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Pestome. BeedeHue. [cuxnyeckine paccTponcTBa, CBs3aHHble ¢ NocneacTBUSIMU CTPECCOPOB, NPeacTaBnaT coboi
cepbesHyto Npobnemy Ans 3gpaBooxpaHeHns. HelnpocTepouabl, B TOM YiCHe NporecTepoH 1 ero metabonut anno-
NPErHaHosOH, UrpatoT BaxHYH PoOIib B PEryNALMM SMOLMI U CTPECCOBbIX peakLiui, YTO NO3BONSET NPeAnONoXUTb
NX TepaneBTUYECKMI NOTEHLMaN B KOPPEKLMM NOCTCTPECCOBbIX TPEBOXHbIX U AeNPECCUBHbIX pacCTPOUCTB. Lenbto
AaHHOTO MccrneaoBaHns Bbino n3yyeHne CcTpecc-npOTEKTOPHOro AeCTBUS NPOrecTepoHa B KMBOTHOW MOAENN
NoCTTpaBMaTUYECKOro CTpeccoBoro pacctponcTaa (MTCP), BbI3aBaHHOrO BO3AENCTBMEM XULHKKA. Mamepuanbi
u memodbl. COpOK KpbIC-CamLOB Oblin cryYanHbiM 06pa3oM pa3aeneHbl Ha YeTbipe rpynmbl: KOHTPOSb, CTPECC
OT XWLHMKA, CTPECC OT XWLLHWKa + NPOrecTepoH 1 CTPECC OT XWLLHMKA + CyNbnupua (QHTUNCMXOTKK). MoBeaeHne
KMBOTHbIX TECTUPOBANOCH B 6aTapee noBegeHYeCKUX TECTOB C UCMONb30BAHNEM «MPUNOAHATOrO KpecToobpasHoro
nabupuHTay, TecTa «OTKpPbITOE NOne» M TecTa Ha NPUHYANTENbHOE NnaBaHue. Pe3ynbmambl nokasanu, YTo BBe-
[EHWe NporecTepoHa 3Ha4NTENbHO CHUXANO TPEBOXHOCTb U AENPECCUBHO-NOA0OHOE NOBEAEHNE MO CPABHEHNIO C
rpynnon NepEeXMBLUMX CTPECC NPEABABIEHUS XMLLHKKA. XXMBOTHbIE, NOMyYaBLUKNE NPOrecTepoH, AEMOHCTPUPOBau
MOBbILLIEHHY0 TOKOMOLMIO M UCCRefoBaTeNbCKOe NOBEAEHNE B TECTE «OTKPbITOE noney, bonbluee BpeMS HaXOKAeHUs
B OTKPbITbIX PyKax B «NPUNOAHATOM KpecToobpa3HoM nabupnHTe» 1 yMeHbLUEHWE BPEMEHN HEMOABWKHOCTY B TECTE
Ha NPUHyANUTENbHOE NNaBaHune. AT adekTbl ObinM CONOCTaBUMbI C TEMU, YTO HabMOAANNCE NPU UCMONb30BAHUN
Cynbn1puAa, YTO NOSYEPKMBAET aHKCMONUTUYECKINE N aHTUAENPECCUBHBIE CBOCTBA NPOrecTepoHa. 3ak/ryeHue.
lMonyyeHHble pesynbTaThl NOATBEPKAAIT BOSMOXHOCTb CMOMb30BaHWS NPOrecTepoHa B kayeCTse TepaneBTUYECKOro
CpefcTBa AN NeYeHns pacCTpoCTB, CBA3aHHbIX CO CTPECCOM, 1 MOAYEPKUBAIOT ero Mo4ynupytoLLee BO3AenCTBIE
Ha FTAMK-apruyeckyro cuctemy mosra. Heo6xoanmbl AanbHenwmne NccneaoBaHus 4ns BbISCHEHUS OCHOBHbIX Mexa-
HW3MOB W ONTUMWU3ALMW NPOTOKONOB fEYEHMS.

KntoueBble cnoBa: NnoCTTpaBMaTn4eckoe CTpeccoBoe paCCTpOI7ICTBO, NPOrecTepoH, HGVIpOCTGpOI/I,U,bI
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Abstract. Introduction. Mental disorders associated with the consequences of stressors represent a serious
healthcare problem. Neurosteroids, including progesterone and its metabolite allopregnanolone, play an important
role in regulating emotions and stress responses. This suggests their therapeutic potential in correcting post-stress
anxiety and depressive disorders. The aim of this study was to investigate the stress-protective effects of progesterone
in an animal model of post-traumatic stress disorder (PTSD) induced by predator exposure. Materials and methods.
Forty male rats were randomly divided into four groups: control, predator stress, predator stress + progesterone, and
predator stress + sulpiride (an antipsychotic). The animals’ behavior was tested using a battery of behavioral tests
including the elevated plus maze, the open field test, and the forced swim test. Results. The results demonstrated
that the administration of progesterone significantly reduced anxiety and depressive-like behavior compared to the
group exposed to predator stress. Rats treated with progesterone showed increased locomotor and exploratory
activity in the open field test, spent more time in the open arms of the elevated plus maze, and exhibited decreased
immobility time in the forced swim test. These effects were comparable to those observed with sulpiride, highlighting
the anxiolytic and antidepressant properties of progesterone. Conclusion. The results confirm the potential use
of progesterone as a therapeutic agent in the treatment of stress-related disorders and emphasize its modulatory
influence on the brain’s GABAergic system. Further research is necessary to elucidate the underlying mechanisms
and to optimize treatment protocols.

Keywords: post-traumatic stress disorder, progesterone, neurosteroids
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INTRODUCTION

Psychogenic disorders, widespread in modern society,
prove to become a significant burden on healthcare system, es-
pecially if people are present in dangerous zones of war action,
local conflicts, natural and manmade disasters [1]. Meanwhile
health conditions associated with psychological trauma, stress
and anxiety are included in the number of the most prevalent
mental disorders which result in a significant economic burden
for the system of healthcare. WHO-sponsored studies have
demonstrated that the spread of mood disorders has dramati-
cally increased over the past decade: patients diagnosed with
depression and anxiety account for 4.4% and 3.6% of the
adult population [2]. Modern therapeutic approaches, including
medication, are effective in relieving the symptoms of anxiety
disorders and manifestations of post-traumatic stress disor-
der (PTSD) in a large proportion of patients [2]. However, the
main problem of modern pharmacological correction of these
disorders, alongside a significant number of side effects, is a
marked reduce of the severity of special individual symptoms
and of the clinical picture of a disease in general, but not the
elimination of the cause of the disease [3]. With the awareness
of the multidimensional and comorbid nature of mental illness
it becomes evident that anxiety-phobic spectrum disorders are
phenomena that exceed modern diagnostic potential and known
pathophysiological mechanisms [4].

Sex steroid hormones play a basic role not only in reproduc-
tive biology, but also participate in maintaining the homeostasis of
the nervous system, while many steroid hormones are also syn-
thesized de novo in the central and peripheral nervous system
out of cholesterol molecules by means of neuronal cells [5]. In the
central nervous system, neurosteroids perform various functions:
regulation and metabolism of GABA, glutamate and other media-
tors, certain stages of neurogenesis such as neuronal growth, for-
mation and growth of dendrites, myelination, synapse formation
and neurones survival. Thus, sex steroids are involved not only in
the coordination of reproductive health, but also in the regulation
of emotions, mood and social behavior [6].

Progesterone and its neuroactive metabolite allopregnano-
lone ((3a,5a)-3-hydroxypregnan-20-one or 3a,50-THP) play

a key role in the response to stress action [7]. Several studies
have demonstrated that depressive and anxious behavior is as-
sociated with changes in progesterone and/or allopregnanolone
levels, with stated normalization of these neurosteroid levels
when treated with anxiolytics or antidepressants [8]. The data
obtained serve as the pathogenetic basis for the use of proges-
terone and its metabolites in the treatment of anxiety spectrum
disorders. For example, brexanolone, being an analogue of en-
dogenous allopregnanolone, was approved by the FDA in 2019
as a medication for the treatment of severe post-partum depres-
sion. However, it is suggested that the use of progesterone and
its neuroactive metabolites has therapeutic potential and may be
effective in the treatment of other mental disorders, regardless
of gender [9].

THE AIM OF THE STUDY

To analyze the stress-protective properties of progesterone in
an animal model of post-traumatic stress disorder.

MATERIALS AND METHODS

General experimental design

An experimental investigation was conducted to study the
stress-protective effect of progesterone. To simulate a traumatic
event, the classical method of imaging a predator was implemen-
ted. In our study, the tiger python (Python molurus) was used as
a predator (stressor). Based on behavioral tests, a pronounced
change in behavioral patterns was recorded in rats of each group:
freezing, huddling, prolonged and altered grooming.

Maintenance of animals, formation
of experimental groups and randomization

40 white mongrel male rats weighing 240-250 grams, from
the Rappolovo laboratory animal nursery (Leningrad Region) were
taken for the study. The animals were kept under standard viva-
rium conditions, 5 animals were placed in plastic cages with free
access to water and granulated food. After a 14-day quarantine,
the experimental animals were divided using a random number
generator into 4 equal experimental equal groups (Table 1, 2):

Table 1

Description of experimental groups

Group name Group Description Number'of laboratory Study drug/placebo
animals, n
Con Group of animals receiving intraperitoneal 10 0.9% NaCl
injection of solvent
PS Group of animals exposed to vital stress 10 0.9% NaCl
PS+P Group of animals exposed to vital stress 10 progesterone
receiving progesterone
PS+S Group of animals exposed to vital stress 10 sulpiride
receiving an antipsychotic drug
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Table 2

Pharmacological agents used in the study

INN T(r;daiE?an;&rgssjogueng)m Method of administration, dose
Progesterone Prolutex, oil solution Subcutaneously, 8 mg/kg Within 10 days before the day
(Angelini, Switzerland) of stress exposure
Sulpiride Egnonyl, solution for injection Intraperitoneal, 10 mg/kg Once every 30 minutes.
(Sanofi-Aventis, France) before stress
Table 3
Behavior of animals in the “Open field” test after exposure to vital stress
Index Con PS PS+P PS+S
Locomotion n 20.5£3.5 16.40+4.2 * 21.243.24 12.5+1.3#
Sniffing n 2.4+1.67 6.9+0.59* 3.310.9# 2.1+0.9
Movement in place n 4.8+1.2 2.20+0.6* 3.4+1.2 2.6+1.2*
Grooming n 2.9+15 5.5+1.9% 6.43+2.8" 1.9+0.9"#
Vertical racks n 1.510.77 1.71£0.87 1.8+0.8 0.5+0.1°#
Racks With emphasis n 7.0010.7 6.2+1.87 8.1+1.5# 4.4+1.2'
Mink research n 7.60+1.45 16.40+1.3" 15.2£2.1"# 23£1.5%#

Note. * p <0.05 — significant differences compared to the control group; # p <0.05 — significant differences compared to animals that experienced a traumatic event;

n — number of acts, Mtm.

Model of vital stress

Modeling of the stress effect was carried out by placing a
group of rodents (n=10) into a transparent plastic container with a
perforated cover this container was placed opposite the terrarium
in which a food object (rat) was placed next to the tiger python;
the process of the attack and consumption of the food object was
observed by rats from the plastic container [1].

Behavioral tests

To record changes in emotional-motor patterns of the con-
trol and experimental groups, a battery of behavioral tests was
used.

The “Elevated Crucified Maze” installation is designed to
study the behavior of rodents under the conditions of variable
stress (with a free choice of comfortable conditions) and allows to
assess the level of anxiety of the animal (by preference for dark-
ness/light, fear of highness, severity and dynamics of “peeking
out” behavior).

Open field test. The technique makes it possible to record a
whole range of behavioral components: the motor activity of ro-
dents, level of anxiety, the degree of expression of indicative and
exploratory behavior.

Forced swimming (behavioural despair, Porsolt test) is a
universally recognized test for assessing depressive behavior
in rodents. Mice or rats are used as experimental animals. Each
animal, one at a time, is placed in a cylinder with water, with a
diameter of 18 to 38 cm, 40 cm high, i.e. large enough for rats
or mice to swim freely in it. The water temperature is maintained

within 22-23 °C. The time during which the animal hangs motion-
less in the water, i.e., demonstrates symptoms of depression, the
duration of the first episode of active swimming, the total swim-
ming time, and the number of dives are recorded. The longer time
of immobility, the shorter the total swimming time and the duration
of the first episode of active swimming, the higher the level of
depression, and vice versa. Testing time is 6 minutes.

Ethical rules and regulations

The work was carried out in accordance with the ethical prin-
ciples established by the Basel Declaration (signed in Basel on
November 30, 2010), the European Convention for the Protection
of Vertebrate Animals Used for Experimental and Other Scientific
Purposes (adopted in Strasbourg on March 18, 1986 and con-
firmed in Strasbourg on June 15, 2006), and approved by the Lo-
cal ethical committee.

Statistical data processing

Descriptive statistics methods for quantitative characteris-
tics included estimation of the mean (x), standard error of the
mean (SE) and root mean square error (m), median (Me), and
confidence interval boundaries. Data are presented as arithmetic
mean % standard error of the mean or median with confidence
interval boundaries. The distribution of the trait in the group was
performed based on Monte Carlo methods. To compare the con-
trol and experimental groups with a regular distribution, the stu-
dent’s test was used. The statistical significance of differences
was assessed using the GraphPad Prism 8.0 software package.
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Table 4

Behavior of animals in the elevated plus maze test and the Porsolt test after exposure to vital stress

Index Experimental group
Con PS PS+P PS+S
Behavior of animals in the elevated plus maze test after exposure to vital stress
Time is up your sleeve t 87.86+3.12 10.14+0.93* 26.57+0.71# 22.57+1.28#
Time on your sleeve t 202.3+3.04 286.7+0.86 * 268.4+0.71# 273.6+1.67#
Behavior of animals in the Porsolt test after exposure to vital stress
Active swimming t 242.846.21 201.3£9.39* 251.5+5.93 # 190.846.70
Passive swimming t 72.33+0.98 91.83+1.74* 76.17+2.78 64.17+1.40%
Immobilization t 44.33+5.64 67.008.72" 36.67+5.36 # 105.046.39 #

Note. * p <0.05 — significant differences compared to the control group; # p <0.05 — significant differences compared to animals that experienced a traumatic event;

t — time of act (seconds); M+m.

Of the nonparametric tests, the Kruskal-Wallis's test was also
used to compare the groups. The critical level of significance of
the null statistical hypothesis (about the absence of significant dif-
ferences or factor influences) was taken equal to 0.05.

RESULTS

Our study was carried out in two stages: at the first stage,
changes in emotional and exploratory behavior were recorded
between intact control (n=10) and animals that were exposed to
vital stress; at the second stage, the influence of pharmacological
agents on emotional — exploratory behavior and on animals that
had experienced the effects of vital stress was analysed.

After exposure to vital stress, a number of patterns of emo-
tional, exploratory and motor behavior was recorded in the Open
Field test. The behavior of the studied animals was characte-
rized by a significant (p <0.05) decrease in the number of sniffs
in animals that had experienced vital stress, which is assessed
as a manifestation of exploratory behavior and a decrease in the
negative emotionality of the “novelty” of the open field (Table 3). In
animals of the experimental group, the “Open Field” test recorded
a significant decrease in locomotion time (p <0.05) relative to the
control group of animals, which was assessed as a decrease in
locomotor behavior. However, in animals that survived the effect
of a vital stress, a significant increase of acts of grooming and ex-
ploration of minks, which characterizes an increase of exploratory
behavior was observed.

Important data were obtained after administering progeste-
rone and sulpiride to animals that had survived a traumatic event.
Intraperitoneal administration of sulpiride significantly reduced the
following behavioral acts: locomotion and movement on a place,
as well as the number of acts of grooming and exploration of
minks, both in the control group and in the group of animals that
survived exposure to vital stress (p <0.05). Changes in behavioral
patterns were also observed after intraperitoneal administration of
progesterone to animals that had experienced a traumatic event.
A positive effect on the “emotionality” zone was characterized by

a significant increase in sniffing (p <0.05), an increase in loco-
motor activity was also observed (p <0.05). Also attracts atten-
tion that a simultaneous increase in the reaction of exploration of
minks, both relative to the control and relative to animals that ex-
perienced a traumatic event, and a decrease in acts of grooming,
may indicate the controversial effect of intraperitoneal administra-
tion of progesterone on the areas of “exploratory” behavior.

When analyzing the influence of a traumatic event in the “Ele-
vated Cruciform Maze” test, experimental animals showed a sig-
nificant increase (p <0.05) in the time spent in the closed arm of
the device, which indicates an increase in the level of anxiety in
comparison with the control group of animals.

Intraperitoneal administration of the studied pharmacological
agents demonstrated the tranquilizing (anxiolytic) effect of both
the oil solution of progesterone and the reference drug, sulpiride.
The tranquilizing effect consisted of reducing the time the experi-
mental animals spent in the closed arm of the installation and, ac-
cordingly, increasing the time the animals spent in the open arm,
which may indicate a decrease in the level of anxiety (Table 4).

When analyzing the influence of a traumatic event by the Porsolt
test, experimental animals showed increased depression compared
to animals in the control group. In animals that survived an encounter
with a predator, there was a statistically significant increase in the
time of immobilization (p <0.05) compared to the control group.

THE DISCUSSION OF THE RESULTS

The antidepressant effect of progesterone is to normalize
the time of behavioral patterns in animals that have experienced
stressors, while the use of the drug compared has shown its more
pronounced tranquilizing effect, since the time of immobilization,
i.e., immobility of animals increased 2 times relative to intact
control and 1.5 times relative to animals that experienced stress
(p <0.05). The introduction of progesterone had a milder effect
(Table 4).

Progesterone and its metabolites act on target cells through
2 signaling pathways: classical (canonical, genomic pathway)
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and non-classical (non-canonical, non-genomic pathway).
In the classical signaling pathway, both progesterone and
5a-dihydroprogesterone (5a-DHP) bind with intracellular pro-
gesterone receptors (PR), which dimerize and translocate to the
nucleus, where they regulate the expression of certain genes [10].
Non-genomic pathway regulation involves activation of membrane
progesterone, G protein-coupled receptors (mPR) and membrane
progesterone receptor component 1 (PGRMC1), which leads to
activation of the MAPK signaling pathway, protein kinase C (PKC)
pathway and PI3K/Akt. Unlike other progesterone metabolites,
allopregnanolone is a positive modulator of y-aminobutyric acid
type A (GABAA) receptors and is also a ligand for mPR [11].

Due to its small size and lipid solubility, circulating progesterone
easily crosses the blood-brain barrier (BBB) by free transmembrane
transport and diffuses throughout the nervous tissue. The work of
Pardridge W.M., Mietus L.J. demonstrated that 83% of 3 h — la-
beled progesterone was found in the ipsilateral hemisphere of the
rat brain 15 seconds after its administration in an aqueous solution
into the common carotid artery. These data serve as justification for
the intraperitoneal method of administering progesterone [12].

Progesterone is a neurosteroid because it can be synthesized
locally in the nervous system by almost all types of neuronal cells
[13]. Also, progesterone received from the systemic circulation
can be sequentially metabolized into its neuroactive 5a-reduced
metabolites: Sa-reductase metabolizes to 5a-dihydroprogesterone
(5a-DHPROG), 3a-hydroxysteroid dehydrogenase (3a-HSD) to
3a-50-THPROG. Thus, the pool of progesterone and its metabo-
lites in the central nervous system depends on (1) its peripheral
synthesis, absorption and accumulation in the brain; (2) its local
synthesis; and (3) metabolic features [5].

Depending on its level of concentration in the brain, proges-
terone can differently activate certain receptors: higher doses of
progesterone can saturate nuclear receptors (PRs) while activa-
ting membrane mPRs. However, high doses may also cause re-
ceptor desensitization or decrease in their expression, saturation
of pathways leading to neuroactive metabolites, or induction of
inactivating metabolic pathways.

Progesterone and its metabolites are involved in neuro-
humoral regulation during the body's response to acute stress.
Droogleever Fortuyn et al demonstrated that in situations of acute
stress the adrenal glands secrete much more allopregnanolone,
while its synthesis in brain structures also increases [14].

Currently, accurate data on the mechanism of the neuropro-
tective action of progestogens are at the stage of accumulating
scientific knowledge. Data on the systemic anti-inflammatory ef-
fect of progestogens, for example, in patients with rheumatoid
arthritis have been accumulated. It has been stated that long-term
administration of progesterone leads to activation of the expres-
sion of some tissue-specific anti-inflammatory genes. An increase
in BDNF expression in the hippocampus in response to allopreg-
nanolone administration has also been described. However, most
likely the main contribution to the neuro- and stress-protective ef-
fects of progestogens is realized through non-genomic mediated
actions [10]. Neurosteroids affect the excitability of nerve cells by

increasing the permeability of ion channels through membrane
ionotropic receptors such as GABA , and NMDA receptors, and
the stereoselectivity of steroids plays a decisive role in binding
with both receptors [15].

Thus, progestogens primarily exert proGABAergic effects with
insignificant involvement in the metabolic process of other neu-
rotransmitters and demonstrate sedative, hypnotic, anesthetic,
anxiolytic and anticonvulsant properties [3]. We obtained similar
pharmacological effects in the results of our work in the model of
acute stress of predator presentation. The neuroprotective effects
of progesterone have also been studied in models of traumatic
brain injury, the therapeutic effects being a reduction in cerebral
edema, neuroinflammation and BBB dysfunction, which promoted
neuronal survival and functional recovery [16]. An effective cere-
broprotective dose of progesterone (8 mg/kg) used in rodent
models of both traumatic brain injury and stroke results in plasma
progesterone concentrations of 150 nM, a similar dose that we
have used in our work [17]. In experimental models of stroke, pro-
gesterone levels in brain structures reached 100 nM 2 hours after
the last administration of progesterone; these levels are compa-
tible with the activation of progesterone receptors. In our future
work, we also plan to determine the levels of progesterone and its
metabolites in brain structures (Kd=1 nM) [18, 19].

The neuroprotective effects of progesterone and its deriva-
tives have been studied in various experimental models of neu-
rodegenerative diseases. Brinton laboratory et al Researchers
from Briton laboratory treated ovariectomized female 3xTg-AD
mice (a model of Alzheimer’s disease) with progesterone alone
or in combination with estradiol for 3 months, which specifically
attenuated Tau hyperphosphorylation [20-22]. Researchers have
demonstrated that neuroactive progesterone derivatives enhance
neurogenesis, improve cognitive functions and memory, reduce
neuroinflammation and levels of beta-amyloid accumulation in
3xTgAD mice. However, an increasing number of publications
demonstrate great importance of allopregnanolone in the pro-
cesses of neurogenesis [23]. At the cellular level, allopregnano-
lone reduced the severity of NMDA-mediated excitotoxicity and,
in general, reduced presynaptic glutamate release and Ca®* influx
through activation of GABA receptors in response to activating
stimuli. At the tissue level, this progesterone metabolite activated
the induction of proliferation of neural progenitor cells, increasing
the survival of newly formed neurons; decreased amyloid genera-
tion and microglial activation, increased oligodendrogenesis [24].

Thus, our data confirm that despite the evidence for the neu-
roprotective effects of allopregnanolone, our experimental fin-
dings support the possibility of using progesterone as a stress-
preventive drug. Subsequent clinical tasks include specifying the
indications, determining the dose, duration and timing of proges-
terone administration.

CONCLUSIONS

1. Long-term introduction of progesterone (8 mglkg) for
10 days before exposure to stressor has pronounced anxiolytic,
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antidepressant effects according to the results of a series of be-
havioral tests in the predator presentation stress model.

2. These effects appear to be associated with the action of
progesterone and its neuroactive metabolites on the GABA sys-
tem of brain of the experimental animals.

3. Progesterone and its metabolites may provide an alterna-
tive direction of research to explore potential methods of treat-
ments of anxiety and depression in patients who had experienced
psychotraumatic events.
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MPO®UINb COMATOTUMA Y MONOAbIX MYX4YUH,
NMPOXUBAIOLIUX B PA3NTIUYHBIX PETMOHAX PECMYBJIMKA TADXKUKUCTAH
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Pestome. BeedeHue. Onpeaenexne Tuna TeNOCMNOXEHUS OTKPbIBAET BOZMOXHOCTb CO3JaHNs NOAXOAO0B K Nepco-
HUULMPOBAHHOMY MOHUTOPUHTY COCTOSIHWS 3[0POBbS Pa3NNYHbIX rpynn HaceneHus. Llens pabomsl — npoBecTu
CpaBHUTENbHbIN @HaNN3 U ONpeaennTb PacnpPOCTPAHEHHOCTb 3K30-, ME30- 1 SHOOMOPMHLIX COMATOTUMNOB Y XUTENEN
pernoHoB TagxukucTaHa ¢ pasnuyHbIMK YCrIoBUSMI OKpyxatoLen cpeabl. Mamepuansi u Memodsl. B nccnegosarum
npuHanu yyactue 701 myxunHa-gobposonel, B Bospacte o1 19 go 22 net, 400 cy6bekToB npoxusany B T. [ywaH6e,
301 cTtypeHT — B TopHO-bagaxwaHxckorn asToHoMHon o6nacTu (FTBAO). [ins onpeaenexus comatotuna no Metogy
Xut—KapTep Bcem go6poBonbLamM U3Mepsnu AnUHY 1 Maccy Tena, LWMPUHY KONeHa W NOKTS, OKPYXHOCTb nneya u
FONEHN N KOXHO-XMPOBbIE CKNAAKW Ha nneYe, CrMHe, XMBOTE, rofeHn. Ha 0CHOBaHWUN 3TUX aHTPONOMETPUYECKUX
napameTpoB NPOU3BOAWNN PacYeT JKTO-, Me30- U 3HAOMOPGHOrO KOMMNOHEHTa COMATOTMNA, MCMNONb3Ys 06LLen3BecT-
Hyto chopmyny. Insi cpaBHEHNS NONYYeHHbIX AaHHbIX Ucnonb3osanu U-kputepuit MaHHa—YuTtHu u TecT X2 MupcoHa.
Pe3ynbmamsbi1. Monogble MyX4uHbl, C poXaeHUs npoxueatowime B r. [lywar6e, npeBOCXOAAT CBOUX CBEPCTHUKOB
13 FBAO, nmetoT 6onbLUYO ANUHY U Maccy Tena, MacCMBHOCTb KOCTEN, ONpeaensemMyto no WpKUHe KpymnHbix cycTa-
BOB, TOMLUWHY KOXHO-XUPOBOW cknagkn. Y 72% xuTenei cTonNLbl UMeN MECTO BbICOKWA BKNagd SHAOMOPGHOro 1
HW3KNIt — Me30- (4%) 1 akToMOpdHOTO (2%) komMnoHeHToB comaToTuna. Cy6bekTbl M3 FTBAO oTAMYanuCh BbICOKMM
BKNagom Me30- (36%), akTo- (15%) n aHgomopdHoro (16%) Tunos Tenocnoxenus. ¥ 35% nobposonbles u3 [ywaH-
6e v Bcero y 2% ucnbityembix u3 F[BAO onpepeneH u3bbiTok Macchl Tena. eduunt Macchbl Tena BbISBNEH BCETO
y 11% po6posonbues u3 Jywanbe ny 61% mcnbityembix n3 F/BAO. Bbieodbl. AHTpONOMETPUYECKIUI NPOdPUb 1
KOHCTUTYLMOHANbHOE pa3Hoobpa3ne Monoabix Myx4nH — xutenen Pecnybnuku TagxukucTa 3aBUCUT OT PErMoHa
NX NOCTOSIHHOTO NMPOXMBAHUSA 1 YCNOBWIA OKPYXatoLLen cpeabl.

KnioueBbie cnoBa: aHTpONOMETpUYECKNA npodunb, comatoTtun, Xut-Kaptep, TagxukuctaH, Jywanbe, lopHo-
bagaxwaHckas aBToHOMHas 0651acTb
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Abstract. Introduction. Determination of somatotype opens up the possibility of creating approaches to personalized
monitoring of health status of various population groups. The aim of this work is a comparative analysis and determination
of prevalence of ecto-, meso- and endomorphic somatotypes in residents of regions of Tajikistan with different
environmental conditions. Materials and methods. The study involved 701 male volunteers aged 19 to 22 years,
400 subjects lived in Dushanbe, 301 students — in Gorno-Badakhshan Autonomous Oblast (GBAO). Somatotyping
was carried out using the Heath—Carter method. All volunteers were determined by body length and weight, knee and
elbow breadth, shoulder and calf circumference, triceps, subscapular, suprailiac, calf skinfolds were measured. Based
on the measured anthropometric parameters, the ecto-, meso- and endomorphic components of the somatotype were
calculated using a Heath—Carter formula. The obtained data were compared using the Mann-Whitney U-test and
the Pearson x? test. Results. Young men who have lived in Dushanbe since birth surpass their peers from GBAO in
having greater body length and weight, massive bones determined by the breadth of large joints, and the thickness
of the skinfat folds. 72% of the capital’s residents had a high contribution of endomorphic and a low contribution of
meso- (4%) and ectomorphic (2%) components of the somatotype. Subjects from GBAO were distinguished by a high
contribution of meso- (36%), ectomorphic (15%), and endomorphic (16%) body types. Overweight was determined in
35% of volunteers from Dushanbe and only 2% of subjects from GBAO. Underweight was detected in only 11% of
volunteers from Dushanbe and 61% of subjects from GBAO. Conclusions. The anthropometric profile and constitutional
diversity of young male residents of the Republic of Tajikistan depends on the region of their permanent residence and
environmental conditions.

Keywords: anthropometric profile, somatotype, Heath—Carter, Tajikistan, Dushanbe, Gorno-Badakhshan Autonomous
Oblast
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BBEOEHUE

Tun TenocnoxeHns — YCTOMYMBbLIA AHTPONOMETPUYECKNIA
nokasaTenb Y B3pOCHbIX, CBA3AHHbIA C MbILIEYHOW CUNOW W Bbl-
HocnmBoCTblo [1-4], ABUraTenbHbIMKA HaBblkamu [5, 6], cnop-
TUBHbIMW pe3ynbTaTtamut [7, 8] Kak y CNOPTCMEHOB pasfinyHbIX
creusanu3auni, Tak 1 HecnopTuBHbIX CybbekToB. Onpeaene-
HWe COMaTOTMMOB TaKKE MCMOMb3yeTCs B KOMMIEKCHON OLIEHKE
QHTPOMOMETPUYECKMX OCOOEHHOCTEN, UX CBA3M C MOTOPHBIMM
HaBblkamMy W MbILLEYHOI NPOU3BOLUTENBHOCTBIO Y AeTei [9, 10].
MpuHaNexHOCTb KaHaMAaTa K «AOMUHMPYIOLWEMY» B [JaHHOM
BMAE CropTa COMaToOTWMY YBENMYNBAET WaHC ObiTb 0TOGPaHHbLIM
B 9MNTHbIE KOMaHAb! [4, 11]. Tun TENOCNOXEHNS MOXeET SBNAT-
S NPeavKTOpoOM Kak HegocTaTka Beca [12, 13], Tak u oxupenns
[14-19], a TaKkke ncxopa Hekotopbix 3abonesanuit [20-23]. Kpo-
Me TOr0, OH MOXeT ObITb CBSI3aH C HEKOTOPbIMU MOPOMYHKLMO-
HanbHbIMM OCOBEHHOCTAMI OpraHu3ma, K NpuMmepy, ¢ pasmepa-
MW BHYTPEHHUX opraHoB [12, 15], KNeTOYHbIM COCTaBOM KpOBK
[24-26), BereTatuBHbIM CTATyCcOM [27, 28]. CBEAEHNS O KOHCTUTY-
LMOHarnbHbIX 0COBEHHOCTSX MaLMEHTOB NOMOraloT B peanusalum
MOAXO4OB K OpraHu3aLmy npaBuiibHOrO NuTaHus [29] n HasHave-
HUS NporpamMM aganTUBHOM husndeckor KynbTypbl [30].

Mcxoas M3 ckasaHHOTO, BKIIOYEHME METOAWMK COoMaToTwnu-
pOBaHWS B HeNocpecTBEHHOE 06CrefoBaHue 340poBbIX Crop-
TCMEHOB, JeTeN M B3pOCHbIX, @ Takke BONMbHbIX OTKPbIBAET BO3-
MOXHOCTb peanu3aynn noaxodoB K NepcoHUULMPOBaHHOMY

Hywan6e / Dushanbe
o

Puc. 1.

Banu / Vanj
| |

MOHWTOPUHIY X 300p0Bbs. B Hay4yHOW neyaT 3agoKyMeHTMpo-
BaHbl MOMYMALMOHHbIE UCCMEJ0BAHNS MO OMPeAeneHno pacnpo-
CTPaHEHHOCTX COMATOTUNOB Y poccuiickoi [15, 31-33], nonbCkoin
[34], noptyranbckon [35], kutamckon [18, 36], kopeinckon [37],
AnoHckon [19], umnuiickon [38] koropT. B T e Bpems Habnoaa-
€TCS HeJoCTaToOK MCCNEefOBaHUiA C MPUBIEYEHUEM WCTIbITYEMbIX
13 LieHTpanbHon A3un. MimeeTcst orpaHuyeHHbIn 06bem nybnmka-
WA C ONMCaHNEM KOHCTUTYLMOHANbHbLIX 0CODEHHOCTEN XUTENEN
Y3bekuctaHa [39-41], Kasaxcrana [42], Kupruaun [43, 44] v Tag-
XuKucTaHa [45-47].

LIENb NCCNEQOBAHUA

Llenb ctatbn — NpoBECTU CPaBHUTENbHBIA aHanu3 1 onpe-
[EenUTb PacnpocTPaHEHHOCTb 3K30-, ME30- U HAOMOPHbIX CO-
MaToTMMOB, OnpefeneHHbIX N0 MeTody Xut-KapTtep y xutenei
ABYX PETMOHOB TaXWKCTaHa C PasfMYHbIMW YCHIOBUAMN Cpe-
abl: 1. Qywan6e n MopHo-bagaxwwaHckon aBTOHOMHOW 0bnacTu
(TBAO). 3t1a paboTa Heobxoauma Ans pacluMpeHns npeacTasne-
HWIA O KOHCTUTYLMOHANbHbIX 0COBEHHOCTSX XuTeneit LieHTpanb-
Hon Asnn.

MATEPWAIbI U METOAbI

B nccnegosaHuu npuHsanu ydacte 701 300poBbIit Myx4nHa-
pobpoBonel B BospacTe oT 19 00 22 neT, CTyAeHTbl TagKMKCKOro

Mypraé /. Murghob

Ilyuran / Shighnan

n
Xopor / Khoro,
3 Xop g
Ponﬁrmal Roshtgal'a

HNmxawnm / Ishkoshim

O6nacTb nccneposanus. O — cronuua Pecny6nmkn TagkukucTa; [] — aagMUHUCTPaTUBHBIN LeHTp MopHo-BagaxwaHckoi aBTo-

HomHoli o6nacTu; [ll — HaceneHHble NyHKTbI MopHO-BagaxwaHckoi aBTOHOMHOM o6nacTy

Fig. 1.
settlements of Gorno-Badakhshan Autonomous Oblast

Study area. Q — capital of the Republic of Tajikistan; [] — administrative center of Gorno-Badakhshan Autonomous Oblast; ll —
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rocyapCTBEHHOTO MEAMLMHCKOTO YHWBEpcUTETA UMeHW Abya-
nm nbHn CuHo. M3 Hinx 400 cybBbEKTOB C POXAEHNS MPOXMBANN
B r. [ywan6e, ctonuue pecnybnukn, n 301 cTyaeHt — B lop-
Ho-bagaxwaHckon aBToHoMHol obnacti (FTBAO): nocenkn Bany,
Wwkawmm, PowrTkana, LWyrHaH, Myprab, ropoa Xopor (puc. 1).
[ns onpepenexns comatoTuna no metogy Xut-Kaprtep Bcem uc-
MbITYEMbIM MPOU3BOANIN N3MEPEHWNE BEPXYLIEYHOW AIMHbI TENa
(OT) ¢ npumeHeHnem meguumHckoro poctomepa MP-01/C (Moc-
koBckuit BecoBoi 3aBog «MWUIJ1»), maccel Tena (MT) ¢ ucnons-
30BaHMeM BecoB MeguumHckux BMOH-150-50/100-/-041-A (AO
«TynuHOBCKWiA NprbopocTpouTenbHbIi 3aBog « TBECY). Nameps-
nn Takke WnpuHy koneHa (LUK) u wupuHy nokta (LUJT), ncnonbsys
ckonb3sawmn umpkynb («<KA®Ay, Poccns). HeanacTuyHyio sproHo-
MuyHyto pynetky (SECA 203, MepmaHusi) npumeHsnu ans uame-
peHns okpyxHoctn nneva (Okpll) u ronedu (Okpll) ¢ TOUHOCTBIO
£0 0,01 cm. TonwmHy KoxHO-xm1poBbix cknagok (KXKC) nsmepsnn
¢ nomoLbl npodeccnoHanbHoro kanunepa ET MEASURE mo-
genb SK-101 (Kutan), ¢ npyxuHomn, oTkanubpoBaHHOM Ans co3aa-
HUs oauHakoBoro aasnenus (0,01 kr/Mm?) no 06e CTOPOHbI cknaf-
Ki, TOYHOCTb M3MepeHunsi coctaensna 0,2 mm. KXKC namepsanu B
yeTblpex MecCTax: Ha 3afgHeil MOBEPXHOCTM nneva B obrnactu
Tpuuenca (KXC Tpuuenc), Ha cnuHe B obnactu nonatku (KXKC
CNUWHa), Ha XMBOTE Hag rpebHem noasagowHon koctn (KXKC Ha-
BOCTHas) U Ha 3agHei noBepxHocTyh ronenmn (KXC ronenu). Bee
AHTPOMOMETPUYECKNE N3MEPEHNS NPOU3BOSNIN COTMACHO COBpe-
MEHHbIM pekomeHaauusm [48].

B 1960 ropgy Bapbapa Xut n Jlnngen Kaptep npegnoxunu
MoAX0A, OCHOBAHHbBIA Ha CEpUM YpaBHEHUI, TPEDOYIOLLMX YKa3aH-
HbIX BbILLE W3MEPEHWN aHTPOMNOMETPUYECKUX NapamMeTpoB, KOTO-
PbIVi NO3BOMSET paccyMTaTh CTENEHb BbIPAXXEHHOCTU SKTOMOPK-
Horo (OKTO (1)), mesomopdhHoro (ME3O (2)) u sHmomopdHoro
(GHOO (3)) kKOMNOHEHTOB B COMATOTWME KOHKPETHOTO CyObek-

Ta [49].
OKTO (OT/MT, cooTHOLLEHME ANUHBI U Macchl Tena) =
_ AT, em 1
ST "

Ecnu OT/MT 240,75, 3Hauut OKTO = 0,732 - OT/MT - 28,58.
Ecnun AT/MT ot 38,25 no 40,75, 3Haunt 9KTO =
=0,463 - OT/MT - 17,63.
Ecnn OT/MT <38,25, 3Haunt 9KTO = 0,5.

ME30 = (0,858 - LU, cm + 0,601 - LLIK, cm + 0,188 - (Oxpll, cm —

KXC m118l40, MM 4 0,161 - (OKpr, cm _KXC ro1nOeHV|, MM ) -
-(0,131 - OT, cm) + 4,5; (2)
OHOO0 =-0,7182 + 0,1451 - X - 0,00068 - X2 + 0,0000014 - X&. (3)

X = (KXKC nnevo, mm + KXC cnuHa, mm +
170,18
AT, CM)

OueHka BkMaga kaxgoro KOMMOHEeHTa NPoM3BOAMNach C yye-
TOM pekomeHgaumin, onybnukosanHbix J.E.L. Carter, B.H. Heath
[49]. BHaueHne BKTO, ME3O n SHOO ot 0,5 go 2,5 pacueHnBa-
NoCb KaK HW3KWA BKNag; oT 2,6 40 5,5 — Kak yMepeHHbliA, oT 5,6
J10 7 — KaK BbICOKWIA, 7,1 1 Bbllle — Kak 04eHb BbICOKWI BKMag,.

+ KXXC HapocTHast, Mm) - (

WHpekc maccel Tena paccuutbiBany no dopmyne Ketne (4).
OTKIOHEHNs Macchbl Tena OLEHMBaNM C y4eTOM pekoMeHZauum
BcemmpHoit opraHusaummu 3apaBooxpaHenust (BO3) 1995 roga ans
asnartckon koropTbl ucnbiTyembix [50]: UMT <18,5 — gedpuunt mac-
cbl Tena; UMT ot 18,6 po 22,9 — HopmanbHas macca Tena; UMT
o1 23,0 0o 27,4 — n30bITouHas Macca Tena; >27,5 — OXUpeHue.

MT, kr
MT = Tk 4)

CpaBHeHWe aHTPONOMETPUYECKNX MapamMeTpoB W KONMYeCT-
BEHHOr0 BKMaja 9KTo-, Me30- U 3HAOMOpUK y xuTenen r. ywan-
6e n F'bAO nposoaunu U-kputeprem ManHa—YuTHu. PelueHne 06
MCMONb30BaHNN HenapamMeTPUYECKOro TecTa ObIno NPUHATO Nocne
MPOBEPKM JaHHbIX C NpuMeHeHnemM kputepus LLannpo-Yunka, ko-
TOPbIV yKa3an Ha OTKMOHEHWE OT HOPMarbHOTO pacnpeseneHus.
KateropuanbHble nepemMeHHble, YACNEHHOE OTHOLLEHWe pacnpe-
[EenNeHns BKNaaa pasniyHbIX KOMNOHEHTOB COMATOTUMOB W OTKIO-
HEHMI MacChl Tefla aHanuanpoBanuch ¢ NPUMEHeHeM TecTa x?
MupcoHa 4ns Tabnuy, CoNPSKEHNS MPU3HAKOB 4x2.

PacyeTbl NPOBOAMMUCH C WCMOMb30BAHWMEM MPOrPaMMHOMO
obecneyeHuns ans cratucTudeckor obpaboTku gaHHbIX Past Bep-
cum 2.17, Hopeerus, Ocno (2012), anroputma CTaTUCTUYECKON
06paboTkn paHHbIX StatXact-8 ¢ maketom nporpammHoro obec-
neyenns Cytel Studio Bepcim 8.0.0. PesynbTathl cyntanuch 3Ha-
4numbivu pu p <0,05. Bee HenpepbIBHbIE AaHHbIE NPEACTaBNEHbI
B BUAe cpefHero apudmeTtuyeckoro 1 95% [0BEPUTENbHBIX UH-
Tepsanos ([W). KateropuanbHble AaHHbIe NPeACTaBNEHbI B BUAE
ponen ¢ 95% AN,

PE3YJIbTATbI

Kak nokasaHo B Tabnuue 1, y xutenei r. ywanbe no cpas-
HeHWto ¢ ux cBepcTHUkamn 13 FBAO obHapyxeHbl cTaTucTUye-
CKW 3HaYMMO BOMbluMe 3HAYEHUS AMMHBI U MacChbl Tena, Wwupmn-
Hbl KPYMHBIX CyCTaBOB, Pa3MepoB BCEX KOXHO-XMPOBbLIX CMafok
1 3HAOMOPUM B COYETAHNN C MEHBLUMMI 3HAYEHUSIMW ME30- U
aKTOMOPUM. 3HAYEHNS OKPYKHOCTU TOMEHU W Mieya He UMEenu
CTaTUCTMYECKON 3HAaUMMOCTK (Tabn. 1).

AHanu3 faHHbIX nokasan, YTo pacnpegeneHie BknagoB aKTo-,
Me30- 1 3HOOMOPMUM Pa3HON CTENEHUN (HU3KWIA, YMEPEHHBIN, Bbl-
COKUIA, 04EeHb BbICOKUIA) HEOBHOPOLHO W CTATUCTUYECKN 3HAYNMO
oTnmyatotcs y gobposonbues 13 r. Jywanbe n NBAO (tabn. 2,
puc. 2). CnegosaternbHO, CTENEHb 3KTO-, ME30- U SHAOMOpdU3a-
LMK 3aBUCUT OT PErNOHA NPOXUBAHMUS.

PacnpepeneHne OTKMOHEHWA MacChbl Tena, OnpefensiemMbix
no IMT, HEOQHOPOAHO 1 CTAaTUCTUYECKM 3HAYMMO OTNMYaeTCs y
toHoLLen, mpoxwBatowwmx B r. Jywante n FbAO (tabn. 3). Takum
obpasom, Hannume geduunta Macchbl Tena, HopMarnbHOM UK nU3-
ObITOYHON Macchl Tena, a TakKe OXUPEHMUs! 3aBUCUT OT PermoHa
NPOXMBaHMS.

OBCYXAEHWUE PE3YNbTATOB

Hackonbko Ham 13BECTHO, 3TO nepBoe nccnenosaxHue, rae npo-
M3BEAEHO CpaBHEHME KOHCTUTYLIMOHAITbHBIX 1 @aHTPOMNOMETPUYECKNX
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Tabnuuya 1

ConocTaBneHue aHTPONOMETPUYECKMUX NapaMeTPOB U BKNaAa 3KTO-, IHAO- U Me30MOP(HOTo KOMMOHEHTa CoMaToTMNa
Y MOMNOAbIX MYX4MH, MPOXKMBAIOLMX B Pa3NIMYHbIX pernoHax Pecny6nuku TamkukucTaH

Table 1

Comparison of anthropometric parameters and ecto-, endo- and mesomorphic somatotype components contributions
in young men living in different regions of the Republic of Tajikistan

Mapametp / Parameter [ywan6e / Dushanbe 6A0 / GBAO p-3HayeHns / p-value

[nuna Tena, cm / Height, cm 171,18 (170,32; 172,04) | 156,45 (155,31; 157,60) 1,19x10-6!
Macca Tena, kr / Body mass, kg 64,88 (63,75; 65,97) 44,23 (43,45; 45,02) 1,87x107%
MHaekc maccsl Tena, kr/m? / Body mass index, kg/m? 22,08 (21,76; 22,39) 18,04 (17,80; 18,28) 1,47x1075
LUnpuHa koneHa, cm / Knee breadth, cm 6,38 (6,32; 6,45) 7,04 (6,91;7,16) 3,27x107"5
LUnpuHa nokts, cm / Elbow breadth, cm 5,44 (5,40; 5,48) 5,74 (5,67; 5,82) 1,10x10-8

OkpysHocTb ronenu, cm / Calf circumference, cm 36,88 (36,46; 37,30) 37,16 (36,67; 37,66) 0,409

OkpyxHocTb nneya, cM / Upper arm circumference, cm 32,40 (31,94; 32,87) 31,92 (31,40; 32,44) 0,1868
KoxHo-xupoBas cknagka nneyo, cM / Upper arm skinfold, cm 3,09 (2,99; 3,18) 1,28 (1,23; 1,33) 3,49x10-%
KoxHo-xupoBas cknagka nog nonaTkoi, cm / 2,55 (2,44; 2,69) 1,72 (1,66; 1,78) 1,71x10-1

Subscapular skinfold, cm
KoxHo-%upoBas cknaxa ronexu, cm / Calf skinfold, cm 0,67 (0,65; 0,68) 0,16 (0,16; 0,16) 5,54x10-14
KoxHo-xupoBas cknagka HagocTtHast, M / Suprailiac skinfold, cm 1,87 (1,76; 1,98) 1,41 (1,35; 1,47) 1,51x10-
Okromopchus, yen. ed. / Ectomorphy, conv. units 2,76 (2,61;2,91) 3,91 (3,74; 4,08) 7,64x107"°
Me3somopdgus, yen. ea / Mesomorphy, conv. units 1,92 (1,75; 2,10) 4,88 (4,64; 5,11) 1,86x10-%8
Onpomopdus, yen. eq / Endomorphy, conv. units 6,69 (6,51; 6,85) 4,42 (4,31;4,54) 3,06%10-50
Tabnuya 2
PacnpepeneHune BKnagoB pa3fMyHbIX KOMMNOHEHTOB COMATOTUMOB Y MOMOALIX MYXUMH,
npoxusatowmx B r. [lywax6e u NopHo-BapaxwaHckon aBTOHOMHON obnacTu
Table 2

Prevalence of various components of somatotypes contributions in young men living in Dushanbe
and Gorno-Badakhshan Autonomous Oblast

Bknag / Contribution

[ywan6e / Dushanbe

I'BAO / GBAO

Oktomopchus / Ectomorphy*

Hwakuit / Low

0,42 (0,36; 0,48)

0,23 (0,17: 0,29)

YmepeHHbin / Moderate

0,56 (0,50; 0,62)

0,62 (0,55; 0,69)

Boicokuit / High

0,02 (0,01; 0,04)

0,14 (0,10; 0,20)

OvyeHb Bbicokuit / Very high

0(0; 0,01)

0,01 (0,002; 0,03)

Me3somopdpus / Mesomorphy**

Huakuin / Low

0,65 (0,59; 0,71)

0,13 (0,09; 0,18

YmepeHHbin / Moderate

0,32 (0,26; 0,38)

Boicokuit / High

0,03 (0,01; 0,05)

OvyeHb Bbicokuit / Very high

0,01 (0,0004; 0,02)

( )
0,52 (0,44; 0,59)
0,23 (0,17; 0,29)
0,13 (0,09; 0,18)

OHpomopdus / Endomorphy***

Huskuin / Low

0(0; 0,01)

0,01 (0,002; 0,03)

YmepeHHbin / Moderate

0,29 (0,23; 0,35)

0,83 (0,77; 0,88)

Bbicokuii / High

0,15 (0,10; 0,21)

OueHb Bbicokuit / Very high

(
0,31(0,25; 0,37)
0,41 (0,34; 0,47)

0,01 (0,001; 0,03)

MpumeyaHue: / Note: *p=3,69x10-%5; **p=1,13x10-53; ***p=2,76x10-",
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Tabnuua 3
PacnpepeneHune OTKIOHEHU MacCbl TeNna y MONOALIX MYXUMH,
npoxuBarowmx B r. flywan6e n FopHo-bagaxwaHcKkoi aBTOHOMHON 06nacTu
Table 3
Distribution of body weight deviations in young men living in Dushanbe and Gorno-Badakhshan Autonomous Oblast
Bknag / Contribution [HywaH6e / Dushanbe BAO / GBAO
Hedwvumt maccol Tena / Underweight 0,11 (0,07; 0,15) 0,61 (0,54; 0,68)
HopmanbHas macca Tena / Normal body weight 0,55 (0,48; 0,61) 0,37 (0,30; 0,44)
/3bbiTouHas macca Tena / Overweight 0,28 (0,22; 0,34) 0,02 (0,01; 0,05)
Oxwupenue / Obesity 0,07 (0,04; 0,10) 0,00 (0,00; 0,02)

Mpumeyanue: / Note: p=1,607x10°.

Mesomopd / Mesomorph

Me3somopdy / Mesomorph

Dupomopd / Endomorph xromopd / Ectomorph ” Supomopid / Endomorph Oxromopd / E,ctornorph_ "
T T T T T T T T T T T T T T T T T T T T T T T T T T T T = T T T A
4 7 6 5 4 3 2 4 0 1 2 3 4 5 6 7 8 4 7 6 5 4 3 2 4 0 1 2 3 4 5 6 7 8
ala 6/b
Puc.2. PacnpepeneHue npoduns cOMaToTUNOB Y MONOALIX MYX4YUH, NpoxXuUBarowWwmX B I. lywan6e (a) n MFopHo-BagaxwaHckoi aBTOHOM-

How obnactu (6)
Fig. 2.

0COBEeHHOCTEN Y MOMNOABIX MYXXUMH, NPOXUBatOLWWMX B T. [yliaHbe u
I'BAO. [ipyrne paboTbl C MOXOXeN 3afadven BbINONHEHbI C y4acTu-
€M [eTei, MOMOAbIX XEHLWH W HE Y4UTbIBANW TeppuTopUanbHoe
pacnpegeneHue ucnbityembix [45, 47, 51]. Cybbektsl 3 r. [ywan-
Oe npeBocxoamnu cBoux cBepcTHMKoB M3 TBAQ npakTuyecku no
BCEM aHTPOMOMETPUYECKMM MapaMeTpaM: OHU BbICOKOPOCHIbIE,
TSKenble ¢ GOMbLUMM KONMYECTBOM MOLKOKHOIO XUpa U BbICOKOM
MacCMBHOCTbIO kocTel (Tabn. 1). Takke 72% xuTenei cTonnupbl
AEMOHCTPUPYIOT BbICOKUA 1 O4EHb BbICOKUIA BKNaf SHAOMOPMHOrO
KOMMOHeHTa comaToTuna (tabn. 2, puc. 2). Y 35% 13 Hux BbisiBReH
13BLITOK Macchl Tena 1 oxuperns (Tabn. 3). B 1o xe Bpems cyoOb-
ekTbl 13 FBAO oTnMYannchb BbICOKAM 1 OYEHb BbICOKUM BKITaAoOM
Me30MopdHOro (36%) KOMMOHEHTa comMaToTuna B COYETaHUU C
Aeduuntom Maccsl Tena y 61% ucneityembix. [ns xutenei r. [y-
WwaHOe 3TU nokasaTenu perucTpupoBanich Ha ypoeHe 4, 2 n 11%
COOTBETCTBEHHO (Tabn. 2, 3, puc. 2). BbICOKWI 1 04EeHb BbICOKNN
BKIag 9KTO- 1 3HOOMOPCHOro comatotuna cpeam xutenen N6AO
ObIn npuMepHoO paBHO3HaueH — 15 1 16% COOTBETCTBEHHO.

B HepaeHux pabotax npu obcnegosaHuu onee 1000 cybb-
€KTOB pa3HOro nona 1 Bo3pacTta yCTaHOBIEHO, YTO pacnpocTpa-

Distribution of somatotype profiles in young men living in Dushanbe (a) and Gorno-Badakhshan Autonomous Oblast (b)

HEHHOCTb 13DObITOYHON MacChl TeNa 1 OXWUPEHUS CPean XuTenen
cronumubl Tamkukuctana coctasnseT 20-25% [52, 53]. 310 B
LLeNIoM COOTBETCTBYeT mosnyyeHHo 35% pacnpocTpaHeHHOCTH
[aHHbIX HapyLIeHWit B Hallen paboTe W pesynbTaTam Apyrux uc-
CrnefoBaHWi € yyacTuem B3pocnbix [54] u geten [55].
OTmMeyaeTcs1, 4TO OCHOBHOM MPUYMHOM pocTa MeTabonuye-
CKMX HapyLLeHuih sBnseTcs (OpMUPOBaHNeE y HAaceneHns Henpa-
BUIbHBIX MULLEBBIX CTEPEOTUNOB U [BUraTENbHOMO MOBEAEHMS
[51]. HenaBHWe onpockl Nokasanu Bo3pacTaHue obuiero obbema
noTpebnsemMoi NMULWM B COMETAHUM CO CHKEHWEM [BWraTenb-
HOW aKTUBHOCTW Yy FOPOACKUX xutenein TamkukuctaHa [51, 53,
54]. bonee 95% ONPOLIEHHbIX PErynspHO ynoTpebnsamm myy-
Hble n3aenms, ao 30% pecnoHLEHTOB ykasanu NpPeanoyTeEHNe K
tactyay v perynspHomy ero ynotpebneHuto 1-2 pasa B He-
genwo [51, 53], npn aTom 63% pecnoHAEHTOB He WCMONb30Bany
B MULLY LOCTATOMHOE KOMWYECTBO OBOLUEN W dpykToB [56]. W3
Bonee 1000 onpoLeHHbIX ToNbKo 8% 3asBMAN O perynspHoM 3a-
HATUM pranyeckumn ynpaxseruamu [51]. MNpeanonaraetcs Tak-
e BblCOKasi pofib NEeNTUHOPE3UCTEHTHOCTM [57] U UHCYNUHOpe-
3ucTeHTHoCTU [58, 59] B pasBuTuM MeTabonmyeckmx HapyLeH!i
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y xuTenen TagxukuctaHa. HeCMOTPS Ha BPOXAEHHYIO [eTepMu-
HWPOBAHHOCTb TUMOB Tenocnoxenus [60], hakTopbl OKpyXatoLLen
CpeAbl 1 06pa3 XM3HM MOTyT BMNATL Ha BbIPAXEHHOCTb TOMO MK
WHOro KOMMoHeHTa comatotuna [40, 61]. K npumepy, aHgomop-
(1St NOKa3bIBAET CUMbHYIO MOMOXUTENBHYIO KOPPEensauuo ¢ Ton-
LLIMHOM KOXHO-KMPOBbIX CKnagok [62]. Takum obpa3om, 3HAO-
Mopdun3aums Tenocnoxexns y xutenei Jywanbe moxeT ObiTb
06bsiCHEHa pacnpOCTPaHEHHOCTbIO M3BLITOYHOI Macchl TeNa, 4To
Takke nokasaHo B AaHHo pabote. [ywaHbe sBnseTcsa kpynHen-
MM ropoaoM, cTonuuei TagxukucTaHa ¢ pacnpocTpaHeHHoM
CeTblo 3aBefeHWn OOLIECTBEHHOrO NUTaHWS, NPEAOCTaBnsio-
LWMX BbICOKOKANOpUIAHOE MuTaHue C ObICTPbIM 0OCMyXMBAHUEM
W pasBUTON CETbO OOLLECTBEHHOTO TPaHCNOPTa, WUCKIHYatoLen
HeobxoaMMOCTb NELUEXOAHOTO NEPeaBKEHNs Ha ANUHHbIE Au-
cTaHuun [63]. TBAO, HanpoTuB, SBNSETCS CENbCKUM PErVOHOM,
9KOHOMMKA JOMOXO3SINCTB KOTOPOrO AEPKNTCS Ha NCKIIOYUTENb-
HO arpapHOM CEKTope, YTO BblHyxXaaeT 6onee 70% ero xutenen
eXeJHEBHO TPYAMTbCA Ha COOCTBEHHbIX ydyacTkax, pacxoays
BornbLioe konnyecTBo aHeprim [53]. B aTom pernoHe He pacnpo-
CTpaHeHbl 3aBefeHns dactdyna, COLMOIKOHOMUYECKUe yCno-
BUSI MPOXMBAHUS HacemneHWs Takke HeBbicokue [63]. B gaHHOM
pabote BbisiBNeH aeduumut Maccel Tena y 60% obcneaoBaHHbIX
monoabix MyxuunH 13 F[BAO. Takum 06pa3om, Mbl npegnonaraem,
4TO TPYAOEMKUI PUIMYECKUI TPYL B COMETaHUM C OTpULaTENb-
HbIM 3HepreTyeckum HGanaHcom y BonblumHeTBa Xutenen NBAO
MOXET SBMATbCS MPUYMHON YBETMYEHUS KTO- U ME3OMOPEHOTO
KOMMOHeHTa TenocnoxeHus (tabn. 2, puc. 2). Heobxoaumo oT-
METUTb, YTO NOMyYeHHble pesynbTaThl YaCTUYHO MPOTUBOpPeYaT
AaHHbIM NUTepaTypbl, rAe coobLiaeTcs YTO pacnpoCTpaHEHHOCTb
13bbITOYHOM Macchl Tena y xutenen TBAO Beicoka. Mo Hawum
AaHHbIM, Bcero 2% fobposonbues 13 FTBAO nmenu nsbbiTok Mac-
cbl Tena (tabn. 3), u npu atom 16% MmMenu SHAOMOPCHBIN CO-
maToTun (Tabn. 2). 310, BEPOSTHEE BCErO, BO3MOXHO OOBACHUTL
LUMPOKAM [Mana3oHoM Bo3pacTa 0bcnefoBaHHbIX M OrpaHuyeH-
HoW obnacTblo Habmogenuir [56]. Haww pesynbtathl 4acTUYHO
COBMaJakT C JaHHbIMK, Ony6nMKOBaHHBIMI MO pesynbTaTam uc-
cnefoBaHui, nposefeHHbIx B 2000-2008 rogax ¢ yyactuem Ho-
BopOXaeHHbIX feTeit 13 FBAO [64]. CriegyeT nogyepkHyTb, YTO
BO3paCT Y4aCTHWKOB [AHHOTO MCCNEefoBaHMs NpeanonaraeT wx
poxaeHne B 2000-2002 rogax.

B crtatbe mpou3BoaunoCch CpaBHEHUE aHTPOMOMETPUYECKNX
napameTpoB Y XWTENen PaBHWHHOW MECTHOCTW U3 ropoga [y-
waHbe (706 M Hag ypoBHEM MoOpsi) N 4OOPOBOMbLEB, C POXAE-
HWS! NPOXXMBAIOLLMX B YCMOBUSIX BbICOThI, — NOCENKOB rOPOACKOr0
Tuna Banu (1722 m Hag ypoBHeM Mops), PowTkana (2696 M Hag
ypoBHeM Mops), Mwkawwmm (3037 M Hag ypoBHem Mops), LLyr-
HaH (2287 M Hap yposHeM Mopsi), Myprab (3618 m Hag ypoBHEM
mops1), ropoga Xopor (2123 m), Haxopswmxca B TBAO. MHoro-
YNCIEHHbIE UCCMER0BAHNS LOKYMEHTUPYIOT BIUSHNE BbICOTHBIX
YCIOBMI MPOXMBAHNS Ha (IU3NYECKOE pa3BuTME B3POCTbIX 1 Ae-
Ten. Andrade v coaBT. (2023) coobwunu 0 JOMUHUPYHOLLEM Me-
30MOP(HOM TUNE TENOCNOXeHUs y feTen npenybepTaTHOro Bo3-
pacTa, NpOXMBatoLLMX B BbICOKOrOPHbIX paioHax ApreHTuHbl [65],
4TO cornacyeTcs ¢ pesynbTatamu obcnegosanus xutenei FTbAO

B AaHHol pabote. OBcepBaLOHHbIE NCCNEef0BaHMS, BbINOMHEH-
Hble ¢ yyacTnem Henanbckon [66], Scmonckon [67], TubeTckoil
[68], Wpm-Nankuirckon [69], MepyaHckon [70, 71], Konymbuiickon
[72, 78], Nnawinckon [36] koropTbl, BbISBAIN A€DULUT IMHERHOTO
pocTay AeTei, NPOXUBALOLLMX B YCIOBUSX BbICOKOrOpbS. B Hallem
MCCNeS0BaHNN XUTENN BbICOKOTOPHBLIX PalioHOB Takke OTCTaBa-
NN OT CBOMX CBEPCTHMKOB M3 I. [lyliaHbe no nokasaTesnto BEpXy-
LWEeYHON AMHbI Tena (Tabn. 1). HekoTopble aBTOpbI Monarawr,
4TO BHYTPUYTPOOHAS TMMOKCUST MOXET CTaTb MPUYMHON 3a4epX KN
pocTa nnofa 1 HOBOPOXAEHHBIX U3 BbICOKOTOPHBIX PErMOHOB [73].
AHTpPONOMETPUYECKU OeUUMT U Manbli pa3mep nerkux [74],
a TakxKe reHeTUYECKU MonMMopdU3M PErynsaTopoB KNeTOYHOro
UMKMa W CUrHambHbIX MOMEKYN, y4acTBYKLUMX B TPaHCLyKUUM
KIIOYEBOr0 MexaHuama yanuHeHus kocTei [75] — MHCynuHomno-
nobHoro dhaktopa pocta 1 [76], BEPOSTHO, SBNAOTCS MeXaHu3-
Mamy OrpaHUYeHNst CKOPOCTM «AOTOHSIKOLLEro» PocTa BO BpeMs
nybepTaTHoro cnypTa [72, 77] y AeTel ¢ HU3KOPOCMOCTbIO BCRea-
CTBUE BANSIHUS BbICOKOrOpbS. Mo MHeHuto J.I. Martinez u coasT.
(2021), maTepuHCKas HU3KOPOCNOCTb, BbI3BAHHAS BbICOKOrOPLEM
W TUNOKCUEN, MOXET nepeaaBaThCsl CReAyloWUM MOKONEHUSM
[78]. Heobxoammo Takxke OTMETUTb, YTO C 3KTOMOpMEN noro-
KWTESbHO CBS3aH NonuMopduam reHa agpeHopetentopa ADRB3
rs4994 reHoTtun Trp64Arg [79], reHa anbca-aktuHnHa-3 ACTN3
RX [80], HeitpoTpodhuyeckoro caktopa mosra BDNF BapuaHT
rs925946, HeilpekcuHa-3-anba NRXN3 BapuanT rs10146997,
reHa, accoLMMpoBaHHOro ¢ oxupeHnem FTO BapuaHT rs9939609
¥ reHa npoTenHknHasbl MAP2KS5 rs4776970 [17]; ¢ mesomopdment
ceszaHbl NRXN3 BapuaHT rs10146997, FTO BapuaHT rs9939609
[17]; c aHpomopdueir — ADRB3 rs4994 reHotun Trp64Trp [79],
nonumopcguam KLF14 [81], BDNF BapuaHT rs925946, NRXN3
BapuaHT rs10146997 [17]. BbisBneHWe reHeTn4eckoro AeTepmu-
HUPOBaHMS POPMbI Tefla U ero BAUSHWS HA MOTOPHbIE (hYHKLMK
1 BbIHOCIMBOCTb Y xuTenen FBAO moryT ctatb npegmetom Gyay-
LLMX UCCneaoBaHuii.

BbisiBrieHHas B CTaTbe BbICOKAsi PacnpoCTpaHEHHOCTb Aedu-
LMTa Maccol Tena B COMETAHMM C ME30- 1 IKTOMOpUen y Xu-
Tenen BbICOTHbIX paiioHOB TamXuKuCTaHa Takke COOTBETCTBYET
NnTepaTypHbIM AaHHbIM. HECKONbKO He3aBUCUMBIX UCCREA0BAHMIA
NOATBEPAMIMN CHINKEHNE pucka 13bbITka Macchl Tena 1 OX1peHus
Y XuTenew ropHbix paitoHoB Henana [81], Tubeta [82] n CLUA [83].

CunbHbIMKM CTOPOHaMK AaHHOW paboTbl SBMSETCA MombiTKa
CO3A4aHUs MPOTHOCTUMYECKON MOAENU NEepCOHN(ULMPOBAHHOTO
MOAXOAa K MOHUTOPWHTY COCTOSIHUS 300pOBbA XuUTenei Pecnyb-
nuku TafKMKUCTaH B CBS3N C TEPPUTOPUEN MX MPOXMBAHWS W
0C0B6EeHHOCTSIMI OKpY»KatoLLeit cpeabl. Tak, 3HAOMOPHbIN CoMa-
TOTWM, BbISBMEHHBIA Y MyX4uH W3 1. [lywanbe, B cryyae Heco-
OriofeHns MU NPUHLMNOB 3[40POBOrO NUTaHUS U 06pasa XM3HM
MOXET ObITb NPEAMKTOPOM MeTaboNMYECKNX HapYLLEHWI 1 acco-
LMMPOBAHHBIX C 3TUM (OYHKLMOHAMBHBIX HapyLeHUA. Y BOMbHbIX
13 TapxuKUCTaHa, CTpagakLmnx OXMPEHNEM, BbISIBIIEH BbICOKUI
YPOBEHb OKUCIUTENBHOTO cTpecca [84], MHCYNMHOPE3UCTEHT-
HOCTb [58, 59], HapyLeHre paboTbl LMTOBUAHOM Xenesbl [85].

OKTO- M Me3omopdu3aLmMs TENOCNOXEHNS, OBHapyXeHHas v
XUTENE FOpHbIX paloHOB pecnybmukn, MoxeT 0OBACHUTL pas-
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BUTME Jeduynta Maccsl Tena Npy HENPaBUIbHOM MUTAHWKU U Ha-
pyLUEHNN paboTbl KeNyAO4HO-KULLEYHOTO TpakTa. Hefoegaxuwe 1
3afepxka pocTta ABMSAeTCs PakTOPOM pucka pa3BuUTHS KOTHUTHB-
HbIX HapyLeHui [86, 87], cHmkeHUs MOTOPHbIX yHKUMIA [88], oe-
uumrTa MUKpoanemeHToB [89], NOBBILIEHHON BOCMPUUMYNBOCTM
K MH(DEKLMOHHBIM 3a00MneBaHNAMM 13-3a CHKEHWS UMMYHUTETA
[90, 91]. OgHako B nuTEpaType He coobLiaeTcs O pacnpocTpa-
HeHWN 3aboneBaHNi, CBA3aHHbIX C 3aEPXKOA pocTa U HU3KUM
Becom y xutenen [BAO. Ha aTomM 0CHOBaHUM MOXHO Mpeanorno-
XUTb, 4TO Y MOMOABIX MYX4UH UMEeT MeCTO KOMMEHCMPOBaHHas
topma fedmuynta maccel Tena. PacnpoctpaHeHne mMeso- U k-
TOMOGHOTO TUNa TEMNOCMOXEHUS UMEET «MONOXNTENbHYH» CTPO-
Hy. Kak roBopunocb paHee, IMEHHO 3TV BapWaHTbl COMAToOTMNa
NONOXMTENbHO CBA3aHbI C PA3BUTUEM [BUraTenbHbIX HABBIKOB 1
BbIHOCIIMBOCTH Yy cropTcmeHoB [9, 10, 92, 93]. Takum obpasom,
3[0pOBbIE MYX4MHbI-COpPTCMeHbI M3 TBAO MoryT nonyumts 61o-
Nornyeckoe NPenMyLLECTBO ANS JOCTKEHUS MakCMMarnbHON a-
(DEKTMBHOCTW CIOPTMBHbIX TPEHUPOBOK 1 BEPOSTHOCTM 0TOOpa B
npodeccnoHanbHble komanabl [4, 11, 94].

OnncaHHble 3aKOHOMEPHOCTU SIBMSIOTCS pe3ynbTaTtoM pea-
NN3aLuM NUOTHOTO NPOEKTa, MO3TOMY 3TO UCCNEA0BaHME NMeeT
psig orpaHnyenuin. Bo-nepBsoix, paboTa He npegnonarana onpe-
AeneHns (YHKLUMOHAMbHbBIX, reMaToNorMYeckux, reHeTUYeCcKunX,
Buoxmmmyeckmx 0cobeHHOCTel xutenein TagxukucTaHa U Ux
Koppensuum ¢ comaToTuUnom. Bo-BTopbix, 3TU pe3ynbTaThl Tpeby-
t0T BOCMPOKU3BOAMMOCTM B APYTVX rPyNnax CPaBHEHNS (KEHLLMHBI,
aetn). B-TpeTbunx, Heobxoaumo obcneaoBaTh BbIBOPKY U3 APYruX
panoHOB, C(OKYCUPOBABLUMCb HA BIUSHWM (HAKTOPOB Cpefbl,
BbICOKOTOPbS, NPOXWUBAHWNS B CENMbCKAX W TOPOACKUX PErMoHax
TapxukucTaHa Ha aHTPOMOMETpUYECcKNe OCOOEHHOCTU XuTenen
pecnybnukm.

BbIBOAbI

1. AHTpPONOMETPUYECKMA NPOUIb U KOHCTUTYLMOHaNbHOE
pa3Hoobpasne Monodbix Myx4nH — xuteneit Pecnybnuku Tag-
XMKUCTaH 3aBUCAT OT PETMOHA NX MOCTOSIHHOMO NPOXMBAHUS.

2. Topon HywaHbe, cTonuua pecnybnuku, xapaktepusyeTcs
BbICOKOI1 ypbaHu3aLei, KoTopasi NpyUBena Kk Co3aaHuIo YCroBui,
MOBMUSBLUMX Ha YPOBEHb [BUraTenbHON aKTMBHOCTW U MUTaHUE
monoaexu. Cybbektbl u3 r. [lywaHbe 0TnmMyaTcs BbICOKOPOC-
NOCTbH, BbICOKOW TOMLMHONM NOAKOXHOTO XWpa, MacCUBHbIMU
KocTaMK, 3HAOMOpdM3aLMeEN TENOCNOXEHNS, a TaKkke pacnpo-
CTpaHeHNeM 130bITka Macchl Tena 1 OXMPEHUS.

3. Ux cBepcTHUKK 13 TBAQ, pernoHa ¢ arpapHON 3KOHOMMKOM
[OMOX0351ACTB, TPebyloLen 3Hepro3aTpaTHoOro Py4yHoro Tpyaa,
XapaKTepn3oBanucb aHTPONOMETPUYECKUM AeULMTOM NUHEN-
HOro pocTa, Beca, MacChl KOCTEM, TOMLMHbI MOAKOXHOIO XuMpa B
COYETAHMM C NPEVNMYLLECTBEHHON ME30MOPMHOCTbLIO COMATOTHNA
11 BbICOKOWM pacrnpoCTPaHEHHOCTbI0 JeduunTa nuTaHms.

lMonyyeHHble pesynbTaTbl OTKPbIBAKT BOSMOXHOCTb BHEAPE-
HWS| 3NEMEHTOB NEPCOHUMULMPOBAHHOTO NOAX0AA K MOHUTOPMH-
ry 300pOBbst XuUTenen TagKuKUCTaHa, BbIPAXXEHHOMO B CO3A4aHUM
MPOrHOCTUYECKIX MOAENEN HAPYLLEHNS! HYTPUTUBHOTO cTaTyca 1

CBA3aHHbIX C HUM naTornoriit. OHU Takke MOryT BbiTb NONe3Hb
ANs peannsauuu nporpamm CropTUBHOMO 0TGOpa, OCHOBAHHbIX
Ha aHanmae (HU3NYecKoro PasBUTHS.

AOMONHUTENBbHAA UHOOPMALIUA

Bknap aBTOpoB. Bce aBTOpbI BHECNM CYLIECTBEHHDINA BKNag
B pa3paboTKy KOHLEenuuu, NpoBeAeHNe UCCNeAoBaHMsa W Noaro-
TOBKY CTaTbW, MPoOYnu 1 ogobpunn duHanbHylo BEPCUI0 nepea
ny6nukavmen.

KoHthnuKkT uHTepecoB. ABTOPbI AEKNapupyloT OTCYTCTBUE
SIBHBIX W MOTEHLMambHbIX KOH(MNKTOB UHTEPECOB, CBA3AHHbIX C
ny6nmkaLmen HacTosLLEN CTaTbMm.

WUcTounuk dmHaHcupoBaHus. ABTOpbI 3asBnstoT 06 OTCyT-
CTBUM BHELUHEro (PUHAHCMPOBaHUS MpU NPOBELEHUU WUccneno-
BaHUs.

WUHdopmupoBaHHOe cornacue Ha nyGnukaumi. ABTOpbI
MoNy4MnM NUCbMEHHOE cornacue NayueHToB Ha nybnvkaumio me-
BULIMHCKUX AaHHbIX.
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Pestome. BeedeHue. 330aruTbl pa3nuyHom atuonorun, Mmetannasus (bonesHb bappetra) u pak npeactaBnsioT
cepbesHyto npobnemy Ha COBPEMEHHOM dTane pasBUTUS MeanUMHbI. MoHUMaHKe perynauun nponudgepayum u
AN epeHLMpPOBKM ANUTENNSA NULLEBOAA KPUTUYECKM BaXHO ANs pa3paboTku adeKTUBHbIX TepaneBTUYeCKmnX
ctpaterwit. Llenb uccnedogaHusi — NpPOBECTU CPABHUTENbHbIN aHanu3 BO3AEeNCTBMS NENTUAHOTO MopdgoreHa
rMapbl U LMTOCTaTUYECKOro npenapata yuknogocdgaHa Ha MophOMETPUYECKNE U TUCTOXUMUYECKME NapaMeTpbl
aNUTeNMa NULeBoAa y MbIWeR, C 0COObIM BHUMAHUEM K N3MEHEHNSIM TKaHEBOW OpraHu3ayumn, xapakTepusyo-
Wwumcs kak rerepomopdusi. Bnepeble npeacTaBneH KOMNNEKCHbIA noaxoa, 06beanHaLWnii MopdomMeTpuyeckme,
TMCTOXUMUYECKNE N UMMYHOTUCTOXMMUYECKUE METOAbI ANS OLIEHKM BNNSHWAS 3TUX NpenapaToB Ha nponugepawmo
1 metabonuam anuTenuanbHbix knetok. Mamepuansi u memodsl. B akcnepumeHTe ucnonbaoBanm 45 6enbix bec-
NOPOAHbIX MbILEN. [pynnam XMBOTHbIX BBOAWN BHYTPUOPIOWMHHO NenTuaHbI MopdoreH ruapbl (MMI) (100 mkr/kr)
nnu unknogocana (L) (400 mr/kr) B TeweHne 5 aHeR, KOHTpONbHAA rpynna, nonyyana uanmonornyeckuin pacTeop.
fucTonornyeckuin aHanms, mopgomeTpus, ructoxumms (aktnsHocts HAJH-auadopassl 1 CykumHaTaernaporeHasbl)
N UMMYHOTUCTOXMMWS (BbISIBNEHUE SAEPHOr0 aHTUreHa nponudepupyowmx knetok PCNA) npoBogunnce yepes
24 yaca nocne nocnegHen UHbeKUMK. Pesynbmambi noka3anu, 4To NenTUAHbIA MOPGOreH ruapbl MHAYLMPYET M-
nepnnasuio ANUTENNS, NPEMMYLLECTBEHHO 3@ CYET LUMNOBATOro CMos, M NoBblwaeT akTneHocTb HALLH-anadopasbl u
CyKUMHATAErnaporeHassl, a Takxe nponudepartusHblin nHaekc. LinknodocdaH Bbi3biBaeT runepkepaTos, HapyLleHue
AN depeHLIMPOBKN N CHKEHNE aKTUBHOCTU (DEPMEHTOB C NapafoKcanbHbIM HavyanbHbIM YBENUYEHVEM, a 3aTeM
CHWXEHNEM nponndepaTMBHON akTUBHOCTU. Bbigodsl. INenTuaHbIn MopdhoreH ruapbl 1 UuknogocdaH Bbi3biBaKT
NPOTUBOMONOXHbIE N3MEHEHWS B ANUTENUM NULLEBOAA, YCUIUBas €ro reTepoMopduto. MNonyyeHHble AaHHbIE BaXHb
AN NOHMMaHWS NaToreHe3a OCMOXHEHWN XUMMoTepanumn 1 pa3paboTku HOBbIX CTpaTeruin neyeHns 3abonesaHuni
nuwesoaa.

KnioueBble cnoBa: anutenui nuieBoaa, retepomopdms, LuuknogocdaH, nenTuaHbiii MopgoreH ruapsl
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Abstract. Introduction. Esophagitis of various etiologies, metaplasia (Barrett’s disease) and cancer are a serious
problem at the current stage of medical development. Understanding the regulation of esophageal epithelial proliferation
and differentiation is crucial for developing effective therapeutic strategies. The aim of the study was to conduct a
comparative analysis of the effects of the peptide morphogen hydra and the cytostatic drug cyclophosphamide on the
morphometric and histochemical parameters of the esophageal epithelium in mice, with special attention to changes
in tissue organization characterized as heteromorphism. For the first time, a comprehensive approach combining
morphometric, histochemical, and immunohistochemical methods is presented to assess the effect of these drugs
on epithelial cell proliferation and metabolism. Materials and methods. 45 white mongrel mice were used in the
experiment. Groups of animals were injected intraperitoneally with the peptide morphogen hydra (PMG) (100 mcg/kg)
or cyclophosphamide (CF) (400 mg/kg) for 5 days, the control group received saline solution. Histological analysis,
morphometry, histochemistry (NADH-diaphorase and succinate dehydrogenase activity), and immunohistochemistry
(detection of nuclear antigen of proliferating PCNA cells) were performed 24 hours after the last injection. The results
showed that the peptide morphogen of hydra induces epithelial hyperplasia, mainly due to the spiny layer, and increases
the activity of NADH-diaphorase and succinate dehydrogenase, as well as the proliferative index. Cyclophosphamide
causes hyperkeratosis, impaired differentiation, and decreased enzyme activity, with a paradoxical initial increase and
then decrease in proliferative activity. Conclusions. The peptide morphogen of hydra and cyclophosphamide cause
opposite changes in the epithelium of the esophagus, enhancing its heteromorphism. The data obtained are important
for understanding the pathogenesis of chemotherapy complications and developing new strategies for the treatment
of esophageal diseases.

Keywords: esophageal epithelium, heteromorphy, cyclophosphamide, morphogen
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BBEJEHUE

3aboneBaHust nuwesoda, BKMOYas 330¢aruTbl PasfUYHOM
aTvonoruu, metannasuto (6onesHb bappetTa) u pak, npeacTas-
NS0T CepbesHylo MeauUuHekylo npobnemy [7, 9, 14]. MoHuma-
HWe perynsumM nponudepauum 1 AnddepeHLMpoBKI ANUTENMUS
NULLEBOAA KPUTUYECKM BaxHO ANs pa3paboTku 3dhheKTUBHBIX
TepaneBTuyeckux ctpaternit [10, 11, 15]. B HacToswem uccnego-
BaHWW Mbl CPABHWIM BIUSIHIE Ha SNUTENWA NLEBOAA ABYX areH-
TOB C NMPOTUBOMOMNOXHBIMA MEXaHW3MaMu AENCTBUS: NENTULHbIN
mopdoreH ruapsl (MMI), N3BECTHBIA CBOUMI PErEHEPaTUBHLIMU
cBOMCTBaMK, 1 LmknodocdaH (Li®), umtoctaTnyeckuis npenapar,
LUMPOKO MCMOMb3yeMbI B OHKOMOrmM. [nnoTtesa mccnenoBaHus
3aKrnyanach B TOM, YTO 3TV areHTbl BbI30BYT NPOTUBOMNONOXKHbIE
U3MEHEHNS B MOPGOMETPUM U TUCTOXMMUYECKUX MOKasaTensx
anuTenus.

LENTb UCCNEAOBAHUA

Llenb paboTbl — NpoBeCTH CpaBHUTENBHOE 3KCMEPUMEHTaNb-
HOe 13y4eHNe U3MEHEHUI MMCTONOTUYECKOro CTPOEHIUS ANUTENMS
Cnu3ncTon 060M04KM NULLEBOAA, €ro NPoNndepaTBHOI 1 MeTa-
Bonnyeckon akTMBHOCTY NOA BANSHUEM LUTOCTaTUKa 1 Mopdore-
Ha C y4eToM reTepoMopcnm 3TOM TKaHW.

MATEPWAIbI U METOAbI

OKCNepUMeEHT npoBoaMncs Ha 45 B3pocnbix GecnopogHbix
Benbix Mblwax-camyax (23-25 r), cnyyariHsiM 0bpasom pacnpe-
LENEHHbIX B TPU rpynnbl N0 15 XMBOTHbIX B KAXOOW: KOHTPOSb-
Has (BHYTPMOPIOLWWHHOE BBEAEHWE (PU3NOMOTMYECKOrO pacTBopa
NaCl), rpynna MMI (BHyTpubptowumHHoe BBeaeHue MM B fose
100 mkr/kr maccbl Tena), rpynna Li® (BHyTpnbprowmnHHOE BBEAE-
Hue L®, TOHC-®apm, Poccus, 400 mr/kr maccsl Tena). ExenHes-
HOe BHYTPUOPIOLLMHHOE BBEAEHWE MpEenapaToB OCYLLECTBASNOCH
B TeueHue 5 gHen. Yepes 24 yaca nocne nocrnegHen MHbEKLNN
XMBOTHbIX 3BTaHu3uposanu [2]. O6pasupl nuwesoga gukcnpo-
Banu B xuakoctu KapHya, roToBWnM ruCTONOrMYeckne cpesbl u
NPOBOAMNM OKpaLLMBAHWe remMaToKCUIMHOM—303nHOM. Mopdo-
METPUYECKMI aHanmM3 (TOMLLMHA SNUTENManbHOro nnacta u ero
COeB) NPOBOAUIM C MOMOLLbHO OKYNISIPHOrO MukpomeTpa (%280).
MponudepaTuBHYK akTUBHOCTb OLIEHMBANM NyTeM NofacyeTa Mu-
T030B B GasanbHom cnoe (23000 knetok Ha xwmBoTHoe, x900).
AxTuHocTs HA[H-gnadopassl (HAOH-g) v cykumHatgerngpo-
reHasbl (CAI) onpegensnn rucToXMMWYECKM Ha KPUOCTaTHbIX
cpesax (TeTpasonneBbIi METOA) C KONMYECTBEHHOW OLIEHKOM Ha
cnektpodotomeTpe (X280, A=545 Hm) [6]. MMmyHOrMCTOXMMMYE-
CKO€ BbISIBIIEHUE EPHOr0 aHTUreHa NponudepUpYLLNX KNeTok
PCNA (DAKO A/S, [aHusi, passegeHue 1:100) npoBogunm Ha na-
padhnHOBbIX cpesax. CTaTucTnyeckyto 06paboTKy AaHHbIX MPOBO-
Annu ¢ nomowpto t-kputepus CTbloaeHTa (Statistica for Windows
v.6.0). 3HaunmocTb pasnuyuii npuHumanacs npu p <0,05. Pabota
NpoBeLieHa B COOTBETCTBUM C ITUMECKMMI NPUHLIMNAMK, YCTaHOB-
NeHHbIMU EBponenckoit KOHBEHUMeN MO 3alyuTe NO3BOHOYHbIX

KMBOTHbIX, WUCMOMb3yeMblX NS 3KCepUMEHTanbHbIX M ApYruX
Hay4HbIx Leneit (npuHston B CTpactypre 18.03.1986 r. n nog-
TBEPXOeHHOI B CTpacbypre 15.06.2006 r.) 1 ogobpeHa Jlokanb-
HbIM 3TMYECKAM KOMUTETOM.

PE3YJIbTATbI

B KOHTpOMbHOM rpynne MHOrOCMOMHBIA NIIOCKWA HEeOporoee-
BAOLLWA 3NUTENNIA NULLEBOAA AEMOHCTPUPOBAN TUMMYHYKD apXu-
TEKTOHUKY: YeTKylo cTpaTudukaLmio Ha basarnbHbIi, WUNOBATbIN,
3EPHUCTLIN U POrOBOW COM, @ Takke XapaKTepHyK BepTuKanb-
Hyl0 KNeTouHyl nonspusaumio. basanbHble kneTkn obrnagamm
KyOMYECKOM MnN HU3KONpU3MaTU4eckon gopmoi, 6a3odunbHON
LMTONNA3MON 1 NpUBAM3NTENBHO PaBHLIM COOTHOLIEHUEM 3Y- U
reTepoxpoMatuHa B sapax. MuToTuyeckasi akTMBHOCTb Obina
NPEUMYLLECTBEHHO foKanu3oBaHa B ©asanbHOM Crioe, nposiB-
nsascb B BUAE OTAENbHbIX ovaroB. LUnnosatbid cnoi dhopmmpo-
Bancs 13 2—-4 psAoB NOMWUIOHANbHbIX KNETOK ¢ npeobnagaHuem
3yxpomaTiHa B siLpax W MHTEHCMBHOM 6asodunuein LMTonnasmel.
3epHUCTbIN CNoN cOCTosN M3 1-2 PAROB YNMOLEHHbIX KMNETOK C
BbIpPaX€eHHbIM TeTEPOXPOMATUHOM B siapax U BombluMM Komnye-
cTBOM 6a30hUrbHBIX KepaToranHOBbLIX TpaHyn B LMTOMNasMe.
Porogoit cnoi 6bin npegcTasnieH NNOTHO YnakoBaHHLIMW POroBbl-
MU YeLlyiKaMmi ¢ OKCUUIBHOM LUTONNa3Moi.

pynna nenTuaHbIN MOPGOreH rMapbI

[ucmonozuyeckoe uccrnedosaHue. B rpynne XWBOTHbIX,
nonyyaslwwux [MP, obliee cTpoeHWe anuTenus nuiiesoda co-
XpaHAnoch, ofHako Habnoganack CTaTUCTUYECKU 3HAUMMas M-
nepnnaaus (p <0,001), npenMyLLECTBEHHO 3a CYET YBENMYEHUS
TONLLMHBI WKnoBaToro cros. Mopdonorus KneTok B pa3nuyHbIx
Cnosix, BKMKOYas pa3Mepbl SAep U pacnpefeneHue XpomatiHa,
BM3yanbHO He OTNNYanacb OT KOHTPOMbHOW rpynmbl. Mpu 3aToM
ObIfo 0OTMEYEHO YBENMUYEHME YnCa MUTO30B B 6a3anbHOM croe.

Mopghomempuyeckoe uccnedosaHue. KonmyecTBeHHbIA Mop-
bomeTpryeCKMin aHanM3 nokasan yBenuyeHne obLieit TOMWMHbI
anutennansHoro nnacta B 1,4 pasa (p <0,001) oTHocuTENbHO
KOHTPOMBHOM rpynmbl. 3TO yBENUYEHWe B OCHOBHOM 0BycnoBre-
HO POCTOM TOMLWWHbI LMnoBaTtoro cnos (B 1,7 pasa, p <0,001) u,
B MeHbLUel cTenenu, basansHoro (B8 1,3 pasa, (p <0,05)). Ton-
LLHA POTOBOTO CrOS CTATUCTUYECKM 3HAYMMO He OTnMYanach ot
koHTpons. MuToTuyeckas akTMBHOCTb B 6a3arnbHOM Croe Bo3po-
cna B 1,4 pasa (p <0,01) no cpaBHeHUO C KoHTponem (puc. 1).
MponndepaTuBHbIA UHOEKC Takke NPOAEMOHCTPUPOBAN 4OCTO-
BepHoe noBblilleHue (p <0,05).

[ucmoxumuyeckoe uccredosaHue. B KOHTPONbHOM rpynne ak-
TBHOCTb HALJH-1 peructpupoBanach BO BCeX CMOSIX SNUTENNS,
33 MCKMIOYEHMEM POroBOrO, C PaBHOMEPHBLIM pacrnpeseneHnem
NpoAyKTa peakummn B UUTONMa3Me KneTok. AKTUBHOCTb (hepMeHTa
Bbina Bbiwe B 6asanbHOM croe, Yyem B umMnoBaToM. BBeaenue
MMl He M3MEHUNO XapaKTep nokanusauum pepMeHTaTUBHON ak-
TUBHOCTY, OAHAKO BU3yasnbHO Habroganoch ycuneHue peakuum
0azanbHOM ¥ LWMNOBaATOM CosiX. B poroBom 1 3epHUCTOM Crnosix
3HAYMMbIX W3MEHEHWI He BbISBMEHO. KomnyecTBeHHas OLeHKa
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Fig. 2.

mr nmr UeK/ U (o)
K/MC 5-e cyTtku / CPhC 2-ecyt- 6-ecyT-
M kn/GCPh kn/CPh
5th day M 2nd day  6th day

CPh CPh

MuToTMYeckas akTUBHOCTb B 6a3anbHOM cCnoe anuUTenus
nuweBoAa Npu BBeAeHUM NenTUAHOrO MopdoreHa ruapbI
(MMT) u uuknodocdana (L®). Mo ocu opanHaT: MUTOTH-
yeckas aKTMBHOCTb (B %o). Mo ocu abcumcc 3pechk M Ha
puc. 2 — 3HayeHus nokasartens: K — KoHTponbHas rpyn-
na, 2, 5, 6 — cyTku akcnepumeHTa. * OTnUYMe OT KOHTpONs
3Hauumo (p <0,05)

Mitotic activity in the basal layer of the esophageal
epithelium after administration of morphogen (M) and
cyclophosphamide (CPh). Ordinate axis: mitotic activity
(in %o). Abscissa axis here and in Figs. 2 — index values:
C — control group, 2, 5, 6 — days of the experiment.
* Difference from control is significant (p <0,05)

fmr OnbIT L®K / OnbIT
K/MC [IMI™/ CPh C LUo/
Experiment Experiment
M CPh

nokasana 1,6-kpatHoe yBenuuyeHue aktusHoctu HAOH-g B 6a-
3anbHom 1 1,3-kpaTHoe — B wunosaTom croe (p <0,01) (puc. 2).
AxTuHocTb COI Takke goctoBepHo nosbicunacs (p <0,01) — B
1,4 pasa B 6a3anbHOM M B 1,5 pasa B LWINNOBATOM Crioe.

Ipynna uuknodocdana

['ucmonozuyeckoe uccnedosaHue. KpaTKoBpeMeHHOe BO3-
JencTeme Bbicokux 4o3 LI npuBeno K cyLleCcTBEHHOMY yTOnLe-
HWI0 3NUTENManbHOro NnacTa yxe KO BTOPbIM CyTKam JKkcnepu-
MeHTa, CONPOBOXAAOLLEMYCS HEPABHOMEPHBIM YTOTLLEHNEM W
PLIXNOCTLIO poroBoro cnos. O6bLwee yTonweHne anuTenus 6bino
cTaTucTmyeckn 3Hauumbim (p <0,001) n B nepsyt oyepeab 06-
yCroBreHo rvnepkepato3om. OTMeYanuchb HapyLleHus cTpaTu-
dukaLmm u auddepeHLMpPoBKM ANUTENNOLUTOB, C SBMNEHUSIMM
puckepato3a. Habntopancs nameHeHHblin penbed anutenuans-
HO NOBEPXHOCTW U MHTepCTULManbHbIA 0TeK. basanbHble kneT-
ku pacnonaranuce 6ecnopsaoyHo, OPMUPYS MHOFOPSIAHbINA
cnoi ¢ BapuabenbHocTbio 6azodmnum yutonnasmel. B wunosa-
TOM Crnoe Habmoaanoch yBeNnnyYeHne Yncna KneTouHbIX psifoB
n obbema LuuTonnaambl ANUTENMOLMTOB. B kneTkax 3epHUCTOro
Cos YBENUYMANCH pa3Mepbl KepaTornanuHOBbIX rpaHyn.

Moppomempuyeckoe uccnedogaHue. MakcumanbHoe yBe-
NYeHne TOMLMHBI AnUTenuansHoro nnacta (B 1,7 pasa) v ton-
LMHbLI POroBoro cnos (B 2,3 pasa) (puc. 1) Obino 3adukcupo-
BaHO Ha B-e CyTKM akcnepumeHTa. MuUToTMYECKas aKTUBHOCTb
nocrne nepBoi MHbekumn LI® Bo3pocna B 3 pasa, ogHaKko K 8-m
CyTkaMm cHuaunacb B 1,3 pasa 0THOCUTENBHO KOHTPONS (puc. 1).
MponudepaTuBHbIA MHAEKC NOKa3an napagokcanbHy AUHaMu-
Ky: HayarnbHOe MOBbLILIEHNE CMEHMMOCh 3HAYUTENbHBIM CHUXE-
HMeM K KOHLy akcnepumeHTa (p <0,05).

nMr OnbIT L®K/ OnbIT
K/MC [IMT™/ CPhC LUo/
Experiment Experiment
M CPh

AktuBHocTb HAJH-anadhopa3sbi B 6azansHom (1) u wunosatom (Il) cnosix anutenus nuieBoAa npy BBeAeHUM nenTuaHoro Mopgo-
reHa rugps! (MMI) u uuknodocdana (LiP). Mo ocn opauHaT: akTMBHOCTL hepMeHTa (OTH. ef.)

Activity of NADH diaphorase in the basal (I) and spinous (ll) layers of the esophageal epithelium after administration of morphogen
(M) and cyclophosphamide (CPh). Ordinate axis: enzyme activity (relative units)
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Fucmoxumuyeckoe uccrnedogaHue. AktuHocte HAOH-g
oCTaBanacb OTHOCUTENbHO CTabWNBbHOM B Havane aKCrnepuMeH-
Ta, OQHaKO K 6-M cyTkam cHuaunacb B 1,2 pasa B 6asanbHOM
n wunoeatom cnosax (p <0,01) (puc. 2). AHanornyHo, akTue-
HocTe CAIN B uuTonnasme WuNoBaTbiX KNETOK yMEHbLUMMACh B
cpenHeM B 1,5 pasa (p <0,01), 4to KOppenupyeT ¢ yrHeTEHUEM
MUTOXOHAPWANbHON aKTUBHOCTK nog BnusHuem L®. MmmyHo-
aucmoxumuyeckoe uccnedogaHue. Boissnenne PCNA nokasano
nepBoHavanbHoe CHuxeHne konuyectea PCNA-nonoxuTens-
HbIX KNETOK Ha 27% OTHOCWUTENIbHO KOHTPOMS C MOCNEAYoLUM
yBenuyeHnem Ha 23% B GasanbHoM 1 Ha 99% B LMNoBaToM
Croe Ha 6-e cyTku.

OBCYXOEHUE

PesynbTaTbl JEMOHCTPUPYIOT aHTaroH1cTUyeckoe BrusHue MM
1 LU® Ha anuTennin nuwesoaa. Mockonbky MNMIT oTHoCKTCS K Knaccy
perynsaTopHbIX HeiponenTgos [1, 13], MOXHO NPeanonoxuThb, YTo,
nogolbHO apyrMM NpeAcTaBUTENSAM STOTO Kracca, OH SBMsSeTCs of-
HWAM 13 3rIEMEHTOB CIIOXHOW HENPONENTUAHOW PerynsaTOpHOM CUCTe-
Mbl, KOTOpPast KOHTPOMMPYET PasnnyHble YHKLMAW KNETOK 3nuTenus
nuiiesoda, — nponudepaumio, AuddepeHLpoBKy, (yHKLMOHaMb-
HYl0 aKTMBHOCTb. [laHHOe nccnenoBaHve noateepxaaet, yto MMM
VHAYLUMPYET CTUMYNALMIO NponudepaLmmn n meTabonuama, npueoas
K runepniasvn NpeumyLLEeCTBEHHO B LUMMOBATOM CIIOe.

YBenuyeHue aktueHoct HA[H-4 B anutenuu nuwesoga
nocne BeefeHus MMMl 1 paHHee BbISIBNEHHOE CTUMYUPYIOLLEE
BnusiHue MMM Ha akTuBHOCTb CII [3] COOTBETCTBYET YCUMEHNIO
OKMUCnUTENBHOTO MeTabonmama TkaHwm.

B uenom ructonoruyeckue, MOphoOMETPUYECKIUE U KONIUYECT-
BEHHbIE MMCTOXUMWUYECKWUe [aHHble [aloT OCHOBaHWE roOBOPUTHL O
cTumynupytowem BausHuM MMM Ha anuTenuin nuLesopa, KoTo-
poe NposiBASETCS yCUneHnem ero nponudepawmu, obwmm yton-
LIeHreM, yBenuYeHneM nyna audhepeHLUpyoLLUXCs KNeToK 1
MeTabonmyeckon akTuBaLmen.

[Mpun KpaTKOBPEMEHHOM BBefeHMM BbICOKMX 403 L|® B anuTe-
Nnn cnusncTo 060noYky NuLLeBoga HabnaaTes BblpaXeHHbIe
HapyLleHus npoLeccoB AnthMEPEHLMPOBKA W KepaTUHU3aLmum:
YTOMLLEHNE 3NUTENNanbHOro nnacta, 0COOEHHO SPKO BbIpaXeH-
HOe B POTOBOM CrOe, r1nepkepartos, HapylleHue BepTUKanbHOM
aH13OMOPMUM W LNTOAPXUTEKTOHUKM, Takue Kak MHOropsigHoe
pacnonoxeHue kneTok 6asanbHoro crosl, yBenuyeHme KonmyecT-
Ba PSLOB 3NUTENNOLMTOB B LLIMMNOBATOM COE, NOSIBNEHNE KNETOK
C aTUNUYHBIMK SpaMu, YBENUYEHWE pa3MepoB KepaTornanuHo-
BbIX IPaHyn B 3NWUTENMOLMTaX 3EPHUCTOrO Cnos, paspbixneHue
POroBOro Cros W ero pacnag Ha KOMMMEeKChl Yellyek, paclumpe-
HWE MEXKNETOYHbIX MPOMEXYTKOB M MHTEPCTULMANbHBIA OTEK.
AHanornyHble U3MeHeHUs ONMCcaHbl NpuW pasnuyHbIX popmax 330-
(haruToB, a Takke B ovarax Aucnnasvm anutenus nuwesoaa [11,
15]. Mopdonornyeckne M3MeHeHUs COMPOBOXAAIOTCA CHBKEHM-
€M aKTMBHOCTM MUTOXOHApHanbHbIx epmentos HAOH-g n CAI,
4TO COrnacyeTcs Co cBeAeHUsMU 06 YrHETEHUM LUTOCTaTUKaMu
aKTUBHOCTU MUTOXOHAPUANbHbIX PEPMEHTOB U NOBPEXAALLUM
peictanem LI Ha mutoxoHapun [3-5].

Mockonbky LI® siBnsieTcs LMTOCTaTMKOM, MOXHO ObINO Npea-
nonaratb, 4TO €ro BBeAeHue OyneT WHrMOMPOBaTb KNETOUHYH
nponudepaumnio, ogHako nocne 1-1 WHbEKUAW Mbl, HAaNpOTMB,
Habnoganu peskoe BO3pacTaHWe MUTOTMYECKOM aKTUBHOCTM,
4TO, BEPOSITHO, MOXET 0OBACHATLCS CUHXPOHHBIM 3aBepLLEeHneM
MWUTO30B KNeTkamu, yxe BCTynuBwuMK B G1-nepuog o Beeae-
Hus L|®. BoamoxkHO, 9T0 SBUNOCH U CrIeACTBAEM ANIUTENBHON 3a-
BEPKKN AMUTENNOLMTOB B S-(hase, CBA3AHHON C ankummpyoLum
penctauem L|®, a Takke npoLeccami penapawuu noBpexaeHHON
uutoctatkoM [AHK. 3TUM MOXHO OBBACHUTL W YMeHbLUEHME
ponun PCNA+ kneTok B 3TOT nepumog, nockonsky PCNA mapkupyeTt
KNeTkn B paHHen S-hase, a Takke ABISETCS MapKkepoM Heonac-
TUYECKON TpaHcthopmaumun anutenus nuwesoga [12]. CHmkerne
MA conposoxgaetcs nospexaeHnem OHK snutenuouyntos. L®
OKa3blBaeT LIMTOTOKCUYECKOE BO3AENCTBUE, XapaKkTepuaytoLLleecs
rnepKepaTo3oM, HapyLleHeM AN dHEPEHLIMPOBKM N CHKEHUEM
MeTabonMyeckon akTMBHOCTM [8], BEPOSITHO, BCMeACTBME MUTO-
XOHApWansHon AncdyHKUMK. BudasHoe n3meHeHne nponudepa-
TMBHOrO 0TBETa Ha LI® MoxeT BbITb CBA3aHO C CUHXPOHM3aLMen
KNEeTOYHOro LuMKna v nocneaytowen rmbenbio KneTok.

MonyyeHHble pe3ynbTaTbl NOATBEPKAAKOT NPOTUBOMOJIOXKHOE
BrusHue MMM u U® Ha snuTenuin nuwesoga. MM ctumynupy-
eT nponudepaunio u MeTabonuam SnNUTENUoOLMUTOB, NPUBOAS K
runepnnasny, NpenMyLLecTBEHHO B LIMMNOBATOM cnoe. JToT ad-
(beKT cormacyeTcs ¢ AaHHbIMM O pereHepaTWBHbIX CBOWCTBAX
MMI. Hanpotus, L|® BbI3bIBAET LMTOTOKCMYECKOE AENCTBUE, CO-
npoBOXAatoLeecs runepkepaTo3om, HapyLeHueM auddepeHum-
POBKM W nofasneHneM MeTabonmyeckon akTMBHOCTH, YTO, BEPO-
ATHO, CBSI3aHO C MUTOXOHAPMANbHONM AUCHYHKUMENR. HayanbHoe
yBENMYeHne nponudepaTMBHOMO MHAekca B rpynne Li® moxert
ObITb CBA3AHO C CMHXPOHW3ALMEN KNETOYHOTO LKA U nocnesy-
toLLeit rnbenbto KNeTok.

BbIBO[bI

1. Mony4yeHHble AaHHbIE CBUAETENbCTBYHOT O MPOTMBONONOK-
Hom BrsHuv MIMI™ 1 LI® Ha mopdhodbyHKLMOHaNbHbIE XxapakTepu-
CTUKM anuTenus nuwesoga: MMM cTumynupyeTt pereHepaumio, B
T0 Bpemsi kak L|® BbI3biBaeT NOBPeXaeHME.

2. Bospenctaue MM 1 LU® npuBoguT K BbipaxeHHOMY ycune-
HWIO reTepomMopum ANUTENnS NnLLeBoaa.

AOMONHUTENBbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbI BHECM CYLLECTBEHHbIN BKNaA
B pa3paboTKy KOHLENLWK, NpoBeaeHne UCCneaoBaHns 1 Nogro-
TOBKY CTaTbW, MPOYnU 1 ofobpunn uHanbHy BEPCUI0 nepes
nybnukaymen.

KoHdnukt uHTepecoB. ABTOpbl AeKnapupylT OTCYTCTBUE
SIBHbIX 1 NOTEHLMaNbHbIX KOH(IMKTOB MHTEPECOB, CBA3AHHbIX C
ny6nmkaLmen HacTosLLEN CTaTbMm.

WUcTounuk domHaHcmpoBaHus. ABTOpbI 3asBnsioT 06 OTCyT-
CTBUM BHELUHEro (PUHaHCUPOBaHUS NpU NPOBELEHUU Wccneno-
BaHu.
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AKcnepuMeHTbI ¢ XMBOTHbIMKU. Pabota npoBeseHa B co-
OTBETCTBWM C STUMECKMM MPUHLMNAMK, yCTaHOBMEHHbIMU EB-
POMENCKO KOHBEHLMEN MO 3aluTe MO3BOHOYHbIX KMBOTHBIX,
NCMONb3yeMbIX 415 9KCMEPUMEHTANbHbBIX U APYTMX HAYYHbIX Lie-
nen (npunsitonn B Ctpacbypre 18.03.1986 r. n nogTBepxAEHHON B
Crpacbypre 15.06.2006 r.) n ogobpeHa JlokanbHbIM 3TUYECKMM
KOMUTETOM.
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Pestome. BeedeHue. Liutoctatnyeckue npenapartbl, NpUMeHsieMble B OHKOMOrMYECKOM NPaKTUKe, OKa3blBaKT CUCTEM-
HOe BO3AENCTBIE Ha OpraHn3M, B TOM YUCHE U Ha CrIM3NCTbIE 060NOYKM XKeNyA04YHO-KULWEYHOrO TpaKTa, N06OYHbIMM
ahdheKTamMm KOTOPbIX ABASAIOTCA CTOMATUT U MYKO3WT, 3aTPyAHSIOLMe NPpoBEAEHE neyeHus.. Ljenb uccnedoeaHuss —
aKcnepuMeHTanbHOe U3yyeHne NoBpexaatoLLero AencTBNS LMTOCTaTUYECKMX NpenapaToB Ha XeNe3nCTbi aNUTenuil
CINM3KCTON 060M0YKM NOMOCTM pTa W OLeHKa 00paTUMOCTL 3TUX N3MeHeHun. Mamepuanbl u Memodbl. AnUTenui
MarblX CIIIOHHbIX Xenes s3blka uccneposany y 20 nonoBo3penbix 6enbix Mbilen nocne BHYyTPMOPIOLWNHHOTO BBE-
[EeHNs LMTOCTaTUYECKOrO Npenaparta uuknodocdarHa B 4o3e 400 mr/kr macchl Tena TedeHne 5 gHei. XKUBOTHbIM
KOHTPOIIBHOM rpynnbl (20 XMWBOTHBIX) Yepe3 Te Xe NPOMEXYTKM BPEMEHW BBOAUIW U3OTOHWMYECKWIA pacTBOP HaTpuUs
xnopwga. Matepuan nonyyanu yepes 24 yaca nocne nocnegHero BBeAeHUs npenapara, a Takxe ¢ Lenbi N3yyeHns
obpaTmocTi n3meHeHuir, Yepes 20 cyToK. [TPUMEHSANN MUCTONOTMYECKUIA N TUCTOXMMUYECKUIA MeToAbI. [MCTOXUMKYe-
CKue UCcCnefoBaHWS BbISBANN aKTUBHOCTb PepMeHTa CyKuuHataerngporeHassl (CAIN) B anuTenmoumnTax KoHLEBbIX
OTAEN0B MarblX CIIOHHbIX KEeNes3, coaepxaHne CyMMapHbix DEnKoB B cepoLnTax, a Takxe CoaepxaHue rmmukonpoTem-
HOB W IMIOKO3aMUHOIIMKAHOB B MykoLmMTax. Pesynbmamal. Bosgenctane LuuknodocdaHa npuBoanno K CHAKEHMUIO
akTmBHocTu CLII" B cepouuTax n MyKouuTax, yMEHbLIEHMIO KOHLEeHTpaLn 6enkoB B CepoLmMTax, YTHETEHMIO CUHTE3a
FMIMKONPOTENHOB U FMIOKO3aMUHOIIMKAHOB B MyKouuTax. HapyweHus 6binm obpatuMbiMun, U nokasaTeny BEpHYINCH
K KOHTPOIIbHbIM 3HAYEeHUsIM B KOHLIE dKcnepuMeHTa. Bbieodsl. Tepanus LMTOCTaTUKaMI Bbi3blBAeT NOBPeXAeHNe
KENE3NCTOro ANUTENMS CIM3NCTON 060M104KIM NONOCTU PTa, KOTOPOE BbipaXaeTcs B YrHETEHUM MeTabonnyeckmx u
CUHTETUYeCKMX npoueccoB. CepoyunTbl 6onee YyBCTBUTENbHbI K LUTOTOKCMYECKOMY AENCTBUIO, YEM MYKOLMTBI. Ha
hoHe npekpalleHnst Tepanun Habnoganack BbiCOKasi CTENEHb pereHepaLuy XenesncToro anUTenms CnusncTon
060n04Kkn nonocTu pra.

KntoueBble cnoBa: nonoctb pta, cnuanctas 060noyka, KenesucTblil ANUTENNiA, Marnble CIOHHbIE Xenesbl,
LunknodochaH
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MORPHOFUNCTIONAL CHARACTERISTICS
OF THE GLANDULAR EPITHELIUM
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Abstract. Introduction. Cytostatic drugs used in oncological practice have a systemic effect on the body, including
on the mucous membranes of the gastrointestinal tract, the side effects of which are stomatitis and mucositis, which
complicate treatment. Objective — experimental study of the damaging effect of cytostatic drugs on the glandular
epithelium of the oral mucosa and assessment of the reversibility of these changes. Materials and methods. The
epithelium of the minor salivary glands of the tongue was studied on 20 mature white outbred mice after intraperitoneal
administration of the cytostatic drug cyclophosphamide at a dose of 400 mg/kg body weight for 5 days. Animals in
the control group (20 mice) were injected with isotonic sodium chloride solution at the same frequency. The material
was obtained 24 hours and 20 days after the last injection of the drug. Histological and histochemical methods were
used. Histochemical studies revealed the activity of the enzyme succinate dehydrogenase in the epithelial cells of
the secretory portions of the minor salivary glands, the content of total proteins in serocytes, and the content of
glycoproteins and glucosaminoglycans in mucocytes. Results. Exposure to cyclophosphamide led to a decrease
in the activity of cyclophosphamide in serocytes and mucocytes, a decrease in the concentration of proteins in
serocytes, and inhibition of the synthesis of glycoproteins and glucosaminoglycans in mucocytes. The changes were
reversible. Conclusions. Cytostatic therapy causes damage to the glandular epithelium of the oral mucosa, which is
expressed in the suppression of metabolic and synthetic processes. Serocytes are more sensitive to cytotoxic action
than mucocytes. There was a high degree of regeneration of the glandular epithelium of the oral mucosa after the
withdrawal of the cytostatic drug.

Keywords: oral cavity, mucous membrane, glandular epithelium, minor salivary glands, cyclophosphamide
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BBEOEHUE

LinTocTatnyeckue npenapaTtbl, MPUMEHSIEMble B OHKOMOMU-
yeckoin npakTuke [1, 2], okasbiBatOT CUCTEMHOE BO3AENCTBME Ha
OpraHu3m, B TOM YUCNE U Ha CIU3UCTbe 0BONOYKM XKenyaouHO-
kuweyHoro TpakTa [3-5]. MoboyHble achdekTbl, Takme Kak cToma-
TUT U MYKO3WT, SIBISIKOTCS YacTbIM OCMOXXHEHUEM XMMMOTEpanuK,
3HAYUTENBHO CHKAIOLMM Ka4yeCTBO KU3HW NaLMeHTOB W 3aTpya-
HAKLMM NpoBefeHNe neyeHus. TMpu NOBPeXAEeHUM CruncTon
0601104KkM NONOCTU pTa pasBMBAETCH KCEPOCTOMMS, koTopas [o-
CTaBNsieT NauueHTam (ran4ecknin AUCkoMgopT, a Takke npuBo-
JUT K HapyLUEHNO HaZ3MMUTENManbHbIX 3alNTHBIX MEXaHW3MOB
cnuanctoi obonoukn nonoctn pta (COMP), yto cnocobereyet
PasBUTUI0 MHQEKLMOHHBIX NpoLeccoB. Marbie CrioHHbIe xene-
3bl MOMOCTW PTa, KaK NpaBWmno, pacrnofiaraoTCs B NOACAM3NCTON
ocHoBe. PaanuyaioT 6enkoBble, CIIM3NCTLIE N CMELLAHHbIE Marble
CMIOHHbIE kene3bl. berkoBble KOHLUEBblE OTAenbl 006pa3oBaHbl
CepoLmMTamm, CIN3NCTbIe KOHLEBBIE OTAENbI — MYKOLMTaMK, CMe-
LIaHHbIE KOHLEBbIE OTAENMbI COepX)aT MyKOLMTbI U CepOLUTHI [6].

LIENb NCCNEQOBAHUA

Llenb paboTbl — akcnepuMeHTanbHOe W3yyeHne noBpexaa-
foLLIero JencTBMs LMTOCTaTMYECKUX NpenapaToB Ha XenesncTbli
anuTenuii cnuauctor obonoyku nonoctn pta (COMP) u oueHka
00BpaTUMOCT 3TUX U3MEHEHMI.

MATEPWAIbI U METOAbI

B onbiTe ucnons3osanu 40 camok 6enbix 6ecnopogHbIX Mbl-
wen ¢ maccor Tena 23-25 r. XXMBOTHbIM 3KCnepyMeHTanbHOM
rpynnbl (20 mbiwen) kaxable 48 YacoB BHYTPUOPHOLLMHHO BBO-
AUNW UMTOCTaTUK ankunupylowero psga uuknogocdar (LI,
JNIOHC-®apm, Poccust) B fo3e 400 mr/kr macchl Tena B TeYeHue
1-5 cyT. XKMBOTHBIM KOHTPOMbHON rpynmbl (20 Mbilweit) ¢ TOR xe
NepuoaNYHOCTBH BBOLUIM W30TOHWYECKWA pacTBOP Xnopuia
HaTpus. OBBEKTOM MCCNEAoBaHNS ABNANUCH Marble CIIOHHbIE
Xenesbl A3blka. MaTepuan oT XMBOTHbIX (3bIK) NONyYany Yyepes
cyTku nocne 3-n uhbekumm LI®. ins nayyenns obpatumoct us-
MEHeHWi, Bbi3BaHHbIX LI®, B3sTMe maTepuana ocyliecTBnsnm
yepes 20 cyToK nocne nocneaHen UHbEKLMM npenapaTa.

OObekTOM WMcCnefoBaHNs siBUMach Cchnsuctas 060moyka
A3blka Ha BEHTpanbHOM noBepxHocTu. Obweaucmonoaudeckue
uccrne0o8aHuUs OCYLLECTBASANN HA NOMEPEYHbIX CPe3aX, OKpaLLeH-
HbIX TEMaTOKCUIIMHOM—3031HOM. [UcmoxumMuyeckue u yumogo-
momempuyeckue ucciedogaHus BKNKOYanM BbISBIEHNE Ha napa-
(PMHOBBIX Cpe3ax CymMMapHbIx BenkoB TeTPas3onueBon peakunen
Ha MMCTUAMH, TUPO3WUH W TpunTodaH no BepcToHy, rroko3amu-
HOMMWKAHOB — anbumaHoBbIM cuHUM (pH=2,7), rnukonpoTeu-
HoB — LUWK-peakuueir. Ha kpuoctaTHbIX cpesax TeTpasonneBbiM
meTogom Jlnonaa BbISBNSAM AKTUBHOCTb MUTOXOHAPWUANbHOMO
epmeHTa cykuuHatgeruaporeHassl (COrN). UutodoTomeTpuye-
CKOE WCCNER0BaHNe TMCTOXMMUYECKNX peakuuii MPOBOAMAM Ha
CneKkTpoLMTOhOTOMETPE NMar-MeToAaoM, Bbipaxasl pesynbTaTbl

B OTHOCUTEMNbHbIX €AMHULAX ONTUYeckoi nnoTHoctn. Cmamu-
cmuyeckull aHau3 nonyYeHHbIX AaHHbIX MPOBOAWM C UCTONb30-
BaHWeM nporpammHoro naketa Statistica for Windows v 6.0. 3Ha-
UMMOCTb Pasnuynii CPEAHUX BEMUYMH MOKasaTenen oLeHuBanm ¢
nomoLbto t-kputepust CtblogeHTa. Pasnuunsa cuntanu cratuctu-
yecku 3HaumMmbImMm npun p <0,05. PaboTta npoBeaeHa B COOTBETCT-
BWM C 3TUYECKAMMW MPUHLMNAMK, yCTaHOBNEHHbIMW EBponelickoi
KOHBEHLMEN MO 3aLLuTe NO3BOHOYHbIX XUBOTHBIX, MCMOMb3YEMbIX
QNS 3KCNepUMEHTanbHbIX W APYrNX Hay4HbIX Lenen (MpUHATON
B Ctpacbypre 18.03.1986 r. n nogTeepxaeHHon B CTpacbypre
15.06.2006 r.) 1 ogobpeHa JlokanbHbIM STUYECKUM KOMUTETOM.

PE3YINbTATbHI

Mpy rUCTONOTMYECKOM UCCNER0BAHNM ONPEeNsanocs yMeHb-
WweHne obbema KOHLEBLIX OTAENOB OEnKoBbIX M CIM3UCTBIX
Xernes f3blka 1 pa3mepoB 00OpasytLLMX NX CEpPOLUTOB M MyKO-
uuTOB. [JaHHble TMCTONOTMYECKOrO MCCREA0BaHUs COrnacykTes
C pesynbTaTaMu KONMYECTBEHHOMO TMCTOXMMWUYECKOTO aHanuaa.
TMCTOXMMWNYECKOE UCCNEOBAHNE BbISIBUNO CHUKEHWE KOHLEHT-
pauuu 6enkos B cepountax ¢ 0,32+0,02 go 0,21£0,03 oTH. en.
(puc. 1), yrHeTeHWe CUHTE3a rMMKONPOTENHOB (PUC. 2) W TTIMKO3-
aMUHOrMMKaHoB B MykoumTax ¢ 0,55+0,05 go 0,42+0,02 oTH. eg.
nc¢0,3£0,02 no 0,22+0,02 oTH. eA. COOTBETCTBEHHO. AKTUBHOCTb
COr chmkanacs ¢ 0,32+0,02 go 0,21+0,02 oTH. ed. B cepouuTax
(pnc. 3) m ¢ 0,41£0,02 go 0,36+0,01 oTH. ea. B MykoLuTaX.

Ha 20-e cyTku nocne oTMeHbI Npenaparta KOHLeHTpaums cym-
MapHbIX GenkoB, KONMMYECTBO FMMKONPOTENHOB M FIMKO3aMUHO-
rMUKaHOB, a Takke akTMBHOCcTb CLI B cepouuTax U MykouuTax
BEPHYNUCb K KOHTPOSIbHBIM 3HAYEHUSIM.

OBCYXAEHUE

BbisiBNeHHble  CTPYKTYpHblE U3MEHEHWUS 3NUTENUs ManblX
CMIOHHBIX XENe3 B COMETaHUN C OTMEYEHHBIM YTHETEHWEM B HEM
CMHTETNYECKMX N METabONMYeCKMX MPOLIECCOB CBUAETENbCTBYIOT
0 BbICOKOW YyBCTBUTENBHOCTY KENE3NCTOrO SNUTENMUS K MOBPEX-
JaloLLleMy [eiCTBUIO LUTOCTATUKOB M COrNAacyloTCs CO CBEAEHUS-
MW O MOBPEXAEHNN BOMbLUMX CMIOHHBIX XENEe3 Npu LuTocTaTnye-
ckon Tepanuu [7, 8]. PasBuBatowyascs KCepoCTOMUS NPUBOAUT K
HapyLeHNo 3aWuTHbIX MexaHuamoB COTP. Mo Halmm gaHHbIM,
HapyLLeHne CTPYKTypbl U (yHKUMN Boree BbipaxeHbl (NposiBns-
I0TCS curnbHee) B CepoLnTax, YeM B MyKOLMTaX, 4TO cornacyeTcs
CO CBEAEHUSIMM O MPENMYLLECTBEHHOM NOBPEXAEHUM CEPOLUTOB
BONbLLUMX CIOHHBIX Xenes3 Mpu LUTOCTaTUYECKOA XMMMOTEpanuu
[8]. CpaBHUTENbHBI aHaNW3 HapyLIeHW MeTaboNMYeCKNX 1 CUH-
TETUYECKMX MPOLECCOB B XENE3UCTOM 3NUTENNN C paHee BbIsB-
NEHHbIMU HapYLIEHNSMI MeTabOmNMYECKUX 1 CUHTETUYECKNX MPO-
LieccoB B nokpoBHom anutenun COMMP [9] nokasan, YTo U3MeHeHus
B MOKPOBHOM 3MUTENUN MEHEE BbIPaXEHbI, YEM B XENE3NCTOM.

lMepuog nocne OTMeHbI MpenapaTta XapakTepusyeTcs Hopma-
nusauueit MOpthoyHKLMOHANBHBIX NOKa3aTenen COCTOSHUS XKe-
nesucroro anutenus COMP, 4To yka3blBaeT Ha BbICOKYI0 CTeNeHb
€0 pereHepayum.
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a/a 6/b
Puc.1. KoHueBble oTAenbl 6enkoBbIX CMIOHHBIX XeNe3 A3blka: @ — KOHTPONbHasA rpynna; 6 — nocne Tpex MHbEKLMI LuknodocdaHa.
CHuxeHue copgepxanusi 6enkoB B cepouuTax. FucToxmmmuyeckoe BbisiBNeHUe cyMMapHbix 6enkos, x400

Fig. 1.  Secretory portions of protein salivary glands of the tongue: a — control group; b — after three injections of cyclophosphamide.
Reduction of protein content in serocytes. Histochemical detection of total proteins, x400

a/a 6/b

Puc. 2. KoHueBble oTAenbl CIM3UCTbLIX 060JI0YEK CIIIOHHbIX Xene3 A3blKa: @ — KOHTPONbHasA rpynna; 6 — nocrne Tpex MHbEeKUMA LUKno-
¢occhana. CHUKeHMe cofepxaHusa rnukonpoTemHoB B MykouuTax. LLINK-peakuus, x400

Fig. 2.  Secretory portions of mucous salivary glands of the tongue: a — control group; b — after three injections of cyclophosphamide.
Reduction in the content of glycoproteins in mucocytes. PAS reaction, x400

a/a 6/b

Puc. 3. KoHueBble oTAenbl GeNKOBbIX CMIOHHBIX Xene3 A3blka: a — KOHTpONbHasA rpynna; 6 — nocne Tpex MHbEeKUUN uuknodocdara.
CHUXeHWe aKTUBHOCTH CyKuuMHaTaerngporeHasbl B cepouuTax. F'neroxummnyeckoe BbisiBNeHNe CyKunHataernpporeHasbl, %400

Fig. 3.  Secretory portions of protein salivary glands of the tongue: a — control group; b — after three injections of cyclophosphamide.
Decreased cyclophosphamide activity in serocytes. Histochemical detection of cyclophosphamide, x400

BbIBObI anutenns COIMP, koTOpoe BbipaxaeTcs B YTHETEHUM MeTabonu-
YeCKMX N CUHTETUYECKNX NPOLLECCOB.
1. MpeLcTaBneHHblE BbILE CBEAEHWS MOKA3LIBAKOT, YTO Te- 2. Cepountbl 6onee 4yBCTBUTENbHbI K LMTOTOKCUYECKOMY

panua UUTOCTaTUKaMi BbI3bIBaeT MOBPEXOEHNE Xenes3ncToro JeNCTBUIO, YeM MYKOLINTBI.
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3. Ha choHe npekpallieHnst Tepanum Habntoganach BbiCOkas
CTeneHb pereHepauuu xenesuctoro anutenus COMP.

AOMONHUTENBHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbI BHECNM CYLIECTBEHHDINA BKNAL
B pa3paboTKy KOHLENuuM, NpOBEAEHNE UCCNEAOoBaHMs W NOATo-
TOBKY CTaTb, MPOYnu 1 ogobpunn (uHanbHyl0 BEPCUIO nepea
nybrnukaymen.

KoHndnukt uHTepecoB. ABTOpbI AeKNapupylT OTCYTCTBUE
SIBHBIX W MOTEHLMamNbHbIX KOH(NNUKTOB UHTEPECOB, CBA3AHHbIX C
nybnmkaLmen HacTosILLEN CTaTbMm.

WUcTouHmnk mHaHcupoBaHuA. ABTOPbI 3asBNSKOT 00 OTCYTCT-
BWW BHELLHETO (PMHAHCUPOBAHUS MPW NPOBELEHNUN UCCTIELOBaHMS.

AKcnepuMeHTbI C XMBOTHbIMU. PaboTa npoeeseHa B COOT-
BETCTBUM C 3TUYECKIMI NPUHLMNAMU, YCTaHOBMNEHHbIMI EBponeii-
CKOV KOHBEHLMEN MO 3aLLnTe MO3BOHOYHbIX KUBOTHbIX, MCTONb3Y-
€MbIX 1151 3KCNepUMEHTamNbHbIX W APYMMX HayYHbIX Lenen (MpuHs-
Toi B Ctpacbypre 18.03.1986 r. n noateepxaéHHoN B CTpacbypre
15.06.2006 r.) 1 ogobpeHa JlokanbHbIM 3TUYECKUM KOMUTETOM.
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NOKA3ATENN ®ETOMETPUWN NPU BEPEMEHHOCTH
NOCNE 3KCTPAKOPMNOPAIIbHOIO OMNJ1IOAOTBOPEHUA

© VipuHa BnagumnposHa MutpodaHoBa, Enena mutpuesHa Jlyuan
OpeHByprcknit rocyaapcTBeHHbIN MeanumHekuin yHueepcuteT. 460000, r. Openbypr, yn. CoseTckas, A. 6, Poccuitckas ®epepaums
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Ans yumupoearus: MutpochaHosa W.B., Nlyuait E.[. Mokasatenn dheTomeTpum npu 6epeMEHHOCTM NOCE 3KCTPAKOPNOpanbHOro
onnoaoTeopeHns. Poccuiickne bromeauymHckme ncenegoanms. 2025;10(1):43-50. DOI: https://doi.org/10.56871/RBR.2025.17.33.005

MocTtynuna: 02.02.2025 OpobpeHa: 12.03.2025 MpuHsTa k nevatu: 09.04.2025

Pe3tome. BeedeHue. COBpeMEHHbIE UCCNEAOBAHUSA NOATBEPXKAAIT 3 PEKTUBHOCTL 1 6€30NaCHOCTb JKCTpa-
koprnopanbHoro onnogoteopeHus (OKO), ogHako NpofoKalT 0CTaBaTbCs akTyasbHbIMU BONPOCHI O TEYEHUM
BepeMeHHOCTM 1 pa3BUTUM NNIOAA NOCNE UX NPUMEHEHUS. PaHHWE NCTOYHMKM YTBEPXKAAKT O CYLLeCTBOBaHUM
B3aMMOCBA3N Mexay npoueaypoit KO 1 HU3KUM BECOM NPU POXAEHUU, NPEXAEBPEMEHHBIMI pofaMu, OTCMOMKON
nnaueHTbl, BPOXAEHHbIMU aHOManMaMmn passuTis, nepuHaTanbHON CMEPTHOCTBIO. [103aHNE AaHHbIE NOKA3bIBAIOT,
4TO YacTOTa NepuHaTanbHbIX OCNOXHEHUN Bblwwe Y xeHwuH nocne IKO. Yenb uccnedosarusi — fatb OLEHKY
theToMeTpuYECKUM nokasaTensam npu 6epeMeHHOCTU, HAaCTYNUBLUEN B pe3ynbTaTe 9KCTPaKkopnopanbHoro onnogo-
TBOpEHMs, B OpeHbyprckon obnactn. Mamepuanbi u Memodsi. PeTpocnekTneHo 6binn usyyeHsl 1333 npoTokona
YNbTPa3ByKOBOro uccnenoBanus B cpokn 11-14, 20-22, 30-34 Hepenu y 462 6epemMeHHbIx nepsoro (343) n BToporo
(119) nepunopoB 3penioro Bo3pacta nocne NPUMeHEHUs BCNOMOraTerbHbIX PENPOAYKTUBHbIX TexHonorui (BPT). Mpu
aHanwuae ckpuHuHra B 11-14 Hegenb cpaBHUBaANM KONYMKO-TeMeHHON pa3mep (KTP) 1 TonLwMHy BOPOTHUKOBOTO Npo-
ctpaHcTea (TBIM) nnogoB y KEHLWMH ABYX BO3PACTHbIX rpynmn. Bo BTOPOM U TPETbEM CKPUHWUHIE CPABHUAN CpefHue
3HaveHus 6unapuetansHoro (BIMP), no6Ho-3atbinouHoro pasmepos (13P), okpyxHocTu ronosebl (OF) u xusoTa (OX)
n anuHbl 6egpa ([AB) y NnogoB OT XeHLWWH ABYX BO3PACTHbLIX NEPUOLOB W B 3aBUCUMOCTY OT NOMA, a TaKXKe UHTEH-
CWBHOCTb POCTa BbILIENEPEYUCIIEHHbIX NAPaMETPOB B 3aBUCMMOCTH OT NoJia Nfio4a v BO3pacTHOro nepuoga MaTepu.
Pe3ynbmambl. ViccnefoBaHue nokasarno, 4To Npyu NepBOM CKpUHWHIe cpeaHee 3HaveHne KTP nnoga He umeno
CTATUCTUYECKM 3HAUNMbBIX PA3NNYNIA Y XXEHLUMH ABYX rpynn, a cpefHee 3HaveHue TBI1y nnoLoB KeHLWMH BTOPOro
nepvoga 3penoro Bospacta 6bino 3Haummo GonbLue. Mpn cpaBHEHUM hETOMETPUYECKMX NOKa3aTenei, Nony4YeHHbIX
npy BTOPOM CKPUHWHTE, BLISIBNIEHO 3Ha4uMoe pasnuyue JI3P y nnogoB XeHLWMH ABYX BO3PACTHbIX nepuogos. Mpu
CpaBHeHUW Uccneyemblx heTOMETPUYECKUX NapamMeTpoB B 3aBUCUMOCTM OT Noa No4a BbiSBAEHbI 3HAYUMbIE
pasnuyus B 6onbLUY0 CTOPOHY ANS NNOA0B MYKCKOro nona. 3akmoyeHue. Takum o6pasom, heToMeTpus BbisBUNA
HepaBHOMEPHbIN POCT UCCNEAYEMbIX NapaMeTPOB OT MPOMEXYTOYHOIO K MO3LHEMY NOAHOMY Nepuoay, B TOM Yucrne
B 3aBMCMMOCTM OT nona nnoga v Bo3pacrta matepw.

KnioueBble cnoBa: nnog, heToMeTpus, SKCTpakopnopanbHoe onfoA0TBOPEHNE, MHTEHCUBHOCTb pocTa
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FETOMETRY PARAMETERS
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Abstract. Introduction. Current research supports the efficacy and safety of in vitro fertilization (IVF), but questions
about pregnancy and fetal development after their use continue to be relevant. Early sources claim that there is a
relationship between IVF and low birth weight, premature birth, placental abruption, congenital malformations, and
perinatal mortality. More recent data show that the incidence of perinatal complications is higher in women after IVF.
The aim of the study was to evaluate fetometric parameters in pregnancies resulting from in vitro fertilization in
the Orenburg region. Material and method. Retrospectively we studied 1333 ultrasound protocols at 11-14, 20-22,
30-34 weeks in 462 pregnant women of the first (343) and second (119) gestational periods after IVF. When analyzing
screening at 11-14 weeks, we compared the crown-rump length (CRL) and nuchal translucency (NT) of fetuses in
women of two age groups. The second and third screens looked at averages the mean biparietal diameter (BPD),
occipitofrontal diameter (OFD), head circumference (HC) and abdominal circumference (AC) and femur length (FL) in
fetuses from women of the two age periods and according to sex were compared, as well as the growth intensity of
the above parameters depending on the sex of the fetus and the age period of the mother. Results. The study showed
that at the first screening, the mean CRL of the fetus was not statistically significantly different between the two groups,
while the mean value of the nuchal NT was significantly higher in fetuses of second gestational age women. When
comparing the fetometric parameters obtained at the second screening, there was a significant difference in OFD in
fetuses of women of the two age periods. When comparing the studied fetometric parameters depending on the sex
of the fetus, significant differences were found in a greater direction for male fetuses. Conclusion. Thus, fetometry
revealed uneven growth of the studied parameters from the intermediate to late fetal period, including depending on
the sex of the fetus and the age of the mother.

Keywords: fetus, fetometry, in vitro fertilization, growth intensity
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BBEJEHUE

C MoMeHTa npoBefeHWs NepBOi MPOLeaypbl IKCTPaKOpMo-
panbHoro onnogoTeoperns (AKO) HakomneH OrpoOMHbI OMbIT MO
NPUMEHEHW0 BCMOMOraTeNbHbIX PENPOAYKTUBHBIX TEXHOMOTUIA.
MHOroYMCNEHHblE PaHAOMU3MPOBAHHBIE KOHTPONMPYEMbIE WC-
CnejoBaHns nokasanu agdekTMBHOCTL U 6e3omacHoCTb mprume-
HEHUSI BCMOMOraTenbHbIX PenpoayKTUBHbLIX TexHonorui [1], Tem
He MeHee BONpOC 13y4eHuns TeyeHns GepemenHocTn nocne KO,
B TOM 4MCne pasBuTME Nnofa, 0CTaeTcs akTyanbHbiM. [o cux
Mop OCTaeTCs HEPELUEeHHbIM BOMPOC: CYMTATb MW HACTYMUBLLYH
B pe3ynbtate OKO GepeMeHHOCTb h3NONOrMYECKON, T.€. MAEH-
TUYHOWM CMOHTAHHO HaCTynuBLUEel, Nubo paccmaTpuBaTh ee Kak
BepeMeHHOCTb C OXuaaeMbiM Bonee BbICOKUM PUCKOM PasBUTUS
nepuHaTanbHbIX OCNOXHEHUN [2].

C ofHOW CTOPOHbI, KOHe4HbIM pedynbTatoM KO npuHATO
CYUTaTh HACTYMMBLLYIO BEPEMEHHOCTb, 3aperucTpUpOBaHHY Me-
TOAOM YIbTPA3BYKOBOrO CKaHWPOBAHMUS B MONOCTW MaTKM.

C [pyron CTOPOHbI, HAMHOTO BaXHee, 0COBEHHO B HacTosLLee
BpeMS, OLieH1BaTb KOHeuHbI pedynbtat KO Kak poxaeHue JOHO-
LLIEHHOTO, 3[0POBOr0 pebeHka NPy COXpaHEHNM 3LOPOBbST KEHLUYHBI.

PaHH1e WCTOYHMKM YTBEPXAAT O CyLIECTBOBaHUM B3aMMO-
cBa3n mexay npouenypon IKO 1 HU3KMM BECOM NpU POXKAEHUM,
npexaeBpeMeHHbIMU POAaMm1, OTCINOMKONA NraLleHTbl, BPOXAEH-
HbIMU @HOManusiMW PasBUTUS, MepuHaTanbHON CMEPTHOCTHEO
[3]. Bonee no3sgHWe NCTOYHMKM TOBOPSAT O TOM, YTO Y JKEHLUWH C
BepeMeHHOCTbI0, HAacTyNMBLLEN B pesyrbTaTe NPUMEHEHNS Mpo-
rpammbl OKO, yacToTa nepuHaTanbHbIX OCNOXHEHWI BbILIE, YEM
B 06Len nonynsauum [4]. B HacTosiLiee Bpemsi K UCMOSb30BaHMIO
OKO npuberatoT xeHLLWHbI bonee no3aHero Bospacra.

[10 3TOW NPUYMHE BaxHeWLEN 3ahaqel akyLlepCKo-rMHeKoso-
rnyeckomn CryxBbl ABNAETCS MOBbLILIEHNE KayecTBa 1 addekTmB-
HOCTU MeAMLMHCKOM nomoLum [3] KeHLuHe BO Bpems BepemeH-
HOCTW, POJOB U B MOCNEPOAOBOM NEPUOAE, a TakKe Ka4yecTBa U
3 heKTUBHOCTYU NpeHaTanbHON AMArHOCTUKA pa3BuTUS Nnoaa, B
4aCTHOCTY YNbTPa3BYKOBOW CKPUHWHIOBOW heTomeTpun [5].

OgHo 13 BedyLMX MeCT B MpeHaTanbHOW AuarHocTuke 3a-
HAMAIOT YNbTPa3BykoBble CKPUHWHMM nnoga [6]. CKpUHUHIOBbIE
YNbTPa3ByKOBble WCCMEOBaHNS MPOBOAWMNCL PaHee B CPOKM
11-14 Hepenb, 18-21 Hepens, 30-34 Hegenw. Mo gaHHbIM pe-
TPOCNEKTUBHOTO aHann3a, BO3MOXHO AaTb OLEHKY MIogy Y XeH-
WKH ¢ bepemeHHoCcTbI0 nocne KO B NpoMeEXyTOYHOM M MO3AHEM
NNOGHOM NepuoAax OHTOreHesa Yeroseka.

LIENb NCCNEQOBAHUA

Llenb uccrenoBaHus — OLEHUTb (DETOMETPUYECKME MOKa-
3atenu npn GepemMeHHOCTH, HacTynuBLLeR B pesynbTate OKO, B
OpeHbyprckoit obnactu.

MATEPWAIbI U METOAbI

B BbIGOpKy BOWNM 462 3neKTPOHHbIE UCTOPUM BepeMeHHO-
ctv 1 pogoB nocne OKO 3a nepuop 2016-2022 rr. Bee Habnto-

AeHus Obinn pasgeneHbl No BO3PACTY KEHLWH: NEPBbI Nepuoa
3penoro Bo3pacta (IM3B) n BTOpOI Nepnog 3penoro BopacTa
(BM3B) — 343 n 119 HabntopeHWn cooTBETCTBEHHO. [ns BTO-
POro W TPETbEro CKpUHMHra Bbibopka Obina pasgeneHa no nosy
nnoga (50% myxckoro u 50% xeHckoro). Kputepusmu Bkrtoye-
HWUSL ObINK: KEHLWHbI C OLHONMOAHON GEepeMeHHOCTbH Mocne
OKO, cpoyHbIMM popamu, Be3 TsKenoi aKkCTpareHnTanbHoN na-
TOMOTMNM.

Ha OCHOBaHWW PETPOCMEKTUBHOMO aHanmu3a 3neKTPOHHbIX
ncTopuit 6epeMeHHoCTU 1 POAOB BbINK N3yYeHbl AaHHbIE O NIoAe
Mo NpOTOKONam ynbTPasByKOBOrO CKaHMPOBAHWUS CO CTaHOAPTHbI-
MU KpUTEPUAMM (DETOMETPUN B CKPUHWHIOBLIE CPOKM BepemeH-
Hoct: 11-14 nepens, 18-22 nepenu, 30-34 Hepenu'. BaxHo
OTMETUTb, YTO TPeTUn (0BS3aTenbHbIN) CKPUHWHE Bbin OTMEHeH
¢ 01.01.2021 roga?.

Bbinu u3yyeHsl 1333 npoTokona ynbTpas3BykoBOro UcCrneso-
BaHus (Y3W) B pasHble TpumecTpbl 6epeMeHHOCTU. PeTomeTpus
OLEeHMBanacb MO CTaHAAPTHbIM CKPWUHWHIOBLIM MapameTpam:
npuW NEPBOM CKpPUHUHTE oLeHeHo 450 Y3 — Kkonumko-TeMeHHoM
pasmep (KTP), TonwmHa BOpoTHMKOBOro npoctpaHctea (TBI);
npy BTOPOM CKPUHWHIE oueHeHo 456 Y3 — GunapueTanbHbii
pasmep ronosbl (BINP), noGHO-3aTbINOYHbIA pa3mMep ronoBbl
(NN3P), okpyxHocTb ronosbl (OF), okpyxHocTb xwmBoTa (OX),
AnvHa BenpeHHoi koctu (OB); npu TpeTbeM CKPUHWHIE OLeHe-
Ho 427 Y3W — bunapueTanbHblii pa3mep ronossl (BI1P), nobHo-
3aTbinoyHbIn pasmep ronosbl (MT3P), okpyxHocTb ronossl (OF),
OKpyxHoCTb xuBoTa (OX), onuHa beppeHHoit koctu (OB).

ViccnepoBaHus BbiNOMHANMUCL Ha annapatax Voluson S10
patumkom RABG-RS u Samsung HS 70 (A), gatunk MUKpOKOH-
BeKCHbIN 5-9 MI'L,

PaboTa BbinonHeHa Ha 6a3e MegnKo-reHETUYECKON KOHCYMb-
Taumm FAY3 «OpeHbyprckas obnactHas knnHndeckas bonbHuLa
Ne 2» 1 kacpeppe aHatomun yenoseka ®FEOY BO «OpeHbypr-
CKWI rocyfapCTBEHHbIN MeAULMHCKIA yHUBEpeuTeT» MuH3gpasa
Poccim. UccnepoBanue ogobpeHo JlokanbHbIM 3TUYeCKUM KOMU-
TeTom OI'E0Y BO OplMY MunagpaBa Poccum ot 28.11.2022 r.
Ne 308.

[ns nepsor 1 BTOPOWN rpynn, a Takke ANs NroA0B MYKCKOro 1
XEHCKOr0 nona, Obina BblYnCIEHa MHTEHCUBHOCTb POCTa AN Bbl-
LueyKka3aHHbIX (PETOMETPUYECKMX MApaMETPOB OT MPOMEXYTOYHO-
ro K nosgHemy nnogHomy nepuogy no copmyne (Cokonos B.B.
u ap., 2005):

np = M 100%.

0,5 (ﬂn + ﬂ.z)

' Mpukas MuHuctepcTea 3apaBooxpaHenus Poccuiickoit Genepa-
U oT 28 pekabpst 2000 ropa Ne 457 «O coBepLUEHCTBOBaHUM NpeHa-
TanbHOWM ANArHOCTUKA B NPOGMNAKTUKE HACNEACTBEHHbIX 1 BPOXAEHHbIX
3abonesaHui y geteiy. [octynHo no: https://base.garant.ru/4177325/
(naTa obpaliexus: 16.03.2025).

2 Mpukas MunucTepcTea 3apaBooxpaqeHns Poccuiickoit degepa-
umm ot 20 oktabps 2020 roga Ne 1130H «O6 ytBepxaeHumn Mopsiaka
OKa3aH1s MeAULMHCKON NOMOLLM MO NPOUITI0 “aKyLUepCTBO U FMHEKOso-
rust”». JoctynHo no: https://base.garant.ru/74840123/ (nata obpalleHus:
16.03.2025).
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roe [, — 3HayeHue nokasaTens B NO34HWUIA NIOAHBIA NEPUOL;
[l, — 3HayeHue nokasatens B MPOMEXYTOYHbIA NAOAHBINA ne-
puoa.

Bce MopdomeTpuyeckne AaHHble Obinn  NOABEPrHYTHI
BapuaLMOHHO-CTaTUCTUYeCKON 0bpaboTke B nporpammax MS
Excel n IBM SPSS Statistics, Bepcus 20.0. Onpegensnu cpeg-
HIOK BennumHy (X), CTaHLapTHOE OTKIOHEHUe (SX), MUHUMAanb-
Hoe (min) 1 MakcumanbHoe (max) 3HauveHue. [JOCTOBEPHOCTb
pasHNLbl MeXay CPaBHUBAEMbIMMU KPUTEPUSIMU ONPEAENSM Mo
t-kputepuio CTblofeHTa, B npoLeaypax CTaTUCTUYECKOro aHa-
Nn3a paccyMTbLIBANCS YPOBEHb CTATUCTUYECKOM 3HAYNMOCTM
(p), kpnTUYECKOE 3HAYEHME KOTOPOrO B UCCMELOBaHUM COCTaB-
nano 0,05.

PE3YNbTATbI

MeTog ynbTpa3ByKOBOTO CKAHUPOBAHWS MO3BOMSET MOMYYUTh
AEeTanu3npoBaHHble M306pakeHUs MPaKTUYECKU BCEX CTPYKTYP
nnoga, a Takke AaTb UM KaueCTBEHHYK) M KONMYECTBEHHYIO Xa-
paKTepUCTUKY. YNbTpa3BykoBas heTOMETPUS SBASETCS METOAOM

npeHaTanbHoOM AMarHOCTUKK, Ha OCHOBaHUM KOTOPOIA paspaboTa-
Hbl pervoHarnbHbIE HOpPMbI AMNs OLEHK PasBuUTHS noga.

®eTomeTpus nnoga B pa3nuyHbie CPOKM Npu 6epeMeHHOCTH
nocne OKO npepctaeneHa B Tabmuue 1.

Mpy NepBOM CKPUHWHIE Yy XEHLUMH NEpBOrO 1 BTOPOro nepu-
0f0B 3penoro Bospacta nocne KO ycTaHOBMEHO, YTO CpefHee
3HaveHune KTP nnoga y xeHwwH MMN3B cocrasuno 63,6+6,6 MM,
cpegHee 3HaueHne KTP y xeHwmH BM3B — 64,7+7,8 MM 1 He
MMeno CTaTUCTUYECKN 3HAYMMbIX PA3NINYMA Y XKEHLLMH ABYX rpynn
(p=0,246).

CpepHee 3HaveHue TBI nnopa y xeHwwuH [MN3B cocta-
Buno 1,6+£0,3 mm, cpenHee 3HauyeHue TBI y xeHwwH BMN3B —
1,74£0,3 MM, UMENO CTaTUCTUYECKM 3HAYNMBIE PA3ITNYNS Y KEH-
wuH geyx rpynn (p=0,045), ¢ npecbnagaHuem y xeHiwmnH BI13B.

Mpn BTOPOM CKpWHWHTEe Oe3 yyeTa nona nnoja y KEeHWuH
nepBOro 1 BTOPOro MepuofoB 3penioro Bo3pacta nocne AKO
YCTaHOBIEHO, YTO Y GepemenHbix MM3B 6unapueTanbHbii, no6-
HO-3aThbINTOYHbI pa3Mepbl, OKPYKHOCTW TOMOBbI U XWBOTA, AnK-
Hbl 6E€APEHHON KOCTU Nofa B NPOMEXYTOYHOM MMOAHOM Nepu-
ofe, cpeaHue 3HaveHust coctasunm 48,7+£3,5 mm, 64,1£3,9 mm,

Tabnuua 1
deToMeTpUUECKME NapaMeTpbl NpU GepeMeHHOCTH NOCHEe IKCTPAKOPNopanbHOro ONNOA0TBOPEHNS
Table 1
Fetal parameters in pregnancy after in vitro fertilization
MMepsbiin ckpuHuHr / First screening (n=450)

Mapametp / Parameter X+Sx min max

KTP, mm / CRL, mm 63,946,9 48 83

TBM, mm / NT, mm 1,6+0,3 0,8 32

Cpok 6epemeHHocTH, Heaenb / Gestational age, weeks 12,6+0,5 11 14

Bropoit ckpuHuHr / Second screening (n=456)

BIMP, Mm / BPD, mm 49433 43 54

N3P, mm / OFD, mm 65+3,9 56 73

Or, mm/HC, mm 183,319,9 160 205

OX, mm/AC, mm 158,1+9,9 134 178

OB, mm / FL, mm 34126 30 41
Cpok 6epemenHocTH, Hegenb / Gestational age, weeks 20,7+0,8 19,1 22,6

Tpetuit ckpuHuHr / Third screening (n=427)

BMP, Mm / BPD, mm 80,2+3,7 74 89

N3P, mm / OFD, mm 99,8+4,8 87 111

or, mm/HC, mm 287+12,3 256 315

OX, mm / AC, mm 272+14,3 228 296

OB, Mm / FL, mm 60,5+4 53 66
Cpok bepemeHHoCTY, Hepenb / Gestational age, weeks 31,3+1,1 29 33,6

Mpumeyanue: BIMP — 6unapueTanbhbiil pasmep ronosbl; b — anuHa 6eppenHoit kocTu; KTP — konunko-TemerHol pasmep; TBIM — ToniwmHa BOPOTHMKOBOIO
npoctpaHcTea; N3P — nobHo-3aTbinouHbIi pasmep; O — okpyHOCTb ronoBkl; O — OKPYXHOCTb XWBOTA.

Note: BPD — biparietal diameter of the head; FL — femur length; CRL — coccygeal-parietal size; NT — nuchal translucency thickness; OFD — occipitofrontal diameter;

HC — head circumference; AC — abdominal circumference.
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181,9£10 mm, 156,2+9,6 mm, 33,7+25 MM COOTBETCTBEHHO.
Y GepemeHHbix BI13B cpeaHue 3HaueHWs BblIENEPEUNCTIEH-
HbIX mapameTpoB nnoga coctasuiu 48,8+2,8 mm, 65,1+3,8 MM,
183,749,2 mm, 157,4+10,5 Mm, 34,143,1 MM COOTBETCTBEHHO.
Mpu cpaBHeHun cpedHux 3HaveHun BIP, O, OX, OB He
BbISIBNIEHO [OCTOBEPHbIX Pa3nuynil y NMNOLOB XEHLMH pasHoro
BO3pacTa, Torga kak NoOHO-3aTbINOYHbIA pa3mep WMen cTaTu-

CTWUYECKM 3HAYMMOe pasnunyme C ero npeobrnagaHuem y nnogos
XeHLmH BI3B.

Mpu oueHke BunapueTanbHOro, No6HO-3aTbINOYHOMO pasme-
POB, OKPY)XHOCTU TFONOBbI W XWBOTA, AMMHbI GEAPEHHON KOCTY
nnoga npu TPETbeM CKPUHWHrE B MO3AHEM MMOAHOM Mepuose
cpefHue 3HauveHns y xeHwuH MM3B coctasumu 79,4+3,7 MM,
100,2+4,8 mm, 287,3+12,3 mm, 270,1£14,3 mm, 59,414 mm

Tabnuua 2

Pa3mepbI NfI040B MYXCKOrO W XEHCKOro nona

Table 2

Size of male and female fetuses

Capaverp Tl | ozt | Famsl g iz | ot e
Parameter Gestational age, differences, p
weeks X+Sx X£Sx
18-22 Hepenu / 18-22 weeks
MN3B / FPA, n=343
BIP, mm / BPD, mm 20,840,8 49,743,7 47,743 <0,001
N3P, mm / OFD, mm 65,214 63+3,5 <0,001
Or, mm/HC, mm 185,1+10,1 178,848,9 <0,001
OX, mm/AC, mm 15949 153,5+9,3 <0,001
[B, mm / FL, mm 34,2426 33,3+2,2 0,002
BIM3B / SPA, n=119
BIMP, mm / BPD, mm 20,6+0,8 48,8+3,2 48,942 4 0,945
N3P, mm / OFD, mm 65,9+4,5 64,2+2,8 0,02
Or, mm/HC, mm 185,1£10,5 182,247,2 0,099
OX, mm/AC, mm 158,9+11,7 155,6+8,5 0,09
[B, mm / FL, mm 3443 34,2431 0,72
30-34 Hepgenw / 30-34 weeks
MN3B / FPA, n=343
BIMP, mm / BPD, mm 31,641 80,3£3,7 78,4+3,5 <0,001
N3P, mm / OFD, mm 100,645 99,8+4,5 0,172
Or, mm/HC, mm 289,8+12,7 284,9+11,4 0,001
OX, mm/AC, mm 2724144 268,3+14 0,02
[B, mm / FL, mm 59,5+4,3 59,243,6 0,55
BIM3B / SPA, n=119
BIMP, mm / BPD, mm 31,141,2 79,843,9 78,543,1 0,05
N3P, mm / OFD, mm 101,4+4,9 99,7447 0,07
Or, mm/HC, mm 290+12,5 283,9+10,6 0,009
OX, mm/AC, mm 271,8+14,5 268,2+15,4 0,2
[B, mm / FL, mm 59,743 59,8+2,6 0,79

MpumeyaHue: BINMP — 6GunapueTanbHbIi pa3mep ronossl; BM3B — BTopoii nepuog 3penoro Bospacta; b — anuHa 6eapenHon kocTu; JI3P — nobHo-3aTbINoYHbIN
pasmep; O — okpyxHocTb ronosbl; OX — okpyxHocTb xuBoTa; MMN3B — nepsblit nepuog 3penoro BospacTa.

Note: BPD — biparietal diameter of the head; SPA — second period of mature age; FL — femur length; OFD — occipitofrontal diameter; HC — head circumference;

AC — abdominal circumference; FPA — first period of adulthood.
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COOTBETCTBEHHO. Y BepemeHHbIx BIM3B cpeaHue 3HayeHus Bbl-
LenepeYncneHHbIX napaMmeTpoB noaa coctasunm 79,2+3,7 M,
100,644,8 mm, 287,212 mm, 270,2+14,9 mm, 59,7+2,8 MM cooT-
BETCTBEHHO.

PesynbTaThl NpoBeLEHUS CKPUHWHIOB B YCTAHOBMEHHbIE CPO-
kv pasmepbl Nfoga B 3aBMCMMOCTM OT MONa M BO3pacTa KeHLUWHbI
npeacTaBneHsbl B Tabnuue 2.

/3 Tabnuupl 2 BUOHO, YTO NPU CKpUHUHTE B 18-22 Hepenu
y xeHwwuH TMM3B cpeaHee 3HayeHWe BCex mccredyemblx napa-
METPOB Y NOAOB MYXCKOro nomna 6bino 6onbliue cpegHux 3Ha-
YeHMI MNI0JOB KEHCKOTO MoMa, UMest CTaTUCTUYECKA 3HAYMMble
pasnuums. IMpu ckpuHuHre B 30-34 Hegenu y NrogoB MYKCKOro U
XEHCKOTO Mona B MO3gHEM MIIOSHOM MEepUOAE CPeaHNe 3HaYeHNs
BIP, N3P, OF, OX v [Ib He uMenn CTaTUCTUYECKN 3HAYUMbIX
pasnuunid y XeHLMH ABYX BO3PACTHbIX rpynn.

OueHKa MHTEHCMBHOCTH pocTa (PETOMETPUYECKUX XapaKTepu-
CTWK Mioga NpoBeAeHa MeXay BTOPbIM W TPETBUM CKPUHWHIaMM.

YCTaHOBEHO, YTO (DETOMETPUYECKIE XapaKTepUCTUKN Nnoga
U3MEHSIOTCA HEPABHOMEPHO MPU Mepexofe 0T NPOMEXYTOYHOrO
K no3gHeMy nnofgHoMy nepuopy. VIHTEHCMBHOCTb pocTa Bapbu-
PYET KaK Cpeam uccrnegyemblx napameTpoB, Tak U B ABYX Mepuo-
[ax 3pernoro Bo3pacta bepeMeHHbIX XeHLyH, npoweawwmx KO,
a Takke y nnogos oboux nomnos.

Haunbornbluas MHTEHCMBHOCTL pocTa Habnioganach y Takux
napameTpos, kak 16 n OX, B T0 Bpems kak HaumeHbllas —
y J13P n OF. PasHnua mexay MakcumanbHbIM U MUHUMATbHbIM
nokasatensmu coctasuna 11,8%. OTn JaHHble CBMAETENbCTBY-
0T 0 TOM, YTO B MPOMEXYTOYHOM NMOAHOM Nepuoae Haubonee

60,0

BbIpaXXEHHOMY POCTY MOABEPraloTCs HUXHUE OTAENbl TynoBuLLa
1 cBoOOAHbIE HIXKXHME KOHEYHOCTY (Beppa).

WuTeHemBHocTb pocTa (BIP, N3P, Or, OX, [1B) nnoaa y xeH-
LMH ABYX BO3pacTHbIX rpynn coctaeuna: MM3B 48,2; 43 ,4; 44,5;
53,4; 55,2% wn BII3B 47,7; 43; 44; 52,6; 54,7% COOTBETCTBEH-
HO. B npouecce cpaBHeHWs NokasaTenen UHTEHCUMBHOCTU pocTa
“ccnegyeMblx napameTpoB nnoda y xeHwuH ¢ TM3B »n BM3B
BbINO YCTAHOBMEHO, YTO MHTEHCMBHOCTL POCTa BCEX MapamMeTpoB
nnoga 6bina Bbiwe y xeHwuH MM3B. Hanbonblwee pasnnyve
Habniofanock B bunapueTanbHOM pasMepe, B TO BpeMs kak Hau-
MeHbLLUas pasHuLa bbina 3adukcuposaHa B JI3P.

WHTeHemBHoCTb pocta BIP, N3P, O, OX, OB ot npomexy-
TOYHOTO K MO34HEMY MMOAHOMY Mepuogy Yy NOAOB MYXCKOro
nona y xeHwwH MM3B coctasuna 47,1; 42,7; 44,1; 52,4; 54%
cooTBeTCTBEHHO (puc. 1). Hanbonbluias WHTEHCMBHOCTL pocTa
chukcmpoBanacs B AnuHe 6eapa v OKPYKHOCTH XMBOTA, B TO Bpe-
M$! KaK HauMeHbLUas — B TOBHO-3aTbINOYHOM pa3mepe. PasHuua
MEXOY MakcUMarbHbIMW W MUHWMAnbHBIMU MOKa3aTensMu co-
crasnset 11,3%.

WHTteHcmBHOCTL pocTa BIP, N3P, O, OX, Ob ot npome-
XYTOYHOTO K MO3HEMy NIIOLHOMY NEPWOAY Y MNO40B KEeHCKOro
nona y xeHwuH MN3B coctasuna 48,7; 45,2; 45,8; 54,4; 56% co-
OTBETCTBEHHO. Hanbonbluasi MHTEHCMBHOCTb POCTa 3aperucTpu-
poBaHa y AnuHbl 6eapa, HauMeHblas — y NoBHO-3aThINOYHOTO
pasmepa. PasHuua Mexay HaubomnbLwUM N HAUMEHbLUMM MoKasa-
Tenamu coctasuna 10,8%.

[pn cpaBHEHUM NOKa3aTeNs MHTEHCUBHOCTY pOCTa uccnegye-
MbIX NApamMeTPOB Y MIOLOB MYXCKOTO M XXEHCKOro Nona Y XeHLUMH
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Fig. 1.

Growth intensity of the main fetal parameters in first period of adulthood (FPA) and second period of mature age (SPA) women

depending on the sex of the fetus (%). BPD — biparietal diameter; FL — femur length; OFD — occipitofrontal diameter; HC — head

circumference; AC — abdominal circumference
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[MN3B BbISBNEHO, YTO MHTEHCUBHOCTbL POCTa BCEX UCCMEAYEMbIX
napameTpoB Obina BbILLE Y NMOAO0B XEHCKOro nona.

WHTeHemBHocTb pocta BIP, NI3P, O, OX, b ot npomexy-
TOYHOTO K MO3AHEMY NMOAHOMY Mepuogy Y NIOAOB MYXKCKOro
nona y xeHwuH BMN3B coctaBuna 48,2; 42,4; 44,2; 52,4; 54,9%
COOTBETCTBEHHO. Hambonbliuas MHTEHCMBHOCTb POCTa 3aperu-
CTpMpoBaHa y AnuHbl 6eapa, HauMeHblas — y NoOHO-3aTbINoY-
Horo pasmepa. PasHuua mexagy HaumbonblUMM W HauMEHbLUMM
nokasatensmu coctasuna 12,5%.

WHTeHcuBHOCTL pocTa BIP, N3P, O, OX, Ob ot npome-
XYTOYHOTO K NMO3[HEeMy MIIOLHOMY NEpPUOZY Y MO40B KEeHCKOro
nona y xeHwuH BM3B coctasuna 46,5; 43,3; 43,6; 53,1; 54,5%
COOTBETCTBEHHO. Haumbonbluas MHTEHCMBHOCTb pOCTa 3aperu-
CTpMpoBaHa y AnuHbl 6egpa, HaumeHblas — y No6HO-3aTbINoY-
HOro pasmepa. PasHuua Mmexay HambombwuM W HaUMeHbLUUM
nokasatensmu coctasuna 11,2%.

OBCYXAEHUE

B Hactosieit paboTe nokasaHo OTCYTCTBME 3HAYMMbIX pPas-
NMYNA B KOMYMKO-TEMEHHOM pa3mMepe Y MIOLOB KEHLUMH [ABYX
BO3pacTHbIX TPynm, a CpefHee 3HayeHWe OaHHOrO napameTpa
He BbIXOAWNO W3 Anana3oHa HOPMATWBHBIX 3HAYEHWN B CPOKE
12,6+0,5 Hepenb [7]. Toroa kak cpegHee 3HaYeHWe TOMLMHbI
BOPOTHWKOBOrO MPOCTPAHCTBA 3HAYMMO Pasfnyanochb y MnogoB
XEHLLWH NEepBOTO 1 BTOPOro NEPUOAOB B OGOMbLUYKO CTOPOHY Y Mo-
CNeOHMX, HO TaKKe He NPeBbILLano HOPMaTUBHbIX 3Ha4YeHWi [7, 8].

Mpn aHanu3e usyvaemblx (PETOMETPUYECKUX MapameTpoB B
cpoke 18-22 Hegenm n 30-34 Hegenu GepeMeHHOCTH Takke Bbl-
SIBMEHO OTCYTCTBME 3HAYNMbIX Pa3NNymiA CPELHUX 3HA4eHMIA buna-
preTanbHoro, NOGHO-3aThINIOYHOTO Pa3MepOB, OKPYXXHOCTY FOMOBbI
1 KMBOTa W ANMHbI 6eApa B CPaBHEHUM C PErvoHanbHbIMM (eTo-
meTpudeckumn Hopmamu [9, 10]. 3T0 roBopuT 0 HeobxoaumocTu
YUUTbIBATb PErMoHanbHble HOpMaTWBbl YNbTPa3ByKOBOW (heToMe-
Tpuu nroga npu ouexke ero pocta [11, 12]. Mpu cpaBHeHUU n3y-
Yaemblx PETOMETPUYECKMX NMAPaMeTPOB Y NIOLOB B 3aBUCHMOCTH
OT Nona BbISIB/IEHbI 3HAYUMbIE Pa3NNuMs B CPEAHUX 3HAYEHUSX B
BOnbLUyi0 CTOPOHY Y NIOLOB MYXCKOrO Nofa, YTo NOATBEepXKOatT
AaHHble NoNynsLMOHHOTO NPOCMEKTUBHOIO UCCIEA0BaHUS poXaae-
mocTy (2016) o Tom, 4To, HaumHas co Il TpumecTpa BepemeHHOCTY
OKPYXXHOCTb FOfTOBbI 1 OKPY)KHOCTb XMBOTa ObIf 3Ha4NMO 6ornbLue
Yy N0Z0B MYXXCKOrO Mona, Yem Yy NnofoB xeHckoro nona [13].

Hanbonbluas MHTEHCUMBHOCTL pocTa Obina BbiSBMEHa Y Takux
(heTOMETPUYECKUX NapaMeTpoB, Kak AnuHa 6eapa 1 OKpYXHOCTb
XMBOTa, HauMeHbLIas — y TOBHO-3aTbIIOYHOTO pa3Mepa 1 OKpyX-
HOCTY ronoBbl. PasHnua mexagy HaubomnbLWwnmM 1 HaMMEHbLLMM No-
kasaTenem coctasuna 11,8%. 310 NnoATBEPKAAET HALLM AAHHBIE,
4TO «...0TAENbI CBODOAHO HUXKHEN KOHEYHOCTH (Beapo 1 roneHb)
MaKCYMasbHO YBENUYMBAKOTCS B ANMHY B CPEAHEM (MPOMEXYTOY-
HOM) nnogHom nepuoae» [14]. IHTEHCMBHOCTb pocTa 13yyYaembix
napameTpoB Takke Obina pasnuyHa y NnoA0B pasHOro nona, ato
noaTBepxaatT AaHHble Z.A. Broere-Brown u coaBT. 0 TOM, UTO
np1 OAHOMIOAHON HEPEMEHHOCTN NAOABI MYXXCKOTO Mona pacTyT
no-4pyromy, Yem nnofbl xeHckoro nona [13].

BbIBO[bI

1. Tlpu NepBoM ynbTPa3ByKOBOM CKPUHWHTE 3HAYEHUs KOMYu-
KO-TEMEHHOTO pas3Mepa W TOMLWHBI BOPOTHUKOBOTO NPOCTPaHCT-
Ba Y NNOJOB NOCMe 9KCTPaKOPMopanbHOro OMo40TBOPEHNS CO-
OTBETCTBYET HOPMATMBHbBIM 3HA4EHUAM.

2. Tpn BTOPOM 1 TPETbEM CKPUHMHTaX 3HaveHws bunapue-
TanbHOro pasmepa, NOBHO-3aTbINOYHOTO pa3mepa, OKPYXHOCTU
rONoBbl W XMBOTA M ANWHbI BeApa y NNogoB nocne KCTpakopmno-
panbHoro OMMoAOTBOPEHUS COOTBETCTBOBASN HOPMATUBHbLIM 3Ha-
YeHWsIM 1 pervoHanbHbIM HOMOrpamMmam, a Npy CpaBHEHUN 3Have-
HWI UccnesyeMblx napaMeTpoB B 3aBMCKMOCTM OT Nofia BbisBre-
Hbl pasnuuns B 6OMbLLYI0 CTOPOHY A7151 NAO[0B MYXCKOrO nona.

3. deTOMETPUS BbISBUNA HEPABHOMEPHBI POCT BCEX WCChe-
AyeMblX napameTpoB OT MPOMEXYTOYHOrO K NO3LHEMY NIOAHO-
My Nnepuoay, pasnnyue MHTEHCUBHOCTW POCTa Y MIOA0B PasHOro
nona, KOTopble XapakTepusytoT passuTWe NNoAa nocne aKcTpa-
KOproparbHOro ONNoA0TBOPEHNS.

AONONHUTENBbHAA UHOOPMALIUA

Bknap aBTOpoB. BCe aBTOPbI BHECNN CYLLECTBEHHbI BKag
B pa3paboTky KOHLEenuuu, NpoBeAeHne UCCreaoBaHus W Nogro-
TOBKY CTaTb, MPOYnu 1 ofobpunn duHanbHylo BEpCUI0 nepea
nybnukayuen.

KoHchnukT uHTEpecoB. ABTOpbI AeKnapupyloT OTCYTCTBUE
SIBHBIX W MOTEHLMANbHbIX KOH(MMKTOB MHTEPECOB, CBA3AHHBIX C
nybnukaLmen HacTosILLEN CTaTbMm.

WUcTouHuk domHaHcMpoBaHmus. ABTOpbI 3asiBNAOT 06 OTCyT-
CTBUM BHELIHEro (PUHAHCMPOBaHUS NpU MPOBELEHUM WCCheno-
BaHus.

WHdopmupoBaHHoe cornacue Ha ny6nukaumio. ABTOpbI
NoNy4Mnn NUCbMEHHOE cornacue NayueHToB Ha nybnvkaumio me-
ONLNHCKUX JaHHbIX.
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OLIEHKA COCTOAHUA TEMOAWHAMWUKK Y XUBOTHbIX
C OXOrosbIM LLOKOM U CUHAPOMOM ANIUTENBHOIO
COABNEHUA TKAHEW HA ®OHE NMPUMEHEHWA AHTUTMMOKCAHTOB

© Hukonait KoHcTaHTHoBIMY Cokonos!, Bacunuit Hukonaesuy Libiran?,

Esrennit Bnagumuposuy 3uHosbes™ 23, Anekceii lfeopresuy banHaypatusunn®,
Anekcanap Bnagumnposuy Cemurnasos?, AHHa ButanbesHa KocTsikosa?,
Bnaaumup Onerosuy CuaenbHUKoB hoH cceH?

BoeHHo-MeanuuHckas akagemus umenn C.M. Kuposa. 194044, r. CankT-MeTepbypr, yn. Akagemuka flebenesa, a. 6,

Poccuiickas ®epepayns

2 CaHkT-MeTepByprekuit HayyHO-UCCNenoBaTeNbCKUA UHCTUTYT CKOpoit nomoLm umenn U.W. [xaHenuage.

192242, 1. Cankr-lNeTepbypr, yn. bynanewrtckas, A. 3, nut. A, Poccuiickas ®egepaums

3 CaHkT-lMeTepbyprekuii rocyaapcTBEHHbI NeauaTpuieckuii MeanuumuHckui yusepcutet. 194100, r. CaHkT-MetepBypr, yn. [luToBckas, 4. 2,
Poccuiickas Pepepayns

* HaumoHanbHbIil MeaULMHCKMIA CCNea0BaTeNbCKUI LIEHTp AeTCKo TpaBmaTonorun v optoneaui um. LU, Typepa. 196603, r. CaHkT-MeTepbypr,
r. MywkuH, yn. Mapkosas, . 64-68, Poccuitckas ®epepayns

KoHTakTHas nHdopmaums: AHHa ButanbesHa KocTskoBa — MNajLLMiA HAYYHbIA COTPYOHWUK OTAENa HEOTIOXHON XMPYPritu.
E-mail: avchekina@mail.ru  ORCID: https:/forcid.org/0009-0005-7553-4810 SPIN: 3377-8390

Ans yumupoeaHus: Cokonos H.K., LbiraH B.H., 3uHoBbeB E.B., Bannaypawsunu AT, Cemurnasos A.B., Koctakosa A.B., CuagenbHukoB
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Pe3tome. BeedeHue. OxoroBas 601e3Hb W CUHAPOM ANUTENbHOTO CAABMNEHUS TKAHEN, HECMOTPS Ha pa3nuuns
B 3TMONOrNYeckux daktopax, 061aaaloT CXOKUMI 3BEHbSIMU NATOreHe3a, onpeaensoWwmMn TSKECTb COCTOSHUSA
nalWeHTa 1 BbICOKWE NoKasaTenu NetanbHOCTU. B CBA3M ¢ YeM U3y4eHne BONPOCOB UX B3aWMHOMO OTAMOLLEHMS W
BO3MOXHbIX NyTEN KOPPEKLIMM Pa3BUBAIOLLMXCS HApYLLIEHWU ABNSETCS akTyanbHbIM. Ljesib ucciedogaHusi — u3yuntb
(hYHKLMOHANbHOE COCTOSHUE CEPAEYHO-COCYANCTON CUCTEMBI Y XUBOTHBIX C OKOroBOM GONE3HLI0 U CUHAPOMOM
AUTENBHOTO CAABMEHNS TKaHe! Ha (DOHE NPUMEHEHNS aHTUTMNOKCaHTOB. Mamepuasnbl u Memodbl uccnedosaHusl.
B uccneposaHue BkmoveHo 180 menknx nabopaTopHbIX KUBOTHBIX (KPbIC), KOTOPbIM MOAENMPOBANNCH 0BLIMPHbIE
rnyGoKMe OXOrm KOXu U CUHAPOM ANMTENbHOTO CAaBNeHUs TkaHel. Bee rpbi3yHbl Oblnv pasgeneHbl Ha TpU paBHble
rpynmbl C y4eTOM cOCTaBa UHPY3MOHHOW Tepanuu: dusnonorudeckuin pacteop (0,9% NaCl), aHTurunokcaHTsl Mydacon
1 nonunokcudgymapuH. B xoge paboTbl n3yyanuch yaapHbiii 06beM M MUHYTHbI 06beM KpoBH, a Takxe 3¢ dekTuB-
HOCTb CyKUMHaTaernaporeHasbl. Ctatuctuyeckas 06paboTtka gaHHbIX ocyLecTBnsanack 06LWenpuHATLIMU MeToLamm
BapWaLOHHOM CTaTUCTUKL. ANbTepHaTMBHAsA runoTtesa npuHumanacs npu p <0,05. Pe3ynbmamebi uccnedosaHusi
u 06cyxadeHus1. YCTaHOBNEHO, YTO NP UCMONb30BaHUM NONMOKCU(YMapuHa nokasaTenum yaapHoro obbema n MuHyT-
Horo obbema KpoBw okasanuch Bblile Ha 25% (p <0,05) n 21,4% (p <0,05) oTHOCUTENBHO NPUMEHEHUS Mydhacona 1
Ha 67% (p <0,05) 1 40% (p <0,05) oTHOCUTENBHO BBELEHUS HATpUs Xnopuaa. cnonbsosaHue gopmynbl Mapknanga
+ 40% no3Bonuno yBenuuntb 06wy apdeKTUBHOCTb MHGY3MOHHOM Tepanun Ha 39% He3aBUCMMO OT ee COCTaBa.
KoHcTaTpoBaHo BMSHWE NONMOKCUGYMapuHa 1 Mydacona Ha akTUBHOCTb CYKLMHATAerMaporeHasbl. Ha BTopble
CYTKM NOCne TpaBMbl aHann3npyeMblii nokasaTerlb COCTaBWI1, COOTBETCTBEHHO, 32,1 1 34,2, yTo Ha 54,7% (p <0,05)
n 71,4% (p <0,05) 6onbLue OTHOCUTENBHO BBEAEHWS HAaTPUS Xnopuaa. 3akaryeHue. HazHavyeHne aHTUrMnoKCaHToB
B COCTaBe NPOTUBOLIOKOBOW MHAY3MOHHOM Tepanum Npu 0BLIMPHBIX 0XOrax U CUHAPOME AUTENBHOMO CAABNEHUS
TKaHEeW ynyyllaeT COCTOSHUE CEPAEYHO-COCYAUCTON CUCTEMBI U MUOKapaa.

KnioueBble cnoBa: oxor Koxu, rny6okue oxoru, oxorosasi 601e3Hb, CUHAPOM ANNTENbHOMO CAABNEHUS TKAHE,
KpaLL-CUHAPOM, aHTUTMNOKCAHTbI, UHADY3MOHHAs Tepanus, reMoanMHamMmuka
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ASSESSMENT OF HEMODYNAMIC STATUS IN ANIMALS
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Abstract. Introduction. Burn disease and compartment syndrome, despite differences in etiological factors, have
similar pathogenesis links that determine the severity of the patient’s condition and high mortality rates. In this regard,
the study of their mutual aggravation and possible ways to correct developing disorders is relevant. Purpose of the
study — to study the functional state of the cardiovascular system in animals with burn disease and compartment
syndrome against the background of the use of antihypoxants. Materials and methods of the study. The study
included 180 small laboratory animals (rats), which modeled extensive deep skin burns and compartment syndrome.
All rodents were divided into three equal groups taking into account the composition of infusion therapy: saline
(0.9% NaCl), antihypoxants mufasol and polyoxyfumarin. In the course of the work, stroke volume and minute blood
volume, as well as the effectiveness of succinate dehydrogenase, were studied. Statistical data processing was
performed using generally accepted methods of variation statistics. The alternative hypothesis was accepted at
p <0.05. Research results and discussion. It was found that when using polyoxyfumarin, the stroke volume and
minute blood volume were higher by 25% (p <0.05) and 21.4% (p <0.05) relative to the use of mufasol and by 67%
(p <0.05) and 40% (p <0.05) relative to the introduction of sodium chloride. The use of the Parkland formula + 40%
made it possible to increase the overall effectiveness of infusion therapy by 39% regardless of its composition. The
effect of polyoxyfumarin and mufasol on the activity of succinate dehydrogenase was established. On the second day
after the injury, the analyzed indicator was 32.1 and 34.2, respectively, which is 54.7% (p <0.05) and 71.4% (p <0.05)
relative to the introduction of sodium chloride. Conclusion. The use of antihypoxants as part of anti-shock infusion
therapy for extensive burns and prolonged tissue compression syndrome improves the condition of the cardiovascular
system and myocardium.

Keywords: skin burn, deep burns, burn disease, prolonged tissue compression syndrome, crush syndrome, antihypoxants,
infusion therapy, hemodynamics
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BBEJEHUE

MATEPWAIbI U METOAbl UICCNEAOBAHUA

OxoroBasi TpaBMa SBMSIETCS CEPbE3HON MEAMLMHCKON, CO-
LmanbHo! 1 skoHoMMYeckon npobnemon [1]. 3To noaTBepkaaeT-
CSl WX BbICOKOW YacTOTOW B BbITY, HA NPOM3BOACTBE W B NEPUOA
BOEHHbIX KOH(NMKTOB. [pn 3TOM eXErogHo BO BCEM MUPE peru-
ctpupyetcs Gonee 180 Tbic. neTanbHbIX UCXOAOB NOCHE 0XOro-
BOVI TpaBMmbl [2].

Ha ¢oHe 06LWMPHbIX BbICOKOTEMMNEPATYPHbLIX MOPaXeHUi
OTMeYalTCs HapylweHus B paboTe cuUCTeMbl romeocTasa.
CnOXHbIN KOMMMEKC B3aWMOCBSA3aHHbIX NaToguanonoruye-
CKMX W3MEHEHMI, NPOXOASALLMNX B OpraHu3Me, MpUBOAUT K pas-
BUTMIO OXXOroBOM BOMEe3HM, CONPOBOXAALWENCS BbIPAXEHHBbI-
MU TUNOBONEMUEN, JHLO- M 3K3OTOKCEMUEN, NepexoaaLumMm B
cencuc [3].

CoBpemeHHas boeBasi TpaBMa XapakTepu3yeTcs BbICOKOi Ya-
CTOTOM HE TOMbKO TEPMUYECKMX, HO 1 MEXaHNYECKUX NOBpexXze-
HWiA. PaspyLueHne dopTuthurKkaLmMoHHbIX COOPYKEHUIA, NOpaxeHne
TEXHUKM 3a4acTyl0 NMPUBOZAT K COABMEHUI0 AUCTanbHbIX OTAe-
NOB KOHEYHOCTEN C nocnenyowmuM GopMMpoBaHUEM CUHOPOMA
ANWTENBHOMO COABMEHNS, MILEMUEN TKAHEN N UHTEHCUBHBIM SH-
[OTOKCMKO30M. [MocneaHnii v onpeaensieT BbICOKUI NokasaTenb
neTanbHOCTY NpU AaHHOM BuAe Tpasm [4].

OpnHoBpeMeHHOe pa3BuTWE OXOroBon BonesHn u cuHapoma
ANUTENBHOMO CLaBneHus cnocobCcTBYeT (HOpMMUPOBaHWIO Mepe-
CEKaloLMXCsl MOPOYHbIX KPYrOB NaToreHesa, 3HA4NTENbHO yBe-
NMYMBAIOLLMX BEPOSTHOCTb HEBNaronpusTHOrO Mcxogda NeyeHns
noctpagasLuero [5]. HapywieHue gbixaTenbHbix Lienen okabiBaeT
Haubonbluee BMUSHUE Ha 3HEPrO3aBMCUMbIE TKaHW OpraHu3ma,
B YACTHOCTM MuoKapa. IoaAepkaHne CoKpaTUTeNbHOM cnocob-
HOCTV CepheyHoi MbiliLbl HEBO3MOXHO 0e3 ee afeKkBaTHOrO
obecneyeHns metabonutamu W KUCMopoaoM. V3ameHeHue KoH-
LieHTpaLui NoCneaHUX cnocobCTBYET PasBUTIO HE TOMBbKO (hyHK-
LMOHaNbHbIX, HO W CTPYKTYPHbIX HapylleHun [6]. Mpu atom cy-
LECTBYIOLLME CXEMbI MHTEHCMBHOWM TEpann He y4nTbIBaKT pas-
BMBAIOLLWINCS CUHAPOM B3aWMHOTO OTSIFOLLEHUS MEXaHUYECKOro 1
OOroBOrO LUOKOB, @ TaKkke BblpaXeHHbIe MPOLEeCChbl TMNOKCUM 1
ULWIEMUN TKaHeR.

B HacTosiLyee Bpems cneyuanuctam AOCTYMHbI PasinyHble
meTabonuyeckie npenapatbl, ONTUMU3MPYIOLLME Lienu AbIXaHus.
OpHako, HECMOTPS Ha BbICOKYHO 3(PEKTUBHOCTb, KOTOPYID OHM
AEMOHCTPUPYIOT B OTAENbHbIX UCCMEA0BaHMSX, AaHHble rpynmbl
NeKapCTBEHHbIX CPEeACTB He HalnW LWMPOKOro MPUMEHEHWUs B
npakTuke, 4YTo 0OYCNOBMNEHO OTCYTCTBMEM [OCTATOMHOM AOKa-
3aTenbHoi 6asbl [7]. B ¢BA3M ¢ YeM HacTosiLlee WcCrnefoBaHue
obragaet BbICOKOW aKTyarbHOCTbIO U 3HAYMMOCTbIO AN CUCTe-
Mbl 3[paBOOXPaHEHNS.

LIENb NCCNEQOBAHUA

N3yunTb PyHKLMOHANBHOE COCTOSHIWE CEPAEeYHO-COCYaANCTON
CUCTEMbI Y XMBOTHBIX C 0XOroBoi BONE3HbI0 U CUHOPOMOM Anu-
TEMNbHOrO COABNEHUS TKaHel Ha (POHE NMPUMEHEHWNSI aHTUTUNOK-
CaHTOB.

OKCMEepUMEHTaNbHOE  WUCCreJoBaHWe  MpOBOAMNIOCH — Ha
kacbegpe naTonorMyeckon uanonor (3aBeayrLmin — npo-
eccop B.H. LibiraH), B KnuHUKE 3KCNepUMEHTambHbIX U 6ro-
NOrNYECKMX MOZENei, a Takke B Hay4HO-MCCIeA0BaTENbCKON
nabopaTtopuy (BOEHHO XMPYPrumM) Hay4YHO-NCCIe[0BaTENbCKOrO
LeHTpa (HavanbHuk — npodpeccop K.IM. Fonoeko) BoeHHo-meau-
umHckoi akagemumn um. C.M. Knposa. B paboty 6bino BKkoYeHo
180 mernkux B3pocnbix 6enbix 6ecnopofHbIX Kpbic 060ero nona
maccoi 240-250 r. Bce X1BOTHbIe Obinu pasaeneHsl Ha Tpu paB-
Hbl€ TPyNMbl C y4eTOM COCTaBa WH(Y3MOHHOW Tepanuu: HaTpus
XNOpWA, aHTUIUMOKCaHTbI Mydacon U NomMokcudyMapuH. JKc-
nepuMeHTanbHble UCCNefoBaHNs Haf XXMBOTHBIMU MPOBOAMUINCH
B CO0TBeTCTBUM C [JupekTusoit EBponelickoro napnamexta u Co-
BeTa EBponeiickoro Cotoza 2010/63/EC ot 22 ceHtsi6ps 2010 r.
0 3aluTe XMBOTHBIX, UCTOMb3YIOLWNXCA ANS HAYYHbIX Lenei,
®egepanbHbiM 3akoHOM 0T 27.12.2018 r. Ne 498-03 (pep. ot
27.12.2019 r.) «O6 oTBETCTBEHHOM OBpAaLUEHUN C KMBOTHBIMM
1 O BHECEHUN U3MEHEHUI B OTAEMNbHbIE 3aKOHOLATENbHbIE aKThl
Poccuitckon ®epepauumy.

[Ons obe3bonnBaHns XMBOTHBLIX Nepes BOCMPOWN3BEAEHWNEM
0BWMpHOro OXora M CMHOPOMA ANWTENbHOMO CAAaBMEHUs Mpu-
MeHsm 2% pacTeopa kcunasuHa us pacyeta 20 mr/kr. CUHAPOM
LNUTENBHOMO COABMEHNS Y KPbIC BOCMPOM3BOAMIN MYTEM KOM-
npeccuy MSrkux TkaHei NpaBoro unu nesoro 6eapa B TEYEHUE
4 yacoB creuwanbHbIMU METanIMYeCKUMM TUCKaMu C CUION
paenennsa 8-10 kr/cm? Ha nnowlagn, pasHon 5 cm2. OXor KOXu
CMWHbI MOAENWPOBanM C UCMOMNb30BaHWEM TEMMOBOTO M3Ny4e-
Hus ceeToBom namnbl K[B-22 mowHocteio 500 BT. PacctosHue
[0 MOBEPXHOCTU Tena CocTaBnsmno 2,5 cM, a BpeMs 3KCnoanuum
posHsinock 20 c.

[MpoTMBOLLIOKOBas Tepanusi OCyLIeCTBRsANach NyTeM MHy-
3UM HaTpus xropuga, Mmycacona u nonuokcudymapuHa. Mrna
BBOAMUNACH BHYTPUOPIOLLMHHO Yepe3 napeHTepanbHbIi JOCTYN B
obnactu 6egpa. Obbem pacTBOpOB paccunTbiBancs no dopmyne
MapknaHaa:

V uHe. (Mn1) =4 - M - %,

rae M — macca Tena XMBOTHOrO, kr; % — nnowadb oxora,
abc. en.

O DEKTUBHOCTb UCMONb3YEMbIX METOLOB NEYeHus aHa-
nn3npoBanacb ¢ UCMOMb30BAHUEM CrEAYHOLWUX nokaaTtenei:
y4apHbIil 06beM U MUHYTHBIA 06BEM KPOBU, a Takke addek-
TUBHOCTb aKTWBHOCTM (DEPMEHTa CyKLWHATAErngporeHasbl.
Pabota ¢ 6azamu faHHbIX OcyliecTBnanach no o6uenpuHs-
TbIM METOAaM BapWaLMOHHOW CTaTUCTUKW B Tpu 3Tana: pas-
paboTka MOAenu MCCreaoBaHus W COCTaBMEHWe NnaHa, ero
peanusauust 1 cbop matepuana, cratuctuyeckas obpaboTtka
Ha KOMMbloTEPHbIX Nporpammax MS Excel u SPSS Statistics
17.0. KonnyecTBeHHbIe MOKa3aTeNy OLEHWBANUCL C WUCMOSb-
30BaHMeM HenapameTpuyeckoro U-kputepus MaHHa-YuUTHU.
AnbTepHaTMBHAs runoTesa npuHUManacb npu ypoBHE 3HaYM-
mocT p <0,05.
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PE3YNbTATbI NCCNEOOBAHKA
W OBCYXOEHMUE

PesynbTaTbl MccnegoBaHus napamMeTpoB reMoAgvHaMUKK Y
MeIKUX NabopaTopHbIX KUBOTHBIX C OXOrOBOW BOMNE3HbI0 1 CUH-
APOMOM ASINTENLHOTO CLABMNEHUst TKaHe!, 06beM MHMY3NOHHON
TEpanuu KOTOpbIM paccuuTbiBanca no copmyne [MapknaHaa,
npeacTasneHbl B Tabnuue 1.

CornacHo AaHHbIM, NpefcTaBneHHbIM B Tabmuue 1, MOX-
HO caenaTtb BbIBOZ O TOM, YTO Yepe3 15 MWHYT nocne Havana
WH(Y3MOHHON Tepanun LOCTOBEPHbIX Pasnuynin aHanuaupye-
MO0 nokasaTens Mexzay PasfuuHbIMKA Tpynnamu npenapatos
3adukenpoBaHo He 6bino. lMocne yaca HabnwaeHns 0TMEYeHo
COXpaHeHue yaapHoro obbema kpou Ha yposHe 0,05+0,003 mn
B rpynne XWBOTHbIX, NEYEHNe KOTOPbIX OCYLLECTBMANOCH NOMnu-
okcudymapuHom, 4to Ha 25% (p <0,05) Bonblue OTHOCMTENBHO
“cnonb3oBaHus Mydacona n Ha 66% (p<0,05) oTHoCWUTEnbHO
BBeZeHUs (hM3NONI0rMYECKOro pacTeopa.

Mpn n3y4yeHun MUHYTHOTO 06bema KpOBW Takke OTMEYEHO,
4To nocne 15 MUHYT NPOBEAEHUS UHMY3MOHHOW Tepanuu [o-
CTOBEPHbIE PaA3NNYMsA MEXOY aHanuaupyembiMW rpynnamu oT-
CyTCTBOBanNM. YBenuyeHne AnuUTenbHOCTY neveHns 4o 60 MUHyT
no3BONMNO OTMETUTb Habonbluy 3EKTUBHOCTL  UHY3UM
nonunokcugymapuHa. MuHyTHbIN 0BbeM KpoBW B J@HHOM rpynmne
XMBOTHbIX cocTasun 81,5+6,9 mn/kr B MUHyTyM, 4to Ha 21,4%
(p <0,05) Gorblue NO CpaBHEHWIO C UCTONb30BaHWEM Mydacona
n Ha 37,9% (p <0,05) BonbLue NO CpaBHEHNIO C MHAGY3MENR uramno-
NOrn4ecKkoro pacTeopa.

Ha BTOpOM aTane npoeefeHa oLeHka 3heKTUBHOCTW NPOTH-
BOLLIOKOBOW Tepaniv ¢ MCMoMb30BaHNEM Pa3fnyHbIX MpenapaTos,
obbem koTopon paccuuTbiancs no gopmyne MapknaHga + 40%
(Tabn. 2).

PesynbTaThl, NpeacTaBneHHble B Tabnuue 2, CBMAETeNbCT-
BYIOT O TOM, 4TO yA@pHbIA 06beM KpoBK Ha GOHe WHAY3MOHHON
TEpanuu yBemnuyeHHbIM 06bemMoM B nepBble 15 MUHYT nocne
TpaBMbl He MMeN AOCTOBEPHbIX Pasnuunii B rpynnax uccnego-
BaHus. OgHaKko BBEAEHME MONMOKCUMyMapuHa B TeYeHMe yaca
CrnocobCTBOBANO COXPaHEHWIO  aHanWU3Mpyemoro nokasatens
Ha yposHe 0,08+0,003 mn. B rpynne XWBOTHbIX, KOTOPbIM OCY-
LECTBNANOCH BBEAEHNE Mydacona u HaTpus Xnopuaa, yaapHbli
obbem okasancs, cooTBeTCTBEHHO, Ha 37,5% (p <0,05) n 50%
(p <0,05) meHbLLe.

Mpy M3y4eHU MUHYTHOrO o6bema KPOBM MOMy4YeHbl aHamno-
rMYHble pesynbTaTbl. B nepsble 15 MUHYT nocne Havana WHgy-
3VOHHON Tepanuu He ObINO OTMEYEHO OOCTOBEPHbIX Pa3nuyui
cpean aHanmMaMpyemblx rpynn uccnegosanus. Mocne 60 MUHYT
HabmogeHNs MakCUManbHOe 3HaYeHWe MUMHYTHOrO obbema
KpoBM 3a(hMKCUPOBAHO MpW BBELEHWW MONMOKCMdymMapuHa —
81,6£6,8 mn/kr B MuHyTY, 4To Ha 18% (p <0,05) 1 29,3% (p <0,05)
Bonblue Mo CpaBHEHWKO C MpUMeHeHneM Mydacona 1 HaTpus
Xnopuaa, COOTBETCTBEHHO.

AHanus pesynbTaToB WCCNELOBAHWS aKTUBHOCTU CyKUWHAT-
[EernaporeHasbl B KapAMOMUOLMTAX KPLIC C 0XOroBOW DONE3HbIo
W CMHOPOMOM AMMTENBHOrO CAABMeHUst Ha (HOHE WHEY3NOHHON
Tepanuu, 06bem KOTopo Bbin paccunTaH no dopmyne MapknaH-
na +40%, npeactasneH B Tabnuue 3.

Tabnuya 1

MapameTpbI reMOANHAMUKM Y )KUBOTHBIX C OXOrOBOW 60NIe3HbI0 U CUHAPOMOM ANUTENLHOTO CAaBNeHus
B 3aBUCMMOCTM OT COCTaBa MH(PY3MOHHOI Tepanuu, paccunTaHHol no dgopmyne MapknaxHga

Table 1

Hemodynamic parameters in animals with burn disease and crush syndrome depending on the composition
of infusion therapy, calculated using the Parkland formula

[Mocne TpaBmbl, nepeq Mocne Hayana uHdyaun, yepes /
AHanusupyemble napameTpsl / I'pynnbl Habntopexus / Havanom uHdysum / After the start of the infusion, after
Analyzed parameters Observation groups After injury, before starting ]
infusion 15 MuHyT / 15 min 1y4ac/ 1 hour
YnapHblit 06bem, mn / Hatpus xnopug / 0,06+0,01 0,06+0,01 0,03+0,006
Stroke volume, ml Sodium chloride
Madpycon / Mafusol 0,06+0,01 0,06+0,01 ! 0,04+0,005
MonuokcudymapuH / 0,07+0,01 0,05+0,01 0,05+0,003"2
Polyoxyfumarin
MwHYTHbIA 06bEM KpoBY, Hatpus xnopug / 114,249,1 93,6+7,2 59,146,3
mn/kr/muH / Minutes volume, Sodium chloride
ml/kg/min
Madycon / Mafusol 107,1+6,9 92,2+8,8 67,1£71
Monuokcudpymapu / 106,1+8,3 100,56,2 81,546,912
Polyoxyfumarin
Mpumeyanue. U-kputepuit ManHa-YutHu: ' — p <0,05 no cpaBHeHWio ¢ rpynnoii, nonyyasluel pacTeop HaTpus xnopuga; 2 — p <0,05 No cpasHeHWIo ¢ rpynnoi,

nonyyasLuer Mydacon.

Note. Mann-Whitney U-test: ' — p <0.05 compared to the group receiving sodium chloride solution; 2— p <0.05 compared to the group receiving mufasol.
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Tabnuua 2
MapameTpbl reMOANHAMMKU Y XXMBOTHbLIX C 0XXOrOBOW 60Me3HLI0 M CUHAPOMOM ATNUTENBHOrO CAABIEHMSA
B 3aBUCUMOCTM OT cocTaBa MHAY3MOHHOI Tepanuu, paccumTaHHol no dopmyne Mapknanga + 40%
Table 2
Hemodynamic parameters in animals with burn disease and crush syndrome depending on the composition
of infusion therapy, calculated using the Parkland formula + 40%
Mocne TpaBMbl, Mocne Hayana uHdy3nm, yepes /
AHanusupyemble napameTpbl / I'pynnbl Habmopexns / nepeg Hayanom nHdgyamm / After the start of the infusion, after
Analyzed parameters Observation groups After injury, before starting ]
infusion 15 MuHyT /15 min | 1yac/ 1 hour
YpapHbliii o6bem, mn / Hatpus xnopug / 0,07+0,01 0,06+0,01 0,04+0,004
Stroke volume, ml Sodium chloride
Madpycon / Mafusol 0,06+0,01 0,06+0,01 0,05+0,006
MonuokcudymapuH / 0,07+0,01 0,06+0,01 0,08+0,003"2
Polyoxyfumarin
MWHYTHbIA 06bEM KpOBY, Hatpus xnopug / 114,148,2 94,5479 63,145,8
mn/kr/muH [ Minutes volume, Sodium chloride
mifkg/min Madbycon / Mafusol 108,371 101,848.4 69,146,3
MonuokcudymapuH / 107,2+7,9 90,349,1 81,646,8"2
Polyoxyfumarin
Mpumeyarue. U-kputepuit ManHa-YutHu: ' — p <0,05 no cpaBHeHMI0 ¢ rpynnoit, Nony4yasluen pacTsop HaTpus xnopuaa; 2 — p <0,05 No cpaBHEHMIO C Tpymnnoi,
nonyyasLLen Mydacon.
Note. Mann-Whitney U-test: ' — p <0.05 compared to the group receiving sodium chloride solution; 2 — p <0.05 compared to the group receiving mufasol.
Tabnuua 3

AKTMBHOCTb (hepMeHTa CyKLMHaTAErnaporeHasbl Y XUBOTHbIX C 0XXOTOBOM 60ME3HbI0 U CUHAPOMOM AMNUTENIbHOTO CAABMEHMs
B 3aBUCUMOCTM OT cocTaBa MHGY3MOHHOI Tepanuu, paccunTaHHol no gopmyne Mapknanga + 40%

Table 3

Activity of the enzyme succinate dehydrogenase in animals with burn disease and crush syndrome depending
on the composition of infusion therapy, calculated using the Parkland formula + 40%

Mocne TpaBMbl, yac /

AxTneHoCTb dhepmenTa (M+m) nocne BeegeHus / Enzyme activity (M+m) after injection

After the injury, an hour | yarpua xropuaa / sodium chloride

madycona / mufasol nonuokcucymapuna / polyoxyfumarin

24 22,6+2,4

36,5+4,4 1 38,7432

48 12,6+1,2

32,1452 34,2442

Mpumeyanue. U-kputepunii ManHa-Yuthu: ' — p <0,05 no cpaBHeHWHO ¢ rpynnoi, Nony4aBLUei pacTBOp HATPUs XNopKAa.
Note. Mann-Whitney U-test: ' — p <0.05 compared to the group receiving sodium chloride solution.

[aHHble, npeacTaBneHHble B Tabnuue 3, No3BoNsT 3a-
KIOYUTb, YTO B MepBble CYTKWU Mocrne MHMY3NOHHON Tepanuu
OXOroBOro LUOKA M CUMHAPOMA ANNTENbHOro CAaBfeHUs no-
NIMOKCUYMapUHOM  aKTUBHOCTb  CyKLMHATAErMAPOreHasbl B
kapanomuoumTax kpbic Obina Hambonblen — 38,7+3,2, yTo
Ha 6% (p >0,05) no cpaBHeHnto ¢ mydaconom u Ha 71,2%
(p <0,05) no cpaBHeHUIO ¢ HaTpua xnopugom. Yepes 48 yacos
nocrne BBEAEHUS OTMEYEHHas TeHAeHUMs coxpaHunach. Mak-
CMManbHOe 3Ha4yeHWe aKTUBHOCTM hepMeHTa 3aduKCHpoBaHO
npu NpuMeHeHWn nonuokcudymapuHa 34,2+4.2, 1.e. Ha 6,5%
(p >0,05) Gonblwe no cpaBHeHuto ¢ Mydaconom. VHdyaus
HaTpWa Xxnopuaa NpogeMOHCTPUPOBana HauMeHbLUUA pesyrb-
TaT — 12,6+1,2.

BblBOAbI

1. NpUMeHeHNe aHTUMMMNOKCAHTOB B COCTaBe MPOTMBOLIO-
KOBOW WMH(Y3NOHHOI Tepanuu Npu OXOroBOM LUOKE W CUHAPOME
COaBMeHns cnocobCTByeT NOAAEPKAHNI0 reMOGNHAMUYECKNX MO-
kasaTenei opraHnama.

2. TpapUUMOHHBI 06beM MHGY3MM AHTUIMNOKCAHTOB B CO-
CTaBe NPOTWBOLLOKOBOM WH(Y3MOHHOW Tepanuu npu OXOroBOM
LLOKE W CUHAPOME COAaBMEHMS, pacCYUTaHHbIN No opmyne Mapk-
nanga, SBNSeTCS HeJOCTaTOYHbIM AN KOMMEHCALMU CUCTEMHBIX
HapyLUEHW.

[MonyyeHHble [aHHblE [LEMOHCTPUPYIOT NEPCreKTUBHOCTb
BKIMKOYEHUS aHTUTMMOKCAHTOB B CXEMbl WHTEHCMBHOW Tepanuu
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nocTpaaaBLUMX C MexaHO-TEPMUYECKIM LIOKOM, OfHAKO, HECMO-
TPS Ha MX [0Ka3aHHyl0 3EKTUBHOCTb, JaHHOE HampaBneHne
HYXOaeTcs B AarbHenLlem yriyGreHHOM n3yyYeHun.

OOMONHUTENBHAA
WHOOPMALUA

Bknapa aBTOpOB. BCce aBTOPbI BHECIM CYLLECTBEHHbIN BKa
B pa3paboTKy KOHLenuuu, NpoBEAEHNE UCCNEA0BaHNS M NOAro-
TOBKY CTaTbW, Npounu 1 0gobpunn uHanbHylo Bepcuio nepes
nybnukaypen.

KoHchnuKkT uHTepecoB. ABTOPbI AEKNapupyloT OTCYTCTBUE
SIBHBIX W MOTEHLMANbHbIX KOH(MMKTOB MHTEPECOB, CBA3AHHBIX C
ny6nmkaLmen HacTosILLEN CTaTbMm.

WUcTounuk domHaHcMpoBaHus. ABTOpbLI 3asBAsOT 00 OTCyT-
CTBUM BHELIHEro (PUHAHCMPOBaHUS NpU MPOBESEHUM Wccneno-
BaHus.

OKCNepUMEHTbl Haf XMBOTHbIMU. JKCMNEpUMEHTAsbHbIE
NCCNEA0BaHUs Hap KMBOTHbIMW NPOBOAMAMCL B COOTBETCTBUM
¢ [upektusoit EBponeiickoro napnameHta n Coseta Esponei-
ckoro Cotoza 2010/63/EC ot 22 ceHtsbps 2010 r. o 3awute
XMBOTHbIX, UCMOMB3YKLLMXCH ONs HayuHbIX uenein, ®egepans-
HbIM 3akoHOM 0T 27.12.2018 r. Ne498-®3 (pep. ot 27.12.2019
r.) «O6 0TBETCTBEHHOM 0BpAaLLEHUM C KUBOTHBIMU U O BHECEHUM
M3MEHEeHU B OTAENbHbIe 3aKOHOAATenNbHble akTbl Poccuiickoi
®epepauumy.
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Pestome. HecmoTps Ha peaKyo BCTpe4aeMoCTb, OMyXOMnn NO3BOHOYHWKA NPeACcTaBNAT cepbesHyto npobnemy ans
3APaBOOXPaHEHMS N0 NPUYMHE COXHOCTU UX ANArHOCTUKM U NeYveHns. HoBoobpa3oBaHMs N03BOHOYHOrO cTonba B
3aBUCUMOCTM OT NPOUCXOXAEHNS NOAPA3AENAOTCA Ha NePBUYHbIE U BTOPUYHBIE ONYX0NK, Unn MetacTtassbl. Cpeam
NepBUYHbIX OMyxorner 60MbLION MHTePEeC Bbi3biBAET OCTEOCAPKOMa, KOTopas NpeacTaBnsaeT cobon 3roka4yecTBEHHYHO
OCTEOTreHHYI0 ONyX0sib, COCTOALLYI0 U3 HEOMMACTUYECKUX KIETOK, KOTOpble NpoayLmpyoT octeond. OcTeocapkoma
NO3BOHOYHUKA pPa3BWUBaeTCs AOBOSIbHO peaKo, O4HAKO XapakTepu3yeTCs BbICOKON CTENEHbIO 3110Ka4eCTBEHHOCTH,
MECTHOWN arpeCcCcUBHOCTBIO, CKIIOHHOCTBIO K MeTacTa3upoBaHuIo, a Takxe ANUTeNbHbIM aCUMMTOMHbIM TEYEHUEM.
lMporHo3 npu octeocapkoMe NO3BOHOYHIMKA OCTAETCA KpaHe HebnaronpusTHbIM. Bce 370 roBopUT 0 He0bX0AMMOCTH
pa3paboTkn HOBbIX METOLOB U CXeM Tepanuu ocTeocapkoMbl. OOHUM U3 NepPCNeKTUBHbBIX HanpaBneHnn SBngeTcs
pa3paboTka npenapaToB, BO3AENCTBYOWMX HA BHYTPUKNETOYHbIA curHanbHbii nyTb mTOR. mTOR npegcraenset
coboi cepuH / TPEOHWMHOBYIO NPOTEMHKIMHASY, KOTOpas 06pasyeT KaTanuTUYeckyto cybbeanHuLy ABYX pasnuyHbixX
GenkoBbix komnnekcos: MTORC1 n mTORC2. YcTaHOBNEHO, YTO AaHHbIA CUTHAMbHbIA NyTb PerynupyeT npoLecchl
KU3HeLesATeNbHOCTW KNETKN U BCero opraHnama Ha rnybovaniiem ypoeHe. Ero runepaktusaums urpaet 6onbLuyio
POfib B KaHLeporeHe3e, B TOM YuCre B NaTOreHe3e 0CTe0CapkoMbl. B €BA3W ¢ 3TUM BbIno npeaiokeHo MCNonb3oBaTh
npenaparbl, BNusowme Ha curHanbHbin nyTs mTOR, Ans ee Tepanuu. K Takum npenapaTtam OTHOCATCS: panaMuLyH,
3BEpONMMYC, TEeMCUPONUMYC, kaTanuTtuyeckue nHrnbutopbl mTOR (MLNO128 n PP242), mukpo-PHK (miR-223 n miR-
101), oneaHonoBas KucnoTa, cnayTuH-1, meTdopmuH 1 T.4. MNpeanaraeTcs KOMBMHMPOBATL AaHHbIE Npenapartsl ¢
Krnaccumyeckon xumuoTtepanuen ana JOCTUXKEHUS NYULWMX pe3ynsTaToB B fIEYeHUN 0CTeocapkoMbl. B HacTosALWwmiA
MOMEHT Heobxoaum noabop paLMoHanbHbIX COYETaHUA 1 4O3MPOBOK NPenapaTos.

KntoyeBble cnoBa: octeocapkoMa no3BOHOYHMKA, curHanbHbii nyTb MTOR, mTORC1, mTORC2, panamuuuH,
WHrMBUTOPBLI ayTodharun, MeThopMmH, kaTanuTudeckue nHrnbutopsl mTOR, PP242, knaccudukalims HoBoobpasoBaHuit
NO3BOHOYHMKA
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OSTEOSARCOMA OF THE SPINE — MODERN CLASSIFICATION,
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Abstract. Despite their rare occurrence, spinal tumors pose a serious problem for public health due to the difficulty of
their diagnosis and treatment. Neoplasms of the spine are divided into primary and secondary tumors (metastases) by
origin. Osteosarcoma is of great interest among primary tumors. Osteosarcoma is a malignant osteogenic tumor consisting
of neoplastic cells that produce osteoid. Osteosarcoma of the spine develops quite rarely, however, it is characterized by
a high degree of malignancy, local aggressiveness, a tendency to metastasis, as well as a long asymptomatic course.
The prognosis for osteosarcoma of the spine remains extremely unfavorable. All this indicates the need to develop new
methods and treatment regimens for osteosarcoma. One of the promising areas is the development of drugs that affect
the intracellular signaling pathway mTOR. mTOR is a serine/threonine protein kinase that forms a catalytic subunit of
two different protein complexes: mTORC1 and mTORC2. It has been established that this signaling pathway regulates
the processes of vital activity of the cell and the entire organism at the deepest level. Its hyperactivation plays an
important role in carcinogenesis, including in the pathogenesis of osteosarcoma. In this regard, it was proposed to use
drugs that affect the mTOR signaling pathway for its therapy. Such drugs include: rapamycin, everolimus, temsirolimus,
catalytic inhibitors of mTOR (MLN0128 and PP242), micro-RNA (miR-223 and miR-101), oleanolic acid, spautin-1,
metformin and so on. It is proposed to combine these drugs with classical chemotherapy to achieve better results in
the treatment of osteosarcoma. At the moment, it is necessary to select rational combinations and dosages of drugs.

Keywords: osteosarcoma of the spine, mTOR signaling pathway, mTORC1, mTORC2, rapamycin, autophagy inhibitors,
metformin, catalytic inhibitors of mTOR, PP242, classification of spinal neoplasms
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AKTYAIIbHOCTb

CepbesHoit npobnemoit ans 3apaBoOXpaHEHNs OCTAKTCS Ony-
XOMnM MO3BOHOYHWKA, KOTOpblE, HECMOTPS Ha PEAKYl BCTpevae-
MOCTb, XapaKTepuayloTCs KpanHen CNOXHOCTbLIO UX AWNarHOCTUKK 1
neyeHus. Tak, HOBOOBPa30BaHWs MO3BOHOYHOTO CTONGA EXErofHo
AnarHoctupytotes B 2,5-8,5 criyyaes Ha 100 Tbic. HaceneHns, 4To,
€CTECTBEHHO, 3HAYUTENBHO PEXe, YeM JereHepaTMBHO-AUCTPOdH-
yeckue 3abonesaHus u Tpasmbl [1, 2]. B cBS3n ¢ 3TUM cneumranu-
CTbl 334aCTYI0 HE PacCMaTPUBAIOT X Kak BO3MOXHYIO MPUYMHY 06-
palLieHns naupeHTa. Takas He[oCTaToYHas OHKOHACTOPOXEHHOCTb
MOXET MPWUBOANTL K OTCPOYEHHOM MOCTAHOBKE MPaBWIbHOTO Aua-
rHO3a 11, COOTBETCTBEHHO, k Gonee nosgHemy Havany Tepanim [1].

OCHOBHbIM MeTOZOM NeyeHnst HoBOOOpa3oBaHW MO3BOHOY-
HWKa OCTaeTCs OnepaTMBHOE BMELIATENbCTBO, NPU NOATBEPXKAE-
HWW 310Ka4eCTBEHHOCTM OMYXONK LOMOMHAEMOE XUMUO- U fyye-
BoW Tepanweit [3, 4]. CnoxHoe aHaTOMUYECKOE CTPOEHIE AaHHOM
obnactv TpebyeT 0T ONEPUPYIOLLEro Bpaya Hanuumus 3HaHui He
TOMbKO B 0651aCTV TPABMATONOMM U OPTOMEANMU, HO U B 0bnacTy
HEeMpOXMpYprum, HEBPOMOTMM, OHKOMOTWKW 1 T.4. CMeXHbLIM BOMpO-
COM SIBMSHOTCS OMYXOMNM CMIMHHOTO Mo3ra [5].

Bce BbilenepeyncneHHoe roBOPUT O 3HAYMMOCTY U akTyasb-
HOCTM [aHHOW Npobnemsbl, a Takke 0 HeOBXOAMMOCTH Momcka Ho-
BbIX METOJOB Tepanuu HoBOOO6Pa30BaHMI NO3BOHOYHNKA.

KNACCUOUKALINA

HoBooOpa3oBaHWs MO3BOHOYHMKA NO MPOUCXOXKAEHMIO NOA-
pasfensTCcs Ha NEPBUYHbIE W MeTacTasbl (BTOPUYHbIE HOBO-
obpasoaHus). MepBuyHblE HennmgonponudepaTnBHble HOBO-
0Bpa3oBaHNs MO3BOHOYHMKA COCTABMSAT 0KoMo 5% Bcex omyxo-
nemn KocTeil (Mcknovas remaHrnombl) [4, 6], 1 B CBOKO 0Yepeab
nogpasgensoTcs Ha LoOpokayeCTBEHHbIE 1 3MOKAa4eCTBEHHbIE
HOBOOOpPa30BaHMS.

K noBpokayecTBeHHbIM HOBOOOPA30BaHMAM MO3BOHOYHMKA
OTHOCATCS: 9HOCTO3, OCTEOMA-0CTeOMa, octeobrnactoma, aHes-
prnaMaTyeckast KOCTHas Kucta, OCTEOXOHAPOMA, TMraHTOKNeTou-
Has onyxonb (ocTeobnactoknactoma), BepTebparnbHas remaHru-
OMa, HOTOXOPAHO-KMEeTO4Hast OMyxofib, MHEBMATOKWCTA, KUCTO3-
HbI y3en Wmopna [1, 7].

CragmpoBanue no Enneking xapakTepnayeT akTMBHOCTb [0-
OpokayecTBEHHbIX HOBOOOpa3oBaHwil. BoigenstoT 1-10 ctaguio —
NaTeHTHYI0, 2-10 CTaaMI0 — akTWUBHYIO W 3-10 CTaauo — arpec-
CuBHyto [8].

3nokayecTBeHHble HOBOOOPA30BaHMs! MO3BOHOYHWKA LeEnsT-
cA Ha HemwenonponmudgepaTuBHble — XxoHapocapkoma (7-12%
obLlero ymncna 3nokavyecTBeHHbIX HOBOOOPa30BaHW MO3BOHOY-
Huka), capkoma HOuHra (8%), octeocapkoma (3-14%), xopgoma
(20%), n muenonponudepaTBHble — MHOXECTBEHHAs MUENOMA,
conuTapHas nnasmauutoma, numdoma [4, 9].

CteneHb 310Ka4eCTBEHHOCTM, PacnpOCTPaHEHNE U Hammume
MeTacTasoB onpefensieT CTaauio 3MoKayecTBEHHbIX HOBOOOpa-
30BaHuit No Enneking. B cooTBeTCTBUM CO cTaaueil BbibupaeTcs
BMA 1 0ObeM neveHus [1, 8].

BTopuyHble HOBOOOpa3oBaHust cocTaBnsoT okono 96% ob-
LLLEro Yncna OMmyxonem No3BOHOYHMKA. YacToTa BCTPe4YaeMocTu
METacTaTM4ecKoro nopaxeHns NO3BOHOYHMKA NPU ANCCEMUHU-
POBaHHbIX 3MOKAa4YeCTBEHHbIX HOBOOOpA30BaHMAX BECbMa Bbl-
coka. [lng paka MOMOYHOW xenesbl oHa cocTaBnser 68—74%,
npeacratenbHon xeneabl — 60-68%, nerkoro — 40-50%, wu-
TOBUAHOM xenesbl — 36-42%, noukn — 35%, CRIOHHbIX XKenes
n NTOP-opraHoB — 12-22%, mo4eBoro ny3bips — 16%, nuwe-
Bofa u xenyaka — 13%, nogxenygoyHon xenessl — 6-12%,
Toncton knwku — 9%, wewnkn n Tena matkn — 9%. Pexe meTa-
CTasbl B MO3BOHOYHUK AAKOT MeflaHOMbl, MMMGOMbI 1 CapKOMbI
[10, 11].

Knaccudmkaums HoBoobpasoBaHuin MO3BOHOYHMKA MO MPOMC-
XOXAEHMIO U 1X CTagupoBaHue no Enneking npegctaeneHb! Ha
pucyHke 1.

Jlokanusaumio 1 cTeneHb pacnpoCTPaHEHWs OMyXomnu Omu-
CbIBaET «CUCTEMA XMpYypryeckoro ctagupoBaHus no Weinstein-
Boriani-Biagini» [12], a Takke «xupypriyeckas knaccuduka-
LMs OMyXoneBbIX MOpaxeHWin no3BoHouHWKa no K. Tomitay [13]
(puc. 2).

OTOenbHOro BHWUMaHUS 3acryXuBaloT OMyXONW  CMIMHHOTO
moa3ra. 10 OTHOLIEHWIO K CMMHHOMY MO3ry 1 ero obonoykam ony-
XONW BeNATCS Ha TpU rpynnbl;

*  WHTpagypanbHble UHTpaMeaynnsapHble, pacnonaralowmecs B

TONLLE CMUHHOTO MO3ra;

*  WHTpagypanbHble 9KCTPaMERyNNsipHble — nexawye BHE

CMMHHOTO MO3ra W KHYTpM OT ero TBepAoi 060m0uky;
¢ 9KCTpagypanbHble OnyXomnu, HaXOASLLMeCs KHapyXu OT TBep-

[0 MO3roBo obonoyku [14].

WHorga onyxonu, pacTylyme 13 06pa3oBaHuMii MO3BOHOYHOTO
cTonba Wnn OKpyXarLLux ero TKaHeml, MPK MPOHUKHOBEHUN X B
MO3BOHOYHbIN KaHan W COABMEHWN CMIMHHOTO MO3ra Takke OTHO-
CAT K 9KCTpaZypanbHbIM OMyXOMsM CrIMHHOTO Mo3ra [5).

M0 OTHOLUEHMIO K AMWMHHUKY CMIMHHOTO MO3ra pasrnuyatoT Ho-
B00Opa30BaHusi LUEHOTO, FPYAHOr0, MOSICHNYHOMO M KPECTL0BO-
konunkoBoro otaenoB. OTAeNbHO BbIAENAKT KpaHUOCTMHAMbHBIE
OMyXOMK 1 OMyXOMN KOHCKOrO XBoCTa [5] (puc. 3).

NEPBUYHbLIE HOBOOBPA30BAHUA
NO3BOHOYHUKA

MepBuyYHbIE HOBOODPA30BaHWS MO3BOHOYHMKA MMEIOT pas-
NWYHBIA rucToreHe3. BCTpeyatoTcs onyxonn KOCTHOW, XUPOBOM,
(bnbpPO3HON, HEPBHON TKaHMU, HEPBHBLIX 000MOYEK, CMEXKHBIX Ma-
paBepTebpanbHbIX MAMKUX TKaHem W NUMAaTUYECKMX COCYA0B
[4, 15].

Kak ynomuHanocb Bbille, nepBuyHble HOBOOBpa3oBaHMs
NO3BOHOYHMKA JOCTATOMHO PefKu N0 CPaBHEHUID C BTOPUYHbI-
MU 1 coCTaBnsAT Bcero 4% obwero yncna onyxonei no3so-
HOYHMKA, OAHAKO AOOPOKAYECTBEHHbIE MEPBMYHbIE OMYXONM
4acTo pasBuBawTCA OECCUMNTOMHO, MOSTOMY MCTUHHAsA UX
pacnpoCTpaHeHHOCTb HensBecTHa. 3r0KayYeCTBEHHbIE Xe nep-
BWYHble HOBOODPa30BaHMs XapaKTepU3ytoTCs BbICOKOA MECTHOIA
arpeccyBHOCTbI W MMEKT MOTeHUMan K MeTacTasupoBaHUIo,
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HoBoo6pa3oBaHuUA NO3BOHOYHUKA No npoucxoxaeHuto / Neoplasms of the spine by origin

«—

o~

MepBuuHble / Primary (4%)

BropuuHble (MmeTactasbl B NO3BOHOUYHUK) /
Secondary (metastases to the spine)(96%)

/

~

v

[Do6pokauectBeHHble / Benign

3noKauectBeHHble / Malignant

v

v

e 3HocTo3 / Enostosis;

e Ocrteoupg-octeoma / Osteoid-
osteoma;
Octeobnactoma / Osteoblastoma;
AHeBpU3MaTUYeCKas KOCTHasA
kucra / Aneurysmal bone cyst;

e OcTeoxoHapoma /
Osteochondroma;

e [UraHTOKNETOYHas onyXxonb

(octeobnacroknacroma) / Giant
cell tumor (osteoblastoclastoma);
e BeprebpanbHaa remaHrmoma /
Vertebral hemangioma;
e HoOTOXOPAHO-KNETOYHaA

onyxonb / Notochordal cell
tumor;
MHeBmaTokmMcTa / Pneumatocyst;

KuctosHbii  ysen Lmopna /
Schmorl's cystic node.

HemuenonponudeparmsHoie [

Non-myeloproliferative:

e XoHAapocapKkoma /
Chondrosarcoma (7-12%);

e Capkoma lOuHra / Ewing's
sarcoma (8%);

e Ocreocapkoma /
Osteosarcoma (3-14%);

e Xopzoma / Chordoma (20%).

MuenonponndeparusHbie /

Myeloproliferative diseases:

e MHoOXecTBeHHasa muenoma /
Multiple myeloma;

e CosnvTapHasa niasmauuToma /
Solitary plasmacytoma;

e Jlumpoma / Lymphoma.

MeTacTasbl npu pake / Metastases in

cancer:

e Mono4HoM enesbl / Breast CA (68-
74%);

e [peacraTenbHom *. / Prostate CA (60-
68%);
Nerkoro / Lung CA (40-50%);
LWuntosuaHoi . / Thyroid CA (36-
42%);
Moukw / Kidney CA (35%);
CnoHHbIX Kene3 u JIOP-opraHos /
Cancer of the salivary glands and ENT
organs (12-22%);

e Mouesoro ny3bipa / Bladder CA

(16%);

e [uuiesoaa u kenyaka / Esophageal
and stomach CA (13%);

e [omxenyaodHon . / Pancreatic CA
(6-12%);

ToncTtoro KuweyHuka / Colon CA (9%);
LWewkn n Tena matkm / cervical and
uterine body CA (9%);
A Takxe npu MmenaHome, numdomax,
capkomax / As well as for melanoma,
lymphomas, sarcomas.

v

v

CraguposaHue no Enneking /

Staging by Enneking:

e 1-acr. /Stage 1 — nateHTHas /
latent;

e 2-a cr. / Stage 2 — aKtuBHaA /
active;

e 3-a cr. [/ Stage
arpeccusHas / aggressive.

3 =

Puc. 1.
Fig. 1.

yTO elle pa3 noayepkuBaeT akTyanbHOCTb mpobnems [1, 4,

10, 11].

CraguposaHue no Enneking / Staging by Enneking:
e IA cr. / Stage IA — HM3Kas CTeneHb 3/10KaYeCTBEHHOCTU, HOBOO6pPa3oBaHWE He BbIXOAMUT 3a
npeaenbl nopaxeHHon koctu / low degree of malignancy, the neoplasm does not extend beyond

the affected bone;

 IB cT. / Stage IB — HM3KasA CTeMeH b 3/10Ka4 eCTBEHHOCTU, HOBOO6PA30Ba HME BbIXOAMT 3a Npeaensbl
nopaxeHHol koctu / low degree of malignancy, the neoplasm extends beyond the affected bone;
e lIA cr. / Stage IIA — BbiCOKas CTeneHb 3/10Ka4eCTBEHHOCTU, HOBOOBPa3oBaHMe He BbIXOAUT 3a
npeaenbl nopaxeHHon Koctu 6e3 meractas3os / a high degree of malignancy, the neoplasm does
not go beyond the affected bone without metastases;

e |IB cr. / Stage IIB — BbicOoKas CTeMEHb 3/10KaYeCTBEHHOCTU, HOBOO6pasoBaHMe BLIXOAMUT 3a
npeaenbl nopaxeHHoW Koctu 6e3 meracta3os / a high degree of malignancy, the neoplasm
extends beyond the affected bone without metastases;

e lll ct. / Stage Il — HOBoO6pa3oBaHMe KOCTH ¢ meTacTazamm / bone neoplasm with metastases.

Knaccudmkauua HoBoobpazoBaHWit NO3BOHOYHUKA NO MPOUCXOXKAEHUIO
Classification of spinal neoplasms by origin. CA — cancer

TENbHOW 3agaven XNpPyproe ABNAETCA BOCCTaHOBEHUE cTabunb-

HOCTM NOpaxeHHbIX NO3BOHOYHO-ABUraTENbHbIX CErMeHToB [18].

Tem He meHee COBEpLUEHCTBOBaHNE METOAMK BU3yannsaumm u

pasBUTME XMPYPrAYECKIX TEXHOMOMIA NMO3BONUIN BOOUTLCS 3HAYM-
TerbHbIX YCMEXOB B WX AWarHoCTUKe W neyveHuu [16, 17]. B vact-
HOCTW, OMepaTVBHbIE BMELLATENbCTBA Ha MO3BOHOYHMKe, Oyab TO
pagukanbHoe yAarneHue Onyxonu Ui nanivaTuBHbIE OmepaLyu,
[OCTOBEPHO YMEHbLUAIOT BbIPAXEHHOCTb GOMEBOro cvHapoma 1
HEeBPOOrMYECKOro AeduLnTa, BbI3BaHHbIX KOMMPECCHUEN CMIMHHOTO
MO3ra U KOpELUKOB CIMHHOMO3IOBbIX HEPBOB, YTO B 3HAYNTEMLHOI
Mepe ynyyllaeT Ka4yecTBO Xu3HU nauneHToB. Kpome Toro, obssa-

OCTEOCAPKOMA

OcTeocapkoMoi HasbIBaeTCst 3M10Ka4eCTBEHHAs OCTEOrEHHas!
OMyXofb, COCTOSALLAs U3 HEOMMACTUYECKNX KIETOK, KOTOPbIE Mpo-
LYUMPYIOT 0CTeon unn cybcTaHLmIo, TMCTONOTMYECKN HEOTNYY-
MYH OT Hero, X0Ts Obl B 04HOM none 3peHus [19].

Mopdonornyeckas KnaccudgukaLus 0CTeocapkoM B COOT-
BeTCTBUM ¢ «MexayHapoaHon knaccudmkaumen bonesHein —
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Cuctema xupypruyeckoro ctaguposaHua no Weinstein-Boriani-Biagini / Weinstein-Boriani-
Biagini Surgical Staging System

Mo3BOHOK, pasfeneH Ha 12 30H N0 4acoBOW CTPENKe B aKCMasibHOW Npoekuum /

The vertebra is divided into 12 zones clockwise in the axial projection.

Bbiaenserca 5 ypoBHeit BoBnedYeHUs OKpyKatowmx TkaHei / There are 5 levels

of involvement of surrounding tissues:

® A — BHEKOCTHbI# MATKOTKaHHbI KOMNOHEHT / extraosseous soft tissue;

® B — BHYTPUKOCTHbI (NOBepXHOCTHbIN) / intraosseous (superficial);

e C— BHYTPUKOCTHbIN (rybokuit) / intraosseous (deep);

[ ]

]

D — BHEKOCTHbI (3KCTpaaypanbHbii) / extraosseous (extradural);
E — BHEKOCTHbI (MHTpaaypanbHblit) / extraosseous (intradural).

MpogonbHOE pacnpocTpaHeHWe onyxoaeBoro npouecca 0603Ha4yaeTca YMCIom
BOBJ/IeYeHHbIX no3BoHKoB / The longitudinal spread of the tumor process is
indicated by the number of vertebrae involved.

WMHTpaoccanbHoe nopamenune /

nossoxka f Type 1.
Vertebral body or arch.

Tun 3. Nopamenne
TEna, oA, Ay [
Type 3. Lesion of the
body, pedicle, arches,

Tun &,

W

eighboring
segments.

XupypruuecKkasa KnaccudpuKaumua onyxonesbiX NopayKeHuii no3BoHouHUKa no K. Tomita /
Surgical classification of tumor lesions of the spine according to K. Tomita

Qﬁﬂpﬂmﬂhl\lbl nopameadie i

Intra-compartmental Extra-compartmental nopawenne u skip-
metacrase / multiple
Tun 4,
Tun 1. Teno unn gyra InuaypanuHoe Tun7 f Type 7
pacnpocTpamenwe |

Typee 4. Epidueral
extension.

Tun 2.

PacnpocTpadenqe Ha T s,

HOMWKY NO3BOHKE [/ NapaseprefpanoHos

Type 2. Pedicle pacnpocTpaseHue f

extension. i . Type 5. Paravertebra
extension,

PAcnpOCTPAHEHwE H
COCEAHWE CRIMBHT |
Typee 6. EXtension 1o

Puc. 2.
Fig. 2.

oHkonorusa (BO3, 2017)» fOBONBHO CNOXHa W NpeacTaBneHa B
Tabnuue 1 [20].

B cootBeTcTBUM ¢ MexayHapoaHoi knaccudmkauum Gones-
Hen — oHkonornsa (MKB-0), kaxgomy HoBOOGpa3oBaHMIO NprcBau-
BaETCA Takxke Tonorpadmyecknii MHAEKC, Npu 3TOM NS 0CTeocap-
koM ucnonbaytotcs Aea: C40 — KocTu, cycTasbl U CycTaBHbIE Xpsi-
Wy KoHeyHocTen 1 C41 — KocTu, cycTaBbl U CyCTaBHblE XpsLLM
APYrMX 1 HEYTOYHEHHbIX JTokanuaaumii. Hanpumep, HoBoo6pa3sosa-
HWto BonbLuebepLi0BOii KOCTH cooTBeTCTBYET MHAeke C40.2.

Bonee ynobHom ans KNMHULMCTOB SBNSAETCA Knaccudukauns,
KOTOPY0 NPUBOAMT B CBOMX paboTax [.M.H., YNeH-KOPPECTOHAEHT
PAH 3.P. MycaeB. B cooTBeTCTBUM C HE BbILENSIOT CriedytoLme

Knaccudukauus HoBoobpa3oBaHUii NO3BOHOYHMKA NO NIOKAaNW3aLWUK U CTENEHU PacnpocTpaHeHuUs
Classification of spinal neoplasms by localization and degree of spread

nofBapuaHTbl OCTEOCAPKOM: MO CTENEHU 3M10Ka4eCTBEHHOCTU —
BbICOKAsi M HW3Kas; MO Nokanu3auuy — LeHTpanbHble, napa-
OCTanbHble M NepuocTanbHble; MO KNETOYHOMY TUMy — OCTeo-
Bnactunyeckas, xoHgpobnactuieckas, Gpubpobnactuyeckas n Tak
Janee; no 3TMONOTMM pasnuyaloT paguouHAYLUMPOBaHHbIE OCTEO-
CapKkoMbl, 0CTeocapkoMbl Ha hoHe BonesHu lNemxeTa, a Takke
0CTE0CapKOMbI HeyCTaHOBMEHHOI aTuosnoruu [4] (puc. 4).
OcTeocapkoma xapaKTepnayeTcsl BbICOKOA CTEeNeHb 3roka-
YECTBEHHOCTW U HebNaronpusTHLIM MPOrHO30M, OAHAKO pasBi-
BaeTCs [OBOMbHO peako. B cTpykType Bcex 3mokayeCTBEHHbIX
HOBOOOpa3oBaHWil, Pa3BMBAIOLMXCS Yy HACENeHWs, ocTeocap-
koma nobon nokanusauum coctaenset meHee 0,001% [19, 21].
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Hosoo6pa303a|-|m=| CMUHHOINo Mmo3ra U N0O3BOHOYHUKA NO ZIOKa/1n3auunmn /

Neoplasms of the spinal cord and spine by localization

Mo OTHOLW eHWIO K CMMHHOMY MO3Ty U ero o6o1o4kam /
In relation to the spinal cord and its membranes

MO OTHOLLEHWNIO K AIMHHMKY CIMHHOIO Mo3ra /
In relation to the length of the spinal cord

/

"

—

MHTpagypanbHaa
MHTpamMeayNspHan
onyxonb / Intradural
intramedullary tumor

UHTpagypanbHan
3KCTpameaynnapHas
onyxons / Intradural
extramedullary tumor

JKCTpaaypanbHan
onyxonb / An
extradural tumor

*

Onyxonu / Tumors:

1- KpaHuocnuHanbHble / Craniospinal;

2- lWewHoro oTtaena / Cervical spine;

3- IpyaHoro otaena / Thoracic spine;

4- MoAacHuyHoro oTaena / Lumbar spine;

5- KpecTLoBO-KONUMKOBOro oTaena (Mo3rosoro
KoHyca) / Sacrococcygeal spine (cerebral cone);
6- KoHckoro xsocTa / Cauda equina.

Puc. 3.
Fig. 3.

OcTeocapkoma MO3BOHOYHWKA, B CBOW O4epedb, COCTaBAseT
okorno 2% Bcex octeocapkoM U oT 3 00 14% 3nokavyeCTBEHHbIX
onyxonel no3BoHouHMKa [1, 4].

Yawe aTa onyxonb NokanuayeTtcs B NOSICHUYHO-KPECTLOBOM
oTpene u B 90% BoBnekaeT Teno no3soHka [22]. OcTeocapko-
Ma B Lienom uveeT GumopanbHoe BO3pacTHOE pacrnpepernexue.
MepBbiii NuK Habnogaetcs B BospacTHoi rpynne 10-14 ner,
BTOpO — B Bo3pacTte ctapwe 40 net [19]. OaHako, B oTIn4me
0T OCTe0CapKOMbl KOHEYHOCTEW, OCTeocapkoma MO3BOHOYHMKA
BCTpeyaeTcs B 6onee crapliem Bo3pacte [4].

B cBA3M C BLICOKOI CTEneHblo 3roKa4yecTBEHHOCTM 0bLLe-
MPUHATLIM CTAHLAPTOM XWMPYPTUYECKOTO NEeYeHUs 0CTe0CapkoMbl
cynTaeTcs ee pagnkanbHoe yaaneHue en bloc (egnHbim 6riokom),
obecneumBaroLLee JOCTOBEPHO NyYLLNIA TOKaMbHBIA KOHTPOMb MO
CPaBHEHMIO C BHYTPUONYXOMEBbLIM yaaneHuem [23].

ObsizaTenbHbIM KOMMOHEHTOM fleYeHust ABNseTCs npegone-
pauuoHHas xumuoTepanus [24]. Octeocapkoma cunuTaercs ony-
XOMbK) YCIMOBHO YYBCTBUTEMBHOW K xummoTepanuu [25]. Paguo-

Knaccudmkauus HoBoobpa3oBaHUiA CIMHHOTO MO3ra W NO3BOHOYHMKA MO UX JIOKanm3auum
Classification of tumors of the spinal cord and spine by their localization

UyBCTBUTENBHOCTb OMYyXONM HWU3Kas, OAHAKO nydyeBas Tepanns
MOXeET BbITb Ha3HaYeHa B CNyvae HENOMNHOTO yAaneHus unu yaa-
NeHMs Onyxonu KyckoBaHuem [4, 23).

[MporHo3 0CTE0CapKOMbI 3aBUCMT OT BOIbLIOMO KONMYECTBa
(hakTopoB, B TOM YMCMe OT BO3pacTa M nona nauueHTa, pasme-
pa onyxomnu, HamMyns MeTacTas3oB, paguKkanbHOCTW onepauuu,
cTaguu, OT ypoBHe: PepMeHTOB LLENoYHoI docdaTtasbl 1 nak-
TaTAEraporeHassbl, OT OTBETA OMYXONM Ha NpefonepaLyoHHY0
XumuoTepanuio 1 7.4. [19, 24].

B oueHb 60bLLIO CTENEHM MPOrHO3 3aBMCHT OT JTOKanu3awuum
OMyxonu, Tak, eChn Npu Nokanu3oBaHHOM AUCTaNIbHOM Mopaxe-
HWW SVHHBIX TPYBYaTbIX KOCTEN B COYETAHWUN C PaguKanbHON pe-
3eKumen 5-neTHsas BbhkmBaeMocTb coctaBnsieT Bonee 80% [19],
TO MpW OCTEOCapKOMe MO3BOHOYHMKA MPOrHO3 OCTAETCs KpaiHe
HeraTMBHbIM B CBSI3W CO CMOXHOCTBbK pafykanbHOro BMeELUa-
TenbCcTBa. 10 HEKOTOPbIM AaHHbIM, B pynne U3 22 nauueHToB
C 0CTE0CapKOMOIi NO3BOHOYHNKA CPEAHSISt BEIKMBAEMOCTb COCTa-
Buna Bcero 23 mecsua [4, 19, 24].

& RUSSIAN BIOMEDICAL RESEARCH

VOLUME 10 N1 2025

ISSN 2658-6584 (Print)




0B30PbI 65
Tabnuua 1
Mopdhonormuyeckue BapuaHTbl 0CTECAPKOM B COOTBETCTBUM ¢ MexxayHapogHou knaccudmkaumum donesHen —
oHkonorus (BO3, 2017) [20]
Table 1

Morphological variants of ostesarkom in accordance with the International Classification of Diseases —
Oncology (WHO, 2017) [20]

HoBoobpasosaHue / Neoplasm Mopcbonormqec.:mv! upeKc/
Morphological index
Octeocapkoma, B[1Y / Osteosarcoma, NOS 9180/3
OcteoreHHas capkoma, BAY / Osteogenic sarcoma, NOS
Octeobnactnyeckas capkoma / Osteoblastic sarcoma
Octeoxonapocapkoma / Osteochondrosarcoma
Xonppobnactuueckas octeocapkoma / Chondroblastic osteosarcoma 9181/3
®ubpobnactuyeckas ocreocapkoma / Fibroblastic osteosarcoma 9182/3
Octeodubpocapkoma / Osteofibrosarcoma
TeneaHrnaktatuyeckas octeocapkoma / Telangiectatic osteosarcoma 9183/3
OcTteocapkoma npu 6onesnu MegxeTa kocTeid / 9184/3
Osteosarcoma in Paget's disease of bones
MenkokneToyHas octeocapkoma / Small cell osteosarcoma 9185/3
KpyrnoknetouHas octeocapkoma / Round-cell osteosarcoma
LleHTpanbHas octeocapkoma / Central osteosarcoma 9186/3
O6blyHas LeHTpanbHas octeocapkoma / Common central osteosarcoma
MegynnsipHas octeocapkoma / Medullary osteosarcoma
BHyTpukocTHas BbicokoanddepeHUMpoBaHHas ocTeocapkoma / 9187/3
Intraosseous highly differentiated osteosarcoma
BHyTpuKoCTHast ocTeocapkoma HU3KOM CTEMEHH 3NI0Ka4eCTBEHHOCTH |
Low grade intraosseous osteosarcoma
MapocTtanbHas octeocapkoma / Parosteal osteosarcoma 9192/3
FOkcTakopTukansHas octeocapkoma / Juxtacortical osteosarcoma
MepuocTanbHas octeocapkoma / Periosteal osteosarcoma 9193/3
MNoBepxHocTHas ocTeocapkoma BLICOKOW CTeNeHU 3n0KkauecTBeHHOCTH / 9194/3
Superficial osteosarcoma of high malignancy
WHTpakopTukanbHasa octeocapkoma / Intracortical osteosarcoma 9195/3

MpumeyaHue: BL1Y — 6e3 LONONHUTENbHBIX YTOUHEHWIA.
Note: NOS — not otherwise specified.

B cBA3M C 3TUM BO3HMKaeT NOTPEOHOCTb B pa3paboTke HOBbLIX
npenapaTtoB 1 CXeM NeYeHnst 0CTE0CaPKOMbI, KOTOPbIE YNyyLlanm
Obl NPOrHO3 1 NoBbILWany bbl BbXMBAEMOCTb NaLMeHTOB. OHUM
13 NEepCrneKkTUBHbIX HanpaBneHun sBnseTcs paspaboTka npe-
napaToB, BO3AEACTBYIOLWMX Ha BHYTPUKIETOYHBIA CUrHambHbIA
nyT mTOR.

CUrHANBHbIA MYTb mTOR

mTOR (Mechanistic, panee mammalian, target of rapamycin),
kak cregyeT M3 Ha3BaHWs, SBMAETCA HenocpeaCTBEHHON MULLe-
HbKO [eiAcTBUS panamuumHa. PanmamuuwH (cuponmmyc) — Be-
LeCTBO, BMepBble MNOMyYeHHOE U3 KynbTypbl HakTepuin BuAa
Streptomyces hygroscopicus, obHapyxeHHbIX Ha ocTpose [lac-
xu (Pana-Hyw). Bbino yctaHoBMEHO, 4TO panamulmH, NoAaBnss

curHanbHbIv myTe MTOR, AEMOHCTPUPYET YHUKaNbHbIE NPOTHBO-
rpubkoBble, MMYHOCYMPECCHBHbIE M MPOTUBOOMYXOMNEBbLIE CBOM-
cTBa [26-28].

mTOR npegcTaBnsietT coboit CepuH / TPEOHMHOBYK NPOTENH-
knHasy cemeiicTBa PI3K-poacTBeHHbIX kiHas, koTopas obpasyeT
KaTanuTuyeckylo CyObeanHIULY OBYX PasiuyHbIX DENKoBbIX KOM-
nnekcoB: mTORC1 nu mTORC2 [26, 28].

YctaHoBneHo, uto mTORC1 wrpaeT LeHTpanbHyl ponb B
koHTpone OanaHca Mexay aHabonuamom v katabonmamom B OT-
BET Ha YCMOBMS OKPYXXaloLLen cpefbl, PerynupyeT CBA3b MeXay
nuTaHWeM n pocToM knetku, a mTORC2 B cBot oyepeab OTBe-
yaeT 3a BbIXWBaHME KNETOK W nponudepaunto TkaHei. Takum
obpasom, o4eBuaHo, 4To mTOR perynupyeT npoueccsl xnsHege-
ATENBHOCTM KNETKW W BCETO OpraHmama Ha rnyboyaiiuem ypoBHe
[26, 29, 30].
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MopBapunaHTbl ocTeocapkom / Subvariants of osteosarcoma:
Mo crenexu _| Mo nokanusauum / _| Mo kneToyHomy N Mo stnonorum /
By localization: Tuny / By cell : i .
| 3nokauecrseHHocTM / y localizatio y /By cell type By etiology:
According t‘o the R LeHTpanbHble / R OcTeobnacTnyeckas PagnonHayumpoBaHHas
degree of malignancy: Central / Osteoblastic / Radio-induced
MapaocTanbHble Ha ¢poHe 6onesHn Meaxerta /
) BbicoKkas / High K P K XOHp,poﬁnacmqu:Kaﬂ —|  Against the background of
/ Paraosteal / Chondroblastic Paget's disease
NepuocTtanbHble dubpobacTuieckan u HeycraHoBAeHHOI
- Huskas / Low — . — ; . LY stnonorum / Unidentified
/ / Periosteal T.4. / Fibroblastic, etc. etiology
Puc. 4. TMoaTtunbl octeocapkom (no Mycaesy 3.P.)
Fig.4. Subtypes of osteosarcomas (according to Musaev E.R.)

ViccnepoBaTensmu 6bino BbIABUMHYTO MPeAnoNnoXeHne, 4To
runepakT1Bauns [JaHHOrO CUrHanbHOrO NyTU MOXET MPUBOAUTH
K pa3BuTMO HOMBLIOTO KOMMYECTBA aCCOLMMPOBAHHbIX CO CTape-
Hem 3aboneBaHuii, B TOM YUCTe CTUMYNMPOBAaTh KaHLEporeHes.
[aHHas runoTesa Obina nogTBEpXAEHa U SKCnepuMeHTansHo [26,
31, 32].

MoppobHee ocTaHOBUMCS Ha CBS3U runepakTmBaun mTOR u
naToreHe3a 0CTeoapkombl.

POJlb CUrHANIBHOI O MYTU mTOR
B MATOMEHE3E OCTEOCAPKOMbI

YcraHoBneHo, 4yto mTORC1 aktmBupyeT epmeHT S6K
(pnbocomarnbHas NpOTEUHKMHA3a), KOTOpbIA B CBOKW O4Yepedb
ochopunupyeT 1 akTUBUPYET HECKONbKO CyGCTpaToB, Cnocob-
cTByrowmx TpaHcnauuum MPHK, Bkniovas elF4B (nonoxutens-
HbI perynsaTop cesA3biBaHust 5'cap komnnekca). S6K nosbiwaeT
TaKkke 3PEEKTUBHOCTL TpaHCnAUMM cnnaicupoBaHHbix MPHK
(EJK) 3a cuet ee Bsammopenctans co SKAR (KOMNOHEHTOM
9K30H-nepexoaHbix komnnekcos) [33]. Kpome Toro, S6K no-
[aBnseT feicteue Oenka 3anporpaMMMpPOBAHHON KNETOYHON
cmeptn (PDCD4 — wuHrnbutopa elF4B) [34]. B posepluenve,
cam mTORC1 uHrnbupyet geiicteue komnnekca 4EBP (benka,
CBSI3bIBAOLLETO SYKAPUOTUYECKMA (HAKTOP MHULMALMM TpaHCNs-
umm elF4E) [35]. Bce BbienepeyncneHHoe NHAYLMUPYET CUHTES
Benka n pocT OnyxoneBbIX KIETOK.

Kpome Toro, mTORC1 nogaBnsieT geiicTBue METUNTPaHCGeE-
pasbl MGMT u perynsitopHoro 6enka NDRG1, yto cnocobeTyeT
HaKoMnneHno oWwnbok B reHOMe, W Takke CnocobCTBYET KaHLepo-
reHesy [36].

AyTtocharmus — 310 PU3NONOTMYECKUI NPOLIECC, B XOA4e KOTO-
POro LMTONNa3MaTNyeckuii MatTepuan JOCTaBsSeTcs B N30COMY
Ans obecneyeHuns KNeTkn SHeprei N nuTaTenbHbIMY BELecTBa-
MU, ITO ABNSAETCS CTPATErMyeckM MEXaHU3MOM BbIKVMBaHMS Kne-
TOK, KOTOPbIV NO3BONSET UM MOBTOPHO MCMOMbL30BaTL SHEPTUO U
nuTaTenNbHbIE BELLECTBA B 3KCTPEMAnbHbIX ycroBusx. K Tomy xe,

B npoLecce ayTodarun yTUnn3npyroTcs NOBPeXAeHHbIE OpraHen-
nbl 1 Benkn. ITo AaeT BO3MOXHOCTb KNeTkaM BCEro opraHunama
B LIENYIOM M KneTkaM KOCTHOW TKaHM B YaCTHOCTW CMpaBnsiTbCs C
OKMUCIUTENbHBIM CTPECCOM, YTO OKa3biBaeT aHTUKaHLEPOreHHoe
penctaue [37, 38].

mTORC1 6nokupyet atoT npouecc. OH noaaenseT AencTame
TakUX BaXHbIX akTWBaTopoB aytodaruu, kak ULK1 (kuHasza) u
komnnekc ATG14L [37], a Takke hakTopa TPaHCKpUMLMKM I30CO-
MarbHbIX rnaponas v membpanHbix 6enkos (TFEB) [38].

Takum obpasom, npenapatsl, nogasnsiowe mTORC1 B aTom
OTHOLLEHUN UMEKT CROXHbI £0303aBUCUMbIN 9 dekT. B dusno-
NOTNYECKIX YCMOBUAX aKkTUBaLmMs ayTodarum NpensTcTByeT KaH-
LieporeHe3y, OfHAKO OHa e MOXET ynyylwaTb BbIKMBAEMOCTb
KNeToK OCTeOCapkOMbl B YCMOBUSX Jeduunuta nuTaTenbHbIX
BELLECTB M XMMMOTEpanuu MpouMMK LuTOCcTaTukamu. [aHHoe
SIBNEHMe MOXeT ObiTb HMBENMPOBAHO MyTeM KOMOMHWMPOBaHWS
panaroroB ¢ MHrnouTopamu aytodaruu, o yem 6ygeT ynomsHyTo
panee [28, 30, 31].

B ToXe Bpems kaHueporeHesy cnocobCcTByeT runepakTuey-
poBaHHbIt komnnekc mTORC2. O akTuupyet SGK (kuHasy) —
nHrnbutop cybetpata FoxO1/3a, 4to npegoTepalyaeT anonTo3
kneTok octeocapkombl [39-41]. BmecTe ¢ 3Tum mTORC2 akTu-
BupyeT Akt (kmoueBon 3GheKTop CUrHaNMM3aLuWM MHCYNnHa),
KOTOpbI JononHWUTENbHO nopgaenset cyberpat FoxO1/3a, a
TaKkke cTumynupyet nponudepauuio [39, 41, 42]. Kpome Toro,
mTORC2 cnocobctByeT cekpeunn uHtepneiikua-1 (AJ1-1), ko-
TOPbIA aKTUBMPYET aHr1oreHes B pactywen onyxomm [39, 41,
43]. TwnepaktvBaums mTOR KOCBEHHbIM 00pa3oM MOXET Takke
cnocobcTBOBaTL METACTa3MpoBaHN0 octeocapkombl [39, 41].

Heobxogumo otMetutb, YT0 MTORC1 n mTORC2 coctosT B
CMOXHbIX OTHOLLEeHMsAX B3aumoperynsauuu. Tak, mTORC1 cocdo-
punupyet S6K, koTopasi nogaenseT aktueHocTb MTORC2, B TO
Bpems kak mTORC2 B cBot ouepegp ctumynupyeT mTORC1 no
nytu Akt-TSC—-Rheb [28, 30].

Bce nepeuncrneHHble Bble B3aMMOCBSA3W HarnsigHO npeg-
CTaBreHbl Ha obobuyatolen cxeme (puc. 5).
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Puc.5. Ponb runepaktuauum curiansHoro nytu mTOR B npouecce pa3Butua octeocapkombl: mMTORC1 — muweHb panamuumHa mne-

Fig. 5

KonuTawwmx komnnekc 1; mTORC2 — mMuweHb panamuuMHa MieKonuTalowWwmx komnnekc 2; S6K — pubocomanbHas S6-kuHa3a;
4EBP — Genok, cBsi3biBaOwWMil hakTop MHMLMaLmMK TpaHcnauum aykapuoT 4E; SKAR — KOMNOHEHT 3K30H-NepexoAHbIX KOMNeK-
coB; PDCD4 — Genok nporpaMmmupyemoii knetouyHoi ruéenu 4; elF4B — cpaktop MHULMaumK TpaHensaumm aykapuot 4B; elF4E —
¢hakTop MHUUMauMK TpaHcnsumK aykapuot 4E; ATG14L — cBsisaHHbIh ¢ ayTodarneit komnnekc 14; ULK1 — unc-51-nogo6Has
KWHa3a, akTuBupytowwas aytodparuio 1; TFEB — cpakrop TpaHckpunuuu EB; MGMT — O6-ankunryaHuHoBas [HK-ankuntpaHcde-
pa3a; NDRG1 — N-myc, perynupyembliit Huxke no TedeHmio 1; p53 — cBsizaHHbIN ¢ TpaHcdopmaumen 6enok 53; TSC — komnnekc
Ty6epo3Horo cknepo3a; Rheb — romonor Ras, o6oraweHHblit B Mo3re; IL-1 — uHTtepnenkun-1; SGK — kuHasza, perynupyemas
cbiBopoTKon/rnokokopTukongamm; Akt — RAC-anba cepun/TpeoHUH-NpoTenHknHasa; Fox01/3a — pasgBoeHHbIn 6nok 01/3a

The role of hyperactivation of the mTOR signaling pathway in the development of osteosarcoma: mTORC1 — mammalian target
of rapamycin complex 1; mTORC2 — mammalian target of rapamycin complex 2; S6K — ribosomal S6 Kinase; 4EBP — eukaryotic
translation initiation factor 4E binding protein; SKAR — a component of exon-junction complexes; PDCD4 — programmed cell
death protein 4; elF4B — eukaryotic translation initiation factor 4B; elF4E — eukaryotic translation initiation factor 4E; ATG14L —
autophagy related 14; ULK1 — unc-51 like autophagy activating kinase 1; TFEB — transcription factor EB; MGMT — O6-alkylguanine
DNA alkyltransferase; NDRG1 — N-myc downstream regulated 1; p53 — transformation-related protein 53; TSC — tuberous
sclerosis complex; Rheb — Ras homolog enriched in brain; IL-1 — interleukin-1; SGK — serum/glucocorticoid regulated kinase;
Akt — RAC-alpha serine/threonine-protein kinase; Fox01/3a — forkhead box protein 01/3a

MPEMAPATbI, BNUAIOLWME HA CUTHANBHBIA NYTb mTOR,
B TEPAMWN OCTEOCAPKOMbI

Mcnonb3oBatb panamuunMH M €ro NPoM3BOAHbIE, TakuMe Kak
9BEPONUMYC W TEMCUPONUMYC, ANS NEYEeHUs OMyXoren, B TOM
yMcne 0CcTeocapkoMbl, OblNo NPeanoXeHo Yxe A0CTaToOuYHO AaB-
Ho. OfHaKo, HECMOTPS Ha XOpoLUWe pesynbTaTthbl in Vitro, cylle-
CTBEHHOrO YNyYLUEHUs BbIKUBAEMOCTH NALMEHTOB JOCTUIHYTO HE
Bbino. Kak 66110 ynomsiHyTO BbIlle, 3TO BO MHOrOM 06BACHSETCS
TEM (DaKTOM, 4YTO panarnoru, akTUBUpys ayTodaryio B Onyxonesbix
KneTKax, NOBbILLAOT UX BbKMBAEMOCTb B IKCTPEMAIbHbIX YCNOBU-
sx. Kpome Toro, 6bin0 AokasaHo, YTO AaHHas rpynna npenapaTos
nHrnbmpyet komnnekc mTORC1, Ho He mTORC2, yTo Takxe orpa-
HWYMBAET MX TepaneBTUYeckuin apdekT [28, 31, 39, 41].

B cBs3u ¢ aTum 6binn paspaboTaHbl HOBble npenapatbl, no-
pasnstowme oba komnnekca. Cpean HUX KatanuTUyeckue UHrm-

outopbl mTOR, Takune kak MLN0128 [44] n PP242 [45] — AT®-
KOHKYpeHTHble MHrMBuTop MTOR-kuHa3bl; Mukpo-PHK (miR-101
[46] n miR-223 [47]) — nepcneKkTUBHbIN Knacc npenapaTos, BO3-
LEeNCTBYIOLLMX HA reHeTUYECKNA annapart KNeTku U NoAaBnsoLLnX
akcnpeccito 6enka mTOR u HekoTopbIX APYruX. AKTUBHOCTb B
OTHOLLEeHMM 06onx KOMMNeKcoB Obia nokasaHa Takxe Ans onea-
HOMOBOM KMCNOTbI [48].

3T npenapartbl, B CBOK 04epefb, ObINo MpeaniokeHo cove-
TaTb C MHrMGUTOPaMn ayTtodbariu, Takumm kak cnaytut-1. Takas
kOoMOWHaLMs NO3BONMMA B 3HAYUTESBHO MEpe YCUMNTL anonTo3
KIneTok ocTeocapkombl [49].

Kpome Toro, ans neveHus u npogunakTuku 3M0Ka4eCTBEH-
HbIX HOBOODpa3oBaHWil, B TOM 4uCrE OCTeO0CapKoMbl, 6bino
NPeayioKeHO WUCMOMNb30BaTh MeT(OPMUH, KOTOPbIA aKTUBUPYET
TSC — BaxHenwmin narnéutop mTORC1 [50]. MNMpenapaT akoHo-
MWUYECKM BbITOEH, KPOME TOr0, BOMbLLON MHTEPEC NPEACTaBASET
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(cnaytuu-1) / 3sepoanmyc / Everolimus; MeTtdpopmuH / mTOR (MLN0128; PP242);
Autophagy Temcupoanmyc / Metformin Mukpo-PHK (miR-223; miR-101) / micro-RNA
inhibitors Temsirolimus, etc. (miR-223; miR-101);
(spautin-1) OneaHonoBas Kucnora / Oleanolic acid
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Puc. 6.

Mpenapatbl, BAvsAWMe Ha curHanbHbIi NyTe MTOR, B Tepanun octeocapkoMbl: mMTORC1 — muweHb panamuumHa MnekonuTato-

wmx komnnekc 1; mTORC2 — muweHb panamuumHa Mnekonurtarwwmx komnneke 2; Rheb — romonor Ras, o6oralueHHbI B MO3re;
TSC — komnnekc Ty6epo3Horo cknepo3sa; Akt — RAC-anba cepuH/TpeoHUH-NpoTeMHKkMHa3a; S6K — pubocomanbHas S6-kmHa3a;

PP242 - cenektuBHbIi MHrM6utop mTORC2
Fig. 6.

Drugs affecting the mTOR signaling pathway in the treatment of osteosarcoma: mTORC1 — mammalian target of rapamycin

complex 1; mTORC2 — mammalian target of rapamycin complex 2; Rheb — Ras homolog enriched in brain; TSC — tuberous
sclerosis complex; Akt — RAC-alpha serine/threonine-protein kinase; S6K — ribosomal S6 Kinase; PP242 — selective mTORC2

inhibitor

€ro cnocobHOCTb NPeoaoneBaTh HEraTMBHOE 4ENCTBUE BbICOKOM
KOHLEHTpaLuu rKo3bl Ha ocTeoreHes [51].

TouKW NpUNOXeHUs AeNCTBIS ONCaHHbIX NpenapaTos npea-
CcTaBreHbl Ha obobLyatollen cxeme (puc. 6).

Heo6xoaumo 0TMETUTb, 4TO 6OMBLUMHCTBO U3 3TUX Npenapa-
TOB SIBNSOTCS AOMOSTHEHWEM K KMaccu4eckon xumuotepanum. Vx
npegnaraeTcs KOMOMHMPOBATL, B YACTHOCTH, C JOKCOPYBULMHOM,
LMCnnaTUHOM, agpaMnLMHOM, BbICOKUMU J03aMKU MeTOTpekcaTa
C NEeNKOBOPUHOM W T.4. [39, 41]

YXe NpogeMOHCTpUpoBani CBOW 3G(EKTUBHOCTL Ha MO-
JEensx OCTEOCapKOMbl Takie KOMOWHaLMKM, Kak TeMCUPONNMYC
W umMcnnaTuH; Tememponumyc 1 Besaumsymab; katanuTuyeckue
nHrMbutopel mTOR (PP242 wnn mukpo-PHK) B coyeTannm ¢ uu-
cnnatuHoMm; Kykypbutaumd B (uHrubutop ERK, Akt n mTOR) B
CoveTaHuu C HU3KUMK Jo3amn MeToTpekcaTa [39, 41].

3AKNIOYEHUE

BPEMEHU kakasi-bo 13 onMcaHHbIX Bbille KOMOMHaLWIA NpenapaToB
ByneT ogobpeHa ANs NieYeHist MaLMEHTOB C 0CTEOCAPKOMOM.

AOMONHUTENBbHAA UHOOPMALIUA

Bknap aBTOpoB. Bce aBTOPbI BHECAM CYLLECTBEHHbIN BKNaa
B pa3paboTky KOHLENLuKM, NpoBeaeHne UCCneaoBaHns 1 Noaro-
TOBKY CTaTb, MPOYnu 1 ogobpunn duHanbHylo BEpCUo nepea
nybrukaymen.

KoHdpnukt uHTEpecoB. ABTOpbl AeKnapupyloT OTCYTCTBUE
SIBHbIX ¥ MOTEHLMANbHbIX KOH(IMKTOB UHTEPECOB, CBA3aHHbIX C
ny6nmKkaLmen HacTosLLEN CTaTbMm.

WUcTounuk dmHaHcupoBaHus. ABTOpbI 3asBnstoT 06 OTCyT-
CTBUM BHELUHEro (PUHAHCUPOBaHUS MpU NPOBEEHUU WUccneno-
BaHus.

ADDITIONAL INFORMATION

Takum 00pa3om, HECMOTPS Ha 3HAUMTENLHOE PasBUTUE XMpYp-
MAYECKIX W KOHCEPBATWBHBLIX METOAOB JIEYeHNs, OCTeOcapkoma, W, B
YaCTHOCTU OCTeOCapKoMa MO3BOHOYHMKA, OCTAETCS YPOXKALOLLEN HO-
3o1ormeit ¢ HebnaronpusTHBIM MPOTHO30M. MccrneaoBaHns curHanb-
Horo nytv mTOR no3BONSOT He TONBKO MPOMNUTL CBET Ha acnekTbl
naToreHesa AaHHOro 3aboreBaHws, HO W cnocobCTBYIOT paspaboTke
COBEPLLEHHO HOBbIX CXeM Tepamun. He WCKMHYEHO, YTO B CKOPOM
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Pestome. XXnBble opraHnambl 06n1afaloT YHUKaNbHOM CNOCOOHOCTbIO aAanTUPOBaTLCS K NOCTOSHHO M3MEHSKOLLMMCS
YCNOBUSAM OKpyxatoLlen cpeabl. CyLLecTBYIOT KpUTUYECKUE NEPUOLbI, TO €CTb BPEMEHHbIE OKHA, KOTA4a pa3nuyHble
obnacTtn mosra cTaHOBATCA Hanbonee YyBCTBUTENbHBIMI K BO3LENCTBUIO OKPYXaloWmMX (hakTOpOB, BANAKOLWMX Ha
(hopMMpoBaHMe NPOYHbIX CBSA3e. HelporeHe3 MNekonuTarLwnx — NpoLecce, NPoTeKatoLuin Ha NPOTSKEHWUN BCeN
KM3HW, OrpaHNYeHHbIN OnpeaeneHHbIMA 30HaMW MO3ra, @ UMEHHO: CybrpaHynspHoit 30HOW, YacTbio 3ybyaToi n3su-
MNWHbI TUNNoKkamna n cy6BEHTPUKYNSAPHON 30HON. BaxkHyto ponb B HEpOreHe3e y NpUMaToB W rPbI3yHOB BbIMOSHSAOT
TaKXe «HelporeHHble HULWWY, NpeacTaBnsoLme cobon MUKpocpeabl ANS KNETOK-NpesLecTBEHHUKOB HENPOHOB U
NX NOTOMKOB. B 3aB1cMMoCTI OT 06nacTV roNOBHOrO MO3ra NPOLLECC HEMPOreHe3a OCyLLECTBNSAETCS 3@ CHET pasHbIX
MeXaHu3MOB. Tak, OCHOBHbIMU MONEKYNSPHBIMU hakTopamu HelporeHesa senatotcs nyTu Notch n Sonic hedgehog,
BHEKIeTOYHas CUrHanbHas Monekyna u KOCTHbIN MopdoreHeTnyeckuin 6enok. bnarogaps yHKLNOHMPOBAHMIO re-
MaTo3HLedannyeckoro 6apbepa NoLAepKUBaOTCSA ONpeaeneHHbI XMMUYECKNI TOMEOCTa3 U YPOBEHb akTUBHOCTY
meTabonnama TkaHel ronoBHOro Moara, Heobxoaumble Ans HeiiporeHesa. OgHako Ans psga CTPYKTYp ronoBHOMO
MO3ra, U3BECTHbIX Kak LIMPKYMBEHTPUKYNSPHBIE OpraHbl, XapakTepHbl OTCYTCTBUE reMaToaHLedanuyeckoro 6apbepa
W YHUKAbHbIA COCTaB MUKPOOKPYXEHWS, B YaCTHOCTU Hannume B OKPY>KEHUWN XPOHUYECKN aKTUBMPOBAHHON MUKPO-
FNMK, KOTOpasi, BEPOSTHO, BNIMSIET HA HEMPO- 1 aHroreHes. MayyeHue BRMSHWUS CTpecca Ha OpraHuam B KpUTUYECKME
nepuoabl HEMpOreHesa B 3aBUCUMOCTY OT NONa, BO3pacTa U BU4a opraHuama, NnpoLoMKUTENIbHOCTI CTPECCOBOTO
BO3JEMCTBUS NMO3BONUT pacLUNpUTL NpeacTaBneHne 0 GopMUPOBaHUI HEPBHOW CUCTEMBI B NEPUO PaHHEro OH-
TOreHe3a M NaToreHeTUYECKMX MexaHM3mMax pas3BuTUS NCUXUYECKUX PaCcCTPONCTB. B CBOK o4epeab, NONyYeHHble
CBEAeHNs yBenuyaT BO3MOXHOCTM NPOUNaKTUKN U NEYEHUsS 4aHHOI rpynnbl 3aboneBaHunit.

KnioueBble cnoBa: HelMponnacTMYHOCTb, HeporeHes, NMMbuyeckas cuctema, KpUTUYeCcKe nepuoab

& RUSSIAN BIOMEDICAL RESEARCH VOLUME 10 N1 2025 ISSN 2658-6584 (Print)




0B30PbI

73

DOI: 10.56871/RBR.2025.81.99.008
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Abstract. Living organisms have a unique ability to adapt to constantly changing environmental conditions. There are
critical periods, also called time windows, when different areas of the brain become most sensitive to the effects of
environmental factors that affect the formation of strong bonds. Mammalian neurogenesis is a lifelong process limited
to certain areas of the brain, namely the subgranular zone, part of the dentate gyrus of the hippocampus, and the
subventricular zone. Also, an important role in neurogenesis in primates and rodents is played by “neurogenic niches’,
which are microenvironments for neuronal precursor cells and their descendants. Depending on the area of the brain,
the process of neurogenesis is carried out through different mechanisms, for example, the main molecular factors of
neurogenesis are the Notch and Sonic hedgehog pathways, extracellular signaling molecule and bone morphogenetic
protein. The functioning of the blood-brain barrier maintains a certain chemical homeostasis and level of metabolic
activity of brain tissues, which are necessary for neurogenesis. However, a number of brain structures, known as
circumventricular organs, are characterized by the absence of a blood-brain barrier and a unique composition of the
microenvironment, in particular the presence of chronically activated microglia in the environment, which probably
affects neuro- and angiogenesis. The study of the effects of stress on the body during critical periods of neurogenesis,
depending on gender, age and type of organism, duration of stress exposure, will expand the understanding of the
formation of the nervous system during early ontogenesis and pathogenetic mechanisms of the development of
mental disorders. In turn, the information obtained will increase the possibilities of prevention and treatment of this
group of diseases.

Keywords: neuroplasticity, neurogenesis, limbic system, critical periods
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BBEOEHUE

YKuBble opraHnambl 06n1aatT yHKamnbHO! CocoBHOCTbI0 agan-
TMPOBATLCS K NOCTOSHHO M3MEHSIIOLMMCS YCTOBUSM OKpYXKatoLLen
cpefbl. CylecTBYIOT KpUTUYECKUE NEPUOAbI, BPDEMEHHLIE OKHa,
korga pasnuuyHble obnacTi Mosra CTaHOBSATCS Haubonee 4yBCT-
BUTEMbHBIMU K BO3AEUCTBIIO OKPYXaKLLMX (hakTOPOB, BAMSIOLLNX
Ha (hopMupoBaHKe NPOYHbIX cBsa3en [1].

Ha npumepe maTepuHCKOM JenpuBaLym, Kak MOGEenu 0cTporo
CTpecca B paHHEM OHTOreHese, Bbino NPOAEeMOHCTPUPOBAHO €ro
BNUsiHME Ha DMOXMMUYECKME NoKa3aTenu B LepebparnbHbIX CTPYkK-
Typax [2]. MMokasaHO CHWKEHME YPOBHA AOthaMuHa, YPOBHS 3KC-
npeccun MPHK godamuHoBbix D-1 pelentopos B npedpoHTans-
HOW Kope 1 amurgane, a Takke CHWXEHWe YPOBHS HerponenTuaa
Y (NPY) B 6asonartepanbHoi MUHAANMHe U LOpCanbHOM YacTu
runnokamna [3, 4].

W3yyeHne BnnsHMS CTpecca Ha OpraHu3M B KPUTUYECKUE
nepuoabl HenporeHesa B 3aBUCUMOCTK OT nofa, Bo3pacTa opra-
HW3Ma W BMAA, NPOAOIKUTENBHOCTU CTPECCOBOMO BO3AENCTBUS
NO3BONNT PacLUMpUTL MpefcTaBneHne 0 (OPMUPOBAHWUN HepB-
HOW CUCTEMbI B MEPUOA PaHHErO OHTOTEHE3a W MaTOreHETUYECKNX
MEexaHu3Max pasBuTUS MCUXUYEcKMX pacctpoicts [5]. B ceow
ovyepedb, MOMYYeHHble CBELEHUS yBEenuyaT BO3MOXHOCTW Mpo-
(PMNaKTUKW 1 NeYeHns AaHHOK rpynnbl 3abonesanui [6].

B paHHOM 0630pe Mbl paccMaTpuBaeM He TONbKO KpUTHYe-
CKME Nepuopbl HeMporeHesa, Ho U To, kakne akTopbl OKasblBatoT
BNWSH/E HA Pa3BUTWE Pa3NNYHbIX CTPYKTYP FOMOBHOMO MO3ra, B
TOM YMCrie B pasHble BpeMeHHble nepuoabl. OnucbiBaeTcs Tak-
e ponb remaTtoaHuedanuyeckoro 6apbepa u MUKPOrnuK B Heil-
poreHe3e. OcHOBHas 3agaqa AaHHoro obsopa — 0ObeanHUTL 1
CMCTEMaTM3MpOBAaThb JaHHbIE O CTPYKTypax, y4acTBYIOLLMX B HEM-
poreHese, U hakTopax, perynmpyrLux aTOT CrOXHbIA NpoLEeCC.

MEXAHW3MbI PEFYNALUN HEAPOTEHE3A
B MOCTHATAINbHOM NEPUOJE

HeliporeHes — 0ofuH M3 KIOYEBLIX M Hanbonee BaXHbIX U
CMOXHbIX MPOLIECCOB, COCTOSLUMIA M3 MHOXECTBa nocrenosa-
TEMbHbIX 3TaNoB, OTBEYAIOLMA 32 afanTauuio 1 penapauuio ro-
NOBHOrO Mo3ra. KnioyeBylo ponb B MONEKYNSPHOM MexaHu3Me,
OCYLLECTBMISIOLLMM KOHTPOIb HEporeHesa, CYMTaKOT NoKanbHOEe
MUKPOOKPYXXEHWUE KNETKM, onpeaensiollee fanbHenwee dhopmu-
poBaHuWe ceTern HelpoHOB [7]. JlokanbHOe MUKPOOKPYXeHue 3any-
CKaeT MHOXeCTBO MPOLECCOB B TaK Ha3blBAEMbIX HEMPOreHHbIX
HWWaX, TAe OCYLeCTBASITCA MOCMefoBaTeNbHblE MPOLECCh
TpaHcopmayu HepanbHbIX CTBONMOBbIX kneTok (HCK) u Heit-
panbHbIX NPOreHNTopHbIX knetok (HIK), murpauus, cenekuns u
AndhepeHLmpoBKa.

HeiporeHes y MnekonuTakoLmx — 3TO MPOLECC, MPOMCXO-
AALLMA B He TONMbKO B 3MOpuoHanbHbIi nepuog passutus. OH
MPOZOJTKAETCA Ha NPOTSHKEHUM BCEIA XKM3HM, HO OrpaHUYeH onpe-
[eneHHbIMM 30HaMWU Mo3ra, TakuMK Kak cybrpaHynsipHast 30Ha,
yacTb 3yb4yaTol WM3BWMMHBI rMNNOKaMna U CyOBEHTpUKynspHas
30Ha, pacnonoxeHHas B GOKOBbIX Xenygoykax moara [8].

O6cyxmas HeporeHes W MexaHu3Mbl ero perynsuuu, crne-
[yeT OTAENbHO OCTaHOBUTLCS Ha 0bracTit MHAYHAMOYNSpHOro
yrny0Ornexns, pacnonoXeHHON B HWKHEN YacTu TPETbero xeny-
[04ka Mo3ra. BeicTunka obnactv uHdyHambynspHoro yriybnexus
chopmmpoBaHa TaHULMTaMK, BbICOKOCTELMani3npoBaHHLIMN 6u-
NONSPHLIMK KNETKaMM C AIMHHBLIM 6a3anbHbIM 0TPOCTKOM [9].

TaHuunThl, 6asanbHble OTPOCTKM KOTOPbIX, MPOX0oAs uYepes
HEepBHYI TKaHb OKaHYMBAKOTCS Ha KPOBEHOCHBIX COCyAaXx, npea-
CTaBMneHbl CreLmanm3MpoBaHHoM Nonynsaumueit rmuarnbHbIX KNeTok
[10, 11].

PaclmpeHHble OKOHYaHWst 6asanbHbIX OTPOCTKOB TaHMLM-
TOB OKaHYMBAKOTCA Takke M Ha NOPTanbHOW cucteme rmnodusa
C (peHeCTpUPOBaHHBIMM Kanunmspami, y4acTBys Takum obpasom
B 0OpasoBaHWUW reMaToNNKBOPHOIO 1 NIMKBOPO3HLedanM4eckoro
Bapbepos [12].

TaHnUnTbI CNOCOOHLI ANthEPEHUMPOBATLCS B HEMPOHBI W
MU0 M y4acTBOBaTb B Perynsuuy BEHTPOMEANANbHOMO W apky-
aTHoro sgep. Bcero BbigenseTcsa YeTbipe TWNa TaHULMTOB, pas-
NMYHBIX NO CTPYKTYPE, LIMTOXUMUYECKUM W (DYHKLMOHANBHBIM
0CODEHHOCTAM 11 CBOEMY PaCMONOXEHNI0 B 061acTn MHYHAOY-
nsapHoro yrnybnenus (al-, a2-, B1- 1 f2-) [11, 13, 14].

HeiiporeHe3s y B3pOCMbIX MPUMATOB W PbI3yHOB aKTUBHO Mpo-
NCXOAMT B 0BOHSATENBHONM NYKOBULE, TAe Haxo4aTcs cneynans-
Hble 30Hbl, Ha3blBaeMble «HEMPOrEHHbIMU HULLAMW». OTW HULIK
npeacTaBnsioT coboit MUKpOCpesbl, B KOTOPbIX HAaXOAATCs KneT-
KN-NpefLIECTBEHHUKA HEMPOHOB W X MOTOMKU. OKpyxatT aTu
KIeTKW acTpoLUTbI, ONIMIO4EHAPOLMTbI, KNETKW SNeHAUMbI, 3HAO-
TenuanbHble KNeTk KanunnspoB W yxe 3penble HEMpoHbI [15].

Cy6BeHTpuKynsipHas 3oHa (SVZ) — aTo elle ogHa obnacTb
MO3ra, rge NpOUCXOANT HEMpOreHe3 Y B3POCHbIX XMBOTHBIX. JTa
30Ha COCTOWT W3 HECKOMbKMX CMoeB (0T 2 O0 5), kaxzabli U3 Ko-
TOPbIX COAEPXNT pasHble TUMbl KNETOK, 0603HaYeHHble bykBamu
A,B,CnE.

Knetkm Tvna A — 3TO He3pernble HEWpOHbI, HelpobnacTsl,
cnocobHble kK murpayun. OHu nepemeldaoTcs Baonb SVZ, KoH-
TaKTUpys C acTpoLuTamu u 0bpasys CKOMMEHNs PSZOM C NMOBEpX-
HOCTbIO KeMyAouKka. OTU KNeTKU UMetT cneLmduyecknii Mapkep
PSA-NCAM (Polysialylated-neural cell adhesion molecule), ko-
TOPbIA Y4acTBYET B KNETOYHOW aaresvun, a Takke MeMOpaHHbIN
mapkep — gabnkoptuH (DCX, doublecortin).

KrneTkn TMna B B CBOEN CTPYKTYpe CoaepxaT MHOXECTBO Npo-
MEXYTOYHBIX (DUNAMEHTOB W KOHTAKTUPYKOT C ANEHAUMON Xeny-
[0YKOB.

Knetkm tuna E (SneHAWMHbIE KNETKW) MOKanua3oBaHbl B No-
nocTi GOKOBBIX XEMy[OYKOB, 3KCMNPECCUPYIOT BUMEHTUH, CD-24
(cluster definition) n 6enok S-100. bnarogaps cBoei cnocobHo-
CTW K AndepeHLMPOBKe, UX CYUTAIOT HEMPOHANbHBIMU KNeTka-
MU-NPeSLIECTBEHHUKAMMU.

Knetkn tmna C sABNSKOTCA TPaH3UTOPHLIMM KNeTKamu, ne-
PEXOAHON cTaguen mexay knetkamu tuna A u B. OHu nmetot
cxofcTBa ¢ 060MMM TUNAMK, YTO 3aTPYAHSET UX pacno3HaBaHue.
TeCHO KOHTaKTUpYs C KneTkamu Tuna A, OHW, OHaKo, He WUMe-
tor mapkepa PSA-NCAM, cBOWCTBEHHOrO Ansi HelipobnacTos,
aKCnpeccupyoT TpaHckpunumoHHbin aktop DIx2 (Distal-Less

& RUSSIAN BIOMEDICAL RESEARCH

VOLUME 10 N1 2025

ISSN 2658-6584 (Print)




0B30PbI

75

Homeo Box 2), peuentop anuaepmanbHOro aktopa pocTa
EGFR (epidermal growth factor receptor), Mash1 (mammalian
achaete — scute homologue) [16, 17].

B runnokamne BbIZENSHOT TP OCHOBHbIX TWMA KNETOK, y4acT-
BYIOLLMX B HEMpOreHese:

*  kneTku | Tuna (HepoHanbHble KNeTKU-NpeaLleCTBEHHUKM) SB-
NATCA NOTOMKaMM KNETOK paguanbHON IMnm, 4To 00bsACHAeT
Hanuuue y HUX 0BLMX MapKkepoB, Takux kak HECTWH, apomaTa-
3a B, Sox 1, Sox 2, BLBP (brain lipid binding protein), GLAST
(glutamate/aspartate transporter), u 06nagatot nOPUNOTEHT-
HOCTbH (MYNbTUNOTEHTHOCTLIO), CNOCOGHBI K Nponudepavmm
B acTpo- W onurogeHapounTtbl [18];

« kneTkn Il TMna (MpOMEXYTOYHblE MOCPedHMKN) CMOCOOHBI K
HenpoHanbHOW AnddepeHLpoBKe U OenaTCH Ha NOATUMbI
lla n llb, umeloT cneumnduyeckme Mapkepbl HeMpoHanbHOM
anddepeHumnposkn — DCX, PSA-NCAM;

« kneTku lll Tuna (HepobnacTbl) nocne murpauum B 3ybuatyto
W3BMMMHY CTAHOBSATCA 3pEnbIMK TPaHyNspHbIMU KneTkamu;
npouecc A epeHLNpOBKN 3aHUMaeT 4—7 Heaenb; OTpoCT-
KW rpaHynspHbIX KNeTok pacrnonaraloTcsi B MOMeEKYNSpHOM
cnoe (oeHaputbl) u B 30He CA3 runnokamna (akCcoHbl).
HeipobnacTbl MArpUPYIOT Lienodkamn BOOMb rnnanbHbIX Tpy-

ok, KOTOpbIE PacNoNoXeHbl BAOMb KPOBEHOCHbIX COCYAO0B. OHAO-

TENU COCYA0B CUHTE3NPYET CUTHAbHbIE MOMEKYIbl, HanpuMep

BDNF (brain-derived neurotrophic factor), kotopble cTumynupyot

murpauuio [19].

CywiecTBoBaHMe HOBbIX AUGEPEHLMPOBAHHBIX KNETOK Noa-
AepXKuBaeTcs paHee 06pa3oBaHHbIMM CBA3AMU. [ins nogaepxa-
HWsI NOCTOSIHHOTO YMCNa HeNpOoHambHbIX KNETOK B 0OOHATENBHON
NYKOBULIE CYLLECTBYET MEXaHU3M OTCEBA HOBbIX KMETOK.

Mpouecc HelporeHesa BkM4aeT B cebs mponmdepaunto,
AN depeHLMpoBKY, MATPaLWI0 U Apyrne CTagui, perynmpyemble
MHOXECTBOM (DaKTOPOB: FOPMOHbI, LIMTOKMHbI, (haKTopbl pocTa,
anekTpoduamonornyeckas akTuHocTb [20].

CoxpaHeHne BHOBb 00pa3oBaHHbIX HEMPOHOB 3aBUCWT OT
BMA XWBOTHOTO M 30HbI MO3ra. Y B3pocnbIX KpbIC nuHuK Wistar
HenporeHe3 npoucxoguTt B 3ybyaton dacumn, CA1-CA4 nonsx
runnokamna, YepBe MO3XKeuka M pasfuyHbIX 30HaxX Kopbl, HO
nponudepaumns, anontos W AMgdepeHLUMpPOBKa HOBbIX Henpo-
HOB pasfnyaloTcst B 3Tux obnactax. HecmoTpst Ha fokasaTenb-
CTBa BHEAPEHWS HOBbIX HEWPOHOB B CYLLECTBYIOLLME CETU, WX
(PYHKLIMOHANBHOCTb MOKa A0 KOHLa He u3yyeHa [21].

®AKTOPbI, BNUAIOLIME HA HENPOTEHE3 Y KPbIC

lMokasaHo, YTo y Kpbic nuHMM Wistar 6bino o6HapyxeHo, 4To
WHTEHCMBHOCTb HEMPOreHe3a BapbypyeT B 3aBUCUMOCTM OT obna-
CTW Mo3ra. B ofiH1X 30HaX, Takux Kak pasnuyHble y4acTKu KOpbl
rOfOBHOTO Mo3ra, YepBb Mo3xeuka 1 nons CA1-CA4 runnokam-
na, Habnogaetcsa 6onee akTuBHas nponudepaunsi, anddepeH-
LMPOBKa 1 anomnTo3 HOBbIX HEMPOHOB, B TO BPeMs Kak B ApYruX
obracTsx aTv npoLecchbl MeHee BbipaxeHbl [22].

B 70 e Bpemst UMEIOTCSI CYLLIECTBEHHbIE PA3NYMS B OTHOLLEHWM
CTEMNeHu W BENMNYMHBI HEApOreHe3a MeXay MO3roM KpbIChl 11 YernoBe-

ka: B 3y64aToi 13BMNMHE YenoBeka HeporeHes CyLLEeCTBEHeH, Kak 1
B CyOBEHTPUKYIISIPHOI 30HE, TAe HEPBHbIE CTBOMOBbIE KNETKM (KNETK-
MPELECTBEHHMKN) COXPAHSIOT CBOW HEMPOreHHbIi NOTEHLMar, reHe-
pUPYs MOOMHOXKECTBO MHTEPHEMPOHOB MONOCaToro Tema. JToT MyTb
HeliporeHesa B CyOBEHTPUKYNISAPHON 30HE Y KPbIC OTCYTCTBYET [23].

Y KpbIC TaKKe CYLLECTBYET HEApOreHHas HWLa, obpa3oBaHHas
HCK v ee MMKpOOKpyeHrem, ChopMMPOBaHHBLIM PA3NMYHBIMU KNET-
Kamu: ONMro- M acTpoLUTamu, KNeTkamy 3HA0TENUS Kannnmspos.

KoHTponb mpouecca aanbHenwen TpaHcopmMaumn KneTok-
NPEeALLECTBEHHUKOB OCYLLECTBSETCS C NMOMOLLbK ryMOpasbHbIX
1 BMOXMMUYECKMX COEMHEHMIA. [ToKa3aHo, Y4TO BBeEHWE MHIMOU-
TOpa CMHTa3bl a30Ta, NPUBOASALLEr0 K TOPMOXEHWIO CHHTE3a OKCH-
[a a3oTa B 000HATENbHOM NykoBuLE, 30He SVZ, 1 pocTpanbHoOro
MUTPaLMOHHOTO MyTW MPUBOAWT K YBEMUYEHWMIO nponudepaLmm
KNeToK B NpefCcTaBfeHHbIX 30HaX.

MWKpOLIMPKYNSITOPHOE PYCrO UrpaeT BaxHyl ponb B napa-
KPWHHOI perynsumv HelporeHeaa, encTBys Kak NPOBOAHUK ANns
CurHanbHbIX Monekyn. C BO3pacToM 1 COKpaLeHUeM CeTu Kpo-
BEHOCHbIX COCYAOB FONIOBHOTO MoO3ra Habniogaetcs CHuxeHue
ypoBHs aHAoTenuansHoro caktopa (VEGF, vascular endothelial
growth factor), 4To MOXeT oOka3sbiBaTb HEraTMBHOE BIUSHWE Ha
npoLEeCC HerporeHesa.

Ewe oguH broxumuyeckuin haktop, CTUMYAMPYIOLLMIA Nponu-
epaumo 1 A epeHLMpoBKY KNETOK B runnokamne, — UHCY-
nmHonogobHbI pocToBom daktop (IGF-1). OH akcnpeccupyeTcs B
MoCTHaTamNbHbIA NEPUOS C JANbHENLNM CHIKEHUEM €r0 YPOBHS
B NpoLecce cTapeHns opraHuama [24].

Takum 0BpasoM, MOXHO BbISIBUTb TPU OCHOBHBIX (hakTopa
BO3pacTHOrO HeiporeHesa: ymeHblueHne VEGF, HapylieHus aH-
rmoreHesa, AanbHenLlee CHUXXEHUE KPOBOTOKA B LiepedpanbHbix
cocygax [22].

B npouecce cTapeHust ogHa U3 KMKOYEBbIX ponen OTBOAUTCS
MUKPOrIMW  KaK CTPYKTYpe, NOALEpKWBaloLLE anonToTuyeckue
NPOLLECChl B HEMPOreHHON HULLE 3a CYET copepkaHus (hakTopos,
AKTMBMPYHOLLMX OKMCMAA3HOE NOBpexaeHue. MpoBocnanuTensHble
UMTOKMHBI, B YacTHocTm IL-1B 1 TNFa (tumor necrosis factor a), ak-
TUBMPYIOT MUKPOTIanbHbIe KNETKW, YTO OKasbiBaeT OTpuLaTerb-
HOe BNWSHWE Ha HeiporeHes [22]. Tpu 3TOM KNEeTKU MUKpPOrnuu
fBNsoTCA M uctouHukamm IGF-1, n BDNF, cnocobetsyiowme Heit-
POreHe3y, CHXKEHWE X aKTUBHOCTY BEAET K AM3PErynsaLumu TpaHc-
thopmaLn B rUnnokamne KNeTok-npeawecTBEHHINKOB [25].

'mnnokamn

OpHoit 3 obnactel moara, OTBEYatoLen 3a NPOLECC Hen-
poreHesa, ABnseTcs 3ybuatas nssunuHa runnokamna. C passu-
TMEM acTpOLMTOB, 33 KOTOPbIMU CMEAYKT ONUrOAEHAPOLMUTLI B
FONIOBHOM MO3re, akTUBaLs HEMPOHOB CTAHOBUTCS KPUTUYECKAM
(hakTopoM, onpefensowmUM cuHantoreHes. Cunantuyeckne cas-
31, obpasytoLmecs Mexay kneTtkamu, Moryt nmbo crabunuanpo-
BaTbCA (MpW NOCNeAoBaTENbHON CTUMYNALMM), B0 NOMHOCTbIO
MCYe3HYTb (MpW OTCYTCTBUN CTUMYIIOB).

B 4acTHOCTH, Y rpbI3yHOB HENPOHbBI PA3BUBAKOTCS U3 HEPBHbIX
anuUTenmarbHbIX KNETOK, KOTOPbIE CYATAIOTCS PAHHUMI HEPBHbBIMM
cronoBbIMu kneTkamu (CK) npubnusutensHo Ha 9-9,5-i geHb
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TFAMK->priucexuii cHrnan ; InyramMareprudeckuii curuan
BX(),IlﬂlHHii GABAergic Glutamatergic

Input
curnas st F

Excitatory Input

Puc. 1.

Fig. 1.

Cras Craaus paciumpenis Pannee BHUKHBANHE H
|lpe,‘1ulec1’ae}muxa

Drane! ro—— Expansion NOCTMUTOTHYECKOE CO3PCBAHHE
Stages stage stage Early survival and postmitotic maturation

Mo3anee BLUKUBAHNE W
co3pesanne
Late survival
and maturation

Ctaguu runnokamnanbHOro HemporeHesa. CTBoNoBbIE KNETKW, N0A00HbIE paguanbHoi rmuu (Tun 1; CMHUIA), NoAAEPKMBAIOT CBOM
nyn nocpescTBOM CaMOOOHOBMNEHUA U AAIOT Ha4ano KneTkam-npeALecTBeHHNKaM, IKCNPEeCCUpPYIOWMUM MapKepbl pa3nuyHon Mop-
¢onoruei (tun 2 (A n B); 3eneHblit), koTopble noaBepratoTca ObICTPoN nponudepaluun U HauYMHaKT IKCNpeccMpoBaTh MapKepsl,
HeobxoauMble Ansa nocnegyowmx knetok. Knetku 2-ro Tvna gudpdhepeHumpyrotea B HepodnacTsl (Tvn 3; xenTbin). Heilpobnactsl
nepexoasT Ha PaHHIOK CTaAMI0 BbIKMBAHNA (OpaHXeBbIe KNETKN) U pPacnpoCcTPaHAIOT CBOM OTPOCTKM B MONEKYNAPHbLINA cnoi. Ha
no3gHel CTaaumM BbIKUBaHMA OCTalOTCA TONBKO Te HEMPOHbI, KOTOPbIe ChopmupoBany GyHKLUMOHANLHbLIE CBA3W U CO3pEnu Mop-
¢onornyeckm (kpacHbie kneTku). Tena rpaHynApHbLIX HEMPOHOB NpefcTaBreHbl hnoneToBbIM LBeTOM. LiBeTHas nonoca ceepxy
UNMIOCTPUPYET NOCTENEHHbII NePexoA IKCNPecCMn MapKepoB Mo Mepe NPOXOXAEHWUA KNeTKamMmu pasnnyHbIX CTaAuin HeliporeHesa.
Cepas rpagueHTHas nonoca CHU3Yy yka3biBaeT Ha nepekntoyeHue HempoHoB ¢ FAMK-apruyeckux (FTAMK — ramma-amuHomacnsiHas
KMCnoTa) Ha rnytamarepruyeckue curdanoi [26]. MpumeyaHue: M-cnon — MonekynspHbiin cnow; cnowt 'K — cnoi rpaHynapHbIx
knetok; Cl'-3oHa — cybrpaHynspHas 3oHa; GFAP — rnuanbHbin dombpunnsapHeiin kucnbiin 6enok (glial fibrillary acidic protein);
nestin — HecTuH; Sox2 — reH Sox2; BLBP— xupocsasbiBatowmii 6enok mosra (brain lipid-binding protein); NeuroD — reH
NeuroD (Neurogenic differentiation 1); DCX — pa6nkopTtuH (doublecortin); PSA-NCAM — monekyna aare3uu nonvucuanvmpoBaH-
HbIX HEMPOHHbLIX kneTok (polysialylated-neural cell adhesion molecule); NeuN —HeiipoHHbIe agpa (neuronal nuclei); Prox1 — ro-
meobokcHbI 6enok 1 Mpocnepo (Prospero homeobox protein 1); calretinin — kanbpeTuHuH; calbindin — kanb6UHAKH

Stages of hippocampal neurogenesis. Stem cells, radial glia-like (type 1; blue) maintain their pool through self-renewal and give rise
to progenitor cells expressing markers with different morphologies (type 2 (A and B); green), which undergo rapid proliferation and
begin to express markers necessary for subsequent cells. Type 2 cells differentiate into neuroblasts (type 3; yellow). Neuroblasts
enter the early survival stage (orange cells) and extend their processes into the molecular layer. At the late stage of survival, only
those neurons remain that have formed functional connections and matured morphologically (red cells). Granule neurons somata
is represented in purple. The color bar at the top illustrates the gradual transition of marker expression as cells progress through
different stages of neurogenesis. The gray gradient bar at the bottom indicates the switching of neurons from GABA-ergic to
glutamatergic signals [26]. Note: M-layer — molecular layer; GC-layer — granule cell layer; SG-zone — subgranular zone; GFAP —
glial fibrillary acidic protein; Sox2 — gene Sox2; BLBP — brain lipid-binding protein; NeuroD — gene NeuroD (Neurogenic
differentiation 1); DCX — doublecortin; PSA-NCAM — Polysialylated-neural cell adhesion molecule; NeuN — neuronal nuclei;
Prox1 — Prospero homeobox protein 1
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9MOPMOHANEHOTO Pa3BUTUS W OKOHYATENbHO (HOPMUPYIOTCS K
15-17,5 Hepensm. 3ybuaTtas M3BMIMHA rUNMOKaMna pa3suBaeTCcs
W3 OTAENbHOrO MCTOMHMKA KIETOK-NpEefLEecTBEHHUKOB (3ybuya-
Tbll HEMPOANUTENNIA), YTO MOXET UMETb BaxHble MOCMeacTBNS
B NnocTHaTanbHoM nepuoge [26, 27].

HeiipoHbl runnokamna obpasylTcs u3 3yb4yatoro Hempo-
anuTenusa Ha 13,5-17,5-i Hegene ¢ HOPMUPOBAHUEM TUMMOKaM-
nanbHOM douccypbl. B ganbHemwem 3ybuatble KneTku-npeaLue-
CTBEHHWKM, HaKannmBasiCb BHyTpU PUCCypbl, COCTaBAT byayLumi
CMOI HEpBHbIX CTBOMOBbLIX KMNETOK B3pOCMON CyGrpaHynsipHom
30Hbl UMW CTaHYT HeMpOHaMK, KOTOpble CHOPMUPYIOT CrOW rpa-
HynSpHbIX kneTok (puc. 1) [28]. MpeanonaratoT, YTO HEMpOreHes
runnokamna MOXeT NpofJorKkaTb CBOE pasBUTUE Ha NPOTSXKEHUM
BCEM XN3HN, 4TO 06YCMNOBMEHO €ro NOBbILIEHHON NNACTUYHOCTHI
[29, 30].

CTpykTypa runnokamna HeogHopoaHa. [JopcanbHbIi rMnnokamn
(Or) cBsizaH C HEOKOPTEKCOM M y4acTBYeT NPEUMYLLECTBEHHO B KOT-
HWTMBHbIX NpoLieccax, namsTi 1 0By4eHun, Toraa Kak BEHTPasbHbIN

runnokamn (BI) cBfisaH ¢ amurganoit u runotanamycom, urpas
BaXKHY!0 POIib B SMOLMOHANLHOM 11 CTPECCOBOM OTBETE OpraHu3mMa.
BocnaneHue B CTPyKTypax runnokamna MOXeT BAMSATb Ha (OyHKLMO-
HanbHOE COCTOSHWE HEMPOHOB, MOAYMMPYS WX CUHAMTUYECKYHO
NNacTM4HOCTb. BocnaneHue B CTPYKTYpax LEeHTpanbHON HepBHOM
cuctembl (LIHC) 6bicTpee passuBaetcs B [, a akkymynsuus kop-
TUKOCTepoHa — B Bl n HeokopTekce, Mpu 3TOM (hyHKLUMOHAMbHO
(MO COCTOSHMIO CMHANTUYECKOW NNAcTUYHOCTA B (DEHOMEHe Anu-
TENbHOM MOTEeHUMaLM in vivo) B nepByto ouepedp cTpapaeT Al a
3aTeM HapylleHue pacnpocTtpaHseTca v Ha Bl [31, 32].

CywecTBytoT ybeauTenbHble fokasaTenbCcTBa TOro, YTo Hel-
poreHe3 B rMnnokamne B3pOCIbIX UrpaeT BaxHYK ponb B pery-
NALMM NaMmsTh N HAaCTPOEHUS. I3MeHeHus B HeliporeHese runmno-
kamna cBA3aHbl C MHOXECTBOM HEBPOMOTMYECKMX 1 MCUXUYECKNX
pacctponcT [33, 34]. MNokasaHo, YTO nepuod, B KOTOPbLIN Heil-
POHbI MOABEPrannch BO3LEACTBUI CO CTOPOHBI (haKTOPOB Cpeabl
(Hanpumep, cTpeccy), byneT onpegensTb UX AanbHERLYH ya3BU-
MOCTb M PUCK BO3HWKHOBEHMS 3aboneBanni [35].
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-
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ﬂ-[ CuHanToreHe3-makcMMarnbHas akTUBHOCTb/Synaptogenesis - maximum activity (4-11)

-
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s
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‘_[MaTepuchan AenpuBauus/Maternal deprivation
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Mpouecc HeliporeHesa B NOCTHaTaNbHbIN Nepuopd y rpbI3yHOB. Ha npoTskeHUM neproaa HOBOPOXAEHHOCTU POUCXOAAT Helipore-

He3, MMeNIMHU3aLWMs, anonTo3, PaBHO Kak W MpoLecchbl CUHANTOreHe3a U CUHaNTUYecKon 06pe3ku. Bee 3T MexaHW3MbI ABRsOTCA
MULIEHSIMU ANS AaNbHEeAWNX SNUreHeTUYeCKUX MOgUMUKaLMIA, BAMSHUA (haKTOPOB OKPY:KalolLeii cpeAbl Ha (hOPMUPOBaHME LIeHT-

panbHoli HepBHOM cUCTEMbI [39]
Fig. 2.

The process of neurogenesis in the postnatal period in rodents. During the newborn period, neurogenesis, myelination, apoptosis

occur, as well as the processes of synaptogenesis and synaptic pruning. All these mechanisms are targets for further epigenetic
modifications and the influence of environmental factors on the formation of the central nervous system [39]
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HelporeHes B kope ronoBHOro Mo3ra

B Kkope ronoBHOro Mo3ra AeneHne pagnanbHbIX ruanbHbIX
knetok (PI'K) perynupyeTcst BHyTPUKIIETOYHBIM pacrpeaeneHnem
AETEPMUHAHT KNEeTouHOW nonspHocT 6enkoB cemenctBa PAR
(protease-activated receptors; PAR3 n PARG) u ux perynstopa
CDC42, koTopble NOKanuU3ylTCcs Ha BEHTPUKYNSAPHBIX KOHLAX HO-
XEK KNeTKU.

OpHaKo 3T KNeTkn B OCHOBHOM MOABEPratoTCsl aCUMMETPUY-
HbIM AeneHnsM, 4Tobbl reHepupoBaThb AUGHEPEHLMPOBaHHYO
LOYEPHIOK KNeTKy, 0AHOBPEMEHHO 06HOBNAS CBOM Nyn. [JaHHbI
NpoLiecc paccMaTpuBaeTCs kak NpsiMoil HeiporeHes. B nepeaHem
mo3re PTK npeTepneBatoT usmeHeHus no 6onee CrnoxHoMmy mexa-
HW3MY NyTEM CO3[aHWS MPOMEXYTOYHBIX KMNETOK-MPEALLeCTBEH-
HWKOB, HasblBaeMblx Ha3anbHbIMK KneTkamu-npeaLlecTBEHHNKa-
mu (BKIT) [36]. 311 kneTku BnocneacTBumM AuddepeHLmpyoTcs B
NOCTMUTOTUYECKME KNETKN. ITOT NPOLECC Ha3bIBaAOT HEMPSAMbIM
HenporeHe3oMm.

B ronoBHOM MoO3re HelporeHe3 NpoTekaeT Yepes HECKOMbKO
CTagun reHepaunn pasnuyHbIX HEMpOHOB. HapylweHns Ha nto-
Oom 13 3TanoB HeporeHesa N HEMPOHANbHON MUTPaLMK MOXET
MPUBECTW K HapYLEHWK pa3BWTWSI FONOBHOMO Mo3ra (puc. 2).
MpexneBpeMeHHbIN Nepexod nponudgepatvsHblx aeneHun PIrK
Ha HEMPOreHHylo CTagMKo MOXET MPUBECTU K WX HEAOCTATOYHO-
MY KOMMYECTBY M reTeporeHHOCT HEMPOHOB B FONOBHOM MO3re,
NPMBOAALLMX K MUKpoLedanun, a HapylleHue Murpauun Hei-
POHOB MOXeT B AanbHeliwem 006ycnoBnuBath NUCCaHLEedanmio
[37, 38].

B kayecTBe OCHOBHbIX MOMEKYNAPHbIX (haKTOPOB HeNporeHe-
33 MOXHO BbILENNTb:

1. Mytb Notch, npexaeBpemeHHas akTuBauus KOTOpoOro npuse-
JEeT K YBENMYeHNo MapkepoB Pr-kneTok B mepegHem Mosre.
Mepenaya curHanos Notch cnocobeTByeT nponudepaTBHON
nepefaye CUrHanoB BO BpeMms HelporeHesa, cnocobeTBys
andhdepeHLMpoBKE HEPBOB.

2. Tlytb Sonic hedgehog (Shh). B BeHTpanbHOM KOHEYHOM MO3re
Shh cnocobcTByeT reHepaum onurogeHapouutos u FTAMK-
9PruyeckuX MHTEPHEMPOHOB, KOTOPblE NMO3Xe BHEAPAITCS B
KOPKOBYI0 MIACTUHKY. B 0TnMYmMe OT BEHTPaNbHOrO KOHEYHOTO
MO3ra, pasBuBaloLLascs Kopa MogBEpraeTcst orpaHU4eHHON
nepegaye curHanoB Shh, duamonoruyeckast ponb KOTOPOW
OCTaeTCs MIoX0 M3yyeHHon. CHuKeHne nepegayn CUrHamnos
Shh B PIK yxygwaet ux npomudepaumio 1 CnocobHOCTb
reHepupoBaTbh MPOMEXYTOYHblE KNETKU-NPenweCcTBEHHKN,
HapyxHble PIK u, kak cneactaue, NpOEKLUMOHHbIE HENPOHBI.
OTO HapyLeHe nepegaym curHanoB Shh npuBognT K ymeHb-
LUEHMIO BbIXOAA HEVPOHOB, OTBETCTBEHHOMY 3a YMEHbLUEHWE
pasmepa [0pPCarnbHOrO KOHEYHOr0 Mo3ra, YTO MoxeT 06-
YCroBMnMBaTh BO3HUKHOBEHME MUkpoLiedhanum [40].

3. [lpyras BHekneTouyHas curHanbHas monekyna, WNT, cnocob-
cTByeT nponudepatuBHoii cnocobHoctn PIK B passuBato-
weiics kope. beino Tawke nokasaHo, yto WNT uHgyumpyet
HeypoHanbHy AMdhepeHLMPOBKY KNeTok basanbHbIX Npea-
LUECTBEHHMKOB, TEM CaMblM 0DecrneynBas LBONHOM YPOBEHb
perynsumu HeporeHesa.

4. Kpome WNT, untoreHe3 Mo3ra Ha paHHUX CTagusIX pa3BUTUS
kopbl (12-13-9 Hepmenv ambpuoreHesa) U acTpOLMTOTEHE3 B
Oonee nosgHem nepuope (14-9 Hepgens u ganee) perynupyet
Takke KOCTHbIN MopdoreHeTudeckuin 6enok [41, 42].

Amuragana

MwHOaneBugHoOe TENO — YacTb NMUMOMYECKONA CUCTEMBI, OT-
BeyatoLLasl 3a BbIpaXeHWe arpeccuu, cTpaxa, 3aliuTHOro noseae-
HWUS 1 UrpatroLLast BaXHYHK ponb B POPMUPOBAHMM N BOCCTAHOBIE-
HWUW 3MOLMOHANBHbIX BOCMOMUHAHWIA. HeMpOoHHas ceTb MUHAanu-
Hbl TECHO B3aMMOCBSi3aHa C ApYrMi 0BiacTsimMu Kopbl FONOBHOMO
MO3ra 1 nonyyaeT BXOAHbIe JaHHble OT Tanamyca, runotanamyca
¥ rnnokamna.

MpedpoHTanbHas kopa, runnokamn, MAHAANeBUaHOE Teno 1
nepegHas YacTb NOSICHON U3BUMWUHBI BAWSIKOT Ha (hOPMUPOBaHME
CTpaxa u ABMAKTCS KIMO4YEBLIMA B Pa3BUTAN PacCTPONCTB, acco-
LMMPOBaHHBIX C TPEBOTON. MccnegoBaHus NoKa3bliBatoT yBennye-
Hue obbema MUHAANWHbI y AeTeit (Bo3pacTHas rpynna 7-9 neT) ¢
reHepan130BaHHbIMM TPEBOXHBIMU PACCTPOMCTBAMU, YTO yCyryb-
NANO KMMHUYECKYIO KapTuHy [43, 44].

Moka3aHo, YTO MUHZANEBMAHOE TENO UrpaeT Hanbonee 3Ha-
4nMYI0 Ponb B hOPMUPOBAHNN 3MOLMOHANBHOMO U COLMAanbHOro
MOBEEHNS B PAHHWI NOCTHATaNbHbIA nepuod. YyBCTBUTENbHbIN
nepuog Ans MUHOANeBUAHOrO Tena HaunHaeTes ¢ 21-ro nocTHa-
TanbHOro AHS ¥ NpoZoIKaeTcs B nepuoge aeTcTsa [45, 46).

Kputuyeckum neprogom Anst akTMBHOCTW amMuUraarsl SBASKT-
cs 20-30 MUHYT HenocpeACTBEHHO MOCEe NCUXOTPaBMbl, B 3TOT
XE Nepuog NPOUCXOAMT POPMUPOBAHIE SMOLIMOHANBHOM NaMsTL.
LleHTpanbHbIi peroH amuraansl MOXeT uHrnbuposats FAMK-3p-
rMyeckne HepOHbI, OMOCPEAOBAHHO BINSSt HA aKTUBHOCTb rvMno-
Tanamo-rinoduaapHo-Hagno4eyHnkoBon ocu (IMH ocn) [47, 48].

Wccneposanus M.M. Sidor v coaBT. nokasanu, 4To npoBocna-
NWTENbHBIA CTPECC B paHHEM BO3pacTe NMPUBOAMT K HapYLUEHMIO
(PYHKLMOHNPOBAHUS CEPOTOHUHOBOM CUCTEMbI Y MOMOZbIX KPbIC.
OTO NPOSBASETCS B U3MEHEHWUN SKCMPECCUN PELLENTOPOB CEpOTO-
HWHa W (epMEHTOB, y4aCTBYILLMX B €ro CUHTE3e M MeTabonus-
Me, B HEOKOpTEKCe, MUHAAnMHe v runnokamne [49].

MunganuHa, obnacte Mo3ra, OTBETCTBEHHas 3a 0bpaboTky
3MOLUIA, TaKkke SIBNISIETCS MECTOM CUHTE3a KopTukonmbepuHa (KI).
YCTaHOBMEHO, YTO KOPTUKOCTEPOMAbLI CTUMYNMPYIOT BbipaboTky KI1
B LIEHTPanbHOM siApe MWUHAANVHbI, TakuM 06pasom, MpuHUMarT
yyacTie B perynsuuu Bo3gencTaus ctpecca Ha namatb [50].

HeipoHbl MuHAanmHel, akcnpeccupytowume KIl, yyacteytoT
B MexaHW3Max peanu3auum CTpecc-peakumn. AKTUBaLMs 3TWX
HENpOHOB B LiEHTparbHOM ipe MUHOANVHbI YBENWYMBaeT Tpe-
BOXXHOCTb 1 OAHOBPEMEHHO CHUXAET KONNYECTBO NOBEAEHYECKNX
aKTOB, 3aBuCALMX OT runnokamna [51]. B mogenu aHregoHuu,
BbI3BAHHOW PaHHUM CTPECCOM, CHkeHWe akcnpeccu KJ1 B LieHT-
parnbHoOM sape MuHganuHbl npu nomowy PHK-uHTepdepeHLmm
NPMBOAMT K MOBBILLEHNO MOTPebneHus caxaposbl, YTO CBUAE-
TEnbCTBYET 0 BO3MOXHOM pomu KI1 B perynsauum HacTpoeHus u
MoTuBaLmu [5].

Takum 06pa3om, 6OMbLUMHCTBO TPEBOXHbIX PACCTPOMCTB pas-
BMBAIOTCS B ETCKOM M MOAPOCTKOBOM BO3pacTe, BaXHOM Mepuo-
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[ie Pa3BUTKS, YaCTO XapakTepn3yoLLEMCS AUHAMUYECKUMM U3MeE-
HEHVAMN B PPOHTONMMOUYECKOI HEpBHOII cucTeme. pOHTONMUM-
Buyeckas cucTema MrpaeT XM3HEHHO BaxHYK pofb B 06y4eHun
CTpaxy ¥ B MOHWMaHWUN HEMPOBMONOTMYECKMX MEXAHWU3MOB, CBS-
3aHHbIX C TPEBOXHbLIMU PACCTPOMNCTBAMU, Ha NPOTSHKEHWUN BCEro
pa3sutus [52, 53].

Co3speBaHue remaToaHLedanuyeckoro bapbepa
1 ero posib B HelMporeHese

l'emaToaHUeannyeckuin 6apbep (F3B) sBnseTcs CTPyKTyp-
HO-(PYHKLMOHANbHBIM 3NIEMEHTOM HENpOBACKYMNSPHON efuHMLb
(HBE), BKntovatoLLen B cebs KNeTK HEMpOHambHOM, r1arnbHoi 1
JHOoTenuanbHon Npupodsl. B 4ACNO OCHOBHbIX 3agay (hyHKLMO-
HupoBaHus HBE BxoauT nogpnepxanue KOHTpons metabonuama
W XMMMYECKOro romeoctasa B TKaHW rOMOBHOTO Mo3ra, obecne-
YeHue afiekBaTHOrO KPOBOTOKA B aKTUBHbIX PETMOHAX, Perynsauus
MPOLIECCOB HEMPONMACTUYHOCTH, YTO HAXOAMUT CBOE OTPaXeHue
B peanuaaynn CroXHOro KOMekca MexKNeTOYHbIX B3auMOAeN-
CTBUIA B HOPME, NpU CTpecce, HerpogereHepaLmumn, HemponHgek-
LUK, HapYLLEeHWSIX pa3BUTUS FONIOBHOMO Mo3ra [54, 55].

Y rpbI3yHOB pa3suTie OB HaunHaeTcs k E10-17, koHTponm-
pyemas npoHuuaemocTb dopmupyeTcs k E21, HO u B nocTHa-
TanbHOM Nepuoae NPOAOMKaeTCs Pa3BUTUE NMNOTHBIX KOHTAKTOB.
Y yenoseka mapkepbl 9B nossnatwTcs Ha 8-i Hegene ambpumo-
reHe3a, MHTEHCWBHBIN aHM1OoreHes B TKaHW FOIOBHOTO MO3ra npo-
JoKaeTcs 4o 2-3 Hefdenb NOCTHaTanbHOro passutus [56].

MpumeyaTenbHo, YTO hopMUpOBaHe GapbepHbIX CTPYKTYP
HauyuHaeTcs Tombko nocne copmupoBaHus nyna HCK/HIK
BCerfa npoTekaeT napanmnenbHO C CUHANTOreHe30M W UHLOYKLMEN
CWHANTUYECKOW aKTUBHOCTM B TKaHW rofioBHOro moara. dopmupo-
BaHue 6apbepHbIX CTPYKTYp MPOMCXOQUT W BO B3POCIIOM MO3re,
HEOTHEMIEMOW COCTaBHOM YacTbi 3TOrO MpoLecca BbICTynaeT
obpasoBaHue HOBbIX MUKPOCOCYAOB C akTUBHO Nponudepupyto-
W1MK 1 A depeHLnpyoWUMICcs SHL0TENMAmNbHbIMWA NPOreHu-
TOPHBIMU KNeTKamu, peanusauueit adekToB pasHoobpasHbix
PerynsTopHbIX MONEKYyN ¥ KOMMOHEHTOB KMETOYHbIX CHrHamb-
Hbix nyTent (Notch, FOX (forkhead box protein), HIF-1, GSK-3
(glycogen synthase kinase 3)). B uenom accouumauus Heipore-
Hesa 1 aHrnoreHesa JOCTaTOYHO MOMHO OXapakTepu3oBaHa, a ee
HapyLUEeHMsl NPU3HAOTCA B KA4eCTBE BEPOSTHON MPUYMHBI NOAaB-
NEeHNs HeporeHesa B CTapeloLLeM rofloBHOM Mo3re [57].

MeHee n3yyeH BKNaj KOHTPONMPYEMOW W CENEKTUBHOM Npo-
HuuaemocTtn 'Ob B nofaepxaHue nokanbHOr0 MUKPOOKPYXEHUS
B HEMpOreHHbIX HUWaxX. B HacTosee Bpems [oka3aHo AENCTBUE
napaKkpyHHbIX 3MEKTOPHBIX MONEKYI, MPOAYLMPYEMBIX KreT-
kamu OB, Ha HCK/HIK (HenpanbHbie CTBOMOBbIE KNETKU/HEM-
panbHble NPOreHUTOpHbIE KneTku). K Takum haktopam OTHOCATCS
COCyAMCTbIN aHAoTenuanbHbIn daktop pocta (VEGF), anugep-
ManbHbIi hakTop pocta (EGF), ocHoBHol hakTop pocta pmbpo-
onacros (FGF2, Fibroblast growth factor 2), Mo3roBoit HelpoTpo-
tuyeckuin chaktop (BDNF), TUrMEHTHbI anuTenunanbHbIi daktop
(PEDF, Pigment epithelium-derived factor) [7].

[MpoHuuaemocts 3B, B TOM Yucne B MUKpOCOCydax Hempo-
TEHHbIX HWLL, ONpeAenseTcs cregywMmn akTopamm:

1) akcnpeccusi 6EMKOB MEKKIETOUYHBIX KOHTAKTOB;

2) akcnpeccys GenKoB-TpaHCNOPTEPOB W KaHamoB;

3) meTabonuam LepebpanbHbiX SHAOTENMMOLMTOB W APYrMX

knetok HBE;
4) curHanbHas TPaHCAYKLUMS U MEXKNETOYHAs KOMMYHUKaLWS;
5) cocTtosiHne BasansHon MembpaHsl;
6) creneHb 3penoctu [OB.
B 6onblumHcTBe 0bnactei mosra 'Ob cchopmMmpoBaH 3HLOTE-
nmouuTamu, nepuLmuTamMu n actpouuTamm.
OHOOTENMOLMTHI ABNSKOTCA BaxHOW CTpykTypoit HBE ronos-
HOro Mosra u coctaensT ocHoBy 3B [58]. B Mukpococynax
TONIOBHOTO MO3ra KNeTK/ 3HLOTEeNNS HAaXOLATCS NOL KOHTPONEM
nepuBackynspHon actpormui, obecneunBaloT n3bupaTenbHbIi
TPaHCMOPT BELUECTB, CEKBECTPUPYIOT NPOTPOMOOreHHble dhakTo-
Pbl 1 KOHTPONUPYIOT PEONOTMYECKIUE CBOCTBA KPOBY, peanuaytoT
MEXaHN3Mbl KOHTPOMS MUKPOLMPKYMALMM, Y4acTBYKOT B peryns-
LN HelporeHesa, B3aWMOAENCTBYKOT C NMENKOLMTaMU U MUKpO-
rrvei, y4acTBysl B NOKarbHOM MMMYHHOM OTBETE W BOCMANEHMM,
CnocobHbl NpoAyLMpOBaTh LWUTOKMHBI, MeTabonuTbl, (hakTopbl
pocTa [25, 59].
OHpoTenvouunTsl, Bxogsawme B coctaB [Ob, yyactBywT B
thopmmpoBaHuUK bapbepHbIX CTPYKTYP B paHHEM MEpUOAEe passu-
TUS M B BOCCTaHOBNEHMM bapbepa nocne noBpexaeHus.
OcobeHHOCTY KNeTok LiepebpanbHOro SHAOTENNS:
1) HU3KUI YpOBEHb PEHEeCTPaLIM 1 CHXEHHBIA NMUHOLMUTO3;
2) BbICOKasi aKcnpeccusi GEenKoB MEKKIETOUHbIX KOHTAKTOB
(tight junctions, adherence junctions);

3) OTHOCWTENbHO BbLICOKOE COAEPXaHWe MWUTOXOHAPUA B
KneTkax;

4) TecHoe B3aWMOAENCTBUE C NepULMTaMn N NepuBackynsp-
HOI1 acTpornuen;

5) akcnpeccws peLenTopoB TpaHCdeppuHa, MHCynMHa, Bonb-
Loro cnekTpa 6enkoB-TpaHCNoOPTEPOB.

Bce atu cBoiicTBa 00ecneynBaoT BbICOKYID CENEKTUBHOCTb
96, 4TO BaXHO AN XMMMYECKOTO roMeocTasa B TKaHW LIEHT-
panbHOi HEPBHOW CUCTEMbI: MOAAEPKaHWS YPOBHS FOKO3bl 1
WHbIX SHEpreTMYecknx cybcTpaTos, BbIBEAEHNS NPOLYKTOB MeTa-
Bonnama, perynsauum KOHLEHTpaLUM LUTOKMHOB, akTOpOB pocTa
nT.4.[60, 61].

MoMUMO KNETOK SHAOTENUS, HEMporeHes TakkKe KOHTpOmnu-
PYETCS C MOMOLLbBI NEPUBACKYNSAPHBIX acTpOLUTOB. ACTPOLMTHI
BNWSIOT M Ha KNETKW MIKPOCOCYA0B rOfIOBHOTO MO3ra, Hanpumep,
BbI3blBAs BasoAMnaTauMio W CTUMYNMPYS aHrMoreHe3 3a cyet
KanbLuiA-MHOYLMPYEMOTO FNIMKOMN3a M MPOAYKUMK nakTaTa, nubo
reHepauuu MeTabonuToB apaxugoHOBOW KMACIOThI, @ SKCIpeccu-
PyeMbIN acTpoLmTamn TPOMBOCTOHAWH-1 NOHWXKAET aHTMOTEHHbI
noTeHUuan aHOoTennanbHbIX NPOreHUTOPHbIX KNeTok [62]. Kpome
TOro, obpasoBaHue acTpornManbHON CeTW, CBS3aHHOW Mmocpea-
CTBOM KOHHEKCWHOBbIX KaHanoB, (OpMUPYET NoKanbHOe MUKPO-
OKpy>keHne, BraronpusaTHO 4N NponudepaTUBHbIX MPOLECCOB B
HEeNpOreHHbIX HuwWwax (puc. 3).

Mpu atom nokasaHo, 4yto B SGZ runnokamna acTpouuThl
MOTHO OKPYXXaloT SHAOTENMarbHbIA CHOW KNETOK, MO3TOMY No-
KanbHOe MWUKPOOKPYeHWe (DOpMUPYETCS MPEUMYLLECTBEHHO 3a
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Cxema HepOH-TNUanbHOro CONPsKEHNA U B3aUMOAENCTBUA acTPOLMUTOB C APYTMMM KneTkamu rematoaHuedanmyeckoro 6apbepa
B 00bIYHbIX YCNOBMAX (a) M NpW aKTUBaLUMK acTpouuToB (6). KopmyHeBbIe CTpenku oToGpaxarT BNUAHME aCTPOLMTOB Ha Apyrue
BUAbI KNETOK, YepHasa CTPenkKa nokasbiBaeT BNUAHWE IHAOTENMOLUTOB Ha acTpouuThl [7]. lpumeyaHue: EC — aHpoTennanbHble
knetku (endothelial cells); MCT — moHokapGokcunaTHbIi TpaHcnopTep (monocarboxylate transporter); VEGF — cocyaucto-au-
poTtennanbHbIn aktop pocrta (vascular endothelial growth factor); LIF — nelikemus-unruéupytowun cakrop (leukemia inhibitory
factor); Cx43 — koHHekcuH 43; CD38 — knactep audpeperumpoBkm 38 (claster definition 38); GPR81 — peuentop nakrara 81,
peuenTop, cBsi3aHHbIN ¢ G-6enkom 81 (hydroxycarboxylic acid receptor 1 (HCA1), G protein-coupled receptor 81); THBS1 — Tpom-
6ocnonamnt 1 (thrombospondin 1); NSC/INPC — HopManbHble NPOMEXYTOUHbIE KneTku/HOpManbHble CTBONOBbLIE KneTku (neural
stem/neural progenitor cell); PCNA — mapkep nponudepupyrowmx knetok (proliferating cell nuclear antigen); NeuroD1 — dak-
TOp HeiporeHHon anddepeHuupoku-1 (neurogenic differentiation 1); NAD+ — HukotuHammpganeHuHauHykneotus (nicotinamide
adenine dinucleotide)

Scheme of neuron-glial coupling and interaction of astrocytes with other cells of the blood-brain barrier under normal conditions
(a) and during activation of astrocytes (b). Brown arrows show the influence of astrocytes on other types of cells, the black arrow
shows the influence of endothelial cells on astrocytes [7]. Note: EC — endothelial cells; MCT — monocarboxylate transporter;
VEGF — vascular endothelial growth factor; LIF — leukemia inhibitory factor; Cx43 — connexin 43; CD38 —claster definition 38;
GPR81 — hydroxycarboxylic acid receptor 1 (HCA1), G protein-coupled receptor 81; THBS1 — thrombospondin 1; NSC/NPC —
Neural stem / neural progenitor cell; PCNA — proliferating cell nuclear antigen; NeuroD1 — neurogenic differentiation 1; NAD+ —
nicotinamide adenine dinucleotide

CYET NOKarbHOM CEKPeLMM HEMpO- U INOTPaHCMUTTEPOB, (hakTo-
poB pocTa, Torga kak B SVZ acTpounTbl HENMOTHO MPUMbIKAIOT K
CMOK SHAOTENUS 1 NepuLMTOB, YTO 0BecneynBaeT NOCTynneHne
B HULLY perynsTopHbIX MOMeKyn n3 kposu [63, 64].

[mbenb KNeTok rofoBHOTO Mo3ra akTUBMPYET NpoLecc pena-
paTUBHOrO HelporeHesa B SVZ ¢ nocnegytowen Murpaumen Ho-
BbIX HeMpobnacToB B 061acTb noBpexaeHus [65].

WccnenoBaHns KOPTUKANbHON MLLEMUM Y MbILLEN Nokasanu,
4TO JaHHOE CTPECCOBOE BO3AENCTBIE BbI3bIBAET U3MEHEHUS NPO-
nudepaum kneTok B SVZ, B KOTOPOM MOXHO BbIZENNTL TPW 3Ta-
na. MepBblil 3Tan — OCTPOE CHWXEHWE nponudepauumn B Teve-
HWe NEePBbIX CYTOK NOCNE KOPTUKANBHOM ULLIEMWN, 3aTEM, BTOPbLIM
3TanoM, HayMHaeTCs BOCCTaHOBNEHME YPOBHS Nponudepauun ¢
LOCTKEHUEM MaKkcUMyMa K 14-my gHt0. TpeTuid aTan — CHuke-
HWe nponmdepalnm KNeTok Kk 28-My OHIK0 Mocrne uwemnmi, JOcTu-

ras MUHUMyma 1-ro gHs nocne uwemnn. BeposiTHo, 3a kaxabiM
nuKOM mponudepauy, 06yCroBeHHbIM MOBbILIEHNEM YPOBHS
[ENEHNs KNETOK N HeMporeHesa, CreayeT CHUXEHWe 3TUX noka-
3aTenen Kak pesynbTaT WUCTOLLEHUS HeMporeHHoi Huwwu. CHn-
XEHWe KNeToYHOW nponudepauyun Ha NepBoM aTane, BO3MOXHO,
0OBACHSETCS MOBbIWEHNEM MUTpaLuK kneTok u3 SVZ B obnactb
060HsATENBHOW NyKOBNLBI [66].

OTU Xe CcobbITUS COMPOBOXAATCS akTUBaumen Lepebpans-
HOrO aHrmMoreHesa, BepoOsTHO, B KayecTBe KOMMEHCATOPHOro
MexaHW3Ma B OTBET Ha MOBPEXLEHWe TKaHW W COKpalleHue
nepdysnn, Hanpumep, MOCMe NEPEHECEHHOTO WLEMUYECKOr0
NOBPEXAEHUS TONOBHOTO MO3ra WK Npu MeafieHHO mporpeccu-
PYIOLLMX [ereHepaTuBHbIX 3ab0neBaHUsAX HEPBHOA CUCTEMDbI.
MPOHMLL@EMOCTL HOBbIX COCYAOB B TaKMX CUTyaLMsiX MOBbILIEHA
1 37O, BEPOSITHO, CBA3AHO He TOMbKO C HEMPOBOCMANEHNEM, HO
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1 ¢ HeobX0AMMOCTbIO CO3AaHUs HOBbIX 0bnacTeli HeliporeHesa B
noepexgeHHoM Mo3re. OfHUM M3 MEXaHW3MOB SIBNISIETCS KOHBEP-
cust curHanbHoro Notch-nyTW, Npu KOTOPOW SHAOTENWA U nepu-
UMbl LepebpanbHbIX MUKPOCOCYLO0B CMOCOBHbI 3KCpeccpoBaTh
nurang Notch-peuentopa — Delta-like ligand-4 (DLL4) B oTBeT Ha
BbICOKYI0 nokarnbHyo npogykumio VEGF [67]. [aHHbIn MexaHu3m
ctumynupyet nponudepaumuto HCK u uHuummpyet dopmmupoBa-
HWe JONONHUTENbHbIX HEMPOTEHHbIX HULL B CTEHKaX KesyA04KoB
rONIOBHOTO MO3ra.

VIHTEpECHO OTMETUTB, YTO ANS psiAa CTPYKTYP rOIOBHOMO MO3-
ra xapakrepHo otcytcTaue ['OB. B aTux obnacTsix, n3BeCTHbIX Kak
LMPKYMBEHTPUKYNSIPHBIE OpraHbl, MPUCYTCTBYKT BbICOKOMPOHU-
Laemble (PeHeCTpupoBaHHble kanunnaspbl. K UMpKyMBEHTPUKY-
NAPHBIM OpraHam OTHOCATCS CPeAMHHOE BO3BbILLEHME, Cybdop-
HWKanbHbIA OpraH, CoCyaucToe cnneTeHne 1 ap. [ns HeKkoTopbIx
LMPKYMBEHTPUKYNSPHBIX OPraHoB MpegrnonaraeTcs npucyTCTBUE
B HWX HULL HEAPOHAmbHbIX CTBOMOBbIX KNeTok [15]. C aToil TOUKM
3pEHUST BaXHbIM NPEACTaBNSETCS OTMETUTb HEKOTOPbIE 0CODEH-
HOCTM MUKPOOKPY)XEHUS, XapaKTepHbIE ANS LMPKYMBEHTPUKYNSP-
HbIX OpraHoB, KOTOpbIE MOrYT OKa3blBaTb BMWSIHUE Ha MpoLecc
HenporeHesa. OfHOM U3 Takx 0COBEHHOCTEN SBISETCS NpUCyT-
CTBUE B UMPKYMBEHTPUKYNSPHbIX OPraHax XpOHUYECKM aKTUBHPO-
BaHHON MUKPOrnuW. Tak, NPOAEMOHCTPUPOBAHO, YTO MUKPOTMS
CPeaVHHOro BO3BbILUEHUS XapakTepuayeTcsl Mopdhonornyeckumm
npu3Hakami akTMBaLWUW Ha NPOTSHXKEHUM BCETO MOCTHATaNbHOTO
OHTOreHe3a, HeCMOTPS Ha OTCYTCTBWE natonorum [17].

[POAEMOHCTPUPOBAHO MPUCYTCTBIME  BbICOKOAKTUBIUPOBAHHOM
MUKPOTTIMKA B LMPKYMBEHTPUKYNSPHBIX OpraHax y MbiLm B hU31ono-
rYeCcKUX yCrnoBusx [68]. BaxHO OTMETUTb, YTO MUKPOTTUS SKCMpeC-
cupyeT Bbicokuin ypoBeHb CD16/32, CD86 — mapkepoB M1 ¢heHo-
TMNa Makpogaros, OTBEYAKLWMX 32 MPOBOCMANMTENbHBIA OTBET,
SHAOTOKCMYHOCTb M aKTMBaUMo dharouyntosa, a Takke CD206 —
mapkepoB M2 cheHoTUNa Makpodharo, perynmpytoLLmx gasbl pas-
peLLeHns BoCnaneHns 1 penapawiv noBpexaeHHbIX TKaHeH.

[pWYMHBI TAaKOrO COCTOSIHWSI MUKPOITIAM [0 KOHLL@ He 13y4eHbl,
O[HaKO MCCNEAO0BaHUs, MPOBELEHHbIE HA B3POCTbIX MbilLax, noa-
UEepKMBAIOT BAXHOCTb STUX MapKepoB AMNs HeMporeHesa: MUKPO-
FMnsl, aKTUBMPOBAHHAS 3HOOTOKCUMHAMU BrOKUPYET HENpo- 1 onu-
rOLLEHAPOLMTOreHe3, B TO BPEMs Kak MUKPOITINS, akTUBMPOBaHHAS
TaKNMM LNTOKMHAMM, KaK UHTEPNENKMH-4 1 MHTEP(EPOH-Y, CTUMY-
NMpYET HeWporeHes, ele pa3 NoOAYEepKMBast BMMSHWE MUKPOIMN-
anbHoro geHoTuna Ha Bo3obHoeneHne HCK/HIK [68].

AKTMBALMSA MUKPOTTIMM B JaHHOM Crlyyae BblpaxaeTcs B TOM,
yTo obLlas AfMHA 1 YUCMO OTPOCTKOB MUKPOrMMANbHBIX KNeToK
3HAYMTENBHO MEHBLLE, YeM B Apyrix 0BacTax Moara, a ypoBeHb
9KCMPECCUM MOTMEKY-MapKepOB akTUBaLumM, Ha060POT, NOBbILLEH.
BeposTHO, 9TO CBSI3aHO C 0COBEHHOCTSMU CTPYKTYPHO-PYHKLIMO-
HanbHOW OpraHu3aLuy 3TUX OpraHoB, B YaCTHOCTW, C NOCTOSH-
HbIM KOHTaKTOM MUKPOTTNM B LMPKYMBEHTPUKYNSIPHBIX OpraHax ¢
LMPKYNIMPYIOWMMK B KPOBK Mosiekynamm [36]. BeposTHon dhyHk-
LMe MUKPOIMAN B JaHHOM Cryyae MOXET ObITb haroyntnpoBa-
HWe HEMPOTOKCUYECKUX MOMEKYT, NOCTYNALOLLMX U3 KPOBEHOCHOTO
pycna, ¢ Lenblo nogaepXaHns HOpManbHOro MUKPOOKPYXKEHNS B
LMPKYMBEHTPUKYNSIPHbIX OpraHax.

Ewe opHa BO3MOXHAs (PYHKUMS aKTUBUPOBAHHOM MUKPO-
UM — perynsauus MpoHULAEMOCTW KPOBEHOCHBIX COCYAOB 4
aHrnoreHesa [68, 69]. B LMpKyMBEHTPUKYNAPHbLIX OpraHax ocy-
LECTBNAETCH WHTEHCUBHBIA aHTOreHes, COMPOBOXAALIMIACS
NOCTOSIHHOWM MponudepaLmnelt U anonTo3oM 3HAOTENUanbHbIX
KNeToK KPOBEHOCHBIX COCYZoB. B cBOK o4epedp, Ans akTUBMpO-
BaHHOW MUKPOrMMM NOKa3aHa CMocOBHOCTb perynupoBaTth Mpo-
nudepaTNBHYI0 aKTMBHOCTb SHAOTENMUS, a Takke y4acTBOBaTb
B yAaneHWn anonToTUYECKUX TeneL, OCTaBLUMXCA OT Mornbmx
3HAoTENMarnbHbIX Knetok [58].

HakoHeL,, MuKpornnst MoxeT ObiTb BOBfieYEHA B MPOLLECCHI
HenporeHesa, u npuobpeTaeT Mpy 3TOM aKTWBUPOBAHHbLIA MOp-
cotun [70-73]. 310 No3BONSAET NpPeAnonaratb BO3MOXHbIN BKNag
aKTUBMPOBAHHOW MMWKPOrnMM B (DOPMUPOBAHWE B 3TOM OpraHe
HeMpOoreHHbIX HWL, 4TO paHee OblNo OTMEYEHO Ans Cy6BEeHTpU-
KynsipHOM 30HbI GOKOBbIX XENyLO4YKOB W CyOrpaHynsipHOi 30HbI
3ybyaTton M3BUNMHbI rMnnokamna [74].

3AKNIOYEHUE

MexaHn3Mbl HeporeHesa B NOCTHATaNbHOM NEpPUOAE, a Tak-
Xe npouecchl AndhdepeHLMpOBKM N MUTrpaL HENPOHOB Ype3BbI-
YaiHo BaxHbl. [pefcTaBNsAT MHTEPEC 0COBEHHOCTM NPOLECCOB
HeiporeHesa B pa3nnyHbix 061acTsx rofioBHOr0 Mo3ra Ha npume-
pe runnokamna, Kopbl rOfIOBHOrO M03ra, MUHAANEBUAHOTO Tena
B KpUTWYECKME Mepuofbl HelporeHesa, Tak HasblBaeMble Bpe-
MEHHble OKHa, Kak BO BHYTPUYTPOOHOM, Tak 1 B MOCTHATaNbHOM
nepuogax. HecomHeHHa ocobas ponb remaTosHuedanyeckoro
Oapbepa 1 KneTok MUKPOrMUM B (hOPMMPOBAHUM MUKPOOKPYXKE-
HWS! 1 €ro [anbHERLIEro BNMSHUA Ha HEporeHes.

M3yyeHne BNUsiHWS CTpecca Ha OpraHuaM B KpUTUYeckue ne-
puoabl HeﬁporeHeaa AABNAETCA NePCneKkTUBHBIM Kak B TeopeTnye-
CKOM, TaK 1 B NPUKNaaHOM HanpasneHun ons pa3pa60TK|/| MeTo-
[0B NpoUnakT1KK 1 Tepanuu NCUXMYeckux 3abonesaHui, B TOM
yncne HepogereHepaTUBHbIX 3aboneBaHuit.

AOMONHUTENBHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbI BHECNM CYLLECTBEHHDINA BKNAL
B pa3paboTKy KOHLENuuM, NpoBEeAEHNE UCCNEA0BaHMS W NOAro-
TOBKY CTaTb, MPOYnM 1 ofobpunn rHanbHy BEPCUIO Nepes
nybrukaypen.

KoHndnukt uHTepecoB. ABTOpbI AeknapupyloT OTCYTCTBUE
SIBHbIX W MOTEHLMambHbIX KOH(MINUKTOB UHTEPECOB, CBA3AHHbIX C
nybnmkaLmen HacTosILLEen CTaTbMm.

WUcTouHuk domHaHcUpoBaHUA. ABTOpbI 3asBNSOT 06 OTCyT-
CTBUM BHELWHEro (HMHaHCMPOBAHUS MpU NPOBEAEHWN MCCneno-
BaHus.
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Pestome. 3abonesanus nepudepunyeckux aptepuit (3MMA) WUpOKO pacnpocTpaHeHbl 1 CBA3aHbl CO 3HAYUTENbHOM
3aboneBaeMocTbio 1 cMepTHOCTbHO. 3M1A BcTpeyaeTcs npumepHo Y 18% nuy ctapwe 70 net. OBbIYHO y NaLWeHTOB ¢
3MA oTMevaeTcs nepemexatoLiascs xpomota ¢ 60nbio B vkpe, 6eape unu aroguue, KOTopas BO3HUKAET Npu Harpyske
W NPOXOAMT Yepe3 HECKOMNbKO MUHYT OTAbIXa. 3aboneBaHne MOXeT nNpoTekaTh kak NoOLOCTPO, Tak U 0cTPo. CUMNTOMBI
nwemunyeckorn 601 B NOKOE, S13BbI UM FAHTPEHBI MOTYT NPOSABAATLCS HAa CaMOM NO3aHEN cTagun 3abonesaHus. Mpu
YXOA€ 3a TaKNMW NaLMeHTaMm Bpay NepBMYHOrO 3BEHa AOMKEH COCPEA0TOUMTLCS Ha OLieHKe, M3MeHeHNUN (hakTopoB
pucka u msnyeckux ynpaxHeHnsx. OntumanbHoe nepeuyHoe MeguumHckoe BegeHue 3MA Heobxoanmo ans kax-
[0r0 nayMeHTa, He3aBMCUMO OT PELLEHUS O PEBACKYNAPU3ALMN HUKHUX KOHEYHOCTEN. Llenn BKNoYaT CHUXeHne
cepaeyYHO-cocyancTon 3a60n1eBaeMOCTM U CMEPTHOCTY W YNyULLEHWE KayeCTBa X1U3HU. MoAxo4 LOMKeH BKOYaTh
arpeccuBHYI0 N MHAMBUAYaNbHYK MOANMDUKaLMIO (aKTOPOB pUCKa, B TOM YiUCNE OTKa3 OT KypeHus, aHTUTpombo-
UMTapHYI0 Tepanuio, CTaTUHbI U UHTMBUTOPbI aHTMOTEH3VH-NpeBpaLLaLero epmeHTa. Pusnyeckue ynpaxHeHus
NMeIOT peLuatoLLee 3HaYeHue 4Nns 300poBbs CEPAEYHO-COCYANCTON CUCTEMbI W BbICOKOIPAEKTUBHBI AN YNYULLEHUS
CMMNTOMOB XPOMOTbI. LIunoctason moxet ObiTb pacCCMOTPEH AN CUMNTOMATNYECKOrO NIEYEHUS Y HEKOTOPbIX NaLu-
eHToB. OKKNI03NOHHbIE 3aboneBaHnsa apTepuin, Takue Kak uwemuyeckas 6onesHb cepgua, uepebpoBackynsapHble
3abonesanus 1 3MA, yacTo BCTpeYarTCs B NEPBUYHOM 3BEHE MEAMLMHCKON noMoLyu. 3Tu 3aboneBaHus 4acTo
COCYLLECTBYIOT Y OAHOTO 1 TOTO XXe nayueHTa. JleyeHme atux 3abonesaHui, KoTopble 00ObIYHO NOPaAXKAKOT NOXNIIbIX
noaen, byaet 3aHMMaTh BCe BONbLUy 40N PaCXOA0B 34paBOOXPAHEHNS N0 Mepe YBETMYEHUS YACTEHHOCTH No-
Xunoro Hacenenus B Poccuitckoin ®egepavuu.

KnioueBble cnosa: 3abonesaHns nepudepuyecknx apTepuil, aTepocknepos, XpoMoTa, NepeuYHoe BeaeHue
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Abstract. Peripheral artery disease (PAD) is common and associated with significant morbidity and mortality. PAD
occurs in about 18 percent of persons over 70 years of age. Usually, patients who have PAD present with intermittent
claudication with pain in the calf, thigh or buttock that is elicited by exertion and relieved with a few minutes of rest. The
disease may also present in a subacute or acute fashion. Symptoms of ischemic rest pain, ulceration or gangrene may
be present at the most advanced stage of the disease. In caring for these patients, the primary care physician should
focus on evaluation, risk factor modification and exercise. Optimal primary medical management of PAD is required
for each patient, irrespective of the decision regarding lower extremity revascularization. The goals include reducing
cardiovascular morbidity and mortality and improving quality of life. The approach should consist of aggressive and
individualized risk factor modification including smoking cessation, antiplatelet therapy, a statin, and an angiotensin-
converting enzyme inhibitor. Exercise is critical for cardiovascular health and highly effective for improving claudication
symptoms. Cilostazol may be considered for symptomatic treatment in certain patients. Arterial occlusive diseases,
such as coronary artery disease, cerebrovascular disease and peripheral arterial disease (PAD), are common in the
primary care setting. These diseases often coexist in the same patient. Treatment of these diseases, which typically
affect older adults, will consume a greater percentage of health care costs as the elderly population in the Russian
Federation increases.

Keywords: peripheral arterial disease, atherosclerosis, claudication, primary management
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INTRODUCTION

EVALUATION

Peripheral artery disease (PAD) is a common manifestation
of the progressive stenosis of peripheral arteries (Fig. 4). More
than 200 million people have PAD worldwide, and the preva-
lence of PAD is 220% in individuals over the age of 80 years
[1]. Approximately 30% of patients with PAD experience inter-
mittent claudication, a walking-induced muscle pain primarily
affecting the calves that is relieved only by rest [2]. Patients ex-
periencing claudication generally have sedentary lifestyles and
poor health-related quality of life [2, 3]. PAD negatively affects
the quality and length of life among those affected. The prog-
nosis of the diseased extremity is generally favorable. Without
specific therapy, the distance that affected persons are able
to walk generally remains stable, worsening in 26 percent of
persons and improving in 27 percent [4, 5]. Over five years, ap-
proximately 4 to 8 percent of affected persons require arterial
reconstruction, and 2 to 4 percent require amputation [4, 6, 7].
The goals of the primary medical management of PAD focus on
two areas: helping patients “live longer” by reducing cardiovas-
cular morbidity and mortality and helping patients “feel better”
by improving quality of life. However, patients with PAD are at
risk for other atherosclerotic diseases. Up to 20 percent of as-
ymptomatic patients may have carotid artery stenosis greater
than 50 percent, and 12 to 17 percent have stenosis greater
than 75 percent [8, 9]. The cornerstones of the primary medical
management of PAD include risk factor modification, medica-
tions, such as statins and antiplatelet therapy, and exercise.
PAD is associated with a significant increase in mortality [10-
14]; a major contributor to this is cardiac death. In the Bypass
Angioplasty Revascularization Investigation Trial [13, 14], the
five-year survival rate was 77 percent in patients with coronary
artery disease and PAD, compared with 90 percent in patients
who had isolated coronary disease. Other studies have de-
monstrated a cumulative mortality of approximately 30 percent
at five years and 47 to 61 percent at 10 years [10, 11, 14].
Given these associated risks, it would seem reasonable for
asymptomatic patients with PAD to be screened for coronary
artery disease and carotid artery stenosis; however, the most
appropriate and cost-effective course of action remains un-
clear. In addition, cilostazol may be considered for treatment
of claudication symptoms, although adverse side effects can
be limiting.

It is important to take a complete history that identifies symp-
toms of and risk factors for systemic atherosclerosis. Patients
usually inform physicians of the signs and symptoms of coronary
artery disease or cerebrovascular disease, but the presentation of
PAD may be subtle, particularly in sedentary patients. The most
common complaint is intermittent claudication with pain of the
calf, thigh or buttock occurring with exertion and relieved after
several minutes of rest. Other conditions that may need to be dis-
tinguished from PAD are listed in Table I.

Examination of the patient with PAD may reveal bruits over
the abdominal aorta, iliac, femoral, carotid or subclavian arteries,
and absent or decreased peripheral pulses. Physical findings that
further support the diagnosis of PAD include decreased skin tem-
perature, shiny, hairless skin over the lower extremities, dystro-
phic toenails, pallor on elevation of the extremity and rubor when
the limb is dependent (Fig. 1).

PAD is classified by using the A.V. Pokrovsky, Fontaine Sta-
ging System and Rutherford category system (Table 2). The initial
claudication distance (distance at which the patient first experi-
ences pain with exertion) and the absolute claudication distance
(distance at which the patient can no longer ambulate) are usually
constant. With advancing disease or acute ischemia, patients may
complain of a sudden decrease in the initial claudication distance,
disabling claudication, or rest pain, or on examination may be
found to have ulceration or tissue loss. Any of these complaints or
findings warrants immediate referral to a vascular subspecialist.

The ankle-brachial index is an effective screening tool. The
tools required to obtain an ankle-brachial index include a blood
pressure cuff and a continuous wave Doppler. Blood pressure is
measured in both upper extremities, and the highest systolic rea-
ding — the first return of Doppler sound as the cuffis deflated — is
recorded. The ankle systolic pressure is similarly measured using
the dorsalis pedis or posterior tibial arteries. The ankle-brachial in-
dex is calculated by dividing the ankle pressure (the higher of the
posterior tibial artery pressures) by the brachial systolic pressure
(the higher of the two arm pressures). An ankle-brachial index
below 0.95 at rest or following exercise is considered abnormal.
An ankle-brachial index between 0.8 and 0.5 is consistent with
intermittent claudication, and an index of less than 0.5 indicates
severe disease [15]. In patients with an abnormal ankle-brachi-
al index, testing with segmental arterial pressures and a pulse

Tabnuua 1

OuddbepeHumanbHas auarHocTka 605M B HUKHUX KOHEYHOCTAX

Table 1

Differential diagnosis of lower extremity pain

Neurologic

Musculoskeletal

Vascular

+ Lumbar canal stenosis (pseudoclaudication).
+ Radiculopathy/plexopathy.
* Peripheral neuropathy

* Baker's cyst.
* Muscle strain.
+ Ligament/tendon injury.
« Arthritis/connective tissue disorder

* Intermittent claudication/ischemia.
* Arterial thromboembolism.
+ Cholesterol embolism.
+ Deep venous thrombosis, vasculitis
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Puc. 1. Cusiowas, 6e3Bonocas koxa (a), AMcTpochuyeckue U3MeHeHNs HorTew (6) n 3aBUCUMBIN pyGeL, (8), CBA3aHHbIE C OKKITHO3MOHHbLIM
3aboneBaHnem nepudepmyecKMX apTepuin NpaBom 1 JIEBOW CTOMbI Y pa3HbIX NaLMEHTOB

Fig. 1. Shiny, hairless skin (a), dystrophic nail changes (b) and dependent rubor associated (c) with peripheral arterial occlusive disease

of the different patient's right and left foot

Tabnuya 2

Knaccudmkaumsa s3aboneBaHuii nepucepuyecknx aptepuii no A.B. Mokposckomy, ®oHTeliHy n Pytepdopay

Table 2

A.V. Pokrovsky, Fontaine and Rutherford peripheral artery disease classification

A.V. Pokrovsky classification

Fontaine classification

+ Stage | — Asymptomatic or pain in calf muscles (>1 km).
« Stage IIA — Intermittent claudication (>200 meters).
+ Stage IIB — Intermittent claudication (<200 meters).
+ Stage Il — Intermittent claudication, rest pain.
+ Stage IV — Ulceration or gangrene

+ Stage | — Asymptomatic, decreased pulses, ABI <0.9.
« Stage Il — Intermittent claudication.
+ Stage Ill — Daily rest pain.
+ Stage IV — Focal tissue necrosis

Rutherford classification

+ Category 0 — Asymptomatic.
+ Category 1 — Mild claudication (completes treadmill test/ankle pressures >50 mm Hg post treadmill test.
+ Category 2 — Moderate claudication (between category 1 and 3).
+ Category 3 — Severe claudication (unable to complete treadmill test/ankle pressures <50 mmHg post treadmill test).
+ Category 4 — Ischemia rest pain.
+ Category 5 — Minor tissue loss.

+ Category 6 — Major tissue loss

volume recording before and after exercising to the point of abso-
lute claudication are indicated.

Pulse volume recording demonstrating bilateral segmental
pressure decrease across the superficial femoral arteries, sig-
nificantly worse on the left side than on the right side (Fig. 2).
Note the mild dampening of the arterial wave form on the left,
compared with the right. The ABI is consistent with mild disease
on the right and moderate to severe disease on the left. Note
the significant decrease following exercise. The resting ABI is
calculated as 171/191=0.90 (right) and 112/191=0.59 (left). All

calculations are based on the higher brachial systolic reading,
which in this case is 191. The ankle systolic reading is based
on the higher of the posterior tibial and dorsalis pedis sys-
tolic readings. (ABl=ankle-brachial index; PT=posterior tibial;
DP=dorsalis pedis.)

Management. Patients with intermittent claudication should
receive conservative treatment. Aggressive risk factor modifica-
tion, smoking cessation, antiplatelet therapy and a walking pro-
gram are essential. In addition, medical treatment of the symp-
toms of claudication may benefit some patients.
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RISK FACTOR MODIFICATION

The aim of risk factor modification in patients with PAD are
the same as those in patients with coronary artery disease. Un-
fortunately, many patients with PAD are under-treated [16, 17].
All classes of antihypertensive agents are suitable in the treat-
ment of PAD; the type of therapy is influenced by coexisting
disease. Vasodilators provide no symptomatic relief and are not
indicated over other agents. Historically, beta blockers have been
avoided; however, the literature does not support worsening of
symptoms with their use [18]. Many patients may have under-
lying coronary artery disease and could benefit from treatment
with beta blockers.

Lipid abnormalities must be recognized and treated. High
levels of low-density lipoprotein (LDL) cholesterol, low levels of
high-density lipoprotein (HDL) cholesterol and high levels of tri-
glycerides are associated with the development and progression

of atherosclerosis. Patients should be treated in accordance with
the guidelines of the National Cholesterol Education Program
[19], which recommend a target LDL cholesterol level of less than
100 mg per dL (2.60 mmol per L) in patients with symptomatic
vascular disease.

Tobacco is directly toxic to the vascular endothelium and is
implicated in initiating and perpetuating atherosclerosis [20].
All patients must be strongly encouraged to abstain from to-
bacco use.

Smoking cessation. The effect of smoking in PAD is enor-
mous, both in scope and effect. Up to 80% of patients with PAD
are current or former smokers [21]. The risk of death, myocardial
infarction (MI), and amputation is reported to be higher with con-
tinued smoking. Smoking cessation in PAD patients may reduce
disease progression and may increase walking distance. Smoking
after lower extremity bypass increases the risk of graft failure by
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Tabnuya 3
Moaxon Kk oTka3y oT KypeHus: 5 A’s?
Table 3
Approach to smoking cessation: The 5 A’s®
The 5 A’'s Explanation Example
Ask Ask every patient at every single visit if he or she uses any tobacco Do you smoke?
products (including electronic cigarettes or smokeless tobacco). Do you use smokeless tobacco like snuff or chew?
Implement a system in the office for universal identification. Do you use electronic cigarettes (vaping)?
Advise Advise every patient to quit at every visit. Use clear, strong, and You need to quit smoking as soon as possible to
personalized advice help keep your leg arteries open.
Assess Assess the patient’s willingness to quit. Do you want to quit? Are you ready to quit?
Assist Assist the patient by helping to set a quit date and providing medication | What quit date would work for you? (Suggest an
and counseling and resources. For patients who have recently quit, upcoming holiday or birthday or anniversary).
discuss any challenges and the importance of preventing relapse. Prescribe varenicline. Provide hotline information
such as 1-800 QUIT NOW and the Smoking
Cessation Patient Page from Vascular
Medicine [23].
Arrange Arrange for follow-up contact (office visit or phone call or email), ideally | Call the patient to check in. Set a delayed message
within the first week after the quit date. in MyChart reminding the patient of the quit date.
aThe entire office staff or treatment team can be engaged to help support the smoking cessation efforts [26].

at least threefold; however, smoking cessation may restore the
patency rates to the level of nonsmokers [22]. The patient with
claudication is often uniquely motivated to quit smoking after
learning that (1) the leg symptoms could improve with smoking
cessation, and (2) the disease will worsen with continued smo-
king. If the symptoms can improve with simply quitting smoking
without any further medical or surgical intervention, then smoking
cessation should always be the first step [23].

Varenicline is the most effective medication on the market for
smoking cessation. It is a partial agonist (it both agonizes and
blocks) a-4-8-2 nicotinic acetylcholine receptors, and by doing so,
relieves withdrawal symptoms and simultaneously prevents fur-
ther nicotine binding, which then partially blocks the reinforcing ef-
fects of nicotine [24]. Varenicline is more effective than bupropion
and more effective than nicotine replacement therapy. Originally,
practitioners would tend not to prescribe varenicline until patients
were “ready to quit,” partly because the medication is to be started
~1 week before the patient’s proposed quit date. More recent evi-
dence suggests that perhaps patients should be prescribed vare-
nicline even if they are not immediately ready to quit because it
will still increase smoking cessation rates [25]. Table 3 offers a
basic approach to smoking cessation in the vascular patient [26].
The five “A's” of smoking cessation are Ask, Advise, Assess, As-
sist, and Arrange. For providers who prefer not to provide pharma-
cologic treatment or counseling, another approach is Ask, Advise,
and Refer. Partnerships between vascular surgery and vascular
medicine can help to achieve this goal. The most important mes-
sage is that the benefits of smoking cessation greatly exceed any
risks associated with pharmacologic treatment [26].

Hypertension. Hypertension should be treated according to
current published guidelines to lower the risk of cardiovascular

events. Guidelines from the Eighth Joint National Committee ad-
vised a target blood pressure of <140/90 mm Hg if the patient
has diabetes or chronic kidney disease or is aged <60 years [27].
Otherwise, the target from the Eighth Joint National Committee
was <150/90 mm Hg. The more recent SPRINT (Systolic Blood
Pressure Intervention Trial) study has led to a more aggressive
approach to blood pressure lowering [28]. SPRINT compared
the benefit of treatment of systolic blood pressure to a target of
<120 mm Hg with treatment of <140 mm Hg among patients at
high risk for cardiovascular events but without diabetes. The lower
target resulted in lower rates of major cardiovascular events and
death from any cause, although with an increased risk of adverse
events [28]. The ideal target blood pressure for patients with athe-
rosclerotic vascular disease remains an active topic of debate.

Angiotensin-converting enzyme (ACE) inhibitors are an ex-
cellent choice for the treatment of hypertension in the setting of
PAD and reduce cardiovascular risk beyond simply lowering blood
pressure. The current guidelines support the use of ACE inhibitors
or ARBs to reduce the risk of cardiovascular events in patients
with lower extremity PAD.

Of note, b-blockers are not contraindicated in PAD patients.
A meta-analysis of 11 randomized trials showed that B-blockers
do not adversely affect walking capacity or claudication symptoms
[29]. However, B-blockers are not first-line for treatment of hyper-
tension but are commonly used for other indications such as heart
failure, atrial fibrillation, or secondary prevention after MI.

Diabetes. Diabetes is a major risk factor for PAD and increa-
ses the risk of poor outcomes among PAD patients [30]. Patients
with diabetes and PAD require a comprehensive and multidisci-
plinary care plan to include nutrition, weight management, podia-
try, ophthalmology, endocrinology, and medications for glycemic
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control. For many years, the accepted target hemoglobin A, was
<7%. Recently, the trend has shifted to a more individualized ap-
proach to glycemic control. For example, a more relaxed goal may
be safer in older patients on insulin. Glycemic control has more
effect on microvascular complications than on macrovascular
complications and is particularly vital among patients with critical
limb ischemia.

Body mass index. Body mass index (BMI) is calculated as
weight in kilograms divided by the square of the height in meters
(kg/m?). The BMI should be calculated at each visit. Being over-
weight or obese is associated with increased all-cause mortality;
all-cause mortality is lowest with a BMI of 20.0 to 24.9 kg/m? [31].
The association of obesity as a risk factor for PAD is controversial.
However, among patients who already have PAD, weight loss can
potentially improve claudication symptoms by reducing workload
on the lower extremities. One study found that obesity decreased
the time to claudication and delayed postexercise hemodynamic
recovery [32]. PAD patients should be encouraged to lose weight
if overweight or obese, with the goals of reducing mortality, redu-
cing the risk of developing diabetes and metabolic syndrome,
and, potentially, improving claudication symptoms.

MEDICATION

Statin therapy. All patients with PAD should be taking a
statin, regardless of cholesterol levels. This recommendation is
based on the Heart Protection Study (n 1/4 20,536, of whom 6748
had PAD), which demonstrated a 22% relative risk reduction in
the first major vascular event among PAD patients randomized to
simvastatin (40 mg) vs placebo [33]. Patients with PAD qualify for
high-intensity statin treatment based on current cholesterol guide-
lines, which means that the goal is lowering the low-density lipo-
protein cholesterol (LDL-C) by at least 50% [34]. To achieve this
degree of LDL-C lowering, the best options based on clinical trial
data are atorvastatin (40 mg or 80 mg) or rosuvastatin (20 mg or
40 mg). Atorvastatin and rosuvastatin are similar. One study found
that rosuvastatin (40 mg) had a more favorable effect on the lipid
profile (with lower LDL-C and higher high-density lipoprotein cho-
lesterol levels) compared with atorvastatin (80 mg), but a similar
degree of regression of percent atheroma volume was seen in the
coronary arteries [35]. Atorvastatin and rosuvastatin are generic;
however, the cost to the patient may differ by formulary or pre-
scription plan. Of note, the maximum daily dose of rosuvastatin is
10 mg if the creatinine clearance is <30 mL/min.

Moderate-intensity statin treatment (lowering the LDL-C by
~30% to <50%) can be considered for patients who are aged
>75 years (eg, atorvastatin at 10 mg or 20 mg; rosuvastatin at
5mg or 10 mg) [34, 35]. Simvastatin (20-40 mg) is another mode-
rate-intensity option, but the FDA has issued restrictions. Simva-
statin at 80 mg should be avoided altogether due to the risk of
myopathy. Furthermore, the maximum daily dose of simvastatin is
20 mg when combined with amiodarone or with amlodipine, which
is commonly prescribed for hypertension. In addition to reducing
cardiovascular risk, a few small studies have reported that statins

may also improve claudication symptoms. In one study (n 1/4 69),
simvastatin (40 mg) increased pain-free treadmill walking time at
6 and 12 months compared with placebo [36]. In a larger study
(n 1/4 354), atorvastatin (80 mg) also improved pain-free walking
time at 12 months compared with placebo [37]. Statins also im-
prove outcomes in patients with critical limb ischemia [38]. Statins
receive considerable attention in the media, with various reports
of increased risk of diabetes, muscle issues, and liver toxicity.
Much of the current controversy surrounds the use of statins in
primary prevention, which is not relevant to PAD patients. Patients
with PAD are high risk and have established atherosclerotic vas-
cular disease, in which case there is no debate about the statin
benefits, which are enormous regardless of the cholesterol levels.

Given that PAD patients usually already have leg pain, the
question of myalgias or statin-induced myopathy often arises
among PAD patients. Adverse effects of statins are typically mild
and reversible. Efficacy and adverse effects vary among all statins
because of their different pharmacokinetic and pharmacodyna-
mics properties [39]. Thus, if a patient reports muscle pains from
one statin, then a lower dose of the same statin or an alternative
statin should be prescribed. The cardiovascular benefits of statins
greatly outweigh any risks in the PAD population.

Antiplatelet therapy. Three antiplatelet agents are available
for use in patients with vascular disease. Aspirin should be con-
sidered for use in any patient with coronary artery disease, cere-
brovascular disease or PAD. In the Physicians’ Health Study [40],
patients who were randomized to receive aspirin therapy had a
relative risk of 0.54 for peripheral arterial surgery when compared
with patients who received placebo [40]. The Antiplatelet Trialists’
Collaboration Study [41] demonstrated that patients with intermit-
tent claudication who were treated with antiplatelet therapy had
a 17.8 percent relative reduction in the incidence of myocardial
infarction, stroke and vascular death.

Treatment with ticlopidine (Ticlid) or clopidogrel (Plavix) should
be considered in patients who are intolerant of aspirin therapy. In
the Swedish Ticlopidine Multicentre Study [42], the group treated
with ticlopidine had an incidence of myocardial infarction, stroke
and transient ischemic attack of 13.8 percent versus an incidence
of 22.4 percent in the group taking placebo. A lower rate of mor-
tality from all causes was also demonstrated — 18.7 percent of
the ticlopidine group compared with 26.1 percent of the placebo
group.

The mechanism of action of clopidogrel is similar to that of
ticlopidine, with fewer hematologic side effects. In the Clopidogrel
versus Aspirin in Patients at Risk of Ischemic Events (CAPRIE)
trial [43], patients with recent ischemic stroke, recent myocardial
infarction or symptomatic PAD were evaluated. Patients who were
treated with clopidogrel for the combined end points of ischemic
stroke, myocardial infarction and vascular death demonstrated an
overall relative risk reduction of 8.7 percent compared with pa-
tients who were treated with aspirin without a significant reduction
in overall mortality. In the subgroup analysis, patients with PAD
had a relative risk reduction of 23.8 percent for the combined end
points.
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Aspirin (typically 81 mg/d; range, 75-325 mg/d) is recom-
mended for the reduction of the risk of MI, ischemic stroke, and
vascular death among patients with symptomatic PAD (Table 4).
The data supporting this recommendation are derived from the An-
tiplatelet Trialists’ Collaboration, a meta-analysis of 287 studies of
135,000 patients with cardiovascular disease, including 9214 pa-
tients with PAD [44]. In the PAD subgroup, there was a 23% odds
reduction for serious vascular events. Subsequent studies have
suggested that the benefits of antiplatelet therapy are greater
among patients with symptomatic PAD and are somewhat contro-
versial among patients with asymptomatic PAD. In general, aspirin
is under prescribed in PAD patients compared with patients with
coronary artery disease (CAD). Clopidogrel (75 mg/d) is an alter-
native to aspirin. It may be marginally more effective than aspirin
based on the CAPRIE (Clopidogrel versus Aspirin in Patients at
Risk of Ischemic Events) trial, although it is more costly [45].

CAPRIE randomized 19,185 patients with recent MI, ischemic
stroke, or symptomatic PAD to clopidogrel vs aspirin (325 mg). In
the PAD subgroup (n 1/4 6452), a 23.8% relative risk reduction for
vascular events was seen with clopidogrel compared with those
treated with aspirin; however, the absolute risk reduction was
small (1.15%). Dual antiplatelet therapy (aspirin plus clopidogrel)
is generally not needed in PAD patients, although it may be con-
sidered in patients who are extremely high risk [46]. For example,
dual antiplatelet therapy may be reasonable for a high-risk patient
with diabetes who smokes and has PAD with concomitant CAD,
particularly for as long as the patient continues to smoke. Ticagre-
lor is an oral, reversible inhibitor of P2Y12 with faster onset/off-
set than clopidogrel and more predictable inhibition of adenosine
50-diphosphate-induced platelet aggregation. The recent
EUCLID (A Study Comparing Cardiovascular Effects of Ticagrelor
and Clopidogrel in Patients With Peripheral Artery Disease) trial
found that ticagrelor (90 mg twice daily) was not superior to clopi-
dogrel for the reduction of cardiovascular events among patients
with symptomatic PAD and that major bleeding rates were similar
[47]. In the WAVE (Warfarin Antiplatelet Vascular Evaluation) trial,

the combination of anticoagulation with warfarin plus antiplatelet
therapy was not more effective than antiplatelet therapy alone in
preventing cardiovascular events; the combination was associ-
ated with an increase in life threatening bleeding [48]. Thus, there
is no role for anticoagulation for PAD.

EXERCISE

Exercise plays a fundamental role in the treatment of PAD. It
has been shown since the 1960s to be an effective treatment for
claudication, leading to improvement in both pain-free and maxi-
mal walking distance. The CLEVER (Claudication: Exercise Vs
Endoluminal Revascularization) trial found that a supervised exer-
cise program improved treadmill walking performance more than
endovascular revascularization for patients with aortoiliac disease
[49]. A detailed discussion of exercise for PAD is provided in this
supplement.

Current guidelines indicate that all patients should achieve
30 minutes of brisk exercise daily for overall cardiovascular
health. This recommendation is especially important for PAD pa-
tients. Generally, patients should walk until they have moderate
pain or discomfort (4 on a scale of 1 to 5), stop and rest until the
pain subsides, and then start walking again [49]. Patients should
aim to reach this moderate level of pain within the first 5 to 7 mi-
nutes of walking. Over time, they will need to walk uphill or more
quickly, or both, to bring on the pain within this timeframe. These
intermittent bouts of rest and exercise are thought to improve oxy-
gen extraction by the muscles; claudication symptoms improve
through a variety of mechanisms [50]. Exercise has tremendous
benefits that extend far beyond the improvement in claudication
symptoms and functional capacity and include improving endo-
thelial function, blood pressure, cholesterol, glycemic control, and
systemic cardiovascular health [50].

Walking improves the symptoms of claudication in several ways.
The muscle can better adapt to anaerobic metabolism with repeated
exposure to an ischemic environment. Oxidative metabolism and

Tabnuya 4

KpaTtkue pekomeHAaLmMm no oLieHKe ONTUMaNbHOro MeAVLIMHCKOrO BeAEHNA NaLyueHToB
¢ 3aboneBaHMAMU nepucepuyecKux apTepuind

Table 4

Quick reference to assess optimal medical management in patients with peripheral artery disease?

Question to ask Possible next steps

Is the patient on antiplatelet therapy?

Add aspirin, 81mg daily

Is the patient on a statin?

Add atorvastatin, 40 mg daily (or 10-20 mg if aged >75)

Is the patient currently smoking?

Consider varenicline

Is the blood pressure above goal?

Add ramipril

Is the hemoglobin A, >7%?

Refer to primary care, nutrition, comprehensive diabetes center, and/or endocrinology

Is BMI >25 kg/m2?

Set appropriate weight loss goals

BMI — Body mass index.
aConsider referral to vascular medicine if any of the goals are not met.
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the overall number of available mitochondria increase. A meta-
analysis [51] showed an increase of 179 percent in the initial
claudication distance and 122 percent in the absolute claudica-
tion distance in patients who followed a walking program. Five
components of a successful program were also identified. Walking
is the preferred mode of exercise. Patients should walk at least
three times per week for at least 30 minutes at each session.
Near-maximal claudication pain (absolute claudication distance)
should be the resting point, and the patients should follow the
program for at least six months [51]. A supervised program is su-
perior to a home-based exercise program [52]. A walking program
can increase the objective distance that the patient with claudica-
tion can ambulate. This may result in subjective improvement and
lead to an enhanced quality of life.

PHARMACOLOGIC TREATMENT
OF CLAUDICATION SYMPTOMS

Options are limited in the medications directed at ameliorating
claudication symptoms. The first such medication was Pentoxi-
fylline (Trental) (400 mg thrice daily with meals), which was ap-
proved by the FDA in 1984 based on small studies. Pentoxifylline
is thought to reduce viscosity and improve erythrocyte flexibility;
unfortunately, subsequent studies have shown that it is no diffe-
rent from placebo in treating claudication [53]. While the overall
efficacy of pentoxifylline has been questioned [54], a recent meta-
analysis [55] of patients treated with pentoxifylline demonstrated
small improvements in the initial claudication distance and abso-
lute claudication distance. Pentoxifylline is thus not recommended
for PAD patients.

The newest agent for treating intermittent claudication is ci-
lostazol. Cilostazol is a phosphodiesterase Il inhibitor that sup-
presses platelet aggregation and acts as a direct arterial vasodila-
tor [56-58], inhibitor and is more effective than pentoxifylline. In
one study [58], the patients who received cilostazol had a 35 per-
cent increase in the distance they could walk before claudication
and a 41 percent increase in absolute claudication distance when
compared with the subjects who received placebo. One half of the
patients treated with cilostazol judged their walking to be “better’
or “much better”; 84 percent of patients taking placebo felt that
their symptoms were unchanged or worse [58]. Other patients ta-
king cilostazol documented improvement in the absolute claudica-
tion distance and ankle-brachial index, along with similar subjec-
tive improvements in quality of life and walking ability [59].

A Cochrane review of 15 double-blind, randomized controlled
trials (n 1/4 3718) concluded that cilostazol improves walking dis-
tance among patients with claudication. Cilostazol is a vasodilator
that inhibits vascular smooth muscle cell proliferation and pre-
vents platelet aggregation. Its mechanism for improving claudica-
tion symptoms is not clear and is probably multifactorial. The dose
is 100 mg twice daily and should be taken at least 30 minutes be-
fore or 2 hours after breakfast and dinner. Adverse effects can be
limiting and include headache, palpitations, dizziness, and gastro-
intestinal complaints. Cilostazol is contraindicated in heart failure.

The dose should be reduced to 50 mg twice daily in patients with
hepatic dysfunction or when given with cytochrome P450 enzyme
inhibitors, such as azole antifungals, macrolide antibiotics, or pro-
ton pump inhibitors; grapefruit juice should be avoided. The dose
may also be reduced if adverse effects are an issue.

In clinical practice, patients with PAD are often taking many
medications. For example, a typical ideal regimen may include
aspirin (81 mg/d), atorvastatin (40 mg/d), and ramipril (10 mg/d).
These three medications are aimed at reducing cardiovascular
morbidity and mortality, or to achieve the “live longer” goal. Given
the high prevalence of diabetes and hypertension, the same PAD
patient may also take other medications such as metformin, ga-
bapentin, amlodipine, or hydrochlorothiazide. With this extensive
medication list, the patient and the practitioner may be hesitant to
add cilostazol considering its adverse effect profile and subopti-
mal efficacy. A 3-month course of medical management, including
an exercise program, is a reasonable approach before adding ci-
lostazol, which can be seen as an intermediate step before endo-
vascular or surgical revascularization.

Clinical Presentation. Intermittent claudication is the hall-
mark of PAD and is defined as fatigue, discomfort, cramping, or
pain of vascular origin in the calf muscles of the lower extremities
that is consistently induced by exercise and consistently relieved
within 10 minutes by rest. In the general population, only about
10% of persons with known PAD have the classic symptom of
intermittent claudication. Approximately 40% do not complain of
leg symptoms at all, and 50% have a variety of leg symptoms
different from classic claudication, such as exertional pain that
does not stop the individual from walking, does not involve the
calves, or does not resolve within 10 minutes of rest [60-71]. The
2016 American Heart Association/American College of Cardio-
logy (AHA/ACC) guideline on the management of patients with
lower extremity PAD recommends patients at increased risk of
PAD should be assessed for exertional leg symptoms, ischemic
rest pain, and nonhealing wounds. Other common lower extremity
findings include hair loss, shiny skin, and muscle atrophy. Arterial
ulcerations are characterized by well-demarcated, “punched-out”
lesions. Dependent rubor and elevation pallor may be present in
advanced disease and result from impaired autoregulation in the
dermal arterioles and capillaries (Fig. 3, 4).

CONCLUSIONS

The primary medical management of PAD clearly demon-
strates the benefits of cholesterol lowering statin therapy, smo-
king cessation, antiplatelet therapy and physical exercises, safely
producing highly significant reductions in cardiovascular morbi-
dity and mortality. The medical management is aimed at the two
goals of feeling better and living longer. For the “live longer” goal,
compulsory medications include antiplatelet therapy, a statin, and
an ACE inhibitor, as summarized in Table 4. For the “feel better’
goal, the main pharmacologic treatment is cilostazol. Fortunately,
smoking cessation, exercise are safe and low-cost treatment op-
tion’s that achieves both aims.
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Puc. 3. KpuTtuyeckas uwemus KOHeYHOCTeN: a — GnegHOCTL NpU NoabeMe; 6 — 3aBUCUMBI py6eLl
Fig. 3. Critical limb ischemia: a — elevation pallor; b — dependent rubor

Puc. 4. Axrvorpammbl aTepocknepo3sa apTepuii HUXKHUX KOHeYHoCTel (3aboneBaHnA nepudepuyecknx aptepun)
Fig. 4. Angiograms of atherosclerosis in lower limb arteries (peripheral artery disease)
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AOMONHUTENBbHAA UHOOPMALIUA

Bknap aBTOpOB. BCe aBTOpPbI BHECTN CYLLECTBEHHbIN BKMag B
pa3paboTKy KOHLenLyW, NpOBEAEHNe N NOLATOTOBKY CTaTby, NPOYNN
1 opobpunu uHanbHylo Bepcuio neper nybnukavmen.

KoHdnukt uHTEepecoB. ABTOpbl AeKnapupyloT OTCYTCTBUE
SIBHbIX 1 MOTEHLMANbHbIX KOH(IMKTOB UHTEPECOB, CBA3aHHbIX C
ny6nmKkaLmen HacTosLLEN CTaTbMm.

WUcTouHmnk uHaHcupoBaHus. ABTOPbI 3asBnsl0T 06 OTCyTCT-
BMU BHELLHEro (pUHaHCMpOBaHWS Npu NpoBegeHUn paboThb.
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303I/IHO¢DVIJ1beIl7vI 3300ATUT KAK PELLKOE OCTMOXHEHME
CYBJIMHIBANIBHOW ANNEPIEH-CNELMOUYECKOA UMMYHOTEPAMUM.
KIMUHUYECKUIA CITYYAHN

© Anna HukonaesHa KocoBa, Anekcanzpa KOpbesHa [bipx

CaHkT-MeTepOyprekuin rocyaapCTBEHHbINA NeanaTpuyeckuin MeanumnHekuin yHusepeutet. 194100, r. CankT-MeTepbypr, yn. Nlutosckas, 4. 2,
Poccuitckas ®egepauus

KoHTakTHas nHdopmaums: AHHa HukonaesHa KocoBa — acCUCTEHT kadepbl NaTonornieckoit ousmomnorui ¢ Kypcom MMMyHONaToNorun, Bpay-
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Ansa yumupoeanus: Kocosa A.H., Mbipx A.t0. So3nHodunbHBbIA 330haruT kak pefjkoe 0CNoXHeHUe cybnuHrBanbHol annepreH-cneLuduyeckon
“MMyHoTepanuu. KnuHudeckuin cnyyait. Poccuiickne 6uomeanumHekue ncenegosanus. 2025;10(1):99-103.
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Pestome. AnnepreH-cneyundguyeckas ummyHotepanust (ACUT) — eanHCTBEHHBIN 60Me3Hb-MOANDULNPY LI
METOZA NeYeHns annepru, KOTopblii N03BONseT BbipaboTaTth JONrOCPOYHYI0 TONEPaHTHOCTb K annepreHy. Tepanus
3aK4aeTcs B TOM, YTO nocfie NoATBepxAeHns IgE-3aBncuMon ceHenbunnaaLmm K KOHKPETHOMY anneprexy na-
LMEHT MOXET NonyyaThb fieYeHne npenapaTom 3Toro annepreHa. Tepanus MOXeT NPOBOAUTLCS NpenapaTamn Ans
Cy6nMHreanbHoro NpUMeHEHMs NMbo NOAKOXHbIMM MHBEKLMAMU. Hanbonee pacnpocTtpaHeHa n adhdektneHa ACUT
NpuW pecnupaTopHbIX PopMax anneprum — puHnTe 1 GPOHXMANbHON acTMe annepreHamut MbifibLbl U KNeLen Jomall-
Heit nbinn. OB 3apheKTUBHOCTI NPUMEHEHUS annepreHoB KUBOTHBIX AaHHbIX NOKa HeAOCTaTOYHO. 10 XU3HEHHBIM
nokasaHusm nposoautcs ACUT saamn nepenoH4aToKpbInbIX, M B HEKOTOPbIX CTPaHax — NULLEBbLIMY annepreHamu.
AnvTenbHOCTb Tepanun — oT 3 40 5 neT, 3a UCKITIYEeHNeM Tepanuy SaamMu HaCEKOMbIX W annepreHamu nuLLm, Kor-
[a annepreH pekoMeHAyeTcs NPUHUMaTb NOXU3HEHHO 4NS NOAAepXaHUs TonepaHTHOCT. Cama ToNepaHTHOCTb
dopmupyeTcs yxe vyepes 4—6 MecsLEeB OT Hayana neyveHns u coxpanseTcs rogamu. Hanbonee besonacHas B nnaHe
pasBUTMS aHahUNaKTUYECKNX peakLmin — cybnnHreansHas annepreH-cneundguyeckas ummyHotepanus (CIAT). Tem
He MeHee OnucaHbl cryyawn passuTus pegkoro ocnoxHeHus CIIUT — s03uHodunbHoro 33odarnta (303). B gaHHOM
KMWHUYECKOM Criyyae NpMBOAMTCS Npumep pa3sutus o3 y 27-NeTHEr0 MyX4uHbl Yepes 4 Hegenw ot ctapta CIAT
TabneTnpoBaHHLIM NpenapaTom annepreHoB Nyroebix TpaB. CuMNTOMblI D03 OLICTPO paspeLnnCh B TeYEHNe
Heckonbkux gHeit nocne oTmeHbl CITAT. OnucaHbl BO3MOXHbIE BapuaHTbl npogomkeHns ACUT npu passutim 303
1 KOHKPETHO Y 3TOro nauumeHTa.

KnioueBble cnoBa: annepreH-cneuuduyeckas ummyHotepanus (ACUT), a03uHOGUNbHLIN 330¢aruT (303),
cybnuHreansHas ummyHotepanus (CIIAT), nonnuHos
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EOSINOPHILIC ESOPHAGITIS AS A RARE COMPLICATION
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Abstract. Allergen-specific immunotherapy (ASIT) is the only disease-modifying method of allergy treatment that allows
the development of long-term tolerance to an allergen. The therapy is that after confirmation of IgE-dependent sensitization
to a particular allergen, the patient can receive treatment with a preparation of this allergen. The most common and
effective ASIT for respiratory forms of allergy — rhinitis and bronchial asthma — is allergen therapy with pollen and
house dust mite allergens. There is still insufficient data on the effectiveness of animal allergens. For vital indications,
ASIT is performed with allergenic venoms of webworms and, in some countries, with food allergens. The duration of
therapy is from 3 to 5 years, except for therapy with insect venoms and food allergens, when it is recommended to take
the allergen for life to maintain tolerance. Tolerance itself is formed after 4-6 months from the start of treatment and is
maintained for years. The safest in terms of anaphylactic reactions is sublingual allergen-specific immunotherapy (SLIT).
However, cases of eosinophilic esophagitis (EOE), a rare complication of SLIT, have been described. The present case
report describes the development of EoE in a 27-year-old man 4 weeks after starting SLIT with a tablet preparation of
meadow grass allergens. The symptoms of EoE resolved rapidly within a few days of SLIT withdrawal. Possible options
for continuing ASIT in the development of EoE and specifically in this patient are described.

Keywords: allergen immunotherapy (AIT), eosinophilic esophagitis (EoE), sublingual immunotherapy (SLIT), pollinosis
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BBEJEHUE

AnnepreH-cneuuduyeckas nmmyHotepanus (ACUT) — eaus-
CTBEHHbIN 60ME3Hb-MOANMULMPYIOLLMIA METOA NeYeHns annep-
T, KOTOPLIA NO3BONSET BblpaboTaTb JONTOCPOYHYK TOMEpaHT-
HOCTb K annepreHy. CyTb Tepanuu 3akmio4aeTcs B TOM, YTO nocrne
noaTeepxaeHus IgE-3aBncumon ceHcnbunnaaumm Kk KOHKPETHOMY
anneprexy nayueHT MOXeT nonyyaTb leYeHne npenapaTom 31o-
ro annepreHa. B ocHoBe hOpMMPOBaHNS TONMEPAHTHOCTU NEXMUT
WHOYUMpOBaHWE  annepreH-cneynguyecknx  T-perynsiTopHbix
knetok (T-reg), KOTOpble C MOMOLLbK CYMPECCOPHbIX LIUTOKMHOB
MOAYNMPYKT cneumnduyeckuin T- n B-kneTouHbiin oTBeT [1]. 310
MPUBOANT K yCUNEHNO BbipaboTku cneumdmnyecknx lgG4, 6noku-
pylonx genctame IgE, yHKLMOHANBEHOMY OrPaHUYEHMIO TYYHbIX
kneTok, 6a30hunoB 1 303MHOGMMOB 1 HOPMUPOBAHMIO LONTOC-
POYHOI TONMEpaHTHOCTU K annepreHy. Tepanusi MOXET MpPOBO-
AUTbCS mpenapatamn 4ns CyOnuHrBanbHOr0 NpUMeHeHus nbo
MOAKOXHBIMU UHBEKLMAMK. Y Kaaoro Metoga ecTb CBOM MIHCHI
n MuHycbl. Hanbonee pacnpoctpatera n apdektusHa ACUT npu
pecnupaTopHbIX Popmax annepr — puHUTE N GPOHXMANBHON
acTMe anniepreHamu MbiibUbl U Knewen gomaiHen nbin. O6
3 heKTUBHOCTU MPUMEHEHWS annepreHoB KMBOTHBIX OaHHbIX
noka HegocTaToyHO. [0 KM3HEHHbIM MOKa3aHMAM MPOBOAWUTCS
ACWUT gpamm nepenoHYaToKpbIibIX, U B HEKOTOPbIX CTpaHax —
NULLEBbIMA annepreHamn. [nuTenbHOCTb Tepanun CoCTaBnsieT
0T 3 [0 5 neT, 3a WCKYEHNEM Tepanuu Sigamn HacekoMbIX U
annepreHaMmy MWLM, KOrga annepreH PekoMeHAyeTcst MpuHM-
MaTb NOXW3HEHHO AN noafepxaHns TonepaHTHoctu. Cama To-
NepaHTHOCTb (hopMUpyeTCs yxe yepes 4-6 MecsLeB OT Havana
neyeHns n coxpaHsietcs rogamu. Metogy Gonee 100 nert, ero
OCHOBOMOSIOXHMKN — JleoHapa HyH 1 [xoH ®prmaH — BnepBble
onybnukoBanu pesynbTaTbl CBOE paboTbl — Tepanuu CEHHOM
NnXopagKkn NOAKOXHBIMU UHBEKLWSAMW BOAHBIX MbIMbLEBbIX JKC-
TpakToB — B XypHane The Lancet B 1911 rogy [2]. 3a MHorve
rogbl Metoanka ACUT coBeplueHCTBOBanach, MosiBUNUCL 3d-
(beKkTMBHbIE W CTaHAAPTU3MPOBaHHbIE Mpenapatbl C BbICOKUM
npocunem 6e3onacHocTy.

CybnuHreanbHas annepreH-cneyuguieckas UMMyHoTepanums
(CNNT) Hanbonee HGe3onacHa B nMnaHe pa3BUTUS CUCTEMHBIX ar-
NEpruyeckux peakumi (He 3aperucTpupoBaHO HI OBHOTO Cryyas,
TpebyloLiero BBEAEHNS 3NMHEMPUHA) 1 YaCTO SBISETCS METOAOM
Bbibopa [3]. TeM He MeHee OnMCaHbl CryYau pasBUTUS PEAKOrO
ocnoxHeHus CITUT — s03nHodunbHoro azodarnta (303) [4-6].

TunuyHble noboyHble peakumn npu npumeHenun CIIAT —
nokarbHble (¥KeHue nog A3bIKOM) M ymepeHHoe 060CTpeHve
annepruyeckoro PUHOKOHBLIOHKTUBWTA B Havane Tepanun. OTu
SBMEHNS YCMELWHO KynUPYKTCS aHTUMMCTaMUMHHBIMKA npenapa-
Tamn M Npu HeobXoaMMOCTM — TOMMYECKUMK cTepoupamn 6e3
npekpatienns ACUT. B TeueHne 2-4 Heaenb 3T CUMNTOMBI, Kak
npaBuIIo, MPOXoaAT.

Q03MHOUNbHBIN 330¢haruT — pepkoe (MeHee 1% cnyva-
€B N0 AaHHbIM MHCTPYKuuM K npenapaty ACWUT) ocnoxHeHue
CyOnMHrBanbHON  annepreH-cneLmduyeckon  UMMyHOTepanuu.
9030 — XpOHWYeckoe, UMMYHO/aHTUrEH-0NOCPEaOBaHHOe 3abo-

neBaHWe NULLEBOAA, KIMHUYECKM XapakTepusyloLleecss CUMNTo-
Mamu, CBA3aHHbIMM C OUCYHKLMEN NULLEBOAa, @ rMcTonornye-
CKn — BOCManeHvem ¢ npeobnagaHnem 303uHocmunos [7-13].

B ocHoBe naToreHesa NeXUT TEHETUYECKM AETEPMUHMPO-
BaHHOE HapylleHue anuTenuanbHOW (YHKLWW nulieBoda, 4To
W NPUBOAMT K HECOCTOSTENLHOCTA ero GapbepHOi yHKLMW 1
pa3suTuio Th2-BocnaneHus. B OCHOBHOM Tpurrepamut SBASIHOT-
CA MUWLLeBble annepreHbl. [0pasgo pexe BCTpevalTcs crydyau
NpOBOKaLWK aspoannepreHamn — ce30HHble obocTperns 303 y
nauyneHToB C aNnnepruyeckum puHUTOM Ha POHe LiBETEHUS 3Haum-
Mbix pacteHnit. CITNT nbinbLeBbIMK annepreHamm Takke MoxeT
ObITb TPUITEPOM U, Kak MpaBuUNo, 3TO SABNSETCS NMPOTUBOMOKa3a-
Huem ans npogomkenus CIIAT [3, 4].

9030 paHee OTHOCWNM K annepruyeckum 3aboneBaHnsM,
npoTekatLMM No cMellaHHoMy MexaHuamy: tun |, IgE-3aBucu-
MbIA 1 TUN [V — runepyyBCTBUTENBHOCTL 3aMEANEHHOr0 Tuna.
CoBpemeHHas knaccudukaums otHocut 309 k Vb Tuny annep-
TMYeCKWX peakLuii, B OCHOBE KOTOPbIX NexuT Th2-socnanexue.
Th2 npooyUMpylT MHOXECTBO LWTOKUHOB — WHTEpPrenkunH-4
(n-4), Un-5, UN-9, UN-13, NUN-31 n sotakcuHbl |-IIl. Knouesas
ponb npuHagnexut Wi-4 n UIN-13, uHgyumupyrowmx nepeksoye-
Hue B-numdoumnTtoB Ha cuHTes IgE. N-13 Takke OTBETCTBEHEH
3a pemopenvpoBaHne TKaHeW, BOBMEYEHHbIX B XPOHMYECKOe
BocnaneHue. WI-5 obecneunBaeTt npuereveHne 303MHODUNOB
3 KOCTHOTO MO3ra 1 X NEPCUCTMPOBAHME B O4are BOCMANEHNS.
[erpaHynsumus 303MHOMUIOB 1 BbICBODOXAEHNE UX 3HLOTEHHBIX
npotea3 CnocobCTBYeT AanbHEMLLEMY MOBPEXOAEHNIO TKaHEN,
XPOHM3aLnW BocnaneHus u ycyrybneHuo pedekta GapbepHon
yHKUMm anuTenus [14].

03 paHee cuuTancs pegkum 3abonesaHnem. OaHako B Ha-
cTosiLee Bpems oTMeyaeTcs Bce bonblue nybnvkaumin n pocT 3a-
BoneBaemocTH, 4To, BEPOSITHO, CBA3AHO C BHEOPEHUEM 3HaHWI B
npakTUKy W NPOAOMKEHNEM U3YYEHUS aHHON NaToNormm.

MepBble nybnukauum 06 303MHOMAMM NULLEBOLA NOSBU-
nueb B 70-x rogax XX Beka. B Poccuiickon ®egepauuu peko-
MeHZauMM 1Mo AWarHoCTUKe W neyeHnto D00 BMEpBbIE BbILN
B 2013 roay [9].

KNMUHWUYECKUU CIYYAH

lMauneHT, Myx4nHa 27 neT, C CE30HHbIM annepruiyeckuM pu-
HOKOHBIOHKTUBUTOM, CEHCMOMNM3aLmeit K nyroebiM Tpaeam. XKa-
no6bl B TeYEHNE HECKOMbKNX NET, KMHUYECKNe NPOSIBREHNUS Ha-
pacTatoT B AunHamuke. CeHcubunmuaauums k nyrobiM TpaBam bbina
MoATBEPXAEHA C MOMOLLBIO NMPUK-TECTOB.

C ceBpans 2022 roga Hauat nep.bint kypc CIIAT. CornacHo
WHCTPYKLMKM K npenapaTy, nauyueHT npornatbiBan ChtoHy nocne
pacTBopeHust TabneTku. B nepeyto Hegemo Tepanuu oTMeva-
nacb yMepeHHas MECTHast peakums (¥okeHue crnmancton 0bonoy-
ki oA 5A3bIKOM), YTO BCTpeyaeTcs YacTo npu CIIUT n oxngaeTtcs
Ha HavanbHbIX 3Tanax Tepanun. Ha oHe npuema aHTUrucTa-
MUHHbBIX NPenapaToB ykasaHHble CUMMTOMbI YMEHbLKUIUCH W B
JanbHeiiwem yxe He Becnokounu n 6e3 MeankaMeHTO3HO Noa-
LEPXKU.
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CLINICAL CASE

lMpUMepHO Yepes MecsL OT cTapTa Tepanuu y nauueHTa
BrEpPBbIE MOSBUAMCH CUMMNTOMbI Aucdariu, Yemy OH He npugan
3HaueHns u He ceasan co CJINT. O ceoux cuMnTOMax mauneHT
€o06WMN TOMbKO Yepes 2 Hefenu, Tak Kak OHW CTann exenHeB-
HbIMU, U BO3HUKNA O4YEHb MHTEHCKBHAs 6OMb MpU rnoTaHWm, co
CMOB NaLueHTa, «40 cnesy. bbinu Takxke xanobbl Ha nepuognye-
CKMI ONCKOMCOPT B HOCOTMOTKE, OLLYLEHNE HEXBATKM BO3AyXa U
HagcafHbIM Kalenb ANMTENbHOCTBI0 [0 HECKONMbKMX MMHYT no-
Ccne npuema Ny, NPenMyLLECTBEHHO AHEM.

Knunnyecku 3anogospeH 303, W cpasy nocne coobuieHus
nauueHTom o nobouHom agpcbekte npenapata CIINT Obina npep-
BaHa, YTO NpuBENO K ObICTPOMY pa3speLLeHno KIMHYECKON Kap-
TUHbI. MauneHT 6611 0cMOTPeH oTopuHonapuHronorom (JTIOPowm),
naTonorum co cTopoHbl JIOP-opraHoB He BbISBNEHO.

B Onwxainwme AgHU ObiNo NpoBEAEHO 3HAOCKOMWYECKOE UC-
cneposaHve (33odaroractpogyogeHockonus — OIAC). B cuny
HenpogomkuTensHoro Bpemenn npnema CIINT makpockonuyeckas
kapTiHa He Obina ybeauTensHON M pacLieHmBanach nuLb kak no-
[03peHne Ha J03. Mpu rMCTONOrMYECKOM UCCMEd0BaHN LWEeCTH
BronTaToB cnmancToit 060M04KM NKLLYEBOAA BbIsSBNEHO A0 50 303u-
HOWNOB B None 3peHust npu yeenuyeHnn x400 npu JONyCTUMBIX
3HaueHmsX ansa nuwesoda o 15, uto noarBepanno anarHo3 3o3.

MockonbKy nocne OTMEHbI Mpenapata CUMNTOMbI gucdarun
NOMHOCTbIO KyNUPOBanuch B TedeHne 1-2 gHemn, MeaukaMeHTo3-
Has Tepanusi 33oaruTa He HasHayanacb. Ha MoBTOPHON 3HAO-
ckonuu, nmpoBefeHHon yepe3d 10 mecsues, Habmoganach Hop-
ManbHas kapTuHa cnnsucton obonoyku. broncus 6e3 npusHakos
azocharuta.

HecmoTps Ha passuTMe cepbesHoro ocrnoxHenus CIIAT,
naumeHT Bbin HacTpoeH Ha npogomkenne ACUT B cnegyrowem
ce3oHe (kaxabi ce3oH CITAT nbinbLEBLIMA annepreHamm Haun-
HaeTcs 3a 4 mecslUa [0 Havyana UBeTeHUs W ANWTCS OO KOHUA
LBETEHMS!), T.K. CUMNTOMbI MOSAIMHO3a CUMBHO HapyLuanu kavecT-
BO XM3HW. PaccmaTpuBanach BO3MOXHOCTb npogomxerus CITAT
Ha (boHe CTaHAapTHo! Tepanunm 303 (MHMMOWUTOPBI MPOTOHHOM
nomnbl (WMM), Byaeconns nnbo hnyTrKasoH), 4To HE UCKITYano
Bbl BO3MOXHOrO obocTpeHns. PaccmatpuBanach BO3MOXHOCTb
npopomkeHns CIIAT «noa npukpbiTeM» npenapatom [ynuny-
mab, npuMeHsieMbIM Ans nevenust 303. OpHaKo, y4UTLIBAs HOp-
MasibHble pe3ynbTaTbl TOBTOPHOI SHAOCKONUM C Broncuei, nony-
YeHMe JaHHOW Tepanuu B pamMkax 00513aTenbHOr0 MeAMLMHCKOro
CTpaxoBaHWs BbINo uckmoyeHo. Mepexon Ha NOAKOXKHYI UMMY-
Hotepanuio (MKT) Takke Bbin HexenaTeneH BBULY OTCYTCTBUS
CTaHAapTu3npoBaHHbIx npenapatos ans MKAT.

EcTb uccnegosaHns, NoaTBepXAaloWMe BO3MOXHOCTb Mpo-
pomkenns CITIAT npu ycnoBuu CnneBbIBaHUS CITIOHBI MOCHE
cybrvHrBanbHoi akcnoauuum npenapata [5]. Mepea Bo306HOB-
nexvem CIIAT nauneHTy 6bin0 NpoBedEHO 3HAOCKOMUYECKOEe
“ccnegoBaHne c¢ Ouoncuen, nokasaBllee OTCYTCTBUME 303WHO-
(bunbHOro BocnaneHus B nueBoae. Tepanus Gbina npogosxe-
Ha. Mpw Takom cnocobe nposegerns CIINT naumeHT B 2023 rogy
YCMELLHO MPOLUEn NOMHOCTBI MEPBbIA MPefCce30HHO-CE30HHbIN
kypc Tepanuu 6e3 noboYHbIX 3hDEKTOB U C NOMOKUTENBHBIM pe-
3yNnbTaTOM B BUAE YMEHBLUEHUS CUMITOMOB NONnMHo3a. B HacTo-

siLlee BPeMs NeYeHne NpoLomKkaeTcs (2-i Kypc U3 Heobxoanmbix
TPeX), 3TO rOBOPUT O TOM, YTO npogomkeHue CITAT BO3MOXHO K
3heKTUBHO.

3AKNIOYEHUE

[aHHbI MpUMep AEMOHCTPUPYET, YTO B ClyyYae pa3BuTUS
903 Ha ¢oHe CIINT npogomkerne CIINT NpuYMHHO-3HAYUMBIM
annepreHoM BO3MOXHO. [1ns yCreLwHoro NpogomKkeHus Tepanuu
HeobxoanmMo cobniofeHne onpeaeneHHbIX YCroBUA: JOCTUXEHNE
nosiHoM pemuccun 303 nepef BoaspaLleHnem k CIINT, cnnesbl-
BaHWe CIMIoHbI NOCne CyBMMHrBanbHON 9KCMO3MLMM anmneprena.

B Hawewm cnyyae npogomkenne CITIUT 6bino ocyLyecTBneHo
yepes rod, YTo npoanktoBaHo ocobeHHoctamu CIIAT nbinbue-
BbIMW annepreHamu — npeace30HHO-CE30HHBIA NPOTOKON, Koraa
neyeHne HauMHaeTcs 3a 4 Mecsla 4o LBETEHUS U NPOLOIKaeTCs
BECb MepuoA LBeTeHus. Takon AnuTenbHbIA MHTepBan obecne-
4K NOMHyK pemuccuio 303 Yy nauueHTa. MOBTOPHYK 3HAOCKO-
nuio ¢ Broncuen NPOBOAMIKM Yxe HenoCpedCcTBEHHO nepen 3a-
nnaHupoBaHHbIM npogomkeHnem CIIAT.

B cnyyae ncnonb3osanus CITT ¢ kpyrnoroguyHbIiM NpoToKo-
NOM Heobx0a4NMO OPUEHTMPOBATLCA Ha CPOKM CTaHOAPTHOM pe-
muccun 303. B bonbluMHCTBE CnyvaeB NOBTOPHbIE SHAOCKOMUM
nuwesoaa ¢ bruoncuen Yepes 2 MecsLa aNUMUHALMU NPUYUHHOTO
annepreHa oOHapyXWBaKT NONHOE paspeLleHne 303UHO(UIUM
nuwesoaa [8].

AOMONHUTENBHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHECNM CYLIECTBEHHDINA BKNA
B pa3paboTKy KOHLENuuM, NpoBEeAEHNE UCCNEAO0BaHMS W NOAro-
TOBKY CTaTb, NPOYIM 1 OA0OPUAM (hUHAMBHYIO BEPCUIO NEpes
nybrmkayuen.

KoHcbnukt uHTepecoB. ABTOPbI AeKnapupyloT OTCYTCTBUE
SIBHbIX W MOTEHLMamNbHbIX KOH(MWUKTOB UHTEPECOB, CBA3AHHbIX C
nybnmkaLmen HacTosILLEN CTaTbMm.

WUcTounuk dmHaHcupoBaHus. ABTOpbI 3asBnstoT 06 OTCyT-
CTBUM BHELUHEro (PUHaHCUPOBaHUS MpU NPOBEEHUU WUCCheno-
BaHUs.

WHdopmupoBaHHoe cornacue Ha ny6nukaumio. ABTOpbI
MONYy4YMnM NUCbMEHHOE COrnacue nauueHTa Ha nybnvkauumio me-
BULIMHCKUX AaHHbIX.

KomnaHuu-npon3BoanTento 0 BO3HWKLIEM OCTOXHEHUM Oblno
C006LLEHO.
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INFORMATION

MPABUIA O ABTOPOB

Yme. npuka3om u.o. pekmopa
@r60Y BO CrierfiMy Munsdpasa Poccuu om 05.04.24

HACTOALUME NMPABUNA ANnA ABTOPOB
ABNAIOTCA U3OATENBCKUM 0OrOBOPOM

Ycnosus Hactoswero florosopa (ganee «[loroBop») sBnsioTCA
nybnnyHon odpepton B CoOTBETCTBMM C n. 2 CT. 437 [paxpaHcko-
ro kogekca Poccuitickon ®epepaumn. [dawubii [loroBop onpege-
nseT B3aWMOOTHOLLEHMS MEeXAy pefakuuei xypHana «Russian
Biomedical Research» (manee no Tekcty «KypHany), 3aperu-
cTpupoBaHHoro ®epepansHoii cnyx6oi no Hag3opy B cdepe CBs-
31, MHGOPMALMOHHBIX TEXHOMOTMA W MacCOBbIX KOMMYHMKaLMIA
(POCKOMHALI30P), ceugetenbctao: MA Ne ®C77-74228 ot 02 Hos-
Bps 2018 1. (paHee M Ne TY78-01869 ot 17 mas 2016 r.), uMeHyemol
B fanbHelweM «Pefakunsy 1 SBNAIOWENCH CTPYKTYPHbIM noapas-
penexvem ®rboy BO CMN6IMMY Munagpaea Poccun, 1 aBTOpom
W/Mnn aBTOPCKMM KOMNEKTMBOM (M MHbIM MpaBoobnagatenem), ume-
HyeMbIM B AanbHeLLIEeM «ABTOPY, NPUHSBLUMM NyBAMYHOE Npeanoxe-
Hue (oepTy) 0 3akntoueHun Jorosopa.

AsTop nepepaet Pefakuuu Ans usgaxus asTopCKuin opuruHan
WA pPyKOMUCh. YKa3aHHbIN aBTOPCKNUIA OpuUrMHan AOMKeH CooTBeT-
cTBoBaTb TpeboBaHUsAM, yka3aHHbIM B pa3genax «[lpefcraBnexue
pykonucy B xypHam», «OdopmneHue pykonucuy. Mpu paccmoTpe-
HWWM MONMYYEHHbIX aBTOPCKMX MaTepuanos XKypHan pykoBOACTBY-
eTca «EguHbiMm TpeboBaHUAMM K pyKOnMCsAM, NpeLcTaBnsieMbIM B
BromegmumHckue xypHanbl» (Intern. committee of medical journal
editors. Uniform requirements for manuscripts submitted to biomedi-
cal journals. Ann Intern Med. 1997;126:36-47).

B XypHane nevatarotcs paHee He onybnukoBaHHbIe paboTbl No
npocunio XKypHana.

ypHan He paccmatpuBaeT paboTbl, pesynbrarhl KOTOPbIX MO
Bonblueit yactn yxe Bbinn onybnmkoBaHbl UNK ONUCaHbl B CTa-
TbSIX, NPEACTABNEHHbIX MU NPUHATLIX ANs ny6nukauun B opyrue
neyaTHble UNU 3NeKTPOHHbIE CPefcTBa MacCoBOW WHGOPMALIMK.
lMpeacTaBnss cTaTbio, aBTOP BCeraa JOMKEH CTaBUTb PeAaKLmio B
N3BECTHOCTb 060 BCEX HampaBMeHWsX 3TOW CTaTbu B Meyatb U 0
npeAblgyLLMX Ny6nuKkaLusx, KOTOpbIE MOryT paccMaTpuBaThCs Kak
MHOXeCTBEHHbIE WUNK Aybnupylowme nybnukauum Tonm xe camom
nnu o4eHb 6nnskoit paboTbl. ABTOP AOMKEH YBEAOMUTbL pefakLmio
0 TOM, COZEPXMNT N CTaTba yxe onybruKoBaHHbIE MaTepuansl, U
npefocTaBUTb CCbIAIKM Ha NpeablayLylo, 4Tobbl faTb peaakuuu
BO3MOXHOCTb MPUHATL PeLleHne, kak NocTynuTb B AaHHOW CuTya-
uuu. He npuHUMaloTcs K nevatu ctatby, NpeacTaBnsiowmne cobon
oTZenbHbIe 3Tanbl He3aBepLUeHHbIX UCCNEeA0BaHNIA, a Takxke cTa-
TbY C HapyLueHueM «MpaBun 1 HopM rymMmaHHoro obpatlueHuns ¢ 6uo-
obbekTamu uccnenoBaHuiy.

Pa3smeLyeHne nybnmkaumin BO3MOXHO TOMbKO NOCNE NONyYeHust
NONOXMTENbHOW peLeH3nu.

Bce cTtatbu, B TOM yMcne cTaTbu acCNMpPaHTOB U JOKTOPaH-
TOB, Ny6nukytoTca 6ecnnaTHo.

Mopava cratenm B xypHan «Russian Biomedical Research»
OCYLLECTBMSAETCA MO agpecy 3MeKTPOHHOI noyThl avas?@mail.ru ¢
nomeTkon «ana Russian Biomedical Research» nnv yepes cant
https://ojs3.gpmu.org/index.php/biomedical-research.

TpeboBaHus k oTnpaBKe cTaTei

Mepepn 3anonHeHNeM aHkeTbl aBTopaM pekoMeHAyeTcs NOAro-
TOBWUTb BCe HeoBXxoAuMble ANS BBOAA AaHHble, a Takxe BblbpaTbh
aBsTopa (B crnyyae konnekTtuea astopos ctatbun), OTBETCTBEHHO-
rO 3A MEPENMWCKY. ins ycnewHoro 3anofnHerus aHKeTbl Heob-
XOAWMO UMETb BCK YKasaHHY0 MHGOPMALIMIO 1 HA PYCCKOM, M Ha
QHITIMIACKOM S3blKaXx.

Bce HasBaHMs Ha aHrMUICKOM $3blKe, BKNOYas Ha3BaHWS
CTaTbi, HA3BaHUSA YYPEXAEHUNA, UX NOLPa3[ENeHUn AOMXKHbI
npuBoaMTLCS C nponucHbix Byks (Hanpumep: Sex Differences
In Aging, Life Span And Spontaneous Tumorigenesis; Bulletin
of Experimental Biology and Medicine; Saint Petersburg State
Pediatric Medical University) n HenpemMeHHO B COOTBETCTBUN C
oduunanbHbIMU HaMMEHOBaHNAMN 6€3 CaMOAeATENbHOCTH.

AHKeTHble faHHble Bcex aBTopoB — Mmsa OtyecTBo damunus
(monHoCTbI0), yyeHas cTeneHb, 3BaHNe, JOMKHOCTb, MECTO PaboThl
(kadpegpa, oTAENEHWE), Ha3BaHWe yupexaeHus, agpec yypexae-
Hus, e-mail, ORCID, SPIN-koa, TenedoH, ®UO aBTopa, 0TBETCT-
BEHHOr0 3a Nepenucky, 1 T.4. — 3anonHATCA B COOTBETCTBYOLNX
nonsx popmbl 3asBku. Pe3tome, knoyeBble CNoBa W Ha3BaHuWe CTa-
TbY TaKXe 3anoNHATCS OHNaH.

Cratbs foMmKHa COOTBETCTBOBATL NpaBunam opopmMieHns cTa-
el K nybnukaumum (CM. HUXe).

K kaxgoi ctaTbe npunaraetcs gann OKCNepTHOro 3aknio-
yeHns (33). Onsa astopos CMGIMIMY 33 moxeT Tonbko noa-
nucbIBaTbCA aBTOpamu cTaTbu, nevaTb HeobsasaTenbHa. [ns
aBTOPOB ApYrux yupexpaenuin 33 odopmnsercs 06s3aTenbHO
MOMHOCTLI, C NevaTsaMu (Kpyrnas neyatb y4pexmaeHus) u noa-
NUCAMU PYKOBOAWTENEA WM KOMWUCCWIA [AaHHOMO YuYpexaeHus.
3anonHeHHbIN, NOANUCAHHBIA U «OomneYaTaHHblny 6naHk 33 ans
OTNpaBku OHNalH NpeABapuUTENbHO CKaHUpyeTcs unu goTo-
rpacupyetcs. O6pasey 33 moxHo ckavatb (https:/gpmu.org/
science/pediatricsmagazine/Russian_Biomedical_Research, BbnaHk
9KCMEPTHOrO 3aKIKYEHMS).

OTnpaBneHHble aHKETHbIE AaHHbIE aBTOPOB, CTaTbs, O3 NoCTy-
natoT Ha E-mail aBTopy-oTnpaBuTenio (4N NogTBEpXAEHNS 1 Npo-
BEpKM 0TNpaBkm) 1 Ha E-mail pepakuum screenter@mail.ru TexHndeckomy
penakTopy xypHana «Russian Biomedical Researchy, ¢ koTopbIM 0OCy-
LLeCTBNSAETCS BCS AanbHemLas paboTta no noAroToBKe CTaTby B nevaTb.
Bce Bonpochk! no 0TnpaBKe CTaTen MOXHO aApecoBaTh Ha SMEKTPOHHbIN
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appec scrcenter@mail.ru TexHu4eckoMy pegakTopy xypHana «Russian
Biomedical Research» Mapun AnekcaHgpoBHe MaxomoBoi.

Pykonucb cuutaetcs noctynuslueir B Pepakuuio, ecnv oHa
npeacTaBneHa KOMNMEKTHO 1 0hopMIeHa B COOTBETCTBUM C OMK-
CaHHbIMK TpeboBaHuamu. [peaBapuUTeNbHOE PacCCMOTPEHNE PYKO-
nucK, He 3akasaHHon Pefakumen, He aBnsieTcs GakToM 3akmnoye-
HWUS MeX Ay CTopoHaMu u3aatensckoro [lorosopa.

Mpu npepcTasneHun pykonuey B XKypHan ABTOpbI HECYT OTBETCT-
BEHHOCTb 3a PacKpbITe CBOMX (OMHAHCOBbLIX W APYTMX KOHIMKTHBIX
WHTEPECOB, CNOCOBHbIX Okas3aTh BRUsHWE Ha ux paboty. B pykonucy
BOIMKHBI ObITb YIOMSHYTHI BCE NUL@ W OpraHu3aLmu, okasasLuve du-
HaHCOBYIO MOAAEPXKY (B BUAE rpaHTOB, 0BOpyAOBaHWS, fekapcTs UM
BCEro 3TOr0 BMECTE), a Takxe Apyroe PUHAHCOBOE MM fIMYHOE yyacTue.

B koHUe kaxpon cTaTbi 00si3aTeNbHO yKas3biBAKTCS BKNaA
aBTOPOB B HanucaHue cTaTby, UCTOYHUKM (PUHAHCMPOBaHNS (eCnu
MMetTCS), OTCYTCTBUE KOH(IUKTa MHTEPeCOoB, Hannyue cornacus
Ha ny6nukaLuio Co CTOPOHbI NaLMeHTOoB.

MpaBuna ocopmnenus crateit k nyénukayum

CrtaTbA NnpegocTaBnsAeTcs B ANeKTPOHHOMN chopme (hann MS
Word Bepcum He cTapue 2003, T.e. ¢ paclumpernem doc), Wpndt —
14, vHTEepBan — NONYTOPHbIN.

®ann cratbn HasbiBaeTcd no Gamunuu NepsBoro aBTopa, Ha-
npumep, MeaHos.doc nnu Petrov.doc. Hukakux gpyrux cnos B Ha-
3BaHUK HE JOMXHO ObITh!

OpwWeHTMpOBOYHble pa3Mepbl CTaTby, BKNOYAs ykasaTenb nu-
TepaTypbl, Tabnuubl 1 pestome, — 10-12 cTpaHuy TekcTa yepes
nontopa uHTepeana unu 20-25 Teicay 3HakoB ¢ npobenamu. Peko-
MeHayeMmblin pasmep 063opa — 18-20 cTpaHuML, «MaLIUHOMUCHOTO»
TekcTa unm 35-40 Tbicsay 3HakoB ¢ npobenamu. MpumepHoe Yncno
nUTepaTypHbIX CCbINOK AN aKcnepumeHTanbHomn ctatb — 20, Ans
0630poB 1 npobnemHbIx cTaTein — 50.

®dain ctatbyu JOMKEH codepKaTb

HA PYCCKOM U AHITIMACKOM A3bIKAX:

+ 3arnasve (Title) gomkHo BbITh KpaTkum (He Bonee 120 3HakoB),
TOYHO OTpaXatoLLMM COLEepKaHNe CTaTbu.

« Ceenenuss 06 aBTopax (nybrwukytorcs). [ns kaxgoro aeTopa
YKa3bIBaKOTCA: (haMunns, UMt U OTYECTBO, MeCTO paboTkl, Mo-
yToBbIN agpec mecta pabotbl, e-mail, ORCID, SPIN-koa. ®amu-
N1 aBTOPOB PEKOMEHAYETCS TPaHCMMTEPUPOBaTb Tak Xe, Kak
B npegblaywmx nybnukauusx, umv no cucteme BGN (Board of
Geographic Names), cm. cant http://www.translit.ru.

* Pesiome (Abstract) (1500-2000 3HakoB, unu 200-250 cnos)
nomeLLalT neper TEKCTOM cTaTbu. Pesiome He Tpebyetcs npu
nyonvkaLmmu peLeHsunit, 0T4ETOB O KOHGhEPEHLMsIX, MHopMaLm-
OHHBbIX MUCEM.

ABTOpCKOE pestoMe K cTaTbe SBMSETCS OCHOBHbIM MCTOYHUKOM
WHOpMaLMN B OTEYECTBEHHBIX M 3apybexHbIX MH(opmaLm-
OHHBIX cucTeMax U Bas3ax AaHHbIX, VHAEKCUPYIOLWMX XypHar.
Pestome poctynHo Ha canTe xypHana «Russian Biomedical
Research» u nHaekcupyeTcs CeTeBbIMI NOUCKOBLIMM CUCTEMA-
Mu. /3 aHHoTauuM gormkHa ObiTb NOHATHA CyTb UCCMEA0BAHMS,
HYXHO N1 0BpaLLaThCs K NONHOMY TEKCTY CTaTby A4S NONyYeHNs

Gonee nofpobHOi, MHTEpecytoLen ero MHdopmauyu. Pestome
[OMKHO M3naraTb TOMbKO CYLLECTBEHHbIE (aKTbl paboThbl.
PekomeHayemas CTpykTypa kak aHHOTauuu, Tak W camoil cTa-
o IMRAD (ans opurMHanbHbIX WCCREA0BaHU CTPYKTypa
obszatencHa): BBegeHue (Introduction), matepuansl v meToabl
(Materials and methods), pesynbTatbl (Results), obcyxaeHue
(Discussion), BbiBogbl (Conclusion). Mpeamert, Temy, Lens pabo-
Tbl HYXHO yKa3blBaTb, €CAIM OHW He ACHbl U3 3arnaBust CTaTby;
MeTO/ MNM METOLONIOTUI0 NpoBeAeHus paboThl LenecoobpasHo
ONUCHIBATb, ECIN OHW OTNINYAIOTCS HOBU3HOM MMM NPEACTaBNSAT
WHTEPEC C TOYKM 3peHns daHHoW paboTtbl. O0beM TekcTa aB-
TOPCKOro pestoMe ONpedenseTcs copepxaquem nybnukaumum
(0bbEMOM CBEAEHWNA, UX HAY4YHOW LIEHHOCTLIO M/MMK MpaKTUYe-
CKM 3Ha4eHWeM) 1 fomxkeH ObiTb B npegenax 200-250 cnos
(1500-2000 3HakoB).

+  Knioyesole crnoea (Keywords) ot 3 go 10 knmto4eBbIX CroB Wnu
crnosocoyeTaHuit u3 2—4 cnos, kotopble 6ygyT cnocobcTBOBaTH
NpaBUNbLHOMY MEPEKPECTHOMY MHAEKCMPOBAHWKO CTaTbu, MOMe-
LjaloTecs nog pesloMe C nofsaronoBkoM «KniouyeBble CroBay.
Vicnonb3yinTe TEPMWHbI W3 CMMCKA MEAWUMHCKUX NpeaMeTHbIX
3aronoskoB (Medical Subject Headings), npneegeHHoro B Index
Medicus (ecnu B 3TOM CnMcKe elje OTCYTCTBYKT Noaxogsine
0003Ha4eHns Ans HeLaBHO BBEAEHHLIX TEPMUHOB, noabepuTe
Haubonee 6ruskue u3 umetowmxcs). Knoyesble cnosa pasgens-
t0TCS 3anATON.

+ TekcT cTaTb MOxeT BbiTb HamucaH nubo Ha pycckom, nubo
Ha aHIMMIACKOM fi3blke, Takke BO3MOXHA Mybnukauws cTatbi €
NoMHbIM NepeBogoM. Ha pycckoM M aHrMNACKOM Si3blkax Heob-
XOAMMO NPEeAOCTaBUTb BCE PUCYHKM U Tabnuubl (3aronosky, Bce
Haanueu, a Takke TeKCT Tabnuy AOMKHbI UMETb NepeBos).

B paspene «MeTogukay 06513aTenbHO yka3sblBatoTCs CBEAEHNUS O
cTaTucTyeckor 0bpaboTke 3KCMEPUMEHTANBHOTO UMW KMHUYE-
CcKOro mMaTepuana. EguHuLbl n3amMepeHns fakTcs B COOTBETCTBUM
¢ MexpgyHapogHoit cuctemon eanHuy — CU. ®amunum uHo-
CTpaHHbIX aBTOPOB, LNTUPYEMble B TEKCTE PYKOMUCK, NPUBOAAT-
CSl B OPUrMHanbHOM TPaHCKPUNLMK.

Tabnuubl M PUCYHKM NPUBOZATCS HEMOCPEACTBEHHO B TENeE CTa-
TbW, KXIbIM U3 KOTOPbIX UMEET HOMEP W Ha3BaHue ¢ obs3aTenb-
HbIMW CCbIfIKAMW Ha HUX B TEKCTe CTaTb — B KOHTEKCTe nped-
NOXeHWs (HanpuMep: «...kak NokasaHo Ha pucyHke 1...») unu B
KOHLie MPeamnoXeHns B Kpyrmbix ckobkax (Hanmpumep: «...BbisiB-
neHa NonoXuTENbHas KOPPENALMOHHAs CBA3b YMEPEHHOI CTe-
nexu (r=0,41) mexay yposHem TTI mMatepu U HOBOPOXAEHHOTO
(puc. 2)»; npocbba yunTbIBaTH, YTO B NEYATHOW BEPCUM XypHana
puCyHKW ByayT BOCNPOM3BOANTLCS B YepHO-6€MoM BapuaHTe.

+ Cnmcok nuTepaTypbl 00513aTENbHO NPUBOAMTCS B MOPSIKE YNOMM-
HaHws.

TekeT cTaTby fonxeH ObITb NOArOTOBNEH B CTPOrOM COOTBETCTBUM
C HaCTOSALLMMM NpaBuMnamu 1 TLLAaTeNbHO BbiBepeH aBTopoM. B cryyae
00OHapyXeHWsl 3HAYNTENBHOTO KONMYECTBA ONeYaTok, HebpexHocTex,
NYHKTYaLMOHHbIX 1 opdhorpadmyeckux owmboK, HepacLngpoBaHHbIX
COKpaLLieHWit, OTCYTCTBUS OCHOBHbIX KOMMOHEHTOB, NEPEBOAOB 3aro-
NOBKOB TabnuL, NOAPUCYHOUHbIX MOANUCEN, HAANUCEN Ha PUCYHKaX,
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INFORMATION

TekcTa TabnuL 1 Apyrux TexH4eckux aedekToB 0hopMneHns crTaten
pefakuus BO3BpaLlaeT cTaTbto aBTopy Ans gopabotku. Hebonbluve
MOrPeLLHOCTW pefakLms MOXeT UCMpaBNTL cama be3 cornacoBaHus ¢
aBTOpoOM. Pefjakums 0CTaBnsieT 3a CoBoM NpaBo OCYLLECTBAEHNS K-
TEPaTYPHOTrO 1 TEXHUYECKOTO peakTUpOBaHus CTaTell.

CokpalueHui, kpome obLieynoTpebutenbHblx, cneayeT usbe-
raTb. CoKpaLLeHus B Ha3BaHWM CTaTbl, Ha3BaHUsX TabnuL 1 pUCyH-
KOB, B BbIBOZAX HefonycTumbl. Ecnu abbpesmatypbl ncnonbayioT-
Cs, TO BCE OHU AOMKHbI ObITb HEMPEMeHHO pacLundpoBaHbl MOMHO-
CTbIO NpK NEpBOM KX YNOMUHAHUU B TEKCTe (Hanpumep: «Hapsaay ¢
AaHHbIMU 0 POH (pe3anayansHo-opraHuyeckoil HeloCTaTOuHOCTH),
obycnosnusatowen passutie NKC (runepknHeTMYeCcKoro CUHAPO-
Ma), paclUMpeH AnanasoH UccnegoBaHUi No SHLOTEHHOW NpUpoae
AaHHOTO CUHAPOMAY.

Bce uutupoBanusa nponsoaaTcs creayiownm obpasom:

®WO aBTOpa, rog 13gaHus 1 npoyast HopMaLMs He YyOMUHAKOTCS
B TEKCTe. BMeCTO 3TOr0 ykasblBaeTCs CCbINKa Ha MCTOYHWK NUTEPaTYpbI
B BWAE HOMepa B kBaapaTHbIX ckobkax (mpumep: «Psg uccneposareneit
OTMEYaeT PasnuyHble HapyLLEHUs peyeBbIX (YHKLMIA MpY anunencn B
petckom BoapacTte [17, 21, 22].»), KOTOpbIi BKMIOYEH B pacCTaBMEHHbIA
B nopsiake ynomuHaHus (1, 2, 3 1 1.4.) CIMCOK UCTOYHWKOB B KOHLIE CTaTbM.

Bce cebinkm LOMKHBI UMETb COOTBETCTBYHOLLMIA MCTOYHUK B CMK-
CKe, a Kax[bli NCTOYHMK B CINCKE — CCbIMKY B TEKCTE.

B Buae uckmioyeHns B Tekcte moryT npusogutbes ®NO koH-
KpeTHbIX aBTopoB B opmate M.0. ®amunus, rog n gaxe Hasga-
HWe WCTOYHMKa, HO MpK 3TOM BCE paBHO 0bsi3aTenbHa Ccbinka (B
KBafpaTHbIX CkobKax B KOHLE NPEANOXEHUs) Ha UCTOYHUK, BKIHO-
YeHHbI B cnucok nutepatypbl. (Hanpumep: «B 1892 rogy Benukuit
OpacT lamunbToHCKWA onucan B cBoem 6eccmeptHom Tpyae «O6
OTKPbITUM TPETLETO YXa Y YernoBeka» TpeTbe (HemapHoe) yxo» [34].)

Nurepatypa (References)

YuutbiBas TpebOBaHUS MEXAYHApPOAHbIX CUCTEM LMTMPOBA-
HWSI, CNUCOK NUTepaTypbl NPUBOANTCS HE TOMbBKO B 0ObIYHOM BUAE,
HO TakXe 1 JOMOMHMTENbHO B NEPEBEAEHHOM Ha aHIMNIACKNIA A3bIK
(References).

B ctatbe NpuBOASATCS CCbIMKM Ha BCE YNOMUHAEMble B TeKCTE
NCTOYHWKM.

damunnn v nHMYManbl aBTOPOB B NPUCTATENHOM CIICKE NPUBO-
[ATCS B NOPSAKE YNOMUHAHNS.

B onncaHnum ykasbiBatoTcs Bce aBTopbI nybnukayum.

Bubnuorpaduyeckne CCbinku B TEKCTE CTaTbi JAKOTCS B KBa-
paTHbIX cKobKax.

Ccbinkn Ha Heony6nnkoBaHHbIe paboTbl He 4ONYyCKaTCS.

Cnucok nuTepaTypbl KOMIIEKTYETCSA B CreayoLeM nopsakKe:

HopmamugHbie akmbl

lMpuka3sbl, HOPMATUBHbIE aKTbl, METOAMYECKWE NUCbMA W NPO-
yMe 3aKOHHble aKTbl, MaTeHTbl, NOE3HbIE MOAENN He BHOCATCS B
CNNCOK NUTEpaTypbl, 0OPMAAKTCS B BUAE CHOCOoK. CHOCKa — npu-
MeyaHue, NoMeLLaeMoe BHIU3Y CTpaHULbl (MOCTpaHUYHAs CHOCKA).
3Hak CHOCKW CTaBsT Lndpoi nocne gparmeHTa OCHOBHOIO TEKCTA,
roe eCTb ynoMuHaHue 06 3TUX UCTOYHMKaxX. PekoMmeHayeTcs CkBO3-
Hast HyMepaLns CHOCOK MO TEeKCTY.

WHumepHem-pecypc

1. HTepHeT-pecypc, roe eCTb Ha3BaHWe WCTOYHMKA, aBTop,
BHOCMTCS B CMIUCOK NUTepaTypbl (B NOpsiAKke andasnTa) ¢ ykasaHu-
em aaTbl 0bpaLeHns (CM. Hixe npuMep 0hOpMIEHUs).

2. Ecnn ecTb TONBKO CChifka Ha canT, 0popmMaseTcs noacTpou-
HOe npuMeYaHue (CHocka), ¢ ykazaHuem Aatbl 06palleHus.

LWernos /. Hackonbko Benuka ponb MUKpodnopsl B Gruonorum
BNAa-x0381Ha? KuBble CUCTEMbI: HAaYYHbI 3NEKTPOHHBIN XypHan.
HoctyneH no:  http://www.biorf.ru/catalog.aspx?cat_id=396&d_
no=3576 (nata obpaweHus: 02.07.2012).

Kealy M. A., Small R. E., Liamputtong P. Recovery after caesarean
birth: a qualitative study of women'’s accounts in Victoria, Australia. BMC
Pregnancy and Childbirth. 2010. Available at: http://www.biomedcentral.
com/1471-2393/10/47/ (accessed: 11.09.2013).

Mpumepbl ochopmneHus nutepatypbl

KHuea:

tOpbes B.K., Monceesa K.E., Mywerko B.A. OcHoBbl 06LlecTBEH-
HOro 300pOBbA 1 3apaBooxpaHerus. Yuebruk. Cr6.: CnewJlut; 2019.

Hukudopos O.H., pea. Cankr-Metepbypr B 2021 rogy. CI6.:
MeTpocTar; 2022.

Brandenburg J.H., Ponti G.S., Worring A.F. eds. Vocal cord
injection with autogenous fat. 3 rd ed. NY:Mosby; 1998.

Domeika M. Diagnosis of genital chlamydial infection in humans
as well as in cattle. Uppsala; 1994.

[nasa us kHu2u:

TytenbsH B.A., Hukutiok [.5., WapadetamHos X.X. 3goposoe
MUTaHe — OCHOBA 340POBOro 0Bpa3a XU3HM 1 NPOGUNAKTMKI XPO-
HWYECKMX HEeMHDEKLNOHHbIX 3aboneBaHuit. B kH.: 30opoBbe Moso-
[eXu: HoBble BbI30BbI M nepcnektuebl. T. 3. M.; 2019: 203-227.

Cmambs us XypHana:

KapcaHos A.M., MonynuHa H.B., Morvyaes T.K. besonacHocTts na-
LMeHTOB B xupyprun. YacTtb 2: lporpaMmma MeHegXMeHTa kadecTsa
XMpyprideckoro nedeHus. MeguupHckue texHonorumn. OLeHKa W Bbl-
6op. 2019;1(35):56-65. DOI: 10.31556/2219-0678.2019.35.1.056-065.

Brandenburg J.H., Ponti G.S., Worring A.F. Vocal cord injection
with autogenous fat: a long-term magnetic resona. Laryngoscope.
1996;106(2,pt 1):174-80.

Deb S., Campbell B.K., Pincott-Allen C. et al. Quantifying
effect of combined oral contraceptive pill on functional ovarian
reserve as measured by serum anti-Mdullerian hormone and
small antral follicle count using three-dimensional ultrasound.
Ultrasound Obstet Gynecol. 2012;39(5):574-580.

Tesucbi doknados, Mamepuarbl Hay4YHbIX KOHGhepeHYul:

Mapkosckasi W.H., 3aBbsnosa A.H., KysHeuosa K.B. MukpobHbiIi
nersax nauueHTa NepBoro rofa *wsHu ¢ Aucdarnent, AAUTENbHO
Haxopswerocs B OPUT. XXX KoHrpecc getckux racTpo3HTEPOSIOroB
Poccum 1 ctpad CHI™: Tes. gokn. M.; 2023: 29-31.

Canos W.A., MapuHywkut [I.H. Akylwepckas TakTka npu BHY-
TpuyTpobHoM rnbenu nnoga. B kH.: MaTepuans! IV Poccuiickoro ¢o-
pyma «Matb u gutsa». Y. 1. M.; 2000; 516-519.

Asmopeepambi:

Asunos A.1O. [leBnauuy nonoponeBoi UAEHTUYHOCTU MYXYMH C
YMCTBEHHO OTCTaNoCTbi0 B YCMOBUSX MCUXOHEBPONOrNYECKOro UH-
TepHaTta. ABToped. auc. ... kaHa. ncuxon. Hayk. CI16.; 2021.
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OnucaHue uHmepHem-pecypca:

EctectBeHHoe ABuxeHne HaceneHws. Mocksa: Poccrat. [o-
ctyneH no: https://rosstat.gov.ru/folder/12781 (gata obpalyerus:
23.10.2023).

World Health Organization. Prevalence and incidence of selected
sexually transmitted infections — 2008. Geneva: World Health
Organization; 2012. Available at: https://aefsg.ch/wp-content/uploads/
who-9789241503839_eng.pdf (accessed” 11.04.2024)

lMepeBoa v TpaHcnuTepaums

B 3aBucumocTu OT cuTyaumu cnegyet nnbo npoBoAUTb TpaHCMK-
Tepauuto (Mncatb UCXOAHbIe HeaHrMosA3bIYHbIE CoBa GyKkBaMM poMaH-
cKoro andaswTa), MMbo yka3blBaTb NEPEBOS HEAHTOA3bIYHOM MHAOP-
maLu 0 NepBOUCTOYHYKax B References.

Ecnu uutpyemas ctaTtbs HanucaHa Ha naTUHUUE (Ha aHrui-
CKOM, HEMELKOM, WCMaHCKOM, WTamnbsHCKOM, (DUHCKOM, AAaTCKOM W
ApYrux s3blkax, MCNONb3yHOLLMX POMAHCKMI andasuT), CChINKy Ha Hee
cneayeT NPUBECTU Ha OpUrMHANBHOM A3blke onyBnukoBaHus. Mpumep
(cTaTbsi B HOPBEXCKOM XYpHare Ha HOPBEKCKOM A3bIKE):

Ellingsen A.E., Wilhelmsen I. Sykdomsangst blant medisinog jus-
studenter. Tidsskr Nor Laegeforen. 2002;122(8):785-787. (In Norwegian).

Ecnu cTaTbs HanucaHa He Ha naTUHMUE (Ha Kupunauue, B TOM
YuCne Ha PYCCKOM), HYXHO MPUBECTU OULMarnbHbIA NepeBod Ui
BbINOMHUTL TPAHCMUTEPALMO B POMaHCKM andasuT. [Ang KHUr He-
00X0aMMO B 3TOM Cryyae MpWBECTU TPAHCMMTEPALMIO HA NaTUHMLLY.
B koHLie onucaHms B ckobkax yka3aTb S3bIK M3gaHus.

Ceblinka Ha UcTouHWK nuTepatypbl B References moxet coctosTs op-
HOBPEMEHHO M W3 TPaHCTTEPUPOBaHHBIX 3nemeHToB (Hampumep, ®VO
aBTOPOB, HA3BAHWS JXYPHAMOB), 1 U3 NEPEBOAHBIX (Ha3BaHMe nybnmKkaLm).

CraHgapT TpaHcnutepaumu. Mpu TpaHcnMTEpaLun pekoMeHay-
eTcs ucnonb3oeath cTaHgapT BSI (British Standard Institute, UK). [ns
TpaHCnMTEPaLyK TekcTa B COOTBETCTBUM CO CTaHgapToM BSI moxHo
BOCMONb30BaTbCs Cebinkoi http://ru.translit.ru/?account=bsi.

®UO0 aBTOPOB, PeAaKTOpoB. Pamunuu 1 MHULMAMBI BCEX aBTO-
POB Ha naTuHWULe CneayeT NPUBOANUTL B CCbIfKe Tak, kak OHW AaHbl B
opurvHanbHom nybnvkauuu. Ecnm B opurvHanbHoOM nybnvkauumn yxe
6binu npueeaeHsl Ha natuHule PO aBTOpOB, B CChIKE Ha CTaTblo
CneayeT ykasblBaTb MMEHHO 3TOT BapuaHT (HE3aBMCHMO OT UCMONb30-
BaHHOW CUCTEMbI TPaHCMMTEPALMN B NEPBOMCTONHMKE). Ecnn B odn-
LiMarnbHbIX UCTOYHMKAX (Ha CalTe XypHana, B 6a3ax AaHHbIX, B TOM Yi-
cne B eLIBRARY) ®M1O aBTopoB Ha naTuHuLe He NpuUBELEHbI, CregyeT
TPaHCNMTEPUPOBATL UX CAMOCTOSTENBHO N0 cTaHAapTy BSI.

HasBaHnue ny6nukaumun. Ecnu y uutupyemon Bamu pabotsi cy-
LeCcTBYyeT ohuLMarnbHbIi NEPEBOS HA AHMMACKAA S3bIK UMW aHro-
A3bI4HbIA BapWaHT Ha3BaHUs (€ro CneayeT UckaTb Ha canTe XypHana,
B 6a3ax gaHHbIX, B ToM yncne B eLIBRARY), cnegyet ykasaTb MMEHHO
ero. Ecrv B odomumanbHbIX UCTOYHMKaX Ha3BaHMe Mybnukauum Ha na-
TUHULE HE MPWBELEHO, CreayeT BbINOMHUTL TPAHCIUTEPALMIO B PO-
MaHckuiA andpasuT no craHgapty BSI.

Ha3BaHue n3paHua (kypHana). Hekotopble He aHrnosi3blyHble
HayyHble M3[aHus (KypHarbl) UMelT KpOME Ha3BaHWS Ha POAHOM
A3blke OpULManbHOE «napannenbHOe» Ha3BaHUe Ha aHrMICKOM (Ha-
npumep, y xypHana «CaxapHblit auabeTt» ecTb ouLmansHoe aHrmo-
A3bl4HOe Ha3BaHue «Diabetes Mellitus»). Takum obpasom, ans cnmcka
References B ccbinke Ha CTaTbio 13 PYCCKOSI3bIYHOMO XypHana cnegyeT

yKka3aTb b0 TpaHCMTEpUPOBaHHOE Ha3BaHue ypHarna, nubo nepe-
BO[IHOE. [epeBofHOe Ha3BaHwe XypHana MOXHO B3ATb 6O ¢ opuLm-
anbHOro caiTa ypHana (Unn UCnonb3oBaTb AaHHbIE O MPaBUITBHOM
HanUCaHUM aHrNoA3bIYHOTO Ha3BaHWs W3 LNTUPYEMON cTaTbi), nbo
nNpoBepuTL ero Hanuune B 6ase daHHbIX, Hanpumep B CAS Source
Index, 6ubnuoteke WorldCat nnm katanore Web of Science (ISl), ka-
Tanore HassaHui 6a3sbl gaHHbIX MedLine (NLM Catalog). B cnyuae,
KOrfia y ypHana HeT ohuLmManbHOro Ha3BaHMs Ha aHIMUACKOM S13bIke,
B References HyxHo npueoauTb TpaHcnuTepaumio no cucteme BSI. He
crnesyeT camoCToATeNbHO NEPEBOAUTL Ha3BaHWS XypHamNoOB.

MecTo n3ganus. MecTo usgaHus B cCbinkax Bceraa cnegyer yka-
3bIBaTb Ha aHIMUACKOM SI3bIKE M MONHOCTBIO — He B TPaHCIUTEPaLm
1 6e3 cokpateHmin. To ectb Moscow, a He «Moskvay n He «M.:», Saint
Petersburg, a He «Sankt Peterburg» n He «SPby.

HasBanue uspatenbctBa/msgartens. B otnuume oT mecta usga-
HUs,, Ha3BaHuWe 3aaTenbCcTBa Ans ceblok B References cnepyer Tonbko
TPaHCMMTEPMPOBATB (3a UCKITOYEHEM KpaiiHE PEAKUX CTyYaeB Hanmums
y u3natens napannenbHoro 0uULManbHOro aHrMosA3bIMHOMO Ha3BaHWS).

Mpumepbl nepeBofa PycCcKOA3bIYHbIX UCTOYHMKOB NUTe-
paTypbl ANA aHrNoA3bIYHOro 6noka cTaTbu

KHuea:

Yuriev V.K., Moiseeva K.E., Glushchenko V.A. Fundamentals of
public health and healthcare. Textbook. Saint Petersburg: SpetsLit;
2019. (In Russian).

Nikiforov O.N., ed. Saint Petersburg in 2021. Saint Petersburg:
Petrostat; 2022. (In Russian).

[naea u3 kHUeU:

Tutelyan V.A., Nikityuk D.B., Sharafetdinov Kh.Kh. Healthy
nutrition is the basis of a healthy lifestyle and the prevention of chronic
non-communicable diseases. In: Youth health: new challenges and
prospects. T. 3. Moscow; 2019: 203-227. (In Russian).

Cmamb4 u3 xypHana:

Karsanov A.M., Polunina N.V., Gogichaev T.K. Patient safety in
surgery. Part 2: Quality management program for surgical treatment.
Medical technologies. Evaluation and selection. 2019;1(35):56-65.
DOI: 10.31556/2219-0678.2019.35.1.056-065. (In Russian).

Tesucbl 0oknados, Mamepuarb HayYHbIX KOHGepeHyul:

Markovskaya I.N., Zavyalova A.N., Kuznetsova Yu.V. Microbial
landscape of a patient in the first year of life with dysphagia who
has been in the ICU for a long time. XXX Congress of pediatric
gastroenterologists of Russia and the CIS countries: abstract. report.
Moscow; 2023: 29-31.

Salov |.A., Marinushkin D.N. Obstetric tactics in intrauterine fetal
death. In: Materialy IV Rossiyskogo foruma “Mat’ i ditya”. Part 1:
Moscow; 2000; 516-519. (In Russian).

Asmopegepambi:

Avilov A.Yu. Deviations of gender role identity of men with mental
retardation in a psychoneurological boarding school. PhD thesis.
Saint Petersburg; 2021. (In Russian).

OnucaHue uHmepHem-pecypca:

Natural population movement. Moscow: Rosstat. Available at:
https://rosstat.gov.ru/folder/12781 (accessed: 10/23/2023). (In Russian).

Kealy MAA., Small R.E., Liamputtong P. Recovery after
caesarean birth; a qualitative study of women’s accounts in Victoria,
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Australia. BMC Pregnancy and Childbirth. 2010. Available at: http:/
www.biomedcentral.com/1471-2393/10/47/ (accessed: 11.09.2013).
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OTBETCTBEHHOCTb 3A MPABWUINbHOCTb BUBIUOIPA-
OUYECKUX OAHHBIX HECET ABTOP.

ABTOPCKOE MPABO
Pepakums otbupaer, rotosuT K nybnvkaumm n nybnukyeT nepesaH-

Hble ABTOpamu MaTepuanbl. ABTOPCKOe NpaBo Ha KOHKPETHYIO CTaThbio

NpUHaANEeXUT aBTopam CTaTbu. ABTOPCKWUA roHOpap 3a nybnvkauum

ctatert B XXypHane He Bbinnayusaetcs. ABTOp nepeaaet, a Pefakums

NPUHUMAET aBTOPCKWE MaTepuarbl Ha CNEAYIOLMX YCIOBUAX:

1) Pepakuuu nepegaetcs NpaBo Ha odopmieHne, U3gaHue, nepe-
pavy XKypHana ¢ ony6nukoBaHHbIM MaTepuanom ABTopa Ans Lie-
nen pedepupoBaHus cTatein U3 Hero B PechepaTBHOM XypHane
BWHWTW, PHUL n 6a3ax aaHHbIX, pacnpocTpaHeHne XypHana/
aBTOPCKMX MaTepuaroB B NeYaTHbIX W NEKTPOHHBIX U3AaHUsX,
BKItoYas pasmellieHne Ha BblBpaHHbIX 6o co3panHbix Pegak-

LUnen cainTax B cetu MHTepHeT B Lensax goctyna k ny6nukauum
B MHTEPaKTUBHOM pexume ntoboro 3anHTepecoBaHHOMo nna u3
noboro mecta 1 B noboe BpeMs, a Takxe Ha pacnpocTpaHeHne
YypHana ¢ onybnukoBaHHbLIM MaTepuanom ABTopa no NOAMMCKE;

2) TeppuTOpws, Ha KOTOPOI pa3peLlaeTcs MCnonb30BaTb aBTOPCKMIA
matepuarn, — Poccuiickas ®efepauuns u cetb VIHTEpHET;

3) cpok gevctaus floroBopa — 5 net. Mo ncteveHnn ykazaHHoro
cpoka Pepakuus octaBnset 3a cobol, a ABTOp noaTBepkAaeT
BeccpoyHoe npaBo Pepakuun Ha NPoOLOSIKEHNE pasMeLLeHNs
aBTOPCKOro MaTepuana B cetu VHTepHeT;

4) Pepakuns BnpaBe no CBOEMY YCMOTPEHMIO Be3 kakux-nbo co-
rmacoBaHui ¢ ABTOPOM 3akrntoyaTh [AOroBOpPbl U COrnalleHuns ¢
TPETbUMU NNLAMU, HanpaBneHHbIE Ha AONOMNHUTENbHbIE MEPbI
no 3alUMTe aBTOPCKUX 1 U3LATENbCKUX NpaB;

5) ABTOp rapaHTUpyeT, 4TO Mcnonb3oBaHWe Pepakuuel npego-
CTaBNeHHOro UM Mo HacTosemy [loroBopy aBToOpcKoro mare-
punana He HapyLWT NpaB TPeTbuX nuL;

6) ABTOp ocTaBnsieT 3a cob0I NpaBo MCMONb30BaTh NPeAOCTaBMEH-
HbIil N0 HacTosemMy [loroBopy aBTOPCKWA Matepuan camocTos-
TenbHO, NepeaaBaTh Npasa Ha Hero No A0roBOPY TPETLUM NnLaM,
€Cnu 3T0 He NPOTMBOPEYUT HacTosLemy [loroopy;

7) Pepakums npegocTaBnsieT ABTOpy BO3MOXHOCTb 6e3B03Me3f-
HOrO MONyYeHUs CNPaBKM C ANEKTPOHHLIMU aapecamu ero ogu-
unanbHomn nybnukauum B cet MHTepHET;

8) npu nepenevaTke cTaTbi UMK €€ YaCTM CCbiKa Ha NEPBYIO Ny-
Bnmkauuio B XypHane obs3aternbHa.

NOPAOOK 3AKIMHOYEHUA IOFOBOPA
3aknoyeHnem [loroBopa €O CTOPOHbI Pepakuum sBnsieTcs

onybnukoBaHue pykonucu AaHHOro ABTopa B XypHane «Russian

Biomedical Research» n pasamelieHue ero Tekcta B cetn MHTepHeT.

3akntoyeHrem floroBopa co CTopoHbl ABTOPA, T.e. NOMHbIM W 6e30ro-

BOPOYHbIM NpUHATUEM ABTOPOM ycroBuin lorosopa, SiBnseTcs nepe-

[Aava ABTOPOM PYKOMUCK 1 SKCMIEPTHOTO 3aKMOYEHMS.

PELIEH3UPOBAHUE
Cratby, nocTynueluMe B pedakuuio, 0693aTenbHO peLeH3npy-

totcs. Ecnvy peljeH3eHTa BO3HWKaKT BONPOCHI, TO CTaTbsl C KOMMEH-

TapusMun pelieH3eHTa Bo3BpalaeTcs ABTopy. [latoi nocTynneHus

cTaTbi cyuTaeTcs garta nonyyeHns Pepakumern OKOHYaTenbHOro

BapuaHTa ctatbi. Pegakuus octaBnsieT 3a coboi NpaBo BHECEHNS

pesaKkTOPCKUX U3MEHEHWI B TEKCT, HE UCKaXaloLMX CMbIcna cTaTbi

(nuTepaTypHas n TeXHonornyeckas npaska).

ABTOPCKUE 3K3EMMNAPLI XXYPHANA
Pepnakuus 06s3yetcs Bbigats ABTopy 1 ak3emnnsp XKypHana Ha ka-

XOyHo onyBnMKOBaHHYH CTaTbio BHE 3aBUCMMOCTY OT Yucra aBTopoB. AB-

TOpbI, NpoxvBatoLme B CaHkT-MeTepbypre, NomyyatoT aBTOPCKMNA SK3EM-

nnsp XypHana HenocpencTeeHHo B Pegakumu. VHoropogHum AsTopam

aBTOPCKMA 3Kk3eMnnsp XKypHana BbICbIaeTcs Ha afpec aBTopa o 3anpo-

Cy OT aBTOpa. OK3EMMNNAPbI CrIELBbIMYCKOB HE OTNPABMSIOTCS aBTopam.
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