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Abstract. Placenta is a unique organ, without which the very phenomenon of human pregnancy is impossible. Semi-
allogeneous nature, localization of the placenta, complex and heterogeneous cellular composition determines its complex and
multifaceted role in the course of physiological pregnancy, indicates the importance of studying this organ in a number of
reproductive pathologies. The purpose of this review was to analyze the literature sources illustrating the importance of energy-
dependent processes in placental metabolism and to determine the molecular basis of placental energy conversion. Publications
of foreign and Russian authors from PubMed database and scientific electronic library eLIBRARY.ru were used when writing
the review. The review highlights the main functions of the placenta: transport and synthetic functions in terms of their place
in the structure of energy expenditure of the organ. The systems by which the transport of ions and gases from maternal blood
through the placental barrier is performed, are considered. The role of the placenta in the synthesis of steroid hormones and
glucocorticoids is detailed. The main bioenergetic systems are also considered: placental glucose metabolism, the functional
activity of mitochondria and the creatine kinase system of the placenta. These data allow us to put the placenta on a par with
other organs with high energy requirements (brain, transverse striated skeletal muscles, heart, kidneys, liver), which are most
susceptible to metabolic disorders. Maintaining a balance between expenditure and synthesis of macroergic compounds in the
placenta is critical for an adequate course of physiological pregnancy, and imbalances can lead to such pathologies as fetal
retardation syndrome or preeclampsia. Further study of placental energy supply systems seems important for understanding the
mechanisms of intrauterine development disorders and developing their pathogenetic treatment.
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Introduction

The placenta is a provisory organ which connects
the mother and the fetus. It performs transport, secretory
and synthetic functions, which require a lot of energy
and without which a successful pregnancy is impossible.
This peculiarity of the placenta’s metabolism unites
it with tissues with high energy requirements, which
traditionally include the nervous, transverse striated
muscle, as well as liver and kidney tissues.

The aim of this review is to summarize the data
on the structure of energy expenditure and the main
systems of energy generation in the placenta.

Energy-dependent functions of the placenta
Transport function of the placenta

The placenta is a provisory organ that links
the mother and the fetus, ensuring the growth and
development of the latter.

The placenta reaches functional maturity by the
end of the first trimester of pregnancy. At this stage it
consists of germinal and maternal parts. The germinal
part of the placenta is divided into a villous (facing the
myometrium at the implantation site) and a smooth
(facing the uterine cavity) chorion. Chorion villi are
branched connective tissue outgrowths containing fetal
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vessels, and covered with a specific type of epithelium—
trophoblast. The maternal part of the placenta is
represented by a modified endometrium — decidual
sheath, which forms septa (septa) and depressions
(lacunas). The latter are filled with oxygenated maternal
blood, washing the chorionic villi [1].

As the placenta matures, the cells of its epithelium, the
cytotrophoblast (CTB), fuse into a continuous syncytium,
the syncytiotrophoblast (STB). As a result, throughout
most of pregnancy, the fetomaternal barrier is formed by:

a) The apical surface of the STB in contact with
maternal blood lacunae,

b) The cytoplasm and basolateral surface of the
STB surrounding the fetal capillary tree branches.

Molecules that move in and out of the mother-
fetus direction cross the STB and the fetal capillary
endothelium. The latter limits the diffusion of large
molecules, but is permeable to low molecular weight
compounds [2].

Transport through the placenta occurs by the
following mechanisms [3]:

(1) passive diffusion;

(2) para/transcellular transport;

(3) protein-mediated transport;

(4) endo/exocytosis.
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Fig. 1. Schematic image of cross section of a single chorionic
villus. STB — syncytiotrophoblast, CTB — cytotrophoblast.
The cellular composition of villous stroma is not drawn for

simplicity purposes. Endothelial and trophoblast cells are not

shown to scale

By passive diffusion, small hydrophobic molecules
(such as respiratory gases) are transported. They are well
soluble in the cytoplasmic membrane, and therefore
their diffusion occurs over the entire surface of the
fetal part of the placenta. The intensity of transport of
such molecules depends on the rate of their delivery
and their distance from the exchange surface (i.e. on
the parameters of the fetoplacental and uteroplacental
blood flow) [3].

The transplacental transfer of hydrophilic molecules
through the STB and the fetal capillary endothelium occurs
via the transcellular and paracellular pathways. Local
deposits of fibrinoid fibrin type that fill microdamages
of STB and serve as a matrix for its reepithelialization
by CTC cells are considered as a possible morphological
basis for paracellular transport [3].

ABC and SLC proteins located on the surface of
the fetal NTBs and fetal vascular endothelium perform
active (ATP-dependent) transport in the placenta, as well
as facilitated diffusion of xenobiotics and substrates of
synthetic reactions. This group includes transporters of
glucose, fatty acids, and amino acids [2]. The expression
of placental transporter proteins varies depending on
the gestational age [4].

In addition, there is evidence that large molecules
such as immunoglobulins can move through the STB
and the fetal vascular endothelium by endocytosis, but
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this transport mechanism in the placenta is the least
studied [3].

Sodium-coupled transfort systems, such as amino
acid transporters, taurine and Na+/H+-pump, are high
on the apical surface. In addition, some Na+ returns to
the maternal bloodstream through sodium channels and
through paracellular transport. This relationship between
Na+ entry and exit from the placenta promotes the
transport of sodium ions toward the fetus while creating
a gradient for substrate transport on the maternal side [5].

The transport of calcium ions through the placenta
ensures the maintenance of a higher concentration of
Ca2+ in fetal blood compared with maternal plasma
and consists of two components: bilateral paracellular
diffusion and active transcellular transport through
the fetal surface of the STB [6]. In this context,
it is interesting to note that in placental tissue in
preeclampsia, pronounced abnormalities of calcium
homeostasis are found [7].

The transport capacity of the placenta is limited
by its surface area. At the same time, the limitation
of fetal growth under the influence of a number of
pathological factors leads to an increase in placental
efficiency (estimated as the ratio of fetal weight to
placental weight). Consequently, we can talk about
the ability of placental transport systems to adapt to
suboptimal conditions of intrauterine development [8].

Synthetic and secretory function of the placenta

In the structure of placental energy expenditure,
synthetic processes that ensure its endo- and paracrine
function occupy a significant place. Placenta is a source
of a wide range of biologically active substances of
different chemical nature. They cause changes in the
maternal body, characteristic of pregnancy, control fetal
morphogenesis and development of the placenta itself.

Among the products of the placenta are found [9]:

— steroid hormones;

— peptide hormones and hormone-like substances:
placental lactogen, placental growth hormone,
kisspeptin, adipokines (leptin, adipkinin, resistin),
growth factors;

— glycoprotein hormones: chorionic gonadotropin,
inhibin A and activin A;
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— tachykinins, C-reactive protein [10].

Endoplasmic reticulum stress in trophoblast cells,
caused by chemical exposure or chronic hypoxia, leads
to impaired protein synthesis, slowed proliferative
processes in the placenta itself, inhibited its transport
and endocrine function and, as a consequence, the
development of intrauterine fetal delay [11].

Placental steroidogenesis

Progesterone synthesis
The process of steroid hormone synthesis is
multistep, and its individual steps are localized in
different compartments of the cell, including the Golgi
complex and mitochondria [12]. The first stages of the
synthesis of a number of steroid hormones are carried

out on the inner membrane of the mitochondria of the
placenta.

The steroid hormone synthesis system in STB is an
electron-transport chain that carries out electron transfer
from NADPH to cytochrome P450scc via the protein
adrenodoxin through the enzyme adrenodoxin reductase.
The aforementioned proteins are localized on the inner
mitochondrial membrane as part of specialized contact
sites where they synthesize pregnenolone, a precursor
hormone of other steroids, from cholesterol. Further
conversion of pregnenolone to progesterone is catalyzed
by another enzyme located on the inner mitochondrial
membrane, 3f3-hydroxysteroid dehydrogenase
type 1 [13]. In addition, the steroidogenic electron-
transport chain depends on the products of Krebs cycle
reactions (such as malate and a-ketoglutarate), which
are used to produce reduced equivalents of NADPH.

Fig. 2. Steroidogenesis within mitochondrial matrix. P450scc - cholesterol side-chain cleavage enzyme cytochrome P450;
3BHSD | — 3B-hydroxysteroid dehydrogenase type 1; NNT — nicotinamide nucleotide transhydrogenase;
RC | — respiratory chain complex | (NADH-CoQ oxidoreductase); RC V — respiratory chain complex V (ATP synthase)
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On the other hand, since the conversion reaction of
NADH to NADPH is energy-dependent, it requires
the mitochondrial respiratory chain to be functionally
active as well [14].

According to the literature, trophoblast
differentiation is accompanied by a significant
change in mitochondrial morphology, namely, the
transformation of large round mitochondria with
lamellar cristae into small mitochondria with a
dense matrix and tubular-vesicular cristae of STB
mitochondria. Simultaneously with the growth of
the area/volume ratio of mitochondria, increases
the efficiency of cholesterol transport to the inner
mitochondrial membrane to cytochrome P450scc
localized there increases; this process is a rate-limiting
step of placental steroidogenesis [13]. It has been
shown that CTB contains only 20 % of the total amount
of P450scc found in the human placenta homogenate:
presumably, cytochrome P450scc expression is
activated during CTB syncytization [13].

The placenta, unlike the adrenal glands, is not able
to synthesize de novo cholesterol in sufficient amounts.
It is assumed that STB can use a small amount of
synthesized cholesterol to maintain the morphology of its
own cytoplasmic membranes. Also, STB mitochondria
contain the enzyme ATP-diphosphohydrolase, which
supplies cholesterol transport with energy: the ADP
formed during the hydrolytic reaction is used to
synthesize ATP in the respiratory chain. To prevent
energy dissipation, the activity of ATP-diphosphorylase
and the V respiratory complex of the mitochondrial
chain are closely coordinated [13].

The placenta receives cholesterol for progesterone
synthesis from maternal low-density lipoproteins, which
enter the STB by endocytosis [13]. Nonmetabolized
maternal cholesterol enters the fetal bloodstream
through the fetal vascular endothelium, on which the
corresponding ATP-dependent transfer proteins ABCA1
and ABCGT1 are expressed [15].

The placenta is a source and target of estrogens
The placenta is a source of estrogens: estrone (E 1),
estradiol (E 2) and estriol (E 3). At the same time,
the placenta tissue does not contain steroid-17-
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hydroxylase (CYP17) and therefore cannot convert
progesterone to androgens— dehydroepiandrosterone,
dehydroepiandrosterone-sulfate— necessary for de
novo estrogen synthesis; these substrates come from
the fetal adrenal glands. The absence of CYP17 makes
the formation of progesterone and estrogens in the
placenta possible without progesterone being consumed
for androgen synthesis [16].

It is important to consider that throughout
pregnancy, the placenta serves not only as a source, but
also as a target for estrogens. Thus, all cell types present
in the placenta, as well as amniocytes, contain some or
other estrogen receptors (ERa, ERf, GPER-1). During
syncytization of the trophoblast, its receptor profile
also changes. In accordance with this, estrogens induce
different responses in the trophoblast at different stages
of differentiation and can also directly affect it [17]. In
addition, the membrane receptor to estrogen associated
G-protein (GPER-1) is involved in trophoblast invasion
and its content in the placenta is significantly reduced
in fetal growth retardation syndrome [18].

In the context of this review, it is important
to note that in studies on isolated mitochondria E 2
and progesterone act as stimulators of oxidative
phosphorylation, while increasing the coupling of
oxidation and phosphorylation in the respiratory
chain and reducing free radical synthesis [19].
Under conditions of ischemic and toxic damage in
vitro, pretreatment of cells with E 2 has a protective
effect with respect to ATP synthesis, oxidative
phosphorylation processes and maintenance of
mitochondrial membrane potential [20]. E 2 increases
the level of nuclear transcription factor TFAM, which
is necessary for mitochondrial DNA replication
(mtDNA), and increases the expression of respiratory
complexes subunits encoded by the nucleus [21].
ERa and ERp are present in mitochondria, and the E 2
receptor complex has been shown to translocate into
the mitochondrial matrix [22]. Moreover, the mtDNA
contains an E 2-sensitive sequence, apparently allowing
estrogen to have a direct effect on mitochondrial genome
function [22]. Mitochondrial estrogen receptors are of
great interest, but their role in the placenta is currently
poorly understood.
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Glucocorticoid synthesis

The placenta expresses 11B-hydroxysteroid
dehydrogenases type 1 and 2 (113-HSD 1, 113-HSD 2),
which catalyze the forward and reverse conversion
reactions between cortisone and cortisol, respectively.
11B3-HSD 2 is localized in the STB and, through
inactivation of maternal cortisol, represents the main
barrier to its entry into the fetal bloodstream. In addition,
the ATP-dependent pump ABCB 1, located on the apical
surface of the STB, removes the unmetabolized cortisol
fraction. As a result of 113-HSD 2 and ABCB 1 activity,
maternal cortisol, which can inhibit fetal growth, is
reduced in fetal tissues and the placenta. Interestingly, low
11B-HSD2 activity in placental tissue is associated with
such pathological conditions as preeclampsia, intrauterine
developmental delay, and preterm delivery [23].

Thus, the processes of placental biosynthesis,
among which hormone production occupies a special
place, require maintaining the energy supply of this
organ at a high level.

Placental energy sources

Placental glucose metabolism

Glucose metabolism in the fetoplacental region
has been studied in detail in animals [24]; however,
the results of these studies cannot be unequivocally
extrapolated to humans because of significant
morphological and physiological differences between
placentas of different biological species. It is known that
the human placenta at the early stages of its formation
is characterized by high activity of pyruvate kinase,
one of the key enzymes of glycolysis, which decreases
with the gestational age [25].

Experiments on cells demonstrate that the CTB
is characterized by a combination of glycolytic and
oxidative mechanisms of energy production, while
aerobic metabolism predominates after symplast
formation [26]. On the other hand, under conditions
of experimental hypoxia in STB, a decrease in 02
concentration to at least 3 % is accompanied by
compensatory activation of anaerobic glycolysis,
which allows maintaining protein biosynthesis at
an optimal level [27]. At the same time, there are
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indications in the literature of inhibition of placental
glycolysis in fetal growth retardation syndrome
(in particular, reduced activity of the rate-limiting
enzyme phosphofructokinase) [27].

During pregnancy, the placenta contains enzymes
required for gluconeogenesis and high levels of pentose
phosphate shunt enzymes; the latter is a source of
NADPH, which is used, among other things, during
the synthesis of steroid hormones [25].

Placental mitochondria

According to the literature, there are two
subpopulations of mitochondria: a heavy one
(presumably, from the CTB cells) and a light one
(located in the STB) [28]. The latter is characterized
by its smaller size, irregular shape, atypical cristal
morphology, low oxygen metabolism and specialization
to steroidogenesis (high cytochrome P450sc
activity) [28]. At the same time, during pregnancy,
STB as the final stage of trophoblast differentiation
begins to surpass CTB in volume, which should be
taken into account when trying to assess the differential
contribution of the mentioned mitochondrial fractions
to the overall metabolic activity of the placenta [29].
Nevertheless, recent studies show that the intensity of
glycolysis and oxidative phosphorylation in CTB cells
isolated from late gestational placenta is higher than that
of STB. The intensity of mitochondrial respiration in
other types of placental cells (stroma, endotheliocytes)
is significantly lower than in trophoblast [30].

There is also an increased content of 3-oxidation
enzymes of long-chain fatty acids in STB mitochondria;
the latter are used by the placenta as an energy source
for many transport and synthetic processes [31]. It is
worth noting that the activity of placental enzymes
of B-oxidation of fatty acids is higher compared with
those in the liver [32]. Oxidative stress induced by
H202 exposure to placental tissue leads to a dose-
dependent decrease in the intensity of $-oxidation,
without changing the expression of its key enzymes [33].
Similarly, S-oxidation is reduced in the placentas of
women with PE [34].

It is interesting to note that the mitochondria in
smooth chorion STB cells which are not a part of
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the fetomaternal border, are morphologically similar
to those in villous chorion STB. The presence of a
well-developed endoplasmic reticulum and some
enzymes characteristic of STBs (alkaline phosphatase,
NADPH-diaphorase, NADPH-oxidase Ca2+-ATPase)
was also shown for these cells. This allows us to speak
about smooth chorionic NTBs as metabolically active
cells similar to the vortex symplast. Thus, smooth
chorion CTB cells degrade uterotonins—endothelin and
prostaglandins — of amniotic fluid, as well as perform
synthesis of extracellular matrix [35].

In STB mitochondria, in comparison with CTB,
the membrane potential is reduced, as well as the
conjugation of oxidative phosphorylation and ATP
synthesis; the latter can lead to superoxidanion-radial
production [36]. In addition, P450scc contributes
to the generation of reactive oxygen species in
mitochondria [37]. On the other hand, CTB of the
first trimester of pregnancy is characterized by high
antioxidant protection in due to the expression of
superoxide dismutases and catalase, whereas in STB
these enzymes start to be detected only after 16 weeks
of pregnancy [38]. Thus, we can conclude that in the
first trimester of pregnancy, STB is more vulnerable
to oxidative damage than CTB, especially under
hypoxic conditions. This fact may be significant for
understanding how some placental abnormalities are
formed.

Syncytization of the cytotrophoblast requires a fully
functional respiratory chain: inhibitors of oxidative
phosphorylation complexes in non-lethal doses disrupt
human CTB differentiation [28]. Mitochondrial
biogenesis also increases during differentiation;
eventually, the mature placenta STB contains a large
number of small mitochondria. The role of mitochondria
in trophoblast differentiation is demonstrated by the
studies, according to which impaired mitochondrial
respiration prevented syncytization of the STB as well
as synthesis of placental hormones [28].

Fluctuations in pO2 throughout pregnancy
affect placental mitochondria. Before the 10th
week of gestation, pO2 in the placenta is low and is
approximately 2.5 %, as the lumen of the spiral uterine
arteries is blocked by extravasal trophoblast cells.

GINECOLOGY

This period is characterized by a reduced content of
mitochondria in the placenta and a high intensity of
glycolytic processes compared with later gestational
periods when, as a result of the establishment of
uteroplacental blood flow, pO2 increases at least 3-fold
and is #8.5 % [39].

During the formation of a complete uterine-
placental circulation, there is also an increase in
mitochondrial biogenesis, an increase in oxidative stress
and the activity of placental antioxidant systems [39].
Experiments on permeabilized first- and third-trimester
placentas demonstrate an increase in the number of
placental mitochondria, an increase in their respiratory
capacity and cytochrome oxidase activity (IV respiratory
complex) by the end of pregnancy [39].

During labor, uterine contractions lead to a sharp
restriction of uterine-placental blood flow and placental
damage by the mechanism of ischemia/reperfusion. This
can probably explain the higher respiratory activity
of placental mitochondria during vaginal delivery
compared to cesarean section [39].

It is now established that mitochondrial dysfunction
occupies an important place in the development of
pregnancy complications, such as PE and fetal growth
retardation syndrome (more details in reviews: [40, 41]).

Creatine kinase system of the placenta

Creatine kinases (CKs) are a family of enzymes
which catalyze the reversible transfer of a phosphate
residue from ATP to creatine to form phosphocreatine
and ADP. There are cytosolic and mitochondrial
isoforms of creatine kinases. On the one hand,
mitochondrial creatine kinase (mtCK) is functionally
linked to the respiratory chain proteins; on the other
hand, both isoforms form a unified system of transport
and deposition of macroergic compounds inside the cell.

Two isoforms of creatine kinases, cytosolic creatine
kinase B (CKB) and the mitochondrial ubiquitious form,
were found in the human placenta, the former being
quantitatively predominant in preterm pregnancy [42].

By the third trimester of pregnancy, the CK content
in placental tissue increases significantly [43]. To explain
the mechanism of this phenomenon, it is important
to take into account the presence of E 2-dependent
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sequences in the CK genes. It has been shown that
the increase in estrogen levels during pregnancy is
consistent with the dynamics of mtCK expression,
and the addition of E 2 to endometrial cell culture
causes a rapid increase in mMRNA mtCK content in
them [43]. Estrogen receptors are present in the
trophoblast cells, as well as in the endometrium [44].
In the uterus, E 2-mediated CKB expression is mediated
by ERa [45]; we cannot exclude the existence of a
similar mechanism for creatine kinases in the placenta.
In addition, the CK genes contain a regulatory sequence
for glucocorticoids [46].

It is also known that the hormone parathyroidin and
vitamin D (regulators of calcium metabolism) increase
CKB activity in placental tissue explants, presumably
in a receptor-mediated way [47]. In this regard, it is
interesting to note that preeclampsia is characterized
by decreased levels of parathyroidin and vitamin D
in the blood [7]. Unfortunately, no data are currently
available on the possible effect of these molecules on
mtCK function and/or expression.

The human placenta in late gestation is capable
both of synthesizing creatine de novo and importing
it with the help of the SLC 6A8 carrier from maternal
blood [48]. Creatine supplementation increases total
creatine content not only in most organs, both maternal
and fetal, contributing to the protection of the fetal brain
from hypoxia during labor [49].

Creatine is synthesized from the amino acids
arginine, glycine, and methionine in two sequential
enzymatic reactions involving, respectively, arginine:
glycine amidine transferase (AGAT) and guanidine
acetate methyltransferase (GAMT) [48]. In the
placenta, GAMT and SLC 6AS8 are localized in the
STB, and AGAT is found in the stroma of villi and
the endothelium of fetal capillaries [50]. It has been
shown that the expression level of SLC 6A8 and AGAT
is inversely proportional to the weight of the newborn
and the weight of the placenta [50]. It is also interesting
to note that the gene encoding AGAT is imprinted and
is expressed in extraembryonic tissues (placenta and
yolk sac) only from the allele inherited from the mother,
which suggests epigenetic mechanisms of this enzyme
regulation [51].
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The functioning of the placental creatine kinase
system in normal and abnormal pregnancies has been
insufficiently studied and requires more research
attention.

Conclusion

The information presented in this review
demonstrates the role of energy-dependent processes
in the placenta’s function in ensuring the vital functions
of the fetus and maintaining pregnancy. The interest
in placental energy metabolism is dictated by the fact
that the success of pregnancy directly depends on the
adequacy of placental energy supply systems. A detailed
study of the functioning of these systems will open
up opportunities for creating new approaches to the
treatment of pregnancy complications.
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REVIEW
OB30PHAA CTATbA

Clinical and genetic aspects of menopausal hormone therapy —
a modern paradigm. What changed COVID-19 pandemic?

Irina S. Zhuravleva |g’ Marina B. Khamoshina ', Mekan R. Orazov ,

Elena M. Dmitrieva ~, Madina M. Azova

Peoples’ Friendship University of Russia, Moscow, Russian Federation
> izhuravas@mail.ru

Abstract. In the modern paradigm of public health protection, much attention is paid to the health of women in peri- and
postmenopause, and a personalized approach prevails. It is generally recognized that the pathogenetic therapy of menopausal
disorders is hormone therapy. But the COVID-19 pandemic has made its own adjustments to the routine strategy of choosing
menopausal hormone therapy (MHT). The purpose of this review was to analyze studies on the dependence of the effectiveness of
MHT on clinical and genetic aspects in the context of the ongoing COVID-19 pandemic. The review highlights the main risks of
MHT for thromboembolic diseases and coagulation complications characteristic of COVID-19, discusses genetic predispositions
that aggravate the course of the post-COVID period, as well as the effectiveness of estrogens in protecting the vascular endothelium
and increasing the number of CD4+ T cells, providing an adequate immune response when infected with SARS-CoV-2. Numerous
studies show that the complications characteristic of the severe course of COVID-19 are multifactorial in nature and cannot be
unambiguously explained only by genetic predisposition. However, with the development of personalized medicine, special
attention should be paid to the study of genetic aspects that can equally contribute to the occurrence of menopausal disorders
in healthy women and aggravate the course of the post-pregnancy period. The data presented allow us to conclude that in the
context of the ongoing COVID-19 pandemic at the population level, MHT can bring significant benefits to women during
menopause due to the beneficial effect of estrogens on vascular walls. Additional study of the relationship between the course of
the postcovid period in MHT users and polymorphisms of candidate genes that determine the risks of thrombotic complications
and metabolic consequences is required.

Key words: COVID-19, postcovid syndrome, menopausal hormone therapy, gene polymorphism, PAI-1, ITGB 3, MTHFR,
VEGE, Vitamin D
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Introduction

Increasing the life expectancy of Russians entails
a whole range of practically significant problems of
organizing medical care for middle-aged women.
Disorders related to aging require special attention,
among which diseases associated with a deficiency /
imbalance of sex hormones occupy a leading
position [1—4].

Conditions associated with physiological age-
related hypogonadism can be of a very diverse nature
and manifest themselves with varying degrees of
severity. Most often, the progressive deficiency of
sex hormones is associated with the appearance and
progression of cardiovascular, metabolic, urogenital
and sexual disorders, as well as the development of
immunodeficiency states [1—3]. The “gold” standard of
treatment and prevention of such diseases and disorders
is menopausal hormone therapy (MHT) [2, 3, 5].

The ongoing discussions about its safety have good
reasons. On the one hand, a review of numerous data
shows that MHT increases the risks of thromboembolic
diseases and hypercoagulation-related complications
characteristic of COVID-19, including iatrogenic [6—
8]. On the other hand, estrogens have been proven to
protect the vascular endothelium, since their expression
increases the synthesis of endothelial NO synthase,
an enzyme involved in the formation of a powerful
vasodilating factor nitric oxide (NO). In addition,
estradiol increases the number of CD 4+ T cells,
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providing an adequate immune response when infected
with SARS-CoV-2 [4, 8].

Noteworthy are the results of the analysis of
electronic medical records of a large international
cohort of patients with COVID-19 (n=68,466), which
examined the effects of systemic MHT on mortality
rates. The odds ratios and Kaplan-Mayer survival
curves were measured, cohorts of 37,086 women
with COVID-19 at reproductive age (15—49 years)
and peri- and postmenopausal (>50 years) were
compared. The results obtained confirmed that the
use of systemic MHT reduces the risk of mortality
from COVID-19 among women over 50 years of age
by almost half [9].

Over time, it becomes obvious that under equal
conditions of sex hormone deficiency in postmenopausal
women as such, and in those who have had a coronavirus
infection, complications may occur, different in nature
and severity: from asymptomatic course to pronounced
disorders, especially from the cardiovascular system and
the coagulation system [6, 7, 10]. Therefore, the approach
to the management of such patients cannot be generalizing,
but should be of an individual nature, considering race,
ethnicity, initial state of health, social risk factors, as well
as hereditary history. With the development of personalized
medicine, special attention should be paid to the study of
genetic aspects that can equally contribute to the occurrence
of menopausal disorders in healthy women and aggravate
the course of the post-ovarian period, contributing to the
development of complications [10—12].
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Clinical and genetic aspects of MHT
and thrombotic complications of COVID-19

According to the modern paradigm, infection
caused by the coronavirus SARS-CoV-2 (COVID-19)
can occur in a variety of ways: from asymptomatic
viral transmission to clinically significant severe forms,
including complications in the post-ovoid period.
The severe course of COVID-19 is associated with
a violation of the regulation of the immune system,
accompanied by an excessive release of inflammatory
cytokines, which creates a hyperinflammatory reaction
and activates the procoagulant medium [7].

Their specificity is very variable: from venous
thromboembolism to the development of DIC
syndrome. In particular, due to this variability, the
safety aspect of the use of anticoagulants in preventive
or therapeutic dosages is relevant. In addition, the
question arises: why do only some patients with severe
COVID-19 develop thrombosis, despite the proven
hypercoagulation component of the pathogenesis of
the disease? Accumulated experience shows that an
important element to be taken into account is the pre-
existing individual thrombophilic profile predisposing
to thrombotic complications during SARS-CoV-2
infection. These include race, ethnicity, as well as a
number of hereditary genetic factors [11, 13, 14].

When studying genetic risk factors, it was shown
that the polymorphism of the plasminogen activator
inhibitor-1 (PAI-1) 4G/5G gene is associated with
osteonecrosis after COVID-19 mediated by thrombosis.
The gene encoding plasminogen activation inhibitor 1
(PAI-1) is a component of the fibrinolytic blood system
and plays an important role in fibrin stabilization,
vascular remodeling, and cell migration. PAI-1 binds
to the tissue activator of plasminogen and inhibits the
activity of plasminogen, which reduces fibrinolysis [12].

The results of other studies demonstrate that
polymorphism of the ITGB 3 gene is also an independent
risk factor for severe COVID-19. So, in one of the
studies, 16 polymorphisms of genes responsible for
prothrombotic and cardiovascular complications,
including COVID-19, were studied. It was found
that polymorphism of the ITGB 3 PIA2 gene was
independently associated with a higher risk of severe
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COVID-19, while single-nucleotide polymorphism in
the B-Fbg gene was detected in a homozygous mutated
form only in a cohort of severe COVID-19 patients.
The ITGB 3 and ITGA2B genes encode subunits of the
platelet integrin glycoprotein complex IIb/IIla (GPIIb/
IITa), which is responsible for platelet adhesion and
activation. The ITGB 3 PIA1/A2 polymorphism is the
result of a single amino acid substitution (leucine —
proline) in residue 33 in the (-chain gene GPIIb/IlIa,
which leads to isoforms PIA1 or PIA2. This changes the
structural conformation of its 33 subunit, transferring
the latter to a fully active state, which determines the
increased reactivity of platelets and their ability to
adhere, naturally increasing thrombogenicity [10].

In addition, suggest the participation of
polymorphism of the C 677T methylenetetrahydrofolate
reductase (MTHFR) gene in the formation of
prerequisites for the morbidity and severity of
COVID-19 [15]. MTHEFR is an intracellular enzyme
that participates in the conversion of homocysteine
to methionine in the presence of pyridoxine and
cyancobalamin cofactors, as well as folic acid substrate.
It is known that a high level of homocysteine in plasma
significantly increases the frequency of damage to both
small and large vessels [16]. Hyperhomocysteinemia
has neurotoxic, neuroinflammatory, neurodegenerative,
proatherogenic, prothrombotic and prooxidant effects.
Recent data indicate the role of homocysteine as a risk
factor for thromboembolism, given its effect on platelet
reactivity. Thus, there is a high degree of correlation
between mutations of the MTHFR gene, morbidity and
mortality from COVID-19 [15—22].

According to some authors, one of the most
significant indicators associated with the severe course
of COVID-19 and helping to calculate the prognosis of
the disease is a high level of VEGF-D [23, 24].

The VEGF gene encodes vascular endothelial
growth factor (VEGF), which stimulates vasculogenesis
and angiogenesis in both normal tissues and tumors.
The results show that VEGF polymorphisms rs699947,
1rs1570360 and rs3025039 can affect the predisposition
to coronary heart disease. In addition, VEGF
polymorphism rs699947 and rs2010963 can serve as
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genetic markers of collateral circulation disorders after
myocardial ischemia [26, 27].

There is also evidence that the cytokine storm that
occurs during COVID-19 promotes inflammation in
brain tissues and subsequently causes neurological
manifestations. Vascular growth factor (VEGF),
which is widespread in the brain, probably plays
a crucial role in this inflammation, promoting the
attraction of inflammatory cells and regulating
the level of angiopoietins II (Ang II). Thus, VEGF
is considered a promising therapeutic target for
suppressing inflammation in SARS-CoV-2 infection
with neurological symptoms [28].

However, other studies show that the use of VEGF
inhibitors, for example, in oncological diseases, is
associated with the risk of hypertensive complications,
which are caused, among other things, by endothelial
dysfunction, an imbalance between nitric oxide, oxidative
stress, endothelin signaling and prostaglandins [29].

The role of vitamin (hormone) D in the development
of various menopausal disorders, including in the
postcovid period, deserves special attention.

As is known, vitamin D enters the human body
in two forms: in the form of ergocalciferol with plant
foods and in the form of cholecalciferol with animal
foods. Cholecalciferol is also synthesized in the skin
under the influence of ultraviolet radiation. In the future,
its metabolism occurs in the liver, where, under the
influence of the enzyme 25-hydroxylase, cholecalciferol
is converted into the prohormone D —, or calcidiol. It
is this relatively stable molecule (25(OH)D) used for
laboratory assessment of vitamin D levels. Further,
in the kidneys, under the influence of the enzyme
la-hydroxylase, calcidiol turns into its active metabolite
calcitriol -, 1,25(OH)2D or “hormone D”. The boom
in studies of the hormonal activity of calcitriol became
possible after the discovery of specific intracellular and
nuclear receptors for vitamin D (VDR).

Binding 1.25(OH)2D with VDR can regulate
hundreds of different genes. VDR are active in almost
all tissues, including colon, mammary gland, lungs,
ovaries, endometrium, bones, kidneys, parathyroid
gland, pancreatic B cells, monocytes, T lymphocytes,
melanocytes, keratinocytes, and others, including tumor
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cells [30, 31]. Some studies have studied various types
of VDR polymorphism and their correlations with
various malignant diseases in terms of ethnicity [32].

Vitamin D plays an important role in bone
metabolism and is important for the prevention of
multifactorial pathological conditions, including
osteoporosis (OP) [33, 34]. Polymorphism of the VDR
gene can affect individual predisposition to OP and
reaction to vitamin D supplements. The association
of polymorphisms VDR rs7975232, rs1544410,
rs731236 and rs11568820 with a predisposition to OP
has been revealed, which can be taken into account
for an individual assessment of the risk of fractures
and the development of personal recommendations
for optimizing vitamin D supplementation, especially
in postmenopausal women [35, 36].

In addition, polymorphisms of the VDR gene
and their manifestations may differ in different ethnic
groups. Thus, the VDR FokI genotype is associated with
an increased risk of osteoporosis in Asian women, but
not in Caucasian women. In order to draw exhaustive
and correct conclusions, further prospective studies
with a large number of participants around the world
are needed to study the relationship between VDR
FokI polymorphism and OP [37]. However, the same
polymorphism is associated with an increased risk of
cancer of the female reproductive organs. Vitamin D and
VDR play a protective role in gynecological cancers.
Vitamin D deficiency is detected in ovarian, cervical
and vulvar cancers. VDR expression increases in
endometrial, ovarian, cervical and vulvar cancers [38].

Some studies show that the replenishment of
vitamin D deficiency in the same doses in healthy
people has a differentiated effect on the results, which
also suggested different variants of mutations of the
VDR gene. Vitamin D deficiency is a risk factor for
autoimmune diseases, which is also associated with
the consequences of COVID-19 [39, 40]. However,
some patients develop autoimmune diseases, while
others do not, which may also be due to certain genetic
determinants, including mutations of the VDR gene [41].

Vitamin D deficiency is directly associated with
a high risk of cardiovascular diseases. It is known
that VDR activation induces an increase in nitric
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oxide (NO) in endothelial cells, and enhances the
angiogenic properties of endothelial progenitor cells
[42]. In addition, vitamin D can regulate the activity
of immune cells by suppressing the release of pro-
inflammatory cytokines and increasing the release of
anti-inflammatory cytokines, thereby playing a role
in protecting blood vessels [43—45]. At the same
time, vitamin D is an important regulator of the renin-
angiotensin-aldosterone system. Vitamin D deficiency
can “turn on” the activation of the renin gene, which
leads to an increase in angiotensin II levels, and this,
in turn, can lead to hypertension and hypertrophy of
the ventricles of the heart. In addition, an increase in
the level of angiotensin II may lead to an increase in
the production of reactive oxygen species (ROS) and
activation of G-proteins, such as Rho A, which threatens
the inhibition of pathways necessary for intracellular
glucose transport, and, consequently, prerequisites for
the development of insulin resistance and the start of
the mechanisms of pathogenesis of metabolic syndrome
[46—50].

Finally, vitamin D is associated with an atherogenic
lipid profile, which includes an increase in serum LDL
levels and a decrease in HDL levels. In connection with
VDR, calcitriol suppresses the formation of foam cells,
reduces the absorption of cholesterol by macrophages
and causes LDL autophagy [51]. As a result, vitamin D
can lower blood pressure and have anti-inflammatory,
antiproliferative, antihypertrophic, antifibrotic,
antidiabetic and antithrombotic effects, beneficially
modulating classical risk factors for cardiovascular
events. At the same time, it was revealed that the
polymorphism of VDR FokI (rs2228570) is significantly
associated with the development of cardiovascular
diseases [52—54].

Vitamin D is an important regulator of the immune
system and has an anti-infective and immunomodulatory
effect. Recent studies have shown a link between the
risk of developing pneumonia in COVID-19 and vitamin
D deficiency. The primary point of these studies was to
identify the alleged interaction between polymorphisms
of vitamin D receptor genes and SARS-CoV-2 infection.
There were significant differences (p < 0.005) in the
frequency of genotypes for polymorphic loci FokI and
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Tagl between infected SARS-CoV-2 patients and the
control group [55, 56].

Conclusion

Thus, the main complications leading to the severe
course of COVID-19 are multifactorial, including those
related to genotypes, and cannot be unambiguously
explained only by the studied genetic risk factors,
which once again confirms the complexity of the
pathophysiology of COVID-19. However, there is no
doubt that the combination of a number of alleles of
the coagulation system genes and the immune response
aggravate the course of COVID-19 and postcovid
syndrome in people with age-related hypogonadism.
This is especially important to consider in women taking
MHT [8].

According to the modern paradigm, the focus
of attention is primarily on the consequences of the
transferred COVID-19. New sections have been added
to the ICD-10, including codes U 09.9—condition after
COVID-19, U 08—personal history of COVID-19, code
U 08.9 is recommended to be used to register “an earlier
episode of confirmed or probable COVID-19, which
affects the state of human health, and the person is no
longer sick with COVID-19 [57, 58]. Summarizing all
the above, it is logical to assume that MHT can bring
significant benefits to peri- and postmenopausal women
in the context of the ongoing COVID-19 pandemic, due
to the beneficial effect of estrogens on vascular walls.
However, the situation requires additional study in the
context of studying the relationship of polymorphisms
of candidate genes that determine the personal risks of
thrombotic complications and metabolic consequences,
with the correction of the dosage regimen, considering
contraindications to MHT and justifying the need to
enrich the diet with drugs or supplements of folic acid,
vitamin D, pyridoxine and cyanocobalamin.
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KnuMHuko-reHeTuyeckmne acnekTbl MeHonay3asibHOM
ropmMoHanbHOMU Tepanuu — COBpeMeHHas napagurma.
Y10 usmenuna naipgemua COVIiD-19?

N.C. XKypasieBa

E.M. ImuTpueBa

‘g, M.b. XamomuHa , M.P. Opasos ,

, M.M. A3oBa

Poccuiickuii yHMBepcUTeT Apy kOBl HApOIOB, 2. Mockea, Poccuiickas ®edepayus
> izhuravas@mail.ru

AHHoOTanusa. B coBpeMeHHOI napafgurmMe oXpaHbl 3J0POBbsI HaCe/IeHUs 3ZI0POBbIO JKeHIIVH B IepH- U MOCTMeHoTay3e
yzesnsieTcst 00JIbII0e BHUMAaHMeE, MPUYeM FOCIO/ICTBYeT MepCOHU(UIIMPOBAHHBIN NoAX0A. OOIernprU3HaHHO, UTO MAaTOreHeTHYeCKOU
Teparyeii MeHoray3albHbIX PaCCTPOICTB sB/sieTCsl TopMOHasbHas Tepanus. Ho nangemust COVID-19 BHeca CBOM KOPPEKTHBBI
B PYTHHHYIO CTpaTeryio BbIOOpa MeHoray3aabHOU ropMoHanbHo# Tepanu (MI'T). Liesbto faHHOTO 0630pa sSIB/S/ICS aHA/IN3
WCCIeA0BaHUM 3aBUCHMOCTH 3¢ dekTBHOCTH MI'T OT K/IMHMKO-TeHeTHYeCKHX acTieKTOB B YCIOBUSIX MTPO/I0/DKAIOIIeNCst
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nargemurt COVID-19. B 0630pe Bbifie/sitoTCst 0CHOBHBIE prckd MI'T TpomM603Mb0/uecKux 3a00/1eBaHUM M KOAry/ISLIMOHHBIX
OCJIOKHEeHUH, xapakTepHbIX i1 COVID-19, 06cyxJaroTcsl TeHeTHUeCKHe MTPeApaciiofio’KeHHOCTH, OTATYaroL[ie TedeHHe
TIOCTKOBU/THOTO TIePUOZa, a Takxke 3((eKTUBHOCTh 3CTPOTeHBIOB, 3alUIIAOIINX YHOTEJTHI COCYH0B U YBETNUUBAIOIIUX
konmuectBo CD4+ T-k/1eTok, obecrieunBasi a/ieKBaTHbIM MMMYHHBIN 0TBeT npu uHpuimpoBanuy SARS-CoV-2. MHOrouncieHHbIe
HCCJIe/JOBaHUsI TIOKa3bIBalOT, UTO OCJIO’KHEeHU S, XapaKTepHble [Jis1 Tskesoro TeueHusi COVID-19, HocaT MHOTO(haKTOpHBIN
XapakTep U He MOTYT OBITh OIHO3HAYHO OOBSICHEHBI TOMBKO FeHeTHUeCKOH Tpe/ipaciofioKeHHOCThi0. OZIHAaKo, C pa3BUTHEM
MepCOHAM3UPOBAHHON MeTULIMHBI, 0COO0T0 BHUMAHUS 3aC/Ty)KMBAeT UCC/Ie0BaHNe TeHeTHYECKUX aCleKTOB, KOTOPbIE MOTYT
B PaBHOU Mepe CriocOOCTBOBATh BO3HUKHOBEHHIO MEHOTIay3a/IbHBIX PACCTPOUCTB Y 370POBBIX >KEHIIWH U OTSTOMIaTh TeueHHe
TIOCTKOBUAHOTO iepuoza. [IprBejeHHbIe JaHHBIE TTO3BOJISIOT C/le/IaTh BBIBO/, UTO B YCIOBUSIX MPOZAO/IKAIOIIeNCs aHAeMAn
COVID-19 na nonysisiLiuoHHOM ypoBHe MI'T MO)XeT NpUHEeCTH CylleCTBEHHYIO BbIFO/Y JKEHIIMHAaM B [Iepyo/, KIIMMaKTepus 3a
cueT G1arornpuUsTHOTO BIUSIHUS 3CTPOT€HOB Ha CTEHKH COCy/0B. TpebyeTcst JOMOTHUTETEHOE U3yUeHre B3aUMOCBSI31 TeUeHHs!
TIOCTKOBH/THOTO TIepro/ia y 1ojb3oBaresibHAL] MI'T 1 momMMophr3MOB reHOB-KaH/M/JaTOB, OTIpe/iesISTFOLX PUCKA TPOMOOTH-
YeCKUX OCJIOKHEHUH U MeTaboIMueCKUX MOC/IeICTBUM.

KnroueBbie csioBa: COVID-19, nocTKOBHAHBIN CUHZPOM, MeHoTIay3albHasi FTOpMOHabHas Teparusi, ouMopd3M reHoB,
PAI-1, ITGB 3, MTHFR, VEGF, Butamun D

HNudopmanys o puHaHCHPOBaHUM. ABTODEHI 3asIB/ISIIOT 00 OTCYTCTBUU CIIOHCOPCKOM MOJ/1€PKKH.
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HoBble acneKkTbl B XMpYpruuyeckom KoppeKkLum Ta3oBoro npoJsanca

B.I. Bapgansaun , A.W. Anéxun g, H.A. MexnymoBa ,
I.}O. ITeBroea ~, A.A. AnéxuH

Hayuno-kmmanueckuii LeHTp Ne 2 LleHTpaibHOM KJIMHUYECKON O0/IBHULIBI
Poccuiickoro HayYHOTO LIEHTpa XUPYPruu uMeHH akazemuka b.B. ITerpoBckoro, 2. Mockea, Pocculickasi @edepayus
P> science@ckbran.ru

AHHOTanus. AKTyalbHOCTb TIPO0JIeMbI Ta30BOT0 TpoJiarica 00yc/ioBIeHa pacpoCTPaHeHHOCThIO 3a00/1eBaHus, TeH/eH-
L{el K OMOJIOYKEHUIO U ITPOrpecCUpoBaHUI0. JTO, COIVIaCHO aHKeTUPOBAHUIO, B/IUSET Ha KaUeCTBO YKU3HU JKEeHIIVH, IPUBOAUT
K HapyIIeHUIO CeKCyalbHOrO (YHKIIMOHHMPOBAHUS, CHIKAeT TPYA0CoCco0HOCTh. CyIleCcTBYIOIIME B apCeHaie COBpPeMeHHOU
OrepaTVBHON IMHEKOJIOTUH CII0COObI XUPYPryuuecKoro JieueH!si MOTYT CII0COOCTBOBATh Pa3BUTHIO PyOII0BO-CIIAeYHOTO ITPOLecca,
WH(EKLMOHHBIX 0CIOKHEHUH U peLi|/vBa TIPoJIarica, UTo Co3/iaeT HeoOX0AUMOCTb MPOBe/IeHHst IOBTOPHBIX BMellare/bCTB. Pa3pa-
OoTKa ¥ BHe/IpeHHe B ITPAaKTHUKY HOBBIX CITOCOOOB JiIeueHHUst sIBJISTIOTCS 3aKOHOMepHOM HeobxouMocTho. Hanbonee s¢dexTuBHON
TeXHUKON XUPYPruueCcKoro jieueHus! MpoJiarca reHWTaIui sIB/sieTcsl 1ariapoCKoNnryecKasi CaKpOKOJIBIIONEKCHsI C MCTI0/Ib30BaHUEM
MMILJIaHTOB M3 TUTAHOBOTO 111eKa. Mamepuanb! u Mmemoodb!. [IpoBefieHO IPOCHIeKTUBHOE KOTOpPTHOe uccefoBaHue 30 narueHToK
B Bo3pacTe oT 37 10 74 fieT C K/IMHUUeCKUMHU TposiB/ieHUssMU riposiarica II—IV cremneny, craTucTyeCcKui aHaiu3 JaHHbIX U aHalu3
pe3yJIbTaToB aHKeTUPOBaHUs NALIMEHTOK B [T0C/IE0IIEepaljJMOHHOM IIepUOZe B IMHaMUKe uepe3 3—6—12 mecsLeB B riepuoy, ¢ 2019
o 2021 roa. B uccieoBaHuy Oblla MCI0/Ib30BaHa TPEX3TAITHAst METOZIMKA OTIepaTHBHOrO 1ocobus (marteHT ot 15.09.2020 rozga
Ne 2020130382/14(054923) B 06beMe — j1artapoCKonuueckasi IpOMOHTO(MHK AL, TTACTHKA KPeCTI[0BO-MATOUHBIX CBSI30K
no MacCoul, konbrioppadwusi, KosbrorneprHeoppadusi, TeBaTOPOIJIacTUKa. Pe3yibmambl u 06cyxcoeHue. YCTaHOBIEHO, UTO
6epeMeHHOCTb M PO/Ibl OTHOCAT K OCHOBHBIM (haKTOPaM, NPOBOLIMPYIOLUM pa3BUTHe HECOCTOSITeTbHOCTH MBILIL] Ta30BOTO
[Ha. JJmMTeTbHOCTD MOC/Ie0NnepalioHHOT0 Hab/TIoieH s B HallleM UCC/Ie/J0BaHUY cocTaBuia 3—14 MecsiieB. 3a 3TOT Mepuo/,
OCJIOKHEHUH IMarHOCTUPOBaHO He Ob110. Y 12 mareHToK (40,0 %) B TeueHHe MEPBOTO MeCsIa OTMEUAIUCh TePUOUUECKIEe
TSHYyIIMe OO/ B HIDKHUX OT/Ie/1aX XUBOTa U MPOMEXHOCTH, y 2 (6,6 %) — Heaep>kaHue MOUM. TUTAaHOBBIH 11esK 00/1afaeT
MEHBILIUM CPO/ICTBOM C OKPY’KarOLL{IMH TKaHSIMU 110 CPAaBHEHKIO C MOMIPOIUIEHOBBIMU KapKaCHBIMK CUCTEMaMH, UTO 1103BOJIsIET
paccMaTpHBaTh €ro B KauecCTBe ajbTepHAaTUBHOTO MaTepHrasia CHHTeTHUeCKUM aHasloraM M CHU3UTh PUCK mesh-accolupoBaH-
HBIX OCJIOKHEHWH. YCTOHUMBOCTh TUTAHOBOTO 3HZOMPOTE3a K aHTHCENTHKAM U MUKPOOHBIM areHTaM Tpe/[pacriosiaraetr K ero
JIONITOCPOYHOMY UCII0/b30BaHHIO M OTCYTCTBUIO HEOOXOMMOCTH 3aMeHbl. Bbigoob!. [TonyueHHbIe JaHHbIe TI03BOJISIIOT CYAUTh
0 BBICOKOH 3()(heKTUBHOCTH Pa3pabOTaHHOW METO/IMKH XMPYPrUyecKOoro JiedeHusl Ta30BOT0 Mposiarca /1eeKToB Ta30BOTO JTHA
y BOJTBHBIX C PEKTOLe/ie ¥ [UCTOLle/le, MUHMMU3aLMU PeLyIUBOB 3a00/1eBaHuMs U PUCKA Pa3BUTHs mesh-acCcoLMMpPOBaHHBIX
OCJIO)KHEHHH, UTO TI03BOJISIeT BLIOPATh TIePCOHATM3UPOBAHHYI0 TAKTUKY BeJleHUSI JAHHOM KOTOPTHI MaleHTOK.
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KoroueBble €/10Ba: 5H/0TIPOTE3, TUTAHOBBIN ILIEJIK, XMPYPryuueckasi KOppeKLus, coueTaHHble (hOPMBI TIpoJIarca
Mudopmanys o huHAHCMPOBAaHUU. ABTOPEHI 3asiB/ISIIOT 00 OTCYTCTBUM BHeLIHero (pMHaHCHPOBaHHSI.

Bkuiag aBropoB. B.I'. BapzansH, A.U. Anéxun, H.A. Mexiymosa, [1O. TleBroBa, A.A. AnexviH— /Iu3aliH UCCIe[0BaHus, COOp
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New aspects in the surgical correction of pelvic organ prolapse

Vardan G. Vardanyan ', Alexandr I. Alekhin g’ Natalya A. Mezhlumova —,
Galina Yu. Pevgova ', Anton A. Alekhin

Scientific and Clinical Center No. 2 of the Central Clinical Hospital
of the Russian Scientific Center for Surgery named after academician B.V. Petrovsky, Moscow, Russian Federation
> science@ckbran.ru

Abstract. Relevance. The relevance of the problem of pelvic prolapse is due to the prevalence of the disease, the tendency
to rejuvenation and progression. This, according to the survey, affects the quality of life of women, leads to disruption of sexual
functioning, and reduces the ability to work. The methods of surgical treatment that exist in the arsenal of modern operative
gynecology can contribute to the development of cicatricial adhesions, infectious complications and recurrence of prolapse,
which creates the need for repeated interventions. The development and introduction into practice of new methods of treatment
is a natural necessity. The most effective technique for the surgical treatment of genital prolapse is laparoscopic sacrocolpopexy
using titanium silk implants. Materials and Methods. A prospective cohort study of 30 patients aged 37 to 74 years with clinical
manifestations of grade II—IV prolapse, statistical data analysis and analysis of the results of a survey of patients in the postoperative
period in dynamics over 3—6—12 months from 2019 to 2021 was carried out. The study used a three-stage method of surgical
assistance (patent dated September 15, 2020 No. 2020130382/14 (054923) in the volume —laparoscopic promontofixation,
MacCoul sacro-uterine ligament plasty, colporrhaphy, colpoperineorrhaphy, levatoroplasty. Results and Discussion. It has
been established that pregnancy and childbirth are among the main factors provoking the development of pelvic floor muscle
failure. The duration of postoperative follow-up in our study was 3—14 months. No complications were diagnosed during this
period. In 12 patients (40.0 %) during the first month there were periodic pulling pains in the lower abdomen and perineum,
in 2 (6.6 %)— urinary incontinence. Titanium silk has a lower affinity for surrounding tissues compared to polypropylene
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scaffold systems, which makes it possible to consider it as an alternative material to synthetic analogues and reduce the risk of
mesh-associated complications. The resistance of the titanium endoprosthesis to antiseptics and microbial agents predisposes
to its long-term use and the absence of the need for replacement. Conclusion. The data obtained make it possible to judge the
high efficiency of the developed technique for the surgical treatment of pelvic prolapse of pelvic floor defects in patients with
rectocele and cystocele, minimizing the recurrence of the disease and the risk of developing mesh-associated complications,

which allows choosing a personalized management strategy for this cohort of patients.
Key words: endoprosthesis, titanium silk, surgical correction, combined forms of prolapse
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BeepneHue

[Tpo6Gema Ta30BOTO TpoJarnca y mamueHTOK
SIBJISIeTCS aKTya/IbHOM, TaK KaK JjaHHasi aTo/I0Tvsl
COTPOBOK/AAETCST pa3/TMUYHBIMU CUMIITOMaMHU Hapy-
11eHus: PyHKI[MU MOYEBBIX MyTel, BKIOUAIIUMU
KakK HeJlep)KaHWe MOYU U [Apyrue pacCTpOUCTBA
MOYEeUCTTyCKaHUsl, TaK ¥ HapyllleHHe CeKCyabHOro
(YHKLIMOHMPOBAHKSI MALMeHTOK 1 CBSI3aHHBIN C STUMHU
CHMIITOMAaMH TICHX0JI0OTMUeCKUI U COLMaIbHbIN JIHC-
koMmoprt [1, 2]. B Poccry HakorieH 3HaUUTe/TbHbIN
OTIBIT JIeUeHMs JaHHOW KOTOPTHI TIAlIUeHTOK, O/IHAKO
TIOMCK HOBBIX OTepaTUBHBIX TTOCOOWH U CTaHAapTH-
3a1[1s] UX BBLITIOJTHEHUS SIB/II€TCS Ha JaHHBIM MOMEHT
TPUOPUTETHBIM HarpaB/JeHUEM C LIeJIbI0 YIyULleHus
pe3y/IbTaToB JieueHusl U YMeHbIIIeHHUs TI0Cieoriepariu-
OHHBIX OCJIOXKHEeHUM U peluauBoB [3—>5]. 3amaueit
TIPOBE/IEHHOT'O UCC/Ie[JOBAaHUS SIBU/IOCH N300peTeHre

GINECOLOGY

MeTo/la KOPPEeKLIMY OMyIlleH!Us] CTEHOK BJlaraauiia
3a CueT Ha/le’KHOM (pMKcaly CBS304YHOIO arrapara
VMIMIIJIAHTOM, C Lie/Ibl0 MpeAoTBpallleHrs] pa3BUTHS
peLiBa 3a00/1eBaHusl, CHIPKEHHUsI PHCKa M0C/Ieore-
PaLMOHHBIX OCI0KHEHU, TPO(UIAKTUKHM MOC/Ie0re-
paLyoHHOro pyOII0BO-CIlaeuHoro nporiecca. biarogaps
CBOMCTBaM «TUTAHOBOTO LlIeJIKa» CHW)KAeTCsl yacToTa
VMH(DEKIMOHHBIX OCJIO)KHEHUU B PaHHEM U M03/lHeM
NoC/IeonepaljiOHHOM MTepUoje.

MaTepMaHbI n MeToabl

Hacrosiijee ncciegoBaHue BBITIOTHSAIOCH B TH-
HEKOJIOTHYeCKOM OTAesieHnH HayuHo-K/IMHUYeCKOro
IlenTpa Ne 2 IleHTpambHOM KIMHUYECKOW OOTLHULIBI
Poccuiickoro Hay4yHOTo LieHTpa XUpYPruv UMeHH aka-
memuka b.B. IlerpoBckoro, 1. Mocksa. B ucciiegosanumn
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yuactBoBau 30 maLiueHTOK B Bo3pacTe OT 37 [0 74 et
C KJIMHWYe CKUMU TposAB/IeHUsAMU Tpojarica [I—IV cre-
rieHu B rieproy, ¢ 2019 ro 2021 roa. KpurepusiMy BK/IHO-
YeHus! B MCC/Ie/JOBaHKe ObLTH MPOJIATC Ta30BbIX OPraHOB
C OmnylljeH’eM IepeJHel U 3a/iHel CTeHOK Blarajuiia
[I—IV cremnenu u coriacue Ha YCTaHOBKY TUTAHOBOI'O
nmrianTara. OreHKa CTeleHy reHUTaIbHOTO Mposiarca
OCYIIeCTB/IsI/IaChk COMIaCcHO Kaaccudukaimm Pelvic
Organ Prolapse Quantification System (1996 r.). Kpu-
TepreM UCK/TI0UeHHs ObII0 pa3BUTHE THOMHO-BOCTIa-
NUTeNBHBIX 3ab0/eBaHMi. VlccrieioBaHe MPOBOAUIOCH
B COOTBETCTBHU C pellleHHeM 3TUYEeCKOr0 KOMUTETa
LleHTpa/bHOM KIMHUYECKOUM 60/bHULBI Poccuiicko-
ro Hay4YHOTO LIeHTpa XMPyPIruy UMeHM aKaJleMuKa
B.B. ITeTpoBckoro, . MockBa. Y BCeX MalyeHToK ObLIo
ToTy4eHo 100pOBOIbHOe NHPOPMUPOBAHHOE COT/IacHe
Ha y4acTuve B MCC/Ie[J0BaHUM COIVIACHO Xe/IbCUHKCKON
Jleknaparuu BceMyUpHOUM MeUI[MHCKON acCcolialiuu
(WMA Declaration of Helsinki— Ethical Principles for
Medical Research Involving Human Subjects, 2013)
1 00pabOTKy MepCcoHabHbIX IaHHBIX.

Y Bcex malyeHToK ObIT IPOBe/IeH cOOp aHaMHe3a,
001Mii ¥ THHEKOJIOTMUeCKU 0CMOTP, TTOJTHOe KITWHU-
Ko0-71ab0paTopHOe M MHCTPYMeHTabHOe 00C/e0BaHue,
BK/TIoUarolee B cebss Y3 opraHoB Majioro tasa, pH
HaJIMUMY COMYTCTBYIOIIUX 3a00sieBaHuU TIPOBeZieHa
KOHCY/IbTaLMisl CMEXKHBIX crieLianucToB. [Tocsie xupyp-

Puc. 1. YcTaHoBKa 1 ukcaumsa ceT4aToro MMnnaHTa
M3 TUTAHOBOIO LLUESKa

Picture 1. Placement and fixation of titanium Mesh implant

376

THUeCKOTr0 BMelllaTe/IbCTBa TIPOBOAMIOCH Hab/rofeHe
1 KOHTPOJIb KIMHUKO-71a00paTOPHBIX TTOKa3aTesiei.

B uccnenoBanuu 6bly1a UCTIO/Ib30BaHa TPeX3d-
TartHasi MeTO/IMKa OTlepaTUBHOIO mocobus (maTeHT
oT 15. 09.2020 roma Ne 2020130382/14(054923).
OO6nem omeparuy — j1arnapoCcKonuyecKasi IpOMOHTO-
(rkacanys, TIacTUKa KpeCcTL0OBO-MaTOUHBIX CBSI30K
o MacCoul, konbrnioppagus, KonbronepuHeoppadus,
JIeBaTOPOIIACTUKA. AHeCTe3Us1 — SH/I0TpaxeasbHbIN
HapKo3. 1-i1 3Tar—BbIKpauBaHUe (pparMeHTa UMIIaHTa
13 «TUTAHOBOTO IIIe/IKa» B COOTBETCTBUU C aHATO-
MO-(U3roI0rUe CKUMUA 0COOEHHOCTSIMH TIAaI[UeHTKH;
2-11 9Tan — j1arnapocKonuyeckas IpOMOHTO(QUKC AL
CeTyaToro umriaHTara (puc 1); 3-i sTan— ykperuvieHue
Ta30BOro AHa (puc 2).

OmnepaTuBHOE JleyeHHe PO 0/Kanoch oT 60
o 90 MUHYT ¥ B CpeiHeM COCTaB/IsyIo 69 + 8 MUHYT.
Kposonorepst Bo Bpemst oniepaijuu cocrasuia ot 20
o 100 mn (43 £ 12,6 mn). [Tocne onepaTuBHOTO Jie-
YyeHUsI BCeM MallieHTKaM MPOBOW/IaCh aHTUOUOTH-
KorpoduiakTrika, o6e36o1BaHie U MPoUIaKTHKa
TpoM0O03MOOMHMUeCKUX OCIOKHeHUU. [larimeHTKa
Haxo/Wach B CTallMOHape B TeueHue 7 + 1,5 Hel.

[Tocsie XUPYpruyueckoro JiedeHus MaljieHTKH ObUTH
TpUT/IallleHbl Ha KOHTPOJIbHBIA 0CMOTp yepe3 1, 3, 6
MecseB U 1 rof.

Puc. 2. YkpenneHune Ta3zoBOro gHa.
Picture 2. Strengthening the pelvic floor
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JlaHHbBIe, TIO/TyUeHHbIe B XO7Ie UCC/Ie/I0BaHuSs, ObLIH
MpOaHaU3UPOBaHkI C IOMOIIBI0 CTaHAAPTHBIX METO/I0B
onuvcaTe/bHOW Y BapUaLMOHHOW CTaTUCTUKU. Pa3nnuuis
CUMTa/IM CTaTUCTUUECKU 3HaUMMBbIMU T1pH p < (0,05.

Pe3ynbraTtbl M 06CyXAeHMe

Cpeny nipeqbsBIsIEMBIX Kal00 OB OTMeueHbI
AUCKOM(OPT M UyBCTBO MHOPOZAHOIO TeJa BO Bjara-
mutie — 100 % ciydaeB, TaHyLHe 00U BHUA3Y XKU-
BOTa, UPPaAUUPYIOLLHe B [IOSCHUYHO-KPECTLIOBYO
06macth—92,8 % cityuaeB, HeTIPUATHBIE W OOTe3HEH-
HbIe OLIYILeHHs TpU X0bbe — 78 % cilyuaeB, UyBCTBO
HEeTOJIHOTO OMOPOXKHEHUST MOUYEBOT0 My3bIpsi—26 %
cnyuaeB. [IyIMTeTbHOCTD OLLYILeHUs AUCKOM@opTa
cocraeisiia ot 2 10 10 u 6onee et (y OAHOM MALMEHTKH
OKOJIO 24 jieT, y ueTbIpHaAuati— 10—15 sieT, y geBs-
TH— 7—9 JleT, U y YeTBephIX KeHIUH — 3—b5 J1eT).
Cpeau 64,2 % >KeHILUH, >XUBYLUX aKTUBHO TOJIOBOU
JKU3HBIO, OTMEUasiCh »Kano0bl HA HEBO3MOKHOCTh
TI0JI0BOM YKU3HU U 60J1e3HEHHOCTH BO BpeMs [10I0BOTO
akra (puc. 3).

Kaxxmoii 4-0i1 naliieHTKe 10 MeCTy >KUTe/IbCTBa
ObLTI0 peKOMeH/J0BaHO UCI0/Ib30BaHKe BJIara/IUIIIHOTO
nieccapusi, ofHako 3¢ deKT oT ero mprMeHeHUs ObLI
BpEMEHHBIH.

[Tpu pa3BUTHM OMYI|eHUs] OPraHOB Masioro Tas3a
TIPOMCXOJUT HapyllleHhe aHaTOMUYeCKOTr0 CTPOeHus,
a TakKe (DyHKLIMOHAa/IbHbIE HapYLIeHHs, 3a CUeT Yero
K/IMHAYeCKKe CUMITTOMBI IPHOOpeTaroT pasHooOpa3HbIit
Xapakrep.

Hapy1uenve aHaToMO-()yHKLIMOHA/ILHOTO CTPOEHUST
OpraHoB Masioro tasa obyciaBnuBaeT pa3HooOpasue
K/IMHAYe CKUX CUMITTOMOB Y >KEHIL[UH C TeHUTaTbHbIM
niponaricoM. @akTopbl pUCKa pa3BUTHS MIpoJiarica reHu-
TaJIMii MOXKHO pa3Zie/ITh Ha TPU TPYIIIbL: Mpe/ipacroa-
raroiye (reHeTUYeCKUi (hakTop; pacoBOe OTHOLLIEHHE;
HEBPOJIOTMUECKUI CTaTyC; COCTOSIHUE COeIMHUTEIbHON
TKaHM (KOJUIar€HOBBIN CTaTyC); MpoBoLupytoiue (be-
PEMEHHOCTb U POJIbl; XMPYPruuecKre BMellaTe/1bCTBa,
B TOM UKCJIe TUCTePIKTOMHUS; TIOBPEXK/eHNe Ta30BbIX
HEPBOB 1 MBIIIIIT); CITIOCOOCTBYIOIIHE (JIUIITHUM BeC
y 60/IbHOTO; HU3KHI YPOBEHb aKTUBHOCTH; PaCCTPOH-
CTBAa KHIIIEYHWKA B aHaMHe3e; KypeHue; 3ab0sieBaHUs
JIETKUX; N30BITOUHBIE (hM3UUeCKUe Harpy3ku) [6, 7].

120%

H yyBCTBO MHOPOAHOIO TEN1a BO
snaranuuwe/feeling of a foreign

100% -

body in the vagina

H TAHywWwMe 601K BHU3Y

80% -

xuota/aching pain in the lower
abdomen

60% -

40% -

60/1€3HEHHOCTb B MPOMEXXHOCTH
npu xopb6e/soreness in the
perineum when walking

20% -

0% -

H yyBCTBO HEMOJHOIO
0MnopoXXHEeHNa Mo4YeBoro
ny3bipsi/feeling of incomplete
emptying of the bladder

Puc. 3 AHanus »kanob naumeHToK C NPOIancoM Ta30BbIX OPraHoB
Picture 3. Analysis of complaints of patients with pelvic organ prolapse
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YuuThiBasi BbIlLIENPYBeAeHHYI0 KIacCHU(UKaLHIO,
yCTaHOBJIEHO, YTO OepeMeHHOCTb U POZbI OTHOCST
K OCHOBHBIM (haKTOpaM, TTPOBOL[MPYIOIIMM Pa3BUTHE
HECOCTOATEbHOCTH MBIIIL] Ta30BOr0 JHA, TO3TOMY
0coboe BHUMaHHe Y/eJIsIoCh aHaIu3y aKylIepCKOro
aHamHe3a. [1py u3yueHHH KJIMHUKO-aHaMHeCTHUYeCKUX
JIAaHHBIX y MAl[MeHTOK C MPOJIariCoM TeHUTa/Iui ObUTH
BBISIBJIEHBI CJIe/IyIOIHe 0COOEHHOCTH.

¥ Bcex nanueHTok (100 %) B aHaMHe3e ObLIH
pPOJibl Uepe3 eCTeCTBeHHbIE POJOBbIe MyTU. M3 HUX
y 6 (20 %)—oxuu pogpl, y 16 (53,4 %)—Boe pozioB,
y 8 (26,7 %) Tpoe u 6onee pozoB. CTpeMUTETbHbIE
pozbl oTMeueHb! ¥ 7 (23,3 %) 60/bHBIX, TpaBMaTHU-
Hble po/ibl (C pa3pbIBOM MPOMeKHOCTH) Y 4 (13,3 %)
MaLMeHTOK, PoJbl KPYMHbIM moAoM y 5 (16,7 %)
6osbHBIX, MHOTOTLTIOAHBIE poAbl y 1 (3,3 %) 60mbHOM,
3Mu3uoTOMUS BhiTlosiHeHa 23 (76,7 %). CpenHuii Bec
HOBOPOXK/IEHHBIX Y MALMEHTOK C MPOJIariCOM FeHUTaIui
cocrasuin 3456,3 £420,8 r. Takke B TIpoBeJeHHOM HC-
CJ/1eIOBAHMU M3y4asiCsl Hac/leICTBEHHbIM aHaMHe3 JKeH-
L[MH, B pe3y/ibTaTe uero yCTaHOBJ/IEHO, UTO B KaXK[JOM
MATOM C/Tyyae OTMeYasicsi IPOJarc Ta30BbIX OPraHOB
y MaTepeli U B KaXK/IOM ZIeCsITOM cJiyuae y 0abyiiek
110 MaTepHUHCKOM JINHHUHU.

Hapy1iieHue >KMpoBOro o6MeHa TakKe UTpaeT OJjHy
13 OCHOBHBIX POJIeil B pa3BUTHH IPOJIarica reHUTaINi.
B Haiem ucciiezioBaHin OyKMpeHue oTMeueHo y 13 na-
1eHToK (43,3 %, p<0,05) oT Bcex 00CIe10BaHHBIX
C TIPOJIATICOM TeHUTaIUH, a n30bITouHbli Bec (MUMT
25—29,9) eme y 11 narmenTok (36,7 %, p<0,05.).

Y 46,6 % (14 nauueHTOK) Hab/Ir0a/1ach TaK XKe
KJIMHUYECKU 3HauMMasi COMaTuyecKasi maToJIOT s,
B YaCTHOCTHU CEP/EUHO-COCY/IUCThIe 3abo/ieBaHus,
BapUKO3Hasi 00/1e3Hb BeH HI)KHUX KOHEUHOCTel ¥ BeH
MaJsioro Tasa, IpPbDKH, BBIBUXU CyCTaBOB, YTO MOKET
CBU/IeTebCTBOBATh O HAJTMUMU CUCTEMHBIX CTPYKTYP-
HBIX HapyLIeHWM COeJUHUTEeSbHOU TKaHU y JaHHOU
KaTeropuu nauyeHTok [8]. Y mauueHToK ¢ yKanobamu
Ha 3arnophl (22,4 % nalyeHTOoK C MaToI0THel Xelyaou-
HO KHUIIEYHOI0 TpakTa) U Kaiessb (8,4 % nauyueHToK
C XpOHHMUECKOW OPOHXO/IeroYHOM MaTo/I0rHel) Mmpo-
HCXO/IUT TIOBBIIIeHe BHYTPHUOPIOIIHOTO JaBIeHus,
YTO MPU HAJTMUWM yXKe CyLleCTBYIOLLel MaToJoruu
MO/ BeLIMBaOIero U (UKCUPYIOLLEro CBI30UHOTO
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arirapata MaJjioro Ta3a MPUBOAUT K Pa3BUTHIO U MPO-
IPeCcCHPOBaHMIO MTPOJIarca Ta30BbIX OPraHoB.

[Ipu ocMoOTpe MaLueHTOK YCTaHOB/IEHbI TPU3HAKU
TpOJ/Iarica Ta30BbIX OPTraHOB, TaKUe KaK 3UsiHUE T0JI0BOM
111e/1, aTpodust AMUTe/Us B/laraiuiija, CHU>KeHUe TOHY-
ca TKaHel 1 yKOpOueHue MPOMEXHOCTU. 25 MaLieHTKaM
YCTaHOBJIEH MpOoJaric Ta3oBbix opraHos [I—III crerneny,
5 nareHTKaMm — IV cTeneHu.

OnTtumanbHBIM METOJOM JieueHUs TipoJiarica Ta-
30BBIX OPTaHOB SBJISIETCSl XMPYPruyeckasi KoppeKLusl.
[TokazaHreM K omepaTHBHOMY MCC/IeIOBAHUIO B HALLIEM
nccnenoBanvnu 6b1 ITTO II—IV crerenu, conpoBox/a-
IOILWIACS CYOBbEeKTUBHBIM YXY/ILIEHHEM KaueCTBa )KU3HU
JKeHILWH. B HacTosiiee Bpemst [151 KOPPeKL{MU MpoJiarca
Ta30BbIX OPraHOB LIWPOKO UCTIO/Ib3yeTCs MepeaHsis
KosbIioppadus ¥ 3a/iHsisE KoJibrioniepuHeoppadvst. OfHa-
KO 9Ta oriepaLjysi He SIB/ISIeTCS «30/I0TbIM CTaHAAPTOM»
JieueHus JaHHOM TIaTOJIOTUH BC/Ie[[CTBHE 0OJIBIIIOTO
KOJIMUeCTBa peLiIMBOB. 3a Moc/e/iHee AeCATUNeThe
BHeZIpeHre MeTO/IVK C MCTI0/Ib30BaH1eM OMOIOTHYe CKIX
WM CUHTEeTUUYeCKHUX MaTepyasioB, 3aMellatolInX Jedek-
ThI Ta30BOU (hacCI[iu, TI03BOJISIET CHU3UTh KOJTUUECTBO
oOpalrieHHi MalyeHToK /151 TOBTOPHOTO OTepaTUBHOTO
JiedeHusI 110 TIOBOJY JJaHHOM marosioruu [7—9].

B npoBefieHHOM HaMM HCCeOBaHUU C LIETTbI0
pa3paboTKK U BHe/IPEHHUsI TEXHOIOTUN MaJIOHBAa3UB-
HOU 3H/IOBU/I€0XUPYPIrudeCcKom MIacTUKU NepegHeil
Y 3a/IHEM CTeHOK B/araiuiia y 60/bHBIX C [IUCTO- U PeK-
TOL|eJIe UCTI0/Ib30BaH MHEPTHBIN CeTyaTblidi MaTepuan
«TUTAHOBBIN 1mIesK» [8, 10]. [TogBepruyThie 0coboit
TEXHOJIOTMYeCKor 00paboTKe T0JI0THA MOHO-U MOTU(U-
JIaMeHTHBIX HUTel TIPUOOPeTaroT aTeH3NMOHHbIN 3 peKT
(cHM)KeHUe HanpsKeHUs ), TIOBbIIIas MJIaCTUUHOCTh
5H/IOTIPOTE30B U a/ire3UI0 K paHe. BbiCOKHe aTeH3MOoH-
Hble XapaKTepUCTUKN 00eCIieunBarOT PABHOMEPHOCTh
pacripefiesieHUs TI0JIOTHA, OTCYTCTBUE CKPYUUBaHUS
Y BO3MOXXHOCTb CBOOO/THOTO MO/Ie/IMPOBAHUS MTPU
pacTsbKeHUH B OTIepaliMOHHOM paHe 6e3 omacHOCTH
cMmelieHus. J1oCTyMHOCTh MO CAU3UCTOTO U MO -
OpIOLLIMHHOTO PACITONIOKEeHUsI TATAHOBBIX TIPOTE30B
JOCTHraeTCs 3a CUeT UCK/TFOUeHUsT OMoMeXaHHUYe CKOTo
KOH(MKTa MeXAY TKaHSIMHU U CAMUM MUMIIAHTOM.

TuTaHOBBIH 117K 00/1a/1a€T MEHBILIUM CPO/ICTBOM
C OKPY’KaroL[MMH TKaHSIM 10 CPAaBHEHUIO C MOJIATIPO-
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TTUIEHOBBIMUA KapKaCHbIMH CUCTeMaMH, UTO T103BOJIsI-
eT pacCMaTpUBaTh €ro B KaueCTBe ajbTePHAaTUBHOTO
MaTepuana CUHTeTHUeCKUM aHaj0oTraM U CHU3UTh
puck mesh-accorumpoBaHHbIX 0c/iokHeHuu [11, 12].
YCTOWMYMBOCTh TUTAHOBOT'O SHAOTIPOTE3a K aHTH-
CerTHKaM ¥ MUKPOOHBIM areHTaM IIpe/ipacrioyiaraeT
K ero JJ0OITOCPOYHOMY HCTO/Tb30BAHHUIO U OTCYTCTBUIO
HeobOXoMMoCTH 3aMeHbI [13].

Ba)kKHbIM MOMEHTOM B TIepUO/], perapaliiu siB/sitoT-
Cd TaKve KaueCTBa TUTAHOBOT'O UMII/IAHTA, KdK BbICO-

Kasi CKOPOCTb An((dy3uu GUOTOrHUeCKUX KUIKOCTeH
¥ HartostHeHWe ¢hubpobnacramu. Bee 310 0becrieurBaeT
WHTerpalyio 1MpoTe3a B TKaHW U He TTPUBOAUT K 00-
PaA30BaHUIO 3aTE€KOB 3a CUET OTCYTCTBUS 3a/IePXKKU
PaHeBoro OT/[eJIIeMOTO.

OCHOBHBIMHM PAaHHHUMM MOCIE0NePALJUOHHBIMHU
OCJIOKHEeHUSIMU SIBUTUCH 6OJTH B T1aX0BOM 06/1aCTH,
TIPOME>KHOCTH, SITOIUI[AX U TTOBBIIIIEHHE TeMIIEPATYPhbI
Tesa (Tabuiia).

CTpyKTypa MHTpa- U paHHUX (1—6 CYTOK) onepaLMoHHbIX OCNOXHEHUI

The structure of intra- and early (1—6 days) surgical complications

WHTpa- 1 paHHWe nocneonepaloHHble ocnoxHeHus / Intra- and early postoperative complications

N =30
A6c/Abs %

WHTpaonepauunoHHas kposonoTeps > 400 mn / intraoperative blood loss > 400 ml - -

(> 15 ml), infiltrates, suppuration, suture divergence

M/onepauunoHHas rematoMa (>15 Mn), UHGUNBLTPATbI, HarHoeHue, pacxoxaeHue weos/ P / surgical hematoma

Juxopapka 37,9 B Teyenune 1 cytok / Fever 37.9 for 1 day

OnuTtenbHas nuxopagka (t>38,0) / Prolonged fever (t>38.0)

Bbonun B naxoBoii 061acTu, npoMexHocTH, sroaumuax / Pain in the groin, perineum, buttocks 10

33,3

JmiTeIbHOCTh TIOC/Ie0NePaLIMOHHOTO HAO/HOIeH ST
cocraBuia 3—14 MecsiLeB. 3a 3TOT NePUOZ, OC/I0KHEHUN
JMarHOCTUPOBAHO He Ob10. Y 12 marumenTok (40,0 %,
p<0,05) B TeueHue 1epBOTo Mecsilja 0TMeYa/MCh Tiepu-
ofiuecKue TAHYyIMe 00U B HWXKHUX OT/e/aX )KUBOTA
Y TIPOMEXXHOCTH, y 2 (6,6 %) — HeJjep;kaHue MOUH.

B niocsieoniepaljuoOHHOM Teprozie ObLT MPOBeieH
y/IbTPa3BYKOBOM KOHTPOJIb COCTOSIHUSI UMIIJIaHTa,
KOTOPBIY MO3BOU/ Y OCTOBEPUTLCS B OTCYTCTBUU
Jebopmariu ¥ ero CMelleHusl.

O BBICOKOH 3(p(eKTUBHOCTH pa3pabOTaHHOTO
criocoba XUpPypruyecKoro jieueHusl OMyILLeHUs Op-
raHoB MaJjioro Ta3a CBUJETe/bTBYeT MUHUMU3ALUS
Mesh-accoLurpoBaHHbIX 0C/I0KHEeHUI. Bee skeHILHbI
B M0CJ/IeOTepaliOHHOM Tlepro/ie OTMEeTH/TU TI0I0XKU-
TebHBIN 3¢ deKT OT TIPOBe/IeHHON OTiepaluu, KOTOPbIi
TIPOSIBUJICS B BU/Ie CyOBEeKTUBHOTO Y/TyUIIIeHUS TICHXO0-
5MOLIMOHA/IbHOTO COCTOSIHUS U MOBBILLIEHUSI CEKCY-
aNbHOM YI0BJIETBOPEHHOCTH, @ TaK)Ke yCTpaHeHUsI
COLIMAIbHOTO AUCKOM@opTa.

GINECOLOGY

OrpaHuueHreM WCC/eJOBaHUS SIB/ISIETCS KOUue-
cTBO manueHTOB— 30 Ue/iOBeK, a TaKXKe TPOI0/IKHU-
TeJIbHOCTh HabmoeHus — 12—14 mecsiies.

BbiBOAbI

[TonyueHHble pe3yabTaThl IPUMEHEHUsI UM-
TJIaHTaTOB M3 TUTAHOBOTO I11eJIKa B XUPyPTrude CKOu
KOppEeKI[UM MepejHero u armMkKaabHOTO TipoJiarca
MO3BOJISIOT paCCMaTPUBaTh CeTUaTbie CBepXJierKue
SHJOMPOTE3bl «KTUTAHOBBIN 1IE/TK» B KaueCTBe COBpe-
MEHHOM a/IbTePHATUBHI CYIIe CTBYIOIITUM MeTOANKaM
JJ1sl ledeHUs OTMyIlleHHsl OPraHOB MaJjioro Tasa 3a CueT
yAyUIlIeHHBIX TEXHUYEeCKUX U 3PrOHOMUYE CKUX
rokasaresieii. Pa3paboTaHHbIN ClI0C00 KOppeKI[UU
nedeKTOB Ta30BOTO AHA Yy OOMBHBIX C peKTOoLesie
Y LIMCTOLiesie TIOMOT MOBBICUTH 3P (PeKTUBHOCTh
OTIepaTUBHOIO JieueHUs MpoJjarca, MUHUMU3UPO-
BaTb KOJIMUECTBO PEL[UUBOB 3a00/1eBaHUS U PUCK
pa3BUTHS Mesh-acCOIMUPOBAHHBIX 0C/IOKHEHWH, UTO
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MO3BOJIsIET BBIOPATh MePCOHATU3UPOBAHHYIO TAKTHUKY
BegeHuda ﬂaHHOﬁ KOI'OPThI IalJMeHTOK.

OpHako He0OXOUMBI Zia/TbHEHIIIe UCCIeI0BAHUS
3TOU METOJMKHU C 11e/IbF0 COBEPIIEHCTBOBAHMS TEXHOJIO-
T'YU, B TOM UKCJIe [/1s1 IedeHUsl MHbIX WK COUeTaHHbIX
(hopM reHUTaIBLHOTO TPOJIATICa.
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Polycystic ovary syndrome and obesity: a modern paradigm
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Valentina A. Ryabova® ~, Mekan R. Orazov’
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Research Institute of General Pathology and Pathophysiology, Moscow, Russian Federation
> iu.pavlova@yandex.ru

Abstract. Polycystic ovary syndrome is a heterogeneous endocrine disease that affects women of childbearing age. The
pathogenesis of polycystic ovary syndrome has not been fully studied to date, its paradigm considers the genetic determinism
of the manifestation of hormonal and metabolic disorders, which are considered to be criteria for the verification of the disease
(hyperandrogenism, oligo/anovulation and/or polycystic ovarian transformation during ultrasound examination (ultrasound).
This review discusses the main ways of interaction between hyperandrogenism, insulin resistance and obesity and their role in
the pathogenesis of polycystic ovary syndrome, as well as possible methods of treatment for this category of patients. The review
analyzes the role of hyperandrogenism and insulin resistance in the implementation of the genetic scenario of polycystic ovary
syndrome and finds out the reasons why women with polycystic ovary syndrome often demonstrate the presence of a «metabolic
trio» - hyperinsulinemia, insulin resistance and type 2 diabetes mellitus. It is noted that obesity is not included in the criteria
for the diagnosis of polycystic ovary syndrome, but epidemiological data confirm the existence of a relationship between these
diseases. Obesity, especially visceral, which is often found in women with polycystic ovary syndrome, enhances and worsens
metabolic and reproductive outcomes with polycystic ovary syndrome, as well as increases insulin resistance and compensatory
hyperinsulinemia, which, in turn, stimulates adipogenesis and suppresses lipolysis. Obesity increases the sensitivity of tech
cells to luteinizing hormone stimulation and enhances functional hyperandrogenism of the ovaries, increasing the production
of androgens by the ovaries. Excess body weight is associated with a large number of inflammatory adipokines, which, in turn,
contribute to the growth of insulin resistance and adipogenesis. Obesity and insulin resistance exacerbate the symptoms of
hyperandrogenism, forming a vicious circle that contributes to the development of polycystic ovary syndrome. These data allow
us to conclude that bariatric surgery can become an alternative to drugs (metformin, thiazolidinedione analogs of glucagon-like
peptide-1), which has shown positive results in the treatment of patients with polycystic ovary syndrome and obesity.

Key words: polycystic ovary syndrome, obesity, hyperandrogenism, insulin resistance, compensatory hyperinsulinemia
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Introduction

Polycystic ovary syndrome (PCOS) is the
most common endocrine disease among women of
reproductive age, with an estimated prevalence of
8—13 % [1]. According to the Rotterdam criteria,
PCOS is diagnosed when two of the following three
criteria are met:

— oligoanovulation;

— hyperandrogenemia (clinical or biochemical);

— polycystic ovarian morphology according to
ultrasound [2].

Although the molecular mechanism underlying the
pathogenesis of PCOS remains largely undetermined,
emerging evidence suggests that hyperandrogenism
plays a vital role in the development and complications
of PCOS [3, 4].

Obesity is a global pandemic with clinical, social,
and economic consequences in both developed and
developing countries. Globally, the prevalence of obesity
has almost tripled since 1975, and in 2016, more than
1.9 billion adults were overweight, of which more than
650 million were obese [5]. Also during this period,
the incidence of comorbidities associated with obesity
increased [6]. The development of many conditions such
as diabetes, dyslipidemia, and hypertension associated
with obesity is due to secondary insulin resistance that
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occurs with obesity. The capacious term Metabesity,
which everyone understands has appeared [7].

Obesity is closely associated with PCOS [8] as
supported by epidemiological data showing that,
on average, 50 % of women with PCOS are either
overweight or obese [9]. Metabolic dysfunction is not
included in the criteria for diagnosing PCOS but often
accompanies it, significantly reducing the effectiveness
of the treatment of the main symptoms and reproductive
outcomes [10]. A meta-analysis of relevant studies
published in the literature confirmed that women with
PCOS had a greater risk of being overweight and obese
than women without the condition [11]. In addition,
Meri-Maija E Ollila et al. (2016) showed that PCOS
was significantly associated with BMI in all age
categories [12], and the early manifestation of obesity
was associated with the development of PCOS and high
BMI in adulthood [13].

Androgen synthesis and possible
mechanisms of hyperandrogenism
in a woman with PCOS
Androgens are part of the family of steroid hormones,
and manifestations of their excess are recognized as one of
the main clinical manifestations of PCOS [14]. This group
includes testosterone (T), dihydrotestosterone (DHT),
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androstenedione (A4), dehydroepiandrosterone (DHEA),
and dehydroepiandrosterone sulfate (DHEA-S). A4,
DHEA, and DHEA-S serve as precursors for DHT
and T. Only T and DHT can directly interact with the
androgen receptor.

The ovaries and adrenal glands are the two
main sources of androgens in women [15], and
steroidogenic enzymes regulate their production.
The entire synthesis of steroid hormones begins with
the conversion of cholesterol to pregnenolone by the
cholesterol side chain cleavage enzyme, cytochrome
P450 (P450scc), which is encoded by CYP11A1 [16].
In a study by S. Bakhshalizadeh et al. (2018) noted
that the expression of CYP11A1 in granulosa cells
in rats with PCOS was increased [17]. Cytochrome
P450 17a-hydroxylase (CYP17A1) is another major
enzyme involved in androgen production in the
ovaries and adrenal cortex and is also overexpressed
in PCOS [18, 19].

In the ovaries, androgen synthesis occurs in theca
cells under the action of luteinizing hormone (LH).
Several downstream LH signaling pathways, such as
cAMP-PKA-CREB [20], Ras-Raf-MEK-ERK [21],
and PI3K-Akt [22], have been reported to promote
the expression of steroidogenic enzymes to increase
androgen biosynthesis. The cAMP/PKA pathway
increases LH levels by maintaining the expression of
genes responsible for the synthesis of enzymes such as
CYP17A1, CYP11A1, and 3B-HSD [23].

The final stage of steroid genesis is the conversion
of androgens to estrogens using a three-step
aromatization reaction involving the specific aromatase
enzyme (P450arom) [24]. In women with PCOS, the
hyperandrogenic follicular environment significantly
downregulates P450arom expression in granulosa
cells [25]. Thus, insufficient levels of P450arom reduce
the conversion of androgen to estrogen, which leads to
an increase in androgen levels.

Hyperandrogenism causes a number of
pathophysiological changes, including insulin
resistance [26], hyperinsulinemia, dyslipidemia [27] and
an imbalance in the LH/FSH ratio [28]. These changes,
not only individually, but also interacting with each
other and forming a vicious circle, contribute to the
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development and progressive course of PCOS from
a metabolic point of view.

Insulin resistance and hyperandrogenism:
pathways of interaction
in the pathogenesis of PCOS

The relationship between insulin resistance and
androgen excess determines the main mechanism for
the formation of PCOS in women. Insulin mediates
two major molecular signaling pathways, including the
phosphatidylinositol 3-kinase (PI-3K)/Akt pathway [29],
which is more involved in cellular metabolism, and the
mitogen-activated protein kinase (MAPK) pathway,
which is primarily involved in stimulation growth,
proliferation and differentiation of cells [30, 31].

Igbal Munir et al. (2004) in their study showed that
insulin is able to stimulate 17a-hydroxylase through
the PI3K signaling pathway, promoting excessive
androgen synthesis in theca cells [29]. Also, several
studies demonstrate that the interaction between insulin
and LH increases the expression of the steroidogenic
acute regulatory protein (StAR) and CYP17A1 mRNA,
thereby increasing androgen levels [32, 33]. In addition,
high insulin levels can reduce the synthesis of sex
hormone-binding globulin (SHBG), which, in turn,
increases the pool of free androgens in the body [28].

Insulin resistance appears to be the central
etiological characteristic in most women with PCOS.
Although the mechanism of insulin resistance in
PCOS is not fully understood, the main defect, as
we reported above, occurs in the PI3K post-receptor
pathway, which mediates the metabolic effects of
insulin [34]. Hyperinsulinemia plays an important
role in the development of some of the phenotypic
features of PCOS and, together with [3-cell dysfunction,
increases the risk of developing other metabolic
disorders such as type 2 diabetes mellitus (DM?2),
hypertension, dyslipidemia, and cardiovascular disease,
collectively referred to as the metabolic syndrome [35].
By increasing body weight, the post-receptor insulin
PI3K pathway becomes resistant to its effects due to
the formation of selective dysfunction of this pathway,
which leads to compensatory hyperinsulinemia [36].
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Metabolic dysfunction in PCOS:
the role of androgen excess

Abdominal obesity and insulin resistance
synergistically stimulate androgen synthesis in the
ovaries and adrenal glands, which subsequently leads
to even more fat deposition in the trunk and around
the internal organs, thus creating a vicious exchange
cycle [37—39]. Hyperandrogenism plays an important
role in the development of metabolic disorders
associated with PCOS, affecting both peripheral tissues
and the central level.

The effect of hyperandrogenism
on adipose tissue

There is a differential pattern of fat distribution
between men and women. Women accumulate fat
predominantly in subcutaneous fat depots (SAD) and
especially in the gluteal and femoral areas, while men
accumulate fat in the visceral depot [40].

In women with PCOS, the visceral form of obesity
often predominates [37], which is mainly due to
androgen excess [41]. Testosterone contributes to the
accumulation of visceral fat and the development of
insulin resistance by inhibiting lipolysis and stimulating
lipogenesis [42]. However, the molecular mechanisms
involved in chronic androgen-induced abdominal
obesity remain largely unknown. Nohara K. et al. (2014)
in a preclinical study of female mice showed that an
excess of androgens can impair the ability of leptin to
stimulate energy expenditure, which, in turn, contributes
to the accumulation of visceral fat [43]. Such a change
in regional fat distribution induced by androgens may
have particularly detrimental metabolic consequences
for patients with PCOS since the formation of
visceral obesity is recognized as a risk factor for the
development of the metabolic syndrome and contribute
to the progression of metabolic disorders associated
with this endocrinopathy [44]. A large study showed
that the formation of visceral obesity in women with
PCOS is due to the inability of the adipose tissue of
the gluteofemoral region to properly accumulate lipids,
confirming this by a decrease in the expression of genes
associated with lipid metabolism (L.PL, CD 36, SNAIL
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and ADIPOQ), angiogenesis (VEGFa, RSPO3) and
genes involved in the remodeling of the extracellular
matrix (FN 1, COL6A1, and MMP3), as well as a
decrease in lipolysis in the adipose tissue of the same
area [45].

A growing body of evidence suggests that androgen
excess increases the size of adipocytes in subcutaneous
adipose tissue in women with PCOS [46, 47]. This
hypertrophy can lead to their dysfunction, as it has
been suggested that enlarged adipocytes are more
susceptible to inflammation, macrophage infiltration,
and apoptotic processes [48]. Interestingly, the adipose
tissue in women with PCOS has a greater potential for
inflammation and fibrosis, as well as a lower angiogenic
capacity compared to the adipose tissue of women
without PCOS.

The expression ratio of TIMP4/MMP3 in the study
by Divoux A. et al. (2022) was significantly lower in
women with PCOS than in controls [45]. TIMP4 is an
adipogenesis activator [49], and the TIMP4/MMP3 ratio
reflects the body’s ability to adipogenesis [50]. Since
PCOS is associated with higher levels of circulating
testosterone, which is believed to contribute to the
corresponding disease phenotype, the correlation
between TIMP4 gene expression and circulating
testosterone levels was evaluated and found to be
negative [45].

Recent studies have also looked at the effect of
androgens on adipocyte size and differentiation. So
Echiburu B. et al. (2018) showed in their work that
androgen excess increases the size of adipocytes in
women with PCOS [47]. These data were confirmed
in an experimental rodent study in which excessive
exposure to androgens was associated with an increase
in the size of adipocytes in the subcutaneous and visceral
fat depot and the development of insulin resistance [51].

There is also information that androgens affect the
differentiation of adipocytes, disrupting the transition
of preadipocytes to mature adipocytes [52]. So
Chazenbalk G. et al. (2013), examining subcutaneous
adipocytes isolated from non-obese women, showed that
androgens impair the differentiation of human adipocyte-
derived stem cells into preadipocytes by altering the
activity of bone morphogenic protein 4 (BMP4), the
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effect of which was blocked after administration of an
antiandrogen drug [53]. Failure to properly differentiate
can lead to IR, the formation of large adipocytes filled
with excess lipids and inflammatory markers [54].

It should be noted that under the action of androgens
the function of adipose tissue suffers. A recent study
showed that androgen production within adipose tissue,
mediated by the AKR 1C 3 enzyme in PCOS, leads to
adipose tissue dysfunction. This enzyme promotes the
synthesis of testosterone from androstenedione, and in
patients with PCOS, its increased expression was noted,
thereby increasing local production of androgens. This
condition led to a decrease in the processes of lipolysis
and the formation of lipotoxicity, insulin resistance
and compensatory hyperinsulinemia. Interestingly, in
vitro experiments have shown that insulin increases
the expression of the AKR 1C 3 enzyme, which can
exacerbate androgen production within adipose tissue
and create a vicious circle, thereby increasing the
severity of metabolic complications in patients with
PCOS [55].

It should be added that adipose tissue is defined as
an endocrine organ that produces adipokines (leptin,
adiponectin, resistin, chemerin, omentin, visfatin,
etc.) [56].

Adiponectin is a hormone synthesized by adipocytes
that has a positive effect on the sensitivity of the whole
body to insulin [57], as well as on the functional activity
of pancreatic -cells. Research by van Houten E.L. et
al. (2012) confirmed the ability of androgens to reduce
the level of circulating adiponectin, contributing to the
development of insulin resistance in women with PCOS
[58]. In an experimental study in mice, it was shown
that its increased expression in adipose tissue prevents
metabolic disorders associated with continuous exposure
to androgens [59].

In addition to the fact that adiponectin levels
are affected, it should be emphasized that androgens
also decrease circulating levels of another adipokine,
omentin-1. The latter has insulin-sensitizing properties
and its circulating levels are negatively correlated
with free testosterone levels in obese patients with
PCOS [60]. Taken together, these results demonstrated
that hyperandrogenism reduces the level of adipokines
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with insulin-sensing properties, which may be an
additional source of insulin resistance in women with
PCOS.

A number of studies show that visfatin plays a role
in pathways that include metabolism, inflammation,
and insulin sensitivity [61, 62]. Serum levels of visfatin
are higher in women with PCOS than in control
women [62—64]. Thus, an increase in serum visfatin in
PCOS may contribute to insulin resistance and metabolic
dysfunction, which requires further study.

Folliculogenesis in PCOS: the impact
of hyperandrogenism, hyperinsulinemia
and obesity

In the developmental cycle of the follicles in
PCOS, most of them gradually stop at an early stage
of development. This disruption of folliculogenesis is
the result of hyperandrogenism, hyperinsulinemia with
insulin resistance, and exposure to abnormal reactive
oxygen species (ROS) and inflammatory cytokines,
which are present in excess in obesity. Folliculogenesis
is a very complex and carefully organized process
with many developmental stages that differ in
terms of morphology, physiology, and molecular
composition. Follicular development is regulated by
endocrine signals from the pituitary gland and locally
produced intraovarian factors that act in a paracrine
and autocrine manner. Optimal androgen levels are
required to maintain normal ovarian function [65].
Aberrant androgen levels disrupt the balance required
for normal growth and maturation of follicles in various
animal models, leading to a negative effect of androgens
on ovarian function [66]. There is evidence that the
features of the regulation of growth and differentiation
of ovarian follicles by androgens depend on the stage
of follicle development [3]. Androgens can inhibit
the growth of antral follicles during folliculogenesis.
In contrast, preantral follicles respond to androgens
by stimulating follicular growth [67]. In addition,
androgens inhibit FSH-induced aromatase activity in
large follicle granulosa cells, thereby inhibiting follicle
development. The growth and differentiation of follicles
are determined by the dose of androgens. Low doses can
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promote recruitment and growth of follicles, while high
doses promote excessive secretion of anti-Miillerian
hormone (AMH) by granulosa cells, which in turn
inhibits folliculogenesis [68].

Hyperinsulinemia can also interfere with the growth
and development of follicles. In the preovulatory
stage of development, an increase in insulin helps to
reduce the growth of large follicles, and thus reduces
the likelihood of ovulation and conception. The
effect becomes more evident when hyperinsulinemia
is combined with an increase in LH levels [24]. In
addition, the regulation of growth and differentiation
of follicles by insulin is possible through the insulin-like
growth factor (IGF) system. An excess of insulin can
reduce the synthesis of IGF-binding proteins (IGFBP),
increasing the content of free IGF-1 [69], which is a
direct target of miR-323-3p [70]. Androgen stimulation
results in the downregulation of miRNA-323-3p while
IGF-1 is elevated. This can accelerate the apoptosis of
granulosa cells and, as a result, significantly impair
folliculogenesis [70]. In addition, insulin or IGF can
increase vascular endothelial growth factor (VEGF)
levels in luteinized granulosa cells [69]. VEGF is
the main regulator of physiological angiogenesis.
VEGEF levels and vascular flow index are elevated in
women with PCOS [71]. Increased vascularization
can lead to increased androgenic steroidogenesis and
lead hyperandrogenism. These results suggest that an
increase in VEGF levels may be one of the mechanisms
relevant to the pathogenesis of PCOS.

Dysfunction of adipose tissue in obesity is
characterized by increased synthesis and accumulation
of pro-inflammatory cytokines, and infiltration by
macrophages and other immune cells [56, 72]. Such
infiltration leads to the formation of a pro-inflammatory
profile (latent inflammation) in obese women,
which causes disturbances in tissues throughout the
body. As the study by Macarena B Gonzalez et al.
(2018) intrafollicular cytokine levels (IL6, TNFa,
and IL10) correlate more strongly with lipid levels
than with BMI. They suggest that dyslipidemia and
saturated lipotoxic fatty acids, which are elevated in
the follicular fluid of obese women, are responsible
for increased inflammation in ovarian tissue, which
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exacerbates folliculogenesis [73]. It was previously
mentioned that adipose tissue produces a number of
adipokines. Leptin is a peptide hormone of adipose
tissue that regulates energy metabolism. Serum
leptin can be elevated in patients with PCOS, and
high concentrations of leptin inhibit the expression
of aromatase mRINA in granulosa cells, thereby
preventing the conversion of androgens to estrogens,
which leads to an increase in serum androgen levels
and, ultimately, contributes to follicular atresia [14].
In recent years, adiponectin has attracted increasing
attention from researchers. Adiponectin receptors,
including AdipoR 1 and AdipoR 2, are expressed
in female granulosa cells [74]. Adiponectin can
increase IGF-1-induced progesterone and estrogen
production [74]. In porcine ovarian granulosa cells,
adiponectin can induce the expression of ovulation-
associated proteins such as cyclooxygenase (COX)-
2 and prostaglandin [75]. Therefore, a decrease in
adiponectin leads to suppression of the ovulatory
mechanism [76]. Moreover, adiponectin significantly
reduces the secretion of gonadotropin-releasing
hormone (GnRH) from hypothalamic neuronal cells,
which reduces LH secretion. Thus, a decrease in its
concentration in the body in patients with obesity,
in combination with other factors, contributes to the
development of PCOS [77].

PCOS and obesity: genetic aspects

The commonality of obesity with PCOS was also
considered at the genetic level. Day F.R. et al. (2015)
found an association between high BMI and PCOS
based on a Mendelian randomized study of 32 single
nucleotide polymorphisms (SNPs) [78]. Conclusions
opposite to this opinion were made by Batarfi A.A. et
al. (2019) in a randomized controlled trial that refuted
the data for a single genetic component of obesity and
PCOS [79]. However, Xu L. et al. (2014) identified
SNP-501 A/C (rs26802) of the ghrelin gene, which
has been associated with some metabolic changes in
PCOS. BMI and waist-to-hip ratio were higher in PCOS
patients with SNP-501 A/CA than in PCOS patients
with SNP-501 A/CC. In addition, the frequency of
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occurrence of the —501 A/CA allele was higher in the
group of patients with PCOS [80].

The latest large-scale study of the genomic
correlation and causation between obesity and PCOS
was carried out by Qianwen Liu et al. (2022). Using
genome-wide association studies (GWAS); they
identified 15 common loci underlying PCOS and
associated with obesity (9 loci between BMI and PCOS,
6 loci between waist to hip circumference and PCOS).
Mendelian randomization (MR) has supported causal
roles for both adult BMI and childhood BMI in PCOS.
This study suggests a common genetic basis for obesity
and PCOS [81].

Treatment of PCOS
in patients with metabolic dysfunction

Considering the fact that today there is no specific
method for treating metabolic dysregulation in PCOS,
and most women with PCOS are overweight and
obese, and also show insulin resistance associated
with compensatory hyperinsulinemia, which
ultimately forms a risk group for the development of
DM2, the initial stage of therapy is recommended diet
and exercise in order to reduce body weight. To date,
data from a meta-analysis including 15 studies have
shown that lifestyle modification, namely diet, and
exercise, contributed to the reduction of free androgen
index and body weight in women with PCOS [82].
Nybacka et al. (2011) conducted a randomized
comparison of the effects of diet and/or exercise
on ovarian function and metabolic parameters in
overweight women with PCOS. After four months, the
authors noted a decrease in BMI, serum testosterone
levels, and an increase in SHBG levels. At the same
time, more than every second of the patients restored
the menstrual cycle. These results suggest that diet
and exercise alone or in combination are equally
effective in improving fertility in overweight or obese
women with PCOS [83]. Chan Hee Kim et al. (2022),
reviewing 25 studies, noted that a combination of
diet and exercise can reduce BMI and fasting blood
glucose and improve tissue sensitivity to insulin.
Subgroup analyzes showed that the lifestyle
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modification group had significantly more patients
who had normalized menstrual cycles compared to
control groups [84]. However, most obese women
with PCOS cannot achieve significant weight loss
through lifestyle modification. For these women, the
use of insulin-sensitizing drugs such as metformin is
the preferred treatment. Improving insulin sensitivity
while taking this group of drugs helps to reduce the
level of circulating insulin and weaken the insulin-
mediated stimulation of androgen production in the
ovaries [1, 85].

However, the use of metformin has had conflicting
results. Chan Hee Kim et al. (2020) conducted a meta-
analysis including studies comparing the efficacy of
metformin and lifestyle modification. The authors
demonstrate no difference in the number of patients
who recovered their menstrual cycle between lifestyle
modification in conjunction with metformin and lifestyle
modification alone. Pregnancy rates and BMI were not
significantly different between the lifestyle modification
group and the metformin group. Diet and exercise
reduced insulin resistance and increased serum SHBG
levels compared with metformin [86].

Thiazolidinediones (TZDs) are an alternative
treatment for metabolic and reproductive disorders
associated with PCOS. TZDs are a group of drugs
that activate PPAR-y, a nuclear receptor, resulting in
increased insulin sensitivity, mainly in adipose tissue and
skeletal muscle [87]. Treatment with this group of drugs
has been shown to improve insulin sensitivity, lower
insulin levels, and improve reproductive parameters
in women with PCOS [88]. However, like metformin,
TZDs have little effect on body weight or may even
contribute to weight gain [89].

Glucagon-like peptide-1 (GLP-1) analogs have
recently emerged as novel antidiabetic drugs that have
hypoglycemic effects and reduce insulin resistance and
promote weight loss [90]. Given the importance of
weight loss and increased insulin sensitivity in obese/
overweight women with PCOS, several studies have
evaluated the metabolic and reproductive effects of
this group of drugs in the above cohort of patients.
Studies have shown that GLP1 treatment reduces
body weight and serum androgen levels normalize the
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menstrual cycle in obese women with PCOS [91, 92].
Interestingly, a recent meta-analysis reported that the use
of GLP-1 drugs may be more effective than metformin
monotherapy in improving insulin sensitivity and other
metabolic parameters [93]. Thus, drugs of the GLP-1
group can be considered as clinically beneficial drugs in
the choice of tactics for managing patients with obesity
and PCOS. Of note, the combined action of GLP-1
and metformin may be more effective than either drug
alone for the treatment of metabolic and reproductive
disorders associated with PCOS [94] and may even
improve metabolic outcomes in women who previously
showed poor response to the action. metformin [95].
However, despite the study results, further studies are
needed to evaluate the reproductive and metabolic
efficacy and safety of this drug combination in obese
women with PCOS.

Bariatric surgery is widely used to treat obesity and
related diseases such as type 2 diabetes, hypertension,
and sleep apnea. Currently, there are few studies
looking at the effectiveness of bariatric surgery for
PCOS. A recent meta-analysis of nine different studies
covering 234 obese patients with PCOS found that
bariatric surgery reduced BMI, circulating serum
glucose, and IR in patients with PCOS. The operation
also helped to reduce the level of androgens in the
blood, and restore the menstrual and ovulatory cycles
[96]. A significant decrease in androgen levels and
ovarian volume in women with PCOS was also noted
by Christ J.P. et al. (2018) in their study using bariatric
surgery [97]. Singh D. et al. (2020) in a prospective
study that included 50 women with PCOS and obesity
who underwent bariatric surgery, observed the
normalization of the menstrual cycle, a decrease in the
hirsute number to the minimum values, and a decrease
in the level of free testosterone in the blood serum.
Complete resolution of polycystic disease according
to ultrasound was observed in 70 % of patients in the
studied cohort [98]. The specific mechanisms by which
bariatric surgery improves metabolic and reproductive
dysfunction in patients with obesity and PCOS remain
unclear and require further study.
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Conclusion

PCOS is a heterogeneous disease and its pathogenic
mechanisms remain unclear.

Analysis of the literature of the last decade
shows that androgen excess not only contributes
to the development of PCOS, but may also interact
with several factors that exacerbate it, such as insulin
resistance, hyperinsulinemia, and obesity. Interestingly,
there is a genetic correlation between obesity and
PCOS. A detailed study of the specific mechanisms of
the relationship between androgens, insulin resistance
and obesity that regulate the functioning of the female
reproductive system will help identify and develop
targeted treatments for women with PCOS. At the same
time, priority areas are associated with risk prediction,
the reduction of which is based on the normalization of
body weight. To date, there are several groups of drugs
for the treatment of metabolic dysfunction in women
with PCOS, these include metformin, thiazolidinediones,
and GLP-1 analogs. In the near future, experimental and
clinical studies will focus on the potential therapeutic
utility of new GLP-1-based unimolecular poly-agonists
for the treatment of metabolic and reproductive disorders
associated with PCOS. The metabolic efficacy and safety
of these unimolecular multi-agonists compared to GLP-1
receptor agonists have recently been demonstrated in
various preclinical models of obesity [99] and several
of these drugs are currently being clinically evaluated
for the treatment of T2DM.
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CMHAPOM MOJINKUCTO3HbIX ANYHUKOB
N OXXMpeHue: coppeMeHHaa napagurMma

M.B. XamommHa' ', FO.C. ApremMeHKo! ‘z, A.A. BaiipamoBa' ',
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"PoccuiicKuii yHUBEPCUTET [py»KObl HapogoB, 2. Mockea, Pocculickas Dedepayus
2 HayuHO-MCC/Iel0BaTeIbCKUIA MHCTUTYT OGIIIel MaTooruy 1 natodpusronoruu, 2. Mockea, Pocculickas @edepayus
> iu.pavlova@yandex.ru

AnHoTanusa. CHH/IPOM TIOJTMKHCTO3HBIX SMUHUKOB MpeZCTaB/sieT co00M reTeporeHHOe SHJOKPUHHOE 3ab0/eBaHMe,
KOTOPBIM CTPa/IAl0T YKeHIL[UHBI IeTOPOIHOTO Bo3pacTa. [laTtoreHes cvH/IpOMa MOMMKUCTO3HBIX SIMYHUKOB Ha CErOJHSIIHUN /1eHb
10 KOHIL|a He M3yYeH, ero rapajjurMa pacCMaTpyBaeT reHeTHUeCKYH0 1eTePMUHUPOBAHHOCTh MaHH(eCTal TOPMOHA/TBHBIX
1 MeTabo/IMYeCKUX HapyIIeHWH, KOTOpbIe MPUHSATO CYMTATh KPUTEPUSIMU BeprUdHKarnu 3ab0sieBaHusl (TUIepaH/|poreHusl,
OJIUTO/aHOBYJISALIUSI W/WTK TIOJIMKUCTO3Hast TpaHC(opMalLusi SUYHUKOB MPU Y/IBTPa3ByKOBOM HCC/Ie[j0BaHHU. B naHHOM 0630pe
PacCMOTpeHbI OCHOBHBIE MTYTH B3aUMO/IEMCTBYSI TUTIEPAHAPOTeHUH, UHCYTMHOPE3WCTEHTHOCTH 1 O’KUPEHHS U VX POJIb B T1ATO-
reHe3e CUH/JpOMa MOIMKHUCTO3HBIX SSIMYHUKOB, a TAaK)Ke BO3MO)KHBIE METO/IbI JIeUeHHsl IAHHOM KaTeropuu naueHToK. B 063ope
aHa/IM3UpyeTCss POJib TMITePaHPOTeHUH, U UHCY/TMHOPe3UCTEHTHOCTH B peasiu3alju reHeTUYeCKOro ClieHapysi CUHApPOMa
TIOJIMKUCTO3HBIX SIMYHUKOB U BBISICHSIFOTCSI IPUUMHBI, TIOUEMY  JKEHIIUHBI C CHHPOMOM TTOJTUKUCTO3HBIX IMUHUKOB YacTO
[IEMOHCTPHUPYIOT Hallnure «MeTabo/TMueCcKoro TpHUO» - TUIIePUHCY/IMHEMUH, Pe3UCTeHTHOCTU K MHCY/IMHY U caXapHOro JuabeTa
2 tuma. OTMeYaeTcsi, UTO OKUPEHKe He BXOJUT B KPUTEPUHM TIOCTAHOBKH JIMarH03a CUH/POMa MOJIMKUCTO3HBIX SUUHUKOB, HO
3MU/IEMUOIOTHYeCKYE IaHHbIe TTOATBEP)K/IAl0T Haluyre B3aUMOCBSI3U MeX/y 3TUMH 3aboeBanussMy. OkrpeHre, 0COOeHHO
BUCLIEPA/ILHOE, KOTOPOE YaCTO BCTPEUYAeTCsl Y >KEHIIMH C CHH/IPOMOM TMO/TUKHUCTO3HBIX SUYHUKOB, YCUIVBAET U yXY/IIaeT
MeTaboMUecKyie U perpoAyKTUBHbIE UCXO/bI TIPH CHH/IPOME MOJTMKMCTO3HBIX TUUHMKOB, a TAKXKe YBeJIMUMBAET Pe3UCTEHTHOCTh
K UHCY/IMHY U KOMITEHCAaTOPHYO TMITePUHCYTMHEMUIO, UTO, B CBOIO OUepe/ib, CTUMYJIUPYET a/IuTIoreHe3 U MO/aBIsIeT JIIIO/N3.
O’KupeHue TMOBLILIAeT YYBCTBUTETBHOCTb TEKA-KJIETOK K CTUMYJ/ISILIH JTFOTEOHU3UPYIOLM TOPMOHOM U YCH/IMBAaeT (QyHKIIUO-
HaJIbHYIO TUTIepaH/POTeHUI0 SSIMYHMKOB, TTOBbIILIAst BLIPAOOTKY aH/IPOTeHOB IMYHUKaMU. V30BITOK MacChl TeJla acCOLMMPOBAH
¢ 6OMBIIMM KOJIMUeCTBOM BOCTIA/IUTE/IBHBIX a/JATIOKMHOB, KOTOPBIE, B CBOKO OUepe/ib, CTIOCOOCTBYIOT POCTY Pe3UCTEHTHOCTH K
VHCY/IMHY U apuroreHe3. O)KUpeHre U MHCYTMHOPe3UCTEHTHOCTD YCYTYOISIFOT CUMITOMBI THITEPaH/IPOreHHH, 06pa3ysi TOPOYHbIH
KPYT, CITIOCOOCTBYIOIIMI Pa3BUTHIO CUHZPOMA TOJIMKUCTO3HBIX SMYHUKOB. [IpHBe/jeHHbIe JaHHbIe TI03BOJISIIOT C/Ie/IaTh BBIBOJ,
YTO a/IbTePHATHUBOM JIeKapCTBEHHBIM CpeicTBaM (MeT(hOPMUH, THA30/MMHAVOHObI aHAJIOTH TTFOKaroHOMoZ00Horo nenTyza-1)
MOXKET CTaTh OapuaTpuyeckasi XUpyprsi, MoKa3a.lilasi TI0JI0XKUTe/TbHbIE Pe3y/IbTaThl JIeYeHUst TIALMeHTOK C CUHJPOMOM I10JTH-
KUCTO3HBIX INYHUKOB Y O)KUPEHUEM.

KiroueBble /10Ba: CHHZPOM TOJIMKUCTO3HBIX IMUHUKOB, O)KUDEHHe, TUTIePaH/[POTeHNs, UHCYTMHOPEe3UCTEeHTHOCTD,
KOMIIEHCATOPHAs! TUITePUHCYTMHEMUST

HNudopmanys o puHaHCHPOBaHUM. ABTODEHI 3asB/ISIOT 00 OTCYTCTBUY BHEIIHET0 (GMHAHCHPOBAHUSL.

Bkaj aBTopoB. M.B. XaMoIlMHa — KOHIIENIMSA U Au3aiH uccieqosanus; HO.C. ApremeHko, A.A. BatipamoBa— 0630p
nureparypsl; M.B. XamoumHa, FO.C. Apremenko FO.C., B.A. Psa6oBa, M.P. Opa3oB— aHanu3 MoyueHHbIX JaHHBIX, HAlTMCAHKe
TekcTa. Bce aBTOpBI BHEC/M CYIIleCTBEHHBINM BKJIa/ B Pa3pabOTKy KOHLIEILMH, TIPOBe/IeHHe UCC/Ie/[0BaHMS U TTOATOTOBKY CTaThbH,
TpoOwWIU U 0100pyIM QUHATBHYIO BEPCHUIO Mepe/ yOnvKaryei.

JTHUecKoe YTBep)KAeHne — HellpUMeHUMO.

HNudopmanys o KOHQINKTe HHTePeCcoB. ABTOPHI 3asiB/ISTFOT 00 OTCYTCTBUM KOH(JIMKTA HUHTEPECOB.

Bnarouapuoc*.m — HEIpUMEHHMO.
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Prediction of infertility in patients with uterine leiomyoma

Said M. Semyatov' ', Lemin M. Leffad? =

!City Clinical Hospital Ne 64, Moscow, Russian Federation
Peoples’ Friendship University of Russia, Moscow, Russian Federation
< Lemin.leffad@gmail.com

Abstract. Infertility is an important socio-economic problem due to the fact that planned childbearing occurs much later than
three decades ago. In recent years, more attention has been paid to the role of uterine leiomyoma in the development of infertility.
Uterine leiomyoma is a benign monoclonal, well-demarcated encapsulated tumor originating from the smooth muscle cells of
the cervix or body of the uterus. Uterine leiomyoma is the most common uterine tumor in the reproductive age group, affecting
20—50 % of women. With conceptual changes in marriage and childbearing, the number of women over 35 with leiomyoma who
want to have children has also increased significantly. The need to treat submucosal fibroids is widely recognized, but fibroids
of other locations and sizes remain a clinical mystery. The purpose of the literature review was to determine the role of uterine
fibroids in predicting infertility. It has been established that the incidence of uterine leiomyoma in women of reproductive age
is on average about 40 %, infertility associated with this pathology occurs in 5—10 % of women. In 10 % of cases of infertility,
uterine leiomyoma is the only established cause of infertility. Uterine leiomyoma is common among women of reproductive age,
and as women continue to delay childbearing, an increasing number of patients will require fertility-preserving treatment options.
Leiomyoma affects not only fertility but also obstetric outcomes. Women with intramural fibroids without cavity deformity
have a 21 % reduction in live birth rates after in vitro fertilization compared with controls without fibroids. Despite advances in
fundamental understanding of the biology of leiomyomas, the role of different fibroid variants remains a matter of discussion.
The question of the negative impact of submucosal nodes on infertility today is not in doubt, and the effect of subserous and
intramural nodes requires further study.

Key words: uterine leiomyoma, infertility, prediction, risk factors, submucosal, subserous, intramural nodes
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Introduction

The clinical guidelines define infertility as a disease
characterized by the inability to achieve a clinical
pregnancy after 12 months of regular intercourse without
contraception due to an impairment of the subject’s
ability to reproduce, either individually or in conjunction
with her partner [1]. The causes of infertility are varied,
one of which is undoubtedly the uterine factor due to
the presence of uterine fibroids. Leiomyoma of the
uterus (Further—LU) defined as “a benign monoclonal,
well-demarcated encapsulated tumor of smooth muscle
cell origin of the cervix or uterine body” [2].

LU is the most common uterine tumor in the
reproductive age group, affecting 20—50 % of these
women and hence its association with infertility,
although controversial, is always of great concern to
both clinicians and patients [3].

Infertility, both primary and secondary, is a common
occurrence in this disease; some studies have found that
the incidence LU in women of reproductive age is up to
40 %, infertility associated with LU occurs in 5—10 % of
women [4]. In other studies, primary infertility associated
with LU is detected in 20—25 % of cases, secondary
in 35—50 %. At the same time, the combination of LU
with other factors of infertility is observed in 40—60 % of
women [5]. In another study, LU is associated with 10 %
of cases of infertility and is the only established cause of
infertility in 1—3 % of patients [6]. At the same time,
the role of LU in the development of infertility has not
yet been determined, since there are numerous cases of
pregnancy with a favorable outcome with multiple LU,
even large ones [7].

GINECOLOGY

Risk factors for uterine leiomyoma

Several risk factors for the disease have been
identified, ranging from genetic predisposition to poor
lifestyle habits [8].

Risk factors for developing LU include: race, age,
lack of pregnancy and even delayed, early menarche,
parity (protective effect), caffeine, alcohol, high blood
pressure, obesity, genetic changes and others, such as
a diet that includes an abundance of red meat, while
smoking, possibly associated with a relative change in
estrogen metabolism, reduces the risk of developing
fibroids [9—10].

Symptoms and pathogenesis of uterine
leiomyoma

In most cases, LU is asymptomatic, especially at
the beginning of the development of the disease, with
small sizes of nodes, a small number of them, which
undoubtedly reduces the actual frequency of detection
of this disease [11], all this against the background of
a delayed first pregnancy, which in turn is a risk factor
for the development of LU.

The purpose of the literature review was to
determine the role of uterine fibroids in predicting
infertility.

The solution of the researcher-task was carried out
through analysis of corpora of scientific publications and
discourse analysis, based on the definition of various
mechanisms for the occurrence of such an ailment as
infertility in women with uterine myoma.
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Mechanisms of infertility development in
uterine leiomyoma

Scientific interest in this issue is relevant and
is described in many works of national and foreign
scientists affecting genetics, epidemiology, hormonal
aspects and molecular mechanisms of tumor
development. However, there is no specific pathogenetic
substantiation of the effect of LU on the reproductive
function of women [12].

Analyzing this subject, it is impossible not to talk
about the pathogenesis of infertility caused by LU.
The beginning of everything is considered “hormonal
changes that occur in a woman’s body due to changes
in various departments of a single functional system:
the hypothalamus-pituitary gland-ovaries-uterus. In
56—60 % of patients with LU, anovulatory cycles
with varying degrees of estrogen saturation and / or
biphasic menstrual cycles with luteal phase deficiency
are detected [13]. In addition to hormonal disorders,
there are other mechanisms for the development of
infertility in LU.

Next, we consider some mechanisms of infertility
development in LU.

The pathogenesis of infertility in LU is fairly well
known and includes:

1. Mechanical factor (resistance to sperm, egg or
embryo transport has been proposed as a mechanism
to explain the effect of fibroids on fertility);

2. Dysfunctional myometrial injury (Cine MRI
demonstrated accelerated mid-luteal peristalsis (defined
as >2 peristaltic movements in 3 min) in the presence
of intramural fibroids and reached a 40 % pregnancy
rate in this population within 1 year after restoration
of normal peristalsis by myomectomy);

3. Implantation disorders due to cytokine factors
(decrease in the levels of certain cytokines, mainly
IL-10 and glycodelin, in mid-luteal uterine lavages of
women with submucosal fibroids) [3].

The effect of LU on fertility undoubtedly depends
on its location [14].

Classification given by the International Federation
of Gynecology and Obstetrics (FIGO) is of the greatest
importance, since with this classification it is possible to
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determine all variants of the pathogenesis of infertility
due to LU.

There are a number of different mechanisms by
which LU negatively affects fertility.

Mechanical factor. In addition to the fact that
the promotion of spermatozoa in the uterine cavity is
difficult, as well as the entry of the embryo through
the fallopian tubes after fertilization, it has also been
proven in a number of studies that LU leads to a change
in the functional properties of the endometrium, a
change in the architectonics of the endometrium with
a violation of its implantation ability due to impaired
blood circulation passing through the uterine arteries,
LU also contributes to impaired endometrial receptivity,
which determines endometrial dysfunction. According
to Pritts et al. submucosal nodules causing intracavitary
curvature were associated with a lower implantation
rate than in LU women (3.0—11.5 % vs. 14—30 %)
and an increased risk of early pregnancy loss (47 %
vs. 22 %) [15,16,17]. A recent analysis has shown that
submucosal, intramural, and subserous fibroids affect
fertility differently, and they are mainly associated with
submucosal lesions leading to implantation defects [18].

On the contrary, there is controversy as to whether
LMs that do not cause distortion of the uterine cavity
affect fertility. The influence of intramural and subserous
nodes on the reproductive function of women remains
a subject of discussion due to the inconsistency of two
studies of the same year: Christopoulos G. et al. and
Styer A.K. et al. [19, 20].

On the other hand, intramural fibroids in contact
with the endometrium may have a very different effect
on implantation than those in which the myometrium
is located between the myoma and the endometrium.
For example, a recent study using the FIGO
classification system found that single or multiple type 3
leiomyomas >2 cm in diameter, alone or in combination,
were associated with lower implantation rates as well as
reduced rates of clinical pregnancy and delivery [21]. It
should be emphasized that the presence of intramural
and subserous myomas is associated with changes in
uterine peristalsis and vascular blood flow, as well as
impaired transport of spermatozoa and oocytes and
embryo implantation [22]. It is worth noting that the

[TMHEKONOI 1A



Semyatov SM, Leffad ML RUDN Journal of Medicine. 2022;26(4):396—403

data show a 21 % reduction in live birth rates after
in vitro fertilization (IVF) in women with intramural
fibroids without cavity deformity compared to controls
without fibroids [23].

Subserous fibroids, both sessile and pedunculated,
that distort the outer contour of the uterus, do not appear
to have a significant effect on fertility potential, despite
the fact that the same study by Pritts et al. showed
that the presence of fibroids, regardless of location,
significantly reduced the incidence of implantation,
clinical pregnancy, and current pregnancy/live birth,
when the analysis was limited to subserous fibroids,
no difference was observed for any of these endpoints.
Therefore, subserous fibroids do not appear to affect
fertility outcomes and their removal does not provide
any benefit [24]. Other studies have shown that
submucosal fibroids cause a blunted decidualization
response with reduced release of cytokines important
for implantation, such as leukocyte inhibitory factor
and cell adhesion molecules [25].

Endometrial factor. This factor occupies one of
the main places in the genesis of reproductive failures.
“Optimal conditions for immersion of the ovum into
the endometrium are noted during the “implantation
window”, which corresponds to 6—10 days after the
peak of luteinizing hormone (LH) in the blood, or 20—
24 days of a 28-day menstrual cycle” [26]. Successful
implantation is determined by a complex of structural
and functional characteristics of the endometrium
(genetic, proteomic and morphological), united by the
term “Endometrial receptivity” [27].

The expression of genes encoding specific proteins
reflects the essence of the genetic level of endometrial
receptivity. The proteomic level includes: receptors
for sex steroid hormones, various adhesion molecules,
cytokines and growth factors that play a decisive role
in the process of blastocyst implantation [26].

The results of the study show that LU causes
vascular changes in the endometrium, and as a result,
inflammation, which leads to the creation of an
unfavorable environment for embryo implantation and,
thus, to infertility [28].

Certain intrauterine cytokines in early pregnancy
are believed to be responsible for implantation and early
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embryonic development. Implantation is a complex
process involving several factors such as HOXA-10,
glycodelin, leukemia inhibitory factor and glutathione
peroxidase 3 [29]. The exact cellular and molecular
mechanisms that guide and control the development
and growth of LU are not clearly understood. However,
several factors have been implicated in the development
and growth of LU, such as cytokines, chemokines,
growth factors, extracellular matrix components,
vasoactive substances, and miRNAs [30].

Cytokines are low molecular weight proteins that
are produced and released by cells of the immune
system, they regulate intercellular and intersystem
interactions, determine cell survival, stimulation or
suppression of their growth, differentiation, functional
activity and apoptosis, and also ensure the coordination
of the action of the immune, endocrine and nervous
systems under normal conditions and in response to
pathological influences.

Interleukins (hereinafter referred to as ILs) are
a type of cytokines that were originally thought
to be expressed only by leukocytes, but were later
found to be produced by many other cells in the
body. They play an important role in the activation
and differentiation of immune cells, as well as in
proliferation, maturation, migration and adhesion. ILs
also have pro-inflammatory properties. Thus, the main
function of IL is to modulate growth, differentiation,
and activation during inflammatory and immune
responses [31]. To date, many subclasses of IL are
known; IL-10, which is an anti-inflammatory cytokine,
the production of which is predominantly carried out
by subpopulations of T cells or macrophages, plays a
certain role in the pathogenesis of LU. IL-10 usually
inhibits the activation of neutrophils and macrophages,
which can be sources of IL-6 and TNF-a synthesis. In
addition, several authors have described the unique
ability of IL-10 to block cytokines and chemokines
of macrophages activated by lipopolysaccharide
(LPS), which can stimulate inflammatory processes
[32]. Significant reductions in the levels of several
cytokines, mainly IL-10 and glycodelin, have been
reported in mid-luteal uterine lavages of women with
submucosal fibroids.
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Glycodelin is a progesterone-regulated glycoprotein
secreted into the uterine cavity by secretory/
decidualized endometrial glands and has properties
such as angiogenesis stimulation and natural killer (NK)
suppression. Glycodelin has three main isoforms that
are found in different tissues and environments of the
reproductive system, depending on the place of their
production: amniotic fluid (glycodelin A), endometrium
(glycodelin A), seminal plasma (glycodelin S) and
follicular fluid (glycodelin F) [3].

Glycodelin is synthesized in the ovaries (follicle,
corpus luteum), fallopian tubes, secretory endometrium,
maternal part of the placenta, in men—in the seminal
vesicles, this protein was found in endometriosis foci,
extracts of malignant and benign tumors of the ovaries
and uterus, in including LU. In the female reproductive
tract, spermatozoa are exposed to glycodelin A and
F, which inhibit the binding of spermatozoa to the
zona pellucida. As spermatozoa migrate through the
cumulus matrix, glycodelin F as well as glycodelin
A-dependent inhibitory activity of gamete interaction
is reduced due to the presence of a specific isoform
of cumulus glycodelin, designated as glycodelin C,
which has the effects of stimulating sperm binding to
the zona pellucida [33]. There is also an opinion that the
deficiency of glycodelin that develops with infertility
of unknown origin indicates a failure of the “friend or
foe system, as a result of which the spermatozoon can
be perceived by the egg as a foreign cell” [34].

In addition to glycodelin’s “contraceptive”
properties, it has been suggested that glycodelin is
immunosuppressive by inhibiting natural killer (NK)
cell activity. During implantation, glycodelin levels rise
and may protect the embryo at the endometrial level
from destruction of NK cells [35].

It is believed that the proliferative effects of
estrogens and progesterone can be manifested through
pro-inflammatory mediators: tumor necrosis factor a
(TNFa), growth factors: transforming growth factor 3
(TGF-P), basic fibroblast growth factor (basic FGF),
as well as inhibitors of apoptosis: cellular tumor
antigen p53 (p53), apoptosis regulator bcl-2 (bcl-2)
[36]. The HOXAT10 gene also plays a certain role in the
development of infertility in intramural and subserous
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LM. The HOXA10 and HOXA11 genes and the protein
products they encode are currently considered as
one of the key regulators of endometrial receptivity
during embryo implantation, which determine
fertility in general [37]. HOXA-10 is responsible for
cell differentiation while glycodelin is responsible
for promoting angiogenesis, suppressing NK cells
and inhibiting sperm binding to the zona pellucida,
as already mentioned above. Typically, both factors
decrease during the follicular phase and increase during
implantation [29]. In an animal model, a decrease or
absence of HOXA10 in the uterine endometrium leads
to subfertility or infertility due to the inability of the
embryo to implant, a study by Rackow and Taylor
showed that HOXA10 is significantly reduced in
submucosal fibroids compared with the control group,
and although in patients with intramural myomas,
there was a trend towards lower HOXA10 levels, this
trend was not significant, in contrast, Matsusaki and
colleagues showed a significant decrease in HOXA10
in patients with intramural fibroids compared with
healthy controls [38], in another study of the effect
of LU on the endometrium, using molecular markers
of endometrial receptivity, a decrease in HOX gene
expression was found throughout the endometrium,
and not just over submucosal fibroids. This observation
implies that impaired fertility may be due to a global
effect, and not just a focal change in the endometrium
that covers the fibroids [39].

In the presence of LU, both HOXA-10 and
glycodelin were reduced at the time of implantation.
Although the studies that have shown decreasing
trends in HOXA-10 are not extreme, this decrease,
which causes failure of embryo implantation, has been
confirmed in an animal model. Thus, it is proposed that
the reduction of both factors is the reason for the failure
of embryo implantation, causing infertility [28].

Conclusion

LU is common among women of reproductive
age, and as women continue to delay childbearing, an
increasing number of patients will require fertility-
preserving treatment options. It is worth emphasizing
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that LU affects not only fertility, but also obstetric
outcomes.

It is worth recognizing the progress made in the
fundamental understanding of the biology of the LU.
As already mentioned, the role of different variants of
myomas remains a matter of debate. The question of
the negative impact of submucosal nodes on infertility
today is not in doubt, and the effect of subserous and
intramural nodes requires further study.
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POJIH JIeHOMHOMBI MaTKH B pa3BUTHM Oecriiofus. JlelioMrHoMa MaTKy — J0OpoKaueCTBeHHast MOHOKJ/IOHA/IbHasl, XOPOIIIO OTrpa-
HUYEHHas KarlCy/TMPOBaHHAs Oy X0JTb, POUCXOASIIAst U3 I7IaJKOMBILIEUHBIX KJIETOK IIeHKH UK Tefla MaTKH. JIelioMroMa MaTK!
SIB/JIsIeTCs1 Harbosiee pacrpoCTPAHEeHHOM OMyX0/Ib0 MaTKK B PerpoAyKTHBHOM BO3pacTHOMU rpyrime, mopaxarwoiei 20—50 %
keHIUH. C KOHLIENTya/IbHbIMUA U3MEHEHHSMHU B BOTIPOCAxX Opaka U JeTOPOXKIAEHUS UNC/IO0 XKeHIIUH cTapiiie 35 JieT C IeHOMUOMOH,
KeJIaroIUX UMeTh [IeTeH, TaK)Ke 3HAUNTe/IbHO YBeMUnI0Ch, HeoOX0AUMOCTD JIeUeHusT MOAIC/TU3UCTHIX MUOM IIIMPOKO TIPM3HAHA,
HO MHOMBI JIPYTHX JIOKA/IM3aL|i 1 pPa3MepoB MPOZ0JDKAIOT MPeICTaBATh COO0M KITMHUUeCKYTO 3aragky. Llensro mirepaTrypHoro
00630pa SIBJISIOCH OTpe/ie/ieHHe POJI MHOMbBI MaTKHU MPU TIPOTHO3UPOBAaHWU Oecriofusi. Bbigoobl. YcTaHOB/IEHO, UTO YaCTOTa
BCTPEUaeMOCTH JIEHOMHOMBI MaTKH Y >KEHILWH PerpOAyKTUBHOTO BO3pacTa COCTaBseT B cpefHeM okojio 40 %, becruioaue
aCCOLMUPOBAHHOM C ZlaHHOM TaTojioruedi Bcrpedaercs: y 5—10 % ke, B 10 % ciayuaes 6ecriioqus 1eiioMrOMa MaTKy
SIBJISIETCSL €TMHCTBEHHOU YCTaHOBIEHHOW TIPUUMHON Oecrutoqust. JlelioMroMa MaTKH IIIMPOKO PACIIPOCTPaHeHa CPeV XKeHIIUH
PEeIpoOIyKTHBHOIO BO3PACTa, U MOCKOJIbKY, JKEHII[UHbI [POJ[0/DKAIOT OTK/I/IbIBaTh JETOPOK/EHHE, BCe OOJIbIIIEMY UMCTY MAlieHTOB
TOTPeOyIOTCS BAPHAHTEHI JIEUeHHsT, COXpaHsroIIue GepTUIbHOCTD. JIelioMrOMa BIMsIeT He TOJILKO Ha (DepPTUBHOCTD, a TAKXKe
Ha aKyIIepCKye UCXO/bl. Y XKEeHIIUH C MHTpaMypajbHbIMK MHOMaMu 6e3 fedopMariyu rmojocTeil Hab/omaeTCsl CHUYKEHHE YaCTOThI
JKUBOPOXKJeHNs Ha 21 % T0c/ie 3KCTPaKOPIopaabHOTO OTUIOZOTBOPEHHS TI0 CPaBHEHHIO C KOHTPOJIBHOM TPYITIol 6€3 MHOMBL.
HecmoTpst Ha riporpecc, JOCTUTHYTHIM B (hyHAAMEHTa/IbHOM TIOHUMaHHUH OMOIOTHH JIEHOMHOMBI, PO/Tb Pa3/IMYHBIX BADHAHTOB
MHOM OCTaeTCs IPeJIMETOM /15l IUCKYCCHHU. Bompoc 06 oTpuLiaTebHOM BAUSIHUM CyOMYKO3HBIX y3/10B Ha Oecriiofue Ha Cerof-
HSIIIHUI 1€Hb He BbI3bIBa€T COMHEHUH, a B/IUsIHUE CyOCepO3HbIX U MHTPAaMypPajbHbIX Y3/I0B TPEOYIOT Aa/bHEHIIIEro U3y YeH s,

KiiroueBble cj10Ba: jjeioMHUOMa MaTKH, OeCruiofue, MporHo3UpoBaHue, (akTopbl PUCKa, CyOMYKO3HBIe, CyOCepO3HbIe,
WHTPaMypaJibHbIE Y3/IbI
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MMMYHOTepaHMH Ha COBpeMeHHOM 3Tane:
BUAbl U TaKTUKa NpUMMeHeHUA

A.A. KopxeHeBckmit"? X H.IL Kop:xeneBckas'

! Pecniybnvkanckast kmuHr4eckas 6onbHuia uM. [T, KyBaroBa, e. Y¢a, Pocculickass @edepayus
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AHHOTaI.U/Iﬂ. Cmea BO3AEﬁCTBHﬁ BCeX OTpULaTe/IbHBIX ClJaKTOPOB Ha OpraHuv3M 4eJjIOBe€Ka IMPOSAB/IAeTCA, B TOM UHCIIe
B BU/ie d)OpMI/IPOBaHI/IH ,ILI/IC6aJ'IaHCa B pa60Te HMMYHHOﬁ CUCTEMBI, UTO IIPUBOAUT K HAPYILIEHWIO PACTIO3HABAHUSA U 3/TMMUHALIUA
Uy>XepOJHbIX BelleCTB CaMOro pa3H006pa3Horo MPONCXOXXAEHMSA. JTO TMPOABJ/IAETCA B ITOBBIII€HWH YaCTOThI PA3BUTUA BOCIIA/IU-
TeJIbHBIX TTPOL€CCOB, PUCKEe WX XPOHU3AlWH, PA3BUTUN OCHO)KHEHHﬁ, BbISIBJIEHHMH B KaUeCTBe BO36y,[LI/ITEJ'IF{ OHHOPTYHHCTHHECKOﬁ
Wi YCHOBHO-HaTOFEHHOﬁ (1)]'[01)]:1, B TOM UHCJIE C aTUITUUHBIMU OH0/IOrHUeCKUMHU CBOMCTBAMM U aHTI/I6I/IOTI/IKOp631/ICTEHTHOCTI;I-O.
Wcnonb3oBaHue B leUeHHUH TOJILKO BTHOTDOHHOFI XUMHOTePAItin He Mo3BoJIdeT J0CTUUb JO0CTaTOUYHOT'O KOHTPOJ/IA Ha/l MHOTMMHU
I/IHCDEKI_II/IOHHLIMI/I 3a00/1eBaHUSIMHU. ]_IEII]:]-O HaCTos1LIero 0630pa SABJIAJICA TIOUCK AOTIO/THUTE/IBHBIX, d/IbTeEDHATUBHBIX ITOAX040B
BO3,£[EI>1CTBPIH Ha l'IIJOTI/IBOI/IHCl)eKL[I/IOHHHﬁ HUMMYHUTET. HpOBe,ELEH dHaJ/IM3 CTpaTeruu, OCHOBAaHHOM Ha MCIIOb30BaHUH npu
JIEUEHWHU MallueHTOB MOAYJ/IALIMNM HMMYHHOTO OTB€TA U OIpe/ie/IeEHHbI eé nperumyliiecTBa repej TpaguliiOHHbIM aHTI/IMI/IKp06HI>IM
JieyeHneM. O6Cy>K,£LaETC${ TMOHATHE «KMMMYHOTeparivs», rpeAroJ/iararoliiee pa3Hoo6pa3Hble BOBAEﬁCTBHH Hd IMMYHHYIO CUCTEMY
C LieJIbIO TTpeKpAalll€eHHA I1aTO/IOrM4yeCKOro Iporecca. B 0630pe BBIJE/IAIOTCA OCHOBHbBIE BUJbI UMMYHOTEpAIIM — MeCTHasd, 06]].[85{,
KOM6I/IHI/Ip0BaHHaH U MOHOMMMYHOTepaArius, a TaK)Ke akTUBHas 1 MaCCHBHasd, CHEL[I/ICbI/I‘—IECKaH 141 HECHEHH¢)HHECK8H. B o63ope
MpUBOAATCA Y6E,Z[I/ITEIH:HLIE [AaHHbIe O HEO6XO,Z[I/IMOCTI/I COOTBETCTBHUSA UMMYHOMOZYJ/IATOPOB PALY Tp66OBaHI/I${M, dHaJ/IU3UPYIOTCA
pa3/inyHbIe CII0COOBI UX K]'[aCCI/ICl)I/IKaLII/II/I U obsacTu TIpUMEeHEHMNS. HO,Z[qepKI/IBaETCH HEO6XO,[LI/IMOCTL NpUMeHeHWsI UMMYHOTDPOII-
HBIX ITperapaToB Ha OCHOBAHWKW KOMITJIEKCHOT'O OGC]’IEAOBEIHI/IH, YUUTBIBasg COOTBETCTBHE XapaKTepa KIMHUUEeCKUX HpOHBHEHI/Iﬁ
BbIPDAKEHHOCTU W3MeHeHUl B HWMMYHOJIOTUYECKHX ITOKa3aTesIsaX. HpOﬁHaJ’II/BI/IpOBaHHLIe [idHHbIE TT03BOJIAKOT CAe/1aTh BBIBO, UTO
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VMMYHOMOAY/TUPYIOLds Teparrsa MOXXeT UCII0/1b30BaThCA /11 BOCCTaHOBJ/IEHHS d)yHKL[I/II/I I/IMMyHHOﬁ CHUCTEMEI 0 ToKazareJsiei
(l)I/IBI/IO]TOFHlIeCKOﬁ HOPMBI ITOCJIe TSAXKEe/I0I0 BOCIA/IMTE/IbHOIO TPpOoLieCCa Ha 3Tarie I/IMMyHOpea6I/IHI/ITElL[I/II/L
KnroueBsbie c/10Ba:; VMMYHUTET, UMMYHOT€PAIirs, UMMYHOMOAY/IATOPbI, UMMYHOKODPEKLIUA
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Immunotherapy at the modern stage: types and tactics of application
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Abstract. The sum of the effects of all negative factors on the human body is manifested, including in the form of an
imbalance in the work of the immune system, which leads to a violation of the recognition and elimination of foreign substances
of the most diverse origin. This is manifested in an increase in the frequency of development of inflammatory processes, the risk
of their chronicity and the development of complications, the identification of opportunistic or conditionally pathogenic flora as a
pathogen, including those with atypical biological properties and antibiotic resistance. The use of etiotropic chemotherapy alone
in the treatment does not allow achieving sufficient control over many infectious diseases. The purpose of this review was to
investigate additional, alternative approaches to influencing anti-infective immunity. An analysis of the strategy based on the use
of modulation of the immune response in the treatment of patients was carried out and its advantages over traditional antimicrobial
treatment were determined. The concept of «immunotherapy» is discussed, which implies a variety of effects on the immune system
in order to stop the pathological process. The review highlights the main types of immunotherapy - local, general, combined and
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monoimmunotherapy, as well as active and passive, specific and nonspecific. The review provides convincing data on the need for
immunomodulators to meet a number of requirements, analyzes various ways of classifying them and their areas of application.
The necessity of using immunotropic drugs on the basis of a comprehensive examination is emphasized, taking into account
the correspondence between the nature of clinical manifestations and the severity of changes in immunological parameters. The
analyzed data allow us to conclude that immunomodulatory therapy can be used to restore the function of the immune system to

the physiological norm after a severe inflammatory process at the stage of immunorehabilitation.
Key words: immunity, immunotherapy, immunomodulators, immunocorrection

Funding. The authors received no financial support for the research, authorship, and publication of this article.

Author contributions. A.A. Korzhenevsky— concept and design of the study, collection and processing of materials;
N.P. Korzhenevskaya— analysis of the obtained data, writing the text. All authors have made significant contributions to the
manuscript writing, read and approved final version before publication.

Conflicts of interest statement. Authors declare no conflict of interest.

Ethics approval—not applicable.

Acknowledgements. I would like to express my gratitude to the translator of the Know and Speak language school (Ufa)

Korzhenevskaya A.A
Consent for publication—not applicable.

Received 18.08.2022. Accepted 21.09.2022.

For citation: Korzhenevsky A.A., Korzhenevskaya N.P. Immunotherapy at the modern stage: types and tactics of application.
RUDN Journal of Medicine. 2022;26(4):404—421. doi: 10.22363/2313-0245-2022-26-4-404-421

BBeneHue

NmmynHas cuctema (UC) BBINOMHSET OJHY U3 BaXK-
Helmmx (yHKIMI B opraHu3me — obecrieueHre ero
reHeTHUUeCKoro romeoctasa. OHa BbIsIB/SIET, paCliO3HaeT
Y HeWTpa/iu3yeT B OpraHu3Me IMaTOreHHbIe BelllecTBa
CaMoro pa3HO0OPa3HOTO MPOUCXOXKIEHUS — KaK IK30-
TeHHOU MPUPO/b! (MUKPOOBI, BUPYCHI, TIPOCTEMIIIHE),
TaK U 3HAOTeHHO oOpa3ytoiuecs (COOCTBeHHbIE
“3MeHeHHbIe K/IeTKH, B T.4. oryxosieBwie) [1]. Ha co-
CTOSTHWEe UMMYHOOWO/IOTUYeCKOM 3alUThl BUSET
MHOXXeCTBO ()aKTOpOB: 00pa3 »KW3HU YesioBeKa, CO-
CTOSTHUE 3KOJIOTMH, COa/laHCHPOBAaHHOCTh TTUTaHUS,
Hac/1e[ICTBeHHas! MPe/IpacIioyioKeHHOCTb, (hr3ndecKast
aKTUBHOCTb, HaJlMyMe CTPeccoB U T.Z. OHa 3aBUCUT
TaK>Ke OT MPaBWILHOCTY BHIOPAHHOM TAaKTHUKH Teparvu
TP Pa3BUTHU TOTO WM UHOTO 3aboneBanust. Cymma
BO3/IeNCTBUIM BCeX OTpHUIlaTeTbHBIX ()aKTOPOB Ha Op-
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raHu3M 4ejioBeKa peasu3yeTcsi, B TOM UMC/e B BUJe
dopmupoBanus aucbananca B pabore VIC. 1o BieueT
3a coboii pazHOOOpa3Hble HeraTUBHBIE IT0C/Ie/ICTBHS.
B rocygapctBeHHOM JjoK/azie «O COCTOSIHUM CaHUTap-
HO-3THUI€MHUOJIOTUYECKOTO 0/1arornosyunsi HaceaeHust
B Poccuiickoit @eznepaiiun» roBoputcs: «B HacTos-
1jee BpeMsi 0OTMeUaeTCs HEYK/JIOHHBIA POCT YMC/la Kak
XPOHUYECKHX, ayTOUMMYHHBIX, TaK U pa3HOOOpa3HbIX
MH(EKLIMOHHBIX 3a00/1eBaHNI, BBI3BAHHBIX yCIOBHO-TIa-
TOreHHbIMU MUKPOOPraHHu3Mamu» [2].

AKTyanbHasi Ha CerofjHsi KJIMHUKO-3MUeMHOJIO0-
ruyeckasl CUTyalys Mo3BoJisieT KOHCTaTUpOBaTh, UTO
VICTI0/Tb30BaHUE B JIEYEHUH TOJIBKO STUOTPOITHOW XUMHO-
Tepanuy He M03BOJIsieT JOCTAYB JOCTATOYHOIO KOHTPOJIS
Ha/l MHOTUMH UH(EKIIMOHHBIMU 3a00/1eBaHUSMH. DTOT
BbIBO/| JIE)KUT B OCHOBE ITOUCKA J|OTIOJIHUTE/IbHBIX,
anbTepHATHBHBIX MOAX0Z0B BO3/JeHCTBUS Ha MPOTHU-
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BOMH(eKIMOHHbIN UMMyHUTeT (M), B 4aCTHOCTH,
OCHOBAHHBIX Ha ero MoAyisituu. CyIlecTBYIOT Cepbe3-
Hble pe3epBbl, TT03BOJISIOIINE YIYUILINUTh Pe3y/IbTaThbl
JIeUeHMs] MHOTHX 3a0o/ieBaHuid. DT0— co37aHue 0es3-
OTaCHBIX U JIeMCTBeHHBIX JIeKapCTBEHHBIX TIPerapaToB
[/ OCy1|eCTB/IEHUsI UMMYHOKOPPEKLUH, a TaKxXe
JlaJibHelilllee COBePIIIeHCTBOBAaHME METOM0JIOTUM ee
WCI0/1b30BaHusl. Tak, B COIVIaCUTE/IbHOM JI0KyMEHTe,
CO37laHHOM MeXXJyHapOgHOU 5KCIIepTHOM IPYyTIon
B KomuTeTe no u3yueHur0 HOBbIX HallpaB/ieHUM B aH-
TUMHUKPOOHOW XMUMHOTEpAIvHy, ObIJIO MOAYEePKHYTO, UTO
CTparerusi, OCHOBaHHasl Ha UCIOIb30BAHUM MOAY/ISLIU
vMMYyHHOro otBeta (MO) ripu eueHUM NaLeHToB,
XapaKTepu3yeTcs orpe/ie/IeHHbIMU NPerMyIlieCTBaMHU
riepe/i TPaZMLIMOHHBIM aHTUMHUKPOOHBIM JIeUeHHEM.

MMMyHoTepanus

[Tonsitne «ummyHoTepanusi» (MUT) npeanonaraet
pa3Hoobpa3Hbie Bo3gelicTBus Ha VIC c enbio mpekpa-
1leHUs1 rartosnoruueckoro npouecca. Ilog T nonrnmaror
TaK)Ke MeTOJ, JIeueHUs1 pa3MYHbIX UH(EKLMOHHbBIX
3aboneBaHMii uepe3 co3ZlaHUe UCKyCCTBeHHOTo M
TIPOTUB HUX, WM JKe yCUJIEHUe UMEIOLLerocsl.

BriziensitoT criefiyroliyie BU/ibl UIMMYyHOTepanui [3]:

— o011asi— BBeZIeHHe B OPraHU3M JIeKapCTBEHHO-
ro Ipernapara /sl OCylLeCTB/IeHUsI ero BO3/elCTBUS
Ha BCIO TUM(OUIHYIO CUCTEMY;

— MecTHast (1nm pernoHapHas UT)—ocyuect-
BJISIETCS1 BBE/IeHHEeM JIeKapCTBEHHOT'0 Tiperapara Win
B Ouar, Wy Ha ovar MOBpeXX/eHUs, UTO JOCTUraeTcst
WCIOIb30BaHUEM 3/1eKTpodopesa, MPOMbIBaHUS M0JI0-
CTel, UCII0/Ib30BaHKEeM HHTa/ISILUN U pa3HOOOpa3HbIX
METO/|0B BO3/ieCTBUS Ha ()aKTOPbl MECTHOTO UMMY-
HUTeTa, K IPUMepY, CJIU3UCThIe 000I0UKH BepXHUX
JbIxarenbHbIX NyTel [4]. Jdannbiii Bug UT nossonser
CHU3UTH PHUCK MOOOYHOTO HeraTUBHOTrO 3 dexTa
ot nipoBozmmMoi YT nipu ZI0CT»KeHNH MaKCUMaTbHOM
KOHLIeHTpaLMY Tperapara B 30He [1aTO/I0TUH;

— KOMOMHUPOBaHHAasi — OCYIle CTBJISIETCS BBe-
JleHreM HeCKOJIbKUX JIeKapCTBEeHHBIX IperapaToB
WJIA UCII0JIb30BaHMEM OJJHOBPEMEHHO HeCKOJIbKUX
METO/,0B JIeUeHHs C LjeJIbI0 OKa3aThb [03UTHUBHOE
BO3/leliCTBME Ha pa3Hble 3BeHbsi IM; unu coBMmellje-
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HUe pa3HO0Opa3HbIX CITI0COOOB MECTHOTO U 00IIIero
BO3/leliCTBYUS;

— MOHOMMMYHOTeparys — UCI0/Ib30BaHue U30/I1-
poBaHHO VT 6Ge3 coyeTaHusi C STUOTPOITHBIM JIeUeHHEM
(uate Bcero NMpUMeHsIeTCS Ha ITarle UMMYHOpeabu-
JIUTALUN).

[ToHsaTHe «MMMYHOKOpPpeKLUsI» IpeAroJaraeTt
pa3/inuHbIie CrIocobbl Teparnuu, CrocobCTByOIHe
KOppeKIuu B paboTe ee feeKTHBIX 3BeHbeB. [loHsATHE
«UMMYHOMOZY/ISALIUSI» MpeJrno/araeT Bo3AelCcTBre
Ha VIM opraHusMma, KOTOpOe 3aK/IF0UaeTCsl B JOCTHKe-
HUM HOpPMa/IM3aliy YPOBHS pa3/MUHbIX MTOKa3aTesei
VIC nyTeM NoBbILLIEHUS WU CHYKEHUS UX 3HaYeHUM.

3afaur IMMYHOTeparu:

— 3aMellleHHe HeJJOCTAOIMX (JaKTOPOB UMMYHHOM
PEeakTUBHOCTY;

— TOBBILLIEHHEe HeJJOCTaTOUHOM UMMYHHOU peak-
THUBHOCTH;

— CHW)KeHHe Yype3MepHO MOBbILIeHHOU HMMY-
HOPeaKTUBHOCTH WK OJI0KMpPOBaHUE TTPOBOCTIAIH-
TebHBIX LIUTOKUHOB U cobcTBeHHO T- U B-KieTok,
KOTOpBbIE MMOTEHLMA/JbHO YYaCTBYIOT B NaTOreHe3e
3aboneBaHus (HarpuMmep, IpU ayTOUMMYHHOH Ta-
TOJIOTUH U aJ/lJIePTUm).

[TpuMeHeHue TOro wiu uHoro Metozaa VT Heob-
XOJJUMO TIIIaTeIbHO 000CHOBBIBaTh. HeonTumanbHbIi
BbI00Op TakTUKU VT 1 BEIOOp /1eKapCTBEHHOTO Tpera-
para MOTYT MPUBECTH K HeXKesaTe/TbHbIM pe3y/ibTaTaM.
Haripumep, Heo60CHOBaHHOE TPO/IO/DKUTE/TBHOE UC-
T0JIb30BaHNE UMMYHOCTUMY/ISITOPOB MOXKET BbI3BaTh
rozassieHre V1M, cripoBoLIMpOBaTh ajijiepruyecKyro
peaki1Io0 WM 3alyCTUTh ay TOMMMYHHBIN MpOLiecc,
a ype3MepHOe UCII0/Ib30BaHKe [lelIpeCCaHTOB BbI30BET
n30bITOUHOE Ocnabnenre VUM, 4to upeBaTo pa3BUTH-
eM WM o6ocTpeHHeM MH(EKLIMOHHBIX 3a001eBaHNH,
BILIOTh /10 CEeTCUca.

[To MexaHW3My AeiCTBUS UMMYHOTPOIIHBIE Jie-
KapCTBeHHbIE Mpernaparsl MoJpaszAe/sitoTCsl HA UMMY-
HO/lerpeCcCcaHThbl, UMMYHOCTUMY/ISTOPbI U UMMYHOMO-
nyasTopsl [5, 6].

VIMmyHoOZerpeccaHTbl — UMMYHOTPOITHbIE JieKap-
CTBEHHBbIE Tperaparsl, MpUBosLLue K yrHeteHu0 VO.

VIMMyHOCTUMY/IITOPbl— UMMYHOTPOIIHBIE JIeKap-
CTBeHHbIe Npernaparsl, npuBojsLIye K ycunenuto 1O [7].
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151 uero NpUMeHsrOTCS UMMYHOMOZY/ISITOPbI?
OHU NpUMEHSIOTCS TOra, KOrja Mpy pa3BUTHUM Ta-
TOJIOTHUECKOTO TIPOL{ecca BO3HHKaeT He0OX0JUMOCThb
B BOCCTAHOBJ/IEHUM M3MeHeHHbIX ¢GyHKUum UC, uto
Heo0X0AMMO Kak /IJIsl TIOJTHOTO BbI3ZIOPOB/IEHMUs], TaK
Y J/1s1 YCKOPEeHUs 3TOro nporecca. Te IMMyHOMOAY-
JISITOPBI, KOTOpBIe 00/1aZlal0T ¥ UMMYHOTPOITHOCTBIO
Y CcriocoOHBI IPY TOM HOPMAJTM30BaTh HETaTUBHBIE
H3MeHeHMs] KOHKpeTHbIX 3BeHbeB VIC (daronuTosa,
KJIETOYHOT'O WIX TYMOPaJ/JbHOIO 3B€Ha), OTHOCSTCS
K IpyInIe MMMYHOKOPPEKTOPOB (MMMYHOMOZY/IATO-
PbI HEMIOCPeJCTBEHHOI 0, U/IM TOYEUHOT'O JIeMCTBUSA).
K uMmyHOMOAYy/IATOPamM OTHOCSATCS JleKapCTBEeHHbIe
CpeJiCTBa, KOTOPbIe XapaKTepU3ykTCsl UMMYHOTPOITHOM
aKTHBHOCTBIO U B TepareBTHYeCKHX /103aX CIIOCOOHBI
BoccTaHaBMMBaTh QyHkumy VIC (B mepByto ouepeb—
GbyHKIMIO 3a1uThI). JleueOHbIH 3 heKT OT UX MpUMeHe-
HUS CYLL|eCTBEHHO 3aBUCUT OT UCXOLHOTO YpoBHA UM
raLueHTa.

Panee cunTanock, UToO CyIIECTBYIOT TPU OCHOBHbIE
rpyTinel 3ab60s1eBaHUiA, IPU KOTOPBIX 1{es1ieco0bpasHo
MpUMeHeHre UMMYHOMOZY/IAITOPOB: UMMYHOZAe(QULIU-
Thl, a/l/lepruueckre U ayToMMMYHHBbIe Triporeccsl [8].
Celiyac, yuuThIBas OC/IeJHUE JOCTYKEeHUS KIUHUYe-
CKOIt IMMYHOJIOTHH, K 3a00/1eBaHUsIM, TIPH KOTOPBIX
1jeslecoobpa3Ho MpUMeHeHe UMMYHOMO/Y/ISITOPOB,
CTa/Ii OTHOCUTEL U OHKoI1aTosioruto [9—11]. Pa3su-
THe OHKOIIaTOJIOTUX TeCHO CBSI3aHO C HapyLIeHUsIMU
B OCYLL|eCTBJ/IEHUU KOHTPOJI HaJl OHKOTeHHbIMU BU-
pycaMH, a TakKKe C HapyLIeHUsIMU B KOHTPOJIe Ha/,
obpasyromumucs cobCTBeHHBIMU aHOMaIbHBIMU
kieTkamu. UT onyxoneil HarnpaB/ieHa Ha yrHETEHUE
OITyX0JIeBOI0 POCTa U aKTUBAL[MIO ITPOTUBOOITYX0JIeBO-
ro U0. 3agaua U'T nipu ee npuMeHeHWH TIPU JIEUeHUH
3/I0Ka4eCTBEHHBIX OITyX0JIel COCTOUT B NPeofio/IeHu!
napanuua 1ieH30pHo# ¢pyHkimu C, BoccTaHOBIEHUH
C1OCOOHOCTH UIMMYHOJIOTUeCKOT0 HaZ[30pa Ha/J OIly-
XOJIeBBIMM @aHTUT'€HaMU U, KaK C/e/ICTBHE, YTHETeHU!
OIIyXO0JIeBOr'0 pOCTa.

PaHee cunTanock, 4To MpH ajyiepruueckux 3abo-
JIeBaHMSIX TIPUMeHeHe IMMYHOMOZYJ/ISITOPOB Lie/1ecoo-
Opa3Ho TONBKO TOT/A, KOT/A IaHHAsK TIaTOJIOTHST OCII0XK-
HSIeTCsl KaKUMHU-/THO0 KJTMHHUYe CKUMHU TTPOSIBJIEHHSIMU
BTOPUYHOM MMMYHHOW HEI0CTaTOYHOCTH. B 3TUX CUTY-
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aLUsIX BO3/IeMCTBYe UMMYHOMO/IY/IITOPOB HAIpaB/IieHO
Ha IMKBU/IALMIO Y MaleHTa HHGEKIMOHHOr0 ouara, uto
TIOpO¥ M03BOJISIET YIYUIINUTh KITHHUUECKYIO JUHAMUKY
OCHOBHOTO 3ab0/1eBanus. Ho B 3TOl cuTyarjyu UMMY-
HOMO/[Y/TUPYIOIIIasi Teparisi He BBICTYIaeT B KaueCTBe
3TUOTPOITHOM M He HarpaB/ieHa Ha OCHOBHYIO TIPUUMHY
3abosieBaHMs.

Um MYHOTPOIMNHbIe NeKapCTBeHHble cpeacTea

C pasBuTHEM TeXHOJIOTMU T0/TyYeHUs IIperapaToB
Ha OCHOBe MOHOKJIOHa/IbHBbIX aHTuTen (MKAT) nosi-
BUJIMCBH JIeKapCTBeHHbIe CPeJiCTBa, BO3ZEeUCTBYIOL e
Ha VIC u ycnemnrHo ucnosib3yrouecs AJ1s1 JIeueH:s
ajnyepruyeckux 3aboseBaHuii. 3T0, HampuMep,
Oyrmunyma0, 6okupytolee nepefady UMIY/I5COB
uHTepaerkuHoM (UJT) -4 u -13 (nmpumeHsieTcs Tpu
aToMM4YeCcKoM JiepMaTuTe, OpOHXUAMBHOM acTme) [12,
13]; Peciiu3yma6, cesibiBatolriee MJI-5, 4To MPUBOAUT
K MpepbIBaHUIO MPOLIECCOB aKTHUBALMU, POCTa U JU-
(hepeHLMALIMM 203UHOGUIOB B /IbIXaTe/bHbIX My TIX
Y CHW)KEHHIO UX COZlep>KaHUs B KPOBHU (TIPUMeHsIeTCst
npy OpOHXMANBHOM acTMe, aijiepruueckoM pUHHUTE);
Memonu3ymab, HelUTpanu3yrollee U CBs3bIBalolee
s dekTrr MJI-5 (mpuMeHsieTcst Tpy OpOHXHATbHOU
actme) [14].

B HacTos11ee BpeMsi P Jle4eHUU ay TOUMMYHHBIX
3ab0s1eBaHMI IIMPOKO MTPUMEHSIFOTCSI UIMMYHOTPOITHBIE
Tiperaparsbl, KOTOpble OTHOCATCS K IpyIIie UMMYHOZe-
npeccaHToB. VX 3¢ ekt HampaB/ieH Ha NoJaBaeHue
aKTMBHOCTH ayTOUMMYHHOI'O BOCHIA/IUTE/IbHOTO IIPO-
1]ecca, YTo COTPOBOXKIAETCS XOPOIIUM U OBICTPLIM K/TH-
HUueckuM 3¢ dexroM. Ho Takoe yieueHre HampaB/ieHO
He Ha PUUMHY 3a00/1eBaHus, a Ha TIAaTOreHe3, M03TOMY
€ro HeJIb3s CYMTATh STUOTPONHLIM. Ha coBpemeHHOM
JTare B JIeUeHWY ayTOMMMYHHOM MaTo/I0TUH IIIMPOKO
VICIIO/Tb3YIOTCS JIeKapCTBeHHble Mperaparsl, IIpUBO-
asimye K rmybokomy yraetenuro VIC, uyTo mpsMo uam
KOCBEHHO MPUBOAUT K CHW)KEHUI0 UHTEeHCHBHOCTHU
ayTOMMMYHHOTO BOCITa/IeHus1, UYTo obecrieunBaeTcs,
B TOM uucJe ucronab3osaHueM 1 MKAT.

Tepanestrueckre MKAT moryT cyijecTBeHHO
OT/IMUATHCS IPYT OT JpyTa 1o criocoby Bo3AeiCTBYSI.
Kak ormeuaetr E.M. Mep3/sK € coaBTOpaMu, «OHU

MMMYHOOT 1A



Korzhenevsky AA, Korzhenevskaya NP RUDN Journal of Medicine. 2022;26(4):404—421

MOTyT 6JIOKMPOBaTh paCTBOPHUMBIN JIUTaH[|, YrHeTast
€r0 aKTUBHOCTb, WX CBA3bIBATHCS C PELIENITOPOM Ha M0-
BEDPXHOCTU KJIETKA-MUILIEHH, TeM CaMbIM OIOKHDYS
B3aMMOZIEMCTBHE peLienTopa C JIMraHAoM, yrHeTas
TPaHC/IUPYIOLIUM PeLielITOPOM CUTHaJl WU BbI3bIBast
aronto3. ITepeeivu MKAT, paspewennsivu FDA ais
VICITI0/Ib30BAHUS B JIeUeHUH BOCIIA/IMTE/IbHBIX ayTOUM-
MYHHBIX 3a0oneBanuii (2002 1.) ObIH TIperaparsl, Co-
nepskatie MKAT k dakropy Hekpo3a oryxonu (PHO).
3a nocneaHee BpeMsi epeueHb MUILLIEHEH, aCCOLIUMPO-
BaHHBIX C Pa3BUTHEM ayTOMMMYHHBIX 3a00/ieBaHUM,
MPOTUB KOTOPBIX ToyueHbl MKAT, monoHuIcs HOBhI-
MU LJUTOKMHAaMH, TakuMH Kak WJI -1,-6,-12,-15,-17,-18
u -23» [15].

Ha cerogHs npu 1eyeHUr peBMaTOMHBIX ayTo-
MMMYHHBIX 3a00/1€BaHUI UCITOb3YyeTCs ITUPOKUM
psag nipertapatoB MKAT npotuB ®HO — lNonmumy-
Mab, Llepromusymab, Apanumymab, Madaukcumad.
Ucnonb3oBanue B KnuHUYeckor npaktuke MKAT,
Gmokupyroux Kak MJI, Tak ¥ UX perjenTopbl, TOpOi
COTIPOBOX/AI0Ch JIyulllnM 3¢eKkToM, uem rnprmMeHe-
HMe KJlaCCu4yeCKUX UMMYHOZenpeccaHToB. OHaKo
YUYMTBIBAs, YTO U Te U ApyTHe Nperapars! BbI3bIBAIOT
yrHeTeHre IMMYHHOI'O OTBETa, PUCK BO3SHUKHOBEHUSI
MH(EeKIMOHHBIX 0C/IO)KHEHUM MPUCYIL] KaXK[0M U3 3THUX
CPYIII npernaparoB. I1py 5TOM ornvcaHHbIe Npernaparbl
MKAT, KaK 1 UMMYHO/|eIIpeCCaHThI, XOTb U IIOMOT'at0T
[IOCTUYb KJIMHAUYEeCKOro 3¢ deKTa, HO He TTO3BOJISIFOT
YCTPaHUTh [IPUUKHY Pa3BUTHA CaMOI'0 8y TOUMMYHHOI'O
3aboseBanus [15].

[Tonyuena rpymmna MKAT, KoTopbie CITOCOOHBI
B3alMO/|€MCTBOBATh C MOBEPXHOCTHBIMU K/IETOUHBIMU
peLieritopaMy, TeM CaMbIM OKasbIBasl B/IMsHUE Ha Lie-
Jible KieTouHble cybrmomnysamuu (CD 2,-3,-4,-8,-19,
-20,-22). Ha ocHOBaHUM pe3y/ibTaTOB KIMHAUECKUX
WCIbITaHWU MepBbIM MpernapaToM Ha ocHoBe MKAT
K CD 20, mposiBUBLLIMM CBOIO 3((PeKTUBHOCTH B IOCTU-
JKeHWHU 3aMe/lJIeHHsI IPOrPeCCUPOBaHMs PaCCesHHOTO
cKepo3a, ctan Okpenu3ymab. B 2017 1. oH Obu1 3ape-
ructpupoBaH FDA B KauecTBe mpernapara /sl JiedeHUs
TIIepBUYHO-TIPOrPeCCUPYIOLLIET0 PACCesTHHOIO CK/Iepo3a,
1 B TOT >Ke T0f, OH ObL/T pa3pelieH K MprMeHeHH0 B PO
JJ1s1 JIedeHust peLiJMBUPYIOLIMX (hOpM U IepBUYHO-TIPO-
rpecCUpyIoLero pacCessHHOroO Ckieposa. Vitorom ero

IMMUNOLOGY

TIPYUMEeHeHUs SIBJISIeTCS Ce/leKTUBHOe YMeHblIeHHe KO-
muectBa B-knetok. [Tpemapar Putykcumab— MKAT
ripotuB CD 20-peLjeniTopa—npyUMeHSIeTCs [J1s Jie4eHuUst
MUACTeHUH, pEBMaTOMIHOTO apTPUTa, CUCTEMHOM BOJ-
YaHKH, pacCesHHOTO CK/epo3a, aHTU(OChOoMUnIHOro
CUH/POMa, ayTOMMMYHHBIX BaCKYJIUTOB. I/TMTeNTEHOCTD
K/IMHUYeCKoro 3¢dekra— okoso nonayroga. Mirepec-
HO, UTO MOCJ/Ie UCIIO/Ib30BaHMUs JAHHOTO Tpernapara
KJIMHWYeCKUM 3¢ (eKT MOr pa3BHBaThCs He Cpasy,
a 0 UCTeYeHUI0 HeCKOJIbKUX MecsiteB. OfHaKo [/u-
TesbHasi peMHUCCHs Oblyla OTMeueHa ToJbKO B 20 %
c/yvasix. BeI1o ycTaHOB/IEHO, UTO MCIIO/Ib30BaHUE
Termuzymaba u OTenmukcu3ymaba, Tipe/iCTaB/ISFOIUX
n3 cebs nperapatel MKAT mipotuB T-mumMgoruToB
(nampaBsnienHsl potB CD 3-perjenitopa) rpu guabete
1-ro Tuma, CONpPOBOK1AeTCsl BpEMEHHOM MPUOCTaHOBKOW
rubeny 3-KIeTOoK MoyKeTyJ0UHON >KeJle3bl.

Elje ogHUM 13 HarnpaB/ieHUM, MO3BOJISFOLLIMX
J0OUTBCS yIyUIlleHus] pe3y/IbTaToB JIeUeHHsT Ay TOUM-
MYHHBIX 3a00/1eBaH1H, SIB/ISIETCS 1]e/IeHarpaBIeHHOe
yBe/IMueHNe CoZiepKaHusl B KpoBU Treg v CHHTe3a MU
CyIIpeCCUOHHBIX LIMTOKMHOB. B cucrteme MM nipucyT-
CTBYIOT K/IeTKU Treg, Tak Ha3blBaeMble pery/siTOpHbIe
T-mamdouuTel, KOTOphIle 0OecreunBaroT eHOMeH
VIMMYHOJIOTUUeCKOW TojilepaHTHOCTU. OHM Ccympeccu-
PYIOT HHTEHCUBHOCTH V10O, UTO NPUBOAUT K YTHETEHUIO
arpecCHBHOCTY ayTOMMMYHHOI0 BocraneHus. Knetkuy,
Treg XapakTepU3YOTCSI TEM, UTO BBIJE/SIOT TAKUE LIN-
TOKUHBI, Kak NJI-10,—35, TGF[3, KOTOpbIe CIIOCOOHbI
CHW)XaTb YPOBeHb Pa3BUBLIETOCS BOCHAeHUS; 3TU
KJIETKM 3a CYeT aKTUBALMY I'paH3uM/nep(hOpHuHOBOTO
MexaHM3Ma aKTUBHUPYIOT B 3((eKTOPHBIX KaeTKax
peryaupyemslii IIpoLiecc porpaMMHUpyeMOoM K/1eTou-
HOWU rubesiu; OHU MOJAB/SIOT (PYHKLIMIO aKTUBHOCTD
JleHJIPUTHBIX K/1eTOK. OJHUM M3 TaKWX IperaparoB
siBnisieTcs: Tperamizyma0, KITMHHUUEeCKH arpoOUpOBaHHBIN
B 2016 r. OH CBsA3bIBaeTCSA C YHUKAIBHBIM 3ITATOIIOM
Ha MeMOpaHe CD 4-k/1eToK, 4To UHAYLMpYeT aAudde-
peHIMPOBKY CD 4+-mMoLMToB B HaripaBieHuu Treg.

E1rie oguH npenapar /711 ieueHusi HEKOTOPbIX (popM
paccesiHHOTO CKyiepo3a— Haramizymab. 3to MKAT —
CeJIeKTUBHBIA UHTUOUTOP MOJIeKys aare3uu. Mitorom
ero NpUMeHeHUs SBJ/IsgeTCs yTHeTeHue MUrpalui Mo-
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HOHYK/I€aPHBIX HeﬁKOHHTOB uepes3 BH,E[OTeJ'II/II‘/JI COCyZ0B
B ouar BOCIIa/IeHH.

3apaym MUMMYHOTPOMHOMW Tepanum

ViMMyHOTpOMHas Tepanusi peryivpyeT U BocCTa-
HaB/MBaeT HapyleHHbI! VO, nonb3ysch creluduue-
CKUMHU ¥ HecrelruueCKUMU MEeTOAaMU 1 pa3Hoo0pas-
HBIMH TIperapaTamMy GMOI0ruyecKoi U XUMHUe CKOM
npupoasl. B knaccudurkaumyu MMMYHOTPOIIHBIX
rperiapaToB B 3aBUCUMOCTH OT ITPOUCXOXKJeHNs,
npeacTaBieHHor A.B. KapaynoBbIM U coaBTOpamy,
«BBIJIeJISIFOT /iBe TPYMIIbI: TIpernaparhbl SHJ0TeHHOT0
TIPOUCXOXKJEHUS (eCTeCTBEHHbIE), KOTOPbIE MOTyYeHbI
13 KOMIIOHEHTOB, CBOMCTBEHHBIX HEIIOCpeCTBEHHO
opraHvsMy (LJUTOKWHbI, aHTUTe/Ia U IpyTve aKkTUBHbIE
B UIMMYHOJIOTMYeCKOM I1/IaHe BelljeCTBa), 1 rperaparbl
9K30TeHHOT0 MPOMCXO0KJEeHUsI, KOTOpPbIe MOJy4YeHbI
U3 PacTUTe/IbHOTO, MUKPOOHOT0, KHBOTHOTO Mareprasa
WA CUHTeTUUECKOTO MPOUCXOXKAeHHUs (pa3TnyHble
MMMYHOMOZY/ISATOPKI)» [16].

OCHOBHOU TOYKOU TIpUMEHeHUs] UMMYHOMO/Y -
JIITOPOB SIB/ISIFOTCSL BTOPUYHbIE UMMYHO/le(DULIUTHBIE
COCTOSIHUSI, KOTOPbI€ MPOSIB/ISIFOTCS YaCThIMU peLiuin-
Bamu 3a0071eBaHus, TSUKeJIO MO JA0LMMUCS Tepariu
MH(EeKLMOHHO-BOCIA/IUTe/TbHBIMU 3a00/1eBaHUSMU
nro6oit ToKanr3aluy ¥ pa3nuuHoi dTronorud. Ilog
MMMYHHOW HEI0CTaTOYHOCThIO, WX UMMYHOZe(pu-
LIMTHBIM COCTOSIHUEM I10/jpa3yMeBaeTcsl HeloCTaTOYHast
crocobHOCTh co cToponsl VIC B pacrio3HaBaHUH, STTUMU-
HalMU U (UIK) 3aTIOMUHAaHUU aHTUTeHHOW CTPYKTYPbI
(T.e. CHW>KeHUH (PYHKLIUY MeXaHMU3MOB UMMYHOJI0-
rUYeCKOM MaMsITH) Yy>KePOJHBIX areHTOB (U TIpeXxze
BCero— MH(eKIMOHHBIX). OCOOEHHOCTHIO TIPU 3TOM
SIB/IsIeTCs 1peobsiafiaHre ONMOPTYHUCTUUeCKOW WUH
YCJIOBHO-TIaTOT€HHOM (hIOpHI B KauecTBe BO30yauTe-
7151, @ TaK)Ke BbIsIB/IeHHWe NIaTOreHHOU (priopbl, KoTopast
XapaKTepu3yeTcsl aTUITUUHBIMU OHOI0THYe CKUMU
CBOMCTBaMH, YacTo (OpMUPYIOILeiicss aHTUOMOTUKO-
PE3UCTEHTHOCTHIO.

ITo mHenuro 1.A. HoBuKkoOBa, «I10J03peHHe
Ha Ha/IMuve y naljyieHTa BTOpPUYHOM UIMMYHHOM HeJ0-
CTaTOYHOCTH JIO/JKHO OCHOBBIBAThCS Ha pe3y/bTrarax
KOMILIEKCHOTO 00c/ieoBaHust — cbopa mopoOHOTo
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aHaMHe3a >XKU3HH, UCTOPUU Pa3BUTHs 3aboseBaHuUs,
OLIeHKe K/TMHWYeCKUX MPOsIBIEHUI NaTO/I0rhyeCKo-
ro Tpoliecca, pe3yabraTax KJIMHUKO-1abopaTopHOro
1 UMMYHOJIOTUUeCKOTo obcegoBanusi» [17]. dns
KOHCTaTalluu ¥ Bepy(UKaLii UIMMYHOIOTHYeCKUX
HapyIeHui TpebyeTcs ux abopaTopHasi AMarHOCTH-
ka [18]. B ummyHosiornueckoii 1abopatopHoit aua-
THOCTHKE, UCTI0/Ib3yeMOW B K/TMHMYECKOW MPaKTHKe,
TIPUHATO BbIJE/SATh HECKOIBKO 3TaroB. [TepBelii 3Tan
BKJIIOUaeT TeCThbl HAUa/JIbHOT'O HCCJIe/l0BATE/IbCKOTO
YPOBHS1, KOTODbI€ BBISIB/ISIFOT Cyll{eCTBEHHbIE /le(heKThI
B (hyHKIMOHMpoBaHuM VIC. 3TOT 5Tar elije Ha3bIBalOT
OpHEeHTUPOBOYHBIM. Ha BTOpOM 3Tare UCTo/b3ytoT 60-
Jiee CJI0)KHbIE KIMMYHOJIOTUUECKUE TeCTbl, TPOBOAUTCS
yryOneHHbIH aHamu3 coctosiHus VIC. OH MpOBOAUTCS
TIpU MOJ03PEeHUM Ha pefiKue (popMbl IMMYHHOM HeZ0-
craroyHocTH. Ha 3ToM 3Tare 4yacTo POBOASAT TeCThI /1S
aHa/IM3a MPOTUBOOITYX0J/IeBOT0, TPAHCIIIAHTALIMOHHOTO
Wy poTuBoBUpycHoro M. TpeTuii 3Tan KUMMYHOJIO-
TMYeCKOr0 UCC/Ie0BaHuUs TPOBOJUTCS B MCCIIE/|0BATe Tb-
CKUX 1ab0paTopusix, Iie MOT'YT MIOCTaBUTh PeaKLUio
6nacTrpancdopMal Ha CTUMY/ISITOPBI-MUATOTEHBI,
OLIeHUTb 0COOEHHOCTH pacripe/iesieHusi Ge/TKOB B OTBET
Ha IpUMEeHeHVe CTUMYJIATOPOB, a TaKXXe TIPOBeCTH
MOJIEKY/IIPHO-TeHeTHUYe CKHe UCCIIeZlOBaHusl.

VIMMyHOMOZY/IATOPBI O/KHBI COOTBETCTBOBATh
cepyromyM TpeboBaHusM [19]:

— 00/1a1aTh UMMYHOTPOITHOM aKTUBHOCTBIO;

— OKasbIBaTh B/IMsIHUE Ha cuctemy VIM;

— BOCCTaHaB/MBaTh (PYHKLIMIO UIMMYHHOM 3alllUThl;

— MeThb XOPOLLYI COBMECTUMOCTB C ApPyTUMU
JIeKapCTBEHHBIMU CpeZICTBaMU (B MepPBYIO o4epesib
aHTHOAaKTepHaTbHBIMU, TIPOTUBOBHUPYCHBIMH, ITPOTU-
BOMMKOTUUECKUMU TpernapaTamu);

— UMeTb ZI0CTaTOYHbIM MPoPuiib IPPeKTUBHOCTU
1 0e30macHOCTH;

— MeTb BO3MOXHOCTb UCI0/Ib30BaHUS B JIeUeHUN
MaLUeHTOB C a/lJIepruuecKou MaTonoruei;

— MMeTb MMHHUMaJlbHble BO3pacTHbIe OrPaHUYeHNS;

— UMeTb MUHUMYM OTpaHUU€eHUi1 110 UCI0/b30Ba-
HUIO TIPY COITYTCTBYIOLLel [1aTO/I0TUH;

— ’KejaTebHO HaJiMure HeCKOMbKUX JIeKapCTBEeH-
HBIX opM;

MMMYHOOT 1A
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— TIpemiapaT [Jo/DKeH ObITh O(HUI[HaIBbHO 3aperu-
CTpUpoBaH B PapMaKoI0ruueCcKOM roCylapCTBEHHOM
KOMMTeTe B KaueCcTBe UMMyHoMozynsTopa [1, 5].

Kak ormeuaror P.M. Xautos u b.B. ITuHe-
rvH (1997), olieHuBasi HeOOXOAUMOCTDb TTPUMEHEHUST
MMMYHOMOZY/IITOPOB, CPeZU MaLeHTOB MOYKHO BbI-
JeJIATh TPU IPYTIIbL:

1. vMeroMe OAHOBPEMEHHO K/IMHUYeCKYe MpU3Ha-
KU Hapy1eHus pabotel IM 1 3MeHeHUsI IMMYHOJIO-
rMueCcKrX 1ab0paTOpPHBIX TIOKa3aTesiel;

2. UMerolYe TOJIBKO KJIMHUYeCKHe TIPOSIBIeHNS
HMMMYHOTIaTOIOT K 6e3 N3MeHeHH IMMYHOIOTYe CKIX
roKasaTesiei (BbISIB/IIEMBIX, KaK IIpaBU/I0, TeCTaMHU
TepPBOr0 YPOBHS);

3. Y KOTODBIX BBISIB/ISIIOTCS TOJIBKO JIabOpaTopHbIe
OTKJ/IOHEeHUsI B TI0Ka3aTe/isiX IMMYHHOTO cTaryca 6e3
K/IMHUYeCKUX NPOSIB/IEHNI Hapy1LleHU! co ctopoHsl VIC.

OueBuHO, YTO NIPOBEJjeHHE UMMYHOKOPPEeKLIMH
TI0Ka3aHo B [1epBOW K/IMHUYeCKou rpymre. IIpuMeHe-
HYe IMMYHOKODPEKL[MM B KOMIIEKCe JIeueHHUsI BTOPOH
Y TpeTbel IPYIII Ha [lepBbll B3IV He OUeBUAHO. [
MalMeHTOB BTOPOU TPYyTITbI HEOOXOAUMO OL|€HUTh
1jes1lecoo0pa3HOCTh M HallpaB/eHHe yriy0/eHHOTO
MMMYHOJIOTUYEeCKOTO 00C/1eZIl0BaHuUs /IS BBISIBJIEHUSI
BepOSITHBIX U Oosiee IyOOKMX HMMYHOIOTHUe CKUX
HapyleHuil. [Ipex e uem pewiats Bompoc ¢ UT,
3a TaLMeHTaMH TpeTbel I'PyIIbI Lesecoobpa3Ho
OpTraHU30BaTh HAOJ/IOAEHUE C Le/TbI0 BHISBIEHUS
BO3MO)XHBIX [TIPUUMH, KOTOpbIE BbI3Ba/IU U3MeHeHue
HMCXOHBIX UMMYHOJIOTMUYEeCKHX TNoKa3aresnei. Eciu
3a BpeMms HabmrozieHNst Ha (hoHe CTabUIbHOTO KIMHU-
YeCKOTO COCTOSTHUS Y Tlal[ieHTa OyayT COXPaHSThCs
TIpe)KHUe U3MeHeHUs] IMMYHOJIOTMUeCKUX IToKasaresen
Y He TIPOSIBATCS (PaKTOPBI, KOTOPbIe MOTJIH ObI TIOCTY-
JKATb IPUYUHOM BbISIBJIEHHBIX UMMYHOJIOTMYe CKUX
V3MEeHEeHH, TO, BePOSTHO, JaHHbIe OTK/IOHEHUS SIBJIsI-
I0TCsI BADMAHTOM MHAUBUAYaIbHOW HOPMBI. Ecin ke
BBISIBJIEHHBbIE U3MeHEeHUsI B UMMYyHOTpaMMe ObLIr
peakiyelt Ha KakoW-100 BpeMeHHbIN pa3ipakuTelb,
TO CO BpeMeHeM Yike OyzieT UMeThCs TIOJIOKUTe/TbHast
JVHaMVKa UIMMYHOJIOTMYeCKHX T0Ka3aTeslei.

[Tpu Ha3HaUEHUM UMMYHOMO/Y/IUPYIOLLlel Tepa-
TTHH 1jesiecoo0pa3HO MPUAEePKUBATbCS CJIeAYIOINX
npyuHLMIOB [20]:

IMMUNOLOGY

— NpUMeHeHHe UMMYHOMOZY/IUPYIoLei Tepanun
He 3aMeHsIeT 3TUOTPOIIHYO;

— [pY Ha3HaueHNU HMMYHOMOZY/IMpYHOLLel Tepa-
TTUH JI0/DKHA OBITH TTepcoHanmu3arys (1o pe3yabTaTam
MCC/Ie/0BaHMsl UIMMYHHOTO CTaTyca);

— IMMYHOMO/Y/IUPYIOLL[asi Teparusi MOJKeT Ha3Ha-
4yaThCs Kak /151 IeueHus], Tak U JJis TpoduIaKTUKU
(HaripuMmep, fnUTenbHBIX U YyacTbix OPBU y netei).

VIMMyHOMOZy/IiITOPBI BOCCTaHAB/IUBAIOT MeXa-
HU3Mbl HMMYHOPETYJIATOPHOW 3alliUThl OpraHnu3Ma
oT uHdekyyu. OHU He MOTYT BBICTYTaTh B KaueCcTBe
a/lIbTePHATHBHBIX CPEJCTB B Lie/IeBOM UMMYHO(apMakKo-
Tepanyu. OHU B/SAIOTCS NperiapaTaMy BTOPOU JIMHUHY,
KOTOpbIe 00eCIieunBaroT MoBbIiIeHHe 3P HeKTUBHOCTH
3TUOTPOITHOM Teparvu.

VIMMyHOMOZYSTOPBI BK/TIOYAIOT B KOMILJIEKC Te-
pamnuu co c/ieyIoLUMU KTMHUYeCKUMU LiesisiMu [21]:

— Y/Iy4ULIUTb Pe3y/bTaThl OT 3STUOTPOITHOU MPOTH-
BOMH(EKL[MOHHOM Tepariny;

— YBEJIMYUTh [JTATEILHOCT PEMUCCHU OCHOBHOTO
3a00/1eBaHNs ¥ CHU3WUTB YacTOTY U TIPOJO/DKUTETBHOCTh
ero o00CTpeHui;

— CHU3WTb PUCK TOsIB/IeHUs] MH(EKLIMOHHO-BOC-
MaJUTeNbHbIX OCJTOXKHEHUM Ha (JOHe Ha3HAUEeHHOU
VMMYHOCYTIpeCCHH.

I[To muenwmto Jlycc JI.B., «00beKTUBHBIMU TIOKa3a-
HUSIMU K Ha3HaYeHUI0 UMMYHOMOZY/ISITOPOB MOYKHO
cuurarth [21]:

— Ha/In4ve KJIMHAYeCKUX NPOsIB/IeHUH BTOPUUHOMN
VMMYHHOM He[J0CTaTOYHOCTH;

— nipouiakThKa MHGEKLIMOHHBIX 0CI0XKHEeHUH
v HopManu3auusi MO nocsie 3aBepiieHusi XUMHO-
Y pajiioTepanuu y MalydeHTOB C OHKOJIOTMYeCKOU
T1aTOJIOTHEH;

— nipouiakThKa MHGEKLIMOHHBIX OCI0XKHEHUH
u HopManu3anusi IO y uacto 6omnerouux aofei; ma-
L[MeHTOB, MOYYMBLINX 00/yueHre MabIMU [J03aMU
pajualy, KOHTAaKTUPYIOLUX C arpeCCUBHBIMU XUMU-
yecKUMHM (pakTopaMu (Bo BpeMmsi MpodeccroHaIbHOU
JiesITelTbHOCTH) WA HAaXO/SIIUXCS B yCJIOBUSIX Hebsia-
TOTIPUSITHOTO 5KOJIOTMUECKOTO OKPY)KeHHUS;

— CeNTUUYECKOe COCTOSTHUE;

— repeJ; Ha3HaueHHeM aJulepreH-creLyduieckon
UT (ACUT) y maijeHTOB, CTPaJAIOIUX ajljiepruye-
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CKMMH 3a00/1eBaHUSIMU Ha ()OHE BTOPUYHON UMMYHHOM
HeI0CTaTOYHOCTH, KOTOpast 3aTPyAHSET MPOBe/ieHre
crieliurue cKoro eueHus ».

[To MHEHMIO IPyTUX aBTOPOB, aOCOMFOTHBIMU TTOKa-
3aHUSIMH [I711 Ha3HaueHWsi UMMYHOTPOIHBIX TperapaToB
cumntarorcs [20]:

— TepBUYHbIe UMMYHO/e(PUIIUTHbIE COCTOSTHUS
(MckrOUeHNEeM SIBJISIETCS Ce/leKTUBHAs HeJ[0CTaTou-
HOCTb IgA, B leueHUU KOTOPOW He Ha3HAUYaroTCs Tpe-
rapatbl IMMYHOTIOOY/THHOB);

— TpaHCIIaHTaLUs TeMOTMO3TUYEeCKUX CTBOJIOBBIX
KIeTOK M/ KOCTHOTO MO3ra;

— CeTICUC;

— XpOHUYeCKUM KOXKHO-CJTU3UCTBIA KaHIU/[03.

B.A. PeBsdKuHa C COaBTOpaMy CUMTAET, UTO «OTHO-
CUTeTbHBIMU TI0OKa3aHWSAMU JIjisl Ha3HaueHWs UMMYHO-
MOJYJISITOpPa CYUTAROTCS:

— Ha/Inuve KJIMHWYeCKUX MPOsiBJIeHUA XpOHUYe-
CKOT0 WH(EKLIMOHHO-BOCMAa/IUTeIbHOTO 3ab0/1eBaHus,
KOTOpOe TPYAHO TIO/IJaeTCsl TPaAUIIMOHHOM Tepariiu;

— NleyeHue sieTeld, Kotopeie 6onetor OPBU 9 u 6o-
Jiee pa3 B rofl, JIUTEILHO U C OCJI0KHEHUSIMU;

— JleyeHUe JeTel, CTpajaroliuX aTonuyeCcKuMm
JlepMaTUTOM, C COMyTCTBYIOII[eN TIepCUCTHUPYIOIIei
nHbekumei» [20].

AmOynaTopHO IMMYHOTPOITHBIE TTPerapaThbl MoKa3a-
HBI CJIe/IYIOIIUM TPYTITIaM 4acTo OO/eroIeMy 1eTCKOMY
Hacesienuto [20]:

— MPY HaJTMUMK XPOHUUECKUX 3a00/1eBaHUIA pOTO-
1 HOCOIVIOTKY;

— NIPY HaJIMYMU XPOHUUECKHX 3a00/IeBaHUM JIbIXa-
Te/TbHBIX MyTel, Kak BePXHUX, TaK U HIKHUX;

— MPU HaJIMUUM YaCThIX PELIUAUBUPYIOLIUX HUH-
dhekmiA, Korza eTu 3abo/eBaroT fAake Ha hOHe CBO-
eBPeMEeHHOr0 Ha3HaueHUs U MPOBeZieHusT afleKBaTHOU
Teparuuy;

— C YaCTbIMU MePCUCTUPYIOLLIMMU BUPYCHBIMU
HMHGbEKIMAMI, KOTOPbIe TIOATBEeP>K/1€HbI JTaD0paTOpHO.

YcTaHOB/IEHO, YTO BO3MOXXHOCTE YeI0BeKa Mpo-
THUBOCTOSITH BO30YAMTE/ISIM pa3/TUUHbBIX 3a001eBaHUM
MHGEKIIMOHHOW TIPUPO/bI, B TOM YHCJie U 0C000
OTacHBIM, 00yC/IOB/IeHa He TOJTLKO BO3MOYKHOCTSIMH
crieriurueckoro UM, Ho u HecrieljudUyue CKUMH 3a-
IUTHBIMA MeXaHU3MaMu. VIMeHHO YPOBeHb UCXO/IHOTO
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COCTOsIHMS Hecrnellu(ryecKoil pe3uCTeHTHOCTH Opra-
HHM3Ma B CyLL|eCTBEHHOM CTeleHU OKa3bIBaeT B/IHSHUE
Ha MCXO7 ¥ TeueHHe Mo00¥ MHEKIMOHHOM TaTOIOTHH.
B cBsi3u ¢ 3TM Ob1T CHOPMYMPOBAH ellje OAWH MPYH-
L{MIT Ha3HaueHUs1 UMMYHOMO/Y/IMPYIOLLiei Teparuu.
Tak, cuuTaercsi LiesiecooOpa3HbIM ee Ha3HaueHue Mpu
5KCTpeHHOM npoduiakTuKe HHPEKLUH, Korja B yCI0-
BUSIX Upe3BbIUaliHBIX 00CTOSATELCTB (CTpecc Ha oHe
TEXHOTe€HHOM KaTacTpo(bl, CTUXUHHBIX O€ICTBHI U ZIp.)
y J0feH, Kak IpaBuio, (GOPMUPYIOTCSI BTOPUYHBIE
uMMYyHozebULMTHBIe cocTosiHYs. [To MHeHuto C.M. XKy-
KOBa C COAaBTOpPaMH, «/1/1s1 OBbILLEHHUs 3()(HeKTUBHOCTH
MIPOBOJMMOM 3KCTPEHHOM NPOMIaKTUKU UH(eKIH-
OHHBIX 3a00/1eBaHUI HEOOXO0AMMO KOMOMHUPOBAThH
NIpUMeHeHHe 3TUOTPOITHBIX JIeKapCTBEeHHBIX IperapaTtoB
C UMMYHOMOZY/TMPYIOIIMMHU CpefCcTBaMU» [22].

Knaccudmkauma MMMYyHOTPOMHbIX
npenapaTos

Cy11ecTByeT HECKO/IbKO BAPUAHTOB K/TaCCU(UKALIMA
MMMYHOTPOIHBIX TipenaparoB [16, 18, 23]. Bot ogHa
13 HUX:

I. [TpenapaThl OaKTEpHUaTBLHOTO TTPOHUCXOXKIEHMS:
JT3aThbl MUKPOOPTraHu3MoB — Pubomynus, VIMMyHO-
Bak-BII-4, Ucmuren, buoctum, UPC-19, UmyznoH,
Pysam, ®nonnBrH-bC, Bpouxo-BakcoM, Bpouxo-MyHan
U JIp.; TIpernapaTbl CHHTeTUYECKOT0 NPOUCXOKIeHNs —
JIukonuy,

II. IIpernaparsl pacTUTE/ILHOT'O TIPOMCXOKEHU:
WmmyHarn, sneyTepoKoKK, KUTalCKW TMMOHHUK, YKeHb-
111eHb, OOSIPBIIIIHUK, JieB3esl, SXUHALIesl.

III. Mep, v IpOAYKTHI ITUE/IOBOACTBA: MaTOYHOE
MOJIOUKO, TIPOIOJIUC.

IV. Menguaropel, LUTOKUHBI U TOPMOHBI:

1. Ilpemnaparel TUMyCa: NPUPOSHOIO TIPOUCXOXK-
OeHus1 — Tumanus, TakTUBKWH, TUMOTPONYH; CUHTe-
TUYEeCKOTO NpoucxoxaeHusi — MmyHodaH, TumoreH.

2. TlpemnapaTbl KOCTHOTO M0O3ra: CHHTETHUECKOTO
npoucxoxgenns — CepaMui, MPUPOSHOTO NTPOUCXOK-
Nenuss— Mwuesonu,.

3. Wnrepdepons! (MHD): npupopHOro npoucxoxzje-
Husi— JletikuHdepoH, TH® nelkonyTapHbIi; peKoMOU-
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HaHTHbIe ripertiapaTbl— PeacdepoH, IHTpoH A, Budepon
Peanbzepon u fp.

4. Nupykropsl cruHTe3a MH®: cuHTeTHYeCKOro
npoucxoxxaeHus— AmukcuH, [onynan, [Tonuryarun,
Awmnvre, LlvkniodepoH, NpUpOJHOT0O MPOUCXOXKe-
ausi— Jlapudan, Pumoctun, l'ozanugon, Karoren,
Meracun, Poracun, Caspati;

5. WHrepneiikunbl: PoHkosnetikuH, beTanenkuH.

6. MoHOLMTO-TpaHyI0LUTO-MaKpodaraabHble KO-
JIOHMEe CTUMY/TUPYIOIHe (haKTOphI: TeMKOLMTapHbIN
Tpancdep dakrop, Helinoren, ['panorur, Jlefikomakc.

7. ®aKTop HeKpo3a OIyXOJIu.

V. IIpousBogHsble onuaTUneHnunepasuHa: Ilo-
JIMOKCU/TIOHUH.

VI. Ilpenapatsl, cogepskalliyie HyKJIeMHOBbIe KUC-
JIOTBL: CHHTETHUE CKOTO IMPOUCXOKAeHUs — [1eHTOKCHI,
MeTunyparui; IPpUPOAHOTO MPOUCXOXKeHNUSI — 3UMO-
3aH, Hykiennar Harpus.

VII. CynbhoHONMMpUMUAMHOBEIE TIPOM3BO/IHBIE:
OuyurdoH.

VIII. TIpousBogHble uMuaszosia: Jleeamuson.

[X. UMMyHOT/I00y/TUHBI: UMMYHOT/IOOY/TUH Ye-
JoBeKa HOpMaJibHbIN, UIMMYHOTTIOOY/IMH UesioBeKa
JOHOPCKUM, UMMYHOT/IO0Y/TUH YesioOBeKa A/isi B/BeH-
HOTO BBeJeHus1, Aktoramm, Llutorekt, IHTpariobuH,
MMMYHOT/IOOY/TMH TIPOTHUBOA/IIePriuye CKUH.

X. IMpou3sBoaHbie aMyuHOGTaITUApPasya: ['aaBur.

XII. MoHOK/IOHa/IbHBIE aHTUTeNna: NpoTus IgE
(Omalizumab), kK @HO-« (Infliximab) u ap.

XIII. UmmyHopernipeccanTsl: LIUkiocnopuH, aH-
THIMMGOLIMTAPHBIN 17100y/iuH, TUMOZenpeccyH U Jip.

[To MpouCXOXKAEeHUI0 UTMMYHOMOZY/IATOPBI MO/~
paszesIsitoT Ha SK30TeHHble, SH/I0TeHHbIe 1 XUMUUYeCKU
yucTble. [IppmeHeHre 5K30reHHbIX UMMYHOMOZY/ISITO-
pOB 1jesleco00pa3Ho TPH BhISIB/IEHHBIX HapYyILIEHUSIX
B paboTe Makpo@daraabHO-MOHOLIUTAPHOTO 3BEHa,
cocrosinnu T- u B-knetounoro 3BeHseB VIC, 4TO K-
HUYEeCKU TIPOSIB/ISIETCS PeLIAUBUPYIOLIMMUA UH(EKLIN-
OHHO- ¥ THOMHO-BOCIa/IUTeTbHBIMU 3a00/1eBaHUSMU
B opraHusMe. MexaHu3M UX [ieliCTBUSI OCHOBaH Ha CTU-
My/LUMK (GYHKLMOHATBHON aKTUBHOCTH (haroLyros,
YCUIEHNY BHYTPUK/IETOYHOIO KWJIJTMHTA MOIVIOIeHHBIX
aHTUreHOB. [laHHbIe Mperapars! BbI3bIBAOT MIOBbILIEHNEe
CHHTe3a MMPOBOCTAMUTeTbHBIX LIMTOKUHOB, UTO obecrie-
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yrBaeT MpoQpU/Ib NOAAeP)KKH KJIeTOUHOTO ¥ TyMOpa/lb-
Horo VIM. C zipyro¥i CTOpOHBI, BCe 3TO OMOCPeJ0BaHHO
CIIOCOOCTBYeT YCUIEHUIO MPOAYKLUM ChIBOPOTOYHBIX
Y CEKPEeTOPHBIX aHTUTEJI, YBEJINUEHHUIO COZePyKaHUs
aHTureHcnenuguueckux T-kunnepoB u T-xennepos
Y ZIOCTVDKEHUIO JIydlllero KJIMHAYeCcKoro 3ddexTa.

OcHOBHBIE IIpefCTaBUTe/IN 3K30TeHHBIX UMMY-
HOMOZAY/IATOPOB — 3TO aHTUreHbI (AI') MUKPOOHBIX
K/IETOK, KOTODbIe SIBISIFOTCS TIPOAYKTaMU MUKPOOHO-
ro NPOUCXOXKAEHUS. YCIOBHO UX MOKHO pa3ziesnuThb
Ha 3 nokosieHus. K nepsomy IOKOJI€HHIO OTHOCUTCS
BakMHa BI)K, koTopasi mpyMeHsieTcsi B KTMHUYECKOM
npakTtuke B CIIIA u B cTpaHax EBporibl B KauecTBe
rMMyHoctumysisttopa ¢ 1950 r. Bakiuna BIK xapak-
TepU3yeTcst ClI0COOHOCTHI0 aKTUBHUPOBATh (PAKTOPEI
Kak IproOpeTeHHOT0, TaK ¥ BpoxkaeHHoro VIM. B PO
T1pY JIEYeHUU paKa MOUYeBOI0 I1y3bIPsl UCII0J/Ib3yeTCs
Ypo-BL)Kmenak (BLIDK-BakuyHa) u Vimypon-Bak.

ITpoauruosas u IuporeHas—uUMMyHOMOZY/IATOPbI
MHKPOOHOTO TIPOMCXOHEHNS TIePBOT0 TIOKOJIEHUsI. DTO
rosrcaxapyu/ibl bakrepranbHOM cTeHKHU. [Ipoauruo-
3aH— O[IIH U3 MepPBbIX OTeueCTBEHHbIX UMMYHOMOZAY-
JIITOPOB, BBICOKOIIO/IMMEPHBIH JIMIONOMXCaXapUiHbIN
komruiekc. Ero momyyatoT u3 Mukpoopranusma Bacillus
prodigiosum. B Hacrosiiiiee Bpemsi [Ipoanuruo3aH rpu-
MeHSIeTCsI J0CTaTOYHO pesiko. [TuporeHan criocobeH
aKTUBHUpOBaTh Makpodaru, TeM CaMbIM yCUIUBAaTh
(haro1[uTO3, CTUMYIMPOBATH TIPOAYKIWMIO NJI-1, KOTOPBIi
BbI3bIBaeT Mpo/udeparyio Lenoro psja kiaetok MG,
yCUIMBaeT UHAYKIUIO 3HAoreHHbIX UH®, ®HO, cun-
Te3 NJI-2 (Heo6xoquMoro Jijisi pocTa TMMQOLIUTOR),
MPOAYKLIMIO aKTUBHBIX ()OPM KUCI0POZa.

K MUKpOOHBIM TiperiapaTaM MepBOro TOKOIeHUs
Takke otHOcsATCs [TocTepur3san u [TocTepusaH ¢opre.
JanHble niperapaThl UCII0/Ib3YOTCS [J1s1 MECTHOTO TIpU-
MeHeHMs1. B MX cocTaBe cofieprkaTcsi MHAKTMBUPOBAHHbIE
KOMITOHEHTbI MUKPOOHBIX K/1eToK E.coli. TTpernaparsr
akTuBUpYHOT T-cuctemy MM, a Takke ¢aroudrapHyro
aKTHUBHOCTb JIEMKOLIUTOB U Hecreljuprueckre (HakTopsbl
VM, aKTUBUDYIOT K/I€TKW PeTUKY/I03H/0TeNNaTbHOM CH-
CTeMBI, CHIKAIOT SKCCY[AL|i0 COCY0B, HOPMa/U3yIOT
VX TIPOHULIAEMOCTb. [IprMeHeHre JaHHBIX MpernaparoB
BBI3bIBaeT YCU/IeHUE pereHepaTUBHOM CIoCcoOHOCTH
y NOBpeX/|eHHbIX TKaHeH.
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MuKpoOHbIe 9K30reHHbIe UMMYHOMOZY/ISITOPbI
BTOPOT'O MOKOJIEHHSI BBIITYCKAlOTCS B Pa3/IM4HbIX (Hop-
Max. OHM UMeIOT pa3IMuHbIi Habop BakTepraIbHBIX
JIU3aTOB, Y, B 3aBUCUMOCTH OT 3TOT'0, pa3Hble ITOKa3aHUs
K IpuMeHstt0. OZiHaKo y BCeX IperapaToB JAaHHOU MPYIIIb
001111 MeXaHU3MOM [IeHCTBHSI— BCe OHM CITOCOOHBI
OKa3bIBaTh crielupuueckrii (BakKLHUPYIOIIUH, T.e.
MPOTUB KOHKpeTHBIX AT" GakTepuii) 1 HecrieLph e CKuit
(MMMyHOCTUMYUpPYIOLLU) 3ddekT. K HUM oTHOCSATCS:
BpouxomyHa, Pubomynusn, Bporxo-Bakcom, Ypo-Bak-
com, Mcvmuren, UPC-19, MmynoH. OHU npefCTaB/IsAoT
coboli KOMIIJIEKC CTaH/JapTU30BaHHBIX JIM3aTOB TeX
BakTepuii, KOTOpble HarboJsIee YacTo SIB/ISTFOTCS TUOMO-
TMYeCKOU IMPUUMHONM Pa3BUTHS Pa3/IMUHbBIX 3a00/1eBaHHH.
YcTaHoB/IEHO, UTO MaKPOMOJIEKYJIbI, KOTOpbIE TI0/Ty4YaroT
TP JT3KCe MUKPOOHBIX K/TIETOK, OKa3bIBAatOT CTUMY/TH-
pylolliee IeMCTBUe Ha [leH/PUTHBIe K/IeTKU, KOTOpbIe
OTBeYaroT 3a aKTUBALIMIO ¥ BPOXK/IEHHOTO, ¥ PHUO006-
pereHHoro M. TMMyHOMOZY/ISITOPEI, BK/IFOYAOLLKe
B CBOU cocCTaB OakTepHa/ibHbIE JTU3aThl, CTIOCOOHBI
BBI3bIBaTh CTUMYJISILIMIO FeHepaliiy aKTHBHPOBaHHBIX
KJIETOK, KOTOpBIe B [TOC/IeYIOLIeM, IIOC/Ie OYepeHOro
KoHTakTa ¢ AT, craHOBATCS 3(p(heKTOPHBIMY KJIeTKaMH,
BbI3bIBas TeEM CaMbIM UHAYKLMIO IM ripotus sTix Al

ITpenaparel UPC-19, Bponxo-Bakcom u bpoH-
XOMYHaJl Coflep>KaT cMeCh OakTeprabHBIX JTU3aTOB
ot 8 0 19 BuzoB. IHCTPYKLUMA K J@HHBIM TperaparamM
pPeKOMeH/lyeT UX UCIO/b30BaTh C Le/Ib0 MPOQUIaK-
THUKU U JIeYeHUsl KaK OCTPBIX, TaK U peLiuIUBUPYIO-
X MHQEeKUOHHBIX 3a00/eBaHUi C TOpa)keHHeM
JbIxaTenbHBIX MyTel. Ypo-Bakcom u Conko-YpoBak
TIPUMEHSIIOTCS B KOMI/IEKCe JIeUueHUsl U PO(UIaKTHKe
XPOHHYeCKOW MH(EKIMA MOYEBbIBOASIIUX My Tel.

K MHKPOOGHBIM 3K30T€HHBIM UMMYHOMOZY/ISITO-
paM TpeThbero MOKoJIeHUs] OTHOCUTCSI OTeueCTBeHHbIN
nipenapar JIMkonu— npenapar noayCUHTeTUUeCKOTO
niporcxoxeHus. OH 00/1a7aeT CriocCOGHOCTBIO CTUMY-
JIMPOBATh (PYHKLIMOHAIbHYIO aKTUBHOCTD (harorurosa
(kak 6aKTepUIIMAHYIO0, TaK U LUTOTOKCHUYECKYIO);
criocobctByeT mponudeparuu T- u B-mumboruTos;
aKTUBHpYeT ryMopassHoe 38eHo VIC, ycunuBast cCHTe3
crieiudryYeCcKUX aHTUTe. JIMKOMU/, IIMPOKO MpuMe-
HATCS B KOMILJIEKCe JIeYeHUs [1aTO/I0OTUM, CONIPOBO-
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JKJIQIOIHUXCsl BTOPUYHBIMU UMMYHO/le GULTUTHBIMU
COCTOSIHUSAMU [24, 25].

B rpynny uMMyHOMOZYyASITOPOB 3HOT€HHOTO
TIPOUCXOXKEHUS BXOJSAT:

— UMMYHOPETY/ISITOPHbIE MEeNTH bl KOCTHOMO3TO-
BOI'O ¥ TAMUYECKOTO MTPOUCXOXKEHHUS;

— UMMYHOMOZAYJ/ISITOPBI U3 FPYIITbI LIMTOKUHOB.

JIabopaTOpHBIMH MMOKa3aHUSIMU [1Jisl Ha3HaueHUst
5H/IOTEHHBIX KIMMYHOMOZY/ISITOPOB SIB/ISIFOTCS BbISIB/IEH-
Hble HapyleHus T-knetounoro V1O, He[0CTaTOUHOCTh
CHHTe3a aHTHUTe/, CJIeCTBUEM Uero siB/sieTCs yacTast
MaHH((ecTalysi XpOHUYeCKUX MH(PEKIIMOHHO-BOCTIa/I-
TeJIbHBIX 3a00/IeBaHUH, TOPITUAHBIX K TPAAUL[HOHHBIM
MeTO/|aM JIeUeHUsl.

B cniyuae BbIsSIBIEHHBIX HapyLLIEHWUM B CUHTe3e
Y NPOJYKLWU aHTUTEN A0CTATOYHO 3()PeKTUBHBIM
SIB/ISIETCSI IPUMEeHeHre B KaueCTBe UMMYHOMO/Y/IsI-
TOPOB MpenapaToB UMMYHOPETY/IATOPHBIX MENTU/I0B
KOCTHOMO3TOBOTO TIpoucxoxaeHus — Cepamuna,
Muenonuzia, buBanena. OCHOBHOUW MMITIEHBIO [IJIsI
HUX SIBJSIOTCS B-muM@onuTel. JJaHHble npenaparbl
YCUIMBAKOT MUTOTUUECKYH0 aKTUBHOCTB KJIETOK KOCT-
HOT'0 M03Ta, CTUMYJIUPYIOT UX AudPepeHLIupOBKY
B HarpaB/eHUuH 3penbix B-numponuTos, a Takxke
BbI3bIBAIOT ycuaeHue AuddepeHIIMPpOBKU KOCTHO-
MO3TOBBIX K/IETOK B CTOPOHY npe-T-1uMQoLHUTOB,
CTUMYJIMPYIOT TPaHYJ/IOLIUTONO33, aKTUBHUPYIOT (PYHK-
LIMOHA/IbHYI0 aKTUBHOCThH (DaroLjToB, SKCIIPECCUI0
DR-aHTUTEeHOB.

[ITpoKO KUCMOJB3YIOTCI UMMYHOMOZYJIITOPHI
W3 FPYMIIbI 3HAOTEHHOTO MTPOUCX0KIeHUS — TUMU-
YyeCKre MMMYHOpPETy/ISTOPHbIe TenThbl — TUMOreH,
TumortuH, Tumanus, T-akTuBYH, BuioH u ap. Ha ux
OCHOBe ObIJT CHHTe3UPOBAH HOBBIH Tperapat— VmMy-
Ho(aH, 00/afatoIMii CITOCOOHOCTBIO YCU/TUBATh
peakuuu (paroLmuTosa, CTUMY/IMPOBATh K/I€TOYHBIN
¥ rymopasibHbiii IM, BoccTaHaB/IMBaTh HamaHC OKUC-
JINTE/IbHO-aHTUOKUC/IUTETbHBIX peakLMii OpraHu3ma,
CHI)KaTh NPOAYKLIWIO MeAMaTOPOB BOCIA/IEHUSI.

VIMMyHOMOZY/IATOPEI Y3 TPYIbI IUTOKWUHOB SIB-
NS0T Oe/IKaMM aKTMBUPOBaHHBIX KieTok VIC u obe-
CTeYMBAIOT MeXXKJ/IeTOUHbIe B3auMo/ielicTBUs. K 3ToM
rpynmne otHocsATcs uHAyKTopbl UPH (LluknodepoH,
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AmukcuH u ap.), camu UPH, NJI, konoHrecTUMyu-
pytorue ¢aktopsl (KCP), PHO u ap.

Cpenu NJI BeIZeISIOT TIperapaThl eCTeCTBeHHOTO
npoucxoxaenus (Cynepaume, JleiikuHdepoH u ap.)
U pekoMbuHaHTHbIe (PoHKOMelKUH, beTtaneiikiuH
U [p.). POHKO/MIEMKUH CTUMYy/NIUpYyeT aKTUBALMIO,
b depeHMpoBKY, ponudepanmio NK-kietok, T-,
B-nmum@onuToB, 4TO COMPOBOXKAAETCSI YCUIEHNEM
aHTubakTepUanbHOM, MPOTHBOBUPYCHOM U aHTHU-
rpUOKOBOM aKTUBHOCTHU. beTanelkuH UHAYIUPYeT
nposdepariyio U auddepeHIMPoBKy T- 1 B-KeTok,
cunTe3 KC®, uyTo MpyBOUT K aKTHUBAI[MH JIeHKOTI033a.
[IpenapaTr cTUMy/IMpPYeT K/IeTKU-TIpe/illie CTBEHHUKHU
pa3MUYHbIX POCTKOB KPOBETBOPEHHSI K MOC/IeyOILe
nposrdepary, Crioco6CTBYeT yCHIeHHI0 aroruTosa,
CTUMYJISILUU CUHTe3a Makpodaramu: NJI-6,-8, DHO-q;
ctumynsuyu T-numdorutamu BeipaboTku UJI-2,-4,
NOH-y.

[Mpupogubie UPH nipoaynupytoTcsi Ky/lbTypou
K/JIeTOK JIeMKOLIMTOB Uesi0BeKa, KOTOpble Mpe/Ba-
pUTe/NbHO OB MIPOCTUMY/IHMPOBAaHBI BUPYCaMU.
PekoMOWHaHTHBIE, UK TeHHO-UH)KeHepHble IDH,
TIPOAYLIMPYIOTCS B 1abOpaTOPHBIX yCIOBUSX OaKTe-
pUsIMH, B TEHOM KOTOPBIX [JI1 3TUX Lje/ieli BCTPOeH
red U®H. OTnuuTte/bHONM 0COOEHHOCTBIO Mperia-
paToB JaHHOW MOATPYIIIbI SIBSIETCS TO, YTO BCE OHU
TIPOAYLIMPYIOTCS BHE Uel0Be4YeCKOro opraHusma. 3To
T03BOJISIET MUHUMH3UPOBaTh CTOMMOCTb [IPOU3BOACTBA
VN ®H 1 UCKIIOUUTh PUCK Tlepeiaun UH(eKI[MOHHOTO
Marepuasna OT JOHOpa Ye/IOBEKY.

N3 rpynnel UH® f/19 KAIUHAYECKOTO UCTIOb30-
BaHus B P® 3apeructpupoBansl OdranbmodepoH,
lepripepon, I'punndepon, Nudarens, Kundepon,
Peadepon-EC Jlununt, UH®-a2b (Budepon) u ap.
[laHHBIe rperaparsl IpUMeHsIeTCs /151 JIeYeHUs 4aCTo
PeLAUBUPYIOLMX, XPOHUUECKHX UH(PEKIIMOHHO-BOC-
Na/IMTeNbHBIX 3a00/1eBaHK TIPEUMYIIeCTBEHHO BUPYC-
HOMU 3THOJIOTHH, KOTOPbIE CONPSDKEHbI C BTOPUYHBIMU
MMMYHOZe(pULIUTHBIMA COCTOSIHUSIMMU.

NupykTopel cuHTe3a MH® ctumynupyrot 06-
pasosaHue 3HA0reHHbIX UDH. Cunraercs, 4TO OHA
CriocoOHBI OKa3bIBaTh Oosiee AUTeTbHBIA KIWHUYe-
ckuii 3¢ deKT u, B oTIMure oT 3Kk30reHHoro MPH,
He TIO/]aB/ISIFOT CUHTe3 COOCTBEHHBIX ayTOJIOTUYHBIX
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N®H. Nugykropel MOH riposBasitOT NPOTUBOBUPYC-
Hble 1 MIMMYHOMOZY/IMPYIOLE CBOMCTBA, BbI3bIBAIOT
aKTMBALIMIO KJIETOK MOHOLIMTapHO-MakKpodaraabHOro
psza, T-LUTOTOKCHYeCKUX TIUM(OLIMTOB, aKTHUBHUPYIOT
aHtuTenoobpasoBaHue. CuMTaeTCs], UTO AaHHbIE UIMMY-
HOMOZY/ATOPBI OT/IMYAOTCSI MKy COOO0M 110 CKOPOCTH
vHAykumy U®H u cocraBy nagynupyemsix UOH pas-
HBIMH K/leTKaMU-MuLLeHssMA. CrieKTp 6ruomorunyeckux
3(¢exTOoB npernaparoB JaHHOW IPYMITbl CUIbHO 3aBUCHT
OT WH/IMBU/Iya/IbHOM YyBCTBUTEbHOCTH K HUM CaMOTr'0
TMaLeHTa, OT CIOCOOHOCTH TperiapaTa UHAYLIMPOBaTh
cuHTe3 sHAoreHHoro UOH pasmiuneivu kiietkamu 1C,
OT ckopocTu obpa3oBanust IOH, oT [03bI Npemnapara,
OT BO3pacTa naijyeHra. [limrensHoe 1 6eCKOHTPO/IBHOE
riprmeHeHue npernapatoB M®H unu ux WHAYKTOPOB
0e3 yueTa repeuynceHHbIX (aKTOPOB MOXKeT OBbITh
COIPSDKEHO C HeraTMBHBIM BO3/|eMCTBHeM Ha UMMYHO-
11033 U MIPOSIBUTHCS MapaZloKCalbHbIM 3Q(eKToMm, Korzaa
BMecTO akTvBaLuy VIC pa3BrBaeTcss UIMMYHOCYTIPeCCHS.
IIpeniaparsl M®H wmy ux UHAYKTOPBI B BEICOKUX [103aX
CrIoCOOHBI TIOJAB/IATH KIeTOUHYHO Tposdepariyio. 3To
HAIlUIO CBOE MPYMEeHEeHNe TPH JIeYeHUH psifia OHKOJIO-
r4yecKrx 3ab0sieBaHMA.

K Haubosiee riepcrieKTUBHBIM U 3(PPeKTUBHBIM
VIMMYHOMOZY/IITOPaM OTHOCHTCS TPyIIa XUMUYeCKH
YUCTBIX BelllecTB. [Ipenaparsl U3 JaHHOW TPYMITbI UMe-
10T PsiJ, HeCOMHEHHBIX [TPeUMYLLeCTB I1epes ApYyruMU
UMMYHOMOZY/ISITOPaMH. OTO 00yC/IOB/IEHO TeM, UTO
XUMHUUYEeCKUM CUHTe30M B CTPYKTYPY JIeKapCTBEHHOI'O
Tnperiapara 3ak/1a/ibIBal0TCsl IMEHHO Te CBOMCTBA, KO-
TOpBIe OT Hero XOTAT MOJIy4nTh. [laHHble TIperaparsl
XapaKTepHr3yIOTCs [0 CBOEMY COCTaBy XUMMUYeCKOH
YHCTOTON. IMMYyHOMOZY/IITOPBI OHO/IOTHUeCKOTro Tpo-
UCXOXK/IeHUsI CoZiep>KaT B CBOeM cocTaBe 0OasacTHble
TIPUMeCH, KOTOpbIe MOTYT OBITh PUUMHOM Pa3BUTHS
He)XeslaTe/TbHbIX peakLyil. XMMUUeCKU YUCThIe JIeKap-
CTBeHHBbIe TperiapaThl B 3TOM II/IaHe CyIeCTBeHHO boriee
6e3omnacHel. 1o MPOUCXMKIEHUIO TPYIIY XUMHUEeCKA
YUCTBIX UMMYHOMOZY/ISITOPOB MOYKHO pacCMaTpH-
BaTh KaK BaPUAHT 3K30T€HHBIX UIMMYHOMOZY/ISTOPOB,
TIOCKOJIBKY OHU CHHTEe3UPYIOTCS BHe Yesi0BeyeCKOro
OpraHusMa.

Cpezy XMMUYeCKU YUCTBIX UMMYHOMOZY/IATOPOB
MOJKHO BBIZIeJIUTh TPYIIIIbI HU3KOMOJIEKY/ISIPHBIX U BbI-
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COKOMOJIEKY/ISIPHBIX IperapaToB. K repBbIM OTHOCATCS
lanasurt, l'enion, ['nmyTokcum, AmnodepoH, IMyHOpHKC.
DT Tpenaparkl CrI0COOHBI CTUMYIHUPOBATh (PaKTOPbI
BpOXXAeHHOT0 U npuobperenHoro M. Ko Bropoii
rpyIie XUMHUYeCKU YUCThIX UMMYHOMOZY/ISTOPOB
oTHocuTcs [TonMoKcU0HNH, KOTOPOMY XapaKTepeH
KOMIIJIEKCHBIN 3()(PeKT: UMMYHOMO/Y/IUPYIOLUH,
JeTOKCUIUPYIOITNYM, aHTUOKCHU/TAHTHBIN U TIPOTH-
BOBOCIAIUTe/bHbINA. Ero HMMyHOMOZYy/IMpYIOLIe
CBOWCTBA pPean3yoTCs uepe3 akTUBaLUI0 (Paronurosa
Y aHTUTe000pa30BaHus, a TaKKe CTUMYJIALI0 T-Kre-
touHoro MO. ITommokcuioHu BbI3bIBAaeT aKTUBAL[HIO
cunresa NJI-1,-6, ®HO 1ipu yC10BUU UX UCXOLHO
CHW)XEHHOTO cofep>kaHusi. OH He BiWsieT HA 5TU
LIATOKWHBI [IPH UX UCXOJHO BBICOKOM yPOBHe (Zjake
BBI3bIBAET HEKOTOPOE CHW)KEHHE TPOAYKLIMM), UTO
WCK/IF0YaeT BO3MOXXHOCTb (pOPMUPOBaHKs rUIepak-
trBauuu VIC Ha @oHe ero npuema. Ctumynsaus 1O
[TonokcupoHKEeM He COIIPOBOKaeTCs UCTOLeHUeM
pe3epBHBIX BO3MOXKHOCTel reMomno33a. [IpumeHenue
[Tomokcu0HUS He COIIPOBOXKAAeTC S U3MeHeHueM
KJI€TOUHOT'O COCTaBa KPOBM B 3[[0POBOM OpraHU3Me
C UCXOJHO HOpMaJ/JIbHBIMU UMMYHOJIOTUUE CKUMU
rokasartesisMu. [Ipenapar He BbI3bIBaeT HapyLIeHUMN
B HOpMaJIbHBIX MeXaHu3MaX TOPMOXKeHUsI UMMYH-
HBIX peakLiii, He OKa3blBaeT HETaTUBHOT'O BJIMSIHUS
Ha eCTeCTBeHHbIe NpoLecchl JOPMHUPOBaHUS U yHK-
LIMOHUPOBaHUS UMerIuxcs T-cynpeccopos.

Buabl um MYyHOTEepanuun

Knaccruecku UT niofpa3zensercs Ha Ciieyroliue
OCHOBHbI€E BU/IbI: aKTMBHAs U TTaCCUBHas, crieuduyie-
cKasi ¥ HecrieLdduueckast [26].

Hecneyuduueckas U'T—3To0 mpuMeHeHUe UM-
MYHOTPOIIHBIX JIeKaPCTBEHHBIX CPe/ICTB B KOMILIEKCe
JledeHus1 KakK MH(EKL[MOHHBIX, TaK U HeMH(EKIIMOHHBIX
3aboneBanuii. OHa rpe/onaraeT UCIOIb30BaHKUe Pa3-
HOOOpa3HbBIX CPe/ICTB, OKAa3bIBAIOLMX BO3/eHCTBUe
Ha pa3/inuHble 3BeHbs1 VIC, BK/touas pusnyeckue
1 XuMu4deckue akTopbl, HO BO3/IeHCTBYOIIIE UMEHHO
Hecrieruduuecky. BoigesnsitoT Hecrierduueckyro UT
aKTHBHYIO U [TACCUBHYIO.

AxruBHasi Hecrietduueckasi T mogpasymeBaeT
BO3ZelicTBYe Ha (yHKLMOHUpoBaHue UC ¢dakTopamu,
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Hecrne[UGUUHBIMU 10 OTHOIIeHHI0 K A" (Bo30yau-
Tem0) 3aboeBanrs. OHa BK/IIOUAeT HCTIOIb30BaHHe
11e/IbHOK/IETOYHBIX MUKPOOHBIX CTUMY/ISITOPOB, HU3-
KOMOJIEKY/ISIPHBIX IMMYHOCTHUMY/ISTOPOB MUKPOOHOTO
TIPOMCXOXKIeHHsl, IMMYHOMO/Y/IITOPOB HEMHUKPOOHOTO
TPOUCXOXAEeHUs (PaCTUTEbHBIX, CHHTeTUUECKUX),
NpOOHOTHKOB, UHAYKTOPOB VI®H U IIUTOKUHOB, a TakKe
MOT'YT UCIO0JIb30BaThCsl HETPAAULIMOHHbBIE CPeJICTBA
npoUIaKTUKK U Teparuu [27].

AxtuBHas Hecrieriuduueckas T, ucnonb3yroiria-
sICs 1151 Tepalvy OIyX0JIeBOro Ipoliecca, 0CHOBaHa
Ha TPUMeHeHUH HeKOTOPBIX MTPOU3BOJHBIX OaKTe-
pHUa/bHBIX NIPOAYKTOB, LIUTOKWUHOB, CUHTEeTHYe CKUX
TOPMOHOB U MOJieKy/1. C 3TOM Le/IbI0 UCTIOMb3YIOT
®HO-a, GM—CSF (rpanynouuTtapHo-Makpoda-
rajibHbIM KOJIOHHEe CTUMY/IpYoLuii ¢aktop), MPH-q,
ni-2,-7,-12,-15,-21 [10]. TlepBbIM LIUTOKUHOM, KO-
TOPbIN 0ULMATBbHO Haual MPUMEHSIThCS B JIeUeHUU
nelikeMuu U MeniaHoMel, ctaa UPH-a, BropeiM—UNJI-2,
WCI0JTb3yeMBbIi1 [I71s1 JIeUeHUs] MeJIaHOMBI.

OcCHOBHBIM Harnpas/ieHueM [1aCCUBHOM HeCIleLu-
¢rueckor UT siBnsieTcs UCIO/Ib30BaHKe alalITUBHOMN
KJIETOUHOU Teparuy, OCHOBAHHOM Ha MOBBILIEHUN
aKTUBHOCTU 3 (PEKTOPHBIX KJIETOK, JOCTUTaeMOl BHE
opraHusMma, C rocjaeAyroLM BBeJleHueM UxX B opra-
HU3M nanueHTa. OHa BK/ItOYaeT B ce0st mprMeHeHHe
LIUTOKVHOB, TIperaparos, M0/y4YeHHbIX U3 NeNTH/0B
THMYyCa U U3 KOCTHOTO MO3ra, U UX CUHTeTUYeCKUe
aHaJIoTH, HOPMaJibHble UMMYHOT/I00Y/IHHEL, (hakTop
repeHoca, CTBOJIOBbIE K/IETKH, KIeTKU KPOBH, KJIETKU
3MOpHOHATLHOM TIeYeHH .

[Tpu naccuBHOM Hecrneruduyeckor UT 310kaue-
CTBeHHBIX HOBOOOpa3oBaHMIi B KauecTBe cybcrpara
WCTMO/b3YIOT TMM(OKMHAKTHBUpPOBaHHbIe CD 8" T-mum-
¢douutsl (lymphokine-activated killer, LAK), koTopbie
MO/Iy4aroT U3 NeprudepruecKux MOHOHYK/IeapHbIX
KJIeTOK KPOBM YeJIOBeKa yepe3 Ky/JbTHUBUPOBaHUE in
vitro ¢ UJI-2; CD 8" T-miM¢OLMTEI, KOTOPBIE MOIy4aroT
13 nepuepryeCcKX MOHOHYK/IeapHBIX KJIETOK KPOBU
yeJIOBeKa yepes akTUBAaLMIO in Vitro B MpUCYTCTBUHA
UH®-y, NJI-1,-2 1 antu-CD 3 MKAT (cytokine-induced
killer, CIK); CIK, koTopble n3HauaibHO KY/JBTUBHUPYIOT
B MIPUCYTCTBUU JeHAPUTHBIX KeToK (DC—CIK); omy-
XOMBbUH(UIETPUpYOIIHe MMGOLMTHI (tumor-infiltrating
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lymphocyte, TIL), KoTOpbIe MoJIyyatoT OT MalMeHTOB,
y>Ke CTPa/IaloIvX OIMyX0J/IeBLIM TTpoIieccoMm, u ap. [28].
[TepBble no/I0KUTE/IbHBIE pe3y/bTaThl KITMHUUECKUX
WCC/IeI0BaHUM OT IPUMEHEHUSI Oy XO0JIbUH(DUIBTPHU-
PYIOLMX TUM(OLMTOB Y MaljeHTOB, CTPafarolliX Me-
TaCTaTHUeCKOM MeTaHOMOM, ObUTH TTo/TyueHbl B 1988 1.
Ha cerozHs ycrieliHo 3aKOHU€eHbI UCTIITAHUS COBMECT-
HOTO MCIIO/Ib30BaHUsI OMYyXO0IbUH(PUIBTPHUPYOLLIUX
muMmornuToB ¢ NJI-2 y rnaluueHTOB C pakoM JIerKOro
Y MeTacTaTu4yeCcKoi MelaHOMOM.

Cneuuduueckas UT ripezronaraeT UCMo/Ib30BaHUe
niperiapatoB AT wmm aHTUTes, 00/IaArOLX CBOMCTBAMHU
CrieLi(pUYHOCTH IO OTHOLLIEHHUIO K a/lJIepreHy Uiu
B030yzauTemto. [lo MexaHu3My ZefCTBUs pa3idyaroT
aKTUBHYO, Korzia VIC akTHBHO OTBeyaeT Ha BBeZ|eHHbIN
nipeniapar (Al wiu annepreH—NpUMeHsIeTCs [Jis1 Jieue-
HUSI HEKOTOPBIX a/l/Iepriuueckrx 3ab0sieBaHui C 11e/bio
JeceHcnOum3ayy 3¢eKTOPHBIX KIeTOK; BaKL[UHBI,
rojiyyaeMble MeTOZ0M I10JIHOTO WUJIM YaCTUYHOI'O
00e3Bpe>XrBaHuUsI BUPYCOB U OaKTepuii, HO TIPU 3TOM
C MOJIHBIM COXPaHeHHeM MX UMMYHOT'€HHBIX CBOMCTB,
HCMOJIb3YIOTCS [/151 NPO(PUIAKTUKU Psifila XpOHUYe-
CKMX MH(eKLUii), ¥ TaCCUBHY10, KOT/la B OpraHu3M
BBOJSITCS TOTOBbIE 3allIUTHbIE (DAKTOPbI— aHTUTE/Ia
B BH/le aHTHCBHIBOPOTOK WJIM UMMYHOIJIOOY/IMHOB
(ucronb3yroTCs A1 eueHus1 MHGEKLIMOHHBIX 3a00-
JIeBaHUM, TIPM OKa3aHWW HEOT/I0’KHOM ITOMOILM TIpH
OTpaBJ/IeHUH siZJaMH); UCI0/Ib30BaHKe Tpernaparos,
T0JTyUeHHbIX HA OCHOBAaHUM KOHBIOTAL[UU Creliu(u-
YeCKUX aHTUTeN € 3(PeKTOPHbIMU U30TONAMU WU
TOKCMHAMHU — MPUMEHSIFOTCS T1pY JieueHUH HOBOOOpa-
30BaHMI; UCIIOb30BaHUE CrIeLU(pUUYeCKUX aHTUTeN
¢ a¢dexrom 610KMPYIOLIIEii AKTUBHOCTH 110 OTHOLIEHHIO
K TIPOBOCHAUTENbHBIM (paKTOpaM — NPUMEHSIOTCS
Npu Npo¢uIaKTUKe Y leUeHUH Kpr3a OTTOPIKeHHs
TPaHCIJIAHTaTa, TeParvy ayTOUMMYHHBIX 3a00/1eBaHHH.

OCHOBHBIM KOMIIOHEHTOM BaKL{MH 1P aKTUBHOU
crierudrueckort T 310KauecTBEHHBIX HOBOOOPas30-
BaHUI SIBJISIIOTCSI BUPYCHBIE MO0 OIMyX0/1eacCoLMHUpO-
BaHHble AT. Oxkujaembiii 3QHeKT OT ITHX TperaparoB
3aK/royaeTcs B UHAyKUuM VO, HaripaB/1eHHOro NpOTHB
KOHKDeTHO ornyxonu. BivsiHve faHHBIX NpernapaToB
Halle/IeHO Ha ToBbIlIeHre 3(PeKTUBHOCTY Mpe3eHTaliu
OIyX0J1eaCCOLMMPOBAHHBIX Al' aHTUTeHIIpe3eHTUPYIO-

IMMUNOLOGY

mmmu Kinetkamu VIC gyis T-numdorutoB-3¢¢eKkTopos,
Ha co3peBaHMe criel(prUeCcKy HarpaB/IeHHbIX IPOTUB
naHHbIX AT addexTopHbIx T-mumdoLuToB, HopMUpo-
BaHVEe UMMYHOJIOTUYECKOW NMaMsATU. Ec/ii 0CHOBHBIM
KOMITOHEHTOM BakKLIVH SIB/ISIFOTCS BUPYCHble Al TO 0XKU-
Jlaemblii 3P eKT 3aKk/IrdaeTcs B peJoTBpalleHrun
No;THOMacIITabHoM MH(eKLIWH, BbI3BaHHOW JaHHBIM
BUPYCHOM [29]. Tak, MUILIEHBIO /1J11 TPEBEHTUBHOMN
NIPOTHBOOITYX0/IeBOU BaKLJUHAL[MM [IPOTUB pakKa IIeHKu
MaTtku siBsietcss HPV (Bupyc nanunnioMsl uenoBeka),
KOTOPBIM aCCOLMMPYeTCs C BBICOKMM PUCKOM Pa3BUTHS
JlaHHOM maTtoioryuu. B KiMHWUe CKO MpaKTHKe IITMPOKO
NIPUMEHSIIOTCS IPOMIaKTHYeCKHe BaKLIUHbI IIPOTHB
BUpyca rernaruta B. B JoK/IMHAYeCKUX UCC/IeJ0BaHUAX
in vivo Ha MbIlIax C pe3BUBLLIEMCSI KOJIOPEeKTa/IbHbIM
pakoMm rposiBuia 3¢PeKTUBHOCTb BaKL|MHA MPOTHUB
BUpyca kopu MV (oncolytic measles virus).

C 1esbio co3aHus OAOOHBIX BaKI[UH ITPUMEHSI-
I0TCsI OIyX0/IeacCOLMMPOBaHHble aHTUreHbl. [1prmMe-
POM TIPEBEHTUBHOM BaKLIMHbI 3TOT0 KJIacca sIBSeTCs
BaKIL1Ha, [10JIy4eHHas Ha OCHoBe Iertyga E 75, acco-
LMUUpOBaHHOrO € npotremHoM HER 2/neu, koTopsIit
HaurHaeT UHTEHCUBHO 3KCIIPeCCUPOBaThCs MIPU pake
MOJIOYHOM >KeJjie3bl.

CrnenyeT OTMeTHUTD, UTO BCe jieueOHbIe BaKL[MHbI
criocobHbI 0Ka3biBaTh Ha MIC Kak crierjuduyeckoe, Tak
Y HecreLjuprueckoe CTUMYy/IMpYoLLee [leficTBYe.

[TaccuBHas cnenuduueckass UT B neueHnu os-
KOJIOTMYeCKOM MaTOJIOTUM OCHOBaHA Ha BBeJleHUU
B OpPraHu3M OMyxoJjiecrely(pUIHbIX aHTUTE, KOTOpbIe
akTHBHpOBaHbI onyxosieBbiMU AT [30]. OcobeHHOCTb
MKAT sBasieTcst TO, UYTO OHHU SIBJISIFOTCS Pe3y/bTaTOM
JleJIeHHs] OIHOTO K/IeTOUHOI'0 K/I0Ha, CUHTe3UPYIOTCS
T1a3MOLUTaMH MPOTUB 0AHOTO AT, ¥ CIOCOGHBI TOJTBKO
ero criejuruecKu CBs3bIBaTh. BBeieHNe B OpraHysmM
JAHHBIX aHTHUTeJ OJIOKUPYeT eHCTBHe COOTBETCTBY-
IOLLlero peLieniTopa, KOTOPBIM yyacTBYeT, HallpuMmep,
B MIPOTPeCCUU OIyX0/1eBOro pocta. K nonoxxurensHomy
3¢ dekty B 60prbe co 3/10KaueCcTBeHHbIMHA HOBOOOpa-
30BaHUSIMU MOJKET TPUBECTH O/IOK TaKUX PELIeNTOPOB,
kak EGFR (pewieniTop amu/iepMaibHOTO haKTopa po-
CTa, CTUMYJISITOpA 3/10KaueCTBeHHOW TpaHC(hopMaLuu
Y KieTouHo niposvdepaiiun), VEGF-A (peuentop
(hakTOpa pocTa COCYJUCTOrO SH/OTEJHSI, CIOCOOHOTO
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CTHMYJ/IMPOBaTh NpoaudepaLvio 3H40TeUa bHbIX
K/JIeTOK M yCU/IWBATh NPOHULIAEMOCThb COCYZ0B),
IL-2Ra (CD25) (peuenTop, KOTOPbII 3KCIPeCCHPYeTCs
peryastopHbiMu T-mumdoruramu), PD-1 (Programmed
cell death-1) (peLieriTop, KOTOpBIY MPUHUMAET y4yacTHe
B AU pepeHMPOBKe UMMYHHbBIX K/I€TOK U UX TIPOJIU-
¢epauun); CTLA-4 (peLientop, 3KCIpeCcCUPYIOLUICS
Ha MembOpaHe 3¢ dexTopHbIX T-mMpoLUTOB, CrIOCO6-
HbIX «BBIK/IFOUaTh» UX LIATOTOKCUYECKYIO aKTUBHOCTb);
HER-2 (perjernitop 3nuiepMasibHOTO (PakTOpa pocTa
YesI0BeKa, KOTOPbIM y4acTByeT B [IaTOreHe3e U pa3sBUTUU
paka Mono4yHou kene3bl), CD 20 (kopeLenTop, npu-
CYTCTBYIOILIMI Ha MeMOpaHe B-miM¢oL[TOB, BHICOKO
3KCIIPeCCUPYIOLIUIACS NP HEXO[PKKUHCKOW TUMQOMe).

Ha ceropns paspelieHbl K IPUMEHEHUIO Clle-
aytolgue nperaparel: LleTrykcumab — a1si meueHust
KOJIOPeKTa/IbHOI'O pakKa M paka rojioBbl U 11eH, beBa-
Lu3ymMab — /i71s1 iedeHust TIM00/1aCTOMBI, PaKa JIeTKHX,
paka MOJIOYHOU >KeJie3bl, KOJIOPEKTa/IbHOTO pakKa,
MOYeYHO-KJIETOUHOW KapLIMHOMbI, OZJHOBPEMEHHO
C XMMHOTepanuel — IIepBUYHOI0 NepUTOHealbHOIo
paka, paka IIeidKy MaTKH, (aiionueBbix TpyO U sivu-
HUKOB, TpacTy3ymab — /ijisi ieueHHsT paka MOJIOYHOM
»Kese3bl, PUTykKcmab — 151 meueHyst B-kyeTouHoi
HEeXOZPKKUHCKOW TMM(OMBI M XPOHMUECKOTro TUMpo-
LIMTapHOTO JIelKo3a.

Heo6x01iM0 HECKOIBKO CJIOB CKa3aTh O TaKOM
HOBOM HaripaB/€HUH B MeJULMHEe, KAK KIMMYHOpea-
Ounurarus (MMmyHopeabunuronorus). I1o MHeHUIO
KapaynoBa A.B. ¢ coaBTOpamu, «<MMMyHOpeaOuInTa-
L[1sl U3y4vaeT MpOoLieCChl, O3BOJISOLLME BOCCTaHOBUTh
HapyieHHble hyHkimu MIC mo mokasateneit hpusu-
0JIOTHUeCKOM HOPMbI KOMILIIEKCOM JieueOHO-1Tpodu-
JIAKTUUeCKUX MePOTpUSTUN (KaK MeJUKaMeHTO3HbIX,
WICII0/Ib3Ysl JIeKapCTBeHHble UMMYHOMOZAY/IATOPBI, TaK
Y HeMeZIMKaMeHTO3HbIX METO/I0B) C Lie/IbO I0CTYKEHHUS
KakK MO)KHO 6oJiee IOJTHOTO BbI30OPOB/IEHUS TIAL{eHTa
T0CJIe OCTPOM CTa/iuK 3a00MeBaHusl, U 10 CTKEeHUsT
CTOMKOM U JJIUTEe/IbHOW KJIMHUKO-UMMYHOJIOTYeCKON
pPEMUCCHY TIPU XPOHUUECKOM Tiporjecce» [31].

Ha ceropHsaiHui jeHb akTyasbHa 3a/ja4a UIMMYHO-
peabunuTaLuK TI0C/ie TiepeHeCeHHOW KOPOHaBUPYCHOM
vH(beKLWY B CBsA3U C TeM, uTo npu SARS-CoV-2 dop-
MUPYIOTCS1 BBID@)KeHHbIE HapylleHUs! B (PyHKLIMOHHU-
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poBanuu VIC, u, B IepByro ouepe/ib, B ee K/IeTOYHOM
3BeHe. UTOOBI YMEHBIINUTh TSXKECTb TOC/IeCTBUN
ot COVID-19, Heo6XoguMO Mpo0/KaTh U3yUeHHe
MeXaHU3MOB (POPMUPYIOLIMXCSI UMMYHHbBIX HapyLLEHHI
TIPU [JaHHOW I1aTOJIOTMU U MPOJ0/DKATh KJIMHUYeCKue
WCC/IeJ0BaHUs [I/1si COBEpIIeHCTBOBAHUS METO/0B
MMMYHOKOPPEKLUH C L{eJibio TIofbopa Hanbosiee 3¢-
(heKTHBHBIX UMMYHOTPOMHBIX NpenaparoB [32, 33].

BbiBOAbI

CoBpeMeHHas! CUTyallysl B KTMHAYECKOW MeTUITHe
XapaKTepU3yeTCsl HaJTMUUeM /IBYX B3aUMOOOYC/IOB-
JIEHHBIX ¥ B3aUMOCBSI3aHHBIX IIPOLIECCOB — 3TO POCT
asnyiepruyeckom, ayTOMMMYHHOM MaTo/I0THMU, XPOHUYe-
CKUX MH(EKIMOHHBIX 3ab0sieBaHNi, 00y C/I0B/IeHHBIX
OTIMOPTYHUCTHYE CKUMU MUKPOOAMH HJTH YCJIOBHO-TIATO-
TeHHOU (I0pOid, ¥ OJHOBPEMEHHOE CHIDKEHHE UMMYHO-
JIOTUUeCKOM peaKTUBHOCTH opraHvsma [5]. anbHeiliee
COBEepLLIEHCTBOBaHME MeTo0/10ruu rpumeHenus VT kak
MeT0/ja, MO3BOJISIIOLLEr0 MOBBICUTH UMMYHOIOTUYECKYHO
PeaKkTUBHOCTb OpraHr3Ma Ha (hoHe KOMILIeKCa JieueHust
OCHOBHOT0 3a00/1eBaHusl, HeCeT B cebe CyIeCTBeHHbIH
MOTeHLMaN JJ1s yAyullleH sl pe3y/IbTaToB JIeUeHusl.
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Abstract. The successful use of surgical and medical methods of jaw bone tissue restoration has been convincingly confirmed
in clinical practice. At the same time, technologies are being developed to improve the osseointegration of dental implants in
patients with osteoporosis. The use of various implant coatings, as well as systemic therapy, demonstrate the emergence of
new directions in the treatment of patients with partial or complete secondary edentulism with concomitant osteoporosis. This
trend is relevant in modern medicine. Information was obtained from the PubMed database, using the keywords «osteoporosis»
and «osseointegration» and «dental implantation» and «zoledronic acid» from 2016 to 2022. Articles were selected based on
experimental work. Numerous studies have shown that bone tissue is an effective indicator of osteoporotic changes. The main
changes in bone tissue in osteoporosis are emphasized—a decrease in bone volume, deterioration of the microarchitecture of
the trabecular bone and processes that prevent osseointegration—loss of bone mass, a significant decrease in the percentage
of contact in the implant-bone complex. Methods of dealing with the negative impact on the operation of dental implantation
have been identified. In a review of studies on the systemic administration of drugs based on bisphosphonates, an increase in
the osseointegration of dental implants was revealed, the systemic administration of zoledronic acid preparations significantly
increased the formation of new bone, which in turn contributed to the elimination of such a negative effect of osteoporosis as bone
resorption. In addition to the systemic administration of bisphosphonates, experimental studies describe the topical application
of bisphosphonates in the form of various implant coatings. Topical application of bisphosphonates also contributed to increased
osseointegration. Microstructured coated implants showed less marginal bone loss compared to uncoated implants. Conclusion.
The use of dental implants with modified macro- and microrelief, as well as systemic drug therapy, remains the main direction
of scientific research that contributes to the optimization of osseointegration of dental implants.
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Introduction

Bone diseases constitute a large group of common
diseases, including osteoporosis, which affects a
large number of people, especially the elderly [1].
Osteoporosis is defined as low bone mineral density
caused by changes in microstructure that ultimately
predisposes patients to low—impact, brittle fractures.
Osteoporotic fractures lead to a significant decrease
in the quality of life, an increase in morbidity,
mortality and disability [2]. Bone remodeling is tightly
controlled by osteoclast— mediated bone resorption
and osteoblast— mediated bone formation. Fine
tuning of the osteoclast— osteoblast balance leads
to a strict synchronization of bone resorption and
formation, which maintains the structural integrity and
homeostasis of bone tissue. Conversely, dysregulation
of bone remodeling can cause pathological osteolysis, in
which inflammation plays a vital role in promoting bone
destruction [3]. Osseointegration is a direct structural
and functional connection between an ordered living
bone and the surface of a load—bearing implant [4].
Implant osseointegration is an important biological basis
of dental implantology [5]. Osteoporosis contributes to
impaired osseointegration due to an imbalance in the
activity of osteoblasts and osteoclasts. Subsequently,
there is a delay in the formation of bone around the
implant after dental implant surgery. This leads to
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an increase in the rehabilitation period and reduces
the quality of life in patients with partial/complete
secondary loss of teeth [6].

Bone remodeling occurs at the endosseous surfaces
where osteoclasts and osteoblasts are located. The bone
tissue of the upper and lower jaws is one of the first
indicators of osteoporotic changes in the body. There is
a strong relationship between hormones, osteoporosis,
and aging that affect the alveolar process and skeletal
bones in the same way, but it is important to consider the
differences in load between loaded, partially loaded, and
unloaded bones. Bone mass is redistributed from one
place to another where strength is required. Infrequent
trabeculation in the region of mandibular premolars—
large intertrabecular spaces and thin trabeculae—is a
reliable sign of osteopenia and a high risk of skeletal
fracture [7].

In the study by M. Chatterjee et al. (2021)
determined microarchitectural changes in the jawbone in
response to oophorectomy. 47 rats were ovariectomized
and treated prophylactically for osteoporosis for eight
weeks with bisphosphonates. Bone-morphometric
parameters of the spongy bone of the jaws were assessed
using microcomputed tomography. In the region of
the upper jaw, trifurcation bone tissue was examined
in the region of the second molar and the tubercle of
the upper jaw, as well as the region of the lower jaw
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in the three regions of the molars and condyles. In the
upper jaw, after ovariectomy, the volume of bone in the
interradicular septum of the second molar decreased.
Treatment with bisphosphonates helped prevent jaw
bone loss. At the site of the condylar process of the
mandible, the microarchitecture of the trabecular bone
significantly deteriorated, while prophylactic treatment
with bisphosphonates showed a positive effect in this
area of the trabecular bone. Thus, the results of this
study showed that osteoporosis caused by ovariectomy
manifests itself locally in certain areas of the jaws, and
treatment with bisphosphonates can prevent negative
changes [8].

In the work of T. Alam et al. (2020) studied
postmenopausal women. The subjects were divided
into two groups. The osteoporosis group included 30
patients, as well as the group without osteoporosis.
A panoramic radiograph was taken followed by two
direct digital intraoral periapical radiographs of the
premolars and mandibular molars. A statistically
significant difference was found in the shape index
of the mandibular cortical bone between the two
groups. However, there were no statistically significant
differences between the two groups in cortical width,
mandibular panoramic index, degree of mandibular
alveolar bone resorption, fractal dimension, and mean
number of teeth. A statistically significant difference was
observed in mean age between groups with osteoporosis
and groups without osteoporosis. The results of
the cortical index of the mandible on a panoramic
radiograph are effective indicators of bone changes
in postmenopausal osteoporosis. These results further
demonstrate the effect of osteoporotic processes on
the jaw bones due to reduced estrogen production [9].

A study by Xi Chen et al. (2021) aimed to evaluate
the effect of estrogen deficiency and mechanical stress
on the bone around osseointegrated dental implants
in a rat jaw model. In 36 rats, the first molars in the
first segment were extracted. After one week, the
rats were divided into the unloaded group and the
loaded group, short head implants and long head
implants were inserted, respectively. Nine weeks
after implantation, the rats underwent an additional
oophorectomy or sham operation. Euthanasia was
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performed 21 weeks after oophorectomy. Bone tissue
samples were studied by microcomputed tomography,
histological and histomorphometric evaluation was
carried out. Systemic bone mineral density (BMD) and
bone volume decreased in groups of ovariectomized
rats compared with controls. In a histomorphometric
study of ovariectomized rats, it was shown that the
osseointegration of dental implants was significantly
impaired in the group without loading, there was a
loss of bone mass compared to the group with loaded
implants. Both BMD and the percentage of implant—
bone contact were lower in ovariectomized rat groups
than in controls, although mechanical loading increased
bone—to—implant contact and BMD. The percentage
of «sclerostin—positive» osteocytes was lower under
exercise compared with unloaded conditions in both
the ovariectomized and control groups. The results
indicate that estrogen deficiency may be a risk factor for
the long—term stability of osseointegrated implants,
while mechanical loading may reduce the negative
impact of estrogen deficiency on bone formation and
osseointegration [10].

In the work of K. Anderson et al. (2020)
demonstrated the negative impact of osteoporosis on
bone tissue in several ways, in addition to the loss
of bone volume, the ability to repair bone tissue,
deterioration of the architecture and quality of the
bone matrix also decreased. The results obtained in
vivo and in clinical studies indicate promising results
for the use of osteoporosis drugs to improve implant
osseointegration. These results demonstrate that implant
osseointegration in osteoporotic bone proceeds more
adequately under the influence of drugs for the treatment
of osteoporosis [11].

Osteoporosis as an aggravating factor
in osseointegration

Oral health is an important component of a person’s
overall health and quality of life [12]. Elderly patients
are now increasingly seeking dental treatment and, in
particular, the replacement of missing teeth with dental
implants [13]. Therefore, the impact of aging on alveolar
bone is of increasing importance with the growth of the

CTOMATONOT NA



Hammouri MH, Salekh KM RUDN Journal of Medicine. 2022;26(4):422—430

elderly population, especially since increasing age is
associated with an increase in the prevalence of systemic
diseases such as osteoporosis [14].

Numerous safe and effective drugs are now
available for the treatment of osteoporosis, including
postmenopausal osteoporosis [15].

Dental implantation is a widely used treatment
for patients with missing or defective teeth [16,
17]. Sufficient bone volume (BV) and bone mineral
density (BMD) are the two most important factors for
predicting the long—term success of dental implant
osseointegration. However, osteoporosis, which has a
high prevalence in elderly patients, reduces bone density
and increases the risk of failed osseointegration and
loss of implants [18, 19].

Influencing the osseointegration of implants
in patients with osteoporosis is a necessity, since
implantation in these patients often fails [20, 21].
Currently, in clinical practice, there are several methods
for the prevention and treatment of osteoporosis, the
main of which are bisphosphonates. Bisphosphonates are
a group of drugs commonly used to treat osteoporosis
based on zoledronic acid. Zoledronic acid (ZOL) is a
potent bisphosphonate that prevents bone resorption by
blocking osteoclast—mediated bone resorption [22].
There are both local application of preparations based
on modified coatings and systemic drug therapy [23].

Methods to promote osteointegration

Systemic use of bisphosphonates

In the study by N. Sokmen et al. (2021) studied
the effect of systemic application of ZOL on the
osseointegration of titanium implants with and without
primary stability. Male Sprague Dawley rats were divided
into 2 main groups: with primary stabilization (PS +) and
without it (PS -). These main groups were divided into
a control group and 0.1 mg/kg systemic administration
of ZOL. All subjects were euthanized after a 4—week
recovery period. The connection of the bone implant and
the filling of the threads of the samples were analyzed
according to the method of histological analysis without
decalcification. Regarding the percentage of thread filling
and bone implant connection, statistically significant
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differences were found between groups with and without
PS. The overall effect of the use of ZOL and PS on the
percentage of bone graft connection was found to be
statistically significant. Within the framework of this
study, it can be concluded that the systemic administration
of zoledronic acid can enhance the osseointegration of
the implant [24].

M. Oliveira et al. (2015) evaluated the effect of
intravenous bisphosphonates in combination with or
without dexamethasone on the osseointegration of
titanium implants placed in an animal model. 27 male
Wistar rats were divided into 3 groups: group 1 was
treated exclusively with zoledronic acid, group 2 was
treated with zoledronic acid and dexamethasone, and
group 3 received saline injections only. Two intraosseous
implants were placed in each tibia. Three animals
from each group were euthanized at postoperative
days of 7, 14 and 28 days. Non—decalcified sections
were observed by light microscopy for histological
and histomorphometric analyses. Histomorphometric
analysis using animals and implants as the unit of
measure did not reveal a statistically significant
difference in bone—to—implant contact and bone
density between the three groups. Histological
observation showed that animals treated with zoledronic
acid in combination with or without dexamethasone
showed markedly lower bone remodeling activity
14 and 28 days after implant placement compared to
controls. The studied bisphosphonate regimens did not
interfere with implant osseointegration, cortical or bone
deposition, but the possible lack of bone remodeling
of the original cortical bone may affect long— term
osseointegration [25,26].

M. Lotz et al. (2019) evaluated the effect of
bisphosphonates on the osseointegration of titanium
implants with microstructure surfaces, which have
been shown to support osteoblast differentiation in
vitro and rapid osseointegration in vivo. 40 Sprague
Dawley rats were subjected to ovariectomy (OV)
or sham surgery (SS). After 5 weeks, animals were
injected subcutaneously with bisphosphonate (BP)
or phosphate buffered saline (PBS) every 25 days.
One week after the initial injection, the micro-relief
implants were transcortically placed in the distal
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metaphysis of each femur, resulting in four groups
being divided: 1) SS+PBS; 2) SS+BP; 3) OV +PBS
and 4) OV + BP. After 28 days, the qualitative
characteristics of bone and implant osseointegration
were assessed using microcomputed tomography,
calcified histomorphometry, and a torque test during
removal. Micro— CT revealed a decrease in bone
volume in ovariectomized rats, which was retarded
by treatment with bisphosphonates. The reduction in
bone—to—implant contact was evident with OV +PBS
compared to SS+PBS. In OV + BP compared to
OV +PBS, bisphosphonate treatment did not reduce
bone—to—implant contact. The torque test showed
a higher result, torsional stiffness and torsional energy
in SS compared to OV without any effects associated
with bisphosphonate treatment. The results show that
osseointegration is reduced in osteoporotic animals.
Bisphosphonates stop the progression of osteoporosis
but do not enhance osseointegration [27].

N. Mardas et al. (2017) evaluated new bone
formation in osteoporotic rats treated with zoledronic
acid (ZOL). The study included 48 Wistar rats, of
which 32 had osteoporosis caused by oophorectomy.
Of these, half of the rats received a single dose of
ZOL, while the other half received no treatment. The
remaining 16 rats were sham— operated and used as
healthy controls. New bone formation was assessed
by qualitative and quantitative histological analysis.
Hierarchical analysis of variance showed that treatment
with ZOL significantly increased new bone formation,
while the presence of osteoporosis could reduce new
bone formation. Thus, the study proves once again that
the treatment of ZOL can improve the formation of
new bone in rats with osteoporosis and promote bone
healing in rats [28].

S. Dikicier et al. (2017) evaluated the effect of
systemic intravenous administration of zoledronic acid
(ZOL) on implant osseointegration and surrounding
bone mineral density (BMD) in ovariectomized rats.
36 rats were divided into three groups: control (C),
ovariectomized (OV), and ovariectomy — zoledronic
acid (OV/ZOL). Rats in the C group underwent sham
surgery, while rats in the OV and OV/ZOL groups
underwent oophorectomy. After 12 weeks, OV/ZOL
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rats were injected with 0.04 mg/kg ZOL intravenously
once a week for 6 weeks. Rats of groups K and OB were
injected with 0.9 % NaCl. The implants were placed into
the bone. After 8 weeks, the rats were euthanized and
the bone was removed for radiodensitometric study. The
results showed that there were statistically significant
differences between all groups. While the highest mean
BMD values were observed in the OV/ZOL group, the
lowest were in the OV group. Systemic use of ZOL
increased bone density around implants placed in rat
osteoporotic bone [29].

Topical application of bisphosphonates

The problem of improving the effectiveness
of implant treatment of patients with osteoporosis
remains relevant today due to the high incidence of
postoperative complications. Among the main factors
influencing the success of dental implant treatment, the
nature of the implant surface is important. For patients
with adentia osteoporosis, the use of dental implants
with an optimized surface, a conditioned component
that affects bone remodeling is especially important
[30]. Osteoblast adhesion is an important step in the
osseointegration of dental implants and can be affected
by modification of the implant surface or the addition
of bioactive substances [31].

Osseointegration of dental implants can be
facilitated by modification of the implant surface using
bisphosphonate coatings. In addition, there is clinical
interest in promoting bone formation around the
implant and restoring bone structure in patients with
low bone mass. The combination of an antiresorptive
coating of an implant with zoledronic acid (ZOL)
and a systemically applied anti— sclerostin antibody
compared with treatment with a single anti-sclerostin
antibody or a coating of the ZOL implant was
evaluated by P. Korn et al. (2019) in a rat osteoporosis
model. Uncoated control surface implants and ZOL
coated implants were placed in the proximal tibia of
old osteoporotic rats three months after oophorectomy.
32 rats in each group received anti— sclerostin
antibody therapy once a week. Osseointegration
was assessed 2 and 4 weeks after implantation using
histological and biomechanical testing. The overall
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implant survival was 97 %. Histomorphology revealed
pronounced bone formation along the entire length of
the ZOL —coated implant. At 4 weeks post— implant
placement, bone—to—implant contact, cancellous
bone mineral density, and bone/tissue volume were
significantly increased for the combination of ZOL and
anti—sclerostin antibody compared to either anti —
sclerostin antibody or only ZOL — coated implant.
Removal time was also significantly increased in
the combination therapy group compared to animals
treated with anti— sclerostin antibodies alone or
with ZOL — coated implants. In a rat model with
osteoporosis, the combination of anti —resorptive
coating of the ZOL implant and systemically applied
antibodies to sclerostin resulted in a significant
increase in bone formation around the implant.
Therefore, the combination of ZOL and an antibody
to osteoanabolic sclerostin was more effective than
either agent alone [32].

S. Kellesarian et al. (2017) also evaluated the effect
of topical zoledronate (ZOL) supplementation, topically
or as an implant surface coating, on osseointegration.
In 18 studies, ZOL was applied to implant surfaces as a
coating, and in five studies, ZOL was applied topically
into bone cavities. As a result, 87 % of the studies have
shown that topical application of ZOL is effective in
enhancing osseointegration or new bone formation
around implants. Thus, another study proves that local
administration of ZOL enhances osseointegration in
animals [33].

The aim of the clinical study by J. Abtahi et al.
(2019) was to evaluate the effect of a bisphosphonate
coating on a titanium implant on the implant stability
coefficient (CS) and the radiographic level of marginal
bone on implants. In a randomized, double—blind,
internal control study, 16 patients underwent dental
implant surgery with zoledronic acid—coated implants
and one patient received an uncoated implant as a
control. The coated and uncoated implants, which
were visually indistinguishable, were titanium
implants with a moderately rough surface. CS values
were obtained at administration and after 2, 4, 6 and
8 weeks. Radiographs were taken at insertion and 8
weeks later. The primary outcome was the difference

DENTISTRY

in CS values between coated implants and control
implants at 4 and 6 weeks, adjusted for setting values.
The secondary outcome was marginal bone loss from
implantation to 8 weeks. CS values remained virtually
constant over 8 weeks and there was no significant
difference between coated and uncoated implants at
any given time. Marginal bone loss was 0.12 mm for
control implants and 0.04 mm for coated implants.
No statistically significant differences in CS values
between coated and uncoated implants were observed
during early healing, but less marginal bone loss was
observed on coated implants [34].

In another work, A. Ghanem et al. (2017) evaluated
the role of osteogenic coatings, the deposition of a
thin film of organic and inorganic osteoinductive and
osteoproliferative materials on implant surfaces in
enhancing bone—implant (BI) contact in osteoporotic
bone. Six animal studies were included in which
osteoporosis was induced by bilateral oophorectomy. In
all studies, implant surface roughness was increased by
various osteogenic surface coatings, including alumina,
hydroxyapatite, calcium phosphate, and zoledronic acid.
Five studies have shown that bone volume and BI are
significantly higher in implants with coated surfaces than
in uncoated implants. Research shows that osteogenic
coatings are effective in improving BI [35, 36].

Conclusion

Based on the results of the analysis of the literature,
it can be considered proven that hormonal imbalance, as
one of the factors in the development of osteoporosis,
not only affects the microarchitectural changes in
the jawbone, but also the osseointegration of dental
implants. The impact of osteoporosis on implant
treatment is still a matter of debate in the scientific
community, as it may lead to a higher failure rate.
Despite the fact that long—term use of bisphosphonates
does not contribute to accelerated bone healing; their
use does not develop complications. However, the use
of bisphosphonates, both locally and systemically,
contributed not only to the osseointegration of implants,
but also to the improvement of bone tissue and the
absence of progression of osteoporosis.
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OCTeOMHTeI'paLI,VIﬂ A€HTaJibHbIX UMIMJTAaHTATOB
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AHHoOTauusA. AKMyaibHOCMb. YCIelIHOoe IpYMeHeHHe XUPYPruyecKuxX U MeJUKaMeHTO3HbIX MeTO/J0B BOCCTaHOB/IEHUS
KOCTHOM TKaHU YeJIroCcTel yoeauTeTbHO MOATBEPXK/IeHO B KIIMHUYeCKO MPAaKTHKe. BMecTe ¢ TeM NPOA0/DKAOTCs pa3BUBAThCS
TeXHOJIOTUM 110 Y/IYUIIeHUIO0 0CTeOHMHTerpaljuu JeHTalbHbIX UMIIJIaHTaTOB Y NaljueHTOB C 0CTe0nopo3oM. [IprMeHeHne
pa3/IMUHbIX TIOKPHITHI UMIIAHTATOB, a TaKXKe CUCTeMHasi Teparysi leMOHCTPUPYIOT TOsiB/IeHUe HOBBIX HallpaBlIeHUH B JIeueHNU
MalLUeHTOB C YaCTUYHOMN WM NIOJTHOW BTOPUUHOM aJieHTHel C COMyTCTBYIOLMM 0CTe0rnopo30M. DTO HarpaB/ieHue SB/sSeTCs
aKTya/JbHBIM B COBPEMEHHOU MeuriuHe. Mamepuasbl u MemoOdbl. TTouck nHGOPMALK TIPOBOIUIN Ha OCHOBe 0a3bl JaHHBIX
PubMed o kntoueBbIM c10BaM: «0steoporosis» and «osteointegration» and «dental implantation» and «zoledronic acid»
€ 2016 1. 1o 2022 r. BbuM OTOOpAaHBI CTaTbU HAa OCHOBE 3KCIIepUMEHTaIbHBIX paboT. [To pe3ynbraTaMm MHOTOUHMC/IEHHBIX
WCCJIeJOBaHK [J0Ka3aHo, UTO KOCTHasl TKaHb B/sSeTcs 3(P(eKTUBHBIM UHAWKaTOPOM OCTEONOPO3HbIX U3MeHeHUH. [1ojuepKHyThI
OCHOBHBIE U3MEHEeHHsI KOCTHOUM TKaHH MPH 0CTe0Nopo3e — yMeHbllleHre 00beMa KOCTH, YXy/ILeHre MUKPOapXUTeKTOHUKH
TpabeKy/nspHOW KOCTH U TIPOLIeCCHI, MPEMNsTCTBYIOIIHNE 0CTeOUHTET Pl — IOTePst KOCTHOW MacChl, 3HAUMTeTbHOe CHIDKEHHE
TMIPOLIeHTa KOHTAKTa B KOMITIEKCe UMILIAHTaT — KOCTh. BhIsIBIIeHBI MeTOZbI H0PLObI C OTPULIATE/TBHBIM BIMSHIEM Ha OMeparuio
JleHTaJIbHOUM MMIIIaHTauuu. B 0630pe uccieoBaHuii 10 CHCTEMHOMY BBe/IEHHUIO TIPernaparoB Ha 0CHOBe 6ucgocgoHaToB
BBISIBJIEHO YCUJIEHHE OCTeOUHTerpaliiy leHTalbHbIX UMIUIaHTaTOB, CUCTEMHOE BBe/leHHe MperapaToB 30/1e[pOHOM KUC/IOThI
3HAYUTEJTLHO YBeJIMUMBajIa 00pa30BaHe HOBOM KOCTH, UTO B CBOIO 0Uepe/ib CII0COOCTBOBAIO YCTPAaHEHUIO TaKOTO HETaTUBHOTO
3¢dekra ocTeonoposa, Kak pe3opOiyst KOCTHOM TKaHU. [ToMrMo cucteMHOro BBegeHust 61cochOHATOB B IKCIIEPUMEHTATbHBIX
WCCIIe/IOBaHUSX OTIMCHIBAETCS] MeCTHOe TIpuMeHeHHe 6rcdochoHaToB B BU/ie pa3IMYHbIX MOKPBITHH UMILIaHTaTa. MecTHoe
npuMeHeHHe 6MCchOCHOHATOB TaKKe CIIOCOOCTBOBAIO YCUIEHUIO OCTEOMHTETpali. Y UMILJIAHTaTOB C MUKPOCTPYKTYPH-
POBaHHBLIM MOKPBITHEM HabuIro/1aack MeHbIIast OTepsi MapruHaJIbHON KOCTH B CDABHEHUH C UMITIAaHTaTaMu 0e3 TIOKPBITHS.
Bbi60o0b!. Vicrionb30BaHUe [eHTaabHbIX UMIUIAHTAaTOB C MOAU(ULIMPOBaHHBIM MaKpO- M MUKpPOpenbedoM, a TakKe CUCTeMHast
Me/JUKaMeHTO3Hasi Teparusi — 0CTaeTCsi OCHOBHBIM HallpaB/IeHUEM HayUHbBIX MCC/IeI0BaHUM, CIOCOOCTBYIOIIMM ONTUMH3alN
OCTeOMHTerpalyu JeHTalbHbIX UMIIJIaHTaTOB.
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Biomarkers in the diagnosis of neurodegenerative diseases
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Abstract. Biomarkers are molecules that behave as of biological states. Ideally, they should have high sensitivity, specificity,
and accuracy in reflecting the total disease burden. The review discusses the current status of biomarkers used in neurological
disorders. Neurodegenerative diseases are a heterogeneous group disorders characterized by progressive loss of structure and
function of the central nervous system or peripheral nervous system. The review discusses the main biomarkers that have
predictive value for describing clinical etiology, pathophysiology, and intervention strategies. Preciseness and reliability are one
of important requirement for good biomarker. As a result of the analysis of literature data, it was revealed that beta-amyloid,
total tau protein and its phosphorylated forms are the first biochemical biomarkers of neurodegenerative diseases measured in
cerebrospinal fluid, but these markers are dependent upon invasive lumbar puncture and therefore it’s a cuambersome process
for patients. Among the various biomarkers of neurodegenerative diseases, special attention is paid to miRNAs. MicroRNAs,
important biomarkers in many disease states, including neurodegenerative disorders, make them promising candidates that may
lead to identify new therapeutic targets. Conclusions. Biomarkers of neurological disease are present optimal amount in the
cerebrospinal fluid but they are also present in blood at low levels. The data obtained reveal the predictive value of molecular
diagnostics of neurodegenerative disorders and the need for its wider use.

Key words: biomarkers, neurodegeneration, amyloid, tau protein

Funding. The author received no financial support for the research and publication of this article.
Author contributions. Syed S. Haque—research concept, data collection and manuscript writing.

Conflict of interest statement. The author declare that there is no affiliations with or involvement in any organization or entity
with any financial interest in the subject matter or materials discussed in this manuscript.

© Haque S.S., 2022
This work is licensed under a Creative Commons Attribution 4.0 International License
https://creativecommons.org/licenses/by-nc/4.0/legalcode

BIOCHEMISTRY 431


https://orcid.org/0000-0002-8582-2702
mailto:sshaq2002%40yahoo.co.in?subject=Hague%20S.S.
mailto:sshaq2002%40yahoo.co.in?subject=Hague%20S.S.

Haque SS Bectuuk PYIIH. Cepus: Menununa. 2022. T. 26. Ne 4. C. 431—440

Ethics approval —not applicable.

Acknowledgements. Sincere thanks to the colleagues of the Department of biochemistry for providing information.

Consent for publication- not applicable.

Received 20.08.2022. Accepted 21.09.2022.

For citation: Haque SS. Biomarkers in the diagnosis of neurodegenerative diseases. RUDN Journal of Medicine.
2022;26(4):431—440. doi: 10.22363/2313-0245-2022-26-4-431-440

Introduction

A biomarker is an indicator molecule of a biological
as well as pathological condition or pharmacological
response to a therapeutic intervention. It can be a simple
laboratory test or as complex as a pattern of genes or
proteins. In real practical point of view, the biomarker
would specifically and sensitively reflect a disease
condition and could be used for diagnosis as well as
for disease monitoring during and following therapy.
Biomarkers with molecular approach can be divided
into 3 broad categories [1]:

1. Biomarker that track disease progression over
time and correlate with known clinical measures;

2. That detects the effect of a drug.

3. In clinical trials it behaves as surrogate endpoints.

Characteristics of a biomarker
for neurologic disorders.

1. Biomarker should be minimally invasive or non-
invasive and produces reproducible results.

2. There are thousands of biomarkers of various
diseases including neurologic disorders, but not all of
them have been validated.

3. Biomarkers in blood can provide early indicators of
disease and help in understanding the pathomechanism
of disease as well as determine prognosis.

4. Besides bestowing to diagnosis, biomarkers helps
in the integration of diagnosis with therapy and are
useful for monitoring the course of disease as well as
response to treatment.

5. Some biomarkers are potential targets for
discovering new drugs for neurologic disorders and
are useful for clinical trials during drug development.
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Historical background

Bence Jones protein in urine one of the first
biomarker used in was used in mid-19th century.
During the early 1960s the term «biomarker,» or
biochemical biomarkers started showing its presence
in the literature in connection with metabolites and
biochemical abnormalities associated with several
diseases. During the last decade of the 20th century,
discovery of biomarkers was accelerated by mass
spectrometry used for analysis of biological samples
for biomarkers, applications of proteomics for molecular
diagnostics, and disclosure of metabolomics for the
study of biomarkers. In the blood the best known protein
biomarkers are troponin (for myocardial infarction),
carcinoembryonic antigen (CEA) for different types of
cancer, aminotransferases such as ALT and AST (for
liver diseases) and the prostate-specific antigen (PSA)
for prostate cancer [2]. In year 2000 completion of
sequencing of the human genome opened the way for
discovery of gene biomarkers.

Since 2005, biomarkers play a major role in the field
of biotechnology and biopharmaceutical industries. Now
a day the term «molecular biomarkers» is commonly
used to any molecular modification of a cell on DNA,
RNA, and metabolite or protein level.

Of the thousands of biomarkers that have been
discovered, most remain to be validated. A biomarker
is valid if:

1) It can be measured in a test system with well-
established performance characteristics.

2) Evidence for its clinical significance has been
established.

Neurodegenerative diseases are mainly identified
by progressive loss of cognitive function, dementia,
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and problems with movements. It leads to the loss of
structure or function of neurons, which might also,
causes death of neurons [3—7]. Neurodegenerative
diseases, such as Alzheimer’s disease (AD), Parkinson’s
disease (PD), Amyotrophic Lateral Sclerosis (ALS);
Multiple Sclerosis (MS); Huntington’s disease (HD);
MachadoJoseph disease; Amyloid Polyneuropathy.
With extended life expectancy worldwide, neurological
disorder increases in the coming years. Nowadays,
patients are treated on the basis of symptoms, and
currently no effective known drugs are available to
reverse or stop the progression of the diseases. For
early and predictive diagnosis of neurodegenerative
diseases enormous efforts are under way [8—10].
Beta-amyloid (Af), total tau and its phosphorylated
forms (p-tau) are the firsts biochemical biomarkers of
neurodegenerative diseases measured in cerebrospinal
fluid (CSF), but, these markers are dependent upon
invasive lumbar puncture and therefore it’s a
cumbersome process for patients [11—13], so there
is a urgent need for new biomarkers in more easily
accessible body fluids such as peripheral blood. Cortisol
is the one of potential biomarker for neurodegenerative
disease and also used for stress evaluation.

Cortisol

Cortisol is a steroid hormone that is mainly
produced by the adrenal glands (cortex region), and
by a complex network of neuroendocrine cascade
(coordinated from the brain via a signaling system)
known as the hypothalamic pituitary adrenal (HPA)
axis. The HPA axis is a key player by which the brain
can exert control over physiological activity, which it
does in normal everyday activity and also in response
to stress. Cortisol crosses the blood—brain barrier
easily; owing to its lipophilic character [14]. Binding
of cortisol receptors which are present on the most of
the bodily cell to specific intracellular receptors which
affects multiple and diverse systems, ranging from
regulation of the metabolic, immune, cardiovascular and
cognitive systems [15]. This important function makes
cortisol a crucial hormone to protect overall health and
well-being. When these receptors are activated bind to
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«hormone response elements» in the DNA and regulate
the transcription of target genes [16].

Cortisol also increases blood pressure, blood
sugar levels, and has an immunosuppressive action.
Hydrocortisone (synthetic cortisol) as an antagonist
used in the treatment of allergies and inflammation as
well as substitute supplementation in cortisol production
deficiencies. Cortisol is metabolized by the 11-beta
hydroxysteroid dehydrogenase system (11-beta HSD).
Any alteration in 11-beta HSD 1 has been suggested
to play a pivotal role in the pathogenesis of obesity,
hypertension, and insulin resistance which ultimately
lead to osteoporosis, digestive problems, hormone
imbalances, cancer, heart diseases and diabetes.

Apart from cortisol, changes in the levels and
activities of neurotrophic factors have been observed,
such as brain-derived neurotrophic factor (BDNF).

Brain-Derived Neurotrophic Factor

BDNF is the a secretory protein, dimeric growth
factor present in most human tissues, including
neurons where it helps to support their survival and
encourage neuro- and synaptogenesis and it that help
to build new brain cells and it keeps your existing brain
cells strong [17]. BDNF belongs to the member of
the neurotrophin family (growth factors) along with
nerve growth factor (NGF); neurotrophins-3 (NT-3),
NT4/5 and NT-6. It is synthesized in the endoplasmic
reticulum (ER) as a 32—35 kDa precursor protein (pro
BDNF) that then moves to the Golgi apparatus and
trans-Golgi network (TGN) where pro-BDNF is sorted
by vesicles and transported into post-synaptic dendrites.
The terminal domain of pro-BDNF is cleaved by a
distinct protein convertase enzyme to form 13 kDa
biologically active mature BDNF (mBDNF) [18, 19].

BDNF is involved in the function and survival
of cholinergic neurons in the basal forebrain [20,
21]. In whole blood, serum, or plasma have reported
significantly lower BDNF levels in patients with
major depression [22—23], schizophrenia [24],
bipolar disorders [25], autism spectrum disorders
or mild cognitive impairment (MCI) [26, 27]. It has
been described in a number of other neurodegenerative

433



Haque SS Bectuuk PYIIH. Cepus: Menununa. 2022. T. 26. Ne 4. C. 431—440

disorders, including Huntington disease, Alzheimer
disease and Parkinson disease. BDNF is stored in
platelets, and their concentration in plasma and serum
may not be an accurate value because of platelet
activation and degranulation. Moreover, most of the
earlier studies have used conventional enzyme-linked
immunosorbent assays (ELISAs) for the estimation of
BDNF levels in CSF in neurodegeneration disorder and
their concentrations found below the linear range of the
assay, raising doubt as to the validity and accuracy of
the reported disease differences [28, 29]. The normal
range of mean plasma BDNF values was ~92.5 pg/ml
(8.0—927.0 pg/ml). It was higher in women, and
decreased with advancing age in both genders [30].
It is a physical reaction to the issues that confront us.
Whilst our brain continues to perceive these situations
as threats, stimulating an onslaught of biochemical
reactions inside us, we have the ability to halt it.

N-acetylaspartate

N-acetylaspartate (NAA) level is a neuronal
marker or biomarker of functional integrity and
vitality in neurons, thus its concentration correlates
with neuronal density and neuronal function [31—
33]. NAA which is synthesized from aspartate and
acetyl-coenzyme A in neurons play an important
role in biochemical features of CNS metabolism.
NAA has two primary roles, as a facilitator of
energy metabolism in neuronal mitochondria [34]
and a source of acetate for fatty acid and steroid
synthesis necessary for axonal myelination by
oligodendrocytes [35, 36]. NAA moves from
neurons to the cytoplasm of oligodendrocytes, where
apartoacylase (ASPA) cleaves the acetate moiety
for the synthesis of fatty acid and steroid and this
fatty acids and steroids acts as building blocks for
myelin lipid synthesis. The fatal leukodystrophy
Canavan disease is caused by mutation in the gene
for ASPA, for which there is currently no effective
treatment. Acetylation of l-aspartic acid leads to
the formation of NAA, which is present in optimal
concentrations (more than 10mM) in mammalian
brain and particularly in neurons. It has role in the
Neuronal osmolyte that is involved in fluid balance
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in the brain. Source of acetate for lipid and myelin
synthesis in oligodendrocytes, the glial cells those
myelinate neuronal axons.

Daily turnover of NAA is regulated through an
intercompartmental cycle involving extracellular fluids
among neurons, oligodendrocytes, and astrocytes [37].
Evidence suggests a continuous NAA efflux from
neurons to blood circulation, and in physiological
conditions, low serum NAA level relates to its rapid
glomerular filtration in the kidneys [38, 39]. A slightly
decreased NAA level in the brain is a normal part of
aging, particularly in older men [40, 41]. In contrast,
pathological decreases shows in the brain of patients
with Alzheimer disease, Parkinson disease, and
multiple sclerosis (MS) by in vivo proton (1 H)—
magnetic resonance spectroscopy or by postmortem
histopathological evidence [42—43]. Low NAA level
was found in cortical brain regions of patients with
ALS [44—A47].

Serum Amyloid P-Component

Serum Amyloid P-Component (SAP, PTX2) is a
member of the pentraxin family 25kDa homopentameric
discoid arrangement of five non-covalently bound
subunits glycoprotein first identified as the pentagonal
constituent of in vivo pathological deposits called
«amyloid» similar to C-reactive protein (PTX1), it
is secreted by the liver and a found in plasma at a
concentration of approximately 31 mg/L [48]. SAP is
a highly conserved an acute phase protein molecule and
it is a precursor of amyloid component P which is found
in basement membrane and associated with amyloid
deposits that may play an important role in innate
immunity modulates immunologic responses, inhibits
elastase, in human SAP and CRP share 66 % homology
and the gene for SAP is located on chromosome number
1. One of the unique properties of SAP that it binds both
to amyloid plaques and to tau tangles, stabilizing and
protecting them against the body’s normal clearance
mechanism for abnormal protein deposits. The structure
of SAP (and CRP) pentamers is a flat disk with a hole in
the middle [49, 50], containing two Ca"" atoms bound
to it, and the pentamer thus has 10 Ca*™ atoms on one
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side of the disk. Ca™ helps in the binding of a variety
of molecules including apoptotic debris, bacterial
polysaccharides, amyloid deposits, and bacterial
toxins [51, 52]. Phagocytic cells such as monocytes
and macrophages then bind the SAP, CRP and engulf the
debris or other material the pentraxin has bound [53].
Further very interesting results provides a research of
amyloid precursor protein (APP).

Beta Amyloid

Beta Amyloid is a peptide of 36—43 amino acids
produced by - and y-secretases of APP. In normal
physiological condition, more than 90 % of A3 is in
the form of AB,, which is soluble while less than 5 % is
generated as the longer form of AB,, which is insoluble;
it appears to be the main constituent of amyloid plaques
in the brains of Alzheimer’s disease patients. The
most important isoforms are Af3-40 and A[3-42; the
smaller form is produced by cleavage that takes place
in the endoplasmic reticulum, while the longer form is
produced by cleavage in the trans-Golgi network. A-42
is the more fibrillogenic and therefore associated with
disease states and thought to be especially toxic. Af
aggregation is considered to be the primary reason for
the neurotoxicity in the classic view, and Af} oligomers
are the most neurotoxic form [54].

Beta-amyloid is a small piece of a larger protein
called «amyloid precursor protein» primarily present
in central nervous system, but it is also expressed in
peripheral tissues such as in circulating cells is a type
1 membrane glycoprotein that plays an important
role in biological activities, including neuronal
development, signaling, intracellular transport, and
other aspects of neuronal homeostasis. APP consists of
a single membrane-spanning domain, an extracellular
glycosylated N-terminus is long and a shorter
cytoplasmic C-terminus. It is one of three members
of a larger gene family in humans that protein clump
together to form plaques in the Alzheimer’s brain that
collect between neurons and disrupt cell function. The
APP isoforms can be detected in platelets membrane.
The intact 150 kDa weight APP is divided into two
forms after platelet activation [55]. The ratio of forms
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with molecular weight 120—130 kDa and of 110 kDa
weight are called «platelet APP isoform ratio,» and
in AD and mild cognitive impairment (MCI) its ratio
decreases not in other dementias [56, 57]. The next
candidate biomarker is galanine.

Galanin

Galanin is a 29- or 30-amino acid neuroendocrine
peptide, isolated in 1983 Tatemoto with collegues [58],
found in both the central and peripheral nervous systems
and shows a number of physiological effects, acting
mainly as an inhibitory, hyper-polarizing neuromodulator
by Merchenthaler et al (1993) [59]. The sequence of
amino acid in galanin is highly conserved (almost
90 % among species), indicating the importance of the
molecule, it has its N-terminal glycine and its C-terminal
alanine. The N-terminal end of galanin is crucial for
its biological activity and the first 15 amino acids are
conserved in all species (the tuna fish being the exception;
[60]). The C-terminus is believed to primarily serve as a
protector against proteolytic attacks [61, 62]. Galanin has
number of important biological role in the body, such as
regulation of food intake, metabolism and reproduction,
regulation of neurotransmitter and hormone release,
nociception, intestinal contraction and secretion, and in
nervous system it response to injury. This type of action is
controlled by several galanin receptor subtypes.GALR1,
GALR 2, and GALR 3; they are mostly expressed in
gastric and intestinal smooth muscle cells, in the pancreas,
and in the CNS [63]. In the CNS, galanin release several
neurotransmitters. The ability of galanin to inhibit
acetylcholine release together with the observation of
hyper innervation of galanin fibers in the Alzheimer’s
disease patients suggests a possible role for galanin in
this disorder. Galanin is an inhibitory, hyperpolarizing
neuropeptide that inhibits neurotransmitter release. The
galanin receptor is often co-localized with classical
neurotransmitters such as acetylcholine, dopamine,
serotonin and norepinephrine and also with other
neuromodulators such as Vasoactive Intestinal Peptide,
Neuropeptide Y and Substance P. Besides proteins,
microRNAs (miRNAs) have also demonstrated their
potential as non-invasive biomarkers from blood and
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serum for a wide variety of human pathologies [64].
In many disease states altered expression of miRNA,
including neurodegeneration, and increasing relevance
of miRNAs in biofluids in different pathologies has
prompted the study of their possible application as
neurodegenerative diseases biomarkers aim to identify
new therapeutic targets.

Circulating miRNAs as biomarkers of nervous
system diseases

During evolutionary process miRNAs remain
conserved, and their expression may be constitutive or
spatially and temporally regulated. Increasing efforts to
identify the specific targets of miRINAs lead to speculate
that miRNAs can regulate more than of human genes.
Specific miRNA subsets were expressed in specific brain
area and in neuronal and glial cell subtypes [65]. In the
transcriptional networks of the human brain miRNAs
play important roles, and in many pathological conditions
changes in brain-specific miRNA expression occurs,
depression and epilepsy among them. Recently, several
groups have proposed the use of microRNAs (miRNAs)
circulating in plasma or serum for ND detection [66—67].
miRNAs are small molecules (~22 nucleotides) that
play important roles in gene regulation by binding to
complementary regions of messenger transcripts and
repressing their translation or regulating their degradation
[68, 69]. Sequence complementarity analysis shows an
individual miRNA can regulate more than 100 messenger
RNAs (mRNAs), and an mRNA thus behaves as potential
biomarkers for multiple cellular processes. Over 2000
miRINAs have been discovered in human cells to date, and
many of these miRNAs are specific to or overexpressed
in certain organs, tissues, and cells [70—87]. Some
miRNAs, including those that are cell-specific, can be
enriched in particular cellular compartments, such as
neurites and synapses [88—94]. miRNAs can be secreted
or excreted into the extracellular space [95—98] and are
detectable in plasma and serum [99].

Conclusion

In the serum and plasma circulating miRNAs
reveal stability and are able to cross the blood-brain
barrier, thus provide great potential as non-invasive and
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quantitative biomarkers. To register the full importance
of miRNA biomarkers for nervous system diseases,
tools are required for the routine analysis of miRNAs
from clinical samples.

In the coming years, the need of blood based new
biomarker to support the diagnosis of different brain
disorders and to help detect progression and response
to therapies.
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Buomapkepbl B UarHoCTUKe HelipoaereHepaTUBHbIX 3a60neBaHuM

C.C. Xak =~ X

VHCTUTYT MeJULIMHCKUX HayK uMeHU VIHaupel lanay, e. Ilamua, buxap, MHOus
< sshaq2002@yahoo.co.in

AnHoTanusa. BromMapkeps! nipe/CTaBIsIOT OO0 MOEKYIIBI, SIB/ISIOLIMECS WHAUKaTOpaMy OUOIOrHUeCKUX COCTOSTHUH.
B uzieane OHU JO/DKHBI MMETb BBICOKYIO UYBCTBUTE/BHOCTb, CIIelU(UIHOCTb U TOUHOCTh B OTPa’keHUH 001[ero OpeMeHH
6one3Hu. B 0630pe 06cykzaeTcs TeKylllee COCTOsIHHE OMOMapKepOB, UCIIO/b3yeMbIX TIPH HEBPOJIOTUYeCKUX PacCTPOHCTBAX.
HelipogereHepatuBHble 3a00/ieBaHMs TIPEJCTAB/ISIOT COO0H reTeporeHHy0 IpymITy 3ab0/ieBaHNH, XapaKTepU3YIOIUXCs TIPO-
rpeccHupyrolel IoTepei CTPYKTyphl M QYHKIMY I[[eHTPaJbHOM HePBHOW CHCTeMbl W/ Mepudepryeckoil HepBHOW CHCTEMBI.
B 0630pe 06cyXar0Tcsi OCHOBHBIE OMOMapKepbl, KOTOPbIE UMEIOT MPOrHOCTUUECKYHO LIeHHOCTb /ISl OTIMCAHHUS K/TMHUUeCKOH
3THOJIOTYH, TATOGU3UOJIOTHY U CTpaTervii BMelIaTebCTB. TOUHOCTE U HaZIeXKHOCTb SIBJISTIOTCSL OJHAM U3 Ba)KHBIX TPeOOBaHUN
K xopolieMy Oviomapkepy. B pe3ysbTaTe aHamu3a UTepaTypHBIX JaHHBIX BBISBIEHO, UTO OeTa-aMUION I, oOIIuii Tay 6esioK U
ero (ocdopunpoBaHHbie GOPMBI SBISOTCS MEPBHIMUA OMOXMMHUUECKUMU OMOMapKepamMu Helpo/iereHepaTUBHbIX 3a00/1eBaHuMH,
M3MepsieMBbIMU B CITMTHHOMO3TOBOH KU/IKOCTH, HO BBISIBJIEHHE 3THX MapKepOB BO3MOKHO C MIOMOLLbIO MHBa3UBHOH JTIOMOATbHOM
MYHKLWH, U SBJIsIeTCsl 0OpeMeHHTeTbHBIM TIPOLieccoM /1S areHToB. Cpeay pa3iuuHbIX OMoMapKepoB HelpoyiereHepaTHBHBIX
3abosieBaHui, ocoboe BHUMaHuUe yzesnseTcs MUKpPOPHK. MukpoPHK — BakHble 6riOMapKepbI ITpU MHOTHX 00/1e3HeHHBIX
COCTOSIHUSIX, BKJTIOUasi Helpo/iereHepaTUBHbIE PaCCTPOMCTBA, SB/ISIOTCS MHOTO00EA0MMMI KaHAUJATaMH, KOTOPbIe MOTYT
TIPUBECTH K BBISIBJIEHHIO HOBBIX TepareBTHUeCKUX MUlLlleHed. BeiBozibl. BoMapKepbl HEBPOIOTHUYECKUX 3a00/1eBaHHI MPUCYTCTBYIOT
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B OINTHMAa/IbHOM KOJTMUECTBe B CIIMHHOMO3TOBOU JKUAKOCTH, HO TaK)Ke MTPUCYTCTBYIOT B KDOBU B HEOOJTBIIINX KOJTMUECTBAX.
ITonyueHHbIe JaHHbIE BBISIB/SIIOT IPOTHOCTUUECKYHO LIEHHOCTb MOJIEKY/ISIPHOM JUarHOCTUKU HelpojereHepaTUBHbIX PACCTPOMCTB
¥ HeobX0AUMOCTh 60J1ee IMPOKOro ee UCII0/Ih30BaHMUs.

KroueBblie ¢j1i0Ba: OrioMapKephl, HelpoereHeparusi, aMuaoun, Tay 6emok
HNudopmanys o puHancupoBanuu. ABTOP He 1Mo/ydasn GUHAHCOBOH MOAIEPIKKHU /ISl UCCIe0BAHUS U TTyO/IMKALIAK CTAThH.
Bxkiag apropos. C.I11. Xak — KOHIIeNLIMs UCC/IeJOBaHus, COOP JJAaHHBIX M HallMCaHHe PYKOITHUCH.
HMudopmanus 0 KOHQIUKTEe HHTEPeCcoB. ABTOD 3asiB/IsIeT, UTO He NMeeT HUKAKUX CBs3el WM yuyacThsi B KaKOW-11b0 opra-
HU3alMK WK OPraHu3aliy C Kakoi-m1bo (hMHAHCOBOM 3aMHTEPECOBAHHOCTRIO B MpeIMETe WM MaTeprasiax, 00CyK/jaeMbIxX
B 9TOM PYKOITHCH.
JTUUecKoe yTBep)KAeHue — HelIPUMEeHUMO.
BiiaropapHocTu. VickpeHHsist 6/1arojapHOCTb COTPYAHUKaM Kadepbl OMOXMMHUM 3a TPejoCTaB/IeHHY0 UH(HOPMALHIO.
HNudopMupoBaHHoe cOriacue Ha my0THKAIMI0 — HEITPUMEHKMO.
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Association between maximal aerobic capacity

and heart rate variability
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RUHS College of medical sciences, Jaipur, Rajasthan, India
< sainiravi414@gmail.com

Abstract. Relevance. Cardiovascular status could be assessed by maximal aerobic capacity (VO,max) through direct analysis
of the gases involved in pulmonary ventilation and monitoring fluctuations in intervals between beats over time as heart rate
variability. The aim of the study was to investigate the relationship between VO,max and heart rate variability in young adults.
Materials and Methods. A total of 100 young adults between the ages of 18 and 25 were included in observational study, who
did not engage in any strenuous physical activity, 50 of whom were male and 50 of whom were female.There were measured
Heart rate variability in the frequency domain; LF, HF, LF/HF, and time domain; SDNN, RMSSD, pNN 50, and VO, max were
assessed using a treadmill test according to Graded Exercise Protocol. Results and Discussion. There was weak positive correlation
of VO,max with LF (r=0.177) and weak negative correlation with HF (r= —0.141). Male participants had a weak negative
relationship between ,, max and LF (r=-0.075), whereas female respondents had a weak positive relationship(r =0.286). There
was weak negative correlation of VO, max with LF/HF ratio for male subjects but weak positive correlation (r=-0.101) for
female subjects. For male and female participants, there was a weak negative association of VO,max with SDNN (r=-0.170)
and (r=—0.301), respectively. Male and female participants had a weak negative association of VO, max with RMSSD, with
(r=-0.154) and (r= —0.284) respectively. Male and female participants had a slight negative association of VO, max with pNN 50,
with (r=-0.062) and (r=—0.441) respectively. Conclusion. Significant variations were found in the time domain and frequency
domain indices including HF and LE/HF ratio which represents the balance between sympathetic and parasympathetic responses.

Key words: frequency domain, graded exercise protocol, heart rate variability, time domain, VO,max
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Introduction

Cardio-respiratory fitness (CRF), also known
as maximal aerobic capacity (VO,max) refers to the
maximum rate at which the body can take in and
utilize oxygen during exercise or the capacity of
cardiovascular and respiratory systems to exercise
for a longer duration [1]. To assess fitness levels
and monitor intervention effects, VO,max, serve as
a standard for determining cardiorespiratory fitness,
as well as understanding the process of exercise
tolerance and performance [2]. The body must boost
its delivery and usage of oxygen to fuel the working
muscles to do physical work or exercise [3]. VO,
max can be determined using direct and indirect
approaches. The most common are walking/running
tests, followed by cycling and step tests [4]. By using
direct method VO,max can directly be measured by
analyzing the gases involved in ventilation during
exercise but indirect techniques assess a person’s aerobic
capacity based on their heart rate, distance traveled, and/
or time of trial while utilizing a specific protocol [5].

Measuring heart rate variability (HRV) to
quantify cardiac autonomic activity can provide
sensitive, quantitative, and non-invasive assessment
and prognostic information in clinical populations [6].
HRYV is typically calculated using the intervals
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between the observed QRS-reference points, also
known as the R-R intervals. Because heart rate and
variability are time series phenomena, time series
analytic techniques may be applied. HR variability
can be measured using both time and frequency
domain parameters. When it comes to frequency-
domain measurements HRV may be separated into
its component ULF, VLF, LF, and HF rhythms [7].
Circadian rhythms might be the major driving force
behind the ULF band. Very low-frequency powers
are strongly correlated with the SDNN time-domain
measure. The original LF/HF ratio was predicated on
the fact that both PNS and SNS activity contributes to
LF power, whereas PNS activity contributes largely
to HF power. The goal was to calculate the ratio
of SNS to PNS activity [8]. LF band region was
originally known as the baroreceptor range because
it mostly reflects baroreceptor activity while resting
[9]. The HF band also known as the respiratory band
represents parasympathetic activity associated to
the HR fluctuations during breathing [10]. The
pNN 50 and RMSSD time-domain measurements are
substantially linked with high-frequency power [11].

A review of the literature highlighted limited
evidence for the relationship between maximal aerobic
capacity and heart rate variability, and more research
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into the full range of HRV parameters is required, as
most of the study focussed on heart rate itself [12].
In previous studies to measure maximal aerobic
capacity, the indirect method was used more due to
its simpler, faster, and safer approach [13]. Despite the
complexity associated with the direct method, still, the
gas analyzer measures VO,max more accurately and
reliably [14]. Hence, this study was designed to find
the relationship between maximal aerobic capacity and
HRV by the direct method of a gas analyzer and a wide
range of parameters in both the time and frequency
domain for HRV.

Materials and methods

This observational study was done at the research
laboratory of the department of physiology at the RUHS
College of Medical Sciences in Jaipur, Rajasthan, from
December 2020 to May 2021. Prior to starting the
study institutional ethical committee clearance (EC/
P-31/2020) was taken. After ensuring an appropriate
description of the process to be followed during the
study, all participants provided their informed consent.
By convenience sampling, 100 healthy young adults
were recruited in total for the study by the method of
convenience sampling.

A total of 100 young adults between the ages of
18 and 25 were included who did not engage in any
strenuous physical activity, 50 of whom were male and
50 of whom were female.

Subjects with a recent hospitalization history,
smokers, alcoholics, people with high blood pressure,
diabetes, psychological disorders, cardiac diseases,
people associated with respiratory diseases like
asthma, COPD, pneumothorax, and infections of the
respiratory tract, people associated with musculoskeletal
diseases, and person who takes medications which
impacts cardiovascular system were all excluded from
participating.

All participants’ basic demographic data, such
as height, weight, gender, and age, were collected.
Before the exercise stress test, subjects were allowed
to lie down for 5 minutes in the supine position
on a couch. ECG leads were connected from the
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subject to the bio amp (using the leads provided
in the bio-Amp connected to hardware). The basal
lying down the heart rate of the subject was noted.
The standard deviation of all RR intervals (SDRR),
a measure of overall HRV, root mean square of
consecutive RR interval differences (RMSSD), a
measure of parasympathetic activity, and pNN 50, a
measure of HRV in the time domain, are the variables
employed in the analysis [15]. Additionally, HRV was
evaluated in the frequency domain by calculating
high-frequency power (HF 0.15—0.40 Hz),
which represents parasympathetic modulation,
low-frequency power (LF 0.04—0.15 Hz), which
represents sympathetic modulation, and LF/HF, which
determines the equilibrium between sympathetic and
parasympathetic nervous system activity [16].

All individuals were told to fast the night before
the test and stop working out for 48 hours. For the
previous 24 hours, they were asked to refrain from
drinking alcohol, smoking, or taking caffeine. After
arriving in the lab, subjects were advised to relax for
around 30 minutes before being made to wear a mask
that enabled only them to breathe in and out. With the
aid of a connecting pipe and a gas mixing chamber,
the mask was linked to the gas analyzer. The subjects
were told to reach their maximum capacity while the
treadmill speed and intensity were increased gradually
according to the Graded exercise protocol, which
includes a warm-up at 0 % elevation for 3 minutes, and
then the subject was told to walk at a speed (between
4.3 and 7.5 mph) of self-selected, for 3 minutes at
the same incline. The treadmill inclination was then
increased by 2.5 % every minute with a constant self-
selected speed until the subject reached a heart rate
(HR) of approx. 180 beats per minute or became too
fatigued to terminate the exercise [17]. A monitor
screen is connected to the equipment used during the
procedure, and every 10 seconds it updates the volume
of oxygen (VO,).

Statistical analysis.The study’s findings are reported
as mean + S.D. VO, max and HRV data were compared
using a student t-test. SPSS version 16.0 (Chicago, Inc.,
USA) was used for the analysis, with a significance
level of p-value set at 0.05.
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Results and discussion

This observational study was conducted in the
department of physiology, RUHS College of medical
sciences, Jaipur on 100 apparently healthy students (50
male and 50 female) of 18—25 years of age who were
recruited by convenience sampling.

Mean age of 21.03 +2. 5 years, a height of
1.6 + 0.08 m, a weight of 59.66+11.15 kg, a BMI
of 22.08 £ 3, 75kg/m? was found for total subjects.
Statistically, a significant difference was found between

the height of males and females having a mean height of
1.69 £ 0.06 m, and 1.58 + 0.06 m respectively. Similarly,
a statistically significant difference was found between
the weight having a mean of 62.52+9.52 kg and
56.80+ 11.6 kg for male and female subjects respectively
mentioned in table 1.

Table 2 represents distribution of total subjects
according to GPAQ, VO, max. Mean+S.D. of GPAQ
Score was 1588.6 £ 747.10 MET per week, while
mean+S.D. of VO, max was 41.58 £9.02 mL/kg/min.

Table 1
Distribution of 50 male and 50 female subjects according to demographic parameters
N2 Parameters Male Subjects Female Subjects p-value
(n= 50) (n=50)
mean +S.D. mean +S.D
1. Age (years) 20.82+2.46 21.2+2.43 0.219
2. Height (m) 1.69+0.06 1.58+£0.06 0.00001
3. Weight (kg) 62.52£9.52 56.80+11.64 0.004
4. BMI (kg/m?) 21.57 £3.06 22.59+43 0.870
Note: the result is significant at p < 0.05.
Table 2
Distribution of total subjects according to GPAQ, VO, max
Ne Parameters Total Subjects (n = 100)
mean +S.D.
1. GPAQ score (MET per week) 1588.61747.10
2. VO, max (mL/kg/min) 41.5849.02

Note: GPAQ — global physical activity questionnnaire, VO,max — maximum oxygen consumption.

Table 3 represents the distribution of GPAQ score
and VO2max. statistically, a significant difference
was there for GPAQ Score having Mean £ S.D.
1754+820.93 (MET) and 1347.4+577.10 (MET) for
male and female subjects respectively, which was found
to be. Similarly, a statistically significant difference
was found for maximal aerobic capacity having
Mean+S.D. of VO, max 45.69+8.57 mL/kg/min and
37.47+7.50 mL/kg/min for male and female subjects
respectively.
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Table 4 represents the distribution of different Heart
Rate Variability parameters in 50 male and 50 female
subjects. LF: mean+S.D. of LF was 55.54+21.49 nu for
male subjects and 45.92+18.75 nu for female subjects.
HF: mean+S.D. of HF was 40.70+19.37 nu for male
subjects and 49.68+17.59 nu for female subjects. LE/HF:
mean+S.D. of LF/HF was 2.20+2.15 for male subjects
and 1.24+1.04 for female subjects. SDNN: mean+S.D.
of SDNN was 60.95+39.23 ms for male subjects
and 62.63+40.78 ms for female subjects. RMSSD:
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mean +S.D. of RMSSD was 56.22+55.06 ms for male
subjects and 62.05+59.19 ms for female subjects.
pNN50: mean+S.D. of pNN 50 was 16.08+18.81 %
for male subjects and 20.03+ 17 % for female subjects.

LF: low frequency, HF: high frequency, SDNN:
standard deviation of all NN intervals, RMSSD: square
root of the root mean square of sum of all differences
between NN intervals, pNN 50: percentage of successive
intervals that differ by more than 50ms.

Table 5 represents correlation of maximal aerobic
capacity (VO,max) with heart rate variability. There
was weak positive correlation (r =0.177) of VO,
max with LF and the association was not statistically

significant. There was weak negative correlation
(r =-0.141) of VO, max with HF and the association
was not statistically significant. There was weak positive
correlation (r =0.135) of VO, max with LF/HF ratio and
the association was not statistically significant. There
was weak negative correlation (r = —0.215) of VO,
max with SDNN and the association was statistically
significant. There was weak negative correlation of
VO, max with RMSSD (r =-0.215) and the association
was statistically significant. There was weak negative
correlation of VO, max with pNN 50 (r = -0.253) and
the association was statistically significant.

Table 3
Distribution of 50 male and 50 female subjects according to GPAQ, VO,max
N2 Parameters Male Subjects Female Subjects p-value
(n=50) (n=50)
mean + S.D. mean+S.D.
1. GPAQ score (MET) 1754 £ 820.93 1347.4+577.10 0.002
2. VO,max (mL/kg/min) 45.69 +8.57 37.47+7.50 0.00001

Note: GPAQ: global physical activity questionnnaire, VO, max: maximum oxygen consumption; the result is significant at p< 0.05

Distribution of male and female subjects according to Heart Rate Variability parameters (LF, HF, LF/HF, SDNN, RMSSD, pNN 50)Table ‘
N2 HRV parameters Male Subjects Female Subjects p — value
(n=50) (n=50)
Mean + S.D Mean = S.D.
LF (nu) 55.54+21.49 45.92+18.75 0.009
HF (nu) 40.70£19.37 49.68+17.59 0.010
LF/HF 2.20+2.15 1.24+1.04 0.002
SDNN (ms) 60.95+39.23 62.63+40.78 0.417
RMSSD (ms) 56.22+55.06 62.05+£59.19 0.305
pNN 50 (%) 16.08+18.81 20.03+17 0.136

PHYSIOLOGY

Note: The result is significant at p < 0.05.
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Table 5

Correlation of VO, max with heart rate variability parameters in total subjects

N2 VO, max with Heart rate variability parameters Total subjects (n = 100)
r- value p- value

1. VO, max and LF (nu) 0.177 0.078
2. VO, max and HF (nu) -0.141 0.161
3. VO, max and LF/HF 0.135 0.180
4. VO, max and SDNN (ms) -0.215 0.031
5. VO, max and RMSSD (ms) -0.215 0.031
6. VO, max and pNN 50 (%) -0.253 0.011

Note: The result is significant at p < 0.05.

VO, max: maximum oxygen consumption, LF:
low frequency, HF: high frequency, SDNN: standard
deviation of all NN intervals, RMSSD: square root of
the root mean square of sum of all differences between
NN intervals, pNN 50: percentage of successive intervals
that differ by more than 50ms. Table 6 represents
correlation of maximal aerobic capacity (VO,max)
with heart rate variability in male and female subjects.

The present observational study was done to assess
the correlation of maximal aerobic capacity (VO,max)
with HRV (Heart rate variability) in young adults.
This study was done at the research laboratory of the
department of Physiology, RUHS College of medical
sciences, Jaipur. 100 medical students between the ages

of 18 and 25 who were evaluated as part of the study
included 50 male and 50 female students.

In the present study, higher values of maximal
aerobic capacity (VO,max) was found in males than
females which were similar to the findings of a study
conducted by Loe H. et al [18]. Muscle is the main
consumer of oxygen during physical activity. Men have
more muscle mass than women, which contributes to
their greater absolute VO, max. These differences are
due to central oxygen supply restrictions caused by
low cardiac output value as a result of small amount of
stroke volumes and lower capacity of oxygen transport.
Because of low hemoglobin levels, capacity for oxygen
transport in women is decreased [19].

Correlation of VO, max with heart rate variability parameters in male and female subjects Table 6
Ne Vo, _rna?(_with Heart rate Male (n = 50) Female (n = 50)
variability parameters
r-value p- value r-value p-value
1. VO, max and LF (nu) -0.075 0.604 0.286 0.044
2 VO, max and HF (nu) 0.128 0.373 -0.245 0.086
3 VO, max and LF/HF -0.101 0.485 0.272 0.056
4. VO, max and SDNN (ms) -0.170 0.237 -0.301 0.033
5 VO, max and rMSSD (ms) -0.154 0.285 -0.284 0.045
6. VO, max and pNN 50 (%) -0.062 0.668 -0.441 0.001

Note: The result is significant at p < 0.05.
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In this present study, heart rate variability was
assessed for the frequency domain and time domain.
In the case of the frequency domain, the mean LF value
was higher in males than in females, which is similar
to other several studies done by Sammito et al [20],
and Dantas et al [21] who believed that sympathetic
responses are higher in males than females. Mean
HF was higher in females than males, which shows a
higher parasympathetic response in females than males.
Additionally, for both genders, there were significant
gender differences for the normalized frequency
domain indices and for the LF/HF ratio which describe
the balance between the two arms (sympathetic and
parasympathetic) of the cardiac autonomic control
system as observed by Grant et al [22].

In the present study, heart rate variability was also
assessed in the time domain in which mean SDNN
which represents autonomic balance was higher for
females than males. It is the standard deviation of the
NN interval (SDNN), i.e. the square root of variance.
SDNN reflects all the cyclic components responsible
for variability in the period of recording. Mean RMSSD
and mean pNN 50 for females were higher than for male
subjects. RMSSD and pNN 50 reflect parasympathetic
responses in the time domain, demonstrating that
female subjects exhibited a stronger parasympathetic
response than male subjects. In our study mean values
for time domain parameters for SDNN, RMSSD and
pNN 50 were found to be higher than the similar studies
conducted by Grossman P. et al, Voss A. et al [23, 24].
According to a study by Geovanini et al, male subject
mean RMSSD was lower, but their mean pNN 50 for
males was similar to the present study [25].

In the present study, maximal aerobic capacity
(VO,max) was correlated with heart rate variability
parameters. There was weak positive correlation
of VO, max with LF (r=0.177) and weak negative
correlation with HF (r= -0.141). In the study
conducted by Yamamoto et al there was a higher HF
and lower LF component after physical exercise,
which shows endurance-trained subjects have
stronger parasympathetic activity than their untrained
counterparts after mild and moderate exercise [26].

PHYSIOLOGY

Male participants had a weak negative relationship
between VO, max and LF (r=-0.075), whereas female
respondents had a weak positive relationship between
VO, max and LF (r =0.286). This could be because LF
power has a parasympathetic component in addition to
being a sign of sympathetic impact. There was weak
positive correlation of VO, max with HF (r =0.128) for
male subjects but weak negative correlation of VO, max
with HF (r=-0.245) for female subjects. This may be
due to the effect of higher physical activity for males
than females There was weak negative correlation
of VO, max with LF/HF ratio for male subjects but
weak positive correlation of VO, max with LE/HF ratio
(r=-0.101) for female subjects. The balance between
the sympathetic and parasympathetic branches of the
ANS that LE/HF depicts may be the cause of this. These
HRYV findings are consistent with research Gilder et
al [27], which shows that consistent exercise (greater
VO, max) benefits the resting ANS by reducing the
sympathetic effect on the heart and boosting the
parasympathetic influence.

For male and female participants, there was a
weak negative association of VO,max with SDNN
(r=-0.170) and (r=-0.301), respectively. Male and
female participants had a weak negative association of
VO, max with RMSSD, with (r=-0.154) and (r=-0.284)
respectively. Male and female participants had a slight
negative association of VO, max with pNN 50, with
(r=-0.062) and (r=—0.441) respectively. Nakamura et
al in their study observed that PNS activity withdrawal
occurs primarily up to a moderate level of exercise.
Whereas SNS activity predominates during moderate to
heavy exercise [28]. In our study VO, max represented
moderate to severe level of exercise so SNS dominance
was seen in HRV parameters.

Limitations

Small sample size and only a healthy young adult
population were included in the study. More research
into the wide range of HRV parameters, various exercise
protocols, and other physiological parameters including
VO,max in MET, REE, and tidal volume, may be
needed.
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Conclusion

By the assessment of heart rate variability,
significant variations were found in the frequency
domain indices including HF and LF/HF ratio which
represents the balance between sympathetic and
parasympathetic responses but in the case of time
domain indices, sympathetic responses were found
more in males and parasympathetic responses were
more in females. There was a weak positive correlation
between VO, max and heart rate variability measures
in the frequency domain of study participants, namely
LF and LF/HF, but a weak negative correlation between
VO,max and HF. A weak negative correlation was
seen between VO, max and the time domain heart rate
variability parameters SDNN, RMSSD, and pNN 50.
Research on a large population with a wider range of
age of people is advised for the validity of results.
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CefA3b MeXAy MaKCUMaJZibHON a3pPO6HOMN CNOCOBHOCTbIO
M BapuabenbHOCTbIO CepAEeYHOro purma

P. Llanumn “ =, C. Kakep, P.Tynta “, A. Pao

RUHS Konnemk MeAUIIMHCKUX HayK, 2. [Jcatinyp, PadxcacmxaH, UHOus
< sainiravi414@gmail.com

AnHoTanuaA. AkmyaabHocmb. CepAeqHO-COCYAUCTBIN CTaTyC MOXXHO OLIeHUTB 110 MaKCUMaJTbHOM a3pobHoi emkoctr (VO’max)
MyTeM TPSIMOrO aHa/I|3a ra30B, YYaCTBYIOIUX B JIETOYHOW BEHTWISLUM U HaOJTIOeHUs 3a KoJieOaHUSIMU MHTEPBaIOB MeXY
COKpAIlleHUSIMU BO BpeMeHU Kak BapHabe/lbHOCTBIO Cep/leuyHoro putMa. Llenbto ncciiejoBaHust ObLIO U3yueHre B3auMOCBSI31
mexay VO,max v Bapuabe/lbHOCTBIO Cep/IeYHOro PUTMa y MOJIOABIX /iofei. Mamepuasnbi u memoodbl. B o6cepBaljoHHOe
uccenoBaHue 66110 BKIFOueHo 100 Mo/obIX JTkfiel B Bo3pacTe OT 18 /10 25 JieT, KOTOpbie He 3aHUMa/MCh KaKOH-TH00 TsHKenon
(bu3MUeCKoH /1eATeNTbHOCTBIO, 50 13 KOTOPBIX ObLTM MY>KUMHaMK U 50 JKeHIIMHaMU. VI3Mepsiiack BaprabenbHOCTb CepIeqHOro pUTMa
B uacToTHOM obnactu; HU, BU, HY/BY u BpemenHast obnactb; SDNN, RMSSD, pNN 50 u VO, max OleHUBa/U C MOMOLIIBIO TECTa
Ha GeroBoii J0poKKe B COOTBETCTBUH C IPOTOKOJIOM MTO3TAIHBIX YIIPaKHEHUH. Pe3yabmanibl u 06cyxcoenue. OTMeueHa ciiabast
nofioxkuTe/bHas Koppensauus VO, max ¢ LF (r=0,177) u cnabas orpuiare/bHas koppessuus ¢ HF (r=-0,141). Y yyacTHUKOB
MY>KCKOTO To/1a Ob1a cnabast oTpuLiatebHas cesisb Mexxay VO, max u LF (r=-0,075), Torga KaK y pecrioH/IeHTOB KeHCKOro
nosia Geia cnabas nonoxurenpHas ceashb (r=0,286). OrpuaresnbHas koppessnus VO, max ¢ cootHomenvem LE/HF 6bina
c1aboii y My>KUmH 1 €/1aboii osiokuTensHoN Koppessiuel (r=—0,101) y >xeHIuH. [I/1s y4aCTHUKOB MY»KCKOTO U KEHCKOTO T10/1a
Habmozanace cnabas orpuiarebHas ceasb VO, max ¢ SDNN (r=-0,170) u (r=-0,301) COOTBETCTBEHHO. Y UaCTHMKH MYKCKOTO
1 JKeHCKOTO T10/1a MMeJIu c/1abyro oTpuLiaTe/ibHyto cBask VO, max ¢ RMSSD, ¢ (r=-0,154) u (r= —0,284) coOTBeTCTBEHHO.
Y y4aCTHHKOB My)KCKOI'O M JKEHCKOTO Io/1a Oblia HeGobIliasi oTpuLiaTe/ibHast cBsisb VO, max ¢ pNN50 ¢ (r=-0,062) u (r=-0,441)
COOTBETCTBEHHO. Bbig0od. 3HaunTe/IbHBIe BapHaLliy ObUTH 0OHApY>KeHbI BO BpeMEeHHO!H 1 YaCTOTHOM obnactsix, Bkitodass HF
u otHoweHue LF/HF, kotopoe npezicTaBnsier coboii 6amaHC MeXy CUMIaTideCKUMH Y ITapacHMITaTHYeCKUMU OTBETaMU.

KitroueBble €/10Ba: YaCTOTHAs 00/1aCTh, MO3TANHBINA MPOTOKO YIPaXKHEeHHI, BApHabeTbHOCTh CepAeYHOTO PUTMA, BpeMeHHast
obnacte, VO, max

HNudopmanus o puHaHCHPOBAHUH. ABTODBI He MOJyYaau GUHAHCOBOM MOJ/EPXKKH [/ UCC/Ie/IOBAHMSsI, HATUCAHUS U TTyO/Iu-
KAl TOM CTaThHU.

Bkiap aBropoB. Papu IllaiiHu — 0030p MTepaTyphl, HalMCaHWe TEKCTa, CTaTUCTHYecKass 00paboTKa JaHHbIX; Aaromun
Pao —cbop 1 obpaboTka marepuano; Cyaxaniny Kakep, Perry I'yrnita— KoHLIETILMS U AW3aliH UCCIef0BaHus. Bce aBTOPBI
BHECJ/IM 3HAUMTe/IBHBIA BK/1a/| B pa3paboTKy KOHLIEMLUH, UCCIe0BaHMS U TTOATOTOBKY PYKOITUCH, TIPOYMTAH U YTBEPANUIA

OKOHUaTe/IbHYI0 BePCHIO Tiepes] myOmMKaLyen.

HNudopmanys 0 KOHGIMKTe HHTEPecoB. ABTOPHI OOBSBI/IN, UTO HET HUKAKUX KOH(IMKTOB HHTEPECOB.
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AcneKkTbl reTeporeHHOCTU MMOKapAaa
B OLleHKe ero pemoagenunposaHus

E.H. Mununa' —, E.E. Ctenypa? >

"KpbiMckuii dhesepanbHblil yHuBepcuTeT uMeHu B.U. BepHajckoro, e. Cumgeponons, Poccutickas ®edepayus
2 MOCKOBCKH#t TOPO/ICKO# TieZlarorniueCcKuii yHUBepcUuTeT, MTHCTUTYT eCTeCTBO3HAHUS M CIIOPTUBHBIX TEXHOIOTHH,
2. Mockea, Poccutickas ®edepayus
> chimik89@mail.ru

AnHoTanms. BrysiHue CIIOPTHUBHOM [ieATe/IbHOCTH Ha CepiedHO-COCY/IUCTYIO CUCTEMY COITPOBOXKZAeTCs (PU3HMO0JI0THUeCKOoi
ajianTaryel opranusmMa. MIHTeHCHBHBIe (pri3HuecKre Harpy3Ky, HAMHOTO TTPEBbIIIAIOIIe BO3MOKHOCTH OPTaHM3Ma, MOT'YT ITPHUBO-
[WTb K CTPYKTYPHBIM U3MeHeHHsIM WU PeMO/ie/TMPOBaHUI0 MUOKapZa crioptcMeHa. O630p MOCBSIIeH U3yUeHHI0 FeTeporeHHOCTH
MHOKap/ia ¥ Halle/leH Ha TIpHB/iedeHre BHUMaHWs Bpaueii, Hu31onoros, 6M0Ioros, UcciiefoBareseii M pa3paboTUMKOB POrpaMm
KoMITbIoTepHOTo aHann3a OKI' K MpOrHoCTHYecKy 3HAYMMBbIM IT0Ka3aresasiM. OCHOBBIBasICh HA MeXaHU3Max 3/1eKTpHueCKON
reTepOreHHOCTH MHOKap/a JKeTyZouKoB, B 0030pe pacCMOTPEeHBI pe3y/bTaThl KTMHUYE CKUX UCC/IeJOBaHUM POCCHMCKUX 1
3apy0eKHBIX CrienamicToB. OOCY>KAAFOTCS BEICOKHE MPOTHOCTHYECKHe BO3MOXKHOCTH MOKa3aresied Mo BBISIBJIEHUIO (aTabHbIX
Y He (aTabHBIX CepJieuHO-COCYAUCTHIX COOBITHIA 1 BHE3arHOW cepzieuHol cMepTy. OBHApY»KeHO, UTO CKOPOCTHBIE TT0Ka3are/n
3/IeKTPHUUeCKOM aKTUBHOCTH CepALa SIBJISIIOTCS Harbosiee paHHUM MapKepoM HapylIeHUi Cep/ieqHOr0 PUTMa M TIPOBOJMMOCTH.
@akTOpHI PUCKA — apTepyabHas TUIepTeH3us, KypeHue, rIepxo/iecTepruHeMust U M30BITOYHAs Macca Tejla — aCCOLUUPYIOTCS
CO CHIDKEHMEM CKODOCTHBIX ITOKa3aresied 3/IeKTpUYeCcKOM akTUBHOCTH CepAlia ¥ yBelMYeHneM reTeporeHHOCTH MHUOKap/a.
I[TpuBe/ieHHBIe IaHHBIE TIO3BOJISIOT C/e/aTh BLIBOJ, UTO 3/IeKTPHUeCKasi TeTepOreHHOCTh MUOKAap/a SIBJISeTCs MPOrHOCTHYeCKU
3HAYMMBIM TOKa3aresieM I10 BBISBJIEHHIO (paTanbHBIX U He (aTalbHBIX CepledHO-COCYIUCTBIX COOBITHIH, ITMPOKO 00CYKAaeTcst
B 3apy0e’KHOM JTuTeparype, HO He UCIOMb3YIOTCS 0TeYeCTBEHHBIMY CITeLMaTUCTaMH.

KiroueBble c/10Ba: cep/iie, reTeporeHHOCTh MUOKAap/a, JIeBBIH JKeTyZouek, peMofielipoBaHue cepALia

Hudopmanus o hpuHAHCUPOBaHUH. ABTOPEHI 3asiB/ISIIOT 06 OTCYTCTBHUM BHELTHEro (pUHAHCHPOBAHHSI.

Bku1aj; aBTOpOB. Bce aBTOPEI BHEC/TH CYIIleCTBeHHBIN BK/Ia/| B pa3paboTKy KOHLIEMLIUH, TIPOBe/IeHNe CC/Ie/[0BaHUS U TIOATOTOBKY
CTaTby, TIPOWIN U 0[00pH/IN (GHHATBHYIO BEePCHIO Tiepes My O/mKarye.

Hudopmanys 0 KOHGIHMKTe HHTEPecoB. ABTOPHI 3as1B/isieT 00 OTCYyTCTBUY KOH(/IMKTa UHTEPECOB.

© MunuHa E.H., Crenypa E.E., 2022
This work is licensed under a Creative Commons Attribution 4.0 International License
https://creativecommons.org/licenses/by-nc/4.0/legalcode
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JTHYecKoe yTBep)KAeHNe — HelIpYMeHNMO.

HudopmupoBaHHoe coryiacue Ha My0/IMKAME) — HETPUMEHHUMO.
BarogapHoCcTH — HeNPUMEHNMO.

HudopmupoBanHoe coryiacue Ha My0/IMKALME0 — HEPUMEHHUMO.
IMoctynuna 04.10.2022. TIpunsra 14.11.2022.

Jis nutupoBanus: MuHuHa E.H., Cmenypa E.E. AcCrieKTbl TeTepOreHHOCTY MUOKap/a B OLIeHKe ero peMOZe/IMpoBaHus //
BecTHuk Poccuiickoro yHuBepcuTeTa Apy>KObl HapoaoB. Cepust: MeguniyHa. 2022. T. 26. Ne 4. C. 451—460. doi: 10.22363/2313-
0245-2022-26-4-451-460

Aspects of myocardial heterogeneity in assessment its remodeling

Elena N. Minina' ', Evgeny E. Stepura? >

!Crimean Federal University named after V.I. Vernadsky, Simferopol Russian Federation
“Moscow City Pedagogical University, Institute of Natural Science and Sports Technologies, Moscow, Russian Federation
P> chimik89@mail.ru

Abstract. The influence of sports activity on the cardiovascular system is accompanied by physiological adaptation of the
organism. Intense physical activity, far exceeding the body’s capabilities, can lead to structural changes or remodeling of the
athlete’s myocardium. The review is devoted to the study of myocardial heterogeneity and is aimed at attracting attention of
physicians, physiologists, biologists, researchers and developers of ECG computer analysis programs to prognostically significant
indicators. Based on the mechanisms of electrical heterogeneity of the ventricular myocardium, the review considers the results
of clinical studies by Russian and foreign specialists. The high predictive capabilities of indicators for the detection of fatal and
non-fatal cardiovascular events and sudden cardiac death are discussed. It was found that the speed indicators of the electrical
activity of the heart are the earliest marker of cardiac arrhythmias and conduction disorders. Risk factors - arterial hypertension,
smoking, hypercholesterolemia and overweight — are associated with a decrease in the rate of electrical activity of the heart
and an increase in myocardial heterogeneity. The data presented allow us to conclude that myocardial electrical heterogeneity
is a prognostically significant indicator for the detection of fatal and non-fatal cardiovascular events; it is widely discussed in
foreign literature, but is not used by domestic specialists.

Key words: heart, myocardial heterogeneity, left ventricle, cardiac remodeling
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BeepeHue

DyHKIIMOHUPOBaHUe MUOKap/ia, KaK OfiHa U3 3aKO-
HOMEPHOCTe} OpraHu3aliy Cep/ieuHoN 1esTeTbHOCTH,
BK/TFOUAeT B Ce0sl pa3/IMuHble CTPYKTYPHbBIE 3/IEMEHTHI,
Kak I10 CBOel NIPUPO/e, TaK U MPOUCXOXK/EHUIO.

Bo3pelicTBre Harpy3o4yHbixX ()aKTOPOB BHEIITHeH
Y BHYTPEHHeH CpeJibl pa3/IMUHON NPHUPOAbLI COMTPOBO-
KIJAFOTCST KOMITEHCATOPHBIM Kap[UOreMOAHAMUUe CKUM
pearvpoBaHveM. Harpymep, MHTeHCUBHBIN TPEHHUPO-
BOUYHBIN MpOL[eCC MPUBOUT B TIpOLiecce ajjanTalun
K (hU3nUeCcKou U MCUX0IMOITMOHA/TbLHOW Harpy3Ke
K CTPYKTYDHBIM U3MeHEHUsIM UJTH peMO/ie/TMPOBaHUI0
MHOKap/a CrIOpTCMeHa.

st 0603HaueHus1 CTPYKTYPHBIX M3MeHeHHH cep/iiia
N. Sharp B koniie 70-x rT. [1] BBes1 TepMUH «peMo/ie-
JIMpOBaHUe cep/iLia», UTO MPOSIB/ISETCS B YBeJTMUeHUN
€ro Macchbl, U3MeHeHUM TeOMeTpUUeCKHX MoKa3are-
JIeH, a B pe3y/ibTaTe U3MeHeHU TPaHCMeMOPaHHOTO
MoTeHLMana. B K1MHUYecKoW MpakTHKe BCTPeYaeTcst
CUTYaLVs1, KOTIa peMo/ie/TMpOBaHre MHUOKap/ja 00yC/IoB-
JIeHO CJIOKHOW KOMOMHaLMel pa3/nyHbIX (haKTOpOB,
Harpumep, vilieMuel, HapylleHUsIMU reMOIMHaMUKH,
a TakKe yBeJIMUeHUEeM YPOBHEel TOPMOHOB M Ba30aK-
THUBHBIX TIENTHU/IOB B IJlTa3Me KPOBHU.

OCHOBHOU CTPYKTYPHOU eIUHUIIeN CepAeuHoMn
TIOTIePeUHO-TI0/I0CAaTON MbILLIEYHOM TKaHU SIB/ISIeTCS
MHOLIMT, KOTOPbIY B MPOLIeCCe BAUSHUS pa3/IUuHbIX
(hakTOpPOB MOXKET «peMo/ie/TMpPoBaTh». B M3MeHeHUH
CTPYKTYPHBIX 0cOOeHHOCTel cepZilia MOYKHO Bbljie-
JIUTH CJIeJIyIOle KOMIIOHEeHThbI, KOTOPbIe Mo/IBep>KeHbl
peMo/ieTMpoBaHN0 — (hHUOp0O/IaCThI, KOPOHAPHBIE
COCY/ibl, THTePCTULINI U KoJulareH. B ocHoBe marodu-
3M0/IOTMYEeCKMX U3MEeHEHU peMo/ieNTMpOBaHus cepiLia
MOTYT OBbITh PAa3/TMUHBIE STUOIOTHUECKHE (aKTOPHI,
TaK)Ke MOXKET TIPOUCXOAUTh N3MEHEeHUe CTPYKTYPbl

PHYSIOLOGY

KapIMOMHOLIUTOB; MOKeT HabJto1aThCs BOCIa/ieHe
Y pe30pOLus HEKPOTHUUECKOUW TKaHH; TUTIePTPOGUs
KJIETOK Cep/leYHOM MBIITIIeYHOW TKaHM; arioriTo3 Kap-
JTAOMHOLIATOB [2, 3].

PemopenupoBanre Mruokap/a npu GusndeCcKux
Harpyskax.

[Tpu MHTEHCHBHBIX (U3MUECKUX Harpy3Kax MOXeT
TaK>Ke HabJTI0/IaThCsl PEMO/Ie/TUPOBAaHUE CEP/IeUHOTO
COCTOSTHMSI, KOTOPbIe B HaCTOsIIlee BpeMsi aKTUBHO
M3yuaroTcs. Y CIIOPTCMEeHOB Ha (poHe pusnuecKux
Harpy3oK HaOJIFOAaeTcst POCT aflaNTaliOHHBIX Pe3ePBOB
OpraHu3ma, UTo NMPUBOJUT K CTPeCcC-UHAYLIMPOBaH-
HBIMU TTIOBPEXXAeHUSIMU MUOKap/ia. J1si «ClIopTUB-
HOTO Cep/illa» HeOOXOAUMO YUUTHIBATh CIEIL[UMUKY
Harpy30K y TIpe/ICTaBUTe el pa3/TMUHbIX CITIOPTUBHBIX
rpymn [4—8].

Bo BpeMsi uHTeHCUBHBIX (DU3UUYECKHUX HATPY-
30K TIPOMCXOAUT afanTauus K ncuxopusnueCKUM
Harpy3kam, HaOmojatoTcst U3MeHeHUs QyHKITAN
cepAra u 0cobeHHOCTel ero peMozie/TMPOBaHUs, UTO
JIEXKUT B OCHOBe 00pa3oBaHus (PYHKIMOHATLHOMU
a/lanTalMOHHOM CUCTeMbl OpraHu3Ma U TPpUBOAUT
K (hOpMUPOBAHHIO B3aUMOOTHOIIIEHUSI HEPBHBIX
LIeHTPOB, FTOPMOHAJ/IbHbIX, BereTaTUBHbBIX U UCITOJ-
HUTEbHBIX OPraHoB [I7Is peIlieHysl aJjalTUBHBIX 3a/a4
BO BpeMsi TDEHUPOBOK U copeBHOBaHuM [9—11].
[MTosyueHHBIN pe3ynbTaT BO BPeMsi TDEHUPOBOK MOJKET
JUX0TOMHYECKU BETBUTLCS, C OJHOM CTOPOHBI MOXKET
pa3BUBaThCS HYHKIIMOHATLHO-TIPUCTIOCOOUTE/TEHBIE
W3MeHEeHUs, a C IPYTOi CTOPOHBI MOTYT HaOTHOAATHCS
CAIBUTH B CTOPOHY T1aTO/IOTHYeCKUX U3MeHeHul. [1pu
ONITUMAaJ/IbHOM BbIOOpEe TPEHUPOBOUHBIX Harpy30K
MO>KHO TIPUBECTH K Oa/laHCy MeXKy CTPYKTYPHBIMHU
HM3MeHEeHUSIMU K/1eTOK KapJHOMUOLIMTOB U UX SHEP-
roobecrneueHuem.

453



Mununa E.H., Cmenypa E.E. Bectuuk PYJTH. Cepusa: Megunnuna. 2022. T. 26. Ne 4. C. 451—460

[Tarosoruueckrie U3MEHEHHs! «CTIOPTUBHOTO Cep/iLia»
MOTyT HaO/TIOIATHCS B M3MEHeHe CTPYKTYPbI CKOPOCTHOTO
TpaHCMeMOpPaHHOTO TTOTeHLIMAaa K/IeTOK KapA¥OMHOLIY-
TOB. B pe3ysnbrate MoykeT HaOMOIATHCS EKTPOPHU3HUOIIO-
TAUecKoe peMojie/TMpoBaHKe, KOTOpOe BK/TIOUaeT B cebst
HEeCKOJTbKO 3TaroB [12]. Ha mepBom 3Tarte HabmoaeTcst
M3MeHeHHe CKOPOCTHBIX 0COOeHHOCTeH 3/1eKTprueCKoi
aktuBHOCTH cep/iia (DAC), a Takyke COOTHOIIIEHHE
Jlenofsipu3alyy 1 pernossipusanuu. Ha Bropom stare
HaO/TroaeTcst MpY MHTeHCUBHBIX (DM3MUeCKUX Harpy3Kax
CTPYKTYpHble M3MeHeHUs1 MUOKapzia. Ha TpeTbem sTare
Pa3BUBaeTCsI AeKTPUUeCKast HeCTaOMIbHOCTh MUOKap/ia
1 HaO/TIOZaeTCsl CHIDKEHYe TPaHCMeMOPaHHOTO TTOTeHL Y-
asia rnokosi Kapauomuorura [13—16].

B npakTuke B 3aBUCUMOCTH OT TPEHUPOBOYHbBIX
TPOL[eCCOB U HAarpy30K HaOMOAA0TCs pa3IuyHbIe
(bopmbl runeprpodry MUOKap/a, Takve Kak D u L.
B kaxzo#i popme runeprpoduu Muokapza Habito-
JlaroTcst CBoM usnonornyeckue ocobeHHoctu. [Ipu
D-runeprpoduui 3a CUeT yTOMIeHUsI CTPYKTYPbI MbI-
IIeYHBIX BOJIOKOH Hab/roiaeTcst pocT HU3H0I0rHuecKo-
ro TorepeyHrKa cepala. [lanHbii BUJ TUnepTpodun
MO>KHO BCTPETUTh y CIIOPTCMEHOB, KOTOpPble TPEHUPY-
I0TCS Ha BBIHOC/IMBOCTG [17, 18]. A L-runeprpodus
Habsrof1aeTcs y CrIOpTCMEHOB, KOTOphIe 3aHUMAIOTCS
alMK/IMue CKUMU BUIaMU CTIOPTa, Y HUX OTMeYaeTCs
yBesiueHre 00beMOB T0/IOCTel cep/lia U Y/TMHeHHbIe
MbIITIeUHbIe BOJIOKHA [4, 19, 20]. Takum obpa3om, Korja
TIPOMCXOJUT MepeHarnpskKeHre MbILLIeUHOM paboThl,
He COOTBETCTBYHOLee (PYHKLMOHA/IbHBIM pe3epBam
Y TIOAATOTOB/IEHHOCTU CITIOPTCMEHOB, TO Pa3BUBAIOTCS
TPOLIeCChI TTePeTPEHUPOBAHHOCTH U MepeHarnpspKeHUs,
B pe3yJibTaTe MOT'yT Hab/Io/jaThCs Kak Mpe/naToiori-
YyecKue, TaK Y MaTo/0ruuecKre COCTOSTHUSI MUOKap/a.
B pesynbrare pemojiennpoBaHue J1€BOTO Kely0u-
Ka (JDK) nmpoucxoauT 1o HeaAarnTUBHOMY THUITY, UTO
TIPUBOJUT K HapyLLeHUIO ero QyHKLUNA U U3MEeHeHUIO
reoMeTpUYeCKUX rapameTpoB [21—26].

TakuM o0Opa3omM, B/IUsIHHE CTIOPTUBHOM JiesiTenb-
HOCTH Ha Cep/leyHO-COCYAUCTYIO CUCTeMY He BCerja
COMNPOBOX/AeTCs (PU3MOOTMUeCcKol afianTarueii opra-
HHU3Ma U TIOBBIIIIeHHeM paboTocriocobHocTH [4, 24, 27].
I1pu amiTenpHBIX HU3MUECKUX HAarpy3Kax HabmrofaeTcst
Mop¢odyHKLIMOHATEHOE peMOo/ie/IMpOBaHKe cepALa
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¢ runepTpodueit Muokapza v rurepdyHKLrel 1eBoro
>Kenymouka [6, 9—11, 28—30].

[1pu sTOM pemozenvpoBaHre MUOKap/ia JieBOTO
JKesTy/louka TIPU3HaeTCst Kak HeoOXoAnMOoe yCI0BHe
ajlanTaluu cepAla crioprcmena. OgHaKo XOTs OHa
Y TIpe/iCTaB/sieT OO0l (GU3NOIOTUeCKYHO TTPUCITOCO-
OUTe/IbHYIO pPeaKLMI0 Ha rUIepQyHKIUIO, OHA SIB/ISIeTCS
TepexoHbIM 3TaroOM K Pa3BUTHUIO MAaTOI0TUUeCKOM
runepTpoduu. B TpeHUPOBOUHBIM TI€PUO/, TIPU yBe-
JIMYEHUU [10/11 BbICOKOMHTEHCUBHBIX Harpy30K Iepe
COPeBHOBAHHUSIMU 1 JJTUTe/TLHOM rUrepyHKIMU cep/iia,
YMCJIEHHOCTh CIIOPTCMEHOB C Ha/IMYMEeM HapylleHun
OKT'-ripu3HaKoB yBeMunBaroTCs. B HacToslLee Bpemst
BBIJIEJISIIOT C/IeyIOLLie OCHOBHbIE ()aKTOPbI U3MEHEHHsT
OKI' uu npu cucTeMaTUueCKUX 3aHATHUAX CIIOPTOM,
[31—35]:

1. TlpeBanupoBaHue B peryisiLuu rapacyumia-
TUYECKOTO OT/le/1a ¥ JTaOU/TbHBINA TOHYC BereTaTUBHON
HEPBHOU CUCTEMBI;

2. DneKkTpo(r3r0I0ruYeCcKoe peMozieTMPOBaHuUE;

3. MopdodyHKiLIMOHa/IEHOE peMo/ie/IipOBaHue.

BrIiieonvicaHHble IPOLIeCChl OTHOCAT K (U3UOIO0-
rUYeCcKUM HM3MEeHEeHHUsIM CIIOPTUBHOTO cepAia. Takoe
pemMozieTMpOBaHUe He UMeeT OTHOLLIEHUS K MaTo/I0ry-
YyeCKUM MoJuUKaLMsiM B MUOKap/ie, CBONCTBEHHbIM
HeKOTOpbIM 3aboneBanusiM [36—38]. EBpometickoe
0011]eCTBO KapAr0J0TOB C(hDOPMUPOBA/IO KPUTEPUU
nokazaresieit KT, knaccuduiupytoiye afieKBaTHYIO
3/1eKTPUUECKYHO0 U CTPYKTYPHO-(DYHKIIMOHAIBHYIO Tiepe-
CTPOWKY Ccep/iLia B MpoLiecce perynsipHbIX (prU3nueCcKux
yIpa>KHEHUH U TaToJIoTUUeCcKre U3MeHeHusl, He CBsi-
3aHHbIe C (PU3NUECKOU aKTUBHOCTBIO U (PU3HO0JIOTHYe-
CKOM ajjarnitalieii K pa3IMyHbIM BHUJaM CIIOPTUBHBIX
Harpys3okK.

Mapkepbl reTeporeHHOCT MUOKapaa

B nporjecce nmaTosioruueckux W3MeHeHUM Mpu
pa3BUTHU 3a00/IeBaHUIM TaK ke MPOUCXOAAT S7IeKTPO-
¢usronornueckue ¥ Mopdosiornueckue fedopMariyu.
Agropsl I'II1. Mankumas, J.I. Bosikosa u C.1O. Jle-
BalllOB paCCMaTpUBalOT PeMO/e/IMpoBaHue MUOKap-
[la Y My>KUMH, CTPaJaroliuX OCTPbIM KOPOHaPHBIM
CHMH/JPOMOM, M OTMeYaloT, UTO paHHUMH MapKepamu

OUBNONOT A



Minina EN, Stepura EE. RUDN Journal of Medicine. 2022;26(4):451—460

HapylleHUs ¥ IPOBOAVYMOCTU CepAeYHOro PUTMa,
SIBJISIFOTCS TTI0Ka3aTesy 3/1eKTPUUeCKOM aKTUBHOCTH
cepaua [39]. Miccnepyemas TpyTina My»KCKOTO Tio/ia
(C oCTpPBIM KOPOHAPHBIM CHH/[POMOM) CPaBHMBAJIaCh
C KOHTPOJIbHOM T'PYIIIOH, pe3y/bTaThl [T0Ka3aad Heos-
HOPOJHOCTb CKOPOCTH aKTUBALIMU JIEBOTO JKeJTyZI0UKa,
YTO XapaKTepusyeT reTepOreHHOCTb MUOKapza. Takxke
OTMEYaeTCs], UTO Ha yBeJMYeHHe aKTUBHOCTU reTepo-
TeHHOCTH MHOKap/ja MOTYT BIUATh Takue (aKkTophbl,
KaK KypeHue, MOBbIIIeHHbI MH/EKC MacChl TeJjla U ap-
TepuasibHasi TUIepTeH3Hs.

[Hpyras rpymrma asropos B.B. bekesuH, A.A. My-
paeeeB, I1.B. Benory6os, B.I. Py3os, A.B. ®posios,
T.I'. Baiixanckasi [40—42] oTMeuatoT CBsI3b MOpdo-
(yHKI[MOHa/IbHBIX U3MeHeHUl peMo/ie/IMpOBaHus
JIEBOTO KeTylouKa C MapKepaMu reTepOreHHOCTH MHO-
Kapza. OHM 0TMeYaroT, yTo GUOPUIIALVS TIpeACepAHii
BbIpakeHa Ha ()OHe CTPYKTYPHO-(PYHKLIMOHA/IbHBIX
M3MeHeHHUI MUOKap/a, Hab/roaeTcsi TUIepTpodus
JIEBOTO >KeyZl0uKa, a TakKXKe 3JIeMEeHThI Ju/aTalun
Kak IpeJicepui, TaK U XKeJIyl0uKOB, UTO [10Ka3bIBaeT
BbID@&KEHHOCTb T'eTePOreHHOCTH.

Agtopsl pabort I1.B. Benory6os, B./. Py3o08,
A.3. TomboykaroBa, FO.B. Porosckas, I"A. MypoBiie-
Ba, B.B. KoHcTanTHHOB [44—46] poBoW/Iv aHaU3
JKeJTyfoukoBoro komriekca QT Ha 3mekTpokapzuo-
rpaMMe Y >KeHILUH C apTepUabHOM rrIlepTeH3nen
Yy 3/10POBBIX JIeBYLIEK. Y TPYIIbl «TUI1€PTOHMUYECKast
0os1e3HB C TsDKEOM >KemyoukoBoi apurmueit (TXKA)»
Habsmopanock Haubonee yacto Ha DKI' yamHeHHO-
ro QTc, 1o cpaBHeHHIO C FPYMIION «TUMIepPTOHUYeCcKast
Oo7e3Hb C KeTyA0YKOBOM FKcTpacucTonon (PKO) HI3KuX
rpajanuii», y 300pOBbIX AeByllek yaauHeHHbId QTc
orcyTcTBoBasl. TakuM 06pa3oM, aHaIM3 JKemyI04KOBOTO
komruiekca QT B pasHbIX uUCC/elyeMbIX IpyInax JoKa-
3bIBaeT MPOrHOCTUUECKYHO LeHHOCTh DKI'-MapkepoB
JKesTyl04KOBOM apUTMHUU [pY apTepuabHOU rUrep-
TeH3ur — noBbiiieHre 3HaueHuit dQT u QTc y xeH-
LVH C TUIepTeH31el CBSI3aHO C pa3BUTHEM TsDKesIbIX
JKeJTy[0UKOBBIX apuTMuil (2KA), CBUIeTeNbCTBYIOLUX
0 reTepOreHHOCTH MUOKAap/a, YTO MOXKeT IIPUBeCTH
K Pa3/IMUHbIM NaTOJI0TMYeCKUM OTK/IOHEHUSIM, TaKUM
KaK M3MeHeHHUs] PUTMa JKeTyZouKa U Bo30yxKeHre
BOKDYT (JIaObIX yUaCTKOB.

PHYSIOLOGY

Agtopsl E.FO. Ecuna, A.A. 3yiikoBa, ['.I". iBaHOB,
E.IO. bepcenes, B.E. [Isopuurkos, B.B. Kpanzbruesa,
M.B. Crpenkosa, K.B. lymuxun, C.H. Xapuu [47—49]
rokasbiBatoT, uto uHTepBaa QT u ero gucriepcus (QTd),
COCTaBJISIFOLIME 3/IeKTPUUECKYHO CUCTOJTY, U3MEHSIFOTCS
COOTBETCTBEHHO (DYHKI[MOHATLHOMY COCTOSTHUIO MU-
okappa. B pe3synbrare npoBe/leHHbIX UCC/Ie0BaHUM,
nipu aHammze DKI' ormeudatorcs casuru QT u QTd,
KOTOpbIe YXy/AIIat0T 3/IeKTPOreHe3 MUOKapa B CBSI3U
C aBapyKHOM rurnep@yHKIMel MpaBoro »Keayouka,
HIIeMUUeCKOM reTeporeHHOCTBH0 MUOKap/a Mpy vlle-
Muueckoit 6one3nn ceppiia (MBC). Takum obpasom,
pa3paboTaHHBIA CUCTOI0-JUACTO/INUECKUN UH/IEKC
JOTIO/THSIeT NMPOrHOCTUYECKOe 3HAYEeHUE JJTUTEeNbHOCTH
3/1eKTPHUYeCKOM CUCTOJBI U ee ivcriiepcud. B couetanuu
C JPYrYMHY BOJTHOBBIMU XapakTeprcTtrkamu DKI' cucro-
JIO-AVACTONMYEeCKUM UHEKC MO3BOJIsieT AUHAMUUE CKU
OLIeHUThb (PYHKLIMOHA/IbHOE COCTOSIHME MHOKap/a.

Astopsl FO.A. bapmenkoBa, E.B. /lymuHa,
M.B. JlykbsiHoBa, B.A. l'anumckas [50] orjeHnBanu
B/IMsIHUE Teparuy CTaTUHaMU Ha IMHAMKMKY TTapaMeTpOB
reTepOreHHOCTH Y O0/IbHBIX MH(APKTOM MUOKapa
u otMedyeHHBbIM Ha JKI' nogremom S-T. B pe3ynbrare
TIPOBe/IeHHbIX MCC/IeJOBaHU BbIsIB/IeHa O1aronpusiT-
Hasi JHaMUKa ToKa3aTesel Mo3gHUX MOTeHLMa/loB
xenynoukoB QRSf, 3adukcrporano ykopouerune QTe
B nepuof cHa U QTc B AHeBHbIe Uackl, a TakKXe Ha-
6mroganock ymenblitieHre QTa u sdATa Houbro. Takum
00pa3oM, JOCTHKeHHe 11e/IeBbIX 3HAUeHHH JIUTTIOTIPOTe-
WHOB HU3KOU TVIOTHOCTH O/1arONpUsiTHO CKa3bIBAeTCs
Ha CTaOM/IH3aruy 371eKTPOPU3N0IOrHUeCKUX TPOLeC-
COB, MPOTEKAIOIIMX B MUOKap/e, O UeM CBU/IETE/TLCTBYET
CHYDKEHMe YaCTOThI PerdCTpaLiu MO3HKX MOTeHLIMalIoB
JKeJIyI0UKOB, YKOPOUeHHe TTeproja pernoJisipu3atun
B [MOPa>KEHHOM MUOKap/e.

bl poBejieHbl KITMHUYECKUe UCC/1e0BaHUs
aBropamu FO.A. bapmenkosoili, E.B. [JymuHoH,
A.A. Opemkunoit, B.3. OneiinukoBeiv, E.B. TyiimHow,
FO.A. T'ycekoBoi, JI.M. CansimoBoii [51, 52] Ha natiyieH-
Tax, C OATBEPKEHHBIM OCTPbIM MH(AaPKTOM MHUOKapZa
u otMeueHHbIM Ha DKI' nogsemom S-T. Mccnienyemblie
ObLTM pPaHIOMHBIM METO/IOM TeHepaliy pa3zeseHbl
Ha /iBe TPyMIibl: 1-asg rpyrina nosjyyasa aTopBacTaTvH
B f03e 20 Mr B CyTKH, a BTOpas rpymnria noayvasna
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aTopBacTaTvH B 03e 80 mr/cytku. OO1iast Iposio-
>KUTETBHOCTD JIEUeHUs1 COCTaBu/Ia 24 Hefenu. Takum
obpa3om, Ha oHe BBICOKOZI030BOM CTAaTUHOTeparun
y nanueHToB co ST B TeueHHe 24 HeJellb OTMEYaeTCs
TIOJIOKUTe/IbHAs JUHAMUKa HEKOTOPbIX ITapaMeTpoB
3/IeKTPUYeCKON HeCTabM/IbHOCTH MUOKapAaA.

B skcnepumMenTasibHbIX yeaoBUsax B.C. Ky3sb-
muH u JI.B. Po3zenmTpayx [53] ucciemnoBanu posib
MHOKapZa B (hopMypoBaHWY (GUOPHIIISALIMY TIpecepAri
y pa3nMuuHbIX 1a00paTOPHBIX KUBOTHBIX, B pe3y/bTa-
Te HabJrojamch aHaTOMUYUe CK1e, THCTOJIOTHYeCKUe
Y 371eKTPO(H3U0IOTYeCKUEe Pa3/INums 3TOM CTPYKTYPBI.
B cBoux uccies0BaHUAX aBTOPBI UCIIOIb30BaIA MEeTO/,
OMNTHUYECKOT0 KapTUPOBaHUsI U UCC/Ie0BaIA XPOHOTOIIO-
rpacduro Bo30yKJeHHsI B MUOKAp/e JIeTOYHBIX BEH KPBIC.
ABTOpBI OTMEYalOT, UTO NpeCcepAHbIA MUOKap/, ¥ MHUO-
Kap/i JIErOYHbIX BeH KPbIChI He3HAYNTe/TbHO pa3/inyaeTcst
TI0 TaKUM MapameTpam, KaK BpeMsi aKkTUBaLIMH, CKOPOCTh
TpOBe/ieHust BO30Y>KeHHsI. ABTOPBI TIPe/TIONAaratoT, uTo
MIPUUMHON 0/I0KOB MPOBeAeHNst BO30Y KeHUs SIB/ISIETCST
TUCTOJIOTMYeCKasi TeTepOreHHOCTb, a TAKKe OTMedaeTCst
BBICOKOE MeXXK/IeTOUHOW COTIPOTUB/IEHHE B MUOKap/e
JIETOYHBIX BeH.

Astopnl C.B. CaBuenko, I.B. Teepmoxe0,
JI.B. IlInak, J. He, G. Tse, V.I. Popadyuk, D.A. Shvec
u S.V. Povetkin [54—59] usyuanu v3meHeHus SHAOTe-
JIMOLIMTOB KPOBEHOCHBIX COCYZI0B MUOKap/a. Mcrosns-
30Ba/Ii ayTONCUMHBIN MaTepyaa OCTPOU KOPOHApHOM
HeZI0CTaTOYHOCTH MPY HIIeMUYeCKOM NTOBPeXXeHUN
cep/ilia B CIyvasix CKOPOTIOCTIXKHOU cMepTr. O6Ha-
PY’KEHO, UTO HEKOTOpble K/IeTKH MbIILIeYHOU TKaH!
HaXOJW/IWCh B COCTOSTHUU (pparMeHTaL[H, a TaKxkKe
Ha0/TIOA/TMCh TIOBPEXKIeHHbBIE KaDAMOMHUOLUTHI 38 CUeT
YCUJIEeHHOM aHU30TPONuU. B HEKOTOPBIX yyacTKax
Habmogancs MuoLuTou3. IIpu rucrosoruueckom
aHa/iM3e CepJeYHOM MBIIIEUHON TKaHH, BbISIBIEHBI
oYaru reTeporeHHOCTH, XapaKTepHOH 11 KODOHapHOM
HeZI0CTaTOYHOCTH.

BbiBOAbI

Takum 00pa3oM, 3/1eKTprdecKasi HeCTabUIBHOCTh
Ha ¢oHe runeptpoduK MHOKap/ja, BO3HUKAFOIL[ast 13-3a
HeYTIOPSIIOUeHHOTO pacripe/ie/ieHrsi MUOLIUTOB, (hrOpo3-
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HbIX U3MEHEeHUM 1 HerOMOI'eHHOCTH I1pOLiecca pernosisi-
pH3aLK, NPOSBJISETCS KJIMHUUeCKUMH HapyLIeHUsIMU
pUTMa U IIPOrHOCTUYECKY XapaKTepu3yeTCsl pas/IMuHON
CTerneHbIO prcKa 3aboseBaHuii. OCHOBBIBasICh Ha Me-
XaHMU3Max 3/1eKTpUYeCKOM reTeporeHHOCTH MUOKapza
JKeJTy/I0UKOB, PaCCMOTpeHb! Harbo/iee BeposITHbIE I10Ka3a-
Term IKIT, oTpakarorye 3TOT rpotecc. B kmHnueckrux
WCC/e[JOBAHUSX [T0KA3aHbl BEICOKHE ITPOrHOCTHYECKHEe
BO3MOYKHOCTH 3TUX TT0Ka3aresieli 110 BbIIB/IEHUIO (haTab-
HBIX U HepaTa/bHBIX CePAEeUHO-COCYIUCTBIX COOBITHI
Y BHe3arHoi cepzieuHoii cMepty. OGHapyKeHo, UuTo
CKOPOCTHBIE [T0Ka3aTe/ly 3/IeKTPUUeCKO aKTHBHOCTH
cepZLa SB/ISIFOTCSL Haubosee paHHUM MapKepoM Hapy-
LIIeHWI CepZleuHOro puTMa U MpOBOAUMOCTH.
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