. This gene-based synthesis offers a
more precise explanation of how heritable biological
mechanisms influence personality-relevant behaviors
that shape relationship satisfaction. It shifts the focus
away from abstract trait categories and toward specific
biological substrates that interact with environmental
experiences to predict relational outcomes [13].
For example, high neuroticism coupled with low
agreeableness may intensify conflict frequency, but
this can now be reinterpreted as stemming from
certain SLC6A44 and OXTR polymorphism profiles. In
contrast, balanced serotonin and dopamine activity —
driven by optimal genetic combinations —may support
effective emotional regulation and relational stability.

Attachment styles and genetic influences

Attachment theory has traditionally focused on
psychological models of interpersonal bonding,
yet genetic research has increasingly revealed how
specific loci influence attachment behaviors by
modulating neurochemical signaling pathways.
This section synthesizes the genetic architecture of
attachment through key polymorphisms associated
with bonding, social motivation, and stress response
systems. Attachment styles — secure, anxious, and
avoidant — are essential in understanding relationship
patterns. Emerging research reveals that these styles
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Table 2. New synthesis table: key genes and their relationship outcomes

Tabnuya 2. Hosas obodbwaowas mabiuya. Kioyevle 2etbl U pe3yibmambl UX 63auUMOOmMHOUeHUL

Gene Trait/outcome Effect Key polymorphism Study type
/ allele
Neuroticism, Heightened stress sensitivity; | 5 yrry pp _ Short | Twin, GWAS,
SLC6A44 . insecure attachment; poor . .
anxiety, attachment . . (S) allele epigenetic
emotion regulation
Empathy, . .
OXTR attachment, Incrggsgd bonding, social rs53576 — GG GWAS, epigenctic
. sensitivity, and trust genotype
regulation
AVPRIA Pair bonding, Stronger emotlonal closeness | RS3 repeat'length Behavioral genetics
attachment and commitment polymorphism
. . Met allele llnked to better Pre 1 val158Met — Met Neurogenetic, twin
comTt Emotional regulation | frontal dopamine and conflict .
allele studies
management
Extraversion, Promotes sociability and rela- | VNTR — 7-repeat Twin, candidate gene
DRD4 ; . . : . .
novelty seeking tionship satisfaction allele studies
. - TaqlA .
DRD2 Avoidant attachment Lower sqmal rewarc!, dimin- polymorphism — Al Behayloralf
ished intimacy-seeking allele neuroimaging
NR3CI Stress reactivity, Increases cortisol; anxiety-re- | rs1360780 or Gene-environment
attachment lated attachment insecurity methylation patterns | interaction

are partially heritable, with genetic factors accounting
for 30-50 % of attachment behavior variance [14].
OXTR plays a pivotal role in promoting secure
attachment. Specific genotypes at the OXTR rs53576
polymorphic locus, particularly the GG genotype,
have been associated with increased oxytocin
sensitivity, which facilitates trust, empathy, and
affectionate touch [15]. These features underlie
behaviors that promote emotional safety, bonding,
and responsive caregiving in romantic contexts.
Individuals with the GG genotype, for example, often
demonstrate higher relational satisfaction due to more
secure behavioral patterns. Vasopressin receptor
la gene (AVPRIA) also supports pair bonding and
emotional attunement. Its polymorphisms affect
vasopressin binding efficiency, which contributes to
relationship investment and commitment behaviors
[22]. Male carriers of specific alleles (e.g., RS3
repeat length variations) have been shown to report
lower levels of marital conflict and greater partner
satisfaction. SLC6A44, again notably the 5S-HTTLPR
polymorphism, is associated with anxious attachment
through heightened emotional reactivity and fear of
rejection. When these alleles are paired with adverse
early experiences, they can intensify abandonment
fears and create hyperactivation of attachment
systems [16]. Polygenic risk scores aggregating
such variants are increasingly used to quantify
genetic vulnerability to insecure attachment patterns.
Stress-regulation genes like the glucocorticoid

receptor gene (NR3C1) influence the hypothalamic-
pituitary-adrenal axis, impacting cortisol release
and thus shaping attachment through physiological
stress responsiveness. Variants of NR3CI have been
associated with anxious behaviors and difficulties in
emotion regulation during relational stressors [16].
Epigenetic studies show that early neglect or trauma
can increase methylation of the NR3CI promoter
region, reducing gene expression and leading to
chronic stress sensitivity.

Avoidant attachment, characterized by emotional
withdrawal and discomfort with intimacy, has been
linked to dopaminergic genes such as DRD2 [17].
These genes modulate reward processing and social
motivation, meaning that individuals with certain
DRD?2 variants may experience less emotional
gratification from closeness, leading to detachment
or dismissive behaviors. These biological traits
can discourage emotional reciprocity and long-
term relational engagement. Gene-environment
interactions (GxE) are especially significant in
attachment development. Even when individuals
carry risk alleles, supportive parenting or therapeutic
intervention can moderate outcomes. Conversely,
adverse environments may exacerbate genetic
vulnerabilities. For example, methylation changes
in OXTR and NR3CI are frequently observed in
individuals with early trauma, further impairing
oxytocin and cortisol signaling [18].
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Genetic basis of emotional regulation

Effective emotional regulation is fundamental
for sustaining relationship satisfaction and stability.
Proper management and expression of emotions
significantly influence how individuals cope with
stress, resolve disagreements, and communicate
within relationships. Contemporary studies have
pinpointed various genes that contribute to emotional
regulation, underscoring the genetic foundation
of these abilities and their effects on relationship
dynamics [19].

A prominent gene associated with emotional
regulation is SLC6A4, which governs serotonin
reuptake — vital for mood balance. Variations
in this gene, especially the short allele of the
5-HTTLPR polymorphism, have been connected
to heightened emotional sensitivity and reactivity
[20]. Nevertheless, other research suggests that
environmental factors, such as early life experiences
and stress levels, moderate the relationship between
this polymorphism and emotional regulation. Some
findings even reportno significant correlation between
SLC6A4 and emotional reactivity, highlighting the
intricate gene-environment dynamics in emotional
control.

The catechol-O-methyltransferase gene (COMT)
is another key player, responsible for the breakdown
of dopamine, a neurotransmitter linked to pleasure
and reward. The Vall58Met polymorphism in this
gene is particularly notable. Individuals carrying
the Met allele demonstrate lower enzymatic activity
and elevated dopamine levels in the prefrontal
cortex, leading to enhanced executive functioning
and emotional management [21]. This improved
emotional regulation can positively affect relationship
satisfaction by fostering constructive stress responses
and efficient conflict resolution. Additionally,
OXTR is integral to emotional regulation and
social bonding. Oxytocin, often referred to as the
“love hormone”, facilitates trust, empathy, and
social communication. Genotypic differences at the
1$53576 polymorphism of the OXTR, such as the GG
or AA genotypes, are associated with variations in
emotional responsiveness and stress reactions [13].
Furthermore, epigenetic factors like DNA methylation
of the OXTR gene influence individual differences in
emotional expression, further illustrating the genetic
and epigenetic contributions to emotional regulation
and relationship satisfaction.

Genetic differences can also impact the
hypothalamic-pituitary-adrenal axis, which governs
stress responses. Polymorphisms in NR3CI/ may
affect cortisol levels and stress management [16].
Individuals with certain NR3C1 variants may display
heightened stress sensitivity, potentially hindering
effective emotional regulation during conflicts,

thereby diminishing relationship satisfaction.
Conversely, those with genetic profiles favoring
balanced stress responses are more adept at handling
relational stress, promoting relationship stability.

Genetic influences on hormonal mechanisms
in relationships

Hormonal mechanisms, influenced by genetic
variation, play a significant role in shaping bonding,
intimacy, and emotional regulation within romantic
relationships. Among these mechanisms, oxytocin
and vasopressin stand out due to their prominent
roles in fostering social connections, attachment,
and emotional balance. Although this section
primarily discusses two key hormonal systems, it
reflects a broader trend in the field exploring how
gene-regulated hormonal pathways contribute to
relationship dynamics.

Oxytocin, known as the “love hormone”, is
essential for establishing and maintaining social
bonds by enhancing trust, empathy, and emotional
intimacy. Genetic variations in OX7TR, particularly
the rs53576 polymorphism, have been associated
with differences in social cognition and stress
responsiveness [13]. Individuals with specific alleles
of this gene may exhibit higher empathy and better
bonding capabilities, which contribute to relationship
satisfaction. Conversely, variants that reduce
oxytocin receptor sensitivity may impair emotional
closeness, potentially disrupting relationship success.
Vasopressin, another hormone intricately linked with
oxytocin, plays a vital role in social behaviors and
pair bonding. Research has highlighted AVPRIA
as pivotal in modulating these effects. Specific
polymorphisms in AVPRIA have been connected
to differences in partner attachment and bonding
behaviors. Certain alleles correlate with stronger
social bonds and greater relationship satisfaction
[22], emphasizing the genetic influences underlying
relationship dynamics. Additional hormones such
as testosterone and estrogen also contribute to
romantic and sexual dynamics, though their genetic
underpinnings remain less consistently documented.
Testosterone often correlates with dominance,
competitiveness, and mate-seeking behaviors. While
these traits can boost attraction, excessive dominance
may threaten relationship stability. Estrogen, on the
other hand, supports emotional bonding and nurturing
tendencies, enhancing relationship closeness. The
interplay between testosterone and estrogen levels,
along with genetic variations in their receptors,
shapes relationship satisfaction and stability [23].

It is important to note that the literature on
genetic regulation of hormone-related behavior in
romantic relationships remains relatively limited and
sometimes inconsistent. Many studies involve small
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sample sizes, hindering the generalization of findings.
Moreover, the effects of hormone-related genetic
variants are often influenced by environmental factors
such as stress, nutrition, and social experiences.
Additionally, methodological challenges arise when
attempting to measure hormone levels accurately
due to their fluctuation in response to various stimuli.
The interaction between genetic predispositions and
hormonal activity plays a pivotal role in relationship
outcomes. For example, individuals genetically
inclined toward efficient oxytocin and vasopressin
signaling typically exhibit superior social skills and
stress management, leading to stronger emotional
support and higher relationship satisfaction [24]. In
contrast, impaired hormone signaling pathways may
hinder intimacy, elevating the risk of dissatisfaction.
Environmental factors further modulate these effects.
Supportive environments can amplify the positive
impact of favorable genetic profiles, while adverse
conditions may exacerbate the challenges faced by
those with less advantageous genetic variations [23].

Sexual compatibility and genetic

compatibility

Genetic compatibility significantly influences
sexual attraction and long-term relationship
satisfaction. One of the most explored genetic
systems in this domain is the major histocompatibility
complex (MHC), which plays a critical role in
immune system functioning. Research suggests
that individuals are often subconsciously attracted
to partners with dissimilar MHC alleles, potentially
offering evolutionary advantages to offspring [25].
Nevertheless, findings on MHC compatibility
and relationship satisfaction in humans remain
inconsistent, as some studies have failed to replicate
these associations.

The preference for MHC-dissimilar partners is
believed to enhance offspring immunity, increasing
survival chances. Seminal studies, such as those by
C. Wedekind et al., showed that women favored
the scent of men with differing MHC genes, likely
mediated through olfactory signals [26]. However,
subsequent research has presented conflicting results,
showing no clear preference for MHC dissimilarity
in partner selection. When examining long-term
relationship satisfaction, some studies suggest that
MHC-dissimilar couples report greater sexual and
relationship fulfillment. This satisfaction may stem
from enhanced immune diversity in offspring and a
lower risk of fertility problems. However, cultural
and environmental influences may moderate the
extent of MHC compatibility’s effects on relationship
satisfaction [25].

Pheromones — chemical signals believed to
influence sexual attraction — are also hypothesized

to convey information about genetic compatibility,
particularly regarding MHC diversity. Despite this,
empirical evidence remains limited, with some
studies failing to establish a robust link between
pheromonal attraction and genetic compatibility [26].
Consequently, the role of pheromones in human mate
selection warrants cautious interpretation. Beyond
the MHC, other genetic markers also contribute to
sexual compatibility and relationship dynamics. For
instance, variations in neurotransmitter systems,
including dopamine and serotonin, can affect
personality traits and sexual behaviors. Couples
whose genetic profiles align in these systems may
experience more synchronized sexual preferences
and behaviors, enhancing both emotional and sexual
intimacy, which are crucial for long-term relationship
satisfaction [17].

Genetic contributions to communication
styles

Effective communication is fundamental to
maintaining healthy relationships, playing a key
role in relationship satisfaction and stability.
Genetic influences significantly shape individual
communication patterns and styles. Variations
in genes that regulate neurotransmitter systems,
particularly those involving dopamine and serotonin,
account for differences in communication behaviors,
such as expressiveness, responsiveness, and conflict
resolution.

A major area of research examines SLC6A44
and its connection to emotional regulation and
communication. The 5-HTTLPR polymorphism in
this gene, consisting of short (S) and long (L) alleles,
is especially noteworthy. Individuals carrying the S
allele often display heightened emotional sensitivity
and reactivity, impacting their communication
approach. These individuals may exhibit greater
emotional expressiveness but encounter challenges
in regulating emotions during conflicts, potentially
resulting in more volatile and less effective
communication [19]. Conversely, those with the
L allele generally demonstrate better emotional
control, leading to more stable and constructive
communication patterns. OXTR also plays a vital
role in communication. Oxytocin, essential for
social bonding and emotional regulation, influences
communication behaviors significantly. Specific
genotypic variations at the OXTR 1553576 locus,
including the GG genotype, are linked to heightened
empathy and improved communication behaviors.
Certain genotypes correspond with higher levels of
empathy and supportive communication, fostering
relationship satisfaction and stability [13]. However,
individuals with less favorable genotypes might
find empathic communication more challenging,
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potentially resulting
relationship conflicts.

Although DRD4 has been hypothesized to affect
communication styles, empirical evidence remains
limited [17]. While some research links DRD4
polymorphisms to novelty-seeking behavior and
impulsivity, their direct impact on communication
within relationships is not well-supported. Instead,
gene-environment interactions seem more influential
in shaping communication patterns. For example,
interventions like relationship counseling and
behavioral training can help individuals with genetic
tendencies toward communication challenges,
reducing risks and improving relational outcomes
[23].

in misunderstandings and

Mental health, genetic predispositions, and
relationship outcomes

Genetic  predispositions to mental health
conditions greatly affect relationship satisfaction
and stability. Understanding the role of these genetic
factors in mental health challenges provides insight
into the complexities of relationship dynamics and
highlights strategies for managing their effects.
Mental health disorders such as depression,
anxiety, and bipolar disorder have established
genetic underpinnings. Variations in genes related
to neurotransmitter function, stress response, and
neural plasticity increase susceptibility to these
conditions. For example, the SLC644 is associated
with a heightened risk of depression and anxiety.
Individuals carrying the short allele of the S-HTTLPR
polymorphism experience less efficient serotonin
reuptake, resulting in prolonged stress responses and
negative emotional states [19]. Such vulnerabilities
can strain relationships by increasing emotional
instability, conflict, and reducing emotional support.
Bipolar disorder, marked by alternating episodes of
depression and mania, also has genetic components.
Variants in the CACNAIC, which influence calcium
channel function, are linked to bipolar disorder. These
genetic predispositions can result in unpredictable
mood shifts, posing challenges for sustaining
stable and fulfilling relationships [17]. Partners of
individuals with bipolar disorder may face difficulties
due to inconsistent emotional availability and the
disorder’s impact on daily interactions.

These genetic predispositions not only affect
individuals but also impact their partners and
relationships. Managing a partner’s mental health
condition can lead to caregiver fatigue, reduced
relationship satisfaction, and increased conflict.
Moreover, societal stigma and limited understanding
of' mental health issues can intensify these challenges,
making it harder for couples to access necessary
support [13]. Nonetheless, psychiatric interventions

can help mitigate the effects of genetic vulnerabilities
on relationships. Cognitive Behavioral Therapy
(CBT) enhances emotional regulation in individuals
genetically predisposed to mood disorders, lowering
relational conflict and improving communication.
Additionally, couples therapy offers structured
guidance for addressing mental health complexities
in relationships, fostering mutual understanding
and coping strategies [27]. Comorbid genetic risks,
such as overlapping vulnerabilities to anxiety and
depression, may further complicate relationship
dynamics. For such cases, early intervention and
sustained support become crucial for couples to
navigate these challenges successfully [28].

Interplay between genetics and environment

The complex interaction between genetics
and environmental factors profoundly influences
relationship outcomes. Gene-environment
interactions describe how genetic predispositions
and environmental influences collectively shape
individual behaviors and relational dynamics. While
genetic factors lay the groundwork for certain traits,
environmental contexts modulate these influences,
leading to diverse relationship outcomes. A notable
example of gene-environment interaction is the
influence of SLC644 on emotional regulation
and relationship satisfaction. Individuals with the
short allele of the 5-HTTLPR polymorphism are
more prone to stress and negative emotional states.
However, supportive environments can help buffer
these genetic vulnerabilities, resulting in improved
emotional regulation and relationship satisfaction.
In contrast, adverse environments, marked by high
stress or conflict, may exacerbate genetic risks,
leading to poorer relational outcomes [19]. Genetic
predispositions also interact with environmental
factors to shape attachment styles and relationship
stability. For example, OXTR, crucial for social
bonding and emotional regulation, plays a significant
role. Research indicates that individuals with
particular OXTR genotypes respond differently
to social support and attachment-related cues.
Supportive environments promote secure attachment
styles, fostering trust, emotional intimacy, and
relationship  stability. However, environments
lacking social support or characterized by neglect
can lead to insecure attachment styles, such as
anxious or avoidant attachment, which negatively
affect relationship satisfaction and stability [13].

Cultural and socioeconomic factors further
influence  gene-environment interactions. In
collectivist cultures, robust social support systems
may help counteract genetic risks for attachment
insecurity,  enhancing  relationship  stability.
Conversely, in individualistic cultures where
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independence is emphasized, genetic tendencies
toward anxiety or avoidance may be intensified by
weaker social safety nets [29]. Socioeconomic status
also shapes these interactions — individuals with
genetic risks for emotional dysregulation may fare
better in resource-rich environments offering mental
health support and counseling, while those in lower
socioeconomic settings may face greater challenges
due to limited access to such resources [30].
Additionally, childhood experiences significantly
impact gene-environment interactions and adult
relationship  outcomes.  Supportive  childhood
environments characterized by warmth and secure
attachments can mitigate genetic risks for mental
health issues, leading to healthier relationships in
adulthood [31]. Conversely, adverse childhood
experiences, such as abuse or neglect, can amplify
genetic risks, resulting in poorer mental health and
relationship outcomes.

Case studies and empirical evidence

Case studies and empirical research offer
valuable insights into how genetic factors influence
relationship stability and satisfaction. Longitudinal
studies, particularly twin studies, have been
instrumental in uncovering the intricate relationship
between genetics and relationship outcomes.
The Minnesota Twin Family Study is a pivotal
investigation in this field, examining the genetic
and environmental determinants of psychological
traits and relationship dynamics. By tracking twins
from adolescence through adulthood, this study has
clarified how genetics and environment contribute to
crucial traits like emotional regulation, personality,
and social behaviors, all of which are key to
relationship success [32].

Research using twin study methodologies, such
as the work by E.L. Spotts et al., highlights the
heritability of marital satisfaction. Their findings
suggest that 30-40 % of the variance in marital
satisfaction is attributable to genetic factors, with
the rest shaped by individual experiences and
environmental contexts. This underscores that
while genetics plays a notable role, environmental
influences are equally critical [30]. Qualitative
case studies complement these large-scale
investigations by providing in-depth perspectives
on how genetics affects relationship dynamics. For
example, K.S. O’Connell et al. examined couples
where one partner had a genetic predisposition to
bipolar disorder, revealing how genetic vulnerability
and environmental stressors collectively impact
relationship outcomes. The study also emphasized
the role of therapeutic interventions in mitigating
genetic risks [33]. To maintain methodological
integrity, studies analyzed in this review were

selected based on rigorous criteria, including
substantial sample sizes, replication across diverse
populations, and evaluations using frameworks like
the Critical Appraisal Skills Programme (CASP).
This ensures the robustness and reliability of the
findings presented.

Ethical and social implications

Exploring genetic contributions to relationship
satisfaction raises essential ethical and societal issues.
As genetic research continues to advance, addressing
these implications becomes critical. A primary ethical
concern revolves around genetic privacy and the
potential misuse of sensitive genetic data. There is a
real risk that such information could be exploited for
discrimination in employment, insurance, or personal
relationships. The prospect of genetic screening
for relationship-related traits may also lead to
stigmatization based on genetic predispositions [34].
Establishing stringent privacy protections and ethical
frameworks is therefore essential. Another concern
involves genetic determinism — the belief that genetic
makeup solely determines behavior and relationship
outcomes. This oversimplified perspective neglects
the significant influence of environmental factors
and individual agency. An ethical approach to
communicating genetic findings must balance the
acknowledgment of genetic influences with an
understanding of contextual factors and personal
choices [35].

Real-world ethical challenges further illustrate
these concerns. For instance, the emergence of genetic
testing in dating platforms raises questions about
consent, privacy, and the commodification of genetic
compatibility. While proponents argue that such tools
could enhance relationship outcomes, critics warn
they may reinforce genetic determinism and unfairly
exclude certain individuals [36]. Policymakers and
ethicists must carefully weigh these risks when
considering the application of genetic research in
matchmaking services. Addressing these ethical and
social issues requires a multidisciplinary approach,
involving collaboration among geneticists, ethicists,
sociologists, and policymakers. Public education and
engagement are also crucial for fostering a nuanced
understanding of genetic research and its implications
for human relationships [37].

Future directions and research needs

The intersection of genetics and relationship
science presents vast opportunities for further
exploration. Despite recent progress, numerous
research gaps remain that future studies must
address. A key area for future research involves
delving deeper into gene-environment interactions.
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Although it is recognized that genetics and
environment jointly influence relationship dynamics,
the specific mechanisms of these interactions are
not yet fully understood. Future studies should
investigate how diverse environmental factors —
such as cultural norms, socioeconomic status, and
life stressors — interact with genetic predispositions
to shape relationships [30]. Longitudinal research
that follows individuals and couples over time can
provide critical insights. Another promising avenue
is the study of epigenetics, which examines how
environmental factors can alter gene expression
without changing the DNA sequence. Understanding
how these epigenetic modifications influence
relationship-related  behaviors and emotional
regulation could lead to more nuanced insights
into relationship dynamics [13]. Such research will
require advanced methodologies, including genomic
sequencing and  sophisticated  bioinformatics
tools.  Additionally, large-scale genome-wide
association studies (GWAS) are needed to identify
genetic markers linked to relationship traits like
communication styles, emotional regulation, and
attachment patterns. The use of polygenic risk scores
could also enhance the predictive accuracy of genetic
contributions to relationships [38]. Expanding the
diversity of study populations is crucial to ensure
findings are applicable beyond Western, educated,
industrialized, rich, and democratic (WEIRD)
societies (NHS — Race and Health Observatory,
2024).

Neuroimaging techniques such as functional
magnetic resonance imaging (fMRI) and positron
emission tomography should also be leveraged to
exploretheneuralmechanismsunderlyingrelationship
dynamics [39]. Furthermore, technologies like
CRISPR-Cas9 could provide controlled insights
into genetic influences on social behaviors, although
ethical concerns surrounding their application must
be carefully managed [40]. Artificial intelligence (AI)
and machine learning offer additional avenues for
innovation. Al-driven models can integrate genetic,
psychological, and environmental data to develop
personalized relationship counseling strategies and
predict relationship satisfaction. These tools could
identify couples at risk of relationship difficulties,
allowing for timely and targeted interventions [41].
Interdisciplinary research that bridges genetics,
psychology, neuroscience, and sociology will
be essential in unraveling the complexities of
relationships. Such collaborative efforts will support
the development of holistic interventions and inform
policies aimed at promoting healthy and fulfilling
relationships [42].

Conclusions

This review highlights the specific genetic
mechanisms that influence romantic relationship
dynamics. Genes such as OXTR and AVPRIA are
linked to emotional bonding, trust, and relationship
satisfaction. Polymorphisms in SLC6A44 affect
emotional regulation and stress sensitivity,
contributing to relationship instability. Additionally,
compatibility within the major histocompatibility
complex (MHC) may influence sexual attraction
and partner selection, though empirical findings
are mixed. Beyond these loci, heritable traits
like neuroticism, agreeableness, and attachment
tendencies also shape how individuals form and
sustain relationships. However, genetic influences do
not operate in isolation. They interact dynamically
with environmental conditions, including early life
experiences, stress exposure, and social context. Twin,
longitudinal, and neuroimaging studies increasingly
reveal the complexity of these interactions. Emerging
insights from polygenic models and epigenetics hold
promise for personalizing relationship counseling
and identifying relational vulnerabilities. Still, any
practical application must navigate ethical challenges
related to determinism, stigmatization, and genetic
privacy. Ultimately, while genetic research offers
valuable understanding of relational behavior,
environmental support, therapeutic interventions,
and personal agency remain essential to fostering
stable and fulfilling romantic partnerships.
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MoJiekyJsipHble 3B€HbSI MATOreHE3a IHIOMETPHO03a — MOTEHINAJIbHbIE
MUIIIEHU IMATHOCTUKHU M TAPreTHOM Tepanuu: 0030p JUTepPaTyphl
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Pe3rome

DHIOMETPHO3 SBIISETCSA OJHUM M3 CaMbIX PACHPOCTPAHEHHBIX TMHEKOJIIOTMYEeCKHX 3a0oneBannii. Ero aTnonorus u ma-
TOTeHEe3 Ha CETOJHALIHUI IeHb HE YCTAaHOBIICHBL. AKTYaJIbHBIMU POOJIEeMaMH TaKKe SIBJISIOTCSI IMarHOCTHKA U JICUCHHE
sHoMeTpHo3a. CyIecTBYIOMNE TEOPHH HE OOBSICHSIOT B IIOJIHOM Mepe MPUYMHBI BOSHUKHOBEHHS 1 MEXaHN3MbI Pa3-
BUTHS JIaHHOTO 3a00JI€BaHMs, YTO HE MO3BOJISIET Pa3padoTaTh MaKCUMaIbHO () QEKTUBHBIE TAKTUKY JICUEHHS U TPOHU-
JAKTUKH SHIOMETPHO3a. PeleHnto 3THX 3a/1a4 MOCBAIMIEHO OOJBIIOE KOJMYECTBO COBPEMEHHBIX NCCIIEJOBAHNH, CPEan
KOTOPBIX HanOoJIee akTyalbHbIM SBIISIETCS. M3yUSHNE POJIN Pa3IMuHbIX OMOMOJIEKYI B Pa3BUTHH SHIOMETPUOUIHON 00-
ne3nd. B nanHOM 0030pe MbI 000OIIMIIN COBPEMEHHBIE JaHHBIE TT0 HEKOTOPBIM OMOMOJIEKYIaM, KOTOPbIE MOTYT MIPaTh
Ba)XHYIO POJIb B BO3HHMKHOBEHHH 3HIOMETpHO3a: (pakTopaM XpOHHUYECKOro Bocrnajenust (M2-accounrpoBaHHble (ak-
TopHl, aprunasa-1, CD11b), seoBackynsapuzamun (VEGF, HIF-10, nexopun), masasun (RPLP1, H3K27me3, TWISTI,
RON, CD47, TSP1, SIRPa), ayrodaruu (LC3B-II, p62, Beclin, NLRCS), a Takke yka3bIBalOIIMM Ha BBIPAKCHHYIO
nponrepaTHBHYIO AKTUBHOCTD, aKTUBHBIA METa00IM3M B KiIeTkax skTonmdeckoro saaomerpust (MCT, GLUT) u ¢op-
mupoBaHue HepBHBIX BoJOKOH (NFASC, CHLI, c-Fos). M3yuenue naHHBIX MOJIEKYJ [TOMOXET yIIyOUTh NOHHMMaHHE
TIPUPOABI M MEXaHU3Ma Pa3BUTH 3a00NeBaHUsA, Pa3paboTaTh TUMATHOCTHYCCKUI HaOOp ero MapKepoB, a Takxke dhhek-
TUBHbIE METO/IbI JICUEHHSI, B TOM YHCJI€ TAPTETHON TEPaIny.

KuroueBble cjioBa: SHIOMETPHO3, NAaTOTEHE3, MOJIEKYISIPHBIE MapKepbl, SKTOMUYECKUN YHIOMETPUH, TapreTHast
Tepanusi.
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Molecular links in endometriosis pathogenesis as targets for diagnosis
and targeted therapy: a review

V.A. Yumasheva, O.A. Lobanova, N.B. Paramonova, D.D. Abasheva

LM. Sechenov First Moscow State Medical University (Sechenov University) of Minzdrav of Russia
119991, Moscow, Trubetskaya st., 8, str. 2

Abstract

Endometriosis is a common gynecological disorder. Nowadays, its etiology and pathogenesis remain unknown. Its
diagnosis and treatment are one of the most urgent problems. Existing theories do not fully explain the causes and
mechanisms of the disease development, so the most effective treatment has not yet been found. Due to this fact, we
cannot effectively prevent this disease. Many researchers try to solve this problem. The most important issue is studying
various biomolecules' role in endometriosis development. In this review, we summarized data on some molecules that
may play an important role in endometriosis development, including factors of chronic inflammation (M2-associated
markers, arginase 1, CD11b), neovascularization (VEGF, HIF-10, decorin), invasion (RPLP1, H3K27me3, TWISTI,
RON, CD47, TSP1, SIRPa), autophagy (LC3B-II, p62, Beclin, NLRC5), proliferative activity and active metabolism in
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ectopic endometrial cells (MCT, GLUT), neurogenesis (NFASC, CHLI1, c-Fos). The study of these molecules will help
to deepen the understanding of the nature and mechanism of the disease, develop a diagnostic set of its markers, as well

as effective treatment methods, including targeted therapy.

Key words: endometriosis, pathogenesis, molecular markers, ectopic endometrium, targeted therapy.
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BBenenune

DHJIOMETPHO3 SIBISIETCS OJHUM W3 CaMbIX pac-
MPOCTPAHCHHBIX THHEKOJOTUYSCKUX 3a00JIeBaHMIA
U BCTpEUACTCA y KAKIOH NeCSITON >KCHIIUHBI pe-
MPOAYKTUBHOTO BO3pacTa, 4TO COCTaBIsIeT Ooiee
175 mnH xenmuH B Mupe [1]. 3aboneBanne xapax-
TEPU3YETCsl pa3pacTaHUEeM TKaHU DHIOMETpPUS 3a
MpeelaMy MOJIOCTH MAaTKW W SIBISIETCS OTHOW W3
OCHOBHBIX MPHUYUH HAPYIICHUH MEHCTPYaJbHOTO
uKiIa, 0ojeBoro cuHapoma u Oecruomus. K dax-
TOpaM pHCKa Pa3BUTHA DHIOMETPHO3a OTHOCATCS
OOWJIBHBIC ¥ JUTHTEIBHBIC MEHCTPYAIIUH, JOITHH pe-
MIPOXYKTUBHBIN MTEPHOJ, HU3KAs (U3NYecKasi aKTHUB-
HOCThb M OIlepaTHBHbIE BMEIIATeIbCTBA HA OpraHax
OpromrHOW TonocTH. HemalioBaxxHY!O pOJb UTPAIOT
¥ BPOXKACHHBIE TPEIMATCTBUS OTTOKAa MEHCTpPYyallb-
HOH KpoBU. Tak, IpU CTEHO3€ HMIEHKU MATKHU 3HJO-
MeTpuo3 BcTpevaetcs yaule |1, 2]. [enernueckue u
AMMYHOJIOTHYECKHE (PaKTOPHI TaKKE HTPAIOT BaX-
HYIO POJIb B Pa3BUTHH SHIAOMETPHO3a [2]. Y KEHIINH
C OTSTOIIEHHOW HACIeJICTBEHHOCTHIO YHAOMETPHO3
BO3HHUKAET MPUMEPHO B 6 pa3 vaiie. B skronnyeckom
SHJOMETPUU YaCTO OOHAPYKUBAKOTCS COMATHUECKUC
myTaruu reHoB KRAS, PIK3CA, ARID1A, PPP2RIA
U T.7. IMeIoT MecTo 1 SIUreHeTHYecKne N3MEHEHus,

PeTporpanHoe MaTO4YHO€ KPOBOTE€UECHUE

Bo3uukHOBeHHE YHIOMETPHO3a A P A

BCIIEZICTBUE PETPOrPaJHOTO HEO-
HATaJbHOIO0 MAaTOYHOIO KpPOBO-
TeYEeHHs

HalpuMep, METHIMPOBaHWE B TmpomoTtopax ESRI,
ESR2, PGR, NR5A1, CYPI9A1, xnacTepoB TE€HOB
HOX w renoB cemetictBa GATA. Takxke ciaemyeT oT-
METHUTh, YTO DKTONHMYECKas M dyTONMYECKas TKaHb
SHIOMETpHS nMeeT pasznuaable MUKpoPHK-mpodu-
mu. g sHAOMeTpro3a XapaKTepHO XPOHUYECKOe
BOCIAJICHNE, IPY 3TOM B OKTOIMYECKOM SHIOMETPUN
HaOmonaeTcst mopbimeHue coxepxanus COX-2, IL-
1B, IL-8, TNF-a, PGE-2 u ap. [3].

OTHONOTHS M TIATOTEHE3 JHJIOMETPHO3a Ha ce-
I‘OJIHHHIHI/Iﬁ JOC€Hb HC YCTAHOBJICHBI, CYIICCTBYECT HEC-
CKOJILKO TEOPHiA ero pa3BuThs (pUCYHOK). Hambonee
NomyJisipHa MMINTaHTAallUOHHAasA (MeTaCTaTI/IT-IeCKaSI,
TPaAHCIIOKAIMOHHASA) TEOPHs], COMTACHO KOTOPOH 3a-
OoneBaHNe BO3HHUKAET IIpy UMIUIaHTAllM TKaHW DH-
JIOMETPHS B HE XapaKTEPHBIX JUIS HEE MECTaxX BCIIE-
CTBHE PETPOTPaAHON MEHCTPYaLMHU, XUPYPIHUECKUX
MaHUITYJSIUUH, pPacIpOCTPAHEHUs TKaHU DHHJOME-
TPHSL C TOKOM JIMM(BI U KPOBH [2].

Taxoxe CYHIECTBYET U HC TCPSACT AKTyaJIbHOCTU
METaruIaCTuiucCKasa Teopus, O6’[)HCH$IIOIIIa$I IIOsABJIC-
HUEC SHAOMCTPHUOUIHBIX I‘eTepOTOHI/Iﬁ B pE3yJibTaTte
TpaHchopmaru mezotenus [2, 4]. Haubonee pac-
MPOCTPaHEHHOW (OPMOU IHIOMETPHO3a, IIPOUCKOK-
JICHHE KOTOPO MOKHO OOBSICHUTH C TOMOIIBIO 3TON

IlI/BOHTOl"eHeTl/l‘leCKaﬂ TEeoOpus

BosaukaoBeHne OHAOMETPHUO3a B I1aTO-
JIOTMYCCKHX odarax M3 OCTaTKOB MIOJI-
JICPOBBLIX MPOTOKOB B PE3YJILTATC META-
1a3sun

Teopml CTBOJIOBBIX KJIETOK

* CTBOJIOBBIC KIICTKH 3HIOMETPHS TPU OTTOPKCHUHU
BO BpeMsI MEHCTPYyal[id MOTYT PaclpoCTPaHSIThCS
C TOKOM JHM(BI WU KPOBU

¢ CTBOJIOBBIC KJIETKH KOCTHOTO MO3Ta CIIOCOOCTBYIOT
(usmosornyeckor pereHepanuu dHAOMETPUS U
MOTYT OBITh MCTOYHHUKOM JHIOMETPHO33, B TOM
YUCIIC Y MYKUUH

MertaniacTuueckasi TeOpust
BO3HUKHOBEHHUE PHIOMETPHO3a B PE3YIBLTATe METAIIA3UH 1IEIOMUYECKOTO SIHTEIHS

Teopuu npoucxodcoenus: SHoomempuo3a

Theories of endometriosis etiology
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TEOPHH, SBJISETCS 3HAOMETPHO3 SIMYHUKOB: B HOPME
SUYHUKHU [TOKPBITHI ME30TEINEM, TIOCIIEAHUI, B CBOIO
odepeb, B SMOPHOHATIBHOM IIEPHOJIE IPOUCXOANT U3
LEJIOMUYECKOT0 SIUTENNS, & TaKxKe 00anaer 00ib-
IIMM METAIUIaCTUYECKUM IIOTEHIHAJIOM U MOXKET
WHBarMHMUPOBaTh B SMYHUK [5]. dakTopshl, crocod-
CTBYIOIIIMEC WHBATMHALUM ME30TENUsl B SUYHUK, HA
CETrOJHSIIHNN JIeHb HEW3BECTHBI, OIHAKO MPEAIo-
naraetcs BiusHue EDC (ropMoHalbHO aKTHBHBIX
areHToOB), TOPMOHOB W (PaKTOPOB MMMyHHUTeTa [4,
6]. u3oHTOreHEeTHUECKasi TEOpUsS CXOKa C MeTa-
IUIACTHYECKOM, OTHAKO TPU 3TOM TpaHchopmanus
HE OrpaHHuYeHa ToJdbko Me3orenueM [5]. CormacHo
9TOH TEOpHHU B Ipoliecce IMOpUOTeHe3a HEKOTOPhIE
HU3MEHEeHUus B JU(QepeHIUpOBKe KICTOK WIH Hepe-
MEIIEHHE MIOUICPOBBIX M BOJB(OBBIX TPOTOKOB
MOTYT CTHUMYJHMPOBATh PaclpoOCTpaHEHHE MPUMOp-
JIUATBHBIX CTBOJIOBBIX KJIETOK sHAoMeTpus [7]. Kak
MPaBUIIO, 3TU KIETKH PpacloyiaraloTcsl Ha 3aJHer
CTEHKE Ta30BOTO JHA U OCTAIOTCS HEAKTHMBHBIMU
JI0 TIOJIOBOTO CO3PEBAHMs, a 3aTe€M AKTHBHUPYIOTCS
MpH CTUMYJISIIUU dcTporeHamu [8]. OTHOCHUTENBHO
HOBOIl SIBJISIETCSI TEOpUSl Pa3sBUTUSL SHAOMETPHO3a
BCJICICTBUE PETPOTPagHOr0 HEOHATAIBHOIO MaTo4Y-
HOTO KPOBOTEUEHHUSI, KOTOPask MOJKET OOBSICHUTh €T0
pauHwMit nedrot [9].

B nocnenuue rogsl HabupaeT akTyaJbHOCTh Te-
OpHsI IIPOUCXOXKICHHUS IHIOMETPHO3a U3 CTBOJIOBBIX
KJIETOK SHIOMETPHUS WIH KOCTHOTO Mo3ra [2]. Tak,
BO BpEeMsI MEHCTpyallud IPOUCXOAUT OTTOPIKEHHE
KJIETOK 3HAOMETPHUS, B TOM YHCJIEC M CTBOJIOBBIX KJle-
TOK, KOTOPBIE MOTYT TTACCHBHO NPOHUKATh B KPOBE-
HOCHBIE W JUM(pATHYECKUE COCYHIbI, 3T0 00YyCIOB-
nuBaeT oOpa3oBaHme SKrommyeckux odaroB [10].
Uro kacaeTcs CTBOJOBBIX KJIETOK KOCTHOTO MO3ra,
IPE/INONaraeTcs, YTo JaHHbIC KIETKH CHOCOOCTBY-
0T (HU3HOJIOTHYECKON pereHepanuu dHIOMETPHS,
U UX KOIMYECTBO B KPOBH MOXKET YBEINYHMBATHCS
BO BpeMsi MEHCTpyauuu 1 (aspl nmponudepannun H-
nomeTrpusd. B nmureparype uMeroTcst JaHHBIE O TOM,
YTO CTBOJIOBBIE KJIETKM KOCTHOI'O MO3ra BHOCST He-
MOCPENICTBEHHBIN BKJIaJ B 00pa3oBaHHE KakK AIHTeE-
JMAJbHBIX, TAK U CTPOMAIIBHBIX KIETOK 3HOMETPHS
[11]. Cuuraercs, 9YTO OHU SIBISIOTCS OCHOBHBIM HC-
TOYHHUKOM CTBOJIOBBIX KIIETOK, KOTOPBHIE BBI3BIBAIOT
paspacTaHue SKTONMMYECKHUX 04aroB HAOMETPUS BHE
OpIOIIHOI TTOJIOCTH, U MOTYT ObITH HCTOYHUKOM PEl-
KHUX CIy4yaeB SHAOMETpHO3a y MykuuH [12, 13].

JlMarHocTHKa 3HIOMETPHO3a MPEICTABISET CO-
0ol oHY W3 Hanboee akTyaabHBIX MpoOieM. B Ha-
CTOSIILIEE BPEMS €€ «30JI0TBIM CTAHAAPTOM» SBIISIFOTCS
JIarapOCKONHMS CO B3SATHEM OMOIICHM W JanbHeiiee
THCTOJIOTHYECKOE HCCIICI0OBAHUE IIOJIyYeHHOTO Ma-
tepuanma. OgHAKO HE YCTAHOBJICHO OOMICTIPHHSITHIX
HMMYHOI'MCTOXUMHUYECKUX M HMHBIX OHMOMapKepoB
SHAOMEeTpHOo3a. B pa3BuTum 3a0oieBaHus HawmbO-

Jiee U3ydeHa POJIb TAKUX MOJIEKYJ, KaK PeLeNnTOpI
3CTPOTeHOB, IIPOrecTepOHa U aHIPOr€HOB, MaTPUKC-
HbIE€ METaJUIONpOoTenHasbl, N- u E-kaarepussl, 1u-
tokeparud, Ki67, IL-1B, Bcel-2, ARIDIA, PTEN,
CDI10 u gp. [2, 14-17]. Monekynbl, TpUMEHSIEMBbIE
Il MCCIIEIO0BaHUsl 3TUONATOICHE3a U JIUarHoCTU-
KM DHIOMETPHO3a, MOXKHO Pa3JeIINTh Ha HECKOIBKO
rpyni: (akTopbl XpOHMYECKOTO BOCHAJICHHS, WH-
Ba3WH, HEOBACKYJSpU3alMH, ayTodaruu, a TakkKe
YKa3bIBAIOIINE Ha BBIPAKECHHYIO NPONU(EepaTUBHYIO
AKTMBHOCTb, aKTUBHBIM META00JIN3M B KJICTKaX KTO-
MUYECKOTO PHIOMETPHsI M Tpouecc (GOpMHUPOBAHHS
HEPBHBIX BOJIOKOH.

B nacrosimem 0030pe paccMOTpEHBI 3B€HbS MO-
JIEKYJISIPHOTO TIaTOTeHe3a, BO3MOXHOCTh IpPUMEHE-
HUSl TapreTHOW Tepamnwd, a TakKe aKTyaJbHbIE HC-
ClIeIoBaHUSl OMOJIOTMYECKHUX IMIPErnaparoB IPOTHUB
9HJIOMETPHUO3A.

MarepuaJj 1 MeTOAbI

[IpoBeaen mouck ynureparypbl B 06a3zax Google
Scholar 1 PubMed 3a nociiequue 10 jer mo xiroue-
BBIM CJIOBaM M UX KOMOWMHAIIUSM: «IHIOMETPHO3Y,
«MaTOTeHEe3», «MOJICKYJSIPHBIE MapKepbD», «MO-
JICKYJISIPHBIA TIATOTCHE3», «Teparusy, «TapreTHas
Tepanus», «MOHOKIOHAILHBIC AHTHUTENAY, «IHa-
rHOCTHKa», «endometriosis», «molecular markersy,
«pathogenesisy, «molecular pathogenesisy,
«therapy»,  «targeted  therapy, «monoclonal
antibody», «diagnosis». B 0030p BKJIFOYECHBI CTaThH,
HalKMCaHHbIE Ha PYCCKOM M aHIJIMHCKOM s3bIkax. B
€r0 OCHOBY JICTJIU PE3yJbTaThl HAN0OJIEE aKTyalTbHBIX
OPUTHUHAJBHBIX HAYYHBIX MCCIICIOBAHUI U 0030pOB
JUTEPATYPhI, OCBENIAIONINX MOJEKYISPHBINA TaTore-
HE3 9HJAOMETPHO03a, €r0 TUATHOCTHUKY M MOTCHI[HAIb-
HbIE MMILEHU TapreTHoil tepanuu. MccienosaHus
puMeHEHUS 1 3P HEKTUBHOCTH TOPMOHATBHBIX TIpe-
MapaToB ¥ XUPYPTUUYECKUX METOIOB JICUCHHS U3 MO-
HCKa UCKJIFOYCHBI.

(I)aKTopl)l XPOHHYECKOI'0 BOCHIAJICHUS

M2-acconnnpoBanHbie GaKTOPbI

DHZIOMETPHO3 XapaKTEPU3YETCs] XPOHHUCCKUM
BOCTIAJICHUEM, TIPU KOTOPOM HaOII0AaeTcst MHPHUIIb-
Tpamnusi TKAaHW BOCIIAJIUTEILHBIMU KJIETKAMH, B TOM
yucie Mmakpodaramu. ITpu 3TOM HPOHCXOKICHHE
MakpodaroB, aCCOLMUPOBAHHBIX C SHAOMETPHO30M,
W3y4YeHO HEN0CTaTouHO Xopomo. OJHAKO YCTaHOB-
JICHO, YTO B TATOJIOTHYECKOM MPOIIECCe YYaCTBYIOT
HE TOJIBKO Makpodaru SHIOMETpusl, HO U MEPUTOHE-
aJbHBIE MaKpodaru ¢ TUCPYHKIMOHATBHBIM (EeHO-
turnoM [ 18]. B HaydHOI TUTEpaType TaKKe HMECIOTCS
JaHHBIE O TOM, YTO HPU JHAOMETPHUO3E PEKPYTH-
pOBaHKE M MOJNSpU3aKsl MakpodaroB B cOCTOSHUE
M2 moxkeT ObITh OnocpenoBaHo nectereM [L-17A,
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kotopeid mipoxymmpytor Th17. Makpodaru 2 tuma
CEKPETUPYIOT MPOTHBOBOCHAIUTEIBHBIC ITUTOKHU-
HBI, PaKTOPBI POCTa U (PAKTOPBI Perapaliy U TAKUM
00pa3oM CTUMYIHUPYIOT YKIOHEHHE KJIETOK I'eTepo-
TOMMAHA OT WMMYHHOTO OTBETa, PEMOJICIHPOBAHHE
BHEKJIETOUHOTO MAaTPHKCA, BACKYJISPHU3AHIO U 00-
pazoBaHue HEpBHBIX BOJOKOH [19-21]. Take oHM
CHOCOOCTBYIOT THIIEPIUIA3UU 3KTOIMYECKOrO JHMIO0-
METpPHS, TEM CaMBIM MIPUBOAS K MTPOTPECCUPOBAHIIO
3abonesanus [19, 20].

Kak npaBwuJio, A71s1 TOT0 4TOOBI I0Ka3aTh HATMINE
B 9KTOITMYECKOM PHIOMETPUHM Makpodaros 2 Tuma,
MPOBOJST UMMYHOTUCTOXHUMUYECKOE HCCIIEIOBAaHUE
¢ npumenennem Mmapkepos CCL17 u CD206 [19,
20]. B 6uoundopmarnueckom uccienoBanuu Z. Cui
et al. BeIABIICHBI €IIe IATh MOTEHIMAIBLHBIX MapKe-
POB SHIOMETPHO03a, CBI3aHHBIX ¢ M2-Makpodaramu:
meauarop SYK, ren BIN2, 6enok ADAMI12, peren-
topel CCR5 1 MRC1. ABTOpBI yCTaHOBHWIN THIIEP-
AKCIIpeCCUIo TeHa BIN2, yBenudeHHe COIEp:KaHUs
perienitopoB CCRS5 1 MRC1 u cHmXeHHE TIpecTaB-
neaHocTH 0enkoB SYK 1 ADAM12 B skTOMHUECKOM
sHpoMeTpun. Hambonee BbICOKas TUarHocTHye-
ckas ToyHOCTh ompexaeneHa ansi MRC1 (turomans
non kpuBoit (AUC) 0,8864), a camast HU3Kas — I
SYK (AUC 0,7645) [19]. OGHapyeHHE ¥ aHAIIN3
cneunpuueckux (akTopoB U MapKepoB Makpoda-
TOB, ACCOLMUPOBAHHBIX C JHIAOMETPHUO30M, MOTYT
CIOoCOOCTBOBATh M3yUEHHWIO TIaTOTeHe3a, IMporpec-
CHUpOBaHUsI, CTaJMPOBAHMS M JUATHOCTUKU JTAHHOTO
3aboneBanust. Kpome Toro, makpodaru MoryT ObITH
MOTEHIIMAILHOW MUIIICHBIO TapreTHOW Teparud, B
TOM YHCIIe Oaromapst CBOeH (EeHOTUITHMYECKOM Ia-
cTUYHOCTH [22].

Apruna3sa-1

Aprunaza-1 — ¢pepMeHT, TPOAYIHPYEMBIH KIICT-
KaMH MHEJIOMIHOTO PsiJia, KOTOPBIM MCTOIIAET 3amac
L-apruanHa, MTrparomiero BaKHyIO pojib B aKTHBAIMN
n nupdepennupoBke T-kmerok. Takum o0pazom,
JMeUIIT 2TOH aMHUHOKHCIIOTHI TIPUBOIUT K CHUKE-
Huro konmdectBa T- m NK-kietok [23, 24]. B cBs3u
C 3TUM POJIb aprHHAa3bl-1 B pa3BUTHH SHJIOMETPHO32
MOYKET 3aKJIF0YaThCS B IMOJIaBJICHUH UMMYHHOTO OT-
BETa Ha pa3pacTaHue IKTOMUYECKIX 09aroB dH0Me-
TPUOUIHOM TKaHHU.

B uccrnenoBanuu Y. Sun et al. mokazano, 4to B
SKTOMMMYECKOM DHJIOMETPHUH HAOIIOMAeTCsl TOBBI-
meHHas dKcrpeccust apruaassl-1 [25]. E. Satake et
al. Taxoke 0OHapY KU TUTIEPAIKCIIpeccHIo hepMeHTa
B TKaHM JKTOMUYECKOro sHgoMeTpus [26]. Z. Lu et
al. OOHApYXWIIK, YTO IKCIPECCUS B IKTOMUYECKOM
SHAOMETPUU TUMQPOUTHBIX KIETOK, COAEpIKaIiX
apruHasy-l, 3HaYMTEeNbHO MOBBINIEHA W KOppEIu-
PYET C colepKaHWEM JaHHBIX KJIETOK B KPOBH, UTO
MO3BOJISIET paccMaTpuBaTh (hEPMEHT B KadecTBE I10-
TEHIIMAIEHOTO MapKepa Kak JIsl MHBA3UBHOM, TaK U

JUTST HEWHBA3WBHOM JHArHOCTUKH 3a0oseBanus [27].
B uccinenoBanuu M. Pliszkiewicz et al. Takxe Ha-
Onrofanack Ooliee BICOKAs KOHIIGHTPALMS U aKTHB-
HOCTb apruHa3bl-1 B CBIBOPOTKE KPOBH MALMEHTOK C
9HIOMETPUO30M II0 CPABHEHHUIO C Pe3yJbTaTaMu HC-
CJIC/JIOBAHUI CHIBOPOTKU KPOBHU TMAIIMEHTOK TIPYIIIBI
KOHTPOJISI KaK B MPEIONEePallMOHHOM, TaK M IOCIe-
OTEPALMOHHOM TEpPHOJE, CIEeHU(PUIHOCTb METOAA
coctaBmna 73,6 %, dyBCTBUTENBHOCTE — 94,2 %,
YTO TMOJUYEPKHUBACT aJCKBATHOCTh €r0 TPUMCHEHHUS
[28]. OmpeneneHue akTUBHOCTH M KOHIICHTPAIUU
(epMeHTa B CHIBOPOTKE KPOBHU MALMEHTOK C YHIOME-
TPHUO30M SIBJISIETCSl OOsiee MEePCIeKTUBHBIM METOAOM
JIUArHOCTHKH 3a00JieBaHMs, YeM JETEKIHS COIep-
Kalux apruiaszy-1 TuMQOHuIHBIX KIETOK B CBA3HU C
HEMHBA3UBHOCTBIO, OBICTPOTON 1 MEHBIIMMHU 3KOHO-
MHYECKHMH 3aTpaTaMM IIPH IIPUMEHEHUH JIaHHOTO
MeTo/a.

Kpome Ttoro, otmenbHOro BHUMaHHUSI TpeOyeT
H3y4YCHHE BO3MOKHOCTHU TOBBILICHUS JOCTYIHOCTH
L-aprunuza 15 CTUMY/IMPOBaHUA HIMMYHHOTO OTBE-
Ta. B nccnenoBanusax moka3zaHo, YTO aMHHOKHCIIOTA
SIBIISIETCS. HEOOXOJUMBIM CyOCTparoM Jisi Pa3BUTHUS
HEKOTOPBIX 3J0Ka4e€CTBEHHBIX omyxoneil [29]. On-
HAaKO JAaHHBIE O MOTEHIHAJIBHOMN CBSI3H MEXIy 3a00-
JIeBA€MOCTBIO SHAOMETPHO30M U OMOJOCTYITHOCTHIO
L-aprununa B HacTosiliee BpeMsI OTCYTCTBYIOT, UTO
00yCIIOBIIMBAET HEOOXOIUMOCTh MPOBEICHUS Aalb-
HEHUIINX UCCIIEOBAaHUN IS U3y4EHHS] BOZMOKHOCTH
KOPPEKIMH €ro YpOBHsI y MAllMEeHTOK C JAHHOW Ma-
TOJIOTUEH Il CTUMYJIUPOBAHUSI UMMYHHOTO OTBETa
[28].

CD11b

Wnterpun anspa-M (CD11b) — memOpaHHBIH
Oenok, nponykr reHa [TGAM. CDI11b ssusiercs
peLenTopoM aAre3suu HEHUTpo(duiIoB, a Takxke pe-
nentopom ¢udpuHorena, (akropa X u ICAM-1.
[Ipeanonaraemas poas CD11b B pa3BuTum su10Me-
TpHO3a 3aKII0YAeTCs B MOJABICHUHA HMMYHHOIO OT-
BeTa myTeM cynpeccun T-kieTok. B uccienoBanuun
Y. Sun et al. BbIsIBIEeHa TOBBIMIEHHAS SKCIPECCUS
CDl1l1b B 9KTOMUYECKOM DHAOMETPHH M BBISICHEHO,
gyro CD33°CD14"CDI11b"HLA-DR-MoHOIIITapHBIE
CYIPECCOPHbIE KJIETKH MHEJIOUAHOTO PsAd, PeKpy-
TUpyeMble W akTuBuUpyembie perenrtopamu CCRY/
CCL25, npuHUMAIOT y4acTHe B NMPOrPEeCCHPOBAHUI
9HJIOMETPHO3a 33 CUET CyNpEecCuu T-KJIETOK U aK-
TUBHOI'O CHHTE3a apruHasbl-1, 4To Jenaer ux Io-
TEHIIMAJFHON MUIIEHBIO TapreTHOUW Tepamuu [25].
[lepeuncnennple MUMMYHOIOTHUECKHE HW3MEHEHHS
CTUMYJIMPYIOT Ipoudepaluio u yBEINIUBAIOT BbI-
KHUBAEMOCTh KJIETOK SHIOMETPUS, TEM CaMbIM SIBIIS-
sICh, CKOpee, pakTopaMu IPOrpeccupoBaHmst 3a0oe-
Banus [30]. H. Chen et al. cooOmaroT 0 noBBIIIICHUN
congepxanns CD1lb B KpoBM M TepUTOHEATBHOM
KHUJKOCTH MAIMEHTOK C SHIOMETPUO30M, T.€. IOKa-
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3aTeb MOYKHO HMCIIOJIL30BaTh M i1 MHBA3MBHOM, U
JUIS. HEUHBA3UBHOM AWMArHOoCTUkKH [31].

DakTOpHI HEOBACKYIAPU3ALUU

VEGF

VEGF — 6enok, oTBeuaromiuii 3a HoBooOpa3opa-
HHE COCYIOB (aHTHOTECHE3) B 00pa30BaHUE dMOPHO-
HaJBHON COCYAHMCTON CUCTEMEHI (BacKynorenes). Paz-
muuaroT VEGF-A, oTBevaroniuii HEmocpeacTBEHHO
3a aHTHOTEHE3, a TAKXKe XEeMOTAKCHUC U Ba30juIIaTa-
uuto, VEGF-B, xoTophlii BMecCTe ¢ TUTalleHTapHbIM
(hakropom pocra PIGF mpunmmaer ydactue B Ba-
ckynoreneze, VEGF-C, cnocobcTByronmii 06paso-
BaHUIO JuMdarndyeckux cocynos, u VEGF-D, or-
BEYAIOLIUI 32 pa3BUTHE JTUM(ATHUESCKUX COCYIOB B
JIETKHX.

B paborax MHOTHX aBTOPOB ITOKa3aHa MOBBIIICH-
Has skcipeccusi VEGF-A B skTonuyeckoM sHAOME-
Tpuu. CornacHo nanaeiM W.N. Li et al., B oxTonmue-
CKOM DHJIOMETPUHU HAOIIOMACTCSI THIIEPIKCIIPECCHS
u VEGF-C [32]. D10 cBs3aHO ¢ BAMSHUEM MPOBOC-
najautenbHor cpenbl: mutokuHbl [L-1f u TNF-a
CIOCOOCTBYIOT TIOJIABIICHUIO AKTUBHOCTH TpPaHC-
kpurmmuonHoro dakropa COUP-TFII, B cBs3u ¢ gyem
yBennuuBaercs cekpeuns VEGF-C u, cienoBarenb-
HO, 00pa30BaHUE B KTOMUYESCKOM IHIOMETPHH JIHM-
(haTHUECKUX COCYZIOB, KOTOPbIC 00SCIICUUBAIOT AaJIb-
HEUITyI0 WHOUIBTPALINIO YHIOMETPHONUIHON TKaHU
AMMYHHBIMH KIIETKAMH, YTO MPUBOJUT K Pa3BUTHIO
XPOHUYECKOTO BOCHAIUTENBHOIO IMpolecca. Takxke
B uccienoBanuu W.N. Li et al. B kpoBU HariieHTOK
C DHJIOMETPHO30M BBISBIICH TOBHIIICHHBI YPOBEHB
BHEKJIETOUHBIX Be3ukyl, conepxamux VEGF-C,
YYBCTBUTEIBHOCTh JMATHOCTUYECKOIO METOJa CO-
craswia 81,3 %, cnietupuunocts — 71,4 % [32]. Me-
TOI TpeOyeT JaTbHEHIICH BaTHIH3aITHH.

Taxum obpazom, VEGF sBnsiercst moTeHImanmb-
HOM MHILICHBIO TApreTHOM Tepamuu SHIOMETPHO3a,
YTO HAIIO OTPaKCHHUE B HCCJICNOBAHUSX HA KU-
BOTHBIX MOJEIsIX. Tak, mpuMeHEeHHe OeBaln3yma-
0a — MOHOKJIOHAJIFHOTO aHTUTEIa, MHAKTHBHUPYIOIIIe-
ro VEGF u ucnonb3yemoro kak poTHBOONYXOJIEBBIN
rperapar, IpuBeo K 3aMeUICHUI0 Tposinepaiun
AKTOMTUYECKOTO DHIOMETPHUS W YMEHBIICHHUIO 00B-
ema mopaxenust [33, 34]. B pabore J. Bouquet de
Joliniere et al. 6eBaun3ymad ObUT BIIEpBbIC MCIIONb-
30BaH IS JICUCHHS MAIIUCHTKU C DHIOMETPHUO30M,
Cpe/iv TIOJIOKHUTENBHBIX d(PEKTOB Mpernapara Obuin
WCYE3HOBEHUE JIEKAPCTBEHHO-PE3NCTEHTHON JHC-
MEHOpEH, CHIKEHHE METabOIIMYeCKOH aKTHBHOCTHU
MaTOJOTUYCCKUX OUYaroB MO JAHHBIM MO3UTPOHHO-
OMHCCUOHHON KOMITBIOTEPHON TOMOTpaduu U MOBHI-
[IeHNe CHHTE3a MPOTeCTEPOHOBBIX U ICTPOTEHOBBIX
PEelenToOpoB B AKTONMMYECKOM SHAOMETPUH; OeBaIu-
3ymMa0 Ha3HA4YaJICsd B KOMIUIEKCE C XUPYPrHYECKUM
JICUCHHUEM, TOCJIe ATOr0 MAaI[MeHTKe Oblla Ha3Have-

Ha TIONCPKUBAOIIAsl TOPMOHANBHAS Tepanus [35].
OpHako JajdbHEHIIMX HCCICAOBAHUNA NMPUMEHEHUS
OeBann3ymMada y MAlMEHTOK C JHJIOMETPHO30M HE
MMPOBOJIMIIOCH, YTO YKa3bIBAeT Ha HEJOCTATOYHYIO
M3y4YE€HHOCTh TeMBbl M MOAYEPKUBAET aKTYalbHOCTh
Oyaymmx padoT.

HIF-1a

®akrop TpaHckpunuuu HIF-la sBasercs eie
OJJHUM CTUMYJISATOpPOM aHruoreHesa. Kpome Toro,
HIF-1o nHaynupyeT TpaHCKPUIILMIO T€HOB, MPOAYK-
THI KOTOPBIX OTBEYAIOT 3a MpoJudepaluio U BbLKU-
BaE€MOCTb KJIETOK, a TaK)Ke 32 CTUMYJISIIUIO SPUTPO-
1mo33a W peryisnuio Meradonu3ma. B HOpMambHOM
sHI0MeTpuH noBbImenue 3xcrpeccun HIF-1o BcTpe-
YaeTcs B TIO3JHIOI0 CEKPETOPHYIO U MEHCTPYaIbHYIO
(a3pl IUKIIA, YTO MPOMCXOJUT B OTBET HA THIIOKCHIO
Y CBSI3aHHOE C MTOCJIEHEH BIUSHIE aKTUBHBIX (hopM
KHCIIOpOZia Ha OKHCJINTEIbHO-BOCCTAHOBUTEIHHOE
cocTostHAE Ko(aKTopa jKeile3a B aKTUBHOM IIEHTpE
JIOMEHA TPOIHITHAPOKcHia3el [36]. Uto kacaercs
SKTOIMUYECKOTo AHAOMETpHUs, skcrnpeccuss HIF-1a B
HEM HAMHOTO BBIIIIE, YEM B 3yTOIMMUYECKOM IHJIOME-
tpun [37, 38]. Poas HIF-10 3akmrodaercs He TOJIBKO
B CTHUMYJISILIMU aHTHOTEHE3a W PEryssiiuu MeTado-
JU3Ma, HO U B aKTHBAILlMU ATHUTEINATEHO-ME3EHXH-
MaJsibHOTO nepexoaa u ayrodaruu. Kpome roro, HIF-
1o MOIYTHpYET DKCTIPECCHIO PELENTOPOB ICTPOTeHa
B-moaTHITa, YTO MPUBOAMT K CHUKECHUIO CHHTE3a
actporeHos. Y. Wu et al. npeinonararot, 4To 3T0 MO-
JKeT OBITh BBI3BAHO AKTHBAIMEH CUTHAJIHHOTO MYTH
HIF-10/FSHR/CYP19A1 B oTBET Ha TUIIOKCHIO U
n30BITOYHOE cofiepkaHue xene3a [39].

B wuccnenosanun F. Zhang et al. koHueHTpa-
nus HIF-1o B cBIBOpOTKE KpOBU ObLTa 3HAYUTEILHO
BBIIIIE y MALMEHTOK C SHAOMETPHUO30M M TOJOXKH-
TEJIHHO KOPPENHpoBaja C THKECTHIO ITHUCMEHOPEH,
YYBCTBUTEJIBHOCTh JAaHHOTO MeEToJa COCTaBHJIa
71,25 %, cnertumanocts — 70,83 %, uTO HIXKE 3HA-
YEHWH, MPUEMIIEMBIX JUISI JUATHOCTUYECKUX Lesel
[40]. U3BecTen mpemapar, HaIpSAMYyI0 HHTHOHPYIO-
umii  HIF-1a-3-(5"-rugpoxcumernin-2'-dypuin)-1-
OEH3MINH/1a30J1, TTOJABISIONINN BHYTPUCOCYIUCTHII
TpOoM0O3, CHTHAJIBHBIA TyTh THIIOKCUM B KIIETKaX,
akcripeccuto HIF-lo u VEGF u okassiBarormii
MTPOTHBOOIYXO0JIEBOE ¥ aHTHAHTHMOTCHHOE JeWCTBHE
[40]. Takum oOpa3om, JaHHBIH Mpenapar MOXKET
OBITh NCIIOTB30BAH JIJISl TEPANTAN PA3IHYHBIX 3a007e-
BaHU, CBA3aHHBIX co cBepxakcnpeccueir HIF-1a, B
TOM YHCJIE JUIA JICUSHHS YHIOMETPHO3A.

Hexopun

JleKopHH — IPOTEOTIINKaH, KOTOPI HHTHONpYeT
o0pa30BaHUe KOJUIAreHOBBIX (PUOPHILI, aHTHOTEHE3,
YYaCTBYET B PETYIISIIIUU ayTO(paruu, a TAaKxKe SBISICT-
Csl MTapaKpHHHBIM SHIOT€HHBIM WHTHOWTOPOM OITy-
xonieBoro pocta [41]. G.A. Aydin et al. ycraHOBWIH,
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YTO B DKTOMUYECKOM DHAOMETPHUHU €T0 JKCIPECcCHs
noHmkeHa [42]. MOXXHO TPENIoNIoKUTh, YTO CHHTE?3
nexopuHa 1 VEGF nmpoucxonut 1o npuHLHUIY OTpH-
HaresbHOW 0OpaTHOM CBSI3U: TPU MOBBIIICHHOW JKC-
TIPECCUN NTeKOpHWHA CHIDKaeTcs skcripeccuss VEGF
u HaoOopoT. [lepeunciieHHbIE CBOWCTBAa JEKOPUHA
JIEJTat0T BO3MOXKHBIM HCTIONIh30BaHNE JAHHOTO TIPO-
TEOINIMKAaHA B JICUCHUHU DHIOMETPUO3a, TEM HE MCHEE
TIperapaToB Ha €ro OCHOBE pa3paboTaHo He OBLIO, a
HCCJEeIOBAaHUS HA 3Ty TEMY [OKa HE TMPOBOIUIIHUCE.

®dakTopsl, 0TBeualolue 3a popMupoBaHue
HEPBHBIX BOJIOKOH

NFASC n CHL1

benkn NFASC u CHL1 sBnstorcs MoneKynaMu
MEXKJIETOYHOHN aJre3ud, KOTOPhIe YYacCTBYIOT B pe-
TYJSIAN Pa3BUTUS U (PYHKIMOHUPOBAHUS HEPBHOU
CUCTEeMEI. B riccienoBaHUsAX psijia aBTOPOB BEISIBIICHA
runepakcnpeccus NFASC u CHL1 B skronuueckux
SHIOMETPUONIHBIX ouarax. [Ipemmomaraercsi, 9to
JIaHHBIC OCJKW yYacTBYIOT B (hOPMHUPOBAHHUH HEPB-
HBIX BOJIOKOH B DKTONHMYECKHX OdYarax, a Takxke B
pa3BUTHM Helpornaruyeckod runepanresud. Kpome
Toro, noBeIieHHbIN cuaTe3 NFASC n CHL1 moro-
JKUTENBHO KOppenupyeT ¢ yrucioM M2-makpodaros u
orpuiiarenbHo — ¢ yrciom NK-kietok [43, 44], 6ei-
KM CTUMYJIUPYIOT ITPOLIECCHl MUTPAIK U MHBA3UH, a
TaKXe CIIOCOOCTBYIOT Pa3BUTHIO XPOHUYECKOTO BOC-
nanuTenbHoro mponecca. B uccnenosanun P. Chen
et al. BbIABICHA MOBBIIIEHHAS SKCIPECCHsI TE€HOB
NFASC n CHLI B 5KTONNYECKOM 3HAOMETPUH, MPH
9TOM JIMarHOCTUYECKas TOYHOCTh JaHHOTO METOoJa
noctarouno Beicokas: AUC 0,915 u 0,943 coorBeT-
ctBeHHO [47]. Ilockoneky NFASC oOHapyxuBaeTcs
U B TUIa3M€ KPOBH, I1EJIECO00pPa3HOCTh €ro orpere-
JICHUsI MOXKHO pacCMaTpHBaTh B PaMKax HE TOJBKO
WHBa3UBHOM, HO 1 HEMHBA3UBHON JUATHOCTUKH.

c-Fos

SInepHbIil IPOTOOHKOrEH c-Fos peryaupyer npo-
1eccsl npoiudepanuu u 1upHepeHIInPOBKH KISTOK.
Ero pornb B pa3BUTHH SHIOMETPHO3a OTHO3HAYHO HE
sicHa. B. Peng et al. yctanoBuim, uto c-Fos yactuano
OTIOCpeIyeT IKCIPECCUI0 HEHpOHAIBHOTO (hakTopa
pocra NGF, 4o, B cBOIO oOuepeb, MPUBOIUT K 00pa-
30BaHUIO0 HEPBHBIX BOJOKOH M Pa3BUTHIO XPOHHYE-
ckoro 6onesoro cunapoma [45]. [1o manaeiM H. Pan
et al., c-Fos BimsieT Ha AKCTIIpECCUI0 MaTPUIHON Me-
TaJUIONPOTENHA3bI-9, KOTOpasi, B CBOIO OYepe/ib, — Ha
sKcrpeccuto 17B-acTpanuona, CTUMYIHPYsS WHBa-
3UI0 CTPOMAJIBHBIX KJIETOK 3HAoMeTpus [46]. Takum
obpaszom, c-Fos MOXXeT cTaTh NEPCIIEKTHBHOW MHU-
IIEHBI0 TApTeTHOW TEpanmuy, TaK KaKk ero WHTHOH-
poBaHue OyJeT MPUBOIUTH K OCTAHOBKE MPOTPECCH-

poBaHus 3200J€BaHHS U CHIKEHHIO BBIPAKEHHOCTH
00JIeBOTO CHHIPOMA.

dakTopbl, 0TBeYaIOLINe 32 NPOIU(EePATHBHYIO
AKTUBHOCTb U HHBA3UIO

RPLP1

benox RPLPI1 sBnsiercss wacteio 60S-cyOonenn-
HUIBI PUOOCOMBI M DETryJIHpYeT MpoIecc TpaHC-
JAUM Ha dTane dnoHranuu. [Ipenmonaraercs, 4To
RPLP1 wurpaer ponp B pa3BuTHH 3a00JieBaHUH, B
OCHOBE KOTOPBIX JIGKHT Tpolecc Npoiudeparum.
Taxoxe B uccienosanun Z. He et al. moka3ano, urto
RPLP1 BnusieT Ha snuTeIuaIbHO-ME3EeHXUMATbHBII
Mepexol W METacTa3WPOBAaHUE 3JIOKAYECTBEHHBIX
omyxoneit [47]. Z. Alali et al. BRITBHIH 9KCITPECCHIO
RPLP1 kak B 3yTONMU4eCKOM, TaK U B 3KTOITMYECKOM
SHJOMETPHUH; TMOCKOJIBKY B TOCIETHEM OHa Ooisee
BBIp@)KEHA, 3TO MOXKET yKa3bIBaTh Ha Oojee MHTEH-
CHBHYIO TpoJr(epaTUBHYIO aKTHBHOCTB €r0 KJIETOK
[48].

RON

TpancmemOpanusiii O0enok RON oTHOCHTCS K
MTOJICEMEICTBY PEIEeNTOPHBIX THPO3UHKUHA3, B OC-
HOBHOM IIPHCYTCTBYET B OITyXOJIEBBIX KIIETKAaX U pe-
rynupyet ux AuddepeHIpOBKY, POCT, MUTPALUIO H
BBDKHBAEMOCTb, TAK)KE CTUMYJIHPYET AUTETHAITHLHO-
Me3EeHXUMaJbHBII Iepexol, ClIoCOOCTBYET MHBA3UH,
MPOrPECCUU U METACTa3UPOBAHUIO onyxojel. B He-
OITyXOJIEBBIX JIHUTEINAIBHBIX KIETKaX CONEp:KaHUE
RON wmaro. P. Xu et al. BbISIBUIIM OBBIILICHHYIO 9KC-
npeccuto 6enka RON B ayTonu4eckom U, B O0NbIIei
CTETIEHU, B DKTOMUYECKOM JHIOMETPHH NaIMEeHTOK
C DHJIOMETPHO30M BO BpeMs IMO3AHEH CEKPETOPHOMI
(a3b1 [49]. B uccnenoanuu Yu. Qin et al. unrudupo-
Banue RON npuBeno K CHUKEHUIO MUTPALIMKU U UH-
Bazuu KieTok dHAoMerpus [50]. RON moxer ObITh
MOTCHIIMAJIBHON MHUILIEHBIO TAPreTHOW TEepanuu JH-
JIOMETPHO03a, OJHAKO TAKUX HCCIIEIOBAHUI TOKa He
npoBomiIock. OHAKO Ha MOJENSAX paka MOJOYHON
JKene3sl y Mblmieit komOouHarus aatuten kK CTLA-4
¢ genernmeld reHa RON wnm (papMaKoIOTHIecKUM
nHruoupoBanueM Oenka RON mpuBouia K NOIHOM
ANMMMUHAIH OTyXonu Y 46 % knuBOTHBIX [51].

H3K27me3

Benox H3K27me3 npencrasmnsier coboii snurexne-
THYecKylo Moaudukanuio rucrona H3, koropas 06-
pasyercs IyTeM TPUMETWINPOBaHMS IO ICHCTBHEM
¢depmenta EZH2. H3K27me3 moaynaupyeT skcnpec-
CHIO TEHOB IIPH OITyXOJIEBBIX MpoOIleccax W MeTacTa-
3UPOBaHMH, BOCIAJICHNH, NPOJU(Epanuyd U aHruo-
reHese, B YaCTHOCTH, MO/IaBIsIeT KCIIPECCHIO TE€HOB
HOX v noBbIIIIaeT SKCIMPECCHIO TEHOB, KOAUPYIOIINX
COX-2. ComtacHo pe3ynbTaTaM UCCIIEJOBaHUH psaa
aBTOPOB, HAOJIOMACTCSI 4Ype3MepHOEe 00pa3oBaHUE
H3K27me3 B smpax KJIETOK DJHIOMETPHUOUIHBIX
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ouaroB [52-54]. B uccaemosanun T. Xiaolei et al.
BBISBJICHA OOpaTHasi 3aBUCHUMOCTb MEXKIy MPOIYyK-
et H3K27me3 u EZH2 ¢ onHOM CTOPOHBI U 3KC-
npeccueit nmpotokaarepuna-10 PCDHI10 — ¢ apyroii.
H3K27me3 — smureHeTHYecKWil Mapkep dHIOMe-
TpHO3a, KOTOPBI MOXET ObITh UCIIOIB30BaH JUIsSl MH-
Ba3WBHOM JWarHOCTUKU. CHIDKEHHE CONepKaHus
PCDH10 moxeT ObITh CBSI3aHO C YBEIMYEHHEM JKC-
MIpeccuy THUCTOHOBOW MeTmntpancdepazsl EZH2 un
cuareza H3K27me3 y OonpHBIX 3HIOMETPUO30M,
YTO COCOOCTBYET MHUTPAIMN ¥ MHBAa3HU CTPOMAITh-
HBIX KJIETOK 3HIOMETPHSA, TCOPETHYECKU CO3JaBast
OCHOBY JJIA JICUCHUS dHAOMETpHo3a [55].

TWIST1

Tpauckpununonssiii paxrop TWIST] okasbiBaeT
BJIMsHME HA MHOTHE IPOLIECCHI: MOAABIAET alolTo3,
perynupyeT skcnpeccuto N- 1 E-kaarepuHoB 1 Takum
00pa3oM aKTUBHPYET AMUTETHATHHO-ME3CHXHIMAIb-
HBI MEpeXoJl, CTUMYJIMPYET MUTPALUI0 U WHBA3UIO
KJIETOK. Ero skcnpeccus MoBbILIEHA B 3KTONNYECKOM
SHJIOMETPUM U B JYTONUYECKOH TKAHU DHIOMETPHUS
MAlMeHTOK C AHJOMETPHUO30M, YTO MOXKET OBITh CBS-
3aHO C AaKTHUBAalMEHl JIHUTENNATIbHO-ME3eHXUMab-
HOTO Mepexojia U MUTPAlU U B JaJbHEHIIeM Oyner
Croco0CTBOBaTh 0OPA30BAHUIO M PA3PACTAHUIO IKTO-
MMYECKUX 0YaroB dHIOMETPUOUIHON TKaHuU [56, 57].
VYBennuenue skcnpeccurn TWISTL B syronuueckom
SH/IOMETPHUH MOXKET CTaTh MPEAUKTOPOM BO3HUKHOBE-
HUS DHIOMETPHO3a Y JKEHIIUH TPYIIIBI PUCKA.

CD47, TSP1, SIRPa

TpancmemOpanubiii 6emok CD47 skcnpeccu-
pyeTcs BO MHOTHX TKaHSX W BBITIOJNHSET pa3HbIC
(YHKIUH, B TOM YHCJIE SBISIETCS JIMTAHIOM peLel-
topa SIRPa. CeszpiBanue ¢ SIRPa unayuupyer psag
COOBITHIA, TPUBOAALINX B KOHEYHOM WTOTE K CHU-
JKEHUIO (haroIUTapHON CIIOCOOHOCTH MakKpoQaros.
Kpome Toro, CD47 MoxeT B3auMOJCHCTBOBATH C
TSP1, 9To MPUBOIUT K aKTHUBAIUU TPOITHQEPAITHH
u aupdepeHIMPOBKE KIETOK, CTUMYIISIIUH allONTO-
3a M yTHETEHWIo aHTHoreHesa. Jkcrpeccus CD47 B
9KTONMHMYECKOM SHAOMETPUH Y MALMEHTOK C YHJIOME-
TPHUO30M 3HAYUTEIHLHO TOBBIIMICHA [58], 9TO MOXKET
OBITH CBsI3aHO ¢ penentopamu 3ctporeHa ERP, B3a-
HMOJIEIiCTBHE KOTOPBIX ¢ mpomotopoM CD47 mpu-
BOJIUT K TOBBIIIEHUIO ero skcnpeccud [59]. Y. Liu
et al. mokasanu, 4To y MaIlMEHTOK C YHIOMETPHO30M
HaOmonaeTcs 0oIee BHICOKAst IKCIIPECCHS KITFOUEBhIX
MoJsiekyn curnanbaoro mytu TSP1-CD47-SIRPa, ax-
TUBAIMS KOTOPOTO TMPHBOAWUT K TIOBBIIICHUIO TIPO-
nudepaTHBHON aKTUBHOCTH KIIETOK JHJIOMETPHUS H
YTHETEHHIO UIMMYHHOTO OTBETa, TEM CaMBIM CII0C00-
CTBYS IpOrpeccupoBanuio 3adoneBanus [60].

B uccnenosanuu N. Sasamoto et al. uepe3 onun
roji TOCJE OMNEPaTUBHOIO JIEYEHMsI 3HIOMETpHO3a
B TpYIIE€ C MPOrpEeCCUPYIONIEH WM COXpPaHUBIICH-

csl Ta30BO# Oonbro ypoBeHb CD47 B mtasmMe KpoBH
ObL1 B 2,68 pasa BhIIIE, YeM B TpYIINe, rie 00NeBoi
cunapom cHusmicsa [61]. TapreTHoe Bo3melicTBHE
Ha CD47 npuBoAnIO K yBETUUEHHUIO (arouTapHOM
CIOCOOHOCTH MakpodaroB M aromnTo3y dHIAOMETPH-
AIBHBIX CTPOMAJIBHBIX KJIETOK, CJIEI0BAaTEIbHO, OI0-
katopel CD47 moryT 3¢ QeKTHBHO BO3JEHCTBOBATH
Ha YHIOMETPHUOUIHBIC OYaru ¢ MOMOIIbIO ABOHHOTO
MexaHuszMa. Takum oOpa3oM, Tepamwsi, OCHOBaHHAs
Ha BO3ICHCTBUY Ha cUrHaIBHEIN myTh CD47-SIRPa,
HUMeeT OIpeeNICHHbIN OTeHLIMAI, YTO OAYEPKUBa-
€T aKTyallbHOCTb IPOBEICHUS JajJbHEHITNX HUCCIIe-
JIOBaHUH B JAHHOM HarpaBieHUH [58].

DaKTOPbI, YKA3LIBAIONIUE HA AKTHBHBII
MeTAa00/IU3M B KJIETKAX JKTOMHYECKOIro
JHIOMEeTPHUSI

MCT u GLUT

TpancmemOpannbiii  Oenmok  MCT  BbImonHSIET
(DYHKIMIO CHMIIOpTa MOHOKapOOHOBBIX KHCIIOT, B
TOM 4YHCJIE MOJIOYHON U IMUPOBHHOIPAJHON KUCIOT.
Beigensitor 14 moarunoB MCT, u3 kotopsix Hanbo-
nee 3HaunuMbl MCT-1, orBevaromuii 3a mocrymie-
HHe JakTata B KiIeTky, 1 MCT-4, oTBedarommii 3a
ero dKCopT. bombmas rpynmna MeMOpaHHBIX OEIKOB
GLUT yuacTByeT B NEpeHOCE INIOKO3bI Yepe3 Kile-
TouHyt0 MeMmOpany. Beinensiror Tpu xiacca GLUT:
I xmace (GLUT-1-4), II xmacc (GLUT-5,7,9 u 11)
n III xmacc (GLUT-6,8,10 u 12), xoTOpble KOAUPY-
1oTcsi TeHamu cemeiictBa SLC24. OOHapykeHa 1o-
BhillieHHas akcnpeccus MCT-1, MCT-4, GLUT-1
n GLUT-3 B TKaHM 3KTOMHYECKOTO SHAOMETPHS,
YTO aBTOPBI CBA3BIBAIOT C YBEJIWYEHHEM OJHepre-
TUYECKHX 3aTpaT Ha MeTaboNu3M, Mposin(epanuio
KJIETOK W HeoaHruoreHes [62]. B. McKinnon et al.
MONTyYMJIA TIOXOXKHE PE3yNbTaTbl, HO MPUMEJaTellb-
HBIM SIBIISIETCA TOT (DaKT, YTO B SMHUTEIHAIBHBIX H
CTPOMAJIBHBIX KIJIETKAaX 3HJOMETPHOHMIHBIX OYaros
noBeIreHa dkcnpeccuss GLUT-1 u B emie OombIeit
crenein — GLUT-4, 4TO TO3BOJISET TOBOPHUTH O
kioueBoil ponmu GLUT-4 B TpaHcnopTe INIOKO3HI B
sktonnyeckoM sHaomerpuu. GLUT-3 mpeumyrue-
cTBeHHO Jokajan3oBajics B CD45-mo3uTHBHBIX, a
TaKke B OKPY)KAIOIIUX KPYMHBIX CTBOJAX HEPBHBIX
BosiokoH [63]. YBenuuenue comepxanust GLUT-4 B
KJIETKaX SHAOMETPHUOMHBIX T€TEPOTONHN MO3BOJIS-
€T pacCMaTpHBaTh €r0 B Ka4eCTBE MapKepa Ul WH-
Ba3UBHOM 1MarHoCTHKU. IIOBBIIEHHAs 3KCHIPECCHs
GLUT cBuueTenbCcTBYeT 00 aKTHBHOM IMOTIIOIIEHUN
[JTFOKO3bI 3KTOMMYECKHM 3HIOMETPHEM, YTO MOIVIO
Obl OTKpBIBaTh BO3MO)KHOCTH JUIsI JUATHOCTHKH JH-
JIOMETPHO03a C TIOMOIIBIO TTO3UTPOHHO-IMUCCHOHHOMN
ToMOrpaum, COBMELICHHOW ¢ KOMITBIOTEPHOH TOMO-
rpadpueii. OgHako B OOJBIIMHCTBE SHAOMETPUOUI-
HBIX TIOPaXXEHUH HeT crenn(uuecKoro noromeHHs
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8F-(bTOpIE30KCHUIIIIOKO3BI, YTO HCKIIFOUAET IIPHMeE-
HEHHE JJaHHOTO METO/Ia ucciaeaoBaHus [64].

DaxkTopkl ayTodaruu
LC3B-II, p62, Beclin, NLRCS

bemox LC3B-II, ob6pasyrommiicst n3 LC3B-I my-
TeM KOHbIoramu c¢ ¢ochaTuaua3TaHoIaMUHOM,
pacrmonaraeTcs Ha BHyTpEHHEW U BHEIIHeW MmeMOpa-
Hax aytodarocoMm. bemok p62 sBisercs Kiaccude-
CKUM PELEeNTOpOM ayTo(aruu, mpoxykrt rena BECNI
Beclinl urpaer BaskHyI0 poJb B €€ PEryJsiuu ayTo-
¢arnu (meobxomum mist popMHupoBaHHS ayTodaro-
com). NLRC5 perymupyer TpaHCKPHIIIIUIO TE€HOB
MHC I kyacca 1 urpaeT BEeIyLIYI0 pOjib B MOJYJS-
IIUU BOCIIAJIUTEIHHOTO OTBETA.

B uccnenosannu M. Li et al. BEIABIICGHO CHIDKE-
Hue skcnpeccuu LC3B-11 u noBblieHne sKCpeccuu
p62 B DKTOMMYECKOM DHJIOMETPUU Kak B mposude-
PaTUBHYIO, TaK U B CEKPETOPHYIO a3y, YTO MOXKET
TOBOPHUTH 00 YyMEHBIIEHHH AaKTUBHOCTH ayToda-
THH B DKTOMHMYECKOM J3HIoMmeTpun [65]. Z. Kong
et al. BesIBIUIH cHIkeHHe skcnpeccnn LC3B-II m
Beclinl B skTomuueckoM 3HAOMETPHUU H, COOTBET-
CTBEHHO, aKTUBHOCTH ayTO(aruu, 4To CBS3BIBAIOT C
mporpeccupoBanreM 3adoieBanus [66]. L. Zhan et
al. ompenenunu nosbimenne conepxkanusi NLRCS
B OKTOMMYECKOM U 3yTOMHYECKOM SHIOMETPUH IIa-
LIUEHTOK C JHJIOMETPHO30M, OoJiee BBIPAXKEHHOE B
SKTONMYECKUX OYarax, a TaKKe CHIKCHHE YypPOBHS
LC3B-II, Beclinl u p62 xak B 9KTOMHUYECKOM, TaK U
JYTOIIMYECKOM 3HJOMETPHUHM, YTO yKa3blBaeT Ha 00-
paTHyI0 3aBUCHMOCTb BBIPaKEHHOCTH 3KCIPECCUH
NLRCS ot aktuBHOCTH ayTodarun. OHAKO TOUHBIN
MOJICKYJIIPHBIN MexaHmu3M, cBs3bBarormmii NLRCS
U ayTo(ardio mpu 3HIOMETPHO3e, Hen3BeCTeH [67].
R. He et al. mpennonaratot, uto NLRCS nnrudupyer
BOCITaJICHUE TyTEM BIUSHUS Ha ayTodaruto [68].

AyTtodarusi Kak MeXaHM3M 3allUThl IPOTUB
aronTo3a, BEPOSITHO, SIBISICTCS OOLIMM CBOMCTBOM
KaK KJIETOK 9KTOIMNYECKOTO YHIAOMETPHS, TaK U 3710~
KaueCTBEHHBIX KJIETOK. B ciryuae meTaboianyeckoro
CTpecca U TUIOKCUU oYar MOpakeHUs] MOXKET CTaTh
MECTOM 3KCITaHCHUHU CTBOJIOBBIX KIJIETOK M OBICTPOI
HPOrpeccudl BCJIEACTBHE HW3MEHEHHOIO a3poOHO-
ro MIMKONM3a Kak MpU dHAOMETPUO3E, TaK M IpHU
OHKOJIOTMYecKOM 3abosieBannu. bomee peranbHOe
M3y4YeHHE JAHHOIO IIpoLiecca MOXKET OKas3aTbCs
NEPCIEKTUBHBIM HE TOJBKO U pa3pabOTKu Jaua-
THOCTHUYECKOM CTpaTeruu, HO W JJIs OIpeeseHus
MUIIIEHEH TapreTHOW Teparnuu ¢ pa3paboTKON COOT-
BETCTBYIOLIUX JIEKAPCTBEHHBIX CpeacTB [18].

3aKiIoueHue

B skronmyeckom SHAOMETpPUN OOJIBHBIX OHJJOME-
TPUO30M BBIABJIAIOTCA NU3MCHCHUSA SKCIIPECCHUU KITIO-

YeBbIX TEHOB U OEJIKOBBIX MOJIEKYJ, OTBETCTBEHHBIX
3a KU3HECIIOCOOHOCTh JHJIOMETPUOHIHBIX KIIETOK.
OTH W3MEHEHUs, MO3BOJISIONINE KIETKaM JHIOME-
TPUOMIHBIX T'€TEPOTOIMI HE TOJNBKO BBIKHMBATH B
Yy)KEPOTHOM OKpPY)KCHHWH, HO ¥ aKTHBHO Pa3MHO-
KAaThCsI, CIIETyeT PacCMaTPHUBATh KaK BayKHbIC 3BCHbS
JTHONAaTOreHe3a suaoMeTprosa. Hapsay ¢ atum npo-
BEJICHHBIN aHAJIN3 JINTEPaTyphl MO3BOJSIET CUMTATH
nenecooOpa3Hol pa3padOTKy KOMILIEKCHOTO JHa-
THOCTHYECKOr0 Habopa MOJEKYISPHBIX MapKepoOB
3a00J1€BaHMsl C YYE€TOM TOTO, YTO SHAOMETPHUOUIHAS
TKaHb XapaKTepPHU3yeTcsl KaK XPOHHUECKUM BOCTIasie-
HUEM, HEHPO- U aHTHOTEHE30M, TaK H CIIOCOOHOCTHIO
K IPOrpeccUd M HMHBAa3UBHOMY pOCTY, ayTodaru,
o0JaiaeT onpe/elieHHBIMA 0COOEHHOCTSIMHU MeTabo-
mu3ma. ComnacHo pe3ynbTaTtaM BKIIOUEHHBIX B aHa-
T3 WCCIIEOBaHUH, HAMOOINBIIEH YyBCTBUTEIHHO-
CTBIO M CTICITU(PUIHOCTHIO 00JI/IAI0T TaKKe PaKTOPBI
xpoHuueckoro BocnasieHus, kak MRC1 u apruna-
3a-1, ¢hakrop HeoBackymsapuzamun VEGF-C, a taxoke
(axTopskl, oTBevaronre 3a GopMUpOBaHUE HEPBHBIX
BosiokoH, NFASC u CHLI1. Takum oOpa3om, BO3-
MOXHO TIPOBEICHHE JAJbHEHIINX HCCIe0BaHUH
JUISL CO3JJaHUsSI JMAarHOCTUYECKOW TMaHeIH WHBA3WB-
HOW M HEMHBAa3MBHOW JUArHOCTUKH SHJIOMETPHO3a, a
TaKXXe TOUCK MOTCHIUAIBHBIX MUILCHEH TapreTHOM
Tepanuu 3a007IeBaHUS.
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Pe3rome

B nutepatype pazmepsl Kene3bl CHIBHO YCPEIHEHBI, TAKKe KpaifHE Mo JaHHBIX MO ONMCAHMIO OpTaHa B KOHTEKCTE
TIOJIOBBIX U KPAHHOTHIMYECKHX 0coOeHHOCTe!. [103ToMy NpHKM3HEHHOE MCCIIE0BAHUE OKOJIOYIIIHOMN JKEJIE3bl Y JKeH-
HIUH C pas3sInYHbIMU q)OpMaMI/I yepena BhIIAAUT NMEPCIICKTUBHBIM U CHOCO6HBIM JOIIOJIHUTh 06IJ_IyIO AHATOMUYCCKYTO
KapTHHY oprasa. Llenpro rccienoBaHus SIBUIOCH H3yUEHHE aHTPOIIOMETPHUYECKHUX TTOKAa3aTeNeH OKOJIIOYITHON JKee3bl
y JKEHILMH C pa3HbIMH GopMaMu dyepera. MaTepuaJ ¥ MeTOAbI. BbINONHEH aHaIN3 TOMOIpaMM OpraHoB TosoBbl 90
JKEHIIMH B Bo3pacte oT 18 o 87 yiet. Paccumnran nonepeyHo-1poJosibHbII HHJEKC Yeperia 1 BEpXHEIUIEBOH yKa3aTeb,
BBIJICJICHBI TPYIIIBI IO ()OpMaM MO3TOBOTO Yeperna — JOJIUXOKPAHbI, ME30KPaHbI 1 OpaXHUKpaHbI, 10 (hopmMam JIMIIEBOTO
yeperna — 3yPHUIPO30IbI, ME30MPO30IIbl U JICHTONPO30Ibl. V3yueHbl BepTUKAJIBHBIA, CaruTTANbHBIA 1 (pPOHTAIBHBIN
pa3Mephl, a TAKXKe PACCUYUTaH 00BEM OKOJIOYIIHOM skesie3bl. CpaBHUTEIBHBIN aHAIN3 MTOKa3aTeield TPYII BBITIOIHEH C
npuMeHeHneM Kputepus Kpackemna — Yoyummca, Metona ManHa — YUTHH ¢ TIonpaBkoid boH(eppoHn U ¢ TOMOIITHIO He-
napamerpuieckoro Merona Crnpmena. Pesyiabrarpl. CaruTTanbHbIi pa3Mep jkeie3bl OOJbIIe y JKeHIINH-J0INX0Kpa-
HOB T10 CpaBHEHMIO ¢ OpaxukpaHamu (p < 0,0167). Mmeercs oTpunaTeIbHast 3aBUCUMOCTD MEXK/Ty CAaTUTTaJIbHBIM pa3-
MepoM jkene3sl U (hopmoit Mo3rosoro uepemna (p <0,0001, »=-0,34 cnpasa, p = 0,0004, » =-0,36 cneBa). DpoHTaTBHBIH
pa3mep KeJe3bl y OpaxuKpaHOB OOJIbILE, YEM y Me30- U J0JIMXOKpaHoB (p < 0,0167), OH MOJIOKUTENEHO KOPPEIHpYeT
¢ pasubiMu (hopmamu Mo3roBoro yeperna (p < 0,0001, » = 0,7 copasa, p < 0,0001, » = 0,66 cnesa). BepTukanbHblil pas-
Mep KeJIe3bl YBEINUINBACTCS OT DYPUIIPO30TIOB K JIEITONPO30TIaM, a (POHTAIBHBIN pasMep OOJbIIe y KEHIIUH dYPU- U
ME30ITPO30II0B, YEM Y JIEITONPO30I0B. BepTHKaIbHBIN pa3Mep jkeie3bl MOIOKNUTEIBHO CBsI3aH ¢ (POPMOI JIMIIEBOTO Ye-
pena (p = 0,0003, »= 0,37 crpasa, p = 0,0004, » = 0,36 cieBa), a ppoHTaIBHBIN — oTpUIaTeIbHO (p < 0,0001, r=-0,73
cmpasa, p < 0,0001, » =-0,77 cnea). 3ak/roueHnue. Y 5KCHIINH CAaTUTTATBHBIA 1 (HPOHTAIBHBINA pa3Mephl OKOJIOYIITHOM
JKEJIe3bl UMEIOT CYIIECTBEHHYIO PA3HUILY IO MONEPEYHO-TIPOIOIBHOMY UYEPEITHOMY MHAEKCY. BepTukanbHbiili U hpoH-
TaJIbHBII pa3Mephbl KeJIe3bl IPU Pa3IMuHbIX (OpMax JHIIEBOrO Yeperna 3HAYUMO Pa3InuaroTcs.

KroueBble ciioBa: okosoymnHas sxernesa, (PopMbl uepena, KpaHHOMETPHSl, TPUKU3HEHHAs aHATOMUSI.
KoHpaukT HHTEpecoB. ABTOPHI 3asBJISIOT 00 OTCYTCTBHH KOH(IMKTA HHTEPECOB.
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Abstract

In the literature, the size of the parotid gland is greatly averaged, and there is also little data on the description of the
organ in the context of sexual and craniotypic features. Therefore, an intravital study of the parotid gland in women with
different skull shapes looks promising and can amplify the overall anatomical picture of the organ. The aim of the study
was to study the anthropometric parameters of the parotid gland in women with different skull shapes. Material and
methods. Tomograms of the head organs of 90 women aged 18 to 87 years were analyzed. The transverse-longitudinal
index of the skull and the upper-facial index are calculated, groups are identified according to the shapes of the cerebral
skull — dolichocranians, mesocranians and brachycranians, according to the shapes of the facial skull — euryprosopes,
mesoprosopes and leptoprosopes. The vertical, sagittal, and frontal dimensions were studied, and the volume of the
parotid gland was calculated. The comparative analysis of the group indicators was performed using the Kraskell —
Wallis criterion, the Mann — Whitney method with the Bonferroni correction, and the nonparametric Spearman method.
Results. The sagittal size of the gland is larger in dolichocran women compared to brachycranians (p < 0.0167). There
is negative relationship between the sagittal size of the gland and the shape of the cerebral skull (» < 0.0001, » =—-0.34
on the right, p = 0.0004, » = —0.36 on the left). The frontal size of the gland in brachycranian is larger than in meso-
and dolichocranian women (p < 0.0167), it positively correlates with different shapes of the cerebral skull (p < 0.0001,
r = 0.7 on the right, p < 0.0001, » = 0.66 on the left). The vertical size of the gland increases from euryprosopes to
leptoprosopes, and the frontal size is larger in eury- and mesoprosopus than in leptoprosopus women. The vertical
size of the gland positively depends on the shape of the facial skull (p = 0.0003, » = 0.37 on the right, p = 0.0004,
r=0.36 on the left), and the frontal — negatively (p < 0.0001, » =-0.73 on the right, p <0.0001, » =—-0.77 on the right).
Conclusions. In women, the sagittal and frontal dimensions of the parotid gland have a significant difference in the
transverse-longitudinal cranial index. The vertical and frontal dimensions of the gland in different shapes of the facial
skull significantly differ.
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BBenenue

Bonbine ciaroHHBIE jKene3bl Ha HACTOSIIMNA MO-
MEHT MMEIOT JOCTATOYHO IIOJIHOE OINMCaHUE B Ha-
yuHoii yureparype [1]. Tak, mompoOHO H3yYeHBI
ux tomnorpadus, TpaHULBI, TUI CTPOCHHS, a TAKKe
MaKpOaHaTOMHUYECKHE mapaMeTpsl [2, 3]. YcTaHOB-
JICHO, YTO C BO3PAaCTOM HHBOJIFOTUBHBIE M3MEHEHUS
OTpa)kaloTcs Ha 00beMe W JMHEWHBIX MapaMeTpax
opraHa B CTOPOHY WX YMEHBbIICHUS [4], Ipu dTOM
IJI0MIa/b, TOJIIMHA W O0BEM OKOJOYIIHBIX JKeJe3
MOTYT CYIIECTBEHHO OTIMYATHCS JaKe Y JIUI] OTHOTO
U TOTO e Bo3pacTHoro nepuona [S]. Takum oOpa-
30M, OKOJIOYIIHAs jKelie3a 00JalaeT 3HAYUTEIbHOM
BaprabebHOCTHI0 aHAaTOMUYEeCKHX (GopM M paszme-
poB [6]. CBeneHuss 00 aHATOMUU JAHHOTO OpraHa
TpeOYIOT IOMOJHUTEILHOTO YTOUHEHHS M CUCTEMa-
TH3aIlMHU B TIOJIOBOM U BO3PACTHOM aCIIEKTax.

B cBsi3u ¢ akTUBHBIM pa3BHTHEM U MOBCEMECT-
HBIM BHEJIPEHHEM BBICOKOTEXHOJOTHYHON IHAarHO-
CTUKM 3a00JIeBaHUIl 4YEIIOCTHO-JIMLEBOI olnacTu
oco0oe 3HaYCHHWE MPHUOOPETAIOT JIYIECBBIC METOIBI
uccienoBanus [7, 8]. Ha cerogusmumii 1eHp npu
nomonm kKommbetotepHorr Tomorpaduun (KT) u MPT
BO3MOKHO TOJIy4€HUE MPHKU3HEHHON JeTalu3upo-
BAaHHOM aHaTOMHYECKOH KapTHHBI JIIOOOTO OpraHa
n npunexamux crpykryp [9, 10]. Mcnons3oBanue
JaHHBIX METOAOB NPMKU3HEHHOW BH3yaIH3alUU H
TPEXMEPHON PEKOHCTPYKIIMH OTKPBIBAET IIUPOKUE
BO3MOYKHOCTH B chepe aHTPOTIOMETPUH M BapHaHT-
HO# anatomuu [11, 12]. B y4ueOHON W HAy4yHOU JIH-
Teparype JTWHEHHBIE pa3Mepbl jKeJe3bl CHIBHO yC-
PEeIHEHBI, TaK)Ke OTCYTCTBYET MOAPOOHOE OMUCAHHE
OpraHa B KOHTEKCTE ITOJIOBBIX U KPAHHOTHUITHYECKUX
ocobennocteit. [loaToMy mpuKU3HEHHOE HCCIENo-
BaHUE OKOJIOYIIHOHM jKele3bl y JKeHIIWH C pa3iny-
HBIMU (pOpMaMHM Yeperia BBIISAUT MEePCIEKTHBHBIM
U CIIOCOOHBIM JIOTIOJHUTH OOIIYI0 aHATOMHYECKYIO
KapTUHY Oprasa.

Llenpro ncciienoBaHuUs SIBUIOCH U3YYSHHUE aHTPO-
ITOMETPUYECKHUX TIOKa3aTeNell OKOJIOYITHOH JKeJe3bl
y KEHIUH ¢ pa3HbIMU (popMamMu depena mpu IOMOo-
1 JTy4eBBIX METOIOB HCCIIEIOBAHNS.

MarepuaJ 1 MeTOAbI

HccnenoBanue 0100peHO MEXBY30BCKUM 3THYE-
ckuM KomuTeToM (potokost Ne 07-21 o1 15.07.2021).
BrimonHeH peTpociieKTHBHBIN aHaIN3 0a3bl JaHHBIX
KT- u MPT-uccnenoBanuii kadeaps! 1yueBoil 1ua-
rHoctukn @PI'BOY BO «Tepckoii rocygapcTBEHHBIN
MEIUUUHCKUNA yHuBepcuTeT» MunsnpaBa Poccum.
W3y4yeHbl TOMOrpaMMBbl OpraHoB rojoBbsl 90 KeHITUH
B Bo3pacte oT 18 1o 87 net. B paboTy He BKITFOUEHBI
MAIMeHThl ¢ HOBOOOPAa30BaHUSMH M BOCTIAJIUTEINb-
HBIMH SIBJIGHUSIMH B TAPEHXHUME OKOJIOYIIHOM Ke-
JIe3bl, C MATOJOTHYECKUMH WM TPaBMaTHUYECKUMHU
M3MEHEHUSIMH KOCTHBIX CTPYKTyp uepena. Vccneno-
BaHUE OPraHOB T'OJIOBBI BHIITOJHEHO B CarMTTaJIbHOM,
aKCHAJIbHOM M KOPOHApHOM IJIOCKOCTAX Ha ammapa-
tax MPT Vantage Titan 1,5 T (Toshiba, Smonus),
Aperto 0,4 T (Hitachi, flnonus) B pexxnmax T1, T2
n FLAIR, a Takke Ha KOMITBIOTEPHOM TOMOTpade
Aquilion 64 (Toshiba). C momompio qanasx KT m3-
y4eHbl TAaKue€ MapaMeTpbl KOCTHBIX CTPYKTYp, Kak
MPOJOJIBHBIN MEAUaHHBINA pa3Mep depena, rnonepey-
HBI MaMeTp, BEPXHSS BHICOTA JIMIA U CKYJIOBOH
TaMeTp, TOoCie Yero pacCuuTaHbl 3HAYEHHS TIO-
MePEYHO-TPOJOIBHOTO MHJEKCAa U BEPXHEIUIIEBOIO
yKa3aTeJsl, 4TO MO3BOJIMIIO PA3JIEIUTh UCCIIEAYEMBIH
Marepuasl Ha rpymmnsl. llonepeyHo-TpoaOIBHBIN
WHJIEKC PACCUUTHIBAIU MO (GopMmyre: (HauOOoIbIINA
MOTIEPEYHBIN pa3Mep Mo3roBoro uepera X 100)/Han-
OONBIINI NPOROIBHBIN pa3Mep MO3rOBOTO yeperna.
[IporieHTHOE COOTHOIIIEHHE BEPXHEM BBICOTHI JIMIIA
U CKYJIOBOT'O IMaMeTpa ONpPeesisiio 3HAYeHUs BEPX-
HEJIMIIEBOTO yKa3zarens. B pesynprare mpoBeaeHHBIX
pacyeToB BBIJEICHBI TPH TPYIIIBI XKEHIIUH 110 (Hop-
MaM MO3TOBOTO Yepena W TPH TPYIIbI KEHIIUH 110
(dhopmam nurieBoro uepena (tadi. 1, 2). [Tocne omnpe-
nenenust GopM MO3TOBOTO U JTUIIEBOTO Yeperna U Bbl-
JIEJIEHUS] COOTBETCTBYIOIUX TPYII BBITOJHEHBI W3-
MEpEHHUS OKOJIOYIIIHOM JKeJle3bl B MATKOTKAHOM OKHE
B TPEX B3aUMHO-TICPIICHIUKYISPHBIX IUIOCKOCTAX.
W3ydeHbl BepTHKANBHBINA, CATUTTANBHBIN H (DpOH-
TaIIbHBIN JIMHEHHBIC pa3Mephl, a Takke 00BeM JKe-
JIe3bI, KOTOPBIH BEMUCIUTH TT0 Gpopmyre Brunn [12]:
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Tabnuua 1. Pacnpeoenenue dtceHujut no epynnam 6 COOmeemcmeaul ¢ hopmamiut Mo3208020 yepend ¢
noKa3amensamMu pasmepos yepend u nonepeuHo-npooosbHO20 UHOeKCd

Table 1. The distribution of women into groups according to the shapes of the cerebral skull with indicators of
the size of the skull and the transverse-longitudinal index

dopma MO3roBoro otzaena
yepena

[IpononpHbIi AaMeTp
gepena, MM

ITonepeunslit Auamerp
qyepera, MM

ITonepeuHo-nponoIbHbII
uHaexe, %

Jlonuxokpansl (n =31)

181 (174; 188)

131 (127; 136)

73,68 (72,19; 74,15)

Mesokpa#nsl (17 = 29)

180 (176; 186)

139 (133; 143)

76,34 (75.,5; 77,78)

Bpaxukpansl (n = 30)

174,5 (170; 188)

147 (140; 151)

80,67 (80,23; 85,71)

£ <0,0001 £ <0,0001
. P < 0,0001 p...<0,0001

P p=02 Paa < 0,0001 < 0,0001
.. <0,0001 ... <0,0001

Hpumelumue‘ 3II€CL u B Ta0II. 3ZpH_M — 3HAQYCHHUC MCKAY NOJIMXOKpAaHAMHU 1 MC30KpaHAMU; p, ; — 3aHICHUC MCIKIY NOTUKPpaHAMH
u 6anI/IKpaHaMI/I, P — 3HAYCHHUEC MEXKIY MC30KpaHaMHU 1 6anHKpaHaMI/I.

Taonuua 2. Pacnpedenenue dicenuyun o Spynnam 6 COOmeemcmeauu ¢ hopmamu 1uyeoeo yepena ¢
NOKA3AMeENAMU PA3MEPOS Uependa U 6ePXHeNUYe8020 UHOEKCd

Table 2. The distribution of women into groups according to the shape of the facial skull with indicators of the
size of the skull and the upper facial index

®opwma smreBoro otaena | CKynmoBo# muameTp depena, | BepxHsas BeicoTa mnia, | BepxuenmieBoi mHIEKC, %
yeperna MM MM
Dypunpo3sorsr (n =21) 125 (121; 158) 60 (59; 61) 48,39 (47,29, 48,78)
Mesomnpo3zonsl (17 = 33) 122 (117; 126) 65 (62; 69) 54,1 (52,63; 54,48)
Jlerrroripo3orsl (1 = 36) 118,5 (114,5; 121,5) 71 (67,5; 73) 58,33 (56,1; 61)
p=0,0019 p <0,0001 p <0,0001
2,.=0,1 ... <0,0001 2., <0,0001
p .., =0,0004 .., <0,0001 2., <0,0001
P = 0,05 Doy <0,0001 Pun <0,0001

IlIpumeuanue. 3nech u B Ta0N. 4: p, | — 3HAUEHHE MEKITY SYPHIPO30MAMU U ME3ONPO30MAMH; p, | — 3HAUECHUE MEKILY DYPHUIIPO-
3011aMH U JIENITONIPO30MAMH; p,,  — 3HAYEHHE MEXy ME30IPO30IaM1 U JIEHTOIPO30IaMH.

BEPTUKAJIBHBIM pa3Mep X CaruTTaJbHBIA pazmep X
(hpoHTanbHbIi pazmep x 0,524 (paccuntan Kak 1/6).

CraTucTHYeCKUi aHanmu3 ToKa3al HEepPaBHYIO
JUCTIEPCUIO0 M3Yy4YaCMbIX MPU3HAKOB, B CBA3HU C YEM
JlaNbHENIIIee UCCIIE0OBAaHUE MPOBEJEHO MPU TOMO-
M HETapaMEeTPUIECKUX METOIOB CTaTUCTUYECKOTO
aHanu3a. Pazmepsl 1 00beM jkene3bl MpecTaBIeHbI
B BHJIE MEIMAaHBI W WHTEPKBAPTHIHHOTO pa3Mmaxa
(Me [25 %; 75 %]). CpaBHHUTEIbHBIN aHATU3 TTOKA-
3aresieii rPyII BBIIOJIHEH ¢ IPUMEHEHUEM KPUTEPUS
Kpackenna — Yomuca, npu 5ToM pa3induve CUUTaIn
CTaTUCTUYECKHM 3HAUYMMBIM, €CIIM 3HaueHUe p OBLIO
Menbie 0,05. B nocaenyromem NpoBOAMIIN ITapHBIE
CpaBHEHUS C NPUMEHEHUEM MeToja MaHHa — YuT-
HU M CUUATAIH PA3IAYHs CTATHCTUYECKU 3HAYMMBIMHU
mpu p < 0,0167 (k= 0,05/3 = 0,0167) ¢ yuerom mo-
npaBku boHdepponn. 3aBUCUMOCTb pa3MepoB OKO-
JIOYIITHOW JKee3bl OT (pOpMBI deperna OICHHBAIHU C

CUBWPCKUM HAYYHBIN MEOVLIMHCKUM XXYPHAI 2025; 45 (4): 90-98

ITOMOIIIBIO HeTlapaMeTpuueckoro Metona CrimpMmena
¢ pacuetoM ko3 duimenta r. Koppesiiuio cuutanu
CTaTUCTHYECKU 3HaunMou npu p < 0,05.

PesyabTarbl

VY JKeHIIMH C pa3HbIMU (POPMaMHU MO3TOBOIO 4e-
pena BepTUKAIBHBINA pa3Mep OKOJIOYIIHOHM >KeJe3bl
¢ 00erx CTOPOH HE MMEJ CYLICCTBEHHOH pa3HUIbI
(tabm. 3). CarutransHBIN pa3Mep o0eux jkene3 cTa-
TUCTUYECKH 3HAYUMO OOJIbIIC y KCHILIMH C JOJH-
xoMopdHOH (hopMoii yeperna Mo CpaBHEHHIO ¢ Opa-
XUMOP(GHOH M C JIEBOM CTOPOHBI y MOJIMXOKPAaHOB
[0 CPAaBHEHHWIO C ME30KpaHaMH, IPH 3TOM pa3Mep
[IPaBOi JKeNe3bl y OpaXUKpPaHOB CTAaTUCTUYECKH 3Ha-
quMO OOJIBITIE pa3MepoB Xkeme3sl ciera (p = 0,015).
VY JKEHIIWH C pa3HbIMU (OpPMaMH MO3TOBOTO uepena
(hpoHTABHEIH pa3Mep Kelle3bl KaK ¢ TPaBoOil CTOPO-
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Tabnuuya 3. [loxazamenu anamomMuyeckux napamempo8 OKoJIOYUWHOL JceNe3bl JICEHUUN C PASHBIMU hopmamu

Table 3. Indicators of anatomical parameters of the parotid gland of women with different forms of the cerebral

MO03206020 Hepena

skull
Pasmepsl jxerne3sl B rpymmax mo opMaM deperna B 3aBUCH-
okasareis Cropora MOCTH OT IIONEPEIHO-TIPOIOITBHOTO HHIEKCa »
Bbpaxuxpansl Me3soxkpaHsl JlonuxokpaHsl
(n=30) (n=29) (n=31)
Tpaas 5,69 5,56 5,82 »=0,16
BepruxamsHbIit (5,18; 6,26) (5,23;5,76) (5,32; 6,58) ’
pasMep, cM 5,7 5,52 5,84 _
Jlesas (5,17; 6,55) (5,19; 5,75) (5,38; 6,57) p=0,08
p=0,0052
Tpasas 3,71 4,39 4,59 D= 0,068
(3,44; 4,84) (4,01;4,61) (4,32; 4,89) Do, = 0,0057
CarutranbHbli Py = 0,022
pasmep, cM p=0,0026
Tepas 3,53 4,31 4,62 o= 0,05
(3,11; 4,8) (4,02; 4,63) (4,23; 4,95) Do, = 0,0049
Pon = 0,0026
p <0,0001
Tpasas 2,89 2,11 1,98 Do < 0,0001
(2,55;3,18) (2,03;2,3) (1,78; 2,1) D6, <0,0001
®DpoHTABHBIIM Py = 0,00026
pasmep, cM »<0,0001
Tlepas 2,92 2,51 1,78 Pon=0,0058
(2,62; 3,08) (1,94; 2,78) (1,69; 1,95) D6, <0,0001
Pun = 0,0003
p=0,037
Tpasas 29,13 26,44 26,26 Porn= 0,026
(24,63; 39,22) (22,54; 29,15) (23,19; 28,51) Pen = 0,029
3 Pu.=09
O0BeM, cMm b= 0027
Tlepas 28 28,12 24,6 P =0,03
(22,53; 40,44) (22,08; 31,87) (21,07; 29,15) D6, = 0,008
Pun=0,1

HBI, TaK U C JIEBOW CTOPOHBI CTATUCTHYECKH 3HAYH-
MO Pa3HbIN: y OpaxuKpaHOB OOIBIIE, YEM y ME30- U
JIOJTMXOKPAHOB, Y ME30KpPAaHOB OOJbINIE, YeM Yy J0-
TUXOKpaHoB. [Ipu 3TOM y KEHIIMH C ME30KpPaHHOM
(hopMoii MO3roBOoro ueperna (pOHTAIBHBIA pa3Mep
MIPaBOM OKOJIOYIITHOM KeJIe3bl CTATHCTHUSCKH 3HAYH-
MO MEHBIIIE, YeM JIeBol. MccaenoBanue oobema xe-
JIe36I TTOKAa3ajio, YTO C JICBOW CTOPOHBI OH 3HAYUMO
YMEHBIIAeTCs OT OpaxuKpaHOB K JIOJUXOKpaHaM U Y
ME30KpaHOB CITpaBa MEHbIIIE, YeM CIICBa.
KoppensimoHHbIii aHamU3 pa3MepoB OKOJIOYIII-
HOM KeJie3bl B 3aBUCUMOCTH OT ()OPM MO3TOBOIO
Yyepena BBISBII CTaTUCTUYCCKH 3HAYUMYIO OTPH-
[ATCIbHYI0 3aBUCUMOCTh MEXIY CAarUTTaIbHBIM
pa3MepoM OKOJIOYIITHOM KeJie3bl ¢ 00eUX CTOPOH U
(hopmoii mozrosoro uepera (p < 0,0001, r = —0,34
cnpasa, p = 0,0004, » = —-0,36 cneBa), MOIOKUTEIb-

HYI0 — MEXIY (PpOHTaIbHBIM pazMepoM u (GopMoi
Mo3roBoro ueperna (p < 0,0001, » = 0,7 cnpaga,
p <0,0001, » = 0,66 cneBa), MEKITYy 0OBEMOM OKO-
JIOYUIHOM »eJe3pl W (OpMOM MO3rOBOTO deperna
(»=0,02, = 0,23 cmpasa, p = 0,0067, r = 0,28 cne-
Ba).

AHaToMHYEeCKHE TIapaMeTpbl OKOJIOYITHOW Ke-
JIe3bl Y JKEHIIMH C Pa3HBIMH (pOpMaMu JIHIEBOTO
Yeperna Tak)Ke UMEIOT CBou ocoOeHHOocTH. Tak, Bep-
THUKaJIbHBIA pa3Mep KeJe3bl, WIN BBICOTA, C 00enX
CTOPOH CTaTHUCTUYECKH 3HAYMMO YBEIHMUHUBACTCS
OT 3ypu- K jenronpo3omnam (tadm. 4). Co cTopoHbI
CarMTTAJIBHOTO pa3Mepa CYIICCTBCHHOUM pa3HHUIIBI
y KCHIUH C pa3HbIMU (JOpMaMH JIMIIEBOTO dYeperna
HE BBISIBJICHO, HO TIPY 3TOM B TPYIINE 3YPHIIPO30II0B
OOHApy)KEHO CTAaTUCTUYECKH 3HAYMMOE pa3nyue
MEX/Ty TaHHBIM Pa3MepOM IIPABON U JIEBOH JKEJIE3Bl.
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Tabnuuya 4. Iloxazamenu anamomuyeckux napamempos OKoLOYUHOU JHcelle3bl HCEHWUH C PASHBIMU opmamu
AUYee020 uepena

Table 4. Indicators of anatomical parameters of the parotid gland of women with different shapes of the facial

skull
PasMmepsl eJe3bl B Ipymnax 1o (popMam yepena B 3aBUCHMOCTH
OT BBICOTHO-CKYJIOBOTO HHJIEKCA
[Noxa3arens CropoHa p
DypUIIPO30IIBI Me3sompo3orib Jlenrtonpo3o1ibI
(n=21) (n=133) (n=136)
p=10,0026
Tlpasas 5,31 5,65 6,00 Do =0,12
(4,92; 6,09) (5,23; 5,87) (5,52; 6,63) p,.,=0,0008
BeprukanbHbIi P = 0,041
pasmep, cM p=0,0027
Tepas 5,31 5,69 5,97 p,..=0,14
(4,98; 5,99) (5,29; 5,81) (5,56; 6,64) p,.,= 0,001
P = 0,025
TIpasas 4,95 42 4,54 =01
CarurranbHblii (3,63; 4,78) (3,89; 4,62) (4,23; 4,88) ’
pasmep, cM 3,99 431 4,59 _
Jlepas (3,03; 4,88) (3,88; 4,73) (4,13; 4,86) p=007
p<0,0001
Tlpasas 2,78 2,27 1,97 P, = 0,045
(2,51; 3,06) (2,09; 2,41) (1,76;2,07) P,.,<0,0001
DpOHTATIBHBIN Py <0,0001
pasmep, cM p <0,0001
Tepas 2,88 2,62 1,74 P, = 0,001
(2,73; 3,05) (2,41;3,11) (1,67; 1,94) p,.,<0,0001
Pun <0,0001
Tlpasas 27,76 27,44 25,83 p=013
(24,52; 35,13) (24,47 30,24) (21,84; 29,02) ’
, p=0,0001
Obrem, cm enas 29,12 30,09 23,93 p.. =08l
(25,62; 35,4) (26,69; 37,68) (20,52;27,22) p,.,=0,0015
P <0,0001

@poHTaJBHBIN pa3Mep OKOJIOYIIHOW KeJIe3bl CTaTH-
CTHUYCCKH 3HAYMMO KaK CIIPaBa, TaK U CJieBa OOJIbIIEe
Y 3ypH- U ME30IIPO30I0B 10 CPABHEHUIO C TAKOBBIMU
JICTITONIPO30TIOB, C JICBOW CTOPOHBI — y 3YPHUIIPO30-
OB TI0 CpaBHEHHIO ¢ Me3ompo3onamu (p = 0,001).
Bwmecre ¢ TeM oTMeUaeTcs CTaTUCTUYECKU 3HAYMMAS
pasHuiia PPOHTAIBLHOTO pa3Mepa KeJe3bl ¢ MMPaBon
U C JICBOW CTOPOH Y JKEHIIHMH C pa3HbIMH (popMamu
yeperna: y 9ypu- ¥ Me30IpPO30II0B OH OOJIbINIE CIIeBa,
4YeM CIIpaBa, a B TPYIIIIE JICTITOIIPO30IIOB — HA00O0POT,
C TIPaBO¥ CTOPOHKI OOJIBINE, YEM C JICBOW CTOPOHBI.
Hawmwu BbIsIBI€HO, 9TO 00BEM JIEBOI OKOJIOYIITHOM Ke-
JIE3BI CYIIECTBECHHO OOJIBITIEC Y 3YPH- U ME30TIPO30II0B
M0 CPABHEHUIO C JICITONPO30IaMU, TIPU ITOM Y Me-
30MPO30I0B IIPaBasi Kejie3a CTATUCTUUYECKU 3HAYUMO
MEHBIIIe, YeM JIeBas, a Y JIENTOIPO30TIOB — OOJIBIIIE.
HccnenoBanue 3aBUCUMOCTH PAa3MEPOB KEJE3BI
OT pa3HbBIX (HOPM JIUIIEBOTO Yepera KEeHIUH IMoKa3a-
710, 9TO ¢ (OPMOI JTUIEBOTO Yeperna MOJIOKHUTETHHO

KoppenupyeT BepTukanbheiit (p = 0,0003, » = 0,37
crmpasa, p = 0,0004, » = 0,36 cieBa), caruTTaIbHBIN
(»=0,03,r=0,21 cpara, p =0,022, = 0,24 ciieBa) u
¢ponTanbHeI pazmep (p < 0,0001, »=-0,73 cnpasa,
p<0,0001, »=-0,77 cnesa), OTpULIATEILHO — 00bEM
okojoymHo# xenessl (p = 0,045, r = —0,2 cmpasa,
p<0,0001, »=-0,4 cnesa).

OocyxaeHue

B panee mpoBeneHHBIX HCCIENOBAHUAX MOPQO-
METPHUUYECKUE ITapaMeTPhl 4€JI0BEYECKOTO Tella ObLTH
WCIOJIb30BaHbl B KAaY€CTBE YTOYHCHHS BapHUAHTOB
Pa3BUTHUS W TEUSHHs Pa3IMYHBIX 3a00JeBaHUA, Ta-
KHX KaK CIIFOHHO-KamMeHHas 0oie3Hs [ 13]. [logpodHo
OTHMCaHa BapuaHTHAasl aHaTOMHUsI KocTei uepena [12],
Y B HEKOTOPBIX CITydasx aHAaTOMUYecKas KapTHHA HC-
CJIeMyeMOTO OpraHa paccMaTpHUBAIaCh B KOHTEKCTE
onpeneneaaoil Gopmel deperna [14]. B mactosmeit
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paboTe MBI BBISIBUIIN CBSI3b MOP(POMETPUUECKUX TIa-
paMeTpoB OKOJIOYITHOH XkeJie3bl ¢ opMaMH uepera
y JKCHIIMH.

IIpoBeneHHbIA aHANU3 MOKAa3aJl, YTO y KEHIIUH
C pa3HBIMH (opMaMU MO3TOBOTO Ueperna PpoHTah-
HBII pa3Mep Kelle3bl KaKk ¢ NpaBoM, TaK U C JIEBOM
CTOPOHBI CTAaTUCTHYECKH 3HAUMMO DasHBIi: y Opa-
XUKpPaHOB OOIbIlE, YEM Y ME30- U JIOJUXOKPAHOB.
Ob6parmaer Ha cebd BHUMaHHUE TOT (PaKT, YTO B aHa-
JIOTHYHOU paboTe, TAe HaMU HCCIe0OBaHbl 0OCOOCH-
HOCTH OKOJIOYILITHOH KeJIe3bl MY>KUHH, CTaTHCTHYE-
CKM 3HAUUMYIO pasHUIy MPH Pa3IM4YHBIX (Qopmax
MO3TOBOT'0 Yeperia UIMEET CarnTTaIbHBIN pa3Mep ke-
ne3bl [6]. O0beM Kenne3bl Y )KEHIITUH YMEHBIIAeTCs C
YMEHBIIIEHHEM TONIEPEYHO-TIPOIOIHHOTO YEPEITHOTO
nHjaekca (0T Opaxu- K gonuxokpanam). Cxoxue pe-
3yJABTAThl TIOTYYEHbI B aHAJIOTUYHOM HCCIIEIOBAaHUN
Yy My>X9HH [6].

B xonTekcte Gopm TUIEeBOTO Yepena y KeHIIUH
BEPTUKAJIBLHBIN Pa3Mep OKOJIOYIIHOH KeJIe3bl CTaTu-
CTHUYECKH 3HAYUMO YBEIMYUBAETCS C YBEITUUYEHUEM
BEPXHENNIIEBOTO YepenHoro nHaekca. Oowem eBoit
OKOJIOYIITHOM JKeJe3bl IOCTOBEPHO OOIIbIIE Y dypH-
MIPO30IIOB U ME30MPO30II0B B CPABHEHHUH C JICTITO-
mpo3onamu. Taxke OTMEUYeHa pa3HUIla B o0beMax
opraHa y >KEHILUH C JIEBOU U IPABON CTOPOH BO BCEX
HCCIeNyeMBIX Tpynmax. B anamornunoit padore, rae
HCCIIEIOBATINCh 0COOCHHOCTH OKOJIOYIITHOM JKEJe3bl
y MY)KYHH, TaKK€ OTMEYaeTCs! MOJIOKUTEIbHAsL KOp-
peNALMOHHAs CBSI3b BEPTUKAJIBHOTO pa3Mepa Kese-
3BI C BEPXHETHUIICBEIM HHICKCOM ueperna [6].

3akiIouenue

OtHocuTenbHO (GOPMBI MO3TOBOTO OT/ENa Yepena,
OIPENEICHHOM IO MNOIEPEYHO-NIPONOILHOMY Yepell-
HOMY WMHJIEKCY, Y *KEHIIMH (PPOHTAJIBHBIN pa3Mep OKo-
JOYITHON KEeJIe3bl UMEET CTATHCTUYECKH 3HAYMMYIO
pazuuiy. O0beM *Kene3bl JOCTOBEPHO YMEHBIIACTCS C
YMEHBIIEHUEM IIONEPEUHO-IPOAOIBHOIO YEPENHOIO
nHJieKca. BepTukanbHblil pa3zMep OKOJIIOYLIHOM KeJe3bl
y JKCHILMH P Pa3IM4HbIX (opMax JMLEBOro ueperna
HUMEET CTaTUCTHYECKN 3HaunMylo pasHuiy. llomyden-
HBbIE JIaHHBIE MOT'YT UMETb IPHUKIIAJHOE IPUMEHEHUE
IPU TUIAHUPOBAHUM XUPYPrUUYECKUX ONEpaluil B OKO-
JIOYIIHO-)K€BaTEeNIbHOI 00IacTH.
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CBsI3b MEXKy 4aCTOTO BOBHUKHOBEHUS IMBEPTUKYJIOB
CUIMOBHU/IHO KMIIKH U MOP(OoMeTPpHUECKHUMH NapaMeTpaMu
TeJAa y JHMI PA3HbIX BO3PACTHBIX IPYIII MO JAHHBIM
AUATHOCTHUYECKO KOJOHOCKONIMHU

M.M. ITamaes!, 9.C. Kadapos!, O.K. 3enun?

! Yeyenckuii 2ocydapcmeennulil yrusepcumem um. A.A. Kaoviposa
364093, e. I posnvuii, yn. lllepunosa, 32

2 [lenzenckuil 20Cy0apCcmeeHmblil YHU8epCumenn

440026, e. Ilensa, yn. Kpacuas, 40

Pe3rome

Llens uccinenoBaHusl — yCTAHOBUTH HAJIMYME BO3MOXKHOM CBSI3M MEXKJY YacTOTOH BOSHUKHOBEHUS JMBEPTHKYJIOB CHUI-
MOBUIHON KHIIKN 1 MOP(OMETPUIECKUMH NTapaMeTpaMy TeNa y JMIl Pa3HBIX BO3PACTHBIX I'PYIII 11O JaHHBIM JUArHO-
CTHYECKOH KOJIOHOCKONMHU. MaTepuaJ M MeToAbl. B nccieoBaHnn UCIIONb30BAINCH JIaHHBIE 569 AMarHOCTHYECKUX
KOJIOHOCKOTIH, BRITIONTHEHHBIX C MPUMEHEHHEM BUaeoKomoHocKonoB Fujifilm, a Takke Mopdomerpuaeckne mapame-
TpHI Tena, paccunTanHble o Meroauke B.H. IlleBKkyHeHKO Ha OCHOBE MHIEKCAa OTHOCHTENIBHOM BBICOTHI TYJIOBHIIA.
Jliist craTncTr4eckoro aHaimu3a MPUMEHSUIN HelapaMeTpUIecKUe KPUTEPUH, a TAKXKE PErPECCHOHHYIO TPOOUT-MOAEIb.
Pe3yabraTbl U HX 00Cy:KAeHHe. YCTaHOBJICHO, YTO Ha «BO3PACTHOM JUCTaHIIMI» YacTOTa BCTPEYAEMOCTH TUBEPTUKY-
JIOB TIOBBIMIAETCS; HAPSILy C YBEINYEHHEM KOJIMUECTBA CIIydaeB AUBEPTHUKYIIE3a OTMEYACTCs TCHACHIMS pOCTa TaHHON
MaTOJIOTHH B IPyINax JIML OpaxuMopQHOro U JOIMXOMOP(PHOrO THIIOB TenociokeHuss. OOHapy)KeHO CHU)KEHHE J0JIN
BBISIBIICHHBIX AMBEPTHKYJIOB B CTapyeckoi Bo3pacTHOH rpymme (11,36 %) mo cpaBHEHHIO ¢ IPYMIIOi MAIIMEHTOB C Me-
30MOpP(HBIM THIIOM TEJIOCIOXKEHUs B cpeiHel Bo3pactHOM rpymme (21,88 %). OmnpezneneH pocT yucia MalueHTOB €
JUBEPTUKYJIAMHU TOJICTOH KUIIKN HA «BO3PACTHON TUCTAHIIUID B TPYTIIIE JIUI] C JOIUXOMOP(HBIM THIIOM TEJIOCIOKEHHUS
¢ 34,38 % B cpenneit BozpactHoi rpynme a0 50,00 % B crapueckoil. 3akiodenue. [lonydeHHble JaHHBIE TO3BOJISIOT
ONTHMU3UPOBATh TUATHOCTUIECKUH MpoLecc. 3Hast TUIIBI TEIOCIOKEHUS U BO3PACTHYIO IPYIITY MAIUeHTa, Bpad MOXKET
CBOEBPEMEHHO HAa3HAYUTh KOMIUIEKC JUAarHOCTUYECKUX METOIOB /ISl BHISIBICHUS TUBEPTUKYIIOB TOJIICTOM KUIIKU. Oco-
OGEHHO 3TO BaXKHO ISl CBOEBPEMEHHON INarHOCTUKHA OECCUMITOMHOTO JMBEPTHKYJIE3a.

KiroueBble cjioBa: anatoMus CI/IFMOBI/IIIHOI\/'I KHUIIKHU, TAI TEJIOCIOXKEHUA, TUBEPTUKYIT TOJICTOM KHWIOIKHW, BO3pacTHas
aHaTOMusA, THAarHOCTHYCCKasA KOJIOHOCKOIIUAA.

KoHpaukT uHTEpecoB. ABTOPHI 3asBJISAIOT 00 OTCYTCTBUM KOH(IMKTA HHTEPECOB.

ABTOp A nepenucku. [Tamaes M.M., e-mail: magpash2010@mail.ru

Joas nurupoBanus. [lamaes M.M., Kadapos 2.C., 3ennn O.K. CBsi3b MeX/y 4aCTOTOH BOSHUKHOBEHHS! TUBEPTH-
KYyJIOB CHTMOBHIHOHM KHIIKH 1 MOP()OMETPHUUECKIMN NapaMeTpaMH Tela y JIAI] Pa3HbIX BO3PACTHBIX TPYIIII 110 JAHHBIM
JIUarHOCTUYECKOM KomoHOCKouu. Cub. Hayu. meo. sic. 2025;45(4):99—106. doi: 10.18699/SSMJ20250410

The relationship between the incidence of sigmoid colon diverticula
and morphometric parameters of the body in individuals of different
age groups according to diagnostic colonoscopy data
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Abstract

The aim of the study was to investigate the possible relationship between the occurrence of sigmoid colon diverticula
and morphometric parameters of the body in middle-aged, elderly and old people. Material and methods. The data of
569 diagnostic colonoscopies performed with Fujifilm video colonoscopes and morphometric parameters of the body
calculated according to the method of V.N. Shevkunenko on the basis of the relative height index of the trunk were
used in the study. Non-parametric criteria were used for statistical analysis, as well as the regression probit model.
Results and their discussion. It has been established that the frequency of diverticulosis incidence enhances at the ‘age
distance’; along with the increase in the number of diverticulosis cases, there is a tendency of growth of this pathology
in the groups of brachymorphic and dolichomorphic body types. A decrease in the proportion of detected diverticula in
the senile age group (11.36 %) compared to the group of patients with mesomorphic type of physique in the middle age
group (21.88 %) was found. An increase in the number of patients with colonic diverticula on the ‘age distance’ in the
group of patients with dolichomorphic type of physique from 34.38 % in the middle age group to 50.00 % in the old age
group was determined. Conclusions. The obtained data allow optimizing the diagnostic process. Knowing the patient’s
body type and age group, a doctor can timely prescribe a set of diagnostic methods to detect colonic diverticula. This is

especially important for timely diagnosis of asymptomatic diverticulosis.

Key words: anatomy of the sigmoid colon, body type, colonic diverticulum, age anatomy, diagnostic colonoscopy.
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BBenenue

CornacHo pexoMeHmamusaM Poccmiickoit ra-
CTPORHTEPOJIOTMYECKOM accoruanuu v Accolua-
A KOJIOTPOKTOJOoTOB Poccuu, Hamugame XOTs Obl
OITHOTO JIOKHOTO NTUBEPTHKYJa B TOJCTON KHIIKE
000CHOBaHHO PACIICHUBACTCS KaK TPU3HAK TUBEP-
tukyssipaoit 6onesuu (B) [1, 2]. Beugenstor Tpu
KIuHu4Yecknx Tuma J|b: 6ecCHMIITOMHBIN; CUMIITO-
MaTHYECKUH, MPU KOTOPOM OTCYTCTBYIOT IPH3HAKU
BOCHAJICHUSI, HO TPUCYTCTBYIOT a0JIOMUHAJIbHbBIC
CHUMIITOMBI, CBS3aHHBIC C TUIEPUYBCTBUTEIHHOCTHIO
BUCIIEPAJbHONW OpIOINIMHBI, U OCJIOXKHEHHBIN THII,
XapaKTEPU3YHOIIHUNUCS MOP(POIOTHUSCKUMH TIPU3HA-
kamu nuBepTukyiauta [1]. Ha ceromusimnuii aeHn
OTCYTCTBYIOT JaHHBIC O PACTIPOCTPAHCHHOCTH U Ya-
CTOTE BCTPEUAEMOCTH DPa3HBIX (DOpM 3TO# marTono-
run. JlokazaHo, 4to (hOpMUPOBAHHUE IUBEPTUKYIIOB
00YCJIOBJICHO CIIOKHBIM B3aUMOJICHICTBUEM T'CHETH-
YECKUX, BO3PACTHBIX, DKOJIOTHYECKUX (HAaKTOPOB U
oOpa3a »u3Hu (MUTaHHEe, PEXKUM IHS, PU3NYecKas
aktuBHOCTB) [2]. Ilpu mepBoHavyanbHOU «Oe300m/1-
HOCTW» B JanbHeimeM JIb MOXeT NpUBOIUTH K Ce-
PBE3HBIM OCIIOKHEHUSM, TaKUM KaK TUBEPTUKYJIHT,
abcueaupoBanue ¢ nepdoparueii, KPOBOTEUCHHUS U
Jlake MaIMTHU3ANWA. DTO TIOAYEPKUBAET COIUAIIb-
HYI0 3HaUNMOCTh Tpo0sieMsl [3, 4] B KOHTEKCTE CcTa-
peromiero HaceneHus. Crenyer J00aBUTh, 9YTO OKOJIO
5 % TaIMEeHTOB CTAIKUBAIOTCS C OCIOKHEHUSAMH [5].
[ToaToMy cBOEBpeMeHHAs AHMATHOCTHKA CTAHOBUTCS
KPUTHYECKH BOXXHOH [6, 7].

100

Brisansiemocts [Ib B Poccuiickoii deaepannu
BappUPYET B 3aBUCHUMOCTH OT peruoHa. JlaHHbIC
HMMUI] xononpokronoruu um. A.H. Pepkux 3a ne-
puon ¢ 2008 mo 2013 r. moka3bIBaIOT, YTO OHA TOCTHU-
raet 22,6 %. Pentrenorpaduueckne nccieqoBanus,
nposeaeHHble Llentpansaeiv HUM ractposntepo-
sorun B 2002-2004 rr., BBISIBHIIM JUBEPTHKYIBI Y
15,7 % obcnenoanubix. [1o cBemeHUSM SKCTPEH-
HBIX XUPYPTUYECKUX CTAIMOHApOB MockBbI, CaHKT-
[erepOypra u Yo, /Ib auarHoctupoBana B 3.,2—
6,1 % cimyuaeB. Munsapas Poccuu coo0iiaer o Tom,
g1o B 2018 1. OBUTO TOCTIMTAMN3UPOBAHO 27 THICSY
yesoBek ¢ quarnozom J1b [2].

Y 90 % manuentoB ¢ JIb ITUBEPTHKYIBI YaIle
BCEro BO3HHKAIOT B CHTMOBHJIHOM KHIITKe (10 65 %),
a TaK)KE B HUCXOSIIEM OTIEIEC 000JOUHON KHUIIIKHU U
JUCTAIILHOW YaCTH TIONIEPEYHON 000I0YHON KHIIIKH.
[Mopaxenue npasoro (uanra (ciienasi, BOCXOASIIAs
U TIPOKCUMAaJbHAs YacTh ITOTIEPEIHON O0O0MOIHOM
KHIIIKK) HaOnromaeTcs He varie, 4eMm B 2 % ciyda-
eB. He Oonee 10 % oOcnemoBaHHBIX CTPagarOT OT
TOTAJIBHOTO AuBepTUKyNIe3a [8]. Ha ceromusmxuit
JI€Hb PEHTTCHOJIOTHYECKOE HCCIICIOBAaHUE TOJICTOM
KHIIIKA C UCTMIOJIB30BAHUEM KOHTPACTHOTO BEIIECTBA
CUMTACTCSI OOMICTIPUHSATHEIM M «30J0TBIM CTaHIAp-
Tom» Juist fuarHoctuku b [9, 10]. Onnako Bce yare
JTUBEPTHUKYITBI BBIBIISIOTCS B XOJIE TUATHOCTUYECKOM
KOJIOHOCKOIUU. [IpUMEHSIIOT U HEMHBA3UBHBIA Me-
TOJl MCCIICIOBAHMS TOJICTOM KUIIKHU — BUPTyalabHAast
KOJIOHOCKOTTHSI.

SIBERIAN SCIENTIFIC MEDICAL JOURNAL 2025; 45 (4): 99-106
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Ienp uccrienoBanust — yCTAaHOBUTh HAJTMYUE BO3-
MOYKHOH CBSI3M MEXJy 4acTOTOH BO3HHKHOBEHUS
JTUBEPTHUKYIOB CHIMOBHJIHOW KHUIIKA M MOp¢oMe-
TPUYECKUMH IIapaMeTpaMu Tejla y JIUL Pa3HbIX BO3-
PaCTHBIX TPYII 110 TaHHBIM THAarHOCTUYECKOM KOJIO-
HOCKOITHH.

MarepuaJj 1 MeTOIbI

[IpocrieKTHBHO MCCIIEAOBAaHBI PE3YIBTATHI CKPH-
HUHTOBBIX JIMAarHOCTUYECKUX KOJOHOCKOmUil 569
MAIMEHTOB Pa3HBIX BO3PACTHBIX TPYIII, IPOBEICH-
HBIX ¢ aekadps 2022 1. mo okTsa6psp 2024 1. B dH-
JocKommueckoM otaenennu ¢unmmana Ne 5 OI'BY
«HMML] BBICOKMX MEIMIMHCKUX TEXHOJOTHH WM.
A.A. BumaeBckoro» Muno6opons! Poccun. Komu-
TeT 1o 3tuke Menuuunckoro uncruryra ®I'BOY
BO «YeueHckuil rocynapcTBEHHBIH YHHUBEPCHUTET
uM. A.A. KagpipoBay Munobpuayku Poccuu (mipo-
Tokoa Ne 366-01/41-33 ot 15.11.2024), paccmoTtpes
Marepuanbl padoThl, YCTAHOBUII, YTO MCCIICAOBAHMUS
BBITIOTHEHBI B COOTBETCTBUH C OCHOBHBIMH TTOJIOXKE-
Hussmu GCP (1996 1.), Konsentuu coBeta EBporist o
npaBax uenoBeka u Ouomenunuue (ot 04.04.1997),
XeJbCUHKCKON JieKiiapauu BceMupHoil MenuiH-
CKOW acCOIMAIMK MPO 3TUYECKUE MPHHIIUIBI TPO-
BEJICHUSI HAYYHBIX MEIUIIMHCKUX HCCICIOBAHUHI C
yuactuem denoBeka (1964-2000 TT.) ¥ TOTHOCTHIO
WCKJTIOUAIOT YIEMIIEHHE MHTEePEeCOB OOILHOTO U Ha-
HECEHHUs] Bpela €ro 3/0pOBbI0 U BCEM 3THYECKUM
TpeOOBaHUSIM.

Kpurepun BKIFOUEHHS: BO3pAcT MAIMeHTa CO-
TJIACHO HCCIEAYEMBIM IpyIIaM, OCO3HAaHHOE COTJia-
CHE Ha BKIIIOYEHHE B HCCIIEJOBaHHE, HAIWYHE KaK
MHUHUMYM OTHOTO BH3YQJIM3UPOBAHHOTO C TIOMOIIIHIO
KOJIOHOCKOIIUHU yCThsI JUBEPTUKYJIA B CUTMOBUIHOM
kuike. KpuTepuu HMCKITIOYEHUs: OTCYTCTBHE OCO3-
HAHHOTO COIJIacHs Ha BKJIIOYCHHE B HMCCIEOBaHUE,
OIlepaTUBHBIC BMEILIATEIILCTBA HA OPTraHax OPIONIHON
MOJIOCTH B aHAMHE3€, YTO MOTJIO MPHUBECTH K M3Me-
HEHUIO TTOCTIeOTIePallMOHHON aHATOMUH.

OO6cnenoBannble ObIIM pacmpenesieHbl MO BO3-
pactHbIM rpynnam [11]: cpennsst Bo3pacTHas rpyTi-
na (ot 45 no 59 net) — 197 wenosex (34,62 %); mo-
Kunasi Bo3pacTHas rpymma (ot 60 mo 74 ner) — 262
yenoBeka (46,05 %); crapueckas Bo3pacTHasl Tpymma
(ot 75 no 89 met) — 110 genosex (19,33 %). Pac-
MpeneseHUe Mo MOJOBOMY MPHU3HAKY B TaHHOM HC-
CJIEJIOBAaHMHU HE NPOBOJIMIIOCH, TaK Kak B IMPOIEcCce
aHanm3a OuOnMMorpaUUecKUX MAHHBIX BBISIBICHO
cienymomee. B KpynmHOM NOMYISIIMOHHOM HCClIe-
noBanuu ¢ ygactueMm 10 000 manueHToB HEe 0OHApY-
KEHO 3HAYMMBIX Pa3IW4Ydil B PacrpOCTPAHEHHOCTH
JUBEPTUKYJI€3a MEXIy MYXUYMHAMH U KCHIIMHAMU
MOCJIe TMOMpaBKu Ha Bo3pacT u auety (p = 0,23). Oc-
HOBHBIMH (paKTOpPaMH PHCKa OCTaBAINCH BO3PACT U

CUBWPCKMN HAYYHBIV MEOMLIMHCKI XXYPHAT 2025; 45 (4): 99-106

HH3KOe ToTpedaeHue kimerdarku [12]. Ananms 15 uc-
cienoBanuii (n = 45 000 manMeHTOB) MOKa3al, 4TO
TIOJT HE SIBJISIETCSI CTATUCTUYECKH 3HAYMMBIM TIPE]TH-
KTOpOM AuBepTHKYie3a (oTHomeHue mancoB (OLL)
1,05; 95%-# noBeputenbHbI naTepBan (95 % JAN)
0,92-1,19). Paznuuus B TOKaIU3alMK AUBEPTUKYJIOB
(HarrpuMep, TPaBOCTOPOHHHE Y a3MATCKUX IOITYJIs-
L) TaK)Ke HEe OBLIM aCCONMUPOBAHBI C moyioM [ 13].

UcnonpzoBanu Bugeonpoueccop Eluxeo lite EP-
6000 u Bugeoxomonockonsl 500-it u 700-i1 cepuu
(Fyjifilm Co, fnonus). Ilepen sHIOCKOUYECKUM
UCCIIeIOBaHUEM MAaleHTaM, TTOIXOSIIUM TI0 KpH-
TEepUSAM BKJIIOYEHHS] HACTOAIIETO WCCIEOBAHNUSA,
MPOBOIWIIH aHTporioMeTputo. OOCIeI0BaHHBIX pac-
OpeICsUT TI0 TPEM THUIaM TEJIOCIOXKEHUS: JIONH-
xoMop(HBIH/acTeHHIeCKUM, Me30MOP(HBIH/HOPMO-
CTEHUYECKUH U OpaxuMop(HBINA/THIIEPCTeHNYEeCKUI
[14]. MBaekc OTHOCUTENBHON BBICOTHI TYJIOBHIIA
(OBT) ompenensu o hopmyire:

OBT = (myHa TyIOBHINA B CM / JJTHHA TEa B CM) X
100 %.

JIJist CTaTHCTUYECKOTO aHaAIN3a TPUMEHSITH KPH-
tepun Kpackana — Yomiuca u ManHa — YuTHH, a
TaKKe PErpecCHOHHYI0 MPOOUT-MOAEIb Ui OLICH-
KM TIPOTHOCTHYECKUX BO3MOXKHOCTEH HCCIIETyEeMBIX
(bakropoB. beia chopmupoBana Tabnmia xapakre-
PHUCTHK TIepeMeHHBIX (Tadm. 1).

PesyabTarhl 1 HX 00CyKIeHHE

Ananu3 fgaHHbIX (cM. Tabn. 1) ¢ mpumMeHeHneM
kputepus Kpackana — Yomnuca (kareropuanbHas 1e-
pemenHast — gr VOZ OBT, nanuune /1b) mokaszad,
4yTO pacnpejenenue [Ib oauHakoBO 1 pa3IuYHbIX
TPYTII TI0 BO3pAcTy M THUITY TEIOCIOKEHUs (HylieBas
TUIOTe3a), a pa3Huia B 3aboneBaemoctu /b cpenun
JICBSITH TPYII 10 BO3PACTY W THITY TEIOCIOKECHHUS
SIBJISIETCSL CTaTUCTUYECKU 3HauuMou. Jlis cpenHei
BO3PaCTHOH TPYIIIIBI BCEX TPEX TUIIOB TEJIOCI0KECHUS
HaOoaeTcss B OCHOBHOM OTCYTCTBHE 3a0oJeBae-
moctu [Ib. AHamornyHbpIe BBIBOJIBI MOXKHO CAEIaTh U
OTHOCHTEIHHO IMOXKUJIBIX TAIIMEHTOB C JJOJIUXOMOP Q-
HBIM THUTIOM TEJIOCTIOXKECHHUS, & TAKKE JJIS CTApUICCKOU
Ipynmel ¢ Me30MOpPGHBIM THTIOM. B TO ke Bpems
cTapyeckas rpymma ¢ OpaxuMop(hHBIM THIIOM TEJO-
CIIOKCHHUSI JEMOHCTPUPYET HAWOOJBINYIO Mpeapac-
IMOJIOKEHHOCTh K 3abonieBacmoctu J1b. OcranbHble
TPYTITEl HIMEIOT IPOMEKYTOUHBIC 3HAYCHUSI.

B pesynbrare npumeHeHusi KpuTepus MaH-
Ha — YUTHH yCTaHOBIICHO CJeayroIee: Mo (hakTopy
Bo3pacta (VOZ) ucmeiTyeMble ¢ HamuaueMm (cpej-
Huit panr 347,35) u orcyrctBueM /b (cpemnmii
panr 260,4) CTaTHCTUYECKH 3HAYUMO Pa3TUIAIOTCS,
o ¢axropy tuna tenocioxenus (OBT) — ve pas-
nuvaroTcs (cpenuuit panr 289,65 u 283,16 cooTBeT-
CTBEHHO). DTO MOMYEPKUBACT 3HAUNMOCTE BO3pacTa
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Tabnuya 1. Xapakmepucmuku nepemeHHbix

Table 1. Characteristics of variables

[lepemennast

XapakTepucTHKa

Jwnanazon
3HAYEHUH

Tun (o Kiaccu-
¢ukarm SPSS)

gr DB

I'pynnupyer ucneiTyeMsx 110 Hanuuuto JIb: 3HaueHue
1 —ner [1b; 2 — 1b

1,2

Homunanbuas

DB

bunapHas nepeMeHHas1, npruHUMaroLas 3HadeHue 1 npu
nanmnunu J1b, 0 — mpu ee oTcyTCTBHN

0,1

MacmrabHas

gr VOZ

[IpuHanIeKHOCTh UCHBITYEMOTO K CPEJHEMY BO3PACTY —
1, no>kuiomy — 2, crapueckomy — 3

1,2,3

»

vOozZ

KonnaecTBo momHbIX J1eT HCIBITYEMOTO

45-89

»

ind OBT

[TprHaUIEKHOCTD HCIBITYEMOTO K JOJIUXOMOP(HHOMY
TUIY TeOCIOXEHus — 1, Me3oMmoppHOMY — 2, Opaxu-
MopdHOMY — 3

1,2,3

»

OBT

OBT wucmosityemoro, %

28-32

»

gr VOZ_OBT

I'pymmupyeT UCIBITYEMBIX IO BO3PACTY M THITY TEJIOCIIO-
JKCHUSL, T7Ie 3HAUCHHUS:

1 — cpenHuii + 10MMXOMOPdHBIN;

2 — cpenHuii + Me30MOpHBII;

3 — cpenHuii + GpaxuMopdHBI;

4 — om0 + qoaMXoMOpQHEIIA;

5 — MOXKUITOH + Me30MOP(HBII;

6 — moxwmI0i + OpaxuMopHbIi;

7 — crapueckuil + 1OIMXOMOPQHBII;

8 — crapueckuii + Mme30MOp(QHBIN;

9 — crapueckuii + OpaxumMopHBII

1-9

Homunanpnas

kak ¢axropa pucka pazsutus b. Iloctpoennas B
JANbHEHIIIEM pPEerpecCHOHHAas MPOOUT-MONENb s
OuHapHoOli 3aBHCUMON nepemenHoii [Ib (GoneH — He
0O0JIeH), TIO3BOJISIET OMPEIEINTh, HACKOJIBKO ITOJHO
MOXHO Mpejcka3ath Hanuuue J[b y manuenrta, uc-
moJb3yst (aKTOpbl BO3pAcT M TUI TEIOCIOKEHHS
(Tabn. 2). AIEKBaTHOCTb MOJEIH OICHHBAIN IIO
CIIEYIONUM TIapaMeTpaM: 3HAYEeHUS U 3HAYUMOCTh
t-ctaructuku CThIOJIEHTA AJIs1 HE3aBUCUMBIX perpec-
COpPOB SIBJIIFOTCSL OYEHb XOPOILUMMU; MEPEMEHHas

Tabnuya 2. Pecpeccuonnas npobum-mooens

Table 2. Regression Probit Model

[okasza- | Kosddumu- Craii-
JlapTHast z p
Tenb €HT

omuoKa
const 23,83 5,96 3,998 <0,0001
vOzZ 0,029 0,005 5,611 <0,0001
OBT —0,988 0,223 —4,437 <0,0001
ind OBT 1,587 0,346 4,592 <0,0001

Ilpumeuanue. CtannapTHele OIIMOKM PAacCYUTaHBI Ha OC-
HoBe ['eccuana, f(beta’x) st cpeiHEro 3HaUCHHS HE3aBHCUMBIX
nepeMeHHBIX — 0,451, KpuTepuil OTHOIIEHUS MPABIONOIOOUS:
¥ (3) = 52,91 [0,0000]. Tect Ha HOpMAJILHOE pacIpe/eeHe
omKOOK: HyJeBasi THIIOTe3a — OUIMOKHU paclpeae’eHbl 0 HOp-
MaJIbHOMY 3aKOHy, TecToBasi craructuka — x> (2) = 1,02746,
p =0,59826.

gr VOZ 0bln1a UCKITIOUEHa U3 MOJIENN U3-3a MOJHOM
KOJUIMHEapHOCTH, a mnepemenHas gr VOZ OBT —
MTOCKOJIbKY 3HAYMMOCTH €€ t-CTaTUCTUKH MPEeBHIIIaia
0,05. Ha cnabyro agexBaTHOCTh MOJENU yKa3bIBaeT
TO, uTo BenuumHa R* Makdaiena (MCpaBIcHHAsN)
coctaBisier 0,066, KpuTepuu JIOTapUPMUIECKOTO
npasromnonodus Akanke (633,0), [lIBapua (650,4) u
Xennana — Kyunna (639,8) mo Momynio mpeBbIiia-
ot 100, a TakKe KOJIMIECTBO «KOPPEKTHO TMPEAcKa-
3aHHBIX» ciy4aeB, paBHoe 413 (72,6 %) (npu 3TOM
NpeAcKa3aHHble ciiydau oTcyTcTBUs b cocTaBnsioT
388, a cimyuaes Hamuuwmst JIb — Bcero 25).

Pesynbrarsl pacuera mnaexkca OBT mnokasanu,
YTO KOJIMYECTBO MALMEHTOB AOIMXOMOpdHOTO, Me-
30MOpPGHOrO W OpaxMMOP(HOro THIA COCTABJISIET
148 (26,01 %), 217 (38,14 %) u 204 (38,85 %) co-
OTBETCTBEHHO, T.€. OOJBIIMHCTBO 00CIEIOBAHHBIX
OTHOCHUTCSI K Me30MOppHOMY U OpaxuMoppHOMY
THTIAM TEJIOCIOKEHHUA. JTO MOXKET UMETh 3HAUCHHE
JUIsL AaJibHEHIIEr0 aHaIn3a B3auMOCBS3H MEXIY TH-
IIOM TEJIOCIOXKEHMSI U pUcKoM pasButus /b u noa-
YepKHUBaeT HEOOXOMUMOCTD JAbHEHIIEr0 N3ydeHus
BIMSHUS MOP(OMETPUUYECKHX XapaKTEPUCTUK Ha
3/I0pOBbE MAIUEHTOB.

B BrIOOpKEe TAIMEHTOB CpemHEW BO3pPaCTHOU
IPYIIBl pacrupenesieHue M0 TUIaM TeJIOCIOKEHHS
ObUTO crenyrommM: aonuxomopduoro tuma — 54
yenoBeka (27,41 % oT BBIOOPKH), ME3OMOP(HOTO —
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85 (43,15 %), 6paxumopdnoro — 58 (29,44 %), nu
MIOKUJIOW BO3PACTHOW TPYIIBI — COOTBETCTBEHHO
79 (30,15 %), 118 (45,04 %) u 65 (24,81 %) ugeno-
BEK, MAIlMEHTOB CTapYECKOW BO3PACTHOM TpYyMIIbl —
cootBercTBeHHO 40 (36,36 %), 52 (47,27 %) u 18
(16,37 %). IlonmyuenHsle pe3ynbTaThl HOAYEPKUBAIOT
HEOOXOAMMOCTh 0Oosiee TTyOOKOTO HM3Y4YEHHsS ITHX
(haKTOpPOB B3aMMOCBSA3H MEKAY THIIOM TEJIOCIOXKe-
HUs U puckoMm pazsutus J[b B cTtapueckoit Bo3pact-
HOM rpymre.

B pesynbrare SHAOCKONNYECKOTO HCCIEN0BA-
Hus y 32 (16,32%) mamueHToB cpemHEil BO3pacTt-
HOW TPYINIIBI BBISIBIICHBI TUBEPTHKYJIbI CHTMOBHUIHON
KHIIKW, CPEAH HUX JIUI HonuxoMopdroro tuma — 11
(34,38 %), me3omopduoro — 7 (21,88 %), Opaxu-
Mopduoro — 14 (43,75 %). B noxunoit Bo3pacTHOU
TpyTIe IUBEPTUKYIBl CHTMOBHUIHOW KHIIKA OOHA-
pyxennl y 85 (32,44 %) manueHToB, B TOM YHUCIIE Y
35 denosek (41,18 %) monmuxomop¢hHOTO THMA Te-
nocnoxernd, y 16 (18,82 %) me3zomopduoro u 34
(40,00 %) o6paxumopdHOTO.

Pe3ynbrarhl TUCKPIMIHAHTHOTO aHAIN3A JUIs KITac-
cu(pUKaIUK MAMEHTOB C HATUYHEM HIIM OTCYTCTBHEM
b npencrasnens! B Ta0n. 3. J{MCKpUMUHAHTHBIA aHa-
JIM3 BBISIBAII, YTO BO3PACT SIBIIAETCS HAaHOOJee CUITbHBIM
npeaukropoM Haiauuus b, 4To moaTBEep:KIAETCS BbI-
COKHMMH 3HAYCHUSAMH KpUTepHs 1AMO1a YUIKca 1 CTaH-
JMApTU3APOBAHHOTO KaHOHMUYECKOTO Kod(durmenTa.
Mopdomerpuueckue noxazarenn (OBT u ind OBT)
TaKKe SBISAIOTCS CTATUCTHYECKU 3HAYUMBIMH IPEIH-
KTOpaMH, HO C MEHbIIEH JUCKPUMMHHUPYIOLIEH CIO-
COOHOCTBI0. MoJIeTTb IEMOHCTPUPYET O0LIYI0 TOYHOCTD
Kraccuukanuu — 74,3 %, pu 3TOM JTydIie HaeHTUH-
nupyet nanuentos 0e3 JIb (82,1 %), yeM naiueHToB ¢
HammuueM b (51,6 %). OnHodakTopHbIH AUCHEPCHOH-
HBII aHAIN3 IEMOHCTPUPYET CTATHCTUIECKH 3HAYNMBIE
pazau4ns MEXAY BO3PACTHBIMM TPYyNIaMd B 4acTOTe
Bcrpedaemoctu b (F = 76,42, p <0,001) (Tadmn. 4).

Taonuya 3. Pe3yromamvi OUCKPUMUHAHMHO20 AHA-
U3A 01 KAACCUPDUKAYUU RAYUEHINOEG C HATUYUEM UTU
omcymcmeuem J{b

Tabnuya 4. Pe3yismamut 00HODAKMOPHO20 Ouc-
NePCUOHHO20 AHANU3A OISl OYEHKU PAZTUYUL MENHCOY
803DACMHBIMU SPYINAMU

Table 4. Results of a one-factor analysis of variance to
assess differences between age groups

HcTounux CymmMma Yucno crene- | Cpeannit
BapHallMk | KBaJpaToB Heil CBOOOIBI KBaJpar
Bospactrast | 5 4, 2 2,862
rpymnma
Omunbka 21,174 566 0,037
Bcero 26,897 568
PeByHLTaTLI alOCTCPUOPHBIX TCCTOB Treroxu

(Tabm. 5) moATBEpKIAIOT, UTO BCE MApHBIE CpaBHE-
HUSI MEXK/Ty BO3PACTHBIMU I'PYIIIIAMH CTATHCTUYECKU
3HAUYUMBI, C HAUOOJbILICH pa3HULIECH MEKAY CperHeH
U CTapuecKod BO3PACTHBIMHU TpyHIamu (pa3sHOCTh
cpennux = —0,237). Tounsnii Tect Oumepa (Tadm. 6)
BBISIBUJI CTAaTUCTUYECKHU 3HAYMMYIO CBSI3b MEXKJTY TH-

Tabnuua 5. Pe3ynomamovl anocmepuopHvix mecmos
Totoxu OJ1s1 MHOHCECMBEHHBIX CPABHEHUL MENHCAY 603~
PACmHbIMU 2PYRRamMU

Table 5. Results of the a posteriori Tukey tests for
multiple comparisons between age groups

CpaBHuBae- Pas- Craii-

P HOCTb | JapTHas p 95 % 11

MBI€ TPYIIITBI
CPeAHUX | OIIHOKa

Cpenuss u < (-0,203;
MOXKUJIAst -0,161 0,018 0,001 | —-0,119)
Cpenssist 1 < (-0,291;
crapdeckas 0,237 0,023 0,001 | —0,183)
Iloxunas u < (-0,127;
crapueckas 0,076 0,022 0,001 | —0,025)

Taonuya 6. Cea3v MexcOy munom menoCcioHCeHus u
nanuuuem B Hympu 603pacmmuix epynn

Table 6. Relationship between body type and the pres-
ence of DB within age groups

3HayeHue
Table 3. Results of discriminant analysis for the classi- Bospacruas | TouHOrO » OLII (95 % JIN)
fication of patients with or without diverticular disease rpymia | KpUTCPHi
Ouiiepa
Cranpgap- Cpenusis 8431 0.001 b/M: 3,41 (1,29-9,03)
L F TH3HPO- (45-59 ner) | ’ TUM: 1,67 (0,61-4,59)
Tpesmc- Kpurepmii | BaHHBI ’ o
Top nsMba e P KaHOHH- Toxunas 517 | 0078 B/M: 2,18 (0,93-5,14)
Vuikea TriKa HCCKHN (6074 ner) ’ ’ JUM: 1,83 (0,76-4,42)
k03¢ du-
1HeHT Crapacexan | Juc | o ops | ZYMT86(268-2312)
Bospact 0,89 67,83 | <0,001 0,847 (75-89 ner) ’ ’ B/M: 3,24 (0,97-10,93)
OBT 0,96 21,47 | <0,001 0,385 Ipumeuanue. 5 — OpaxUMOPGHBIIT THII TENTOCIOKEHUS
ind OBT 0,97 18,13 | <0,001 0,362 M — me30MopdHbIN THIT TenocnoxkeHus, [ — I[OJIHXOMOp(I)HI:IP';
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oM TeJlociokeHus: u HanuuueM JIb B cpenHeit u
CTapuyeCKOil BO3PACTHBIX IPYIINAX, HO HE B MOKUJION
rpymnre. B cpenneii Bo3pacTHOM rpyTne HanOombIee
3rayenne Olll HaOmromaercs mpu cpaBHEHUH Opaxu-
U Me30MOP(HOTO TUTIOB TEIIOCIIOKEHUSI, B TO BpEMs
KaK B CTApPUYECKOU TPyIITe — MPU CPABHEHUH JTOJTNXO-
¥ ME30MOP(HOTO THUTIOB.

Uepapxuueckas  JOTHCTHUECKass  perpeccus
(Tabn. 7) mokazasa, 9TO BKIIIOYCHHE THITA TEJIOCIIO-
JKEHHS ¥ €T0 B3aWMOJICHCTBHS C BO3PAacTOM 3HAYH-
MO YJIy4YIIaeT MOJENb MPOTHO3UPOBAHMS HATUUH
Jb. ®unansHas moaens obwsacHseT 19,9 % Bapma-
uuid 3aBucUMOM nepeMeHHOo#. ComacHO NaHHBIM,
IPE/ICTABICHHBIM B TaOII. 8, BO3pACT SIBISICTCS CHITb-
HEHIIMM TPETUKTOPOM, YKasbiBas Ha yBEINYCHHE
mancoB Hanmuuus JIb Ha 7,2 % ¢ KaXabpIM TOJIOM,
OpaxuMOp(HBINA THIT TEIOCIOKEHHUSI ACCOIUUPOBAH
C TOBBIIIEHHBIM puckoM JIb 1o cpaBHeHHIO ¢ Me30-
MOP(HBIM THUIIOM, 8 3HAYUMOE B3aUMOJICHCTBHE YKa-

3BIBAET HA TO, YTO BIMSHHE THIIA TEIOCIOKEHUS Ha
puck J1b u3mMeHseTcs ¢ BO3pacToM.

ROC-ananu3 (tabm. 9) HEMOHCTPHUpYET, 4YTO
MOJTHAsT MOJIETh, BKIJTFOYAIOIIAs BO3PAcCT, THI TEJO-
CJIOKEHUSI U UX B3aUMOJICHCTBHE, UMEET XOPOIIYIO
TUCKPUMUHHUPYIONIYIO CHOCOOHOCTh. [loOaBneHune
THTIA TEIOCIOKEHUS W B3aUMOJCHCTBUS 3HAYUMO
yAYYIIaeT MPOrHOCTHYCCKHE BO3MOXKHOCTH MOJIC-
JIU TI0 CPaBHEHUIO C MOJIEIbIO, BKITFOYAIOMICH TOh-
KO Bo3pacT. OnTuMalibHasi MOPOTroBasi BEPOSITHOCTh
cocrapmsier 0,25, oOecrieunBasi OajmaHc MeEXITy
qyBCTBUTENBHOCTEIO (0,774) W crnenupuIHOCTHIO
(0,653) ¢ makcumansHbIM uHAEKCOM FOnena (0,427).

3akiaroueHmne

IIpoBeneHHOE HCCIENOBAHUE JIEMOHCTPHUPYET
CTaTUCTHUYECKH 3HAYMMBIE Pa3JIn4yMsl B paclpocTpa-
HEHHOCTH JIMBEPTHUKYJSIPHON OOJIe3HN CUTMOBUIHOM
kuike (J1b) cpenu inn pa3HbIX BO3PACTHBIX TPYIIL U

Tabnuuya 7. Pe3ynomamul uepapxuieckoll 102UCmuyeckoll peepeccuu i NpOSHO3Uposanus Hanudus /b

Table 7. Results of hierarchical logistic regression for predicting the presence of diverticular disease

Kos¢ppunment R? | M3menenune kodppummenTta
2
Monens Hpenwicrop X Harenskepke R? Harenbkepke
Bospacr 56,72 | <0,001 0,135 0,135
2 Bospacrt, Tun TenocnoxeHust 17,34 | <0,001 0,174 0,039
3 Bospacr, THIL TEJIOCIIOKCHUS, 11.86 0,003 0.199 0,025
B3aUMOJICICTBUE
Tabnuua 8. Kosgghuyuenmol punanvroil mooenu 102Ucmuyeckoll pespeccuu
Table 8. Coefficients of the final logistic regression model
CranmaptHas | Craructuka o
IIpenuxrop B omn6Ka Basa p OII (95 % AN)
1,072
Bozpact 0,070 0,009 57,93 <0,001 (1.053-1,092)
Tun renocnoxenus (OpaxumopHbIi 1 1,87
Me30MOpP(]HBIIT) 0,626 0,220 8,09 0,004 (1,21-2,88)
Tun TenocnoxeHust (qOTUXOMOP(HBIN 1 1,43
Me30MOp(HBIIT) 0,358 0,231 2,40 0,121 (0,91-2,25)
B3aumopeiicTBue Bo3pacTa U TUIIA TEIO- 1,017
CHOKEHIS 0,017 0,005 10,93 0,001 (1.007-1,027)
Koncranta —5,324 0,634 70,51 <0,001 0,005

Tabnuya 9. Pesynomameol

ROC-ananuza 01 pasmuiusvix NPOSHOCMUYECKUX Modenell

Table 9. ROC analysis results for various predictive models

. o p-3HAYCHHUC JIJIS
Moens [Tnomans mon kpusoit (95 % CrannaprHas CPABHCHMNS ¢ IPETHI-
JIN) omuoKa N
ITyTIeH MOIEIBIO
Tonbko BO3pacT 0,713 (0,667-0,759) 0,023 —
Bospacrt + THm TeT0CcIoKeHI 0,748 (0,704-0,792) 0,022 0,013
IlonHast MozeNnb ¢ B3aUMOJCHCTBUEM 0,767 (0,724-0,810) 0,022 0,025
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MOP(OMETPUUECKUX TUIOB. Pe3ynbraTsl IUCKPUMU-
HAaHTHOT'O aHaJM3a MOATBEPKAAIOT, YTO BO3PACT SIB-
nsieTcs HanboJiee CUIBHBIM NPEIUKTOPOM HaIHYHS
b, oqHako MOpP(QOMETPHUYECKUE TapaMETPhl TaKKe
BHOCSIT CTaTUCTUYECKH 3HAYMMBII BKJIJ] B IIPOTHO-
3upoBaHue 3aboseBanud. Vepapxuueckas JOTHCTHU-
yeckasi perpeccus HamIgIHO MPOAEMOHCTPUPOBAA,
4T0 OpaxuMOpGHBINH (THIIEPCTEHUIECKUIT) THIT Te-
JIOCIIOKEHHS ACCOLIUMPOBAH C MTOBBIIICHHBIM PHCKOM
J1b 110 cpaBHEHMIO ¢ ME30MOP(HBIM THIIOM, OCOOCH-
HO 3aM€THa 9Ta CBA3b B CPEHEN BO3PACTHON TpyIIe
(45-59 net). Pe3ynbrarhl UCCIIEAOBAaHUS MTO3BOJSIOT
c/enaTh BBIBOI, 4TO0 OpaxuMop(HBIN (TMIIEpCTEHU-
YEeCKUI) THII TEJIOCIOKEHHs! SBJSETCS CTaTUCTHYe-
CKHM 3HaYUMBIM (akTOpoM pucka pazsurtus Jb cwur-
MOBUTHOU KHIIIKH, 0COOEHHO B CPETHEH BO3PACTHOM
rpyIe, Torja Kak B CTapuecKoil BO3pacTHOU rpyrre
bompiryro Koppensnuio ¢ JIb aemoHcTpupyeT nou-
XOMOP(HBIN (aCTEHUYECKHIA) THI.

TakuMm 00pa3oM, MMOTyUEHHBIE JaHHBIC O3BOJISI-
10T NPOBECTH NPEAMKTUBHBIN aHaIN3, HalpaBlICH-
HbIl Ha JOUMHCTPYMEHTalIbHYIO JAuarHoctuxy JIb.
3Has Mop(hoMeTprUUeCcKHe MapaMeTphl Tela YeIoBe-
Ka B COYETaHWM C BO3PACTHOM NMPUHAIJIEKHOCTHIO
K TOXKWJION WJIM CTapuecKoM rpymre, Bpad MOXKET C
OONBITION MTONTel BEPOSITHOCTH TPEATIONOXKHUTEL Ha-
Juuue win orcyrcTBue b 1 ocyliecTBUTh LieneHa-
MIPABJIEHHYIO TUArHOCTHUKY JIML] AAHHBIX IPYyMIL. JTO
OyzeT crocobcTBOBATh NPAaBUIILHON CBOEBPEMEHHON
auarHoctuke JIb.
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Oco0eHHOCTH pacnpeaeJIeHUs ICAMMOMHBIX TeJiell B IIUIIKOBUIHOM
JKeJie3e YeJI0BeKA: HOBbII MOAX0 K ONpeaeJeHNI0 PyHKIMOHAIbHOMI
3HAYMMOCTH KAJIbHU(PUKATOB dnudusa

J.A. Cypuesna, E.A. ®enoposa, U.IL. I'puropses, /1.J. Kop:xeBckuii

Hncmumym skcnepumeHmansHot MeouyuHsl
197022, 2. Canxkm-Ilemepoype, yi. Axademuka Ilagnosa, 12]]

Pe3rome

Onudus Mo3ra — HEHPOIHJIOKPUHHAS JKelle3a, CHHXPOHU3UPYIOIIas (yHKIMOHAIBHYIO aKTUBHOCTh BHYTPEHHHX Op-
TaHOB CO CBETOBBIM PEKMMOM C IIOMOIIbIO TOPMOHA MEJIATOHUHA, KOTOPBII aKTUBHO BBICBOOOXK/IAETCSI B KPOBEHOCHOE
pyciio HOubl0. MeNaToHUH CHHTE3UPYETCs MIMHEATOUTaMH, OCHOBHOM KJISTOYHOM nomyssiiuei snuduza, moMiUMo Ko-
TOPBIX BCTPEUAIOTCS TAKXKE KIETKH aCTPOINIMH, MUKPOIIMHM M Ty4HbIe KieTku. Kpome Toro, B snuduse BcTpedarorcs
NICaMMOMHBIE TeJibla (KabIu(uKare), pyHKIMOHAIBHAS 3HAYMMOCTh KOTOPBIX M MEXaHW3MBbl 00pa30BaHMs HE OIpe/ie-
neHsl. L{enb JaHHOTO UCCIEA0BAHMUS COCTOSIIA B U3yUYCHNH BCTPEUAEMOCTH KJIBIIM(DUKATOB B Pa3HBIX OT/AENaX dnHpu3a
yeJIoBeKa (MapeHx1Ma, COeIMHUTEIbHOTKaHHbIe TPAOeKyIIbl M KallCyiia) U ONMMCaHNH B3aMMOPACTIONIOKEHUs! KalbIudu-
KaTOB C INIMAJIbHBIMHU KJIETKAMHU U UX OTPOCTKAMH, TyYHBIMH KJIETKaMH, 2 TAK’KE KPOBEHOCHBIMHU COCYAaMH 1 HEPBHBIMHU
BOJIOKHAMH C UCIIOJIb30BAaHWEM COOTBETCTBYIOIIMX UMMYHOTHCTOXMMHYECKHUX peakuuil. Marepuaja u metoasl. s
UMMYHOTHCTOXUMHYECKOTO HCCIIEIOBAHNS HCIIONB30BAIIICH aHTHTENA K IHaIbHOMY (GHOPIIIISIPHOMY KHCIOMY OENKy
(GFAP), BumenTuny, n8ym mapkepam mukpormuu (Iba-1 1 TMEM119), tpunTase Ty4HBIX KJIETOK, THPO3WHTHIPOK-
cuasze u ¢akropy ¢oH Bummebpanna. Pe3dyabrarsl. YCTaHOBICHO, YTO KaNbIU(UKATH PACIIONATraloTCsl MpeuMyIIe-
CTBEHHO B LIEHTPAJIbHOM yacT anu@u3a, B T0JIbKaX CPeIy MMHEATOUUTOB, UX KOJIMYECTBO U pa3Mep YBEINYNBAIOTCS
B IIEPHOJ] OT MOJIOZIOTO K cpenHeMy Bo3pacTy. OTpOCTKH acTpOrHaNbHBIX Ki1eTok (B ocHoBHOM GFAP-, HO He BUMEH-
THUH-COJIEP AKX ) IFIOTHO OIUIETAIOT IICAMMOMHBIE Teliblla. He 0OHapykeHO Kakol-TM00 B3aMMOCBSI3H PACTIOIOKEHHUS
KaJIBI[EBBIX KOHKPEMEHTOB OTHOCHUTEIBEHO KPOBEHOCHBIX COCYNOB, THPO3WHTUIPOKCHIIA3a-NIMMYHOPEAKTHBHBIX HEPB-
HBIX BOJIOKOH, MUKPOIJIMOLMTOB MJIM TYy4YHbIX KJeToK. He HaOnromansocs npeBaavpoBaHUsI aKTMBUPOBAHHON MMKpPO-
MW U JETPaHyINPYIOINX MacTOUUTOB. BriepBble BBISIBICHBI THPO3HHIHAPOKCHIA3a-HMMYHOPEAKTUBHBIC HEPBHBIC
MIPOBOJTHHUKH B dMU(H3e uesoBeKa. 3akaodenne. [1oaydyeHHbIe 1aHHbIE CBUIETEILCTBYIOT, YTO [ICAMMOMHBIE TeJblLa
SBJISTIOTCSI HOPMAJIBHBIM H, TO-BUIUMOMY, 00513aT€IbHBIMHI KOMITOHEHTAMH 3MTH(H3a B3POCIIOTo YeI0BeKa, 00pa3oBaHNe
KOTOPBIX CBSI3aHO C MUHEAIONUTAMHU W/UIM aCTPOLUTAMH, HO HE C KPOBEHOCHBIMHU COCY/IaMH, HEPBHBIMU BOJIOKHAMM,
MUKPOITIHEH MM TYYHBIMH KJIETKaMu. Bo3aMo)kHast pyHKIMOHAIBHAS PONTb KadbLU(HUKATOB B SMH(U3E YEITOBEKA MOKET
OBITB CBsI3aHa C (PYHKIIMOHAIBHON aKTHBHOCTBIO IMHEAIOLUTOB.

KiioueBrble ciioBa: 3HI/I(1)I/I3, KaJ'II)III/I(l)I/IKaT, aCTPOITIA, MUKPOIJIUA, TyUHas KJICTKa, TUPO3UHTUAPOKCUIa3a, UMMY-
HOT'HCTOXHUMHUA.
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Peculiarities of psammoma bodies distribution in the human pineal
gland: a new approach to determining the functional significance of
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Abstract

The pineal gland is a neuroendocrine gland that synchronizes the functional activity of body organs with the light regime
using the hormone melatonin, which is actively released into the bloodstream at night. Melatonin is synthesized by
pinealocytes, the main cell population of the pineal gland, in addition to which there are also astroglia, microglia, and
mast cells. Besides, the pineal gland contains psammoma bodies (calcifications), the functional significance of which
and the mechanisms of formation have not been determined. The aim of this study was to investigate the occurrence
of calcifications in different parts of the human pineal gland (parenchyma, connective tissue trabeculae and capsule)
and to describe the relationship of calcifications with astroglial cells and their processes, microgliocytes, mast cells,
as well as blood vessels and nerve fibers using appropriate immunohistochemical reactions. Material and methods.
For immunohistochemical examination, antibodies to glial fibrillary acidic protein (GFAP), vimentin, two microglia
markers (Iba-1 and TMEM119), mast cell tryptase, tyrosine hydroxylase and von Willebrand factor were used. Results.
Our study revealed calcifications mainly in the central part of the pineal gland, in the lobules among pinealocytes,
with their number and size being increased from young to middle age. Processes of astroglial (mainly GFAP-, but
not vimentin-containing) cells tightly envelop psammoma bodies. No relationship was found between the location of
calcium deposits and blood vessels, tyrosine hydroxylase-immunoreactive nerve fibers, microgliocytes or mast cells.
Prevalence of activated microglia and degranulating mast cells was not observed. Tyrosine hydroxylase-immunoreactive
nerve fibers were identified for the first time in the human pineal gland. Conclusions. The obtained data indicate that
psammoma bodies are normal and, apparently, obligatory components of the adult human pineal gland, the formation of
which is associated with pinealocytes and/or astrocytes, but not with blood vessels, nerve fibers, microglia or mast cells.
The possible functional role of calcifications in the human pineal gland may be associated with the functional activity
of pinealocytes.

Key words: pineal gland, calcification, astroglia, microglia, mast cell, tyrosine hydroxylase, immunohistochemistry.
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Brenenne OHU CUHTE3UPYIOT PsLi TOPMOHOB, ITIaBHBIM U3 KOTO-
PBIX IIPU3HAH MEJIATOHUH, TIOBBIIIICHHBINA BBIOPOC KO-
TOPOTO B KPOBEHOCHOE PYyCJIO B HOYHOE BPEMS CHUH-
XpOHHU3UPYeT (PYHKIIMOHAIBHYI) aKTUBHOCTH BCEX
OpraHOB COOTBETCTBEHHO CBETOBOMY PEKUMY [5].

B snuduze dyenoBeka B mapeHXUMe JONEK Cpe-
JI1 TTUHEAJIOIIMTOB PACIIONIaraeTcsi HeOOJbIIOES YHC-
JI0 TJIMOMOJO0HBIX KIIETOK, KOTOpPBIe, HECMOTpPS Ha
MaJIOYUCICHHOCTh, OOpa3ylOT IUIOTHOE CILICTCHUE
pa3HOHAIPaBIEHHBIX BOJOKOH 10 BCEU TOJIIIE MU~
KOBHJIHOTO Tella, 0COOEHHO T'yCTO OKpYy»Kas KpoBe-

[umkoBuaaoe Temo (dmmdu3 mosra, glandu-
la pinealis) — HeOONBIION HEMAPHBIA HEUPOIHIIO-
KPWUHHBIA OpTaH, BBIPOCT KPBIIIH MPOMEKYTOUHOTO
MO3Ta, PacIoJIOKEHHBIH B TIOJOCTH TPETHETO KEIy-
nouka. Popma U cTpoeHHe SnUU3a BapPbUPYIOT Y
Pa3HBIX BHJIOB )KMBOTHBIX, a Y 4elloBeKa HaOmrona-
FOTCS 3HAUWTENIbHBIC WHIWBHyaJbHBIC pPa3IHUMS.
Pasmep mmmkoBUIHOM JKene3bl YeJI0BEKa COCTaBIIs-
er 6—15 MM B anuHy, 4-8 MM B mUpHHY, 1,5-6 MM
B TouHy. OHa OKpY)KeHa COeTMHUTEIbHOTKAaHHOM

KarcyJaod, KoTopas, BHEIPSSCh BHYTPbH JKEJIE3bl,
(dopmupyeT neperopoiku (TpabeKyibl), pazaemsio-
[IMe TIAPEHXUMY Ha OT/ACIBbHBIC JOJBKU (JIOOYIIbI).
TpaOeKyibl 3aM10THEHBI KOJUIAT€HOBBIMU BOJIOKHAMM,
cozieprKaT HepBHbIE MPOBOAHUKN U MHOTOYHMCIICHHBIC
KpoBeHOCHBIE cocyabl [ 1-3]. JloibpKH MI0THO 3a11od-
HEHBI HEUPOCEKPETOPHBIMH KIIETKAMH — THHEAIIOIH-
TaMH, KOTOPBIE COCTABISIOT OCHOBHYIO KJIETOUHYIO
nomyrsuio snudu3sa (oxomo 90 % Beex kietox [4].

108

HOCHBIE cocyibl [6—9]. B mapenxume u Tpadekysax
snudu3a yenoBeKa TaKKe U3PEIKa BCTPEUAIOTCS MU-
KpOIITHAJIbHBIC KIETKU, MAaKpO(aru U TyYHbIC KJIET-
ku [6, 10—-13].

[ToMuMO 3TOTO, BO MHOTHX CIy4asiX B AIH(HU3E
HaOTIOAI0TCs ICAMMOMHBIE TEJbI[A, KOTOPBIE TAKKEe
Ha3bIBAIOT KaJbIU(pUKATAMH, KAJbIHEBBIMH KOH-
KpEMEHTaMM, MO3TOBBIM I[IECKOM, WJIH COrpora are-
nacea. OHY UMEIOT PA3HYIO BEJTHUUHY H PA3ITHYHYIO

SIBERIAN SCIENTIFIC MEDICAL JOURNAL 2025; 45 (4): 107-116
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¢dopmy (dare mapoBUIHYIO) U HA TUCTOIOTUYECKUX
cpe3ax snubu3a BBINIAIAT HHOIA KaK KOHICHTPH-
YECKUe IUIAaCTUHYATBIE CTPYKTYpPBI, @ HHOIIA UMEIOT
HenpaBWiIbHYI0 (Qopmy. bmaromaps BeICOKOMY cCO-
JIEpYKAaHUIO KaJIBIMSI TICAMMOMHBIE TeJbIla XOPOIIO
BBISIBIIAIOTCA TIPU PEHTIeHOTpauy, MarHUTHO-PE30-
HAHCHOM HCCJIEJOBAaHMH U KOMIIBIOTEPHOW TOMOTpa-
¢un, npuyeM OHHM HAONIOMAIOTCS B IIMIIKOBHIHOM
TeJe y TIOAABISIONIET0 OOJIBITMHCTBA HCCIETyeMBbIX:
M0 JaHHBIM PAa3HBIX aBTOPOB M, B 3aBUCUMOCTU OT
UCIIOJIb30BAaHHON AMAarHOCTUYECKOW TEXHHKH, OHU
BcTpevarorest y 70-95 % B3pocnbix [14-16]. OyHk-
[IMOHAJPHOE 3HAUYE€HHE M MEXaHU3MBI (hopMupo-
BaHWd TICaMMOMHBIX TCJICI] IIOKa HE OIMPECJICHEI,
NpUYeM OTCYTCTBYIOT U PallMOHAJIbHBIC TIOAXOIBI K
M3yYEHUIO 3TOTO BOMPOCA. YUHUTHIBAs 3TH (PaKTOPHI
HEU3YYCHHOCTH KaJIbIIMCBBIX KOHKPEMCHTOB, HaMHU
MPOBEJCHO HCCIIEIOBaHNE OCOOCHHOCTEH pacmono-
JKeHHS KabIIU(PUKATOB B AMH(U3E YeIOBEeKa U UX
BO3MOXKHOH B3aMMOCBSI3H C JPYTUMHU CTPYKTYPHBIMHU
2JIEMEHTaMH IHUIITKOBUIHOM ene3bl. C 9TOH 1ebio
Ha TUCTOJIOTMYECKHX IIpernaparax H3y4deHa BCTpe-
YaeMOCTh KaJIBIN(UKATOB B MMapeHXUME, COCIMHH-
TEeTLHOTKAHHBIX TpalOeKynax M Karcyie snudusa u,
C HCIIOJIb30BAHUEM COOTBETCTBYIOIINX HMMYHOTI'HU-
CTOXMMHMYECKHUX PEaKLUi, HCCIET0BAHO B3aUMOPAC-
MOJIOKEHNE KaIbIU(UKATOB C acTPONIHAIHHBIMU
KIETKAMH W WX OTPOCTKAMH, MHKPOTIMOIUTAMH,
TYYHBIMH KJIETKAMH, a TaKK€ KPOBEHOCHBIMHU COCY-
JaM{ ¥ HEPBHBIMU BOJIOKHAMH B SMTU(H3€E YETOBEKA.

MarepuaJj u MeTOIbI

UccnenoBanu  oOpasubsl  snu¢u3a YenoBeka
00oux 1oi0B Bo3pacTtoM oT 16 mo 68 net (n = 12),
NPUYHHA CMEPTH KOTOPBIX He ObLIa CBsI3aHAa C ICH-
XUUYSCKUMH WM DHJIOKPUHHBIMH 3200JICBAaHHSMHU.
Marepuan mnoiyueH u3 apxuBa Otaena oOmed u

gactHOM Mopdonorun OI'BHY «MHCTHTYT 3KCTIe-
pUMeHTaJbHOM MeIuUMHbY. Ha ero apxuBauuio u
MIPOBEJICHUE UCCIICIOBAHUS [TOTYYCHBI MTOJIOKUTEIb-
HBIE 3aKJTFOYCHUS JIOKATBHOTO 3THYECKOTO KOMUTETa
OI'BHY «MHCTUTYT SKCIEPUMEHTAIbHOM MeJu-
uuHbDy (No 58-9/1-684 ot 11.12.2009 u Ne 2/22 ot
06.04.2022). O6pa3upl >nudu3a yenoBeka (HUKCH-
pOBaIM B CMECH 3TaHojIa M (HOpMaIvHA WM LIMHKA,
dTaHoNiia W (GopMaauHa W 3aJTHBIHA B MapaduH IO
OoOmEenpUHATON MeTonuke. M3roTaBamBaiM THCTO-
JIOTUYECKHE CPE3bl TOJIIIUHON 7 MKM C MCIOIb30Ba-
HUEM POTalMOHHOrO MHUKporoMa Microm HM 325
(Thermo Fisher Scientific, CIIIA) u HaknenBamu ux
Ha NpPEAMETHbIE CTEKJIa C aAre3MBHBIM ITOKPHITUEM
HistoBond+M (Paul Marienfeld GmbH & Co, I'ep-
MaHUSA).

Cpesbl anHdur3a 4enoBeka UCCIeJOBAIN € MpPH-
MEHEHHEM KaK KJIACCHYECKHX THCTOJIOTHYECKUX
OKpacok, Tak W MeTola OAHOMAapKepHOH HMMYHO-
FHCTOXUMHUH. TKaHp snHudu3a aHATU3UPOBAIH C
HCIOJIB30BAHUEM BOJIHOIO PacTBOpa aHWIMHOBOTO
cunero (bmosutpym, Poccusa) u 0,5%-ro BomHOTO
pactBopa simepHoro mpouHoro kpacHoro (Nuclear
Fast Red, Sigma-Aldrich, CIIIA). C nomortis0 MeTo-
JIOB IMMYHOTHUCTOXMMHUU B SN (H3€E BBISBIISLIH KaTe-
XOJJAaMHHEPrHYeCKHE HEPBHBIE BOJIOKHA, aCTPOLIUTEI,
MHUKPOIJIUIO, TYYHBIE KJICTKH, KPOBEHOCHBIE COCYBI.
WNnudopmarnms 00 wWCmonb30BaHHBIX B paboTe mep-
BUYHBIX aHTUTEJAX MpeJCcTaBlIeHa B Ta0I. 1.

B xauecTBe BTOPHYHBIX PEArcHTOB JUISI BBISIB-
JICHUsl MBIIIMHBIX aHTUTEN Hcrojib3oBanu Mach 2
Mouse HRP Polymer (Biocare Medical, CILIA), s
BBISIBIICHHSI KponnubuXx antuten — Reveal Polyvalent
HRP DAB Detection System (Spring Bioscience).
Takoke MPUMEHSITN IBYXBaJICHTHbIC BTOPHYHBIC pea-
T'€HTBI, KOTOpble OOHAPY)KUBAIOT KaK MBILINHBIE, TAK
W KpoJn4bH repBudHbie anturena: Mach 2 Universal
HRP Polymer (Biocare Medical) 1 Mouse and

Tabnuya 1. Xapaxmepucmuxa ucnonb308aHHbIX 8 pabome nepeutHuiX AHmumes

Tablel.Characteristics of the primary antibodies used in the study

I'muanbHbI GUOPUILISAPHBIA

BrisiBisieMblil aHTUTEH XapaKkTepucTuKa aHTUTE [IpousBogurens Brisisiemasi cTpykTypa
Abcam, Karexonamunepruueckue
Tupo3uHruapoKcuIasa
BenukoOpuTaHus | CTPYKTYpHI

KpOJ’[I/I‘H)I/I IIOJIMKJIOHAJIBHBIC

Agilent, CIIIA GFAP-no3uTHBHBIE aCTPOLUTHI

kuciblii 6enok (GFAP)
MpImHBIE MOHOKJIOHANBHBIE | Spring Bioscience, | BUMEHTHH-TTIO3UTHBHEIE acTpO-

Bumentun
(xon SP-20) CIIIA LIUThI, KPOBEHOCHBIE COCYbI
Kposmdbn MOHOKIIOHAJIBHBIE N

Iba-1 HUABIO, Kuraii | Mukpormius, Makpogaru
(k1108 JM36-62) ’ P » MaKpod

TMEM119 Kponanuby nomukiIoHaIbHbIC Abcam Mukporus

Tpurrasa Ty49HBIX KIETOK MBIIIHHBIE MOHOKJIOHAJIBHBIE .

P y BioGenex, CIIA | TyuHsle KI€TKH
YeJIoBeKa (k1o AAT1)

dakrop ¢on BusneOpanna

KpOJ’II/I‘-H)I/I ITOJIMKJIOHAJIBHBIC

Agilent KpoBeHocHbIe cocy/bl
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Rabbit Specific HRP/DAB (ABC) Detection IHC kit
(Abcam). IlIpenapaTbl HoOAKpalIMBagd KBAaCIOBBIM
reMaTOKCHJIMHOM, BOJIHBIM PacTBOPOM allbIIHaHOBO-
ro cunero (BioVitrum, Poccns) nu 0,1%-M BogHBIM
pactBopoM actposoro cuHero (Merck, CLIA). Ipe-
naparbl aHAJTU3UPOBAIM C TIOMOIIBI0 MHKPOCKOIIA
Leica DM750 (®PT"), ocnamenHoro (hoTokamepoit
ICC50 (Leica). Ilpumensinu nporpammy o0paboTKu
uzobpaxenuit LAS EZ (Leica). Pazmeps! kanbuudu-
KaTOB aHAIM3UPOBATHN C ITOMOIILI0 TTporpamMmel Fiji
(https://imagej.net/software/fiji/) [17].

Pe3yabTarbl

[IcamMmMoMHBIE Telsblla XOPOIIO BBISBISIINCH HA
THUCTOJIOTHYECKUX TIperaparax smudu3a deroBeka
[ocJie MPOBEACHUS] MMMYHOTMCTOXMMHUYECKHUX pe-
aKIUMi C MOCIEayIoled MOAKPACKOM KBaCLOBBIM
reMaTOKCHJIMHOM, aJIbIIMaHOBBIM CHHUM WA acTpoO-
BbIM cuHUM. Kanbrudukarsl HEOONIBIIOTO pa3mepa
BBIIVISIZIENIM KaK OKPYIVIbIE CIIOMCTBhIE 00pa3oBaHUs,
a KpYITHBIE, BCIIEICTBUE OTCYTCTBHSA dTama JeKallb-
[IUHAIMHA TIPA TPOOOIIOJATOTOBKE MaTepuala, 4acTo
OBLIN TIOIBEPKEHBI TIOBPEXKICHHUIO Ha dTare MUKPO-
TOMHPOBaHUS MapapUHOBBIX OJIOKOB (MX IIEHTPab-
Has WU KpaeBas 4acTh MOXET OTCYTCTBOBATh Ha
npenapare). Tem He MeHee NMCaMMOMHBIC Telbla
HMMEIOT YETKO BBIPKCHHBIC TPAHUIIBI C TTPHIICIKAIICH
TKaHBIO (PUCYHOK), YTO TIO3BOJISET MPOAHAIN3HPO-
BaTh UX JIOKAJIHM3ALHUIO U B3aUMHOE PaCIIOIOKEHHUE C
KIJICTOYHBIMH 3JIEMEHTaMH dMH(pHU3a.

Kamprmdukarsr 0OHapy»eHbI BO BCEX HCCIEI0-
BaHHBIX 00pa3Iax MUIIKOBUIHOM jKele3bl YeI0BeKa,
YTO MO3BOJISIET KIACCUPHUIIMPOBATH MX TI0 JIOKAITU3a-
MM, pa3MepaM | CTeNeHH Kiactepru3anud. Kampim-
(uKaTel — 3TO BHEKJIETOYHBIE CTPYKTYPBI, KOTOPBIE,
KaK [PaBUJIO, PACIIONIATAIMCH B IIEHTPAJIbHON YacTh
JKenesbl, pexxe — Ha rnepudepun. B OompmmHCTBE
CllyyaeB OHHU JIOKAJIH30BAJIUCHh B MapeHXHUME HOJIEK
cpeny THHEANOIMUTOB (CM. PHUCYHOK, 0—0, Jic—3),
3HAYUTEIHHO PEXKEe — B COEAMHUTEIBHOTKAHHBIX
Tpabekynax (cM. PUCYHOK, ¢). KpaiiHe penko KoH-
KpEMEHTHI ObITH OOHApYXEHbI B Karcyie smudusa
(cM. pucyHOK, a). Pazmepsl KambIu(UKaToB MOTYT
BapbUPOBATH B MIMPOKUX Npeaenax. B snudusze Mmos-
ra 4ejoBeKa OHU MOTYT BBITNISIETh Kak OOJNbIIOE
CKOTIJICHHE MEJIKUX TpaHy («MO3TOBOM IIECOK») (CM.
PHUCYHOK, 6, TOJIOBKa CTpeikH). Menkue kanbiudu-
KaThl UMEIOT pa3Mepsl oT 5 10 20 MKM (CcM. pucCy-
HOK, 8, 3), cpenane — 20—150 MKM (CM. pUCYHOK, 4,
8, 2ic), KpynHble — cBblie 150 MKM (CM. PUCYHOK, 0,
2, 0). [lcaMMOMHBIE TenbIla MOTYT BCTpPEYaThCs IO
OMHOYKE (CM. PHUCYHOK, 0, 3), pacroyiaraTbCs He-
OoJIbIIMMU TpynIaMu U3 2—3 KalbLUU(PHUKATOB (CM.
PUCYHOK, 0, 2, 0, dic), 00pa30BbIBaTh CKOIUICHUS W3
HECKOJIBKUX OTAENBHBIX MENKHUX WM KPYITHBIX KOH-
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KPEMEHTOB 1100 (hOpMHpOBaTh OONBIINE KOHTIIOME-
partbl U3 KalbIIU(UKATOB Pa3HBIX Pa3MEPOB.

AHanu3 B3aMMHOTO PACIIOIIOKEHHS TICaMMOM-
HBIX TEJeIl U KJIETOYHBIX 3JIEMEHTOB IIMIITKOBUIHON
JKeJle3bl TOKa3ajd, YTO KaJbIIMEBhIE KOHKPEMEHTHI
B OOJILIIMHCTBE CITy4yacB OKPYKEHbI OTPOCTKAMH
aCTPOIUTONONOOHBIX KIETOK. Ba)XHO OTMETHUTB, 4TO
GFAP-uMMyHOpEakTHBHBIE  aCTPOIUTOTIONOOHBIC
KIETKH (OPMUPOBAIU H3OIUPYIOUIYIO TPOCIOH-
Ky M3 CBOMX OTPOCTKOB BOKPYT' KaJIbIIH(PHUKATOB BO
BCEX HCCIIEIOBAHHBIX CIyYasx (CM. PUCYHOK, 6), TOT-
Jla KaK KIJIETKH, MIMMYHOITO3UTUBHBIC HA BUMEHTHH,
KOTOpBI XapaKTepeH [JIs OTIEIbHOW MOMYJSLUH
aCTPONIHABHBIX KIIETOK, (POPMHUPYIOT M OKpPYXKatoT
TOJILKO YaCTh KaIbIIU(PUKATOB (CM. PUCYHOK, 8, 2).

[Tpu nccnenoBaHUM MUKPOTJIMH B 3MU(PHU3E YeTI0-
BEKa YCTaHOBIICHO, YTO JIMIIb OTAeNbHbIe [ba-1- nam
TMEMI119-uMMyHOpeakTUBHBIE KJIETKHM MHUKpPO-
[JIMW TPUMBIKAIOT K ICAMMOMHBIM TeJbIIaM, BHE 3a-
BUCHUMOCTH OT JIOKQJH3allUU MM Pa3MEpPOB CaMUX
KaJbpUU(pHUKaTOB (CM. PUCYHOK, ¢). HabmronaBmmecs
MHUKPOTIHAIIbHBIC KJIETKH OBLIH KaK C KOPOTKHUMH U
TOJICTBIMU OTPOCTKaMH, TaK M PaMH(HUIINPOBAHHBIC
(C MHOTOUYHUCIIEHHBIMH, XOPOIIIO Pa3BUTHIMH OTPOCT-
KaMH), 4TO SBISIETCS MOP(HOIOTHIECKUM TPUZHAKOM
AKTUBUPOBAHHONH W TIOKOAIIEHCS MUKPOTIHAU CO-
OTBETCTBEHHO. TYy4HBIE KIIETKH, KOTOPHIE JIOKAIH-
3yIOTCS B COEIMHUTEIFHOTKAHHBIX TpaOeKymax, B
OTAENBHBIX CIIydasx ObUIH BBISBIICHBI BOTU3M TICaM-
MOMHBIX TeJell (CM. PUCYHOK, o). OmHaKo Takas
KO-JIOKaJM3aIys Obljla HEPETYIIPHON M BCTpedalach
penxo. Cpenu 00HApYKEHHBIX TyYHBIX KIETOK PEIKO
BCTPEUAIHNChH JIETPAHYINPYIOIIUE MACTOLUTHI, YTO
OBLIO OBl CBH/IETEIHCTBOM MX AKTHBAIIHH.

ToHKHE  THPO3MHTUIPOKCHIIA3a-MMMYyHOpEaK-
THUBHBIC HEPBHBIC NMPOBOJAHUKU BBISBISUIMCH B JIIH-
¢u3e yenoBeka Kak B TpaOeKylax, TaKk M B MapeH-
XMM€ Cpell MHUHEAJIOUTOB (CM. PUCYHOK, 0). OHHU
penKo ObUTH BUIHBI B THNIOCKOCTHU Cpe3a Ha OONbLIOM
MPOTSHKEHUH, IMO-BUANMOMY, BCIIEACTBUE CUIIBHOM
W3BUJIMCTOCTH M pa3HOW HANPaBJICHHOCTH, M pacrpe-
JIeTSUTMCh HEpaBHOMEPHO: B OHUX 30HaX snudusa
BCTPEYAIHCH JOCTATOYHO YaCTO, B APYTHX — B 3HAUH-
TEJbHO MEHbILEM KonuuecTBe. V3peaka THpO3UHTU-
JPOKCUIIa3a-MIMMYHOpPEaKTHBHbBIE BOJOKHA HaOJIo-
Jaiuch HEMoJaleKy OT KalbLUU(HUKATOB, HO Yalle
ObUIM JIOKaJM30BaHbI BAald oT HUX. He oTmeueHo
MIPUYPOYCHHOCTH PACTIONIOKEHUS KaJIbIIM(PHUKATOB K
KPOBEHOCHBIM COCYJaM, OHH BCTpPEUAJIHNCh BOJIH3U
HUX CIIOPAJNYECKH (CM. PUCYHOK, 3).

Mpsbr oOpartun BHUMaHHE Ha BCTPEYaeMOCTh
KambIIU(UKATOB B 3aBHCHMOCTH OT BO3pacTa, s
Yero MOJENMIN 00pa3ibl Ha TPU BO3PACTHBIC TPYII-
el (Tabm. 2). CrnemyeTr MOTIepKHYTh, 9TO pazdpoc
KOJTMYECTBA KaJIbIIMEBbIX KOHKPEMEHTOB OBIJT OUY€HBb
OOBIIMM JakKe Y JIUI[ OOHOW BO3PACTHOHN TPYIIIIEL.

SIBERIAN SCIENTIFIC MEDICAL JOURNAL 2025; 45 (4): 107-116



Cyguesa J[.A. u 0p. Ocobennocmu pacnpedeneHust RCAMMOMHbIX Mmelel 8 WUUUKOGUOHOU ...

Kanvyughuxamer u kiemounvie snemMennivl WUMKOGUOHOU Jicele3bl YenoseKkd. MMMyHo2UCmoXumMuieckas peakyus Ha
GFAP (a, 6), 6umenmun (8, 2), muposuneuopokcunasy (0), Iba-1 (e), mpunmasy myunsix kiemox (vc), paxmop gon Bun-
nebpanoa (3). K — kansyugpuxam,; cmpenka yKazvléaem Ha OmpocmKu aCmpoyumonoo00OHuIxX Kiemok (0, 8, 2), HepeHvle
BOJIOKHA (0), MUKpO2IUIO (€), myunble KIemKu (i), KpogeHocHble cocyobl (3). [onoska cmpenxu (8) ykaszvieaem Ha cKo-
NJIeHUe METKUX OMOCIbHBIX SPAHYI («MO320801 NECOKY); OBOUHAL CMPENKA (2) — OMCYymcmeue oKpye Kalbyugukama
uzonuUpyiowel nPocIouKy U3 6UMEHMUH-UMMYHOPEAKMUSHbIX 86010KOH. IIo0Kpacka sdep Keacyosbim 2emMamoKCuiuHoM
(a—e, 3), anvbyuaHo8viM CUHUM (0, e), acmpo8biM CUHUM (JHC)

Calcifications and cellular elements of the human pineal gland. Immunohistochemical reaction for glial fibrillary acid-
ic protein (a, 6), vimentin (8, 2), tyrosine hydroxylase (0), Iba-1 (e), mast cell tryptase (ac), von Willebrand factor (3).
K — calcification, arrow points to processes of astrocyte-like cells (0, 6, 2), nerve fibers (0), microglia (e), mast cells (),
or blood vessels (3). Arrowhead (8) points to accumulation of small individual granules («brain sandy); double arrow
(2) — absence of insulating layer of vimentin-immunoreactive fibers around calcification. Nuclei are stained with alum
hematoxylin (a—e, 3), Alcian blue (0, e), or Astra blue ()
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Tabnuya 2. Xapakmepucmuka ucnoiib308aHHbIX 6 UC-
cnedosanuu 0opasyos dInughuza uenosexa

Table 2. Characteristics of human epiphysis samples
used in the study

Bo3spacTtHas rpynna Bo3spact [Ton
16 Mykckon
16-20 ner 17 >
19 »
20 »
30 »
35 »
3047 ner a1 N
47 »
60 »
61 »
60 siet u crapiie 61 -
68 Myxckoi

Tem He MeHee MOXHO OBUIO 3aMETHThH ONpEIeIICH-
HYIO TeHIeHIIn0. B Monogom Bo3pacte (16—20 meT)
OOBIYHO BCTPEUAINCh EAWHUYHBIC MEJKHE Kallb-
uudukarel. Y nun cpeanero Bospacrta (30-47 ner)
KOHKPEMEHTBI HaOJIIOfaIuCh 3aMETHO Yalle M Ipe-
MMYIIECTBEHHO OBUTM METKUMH M CPEIHUX pa3Me-
poB. B Bo3pacte crapmie 60 JeT 0TMEdanoch 0OJb-
I0€ KOJTMYECTBO KaIbIIM(DUKATOB Pa3HBIX Pa3MEpOB.
Eme pa3 ormeTnm, 4To AaHHAas TEHCHIUS OCHOBaHA
Ha HaOJIIOACHUSIX MaJIOro yrcia 00pasLoB, a IOTOMY
HOCHT MPEIBAPUTEIBHBIN XapakTep.

Oobcyxnenune

[IpencraBneHHbIe pe3yNIbTaThl CBUIETEIBCTBYIOT
0 BBICOKOHW 4YacTOTE€ BCTPEYAEMOCTU IICAMMOMHBIX
Tenen B 3nudu3e B3POCIBIX JIIOICH: OHU BBISBICHBI
BO BCeX 7 WCCIEIOBaHHBIX 00pasmax, 4To Coria-
CyeTcsl ¢ NaHHBIMH nIpyrux aBTropoB [18]. Craemy-
€T 3aMeTUTh, YTO THUCTOJIOIMUYECKOE HCCIEOBAaHHE
ayTOTICHIHOTO Marepuaa, Kak mpaBuiio, AaeT 0ojee
BBICOKAW PE3yJIbTaT BCTPEYAEMOCTH KaJIBIUEBBIX
KOHKPEMEHTOB B 3MH(H3e — paBHBINA WK ONU3KUI K
100 % [18], Torna Kak W3y4eHHE KaITbIIHNEBBIX KOH-
Kpeluid ¢ TIOMOIIbIO PEHTTCHOBCKOTO HW3ITy4CHHUS,
KOMITBIOTEPHOW TOMOTpaduu WM SJCPHO-MArHUT-
HOTO PE30HaHCa JaeT 3aMETHO MEHbIINE LU(PHI, B
HEKOTOPBIX ciydasx nopsaka 40—70 % [15, 19-25].

Kak mokazanu Hatm HaOIrOEeHHSI, ICAMMOMHBIS
TeNblla 3HAYNTENIFHO BaphbHPYIOT TIO CBOWM pa3Me-
pam, Gopme 1 KOTMUECTBY B K2XKJIOM OTICIBHO B3Sl-
ToM oOpasie snudusa. B psage uccnenoBanuii [16,
20, 22-25] npoaeMOHCTPHUPOBAaH POCT KOJUYECTBA
U pa3MepoB NMHHEATHHBIX KOHKPEMEHTOB C BO3pac-
TOM C TIPUMEHEHHEM METOJIOB KOMIIBIOTEPHON TOMO-
rpaduu U aHaIM3a JOCTATOYHO OOJBIION BBIOOPKH
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moner — 133 nmanuenrta Bo3pactom 16-50 et [20],
167 marmenToB (Bo3pact 0 — >70 met) [22], 132 ma-
nuenTta (Bo3pact 0-89 mer) [23], 1000 marmeHTOB
(Bo3pact 1-96 met) [24] m 1011 manmenToB (Bo3pact
0-93 roma) [25]. Hamm mamHBIE, HECMOTpSI Ha He-
3HAUUTEIIBbHYIO BEIOOPKY, COMIACYIOTCS C JINTEPaTyp-
HBEIMU JTAaHHBIMH O CBSI3W BO3pacTa ¢ 00pa3oBaHHEM
KaJbIM(UKATOB B dMH(U3E YEIOBEKA.

OcCHOBHOH 3ajjadeil HACTOAIIETO WCCIEIOBAaHUSI
OBUIO M3yueHHe OCOOCHHOCTEH BHYTPHOPTaHHOM
JIOKaJIM3alluk IICaMMOMHBIX TCJICL] B 3HI/I(1)I/13€ qe-
nmoBeka. Kak mokazany Hamiyd HaOJFOICHHMS, IIcaM-
MOMHBIC TCJIblla 3HAYUTCIIbHO BAPbUPYIOT 110 CBOUM
pasmepam, Gopme 1 KONUYEeCTBY B KQKJOM OTACITBHO
B3siTOM 0Opa3iie »nudusza. Ho Bo Bcex ciaydasix oHU
MPEUMYIIIECTBEHHO JIOKAJU30BaHBI B IICHTPAIBHBIX
oTeNaX MIMIIKOBHHOTO TeJia CPeIH IMHHEaIOIH-
TOB, PEXE BCTPEYAIUCh B COCAMHHUTEIHBHOTKAHHBIX
TpaleKynax M emie pexe (eAUHUYHbIC Kanbluduka-
ThI) — B COCJIMHUTEIPHOTKAHHOHN 000I0uKe 31n(hu3a.
JlaHHBIE JIMTEPATYPhl PACXOATCS MO 3TOMY BOIIPO-
cy. B omHUX cOOOIEeHHSIX TOBOPUTCS O pacmpeerne-
HUU TICAMMOMHBIX TeJIell, CXOTHOM C HaOIOaeMbIM
Hamu [26, 27], HO UMEIOTCS COOOIIEHNS W O TIPOTH-
BOTIOJIO)KHOM XapaKTepe JIOKATH3AINHA KaJIbIIUEBhIX
KOHKpEIMi — MPEerMYyIIeCTBEHHO 10 Tnepudepnu u
ke B COCAMHHUTEIHHOTKAHHOMN Karcyne smudusa
[28]. Bo MHOTHX HICCIIEIOBAHMSIX ITPOCTO COOOIIIACT-
Csl 0 HAMMYMH TICAMMOMHBIX Tellel] KaK B IIEHTPallb-
HOH 30HE, TaK W Ha Tmepudepun Mudu3a deroBeKa
[9, 29]. Hamm HabaomeHHWs CBHUICTEILCTBYIOT O
npeobiaaroniell ToKajIu3alui ICAaMMOMHBIX TeJlell
B ICHTPAJIBHBIX YaCTiAX SHH(bI/ISa, B MapCHXUME Cpe-
I TIMHEAJIOIIUTOB. JTO MMEET CYIIECTBEHHOE 3Ha-
YCHHUC: YUUTBIBAsA, YTO IMOAABJIAIONICC OONBIINHCTBO
KPOBEHOCHBIX COCYIOB S (H3a YeloBeKa HAXOAUT-
cs B Tpabekynax [1, 2], mpeumyIecTBeHHOE pacIio-
JIOKCHUEC KAJIBIIUCBBIX KOHKPEMCHTOB B MNAPCHXUME,
BHE TPpaOeKyJ yKa3bIBaeT Ha OTCYTCTBUE IPUYPOUCH-
HOCTHU HX JIOKaJIM3allM K KPOBCHOCHBIM COCYaM H,
COOTBETCTBEHHO, JICIAaeT MaJOBEPOSITHBIM MPEATO-
JIoKeHUe 00 00pa30BaHUM U POCTE IICAMMOMHBIX Te-
JIe] B KAKOW-JTHOO CBSI3U C KPOBEHOCHBIMH COCYIaMH.
B To ke BpeMs npenMyIeCTBEHHOE PacIOIOKEeHUE
KaJbIIU(UKATOB CPEAH MMUHEATIOIUTOB, MPOLYIHPY-
IOIUX MEJATOHWH, CBHUJIETEIILCTBYET O BO3MOXHOMN
(DYHKIIMOHAIIEHOM CBSI3W KOHKPEMEHTOB U ITMHEAJO-
IUTOB, KOTOPasi MOXKET BBIPAXKATHCS KaK B TOM, YTO
MMUHEANOIUTH UMEIOT OTHOIICHHE K 00pa30BaHUIO
KaJbIIU(UKATOB, TaK U B TOM, 4YTO C(HOPMHUPOBABIIH-
ecsl KampIU(pUKATHl MOTYT OKa3bIBaTh BIMSHUE Ha
MIPOAYIIUPOBAHKIE TOPMOHA THHEATOIIUTAMH.

B HacrosmiemM wnccie[oBaHWU BIEpPBEBIE TPE-
CTaBJIEHBI JJAaHHBIE O HAIMYUH B dMH(H3E YeloBeKa
THPO3UHTHIPOKCHIIa3a-UMMYHOPEAKTHBHBIX (T.€. Ka-
TEXOJAMHUHEPTHYECKIX ) HEPBHBIX MTPOBOJHUKOB. Pa-
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Hee B anr(r3e ONMMCaHbl KaTeX0JaMIUHEPTHIeCKre U
MENTH/IEPTUIECKIEe HEPBHBIE BOJIOKHA TOJBKO y JKC-
TIepUMEHTANBHBIX KHBOTHBIX [30, 31]. [lomyueHHbIe
HaMU Pe3yNbTaThl CBUACTEILCTBYIOT, UYTO pacrpere-
JIEHWE TUPO3WHTHIPOKCUIIa3a-HMMYHOPEaKTHBHBIX
HEPBHBIX BOJIOKOH B ATH(r3e YeIoBeKka B OCHOBHOM
COOTBETCTBYET TAKOBOMY Yy JIPYTHX MJICKOIHTAIO-
mux. [[puMeHnTensHO K IeHM Halie padoTsl, Imo-
Jy4eHHBIC JIaHHBIC TTO3BOJISIOT TOBOPUTH 00 OTCYT-
CTBHH KO-JIOKAJHM3allMu KaTeXOJAMHHEPTHUECKUX
HEPBHBIX BOJIOKOH M TICAMMOMHBIX TeJlell, YTO CBU-
JIETEIbCTBYET POTUB BO3MOKHOW (PYHKIIMOHATBHOM
B3aMMOCBSI3H ATUX CTPYKTYPHBIX JIEMEHTOB.

B xome naHHOrO HCClI€OBaHUS YCTAaHOBIEHO,
4TO OOJIBIIMHCTBO IICaMMOMHBIX TeJiel] B 3nu(u-
3¢ 4YeJOBEKa OKPYXXEHBI TIOTHBIM CJIOEM acTpOLH-
TapHBIX OTPOCTKOB. Takasi «IiiMajbHAas YIaKOBKa
KaJIbLIMEBBIX KOHKPEMEHTOB 3MH(U3a OTMEYaNIach U
JIPYTHMHU aBTOPaMU, TIPUYEM HE TOJIBKO Y YeJIOBeKa
[8, 29, 32], HO U y HEKOTOPBIX KUBOTHBIX [33, 34].
Panee Hamu oOHapykeHO B 3nu(uU3€ YeIOBEKa IBa
[MUTOXUMUYECKH Pa3TUYAIONIUXCS THITA aCTPOIUTO-
MOJIOOHBIX TIIHOIUTOB: CONIEPIKAIIHe TIIMATBHBIN (hu-
opmnsipabiil kucieiit 6enok (GFAP) u conepxaniue
BuMeHTHH [1, 7]. B nanHoii pabote onpeneneHo, 4to
KaJbIIM(UKATHl OKPYXKEHBI, B IEPBYIO0 OYEpEe.b, OT-
poctkamMu GFAP-uMMyHOpEaKkTUBHBIX aCTPOLUTOB
U B MEHBIIEH Mepe — BUMEHTHH-UMMYHOPEAKTHB-
HBIX. DTH HAOIOACHUS CBHICTEIHCTBYIOT O BEPO-
STHOH (PYHKIIMOHATHHOW B3aWMOCBS3H IICAMMOM-
HBIX TEJIEIl U acTPOIIHAIBHBIX (B MEPBYIO OYepenh
GFAP-uMMyHOpeaKkTHBHBIX) KIETOK B nudu3e. I10
MOTYT OBITh, C YYETOM YCTAaHOBJICHHBIX (YHKIIHNA
aCTPOIIMTOB B TOJIOBHOM Mo3re [35], dyHKIUSI n30-
JSIUUN KOHKPEMEHTOB C BO3MOXKHOH IMOCHENYHOLIEH
3BaKyanued win 0e3 Hee, 1100 (QyHKIUS TOAIEp-
KaHuss MOP(OIOrHUecKoil U (QyHKIIMOHATIBHOM Iie-
JIOCTHOCTH KallbIIUEBBIX KOHKPEUUH, THO0 (QYHKIHS
TPAHCHOPTUPOBKH KAKUX-TO AJIEMEHTOB (HampUMep,
KaJbLUICONEpKAIIX MOJIEKYIT) Ha IPyTUE CTPYKTY-
pBl snudu3za (HanpuMmep, TUHEATOLHTHI), MO0 He-
CKOJIBKO U3 YKa3aHHBIX WJIM KAKHX-TO UHBIX PYHKITUH
OJHOBPEMEHHO. XOTs 3Hau€HHE KO-JIOKAJIU3aluN
MICAMMOMHBIX TeJIell ¥ acTPOIIMOLMUTOB €lIe Mpe.-
CTOUT BBISCHUTH, MOJIyYCHHBIC HAMH JIaHHBIC CBU-
JETEIbCTBYIOT B MOJIB3Y MX (DyHKIMOHAIBHOTO B3a-
UMOJICHCTBHS, HE3aBUCHMO OT TOTO, KaKYI0O UMEHHO
(YHKIIHIO BEITIONHSOT KaJIbIIM(HUKATHI B ATIH(U3E.

He oOHapykeHO KakoW-IIMOO B3aWMOCBSI3U
B PACIIONIOKEHUH TICAMMOMHBIX TeJell U MHUKpPO-
DIMaJIbHBIX KJIETOK: Kak Iba-1-, taxk TMEMI119-
WMMYHOpPEAaKTUBHbIE KIIETKM MHUKPOIJIIMA WHOT/A
BCTPEYANIUCh BOJMW3HM KaJIbIH(DHUKATOB, HO dalle
HaAOTIOANNCh OKOJIO KPOBEHOCHBIX COCYNIOB B Tpa-
Oexynax, IJie PeIKo BCTPEYANCh KaJbIMEBhIE KOH-
KpeMeHTHI. Takylo ke KapTHHYy MbI HaOmromand B
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npeasaymeM uccnenosanuu [10]. Kpome toro, cie-
IyeT OTMETHUTH, YTO BO BCEX 0oOpasmax smuduza He
00HaApy’KEHO 3aMETHOTO KOJIWYEeCTBA aKTHBHPOBAH-
HOM MHKPOTJINH, YTO yKa3bIBa€T Ha OTCYTCTBHE BOC-
najeHns B oprane. [lomyyeHHbIe pe3yasTaTsl O3BO-
JISTIOT 3aKIIFOYNTH, YTO, BO-TIEPBBIX, HET OCHOBAHUH
MpenosaraTb y4acTne MUKPOIIIHOIIMTOB B 00pa3o-
BaHUU M POCTE ICAMMOMHBIX TeJNell, ¥, BO-BTOPHIX,
MICAMMOMHBIE TeIbIla HE BBI3BIBAIOT BOCTAJICHUS B
anuduze. D10 BaXHBIA (PaKT, KOTOPHIA CBUIETEIb-
CTBYET O TOM, YTO TICAMMOMHBIE Telbla B dmHdu3e
SIBIISIFOTCS. HE WHOPOJAHBIM, MH(JIaMMOTEHHBIM Te-
JIOM, a 3aKOHOMEPHBIM TPOAYKTOM (YHKIIHOHAIb-
HOHM aKTHMBHOCTH HIMIIKOBHIHOM KeJie3bl. DTOT BbI-
BOJI HAXOJIUT CBOE MOATBEPIK/ICHUE U B TIOTYUEHHBIX
JIAaHHBIX O B3aUMHOM PAaCIOJIOKCHUU KalblU(UKa-
TOB U TYYHBIX KJIETOK, KOTOpPBIC, KaK U KJIETKH MU-
KpOIIINH, PEryJupyoT BOCHAJIUTEIbHbIE MPOLECCHI.
Tpunraza-UMMyHOPEAKTUBHBIC TYUHBIC KJICTKU MBI
HaOII0aIH BO BCEX MCCIIEAOBAHHBIX 00pa3uax, npe-
HMYLIECTBEHHO B TPaOEKysax OKOJIO COCYIOB, TOTJA
KaK TICAMMOMHBIE TelbIa, KaK yXKe YIOMUHAIOCh,
pacronararoTcsi MPEUMYIIECTBEHHO B MapeHXHME
snudu3a, cpead MUHEAIONuToB. MHOTHa TydyHBIE
KIIETKH BCTpPEYaINCh MOOIM30CTH OT IICaMMOMHBIX
TeJell, OJTHAKO TaKasi WX KO-JIOKAJIN3allksl HOCUIIA He
MIOCTOSIHHBIM, a CIly4ailHbII XapakTep.

B »ToM Hamm HaOnroneHus HE COBIANAIOT C pe-
synmbratramu S. Maslinski et al. [12], coobmaBmux,
YTO KaJbIMEBbIE KOHKPEMEHTH B AMH(U3E YeJo-
BEKa OKPY)KEHBI MAcCTOIUTAMH, 3TO TO3BOJIHMIO UM
Mpe/nosaraTb y4acTue MacTOIMTOB B 00pa3oBaHUN
IICAaMMOMHBIX TeJIell. YKa3aHHbIE aBTOPHI BBISBISIIN
Ty4YHBIE KJIETKH C IIOMOIIHI0 UMMYHOTHCTOXUMHUYE-
CKOW peaklMy Ha TPHUIMTa3y, Tak e Kak U B HallleM
UCCIIEZIOBAaHUH, OJHAKO Ha TMPEACTABICHHBIX HMH
MHUKpOoQoTOrpadusx B MUHEATLHOH MapeHXHUMe Ha-
Onromaercsl SIBHBINM Nepen30bITOK UIMMYHHOW peak-
LMK Ha TPUNTa3y, KOTOpas OKPY’KAeT CIJIOUIHBIM
KOJIBI[OM TICAMMOMHBIE TeNblia. ABTOPBI Ha3bIBAIOT
TaKkue HaOJIONECHUS OKPAILICHHBIM «OPEOJIOM BHE-
KJIIETOYHOM TPUNTa3bl» BOKPYr KaJIbIU(UKATOB,
ofHako OoJiee BEPOATHO, YTO OHM CBSA3AaHBI C He-
creun(puuecKoidl IMMYHOTUCTOXMMUYECKON peaKiu-
eil. Ha Hammx npenaparax oTCyTCTBOBaja Mmojo0Has
pa3MbITas MO TKaHU HecHeruQuueckas HMMYHOTH-
CTOXMMHUYECKasl OKpacka Ha TPUITA3y, KOTOpasi BbI-
SIBIISIIACH CTPOTO B IIUTOTIA3ME WJIH, B CITydae Jerpa-
HYJISIAH, HETIOCPECTBEHHO BOJIIM3H TYYHOH KIIETKH.
[TomyueHHbIe HAMU pe3yJIbTaThl COITIACYIOTCS KaK C
HaIIAMHA TPeABLAYIIMMA HaOMIOIeHUIMH [6], Tak u ¢
JAHHBIMH APYTUX aBTOPOB [13], KOTOpbIE TaKXke Ha-
OIIoaTy TYYHbIE KJIETKH IPEUMYIIIECTBEHHO BOKPYT
KPOBEHOCHBIX COCYIOB B CENTax dMHU(H3a 4eJI0BeKa,
IIPH OTCYTCTBUH PETYJISIPHOM CBSI3U C KaIIBIUEBBIMU
KOHKpeMeHTaMHu. BcieacTsie 3Toro MoyKHO yTBEPIK-
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JIaTh, 94TO TPEATONIAraTh Y4acTHE MACTOIIUTOB B 00-
pa30BaHMM IICAMMOMHBIX TeJIel] B 31 (r3e YeIoBeKa
HET OCHOBAHUM.

3akiaoueHne

Pesynbrars! HacTosAIero MOP(OIOTHIECKOTO HC-
CJICZIOBaHUS, IOITY4YECHHBIE B COOTBETCTBHH C TIOCTaB-
JICHHOW 1IeJIbI0, MO)KHO CYMMHPOBATh CIIEITYFOIIM
obpaszom. IlcamMmMOMHBIE TeNblla SIBISIOTCS OOBIY-
HBIM, €CJIH He 0053aTeIbHBIM KOMITIOHEHTOM IIHIII-
KOBUIHOM KeJe3bl uenoBeka. OHHM pacrojararorcs
TJIaBHBIM 00pa3oM B IIEHTPaJIBHON YacTH Amndmu3a,
B JOJbKaX CpeAW IUHEAJIOIUTOB M 3HAYUTEIHHO
pekKe — B COCAMHUTEIBHOTKAHHBIX TPAaOEKyIax MU
Karicyne. [IpenMyInecTBeHHas JTOKaIW3anus TcaM-
MOMHBIX Tellell B JIOJbKaX CpeIr IUHEAIOIUTOB
CBUJICTEIILCTBYET KaK B MMOJIb3y BOZMOYKHOTO YUaCTHUS
MOCJIEIHNX B TeHE3€ KaJIbIIMEBBIX KOHKPEMEHTOB,
Tak U B TOJb3y BO3MOKHOTO OOpaTHOTO BIIMSHUS
MICAMMOMHBIX TeJlell Ha TOPMOH-CHHTE3UPYIOIIYIO
(ysxkmmro nmHeanonuToB. llcamMmmomHBIE TenmbIa
IJIOTHO OIUIETEHBI OTPOCTKAMHU aCTPOIMTOIION00-
HBIX KJIETOK, OOJBIIMHCTBO M3 KOTOPBIX COJCpIKaT
GFAP un 3HaunTensHO peske — BUMeHTHH. O0s3aTenb-
HOE OKpPYKE€HHUE KaJIbhIIMeBBIX KOHKPEMEHTOB OTPOCT-
KaM{ acCTPOLUTONONOOHBIX KJIETOK YKa3blBaeT Ha
BEPOSTHOE y4acTHE ITHX KIIETOK KaK B 00pa3oBaHUU
IICAaMMOMHBIX TeJIell, TAaK U B BBHITIOJHEHUN UMH Ka-
KOW-Tn00 QpyHKIMHU B SN ]H3e YeTOBeKa.

He oOHapyxeHO B3aMMOCBSI3U MEXILy Pacroio-
JKCHHEM KaJIbIINEBbIX KOHKPEMEHTOB M KDOBEHOCHBI-
MU COCYJaMH, TUPO3UHTUIPOKCHIIA3a-UMMYHOPEAK-
THBHBIMH HEPBHBIMH BOJIOKHAMH, MUKPOTJIMOILIUTAMHU
WM TYYHBIMH KJIETKaMH, YTO JIeJaeT MallOBEepOsT-
HBIM y4acTHE yKa3aHHBIX CTPYKTYp B 00Opa3oBaHUU
KanpluukaroB. B smmduse uenoBeka BBISBICHO
Majo aKTUBUPOBAHHBIX MHUKPOTIHOIMTOB U JETpa-
HYJMPYIOIIUX MacTonuToB. Hapsuy ¢ orcyrcrBuem
MIOCTOSTHHOM JIOKAJIbHON accOIMaIiy IICaMMOMHBIX
TeNel ¢ MUKPOIIHEH U TYYHBIMH KJIETKaMH 3TO CBH-
JIETEIbCTBYET O TOM, YTO NCAaMMOMHBIC TEJblia HE
BBI3BIBAIOT BOCIIAINTENLHON peakiny B dnuduze ue-
noBeka. [TomydyeHHbIe JaHHBIE O TECHON B3aMMOCBSI-
3W KaJIbIIMEBBIX KOHKPEMEHTOB C aCTPOTITHAIBLHBIMU
KJIETKaMH ¥, BO3MOYKHO, ITUHEAJIOUTaMH, AAI0T OC-
HOBaHMS TPEATONAraTh y4acTHe PEeUMYIIECTBEHHO
MMapeHXUMATO3HbBIX, & HE CTPOMAIILHBIX 3JICMCHTOB B
00pa30BaHNU KaJIbIUEBBIX KOHKPEMEHTOB, U YKa3bl-
BaIOT HA TO, YTO NAJTHHEUIINE UCCIEeOBAHNS CTPYK-
TYPHOTO U ()YHKIIMOHATHLHOTO B3aUMOACHUCTBHS KaJlb-
[IMEBBIX KOHKPEMEHTOB MMEHHO C aCTPOIIHAIbLHBIMU
KJIETKaMHU W TIHHEAIONUTaMH Hanboee MmepCreKTHB-
HBI JUTS BBISICHEHUSI MEXaHU3MOB 00pa30BaHUS TICaM-
MOMHBIX TeJICIl U MOHUMaHHUS UX (YHKIHMOHAIHHON
3HAYUMOCTH B HINIIKOBHHOM TeIle.
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JlekapCTBEHHO-MHAYIIHUPOBAHHbIE U3MEHEHHUS IeMaTOJIOTrHYeCKUX
MoKa3areJied KPbIC HA MO/eJIM MMPOTUBOTY0EPKYJIE€3HOM Tepanuu
B.B. bapanosa, /I.C. Baiiiienko, T.II. Tananakuna

Jlyeanckuii eocyoapcmeennviil meouyunckul ynueepcumem um. Cesmumens JIyku Munzopaea Poccuu
291045, 2. Jlyeanck, k-1 50-nemusi oboponvl Jlyeancka, 12

Pe3rome

Moyiernbo BEIHYXK/ICHHON MOIHTIPArMa3uy MPH NCCIIEJOBaHMSX JIEKAPCTBEHHO-MHYIUPOBAaHHBIX M3MEHEHHUH TTOKa3aTe-
JIel KPOBU MOXKET CIIY)KUTh KOMOMHUPOBAHHOE JIeUeHHUE JIJIs OOJIBHBIX TyOEpKYJIE30M B COOTBETCTBUH C JICHCTBYIOIIMMU
KIMHUYECKIMHU pekoMeHgannsaMu. Ha (one mpoTHBOTYOepKyIe3HOH Tepanuy y MareHTOB MOSBIISIOTCS HEraTHBHBIC
C/IBUTH TeMaTOJIOTMYECKUX MOKa3aTesel, CBUICTEIbCTBYIONIME O HEKENaTeNIbHbIX d(PPEeKTax MPOTHBOTYOCPKYIE3HBIX
npenaparoB (IITII). /locTatodHo TpymHO pa3AeaUTh MHUEIOCYIPECCHBHOE JEHCTBHE CHENU(PHIECKOTO BOCHAIUTEINb-
HOTO Ipouecca (TyOepKynesa) 1 H30JHMPOBAHHO XUMUOTEpAnuu. [3BeCTHO reMaToTOKCHYECKOe ASHCTBHE OTACIBbHBIX
[ITTI, HO HETOCTATOYHO M3YUEHO, KaK MOJKET OTPAa3UThHCS B3aNMOACHCTBHE KOMOMHAIMH MTPENapaToB Ha BEIPAXKEHHOCTH
JIEKapCTBEHHO-MHIYIIMPOBAHHBIX HEXKENATEIbHBIX sIBICHUI. [{enb paboThl — MpoaHaIM3upoBaTh JIEKapCTBEHHO-UHITY-
[IMPOBAHHOE BIMSHNAE CTAaHJAPTHON JIBYXMECSYHON KOMOMHUPOBAHHOHN NMPOTHBOTYOEPKYIIE3HON Tepanuy Ha TeMaToo-
rHYeCKHe TT0Ka3aTelll KPBIC P UCKIIIOUYEHUN (haKTOPOB Crienudruieckoro 3a00JieBaHus U ONPECIUTh PAHHUE KpUTe-
pun 1a00paTOpHBIX M3MEHEHHH. MaTepuaJ u MeToabl. MaTepraaoM HCCeIOBaHNs ObUIa CHIBOPOTKA KPOBH KPBIC, B
KOTOPOH OIPEAEeNsIn ypoBEeHb Jkelle3a, KOHIEHTPALMIO TeMOINIOONHA, KOJIMYECTBO SPUTPOLUTOB, JICHKOLIUTOB, TPOMOO-
IIUTOB 1 SPUTPOIUTAPHBIC MHICKCHI (CPeTHNI 00BEM SPUTPOIINTA, CPETHEE COIEPKAHNE TEeMOITIOONHA B SPUTPOLIUTE)
MocJie JIByXMECSYHOH KOMOMHUPOBAHHOW MPOTHBOTYOCPKYJIE3HOI Teparuy JeKapCTBEHHO-4yBCTBUTEILHOTO (OCHOB-
HoH, [ psin I1TIT) — onertHas rpynma 1 (OT',) n mynerupesncrenTHoro TyOepkynesa (pesepHbiil, 11 psa ITTIT) — onbrTHas
rpynmna 2 (OI',) B cpaBHenuu ¢ rpynmnoii koHTpoust (KI'). Pe3yabTraTsl n nxX 06cyxkaeHue. B mporecce 3KcriepuMeHTa B
OI', mpu crangaptHOM AByxMecstaHoM nipueme [T crarnecTinaecky 3HAYMMBIX TeMaTOJIOTHUECKIX U3MEHEHNH B KPOBH
KpbIc He BbLsiBIeHO. [Ipn komOunupoBanuoii I1TI1 y 3nopoBsix xkuBoTHBIX OI', gepe3 60 nHel 0OHAPYKEHO CHIDKCHUE
orHocurensHo KIT ypoBHst remorioduna Ha 38,2 % (p < 0,001), cpennero odbema sputporuros Ha 32,1 % (p < 0,001)
U CPEHEro COAepKaHUs reMorIoOnMHa B ofHOM sputpormre Ha 25,2 % (p < 0,001), 9T0 MOXKET CIYyKUTh PAaHHUM
KPUTEPUEM JHArHOCTUKHU PAa3BUTHS HEKENATENBHBIX reMaroTokcndecknx sieiuenuit [1TII u Hyknaercs B anpHeHIIEM
M3YYEHUH C LENIBIO OTPE/IeNICHNs] ONTUMAJIBHOTO PEKUMa TIpHeMa dTHX MPErapaTos.

KuroueBble ci10Ba: reMaToNorn4ecKre HeXKeaTelIbHbIC SIBJICHUS, SKCIIEPUMEHTAIbHAST MOJIeIb, KOMOWHHPOBaHHAS
MIPOTUBOTYOEPKYIIC3HAST TEPAITHSL.
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Drug-induced hematological changes in rats after anti-tuberculosis
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Abstract

A model of induced polypharmacy in studies of drug-induced changes in blood parameters can be represented by the
combined treatment of tuberculosis patients in accordance with current clinical guidelines. Against the background
of anti-tuberculosis therapy (ATT), patients experience negative changes in hematological parameters, indicating
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undesirable effects of anti-tuberculosis drugs (ATD). It is quite difficult to distinguish between the myelosuppressive
effect of the specific inflammatory process (tuberculosis) and that of chemotherapy alone. The hematotoxic effect of
individual ATDs is known, but how the interaction of a combination of drugs can affect the severity of drug-induced
adverse events has not been sufficiently studied. The aim of the study was to analyze the drug-induced effects of standard
two-month combined anti-tuberculosis therapy on the hematological parameters of rats, excluding the factors of a specific
disease, and to determine early laboratory criteria for detecting changes. Material and methods. The study material was
rat blood serum, in which the following parameters were assessed: iron level, hemoglobin concentration, red blood cell,
white blood cell, platelet count and erythrocyte indices (mean corpuscular volume and mean corpuscular hemoglobin)
after two months of combined ATT. Experimental group I (EGI) received first-line ATDs for drug-sensitive tuberculosis,
while experimental group II (EGII) received second-line (reserve) ATDs for multidrug-resistant tuberculosis. The results
were compared with a control group (CG). Results and discussion. During the experiment, no statistically significant
hematological changes were found in the blood of rats in EGI after standard two-month ATT. In contrast, in EGII, after
60 days of second-line ATD combination therapy, a significant decrease in hemoglobin level (by 38.2 %, p < 0.001),
mean corpuscular volume (by 32.1 %, p < 0.001), and mean corpuscular hemoglobin (by 25.2 %, p < 0.001) was
observed. These findings may serve as early diagnostic criteria for the development of adverse hematotoxic effects of

ATDs and require further study to determine the optimal drug administration regimen.

Key words: hematological adverse events, experimental model, combined anti-tuberculosis therapy.
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BBenenue

B xiMHM4Yeckoil MeauIMHE NpU BHEJIPEHUU HO-
BBIX JIEKAPCTBEHHBIX CPEACTB KIIOUEBBIM JTaIloM
WCCIIeIOBaHUHM, 0COOCHHO Ha 3Tare JOKIMHUIECKIX
WCTIBITAaHWH, SBISETCS WX KOMIUIEKCHAs OIleHKa Ha
Ta00PaTOPHBIX JKUBOTHBIX. OOBEKTHUBHBIM KPUTEPH-
€M M3y4YeHUs BIMSTHAA Ha OPraHN3M CTaHOBUTCS aHa-
T3 U3MEHEHHH JTab0paTOPHBIX MTOKa3aTeaeii KPOBH
[1]. B macrosmiee BpeMs Bce Harre mepes uCcleno-
BaTeNsIMH CTOWT 3ajada OIICHWTH BO3/ICHCTBUE HE
OJTHOTO TIperapara, a BO3MOXKHBIE He)KeaTelIbHbBIE
SIBIICHVSI KOMIUIEKCHOTO JIEUEHUS, COTIIACHO ACHCTBY-
IOIUM KJIMHAYECKUM pekoMeHmanmsM. [lpu stom
HEOOXOIMMO YYUTHIBATh HE TOJBKO YK€ M3BECTHBIC
peaxIuy OpraHoB ¥ CUCTEM Ha JIEKapCTBEHHOE CpeJi-
CTBO, a BO3MO)KHOE B3aMMOJICHCTBUE ITPETaparoB
MeXIy co00H 1 MX BIMSHWE HA OPTAHBI U CHCTEMBI
opraHoB marnmenTta. lIx coueranne Ha ypoBHE dap-
MaKOJAMHAMUYECKUX PEaKIUii MOXKET OBITh pasziud-
HBIM (CHHEPTU3M, aHTarOHW3M, CHHEPTOAHTATOHI3M )
[2]. B HacTOsIIICE BpEeMST KOMOMHHPOBAHHOE JICUCHNE
CTPOTO perIaMEeHTUPOBAHO TSI OOTBHBIX TYOEpKYyJIe-
30M, 9TO MOXKET CITy>)KUTh MOJIENBIO BBIHYKJIEHHON
MTOJTUTIParMa3iy TIPH HCCIEIOBAHUAX H CIIOCOOOM
BBIPA0OTKH alTOPUTMa PAHHETO OIpENeNeHus Jie-
KapCTBEHHO-00YCJIOBIICHHBIX U3MEHEHHUH 10 PopMu-
POBaHUS TSDKENBIX KIMHHYECKUX MPOSBICHUH HEXe-
JIaTeIbHBIX SBJICHUNA TEPAITHH.

ITo mammpM 2kcmeproB BO3, mokaszaremu 3¢-
(hexTHBHOCTH JIeueHUs TyOepKkyae3a B 2023 . B Mupe
VIYYITAIACH U AOCTATIH 88 % I Moae, momyda-
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IOIUX JIEYEHHE B CBSA3H C JIEKAPCTBEHHO-YYBCTBH-
TEJbHBIM TyOEpKyJe3oM M Jimiib B 63 % ciryuaes
ObUTH M3JICYCHBI MAIUEHTHI C MYJIBTHPE3UCTEHTHBIM
Tyoepkynezom [3]. Ilpobmema moBeimieHus 3ddex-
THBHOCTH JIeUeHHsI OOJLHBIX TyOepKyIe30M C JIeKap-
CTBEHHOH YCTOHUYMBOCTBIO MHKOOAKTEPHI K TPOTH-
BoTyOepKyne3nsiM npeniapatam (I1TII) mpomomkaer
OBITb aKTyaJbHOW, B OCOOCHHOCTH NPU yBEIHMUCHUN
YHCIia JUI C MUKOOAKTEpUsIMH TyOepKyie3a, yCTOn-
YUBBIMHU K TIperapaTraM TepBOro M BTOPOTo psiaa [4,
5]. Hanbueiimiee moBbimeHue 3pGEKTUBHOCTH Jie-
YEeHHUsI OCTAeTCsl MPUOPUTETHOH 3aadeil B 6oproe ¢
TyOepKy/ie30M B Mupe. JMHUTeNbHOCTh TPOTHUBOTY-
Oepkyne3Hol Teparmuu 6—18 MecsleB, Ha3HAUCHUE
4-6 ITII (mpuHOIMTT KOMOWHUPOBAHHOCTH PEXKHUMA
XUMHOTEpANHH) SBISACTCS BapUaHTOM BBIHYXKICH-
HOHM mosnunparMasuu. PapmMakoOrMYecKoe B3auMO-
neiicreue I1TII B pesxuMe jiedeHus TyOepKysie3a MO-
TYT CIY)KUTh JIOTIOTHUTEIILHBIM (DAKTOPOM pa3BUTHS
He)KeJaTeIbHbBIX SBJICHUN Tepanuu.

Kak yka3bIBaeT psiJi aBTOpOB, y OOJILIIMHCTBA I1a-
IUEHTOB C aKTUBHBIM TYOEPKYJI€30M PETHCTPHUPYIOT-
Csl OTKJIOHEHHS TTapaMeTPOB KIMHIHYECKOTO aHaJIH3a
KPOBHU OT (hM3MOJIOTHICCKUX HOPM. DTH W3MCHECHHSI
3aBHCAT OT TSDKECTH TEYEHHUS W PacIpOCTpaHEHHO-
CTH crenuduIecKoro TyOepKylIe3HOro mpolecca,
BBIP@KEHHOCTH MHTOKCHUKAIMOHHOIO CHHJIpOMa, OT
(hOHOBBIX KOMOPOWIHBIX 3a00JIEBAHUI B KaXIOM
KOHKPETHOM CJIy4ae W BO3MOXKHOCTEH HMMMYHHOH
cuctemsl [6—8]. B mpouecce neyeHust U ynydllieHun
COCTOSIHHA TIAIIMEeHTa, KaK IMPaBHIIO, K HOpME BO3-
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BpaIaroTcs W ToKa3zaTenu KpoBu. Ha atom Qone
MIPH TIOSIBJICHUW HEXENATeIbHBIX dPPEKTOB MPOTHU-
BOTYOEpKYJIC3HOH Tepanuy Ha OpraHu3M OOJbHOTrO
MOTYT OBITh BBISBJICHBI W3MEHEHUS, yKa3bIBAIOIINE
Ha JIEKAapCTBEHHO-UHYIIUPOBAHHBIC T'€MAaTOTOKCHU-
YECKHE PEaKInH, KOTOPhIE MOTYT BO3HHKATh KaK B
ennHUYHBIX caydasx (1,2 %), Tak U B 3HAUNMO BaXK-
HBIX — TPAKTUYECKH Y KaXKJOTO MATOro OOJBHOTO,
MPUHUMAIOIIETO TPOTUBOTYOEPKYIIC3HYIO TEepaIio
(mo 22,8 %). IIpu 5TOM OTIMCHIBAIOTCS pa3HOHAITPAB-
JICHHBIE TOKCUYECKUE MPOSBICHUS MUEIOCYIPECCUU
IITII, 3arparuBarolMe NPAKTUYECKU BCE 3BEHBS
KpPOBETBOPEHUS, INOO TIPUBOJIAIINE K COKPAIIEHUIO
CPOKOB KHU3HENEATENBHOCTH KJIETOK KpoBH [9—11].

Ortuonorudeckre (akTopbl ¥ MEXaHU3MbI Jie-
KapCTBEHHO-WHAYIIMPOBAHHBIX TeMAaTOJIOTHYECKUX
HapyIIEHUH pa3IMyHbl U MOTYT OXBAaThIBaTh NPaKTH-
YECKHU BECh CIIEKTP 3a00JIeBaHUI KPOBHU, 3aTparuBas
SPUTPOLHUTHI, JIEHKOITUTHI, TPOMOOIUTEI, CBEPTHIBA-
IONYI0 W MPOTHBOCBEPTHIBAIOIIYIO CHCTEMBI. IJTOT
IIUPOKUMA CIIEKTP TeMAaTOJOTHYECKUX CHHAPOMOB
00yCITOBJICH Pa3IMYHBIMU MEXaHWU3MaMH, BKJIIOUAsS
UMMYHHBIE d(QQEKTHl ¥ MPSIMOe IOaBICHHE Kpo-
BETBOPEHUS B pe3yJibTare (papMaKoIOri4ecKoro Bo3-
JIEHCTBUS JIEKAPCTBEHHBIX CPENICTB, KOTOPHIE MOTYT
BBI3BIBATh MIUOCHHKPA3NYECKUE PEaKIIUH, HapyIIle-
HUE BCACHIBaHMSI, HApyIIEHHUEe METab0IM3Ma Keje3a
1 TeMOJIM3 Yy MAIMEeHTOB ¢ aeduinutoM (HepMEHTOB B
sputporuTax. anocuHkpasnueckne peaxiu, mpo-
SIBIISIOIIMECS] YTHETEHUEM OJHOTO WM BCEX TpPEX
KJIETOYHBIX POCTKOB KPOBH (JICHKOIIUTAPHOTO, dPU-
TPOLIMTAPHOTO ¥ TPOMOOITUTAPHOTO), @ TAKIKE CUCTE-
MbI CBEPTBHIBaHUSI KPOBU, MOTYT OBITh BBI3BaHbI JIFO-
opmv u3 IITII [12, 13]. M3ydeHbl reMaToIoTHIeCKIe
HapyIIeHus, K KOTOPbIM TIPUBOIUT Ha3HAauYeHHUE OT-
nenpHbix [TTII, HO mauUeHT BBIHYK/JEH NPUHUMATh
KOMOWHHPOBAHHYIO Teparuio. Biusiaue mpemapaTon
Ha BBIPAXEHHOCTH JIEKAPCTBEHHO-MH Ty IINPOBAHHBIX
MposiBJIcHUH u3ydyeHo Mmaio. Kpome Toro, TpymaHO
pasIeNuTh MUEIOCYIIPECCUBHOE NICHCTBHUE CIEIHU-
(huIecKoro BOCIAIUTEIHHOTO TIpoIiecca 1 XUMHUOTe-
panuu.

enpto pabOTHI OBLIO YCTAHOBUTH JICKAPCTBEH-
HO-WHAYIIUPOBAHHOE BIUSHHUE CTaHIAPTHONW KOMOU-
HuposanHoi [1TI] Ha remMaTonoruuecKkre nokazaTenu
KPBIC TIPU MCKIIFOYCHUU (PaKTOPOB CHEHU(DUUISCKOTO
3a00eBaHys, BIMSIONINX HA TMOKAa3aTeld KPOBH, U
OTIpPENICTNTh PaHHUE KPUTEPUHU TaOOPaTOPHBIX W3-
MEHEHUH.

MarepuaJj 1 MeTOIbI

HccnenoBanue npoBOOMIOCHh HA camIax OeJIbIxX
OecriopoanbIx Kpbic Maccoi 250-260 r. Cdopmupo-
BaHBI SKCIIEPUMEHTAIIbHBIE TPYIIIBI 11O 10 )KUBOTHBIX,
nonygaBmmx komOuHanuto I1TII B cooTBeTCTBHM C
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KIIMHUYEeCKUMH pekoMeHaanusaMu «TyOepkynes y
B3pOCHBIX» [9], perTaMEeHTHPYIOMUMH Ha3HAYCHUE
xomOuHarmu [1TII npy nekapcTBeHHO-9yBCTBUTEINb-
HOM (I psix IITII — ocCHOBHOI) M MyJIBTUPE3UCTEHT-
HoM TyOepkynese (I psa IITII — pe3epBHbIit) Ha TTpo-
TsokeHuu 60 gHeil. Pa3zoBas qo3a amst KpeICKl Maccoit
250 £+ 10 r paccuuThIBajIach B COOTBETCTBHUHU C pY-
KOBOJICTBOM I10 MPOBEICHHUIO SKCHEPHUMEHTAIBHBIX
nccnenosanuil [7]. JKuBoTHble onbITHOW rpynmsl 1
(OT',) mosmyuanu IITII I psina: nzonnasuzn (14 wmr),
pudamnummH (28 Mr), atamOyTon (56 Mr) u nmpa-
s3udamun (70 mr); rpynnst 2 (OI',) — IITII 11 psana:
neBoduiokcanuH (42 Mmr), OemakBUIHH (IT0 cxeme: 2
Henenn exxenHeBHo (16 Mr), 3aTtem 3 pa3a B HEACIIO
(8 mr), nunezomua (24 wmr), nukinocepur (42 wr),
npotruoHamuz (42 mr) u kanamuiuH (48 mr). Ku-
BOTHbIE KOHTPOJIbHOM (nHTakTHOM) rpymmsl (KI')) —
9TO IpyIla UCXOTHOTO KOHTPOJIsL, 32001 KOTOpoii co-
crosuicst B Hadase skciepuMenTa u (KI',) kpbIchl, He
IOJTy4YaBIIHe TPOTHBOTYOSPKYIE3HBIX TPENapaToB U
conepskapiuecs: 60 THEN B TeX K€ YCIOBUAX, YTO U
YKUBOTHBIE IKCTIEPUMEHTAIBHBIX TPYTIIL.

MarepuanioMm wccienoBanus Oblla KpOBb, OTO-
OpanHas 13 OepPEeHHON BEHBI JIAOOPATOPHBIX KUBOT-
HbIX. OTpeienenre KIeTOYHOr0 COCTaBa KPOBH MPo-
BOJWJIOCH Ha TI'€MaTOJIOTMYECKOM aBTOMAaTHYEeCKOM
anaymzarope BC-3600 (Mindray, KHP). IIpu mpo-
BEJCHUM HCCIEIOBaHUS ONPECNsUIN  KOJINYECTBO
SPUTPOLUTOB, JIEHKOLIUTOB U TPOMOOIIMTOB, KOHLICH-
TPALUIO FTeMOITIOONHA, PACCUUTHIBAIHN SPUTPOLIUTAP-
HbIE HHJIEKCHI: CpeiHui 00beM sputporuta (MCV),
CpelHee cojepKaHne TeMOrTOOWHA B APHUTPOIIUTE
(MCH). Conepxanue xeie3a onpeacIsuIi ¢ IpuMe-
HEHHEM KOMMEpUYECKOTO THarHOCTHYECKOro Habopa
¢upmbr Mindray. Bce remaromornveckue mapame-
TpBI U3ydanuch yepe3 60 nHeit npu GopmupoBaHum
BapUaHTa XpPOHUYECKONH MHTOKCUKAIMH JICKapCTBEH-
HBIMHU CPEJICTBAMH B KOMOMHALIMY C LIEJBIO OLICHUTD
TOKCHYECKOE BIMSHUE MOJAEIH MPOTHBOTYOEpKYIIe3-
HOM Tepanuy Ha OpraHbl U CUCTEMbI OpraHu3Ma JKC-
[IePUMEHTAIbHBIX )KHBOTHBIX 0€3 MEAMKaMEHTO3HON
KOPPEKIINH HeXeNaTeIbHbIX SBICHUH TEparuu 1 hc-
KITFOYeHUHU APYTUX (PaKTOpOB BO3MEHCTBUS (MH(pEK-
[IMOHHBIX 3a00JI€BAHNH WITM TOKCHYECKOTO AEHCTBUS
KaKUX-THOO JPYTHX BEIICCTB).

AHanu3 MOJMyYeHHBIX PE3yabTaTOB MPOBOAMIHN C
UCTIOIb30BaHUEM MPOrpaMMHOro olecriedeHus Sta-
tistica 10.0 u Microsoft Office Excel. Xapakrep Tumna
pacmpeneneHuss KOJMYECTBEHHBIX JaHHBIX OICHU-
Baiu ¢ nomouipio kputepus anupo — Yunka. Ko-
JMYECTBEHHBIC JaHHbBIC, HE UMEIOLIIE HOPMAJIbHOTO
pacnpeneneHusi, OMUCHIBATIN C ITOMOIIBIO MEIUaHBI
(Me) u umaTepkBapTmibHOTO pasMaxa ([Q1; Q3]),
CpaBHEHHE MEX]Ty TPYITIaMH BBITOIHSIIA C HCIIOIb-
30BaHuEM KpuTepusi MaHHa — YUTHU.
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Pe3yabTaThl M X 00Cy:KIeHHE

Kontponenas rpymnna xwuBotneix (KI',), Ha-
XOIICh B T€X K€ YCIIOBHSIX BHBAPHS, YTO M KPBICHI
SKCHEPUMEHTAIBHBIX I'PYII, HE MOyYala MpOTHUBO-
TyOepKyJie3HbIe Ipenaparsl, 1 U3MEHEHHS B II0Ka3a-
TEJISTX KPOBH MOINIU OBITH OOYCIIOBJIEHBI TOIBKO (U-
3MOJIOTHYECKUMH KOJIeOAaHUSMHU B MPOLIECCE POCTa
1 JKU3HEAESTeThHOCTH KUBOTHOTO. [Ipu cpaBHEHNN
KIIMHUYECKUX JaHHBIX KpPOBH, XapaKTEPHU3YIOLINX
KOJIMYECTBEHHBIH COCTaB KIIETOK (YHCIIO JICHKOITH-
TOB, SPUTPOLIMTOB, TPOMOOIIMTOB, YPOBEHb T€MOIJIO-
OMHa U KeJe3a KPOBH) HE BBISIBIICHO CTATHCTUYECKU
3HAQUUMBIX OTIMYMNA MEXAY TIPYHIONH HCXOIHOTO
koHTpoins (KI')) u rpynnoit kontpoins Ha 60-i 1eHb
sxcniepumenTa (KI',). Taxke He paznuyamuch Kaue-
CTBEHHBIE IIOKa3aTeNd, XapakTepu3ylolue (QpHu3Ho-
norudeckue cBoiictsa spurpouutoB (MCV u MCH),
KOTOpBIE MOTYT CIY>KUTh MapKepaMH TOKCHYECKOTO
BIUSHUS JIEKAPCTBEHHBIX MPENapaToB Ha KIETKU
KpOBH IIPH Pa3BUTUH HEKENATEIIBHBIX FEMaTOJNOTH-
YECKUX SIBJICHUM.

VY xuBoTHbIX, nonyyaBuux IITII I psana, B koH-
I1e BTOPOTO MecsIa MPOBOJUMOTO SKCIIEPUMEHTa He
BBISIBJIEHO CTaTUCTUYECKH 3HAYMMBIX OTJINYMH YnCIia
JICHKOIIUTOB, SPUTPOIUTOB, TPOMOOIIMTOB, YPOBHS
reMOrIO0MHA U CBIBOPOTOYHOTO JKejle3a OT BEJTHYUH
COOTBETCTBYIOIIUX I10KA3aTeNIel TPYIIBI KOHTPOIS
TOTO e cpoka (Tabn. 1). AHanM3 JaHHBIX reMaro-
JIOTMYECKHX MOoKa3aresieil onbITHOM rpynmsl 2 (O1,),
JKUBOTHBIE KOTOPOH momydanu KomoOwunarumio IITIT
pe3epBHOTO psJia, MOKa3aj, YTO KOJIUYECTBO JEHKO-
LUTOB KPOBU HA INPOTSKEHUU BCETO HCCIIEJOBAHUS
CTaTUCTUYECKH He n3MeHsuiock. Ha atom done uepes
60 nHeil 3aperucTpupOBAHO YMEHBUICHUE SPUTPOLU-

TapHBIX HMHJEKCOB, XapaKTEpU3YIOMINX H3MEHEHHE
¢dusnonornueckux cpoicts spurpouutToB (MCV,
MCH), a Takxe ypoBHs reMoriioOuHa (cM. Tadm. 1).

[Ipennonaraercs pa3iMyHbIi ATOrEHE3 AaHEMUH,
CBSI3aHHOW ¢ TyOepKyJie30M, HO OOJIBIIUHCTBO HC-
CJIEZIOBaHUN TOKA3alld, YTO €€ NMPUYUHON SBISETCS
MOIABJICHUE PUTPOII0I3a BOCTIATUTEIBHBIMU MEJTH-
aropaMH, KOTOpO€ TPUBOAUT K Pa3BUTHIO aHEMHU
XpoHHYECKOro 3aboseBaHus. B Takux ciydasx Ha-
JIMYUE WHTOKCUKAITMOHHOTO CHHJIPOMa, PacrpocTpa-
HEHHOCTb TYyOEpKyJIe3HOro mporecca 00yCIIOBIH-
BAaIOT TSDKECTH €€ MPOSBICHHUS U TpeOyeT, B MEPBYIO
odepe/ib, a/IeKBaTHON TEpaly, YTO MOKET IIPUBECTH
K HOpPMallU3aIl[iil TeMaTOJIOTUYECKUX TI0Ka3aTesel
[13]. B HacTosimiee BpeMsi peruCTPUPYETCS BHICOKAS
TIOJISL JIML, Y KOTOPBIX MOCIIE 3aBEPIIECHHSI HHTEHCHB-
HOW (a3wl JeueHUs] TyOepKyie3a CHIDKAIOTCS Ypo-
BEHb TeMOINIOOMHA M TeMaTOKPHUT, YTO YKa3bIBaeT Ha
MaTOTEHETHYECKYIO CBSI3b JIEKAPCTBEHHO-UHTYLIUPO-
BaHHOHN aHeMHUH W TyOepkyse3a. [laroreneTnueckue
MPUYMHBI TEMaTOJIOTHUECKUX HEXKeIaTelbHbIX SIB-
JICHUH MCCIIENOBATEISIMA YCTAHOBIICHBI JUIS OT/IETb-
ueIx [ITII (Tabn. 2); npakrnuecku Bce [ITII moryt
BBI3BIBaTh Pa3/IMUHbIE T'€MaToJOrMYECKHe Hapylle-
HUSl, 3aTPardBaroOlIAe SPUTPOLHUTHI, JIEHKOIUTH U
TPOMOOIIUTHI, TPUBOAUTH K JIEKAPCTBEHHO-00YCIIOB-
JICHHBIM TATOJIOTHYECKUM CHHApPOMAaM, BKIIIOYAIO-
MM TEMOJIUTHYECKYIO0 aHEMHIO, allIa3hi0 dPUTPO-
LUTOB, CHJIEPOOIACTHYIO aHEMHUIO, METAI00IACTHY IO
AHEeMHIO, TIOJUIMTEMHUIO, aIlJIACTHYECKYH) aHEMHUIO,
nekonmTos [12].

JnurenpHoe npumeHenune komOunaruu I[1TIT
MTOBBIIIIAET PUCK BO3SHUKHOBEHHWS MOOOYHBIX peak-
U ¥ yCWIMBaeT MX TOKCMYHOCTh. [Ipu ananmze
JaHHBIX, TTOJYYEHHBIX B OKCIIEPUMEHTE, HalleH 3a-

Tabnuya 1. Ilokasamenu kposu y kpvic na 60-e cymxu sKkcnepumenma

Table 1. Blood parameters in rats on the 60th day of the experiment

[Toxkasarens KT, (n=10) Or', (n=10) oI, (n=10) p
KOTHECTRO AEHIKOIITOR, 887(8.37:0.15] | 812(7.60:890] | 8.63(840:9.02) | P17 822‘5‘8
SgHueHTpa““" TeMOIOBHHA, | 3¢ 1127, 142] 128,0 [121; 132] 84,0 [79; 90] 2: 8:(3)3;’
e CCTB0 JPHIPOMIIOE, 5.9[5,6: 6] S4[4.9; 58] S8[54:59) | P (e,
S OMTICOT0 TPOMOOMTIOE, 773.0(683:882] | 739.0[655:803] | 740.0(672:810] | P12 8:3‘?2
MCV, ¢ 60,4 [58,8; 61,7] 60,2 [58,5; 61,3] 40,9 [38.8; 42,3] ﬁ; 8:38%
MCH, nir 23,3 [20,7; 24,9] 23,0 [22,4; 24,4] 17.8 [20,5:26,3] | P1= %752

£,<0,001
ﬁg‘;ﬁiﬁ’aum Kernesa, 49,0 [44,13; 54,4] | 49,40 [45,40; 55,43] 47’6551 ’[7463]’20; ﬁ; 8:38%

Ilpumeuanue. 3Ha9NMOCTh pa3IMUYMi MTOKa3areneii: p, — npu cpasaennn KI', m OI', p, — npu cpaBuennu KI', u OT',.
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Tabnuya 2. I'emamonozuueckue uzmenenust npu npueme I TIT

Table 2. Drug-induced hematological changes after anti-tuberculosis therapy

IIporuso- o
. Xapakrtep remMaronoruueckux | IlatoreHeTnueckuii MexaHU3M pa3BUTHsI FeMaTOJIOTHUECKUX
TyOepKyJIe3HbIH o
U3MEHEHUs N3MEHEHHUH
npenapar
Merano0nacTHast aHEMUS CHmxenue abcopduuu ¢onatos u ButTamuHa B ,.
WsoHuasun I'emonuTHueckas aneMus A6cop6uus I1TII Ha spuTporuTe ¢ 00pa30BaHUEM LUPKY-
TpomboruroneHus JUPYONX UMMYHHBIX KomIuiekcoB (LTUK).
Do3uHopmus Knerouno-omocpeoBaHHbIE IMMYHHBIE PEAKIN
I'emonuTHUECKast aHEMHS
Pudammmmma TpomboruroneHus
Do3uHO IS
TpomOoruronenus
Tupasusamm p 1 A6cop6uus IITII Ha sputporure ¢ odpazosanuem L{UK.
Do3uHOuIHS Kiterouno-onocpenoBanHble UMMYHHBIE PEAKLIMH
OraMOyToN I'emonuTHueckas aneMus
TpomboruroneHus
JleBodmokcanuu Dosunoduus
TpomboruroneHus
JIuneszonup Knerouno-omocpeioBaHHbIC IMMYHHBIE PEAKIHN
Do3uHOpHIHs
Huknocepun Merano6iacTHast aHEMHUS CHmxenue abcopOuun GonatoB ¥ BUTaMuHa B,
Tpomborronenus
[Tpornonamm O06pa3zoBaHre TUTOTOKCUYIECKUX aHTUTEN
Do3unopuius
I'emonmTHUECKAs aHEMHSA
Abcopbuus ITTII Ha spuTpormre ¢ odpazosanuem LK.
Kanamunun Tpomborronenus
Knero4no-omnocpeioBaHHbIE IMMYHHBIE PEaKIN
Do3unopuius

Jladeil OBbIJIO YCTAaHOBHUTH PaHHUE W3MEHEHUS B KPO-
BH HKCIEPUMEHTAJIBHBIX KUBOTHBIX 0 PECUCTPALIMU
TSDKENOH (GopmMbl anemun. Tak, pu npueme KoMOu-
Haruu [ITII 1 pspa HaOmroganach TEHACHIUS CHU-
JKEHHSI YPOBHS TEMOIJIO0NHA KPOBU KPBIC U SPUTPO-
nuTapHbeix nHAekcoB MCV u MCH. JlanHbIi (hakt
MOXKET YKa3blBaTh Ha TO, YTO B CJIy4ae pErucTpaluuu
aHEMHYECKOTO CHHIpOMa Y OOIILHOTO B TIEPBBIE /1B
Mmecsna nedeHus [ITII Begymmum naToreHeTH4eCKuM
MEXaHU3MOM SIBJISICTCS CeUU(PUISCKUI MpoLece —
TyOepKyJie3 — U U3MEHEHHUS OOJIbIIIE COOTBETCTBYIOT
BapHaHTy aHEMUH XPOHUYECKOT0 3a00neBanus. Kom-
ounanus [ITII npu neyeHny TPUBOIUT K Pa3BUTHIO
HEKeJIaTeIbHBIX TeMaTOTOKCUYECKUX SIBIICHUH B 00-
Jiee MO3HUE CPOKU — KO BTOPOMY MECSIly TepaIuu,
YTO SIBIISIETCSl MATOT€HETUYECKU BPEMS3aBUCHUMBIM
3¢ dexrom.

Haubonee nHpOpMaTHBHBIM I'eéMaTOIOTHYECKAM
MoKa3arejeM TOKCHYHOCTH KOMOMHHPOBAHHOM TPO-
TUBOTYOepKyne3Hoi tepamuu pesepsHoro (II) psma
IITII B HawieM uccneqOBaHUU OKa3aJIOCh CHH)KEHUE
YPOBHS T€MOTIIOOMHA KPOBHM KPBIC U IPUTPOLIUTAP-
HeIx uHIAeKcoB MCV u MCH (cm. Tabm. 2). ®akr
OosblIell TOKCHYHOCTH KOMOMHauu npemnaparos Il
psiaa TpedyeT JalbHEHIIero N3yYeHus ¢ IENbI0 pas-

CUBUPCKUIA HAYYHbI MEAVLUMHCKUIA XXYPHAI 2025; 45 (4): 117-123

pabotku mMep Oonee OGe30macHOro pexuMa MpHeMa
[ITII nmpu npeanokeHHOH KOMOMHAIIMH MTPEnapaToB,
U3y4YCHHUE HUX BO3MOXHOTO (hapMaKoIOrHYECKOTO
B3aMMOJICHCTBUS U TIATOT€HETHYECKH OOYCIIOBJIEH-
HBIX TOOOYHBIX peaKLUil Ha OPraHU3M MalUeHTa.

3akaoueHne

[Ipu amanmuze nexapCTBEHHO-WHIYIIMPOBAHHBIX
U3MEHEHUH TeMaTOJI0THYECKUX MOKa3aTene KpbIC B
AKCIIEPUMEHTE Ha MPOTSHKEHUH JBYXMECSYHOW CTaH-
JAPTHOW KOMOWHUPOBAHHOW TMPOTUBOTYOEPKYIE3-
HOU Tepamnuy OCHOBHOTO Ps/la U3MCHCHUI HE BBISIB-
neno. [pu xomOuanpoBanuu [1TIT pezepBHOTrO psina
Y 37I0POBBIX KUBOTHBIX Uepe3 JBa MECSIa Tepariuu
00HApy)KEHO CTAaTUCTHYECKH 3HAYMMOE CHIDKEHUE
YPOBHS TEMOTJIOOMHA ¥ 3HAYEHUH APUTPOLUTAPHBIX
nuaekcoB (MCV u MCH). BeisiBiieHHbIE H3MEHe-
HUSL MOTYT OBITh PaHHUM KPUTEPUEM JUATHOCTUKU
Pa3BUTHST HEXKEIATCIBHBIX TeMAaTOTOKCUUYECKUX SIB-
JICHUN TPOTHUBOTYOEPKYIE3HONH KOMOMHUPOBAHHOM
Tepanuu M HYXIAIOTCS B JajJbHEUIIEM H3yYeHUH U
oTIpeIeIICHHH O€30ITacHOTO PeKIMa IIpreMa KOMOH-
gauu [1TIIL.
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IPPeKTUBHOCTH PEKOMOMHAHTHOTO AHTMOTEHUHA Y€JIOBEKA B
Tepanuu TEPMUYECKOI0 0K0ra KOKU Mblied suaun CD-1

ALIL JIbikoB', A.M. Topsukun?, A.A. Ilypros’, M.H. [[poBocekon?, T.A. AreeBa’,
A.Il. Hagees?, H.B. FOpuna?, U.I1. )KypakoBckuii, O.B. IloBemenko'

! HUH knuHuueckotl u 9KCnepumMenmanbHoll Iumponro2uu —
Gunuan OUL] Uncmumym yumonoeuu u cenemuxu CO PAH
630060, 2. Hosocubupck, yn. Tumarosa, 2

2 Hogocubupckuii 20cy0apcmeenubitl meouyunckutl ynueepcumem Munzopaea Poccuu
630091, e. Hosocudbupck, Kpacuwiii np., 52

3 000 «Jlabopamopus Aneuoghapmy»
630559, Hosocubupckas oon., p.n. Konvyoeso, np. Axademurxa Candaxuuesa, 13

Pe3ome

3aKMBJICHUE 0’KOTOBOI paHbI KOKH — 3TO JUTUTENbHBIN 1 KOMIUIEKCHBIH MPOIIECC, B KOTOPOM aKTHBHYIO POJIb UTPAIOT
KaK KJIETOYHBIE DJIEMEHThI CAMOM KOXH, TaK U 6I/IOHOFI/I‘~IGCKI/I AKTUBHBIC MOJICKYJIbI, BKJITOYasl HUTOKUHBI. OﬂHOﬁ u3 Ta-
KHX MOJIEKYJI SIBIISIETCS] aHTHOTEHNH, TPEACTAaBISIONI cO00i prOoOHyKIIeasy, KoTopas cnocoOCTByeT (pOpMHUPOBAHUIO
COCYZIUCTOH CETH B 00JAaCTH MOBPEKACHHUS OPTaHOB M TKaHEeH. Llenblo nceiaejoBaHms CTajio CPaBHUTEIBHOE N3yUECHHUE
3¢ deKxTa BHyTPHKO)KHOTO BBEACHHS PEKOMOMHATHOIO aHTHOTCHNHA YeJI0BEKa, KOHJULHMOHUPOBAHHBIX CpPel OT ME3eH-
XUMHBIX CTBOJIOBBIX KJIETOK KOCTHOTO MO3ra 4YejloBeKa, KJIETOK dHAoTenuanbHoi muHuu EA . Hy926 u kieTok auHuH
(pnOpo0IIaCTOB KOXKH YeJIOBEKa IPH TEPMHUYECKOM 0XKOTe KOXKH Y caMOK Mblnei suanu CD-1. Matepuasa u MeTOABI.
TepMU9IeCKHi 0’KOT KOXKH B 007IaCTH CIIMHBI MHUIIMAPOBAIN PYKUTAHHEM METaJUTMIeCKOW TUTACTHHOM, HarpeToil Hax
miameneM cupToBkH 110 200-250 °C. JleueHne HAYMHAIM cpa3y ke MOC/Ie HHUIMAIUN 0)KOTOBOM paHbl. PekoMOMHAHT-
HBIM aHruoreHuH uesnoBeka (1 mur pacTBopa, copepxkaiiero 10 MKr AeMCTBYIOIIETro areHTa) BBOAWIN OJHO-, ABYX- U
TPEXKPaTHO C MHTEPBAJIOM 7 CYTOK, KOHJUIIMOHHUPOBAHHBIE CPEJIbl OT COMATHYECKHUX KJICTOK desoBeka (1 mur) — ogHo-
kparHO. Ha 7-e, 14-¢ u 21-e cyTKu U3Mepsuy pa3Mep paHbl IITAHTCHIIMPKYIIEM, TIOCTIEe BBIBEACHUS KUBOTHBIX U3 IKC-
HEepPUMEHTa 3a0Upai KpoBb U ()PArMEHT KOXKU C O)KOTOBOH paHOM. B CBIBOPOTKE KPOBHU M 3KCTPAKTE 0OPA3LOB KOKH
ornpezaensiiu yposeHb UTOKUHOB (IL-1B, TNFa, IL-10, VEGF) n NO cniekrpodoromerpudecku. [1pu rucronornueckom
aHaJM3e 00pa3loB KON OIIEHUBAJIH IIOCKUH SMUTEINH, TPaHyIIIUOHHYIO TKaHb, KOJIMYECTBO KPOBEHOCHBIX COCY/IOB,
TUM(OIITOB, MAKPO(aroB, HEUTPOPHUIIOB, IIA3MOIUTOB U (prdOpodacToB. Pe3yabTaThl U HX 00cy:kaeHHe. B Tpymmax
MBIIIEH C TEPMUUECKHM OKOTOM, TOJYYaBLIMX JICYCHUE PEKOMOMHAHTHBIM aHIMOTCHHHOM YEJIOBEKA WM KOHJUIIU-
OHHMPOBAaHHBIMH CpeJaMH OT COMAaTHYECKHX KJIETOK 4YeJIOBEeKa, BBISBICHO 3HAYMMOE YCKOPEHUE 3a)KHUBJICHUS PaHEBO-
ro nedexra koxu. IPPEeKTUBHOCT OJTHOKPATHOTO BBE/ICHHSI PEKOMOWHAHTHOTO aHTMOT€HHHA YEJI0BEKa COIOCTaBUMa
¢ 3} }eKTHBHOCTBIO KOHANIIMOHNPOBAHHOMN Cpebl OT ME3EHXMMHBIX CTBOJIOBBIX KJIETOK KOCTHOTO MO3Ta YEIOBEKa.
JleueHne peKOMOMHAHTHBIM aHTHOTEHWHOM YEJIOBEKa M KOHAMIMOHMPOBAHHBIMH CPEAAaMH OT COMATHUECKHX KIIETOK
YeJIoBeKa CII0COOCTBOBAJIO DIUTEIU3ALMH PaHEBOroO aedeKTa, GOPMUPOBAHUIO IPAHYJISIIIMOHHON TKaHH U YCHJICHHIO
aHruoreHesa paxeBoro jaegexra. [Tokasano, 4to ypoBHH IUTOKMHOB U NO B CHIBOPOTKE KPOBH M KOKE€ MEHSIOTCS B
3aBUCHMOCTH KaK OT BHJa JICUCHHUs, TaK U OT CpOKa HaOmoaeHnil. Mexly TaHHBIMH MapaMeTpaMu U Mop(poMeTpHde-
CKHMH TI0Ka3aTeIsIMU 00Pa31ioB KOKH U3 00JIACTH 0KOTa BBISIBIICHBI KOPPEIALMOHHBIE CBA3U. 3aKJ0ueHne. IHbeKuuu
OMOMEIMIIMHCKOTO KJIETOYHOTO MPOIYKTa B 00JIaCTh TEPMUUECKOTO OXKOT'a KOXKH y caMoK Mbliei iuann CD-1 yckopsi-
0T 32KMBJICHUE PAHEBOTO JIe(eKTa.
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Abstract

Both the skin's own cellular components and physiologically active substances, such as cytokines, actively participate in
the protracted and intricate process of skin burn wound healing. One of these molecules is angiogenin, a ribonuclease that
encourages the development of a vascular network where tissue and organ damage has occurred. The study compared
the effects of intradermal delivery of human skin fibroblast cells, EA.Hy926 endothelial cells, conditioned media from
human bone marrow mesenchymal stem cells, and human recombinant angiogenin after thermal skin burn in female
CD-1 mice. Material and methods. Using a metal plate heated to 200-250 °C over the flame, a thermal skin burn in
the back area was initiated. Treatment was started immediately after the initiation of the burn wound. Recombinant
human angiogenin (1 ml of solution containing 10 pug of active agent) was administered once, twice, and three times
with an interval of 7 days; conditioned media from human somatic cells (1 ml) were administered once. A caliper was
used to measure the size of the wound on days 7, 14, and 21. Blood and a piece of skin from the burn wound were
collected when the animals were removed from the experiment. Using spectrophotometry, the amounts of NO and
cytokines (IL-1f8, TNFa, IL-10, and VEGF) in blood serum and extract of skin samples were measured. The squamous
epithelium, granulation tissue, blood vessel count, lymphocytes, neutrophils, macrophages, plasmocytes, and fibroblasts
were all evaluated by histological analysis of skin samples. Results and discussion. Human recombinant angiogenin or
conditioned media derived from human somatic cells significantly accelerated the repair of wound skin defects in groups
of mice with thermal burns. A conditioned media derived from human bone marrow mesenchymal stem cells is as
effective as a single injection of human recombinant angiogenin. The wound defect's epithelialization, granulation tissue
development, and increased angiogenesis were all facilitated by treatment with human recombinant angiogenin and
conditioned media derived from human somatic cells. It has been demonstrated that variations in cytokine and NO levels
in blood serum and skin occur depending on the type of treatment and the length of observation. The morphometric
characteristics of skin samples taken from the burn site were found to correlate with these parameters. Conclusions.
Injections of the biomedical cell product into the area of thermal skin burns in female CD-1 mice accelerate wound
defect healing.

Key words: recombinant human angiogenin, conditioned media, thermal skin burn.
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BBenenue

Exeromuo mo 11 000 000 genoBek cTpaaaroT OT
0KOTOB pa3nuyHoi strnonoruu u 10 180 000 yenosex
YMHPAIOT B CBSA3U C BBICOKMM PUCKOM MH(HUIMPOBa-
HUS, TUIOIIAIBIO OXOTa, TUTEIEHOCTHIO JIEYCHUS
[1]. K HE:)RETIaTeTEHBIM OCIOKHCHISIM TIPH JICUCHUH
0KOTOB OTHOCSIT ()OPMHUPOBAHNE THITEPTPOPHIECKUX
pyOLIOB, KOHTPAKTYp M HEKPO30B. DTO JUKTYET He-
00XOIMMOCTh pa3pabOTKH HOBBIX/aIbTEPHATUBHBIX
CH0CO0OB TEPANEBTUYECKOTO JICUEHUS 0’KOTOB, B TOM
YHClle C WCIOIh30BaHUEM JIOCTHIKEHUH B 001acTu
pereHepaTHBHON MEAWIIMHBI Ha OCHOBE KIIETOYHBIX
texnosoruii XXI B., BKIIFOYasi HCIOJIb30BaHUE OHO-
MEIHUILMHCKOTO KJIETOYHOTo npoaykra [2]. Benenue
CTBOJIOBBIX KJIETOK B 0OJIaCTh OKOTOBOW PaHBl YCH-
JIMBAET PEINUTENN3ALHUI0, AaHTHOT€HE3, TPAHYIISLHIO,
Mo/IaBJIeHNE HH(OUITUPOBAHUS Y JTFOJIEH U JKUBOTHBIX;
Ha (hoHE JICUYCHHS TUTa3MOU, 00oTameHHON TpoMOo-
[UTaMH, OTMEUAETCS YCKOPEHHUE PEdHTEIN3aIlUH
okoroBbIX paH [3]. CymiecTBeHHAs pOJib B 3a)KUBJIC-
HUM PaHEBBIX J€(EKTOB OTBOIUTCS BACKYJISIPU3ALIUH
paHbl, ¥ aHTMOTEHUH UIPAeT CYIECTBEHHYIO POJIb B
ATOM TIPOIleCcCe HAPSAY C APYTHUMH IMPOAHTHOT€HHBI-
MH (pakTOpamMu. AHTHOTCHHH BXOIUT B CEMEHCTBO
puOOHYKJII€a3, KOTOPhIe YCIINBAIOT MUTPAITHIO, TIPO-
mudepaiuio 1 (HOPMUPOBAHKE SHIOTSIUOIMTAMU
COCYIHUCTO-TIOI0OOHBIX cTpYKTyp [4]. OnHako Biaus-
HUE YK30T€HHOTO aHIMOTEHHHA Ha 3KUBJICHUE 0XKO-
TOBOH paHbI KOXKHM UCCIICI0BAHO HEIOCTATOUHO.

Lens nccenoBanus — MPOBECTH CPABHUTEIHHOE
WCCIIeIOBaHNE BIMSHUS KOHANIINOHUPOBAHHBIX CPEl
(KC) oT cTBONIOBBIX/IPOTEHUTOPHBIX KIETOK ME3€H-
XHUMBI, dHAOTENHs, (HUOPOOIACTOB KOKH M PEKOM-
OMHAHTHOTO aHTHMOTGHHHA YEJIOBEKa Ha IOKa3aTein
pereHepaTuBHBIX IPOLIECCOB B 0KOTOBOM paHe KOKHU
caMoK MbIien auauu CD-1.

MarepuaJ u MeTOAbI

Pabora BeITIONIHEHA ¢ COOMIOJICHHEM TIPUHIIUIIOB
TYMaHHOTO OOpAaIllIeHUs C XKUBOTHBIMU M OJ00peHa
JOoKaNnbHbIM ATHUEeCKUM KomuteroM HUUW knunnye-
CKOW M AKCIIEpUMEHTaTbHON TMdoIoruu — (huiua-
na ®ULL UuctutyT mutonorun u redetnkn CO PAH
(mpotoxonr Ne 159 ot 20.05.2024). Oor KOXKH CITH-
HBI'y 56 caMOK MbIlIeii ayTopennoit tnaun CD-1 mo-
JETUPOBAIH MOCIE JETUISILIMA BOJIOCSIHOTO TOKPOBA
1 MECTHOH aHecte3uu 2%-M pacTBOPOM HOBOKauMHa
(«Xmmbapm AO», Poccrst) mpriokeHHEeM HarpeTou
1o 200-250 °C MeTamumuecKoi IacTUHBI OKPYTIIOH
dopmbr quamerpom 1,52 cm (S = 1,81 cm?). JKusot-
HBIX IPOU3BOJILHBIM 00pa3oM pas/eiiiid Ha BOCEMb
rpynit: | rpymma (00T, TO3UTHUBHBIN KOHTPOJIb) —
MOCJIe WHUIMAINKA TEPMHUYECKOTO O)KOTa HHUKAKHX
MaHUNYISIIUNA ¢ paHOW HE TPOM3BOMMIN (1 = 6);
II rpymima (AHT 1) — MBITITH TIOTTyYaTid HHBEKIATO 1 MIT
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pEeKOMOMHAHTHOTO aHTHOTCHWHA YenoBeka (AHTHO-
tdapm, Poccust) B moze 10 MKT/MII OZHOKpPATHO B 00-
JIACTh OKoTa cpa3zy mocie ero naunuanuu (n = 10);
IIl rpymma (AHr2) — MBIIIaM BBOAWIIN PEKOMOH-
HAHTHBI AHTUOI'CHUH YEJIOBEKa JIOIIOJHUTEJIBHO
Ha 7-e cyTku skcnepumenTta (n = 10); IV rpymma
(AHT3) — MBIIIIaM BBOAWIIN PEKOMOMHAHTHBINA aHTH-
OTEHWH JTOTIOJTHUTENIBHO Ha 7-¢ U 14-e CyTKH dKCIe-
pumenTta (n = 10); V rpynma (KC-MCK) — mpimam
OJTHOKPATHO ITOCJIe MHUIIMAITUH 0’K0Ta BBOAWIH 1 MII
KC or Me3eHXMMHBIX CTBOJIOBBIX KJIETOK 4YeIOBEKa
(n=10); VI rpynna (KC-EA.hy926) — MpImam ogHo-
KpaTtHO B oObeMe | MiI B 00J7acTh OKOTra BBOAWIH
KC ot knerox EA.hy926 (rubpunHasi TuHHS dHIO-
TEJNUANBHBIX KJIETOK MYNOBUHHOH BEHBI YellOBEKa)
(n = 6); VII rpynmna (KC-®BK) — mpItiiam B 0051aCTh
0Kora KOXXH B o0bemMe | Ml BBOAMIIM KOHAMIUOHH-
pOBaHHYO cpeny OT (puOpOoOIACTOB KOKHM YeIOBEKa
(n =10); VIII rpynmna (HeraTuBHbIH KOHTPOJIb) — MH-
TaKTHBIC MBIIIH, KOTOPOM HE MPOBOIMIM HUKAKHX
Manunymnsauuit (n = 4). TectupyeMbie BelecTBa BBO-
JWJTH B TIATH TOYKax (YeTsIpe Mo nepudepun 1 ogHa
B LICHTPE 0KOTa) BHYTPUKOXKHO 110 0,2 MiI.

3aKUBJICHUE OXKOTOBOHM paHbl MCCIENOBAIM IO
W3MEHEHHUIO JMaMeTpa PaHeBOro JAedeKra ¢ MoMo-
L0 LITAHTeHIUPKYJIS Ha 0-¢, 7-¢, 14-e u 21-e cyTku.
JKMBOTHBIX BBIBOAWIM M3 3KCIIEPUMEHTA AMCIIOKa-
IIHUEH IIEHHOr0 OT/Aea ITO3BOHOYHNKA Ha 7-¢, 14-e 1
21-e cyTku HaOmoaeHU. Bripezanu ¢hparMeHT KOXKH
B 00JIaCTH WHUITHAIIMH OXOTa pa3MepoM 2X2 cM,
OZIHy IIOJIOBUHY OOpa3LOB — IJIsi TUCTOJIOIMYECKOTO
WCCIIEZIOBAHUS, BTOPYIO — JIJISl OIIEHKH CONEPIKaHUs
IUTOKUHOB. J1J1s1 3TOTO 00pasibl KOXKH TOMOTE€HU3H-
POBaIH B TUMETHIICYIIb(OKCUIE, CONEPKIMOE Tepe-
HOCHJIM B TpoOUpKH, ocaxkaanu pu 1500 oboporos
B MUHYTY B TE€UEHHE 5 MHUHYT, HAJIOCAAOUHYIO KHJI-
KOCTb TEPEHOCWIN B JPYTHE YUCTBIE MPOOHUPKU U
xpanwu npu —70 °C g0 ucnonp3oBaHus. 3abupanu
KpOBB JUJIsI TTOJTyYEHUS CBIBOPOTKH.

B cbIBOpOTKE KpOBH M 00pa3iax dKCTPaKTa KOKU
C IMOMOIIBI0 KOMMEpPYECKUX HaOOpOB ONpenessuin
konnentpanuto 1L-1B, TNFa, IL-10, VEGF (AO
«Bextop-bect», Poccus), ¢ momolpio peakTuBa
I'pucca — yposens NO. s nonyuenust KC or MCK,
EA.hy926 u ®BK kieTku KyJabTUBHPOBAIM B MUTa-
tenpHOU cpere DMEM unun DMEM/F12 ¢ no6agne-
nueM 10 % ¢eranbHoOl OblubEl CHIBOPOTKH, 2 MM
L-rnyramuna, 5 MM HEPES-6ydepa, 1 % antubuo-
TUKa/aHTUMHMKOTHKA, [IPU IepeceBe 3a0upanu cpe-
Il Xpanuiau npu —70 °C 10 UCHOIb30BaHUSL.

O0pa3ibl KKK U3 00JIaCTH 0KOTOBOW paHHI (TI0-
sicHuna) pukcuposaiu B 10%-m 3a0ydepernom dop-
manmee (Biovitrum, Poccns) B TedeHue IByX CyTOK,
nanee Uil TUCTOJIOTHUYECKOH INPOBOAKH BbIPE3aIn
(bparMeHTHl KO TOMmMUHON 2—-3 MMm. [lermapara-
LU0 00Pa3L0B KOXKH OCYIIECTBIISIN [10CIIeI0BATEb-
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HOH (hUKcamuei B THIIOBOM CITUPTE BO3PACTAIOIICH
KOHLIEHTPALUK, HPOCBETIIM C HCIOJIb30BAHHEM
KCHJIOJA, 3aKJIIo4aad B napaduH ¢ HCIIOJIb30BAHU-
eMm rucronporieccopa HP300 (Dakewe, KHP). Ha
poraiuonHoM Mukporome HM325 (Thermo Fisher
Scientific, BenukoOpuTanus) M3roTaBIuBaId CPE3bl
TOJIIUHON 4 MKM, OKpaIlIMBaJId TeMaTOKCHIMHOM H
303MHOM C HCTI0JIb30BaHUEM aBTOMATHYECKOM CUCTe-
MBI 17151 oKpammnBanusi oopasunos Dako CoverStainer
(Agilent Technologies, CIIIA) no mportokony H&E
U UCCJEIOBaIM Ha CBETOBOM MHKpockore DM2500
(Leica Microsystems GmbH, ®PI). B ob6pa3max
AQHAJIU3UPOBATIM MOP(OJIOrHYECKHE HPU3HAKU M3-
MEHEHHUI B IUIOCKOM JMUTENIUH, COCTOSHHUE I'paHy-
JSIMOHHOW TKaHU M KOJMYECTBO COCYIOB B 00ia-
CTH PaHbI, HAJMYNE BOCIAJICHUSI B OOJACTH JCPMBI.
Omnpenensiay TONMUHY 3MHUAEPMHUCA B Kpasx paHe-
BOI MOBEPXHOCTU U HAJ TPAHYISLUOHHON TKAHBIO,
TOJIIMHY CPOPMUPOBAHHOW TPaHYJSLMOHHOW TKa-
HH, YHCJCHHYIO IUIOTHOCTH KalHMJUIPHBIX IIETENb
B TPaHYSIUMOHHOW TKaHU. ToNIIMHYy smHaepMuca
U TPaHyJSLUOHHOW TKaHU ouneHuBanu rnpu <100 c
UCIIONIb30BAHUEM OKYJISIP-MHUKPOMETpa CO LIKaIOn
nenenust 0,01 mm. YucaeHHYO MIOTHOCTh COCY/IOB,
KJICTOK BOCHAMTEILHOTO HH(MIETpara U ¢Guopo-
071acTOB B 30HE IPAaHYNIALMOHHON TKAaHHU OLICHUBAJIN
B 10 ciyuaitaeix monsx 3peans npu x400 ¢ ucrons-
30BaHHEM MOp(poMETpHUECcKol ceTkr Ha 121 y3ed.
Craructuyeckyto 00paboTKy IaHHBIX MPOBO-
JIWIA C HCIIOJIb30BAaHUEM MporpamMmbl  Statistica
10.0 gns Windows. HopmanbHOCTH pacmpenerne-
HUSI TIONYYEHHBIX JAHHBIX OLIEHUBAIU C HCIOJB30-
BanueM kpurepus lllammpo — Ywmika, B Tabnmuax
JaHHBIC MPEACTABICHBI B BUJAE CpeaHero apudme-
THYECKOTO M CTaHaapTHoro otkioHenus (M + SD)
WIN MeIuaHbl M BEPXHEr0 M HMKHETO KBapTHIIS
(Me [Q1-Q3]), cTaTHCTHYECKYIO 3HAYNMOCTh MEXK-
IPYNIOBBIX Pa3JIMUMil OLIEHUBAIM OXHO(AKTOPHBIM
JTUCTIEPCUOHHBIM aHAJIM30M C aroCTEPUOPHON TO-

MpaBKoil boH(pEppOoHN WITH C HCTTONB30BAaHUEM TECTa
Kpackenna — Yonmnuca u npunumanu npu p < 0,05.
Hanunune B3auMOCBsi3eil MEXTy UCCIEAYEMbIMU TO-
Ka3aTeJsIMU BBISBIISUIM C TOMOIIIBIO PAHTOBOM KOoppe-
msiuuu o CriupMeny (7).

Pesyabrarsl

3HaYMMBIE PA3JINYMS IO CKOPOCTH 3a)KUBJIEHUS
0KOroBoi pansl y Mbuueit rpymm II, IV, V, VI, VII
BbIsIBIICHBI Ha 14-¢ 1 21-e CyTKU HaOMOIeHNs B CpaB-
HEHUH C IPYIION MO3UTUBHOTO KOHTpOJIs (Tadi. 1).
Hawnnyummii TepaneBrudeckuii 3p(hext ot BBeICHUS
OMOMEIMIIMHCKOTO KJIETOYHOTO TPOAYKTa OOHapy-
xeH B rpynmne KC-EA.hy926 u npu aByx- u Tpex-
KpaTHOM BBEACHUHM PEKOMOWHAHTHOTO aHTMOTCHUHA
YeJoBeKa B 00J1acTh paHbl k 21-M cyTkam HaOmrome-
HUHN 1O CPaBHEHHIO C Ipynmnoil «oxor». CKOpocTh
3KHUBIICHUS O’KOTOBOM paHBI KOJKHM Yy MBIIIEH ObIa
conoctasuma B rpynne KC-MCK wu B rpynne ogHo-
KpaTHOTO BBEJCHHS aHTHOT€HWHA, HO CYIIECTBEHHO
BBIIIIEe B CpaBHEHUH ¢ rpymoii [ (p < 0,05).

Kak BuaHO 3 Tabi. 2, k 21-M cyTtkaMm HaOI0-
JEHWA TOJNIIMHA SMHJepPMHUCA B OOJACTH OXKOTOBOMN
paHbl HE JOCTHUIVIA 3HAYEHUH HHTaKTHBIX KMBOTHBIX.
Bo Bcex ombITHBIX rpynmax K 21-M cyTkam Gopmu-
pyeTcs rpaHy/sIMOHHAS TKaHb B 00JIaCTH 0’KOTOBOM
paHBI KOXKH, KOTOpasi 3HAYUMO OOJIbIIe MPH ABYX- H
TPEXKPAaTHOM BBEICHHH PEKOMOWHAHTHOTO aHTHOTe-
HuHa 1 KC oT comarnyecknx KJIETOK 110 CPaBHEHHUIO
¢ rpymmoi «oxor» (p < 0,05). Tepmudeckast TpaBma
CTHUMYJIHpOBaJIa 00pa30BaHUE COCYIHCTOW CETH BO
BCEX OIBITHBIX TPYIIax, HO HauOOJbIIee KOIude-
CTBO COCY/IOB B TOJIIX 3pEHMSI BBIABICHO B TpYyIIe
OJHOKpaTHOTO BBeeHUs aHrnorennHa u KC comaru-
YECKUX KJIETOK yesioBeKa 3a uckitoueHneM KC-OBbK
K 21-M cytkam. OTMEUYEHO 3HAYMMOE YBEIUUCHHUC
MPOAYKLUHU KOJIJJareHa MpH 0XKOTOBOW TpaBMe KOXKHU
Ha 14-e u 21-e cyTku O3 JIedeHus B OTBET Ha OTHO- U

Taonuuya 1. Ilokazamenu 3ascugienuss mepmMuyecKkol 024co2080U panvl Kodxcu y camox moiuel aunuu CD-1
(n1owads panesoll nOBEPXHOCMU, MM?)

Table 1. Healing rates of thermal skin burn wounds in female mice CD-1 (area of the wound, mm?)

CyTtku
Tpynma 0-c T-e l4-c 21-¢

Oxor (1) 1.81£0,01 1,46 = 0,04 121+ 0,04 0.5+0,01
Anrl (1) 1.81+0,01 141+ 0,02 1,01  0,09" 0.3 %007
Anr2 (1) 1.81£0,01 - 1,09 = 0,09 -
A3 (IV) 1.81+0,01 - - 0.2+ 0,010
KC-MCK (V) 1.81£0,01 1,38+ 0,06 1,03 £ 0,06! 0.39+0.11
KC-EA.hy926 (V1) 1.81+0,01 1,51 0,05 1,11 % 0,02" 013 = 0,021
KC-®BK (VII) 1.81£0,01 142 +0,02Y 0,92 = 0,0V 0.15 = 0,04!

Ipumeuanue. Puvckumu 1pdpamu 0003HaYEHBI CTaTUCTUUECKH 3HaYUMbIe (p < 0,05) OTiH4YuMs OT BeNMYMH IOKa3aTeNei co-

OTBETCTBYIOIIUX TPYIIL.
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Taonuua 2. Mopgpomempuueckas xapaxmepucmuxa mepmuyeckol 0#co2080U PaHbl 8 OUHAMUKE 3AHCUBTEHUSL

Table 2. Morphometric characteristics of thermal burn wound in the dynamics of healing

Cpox Tonmunaa TonmmHa K O0bemHas
I'pynna HaOmone- | snuaepmuca (Kpaid | TpaHy/IALMOHHON OIIIHICCTBO IJIOTHOCTh
HUSL, CyT paHbl), MKM TKaHH, MKM cocynon KOJIJIareHa, MKM
7-e (1) 0,85 [0,7-1,3]"™ 6 [6-8] 8,5 [5-10]¥™" 26 [22-30]V™"
Oxor (I) 14-e (2) 0,5 [0,4-0,5]Vm1 4 [3-4] 2 [2-3] 13,5 %919_115]
21-e (3) 1,4 [1-1,5]viL.2 5[5-6] 7,5 [3-11]V™" 89 [83-93]Vil-2
7 -e(1) 1,25 [1-1,5]¥™" 3[14] 11 [9-16]"™" 21 [17-26]¥™
Anrl (IT) 14-e (2) 1 [1-1,6]V™" 6 [3-8]! 11 [9-15]V 28 [15,5-38,5]V™!
21-e (3) 0,4 [0,3-0,5]Vm! 6 [5-6]' 10 [7,5-19,5]V™" 90,5 [8%,’1?1_100’5]
Amnr2 (I11) 14-e 0,75 [0,5-1,3]v1L.2 7[7-9] 8,5 [7-10] 21,5 [17-26]
Amnr3 (IV) 21-e 0,55 [0,5-0,7]"™ 9,5 [6-14,5] 8,5 [7-12] 93 [88,5-98,5]
7-e (1) 1[0,5-1,2]v! 11[10-12] 14,5 [10-28]V1" 14 [11-16]"™
KC-MCK (V) 14-¢ (2) 1 [0,9-1,2]"™ 10,5 [10-12] 8,5 [6-12]V™! 68,5 [21,5-96,5"
21-e (3) 0,85 [0,6—1]V! 9,5 [8-12] 14,5 [10,5-20]V™™ 25,5 [13-50]viL!
7-e (1) 1[0,9-1,3]"™ 7 [6-8] 13,5 [9-17]V™ 9 [8-10]¥™
F\i')EA'Hy 926 T4 2) | 0.65[0,5-085"1 | 11,5[9-155] | 14[11-16,5]"" 11 [10-14]1
21-e(3) | 0,6[0,5-0,7]V™"2 | 15[10,5-17,5]" 8 [6-12]V! 32,5 [16-60]"2
7-e (1) 1[0,7-1,2]V" 8,5 [7-12] 8,5 [7-12]V1! 1 [10-12]V™
KC-®BK (VII) 14-¢ (2) 1[0,7-1,3]V™ 12 [9-14,5] 14 [9-19]V! 14 [11-16]"™
21-e (3) 1,2 [0,85-1,4]V! 12 [10-14,5] 5,5 [4,5-7]V" 12| 31,5 [14,5-49] V1.2
Konrpous (VIII) 21-e 3,14 [2,59-4,81] HET 3[1-3] 73 [65-82,5]

ITpumeuanue. Pumcknmu nndppamu 0603HaYEHBI CTaTUCTUUECKH 3HAUUMBIE (p < 0,05) OTIHUMs OT BETMYHH MOKa3aTeael cooT-
BETCTBYIOIIMX TPYI, apaOCKUMH — OT BEJTMYHH ITOKa3aTesIel Ha COOTBETCTBYIONINX CPOKaxX HAOIIOMCHHS.

TPEXKPATHYIO HMHBEKITUIO aHTHOTeHNHA Ha 21-e cyT-
kH, a BBenenue KC comaTnueckux KIETOK YEIOBEKa
CYIIECTBEHHO HE BIMSJIO Ha CHHTE3 KoyuiareHa (p <
0,05).

BaXHbIM KOMITOHEHTOM penapaluy MOBpPexKIe-
HUH KOXXHBIX TTOKPOBOB SIBJISIOTCS KIJIETKH MHENO-
UTApHOTO 3BeHa U (huOpodmactel. OTMEUEHO Cy-
LIECTBEHHOE YBEIMUCHHE KOJMUYECTBA JTUMQOIUTOB,
MakpodaroB u ocobeHHO (GuOpoOIaCTOB B TOJIIIE
IPaHyJISIIIMOHHON TKAHHU OIBITHBIX TPYII dKUBOTHBIX
10 CPAaBHEHUIO C MHTAKTHOH KOXKeH, a Takke MEKIY
OTIBITHBIMH TPYTIIIaMU Ha Pa3iIMYHbIe CPOKH HAOIIO-
nenus (tabm. 3). Cnexyer OTMETUTD TOT (aKT, 4To Ha
paHHHX CpOKax HAOIIOJICHWH BBISBICHO 3HAYMMOE
YBEJIMYCHUE KOJINYECTBA HEUTPO(HUIOB B OMBITHBIX
rpymmnax, 0coOCHHO NMPH OJHOKPATHOM M JBYKpaT-
HOM BBEJICHUU PEKOMOWHAHTHOTO aHTMOTEHHHA Ye-
noBeka 1 KC ®BK (p < 0,05).

Buonorunuecku akTUBHBIE MOJIEKYIIbI, B TOM YHC-
jge uuTokuHbl U NO, NpUHUMAIOT y4yacTue B pena-
pauuy MOBPEXIECHUN KOKHBIX ITOKPOBOB. B rpymme
«OKOT» BBISIBIICHO 3HAYUMOE BO3PACTaHUE YPOBHS
IL-1B (14-en 21-e cytkm), TNF-o (21-e cyTkn), IL-10
(14-e u 21-e cytkn), VEGF Ha Bcex cpokax HaOmto-
neHui, a npoaykuus NO CylecTBeHHO CHU3UIIACH B
CPaBHEHUH C TIOKA3aTesIMA CHIBOPOTKH KPOBH WH-
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TAaKTHBIX KUBOTHBIX (Ta0m. 4). Ha dbone omHOKpaT-
HOTO BBEACHHUS PEKOMOWHAHTHOIO AHTMOT'CHUHA
YeJIOBEKa B CHIBOPOTKE KPOBM MBIIICH yBEIHIMIIACh
rxonuentpanns VEGF Ha Bcex cpokax HaOmoneHus,
a TaKKe Ha PasHbIX CpOKax HaOMIONEHHSI OTMEYAIOT-
cs1 konebanust comepkanust TNF-o 1 NO. B 10 *xe
BpeMs yBeJIMYeHHE KPAaTHOCTH MHBEKIWH aHTHOTe-
HUHA B 00JacTh OXKOTOBOM paHbI CIIOCOOCTBOBAJIO
Bozpactanuio yposas IL-103, TNF-o, IL-10, VEGF n
cHwkeHuto npoaykiuu NO. B rpynne mbiei, mo-
nmyuuBmux JiedueHue KC, B 0CHOBHOM 3Ha4MMO BO3-
poc ypoBerb VEGF, a ocranbHbIE TTOKa3aTenn 00
He OTINYAJIUCh OT 3HAYEHUH WHTAKTHBIX )KUBOTHBIX,
100 UMEJI0 MECTO UX SIHM30ANYECKOC U3MEHEHHE Ha
pasubie cpoku HaomoneHus (p < 0,05).

OtmeueHo Bozpactanue ypoBHsa IL-13 B koke
MBILICH TPYMIIbI BBEACHNS PEKOMOMHAHTHOTO aHTHO-
reanHa 4enoBeka u rpymmsl KC-MCK (7-e u 21-e
CYTKH) MO CPAaBHEHHUIO C MHTAKTHBIMHU >KUBOTHBIMH,
BO BCEX OIBITHBIX I'PYIIIAX U HA BCEX CPOKaxX HAOIIo-
JIEHUS 3HAYMMO YBEJIMUMBAIOCh cosepxanne TNF-a
(Tabim. 5). B OONBIIMHCTBE ONBITHBIX TPYIII ¥ HA pa3-
HBbIE CPOKM HaOJIIOIEHUH ITOKAa3aHO CYILECTBEHHOE
cHikeHue ypoBHs [L-10 u noBeImeHne conepxanus
VEGF u NO no cpaBHEHHIO ¢ BEJIMYNHAMH COOTBET-
CTBYIOIMX IAPAaMETPOB KOXKH MHTAKTHBIX MBILIEH.
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Taonuya 3. Konuuecmaso aetixoyumos u puopooaacmos ¢ mepmuieckoll 024020801 pane 8 OUHAMUKE 3AHCUBTEHUS.

Table 3. The number of leukocytes and fibroblasts in thermal burn wound in the dynamics of healing

CpoK Ha- YuciieHHas II0THOCTh KIETOK, Nv
Ipynma OroeHus, . TUTa3MOILH-
ey1 JTUMQOITUTOB Makpogaros HEHUTpOHIIOB ToB (hubpobmacToB
7-e (1) 1,5 [0-3] 5,5 [4-7]V™ 6 [3-10]"™" 0[0-1] 19,5 [16-22]""
Osxor (I) l4-e(2) | 2[2-3v™ 2[1-2] 0 [0-0] 0 [0-0] 9,5 [9-13]v
21 (3) | 1,5[0-2] 4[2-5]vm 0 [0-0] 0 [0-0] 23,5 [19-28]
7-e (1) 4[3-4]m 413-5] 15 [12-16]"" | 07[0-0] 29 [27-29]""
Anrl (I) | 14 (2) 1[0-4] 2[2-3,5]" 45[0-13,5] | 0[0-0] 22 [18-25] WVl
21-e (3) 0[0-1] 1,5 [0,5-2,5]"™" 0[0-1] 0[0-1] 411317V
Anr2 (II) 14-¢ 1[0-1] 8,5 [6-10] 11 [6-13] 0[0-1] 31 [29-34]
Anr3 (IV) 21-e 3[2-4] 3[1,5-4] 1,5 [1-3,5] 0 [0-0] 17,5 [14,5-20]
7-e (1) 3[04V 6,5 [5-7]V™ 9 [5-12]v 0[0-1] 24,5 [22-29]""
FVC)'MCK lde (2) | 2[1-2,5"™ 4,5 [2-6]"" 2,5[1-6]"" [ 0[0-0] 25[18,5-31,5]V
21-e(3) | 2[L5-3]vm 5,5 [4-7]V™ 2[1,5-335]" | 0[0-0] 34 [24,5-39]V!
7-e(1) | L5[0-2]™ 4[3-4] 1 [1-4]vm 0 [0-0] 28 [26-32]"™"
19<2C6 IE:\’,*I')HY l4e(2) | 323 8,5 [4_13]V 20041 | 0[0-0] | 28[22,5-325]'™
21 (3) | 2,513 10 [5-15]"™ 1[1-4,5]"" | 0[0-0] 30,5 [21-34]V !
7-e (1) 3 [3-4]Vm 13 [9-14] 12,5[5-14] | 07[0-0] 25,5 [20-27]
FVCI-S)BK l4c(2) | 412551 | 166[13,5-19.5]1 | 10 [4-13]" | 0[0-0] | 35,5 [25,544]v1
21-e(3) | 250145 | 13,5 [7-18,5]"™ | 9,5[0-255]"" | 0[0-0] | 20,5[14,5-30,5]"">
ﬁ‘,’ﬁg’om’ 21-¢ 1[0-1] 2 [1-3] 0 [0-0] 0 [0-0] 7 [5-8]

ITpumeuanue. Puvckumu 1iudppamu 0003HAYCHBI CTATUCTHIECKHU 3HaYUMBbIe (p < 0,05) OTIHYHs OT BEIMYHH MTOKa3aTeael cooT-
BETCTBYIOIINX TPYII, apaOCKUMH — OT BEJIMUYHH [T0Ka3aTeNel Ha COOTBETCTBYIOMNX CPOKaxX HAOIIONCHMSI.

B rpynme «oxor» Ha 7-¢ CyTKH HaOIIOICHUS
YCTaHOBJIEHA COTPSHKEHHOCTh MEXKIy KOJTHYECTBOM
COCYZIOB M YHCIJIOM IUIa3MOIIMTOB B KOXKE, C OTHOMN
CTOpPOHBI, U IJIOLIAJbI0 OXKOIOBOM paHbl, ¢ APYrou
(r,=0,72 u r, = 0,71 coorBercTBeHHO, p < 0,05);
Mexay ypoBHeM IL-1B, NO B CHIBOPOTKE KPOBHU H
00beMHON TIOTHOCTBIO KojareHa (r, = —0,71 u
r, =—0,68 coorBercTBeHHO, p < 0,05); Mex1y ypoB-
HeM VEGF B chIBOPOTKE KpPOBHU U KOJIMYECTBOM CO-
cynos (r, =-0,79, p <0,05), uTo uMeeT BaKHOE 3Ha-
YeHne 9THX (PakTOpoB B penapanuyl NOBPEKACHUH
koxu. Ha 14-e cyTku HaOIOIEHUS] OTMEUYCHA HAJIU-
4re 00paTHOM B3aMMOCBS3H KoJIM4ecTBa (GudpooIia-
cToB B Koxe ¢ ypoBHeM VEGF u 00beMHOI TIIOTHO-
CTBIO TPAHYISALMOHHON TKaHU B paHe (r, = —0,64 u
r,=—0,69 coorBeTcTBEHHO, p < 0,05), UTO IOrUYHO,
TaK KaK YeM BBIIIE HHTEHCUBHOCTb KPOBOCHA0KEHHS
1 4eM Oodbine GpuOpodIacToB, TeEM OBICTpee MpoTe-
KaloT penaparuBHble npouecchl. Ha 21-e cyTku Ha-
OIrozieHus BBISIBIIEHA OOpaTHAs COMPSKEHHOCTH TOJI-
UIMHBI dnuaepmuca B pade ¢ yposHem IL-10 u NO
(r,=-0,86 u r, =—0,90 coorBeTcTBEeHHO, p < 0,05),
a Taroke KOIMYecTBa TUMQOIIMTOB B paHE C YPOBHEM
TNF-a B ceiBopotke (1, =—0,67, p <0,05).

CUBUPCKUIA HAYYHbIV MEAVLMHCKUIA XKYPHAI 2025; 45 (4): 124-133

B rpynmax ¢ omHOKpaTHBIM BBEICHHUEM aHTHO-
IeHWHAa YCTAHOBJIECHA B3aMMO3aBHCHMOCTH pa3Me-
pa OKOTOBOW paHBI ¢ KOJIHMYeCTBOM (hHOpoOIIacToB
(r, = 0,66 u r, = 0,73 coorBercTBeHHO, p < 0,05,
Ha 7-¢ U 14-¢ CyTKHM) U ¢ KOJTMYIEeCTBOM MaKpodaros
B paHe Ha 14-e cytku (r, = 0,66, p < 0,05). B rpyn-
e IByXKPaTHOTO BBE/ICHWS aHTHMOT€HHHA BBISBICHA
oOparHasi CBSI3b pa3Mepa OKOTOBOHM paHBI C KOJH-
YECTBOM IUIa3MOIUTOB, YpoBHA IL-10 B criBopoTke
KpOBH ¢ KosmdecTBoM TuMdoruToB u ypoBHsi VEGF
C KOJIMYeCTBOM HeHrpoduios B pane (r, = —0,71,
r,=—0,66 u r, = —-0,65 coorBeTcTBEHHO, p < 0,05).
B rpynne KC-MCK Ha 7-¢ cyTku HaOIIOACHUS OT-
MeueHa oOpaTHasi 3aBUCHMOCTb MEXIY pa3MepoM
oxoroBoil pasbl, ypoBHeM TNF-a, VEGF u xonu-
4eCTBOM KPOBEHOCHBIX COCYHOB B paHe (r, = —0,66,
r,=-0,64 u r,=—0,7 coorBeTcTBEeHHO, p < 0,05), Ha
14-e cytku — mexay ypoBHeM VEGF n konmnuectsom
Makpodaros, Ha 21-e CyTKH — MEXIy NPOAYKIHeH
NO u 00beMHOH IUIOTHOCTHIO KOJUIAT€HA B paHe
(r,=-0,45 u r,=—0,49 coorBercTBEHHO, p < 0,05).

B rpynme KC-EA.hy926 nabnromanace accomm-
arust Mmexay copepxanuem IL-13 u TNF-o B cbiBo-
pPOTKE M KOJTUIECTBOM HEUTPODHIOB B paHe Ha 7-€
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Taonuuya 4. Yposenv yumorkunos u NO 6 cvigopomke kposu camok moiuieti iunuu CD-1

Table 4. Cytokine and NO levels in blood serum of female CD-1 mice

Cpok NO
I'pynma Habmrone- | IL-1f3, mr/Min | TNF-a, or/mn IL-10, rir/mur VEGF, ME/mi ’
s, CyT MKM/Mi
7-e(1) | 43,8+0,8Y" | 102+03"" 56,0 + 0,4 306,8 + 1,6V 80,4 + 1,9V
Oxor (I) 14-¢ (2) | 52,7+02v1 11,9 +0,1! 63,0+ 0,4V | 3451 +2 6ViL! 80,0 £ 2,2Vit
21-e(3) | 555+051 | 144+0,1V012 [ 60+04VI12 | 3497+ 24Vl 79,3 £ 1,2V
7-¢(1) 47,7403 153+0,1V11 | 584+ 1,0V 319,5 + 2,2V 92,8 +0,1
Anrl (I0) 14-¢ (2) 459+ 14 12,8 0,8 61,1 £4,5 305,54+ 7,6V 1 | 73,8+57Vi!
21-e(3) | 50,9+12%2 13,0 + 0,4! 65,7+ 10,1 351242V 12 | 7274 64Vi01
Anr2 (111) 14-c | 64,7061 [ 163 +£2,1VIL1 | 78,8 +0,2VIMI | 400,6 £2,1VIM1 | 834+ ],]VIL0
Anr3 (IV) 21-¢ 542434V | 17140300 | 644+45V | 4147+3 5V [ 80,5+ 3,9viL
7-¢ (1) 48,7+ 04 16+ 0,1V 63,3 + 0,4V 320,2 + 0,8V 92,8 +0,1
?VC)'MCK l4c(2) | 446+23 37218 | 67322101 | 2068<92V1 | 90.9%2.6
21-¢ (3) 48,6 +2,5 133+ 1,1 59,8+ 1312 | 314,54+ 62V2 88,2+45
KC-EA. 7-e(1) | 55,5+03"0 13,1+ 1,1 56,5+ 1,3 369,6 £ 2,0V 82,0 £ 0,7V
Hy 926 l4-e(2) | 429+27 11,8 £0,1" 57,5+0,7 2792 +9,1' 928 +0,1"
(VD) 21-e (3) 422 +0,8' 12,8+ 0,5 62,0+3,4" 281,3 + 11,6 78,0 + 1,4V1112
7-¢ (1) 48,3+0,6 11,5+ 0,1V 555+1,0 320,2 + 6,2V 92,8 +0,1
g/CI'S’BK 14-¢ (2) 49,0+ 0,4 12,8+ 1,1 59,0 + 3,4 3182+ 1,3V 94,8 +2.4
21-¢ (3) 46,7+ 1,8 9,5+ 0,4V 556+1,5 314,3 + 3,4V 90,9 + 5,3
g‘;ﬁ%"“" 21-e 478+ 1,7 12,5403 56,3+ 1,6 2773428 92,9+ 0,1

Ilpumeuanue. Puvckumu ¢ pamMu 0003HAYESHBI CTATHCTHIECKH 3HaYnMbIe (p < 0,05) OTM4us OT BEJIMYHH ITOKa3aTesIe CooT-
BETCTBYIOIIUX IPYIII, apaOCKUMHU — OT BEJIMYUH I10KA3aTeNeH Ha COOTBETCTBYIOLINX CPOKAX HAOIIONCHHSI.

cytku HaOmozpenus (r, = —0,94 u r, = —0,78 coor-
BeTcTBeHHO, p < 0,05 ), a mexny ypoBHem VEGF
U KOJIMYeCTBOM JuMdonuroB B pane (r, = —0,54,
p < 0,05). B rpynne KC-®BK na 7-e cyTku Hadmo-
JICHUS1 YCTaHOBJICHA B3aMMOCBS3b KOJIMYECTBA JINM-
(oruToB B pane ¢ koHmeHTpamue IL-1B u TNF-a
(r,=0,72, p <0,05), Ha 14-e cyTku — pazmepa 0xko-
TOBOH paHbl C KOJIMYECTBOM Makpo(daroB B HeEH
(r,=—-0,49, p < 0,05), Ha 21-e cyTku — ypoBHsa NO
¢ 00BEMHOM INIOTHOCTBIO KOJUIareHa U KOJINYEeCTBOM
¢ubpobnacros B pane (r, = 0,49 u r, = -0,46 coor-
BeTCTBEHHO, p < 0,05) u yponsst VEGF ¢ ronmmnoit
snuaepmuca (r,=-0,52, p <0,05). Hamu He BbLiBIIE-
HO KaKHX-JTMOO B3aMMOCBSI3€H YPOBHS LIMTOKMHOB U
NO B CBIBOPOTKE KPOBH C UCCIIEIOBAHHBIMU I1apamMe-
TpaMU UHTAKTHOHN KOXH.

B pesynbrare n3yueHHs KOPPENSIMOHHBIX CBSl-
3eid mapaMeTpOB KOXKHU € YPOBHSIMU HIUTOKUHOB ¥ NO
B HEW YCTaHOBIICHO, YTO Ha 7-€ CYTKH SKCIIEPUMEHTA
B IPYIIIE «OXKOI» HAOJIIONACTCS CONPSHKEHHOCTD KO-
JIMYECTBA COCY/IOB B paHe C ee pa3MepaMu, YpOBHEM
IL-1B u TNF-a (r, = 0,72, r,= 0,73 u r, = —0,74 co-
OTBETCTBEHHO, p < 0,05), npoaykuun NO ¢ o0bem-
HOH MJIOTHOCTBIO KoytareHa (v, = —0,79, p < 0,05),
conepskanus 1L-13 u TNF-a ¢ konmrgaecTBOM Im1a3Mo-
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1utoB B pase (7, = 0,87 u r,=—0,87 COOTBETCTBEHHO,
p <0,05).

[Ipy OmHOKpPAaTHOM BBEICHHMU B OXKOTOBYIO paHy
PEKOMOMHAHTHOTO AaHTHOTEHWHA YeloBeka Ha 14-e
CYTKH HaOIIOfeHHsI BBISBICHA B3aUMOCBS3b KO-
nudecTBa Makpodaro ¢ ypoBHem IL-1B, IL-10 u
NO (r, = 0,79, r, = 0,7 u r, = 0,75 cooTBETCTBEH-
HO, p < 0,05), xonuuecTBa GUOPOOIACTOB C COmEp-
xanuem IL-1pB, IL-10 u NO (r, = 0,72, r, = 0,69
u r, = —0,81 coorsercrBenHo, p < 0,05). Ha 21-e
CYTKH HaONIOACHUS] yCTAHOBJIEHA COIPSKEHHOCTD
pa3Mepa OKOTrOBOW PaHbl C KOJIMUYECTBOM KPOBEHOC-
HBIX cocynos (r, = —0,45, p < 0,05), yposnus IL-1P ¢
KOJTM4eCTBOM MakpodaroB u (GpudOpobdi1acToB B paHe
(r,=-0,45 u r, = —0,56 coorBercTBeHHO, p < 0,05).
[Ipu AByKpaTHOM BBEJCHWHU aHMOTEHHHA B 00JIaCTh
0KOT'a BBISIBJIGHA CBS3b PAa3MEPOB PaHbl C KOJIHMYE-
CTBOM IIIa3Mouuros B pase (r, = —0,71, p < 0,05),
ypoBHs NO, TNF-q, IL-10 u VEGF ¢ konuuectBOM
He#Tpodunos B pane (r, =—0,68, p <0,05).

B rpynne KC-MCK mexay KOJIH4ecTBOM Kpo-
BEHOCHBIX COCYJOB B paHE M pa3MepaMH paHbl,
ypoBHem [L-1B, IL-10 mmeercs compsKEHHOCTD
(r,=-0,68, r, = -0,65 u r, = 0,64 COOTBETCTBEHHO,
p < 0,05) Ha 7-e cytku HaOmroneHusi, Ha 14-e cyT-
K — MeXay ypoBHeM NO u KoHmdecTBOM Makpoda-

SIBERIAN SCIENTIFIC MEDICAL JOURNAL 2025; 45 (4): 124-133



Jvixoe A.I1. u op. ppexmusrnocmv peKOMOUHAHMHO20 AHLUOLEHUHA YeN08eKd 8 MePanui ...

Tabnuuya 5. Yposenv yumokunos u NO 6 kooice camok moiwen aunuu CD-1

Table 5. Cytokine and NO levels in the skin of female CD-1 mice

Cpok Ha-
I'pynma 6H}p0£[eHI/IH, IL-1B, mr/mn | TNF-o, or/mo IL-10, rir/mur VEGF, ME/mnt | NO, MkM/mut
CyT

7-¢ (1) 42,9+ 0,5 9+ 0,2V 633 +2.4 2574+ 1,7V | 245+ VI
Oskor (I) l4-¢ (2) 424402 940,V 51,3+ 1,101 270,7+5.2 25,6+ 0,8V
21-¢ (3) 424404 | 10,6£02V12 | 566+ 1 1V12 | 2894 +£04V012 | 2244 [VIL12
7 -e(1) 462+0,5 11,9+ 0,1M" | 60,6+ 0,1V 2823+ 12V | 20,0+ 0,7V

Axrl (IT) l4-e(2) | 478+05'" | 11,6+0,1V" 59,7+0,6"" | 2948 +47V01 | 22,8+ 1,8V
21-e(3) | 493+ 1V [ 97+£04V112 | 539406V 12 2799496 | 18,5+ 1,6"">
Anr2 (11 l4-¢ 463+02V0 | 10+ 0,1V 593+0,81 | 256,7+3,2V1 | 16,1 +0,5V01
Anr3 (IV) 21-e 47,7+ 04V [ 10,1+ 0,1V 53+ 1,1V 2819+ 2,1V | 165+ 1,1V
7-¢ (1) 45+ 0,8V | 11,7+03V" 50,8 + 0,6V 2752429V | 20,3+0,5V"

fvc)'MCK l4c(2) | #418+24' | 96+01V1 | 573+738! 2683371 | 23,0320
21-e(3) | 469+2,8V" | 9.8+ 04V 69,3 £2,5"2 256 + 11,6 19,3 + 1,3V

7-e (1) 41,6+ 0,4 12,6+ 0,1V | 61,7+0,7'0 2622+ 1,7V | 19342,V
I9<2C6 %\‘?I')Hy lde(2) | 46,1 £ 1,700 | 1262030 | 594+ 2 7V 258 + 4VII 173 1,8V
21-¢ (3) 443+39 | 9,8+0,1VL12 60,1 + 6,7 2748 +7,12 | 202+ 140
7-e (1) 43,6+0,9 132+02V1 | 569+ 5,9V 2768+43 | 17,4+0,5"12
%,CI'I;DBK l4-¢ (2) 43,6+0,9 | 14,6+04V0! 56+3,1 2592+ 7,11 18,0+ 1,7V
21-.e(3) | 404+05"> | 13,1+0,1V02 | 595+ 150 | 3234+5812 | 17,0406V

%‘,’ﬁg’om’ 21-e 42,4406 8,8+ 0,1 652+0,3 268,4+2,2 13,4+15

Ilpumeuanue. Puvckumu rudpamu 0003HAYESHBI CTATHCTHIECKH 3HaYNMBIe (p < 0,05) OTIMYns OT BEIMYHH ITOKa3aTeNIeH COOT-
BETCTBYIOLIMX IPYII, apaOCKUMH — OT BEJIMYUH [TOKa3aTeIel Ha COOTBETCTBYIOIINX CPOKAX HAOMIONCHHS.

roB 1 HelTpodunos B pane (r, = -0,48 u r, = -0,57
COOTBETCTBEHHO, p < 0,05) 1 MeX 1y KOHIIEHTpanuei
IL-10 1 KONMMYECTBOM KPOBEHOCHBIX COCY/IOB U 00b-
€MHOH INIOTHOCTBIO KoJulareHa B pase (r, = 0,51 u
r, =—0,54 coorBeTcTBEHHO, p < 0,05).

B rpynne KC-EA.hy926 Tonbko Ha 21-e cyTku
BBISIBJIGHO HAJIM4YME B3aMMO3aBUCUMOCTH YpPOBHS
IL-1B, TNF-a ¢ xonm4ecTBOM KPOBEHOCHBIX COCY-
noB B pane (r, = 0,45 u r, = —0,46 COOTBETCTBEHHO,
p<0,05). B rpynne KC-®FK Ha 7-e cyTku HabOr0/18-
HUS1 yCTaHOBIIEHBI CONPSKEHHOCTU ypoBHS TNF-a 1
NO c¢ xonnuectBoMm $ubdpodiactoB B pane (7, = 0,70
ur, = 0,66 coorBercTBeHHO, p < 0,05), Ha 14-e cyT-
KH — M@Ky KOJIMYECTBOM MakpodaroB B paHe U ee
pasmepamu (7, = 0,49, p < 0,05), Mmexxay ypoBHEM
NO u VEGF u 00beMHOI MIOTHOCTBIO KOJUTareHa
(r, = 0,45 u r, = 0,46 coorBercTBeHHO, p < 0,05),
Ha 21-e cytku — Mexny npoxnykuueit NO u komnmue-
CTBOM cocyzoB B pane (r, =—0,48, p <0,05).

B rpyrmnme MHTaKTHBIX >KHBOTHBIX yCTaHOBJICHA
accouuanus ypoBHs NO ¢ KoIMuecTBOM KpOBEHOC-
HBIX COCYIOB U OOBEMHOW IJIOTHOCTBIO KOJJIarcHa
(r,= 0,48 u r, = —0,6 coorBeTCTBEHHO, p < 0,05), co-
nepxkanust IL-10 ¢ Komn4ecTBOM KPOBEHOCHBIX CO-
cynoB U Makpodaros B koxe (r, =—-0,45 ur, = 0,61,
p <0,05).
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Oobcyxnenune

3aKUBJICHUE KOXKU MPEICTABISICT COOOH KOM-
IUIEKC COOBITHH, BKIIFOYAIOIIUX I'eMOCTa3 (KoaryJs-
usi), BocmaiieHue (MH(UIBTpanus MOHOHYKIEap-
HBIMHU KJIETKaMH), Mpoiudepanuio (SIUTeNn3amus,
¢ubporuiazus, anruoreHe3, GOPMUPOBAHUE TpaHy-
JSIIAOHHONW TKaHW) M CO3peBaHME (OTIOKEHHUE KOJI-
JareHa wiv (GopMupoBaHue pyOLIOBOW TKaHW), TpU
0KOTax 3TH MPOLECCHl HAXOAATCS B 3aBUCUMOCTH OT
WX STHOJIOTHH, CTENICHH U TUIoIIaiu. PopMupoBaHue
COCYJIMCTOM CETH B MOBPEXKICHHOM KOXE 3aIlyCKaeT-
Csl IPEXKJIE BCEr0 TUMOKCHUS-UHAYIHPYEMbIM (haKTo-
pom-1 u npoanruorenusiMu Moisiekyiamu VEGF u
CXCL12 [5].

CpaBHHUTENBHBI aHANU3 3aKHUBICHUS TEPMHU-
YECKOT0 03KOra KOXH y Mbllei-camok JuHuu CD-1
TIOJT ICUCTBUEM PA3TTMIHOTO OMOMEIUIIMHCKOTO KITe-
TOYHOTO MpPOAYKTa (PEKOMOWHAHTHBI AHTHOTCHUH
yenoBeka, KC coMaTHuecKknx KIETOK YeIOBEKa) BbI-
SIBUJT yCKOPEHHWE PETapaTuBHBIX ITPOIIECCOB B 0XKOTO-
BOii pane Ha 14-e u 21-e cyTku HabmroaeHus. OT™me-
YEHO CTUMYIIMPOBAHUE TPOIIecca 3aKUBIICHHUS PaHb
KaK KOMIUIEKCOM OMOJIOTHYECKH aKTUBHBIX MOJEKYIT,
Bxomsammx B coctaB KC, Tak W enuHON MOJeEKy-
JOW — PEeKOMOWHAHTHBIM aHTHOTEHHHOM YeIOBeKa.
OT0 cormacyercs ¢ JTaHHBIMH aBTOPOB, OTMETHBIIIAX
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YCKOpEHHUE pereHepannu pan koxu B otBeT Ha KC ot
CTBOJIOBBIX KJIETOK ITJIAIIEHTHI YEIIOBEKa, CONEprKa-
et anruorenus-1, FGF-7, pommucrarun, IL-6, nH-
cynuH, (akrop pocra renatrorurtos, TGFB-1, uPAR n
VEGF, xotopsie criocoOCTBYIOT 3a)KUBJICHUIO PaH U
aHruorenesy [6]. [TokazaHo yckopeHue 3aKUBIECHUS
MTOJTHOCJIOMHBIX paH KOKU NP MPUMEHEHUH OecKJie-
TOYHOT'O KO’KHOTO TUIACTBIPSI, U3TOTOBJIEHHOTO U3 TH-
nporenst komnarena ¢ KC st ¢pubpobiactoB KoxH
WM KapKaca U3 KOJJIar€HOBOM I'yOKH CO CBEYKEBBI-
JISJIEHHBIMU KJIETKAMHU KOXKH HJIM T'eJleM Ha OCHOBE
TUTa3MBbl, 00OTalleHHON TpoMOonuTamu [7].

BBeneHne OMOMETUITMHCKOTO KIIETOYHOTO IPO-
IyKTa B 00JaCTh TEPMHUUECKOTO 0KOTa CIIOCOOCTBY-
€T YCKOPEHUIO (POPMUPOBAHUS JITUICPMHUCA, XOTS U
HE JOCTHUTAIONIETO IO TOJIIMHE 3HAUYEHUS MHTAKT-
HBIX )KHBOTHBIX, K 21-M cyTkam HaOmoneHuit. Mop-
(homeTpruecknii aHANIN3 THUCTOJOTHYECKUX TIpera-
paToB 00OpPa3IOB KOKU M3 OOJACTH OXKOTOBOW pPaHBI
BBISIBIIT  (DOPMHUPOBaHNE TPaHYISIIMOHHONW TKaHM,
WHTEHCHUBHBIN aHTHOTeHe3, HAKOIUICHHWE KOJUIareHa,
MIpHUBIIEYEHUE B 00J71aCTh PaHEBOTO Je(eKTa KIETOK
MUEJIOIUTAPHOTO psiga U (GpudpodIacToB, KOTOpHIS
ObUTH OoJlee BBIPAYKCHBI NP BBEJACHUU Pa3IMYHBIX
OMOJIOTMYECKH AKTHBHBIX MOJIEKyNl. PexoMOuHAHT-
HBIi QHTMOTCHUH YeJIOBEKa IMOJABIsUI Mponudepa-
uuto GuOpodIacTOB U3 00Pa3IOB PyOIIOB YeIOBEKa,
4TO 00YCIIOBIIEHO CHUKEHUEM aKTUBHOCTH CHTHAIIb-
Horo mytu TGF-B1/Smad2 [8]. CiegyeT oTMETHTB,
YTO HaMHU HE BBISIBICHO (OPMUPOBAHUSI PYOIOB Y
JKUBOTHBIX.

LMTOKMHBI U ApyrHe MOJIEKYJbl BOBJIEUEHBI B
MIPOIIECC Perapannu MOBPEXIEHUH OpraHoB M TKa-
HEeH. DTO CTajo OTHIPaBHON TOYKOW IUISI OICHKH
YPOBHSI HEKOTOPHIX HMUTOKMHOB M NO y MBIIIEH ¢
0KOTOM KOXKHM B JAMHAMHUKE JICUCHHs. YCTaHOBJIEHO,
9T0 OWOMEIUIIMHCKUH KIETOYHBIA TIPOMYKT CIIO-
COOCTBYET YBEJIMUEHHUIO B CHIBOPOTKE KPOBU YPOBHS
IL-1B, TNF-a u VEGF yxe Ha 7-¢ cyTKu HaOmome-
HUSI, 9TO MOXKET YKa3bIBaTh HA aKTHBAIIAIO BOCIAIH-
TeNbHOTO (hOHA B OpraHU3ME U, TEM CaMbIM, CBHUJIE-
TENBCTBOBATH O 3aITyCKEe PErapaTHBHBIX MPOIECCOB.
OcoObIii HHTEpEC MPECTABISIOT JaHHBIE HA JIOKAIb-
HOM ypOBHE (TakuX HCCIICIOBAaHUI MPOBEIACHO He-
J0cTaToyHo). HaMu BBISIBIIEHO MOBBIILIEHUE YPOBHS
npoBocnanuTenbHbix 1UTOKMHOB (IL-1PB, TNF-a)
u VEGF B koxe KUBOTHBIX, TOJTYUYaBIIUX JICYCHUE
OMOMEIMIIMHCKUM KJIETOYHBIM HPOJAYKTOM YKE C
7-X CyTOK HaOJIOAECHHUS, YTO OTPa)KacT aKTHUBAIIHIO
BOCHAJIEHUS U Perapalyy B oyare naToJiorn4eckoro
nporecca.

BreisiBeHO HanuuKre B3aMMOCBA3EH MEXKIY MOp-
(hoMeTpUUeCKUMU TTOKa3aTeIsIMU 00pa3IOB KOXKH U3
00JTacTH TEPMUYECKOTO OXKOTa M YPOBHEM ITUTOKH-
HOB B CBHIBOPOTKE KPOBH U KOX€ >KHBOTHBIX, YTO OT-
pakaeT BaXHOCTh JAHHBIX MOJIEKYJI B peHIapaTHBHBIX
IIporeccax MpH MaTOJIOTUIECKUX COCTOSHHUSIX KOXKH.
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BbromenuimHCKIE KIIETOYHBIE TTPOILYKTHI (PEKOM-
OMHaHTHBIA aHruoreHuH yejaoBeka, KC or MCK ue-
JIOBEKa, KJIETOK dHAOTenuanbHoi uann EA.hy926
1 OBK) yckopsroT penaparuio TepMUYECKOro 0Kora
KOXKH Y camMOK MbIren imann CD-1 u nHAIUupYIOT
mmMeHerus yposuei 1L-18, TNF-a, IL-10, VEGF u
NO B CBIBOPOTKE KPOBH U KOXKE.
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